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Abstract  

A total of thirty-three polymeric blends (A1-A33) were synthesised using xanthan 

gum, sodium alginate, carboxymethyl cellulose and polyacrylamide. The 

antimicrobial efficacy of all the synthesised polymeric blends was assessed against 

Staphylococcus aureus, a strain of gram-positive bacteria and Escherichia coli, a 

strain of gram-negative bacteria. The blends A9 and A12 exhibited antibacterial 

properties. A9 shown effective activity against both types of bacteria, but A12 

exclusively displayed activity against Gram-positive bacteria. The two formulated 

polymeric blends were combined with varying quantities of rhamnolipid (Rha2-C10-

C10) which are biosurfactants produced from Pseudomonas aeruginosa, a gram 

negative bacterium and evaluated against two strains of bacteria. However, no 

outcomes were seen. This study found that (Rha2-C10-C10) did not exhibit 

antibacterial properties when mixed with distilled water at lower concentrations. 

However, it was found to be effective as an antibacterial agent when not diluted with 

distilled water. Additionally, the study established the lowest concentration of 

polymer blend and rhamnolipid (Rha2-C10-C10) required for antibacterial activity. 

Keywords antibacterial. biosurfactants, glycolipids, polymeric blends, Rhamnolipids, 
water-soluble polymers. 
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Introduction 

       The oil and gas industry's increased global water production necessitates environmental 

treatment and reuse of produced water, which contains high levels of pollutants 
1
. Oil fields 

generate wastewater, posing environmental hazards to soil, air, and groundwater. To increase 

efficiency, "Enhanced Oil Recovery" involves injecting treated freshwater from rivers into wells. 

The Iraqi South Oil Company predicts a variable water production rate of 290,000 to 800,000 

BBL/day from 2011 to 2028 for the North Rumaila field 
2
. 

 Polymer injection is widely used for its efficient oil recovery, utilizing water-soluble polymers in 

various water-related applications 
3
. Crude oil classification based on sulphur content and density in 

reservoirs 
4, 5

. 

 Oil reservoir ecosystems' unique characteristics are determined by microbial population changes, 

allowing diverse microorganisms to thrive in challenging environments 
6, 7

. Most oil field 

microorganisms can survive with or without oxygen due to their low redox potential in reservoirs. 

They prefer environments without oxygen 
7
. 

The bacterial and archaeal communities present in oil fields consist of sulfate-reducing bacteria 
8
. 

The microorganisms present include sulphur-oxidizing bacteria 
9
, methanogens 

10
, fermentative 

microorganisms 
11

, and acetogens 
12

, nitrate reducers 
13

, manganese and iron reducers 
14

, and 

hydrocarbon degraders 
15

. 

Studies reveal that higher concentrations of SO4
-2

 and Ca
+2

 ions change the wettability of rocks, 

leading to increased water wettability. 
16

. Bacteria in water-injection systems can cause clogged 

wells and equipment, leading to H2S production and pitting corrosion, affecting the effectiveness of 

the enhanced oil recovery process 
17, 18

. 

Surfactants, characterized by their amphiphilic nature, can be synthesized or microbially acted 

upon, exhibiting both hydrophilic and hydrophobic components in their molecular structure 
19

. 

Lower-molecular-weight biosurfactants like glycolipids, lipopeptides, and phospholipids have 

industrial potential due to their ability to decrease surface and interfacial tension 
20

. They are 

employed for improving solubility, combating bacteria and preventing adhesion, cleaning up 

contaminated areas, recovering crude oil, cleaning oil wells, and delivering medication 
21

. 

Rhamnolipids (RHLs) are small amphiphilic glycolipid biosurfactants having anionic properties. 

They consist of rhamnose in the head and fatty acid chains in the tail 
22, 23

. RHLs are significant 

environmentally friendly compounds synthesised by bacteria, known for their biocompatibility and 

nontoxicity 
24

. RHLs interact with various bacteria, including Gram-negative and Gram-positive 

species, as well as fungi like Yarrowia lipolytica 
25, 26

.  

