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Comparison of diets for rearing the larvae of Mediterranean fruit
fly: nutritional and economic aspects

Comparacao de dietas para criacao de larvas da mosca-do-
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Abstract

The Mediterranean fruit fly Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) is the main
pest of fruit crops worldwide due to its broad distribution, direct damages, and adaptation to different
hosts. Developing diets for the rearing fruit flies is essential for integrated management of this pest.
Mass rearing of parasitoids, selection of preferred hosts, and mass rearing of genetically modified C.
capitata strains subsidize methods of biological control, cultural control, and the sterile insect technique
(SIT), respectively, depending directly on the mass rearing of the Mediterranean fruit fly. The aim of
this study was to assess the effectiveness of artificial diets for rearing C. capitata larvae considering the
cost of those most appropriate diets. Nine diets containing different combinations of protein and energy
sources (brewer’s yeast, yeast extract, pollen, soybean extract, oatmeal, corn meal, and wheat germ)
were formulated. The parameters immature development time (hatching), pupal viability (emerged
adults), size and weight of pupae, and adult size (wing length) were assessed. The experiments were
conducted in the laboratory under controlled conditions of temperature (26 = 1 °C) and relative humidity
(70% = 10%). Statistical analysis was performed by using ANOVA with the Tukey’s test for comparison
of means. Diets based on oatmeal and soybean extract, both added with brewer’s yeast, yeast extract,
or pollen satisfactorily meet the nutritional requirements of C. capitata. Moreover, diets enriched with
brewer’s yeast or yeast extract presented the lowest costs; therefore, they could be used in a continuous
mass-scale rearing of C. capitata. Diets based on corn meal and soybean extract, both associated with
brewer’s yeast, yeast extract, or pollen are more economical, but they should not be used for rearing C.
capitata because they decrease the percentage of hatching and extend life cycle. Diets based on wheat
germ and oatmeal, both added with brewer’s yeast, yeast extract, or pollen are not adequate for rearing
C. capitata.
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Resumo

A mosca-do-mediterraneo Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritidae) ¢ a principal
praga da fruticultura mundial pela sua ampla distribuicdo, danos diretos ¢ adaptagdo a diversos
hospedeiros. O desenvolvimento de dietas para criagdo de moscas-das-frutas é fundamental para o
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manejo integrado dessa praga. Criacdo massal de parasitoides, sele¢do de hospedeiros preferenciais e
criagdo massal de linhagens de C. capitata geneticamente modificadas subsidiam métodos de controle
bioldgico, cultural e a técnica do inseto estéril, respectivamente, dependendo diretamente da criagdo
massal da mosca-do-mediterraneo. O objetivo do trabalho foi avaliar a eficacia de dietas artificiais
para cria¢ao de larvas de C. capitata, levando-se em conta o custo daquelas mais adequadas. Nove
dietas contendo diferentes combinagdes de fontes proteicas e energéticas (levedo de cerveja, extrato
de levedura, polen, extrato de soja, aveia, fuba de milho e gérmen de trigo) foram formuladas. Os
seguintes parametros foram avaliados: tempo de desenvolvimento dos imaturos (eclosdo-emergéncia),
viabilidade pupal (adultos emergidos), tamanho e peso das pupas ¢ tamanho dos adultos (comprimento
da asa). Os experimentos foram conduzidos em laboratério em condi¢des controladas de temperatura
(26 £ 1°C) e umidade relativa (70% + 10%). Para a analise estatistica utilizou-se ANOVA com teste
Tukey para comparagdo das médias. As dietas a base de aveia e extrato de soja, acrescidas de levedo
de cerveja ou extrato de levedura ou polen, atendem satisfatoriamente as exigéncias nutricionais de
C. capitata, sendo aquelas acrescidas de levedo de cerveja ou extrato de levedura de menores custos,
podendo ser utilizadas em criagdes continuas e em escala massal de C. capitata. Dietas compostas por
fuba de milho e extrato de soja, acrescidas de levedo de cerveja ou extrato de levedura ou pélen, apesar
de mais econdmicas nao devem ser utilizadas para criagdo de C. capitata, pois diminuem a porcentagem
de emergéncia e prolongam o ciclo de vida. Dietas compostas por gérmen de trigo e aveia, acrescidas
de levedo de cerveja ou extrato de levedura ou pdlen nao sdo adequadas para criagdo de C. capitata.

