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Sitophilus oryzae is an insect pest known for its destructive impact on rice crops. Chemical pesticides continue to be employed for
the prevention of Sitophilus oryzae. The aforementioned phenomenon exerts adverse effects, notably in the form of human
intoxication. Hence, one alternate approach to address the issue involves utilizing a preparation derived from the leaves of the
jackfruit tree. The leaves of the jackfruit tree are known to possess many bioactive compounds such as flavonoids, saponins, and
tannins, which have insecticidal properties. Hence, the objectives of this study are to investigate the impact of jackfruit leaf extract
on the mortality rate of rice insects and to evaluate the quality of rice. The study was carried out in the Biology Laboratory of the
Faculty of Education and Teacher Training at the Tadulako University. The study employed a research strategy known as
a completely randomized design (CRD), which included five treatments. Each treatment was repeated in four biological and ten
technical replicates. The treatments were as follows: treatment A served as the control and involved the use of Bestrin forte,
treatment B involved the application of a 10% jackfruit leaf extract, treatment C involved the application of a 20% jackfruit leaf
extract, treatment D involved the application of a 30% jackfruit leaf extract, and treatment E involved the application of a 40%
jackfruit leaf extract. Every treatment was administered through spraying to all ten insects and that was repeated four times. The
data collected were subjected to analysis using analysis of variance (ANOVA) and supported by the SPSS-25 software. The findings
of the study indicated that the application of jackfruit leaf extract (Artocarpus heterophyllus) at specific time intervals (20th, 40th,
and 60th minutes) resulted in a noteworthy impact on the death rate of rice beetles. Furthermore, the extracts successfully
preserved the olfactory attributes of the rice, ensuring its quality. Nevertheless, their ability to uphold the standard of the rice in
relation to its color and flavor was inadequate. The efficacy of the jackfruit leaf extract in eradicating rice bugs was found to be
highest when applied at a concentration of 40%.

1. Introduction

Rice is a staple food for Indonesian people. Consumption of
rice from-year-to-year has increased along with the in-
creasing population of Indonesia [1-4]. Therefore, the In-
donesian government has programmed an increase in rice
production to meet the national demand for rice. Lately, that
program has been nearly accomplished. However, an im-
portant problem faced at this time is regarding post-
production handling, being the problem of handling rice
storage.

Stored rice is often damaged by pests. One of them is
caused by the presence of rice beetle pests (Sitophilus

oryzae). Rice beetle is one of the insect pests belonging to the
genus Sitophilus. Appearance of Sitophilus oryzae during rice
storage is caused by unfavorable storage conditions such as
low temperature and humidity in the warehouse. Under
these conditions, the rice beetle can quickly reproduce.
Several studies reported that the average daily temperature is
in the range of 27-29°C and the average daily humidity is in
the range of 75-79% which is a very suitable condition for
growth and development Sitophilus oryzae [5-7].

Damage to rice results in reduced quality of rice such as
rice with small holes so that rice becomes brittle and breaks
easily into powder. Efforts to deal with pest attacks from rice
beetles that have been carried out are by using chemical
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insecticides. These insecticides are made from organo-
phosphate, carbamate, or pyrethroid compounds [8-10].
These compounds can be used to suppress damage to rice
during storage by killing rice beetles. The use of synthetic
insecticides from the organophosphate group in the man-
agement of insect pests is highly relied upon by the com-
munity. However, they did not realize that the use of these
synthetic insecticides had a negative impact on rice such as it
can poison humans, causing symptoms of dizziness, nausea,
and weakness [11-14]. At least 20,000 people per year die
from pesticide poisoning [15, 16].

The search for efforts to control beetle pests that are safe
for the environment and human health is still ongoing. One
alternative that might be used to deal with this problem is to
use natural insecticides. Natural insecticides are easily
decomposed in nature so they do not have a negative effect
on the environment and do not poison humans. The ad-
vantages of using natural insecticides are that they are more
environmentally friendly, cheap, and easy to obtain, com-
patible when combined with the control of other materials,
and free from pesticide residues. However, this natural
pesticide has several weaknesses, including relatively slow
working power, does not kill target pests directly, is not
resistant to sunlight, is less practical, does not last long in
storage, and sometimes has to be used repeatedly [17-20].

