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ABSTRACT 

Antioxidant and biological evaluation of methanolic, ethyl acetate, and 

dichloromethane extract of Zingiber officinale collected from two different 

districts of Nepal is not clearly understood yet. This study investigates these 

properties in ginger extracts from Arghakhanchi and Dang districts. The ginger samples 

were gathered, dried, and extracted using the cold percolation method with three 

solvents: methanol (MeOH), dichloromethane (DCM), and ethyl acetate (EtOAc). Total 

phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity were 

measured via DPPH assay, antimicrobial activity, and toxicity using a brine shrimp 

bioassay. The methanolic extract from Dang district (S2(MeOH)) showed the highest 

TPC (123.02 ± 2.84 mg GAE/g) and TFC (25.42 ± 1.69 mg QE/g), with strong 

antioxidant activity (IC50 = 162.73 ± 3.22 μg/mL). The dichloromethane extract from 

Arghakhanchi (S1(DCM)) had the lowest TPC (36.23 ± 3.45 mg GAE/g) and TFC 

(14.32 ± 1.74 mg QE/g), with weaker antioxidant activity (IC50 = 279.63 ± 14.67 

μg/mL). The ethyl acetate extract from Dang (S2(EtOAc)) showed the best 

antimicrobial activity, especially against S. aureus and P. aeruginosa. The methanolic 

extract demonstrated strong antifungal properties. Brine shrimp bioassay results 

indicated higher toxicity in the methanolic extract (LC50 = 3.0 × 10³ μg/mL). Ginger 

from Dang district showed the most promising antioxidant and antimicrobial properties. 

Further research on active compounds is recommended for potential medicinal use. 

Keywords: Antimicrobial, Antioxidant, Ginger (Zingiber officinale), Total Flavonoid 

Content, Total Phenolic Content.  
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CHAPTER 1: INTRODUCTION 

1.1 Background 

Fossil evidence shows that humans have used plants and other natural resources for 

medicinal purposes for at least 60,000 years, (QingWen et al., 2010). 

Interest in natural products and their chemistry has recently surged, driven by their 

impact across scientific, technological, and economic fields. Previously, interest 

declined due to factors such as low prioritization, limited access to advanced tools and 

techniques, lack of modern analytical methods, insufficient knowledge in academic and 

industrial sectors, and inadequate funding for research and development, all of which 

stifled innovation, (Khan, 2018). 

Natural products, shaped by extensive evolutionary processes, offer remarkable 

structural diversity and distinct biological activities, making them essential in medicine 

as the foundation for many FDA-approved drugs and widely used in food additives, 

textiles, plastics, health products, and energy sources, and they can be classified based 

on their biological function, biosynthetic pathway, or origin, (Abozenadah et al., 2017). 

Natural products (NPs), sourced from various organisms like microbes, marine life, 

animals, fungi, and plants, offer exceptional chemical diversity beyond that of synthetic 

compounds, making them crucial for discovering new drugs and lead compounds due 

to their unique biological activities and drug-like characteristics, (Atanasov et al., 

2021).  

Following the discovery of streptomycin by Selman Waksman in the 1940s, significant 

natural product discovery efforts surged in pharmaceutical companies across the U.S., 

Europe, and Japan, with notable academic contributions from labs like those of Satoshi 

Ōmura, Hamao Umezawa, Hans Zähner, and Hans Reichenbach, who together 

identified over 1,000 novel natural products (Katz & Baltz, 2016). Mesopotamian clay 

tablets from 2600 BC list 1,000 plant-based remedies, including oils from Cypressus 

sempervirens and Commiphora species, still used for colds, coughs, and inflammation. 

(Bernardini et al., 2017). 

Egyptian medicine from around 2900 BC is well-documented in a notable text from 

1500 BC, which details over 700 remedies, primarily plants but also including some 

animal parts and minerals, used in various forms such as poultices, gargles, and pills, 
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often combined with beer, milk, wine, and honey, (Newman et al., 2000). In the 

Western world, the knowledge about plant-based therapeutics is primarily influenced 

by Greek and Roman cultures (Mukherjee et al., 2010).  

In 1929, Fleming published his research findings on penicillin, (Fleming, 1929) a 

broad-spectrum antibiotic that is widely used to treat infections caused by gram-

positive cocci and rods, most anaerobes, and gram-negative cocci, (Wood et al., 1994). 

From this discovery, scientific research was mainly focused on the isolation of natural 

products from microbial sources, (J & D, 2010). Following World War II, scientists 

directed their research towards discovering new antibiotic molecules, which not only 

gave rise to the modern pharmaceutical industry but also led to the identification of key 

antibiotics such as streptomycin, tetracycline, and gentamicin, prompting 

pharmaceutical companies to significantly enhance and expand their research programs 

with a strong emphasis on the discovery of natural products and the advancement of 

microbial fermentation technologies, (Baker et al., 2007). 

The ability to synthesize the natural compounds and their structural analysis 

compounds and enabled chemists to alter them to enhance, (Ji et al., 2009). 

In the present, many chemists and biologists believe that the biological effects of natural 

compounds result from long-term co-evolution, where interacting organisms developed 

compounds to influence each other's biology. These compounds were retained and 

improved through natural selection, and due to similarities in physiology, they also 

affect humans, (Newman, 2008). 

In developing countries like Nepal, traditional medicine is essential for healthcare, 

particularly in rural areas where government facilities are limited. With 80% of Nepal's 

28 million people residing in such areas, access to medical care is challenging. The 

country has only 2 physicians per 10,000 people, in contrast to Europe’s average of 33 

per 10,000, ranging from 19 in Romania to 54 in Greece. The 2015 earthquake 

exacerbated these challenges by further disrupting medical access and increasing the 

prevalence of epidemics, particularly among children and the elderly, leading rural 

populations to rely heavily on the use of medicinal plants to meet basic health needs., 

(Ji et al., 2009). 

Traditional knowledge of medicinal plants is passed down orally within families or 

small healer groups, encompassing folk, shamanistic, and Ayurvedic medicine. Nepal, 
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with its diverse altitude, topography, and climate, hosts 6,500 plant species, 2,000 of 

which are used in traditional healing. The country's 125 ethnic groups each have their 

own unique cultural practices and knowledge of medicinal plants, (Ambu et al., 2020). 

Zingiber officinale, commonly referred to as ginger is a tropical perennial plant from 

the Zingiberaceae family, often cultivated annually. While the entire plant has a 

pleasant aroma, it is the underground rhizome, whether raw or processed, that is 

primarily valued as a spice (Handbook of Herbs and Spices | ScienceDirect, 2012) 

These Zingiberene plants possess potent aromatic and curative qualities and are 

distinguished by their tuberous or non-tuberous rhizomes, (Chen et al., 2007). The crop 

thrives in temperatures between 19°C and 28°C and requires humidity levels of 70% to 

90%, (Adhikari & Bhandari, 2022). 

In Nepal, ginger is cultivated across 22,132 hectares of land, yielding a total production 

of 284,427,000 kg (Agriculture Information and Training Center, 2020) with the 

involvement of 1.2 million people, which represents approximately 4.3% of the Nepali 

population, (Joshi & Khanal, 2021). 

The Agriculture Development Strategy (2015–2035), which outlines the long-term 

vision for Nepal's agriculture sector, has emphasized the importance of developing the 

ginger sub-sector’s value chain, (Agriculture Development Strategy (ADS) | Ministry 

of Agriculture and Livestock Development, 2072). 

 Nepal is the world's second-largest producer of ginger and ranks fourth globally in 

ginger production. Approximately 400,000 farmers are directly or indirectly involved 

in its cultivation. Additionally, Nepal is the fourth-largest exporter of ginger worldwide, 

(Aryal et al., 2016). 

Grown-up ginger roots are tough, fibrous, and almost dry and can be used in a variety 

of dishes. They can be boiled to make ginger tea, often sweetened with honey and 

sometimes enhanced with orange or lemon slices. The juice from ginger roots is highly 

effective as a spice for flavoring seafood, mutton, snacks, and stews. Ground dried 

ginger, or ginger powder, is often used to bring a warm, spicy flavor to gingerbread and 

various dishes. It’s also commonly found in sweets and used to flavor cookies, crackers, 

and cakes, and carbonated non-alcoholic beverages. Ginger (Zingiber officinale) is rich 

in essential compounds, including phenolic substances like gingerols, shogaols, and 

paradols, (Bhattarai et al., 2018). 
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Ginger is recognized for its anti-aging properties, helping to guard against oxidative 

stress and inflammation associated with degenerative diseases and aging. Although 

primarily used as a spice or flavoring in cooking, Z. officinale is also valued as a herbal 

medicine for treating various health issues, including diabetes, nausea, and migraines. 

Additionally, ginger acts as a mild chemical irritant with sialagogue effects, promoting 

saliva production, (Mohd Sahardi & Makpol, 2019). 

Free radicals generated during oxidation play a key role in triggering various long-term 

illnesses, including cardiovascular diseases, diabetes, inflammatory conditions, 

Alzheimer’s disease, rheumatoid arthritis, and cancer, (Aher & Wahi, 2011). 

Antioxidants are necessary for the prevention of oxidative damage cells, preservation 

of food from being oxidation. Secondary metabolites obtained from plants like phenolic 

compounds, alkaloids, flavonoids can delay or inhibit the initiation step of lipid 

peroxidation, (Al-Fatimi et al., 2007). 

