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ABSTRACT 
 
The growing interest in natural products as potential therapeutic agents has drawn attention to commonly 
used plants such as Allium sativum (garlic), Allium cepa (onion), and Zingiber officinale (ginger), which are 
rich in bioactive compounds. However, despite their widespread use in traditional medicine, the safety and 
toxicity profiles of these plants remain poorly understood. Drosophila melanogaster, a widely used model 
organism in biomedical research, provides a cost-effective and efficient system to evaluate the toxicity and 
bioactivity of plant extracts. This study aims to assess the acute toxicity and bioactivity of A. sativum, A. 
cepa, and Z. officinale using D. melanogaster as a model organism. The plant extracts were prepared using 
the maceration method with solvents of varying polarity, n-Hexane, ethyl acetate, methanol, and water. 
Phytochemical screening was performed using standard methods. Acute toxicity was assessed by 
monitoring mortality rates at various extract concentrations (100–500 mg/mL), and statistical analysis was 
conducted to evaluate model fit. Toxicity was determined through probit analysis to calculate the lethal 
concentration (LC50) required to cause 50% mortality in Drosophila melanogaster strains (drosomycin and 
diptericin). Phytochemical screening revealed that methanol extracts had the highest diversity of 
compounds, including alkaloids, flavonoids, and carbohydrates. Ethyl acetate extracts showed moderate 
levels of flavonoids and steroids, while aqueous extracts were limited to alkaloids and flavonoids. n-Hexane 
extracts demonstrated the lowest phytochemical diversity, containing only steroids. Probit analysis of LC50 
values indicated that methanol and aqueous extracts exhibited lower LC50 values, signifying higher toxicity. 
Specifically, the aqueous extract of A. sativum had the lowest LC50 (762.24 mg/mL), while hexane extracts 
had the highest LC50 values, reflecting lower toxicity. Mortality rates increased with higher extract 
concentrations, with methanol and aqueous extracts consistently causing greater mortality in both 
Drosophila strains. The higher toxicity of methanol and aqueous extracts was attributed to their efficient 
extraction of potent bioactive compounds. These findings underscore the significance of solvent selection in 
phytochemical studies and highlight the potential of these plants as sources of bioactive agents for 
pharmacological applications. 
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INTRODUCTION  
 
The use of medicinal plants for health benefits has 
gained significant interest due to their rich phytochemical 
content and diverse biological activities. Among these 
plants, Allium sativum (garlic), Allium cepa (onion), and 

Zingiber officinale (ginger) are widely recognized for their 
traditional uses and therapeutic potential. These plants 
are rich sources of bioactive compounds, such as 
organosulfur compounds in garlic, flavonoids in onions,
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and gingerols in ginger, all of which possess antioxidant, 
anti-inflammatory, and antimicrobial properties (Rahman 
and Lowe, 2018; Oyawoye et al., 2022). Research has 
demonstrated that these phytochemicals contribute to 
various health-promoting effects, supporting their use as 
natural alternatives for disease prevention and treatment 
(Singla and Kaur, 2018). 

The use of plants with therapeutic properties to treat 
pathological conditions is a common practice. However, 
this practice may occasionally lead to intoxication due to 
the complex array of components in plants, including 
compounds with toxic properties (Maag et al., 2015). 
Plants are constantly exposed to environmental stresses, 
such as predators and pathogens. To survive under 
these unfavorable conditions, they have developed 
adaptations, including the synthesis of bioactive 
compounds as defense mechanisms. Some of these 
compounds, such as alkaloids, terpenoids, tannins, and 
glycosides, are potentially toxic (Dang et al., 2015; Maag 
et al., 2015). 

Understanding the safety profile of these plants 
requires rigorous evaluation of their potential toxic 
effects, particularly at higher doses or during chronic 
exposure. While garlic, onion, and ginger are generally 
considered safe for human consumption, there is 
evidence that certain compounds may exert cytotoxic or 
genotoxic effects at specific concentrations (Guldiken et 
al., 2018). Assessing their toxicity is crucial to 
establishing safe consumption levels, especially since 
these plants are commonly used in medicinal 
preparations. Acute toxicity studies, which evaluate the 
immediate adverse effects of a substance, are a 
foundational step in toxicity assessment for human health 
applications (Pognan et al., 2023). 

