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ANTIBACTERIAL ACTIVITY OF ZINGIBER OFFICINALE AGAINST PSEUDOMONAS AERIGINOSA ISOLATED FROM PEDIATRIC OTITIS MEDIA

ABSTRACT
Otitis media is of public health importance especially among children. Treatment with conventional antibiotics is facing challenges of increasing drug resistance and toxicity, hence the compelling need for alternative sources of less toxic antimicrobial from natural sources which necessitated this study on Zingiber officinale. The plants were identified, analyzed and antibacterial activity tested by applying standard techniques. A total of 138 ear samples were analyzed using standard microbial cultural method..Pseudomonas aeruginosa isolate was identified using biochemical tests and Polymerase Chain Reaction (PCR). Antibiotic sensitivity tests were carried out and isolates expressed resistance to four antibiotics and sensitive to the other six tested. Phytochemicals at varying proportions were identified. Results of minimum inhibitory concentration (MIC) and minimum bactericidal concentration(MBC) showed that Zingiber officinale expressed 25mg/ml and 50mg/ml, against P.aeruginosa isolates. Results of Gas Chromatography-Mass Spectroscopy (GC-MS) analysis showed the highest peak area of 16.1% was noted for gingerol (ID = 442793) with a  Molecular weight of 244g/mol in Zingiber officinale, a compound with known antibacterial activity as previously demonstrated not only in previous studies but in this study. This study therefore has demonstrated the potential of the extracts from this spice to contain active phytochemical substances to resistant Pseudomonas aeruginosa,hence a potential antmicrobial lead discovered.
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1.0:Introduction:Infection of the middle ear with subsequent inflammation clinically defined as otitis media is a pediatric health challenge in tropical rainforest zone of Nigeria.Though cases of otitis media have been studied and reported worldwide(Cleere et al.,2023; Imöhlet al.,2021; Emmanuel et al.,2021;; Meherali et al.,2019). Children below the age of two years are mostly affected and the disease is characterized with abrupt onset of symptoms which include; pain, inflammation with accumulation of purulent fluid behind the tympanic membrane(Afolabi et al.,2012). “Bacterial etiology of otitis media is common among most cases admitted in the hospital in this part of the world. Pseudomonas aeruginosais one of the most common bacteria associated with otitis media globally;both in adults and children” (Afolabi et al.,2012).
“However, the use of antibiotic has lead to the emergence of antibiotic resistant strains as a result of bacterial adaptation against antibiotic pressure due to inappropriate dose, pharmacokinetic, and pharmacodynamic of the antibiotic during antibiotic regiment” (Albasanz-Puig et al.,2022; Linares et al.,2010; Gulumbeet al.,2022). 
“Resistance of Pseudomonas aeruginosa is a major concern worldwide” (Azimi et al.,2015). “The increased utilization of antibiotics, the dissemination of several resistant clones, and the horizontal transmission of antibiotic resistance genes make this pathogen very difficult to control” (Emmanuel et al.,2020).Recently, drug resistant strains of pseudomonas aeruginosa has been  reported by previous researchers(Azimi et al.,2015; Shen et al., 2015;Gulumbe et al.,2022; Linares et al.,2010;Khan et al.,2023). “These reports showed the necessity of exploring other antimicrobial candidates for potential compounds as antibiotic by exploring medicinal plants which have been reported to have antibacterial activity against some human pathogenic bacteria such as Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Enterococcus sp” (Gull et al.,2020; Edo et al.,2024;Yousfi et al.,2021). “However, there is limited study on the antibacterial activity of Nigerian medicinal plants against etiologic agents of otitis media, hence the need to explore the most potential antimicrobial candidate among medicinal plants such as Zingiber officinale. Previous researchers in other parts of the world have reported antibacterial properties of ginger on other pathogens than Pseudomonas clinical isolate” (Bello et al.,2023; Abuga and Gaobotse.,2019;Mohammed et al., 2019;Wang et al.,2020; Alkandahri et al.,2020).
More so, current drug therapy used for these infections is often toxic, long-term, and expensive and has limited effectiveness; therefore, the discovery of new antibacterial compounds is a necessity, hence this present study which is designed to harness the pharmaceutical potential of Zingiber officinalefor antibacterial drug discovery.

