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The aim of this study was to investigate the effect of starch granules enriched with carvacrol and mixed with
straw pellets (as poultry litter) on the mortality of larvae and adults of the lesser mealworm, Alphitobius diaperinus
Panzer, a cosmopolitan pest inhabiting chicken houses in vast numbers worldwide. Additionally, the effect of starch
granules on the growth parameters and survival of broiler chickens exposed to treated litter was examined. In this
study, granules containing 3, 5, and 10% carvacrol was used. In a simulated chicken house bioassay, this material
was mixed with pellets in three different proportions: 30/70%, 40/60%, and 50/50% (granules/pellets, respectively).
On this medium, young larvae (approximately 10 days old), older larvae (last stage before pupa), and unsexed 7-10
days old adults of the lesser mealworm, with access to food, were colonized. Experiments were performed at 29℃ in
the dark. The study shows that poultry litter with the addition of starch granules enriched with 10% of carvacrol in the
proportion of 40:60% (granules:pellets) appears to be the optimal medium applicable to broiler houses for A. dia-
perinus control. In this environment, all larvae and adults died within 3-4 days and the overall development of the
experimental chickens was similar to that of the control. However, the feed conversion rate was slightly higher in the
treated group (1.72) than in the control group (1.56). The average final body weight in the treated group was 100 g
lower than that in the control group (the differences were not statistically significant).
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Introduction

Eliminating insects inhabiting chicken houses is still an
unresolved problem in the poultry industry worldwide. A
common insect in poultry farms is the lesser mealworm,
Alphitobius diaperinus Panzer. This insect, because of its
tropical origin, has fully adapted to conditions prevailing in
poultry houses. It appears in large numbers in poultry litter

and manure, especially under feeders and drinking troughs.
This pest feeds primarily on spilled poultry feed or cracked
eggs but eats sick and weakened or dead chickens as well
(Axtell and Arends, 1990; Salin et al., 2000). It is well
known that this pest is a source and vector of several path-
ogens such as bacteria, viruses, fungi, protozoa, and platy-
helminthes parasites that cause serious poultry and human
diseases (Watson et al., 2000; Hazeleger et al., 2008; Roche
et al., 2009). In addition, A. diaperinus destroys thermal in-
sulation systems in poultry houses when mature larvae
emigrate to search for isolated pupation sites (Vaughan et al.,
1984). Such a damage causes temperature drop inside build-
ings. Thus, its presence in poultry houses creates serious
sanitary and economic problems for poultry farmers. The
basic method for controlling the pest is by applying chemical
insecticides such as pyrethroids, organophosphorus com-
pounds, macrocyclic lactones, and benzylurea compounds, at
the end of the poultry cycle. However, these methods are
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ineffective and do not provide long-term protection against
the pest. Continuous usage of these insecticides results in the
selection of resistant pest population and increased levels of
the chemicals used in the environment. An increasing num-
ber of publications have described the resistance of pest to
these compounds in several countries (Tomberlin et al.,
2008; Chernaki-Leffer et al., 2011; Hickmann et al., 2018).
Thus, owing to environmental pollution caused by the
excessive use and misuse of agrochemicals and the require-
ments of health food from consumers, alternative methods
must be sought. This problem may solved by introducing
proecological factors into chicken houses to ensure long-
term protection against the pest as well as guaranteeing
poultry safety. This can be achieved by using essential oils
or their main components, especially terpenes. The toxic and
behavioral effects of these natural products on the lesser
mealworm has been well documented in literature (Szczepanik
and Szumny, 2011; Prado et al., 2013; Szołyga et al., 2014;
Testa et al., 2018). The results of these studies show that
essential oils or their components obtained from various
plant species can be used to control A. diaperinus. The
methods of their application in poultry houses can differ;
they can be used as a feed additive in poultry nutrition,
dietary antibiotic replacer, botanical insecticide, or additive
to broiler litter material (Hippenstiel et al., 2011). An ap-
propriate polymer carrier containing components of essential
oils can be easily mixed in a suitable proportion with the
litter and remain in the broiler house throughout the entire
poultry cycle. The role of such a carrier may be fulfilled
using starch.

