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Abstract. Chicken gizzard was tested as an alternative to beef diet for creating Chrysomya megacephala (Fabricius) to reduce costs and optimize 
the time of diet preparation and maintenance of the colony diet. Forty newly hatched larvae were placed in 100 grams of diet: gizzard and meat 
(control). The experiment was performed in triplicate. The mass of mature larvae was recorded in semi-analytical balance and separate batch of five. 
After emergence, three replicates of 10 pairs of adults were formed. The post-embryonic development was evaluated by Tukey’s test at a 5% level of 
significance and longevity was adjusted Weibull regression. The mass of mature larvae showed no significant difference. The larval stage of flies reared 
in meat was longer. Pupae and newly emerged adults showed no significant differences as a function of diet. The increased mortality rate after after 22 
days in both experimental diets. Greater longevity was achieved with diet gizzard, which was more efficient than the meat on the biological parameters 
studied.
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Estudo Comparativo entre a Moela de Frango e Carne Bovina como Dietas e  
suas Influências sobre o Desenvolvimento Pós-Embrionário e Longevidade de  

Chrysomya megacephala (Fabricius) (Diptera: Calliphoridae)

Resumo. Moela de Frango foi testada como dieta alternativa à carne para criação de Chrysomya megacephala (Fabricius) visando reduzir custos e 
otimizar o tempo de preparação da dieta e manutenção da colônia. Quarenta larvas recém eclodidas foram colocadas em 100 gramas de dieta: moela 
e carne (controle). O experimento foi realizado em triplicata. A massa das lavas maduras foi registrada em balança semi-analítica e separada em lotes 
de cinco. Após a emergência, foram formadas três repetições de 10 pares de insetos adultos. O Desenvolvimento pós-embrionário foi avaliado pelo 
teste Tukey com nível a 5% de significância e a longevidade foi ajustada por regressão Weibull. A massa das lavas maduras não apresentou diferença 
significativa. A fase larval de moscas criadas em carne foi mais longa. Pupa e adultos recém-emergidos não apresentaram diferenças significativas em 
função da dieta. A mortalidade aumentou após 22 dias de experimento em ambas as dietas. Uma maior longevidade foi conseguida com a dieta moela, 
que se mostrou mais eficiente do que a carne sobre os parâmetros biológicos estudados.

Palavras-Chave: Biodiversidade; Dieta Natural; Ecologia; Entomologia; Reprodução.
_____________________________________

nterest in the laboratory breeding of diptera is on the rise due 
to the applicability of this specific group of insects in biological 
pest control (Cristino et al. 2010), maggot debridement 

therapy (sherman 2009), forensic entomology (estrada et al. 
2009; Ferraz et al. 2012) and in other areas of science. The 
implementation of biological control using microhymenoptera 
requires large stocks of pupae of these diptera for use as hosts 
(BarBosa et al. 2004; Mello et al. 2010). Larval therapy requires 
large quantities of eggs for sterilization (dallaveCChia et al. 2010), 
which, after hatching, are sent to medical centers and hospitals 
for immediate use in the debridement of necrotic wounds of 
different etiologies (sherman et al. 2000; CamBal et al. 2006; 
aaron et al. 2009; dallaveCChia et al. 2011). Forensic entomology 
requires comparative studies about the biology of necrophagous 
Diptera in the laboratory to aid in criminal investigations, as well 
as to elucidate the postmortem interval (mello & aguiar-Coelho 
2009). 

Several species of blowflies of the family Calliphoridae exhibit 
synanthropic behavior, i.e., they are well adapted to the adverse 
conditions created by humans. The disordered expansion of 

human housing and changes in local ecosystems has led to the 
formation of new ecological niches where certain animals are 
able to adapt and coexist with the products of this process of 
urbanization. The resulting conditions of poor environmental 
hygiene, such as human and domestic animal excreta, urban 
and industrial wastes, garbage dumps, landfills, open cesspools 
and wastes from street markets represent a serious health risk 
(ParalluPi et al. 1996; oliveira et al. 2002), generating high 
losses for local economies and public health. 

