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Abstract: The effect of food on insect reproduction and
survival is a critical aspect of their ecology and biology. In
this study, genetically varied isofemale lines of Drosophila
ananassae were reared on the normal food ingredients and
food containing a high content of protein (10% yeast) to
observe the impact of elevated doses of yeast on the four
major aspects, i.e., mating propensity, fecundity, pupation
height preference, and biochemical parameters. The results
suggest that flies reared on a high dose of protein were
significantly more successful in mating and fecundity than
the control lines. Pupation height preference is one of the
genetically as well as environmentally influenced pre-adult
traits that may determine the survival chance of the fly. The
third instar larvae reared on elevated content of protein
always preferred to pupate significantly away from the food
surface, a behavior indicating to search drier areas for
pupation. Flies reared on high protein diets show increased
protein and other bio-molecules, potentially converting
excess protein into glucose and triglyceride to meet body
energy needs. An increase in glucose and triglyceride levels
suggests that excess dietary protein is converted into glucose
and fatty acids. This indicates the presence of biochemical
pathways in insects like Drosophila that regulate nutrient
balance by transforming surplus nutrients to maintain
biochemical homeostasis.

The investigation suggests that Drosophila, a semelparous
insect, requires a high protein dose for optimal reproductive
activities, a key characteristic of organisms exhibiting r-
selection.

DOI: 10.37398/JSR.2025.6903

Index Terms: Nutrition, development, survival, mating
propensity, fecundity, pupation height preference, and
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I. INTRODUCTION

Nutrition can influence various life history traits of insects
such as their longevity, fecundity, fertility, development time,
and ovemnll survival rates (Schmidt et al,1919;Kritika et
al.,2019). In honeybees (Apis mellifera), limited food supply can
reduce longevity and colony survival (Paoli et al., 2014). The
amountand type of food available during larval stages can affect
the development and future reproductive success of adult insects.
In the case of the mosquito Aedes aegypti, larval nutrition
influences adult size, which in turn affects their reproductive
capacity (Fuchs et al., 2014). Food scarcity or poor-quality food
can lead to behavioral adaptations that impact survival and
reproduction. This is evident in the Colorado potato beetle
(Leptinotarsa decemlineata) in which a diet lacking essential
nutrients can lead to changes in feeding behavior and reduced
reproductive output (Alyokhin et al., 2013).

Dietary macronutrients are important to the survival and
propagation of insects and a slight deviation from an optimal
protein to carbohydrate ratio can have a dramatic physiological
effect on their fitness (Aguila et al., 2013). Studies have
suggested that an optimal protein to carbohydrate ratio can vary
within species depending on the developmental stage and even
sex as a result of different physiological needs (Canato &
Zucoloto, 1998). Harrison et al., (2014) reported that a high
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protein diet causes an increase in the adult weight and egg
production in field crickets (Gryllus veletis), whereas, their
lifespan is maximized on high carbohydrate diets. The quality of
food directly impacts reproductive success. Studies on the
Drosophila melanogaster have shown that a protein-rich diet
enhances its fecundity, while protein deficiency leads to reduced
egg production (Lee et al., 2008).

Drosophila flies have a dietary liking for the yeast content in
the food. Yeast is a primary source of nutrition for Drosophila
flies which provide essential nutrients such as amino acids,
vitamins, and minerls, and influence their growth and
development (Broderick & Lemaitre 2012). The quality and
quantity of yeast in the diet of Drosophila directly affects their
development rates and reproductive success (Anagnostou et al.,
2010). It has been observed that Drosophila fed on yeast-rich
diets produce more offspring compared to those on yeast-
deficient diets (Anagnostou et al., 2010; Newell and Douglas
2014). D. melanogaster serves as an excellent model for
studying the effects of diet on metabolism due to their genetic
tractability and similarity to human metabolic pathways
(Musselman et al, 2011). The balance of proteins,
carbohydmates, and fats in the diet is crucial for maintaining
optimal health and longevity in Drosophila. Studies show that an
imbalanced diet can lead to various metabolic disorders. While a
high-protein diet may support reproduction and growth, it can
negatively affect longevity and health. High sugar and fat diets
tend to promote obesity, insulin resistance, and other metabolic
issues (Musselman, et al., 2011; Heinrichsen& Haddad 2012).
Drosophila flies typically pupate at a specific height relative to
the food source, and this height can be affected by various
environmental cues such as humidity, food availability,
temperature, and genetic constitution (Singh & Pandey, 1993).

