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ABSTRACT

The effects of three biologically-active dietary substances namely sulfani-
lamide, adrenaline and B-sitosterol, in the diet on the development and re-
production of the leather beetle, Dermestes maculatus, De G«?erhave been
studied at 70% relative humidity and variable temperatures. Adrenaline and
B-sitosterol·each at 1.0% w/w, 0.5% w/w and 0.1% w/w concentrations in
the diet respectively produced loss in weight and an increase in larval deve-
lopmental period. Sulfanilamide at 0.1% w/w concentration in the diet sti-
mulated growth and reduced larval developmental period. The highest sur-
vial of larvae to the adult stage was found among larvae fed on fish meal
containing sulfanilamide while the highest mortality occurred in fish meat
containing adrenaline and B-sitosterol.

The possible implications of these results for the control of the leather
beetle are discussed.

INTRODUCTION

The mechanism of action of any biologically-active substance may be
understood by considering the effects produced on biological systems at
various levels of complexity of organisatiop. There are the actions on
enzyme systems, subcellular structures, cells, isolated organs or organ sys-
tems and finally on the entire.animal (Bowman et at, 1969). The ultimate
mechanism by which a biologically-active substance exerts its action invol-
ves the interaction of the active substance with the biological system at the
molecular level.
In insects, a juvenile hormone is one of the most important agents invol-

ved in several physiological processes (Novak, 1966; Highnam, 1967;Wiggle-
sworth, 1910). Within the last decade or so a number of workers have
suggested the potential role juvenile hormones, .their analogues andft).~s
could playas pesticides (Williams, 1967; Berkoff, 1969; Slama, 1971;Hoppe
1974; Dhont et al., 1976). Wall (1974) has shown that a juvenile hormone
could disrupt embryogenesis, growth, moulting aad metamorphosis in the
Pyrrhocorid, Dysdercus fasciatus Sign. Several investigators have also studied
possible sterilization effects Of chemical compounds ·classified as mitotic
poisons or anti-metabolites against several species of insects (Knipling, 1955;
Mitlin and Baroody, 1958; Mitlin et ai., 1967; Benscholer and Paniagita,
1966; Benscholer, 1967). Inhibitory influences on the development of
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Effect of diet development and reproduction ·of Dermestes maculatus
Tribolium and other insects by chemical additives to the dietary ration have
been reported by Hogan (1972), Reese and Beck (1976).

Studies on the biology and economic importance of Dermestes maculatus
have been reported by several workers (Scoggin and Tauser, 1951; Taylor,
1964; Toye, 1970; Osuji, 1975). However, information on the effects of
hormones, hormone - mimicking chemicals or anti-metabolites on the
biology of this insect is virtually non-existent. It is against this background
that the present study was undertaken to evaluate the possible effects of
adrenaline, B-sitosterol, and sulfanilamide (which are biologically-active
substances) on the development and reproduction of the leather beetle,
Dermestes maculatus, a:serious pest of smoked, dried fish in Nigeria.

MATERIALS AND METHODS

Dried fish infested with Dermestes maculatus formed the source from
which all the larvae and adult beetles used in this study were cultured.
Adults and larvae found in the fish were collected, the larvae were isolated
and placed in 5cm x 2.5cm specimen tubes each containing 19 ground
fish which served both as food and medium for pupation. Young larvae
were reared in a plastic chamber (12cm x 33cm) containing the head, the
skin and lumps of an intact fish. The lid of the plastic chamber was provi-
ded with a large hole covered with fine wire mesh which prevented the
escape of the larvae and permitted air flow into the chamber. Virgin adults
were sexed according to Hinton (1954) and Halstead (1963).