2.0 METHODS
2.1 Type of study. This is a hospital and laboratory based experimental study.
2.2 Study Site for clinical sample collection. The Study site is Federal University Teaching Hospital Owerri. It serves as the only referral centre for many diseases in the area, including ear infections. It has a special clinic called ENT clinic where patients who presented with ear infections are treated.
2.3 Plant sample collection Site. The plant collection site is some markets in Imo state located in south Eastern Nigeria. Imo state lies between latitude50101 and 50511 North, Longitude 60351 and 70281 East. The area is a tropical rain forest zone with ample humidity that favours growth of zingiber officinales which is used as a spice with tradomedical application in the area.
2.4 Selection of study participants
2.4.1 Inclusion criteria:  Patients with active ear discharge pathnognomic of otitis media who registered in the health institution were selected after seeking their consent to participate in the study. 
2.4.2 Exclusion criteria: Patients who are currently on antibiotic oral and intravenous drug within three weeks before sample collection and severely ill patients who are unable to respond to research questions were excluded from the study. 
 2.5 Sample Collection, culture and bacterial identification. A detailed history and clinical examination of the patients were done to determine the ear lesions, the type and the extent of involvement and presence of discharge. With the aid of the Medical Doctor in charge, samples were collected from the middle ear of selected patients using sterile swab stick;then transported to the laboratory immediately for further analysisand bacterial identification applying standard techniques(Cheesborough.,2000).

2.6  Collection of Plant Material and crude extraction
The rhizomes of Zingiberofficinal, used in this study were collected from local market in the study area. This plant is used as a traditional medicine for various microbial infections and disorders. The plant specimen wasauthenticated by a Botanist from Department of Plant Science, Imo state University. 
“Rhizomes were washed thoroughly with distilled water to remove extraneous matter, shade dried and then ground into powder using electric grinder. 100g of powdered sample was extracted with 80% ethanol in a Soxhlet extractor” (Miri et al.,2008). “The crude extract was stored in a freezer at −20 °C for further use. Phytochemical analysis and GC-MS analysis were conducted to detect phyto-compounds and their relative abundance” (Emmanuel et al.,2020)
2.7. Preparation of sensitivity discs
Discs of 6 mm in diameter was punched out using Whatman No. 13 filter paper with the aid of a paper punch and placed in Bijou bottles. The discs were then sterilized by autoclaving at 121 °C for 15 min after which they were allowed to cool.
“Stock solutions of ginger rhizomes ethanolic crude extractwas prepared by dissolving 2 g (i.e.2000 mg) of each of the extract in 10 ml of dimethyl sulphoxide. Therefore, each stock solution had a concentration of 2000mg/10ml. From these stock five different concentrations of each of the plants extract were prepared. These are 12.5mg/ml, 25mg/ml, 50 mg/ml, 100 mg/ml, and 200 mg/ml which finally yielded disc potencies of 12.5mg/disc, 25 mg/disc, 50mg/disc, 100 mg/disc and 200mg/disc respectively. This was followed by introducing sterile discs into each concentration. The discs wasallowed to absorb the solution and kept for further analysis” (Emmanuel et al.,2020). 
2.8. Bioassay of crude extract of Zingiber officinal. The bioassay was carried out using the procedure described by Cheesbrough(2000). Using a sterile wire-loop 3-5 well isolated colonies of the test isolate(Pseudomonas aeruginosa)  was touched and emulsified into about 3 ml of physiological saline. Turbidity of the suspension of test organism was compared with Mcfarland turbidity standard. Using a sterile swab stick, the test organism was inoculated onto sterile prepared nutrient agar media. The inoculated plates were allowed to stay for about 3-5 min for the surface of the agar to air-dry. Prepared discs of the five different concentrations (i.e. 12.5mg/ml, 25 mg/ml, 50 mg/ml, 100 mg/ml and 200 mg/ml) were placed on the inoculated nutrient agar media. Within 30 min of discs application, the plates were inverted and incubated aerobically at 37 °C for 24 h. Ciprofloxacin was used as control. After overnight incubation, the plates were observed or examined for zones of inhibitions. The zones of inhibition was measured in mm using a plastic ruler. The end of inhibition is where the growth starts.
2.9 Determination of Minimum Inhibitory Concentration(MIC) and minimum bactericidal concentration(MBC).
The minimum inhibitory concentration (MIC) of  theextract was determined by tube dilution method. Two fold serial dilutions of the extract was made with nutrient broth. Extract solution of 2g/10ml was serially diluted in five test tubes to the concentrations of 200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml and 12.5mg/ml. Microbial suspension of 1 ml was added to each of the tubes and incubated at 37°C for 24 hr. Two control tubes were not added test extract but contained the test bacteria and the sterile DMSO used to dissolve the extracts. After incubation, the visual turbidity was observed and recorded. The lowest concentration in which the turbidity was not observed was measured as a MIC of the extracts while MBC was measured by plating 0.1ml of the MIC  and the next two higher concentration after MIC on freshly prepared nutrient agar to enumerate for viable cfu/ml. MBC was taken as the lowest concentration that demonstrates a pre-determined reduction in cfu/ml when compared to MIC dilution.
2.10 Statistical analysis
Statistical analyses wasperformed using SPSS version 21.0 statistical software. X2 test was used as test of difference for inhibition zone diameters. P value < 0.05 was be considered statistically significant.




