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Abstract 
A significant global health burden is caused by respiratory tract infections (RTIs), particularly for 
immunocompromised people like those with human immunodeficiency virus (HIV). The treatment of 
diseases in HIV patients is severely hampered by the rise of multidrug-resistant (MDR) 
microorganisms, such as Escherichia coli and Enterobacter species. This work evaluated Zingiber 
officinale (ginger) extracts for their antibacterial activity against respiratory tract Escherichia coli and 
Enterobacter species, which are common in HIV patients at Gombe State Specialist Hospital. After 24 
hours of culture on MacConkey agar at 37 °C, the test bacteria's inoculum was standardized. Various 
phytochemical components in the ginger extracts were investigated by qualitative and quantitative 
analyses following aqueous and methanol extraction. The antibacterial assay was carried out using 
Agar well diffusion method. The results of phytochemical analyses of both extracts showed the presence 
of Saponins, Alkaloids, Tannins, Anthaquinone, Glycosides, Steroids, and Flavonoids. The 
antibacterial activity revealed that methanol extract was more active against the test bacteria compared 
to the aqueous extracts. The aqueous extract concentration of 25 mg/ML had the smallest zone of 
inhibition (9.5±2.0), while the methanol extract concentration of 200 mg/mL exhibited the largest mean 
zone of inhibition (21.5±4.0) against the isolates. Moderate potency was shown by the minimum 
bactericidal concentration (MBC) and minimum inhibitory concentration (MIC) assays, which showed 
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MIC and MBC values of 3.12 mg/mL and 1.25 mg/mL, respectively. This study highlights the potential 
of ginger extracts as a source of new antibacterial agents. The results suggest that ginger is a good 
candidate for the traditional treatment of respiratory tract infections caused by opportunistic bacterial 
organisms in HIV patients. 
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INTRODUCTION 
Respiratory tract infections (RTIs) pose a major risk to health, particularly for those with 
compromised immune systems, such as those living with human immunodeficiency virus 
(HIV) (Pau, 2024). Lower respiratory tract infections (LRTIs) are a leading cause of disease 
and mortality worldwide (Feldman and Shaddock, 2019). In 2017, the Global Burden of 
Diseases, injuries, and Risk Factors (GBD) Study found that LRTIs were the sixth cause of 
death across all age groups, accounting for roughly 2.56 million deaths (Roth et al., 2018). 
Furthermore, bacterial aetiologies accounted for over 50% of LRTI mortality in 2016 (Troeger 
et al., 2018). 
 
Antibiotic prescriptions are commonly administered as part of therapy, and antibiotic 
resistance is becoming more widely recognized as a significant global health risk (Ho, 2019). 
Among HIV patients, MDR bacterial infections had a substantially greater mortality rate than 
non-MDR bacterial infections (Sultana et al., 2021). Anti-infection efforts have been severely 
hampered by the recent substantial rise in the incidence of MDR pathogens, especially 
Enterobacter species, carbapenem-resistant Klebsiella pneumoniae (CRKP), and Escherichia coli 
(Tseng et al., 2018). Monitoring data from the World Health Organization indicates that LRTIs 
caused by bacteria that are resistant to antibiotics are highly prevalent, and the number of 
patients suffering from these infections is continuously increasing (ZumLa et al., 2014). HIV-
positive individuals face a heightened risk of respiratory complications due to the 
immunosuppressive nature of the virus. Because of their weakened immune systems, they are 
vulnerable to opportunistic infections, especially those brought on by microorganisms that 
are resistant to drugs (Cribbs et al., 2020). In healthcare settings, antibiotic resistance has been 
a significant issue, particularly in low- and middle-income nations. The healthcare sector is 
facing a significant difficulty in treating HIV patients from whom multidrug-resistant 
pathogens have been discovered (Medina and Pieper, 2016). These LRTI-causing bacterial 
isolates have altered treatment strategies and are linked to risk factors. Some incidences of 
multidrug-resistant (MDR) bacterial respiratory infections may be caused by risk factors such 
as immunocompromised condition (Samadder, 2021). Antibiotics are the cornerstone of 
treatment for bacterial infections in people with HIV and Acquired Immunodeficiency 
Syndrome (AIDS), but they are also overused and misused, which causes opportunistic and 
pathogenic bacteria to evolve antibiotic resistance mechanisms, which in turn causes bacteria 
to become resistant to antibiotics (Troeger et al., 2018). As a result, infection management 
depends on managing risk factors and preventing antibiotic abuse (Troeger et al., 2018).  
 
