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ABSTRACT

The insecticidal activity of star anise (/llicum verum Hook. F.) fruits
extracts was determined against the lesser mealworm (Alphitobius diaperinus Panzer).
In laboratory tests, 25.0, 12.5, 6.25 and 3.12 mg/ml’1 extract concentrations as acetone
solutions were added to diet of larvae and adults. The antifeedant effects of extract
were investigated using choice and no-choice tests. The most sensitive stage was 7
days old larvae followed by 14 days old. Thirty days old larvae were highly tolerant to
test extract. All applied doses caused the 100% mortality of younger larvae, however,
only higher concentrations (25.0 and 12.5 mg/ml™) were toxic to older larvae, whereas
25.0 mg/ml™” dose caused no mortality in adults. At lower doses, some older larvae
developed into pupae and adults, but their body weight was lower than control. The
extract was a very good feeding deterrent against larvae, but only in choice test. In the
no choice test, the antifeedant effect was very weak.

Key words: Allelochemicals, Alphitobius diaperinus, antifeedants, essential oils,
Illicum verum, lesser mealworm, star anise fruits.

INTRODUCTION

The lesser mealworm (Alphitobius diaperinus Panzer) also called the litter beetle
infests the Poultry Farma. Its rapid reproduction and spread create a serious veterinary and
economic problem for many poultry breeders. It also affects the storehouses, houses and
offices neighbouring the hen houses. A. diaperinus is a vector of many bird pathogens
including Salmonella typhimurium, S. enterica, Campylobacter jejuni (9,23). It is also
intermediate host of the cysticercoides of helminths, Choanotaenia and Raillietina, which
infect poultry. Moreover, the larvae and adults bore tunnels in the insulating material of
buildings causing damages and loss of heat (3). Its control is very difficult now, because
(i). Development of resistance to insecticides, decrease in susceptibility of A. diaperinus to
conventional insecticides is noted in many countries (13,14,6,29) and (ii). Avoids direct
contact with insecticide by hiding in deeper litter layers and tunnels bored in walls of
buildings. Hence, it is necessary to find new methods for its control.
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Allelochemicals, the secondary metabolites produced by plants, play an essential
role in plant defence systems against pathogens and pests. They are of great interest to
researchers for more than 30 years as a potential source of ecologically safe botanical
insecticides with different acting mechanisms. Some of them, such as deterrents and
repellents, affect the insects’ behaviour, others disturb their development, have a negative
effect on their growth by disturbing the digestion and assimilation of food. Many of them
are characterized by acute toxicity (2,8,11,12). They may provide the basis for alternative
strategies of pest control. However till now, little information is available about the effects
of plant allelochemicals on the behaviour of A. diaperinus. Our earlier studies indicated
that natural terpenes and their synthetic derivatives affect the pest’s feeding. Some of
them, such as y- i 8- hydroxylactones obtained from pulegone and isopulegole showed
strong antifeedant properties (27). Likewise halolactones obtained from piperytone
strongly reduce the feeding of A. diaperinus (Szczepanik, unpublished data). However,
other terpenes, [myrcene, (+)-3-carene, (+)-limonene and ()-camphene] are weak food
deterrents against it (26).

The extract from star anise [/llicum verum Hook. (Illiaceae)] shows insecticidal
effects on many insect species, including Coleoptera, Diptera and Lepidoptera (4,10,12,
24). Numerous investigations have shown that the susceptibility of particular species is
differentiated e.g. investigations on pests of stored products show that Callosobruchus
chinensis is more susceptible than Sitophilus oryzae (12). The mortality of insects treated
depended on the dose and the exposure time. No investigations have been done on the
effect of star anise on the lesser mealworm. This study aimed (i). to investigate in laby
conditions the effect of extract of star anise on various development stages of A.
diaperinus and (ii). to provide the possibility of using this extract to control A. diaperinus
populations resistant to conventional insecticides.