Based on the advantages and disadvantages of using
plant materials for insecticides, it is very necessary to find
suitable plant materials so that they have more advantages
but few weaknesses. Considering that natural ingredients are
easy and widely available and have not been utilized opti-
mally, one of them is the use of natural insecticides using
jackfruit leaves. The selection and utilization of jackfruit
leaves is an alternative solution for handling rice weevil pests
and may be able to maintain the quality of rice based on the
results of identification of chemical compound groups
carried out that jackfruit leaf extract contains metabolites
such as flavonoids, saponins, and tannins, that are used for
antibacterial, antifungal, larvicide, pesticide, and antioxi-
dants [21-24]. In addition, preliminary tests on jackfruit
leaves regarding the potential of jackfruit leaf extract
(Artocarpus heterophyllus) as a mosquito bio-larvicidal
Culex sp. that jackfruit leaves contain tannins of 3.08%,
flavonoids of 0.92%, and saponins of 1.36% [23]. Saponin
substances have a way of working as stomach poisons and
inhibit the work of the cholinesterase enzyme in mosquito
larvae and flavonoids act as respiratory poisons, causing
death in mosquito larvae [25, 26]. Meanwhile, tannins can
reduce the activity of digestive enzymes (proteases and
amylase) and disrupt the activity of intestinal proteins so
that they will experience nutritional disorders [27]. With
regard to the reports of the results of these studies, it is
possible to apply secondary metabolites from jackfruit leaves
to eradicate rice beetles.

Jackfruit leaves as described above can be selected as an
alternative natural insecticide. This is because besides
jackfruit leaves containing the substances such as saponins,
flavonoids, and tannins; so far, no studies have been con-
ducted on insecticides using jackfruit leaves on the mortality
of rice beetles. In addition, what is the effect of using
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jackfruit leaf extract on the quality of the rice? Therefore, the
research that was carried out to address the problem re-
garding damage to rice by rice beetles is how the effect of
jackfruit leaf extract (Artocarpus heterophyllus) as a natural
insecticide against rice beetle mortality (Sitophilus oryzae)
and rice quality. Thus, this study was conducted to examine
the effect of jackfruit leaf extract on the mortality of rice
beetles and to examine rice quality. From the results of this
study, it is hoped that it can contribute to the handling of rice
storage so that the quality of rice remains guaranteed
without causing health problems for humans.

2. Methods

The study was carried out in the Biology Laboratory, Faculty
of Teacher Training and Education, Tadulako University,
spanning from December 2021 to March 2022. The research
employed a fully randomized design (CRD) comprising of
five treatments and four replications. The treatment regimen
comprises the following groups: A, which serves as the
control and is administered Bestrin forte; B, which receives
a 10% concentration of jackfruit leaf extract; C, which is
given a 20% concentration of jackfruit leaf extract; D, which
is administered a 30% concentration of jackfruit leaf extract;
and E, which is provided with a 40% concentration of
jackfruit leaf extract.

The beetles were acquired from the Animal Husbandry
Service of the Regional Government of Palu City. The
process of supplying beetles involves the controlled re-
production of both female and male beetles within a con-
fined environment, such as a jar containing rice. There exist
discernible differences between female and male beetles,
mostly in terms of their physical characteristics. Female
beetles may be identified by their thinner and smoother
snouts, as well as their comparatively greater body size.
Conversely, male beetles possess a broader and rougher
snout, along with a lower body size. Rice beetles deposit their
eggs into crevices found in seeds or particulate matter. The
female rice beetle has a daily oviposition rate of around four
eggs. The life cycle of the subject under consideration is
around five months, during which it has the capacity to lay
a range of 250-400 eggs. The eggs undergo hatching after
a period of three days. The larvae use rice as their primary
source of sustenance and have a lifespan of 18 days. Sub-
sequently, it undergoes a six-day period of pupation. The rice
beetle utilized in this investigation was an adult specimen
aged 25 days, as this particular age corresponds to the stage
of fertilization.

The simplicia jackfruit leaves were prepared using a total
of one kilogram of freshly harvested leaves obtained from
Palu City, situated in the Central Sulawesi Province of
Indonesia. The leaves are subjected to a comprehensive
washing procedure utilizing a continuous flow of water to
effectively remove any contaminants that may be present on
the samples. The samples underwent a drying process using
blotting with a piece of tissue, followed by further cutting
into uniform dimensions. Subsequently, the specimens
underwent a desiccation procedure within a controlled
environment, utilizing an oven maintained at a constant
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temperature of 60°C for a period of 72hours. After the
completion of the drying process, a dry sorting method was
employed to separate the damaged pieces. Following that,
the separated pieces were finely ground using a blender,
leading to the generation of 463 grams of jackfruit leaf
powder, often referred to as simplicia.

