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Tribolium castaneum is a destructive pest of stored grains and is renowned for adapting to various insecti-
cides. The hen’s egg white proteins have been shown to possess unique insecticidal properties. Therefore,

the present study was carried out to determine the effect of egg proteins on the reproductive parameters of T. castaneum
with protein samples obtained through salt fractionation (PPT-I and PPT-Il) and whole egg white (WEW) were used after
lyophilization. Different concentrations (2%, 3%, 4%, 5%, 10%) of each of the protein samples were tested by adding them
to wheat flour and milk powder (75:25 w/w). Marked abnormalities were observed in appearance and dimensions of ovari-
oles and eggs which indlicated that the egg protein samples caused considerable effect on the process of oogenesis. SEM
studies revealed changes in the structure of epithelial sheath cells of ovarioles probably caused due to resorption of ova
in the beetles fed on PPT-II proteins. Higher resolution of the egg surface showed the presence of wrinkles or shriveled
appearance of the chorionic layer in PPT-I and PPT-II treated eggs and these deep folds and wrinkles were more conspicu-
ous in the beetles fed on PPT-Il proteins. Therefore, PPT-Il proteins appeared to be most effective in causing reduction of

fecundity in T.castaneum.

1. Introduction

The red flour beetle, T.castaneum (Herbst) is a serious pest
of stored grain and grain based products in many parts of
the world. The use of various insecticides such as malathion,
pirimiphos-methyl, chlorpyrifos-methyl, deltamethrin and the
fumigant phosphine, are the currently used products against
stored-product pests. However these synthetic insecticides
are the source of serious health and ecological problems,
such as development of pest strains resistant to pesticides
(Riebeiro et al 2003), toxicity to mammals and detection of
residues in human food (Bugiho & Wilkin, 2004). These prob-
lems oriented investigators towards the research of other al-
ternative eco-friendly methods.

The proteins of egg white include ovalbumin, ovotransferrin,
ovomucoid, lysozyme, ovoglobulins, ovostatin, avidin, thia-
mine binding proteins and glutamylaminopeptidase (Awade,
1996). These proteins have also proven to be of great sig-
nificance in agriculture because of their potential to affect
growth and survival of various pathogens and pests (Kizek
et al 2005). A molar excess of avidin in an insect diet causes
deficiency in accessible biotin, resulting in abnormal devel-
opment and even death in a number of insects (Kramer et
al 2000 & Masarik et al 2003). The gene coding for avidin
production has been cloned and inserted into maize and
potato providing resistance to a wide spectrum of insect
pests (Kramer et al 2000 & Cooper et al 2006). Kramer et
al. (2000) reported that avidin is also toxic to the housefly
(Musca domestica Linnaeus), hide beetle (Dermeste macu-
lates De Geer), olive fruit fly (Dacus olea Gmelin), fruit fly
(Drosophila melanogaster Meigen), flour mite (Acarus siro
Linnaeus), European corn borer (Ostrinia nubilaliso Hubner)
and tobacco horn-worm (Manduca Sexta Linnaeus). There is
extensive evidence of antibacterial effects of ovotransferrin
and lactoferrin, based on iron deprivation property, as iron
is an essential growth factor for most of the microorganisms
(Awade, 1996). Studying the effect of hen's egg white pro-
teins on T.castaneum female ovarioles and eggs indicated
that the size of the treated eggs and ovarioles were markedly
affected by the concentration and duration of the exposed
doses. So, the aim of the current study was to explore the
effect of Hen's egg white proteins on reproductive perfor-
mance of red flour beetle, Tribolium castaneum.

2. Materials and methods

2.1 Insect stock culture

Cultures of T.castaneum were maintained by placing beetles
in sterilized glass jars containing sterilized wheat flour\milk
powder mixture (75:25 w\w). The colonies were reared under
experimental conditions (30+1°C, 75+5% RH).

2.2 Preparation of Egg White Protein Samples

Whole egg white (WEW) and two protein fractions (PPT-l and
PPT-1l) were obtained through salt precipitation method (Ber-
nardi & Cook, 1960) and then these protein fractions were
used after freeze drying.

2.2.1 WEW: Pricked the shell of the egg carefully and the
egg white was taken out in a flask slowly and was lyophilized
till it got dried.

2.2.2 PPT-I: Carefully removed the shell of another egg and
collected its egg white in 100ml beaker. Then 1:1 dilution of
the collected egg white was made with distilled water and
equal volume of saturated ammonium sulphate was added
with gentle stirring and frothing was avoided while stir-
ring. Centrifuged at 2500- 3000rpm for 10min. Precipitates
formed were separated from the supernatant and the latter
was decanted in a test tube and was lyophilized till it got

dried.

