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THE STUDY OF POTENTIAL ELIMINATION OF A COMMON CUTWORM
(Spodoptera litura, Farbr) BY CYANIDE EXTRACTED FROM CASSAVA
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DEVELOPMENT)
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KEWALIN ACKARADEJRUANGSRI, Ph.D.

ABSTRACT

The study of potential elimination of a common cutworm (Spodoptera litura, Farbr)
by cyanide extracted from cassava was investigated. The peel of root and the leaves of
cassava Kasetsart 50 variety with two kinds of solvents; 95% ethanol and distilled water,
were used in this study. The weight by volume ratio between the cassava and the solvent
were 1:1, 1:2, 1:3, 2:1, 2:2, 2:3, 3:1, 3:2, and 3:3, respectively. The extraction times were
24, 48, and 72 hours. The results obtained from 95% ethanol extraction of the peel of root
and the leaves of cassava were in the range of 156.7 - 715.4 and 78.1 - 591.2 mg CN'/kg dry
weight, respectively, whereas those obtained from distilled water extraction of the peel of
root and the leaves of cassava were in the range of 85.5 — 406.1 and 81.8 - 631.2mg CN'/kg
dry weight, respectively. From the results, it was found that the optimum condition for the
extraction was obtained from the extraction of the peel of the root by using 95% ethanol at
the ratio of 2:2 and an extraction time of 48 hours. The yield was 715.4 mg CN'/kg dry
weight. Therefore, this optimum condition was selected to be used for the extraction of
cyanide from cassava. The cyanide obtained from the extraction was used for further study
on the stability of the cyanide extract, the potential of the cyanide extract on common
cutworm elimination, and the toxicity effect of cyanide extract on the environment.

The stability study of the cyanide extract was investigated at room temperature
(about 30°C) and at 4°C for a period of seven days. The results showed that cyanide extract
deteriorated continuously for the whole period of seven days; the concentration of cyanide
extract decreased by 30% and 38%, respectively.

The potential of the cyanide extract on common cutworm elimination was studied
by testing the mortality rate of 2"-3 stage common cutworm after being fed with Chinese
kale leaf in cyanide extract at various concentrations. It was found that the mortality rates of
common cutworm were 36.7 - 63.3% at 48 hours. The highest concentration of cyanide
extract was 246.7 mg CN7/I. At this highest concentration, the mortality rate of common
cutworm was 63.3% with the LCs, (at 95% level of confidence) of 140.8 mg/l at 48 hours.
The mortality rate of common cutworm obtained from the cyanide extract was compared
with that obtained from Cypermetrin, which is the widely used insecticide for common
cutworm elimination, it was found that the mortality rate of 93.3% at 24 hours was obtained
from Cypermetrin. This mortality rate was higher than that obtained from the cyanide
extract. However, there is a potential of the cyanide extract to be used at a certain level for
common cutworm elimination.

The toxicity effect of cyanide extract on the environment was studied by using Nile
tilapia as a representative. The concentrations of cyanide extract used in this study were
24.7 and 14.6 mg/l. The results showed that the LCs, was 12.3 mg/I for cyanide extract at
both concentrations, at 95% level of confidence, and at both 48 and 72 hours. The mortality
rate of Nile tilapia exposed to the cyanide extract was compared with that obtained from
exposed to potassium cyanide at a concentration of 16 mg/l, it was found that the fish
exposed to potassium cyanide had a 100% mortality rate within 15 minutes. Therefore, it
can be concluded that potassium cyanide is very toxic whereas the cyanide extract from
cassava has a relatively low toxicity to the environment. However, if the cyanide extract
from cassava is used, it should be used with care.

KEY WORDS : CYANIDE EXTRACT / CASSAVA / COMMON CUTWORM
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CHAPTER I
INTRODUCTION

1.1 Statement of the Problem

Agricultural process usually faced lot of problems. The common problems
which destroy the agricultural products are pest insect, plant pathogen, weed and
animals. The lost of agricultural products leads to the essential of pest control.
The method that usually use to control pest from past to present is chemical control.
This method is effective but also having side effects such as pest’s chemical
resistance, chemical left in product and chemical hazard to farmer and consumer. The
chemical used for pest control has various types and different volume depend on
species of plant, pest and the spread of pest. The chemical for pest control mostly
imported from aboard. It’s found that the number of the imported chemical is
increasing. In 2004, the amount of imported chemicals was 86,905 tons that value
11,135 million baht (Table 1-1). Because of this reason, the use of a pest control
chemical is very popular. Even though it is very expensive and can be the way that the
toxic accumulate in food chain.

Vegetables are agricultural products that are mostly used chemical pest control.
There is a high demand of vegetables because they have nutrient that is essential for
human body(1). Another reason is that vegetables have many types that people can
choose, it is cheap and also convenience to buy. For these reasons, the demand of
vegetables from the consumers are increased and the farmers need to produce more
vegetables to meet the needs of consumers. The expansion of vegetable field causes
the plant pathogen and insect pest problems (2). If it can not be controlled, it may be
caused the lost of products (3). The plant pathogen and pest insects that destroy the
products force the farmers to use chemical as the first choice to control the pest and

pathogen (4).
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Tablel-1 The amount of agriculture chemicals imported in Thailand from1994— 2004
Amount : tons of ingredient
Value : million baht

Insecticides Fungicides Herbicide Other Total
Bs.

amount value amount value amount value amount value amount value
1994 5,444 1,178 5,329 544 9,543 1,700 474 162 20,790 3,584
1995 6,602 1,655 4,824 604 11,934 2,044 699 399 24,059 4,702

1996 6,479 1M 4,446 616 14,041 | 2,445 576 152 25,542 | 4,924
1997 7,526 2,095 4,588 817 14,403 | 3,285 610 201 27,127 | 6,398
1998 8,488 2,774 3,424 765 10,359 | 2,666 959 197 23,230 | 6,402

1999 | 11,514 | 2,857 4,960 895 16,678 | 3,293 817 236 33,969 | 7,281
2000 7,023 2,047 4,758 1,097 17,611 | 3,880 1,610 283 31,002 | 7,307
2001 8,356 2,553 5,384 1,265 | 20,957 | 4,502 2,342 441 37,039 | 8,761
2002 9,046 2,931 5,681 1,444 | 22,607 | 4,349 2,237 392 39,571 | 9,116
2003 9,790 3,136 6,732 1,678 | 31,879 | 6,101 1,930 426 50,331 | 11,341
2004 | 16,731 | 2,835 | 10,108 | 1,719 | 55,649 | 6,080 4,417 502 86,905 | 11,135
Total 96,999 25,722 60,234 11,444 225,661 40,345 16,671 3,391 399,565 80,951

Source : Office of Agricultural Economics, 2005 (5)

The adverse effects from using chemicals in planting vegetables are pest’s
resistance and chemical residue in products. Furthermore, it can accumulated in bodies
of farmers who use chemical and consumers who eat vegetables, especially DDT
which is the chemical that can exist for a long time in vegetables. It’s cited that
vegetables are one of the most common plant that contain toxic chemical residue.
From the assessment of chemical residue in vegetables of Department of Medical
Science, Ministry of Public Health in 2002 (6), it was founded that from the total
samples of 3,115,1,988 samples (64%) found no chemical residue and 1,127 samples
(36%) contain toxic chemical residues. Moreover, Chemical Safety Development
Group, The Food and Drug Administration and Food Control Division with Food
Division, Department of Medical Science, Ministry of Public Health studied the
residue chemicals in pest control in vegetable. They launched the non—toxic chemicals
and safety vegetable project in 1994 — 1999. They found that 156 vegetable samples
(60.26%) had chemical residue and 13.4 percents were commonly found from these
samples had toxic chemical residue not exceeding the standards. Vegetables that

chemical residue are Chinese kale, Chinese cabbage and a white greens, respectively.
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Cypermethrin and Dicrotophis were mostly found as chemical residues that exceeded
the standards.

The insect pest of vegetable have several species but a common cutworm or
Spodoptera litura, Farbr is the importance species among the insect pest of vegetable.
It’s able to destroy a vegetable product to economic lost level in every field especially
vegetable in a cabbage family. Common cutworm is a small insect pest which can
quickly spread if they have a suitable environment and they can stay in one of
vegetable offer (7). Therefore, a farmer will spray a chemical insecticide very often in
order to Kill them and eliminate them even a common cutworm do not spread. This is
a case where a common cutworm can adapt to resist a chemical. It is able to cross
resistance to chemical insecticide as well. The first chemical insecticide cross
resistance is fenraterate and the next is synthetic pyretoid and DDT. Moreover, a
common cutworm is able to resistance to many chemical insecticides and it has
different level of resistance to each of chemical insecticides in a same group (8).
A common cutworm is able to develop a resistance for organophosphate and
carbamate as well. It is highly resistance to methylparathion of organophosphate,
highly resistance to carbaryl of carbamate and highly resistance for fluvalinate of
synthetic pyretoid (9). According to these reasons the chemical insecticide used for
elimination of a common cutworm did not work anymore. Therefore, it is essential to
find out new methods to control them. The use of the botanical extract to eliminate a
common cutworm is interesting such as using neem extract. It is an efficient method,
does not toxic to farmers, and does not have a chemical residue in products and
environment.

The risk of chemical residue in vegetable products made the government
assigned the policy in the Eight National Economic and Social Development Plan
(1997 — 2001) (10) that aimed to decrease agricultural chemical utilization. In the sixth
part of this plan is the matter of environmental and resources management at the
second point is about the decrease of dangerous level that threaten health safety level
and the decrease of using chemical pest control promotion. There are many suitable
alternatives to safe the environment and the quality of life. The uses of natural
extraction that can eliminate or control pest insect spread level and have the same

result as using chemical. The use of natural enemy insect of pest because they do not
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harm human, animal and environment. Using resistant plant species that can not be
easily destroyed by insect pest. The mechanical control methods such as net, insect
catching machine etc (11). These plans still implemented in the Ninth National
Economic and Social Development Plan (2002 — 2006). In the latest plan, it promotes
the sustainable agriculture. The avoidance of chemical use is one of the strategies of
sustainable agriculture. The use of herb to control insect pest and use biological
method to control pest which can decrease the pollution from an agriculture.

According to the above paragraph, using chemical for pest control has
dangerous effects on farmers, consumers and environment. A plant extraction for pest
control is effective and interesting choice. It’s cited in most research that a plant
extraction for pest control is effective to be used in the field. The plants that can be
extracted for insect pest control are neem, anamirate cocculus and tobacco. Another
plant that is interesting to extract for insect pest control is cassava. It is an economic
plant and can grow in any parts of Thailand because it is adaptable to any type of soil.
Cassava easily grow up and has many markets to support such as animal food
industries or consecutively industries in the country. The export markets are China in
form of lined cassava and Europe United country (EU) in a grain cassava form. In
2004, Thailand have cassava field about 6.695 million Rais that increase from 2003
about 1.32 percents. In 2004, cassava was exported about 7,016,650 tons at a value of
34,805.21 million baht. In 2005, cassava was exported about 4,998,177 tons at a value
of 34,276.15 million baht as show in Table 1-2
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Table 1-2 The amount and value of cassava and product exported

A value : million baht, An amount : ton

2001 2002 2003 2004 2005
month amount value amount value amount value amount value amount value
Jan.
555,706 | 2,075.86 455369 | 2,164.04 420571 | 2,248.57 915456 | 3,533.29 345,845 | 2,146.23
Feb 480,981 1,865.48 525,938 2,311.97 622,767 2,753.60 504,512 2,525.03 387,466 2,281.65
March
477,587 2,045.45 356,102 1,955.28 380,864 2,213.36 679,107 3,015.57 507,673 3,098.95
April
568,299 2,051.76 495,435 2,326.39 659,017 3,006.84 748,329 3,199.37 412,160 2,806.15
May
820,394 | 2,976.60 404,140 | 2,058.45 484,858 | 2,406.06 458,848 | 2508.73 601,565 | 3,618.57
June
265,606 1,528.71 220,781 1418.89 275,949 1,665.84 1,182,378 4,547.57 313,203 2,525.83
Jully 743,223 | 2,742.94 258,248 | 1,641.84 313,217 | 1,751.60 364,169 | 2,222.96 497,272 | 3,260.92
August
590,708 | 2,564.84 366,579 | 1,867.68 388,742 | 1917.67 505,799 | 2,768.41 361,991 | 2,790.40
b 4 474,159 2,231.18 368,675 1,959.31 324,157 1,894.56 427,926 2,729.00 334,461 2,786.25
& 285,908 1,795.38 246,086 1,696.22 333,957 1,924.54 321,961 2,395.60 331,811 2,687.81
Nov
310,263 | 1,852.27 257,007 | 1,765.19 434,477 | 2,2218.90 385,403 | 2,466.74 441,903 | 3,153.46
Dec
418,725 | 1,996.43 283,360 | 1,713.18 731,815 | 3,223.14 522,762 | 2,892.94 462,827 | 3,119.93
Total 5,991,559 | 2572690 | 4,237,720 | 2287844 | 5370391 | 27,22468 | 7,016,650 | 34805.21 | 4,998,177 | 34,276.15

Source : Office of Agricultural Economics, 2006 (12)

Cassava Contains hydrogen cyanide in the form of aromatic hydrocarbon. It is
expected that it can be used to control insect pest. In the past, hydrogen cyanide gas or
hydrocyanic acid had been used as fumigant to control and eliminate insect pest or
rodent such as rat in the store. It effects to animal breath systems especially high toxic
to mammal. The hydrogen cyanide at a level of 0.05 mg. per 1 kg. of human weight
will be harmful so it must be carefully used (13,14). The cyanide in cassava is toxic
but easily to decompose when it is heated. Therefore, it is less dangerous than the
synthetic cyanide. Every part of cassava contains cyanide but varies in amount
depending on parts of the plant such as root, stem or leaf. The amount of cyanide in
root is higher than the others especially in a peel of root. The amount of cyanide also
depend on age and breed of cassava as well. The leaflet also has the cyanide in large

quantity (15). Because of the cyanide in cassava is toxic so parts of cassava that
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contain cyanide is useless. The parts like leaflet and peel of root which contain
cyanide in high level become agricultural waste. Therefore, using the extraction of
cassava waste for pest control will be a useful method. Cyanide extraction from
cassava will be able to eliminate pest. The farmers can extract cyanide from cassava
by themselves, which can decrease cost, and the extraction from the plant will reduce a
problem of the chemical residue in environment and decrease an agricultural chemical
import from aboard.

Therefore, the researcher has an idea to use parts of cassava, e.g. the peel of root
and the leaves which are waste of agricultural products but have high cyanide content
for cyanide extraction. The extracted cyanide will be studied for insect pest
elimination. This will be an interesting study because only few researches in this topic

are available.
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1.2 Objectives

1.2.1 To study the appropriate extraction method for cyanide extract from
cassava.

1.2.2 To study appropriate dose and appropriate concentration of cyanide extract
from cassava which effects to mortality of common cutworm (Spodoptera

litura, Farbr) in vivo.

1.3 Hypothesis

1.3.1 The peel and the leaf of cassava have different cyanide contents from the
extraction.

1.3.2 The different ratio of cassava to solvent has different cyanide contents from
the extraction.

1.3.3 The different time interval of extraction has effect on cyanide quantity
from the extraction.

1.3.4 The different concentration level of cyanide extract from cassava and
different time interval of extraction had effect on different mortality rate of

common cutworm.

