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Abstract 
The giant African land snail (Lissachatina fulica) is a major pest that damages 
agricultural products and the environment, along with raising public health concerns. 
Although various methods have been applied to control these invasive snails, they 
have various limitations. The use of plant extracts is an alternative control method 
that is environmentally friendly and can reduce the use of harmful chemicals. This 
study was established to evaluate the molluscicidal effects of soapberry crude 
extract and to develop a molluscicide from it to control the giant African land snail. 
The soapberry (Sapindus rarak) crude extract exerted molluscicidal effects against 
L. fulica within 4 h. Soapberry concentration of 30% caused snail mortality of 
nearly 90% in 72 h. This plant extract exerted potential repellent and molluscicidal 
effects in the laboratory and semi-field experiments, while having no observable 
toxic effects on the vegetable Brassica rapa L. Thus, S. rarak crude extract at this 
concentration is suitable for snail control in vegetable plots. 
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Introduction 

The giant African land snail, Lissachatina fulica (Bowdich, 1822) (formerly 
known as Achatina fulica), is one of the large land snails included in 100 of 
the world’s worst invasive alien species (Lowe et al. 2000). This snail has 
adverse effects on agriculture, the environment, and public health. It can 
feed on over 500 different plants including crops (Budha and Naggs 2008). 
Many studies have demonstrated that L. fulica is the destructive pest 
affecting agriculture in subtropical and tropical areas (Albuquerque et al. 
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2008; Budha and Naggs 2008; Vijayan et al. 2020). Lissachatina fulica is 
also important medically because it acts as an intermediate host of the 
nematode Angiostrongylus cantonensis or rat lungworm, which can cause 
angiostrongyliasis in humans. In Thailand, the rainy season is the most 
common time of year for the emergence of eosinophilic meningitis in 
endemic areas. This may be associated with the abundance of intermediate 
snail hosts, including L. fulica. (Aekphachaisawat et al. 2018). A study by 
Vitta et al. (2011) showed that the prevalence of A. cantonensis in giant 
African land snails in Phitsanulok Province, Thailand, was 12.38%. The 
giant African land snail is the most damaging land snail pest because of its 
impacts on the economy via damage to agricultural products and associated 
environmental problems, as well as being a cause of eosinophilic meningitis. 
There is thus a need for a method to control this snail. 

Many methods have been applied to control invasive snails, including 
mechanical, physical, chemical, and biological strategies. Chemical control 
is currently a popular method used to control invasive snails. Such 
chemicals commonly include metaldehyde or methiocarb, aldehyde, iron 
phosphate, copper sulfate, and pentahydrate. This method is popular with 
farmers because it is practical and easy to use. However, these chemicals 
are toxic to beneficial invertebrates such as earthworms and carabid 
beetles, and harmful to non-target organisms, including humans, and the 
environment in general (Homeida and Cooke 1982; Purvis and Bannon 1992; 
Raut and Barker 2002). As an alternative to chemical control, methods of 
biological control of giant African land snails have been developed using 
the gastropod parasitic nematodes Phasmarhabditis hermaphrodita mixed 
with water, which are sprayed on the soil. However, the host range of 
P. hermaphrodita is not entirely understood and there are differences in 
resistance or susceptibility depending on the gastropod species, size, and 
age, including the ability of nematodes to encase and trap the shells of 
snails (Rae et al. 2006, 2009). Lissachatina fulica was shown to be highly 
resistant to P. hermaphrodita in a susceptibility study by Williams and Rae 
(2015). Native species extinction is the crucial negative impact resulting 
from using biological control. The use of predator snails, Euglandina rosea 
and snail-eating flatworm Platydemus manokwari for L. fulica control 
caused a decline of native snails (Clarke et al. 1984; Sugiura and Yamaura 
2009; Christensen et al. 2021; Gerlach et al. 2021). The use of plant extracts 
to control invasive pests such as slugs, golden apple snails, and giant 
African land snails is an alternative method to reduce plant loss. It can 
reduce the input of chemical molluscicides and is safe for consumers and 
the environment. Therefore, in recent years, an increasing number of 
studies of plant extracts to control invasive snails have been performed in 
many countries, including Thailand. According to these previous studies, 
plants in the species Camellia sinensis, C. oleifera, Sapindus rarak, Derris 
elliptica, Acacia concinna, Piper betle, P. longum, and Agave americana 
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containing high saponin concentrations exert molluscicidal effects and can 
be used to control invasive snails (Parmar et al. 1997, 1998; Kitagawa et al. 
1998; Mimaki et al. 1999; Lu et al. 2000; Navickiene et al. 2000; Facundo et 
al. 2005; Yokosuka and Mimaki 2009; Todkar et al. 2010; Chen et al. 2012; 
Kijprayoon et al. 2014). Saponin extract from Pulsatilla chinensis was also 
shown to be effective for controlling Oncomelania hupensis (Chen et al. 
2012). Regarding the use of soapberry extract on invasive snails, the pericarp 
of Sapindus rarak showed molluscicidal activity on aquatic snails (Hamburger 
et al. 1992). Moreover, S. mukorossi extract was shown to be effective against 
vector snails such as Lymnaea acuminata and golden apple snails (Huang 
et al. 2003; Upadhyay and Singh 2011). Although many studies on the use 
of soapberry crude extract to control invasive snails have been performed, 
few have focused on the land snail L. fulica and there has been limited 
study on the toxicity of plant extracts to crops. Furthermore, S.rarak crude 
extract were not developed into molluscicide products. Against this 
background, this study aimed to assess the efficacy of S. rarak for 
controlling giant African snails by evaluating its molluscicidal and feeding 
deterrent effects, along with its phytotoxicity, including in a trial in a semi-
field environment. 