The DPPH (2,2-diphenyl-1-picrylhydrazine-hydrate) free radical scavenging assay is a 

widely used and reliable technique for assessing the antioxidant properties of plant 

extracts and secondary metabolites. This approach relies on the capability of 

antioxidants to donate electrons or hydrogen atoms, effectively neutralizing the free 

radical nature of DPPH. The antioxidant activity is conveniently quantified using a 

spectrophotometer by measuring changes in absorbance at a specific wavelength, 

(Najafian et al., 2016). 

DPPH solutions typically exhibit a sharp absorbance at 517 nm, producing a deep violet 

color due to presence of an unpaired electron. When an antioxidant donates a hydrogen 

atom to the DPPH molecule, it transforms into DPPH-H, resulting in the loss of both 

the violet color and the paramagnetic properties. Standard antioxidants, such as cysteine 

and ascorbic acid, are commonly employed to assess the antioxidant activity, 

(Halliwell, 2007). 

Quercetin was used as standard DPPH free radical scavenger. Quercetin is a flavonoid 

class of compounds with excellent free radical scavenging properties. 

Phenolic acids, typically present as esters, glycosides, or amides, are produced by plants 

in response to stresses such as pests, UV radiation, and physical damage, influencing 

their aroma, with differences in number and placement of hydroxyl groups on the 

aromatic ring. (Quideau et al., 2011). This are classified into hydroxycinnamic acids 
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and hydroxybenzoic acids, are vital for plant cell walls as they play a key role in 

shielding plants from stressors like infections, physical damage, and UV radiation (Bhat 

& Jacobs, 1995).  

The phenolic hydroxyl group acts as an effective hydrogen donor, enabling H-donating 

antioxidants to interact with ROS and reactive nitrogen species RNS in termination 

reactions that interrupt cycle of new radical formation, and following this interaction, 

the antioxidants produce a radical form that is significantly more chemically stable than 

the original radical; this stability arises from the connection of the phenolic hydroxyl 

groups with the π-electrons of the benzene ring, which imparts the ability to generate 

free radicals that are stabilized by delocalization, thereby modifying the radical-

mediated oxidation process (Parr & Bolwell, 2000). 

Phenolic compounds act as antioxidants by chelating transition metals like iron and 

copper, but they can also act as pro-oxidants by enhancing metal catalytic activity or 

reducing metals, increasing free radical production (Parr & Bolwell, 2000). 

Flavonoids in food enhance color and flavor, prevent fat oxidation, and protect vitamins 

and enzymes; their strong antioxidant properties, free radical-scavenging abilities, and 

potential health benefits, including reducing inflammation, protecting the liver, and 

combating diseases like heart disease and cancer, have led to significant interest in their 

role in managing oxidative stress and disease prevention (Kumar & Pandey, 2013). 

An antimicrobial substance, whether of synthetic, natural, or semi-synthetic origin, that 

kills the growth of microorganisms while causing minimal harm to the host. Antibiotics 

are crucial in combating microbial infections and have greatly benefited human health. 

However, overuse of antibiotics can reduce their effectiveness, leading to the 

development of resistance and potentially causing toxic reactions (Bhalodia & Shukla, 

2011). Between 1981 and 2002, approximately 61% of new drugs developed were 

derived from natural products, demonstrating significant success in treating infectious 

diseases and cancer. This highlights the importance of natural compounds in 

pharmaceutical development and their potential therapeutic benefits, (Newman, D. J. 

2008).  

A significant number of researchers across various regions of the world are exploring 

natural products as a new source of antimicrobial agents, particularly those that may 

possess novel mechanisms of action, (Reddy et al., 2001). Plants contain a diverse range 
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of secondary metabolites, including tannins, glucosides, alkaloids, and terpenoids, 

which have been shown to exhibit antimicrobial activity in in-vitro studies (Gupta et 

al., 2010), (Cowan, 1999). 

The initial stages of biofilm formation are driven by bacterial attachment, (Yasuyuki et 

al., 2010). 

The food industry and hospitals have become key areas for the application of 

antibacterial materials helps prevent the damage and degradation of substances (Kumar 

& Anand, 1998), (Mangram et al., 1999). Ginger oil, extracted from the root using CO2 

supercritical extraction, has demonstrated antibacterial activity against the gram-

positive bacterium Pseudomonas aeruginosa and the gram-negative bacteria 

Salmonella typhimurium and Shigella flexneri (Hadi & Hameed, 2017). Both in vitro 

and in vivo toxicity tests are crucial for the preliminary evaluation of plant toxicity, 

with the brine shrimp lethality test (BSLT) being commonly used to assess the cytotoxic 

effects of various plant-derived products, (Mayorga et al., 2010). 

This method employs brine shrimp as a straightforward bioassay in natural product 

research. It measures LC50 values (in µg/mL) of active compounds and extracts within 

a brine solution. The activity of various known active compounds is indicated by their 

toxicity to the shrimp, which has been extensively studied among Artemia species. 

(Campbell et al., 1994). 

Numerous studies have demonstrated a strong correlation between the LC50 values 

obtained in the BSLT using A. salina and the results of oral acute toxicity tests in mice. 

BSLT is a simple, cost-effective, and fast method. Although observing can be extended 

up to 60 hours, results can typically be calculated after 24 hours of exposure, requiring 

only a small quantity of test material (Omeke et al., 2018). 

1.2 Justification of the study 

Many medicinal plants remain scientifically unexplored despite their rich content of 

bioactive compounds like terpenes, polyphenols, flavonoids, glycosides, and alkaloids, 

which play crucial roles in neutralizing free radicals and inhibiting hydrolytic and 

oxidative enzymes. With a global shift from synthetic drugs to herbal remedies as a 

natural approach to disease prevention, Nepal’s diverse climate, geology, and 

biodiversity offer a vast reservoir of secondary metabolites with therapeutic potential. 

While synthetic drugs are effective in addressing antimicrobial and antioxidant 
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challenges, their harmful side effects highlight the need for safer, cost-effective 

alternatives. Natural products derived from Nepal's biodiversity present a promising 

avenue for discovering novel compounds and developing new therapeutic agents.  

1.3 Scope of the study  

This study highlights the significance of ginger and emphasizes the need for its 

conservation. 

This study could further highlight the medicinal value of ginger and potentially assist 

local communities in enhancing their economic growth. 

This study may provide scientific validation of ginger, contributing to the development 

of new therapeutic agents. 

1.4 Objectives 

1.4.1 General Objectives: 

• To evaluate the biological activities of methanolic, ethyl acetate, and 

dichloromethane (DCM) extracts of Zingiber officinale from two different 

districts of Nepal. 

1.4.2 Specific Objectives:  

● To perform the phytochemical analysis of the secondary metabolites in ginger 

extract sourced from the Arghakhanchi and Dang districts. 

●  To estimate the TPC of ginger extracts. 

● To analyze the TFC of ginger extracts. 

● To determine the antioxidant property (DPPH assay) of ginger extracts. 

● To examine the antibacterial and antifungal activity of ginger extracts and  

● To evaluate the toxicity tests of ginger extracts (Brine Shrimp Toxicity). 

 



CHAPTER 2: LITERATURE REVIEW 

The research conducted on various Zinger species globally is based on information 

gathered from journal articles, books, and reputable websites such as Sci-Hub, Google, 

Google Scholar, and JSTOR, and is thoroughly discussed. 

Traditional medicine remains the most affordable and accessible form of treatment 

within primary healthcare systems, with medicinal plants serving as its foundation. 

These plants have consistently proven to be a valuable resource for treating various 

diseases, whether through traditional practices or as pure active compounds derived 

from their crude extracts. In developing nations, synthetic drugs are often inaccessible 

and prohibitively expensive for disadvantaged populations. Consequently, drugs 

derived from natural products present a promising alternative for future disease 

treatment. Moreover, some synthetic inhibitory drugs have been associated with 

adverse effects and a range of undesirable side effects (Fatemeh Jamshidi-Kia et al., 

2018), (Bhattacharjee et al., 2017), (Yuan et al., 2016). 

Nepal's diverse plant species can be attributed to its remarkable altitudinal range, 

spanning from 60 meters to 8,848 meters, along with its varied topography and distinct 

climatic zones, making it a recognized biodiversity hotspot. The geo-climatic diversity 

of the Nepalese Himalayas has established the region as a significant repository of 

traditional medicinal plants, boasting a rich array of ethnomedicinal properties 

(Bhattacharjee et al., 2017). 

Bhattarai et al. (2018) studied the chemical components of essential oils and conducted 

biological assays on crude ethanolic extracts of ginger collected from the 

Sindhupalchowk, Tanahu, and Gorkha regions of Nepal. Using hydrodistillation, they 

identified monoterpenes and sesquiterpene derivatives as the primary constituents. 

Malu et al. (2009) evaluated the antibacterial and bacterial growth inhibition activities 

of ginger extracts and found that all extracts, except the water extract, exhibited 

antibacterial properties. The inhibition of bacterial growth was found to be dose 

dependent. 

Freire et al. (2017) the antifungal activity of ginger was studied by testing different 

concentrations—1 g, 2 g, and 4 g of shuntichurna dissolved in 99.9% ethanol. The 

results showed that ginger paste at room temperature had a larger inhibition zone than 
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ethanol alone, while the cold ethanolic ginger extract exhibited the strongest inhibition 

zone after 24 hours. 

Kamaliroosta et al. (2013) extracted ginger essential oil using a Clevenger apparatus 

and identified zingiberene, a sesquiterpene, as the dominant compound in the oily 

fraction. 

   

Zingiberene    Sesquiterpene 

Shukla et al. (2018) analyzes the physical, nutritional, and antioxidant properties of nine 

northeast Indian ginger varieties, finding that the Sungro-sung variety from Nagaland 

has the highest levels of nutrients and antioxidants, with smaller rhizomes exhibiting 

greater antioxidant content, offering valuable insights for commercial production and 

future development of improved ginger varieties. 

