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EFFECTS OF SOME PLANT EXTRACTS ON TOXICITY AND ACTIVITES
OF ESTERASE AND GLUTATHIONE – S – TRANSFERASE

IN RICE WEEVILS (Sitophilus oryzae L.)

INTRODUCTION

At the moment, Thailand is one of the rice major producing countries of the world.  Most
of farmer’s income comes from the sale of rice products.  Also seventy percent of Thai export
good is rice producing more than the value of 70,000 millions baht a year (Agro-economic,
2001). To meet the international standard, we do not want any insecticide contaminated in the rice
products as well as any resistant insect in the rice. Synthesis insecticides are dangerous to both
human beings and our environment.  They induce health problems, harm to non target organisms,
pollute to water, soil, air as well as our agricultural products, produced insecticide resistance to
insects. Insecticide have been using in the rice field and in the storage for more than five decades
(Bunsit, 1993) to kill many insect pests mostly rice weevils (Sitophillus oryzae L.). Unlike
synthetic insecticides, plant extracts do not possess these problems because they are
biodegradable (Visetson et. al, 2002), giving no toxic effect to human beings (Udomchoak,
1985), fish and bees (Visetson, 2001).

Rice weevils are key pests of most agricultural products such as rice, corn, beans, oats
and rye, damaging up to the 70% of the agricultural products a year (Visetson, 1991). A recent
report also showed that this insect had been developing insecticide resistant for up to 4 fold
(Soderlund and Bloomquist, 1990).  Thailand has been increasing the import of synthetic
insecticides to control this insect for years making the rice products unsafe for consuming as well
as causing resistance.

Researches on plant extracts against agricultural pests have been developing by many
scientists.  A lot of insecticidal plants have revealed good potential for insect control namely,
neem (Azadirachta indica L.) (Siripassarapon, 1995), derris (Derris elliptica L.) (Visetson and
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Milne, 2001), lemon grass (Cymbopogon winterinus, Jewitti) (Thummasarangkoon, 2000),
galunga (Alpinia galunga ) (Wattanasombat, 1995), Siam weeds (Chromolaena odonata L.)
(Saekin, 2000) and nut grass (Cyperus rotandus L.) (Ruamthum, 2002).  Most of them have been
proven to be effective in the control of many pests in Thailand.  However, no previous research
works on the plant extracts have been trailed to control of the rice weevils.

This research uses some plant extracts (alcoholic or aqueous from Soxhlet’s or
water distillation).  They are the extracts of kaffir lime leaves, mangosteen peel and the seed of
rambutan against the adults of rice weevils showing the control efficiency in terms of LC50 and the
percentage of repellent. Piperonyl butoxide, triphenyl phosphate and diethyl maleate were used as
synergists.  Moreover, the general esterase and glutathione-S-transferase enzymes are trailed by
using enzyme-substrate assays with spectrophotometer and electrophoresis to reveal its
detoxification mechanisms. These mechanisms are introduced us for increase control efficiency
by the due of synergists in the future.

The objectives of this study are:

1. To determine the efficacies of extracts of kaffir lime leaves, mangosteen peel and
rambutan seed, with and without synergists against adult S. oryzae L.

2. To determine any changes in esterase and glutathione –S – transferase activity in
surviving rice weevils after treatment with plant extracts with or without synergists.

3. To determine correlation coefficients between mortality percentage and extract
concentration for each plant extract with or without synergists.

4. To identify detoxification mechanisms of the rice weevils against extracts of kaffir
lime leaves, mangosteen’s peel and the seed of rambutan.
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LITERATURE REVIEW

Mangosteen

Family: GUTTIFERAE.
Genus: Garcina.
Scientific name: Garcina mangostana L.
Common name: Mag kut (Thailand), Mangosteen. (Smitinand, 2001)

Mangosteen is one of praised tropical fruits and certainly esteemed fruit in family
GUTTIFERAE. It is perhaps most delicate of all Thai fruits. Thai reveres mangosteen as the queen
of fruits. Mangosteen takes the form of dark- purple sphere with thick, waxy sepals surrounding a
short length of stem on top (Figure 1). The bottom of these bears a flat, raised, asterisk-like
ornament. The number of the points on this little star indicates the number of the sections in the fruit
inside (Anonymous, 2003a).

The place of origin is unknown but believed to be the Sunda Islands the Moluccas; still,
there are wild trees in the forest of Kemaman, Malaya. The mangosteen may have been first
domesticated in Thailand, or Burma. It is much cultivated in Thailand throughout Burma,
Vietnam, Malaya and Singapore.

1. Botanical Description

A B
Figure1   A: Fruits of mangosteen. B: Mangosteen tree
Source:  Wannasiri (1998).
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The mangosteen is a densely foliaged broad-leaved evergreen tree with a dense
pyramidal crown and mature trees reach up to 10-25 meters (Kasetsanjorn group, 1987). It is slow
growing tree with shiny dark green leaves (Partricia, 1998). The glabrous leaves up to 15 -25 cm
long (Boonyapapat and Choakchaijalernporn, 2000). The mangosteen tree has dark-brown or
nearly black, flaked bark, the inner bark containing much yellow, gummy, bitter latex and new
leaves are rosy(Figure 1).

The flowers are borne singly or in pairs at the end of the terminal raceme on the outer
canopy. They are effectively unisexual because pollen is not produced at any stage. The flowers
are large (5-6 cm diameters) and creamy-yellow in color. The flowers generally open in the
afternoon and remain open for up to two days. Staminode or pollen is not produced at any stage;
moreover, seed development is described as apodictic (without fertilization) and the fruits
develop pathenocarpically (effectively vegetative). There are four sepals and four ovate, thick,
fleshy petals, green with red spots on the outside and yellowish-red inside (Noichinda, 1992).

Mangosteen is a kind of berries that have diameter 4-5 cm. The fruits (Pericarp or shell)
change from a green to red, then a purple color at maturity; however, if fruit development occurs
during the dry season and the trees suffer from water stress the fruits may change the brown color
instead (Wanichkul and Kosiyajinda, 1984; Patricia, 1998).

Fruit development and enlargement proceeds at a constant rate, taking between 100 to
160 days from flowering to fruit maturity is depend on the temperature. Fruit development is
obviously slower during the cooler months of the year during the November-January period. In
generally, Thailand harvest on May to July (Eastern) or August to October (Wanichkul and
Kosiyajinda, 1984) like in Malay and Philippines where harvest on May to September (Watson,
1978).

Compared with other tropical fruits, mangosteen has a comparative small edible portion.
Surrounding the edible portion or aril is the pericarp, which is thick and tough, about 5-7 mm
thick. If damaged, this smooth and hard pericarp exudes latex. The aril or flesh, which makes up
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30% of the total fruit weight is a pearly white color, slightly translucent and consists of 4 to 8
segments. One or two of these segments usually contain seeds. The seeds are brown in color and
almond shaped (20 - 25mm long). The flesh is sweet, delicate and mellow (Patricia, 1998).

2. Soil and Climate

Mangosteen grows well on wide range of soils provided it is well drained. It prefers clay
or sandy loam soil with high organic matter content and pH of 5.0-6.5. Mangosteen thrives well
in the tropical rainforests, which receives 2000-2500 mm of rainfall. It grows best in warm,
humid and non-seasonal rainfall areas.

3. Propagation

Mangosteen has propagated by seeds but the present has success in Graft method.

4. Pest and Diseases

Few pests of mangosteen have been reported.  Orgya sp. that belong to the tussock moth
family, Lymantridae has found to attack in the Philippines. A small ant, Myrnelachista
ramulorum, has been reported to colonize the tree, tunnel into the trunk and branches and damage
the new growth of mangosteen in Puerto Rico. Mites sometimes deface the fruits with small bites
and scratches. In Asia the fully ripe mangosteen fruits that are damaged by monkeys, bats and rat
have been reported.

Pellicularia Koleroga, the fungus that found in Puerto Rico is often seen on branch,
foliage and fruits of trees in the shaded, humid areas. In Malaya, the fungus, Zingnoella garcineae
causes canker – tuberous growths on the branches that make a fetal dying-back of foliage,
branches and eventually the entire tree. Breakdown in storage is caused from the fungi Diplodia
gossypina, Pestalotia sp., Phumopsis sp., Gloeosporium sp. and Rhizopus nigricans (Morton,
1999)
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5. Food Uses

Mangosteens are usually eaten as dessert; furthermore, they can be made processed
products such as juice, jam, jelly and sugar. The seeds are sometimes eaten alone after boiling or
roasting. The rind is rich in pectin. After treatment with 6% sodium chloride to eliminate
astringency, the rind is made into a purplish jelly.

6.  Medical Uses

The sliced and dried rind of mangosteen has been powdered and administered to
overcome dysentery. Made into an ointment, it is used in treatment of eczema and other skin
disorders (Kasetsart University, 2002). The rind decoction is taken to relieve diarrhea and cystitis,
gonorrhea and gleets and is applied externally as an astringent lotion. The rind steeped in water
overnight given as a remedy for chronic diarrhea in adults and children. In Philippines, decoct the
leaves and bark as a febrifuge and to treat thrush, diarrhea, dysentery and urinary disorder. In
Malaya, a fusion of the leaves, combined with unripe banana and a little benzoin is applied to the
wound of circumcision. A root decoction is taken to regulate menstruation. Amibiasine, a bark
extract has been marketed for the treatment of amoebic mystery.

7. Other Uses

Twigs of mangosteen are used as chewsticks in Ghana. The fruit contains 7 to 14%
catechin tannin and rosin, and is used for tanning leather in China. It also yields a black dye.

8. Toxicity

The rind of partially ripe fruits contains derivative of polyhydroxy-xanthone derivative
termed mangostin or β-mangostin. The fully mature fruits contain xantones, gartanin, 8-
dioxygartanin and normangostin. Mangostin - e, 6 – di – O - glucoside, a derivative of mangostin
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(Figure 2), is a central nervous system depressant and causes an increase in blood pressure
(Kasetsart University, 2002; Morton, 1999).

A B

Figure 2  Some active principles in mangosteen peel.

A: Gartanin (class xanthone). B: Mangostin.
Source: National cancer institute (2003), Thomson (1993)

Rambutan

Family: SAPINDACEAE.
Genus: Nephelium.
Scientific name: Nephelium lappaceum L.
Common name: Ngo (central Thailand); Ka-mo-tae, Mo-tae, A-mo-tae (Malay-Pattani);

Ngo pa (Nakhon Si Thammarat, Thailand), Rambutan. (Smitinand,
2001)

Rambutan is believed to be native to the Malay Archipelago although its precise center of
origin is unknown (Chomcharow, 1958; Purseglove, 1968).  Rambutan, one of the best known
fruits of the Southeast Asia, is widely cultivated throughout the tropics such as Africa, Central
America, India, Indonesia, and Malaysia while Thailand is the large producer (Ngo, 1996; Lim,
1992). Rambutan comes from Malay word called ‘ram but’ meaning hair. Inside is a narrow seed
covered with semitransparent flesh that is crisp and mainly sweet (Solomon, 1999).
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1. Botanical Description

A   B
Figure 3   A: Fruits of rambutan. B: Rambutan tree
Source: Kasetsanjorn group (n.d.)

The rambutan is a medium sized tree that reaches up 15 to 25 meters in height, has a
straight trunk to 60 cm wide and a dense, usually spreading crown. The evergreen leaves are
alternate; innately compound long 7-30 cm with reddish rachis, hairy when they are young and
have 1 to 4 pairs of leaflets that sub opposite or alternate (Figure3).

It produces a red or yellow fruit round to oval in shape with hair or tubercles on its skin.
The flesh or aril is translucent and sweet. The rambutan n trees have an erect, dense habit with
straight trunk. Commonly height 8 to 10 meters but grafted cultivars and usually more compacts
reaching height of only 3 to 5 meters. Budded trees bear fruit after 2-3 years with optimum
production occurring after 8 –10 years. Trees grown from seed bear after 5 – 6 years (Zee, 1993).
The oval fruit is a drupe 3 to 8 by 2 to 4 cm, are pendant in a loose cluster of 10 – 20 fruits. The
leathery skin is covered with freshly pliable spines.

2. Soil and Climate

The rambutan is well adapted to the tropical and humid climate. A warm climate is ideal
for its growth and high yield. It is suitable for most types of soil, except the waterlogged and peat
areas. However, rambutan requires a lot of moisture and is not suitable in the hilly terrain. It does
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not perform well on sandy areas. Deep alluvial soil and those, which contain high organic matter,
is ideal for its growth and development. These soils should be well drained.

3. Propagation

Rambutan is easily propagated by budding, approach grafting and air – layering while
budding is one of the most common methods of vegetative propagation.

4. Pest and Diseases

Rambutan grower has reported few pests and diseases. Pseudococcus liacinus, leaf-
eating insects and Tessaratoma longicorne, the giant bug may require control measures. The
mango twig - borer, Nephonoclea albata, occasionally appears on rambutan tree. The oriental
fruit fly attacks very ripe fruits. Birds and Flying foxes (fruit-eating bats) consume many of the
fruits, probably considerably reducing yield figures.

There are several pathogens that attack the fruits and cause rotting under warm, moist
condition. Powdery mildew, caused by Oidium nephelli, may affect the foliage or other parts of
the tree. These infect fruits causing them to split and drop. Immature fruits were sprayed with
sulphur when symptoms appear. The stem canker, caused by Fomes ligonosu in the Philippines
and causes by Ophioceras sp. in Malaya, can be fetal to rambutan trees if not controlled at the
outset. Sooty mould, causing by Meliola Nephelli, is a normally secondary infection after insect
damage, often transmitted by wind. Both leaves and fruit develop a black sooty mould on the
surface. The aril is normally not affected but the fruit is rendered unsightly. Spraying with copper
oxychloride, benomyle or other fungicide can control this (Solomon, 1999).

5. Food Uses

Rambutan is most commonly eaten. It does not cling to the flesh. The peeled fruits are
occasionally stewed as dessert. They are canned in syrups or many products; for example Jelly
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and oil. The aril is attached to the seed in some commercial varieties, but ‘freestone’ varieties are
available and in high demand. There is usually a single light brown seed which is high in certain
fats and oils (primarily oleic and Eiosinoic acids) valuable to industry and used in cooking and
manufacture of soap.

6. Medical Uses

Roots, barks and leaves of rambutan have various uses as medicine and production of
dyes. The fruit (perhaps unripe) is taken to relive diarrhea and dysentery. The leaves are used as
poultices on the temples to alleviate headache. In Malaya the dried fruit rind is sold in drugstores
and employed in local medicine. The astringent bark decoction is a remedy for thrush. A
decoction of the roots is taken as a febrifuge.

7. Toxicity

There are traces of an alkaloid in the seed, and the testa contains saponin and tannin. The
seeds are said to be bitter and narcotic and the rind is also rich in toxins such as saponin and
tannin (Figure 4).

Figure 4 Some active principles in Rambutan seeds.

Source:  Cannas (2001)
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Kaffir Lime

Family: RUTACEAE.
Order: Rutales.
Scientific name: Citrus hystrix DC.
Common name: Kaffir lime, Ichang lime, Makut, Djeruk purut (Katzer, 2002)

Kaffir lime is one of those flavors that scream Tropical Asian cuisine (Indonesian,
Malaysian, Singaporean, and Thai). The perfume quality of the leaves are great for infusing
broths, oils and even in desserts like kaffir-lime ice cream and kaffir key-lime cheesecake (Ming
Tasai, 2002).  The species name hystrix (Greek ‘porcupine’) refers to the many thorns of the plant
(Katzer, 2002).

1. Botanical Description

       A   B
Figure 5   A: Fruits of kaffir lime. B: Kaffir lime leave.
Source:  Katzer (2002).

The place of origin of kaffir lime tree is Thailand, Burma and elsewhere in Southeast
Asia. The tree is not large - about 3-5 m (9-8 ft) tall.  The fruit is dark green and round, with a
distinct nipple on the stem end.  It has a thick rind, bumpy and wrinkled, and one of its common
name is ‘porcupine orange’. As the fruit becomes older, the color fades to a lighter, yellowish
green. (Encyclopedia of Asian Food, 1998; Figure 5)
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Resembling the Western lime, but slightly smaller, this small Southeast Asian citrus fruit
has bright yellow-green skin and glossy, dark green leaves. The leaves come in 2 parts: the top
leaf is slightly pointed at the tip and is attached to another leaflet beneath that is broader on the
upper edge. (Ming Tsai, 2002)

2. Soil and Climate

Growing position is indoors in a sunny window but like all houseplants beware of a south
facing window as it can be damaging to the plant.  Rich light soil with good drainage is well to
propagate Kaffir lime tree (Gardenaire, 2003).

3. Propagation

In tropical Thailand, it is common for almost ever home to have its own kaffir lime tree.

In the United States, those areas that are known for their citrus-friendly climates, like California
and Florida, have begun to cultivate fresh kaffir limes.

Anonymous (2003b) reported kaffir lime tree can bloom at any time during the year, but
the heaviest blossom is in April and the fruit are mature about 10 months.  Try taking cuttings in
the spring.  In summer, the tree could go outside and will probably enjoy the fresh air, it will be
able to stand a drop in the temperature at night 10ºc but anything much colder than that bring it in.
Feed all through the summer months.   In spring, just put some new soil (top dress) over the plant.
In autumn, bring indoor and in winter, water once a week (Gardenaire, 2003).
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4. Food Uses

The juice is seldom used in cooking, while the peel and leaves, with the high
concentration of aromatic oils is indispensable in many curry pastes.  Thinly slicing the leaves is
the best way to utilize the amazing lemon-floral essence in salads, stir-fry and custard – like
curries.

5. Medical Uses

Kaffir Limes is known to promote oral health, when used in brushing the teeth and gums.
In addition, it is similar to lemongrass and ginger, in that the rind is known to have beneficial
properties to the digestive system. (Ming Tsai, 2002)

6. Other uses

The juice of lime is an effective cleanser and natural deodorizer. Shampoos made from
the essences are invigorating to the scalp and leave the hair free of build up. A few drops of the
juice mixed with detergent work as an alternative to a chemical bleach. (Ming Tsai, 2002)

7. Toxicity

The compound responsible for the characteristic aroma was identified as (-)-(s)-
citronellal, which is contained in the leaf oil up to 80%; minor components are citronellol (10%),
nerol and limonene.

From a stereochemical point of view, it is remarkable that kaffir lime leaves contain only
(-)-(s)-citronellal (Figure 6), whereas the enantiomeric from (+) - (R) citronellal is found in both
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lemon blam and (to lesser degree) lemon grass, (note, however, that citronellal is only a trace
component in the latter’s essential oil).

Kaffir lime fruit peel contains an essential oil comparable to lime fruit peel oil; main
components are limonene and beta- pinene (Katzer, 2002).

Figure 6 Some active principles in kaffir lime leaves: citronellal.
Source: Docker (2003).

Rice weevil

Order: Coleoptera.
Family: Curculionidae.
Scientific name: Stiophilus oryzae L.
Common name: Rice weevil, Black weevil. (Pitakpriwan, 1966)

1. Origin and Distribution

The rice weevils, Sitophilus oryzae, are thought to have originated in India. It were
carried by commerce to Europe at an early date, where it were subsequently found and described
by Linnaeus in 1763 that to call ‘oryzae’ because these insects are found in rice. At the present,
they are perhaps most widely distributed of known insect, being found in all parts of the world
where grains are used (Cotton, 1920).
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1. Characteristics

Figure 7   Adult of rice weevils.

Source:  Turney (1962).

The adult rice weevils are about 3-4 mm long. Elyta, Adult’s wing cover, usually have 4
faint red to yellow pale marks; deep pits on thorax that are round or irregular in shape; the midline
of the Pronotum or the shield behind the head, is usually puncture-free that call Striae. Wings are
fully developed, used for flight. Male rice weevils, has shorter snot, wider and with more distinct
punctures than females’. All larvae are legless, thickened in the middle for a humpback look, and
fairly smooth; with 7-8 tiny fingerlike sensory projections on the lower mouthpart. The color of
all adults is dull reddish brown unlike larvae that is creamy white with brownish black head.

Western Exterminator (1999) described rice weevils differ granary weevil, Sitophilus
granarius L. and other Curculionidae species also occur in stored food product because rice
weevils have reddish brown to black with four reddish or yellowish spots on the wing cover
(Elytra).  The head bears a slender snout and the shield behind the head (Pronotum).  It has course
round puncture; moreover, the Elyta have deep lines (Striae) and course punctures unlike the
granary weevils.  They have elongated punctures on the Pronotum and are wingless so they
cannot fly (Figure 7).

3. Habit and Damage Caused

The rice weevil is the most serious stored grain pests worldwide that attack wheat, corn,
oats, barley, beans, nut, wild bird seed, rye, buckwheat, macaroni, starch, cereal product and all
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type of stored grains. They, especially, found in warm climates.  The adults of rice weevils can fly
and are attracted to lights. They may also infest grain in the field. Their larvae hollow out kernels
of grain and usually attack whole kernels. Adults can put their legs, fall to the ground, and feign
death. The larvae of rice weevils must complete their development inside a seed Kernel or a man-
made equivalent, like macaroni products, caked flour. An adult female rice weevil eats cavity into
a seed and then deposits a single egg in the cavity, sealing in the egg with secretions from her
ovipositor. The larvae develop within the seed, hollowing it out while feeding. The larva then
pupates within the hollow husk of the grain kernel.

4. Life Cycle

Figure 8 The life cycle of rice weevils. A: Egg B: Pupa, dorsa aspect.
C: Pupa, lateral aspect. D: Pupa, ventral aspect E: Adult. F: Third-stage larva.
G: First stage larva. H: Second-stage larva. I: Fourth-stage larva.

Source: Cotton (1920).
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Males and females are apparently produced in very nearly equal numbers. In 1,000 bred
specimens examined, 52 percent were females and 48 percent were males. During the early
months of summer, more males hatch than females. Copulation takes place within 1-2 days after
emergence.  A female weevil is observed in copula two days after assuming adult form.
Copulation is frequent. It occurs rather often during the daytime but more frequently at night
(Cotton, 1920). An adult female lays single egg in grain lays 300-400 eggs in a lifetime. The egg
develops to larva through 3-4 stages (instars) in about 18 days then pupate for about 6 days and
also developing an adult in the grain kernel. They stay for 3-4 days until it is hardened and mature
(Pitakpriwon, 1966; Figure 8).

The life span of the adult rice weevils is varied depending upon different factors. In
Spring and summer, the average of life span is about 3-6 months. The rice weevils mate almost
immediately after emergence, and lay eggs ensures. The female rice weevils continue depositing
eggs until exhausted and then die. In fall and winter, rice weevils mating and oviposition are less
frequent. They do not become exhausted so rapidly, and life is consequently prolonged. Several
female rice weevils were kept segregated and were not allowed to mate, lay only a few eggs that
did not become exhausted and were still live 8 months from the date of emergence. In another
case, several rice weevils of both sexes were kept segregated for a period of 4 months and were
than allowed to mate. Of these, several rice weevils of both sexes were still alive and active 8
months from date of emergence (Cotton, 1920).  As the result, rice weevils do not live long. In
cold weather, they have lived for 30 days without food, like in warm weather are very active and
soon become exhausted, seldom surviving for more than a week without food.

5. Detect and Control

Fumigants have been occasionally used to detect flour and grains for presence of larvae
and adults. At temperature of 47ºC in 2 hours, 49-52 ºC within 1-2 hours or cold (-18ºC) for a
week, can kill all adults at all stage. The best control measure is to store products likely to be
infested in pest-proof containers of plastic, glass or metal.
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Seeds and nuts can be stored long term by adding 1-inch cube of carbon dioxide (dry ice) to a
quart mason jar of seeds and sealing the lid. The carbon dioxide atmosphere discourages all stored
product pests.

Some insecticide will control rice weevils such as Pyrethrin, Esfenvalerate, Lambda-
cyhalothrin, bendiocrab, pyrethrin added with piperonyl butoxide, permethrin, pyrethrin added
with cyfluthrin and piperonyl butoxide, and pyrimiphos. The botanical control methods for rice
weevils are various such as those based on Neem and Siam weeds.  It can be controlled
mechanical by covering seed with plastic trampoline.