Drosophila melanogaster, the common fruit fly, is an 
increasingly popular model organism for toxicity studies 
due to its genetic similarities to humans, short life cycle, 
and ease of maintenance in laboratory settings (Pandey 
and Nichols, 2011). Research using Drosophila as a 
model to study the toxic effects of natural products such 
as those derived from garlic, onion, and ginger, has 
demonstrated the model's ability to reveal crucial 
toxicological and pharmacological data. The fruit fly 
shares approximately 75% of disease-related genes with 
humans, making it an ideal model for understanding how 
certain plant-based compounds might impact human 
health (Himalian et al., 2022; Yang et al., 2019). 

Additionally, Drosophila serves as an excellent model 
for studying both acute toxicity and the bioactivity of 
plant-derived compounds. It enables the assessment of 
immediate adverse effects as well as long-term health 
impacts (Kushalan et al., 2022). Recent studies have 
utilized Drosophila melanogaster to investigate the 
effects of various natural products on survival, 
reproductive capacity, and biochemical pathways. These 
studies have helped establish safety profiles and 
therapeutic potential (Bellen et al., 2019). This model has 

proven effective in assessing toxicity mechanisms that 
may be relevant to human physiology, offering valuable 
data for health management (Calap-Quintana et al., 
2017). 

This study aims to provide a comprehensive 
assessment of the safety profiles of these commonly 
consumed plants, contributing to a deeper understanding 
of their bioactivity and toxicity, with applications in human 
health management. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was conducted from January 2022 to 
September 2023 at the Drosophila Laboratory: Fungal 
Pathogens and Plant Bioactive Compounds, Department 
of Plant Science and Biotechnology, University of Jos, 
Nigeria. 
 
 
Collection of plant parts 
 
A total of 100 kg of fresh onions, garlic, and ginger were 
purchased from the Farin Gada Market in Jos North Local 
Government Area, Plateau State, Nigeria. 
 
 
Extraction of plant parts 
 
Plant extracts were prepared using the maceration 
method, based on solvent polarity. The solvents used 
included n-hexane, ethyl acetate, and distilled water, 
following the method described by Puri (1998). 
 
 
Phytochemical screening 
 
The plant extracts were screened for their phytochemical 
constituents to determine the presence of alkaloids, 
saponins, tannins, flavonoids, carbohydrates, steroids, 
anthraquinones, cardiac glycosides and terpenoids. This 
was done using standard phytochemical screening 
procedures as described by Sofowora (2008) and Trease 
and Evans (2002). 
 
 
Test for alkaloids 
 
The test for alkaloids was conducted according to the 
method reported by Trease and Evans (2002). A 0.5 g 
sample of each extract was stirred with 5 ml of 1% 
aqueous HCl on a steam bath. The mixture was then 
filtered using Whatman filter paper No. 42 (125 mm). 
Next, 1 ml of the filtrate was treated with 2–3 drops of 
Mayer’s reagent. Another 1 ml of the filtrate was treated
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with Dragendorff’s reagent. The formation of turbidity or 
precipitation with either of these reagents was taken as 
evidence of the presence of alkaloids. 
 
 
Test for saponins 
 
The test was performed according to the method 
described by Trease and Evans (2002). A total of 0.5 g of 
different fractions was dissolved in 25 mL of distilled 
water and then filtered using Whatman filter paper No. 42 
(125 mm). An additional 10 mL of distilled water was 
added, and the mixture was shaken vigorously to 
produce a stable, persistent froth. The froth was 
collected, mixed with three drops of olive oil, and shaken. 
The formation of an emulsion indicated the presence of 
saponins. 
 
 
Test for tannins 
 
The test was conducted following the method described 
by Edeoga et al. (2005). A quantity of 0.5 g of the 
fractions was stirred with 10 mL of distilled water and 
filtered using Whatman filter paper No. 42 (125 mm). To 
the filtrate, a solution of ferric chloride was added. The 
appearance of a blue-black, green, or blue-green 
precipitate indicated the presence of tannins. 
 
 
Test for anthraquinones 
 
The Borntrager’s test, as described by Sofowora (2008), 
was used to detect anthraquinones. A total of 0.5 g of 
each fraction was placed into a dry test tube, and 5 mL of 
chloroform was added. The mixture was shaken for 5 
minutes and then filtered. The filtrate was shaken with an 
equal volume of 100% ammonia solution. The presence 
of a pink, violet, or red color in the ammoniacal layer 
(lower layer) indicated the presence of free 
anthraquinones. 
 