Ten pairs of virgin adults were placed in a plastic box (18cm x 12.5cm x
6cm) containing smoked pieces of an intact fish which had been heated in
an oven at 600C for 24 hours to ensure that neither eggs nor larvae of
Dermestes and mites were introduced. Toye (1970) had reported that a
temperature of 550C was lethal to eggs, larvae and. adults of Dermestes.
The lid of the chamber was perforated and screened with fine wire netting
to permit air flow and prevent the escape of the beetles. A moistened piece
of cotton wool was provided to supply water for the culture. Dark. pieces
of paper, 2 to 3cm long, were rolled into cylindrical shapes and placed in
the. chamber to provide mating and oviposition sites for the beetles. The
oviposition chambers were observed for eggs 12 hours after the beetles had
been paired. Within three days, the fish provided was also inspected for
first instar larvae and was routinely replaced with a fresh piece of fish.

Preparation of fish meal
Fish without the 'head, skin and bones was pulverised with a mincer and

the powdered fish was heated in an oven at 600C for 24 hours and allowed
to cool for 48 hours in a desiccator whose humidity was controlled at 70%
with saturated potassium hydroxide solution (Solomon, 1953). Twenty
grammes of the powdered fish was mixed thoroughly with a known weight
of a biologically-active substance to produce the required. concentration.
In view of the lack of adequate facilities to control temperature in this
study, a record of the minimum and maximum daily temperatures was-kept
throughout the period ofthe investigation.
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Effects of various chemical treatments
The biologically-active substances used in this investigation were adrena-

line. B-sitostetol and sulfanilamide and they were obtained from Sigma
Chemical. Company. U.S.A. Concentrations finally used in this work were
arrived at after preliminary experiments with various concentrations of the
biologically-active substances. In order to test the viabi1ity of the eggs of
D. macutatus in the fish meal of different chemical treatments, 50 eggs
obtained from the oviposition chambers were placed in each of another set
of tubes containing 1.0% w/w, 0.5% w/w and 0.1% w/w respectively of the
three biologically-active substances. The number andpercentage hatch per
treatment were determined. Untreated fish meal served as control,

To determine the effects of the chemical treatment on the development
and growth of larvae, a painter's brush was used to isolate each of the first
instar larvae into specimen tubes (Scm x 2.Scm). Each larva was provided
with 1.Og of the treated fish as diet. while untreated fish served ~s control.
The weights and lengths· of the larvae were determined and recorded; 1.Og
of the powdered fish, routinely replaced during fresh measurements, was
considered as adequate material into which the larvae would bore when they
grew older, especially during the period preparatory to pupation. Until
adults emerged, measurements were taken every five days in order to mini-
mise frequent opening of the desiccator maintained at 70% relative humidity
with potassium hydroxide solution. One larva served as a replicate for each
treatment and there were fifteen replicates per treatment and the control.
The number of larval casts found in each tube was also noted in order to
determine the specific instar at the time of measurement and to estimate the
total number of instars during the developmental period.

To determine the effect of the chemically-treated diet on oviposition or
fecundity of the insects, pairs of emergerits from each treated diet were
allowed to mate and their rates of oviposition or' fecundity compared.

RESULTS

Oviposition
Copulation occurred immediately the adults were paired and eggs were

laid within 12 to 24 hours. Hatching occurred within two to three days after
oviposition.

Temperature
A record of the minimum and maximum daily temperatures kept through-

out this study gave a range of 23.00C to 31.00C with a mean of 27.SoC.

Effects of various chemical treatments
Table 1 shows the viability of the eggs of D. maculatus in fish meal con-

taining different concentrations of the three biologically-active substances.
An examination of the table showed that, apart from 0.5% w/w adrenaline
and B-sitosterol and 1% w/w sulfanilamide in the diet, all other concentra-
tions considerably reduced egg viability when compared with the control,
the level of reduction depending on the concentrations used. However, no
definite dose-response effects were observed. For example, the percentage
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viability of eggs in fish meal containing O.S% w/w adrenaline and B-sitos-
terol was greater than that for eggs in 0.1% w/w concentration of both
substances. Although it is rather difficult to suggest specific reasons for this
observation, it is probable that omission of a daily examination of oviposi-
tion chambers for eggs of exactly the same age for comparative purposes
might have contributed to the variation in effects. In addition, the period of
two to three days required by the eggs to hatch into larvae was rather short.