Any group of rod-shaped bacteria belonging to the Enterobacteriaceae family, which includes 
Gram-negative bacteria categorized as facultative anaerobes, is referred to as Enterobacter 
(Saleh et al., 2024). Public health is seriously threatened by the emergence of Enterobacter 
species that are resistant to many drugs (Moxley, 2022). Through horizontal gene transfer, 
these strains have developed resistance genes that enable them to withstand the effects of 
several antibiotics (Saleh et al., 2024). Gram-negative and rod-shaped, Escherichia coli is a 
member of the Enterobacteriaceae family of bacteria. Some strains of Escherichia coli have 
developed virulence characteristics that allow them to cause illnesses, despite their positive 
role in the microbiome (Naidoo and Zishiri, 2025). Each of the different types of pathogenic 
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strains including enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), 
enterohemorrhagic E. coli (EHEC), and uropathogenic E. coli (UPEC), is linked to distinct 
clinical manifestations, such as gastrointestinal infections, hemolytic uremic syndrome, 
respiratory tract infections, and urinary tract infections (ZumLa et al., 2014). Given the 
difficulties presented by conventional medicines, treating opportunistic infections in HIV 
patients necessitates a sophisticated strategy. With their variety of bioactive chemicals, plant 
materials offer a viable research area. It is crucial to research the safety, effectiveness, and 
possible synergies between plant extracts and traditional HIV medications (Awofola et al., 
2018). A comprehensive and integrative strategy that combines the best aspects of traditional 
medicine and mainstream medicine may provide people living with HIV fresh hope for better 
results and a higher quality of life as they traverse the changing terrain of HIV care. 
 
According to WHO (2018), 80 percent of people worldwide rely mostly on traditional 
medicine, which contributes to the high use of plant extracts and their active ingredients. 
Ginger is one of the many medicinal herbs that are used to treat a wide range of illnesses. 
According to Mayaud et al. (2002), it possesses potent phytochemical qualities that either 
eliminate or stop the growth of harmful microorganisms. Ginger is a naturally occurring plant 
that belongs to the Zingiberaceae family (Kumari et al., 2020). Its tuberous or non-tuberous 
rhizomes give it strong fragrant and therapeutic qualities (Yusha’u et al., 2008). Because it 
contains particular phytochemical elements such as gingerol, paradol, shogaol, zingerone, 
terpenoids, and ginger flavonoids, it has significant medical uses (Arshad et al., 2022). 
 
Although prior studies have demonstrated ginger’s antimicrobial potential in Nigeria (Okafor 
et al., 2022; Melysa, 2022; Azwanida, 2015; Lerminiaux et al., 2019), the majority of them 
focused on environmental or foodborne organisms, with limited emphasis on isolates from 
immune-compromised populations. Therefore, this study reports the antibacterial activity of 
ginger extract against respiratory tract organisms in HIV patients from the study area for the 
first time to the best of our knowledge. 
 
MATERIALS AND METHODS 
Preparation of ginger for extraction 
The ginger (Zingiber officinale) samples employed in this study were purchased from Gombe 
Main Market, which is situated in Gombe State's Herwagana area. The fresh ginger rhizome 
was cleaned, cut into slices, and allowed to air dry for two weeks before being ground into a 
fine powder with an electric blender. Separate distilled water and methanol extracts of the 
ginger were made. 
 
Water Extraction 
Fifty grams (50g) of the fine ginger powder was weighed and transferred into a clean conical 
flask. After adding two hundred milliliters (200 mL) of distilled water, the container was 
sealed and kept out of direct sunlight for three days. Whatman No1 filter paper was used to 
filter out the dissolved extract. The crude extract was recovered from the filtrate by 
evaporation using an automatic rotary evaporator at 40◦C (Esimone et al., 2010). 
 
