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Abstract.  The golden apple snail (Pomacea canaliculata) is a
major pest causing significant damage to rice plants, particularly at
the early vegetative stage. The use of chemical pesticides for its
control poses negative environmental impacts, thus environmentally
friendly alternatives such as botanical pesticides are needed. Physic
nut (Jatropha curcas) seeds contain bioactive compounds with
pesticidal properties. This study aimed to evaluate the effectiveness
of combined mature and immature physic nut seed extract on snail
mortality, weight loss, and morphological changes, and to determine
the most effective concentration. The experiment used a Completely
Randomized Design (CRD) with five treatments: control (0 g/L), 5
g/L, 10 g/L, 15 g/L, and 20 g¢/L, each with three replications. The
results showed that the extract significantly affected all observed
parameters. The highest mortality (93%) and weight loss (28.04%)
were observed at 20 g/L. Morphological changes included reduced
activity, slower response, operculum opening, and eventual body
extrusion from the shell leading to death. Higher extract
concentrations resulted in greater mortality, weight reduction, and
morphological damage. Physic nut seed extract has strong potential
as an effective and environmentally friendly botanical pesticide.

Keywords: botanical pesticide, golden apple snail, Jatropha curcas,
mortality, morphology

INTRODUCTION

populations, their continuous and excessive

Rice (Oryza sativa L.) is one of the
most important staple food crops in
Indonesia and plays a strategic role in
supporting national food security. However,
rice productivity is frequently constrained
by pest infestations, particularly the golden
apple snail (Pomacea canaliculata), which
is recognized as one of the major pests in
irrigated rice ecosystems. This pest attacks
young rice seedlings by cutting and
consuming plant tissues, resulting in
reduced plant populations and significant
yield losses during the vegetative growth
stage. The rapid reproductive capacity and
high adaptability of P. canaliculata enable
this pest to spread rapidly and become
difficult to control in rice cultivation areas
(Hutasoit et al., 2021).

Management of golden apple snail
infestations is commonly conducted
through  manual collection and the
application of synthetic molluscicides.
Although  chemical  pesticides are
considered effective in suppressing pest
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use may lead to environmental pollution,
pest resistance, destruction of non-target
organisms, and potential risks to human
health. Therefore, the development of
environmentally friendly pest management
strategies has become increasingly
important in  sustainable agricultural
systems. Botanical pesticides derived from
plant materials are considered promising
alternatives because they are biodegradable,
relatively safe for the environment, and
contain bioactive compounds capable of
controlling agricultural pests (Isman, 2020).

One plant species with potential as a
botanical molluscicide is physic nut
(Jatropha curcas L.), a member of the
Euphorbiaceae family. Physic nut seeds
contain various secondary metabolites,
including alkaloids, flavonoids, tannins,
saponins, curcin, and phorbol esters, which
exhibit toxic activity against insects and
mollusks (Devappa et al., 2010). These
compounds may interfere with feeding
behavior, respiration, metabolic activity,
and nervous system function in pests.
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Previous studies reported that Jatropha
curcas seed extract effectively increased the
mortality of golden apple snails and reduced
their activity in rice fields (Widawati et al.,
2022).

The toxicity of physic nut seed extract
is influenced by seed maturity level. Mature
seeds generally contain higher
concentrations of toxic compounds,
whereas immature seeds are more abundant
and still possess pesticidal properties. The
combination of mature and immature physic
nut seeds is expected to optimize the
utilization of plant materials and potentially
enhance the effectiveness of the extract
against golden apple snails. However,
studies regarding the combined use of
mature and immature Jatropha curcas seed
extracts against Pomacea canaliculata are
still limited.

Therefore, this study aimed to
evaluate the effectiveness of combined
extract concentrations of mature and
immature physic nut seeds (Jatropha curcas
L.) on the mortality of golden apple snail
(Pomacea canaliculata). The results of this
study are expected to provide scientific
information regarding the potential use of
physic nut seed extract as an
environmentally friendly botanical
molluscicide for sustainable rice cultivation
systems.