1.4 Scope of the Study

1.4.1 To study a potential of cyanide extraction from cassava by using the peel
and the leaves of cassava Kasetsart 50 variety.

1.4.2 To extract cyanide from cassava by using distilled water and 95% ethanol
as solvent.

1.4.3 To determine the appropriate ratio between cassava (the peel and the
leaves) and a solvent at ratio of 1:1, 1:2, 1:3, 2:1, 2:2, 2:3, 3:1, 3:2 and 3:3.

1.4.4 To determine the appropriate time interval in extraction at 24, 48 and 72

hours.
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1.4.5 To determine the optimum condition for the extraction of cyanide from
cassava.

1.4.6 To study a concentration level of cyanide extract from cassava which has
an effect on mortality of common cutworm at 50% (LCsp).

1.4.7 The testing insect pest in the study is a common cutworm (Spodoptela
litula, Farbr).

1.4.8 The toxicity effect of cyanide extract from cassava on the environment
was studied by using the Nile tilapia (Oreochromis niloticus) as a

representative.

1.5 Variables in the Study

1.5.1 The study of the appropriate extraction method of cyanide extract from
cassava.
1.5.1.1 Independent variables are the peel and the leaves of cassava, solvent
types, ratio between cassava to solvent and the time interval in
extraction.
1.5.1.2 Control variables are cassava variety and cassava’s field.
1.5.1.3 Dependent variable is amount of cyanide extract from cassava.
1.5.2 The potential study of cyanide extraction from cassava on the mortality
of common cutworm.
1.5.2.1 Independent variables are the dilution ratio of cyanide extract from
cassava to water.
1.5.2.2 Control variables are a common cutworm species Spodoptera litura,
Farbr, numbers of common cutworm.
1.5.2.3 Dependent variables are the mortality rate of common cutworm,
cyanide extract from cassava concentration level which have a

potential to effects on the mortality of common cutworm at 50%
(LCsop).
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The peel of root

The leaves

A 4

Control variables

Phase | Extraction Method - Cassava KU50 variety
The Appropriate - Maceration - A field in Chonbury province
- Absolute Alcohol

extraction

v

Independent variables
- Type of solvent : distilled water and 95% Ethanol

A 4

- Ratios of cassava to solvent
- Time intervals extraction : 24, 48, 72 hours.
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Amount of cyanide
extract from cassava

The appropriate extraction method for cyanide extract from cassava

A

A 4

The potential of cyanide extract from cassava on mortality of common cutworm test

\ 4

Independent variables
- A ratio of cyanide extract from cassava per water

Phase 11
The Mortality test

A

litura, Farbr)
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-Species of common cutworm (Spodoptera

-A number of common cutworm for test

A 4

Dependent variables

- A mortality rate of common cutworm at the different level of concentrations and the times interval
- A concentration of cyanide extract to common cutworm to die at 50% (LCs)

A 4

elimination

The potential of cyanide extract from cassava on common cutworm (Spodoptera litura, Farbr)

Figure 1-1 Diagram of Conceptual Framework
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1.7 Definitions

1.7.1 Cyanide extract from cassava means the extraction from cassava that has
cyanide as an active ingredient. It is extracted by maceration method and
absolute alcohol method and tested for the potential of common cutworm
(Spodoptera litura, Farbr) eliminated.

1.7.2 The appropriate extraction for cyanide extract from cassava means
cyanide extract from cassava extraction method use from the peel or the
leaves of cassava and use 95%ethanol and distilled water as solvents.
It has ratio between cassava to a solvent and an interval of time in
extraction that has the most cyanide extract volume. To consider about
quantity of cassava and solvent volume in an extraction which it is cost
and use in suitable level.

1.7.3 LCsp (Lethal concentration at 50%) means concentration of cyanide
extract from cassava to effects on the mortality of common cutworm at
50% of a total common cutworm in the testing. The unit is in milligram
per liter (mg/l) or part per million (ppm).

1.7.4 The potential of cyanide extract from cassava means a capacity of
cyanide extract from cassava in common cutworm elimination or killing

by using LCsp in comparison.

1.8 Expected Results

1.8.1 To obtain the appropriate extraction method for cyanide extract from
cassava and to know which parts of cassava can be the suitable parts for
cyanide extract for insect pest elimination.

1.8.2 To get appropriate ratio used and appropriate concentration of cyanide
extract from cassava that has the highest potential on the mortality of
common cutworm.

1.8.3 To promote the utilization of plant extraction for insect pest control in

order to decrease chemical pest control consumption.
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CHAPTER II
LITERATURE REVIEW

In the research “The study of potential elimination of a common cutworm
(Spodoptera litura, Farbr) by cyanide extracted from cassava”, data from papers and
various related researches are divided into 7 parts as follows :

2.1 General

2.2 Cyanide in cassava

2.3 Ecology of Common Cutworm

2.4 The utilization of botanical extract for insect pest control

2.5 The insecticides testing

2.6 The herb extract

2.7 Relevant Researches

2.1 General
2.1.1 History of Cassava

Cassava was originated in the Central America and the South America,
Brazil, Peru, Mexico, Guatemala and the Republic of Honduras. Cassava has been
planted about 3,000 — 7,000 years ago and expanded around the world. In Asia,
cassava was brought from Mexico to Philippine about 17 B.C. by Portuguese and
Philippines. Hollander in 18 B.C planted cassava in Indonesia. In Thailand, it was not
exactly documented about cassava planting but it is believed that it was brought from
Malaysia to Thailand in 1786. Cassava in Thailand has many names such as “man
mhai” or “man sumrong”. It was planted for commercial for 30 years ago. The cassava
was first planted in the south for making powder and sago for consume in the country.
Then the industry need cassava as raw material, therefore, the cassava field moved to

the east such as Chonburi province, Rayong province and other nearly provinces, and
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expanded to the northwestern area in 1974. Cassava can grow well in any area because
it can adapt in dry and low nutrient area. Therefore, cassava field expanded to the west
and the north middle of Thailand. At the present, Thailand is one of the major cassava
exporters of the world. Therefore, the farmer in many areas plants cassava and cassava

is now an important economic plant of Thailand.

2.1.2 A Cassava Botany (16)
2.1.2.1 Cassava Categories
Scientific name of cassava is Manihot Esculenta Crantz or
Manihot utilissima Pohi and it is called in many languages such as Cassava in
English, Manioc in France, Yuca in Spain and Mandioca in Portuguese. Cassava
categories in botany is as follows :
Order : Geraniales or Euphorbiales
Class : Dicotyledonea
Subclass : Archichlamydeae
Subdivision : Angiospecmae
Family : Euphorbiaceae
Tribe : Manihoteae
Genus : Manihot

Species : esculenta

2.1.2.2 General Botany Characteristics (17)

Cassava is perennial bush that has a long life. It has specific
characteristics that it can plant all year, easy to grow, few demand of water, dry
tolerant, it has few pest, make high products, low cost and it can plant in low nutrient
area. Botany characteristic of cassava can be explained in parts as

(1) Stem

The height and branch have reverse relationship which is the
variety characteristic. Some variety has few branches but has high stem. The others
may have lot of branches but has lower stem. Some variety has branches near the base,

some has branches higher than base. A branch corner may straighten or expanded.
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Normally, branches do not have hair. The branch usually has 3 or 2 branches It is very
rare to have 4 branches.

The mature stem is woody that has thin tissue like string so it is
easy to break. The diameter of stem is about 3—6 cm. The stem surface is thin and easy
to peel. The tissue inside is white. The stem colors are different as variety of variety. A
part near the peak is greenish and the lower part has many colors such as grayish,
yellowish or brownish. The stem color corresponds to root surface, if the stem is
grayish the surface root will be smooth. The other colors will have rough root surface.
A leaf scar is the nib of leaf that is adjoined the stem. A storey length is the distance
between each leaf scar. If the plant grow well, the storey length is wide but it will be
narrow, if the plants grow slower.

(2) Leaf
Cassava leaves are simple formed by lamina and petiole.
Leaves are lobed with palmate reins. They are generally even number of lobes, ranged
from three to nine. Leaves near the inflorescence are generally reduced in size and
lobe number most frequently 1 — 3 lobed. The structure of lobes has many forms such
as linear, obovate, lanceolate or pandurate. Leaves to connect with petiole at a lamina.
The petiole is an S shape, it is greenish or red. The structure of leaf can be used to
identify cassava variety.
(3) Root
Cassava can be grown from cutting stem. Adventitious roots
usually arise from the base of the cuttings. Those roots later develop into a fibrous root
system that are the main feeder roots of the plants. A mature cassava tubes may range
in length from 15 -100 centimeters and is weight from 0.5 — 2.0 kilograms depending
on variety and growing conditions. The angle and depth of penetration of the tuber, as
well as the color of the tuber surface, are also variety characteristics, although brown
in the predominant tuber surface color. When cross cut the tube, these parts as can be
seen as follows :
3.1) Periderm is a tissue on the tube surface that has a cork
layer. Some variety may have thick, rough or thin and smooth surface. The color of it

also depends on variety such as light or dark brown or pink.



Nuttapon Theskayan Literature Review / 14

3.2) Cortical regions have 0.1 — 0.3 centimeters thick. The
normal color of it is white but some variety is brown or pink. In this layer compounds
many layer of cell that is cortex mixed with periderm called peal.

3.3) Large central pith is the fibrous root that has many
colors depends on variety such as white, yellow and pink. This part is used for food. It
compounds many tissues that are cambium, parenchyma and xylem vessel. Powder
was collected in parenchyma cell in the peal and the central vascular stand but in the
peal has two times less powder than in the central vascular

(4) Inflorescence
The inflorescence of cassava is not panicle. It has both male
and female flowers in the same plant. In each panicle contains male and female
flowers the male occurred near the tip and the female occurred close to the base.
The male flower has the stamens arranged in two whorls of five stamens each.
The filaments are separated and anthers are small. The male flower will bloom after
the female flower. The female flowers are usually larger than the male flowers. The
female flowers has an ovary mounted on a ten — lobed glandular disc. The ovary has
three locules and six ridges and is about 3 — 4 millimeters long. In each inflorescence,
the female flowers will bloom first, the male flowers do not bloom until about a week
later. Both male and female flowers usually bloom at about 11.30 — 12.30.
(5) Fruit and seed
After pollination and fertilization, the cassava ovary develops
to become the young fruit. The mature fruit is capsule, with diameter of 1 — 1.5
centimeters. It has six narrow longitudinal wings. There are 3 cells and 1 seed in each
cell after it has been fertilized for 3 months. The mature fruit will explode to release
and disperse the seed. The cassava seed is ellipsoidal and has1-1.5 centimeters long.
The seed is brown with black stripped. If the seed fall to the soil, it is difficult to

observe.

2.1.2.3 The Cassava Varieties
The cassava variety can be divided into 2 types which
categorizes by Pohl (1827). The category consider the amount of Prussic acid or

cyanide in cassava root as :
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(1) A toxic type or a bitter type called cassava powder. This
type has high Prussic acid. The scientific name is Manihot Utilissima. This type is not
suitable to eat or feed cattle but it is suitable for industry because it has much powder.
Most of the cassava variety in Thailand is this type.

(2) A non - toxic type or sweet type called Five - Minutes
cassava. It has low prussic acid. A scientific name is Manihot Aipi. This species
suitable for human consumption.

At the present, both bitter type and sweet type are in the same species
that is Manihot Esculenta as classified by Crantz (1766)

The cassava in Thailand can be divided into 3 groups which are

1) The decoration type, usually plant in house for decoration because
the leaf has white and yellow stripped distribute on the height of the leaf. It is called
stripped leaf cassava. The other is forest species that is middle or a big shrub. It is
planting for shade and can found in Chonburi and Rayong provinces.

2) The sweet type use for cooking such as boil, steam, grill, bake or to
boil in syrup. It is not bitter because it has little cyanide. In Thailand, found 3 varieties
of this type are found, i.e. Garden cassava, Five - Minutes cassava or Stalk Red
cassava, and Rayong 2.

3) The bitter type is the most common to plant. This type plant for
industry as line cassava, granule cassava and powder products.

Department of Agriculture selected the cassava variety from general field.
They found that the cassava in Rayong province has the highest yields. This variety is
called Rayongl. Later on many units improved new variety of cassava. The variety
that popular to grow are (18) :

Kasetsart50 : This variety can adapt in any environment. It has high and
strong stem, high-germinated ratio and can conserve for a long time. Kasetsart50 has
high yields, high quality and high percentage of powder. The restriction of this variety
is that when plant in some area, it will has arch stem and wind angle. It causes the
difficulties to harvest. It is cited that the flower and the fruit do not occur in the first
year. The yields of fresh root are about 3.67 tons/Rai. It has 23.3 percentage of powder
or 35.4 percents of dry weight. In rainy season, the yields are about 0.87 tons/Rai. The
powder of dry weight is about 1.32 tons/Rai. The total weights are 5.66 tons/Rai. This
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variety can resist to the blight leaf. This variety has high quantity of hydrogen
cyanide.

Rayongl : This variety gives high yields and can be adapted in any
environment in Thailand. The stem is high so it is easy to take care, harvest and move
to other areas. This variety is strong, has high-germinated ratio and can conserve for a
long time. The powder yield is not high about 18 percents in the rainy season or about
24 percent in the dry season. Fresh yields are about 3.22 tons/Rai. It has 18.3 percent
of powder or dry matter 31.1 percent of powder. In the rainy season, the powder yield
is about 0.60 tons/Rai or dry matter 1.30 tons/Rai. Total plant weight is 5.70 tons /Rai.
In natural environment, Rayongl will resist to the blight leaf.

Rayong60 : This variety has high yields so it is appropriate for farmers who
need short - term harvest. Moreover, this variety has high stem, little branching which
easy to harvest and move to other areas. The restriction of this variety is little powder
that is about 19 percents in the rainy season. The color of flesh in root is white-cream.
It can have flower and fruit in one year. The yields of fresh root are about 3.52 tons
/Rai. The powder is 18.5 percents or 32 percents of dry matter.

Rayong90 : It has higher yields and powder than Rayongl, 5 — 24 percents in
rainy season and 30 percents in the dry season. The restriction of this variety is its
curve stem so it will be difficult to take care when it branches. This variety
deteriorates quickly. The flower will occur in 1 year if the stem branches. The rate of
products of flower and fruit are middle. The fresh root yields are about 3.65 tons/Rai
and 23.7 percents of powder or 35.7 percents dry matter. In rainy season, it has
powder 0.88 tons/Rai or dry matter 1.31 tons/Rai. Total plant weight is 5.3 tons /Rai.
The Rayong 90 is resist to the blight leaf.

Huaibong60 : It is able to grow in a general cassava field. The stem height is
about 180-250 centimeters. The first branch is 90-140 centimeters high. The peak is
soft violet and it does not have hair. The nib of leaf is green-violet and the stem is
silver-green. The peel is brown and the flesh root is white. The Hauibong 60 has
higher fresh root yields and dry root yield than the Kasetsart50 for about 8-10
percents. It has yields about 5.0-6.4 tons/Rai. The powder per head is about 25.4
percents with low sugar and high flour. It is sticky that suitable for continue industry.