Detoxification Mechanisms

Xenobiotics are metabolized by a variety of reactions that intended to speed up their
excretion and reduce their activity.  However, detoxification does not always occur and some
chemicals will actually show increased physiological activity or toxicity as a result of metabolic
change undergone after absorption (Pascoe, 1983). The metabolic transformation has two types of
reaction known as metabolic transformation (Phase I) and conjugation (Phase II reaction). These
reactions are principally mediated by enzymes located within the microsomes of the smooth
endoplasmic reticulum (SER) of the liver cell in mammals, and consequently known as
microsomal enzymes (Derelanko and Hollinger, 1995; Niesink et. al., 1996; Pascoe, 1983).  The
systems of detoxification enzymes work like common enzymes. After xenobiotics enter into our
body, they will be metabolized by microsomal enzymes into highly water soluble substances and
then secreted out from body via bile, urine and sweat.

Schoknechy and Otto (1989) and Torsakulkaew et al. (1996) reported that the major sites
of detoxification enzymes in vertebrates are the liver, lung and intestine.  But in insects these
enzymes are accumulated in the intestine and/or adipose cells. The detoxification enzymes work
on various substrates to reduce poisons; furthermore, the detoxification enzymes can regulate and
induce when xenobiotics are coming. In some cases, microsomal and non- microsomal enzymes
are much the most important site of xenobiotics metabolism that react with the xenobiotics; for
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example, microsomal UDP-transglucosidase is found in skin, stomach and intestine as well as the
liver of mammals. Many non- microsomal enzymes occur in blood plasma, the gut, lungs and
kidney such as alcohol dehydrogenase in the liver, kidney and lung. They oxidize alcohol to its
aldehyde, and amine oxidase that are found in blood plasma.

When insects are exposed to chemicals, they may change behavior known as behavior
avoidance to decrease exposure to chemicals. If insects do not die, they collect substance in
adipose tissue and any tissue. Insects have various behavior avoidance and various detoxification
systems. Insects use detoxification enzymes to decrease poisons because it is very fast
mechanism.

1. Metabolic Transformation (Phase I Reactions)

This reaction includes oxidation, reduction and hydrolysis whereby insoluble foreign
compounds, which have passed through SER membrane, are transformed into more soluble
compounds by the introduction of new functional groups. Metabolic transformation may result in
the formation of compounds with variety of properties depending upon whether activity has been
decreased or increased. Although the activation of accidentally absorbed compounds may present
a hazard, the process also has useful applications such as in the development of pesticides and of
pro-drugs, which may be converted into active pharmacological products by several metabolic
transformation mechanisms. Depending on their water solubility, the products of metabolic
transformation may excrete directly or may undergo conjugation.

2. Conjugation (Phase II Reactions)

During conjugation, functional groups on the compound such as carboxyl (COOH),
amino (NH2), hydroxyl (OH) and sulphydryl (SH) react with compounds such as glucuronic acid,
amino acids, sugars etc. to decrease toxic, more polar soluble derivatives which can be rapidly
excreted. Their reduced lipid solubility decreases the capacity to diffuse across membranes and
consequently their activity within the body is also reduced. Xenobiotics may undergo metabolic
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transformation and conjugation, or only one of these reactions. For example, metabolic
transformation leads to a product sufficiently water soluble to be excreted then conjugation may
not be necessary. On the other hand, if xenobiotics compound entering the body already possesses
group that engage in conjugation, then metabolic transformation may not be needed.

3. Other Detoxification Mechanisms

Some poisons appear to be detoxicated by linking to a larger molecule, typically a
protein, to produce a less toxic complex which can be stored in various body organs. For example
metalothionein, a low molecule weight, cysteine-rich metal-binding protein which is widely
produced in the animal in response to heavy metals such as cadmium, zinc, chromium and copper
and is found in high concentration in the liver and kidney. In some case, xenobiotics not
happened these metabolic reactions, particularly those of high lipid solubility, could remain
within the body for extended periods after absorption, a lifetime (Pascoe, 1983).

4. Detoxification Enzymes

4.1 Esterase

Esterase is one of detoxification enzymes in phase I. There are two types of esterase.
A-type esterase is not inhibited by organophosphates insecticides and included arylesterases. B-
type esterase is inhibited by several organophosphate insecticides due to irreversible
phosphorylation of the active serine site (Dauterman, 1985). The B-type esterase includes
carboxylesterases or aliesterases and cholinesterases.

In insect, esterase is found in cytosol, microsomes, as well as mitochondrial and
nuclei. Zhu and Brindley (1990) showed that the highest specific activity of esterase was found in
the mitochondrial fraction followed by the microsomal fraction; the activities in nuclei, cell debris
and in the soluble fraction were relatively low. Visetson (1991) showed that multiple forms of
esterase are common among insect species.
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The most common method for study multiple forms of insect esterase are by
electrophoretic separation and determination of enzyme activity with color forming product.  By
using ion exchange chromatography, (Kao et al., 1985), found multiple forms of four types of
esterases. They presented the molecular weights of being 220 kDa. Because all forms of esterase
catalyzed hydrolysis reaction, therefore the uses of simple substrates are not likely to reveal
differences in the level of each enzyme activity. Organophosphorus, carbamates, chelators and
sulhydryl reagents have been reported to inhibit the activity of B type - esterase. The mechanism
of esterase of transforming the ester bond of xenobiotics to acid and alcohol is shown in Figure 9.

This research uses PNPA assay that had been modified from Mackness et al.
(1983), Visetson (1991, 2001) and Visetson et al. (2001, 2002). These reactions generated the
yellow color of paranitrophenol that can be measured with spectrophotometer at 400 nanometers
(Figure 9).

Figure 9  Mechanism of esterase.
Sources:  Visetson (1991)

4.2 Glutathione –S- transferase (GST).

This enzyme catalyzes the conjugation of reduced glutathione with various
compounds possessing an electrophilic center, include insecticides. GST is found in mammals,
insects, protozoa, algae, fungus, and bacteria also in plants (Jakoby, 1978). Structure of GST
consists of three amino acid, glutamic acid, cysteine and glycine (Figure 10). They metabolized
by several steps and/or excreted to form mercapturic acids for increase solubility in water. At the
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results, compounds may be dealkylated, dehalogenated or cyanide may be released from organic
thiocyanates.

Glutathione –S- transferase is an important detoxification enzyme in phase II
conjugation of relative metabolite formed by microsomal oxidation, as phase I metabolic
transformation with compounds. High levels of glutathione – S - transferase activities are
important in resistance to organophosphate and organochlorine (Motoyama and Dauterman,
1980). Since, it is one of important phase II detoxification enzymes, it is found in cytosol,
membrane and liver microsomes. Visetson (1991) reported that GST can be inhibited by DEM
and saligenin cyclic phosphate.

This research detects Glutathione-S-transferase levels by CDNB assay, which is
modified from method of Visetson (1991, 2001) and Visetson et al. (2001, 2002). These data is
recorded by spectrophotometer at 340 nanometers (Figure 10).

Figure 10  Structure of Glutathione- s- transferase.
Source: Visetson (1991)

Protein Determinations

This research uses method of Lowry et al. (1951) for determination of protein
concentration. The Lowry method is the most commonly used method for determining protein
concentration, although it is tending to be replaced by the more sensitive methods described
below. These method is moderate sensitively to detect protein concentrations. Folin reagent (a
mixer of sodium tungstate, molybdate and phosphate together with a copper sulphate solution) is
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mixed with protein solution then a blue purple color is produced which can be quantified by its
absorbance at 660 nm. The Lowry method is base on Biuret reaction which peptide bond of
proteins reacts with Cu2+; anyhow, the resultant strong blue color is therefore partly dependent on
the tyrosine and tryptophan content of the protein sample.

SDS-PAGE

This method is most commonly used electrophilic technique for protein analysis. This is
due to the ability of the strong anionic detergent SDS, when used in the presence of disulfide
bond cleaving reagents, to solubilize, denature and dissociate most proteins to produce single
polypeptide chains. The resulting SDS-protein complexes can then be separated according to
molecular size by electrophoresis in gel containing SDS (Sodium Dodecyl Sulfate) (Dunn, 1993).

Electrophoresis produces migration of charged molecules in solution that response in an
electric field. Rate migration depend on the strength of the field, the nett charge, size and shape of
the molecules and also on the ionic strength, viscosity and temperature of the medium in which
the molecules are moving. Since the electrophoresis is highly sensitive, it is used to study the
properties of the single charged species and as a separation technique. The Polyacrylamide gel
concentration used determines the effective separation range of SDS-PAGE (Sodium Dodecyl
Sulfate – Polyacrylamide Gel Electrophoresis). This research uses discontinuous buffer systems
that are almost universally used nowadays for SDS-PAGE, this approach result in the sharper
protein zones with consequently enhanced resolution. When SDS-coated proteins have a constant
charge to mass ratio, all proteins and their subunits have a uniform charge density and they will
migrate with the some mobility, thus they will automatically stack. (Rybicki, 1996)

If denature proteins are put into an electric filed and will all move towards the positive
pole at the same rate, with no separation by size. The protein that allow put into different sized
proteins environment to move at the different rates. This environment is Polyacrylamide, which is
a polymer of acrylamide monomers. When this polymer is formed, it turns into a gel and will use
electricity to pull the proteins through the gel, so the entire process is called Polyacrylamide Gel
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Electrophoresis (PAGE). The structure of polyacrylamide gel is come from polymerization
reaction of acrylamide polymer to polyacrylamide with is connected by N’N’-bis-methylene-
acrylamide (Bis) (Rybicki, 1996). The concentrations of Acrylamide determine the length of
polymer chain and the concentrations of Bis determine the connection between chains.

Tetramethylenediamine (TEMED) as catalyst with polyacrylamide gel cross-linking
polymer and ammonium persulfate as initiator polyacrylamide gel to molecular sieve for separate
substances. The small molecules can migrate while the large molecules are obstructed. So this
method can separate by size pore (Dunn, 1993).  Furthermore, size pore can change by the variety
concentration of acrylamide and Bis. As result of SDS-PAGE, proteins (enzymes) is separated by
molecular weight after using coomessies blue or lead nitrate that catch protein that we can look
many band that are separated proteins.

Anonymous (2003c) shown that a mixture of a denature proteins (pink lines of different
lengths) beginning their journey through a polyacrylamide gel (gray slab with tunnels). An
electric field is established with the positive pole (red plus) at the far end and the negative pole
(black minus) at the closer end. Since all the proteins have strong negative charge, they will all
move in direction the arrow is pointing (run to red) (Figure11).

Figure11 Characteristic of SDS-PAGE.
Source: Anonymous (2003c).
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Synergists

1. Piperonylbutoxide

Piperonylbutoxide was one of all synergists that were evaluated together with pyrethrins
in 1969. Studies on the metabolism of piperonyl butoxide in rat indicate that breakdown is rapid,
although clearance from body is relatively slow. However, no metabolites were identified. The
presence of piperonyl butoxide in bile or urine was not observed, although it was observed
unchanged in lungs and fat following i.e. dosing. Casida et al. (1966) administered piperonyl
butoxide to rats and mice and observed an oxidative reaction of the methylene dioxy carbon to
formate and CO2. Breakdown by photolytic mechanisms is extremely slow and exposure to
sunlight and normal lighting conditions intense light, small (<3%) quantities of unknown products
were produced.

In insect, piperonyl butoxide synergizes pyrethrins by inhibiting lipase (esterase). In vitro
experiment of Rai and Roan (1956) which used purified erythrocyte acetyl cholinesterase showed
that malathion has decreased anticholinesterase activity in the presence of piperonyl butoxide.

Piperonyl butoxide at dose levels of 0.1 – 1.0 ml per rat given by the oral, intraperitoneal
or intravenous routes retarded the elimination of intravenously administered 3,4- benzpyrene.
Detoxification and bilinary excretion of this carcinogen were also decreased. It was suggested that
the induced hepatic damage may have increased the retention of the carcinogen.

However, piperonyl butoxide inhibits microsomal oxidation of a wide variety of
compounds which are detoxified by hydroxylation reactions. This effect can explain the ability of
piperonyl butoxide to prolong the action of barbiturates and zoxazolamine, slow the metabolism
of benzpyrence and enhance the toxicity of pyrethrins. In addition, piperonyl butoxide has been
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shown to induce glucuronyl transferase following prolonged exposure (Lucier et al., 1971).
Treatment of mice by intraperitoneal injection resulted in biphasic action on microsomal enzyme
activities (Skrinjaric-Spoljar et al., 1971) activity returned to levels that were higher than normal
after 24 to 72 hours. These in vitro studies were substantiated by in vivo tests on hexabarbital
sleeping time. In addition to affecting microsomal enzymes, oral administration of piperonyl
butoxide at 1 g/kg to rats resulted in an increased level of neutral lipid in blood, several other
tissues and organs. No fat deposition was noted in liver, kidneys, thymus or testis, but an
increased level was observed in blood, heart, spleen, pancreases, lungs and adipose tissue (Albro
and Fishbein, 1970).

Simultaneous administration of piperonyl butoxide potentates the toxicity of coumaphos
and its phosphate by a factor of four to six. There is some evidence that piperonyl butoxide
interferes with detoxification of the organophosphorous insecticides. No additional injury was
produced in rats when one-sixth the weight of pyrethrin was added to a diet containing piperonyl
butoxide at a concentration of 1,000 ppm.

Figure 12  Structure of piperonylbutoxide.

2. Triphenyl phosphate

Triphenyl phosphate (TPP) is a non-flammable, non-explosive, colorless, crystalline
substance. Its partition coefficient between octanol and water is 4.61 – 4.76. At normal ambient
temperatures, it hydrolyses rapidly in alkalide solution, producing diphenyl phosphate and
phenol, but very slowly in acidic or neutral solutions.
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Triphenyl phosphate is rapidly adsorbed on river sediments. Its biodegradation in
aqueous environments is rapid. The degradation of Triphenyl phosphate involves a stepwise
enzymatic hydrolysis to organophosphate and phenolic moieties.

Triphenyl phosphate is the most acutely toxic of the various triphenyl phosphate to fish,
shrimps. The acute toxicity index of TPP for fish (96 hours LC50) ranges from 290 mg/L in
bluegills to 0.36 mg/L in rainbow trout. The large difference in EC0 values between trout and
fathead minnows may be due to the difference in their ability to metabolized Triphenyl
phosphate. Sublethal effects on fish include morphological abnormalities such as congestion,
degeneration, and haemorrhage from the smaller blood vessels (mainly in gills) and behavioral
abnormalities. The immobility of fish exposed to 0.21 – 0.29 mg/ L completely disappeared
within 7 days when the fish were transferred to clean water.

Triphenyl phosphate is no data on teratogenic, mutagenicity and delayed neutoxicity. No
immunotoxic effects were reported from 120 day study in rats fed dose levels up to 1% in the
feed. Contact dermatitis due to triphenyl phosphate has been described.  Prabhaker et al. (1988)
explored the hypothesis that triphenyl phosphate can inhibit carboxyl esterase.

Figure 13  Structure of triphenyl phosphate.
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3. Diethyl maleate

Malonic acid also called Propanedionic acid is a white crystalline dibasic acid derived
from malic acid and used in making barbiturates. Malonic acid itself is rather unstable and has
few applications.

It is diethyl ester (Diethyl malonate) is used in syntheses of vitamin B1 and B6,
barbiturates and numerous other pharmaceuticals, agrochemicals and the industry of flavors &
fragrances compound.

Diethyl malonate is colorless, fragrant liquid boiling at 181.4 ºC. Diethyl malonate is
prepared by the reaction of methanol, carbon monoxide, monochloroacetic acid or of ethyl
alcohol with cyanoacetic acid.

The reactivity of its methylene group utilizes the synthesis of barbiturates; a hydrogen
atom is removed by sodium ethoxide, and the derivative reacts with an alkyl halide or from a
diethyl alkylmalonate. The diethyl diakylmalonates are converted to barbiturates by reaction with
urea. Furthermore, Visetson (1991) reported Diethyl malonate has been used to inhibit
Glutathione –S –transferase

Figure 14  Structure of Diethylmalonate.

O

O
O

O



29

Enzyme Kinetics

1.  Michaelis –Menton Kinetic

The Michaelis – Menton kinetic or the rapid equilibrium assumption was proposed by
Michaelis and Menten in 1913 that showed simple kinetic model of one substrate – one product
reaction (uni-uni reaction). The Enzyme (E) combined with substrate (S) to form ES complex.
The ES complex has two possible fates. One, it can dissociates to back to E + S with rate constant
of k-1. The other, it is converted to product (P) with rate constant of k 2 as shown equation below:

Furthermore, in derived the rate equation, the following assumption are made
(Pornbanlualap, 2003).

1. Enzyme is catalyst and it does not change nor destroy in reaction.
2. E and S react rapidly to form ES complex. Thus, S, E and ES are at equilibrium.
3. Only one ES complex is formed in the reaction and it breaks down directly to give

E+P.
4. Once ES formed, it dissociates back to E+S faster than it is converted to product (P).
5. In the reaction mixture, the concentration of substrate is greater than enzyme ([S] >>

[E]). Therefore, the formation of ES complex does not deplete substrate.
6. The rate or velocity (v) is measured at the initial stage, where there is no product. Thus,

the reverse reaction (E + P          ES) cannot occur.
7. The rate limiting step of the reaction is ES  EP. Thus, k2 (or kcat) is the slowest step

of the overall reaction (note: this assumption is valid only for enzyme with low commitment to
catalysis. For enzyme with high commitment to catalysis or perfect enzyme or enzyme with high

E + S         ES         E + P
K1              k 2

K -1
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kcat, this assumption does not work. In such case, one must apply the steady state assumption to
write equation). Thus, Michaelis-Menten equation is

V     =    Vmax    [S]
  Km +  [S]

Anyhow, Km values is the concentration of substrate at which half the active site of the
enzyme is full or V= ½ Vmax and can obtained experimentally from the graph. If k 2 or kcat of the
enzyme is the rate limiting step, km is exactly equal to ks or kd, the dissociation of substrate from
the enzyme or the binding affinity of substrate to the enzyme. This is because Km is related to
rate constants, rate of destruction of ES (k-1 + k2) and rate constant for formation of ES (k1) as
shown below

 km    =    k-1    +   k2

k1

Thus, when enzyme follows the Michalelis-Menten kinetic where the backward rate (k-1 for
E + S  ES) is faster than forward rate (k2 for ES  E+ P),  km = k-1 / k1 .  The high km value
means that the substrate binds weakly to enzyme whereas low km value means that substrate bind
tightly to enzymes. Different enzymes have different km value because the intracellular
concentration of their substrate differed.

Vmax is maximum rate or velocity of an enzyme in a defined reaction mixture. Vmax is
achieved only when all of the active site of enzyme is saturated or occupied by substrate. In other
words, Vmax obtained must be equal to the total number of enzyme ([E]t) existed in the reaction
mixture. When this happen, Vmax = kcat [E]t = µmole/min/mg. However, Vmax can be determined by
measuring the enzyme activity at various substrate concentrations and its value can be obtained
directly from plot or graph.

The Michalis- Menten equation is a plot of V versus [S] which gives a rectangular
hyperbola graph. The linear graph is had been rearranged into several different forms. Each form
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of the modified equation has some advantages and disadvantages (Pronban lualap, 2003) for
example,

1.1 Lineweaver-Burk plot is also known as the double reciprocal plot because 1/v is plot
against 1/[S]. This plot also contains problems as each experiment point in the plot does not
weight equally, the scale of [S] that varied uniformly at fixed interval on x-axis become non-
uniformly on axis when converted into 1/[S] finally, the point measured at the lowest [S] is the
least accurate point but weight most. The Lineweaver-Burk equation as shown below

1    =    km      ·   1    +       1
V         Vmax       [S]           Vmax

1.2 Edie-Hoffee plot where v is ploted against v/[s]. The error increases with v/[S],
However, because v is component in both x-axis (v/[S]0 and y-axis (v), the errors vary with
respect to origin rather axis. Thus, all error bars converge on the origin. The Edie-Hoffee equation
as shown below

v   =    - km  ·   v    +     Vmax

  [S]

1.3 Eisenthal-Cornish-Bowden plot is more satisfactory because it is linear and the data
obtain from v and [S] is plotted directly. The x-axis is – [S] and the y – axis is v. However, the
plot obtained is straight line but not hyperbolic plot of [S]/v. The point of intersection of this
family line give the values of Vmax and Km. The equation of this plot as shown below, in which
Vmax and Km appear to variables. Thus, most people are unfamiliar with it and therefore only few
good enzymologists use it.

Vmax  =   v +    v     km

  [S]
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2. Kinetic of Enzyme Inhibition

There are three type of reversible inhibitor. Binding of these inhibitors to the active site(s)
of enzyme may result in decrease of Km, Vmax or both.

2.1  Competitive inhibitors.

This inhibitor is a molecule that binds to the enzyme in such a way that prevents
substrate binding or mutually exclusive binding at active site of enzyme. A competitiveinhibitor
is a non- metabolizable (cannot converted to product) and structurally similar to the substrate,
transition state or product of the reaction. The diagram of this inhibitor is shown below

The equation for competitive inhibition can be converted into the double
reciprocal form that shown affects Km only and not Vmax, because infinitely high concentration of
substrate can displace all the inhibitor from the active site of enzyme. The kI value cannot be
obtained directly from the double reciprocal plot. It can be obtained, however, by plotting the
slopapp versus [I]. When the Km and Vmax values are known, the kI can be calculate from the slope
because slope in the replot is equal km/VmaxkI. The equation of competitive inhibitor is shown
below (following Michalelis-Menten equation). Moreover, in double reciprocal plot,  I will
change slope only.

V     =                 Vmax    [S]
  km (1+ { [I]/ kI}) +  [S]

K1              k 2

K -1

E + S         ES        E + P
+
I
     kI

EI
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2.2  Noncompettitive Inhibitor

This inhibitor bounds to enzyme, decrease the enzyme activity but no effect on
substrate bindings. In other word, noncompetitive inhibitor affects Vmax but not km (Vmax change
only). Noncompetitive inhibitor and substrate bind reversible to enzyme at a different site with
same affinity. Similar, substrate can binds to both free enzyme (E) and enzyme – inhibitor
complex (EI) with same affinity. Although binding of inhibitor to the enzyme has no effect on
binding constant of substrate, however, the resulting complexes, EI and ESI, is catalytically
inactive. When bound to the enzyme in E or ES, inhibitor causes distortion in catalytic site of
enzyme so that the catalytic site is not in proper position to attack the substrate. Thus, EI and ESI
are catalytically inactive. Moreover, in double reciprocal plot, [I] appears only in both intercept
and slope.

The equation of noncompetitive inhibitor is shown below (following Michalelis-
Menten equation).

V     =                         Vmax    [S]
km (1+ { [I]/ kI}) +  [S] (1+ { [I]/ kI})

2.3  Uncompetitive Inihibitor.

An inhibitor that binds only ES complex but not free enzyme (E) is called an
uncompetitive inhibitor. Uncompetitive inhibitor binds reversibly to the ES complex and resulted

K1              k 2

K -1

E + S         ES        E + P
+       +
I       I
     kI kI
EI     ESI
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in active ESI complex. There is extremely few pure uncompetitive inhibitor (those that follow
rapid equilibrium) found in biological system. A rare example of uncompetitive inhibition of a
single substrate enzyme is the inhibition of alkaline phosphatase by L-phenylalaline.This bind at
one site and the substrate at the other.

The equation of uncompetitive inhibitor is shown below (following Michalelis-
Menten equation) that affect both Vmax and Km (Vmax and km change). Thus, [I] appears only in
intercept of double reciprocal plot.

V     =                 Vmax    [S]
km +  [S] (1+ { [I]/ kI})

The general rules for resolving the kinetic equations and inhibitor pattern are the following.
When once encountered with an unfamiliar equation, the most important thing to remember is to
compare and match it to the known and familiar parental equation (Pornbanlualap, 2003).

K1              k 2

K -1

E + S         ES        E + P
      +
      I

kI
    ESI
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MATERIALS AND METHODS

Materials

1. Adult of rice weevils (Sitophilus Oryzae L.) from the division of Entomology and
Zoology, Department of agriculture, Bangkok Thailand.

2. Seed of rice, Kaset Nakhon Sawan rice.
3. Plant extracts

- Peel of mangosteens from Neuw Suthi Farm, Nakhon Si Thammarat Thailand.
- Seeds of rambutan from Neuw Suthi Farm, Nakhon Si Thammarat Thailand.
- Kaffir lime’s leaves from Bangkok Thailand.