 
Test for cardiac glycosides 
 
The test was performed according to the method reported 
by Sofowora (2008). A total of 100 mg of the extracts was 
dissolved in 70% alcohol and filtered. Approximately 
three drops of lead subacetate were added to the filtrate, 
which was then filtered again. The resulting filtrate was 
extracted with 10 mL of chloroform in a separating funnel 
and concentrated to dryness. The residue obtained was 
dissolved in 1 mL of glacial acetic acid containing one 
drop of ferric chloride solution. This mixture was 
underlaid with 1 mL of concentrated sulfuric acid. The 
formation of a brown ring at the interface indicated the 
presence of a deoxysugar, characteristic of cardenolides. 

Test for steroids and terpenes 
 
The test was performed following the method described 
by Trease and Evans (2002). One hundred milligrams of 
each extract was dissolved in chloroform, followed by the 
addition of 1 mL of acetic anhydride. Two drops of 
concentrated sulfuric acid were then added. The 
appearance of a pink color, which changes to bluish-
green upon standing, indicates the presence of steroids 
and terpenes. 
 
 
Test for flavonoids 
 
The test was performed using the method described by 
Sofowora (2008). A total of 0.5 g of the extract was 
dissolved in 30 mL of distilled water, stirred, and filtered 
using Whatman filter paper number 42 (125 mm). To 10 
mL of the filtrate, 5 mL of 1 M dilute ammonia solution 
was added, followed by 10 mL of concentrated sulfuric 
acid. The formation of a yellow precipitate, which 
disappears upon standing, is indicative of the presence of 
flavonoids. Additionally, 5 mL of dilute ammonia was 
mixed with 5 mL of the extract, and 5 mL of concentrated 
sulfuric acid was added. The development of a yellow 
color confirms the presence of flavonoids. 
 
 
Test for carbohydrates 
 
The test was conducted according to the method 
reported by Sofowora (2008). A total of 0.5 g of the 
extract was dissolved in 30 mL of distilled water and 
filtered using Whatman filter paper number 42 (125 mm). 
A few drops of Molisch's reagent were added to the 
filtrate, followed by the careful addition of 1 mL of 
concentrated sulfuric acid down the side of the inclined 
test tube. This procedure allowed the acid to form a 
distinct layer beneath the aqueous solution without 
mixing. The appearance of a reddish or violet ring at the 
interface of the two layers indicates the presence of 
carbohydrates.  
 
 
Drosophila melanogaster fly stock selection 
 
The diptericin (Dpt-LacZ) and drosomycin (Drs-LacZ) 
reporter gene strains of Drosophila melanogaster were 
obtained from the National Species Stock Center in 
Switzerland. The flies were maintained and reared on a 
cornmeal medium at a temperature of 23 ± 1°C and 60% 
relative humidity under a 12-hour dark/light cycle. All 
experiments were conducted using the same D. 
melanogaster strains (Dpt-LacZ and Drs-LacZ) provided 
by the Bruno Lemaitre Research Group, EPL-SV-GHI, 
UPLEM, Lausanne, Switzerland, as described by Abolaji 
et al. (2014) and Wuyep et al. (2020). 
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Preparation of fly food and plant extracts for acute 
toxicity testing 
 

The acute toxicity testing followed the methods described 
by Abolaji et al. (2014) and Wuyep et al. (2020). Fly food 
was prepared at varying concentrations of 500 mg/mL, 
400 mg/mL, 300 mg/mL, 200 mg/mL, and 100 mg/mL. A 
flame-sterilized spatula was used to make superficial 
abrasions on the surface of the food. For each 
concentration, 15 unsexed flies were placed in triplicate 
vials, resulting in a total of 45 flies per concentration. 
Survival was recorded daily over a seven-day period, and 
mortality data were collected. 
 
 

Data analysis 
 

The survival rates of the flies at different concentrations 
were analyzed using probit analysis to determine the 
lethal concentration (LD50) values. This analysis was 
performed using SPSS software (version 22). Percentage 
mortality rates were calculated and presented in 
graphical format. 
 