2.2.3 PPT-lI: The supernatant decanted above was saturated
by addition of solid ammonium sulphate with constant stir-
ring. Centrifuged at 2500- 3000rpm for 10min. Precipitates
formed were separated from the supernatant and were col-
lected in a test tube and was lyophilized till it got dried.

2.3 Beetle Dissection and Measurement of Eggs and
Ovarioles

Sterilized glass bottles were taken and sterilized 10g of rear-
ing medium was added in each bottle. Then 2%, 3%, 4%, 5%,
10% of each of the three protein samples (i.e. WEW, PPT-I,
PPT-Il) were added and simultaneously control with 10g of
rearing medium and without egg proteins were run. Then 50
beetles in each bottle were released and the mouth of each
bottle was covered with muslin cloth and the bottles were
kept in the incubator at 30°C + 1°C and 95% RH. After 30
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days of treatment equal number of beetles were dissected
from each treatment including control under dissecting mi-
croscope in a drop of Ringer's physiological solution on a
wax-fixed petridish. A pair of surgical pins was used to open
the abdominal cavity and then the ovarioles were taken out
(Anwar et al 1971). The surrounding tracheoles and fat bod-
ies were removed. The size of ovarioles and eggs were taken
with the help of occular micrometer precalibrated with stage
micrometer.

2.4 Morphometeric measurements of eggs and ovarioles
Females were sampled from control and treated series after
30 days of treatment and the size of ovarioles were taken with
of ocular micrometer pre-calibrated with stage micrometer.

2.5 Determination of fecundity, egg volume and repro-
ductive effort per female

The total number of eggs laid by each female, i.e., the fecun-
dity, the egg volume [length (a) and breadth (b) of the eggs
were measured using ocular micrometer pre-calibrated with
stage micrometer, and the volume (V) was calculated using
the formula V=mab? on the assumption that the shape ellip-
soid (Fujiwara et al 2000) and the reproductive effort per fe-
male (Fecundity x Egg volume) (Yin et al 2008) was compared
between control and treated groups.

2.6 Scanning Electron Microscopic study

The ovarioles and eggs of female specimens after 30 days
of feeding of treated and untreated rearing medium were
removed and fixed in 2.5% glutaraldehyde for two hours
and post fixation was done in osmium tetraoxide for an hour
followed by three buffer washings of 15 minutes each after
each fixation to fixation. The tissues were then dehydrated
in a graded ethanol series (50%-100%) for 15-20minutes in
each grade. After drying, the samples were assembled on
aluminium stubs, coated with gold and were examined for
SEM (Almeida & Landim, 2000).

2.7 Data analysis

The data was presented as mean + SE and were analysed us-
ing Analysis of Variance (ANOVA) in order to determine the
significant differences in control and treated groups.

3. Results and discussion

3.1 Normal structure of the ovary

The female reproductive system in T.castaneum is of the mer-
oistic\telotrophic type in which nurse cells, or trophocytes,
are present in the germarium and are connected to oocytes
in early stages of their development by trophic filaments
called nutritive cords (King & Buning, 1985). In the beetle,
this cord is extremely slender, less than 10 pm in diameter.
At the time of yolk uptake, the nutritive cord finally breaks
and the follicle cells form a complete layer round the oocyte
(Chapman, 1998). There was a pair of ovaries with 5-6 ovari-
oles each, generally aligned parallel to one another. Each
ovariole contains a terminal filament. The average length of
each ovariole of female T.castaneum is about 0.67 mm (Table
1).Each ovary has a lateral oviduct that ends at the common
oviduct which opens into a genital chamber called bursa
copulatrix. Even though there must be a separation between
the common oviduct and the vagina, the later was not dif-
ferentiated in T.castaneum. At the dorsal side of the base of
the vagina, the accessory organs were observed, which were
the spermatheca and one accessory gland. Female accessory
gland supply lubricants for the reproductive system and se-
crete a protein-rich egg shell (chorion) that surrounds the en-
tire egg. These glands were usually connected by small ducts
to the common oviduct or the bursa copulatrix.

The ovarioles were divided into two main regions: the more
distal and somewhat enlarged germarium in which oocytes
are produced from oogonia, and a more proximal vitellar-
jum in which oocytes grow and mature (Plate1-Fig.1). The
vitellarium contained a series of 2-3 follicles (oocytes with
a surrounding follicular epithelium) in successive stages of
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development (Plate 1-Fig.1). All the ovarioles present in
T.castaneum were asynchronous, since there were not mature
oocytes at the same time.