4. Equipment for analysis
- Beaker

 - Cuvette
- Cylinder
- Dropper
- Electrophoresis Unit (Bio RAD Power Pac 300) Containing Dual gel casting

stand, mirror, spacer and comb.
- Filter papers (Advantec 5AΦ 11cm)
- Flask
- Foam box
- Freeze dry (Heto-FD3)
- Gauze
- Glass rod
- 10 µl Hamilton Syringe
- Hot Air Oven (Memmert-600)
- Label paper
- Measurement engine (Sartorius- BP3105)
- Micropipette (NICHIRYO Model 5000)
- 1.5 ml Microtube



36

- Mixer (BUCHI Mixer B-400)
- Mortal
- Pasture pipette
- pH meter (Sartorius PP-25)
- 1, 5 ml Pipette
- Pipette tip
- Plastic jars
- Quartz Cuvette
- Refrigerator (4ºC)
- Refrigerate high speed centrifuge (Hettich – Universal 16R)
- Rotary Evaporation (BUBHI B-850)
- Round flask
- Small funnel
- Small paint brush
- Small Plate
- Spectrophotometer and Printer (Perkin Elmer- Lamda 25) with Winlab

program.
- Soxhlet extractor
- Thermometer
- Thimble
- 500 ml vacuum flask
- Vacuum pump
- Water Distillation

5. Reagent
- Absolute Ethanol
- Acetic acid
- Acrylamide (F.W. 71.08)
- Ammonium persulfate
- Bis acrylamide (F.W. 154.2)
- Bromophenol blue
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- Chlorodinitrobenzene (CDNB)
- Coomassie Brilliant Blue R
- Copper sulfate
- Diethyl maleate (DEM)
-Ethylene diamine tetra acetic acid (EDTA)
- Follin- Ciocalteau reagent
- Glutathione reduced form
- Glycerol
- Glycine
- Hydrogen chloride (HCl)
- Methanol
- n- Butanol
- Paranitrophenyl acetate (PNPA)
- Piperonyl butoxide
- Polyvinylpolypyrolidone (PVPP)
- Potassium Phosphate
- Sodium carbonate
- Sodium dodecyl sulfate (SDS)
- Sodium hydroxide (NaOH)
- Standard Esterase (E.C. 3.1.1.1) from Porcine Liver, Sigma Chemical Product.
- Standard Glutathione-S-transferase (E.C. 2.5.1.18) from Sigma Chemical

Product
- Tetramethyethylenediamine (TEMMED)
- Triphenyl phosphate (TPP)
- Tris (F.W. 121.1)
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Methods

1. The Experimental Design

This research uses Completely Randomized Design with 3 replicates and 60 sampling     
S. oryzae L. unit each replicate. In the synergist experiments, 10%w/v of piperonylbutoxide (PB),
triphenylphosphate (TPP) and diethylmaleate (DEM) were added to the concentrations prior to use.

1.1 The Peel of Mangosteen Extracts with and without synergists, piperonylbutoxide,
triphenylphosphate and diethylmaleate (Extract A).

Treatment 1A 4% w/w Extract A in 95% Ethanol
Treatment 2A 6% w/w Extract A in 95% Ethanol
Treatment 3A 8% w/w Extract A in 95% Ethanol
Treatment 4A 10% w/w Extract A in 95% Ethanol
Treatment 5A 95% Ethanol (Control A).
Treatment 6A Distilled water (Control B).

1.2 The Seed of Rambutan Extracts with and without synergists, piperonylbutoxide,
triphenylphosphate and diethylmaleate (Extract B).

Treatment 1B 4% w/w Extract B in 95% Ethanol
Treatment 2B 6% w/w Extract B in 95% Ethanol
Treatment 3B 8% w/w Extract B in 95% Ethanol
Treatment 4B 10% w/w Extract B in 95% Ethanol
Treatment 5B 95% Ethanol (Control A).
Treatment 6B Distilled water (Control B).
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1.3 The kaffir lime extracts with and without synergists, piperonylbutoxide, triphenylphosphate
and diethylmaleate (Extract C).

Treatment 1C 10% w/w Extract C in water.
Treatment 2C 30% w/w Extract C in water
Treatment 3C 50% w/w Extract C. in water
Treatment 4C 70% w/w Extract C in water
Treatment 5C Distilled water (Control C).

2. The Preparation of Research

2.1 Rice weevil cultures

2.1.1 Food. This method is modified from Pensook (2002) and Bullangpoti et al.

(2002) that using new rice every two weeks. This rice must be frozen 7 days prior to experiment
to eliminate insects. It must be changed to normal temperature before be fed rice weevils.

2.1.2 Rice Containers. Twenty plastic cleaned jars with 26 centimeters high, 15

centimeters wide and 10 centimeters in diameter of their rid containing 1,500 g of rice were prepared.
The jars were cleaned using detergent and dried in an incubator adjusted at 75-80°C for 8 hours prior
to use.

2.1.3 Rice Weevils. The rice weevils are gifts from the division of entomology
and zoology, department of Agriculture, Bangkok.  One hundred adults of rice weevils in plastic
jars were culture within a day in room temperature at 70% RH.  Then, remove them by small
paint brush.  The cultures were carrying on increasing rice weevils until they are adequate.
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2.2 Extractions

2.2.1 Extract A.  Mangosteen peel was extracted using a method modified from
Visetson (1991, 2001) which using dry powder of mangosteen’s peel in Soxhlet extractor
(figure15). The peel of mangosteen must be dried by Hot Air Oven (Memmert-600) and be
grinded by mixer (BUCHI Mixer Model 5000). This research uses 95% Ethanol solution for
extract at 75 ° C for about 8 hours. Then evaporate ethanol by the rotary evaporator (figure 16)
and freeze dryer (figure 17) and keep them at 4 ° C. until experiment commenced (figure19a).

2.2.2 Extract B.  Rambutan seed was extracted using a method modified from
Visetson et al. (2001, 2002) which using dry powder of mangosteen’s peel in Soxhlet extractor
(figure15). The seed of rambutan must be dried by Hot Air Oven (Memmert-600) and be grinded
by mixer (BUCHI Mixer Model 5000). This research uses 95% Ethanol solution for extract at 75
° C for about 8 hours. Then evaporate ethanol by the rotary evaporator (figure16) and freeze
dryer (figure17) and keep them at 4 ° C. until experiment commenced (figure19b).

2.2.3 Extract C.  Kaffir lime leaf was extracted using a method modified from
Thumasarangkoon (2000) which using dry powder of kaffir lime’s leaves in water distillation
process for 8 hour (figure 18).  The leaves of kaffir lime must be dried by Hot Air Oven
(Memmert-600) and be grinded by mixer (BUCHI Mixer Model 5000). No evaporation needed.
These extract was stored under –20°C until experiment started (figure 19c).
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Figure15  Soxhlet’s Extraction, using 95% ethanol calibrated at 75ºC for 8 hours.  It was used
   mainly with rambutan seeds and mangosteen peels.

Figure16  Rotary Evaporator, adjusted at 65ºC .
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Figure17  Freeze dryer for final products evaporated at 0º C for 8 hours.

Figure 18  Water distillation process for volatile oil extraction.  It was used mainly with kaffir line
    leaves.
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(a)

(b)

            (c)
Figure 19  Crude products of plant extracts, A: Peels of mangosteen extract, B: Seeds of

    Rambutan Extract, C: Leaves of kaffir lime.
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3. Experimental Processes.

3.1 Analysis Method of Mortality.

Every treatments, 60 adult rice weevils with 3 replicated using CRD were used
with all extracts with and without synergists. The impregnated filter paper method modified from
Visetson (1991) was used to evaluate their efficacy in terms of LC50 (figure 20) from placed S.
oryzae L. on impregnated filter paper with each extracts. The real mortality percentages of the
experiments that showed responses in the untreated control are adjusted by Abbott’s formula
(Matsumura, 1975). The calculation of Abbott’s formula showed in Appendix A.  The LC50 at 12,
24 hours are derived from simple linear regressions between mortality percentage and various
concentrations.

Figure 20  Impregnated filter paper method was used for clarify LC50 for each extracts against

    S. oryzae L.
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3.2 Analysis Detoxification Enzyme Activity.

3.2.1 Extraction of detoxification enzymes.  Modify the method of Visetson
(1991, 2002) and Visetson et al. (2001, 2002) that uses survival rice weevil after be test at 12
hours. Firstly grind the insects in cool mortar with 50 % w/w material polyvinylpolypyrolidone
(PVPP), 0.1 M potassium phosphate buffer pH 7.5 then adds 1 mM EDTA and 10 mM
glutathione reduced form in potassium phosphate buffer pH 7.5 then filter by gauze. Finally,
centrifuges them in 10,000g at 4° C, 5 minutes and keeps supernatant in 1.5 mm microtube for
analysis Detoxification enzymes (GST and Esterase) (figure 21). Anyhow, the reagent preparation
of this method showed in Appendix B1.

3.2.2 Quantitative Analyses.  For esterase, PNPA assays were modify the
method of Mackness et al. (1983), Visetson (1991, 2001) and Visetson et al. (2001, 2002).  The
absorbability of paranitrophenol was analyzed by spectrophotometer at 400 nanometers (figure 22
and 23). The esterase activity was measured by the hydrolysis of paranitrophenyl acetate (PNPA)
to paranitrophenol producing yellow solution as the product. Anyhow, the protocol of PNPA
assay showed in Appendix B2.

       Glutathione –S- transferase was used CDNB assay modified the method of
Visetson et al. (2001, 2002) analyzing the absorbability of chlorodinitrobenzene glutathione by
Spectrophotometer at 340 nanometers (figure 22 and 23). This assay uses 0.152g Dichloronitro-
benzene in 5ml 100% Ethanol as substrate that conjugated with Glutathione as Glutathione –S-
transferase as catalyst. Anyhow, the protocol of CDNB assay showed in Appendix B3.

Every analyses detoxification enzymes must analyses the quantity of total protein
by Lowry’s protein determination using BSA as a standard (Lowry et al. 1951). Anyhow, the
protocol of Lowry’s method showed in Appendix C
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Moreover, both detoxification enzymes from S. oryzae L. be treated at LC50 for
peels of mangosteen and seeds of rambutan extracts and at 70% w/v of Kaffir lime’s leave extract
must analyses the type of inhibition by various concentrations of PNPA among 0.04-0.20M for
esterase that done as described in the determination in PNPA assay (Appendix B2) and 30-270
nM for glutathione-S-transferase that done as described in the determination in CDNB assay
(Appendix B3). The kinetic enzymatic reaction was studies following the Michaelis-Menton
kinetic. The maximal velocity (Vmax) and the Michaelis constant (Km) were determined by Double
reciprocal plot, 1/V versus 1/S. The kinetic constants are the means ± standard deviation for at
least three independent experiments.

3.2.3 Qualitative Enzyme Analysis.   SDS-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) (figure 24 and 25) and applies the method of Reidy et al. (1990) were used for
qualitative study of the enzyme systems. The supernatant from life beetles survived from treated
at a single level dose (at LC50 for peels of mangosteen and seeds of rambutan extracts and at 70%
w/v of Kaffir lime’s leave extract) was used to detect the occurrence of esterase and glutathione-
S-transferase comparing between treatment and control.  Standards of esterase and glutathione- S-
transferase at 99.99% purified from Sigma® were used as references. Anyhow, the reagent
preparation and protocol of SDS-PAGE method showed in Appendix D
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Figure 21  Refrigerated centrifuge at 10,000 g, 4ºC for 5 min. was used for separation of enzyme

    systems.

Figure 22  Computerized spectrophotometer methods modified from Visetson et al. (2003) with

UV-visible light at 340, 400 and 600  nm were used for esterase, glutathione-S-

transferase and protein concentrations in the enzyme homogenates.
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a.

b.

Figure 23  Working with enzyme.

a. Enzyme activity characterized using spectrophotometer (Perkin Elmer-Lamda 25®).

b. Enzyme extractions modified from Visetson and Milne (2001) using phosphate buffer

    pH 7.5, EDTA, PVPP as an antioxidant and anti-quinine formation.
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Figure 24  SDS-PAGE materials from BIO-RAD ® modified from Reidy et al. (1990) were used

    to qualitative study of both enzyme systems using 7.5-15% acrylamide gel run

    vertically at 200 V and 60 mA per gel for 45 min.

Figure 25  Preparation for qualitative characterization of esterase and glutathione-S-transferase

enzyme by SDS-PAGE with some modification from Reidy et. al (1990) and Visetson     

(1991).
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4. Recorded Data

4.1 LC50 both with and without synergists from simple regression equation between
mortality percentage and various concentrations of plant extracts.

4.2 Specific activity of Esterase by PNPA assay and Glutathione-S-transferase by CDNB
assay and volume of total proteins by Lowry’s method in S. oryzae L. that survival after be
treated both with and without synergists.

2.1 Characteristic enzyme bands by SDS-PAGE in S. oryzae L. against plant extracts.

5. Experimental Analysis

The mortality and detoxification enzymes mean different are analyzed by Analysis of
Variance with CRD, 3 replicates. The LC50’s are analyzed by Linear Regression.  The correlations
between extract concentrations are trailed against mortality and detoxification enzyme activity.
The computer analyses were done using SPSS (Statistical Package for the Social Sciences) for
windows version 11.0.

6. Places of study and Duration

Place: Department of Zoology, Faculty of Science Kasetsart University (Bang Ken,
BKK).

Duration: December 2002 to February 2004. (15 months)
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Results

Toxicity of Plant Extracts and Synergisms Against S. oryzae L.

1.  The toxicity of Peels of Mangosteen Extract to S. oryzae L.

The peels of mangosteen were extracted by Soxhlet’s extraction method with 95%
ethanol as solvent and were evaporated by rotary evaporator and freeze dry. The yield of brown
crude extract is 29.46% w/w.  This crude extract was tested against adults of rice weevils at 6
concentrations, 0 (distilled water: Control A), 0 (95% ethanol: control B), 4, 6, 8 and 10% w/w.
The real death percentage and LC50 values at 12 and 24 hours of treated adults of S. oryzae L.
were measured against these extracts. Furthermore, these experiments were compared between
various concentrations of crude extracts both without and with synergists, triphenylphosphate
(TPP), diethylmaleate (DEM) and piperonylbutoxide (PB).

1.1  Toxicity Testing of Peels of Mangosteen Extract to S. oryzae L. Without Synergist.

The peels of mangosteens extract was tested against rice weevil at 6 concentrations
as 0 (distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w without synergists.
It showed that the mortality percentage at 12 hours of treated adults of S. oryzae L. against
various concentrations of these crude extracts are 0, 0, 38.89 ± 2.55, 57.78 ± 0.96, 71.67 ± 3.33,
85.55 ± 2.55, respectively (Table1, figure26). The simple linear regression of this result is Y =
9.618 + 7.693 X (X means percent concentrations of peels of mangosteen extract and Y means
mortality percentage of treated adult of S. oryzae L.) thus, LC50 - values is 5.25% w/w with
correlation coefficient is 0.997 (Table2). The mortality percentage values differ among groups
and increase with significantly different at 5% level of DMRT.

The mortality percentage at 24 hours of treated adults of S. oryzae L. against various
concentrations of these crude extract are 0, 0, 48.33 ± 3.34, 65.00 ± 3.33, 81.67 ± 3.34, 91.11 ±
3.47, respectively (Table1, figure26). The simple linear regression of this result is Y = 20.774 +
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7.2514 X (X means percent concentrations of peels of mangosteen extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 - values is 4.03% w/w with correlation
coefficient is 0.993 (Table2). The mortality percentage values differ among groups and increase
with significantly different at 5% level of DMRT.

Table1  Mortality percentage of  S. oryzae L. against crude extract of peels of mangosteen,
Garcina mangostana L. after 12 and 24 hr. under the laboratory condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00 a      0.00 a

    0 (2)    60       3    0.00 a      0.00 a

    4    60       3           38.89 ± 2.55b 48.33 ± 3.34b

    6    60       3           57.78 ± 0.96c 65.00 ± 3.33c

    8    60       3           71.67 ± 3.33d 81.67 ± 3.34d

    10    60       3           85.55 ± 2.55e 91.11 ±3.47 e

(1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 2  Regression equation, LC50, Correction coefficient ( r) and coefficient determination ( r2 )
between concentrations of peels of mangosteen extracts.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 9.618 + 7.693X 5.25          0.997 0.994
     24 Y = 20.774 + 7.251X 4.03          0.993 0.985

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of peels of mangosteen extracts;

X = Percent concentration of peels of mangosteens as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L..

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated rice weevil at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated rice weevil at 12 and 24 hours.
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Figure 26  Mortality percentage of S. oryzae L. after exposure to various concentrations of
peels of mangosteen extracts at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water)
Treatment 2 = Control B. (95% Ethanol)
Treatment 3 = 4% w/w Peel of mangosteen extracts.
Treatment 4 = 6% w/w Peel of mangosteen extracts.
Treatment 5 = 8% w/w Peel of mangosteen extracts.
Treatment 6 = 10% w/w Peel of mangosteen extracts.
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1.2  Toxicity Testing of Peels of Mangosteen Extract to S. oryzae L. with Synergists.

1.2.1  Effect of Peels of Mangosteen Extract with 10% TPP.

   The peels of mangosteens extract was tested against rice weevil at 6
concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with
synergist, 10% TPP. It showed the mortality percentage at 12 hours of treated adults of S. oryzae
L. against various concentrations of these crude extracts are 0, 0, 53.33 ± 1.67, 76.11 ± 0.96,
88.90 ± 3.47, 97.90 ± 3.47, respectively (Table3, figure27). The simple linear regression showed
Y = 30.994 + 6.723 X (X means percent concentrations of peels of mangosteen extract and Y
means mortality percentage of treated adult of S. oryzae L.) thus, LC50 - values is 2.83% w/w with
correlation coefficient is 0.959 (Table4). The mortality percentage values differ among groups
and increase with significantly different at 5% level of DMRT (Table 3 and Figure 27).

The mortality percentage at 24 hours of treated adults of S. oryzae L. against
various concentrations of these crude extract are 0, 0, 65.93 ± 4.98, 86.67 ± 5.00, 94.45 ± 3.85,
98.22 ± 1.17, respectively (Table3, figure27). The simple linear regression showed Y = 37.490 +
16.905 X (X means percent concentrations of peels of mangosteen extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 - value is 1.90% w/w with correlation
coefficient of 0.896 (Table4). The mortality percentage values differ among groups except the
mortality percentage values between 6% w/w and 8% w/w with significantly different at 5% level
of DMRT. However, the mortality percentage values increase with significantly different at 5%
level of DMRT (Table3 and Figure 27).
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Table3  Mortality percentage of  S. oryzae L. against crude extract of  peels of mangosteen,
Garcina mangostana L. with 10% TPP after 12 and 24 hr. under the laboratory condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment(3)

12 hr. 24 hr.

    0 (1)    60       3 0.00a      0.00a

    0 (2)    60       3    0.00a      0.00a

    4    60       3           53.33 ± 1.67b 65.93 ± 4.98b

    6    60       3           76.11 ± 0.96c 86.67 ± 5.00c

    8    60       3           88.90 ± 3.47d 94.45 ± 3.85d

    10    60       3           97.90 ± 0.74e 98.22 ± 1.17d

(1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 4  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
 between concentrations of peel of mangosteen extracts with 10% TPP.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 30.994 + 6.723 X 2.83          0.959 0.919
     24 Y = 37.490 + 16.905 X 1.90          0.896 0.804

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of peels of mangosteen extracts with 10% TPP;

X = Percent concentration of peels of mangosteens as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L.

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 27  Mortality percentage of S. oryzae L. after exposure to various concentrations of
peels of mangosteen extracts with 10% TPP at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water) with 10% TPP.
Treatment 2 = Control B. (95% Ethanol) with 10% TPP.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% TPP.
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1.2.2 Effect of Peels of Mangosteen Extract with 10% DEM.

  The peels of mangosteens extract was tested against S. oryzae L. at 6 concentrations, 0 (distilled
water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist, DEM. It showed
the mortality percentage at 12 hours of treated adults of S. oryzae L. against various
concentrations of these crude extracts are 0, 0, 53.33 ± 8.60, 75.56 ± 4.19, 88.33 ± 6.00, 92.78 ±
4.20, respectively (Table5, figure28). The simple linear regression showed Y = 33.779 + 6.309 X
(X means percent concentrations of peels of mangosteen extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 values is 2.57% w/w with correlation
coefficient is 0.962 (Table6). The mortality percentage values differ and increase with
significantly different at 5% level of DMRT (Table5 and Figure 28).

.

The mortality percentage at 24 hours of treated adults of S. oryzae L.
against various concentrations of these crude extracts are 0, 0, 55.55 ± 3.33, 86.11 ± 6.31, 93.89 ±
2.55, 98.33 ± 1.67, respectively (Table5, figure28). The simple linear regression showed Y =
32.9421 + 7.139 X (X means percent concentrations of peels of mangosteen extract and Y means
mortality percentage of treated adult of S. oryzae L.) thus, LC50 - values is 2.39% w/w with
correlation coefficient is 0.905 (Table6). The mortality percentage values differ and increase with
significantly different at 5% level of DMRT (Table5 and Figure 28).
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Table5  Mortality percentage of  S. oryzae L. against crude extract of  peels of mangosteen,
Garcina mangostana L. with 10% DEM after 12 and 24 hr. under the laboratory
condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00 a      0.00 a

    0 (2)    60       3    0.00 a      0.00 a

    4    60       3           53.33 ± 8.60 b 55.00 ± 3.33 b

    6    60       3           75.56 ± 4.19 c 86.11 ± 6.31 c

    8    60       3           88.33 ± 6.00 d 93.89 ± 2.55 d

    10    60       3           92.78 ± 4.20 e 98.33 ± 1.67 e

(1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 6  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
 between concentrations of peel of mangosteen extracts with 10% DEM.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 33.779 + 6.309 X 2.57          0.962 0.925
     24 Y = 32.942 + 7.139 X 2.39          0.905 0.820

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of peels of mangosteen extracts with 10% DEM;

X = Percent concentration of peels of mangosteens as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L.

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 28  Mortality percentage of rice weevils after exposure to various concentrations of
peels of mangosteen extracts with 10% DEM at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water) with 10% DEM.
Treatment 2 = Control B. (95% Ethanol) with 10% DEM.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% DEM.
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1.2.3  Effect of Peels of Mangosteen Extract with 10% PB.

   The peels of mangosteens extract were tested against S. oryzae L. at 6 concen -
trations, 0 (distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with 10%
PB. It showed the mortality percentage at 12 hours of treated adults of S. oryzae L. against
various concentrations of these crude extracts are 0, 0, 70.56 ± 3.47, 80.56 ± 0.96, 91.67 ± 3.34,
99.44 ± 0.96, respectively (Table7, figure29). The simple linear regression showed 25.345 +
7.887 X (X means percent concentrations of peels of mangosteen extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 values is 3.13% w/w with correlation
coefficient is 0.950 (Table8). The mortality percentage values differ and increase with
significantly different at 5% level of DMRT (Table7 and Figure 29).

The mortality percentage at 24 hours of treated adults of S. oryzae L. against
various concentrations of these crude extracts are 0, 0, 78.89 ± 4.82, 89.44 ± 5.36, 96.11 ± 4.19,
100.00 ± 0.00, respectively (Table 7, figure 29). The simple linear regression showed Y = 40.610
+ 6.50 X (X means percent concentrations of peels of mangosteen extract and Y mortality
percentage of treated adult of S. oryzae L.) thus, LC50 values is 1.44% w/w with correlation
coefficient is 0.899 (Table 8). The mortality percentage values differ except the mortality
percentage values between 8 and 10 %w/w and with significantly different at 5% level of DMRT
(Table 5 and Figure 28). However, mortality percentage increase depended on concentration that
means high concentration shown more effectiveness than low ones (Figure 28).
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Table7  Mortality percentage of  S. oryzae L. against crude extract of  peels of mangosteen,
Garcina mangostana L. with 10% PB after 12 and 24 hr. under the laboratory condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00a      0.00a

    0 (2)    60       3    0.00a      0.00a

    4    60       3           70.56 ± 3.47b 78.89 ± 4.82b

    6    60       3           80.56 ± 0.96c 89.44 ± 5.36c

    8    60       3           91.67 ± 3.34d 96.11 ± 4.19d

    10    60       3           99.44 ± 0.96e 100.00 ± 0.00d

(1) Control A = Distilled water with 10% PB.
(2) Control B = 95 % Ethanol with 10% PB.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 8  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
 between concentrations of peel of mangosteen extracts with 10% PB.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 25.345 + 7.887 X 3.13          0.950 0.902
     24 Y = 40.610 + 6.50 X 1.44          0.899 0.809

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of peels of mangosteen extracts with 10% PB;

X = Percent concentration of peels of mangosteens as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L..