 

RESULTS 
 

Phytochemical screening of plant extracts 
 

The phytochemical screening of extracts from Allium 
sativum (garlic), Allium cepa (onion), and Zingiber 
officinale (ginger) revealed distinct patterns of compound 
presence across various solvents, suggesting differences 
in solubility and extraction efficiency (Table 1). Methanol 
extracts (ASM, ACM, ZOM) exhibited the greatest 
diversity of phytochemicals, with a strong presence of 
alkaloids, flavonoids, and carbohydrates, underscoring 
methanol's ability to dissolve a broad spectrum of 
compounds. Ethyl acetate fractions (ASEA, ACEA, 
ZOEA) also contained notable phytochemical 
constituents, showing moderate to high levels of 
flavonoids and steroids but relatively fewer alkaloids and 
tannins, indicating a preference for less polar 
compounds. 

Aqueous extracts (ASAQ, ACAQ, ZOAQ) displayed 
limited phytochemical diversity, primarily consisting of 
alkaloids, flavonoids, and cardiac glycosides, reflecting 
water's selectivity for polar compounds. Conversely, 
hexane extracts (ASH, ACH, ZOH) showed minimal 
phytochemical presence, with steroids being the only 
consistently detected compounds. This suggests 
hexane's limited efficacy in extracting polar bioactive 
compounds. 
 
 

Probit analysis of lethal concentration (LC50) of the 
extracts 
 

Probit   analysis   was   used    to   determine   the   lethal 

concentration (LC50) values of various extracts from A. 
sativum, A. cepa, and Z. officinale for the mortality rate of 
the Drosophila melanogaster Dpt-LacZ strain. The LC50 
values represent the concentration required to achieve 
50% mortality in the fly strain. Methanol and aqueous 
extracts demonstrated greater toxicity, with lower LC50 
values compared to hexane and ethyl acetate extracts 
(Table 2). 

Among the aqueous extracts, A. sativum had the 
lowest LC50 value (762.24 mg/mL), indicating the highest 
toxicity, whereas hexane extracts generally showed the 
highest LC50 values, reflecting their lower toxicity. The 
regression equations for each extract demonstrated a 
positive linear relationship between concentration and 
mortality rate, with the slopes indicating the strength of 
the concentration-dependent toxic effect. 

Additionally, chi-square values for all extracts were 
above 0.05, confirming that the observed mortality rates 
were statistically consistent with the model's predictions. 
Methanol extracts of Z. officinale and A. cepa showed 
relatively low LC50 values (1065.64 mg/mL and 1177.17 
mg/mL, respectively), highlighting methanol's 
effectiveness in extracting bioactive compounds 
responsible for higher toxicity. 

The probit analysis of the lethal concentration (LC50) 
required inducing 50% mortality in Drosophila 
melanogaster Drs-LacZ strain (reporting the drosomycin 
gene) when exposed to various extracts of Allium 
sativum, Allium cepa, and Zingiber officinale is presented 
in Table 3. Among the extracts, n-hexane extracts 
generally exhibited higher LC50 values, particularly for A. 
cepa (3240.32 mg/mL), suggesting relatively low toxicity. 
Conversely, the n-hexane extract of Z. officinale 
displayed a much lower LC50 value (706.36 mg/mL), 
indicating higher toxicity compared to other n-hexane 
extracts. 

Ethyl acetate extracts demonstrated intermediate 
toxicity levels, with Z. officinale again showing lower LC50 
values (1140.21 mg/mL) compared to A. sativum and A. 
cepa. Methanol extracts exhibited the highest toxicity, 
with LC50 values as low as 947.08 mg/mL for Z. officinale, 
highlighting methanol’s efficiency in extracting toxic 
compounds from this plant. Aqueous extracts showed the 
lowest LC50 values, particularly for A. sativum (855.77 
mg/mL), indicating higher toxicity and suggesting that 
water-soluble compounds in A. sativum contribute 
significantly to mortality in Drs-LacZ flies. 

Chi-square values greater than 0.05 for most extracts 
indicate a good model fit, suggesting that the observed 
mortality rates align well with the expected values 
predicted by the regression model. 
 
 
Percentage mortality of fly strains in acute toxicity 
testing 
 
The acute toxicity testing of A. sativum, A. cepa, and Z. 
officinale extracts in Drosophila melanogaster strains



Adv Med Plant Res               92 
 
 
 

Table 1. Phytochemical screening of plants extracts. 
 