Methanol Extraction 
An electric balance was used to weigh fifty grams (50g) of the fine ginger powder before it 
was placed into a conical flask with 200 milliliters of ethanol. To obtain the extract, the filtrate 
was moved into a different flask and evaporated using an automatic rotary evaporator 
(Azwanida et al., 2015). For additional study, the extract was labeled appropriately and kept 
at 4 ℃.  
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Qualitative phytochemical analysis of ginger extract 
Tests for the presence of secondary metabolites that included tannins, saponins, flavonoids, 
steroids and cardiac glycosides were conducted as described by Sofowora (2013) and modified 
by Aiyelaagbe and Osamudiamen (2009). 
 
Screening for alkaloids (Mayers Reagent test) 
One milliliter (2 mL) of aqueous hydrochloric acid was mixed with two milliliters (2 mL) of 
ginger extract, and two to three drops of saturated picric acid solution were also added. The 
potential existence of an alkaloid was suggested by the development of a creamy precipitate 
colour (Aiyelaagbe and Osamudiamen, 2009). 
 
Tannins test 
Two milliliters (2mL) of FeCl3 were added to 2mL of the ginger extract and observed for the 
presence of a blue-black precipitate or color which indicated the possible presence of tannins 
(Aiyelaagbe and Osamudiamen, 2009).   
 
Test for saponins (Frothing test) 
From the extract, 0.5mL was added to 5mL of distilled water, the presence of frothing 
indicated the possible presence of saponins (Aiyelaagbe and Osamudiamen, 2009). 
 
Test for flavonoids 
Two millitre (2mL) of the ginger extract was added to NaOH and diluted HCl. The presence 
of yellowish color in the solution indicated the possible presence of flavonoids (Aiyelaagbe 
and Osamudiamen, 2009). 
 
Test for steroids 
Concentrated H2SO4 was added after ten milliliters (10 mL) of the ginger extract were 
dissolved in ten milliliters of chloroform and two milliliters of acetic anhydride. The existence 
of terpenoids was suggested by blue-green rings (Aiyelaagbe and Osamudiamen, 2009). 
 
Test for Cardiac glycosides 
1 mL of glacial acetic acid was mixed with 2 mL of extract, followed by 1 mL of concentrated 
H2SO4 and 1 mL of FeCl3. The lack of a green-blue hue suggested the absence of cardiac 
glycosides (Aiyelaagbe and Osamudiamen, 2009). 
 
Quantitative phytochemical analysis of ginger extract 
Quantitative tests for the presence of the following plant secondary metabolites were 
conducted. 
 
Quantitative Estimation of Alkaloids  
Five milliliters of phosphate buffer (PH 4.7), five milliliters of bromocresol green BCG 
solution, and a combination including four milliliters of methanol were added to one milliliter 
of test extract. A 10-mL volumetric flask was used to collect the extracts, and methanol was 
used to dilute the volume. At 470 nm, the complex's absorbance in methanol was evaluated 
in comparison to the previously made blank that was devoid of extract. In order to compare 
the test with its counterparts, atropine was utilized as a standard substance (Madhu et al., 
2016). 
 
Quantitative Estimation of flavonoids  
Using catechin as a standard, the aluminum chloride technique was used to calculate the total 
flavonoid concentration. A volumetric flask (10 mL volume) was filled with 1 mL of the test 
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material and 4 mL of water. 0.3 mL of 5% sodium nitrite and 0.3 mL of 10% aluminum chloride 
were added after 5 minutes. Two milliliters of sodium hydroxide were added to the reaction 
mixture after it had been incubated for six minutes at room temperature. Immediately, 
distilled water was added to bring the final volume up to 10 mL. Using spectrophotometry, 
the absorbance of the reaction mixture was measured at 510 nm in comparison to a blank. 
Catechin equivalents (mg catechin/g dried extract) were used to express the results (Madhu 
et al., 2016).  
 