Materials and methods 

Snail preparation 

Adult L. fulica were collected from forests and agriculture fields in Roi Et 
Province, northeastern Thailand, and Chonburi Province, eastern Thailand, 
during the rainy season (32–36 °C). Snails were carried back to the laboratory 
within 7 h and acclimated to room temperature (28–32 °C) for a week in a 
plastic box covered by a nylon net. They were fed daily with organic leaves 
of ivy gourd (Coccinia grandis L.), papaya (Carica papaya L.), and cabbage 
(Brassica oleracea L.). The snail rearing box was covered with a net on the 
top, supplemented with 5 cm of soil, and humidified using a water spray. 
Dead or moribund snails were discarded. Only active snails were selected 
for the studies by observing their movement of the foot muscle, eye stalks, 
and tentacles, and the ability of the foot muscle to attach to a surface 
(Ciomperlik et al. 2013). The use of animals in this study was approved by 
the Animal Care and Use Committee, Faculty of Tropical Medicine, Mahidol 
University (approval number FTM-ACUC 014/2018). 

Plant collection, identification, and extraction 

The fruits of soapberry (Sapindus rarak) (Figure 1) were collected from Kaeng 
Hang Maeo district, Chanthaburi Province, eastern Thailand. The plants 
were identified by their morphological characters (Welzen 1997). A voucher 
specimen was deposited at the Department of Public Health, Sirindhon 
College of Public Health, Chonburi, Thailand. 
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Figure 1. The fruit of Sapindus rarak. Photo by Lueangkaew Koysap. 

For extraction, 200 g of S. rarak fruits were weighed, cut into small 
pieces, and macerated with 350 ml of 95% ethanol at room temperature for 
48 h. This mixture was filtered and concentrated by evaporation in a rotary 
evaporator. The final yield of 37 g of crude extract was stored in a 
refrigerator and dissolved in 40 ml of 95% ethanol before use. 

Quantification of phytochemical constituents 

The major saponins of S. rarak are glycosides of hederagenin (Hamburger 
et al. 1992). Saponin content of S. rarak crude extract was determined for 
hederagenin using high-performance liquid chromatography (HPLC) at 
the Bureau of Cosmetics and Hazardous Substances, Department of Medical 
Sciences, Ministry of Public Health, Thailand. Separation was carried out 
using a C18 column (BEH C18 2.1 × 100 mm i.d., 1.7 µm). Isocratic elution 
was performed using acetonitrile: 0.2% acetic acid (65:35, v/v) as a mobile 
phase. The flow rate was set at 0.4 ml/min. The injection volume was 2 µL. 
Detection was set at UV 210 nm. Total run time was 8 min. The 
quantification of hederagenin from crude extract was repeated after 1 month 
of storage at room temperature (28–34 °C) and daytime light intensity of 
260–400 Lux, to test the stability of the active ingredient. 

Molluscicidal effect 

The molluscicidal effect of S. rarak crude extract was analyzed in accordance 
with WHO guidelines (World Health Organization 1965). Each treatment 
included 10 individuals (one snail per glass beaker) and was conducted for 
three replications. Each snail was directly exposed to 0.2 ml of crude 
extract at the foot muscle using pipette for the treatment group. The crude 
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extract was prepared by dilution of stock solution with distilled water to 
obtain concentrations of 50%, 30%, 25%, 20%, and 15%. For the control 
group, distilled water was used. 

Mortality and abnormal signs of L. fulica were observed according to the 
method of Ciomperlik et al. (2013) and Upadhyay and Singh (2011) every 
24 h for 72 h. The mortality of snails was determined by holding each snail 
and stimulating the foot muscle with a dissection probe for 15 s. The lack 
of a motor response was considered evidence of mortality. 

Feeding tests 

The S. rarak crude extracts at selected concentrations were studied for their 
deterrent effect against feeding by L. fulica to assess whether the crude 
extract can protect crops from being eaten by L. fulica. We applied the 
method described in the protocols of Smith et al. (2013) and Jeong et al. 
(2012). The decided numbers of individuals and replications differed from 
the original protocols because of the availability of L. fulica during the 
study period. The snails were acclimated in the laboratory for 1 week 
before starting the experiment. The analysis was divided into choice and 
no-choice feeding tests. The feeding activity of the snails was compared 
between S. rarak crude extract-treated and untreated leaves. Treated leaves 
were prepared by spraying 50 g of pak choi (Brassica rapa L.) with 5 ml of 
30% soapberry crude extract, while untreated leaves were sprayed with 
water. The concentration of 30% was selected according to the result of the 
molluscicidal effect. Water was supplied in the rearing box throughout the 
experiment using moistened cotton wicks. For choice feeding tests, 10 
snails were released into a 16 L plastic box. The rearing box was separated 
into areas for placing treated and untreated leaves, which were freely 
accessible to the snails. For the no-choice feeding test, 10 snails were kept 
in each of two separated rearing boxes. In one box, feeding with treated 
leaves was performed, while the other, untreated leaves were provided. The 
feeding behavior and quantity of feeding were observed daily for 3 days. 
Fresh treated or untreated leaves were replaced every 24 h. 

Phytotoxicity 

The effect of S. rarak crude extract was assessed on pak choi (B. rapa) to 
confirm its safety for use on farms cultivating vegetables. The test was 
adapted from Organization for Economic Co-operation and Development 
guideline 227 (OECD 2006). B. rapa were grown from seeds in a 1 × 1 m 
vegetable plot located in an organic farm using 350 seeds per plot. Four 
plots were prepared in identical environmental conditions with daily watering. 
Different concentrations of S. rarak crude extract were prepared by 
diluting the stock solution with distilled water. After 15 days, the two- to 
four-true-leaf-stage plants in each plot were sprayed with 30%, 60%, and 
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100% crude extract and distilled water as a control at an application rate of 
20 ml/m2. The plants were observed for damage and mortality daily for 
14 days. A survival rate of at least 90% was acceptable for the control group. 
Plant survival was measured and compared with that in the control group 
daily for 14 days. 