Phytochemicals 
Plants extracts 

ASH ACH  ZOH  ASEA ACEA ZOEA  ASM ACM ZOM ASAQ ACAQ ZOAQ 

Alkaloids - - - + - + +++ +++ +++ + + + 

Saponins - - - - - - - + - - - + 

Tannins  - ++ - - ++ - - + - - + - 

Flavonoids - + - + + + ++ ++ +++ - + ++ 

Carbohydrates + +++ + +++ + + ++ +++ +++ - - - 

Steroids  ++ ++ +++ ++ ++ +++ + + + - - - 

Terpenes - - - - - - - - + - - - 

Anthraquinones - - - - - ++ - - - - - + 

Cardiac glyscosides ++ + ++ - - ++ - - ++ - - + 
 

Key: ASH – A. sativum (Hexane), ACH – A. cepa (Hexane), ZOH – Z. officinale (Hexane), ASEA – A. sativum (Ethylacetate), ACEA – A. cepa (Ethylacetate), 
ZOEA – Z. officinale (Ethylacetate), ASM – A. sativum (Methanol), ACM – A. cepa (Methanol), ZOM – Z. officinale (Methanol), ASAQ – A. sativum (Aqueous), 
ACAQ  – A. cepa (Aqueous), ZOAQ – Z. officinale (Aqueous). 

 
 
 

Table 2. Probit analysis of the lethal concentration (LC50) of the mortality rate of D. melanogaster Dpt-LacZ (diptericin repeorter 
gene) on different Plants extracts. 
 

Extracts Plants Regression equation Chi square (P > 0.05) LC50 (mg/mL) Lower Upper 

n-Hexane A. sativum Y = 0.027*x + 2.10 1.628 1287.30 0.328 1.917 
 A. cepa Y = 0.025*x + 2.70 0.112 1264.29 0.334 1.940 
 Z. officinale Y = 0.018*x + 4.00 0.602 2778.96 0.014 1.594 
Ethyl acetate A. sativum Y = 0.021*x + 4.90 0.083 1464.78 0.159 1.698 
 A. cepa Y = 0.020*x + 5.00 0.141 1837.19 0.072 1.595 
 Z. officinale Y = 0.024*x + 3.60 0.394 1355.90 0.239 1.797 
Methanol A. sativum Y = 0.020*x + 5.40 0.562 1936.16 0.027 1.526 
 A. cepa Y = 0.027*x + 1.10 0.394 1177.17 0.482 2.177 
 Z. officinale Y = 0.028*x + 1.40 0.065 1065.64 0.511 2.182 
Aqueous A. sativum Y = 0.035*x - 0.30 1.357 762.24 0.885 2.647 
 A. cepa Y = 0.017*x + 0.50 0.038 2573.69 0.223 2.196 
 Z. officinale Y = 0.018*x + 2.40 0.425 2189.69 0.183 1.921 

 
 
 

(Dpt-LacZ and Drs-LacZ) revealed a clear trend of 
increasing mortality with increasing extract 
concentrations across all plant extracts. Figure 1 
summarizes the overall mortality percentages for 
both strains over seven days, indicating that 
methanol and aqueous extracts consistently 
exhibited higher toxicity compared to ethyl acetate 
and n-hexane extracts. 

At lower concentrations (100 mg/mL), as shown in 
Figure 2, methanol extracts were the most toxic to 
both strains, followed by ethyl acetate and n-
hexane extracts, with aqueous extracts 
demonstrating the lowest toxicity. This trend 
remained generally consistent across 
concentrations, with methanol extracts causing 
the highest mortality rates at every concentration 

level (Figures 3 to 5). By 500 mg/mL (Figure 6), 
both methanol and aqueous extracts of A. sativum 
and A. cepa exhibited near-maximal toxicity, 
resulting in the highest mortality rates in both fly 
strains. 

Ethyl acetate and n-hexane extracts 
consistently showed the lowest toxicity, 
suggesting a possible correlation between solvent 
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Table 3. Probit analysis of the lethal concentration (LC50) of the mortality rate of D. melanogaster Drs-LacZ (drosomycin repeorter 
gene) on different plants extracts. 
 