Drosophila ananassae is a cosmopolitan and domestic
species. Its occurrence in the Indian subcontinent is very
prevalent (Singh et al, 2014; Kumar & Singh, 2017). D.
ananassae is known to be quite unique among hundreds of
species of the genus Drosophila because it shows spontaneous
crossing over in males which is usually absent in other species
(Singh & Singh, 1988; Singh, 2010; Singh, 2024) and lack of
genetic co-adaptation (Singh & Singh, 1987; Singh, 2010, Singh,
2024). In this study, we decided to see the impact of an elevated
dose of protein on four different aspects, i.e., mating propensity,
fecundity, pupation height, and biochemical parameters of D.
ananassae. The altered food ecology may leave its noticeable
effect on the reproductive as well as body homeostasis of flies
and the results of this investigation unveil distinct consequences
of elevated protein in the diet on the life of D. ananassae.

II. MATERIALS AND METHODS

A) Isofemale lines of Drosophila ananassae
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The isofemale line refers to the progeny of single impregnated
female collected from nature. The experiments were conducted
by utilizing five isofemale lines (Figurel) established from
inseminated females collected from three geographical regions;
2 from Dehradun (Uttarakhand State), 2 from Delhi (Delhi
State), and 1 from Varanasi(Uttar Pradesh State) of India. These
five lines were fed the nommal food ingredients (tablel)
commonly used to rear flies in the laboratory. Such lines have
been considered as Control Isofemale Lines (CILs). From each
CIL, five treated Isofemale Lines (TILs) were also rose which
were fed on food containing a 10% higher dose of yeast extract,
SRL (tablel) than the control food. The increased amount of
yeast in the treated group was calculated on the basis of the
amount of water wused in the food prepamtion
(1000x10/100=100; 100+15=115gm). Therefore, the entire
experiments were conducted by subjecting two groups of flies
(control and treated) categorized as CILs and TILs.
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Fig. 1: Five isofemale lines (each raised from a single naturally
impregnated female) employed as control isofemale lines (CILs)
and treated isofemale lines (TILs).

Table 1. Food ingredients used to prepare one unit of food to
culture CILs and TILs of D. ananassae.

Food ingredients Food for Experimental
CILs food for TILs

Water 1000ml 1000ml
Agar agar 15gm 15gm
Maize powder 45gm 45gm

Yeast powder 15gm 115gm
Brown sugar 40gm 40gm
Nipagin 3.33gm 3.33gm
Propionic acid 3.33ml 3.33ml
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B) Mating propensity

Virgin male and female flies were collected from the different
lines of CIL and TIL and kept separately in their appropriate
food mediums from each other for seven days. To observe
mating in the individualline, 10 pairs of flies were introduced in
the Elens-Wattiaux mating chamber (Figure2) in the morming
hour, mainly commencing at 7 am. The mating was observed for
the period of one hour and the number of pairs involved in

mating was recorded. The experiments were repeated three
times, for all the cases of CILs and TILs.

Fig. 2: Elens-Wattiaux mating chamber used to measure the
number of mating/hour

C) Fecundity

Fecundity was observed in the mated females of CILs and TILs.
This life history trait represents the number of eggs laid by an
inseminated female in a definite period of its life. Seven days old
virgin females and males were put individually in food vials to
mate and produce the next generation. Thus the mated females
of all the five CILs and their respective TILs were individually
kept in the food vials containing 10ml of food and the number of
eggs laid by them were counted daily for up to ten successive
days (7-to-17-day age duration) of their life.

