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Abstract
Drosophila melanogaster is an ideal model organism for developmental studies. This study
tests the potential of semolina-jaggery (SJ) diet as a new formulation for bulk rearing of flies.
Semolina and jaggery are organic products obtained from wheat endosperm and cane sugar,
respectively. Semolina is a rich source of carbohydrates and protein. Jaggery has a high
content of dietary sugars. Moreover, preparation of semolina jaggery diet is cost-effective and
easy. Thus, the current study aimed to compare survival and developmental parameters of
flies fed the SJ diet to flies fed the standard cornmeal-sugar-yeast (CSY) diet. SJ diet
enhanced survival of flies without affecting fecundity; male flies showed increased resistance
to starvation. A higher number of flies emerged at F2 and F3 generation when fed the SJ diet
than when fed the control CSY diet. SJ diet did not increase fly body weight and lipid
percentage. Therefore, SJ diet can be used for bulk rearing of healthy flies at par with the
standard cornmeal-sugar-yeast diet.
Keywords: Drosophila melanogaster, bulk rearing, semolina-jaggery diet, longevity
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Introduction
The fruit fly Drosophila melanogaster is the most studied and well-established model
organism in biological research.1 Flies exhibit a short generation time and high fecundity and
have a well-differentiated central nervous system, cardiac anatomy, malphigian tubules
(mammalian kidney analogues), and fat body (mammalian adipose tissue analogues).2-7 Also,
the ease of inducing gene knockouts and mutagenesis has rendered D. melanogaster as a
powerful model to pursue demographic studies on various metabolic disorders.8
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Although rearing flies is a relatively simple process, it requires knowledge of the appropriate
individual components in media formulation. Originally, Thomas Hunt Morgan used banana
medium to rear flies under laboratory conditions. 9 Thereafter, various modifications have led
to the development of simple and economic fly rearing media. Prior rearing of flies in an
appropriate food medium is an imperative in any given study. Most pharmacological,
gerontological, and demographic investigations require an abundance of flies for individual
treatment.10-14 Thus, the maintenance of a bulk population of flies in such studies is of prime
significance.
Semolina is an organic resource obtained from coarsely ground wheat endosperm.7
Production of semolina is widely distributed and used around the globe for the preparation of
cereals, pasta, spaghetti, etc.7, 15, 16 Semolina is nutritious with high carbohydrate and protein
content.15 Semolina contains 70.9% carbohydrate, 12.3% protein, 4.4% fat, and 11.6%
moisture, with a caloric content of ~ 372 kcal/100 g.15 Moreover, semolina has a low
glycemic response, which makes it a healthy palatable choice.17 Jaggery is a non-centrifugal
organic product of cane sugar and is a good source of dietary sugars.18 It is composed of up to
50% sucrose, 20% invert sugars, and 20% moisture, with ash, protein, and bagasse fines
making up the remainder.18 Production of jaggery is vastly spread, with a world annual
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production of 11.05 million tons.10 Moreover, jaggery has been shown to possess various
medicinal properties that include antioxidant, anti-oxygenic, and anti-carcinogenic.10, 19, 20
Prices range from approximately $0.25 to $1.00 per kilogram for semolina and $1.00 to $3.00
per kilogram of jaggery, thereby making them an cost-effective choice. Besides, quick and
hassle free preparation of semolina-jaggery (SJ) diet might prompt students and novice flyhandlers, along with professional investigators, to use the SJ diet with ease. Thus, it is
worthwhile to investigate the potential of the SJ diet to be incorporated as an optimal medium
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for bulk rearing of flies, at par with regularly used cornmeal-sugar-yeast diet.
The main objective of the study was to evaluate survival and development of flies reared on
SJ diet. Different parameters were analyzed: fly longevity, fecundity, eclosion time, filial
generation, lipid percentage, and weight. In addition, flies were analyzed for their resistance
to starvation upon being fed with SJ diet.
Results and Discussion
Effect of semolina- jaggery diet on survival and fecundity in flies
Longevity and fecundity are excellent indicators of good health in any organism. Flies were
reared on SJ diet to assess whether the diet could elicit beneficial survival and development
traits for bulk production. A pilot study was performed with varying range of semolina and
jaggery (2.5%, 5%, 10%, and 15%) to screen for the optimum formulation for maintenance of
a healthy fly population. Fig. 1a and 1b depict the effect of different concentrations of SJ
diet (2.5%, 5%, 10%, and 15 %) on fly longevity. Among the diets, only 10% SJ diet was
able to significantly extend lifespan of both male and female flies. Male flies reared on 10%
SJ diet had a mean lifespan of 46 ± 0.98 days (P < 0.001) as compared to 40.78 ± 1.08 days
on CSY diet (Fig. 1c). Female flies reared on 10% SJ diet had mean lifespan of 40 ± 1.03
days (P < 0.001) as compared to 35.53 ± 0.95 days on CSY diet (Fig. 1c). Organic products
3