This variety is resist to the brown leaf spot.
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2.1.3 Utilization of Cassava (20)

The cassava is utilized both direct and indirect in the industry for human

and animal food. In Thailand, cassava is used in cattle food industry. The utilization of

cassava are :

2.1.3.1 Utilization of Parts of Cassava

Fresh root

- Human food: boil, steam, grill, bake, boil in syrup and to make
products from cassava powder.

- Animal food: fresh root, waste from produced powder, peal of root.

- Use in powder industry: lined cassava, grain cassava and alcohol
industry.

Leaf

- Human food: fresh or boiled vegetable.

- Animal food: fresh leaf, dry leaf mixed with animal food.

Stem

- To be used as breeding

- Animal food: to cut the top mixed with fresh leaf for animal food.

Seed

- Oil extraction which good quality to be used in industry

2.1.3.2 Utilization of Cassava in Various Types

(1) Use for human food

In many countries, cassava is their major food. The fresh

root can not store for a long time so it has to transform for a long time keeping. The

methods for transformation are : fry, steam, grill and make flour for cooking other

food.

(2) Use for animal food

Cassava is inexpensive because of the low cost in planting.

Cassava has high carbohydrate, so it can mix with pure animal food. Now all over the

world mostly uses cassava for animal food.

(3) Use in industry

Cassava is used in industry such as making glue for use in

industrial plywood, box, paper, acetone, glucose, monosodium glutamate, beer, bean
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vermicelli, alcohol and drug etc. At the present, it has researched to produce alcohol
from cassava to be used as fuel because oil in world market has high price. This

alcohol has to mix with gasoline in a suitable ratio.

2.2 Cyanide in Cassava
Cassava has a toxic substance, i.e. cyanide compound, which is able to
change to hydrocyanic acid (HCN) or prussic acid. There are more than 300 species
that have this toxic substance such as sorghum and tobacco. Cyanide in cassava makes
it dangerous to eat. However, if only little cassava is eaten, human can change
hydrocyanic acid to a non-toxic substance or boiled cassava can destroy cyanide in
cassava as well.
2.2.1 Source of Cyanide
Cyanide in cassava is existed in 2 forms of amino acids, i.e. Valine and
Isoleucine. The synthesis of Valine will get glycoside of acetone cyanohydrin called
Linamarin (2 — hydroxylsobutyronitril — a — D — glucopyranoside). If synthesize
Isoleucine will recieve Lotauatralin (2- hydroxyl — 2 — methilbutyronitril — b — D —
glucopyranoside) which is glycoside of methylethyl ketone cyanohydrin. Cyanogenic
glycoside was called after the first discovery as manihotoxin. It was found in 2 forms
of cyanogenic glycoside in cassava, i.e. linamarin and lotaustralin. Linamarin is
mostly found but lotaustralin is found only 2—8 percent of cyanogenic glycoside as

shown in Figure2 — 1

CH,OH Mo CH,OH CaHs
o) O—%MO o) o——ku(}N

OH

N OH Me
H H
HO
OH e OH
2 Linamarin 1 (R)-Lotaustralin

Figure 2-1 Molecular structures of linamarin and lotaustralin

Enzyme linamarase in cassava react at pH 5.5 and stable for many weeks at

0 °C. If the temperature is higher than 72 °C, enzyme will be destroyed. Reaction of
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enzyme linamarase will release hydrocyanic acid. High reaction is at the young leaf
and the peel of the root. For the flesh the reaction is very slow. In normal growing,

hydrocyanic acid does not exist. It can be found only when the tissue is rubbed or

destroyed.
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Figure 2 — 2 The synthesis pathway of linamarin

Cyanogenic Glycoside in cassava can prevent insect. If insect bite or draw the
cassava, the tissue will be destroyed. This will speed up the reaction of enzyme
linamarase. Enzyme linamarase, which has a specific with high substrate in mesophyll
cells, will hydrolyze cyanoganic glycoside in vacuoles then it will receive glucose and
cyanohydrin. Cyanohydrin, is unstable, will be digested by o hydroxynitrile lyase, to
yield products of ketone or aldehyde and hydrocyanic acid. Products obtained from the
hydrolysis of cyanogenic glycoside linamarin are glucose, acetone and hydrocyanic
acid. Lotaustralin gives glucose, methylketone and hydrocyanic acid. Hydrocyanic
acid is toxic to insect or animal that eat cassava.

The study of biosynthetic assay in cassava found that cyanogenic glycoside is
not the end product in chemical pathway. It can change to another substance that does
not release hydrocyanic acid. Normally, hydrocyanic acid is toxic to plant. It can stop
the breath system of cells in mitochondria by stopping cytochrom oxidase process that

brings the oxygen to the plant. For cassava, hydrocyanic acid is not toxic to its cells
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because hydrocyanic acid can change to amino acid, cyanogenic, asparatic acid,
glutamic acid and glutamine nartey, which will be utilized for its growth. These
substances were believed to be are the end product in cyanogenic glycoside synthesis
pathway.
2.2.2 Distribution of Cyanide in Cassava

At the present, there is no citation that inform which cassava variety does
not have cyanogenic glycoside. This substance contains in every part of cassava.
Cassava root has about 5 —10 times more cyanogenic glycoside than peel. Cyanide was
found in young leaf more than old leaf and flesh root. Amount of cyanogenic
glycoside will be varied because of the environment, species and analyzed method
although it is the same species and same trunk. The amount of cyanide or hydrocyanic

acid in the various parts of cassava are shown in Table 2— 2

Table 2 - 2 The hydrocyanic acid in various parts of cassava.

Glycoside Free Cyanide
Part of cassava mg.HCN/kg.fresh | mg.HCN/kg.dry | mg.HCN/kg.fresh
weight weight weight/minute
Young peak 490 1,360 730
Old leaf 380 1,055 100
Nib of leaf 150 417 380
Peel of stem 535 1,486 81.5
Peel of root 640 1,778 270
Flesh root 140 390 9
Line cassava - 30 -
Grain cassava - 13.5 -
Grind leaf - 275 -

Source : Bruijn ,1973 (21)

There are reports from many sources about amount of cyanide in leaf, peel of
root and flesh cassava. It is cited that in leaf has cyanide 83 — 878 mg./kg. of fresh
weight. In the peel of root has 150—1,100 mg./kg. of fresh weight and in the flesh has
cyanide 5 — 490 mg./kg. of fresh weight. (refer in (17))
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Cyanide was found in the root 15-400 mg.HCN/kg.of fresh root or 0.02% of
cassava components. Cassava can be classified by cyanide toxicity into 3 groups of
toxic level. Amount of cyanide in sweet cassava root is between 10 to 20 mg/kg.of
fresh root. In bitter cassava has higher cyanide than sweet cassava about 60 to 200

mg./kg. of fresh root as shown in Table 2 — 3 (22).

Table 2 — 3 Classification of cassava species by cyanide toxicity

Toxicity Amount of cyanide (mg./kg. fresh root)
innocuous <50
moderately poisonous 50 - 100
dangerous poisonous > 100

2.2.3 The Effect of Various Factors on Hydrocyanic Acid in Cassava
2.2.3.1 Nitrogen Fertilizer : Nitrogen is a component of amino acid
valine and isoleucine which is the substance used in chemical pathway analysis that
will give cyanogenic glycoside. Therefore by using nitrogen fertilizer in high rate, it is
the way to add substance that can be changed to cyanogenic glycoside. This is the
reason that this substance will increase when using high nitrogen fertilizer.
2.2.3.2 Age : In young leaf and young nib of the leaf, the amount of
cyanide will be higher than the old leaf and old nib of the leaf. The amount of
cyanogenic glycoside will decrease when it is older. For the root, age does not affect
the amount of cyanogenic glycoside.
2.2.3.3 Moisture in Soil : Dry soil will yield more cyanogenic
glycoside than the wet soil or soil with high moisture.
There are other factors that effect amount of cyanogenic glycoside. The light
block will increase this substance in leaf but decrease in root. The amount of it does
not relate to the size of root. The quantity of the root peel does not relate to the

quantity of flesh.
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2.2.4 Toxin of Cyanide in Cassava (23)

Cyanogenic glycoside in cassava is the white liquid as milk. It contains
in the socket under the skin or peel. When stem or root of cassava is wounded or cut,
this substance will bleed. There are two types of compounds in cyanogenic glycoside
that are 93 percents of linamarin and 7 percents of lotaustralin. These substances are
toxic. To eat, to pick, to break, to cut or to cultivate will make these substance bleed
and increase hydrolysis reaction of linamarin especially when organic acid or enzyme
linase are reacting substances. It produces 3 products, i.e.

- Hydrocyanic acid (HCN)

- Acetone

- Glucose

Later on cyanide will detoxicate to low toxin. The level of the toxin in
cassava root depends on the amount of hydrocyanic acid. The amount of acid that will
be toxic is about 50 — 60 mg. per 1 kg. of fresh root. Eating cassava root which has
cyanide at that level or higher will be toxic to the consumer. The symptoms will be
appeared as in little sickness or may be dead.

Researchers said that cyanogenic glycoside in cassava can protect insect.
If the insect eat or draw the cassava, enzyme linamarase will hydrolyze cyanogenic
glycoside and will give HCN which toxic to the insect. However, it found that resist to
cyanide in cassava because it can destroy the cassava. It also found that the cassava
variety that high cyanogenic glycoside has the opportunity to be destroyed by a thrips
and mite. It can assume that cyanogenic glycoside is not toxic to a thrips and mite.

To use cassava as animal food, hydrocyanic acid in cassava may be toxic
to animal. Level of toxin in animal food can be classified as follows : (24)

- Acute toxic: when cyanide is more than 2,400 mg/kg of food.

- Chronic toxic: when cyanide is less than 2,400 mg/kg of food. The
cyanide becomes toxic when the cyanide is higher than 180 mg. per kg of food. The

level of cyanide at 600 mg/kg of chicken food is not toxic if it has enough methaiony.
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2.2.4.1 Toxin of Cyanide to Human

Cyanide is known as a poison for a long time. The effects of
toxin are fast and violent. Human body can get cyanide by breathing, eating or contact
directly to the skin. Cyanide gas can be absorbed in the respiratory system that can
cause acute toxic. Cyanide gas may come from burning synthesis materials. Eating is
the main cause of cyanide toxic. Cyanide salt solution and acrylonitro can be absorbed
in the gastric system fast and well.

Hydrogen cyanide gas (HCN) is a fumigant insecticide that first
used in 1877. It is colorless and dissolve in water and ethanol. It uses to fumigant for
insect in warehouse and kill the rat(21). It is highly toxic to mammal and make acute
effect of LDsy to rat at 6.44 mg. of sodium cyanide. Toxic of hydrogen cyanide to
human is 0.05 mg. per 1 kg of body weight.

The symptoms from cyanide to human are as follows (25)

(1) Symptom of acute toxic

The patient has immediately lack of oxygen symptom. The
severe level depends on the amount of substance received. The symptoms are having
headache, to be dazzled, to feel nauseated, to vomiting, to fidget and become
unconscious. Cyanide will press the brain that control respiratory system and caused
stop breathing and dead.

(2) Symptom of chronic toxic

Eating raw cassava make the chronic toxic of cyanide
symptoms. It is believed that it causes neurology disease such as tropical ataxic
neuropathy (Nigerian nutritional ataxic neuropathy) which only found in raw cassava
consumption. The patient has symptom of glaring eye. In the serious case, the patient
may become blind. The auditory nerve can not work well that caused hard hearing or
deafness. Having difficult movement: difficult to walk or can not walk. However, this
disease can caused death.

Thyroid disease is one of the diseases that caused by eating lot of
cassava and lack of iodine. Eating cassava with cyanide and cyanogenic glycoside, the
body has to change cyanide to Thiocyanate (SCN). This substance is prevent iodine to
thyroid.
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2.2.5 Cyanide Detoxicate in Cassava
Heating will destroy enzyme linamarase that release hydrocyanic

glycoside. This enzyme will be denatured at the temperature higher than 72 °C. Heat

can make hydrocyanic acid evaporated but cyanogenic glycoside, which cannot be
hydrolyzed, still exist. The methods that can be used to destroy hydrocyanic acid are
boiling, steaming or grill. Sunlight can decrease cyanide in cassava, therefore, the
longer time let the cassava in the sunlight the less amount of cyanide in cassava.

The powder making process can decrease cyanide in cassava. Because

during in the process the cassava will be heated and can destroy cyanide.

2.3 Ecology of Common Cutworm
A common cutworm or Spodoptera litura, Farbr is insect in order Lepidoptera
and family Noctuidae. It is able to destroy many kinds of plants for example
cucumber, tomato citrus, coco, potato, maize and sorghum, they can spread all of the
year. The importance plant foods of a common cutworm were Chinese kale and
cabbage (26).
2.3.1 Life History and Behavior (27,28)

2.3.1.1 Eggs : The eggs are laid underneath the leaves, in clusters of
200 — 300, and covered with hair scale. They hatch in 3 — 4 days

2.3.1.2 The Caterpillars : The newly hatched caterpillar are tiny,
blackish — green, and with a distinct black band on the first abdominal segment. For a
while they are gregarious , but later they disperse. The caterpillar are nocturnal in habit
and become fully grown in about 20 days, reaching a length of 40-50 mm.
The mature caterpillar is smooth with scattered short setae dull grayish and blackish —
green with yellow dorsal and lateral stripes. The lateral yellow stripe is bordred
dorsally with a serious of semi — lunar black marks. The head capsule is black.

2.3.1.3 Pupa : The pupa form as objected pupa. Pupa color is yellow
and greenish and change to red — brownish. Pupa most length about 1.5-1.8 cm.
Pupation takes place in the soil in an earthen cell, and the adult emerges after 7 — 12
days.

2.3.1.4 Butterfly : A common cutworm is a little night butterfly. The
butterfly hold in dark place or under the leaf and fly after sundown. The front wing
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length about 30-40 mm. in female and 32-35 mm. in male. The length from head to
tail is about 18-20 mm. for both male and female. The front wing has a soft brownish,
grayish blackish and white pattern. The back wing are thin and clear. The side of back
wing are the soft brownish hair and smaller than the front wing. The whole life - cycle

takes about 30 days, and in wet tropics there may be as many as eight generations

2.3.2 Spread and Damage

2.3.2.1 Spread : In Thailand, common cutworm can spread in every
area of cabbage field. Most of the spread begin in winter especially during the ending
of winter to the beginning of summer.

2.3.2.2 Damage : This caterpillar is essentially a leaf — eater. Heavy
infestations can seriously defoliate a crop, but this is not a common happening pest
status not very frequently a serious pest on any one particular crop but of very regular
occurrence on a very wide range of crops. The young larva are gregarious but they

disperse as they become older. But does rarely act like a cutworm with crop seedlings.

2.3.3 The Control of Common Cutworm (29,30)

2.3.3.1 To use the yellow glue bait for 80 pieces/Rai that can decrease
chemical insecticides by 50%

2.3.3.2 To use the insect net building.

2.3.3.3 To use parasitoid insect, from the test use parasitoid 60,000
insect/Rai can to control common cutworm to the lower destroy level.

2.3.3.4 To use Nuclear Polyhedrosis Virus : NPV for 50 liter per 20
liter of water and use every 5-7 days

2.3.3.5 To use Basillus thuringnesis ratio 40-80 g. to 20 liter of water
and use every 4-7 days. When wider spread, use higher ratio for application.