D) Pupation Height

For measuring the pupation heights, 100ml measuring cy linders
containing food at their bottom (10ml) were used (Figure3).
7days old flies of CILs and TILs were cultured in the cylinders
to get their next generation. Third instar larvae prefer to select a
drier place and pupate at the inner walls of the cylinder. The
height of the pupae from the food surface was noted down forall
the five control and their respective treated lines.
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Fig. 3: Measuring cylinders (100ml) used to culture CILs and
TILs to observing the pupation height.

E) Analysis of Biochemical Parameters (Metabolic Traits)
The three principal biochemical parameters, ie., protein,
glucose, and triglyceride were measured in CILs and TILs.

1) Estimation of Protein

Protein estimation was carried out in whole adult flies (n=5)
using the Bradford method using bovine serum albumin as
standard. Protein concentration (mg/dl/fly) was estimated in
equal sex and sex-biased ratios for both the sexes using the
standard curve of BSA (Bovine serum albumin). The estimation
was done for three replicates of cohorts and repeated five times.
The D. anannase flies were homogenized in 100ul PBS and
centrifuged at 10,000 rpm at 4 °C for 2 minutes. 10ul of
supematant was collected and mixed with 200 pl Bradford
reagent and incubated at room temperature for 10 minutes in the
dark. The absorbance for control and treated samples was taken
at 595 nm.

2) Estimation of Glucose:

Quantification of glucose in whole adult flies of both the
sexes was performed using glucose reagent, Beacon. Flies (n=5)
were homogenized in 100 pl of cold PBS. The estimation was
done for three replicates of cohorts and repeated five times and
was done for equal sex and sex-biased groups for both the sexes
of D. ananassae. Obtained supernatant after centrifugation at
12,000 rpm at 4 ° C for 2 minutes was heated in the water bath
for 10 min at 70 ° C followed by another round of centrifugation.
200 pl of glucose reagent was added to 2 pl of supernatant in a
96-well plate and allowed to incubate at 37 ° C for 10 min. The
final reading was taken at 505 nm to measure the absorbance.
Free glucose concentration (mg/dl/fly) was estimated in equal
sex and sex-biased ratios for both the sexes using a glucose
standard curve. The standard curve was obtained using glucose

(Img/ml).

3) Estimation of Triglyceride
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Triglyceride estimation was done using a diagnostic Kkit,
Beacon. Whole adult flies (n=5) were homogenized in 100 pl
PBST (cold PBS + 0.05% Tween 20) and centrifuged at 10,000
rpm for 2 minutes. The estimation was done for three replicates
of cohorts and repeated five times and was done for equal sex
and sex-biased groups for both the sexes of D. ananassae. The
supermnatant obtained was heated in the water bath for 10 min at
70 °C and to inactivate lipase and then used for triglyceride
assay. 2ul of the homogenate was mixed with 200ul of
triglyceride reagent and incubated for 10 min at 37 °C. The final
reading was taken at 490 nm using a microplate reader (BioTek
ELx800 UV-Vis).

F) Statistical analysis and calculation:

Arithmetic mean = SE were calculated to compute average
mating, fecundity, pupation height, and biochemical parameters
for each CIL and TILs. One-way ANOVA followed by post-hoc
analysis (Tukey’s multiple comparison) were performed to
measure statistical differences among the different groups. The
statistical significance level was decided at p<0.05. An unpaired
t-test was also used to see a statistical difference between the
different biochemical parameters of the two sexes. Narrow-sense
heritability (h?) was calculated by employing the formula, h?
=V¢/Vg+Ve, where VgtV depicted total phenotypic traits
obtained by adding the variance value of different genetic lines
with variance of lines fed on different food composition.