are associated with higher amounts of vitamins, essential amino acids, and polyphenols. A
recent study has highlighted the health benefits to Drosophila melanogaster provided by
organic foods.21 Semolina and jaggery are organic by-products of plants with high nutritive
value.15-18, 22 This might partly explain the positive benefits of the SJ diet on flies.
Diminished reproductive output is a frequent trade-off associated with prolonged
lifespan.22-26 As such, female fecundity was analyzed in flies reared on 10% SJ diet to
warrant for the extended longevity. Fecundity was unaffected in female flies reared on 10%
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SJ diet as compared to CSY diet (Fig. 2). This observation is crucial since bulk production
requires healthy maintenance of flies with unaltered life-traits. Thus, it could be safely
inferred that enhanced survival of flies reared on SJ diet was not at the expense of reduced
fecundity.
Semolina- jaggery diet improved fly output at F2 and F3 generation
Even though ample nutrition is required during larval growth and development, there is a
threshold nutritional requirement beyond which excess nutrition might prove detrimental.
Since the SJ diet extended lifespan in flies, it was imperative to note any probable changes in
developmental parameters of larvae reared on this diet. Data from eclosion time were
comparable with those observed for the control CSY diet, with no significant changes in
larvae eclosion time when reared on 10% SJ diet (Fig. 3). An appropriate fly-rearing diet
should sustain multiple filial generations without a decline in fly output. As such, the number
of flies emerging during F1 to F3 filial generations was compared between 10% SJ diet and
control CSY diet. As shown in Fig. 4, 10% SJ diet exhibited no significant change in number
of emerged flies at F1 generation. However, a significantly higher number of flies emerged in
10% SJ diet, with 208 flies in the F2 generation (P < 0.001) and 209 flies in the F3 generation
(P < 0.01), as compared to CSY diet, with 187 flies in the F2 generation and 188 flies in the
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F3 generation. Thus, the SJ diet is nutritionally favorable for the sustenance of multiple
generations of flies.
Male flies exhibited enhanced starvation resistance upon rearing on semolina- jaggery
diet
Improved longevity and developmental traits in flies grown in the SJ diet prompted us to
hypothesize that the SJ diet could enhance stress resistance in flies. As such, flies reared on
SJ diet were subjected to starvation stress. However, obtained data were only partly in favor
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of our hypothesis as only male flies exhibited significant resistance to starvation when reared
on 10% SJ diet (Fig. 5a and 5b). As shown in Figure 5(c), male flies reared on 10% SJ diet
showed a mean lifespan of 44 ± 2.82 hours (P < 0.001), as compared to 37 ± 2.08 hours on
CSY diet, while female flies did not exhibit significant differences between the respective
diets.
Body weight and lipid percentage of flies remained unchanged with semolina- jaggery
diet
Diets rich in carbohydrate content have been associated with obesity and insulin resistance in
flies.

27, 28

Semolina and jaggery are good sources of carbohydrates and proteins.15-18, 22 Thus,

flies reared on the SJ diet were assessed for any changes in body weight and lipid percentage
and compared to flies reared on the CSY diet. There was no significant increase in body
weight in male and female flies when reared on 10% SJ diet (Fig. 6). Lipid percentages in
male and female flies reared on 10% SJ diet were comparable to those of flies reared on
control CSY diet (Fig. 7).
Semolina-jaggery diet can be used as an optimal diet for fly rearing and maintenance

5

Different formulations of SJ diets were used to select an optimum diet formulation. Among
2.5%, 5%, 10%, and 15% SJ diets, 10 % SJ diet enhanced survival in male and female flies
without compromising female fecundity. With SJ diet, more flies emerged at F2 and F3 filial
generations. The SJ diet did not have detrimental effects on body weight and lipid percentage
in flies. Male flies fed with the SJ diet exhibited increased resistance to starvation. Therefore,
these results emphasize that the semolina-jaggery diet can be optimally incorporated for bulk
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rearing of flies at par with the standard cornmeal-sugar-yeast diet.