The preparation of jackfruit leaf extract involves the
maceration procedure with several adaptations [28]. The
process of preparing jackfruit leaf extract involves several
sequential steps. Initially, the jackfruit leaves are thoroughly
washed using clean water. Subsequently, the leaves are air-
dried to remove any moisture content. Following this, the
dried leaves are finely chopped to reduce the size. A total of
463 g of jackfruit leaves are then placed into an Erlenmeyer
flask. To facilitate extraction, 1200 ml of 96% ethanol is added
to the flask. The flask is securely closed, and the contents are
agitated using a shaker for 3 x 24 hours. After agitation, the
mixture is filtered using a filter paper to separate the liquid
extract from any solid particles. The resulting filtrate is then
subjected to further processing using a rotavapor apparatus.
This apparatus aids in the separation of the solvent from the
extract by evaporating it in a water bath. As a result, a con-
centrated extract is obtained. Subsequently, the extract was
diluted using distilled water in accordance with the desired
concentration for each treatment, namely, at concentrations
of 10%, 20%, 30%, and 40%. These concentrations were
applied successively as treatments B, C, D, and E. Treatment A
acted as a control using Bestrin forte.

An experiment was conducted to assess the efficacy of
jackfruit leaf extract (Artocarpus heterophyllus) in control-
ling the population of rice beetles (Sitophilus oryzae). The
experimental procedure involved the application of a 9 ml
solution of jackfruit leaf extract by spraying. To start the
administration of jackfruit leaf extract, the rice beetle
specimens were partitioned into five containers with a jar-
like form (refer to five treatments). Every individual con-
tainer is filled with 200 grams of rice and a population of 10
rice beetles. Subsequently, jackfruit leaf extract was ad-
ministered in five treatment groups, with a dosage of 3 ml
each jar for a single application at specific time intervals of
20, 40, or 60 minutes. The treatments of the experiments
were repeated 4 times. The mortality of rice beetles was
assessed using the quantification of deceased individuals.
Furthermore, the analysis of the rice’s quality, including
attributes such as shoulder, taste, and color, was conducted
using an ANOVA test with the assistance of SPSS-25.

Organoleptic studies were conducted to evaluate the
quality of rice. The experiment involved assessing the he-
donic preference of cooked rice, including factors such as
color, taste, and fragrance. This evaluation was conducted on
rice samples that had undergone five different treatment
methods. Subsequently, a sample of the rice was distributed
among a cohort of 20 individuals including chefs, con-
sumers, and nutritionists, with the objective of evaluating
their respective perceptions pertaining to its visual ap-
pearance, flavor, and aroma. The evaluation of sensory at-
tributes was conducted by the use of a numerical scale
ranging from 1 to 5.

3. Results

3.1. Rice Beetle Mortality. The mortality of rice beetles at the
20th, 40th, and 60th minutes of the results of the treatment
with jackfruit leaf extract compared to the control can be
seen in Figure 1.

At 20 minutes from Figure 1 shows that the mortality of
rice beetles treated with Bestrin forte (A) as the positive
control was the highest and significantly different compared
to the four jackfruit leaf extract treatments, namely, 10%
concentration (B), 20% concentration (C), 30% concen-
tration (D), and 40% concentration (E), which is marked
with a different letter above the bar (a, b). However, the
mortality ratio of rice beetles between the four types of
jackfruit leaf extract treatment was not significantly differ-
ent, which is marked with the same letter (a). The mortality
rate of rice beetles at 40 minutes treated with Bestrin forte
decreased and became not significantly different from the
mortality rate of jackfruit leaf extract treatment of 10%
concentration, 20% concentration, and 30% concentration.
Another thing happened in the treatment with the extract at
a concentration of 40%, where the mortality rate was the
highest and significantly different from other treatments.
The 60th minute showed that the mortality of rice beetles
treated with Bestrin forte has reached 0 (zero). This was
significantly different from the four jackfruit leaf extract
treatments at 10% concentration, 20% concentration, 30%
concentration, and 40% concentration (Figure 1). The four
jackfruit leaf extract treatments had a nonsignificantly dif-
ferent mortality rate for rice beetles.

The mortality of rice beetles seems to be related to the
duration of exposure to insecticides, being Bestrin forte and
jackfruit leaf extract. Figure 2 shows the relationship in each
treatment Bestrin forte (A), 10% concentration (B), 20%
concentration (C), 30% concentration (D), and 40% con-
centration (E). The relationship level is, respectively, 78.8%,
5.7%, 96.2%, 3.5%, and 1.1%. The relationship of these
treatments describes a linear relationship with equation A is
Y=0.2375x+12.833, B is Y=0.0125x+2.6667, C is
Y=0.0188x+2.4167, D is Y=0, 0063x+3.5, and E is
Y =0.0125x + 2.8333.

3.2. Rice Quality. From testing the jackfruit leaf extract on
the quality of rice regarding color, smell, and taste which
have been analyzed using the application SPSS-25 can be
presented in Figure 3.