[II. RESULTS

(a). Mating propensity: The mating propensity significantly
varied among the control isofemale lines (CILs) as well as
treated isofemale lines (TILs) with a more pronounced effect in
CILs than their respective TILs. Figure4 depicts this aspect
comparing the two groups (control and treated), where CIL 4
and 5 showed highly diminished frequency of mating than its
other three lines. Increased dose of yeast-treated flies showed a
significant difference compared to control in three lines, ie., 1,
4, and 5. Based on the mating success data of the two groups,
genetic variance (Vg) and variance due to diet (Ve) were
computed to decipher narrow-sense heritability (h?). The value
of heritability remained 0.50 for four of the isofemale lines, a
value that denotes 50 percent role of genetic variation that leads
to variation in mating propensity. However, in one of the
isofemale lines (3), only 25 percent of genetic variation causing
trait differences could be observed.
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Mating propensity

Isofemale 1 Isofemale 2 Isofemale 3 Isofemale 4 Isofemale 5
Isofemale lines

#CILs #TILs

Fig. 4. Bar diagrams showing average number of mating
propensity (mean = SE) in CILs and TILs. ***p<(.001

(b). Fecundity: Fecundity in flies is one of the significant
reproductive features that plays a role in the survival and
sustainability of the species. This life history feature was also
measured in all the five CILs and their respective TILs. Bar
diagrams pertaining to this trait is presented in Figure5. The
mean fecundity between CILs and their respective TILs were
found to be statistically significant in all the five cases
(p<0.014), however, when comparisons were made among the
five CILs, no such distinct variation occurred. This indicates that
all the genetically different lines lay a comparable number of
eggs. Diet variation, particularly, due to an increase in protein
dose leaves its significant impact on egg laying. To assess the
trend of egg laying for the initial 10 days in CILs and TILs, the
progressive average calculation was undertaken and the results
fairly indicate an increasing trend of egg laying in all the lines,
except that one of the CILs did not show a promising increasing
trend (Figure6A & 6B). Increased dose of yeast causes a
significant boost in the egg laying in their consecutive days of
the treated lines. The role of genetic variation triggering this trait
displayed less than 50% role of genetic variation causing
fecundity variation for these lines (h? ranged between 0.29 to
0.48).
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toferule 1 solemae 2 isolemaie3 sctemale 4 olemale S
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Fig.5. Bar diagram showing average number of eggs (mean +
SE) in CILs and TILs. **p<0.01; ***p<0.001
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Fig. 6. Line diagram showing progressive average of fecundity
in isofemale lines in CILs (A) & TILs (B).

(c). Pupation height: One of the pre-adult behaviors, i.e.,
pupation height variation in the five CILs and TILs showed
interesting results. There occurred a significant difference in the
pupation height among the control as well as treated groups
(p<0.00001). Larvae reared on the normal food ingredients did
not prefer to ascent high in the measuring cylinders and the
majority of them even pupated on the food surface only.
However, larvae reared on the increased dose of yeast moved
upward and pupated significantly high in the culture cylinders
(Figure7). The survival possibility of pupae does increase for the
hatched flies eclosed in the drier area of the cylinder and
therefore, high protein content leaves its impact on the pre-adult
stage that indirectly enhances their survival possibility.

Number of pupae

W CILs Isofemalel ® CILs 1 aled # CILs Isofemaled ® CILs Isc

®T1Ls Isofemaled W TILs I

®TILs Isofemale] W T1Ls |

Fig. 7. Bar diagram showing distribution of pupae in CILs &
TILs isofemale lines.

(d). Biochemical pammeters: Three biochemical parameters
were assayed in the two sexes separately in control and treated
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isofemale lines to envisage the impact of elevated protein on
these parameters. In fact, it was hypothesized that an increased
dose of protein (in TILs) may be responsible to boost protein
along with their glucose and triglyceride content just because
these biochemical molecules are inter-convertible through
known pathways. The protein content measured in the two sexes
of 5CILs and their TILs and their comparisons are presented in
Figure8. Females in the control lines show a significantly higher
content of protein than their respective males. The scenario was
almost the same in treated lines where females possess higher
protein content than their respective males (Figure8A & 8B).
Comparison between control and treated females for their
protein content clearly indicates the significant increase in the
protein in all the five treated lines from their CILs. Similarly,
between males of CILs and TILs, significant difference
occurred, evidence that an extra amount of yeast causes an
increase in the protein content of the two sexes.
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Fig. 8. Bar diagrams showing average protein concentration
(mean + SE) in CILs and TILs in males (A) & females (B).
*#%p<0.001