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
 of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 29  Mortality percentage of S. oryzae L. after exposure to various concentrations of
peels of mangosteen extracts with 10% PB at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water) with 10% PB.
Treatment 2 = Control B. (95% Ethanol) with 10% PB.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% PB.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% PB.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% PB.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% PB.
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2.  The toxicity of Seeds of Rambutan Extract to S. oryzae L.

The seeds of rambutan were extracted by Soxhlet’s extraction method with 95% ethanol
as solvent and were evaporated by rotary evaporator and freeze dry like peels of mangosteen
extract. The yield of yellow crude extract is 27.77% w/w.  This crude extract was tested against
adults of S. oryzae L. at 6 concentration as 0 (distilled water: Control A), 0 (95% ethanol: control
B), 4, 6, 8 and 10% w/w and was colleted real mortality percentage and LC50 values at 12 and 24
hours of treated adults of S. oryzae L. against these extract. Furthermore, this experiment was
compared in 2 types as various concentration of crude extract without synergist and various
concentrations of crude extracts with synergist, TPP, DEM and PB.

2.1  Toxicity Testing of Seeds of Rambutan Extract to S. oryzae L. Without Synergist.

The seeds of rambutan extract were tested against S. oryzae L. at 6 concentrations, 0
(distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w without synergists. It
showed the mortality percentage at 12 hours of treated adults of S. oryzae L. against various
concentrations of these crude extract are 0, 0, 18.33 ± 3.44, 42.78 ± 1.92, 54.44 ± 0.96, 70.56 ±
3.47, respectively (Table9, figure30). The simple linear regression showed Y = -12.395 + 8.418 X
(X means percent concentrations of seeds of rambutan extract and Y means mortality percentage
of treated adult of S. oryzae L.) thus, LC50 values is 7.41% w/w with correlation coefficient is
0.989 (Table10). The mortality percentage values differ and increase with significantly different
at 5% level of DMRT (Table9 and Figure 30).

The mortality percentage at 24 hours of treated adults of S. oryzae L. against various
concentrations of these crude extract are 0, 0, 26.11 ± 3.47, 51.11 ± 4.19, 61.67 ± 3.34, 84.44 ±
1.93, respectively (Table9, figure30). The simple linear regression showed Y = -9.11 + 9.278X (X
means percent concentrations of seeds of rambutan extract and Y means mortality percentage of
treated adult of S. oryzae L.) thus, LC50 values is 6.37% w/w with correlation coefficient is 0.989
(Table10). The mortality percentage values differ and increase with significantly different at 5%
level of DMRT (Table 9 and Figure 30).
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Table9  Mortality percentage of  S. oryzae L. against crude extract of  seed of rambutan,
Nephelium lappaceum L. after 12 and 24 hr. under the laboratory condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00 a      0.00 a

    0 (2)    60       3    0.00 a      0.00 a

    4    60       3           18.33 ± 3.34 b 26.11 ± 3.47 b

    6    60       3           42.78 ± 1.92 c 51.11 ± 4.19 c

    8    60       3           54.44 ± 0.96 d 61.67 ± 3.34 d

    10    60       3           70.56 ± 3.47 e 84.44 ± 1.93 e

(1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 10  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
   between concentrations of seed of rambutan extracts.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = -12.395 + 8.418 X 7.41          0.989 0.978
     24 Y = -9.11 + 9.278 X 6.37          0.989 0.979

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of seeds of rambutan extracts;

X = Percent concentration of seeds of rambutans as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L.

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 30  Mortality percentage of S. oryzae L. after exposure to various concentrations of
seeds of rambutan extracts at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water)
Treatment 2 = Control B. (95% Ethanol)
Treatment 3 = 4% w/w seed of rambutan extracts.
Treatment 4 = 6% w/w seed of rambutan extracts.
Treatment 5 = 8% w/w seed of rambutan extracts.
Treatment 6 = 10% w/w seed of rambutan extracts.
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2.2  Toxicity Testing of Seeds of Rambutan Extract to S. oryzae L. With Synergist.

2.2.1  Effect of Seeds of Rambutan Extract with 10% TPP.

   The seeds of rambutan extract were tested against S. oryzae L. at 6 concentra-
tions, 0 (distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist
namely TPP. It showed the mortality percentage at 12 hours of treated adults of S. oryzae L.
against various concentrations of these crude extract are 0, 0, 48.33 ± 1.67, 63.89 ± 2.55, 73.89 ±
0.96, 87.22 ± 6.73, respectively (Table11, figure31). The simple linear regression showed Y =
23.998 + 6.333 X (X means percent concentrations of seeds of rambutan extract and Y means
mortality percentage of treated adult of S. oryzae L.) thus, LC50 values is 4.11% w/w with
correlation coefficient is 0.997 (Table12). The mortality percentage values differ and increase
with significantly different at 5% level of DMRT (Table 11 and Figure 31).

The mortality percentage at 24 hours of treated adults of S. oryzae L.
against various concentrations of these crude extract are 0, 0, 65.00 ± 2.89, 77.22 ± 2.55, 90.55 ±
2.55, 93.89 ± 4.82, respectively (Table11, figure31). The simple linear regression showed Y =
46.665 + 5.00 X (X means percent concentrations of seeds of rambutan extract and Y means
mortality percentage of treated adult of S. oryzae L.) thus, LC50 values is 0.67% w/w with
correlation coefficient is 0.975 (Table12). The mortality percentage values differ except the
mortality percentage values between 8 and 10% w/w and increase with significantly different at
5% level of DMRT (Table 11 and Figure 31).



72

Table11  Mortality percentage of  S. oryzae L. against crude extract of  seed of rambutan,
 Nephelium lappaceum L. with 10% TPP after 12 and 24 hr. under the laboratory
condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00a      0.00a

    0 (2)    60       3    0.00a      0.00a

    4    60       3           48.33 ± 1.67b 65.00 ± 2.89b

    6    60       3           63.89 ± 2.55c 77.22 ± 2.55c

    8    60       3           73.89 ± 0.96d 90.55 ± 2.55d

    10    60       3           87.22 ± 6.73e 93.89 ± 4.82d

(1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 12  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
   between concentrations of seed of rambutan extracts with 10% TPP.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 23.998 + 6.333 X 4.11          0.997 0.994
     24 Y = 46.665 + 5.00 X 0.67          0.975 0.951

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of seeds of rambutan extracts with 10% TPP;

X = Percent concentration of seeds of rambutans as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L.

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 31  Mortality percentage of S. oryzae L. after exposure to various concentrations of
seeds of  rambutan extracts with 10% TPP at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water) with 10% TPP.
Treatment 2 = Control B. (95% Ethanol) with 10% TPP.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% TPP.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% TPP.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% TPP.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% TPP.
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1.2.2  Effect of Seeds of Rambutan Extract with 10% DEM.

   The seeds of rambutan extract were tested against S. oryzae L. at 6 Concentra -
tions, 0 (distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist,
10% DEM. It showed the mortality percentage at 12 hours of treated adults of S. oryzae L. against
various concentrations of these crude extract are 0, 0, 42.78 ± 1.92, 57.78 ± 2.55, 73.33 ± 3.34,
85.00 ± 7.26, respectively (Table13, figure32). The simple linear regression showed Y = 14.949 +
7.111 X (X means percent concentrations of seeds of rambutan extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 - values is 4.93% w/v with correlation
coefficient is 0.998 (Table14). The mortality percentage values differ and increase with
significantly different at 5% level of DMRT (Table13 and Figure 32).

  The mortality percentage at 24 hours of treated adults of S. oryzae L. against
various concentrations of these crude extract are 0, 0, 60.00 ± 2.89, 71.67 ± 4.41, 88.89 ± 0.96,
93.89 ± 3.47, respectively (Table13, figure32). The simple linear regression showed Y = 37.001 +
5.944 X (X means percent concentrations of seeds of rambutan extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 - values is 2.19% w/v with correlation
coefficient is 0.981 (Table14). The mortality percentage values differ and increase with
significantly different at 5% level of DMRT (Table13 and Figure 32).
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Table13  Mortality percentage of  S. oryzae L. against crude extract of  seed of rambutan,
 Nephelium lappaceum L. with 10% DEM after 12 and 24 hr. under the laboratory
 condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00 a      0.00 a

    0 (2)    60       3    0.00 a      0.00 a

    4    60       3           42.78 ± 1.92 b 60.00 ± 2.89 b

    6    60       3           57.78 ± 2.55 c 71.67 ± 4.41 c

    8    60       3           73.33 ± 3.34 d 88.89 ± 0.96 d

    10    60       3           85.00 ± 7.26 e 93.89 ± 3.47 e

(1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 14  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
   between concentrations of seed of rambutan extracts with 10% DEM.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 14.949 + 7.111 X 4.93          0.998 0.996
     24 Y = 37.001 + 5.944 X 2.19          0.981 0.963

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of seeds of rambutan extracts with 10% DEM;

X = Percent concentration of seeds of rambutans as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L.

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 32  Mortality percentage of S. oryzae L. after exposure to various concentrations of
seeds of   rambutan extracts with 10% DEM at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water) with 10% DEM.
Treatment 2 = Control B. (95% Ethanol) with 10% DEM.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% DEM.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% DEM.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% DEM.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% DEM.
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1.2.3  Effect of Seeds of Rambutan Extract with 10% PB.

   The seed of rambutan extract was tested against S. oryzae L. at 6 concentra -
tions, 0 (distilled water: Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist,
10% PB. It showed the mortality percentage at 12 hours of treated adults of S. oryzae L. against
various concentrations of these crude extract are 0, 0, 51.67 ± 4.41, 68.89 ± 3.47, 82.78 ± 0.96,
90.56 ± 0.96, respectively (Table15, figure33). The simple linear regression showed Y = 27.779 +
6.528 X (X means percent concentrations of seeds of rambutan extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 - values is 3.40% w/w with correlation
coefficient is 0.987 (Table16). The mortality percentage values differ and increase with
significantly different at 5% level of DMRT (Table15 and Figure 33).

 The mortality percentage at 24 hours of treated adults of S. oryzae L. against
various concentrations of these crude extract are 0, 0, 78.89 ± 4.82, 81.11 ± 0.96, 92.78 ± 3.47,
96.67 ± 1.67, respectively (Table15, figure33). The simple linear regression showed Y = 40.052 +
6.084X (X means percent concentrations of seeds of rambutan extract and Y means mortality
percentage of treated adult of S. oryzae L.) thus, LC50 values is 1.64% w/w with correlation
coefficient is 0.953 (Table16). The mortality percentage values differ except the mortality
percentage values between 4 and 6 % w/w and 8 and 10% w/w with significantly different at 5%
level of DMRT (Table15). However, mortality percentage values increase as shown in Figure 33.
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Table15  Mortality percentage of  S. oryzae L. against crude extract of  seed of rambutan,
Nephelium lappaceum L. with 10% PB after 12 and 24 hr. under the laboratory
condition.

 Dose Total     No. % average mortality
(% w/w) treated     Repeated    adult/ treatment (3)

12 hr. 24 hr.

    0 (1)    60       3 0.00a      0.00 a

    0 (2)    60       3    0.00a      0.00 a

    4    60       3           51.67 ± 4.41b 78.89 ± 4.82b

    6    60       3           68.89 ± 3.47 c 81.11 ± 0.96b

    8    60       3           82.78 ± 0.96d 92.78 ± 3.47c

    10    60       3           90.56 ± 0.96e 96.67 ± 1.67c

(1) Control A = Distilled water with 10% PB.
(2) Control B = 95 % Ethanol with 10% PB.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Table 16  Regression equations, LC50, correlation coefficient (r) and coefficient determination (r2)
   between concentrations of seed of rambutan extracts with 10% PB.

Time (Hours) Regression Equation (1) LC50 
(2) r (3)      r2 (4)

     12 Y = 27.779 + 6.528 X 3.40          0.987 0.974
     24 Y = 40.052 + 6.084 X 1.64          0.953 0.909

(1) Regression equations of mortality percentage of S. oryzae L. after exposure to various
concentrations of seeds of rambutan extracts with 10% PB;

X = Percent concentration of seeds of rambutans as 95% ethanol as solvent.

Y = Mortality percentage of treated S. oryzae L.

(2) LC50 = The median lethal concentration.

(3) r = correlation coefficient for correlation of mortality percentage against extract concentration
of treated S. oryzae L. at 12 and 24 hours.

(4) r2 =  coefficient determination for correlation of mortality percentage against extract
concentration of treated S. oryzae L. at 12 and 24 hours.
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Figure 33  Mortality percentage of S. oryzae L. after exposure to various concentrations of
seeds of rambutan extracts with 10% PB at 12 and 24 hours.

Notes

12 Hours = Mortality percentage of treated S. oryzae L. at 12 hours.
24 Hours = Mortality percentage of treated S. oryzae L. at 24 hours.

Treatment 1 = Control A. (Distilled water) with 10% PB.
Treatment 2 = Control B. (95% Ethanol) with 10% PB.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% PB.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% PB.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% PB.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% PB.
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3.  The toxicity of Leaves of Kaffir lime’s Extract to S. oryzae L.

The leaves of kaffir lime were extracted by water distillation process for 8 hours that give
volatile oil. The yield of volatile oil is 0.0275 %w/v.  This volatile oil was tested against 60 adults
of S. oryzae L. at 6 concentrations that vary by 95% ethanol to 0 (distilled water: Control A), 0
(95% ethanol: control B), 10, 30, 50 and 70% w/v.

In the pretest of these experiment showed kaffir lime’s leaves extract did not produce
mortality percentage of treated adult of S. oryzae L., thus cannot find LC50 values at 12 and 24
hours. Anyhow, the observation showed effect of kaffir lime’s leaves to S. oryzae L. is repellent-
like properties.

Furthermore, this experiment was compared in 2 types as various concentration of extract
without synergist and various concentration of crude extract with synergists, TPP, DEM and
PBO.

3.1  Repellency Testing of Leaves of Kaffir Lime Extract to S. oryzae L. Without
Synergist.

The kaffir lime’s leaves showed effectiveness like repellent. In treatment as 10, 30,
50, 70% w/v without synergists showed the repellent time of treated S. oryzae L. that make all of
insect stay on the top of plate after 6.0, 5.5, 4.5, 2.5 minutes, respectively (Table 17 and
Figure34). The untreated control A did not showed any effect on treated adult of S. oryzae L. but
control B , the repellent effects was not so long, so they turn back to normal behavior within 5.0
minutes.

The number of repelled S. oryzae L. depended on concentration of kaffir lime
leaf extract that means higher concentrations produce more effectiveness than low one (Table 17
and Figure 34).
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Table 17  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   under the laboratory condition.

   Time      Total of run away S. oryzae L. (1)

(minutes)
     Treatment (2)

        1                  2 3             4          5                       6

0.5 0.00± 0.00a   0.00± 0.00a     0.00± 0.00a        0.00± 0.00a       0.00± 0.00a        14.67± 1.53a

1.0 0.00± 0.00a   0.00± 0.00a     0.00± 0.00a        0.00± 0.00a       14.33± 2.08b      40.67± 2.89b

1.5         0.00± 0.00a   0.00± 0.00a     0.00± 0.00a       10.33± 4.51b      19.67± 2.08c     46.67± 1.53c

2.0 0.00± 0.00a   8.00± 2.00b     11.00± 5.57b     18.00± 1.00c      45.67± 2.08d     59.00± 1.00d

2.5 0.00± 0.00a   24.00± 4.00c   17.33± 2.08b     32.00± 1.73d  52.33± 2.08 e    60.00± 0.00d

3.0 0.00± 0.00a   40.33± 4.51d   29.33± 4.04c     52.33± 2.08e      59.00± 1.00f     60.00± 0.00d

3.5 0.00± 0.00a   22.00± 6.24c   36.33± 3.51d     53.67± 1.53e  59.33± 0.58f     60.00± 0.00d

4.0 0.00± 0.00a   20.00± 8.18c   36.67± 7.64d     59.33± 0.58f      59.67± 0.58f     60.00± 0.00d

4.5 0.00± 0.00a   9.33± 3.06b     45.33± 3.51e     58.33± 0.58f      60.00± 0.00f     60.00± 0.00d

5.0 0.00± 0.00a   0.00± 0.00a     54.67± 0.58f     59.67± 0.58f 60.00± 0.00f     60.00± 0.00d

5.5 0.00± 0.00a   0.00± 0.00a     58.00± 1.73f     60.00 ± 0.00f 60.00± 0.00f     60.00± 0.00d

6.0 0.00± 0.00a   0.00± 0.00a     60.00± 0.00f     60.00± 0.00f 60.00± 0.00f     60.00± 0.00d

(1) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
    Total treated S. oryzae L. in each treatment are 60.
(2) Treatment 1 = Control A. (Distilled water).
    Treatment 2 = Control B. (95% Ethanol).
    Treatment 3 = 10% w/v leaves of kaffir lime extract.
    Treatment 4 = 30% w/v leaves of kaffir lime extract.
    Treatment 5 = 50% w/v leaves of kaffir lime extract.
    Treatment 6 = 70% w/v leaves of kaffir lime extract.
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Figure 34  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   under the laboratory condition.

Notes

Treatment 1 = Control A (Distilled water).
Treatment 2 = Control B (95% Ethanol).
Treatment 3 = 10% w/v leaves of kaffir lime extract.
Treatment 4 = 30% w/v leaves of kaffir lime extract.
Treatment 5 = 50% w/v leaves of kaffir lime extract.
Treatment 6 = 70% w/v leaves of kaffir lime extract.

Time starts at 0.5 minute and end at 6 minutes.
Total treated S. oryzae L. in each treatment are 60.
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3.1  Toxicity Testing of Kaffir Lime Leaf Extract to S. oryzae L. With Synergist.

3.2.1  Effect of Leafs of Kaffir lime Extract with 10% TPP.

   The kaffir lime’s leaves showed effective like repellent. In treatment as 10, 30,
50, 70% w/v with synergist, TPP showed the repellent time of treated S. oryzae L. that make all
of insect stay in top of plate are about 4.0, 3.0, 2.0, 1.5 minutes, respectively (Table 18 and
figure35). Control A did not show any effect to treated adult of S. oryzae L. but in control B, the
effects was not stabilized so the weevils return to normal behaviors within 5.5 minutes.

 The number of repelled weevils depended on concentration of kaffir lime leaf
extract that means higher concentrations produced more effectiveness than lower one (Table 18
and Figure 35).

From table 17 and 18 showed 10% TPP can increases effective of kaffir lime’s
leaves extract. The treatment with synergist, 10% TPP, gave higher effect than that treatment
without synergist.
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Table 18  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   with 10% TPP under the laboratory condition.

   Time      Total of run away S. oryzae L. (1)

(minutes)
     Treatment (2)

        1                  2 3             4          5                       6

0.5 0.00± 0.00a   0.00± 0.00a      0.00± 0.00a      6.67± 2.08a       15.33± 3.51a      34.33± 4.04a

1.0 0.00± 0.00a   0.00± 0.00a      5.00± 1.00b      20.00± 2.00b     32.67± 2.52b      49.33± 7.02b

1.5         0.00± 0.00a   4.67± 1.53b     17.67± 2.52c     21.67± 3.06b     51.00± 3.61c      60.00± 0.00c

2.0 0.00± 0.00a   7.00± 1.73b     18.67± 2.52c     32.67± 2.52c     60.00± 0.00d     60.00± 0.00c

2.5 0.00± 0.00a   27.33± 2.52c   22.33± 2.52d     40.67± 4.93d 60.00± 0.00d     60.00± 0.00c

3.0 0.00± 0.00a   34.00± 1.73d   30.67± 2.08e     60.00± 0.00e     60.00± 0.00d      60.00± 0.00c

3.5 0.00± 0.00a   25.67± 4.04c   56.00± 2.00f      60.00± 0.00e    60.00± 0.00d      60.00± 0.00c

4.0 0.00± 0.00a   10.67± 1.53e   60.00± 0.00g     60.00± 0.00e     60.00± 0.00d     60.00± 0.00c

4.5 0.00± 0.00a   4.67± 1.15b     60.00± 0.00g     60.00± 0.00e     60.00± 0.00d     60.00± 0.00c

5.0 0.00± 0.00a   4.33± 1.53b     60.00± 0.00g     60.00± 0.00e     60.00± 0.00d     60.00± 0.00c

5.5 0.00± 0.00a   0.00± 0.00a     60.00± 0.00g     60.00± 0.00e     60.00± 0.00d     60.00± 0.00c

6.0 0.00± 0.00a   0.00± 0.00a     60.00± 0.00g     60.00± 0.00e     60.00± 0.00d     60.00± 0.00c

(1) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
    Total treated S. oryzae L. in each treatment are 60.
(2) Treatment 1 = Control A. (Distilled water) with 10% TPP.
    Treatment 2 = Control B. (95% Ethanol) with 10% TPP.
    Treatment 3 = 10% w/v leaves of kaffir lime extract with 10% TPP.
    Treatment 4 = 30% w/v leaves of kaffir lime extract with 10% TPP.
    Treatment 5 = 50% w/v leaves of kaffir lime extract with 10% TPP.
    Treatment 6 = 70% w/v leaves of kaffir lime extract with 10% TPP.
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Figure 35  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   with 10% TPP under the laboratory condition.

Notes

Treatment 1 = Control A. (Distilled water) with 10% TPP.
Treatment 2 = Control B. (95% Ethanol) with 10% TPP.
Treatment 3 = 10% w/v leaves of kaffir lime extract with 10% TPP.
Treatment 4 = 30% w/v leaves of kaffir lime extract with 10% TPP.
Treatment 5 = 50% w/v leaves of kaffir lime extract with 10% TPP.
Treatment 6 = 70% w/v leaves of kaffir lime extract with 10% TPP.

 Time starts at 0.5 minute and end at 6 minutes.
Total treated S. oryzae L. in each treatment are 60.
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3.2.2  Effect of Leaves of Kaffir lime Extract with 10% DEM.

The kaffir lime’s leaves showed effective like repellent. In treatment as
10, 30, 50, 70% w/v with synergist, DEM showed the repellent time are about 4.0, 2.5, 1.5, 1.0
minutes, respectively (Table 19 and figure36). Control A did not show any effect to treated adult
of S. oryzae L. but in the control B the effects was resume within 5.5 minutes.

The number of repelled weevils depended on concentrations of kaffir lime leaf
extract that means the higher concentrations produce more effective than the lower one (Table 19
and Figure 36).

From table 17 and 19 showed 10% DEM can increases effective of kaffir lime’s
leaves extract. The treatment with synergist, 10% DEM, produces repellent effect faster than that
treatment without synergist.
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Table 19  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   with 10% DEM under the laboratory condition.