MATERIALS AND METHODS

L. Preparation of 1. verum extract

Dried star anise fruits (/llicium verum) were purchased from the Kawon-Hurt
(Gostyn, Poland) herbal company. A Deryng apparatus was used to extraction the volatile
compounds of I. verum fruits (28). A suspension of 10 g of ground dried fruits was placed
in a 500 ml round flask together with 100 ml of distilled water. The sample flask was
heated for 1 h after the boiling point was reached. The vapours were condensed by cold
refrigerant. After 60 min of extraction, 1.2 ml of essential oil containing the volatile
compounds was collected in a 2.5 ml vial and kept at -15°C until the GC-MS analyses and
biological tests were performed. The analyses were run in triplicate.

I1. Chromatographic analyses

The isolation, identification and quantification of volatile compounds were
performed on a gas chromatograph (GC), Saturn 2000 Varian Chrompack with a column
TRACE TR-5 (5% phenyl methylpolysiloxane) 30 m x 0.25 mm ID x 1.0 um film (5). The
mass spectrometer (MS) equipped with an ion-trap analyzer was set at 1508 for all
analyses with an electron multiplier voltage of 1350 V. Scanning (1 scan s') was
performed in the range of 39— 400 m/z using electron impact ionization at 70 eV. The
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analyses were carried out using helium as carrier gas at a flow rate of 1.0 ml min™ in a
split ratio of 1:20 and the following program: (a) 80°C for 0 min; (b) rate of 5.0°C min™
from 80 to 200°C; (c) rate of 25 °C min' from 200 to 280°C and held for 5 min. The
injector and detector were held at 200 and 300°C, respectively. One microlitre of the
extract was always injected. Most of the compounds were identified by using three
different analytical methods: (1) Kovats indices (KI), (2) GC-MS retention indices
(authentic chemicals — standards (S)), and (3) mass spectra (authentic chemicals and
NISTOS spectral library collection (MS)). The identification was considered tentative
when it was based only on mass spectral data and Kovats indices. The Sigma retention
index standard (Sigma, Saint Louis, Missouri, USA) used in this study consisted of a
mixture of aliphatic hydrocarbons ranging from C8 through C32 dissolved in hexane.

I11. Bioassays

Alphitobius diaperinus population. The larvae and adults of A. diaperinus used in study
were taken from a laboratory colony of commercial poultry farm near Torun (53°01'N,
18°37'E, Poland). The colony was kept in glass containers on a diet consisting of one part
of oat flakes, one part of wheat bran, 0.01 part of brewers” yeast and apple halves to
maintain moisture levels at ca. 55%. The colony was kept in an rearing chamber at +29°C
in the dark.

Toxicity and larval growth bioassay. To assess the effects of I. verum extract on insect
mortality, growth and development three larval stages and adults (3-4 days old) were used.
To provide large numbers of larvae of approximately same age, a new culture method for
the lesser mealworm described by Rice and Lambkin was applied (22). The body weight
of I group of larvae (about one week old) was 1.19-1.23 mg (Larvae I, see Table 3), the II
group (Larvae II) was 2-weeks old and their body weight was 3.98- 4.13 mg, and that of
the IIT group (about 30 days old) was 14.57 -14.90 mg (Larvae III). The test extract was
incorporated as acetone solution into the diet. The insects were exposed to 4-
concentrations: 25.0, 12.5, 6.25 and 3.12 mg/ml"'. One hundred mg of wheat bran was
mixed with 1 ml of a test solution or acetone as control. After evaporation of the solvent
(30 min of air-drying), the food was placed in Petri dishes together with 10 larvae or 10
adults. The dishes were transferred into the rearing chamber and held under the same
conditions as for colony maintenance. Treated food was completed in accordance with
requisition. Mortality was observed every day and body weight gain was recorded at 5-
days intervals. When control mortality reached between 5 and 20% the mortality observed
was corrected by Abbott’s formula (1). The number of living pupae that transformed from
survining larvae and adults that emerged from pupae were recorded. The body weights of
pupae and adults (immediately after emergence) were also recorded. Each test was done in
four replicates.