2.3.3.6 To use chemical insecticide for example Cypermethrin (ripcord
2.5%EC) ratio 10-20 ml. to 20 liter of water, Abamectin (vermital 1.8%EC) ratio 20-
30 ml and 40-60 to 20 liter of water, Clofenafer (rampage 10%SC) ratio 20-40 ml. to
20 liter of water, Filopronyl (ascend 5%SC) ratio 20-40 ml and 60-80 ml to 20 liter of
water. To applicate every 4-7 days.
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2.4 The Utilization of Botanical Extract in Insect Pest Control

The pest prevention and pest limitation of the farmer still use chemical
pesticides to control. This chemical pesticides is expensive and have many problems
after used for example the insects resistance, chemical toxic rested in farm and
ecological. So the scientists have tested many plants to find the plants that has the
insect prevention and insect limitation qualifications so that these characteristics can
be applied for insects pest control. The extracted substances from plants may institute
the chemical pesticides that have lot of side effects. Furthermore it can be developed
to produce in the industrial scale in the future(31).

The plant selection to be extracted for botanical insecticides will consider the
qualifications of that plant that it can control the pest. The principles for the plant
selection are :

1.The plants have natural resistance to pest.

2.The plants are easy to plant, not take too much care and can use it
continually.

3.The plant is not the insects’ pest host.

4. The plant is not toxic to human being.

5. The plant can use for many purposes.

6. The plant can be applied for easy pest control method.

After the selection of the plants, take the parts of the plants such as leaf, stem,
root, seed etc. to try on extraction. Then test for the potential to kill caterpillars or
insects in the laboratory. When the result is satisfied, that extracted substances will be
tested for the toxin with warm-blood animal or a cool-blood animal because it has to
be sure that it is safe for user. After that the extracted substances will be prepared or
developed until it will be appropriate to use. The advice and the easy extraction
methods will be promoted to the farmer in order that they can produce it by
themselves.

To collect the sample of the plant for the extraction, there are the
considerations that are

1. Types of the plant: choose the plant that has pest control qualifications.

2. Age of the plant: choose the plant at the stage that has the most toxin.

3. Season: plant may have different toxic level in different seasons.
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4.Time to harvest: plant that has essential oil will be cut in the morning before

sunrise while the other plant can be cut at any time.

2.4.1 Plants with Toxin for Insect Pest Control
There are many plants that have the toxin to prevent and to kill the
insects. Some of these plants were researched and developed until they can be used in
the field such as neem. Some plants are on going in research and have the report that
they have toxin. Different part of plants has toxin in different level and different type
of toxin for example

The toxin from the root such as Rotine, chinese cabbage, Suffrutilosa tinctoria
Linn., Derris scandens and stemona collinsae etc.

The toxin from the stem such as Cymbopogon citratus, Ocimum basilicum
Linn, Ocimum sanctum Linn, chilli and etc.

The toxin from the leaf such as tobacco, Brunoniana Beth, Zingiber officinale
Roscoe, , Thevetia peruriana (pers.) schum, and M. leucadendron. etc.

The toxin from the head and the tube such as Acorus calemus L.,garlic,
nutgrass, cucumber, and Gloriosa superha etc.

The toxin from the flower such as Culotropis gigantean Linn, Helianthus
annus Linn, Mirabilis salapa Linn, and Tifhonia diversifolia etc.

The toxin from the seed such as neem, annona squamosa, Jatropha
gossypifolia, and Cleome viscose Linn etc.

Neem is the plant that can be used to prevent the insect pest very effectively. It
was developed and sold commercially. Neem is a known local plant. Azadirectin is the
active ingredient extracted from neem. This substance is like steroids. It can be found
in the neem seed more than the other parts. The neem extract can kill many insects and
make abnormal growth in insects. This extract has the potential to control insects such
as common cutworm but it is hazardous for some vegetables. Therefore it cannot be

used in the non — tested vegetables.

2.4.2 Reaction of Botanical Insecticide to Insects (32)
A botanical insecticide has qualifications to protect and kill insects. It can

be divided by reaction of insect to chemical substances for 4 types that are :
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2.4.2.1 Extract that Kill Insect The plant extract for pesticides that
farmer used for a long time is “rotine”. It has rotenone, which is the substance that can
extracted from ya-chun has a nicotin can extracted from tobacco to kill chewing mouth
insect and sucking mouth insect. Cassava has cyanide that can extract and may be kill
insects as well.

2.4.2.2 Extract that Effect on Insect Metabolism This type of extract
can not kill the insect immediately but cause the abnormal life cycle and dead before
young. The ovipositor is less than normal. The insects will have abnormal molt. The
warm body will be thin after molted, so they are weak and high dead rate. The neem
extract makes the ovipositor of diamondback moth 20 and 100 percent decrease.

2.4.2.3 Extract that Repels or Attracts Insects It has smell that can
repel insects for a short time. When the smell evaporates, the insects will come back
again such as oil from a spicy as sweet sedge, cloves, sweet basil, etc. Some substance
has smell that can attract the insects.

2.4.2.4 Extract that has Antifeedant Insect or young insect will eat
the plants or not depend on the substances in that plant. If substance in the plant is the
attractant, the insects will eat it. The insect will not eat the plant, if it has antifeedant.
There are the substances in antifeedant groups such as limonoids, azardiractin,

alkaloids isobodine, diterpene and terpenoids.

2.4.3 The Classification of Insecticide By Destroying Method (33)

2.4.3.1 Stomach Poison : Insecticides of this class are generally
applied for giants chewing insect but also may be used for sponging, siphoning,
lapping or sucking insects.

2.4.3.2 Contact Poison : Insecticides of this class killed insect by
contacting and entered to their bodies and directly absorbed through the integument
into the blood. It will be toxic to the neurology and respiratory system.

2.4.3.3 Systemic Poison : Insecticides in this class can be applied to
seed, roots, stem or leaf of plant. It is absorbed and translocated to the various parts of
plants. This substance is not harm to natural enemy insect.

2.4.3.4 Fumigant : Insecticides in this class can be applied to limited to

plants or products in tight enclose or those which can be enclosed in relatively gas
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tight tents or wrappings or to soil. Fumigants may be used to combat all kinds of
insects, regardless of the type of mouth parts, since the gas enters the insect body

through the spiracles during respiration.

2.4.4 The Stability of Botanical Insecticide
The botanical insecticides are interesting because it has many advantage
but it has some disadvantage that are (34)

1) The botanical insecticides are easy to degrade when they are in the
sunlight and directly contact to heat. So it will be used in the suitable time and suitable
environment.

2) In some situations or some substances have effects on botanical
insecticide degradation . So it must be tested or studied before using in the field.

3) The half - life of botanical insecticides depend on status or form of
utilization. The extract in the form of emulsion, powders water suspension will be
lasted for 10 days.

4) To use an inert substance or synergist mixed with the botanical
insecticides for increasing reaction. For example, the spray of nicotine mixed with oil

it can kill the insects. The synergist of rotenone is soft soap water and sulphoxide.

2.4.5 Strengths and Weaknesses of Botanical Insecticide.
2.4.5.1 The Strengths of Botanical Insecticide are :

(1) There is little hazard to human, animal and environment. It
can decrease the hazard to farmer and to the environment
from chemical insecticide use.

(2) Decrease insect pest resistance from chemical insecticide
use.

(3) It is quick to degrade, so There is no residue in yield and the
environment.

(4) It is not expensive when compare with chemical insecticide.
Therefore it can decrease the cultivation cost.

(5). It can be extracted from local plants.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 31

2.4.5.2 The Weaknesses of Botanical Insecticide are :

(1) The botanical insecticides are easy to collapse when they are
in the sunlight, so that it has to be sprayed very often. That is not convenience and
takes much more time than chemical insecticides.

(2) The effects of botanical insecticides will be slower than the

chemical insecticides. It may be too late to protect the plants from the insects.

2.5 The insecticide Testing
2.5.1 The Insecticide Test. There are methods to test insecticide (35), these
are :
2.5.1.1 Injection Method : To inject the insecticides to the gap of
insects’ body by volume. This method is a test for one by one pattern and insect
should be big enough. The insecticides inject to insect directly as the active ingredient
pass through its blood system. This method is sensitive to measure the potential of
insecticides. The righteousness of method will be high and not necessary to use many
insects. This method uses few insecticides, low concentrate extract and shown quick
effect by the microsyring applicator.
2.5.1.2 Tropical Application Method : For this method, insect will
contact to the insecticides directly. This method used for the study of effects of
insecticides by using microcyring applicator. The process of the method is to drop
insecticides to insect breast that it is a nerve center and it is the part that insect cannot
get rid of the insecticide.
2.5.1.3 Feeding Method : The sandwich method is a popular method.
The food used in this method may be leaf. This method is suitable for stomach poison
test. The test is one by one. The process of this method are to take the leaf that already
dropped insecticides and take another one to join and put the pin to stab both leaves.
If it’s the powder insecticide, use the spray method by taking one leaf one and glue the
other leaf and paste it on the first one. After that release insect to eat the leaves. Feed
the new ones when it run out of leaves.
2.5.1.4 Dipping Method : It will used only in some cases. The test can
do by clamping an insect to dip in insecticide on the set time. Then take it into the

original condition. This method can use with the insect which is not necessary
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delicate. This method can show the effects of contact poison and stomach poison but it
doesn’t know really volume of insecticides that make the insect died.

2.5.1.5 Leaf Dipping Method : To dip the leaf that is the food of insect
to insecticides on the set time and let the leaf dry. After that, release insect to eat a
leaf. Although this method doesn’t show really volume of insecticides that insect eat,

it’s the popular method because it’s easy to test.

2.5.1.6 Contact or Residual Exposure Method : It is the method for
contact poison test. Dissolve insecticide in solvent that is easy to evaporate. When it
is dry, release insect in it. After the set time, take insects to normal condition. This
method also called Dry Film Method.
2.5.1.7 Direct Spray Method : This method was used for group of
insects It is tested by spray insecticide to the insects or to the plant. The insecticide
volume that drops on insect or plant is the same standard. Then set the time and the
pressure of a mechanic. Take insect to container that insecticide can pass when spray
insecticide, an insecticide will drop to insect at the same ratio.
2.5.1.8 Dust Method : This method uses the equipment such as the bell
jar dusting, dusting tower, or dusting tunnel. The three equipment use the same
principles that is the air blow in limited area. The dust insecticide method can be
distributed in all area and the insecticides volume will drop to the area that can
calculated by specific weight especially the bell jar dusting can make the insecticides
distribution more than the other methods.
In one by one insecticide test, the insects will be used less than 25 insects. For
the group insecticide test, the insects will be used at least 40-50.
The reliability and the standard of insecticide test must be test an insecticide
that the department of agriculture to confirmed and promoted to use for a standard

insecticide to comparable and choose a same effect insecticides.

2.5.2 The Insect Mortality Ratio Evaluation
The insecticide test is necessary to be restricted to the standard to
measure the mortality. The insect may be dead in natural ways, but the death in control
group must be calculated the mortality by Abbot’s formula. If the mortality in control

group is more than 20%, that test will be cancelled.
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The dead identifications of insects are

1) The leg distortion : In a case of mite, when it is nearly to molt, it will have
strange leg and sit still. If the mite has distorted leg, it is dead.

2) The walk : In the test, it may be observed that insect can move but it can not
walk. That can be assumed that it is dead.

3) The ability to move : This test is used for the caterpillar. If it can not move
the body, it will be assumed that it is dead.

4) The ability to escape from heat or move to the light: Some of the tested
insects may be the insects that do not like to move. In the test, if the insects escape
from the heat, it will be assumed that it is still alive. The mosquito larva that can move
to the light, it is also assumed to be alive.

5) The ability to fly and hold: This identification is used to consider the flying
insects. Sometimes, it can fly but its flying swings up and fall or it can not fly and
hold, it will be assumed that it is dead.

The identifications of insect mortality will be observed in 24 hours after the

test or after insect received insecticides.

2.5.3 Level of Insecticides Toxin
Hussan, et.al. (1983, refer in (36)) divided the level of insecticide toxin
into 4 levels that are
Level 1 Harmless means percentage of insect mortality less than 50%.
Level 2 Slightly harmful means percentage of insect mortality between50-79%.
Level 3 Moderately harmful means percentage of insect mortality between
80-99 %.

Level 4 Harmful means percentage of insect mortality more than 99%.

2.6 The Herb Extract
2.6.1 The herb (37)
The Act of Legislation of the Protection and Promotion to Thai Medical
Service 1999 specified that the herb as the plant, animal, microorganism, the elements

and material, original extract from plant and animal used, changed or mixed to
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medicine or food for diagnosis, treat to cure or protect the disease. It also uses to
promote healthy in human and animal.

The chemical compounds in herb divided into 2 groups that are

1) The compound from primary metabolite synthesis or the product from the
first synthesis process.

2) The compound from secondary metabolite is the product of plant that it
comes from primary synthesis and then synthesis by biosynthesis with enzyme. The
compounds of this type are alkaloid, flavonoid, glycoside and essential oil.

- Alkaloid is organic nitrogen compound such as tobacco, opium.

- Steroids can be dissolved in lipid very well. It has the same structure as lipid
such as diosgnis found in a wild yam.

- Glycogen is organic compound from glycone such as alkaloid, flavonoid,
saponin. This is the organic compound, it will be bound with sugar molecule and can
be dissolved in water.

- Anthraguinone Glycosides is purative, antiseptic and dye for example an aloe
leaves, cassiaacutifolia leaves.

- Saponin glycoside has qualifications to bubble when shaken with water.

- Flavonol Glycosides can be found in many parts of plant. Mostly, it is red,

yellow, violet and blue for example butter fly pea.

2.6.2 The Extraction of Botanical Extract

The extraction from botanical has many methods, that are :

1. Cold press method: Used for oily plant by cold extraction for
example orange peel.

2. Distillation method divided into 3 methods, that are :
2.1 Steam distillation
2.2 Water or hydro-distillation
2.3 Vacuum steam distillation

3. Volatile solvent method
3.1 Hydrocarbon solvent such as petroleum ether, hexane

- Cold extraction is to take the plant or the flower in container for

extraction and fill the solvent. Keep in the temperature room.
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- Heat extraction by soxhlet extraction: Have to control the

temperature at the boiling point of solvent (40-60 °C)

3.2 Absolute alcohol is an extraction by ethyl alcohol 95% divided
into 2 methods, that are :

- Cold extraction is a method that take the plant bath in alcohol and
keep in the room temperature. This will get the tincture that the
substance can be water soluble and dissolved in oil.

- Heat extraction is a method for extraction by alcohol. It takes the

heat for 70 °C by soxhlet extraction. This will get the oleoresin.

- Unevapolate compounds such as fixed oil or lard, they are suitable
for extract essential oil from flower.
3.3 Maceration is an extraction that take the plant bath in water,

vegetable oil or a lard at the room temperature and take 70 °C

heat. It will receive the compound that can be extracted by
called water extract. If it can be dissolved in oil, it is called oil
extract.
3.4 Enfleurage is the fixed oil and lard extract.
3.5 Inert Gas such as carbondioxide (CO5)
In a potential studies of cyanide extract from cassava on common cutworm
elimination will extract cyanide by absolute alcohol method in cold press and

maceration by water extract.

