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ABSTRACT 

 Aedes aegypti and Culex quinquefasciatus are important diseases bearing mosquitoes in 

Thailand.  The former is the vector of Dengue Hemorrhagic Fever (DHF) and the latter is the vector of 

Wuchereria Bancrofti.  The best method of vector control is to destroy the mosquito at the larva stage in 

the life cycle.  Recently temephos has been commonly used in the control of mosquito larvae, especially 

Ae. aegypti, it is less toxic to man and mammals.  However, the toxicity of temephos to non-target 

organisms has been shown in many aquatic ecosystems. 

 This study aims to search for the activity of citrus seed extract against Ae. aegypti and Cx. 

quinquefasciatus larvae.  The results indicated that citrus seed extract in 95% ethanol showed 

effectiveness killing Ae. aegypti larvae, followed by 40% local liquor and water with LC50 of 2,267.71, 

6,389.22 and 135,319.40 ppm, respectively.  Where as in Cx. quinquefasciatus larvae, the LC50 were 

2,639.27, 5,611.66 and 127,411.88 ppm, respectively.  When temephos was tested with Ae. aegypti 

larvae,  the LC50 was 0.00057 ppm, which was nearly 4,000,000 times greater than ethanol extract of 

citrus seed. 

 When ethanol citrus seed extract and temephos were tested with Nile tilapia (Oreochromis 

niloticus) fish by using the LC50 of Ae. aegypti larvae at 2,267.71 and 0.00057 ppm respectively, the 

fish mortality were 12.5% and 15%, respectively.  However at LC50 of 40% local liquor (6,389.22 ppm) 

and water extract (135,319.40 ppm) when tested with O. niloticus, the mortality were 35% and 100%.  

The overall results indicated that ethanol extract exhibited the least toxicity to the fish, which 

represented a standard environmental organism. 

 On the whole, the results suggested that citrus seed extract can be used in the control of Ae. 

aegypti and Cx. Quinquefasciatus larvae while still being environmentally friendly. 

 

KEY WORDS : Citrus reticulata seed / Aedes aegypti / Culex quinquefasciatus / BIOLOGICAL 

   CONTROL / TEMEPHOS 
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บทคัดยอ 
 ยุงลาย (Ae. aegypti) และยุงรําคาญ (Cx. quinquefasciatus) เปนยุงพาหะนําโรคที่สําคัญในประเทศ
ไทย ไดแก โรคไขเลือดออกและโรคฟลาเรียของระบบน้ําเหลือง ซึ่งวิธีการที่ดีที่สุดในการควบคุมยุงพาหะนําโรค
ไดก็คือ การตัดวงจรชีวิตของยุง โดยเฉพาะอยางยิ่งในระยะลูกน้ํา ปจจุบันมีการใชสารทีมีฟอสโดยเฉพาะอยางยิ่ง
ในลูกน้ํายุงลาย ซึ่งเปนสารที่มีพิษตํ่าตอคนและสัตว แตมีพิษสูงตอระบบนิเวศน้ํา 
 การศึกษาครั้งนี้มีวัตถุประสงคเพื่อ ศึกษาประสิทธิภาพของสารสกัดเมล็ดสมเขียวหวานในการฆาลูกน้ํา
ยุงลายและยุงรําคาญ ผลการทดลองแสดงใหเห็นวาสารสกัดเมล็ดสมเขียวหวานที่หมักดวยเอธานอล 95 เปอรเซ็นต 
สามารถฆาลูกน้ํายุงลายไดดีที่สุด รองลงมาคือสุรากลั่น 40 ดีกรีและน้ํา มีคา LC50 เทากับ 2,267.71, 6,389.22 
และ 135,319.40 ppm ตามลําดับ สวนในลูกน้ํายุงรําคาญมีคา LC50 เทากับ 2,639.27, 5,611.66 และ 
127,411.88 ppm ตามลําดับ เมื่อนําสารทีมีฟอสมาทดสอบกับลูกน้ํายุงลาย มีคา  LC50 เทากับ 0.00057 ppm 

ซึ่งมีคาตํ่ากวาการใชสารสกัดเมล็ดสมเขียวหวานที่หมักดวยเอธานอลประมาณ 4,000,000 เทา  
 เมื่อนําสารสกัดเมล็ดสมเขียวหวานที่หมักดวยเอธานอล และสารทีมีฟอส มาทดสอบกับปลานิล 
(Oreochromis niloticus) โดยใชคา LC50 ของลูกน้ํายุงลาย คือ 2,267.71 และ 0.00057 ppm ตามลําดับ ทําให
ปลาตายเทากับ 15 เปอรเซ็นต และ 12.5 เปอรเซ็นต เมื่อนําคา LC50  ของสารสกัดที่หมักดวยสุรากลั่น 40 ดีกรี 
(6,389.22 ppm) และสารสกัดที่หมักดวยน้ํา (135,319.40 ppm) มาทดสอบกับปลานิล ทําใหปลาตาย 35 
เปอรเซ็นต และ 100 เปอรเซ็นต จากผลการทดลองแสดงใหเห็นวา สารสกัดที่หมักดวยเอธานอล มีพิษตอปลานิล
ตํ่าที่สุด ซึ่งปลานิลเปนปลาที่ใชเปนตัวแทนของสิ่งมีชีวิตในสิ่งแวดลอม 
 จากการศึกษาทั้งหมด แสดงใหเห็นวาสารสกัดเมล็ดสมเขียวหวานสามารถใชในการควบคุมลูกน้ํายุงลาย 
และยุงรําคาญได นอกจากนั้นยังเปนมิตรตอสิ่งแวดลอมดวย 
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CHAPTER І 

INTRODUCTION 

 

 
1.1  Statement of Problem 

 There are many types of mosquito living in the tropical and subtropical regions 

in the world, can roughly divide into 2 groups, Anopleline and Culicine.  Perhaps two 

genera in Culicine are Aedes and Culex.  According to the World Health Organization 

(WHO), Aedes aegypti Linnaeus is the most important vector, transmitting the 

arbovirus that cause Dengue Hemorrhagic Fever (DHF) in man (Rigua-Perez et al., 

1997).  Culex quinquefasciatus Say is one of the important urban mosquito that plays a 

major role in the transmission of Bancroftian filariasis in Mianma (Subra,1980).  At 

present circumstance there are a lot of Mianmese labours that come to work in 

Thailand and some of them have microfilaria in their blood and Cx. quinquefasciatus 

can be infected with this Wuchereria bancrofti in laboratory (Rongsriyam, 1997).  Its 

natural population increases with the growth of towns and poor sanitations (World 

Health Organization, 1982). 

 

 Indeed, the present recrudescence of these disease is due to the higher number 

of breeding places in today’s throwaway society and to the increasing resistance of 

mosquitoes to current commercial insecticide. 

 

 In Thailand, DHF (Dengue Hemorrhagic Fever) first reported in 1948, in 

recent years increasing larger outbreaks have occurred and an endemic diseases have 

caused a major public health problem.  These were 60,330, 37,929, 99,410, 126,348, 

24,826 and 17,582 cases of DF/DHF reported by the Epidemiological Division, 

Ministry of Public Health (MOPH) during 1995-2000, respectively (Patpopran , 2001).  

Most fatal cases are among children and young adults (World Health Organization, 

1998). 
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Mosquito-borne diseases contribute significantly to disease burden, death, poverty and 

social debility in Thailand. 

 The larvicide, temephos is an organophosphate insecticide that can be used for 

controlling vector-borne diseases in Thailand since 1970.  The sand granule (SG) 

formulation of temephos is an effective larvicide (Phanthumachinda, 1974).  WHO has 

recommended the dosage of Abate 1% SG to eliminate larvae population is 1 gram:10 

liters water (Bang et al., 1972). 

 

 Since 1992-2001 the Office of Dengue Control, Department of Communicable 

Disease Control, Ministry of Public Health reported that the total cost of temephos to 

the mosquito control program was approximately 180,216,462 Baht.  There were 

many reports from some country such as Singapore, Malaysia, New Calidonia and 

South of America that the mosquito larvae have resisted to temephos (World  Health  

Organization, 1993), but still was not any reported in Thailand (Silapanuntakul et al., 

1996).  However control of mosquito-borne diseases is becoming increasing difficulty 

because the effectiveness of vector control has declined due to the development of 

resistance in mosquitoes against currently used insecticides (Chandre et al., 1998). 

 

 In 1991 pests in public health had developed resistance to all major classes of 

insecticides, and the number of insecticide has been steadily increasing Ae. aegypti 

one of the few species of mosquitoes also has developed resistance to a variety of 

insecticide in subtropical and tropical regions of the World (Curtis, 1991).  This but 

might also impact fish, amphibians, aquatic arthropods and other aquatic organisms.  

Therefore, its use should be careful.  

 

 Citrus reticulata Blanco is the favorite oranges in Thailand and be classified in 

Mandarin group (Setpakdee, 1998).  Klocke and Kubo (1982) reported that citrus 

seeds contain a high concentration of limonoid glucosides are limonin, nomilin and 

obacunone. 

 

 Limonoids have attracted attention due to their insect antifeedant, growth 

regulating activity (Champagne et al., 1992), especially limonoids from Azadirachta 
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indica trees and present in large quantities in the byproducts of the citrus industry 

(Klocke and Kubo, 1982).  The limonoids in citrus seed was reported for insect control 

that is a reason for study 2 mosquitoes larvae control namely Ae. aegypti and Cx. 

quinquefasciatus, and emphasize on the extraction of citrus seed that was byproducts 

from consumption and orange juice industry.  Therefore the use of plants extract in 

insects control is an alternative pests control method for minimizing the noxious 

effects from pesticide compounds on wildlife, livestock, non-target insect species and 

the environment (Fatope et al., 1993). 

 

 Due to widespread insects resistance to insecticides, harmful residues in 

environment and high cost, the use of synthetic insecticides has let to the search for 

safty alternative control method against mosquitoes.  Botanical insecticides may 

provide a safe and effect short-term control technology for  mosquitoes larvae 

(Sukuma et al., 1991). 

 

1.2  Objective of the Study 

 To study the effective of citrus seed extraction toward Ae. aegypti and  

Cx. quinquefasciatus larvae . 

 

1.3  Hypothesis of the Study 

 Extraction of citrus seed is able to control the Ae. aegypti  and  

Cx. quinquefasciatus larvae. 
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1.4  Conceptual Framework 
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1.6  Scope of the Study 

 1.6.1 Citrus seed (Citrus reticulata Blanco) from orange juice industry in 

Samparn District Nakornpratom Province. 

 1.6.2   Test with early fourth instar larvae of Ae. aegypti and  

Cx. quinquefasciatus 

 1.6.3  Three solvent are water, 95%ethanol and 40% local liquor by maceration 

for 24 hours. 

 1.6.4   Leathal concentration analyze by Program Probit Analysis. 

 1.6.5   Comparison effective of temephos and citrus seed extraction toward Ae. 

aegypti larvae. 

 1.6.6   Comparison the results by 50% Lethal Concentration of citrus seed 

extraction for larvicide in three solvent with Ae. aegypti and Cx. quinquefasciatus 

larvae control. 

 1.6.7   Comparison acute toxic of citrus seed extraction and temephos toward 

fish (Oreochromis niloticus Linn). 

 

1.7  Definition of Terms 

 1.7.1   Citrus seed use Citrus reticulata Blanco 

 1.7.2  Citrus seed extraction is solution from citrus seed maceration with water, 

95% ethanol and 40% local liquor for 24 hours then filter dregs out. 

 1.7.3  LC50 (Lethal concentration at 50%) is concentration that can kill 50% of 

the tested insects. 

 1.7.4   Effective is ability of citrus seed extraction in Ae. aegypti and  

Cx. quinquefasciatus larvae control by compare with LC50. 

 

1.8.  Research Place 

 The Insectarium in Department of Medical Entomology, Faculty of Tropical 

Medicine and Faculty of Environment and Resource Studies.  Mahidol University. 
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CHAPTER П 

LITERATURE REVIEW 
 

 

 Studying the extraction of citrus seed in mosquito larvae control. The literature 

reviews were divided into 6 parts as follows. 

 

 2.1  Aedes aegypti Linnaeus 

 2.2  Culex quinquefasciatus Say 

 2.3  Method of Mosquito Control 

 2.4  Chemical Insecticides 

 2.5  Limonoids 

 2.6  Relevant Research 

 The mosquito was classified : in (Pant and Self , 1993). 

