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ABSTRACT
Z.officinale is one of the anti-bacterial foods, which are used a lot in western diet. Ginger has been specified as a plant's rhizome, ginger has long been a therapeutics agent in traditional medicine systems worldwide and is a leading drug candidate in the pharmaceutical industry. This study evaluated minimum inhibitory concentration of ginger powder. Two types of extracts (ethanolic and Nhexane) were used. the potential antimicrobial activity of the extracts was tested against five bacterial tested organisms, S.aureus, S.typhi, E.coli, B.subtilis and P.earuginosa, were analyzed with qualitative and agar well diffusion method. The agar dilution method determined the minimum inhibitory concentration (MIC) of the Ginger extracts, highest activity was observed with the ethanolic extract at the concentration of 250mg/ml against B.subtilis (22.85mm). likewise, the N-hexane extract of Z.officinale was observed at 250mg/ml against B.subtilis (17.19mm). The study shows the potential of Z.officinale in the treatment of bacterial infections.
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INTRODUCTION
1.1	Background of the Study
Ginger (Zingiber officinale) has been used for centuries in traditional medicine for its numerous health benefits, including antimicrobial properties (Kumar et al., 2020). The increasing emergence of antibiotic-resistant microorganisms has led to a growing interest in natural antimicrobial agents (WHO, 2020). Ginger powder, a widely available and affordable form of ginger, has shown potential as an antimicrobial agent (Sharma et al., 2021).
The antimicrobial activity of ginger powder is attributed to its bioactive compounds, such as gingerol, shogaol, and zingiberene (Suresh et al., 2021). These compounds have been shown to inhibit the growth of various microorganisms, including bacteria and fungi (Mishra et al., 2021).
However, the effectiveness of ginger powder against various microorganisms varies widely depending on factors such as the type of microorganism, ginger powder quality, and experimental conditions (Aiyegoro et al., 2022). The Minimum Inhibitory Concentration (MIC) test is a standardized method used to determine the minimum concentration of an antimicrobial agent required to inhibit the growth of microorganisms (CLSI, 2020).
1.2	Statement of the Problem
Despite the growing interest in natural antimicrobial agents, the antimicrobial activity of ginger powder against various microorganisms remains poorly understood. Specifically:
1. The Minimum Inhibitory Concentration (MIC) values of ginger powder against common bacterial and fungal pathogens are not well established.
2. The effectiveness of ginger powder against Gram-positive and Gram-negative bacteria is loosely unclear.
3. The influence of ginger powder concentration on antimicrobial activity is not fully understood.
1.3	Research Questions
1. What is the MIC of ginger powder against (E. coli, S. aureus, B.subtilis, S.typhi and P.aeruginosa)?
2. Does the antimicrobial activity of ginger powder vary against Gram-positive and Gram-negative bacteria?
3. How does the concentration of ginger powder affect its antimicrobial activity?
1.4.	General Objective
To determine the Minimum Inhibitory Concentration (MIC) of ginger powder against selected microorganisms, including bacteria (Escherichia coli, Staphylococcus  aureus, B.subtilis, S.typhi and P.aeruginosa).
Specific Objectives:
1. To determine the MIC of ginger powder against Escherichia coli (E. coli) using the broth dilution method.
2. To evaluate the antimicrobial activity of ginger powder against Staphylococcus aureus (S. aureus) and compare its effectiveness with standard antimicrobial agents.
3. To compare the antimicrobial activity of ginger powder against Gram-positive (S. aureus) and Gram-negative (E. coli) bacteria.
4. To investigate the effect of ginger powder concentration on its antimicrobial activity against the selected microorganisms.