Table 1: Viability of eggs of Dermestes maculatus in fish meal containing different concen-
trations of three biologically-active substances (50 eggs per treatment and control).

Treatment Concentration No. of eggs %
%w/w that hatched Hatched

38 76
1.0 32 64
0.5 18 36
0.1 18 36
1.0 22 44
0.5 35 70
0.1 27 54
1.0 17 34
0.5 35 70
0.1 23 46

Control

Sulfanilamide

Adrenaline

B-Sitosterol

The growth curves of D. maculatus larvae fed on fish meal containing
0.1% w/w concentration of sulfanilamide, adrenaline and B-sitosterol are
presented in Fig. 1. The figure showed that adrenaline and B-sifosterol
produced inhibitory effects on the growth of the larvae at this level of
concentration, while the effect of sulfanilamide on larval growth was essen-
tially similar to that of the control at 0.1% w/w concentration.

The average body weight increases with age of the larvae of D. maculatus
fed on fish meal containing O.S% w/w of the three biologically-active sub-
stances are presented in Fig. 2. From these growth curves, Besitosterol and.
adrenaline slowed down larval growth and the effect of adrenaline was
evident within the first few days of treatment while that of B-sitosterol was
apparent only after twenty-five days. Sulfanilamide-again produced an effect
which was similar to that of the control in terms of weight increase. Fig. 3
showed that larval growth slowed down in the fish diet containing 1.0% w/w
concentration of adrenaline, and B-sitosterol. Although sulfanilamide
slowed down larval growth, the difference was not significant.

Analysis of variance was performed between the effects of the chemicals
on larval weight increases with time and between the effect of O.S% w/w and
1.0% w/w concentration of the chemicals in the diet. The analysis is pre-
sented in Table 2. The results showed that there was a significant difference
(P< 0.001) between the effects of the chemicals and also between the.
period of time. Moreover it was found that there were significant inter-
actions of chemicals and time (P < O.OS) and of chemical and conc-ntration
(P< 0.001). In other words, the chemicals acted differently with time and at
different concentrations.

31



r R.A. Balogun and G.E. Ofuy.

t
I

3-S I..

I

30"
I,
I

251
I
I

2·0r

~ 11[
w lO:
:3
-' 05~«
> I0::« I
-' or
z ;t .-' I

0·5~· ./5l
./

_ ....•B-S
" ..-A- --

!••

__ I __... .L L ----L- ....---1. 1. __

10 15 20 25 30 35 40 ~
AGE OF LARVAE (DAYS AFTER HATCHING)·

Fig. 1Growth curves of Dermestes maculatus larvae fed on fish meal containg 0.1 Olo
w/w each of three chemicals

C =
S =

AD =
B-S =

CONTROL
SULFANILAMIDE
ADRENALINE
B-SITOSTEROL

Vertical lines indicate 95%
Confidence intervals.

32



~.

Effect of diet development and reproduction of Dermestes maculatus

35~
!

30[
25

20~
~ I
::r:: i

w
1S ~

LJ..J

:3 i
I

.-J 1O~
«
>

Ia::
« CSt-
.-J

:z CO
.-J

05

1°1
1St

0

.oC
·i ·S

0•
• .8-S
0

"• £> ADA

~
• ,

•
c

" D

-
~
o

._~---L..

5 1() 1S 20 25 '<'. 35 4(,

AGE OF LARVAE (DAYS AF'ff, HATCHING) I

I
I

___ . .....1

Fig. 2 Growth curves of Dermestes maculatus larvae fed on fish meal containing 0.50/0
w/w each of three chemicals.

C CONTROL
S SULFANILAMIDE

AD ADRENALINE
B-S B-SITOSTEROL

Vertical lines indicate 95"70
Confidence intervals.

.33



l' l
I
35

1 r
.0- -O[

lor
.P--- .s

T •
/l

,~ J>AO
2·5 j:x ·~B-S• ..
2,Or

.L
, ;~...,.--,

~
.,~.