2.7 Relevant Researches

The studies on hydrocyanic acid or cyanide in the cassava in Thailand and
other countries are as follows :

Gomez and Valdivieso (38) studied about the effects of breed and age of
cassava on amount of cyanide in cassava tissue. The two cassava breeds used in this
study are CMC-40 (low-cyanide) and CMC-84 (high-cyanide). The plants aged were 9
—12 months. According to cyanide analysis, it was found that the maximum cyanide
was in cassava breed CMC- 40 and the part of cassava that had maximum cyanide was

the peel of CMC- 40 aged 9 months. Cyanide in the root of CMC-84 was more than
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cyanide in the root CMC-84 about 40-30 times. Ninety percents or more of cyanide in
cassava was in the form of cyanogenic glycoside.

Hunsa Prawat (39) studied about the chemical compounds in cassava. The
chemical compounds in the peel of cassava fresh root were extracted by alcohol. It
was found Cyanogenic Glycoside that were (R)—1-cyano-l1methylpropyl-f-D-
glucopyranoside (Lotaustralin) 1 and 1-cyano-1methylpropyl-S-D-glucopyranoside 2
which had been found and the discovery substance that was 1-cyano-1methylpropyl-
S-D-apiofuranosy (1 - 6) -f-D-glucopyranoside 50 and also found 3 of glycoside that
were not cyanide. Moreover, it was found that young leaves extracted by
methyl alcohol found 2 cyanogenic glycoside were substances 1 and 2 and 2 flavonoid
glycoside.

Manee Thaesopapong and Panig Panuprapa (40) studied about degradation
ratio of cyanide compound in cassava waste and waste water from cassava industry.
They studied about degradation of cyanide compound in cassava waste under different

conditions, it cited that maximum degraded was baked in electric oven at 60 °C which

was the same temperature of sunlight. Degradation ratio under UV is more than in the
darkness.

Cook, Blake and Batttershill (41) studied about qualifications of purified
linamarase that extracted from peeled cassava by acetone buffer. Then part settle it by
ammonium sulfate and column chromatography in DEAE — cellulose and sepharose —
6 — B Geal Filtration. It was found that suitable pH for cyanide degraded was 6.0 for
linamarase and pH 6.4 for PNP-glucoside at 30 °C

Mkpong, et.al. (42) studied about qualifications of purified linamarase in
cassava that extracted from leaf tissue by pH Na — phosphate and Chromatography in
Sephadex G -200 column. It cited that there was purified linamarase about 4.4,3.4 and
3.0 in it and the suitable temperature for cyanide degraded was 55 °C and pH 7.0

Surin Thanmunkongvorakun (43) studied about degradation of cyanide from
cassava root by enzyme in a cassava root. The cassava breed used was kasetsart50

aged 10-12 months. It was found that the maximum cyanide released was at 50 °C and

pH 5 within 30 minutes. From this study of amount cyanide in each part of cassava by

total cyanide analysis found that the maximum cyanide volume was in the peel, the
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nextone was the flesh and the core. The experiment of cyanogenic glycoside
degradation to free cyanide in melt cassava root at different temperature was found

that at 50 °C there was the maximum free cyanide ratio by the time. The free cyanide
was fixed at 40 minutes. At the temperature more than 60°C, free cyanide will occur

lesser because protein is transformed.

Florencia and Carl (44) studied about the mouth insect and chewing insect that
destroyed cassava field in Venezuela. The study found that insects destroyed only 3%
seedling cassava because there was high level of cyanide in seedling cassava. When
cassava grew older, it increased to 14 % because cyanide decreased and the food for
insects in cassava increased.

Wanphen Rattanachon (45) did the comparative study of genetics and physio -
chemical properties of cassava between the bitter type and the sweet type. The amount
cyanide in flesh and peel of cassava were studied. It was found that 5 breeds of
cassava had varied cyanide quantities. The maximum cyanide quantity was in
Kasetsart50. It has 215 ppm. The next was Rayong 5, Rayong 2, 5 - minutes and
MKUL36-Y002. They have 93,70,55 and 38 ppm., respectively. In the peel of the five
breeds of cassava were also varied. The maximum cyanide quantities was Rayong?2. It
has 1190 ppm. The next was Kasetsart50, Sminutes, Rayong5 and MKUL36-Y002.
They had 1186,1156,928 and 862 ppm., respectively The cyanide quantity in the peel
of each breed was not different at the significance level. The cyanide quantity in the
peel depends on the condition of the filed. This study concluded that Kasetsart50 and
Rayong5 that were the bitter type have more cyanide than the sweet type that are
Rayong2, Sminutes and MKUL36-Y002.

There were the studies and research about utilization of botanical extract on
insect pest control that related tothese studies, these are :

Vichai Patumchartpat (46) studied about some botanical insecticides on
common cutworm elimination. The 50 kinds of plants were extracted for crude extract
that was experimented with common cutworm caterpillar. It was found that when use
crude extract per acetone in 1:5 ratio, it can be killed the 31 stage of caterpillar for 90-
100% in the different times. The crude extract from curcuma longta L., the peel of
rambutan the peel and seed of annona squamosa, Cleome viscose Linn, seed of

langsad, seed of yam bean and Acorus calemus L., the minimum LDsy of 10 crude
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extract has effect on caterpillar after spray for 48 hours that were curcuma longta
L.659.74 ppm., seed of langsad 1014.49 ppm., root of Acorus calemus L.2120.55
ppm., seed of yam bean 2603.72 ppm, seed of annona squamosa 2918.97 ppm., peel
of annona squamosa 3462.64 ppm., the peel of rambutan 3705.45 ppm. and
Brunoniana Beth 9373.85 ppm.,

Nuchchare Siri, et.al (47) studied about parasitoid insect of common cutworm.
The parasitoid insect was surveyed in vegetable farm on September 1994 — May 1995.
It was found that 4.8 -21 % of Apanteles sp. were parasitoid of common cutworm. The
second stage of common cutworm caterpillar was the most suitable for ovipositor of
Apanteles sp. The caterpillar that was destroyed by Apanteles sp. moved slowly, had
pallid body and eatless. The symptoms occurred obviously when the caterpillar was
destroyed for 3 — 5 days.

Greanggri, et.al. (48) studied about the potential of neem extract on common
cutworm in the form of killing, repellent and antifeedant substances between January —
April 1995 by dipping green grain leaf in various concentration of neem extract and
then released the common cutworm caterpillar at stage 2-3 to eat the leaf. It was found
that the neem extract had the potential to kill, repel and antifeedant on caterpillar. The
neem extract in the killing form, it was shown that 100 ppm. of neem extract had the
potential to repel caterpillar at 57.50% and 5% after released caterpillar in the test for
15 minutes to 10 hours. For the form of antifeedant, 12.50 ppm. of neem extract can
decrease the eating ratio of caterpillar.

Udomlug, et.al. (49) studied about active ingredient of plant that assumed to be
the pest control. It was found that phallandrene, borneol, turmerone were the active
ingredient as phallandrene, borneol and turmerone. They could be the insect pest
control for example common cutworm, in a Chinese kale use 500 grams macerate in 2
liter of water for 1 night and to squeeze by 400 milliliter of water mixed with 2 liter of
water and spray in a farm.

Narumol Sungothan (50) studied about a potential of white milkwood (M.
leucadendron) leaf extract for insect pest control. The leaves were extracted by
ethanol, hexane and iso-propanol for killing, repellent and anti-feedant the 3 insects
pest in product storage. They were Tribolium castaneum, Sitophilus zeamais,

Callosobruchus maculates. The 3 insects pest of vegetable were Plutella xylostella,
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Spodoptera exigua and Spodoptera litura. It was found that the substance that was
extracted by ethanol has the highest potential to kill insects. LCsy of extract to
Tribolium castaneum, Sitophilus zeamais, Callosobruchus maculates, Plutella
xylostella, Spodoptera exigua and Spodoptera litura. were 9.60, 16.18, 11.54, 1.34,
2.46, and 0.67% (W/V). When the extract mixed with 3 types of inert that were
piperonyl butoxide (PB), triphenyl phosphate (TPP) and diethyl maleate (DEM), it
was found that DEM has the highest potential to control insect pest in product storage
and PB has the highest potential to control insect pest of vegetable. In a potential of
the repellent test, it was found that the extracted substance by ethanol has the highest
potential to repel. It can repel the insect pest in product storage at 5 hours and insect
pest of vegetable at 2 hours. The percentage of repellent on Tribolium castaneum,
Sitophilus zeamais, Callosobruchus maculates, Plutella xylostella, Spodoptera exigua
and Spodoptera litura. were 100, 76, 84, 60, 52 and 44% In anti-feedant qualification
test was found that substance extracted by ethanol has the highest efficiency to be the

anti-feedant



Nuttapon Theskayan Materials and Methods/ 40

CHAPTER IlI
MATERIALS AND METHODS

3.1 Research Design

The design of the study of potential elimination of common cutworm
(Spodoptera litura, Farbr) by cyanide extracted from cassava is experimental research:
Factorial and Completely Randomized Design (CRD) which divided into 3 parts as
follows

The first experiment : The study of appropriate extraction method for cyanide
extract from cassava.

The methods of extraction were using the peel and the leaves of cassava that
extracted in two different solvents, i.e. 95% ethanol and distilled water and different
an time intervals in extraction at 24, 48 and 72 hours. The ratio of cassava and the
solvent were divided into 9 ratios as follows :

Ratio of cassava to solvent (95%ethanol or distilled water) as 1:1 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 1:2 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 1:3 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 2:1 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 2:2 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 2:3 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 3:1 by fresh weight.
Ratio of cassava to solvent (95%ethanol or distilled water) as 3:2 by fresh weight.

Ratio of cassava to solvent (95%ethanol or distilled water) as 3:3 by fresh weight.

Then analyze the cyanide extract by using a UV/Vis spectrophotometer at 620
nm. The extraction condition which yield highest cyanide is the most appropriate
condition that would be used in the test of potential cyanide extract from cassava to

common cutworm (Spodoptera litura, Farbr) elimination.
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The second experiment : The potential study of cyanide extract from cassava
on mortality of common cutworm (Spodoptera litura, Farbr).

The condition of cyanide extraction obtained from the first experiment will be
used to extract again. Then the effectiveness of cyanide on mortality of common
cutworm (Spodoptera litura, Farbr) is investigated in order to determine the optimal
ratio of utilization. The optimal concentration of cyanide extract would make 50% on
the mortality rate of common cutworm in each treatment.

The third experiment : The toxicity test of cyanide extract from cassava on
the environment.

After the potential of cyanide extract from cassava on the mortality of
common cutworm (Spodoptera litura, Farbr) has been tested a suitable cyanide extract
from cassava that effect on the highest mortality of common cutworm at 2 ratios will
be used for toxicity test on fishes. The test use potassium cyanide for toxicity test with

fishes as well.

3.2 Steps of Research

The study of potential elimination of common cutworm (Spodoptera litura,
Farbr) by cyanide extracted from cassava was divided into 3 parts, i.e.

1. The study of appropriate extraction method for cyanide extract from
cassava.

2. The potential study of cyanide extract from cassava on the mortality of
common cutworm (Spodoptera litura, Farbr) test.

3. The toxicity test of cyanide extract from cassava on the environment

3.2.1 A Study of Appropriate Extraction Method for Cyanide Extraction
from Cassava.
3.2.1.1 Materials and Chemical Substances
(1) UV Visible Spectophotometer (Jasco model V-350)
(2) Container for extraction that’s Erlenmeyer flask : 50, 125,
250 and 600 ml. Beaker 150, 250 and 500 ml.
(3) Solvent (95% ethanol and distilled water)

(4) Glassware that beaker, Erlenmeyer flask, cylinder, etc.
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(5) Bottle 150 ml to contain cyanide extract
(6) Aluminium foil
(7) Parafilm

3.2.1.2 Extraction Method
To extract cyanide from cassava by maceration method used
95%ethanol and distilled water are used as solvents.
(1) Extract with 95% ethanol maceration (37,43,51)

Wash fresh cassava (the peel and the leaves) and dry in the
air. Cut to size about 1 — 2 cm. and weigh for extraction with 95% ethanol. The ratio
of cassava (the peel and the leaves) to solvent (95%ethanol) are 1:1, 1:2, 1:3, 2:1, 2:2,
2:3, 3:1, 3:2, 3:3.The cassava weight 1 part as 50 g. and solvent 1 part as 50 ml.
The time intervals of extraction are 24, 48 and 72 hours. Strain it by filter cloth.
The extracted solvent was collected in bottles and closed the cover with aluminum

foil. Then keep it in the refrigerator at 4 C -and use for cyanide extract analysis.

(2) Extract with distilled water maceration (37,43,51)

Wash fresh cassava (the peel and the leaves) and dry in the
air. Cut to size about 1 — 2 cm. and weigh for extraction with distilled water. The ratio
of cassava (the peel and the leaves) to solvent (distilled water) are 1:1, 1:2, 1:3, 2:1,
2:2,2:3,3:1, 3:2, 3:3. The cassava weight 1 part as 50 g. and solvent 1 part as 50 ml.
The time intervals of extraction are 24, 48 and 72 hours. Strain it by filter cloth.
The extracted solvent was collected in bottles and closed the cover with aluminum

foil. Then keep it in the refrigerator at 4 C -and use for cyanide extract analysis.

3.2.1.3 A Study of Appropriate Method for Cyanide Extract from
Cassava.
Amount of cyanide from each of extraction method is analyzed
as described in the Appendix B (45) by using the UV/Vis spectophotometer to
measures absorbance at 620 nm and calculating the concentration of cyanide by using

the following equation :
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Cyanide =  avolume of extract (ml.)*Abs.@620 nm.*dilute ratio *100

slope * fresh weight(g)*(100-%moisture of sample)

The treatment that yield highest cyanide is the appropriate extraction method.
The experimental design is a factorial design consists of 108 treatments, 3 replications

per treatment. Therefore, the total treatments are 324 as described in Appendix A.

3.2.1.4 The Study on Stability of Cyanide Extract from Cassava
The stability of cyanide extract from cassava was studied by
preserving the suitable cyanide extract in the bottle at the room temperature about

30°C and in the refrigerator at 4 °C. Analysis the cyanide everyday for a period of

1 week and record the data. Data was used for the indication of the stability of cyanide

extract from cassava.

3.2.2 The Potential Study of Cyanide Extract from Cassava on
Common Cutworm (Spodoptera litura, Farbr) Elimination.
The potential study of cyanide extract from cassava on common
cutworm (Spodoptera litura, Farbr) elimination is divided into 2 part as follows :
3.2.2.1 Common Cutworm Preparation
(1) Materials
1) Paint brush for wiping worm.
2) Plastic box for taking care of caterpillars .
3) Chinese kale for a caterpillars food :
(2) A common cutworm breeding method
Pick up common cutworm from the farmer’s field to the
laboratory. Put common cutworm’s eggs in plastic box and wait for caterpillars to
breed at room temperature. When the first stage caterpillars age 1 — 3 days is reached,
divide the caterpillars into small groups to decrease the crowded. Feed them by using
Chinese kale leaves. Clean the box everyday. The second/third stage caterpillars (at 7

day) will be used for test.
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3.2.2.2 The Potential Study of Cyanide Extract from Cassava on
the Mortality Rate of Common Cutworm.