4.0: RESULTS
Table 1: The morphology,microscopy and biochemical identification of the  isolated bacteria specie.
	Serial Number



	Colonial
characteristics


	
Shape
	
	Biochemical test

	



	
	
	
	(Microscopy)
	Citrate
	Grams reaction
	Motility
	Coagulase
	Methyl  red
	Oxidase


	Lactose
	Glucose
	Haemolysis
	Voges  proskaurpproskauer
	Indole
	Catalase
	20% bile
	Possible
organism
	

	1
	Smooth, round   blue-green
	Short rods in singles and pairs
	+
	-
	+
	-
	-
	+
	-
	-
	-
	-
	-
	+
	-
	Pseudomonas
aeruginosa          
	

	Key: + =Positive reaction; - = Negative reaction	



The morphological, microscopy and biochemical characteristics of the bacteria species encountered during the isolation procedure in cases of otitis media is shown in table 1. The isolate is gram negative bacteria with characteristics smooth,round colony showing a blue-green coloration. Microscopic observation showed short rods in singles and pairs. The result shows the biochemical identity of Pseudomonas aeruginosaas detailed in table 1.


Table 2:  Molecular identification of bacteria isolate from middle ear.

N=3
	Isolate ID          Gene          Band         Gene type                      Inference                  n               n/N(%)

	


Isolate 1             gyrB         500bp          House keepingP. aeruginosa                2                  66.7
ecfX          350bp         Cellular function
	n=number positive for PCR., N=total number of positive sample;




Table 2 shows the molecular identification of the bacteria isolate from the middle ear of the subjects. The obtained 16s rRNA sequence from the isolate produced an exact match during the megablast search for highly similar sequences from the NCBI non-redundant nucleotide (nr/nt) database.  The 16S rRNA of the isolate showed a percentage similarity to other species at 100%.  The evolutionary distances computed using the Jukes-Cantor method were in agreement with the phylogenetic placement of the 16S rRNA of the isolate within the Pseudomonas sppand revealed a closely relatedness to Pseudomonas aeruginosa.
Table 3: Antibiotic Susceptibility result of pseudomonas aeruginosa isolates.

	Antibiotics                                                                                    Sensitivity

	Levofloxacin (LEV 200µg)                                                                           S

Cefataxim (CEF10 µg)                                                                                 R

Sparfloxacin(SP10 µg)                                                                                 R

Ciprofloxacin(CPX 30 µg)                                                                           S

Amoxacillin (AM 30 µg)                                                                             R

Augmentin(AU10 µg)                                                                                  S

Ofloxacin (OFX10 µg)                                                                                S

Azithromycin(Az 12 µg)                                                                             S

	R=resistance; S=Sensitive



The susceptibility of the isolate to commercial antibiotics is shown in table 3. The isolatewas resistant to Sparfloxacin(SP10 µg),Amoxacillin(AM 30 µg), and Pefloxacin(PEF 30 µg).While sensitivity was observed for six of the tested antibiotics which include Levofloxacin (LEV 200µg), Ciprofloxacin (CPX.30µg), Augmentin(AU.10µg), Ofloxacin (OFX10 µg), and Azithromycin(Az  12 µg).


Table 4:  Susceptibility of Pseudomonas aeruginosa isolate to different concentrations of ethanol extract of Zingiber officinale.
	