Extracts Plants Regression equation Chi square (P > 0.05) LC50 (mg/mL) Lower Upper 

n-Hexane A. sativum Y = 0.023*x + 3.70 0.158 1437.73 0.220 1.784 
 A. cepa Y = 0.018*x + 4.80 1.527 3240.32 -0.066 1.456 
 Z. officinale Y = 0.035*x + 1.50 0.653 706.36 0.739 2.361 
Ethyl acetate A. sativum Y = 0.026*x + 3.00 0.704 1184.38 0.330 1.901 
 A. cepa Y = 0.017*x + 4.10 3.031 4826.56 -0.115 1.435 
 Z. officinale Y = 0.027*x + 1.50 0.087 1140.21 0.469 2.141 
Methanol A. sativum Y = 0.021*x + 5.70 0.926 1321.86 0.152 1.660 
 A. cepa Y = 0.031*x + 0.30 0.606 983.03 0.619 2.320 
 Z. officinale Y = 0.029*x + 2.90 0.364 947.08 0.434 1.994 
Aqueous A. sativum Y = 0.035*x - 0.10 0.556 855.77 0.923 2.707 
 A. cepa Y = 0.028*x - 1.00 0.523 1127.58 0.694 2.627 
 Z. officinale Y = 0.028*x + 1.00 2.225 986.73 0.628 2.371 

 
 
 

 
 
Figure 1. Stacked column bar chart presenting the entire percentage mortality (%) of Dpt-LacZ and Drs-LacZ Fly Strains when subjected to 
treatment concentrations of plants extracts for 7 days. 

 
 
 

polarity and the efficacy of extracting bioactive, toxic 
compounds. The findings indicate that methanol and 
aqueous solvents are more effective at extracting highly 

toxic bioactive compounds, particularly in A. sativum and 
A. cepa. These results provide valuable insights into the 
comparative potency of plant extracts in toxicity studies. 
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Figure 2. Percentage mortality of fly strains Dpt-LacZ (diptericin reporter gene) and Drs-LacZ (drosomycin reporter gene) from 
acute toxicity testing with 100 mg/mL of plants extract fractions. 

 
 
 

 
 
Figure 3. Percentage mortality of fly strains Dpt-LacZ (diptericin reporter gene) and Drs-LacZ (drosomycin reporter gene) from 
acute toxicity testing with 200 mg/mL of plants extracts. 
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Figure 4. Percentage mortality of fly strains Dpt-LacZ (diptericin reporter gene) and Drs-LacZ (drosomycin reporter gene) from 
acute toxicity testing with 300 mg/mL of plants extracts. 

 
 
 

 
 
Figure 5. Percentage mortality of fly strains Dpt-LacZ (diptericin reporter gene) and Drs-LacZ (drosomycin reporter gene) from 
acute toxicity testing with 400 mg/mL of plants extracts. 
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Figure 6. Percentage mortality of fly strains Dpt-LacZ (diptericin reporter gene) and Drs-LacZ (drosomycin reporter 
gene) from acute toxicity testing with 500 mg/mL of plants extracts. 

 
 
 

DISCUSSION 
 
The findings from the phytochemical screening of A. 
sativum, A. cepa, and Z. officinale extracts align with 
previous research, emphasizing solvent-dependent 
variations in extractable phytochemicals. Consistent with 
these results, Shehu et al. (2023) reported that methanol, 
a polar organic solvent, efficiently extracts a wide range 
of bioactive compounds, such as alkaloids and 
flavonoids, due to its ability to penetrate plant cell walls 
and dissolve various phytochemicals. This efficiency is 
reflected in the observed high phytochemical diversity in 
methanol extracts, highlighting methanol’s effectiveness 
in extracting these compounds. 

In contrast, the lower phytochemical content observed 
in n-hexane extracts aligns with findings by Chukwudebe 
(2020) and Khalili et al. (2022), who noted that non-polar 
solvents primarily extract lipophilic compounds, such as 
steroids, but are generally ineffective for polar 
compounds like alkaloids and flavonoids. 

The probit analysis of lethal concentration (LC50) for D. 
melanogaster mortality indicates that methanol and 
aqueous extracts exhibit higher toxicity. This observation 
is supported by earlier studies, such as Ahmed et al. 
(2020), which suggest that high-polarity solvents tend to 
yield extracts containing more potent bioactive 

compounds. Specifically, methanol and water extracts of 
A. sativum and Z. officinale demonstrated particularly low 
LC50 values, reflecting significant toxicity. This aligns 
with findings by Shukla et al. (2015), who reported that 
sulfur-containing compounds in methanol extracts of 
garlic contribute to enhanced antimicrobial and toxic 
activities. Similarly, the high toxicity of aqueous garlic 
extracts may be attributed to water-soluble sulfur 
compounds, which likely contribute to their biological 
activity. 