   Time      Total of run away S. oryzae L. (1)

(minutes)       Treatment (2)

        1                  2 3             4          5                       6

0.5 0.00± 0.00a   0.00± 0.00a       0.00± 0.00a        7.67 ± 1.53a     22.00± 3.61a     45.33± 4.16a

1.0 0.00± 0.00a   0.00± 0.00a      12.33± 2.52b      32.00± 4.58b    39.33± 6.66b      60.00± 0.00b

1.5         0.00± 0.00a   4.67± 1.53ab     21.67± 3.51b     35.33± 2.52b     60.00± 0.00c      60.00± 0.00b

2.0 0.00± 0.00a    20.00± 2.00c   29.00± 4.58c     50.00± 2.65c     60.00± 0.00c      60.00± 0.00b

2.5 0.00± 0.00a   29.33± 4.04de   38.00± 2.00d     60.00± 0.00d 60.00± 0.00c       60.00± 0.00b

3.0 0.00± 0.00a   29.00± 5.57de   38.33± 7.64d     60.00± 0.00d    60.00± 0.00c       60.00± 0.00b

3.5 0.00± 0.00a   34.67± 5.03e    47.67± 3.51e     60.00± 0.00d    60.00± 0.00c       60.00± 0.00b

4.0 0.00± 0.00a   25.00± 7.55cd   60.00± 0.00f     60.00± 0.00d    60.00± 0.00c       60.00± 0.00b

4.5 0.00± 0.00a   10.33± 4.04b    60.00± 0.00f     60.00± 0.00d    60.00± 0.00c       60.00± 0.00b

5.0 0.00± 0.00a   5.67± 0.58ab     60.00± 0.00f     60.00± 0.00d    60.00± 0.00c       60.00± 0.00b

5.5 0.00± 0.00a   0.00± 0.00a      60.00± 0.00f     60.00± 0.00d    60.00± 0.00c       60.00± 0.00b

6.0 0.00± 0.00a   0.00± 0.00a      60.00± 0.00f    60.00 ± 0.00d    60.00 ± 0.00c      60.00 ± 0.00b

(1) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
    Total treated S. oryzae L. in each treatment are 60.
(2) Treatment 1 = Control A. (Distilled water) with 10% DEM.
    Treatment 2 = Control B. (95% Ethanol) with 10% DEM.
    Treatment 3 = 10% w/v leaves of kaffir lime extract with 10% DEM.
    Treatment 4 = 30% w/v leaves of kaffir lime extract with 10% DEM.
    Treatment 5 = 50% w/v leaves of kaffir lime extract with 10% DEM.
    Treatment 6 = 70% w/v leaves of kaffir lime extract with 10% DEM.
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Figure 36  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   with 10% DEM under the laboratory condition.

Notes

Treatment 1 = Control A. (Distilled water) with 10% DEM.
Treatment 2 = Control B. (95% Ethanol) with 10% DEM.
Treatment 3 = 10% w/v leaves of kaffir lime extract with 10% DEM.
Treatment 4 = 30% w/v leaves of kaffir lime extract with 10% DEM.
Treatment 5 = 50% w/v leaves of kaffir lime extract with 10% DEM.
Treatment 6 = 70% w/v leaves of kaffir lime extract with 10% DEM.

Time starts at 0.5 minute and end at 6 minutes.
Total treated S. oryzae L. in each treatment are 60.



92

3.2.3 Effect of Leaves of Kaffir lime Extract with 10% PB.

   The kaffir lime’s leaves showed effective like repellent. In treatment as 10, 30,
50, 70% v/v with synergists, PB showed the repellent time are about 5.0, 4.0, 3.0, 2.0 minutes,
respectively (Table 20 and figure37). Control A did not showed any effect to treated adult of
S. oryzae L. but the in control B, the effects resumed within 5.0 minutes.

    The number of repelled weevils depended on concentrations of kaffir lime leaf
extract that means the higher concentrations produced more effectiveness than the lower one
(Table 20 and Figure 37).

  From table 17 and 20 showed 10% PB can increases effective of kaffir lime’s
leaves extract. The treatment with synergist, 10% PB, produces repelling time faster than that
treatment without synergist.
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Table 20  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   with 10% PB under the laboratory condition.

  Time      Total of run away S. oryzae L. (1)

(minutes)       Treatment (2)

        1                  2 3             4          5                       6

0.5 0.00± 0.00a     0.00± 0.00a       0.00± 0.00a      9.33± 3.06a      18.33± 3.51a     43.67± 1.53a

1.0 0.00± 0.00a     0.00± 0.00a       8.00± 2.00b      21.67± 3.21b    35.67± 2.52b    55.67± 2.08bc

1.5         0.00± 0.00a     6.67± 2.08a      24.00± 1.00c    32.67± 2.52c      34.00± 3.61b    54.00± 4.58b

2.0 0.00± 0.00a     19.33± 8.08b    35.00± 2.00d    49.00± 1.00d     52.67± 3.21c    60.00± 0.00c

2.5 0.00± 0.00a    22.00± 3.61b     39.33± 2.89d    48.00± 5.20d   54.00± 3.00c    60.00± 0.00c

3.0 0.00± 0.00a    32.67± 8.50c     46.33± 4.04e    51.67± 3.21de    60.00± 0.00d    60.00± 0.00c

3.5 0.00± 0.00a    24.00± 7.21bc   51.67± 3.21f     55.00± 1.00e     60.00± 0.00d    60.00± 0.00c

4.0 0.00± 0.00a    21.00± 3.61b    51.33± 3.51f     60.00± 0.00f      60.00± 0.00d   60.00± 0.00c

4.5 0.00± 0.00a    6.00± 2.00a      56.33± 2.08g     60.00± 0.00f     60.00± 0.00d    60.00± 0.00c

5.0 0.00± 0.00a    0.00± 0.00a      60.00± 0.00g     60.00± 0.00f     60.00± 0.00d    60.00± 0.00c

5.5 0.00± 0.00a    0.00± 0.00a      60.00± 0.00g     60.00± 0.00f     60.00± 0.00d    60.00± 0.00c

6.0 0.00± 0.00a    0.00± 0.00a      60.00± 0.00g    60.00± 0.00f      60.00± 0.00d    60.00± 0.00c

(1) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
    Total treated S. oryzae L. in each treatment are 60.
(2) Treatment 1 = Control A. (Distilled water) with 10% PB.
    Treatment 2 = Control B. (95% Ethanol) with 10% PB.
    Treatment 3 = 10% w/v leaves of kaffir lime extract with 10% PB.
    Treatment 4 = 30% w/v leaves of kaffir lime extract with 10% PB.
    Treatment 5 = 50% w/v leaves of kaffir lime extract with 10% PB.
    Treatment 6 = 70% w/v leaves of kaffir lime extract with 10% PB.
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Figure 37  The number of repelled S. oryzae L. against kaffir lime leaf extract, Citrus hystrix DC.
   with 10% PB under the laboratory condition.

Notes

Treatment 1 = Control A. (Distilled water) with 10% PB.
Treatment 2 = Control B. (95% Ethanol) with 10% PB.
Treatment 3 = 10% w/v leaves of kaffir lime extract with 10% PB.
Treatment 4 = 30% w/v leaves of kaffir lime extract with 10% PB.
Treatment 5 = 50% w/v leaves of kaffir lime extract with 10% PB.
Treatment 6 = 70% w/v leaves of kaffir lime extract with 10% PB.

Time starts at 0.5 minute and end at 6 minutes.
Total treated S. oryzae L. in each treatment are 60.
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Detoxification Enzyme Activity of the S. oryzae L. Against Plant Extracts
With or Without Synergists

1. The Effects of Peels of Mangosteen’s Extract to Detoxification Enzymes of S. Oryzae L.

1.1 The Study of Detoxification Enzyme of S. oryzae L. Against Peel’s Mangosteen
Extract Without Synergist.

1.1.1 Esterase Activity Level.  The peels of mangosteens extracts were trailed
against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control
B), 4, 6, 8, 10% w/w without synergists. The esterase activities from life treated adult of S. oryzae
L. after exposure for 12 hours are in vitro observed using PNPA as a substrate. The
spectrophotometer calibrated at 400 nm was used to identify the product, paranitrophenol, which
produced yellowish colors.  The in vitro esterase activities against various concentrations are
81.49 ± 6.20, 79.94 ± 428, 72.03 ± 3.11, 59.19 ± 8.41, 38.30 ± 6.30 and 35.90 ± 6.06 nmole
paranitrophenol/ mg protein/ ml, respectively (Table21, figure38). The esterase activity values
differ except esterase activity values between 8 and 10% w/w with significantly different at 5%
level of DMRT. The esterase activity values depend on concentrations of these extracts showing
higher concentrations decreased esterase activities than the lower one. Furthermore, the total
protein values did not differ among groups with significantly different at 5% level of DMRT.
(Table 21 and Figure 38)

1.1.2 Glutathione-S- transferase (GST) Activity Level.  The peels of
mangosteens extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water:
Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w without synergists. The GST activities
from life treated adult of S. oryzae L. after exposure for 12 hours are in vitro observed using
CDNB as a substrate. The spectrophotometer calibrated at 340 nm was used to identify the CDNB
conjugated product, which produced no colors.  The in vitro GST activities against various
concentrations are 23.21 ± 8.35, 20.47 ± 8.21, 6.12 ± 0.34, 4.47 ± 0.16, 3.26 ± 0.18 and 2.83 ±
0.42 (every means multiply with 10-6) nM conjugated product/ mg protein/ ml, respectively
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(Table22, figure39). The GST activity values did not differ with significantly at 5% level of
DMRT. However, GST activity values depend on concentrations of these extracts showing higher
concentrations decreased GST activities than the lower one.  Anyhow, the total protein values did
not differ among groups with significantly different at 5% level of DMRT (Table22 and
Figure39).

Table21  Esterase activities of  S. Oryzae L. against crude extract of  peel of mangosteen, Garcina
mangostana L. at 12 hr. under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.010 ± 0.102a             3 81.49 ± 6.20a

    0 (2) 1.997 ± 0.017a            3    79.94 ± 4.28a

    4 2.097 ± 0.015a            3 72.03 ± 3.11a

    6 1.996 ± 0.139a            3  59.19 ± 8.41b

    8 2.082 ± 0.058a            3 38.30 ± 6.30c

    10 1.986 ± 0.104a            3   35.90 ± 6.06c

(1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 38  Esterase activities of S. oryzae L. after are tested with various concentrations of
    peel of mangosteens extracts at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A. (Distilled water)
Treatment 2 = Control B. (95% Ethanol)
Treatment 3 = 4% w/w Peel of mangosteen extracts.
Treatment 4 = 6% w/w Peel of mangosteen extracts.
Treatment 5 = 8% w/w Peel of mangosteen extracts.
Treatment 6 = 10% w/w Peel of mangosteen extracts.
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Table22  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of peel
of mangosteen, Garcina mangostana L. at 12 hr. under the laboratory condition.

 Dose Total         No.     % average GST activities
(% w/w) protein (mg) (3) Repeated               (nM conjugated product

        /mg protein/ ml) (3)

    0 (1) 2.010 ± 0.102a             3 23.21 ± 8.35*a

    0 (2) 1.997 ± 0.017a             3    20.47 ± 8.21*a

    4 2.097 ± 0.015a             3 6.12 ± 0.34*b

    6 1.996 ± 0.139a             3  4.47 ± 0.16*b

    8 2.082 ± 0.058a             3 3.26 ± 0.18*b

    10 1.986 ± 0.104a              3   2.83 ± 0.42*b

* Every means multiply with 10-6

(1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 39  Glutathione- S- transferase activities of S. oryzae L. after are tested with  various
    concentrations of peels of mangosteens extracts at 12 hours under laboratory
    condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A. (Distilled water)
Treatment 2 = Control B. (95% Ethanol)
Treatment 3 = 4% w/w Peel of mangosteen extracts.
Treatment 4 = 6% w/w Peel of mangosteen extracts.
Treatment 5 = 8% w/w Peel of mangosteen extracts.
Treatment 6 = 10% w/w Peel of mangosteen extracts.
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1.2 The Study of Detoxification Enzyme of S. oryzae L. Against Peel’s Mangosteen
Extract With Synergist.

1.1.1 Detoxification Enzyme Activity Values of S. oryzae L. Against Peel’s
Mangosteen Extract With 10% TPP.

a. Esterase Activity Level.  The peels of mangosteens extracts were
trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol:
Control B), 4, 6, 8, 10% w/w with synergist, 10% TPP. The in vitro esterase activities against
various concentrations with 10% TPP are 14.43 ± 0.45, 13.98 ± 6.00, 7.98 ± 1.77, 7.13 ± 1.18,
6.46 ± 1.89 and 5.83 ± 1.84 nM product/ mg protein/ ml, respectively (Table23, figure40).The
esterase activity values did not differ with significantly at 5% level of DMRT. However, esterase
activity values depend on concentrations of these extracts showing higher concentrations
decreased esterase activities than the lower one.  Furthermore, the total protein values did not
differ among groups with significantly different at 5% level of DMRT (Table 23 and Figure 40).

b. Glutathione-S- transferase (GST) Activity Level.  The peels of mangosteens
extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0
(95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist, 10% TPP. The in vitro GST activities
against various concentrations are 12.13 ± 0.15, 11.98 ± 3.48, 5.50 ± 0.48, 4.70 ± 0.48, 3.87 ±
0.34 and 2.07 ± 0.33 (Every means multiply 10-6) nM conjugated product/ mg protein/ ml,
respectively (Table24, figure41). The GST activity values did not differ with significantly at 5%
level of DMRT. However, GST activity values depend on concentrations of these extracts
showing higher concentrations decreased GST activities than the lower one.  Furthermore, the
total protein values did not differ among groups with significantly different at 5% level of DMRT
(Table 24 and Figure 41).
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Table23  Esterase activities of  S. oryzae L. as affected by crude extract of  peels of Mangosteens
  with 10% TPP, Garcina mangostana L. at 12 hr. under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 1.997 ± 0.012a             3 14.43 ± 0.45a

    0 (2) 1.982 ± 0.130a             3    13.98 ± 6.00ab

    4 1.882 ± 0.177a             3 7.98 ± 1.77bc

    6 1.893 ± 0.144a             3  7.13 ± 1.18c

    8 1.879 ± 0.158a             3 6.46 ± 1.89c

    10 1.886 ± 0.150a             3   5.83 ± 1.84c

(1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 40  Esterase activities of S. oryzae L. after are tested with various concentrations of
           peels of mangosteens   extracts  with 10% TPP at 12 hours under laboratory

    condition.

Notes
Treatment 1 = Control A (Distilled water) with 10% TPP.
Treatment 2 = Control B (95% Ethanol) with 10% TPP.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% TPP.
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Table24  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
  peel of mangosteen, Garcina mangostana L., with 10% TPP at 12 hours under the
  laboratory condition.

 Dose Total         No.     % average glutathione –S -
(% w/w) protein (mg) (3) Repeated transferase activities (nM conjugated

product/mg protein/ ml) (3)

    0 (1) 1.997 ± 0.012a             3 12.13 ± 0.15*a

    0 (2) 1.982 ± 0.130a             3    11.98 ± 3.48*a

    4 1.882 ± 0.177a             3 5.50 ± 0.48*b

    6 1.893 ± 0.144a             3  4.70 ± 0.48*b

    8 1.879 ± 0.158a             3 3.87 ± 0.34*b

    10 1.886 ± 0.150a             3   2.07 ± 0.33*b

* Every means multiply with 10-6

 (1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 41  Glutathione- S- transferase activities of S. oryzae L. after are tested with various
concentrations of peels of mangosteen extracts  with 10% TPP at 12 hours under
laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% TPP.
Treatment 2 = Control B (95% Ethanol) with 10% TPP.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% TPP.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% TPP.
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1.1.2 Detoxification Enzyme values of S. oryzae L. Against Peel’s Mangosteen
Extract With 10% DEM.

a. Esterase Activity Level.  The peels of mangosteens extracts were
trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol:
Control B), 4, 6, 8, 10% w/w with synergist, 10% DEM. The in vitro esterase activities against
various concentrations with 10% DEM are 18.66 ± 1.48, 17.18 ± 2.15, 11.69 ± 1.16, 7.13 ± 1.18,
6.35 ± 1.89 and 4.38 ± 1.84 nmole product/ mg protein/ ml, respectively (Table25, figure42).The
esterase activity values differ except esterase activity values between 6 and 8% w/w with
significantly different at 5% level of DMRT. The esterase activity values depend on
concentrations of these extracts showing higher concentrations decreased esterase activities than
the lower one.  Furthermore, the total protein values did not differ among groups with
significantly different at 5% level of DMRT. (Table 25 and Figure 42)

b. Glutathione-S- transferase (GST) Activity Level.  The peels of mangosteens
extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0
(95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist, 10% DEM.  The in vitro GST
activities against various concentrations are 11.13 ± 3.70, 10.89 ± 0.24, 4.39 ± 0.28, 2.88 ± 0.96,
2.74 ± 0.55 and 2.56 ± 0.42 (every means multiply 10-6) nmole conjugated product/ mg protein/
ml, respectively (Table26, figure43). The GST activity values did not differ with significantly at
5% level of DMRT. The GST activity values depend on concentrations of these extracts showing
higher concentrations decreased GST activities than the lower one.  Furthermore, the total protein
values did not differ among groups with significantly different at 5% level of DMRT. (Table 26
and Figure 43)
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Table25  Esterase activities of S. oryzae L. as affected by crude extract of  peels of Mangosteens,
 Garcina mangostana L., with 10% DEM at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.097 ± 0.017a             3 18.66 ± 1.48a

    0 (2) 2.093 ± 0.150a             3    17.18 ± 2.15a

    4 2.029 ± 0.144a             3 11.69 ± 1.16b

    6 2.066 ± 0.139a             3  7.13 ± 1.18c

    8 2.082 ± 0.058a             3 6.35 ± 1.89c

    10 2.082 ± 0.077a             3   4.38 ± 1.84d

 (1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 42  Esterase activities of S. oryzae L. after are tested with various concentrations of
peels of mangosteens extracts with 10% DEM at 12 hours under laboratory
condition.

Notes
Treatment 1 = Control A (Distilled water) with 10% DEM.
Treatment 2 = Control B (95% Ethanol) with 10% DEM.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% DEM.
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Table26  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
  peels of mangosteens, Garcina mangostana L., with 10% DEM at  12 hours
  under the laboratory condition.

 Dose Total         No.     % average glutathione-S-
(% w/w) protein (mg) (3) Repeated        transferase activities

      (nM conjugated product
        /mg protein/ ml) (3)

    0 (1) 2.097 ± 0.017a             3 11.13 ± 3.70*a

    0 (2) 2.093 ± 0.150a             3    10.89 ± 0.24*a

    4 2.029 ± 0.144a             3 4.39 ± 0.28*b

    6 2.066 ± 0.139a             3  2.88 ± 0.96*b

    8 2.082 ± 0.058a             3 2.74 ± 0.55*b

    10 2.082 ± 0.077a             3   2.56 ± 0.42*b

* Every means multiply with 10-6

 (1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 43  Glutathione- S- transferase activities of S. oryzae L. after are tested various
concentrations of peel of mangosteen extracts with 10% DEM at 12 hours under
laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% DEM.
Treatment 2 = Control B (95% Ethanol) with 10% DEM.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% DEM.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% DEM.
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1.1.3 Detoxification Enzyme values of S. oryzae L. Against Peel’s Mangosteen
Extract With 10% PB.

a. Esterase Activity Level.  The peels of mangosteens extracts were
trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol:
Control B), 4, 6, 8, 10% w/v with synergist, 10% PB. The in vitro esterase activities against
various concentrations with 10% PB are 14.43 ± 3.09, 13.46 ± 4.54, 6.02 ± 0.29, 4.42 ± 0.09, 4.32
± 0.80 and 3.64 ± 0.07 nmole product/ mg protein/ ml, respectively (Table27, figure44).The
esterase activity values differ esterase activity values between 6 and 8 % w/w with significantly
different at 5% level of DMRT. The esterase activity values depend on concentrations of these
extracts showing higher concentrations decreased esterase activities than the lower one.
Furthermore, the total protein values did not differ among groups with significantly different at
5% level of DMRT. (Table 27 and Figure 44)

b. Glutathione-S- transferase (GST) Activity Level.  The peels of
mangosteen extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water:
Control A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/v with synergist, 10% PB.  The in vitro
GST activities against various concentrations are 12.13 ± 0.35, 11.34 ± 0.56, 5.62 ± 0.55, 4.94 ±
0.42, 4.70 ± 0.84 and 4.02 ± 1.11 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table28, figure45) The GST activity values did not differ with
significantly at 5% level of DMRT. The GST activity values depend on concentrations of these
extracts showing higher concentrations decreased GST activities than the lower one.
Furthermore, the total protein values did not differ among groups with significantly different at
5% level of DMRT. (Table 28 and Figure 45)
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Table27  Esterase activities of S. oryzae L. as affected by crude extract of  peels of Mangosteens,
Garcina mangostana L., with 10% PB at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.029 ± 0.017a             3 14.43 ± 3.09a

    0 (2) 1.928 ± 0.176a             3    13.46 ± 4.54a

    4 1.865 ± 0.133a             3 6.02 ± 0.29b

    6 2.048 ± 0.070a             3  4.42 ± 0.09c

    8 1.829 ± 0.080a             3 4.32 ± 0.80c

    10 1.991 ± 0.131a             3   3.64 ± 0.07d

(1) Control A = Distilled water with 10% PB.
(2) Control B = 95 % Ethanol with 10% PB.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 44  Esterase activities of S. oryzae L. after are tested various concentrations of peels of
    mangosteens extracts with 10% PB at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A (Distilled water) with 10% PB.
Treatment 2 = Control B (95% Ethanol) with 10% PB.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% PB.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% PB.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% PB.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% PB.
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Table28  Glutathione –S –transferase activities of S. Oryzae L. as affected by crude extract of
peels of mangosteens, Garcina mangostana L., with 10% PB at  12 hours under the
laboratory condition.

Dose Total         No.     % average glutathione-S-
(% w/w) protein (mg) (3) Repeated transferase activities (nM conjugated

product/mg protein/ ml) (3)

    0 (1) 2.029 ± 0.017a             3 12.13 ± 0.35*a

    0 (2) 1.928 ± 0.176a             3    11.34 ± 0.56*a

    4 1.865 ± 0.133a             3 5.62 ± 0.55*b

    6 2.048 ± 0.070a             3  4.94 ± 0.42*b

    8 1.829 ± 0.080a             3 4.70 ± 0.84*b

    10 1.991 ± 0.131a             3   4.02 ± 1.11*b

* Every means multiply with 10-6

 (1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 45  Glutathione- S- transferase activities of S. oryzae L. after are tested various
concentrations of peels of mangosteens extracts with 10% PB at 12 hours under
laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% PB.
Treatment 2 = Control B (95% Ethanol) with 10% PB.
Treatment 3 = 4% w/w Peel of mangosteen extracts with 10% PB.
Treatment 4 = 6% w/w Peel of mangosteen extracts with 10% PB.
Treatment 5 = 8% w/w Peel of mangosteen extracts with 10% PB.
Treatment 6 = 10% w/w Peel of mangosteen extracts with 10% PB.
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2. The Effect of Seeds of Rambutan’s Extract to Detoxification Enzymes of S. Oryzae L.

2.1 The Study of Detoxification Enzyme of S. oryzae L. Against Seed’s Rambutan
Extract Without Synergist.

2.1.1 Esterase Activity Level.  The seeds of rambutans extracts were trailed
against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control
B), 4, 6, 8, 10% w/w without synergists. The esterase activities from life treated adult of S. oryzae
L. after exposure for 12 hours are in vitro observed using PNPA as a substrate. The
Spectrophotometer calibrated at 400 nm was used to identify the product, paranitrophenol, which
produced yellowish colors.  The in vitro esterase activities against various concentrations are
81.49 ± 6.20, 79.94 ± 4.28, 74.55 ± 7.73, 57.54 ± 6.67, 43.21 ± 6.46 and 26.93 ± 9.18 nmole
paranitrophenol/ mg protein/ ml, respectively (Table29, figure46). The esterase activity values
differ except esterase activity values between 6 and 8 %w/w with significantly different at 5%
level of DMRT. The esterase activity values depend on concentrations of these extracts showing
higher concentrations decreased esterase activities than the lower one.  Furthermore, the total
protein values did not differ among groups with significantly different at 5% level of DMRT.
(Table 29 and Figure 46)

2.1.2 Glutathione-S- transferase (GST) Activity Level.  The seeds of rambutans
extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0
(95% ethanol: Control B), 4, 6, 8, 10% w/w without synergists. The GST activities from life
treated adult of S. oryzae L. after exposure for 12 hours are in vitro observed using CDNB as a
substrate. The spectrophotometer calibrated at 340 nm was used to identify the CDNB conjugated
product, which produced no colors.  The in vitro GST activities against various concentrations are
23.21 ± 0.21, 20.47 ± 0.35, 5.94 ± 0.21, 4.57 ± 0.79, 3.38 ± 0.31 and 2.01 ± 0.65 (every means
multiply with 10-6) nmole conjugated product/ mg protein/ ml, respectively (Table30, figure47).
The GST activity values differ with significantly at 5% level of DMRT. The GST activity values
depend on concentrations of these extracts showing higher concentrations decreased GST
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activities than the lower one.  Furthermore, the total protein values did not differ among groups
with significantly different at 5% level of DMRT. (Table 30 and Figure 47)

Table29  Esterase activities of S. oryzae L. as affected by crude extract of  seeds of rambutans,
  Nephelium lappaceum L. at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.010 ± 0.102a             3 81.49 ± 6.20a

    0 (2) 1.997 ± 0.017a            3    79.94 ± 4.28a

    4 2.048 ± 3.021a             3 74.55 ± 7.73a

    6 1.829 ± 0.882a             3  57.54 ± 6.67b

    8 1.891 ± 0.088a             3 43.21 ± 6.46b

    10 1.991 ± 0.176a             3   26.93 ± 9.18c

(1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 46  Esterase activities of S. oryzae L. after are tested various concentrations of seeds
    of rambutans extracts at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A. (Distilled water)
Treatment 2 = Control B. (95% Ethanol)
Treatment 3 = 4% w/w seed of rambutan extracts.
Treatment 4 = 6% w/w seed of rambutan extracts.
Treatment 5 = 8% w/w seed of rambutan extracts.
Treatment 6 = 10% w/w seed of rambutan extracts.
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Table30  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
seeds of rambutans, Nephelium lappaceum L. at 12 hours under the laboratory
condition.