Fitriady et al. (2017) performed steam distillation to extract ginger essential oil and 

investigated the impact of steam flow rate and processing time. They found that 

linalool, borneol, and geraniol were extracted early in the process, while xanthorrhizol 

and n-hexadecanoic acid were extracted later, near the end of the process. 

   

Borneol  Geraniol n-hexadecanoic acid 

Stoilova et al. (2007) studied ginger extract's antioxidant effects and phenol content. 

The DPPH radical scavenging activity was 90.1%, surpassing BHT with an IC50 of 

0.64 g/mL.  

Kanade et al. (2016) compared different ginger extraction methods, including 

ultrasound-assisted extraction, Soxhlet extraction, and autoclave agitator, at an optimal 

temperature of 80°C for 60 minutes. Their findings suggested that Soxhlet extraction 
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was the most effective technique due to its high recovery, simplicity, thermal stability, 

low energy requirements, and environmental friendliness. 

Tohma (2016) demonstrated that ginger extracts possess strong antioxidant properties, 

which can help prevent or control the development on diseases triggered by oxidative 

stress resulting from inadequate antioxidant consumption. 

Masuda et al. (2004The antioxidant activity of Zingiber officinale extract, which 

contained 181.41 mg GAE/g of polyphenols and 7.8% flavonoids (14.15 mg 

quercetin/g), was evaluated, with NMR analysis revealing phenolic ketones as the main 

components, and the extract showed stronger DPPH radical scavenging activity than 

ABTS cation radicals using both spectrophotometric methods. 

Zancan et al. (2002) studied the impact of pressure, temperature, and co-solvents 

(ethanol and isopropyl alcohol) on the kinetics of ginger oleoresin extraction using GC-

MS and GC-FID. They found that temperature, pressure, and solvent significantly 

influenced the levels of zingiberene, gingerols, and shogaols in the extracts. 

Kamaliroosta et al. (2013) extracted ginger essential oil using a Clevenger apparatus 

and identified the TPC responsible for flavor, preservation, and antioxidant activities. 

Their findings revealed that zingiberene, a sesquiterpene, was the predominant 

compound in the oily fraction. 

Nadeen Waleed Al-Areer et al. (2023) employed HPLC to examine phenolic and 

flavonoid compounds in fresh and powdered ginger extracts, revealing notable 

differences, with crude powdered extracts demonstrating stronger anticancer effects on 

HT-29, highlighting the need for further research to establish safe dosages for CRC 

therapy. 

Great Iruoghene Edo et al. (2024) Zingiber officinale showed significant antibacterial 

activity, with the chloroform, ethanol, and n-hexane extracts, particularly the ethanol 

extract at 200 mg/mL, effectively inhibiting various pathogens, highlighting its dose-

dependent antibacterial effects. 

Mian et al. (2019) investigated the toxicity activity of bioactive compounds produced 

by endophytic fungi isolated from red ginger. The fungi were identified through 

macroscopic and microscopic examination, and bioactive compounds were extracted 

using 96% ethanol. The LC50 values of the bioactive compounds from the isolates were 
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determined to be 2.300 and 1.747 µg/mL, respectively. 

A thorough literature review reveals that considerable research has been conducted on 

ginger, focusing on its chemical constituents and biological activities. While studies 

have been carried out in various parts of the world, only a limited number of studies 

have been done in Nepal. However, a comprehensive profiling of the biological 

activities of ginger from selected regions has yet to be undertaken. The proposed 

research aims to bridge this gap by examining the antioxidant, antimicrobial, and 

antifungal activities of plant extracts and essential oils. 

 



CHAPTER 3: MATERIALS AND METHODOLOGY 

 

3.1 Collection of plants materials 

Ginger rhizomes were collected from Arghakhanchi and Dang districts of Nepal in June 

2024. 

The ginger samples were collected based on the ethnobotanical knowledge of local 

communities and a review of existing literature. Collected plant samples were identified 

in (CDB) Central Department of Botany, Tribhuvan University. 

Table 1 : Sample of ginger from two districts of Nepal 

S. N Ginger collected Districts Ginger sample 

1 Arghakhanchi  S1 

2 Dang S2 

3.2 Work plan 

The research was done in the laboratory consists of a skeletal framework shown in the 

following flow chart of figure 2. 
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Figure 1 Flow chart of the work plan 

3.3 Preparation of Herbarium 

Herbarium specimen is a preserved plant sample that has been pressed and dried, often 

consisting of entire plants, and is typically mounted on a sheet of paper for future 

reference.  
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3.4 Preparation of extracts  

3.4.1 Drying and pulverizing: 

The ginger rhizome was chopped into pieces and dried in the shade at room temperature 

by avoiding direct sunlight according to the method describe by Ali et al.  

3.4.2 Preparation of methanolic, dichloromethane, and ethyl acetate extract 

Phytochemicals from the powdered rhizomes were extracted using the cold percolation 

method, with methanol as the solvent. A 100 g sample of the powder was weighed and 

placed in a conical flask, then 250 mL of methanol was added. The mixture was left 

undisturbed for 7 days, shaken periodically to facilitate thorough extraction. After the 

maceration period, the mixture was poured off and then strained through a cotton plug 

to separate the extract. The filtrate was concentrated by removing the solvent using a 

rotary evaporator under reduced pressure, ensuring that the temperature remained 

below 40°C. The concentrated extract was transferred to a pre-weighed 100 mL beaker, 

covered with perforated aluminum foil to facilitate further evaporation, and left to dry. 

The resulting semi-solid methanolic extract of ginger was analyzed % yield, and a 

portion of it was divided into vials for phytochemical and biological screening, while 

the remainder was stored for future use (Shrestha et al., 2015). 

The methanolic ginger extract was further fractionated using ethyl acetate and 

dichloromethane (DCM) as solvents at room temperature. For the ethyl acetate 

fractionation, the methanol extract was dissolved in 200 mL of water in a separating 

funnel. Ethyl acetate was added of an equal volume, and the mixture was thoroughly 

shaken to ensure effective separation. The ethyl acetate layer was collected in a beaker 

and dried using a rotary evaporator under reduced pressure, followed by further drying 

in a water bath at 40 °C to remove residual solvent. Similarly, the methanolic ginger 

extract was fractionated with an equal volume of dichloromethane (DCM) at room 

temperature. The mixture was thoroughly shaken, and the dichloromethane layer was 

separated, collected in a beaker, and dried using a rotary evaporator. The dried DCM 

fraction was then subjected to further drying in a water bath at room temperature. Both 

the ethyl acetate and dichloromethane fractions were stored and later analyzed for 

biological activities. 

Percentage yield = 
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑠 𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙  100% 
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3.5 Phytochemical analysis 

Process entails the targeted and step by step extraction of phytochemicals from ginger 

rhizome, adhering to established protocols. The presence of important plant extracts 

was composed of natural compounds assessed through color reactions with reagents. 

Detailed procedures for the phytochemical analysis and reagent preparation are outlined 

in Appendix I and II, (Naik et al., 2015). 

3.6 Determination of Total Phenol Content  

3.6.1 Preparation of reagents 

A 1 M sodium carbonate solution was prepared by dissolving 5.29 g of sodium 

carbonate in 50 mL of distilled water. The Folin-Ciocalteu reagent was diluted 1:10 v/v 

by mixing 1 mL of the reagent with 10 mL of distilled water, (Ainsworth & Gillespie, 

2007). 

3.6.2 Preparation standard Gallic acid solution 

 A 500 μg/mL stock solution of gallic acid was prepared by dissolving 5 mg in 10 mL 

of ethanol. This was then diluted to create final concentrations of 10 to 80 μg/mL. The 

test solution should be made fresh before use, (Ainsworth & Gillespie, 2007). 

3.6.3 Preparation of plant extract 

Plant extracts were prepared at 500 μg/mL by diluting a 50 mg/mL stock in 50% DMSO 

in water. Total phenolic content was measured using the Folin-Ciocalteu reagent and 

gallic acid standards. The reagent reacts with tungsten and molybdenum oxides to 

produce a blue compound that absorbs light at 765 nm, with intensity correlating to 

phenol concentration. Total phenolic content was determined using methods by 

Ainsworth et al. and Lu et al., with slight modifications. (Baba & Malik, 2015).  

3.6.4 Evaluation of total phenolic content 

The total phenol content in the extracts was determined using the Folin-Ciocalteu 

reagent and a modified 96-well plate method. Gallic acid standards (10-80 μg/mL) and 

plant samples (500 μg/mL) were added in triplicate to the wells. Each well received 100 

μL of Folin-Ciocalteu reagent and 80 μL of Na2CO3, followed by a 15-minute dark 

incubation. Absorbance at 765 nm was measured using a microplate reader, and the 

total phenolic content (TPC) was calculated from a gallic acid standard curve and 

expressed as mg GAE/g dry weight, (Ainsworth & Gillespie, 2007). 
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3.6.5 Calculation of total phenolic content (TPC)  

The TPC content of each extract was expressed as milligrams of gallic acid equivalent 

per gram of dry weight (mg GAE/g) and was calculated individually for each extract 

using the following formula. 