  Phylum  Arthropoda 

  Class   Insecta 

  Order   Diptera 

  Suborder  Nematocera 

  Family   Culicidae      

  Subfamily  Anophelinae 

  Subfamily  Culicinae 

  Subfamily  Toxorhynchitinae    

 

2.1  Aedes aegypti Linnaeus 

 The mosquito Ae. aegypti (Diptera:Culicidae) is the primary vector of DF 

(Dengue Fever) and DHF (Dengue Hemorrhagic Fever).  It is widely distributed in the 

South-East Asia, Western Pacific, Africa and America region.  It is generally believed 

that the original home of Ae. aegypti was Africa, from where it spread in conjunction 

with human traveling from one part of the world to another.   Ae. aegypti, which first 

established itself in the port cities of Asia, had moved inland  
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in many countries as in Malaysia and Thailand (Pant and Self, 1993). 

 

Life cycle of Ae aegypti mosquito 

 The Life cycle of Ae. aegypti mosquito is complete metamorphosis and 

consists of  four developmental stages namely, egg, four instar larvae, pupa and adult.  

They are following. 

 

Egg 

 After mating, only the female Ae. aegypti bites and sucks blood because the 

development of the eggs within the female requires protein in blood meal, 3-4 days 

later lays an average of 100-140 eggs each time and can lay eggs for several time in 

herlife (Yiau, 1972).  The eggs are approximately 1 mm. length and pale white, 

turning to an intensely black color within a short time.  They are elongated or oval in 

shape (Patpopran, 2001).  Fertilized eggs are deposited singly on the moist walls of the 

containers and the embryo develops within 2-5 days.  The eggs are capable of 

withstanding desiccation for weeks or months, and possibly much longer.  Eventually, 

when flooding occurs (one or several time), the eggs hatch.  Lowered oxygen tension 

in the flood water provides a stimulus to hatching.  Eggs hatch out to larvae when 

completely developed by suitable humidity and average temperature 28-30 °C (Chan, 

1985). 

 

Larvae  

 The larvae have four instars and becomes pupa within 9 days or may be 4-7 

days in warm climate.  It consists of 3 portions, head, thorax and abdomen.  The 

abdomen portion has a short black siphon or air tube for breathing.  Larvae hang 

almost vertically at water surface and swim with distinct looping movement.  When 

disturbed they swim to the bottom of the container.  The larvae feed on organic matter 

particle present on the bottoms or sides of containers.  After hatching from the egg, it 

undergoes three successive molting to be pupa which does not feed and actively swims 

and floats.  Factors governing the duration of larvae development are temperature, 

food availability and larval density in the receptacles.  The breeding places are usually 
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located in or near houses in relatively clean water stored in containers, including 

cement bath basin, big drums, cement tanks, etc (World Health Organization, 1993). 

 

Pupa 

 Pupa does not eat food but changes occur inside.  Breathing is via trumpets 

The pupa molt to adult within 2-3 days (Patpopran, 2001). 

 

Adult 

 The adult mosquito, after emergence, rest on the walls of the breeding site for a 

few hours to allow the exoskeleton and wings to harden.  Approximately 24 hours 

after emergence both sexes can mate and female take a blood meal.  These two 

activities often take place simultaneously since both males and females are attracted 

towards vertebrate hosts.  Wing beat frequency of the unfed females and the sound 

generated may also be attractive to the males.  Generally, once inseminated, the 

females do not mate again.  Female mosquito prefers to oviposit in containers with 

clean water located in and around human dwellings.  Adult Ae. aegypti has slender 

body about 3.5-5 mm.  long and is divided into 3 portions, head, thorax and abdomen.  

The head is bulbous and consists of a proboscis, a pair of antennae, a pair of maxillary 

palpi and two compound eyes.  The mouth part or proboscis is the piercing and 

sucking type which it used for feeding blood meal.  On the thorax there are three pair 

of legs, a pair of wings and halters, the organ of balancer.  The abdomen has ten 

segments with genitalia at its terminal.  It is beautifully marked with silvery white or 

yellowish white bands and stripes on nearly black background.  It has a “Lyre like” 

pattern dorsally on the thorax portion.  Three pairs of legs are conspicuously banded 

and the last segment of the hind leg is entirely white.  The head is covered with broad 

flat scales with only a single row of upright forked scale (Anon, 1980).  
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Figure 2-1  Life Cycle of Ae. aegypti (Patpopran, 2001) 

 

2.2  Culex quinquefasciatus Say 

 In Thailand Cx. quinquefasciatus was the nuisance mosquito, but it was the 

main vector of Bancroftian filariasis in Mianma.  There are a lot of Mianma labours 

that come to work in Thailand and some of these labours have microfilaria in their 

blood and Cx. quinquefasciatus can be infected with this Wuchereria bancrofti in 

laboratory (Rongsriyam, 1997).  This mosquito species was also involved in 

transmitting the pathogens of avian malaria and the dogs heart worm, Dirofilaria 

immitis (Villavaso and Steelman, 1968).  It is associated with urbanization and towns, 

with poor and in adequate drainage and sanitation.  It breeds in water polluted with 

organic debris such as rotting vegetation, household refuse and excreta.  The larvae are 

commonly found in partially blocked drains and ditches, soak-away pits, septic tanks 

in village pots, especially the abandoned ones in which water is polluted and 
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unsuitable for drinking.  Under these conditions its population increases rapidly 

(World Health Organization, 1982). 

 

Life cycle of Cx. quinquefasciatus 

 The Life cycle of Cx. quinquefasciatus mosquito is complete metamorphosis 

and consists of  four developmental stages namely, egg, four instar larvae, pupa and 

adult.  they are following. 

 

Egg 

 Cx. quinquefasciatus eggs are laid in the form of rafts which can float on the 

surface of the water.  At the time of laying, they are whitish color but are darken 

within a few hours (Subra, 1980).  Eggs are long and cylindrical shape, laid upright on 

the water surface and placed together to form an egg raft which can comprise up to 

about 300 eggs.  There is no glue or cement-like substance to bind the eggs to each 

other but the adhesion is due to surface forces holding the eggs together (Service, 

1980). 

 

Larvae 

 In tropical countries, the hatching usually occurs one day after eggs have been 

laid.  The incubation period for larval development is usually required approximately 

27 hours at a temperature around 28°C, and both sexes hatch out.  However, the length 

of the larval stages in the males is shorter than that in the females.  The larval stage is 

usually lasted between 6 to 8 days. 

 

Pupa 

 The pupal stage is about 40 hours. Cx. quinquefasciatus develops mainly in 

habitats containing highly polluted water rich in organic matters that the larvae can use 

for nourishment.  They are normally found in man-made and naturally occurring 

breeding places which cover all the tropical areas of the world. 
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Adult 

 Adults usually fly for short distance (rarely more than 100 m.) after leaving the 

breeding place where their pre-imaginal development has taken place, and most of the 

females are fertilized by 24-36 hours later and will seek a blood meal at quite a stable 

rhythm.  Eggs will develop after the blood has been entirely digested, and they will be 

laid on the surface of various bodies of water.  Adult females will seek for a next 

blood meal after the oviposition has been completed within a period of a few hours up 

to half a day (Subra, 1980). 

 

 
Figure 2-2  Life Cycle of Cx. quinquefasciatus (Subra, 1980) 



Suchada Sumroiphon                                                                                                 Literature Review / 12 

 
Figure 2-3  Different Characteristic of Aedes and Culex (Subra, 1980) 
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2.3  Method of Mosquito Control 

 In mosquito-borne diseases vector control is aimed at controlling the breeding 

of vectors which in turn will reduce the vector population.  This may be achieved by 

applying chemical larvicides or by introducing biological agents in the breeding 

habitats, or by implementing environment management works and operation (World 

Health Organization, 1982).   

 2.3.1  Source reduction 

 Source reduction ranges from the simple overturning of discarded bucket or 

disposing of waste tires to complete water-level manipulation in marshes.  The 

removal or reduction of mosquito breeding habitat is often the most effective and 

economical long-term method of mosquitoes control.  These effected larval habitat and 

greatly reduce adulticiding in nearby areas. 

 2.3.2  Personal protection (Charlotte, 2003) 

 Personal protection is the best and easy method.  By Avoid Being Bitten. 

The best way to avoid being bitten by mosquitoes is to stay indoors during peak of 

mosquito biting hours, especially at dusk and dawn. If you must be out during the 

times, take these precautions: 

  a. Wear long sleeves and pants that are light in color and loose fitting. 

  b. Use a mosquito repellent. 

  c. Avoid wearing perfumes, colognes, or scented lotions. 

  d. Stay away from shaded, humid areas where there is little wind. 

 2.3.3  Biological Control (Charlotte, 2003) 

 Biological Control is the use of biological organisms to control pests such as. 

  a. The use Toxorhynchitis spp. larvae feed other mosquito larvae. 

  b. Release fish for feeding mosquito larvae. 

  c. Predator and parasite 

  d. Fungi 

  e. Protozoa 

  f. Bacteria 
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 2.3.4  Chemical control (Buescher et al., 1982) 

 When it is determined that insecticides are a necessary option for mosquito 

control a choice will have to be made between using larvicides or adulticides or a 

combination of both.  Larvicides are a form of insecticides that is added to water to 

kill larvae while adulticides involve controlling mosquitoes by the application of 

chemical insecticides by fogging or residual sprays to flying adult mosquitoes. 

  a. Adulticides 

  The decision to adulticide is usually made if larviciding programs were 

ineffective or not possible and the presence of mosquitoes creates a human health risk 

such as in the epidemic situation.  The control of adult mosquitoes is a challenge 

because they are spread out and moving, but it may be done by either fogging or ULV 

(space sprays) or residual sprays (Skinner, 2003). 

  Malathion                                                                                                                   

  Malathion is an organophosphate and to be a safe practice in the control 

of adult mosquitoes when they are considered a nuisance or public health hazard.  It 

has been found to have low toxicity to birds and animals, while remaining highly toxic 

to insect including beneficial insects such as honeybees and fish (Health Canada, 

2003). 

  b. Larvicides 

  There are several different larvicides such as. 

  Chlorpyrifos 

  Chlorpyrifos is an organophosphate insecticide.  This larvicides has 

good record as a relatively safe, effective and environmentally acceptable mosquito 

larvicide (Ellis, 2001). 

  Methroprene 

  Methroprene acts as a insect growth regulator.  It is applied directly to 

water where mosquito larvae are located.  Methroprene causes the life cycle of the 

mosquito to be disrupted and prevented from reaching maturity.  It has low toxicity 

and causes little adverse effect to human when used properly.  In the environment, 

Methroprene is high toxic to freshwater invertebrates (Health Canada, 2001). 
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  Temephos 

  Temephos can be effective in the treatment of puddles, artificial 

container, and polluted water high in organic content.  It is very effective for 

controlling mosquito larvae, but might also impact fish, amphibians, aquatic 

arthropods and other aquatic organisms.  Therefore, its use should be careful (Virginia 

Health, 2003). 

 Empirical formulation  C16H20O6P2S3  

 Common name  Temephos (BSI, ANSI, ISO) 

 Trade name    Abate, Abathion, Biathion, Swebate, Nimitex, 

     Ac52 

 Toxicology   In rat acute oral LD50 apploximate 8,600 mg/kg  

 Use rate   1 gram/10 liters of water is concentration 1 ppm 

     (part/million) (Watanachai, 1993). 

 

 Temephos are used for controlling vector-borne diseases in Thailand since 

1970.  Since 1992-2001 especially, the Office of Dengue control, Department of 

Communicable Disease Control, Ministry of Public Health, reported that the total cost 

of temephos to the mosquito control program was about 180,216,462 Baht. 
 
Table 2-1  Amounts and Values of Temephos which was Purchased by the Office of 

Dengue Control, Ministry of Health, 1992-2001 

 

Year Amounts (Kgs) Values(Bahts) 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

12,300 

201,650 

93,750 

130,000 

98,750 

210,358 

130,704 

124,297 

8,274,100 

17,440,397 

9,000,000 

12,480,000 

9,480,000 

21,179,380 

16,683,200 

15,066,500 
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Year Amounts (Kgs) Values(Bahts) 

2000 

2001 

368,052.55 

328,800 

39,130,285 

31,482,600 

Total 1,698,661.55 180,482,600 

Source : The Office of Dengue Control, Development of Communicable Disease 

Control,1992-2001 (Ellis, 2001) 

 

 From Table 2-1 there are many quantity of temephos which was purchased 

from foreign countries.  Thailand will pay more currency for larvae mosquito control. 

 

2.4  Chemical Insecticides 

 Insecticide is the term coined to describe chemicals used to control pest 

insects.  Insects are by far the most important species against which these chemical are 

targeted.  Synthetic organic insecticides may be divided into several major classes: 

 

 Organochlorine group 

 Organochlorine contains the elements chlorine, hydrogen and carbon such as 

dichloro diphenyl trichloroethane (DDT), benzene hexachloride (BHC).  