Antifeedant choice and no-choice tests. The antifeedant activity of 1. verum extract was
assayed as per procedure of Szczepanik et al (27). In these bioassays, oat flakes purchased
from Kupiec (Paprotnia, Poland) were used as test food. For the feeding assays, two lower
doses of acetone solutions of extract i.e. 6.25 and 3.12 mg/ml" were prepared. The oat
flakes were saturated by dipping in the test solution or in acetone alone as control. After
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evaporation of the solvent (30 min of air-drying), the oat flakes were weighed and placed
in Petri dishes together with 10 larvae. In the choice test, both control and treated oat
flakes were placed together in a Petri dish, with the control flakes separated from the
treated flakes by a thin glass capillary. In the no-choice test, only treated or control flakes
were offered. Four replicates of tests for each dose were carried out on each larval stage.
The dishes were transferred into a rearing chamber and kept at 29 + 1°C in the dark. After
3 days of feeding, the remaining uneaten oat flakes were reweighed and the mean weight
of food consumed was calculated. Basing on the amount of food consumed feeding
deterrence coefficients (relative R and absolute A) were calculated using the formulae
(18):

R =C-T/C + Tx100 (choice test),
A =CC-TT/CC + TTx100 (no-choice test),

Where, C, CC and T, TT are weights of the control and the treated food consumed by the
insects in the choice and no-choice tests, respectively.

Statistical analysis: The percentage mortality and mean values of the deterrence
coefficients were statistically analysed by means of one-way analysis of variance
(ANOVA) and Tukey’s test. The differences between the body weights of control and
treated larvae, pupae and adults were compared using #-test (7).

RESULTS AND DISCUSSION

Chemical composition of essential oil

The chemical composition of obtained essential oil is presented in Table 1.
Phenylopropanoid-anethole is present as volatiles as the main compound in anise seeds. In
mixture of analyzed compounds, we also found terpenes: limonene, a-pinene, 1.8-cyneole,
3-carene and other aromatic compounds: p-anisaldehyde and estragol. The remaining
compounds were present in trace amounts. The composition of I. verum essential oil is
similar to the results obtained by Padmashree et al (20). The main difference is the lack of
trans-ocimene and 4-terpineol in the mixture obtained.

Acute toxicity of I. verum extract

The mortality of lesser mealworm treated with 1. verum extract varied according
to dose, age of larvae and exposure time. Acute toxicity of extract was observed only in
youngest larvae. One-week old and 2-weeks old larvae treated with a 25.0mg/ml”
concentration died within 24 h (Table 2). Shortly after being transferred onto the treated
food the larvae showed hyperactivity, increased mobility and convulsions ending in
paralysis and death. Similar symptoms appeared in second-stage larvae of house fly,
Musca domestica treated with an extract from star anise fruits (24). That is probably due to
the pharmacological effect of anethole, the main ingredient of I. verum. After initial
stimulation and irritation of the larva’ body, it reduced the locomotory activity, drop in
body temperature, hypnotic effects and paralysis. Such neurotoxic symptoms are triggered
off by numerous monoterpenes occuring in the volatile oils of many plants (10). All
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Table 1. Chemical composition of I. verum extract

No. Compound Retention time (%) Identification
(min) method
1 o-Pinene 7.43 0.70 S, KI, MS
2 Sabinene 8.38 0.04 KI, MS
3 B-Myrcene 8.52 0.10 S, KI, MS
4 B-Pinene 8.66 0.09 S, KI, MS
5 o-Phelandrene 9.28 0.14 S, KI, MS
6 3-Carene 9.38 0.32 S, KI, MS
7 a-Terpinene 9.54 0.09 S, KI, MS
8  p-Cymene 9.76 0.11 S, KI, MS
9 Limonene 991 3.27 S, KI, MS
10 1,8 Cyneole 10.09 0.61 S, KI, MS
11 y-Terpinene 10.67 0.14 S, KI, MS
12 Terpinolene 11.49 0.09 S, KI, MS
13 Linalool 11.62 0.67 S, KI, MS
14 4-Terpineol 14.38 0.30 S, KI, MS
15  Estragol 14.73 0.67 S, KI, MS
16  Carvone 15.92 0.02 S, KI, MS
17  Z-Anethole 16.31 0.13 S, KI, MS
18  p-anisaldehyde 16.55 1.45 S, KI, MS
19  Anethole 17.38 90.55 S, KI, MS
20  Metyl anisate 19.69 0.07 KI, MS
21  Arisketone 19.89 0.12 KI, MS
22 trans-Caryophyllene 21.42 0.03 S, KI, MS
23 4'-Methoxy propiophenone 21.75 0.02 KI, MS
24 Methyl eugenol 22.60 0.12 KI, MS
25  trans-nerolidole 24.17 0.08 S, KI, MS
26 Spatulenol 25.30 0.03 KI, MS
27  a-Cadinol 26.23 0.05 KI, MS