 C = 
𝑐𝑉𝑚  …………………………………. (1) 

 Where, 

C = Total phenolic content compounds in mg/g, in gallic acid equivalent (GAE) 

c = Concentration of gallic acid established from the calibration curve in mg/mL 

 V = Volume of extract in mL 

 M = Weight of plant extract 

3.6.6 Statistical analysis  

Data were recorded as the average of three absorbance measurements for each 

concentration, and a linear correlation coefficient (R2) was determined using Origin 

software. The regression equation is given as: 

 Y = mx + c………………. (2) 

 Where, 

 Y = Absorbance of extract 

 m = Slope from the calibration curve 

 x = Concentration of extract 

 c = Intercept 

 The concentration of the extracts was determined using the regression equation. Then, 

based on the calculated concentration of each extract, the total polyphenolic content 

was calculated. by equation (2). 

3.7 Determination of Total Flavonoid Content 

3.7.1 Preparation of reagents 

A 10% AlCl3 solution was made by dissolving 1 g of AlCl3 in 10 mL of water. A 1 M 

potassium acetate solution was prepared by dissolving 0.98 g of potassium acetate in 

10 mL of water, (Chang et al., 2020). 
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3.7.2 Preparation standard quercetin solution 

A 0.1 mg/mL quercetin stock solution was made by dissolving 1 mg in 10 mL of 

methanol. The standard solutions were prepared by diluting the stock to final 

concentrations of 10-80 μg/mL, (Chang et al., 2020). 

3.7.3 Preparation of plant extract 

The plant extracts were prepared at a concentration of 500 μg/mL by diluting a 50 

mg/mL stock solution in 50% DMSO in water, (Najafian et al., 2016). 

3.7.4 Procedure 

Total flavonoid content was measured using a modified 96-well plate method. Standard 

quercetin solutions (10-80 μg/mL) and plant samples were added to the wells. Each 

well received ethanol, AlCl3, and potassium acetate, followed by a 30-minute dark 

incubation. Absorbance at 415 nm was measured, and total flavonoid content (TFC) 

was calculated as milligrams of quercetin equivalent per gram of dry weight (mg QE/g), 

(Chang et al., 2020). 

3.7.5 Calculation of total flavonoid content 

The total flavonoid concentration in the extracts was expressed as milligrams of 

quercetin equivalent per gram of dry weight (mg QE/g). It was calculated for each 

extract individually using the following formula: 

 C = 
𝑐𝑉𝑚  …………………………………. (3) 

 Where, 

C = Total flavonoid content compounds in mg/g, in Quercetin equivalent (QE)  

c = Concentration of quercetin established from the calibration curve in mg/mL 

 V = Volume of extract in mL 

 M = Weight of plant extract  

3.7.6 Statistical analysis 

The procedure is mentioned in above chapter 3.6.6. 
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3.8 Determination of antioxidant activity 

3.8.1 Preparation of DPPH solution 

A 0.1 M DPPH solution was prepared by dissolving 3.9 mg of DPPH in 100 mL 

methanol and shielding it from light with aluminum foil, (Sabudak et al., 2013). 

3.8.2 Preparation of quercetin solution 

A quercetin stock solution was made by dissolving 5 mg in 5 mL of methanol. Serial 

dilutions were performed to obtain final concentrations of 50 to 0.390625 μg/mL, 

(Sabudak et al., 2013). 

3.8.3 Preparation of plant extract 

A 50 mg/mL plant extract stock solution was prepared by dissolving 50 mg in 1 mL of 

50% DMSO in water. The final concentration of 500 μg/mL was achieved using the 

same DMSO solution, (Sabudak et al., 2013). 

3.8.4 Procedure 

Antioxidant activity was assessed using a modified 96-well plate method, where plant 

extracts reduced the purple DPPH radical to yellow diphenyl picrylhydrazine. 

Quercetin was the positive control, and 50% DMSO was the negative control. Each 

well contained 100 μL of extract or control, plus 100 μL of DPPH reagent. After 30 

minutes of dark incubation, absorbance was measured at 517 nm, and DPPH 

scavenging ability was calculated using the formula: 

% Inhibition = 
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒  𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙  × 100 % 

Where, 

 A is the absorbance of the sample and control, (Sabudak et al., 2013). 

3.9 Biological activities 

Different plant extracts are screened for their biological activities based on the 

compounds present. The biological screening involves studying the effect of crude plant 

extracts on organisms at different dosage levels to predict their potential effects. 

3.9.1 Determination of Antimicrobial Activities 

Antibacterial activity of ginger extract and antifungal activity of ginger extract were 

tested for antimicrobial activity. 
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3.9.1.1 Antibacterial activities 

Ginger extract's antibacterial activity was tested using the agar well diffusion method, 

with the zone of inhibition (ZOI) measured in millimeters to assess effectiveness, (Tagg 

& McGiven, 1971). 

3.9.1.1.1 Preparation of stock solution 

A 50 mg/mL stock solution was made by dissolving 100 mg of crude extract in 2 mL 

of DMSO and stored in the refrigerator (2-8°C) for later use, (Tagg & McGiven, 1971) 

3.9.1.1.2 Preparation of Standard Culture Inoculums 

Bacteria from a primary culture plate were transferred to a test tube with sterile nutrient 

broth and incubated overnight at 37°C, (Tagg & McGiven, 1971) 

3.9.1.1.3 Preparation of media 

The media were prepared according to the manufacturer’s instructions. The detailed 

procedure is given below. 

3.9.1.1.3.1 Nutrient agar 

Nutrient agar was prepared by dissolving 28 g in 1000 mL of distilled water, boiling, 

and autoclaving at 121 ºC for 15 minutes. After cooling to 50 ºC, it was poured into 

sterilized Petri dishes. Plates were incubated for 24 hours, and bacterial growth 

inhibition was observed by a clear zone around the wells. The zone of inhibition (ZOI) 

was measured in millimeters, with no zone indicating no activity. Each plate received 

25 mL of media and was aseptically labeled to solidify, (Tagg & McGiven, 1971) 

3.9.1.1.3.2 Nutrient broth solution (HiMEDIA) 

To prepare nutrient broth, 0.65 g of powder was dissolved in 50 mL distilled water (13 

g/L), then cooled at room temperature. After transferring 10 mL into a capped bottle, it 

was autoclaved at 121 ºC for 15 minutes. 

3.9.1.1.3.3 Muller Hinton agar (MHA) plates (HiMEDIA) 

9.5 g of media was dissolved in 250 mL of distilled water, boiled to dissolve, and 

autoclaved at 121 ºC for 15 minutes. After cooling to about 50 ºC, 20 mL of the 

sterilized medium was poured into each Petri dish and left to solidify. 
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3.9.1.1.4 Qualitative screening and evaluation of antibacterial activity  

Agar (MHA) plates were dried to remove excess moisture and labeled with the bacterial 

species and disc code. The bacterial inoculum was spread evenly across the agar using 

a sterile cotton swab. After drying briefly, four 6-mm wells were made in each plate. 

50 µL of the plant extract, 25 µL of neomycin, and DMSO as a negative control were 

added to separate wells. The plates were left for 30 minutes to allow diffusion, then 

incubated overnight at 37°C. After 24 hours, the zone of inhibition (ZOI) was measured, 

and antibacterial activity was expressed as the average diameter of the ZOI in 

millimeters. No ZOI indicated no activity, (Tagg & McGiven, 1971). 

3.9.1.2 Antifungal activity 

Ginger extracts from all districts were sent to the University of Hamburg, Germany, for 

antifungal testing. Antifungal activity was assessed using the agar well diffusion 

method, following Sabudak et al. (2013), with the zone of inhibition (ZOI) measured 

to evaluate antimicrobial properties. 

3.9.1.2.1 Preparation of stock solution 

A 50 mg/mL working solution was made by dissolving 100 mg of each crude extract in 

2 mL of DMSO in a sterile vial. The solution was capped, sealed, and stored in the 

refrigerator (2-8 °C) until needed, (Dingle et al.,1953). 

3.9.1.2.2 Collection of the test organism 

The study’s strains included Fusarium oxysporium, Aspergillus flavus, Candida 

ablicans, Candida parapsilosis. 

3.9.1.2.3 Preparation of Standard Culture Inoculums 

The test organisms were transferred from the primary culture plate to a test tube with 

10 mL of sterile nutrient broth and incubated overnight at 37 ºC. 

3.9.1.2.4 Preparation of media 

The media used in the study were prepared according to the manufacturer’s 

recommendation. The detailed procedure is given below. 

3.9.1.2.4.1 Nutrient agar 

Nutrient agar was prepared by dissolving 28 g in 1000 mL of distilled water, boiling 

with shaking, and autoclaving at 121 ºC for 15 minutes. After cooling to 50 ºC, 25 mL 
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of medium was aseptically poured into Petri dishes and left to solidify. After 24 hours 

of incubation, the plates were checked for fungal growth inhibition, indicated by a clear 

zone around the wells. The zone of inhibition (ZOI) was measured and recorded as the 

average diameter in millimeters, with no ZOI indicating no activity, (Sabudak et al., 2013). 

3.9.1.1.4.2 Nutrient broth solution (HiMEDIA) 

A nutrient broth was made by dissolving 0.65 g of powder in 50 mL of distilled water. 

The solution was cotton-plugged, sealed with aluminum foil, and cooled to room 

temperature. Then, 10 mL was transferred to a screw-capped bottle and sterilized by 

autoclaving at 121 ºC for 15 minutes, (Sabudak et al., 2013). 

3.9.1.2.4.3 Muller Hinton agar (MHA) plates (HiMEDIA) 

9.5 g of media was mixed with 250 mL of distilled water, boiled to dissolve, and 

sterilized by autoclaving at 121 ºC for 15 minutes. After cooling to 50 ºC, 20 mL of the 

medium was transferred into Petri dishes to solidify, (Sabudak et al., 2013). 