Palavras-chave: Ceratitis capitata. Criagao massal. Custo de producao. Proteina.

Introduction

The Mediterranean fruit fly Ceratitis capitata
(Wiedemann, 1824) (Diptera: Tephritidae) is one of
the main pest of fruit crops worldwide, presenting a
wide geographical distribution and great diversity
of hosts (SILVA, 2000). The most modern technique
for its control is the sterile insect technique (SIT),
which consists of releasing sterile males of fruit flies
in the field to compete with those wild for females
aiming at progressively decreasing their population
(DIAS; GARCIA, 2014). The development of
viable artificial diets for mass rearing of insects to
be used in this technique, both from a nutritional and
economic point of view, is essential for its effective
implantation and maintenance (HERNANDEZ et
al., 2010).

Several diets have been used in the large-scale
commercial production of fruit flies worldwide
(ALUJA et al., 2001). In a mass rearing for sterile
insects, the use of diets to ensure the production
of males with standardized sizes and larger than
those found in nature are relevant to the success
of this technique since male size is an important
factor during copulation (ANJOS-DUARTE et al.,
2011; AQUINO; JOACHIM-BRAVO, 2014). A

good nutrition in the larval phase is necessary for
a proper development, affecting survival and adult
size (CRESONI-PEREIRA; ZUCOLOTO, 2009).

In nature, the host used as food in the larval
phase (ZANARDI et al., 2011) affects biological
parameters such as immature development time,
pupal and adult weight and viability, pre-oviposition
period, and daily and total fecundity of C. capitata.
In laboratory tests, adult females and males of C.
capitata fed in the larval phase diets with a higher
amount of protein are much larger when compared
to adults reared with a smaller amount of this
nutrient (ANJOS-DUARTE et al., 2011; SILVA
NETO et al., 2012). Thus, choosing an adequate
protein source for a diet formulation for fruit flies is
a key factor for the success of a mass rearing.

Larvae and adults of holometabolous insects
such as fruit flies have, in general, different food
habits and may present distinct nutritional and
diet physical aspect requirements such as texture
and water content (JOACHIM-BRAVO, 2009).
Thus, not always a diet formulated for one stage
is ideal for another, which may affect rearing
costs. Additionally, some diet ingredients may be
costly; therefore, even if nutritionally viable, they
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should be replaced for the economic feasibility of
rearing colonies, if minimum acceptable biological
parameters are kept (FAO/IAEA/USDA, 2003).
Silva Neto et al. (2012), for example, working with
diets for adults of C. capitata, obtained better results
for biological parameters of fruit flies when using
yeast extracts produced in Brazil in substitution of a
most costly imported hydrolyzed protein.

Different artificial diets for rearing larvae
and adults of C. capitata have been developed to
meet both nutritional requirements and the low
production cost (JOACHIM-BRAVO et al., 2006;
NESTEL; NEMNY-LAVY, 2008; SILVA NETO et
al., 2012). The diets most commonly used for rearing
C. capitata larvae are based on yeast or soybean
extract as protein sources (CHAN et al., 1990), as
well as soybean meal or oatmeal, which are also
rich carbohydrate sources (JOACHIM-BRAVO et
al., 2006). Pollen is considered an essential protein
source for larvae and adults of bees and other

insects (ZERBO et al., 2001), also presenting lipids,
ashes, and carotenoids (ALMEIDA-MURADIAN
et al., 2005). Despite the high nutritional value of
pollen and other nutritional sources such as yeast
extract, little is known about their effects in rearing
Tephritidae insects.

In order to obtain an economically and
nutritionally viable diet, this study aimed to assess
the effectiveness of several combinations of low
cost and easy-to-obtain energy and protein sources
in rearing Mediterranean fruit flies in the larval
phase.

Material and Methods

The experiment was carried out under laboratory
conditions in a completely randomized design
with nine treatments (diets) (Table 1) and three
replications with each plot consisting of 20 Petri
dishes containing one egg of C. capitata, totaling
60 dishes per treatment.