Semi-field trial 

The molluscicidal effect of soapberry crude extract was assessed under field 
conditions. The method was adapted from Ciomperlik et al. (2013). Two sets 
of 1 × 1 m vegetable plots were prepared and fenced off using roof tile to 
get 0.5 m height in the organic farm at Narerk subdistrict, Phanat Nikhom 
district, Chonburi Province. Brassica rapa was grown from seeds for 
3 weeks and adjusted to 180 sprouts in each plot. The air temperature was 
32–36 °C. There was no precipitation during that period. S. rarak crude 
extracts at LC90 in laboratory molluscicidal assays were prepared by the 
dilution of stock solution with distilled water and sprayed in the vegetable 
plots at an application rate of 20 ml/m2. The control plot was sprayed with 
distilled water in the same way. Ten active adult snails were released into 
each vegetable plot. The mortality and snail behaviors, such as feeding 
behavior, movement, and mucus secretionwere observed daily for 3 days. 

Data analysis 

The effects of S. rarak crude extract on giant African land snails were 
analyzed using Probit analysis (SPSS 15.0 software) and expressed as lethal 
concentration 50% (LC50) and 90% (LC90) with 95% confidence intervals 
for 24, 48, and 72 h. 

Results 

Quantification of hederagenin 

The ethanolic extract from dried S. rarak fruits gave a yield of 18.5% w/w. 
HPLC analysis showed that the extract had hederagenin content of 0.2% w/w. 
However, the hederagenin content decreased to 0.13% w/w after storage at 
room temperature for 1 month. 

Molluscicidal effect 

After exposure to S. rarak crude extract, L. fulica slowly retracted their soft 
bodies into the shell. Some released clear mucus mixed with the extract, 
which turned brown and overwhelmed their aperture. Foam formation was 
also observed (Figure 2). The snails shrank markedly, followed by a cessation 
of movement. They did not respond to stimulation, with the foot muscle 
becoming hard and death occurring at 4 h. The dose-response relationship 
for soapberry concentrations and mortality rate of L. fulica after exposure 
to soapberry extract at 24, 48, and 72 h are presented in Figure 3. 
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Figure 2. Lissachatina fulica after exposure to Sapindus rarak crude extract. Photo by Lueangkaew 
Koysap. 

 
Figure 3. Mortality (%) of Lissachatina fulica after exposure to Sapindus rarak crude extract. 
Linear equations (y) of the trendline and R2 values (coefficient of determination) showing the 
relationship between the concentration of S. rarak crude extract after 24, 48, and 72 hours of exposure. 
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Table 1. Lethal concentration 50% (LC50) and 90% (LC90) of Sapindus rarak crude extract (%). 

Exposure period LC50  95% confidence limit LC90 95% confidence limit 
24 h 23.73 20.57–27.10 42.43 37.14–51.55 
48 h 18.88 15.62–21.76 35.67 31.43–42.76 
72 h 18.65 15.44–21.47 34.97 30.87–41.80 

The mortality rates (%) of L. fulica after exposure to soapberry crude 
extract at various concentrations were observed at 24, 48, and 72 h. The 
mortality of the snails increased gradually with the increase of S. rarak 
concentration. Most of the snail mortality occurred within 24 h, then 
slightly increased at 48 h, and became relatively stable until 72 h. Mortality 
rates of the snails exposed to 15%, 20%, 25%, 30%, and 50% S. rarak crude 
extracts at 72 h were 53.33%, 53.33%, 63.33%, 86.70%, and 96.67%, 
respectively (Figure 3). The lethal concentration of S. rarak that caused 
50% and 90% snail mortality (LC50 and LC90) decreased from 23.73 and 
42.43% at 24 h to 18.65 and 34.97% at 72 h. (Table 1). 

Feeding test 

After releasing the snails in the rearing box in both choice and no-choice 
tests, the snails were able to move around the boxes. However, once the 
snails extended their eyestalks and foot muscle to S. rarak crude extract-
treated leaves, they slowly retracted their eyestalks, released mucus, 
withdrew half of their foot muscle into the shell, and stopped moving. 
After 30 min, they started to extend their foot muscle again and move 
around the edge of the container while not eating plant sample leaves. 

In the choice test, the snails were fed both 30% S. rarak crude extract-
treated and untreated leaves. No treated leaves were damaged, while all 
untreated leaves were eaten at 24, 48, and 72 h. Similar to the results in the 
no-choice test, the treated leaves were not damaged at 72 h. Meanwhile, the 
snails fed on untreated leaves had normal feeding behavior and were able 
to eat all of the leaves. Therefore, a S. rarak extract concentration of 30% 
might be a feeding deterrent for L. fulica. All of the snails survived until the 
end of the study. 

Phytotoxicity 

Crude S. rarak extract at a concentration of 30% did not show a phytotoxic 
effect on B. rapa. The survival rate of B. rapa was 100% until 14 days in this 
study. At a concentration of 60%, mild chlorosis of the leaves was 
observed in 39 of 385 plants (10.2%) at 96 h. However, all plants recovered 
to normal within 2 weeks of observation, and the survival rate was 100%. 
The extract concentration of 100% caused 4 of 385 plants to wilt (1.04%) 
and 77 of 385 plants to exhibit chlorosis (20%) within 72 h. These detrimental 
effects persisted for 1 week, but most of the plants recovered to normal 
within 2 weeks. However, 2.6% (10 of 385 plants) mortality of the plants 
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Table 2. Survival and visible injury of Brassica rapa (%) after exposure to Sapindus rarak 
crude extract. 

S. rarak concentration 24 h 48 h 72 h 96 h 1 wk 2 wk 
Plant survival (%) 
Control 100 100 100 100 100 100 
30% 100 100 100 100 100 100 
60% 100 100 100 100 100 100 
100% 100 100 100 100 100 97.4 
Visible injury (%) 
Control 0 0 0 0 0 0 
30% 0 0 0 0 0 0 
60% 0 0 0 10.20* 10.20* 0 
100% 0 0 20.00* 

1.04** 
20.00* 
1.04** 

20.00* 
1.04** 

2.60*** 

h = hours wk = week (s) *Chlorosis **Wilting *** Mortality. 
Each concentration was tested on 385 plants. 