Chrysomya megacephala (Fabricius) is a species of blowfly that 
originated in Africa, the Mediterranean and the Middle East 
(gagné 1981). This species was introduced into Brazil in the 
1970s and today is widely distributed throughout the country in 
urban areas, where it is most common (marinho et al. 2003), as 
well as rural areas (singh & moore 1985) and even forests (Ferraz 
et al. 2010). 
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According to d’almeida & lima (1994), a protein diet is fundamental 
for calliphorids, known popularly as blowflies, not only as food 
but also for the maturation of their ovarian follicles, which occurs 
in their tenth stage of development.

Many researchers use beef as protein diet for the uninterrupted 
breeding of diptera of the family Calliphoridae in the laboratory 
(gaBre et al. 2005). However, this diet not only increases breeding 
costs but is also time-consuming for researchers, since it involves 
cutting the beef into cubes prior to its use. Other substrates for 
breeding C. megacephala have been tested, such as horse meat, 
fish (sardine), bovine liver, chicken liver, chicken meat, wet 
dog food, among others (Queiroz & milward-de-azevedo 1991; 
riBeiro & milward-de-azevedo 1997; BarBosa et al. 2004; silva et 
al. 2008; sousa et al. 2010, Ferraz et al. 2011).

In view of the above, there is an urgent need to establish an 
insectary for breeding diptera in the laboratory. This would 
enable studies of their behavior, including an adequate diet to 
meet their nutritional needs at a low operational cost, and the 
determination of physical characteristics such as consistency, 
physiochemical properties such as pH and osmotic pressure, and 
biological traits. The final result would be normal individuals 
with adequate reproductive capacity and longevity for the 
establishment of a stock colony maintained under high quality 
control.

The purpose of this study was to evaluate a chicken gizzard diet 
for breeding C. megacephala, analyzing biological aspects such 
as the body mass of mature larvae, duration of post-embryonic 
stages (larvae, pupae and newly emerged adults), determination 
of the time the larvae abandon the diet, their hatching pace, the 
viability of the larval, pupal and adult stages, normality rate, sex 
ratio and adult longevity. 

MAtERiAL AnD MEthoDoS 

The colony of C. megacephala was composed of specimens 
collected in the Zoological Gardens of the State of Rio de Janeiro, 
RioZoo. The adult insects, which were captured using traps 
similar to those described by mello et al. (2007), were taken to 
the Laboratório de Estudo de Dipteros do Instituto Biomédico da 
Universidade Federal do Estado do Rio de Janeiro (UNIRIO). 

In the laboratory, the insects were subjected to a temperature 
of -10ºC for about three minutes to reduce their metabolic 
activity, thus enabling their taxonomic identification. The adult 
individuals were then placed in wooden cages (40 x 40 cm²) 
with nylon netting sides and were fed a daily diet consisting of a 
solution of 50% honey in 20 mL of water. As protein for food and 
egg-laying substrate, one of the cages was provided with 50 g of 
beef and the other with 50 g of chicken gizzard.

In the experimental period, the temperature and relative humidity 
were recorded using a thermohygrograph, which registered 
an average temperature of 26ºC min./27ºC max. and relative 
humidity of 65% min./80% max.

Forty newly hatched larvae from second-generation females of 
the colony kept in the laboratory were placed on 100 g of diet, 
using a no. 1 brush. The experiment was performed in triplicate 
for each treatment: beef (control) and chicken gizzard. The beef 
was cut into cubes of approximately 2 cm³ and the gizzard was 
used whole. Both diets were fresh, non-frozen.  In each treatment, 
the respective diet was provided in plastic jars (200 g) which were 
placed in larger containers (500 g) containing 5 g of sterilized 
wood shavings spread around their internal circumference, 
which were then duly identified and closed with nylon netting 
and elastic bands.