MATERIALS AND METHODS

Time and Location

This study was conducted from
February to April 2026 in Sindangkarya
Village, Anyar District, Serang Regency,
Banten, Indonesia.

Tools and Materials

The materials used in this study were
mature and immature physic nut seeds
(Jatropha curcas L.), juvenile golden apple
snails (Pomacea canaliculata) measuring
0.5-1 cm, taro leaves, and distilled water.
The equipment used included a blender,
measuring cylinder, analytical balance,
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filter cloth, plastic containers, labels, and
stationery.

Research Method

The study employed an experimental
method using a Completely Randomized
Design (CRD) consisting of five treatments
and three replications. The treatments
included K = control (distilled water), M5 =
5 g/L extract concentration, M10 = 10 g/L
extract concentration, M15 = 15 g/L extract
concentration, and M20 = 20 g/L extract
concentration. Each experimental unit
contained five golden apple snails. The
physic nut seed extract was prepared by
combining mature and immature seeds at a
ratio of 1:1, followed by blending and
filtration to obtain a homogeneous extract
solution. The extract was then applied
according to the treatment concentrations.
Observations were conducted daily to
determine snail mortality and
morphological changes after treatment
application.

Data Collection Techniques

The study was initiated by preparing
the experimental materials and equipment,
followed by the collection and
acclimatization of juvenile golden apple
snails (Pomacea canaliculata) with shell
sizes of 0.5-1 cm. The snails were
maintained under laboratory conditions
prior to treatment application to ensure
uniformity of the test organisms. The physic
nut seed extract was prepared by combining
mature and immature seeds (Jatropha
curcas L.) at a ratio of 1:1. The seeds were
blended with distilled water according to
the designated treatment concentrations and
filtered to obtain a homogeneous extract
solution.

Observed Variables

Each experimental unit consisted of
five golden apple snails placed in plastic
containers containing treatment solutions
according to the experimental design. Taro
leaves were provided as feed during the
observation  period. The treatments
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consisted of control (distilled water), 5 g/L,
10 g/L, 15 ¢/L, and 20 g¢/L extract
concentrations. Observations were
conducted daily to determine snail mortality
and morphological changes after treatment
application.

Research Procedure

The observed morphological
responses included movement activity,
mucus production, body color changes, and
response to external stimuli. The collected
data were subsequently analyzed using
Analysis of Variance (ANOVA) followed
by Duncan’s Multiple Range Test (DMRT)
at the 5% significance level.

RESULTS AND DISCUSSION

Mortality of Golden Apple Snail (Pomacea
canaliculata) (%)

Mortality serves as a critical indicator
reflecting the death rate of pest populations
within a specific environment due to
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various  factors, including pesticide
application. This parameter not only
represents the number of individual pests
that perish but also demonstrates the
biological response of pests to applied
treatments. Hasanah et al. (2016) explained
that mortality constitutes one of the primary
measures for evaluating the success of pest
control methods.

Mortality data were obtained through
periodic observations of the number of dead
pests following treatment, which were
subsequently compared with the initial
population count. Higher mortality values
indicate greater treatment efficacy in
suppressing pest populations. Based on
observational results, the application of
combined physic nut (Jatropha curcas)
seed extract demonstrated increased golden
apple snail mortality corresponding to
elevated treatment concentrations.

Table 1. Mortality of golden apple snail pest.

Concentration Replicate Mean (%)
1 2 3
%
K 0 0 0 Oa
M5 3 3 2 0,53b
M10 4 4 4 0,8c
M15 5 4 4 0,86¢
M20 5 5 4 0,93c
Mean 3,4 32 2,8 0,62

Note: Values followed by the same letter within the same row and column indicate no significant difference based
on Duncan's Multiple Range Test (DMRT) at 5% significance level.