Figure 3 shows that the color of rice before being treated
with Bestrin forte insecticide and jackfruit leaf extract was
not significantly different from the color of rice treated with
Bestrin forte. However, the color of the rice before the
treatment was significantly different from the color of the
rice from the extract treatment at a concentration of 10%,
20%, 30%, and 40%. The color of the rice treated with Bestrin
forte is significantly different from the color of rice treated
with jackfruit leaf extract at concentrations of 10%, 20%,
30%, and 40% concentration. The colors of the rice treated
with the extract at all concentrations showed no significant
differences between one another.
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F1GURE 1: Mortality of rice beetles sprayed with Bestrin forte (A), and jackfruit leaf extract concentration of 10% (B), 20% concentration
(C), 30% concentration (D), and 40% concentration (E) at the 20th, 40th, and 60th minutes of observation.
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FIGURE 2: Analysis of linear regression correlation between the percentage of beetle deaths and the observation time from the 20th, 40th and
60th minutes treated with Bestrin forte (A), 10% concentration (B), 20% concentration (C), 30% concentration (D), and 40% concentration (E).

The smell of rice from rice before being treated and after
being treated with both Bestrin forte and jackfruit leaf extract
at the concentrations tested (10%, 20%, 30%, and 40%)
showed no significant difference (Figure 3). Meanwhile, the
taste of rice showed that before treatment it had the most
delicious taste level and was significantly different from after
being treated with Bestrin forte and with jackfruit leaf extract
at a concentration of 10%, 20% concentration, 30% con-
centration, and 40% concentration. The taste of rice treated
with Bestrin forte had the lowest taste quality compared to
the taste quality of rice treated with extracts at 10%, 20%,
30%, and 40% concentrations. The quality of the taste of rice
treated with jackfruit leaf extract at the four concentrations
had no significant difference.

4. Discussion

The experimental results that have been carried out found
that at the 20th minute Bestrin Forte (K+) had the highest
mortality effect which was significantly different from the
four treatments using jackfruit leaf extract at concentrations
of 10%, 20%, 30%, and 40% (Figure 1). It was different in the
40th minute where a concentration of 40% had a high effect
on rice beetle mortality. Meanwhile, at smaller concentra-
tions, namely, concentrations of 10%, 20%, and 30%, they
still did not have a mortality effect. Bestrin forte at
40 minutes had a reduced mortality effect (Figures 1 and 2).
This decrease continued until it reached 0 (zero) at the 60th
minute of the observation. Meanwhile, jackfruit leaf extract



Scientifica

Mean of respondent perception

a

Pre A B

(C+)

C D E

Pre
(C+)

Rice Color

A B

C D E Pre A B

(C+)
Rice Tasty

C D E

Rice Smell

Organoleptic assay

F1GURE 3: Organoleptic assessment of the color, smell, and taste of rice before being treated (pre), after being given Bestrin forte (A), jackfruit
leaf extract at a concentration of 10% (B), a concentration of 20% (C), a concentration of 30% (D), and a concentration of 40% (E).

at a concentration of 40% still has the ability to kill beetles.
These results indicate that Bestrin forte has a high, fast
mortality rate for rice beetles, but the time is relatively short.
Meanwhile, the jackfruit leaf extract has a slower, lower
mortality rate for rice beetles but is quite durable. This result
is in line with the study that reported that one of the
weaknesses of natural pesticides is that they have a slow
effect or influence on insects [18, 29, 30].

From the results of the study, it can also be stated that
jackfruit leaf extract with a concentration of 40% is still not
effective enough to kill rice beetles, compared to Bestrin
forte. Therefore, it is likely to be effective if the concentration
of the jackfruit leaf extract is increased. Previously, a study
has reported that the concentration of lime peel extract kills
rice beetles starting from a concentration of 20% to a con-
centration of 80% [31]. Thus, the concentration of jackfruit
leaf extract is increased to 80%, and the probability of having
a mortality ability against rice beetles is 3.63. The prediction
is obtained from the linear regression equation which is
Y=0.01X +2.83 (Figure 2). The mortality rate of 3.63 or
36.3% is higher than the mortality rate achieved by Bestrin
forte in the 20th minute which is 23%. Also, the mortality
rate of 3.63 or 36.3% at 40 minutes means an increase of
21.3% from the mortality rate at 20 minutes of 15%.