Organochlorine insecticide acts primarity as central nervous system poisons in which 

the symptoms appear in four successive stage: excitation, convulsion, paralysis and 

death. 

 

 Organophosphate group 

 Organophosphate insecticides are derived basically from phosphoric acid 

(H3PO4) such as parathion, malathion and temephos.  All of them work as inhibitor of 

the enzyme acetylcholinesterase. 

 

 Carbamate group 

 Carbamates are derivatives of carbamic acid (CO2NH3) such as carbaryl, 

propoxur, produce a rapid knockdown of insect. 
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 Synthetic pyrethroid group 

 Synthetic pyrethroids are structural analogs related to the biological active 

compounds knows as natural pyrethrins such as deltamethrin, permethrin, 

lambdacyhalothrin, etofenprox, cyfluthrin and bifenthrin.  Most pyrethroid insecticides 

are relatively low toxic to human and mammals, but highly toxic to fish and aquatic 

organisms (Brown, 1986). 

 

 Chemical insecticides control is the primary control tool in the majority of 

vector and pest control program throughout the World (Brown, 1986). 

 Nevertheless, the efforts to control harmful insects with insecticides have 

encountered three intractable difficulties.  Firstly the pesticides developed up to now 

have been too broad in their effect.  They have been toxic not only to the pests, the 

pesticides have been developed for broadly effectiveness to pest organisms. but also to 

other non target insects.  Secondly there are a hazard effect to other organisms 

including man due to the accumulation of insecticides residue giving rise to the 

adverse environmental conditions.  Finally, the resistance development of medical and 

veterinary important insects to many varieties of chemical insecticide (World Health 

Organization, 1982). It is necessary that new chemical and biological agents should be 

produced and/or evaluated in order to overcome the problems. 

 

2.5  Limonoids 

 The citrus was classified in Botanical (Settapakdee, 1998) : 

  Kingdom  Plantae 

  Subkingdom  Tracheobionta 

  Subdivision  Spermatophyta 

  Division  Magnollophyta 

  Class      Magnollopsida 

  Subclass  Rosidae 

  Order   Sapindales 

  Family      Rutaceae 

  Genus   Citrus L. 

  Species  Citrus reticulata Blanco 
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 Mandarin is a group name for a class of oranges with thin, loose peel, which 

have been called “kid-glove” oranges.  These are treated as members of a distinct 

species, Citrus reticulata Blanco.  The name tangerine could be applied as an alternate 

name to the whole group but in the trade is usually confined to the types with red-

orange skin (Morton, 1987). 

 Oranges are favorite fruit in Thailand.  There are consume in every region.  It 

is a high source of vitamin C and vitamin A, and also can be use as ingredient of 

cosmetic.  It was cultivated many hundred thousand Rai in every regions in Thailand, 

and continue increasing of the cultivate areas.  A popular specie is Citrus reticulata 

Blanco.  It is classified in Mandarin (Settapakdee, 1998).  Rouseff and Nagy (1982) 

discovered that in Citrus reticulate seeds contained high limonoids compound.  In 

Table 2-2  

 

Table 2-2  Limonoids Quantity in Rutaceae Family (Rouseff and Nagy, 1982) 
 

Total Limonoids quantity(%) 
Species Deacetyl-

Nomilin 
Obacunone Nomilin 

Limonin 

 

Nomilin-

Limonin 

Concen- 

tration 

(ppm) 

C. medica 

Etrog citron 

C. Limonin 

Lisbon lemon 

Kusner lemon 

Malta lemon 

C. limettioides 

Columbia -sweet 

lime 

C. aurantium 

Common -sour 

orange 

C. sinensis 

Valencia  orange 

 

0.3 

 

0.6 

0.9 

0.4 

 

15.8 

 

 

38.5 

 

 

6.5 

 

22.6 

 

0.6 

0.8 

4.9 

 

0.8 

 

 

4.0 

 

 

0.4 

 

38.7 

 

10.3 

12.2 

48.4 

 

16.6 

 

 

9.3 

 

 

9.5 

 

38.3 

 

88.5 

85.7 

46.2 

 

66.5 

 

 

48.2 

 

 

83.7 

 

1.01 

 

0.12 

0.14 

1.05 

 

0.25 

 

 

0.19 

 

 

0.11 

 

1,527 

 

2,479 

2,166 

1,443 

 

2,162 

 

 

2,605 

 

 

2,136 
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Total Limonoids quantity(%) 
Species Deacetyl-

Nomilin 
Obacunone Nomilin 

Limonin 

 

Nomilin-

Limonin 

Concen- 

tration 

(ppm) 

Ruby blood orange 

Queen orange 

Juffa orange 

C. reticulata 

Dancy tangerine 

Ponkan -mandarin 

C. grandis 

 

Thong Dee -

pummelo 

Southwiickii 

pummelo 

C. paradise 

Duncan -grapefruit 

Marsh grapefruit 

Mott grapefruit 

Royal grapefruit 

6.3 

10.3 

21.0 

 

0.2 

4.0 

 

 

1.0 

 

trace 

 

 

6.7 

14.0 

0.8 

1.0 

0.5 

0.5 

0.6 

 

1.5 

1.4 

 

 

2.2 

 

0.3 

 

 

1.9 

1.4 

2.1 

2.5 

12.3 

14.3 

15.7 

 

27.6 

31.0 

 

 

44.8 

 

47.9 

 

 

34.4 

31.7 

34.4 

67.0 

80.9 

74.9 

62.6 

 

70.4 

63.2 

 

 

51.8 

 

49.1 

 

 

57.0 

52.9 

62.8 

67.0 

0.15 

0.19 

0.25 

 

0.39 

0.49 

 

 

0.86 

 

0.97 

 

 

0.60 

0.60 

0.55 

0.44 

2,193 

1,731 

2,242 

 

3,125 

3,178 

 

 

1,994 

 

1,128 

 

 

2,379 

3,891 

2,745 

2,101 

 
 Limonoids, such as azadirachtin, limonin, nomilin and obacunone (Sarker et 

al., 1997) are triterpenoids present only in the Rutaceae and Meliaceae families of the 

order Lutales (Terres et al., 1995).  It was largely responsible for delayed bitterness in 

citrus juice and processed citrus products (Ozaki et al., 1991).  Limonoids have 

attracted attention due to their insecticidal, antifeedant, growth regulating activity 

(Champagne et al., 1992).  Azadirachtin is limonoids that has been commercially 

widely used as a pesticides (Kumar et al., 1996).  Klocke and Kubo (1982) studied that 

3 limonoids compounds in citrus seeds are limonin, nomilin and obacunone to 

Spodoptera frugiperda and Heliotuis zea, discovered the antifeedant of nomilin and 

obacunone as azadirachtin from Azadirachta indica.   
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 Limonin is an A, D seco limonoids of great commercial concern due to its 

property of imparting bitterness in some citrus juices, inhibits growth to 50 percent of 

insect species studied (EC50) at concentration of 70-100 ppm, (Champagne et al., 

1992) present in both mature citrus fruit tissues and seeds.  The synthesis pathway is 

shown in Figure 2-4 (Dreyer, 1965). 

 

 Deacetyl-nomilin    Ichangin       Limonin 

 

 

 Nomilin    Deacetyl-nomilinic acid              Isobacunic acid 

 

 

 Obacunone                          Obacunic acid 

 

Figure 2-4  Limonoids Synthesis in Rutaceae Family (Dreyer, 1965) 

 
 

Figure 2-5  Nomilin Structure (Ozaki et al., 1991) 
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 Mendel et al., (1991) found that furan and epoxide group are important 

structure in limonoids.  They cause insects antifeedant same as azadirachtin and 

inhibits growth to 50 percent of insect species studied (EC50) at concentration of 700-

1,000 ppm (Hasegawa and Miyake, 1997). 

 Limonin is most interested because of it is easily extracted and have large 

amount in Rutaceae family.  The study of Rouseff and Nagy (1982) discovered that 

limonoids from citrus seeds 18 families and 8 species there are limonin, nomilin, 

obacunone and deacetyl-nomilin.  Most of them had 42-89% of limonin and 8.9-48% 

nomilin in total limonoids. 

 
Figure 2-6  Limonin Structure (Sarker et al., 1997) 

 

 Jayaprakasha et al., (1997) studied three limonoids, namely limonin, nomilin 

and obacunone which were isolated from the seeds of Citrus reticulata Blanco.  With 

fourth instar larvae of mosquito Cx. quinquefasciatus, the EC50 for inhibition of adult 

emergence was 6.31, 26.61 and 59.57 ppm for obacunone, nomilin and limonin, 

respectively.  The pattern of mortality at around the EC50 levels was indicative of 

moult inhibiting activity.  

 

2.6  Relevant Research 

 There were many researches concern for this study. 

 Marry et al., (1996) studied limonoids of Rutaceae family to Colorado potato 

beetle nymps (Leptinotarsa decemlineata).  It was found that increasing limonin 

concentration reduced survivor, growth and weight.   
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 Serit et al., (1992) was compared azadirachtin with limonoids from citrus, that 

include nomilin, limonin and obacunone and were antifeedant for Reticulitermes 

speratus.  It found that obacunone was the highest antifeedant.  PC95 of obacunone, 

nomilin and azadirachtin were 1,133 ppm, 4,475 ppm and 65,239 ppm respectively. 

 Ozaki et al., (1991) studied limonoids in Grapefruit, Lemon, Valensia, 

Tangerine and Fukuhara and found many limonoids compounds, the limonin, nomilin, 

obacunone, deacetyl-nomilin and ichangin.  Limonin was the largest component in 

citrus seeds.  It was byproducts of the citrus industry (Klocke and Kubo, 1982).  

 Tuntaprasart (1996) studied yam bean leafs and seeds extraction (maceration).  

The results revealed that 95% ethanol leafs extraction was more efficiency than 

distilled water and LC50 were 1,353.21, 1,543.17 and 3,644.87 mg/l at 24, 48 and 72 

hours of maceration, respectively.  However maceration seeds by distilled water had 

better results than ethanol.  LC50 of distilled water extraction were 169.31, 180.75 and 

194.15 mg/l and LC50 of ethanol extraction were 417.28, 416.79 and 443.41 mg/l. 

 Nicharat (1999) demonstrated bracken fern are larvicide that can be used 

mosquito larvae control, both fresh and dry.  95% ethanol extraction gave a better 

efficiency than water extraction.  LC50 of fresh bracken fern for An. dirus, Ae. aegypti 

and Cx. quinquefasciatus larvae were 27.96, 67.09 and 82.48 mg/l while LC50 in dry 

Bracken fern were 61.06, 372.61 and 313.08 mg/l. 

 Junjanwit (1999) studies Pinus merkusii Jungh all leafs and stems extraction 

for mosquito larvae control.  In 95% ethanol and distilled water at 24 hours 

maceration, found that LC50 from leafs in distilled water for Ae. aegypti, Cx. 

quinquefasciatus and An. maculatus were 5,067.56, 4,537.84 and 582.65 mg/l.  LC50 

from leafs in 95% ethanol were 606.12, 134.77and 351.97 mg/l.  LC50 from stems in 

distilled water were 581.18, >10,000 and 741.80 mg/l.  LC50 from stems in 95% 

ethanol were 209.96, 274.21 and 144.40 mg/l.   

 Monzon et al., (1994) extracted five plants, Anona squamosa, Eucalyptus 

globulus, Lansium domesticum, Azadirachta indica and Codiaeum variegatum in 

water.  It was found that these extractions were larvicide to Ae. aegypti and  

Cx. quinquefasciatus larvae.  The best extraction was Lansium domesticum leaf  
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(LD90=16.3 g/100 ml.).  Eucalyptus globulus leaf extraction had LD90=302.4 g/100 ml.  

Anona squamosa leaf extraction had LD90=23.7 g/100 ml.  And Azadirachta indica 

leaf had LD90=186.3 g/100 ml. 

 The past studies discovered that chemical substances in the citrus seeds had 

insecticidal, antifeedant and growth control properties to many insects.  There were lot 

of quantity in Rutaceae family, easily for seeking, extraction, usage and not harmful. 

The limonoids in citrus seeds similar to Azadirachta indica that has been 

commercially widely used as a pesticides (Kumar et al., 1996).   