Comparative analysis of toxicity levels revealed that Z. 
officinale extracts consistently exhibited lower LC50 
values, suggesting higher bioactivity. Supporting this, 
Prasad and Tyagi (2015) documented that active 
compounds in ginger, such as gingerol, shogaol, and 
zingerone, are efficiently extracted in methanol and 
exhibit strong biological activities, including toxicity 
against microbial and insect models. The high mortality 
observed in Drosophila melanogaster strains (Drs-LacZ 
and Dpt-LacZ) treated with methanol ginger extracts 
further underscores the potency of these compounds. 

Furthermore, the lower toxicity of ethyl acetate and 
hexane extracts observed in this study aligns with 
findings by Thakur et al. (2020), who noted that 
intermediate-polarity solvents like ethyl acetate extract a 
moderate range of phytochemical compounds,
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particularly flavonoids and some lipophilic components. 
These compounds tend to exhibit lower toxicity in insect 
models. The consistently lower mortality of flies exposed 
to these fractions suggests that they primarily contain 
less toxic, intermediate-polarity compounds, potentially 
limiting their bioactive applications compared to methanol 
and aqueous extracts. 

Overall, the increased mortality rates observed in 
Drosophila melanogaster treated with methanol and 
aqueous extracts across plant types reflect these 
solvents' ability to extract diverse, highly bioactive 
phytochemicals. This finding is consistent with recent 
literature. The comparative toxicities observed in this 
study underscore the importance of solvent selection in 
bioactivity studies and highlight the potential of A. 
sativum, A. cepa, and Z. officinale extracts as sources of 
potent bioactive agents, particularly when polar solvents 
are used. 
 
 
CONCLUSION 
 
This study demonstrates that the toxicity of A. sativum, A. 
cepa, and Z. officinale extracts is significantly influenced 
by the solvent used for extraction. Methanol and aqueous 
extracts exhibited higher toxicity due to their efficiency in 
extracting potent bioactive compounds. The findings 
underscore the critical role of solvent choice in 
phytochemical studies and highlight the potential of these 
plants as sources of bioactive agents for pharmacological 
applications. 
  
 
REFERENCES 
 
Abolaji AO, Kamdem JP, Lugokenski TH, Nascimento TK, Waczuk EP, 

Farombi EO, Loreto ÉLS, Rocha JBT, 2014. Involvement of Oxidative 
Stress in 4-Vinylcyclohexene-Induced Toxicity in Drosophila 
melanogaster. Free Rad Biol Med, 71: 99–108. 

Ahmed M, Peiwen Q, Gu Z, Liu Y, Sikandar A, Hussain D, Ji M, 2020. 
Insecticidal activity and biochemical composition of Citrullus 
colocynthis, Cannabis indica and Artemisia argyi extracts against 
cabbage aphid (Brevicoryne brassicae L.). Sci Rep, 10(1): 522.  

Bellen HJ, Tong C, Tsuda H, 2019. 100 years of Drosophila research 
and its impact on vertebrate neuroscience: A history lesson for the 
future. Nat Rev Neurosci, 11(7): 514-522. 

Calap-Quintana P, González-Fernández J, Sebastiá-Ortega N, Llorens 
JV, Moltó MD, 2017. Drosophila melanogaster models of metal-
related human diseases and metal toxicity. Int J Mol Sci, 18(7): 1456. 

Chukwudebe E, 2020. Comparative study of the antimicrobial activity 
and phytochemical properties of Allium sativum (garlic) and Zingiber 
officinale (ginger) extracts on some clinical isolates (Master's thesis, 
Kwara State University (Nigeria). 

Dang L, Els JM, Damme V, 2015. Toxic proteins in plants. 
Phytochemistry, 117: 51–64. 

Edeoga HO, Okwu DE, Mbaebie BO, 2005. Phytochemical constituents 
of some Nigerian medicinal plants. Afr J Biotechnol, 4(7): 685-688. 

Guldiken B, Ozkan G, Catalkaya G, Ceylan FD, Yalcinkaya IE, 
Capanoglu E, 2018. Phytochemicals of herbs and spices: Health 
versus toxicological effects. Food and Chemical Toxicology, 119: 37-
49. 

Himalian R, Singh SK, Singh MP, 2022. Ameliorative role of 
nutraceuticals on neurodegenerative diseases using the Drosophila 

melanogaster as a discovery model to define bioefficacy. J Am Nutr 
Assoc, 41(5): 511-539. 

