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Abstract 

 

Staphylococcus aureus and Acinetobacter baumannii have a great concern due to their high capacity to cause diseases in addition 

to their capability to resist antibiotic treatments and its hospital environments persistence. Because of the high emergence of 

antibiotics resistance, treatments by alternatives should be applied to overcome this problem. Hence, this study aimed  to 

determine the influence of Syzygium aromaticum and Zingiber officinale watery boiled extract on dual biofilm composed of 

Staphylococcus aureus and Acinetobacter baumannii. Both types of Staphylococcus aureus and Acinetobacter baumannii were 

obtained from Department of Biology at the College of Science which belongs to the University of Baghdad. General protocol of 

biofilm formation assay was accomplished for each bacterial type, then performing dual biofilm (bacteria in combination). Watery 

boiled extracts for each herb was prepared, and then the MIC of their extracts was determined, which was then added to the dual 

biofilm to detect their watery extracts at sub-MIC of these herbs. Results indicated that all tested isolates of Staphylococcus 

aureus and Acinetobacter baumannii were strongly produced biofilm. There was a highly significant differences of MIC among 

tested herbs (p-values ≤ 0.001) and there was a significant differences between the effect of these herbs on dual biofilm. Syzygium 

aromaticum caused an increase in dual biofilm formation instead of inhibiting its formation rather than Zingiber officinale. It can 

be concluded that the watery boiled extracts of these tested herbs are unsuitable for dual biofilm inhibition or their related 

infections treatment and the usage of their essential oil is more effective.  
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Introduction 

 

Acinetobacter baumannii is a Gram-negative opportunistic 

bacterium which can remarkably colonize humans. Nowadays, 

referring to its capability to resist treatments by antibiotics and 

its persistence in hospital environments, is considered as a 

major nosocomial pathogen that has the priority health threat 

because of its ability to resist carbapenems that are considered 

the last option for multidrug-resistant infections treatment 

(Perez et al., 2007; Tacconelli et al., 2018). Infections of this 

bacteria are expressly difficult to be treated and may be 

concordant with excessive rates of mortality when compared 

with those resulted from further resistant pathogens (Babiker 

et al., 2021). Its capacity to assemble biofilms (which are 

communities of heterogeneous microorganisms adhere to 

abiotic or biotic surfaces, encased in a matrix of extracellular 

polymeric substance (EPS) to compose a complex structure) 

(Anderson et al., 2003; Cavalheiro et al., 2018), on the 

surfaces of hospital and persistence in healthcare settings 

accelerate its outspread, particularly in the units of the 

intensive care (Baranzelli et al., 2013). In addition,  

Staphylococcus aureus is a considerable human germ that 
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resulted in diseases in a wide spectrum. Outbreaks of 

methicillin-resistant S. aureus (MRSA) had been noted 

worldwide (Galdbart et al., 2000). It may generate numerous 

of infectious illnesses, like septicemia, pericarditis and  

meningitis (Wu et al., 2021). A serious obstacle in treatment 

of bacterial infections had been increased with the increasing 

of antibiotics resistance by pathogenic microorganism. Hence, 

besides novel agents of therapies, an alternate drug target must 

be focused to reach a functional solution of infections resulted 

from Multidrug-Resistant (MDR) (Boyle et al., 2001; Chastre 

& Fragon, 2002). In case to this issue, a great interest of using 

essential oils (EOs), including those of Syzygium aromaticum 

(clove) had been gained due to their antimicrobial capabilities. 

Eugenol is a bioactive compound that is able to disrupt 

membranes of bacteria, altering enzymes processes, and 

prompt lysis of the cell. Besides, these bioactive composites 

are able to infiltrate the protective barriers of biofilm, disperse 

them, and target the bacterial cells directly (Çeli̇k et al., 2016). 

Syzygium aromaticum (clove) is a spice used in preparation of 

food. It is an anticancer agent, considered as a remedy for 

multiple digestive system diseases, dental and respiratory 

disorders, asthma, sore throats and headaches, besides being 

valued for its flavoring properties (Singh et al., 2012). Clove 

can be broadly used in treatment of  gastritis, dyspepsia and 

diarrhea. (Lee et al., 2009). Additionally to its antibacterial, 

antiviral, antifungal and antioxidant effects, its essential oil 

shows an anti-inflammatory, cytotoxic, and anesthetic 

activities (Chaieb et al., 2007). Eugenol which is a 

phenylpropene is the main constituent of clove that is behind 

its strong aroma (Shobana & Naidu, 2000). Another important 

herb is Zingiber officinale (Ginger) is a plant which is 

extensively used in medicine for treatment a variety of 

diseases (Elbestawy et al., 2023). A volatile oil of Ginger is 

drawn from roots and has  potential application in the drug, 

cosmetics, and food fields (Mesomo et al., 2013). Ginger is 

also used to treat gastro-intestinal problems (Ali et al., 2008). 