Starch consists of two fractions: amylose {(C6H10O5)n
where n＝5000} and amylopectin {(C6H10O5)n, where n＝
50 000}, in 20-25% and 75-80%, respectively (Raquez et
al., 2008). Pure starch is a white, semi-crystalline substance
free of smell and taste (Kapuśniak et al., 2011; Bajer et al.,
2012). Its melting point range is 220-240℃ and its glass
transition temperature is 230℃, higher than its decomposi-
tion point at 220℃. Therefore, processing starch in its pure
form is difficult; starch must be subjected to plastification to
lower its glass transition point, thus breaking the hydrogen
bonds and partly decomposing the starch (Poutanen and
Forssel, 1996). Using an increased amount of plasticizer
softens all types of starch and lowers the glass transition
point (Yu et al., 1998; Mościcki et al., 2009; Bajer et al.,
2011). Starch of 10% humidity and glycerol content 20-
35% shows a glass transition point (Tg) of up to 83-71℃
(Yu et al., 1998). Van Soest and Knooren (1997) stated that
starch of 11% humidity and glycerol content 26% shows Tg
＝40℃. The glass transition point of starch materials of
considerable humidity and glycerol content is lower than
20℃ (Mitrus, 2009).

Glycerin, sorbitol, water, ethylene glycol, urea, forma-
mide, and acetamide are among the most commonly used
plasticizers (Poutanen and Forssel, 1996; Park et al., 2005;
Spychaj et al., 2006; Galdeano et al., 2009; Bajer et al.,
2011). Water as a starch modifier limits the upper pro-
cessing temperature by extruction blowing molding because

of water vapor emission leading to porosity of the material
(Thunwall et al., 2008). Plasticizer causes an interaction
between starch macromolecules that increases the elongation
at break as well as impact strength, thus lowering the tensile
strength (Rychter et al., 2016).

Our previous studies have shown that carvacrol signifi-
cantly impaired the growth and development of A. diaperinus
larvae and is toxic to this pest (Szczepanik et al., 2012;
Szczepanik et al., 2018). Therefore, we hypothesize that this
monoterpene phenol may be useful for reducing or elimi-
nating insect infestations in poultry houses without toxicity
to birds exposed to treated litter. The aim of this study was
to investigate the effect of starch granules enriched with
carvacrol and mixed with straw pellets as poultry litter on the
mortality of larvae and adults of the lesser mealworm. Fur-
thermore, the effect of these granules on the growth pa-
rameters and survival of broiler chickens exposed to treated
litter was examined.

Materials and Methods

Chemicals

Native potato starch (Wielkopolska Potato Industry S. A.
Luboń, Poland) was used in the study. The plasticizer used
was propane-1,2,3-triol (Chempur, Piekary Śląskie, Poland)
of density 1,26 g/cm3. Calcium carbonate (Chemical Pro-
cessing Plant and Mineral Resources “Piotrowice,” Poland)
as the filler and carvacrol (Sigma Aldrich, Poznań, Poland)
of density 0,976 g/cm3 as a compound with insecticidal ac-
tivity were used.
Starch Granules Enriched with Carvacrol Preparation

The biodegradable material with insecticidal properties
was obtained as follows: 2% each of potato starch powder,
propane-1,2,3-triol (28%), and calcium carbonate and car-
vacrol in the respective proportions were introduced into a
planetary mixer. All ingredients were mixed using a stirrer
at 60-120 rpm for 9±2 min (Bajer et al., 2017).

The pellets were extruded using a single-screw extruder,
Plasti-Corder PLV 151 (Brabender GmbH & Co., Germany).
The screw had a working length 25D (outer diameter 19.5
mm) and a compression ratio 3:1. The temperature profile
along the cylinder was as follows: 70, 80, 90, and 95℃ (die
head). The screw rotation speed was 100 rpm. The obtained
starch composite, in pellets form with average diameter 3-4
mm, is safe for the environment, as verified by the method
described earlier (Mitrus and Mościcki, 2009).
Bioassays

In this study, larvae and adults from a laboratory colony of
the lesser mealworm were used. The insects were originally
collected from a naturally infested poultry litter in a com-
mercial chicken farm near Toruń (53°01′N, 18°37′E, Po-
land). The insects were stored in glass containers on a diet
consisting of 1 part oat flakes, 1 part wheat bran, 0.01 parts
brewers’ yeast and apple halves to maintain the moisture
levels at 60±5% relative humidity. Cotton was placed
inside containers to provide a good pupation environment.
The colony was kept in a rearing chamber at ＋29℃ in the
dark.
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Toxicity of Starch Granules Modified with Carvacrol Against