Rhamnolipid, a key type of glycolipid, exhibits antibacterial properties due to its ability to 

permeabilize the bacterial plasma membrane, enhance hydrophobicity, and inhibit biofilm 

formation. 
27,28

. Over 60 unique rhamnolipid variants have been identified, with microbial 

fermentation potentially generating a wide range of these, with variations in unsaturation degree, 

branching degree, and chain length. The molecular structure of mono- and di-rhamnolipids can be 

influenced by the number of rhamnose groups, as illustrated in Figure 1 
29

. 
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Figure 1. Common structures of rhamnolipids 

In 1965, Cornell successfully synthesised the first antibacterial polymers by preparing homo- and 

copolymers of 2-methacryloxytroponone derivatives 
30

. Polymers are increasingly used in green 

chemistry and environmental protection industries for antibacterial purposes, with some modified to 

include active function groups for enhanced germ-fighting properties. 
31,32

. Physical and chemical 

techniques are utilized to modify polymers to possess antibacterial properties by inserting 

antibacterial elements or functional groups into the polymer matrix 
33, 34

. 

In this study, we will prepare polymeric blends and assess their effectiveness against aerobic 

bacteria. We will also combine them with Rhamnolipid (Rha2-C10-C10) as an antibacterial 

substance using a physical technique, in the form of mixtures, and study their antibacterial 

properties against two types of bacteria Staphylococcus is a type of gram-positive bacteria and 

Escherichia coli, is a type of gram-negative bacteria. 

2. Materials and Methods 

2.1 Chemicals. 

Polyacrylamide and Carboxymethyl cellulose (CMC) were supplied from Alpha Chemika, while 

Sodium alginate and Xanthan gum were supplied from Hyper Chem. 

2.2 The rhamnolipid biosurfactant Production 

In a previous study involving hydrocarbon-contaminated soil, the biosurfactant rhamnolipid utilised 

in this research was produced from Pseudomonas aeruginosa 
35

. Extracted, purified, and 

characterized 
36

. 

2.3 Preparation of polymers blends. 

Thirty-three polymeric blends have been prepared from different ratios of the water-soluble 

polymers carboxymethyl cellulose, xanthan gum, polyacrylamide and sodium alginate. Tables 1 and 

2 present the chemical structures of the water-soluble polymers, as well as the symbols and 

composition ratios of the prepared blends, respectively. 

Table 1 Polymers Structures 

No Polymer name Code chemical structures 
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1 Carboxymethyl 

cellulose 

CMC 

 
2 Poly 

acrylamide 

PAcAm 

 

3 Xanthan gum Xanthan 

 

4 Sodium 

alginate 

SAlg 

 

 

The polymeric blend A1 was prepared by dissolving one gram of CMC polymer and one gram of 

polyacrylamide in 50 millilitres of distilled water at 24 °C, after ensuring that the polymers 

dissolved completely. The solution was dried at 40 
o
C, and the result was ground into powder. 

Further polymer blends (A2–A33) were prepared using the same procedure, but with varying ratios 

of polymers as indicated in Table 2. 

 

Table 2: Ratios of polymers used in blend formulation. 

Sample CMC 

(g) 

PAcAm 

(g) 

Xanthan 

gum (g) 

SAlg 

(g) 

Ratio of 

blends 

A1 1 1 -- -- 1:1 
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A2 1 2 -- -- 1:2 

A3 2 1 -- -- 2:1 

A4 1 -- 1 -- 1:1 

A5 1 -- 2 -- 1:2 

A6 2 -- 1 -- 2:1 

A7 -- 1 1 -- 1:1 

A8 -- 1 2 -- 1:2 

A9 -- 2 1 -- 2:1 

A10 1 -- 4 -- 1:4 

A11 1 -- 5 -- 1:5 

A12 1 -- 6 -- 1:6 

A13 -- 3 1 -- 3:1 

A14 -- 4 1 -- 4:1 

A15 -- 5 1 -- 5:1 

A16 -- 1 3 -- 1:3 

A17 -- 1 4 -- 1:4 

A18 -- 1 5 -- 1:5 

A19 -- 1 -- 1 1:1 

A20 -- 2 -- 1 2:1 

A21 -- 3 -- 1 3:1 

A22 -- 1 -- 2 1:2 

A23 -- 1 -- 3 1:3 

A24 1 -- -- 1 1:1 

A25 2 -- -- 1 2:1 

A26 3 -- -- 1 3:1 

A27 1 -- -- 2 1:2 

A28 1 -- -- 3 1:3 

A29 -- -- 1 1 1:1 

A30 -- -- 2 1 2:1 

A31 -- -- 3 1 3:1 

A32 -- -- 1 2 1:2 

A33 -- -- 1 3 1:3 

 

