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Abstract 
This study investigates the impact of Piper longum on the sex ratio of Drosophila melanogaster. Previous research has highlighted that food 
availability significantly influences maternal resource allocation, affecting offspring fitness and sex ratios. The sex ratio, defined as the male-to-
female ratio in a population, is a crucial demographic factor with implications for reproductive capacity and genetic variability. While genetic 
and environmental factors are known to influence sex ratios, the specific impact of dietary components like Piper longum remains 
underexplored. Using Drosophila melanogaster as a model organism, this study examines how different concentrations of Piper longum in the 
diet affect the sex ratio of offspring. The results demonstrate that Piper longum significantly skews the sex ratio towards more female offspring 
compared to the control group, with both 10mg/l and 20mg/l concentrations showing a pronounced effect. These findings suggest that Piper 
longum can modulate reproductive outcomes, potentially offering applications in managing sex ratios in experimental populations. 
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Introduction 
Most previous studies on this topic focused on the food 
accessible to reproducing females and discovered significant 
maternal allocation responses to experimental manipulations 
of resource quantity, likely impacting the fitness of both the 
mother and her offspring (Meijer and Langer, 1995; Selman 
and Houston, 1996; Williams, 1996; Rutstein et al., 2005) [13, 

23, 29, 21]. The availability of food can influence the relative 
investment patterns between male and female offspring 
(Rosenfeld and Roberts, 2004; Robertson et al., 2006) [20, 19] in 
addition to more apparent characteristics like the number and 
size of offspring. Theoretically, parents will allocate resources 
differently to the sexes when the fitness returns from 
producing males differ from those from producing females 
(Trivers and Willard, 1973) [26]. In such situations, parents 
often allocate greater resources to the sex that benefits the 
most from the current conditions (Komdeur, 1996; Nager et 
al., 1999; Kalmbach et al., 2001) [10, 14, 9]. These relative 
fitness returns are often dependent on the surrounding 
conditions. Parents may either. 
i). Generate biased sex ratios of their offspring (Clutton-

Brock et al., 1984; Dittus, 1998; Kalmbach et al., 2001) 
[5, 6, 9] or 

ii). Maintain balanced sex ratios but give some offspring of 
one sex greater attention than the other (Velando, 2002) 
[27]. 

 

A lot of biological research focuses on the sex ratio, 
commonly referred to as the male-to-female ratio in a 
population (Skalski et al., 2005; Bailey, 2004) [1]. The ratio is 
typically expressed as males per 100 or 1000 females or as the 
percentage of the population that is male or female (Skalski et 
al., 2005; Qazi and Qazi, 2006; Prakash, 2008) [18, 17]. The 
female composition of the sex ratio indicates the reproductive 
capacity of the population (Schowalter, 2016) [22]. Along with 
other life history aspects, the sex ratio also provides 
information about the past, present, and future of a 
population, including the significance of the sexual mating 
system (Skalski et al., 2005; Schowalter, 2016) [22]. 
Several known genetic and environmental factors can affect 
the animal sex ratio. The male-to-female ratios may not match 
the theoretical 1:1 ratio due to factors influencing the primary 
sex ratio or post-fertilization mechanisms affecting the 
secondary sex ratio. Surprisingly, not much research has been 
conducted to examine the environmental impact on the sex 
ratio. In many organisms, including insects, the sex ratio is 
typically 1:1 (Prakash, 2008) [17]. This ratio maximizes 
genetic variability by increasing the availability of males 
relative to females (Schowalter, 2016) [22]. In the absence of 
changes, the sex ratio remains constant (Cherian, 2016) [2]. 
Numerous environmental factors eventually impact sex ratios 
(Schowalter, 2016; Cherian, 2016; Rosenfeld and Roberts, 
2004) [22, 2, 20]. Physical, chemical, or biological environmental 
factors can influence sex ratios (Skalski et al., 2005; 

International Journal of Research 
in Academic World 

Received: 18/June/2024  IJRAW: 2024; 3(7):145-149  Accepted: 23/July/2024 

Impact Factor (SJIF): 6.092  E-ISSN: 2583-1615 



 