A. diaperinus

The toxicity of the granules was evaluated in a laboratory.
In these studies, granules containing 3 and 5% carvacrol were
used. The granules (5 g) were placed in 100-mL plastic con-
tainers lined with moistened filter paper. Each container was
filled with 10 young larvae (approximately 10 days old), 10
older larvae (last stage before pupa), and 10 unsexed, 7-10
days old adults (total insects＝30). In the control samples,
pure starch granules were used. During the entire experi-
mental period, water in filter paper and oat flakes as food
were available. All containers were placed in incubators at
29℃ and 60±5% r.h. in the dark. The mortality of the
insects was assessed daily and corrected by Abbott’s formula
(Abbott, 1925). Four replicates were performed for each
treatment.
Simulated Chicken House Bioassay

The next stage of our research was the assessment of
granule toxicity in conditions similar to the natural. In a
chicken house, the granules can be mixed with poultry litter
(pellets) in suitable proportions and placed over the entire
area of the house. The research on the percentage composi-
tion and toxicity of such a mixture was performed in glass
containers (20 cm×20 cm×15 cm length/width/depth) lined
with moistened filter paper and filled with a mixture of
granules and pellets. Granules containing 3, 5 and 10% of
carvacrol was used. Granules with the addition 3% of car-
vacrol were used in a 50/50% ratio with pellets. Granules
containing 5% of carvacrol were mixed with pellets in two
proportions: 40/60% (granules/pellets, respectively) and 50/
50%. Granules with a higher dose (10%) of carvacrol were
used in three variants: 30/70; 40/60 and 50/50% (granules/
pellets, respectively). On this medium, 10 young larvae (ap-
proximately 10 days old), 10 older larvae (last stage before
pupa) and 10 unsexed, 7-10 days old adults were colonized.
All had access to food. The experiments were performed at
＋29℃ in the dark in 4-replicates for each treatment. Insect
mortality was recorded each day and corrected by Abbott’s
formula (Abbott, 1925). In the control samples pure starch
granules mixed with pellets in appropriate proportions was
used.
Effect of Granules on Chicken Growth Performance

This study was performed at the Faculty of Animal
Breeding and Biology at the University of Technology and
Life Science in Bydgoszcz (Poland) as contracted research.
It was performed in accordance with the Polish law con-
cerning animal experiments. One-day-old male broiler chick-
ens (Ross 308) were purchased from a local hatchery. They
were placed in two 2.5 m2 boxes and there were 33 broilers in
each box. Continuous lighting was provided throughout the
experimental period. The ambient temperature was de-
creased gradually from 32℃ on day 0 to 25℃ on day 21 and
subsequently kept constant. All chickens underwent veteri-
nary evaluation. The birds in the control group were kept on
a commercial pellet bedding (15 kg in box); the treatment
group was cultured on pellet litter mixed with granules
containing 10% carvacrol (9 kg pellets and 6 kg granules).

This carvacrol dose was based on the results presented in
Table 2. During the study, the birds were reared in ac-
cordance with the instructions in the technical manual for
rearing broiler chickens Ross 308 (www.aviagen.com). The
chickens were fed ad libitum with commercial, isocaloric,
and isotonic, full-compound feed mixtures: starter from 0 to
10 days; grower I from 11 to 21 days; grower II from 22 to 35
days; finisher from 36 to 42 days of growth period. They had
unlimited access to water and remained under a veterinarian’s
care.

During the study, the following performance parameters of
the experimental chickens were evaluated: body weight gain
(individual body weights were measured weekly), feed
intake, feed conversion, and mortality. The feed intake from
0-21 days and 0-42 days for both experimental groups was
calculated by dividing the amount of feed consumed by the
numbers of days and chickens. The obtained results were
used to calculate the feed conversion ratio. The daily feed
and water intake on the last day of the experiment was
calculated by dividing the amount of feed and water con-
sumed by the number of birds.
Statistical Analysis

Data from the toxicity of starch granules enriched with
carvacrol against A. diaperinus were statistically analyzed
using a generalized linear mixed model with binomial dis-
tribution and logit link function (SPSS, IBM 25.0). Rep-
licates were included as a random factor. The results were
considered significant when P＜0.05. The student’s t-test
(Microsoft Office 2010, Excel) was used to compare the
body weights of the experimental broilers.

