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Toxic effects of neem seed cake on the larval-pupal (prepupal) stage of
Mediterranean fruit fly (Diptera: Tephritidae).
Abstract — Introduction. Traditionally the control of fruit flies is based on the use of
pesticides, which increase production costs and have led to many environmental
concerns. Our study aimed to evaluate the effect of neem cake on the larval and pupal
stages of Ceratitis capitata. Materials and methods. Third instar larvae were transferred
to plastic vials with neem cake in different proportions. The treatments consisted of ver-
miculite with neem cake in the concentrations: control (vermiculite only), then (10, 25,
50, 75 and 100)% of neem seed cake. The bioassay was completely randomized, with six
treatments, ten replicates and ten third instar larvae per replicate. The results were statis-
tically analyzed. Results. At concentrations of 75% or more of neem cake in vermiculite,
practically no adult flies emerged. At 50%, more than 80% of the adults did not emerge
and the pupal period was prolonged. The sex ratio of the adults was not affected after
the contact of the pupae with the neem cake. The estimated lethal concentrations to kill
50% and 90% of the population were 30.6% and 51.6%, respectively. Conclusion. The
neem seed cake has contact actions against the larval-pupal stage of C. capitata. Neem
seed cake in the pupation substrate can cause high mortality when its concentration is
50% or more, and it prolongs the delay of the pupal period of C. capitata.
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Effet toxique du tourteau de graines de neem sur le stade prépupe de la
mouche des fruits méditerranéenne (Diptera: Tephritidae).
Résumé — Introduction. Traditionnellement, le contrôle de la mouche des fruits est
basé sur l'utilisation de pesticides, ce qui augmente les coûts de production et conduit à
de nombreux problèmes environnementaux. Notre étude a cherché à évaluer l'effet du
tourteau de neem sur les stades larvaires et nymphaux de Ceratitis capitata. Matériel et
méthodes. Des larves de troisième stade ont été transférées dans des flacons en plas-
tique contenant de la vermiculite mélangée à du tourteau de graines de neem à diffé-
rentes concentrations : le traitement témoin a été constitué de vermiculite seule ; cinq
autres traitements ont été appliqués à partir de (10, 25, 50, 75 ou 100) % de tourteau de
graines de neem ajoutés à de la vermiculite. Un bio-essai a été effectué selon un disposi-
tif totalement aléatoire, avec six traitements, dix répétitions et dix larves par répétition.
Les résultats ont été statistiquement analysés. Résultats. Dans les milieux contenant de
la vermiculite à 75 % ou plus de tourteau de neem, pratiquement aucune mouche adulte
n’a émergé. Dans les milieux à 50 %, plus de 80 % des adultes n'ont pas émergé et, pour
ceux qui ont émergé, la période nymphale a été prolongée. La sex-ratio des adultes n'a
pas été affectée après contact des chrysalides avec le tourteau de neem. Les concentra-
tions mortelles de tourteau dans le substrat de pupaison estimées pour tuer 50 % et 90 %
de la population de mouches ont été respectivement de 30,6 % et 51,6 %. Conclusion.
Le tourteau de graines de neem agit par contact sur le stade prépupe de C. capitata. Ce
tourteau mélangé au substrat de nymphose peut provoquer une mortalité élevée à partir
d’une concentration de 50 % ; il allonge la période nymphale de C. capitata.
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1. Introduction

Currently, the non-tariff barriers of the inter-
national market under the flag of phytosan-
itary patrimony security are one of the
strategies of globalization and, in this con-
text, fruit fly control (Diptera: Tephritidade)
has become a primary step in the conquest
of new markets. Ceratitis capitata (Wied.),
the Mediterranean fruit fly (medfly), is con-
sidered the most harmful spreader and
invader among all Tephritidae [1]. The
females of this species lay their eggs in fruits,
and larvae develop eating their pulps. The
larvae, when fully developed, leave the fruit
and enter the soil to become pupae, from
which the adults later emerge, starting a new
cycle again [2].

Traditionally, medfly control is done by
toxic bait sprays, based on an attractant and
food stimulant and an insecticide, aiming to
control the adults. The search for alterna-
tives for agrotoxic products for the inte-
grated management of Tephritidae is not
new in the scientific environment because,
beyond the related environmental and
human health problems, the societies of
both developed and developing countries
demand fruits without the presence of fruit
flies, and specially pesticide residues.