 However citrus seed of Citrus reticulate was byproduct in the citrus juice 

industries and daily consume.  Therefore to be interested to use as a natural product for 

controlling Ae. aegypti and Cx. quinquefasciatus larvae, the important mosquito-borne 

diseases vector in Thailand. 
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CHAPTER Ш 

MATERIALS AND METHODS 
 

 

3.1  Research Design 

 This study was an experimental research.  The laboratory bioassay of citrus 

seed extract was carried out to early fourth instar of Ae. aegypti and Cx. 

quinquefasciatus to determine the lethal concentration of  citrus seed extract to kill 

50% of tested insects (LC50).  Then tested to determine the adverse effect on mortality 

at the effective concentration of temephos, and compared with citrus seed extract.  

Finally, comparative test  the toxicity of citrus seed extract and temephos with fishes. 

 

3.2  Step of Research 

 6 phases were determined treatment and control.  There were. 

 3.2.1  Preparing citrus seed extract. 

 3.2.2  Preparing mosquitoes larvae. 

 3.2.3  Bioassay test of citrus seed extract against Ae. aegypti and  

Cx. quinquefasciatus larvae. 

 3.2.4  Bioassay test of temephos against Ae. aegypti larvae. 

 3.2.5  Toxicity test of citrus seed extract with fishes.  

 3.2.6  Toxicity test of temephos with fishes. 

 

 3.2.1  Preparing Citrus Seed Extract 

  3.2.1.1  Materialss 

   1.  Citrus seed byproduct from orange juice industry. 

   2.  Water 

   3.  95% ethanol 

   4.  40% local liquor  

   5.  Beaker 

   6.  Bottle for extract collect. 
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   7.  Aluminium foid for bottle cover. 

  3.2.1.2  Extract of citrus seed 

  Extract of citrus seed by maceration method followed Kongkathip 

(1994) as water, 95% ethanol and 40% local liquor are solvent.  Following; 

  Citus seed were collected from orange juice industry in Sampran 

district Nakhon Prothom, were washed, dried in and oven at  60 ºC for 2 days, and 

finely powdered. 

   a.  Extract with water maceration. 

   Each sample (100 grams) was extracted with 400 millilitres 

water, then maceration at room temperature for 24 hours and filtered.  It is stock 

solution collected in bottle, closed cover with aluminium foid.  Then put it in 

refrigerator at 4 ºC for bioassay test. 

   b. Extract with 95% ethanol maceration. 

   Each sample (100 grams) was extracted with 400 milliliters of 

95% ethanol, then maceration at room temperature for 24 hours and filtered.  It is 

stock solution collected in bottle, closed cover with aluminium foid.  Then put it in 

refrigerator at 4 ºC for bioassay test. 

   c.  Extract with 40% local liquor maceration. 

           Each sample (100 grams) was extracted with 400 milliliters 

40% arrack, then maceration at room temperature for 24 hours and filtered.  It is stock 

solution collected in bottle, closed cover with aluminium foid.  Then put it in 

refrigerator at 4 ºC for bioassay test. 

 

 3.2.2  Preparing Mosquito Larvae 

  3.2.2.1  Materials 

   1.  Plastic cups, 7 cm. in diameter for mosquitoes laid. 

   2.  Plastic tray for rearing the larvae. 

   3.  Plastic dropper for transferring the larvae. 

   4.  Cups 7 cm. in diameter for pupa collected. 

   5.  Mosquitoes cage,30x30x30 cm. for rearing the larvae. 

   6.  Cotton wool 

   7.  Glass bottle 
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   8.  Tube rubber  

   9.  Glass rods for mosquitoes unconscious 

   10. Ether(mosquitoes unconscious) 

   11. Filter water 

   12. Multivitamin 

   Vitamin A   6,200 unit 

   Vitamin D   1,250 unit 

   Thiamine mononitrate  1.25 mg. 

   Riboflavin 5 phosphate sod. 2.30 mg. 

   Pyridoxine HCl  1.29 mg. 

   Nicotinamide   25.00 mg. 

   d-Panthenol   25.00 mg. 

   Vitamin B12   6.25 mg. 

   Vitamin C     6.25 mg. 

   13. Dog biscuit as larvae nutrient 

  3.2.2.2  Preparation of Ae. aegypti and Cx. quinquefasciatus larvae, are 

following ; 

  Colonization of mosquito was maintained at 25±1ºC and 70±2% RH.  

Egg batch of Ae. aegypti was kept dried on the filter paper.  The eggs were carefully 

soaked in the filter water.  The newly hatched larvae within 30 minutes after soaking 

were then transferred to the plastic pan containing 1,500 ml of water which used for 

rearing 1,000 larvae.  Approximate of 0.5 gram dog pellet was offered to larvae in 

each pan.  Water in the rearing pan would not be changed but replaced those 

evaporated with fresh water.  The early fourth larvae or 4 day-old larvae were the 

tested stage. 

 

 3.2.3  Bioassay Test of Citrus Seed Extract against Ae. aegypti and  

Cx. quinquefasciatus Larvae  

  3.2.3.1  Materials 

   1.  Cup 10 cm. in diameter for mosquitoes larvae test. 

   2.  Pipate 

   3.  Larvae filter 
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   4.  Plastic tank 

  3.2.3.2  Concentration test 

   a.  First, preliminary test 

   Find expansive concentration are the lowest concentration level 

of citrus seed extract at 100% mortality larvae mosquito, and the highest concentration 

level of citrus seed extract at 100% survival larvae mosquito.  Add each concentration 

of extract in test cup, then add water at total volume 250 ml per test cup.  Twenty five 

early fourth larvae were transferred in test cup.  There should be 3 replicates in each 

concentration.  Mortality was assessed 24 hours later; larvae which pupated during the 

period of observation was not considered in calculation.  Mortality larvae were also 

recorded in calculation of percentage mortality. If the control mortality is between 5%-

20%, the percentage mortalities should be corrected by Abbott’s formula.  And 

concentration apply for full scale test. 

   b.  Full scale test. 

   Choosing the suitable range of concentration that cover between 

5% to 95% mortality of mosquito larvae.  Next distribute 6 concentrations by two-fold 

dilution scale and control group.  There should be 4 replicates at each concentration.  

Each replicate add twenty five early fourth instar larvae.  Mortality was assessed 24 

hours later; larvae which pupated during the period of observation was not considered 

in calculation.  Mortality larvae were also recorded in calculation of percentage 

mortality.  Controls treated with solvent were maintained in every test and were 

utilized in correcting the experimental results by Abbott’s formula. Mortality larvae 

are those that cannot be induced to move when they are probed with a needle in the 

siphon or the cervical region.  If more than 10% pupa or 20% mortality larvae of 

control in the course of the experiment, the test should be discarded.  Then bring the 

mortality percentage in each concentration calculated the value of lethal concentration 

at 50% obtained from WHO (World Health Organization, 1970). 

  3.2.3.3  Experimental method 

   a.  Early fourth instar larvae were chose for bioassay test. 

   b.  Preparation water without residue chlorine. 

   c.  Bioassay test of citrus seed extract against Ae. aegypti and 

Cx. quinquefasciatus larvae at each concentration. 
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 The test pattern for 24 hours maceration periods 

Treatment  W1  :  First  concentration of citrus seed extract in water. 

Treatment  W2  :  Second  concentration of citrus seed extract in water. 

Treatment  W3  :  Third  concentration of citrus seed extract in water. 

Treatment  W4  :  Fourth  concentration of citrus seed extract in water. 

Treatment  W5  :  Fifth  concentration of citrus seed extract in water. 

Treatment  W6  :  Sixth  concentration of citrus seed extract in water. 

C-W (Control  water  treatment)  :  Add water at total volume 250 ml per test cup for 

control groups. 

 

Treatment  E1  :  First  concentration of citrus seed extract in 95% ethanol. 

Treatment  E2  :  Second concentration of citrus seed extract in 95% ethanol. 

Treatment  E3  :  Third  concentration of citrus seed extract in 95% ethanol. 

Treatment  E4  :  Fourth  concentration of citrus seed extract in 95% ethanol. 

Treatment  E5  :  Fifth  concentration of citrus seed extract in. 95% ethanol. 

Treatment  E6  :  Sixth  concentration of citrus seed extract in 95% ethanol. 

C-E (Control ethanol treatment)  :  95% ethanol was instead of citrus seed extract in 

test cup for control groups. 

 

Treatment  A1  :  First concentration of citrus seed extract in 40% local liquor. 

Treatment  A2  :  Second concentration of citrus seed extract in 40% local liquor. 

Treatment  A3  :  Third concentration of citrus seed extract in 40% local liquor. 

Treatment  A4  :  Fourth concentration of citrus seed extract in 40% local liquor. 

Treatment  A5  :  Fifth concentration of citrus seed extract in 40% local liquor. 

Treatment  A6  :  Sixth concentration of citrus seed extract in 40% local liquor. 

C-A (Control local liquor treatment)  :  40% local liquor was instead of citrus seed 

extract in test cup for control groups. 
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Table 3-1 Total 21 Treatment of Citrus Seed Extract with 1 Larvae Mosquito in 3 

Solvents for 24 Hours Maceration 

 

Replication Concentration (ppm) (Treatment) 

C-W W1 W2 W3 W4 W5 W6 

C-E E1 E2 E3 E4 E5 E6 1 

C-A A1 A2 A3 A4 A5 A6 

C-W W1 W2 W3 W4 W5 W6 

C-E E1 E2 E3 E4 E5 E6 2 

C-A A1 A2 A3 A4 A5 A6 

C-W W1 W2 W3 W4 W5 W6 

C-E E1 E2 E3 E4 E5 E6 3 

C-A A1 A2 A3 A4 A5 A6 

 

 3.2.4  Bioassay Test of Temephos against Ae. Aegypti Larvae 

  3.2.4.1 Materials  

   1.  Cup 10 cm. in diameter for mosquitoes larvae test 

   2.  Pipate 

   3.  Larvae filter 

   4.  Plastic tank 

   5.  Temephos (Technical grade)  

   6.  Cylinder 50, 100 and 250 ml. 

   7.  Pipette and auto-pipette for dilution 

   8.  Volumetric flask, 125 ml. 

   9.  Filter water 

   3.2.4.2 Concentration test 

  Seven concentrations (10 ppm, 1 ppm, 0.1 ppm, 0.01 ppm, 0.001 ppm, 

0.0001 ppm and 0.00001 ppm) of temephos solution were bioassay test.  There should 

be 4 replicates at each concentration.  Each replicate add twenty five early fourth instar 

larvae.   Mortality was assessed 24 hours later; larvae which pupated during the period 
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of observation was not considered in calculation.  Mortality larvae were also recorded 

in calculation of percentage mortality.  Controls treated with 95% ethanol were 

maintained in every test and were utilized in correcting the experimental results by 

Abbott’s formula. Mortality larvae are those that cannot be induced to move when 

they are probed with a needle in the siphon or the cervical region.  If more than 10% 

pupa or 20% mortality larvae of control in the course of the experiment, the test should 

be discarded.  Then bring the mortality percentage in each concentration calculated the 

value of lethal concentration at 50% obtained from WHO (World Health Organization, 

1970). 

  3.2.4.3 Experimental method 

   a.  Early fourth instar larvae were chose for bioassay test. 

   b.  Preparation water without residue chlorine. 

   c.  Preparation temephos solution. 

   d.  Bioassay test of temephos against Ae. aegypti larvae. 

Treatment  T1 : 10 ppm of temephos solution. 

Treatment  T2 : 1 ppm of temephos solution. 

Treatment  T3 : 0.1 ppm of temephos solution. 

Treatment  T4 : 0.01 ppm of temephos solution. 

Treatment  T5 : 0.001 ppm of temephos solution. 

Treatment  T6 : 0.0001 ppm of temephos solution. 

Treatment  T7 : 0.00001 ppm of temephos solution. 

C-T (Control ethanol treatment) :  95% ethanol 1 ml add in test cup for control groups. 

 

Table 3-2 Total 8 Treatment of Temephos Solution against Ae. aegypti Larvae 

 

Replication Concentration (ppm) (Treatment) 

1 C-T T1 T2 T3 T4 T5 T6 T7 

2 C-T T1 T2 T3 T4 T5 T6 T7 

3 C-T T1 T2 T3 T4 T5 T6 T7 

4 C-T T1 T2 T3 T4 T5 T6 T7 
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3.2.5  Toxicity test of Citrus Seed Extract with Fishes 

  3.2.5.1  Materials 

   1.  Nile tilapia (Oreochromis niloticus Linn) 

   2.  Fishes box 

   3.  Beaker 

   4.  Oxygen pump 

   5.  Colander 

   6.  Glass rod 

   7.  Lab sticker 

   8.  Filter water 

  3.2.5.2  Experimental method 

   a.   Nile tilapia fishes were chose for experimental. 

   b.  The water was removed to fishes box and blew it for 24 

hours, then put it up 12 hours for without residue chlorine. 

   c.  Experimental acute toxic of citrus seed extract toward Nile 

tilapia at the LC50 concentration of citrus seed extract. 