Results and Discussion

The high toxicity of the granules against larvae and adults
of A. diaperinus was indicated in the study. All insects, after
being in contact with granules containing 5% carvacrol, died
within 24 h. With the lower content (3%) of carvacrol in the
granules, the rate of insect dieback was lower. After 24 h,
22.5% of younger larvae and only 10% of older larvae and
adults were killed. The insect mortality increased over the
next few days and became extremely high around the fifth or
sixth day. For the larvae, mortality was approximately 90%
and all adults died within four days after administration
(Table 1).

The survival rate of the insects colonized on litter with the
addition of granules containing carvacrol depended on the
concentration of terpene in the granules and the amount of
granules used in relation to the pellets. The litter containing
granules with the lowest carvacrol content, 3%, had a limited
effect. This environment was toxic only for the larvae,
especially for younger ones; they died within six days. By
contrast, the survival rate of the adults was high; during one
week, only 20% of the insects died (Table 2). Poultry litter
mixed with granules containing 5% carvacrol was toxic only
to larvae, especially in equal proportions; therefore, those
granules were not highly effective. The total mortality of
adults in both variants was at a similarly low level. This
creates the risk of a relatively rapid restoration of the pest
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population. The introduction of a smaller amount (30%) of
granules to the litter, but with a higher content of carvacrol
(10%) was effective only against younger larvae. After three

days, only 20% of these larvae remained alive and during one
week, all larvae died. However, this variant was not ef-
fective against older larvae and adults. The mortality of
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Table 1. Toxicity of starch granules containing 3% carvacrol against A. diaperinus

Development
stage

Mortality (%)±SE1

Days after treatment

1 2 3 4 5 6 7

Younger larvae 22 .5±4 .7 40 .0±5 .8 60 .0±8 .8 83 .0±2 .9 93 .0±3 .3 93 .0±3 .3 100
Older larvae 10 .0±4 .1 30 .0±4 .1 53 .3±8 .8 83 .0±5 .8 90 .0±5 .0 90 .0±5 .0 100

Adults 10 .0±2 .9 30 .0±5 .8 60 .0±4 .1 100
F 1 .59 0 .6 0 .137 1 .079 0 .759 0 .759
df 2 .9 2 .9 2 .9 2 .6 2 .6 2 .6
p 0 .257 0 .572 0 .874 0 .398 0 .508 0 .508

1 Values are means of four replicates, each set up with 10 insects (n＝40). Means within each column are not significantly different.

Table 2. Toxicity of poultry litter mixed with starch granules enriched with carvacrol against A. diaperinus

Carvacrol-
dose%

Granulate:
pellets

%

Mortality (%)±SE1

Days after treatment

1 2 3 4 5 6 7

Younger larvae

3 .0 50:50 0 20 .0±4 .1a 37 .5±7 .5b 56 .7±3 .3a 60 .0±5 .8a 100
5 .0 40:60 0 10 .0±4 .1a 10 .0±4 .5a 60 .0±5 .7a 76 .6±8 .3a 100

50:50 0 25 .0±2 .9ab 67 .5±12bc 100b

10 .0 30:70 12 .5±6 .9a 45 .0±6 .4b 80 .0±5 .7c 87 .5±6 .2c 97 .5±2 .5b 100
40:60 20 .0±4 .1a 80 .0±7 .1c 100d

50:50 10 .0±4 .1a 100d

F 0 .846 9 .84 6 .94 11 .44 4 .53
df 2 .9 5 .18 4 .15 3 .12 2 .9
p 0 .46 ＜0 .001 0 .002 0 .001 0 .043

Older larvae

3 .0 50:50 0 0 10 .0±0a 30 .0±5 .8a 32 .5±2 .5a 64 .0±6 .7b 75 .5±5 .0a

5 .0 40:60 0 0 0 65 .0±6 .4b 86 .7±3 .3b 100c 100b

50:50 0 15 .0±2 .9a 47 .5±6 .1b 67 .5±3 .3b 93 .3±3 .3b 100c 100b

10 .0 30:70 0 0 7 .5±4 .8a 15 .0±6 .3a 21 .3±4 .3a 32 .5±4 .8a 57 .5±4 .8a

40:60 10 .0±0 .0a 20 .0±4 .1a 57 .5±4 .8bc 100c

50:50 10 .0±2 .1a 32 .5±6 .3a 72 .5±4 .8c 100c

F 1 .14 1 .80 10 .65 8 .37 17 .01 6 .83 3 .98
df 2 .9 2 .9 4 .15 5 .18 3 .12 3 .12 3 .12
p 0 .36 0 .22 ＜0 .001 ＜0 .001 ＜0 .001 0 .006 0 .035