The mass of mature larvae that abandoned the diet was recorded in 
lots of five larvae, using a semi-analytical balance. The specimens 
were then placed in test tubes (20 x 200 mm) containing 2 g of 

sterilized wood shavings to pupate. The test tubes were identified 
according to each source repetition, and were examined daily, 
always at 10 o’clock in the morning, until the adults emerged.

After the adults emerged, three replications were made with 
10 pairs (male and female), which were isolated in cages made 
of polyethylene bottles with a volume of one and a half liters, 
equipped with sides of nylon netting for ventilation. The same 
procedure was performed for the control diet. The adults were 
fed a daily diet of a solution of 50% honey in 5 mL of water, which 
was placed in containers (15x30mm) inside the cages. These 
experiments were observed daily.

The Microsoft Excel software program was used to analyze the 
raw data and create graphics. The results were subjected to an 
analysis of variance and the means were compared by Tukey’s 
post-hoc test at a 5% level of significance, using Instat 2, version 
2.05a, GraphPad software. Longevity was analyzed using the 
Kaplan-Meier estimator and Weibull regression. The logrank test 
was applied to compare differences between the longevity curves, 
using the R statistical program.

RESuLtS

No significant difference was observed in the mass of mature 
larvae of mature C. megacephala larvae created on the chicken 
gizzard and beef diets (p=0.578). However, the average duration of 
the development of the larval stage (p=0.0009) was significantly 
longer in the insects created on the beef diet. The larval and pupal 
(p=0.1314) stages and newly emerged adults (p=0.5996) showed 
no significant difference as a function of the diets (Table 1). 

Table 1. Body mass (mg) and duration, in days, of the post-embryonic 
development stages of mature Chrysomya megacephala larvae bred 
on chicken gizzard and beef diets (avg. Temp: 26ºCMin./27ºMax., avg. 
Relative Humidity: 65% Min./80% Max.)

Diet

Body mass and duration of the stages, in days

Mass (mg) Larval Pupal Adult

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Gizzard 73.3a ± 8.0 3.0a ± 0.08 3.8a ± 0.07 6.8a ± 0.07

Beef 72.2a ± 4.5 3.2b ± 0.01 3.7a ± 0.14 6.8a ± 0.05

SD = Standard deviation
Mean values followed by the same letter in the same column do not differ 
significantly, according to Student’s t test, at a 5% level of significance.

The viability of the larval (97% and 92%) and adult (84% and 
69%) stages of insects created, respectively, on the gizzard and 
beef diet was higher with the gizzard diet. In contrast, the viability 
of the pupal stage (99% and 100%) showed similar results for 
gizzard and beef. There was no deviation in the sex ratio in the 
two diets, with the gizzard diet showing a ratio of 0.51 and that 
of beef 0.55. The sex ratio (SR) was determined as follows: RS = 
F / M+F, where F is the number of females and M is the number 
of males.

The mature C. megacephala larvae abandoned the two substrates 
at a similar pace, starting and peaking on the second day of the 
experiment. The rate of abandonment of the diet on the third 
day was 1.29% for gizzard and 12.00% for beef, extending up 
to the fourth day in the case of the control diet, when 0.67% 
of larvae abandoned the substrate. With regard to the peak of 
adult emergence, the gizzard and beef diets were similar, i.e., the 
diptera emerged from the pupae starting on the sixth day and 
peaked on the seventh, extending up to the eighth day in the beef 
diet. 

Figure 1 presents the longevity curve estimated by the Kaplan-
Meier nonparametric method and the Weibull regression. In both 
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cases, the beef and gizzard diets were considered covariables. 
According to the Kaplan-Meier estimator, the median longevity 
of the blowflies bred on the beef diet was 37 days while that of 
the insects bred on gizzard was 39 days. All the flies bred on 
beef were dead in 55 days, while those bred on gizzard lived for 
60 days. The logrank test was applied to compare the longevity 
curves and ascertain a possible difference in this parameter.  A 
p-value of 0.63 was obtained at a confidence level of 95%, leading 
to the conclusion that there was no difference in the longevity 
curves of the beef and gizzard diet.