 
Figure 4. Semi-field experiment. The control vegetable plot (left) at 72 hours showed some of Brassica rapa were eaten by the 
snails. The snails after spraying Sapindus rarak crude extract for 30 minutes (right). Photo by Lueangkaew Koysap. 

was observed at 2 weeks (Table 2). The results indicated that 30% S. rarak 
crude extract was safe for B. rapa; hence, this concentration was selected 
for testing in a semi-field experiment. 

Semi-field experiment 

After a single spray of 30% S. rarak crude extract, the snails were released 
into the plot and observed for 72 h. In the first 30 min, the snails were able 
to move around the plot, but then became still, retracted their foot muscle 
and eyestalks, and some released mucus (Figure 4). On the second day, all 
snails in the S. rarak crude extract group were inactive in the plots and 
stayed still until 36 h. After watering the plot, all snails extended their foot 
muscle and eyestalks, and then moved to the edge of the plot, hanging on 
the highest point of the barriers, and attempted to escape from the vegetable 
pod. From the results, 50% mortality of the snails from the crude extract 
group was observed at 48 h. There was no additional mortality until 72 h. 
The surviving snails from the 30% S. rarak crude extract group were inactive 
until 72 h (Table 3). The snails from the control group did not ingest the 
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Table 3. Semi-field evaluation of soapberry crude extract against Lissachatina fulica in Brassica 
rapa plot. 

Group 
Mortality of L. fulica (%)  Damaged leaves (%) 
N 24 h 48 h 72 h  N 24 h 48 h 72 h 

30% S. rarak crude extract  10 0 50 50  180 0 0 0 
Control 10 0 0 0  180 0 0  16.7 

h = hours. 

plants for 2 days, and then started to eat and caused damage to 16.7% of 
plants at 72 h of observation (Figure 4). The application of S. rarak crude 
extract at a concentration of 30% to a B. rapa plot showed its potential effects 
against L. fulica on vegetable farms. 

Discussion 

In this study, S. rarak crude extract at a concentration of 30% caused 
63.33% mortality of L. fulica within 24 h, which increased to 86.67% at 72 h. 
However, this formulation achieved only 50% mortality at 72 h in a semi-field 
environment. The extract was directly applied to snails in the laboratory 
study, while it was sprayed on the plants in the semi-field experiment, thus 
reducing snail exposure. Castillo-Ruiz et al. (2018) also found that the 
molluscicidal activity of quinoa (Chenopodium quinoa) against Pomacea 
maculata decreased in field assays compared with the level in laboratory 
assays and recommended extending the exposure time to obtain a better effect. 
The repeated spraying of S. rarak crude extract at appropriate intervals 
may help increase snail mortality in the field, but the phytotoxicity should 
be concerned. However, the feeding deterrence was sufficient to reduce 
crop damage from L. fulica. 

Sapindus rarak belongs to the family Sapindaceae and is distributed across 
Africa, South Asia, and Southeast Asia. It is an indigenous detergent plant 
of Thailand that acts as a source of natural saponins (Wisetkomolmat et al. 
2019). Sapindus rarak extract is commonly used as a supplement to traditional 
herbal shampoo. However, other potential effects, such as acting as a 
defaunating agent of rumen fermentation (Wina et al. 2005, 2006) and 
preventing obesity (Asao et al. 2009), were also discovered. Phytochemical 
study revealed that four O-acetylglycoside saponins are significant components 
of S. rarak. These saponins showed molluscicidal activity in aquatic snails. 
The pattern of chemical compound extracts from the pericarps of S. rarak was 
similar to that of acyclic sesquiterpene glycosides isolated from S. mukurossi 
and S. delavayi; these plants also exert molluscicidal activity on snail pests 
(Hamburger et al. 1992). Although the molluscicidal effects of soapberry 
crude extract have been studied previously, most studies focused on 
aquatic snails. Only a few studies on land snails such as L. fulica have been 
reported (Dyatmiko et al. 1983). 

Therefore, our study confirmed the molluscicidal activity of S. rarak in 
land snails. Furthermore, S. rarak crude extract showed two crucial effects 
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of a potential molluscicide: mortality and feeding deterrence. The observable 
formation of foam and excess mucus production after direct exposure to 
S. rarak crude extract were caused by the detergent effect of saponin on the 
soft body membrane of L. fulica (Francis et al. 2002). The mucus may be 
released to prevent direct contact between the irritant and the snail’s 
epithelium, acting as a stress response. However, water content, ions, and 
carbohydrates lost with the extruded mucus can also cause dehydration 
and energy loss, leading to mortality (Triebskorn et al. 1998). A method 
involving direct exposure to silica particles had the same effect on land 
snails and slugs, with mortality being due to the loss of body fluid (Selvi et 
al. 2015). 

The anti-feeding activity of S. rarak crude extract may be due to the 
bitterness associated with saponins (Güçlü-Üstündağ and Mazza 2007). 
This property has an advantage in pest management in that it can reduce 
the damage to crops (Koul 2008), especially when the direct exposure to 
snails is limited. The oral exposure of saponin-rich plant extracts from 
Camellia oleifera, Gleditsia amorphoides, and Quillaja saponaria against 
the slug Deroceras reticulatum showed lethal toxicity and anti-feeding 
activity (González-Cruz and Martín 2013). The anti-feeding effect of 
saponin was also reported in insects (Chaieb 2010). While the natural saponin 
from S. mukurossi was suggested as an environmentally friendly surfactant 
compared with a synthetic one (Muntaha and Khan 2015), the use of 
saponin-rich plant extracts should be cautioned that their toxicity depends 
on their origins and sensitivity of non-target organisms (Jiang et al. 2018). 
Further studies on the effects of S. rarak crude extract on non-target 
species are needed to expand its other uses, while also confirming its 
availability for an environmentally friendly alternative method of snail 
control. Adomaitis and Skujiené (2020) noted that the use of Quillaja 
saponaria bark extract for slug control affected non-targeted white worms 
(Enchytraeus albidus), which may limit the use of this extract. Moreover, a 
pure fraction of saponin from S. mukorossi showed herbicidal effects against 
broadleaf weeds in an experimental carrot field (Dai et al. 2021). Our study 
observed that the phytotoxicity of S. rarak crude extract was dose-dependent. 
The recommended 30% crude extract concentration appeared to be safe for 
the tested vegetable species, B. rapa, in terms of mortality and visible injury. 
However, phytotoxic studies of the extract should be expanded to various 
plant species to ensure its safety for use on different susceptible species. 