1.5	Research Focus
1. Ginger Powder's Antimicrobial Activity: Investigate the antimicrobial properties of ginger powder against selected microorganisms (E. coli, S. aureus, B.subtilis, S.typhiandp.aeruginosa).
2. Minimum Inhibitory Concentration (MIC): Determine the MIC values of ginger powder against the selected microorganisms.
3. Comparative Analysis: Compare the antimicrobial activity of ginger powder with standard antimicrobial agents.
4. Concentration-Dependent Activity: Investigate how different concentrations of ginger powder affect its antimicrobial activity.
1.6	Limitations
1. Variability in Ginger Powder Composition: The bioactive compounds present in ginger powder can vary depending on factors like source, processing, and storage.
2. Solubility Issues: Ginger powder may not be fully soluble in water, which could affect the accuracy of the MIC results.
3. PH and Temperature Sensitivity: The bioactive compounds in ginger powder may be sensitive to pH and temperature, which could impact their antimicrobial activity.
4. Limited Scope: The MIC test only evaluates the inhibitory effects of ginger powder on a specific microorganism, and may not be representative of its antimicrobial activity against other microorganisms.
5. Laboratory Settings: The test is conducted in a controlled laboratory setting, which may not accurately reflect real-world scenarios where ginger powder may be used.
6. Interference from Other Compounds: Other compounds present in the ginger powder or the nutrient agar/broth may interfere with the antimicrobial activity of the bioactive compounds, affecting the MIC results.
1.7	Definitions of Terms
Scientific Terms
1. Minimum Inhibitory Concentration (MIC): The lowest concentration of a substance (e.g., antibiotic, antimicrobial) required to inhibit the growth of a microorganism.
2. Antimicrobial: A substance that kills or inhibits the growth of microorganisms, such as bacteria, fungi, or viruses.
3. Bioactive compounds: Chemicals found in living organisms that have biological effects, such as antimicrobial, anti-inflammatory, or antioxidant properties.
General Terms
1. Ginger powder: A dried and ground form of ginger root, commonly used as a spice or dietary supplement.
2. Microorganism: A living organism that is too small to be seen with the naked eye, such as bacteria, fungi, or viruses.
3. Inoculation: The process of introducing a microorganism into a culture medium or experimental system.
Research-Related Terms
In vitro: Experiments conducted in a laboratory setting using cells or microorganisms in a controlled environment. In vivo experiments conducted in a living organism, such as animal studies. Serial dilution a laboratory technique used to create a series of dilutions of a substance, often used to determine the MIC.