Materials and methods
Diet preparation
Semolina-jaggery (SJ) diet was prepared at 2.5%, 5%, 10%, and 15% concentrations (Table.
1). To prepare one liter SJ diet, jaggery was completely dissolved in 500 ml of lukewarm
distilled water followed by addition of semolina. Quantities of all ingredients are given in
Table 1. The mix was boiled for 10 minutes with continuous stirring to obtain a viscous
consistency. Agar was dissolved in 100 ml of warm distilled water and added to the mix.
Final volume was made up by addition of distilled water and the mix cooked for another 10
minutes with continuous stirring. Care should be taken to stir continuously during
preparation, as uncooked semolina tends to clump at the bottom. When the temperature
reached 70°C, propionic acid and methyl paraben were added and mix was immediately
dispensed into vials. The cornmeal-sugar yeast (CSY) diet [5.2% cornmeal, 11% sugar, 2.4%
autolyzed yeast extract, 2% agar, 0.3% propionic acid, 3% methyl paraben] was used as
control due to its rigorous use as a standard diet in many studies. 29, 30
Fly husbandry

6

Experiments were performed with wild type Canton-S (CS) flies reared at 25°C ± 1°C on
12:12 hours light:dark cycle under standard fly rearing conditions. Prior to the assays, flies
were bulk reared in 300 ml polypropylene bottles containing 30 ml of standard cornmeal diet.
Each bottle housed 50 flies to avoid overcrowding. Eggs were carefully collected over 24
hours and transferred to new bottles containing SJ diet (30 ml). Eggs were allowed to hatch
followed by larval pupariation. For all assays, newly eclosed flies were collected and allowed
to mate for 48 hours. Flies were then segregated according to their sex and used for
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subsequent assays. For evaluation of eclosion time and filial generation, flies were reared in
300 ml bottles, each with 30 ml of SJ diet. For the remaining assays, flies were reared in 50
ml polypropylene vials, each with 7 ml of SJ diet. The same procedures were followed for
control CSY diet.
Longevity assay
To measure fly longevity, single-sex flies were segregated into vials containing the respective
diet. Flies were transferred to vials with fresh food every two days; during this time, the
number of dead flies was recorded. Assay was continued until all flies were dead. For diet
and sex, 10 replicate vials were set up with 30 flies in each vial.
Measurement of fly fecundity
Newly eclosed flies were kept in groups of 2 males and 2 virgin females on the respective
diets. Flies were transferred to fresh diet every day and the number of eggs laid was counted
every day for 15 days. For each diet, 10 replicates were set up, with two males and two
females in each replicate.
Eclosion time

7

Freshly hatched, age matched 1st instar larvae were collected from bulk fly stock cultures and
carefully transferred to bottles with individual diet. Larvae were allowed to rear and
pupariate. Each pupa was numerically marked on the side of bottles and observed further.
Time required by individual larvae to pupariate and eclose as a fly was monitored and noted
down. For each diet, 5 replicates were set up with 50 flies in each bottle.

Filial generation
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The assay was initiated by placing 3 pairs of newly eclosed, adult male and female flies in
bottles having respective diets. This generation of flies, designated as parental (P) generation,
gave rise to the first filial (F1) generation. Parental flies were removed after 48 hours to
ensure synchronous larval growth. Larvae obtained from P generation were allowed to rear,
pupariate and emerge as F1 flies. The number of F1 generation flies was counted and noted
down. From F1 generation flies, 3 pairs of randomly selected male and female flies were
transferred to bottles with fresh diets, which ultimately gave rise to second filial (F2)
generation. The procedure was repeated to obtain F3 generation. For each diet, 10 replicates
were set up.

Starvation resistance
Newly eclosed adult young flies were allowed to feed on respective diet for 15 days. In the
post-treatment, groups of single sex flies were kept in vials containing 1% agar and
transferred to fresh vials for every 5 hours. Number of dead flies was recorded during each
transfer. For each diet and sex, 10 replicate vials were set up, with 30 flies in each vial.

8

Body weight
Newly eclosed, single sex flies were allowed to feed on respective diets for two weeks. Flies
were then subjected to mild etherization followed by immediate measurement of body
weight. For each diet, 10 replicate vials were set up, with 10 flies in each vial.
Estimation of total lipid
Lipid content in flies was estimated according to the van Handel’s protocol, with slight
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modifications.

31

Newly eclosed single flies were fed on respective diet for 15 days. To

prepare fly extract, three single sex flies were pooled from the respective medium and
homogenized in 2% sodium sulphate followed by addition of double volume of
chloroform/methanol mix (1:1 v/v). Centrifugation was performed at 4000 rpm for 8 minutes
at 4°C. The supernatant was made up with double distilled water and centrifuged again. The
lower fraction of the supernatant was collected for estimation of total lipid content. The lower
fraction of fly extract was diluted five times with chloroform and boiled until complete
evaporation. Concentrated sulphuric acid was mixed with the solution and boiled for 10
minutes. After cooling, freshly prepared vanillin reagent was added and thoroughly mixed.
Absorbance was measured at 525 nm. For each diet and sex, 10 replicate vials were set up,
with 10 flies in each vial.
Statistical analysis
Survival curves were prepared by Kaplan-Meier survival analysis and analyzed using the
OASIS software.