Based on the observations presented
in Table 1, the application of combined
mature and immature physic nut seed
extract exerted significant effects on golden
apple snail mortality across all treatments
compared to the control. The Duncan's
Multiple Range Test (DMRT) at 5%
significance level revealed that extract
treatments produced significantly different
effects on golden apple snail mortality, as
indicated by distinct letter groupings among
treatments. The highest mortality was
recorded in treatment M20, with a mean
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value of 0.93 (equivalent to 93%), whereas
the lowest mortality among extract
treatments occurred in M5, with a value of
0.53 (53%).

The progressive increase in golden
apple snail mortality demonstrates that
physic nut seed extract possesses toxic
properties effective as a botanical pesticide.
Elevated concentrations correspond to
greater quantities of bioactive compounds
entering the snail's body, consequently
increasing mortality rates. Physiologically,
golden apple snail mortality results from the
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activity of secondary metabolites contained
in physic nut seeds, including alkaloids,
saponins, and curcin. Margis and Juanda
(2022) reported that alkaloid compounds
function by disrupting the nervous system,
while saponins damage cell membranes and
increase cellular permeability, thereby
causing metabolic  disturbances and
ultimately death. Furthermore, curcin, a
toxic protein, operates through mechanisms
that inhibit protein synthesis within cells,
rendering cells incapable of regeneration
and disrupting normal cellular functions.
This finding aligns with Nurhariyati (2025),
who stated that toxins in poisonous plants
can induce systemic damage in target
organisms  through  enzymatic and
metabolic disruption.

In the control treatment (K), no
golden apple snail mortality was observed
throughout the observation period, and this
treatment was classified in letter group "a."
The absence of mortality indicates that
golden apple snails maintained normal
physiological conditions and survived
adequately without toxic stress from physic
nut seed extract. This condition confirms
that mortality in other treatments was
entirely attributable to the toxic effects of
the extract rather than environmental
factors or natural stress.

In treatment M5 (5 g/L), golden apple
snail mortality was recorded at 3, 3, and 2
individuals in replicates 1, 2, and 3,
respectively, with a mean mortality of 0.53
(53%). This treatment was assigned to letter
group "b," indicating significant differences
compared to the control. These values
demonstrate that at low concentrations,
physic nut seed extract began exhibiting
toxic effects, although not yet optimal for
causing mortality. This phenomenon can be
attributed to the limited quantities of
bioactive compounds such as saponins,
alkaloids, and curcin, which only induced
mild physiological disturbances. Under
these conditions, golden apple snails
retained the capacity for detoxification
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processes mechanisms through which
organisms neutralize, decompose, or
eliminate toxic compounds from their
bodies to prevent harm allowing some
individuals to survive (Linda et al., 2024).
According to Maudodi et al. (2025),
botanical pesticides at low concentrations
tend to produce sublethal effects, including
reduced activity and feeding disruption,
prior to causing mortality.

In treatment M10 (10 g/L), mortality
increased to 4, 4, and 4 individuals in
replicates 1, 2, and 3, respectively, with a
mean mortality of 0.80 (80%). This
treatment was classified in letter group "c."
These results indicate that M10 exerted
substantially greater effects, differing
significantly from both M5 and the control.
This increase demonstrates that the extract
concentration reached more effective levels
for suppressing golden apple snail
populations. Physiologically, the elevated
mortality resulted from toxic compound
accumulation within the snail's body
exceeding tolerance thresholds. Chairudin
et al. (2020) reported that compounds such
as phorbol esters and curcin begin inhibiting
vital functions including cellular respiration
and protein synthesis. Curcin operates by
inactivating ribosomes, thereby inhibiting
the formation of proteins essential for cell
survival, ultimately causing cells to fail in
performing normal functions and resulting
in death.

In treatment M15 (15 g/L), mortality
reached 5, 4, and 4 individuals in replicates
1, 2, and 3, respectively, with a mean
mortality of 0.86 (86%). This treatment was
assigned to letter group "c" alongside M10.
This classification indicates that M15 did
not differ significantly from M10
statistically, despite numerical increases in
mortality. These values represent an
improvement over previous treatments,
signifying intensified toxic effects of the
extract. At this concentration, bioactive
compounds functioned not only as contact
poisons but also as stomach poisons
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entering through the golden apple snail's
digestive system. Saponins contribute to
cell membrane destruction by increasing
membrane permeability, causing ion
leakage and cellular imbalance, while
alkaloids act as nerve toxins disrupting
neural impulse transmission (Nasution et
al., 2019).