Khalili S, Saeidi Asl MR, Khavarpour M, Vahdat SM, Mohammadi M, 
2022. Comparative study on the effect of extraction solvent on total 
phenol, flavonoid  content, antioxidant and antimicrobial properties of 
red onion (Allium cepa). J. Food Meas Charact, 16(5): 3578-3588. 

Kushalan S, D’Souza LC, Aloysius K, Sharma A, Hegde S, 2022. 
Toxicity assessment of Curculigo orchioides leaf extract using 
Drosophila melanogaster: A preliminary study. Int J Environ Res Pub 
Health, 19(22): Article 14663. 

Maag D, Erb M, K€ollner TG, Gershenzon J, 2015. Defensive weapons 
and defense signals in plants: some metabolites serve both roles. 
Bioessays, 37: 167–174. 

Oyawoye OM, Olotu TM, Nzekwe SC, Idowu JA, Abdullahi TA, 
Babatunde SO, Faidah H, 2022. Antioxidant potential and 
antibacterial activities of Allium cepa (onion) and Allium sativum 
(garlic) against the multidrug resistance bacteria. Bull Nat Res 
Cent, 46(1): 214. 

Pandey UB, Nichols CD, 2011. Human disease models in Drosophila 
melanogaster and the role of the fly in therapeutic drug discovery. 
Pharmacolog Rev, 63(2): 411-436. 

Pognan F, Beilmann M, Boonen H, Czich A, Dear G, Hewitt P, 
Newham P, 2023. The evolving role of investigative toxicology in the 
pharmaceutical industry. Nat Rev Drug Discov, 22(4): 317-335.  

Prasad MS, Tyagi AK, 2015. Phytochemistry and biological activities of 
Zingiber officinale. Pharmacogn Rev, 9(18): 25-34.  

Puri B, Anne Hall A, Baxter H, Harborne JB, Moss GP, 1998. 
Phytochemical dictionary: A handbook of bioactive compounds from 
plants. 2nd Edition, CRC Press. 

Rahman K, Lowe GM, 2018. Garlic and cardiovascular disease: A 
critical review. J Nutr, 146(4): 988S-992S. 

Shehu A, Shehu A, Umar A, Yahaya BU, Mustapha I, 2023. Proximate 
and phytochemical analysis of some selected spices: Garlic (Allium 
sativum), ginger (Zingiber officinale), and onion (Allium cepa). Int J 
Bot Hortic Res, 1(1): 115–124. 

Shukla P, Sharma S, Yadav A, Yadav VK, 2015. Synergistic 
pharmacological effects of phytochemicals derived from ginger, garlic 
and tulsi. Int J Pharm Sci Res, 6(12): 4967.  

Singla P, Kaur G, 2018. Traditional Health Boosters: Onion, Ginger 
and  Garlic. Chem Sci Rev Lett, 7(25): 42–47. 

Sofowora EA, 2008. Medicinal plants and traditional medicines in 
African. University of Efe press, Nigeria.P.1-23. 

Thakur M, Singh K, Khedkar R, 2020. Phytochemicals: Extraction 
process, safety assessment, toxicological evaluations, and regulatory 
issues. In Functional And Preservative Properties of 
Phytochemicals (pp. 341-361), Academic Press. 

Trease GE, Evans WC, 2002. Pharmacognosy (13th edition). English 
Language Book Society, BaillaiereTindall, Britain, 378: 386 - 480. 

Wuyep PA, Turaki RM, Longchi SZ, Dafam DG, Kakjing DF, 2020. 
Ethyl acetate root extract of Terminalia glaucescens protects  
Drosophila melanogaster against virulent  Aspergillus species. J Appl 
Sci, 20: 44-50. 

Yang J, Raftery D, McIntosh M, 2019. The fruit fly Drosophila 
melanogaster as a model for human diseases. Int J Mol Sci, 20(22): 
5678. 

 
 
 
 
 
 
 
 

 

Citation: Habu JB, Wuyep PA, Sila MG, 2024. Investigating the effects 
of Allium sativum (garlic), Allium cepa (onions) and Zingiber officinale 
(ginger) extracts on Drosophila melanogaster drosomycin and 
diptericin reporter gene strain. Adv Med Plant Res, 12(4): 88-97. 
 