3.9.1.2.5 Qualitative screening and evaluation of antifungal activity  

Sterile Muller-Hinton Agar (MHA) plates were dried to remove excess moisture and 

labeled with the bacterial name and disc code. Bacterial inoculum was spread evenly 

on the plates using a sterile cotton swab. After drying, four 6 mm wells were created 

using a cork borer. 50 µL of plant extract, 25 µL of Amphotericin B (positive control), 

and DMSO (negative control) were added to separate wells. The plates were left for 30 

minutes to allow diffusion, then incubated overnight at 37°C. After 24 hours, the zone 

of inhibition was measured, and antibacterial activity was expressed as the average 

diameter of the zone. No inhibition indicated no activity, (Sabudak et al., 2013). 

3.9.2 Brine shrimp toxicity test: 

The toxicity test was carried out using the brine shrimp assay as per Meyer et al. (1982), 

which is a simple, quick, and inexpensive method. Newly hatched Artemia salina larvae 

were exposed to crude plant extracts and their fractions. The toxicity was evaluated by 

determining the LC50 (µg/mL), with compounds having an LC50 below 1000 ppm 

suggesting potential pharmaceutical activity. 
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3.9.2.1 Required materials 

● Eggs of brine shrimps 

● Beaker for hatching eggs 

● Test tubes (2×5 cm) 

● Artificial seawater 

● Disposal pipette 

● Micropipette  

3.9.2.2 Sterilization of apparatus  

All the equipment were sterilized before using for bioassay.  

3.9.2.3 Preparation of artificial seawater 

The artificial seawater required for the bioassay was freshly prepared by dissolving 

specific chemicals in distilled water. The composition of the artificial seawater is 

provided in Table 2. 

Table 2 Composition of artificial seawater (Janardan Lamichhane et al., 2009) 

S. N.  Composition Amount (g/L) 

1.  NaCl 23.5 

2.  Na2SO4 4 

3.  KCl 0.68 

4.  H3BO4 0.027 

5.  MgCl2.2H2O 10.68 

6.  CaCl2.2H2O 1.78 

7.  NaHCO3 0.197 

8.  Na2EDTA 0.0003 

Percentage mortality (% M) = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑛𝑎𝑢𝑝𝑙𝑖𝑖 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑎𝑢𝑝𝑙𝑖𝑖  x 100 % 

In the present work, brine shrimp bioassay of different plants methanolic extracts was 

carried out and the lethal concentration value was calculated 
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3.9.2.4 Hatching of shrimps  

To hatch the brine shrimp, approximately 10 mg of eggs were sprinkled into a beaker 

filled with artificial seawater. The beaker was positioned under a 60-watt table lamp for 

48 hours, with the temperature kept at 30 ºC. The larvae, being phototropic, were drawn 

to the light throughout this time, (Meyer et al., 1982). 

3.9.2.5 Preparation of samples and bioassay  

To make the stock solution, 20 mg of the material was dissolved in 2 mL of methanol. 

To create concentrations of 1000, 100, and 10 µg/mL, particular stock volumes were 

evaporated into test tubes with 10 mL of seawater that had been sterilized, (Meyer et 

al., 1982). 

Five milliliters of seawater were added and mixed, with triplicates prepared for each 

concentration and control. Ten mature brine shrimp were placed in each tube, and the 

test was conducted at 20°C under continuous light. After 24 hours, survivors were 

counted, and mortality rates were used to estimate the LC50 value. The same method 

was used for the ethyl acetate extract, (Meyer et al., 1982). 

3.9.2.6 Data analysis  

50% of the brine shrimp must be killed at a concentration known as the LC50 value. 

Probit analysis uses the following technique to determine it for three replicates (n = 3), 

x is the logarithm of the extract concentration (log 10, log 100, and log 1000 for three 

dose levels), and y is the average survival proportion across replicates. The LC50 is 

then calculated from this data 

We have, 

α = 
1𝑛 [∑ y − β ∑ x] ……………………………………………. (1)   

β = 
∑ 𝑥𝑦−∑ 𝑥 ∑ 𝑦 /𝑛∑ 𝑥 2− (∑𝑥) 2/𝑛…….…………….………………………….(2)  

Where, 

 From probit regression 

 𝑌 = 𝛼 + 𝛽𝑋 ………..………………………………….………. (3) 

 𝑋 = 
𝑌 − 𝛼𝛽  ………..………………………………….…………. (4) 
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 Where Y is constant having value 5 for calculating LC50 values 

Thus LC50 = Antilog X………………………………………………. (5) 

 The lethal concentration value was determined in the current study using a brine shrimp 

bioassay of various plant extracts.  

3.10 Data analysis:  

All experiments were conducted in triplicates, with results expressed as mean ± 

standard error. TPC, TFC, and antioxidant data were analyzed using Gen 5 Microplate 

Data Collection and Orion software, while the IC50 value was calculated using 

GraphPad Prism version 8. 

 



CHAPTER 4: RESULTS AND DISCUSSION 

 

4.1 Phytochemical extraction 

The ginger extract yields varied between the samples collected from Arghakhanchi and 

Dang districts, depending on the solvent used (methanol, ethyl acetate, and 

dichloromethane). The highest yield was seen in the S1(MeOH) sample from 

Arghakhanchi, producing 18.2 g, while the lowest was from the S2 (DCM) sample from 

Dang, which gave only 3.4 g. Interestingly, all the extracts were in solid form. You can 

find a detailed breakdown of the yields for all ginger samples in Table 3. 

Table 3 Yield of ginger extracts from all ginger samples 

Ginger sample The dry weight of ginger (g) Yield (g) %Yield  

S1(MeOH) 400gm 18.2 g 4.55 

S2(MeOH)  400gm 17.3g 4.32 

 

 

 

4.2 Phytochemical screening 

Phytochemical screening was conducted on the selected ginger extracts, and the results 

obtained from the methanolic extracts, as well as those from the dichloromethane 

(DCM) and ethyl acetate extracts, have been compiled in a table 5. 

  

Ginger sample S1(EtOAc) S1(DCM) S2(EtOAc) S2 (DCM) 

Yield (g) 4.5 g 3.7 g 4.3 g 3.4 g 
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Table 4 Phytochemical screening of ginger extracts of all ginger samples 

Phytochemicals S1(EtAc) S1 ( MeOH)  S2(EtOAc) S2 ( MeOH) 

Basic alkaloids - + + ++ 

Glycosides  + ++ + ++ 

Saponins  + ++ ++ +++ 

Flavones  + ++ - ++ 

Tannin  ++ + ++ + 

Diterpenes  ++ + ++ - 

Steroids & terpenoids ++ _ +++ + 

Cartenoids ++ + ++ - 

Polyphenol  + ++ + + 

Carbohydrates  _ + _ + 

Quinone  + - + + 

Volatile oil ++ - +++ + 

Coumarin  +++ + ++ - 

(++) test strongly positive 

(+) weak positive test 

(-) negative test (absence of required ppt/color) 

Glycosides, Saponins, tannin, and polyphenol are present in all ginger extracts. 

Methanol (MeOH) extracts more polar compounds like glycosides, saponins, flavones, 

polyphenols, and carbohydrates, while ethyl acetate (EtAc) is more effective for non-

polar compounds such as volatile oils, diterpenes, carotenoids, and coumarin, with both 

solvents showing varying levels of phytochemical presence across the S1 and S2 

samples. 

The phytochemical screening results for samples collected from various districts may 

vary due to factors such as plant altitude, environmental conditions, collection methods 

and timing, extraction techniques, as well as differences in laboratory setups and the 



27 

 

quality of chemicals used. As a result, the findings presented in the table above might 

slightly differ from data found in the literature for some plants. (Joseph et al., 2016). 

 4.3 Total phenolic content 

TPC was measured using the Folin-Ciocalteu reagent, (Ainsworth & Gillespie, 2007). 

This method works by forming a phosphotungstic-phosphomolybdic complex when 

phenolic compounds are present. In an alkaline solution, the yellow reagent, a 

molybdotungstophosphoric heteropolyanion, reacts with the phenols, resulting in the 

formation of a blue complex. This complex can then be measured colorimetrically. The 

reaction between the phenolic compounds and the Folin-Ciocalteu reagent only occurs 

under basic conditions, which are created by adding sodium carbonate to the solution, 

(Masuda et al., 2004). 

Ginger extract polyphenols interact with the Folin-Ciocalteu reagent to form a blue 

complex, and the absorption at 765 nm, measured via UV-Visible spectrometry, reflects 

the phenolic concentration. The total phenolic content (TPC) is quantified using a gallic 

acid calibration curve (y = 0.265x, R² = 0.9992) and expressed as mg GAE/g dry extract 

weight. 

  

Figure 2 Calibration curve of gallic acid 

Each test was conducted in triplicate, and the phenolic content, reported as gallic acid 

equivalents, is presented as the average ± standard deviation of the three trials. 

Ginger extract of sample S2(MeOH) showed the highest TPC value of 141.57 ± 4.75mg 

y = 0.0265x
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GAE/g and ginger extract of sample S1(DCM) showed the lowest 41.98 ± 4.63 mg 

GAE/g TPC value. TPC of all plants is shown in their bar diagram representation in 

Figure 4. 