In the highest concentration treatment
(M20: 20 g/L), mortality reached 5, 5, and
4 individuals in replicates 1, 2, and 3,
respectively, with a mean mortality of 0.93
(93%). This treatment was classified in
letter group "c" together with M10 and
M15. This grouping indicates that all three
treatments showed no significant statistical
differences, although M20 exhibited the
highest numerical mortality value. The 20
g/L treatment represented the most effective
dosage for inducing golden apple snail
mortality. At this concentration, bioactive
compound content reached maximum
levels, causing rapid and irreversible
physiological damage. Toxic compounds
including phorbol esters, saponins, and
curcin operated synergistically to damage
the metabolic system, nervous system, and
cellular structures of golden apple snails.
These  findings correspond with
Banjarnahor et al. (2016), who reported that
physic nut seed extract at high
concentrations can induce mortality
approaching 100% within relatively short
periods.

The DMRT results demonstrated that
treatments M10, M15, and M20 belonged to
the same letter group "c," indicating no
significant statistical differences among
these three treatments. Although mortality
increased numerically from 80% to 86%
and 93%, these increments were
insufficient to demonstrate significant
differences at the 5% significance level,
suggesting that 10 g/L concentration likely
achieved the optimum efficacy threshold of
the extract for inducing golden apple snail
mortality.
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The lack of significant differences in
mortality among 10 g/L, 15 g/L, and 20 g/L
concentrations can be explained through
both biological and statistical perspectives.
Biologically, at 10 g/L concentration, the
quantity of bioactive compounds contained
in the extract was presumably sufficient to
maximally disrupt the golden apple snail's
metabolic system. Beyond a certain
threshold, concentration increases do not
always enhance efficacy linearly because
the target organism's body has already
sustained severe physiological damage.
Souto et al. (2021) reported that botanical
pesticide efficacy has specific biological
response limits; therefore, dose increases
above the toxic threshold do not
consistently produce significant mortality
increases.

Additionally,  statistical  factors
influenced these results. The number of test
organisms used in each experimental unit
was relatively limited, comprising five
golden apple snails per container. Mortality
differences among treatments ranged only
around one individual, causing inter-
treatment data variation to remain
homogeneous according to DMRT analysis.
This condition resulted in numerical
differences in mean mortality values being
insufficiently  substantial to generate
statistically significant differences.

Botanical pesticide efficacy is
strongly influenced by concentration, as
elevated concentrations increase the
quantity ~ of  bioactive = compounds
interacting with the organism's body,
thereby accelerating mortality processes.
The absence of mortality in the control
treatment reinforces that golden apple snail
death was entirely attributable to the toxic
effects of the extract rather than
environmental factors or natural stress.

Overall, the data demonstrate a
pattern of increasing mortality
corresponding to  elevated  extract

concentrations, indicating a dose-response
relationship. Higher extract concentrations
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result in greater quantities of bioactive
compounds entering the golden apple snail's
body, consequently increasing
physiological damage severity culminating
in death. The mechanism of golden apple
snail mortality occurs through combined
nervous system disruption by alkaloids, cell
membrane damage by saponins, and protein
synthesis inhibition by curcin. Hariani and
Maryani (2026) stated that botanical
pesticides possess multi-target mechanisms
of action capable of simultaneously
attacking various biological systems of
organisms, thereby enhancing control
efficacy and reducing resistance risks.

Changes in Golden Apple Snail Weight (%0)
In addition to the mortality parameter,

changes in the body weight of golden apple

snails were also used as an indicator to
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evaluate the physiological effects of
Jatropha curcas seed extract on the tested
pest. Observation of weight changes was
conducted to determine the extent of
disruption to feeding activity, growth, and
metabolic processes of the golden apple
snails after treatment application. A
decrease in body weight may indicate the
toxic effects of active compounds contained
in Jatropha curcas seed extract on the
physiological condition of the snails.
Furthermore, body weight changes may
reflect the level of stress experienced by
organisms due to exposure to bioactive
compounds present in the extract treatment.
Weight change data can also serve as
supporting information in evaluating the
effectiveness of botanical pesticides against
golden apple snails (Yana, 2019).