It was described as an arthritis pain relief, low back pain, 

muscle tenderness, menstrual pain, stomach and chest pain. In 

addition to treat upper respiratory tract infections, cough, and 

bronchitis (Shukla &  Singh, 2007). Ginger active component 

is used as antacid and laxative medication, besides causing 

body warm for circulation boosting and high blood pressure 

lowering. The principal aim of the present study is to detect 

the effect of these two herbs on dual bacterial biofilm 

composed of MRSA and Acinetobacter baumannii. 

 

Materials and methods 

 

Bacterial isolates 

 

Both types of MRSA and Acinetobacter baumannii were 

obtained from Department of Biology at the College of 

Science belonging to the University of Baghdad. They were 

formerly recognized by Vitek-2 system. 

 

General protocol of biofilm formation assay.   

 

Tested isolates were cultured in trytone soy broth (HiMedia) 

and overnight incubation at 37˚C was done. 100 μl of bacterial 

inoculum was added to 2 ml of sterilized normal saline in 

order to obtain a turbidity compatible to no. 0.5 McFarland 

standard. Thereafter, addition of 180 μl of tryptone soy broth 

with 1% glucose to microtiter plates of flat bottom was 

performed and then, three wells of the plate were filled with 

bacterial suspension in a volume of 20 μl. Negative control 

was done by adding only trytone soy broth to six wells. Plate 

was covered with the supplied lid and incubated at 37°C 

overnight. After incubation, performing of bacterial culture 

removal from wells was done and non-adherent cells were 

pulled out by washing 2-3 times with distilled water. 

Afterwards, 200 μl of absolute methanol (10 min) was 

accomplished for bacterial fixation of the adherent cells, then 

washing and air‑drying of the wells was accomplished. All 

assays were done in triplicates. 0.1% of Crystal violet (200 μl 

) was included to wells for 15 minutes for biofilm staining. 

Washing (2-3 times) by distilled water was conducted to take 

off the stain excess. The amount of stain that was extricated by 

glycial acetic acid addition (33%) in 200 μl (HiMedia) in each 

well was quantified by measuring the optical density by 

spectrophotometer 630nm through a microplate reader (Naves 

et al, 2008; Ibtissem et al., 2013).The categories of all isolates 

are based on the ODc value as illustrated in Table 1. 

 

 

 

Table 1. Classification of bacterial adhesion on microtiter plates (Zhao & Liu, 2010). 

 

Mean OD (630 nm Biofilm Intensity 

OD≤Odc No production of biofilm 

2ODc>OD>Odc Weak production of biofilm 

4ODc>OD>2Odc Moderate production of biofilm 

OD>4Odc Strong production of biofilm 
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Preparation of Syzygium aromaticum and Zingiber 

officinale watery boiled extracts.  

 

Both herbs were obtained from the local market in Baghdad, 

Iraq. Distilled water was used for washing the rhizomes of Z. 

officinale and buds of S. aromaticum, dried, afterwards they 

were cut into small parts and an electrical blender was used to 

ground them to powder form. 

A volume of 100 mL of boiled sterilized distilled water was 

mixed with powdered ten grams of both herbs to generate 

watery extract, which allowed to soak for 3 minutes in boiling 

water on heat, then take it from heater and left for 10 minutes 

at room temperature. Filtration of the extracts was performed 

using Whatman No. 1 filter paper throughout the time spent 

soaking. Filtrates were kept in opaque vials and frozen at 10 

°C until their usage. Procedure was done according to 

(Elbestawy et al., 2013) with some modifications.  

 

Determination of Herbal Minimum Inhibitory Concentration 

(MIC) 

 

Method of broth dilution was conducted to determine the MIC 

of tested herbs. Double serial dilutions (from 1024 to 

0.5μg/ml) of both herbs were prepared to initiate 100 mg/ml 

stock solution in test tubes using Mueller Hinton broth as a 

diluent. Preparation of serial dilutions was accomplished 

according to CLSI (2024). 