< 146 > 

https://academicjournal.ijraw.com IJRAW 

Schowalter, 2016; Hardy, 2002; Rosenfeld and Roberts, 2004; 
Wajnberg, 2008) [22, 30, 20]. 
In this work, Drosophila melanogaster served as the model 
organism. Several factors led to the selection of this organism 
for the investigation. Firstly, Drosophila regularly produces a 
large number of progeny. Secondly, this organism has a short 
life cycle, reproduces quickly, and produces a large number of 
eggs. Thirdly, Drosophila has frequently been used as a 
model organism in numerous studies investigating various 
biological issues (Neethu et al., 2014) [15]. 
Piper longum Linn, often referred to as Indian long pepper, 
has been used to treat a number of respiratory disorders in 
Ayurvedic medicine (Kumawat et al., 2012) [11]. Many plant 
components, including the seed, root, leaf, and the entire 
plant, have been historically utilized to treat a variety of 
ailments (Sultana et al., 2019) [25]. Piperine, a bioactive 
alkaloid molecule isolated as a dietary phytochemical from 
the Piper species, has shown a wide range of beneficial 
effects, including anticancer, antioxidative, antibacterial, 
antiapoptotic, and antidiabetic properties (Buranrat and 
Junking, 2022; Choi et al., 2013; Derosa and Park, 2019; Jwa 
et al., 2016; Yang et al., 2015; Zarai et al., 2013) [4, 16, 8, 31, 32]. 
Research by Lakhmi et al. (2006) revealed that the hexane 
fraction of Piper longum causes animal death in addition to its 
strong anti-implantation effects. As noted by Garg in 1981, 
roots of Piper longum combined with Embelia ribes seeds 
demonstrated 100% anti-fertility activity in female albino rats. 
It is thought that Piper longum may enhance the contraceptive 
effects of other plant products; however, more research is 
necessary to determine whether this combination is feasible 
for developing a female contraceptive, as noted in Ayurveda 
Garbha Nivarana Aushadham, which is used for both genders 
and does not interfere with ovarian hormone activity in the 
uterus. 
 
Materials and Methods  
Preparation of Piper longum Media: The fruit extract 
powder of Piper longum was acquired from the Government 
Ayurveda Medical College and Hospital, Mysuru, Karnataka, 
India, and was used for preparing the experimental media. 
Experimental Stock: The Oregon K strain of Drosophila 
melanogaster used in this study was obtained from the 
Drosophila Stock Centre, Department of Studies in Zoology, 
University of Mysore, Mysuru. This stock was cultured in 
bottles containing wheat cream agar media. The media was 
prepared by boiling 100g of jaggery, 100g of wheat powder, 

and 10g of agar in 1000ml of distilled water, with 7.5ml of 
propionic acid added. The flies were maintained under 
laboratory conditions with 70% humidity, a 12-hour dark/12-
hour light cycle, and a temperature of 22°C ± 1°C. 
The flies obtained from this culture were used to establish the 
experimental stock with different diet media: 
1. Wheat Cream Agar Media: Prepared by boiling 100g 

of jaggery, 100g of wheat rava powder, and 10g of agar 
in 1000ml of distilled water, with 7.5ml of propionic acid 
added. 

2. Piper longum Media 
i). For the 10mg/l Concentration: Prepared by boiling 

100g of jaggery, 100g of wheat powder, and 10g of 
agar in 1000ml of distilled water, with 7.5ml of 
propionic acid and 10mg of Piper longum powder 
added. 

ii). For the 20mg/l Concentration: Prepared by boiling 
100g of jaggery, 100g of wheat powder, and 10g of 
agar in 1000ml of distilled water, with 7.5ml of 
propionic acid and 20mg of Piper longum powder 
added. 

 
Flies emerging from the wheat cream agar media and other 
experimental media were maintained under the same 
laboratory conditions and were used to study sex ratio 
experiments in Drosophila melanogaster. 
Sex Ratio Experiments: Virgin male and female flies were 
collected from the wheat cream agar, 10mg Piper longum, 
and 20mg Piper longum media. After mating, these pairs were 
transferred to vials containing their respective media. The 
pairs were transferred to new vials once every seven days 
until their death. The number of male and female offspring 
emerging from each diet was recorded, and the experiments 
continued until the death of the flies. A total of five pairs were 
made separately for each of the wheat cream agar, 10mg 
Piper longum, and 20mg Piper longum media. 
 
Statistical Analysis 
The data obtained were analyzed using IBM SPSS version 
29.0. Mean, standard error, one way ANOVA, and Tukey’s 
Post-Hoc test were carried out for the data obtained for sex 
ratio. A graph of concentration v/s mean sex of male and 
female (in number) was plotted for Piper longum. The graph 
of the two was compared. And another method used i.e. the 
data subjected to Chi square. 

 

 
 

Fig 1: The graph plotted using concentration v/s mean sex ratio of males (in number) showing more numbers of males in the control than the 
other treated media in Drosophila melanogaster showing d=2, f= 9.997 P<0.05. 
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Fig 2: The graph plotted using concentration v/s mean sex ratio of females (in number) showing more numbers of females in the control than the 
other treated media in Drosophila melanogaster showing d=2 f=14.381 P<0.05 

 

 
 

Fig 3: Comparison of effect of Piper longum on sex ratio of males and females in Drosophila melanogaster. 
 

 
 

Fig 4: The graphs showed the comparison between the male and female adult flies numbers in Drosophila melanogaster raised on the different 
diets (Wheat cream agar, 10mg/l Piper longum, 20mgl Piper longum media) 

 
The Figure 4 suggests that the female offspring are produced 
more than the male offspring in all the three diets. When the 
Data subjected to the Chi square analysis showed the 
insignificant between the male and female sex ratio in control 
media, and significant between the male and female sex ratio 
in both different concentrations of Piper longum. 

 
 
 
 

Table 1: The effect of wheat cream agar, 10mg/l Piper longum and 
20mg/l Piper longum media on the male offsprings sex ratio of 

Drosophila melanogaster. 
 