From the molluscicidal effect study, the LC50 and LC90 of S. rarak crude 
extract were higher than previous reports that used crude powder of 
dried pericarp of S. mukorossi fruit against freshwater snail, Pomacea 
canaliculata (Huang et al. 2003) and Lymnaea acuminata (Upadhyay and 
Singh 2011). In this study, the ethanolic extract yield from the fruits of the 
soapberry was 18.5% and HPLC analysis showed hederagenin content of 
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0.2%, which is less than previous study. Asao et al. (2009) reported a water 
extract yield of 25.6% and a methanolic extract yield of 40.7% from the 
dried pericarps collected in Thailand and HPLC analysis showed hederagenin 
0.34%. Morikawa et al. (2009) showed the methanolic extract of the 
pericarps of S. rarak 67.5% from the dried pericarps, and HPLC analysis 
showed total hederagenin 0.72%. Hamburger et al. (1992) showed 
hederagenin content in the pericarps of S. rarak of 7.5%, with average 
extraction yield of 16.5%. In this study, we used whole soapberry fruits, 
which contained both seeds and pericarps; this might have caused the 
different hederagenin concentrations. Saponin content is also affected by 
genetic origin, the part of the plant studied, and environmental and 
agronomic factors associated with the plant’s growth (Güçlü-Üstündağ and 
Mazza 2007). We found a decrease of hederagenin in S. rarak crude extract 
after 1 month of storage at room temperature, which indicated that its stability 
could be an issue. Our study used crude extract, not the purified saponin 
fraction; therefore, a link between the specific compound and bioactivity 
on snail control was not established. In a previous study by Huang et al. 
(2003), seven fractions of S. mukorossi pericarp methanol extract showed 
molluscicidal effects. The authors suggested developing a molluscicide not 
only using pure saponin but also from the crude extract. 

In conclusion, S. rarak ethanol crude extract at 30% is a potential 
molluscicide against L. fulica, especially in small-scale organic farming of 
B. rapa. Sapindus rarak crude extract could be used by directly exposing 
snails to it, resulting in mortality. In addition, spraying the extract on crops 
could prevent them from being damaged by the snails. Further studies on 
technologies for extraction to increase the efficiency of active substances 
should improve the quality of S. rarak extract for application in snail 
control. Moreover, improved stability of the extract is required for further 
product development. 

Acknowledgements 
The authors are highly thankful to Miss Tharinee Leelateep and Mr.Boonmee Phokham for 
facilitating sample collection. We appreciate the reviewers for their helpful suggestions that 
improve this manuscript. 

Funding declaration 
The study was supported by the Open Foundation of Key Laboratory of Tropical Translational 
Medicine of Ministry of Education, Hainan Medical University grant no. 2020TTM007and the 
Academician Innovation Platform special project of Hainan Province grant no. YSPTZX202133. 
The funders had no role in study design, data collection and analysis, decision to publish, or 
preparation of the manuscript. 

Authors’ contribution 
LK, YL research conceptualization; LK, JR, SA, SK, SW, UT, YL sample design and 
methodology; LK, YC, SK, SM, SW investigation and data collection; LK, SK, SW, YL data 
analysis and interpretation; YL, UT, SA ethics approval; ZL funding provision; LK writing –
original draft; JR, SA, SK, SW, UT, YL, ZL writing – review and editing. 

https://doi.org/10.3391/mbi.2022.13.4.07
https://www.invasivesnet.org


 Soapberry crude extract for giant African land snail control 

 Koysap et al. (2022), Management of Biological Invasions 13(4): 690–704, https://doi.org/10.3391/mbi.2022.13.4.07 702 

Ethics and permits 
The animal used in this study was approved by the Animal care and use committee, Faculty of 
Tropical Medicine, Mahidol University (approved number FTM-ACUC 014/2018) 

References 
Aekphachaisawat N, Tiamkao S, Limpawattana P, Chotmongkol V, Sawanyawisuth K, 

Ngamjarus C (2018) An Epidemiological study and seasonal variation in eosinophilic 
meningitis. Journal of the Medical Association of Thailand 101(7): 139–143 

Adomaitis M, Skujienė G (2020) Lethal doses of saponins from Quillaja saponaria for invasive 
slug Arion vulgaris and non-target organism Enchytraeus albidus (Olygochaeta: Enchytraeidae). 
Insects 11: 738, https://doi.org/10.3390/insects11110738 

Albuquerque FS, Peso-Aguiar MC, Assunção-Albuquerque MJT (2008) Distribution, feeding 
behavior and control strategies of the exotic land snail Achatina fulica (Gastropoda: 
Pulmonata) in the northeast of Brazil. Brazilian Journal of Biology 68: 837–842, 
https://doi.org/10.1590/S1519-69842008000400020 

Asao Y, Morikawa T, Xie Y, Okamoto M, Hamao M, Matsuda H, Muraoka O, Yuan D, 
Yoshikawa M (2009) Structures of Acetylated oleanane-type triterpene saponins, rarasaponins 
IV, V, and VI, and anti-hyperlipidemic constituents from the pericarps of Sapindus rarak. 
Chemical & Pharmaceutical Bulletin 57: 198–203, https://doi.org/10.1248/cpb.57.198 

Budha PB, Naggs F (2008) The giant African land snail Lissachatina fulica (Bowdich) in Nepal. 
The Malacologist 50: 19–21 

Castillo-Ruiz M, Cañon-Jones H, Schlotterbeck T, Lopez MA, Tomas Á, San Martín R (2018) 
Safety and efficacy of quinoa (Chenopodium quinoa) saponins derived molluscicide to 
control of Pomacea maculata in rice fields in the Ebro Delta, Spain. Crop Protection 111: 
42–49, https://doi.org/10.1016/j.cropro.2018.04.016 