 

Test pattern for  water maceration 

Treatment  W1 : The LC50 value for Ae. aegypti larvae of citrus seed extract. 

Treatment  W2 : The LC50 value for Cx. quinquefasciatus larvae of citrus seed extract. 

C-W  :  Water was treated at total volume 5 liters for control groups. 

 

Test pattern for  95% ethanol maceration 

Treatment  E1  :  The LC50 value for Ae. aegypti larvae of citrus seed extract. 

Treatment  E2  :  The LC50 value for Cx. quinquefasciatus larvae of citrus seed extract. 

C-E  :  Water was treated at total volume 5 liters for control groups. 

 

Test pattern for  40% local liquor maceration 

Treatment  A1  :  The LC50 value for Ae. aegypti larvae of citrus seed extract. 

Treatment  A2  :  The LC50 value for Cx. quinquefasciatus larvae of citrus seed extract. 

C-A  :  Water was treated at total volume 5 liters for control groups. 
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 Citrus seed extract was treated at LC50 concentration into fishes-box, add total 5 

liter water then removed 20 fisheses per fishes-box.  Observation effect and mortality 

fishes were also recorded every a hours for 24 hours.  Next observation effect and 

mortality recorded at 6 hours for 24 hours.  At the same time grip the mortality fishes 

out of the fishes-box.  If more than 20% mortality fishes of control in the course of the 

experiment, the test should be discarded. There should be 2 replicates in each value. 

 

Table 3-3 Total 9 Treatment of Citrus Seed Extract with 2 Larvae Mosquitoes in 3 

Solvents for Toxicity Test with Fishes 

 

Replication Concentration (ppm) 

C-W1 W1 W2 

C-E E1 E2 1 

C-A A1 A2 

C-W W1 W2 

C-E E1 E2 2 

C-A A1 A2 

 

 3.2.6  Toxicity Test of Temephos with Fishes 

  3.2.6.1  Materials 

   1.  Nile tilapia (Oreochromis niloticus Linn) 

   2.  Fishes box 

   3.  Beaker 

   4.  Oxygen pump 

   5.  Colander 

   6.  Glass rod 

   7.  Lab sticker 

   8.  Filter water 

   9.  Temephos solution 

  3.2.6.2  Experimental method 

    a.  Nile tilapia fishes were chose for experimental. 
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    b.  The water was removed to fishes box and blew it for 24 

hours, then put it up 12 hours for without residue chlorine. 

   c.  Experimental toxicity of LC50 of temephos with Nile tilapia. 

    LC50 of temephos was treated into fishes-box, add total 5 liters 

water then removed 20 fisheses per fishes-box.  Observation effect and mortality 

fishes were also recorded every a hours for 24 hours.  Next observation effect and 

mortality recorded at 6 hours for 24 hours.  At the same time grip the mortality fishes 

out of the fishes-box.  If more than 20% mortality fishes of control in the course of the 

experiment, the test should be discarded. There should be 2 replicates. 

 

3.3  Data Record and Analysis 

  

 3.3.1 Data Record  

 Later test, data records mortality larvae at each concentration in everyday by 

comparison mortality larvae. If more than 10% pupa or 20% mortality larvae of 

control in the course of the experiment, the test should be discarded.  And more than 

5-20% mortality larvae, the percentage mortalities should be corrected by Abbott’s 

formula (World Health Organization, 1970). 

                                % mortality  =  % test mortality - % control mortality x 100 

                                   100 - % control mortality 

% test mortality        =   % mortality larvae for receive citrus seed extract or  

               temephos solution 

% control mortality     =      % mortality larvae of control groups 

 

  3.3.2 Data Analysis 

 3.3.2.1 Analysis the LC50 (Lethal concentration at 50%) is the citrus seed 

extract at which 50% of mosquito larvae are killed (World Health Organization, 1970).  

The apply unit is milligram per liter (mg/l) or part per million (ppm) meaning extract 

quantity (mg) per water (liter), sometime gram per 100 milliliters (g/100 ml) 

(Lekprayul et al., 1988).  Using probit analysis (Finney, 1989) with SPSS for window 

and log-dosage probit line for concentration efficiency compare in mg/l of LC50 citrus 
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seed extract for Ae. aegypti and Cx. quinquefasciatus larvae with three solvents are 

water, 95% ethanol and 40% local liquor for 24 hours maceration. 

 3.3.2.2 Statistic were ANOVA in mortality percentage of mosquito-borne 

disease larvae at each concentration, 0.05 significance.  Finally average difference 

analysis of mortality percentage between a group concentration at 0.05 significant by 

Fisheser’s east Significant Different (LSD). 
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CHAPTER ІV 

RESULTS 
 

 

  The study extract of citrus seed for control of mosquito borne-diseases larvae.  

The results were divided into 5 parts as follows. 

 

 4.1  Bioassay test concentration. 

 4.2  Potential effect of citrus seed extract for mosquito larvae control. 

 4.3  Bioassay test of Ae. aegypti larvae against temephos. 

 4.4  Toxicity of citrus seed extract with fishes. 

 4.5  Toxicity of temephos with fishes.  

 

4.1  Bioassay Test Concentration 

 There are two steps for finding concentration, preliminary test and full scale 

test.  A preliminary test was lowest concentration of citrus seed extract at 100% 

mortality toward Ae. aegypti and Cx. quinquefasciatus larvae (LC100), and highest 

concentration of citrus seed extract at 100% survival toward Ae. aegypti and Cx. 

quinquefasciatus larvae (LC0) in Table 4-1.  Choose the suitable range of 

concentration that cover between 5% to 95% mortality of Ae. aegypti and Cx. 

quinquefasciatus larvae.  Distribute various concentrations by two-fold dilution scale 

and control group.  The results of citrus seed extract in water, 95% ethanol and 40% 

local liquor against Ae. aegypti and Cx. quinquefasciatus larvae were shown in Table 

4-2.  The data was analysed by probit analysis obtained from WHO by spss for 

window. 
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Table 4-1  Preliminary Test of Citrus Seed Extract against Ae. aegypti and Cx. 

quinquefasciatus Larvae  

 

Concentration LC (ppm) 

Ae. aegypti Cx. quinquefasciatus 

Citrus seed 

extracts in 3 

solvents 
LC0 LC100 LC0 LC100 

Water 1,000 > 100,000 1,000 > 100,000 

95% ethanol 250 4,000 150 4,800 

40% local liquor 500 16,000 500 16,000 

 

 

Table 4-2  Concentration of Citrus Seed Extract in Water, 95% Ethanol and 40% 

Local Liquor against Ae. aegypti and Cx. quinquefasciatus Larvae  

 

Concentrations (ppm) Citrus seed 

extracts in 3 

solvents. 
Ae. aegypti Cx. quinquefasciatus 

Water 
1,000, 10,000, 20,000, 

40,000, 80,000, 160,000 

1,000, 10,000, 20,000, 

40,000, 80,000, 160,000 

95% ethanol 
250, 500, 1,000, 2,000, 

4,000, 8,000 

150, 300, 600, 1,200, 

2,400, 4,800 

40% local 

liquor 

500, 1,000, 2,000, 4,000, 

8,000, 16,000 

500, 1,000, 2,000, 4,000, 

8,000, 16,000 

 

 

4.2  Potential Effect of Citrus Seed Extract for Mosquito Larvae  

 

 4.2.1  The Potential Effect of Citrus Seed Extract against Ae. aegypti 

Larvae  



 Fac. of Grad. Studies, Mahidol Univ.                           M. Sc. (Appro. Tech. for Res. and Env. Dev.) / 37

 The potential effect of citrus seed extracts in 3 solvents water, 95% ethanol and 

40% local liquor were tested against Ae. aegypti larvae. 

 

  4.2.1.1  The effectiveness of citrus seed extract in water. 

  At 6 concentrations tested 1,000, 10,000, 20,000, 40,000, 80,000, and 

160,000 ppm, the results shown that LC50 was 135,319.40 ppm at 95% confidence 

interval and LC95 was 274,122.06 ppm.  Then statistic related test by Fisheser’s Least 

Significant Difference (LSD) showed that % mortality of larvae in different 

concentration had different mortality at Table 4-3. 

 

Table 4-3  The LC50 and LC95 of Citrus Seed Extract in Water for Ae.aegypti Larvae  

 

Concentration 

(ppm) 

Total no. 

of tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

1,000 

10,000 

20,000 

40,000 

80,000 

160,000 

0(control) 

300 

300 

300 

300 

300 

300 

300 

3 

14 

22 

48 

119 

161 

0 

1.00±0.58a 

4.67±0.88a 

7.33±1.45a 

16.00±2.64b 

39.67±2.73c 

53.67±4.70d 

 

135,319.40 

(117,540.83-

160,824.95) 

 

274,122.06 

(233,041.93-

339,843.12) 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 
 

  4.2.1.2  The effectiveness of citrus seed extract in 95% ethanol 

  At 6 concentrations tested from 250, 500, 1,000, 2,000, 4,000, and 

8,000 ppm, the results showed that LC50 was 2,267.71 ppm at 95% confidence interval 

and LC95 was 3,925.70 ppm.  Then statistic related test by Fisheser’s Least Significant 

Difference (LSD) was applied mortality of larvae in different concentration had 

different mortality (Table 4-4). 
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Table 4-4  The LC50 and LC95 of Citrus Seed Extract in 95% Ethanol against Ae. 

aegypti Larvae  

 

Concentration 

(ppm) 

Total no. of 

tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

250 

500 

1,000 

2,000 

4,000 

8,000 

0(control) 

300 

300 

300 

300 

300 

300 

300 

1 

12 

55 

92 

292 

300 

2 

0.33±0.33a 

4.00±1.00a 

18.33±2.03b 

30.67±0.88c 

97.33±1.76d 

100.00±0.00e 

 

2,267.71 

(2,084.41-

2,481.42) 

 

3,925.70 

(3,579.68-

4,386.22) 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 

 

  4.2.1.3  The effectiveness of citrus seed extract in 40% local liquor 

  Various concentrations from 500, 1,000, 2,000, 4,000, 8,000, and 

16,000 ppm were tested with 4th instar larvae of Ae. aegypti.  The results shown in 

Table 4-5 from which the LC50 was 6,389.22 ppm at 95% confidence interval and 

LC95 was 12,157.89 ppm.  Then statistic related test by Fisheser’s Least Significant 

Difference (LSD) shown that % mortality of larvae in different concentration had 

different mortality at Table 4-5. 
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Table 4-5  The LC50 and LC95 of Citrus Seed Extract in 40% Local Liquor against Ae. 

aegypti Larvae  

 

Concentration 

(ppm) 

Total no. of 

tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

500 

1,000 

2,000 

4,000 

8,000 

16,000 

0(control) 

300 

300 

300 

300 

300 

300 

300 

4 

20 

40 

63 

226 

294 

1 

1.33±0.88a 

6.67±0.88a 

13.33±2.03b 

21.00±1.15c 

75.33±3.76d 

98.00±1.53e 

 

6,389.22 

(5,559.14-

7,461.43) 

 

12,157.89 

(10,507.95-

14,726.39) 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 

 

Table 4-6  Summarization of the Activity of Citrus Seed Extract in Various Solvents 

against Ae. aegypti  

 

Ae. aegypti Citrus seed extracts in 3 

solvents LC50 (ppm) LC95 (ppm) 

Water 135,319.40 274,122.06 

95% ethanol 2,267.71 3,925.70 

40% local liquor 6,389.22 12,157.89 

 

 The overall results indicated that 95% ethanol extract yielded the best activity 

with LC50 of 2,267.71 ppm, followed by 40% local liquor extract with LC50 of 

6,389.22 ppm and the least potential was the water extract with LC50 was 135,319.40 

ppm.  It can be seen that 95% ethanol extract was more potent than 40% local liquor 

about 3 times which about 60 times was obtained in the water extract. 
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 4.2.2  The Potential Effect of Citrus Seed Extract against 

Cx. quinquefasciatus Larvae  

 The potential effect of citrus seed extracts in 3 solvents were water, 95% 

ethanol and 40% local liquor against Cx. quinquefasciatus as followed. 

  4.2.2.1  The effectiveness of citrus seed extract in water 

  The potential effect of citrus seed extract in water against Cx. 

quinquefasciatus larvae control.  At 7 concentrations were 1,000, 10,000, 20,000, 

40,000, 80,000 and 160,000 ppm.  The results shown that LC50 was 127,411.88 ppm at 

95% confidence interval and LC95 was 273,195.62 ppm.  Then statistic related test by 

Fisheser’s Least Significant Difference (LSD) shown that % mortality of larvae in 

different concentration had different mortality at Table 4-7. 