Treatment 
(Media) 

No. 
Adults 

No. 
Females 

No. 
Males  

F:M 
Ratio 

Control  647 360 287 1:0.797 
1omg/l 418 226 192 1:0.849 
20mg/l 392 207 185 1:0.893 
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Table 2: The effect of wheat cream agar, 10mg/l Piper longum and 
20mg/l Piper longum media. On the female offsprings sex ratio of 

Drosophila melanogaster. 
 

Treatment 
(Media) 

No. 
Adults 

No. 
Females 

No. 
Males  

M:F 
Ratio  

Control  647 360 287 1:1.254 
10mg/l 418 226 192 1:1.153 
20mg/l 392 207 185 1:1.118 

 
Table 3: The effect of wheat cream agar, 10mg/l Piper longum and 
20mg/l Piper longum media on the female and male offsprings sex 
ratio of Drosophila melanogaster and Chi square analysis value. 

 

Treatment 
(Media) 

Sex Ratio  
F:M 

Chi Square 
Value  Significant  

Control  1.254:0.797 4.118 P>0.05 
10mg/l 1.153:0.849 1.382 P<0.05 
20mg/l 1.118:0.893 0.617 P<0.05 

 
Figure 1 shows the mean sex ratio of males (in number) in 
Drosophila melanogaster, indicating that the control group 
produced more males compared to the groups treated with 
Piper longum media showing significant results (P<0.05, 
df=2, F=9.997). 
Figure 2 displays the mean sex ratio of females (in number) in 
Drosophila melanogaster, suggesting that the control group 
also produced more females than the treated groups showing 
significant results (P<0.05, df=2, F=14.381). 
Figure 3 compares the effect of Piper longum on the sex ratio 
of both males and females in Drosophila melanogaster. 
Figure 4 presents the comparison between the number of male 
and female adult flies raised on different diets (wheat cream 
agar, 10mg/l Piper longum, 20mg/l Piper longum media). 
This figure indicates that female offspring are more numerous 
than male offspring across all three diets. Chi-square analysis 
showed an insignificant difference in the male and female sex 
ratios in the control media, but a significant difference in both 
Piper longum media concentrations. 
 
Discussion 
The results indicate that the control group (wheat cream agar 
media) produced a higher number of both male and female 
offspring compared to the groups treated with Piper longum 
media. Specifically, the F ratio in the control group was 
1:0.797 for males and 1:1.254 for females, suggesting a 
relatively balanced sex ratio. In contrast, the sex ratios in the 
10mg/l and 20mg/l Piper longum media groups were lower, 
with fewer males being produced relative to females. 
According to the Chi-square analysis, the control group's 
male-to-female sex ratio difference was not statistically 
significant (P>0.05). But in the 10 mg/l and 20 mg/l Piper 
longum media groups, it was significant (P<0.05), suggesting 
that the Piper longum media had a noteworthy impact on the 
offspring's sex ratio. 
The effect of several physical conditions on D. 
melanogaster’s sex ratio has been the subject of numerous 
studies. These variables include the temperature of the 
surrounding air, the amount of light present, and 
electromagnetic field (EMF) radiation. Dietary nutrition is 
one of the primary external environmental factors limiting 
population growth. Alterations in sex ratios in response to 
food availability and other environmental conditions have 
been well-documented in insects, reptiles, and birds. For 
instance, the dramatic skewing of the sex ratio in the Samoan 
butterfly Hypolimnas bolina due to male-selective mortality 

caused by Wolbachia infection (Hardy, 2002) [30]. In the 
current study altered sex ratio by Piper longum supports the 
antifertility activity demonstrated by many studies. As noted 
by Garg in 1981, roots of Piper longum combined with 
Embelia ribes seeds demonstrated 100% anti-fertility activity 
in female albino rats. It is thought that Piper longum may 
enhance the contraceptive effects of other plant products; 
however, more research is necessary to determine whether 
this combination is feasible for developing a female 
contraceptive. Future studies may focus light on these aspects. 
 
Conclusion 
Sex Ratio Impact: The study demonstrates that the Piper 
longum media significantly affects the sex ratio of Drosophila 
melanogaster, with a tendency to produce more female 
offspring compared to the control group. 
Concentration Effects: Both concentrations of Piper longum 
(10mg/l and 20mg/l) significantly altered the sex ratio, with 
the higher concentration showing a slightly more pronounced 
effect. 
Control Group Comparison: The control group produced a 
more balanced sex ratio compared to the Piper longum-treated 
groups, indicating that the dietary inclusion of Piper longum 
influences the reproductive outcomes. 
Implications for Future Research: These findings suggest 
that Piper longum has potential applications in modulating 
sex ratios in experimental populations of Drosophila 
melanogaster. Further research could explore the underlying 
mechanisms and potential applications in other species or 
contexts. 
Overall, the study highlights the significant impact of Piper 
longum on the sex ratio of Drosophila melanogaster and 
underscores the importance of considering dietary 
components in reproductive biology studies. 
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