Chaieb I (2010) Saponins as insecticides: a review. Tunisian Journal of Plant Protection 5: 39–50 
Chen YQ, Xu QM, Liu YL, Li XR, Yang SL, Zhuge HX (2012) Laboratory evaluation of the 

molluscicidal activity of Pulsatilla chinensis (Bunge) Regel saponins against the snail 
Oncomelania hupensis. Biomedical and Environmental Science 25: 224–229, https://doi.org/ 
10.3967/0895-3988.2012.02.015 

Christensen CC, Cowie RH, Yeung NW, Hayes KA (2021) Biological control of pest non-
marine molluscs: A Pacific perspective on risks to non-target organisms. Insects 12: 583, 
https://doi.org/10.3390/insects12070583 

Ciomperlik MA, Robinson DG, Gibbs IH, Fields A, Stevens T, Taylor BM (2013) Mortality to 
the giant African snail, Lissachatina fulica (Gastropoda: Achatinidae), and non-target snails 
using select molluscicides. Florida Entomologist 96: 370–379, https://doi.org/10.1653/024. 
096.0257 

Clarke B, Murray J, Johnson MS (1984) The extinction of endemic species by a program of 
biological control. Pacific Science 38(2): 97–104 

Dai Z, Wang J, Ma X, Sun J, Tang F (2021) Laboratory and Field Evaluation of the Phytotoxic 
Activity of Sapindus mukorossi Gaertn Pulp Extract and Identification of a Phytotoxic 
Substance. Molecules 26: 1–10, https://doi.org/10.3390/molecules26051318 

Dyatmiko W, Soeharto S, Moegijanto L, Fuad A (1983) Aktifitas biologik zat kandungan buah 
Sapindus rarak L. sebagai antimikroba dan molluscicide. PhD Thesis. Universitas Airlangga, 
Surabaya, Indonesia 

Facundo VA, Silveira ASP, Morais SM (2005) Constituents of Piper alatabacum Trel & 
Yuncker (Piperaceae). Biochemical Systematics and Ecology 33: 753–756, https://doi.org/10. 
1016/j.bse.2004.09.003 

Francis G, Kerem Z, Makkar HPS, Becker K (2002) The biological action of saponins in animal 
systems: a review. British Journal of Nutrition 88: 587–605, https://doi.org/10.1079/BJN2002725 

Gerlach J, Barker GM, Bick CS, Bouchet P, Brodie G, Christensen CC, Collins T, Coote T, 
Cowie RH, Fiedler GC, Griffiths OL, Florens FBV, Hayes KA, Kim J, Meyer JY, Meyer III 
WM, Richling I, Slapcinsky JD, Winsor L, Yeung NW (2021) Negative impacts of invasive 
predators used as biological control agents against the pest snail Lissachatina fulica: the 
snail Euglandina ‘rosea’ and the flatworm Platydemus manokwari. Biological Invasions 
23: 997–1031, https://doi.org/10.1007/s10530-020-02436-w 

González-Cruz D, Martín RS (2013) Molluscicidal effects of saponin-rich plant extracts on the 
grey field slug. Ciencia E Investigación Agraria 40: 341–349, https://doi.org/10.4067/S0718-
16202013000200009 

Güçlü-Üstündağ Ö, Mazza G (2007) Saponins: Properties, Applications and Processing. 
Critical Reviews in Food Science and Nutrition 47: 231–258, https://doi.org/10.1080/104083 
90600698197 

Hamburger M, Slacanin I, Hostettmann K, Dyatmiko W, Sutarjadi (1992) Acetylated saponins 
with molluscicidal activity from Sapindus rarak: unambiguous structure determination by 
proton nuclear magnetic resonance and quantitative analysis. Phytochemical Analysis 3: 
231–237, https://doi.org/10.1002/pca.2800030507 

https://doi.org/10.3391/mbi.2022.13.4.07
https://www.invasivesnet.org
https://doi.org/10.3390/insects11110738
https://doi.org/10.1590/S1519-69842008000400020
https://doi.org/10.1248/cpb.57.198
https://doi.org/10.1016/j.cropro.2018.04.016
https://doi.org/10.3967/0895-3988.2012.02.015
https://doi.org/10.3967/0895-3988.2012.02.015
https://doi.org/10.3390/insects12070583
https://doi.org/10.1653/024.096.0257
https://doi.org/10.1653/024.096.0257
https://doi.org/10.3390/molecules26051318
https://doi.org/10.1016/j.bse.2004.09.003
https://doi.org/10.1016/j.bse.2004.09.003
https://doi.org/10.1079/BJN2002725
https://doi.org/10.1007/s10530-020-02436-w
https://doi.org/10.4067/S0718-16202013000200009
https://doi.org/10.4067/S0718-16202013000200009
https://doi.org/10.1080/10408390600698197
https://doi.org/10.1080/10408390600698197
https://doi.org/10.1002/pca.2800030507


 Soapberry crude extract for giant African land snail control 

 Koysap et al. (2022), Management of Biological Invasions 13(4): 690–704, https://doi.org/10.3391/mbi.2022.13.4.07 703 

Homeida AM, Cooke RG (1982) Pharmacological aspects of metaldehyde poisoning in mice. 
Journal of Veterinary Pharmacology and Therapeutics 5: 77–81, https://doi.org/10.1111/ 
j.1365-2885.1982.tb00500.x 

Huang HC, Liao SC, Chang FR, Kuo YH, Wu YC (2003) Molluscicidal saponins from Sapindus 
mukorossi, inhibitory agents of golden apple snails, Pomacea canaliculata. Journal of 
Agricultural and Food Chemistry 51: 4916–4919, https://doi.org/10.1021/jf0301910 