The mortality effectiveness of jackfruit leaf extract at
a concentration of 40% occurred in the 40th minute. This
means that the content of bioactive compounds such as
flavonoids from jackfruit leaf extract functions optimally in
that minute. The results of the study show that flavonoids
function to interfere with the nervous system of insects
[32-34]. This opinion is reinforced by observations showing
that dead rice beetles have signs of staggering, trembling legs,
and sleepy eyes (unpublished data). These characteristics
agree with a study reporting that flavonoids work as in-
hibitors in the respiratory system [35]. Flavonoids attack
several nervous organs in several vital organs of insects,
causing a weakening of the nervous system and respiratory

system and resulting in death. Apart from flavonoids, other
compounds contained in jackfruit leaf extract which are
thought to have an effect on the mortality of rice beetles are
saponins and tannins. This conjecture is based on the
opinion that tannin compounds can cause digestive enzyme
activity and decrease absorption and interfere with the
body’s metabolic processes [36]. In addition, tannins can
reduce the activity of digestive enzymes (protease and
amylase) and interfere with intestinal protein activity, so that
it will experience nutritional disorders [37]. The workings of
saponins are as stomach poisons and inhibit the action of
enzymes [38].

The mortality of rice beetles is related to the duration of
exposure by jackfruit leaf extract. From the data in Figure 2,
it shows that the Bestrin Forte (A) treatment has an effect
value of 78.94% on rice beetle mortality. Furthermore,
treatment with a concentration of 10% (B) was 5.77% on the
mortality of rice beetles. Then, with the treatment con-
centration of 20% (C) with a correlation value of 0.981, the
results that have been obtained are included in the very
strong category. The effect value is 96.2%, which means that
jackfruit leaf extract affects 96.2% of rice beetle mortality.
Treatment with a concentration of 30% (D) with a correla-
tion value of 0.188, the results obtained were included in the
very low category and an effect value of 3.5%, which means
that jackfruit leaf extract affects 3.5% of rice beetle mortality.
Finally, with a treatment concentration of 40% (E) with
a correlation value of 0.107, the results obtained are included
in the very low category and the effect value is 1.1%.

From the description mentioned above, there is an in-
teresting fact from the study that extracts with high con-
centrations (40%) have faster mortality compared to extracts
with lower concentrations. These results indicate that jackfruit
leaf extract has high levels of bioactive; flavonoids, saponins,
and tannins. This is a line white a study revealed that the
increase in concentration is directly proportional to the in-
crease in the toxic substance so that the killing power is higher



[39]. In addition, it is suspected that high concentrations have
lower moisture compared to extracts from low concentra-
tions. Air humidity comes from the evaporation of water from
the extract. This is based on an opinion expressing that lower
humidity can cause high mortality [40].

The organoleptic analysis carried out in the study aims to
determine the level of consumer preference for color, smell,
and taste in rice that is given jackfruit leaf extract. The rice
color data obtained that before the treatment was not sig-
nificantly different from the Bestrin Forte treatment. This
means that Bestrin Forte did not change the color of the rice.
However, prior to treatment it was significantly different
from extract treatments (10%, 20%, 30%, and 40% con-
centration). These results illustrate that jackfruit leaf extract
concentrations resulted in a significant change in the color of
the rice from the color of the rice before being treated. The
color of rice treated with Bestrin forte was the same as the
color of normal rice being bone white, while the color of rice
treated with 10% jackfruit leaf extract was light green, then
the color of rice treated with 20% jackfruit leaf extract was
greenish white. The color of rice treated with jackfruit leaf
extract 30% is pale white, and finally the color of rice treated
with 40% jackfruit leaf extract is yellowish white. The change
in the color of the rice that had been treated, and it indicated
that the jackfruit leaf extract affected the color of the rice.
The change depends on the different concentrations. The
results mean that the compounds contained in the jackfruit
leaf extract are of different levels, and then interact with rice
so that the color of the rice becomes different. The com-
pounds that change the color of the rice are thought to be
pigments from jackfruit leaf extract. This is based on a study
reveal that changes in rice color are caused by the blending of
the color pigments from the leaves with the rice [41].
Changes in the color of rice between rice from before and
after treatment resulted in a decrease in the quality of the
color of rice. This research is in line with a previous research
conducted which stated that lime leaf extract reduced the
color quality of rice [41].

Odor is one of the parameters in testing sensory
properties (organoleptic) using the sense of smell. On rice
before and after extract treatment showed that the quality of
the smell of rice after being given treatment did not decrease.
There was no decrease in the quality of the smell of the rice
because when the rice was put into the plastic sample was
cold so there was no air deposition in the plastic sample
given to the respondent. As revealed by a study that reported
that the cause of the decrease in the quality of the smell of
rice is caused by rice that is still hot which is put directly into
the container [41].