	Concentration(mg/ml)           Mean inhibition zone diameter(mm)     MIC            MBC

	200mg/ml                      24.5                -                      -

100mg/ml                                      22                                                -                     -

50mg/ml                                       10.2                                               -                  50mg/ml

25mg/ml                                        8.5              25mg/ml           -

12.5mg/ml                                      I                                                   -                      -



I= intermediate
Table 4 shows the susceptibility of  pseudomonas aeruginosa isolate to different concentrations of  Zingiber officinale. From the result,the isolate is sensitive to 200mg/ml, 100mg/ml,50mg/ml and 25mg/ml of  Zingiber officinale thereby showing inhibition zone diameter of 24.5mm,22.0mm,10.2mm and 9.5mm respectively. While an intermediate result is recordedfor 12.5mg/ml concentration.The minimum inhibitory concentration is 25mg/ml while the minimum microbicidal concentration is 50mg/ml
Table  5:  The qualitative and quantitative pytochemical analysis of crude extract of Zingiber officinale
	Phytochemical           Qualitative         Quantitative(%)

	Tannins                     +4.7
Alkaloids                  +26.0
Flavonoids                +24.9
Saponins                   +13.1
Steroids                     +11.3
Phenols                      -    -                   
Reducing sugar          --
Glycoside                  +4.1
Terpenoids     +6.2
Anthraquinone          +           9.7                   



The qualitative and quantitative analysis of  the three plant species is shown in table 5. From the result, Zingiber officinaleshowed the presence of Tannins,Alkaloids, Flavonoids, Saponins,Steroids,Glycosides,Terpenoids and Anthraquinones at quantitative percentages of 4.7%, 26.0%, 24.9%, 13.1%,11.3%, 4.1%, 6.2% and 9.7%  respectively. Allium sativum and Curcuma longaalso yielded phytochemicals at varying quantitative rates as detailed in table 5.

	Table 6. Gas chromatography-mass spectroscopy(GC-MS) analysis of  biocompounds inZingiberofficinale


	Peak          RT(mins)             PA(%)                 PubChem ID                 Name of compound                            Mol.wt(g/mol)             Mol.Formula

	1.        18.33167.392776 zingiberene                                                           204                    C15H24
2.        25.2280                   11.017100  α-terpineol                                                          154                    C10H18O
3        13.61479.230248Dihydrocarvyl  acetate 196                    C12H20O2
4.        27.31116.1442793gingerol                                                                      244                     C17H26O4
5.      23.9025               9.8524272                        Exo-2,7,7-trimethylbicyclo [2,2,1] heptan-2-ol     154                   C10H18O     
6.      22.0241 12.35364111                      2,4-bis(hydroxyamino)-5-nitropyrimidine                   348                      C6H6N2O2S2
7.       16.30818.1                 3991Benzeneethanamine, 2,5-dimethoxy-alpha                195                C11 H17NO2
8.       19.057413.922199Docosanoic acid, ethyl ester                                           356             C24H34O2
9.       13.089210.41711945                       Farnesyl acetone                                                     262                     C18H20O
10.     14.391110.0   5364484                        E-11-hexadecenoic acid, ethyl ester                                282                   C18H34O2




Table 6 shows the chromatographic analysis of Ziginberofficinale. The result revealed the highest percentage peak area of 16.1% for the presence of gingerol which is identified with a chemical ID of 442793 and molecular weight of 244g/mol; a compound with known antibacterial activity as demonstrated in this study with MIC and MBC of 25mg/ml and 50mg/ml respectively.