 Dose Total         No.     % average glutathione-S-
(% w/w) protein (mg) (3) Repeated transferase activities (n mole

conjugated product/mg protein/ ml) (3)

    0 (1) 1.865 ± 1.310a             3 23.21 ± 0.21*a

    0 (2) 1.928 ± 0.070a             3    20.47 ± 0.35*a

    4 2.048 ± 3.021a             3 5.94 ± 0.21*b

    6 1.829 ± 0.882a             3  4.57 ± 0.79*c

    8 1.891 ± 0.088a             3 3.38 ± 0.31*d

    10 1.991 ± 0.176a             3   2.01 ± 0.65*e

* Every means multiply with 10-6

 (1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 47  Glutathione- S- transferase activities of S. oryzae L. after are tested various
    concentrations of seeds of rambutans extracts at 12 hours under laboratory
    condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A. (Distilled water)
Treatment 2 = Control B. (95% Ethanol)
Treatment 3 = 4% w/w seed of rambutan extracts.
Treatment 4 = 6% w/w seed of rambutan extracts.
Treatment 5 = 8% w/w seed of rambutan extracts.
Treatment 6 = 10% w/w seed of rambutan extracts.
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2.2 The Study of Detoxification Enzyme of S. oryzae L. Against Seed of Rambutan
Extract With Synergist.

2.2.1 Detoxification Enzyme values of S. oryzae L. Against Rambutan’s Seed
Extract With 10% TPP.

a. Esterase Activity Level.  The seeds of rambutans extracts were trailed
against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control
B), 4, 6, 8, 10% w/w with synergists, 10% TPP. The in vitro esterase activities against various
concentrations are 14.43 ± 0.45, 13.98 ± 6.00, 10.46 ± 1.01, 10.42 ± 0.73, 8.48 ± 1.09 and 4.67 ±
2.14 nmole paranitrophenol/ mg protein/ ml, respectively (Table31, figure48). The esterase
activity values did not differ except esterase activity values at 10% w/w with significantly
different at 5% level of DMRT. However, esterase activity values depend on concentrations of
these extracts showing higher concentrations decreased esterase activities than the lower one.
Furthermore, the total protein values did not differ among groups with significantly different at
5% level of DMRT. (Table 31 and Figure 48)

b. Glutathione-S- transferase (GST) Activity Level.  The seeds of
rambutans extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control
A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist, 10% TPP. The in vitro GST
activities against various concentrations are 12.13 ± 0.15, 11.98 ± 3.48, 5.07 ± 0.85, 4.77 ± 2.71,
3.56 ± 3.68 and 1.74 ± 0.28 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table32, figure49). The GST activity values did not differ with
significantly at 5% level of DMRT. However, GST activity values depend on concentrations of
these extracts showing higher concentrations decreased GST activities than the lower one.
Furthermore, the total protein values did not differ among groups with significantly different at
5% level of DMRT. (Table 32 and Figure 49)
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Table31  Esterase activities of S. oryzae L. as affected by crude extract of  seeds of rambutans,
  Nephelium lappaceum L. with 10% TPP at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 1.997 ± 0.012a             3 14.43 ± 0.45a

    0 (2) 1.982 ± 0.130a             3    13.98 ± 6.00ab

    4 1.982 ± 0.277a             3 10.46 ± 1.01b

    6 1.993 ± 0.104a             3  10.42± 0.73b

    8 1.979 ± 0.058a             3 8.48 ± 1.09b

    10 2.086 ± 0.150a             3   4.67 ± 2.14c

(1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 48  Esterase activities of S. oryzae L. after are tested various concentrations of
    seeds of rambutan extracts with 10% TPP at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A (Distilled water) with 10% TPP.
Treatment 2 = Control B (95% Ethanol) with 10% TPP.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% TPP.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% TPP.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% TPP.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% TPP.
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Table32  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
seeds of rambutans, Nephelium lappaceum L., with 10% TPP at 12 hours under the
laboratory condition.

 Dose Total         No.     % average glutathione –S -
(% w/w) protein (mg) (3) Repeated      transferase activities

     (nM conjugated product
     /mg protein/ ml) (3)

    0 (1) 1.997 ± 0.012a             3 12.13 ± 0.15*a

    0 (2) 1.982 ± 0.130a             3    11.98 ± 3.48*a

    4 1.982 ± 0.277a             3 5.07 ± 0.85*b

    6 1.993 ± 0.104a             3  4.77 ± 2.71*b

    8 1.979 ± 0.058a             3 3.56 ± 3.68*b

    10 2.086 ± 0.150a             3   1.74 ± 0.28*b

* Every means multiply with 10-6

 (1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 49  Glutathione- S- transferase activities of S. oryzae L. after are tested various
concentration of seed of rambutan extracts  with 10% TPP at 12 hours under
laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% TPP.
Treatment 2 = Control B (95% Ethanol) with 10% TPP.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% TPP.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% TPP.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% TPP.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% TPP.
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2.2.2 Detoxification Enzyme values of S. oryzae L. Against Seed’s Rambutan
Extract With 10% DEM.

a. Esterase Activity Level.  The seeds of rambutans extracts were trailed
against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control
B), 4, 6, 8, 10% w/w with synergists, 10% DEM. The in vitro esterase activities against various
concentrations are 18.66 ± 1.48, 17.18 ± 2.15, 12.41 ± 1.70, 10.42 ± 0.73, 8.43 ± 1.09 and 4.67 ±
2.14 nmole paranitrophenol/ mg protein/ ml, respectively (Table33, figure50). The esterase
activity values differ with significantly different at 5% level of DMRT. The esterase activity
values depend on concentrations of these extracts showing higher concentrations decreased
esterase activities than the lower one.  Furthermore, the total protein values did not differ among
groups with significantly different at 5% level of DMRT. (Table 33 and Figure 50)

b. Glutathione-S- transferase (GST) Activity Level.  The seeds of
rambutans extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control
A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist, 10% DEM. The in vitro GST
activities against various concentrations are 11.13 ± 3.70, 10.89 ± 0.24, 4.89 ± 2.53, 3.66 ± 1.58,
3.20 ± 1.60 and 2.47 ± 0.50 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table34, figure51). The GST activity values did not differ with
significantly at 5% level of DMRT. However, GST activity values depend on concentrations of
these extracts showing higher concentrations decreased GST activities than the lower one.
Furthermore, the total protein values did not differ among groups with significantly different at
5% level of DMRT. (Table 34 and Figure 51)
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Table33  Esterase activities of S. oryzae L. as affected by crude extract of  seeds of rambutans,
Nephelium lappaceum L., with 10% DEM at 12 hours under the laboratory
condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.097 ± 0.017a             3 18.66 ± 1.48a

    0 (2) 2.093 ± 0.150a             3    17.18 ± 2.15a

    4 1.989 ± 0.253a             3 12.41 ± 1.70b

    6 1.994 ± 0.158a             3  10.42 ± 0.73c

    8 2.047 ± 0.160a             3 8.43 ± 1.09d

    10 2.041 ± 0.050a             3   4.67 ± 2.14e

(1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 50  Esterase activities of S. oryzae L. after are tested various concentrations of seeds
    of rambutans extracts with 10% DEM at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A (Distilled water) with 10% DEM.
Treatment 2 = Control B (95% Ethanol) with 10% DEM.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% DEM.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% DEM.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% DEM.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% DEM.
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.Table34  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
seeds of rambutans, Nephelum lappaceum L., with 10% DEM at  12 hours under the
laboratory condition.

 Dose Total         No.     % average glutathione-S-
(% w/w) protein (mg) (3) Repeated transferase activities (nM

conjugated product/mg protein/ ml) (3)

    0 (1) 2.097 ± 0.017a             3 11.13 ± 3.70*a

    0 (2) 2.093 ± 0.150a             3    10.89 ± 0.24*a

    4 1.989 ± 0.253a             3 4.89 ± 2.53*b

    6 1.994 ± 0.158a             3  3.66 ± 1.58*b

    8 2.047 ± 0.160a             3 3.20 ± 1.60*b

    10 2.041 ± 0.050a             3   2.47 ± 0.50*b

* Every means multiply with 10-6

 (1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.



129

4.89

10.89

3.2
2.47

3.66

11.13

0

2

4

6

8

10

12

1 2 3 4 5 6

Treatment

G
ST

 A
ct

iv
iti

es

Figure 51  Glutathione- S- transferase activities of S. oryzae L. after are tested various
    concentrations of seeds of rambutans extracts with 10% DEM at 12 hours
    under laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% DEM.
Treatment 2 = Control B (95% Ethanol) with 10% DEM.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% DEM.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% DEM.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% DEM.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% DEM.
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2.2.3 Detoxification Enzyme values of S. oryzae L. Against Seed’s Rambutan
Extract With 10% PB.

a. Esterase Activity Level.  The seeds of rambutans extracts were trailed
against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control
B), 4, 6, 8, 10% w/w with synergists, 10% PB. The in vitro esterase activities against various
concentrations are 14.43 ± 3.09, 13.46 ± 4.54, 9.18 ± 3.15, 8.23 ± 2.50, 6.89 ± 0.84 and 3.22 ±
1.03 nmole paranitrophenol/ mg protein/ ml, respectively (Table35, figure52). The esterase
activity values differ significantly at 5% level of DMRT except esterase activity values between 4
and 6% w/w. The esterase activity values depend on concentrations of these extracts showing
higher concentrations decreased esterase activities than the lower one.  Furthermore, the total
protein values did not differ among groups with significantly different at 5% level of DMRT.
(Table 35 and Figure 52)

b. Glutathione-S- transferase (GST) Activity Level.  The seeds of
rambutans extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control
A), 0 (95% ethanol: Control B), 4, 6, 8, 10% w/w with synergist, 10% PB. The in vitro GST
activities against various concentrations are 12.13 ± 0.35, 11.34 ± 0.56, 5.85 ± 1.64, 4.62 ± 0.76,
3.29 ± 0.14 and 2.56 ± 0.68 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table36, figure53). The GST activity values differ significantly at 5%
level of DMRT except GST activity values between 4 and 6% w/w, 6 and 8% w/w and 8 and 10%
w/w. The GST activity values depend on concentrations of these extracts showing higher
concentrations decreased GST activities than the lower one.  Furthermore, the total protein values
did not differ among groups with significantly different at 5% level of DMRT. (Table 36 and
Figure 53)
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Table35  Esterase activities of S. oryzae L. as affected by crude extract of  seeds of rambutans,
  Nephelium lappaceum L., with 10% PB at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% w/w) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.029 ± 0.017a             3 14.43 ± 3.09a

    0 (2) 1.928 ± 0.176 a             3    13.46 ± 4.54a

    4 1.995 ± 0.164a             3 9.18 ± 3.15b

    6 2.033 ± 0.068a             3  8.23 ± 2.50b

    8 1.902 ± 0.130a             3 6.89 ± 0.84c

    10 2.101 ± 0.076a             3   3.22 ± 1.03d

(1) Control A = Distilled water with 10% PB.
(2) Control B = 95 % Ethanol with 10% PB.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 52  Esterase activities of S. oryzae L. after are tested various concentrations of seeds
           of rambutans  extracts with 10% PB at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A (Distilled water) with 10% PB.
Treatment 2 = Control B (95% Ethanol) with 10% PB.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% PB.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% PB.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% PB.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% PB.
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Table36  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
seeds of rambutans, Nephelium lappaceum L., with 10% PB at  12 hours under the
laboratory condition.

Dose Total         No.     % average glutathione-S-
(% w/w) protein (mg) (3) Repeated transferase activities        (nM

conjugated product/mg protein/ ml) (3)

    0 (1) 2.029 ± 0.017a             3 12.13 ± 0.35*a

    0 (2) 1.928 ± 0.176a             3    11.34 ± 0.56*a

    4 1.995 ± 0.164a             3 5.85 ± 1.64*b

    6 2.033 ± 0.068a             3  4.62 ± 0.76*bc

    8 1.902 ± 0.130a             3 3.29 ± 0.14*cd

   10 2.101 ± 0.076a             3   2.56 ± 0.68*d

* Every means multiply with 10-6

 (1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 53  Glutathione- S- transferase activities of S. oryzae L. after are tested various
concentrations of seeds of rambutans extracts with 10% PB at 12 hours under
laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% PB.
Treatment 2 = Control B (95% Ethanol) with 10% PB.
Treatment 3 = 4% w/w seed of rambutan extracts with 10% PB.
Treatment 4 = 6% w/w seed of rambutan extracts with 10% PB.
Treatment 5 = 8% w/w seed of rambutan extracts with 10% PB.
Treatment 6 = 10% w/w seed of rambutan extracts with 10% PB.
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3. The Effect of Leaves of Kaffir lime’s Extract to Detoxification Enzymes of S. Oryzae L.

3.1 The Study of Detoxification Enzyme of S. oryzae L. Against Kaffir lime’s leaves
Extract Without Synergist.

3.1.1 Esterase Activity Level.  The leaves of kaffir lime extracts were trailed
against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol: Control
B), 10, 30, 50, 70% w/v without synergists. The esterase activities from life treated adult of S.
oryzae L. after exposure for 12 hours are in vitro observed using PNPA as a substrate. The
spectrophotometer calibrated at 400 nm was used to identify the product, paranitrophenol, which
produced yellowish colors.  The in vitro esterase activities against various concentrations are
8181.49 ± 6.20, 79.94 ± 4.28, 17.93 ± 1.17, 19.04 ± 1.30, 20.86 ± 2.42 and 23.85 ± 0.25 nmole
paranitrophenol/ mg protein/ ml, respectively (Table37, figure54). The esterase activity values
differ significantly at 5% level of DMRT except esterase activity values between 10 and 30 %
w/v and 30 and 50 % w/v. The esterase activity values depend on concentrations of these extracts
showing higher concentrations increased esterase activities than the lower one but less than
control.  Furthermore, the total protein values did not differ among groups with significantly
different at 5% level of DMRT. (Table 37 and Figure 54)

3.1.2 Glutathione-S- transferase (GST) Activity Level.  The leaves of kaffir limes
extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0
(95% ethanol: Control B), 10, 30, 50, 70% w/v without synergists. The GST activities from life
treated adult of S. oryzae L. after exposure for 12 hours are in vitro observed using CDNB as a
substrate. The spectrophotometer calibrated at 340 nm was used to identify the CDNB conjugated
product, which produced no colors.  The in vitro GST activities against various concentrations are
23.21 ± 0.21, 20.47 ± 0.35, 18.76 ± 2.31, 13.98 ± 1.04, 12.48 ± 1.45 and 14.17 ± 2.63 (every
means multiply with 10-6) nmole conjugated product/ mg protein/ ml, respectively (Table38,
figure55). The GST activity values did not differ significantly at 5% level of DMRT except GST
activity values at 10% w/v. The GST activity values depend on concentrations of these extracts
showing higher concentrations decreased GST activities than the lower one but in 70% w/v leaves
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of kaffir lime extract increased but still less than both controls.  Furthermore, the total protein
values did not differ among groups with significantly different at 5% level of DMRT. (Table 38
and Figure 55)

Table37  Esterase activities of S. oryzae L. as affected by crude extract of  leaves of
Kaffir lime, Citrus hystrix DC. at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% W/V) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.010 ± 0.102a             3 81.49 ± 6.20a

    0 (2) 1.997 ± 0.017a            3    79.94 ± 4.28a

    10 2.048 ± 3.021a             3 17.93 ± 1.17b

    30 1.829 ± 0.882a             3  19.04 ± 1.30bc

    50 1.891 ± 0.088a             3 20.86 ± 2.42c

    70 1.991 ± 0.176a             3   23.85 ± 0.25d

(1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 54  Esterase activities of S. oryzae L. after are tested various concentrations of leaves
    of kaffir lime extracts without synergist at 12 hours under laboratory condition.

Notes
Treatment 1 = Control A (Distilled water).
 Treatment 2 = Control B (95% Ethanol).
Treatment 3 = 10% w/v leaves of Kaffir lime extract.
Treatment 4 = 30% w/v leaves of Kaffir lime extract.
Treatment 5 = 50% w/v leaves of Kaffir lime extract.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts.
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Table38  GST activities of S. oryzae L. as affected by crude extract of  leaves of Kaffir lime,
  Citrus hystrix DC. at 12 hours under the laboratory condition.

 Dose Total         No.     % average glutathione-S-
(% W/V) protein (mg) (3) Repeated      transferase activities

     (nM conjugated product
      /mg protein/ ml) (3)

    0 (1) 1.865 ± 1.310a             3 23.21 ± 0.21*a

    0 (2) 1.928 ± 0.070a             3    20.47 ± 0.35*ab

    10 2.048 ± 3.021a             3 18.76 ± 2.31*b

    30 1.829 ± 0.882a             3  13.98 ± 1.04*c

    50 1.891 ± 0.088a             3 12.48 ± 1.45*c

    70 1.991 ± 0.176a              3   14.17 ± 2.63*c

* Every means multiply with 10-6

 (1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 55  GST activities of S. oryzae L. after are tested various concentrations of leaves of
    kaffir lime extracts without synergist at 12 hours under laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water).
 Treatment 2 = Control B (95% Ethanol).
Treatment 3 = 10% w/v leaves of Kaffir lime extract.
Treatment 4 = 30% w/v leaves of Kaffir lime extract.
Treatment 5 = 50% w/v leaves of Kaffir lime extract.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts.
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3.2 The Study of Detoxification Enzyme of S. oryzae L. Against kaffir lime’s  leaves
Extract With Synergist.

3.2.1 Detoxification Enzyme values of S. oryzae L. Against kaffir lime’s leaves
Extract With 10% TPP.

a. Esterase Activity Level.  The leaves of kaffir lime extracts were
trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol:
Control B), 10, 30, 50, 70% w/v with synergist, 10% TPP. The in vitro esterase activities against
various concentrations are 14.43 ± 0.23, 13.98 ± 0.37, 12.15 ± 1.13, 9.82 ± 0.87, 8.47 ± 1.25 and
10.48 ± 1.73 nmole paranitrophenol/ mg protein/ ml, respectively (Table39, figure56). The
esterase activity values differ significantly different at 5% level of DMRT except esterase activity
values between control B and 10% w/v and 30 and 70% w/v. The esterase activity values depend
on concentrations of these extracts showing higher concentrations decreased esterase activities
than the lower one but at 70% w/v of the extract, esterase activities increased but still less than
two controls. Furthermore, the total protein values did not differ among groups with significantly
different at 5% level of DMRT. (Table 39 and Figure 56)

b. Glutathione-S- transferase (GST) Activity Level.  The leaves of kaffir
limes extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A),
0 (95% ethanol: Control B), 10, 30, 50, 70% w/v with synergist, 10% TPP. The in vitro GST
activities against various concentrations are 12.13 ± 0.35, 11.34 ± 0.56, 4.77 ± 0.85, 3.22 ± 0.20,
1.87 ± 0.20 and 1.94 ± 0.18 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table40, figure57). The GST activity values differ significantly at 5%
level of DMRT except GST activity values between 50 and 70 % w/v. The GST activity values
depend on concentrations of these extracts showing higher concentrations decreased GST
activities than the lower one but in 50 and 70% w/v leaves of kaffir lime extract increased but still
less than both controls.  Furthermore, the total protein values did not differ among groups with
significantly different at 5% level of DMRT. (Table40 and Figure 57)
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Table39  Esterase activities of S. oryzae L. as affected by crude extract of  leaves of Kaffir lime,
  Citrus hystrix DC. with 10% TPP at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% W/V) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

      0 (1) 1.997 ± 0.012a             3 14.43 ± 0.45a

      0 (2) 1.982 ± 0.130a             3    13.98 ± 6.00ab

    10 1.982 ± 0.277a             3 12.15 ± 1.13b

    30 1.993 ± 0.104a             3  9.82± 0.87c

    50 1.979 ± 0.058a             3 8.47 ± 1.25d

    70 2.086 ± 0.150a             3   10.48 ± 1.73c

(1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 56  Esterase activities of S. oryzae L. after are tested various concentrations of leaves
of kaffir lime extracts with synergist, 10 % TPP at 12 hours under laboratory
condition.

Notes
Treatment 1 = Control A (Distilled water) with 10 % TPP.
Treatment 2 = Control B (95% Ethanol) with 10 % TPP.
Treatment 3 = 10% w/v leaves of Kaffir lime extract with 10 % TPP.
Treatment 4 = 30% w/v leaves of Kaffir lime extract with 10 % TPP.
Treatment 5 = 50% w/v leaves of Kaffir lime extract with 10 % TPP.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts with 10 % TPP.
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Table40  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
leaves of   Kaffir lime, Citrus hystrix DC., with 10% TPP at 12 hours under the
laboratory condition.

 Dose Total         No.     % average glutathione –S -
(% W/V) protein (mg) (3) Repeated      transferase activities
             (nM conjugated product

     /mg protein/ ml) (3)

    0 (1) 1.997 ± 0.012a             3 12.13 ± 0.15*a

    0 (2) 1.982 ± 0.130a             3    11.98 ± 3.48*a

    10 1.982 ± 0.277a             3 4.77 ± 0.85*b

    30 1.993 ± 0.104a             3  1.22 ± 0.20*c

    50 1.979 ± 0.058a             3 1.87 ± 0.20*d

    70 2.086 ± 0.150a             3   1.94 ± 0.18*d

* Every means multiply with 10-6

 (1) Control A = Distilled water with 10% TPP.
(2) Control B = 95 % Ethanol with 10% TPP.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 57  GST activities of S. oryzae L. after are tested various concentrations of leaves of
    kaffir lime extracts with 10% TPP at 12 hours under laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10% TPP.
 Treatment 2 = Control B (95% Ethanol) with 10% TPP.
Treatment 3 = 10% w/v leaves of Kaffir lime extract with 10% TPP.
Treatment 4 = 30% w/v leaves of Kaffir lime extract with 10% TPP.
Treatment 5 = 50% w/v leaves of Kaffir lime extract with 10% TPP.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts with 10% TPP.
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3.2.2 Detoxification Enzyme values of S. oryzae L. Against kaffir lime’s leaves
Extract With 10% DEM.

a. Esterase Activity Level.  The leaves of kaffir lime extracts were
trailed against rice weevils at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol:
Control B), 10, 30, 50, 70% w/v with synergist, 10% DEM. The in vitro esterase activities against
various concentrations are 18.66 ± 2.98, 17.18 ± 2.52, 15.76 ± 0.46, 13.42 ± 0.73, 10.66 ± 0.98
and 13.67 ± 1.54 nmole paranitrophenol/ mg protein/ ml, respectively (Table41, figure58). The
esterase activity values differ significantly at 5% level of DMRT except esterase activity values
between 30 and 70% w/v. The esterase activity values depend on concentrations of these extracts
showing higher concentrations decreased esterase activities than the lower one but at 70% w/v of
the extract, esterase activities increased but still less than two controls. Furthermore, the total
protein values did not differ among groups with significantly different at 5% level of DMRT.
(Table 41 and Figure 58)

b. Glutathione-S- transferase (GST) Activity Level.  The leaves of kaffir
limes extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A),
0 (95% ethanol: Control B), 10, 30, 50, 70% w/v with synergist, 10% DEM. The in vitro GST
activities against various concentrations are 11.13 ± 0.64, 10.89 ± 0.57, 8.50 ± 1.57, 5.37 ± 0.22,
2.94 ± 0.26 and 1.21 ± 1.41 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table42, figure59). The GST activity values differ significantly at 5%
level of DMRT. The GST activity values depend on concentrations of these extracts showing
higher concentrations decreased GST activities than the lower one. Furthermore, the total protein
values did not differ among groups with significantly different at 5% level of DMRT. (Table42
and Figure 59)
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Table41  Esterase activities of S. oryzae L. as affected by crude extract of leaves of Kaffir lime,
  Citrus hystrix DC., with 10% DEM at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% W/V) protein (mg) (3) Repeated       (nM paranitrophenol

      / mg protein/ ml) (3)

     0 (1) 2.097 ± 0.017a             3 18.66 ± 1.48a

     0 (2) 2.093 ± 0.150a             3    17.18 ± 2.15a

    10 1.989 ± 0.253a             3 15.76 ± 0.46b

    30 1.994 ± 0.158a             3  13.42 ± 0.73c

    50 2.047 ± 0.160a             3 10.66 ± 0.98d

    70 2.041 ± 0.050a             3   13.67 ± 1.54c

(1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 58  Esterase activities of S. oryzae L. after are tested various concentrations of leaves
of kaffir lime extracts with synergist, 10 % DEM at 12 hours under laboratory
condition.