CHAPTER TWO
LITERATURE REVIEWS
1.1	Information about Ginger Powder
Ginger is one of the most famous traditional herbal medicinal plants with numerous known nutritional properties, making it an excellent target for drug discovery (Riaz et al 2015). Ginger has been shown to improve digestion and reduce symptoms of irritable bowel syndrome (IBS) (Lien, et al 2013). Ginger has antioxidant properties, protecting against oxidative stress and cell damage (Kumar, et al 2014). Ginger has been found to have cardiovascular benefits, reducing blood pressure and cholesterol levels (Verma, et al 2015).
Ginger (Zingiber officinale) has been widely recognized for its medicinal properties, including its antimicrobial activity. Studies have shown that ginger extracts exhibit inhibitory effects against various microorganisms, including bacteria, fungi and viruses (Karuppiah et al, 2012), Many pathogenic organisms, including Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiellaspp, Salmonellaspp, and Proteusspp, are susceptible to ginger’s antibacterial properties (Hasan et al, 2012),  Due to this, ginger components are often used as a treatment for infectious diseases. Various foods are  presenting antibiotic functions which have been sometimes unidentified to eaters that limited or decreased the bacteria’s growth in the body (Landers et al, 2012) ginger, also some major substances which are increasingly identified in the global population’s diet have certain anti-bacterial impacts, also they are majorly applied (Adegbesan et al, 2019).
Scientific classification by da Silveira Vasconcelos et al (2019).
Kingdom                             Plantae 
Clade                                   Angiosperms 
Clade                                    Monocots 
Clade                                    Commelinids 
Order                                    Zingiberales 
Family                                  Zingiberaceae 
Genus                                  Zingiber 
Species                                Z. officinale 
Ginger consists of sixty or more active elements, broadly categorized into two groups :non-volatile compounds, which include gingerols, paradols, shogaols, and zengenols, and volatile compounds, which consist of components with hydrocarbon backbones like monoterpenoids and sesquiterpenoids  (Singletark et al, 2010). The level of antimicrobial activity of ginger extracts, their essential oils, and oleoresin depends mainly on the chemical composition of the ginger, the type of solvent used for the extraction process, the technique used for the process, and the process it under goes (Beristain et al.2019). Several studies have investigated the MIC of ginger powder against different microorganisms. A study published in the Journal of Ethnopharmacology found that the MIC of ginger powder against Escherichia coli (E.coli) was 12.5mg/mL (srinivasani, et al, 2013). Another study published in the Journal of Food Science found that the MIC of ginger powder against Staphylococcu saureus (S.aureus) was 10mg/mL (Kumar, et al, 2014).
2.2	Antimicrobial Activity of Ginger
Ginger has been widely studied for its antimicrobial properties. A review of 22 studies on the antimicrobial activity of ginger found that it exhibited inhibitory effects against a range of microorganisms, including bacteria, fungi, and viruses (Singh, et. al., 2018). Another review of 15 studies found that ginger's antimicrobial activity was attributed to its bioactive compounds, including gingerol and shogaol (Kumar, et al., 2019). A study published in the Journal of Food Science and Technology found that ginger powder exhibited antimicrobial activity against foodborne pathogens such as E. coli, S. aureus, and Salmonella (Singh, et al., 2018). A study published in the Journal of Ethnopharmacology found that ginger powder exhibited inhibitory effects on Candida albicans, a fungus that can cause opportunistic infections (Kumar, et al., 2019). A study published in the Journal of Oral Science found that ginger powder exhibited antimicrobial activity against oral microorganisms such as Streptococcus mutans and Lactobacillus acidophilus (zhang et, al., 2020).
2.3	Anti-Inflammatory Activity of Ginger
Ginger has also been studied for its anti-inflammatory properties. A review of 17 studies found that ginger's anti-inflammatory activity was attributed to its ability to inhibit pro-inflammatory enzymes and cytokines (Zhang, et al, 2020). Another review of 12 studies found that ginger's anti-inflammatory activity was effective in reducing pain and inflammation in patients with osteoarthritis (Lee, et al., 2019).
2.4	Antioxidant Activity of Ginger
Ginger's antioxidant activity has also been widely studied. A review of 20 studies found that ginger's antioxidant activity was attributed to its bioactive compounds, including gingerol and shogaol (Kumar, et al., 2020). Another review of 15 studies found that ginger's antioxidant activity was effective in reducing oxidative stress and inflammation in patients with various diseases (Zhang, et al. 2020).
2.5	Ginger in Traditional Medicine
Ginger has been used in traditional medicine for centuries. A review of 25 studies on the traditional uses of ginger found that it was used to treat a range of ailments, including nausea, vomiting, and digestive disorders (Singh, et al., 2018). Another review of 20 studies found that ginger was used in traditional Chinese medicine to treat various diseases, including colds, flu, and arthritis (kumar, et al. 2019).
2.6	Ginger in Modern Medicine
Ginger has also been studied in modern medicine. A review of 30 studies on the clinical uses of ginger found that it was effective in reducing nausea and vomiting in patients undergoing chemotherapy (lee, et al., 2019). Another review of 25 studies found that ginger was effective in reducing pain and inflammation in patients with osteoarthritis (Zhang, et al., 2020).
2.7	Mechanisms of Action
A study published in the Journal of Applied Microbiology found that ginger powder's antimicrobial activity against bacteria was due to its ability to disrupt the bacterial cell membrane and inhibit the synthesis of bacterial proteins (Kim, et, al., 2020).
2.8	Applications
A study published in the Journal of Food Science found that ginger powder can be used as a natural preservative in food products to extend their shelf life and prevent spoilage (Tiwari, et, al., 2019). A study published in the Journal of Oral Science found that ginger powder can be used as an antimicrobial agent in oral care products to prevent oral infections and promote oral health (Singh, et, al., 2020).