Table 1. Ingredients and respective compositions of the studied diets (g) for larvae of Ceratitis capitata (Diptera:

Tephritidae).
. Diet composition (g)
Ingredient T T2 T3 T4 T5 T6 T7 T8 19
Brewer’s yeast 43 — - 43 - - 43 — —
Yeast extract - 43 - - 43 - - 43 -
Pollen - — 43 - - 43 - - 43
Soybean extract 163 163 163 - - - 163 163 163
Oatmeal 163 163 163 163 163 163 - - -
Corn meal - — - 163 163 163 - - -
Wheat germ - — - — - — 163 163 163
Sugar 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5 41.5
Sodium benzoate 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Nipagin 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25
Citric acid 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Water (mL) 500 500 500 500 500 500 500 500 500

Diets T1, T2, and T3 were prepared based on
soybean extract and oatmeal with brewer’s yeast,
yeast extract, and pollen, respectively. Diet T1
(with brewer’s yeast) was considered as a standard
since it has been commonly used in fruit fly diets.

Bionis® yeast extract is successfully used in adult
diets of fruit flies and present a higher amount of
protein. Pollen also has an energy source although
containing proteins. Diets T4, TS5, and T6 were
formulated with corn meal and oatmeal (two energy
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sources) and the addition of brewer’s yeast, yeast
extract, and pollen, respectively. Finally, diets T7,
T8, and T9 were based on soybean extract and wheat
germ (protein and energy sources) with brewer’s

yeast, yeast extract, and pollen, respectively. All
diet ingredients presented a variation in the amount
of carbohydrates and proteins (Table 2).

Table 2. Nutritional information on ingredients used in diets for larvae of Ceratitis capitata (Diptera: Tephritidae).

Nutritional information

Ingredient (100g) Carbohydrate (g) Protein (g) Total fat (g)  Calcium (mg) Iron (mg)
Brewer’s yeast 32.0 46.7 0.0 100.0 20.0
Yeast extract 17.0 65.0 0.3 - -
Pollen 2.7 2.5 0.7 - -
Soybean extract 26.0 43.3 21.0 — 5.0
Oatmeal 65.0 10.0 10.0 10.0 2.5
Corn meal 97.5 7.5 2.5 - 2.5
Wheat germ 52.0 23.0 10.0 — —

Diets were prepared by mixing all dry ingredients,
except for Nipagin, which was diluted in alcohol,
and sodium benzoate and citric acid, which was
diluted in 250 mL of water. The remaining water
(250 mL) was gradually added until a consistent and
homogeneous mixture was obtained. Subsequently,
5 g of these diets were distributed in Petri dishes,
being identified, and maintained under refrigeration.

Eggs of C. capitata were collected from
laboratory rearing and after asepsis, distributed
in Petri dishes containing de different diets.
Subsequently, diets were placed in plastic trays,
covered with wood paper, and conditioned in a
climatized room at a temperature of 26 + 1 °C and
relative humidity of 70 &+ 10%.

The assessments were performed daily from
the larval hatching to adult emergence without
changing the diets. Pupal mass was obtained of
pupae with 24 hours by using a precision scale
and pupa measurements (length and diameter)
using a stereomicroscope (ZART et al., 2010).
The pupae were individualized and placed in Petri
dishes containing a thin layer of vermiculite. After
emergence, the adults were fixed in 70% alcohol for
measuring the wings. Adult size (estimated by the
measurement of the distance between the nervures

R

445
obtained by using a stereomicroscope equipped with

and cu-m of the right wing of females) was

a micrometric eyepiece with 0.5 mm conversion in a
20-fold increase. The viability and pupal size (mass,
length, and diameter), duration of the period from
egg to adult and adult size (wing measurement)
were assessed. The data were submitted to analysis
of variance and the means compared by the Tukey’s
test at 5% probability using the programs SISVAR
and R Core Team (2015).

A cost analysis was carried out in September
2016, considering the price of ingredients in the
diets with satisfactory results (soybean extract and
oatmeal from Advir Produtos Naturais Integrais®
and corn meal from Bahia®), in addition to the
brewer’s yeast from Advir Produtos Naturais
Integrais®, yeast extract from Bionis®, and pollen
from Apis Jordans.

Results and Discussion

Pupal viability and the total cycle of C. capitata
varied significantly between treatments. Diets T1
(considered as the standard diet and presenting
brewer’s yeast, soybean extract, and oatmeal), T2
(yeast extract, soybean extract, and oatmeal), and
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T3 (pollen, soybean extract, and oatmeal) presented
emergence percentages of 73, 83, and 60%,
respectively. These three diets presented a lower
development time (18, 19 and 19 days, respectively),
being equal to each other and significantly different
from diets T4, T5, and T6 (Table 3). Diets T4, T5,

and T6 were inadequate as they presented a pupal
viability of 6% (T6) to 21% (T4) and cycle length
of 20 (T4) to 23 days (T6). Diets T7, TS, and T9
presented the worst performances, with a total
absence of pupal formation. Thus, variables related
to pupal and adult size were obtained only for diets
T1 to Té.