••I- ,1::r:
l.:J I

I fLLJ 10c
3 i

T

I
L.

-' <:l
p

« 05"-
> •Q"

« C>

-' 0;-

13 I>

Y
I - 0·5 r-- t

(:>

-1 0 '-

~ /

-15 i
I___ J

0 5 1(, 1') 20 25 30 3'.. 40
AGE n~ LARVA[ : 0/\'(:: AFHR HATCHiNG)

Fig. 3 Growth curves of Dermestes maculatus larvae fed on fish meal cOntaining
1.00/0 w/w each of three chemicall>.

C = CONTROL
S = SULFANILAMIDE

An = ADRENALINE
E-S = B-SITOSTEROL

Vertical lines indicate 95Ofo
Confidence mtervals.

34

\-



R.A. BaloguD and G.E. Ofuya

Table 2: Analysis of variance of the effects of three chemicals, two concentrations and
time on Iarval weight of Dermestes maculatus.

Source of
variance

MS (Mean
Square

FS
(Variance
ratio)

df(degrees SS (sum of
offreedom) Squares)'

a
A (Chemicals)*

B (Time)**

C (Concentration)***

Interactions
AB
AC
BC
ABC

F
P.05
P.001

df 2, 10

df 1, 10
df 10 10

P
(Probabili-
ty level)

2

5

3.0439 1.5220 85.0279 (.001)
50.4583 10.0917 563.7821 (.001)

0.0589 0589 ·3.2905 (NS)

.5767 .0577 3.2235 (.05)
1.0535 .5268 29.4302 (.001)
.0742 .0148 0.8268 (NS)
.1791 .1179

FS

4.10 A * . Chemicals used: Sulfanilamidae,
adrenaline, B-sitosterol.

14.9 B **Time: 0,5,10,15,20,25 days.
4.96 C -*** Concentrations: 0.5% w/w, 1.0%
2.98 w/w.

NS - Not Significant at P 0.05.

10
2
5

10
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Table 3: Correlation coefficients between weights and lengths of Dermestes maculatus
larvae fed with fish containing different concentrations of three biologically-
active substances.

Concentration w/w
0 1.0% 0.5% 0.1%

Control 999
Sulfanilamide .999 .998 .997
Adrenaline .999 .999 .994
B-Sitosterol .998 .998 .993

Table 4: Larval and total developmental period of Dermestes maculatus reared in fish meal
containing different concentrations of three chemicals.

Concentra- Period of Larval Total developmental
tion ·development period

Treatments %w/w Range Mean (days) Range Mean (days) No. of No. of
(days) ± 95% C.I* (days) ± 95% ci» Larvae Moults

Control 35-40 36.25 ± 1.82 40-60 49.38±4.87 8 6

Sulf anilamide 1.0 35-45 39.50±2.51 45-55 50.00 ±2.24 10 7
0.5 30-40 36.43±2.03 45-60 48.08 ±2.79 14 6
0.1 30-45 32.50±2.08 40-55 45.00 ±5.11 8 7

Adrenaline 1.0 45-55 49.17 ±3.60 60-70 63.33 ±3.91 6 s
0.5 45-50 47.50±3.98 55-75 61.25±13.05 4 8
0.1 40-50 40.00±0.00 50-65 56.25 ± 8.69 2 8

B-sitosterol 1.0 40-50 44.29±3.84 50-60 56.00±5.31 7 7
0.5 40-50 46.10±3.87 45-65 56.88 ±5.56 9 7
0.1 45-50 46.25 ±3.47 55-65 58.75 ±6.62 4 8

Explanation: C], * = confidence intervals.

Table 5. Pupal weights of Dermestes maculatus reared in fish meal containing different
concentrations of three chemicals.