Based on the Weibull regression with a p-value of 0.59, it was 
concluded that there was no difference between the diets. The 
estimates of maximum likelihood for the parameters of shape and 
scale were 3.34 and 39.13, respectively. The survival curve was 
of type I, according to reis & haddad (1997), i.e., the mortality 
rate increased over time, since the shape parameter was higher 
than 1. The mean time estimated by the Weibull regression is, 
according to Colosimo & giolo (2006), a way to ascertain the 

adequateness of the model based on the graphic created from 
the estimates obtained by the Kaplan-Meier method versus the 
estimates obtained by the model.  If the adjustment is adequate, 
it is expected that the curve follow the straight line x=y.  

Figure 2 illustrates the longevity estimated by the Kaplan-Meier 
method versus the estimates obtained by Weibull regression. 
Since the curve follows a straight line, the Weibull model is well 
fitted to the data under study.

To examine the sex of the flies fed on beef substrate, Figure 3 
depicts the Kaplan-Meier and Weibull regression estimates for 
the males and females that were bred on this diet. Based on the 
logrank test and the p-value of 0.58, it was concluded that there 
was no difference between the sexes, which was also found by the 
Weibull regression with a p-value of 0.77.  

The values of the estimates obtained by the adjustment of the 
Weibull regression were 2.9 for the shape parameter and 38.5 

Figure 1. Curves longevity of Chrysomya megacephala estimated by the 
Kaplan-Meier and Weibull  regression  adjustment (Temp. Average: 26 ° 
C min. / 27 º Max, RH average: 65% Min / Max 80%). 

Figure 2 - Longevity of Chrysomya megacephala estimated by Kaplan-
Meier versus Weibull regression (T. average: 26 ° C Min / Max 27 °, RH 
average: 65% Min / Max 80%).

Figure 3. Longevity of Chrysomya megacephala estimated by Kaplan-Meier and Weibull regression for females and males eared in meat diet (T. 
average: 26 ° Cmin. / 27 º Max, RH average: 65% Min / Max 80%).



20
Comparative Study Between Chicken Gizzards and Beef as… Dallavecchia et al.

e-ISSN 1983-0572

for the scale parameter, indicating that the survival curve was of 
type 1 for the males bred on the beef diet, with an estimated mean 
longevity of 34.3 days. The values estimated for the females were 
2.8 and 39.3 for the shape and scale parameters, respectively, 
and the estimated mean longevity was 34.98.

Figure 4 illustrates the Kaplan-Meier and Weibull regression 
estimates for the males and females bred on chicken gizzard. 

The logrank test indicated no difference between the sexes, with 
a p-value of 0.87, and the same was concluded by the Weibull 
regression with a p-value of 0.88. The estimated mean longevity 
of both males and females bred on gizzard was 37.7 days. The 
shape and scale parameters for the males were 4.1 and 41.6, 
respectively and for the females 3.8 and 44.8. In both cases, the 
survival curve was the type 1 curve.

Figure 4. Longevity of Chrysomya megacephala estimated by Kaplan-Meier and Weibull regression for females and males reared on a diet gizzard (T. 
average: 26 ° Cmin. / 27 º Max, RH average: 65% Min / Max 80%).

DiSCuSSion

Several authors have tested protein-based diets (Table 2) for 
maintaining their colonies in the laboratory, but the most 
commonly used natural diet for creation C. megacephala larvae 
is beef. However, not only is the cost of beef on the rise but this 
substrate also requires chopping into cubes of approximately 
2cm3, storing in plastic bags, which are then placed in plastic 
containers for freezing, a procedure that is work-intensive and 
time-consuming (Queiroz & milward-de-azevedo 1991; gaBre et 
al. 2005).