Adults

3 .0 50:50 0 0 0 0 0 10±0 .0a 20±5 .8a

5 .0 40:60 10 .0±3 .9 10 .0±4 .1a 10 .0±4 .1a 10 .0±4 .1a 16 .7±7 .6a 16 .7±8 .8a 16 .7±8 .8a

50:50 0 0 5 .0±2 .9a 17 .5±6 .3a 23 .3±12 .6a 23 .3±12 .1a 23 .3±12 .1a

10 .0 30:70 0 0 0 7 .5±2 .5a 7 .5±2 .5a 16 .2±2 .4a 22 .5±12 .1a

40:60 0 27 .5±6 .3ab 100b 100b

50:50 0 47 ,5±6 .3b 100b 100b

F 6 .04 8 .59 6 .24 0 .69 0 .265 0 .16
df 2 .9 3 .12 4 .15 2 .7 2 .7 3 .1
p 0 .022 0 .003 0 .004 0 .534 0 .775 0 .921

1 Values are means of four replicates, each set up with 10 insects (n＝40). Means within a column for each stage with different superscripts are
significantly different.



older larvae after one week was only above 50%; for adults,
it was approximately 20% (Table 2). Increasing the amount
of these granules in the litter to 40% resulted in a significant
increase in toxicity of the substrate for all tested developmen-
tal stages of the pest. Three days after treatment, all younger
larvae and adults died; mortality among the older larvae was
57.5%. After the next day, mortality among the older larvae
increased to 100%. A comparison of the results shows that
adding 40 and 50% of the granules into the litter, i.e., an
addition exceeding 10%, does not increase the mortality
among insects significantly. From a practical and economic
perspective, poultry litter with the addition of starch granules
with 10% carvacrol in ratio 40:60% (granules:pellets) ap-
pears to be the optimal medium applicable to broiler houses
for A. diaperinus control.

Higher doses of essential oils as a pest control agent are
required in broiler houses compared with synthetic insecti-
cides. The low doses, at levels of 1-3%, used in natural
conditions had no effect, especially against later develop-
mental stages. This has been confirmed by other researchers.
For example, Cunila angustifolia essential oil showed an
efficacy of 100% for both larvae and adults when it was used
at concentrations of 5 and 10% (Prado et al., 2013). Simi-
larly, 5% Cinnamomum zeylanicum essential oil used with
pine shavings reduced infestation by Alphitobius diaperinus
in poultry litter (Testa et al., 2018). However, after applying
a 5% dose, a second application of the oil was required in the
middle of the chicken rearing cycle. It can be assumed that
the use of granules containing 5% carvacrol in two appli-
cations can be equally effective. Meanwhile, a higher dose
of carvacrol accelerates mortality at all life stages of the pest
and prevents re-infestation.

The observed effect of carvacrol on the growth perform-
ance of male ROSS 308 chickens is non-significant. The
growth, health, and survival recorded during the rearing of
the broiler chickens depended primarily on the quality of the
inserted hatchlings. The starting average body weight of the
hatchlings was similar to the value of the indicator (42 g)
contained in the “ROSS 308 Broiler Performance Objec-
tives” (2014) (www.aviagen.com) and ranged from 42.9 g in
the control to 42.7 g in the treatment group. During the first
3 weeks of chicken life, a high rate of body weight gain in
both groups was observed (Table 3). The average body