32

Fecundity and eclosion time were interpreted by nonparametric t-tests

using Graph-Pad Prism software. Remaining experiments were analyzed by ANOVA
followed by post-tests using Graph-Pad Prism software. For all assays, P-values for levels of
significance are represented as * < 0.05, ** < 0.01, and *** < 0.001.

9
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Table 1: Composition of semolina-jaggery diet
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Semolina (g, w/v)
Jaggery (g, w/v)
Agar (g, w/v)
0.3% Propionic acid (ml, v/v)
3% Methyl paraben (ml, v/v)
Final volume (ml)

2.5% SJ 5% SJ 10% SJ 15% SJ
25
50
100
150
25
50
100
150
20
5
30
1000
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Figure Legends:
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List of Figures

Figure 1. Effect of different concentrations of semolina-jaggery diet on fly longevity. (a)
Survivorship of adult male flies. (b) Survivorship of adult female flies. Data presented as
percentage survival of flies as function of time (in days). Percentage survival was calculated
using Kaplan-Meier survival analysis using OASIS software. (c) Mean lifespan of male and
female flies. Interaction between diet and sex was P < 0.001, two-way ANOVA. ** P < 0.01,
*** P < 0.001, two-way ANOVA, Bonferroni post-test (control CSY vs. different
concentration of SJ diet). For each diet and sex: replicates = 10, n = 30 flies in each replicate.
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Figure 2. Effect of semolina-jaggery diet on female fecundity. Data presented as mean
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number of eggs laid by a female per day with error bars denoting standard deviation, unpaired
t-test, non-parametric (control CSY vs. 10% SJ diet). Ten replicate vials were set up for each
diet, with two males and two females in each replicate.

16

Figure 3. Time required for emergence of flies from pupal cases in different diets. Data
presented as mean eclosion time (in hours) with error bars denoting standard deviation,
Downloaded by [UNSW Library] at 04:00 11 August 2015

unpaired t-test, non-parametric (control CSY vs. 10% SJ diet). First instar larvae were
allowed to rear on respective diets till pupation. The pupae were marked on sides of vials and
time taken by individual pupae to eclose as a fly was noted down. For each diet, replicates =
5, n = 50 flies in each replicate.
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Figure 4. Effect of semolina-jaggery diet on multiple filial generations. Data presented as
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number of flies emerging at F1, F2 and F3 filial generations with error bars denoting standard
deviation. Interaction between diet and filial generation was P < 0.01, two-way ANOVA. **
p < 0.01, *** p < 0.001, two-way ANOVA, Bonferroni post-test (control CSY vs. 10% SJ
diet). For each diet, replicates = 10, with three pairs of male and female in each replicate.
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Figure 5. Effect of semolina-jaggery diet on starvation stress in flies. (a) Percentage survival
of adult male flies fed during starvation stress. (b) Percentage survival of adult female flies
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during starvation stress. Data presented as percentage survival of flies during starvation stress
as function of time (in hours). Percentage survival was calculated by Kaplan-Meier survival
using OASIS software. (c) Mean survival of male and female flies during starvation stress.
Error bars denote standard deviation. Interaction between diet and sex was P < 0.001, twoway ANOVA. *** p < 0.001, two-way ANOVA, Bonferroni post-test (control CSY vs. 10%
SJ diet). For each diet and sex, replicates = 10, n = 30 flies in each replicate.
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Figure 6. Effect of semolina-jaggery diet on body weight of male and female flies. Data
represented as mean weight (mg) per 10 flies with error bars representing standard deviation.
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Interaction between diet and sex was P < 0.001, two-way ANOVA, Bonferroni post-test
(control CSY vs. 10% SJ diet). For each diet and sex, replicates = 10, n = 10 flies in each
replicate.
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Figure 7. Effect of semolina-jaggery diet on lipid percentage in male and female flies. Data
represented as mean lipid percentage (%) with error bars representing standard deviation. For
individual diet and sex, lipid percentage per fly was calculated by dividing total lipid
concentration by body weight per fly. Interaction between diet and sex was P < 0.05, twoway ANOVA, Bonferroni post-test (control CSY vs. 10% SJ diets). For each diet and sex,
replicates = 10, n = 10 in each replicate.
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