Table 3. Pupal viability (%) and the total cycle of Ceratitis capitata (Diptera: Tephritidae) according to diets offered

to the larvae.

Dict Pupal viability ~ Immature development
(%) (days)*
T1 (standard diet)** 73 18a
T2 (soybean extract + oatmeal + yeast extract)** 83 19a
T3 (soybean extract + oatmeal + pollen)** 60 19a
T4 (corn meal + oatmeal + brewer’s yeast)** 21 20b
T5 (corn meal + oatmeal + yeast extract)** 13 21b
T6 (corn meal + oatmeal + pollen)** 06 23c

T7 (soybean extract + wheat germ + brewer’s yeast)**
T8 (soybean extract + wheat germ + yeast extract)**
T9 (soybean extract + wheat germ + pollen)**

Means followed by the same letter do not differ from each other (p > 0.05) by the Tukey’s test.

* Means transformed into +/x + 1.

** Ingredients with sugar, sodium benzoate, Nipagin, citric acid, and water.

Diets based on oatmeal and soybean extract, with
the addition of brewer’s yeast (T1), yeast extract
(T2), and pollen (T3), produced larger pupae,
not differing from each other. The pupal size was
significantly higher in the diet T1 when compared to
the diets T4, TS, and T6, which resulted in smaller
pupae (Figure 1A). Pupal diameter varied according
to the diets. In this sense, diet T6 provided pupae
of smaller diameter, with no significant differences
between diets (Figure 1B). No effect of diet on the
pupal mass (Figure 1C) was observed. As expected,
diet T6, which provided pupae of smaller length and
diameter, also resulted in significantly smaller fruit
flies (Figure 1D). Overall, diets containing oatmeal
plus corn meal with addition brewer’s yeast, yeast
extract, or pollen should not be used in mass rearing
of C. capitata since they reduce pupal and adult size
and hence adult quality regarding the ecological and
reproductive aspects.

Diet T1 (standard) allowed adult development
in a shorter time (18 days), greater pupal viability
(73%), and greater adult size (average of 2.89 mm).
These results are in accordance with those obtained
by Joachim-Bravo et al. (2006), who obtained good
results in rearing C. capitata larvae from a diet
containing sucrose and the same ingredients of diet
T1 of our study. These authors found immature
development in a shorter time (19 days) and higher
emergence percentage (96%) and adult size (average
of 2.87 mm). Artificial diets must meet insect needs
with nutrients required for their development, with
protein and energy sources such as carbohydrates.
The oatmeal and soybean extract-based diet, with
the addition of brewer’s yeast (T1), presented good
results maybe because it presented adequate physical
characteristics and provided an appropriate balance
between proteins (soybean extract and brewer’s
yeast) and carbohydrates (oatmeal) required for the
development of C. capitata larvae.
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Figure 1. Pupal length (A), pupal diameter (B), pupal mass (C), and adult size (D) of Ceratitis capitata (Diptera:

Tephritidae) as a function of diets offered to the larvae.
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Diets T4, T5, and T6 provided a life cycle
extension of C. capitata and reduction of adult
emergence, reaching indices less than 50%. When
the nutritional needs of insects are not met by the diet,
problems of performance, increased development
time, and adult size may occur (CRESONI-
PEREIRA; ZUCOLOTO, 2009). Problems such
as dehydration over the days and hardening were
observed in the corn meal-based diet. These aspects
may have hampered the movement and feeding of
larvae, as well as gallery formation since they were
always found on diet surface, leading to a higher
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energy expenditure to deepen. Such difficulties
were observed during the assessments. This may
justify the premature death of larvae and the lower
emergence of adults in diets containing corn meal
as a source of carbohydrate. According to Placido-
Silva et al. (2005), foods low in protein, such as
corn meal and oatmeal, reduce the larval size and,
consequently, puparium weight, in addition to
decreasing emergence percentage and increasing
development time (CANGUSSU; ZUCOLOTO,
1997). Joachim-Bravo et al. (2006) used cooked
corn meal on a diet for rearing C. capitata larvae
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and found immatures with longer life cycles and
emergence below 50%. Despite this low emergence
percentage and life cycle extension, aspects of pupa
and adult size were not affected by diets T4 and T5,
which presented values statistically equal to those
obtained for diets T1, T2, and T3.