 

Table 4-7  The LC50 and LC95 of Citrus Seed Extract in Water when Tested against   

Cx. quinquefasciatus Larvae 

 

Concentration 

(ppm) 

Total no. of 

tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

1,000 

10,000 

20,000 

40,000 

80,000 

160,000 

0(control) 

300 

300 

300 

300 

300 

300 

300 

10 

20 

33 

65 

113 

177 

0 

3.33±0.88a 

6.67±0.88a 

11.00±2.08a 

21.67±2.03a 

37.67±18.87b 

59.00±2.08c 

 

127,411.88 

(111,126.32-

150,078.48) 

 

273,195.62 

(233,694.60-

334,441.09) 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 
 

  4.2.2.2 The effectiveness of citrus seed extract in 95% ethanol 

  The larvae of Cx. quinquefasciatus were tested against 6 concentrations 

from 150, 300, 600, 1,200, 2,400, and 4,800 ppm.  The LC50 was 2,639.27 ppm at 95% 

confidence interval and LC95 was 4,587.43 ppm.  Then statistic related test by 
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Fisheser’s Least Significant Difference (LSD) shown that % mortality of larvae in 

different concentration had different mortality at Table 4-8 

 

Table 4-8  The LC50 and LC95 of Citrus Seed Extract in 95% Ethanol against  

Cx. quinquefasciatus Larvae  

 

Concentration 

(ppm) 

Total no. of 

tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

150 

300 

600 

1,200 

2,400 

4,800 

0(control) 

300 

300 

300 

300 

300 

300 

300 

0 

3 

20 

44 

118 

290 

1 

0.00±0.00a 

1.00±0.58a 

6.67±1.20b 

14.67±1.45c 

39.33±2.85d 

96.67±2.40e 

 

2,639.27 

(2,456.78-

2,847.70) 

 

4,587.43 

(4,242.33-

5,021.25) 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 

 

  4.2.2.3  The effectiveness of citrus seed extract in 40% local liquor 

  The effectiveness of citrus seed extract in 40% local liquor at various 

concentrations, 500, 1,000, 2,000, 4,000, 8,000 and 16,000 ppm were tested with Cx. 

quinquefasciatus larvae.  Then statistic related test by Fisher’s Least Significant 

Difference (LSD) shown that % mortality of larvae in different concentration had 

different mortality (Table 4-9).  The LC50 and LC95 were 5,611.66 and 11,141.77 ppm 

at 95% confidence interval respectively. 
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Table 4-9  The LC50 and LC95 of Citrus Seed Extract in 40% Local Liquor against  

Cx. quinquefasciatus Larvae  

 

Concentration 

(ppm) 

Total no. of 

tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

500 

1,000 

2,000 

4,000 

8,000 

16,000 

0(control) 

300 

300 

300 

300 

300 

300 

300 

9 

36 

52 

82 

230 

299 

0 

3.00±1.15a 

12.00±1.15b 

17.33±0.88c 

27.33±2.85d 

76.67±1.76e 

99.67±0.00e 

 

5,611.66 

(5,240.06-

6,032.53) 

 

11,141.77 

(10,318.67-

12,163.06) 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 
 

Table 4-10  Comparison of the potential of Citrus Seed Extract in Water, 95% Ethanol 

and 40% Local Liquor fagainst Ae. aegypti and Cx. quinquefasciatus Larvae  

 

Ae. aegypti Cx. quinquefasciatus Citrus seed 

extract in 3 

solvents LC50 (ppm) LC95 (ppm) LC50 (ppm) LC95 (ppm) 

Water 135,319.40 274,122.06 127,411.88 273,195.62 

95% ethanol 2,267.71 3,925.70 2,639.27 4,587.43 

40% local 

liquor 
6,389.22 12,157.89 5,611.66 11,141.77 
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Figure 4-1  Histogram Showing LC50 of Citrus Seed Extract for Ae. aegypti Larvae  
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Figure 4-2  Histogram Showing LC50 of Citrus Seed Extract for Cx. quinquefasciatus 

Larvae  

 

 Apart from the results of various extracts of citrus seed in different solvents 

against both tested species of mosquito, the comparison data were tabulated in Table 

4-10.  For easier interpretation, the results also showed in histograms in Figure 4-1 and 

4-2.  It was very clear-cut to say that among the three extract of citrus seed, ethanol 

extract rendered the most promising with LC50 value of 2,267.71 ppm for Ae. aegypti 

whereas 2,639.27 ppm was obtained for Cx. quinquefasciatus.  It can be seen that there 

was no marked difference for the response of both species of mosquito.   
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 The LC50 local liquor extracts exhibited less potential than the ethanol two 

times in both Ae. aegypti and Cx. quinquefasciatus.  The water extract of citrus seed 

yielded the least activity with nearly the same LC50 of 135,319.40 ppm for Ae. aegypti  

and 127,411.88 ppm for Cx. quinquefasciatus. 

 

4.3  Bioassay Test of Ae. aegypti Larvae against Temephos 

 The laboratory bioassay to determine the larvicidal activity of temephos 

against Ae. aegypti was carried out at different concentrations from 10, 1, 0.1, 0.01, 

0.001, 0.0001 and 0.00001 ppm. LC50 and LC95 obtained at 95% confidence interval 

were 0.00057 and 0.0116 ppm, respectively.  Then statistic related test by Fisheser’s 

Least Significant Difference (LSD) shown that % mortality of larvae in different 

concentration had different mortality (Table 4-11).  It was prominent that temephos 

possessed very high activity with LC50 of 0.00057 ppm which was nearly 4,000,000 

times of ethanol extract of citrus seed. 

 

Table 4-11  The LC50 and LC95 of Ae. aegypti Larvae against Temephos 

 

Concentration 

(ppm) 

Total no. of 

tested 

Total no. of 

death 
%mortality* 

LC50 (ppm) 

(95%Confidence 

Limits) 

LC95 (ppm) 

(95%Confidence 

Limits) 

0.00001 

0.0001 

0.001 

0.01 

0.1 

1 

10 

0(control) 

300 

300 

300 

300 

300 

300 

300 

300 

12 

107 

190 

300 

300 

300 

300 

0 

4.00±4.00a 

35.67±7.88b 

63.33±18.56c 

100.00±0.00d 

100.00±0.00d 

100.00±0.00d 

100.00±0.00d 

 

0.00057 

 

0.116 

 

* Mean±S.E., average from 4 observations 

Note : The column of sum followed same letter are not significantly different at 95% confidence 

interval.  (p=0.05, LSD test) 
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Figure 4-3  Histogram Showing LC50 of Citrus Seed Extract in Different Solvents and 

Temephos against Ae. aegypti Larvae  

 

4.4  Toxicity of Citrus Seed Extract with Fishes 

 The Toxicity test of citrus seed extract in 3 solvents, water, 95% ethanol and 

40% local liquor were conducted with Nile tilapia (Oreochromis niloticus Linn).  The 

tested fishes was about 4 centimeters long and 1 month old were transferred to test 

container and mortality was recorded during 48 hours. 

 

 4.4.1  Toxicity of Citrus Seed Extract in Water at LC50 of Ae. aegypti and 

Cx. quinquefasciatus Larvae against Fishes  

 The LC50 concentrations of citrus seed extract in water with fishes were 

135,319.40 and 127,411.88 ppm, respectively.   
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Table 4-12  Toxicity of Citrus Seed Extract in Water at LC50 of Ae. aegypti  and Cx. 

quinquefasciatus Larvae against Fishes for 48 Hours Exposure 

 

Concentration 

(ppm) 
Total no. of tested Total no. of death 

% fishes 

mortality 

135,319.40 
At LC50 of Ae. aegypti   

40 40 100 

127,411.88 
At LC50 of Cx. quinquefasciatus 

40 40 100 

0(Control) 40 0 0 

  

 When the fishes was exposed at LC50 of  Ae. aegypti  and Cx. quinquefasciatus 

for 48 hours, all of the tested fisheses died giving 100% mortality. 

 

 4.4.2  Toxicity of Citrus Seed Extract in 95% Ethanol at LC50 of Ae. 

aegypti and Cx. quinquefasciatus Larvae against Fishes 

 The LC50 of citrus seed extract in 95% ethanol with fishes were 2,267.71 and 

2,639.27 ppm, respectively.  As follows 

 

Table 4-13  Toxicity of Citrus Seed Extract in 95% Ethanol at LC50 of Ae. aegypti and 

Cx. quinquefasciatus Larvae against Fishes for 48 Hours 

 

Concentration 

(ppm) 
Total no. of tested Total no. of death 

% fishes 

mortality 

2,267.71 
At LC50 of Ae. aegypti   

40 5 12.5 

2,639.27 
At LC50 of Cx. quinquefasciatus 

40 6 15 

0(Control) 40 0 0 

 

 When the fisheses were exposed at LC50 of  Ae. aegypti  and Cx. 

quinquefasciatus for 48 hours, all of the tested fisheses died giving 12.5% and 15% 

mortality, respectively. 
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 4.4.3  Toxicity of Citrus Seed Extract in 40% Local Liquor at LC50 of Ae. 

aegypti and Cx. quinquefasciatus Larvae against Fishes 

 The LC50 of citrus seed extract in 40% local liquor for Ae. aegypti  toward 

6,389.22 and for Cx. quinquefasciatus 5,611.66 ppm were tested with fisheses.  The 

results were tabulated in Table 4-14. 

 

Table 4-14  Toxicity of Citrus Seed Extract in 40% Local Liquor at LC50 of Ae. 

aegypti and Cx. quinquefasciatus Larvae against Fishes for 48 Hours 

 

Concentration 

(ppm) 
Total no. of tested Total no. of death 

% fishes 

mortality 

6,389.22 
At LC50 of Ae. aegypti 

40 14 35 

5,611.66 
At LC50 of Cx. quinquefasciatus 

40 12 30 

0(Control) 40 1 2.5 

 

 The fishes behavior in the tested was observed, at the first hour the tested 

fisheses excited and swam up and down quickly around the container.  Later on the 

exposed fisheses decreased their movement until died eventually.  Then they were tilt 

and circle swam, after that sank down to the bottom of container, and eventually 

floated on water surface. In control group the tested fisheses were normal movement 

in the middle of container, it was not excited as the treated fishesed. 

 During 48 hours experiment the range of temperature were 25.5-26.0 ºC and 

the pH were 7.58-8.39 respectively.   

 

4.5  Toxicity of Temephos with Fishes 

 In order to know that temephos at the dose that killed Ae. aegypti larvae 50% 

(LC50=0.00057 ppm) will cause some toxic effect to fishes or not, 40 fisheses were 

treated with the above mentioned dose with 48 hours exposure.  15% of fishes was 

died at this concentration.  It implied that when temephos at 0.00057 ppm was applied 

in order to control Ae. aegypti larvae, this dose of temephos will either harmful effect 

to fishes 15% (Table 4-15).  Therefore, temephos was not recommended to use in 
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controlling Ae. aegypti larvae in the natural breeding place in which the fishes was 

associated. 

 

Table 4-15  Potential of Temephos at LC50 of Ae. aegypti when Tested against Fishes 

 

Concentration 

(ppm) 
Total no. of tested Total no. of death 

% fishes 

mortality  

0.00057 
At LC50 of Ae. aegypti   

40 6 15 

0(Control) 40 0 0 

 

 The observation of fishes behavior in test container.  At the LC50 concentration 

of temephos to Ae. aegypti, the tested fishes excited and swam up and down quickly 

around the container but their were not tilt swam. 
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CHAPTER V 

DISCUSSION 
 

 

 Bioassay test of citrus seed extraction for Ae. aegypti and Cx. quinquefasciatus 

larvae control shown that the different solvent showed different effectiveness.  

Comparison of LC50 (24 hours) by probit analysis indicated that LC50 of citrus seed  

extraction in water for Ae. aegypti and Cx. quinquefasciatus larvae control at 95% 

confidence interval were 135,319.40 and 127,411.88 ppm, respectively (LC95 = 

274,122.06 and 273,195.62 ppm).  LC50 of citrus seed  extraction in 95% ethanol for 

Ae. aegypti and Cx. quinquefasciatus larvae at 95% confidence interval were 2,267.71 

and 2,639.27 ppm, respectively (LC95 = 3,925.70 and 4,587.43 ppm).  Finally, LC50 of 

citrus seed  extraction in 40% local liquor for Ae. aegypti and Cx. quinquefasciatus 

larvae at 95% confidence interval were 6389.22 and 5611.66 ppm, respectively (LC95 

= 12,157.89 and 11,141.77 ppm).  The results indicated that 95% ethanol was the 

effective most followed by 40% local liquor and water.  The active ingredient in citrus 

seed was attracted  better in 95% ethanol than in water and 40% local liquor because 

limonoids were the polar compound and are able to dissolve more in organic solvent 

than in water (Jayaprakasha et al., 1997). 