Notes
Treatment 1 = Control A (Distilled water) with 10 % DEM.
 Treatment 2 = Control B (95% Ethanol) with 10 % DEM.
Treatment 3 = 10% w/v leaves of Kaffir lime extract with 10 % DEM.
Treatment 4 = 30% w/v leaves of Kaffir lime extract with 10 % DEM.
Treatment 5 = 50% w/v leaves of Kaffir lime extract with 10 % DEM.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts with 10 % DEM.
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Table42  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
leaves of    Kaffir lime, Citrus hystrix DC., with 10% DEM at  12 hours under
laboratory condition.

 Dose Total         No.     % average glutathione-S-
(% W/V) protein (mg) (3) Repeated transferase activities (nM conjugated

product/mg protein/ ml) (3)

     0 (1) 2.097 ± 0.017a             3 11.13 ± 3.70*a

     0 (2) 2.093 ± 0.150a             3    10.89 ± 0.24*a

    10 1.989 ± 0.253a             3 8.50 ± 1.57*b

    30 1.994 ± 0.158a             3  5.37 ± 0.22*c

    50 2.047 ± 0.160a             3 2.94 ± 0.26*d

    70 2.041 ± 0.050a             3   1.21 ± 1.41*e

* Every means multiply with 10-6

 (1) Control A = Distilled water with 10% DEM.
(2) Control B = 95 % Ethanol with 10% DEM.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 59  Glutathione-S-transferase activities of S. oryzae L. after are tested various
    concentrations of leaves of kaffir lime extracts with synergist, 10 % DEM
    at 12 hours under laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10 % DEM.
Treatment 2 = Control B (95% Ethanol) with 10 % DEM.
Treatment 3 = 10% w/v leaves of Kaffir lime extract with 10 % DEM.
Treatment 4 = 30% w/v leaves of Kaffir lime extract with 10 % DEM.
Treatment 5 = 50% w/v leaves of Kaffir lime extract with 10 % DEM.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts with 10 % DEM.
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3.2.3 Detoxification Enzyme values of S. oryzae L. Against kaffir lime’s leaves
Extract With 10% PB.

a. Esterase Activity Level.  The leaves of kaffir lime extracts were
trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A), 0 (95% ethanol:
Control B), 10, 30, 50, 70% w/v with synergist, 10% PB. The in vitro esterase activities against
various concentrations are 14.43 ± 3.09, 13.46 ± 4.54, 7.66 ± 0.61, 6.65 ± 0.68, 4.99 ± 0.56 and
2.56 ± 1.04 nmole paranitrophenol/ mg protein/ ml, respectively (Table43, figure60). The esterase
activity values differ significantly at 5% level of DMRT. The esterase activity values depend on
concentrations of these extracts showing higher concentrations decreased esterase activities than
the lower one. Furthermore, the total protein values did not differ among groups with
significantly different at 5% level of DMRT. (Table 43 and Figure 60)

b. Glutathione-S- transferase (GST) Activity Level.  The leaves of kaffir
limes extracts were trailed against S. oryzae L. at 6 concentrations, 0 (distilled water: Control A),
0 (95% ethanol: Control B), 10, 30, 50, 70% w/v with synergist, 10% PB. The in vitro GST
activities against various concentrations are 12.13 ± 0.35, 11.34 ± 0.56, 5.86 ± 1.05, 8.22 ± 0.18,
9.37 ± 1.85 and 10.37 ± 0.89 (every means multiply with 10-6) nmole conjugated product/ mg
protein/ ml, respectively (Table44, figure61). The GST activity values differ significantly at 5%
level of DMRT except GST activity values between 50 and 70 % w/v. The GST activity values
depend on concentrations of these extracts showing higher concentrations increased esterase
activities than the lower one. Furthermore, the total protein values did not differ among groups
with significantly different at 5% level of DMRT. (Table44 and Figure 61)
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Table43  Esterase activities of S. oryzae L. as affected by crude extract of  leaves of Kaffir lime,
 Citrus hystrix DC., with 10% PB at 12 hours under the laboratory condition.

 Dose Total         No.     % average esterase activities
(% W/V) protein (mg) (3) Repeated           (nM paranitrophenol

            / mg protein/ ml) (3)

    0 (1) 2.029 ± 0.017a             3 14.43 ± 3.09a

    0 (2) 1.928 ± 0.176a             3    13.46 ± 4.54a

    10 1.995 ± 0.164a             3 7.66 ± 0.61b

    30 2.033 ± 0.068a             3  6.65 ± 0.68c

    50 1.902 ± 0.130a             3 4.99 ± 0.56d

    70 2.101 ± 0.076a             3   2.56 ± 1.04e

(1) Control A = Distilled water with 10% PB.
(2) Control B = 95 % Ethanol with 10% PB.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 60  Esterase activities of S. oryzae L. after are tested various concentrations of leaves
of kaffir lime extracts with synergist, 10 % PB at 12 hours under laboratory
condition.

Notes
Treatment 1 = Control A (Distilled water) with 10 % PB.
Treatment 2 = Control B (95% Ethanol) with 10 % PB.
Treatment 3 = 10% w/v leaves of Kaffir lime extract with 10 % PB.
Treatment 4 = 30% w/v leaves of Kaffir lime extract with 10 % PB.
Treatment 5 = 50% w/v leaves of Kaffir lime extract with 10 % PB.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts with 10 % PB.
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Table44  Glutathione –S –transferase activities of S. oryzae L. as affected by crude extract of
   leaves of Kaffir lime, Citrus hystrix DC., with 10% PB at  12 hours  under the
   laboratory condition.

Dose Total         No.     % average glutathione-S-
(% W/V) protein (mg) (3) Repeated transferase activities (nM conjugated

product/mg protein/ ml) (3)

    0 (1) 2.029 ± 0.017a             3 12.13 ± 0.35*a

    0 (2) 1.928 ± 0.176a             3    11.34 ± 0.56*a

    10 1.995 ± 0.164a             3 5.86 ± 1.05*b

    30 2.033 ± 0.068a             3  8.22 ± 0.18*c

    50 1.902 ± 0.130a             3 9.37 ± 1.85*d

    70 2.101 ± 0.076a             3   10.37 ± 0.89*d

* Every means multiply with 10-6

 (1) Control A = Distilled water.
(2) Control B = 95 % Ethanol.
(3) Means ± SD followed by a common letter in the same column are not significantly different at
5% level of DMRT.
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Figure 61  Glutathione-S-transferase activities of S. oryzae L. after are tested various
    concentrations of leaves of kaffir lime extracts with synergist, 10 % PB at 12
    hours under laboratory condition.

Notes
* Every means multiply with 10-6

Treatment 1 = Control A (Distilled water) with 10 % PB.
Treatment 2 = Control B (95% Ethanol) with 10 % PB.
Treatment 3 = 10% w/v leaves of Kaffir lime extract with 10 % PB.
Treatment 4 = 30% w/v leaves of Kaffir lime extract with 10 % PB.
Treatment 5 = 50% w/v leaves of Kaffir lime extract with 10 % PB.
Treatment 6 = 70% w/v leaves of Kaffir lime extracts with 10 % PB.



155

4. The Correction Factor of Each Plant Extracts to Detoxification Enzymes of S. oryzae L.

The peels of mangosteens extracts alone gave decreased esterase and glutathione –S –
transferase activities showing of correction factor (CF) ca. 1.34 and 3.62 fold, respectively,
comparing to the untreated control (Table 45).The addition of synergists, TPP, DEM and PB in
this extract showed increased CF ca. 10.67, 10.12 and 18.31 fold for esterase and 4.07, 7.79 and
6.56 fold for GST (Table 45).

The seeds of rambutan extracts alone gave decreased esterase and glutathione –S –
transferase activities showing of correction factor (CF) ca. 1.80and 5.30 fold, respectively,
comparing to untreated control (Table 46).The addition of TPP, DEM and PB in this extract
showed increased CF ca. 7.75, 9.54 and 11.07 fold for esterase and 5.20, 6.56 and 6.56 fold for
GST (Table 46).

The leaves of kaffir lime extracts alone gave decreased esterase and glutathione –S –
transferase activities showing of correction factor (CF) ca. 3.42 and 1.64 fold, respectively,
compared to untreated control (Table 47).The addition of TPP, DEM and PB in leaves of kaffir
lime extract showed increased CF ca. 7.78, 5.96 and 31.83 fold for esterase and 11.96, 19.18 and
2.24 fold for GST (Table 47).
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Table 45  Esterase and glutathione –S- transferase (GST) activities(1, 2) of adult S. oryzae L.
against 5.25% w/w peel of mangosteen extracts at 12 hours exposure. (3)

Type of Extract Esterase    [CF](4)   GST(5) [CF](4)

Control 81.49 ± 6.20a     - 23.21 ± 8.35a -
None (6) 60.45 ± 1.03b 1.34 6.41 ± 1.12b 3.62
+ TPP 7.64 ± 1.10c 10.67 5.70 ± 1.01bd 4.07
+DEM 8.05 ± 1.12c 10.12 2.98 ± 0.96c 7.79
+PB 4.45 ± 1.03d 18.31 3.54 ± 2.12cd 6.56

(1) Means ± SD followed by different letters within the same column are significantly different at
P<0.05, DMRT
(2) Means ± SD, 3 replicates, n = 40 adults were employed, 12 hours check per batch from F2-
gerneration for all experiments.
(3) Enzyme assays were followed Visetson and Milne (2001), the unit of esterase and glutathione-
S-transferase are nM paranitrophenol product/ min/ mg protein and nM CDNB conjugated
product/ min/ mg protein.
(4) CF is a correction factor = (enzyme activity of control)/ (enzyme activity of treatment)
(5) Every means multiply with 10-6

(6) “None” means no synergist was added to the concentration while control means spraying with
water onto the weevils.
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Table 46  Esterase and glutathione –S- transferase (GST) activities(1, 2) of adult S. oryzae L.
   against 7.41% w/w seeds of rambutans extracts at 12 hours exposure. (3)

Type of Extract Esterase       [CF] (4) GST (5) [CF] (4)

Control 81.49 ± 6.20a     - 23.21 ± 8.35a -
None (6) 45.21 ± 2.41b 1.80 4.38 ± 0.12 b 5.30
+ TPP 10.51 ± 1.09c 7.75 4.46 ± 1.68 b 5.20
+DEM 8.54 ± 1.03de 9.54 3.54 ± 1.12 c 6.56
+PB 7.36 ± 0.84e 11.07 3.54 ± 1.03 c 6.56

 (1) Means ± SD followed by different letters within the same column are significantly different at
P<0.05, DMRT
(2) Means ± SD, 3 replicates, n = 40 adults were employed, 12 hours check per batch from F2-
gerneration for all experiments.
(3) Enzyme assays were followed Visetson and Milne (2001), the unit of esterase and glutathione-
S-transferase are nM paranitrophenol product/ min/ mg protein and nM CDNB conjugated
product/ min/ mg protein.
(4) CF is a correction factor = (enzyme activity of none)/(enzyme activity of treatment)
(5) Every means multiply with 10-6

(6) “None” means no synergist was added to the concentration while control means spraying with
water onto the weevils.
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Table 47  Esterase and glutathione –S- transferase (GST) activities (1, 2) of adult S. oryzae L.
   against 70% w/v leaves of kaffir lime extracts after 12 hours of exposure. (3)

Type of Extract Esterase        [CF] (4) GST (5) [CF] (4)

Control 81.49 ± 6.20a     - 23.21 ± 8.35a -
None (6) 23.85 ± 0.25b 3.42 14.17 ± 2.63b 1.64
+ TPP 10.48 ± 1.73c 7.78 1.94 ± 0.18c 11.96
+DEM 13.67 ± 1.54c 5.96 1.21 ± 1.41d 19.18
+PB 2.56 ± 1.04d 31.83 10.37 ± 0.89e 2.24

 (1) Means ± SD followed by different letters within the same column are significantly different at
P<0.05, DMRT
(2) Means ± SD, 3 replicates, n = 40 adults were employed, 12 hours check per batch from F2-
gerneration for all experiments.
(3) Enzyme assays were followed Visetson and Milne (2001), the unit of esterase and glutathione-
S-transferase are nM paranitrophenol product/ min/ mg protein and nM CDNB conjugated
product/ min/ mg protein.
(4) CF is a correction factor = (enzyme activity of none)/(enzyme activity of treatment)
(5) Every means multiply with 10-6

(6) “None” means no synergist was added to the concentration while control means spraying with
water onto the weevils.
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Interpretation of Detoxification Mechanisms in Terms of Correlation Coefficient (r2), LC50

and Synergist Ratio from Each Plant Extracts with and without Synergists.

Using the impregnated filter paper method with various extract concentrations against,
LC50 values for both plant extracts without synergist (peel of mangosteen and seed of rambutan)
to the adult of S. oryzae L. were 5.25 % w/w and 7.41 % w/w at 12 hours exposure, respectively.
The longer exposure time to 24 hours give significant different on the LC50. Anyhow, the
essential oil from leaves of kaffir lime extract did not induce mortality percentage but it showed
effective as repellent agent.

 At 12 hour exposures, the addition of 10% TPP, DEM and PB in peels of mangosteens
extracts showed synergist ratios (SR) ca. 1.86, 2.04 and 1.68 fold, respectively and 2.12, 1.69 and
2.80 fold, respectively at 24 hour exposures (Table 48).

At 12 hour exposures, the addition of 10% TPP, DEM and PB in seeds of rambutans
extracts showed synergist ratios (SR) ca. 1.80, 1.50 and 2.18 fold, respectively and 9.50, 2.19 and
3.88 fold, respectively at 24 hour exposures (Table 49).

The correlation coefficient between concentration and mortality in most experiments
indicated r2 of 0.804 – 0.994 showing that the effects of active compounds on the mortality of
weevils were highly correlated (Table 48 and 49).



160

Table48  LC50 value (% w/w) (1,2),Correlation Coefficient (r2) and synergist ratio (SR) of
S. oryzae L. affected by crude extracts of mangosteen’s peel with or without synergist at
12 and 24 hours of exposure using the impregnated filter paper method.

Type of extract Hours LC50 r2 [SR]

None(3) 12 5.25a 0.994    -
24 4.03b 0.985    -

+ TPP 12 2.83c 0.919 1.86
24 1.90d 0.804 2.12

+DEM 12 2.57e 0.925 2.04
24 2.39f 0.820 1.69

+PB 12 3.13g 0.902 1.68
24 1.44h 0.809 2.80

 (1) Means ± SD followed by different letters within the same column are significantly different at
P<0.05
(2) 3 replication 60 individual/replicate, 24 hours check per batch from F2-generation for all
experiment
(3) “None” means no synergist was added to the various concentrations. SR = (LC50 none)/ (LC50

with synergist) while r2 was a correlation determination between concentration and mortality.
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Table 49 LC50 value (% w/w)(1,2), Correlation Coefficient (r2) and synergist ratio (SR) of
  S. oryzae L. affected by crude extracts of rambutan’s with or without synergist at 12 and
  24 hours of exposure using the impregnated filter paper method.

Type of extract Hours LC50 r2 [SR]

None(3) 12 7.41 a 0.978    -
24 6.37 b 0.979    -

+ TPP 12 4.11 c 0.994 1.80
24 0.67 d 0.951 9.50

+DEM 12 4.93 e 0.996 1.50
24 2.91 f 0.963 2.19

+PB 12 3.40 g 0.974 2.18
24 1.64 h 0.909 3.88

 (1) Means ± SD followed by different letters within the same column are significantly different at
P<0.05
(2) 3 replication 60 individual/replicate, 24 hours check per batch from F2-generation for all
experiment
(3) “None” means no synergist was added to the various concentrations. SR = (LC50 none)/(LC50

with synergist) while r2 was a correlation determination between concentration and mortality.



162

Identification of Detoxification Mechanisms

1. Analysis of Inhibitor Type

Because of both enzyme systems in terms of esterase and glutathione-S-transferase from
S. oryzae L. showed inhibition against all plant extracts.  So Km and Vmax would be the values to
clarify which types of inhibition occur to the system against each extracts.  Both enzymatic values
were measured followed the modified methods of Visetson (1991) and Visetson et al. (2001).
The methods were done for enzyme activities with each plant extract mixing with varying
substrate concentrations against enzyme concentrations and looking for the Km and Vmax values.

1.1 Type of esterase inhibition.

      These experiments used 5.25% w/w peel of mangosteen, 7.41% w/w for
seeds of rambutan, 70% w/v leaves of kaffir lime extract which were the LC50 for these S. oryzae
L. against each extracts.  The enzyme activity showed Km ca. 0.3076± 0.08 M and Vmax ca. 22.22
± 0.01, Km ca. 0.2382 ± 0.03 M and Vmax ca. 9.09 ± 0.05, and Km ca. 0.1279 ± 0.10 M and Vmax ca.
5.56 ± 0.02 n mole paranitrophenol/ mg protein/ ml, respectively.  Thus, this type of activity is
uncompetitive inhibition following the recommendation of Reidy et al. (1990) and Visetson
(1991). (Table 50, Figure 62 and 63).

1.2 Type of glutathione-S-transferase inhibition

These experiments used 5.25% w/w peel of mangosteen, 7.41% w/w for seeds of
rambutan, 70% w/v leaves of kaffir lime extract which were the LC50 for these S. oryzae L.
against each extracts.  The enzyme activity showed Km ca. 335.95 ± 0.03mM and Vmax ca. 10.00 ±
0.04 nM, Km ca. 809.03 ± 0.01 mM and Vmax ca. 11.76± 0.01 nM, and Km ca. 261.64 ± 0.02 mM
and Vmax ca. 5.56± 0.01 nM CDNB conjugated product/ mg protein/ ml, respectively.  Thus, type
of this activity is uncompetitive inhibition following the recommendation of Reidy et al. (1990)
and Visetson (1991). (Table 51, Figure 64 and 65).
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Table 50  Km and Vmax values (1) of esterase activities in S. oryzae L. after treated with each plant
   extracts under laboratory condition.

Type of extract Km values (M) Vmax values
     (n mole paranitrophenol/

mg protein/ ml)

Control 0.6205 ± 0.10a 50.00 ± 0.04a

5.25 %w/w peel of mangosteen extract 0.3076 ± 0.08b 22.22 ± 0.01b

7.41 %w/w seed of rambutan extract 0.2382 ± 0.03 c 9.091 ± 0.05c

70 %w/v leaves of kaffir lime extract 0.1279 ± 0.10d 5.560 ± 0.02d

(1) Means ± SD from 3 replication 60 individual/replicate followed by different letters within the
same column are significantly different at P<0.05
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Figure 62  Average esterase activities of S. oryzae L. after are tested by plant’s extracts with
various concentration of paranitrophenylacetate as substrate under laboratory condition.

** The concentration of paranitrophenylacetate is varied among 0.04 -0.20 M.



164

Figure 63  Average esterase activities of S. oryzae L. after are tested by plant’s extracts with
    various concentrations of paranitrophenylacetate as substrate under laboratory
   condition by double reciprocal plot.

Notes The concentration of paranitrophenylacetate is varied among 0.04 -0.20 M.

Line 1: 70% w/v leaves of kaffir lime extract.
Line 2: 5.25 % w/w peel of mangosteen extract.
Line 3: 7.41 % w/w seed of rambutan extract.
Line 4: Control (distilled water).
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Table 51  Km and Vmax values of GST activities in S. oryzae L. after treated with each plant
   extracts under laboratory condition.

Type of extract Km values (mM)       Vmax values
              (nmole conjugated

product/ mg protein/ ml)

Control 102.73 ± 0.05a 16.67 ± 0.02a

5.25 %w/w peel of mangosteen extract 335.95 ± 0.03b 10.00 ± 0.04b

7.41 %w/w seed of rambutan extract 797.46 ± 0.01c 11.76 ± 0.01c

70 %w/v leaves of kaffir lime extract 294.59 ± 0.02d 5.88 ± 0.01d

(1) Means ± SD from 3 replication 60 individual/replicate followed by different letters within the
same column are significantly different at P<0.05
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Figure 64  Average GST activities of S. oryzae L. after are tested by plant’s extracts with various
   concentration of chlorodinitrobenzene as substrate under laboratory condition.

Notes:  Every activity values multiply with 10-6 and the concentration of chlorodinitrobenzene is
varied among 30 -270 mM.
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Figure 65  Average GST activities of S. oryzae L. after are tested by plant’s extracts with various
    concentration of Chlorodinitrobenzene as substrate under laboratory condition by
    double reciprocal plot.

Notes The concentration of Chlorodinitrobenzene is varied among 30 -270 mM.
Every activity values multiply with 10-6

Line 1: 70% w/v leaves of kaffir lime extract.
Line 2: 5.25 % w/w peel of mangosteen extract
Line 3: 7.41 % w/w seed of rambutan extract.
Line 4: Control (distilled water).
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2. Characteristic of Detoxification enzymes in Treated Adult of S. oryzae L.

2.1 Characteristic of Esterase in Treated Adult of S. oryzae L.

The enzyme characterization in terms molecular weight and the present of
enzyme system of esterase in treated adult of S. oryzae L. by SDS-PAGE method modified from
Reidy et al. (1990). The expression esterase determined by running S. oryzae L. extracts after
treated with each plant extract.  Then the enzyme was loaded onto 10% SDS -PAGE. The
expression of each bands (band 2-6), compared with the standard band (band 1) were shown in
Figure 66.  The characteristic indicated that this type of enzyme possess the molecular weight of
220 kDa that responsible for the activity against plant extracts (Figure 66).

               1  2    3     4     5    6

Figure 66  The expression of esterase band in S. oryzae L. after are treated by differ treatment
    compare together with standard on 10% SDS Gel.

Notes: Band 1: Standard of esterase
Band 2: Control A (Treated S. oryzae L. against distilled water)
Band 3: Control B (Treated S. oryzae L. against 95% ethanol)
Band 4: Treated S. oryzae L. against 5.25% w/w peel of mangosteen extracts.
Band 5: Treated S. oryzae L. against 7.41% w/w seed of rambutan extracts
Band 6: Treated S. oryzae L. against 70% w/v leaves of kaffir lime extracts.

220 kDa
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2.2 Characteristic of Glutathione-S-transferase in Treated Adult of S. oryzae L.

The enzyme characterization in terms molecular weight and the present of
enzyme system of glutathione-S-transferase in treated adult of S. oryzae L. by SDS-PAGE
method modified from Reidy et al. (1990). The expression glutathione-S-transferase determined
by running S. oryzae L. extracts after treated with each plant extract.  Then the enzyme was
loaded onto 15% SDS -PAGE. The expression of each bands (band 1-5), compared with the
standard band (band 6) were shown in Figure 66.  The characteristic indicated that this type of
enzyme possess the molecular weight of 26 kDa that responsible for the activity against plant
extracts (Figure 67).

               1     2     3     4     5 6

Figure 67  The expression of Glutathione –S -transferase band in S. oryzae L. after are treated by
    differ treatment compare together with standard on 15% SDS Gel.

Notes:
Band 1: Control A (Treated S. oryzae L. against distilled water)
Band 2: Control B (Treated S. oryzae L. against 95% ethanol)
Band 3: Treated S. oryzae L. against 5.25% w/w peel of mangosteen extracts.
Band 4: Treated S. oryzae L. against 7.41% w/w seed of rambutan extracts
Band 5: Treated S. oryzae L. against 70% w/v leaves of kaffir lime extracts.
Band 6: Standard of Glutathione-S-transferase.