Recently, some studies with extracts or oil
from the neem seed, Azadirachta indica
A. Juss. (Rutales: Meliaceae), have revealed
physiological and behavioral effects on fruit
flies. The derivates from neem caused repel-
lence or oviposition deterrence in studies
with Bactrocera dorsalis (Hendel) in guava
[3, 4], Bactrocera cucurbitae (Coquillett) in
pumpkin [4] and Anastrepha ludens (Loew)
in oranges [5]. The same derivates had
effects on the biology of some Tephritidae
species: metamorphosis [6–8], fecundity [6,
9, 10], longevity [6] and flight ability [11].

Among several classes of compounds
with insecticidal potential found in plants of
the Rutales order, to which neem belongs,
limonoids deserve special attention. Among
the limonoids that have already been iden-
tified from the neem tree, azadirachtin, a
limonoid with a C-dry ring, is the most inves-
tigated and considered the one with most
potential for the integrated pest manage-
ment of insects.

The azadirachtin molecule is very com-
plex [12]. Its full synthesis was accom-
plished with 71 steps, with a yield of
0.00015% [13, 14]. Currently, all products
based on neem available in the world mar-
ket are prepared from compounds
extracted from the plant. These products
can be used as powders, aqueous or
organic extracts, oils (fixed or essences),
and cake. After pressing the seeds, it is pos-
sible to obtain 47% of oil [15], along with
10% of the total seed azadirachtin; 90% of
the azadirachtin remains in the neem cake
(solid wastes of pressed seed) [16].

Despite the higher concentration of aza-
dirachtin in the seed cake, there are few
studies with this by-product for pest control.
Moreover, there are applications for phy-
topathogenic fungi control [17] and mainly
for phytonematodes [18].

The technological approaches for man-
agement available usually aim at the control
of the adult insects and little attention is
given to the pupal stage, when the insect
does not move in the soil and, consequently,
becomes very vulnerable to control meas-
ures. Investigations into the effects of neem
cake on that stage are necessary before the
adoption of alternative measures for the
integrated management of fruit flies. There-
fore, our study aimed to evaluate neem cake
effects on the larval-pupal (prepupal) stage
of C. capitata.

2. Materials and methods

2.1. Experiment

The experiment was conducted under con-
trolled conditions of temperature [(25 ±
1) °C], relative humidity [(60 ± 5)%] and pho-
tophase (14 h). To obtain the third instar lar-
vae (prepupae), eggs from a cage with 8-
day-old C. capitata were collected (to
observe the rearing procedures, see [19]).
Then, the eggs were transferred to a plastic
vial with an artificial diet for the larval rear-
ing. After 8 days, the third instar larvae (pre-
pupae) were put into smaller vials with the
respective treatments.

The neem cake (dry and ground residue
of seeds, obtained after the oil extraction)
Fruits, vol. 66 (5)
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was added and mixed with the vermiculite
(substrate for pupation) in different propor-
tions. To define the treatments, an acrylic
vial with known volume (42.39 cm3) was
used as a reference to establish the treat-
ments:

– treatment 1. Control: 100% of the acrylic
vial volume with vermiculite (42.39 cm3).

– treatment 2: 90% of vermiculite (38.15 cm3)
and 10% of neem cake (4.24 cm3).

– treatment 3: 75% of vermiculite (31.79 cm3)
and 25% of neem cake (10.60 cm3).

– treatment 4: 50%of vermiculite (21.195 cm3)
and 50% of neem cake (21.195 cm3).

– treatment 5: 25% of vermiculite (10.60 cm3)
and 75% of neem cake (31.79 cm3).

– treatment 6: 100%ofneemcake (42.39 cm3).

After establishing the treatments, they
were put in bigger plastic bottles (100 mL)
with perforated lids to allow aeration. Ten
larvae were released in each replicate. The
experiment was completely randomized
and there were 10 replicates for each treat-
ment. During the experiment, daily obser-
vations were made on the larval viability,
pupal period, pupal mortality and sex ratio
of the emerged adults.

2.2. Data analyses

A probit regression was performed for the
pupal mortality data using SAS 9.1 software
[20] to estimate the lethal concentrations
(LC50 and LC90, that are required doses to
induce 50% and 90% of mortality in the pop-
ulation, respectively).

The variables pupal period, pupal mor-
tality and sex ratio of the C. capitata adults
were submitted to analysis of variance by
the F test (p < 0.05), and, when a significant
difference was detected, the Tukey test
(α = 0.05) was applied to compare the
means. Bartlett [21] and Shapiro-Wilk [22]
tests were applied to check for the homo-
scedasticity assumptions. The analyses were
performed by SAS software [20].