 

Figure 3 Total phenolic content of ginger extract of all ginger samples 

The TPC value of methanolic dichloromethane (DCM) and ethyl acetate extracts extract 

of all samples collected from two districts follows the order as; S2(MeOH)> S2(EtOAc 

> S1(MeOH) > S1(EtOAc)> S2(DCM)> S1(DCM). Ginger extract of sample 

S2(MeOH) collected from Dang districts showed the highest TPC value of 123.0189 ± 

2.84 mg GAE/g and extract of sample S1 (DCM) with the lowest TPC of 36.23 ± 3.45 

mg GAE/g. Thus, the result indicates that the methanolic extract of ginger collected 

from the Dang district is rich in phenolic compounds as compared to other ginger 

samples. The total phenolic content of samples S1(EtOAc), S1(MeOH), S2(EtOAc) 

and, S2 (DCM) are 53.207 ± 2.1 mg GAE/g, 77.23 ± 3.20 mg GAE/g, 76.85 ± 2.07 mg 

GAE/g and 37.48 ± 2.42 mg GAE/g respectively. The result obtained in this study is 

comparable to the result of Ali et. al., (2018), which was 60.34 ± 0.43 mg GAE/g (Ali 

et al., 2018). 

Research indicates that extracts rich in polyphenols have greater antioxidant activity. 

This is attributed to the strong free radical scavenging abilities of phenolic compounds. 

However, accurately quantifying phenolic compounds in plant extracts is challenging 

due to factors like structural complexity, diversity, the method of analysis, the choice 
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of standard, and interference from other substances.31 

4.4 Total Flavonoid content 

The TFC in the methanolic, dichloromethane (DCM), and ethyl acetate extracts of 

ginger was estimated using a standard procedure that employs quercetin as a reference. 

The intensity of light absorption at a wavelength of 415 nm correlates with the 

concentration of flavonoids, which exhibit a strong yellow fluorescence when analyzed 

with a UV spectrophotometer. TFC was analysed using the AlCl3 method, which relies 

on the formation of a flavonoid-AlCl3 complex. This interaction results in a 

bathochromic shift and a hyperchromic effect. AlCl3 creates acid-resistant complexes 

form with the C-4 keto group and either the C-3 or C-5 hydroxyl group of flavonoids.89 

The calibration curve of Quercetin is shown figure 5.  

 

Figure 4 Calibration curve of quercetin 

The reported TFC of the ginger extract is reported as quercetin equivalents (mg QE/g 

dry weight of extract), based on a quercetin calibration curve (y = 0.0164x, R² = 

0.9922). The TFC data presented as mean ± standard error in Table 7 and their bar 

diagram in Figure 6. 

Extract of ginger sample S2(MeOH) collected from Dang district exhibited the highest 

total flavonoid content (TFC) of 25.42 ± 1.69 mg QE/g and ginger extract of sample 

S1(DCM)showed the lowest 14.26 ± 1.58 mg QE/g TFC value. The TFC value of 
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sample S1(MeOH), S1(EtOAc), S2(EtOAc) and, S2 (DCM) are 20.91 ± 0.86 mg QE/g, 

14.32 ± 1.74 mg QE/g, 22.70 ± 0.81 mg QE/g, 19.86 ± 1.13 mg QE/g respectively. The 

result from this study is somewhat lower than the findings of Ali et al. (2018), who 

reported a TFC value of 40.25 ± 0.21 mg QE/g. (Ali et al., 2018).  

 

Figure 5 Total flavonoid content of ginger extract of all ginger samples 

The TFC value of methanolic, dichloromethane (DCM) and ethyl acetate extract of all 

samples collected from two districts follows the order as; S2(MeOH) > S2(EtOAc) > 

S1(MeOH) > S1(EtOAc) > S2 (DCM) > S1(DCM). Quantitative determination of 

flavonoids in extracts depends on factors such as the molecular structure, especially the 

position of the hydroxyl group, the ability to donate electrons to a free radical, the 

choice of standard, the medium used, and the presence of interfering substances.  

4.5 Antioxidant assay 

When hydrogen atoms or electrons are donated by free radical scavenging secondary 

metabolites, the DPPH radical changes color from purple to yellow, indicating 

reduction, (Mishra et al., 2012), (Bag et al., 2015).  

4.5.1. Antioxidant activity of a ginger extract  

DPPH was employed to evaluate the antioxidant activity of ginger extracts, (Sabudak 

et al., 2013). The antioxidant capacity of the extracts is represented by the IC50 value, 

with a lower IC50 indicating stronger antioxidant potential. In other words, a smaller 

IC50 value corresponds to a higher ability of the extract to neutralize free radicals. 

Table 8 represents the antioxidant screening of methanolic ginger extract of all samples 
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and figure 7 represents the IC50 of potent crude extract along with standard quercetin. 

Table 9 shows the IC50 value of ginger extracts from all samples. 

Table 5 The antioxidant screening ginger extract of all ginger samples 

  Concentration (µg/mL) % inhibition 

S1(EtOAc) 500 72.58065 

S1(MeOH)  500 68.92911 

S1(DCM) 500 52.9908 

S2(EtOAc) 500 75.92025 

S2(MeOH) 500 73.6542 

S2 (DCM) 500 53.14417 

 

.  

Figure 6 IC50 value of ginger extract of all ginger samples 

The radical scavenging ability of methanolic extract of all ginger samples follows the 

order as; S2(EtOAc)> S2(MeOH)> S1(EtOAc)> S1(MeOH) > S2 (DCM)> S1 (DCM. 

Sample S2(EtOAc) which was collected from the Dang district has a good scavenging 

ability as compared with other samples. The results were compared to quercetin, which 

has an IC50 value of 6.3 ± 1.0 μg/mL. Sample S2 (EtOAc) displayed significant 

antioxidant activity, with an IC50 value of 162.73 ± 3.22 μg/mL. On the other hand, 

the ginger extract from sample S1 (DCM) showed weaker scavenging activity about 
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44-fold times less compared to standard with IC50 279.63 ± 14.67 μg/mL. The free 

radical scavenging ability of extract of sample S2(EtOAc) is higher due to ethyl acetate 

extract provides either hydrogen or electron-donating secondary metabolites. The 

present result shows very few antioxidant activities as compared to about 19 to 30 folds 

less with Ali et. al., (2018), and they found a value of 8.29 ± 1.73 μg/mL.  

The differences in results could be attributed to the presence of carotenoids, vitamins, 

phenols, flavonoids, dietary glutathione, and other endogenous metabolites. Several 

factors influence the antioxidant levels in ginger rhizomes, including genetic variation, 

the stage of maturity, pre-harvest conditions such as climate, temperature, and light, as 

well as cultivation methods, post-harvest handling, and processing techniques. 

4.6 Antimicrobial activity 

The antimicrobial activity of ginger extracts was assessed by measuring the diameter 

of the zone of inhibition (ZOI) formed against specific bacteria and fungi. The 

antimicrobial action against various bacterial and fungal infections is thought to involve 

multiple mechanisms, such as disrupting bacterial protein and nucleic acid synthesis, 

blocking metabolic pathways, and compromising the integrity of bacterial membranes 

and cell wall production, (Izah, 2018).  

4.6.1 Antibacterial activity 

For antibacterial activity gram-positive bacterium (Salmonella typhi aureus) and a 

gram-negative bacterium (Escherichia coli, Salmonella Typhi, Klebsiella pneumonia) 

were used. 

4.6.1.1 Antibacterial activity of a ginger extract 

 ZOI created by the plant extracts was measured, and the findings from the antibacterial 

screening of various extracts are presented in Table 12. 
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Table 6 Antibacterial activity of ginger extract from different districts 

S. N. Ginger 

sample 

Bacteria ZOI (mm) of 

extract at 

concentration 

25 µg/mL 

ZOI (mm) of 

neomycin as 

control 

1 S1(EtOAc) 

 

E coli - 18 

Klebsiella 

pneumonia 

7 20 

P. aeruginosa - 16 

S. aureus 15.4 18 

Salmonella 

typhi  

9 22 

2 S1(MEOH) 

 

E coli - 18 

Klebsiella 

pneumonia 

11 20 

P. aeruginosa - 16 

S. aureus 15.8 18 

Salmonella 

typhi 

12.3 22 

3 S1(DCM) E coli - 18 

Klebsiella 

pneumonia 

- 20 

P. aeruginosa - 16 

S. aureus 11.2 18 

Salmonella 

typhi 

10.5 22 

4 S2(EtOAc) 

 

E coli - 18 

Klebsiella 9.6 20 
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S. N. Ginger 

sample 

Bacteria ZOI (mm) of 

extract at 

concentration 

25 µg/mL 

ZOI (mm) of 

neomycin as 

control 

pneumonia 

P. aeruginosa - 16 

S. aureus 15.5 18 

Salmonella 

typhi 

13.7 22 

5 S2(MEOH) 

 

E Coli - 18 

Klebsiella 

pneumonia 

7.6 20 

P. aeruginosa 6 16 

S. aureus 16.3 18 

Salmonella 

typhi 

 22 

6 S2(DCM) E Coli - 18 

Klebsiella 

pneumonia 

6 20 

P. aeruginosa 4 16 

S. aureus 12 18 

Salmonella 

typhi 

9 22 

Well size = 6 mm 

Zone of inhibition of DMSO (negative control) = 6 mm  

(-) the sign indicates the absence of antibacterial activity 

Neomycin served as the positive control, administered at a concentration of 25 μg/mL. 
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Among the two strains, gram-positive bacteria were more effectively inhibited than 

gram-negative bacteria. This difference can be attributed to the unique outer membrane 

found in gram-negative bacteria, which prevents the extract from entering the cell, a 

feature not present in gram-positive bacteria, (Sivasothy et al., 2011), (Izah, 2018). 

4.6.2 Antifungal activity 

For antifungal activity, Fusarium oxysporium, Aspergillus flavus, Candida ablicans, 

Candida parapsilosis were used in the present study. 

4.6.2.1 Antifungal activity of the ginger extract 

The antifungal activity of the plant extracts was assessed by measuring the diameter of 

the zone of inhibition (ZOI) against specific fungi, with the results presented in Table 

14. 
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Table 7 Antifungal activity of ginger extract of all ginger samples 

S. 