Quantitative Estimation of Saponins  
After the test extracts were dissolved in 80% methanol, 2 milliliters of 50% Vanilin in ethanol 
were added, thoroughly mixed, and heated in a water bath at 100 ℃ for 10 minutes. The 
absorbance at 544 nm was then measured in comparison to a blank reagent. The assay was 
compared to Diosgenin equivalents using Diosgenin as a standard material (Madhu et al., 
2016).  
 
Quantitative Estimation of Steroids  
Ten milliliter volumetric flasks were filled with one milliliter of the test extract of the steroid 
solution. Iron (III) chloride (0.5% w/v, 2 mL) and sulfuric acid (4N, 2 mL) were added first, 
then potassium hexacyanoferrate (III) solution (0.5% w/v, 0.5 mL). After 30 minutes of 
intermittent shaking at 70 ℃ in a water bath, the mixture was diluted with an equivalent 
volume of distilled water. In comparison to the reagent blank, the absorbance at 780 nm was 
measured (Madhu et al., 2016).  
 
Quantitative Estimation of Phenolic Compounds 
The Folin-Ciocalteu's reagent (FCR) was used to measure the total phenolic content in various 
solvent extracts. During the process, 0.4 mL of FCR (diluted 1:10 v/v) was combined with 
various extract concentrations. Four milliliters of sodium carbonate solution were added after 
five minutes. After adding distilled water to bring the tubes' ultimate content to 10 mL, they 
were left to stand at room temperature for 90 minutes. A spectrophotometer was used to 
measure the sample's absorbance at 750 nm in relation to the blank (Madhu et al., 2016). 
 
Source of Test Bacteria 
One isolate each of Escherichia coli and Enterobacter species were used as test organisms in 
this study. The two organisms were part of the 39 Bacterial organisms isolated and identified 
from 310 sputum samples collected from Human Immunodeficiency Virus (HIV) patients 
attending antiretroviral treatment (ART) clinic of Gombe State Specialist Hospital for Nine (9) 
months from August 2023 to May 2024. In addition to conventional Gram reaction and 
biochemical tests used in the identification, the test organisms were further confirmed as 
Escherichia coli and Enterobacter species based on 16S rRNA molecular analysis. Detailed 
information about the test organisms have been published (Abduljabbar et al., 2025). 
 
Antibacterial Activity of Ginger Extracts 
The agar-well diffusion method was used for this experiment (Garba et al., 2019). 0.4g of the 
extract was dissolved in 2 mL of 20% v/v dimethyl sulfoxide (DMSO) to create a stock of 200 
mg/mL concentration of each extract for methanol and aqueous extract. Two-fold serial 
dilutions were then made to acquire three additional concentrations of 100 mg/mL, 50 
mg/mL, and 25 mg/mL. 
 
Bioassay procedure 
Mueller Hinton agar was used in the agar-well diffusion method for the antibacterial assay of 
ginger extract. The Mueller Hinton agar was evenly spread on the entire surface of each plate 
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and inoculated separately with the test bacterial culture standardized in sterile normal saline 
using 0.5 Mcfarland standard. The agar was aseptically punched with a sterile cork borer, and 
methanol and aqueous extracts of varying concentrations were dispensed into the agar wells 
seeded with bacterial culture. The plates were then allowed to sit at room temperature for 15 
minutes before being incubated at 37 ℃ for 18 to 24 hours, during which the inhibition zone 
was observed. The diameter of the inhibition zones was measured using a meter rule and 
recorded in millimeters (Garba et al., 2021). 
 
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 
(MBC) 
The plant extract was serially diluted twice in sterile distilled water to get four distinct 
concentrations: 200 mg/mL, 100 mg/mL, 50 mg/mL, and 25 mg/mL. This allowed for the 
determination of the minimum inhibitory concentration (MIC). Two milliliters of nutritional 
broth were pipetted into test tubes at each concentration. These test tubes were then filled 
with 0.1 milliliters of a standardized suspension of the test organisms. Furthermore, two test 
tubes containing plant extract plus nutrient broth and nutrient broth plus test organism were 
arranged side by side and labeled as positive and negative controls, respectively.  
 