2.4 Preparing of sample for anti-bacterial study  

In this study, two types of samples were investigated. In the first experiment, polymer blends were 

dissolved in various concentrations of distilled water in separate tubes. The second experiment, 

different concentrations of polymer blends had dissolved in distilled water and then mixed with 

rhamnolipids (Rha2-C10-C10), an antibacterial substance that was dissolved in DMSO. The most 

straightforward approach is considered to be the method of blending, which entails combining 

organic and inorganic antibacterial compounds with the polymers 
(37- 40)

. The polymeric 

compositions and biosurfactant blends were thoroughly mixed for 20 minutes to achieve 

homogeneity. Afterwards, the solutions were allowed to fully dissolve at room temperature for a 

duration of 24 hours. DMSO and water are the controlling samples. 
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2.5 Biological activity 

The antibacterial properties were evaluated against two different kinds of bacteria Staphylococcus 

aureus and Escherichia coli. The efficacy of polymeric blends and mixtures of rhamnolipids (Rha2-

C10-C10) with polymer blends in inhibiting the growth of Staphylococcus aureus and Escherichia 

coli was evaluated by incubating them at 37 °C for 24 hours. Disk Diffusion Testing on Mueller-

Hinton Agar method was used 
41

.  

3. Results and discussion 

   The bacterial activity was monitored and analyzed as follow; Initially, the bacteria were exposed 

to polymer blends (A1–A33) and original polymers, each at a concentration of 7.5 mg, in separate 

culture dishes containing either E. coli or Staphylococcus aureus the culture were incubated for 24 

hours. Among these, only two blends demonstrated antibacterial activity, as detailed in Table 3. 

Table 3. The inhibition zone diameter of polymers against Staphylococcus aureus and 

Escherichia coli 

 

Sample 

 

Concentration 

mg in 1ml water 

Inhibition Zone 

(mm) 

S aureus  E.coli 

`A9 7.5 24 16 

A12 7.5 12 R 

                              R- Resistant. 

The subsequent experiment evaluated the antibacterial efficacy of combinations of rhamnolipids 

(Rha2-C10-C10) with polymer blends A9 and A12 at various concentrations. The findings of this 

experiment against S. aureus and E. coli are presented in Table 4 and Table 5, respectively. 

Table 4. The inhibition zone diameter mixes of rhamnolipids (Rha2-C10-C10) with polymer 

blends A9 and A12 against bacteria S aureus and E coli 

 

Sample 

Concentration 

Mg 

 Inhibition Zone 

 (mm) 

Polymers in 

1 ml water 

Rha2-C10-C10 in 

DMSO 

Ratio  S aureus  E.coli 

`A9 7.5 10 1:1  R R 

A9 7.5 20 1:1 R R 

A12 7.5 10 1:1 R R 

A12 7.5 20 1:1 R R 

 

Rha2-

C10-

C10 in 

DMSO 

-- 10 -- 16 R 

-- 7.5 -- R R 

-- 5 -- R R 
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DMSO 

and 

Distilled 

water 

-- -- -- R R 

                R- Resistant. 

            -- No concentration of the substance was applied  

Table 5. The inhibition zone diameter for mixes of rhamnolipids (Rha2-C10-C10) with polymer 

blends A9 and A12 against S aureus and E coli. 

 

Sample 

Concentration 

Mg 

 Zone Inhibition 

(mm) 

Polymer 

blends in 

water 

Rha2-C10-

C10 in 

DMSO 

Ratio  S aureus  E.coli 

Rha2-C10-C10 

in DMSO  

 -- 20 --  16 R 

A9  7.5 20 1:1 R R 

 A12 7.5 20 1:1 R R 

A9  7.5  -- -- 24 16 

A12 7.5 -- -- 12 R 

A9 15   -- -- R R 

A12 15 -- -- R R 

DMSO and 

Distilled water 

-- -- -- R R 

 A9 15 20 1:1 R R 

A12 15 20 1:1 R R 

             R- Resistant. 