Taste is one of the factors that can determine whether
a product can be accepted or not by consumers. The rice
taste data obtained was a significant difference between
before and after treatment. However, the taste of rice treated
with extract has almost the same taste. The taste of rice
treated with jackfruit leaf extract 10%, 20%, 30%, and 40%
had an unpleasant taste (Figure 3). The scoring value of the
rice before and after treatment indicated that the taste
quality of the rice after being given treatment decreased from
quite tasty to less tasty. The decrease in the taste of rice after
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treatment is thought to be due to the presence of compounds
in jackfruit leaves which can cause a bitter taste, causing an
unpleasant taste.

5. Conclusion

The use of Artocarpus heterophyllus leaf extract has shown
a notable impact on the death rate of rice beetles. Fur-
thermore, this extract demonstrated the ability to preserve
the olfactory characteristics of rice, hence maintaining its
overall quality. Nevertheless, it is unable to uphold the
standard of the rice in relation to its visual appearance and
flavor. The concentration of 40% was shown to be the most
efficacious in terms of rice beetle eradication while utilizing
jackfruit leaf extract.

Data Availability

The data used to support the study are available from the
corresponding author upon request. https://docs.google.com/
spreadsheets/d/1W44ZKbUL9H1i0iu4KXUO{INNUxUDG7DZ/
edit#gid=1404597595.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

We would like to thank Faculty of Teacher Training and
Education, Tadulako University, for supporting funding and
providing facilities for the research

References

[1] A. Bashir and S. Yuliana, “Identifying factors influencing rice
production and consumption in Indonesia,” Jurnal Ekonomi
Pembangunan: Kajian Masalah Ekonomi dan Pembangunan,
vol. 19, no. 2, pp. 172-185, 2019.

[2] R. A. Putri, I. D. Kumalasari, and B. Utama, “Implementasi

program diversifikasi produk pangan lokal di dinas ketahanan

pangan provinsi jawa tengah,” Media, vol. 18, no. 1, pp. 10-22,

2022.

D. Mashithoh Azzahra, A. Amir, and S. Hodijah, “Faktor-

faktor yang mempengaruhi impor beras di Indonesia tahun

2001-2019,” E-Journal Perdagangan Industri Dan Moneter,

vol. 9, no. 3, pp. 181-192, 2021.

[4] A.M. Arsani, “The future of Indonesia and global agriculture:
rice consumption and agricultural modernization,” vol. 4,
no. 1, p. 8, 2020.

[5] H.Hendrival and R. Muetia, “Pengaruh periode penyimpanan
beras terhadap pertumbuhan populasi Sitophilus oryzae
L. Dan kerusakan beras,” Biogenesis: Jurnal Ilmiah Biologi,
vol. 4, no. 1, pp. 95-101, 2016.

[6] H. Hendrival, J. Juhaimi, Y. Sari, U. Usnawiyah, and

K. Khaidir, “Pengaruh kepadatan populasi dan periode

penyimpanan terhadap pertumbuhan populasi Sitophilus

oryzae L. Dan kerusakan sorgum,” J. Agrium, vol. 19, no. 3,

p. 248, 2022.

S. Manaf, E. Kusmini, and Helmiyetti, “Evaluasi daya repe-

lensi daun nimba (Azadirachta indica A. Juss) terhadap hama

[3

[7


https://docs.google.com/spreadsheets/d/1W44ZKbUL9H1i0iu4KXU0fINNUxUDG7DZ/edit#gid=1404597595
https://docs.google.com/spreadsheets/d/1W44ZKbUL9H1i0iu4KXU0fINNUxUDG7DZ/edit#gid=1404597595
https://docs.google.com/spreadsheets/d/1W44ZKbUL9H1i0iu4KXU0fINNUxUDG7DZ/edit#gid=1404597595

Scientifica

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

gudang Sitophilus oryzae L.(Coleoptera: Curculionidae),”
J. Gradien, vol. 1, no. 1, 2005.

T. Hotelier, V. Négre, P. Marchot, and A. Chatonnet, “In-
secticide resistance through mutations in cholinesterases or
carboxylesterases: data mining in the ESTHER database,”
Journal of Pesticide Science, vol. 35, no. 3, pp. 315-320, 2010.
B. T. Negussie, S. Dube, and M. M. Nindi, “Multiclass pes-
ticide residue analysis in fruit and vegetable samples by
combining acetone-based salting-out assisted extraction with
dispersive liquid-liquid microextraction,” Journal of Chem-
istry, vol. 2021, Article ID 6417093, 12 pages, 2021.

X. Chang, D. Zhong, Q. Fang et al., “Multiple resistances and
complex mechanisms of Anopheles sinensis mosquito: a major
obstacle to mosquito-borne diseases control and elimination
in China,” PLoS Neglected Tropical Diseases, vol. 8, no. 5,
Article ID 2889, 2014.