26 kDa



169

DISCUSSION

The peel of mangosteens and the seed of rambutans were extracted by Soxhlet’s
extraction method with 95% ethanol as solvent. The yields of crude extract showed 29.46 % w/w
and 27.77 % w/w for peel of mangosteens and seed of rambutans, respectively.  The amounts
were higher than the yields from neem (Azadirachta indica) seed kernel extracts which showed
ca. 20.12 %w/w (Visetson, 2001) and Nutgrass extract which showed 12.81 % w/w (Ruamthum,
2002).  The leaves of kaffir lime were extracted by water distillation method. The yields of crude
extract showed 0.0275w/v. This yield less than lemon grass extract which showed ca. 5.00 % w/v
(Thummasarangkoon, 2000). Moreover, the mangostin from mangosteen peel, saponin from
rambutan seed and cironellal from kaffir lime leaf after partial purification method in the text
were applied on the HPLC-UV detector. The active compounds from each extracts revealed ca.
2.58 ± 2.11 % w/w, 5.4 ± 3.12 %w/w and 0.0051 ± 0.0031 %w/v, respectively.

Although all of plant materials extracted from the same method, solvent and temperature,
the yields of extract are usually different. Visetson et al. (2003) mentioned this situation that the
yield of compounds extracted may vary dramatically from one batch to the other owing to other
components other that the active principle itself. So in my thesis the different in yield production
may due to the different in plant compositions such as tannin, alkaloid, protein as well as other
active compounds in the materials.

To clarify the objectives of the thesis proposal, I would like to discuss my results as
followed.

1. Toxicity of Plant Extracts and Synergisms Against S. oryzae L.

Using the impregnated filter paper method with varying extract concentrations against,
LC50 values for both plant extracts (peel of mangosteen and seed of rambutan) without synergists
against the adult of S. oryzae L. were 5.25 % w/w and 7.41 % w/w at 12 hours exposure,
respectively and 4.03 and 6.37% w/w, respectively at 24 hours exposure (Table 1, 2, 9, and 10;
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Figure 26 and 30).  The plant extracts used in this research were more or less the same toxicity as
neem seed kernel extracts against Callosobruchus maculatus (Visetson, 2001) but dramatically
less toxic when compared with derris extracts which showed LC50 about 0.5%w/w against
Plutella xylostella L. (Visetson and Milne, 2001)

The essential oil from leaves of kaffir lime extracts did not induce mortality percentage
but it showed effectiveness as repellent agent contrasts with the experiment of Byung et al. (2001)
which tested fumigant toxicity of essential oils from eucalyptus to S. oryzae L. and showed LD50

values (Table 17 and Figure 34).  Furthermore, the effectiveness of kaffir lime extracts was the
same effect to peels of mangosteens extract and also seeds of rambutans extracts that higher
concentrations showed effectiveness more than lower ones. Also the degree of repellency from
kaffir lime extracts was more or less the same as chili extracts against S. zaemais Motschulsky
(Bullangpoti et al. 2002).

The addition of synergists, TPP, DEM and PB in both peels of mangosteen extract and
seeds and rambutan extract showed the mortality percentage against S. oryzae L. was increased.
All synergists used in my works have been confirmed by a number of workers such as Collins
(1990) who have done with Tribolium sp., Thamasarangoon (2000) who have done with Culex
pipien, and Ruamthum (2002) who have used with the golden apple snails. Thus, I could say that
the addition of synergists mentioned above increase effectiveness of plant’s extracts for control
adult of S. oryzae L. significantly (Table 3-8 and Table 11-16; Figure 27-29 and Figure 30-33).
Moreover, the addition of synergists, also gave contribution to kaffir lime extract in terms of
repellency rate in treated adults S. oryzae L. were increased. This figure showed as similar trend
as in the used of TPP in the lemon grass extracts then the repellent of mosquitoes increased as
done by Thammasarangoon (2000). Thus, the addition of these synergists can increase
effectiveness of plant’s extracts for control adult of S. oryzae L. significantly (Table 18-20; Figure
35-37).
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2. Detoxification Enzymes, Esterase and Glutathione-S-transferase Activity of the S. oryzae L.
Against Plant Extracts With or Without Synergists.

The in vitro studies indicated that esterase and glutathione-S-transferase activities against
various concentrations of both peels of mangosteen extracts and seeds of rambutan extracts were
decreased and the decreased activity was also dependent on concentrations of extracts meaning
the higher concentrations decreased esterase activities than the lower one. (Table 21-22 and Table
29-30; Figure 38-39 and Figure 46-47).  This evident was showing that these kinds of plant active
compounds acted as inhibitors for those enzyme systems and the weevils may not recognize these
compounds and sensitive to them.  In ecological basis, animals that have no co-evolution to some
plants may not produce enzymes that suitable for their needs and allergic to the compounds they
eat accidentally (Yu, 1984).  In addition, the synergists used in my work had further reduced the
activity of esterase and glutathione-S-transferase  (Table 23- 28 and Table 31- 36; Figure 40 - 45
and Figure 48 -53).  This indication have also confirmed in a number papers (Rose, 1985;
Visetson et al., 2002).

As the results, both types of extracts (peel of mangosteen and seed of rambutan) alone
gave decreased esterase and glutathione –S – transferase activities showing of correlation factor
(CF) ca. 1.34 – 5.30 folds compared to untreated control (Table 45 and 46). Decreased esterase
and glutathione – S – transferase levels after application of plant extracts have been reported in a
number of research works (Wattanasombat, 1995; Thummasarangkoon, 2000; Ruamthum, 2002;
Bullangpoti et al., 2002). However, glutathione -S- transferase activities did not showed high
activities like esterase did.  The latter result may due to phase II transformation does slower rate
of activity than the phase I does.  This happened with Wattanasombat (1995) who have done with
the diamondback moth larvae and did not get any change in activity of glutathione-S-transferase
after addition of DEM in the galanga extracts.

Esterase and GST activities, the addition of TPP, DEM and PB showed increased CF ca.
10.12 - 18.31 and 4.07 – 7.79 against peel of mangosteen extract, respectively (Table 45).
Furthermore, the rambutan’s seed extracts, the addition of synergists give CF ca. 7.75-11.07 for
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esterase activities and 5.20 -6.56 for GST activities (Table 46). The increased of CF by addition
of synergists in other plant extracts was confirmed by Visetson et al. (2002) who had done with
synergists in the nut grass tuber extracts showing increased efficiency in term of LC50 against the
golden apple snails.  On the other hand, glutathione -S- transferase activities did not change much
in CF values when TPP, DEM or PB was added to both kinds of extracts. This may be an
indication of complete metabolisms of both saponin and mangostin in phase I reaction possibly
hydrolysis by esterase.

However, the esterase activities from life treated adult of S. oryzae L. against
leaves of kaffir lime extracts without synergists depend on concentrations showing higher
concentrations increased esterase activities than the lower one but still less than control (Table 37
and Figure 54).  Glutathione – S - transferase activities from treated adult of S. oryzae L. against
leaves of kaffir lime extracts without synergists depend on concentrations of these extracts but
contrast with esterase activities means higher concentrations decreased esterase activities than the
lower one however, 70%w/v leaves of kaffir lime extract gave small increase in glutathione-S-
transferase (Table 38 and Figure 55). The same reasons as mentioned above by Rose (1985) may
contribute to the evident of kaffir extracts here.  Also the in vitro esterase activities against
various concentrations of leaves of kaffir lime extracts with PB decreased esterase activities than
the lower one. However, the 70% w/v with TPP or DEM, esterase activities increased.  Moreover,
glutathione-S-transferase activities in treated S. oryzae L. against leaves of kaffir lime extracts
with synergist, DEM showing higher concentrations decreased glutathione-S-transferase activities
than the lower one. However, Glutathione-S-transferase activities in treated S. oryzae L. against
leaves of kaffir lime extracts with synergist, PB showing higher concentrations increased
glutathione-S-transferase activities than the lower one. Normally, the PB and TPP usually inhibit
monooxygenase but can also gave small inhibition to esterase because they are in the same phase
(phase I).  In some cases both synergists may act as inducers and induce the enzyme they used to
inhibit because of the present of isozyme in the configuration.  The increased esterase activity by
the addition of TPP and DEM in general may be the effects of animals produce to make the
detoxification process go quicker (Visetson, 2004).
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The leaves of kaffir lime extracts alone gave decreased esterase and glutathione –S –
transferase activities showing of correlation factor (CF) ca. 3.42 and 1.64, respectively compared
to untreated control (Table 47). Decreased esterase and glutathione – S – transferase levels after
application of plant extracts have been reported in a number of research works
(Thummasarangkoon, 2000; Ruamthum, 2002, Bullangpoti et al., 2002). Moreover, glutathione -
S- transferase activities did not showed high activities like esterase. This is an indication of
complete metabolisms of citronellal in phase I reaction possibly hydrolysis by esterase. However,
esterase and glutathione – S transferase activities trends increasing (Figure 54) thus, in the future
S. oryzae L. can adapt themselves to resistant these extract.

The addition of TPP, DEM and PB in leaves of kaffir lime extract showed increased CF
ca. 7.78, 5.96 and 31.83 for esterase and 11.96, 19.18 and 2.24 for GST (Table 47). The increased
of CF by addition of synergists in other plant extracts was confirmed by Ruamthum (2002) who
had done with synergists in the nut grass tuber extracts showing increased efficiency in term of
LC50 against the golden apple snails. However, this result contrast with result of Thummasarang -
koon (2000) which showed lemon grass extract with synergist did not increase efficiency and
change detoxification enzyme in larva of Culex pipien.  However, esterase and glutathione – S
transferase activities trends increasing (Figure 56-58 and 61) thus, in the future rice weevils can
adapt themselves to resistant these extract.

3. Comparing of Correlation Coefficient between LC50 and Enzyme Activity from Each Plant
Extracts With and Without Synergists.

Using the impregnated filter paper method with varying extract concentration against,
LC50 values for both plant extracts (peel of mangosteen and seed of rambutan) against the adult of
S. oryzae L. were 5.25 % w/w and 7.41 % w/w at 12 hours exposure, respectively. The longer
exposure time to 24 hours give significant different on the LC50. Anyhow, the essential oil from
leaves of kaffir lime extract did not induce death percentages but it showed effective as repellent
agent (Table 1 -2, 9-10 and 17; Figure 26, 30 and 34).  The addition of 10% TPP, DEM and PB
resulted in synergist ratios (SR) of 1.69 to 2.80 folds for peel of mangosteen extract and 1.50 to
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9.50 folds for seed of rambutan extract (Table 47 and 48). This result indicated that TPP, DEM
and PB could be mixed to increased extract efficiency that were similar to those of Visetson and
Milne (2001) who found that addition of PB and DEM to rotenone from derris extracts increased
rotenone efficiency by 2 folds.

The correlation between concentration and mortality in most experiments indicated r2 of
0.804 – 0.994 showing that the effects of active compounds on the mortality of S. oryzae L. were
highly correlated (Table 47 and 48). This result was similar to that of Visetson (1991) who
worked with these synergists added to cyfluthrin in the control of Tribolium castaneum and
Visetson (2001) who used TPP and PB in neem seed kernels extracts in the control of
Callosobruchus maculatus.

4. Identification of Detoxification Mechanisms.

Table 50 and Figure 62-63 showed inhibitor type of esterase from peels of mangosteen
extracts, seeds of rambutan extract and leaves of kaffir lime extracts is uncompetitive inhibitor by
the evaluation of the Km and Vmax values which partly confirmed by to Yu (1984) who reported
that many plant extracts can inhibit detoxification enzymes as nonspecific noncompetitive
inhibition.  The inhibition of insecticidal plant extracts have been reported by a number of
workers such as Ruamthum (2002), Visetson and Milne (2001), Visetson el al. (2001).  In
addition to the inhibition type, the inhibitor type of glutathione –S- transferase from peels of
mangosteen extracts, seeds of rambutan extract and leaves of kaffir lime extracts is uncompetitive
inhibitor that similar result of Ruamthum (2002) which showed type of inhibitor from nut grass
tuber extracts against the golden apple snails is uncompetitive inhibitor. (Table 51; Figure 64-65)

Detoxification enzyme is protein. The experiment for observed level of protein can
showed changing characteristic of detoxification. In this experiment showed no changing of level
of protein that’s means this extracts can effects to activities both detoxification enzymes, esterase
and glutathione –S- transferase only (Table 38-61).  The protein in animals is the some of amino
acid sequences that is not making them as catalyze, so all protein that I have study showed the
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same amount in both control and treated weevils which similar result as Visetson (1991) who had
done with protein in Tribolium sp.

SDS-PAGE (Figure 66 and 67) showed the expression of esterase in treated adult of S.
oryzae L.  determined by running S. oryzae L. extracts after are treated with differ treatment on
10% SDS gel. The expression of each bands compared together with the standard band are
similar. For glutathione – S- transferase, the expression of these detoxification enzyme in treated
adult of S. oryzae L. determined by running rice weevil extracts after are treated with differ
treatment on 15% SDS gel. The expression of each bands compared together with the standard
band are similar. The expression of Glutathione –S- transferase on 15% SDS gel was similar with
result of Harnnoi (2001) and Vararattanavech (2002) which showed expression of glutathione –S-
transferase on 15% SDS- PAGE.  The enzyme characterization in terms molecular weight and the
present of enzyme system of esterase in treated adult of S. oryzae L. by SDS-PAGE method
modified from Reidy et al. (1990). The expression esterase determined by running S. oryzae L.
extracts after treated with each plant extract onto 10% SDS -PAGE. The expression of each bands
(band 2-6), compared with the standard band (band 1) were shown in Figure 66.  The
characteristic indicated that this type of enzyme possess the molecular weight of 220 kDa that
responsible for the activity against plant extracts (Figure 66).

The expression glutathione-S-transferase determined by running S. oryzae L.
extracts after treated with each plant extract onto 15% SDS -PAGE. The expression of each bands
(band 1-5), compared with the standard band (band 6) were shown in Figure 67.  The
characteristic indicated that this type of enzyme possess the molecular weight of 26 kDa that
responsible for the activity against plant extracts (Figure 67).  The molecular weight of esterase
and glutathione –S- transferase were similar to the molecular weight of these enzyme found in the
Tribolium castaneum done by Reidy et al. (1990).  However, the purify plant extracts by other
means and isolation of the active compounds should be done in the future research to evaluate
their detoxification mechanisms in this weevils before the plant extracts could be commercialized.
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CONCLUSION

Peel of mangosteen (Garcina mangostana L.) and seed of rambutan (Nephilium
lappaceum L.) extracted by Soxhlet’s extraction using 95% ethanol as solvent showed good
control of adult of rice weevils (Sitophilus oryzae L.) indicating of LC50 at 12 hours ca. 5.25 and
7.41 %w/w. The addition of synergist, triphenyl phosphate (TPP), diethyl maleate (DEM) and
piperonyl butoxide (PB) in both extracts, reduced overall LC50 showing SR of 1.50 – 9.50 fold.
The in vitro study indicated that both kinds of extracts inhibited esterase and glutathione –S-
transferase activities. The inhibition type of both extract is uncompetitive inhibitor. The addition
of synergists can decrease activities of these detoxification enzymes. These results showed that
both extracts can be used as insecticide alternatives for adult of S. oryzae L. control and the used
of synergists could increase the control efficiency.

Leaves of kaffir lime extracts extracted by water distillation method showed effect as
repellent agent and the addition of synergists can increase efficiency of extract same peels of
mangosteens and seeds of rambutans extracts. The in vitro study indicated that this extracts
inhibited esterase and glutathione –S- transferase activities and the inhibition type is
uncompetitive inhibitor. The addition of synergists can decrease activities of both detoxification
enzymes. Furthermore, both detoxification enzymes tread increasing in high concentrations of
extract. These results indicated that in the future, adult of S. oryzae L. can resistant these extract.

However, the purify plant extracts by other means and isolation of the active compounds
should be done in the future research to evaluate their detoxification mechanisms in this S. oryzae
L. before the plant extracts could be commercialized.
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APPENDIX A

Abbott’s Formula

The real mortality percentage calculation using Abbott’s Formula from Matsumura (1975) that
showed in below.

Real mortality percentage = [(X-Y) x 100] / (100 –Y)

X = Mortality percentage in treatment.
Y = Mortality percentage in control group

Mortality percentage in control must less than 20%
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ENZYME ACTIVITY ANALYZED METHOD
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APPENDIX B

Enzyme Activity Analyzed Method

This research using modified method of Visetson (1991, 2002),Visetson et al. (2001,
2002), Booth et al. (1961)and Mackness et al. (1983) that’s describe in below.

Appendix B1

The reagent for analyzed activity of detoxification enzymes showed in below.

(a) 0.1 M Phosphate buffer (M.W. = 136.09)
(b) 1 mM Ethylene dibromide triacetic acid (M.W. = 452.24)
(c)  Add 1 ml solution (b) into solution (a) and adjust pH to 7.5
(d) 10 nM GSH reduced form (M.W. = 307.3) in phosphate buffer (pH 7.0)
(e) 50% w/w material of polyvinylpyrolidone (PVPP) (M.W. = 40,000)
(f) 0.12 M paranitrophenylacetate (PNPA) (M.W. = 181.10) in 95% ethanol
(g) 150 mM chlorodinitrobenzene (CDNB) (M.W. = 202.55) in 95% ethanol

Appendix B2

Method for measured activities of esterase using PNPA assay that add every solutions
like protocol in below and read OD/min by spectrophotometer with absorbance at 400 nm then
calculated OD/min values by formula modified of Mackness et al. (1983)  that showed in below.

Paranitrophenol product = OD/min x 58.8235 x total volume of assay (ml)
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Table B1  Protocol of PNPA assay.

Solution Reference Blank Sample

0.1 M Phosphate buffer: C solution 2900 µl 2900µl
Substrate (0.12 M PNPA): F solution 50 µl 50 µl
Phosphate buffer (pH 7.0) + GSH reduced form: D solution 50 µl    -
Supernatant (Enzyme)    - 50 µl

Appendix B3.

Method for measured activities of glutathione-S-transferase using CDNB assay that add
every solutions like protocol in below and read OD/min by spectrophotometer with absorbance at
340 nm then calculated OD/min values by formula modified of Booth et al. (1961) that showed in
below.

CDNB conjugated product = (OD/min x 1.316) / (9.6 x 1000)

Table B2  Protocol of CDNB assay.

Solution Reference Blank Sample

0.1 M Phosphate buffer: C solution 1150 µl 1150µl
Substrate (150 mM CDNB): G solution 10 µl 10 µl
Phosphate buffer (pH 7.0) + GSH reduced form: D solution 20 µl    -
Supernatant (Enzyme)    - 20 µl
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APPENDIX C

LOWRY’S PROTEIN DETERMINATION
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APPENDIX C

Lowry’s Protein Determination

This method is modified from Lowry et al. (1951) that showed in below.

1. Stock reagent: A, 1% w/v copper sulphate (CuSO4 · 5H2O); B, 2% w/v sodium
potassium tartate; C, 0.2 M sodium hydroxide; D, 4% w/v sodium carbonate. These reagents are
stable at room temperature.

2. To 49 ml of reagent C, add 49 ml of reagent D. Then add 1 ml of reagent A, followed
by 1 ml of reagent B. This is the copper- alkali solution (reagent E) which must be prepared fresh
when needed.

3. To 10 ml of Folin-Ciocaleau reagent, add 10 ml of water. This is reagent F.
4. To 0.5 ml samples containing up to 0.5 mg protein, add 2.5 ml of reagent E.
5. Mix and stand for 30 min.
6. Add 0.25 ml of reagent F.
7. Mix and stand for 30 min.
8. Measure absorbance at 600 nm against a blank of 0.5 ml of sample buffer processed

through step 4-7.
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APPENDIX D

SDS- PAGE METHOD
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APPENDIX D

SDS -PAGE Method

This research using Mini-PROTEAN II (BIORAD ®) for SDS –PAGE analyzed. The
recommended power condition for optimal solution with minimal thermal band distortion is 200
volts, constant voltage setting. No adjustment of the setting is necessary for spacer thickness or
number of gels. The usual run time is approximately 45 minutes. Current should be
approximately 60 mA per gel (120 mA for two gels) at the beginning of the run. During 45
minute run the current will slowly drop to about 20 mA per gel. This drop is caused by the
resistance exerted by the buffer in the gel. As one would expect from Ohms law (V=IR), at
constant voltage (V) a rise the resistance (R) results in a drop in the current (I).

However, the Mini-PROTEAN II cell is for rapid separation and is not recommended for
runs over 60 minutes long.

1.  Reagent and Gel Preparation for SDS-PAGE Slab Gel (Laemmli buffer system)
 

1.1  Monomer solution (30.8 %T, 2.67%C)
87.6g acrylamide (FW 71.08) (29.2 g/ 100ml)
2.4 g N’N’-bis-methylene-acrylamide (FW 154.2) (0.8 g/ 100ml)
Make to 3oo ml with distilled water. Filter and store at 4ºC in the dark (30 days

maximum).

1.2  Running Gel Buffer (1.5 M Tris-HCl, pH 8.8)
27.23 g Tris base (FW 121.1) (18.15 g/100 ml)
~80 ml distilled water
Adjust to pH 8.8 with 1N HCl. Make to 100 ml distilled water and store at 4ºC.
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1.3 Stocking Gel Buffer (0.5 M Tris-HCl, pH 6.8)
6 g Tris base(FW 121.1)
~60 ml distilled water
Adjust to pH 6.8 with 1N HCl. Make to 100 ml distilled water and store at 4ºC.

1.4 10% SDS
Dissolve 10 g SDS in water with gentle stirring and bring to 100 ml with dH2O.

This reagent stores at room temperature.

1.5 10% Ammonium Persulfate Solution (Initiator)
Dissolve 100 mg APS in 1 ml dH2O.

1.6 Sample buffer (SDS reducing buffer) (Store at room temperature)
Distilled water 4.0 ml
0.5 M Tris-HCl, pH6.8 1.0 ml
Glycerol 80 ml
10% w/v SDS 1.6 ml
2-b-mercaptoethanol 0.4 ml
0.05% w/v bromophenol blue 0.2 ml

Dilute the sample at least 1:4 with sample buffer, and heat at 95 ºC for 4 minutes.
F.5X electrode (Running) buffer, pH 8.3 (enough for 10 runs)
Tris base 9 g (15 g/L)
Glycine 43.2 g (72 g/L)
SDS 3 g (5g/L)
To 600 ml with dH2O

Store at 4ºC. warm to 37 ºC before use if precipitation occurs.
Dilute 60 ml 5X stock with 240 ml dH2O for one electrophoretic run.
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2. Protocol Table.

Table D1  Separating Gel Preparation: 0.75 mm thick (15 ml) for two gel.

Solution 5%        7.5% 10%      12.5% 15%

Monomer Solution 2.50 ml        3.80 ml 5.00 ml      6.30 ml 7.50 ml
Running Gel Buffer 3.80 ml        3.80 ml 3.80 ml      3.80 ml 3.80 ml
10% SDS 0.15 ml        0.15 ml 0.15 ml      0.15 ml 0.15 ml
ddH2O 8.60 ml        7.40 ml 6.00 ml      4.80 ml 3.60 ml
Ammonium persulfate 150 µl        150 µl 150 µl      150 µl 150 µl
TEMED 10 µl        10 µl 10 µl      10 µl 10 µl

Table D2  Stacking Gel Preparation: 0.75 mm thick (15 ml) for two gel.

Solution Volume

Monomer Solution (degas for 15 min. at room temp.) 0.44 ml
Stacking Gel Buffer 0.83 ml
10% SDS 33 µl
ddH2O 2.03 ml
Ammonium persulfate (fresh daily) 16.7 µl
TEMED 1.7 µl
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To prepare the monomer solution, combine all reagent, except the TEMED, and APS
under vacuum for ≥ 15 minutes. To initiate polymerization add the APS and TEMED, and swirl
gently to mix.

3. Coomassie Blue Staining Solution.

Stain ½ hour with 0.1% Coomassie blue R-250 in fixative (40% MeOH, 10% HOAc).
Distain with 40% MeOH/10% HOAc to remove background (usually 1 to 3 hr).
Coomassie Blue staining sensitivity is µg range.
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