3. Results
The immobilization and pupation of C.
capitata larvae were not affected by the

neem seed cake. Larvae held the same pat-
terns of development, transforming into
pupae in 24 h after the beginning of the bio-
assay regardless of the neem cake concen-
tration. One hundred percent of the larvae
reached the pupal stage.

At the pupal stage, however, high mor-
tality was observed (F = 211.80; df = 14.99;
P < 0.0001). The pupal mortality induced by
the neem cake was dose-dependent (fig-
ure 1). In the control (without neem seed
cake in the vermiculite), 97% of the adults
emerged. In the treatment with 10% of neem
cake in the vermiculite, 93% of the adults
emerged, demonstrating no significant dif-
ference to the control. At the 25% and above
concentrations, significant mortalities were
observed. When 50% of the neem cake was
added to the vermiculite, only 17% of the
adults emerged. At 75% and 100% concen-
trations, highly deleterious effects on the
medfly pupae were observed. Only three
insects emerged at 75% of the neem cake
and none of the flies emerged when only
neem cake was used as pupation substrate.
Both of these treatments differed signifi-
cantly from the control and the other treat-
ments (figure 1).

The pupal mortality was shown to be the
best variable to represent the effect of the
seed cake on C. capitata. Part of the effect
still remained hidden, because the pupa is
protected inside the puparium. No physi-
cally unusual symptom was observed on the
puparium, such as change in color or defor-
mation.

The probit linear regression for the pupal
mortality (figure 2) allowed us to determine
that the estimated concentrations to kill 50%
and 90% of the population (LC50 and LC90)
were 30.6% (26.7; 33.9) and 57.2% (51.6;
65.3) of neem seed cake, respectively.
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The contact of the immature stages of
C. capitata with the neem seed cake also
resulted in an increase in the pupal period
(F = 4.53; df = 3.16; P = 0.0085) (table I).
The sex ratio of the emerged adults ranged
from 0.33 to 0.48 and significant differences
were observed among them (F = 7.03;
df = 35.30; P = 0.03), but not with the con-
trol (table I).

4. Discussion

The immobilization and pupation of C.
capitata larvae in contact with the treated

pupal substrate were not affected. The med-
fly larval stage was exposed to the neem
cake up to 24 h before the transformation
into the pupal stage. The time of exposure
was probably not enough to affect the lar-
vae. The processes of immobilization and
pupation are induced by the molting hor-
mone (ecdysone) associated with distinct
peptide neurohormones in Diptera [23] and
as the interference of azadirachtin in the
neuroendocrine system of insects is its main
action site [24–26], we expected some effect
on prepupae. Treatment with azadirachtin
may change the levels of ecdysone and
other ecdysteroid hormones in the hemol-
ymph, possibly by interfering in the produc-
tion and release of the prothoracicotropic
hormone (PTTH) from the corpora allata,
which results in a decrease in its production
by the neurosecretory cells of the brain by
a feedback effect [25, 27].

In our experiments, we observed a
decrease in the developmental rate fol-
lowed by insect death (table I, figure 1).
Our results indicate that the seed cake acts
as an insect growth regulator for the med-
fly. The growth regulator effect is character-
ized by developmental delays, deformation
and mortality [25]. The insects that survive
the azadirachtin treatment usually show

Table I.
Means (± standard error) of the pupal period and sex ratio of Ceratitis capitata
adults, after the exposure of the prepupal stage to different concentrations of
Azadirachta indica seed cake in the pupation substrate (number of insects = 100 for
each substrate).

Pupation substrate Pupal period
(days)1

Sex ratio1,2

Vermiculite
(%)

Neem cake
(%)

100 0 (control) 8.15 ± 0.06 a 0.48 ± 0.04 ab

90 10 8.22 ± 0.05 ab 0.50 ± 0.03 ab

75 25 8.44 ± 0.07 ab 0.54 ± 0.05 a

50 50 8.53 ± 0.13 b 0.33 ± 0.13 b

25 753 – –

0 1003 – –

1 Means followed by different letters in the columns differ by the Tukey test (p < 0.05).
2 Original means in this table. For analysis, the data was transformed by “log(x + 0.5)”.
3 Treatment without adult emergence, in accordance with figure 1.
Figure 2.
Probit linear regression
between the neem seed cake
concentrations of the pupation
substrate and the Ceratitis
capitata mortality.
Fruits, vol. 66 (5)
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anomalies that are revealed by deformation
on the insect body parts [16]. In our work,
few deformed insects emerged. However,
Stefeens and Schumutter [11] demonstrated
a reduction in the medfly flight ability
when larvae were reared on a diet with
methanolic extract of neem seeds. The inci-
dence of deformed insects may probably
be higher when the immature stages feed
on neem compounds.