F. L. Edwards and P. B. Tchounwou, “Environmental toxi-
cology and health effects associated with methyl parathion
exposure- a scientific review,” International Journal of En-
vironmental Research and Public Health, vol. 2, no. 3,
pp. 430-441, 2005.

M. E. C. Leenders, . W. Fijen, F. Spoelstra, and J. Meulenbelt,
“Atropine therapy in organophosphate intoxication,” Journal
of Toxicology- Clinical Toxicology, vol. 41, no. 4, 2003.

S. Sarojmoni, D. Mridusmita, P. Himadree, J. Gunjan, and
J. Monika, “Pesticide impact on human health,” International
Journal of Zoological Investigations, vol. 8, no. 2, pp. 717-725,
2022.

C. M. Morris, C. Savy, S. J. Judge, and P. G. Blain, “Acute
toxicity of organophosphorus compounds,” in Basic and
Clinical ~ Toxicology of Organophosphorus Compounds,
Springer, Singapore, 2014.

H. K. Jensen, F. Konradsen, E. Jars, J. H. Petersen, and
A. Dalsgaard, “Pesticide use and self-reported symptoms of
acute pesticide poisoning among aquatic farmers in phnom
penh, Cambodia,” Journal of Toxicology, vol. 2011, Article ID
639814, 8 pages, 2011.

F. Nurcandra, R. Mahkota, and S. Shivalli, “Effect of personal
protective equipment during pesticide application to neu-
rological symptoms in farmers in purworejo district, Indo-
nesia,” Kesmas: National Public Health Journal, vol. 12, no. 4,
pp. 165-171, 2018.

D. R. Batish, H. P. Singh, R. K. Kohli, and S. Kaur, “Eucalyptus
essential oil as A natural pesticide,” Forest Ecology and
Management, vol. 256, pp. 2166-2174, 2008.

C. E. Oguh, C. O. Okpaka, C. S. Ubani, U. Okekaji,
P. S. Joseph, and E. U. Amadi, “Natural pesticides (bio-
pesticides) and uses in pest management- A critical review,”
Asian Journal of Biotechnology and Genetic Engineering, vol. 2,
no. 3, 2019.

W. Sun, M. Hesam Shahrajabian, and Q. Cheng, “Pyrethrum
an organic and natural pesticide,” J. Biol. Environ. Sci, vol. 14,
no. 40, 2020.

M. Pusceddu, D. Annoscia, 1. Floris et al., “Honeybees use
propolis as A natural pesticide against their major ectopar-
asite,” Proceedings. Biological sciences, vol. 288, no. 1965,
Article ID 20212101, 2021.

F. A. Rahma, E. Mahati, R. A. Kisdjamiatun Rmd, and
R. Halleyantoro, “Effectivity of the jackfruit leaves infusion
(Artocarpus heterophyllus 1.) as A larvacide to the mortality
rate of Aedes aegypti larvae,” Jurnal Profesi Medika: Jurnal
Kedokteran dan Kesehatan, vol. 14, no. 1, 2020.

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

Y. Vazquez-Gonzalez, J. A. Ragazzo-Sinchez, and
M. Calder6n-Santoyo, “Characterization and antifungal ac-
tivity of jackfruit (Artocarpus heterophyllus lam.) leaf extract
obtained using conventional and emerging technologies,”
Food Chemistry, vol. 330, Article ID 127211, 2020.

L. Covarrubias-Rivera, R. Lépez-Cruz, J. A. Ragazzo-Sénchez,
M. Iiiguez-Moreno, and M. Calderén-Santoyo, “De-
termination by isothermal microcalorimetry of the sensitivity
of phytopathogenic fungi of tropical fruits against an etha-
nolic extract of jackfruit leaf (Artocarpus heterophyllus lam.),”
Journal of Microbiological Methods, vol. 195, Article ID
106457, 2022.

R. Hilma, S. R. Harahap, and J. Syahri, “Evaluation of the
antibacterial activity of the jackfruit parasite leaf plant extract
(Macrosolen cochinchinensis (lour.) van Tiegh) with vitro and
in silico approach,” Acta Chim. Asiana, vol. 5, no. 2,
pp. 229-236, 2022.

E. Cania and E. Setyanimgrum, “Uji efektivitas larvasida
ekstrak daun legundi (Vitex trifolia) terhadap larvae Aedes
aegypti,” Medical Profession Journal of Lampung, vol. 2, no. 4,
pp. 52-60, 2013.