Mean Pupal weights(mg) + SE
Treatments Concentration AU emergents Males Females

% /w/w
Control 25.35 ± 1.60 23.20±0.62 25.78 ± 1.77

Sulfanilamide l.0 19.29 ± 1.00 18.62 ±0.93 21.96±2.57
0.5 23.87 ± 1.30 20.17 ± 1.37 25.51 ±t.47
0.1 22.69 ± 1.43 21.36 ± 1.43 24.95 ±2.34

Adrenaline 1.0 17.72 ± 0.51 17.65 ±0.75 17.71 ±0.68
0.5 16.81 ± 0.49 18.03±0.00 16.40 ±0.46
0.1 14.48 ± 1.63 12.96± 1.63 19.03 ±O.OO

B-sitosterol 1.0 15.92 ± 0.84 14.86±0.92 17.40 ±0.73
0.5 14.37 ±0.89 13.31 ±0.75 18.10±0.26
0.1 12.53 ± 0.97 11.80 ±0.98 14.71 ±O.OO
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Table 6. Effect of fish meal treated with different concentrations of three biologically-
active substance on the oviposition/fecundity of emergent virgins of Dermestes
maculatus over a 20-day period.

Treatment
Concentration

%w/w

Control

Sulfanilamide 1.0
0.5
0.1

Adrenaline 1.0
0.5
O.l

B-sitosterol 1.0
0.5
O.l

Total No. No. of Mean No. of
of eggs females eggs/fe1TUJle

179 6 29.83

159 2 79.50
250 8 31.25

0 3 0

122 4 30.50
0 2* 0
0 1 0

0 1 0
85 2 42.50
0 1** 0

* All died five days after mating.** Died eight days after mating ..

A second parameter used as an indication of growth was larval length.
Correlation coefficients were calculated between the weights and lengths of
the larvae which were fed with fish diets containing different concentrations
of the chemical substances and those of the control. The results showed a
high positive correlation between the weights and lengths of larvae in all
cases. The correlation coefficients are presented in Table 3.

The effect of the chemicals in the diet on larval and total developmental
period of D. maculatus was also determined. The results presented in Table 4
showed that O.1% w/w sulfanilamide in the diet stimulated the growth of the
insect resulting in the shortest developmental period. Fish meal treated with
adrenaline and B-sitosterol, on the other hand, prolonged larval develc,
mental period. These two chemicals have been reported earlier to have inhi-
bitory effects on larval weights. In all the fish meal treatments as well as the
control, the total number of larval moults was between 6 and 8 (Table 4).

The mean pupal weights obtained from the larvae fed with fish meal
containing the different concentrations of the three chemicals are presented
in Table 5. It was observed from the results that the pupae which emerged
as females were heavier than those which emerged as males (Table 5).

The effects of the chemical treatments over a 20-day period on the
fecundity of females mated with males, both of which emerged from larvae
fed with fish meal containing the same concentrations of each of the three
biologically active substances, are presented in Table 6. In all the larvae fed
with fish meal containing different concentrations of sulfanilamide, adrena-
line, B-sitosterol and the control, the highest survival to the-adult stage was
recorded among those fed with diet containing sulfanilamide. The highest
larval mortality occurred in larvae fed on a diet containing adrenaline.
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DISCUSSION

The results of the present investigation showed that the three concentra-
tions of adrenaline used - 0.1 % w/w, 0.5% w/w and l.0% w/w had inhibi-
tory effects on the growth and development of Dermestes maculatus. The
concentrations decreased larval weight and increased the period of larval
development.

The physiological role of adrenaline and nor-adrenaline in insects is not
fully known, although Gilmour (1961) suggested that they may playa part
in the activity of certain nerves or neuromuscular j uctions. Wigglesworth
(1970) reported that adrenaline stimulated heart rate, gut peristalsis, malpi-
ghian tubules and oviducts of insects. It is known that administration of
adrenaline to most animal species results in increased oxygen consumption
(Lundholm, 1949; Griffith, 1951). It is therefore not surprising that there is
a loss in weight of all the larvae fed on diet containing adrenaline. If these
effects occurred in Dermestes larvae fed on diet treated with adrenaline,
.there would be' a depletion of food reserves and increased metabolism result-
ing in loss in weight. The greater effect of 0.5% w/w over 1.0% w/w adrena-
line in the diet in reducing larval weight may be explained by the fact that
small doses of adrenaline increase oxygen consumption and temperature
(Essex, 1952).