Table 2. Changes in the body weight of golden apple snhails

Concentration 1 Replicate 3 Mean (%)
%
K -1,38 -041 -0,51 -5,23c
M5 1,34 0,76 0,63 6,61b

M10 15 1,77 2,13 12,95b
M15 2,8 2,85 2,99 21,52a
M20 3,98 4,69 3,45 28,04a
Mean 1,64 1,93 1,73 12,78

Note: Values followed by the same letter within the same row and column indicate no significant difference based
on Duncan's Multiple Range Test (DMRT) at 5% significance level.

Based on the results presented in
Table 2, the changes in golden apple snail
body weight exhibited a pattern consistent
with increasing concentrations of Jatropha
curcas seed extract. The Duncan’s Multiple
Range Test (DMRT) at the 5% significance
level demonstrated that the extract
treatments significantly affected the body
weight changes of golden apple snails.
These differences were indicated by the
variation in letter groupings among
treatments.

In the control treatment (K), the body
weight change value was -5.23% and
classified into group c. The negative value
in the weight change parameter indicates an
increase in body weight during the
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observation period, since the calculation
was based on the difference between initial
and final body weight (Wo — Wt). This
finding suggests that the golden apple snails
in the control treatment remained under
normal physiological conditions, actively
consumed food, and continued to grow. The
absence of toxic compound exposure
allowed metabolic processes to function
optimally, enabling the snails to utilize feed
efficiently for body weight gain. This
condition further confirms that the weight
changes observed in the extract treatments
were genuinely caused by the toxic effects
of Jatropha curcas seed extract rather than
environmental factors or natural stress.
These findings indicate that, without extract
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application, golden apple snails were able to
utilize feed optimally to support body
growth. In contrast, the extract-treated
groups experienced significant weight
reduction, indicating that Jatropha curcas
seed extract not only caused mortality but
also inhibited feeding activity prior to death
(Sumiana et al., 2025).

At the 5 g/L treatment (M5), body
weight decreased by 6.61% and was
categorized into group b. This reduction
indicates that Jatropha curcas seed extract
had begun to inhibit the feeding activity of
golden apple snails. Active compounds
such as flavonoids and tannins likely
reduced feed palatability, resulting in lower
feeding activity. In addition, saponins may
have started to interfere with the basic
physiological functions of the organism.
According to Fitriana (2023), secondary
metabolites  contained in  botanical
pesticides can function as antifeedants that
suppress the feeding activity of target
organisms.

In the 10 g/L treatment (M10), body
weight reduction increased to 12.95% and
remained within group b, indicating no
statistically significant difference from
treatment M5. Nevertheless, numerically,
the degree of weight loss was higher than
that observed in the previous treatment.
This suggests that feeding inhibition
became more pronounced as extract
concentration increased. Besides the
antifeedant effect, metabolic disturbances
likely began to occur due to greater
exposure to toxic compounds. Energy that
would normally be allocated for growth was
instead diverted toward detoxification
processes, resulting in body weight
reduction (Shofa, 2021). The absence of
statistical differences between M5 and M10
may indicate that the physiological
responses of golden apple snails at both
concentrations were still within a relatively
similar biological tolerance range.

In the 15 g/L treatment (M15), body
weight change reached 21.52% and was
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classified into group a. These results
indicate that M15 exerted a significantly
greater effect compared to M5 and M10. At
this concentration, golden apple snails
experienced more severe physiological
disturbances, characterized by reduced
feeding  activity, impaired energy
metabolism, and weakened body condition.
According to Wulansari (2022), significant
body weight reduction indicates that
organisms experience physiological stress
due to the accumulation of toxic compounds
within the body. Active compounds such as
saponins and alkaloids were presumed to
act more effectively in disrupting the
digestive system and metabolic balance of
the organism.