3.2 Effects of treatment on ovarioles

The sizes (length and breadth) of ovarioles of normal mature
red flour beetles and the beetles treated with different con-
centrations (2%, 3%, 4%, 5%, 10%) of egg white protein sam-
ples (WEW, PPT-I and PPT-Il) were compared (Table 1) after
30 days of treatment. The average length of ovariole of a
normal control beetle was about 0.67mm while that of the
treated beetles were found to be ranged between 0.27mm
to 0.61mm, and breadth of the normal ovariole of the control
beetle was about 0.10 to 0.11Tmm and that of the treated
beetles were ranging between 0.08 to 0.10mm. So it was ob-
served that the length of the ovariole was significantly less
in the beetles fed on 5% and 10% WEW; 4%, 5% and 10%
PPT- | and 2%, 3%, 4%, 5% and 10% PPT-Il. The breadth of
the ovariole of all the treated beetles was significantly less
except in 4% PPT- | and 4% PPT- Il as compared to the con-
trol beetles. Ovarioles from treated female red flour beetles
had also some abnormal oocytes as compared to the control
ones. Some ovarioles were malformed, while the others in
a state of deterioration being resorbed (Plate 1-Figs. 2,3,4).
The degenerating eggs lost their spherical shape without
separating boundaries between adjacent eggs in the beetles
fed on the diet containing WEW, PPT- |, PPT- II. The continu-
ous intake of this egg white protein samples (WEW, PPT- |,
PPT- 1) also caused early death of the insects as compared to
the normal untreated ones.

3.3 Fecundity, egg volume and reproductive effort per
female

The fecundity rate of the beetles were significantly (p<0.05)
lower in 3%, 4%, 5% and 10% of both PPT-I and PPT-II than
that of the control group (approximately 10.5) after 30 days
of treatment. In these treated beetles, fecundity rate ranged
from 0.25 to 3.5 (Fig.1 a). The mean value of egg volume was
0.84 x 10-2 mm3 in the control group whereas the mean val-
ue of egg volume of the beetles varied from 0.69 to 0.81x10-
2 mm3 in WEW, 0.12 to 0.64 x 10-2 mm3 in PPT-| and 0.64
to 0.76 x 10-2 mm3 in PPT-II (Fig.1 b). So out of all the three
treatment proteins (WEW, PPT-I, PPT-Il), PPT-I proteins had
maximum and WEW had minimum effect on the egg volume
(Fig.1 b). The mean reproductive effort of the control indi-
vidual was 0.085 whereas the mean reproductive effort of
the female adults emerging from treatment and control lots
exhibited a highly appreciable difference. The mean value of
reproductive effort of the beetles reared on the diet contain-
ing WEW varied from 0.013 to 0.068 in different concentra-
tion groups (2%, 3%, 4%, 5%, 10%) but it was significantly
less only in the beetles reared on higher concentrations i.e.,
5% and 10% WEW as compare to the control group (Fig.1
c). The mean value of reproductive effort of the beetles fed
on the diet containing 2%, 3%, 4%, 5%, and 10% of PPT-I
ranged as 0.053, 0.005, 0.008, 0.002 and 0.001 respectively.
These values were significantly very less than the control
group except in the beetles having 2% PPT-I. However, in the
beetles fed on 3%, 4%, 5%, 10% PPT-Il protein, the values of
reproductive effort were also significantly smaller than those
of the control group except in 2% PPT-Il (Fig.1 c). So the dif-
ferent egg white proteins (WEW, PPT-I, PPT-II) had shown an
inhibitory effects on the reproduction of insects. They could
reduce survival rate, fecundity and net reproductive rate of
T.castaneum which predicts that the egg white proteins are
likely to reduce the general fitness of an insect and thus the
reproductive capacity.

3.4 Scanning Electron Microscopy of ovariole surface

The changes in shape, appearance and size of ovarioles in
treated females as compare to the control group indicated
that hen'’s egg white proteins may have considerable effect on
development of ovary/ovariole. This could be supported by
the data of fecundity and egg size which decreased in treated
female beetles as compare to that of control (Fig.1). Higher
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resolution of the ovariole surface revealed the presence of
wrinkled appearance which marks the ovariole sheath. There
was found a markable change in the structure of the ovariole
sheath of control and treated groups (Plate 2-Figs. 1,2,3,4).
In the control beetles, in the germarium region of ovariole,
the epithelial sheath cells were flat and could be visualized
as juxtaposed “disks” (Plate 2-Fig. 1). In the beetles fed on
the diet containing WEW and PPT-|, the epithelial sheath was
quite similar to the control group though some changes in
these juxtaposed disks were reported but in case of the bee-
tles fed on the diet containing PPT-Il proteins, the epithelial
sheath cells were remarkably changed showing some sort of
resorption in the ovariole sheath. The epithelial sheath of the
treated beetles (i.e, WEW, PPT-I, PPT-Il), in the middle and
posterior region of vitellaria, also showed remarkable change
in the structure of sheath as compare to the control group
(Plate 2-Figs.2,4).