M. S. Wahyuni, S. D. Cahyani, R. Azizah, and K. C. Diyanabh,
“A systematic review on the effectiveness of biological lar-
vaside the vector control efforts in dengue fever disease,”
Malaysian Journal of Medical Sciences, vol. 15, pp. 66-69,
2019.

I. Setyawati, “Histology of rat pancreas treated with Cal-
liandra calothyrsus leaf in the diets during pregnancy and
lactation,” Advances in Tropical Biodiversity and Environ-
mental Sciences, vol. 3, no. 1, p. 1, 2019.

Z. Sapiun, P. Pangalo, A. K Imran, P. S. Wicita, and
R. P. Astuti Daud, “Determination of total flavonoid levels of
ethanol extract sesewanua leaf (Clerodendrum fragrans wild)
with maceration method using UV-vis spectrofotometry,”
Pharmacognosy Journal, vol. 12, no. 2, pp. 356-360, 2020.
P. Ksiazek-Trela and E. Szpyrka, “The effect of natural and
biological pesticides on the degradation of synthetic pesti-
cides,” Plant Protection Science, vol. 58, no. 4, pp. 273-291,
2022.

K. Tampubolon, F. N. Sihombing, Z. Purba, S. T. S. Samosir,
and S. Karim, “Potensi metabolit sekunder gulma sebagai
pestisida nabati di Indonesia,” Kultivasi, vol. 17, no. 3, 2018.
S. N. F. Pohan, “Analisis efektivitas ekstrak daun jeruk nipis
ada bahan simpan beras terhadap guna mengendalikan hama
gudang Sitophilus oryzae L,” Jurnal Ilmiah Mahasiswa Per-
tanian, vol. 1, pp. 1-11, 2021.

D. Aprilia Anggraini and S. Lutfiyatul Kamalliyah, “Efektifitas
Konsentrasi Larutan Daun Sirsak (Annona muricata L) (10%,
30%, 50%) terhadap perkembangan mortalitas larvae Aedes
aegypti dan Culex sp,” J. Sains, vol. 8, no. 15, 2018.

R. D. Kurniawati, M. Martini, N. E. Wahyuningsih, and
D. Sutiningsih, “Comparison analysis of leaf and flower ex-
traction of clove which have the potential as larvacida,” In-
ternational Research Journal of Public and Environmental
Health, vol. 9, no. 4, pp. 110-119, 2022.

F. Slavkovi¢ and A. Bendahmane, “Floral phytochemistry:
impact of volatile organic compounds and nectar secondary
metabolites on pollinator behavior and health,” Chemistry
and Biodiversity, vol. 20, no. 4, Article ID 202201139, 2023.
M. L. Bittencourt-Mernak, N. M. Pinheiro, F. P. R. Santana
et al., “Prophylactic and therapeutic treatment with the fla-
vonone sakuranetin ameliorates LPS-induced acute lung



[36

[37

(38

[39

[40

(41

injury,” American Journal of Physiology- Lung Cellular and
Molecular Physiology, vol. 312, no. 2, pp. L217-1230, 2017.
A. Maugeri, G. E. Lombardo, S. Cirmi et al., “Pharmacology
and toxicology of tannins,” Archives of Toxicology, vol. 96,
no. 5, pp. 1257-1277, 2022.

A. Nawab, G. Li, L. An et al,, “The potential effect of dietary
tannins on enteric methane emission and ruminant pro-
duction, as an alternative to antibiotic feed additives-A re-
view,” Annals of Animal Science, vol. 20, no. 2, pp. 355-388,
2020.

E. Cania and E. Setyaningrum, “Larvicide effectiveness test of
lagundi leaf extract (Vitex trifolia) against Aedes aegypti
larvae,” Medical Journal of Lampung University, vol. 2, no. 4,
2013.

S. Gupta, S. B. Sharma, K. M. Prabhu, and S. K. Bansal,
“Protective role of Cassia auriculata leaf extract on
hyperglycemia-induced oxidative stress and its safety evalu-
ation,” Indian Journal of Biochemistry & Biophysics, vol. 46,
no. 5, pp. 371-377, 2009.

C. G. Italo, A. Huerta, and L. R. Diego, “Physical and chemical
characterization of Melia azedarach L. Fruit and leaf for use as
botanical insecticide,” Chilean Journal of Agricultural Re-
search, vol. 69, no. 1, 2009.

S. Raharjo, F. A. Purwandari, P. Hastuti, and K. Olsen,
“Stabilization of black rice (Oryza sativa, L. Indica) antho-
cyanins using plant extracts for copigmentation and malto-
dextrin for encapsulation,” Journal of Food Science, vol. 84,
no. 7, pp. 1712-1720, 2019.

Scientifica