Among the limonoids, azadirachtin is the
main compound responsible for the insect
growth regulator effect [25, 28]. Evidence
suggests that other limonoids in neem
extracts may increase the efficiency of prod-
ucts based on azadirachtin [29]. More than
130 limonoids have already been isolated
from different parts of the neem plant [30].
In the seeds, the most abundant limonoid
is azadiradione [31]. Salanin is the most com-
mon among the most polar limonoids
extracted, followed by azadirachtin and, on
a smaller scale, 3-tigloylazadirachtol [32].
Azadirachtin and 3-tigloylazadirachtol are
the main insecticide metabolites present in
the seeds and are probably responsible for
immature medfly mortality. In the neem
seed, there are also other molecules with
chemical structure very similar to azadirach-
tin, but with variable biological activity [12,
33–35].

Prolonged duration of pupal develop-
ment as observed in our work is interesting
because the insects would be exposed to
natural enemies for a longer time period and
an asynchrony among the adults would
occur. The association between the neem
cake and the natural enemies would
strengthen the field measures to control the
medfly. The azadirachtin did not affect the
parasitoids Diachasmimorpha longicaudata
(Ashmed) and Diachasmimorpha tryoni
(Cameron), when 3rd instar larvae of Bac-
trocera dorsalis parasitized by D. longicau-
data and larvae of C. capitata parasitized by
D. tryoni were exposed to treated sand [36].
The use of neem seed cake in association
with biological control agents may be
favored by the fact that azadirachtin is more
efficient by ingestion than by contact. Fur-
thermore, the azadirachtin is rapidly elimi-
nated from the insect, which avoids the
exposure of natural enemies to the same

doses of azadirachtin to which the prey was
submitted [16].

5. Conclusion

The neem seed cake revealed contact action
on the larval-pupal stage of C. capitata.
Concentrations in the pupation substrate of
over 50% cause high mortality and induce
delay in the pupal period. The immobiliza-
tion, pupation and sex ratio of the emerged
adults are not affected by the neem cake.
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Efecto tóxico de la torta de semilla de neem en el estado prepupa de la
mosca de la fruta (Diptera: Tephritidae).

Resumen — Introducción. Tradicionalmente, la lucha de la mosca de la fruta se basa
en el uso de pesticidas, lo que aumenta los costes de producción y acarrea numerosos
problemas medioambientales. Nuestro estudio se centró en evaluar el efecto de la torta
de neem en los estados larvarios y ninfales de Ceratitis capitata. Material y métodos.
Se introdujeron larvas del tercer estado en un frasco de plástico que contenía vermic-
ulita mezclada con torta de semillas de neem en diferentes concentraciones: el trata-
miento testigo se constituyó únicamente de vermiculita; otros cinco tratamientos se
aplicaron a partir de un (10, 25, 50, 75 ó 100) % de torta de semillas de neem, añadido
a la vermiculita. Un bio-ensayo se llevó a cabo, según un dispositivo totalmente ale-
atorio, con seis tratamientos, diez repeticiones y diez larvas por repetición. Los resul-
tados se analizaron estadísticamente. Resultados. En los medios que contenían
vermiculita al 75 % o más de torta de neem, prácticamente ninguna mosca adulta emer-
gió. En los medios al 50 %, más del 80 % de los adultos no emergieron y, en cuanto
a los que emergieron, el periodo ninfal se prolongó. La sex-ratio de los adultos no se
vio afectada después del contacto de las crisálidas con la torta de neem. Las concen-
traciones mortales de torta en el sustrato de pupación, estimadas para matar al 50 %
y al 90 % de la población de moscas, fueron respectivamente del 30,6 % y 51,6 %.
Conclusión. La torta de semillas de neem actúa por contacto en el estado prepupa
de C. capitata. Esta torta mezclada al sustrato de ninfosis puede provocar una mor-
talidad elevada, a partir de una concentración del 50 %, alarga el periodo larvario de
C. capitata.
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