(1) Materials and chemical substances
1) Cyanide extract from cassava
2) Distilled water
3) Chinese kale leaves
4) Common cutworm caterpillars
5) Paint brush for wiping the caterpillars
6) Plastic boxes

(2) The mortality of a common cutworm test
The potential study of cyanide extract from cassava on

common cutworm (Spodoptera litura, Farbr) elimination is tested by using cyanide

extract from cassava. In this test, dilution of cyanide extract with water in various

ratios to determine the suitable ratio for common cutworm elimination. The test use

completely randomized design (CRD) that has 9 treatments, 3 replications per

treatment with a total experiments of 27. The test use leaf dipping method for common

cutworm. the treatments in the experiment are as follows :

C:

Tl

T2:

T3

T4 :

TS5

T6 :

Chinese kale leaf dipped with cyanide extract from cassava (cyanide

extract : water = 0:1)

: Chinese kale leaf dipped with cyanide extract from cassava CN1 (cyanide

extract : water = 1:0)
Chinese kale leaf dipped with cyanide extract from cassava CN2 (cyanide

extract : water = 1:1)

: Chinese kale leaf dipped with cyanide extract from cassava CN3 (cyanide

extract : water = 1:2)
Chinese kale leaf dipped with cyanide extract from cassava CN4 (cyanide

extract : water = 1:3)

: Chinese kale leaf dipped with cyanide extract from cassava CN5 (cyanide

extract : water = 2:1)
Chinese kale leaf dipped with cyanide extract from cassava CN6 (cyanide

extract : water = 2:2)
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T7 : Chinese kale leaf dipped with cyanide extract from cassava CN7 (cyanide
extract : water = 3:1)
T8 : Chinese kale leaf dipped with cyanide extract from cassava CN8 (cyanide

extract : water = 3:2)

Table 3 — 1 Treatments of cyanide extract from cassava on the mortality of common

cutworm test

REP Treatment
1 C T1 T2 i3 T4 T5 T6 T7 T8
2 C T1 | T2 | T3 | T4 | T5 | T6 | T7 | T8
3 C T1 T2 T3 T4 T5 T6 T7 T8
Procedure :

A) Cut Chinese kale leaf into a size of 1 x 1 inch? and dip in the extract
for 15 minutes and dry in air. When it is dry, put it on a piece of white paper in the
plastic box for test.

B) Transferred a second/third 2-3 stage of 30 common cutworm
caterpillars that stay without food for 2 — 3 hours on a piece of Chinese kale leaf from
A.

C) Observe and record the mortality of the caterpillars every hour. The

maximum numbers of mortality in hour are computed for LCs
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3.2.2.3 The Study of Cypermethrin on Mortality of Common
Cutworm
(1) Equipment and chemical substances
1) Cypermethrin (Ripcord 2.5% EC)
2) Distilled water
3) Chinese kale leaf
4) Common cutworm caterpillars
5) Paint brush for wiping worm
6) Plastic boxes
(2) The common cutworm mortality test
Cypermethrin is a chemical insecticide used in the study It
is a pesticide for a common cutworm control that has been approved by Department of
Agriculture.(22) The test for mortality of common cutworm by using Cypermethrin

will be compared with the mortality of common cutworm that test in 3.2.2.2.

Procedure :

A) Prepare a Cypermethrin (Ripcord 2.5% EC) test solution by
diluting 20 ml of Cypermethrin in water 20 litters of water.

B) Cut a Chinese kale leaf into a size of 1 x 1 inch® and dip into
Cypermethin test solution for 15 minutes and dry in air. When it is dry, put it on a
piece of white paper in the plastic box.

C) Bring second/third stage of 30 common cutworm caterpillars
that stay with out food for 2 — 3 hours to put on a piece of Chinese kale leaf from A.

D) Observe and record the mortality of the caterpillars every

hour. The maximum numbers of mortality in hour were used for calculation of LCs
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3.2.3 Toxicity Test of Cyanide Extract from Cassava on fish
3.2.3.1 Materials
(1) Nile tilapia (Oreochromis nilticus)
(2) Fish box
(3) Glass aquarium
(4) Oxygen pump
(5) Cyanide extract from cassava
(6) Potassium Cyanide
(7) Water
3.2.3.2 Experimental Method
In this test Nile tilapia are used. Water is aerated for 24 hours
to remove chlorine residue in the water. Nile tilapia are transferred to the fish box and
keep them for about 3 days before test. Add 3 liters of aerated water to the glass
aquarium are thirty fish transferred to each glass aquarium. Effect and mortality of fish
are observed and recorded every hour for 24 hours. Then, effect and mortality are
recorded at 24, 48 and 72 hours. If more than 20% mortality of control fish occurs in
the course of the experiment, the test will be discarded. There are be 3 replicates in

each treatment. The experimental treatments are :

T1: Cyanide extract from cassava : water = 1:0
T2 : Cyanide extract from cassava : water = 2:1
T3 : Potassium cyanide at a concentration of 16 mg/I

Control : Aerated water will be used as a control group

Table 3-2 Treatment for toxicity test with fish

REP Treatment
1 C1 T1 T2 T3
2 C1 T1 T2 T3

3 C1 T1 T2 T3
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3.3 Data Record and Data Analysis
3.3.1 Data Record
Data of the mortality of common cutworm are recorded in each
treatment. If the caterpillars in control set die between 5 — 20 %, the data will be
analyzed by using Abbott’s formula before recording the data. If the caterpillars in
control set die more than 20 %, the data will be discarded and repeat the experiment

again.

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

100% - control mortality

Test mortality is percentage of common cutworm die by cyanide extract
from cassava.

Control mortality is percent of common cutworm die in control group dead

3.3.2 Data Analysis
3.3.2.1 Determine the LCs (Lethal concentration at 50%) which is the
concentration of cyanide extract from cassava that caused common cutworm and fish
to die at 50% of total common cutworm by using Probit Analysis in SPSS for window
program.
3.3.2.2 Statistics for testing the hypothesis
(1) Descriptive Statistics: Mean and standard deviation is used.
(2) Inferential Statistics: Analysis of Variance (ANOVA) is
used for analyze the test of cyanide extract from cassava. The amount of cyanide and
the ratio of the extraction will be tested at a significance level of 0.05.

The study of potential cyanide extraction from cassava will be analyzed by
using Analysis of Variance for percentage of common cutworm mortality in cyanide
extract in each concentration at a significance level of 0.05. Analysis the different of
mean among the percentage of common cutworm mortality in each treatment at a
significance level of 0.05 by Fisher’s least significant difference (LSD).

The study of elimination efficiency of Cypermethrin that caused the

mortality of common cutworm by comparing percentage of mortality between a
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common cutworm treated by cyanide extract from cassava and common cutworm
treated by Cypermethrin. Analysis of Variance (ANOVA) is used to analyze
percentage of a common cutworm mortality among the treatment obtained from the
study at significance level of 0.05 by Fisher’s least significant difference (LSD).

The toxicity test of cyanide extract is also investigated by comparing
percentage of fish mortality that treated by cyanide extract from cassava with that
obtained from potassium cyanide. Analysis of Variance (ANOVA) is used to analyze
the percents mortality of fish. Analyze means of the percents mortality of fish at

significance level of 0.05 by Fisher’s least significant difference (LSD).
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CHAPTER IV
RESULTS

The study of potential elimination of a common cutworm (Spodoptera litura,
Farbr) by cyanide extracted from cassava, the results were divided into 3 parts as

4.1 The Study Results of Appropriate Extraction Method for Cyanide

Extract from Cassava
4.1.1 The Appropriate Method for Cyanide extraction from Cassava

This experiment was aimed to find the appropriate extraction method for
cyanide extract from cassava. The cassava variety Kasetsart50 was used in this study.
This study explored the ratio of the peel and the leaves of cassava to solvents as 95%
ethanol and distilled water. The time intervals of extraction were 24,48 and 72 hours.
Then the amount of cyanide extract were analyzed. It was found that the amount of
cyanide were different among each extraction condition. The peel with 95% ethanol as
a solvent for extraction gave the maximum cyanide extract of 715.4 mg/kg of dry
weight. The extraction conditions were the ratio of the peel to 95%ethanol was 2 to 2
and the time interval of extraction was 48 hours. The extraction conditions was gave
the minimum cyanide extract of 156.7 mg/kg of dry weight were the ratio of the peel
to 95%ethanol was 3 to 2. and the time interval of extraction was 24 hours. The results
are shown in Table 4-1.

The extraction that used the leaves and 95%ethanol as a solvent yield the
maximum cyanide extract of 591.2 mg/kg dry weight from the extraction conditions
were the ratio of the leaves to 95%ethanol was 2 to 2 and the time interval of
extraction was 72 hours. The minimum cyanide extract was 78.1 mg/kg of dry weight.
This extraction condition were the ratio of the leaves to 95%ethanol was 2 to 3 and the
time interval of extraction was 48 hours. The results are shown in Table 4-3.
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Extraction of the peel by using distilled water as a solvent yield the maximum
cyanide extract of 406.1 mg/kg of dry weight. The extraction conditions were the ratio
of the peel to distilled water was 3 to 2 and the time interval of extraction was 24
hours. The minimum cyanide extract of 85.5 mg/kg of dry weight obtained from the
extraction conditions as the ratio of the peel to distilled water was 1 tol and the time
interval of extraction was 72 hours. The result are shown in Table 4-2. Extraction of
the leaves by using distilled water as a solvent gave the maximum cyanide extract of
631.2 mg/kg of dry weight. The extraction conditions were the ratio of the leaves to
distilled water was 3 to 1 and the time interval of extraction was 24 hours. The
minimum cyanide extract was 81.8 mg/kg of dry weight obtained from the extraction
conditions as the ratio of the leaves to distilled water was 1:2 and the time interval of
extraction was 24 hours. The results are shown in Table 4-4.

The maximum cyanide extract in this study were 715.4 mg/kg dry weight from
extraction condition as the ratio of the peel to 95%ethanol was 2:2 and the time
interval of extraction was 48 hours. The results are shown in Figure 4-1. This
extraction condition was chosen for cyanide extraction in the next experiment. The
maximum cyanide extract from the leaves was 631.2 mg/kg dry weight. The extraction
conditions were the ratio of the leaves to distilled water was 3:1 and the time interval
of extraction was 24 hours as shown in Figure 4-2.

The results have shown that the amount of cyanide extract from some

extract ratio were not significantly different.
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Figure 4-1 Cyanide extracted from the peel of cassava root
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Figure 4-2 Cyanide extracted from the leaves of cassava
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4.1.1.1 Cyanide Extract from the Peel and the Leaves of Cassava

The results showed that cyanide extract from the peel were
higher than those obtained from the leaves. The extracted cyanide were significantly
different at 95% confidence interval as analyzed by using Fisher’s Least Significant
Difference (LSD). The average amount of cyanide extract from the peel (375.0 mg/kg
of dry weight) was higher than cyanide extract from the leaves (238.6mg/kg of dry
weight). The result was shown in Figure 4-3.

The maximum cyanide extract from the peel was 715.4 mg/kg
of dry weight. The extraction conditions were the ratio of the peel to 95% ethanol was
2:2 and the time interval of extraction was 48 hours. The second and third highest
cyanide extraction conditions were the ratio of the peel to 95% ethanol was 2:1 and
the time interval of extraction was 24 hours and the peel to 95% ethanol was 3:2 and
the time interval of extraction was 24 hours with the amount of cyanide of 704.1 and
680.5 mg/kg of dry weight, respectively. The results are given in Table 4-1 and
Figure 4-1.

The maximum cyanide extract from the leaves extraction was
631.2 mg/kg of dry weight with the extraction conditions as the ratio of the peel to
distilled water was 3:1 and the time interval of extraction was 24 hours. The next
highest cyanide extract conditions were the ratio of the peel to 95% ethanol was 2:1
and the time interval of extraction was 72 hours and the ratio of the peel to distilled
water was 2:3 and the interval time of extraction was 24 hours with the amount of
cyanide of 591.2 and 490.2 mg/kg of dry weight, respectively. The results are given in
Table 4-2, Table 4-3 and in Figure 4-2.

400+
350+
300+
250+
200+
150+
100+
50+
0-

Cyanide (mg/kg of dry weight)

The peel The leaves

Figure 4-3 Average of Cyanide extracted from the peel and the leaves
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4.1.1.2 Cyanide Extract from the Various Ratios of Cassava to
Solvent
The results showed that cyanide extract from different ratio of
cassava to solvent were different in amount of cyanide. The results are shown in
histograms in Figure 4-4. Analyzing by Fisher’s Least Significant Difference (LSD),
it was found that cyanide extract obtained from different ratios of cassava to solvent
were not significantly different.

350

300+
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200+

150+

100+

Cyanide (mg/kg of dry weight)

50+

SSI=) 18| \W2: 10 /228mPssy 3.1 3.2 3:3

Ratio

Figure 4-4 Average of cyanide extracted from various ratios of cassava to solvent

4.1.1.3 Cyanide Extract from Different Solvents

The extraction that used 2 types of solvent as 95% ethanol and
distilled water had the results analyzed by Fisher’s Least Significant Difference
(LSD). It was shown that cyanide extract by using 95% ethanol and distilled water
were different. The average amount of cyanide obtained from the extraction by
95% ethanol as a solvent was 363.9 mg/kg of dry weight. The average of cyanide
extracted by distilled water as a solvent was 249.7 mg/kg dry weight. The results are
shown in Figure 4-5. The extraction that used 95% ethanol as a solvent gave a higher
yield of cyanide than the one that used distilled water. Using the peel and 95%
ethanol as a solvent for cyanide extraction, the maximum cyanide obtained was 715.4

mg/kg of dry weight where as the extraction that used the peel and distilled water as a
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solvent gave the maximum cyanide of 406.1 mg/kg of dry weight. The results are
given in Tables 4-1 and 4-2.

The extraction that used the leaves and 95%ethanol as a solvent gave a
maximum cyanide of 591 mg/kg of dry weight. The maximum cyanide extract from the
leaves and distilled water as solvent was 613.2 mg/kg of dry weight. The results are
shown in Tables 4-3 and 4-4.

400+
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300+
250+
200+
150+
100+

50+

Cyanide (mg/kg of dry weight

Distilled water 95% Ethanol

Solvent

Figure 4-5 Average of cyanide extracted from two types of solvent

4.1.1.4 The Amount of Cyanide Extract from Different Time

Interval of Extraction

The time interval of extraction of 24, 48 and 72 hours were
studied. The results showed that cyanide extract from 3 time interval of extraction
yield different amount of cyanide. At 48 hours, the maximum cyanide was 715.4
mg/kg of dry weight from extraction condition as the ratio of the peel to 95%ethanol
was 2:2. Cyanide that extracted for 48 hours had higher amount of cyanide than
extracted for 24 hours. It was also found that cyanide could decrease at 72 hours.
The maximum average cyanide extract was 310.8 mg/kg of dry weight at extracted
duration of 48 hours. The next highest cyanide extract were 307.3 and 302.3 mg/kg of
dry weight at time interval of extraction of 72 and 24 hours, respectively. The results
are shown in Figure 4-6. Then statistical method tested by Fisher’s Least Significant
Difference (LSD) showed that cyanide extract at different time interval of extraction

had not significantly different of the amount of cyanide.