Diets with wheat germ and soybean extract, both
added with brewer’s yeast (T7), yeast extract (T8),
or pollen (T9) allowed larva hatching, reaching only
the phase L1 and then dying. These results are in
accordance with studies developed by Salles (1992)
with a diet based on sugar, brewer’s yeast, and
wheat germ for larvae of Anastrepha fraterculus
(Wiedemann, 1830). The author observed problems
related to egg viability and larval establishment in
the artificial diet. Although the wheat germ-based
diet has not been successful in our study, Efrom
(2009) and Jaldo et al. (2001), also using a wheat
germ-based diet, observed satisfactory results for
rearing larvae of A. fraterculus in the laboratory.
Likewise, Nunes et al. (2013) highlighted the
suitability of diets with brewer’s yeast and wheat
germ for the rearing larvae of 4. fraterculus. Walder
et al. (2014) obtained satisfactory results with a
large-scale production of diets with wheat germ
for A. fraterculus. However, a drastic decrease in

larval viability occurred in some generations due to
a different batch or supplier, which would probably
be contaminated with toxic substances. Moreover,
when rearing the mutant strain Vienna 8 — s/,
Damasceno (2013) observed that the use of wheat
germ and wheat flour in the diet of C. capitata larvae
resulted in a lower number of pupae, although they
were the heaviest.

To produce 1 kg of diets T1, T2, and T3, 86 g
of brewer’s yeast or yeast extract or pollen and
326 g of oatmeal and soybean extract are required.
For diets T4, TS, and T6, 86 g of brewer’s yeast or
yeast extract or pollen and 326 g of oatmeal and
corn meal are required. In this sense, the lowest
production costs were observed for diets T4 and T5.
Diet T4 with brewer’s yeast has a lower cost when
compared to diets T5 and T6, with a value of RS
6.52 per kg of diet (Table 4). Diet TS with Bionis®
yeast extract has a cost of R$ 7.08 and diet T6 with
pollen has a cost of R$ 13.32. However, in spite
of being economical, these diets (T4, TS, and T6)
should not be used for rearing C. capitata since they
decrease the emergence percentage and extend the
life cycle. Diets T1, T2, and T3 presented costs of
R$ 11.32, R$ 11.88, and R$ 18.12, respectively, per
kg of diet (Table 4).

Table 4. Diets for larvae of Ceratitis capitata (Diptera: Tephritidae) as a function of ingredients and respective costs.

Diet Ingredient Cost (R$) Total (R$)
Tl Soybean extract + oatmeal + brewer’s yeast 7.00 +3.59 +0.73 11.32
T2 Soybean extract + oatmeal + yeast extract 7.00 +3.59+ 1.29 11.88
T3 Soybean extract + oatmeal + pollen 7.00 +3.59 +7.53 18.12
T4 Corn meal + oatmeal + brewer’s yeast 2.20+3.59+0.73 6.52
T5 Corn meal + oatmeal + yeast extract 2.20+3.59+1.29 7.08
T6 Corn meal + oatmeal + pollen 2.20+3.59+7.53 13.32

Thus, in a continuous mass rearing, the use of
diets T1 (standard) and T2 (soybean extract+ oatmeal
+ Bionis® yeast extract) for rearing larvae of C.
capitata is the most advantageous from a biological
and economic point of view. The effectiveness of

yeast extract-based diets (Bionis®) for adults of
C. capitata has also been proven in other studies
(SILVA-NETO et al., 2012). Therefore, in a large
bio-factory, the ingredient yeast extract could be
used for larval and adult nutrition, optimizing costs.
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Conclusions

Diets based on oatmeal and soybean extract, both
added with brewer’s yeast, yeast extract, or pollen
meet the nutritional requirements of C. capitata
diets
brewer’s yeast or yeast extract presented the lowest

satisfactorily. Moreover, enriched with

costs; therefore, they can be used in a continuous
mass-scale rearing of this insect.

Although more economical, diets based on corn
meal and soybean extract, both added with brewer’s
yeast, yeast extract, or pollen, should not be used
for the rearing of C. capitata. These diets decrease
the emergence percentage and extend the life cycle.

Likewise, diets based on wheat germ and
oatmeal, both added with brewer’s yeast, yeast
extract, or pollen, are not suitable for the rearing of
C. capitata.
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