4.0 DISCUSSION. The result of this study has shown that Pseudomonas aeruginosa is among the bacteria pathogens associated with otitis media, a serious ear infection following inflammation of the middle ear especially among children. The observed presence of this pathogen in the middle ear is of public health significance since resistance to conventional antibiotics is also noticed on the isolate. This is a worrisome situation indeed and calls for the attention of healthcare providers to design appropriate strategies to combat this pathogen.
This present result support the report of (Imöhlet al., 2021) who estimated that about 1.2 to 3 billion individuals are affected with bacterial ear infections globally thereby contributing to morbidity and mortality especially among under-five children. Their findings which noted that most common causative agents of otitis media  arePseudomonas aeruginosa,Staphylococcus aureus,Proteus mirabilis, Klebsiella pneumoniae, Streptococcus pyogenes, Streptococcus pneumonia, Haemophilus influenzae and Moraxella catarrhalis further supports our present result which identified pseudomonas from cases of otitis media.  Our result further corroborates that of Afolabi et al (2012) who noted that “acute otitis media is responsible for approximately 25% of antibiotic prescriptions among children. And that peak prevalence of otitis media  among children is mainly attributed to immature immune status, the shorter and more horizontal anatomy of the Eustachian tube, frequent exposure to upper respiratory infections, and malnutrition” (Afolabi et al.,2012).
Antibiotic susceptibility test on this Pseudomonas aeruginosa isolate confirmed resistance to four commercial antibiotics [Sparfloxacin(SP10 µg),Amoxacillin(AM 30 µg), and Pefloxacin(PEF 30 µg)], implying that the isolate is gradually building resistance to antimicrobials.
The isolate also showed sensitivity to six of the tested commercial antibiotics which include Levofloxacin (LEV 200µg), Ciprofloxacin (CPX.30µg), Augmentin(AU.10µg), Ofloxacin (OFX10 µg), and Azithromycin(Az  12 µg) thereby suggesting that pseudomonas aeruginosa associated otitis media  is curable, pointing to good treatment outcome of cases among children. Resistance to other tested antibiotics signify growing resistance. Similar report has been documented by Khan et al(2023).
However, resistance to antibiotics documented in this study is in tandem with the report of  Shen et al( 2015) who reported on Role of the Outer Membrane Protein OprD2 in Carbapenem-Resistance Mechanisms of Pseudomonas aeruginosa as a virulence factor that account for the broad-spectrum of infections it causes. 
The result of this study further showed that crude extract of the   Zingiber officinale, inhibited the growth of the bacteria isolate at different concentrations, and bactericidal activity was unleashed by 50mg/mlconcentration.
“To further support this claim,tannins,alkaloids,saponins,flavonoids were also identified by phytochemical analysis; and these compounds have documented antibacterial activity” (Mnayeret al.,2014). This was further supported by the result of GC-MS analysis of the extract which identified gingerol (ID = 442793; M.wt= 244g/mol); a compound with known antibacterial activity as demonstrated in this study with MIC and MBC at 25mg/ml and 50mg/ml respectively.
These findings on Zingiber officinale points to the importance of the spice as a good source of natural antimicrobial of less toxicity which could be the hope for the next generation antibiotics.
[bookmark: _GoBack]Previous researchers (Emmanuel et al.,2020; Ponmurugan and Shyamkumar., 2012) have documented similar reports where they noted that, ginger rhizomes ethanolic extracts demonstrated antibacterial  activity against five clinical isolates including Pseudomonas aeruginosa with zone of growth inhibition ranging from 4 mm to 16 mm. 
From our findings, we recommend that both scientific community and  health sector pay attention to use of ginger with aim of harnessing its medicinal values.
Our result also implies that the studied spice at high concentration is capable if inhibiting bacterial growth and be recommended as a natural source of antibacterial compounds. This probably might underscore its traditional use as a herbal medicine for many disease conditions and its broad use as spice.
This result, however is in tandem with that of Wang et al(2020) who worked on antibacterial activity and mechanism of ginger essential; though their target bacteria were  E.coli and S.aureus.
5.2 CONCLUSION: In Conclusion, this study has revealed the potential antibacterial compounds from natural products which stand to alleviate resistance to commercial antibiotics. It has unveiled natural, less-toxic bactericidal compounds from Zingiber officinale, as widely reported but today, it is seen that these three spices are active against Pseudomonas aeruginosa isolated from active cases of otitis media in pediatric cases. Finally, this study has strongly demonstrated the potential of Zingiber officinaleto contain biocompounds that can reverse antibacterial resistance.

Consent Informed consent was obtained from all study participants after the objective of the study is explain to them. Information about the health status of the participants was not made public.
Ethical approval : Ethical approval was gotten from the Federal Teaching Hospital Owerri prior to sample collection(FTH/OW/HREC/VOL.1/120).

2.7 Funding. The researcher bore the financial cost of the research. On no account were the participants compelled to make financial contribution to the research.


Consent 
As per international standards or university standards, patient(s) written consent has been collected and preserved by the author(s).

Disclaimer(Artificial Inteligence):We the authors declare that no generative AI technologies and text-to-text image generators have been used during the writing or editing of this manuscript.
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