A comparison of the nutritional value of beef (brisket) and chicken 
gizzard indicated that, according to information from producers, 
100 g of the products contain the same nutrients, and that these 
diets differ only in the number of kcal, grams or milligrams. 
According to this analysis, the nutritional information on beef 
and gizzard, respectively, is as follows: calories (150 Kcal and 92 
Kcal), proteins (16 g and 21 g), total fats (2 g and 6 g), saturated 
fats (0.5 g and 2 g), cholesterol (97 mg and 125 mg), calcium (8 
mg and 12 mg), iron (1.95 mg and 3.2 mg)) and sodium (82 mg 
and 130 mg). However, this difference did not exert a negative 
effect on the development of the diptera. It was found that the 
duration of the larval stage of the insects created on beef was 
longer than on gizzard. This reflects the pace of abandonment of 
the substrate, which extended to the fourth day after the beginning 
of the experiment for the insects bred on beef, while the majority 
(98.71%) of larvae bred on gizzard abandoned their diet on the 
second day, indicating a greater homogeneity in the development 
of the insects bred on the tested diet. Parra (2001) states that it is 
important to provide a diet for insects that is attractive in terms 
of toughness, texture, homogeneity and water. Some authors 
consider that faster larval development may be advantageous for 
the survival of insects, since it enables them to reach maturity 
more rapidly (aguiar-Coelho & milward-de-azevedo 1998). 

santos et al. (1996) created C. megacephala larvae on a diet 
of sardines stored previously for 2 and 24 hours at 30°C, and 
reported that the peak of abandonment of the substrate occurred 
on the third day, which is later than that recorded in the present 
study, although the average temperature was lower (26ºC min. 
/ 27ºC max.), suggesting that the diet may have influenced this 
biological parameter. 

The difference observed in the duration of the larval stages did 
not interfere in the body mass gain of the immature insects, 
which was similar on the two diets. The weight of immature 
insects is reflected directly in the development of adult insects, 
such as size, survival rate, dispersion and reproductive capacity 
(d’almeida & oliveira 2002).

The total longevity (males and females) of the insects cread on the 
two diets did not differ significantly.  A separate analysis of the 
females and males revealed no difference between the sexes, and 
their expected longevity was very similar. In their experiment, 
BarBosa et al. (2004) tested an alternative diet of wet dog food 
(Pedigree®) and found that females bred on the beef diet lived 
longer. gaBre et al. (2005) created a life table of C. megacephala 
cread on beef and also observed that the longevity of females 
exceeded that of males. 

sousa et al. (2010) tested chicken liver as a diet for this species and 
found that the insects presented significantly lower viability in 
the larval stages and newly emerged adults when compared with 
the control diet. However, in the present study, the tested chicken 
gizzard diet proved superior to beef from the standpoint of two 
parameters: viability of larvae and of newly emerged adults. The 
difference in pupae viability was minimal (99% gizzard and 100% 
beef), indicating that chicken gizzard can be a cheaper alternative 
diet that is as efficient as beef for breeding these blowflies. 

The sex ratio on both diets was close to 50%, a pattern considered 
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normal (esser 1990). The same ratio was reported by milward-
de-azevedo et al. (2000) upon comparing oligidic diets, and by 
gaBre et al. (2005) in their experiment with beef.

An aspect that must be considered when choosing a diet is the 
cost-benefit ratio (Chaundhury et al. 2000). A kilo of brisket is 
on average 20% more expensive than a kilo of chicken gizzard. 
Another advantage is that this substrate can be used whole, which 
facilitates the work of researchers in maintaining large stocks of 
Diptera and in the storage of the diet, reducing the time spent on 
its preparation. 

The findings of this study will enable more efficient and cheaper 
large-scale production of these insects for use in maggot therapy, 
in studies of environmental control with parasite pupae, in 
forensic entomology, and as an aid for other scientists such as 
herpetologists, entomologists, aquarists, frog breeders, and 
others.

The chicken gizzard diet was considered adequate for breeding 
C. megacephala in the laboratory and is recommended as an 
alternative diet to beef. The biological parameters of body mass 
of mature larvae, duration of the larval, pupal stages to newly 
emerged adults did not differ significantly from the control (beef), 
while the viability of the larval stages and newly emerged adults 
was higher for adults bred on the gizzard diet. The longevity of 
adults bred on the gizzard diet was also higher.
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