S: Authentic standard; KI : Kovats indices; MS: Mass spectrum

applied doses of I verum triggered off symptoms of paralysis in one week old
A. diaperinus larvae. However, in larvae treated with the lowest dose symptoms of
recovery were observed on the following day. That shows that higher concentration of 1.
verum extract causes the “knock-down” in larvae, while with lower doses the paralysis is
reversible. That, however, has no effect on the survival rate of youngest larvae. All doses
applied caused 100% mortality. However, with lower doses the survival time of larvae was
much longer (Table 2). The "knock-down" effect was also observed in fruit flies,
Drosophila melanogaster M. treated with hexane extracts of Pimpinella anisum L. tops.
Extracts representing 1.0 g of anise tops resulted in 98% mortality of fruit flies after 30
min of exposure and these flies did not revive, whereas 0.5 g anise tops caused 70%
mortality after 30 min, yet after 24h all flies revived (15).

The sensitivity of A. diaperinus larvae to the I. verum extract decreased with age.
Only the highest concentration of I. verum extract caused 100% mortality in 2-weeks-old
larvae. At 12.5 mg/ml” dose a considerable drop in mortality of these larvae was observed
in the initial stage of experiment, the symptoms of neurotoxicity were also much weaker.
The insects’ dying process was extended in time and 100% mortality was registered after
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45 days. With lower doses the survival rate of 2-weeks-old larvae increased, a dose of 3.12
mg/ml” caused only 37.5% mortality. In those cases paralysis was observed only in
isolated individuals.

Thirty days old larvae showed a much higher resistance to the extract applied.
Only the highest dose, 25.0 mg/ml”' caused 77.33% mortality. Half that dose, 12.5 mg/ml™
showed low activity towards that stage. The mortality of larvae 2-weeks after the
application of the extract was 14.85% (Table 2). The treated larvae evolved into pupae and
continued their development. Susceptibility of other species of Tenebrionidae to
monoterpenoids also varied with age. Older larvae of Tribolium confusum du Val can
tolerate higher concentrations of linalool, limonene and 1.8-cineole than younger ones
(25). Likewise, larvae Tribolium castaneum Herbst becomes less susceptible with age to
trans-anethole, thymol and eugenol (17). The adults of A. diaperinus showed complete
resistance to the applied I. verum extract. The mortality of imagos treated with a dose 25.0
mg/ml” was similar to control and was only 2.5%. Because of the high survival rate of the
insects the experiments were terminated within two weeks. No tests were done using the
lower doses of extract.

Growth inhibitory effects

The extract had an inhibitory effect on the growth of A. diaperinus larvae. The
increase in body weight depended on their age and dose. The few surviving youngest
larvae (7- day-old) treated with 12.5 and 6.25 mg/ml™ after 15 days reached only 18.32 and
33.33% of the body weight of the control larvae, respectively ( Fig.1). After many days all
larvae died. The body weight of larvae treated with the lowest dose after 15 days was
43.49% of control but in following 2-weeks, the increase in their body weight was little
and was only 25.59% of control (Table 3).

The reduction in body weight gain in 14-day-old larvae used in the experiment
was smaller. Two weeks after start of treatment with doses of 12.5, 6.25 and 3.12 mg/ml’1
their body weights was 55.38, 53.37 and 68.67% of control, respectively (Fig.1). But 30
days after start of experiment, those differences were significant. In tests with 12.5 mg/ml™
dose the larvae’s body weight constituted 43.21% of the control, while in those with a dose
of 3.12 mg/ml™ it was 72.72% of control. At the lowest extract concentration, the surviving
larvae continued their development, which was extended by 10 days than control (Table 3)
and 62.5% of them developed into pupae. Morphologically they did not differ from control
pupae but their body weight was lower-only 63.95% of the control (Table 4). 54.8% of
those pupae developed into adults with 10.85 mg mean body weight i.e. 65.99% of control
adults body weight.