The MIC was calculated for every test tube following a 24-hour incubation period at 37 ℃. 
Sub-culturing each test tube that did not exhibit growth during MIC and then incubating it 
for 24 hours at 37 ℃ allowed for the determination of MBC (Yusha’u et al., 2008). 
 
RESULTS 
Qualitative and Quantitative Phytochemical Determination of Ginger Extract 
Following the extraction process, Zingiber officinale's crude methanol and aqueous extracts 
were weighed and their physical characteristics noted, as indicated in Table 1. The methanolic 
extract weighed 4g, was dark brown in color, and had an oily to sticky texture. In contrast, the 
honey brown, coarse-textured aqueous extract weighed 5.5g. As indicated in Table 2, different 
amounts of phytochemicals, including saponins, alkaloids, tannins, anthaquinone, glycosides, 
steroids, and flavonoids, were detected in the Z. officinale extract in both aqueous and 
methanol. But compared to the aqueous extract, the methanol extract has higher 
concentrations of phytochemicals.  
 
Table 1: Ginger extracts' physical characteristics 

Extract Weight(g) Colour  Texture 

ME 4.0 Dark brown Oily and Gummy 

AE 5.5 Honey brown Coarse 

Key: ME-Methanol, AE- Aqueous 

 
Table 2: Phytochemical constituents of ginger extracts 

Phytochemical            Qualitative Analysis        Quantitative Analysis (mg/kg) 

 AE ME AE ME 

Alkaloid + + 32.0 71.0 
Flavonoids + + 65.0 153.0 
Glycosides + + - - 
Saponin + + 185.0 168.0 
Steroids + + - - 
Tannin + + 21.0 313.0 

Key: +: detected, -: undetected AE: Aqueous ginger extract, ME: Methanol ginger extract 
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Ginger extracts' antibacterial properties against the isolates 
Both aqueous and methanolic ginger extracts have demonstrated effective antibacterial action 
against Enterobacter species. (Figure 1) and Escherichia coli (Figure 2) using Augmentin as 
positive control. The zones of growth inhibition produced against both isolates were observed 
to increase with a corresponding increase in the concentrations of the extracts. Higher activity 
was observed for each extract at the highest concentration for both the test organisms. The 
MIC and MBC of each extract were determined to evaluate their antibacterial potency as 
shown in Table 3 

 
Figure 1: zones of growth inhibition against Enterobacter species caused by different ginger extract doses. Key: 
ME-Methanolic extract, AE-Aqueous extract, Co-Positive control (Augmentin). 

 

 
 
Figure 2: zones of growth inhibition against Escherichia coli that are created by different ginger extract doses. Key: 
ME-Methanolic extract, AE-Aqueous extract, Co-positive control (Augmentin). 
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Table 3 Minimum Inhibitory Concentration and Minimum Bactericidal Concentrations of 
ginger extracts    

 
Key: Minimum Inhibitory Concentration, MBC- Minimum Bactericidal Concentration 

 
DISCUSSION 
In order to ascertain the antibacterial efficacy of ginger extracts against Enterobacter species 
and Escherichia coli isolated from 310 respiratory tract samples (Abduljabbar et al., 2025) among 
confirmed HIV seropositive patients undergoing treatment at the hospital's Antiretroviral 
(ART) clinic, the current study was carried out at the State Specialist Hospital in Gombe. The 
findings of the qualitative and quantitative phytochemical studies showed that Zingiber 
officinale extracts in both aqueous and methanol contained saponins, alkaloids, glycosides, 
anthraquinone, flavonoids, and tannins in different quantities and quality. 
 