 

Dual bacterial biofilm 

 

The procedure of performing dual biofilm was accomplished 

according to (Tawfeeq, 2021). 

1- A bacterial suspension of S. aureus and A. baumannii was 

prepared separately compatible to McFarland standard No. 1 

(3 × 108 CFU / ml). 

2- Equal volumes (100 µl) of each bacterial isolate suspension 

were mixed together. 

3- Similar procedure described in (General protocol of biofilm 

formation assay) was followed. 

 

Effect of sub-MIC of either S. aromaticum and Z. officinale 

watery boiled extract on dual biofilm formation. 

 

 Similar procedure of dual bacterial biofilm was followed to 

detect the impact of S. aromaticum or Z. officinale watery 

extract on dual biofilm. Hence, the culture medium contained 

the herbal watery extract at sub-MIC. 

 

Statistical analysis 

 

Statistical analysis was conducted using SPSS version 28.0, 

with employing of one-way analysis of variance (ANOVA) to 

assess significant differences among group means. When the 

ANOVA results indicated statistical significance (P < 0.05), a 

post-hoc Tukey's significant difference (HSD) test was applied 

to determine which groups differed significantly. A 

significance level of α = 0.05 was used for all analyses, and 

results were reported accordingly. 

 

Results and Discussion 

 

Bacterial biofilm formation  

 

All tested isolates of S. aureus and A. baumannii were strong 

biofilm producers which indicate their high pathogenicity and 

their high virulence.  

 

Herbal Minimum Inhibitory Concentration (MIC) 

 

Current results demonstrated that the MIC values of S. 

aromaticum and Z. officinale watery boiled extract on tested 

bacterial isolates in dual had a range of  0.781 mg/ml to 100 

mg/ml for clove, while ginger gave the same MIC for all 

tested isolates which was 100 mg/ml. There was a highly 

significant differences of MIC between the tested herbs (p-

values ≤ 0.001) According to these results, it is obvious that 

clove showed a high potency against tested bacterial isolates 

as towards some of them, very low concentrations of clove 

were able to inhibit bacterial growth more than that obtained 

by using ginger. Table 2 illustrates the results of MIC of S. 

aromaticum and Z. officinale watery boiled extracts 

. 

Table 2: MIC of S. aromaticum and Z. officinale watery 

boiled extract in dual biofilm. 

 

Isolates no. MIC of S. 

aromaticum 

(mg/ml) 

MIC of Z. 

officinale 

(mg/ml) 

Sa1+Ac1 12.5 100 

Sa2+Ac2 3.125 100 

Sa3+Ac3 50 100 

Sa4+Ac4 25 100 

Sa5+Ac5 0.781 100 

Sa6+Ac6 100 100 

Sa7+Ac7 50 100 

Sa8+Ac8 25 100 

Sa9+Ac9 25 100 

Sa10+Ac10 25 100 

 

*In isolates no. column, the letters and numbers means 

bacterial isolate and its number. Sa for S. aureus and Ac 

for A. baumannii). 

 

The activity of S. aromaticum as antibacterial can be referred 

to its content of essential oils that are aromatics and volatile 

mixture compounds which are often composed of terpenes 

and, in small quantities, phenols, ethers, aldehydes and 

alcohols, even though they are thought to be poorly soluble in 

water (Firenzuoli et al, 2008), but they may showed little 

effectiveness. Figure 1 showed the MIC values of clove on 

dual biofilm of MRSA and A. baumannii. 
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Figure 1: MIC values of clove on dual biofilm of MRSA and A. baumannii 

  

Eugenol is the principal component (60-90%) of clove 

essential oil (da Costa et al., 2020). Emergence of resistance is 

highly reduced when using clove since it is composed of 

plenty of compounds that are difficult to resist (Iseppi et al., 

2021). This may explain the reason behind appearing clove 

antibacterial activity even in very low concentrations as 

appeared in current results. Research on clove and ginger 

watery boiled extract as an antibacterial had not been done a 

lot, therefore, this study aimed to test the effect of their watery 

boiled extract on dual bacterial biofilm composed of S. aureus 

and A. baumannii. Current results of clove MIC are disagreed 

with another study which reported that 2.5μg/ml of  clove oil  

had the capacity to prevent MRSA from growing (Hashim & 

Ibrahim, 2024), which is perhaps related to the elevated 

concentrations of previous mentioned components of clove in 

oil extract that can affect bacterial growth even in low 

concentrations. It was found that MIC range was between 0.78 

μL/mL to 12.5 μL/mL of clove essential oils, which seems to 

be very low concentrations (Nihal et al., 2025). Figure 2 

shows the MIC values of ginger on dual biofilm of S. aureus 

and A. baumannii. 