 

 Water extraction gave lowest efficiency because it have to use very high 

concentration for Ae. aegypti and Cx. quinquefasciatus larvae control.  The LC50 value 

at 24 hours demonstrated that citrus seed extraction in 95%ethanol was more 

efficiency than in water exposure larvae about 60 and 48 times against  Ae. aegypti 

and Cx. quinquefasciatus respectively.  However in comparison at LC50 value against   

Ae. aegypti and Cx. quinquefasciatus larvae, the 95% ethanol extract was more potent 

than the 40% local liquor about 3-2 times respectively.  Citrus seed extraction in 40% 

local liquor was more efficiency than water extract for Ae. aegypti and Cx. 

quinquefasciatus larvae about 21 and 23 times respectively.  This results were 

supported by Junjanwit (1999). She studied Pinus merkusii Jungh in 95% ethanol and 
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water extraction.  It was observed that 95% ethanol extract was more effective against 

mosquito larvae than the water extract.  The result revealed that Pinus merkusii leafs 

extract in 95% ethanol were 8, 34 and 2 times more efficiency than water for Ae. 

aegypti, Cx. quinquefasciatus and An. maculats larvae control, respectively. Nicharat 

(2001) studied bracken fern in 95% ethanol and water extract for An. dirus, Ae. aegypti 

and Cx. quinquefasciatus larvae, about the bracken fern extract in 95% ethanol was 

more potent than water about 700, 450 and 300 times, respectively.  Tuntaprasart 

(1996) studied yam bean leafs and seeds extraction in different solvents.  It was noted 

that water extraction was not possessed any activity larvicidal.  It was clear that active 

ingredient in each plant was extracted differently by different solvents. 

 

 The restrict of this study was concerned with the citrus seed extraction in water 

which required high concentration for determination the LC50 of Ae. aegypti and Cx. 

quinquefasciatus larvae.  Therefore, the citrus seed had to be collected in every week 

in order to get the required extraction in bioassay test.  This might have some effects 

in extraction in each time. 

 

 Citrus seed extraction seemed to be possible for Ae. aegypti larval control.  It 

was easily to get with free of charge and safe except for applying with inhabitants into 

drinking water.  The control of Cx. quinquefasciatus larvae was more difficult because 

of it prefer polluted water outside the house.  The demand of citrus seed extraction was 

more than the clear water according to the decaying. 

 

 In comparison of the price of solvents, the 40% local liquor costs 70 Bath/liter 

while 95% ethanol can be obtainable at price of 29 Bath/liter.  Besides the less cost in 

extraction, it was more effective than 40% local liquor for control of mosquito larvae. 

 

 It can be recommended that 95% ethanol extract is quite suitable to use in the 

community.  If unable to find 95% ethanol, 40% local liquor can be used instead of 

95% ethanol.  Although 40% local liquor was less effective than 95% ethanol, it was 

simple solvent and easier to get in the community. 
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 From this study the LC50 value of temephos at 24 hours exposure to Korat 

strain Ae. aegypti larvae was 0.00057 ppm which was nearly 4,000,000 times of ethanol extract 

of citrus seed.  However, the LC50 value was lower than the Nonthaburi strain with the 

LC50 was 0.00091 ppm supported by Paeporn (2003). 

 

 Comparison of LC50 (24 hours) shown that Ae. aegypti larvae was 

susceptibility to citrus seed extraction in 95% ethanol, LC50 was 2,267.71 ppm, on the 

other hand Cx. quinquefasciatus larvae was susceptibility to citrus seed extraction in 

95%ethanol, LC50 was 2,639.27 ppm. 

 

 In order to know the effect of citrus seed extraction with Nile tilapia, the fishes 

were exposed for 48 hours at the LC50 of Ae. aegypti and Cx. quinquefasciatus.  LC50 

observed were 135,319.40 and 127,411.88 ppm, respectively.  All of the fishes died 

(100% mortality) in the first hour.  This is because of very high concentration.  LC50 of 

95% ethanol citrus seed solution for Ae. aegypti and Cx. quinquefasciatus larvae were 

2,267.71 ppm and 2,639.27 ppm, respectively.  At these concentrations used, the fish 

mortalities were 12.5% and 15%.  When LC50 of 40% local liquor solution for Ae. 

aegypti (6,389.22 ppm) and Cx. quinquefasciatus (5,611.66 ppm) larvae were tried the 

fish mortalities were 35% and 30% respectively.  The results indicated that 95% 

ethanol citrus seed solution was the most potent.  

 

 The fish behavior treated in water citrus seed solution at the first hour, the 

tested fishes were excited and swam up and down quickly around the container.  Then 

the exposed fishes decreased their movement and eventually died.  Treatment with 

95% ethanol and 40% local liquor citrus seed solution, the tested fishes swam up and 

down slowly around the container.  Then they were tilted and circle swam, after that 

sank down to the bottom of the container and floated on water surface. In control 

container, the fishes not died and the survivor fishes had normal characteristic.  

Residue of fishes in 40% local liquor citrus seed solution showed high metabolism 

which could be observed from swimming up and down of the fish around the 

container.  Citrus seed extract could obstruct gas exchange surface area and bound 

with mucus at gill of the tested fish.  Moreover citrus seed extract could pass into 
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blood circulation system by diffusion through gill and small intestine afterward was 

accumulated in many organs such as liver, kidney and adipose tissue (Spear and Pierce 

, 1979).  Sakulku (1996) reported the acute toxicity of  Derris trifoloata leaves extract 

toward Nile tilapia.  The static non renewal test was used to determine LC50 during 95 

hours.  All dead fishes in the experiments show the similar behaviors as was observed 

in this experiment.   

 

 When temephos solution at LC50 of Ae. aegypti was 0.00057 ppm  treated with  

Nile tilapia for 48 hours, the fish mortality was 15 % which 12.5% mortality were 

obtained the 95% ethanol citrus seed extract.  This indicated that temephos solution 

was more toxic than 95% ethanol citrus seed extract toward Nile tilapia for 48 hours.  

However it was still less toxic than the water and 40% local liquor citrus seed extract 

solution.  The studied of temephos toward other aquatic organisms 

(Rattanapreechachai, 2003) in which temephos concentration of 0.12 ppm was tested 

with the Toxorhynchites splendens larvae and Micronecta sp (aquatic insect which was 

a predator of Ae aegypti in the natural ecology), 100% lethal times were 2 hours and 1 

hour respectively.  The results indicated that temephos was quite toxic to other 

organisms living in natural habitat of mosquito larvae. 
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CHAPTER VІ 

CONCLUSION 

 
 

 This study was an experimental research performing in the laboratory by 

bioassay test.  Citrus seed extraction by different solvents were tested against Ae 

aegypti and Cx. quinquefasciatus larvae.  Later on bioassay test of temephos against  

Ae aegypti larvae and toxic test of citrus seed extraction with fish were also carried 

out. 

 

 The results showed that different solvent extracts exhibited different effect 

toward Ae aegypti and Cx. quinquefasciatus larvae. At 24 hours exposure and 95% 

confidence interval.  Ethanol citrus seed extract yielded LC50 value of 2,267.71 and 

2,639.27 ppm for Ae aegypti and Cx. quinquefasciatus larvae.  With 40% local liquor, 

LC50 was 6,389.22 and 5,611.66 ppm whereas 135,319.40 ppm and 127,411.88 ppm 

were obtained for water extracts.  Based on the LC50 indicated that ethanol extract was 

the most potent followed by 40% local liquor and water.  The active ingredient in 

citrus seed was better extracted in ethanol and well 40% local liquor than in the water 

because of limonoids were the polar compound which one able to dissolve well in 

organic solvent but little dissolve in water.  

 

 Bioassay test of temephos against Ae. aegypti larvae showed that at 24 hours 

exposure the LC50 was 0.00057 ppm.  It was more effective than citrus seed extraction.  

It can be implied that temephos was not suitable to use in combination with citrus seed 

extract.  When temephos solution at the LC50 = 0.00057 ppm was tested with Nile 

tilapia for 48 hours, the fishes mortality was 15%.   

 

 Citrus seed extraction was treated with Nile tilapia for 48 hours demonstrated 

that when water citrus seed solution at LC50 of 135,319.40 ppm for Ae. aegypti and 

127,411.88 ppm for Cx. quinquefasciatus larvae were tested against the tilapia fishes, 
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all of the fishes died in the first hour.  With 95% ethanol citrus seed solution were 

tested against  Ae. aegypti and Cx. quinquefasciatus larvae at LC50 of 2,267.71 and 

2,639.27 ppm, respectively the fish mortalities were 12.5% and 15%.  Finally with 

40% local liquor extract at LC50 of 6,389.22 ppm and 5,611.66 ppm for Ae. aegypti 

and Cx. quinquefasciatus larvae respectively, the fish mortalities were 35% and 30%.  

The ethanol citrus seed extract was less lowest toxic than 40% local liquor and water 

extract. 

 

Recommendations for Further Study 

 

 1.  This research was carried out only with Ae. aegypti and Cx. 

quinquefasciatus larvae.  The citrus seed extraction should be applied to either larvae 

or adults of other mosquito such as Anopheles spp. and Mansonia spp. 

 2.  Further study should be done other citrus genus for example Dancy 

tangerine and Ponkan mandarin etc. 

 3.  This research was conducted in the laboratory.  It should be done in small 

scale field trial to confirm the effective dose of citrus seed extraction. 

 4.  The appropriate duration and residual effect of citrus seed extraction should 

be studied in order to know the reapplication time. 
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APPENDIX A 

 

ตัวอยางแบบทดสอบสารสกัดเมล็ดสมเขียวหวาน 

    น้ํา              เอธานอล 95%               เหลาขาว 40% 
    ลูกน้ํายุงลาย(Ae. aegypti)      ลูกน้ํายุงรําคาญ (Cx. quinquefasciatus) 
 วันที่ทดสอบ   23 กันยายน 2546     วันที่บันทึกผล   24 กันยายน2546 
 

% ตาย 24 ช่ัวโมง 
ความเขมขน 

จํานวนตาย 
กลุมควบคุม 
(100 ตัว) 

ซํ้าที่ จํานวนตาย 
(25ตัว) % ตาย % abbott’s 

250 0 

1 
2 
3 
4 

0 
0 
0 
0 

0 - 

500 0 

1 
2 
3 
4 

0 
1 
1 
0 

2 - 

1,000 0 

1 
2 
3 
4 

8 
5 
4 
5 

22 - 

2,000 0 

1 
2 
3 
4 

9 
6 
10 
6 

31 - 

4,000 1 

1 
2 
3 
4 

24 
22 
24 
24 

94 - 

8,000 2 

1 
2 
3 
4 

25 
25 
25 
25 

100 - 
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APPENDIX B 

 

ตัวอยางการวิเคราะหโพรบิท 

 การวิเคราะหโพรบิท เพื่อหาระดับ LC50 จากการทดสอบ การใชสารสกัดเมล็ดสม
เขียวหวานในการควบคุมลูกน้ํายุงพาหะนําโรค โดยใชโปรแกรม spss for window โดยการเขียน
ขอมูลและคําส่ังตามรูปแบบและขอกําหนดของการใชโปรแกรม จะไดคา LC50 ที่ชวงความเชื่อมั่น 
95 เปอรเซ็นต เชนเดียวกับการทดสอบสารทีมีฟอสที่ใชควบคุมลูกน้ํายุงลาย ดังตัวอยางการหาคา 
LC50 ของสารสกัดเมล็ดสมเขียงหวานที่หมักดวย เอธานอล 95 เปอรเซ็นต ที่ใชควบคุมลูกน้ํายุงลาย 
(Ae. aegypti)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* * * * * * * * * * * *  P R O B I T    A N A L Y S I S  * * * * * * * * * * * * 
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DATA  Information 
 
         18 unweighted cases accepted. 
          0 cases rejected because of missing data. 
          0 cases are in the control group. 
 
MODEL Information 
 
      ONLY Normal Sigmoid is requested. 
 
 
* * * * * * * * * * * *  P R O B I T    A N A L Y S I S  * * * * * * * * * * * * 
 
 Parameter estimates converged after 17 iterations. 
 Optimal solution found. 
 