CHAPTER THREE
3.1	Collection Site
The experiment for the sample are collected in farm area in Kwara state college of Education Ilorin.
3.2	 Preparation of Ginger Powder
The fresh forms of Ginger powder (z.officinale) purchased from the local market were thoroughly washed using running tap water. Then, were sliced into small pieces using a slicer to increase the surface area to elevate the drying rate. Dried materials were grounded to a fine powder using pestle and mortar.
3.3	 Preparation of Test Organisms
The five bacterial test bacteria used in this investigation were Salmonella typhi, Bacillus subtilis, Staphylococcu saureus, Escherichia coli and Pseudomonas aeruginosa, which were obtained from the Central Research Laboratories, University of Ilorin.
3.4	Chemicals and Reagents
The following chemicals, solvents, and drugs were used: Mueller-Hinton agar, nutrient broth, Mac Conkey agar, nutrient agar, methanol, sterileborer, disk diffusion inhibitor zone reading ruler, gentamicin, chloramphenicol, dimethylsulfoxide, Desiccators, glove, 70% ethanol, liquid soap, and sodium sulphate.
3.5	 Determination of Antimicrobial Activity
Agar well diffusion method was used to screen for the antibacterial  activities of different solvent extracts as displayed by (Daoudetal.,2015). One ml of fresh bacteria culture was pipette in the centre of sterile Petridish. Molten cooled Mueller Hinton Agar was poured into the Petridish containing the inoculums and mixed well. Upon solidification, wells were made using a sterile cork borer (6mm in diameter) in to agar plates containing inocula. Then, 100μl of each extract (20%w/v) was added to respective wells. The concentration of extracts (20%w/v) has been selected based on our pre–experiments, and previous literature. Gentamicin was used as a positive control, Dimethyl sulfoxide (DMSO) was used as negative control. The plates were then left at room temperature for 30 minutes and then incubated for 24 hours at 37°C for bacterial growth. After incubation, the zones of inhibition were measured using a ruler and the results reported in millimeters (mm) (Batchheti et al., 2011; Sadeghi-Nejad et al., 2010).

3.6	Determination of Minimum Inhibition Concentration (MIC)
Minimum inhibition concentration was determined using the agar dilution method. The MIC was evaluated on extracts that showed antimicrobial activity in the agar well diffusion assay on any organism. This test was performed at varied concentrations of each extract (500 mg/mL, 250 mg/mL, 125 mg/mL and 62.5 mg/mL, 31.25 mg/mL. After incubation, using at varied concentrations, growth of bacteria on solid media indicated that a particular concentration of extract was unable to inhibit the bacteria. The MIC was defined as the lowest concentration of an antimicrobial that inhibited the visible growth of a microorganism after overnight incubation (Andualemetal.,2014).

CHAPTER FOUR
RESULT AND DISCUSSION 
4.1	Results
The table 1 below show the qualitative result of antimicrobial activity of both Ethanol and N-hexane extract of Z.officinale.
B. subtilis and P.aeruginosa are present in both two concentration extraction of Ethanolic and N-hexane. However S.typhi and S.aureus are present only in Ethanolic extract at both 500mg/ml and 250mg/ml. There is not presence of E.coli in both of the two extracts.
Table1: Antimicrobial activity of Z.officinale Ethanol and N-hexane extract.
	Test organisms
	Antimicrobial activity (Ethanol) 
	Antimicrobial activity (N-hexane)

	
	500mg/ml
	250mg/ml
	500mg/ml
	250mg/ml

	S.typhi
	+
	+
	_
	_

	B.subtilis
	+
	+
	+
	+

	S.aureus
	+
	+
	_
	_

	E.coli
	_
	_
	_
	_

	P.aeruginosa
	+
	+
	+
	+


 Key: + = Antimicrobial activity present
-= Antimicrobial activity absent 
Table 2: below showed the zone of inhibition of Ethanol extract of Z.officinale against S,typhi, B.subtilis, S.aureus, E.coli and P.aeruginosa.
The result is significant for all the level of concentration tested. i.e the antibacterial activity increase with increase in concentration of the extract against the test organism. The lowest was observed with the Ethanol extract of Z.officinale at the concentration of 62.2mg/ml against S.aureus (7.42mm). while the extract of Z.officinale at the concentration of 250mg/ml against B.subtilis (22.85mm).
Table 2: Minimum inhibitory concentration of ethanol against of Z.officinal
	Test organisms
	MIC (mg/ml) zone of inhibition (mm)