          -- no concentration of the substance was applied 

Table 6 identified the minimum polymer concentration in the prepared blends. Inoculation was carried out 

using original polymers and blends prepared with varying concentrations (0.5–15 mg) on both bacteria, 

showing no activity against both of them bacteria except for A9 and A12, which yielded the same results as 

those mentioned above, which for polymeric blends was 7.5 mg while for Rha2-C10-C10 it was 10 mg. 

 

     Table 6. The inhibition zone diameter Initial Polymers and polymer blends (at different 

concentreation) against bacteria Staphylococcus aureus and Escherichia coli 

 

Sample 

Concentration 

Mg 

Zone Inhibition 

(mm) 

Polymer blends in water S aureus  E.coli 

CMC 7.5 R R 

PAcAm 7.5 R R 
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Xanthan 7.5 R R 

SAlg 7.5 R R 

A9  7.5  24 16  

 A9 3.75 R R 

A9  2 R R 

A9 1 R R 

A9 0.5 R R 

A9 15 R R 

A12 7.5 12 R 

A12 3.75 R R 

A12 2 R R 

A12 1 R R 

A12 0.5 R R 

A12 15 R R 

                    R- Resistant. 

From the data presented in Tables 4 and 5 regarding the use of rhamnolipids (Rha2-C10-C10), it is 

evident that Rha2-C10-C10 has demonstrated significant efficacy in inhibiting gram-positive 

bacteria, specifically Staphylococcus aureus. The inhibition zone measured 16 mm for both 

concentrations of 10 and 20 mg, as depicted in Figure 2. However, Rha2-C10-C10 did not exhibit 

any effectiveness against Escherichia coli (E. coli).  

In order to ascertain the minimal concentration, the bacteria were inoculated with 7.5 and 5 mg of 

Rha2-C10-C10; however, no activity was observed against either species. In general, glycolipids 

exhibit stronger antibacterial properties against gram-positive bacteria compared to gram-negative 

bacteria, possibly due to variations in cell wall composition. Remarkably, the study demonstrated 

that gram-negative E. coli exhibited resistance to rhamnolipids at all concentrations that were 

studied. 

 Gram-negative bacteria have a more sophisticated and protective cell envelope than gram-positive 

bacteria, consisting of an outer layer (lipopolysaccharides and phospholipids), peptidoglycan, and 

an interior plasma membrane. The unique structure made it difficult for glycolipids to enter gram-

negative bacteria, and it is widely accepted that the underlying mechanism of antibacterial activity 

involves reduced membrane permeability, loss of intracellular constituents, and death of cells 

caused by membrane lysis 
42, 43

. Rhamnolipids target planktonic bacteria, altering and damaging the 

cell membrane, leading to higher cell permeability and lower cell surface hydrophobicity. Due to 

their amphiphilic nature, rhamnolipids can interact with phospholipids 
44, 45

. 

The reduction in surface tension between the molecules allows the solid or liquid solute particles to 

form hydrophilic or hydrophobic contacts with the solvent, rendering immiscible fluids miscible 

through the production of new extra surfaces 
46

. Rhamnolipid molecules are amphiphilic, which 

means they include both hydrophilic (water-attracting) and hydrophobic (water-repelling) sections. 

Rhamnolipids have the property of being amphiphilic, which means they can aggregate or form 

micelles when they are dissolved in water. Rhamnolipids that are dissolved in a hydrophobic 
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solvent, such as dimethyl sulfoxide (DMSO), are better at lowering surface tension and creating 

emulsions than these aggregates. 

 Rhamnolipids can interact with other molecules in the solution, influencing their capacity to inhibit 

bacteria. While DMSO reduces certain interactions or stabilises rhamnolipid molecules to prevent 

aggregation, it is efficient in reducing bacterial growth 
47, 48

. This provides an explanation for the 

results obtained in tables 4 and 5, which were shown when rhamnolipid was mixed after dissolving 

it in DMSO with the prepared polymeric mixtures that were dissolved in distilled water, as it did 

not give any effectiveness in inhibiting gram-positive bacteria (Staphylococcus aureus) and gram-

negative bacteria (E. coli). Furthermore, when rhamnolipid was dissolved in DMSO and then 

diluted by 50% with distilled water, it failed to exhibit any efficacy in inhibiting the growth of both 

gram-positive bacteria (Staphylococcus aureus) and gram-negative bacteria (E. coli). This is due to 

the fact that prior research has demonstrated that rhamnolipids possess an inherent tendency to 

aggregate, as well as engage in interactions with water and DMSO. There are three stable 

arrangements of water in dimethyl sulfoxide. Water forms a main OH···OS link with the oxygen 

atom and two weak CH···OH bonds with the methyl hydrogen atoms 
48, 49

.  