At the highest concentration
treatment, M20, body weight reduction
reached 28.04% and was grouped together
with M15 in group a. This result indicates
that the two treatments were not
significantly different statistically, although
numerically M20 produced the highest
weight loss value. The substantial reduction
in body weight under M20 treatment
suggests that the golden apple snails
experienced physiological starvation due to
severe disruption of feeding activity and
metabolism. According to Ngegba et al.
(2022), exposure to botanical pesticides at
high concentrations may induce metabolic
stress that significantly reduces body weight
before eventually causing mortality. The
lack of significant difference between M15
and M20 may indicate that the toxic effect
of the extract had reached its optimal
threshold at 15 g/L in inhibiting the
physiological activity of golden apple
snails, such that increasing the
concentration to 20 g/L no longer produced
a significantly greater effect.

The DMRT analysis at the 5%
significance level showed that treatments
M5 and M10 belonged to the same letter
group, namely b, indicating no significant
statistical difference between the two
treatments. Similarly, treatments M15 and
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M20 were both classified into group a,
suggesting no  significant  difference
between them. Although numerically the
degree of weight loss increased with higher
extract concentrations, the increase was not
sufficiently large to produce significant
differences at the 5% significance level.
The similarity between treatments M5
and M10 indicates that concentrations
ranging from 5 g/L to 10 g/L were already
capable of inhibiting feeding activity and
disrupting metabolic processes, although
the physiological stress generated remained
within a relatively similar biological
response range. At both concentrations, the
golden apple snails presumably still
retained adaptive and detoxification
capabilities against the toxic compounds, so
the increase in concentration did not
produce markedly different responses. In
addition, the antifeedant effect induced by
both treatments was likely still in the early
phase of physiological inhibition.
Meanwhile, the absence of significant
differences between treatments M15 and
M20 indicates that a concentration of 15 g/L
may have reached the optimal effectiveness
threshold of the extract in inducing body
weight reduction in golden apple snails.
Under these conditions, the feeding activity
and metabolism of the organism had already
been severely disrupted, such that
increasing the concentration to 20 g/L did
not significantly enhance the effect. The
golden apple snails were presumed to have
experienced maximum physiological stress
due to the accumulation of active
compounds such as saponins, alkaloids, and
curcin, which interfere with the digestive
system and energy metabolism. According
to Souto et al. (2021), botanical pesticides
possess a certain biological response
threshold; therefore, increasing the dosage
beyond the effective threshold does not
always result in significantly greater toxic
effects. In addition to biological factors, the
relatively small number of test organisms in
each experimental unit may also have
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contributed to the homogeneity of data
variation among treatments according to the
DMRT analysis, causing numerical
differences in mean values to remain
statistically insignificant.

The reduction in golden apple snail
body weight is closely associated with the
antifeedant mechanism of botanical
pesticides, which suppress feeding activity.
Active compounds contained in the extract,
particularly saponins and alkaloids, likely
reduced appetite and disrupted digestive
system functions, resulting in suboptimal
nutrient intake. This condition caused the
golden apple snails to experience energy
deficiency, ultimately  leading  to
physiological deterioration and death.
Increasing extract concentration was proven
to strengthen this effect, whereby higher
concentrations resulted in stronger feeding
inhibition and toxicity intensity
(Setiakusuma et al.,, 2023). This
phenomenon was clearly observed in the
20% concentration treatment, which
produced the highest body weight reduction
value of 28.04%.

These findings indicate that Jatropha
curcas seed extract acts not only as a lethal
agent causing direct mortality but also
exerts sublethal effects in the form of
feeding inhibition and metabolic disruption.
The observed body weight reduction may
therefore be considered an early indicator of
physiological stress prior to mortality. Thus,
the mechanism of action of the extract
appears to occur gradually, beginning with
reduced feeding activity, followed by
metabolic and physiological disturbances,
and ultimately leading to organism death
(Handyta, 2024).