Jiang X, Hansen HCB, Strobel BW, Cedergreen N (2018) What is the aquatic toxicity of 
saponin-rich plant extracts used as biopesticides? Environmental Pollution 236: 416–424, 
https://doi.org/10.1016/j.envpol.2018.01.058 

Jeong KJ, Lee SW, Hong JK, Shin CY, Yun JG (2012) Effective control of slug damage 
through tobacco extract and caffeine solution in combination with alcohol. Horticulture, 
Environment, and Biotechnology 53: 123–128, https://doi.org/10.1007/s13580-012-0100-9 

Kijprayoon S, Tolieng V, Petsom A, Chaicharoenpong C (2014) Mollluscicidal activity of 
Camellia oleifera seed meal. ScienceAsia 40: 393–399, https://doi.org/10.2306/scienceasia1513-
1874.2014.40.393 

Kitagawa I, Hori K, Motozawa T, Murakami T, Yoshikawa M (1998) Structures of new acylated 
oleanene-type triterpene oligoglycosides, theasaponins E1 and E2, from the seeds of tea 
plant, Camellia sinensis (L.) O. Kuntze. Chemical & Pharmaceutical Bulletin 46: 1901–
1906, https://doi.org/10.1248/cpb.46.1901 

Koul O (2008) Phytochemicals and Insect Control: An Antifeedant Approach. Plant Sciences 
27: 1–24, https://doi.org/10.1080/07352680802053908 

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the world’s Worst Invasive Alien 
Species: a selection from the Global Invasive Species Database. The invasive species 
specialist group (ISSG), http://www.issg.org (accessed 20 August 2021) 

Lu Y, Umeda T, Yagi A, Sakata K, Chaudhuri T, Ganguly DK, Sarma S (2000) Triterpenoid 
saponins from the roots of tea plant (Camellia sinensis var. assamica). Phytochemistry 53: 
941–946, https://doi.org/10.1016/S0031-9422(99)00559-2 

Mimaki Y, Kuroda M, Asano T, Sashida Y (1999) Triterpene saponins and lignans from the 
roots of Pulsatilla chinensis and their cytotoxic activity against HL-60 cells. Journal of 
Natural Products 62: 1279–1283, https://doi.org/10.1021/np9901837 

Morikawa T, Xie Y, Asao Y, Okamoto M, Yamashita C, Muraoka O, Matsuda H, Pongpiriyadacha 
Y, Yuan D, Yoshikawa M (2009) Oleanane-type triterpene oligoglycosides with pancreatic 
lipase inhibitory activity from the pericarps of Sapindus rarak. Phytochemistry 70: 1166–
1172, https://doi.org/10.1016/j.phytochem.2009.06.015 

Muntaha ST, Khan MN (2015) Natural surfactant extracted from Sapindus mukurossi as an eco-
friendly alternate to synthetic surfactant - a dye surfactant interaction study. Journal of 
Cleaner Production 93: 145–150, https://doi.org/10.1016/j.jclepro.2015.01.023 

Navickiene HMD, Alécio AC, Kato MJ, Bolzani VS, Young MCM, Cavalheiro AJ, Furlan M 
(2000) Antifungal amides from Piper hispidum and Piper tuberculatum. Phytochemistry 55: 
621–626, https://doi.org/10.1016/S0031-9422(00)00226-0 

OECD (2006) Organization for Economic Co-operation and Development. Guideline for the 
testing of chemicals terrestrial plant test: vegetative vigour test 227, https://doi.org/10. 
1787/20745761 

Parmar VS, Jain SC, Bisht KS, Jain R, Taneja P, Jha A, Tyagi OD, Prasad AK, Wengel J, Olsen 
CE, Boll PM (1997) Phytochemistry of the genus Piper. Phytochemistry 46: 597–673, 
https://doi.org/10.1016/S0031-9422(97)00328-2 

Parmar VS, Jain SC, Gupta S, Talwar S, Rajwanshi VK, Kumar R, Azim A, Malhotra S, Kumar 
N, Jain R, Sharma NK, Tyagi OD, Lawrie SJ, Errington W, Howarth OW, Olsen CE, Singh 
SK, Wengel J (1998) Polyphenols and alkaloids from Piper species. Phytochemistry 49: 
1069–1078, https://doi.org/10.1016/S0031-9422(98)00208-8 

Purvis G, Bannon JW (1992) Non-target effects of repeated methiocarb slug pellet application 
on carabid beetle (Coleopter: Carabidae) activity in winter-sown cereals. Annals of Applied 
Biology 121: 401–422, https://doi.org/10.1111/j.1744-7348.1992.tb03453.x 

Rae RG, Robertson JF, Wilson MJ (2006) The chemotactic response of Phasmarhabditis 
hermaphrodita (Nematoda: Rhabditida) to cues of Deroceras reticulatum (Mullusca: 
Gastropoda). Nematology 8: 197–200, https://doi.org/10.1163/156854106777998746 

Rae RG, Robertson JF, Wilson MJ (2009) Chemoattraction and host preference of the 
gastropod parasitic nematode Phasmarhabditis hermaphrodita. Journal of Parasitology 95: 
517–526, https://doi.org/10.1645/GE-1637.1 

Raut SK, Barker GM (2002) Achatina fulica Bowdich and other Achatinidae as pests in tropical 
agriculture. In: Barker GM (ed), Molluscs as Crop Pests. CAB International, Wallingford, 
UK, pp 55–114, https://doi.org/10.1079/9780851993201.0055 

Selvi VA, Ram LC, Masto RE (2015) Molluscicidal effect of biogenic silica and botanical 
pesticides for the control of Achatina fulica (giant African land snail) and Laevicaulis alte 
(garden slug). Journal of Phytopathology and Pest Management 2(1): 12–21 