weight of these broilers was even higher than the standard of
959 g. In this period, only one broiler chicken from the
control group died. From the third to the fifth week, the
body weight of broiler chickens exposed to treated litter was
higher compared to that of the control, but without significant
statistical differences (Table 3). The high body weight gain
of all chickens recorded between day 21 and 42 of rearing
increased the density of chickens in the experimental boxes
from 33 to 40 kg/m2. This could be a reason contributing to
the increase in broiler chicken mortality. During this period,
six broiler chickens in the carvacrol group died, while only
three died in the control group (Table 3). Carcasses of the
dead birds were assessed by veterinary examination. Based
on anatomopathological changes observed through bacterio-
logical and parasitological tests of the intestinal mucosa, it
was found that the cause of broiler chicken death was
advanced colibacillosis, with symptoms of inflammation in
the upper and lower respiratory tracts. Colibacillosis can be
caused by poor environmental conditions (highly dusty
chicken house, presence of ammonia in the environment, and
overcrowding). However, considering the intense odor of
carvacrol with a strong irritating effect emitted from litter,
lack of dust, imperceptible odor of ammonia in the experi-
mental room, and exceedance in bird body weight, deter-
mining the direct cause of colibacillosis of the respiratory
tract of the chickens is difficult. However, it appears that the
strong smell of carvacrol as the cause of broiler chicken
death can be ruled out. In the first three weeks when the odor
emission was the strongest, death was not observed among
the carvacrol-treated birds. The observed increase in bird
mortality in this period was likely the result of the onset of
sudden cardiac death among experimental chickens that had
an intense initial rate of weight gain and subsequently
achieved a large, final body weight.

The rate of feed utilization by the broiler chickens is
shown in Table 4. From 0 to 21 days, the feed conversion
ratio was almost the same for both groups. However, when
determined for 42 days of poultry farming, the ratio increased
from 1.54 (control) to 1.72 for the treated group. Mean-
while, the daily feed intake on the last day of rearing was
almost the same for both groups. Thus, the effect of treated
litter on feed utilization by chickens requires further detailed
research.
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Table 3. Effect of treated litter on growth and survival rate of broiler chickens

Broiler group

Body weight (g)±SD1

Days after treatment

Start 7 14 21 28 35 42

Control
42 .9±2 .8
n＝33

217 .5±17 .4
n＝33

596 .6±43 .3
n＝32

1066 .2±84 .6
n＝32

1587 .1±155 .3
n＝32

2274 .6±155 .3
n＝32

3002 .9±344 .7
n＝30

Treatments
42 .7±3 .4
n＝33

216 .7±13 .4
n＝33

586 .8±44 .0
n＝33

1094 .7±101 .0
n＝33

1613 .9±201 .1
n＝31

2294 .4±313 .5
n＝29

2910 .3±330 .8
n＝27

P 0 .75 0 .64 0 .59 0 .44 0 .48 0 .75 0 .31

1 average value; (n)＝number of live broiler chickens; no significant statistical differences were found in any case (student’s t-test).



The presented results show the high potential of starch
granules enriched with carvacrol in controlling the lesser
mealworm in poultry litter. The granules’ high insecticidal
activity and non-toxicity to poultry afford great possibilities
for their practical application. The granules used in the study
are cheap, easy to produce, environmentally friendly, easily
biodegradable, and does not accumulate in the environment.
It can be used, in contrast to synthetic insecticides, in a
broiler house filled with birds. Furthermore, carvacrol has
an anticoccidial action against Eimeria tenella and mixed
Eimeria spp. infestation (Giannenas et al., 2003; Oviedo-
Rondon et al., 2006). The addition of terpenes to the litter for
A. diaperinus control has been recommended by other re-
searchers (Beier et al., 2014).

The last stage of our research will be to conduct trials
under field conditions in a broiler house. Additionally, it is
necessary to evaluate the amount of carvacrol in the tissues
of birds, especially in the muscle tissue and the liver.
However, based on other studies, it can be assumed that these
granules can be used successfully without the risk of accu-
mulation in tissues. Bioactive terpenes are quickly absorbed
after oral, pulmonary, or dermal administration, and most are
metabolized and either eliminated by the kidneys in the form
of glucuronides or exhaled as CO2. Hence, their accumula-
tion in the body is unlikely owing to the rapid clearance and
short half-lives (Brenes and Roura, 2010). Essential oils or
individual terpenes are widely recommended as a feed ad-
ditive in poultry nutrition. Birds supplemented with the plant
extracts showed higher body weight gain and increased feed
consumption when compared with the other groups (Krishan
and Narang, 2014). Carvacrol contained in the granules,
through antibacterial and antiviral activities, will enhance the
sanitary conditions of the chicken house. The application of
starch granules enriched with carvacrol in broiler house
would reduce the use of chemical insecticides and enable the
production of healthy food.
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