Fraenkel et al., (1941) confirmed from their study that the larva of Der-
mestes vulpinus would grow only if the food contained a sterol. Sterols
which were found tobe active were purified cholesterol while those which
included sitosterol were found to be inactive. The results of this study show-
ed that addition of B-sitosterol to the diet of D. maculatus inhibited its
growth and prolonged larval developmental period. This insect feeds exclusi-
vely on relatively dry products of animal origin such as stored hides, smoked
fish or meat in which cholesterol constitutes the only or main sterol com-
ponent. Cholesterol and B-sitosterol have the same ring system with only one
double bond in ring B and differ solely in the side chain on carbon atom 17.
This difference was found to be of great importance to Dermestes which
cannot develop on sitosterol (Fraenkel et al., ' 1941). It is reasonable to
suggest that the loss in weight which accompanied the presence of B-sitoste-
rol in the diet of D. maculatus might have been due to inhibition of choles-
terol absorption from the intestinal tract. Although Bvsitosterol did not
reduce the fecundity of D. maculatus, the results obtained from the few
adults which emerged and were used for this aspect of the investigation
req uire cautious interpretation.

In the present study sulfanilamide did not affect the growth of D. macula-
tus larvae significantly when compared with that of the control. However,
increasing the conc-entration of sulfanilamide prolonged larval developmental
period and the highest larval survival was found among larvae fed on diet
containing this compound. It would seem that sulfanilamide contributed to
a reduction in the intestinal bacterial composition which could be large in
number, since the study was not carried out under aseptic·conditions.

From the results of the control experiments, the larval and total develop-
mental periods for D. maculatus were found to be 36 and 49 days, respec-
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tively. Osuji (1975) obtained 36.3 days and 50 days respectively for larval
and total developmental period when he reared 0. maculatus on fish meal
with 10.5% moisture content and at 280C and 75% relative humidity. These
results are in close agreement with those of the control in the present investi-
gation, and confirm the view that environmental conditions, the type of diet
as well as its moisture content influence the development of D. maculatus.

The moult from the last larval instar to the pupa was observed to be
accompanied by loss in weight of all the larvae fed on fish meal containing
the different chemicals. Wigglesworth (1965) has noted that fat is the chief
form in which energy is stored, and that before metamorphosis there is a
build up of fat in a mature larva. It is therefore suggested that the loss in
weight of the larvae was a result of oxidation of fat to produce a large
amount of energy required for the transformation of larvae to pupae.

In this study, fecundity in D.· maculatus was affected significantly by
lower concentrations of sulfanilamide. In Dermestes, mating acts as a stimu-
lus to oviposition and appears to hasten final maturation of the eggs (Wigg-
lesworth, 1964). All the emergent adults which were paired mated almost
immediately after pairing. Therefore, failure to oviposit could not have been
due to failure to mate.

The results of this study showed that adrenaline and B-sitosterol pro-
longed larval developmental period. Prolongation of larval period of insects
such as Dermestes, which live in fish would be most undesirable since the
larval stage is the most destructive in this insect's life cycle. On the other
hand, retardation of larval growth and development by these two chemicals
could cause the induction of metabolic abnormalities which might result in
high larval mortality. Therefore,· either compound, in conjuction with
insecticides, could prove useful in the control of Dermestes on hides.

It would be desirable to include a high concentration of sulfanilamide in
the diet for mass rearing of Dermestes. A histochemical study of the repro-
ductive organs to ascertain the effects of this compound is worth prosecut-
ing, and an examination of the probable effects of sulfanilamide on the
genetic constitution of Dermestes is also desirable. The results obtained
from these investigations may elucidate further the mode of action of sul-
fanilamide on' D. maculatus. Such information can be of great practical
importance in planning control programmes for the leather beetle.
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