Smith TR, White-McIean J, Dickens K, Howe AC, Fox A (2013) Efficacy of four molluscicides 
aginst the giant African snail, Lissachatina fulica (Gastropoda: Pulmonata: Achitinidae). 
Florida Entomologist 96: 396–402, https://doi.org/10.1653/024.096.0202 

https://doi.org/10.3391/mbi.2022.13.4.07
https://www.invasivesnet.org
https://doi.org/10.1111/j.1365-2885.1982.tb00500.x
https://doi.org/10.1111/j.1365-2885.1982.tb00500.x
https://doi.org/10.1021/jf0301910
https://doi.org/10.1016/j.envpol.2018.01.058
https://doi.org/10.1007/s13580-012-0100-9
https://doi.org/10.2306/scienceasia1513-1874.2014.40.393
https://doi.org/10.2306/scienceasia1513-1874.2014.40.393
https://doi.org/10.1248/cpb.46.1901
https://doi.org/10.1080/07352680802053908
http://www.issg.org/
https://doi.org/10.1016/S0031-9422(99)00559-2
https://doi.org/10.1021/np9901837
https://doi.org/10.1016/j.phytochem.2009.06.015
https://doi.org/10.1016/j.jclepro.2015.01.023
https://doi.org/10.1016/S0031-9422(00)00226-0
https://doi.org/10.1787/20745761
https://doi.org/10.1787/20745761
https://doi.org/10.1016/S0031-9422(97)00328-2
https://doi.org/10.1016/S0031-9422(98)00208-8
https://doi.org/10.1111/j.1744-7348.1992.tb03453.x
https://doi.org/10.1163/156854106777998746
https://doi.org/10.1645/GE-1637.1
https://doi.org/10.1079/9780851993201.0055
https://doi.org/10.1653/024.096.0202


 Soapberry crude extract for giant African land snail control 

 Koysap et al. (2022), Management of Biological Invasions 13(4): 690–704, https://doi.org/10.3391/mbi.2022.13.4.07 704 

Sugiura S, Yamaura Y (2009) Potential impacts of the invasive flatworm Platydemus manokwari 
on arboreal snails. Biological Invasions 11: 737–742, https://doi.org/10.1007/s10530-008-9287-1 

Todkar SS, Chavan VV, Kulkarni AS (2010) Screening of secondary metabolites and 
antibacterial activity of Acacia concinna. Research Journal of Microbiology 5: 974–979, 
https://doi.org/10.3923/jm.2010.974.979 

Triebskorn R, Christensen K, Heim G (1998) Effects of orally and dermally applied 
metaldehyde on mucus cells of slugs (Deroceras reticulatum) depending on temperature 
and duration of exposure. Journal of Molluscan Studies 64: 467–487, https://doi.org/10. 
1093/mollus/64.4.467 

Upadhyay A, Singh DK (2011) Molluscicidal activity of Sapindus mukorossi and Terminalia 
chebula against the freshwater snail Lymnaea acuminata. Chemosphere 83: 468–474, 
https://doi.org/10.1016/j.chemosphere.2010.12.066 

Vijayan K, Suganthasakthivel R, Sajeev TV, Soorae PS, Naggs F, Wade CM (2020) Genetic 
variation in the Giant African Snail Lissachatina fulica (Bowdich, 1822) in its invasive 
ranges of Asia and West Africa. Biological Journal of the Linnean Society 131: 973–985, 
https://doi.org/10.1093/biolinnean/blaa171 

Vitta A, Polseela R, Nateeworanart S, Tattiyapong M (2011) Survey of Angiostrongylus 
cantonensis in rats and giant African land snails in Phitsanulok province, Thailand. Asian 
Pacific Journal of Tropical Medicine 4: 597–599, https://doi.org/10.1016/S1995-7645(11)60154-5 

Welzen PV (1997) An Introduction to the Sapindaceae in Thailand. Thai Forest Bulletin 
(Botany) 25: 21–53 

World Health Organization (1965) Molluscicide screening and evaluation. Bulletin of the World 
Health Organization 33(4): 567–581 

Wina E, Muetzel S, Hoffmann E, Makkar HPS, Becker K (2005) Saponins containing methanol 
extract of Sapindus rarak affect microbial fermentation, microbial activity and microbial 
community structure in vitro. Animal Feed Science and Technology 121: 159–174, 
https://doi.org/10.1016/j.anifeedsci.2005.02.016 

Wina E, Muetzel S, Becker K (2006) Effects of daily and interval feeding of Sapindus rarak 
saponins on protozoa, rumen fermentation parameters and digestibility in sheep. Asian-
Australasian Journal of Animal Sciences 19: 1580–1587, https://doi.org/10.5713/ajas.2006.1580 

Wisetkomolmat J, Suppakittpaisarn P, Sommano SR (2019) Detergent plants of northern 
Thailand: Potential sources of natural saponins. Resources 8: 10, https://doi.org/10.3390/ 
resources8010010 

Williams AJ, Rae R (2015) Susceptibility of the giant African snail (Achatina fulica) exposed to 
the gastropod parasitic nematode Phasmarhabditis hermaphrodita. Journal of Invertebrate 
Pathology 127: 122–126, https://doi.org/10.1016/j.jip.2015.03.012 

Yokosuka A, Mimaki Y (2009) Steroidal saponins from the whole plants of Agave utahensis 
and their cytotoxic activity. Phytochemistry 70: 807–815, https://doi.org/10.1016/j.phytochem. 
2009.02.013 

https://doi.org/10.3391/mbi.2022.13.4.07
https://www.invasivesnet.org
https://doi.org/10.1007/s10530-008-9287-1
https://doi.org/10.3923/jm.2010.974.979
https://doi.org/10.1093/mollus/64.4.467
https://doi.org/10.1093/mollus/64.4.467
https://doi.org/10.1016/j.chemosphere.2010.12.066
https://doi.org/10.1093/biolinnean/blaa171
https://doi.org/10.1016/S1995-7645(11)60154-5
https://doi.org/10.1016/j.anifeedsci.2005.02.016
https://doi.org/10.5713/ajas.2006.1580
https://doi.org/10.3390/resources8010010
https://doi.org/10.3390/resources8010010
https://doi.org/10.1016/j.jip.2015.03.012
https://doi.org/10.1016/j.phytochem.2009.02.013
https://doi.org/10.1016/j.phytochem.2009.02.013


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