The lowest reduction in body weight gain was observed in the oldest larvae.
Though at 25.0 mg/ml™ dose, there were fluctuations in body weight and low increase, but
at 12.5 mg/ml" dose, the larvae reached 79.45% of body weight of control larvae and
85.15% of them developed into pupae with a mean body weight of 16.95 mg. The survival
rate of those pupae was also higher: 73% developed into adults with a mean body weight
of 15.13 mg. In the control, 91.34% larvae changed to pupae with a mean body weight of
19.97 mg (Table 4).

The inhibitory effects of extract on the growth of A. diaperinus larvae is due to its
toxicity rather than to its antifeedant activity. Though the high values of deterrence
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coefficients obtained in the choice tests can suggest high deterrent activity of 1. verum, in
the no-choice tests the insects quickly overcame their reluctance to feeding, an indication
of which are the low values of the absolute deterrence coefficients (Table 5).

Table 5. Feeding deterrent activity of L.verum extract against A. diaperinus

Instar Dose Deterrence coefficients + SE*
mg/ml”! R A
Larvae | 6.25 96.77 £2.28 a 12.54 £2.40 ab
3.12 69.53 £5.83 ab 14.13 £2.29 ab
Larvae 11 6.25 66.54 +£7.90 ab 13.62 £4.63 ab
3.12 90.68 £2.25a 2.62+1.57a
Larvae III 12.5 44.09 £19.23 b 18.75+£2.15b

* Each value represents the mean of four replicates, each set up with 10 insects (n=40). Means
followed by the same letters within each column are not significantly different (P<0.05, Tukey’s test)

The deterrent activity of anethole against other insect species differs. It is
relatively weak deterrent against Trichoplusia ni (2). On the other hand, it shows
deterrence as well as toxicity to Spodoptera litura and inhibitis growth in larvae after
topical administration (10). The reduced increase in body weight of A. diaperinus larvae
may be caused by irritation and necrosis of intestinal epithelium cells, which may be
caused by the continuous administration of anethole and the high concentration of its
metabolite, anethole epoxide, with cytotoxic properties (19).

Our investigations bring information about the stomach action of 1. verum extract
on A. diaperinus larvae and adults. That makes it possible to assess if adding the extract to
the poultry’s food can help reduce the pest’s population. The inclusion of ivermectin into
the poultry’s diet can be effective method of control of A. diaperinus (16). Our results
show that the doses used in laboratory conditions are effective only against the youngest
larval stages of lesser mealworm. Using higher doses can be difficult for economic and
sanitary reasons. High anethole concentrations are toxic to vertebrates. Hepatotoxicity in
female rats was reported when dietary levels of trans-anethole were 250 mg/kg or more
body weight/day (19). An excessive content of extract in the poultry’s food can endanger
their health. Low doses of anethole do not constitute such danger. For example, in humans
1 mg/kg body weight is safe. The safety of low doses of anethole is supported by its
occurence as a natural component of traditional food (19). The lower doses used in this
study, reduced the numbers of A. diaperinus population by inhibiting the young
development stages, on the other hand they can be more effective in the synergistic effect
of anethole. Extracts from anise increase the insecticidal activity of numerous
monoterpenes (10,21) as well as the toxicity of synthetic insecticides, among other things
pyrethroids, which are widely used for control A. diaperinus (15). Considering the
registered drop in the pest’s sensitivity to chemical insecticides (6,29), the introduction of
a synergizing factor can be important. Anethole also strongly synergizes the toxicity of
thymol towards Spodoptera litura (10). It is therefore necessary to investigate the
synergetic effects of anethole and other monoterpenes as well as chemical insecticides
against A. diaperinus. The investigations will be continued.
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