Nuttapon Theskayan Results / 60

400+
350+
300
250
200+
150
100+

50

Cyanide (mg/kg of dry weight

24 48 72
Hours

Figure 4-6 Average of cyanide extracted from different time intervals of extraction

4.1.2 The Stability of Cyanide Extract from Cassava
The stability of cyanide extract from cassava was investigated by using
cyanide extract from extraction conditions : the ratio of the peel to 95%ethanol was
2:2 and time interval of extraction was 48 hours. The cyanide extract obtained was
773.6 mg/kg of dry weight. The stability of cyanide extract was studied by preserving

at room temperature (about 30 °C) and in the refrigerator (at 4 °C) for 7 days. It was

found that after the first day, cyanide extract preserved at room temperature was 725.2
mg/kg of dry weight and the one in the refrigerator was 692.3 mg/kg of dry weight. At
the second day, cyanide extract preserved at room temperature and in the refrigerator
were 692.3 and 671.1 mg/kg of dry weight respectively. Cyanide appeared to decrease

everyday but cyanide that preserved at 4 °C had decreased faster than cyanide

preserved at room temperature. In the seventh day, cyanide extract preserved at room
temperature was 535.2 mg/kg of dry weight whereas the one in the refrigerator was
473.6 mg/kg of dry weight. These were 30.8 and 38.7 percents of decreasing,
respectively. The results are shown in Table 4-5 and in Figure 4-7
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Table 4-5 Stability of cyanide extract from cassava during a period of 7 days

Cyanide (mg/kg of dry weight)

Days Room temperature % Refrigerator %
(30°C) Decrease (4-C) Decrease
0 773.6 0.0 773.6 0.0
1 724.5 6.3 725.2 6.3
2 692.3 10.5 671.1 13.2
3 670.9 13.3 591.9 23.5
4 636.0 17.8 598.9 22.6
5 591.9 235 584.9 24.4
6 552.8 28.5 516.9 33.2
7 535.2 30.8 473.6 38.8
800.0 ;

700.0 \\
600.0 o/
500.0 - \\:

400.0 ~

300.0
200.0 A

Cyanide (mg/kg of dry weight

100.0 -

0.0

Days

‘—o—Roomtemp —=—4C ‘

Figure 4-7 Stability of cyanide extract during a period of 7 days
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4.2 The Potential Study of Cyanide Extract from Cassava on

Common Cutworm (Spodoptera litura, Farbr) Elimination.
4.2.1 The Potential Study of Cyanide Extract from Cassava on the

Mortality of Common Cutworm.

The LCso and the mortality rate of common cutworm were examined.
Cyanide extract from the extract conditions as the ratio of the peel to 95%ethanol was
2:2, time interval of extraction was 48 hours was used. Cyanide extract was diluted
with water as follows : 1:0, 1:1, 1:2, 1:3, 2:1, 2:3, 3:1 and 3:2. The concentration of
diluted cyanide extract were 246.7, 81.1, 63.3, 54.5, 146.0, 86.3, 122.4 and 114.9 mg/I
respectively. To test for a suitable ratio of cyanide extract application and the potential
of cyanide extract on the mortality rate of common cutworm by using the leaf dipping
method. The behavior and the mortality rate of the common cutworm were observed at
24 and 48 hours. It was found that at 24 hours the common cutworm exposed to
cyanide extract ratio of 1:0 or 246.7 mg/l yield a maximum mortality rate of 36.7%.
The cyanide extract ratio of 2:1 or 146.0 mg/l gave a mortality rate of 30.0%.
The statistical test by using Fisher’s Least Significant Difference (LSD) showed that
the different dilution ratio of cyanide extract produced significantly different
percentage of mortality. The results are shown in Table 4-6 and in Figure 4-8

Table 4-6 Effect of cyanide extract from cassava on the mortality of common cutworm

in 24 hours.
Dilution ratio of cyanide Number of . s
- Number of mortality % Mortality
extract to water caterpillars

1:0 30 11 36.7+0.6°

1:1 30 7 233+0.6°

1:2 30 6 20.0 +0.0°

1:3 30 7 23.3+0.6"

2:1 30 9 30.0+1.0°

2:3 30 8 26.7+1.2%

3:1 30 8 26.7+1.2°

3:2 30 5 16.7 + 0.6°

Control 30 0 0.0°

* Mean + S.D.(average from 3 observations)
Note : Mean + S.D. with the same superscript letter are not significantly different at 95%
confidence interval (p=0.05, LSD test)
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Figure 4-8 The mortality rate of common cutworm in 24 hours.

After 48 hours, the results showed that the mortality rate of common
cutworm was increased. The maximum mortality rate was 63.3% from cyanide extract
dilution ratio of 1:0 or 246.7 mg/l and LCsy of cyanide extract for common cutworm
was 140.8 mg/l. The second highest mortality rate of common cutworm was 50.0%
from cyanide extract dilution ratio of 2:1 or 146.0 mg/l. Then statistical test by using
Fisher’s Least Significant Difference (LSD) showed that different dilution ratio of
cyanide extract had significantly different percentage of mortality rate. The results are

shown in Table 4-7 and in Figure 4-9
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Figure 4-9 Mortality rate of common cutworm in 48 hours
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Table 4-7 Effect of cyanide extract from cassava on the mortality of common cutworm

in 48 hours.
Dilution ratio of LC
_ Number of Number of ) *
cyanide extract ] ) % Mortality
0 water caterpillars mortality (mg/l)
1:0 30 19 63.3+0.6°
1:1 30 14 46.7 +0.6°
1:2 30 12 40.0+0.6° 140.8
1:3 30 13 43.3+0.6° (118.3-179.2)
2:1 30 15 50.0 + 0.6°
2:3 30 13 43.3+0.6°
3:1 30 14 46.7+0.6"
3:2 30 vt 36.7+0.6°
Control 30 0 0.0 °

* Mean + S.D. (average from 3 observations)
Note : Mean + S.D. with the same superscript letter are not significantly different at 95%
confidence interval (p=0.05, LSD test)

4.2.1.1 A Common Cutworm Behavior in the Test

Stage 2™ and 3™ of common cutworm caterpillars were used
for the study of potential of cyanide extract from cassava on mortality of common
cutworm. The common cutworm behaviors were also observed. The caterpillars
without food for 3 hours. were released into the plastic box that had a Chinese kale
leaf dipped in cyanide extract in the set of treatment. The caterpillars immediately ate
the leaf in every treatment. Within 2 hours, some caterpillars stopped eating and
crawled away from the leaf. These behaviors could be observed in every treatment
except in the control group that the caterpillars could eat normally. Within 3-4 hours,
the caterpillars ate more slowly than the caterpillars in the control group. Then the
caterpillars in the treatment could not eat and immobile. When touching them by
paintbrush, they could move but slowly. Some caterpillars showed obvious unusual
behaviors for example immobile, detoxication by releasing green liquid from their
mouth. In 5-6 hours, most of the caterpillars again but more slowly than the control
group. The caterpillars in control group ate normally and the Chinese kale leaf was

destroyed for 50%. The caterpillars in some treatments were died. When touching
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them by paintbrush, they could not move and had no response. Some caterpillars
showed more unusual behaviors that they were excreted the black shit and slow
movement. The unusual behaviors and the death of common cutworm were occurred
within 24 hours. But for the common cutworm in the control group, they had normal
behaviors. After 24 hours, the mortality rate of common cutworm was observed, most
of the dead caterpillars were crooked and had the liquid that the caterpillars were
detoxication. Then, all dead caterpillars were taken out of the plastic box. More
Chinese kale leaf were fed to common cutworm in every treatment because the old
leaves were destroyed 100%. The survived caterpillars ate normally but mostly they
had slowly movement and sometimes they were not eating. At 48 hours, the mortality
rate of common cutworm was observed again, the mortality rate was increased and
unusually behaviors could be noticed. Most of dead common cutworm were black
carcass, crooked and black liquid from detoxication. The common cutworm in the

control group had normal behaviors and all caterpillars were survived.

4.2.2 The Study of Cypermethrin on the Mortality of Common Cutworm
Test

Stage 2™ and 3™ of common cutworm caterpillars were used for the
study of Cypermethrin on mortality of common cutworm. The common cutworm
behaviors were also observed. The caterpillars would have no food for 3 hours. Then
they were released into the plastic box that had a Chinese kale leaf dipped in
Cypermethrin, they ate the leaf immediately. After 30 minutes, the caterpillars crawled
away and unusually behavior could be observed. The caterpillars were detoxicated by
releasing liquid from their mouth and the black liquid like shit also came from the
rectum, some caterpillars were crooked after they could not move. When they were
touched by paintbrush, they could move slowly. After 3 hours, some caterpillars were
dead. At 6 hours, the mortality of the caterpillars were increased The mortality rate of
common cutworm were 93.3% at 24 hours. Most of dead common cutworm had black

carcass, crooked and had black liquid from detoxication.
To compare the mortality rate of common cutworm exposed to cyanide
extract from cassava with the mortality rate of common cutworm exposed on

Cypermethrin by using statistic Fisher’s Least Significant Difference (LSD). It was
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found that the average mortality rate of common cutworm exposed to Cypermethrin
was significantly higher than the mortality rate of common cutworm exposed to

cyanide extract.

4.3 The Toxicity Test of Cyanide Extract from Cassava on the

Environment

In this study, the cyanide extract from cassava was tested for the toxicityon the
environment by using Nile tilapia (Oreochromis niloticus) as the representative of
animal in the environment. The Nile tilapia had average length of 2.69 cm. and

average weight of 0.26 g. They were tested for 72 hours.

4.3.1 Toxicity of Cyanide Extract from Cassava on Fish
In this study, the selected dilution ratio of cyanide extract was the one
that caused the highest dead rate of common cutworm and the second highest. These

were the cyanide extract concentration of 24.7 mg/l and 14.6 mg/I, respectively.

Table 4-8 Toxicity test of cyanide extract from cassava on fish in 72 hours

Ratio
Hrs, (24.7 mg/l) (14.6 mg/l) LCso
Number Number o O Number of Number o (mg/l)
] . (% Mortality) 4 . (% Mortality)
of fish of mortality fish of mortality
24 30 10 34.4+6.9° 30 9 31.1+51°
48 30 28 933+33°" 30 18 61.1+51°" 12.3
72 30 28 93.3+3.3° 30 20 67.8 +3.8° | (8.0-14.4)

* Mean + S.D. (average from 3 observations)

Note :

Mean + S.D. with the same superscript letter are not significantly different at 95%
confidence interval (p=0.05, LSD test).
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Table 4-9 Toxicity test of cyanide extract from cassava on fish in 24 hours

. LC
Concentration (mg/l) | Number of Fish | Number of mortality | (% Mortality) ( j;))
mg
24.7 30 10 344+69°
14.6 30 9 31.1+5.1°

* Mean + S.D. (average from 3 observations)
Note : Mean + S.D. with the same superscript letter are not significantly different at 95%
confidence interval (p=0.05, LSD test).

In the first 24 hours of the test, 10 fish that exposed to cyanide extract
concentration of 24.7 mg/l were died. That was 34.4%. The 9 fish that were exposed to
cyanide extract concentration of 14.6 mg/l. were died. That was 31.1 %. The results

are shown in Table 4-9 and Figure 4-10.

Table 4-10 Toxicity test of cyanide extract from cassava on fish in 48hours

¢ LC
Concentration (mg/l) | Number of fish | Number of mortality | (% Mortality) ( j;))
mg
24.7 30 28 93.3 +3.3° 123
14.6 30 18 61.1+5.1° (8.0-14.4)

* Mean + S.D. (average from 3 observations)
Note : Mean + S.D. with the same superscript letter are not significantly different at 95%
confidence interval (p=0.05, LSD test).

After 48 hours of the test, the fish that were exposed to cyanide extract
concentration of 24.7 mg/l, were died for 28 fish or 93.3 %. The 18 fish or 61.1 %
exposed to cyanide extract concentration of 14.6 mg/l. were died. Then statistical test
by using Fisher’s Least Significant Difference (LSD) showed that percents mortality
of fish with different concentrations had significantly different mortality. The LCs of
cyanide extract on fish was 12.3 mg/l. The results are given in Table 4-10 and Figure
4-10.
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Table 4-11 Toxicity test of cyanide extract from cassava on fish in 72 hours

. LC
Concentration (mg/l) | Number of fish | Number of mortality | (% Mortality) ( ;:’)
mg
24.7 30 28 93.3+3.3° 123
14.6 30 20 67.8+3.8"° (8.0-14.4)

* Mean + S.D.(average from 3 observations)
Note : Mean + S.D. with the same superscript letter are not significantly different at 95%
confidence interval (p=0.05, LSD test).

After 72 hours of the test, all fish exposed to cyanide extract concentration
of 24.7 mg/l, the mortality rate was not changed. The 20 fish that were exposed to
cyanide extract concentration of 14.6 mg/l were died. That was 67.8%. Then
statistical test by using Fisher’s Least Significant Difference (LSD) showed that
percents mortality of fish with different concentrations had significantly different
mortality. The LCso of cyanide extract on fish was 12.3 mg/l. The results are given in
Table 4-11 and in Figure 4-10.
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Figure 4-10 The mortality rate of fish in 24, 48 and 72 hours

The fish behaviors in this study were also observed. At the first hour, the tested

fish were excited and swam up and down quickly and around the container, frequently
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breath and swam down to the bottom of the container and floated on water surface.
Later on the exposed fish decreased their movement until died. In control group, the
tested fish had normal movement. They were not excited as the treated fish.

During 72 hours of the experiment, the range of temperature were

25.5- 26.0 °C and the pH were 7.14-8.51.

4.3.2 Toxicity of Potassium Cyanide on Fish

While toxicity of cyanide extract from cassava on fish was tested, the
toxicity of potassium cyanide to fish was also tested. This test used the same method
as the toxicity of cyanide extract from cassava on fish. The results showed that the 30
tested fish were all dead (100% of the mortality). The tested fish were died within 15
minutes. The results are shown in Table 4-12. The fish behaviors in this test were
excited, breathe frequently, floated on water surface, swam up and down quickly
around the container. Then they were tilted and had circle swim. After that it sank
down to the bottom of the container, decreased their movement and finally died. For

the control group, the tested fish had normal behaviors.

Table 4-12 Toxicity of potassium cyanide on fish

KCN Concentration (mg/l) | Number of fish | Number of mortality (% Mortality)

16 30 30 100

Control 30 0 0
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CHAPTER V
DISCUSSIONS

The study of potential elimination of common cutworm (Spodoptera litura,
Farbr) by cyanide extracted from cassava was divided into 3 parts. The first part was
the study of appropriate extraction method for cyanide extract from cassava. The
second part is the potential study of cyanide extract from cassava that affected the
mortality of common cutworm. The last part is the test of the toxicity of cyanide

extract from cassava on the environment.

5.1 The Study of Appropriate Extraction Method for Cyanide Extract

from Cassava

It was found that parts of cassava, i.e. of root and leaves of cassava, the ratio
between the cassava and the solvents, i.e. 95 % ethanol and distilled water and time
intervals of extraction, i.e. 24, 48 and 72 hours had effected on the amount of cyanide
extract from cassava. The maximum amount of cyanide extract from the peel was
715.4 mg/kg of dry weight. The extraction conditions were : the ratio of the peel of
root to 95 %ethanol was 2:2. and the time interval of extraction was 48 hours.
The maximum amount of cyanide extract from the leaves was 631.2 mg/kg of dry
weight. The extraction conditions were : the ratio of the leaves to distilled water was 2
: 2. and the time interval of extraction was 24 hours.

5.1.1 The cassava parts used in this study were the peel of root and the leaves.
Basically, amount of cyanide in the peel of cassava root is higher than in the leaves,
therefore, the amount of extracted cyanide were different in each part. This was in
agreement with the results from Bruijn, 1973 (21) and the Cassava Transform
Technology Operation Unit (22), which found that the amount of cyanide were
different in different parts of cassava. The maximum cyanide was in the peel of root.