Morphological Changes of Golden
Apple Snails

Morphological observations were
conducted visually every 24 hours for seven
days to evaluate the physical changes of
golden apple snails following the
application of Jatropha curcas seed extract.
The observed parameters included
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movement activity, body condition,
operculum position (shell cover), body
coloration, and response to external stimuli.
These observations were essential to
complement mortality and body weight

Table 3. Morphological changes in golden apple shails
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reduction data, as morphological alterations
may indicate early symptoms of toxicity
before mortality occurs.

D Extract Concentration
ﬁ Control (0 g/L) M5 (5 g/L) M10 (10 g/L) M15 (15 g/L) M20 (20 g/L)
Actively Active, no Active, no Active, no Active, no
moving, rapid morphological morphological morphological morphological
response, changes observed | changes observed | changes observed | changes observed
1 normal
coloratio,
operculum
tightly closed
2 | Normal, actively | Reduced activity, | Reduced activity, Slower Reduced activity,
feeding, good slightly slower began remaining movement, initial mortality
response response motionless more weakened observed, weak
frequently response response
Normal, no Limited activity, Some individuals Most individuals | Inactive, mortality
3 visible changes | some individuals | inactive, response inactive, increased, body
remained weakened operculum began weakened
motionless to open
Active and Very slow Inactive, several Many inactive High mortality,
normal movement, body | individuals began | individuals, some | most individuals
4 color became pale to die emerged from dead, tissue
shells deterioration
initiated
Normal, body Some individuals | Most individuals High mortality, Nearly all
weight weak, others still dead, weakened most individuals individuals dead,
5 increased active body condition dead, bodies bodies protruding
protruding from from shells
shells
Normal Several Majority dead, Majority dead Nearly all
6 individuals dead, only a few individuals dead
some still alive individuals
survived
Remained Some individuals | Most individuals Most individuals | Highest mortality
normal survived in weak dead, surviving dead observed,
7 condition individuals majority dead
severely
weakened
Based on the morphological mobile, responsive to stimuli, and

observations presented in Table 3, physical
changes in golden apple snails occurred
progressively in line with increasing extract
concentrations and longer  exposure
duration. On the first day after application,
neither the control nor extract treatments
(M5, M10, M15, and M20) exhibited
morphological alterations or mortality.
Snails in all treatments remained actively
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maintained normal body conditions with
tightly closed opercula. These findings
indicate that the active compounds in the
extract were still in the early phase of
penetration into the snail body and had not
yet produced evident toxic effects. This
condition also suggests the absence of an
immediate knockdown effect following
application, indicating instead the presence
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of a latent phase before biological responses
became apparent (Witri, 2024).

By the second day, early symptoms of
morphological changes began to appear and
varied among extract concentrations. In the
control treatment, golden apple snails
continued to exhibit normal conditions
without visible alterations. At the low
concentration of 5 g/L (M5), locomotor
activity decreased and responses became
slightly slower, although no mortality was
recorded. In the intermediate concentrations
(M10 and M15), the reduction in activity
became more evident, characterized by an
increased tendency to remain motionless
and weakened responses to stimuli. In
contrast, the  highest  concentration
treatment, 20 g/L (M20), resulted in the
initial  mortality of one individual
accompanied by a more pronounced decline
in activity compared to other treatments.
These findings indicate that higher extract
concentrations accelerated the toxic effects
on the physiological systems of the
organism.

From the third to the fifth day,
morphological alterations became
increasingly evident and severe. In the
control treatment, the snails remained active
and showed no visible morphological
changes. At 5 g/L (M5), the observed
effects were still relatively mild,
characterized by limited movement, paler
body coloration, and progressively reduced
responses, although some individuals
remained alive. At 10 g/L (M10), several
snails became inactive, exhibited extremely
weak responses to external stimuli, and
mortality began to occur. In the 15 g/L
treatment (M15), most snails displayed no
movement, the operculum began to open,
body condition weakened substantially, and
several individuals partially emerged from
their  shells, indicating  conditions
approaching death. Meanwhile, at the
highest concentration of 20 g/L (MZ20),
mortality increased markedly, with most
individuals dying more rapidly and
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displaying severe morphological damage,
including protrusion of body tissues from
the shell and initial tissue degradation.
These observations demonstrate a strong
relationship between extract concentration
and the severity of physiological damage
experienced by the golden apple snails.