Based on the data presented in tables 3 and 6, it became clear that only two blends, A9 and A12, 

exhibited antibacterial activity. The A9 blend exhibited significant activity against Staphylococcus 

aureus, with an inhibition zone of 24 mm at a concentration of 7.5 mg. It also showed activity 

against E. coli, with an inhibition zone of 16 mm at the same concentration. On the other hand, the 

A12 blend only displayed antibacterial activity against Staphylococcus aureus, with an inhibition 

zone of 12 mm at a concentration of 7.5 mg (Figure 2). It is possible that the discovery is a result of 

the unique characteristics of the surface of gram-negative bacteria, which is coated with a thick 

layer of lipopolysaccharide (LPS). The negative charge and non-polar structures on this surface 

could potentially hinder chemical interactions. Including certain antimicrobial properties 
50, 51

.  

The A9 blend exhibits significantly stronger antibacterial activity against S. aureus compared to E. 

coli. This discrepancy in inhibitory impact on growth of the examined bacteria might be assigned to 

their distinct cell wall structural composition, and previous researchers found similar findings 
52, 53

. 

The majority of S. aureus's thick cell wall is composed of 90% peptidoglycan and 10% teichoic 

acid, which have negative charges. Thus, there is a possibility of electrostatic interactions between 

polymer molecules with opposite charges and teichoic acid, which can disrupt the surface shape of 

bacterial cells and result in the leakage of cellular content 
54

. 

The A9 blend was prepared by combining polyacrylamide and xanthan gum in a ratio of 1:2. 

Because of this, it has an amine group that has a positive charge on the nitrogen, as well as xanthan 

gum, which has a lot of hydroxyl groups. The antibacterial activity can be controlled by several 

factors such as the quantity of hydroxyl groups, percentage of glucose, viscosity, rate of solubility, 

alterations in configuration, molecular size, surface area, and others 
55

. The antibacterial efficacy of 

LW-XG against S. aureus may be ascribed to its low molecular weight and the presence of hydroxyl 

groups in the molecules 
56

. That's why the A9 blend demonstrated antibacterial activity against S. 

aureus, whose inhibition zone was 24 mm, and E. coli's inhibition zone was 16 mm. 

E. coli's cell wall differs from that of gram-positive bacteria, with an outer layer made of 

lipopolysaccharide, lipid bilayers, and lipoprotein and a thin peptidoglycan layer 
57

. The complex 

bilayer cell structure may prevent A12 blend molecules from entering E. coli bacterial cells. The 

lack of effectiveness of blend A12 against E. coli (gram-negative bacteria) may be attributed to this 
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clear cause. Additionally, the lesser effectiveness of blend A9 against the same bacteria, compared 

to its effectiveness against S. aureus (gram-positive bacteria), can be explained. 

 

 

 

 

  

Figure 2. Showing inhibition zone A, A9 and A12 blends against S aureus, B against E. coli, C 

Rha2-C10-C10 against S aureus and D Rha2-C10-C10 against E. coli. 

 

4. Conclusion 

Out of the thirty-three polymeric-prepared blends, two blends exhibit antibacterial activity. A9 has 

antibacterial activity against both S. aureus (a type of gram-positive bacteria) and E. coli (a type of 

gram-negative bacteria), but A12 exclusively shows antibacterial activity against S. aureus (a type 

of gram-positive bacteria). Rhamnolipids (Rha2-C10-C10), shown clear effectiveness against gram-

positive bacteria (Staphylococcus aureus) only. The study determined that the combination of 

rhamnolipid, dissolved in DMSO, with polymer blends, dissolved in distilled water, did not 

effectively inhibit both gram-positive and gram-negative bacteria. Dissolving rhamnolipid in 

DMSO and combining it with 50% distilled water did not effectively suppress both gram-positive 

and gram-negative bacteria. The lowest concentrations of polymer-blends and Rha2-C10-C10 were 

identified. 
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