3.5 Scanning Electron Microscopy of egg surface

Eggs presented polygonal ridges on the external surface
of the chorion and these were particularly distinct (Plate
3-Fig.1). The exochorion is made up of the two sheets, which
trap a film of air between them and functions as a plastron in
the respiratory system of insect eggs. (Hinton, 1970 & Mar-
garitis & Mazzini, 1998). The small, scattered aeropyles were
also seen on the surface of Tribolium eggs (Plate 3-Fig.2).
These aeropyles enable the eggs to transfer atmospheric
oxygen through the plastron network. Micropylar region was
seen on the top of the egg in a rounded shape. Higher reso-
lution of the egg surface revealed the presence of wrinkled
\ shrivelled appearance of the chorionic layer on the beetles
fed on the PPT-I and PPT-I| proteins respectively (Plate 3-Figs.
3, 4). So formation of deep wrinkles and folds in the chorionic
layer of eggs points towards the depletion of internal cellular
material.

4. CONCLUSION

The results of the study have shown that feeding of the egg
white proteins to larval and adult stages of Tribolium cas-
taneum caused significant effect on the survival/mortality
and the reproductive performance. Fecundity rate appeared
to be reduced due to the effect of various protein fractions
on oogenesis and egg characteristics. Similar to the results
of this study it was observed that all the protein fractions of
egg white cause mortality and disrupt testicular functions in
red flour beetle. Fraction PPT-Il appeared to be more effec-
tive in inducing mortality and degenerative changes in the
testis than the whole egg white proteins and PPT-I (Parshad
& Kansal, 2012). Higher rate of mortality of beetles observed
in PPT-II fraction may be due to avidin, which is expected
to be present in this fraction, however, further studies need
to be carried out to ascertain the biopesticidal properties of
egg white proteins.
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Table 1: Measurement of ovariole dimensions in red flour
beetle reared on medium without or with variable concen-
trations of different egg white proteins.

Treatment % protein Size of ovarioles (mm)
Length Breadth
Control 0 0.67+0.05 |0.11+0.01
2 0.45+0.06* |0.08+0*
3 0.43+0.03* |0 .08+0*
Whole egg white |4 0.61+0.02 |0.08+0*
5 0.45+0.05* |0.08+0*
10 0.40+0.08* |0.09+0.006*
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2 0.73+0.04 |0.09+0.006*

3 0.57+0.02 |0.08+0.10*
PPT - | 4 0.42+0.06* |0.10+0.10

5 0.34+0.07* [0.09+0.005*

10 0.34+0.03* [0.09+0.006*

2 0.27+0.10* |0.08+0*

3 0.42+0.02* |0.08+0*
PPT - 1| 4 0.42+0.04* [0.10+0*

5 0.38+0.03* |0.08+0*

10 0.31+0.02* |0.08+0*

Values are mean + SE

* Significant differences (p<0.05) between control and treat-
ment groups.
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Fig. 1 : Fecundity, egg volume and reproductive effort per
female in red flour beetle reared on medium without or
with variable concentrations of different egg white pro-
teins.
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PLATE-3
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Legends: Explanation of photographs

Plate 1
Fig. 1: Light photomicrograph of ovarioles of beetles reared
on control medium. X 100

Fig. 2: Abnormality in the germarium region of ovariole of
beetle fed on rearing medium containing treatment. X 100

Fig. 3: Abnormality in the vitellarium region of ovariole of
beetle fed on rearing medium containing treatment. X 100

Fig. 4: An ovariole with oosorptive oocyte of beetle fed on
rearing medium containing treatment. X 100

The bar indicated the scale of 100pm

Plate 2

Fig. 1: Epithelial sheath of anterior germarium region of
ovariole of beetles fed on control medium.

Fig. 2: Epithelial sheath of anterior germarium region of
ovariole of beetles fed on PPT-II.

Fig. 3: Epithelial sheath of posterior vitellarium region of
ovariole of beetles fed on control medium.

Fig. 4: Epithelial sheath of posterior vitellarium region of
ovariole of beetles fed on PPT-II.

Plate 3
Fig. 1: Scanning electron micrographs of egg surface of the
beetle fed on control medium.

Fig. 2: Higher resolution micrograph of the aeropyles on the
egg surface.

Fig. 3: Scanning electron micrographs of egg surface of the
beetle fed on PPT-II.

Fig. 4: Deep folds and wrinkles on the egg surface of beetle
reared on the rearing medium containing PPT-II.
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