N. 

Ginger 

sample 

Fungi ZOI (mm) of 

extract at 

concentration 

50 µg/mL 

ZOI (mm) of 

Amphotericin B 

as control 

1 S1(EtOAc) Fusarium oxysporum - 20 

Aspergillus flavus 8.4 20 

Candida ablicans 1.5 19 

Candida parapsilosis 14 16 

2 S1(MEOH) Fusarium oxysporum - 20 

Aspergillus flavus 7 20 

Candida ablicans 13 19 

Candida parapsilosis 9 16 

3 S1(DCM) Fusarium oxysporum 8 20 

Aspergillus flavus 6.8 20 

Candida ablicans - 19 

Candida parapsilosis - 16 

4 S2(EtOAc) Fusarium oxysporum - 20 

Aspergillus flavus 7.3 20 

Candida ablicans 8.2 19 

Candida parapsilosis 11 16 

5 

 

S2(MEOH) Fusarium oxysporum - 20 

Aspergillus flavus 9.3 20 

Candida ablicans 13 19 

Candida parapsilosis 9 16 

6 S2(DCM) Fusarium oxysporum 6 20 
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S. 

N. 

Ginger 

sample 

Fungi ZOI (mm) of 

extract at 

concentration 

50 µg/mL 

ZOI (mm) of 

Amphotericin B 

as control 

 

Aspergillus flavus - 20 

Candida ablicans - 19 

Candida parapsilosis - 16 

Well size = 6 mm 

Zone of inhibition of DMSO (negative control) = 6 mm 

(-) a sign indicates the absence of antifungal activity  

Amphotericin B was employed as the positive control at a concentration of 25 µg/mL. 

Here zone of inhibition was measured. Ginger extracts of S1(EtOAc), S1(MEOH), 

S2(EtOAc), S2(MEOH) exhibited a zone of inhibition against Candida albicans, 

Candida parapsilosis, and Aspergillus flavus. S1(DCM), S2(DCM) samples show a 

zone of inhibition for Fusarium oxysporum. From this value, we can conclude that 

ginger extract can be used as antifungal activity. Extracts of samples S1(EtOAc) and 

S2(EtOAc) show the highest ZOI in Candida parapsilosis (14mm) and (11mm) 

respectively. Ginger extracts of samples S1(MEOH) and S2(MEOH) shows the same 

ZOI for Candida ablicans (13mm). This result is consistent with the findings reported 

by Rawal et al. (2016) and here different solvent extracts were used and antifungal 

activity increased with increasing concentration (Rawal & Adhikari, 2016). 

The observed antifungal activity may be due to the presence of alkaloids and 

flavonoids. This study indicates that ginger rhizome extracts have potential for use in 

combating fungal infections. It was found that various factors, including environmental 

conditions (such as pH, temperature, water activity, oxygen levels, and nutrient 

availability), the solvent used, the source of the organisms, as well as the microbes' 

biochemistry, physiology, metabolism, and adaptation strategies, all influence the 

antifungal activity. Additionally, factors like the plant species, its biochemistry, age, 
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plant part used, the concentration of the extract, and the duration of exposure also affect 

the antifungal effectiveness. 

4.7 Brine shrimp toxicity test 

The toxicity of ginger extracts was assessed on newly hatched brine shrimp larvae using 

Mayer et al. (1982) method, with LC50 values determined at various concentrations, as 

shown in Table 16. 

Table 8 Brine shrimp toxicity of the ginger extract 

Ginger sample LC50 (µg/mL) 

S1(EtOAc) 1×105 

S1(MeOH) 3×103 

S2(EtOAc) 4.6×104 

S2(MeOH) 3.5×104 

The mortality percentage was determined by dividing the number of dead nauplii by 

the total number of nauplii used and then multiplying the quotient by 100%. 

Extracts with LC50 values below 1000 µg/mL are considered pharmacologically active. 

Lethality was found to be positively correlated with the concentration of the extracts., 

with the highest mortality occurring at 1000 µg/mL and the lowest at 10 µg/mL. The 

highest LC50 value was observed in S1(EtOAc) at 1×10⁵ μg/mL, while the lowest LC50 

value was found in sample S1(MeOH) at 3.0×10³ μg/mL. 

In this study, the LC50 value exceeded 1000 µg/mL, indicating that ginger extracts 

from all districts are non-toxic and pharmacologically inactive, making them safe for 

use as spices. An LC50 value of 100 ppm was considered toxic. According to Meyer et 

al. (1982), an LC50 value below 1000 µg/mL indicates pharmacological activity, while 

a value above 1000 µg/mL suggests inactivity. Table 17 displays the number of 

surviving nauplii after treatment with ginger extracts, along with their corresponding 

mortality percentages. 
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Table 9 Number of survived nauplii after treating with ginger extract and their 

percentage mortality 

S. N Ginger sample Concentration 

µg/ml 

No. of 

nauplii 

taken 

No. of 

survived 

nauplii 

Mortality 

% 

1. 

S1(EtOAc) 

10 10 6 40 % 

2. 100 10 5 50 % 

3. 1000 10 6 40 % 

1. 

S1(MEOH) 

10 10 9 10 % 

2. 100 10 8 20 % 

3. 1000 10 5 50 % 

1. 

S2(EtOAc) 

10 10 9 10 % 

2. 100 10 6 40 % 

3. 1000 10 3 70 % 

1. 

S2(MEOH) 

10 10 8 20 % 

2. 100 10 7 30 % 

3. 1000 10 5 50 % 

 

There is a variation in the LC50 value, which may be attributed to factors such as 

differences in the altitude where the plant was collected or variations in laboratory 

conditions. Biological factors like temperature and pressure can also influence the LC50 

values. This method quickly screens bioactive compounds with minimal equipment and 

small samples, though it lacks detailed mechanistic insights and is often followed by 

more specific bioassays, (Sarah et al., 2017).   
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CHAPTER 5: CONCLUSION AND 

RECOMMENDATIONS 

5.1 Conclusion 

Glycosides, Saponins, tannin, and polyphenol are present in all ginger extracts. 

Methanol (MeOH) extracts more polar compounds like glycosides, saponins, flavones, 

polyphenols, and carbohydrates, while ethyl acetate (EtAc) is more effective for non-

polar compounds such as volatile oils, diterpenes, carotenoids, and coumarin, with both 

solvents showing varying levels of phytochemical presence across the S1 and S2 

samples. 

Ginger extract of sample S2(MeOH) collected from Dang district showed the highest 

TPC with value 123.01 ± 2.84 mg GAE/g and extract of sample S1(DCM) collected 

from Arghakhanchi district with the lowest TPC with value 36.23 ± 3.45 mg GAE/g 

TPC. This study shows that the methanolic extract of sample S2(MeOH) is rich in 

phenolic compounds as compared to other samples. 

 Ginger extract from sample S2(MeOH) of Dang district exhibited the highest total 

flavonoid content (TFC) of 25.42 ± 1.69 mg QE/g, while the ginger extract from sample 

S1(DCM) of Arghakhanchi district showed the lowest TFC of 14.26 ± 1.585 mg QE/g. 

Ginger sample S2(EtOAc) collected from Dang district has a good scavenging ability 

as compared with other samples. The ginger extract from sample S2(EtOAc) collected 

from Dang demonstrated strong, with an IC50 value of 162.73 ± 3.22 μg/mL. In 

comparison, ginger extract from sample S1(DCM) of Arghakhanchi district exhibited 

lower neutralizing activity, with an IC50 value of 279.63 ± 14.67 μg/mL. 

Extracts of all ginger samples did not show any zone of inhibition for E. Coli. Extract 

of S2(MeOH) shows maximum ZOI for S. aureus, and P. aeruginosa. Ginger Extracts 

of sample S1(EtOAc), S1(MEOH), S1(DCM), S2(EtOAc) and sample S2(DCM) show 

the highest ZOI for S. aureus (15.4 mm), (15.8 mm), (11.2 mm) (15.5 mm) and, (12 

mm) respectively, and that of sample S2(EtOAc) shows the highest ZOI for Salmonella 

typhi (13.7mm). 

All ginger extracts displayed a ZOI against Candida parapsilosis, Candida albicans, 

and Aspergillus flavus, but no inhibition was observed against Fusarium oxysporum a 

zone of inhibition is shown by S1(DCM), S2(DCM). Extracts of S1(EtOAc) and 
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S2(EtOAc)show the highest ZOI in Candida parapsilosis (14 mm) and (11 mm) 

respectively.  

The highest LC₅₀ value was found in S1(EtOAc) at 1 × 10⁵ μg/mL, indicating lower 

toxicity. On the other hand, the methanolic extract (S1(MeOH)) showed the lowest LC₅₀ 

of 3.0 × 10³ μg/mL, reflecting higher toxicity. These findings from the brine shrimp 

bioassay indicate that MEOH extract of ginger is more unsafe than the ethyl acetate 

extract. 

5.2 Recommendations 

This study suggests further research to isolate and explore the active compounds in 

ginger, particularly its methanolic extract, which is rich in antioxidants and shows 

strong antibacterial properties. Exploring ginger’s secondary metabolites could lead to 

new treatments for drug-resistant infections.  
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APPENDIX-1 

Phytochemical screening 

1. Test for reducing sugars (Fehling’s Test) 

The methanolic solution was mixed with distilled water first and then filtered. To each 

filtrate, a few drops of Fehling’s solution A and B (1:1) were added and warmed over 

a water bath for 30 minutes. The appearance of an orange red precipitate confirmed the 

presence of reducing compounds. To this solution, 5 % (w/v) ferric chloride solution (3 

drops) was added and observed. The formation of greenish-blue color indicated the 

presence of polyphenols. 