Ginger comprises multiple biological compounds, zingiberene, 

6-gingerol, and ά-curcumene are the most important 

compounds (Kieliszek et al., 2020). Previously, it was 

reported that the MIC of zingerone against MRSA strains was 

512 μg/ml, which is disagreed with present results (Laleh et 

al., 2024). 

 

 

 

 

 

 

Results of the effect of sub-MIC of either S. aromaticum and 

Z. officinale watery boiled extract on dual biofilm formation 

 

Results revealed that there was a highly significant differences 

between the two herbal watery boiled extract on dual biofilm 

formation (p-value ≤ 0.001), while there was no significant 

differences in dual biofilm formation without any treatment. It 

appeared that the addition of sub-MIC of S. aromaticum and 

Z. officinale watery boiled extract that were added separately, 

caused activation of dual biofilm formation rather than 

inhibiting its formation. This unusual result can be explained 

by that the watery boiled extract of each herb at sub-MIC may 

contain low concentrations of the biological effective 

components that instead of preventing bacterial adherence on 

microtiter plate surfaces activated it and resulted in enhancing 

biofilm formation. Another expected explanation is that these 

extracts that were added in separate, contain components that 

can be easily utilized as nutritional supply by the tested 

bacterial cells that led to increase bacterial growth and cell 

number which play a principal role in bacterial biofilm 

formation or even interfere with the EPS synthesis which is 

very important in biofilm formation. Besides, bacteria in 

combination may help each other in a form of synergism to 

enhance bacterial biofilm formation that enable bacteria to 

overcome adverse conditions (Yin et al., 2019). Table 3 and 

figure 3 illustrate the mean of OD values of dual biofilm with 

the determined sub-MIC of S. aromaticum and Z. officinale 

watery boiled extract that were added separately for the dual 

biofilm. 
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Figure 2: Shows the MIC values of ginger on dual biofilm of MRSA and A. baumannii. 

 

Table 3: Mean of OD values of dual biofilm with the determined sub-MIC of S. aromaticum and Z. officinale watery 

boiled extract that were added separately

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Isolates dual code Mean of dual biofilm 

exposed to sub-MIC of  

S. aromaticum 

Mean of dual biofilm  

exposed to sub-MIC of 

Z. officinale 

Mean of dual biofilm 

(Control) 

Sa1+Ac1 0.169 0.182 0.163 

Sa2+Ac2 0.392 0.282 0.154 

Sa3+Ac3 0.420 0.312 0.145 

Sa4+Ac4 0.591 0.351 0.157 

Sa5+Ac5 0.185 0.293 0.131 

Sa6+Ac6 0.447 0.262 0.134 

Sa7+Ac7 0.223 0.368 0.134 

Sa8+Ac8 0.867 0.421 0.146 

Sa9+Ac9 0.267 0.431 0.145 

Sa10+Ac10 0.584 0.352 0.154 
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Figure 3: Mean of OD values of dual biofilm with sub-MIC of either S. aromaticum and Z. officinale watery boiled 

extracts. 

 

Even though the most previous studies were done to detect the 

role of essential oils of S. aromaticum and Z. officinale on 

MRSA and A. baumannii (Kashi et al., 2024; Nihal et al., 

2025; Silva & Marques, 2020; Kaˇcániová et al., 2021), there 

is a very limitation in studying the effect of watery boiled 

extracts of these herbs. According to our knowledge, this is 

the first study deals with the watery boiled extracts 

effectiveness on dual biofilm formation that composed of S. 

aureus and A. baumannii. 

 

Conclusion 

 

As a conclusion, the sub-MIC of either S. aromaticum and Z. 

officinale watery boiled extracts had the potency to increase 

the biofilm formations in dual pattern instead of inhibiting 

them, which is lead to conclude that the watery boiled extracts 

of these plants aren’t recommended to be used in the treatment 

of MRSA and A. baumannii dual biofilm or the infections 

resulted from these bacteria in combination.  
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