 Parameter Estimates (PROBIT model:  (PROBIT(p)) = Intercept + BX): 
 
           Regression Coeff.  Standard Error     Coeff./S.E. 
 
   CONC               .00099          .00004        22.91188 
 
                   Intercept  Standard Error  Intercept/S.E. 
 
                    -2.24975          .08615       -26.11489 
 
  Pearson  Goodness-of-Fit  Chi Square =     46.179    DF = 16   P =  .000 
 
  Since Goodness-of-Fit Chi square is significant, a heterogeneity 
  factor is used in the calculation of confidence limits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* * * * * * * * * * * *  P R O B I T    A N A L Y S I S  * * * * * * * * * * * * 
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 Observed and Expected Frequencies 
 
 
               Number of    Observed    Expected 
       CONC      Subjects     Responses   Responses     Residual           Prob 
 
       250.00         100.0           0           2.266           -2.266    .02266 
       250.00         100.0          . 0           2.266         -2.266    .02266 
       250.00         100.0           1.0          2.266         -1.266    .02266 
       500.00         100.0           2.0          3.974         -1.974    .03974 
       500.00         100.0           5.0          3.974          1.026    .03974 
       500.00         100.0          5.0          3.974          1.026    .03974 
      1000.00        100.0         22.0        10.426         1.574    .10426 
      1000.00        100.0         15.0        10.426          4.574    .10426 
      1000.00        100.0         18.0        10.426          7.574    .10426 
      2000.00        100.0         31.0        39.528         -8.528    .39528 
      2000.00        100.0         29.0        39.528        -10.528    .39528 
      2000.00        100.0         32.0        39.528         -7.528    .39528 
      4000.00        100.0         94.0        95.715         -1.715    .95715 
      4000.00        100.0        100.0      95.715          4.285    .95715 
      4000.00        100.0         98.0        95.715          2.285    .95715 
      8000.00        100.0        100.0     100.000           .000    1.00000 
      8000.00        100.0        100.0     100.000           .000    1.00000 
      8000.00        100.0        100.0     100.000           .000    1.00000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* * * * * * * * * * * *  P R O B I T    A N A L Y S I S  * * * * * * * * * * * * 
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Confidence Limits for Effective CONC 
 
95% Confidence Limits 
 
  Prob                  Conc                       Lower                       Upper 
 
   .01      -77.20927      -451.36847       208.63139 
   .02      197.56637      -132.85282       453.58927 
   .03      371.90270        68.06858       610.17375 
   .04      503.04914       218.44287       728.73721 
   .05      609.72665       340.17140       825.76880 
   .06      700.52596       443.29661       908.84281 
   .07      780.13919       533.30016       982.09954 
   .08      851.42335       613.51812      1048.06170 
   .09      916.25344       686.13899      1108.38580 
   .10      975.92964       752.67980      1164.22104 
   .15     1223.00506      1024.51249      1399.05794 
   .20     1419.37278      1235.49143      1590.76392 
   .25     1587.83879      1412.26906      1759.45410 
   .30     1739.12648      1567.44384      1914.52008 
   .35     1879.31707      1708.20383      2061.24440 
   .40     2012.34423      1839.20354      2203.03918 
   .45     2141.04954      1963.77022      2342.40433 
   .50     2267.71428      2084.50572      2481.41613 
   .55     2394.37903      2203.64209      2622.02704 
   .60     2523.08434      2323.29927      2766.30169 
   .65     2656.11150      2445.72692      2916.66853 
   .70     2796.30209      2573.60563      3076.27413 
   .75     2947.58977      2710.52725      3249.59328 
   .80     3116.05579      2861.92862      3443.65971 
   .85     3312.42350      3037.27959      3670.99367 
   .90     3559.49893      3256.58843      3958.35441 
   .91     3619.17513      3309.37953      4027.93937 
   .92     3684.00522      3366.66222      4103.60165 
   .93     3755.28937      3429.57224      4186.87174 
   .94     3834.90261      3499.74694      4279.95733 
   .95     3925.70192      3579.68039      4386.22309 
   .96     4032.37943      3673.46743      4511.19617 
   .97     4163.52586      3788.60256      4664.99879 
   .98     4337.86220      3941.41120      4869.69604 
   .99     4612.63784      4181.78894      5192.79183 
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Probit Transformed Responses
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APPENDIX C 

 

 ตัวอยางการวิเคราะหความแปรปรวนของขอมูล (Analysis of Variance : ANOVA) 

และการวิเคราะหเปรียบเทียบความแตกตาง (Fisher’s Least Significant Difference)  

 การวิเคราะหความแปรปรวนของคาเฉลี่ยแบบทางเดียว (One-Way ANOVA) เปนวิธีการ
ทางสถิติที่ใชทดสอบเปรียบเทียบคาเฉลี่ยของกลุมประชากร ในกรณีที่มีกลุมประชากรตั้งแต 2 กลุม
ขึ้นไป โดยมีตัวแปรอิสระเพียงตัวเดียว วิธีนี้บอกไดเพียงวามีคาเฉลี่ยของกลุมประชากรอยางนอย
หนึ่งกลุม ที่แตกตางไปจากกลุมอ่ืน ซ่ึงจะตองทําการวิเคราะหหาวามีคาเฉลี่ยของประชากรคูไดที่
แตกตางกัน โดยวิธี (Fisher’s Least Significant Difference : LSD) โดยเขียนขอมูลและคําส่ัง
ตามรูปแบบและขอกําหนดของการใชโปรแกรม ผลลัพธที่ไดมีคาความเชื่อมั่นที่ 95 เปอรเซ็นต ตัว
อยางของการวิเคราะหความแปรปรวนของคาเฉลี่ยของคาเฉลี่ยเปอรเซ็นตการตายจริงของลูกน้ํายุง
ลาย(Ae. aegypti)ในสารสกัดเมล็ดสมเขียวหวานที่หมักดวยน้ํา 
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Descriptives 
 
 

 DEAD 
 

95% Confidence 
Interval for Mean Conc N Mean Std. 

Deviation
Std. 

Error Lower 
Bound 

Upper 
Bound 

Minimum Maximum

250 3 .3333 .5774 .3333 -1.1009 1.7676 .00 1.00
500 3 4.0000 1.7321 1.0000 -.3027 8.3027 2.00 5.00

1000 3 18.3333 3.5119 2.0276 9.6093 27.0573 15.00 22.00
2000 3 30.6667 1.5275 .8819 26.8721 34.4612 29.00 32.00
4000 3 97.3333 3.0551 1.7638 89.7442 104.9225 94.00 100.00
8000 3 100.0000 .0000 .0000 100.0000 100.0000 100.00 100.00
Total 18 41.1667 43.2493 10.1940 19.6593 62.6740 .00 100.00

 
 

ANOVA 
 

 DEAD  
 

 Sum of 
Squares df Mean 

Square F Sig. 

Between 
Groups 
Within 
Groups 
Total 

30882.444 
 

54.667 
 

30937.111 

5

12

17

6176.489

4.556

1355.81 
 
 
 
 

        .000 
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Post Hoc Tests 
 
 

Multiple Comparisons   
Dependent Variable: DEAD  
LSD  
 

 
95% Confidence Interval 

 (I)CONC (J)CONC 

Mean 
Difference 

(I-J) 
 

Std. 
Error 

 

Sig. 
 Lower 

Bound 
Upper 
Bound 

500.00 -3.6667 1.7427 .057 -7.4637 .1304 
1000.00 -18.0000* 1.7427 .000 -21.7970 -14.2030 
2000.00 -30.3333* 1.7427 .000 -34.1304 -26.5363 
4000.00 -97.0000* 1.7427 .000 -100.7970 -93.2030 

250.00 

8000.00 -99.6667* 1.7427 .000 -103.4637 -95.8696 
250.00 3.6667 1.7427 .057 -.1304 7.4637 

1000.00 -14.3333* 1.7427 .000 -18.1304 -10.5363 
2000.00 -26.6667* 1.7427 .000 -30.4637 -22.8696 
4000.00 -93.3333* 1.7427 .000 -97.1304 -89.5363 

500.00 

8000.00 -96.0000* 1.7427 .000 -99.7970 -92.2030 
250.00 18.0000* 1.7427 .000 14.2030 21.7970 
500.00 14.3333* 1.7427 .000 10.5363 18.1304 

2000.00 -12.3333* 1.7427 .000 -16.1304 -8.5363 
4000.00 -79.0000* 1.7427 .000 -82.7970 -75.2030 

1000.00 

8000.00 -81.6667* 1.7427 .000 -85.4637 -77.8696 
250.00 30.3333* 1.7427 .000 26.5363 34.1304 
500.00 26.6667* 1.7427 .000 22.8696 30.4637 

1000.00 12.3333* 1.7427 .000 8.5363 16.1304 
4000.00 -66.6667* 1.7427 .000 -70.4637 -62.8696 

2000.00 

8000.00 -69.3333* 1.7427 .000 -73.1304 -65.5363 
250.00 97.0000* 1.7427 .000 93.2030 100.7970 
500.00 93.3333* 1.7427 .000 89.5363 97.1304 

1000.00 79.0000* 1.7427 .000 75.2030 82.7970 
2000.00 66.6667* 1.7427 .000 62.8696 70.4637 

4000.00 

8000.00 -2.6667* 1.7427 .152 -6.4637 1.1304 
250.00 99.6667* 1.7427 .000 95.8696 103.4637 
500.00 96.0000* 1.7427 .000 92.2030 99.7970 

1000.00 81.6667* 1.7427 .000 77.8696 85.4637 
2000.00 69.3333* 1.7427 .000 65.5363 73.1304 

8000.00 

4000.00 2.6667* 1.7427 .152 -1.1304 6.4637 
*  The mean difference is significant at the .05 level. 
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APPENDIX D 
 

 Toxicity tests are conducted to measure the effect of one or more pollutants on 

one or more species of organisms.  Tests are conducted for various lengths of time.  

One or more controls are employed in which the organism is exposed to similar 

conditions except lacking the toxicant to provide a measure of experimental 

acceptability. 

 This toxicity tests were short-term test 

 This is conducted for short period of time, usually 48 or 96 hours.  Fish 

toxicity tests are occasionally run for 48 hours period because of technical difficulties 

with some species.  Organisms, except phytoplankton, echinoderm larvae and 

zooplankton are not fed during the test and the solution is not changed.  Death of the 

test organism is the criterion used to evaluate the toxicity of the solution. 

 Selection of test organisms 

 The selection of the test organism for toxicity test is dependent upon many 

criteria which can be grouped according to the organism, the laboratory facilities and 

the researcher.  The choice of species to be used should represent different habitats 

(i.e. pelagic, epibenthic, benthic), different tropic levels (i.e. primary producer, 

herbivore, carnivore, etc.) and from different groups (i.e. phytoplankton, annelids, 

molluses, arthropods, fish, etc.)  

 Fish are a major test organism because of their economic importance.  There 

biology is well known and they are usually sensitive.  At least one species of fish 

should be included with every series of toxicity tests.  The disadvantages are the 

difficulty in collection, handling and transporting them to the laboratory (FAO, 1997). 

 Fish are very susceptible to various diseases and parasites ; any such fish 

should be removed and discarded.  Fish should be observed diary during the 

acclimation period and any dead, injured or sick fish should be removed.  Fish should 

not be crowed, overfed and the aquaria kept clean in order to minimize the appearance 

of diseases (Snieszko, 1970).  While it would be desirable to use 20 specimens per 

replicate.  Do not feed the fish one day prior to the test.  Death in defined as a lack of 

movement by operculum and/or floating without movement. 
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 Acute toxic test of citrus seed extraction and temephos toward Nile tilapia.  

LC50 of Ae. aegypti and Cx. quinquefasciatus larvae control were tested with Nile 

tilapia.  It was shown at following table. 

 
LC50 (ppm) 

Solvent 
Ae. aegypti Cx. quinquefasciatus 

water 135,319.40 127,411.88 

95% ethanol 2,267.71 2,639.27 

40% local liquor 6,389.22 5,611.66 

temephos 0.00057 - 

 
 

Mortality fish (individual) 

Control 
135319.40 

ppm 
127411.80 

ppm 
2267.71 

ppm 
2639.27 

ppm 
6389.22 

ppm 
5611.66 

ppm 
0.00057 

ppm Hrs. 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
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Mortality fish (individual) 

Control 
135319.40 

ppm 
127411.80 

ppm 
2267.71 

ppm 
2639.27 

ppm 
6389.22 

ppm 
5611.66 

ppm 
0.00057 

ppm Hrs. 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 
19 
20 
21 
22 
23 
24 
30 
36 
42 
48 
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1 
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1 
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