Glucose content was found to be always higher in females than
males and among CILs, three lines showed highly significant
difference between the two sexes. The average glucose content
in CIL females ranged between 15.33 to 35.79 mg/dl and among
males, it ranged between 11.64 to 14.47mg/dl. Further, the range
of variation of glucose was evidently varying among females
than males, which showed insignificant difference among the
control lines (Figure9). Among treated lines also, females
showed elevated glucose content than their respective males.
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Here, in this group, all the five lines showed significant
difference (p<0.01) between the two sexes, nevertheless, this
difference was noted to be very high in TIL 3 and 5 (Figure9)
than in other lines. A comparison between CILs and TILs
females and males for their glucose content was also performed
shown in Figure9 A & 9B. The results of the female comparison
indicate a significant increase in the glucose content of three
lines (line 1, 2, and 4) of TIL whereas, similar comparisons done
for males showed an increase in glucose content in four TILs
from their respective control lines. Thus, increased yeast content
as a source of protein does influence even glucose levels in D.

ananassae.
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Fig. 9. Bar diagram showing average glucose concentmation
(mean = SE) in CILs and TILs in males (A) & females (B).
*p<0.05; **p<0.01; ***p<0.001

Average triglyceride content measured in the different lines of
females of the two groups revealed a significant difference
between CIL2, 3, and 5 and their respective TILs (Figure10 B),
whereas, among males of the two groups, this variation could be
observed in lines 2, 3 and 4 (Figurel10 A). When males and
females of CILs were compared, all the five lines showed
significant difference in the triglyceride content with a uniform
trend where females possessed higher content than their
respective males. In some of the TIL males (e.g., 2, 3, and 4,
figurel10A) significantly high content of triglyceride was
measured. However, no such excessive increase in triglyceride
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could be observed among males of CILs, except CILS which
possessed its high content. A similar analysis performed with
TILs females and males revealed that treated females possessed
significantly higher triglyceride (except TIL3) than their
respective males. The analysis also reveals that an extra dose of
yeast boosts triglyceride content in males compared to the
control males.
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females (B). **p<0.01; ***p<0.001

I'V. DISCUSSION

The reproductive life of semelparous animals is prominently
influenced by ecological factors especially the food availed
during the development and adult survival as a whole. The
increase in protein ingredients in the food may provide content
towards the betterment of the reproductive ability. The results of
this study clearly provide evidence that an increase in protein
intake leaves its positive impact on the mating, egg laying, and
pupation height, and a significant increase in all the three
metabolites, i.e., glucose, triglycerides, and protein in itself in D.
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ananassae. There may be a concern whether, the elevated
protein in food can lead to some deleterious effect on the
survival of the species and the answer for this could be, that
insects like Drosophila flies, since the time of their maturity get
actively involved in the reproduction and produce as many as
they can and therefore, if extra protein in diet benefits their
reproductive physiology, then it could be good for them. Mating
propensity in the genus Drosophila is influenced by a number of
genetic and environmental factors (Sisodia & Singh 20009;
Krishnamoorti & Singh 2014). There are substantial reports that
indicate the role of specific genes regulating sexual behavior in
Drosophila (Demir & Dickson 2005; Rideout, et al., 2010).
Mutations in certain genes can alter mating propensity and
several abiotic factors are responsible for influencing mating in
different species of Drosophila (Singh & Singh 2014; David et.
al., 2005). Factors like temperature, light, population density,
age, and nutritional status are the prime factors that affect mating
success in this genus (Singh & Chatterjee 1987; Singh & Singh
2018).