2. Test for basic alkaloids 

The methanol extract (10 mL) was concentrated to yield a residue and dissolved in 3 

mL of 2 % (v/v) HCl. This solution was equally divided into two test tubes. 

I. Meyer’s Test: The first test solution was treated with three drops of Meyer’s 

reagent. White precipitate indicated the presence of basic alkaloids. 

II. Dragendrof’s Test: The second test solution was treated with three drops of 

Dragendrof’s reagent. White precipitate indicated the presence of basic 

alkaloids. 

3. Test for glycosides 

The methanol extract (8 mL) was concentrated to half the original volume and divided 

into two test tubes. 

I) The first test solution (2 mL) was treated with 25 % (v/v) ammonium hydroxide 

solution (2 mL) and shaken vigorously. A cherry red color indicated the 

presence of glycosides. 

II) Molisch’s Test: The second test solution was treated with 5 mL Molisch’s 

reagent and conc. H2SO4 were added dropwise from the side of the test tube 

without disturbing the solution. A violet ring at the junction of two liquid layers 

was observed which turned violet completely on shaking indicating the presence 

of glycosides or free sugars. 
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4. Test for quinones 

To the methanolic extract (2 mL), freshly prepared ferrous sulphate solution (1 mL) 

and ammonium thiocyanate (few crystals) was added and treated with conc. H2SO4 drop 

by drop. The deep red color was persistent indicating the presence of quinones. 

5. Test for saponins 

The methanolic extract (4 mL) was concentrated and mixed with hot water (2 mL). The 

solution was shaken vigorously for 15 seconds. The formation of persistent foam 

indicated the presence of saponins. 

6. Test for coumarins 

Firstly, single pellets of KOH were taken and dissolved in 1 mL of ethanol. Then 1 mL 

of extract solution was added. The presence of precipitate indicates the presence of 

coumarins. 

7. Test for flavonoids 

5 mL of dilute ammonia solution was added to the aqueous filtered solution of each 

fraction followed by the addition of concentrated sulphuric acid. The appearance of 

yellow color indicated the presence of flavonoids. The yellow color disappeared after 

some time. 

8. Test for terpenoids (Salkowsky’s Test) 

The small amount of extract was dissolved in chloroform and an equal volume of conc. 

H2SO4 was added. Reddish-brown coloration at the interface of two layers indicated 

the presence of terpenoids. 
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APPENDIX-2 

Preparation of reagents 

1. Meyer's reagent 

Mercuric chloride (0.679 g) was weighed in a 50 mL volumetric flask and dissolved in 

a distilled water. To this solution, potassium iodide (2.5 g) was added. The scarlet red 

precipitate was dissolved by shaking and then diluted with distilled water up to the mark 

of the volumetric flask. 

2. Dragendroff’s reagent 

Bismuth nitrate was dissolved in 5 N nitric acid (10 mL) to make solution A. next 

potassium iodide (13.5 g) was dissolved in distilled water (20 mL) to make solution B. 

These solutions A and B were mixed in a 50 mL volumetric flask. 

3. Molisch’s reagent  

α-naphthol or thymol (5 g) was dissolved in methanol (50 mL). 

4. Neutral ferric chloride solution 

Ferric chloride (1 g) was dissolved in distilled water (100 mL). To this aqueous 

solution, sodium carbonate is added little by little with stirring until the slight turbidity 

persisted. The mixture was filtered, and the colorless filtrate was used as neutral ferric 

chloride. 
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APPENDIX 3 

Total Flavonoid Content 

 

Total Phenolic Content 

  

Ginger sample Absorption Inhibition 

S1(EtAc) 0.078 0.115 0.094 13.3 16.4 14.3 

S1(MEOH) 0.171 0.159 0.167 22.1 20.9 21.7 

S1(DCM) 0.082 0.11 0.095 13.2 16 14.5 

S2(EtAc) 0.195 0.187 0.192 24.2 23.7 23.2 

S2(MEOH) 0.222 0.184 0.214 27.2 24.4 26.3 

S2(DCM) 0.171 0.159 0.167 20.23 21.5 19.3 

Ginger sample Absorption Inhibition 

S1(EtAc) 1.13 1.087 1.172 62.45 58.8911 63.3333 

S1(MEOH) 1.577 1.694 1.553 86.8333 93.5333 85.5 

S1(DCM) 0.845 0.728 0.808 45.1667 36.6667 44.1111 

S2(EtAc) 2.406 2.56 2.685 87.3256 94.4444 85.2778 

S2(MEOH) 1.59 1.732 1.495 136.889 141.444 146.389 

S2(DCM) 1.323 1.426 1.527 42.0052 41.3777 46 
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Absorption and inhibition of ginger extract collected from Arghakhanchi district 

S1 (EtOAc)  

Concentration  Absorption Inhibition 

1000 0.077 0.061 0.073 82.28528 85.96626 83.20552 

500 0.101 0.104 0.109 76.7638 76.07362 74.92331 

250 0.201 0.194 0.19 53.75767 55.3681 56.28834 

125 0.248 0.262 0.243 42.94479 39.72393 44.09509 

62.5 0.292 0.287 0.286 32.82209 33.97239 34.20245 

 

Absorption and inhibition of ginger extract collected from Arghakhanchi district 

S1(MEOH) 

Concentration  Absorption Inhibition 

1000 0.05 0.054 0.059 88.45266 87.52887 86.37413 

500 0.068 0.069 0.069 69.23077 68.77828 68.77828 

250 0.236 0.192 0.226 45.70552 55.82822 48.00613 

125 0.304 0.291 0.292 30.06135 33.05215 32.82209 

62.5 0.307 0.318 0.32 29.37117 26.84049 26.38037 
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Absorption and inhibition of ginger extract collected from Arghakhanchi district 

S1(DCM) 

Concentration  Absorption Inhibition 

1000     0.084 0.083 0.088 80.64516 80.87558 79.7235 

500 0.189 0.207 0.217 56.5184 52.3773 50.07669 

250 0.263 0.253 0.26 39.49387 41.79448 40.18405 

125 0.289 0.294 0.294 33.51227 32.36196 32.36196 

62.5 0.26 0.259 0.282 40.18405 40.41411 35.1227 

 

Absorption and inhibition of ginger extract collected from Dang district 

S2(EtOAc) 

Concentration  Absorption Inhibition 

1000 0.05 0.054 0.05 88.24885 87.5576 88.01843 

500 0.104 0.106 0.107 73.04147 72.58065 72.11982 

250 0.185 0.187 0.192 57.60369 57.60369 55.52995 

125 0.253 0.227 0.253 41.80791 47.45763 41.80791 

62.5 0.347 0.352 0.37 20.96774 18.66359 13.13364 

Absorption and inhibition of ginger extract collected from Dang district S2(DCM)  

Concentration  Absorption Inhibition 

1000 0.179 0.17 0.172 58.81902 60.88957 60.42945 

500 0.208 0.192 0.211 52.14724 55.82822 51.45706 

250 0.283 0.279 0.264 34.89264 35.81288 39.2638 

125 0.32 0.31 0.313 26.38037 28.68098 27.9908 
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Brine Shrimp Toxicity Assay of all ginger samples extract 

S.N Ginger 

sample 

Z X Y XY X

2 

⅀
X 

⅀Y ⅀X

Y 

⅀
X2 

Β Α X LC50 

1.   

S1 

(EtAc) 

10 1 4.7

5 

4.7

5 

1  

6 

 

15 

 

30.

5 

 

14 

 

0.2

5 

 

4.5 

 

5.0 

 

1×10

5 2.  100 2 5 10 4 

3.  100

0 

3 5.2

5 

15.

75 

9 

4.  S1 

(MEOH) 

10 1 3.7

2 

3.7

2 

1  

6 

 

12.

88 

 

27.

04 

 

14 

 

0.6

4 

 

3.0

13 

 

3.5

0 

 

3×10

3 5.  100 2 4.1

6 

8.3

2 

4 

6.  100

0 

3 5 15 9 

7.  S2 

(EtAc) 

10 1 3.7

2 

3.7

2 

1  

6 

 

13.

99 

 

29.

78 

 

14 

 

0.9 

2.8

63 

4.6

5 

 

4.6×1

04 8.  100 2 4.7

5 

9.5 4 

9.  100

0 

3 5.5

2 

16.

56 

9 

10.  S2 

(MEOH) 

10 1 4.1

6 

4.1

6 

1  

6 

 

13.

64 

 

28.

12 

 

14 

 

0.4

2 

3.7

06 

4.5

4 

 

3.5×1

04 11.  100 2 4.4

8 

8.9

5 

4 

12.  100

0 

3 5 15 9 
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Number of survived nauplii after taking with ginger extract and their percentage 

mortality 

S. N Ginger 

sample 

Concentration 

µg/ml 

No. of nauplii 

taken 

No. of 

survived 

nauplii 

Mortality 

% 

1. S1(EtAc) 10 10 6 40 % 

2. 100 10 5 50 % 

3. 1000 10 6 40 % 

1. S1(MEOH) 10 10 9 10 % 

2. 100 10 8 20 % 

3. 1000 10 5 50 % 

1. S2(EtAc) 10 10 9 10 % 

2. 100 10 6 40 % 

3. 1000 10 3 70 % 

1. S2(MEOH) 10 10 8 20 % 

2. 100 10 7 30 % 

3. 1000 10 5 50 % 
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APPENDIX 4: PHOTOS 
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