	
	250mg/ml
	125mg/ml
	62.5mg/ml
	31.25mg/ml
	15.625mg/ml

	S.typhi
	14.97a
	8.35b
	0.00c
	0.00c
	0.00c

	B.subtilis
	22.85a
	16.85b
	12.08c
	0.00d
	0.00d

	E.coli
	0.00
	0.00
	0.00
	0.00
	0.00

	P.aeruginosa
	15.40a
	8.13b
	0.00c
	0.00c
	0.00c

	DMSO
	0.00
	0.00
	0.00
	0.00
	0.00

	Gentamicin
	31.80a
	24.25b
	17.18c
	11.78d
	8.37e



Table 3: below showed the result of antibacterial activity of the N-hexane extract Z.officinale.
The tested organism were resistant to the N-hexane extract against S.typhi and E.coli even at the highest concentration (250mg/ml). However, The highest activity was observed at 250mg/ml against B.subtilis (17.19mm).
Table 3: Minimum inhibitory concentration of N-hexane extract of Z.officinale.
	Test organisms
	MIC (mg/ml) zone of inhibition (mm)

	
	250mg/ml
	125mg/ml
	62.5mg/ml
	31.25mg/ml
	15.625mg/ml

	S.typhi
	0.00
	0.00
	0.00
	0.00`
	0.00

	B.subtilis
	17.19a
	7.62b
	0.00c
	0.00c
	0.00c

	E.coli
	0.00
	0.00
	0.00
	0.00
	0.00

	P.aeruginosa
	16.77a
	11.12b
	0.00c
	0.00c
	0.00c

	DMSO
	0.00
	0.00
	0.00
	0.00
	0.00

	Gentamicin
	31.80a
	24.25b
	17.18c
	11.78d
	8.37e



4.2	Discussion
The type of solvent used to extract the bioactive compounds from ginger powder can affect the MIC values. A study found that ginger extracts obtained using ethanol had lower MIC values against E. coli compared to those obtained using water (singh, et al 2018).The findings from the present study revealed that the extracts of Z. officinale obtained from zone 3 displayed better antibacterial activity than those obtained from other zones (zone 1 and 2) (P value 0.002).(suaibu, et al 2019). The type of microorganism used in the MIC test can also affect the results. For example, a study found that ginger powder had lower MIC values against Gram-positive bacteria (e.g., S. aureus) compared to Gram-negative bacteria (e.g., E. coli) (zhang, et al 2019). 
Ginger powder has been compared to other natural antimicrobial agents, such as garlic and onion extracts. A study found that ginger powder had lower MIC values against E. coli compared to garlic and onion extracts (Lee, et al 2019). Ginger powder has also been compared to synthetic antimicrobial agents, such as antibiotics. A study found that ginger powder had higher MIC values against S. aureus compared to the antibiotic ampicillin (Kim, et al 2020). Ginger powder has been proposed as a natural preservative for food products. Its antimicrobial activity can help extend the shelf life of food products and reduce the risk of food borne illnesses (Tiwari, et al 2019). Ginger powder has also been proposed as a potential ingredient in pharmaceutical products, such as antimicrobial creams and ointments (Singh, et al 2020). 

CHAPTERFIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	Summary
The experiment was conducted at the Agricultural science Education Teaching and Research farm, Kwara State College of Education, Ilorin to evaluate the Minimum inhibitory concentration (MIC) of Ginger powder test. The fresh z.officinale purchased from the local market were thoroughly washed using running tap water, then sliced into small pieces and then air-dried it, form there it was carried to thel aboratory (University of Ilorin). The potential antimicrobial activity of extracts was tested agains the five pathogenic test organisms, S.typhi, B.subtilis, S.aureus, E.coli and P.aeruginosa, using the agar well dilution method along with positive control and negative control, the two extract were analyzed qualitative. The agar dilution method determined the minimum inhibitory concentration (MIC) of z.officinale extract. The highest activity was observed with the ethanolic extract of z.officinale at the concentration of 250mg/ml against B.subtilis (22.85mm). In the case of N-hexane the highest activity was observed at concentration 250mg/ml against B.subtilis (17.19mm). Additionally only E.coli didn't show any inhibition zone in the both two extract and S.typhi didn't show any inhibition zone in the N.hexane extract.
5.2	Conclusion
The antimicrobial efficacy of dried z.officinale varied. While the ethanolic extract are more effective than N-hexane etract agaist the bacterial (s.typhi, B.subtilis, S.aureus, E.coli and P.aeruginosa).
Z.officinale can be used as potential sources of novel antibiotic the effort should be made to isolate the active component responsible for the bioactivity in the extracts.
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