Results of the present study clearly show that mating success
increases in the flies of three treated lines compared to their
respective control lines. Fecundity was found to significantly
increase in the four lines, out of which, three had already shown
increased mating propensity. Although fecundity in all the five
treated lines was found to increase, however, line 2 did not
depict a noteworthy difference from its control line. Progressive
average calculation gives a very clear idea, whether a steady
increase in the fecundity occurs with advancing age and, the
results in this regard indicate that an increased dose of protein
boosts egg production within ten days of the duration of
observation. Even though, ageing would affect fecundity in the
control as well as treated groups, the results of fecundity
experiments give a clear sign that the initial phase of life in
Drosophila becomes more productive for them particularly,
when they are fed on a high dose of protein.

Pupation height in Drosophila is also known to be influenced
by genetic as well as environmental factors (Zhang et al., 2020;
Bauer &Sokolowski 1985). Researchers have investigated the
role of moisture and temperature on the selection of pupation
sites which imparts the possibility of survival of the pupae (Du
et al., 2020; Rezende et al., 2020). The variation in food
composition triggering stimulus to pupate substantially away
from the usual location has not been investigated so far. In this
study, third instar larvae reared on high dose of protein moved
significantly higher heights than those of control lines. Thus,
there is a clear indication that food composition, particularly an
increased dose of protein stimulates the third instar larvae to
seek high heights for pupation, possibly it is a kind of adaptation
to seek more drier areas for the enhanced chance of survival
Thus, the pupation behavior in D. ananassae is distinctly
influenced by an increase in yeast content in the food medium.
Treated larvae ascended significantly high in the upper strata of
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measuring cylinders used to rear flies and as a result, the scope
of their survival gets increased than those flies who exit from the
pupae settled at the food surface. The role of high protein may
be as a triggering force for the change in pupation behavior that
ultimately benefits the survival of the flies.

There are well-established routes in the biochemical pathways
that help in the conversion of one bimolecular parameter into
another to meet out energy demand in the living system (Judge
& Dodd, 2020). Hence, it was decided to monitor the fate of
increased protein content in genetically varied lines from the
normal to treated conditions. The results clearly show that
elevated content of food protein in the treated groups do increase
the total protein content in them compared to the control lines.
Besides this, an increase in the other two biochemical
parameters (glucose and triglycerides) also takes place, which is
an indication that the extra amount of protein finds its way to get
modified into glucose and fatty acids. There might be
biochemical pathways in insects including Drosophila where the
increase in one major food constituent may lead to an increase in
other body parameters to maintain biochemical homeostasis.
Barragan-Fonseca et al., (2019) investigated the effects of
dietary protein and carbohydrates on life-history traits and body
black
fly (Hermetiaillucens) and reported that heavier black soldier
larvae had a higher crude fat content which they expected to be

protein and fat contents of the soldier

important for adult fitness because an increase in weight
generally increases the fecundity of flies (Gobbi et al., 2013).
There are a few sporadic reports regarding the effect of diet on
protein, glucose, and fat content in D. melanogaster. The
protein content in Drosophila is influenced by dietary protein
intake. High-protein diets increase overall protein content in the
flies, affecting growth, reproduction, and longevity. Zanco et al.,
(2021) explained that a high-protein diet can enhance growth
and reproduction; it may reduce lifespan by compromising gut
barrier function. High-sugar diets can lead to elevated glucose
levels and are used to study diabetes-like conditions in flies
(Musselman et al., 2011). The fat content in Drosophila is
significantly modulated by dietary fat and carbohydmate intake.
High-fat diets increase lipid storage in flies, which is used to

study obesity and related metabolic disorders (Heinrichsen &
Haddad, 2012).

V. CONCLUSION

This study highlights the significant influence of dietary
protein on key reproductive and developmental traits in D.
ananassae. Flies reared on a high-protein diet demonstrated
enhanced mating success, fecundity, and altered pupation
behavior, likely contributing to better survival prospects. The
increased biochemical reserves in protein-fed flies further
suggest metabolic adaptations for meeting energy demands.
These findings support the notion that high protein intake is
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crucial for optimizing reproductive output in r-selected species
like Drosophila.
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