However, the two extracts had different amounts of these phytochemicals. These results are 
consistent with that of Osabor et al. (2015), who found that the organic extract of ginger 
contained cardiac glycosides, saponins, flavonoids, and polyphenols, while the aqueous 
extracts contained alkaloids, saponins, flavonoids, polyphenols, and reducing sugars. 
Similarly, the phytochemical screening of chloroform plant extract in another work by Riaz et 
al. (2017) revealed the absence of steroids and the presence of alkaloids, flavonoids, glycosides, 
saponins, tannins, and terpenoids. The antibacterial activity of the ginger extract showed that 
the methanol extract outperformed the aqueous extract against Enterobacter and Escherichia 
coli species. According to the findings of Abdullahi et al. (2020), it was found that the extract's 
solvent had an impact on the tested organisms' level of sensitivity. 
 
According to Gull et al. (2012), ginger water extract is less effective than ginger methanol and 
ethanol extracts against every tested bacterial strain that was isolated from the respiratory 
system. Substances like volatile oils, flavonoids, and phenolic compounds that were dissolved 
in organic solvents may have attributed the antibacterial properties. It has been observed that 
the primary components of ginger that contribute to its antibacterial activity are several 
essential oils with possible antibacterial qualities (Abdullahi et al., 2020). Furthermore, 
investigations have demonstrated that bioactive chemicals have superior solubility in water-
miscible organic solvents, and methanol and water were also utilized for extraction (Gull et 
al., 2012). The activity observed with the methanol extract may be explained by the fact that 
methanol is more effective than water at extracting most plant phytochemicals. The recovery 
of antioxidants from herbal plants was found to be more successful with 80% methanol and 
ethanol, according to numerous studies (Abdul Qadir et al., 2017). According to the isolates' 
inhibitory zone level, extracts are more effective at greater concentrations than at lower ones, 
indicating that the antibacterial activity is dose-dependent. The MIC and MBC of each plant 
extract were determined to evaluate their antibacterial potency. The MIC value of the plant 
extract for both methanol extract and aqueous was 3.12mg/mL and its corresponding MBC 
value is 1.56mg/mL. The isolates inhibited at the lower concentration of the plant extract at 
1.56mg/mL showed no growth in sub-cultured media with a relatively lower concentration. 
 
The observed difference could be due to the difference in concentration of the ginger 
phytochemicals active against specific species. This is in agreement with findings from a study 

S/N Test isolates Methanolic Extract Aqueous Extract  
  MIC MBC MIC MBC  
1 Enterobacter  species   12.5 6.25 3.25 1.56  
2 Escherichia coli 12.5 6.25 3.25 1.56  
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done in South Africa which also reported a much lower MIC for methanol extract of 
0.78mg/mL against Enterobacter species and Escherichia coli (Mozae et al., 2020). This finding 
is also contrary to the finding reported by Gull et al. (2012) that the MIC was 0.38mg/mL.  
 
CONCLUSION 
Results obtained in this study have shown that the extract of ginger (Zingiber officinale), 
especially the methanol extract, had strong antibacterial properties against Escherichia coli and 
Enterobacter species that were isolated from respiratory tract samples of HIV patients at 
Gombe State Specialist Hospital. The qualitative and quantitative phytochemical analyses 
revealed that both aqueous and methanol extracts contained various bioactive compounds, 
including saponins, alkaloids, flavonoids, tannins, and glycosides, with the methanol extract 
showing higher concentrations of these phytochemicals compared to the aqueous extract. This 
difference in phytochemical content likely contributed to the superior antibacterial efficacy of 
the methanol extract. 
 
The results indicated that the antibacterial activity of ginger extracts increased with an 
increased extracts’ concentrations. The extracts' moderate potency was further supported by 
the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
values; the methanol extract had MIC and MBC values of 3.12 mg/mL and 1.56 mg/mL, 
respectively. 
 
The study suggests ginger extracts' as potential candidates for used in the management of 
respiratory tract opportunistic bacterial infections in immune-compromised people like HIV 
patients. Furthermore, the results suggest that ginger extracts could be explored further as 
complementary or alternative therapeutic options, especially in settings where antibiotic 
resistance is a growing concern. Continued research into the efficacy, safety, and potential 
synergies between ginger extracts and conventional antibiotics is essential to develop effective 
therapeutic interventions against multidrug-resistant pathogens. 
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