By the sixth and seventh days,
differences among treatments became
increasingly distinct. In the control
treatment, the snails maintained normal
conditions without any morphological
abnormalities. At the low concentration
(M5), approximately three individuals
remained alive, although in weakened
condition, characterized by very limited
movement, reduced body strength, and
almost complete loss of responsiveness.
This finding suggests that at lower
concentrations the extract exerted sublethal
rather than fully lethal effects (Witri, 2024).
At 10 g/L (M10), most snails had died,
while the surviving individuals were in
extremely weak condition. At 15 g/L
(M15), mortality was higher than in M10,
with the majority of individuals dead and
displaying more pronounced tissue damage.
At the highest concentration, 20 g/L (M20),
mortality was the most dominant among all
treatments and was accompanied by severe
morphological deterioration, including
bodies protruding from the shell,
decomposition of soft tissues, darkened
body coloration, and floating shells caused
by gas accumulation during decomposition
processes (Fatmawati et al., 2025).

The results indicate that Jatropha
curcas seed extract acts progressively and
its effects are concentration-dependent. At
lower concentrations, the extract produced
sublethal effects that still allowed some
organisms to survive, whereas at higher
concentrations, toxic effects occurred more
rapidly and lethally. The observed
morphological changes further support the
mortality and body weight reduction data,
demonstrating that the mechanism of action
of the extract occurs gradually, beginning
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with behavioral disturbances, followed by

physiological damage, and ultimately
leading to death (Handyta, 2024).
LA
a b

The observed morphological
alterations are closely associated with the
mechanism of action of active compounds
contained in Jatropha curcas seed extract.
According to Saenong (2017) cited in
Nasution et al. (2019), compounds such as
saponins can damage cell membranes and
disrupt ionic balance, alkaloids interfere
with the nervous system, while toxic
compounds including phorbol esters and
curcin inhibit enzymatic activity and protein
synthesis. Disruption of these vital systems
leads to decreased activity, loss of muscular
control as indicated by operculum opening,
tissue damage, and eventually mortality.
The reduction in locomotor activity
observed during the early stages is also
consistent with the findings of Dewi et al.
(2024), who stated that behavioral
alterations represent an early indicator of
physiological disturbances caused by
exposure to toxic compounds.

CONCLUSION

Based on the results and discussion,
it can be concluded that the combined
extract of Jatropha curcas seeds was
effective in increasing the mortality of
golden apple snails, as demonstrated by the
analysis of variance, which revealed highly
significant effects on both mortality and
body weight reduction parameters.
Increasing extract concentration
significantly enhanced the mortality rate of
golden apple snails. Among all treatments,
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Figure 7. Morphology of golden apple snails after applicatio‘n of Jatropha curcas seed extract: (a)
opened operculum; (b) body protruding from the shell; (c) dead snails floating on the
water surface.

the concentration of 20 g/L was identified
as the most effective treatment, producing
the highest mortality rate of 93% along with
the greatest reduction in body weight. These
findings indicate that the extract at this
concentration was capable of exerting
maximum toxic effects through
mechanisms involving nervous system
disruption, cell membrane damage, and
metabolic inhibition.

Further studies are recommended to
evaluate the effectiveness of Jatropha

curcas seed extract under field-scale
conditions with more complex
environmental factors, including

temperature, water pH, and interactions
with other organisms. In addition, further
research on extract formulation and stability
IS necessary to improve its durability,
stability, and practical applicability for
farmers. Quantitative analysis of the active
compounds should also be conducted by
identifying and measuring the
concentrations of bioactive substances such
as saponins, alkaloids, and curcin in order to
better understand the relationship between
compound composition and toxicity levels.
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