The next parts were the peel of stem, the young leaf and the old leaf, respectively.
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In this study, it was found that the maximum cyanide extract was 715.4 mg/kg of dry
weight from the peel of root. The amount of cyanide was in agreement with those
obtained from the Bruijn’s study that was found the cyanide from the peel as
600 — 1700 mg/kg of dry weight. Wanphen (45) found even higher amount of cyanide
from the peel of cassava root in Kasetsart50 variety than this study. It cited that there
was 1,186 mg/kg of dry weight in the peel of cassava. The reasons that it was found
more cyanide than this study mightbe due to the different site of the cassava field and
the season when they collected the cassava samples. Furthermore, the peel was more
stable than the leaves that even though it was extracted for a long time such as 48 or
72 hours, it was not decayed. But the leaves that were extracted in the same time
intervals, they were decayed. Some leaves might not immerse in the solvent properly
because volume of the solvent was not enough. The other reason was that the leaves
had low density and soft, therefore, it had to use a lot of leaves in each extraction.
The leaves that were not immersed properly in the solvent would be decayed and
could not extract for cyanide. For example, the extract conditions that used the leaves
to 95% ethanol ratio of 3:1 and the time interval of extraction of 24 hours yielded
cyanide extract only 174.5 mg/kg of dry weight. While the extract conditions that used
the leaves to 95% ethanol ratios of 3:1 and 3:2 and the time interval of extraction of
24 hours yield higher cyanide extract as 326.0 and 445.8 mg/kg of dry weight,
respectively. The higher in cyanide extract mightbe due to the leaves were immersed
more in the solvent.

5.1.2 The ratio of cassava to the solvents (95% ethanol and distilled water) in
various ratios were not affected the amount of cyanide extract much. As can be seen
that no matter higher or lower volume of solvent was used, the extracted cyanide
qualities from various ratios were not much different. For example extraction by the
ratios of the peel to 95% ethanol as 2:1, 3:2, 1:1, 2:2, 3:3, 2:3, 1:2 and 1:3 and the time
interval of extraction was 48 hours, as the extracted volumes of solvent were increased
in each ratio, the extracted cyanide qualities were 552.9, 694.4, 462.4, 715.4, 552.1,
676.0 509.3and 436.3 mg/kg of dry weight respectively. These were nearly the same
amount.

5.1.3 The two kinds of solvent used in the extraction in this study were distilled

water and 95%ethanol. The extracted cyanide quantities from these two solvents were
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significantly different. The 95% ethanol could extract cyanide more effective than
distilled water. That mightbe due to 95% ethanol was the solvent that has more ability
to dissolve cyanide (CN") than distilled water. Therefore, it can extract more active
ingredient that is cyanide quantity. This result was in agreement with the study of
Songphon (32), in this study Pinus merkusii Jungh & de Vriese was extracted to be
used for controlling the mosquito vectors. It was found that 95% ethanol as a solvent
could extract more active ingredient from Pinus merkusii Jungh & de Vriese than
distilled water. This result was also similar to as Suchada’ s study (55)., It was
the study of the extract from citrus seed for controlling mosquito-borne diseases
larvae. It was found that extraction of citrus seed by 95% ethanol as a solvent could
extract more active ingredient than extracted by distilled water. Narumol (50) studied
about the potential of milkwood leaf extract for insect pest control. The milkwood leaf
was extracted by and ethanol, hexane and isopropanol in order to obtain the substance
for killing, repellent and anti-feedant. The result showed that ethanol was the best
solvent for extraction.

5.1.4 The time interval of the extraction was affected cyanide extract
quantities. The time interval of extraction of 48 hours gave the maximum amount of
cyanide and the next time interval of extraction were 72 and 24 hours, respectively.
The time interval of extraction of 24 hours could extract less a mount of cyanide than
48 hours. This mightbe because the solvent could not fully infiltrated into the cassava
for extraction in 24 hours but when continued to 48 hours, the solvent could fully
extract cyanide. As the solvent could fully extracted cyanide at 48 hours, However,
the extraction at 72 hours was given cyanide quantities less than the one at 48 hours.

5.1.5 There may be some errors during conducting the experiment such as the
cassava and the solvent might not completely mixed or the cyanide extract mightbe
left over in the extraction container. These factors may affect the cyanide analysis.

5.1.6 For the selection of ratio for cyanide extraction from cassava, it was
found that the ratio of the peel to 95% ethanol was 2:2 and the time interval of
extraction was 48 hours. This ratio was the appropriate ratio because it gave the
maximum cyanide extract. This condition was suitable for extraction because the peel
was easy for preparation in the extraction. Even if, the leaves of cassava gave the same

amount of cyanide as the peel, the leaf had more difficulties and not convenient for the
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extraction. In addition leaves were easily decayed and lightweight that required a lot of
leaves for extraction. Therefore the ratio of extraction from the peel of cassava in this
condition was be selected for the study of stability of cyanide extract and the potential
study of cyanide extract from cassava on the mortality of common cutworm.

5.1.7 The stability study of cyanide extract from cassava used cyanide extract
from the extract condition that the ratio of the peel to 95%ethanol was 2:2 and the time
interval of extraction was 48 hours. It was found that the cyanide extract that

preserved for 7 days at room temperature (30 °C). and preserved in the refrigerator at 4
°C were both gradually decreased. However, cyanide preserved in refrigerator was

decreased more rapidly than the extract preserved at room temperature. This result was
the same as by the study of Gerard, et.al (52) that extracted cyanide from cassava by

enzyme. The extract was kept at the temperature of 30 °C and 4 °C for 2 months. It
cited that cyanide extract preserved at 4 °C was decreased more rapidly than the one

that preserved at 30 °C.

5.2 The Potential Study of Cyanide Extract from Cassava on

Common Cutworm (Spodoptera litura, Farbr) Elimination.

5.2.1 This experiment used the same cassava samples that used in cyanide
extraction study. This cassava was kept for 2 weeks and might decrease the
concentration of cyanide in cassava. But the new cassava samples could not be
collected because of the weather conditions. It was continually raining in the site of
cassava field and caused high humidity in soil and could decrease the concentration of
cyanide. That could make more error in this experiment.

5.2.2 The result of potential study of cyanide extract from cassava on the
mortality of common cutworm was shown that cyanide extract with the highest
concentration of 246.7 mg/l and non - diluted affected the most mortality of common
cutworm at 48 hours, i.e. 63.3%. and LCsy of cyanide extract from cassava for
common cutworm were 140.8 mg/l. This extract was used the peel and 95% ethanol as
a solvent. It can be seen that the concentration of cyanide extracted from the peel with
95% ethanol was sufficient to kill common cutworm. The mortality rate of common

cutworm was decreased when the cyanide extract was diluted by water. It was in
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agreement with by the result of Taree (53) ‘s study. The study was cited that the
efficiency of galangal extract had an effected on the mortality rate of diamondback
moth in 48 hours. It was found that at the 100% concentration of galangal extract,
the highest mortality of diamondback moth, was observed the next was 75% and 50%,
respectively.

5.2.3 The common cutworm that was received cyanide extract from cassava
would be died in 24 — 48 hours. During that time, the common cutworm would show
unusual behavior such as move slowly or immobile and not eating. The caterpillars
detoxicated the received toxin by excreting liquid from body. To compare with
the behavior of the caterpillars that were received Cypermethrin, the common
insecticide, they had about the same symptoms but with higher mortality rate and they
died faster, i.e. within the first 24 hours of the experiment. Moreover, the common
cutworm that received the cyanide extract from cassava for 48 hours and brought back
to the normal environment would continually died within 7 days after the test.
The symptoms were not eating, slowly movement and died. It can be concluded that
cyanide extract from cassava had the potential to kill common cutworm. It was not
acute toxic but the toxicity was moderate. It could cause the common cutworm to
show unusual behavior within 1-3 days.(10). For Cypermethrin, this is a high acute
toxic, it can kill common cutworm within 24 hours. Therefore, it can be cited that
cyanide extract from cassava had potential to common cutworm elimination with
limitations, i.e. it might not able to control the common cutworm in case of widely

spread out.

5.3 The Toxicity Test of Cyanide Extract from Cassava on the

Environment.

5.3.1 In the toxicity test of cyanide extract from cassava that had an effect on
the environment, Nile tilapia (Oreochromis niloticus) were used as a representative in
this test. The fish were the representative of the living organisms in the environment
that may be affected by cyanide extract. The fish average length were 2.69 cm.. The
concentration of cyanide extract were 24.7 and 14.6 mg/l. The result was shown that
the fish began to die in the third hour of the test. After 24 hours, the fish that received
cyanide extract with concentration 24.7 mg/l had mortality rate of 34.4 %. At 48



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.)/ 75

hours, 93.3 % of the fish died. That was higher mortality rate than that obtained from
cyanide extract with concentration 14.6 mg/l which the mortality rate was 61.1 %.
The LCso of cyanide extract from cassava on fish at 48 hours was 12.3 mg/I.
At 72 hours, the fish in cyanide extract with concentration 24.7 mg/l had no more
death whereas the mortality of the fish that received cyanide extract at concentration
14.6 mg/l was increased to 67.8 %. The LCsy of cyanide extract from cassava to fish at
72 hours was 12.3 mg/I.

In this test, water had to be changed every 24 hours of the treatment and
refilled the cyanide extract with the same concentration. Therefore, the fish were
received the increased toxin every 24 hour. This might affect the continually mortality
of the fish. This condition was used to study the tolerance of fish to the cyanide extract
when received the toxin continually. This may be different from the real situation in
environment, which cyanide extract residue only from the time of cyanide extract
application. Then it was washed and diluted in water. The fish in that water might
have the detoxicate mechanical or adjust to the toxicity so the fish in environment may
die lesser than the fish in the test.

5.3.2 To compare the mortality rate of fish received cyanide extract from
cassava with the mortality rate of fish received potassium cyanide concentration at
16 mg/l, it was found that all the fish that received potassium cyanide died within
15 minutes after the test. This substance was high acute toxic. Cyanide extract from
cassava was organic chemical and had lower toxin than inorganic chemical such as
potassium cyanide. Therefore, the application of cyanide extract from cassava might
be suitable and had harmful less than potassium cyanide. The toxicity of cyanide
extract from cassava was similar to the toxicity of other botanical insecticide. For
example, the result from the study of Suraphon (54), this study was shown the effects
of toxicity of nutgrass (Cyperus rotundus L.) on diamondback moth larvae and toxic
effect on some animals. The test of the toxicity of nutgrass extract to the 1 month
Poecillia reticulate, it was found that the maximum mortality rate of the fish was
96.1 % and LCsp at 24 th hour of nutgrass extract was 28.01 mg/l. The LCs at 48 th
hour of cyanide extract from cassava was 12.3 mg/l, it gave 93.3 % of the fish
mortality (maximum). Therefore, cyanide extract from cassava could cause the fish to

die slower than the nutgrass extract and LCsy of cassava extract was also less than
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nutgrass. Therefore, the application of cyanide should be used in a suitable
concentration and the user should be used with care by wearing safety equipment such
as the mask, the glove and safety clothes.

5.3.3 The Nile tilapia that received cyanide extract of both concentration
showed unusual behavior in the first 2 hours. Compare with the control group, the fish
were more excited and swam up and down, some fish swam down quickly around the
container. The fish bodies were darker because the toxin was detoxicated. The fish
floated on the water surface and finally died. These behaviors were similar to the fish
behavior in Suraphon (54)’s study. It was found that nutgrass extract affected Poecillia
reticulate behaviors. They swam quickly first and then slowly, tried to float on water
surface and sank down to the bottom of container and died. In the experiment of
Suchada (55) , the toxicity of citrus extract on fish was tested. It was shown that the
fish behaved in the same manner as the behaviors of the fish received cyanide extract.
The active ingredient of citrus seed extract could pass in to the blood circulation
system by diffusion through gill and small intestine. The toxicity residue could be in

fish organs such as liver, kidney, and adipose tissue.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The study of potential elimination of a common cutworm (Spodoptera litura,
Farbr) by cyanide extracted from cassava was performed in the laboratory and results
can be conclude as follows :

6.1.1 In the study of appropriate method for cyanide from cassava extraction,
the peel and the leaves of cassava, Kasetsart 50 variety, were extracted with different
solvents, in various ratios and time intervals of extraction. For extraction by using
95% ethanol as solvent, the peel ratio 2:2 at 48 hours of extraction time gave
the maximum cyanide yield of 715.4 mg/kg of dry weight while 519.2 mg/kg of dry
weight of the maximum cyanide was extracted from the leaves by using a ratio of 3:1
of the leaves and 95% ethanol at 24 hours. In the case of using distilled water as a
solvent, the maximum cyanide of 406.1 mg/kg dry weight was extracted from the peel
at the ratio of 3:2 at 24 hours and the maximum cyanide of 631.2 mg/kg of dry weight
was extracted from leave by using a ratio of 3:1 at 24 hours. From the results, it
showed that peel of cassava yield higher cyanide extract than the leaves and cyanide
was more efficiently extracted by using 95% ethanol than by using distilled water.
The highest amount cyanide was extract from the peel by 95% ethanol with a ratio of
2:2 at 48 hours. This extract condition had been used for cyanide extraction in the next
experiment.

After the cyanide extraction, the stability of cyanide extract from cassava was

also investigated. Cyanide extract were preserved at room temperature (about 30 °C)
and in the refrigerator at 4 °C for 7 days. The cyanide extract were decreasing by 30%

and 38%, respectively. The cyanide extract that was preserved in the refrigerator at

4 °C showed faster degradation than the one that preserved at room temperature.



Nuttapon Theskayan Conclusion and recommendation /78

6.1.2 A Potential of cyanide extract from cassava on the mortality of a
common cutworm was conducted. The cyanide extract with a concentration of
246.7 mg/l (without dilution) was tested with a common cutworm for 48 hours.
The highest mortality of caterpillar of 63.3 %. was observed. LC50 of cyanide extract
at 48 hours was 140.8 mg/l while Cypermethrin, a common insecticide for a common
cutworm control, killed caterpillars 93.3 % in 24 hours. From the results, it showed
that the efficiency of cyanide extract was less than the chemical insecticide but
cyanide extract from cassava has a potential to eliminate common cutworm at a certain
level. Behavior of common cutworm after exposure to cyanide extract were not eating,
wriggly, immobile. Their color changed from greenish to darkish body until they died
.These behaviors were similar to exposure to Cypenethrin. However, Cypermethrin
was more toxic than the cyanide extract.

6.1.3 Toxicity of cyanide extract from cassava on the environment. Nile tilapia
(Oreochromis niloticus) were used as a representative as aquatic animals in the
environment which could be exposed to cyanide extract. The fish mortality after
exposure for 48 hours were 93.3 % for cyanide extract at 24.7 mg/l and 61.1 % at
14.6 mg/l whereas 93.3% and 67.8% of fish mortality were demonstration of exposure
for 72 hours. LC50 of cyanide extract at 95% confidence interval was 12.3 mg/l.
Finally testing with potassium cyanide solution at a concentration of 16 mg/l was
conducted. All of the fish died within 15 minutes. Base on this toxicity test, it
indicated that cyanide extract quite toxic to Nile tilapia but cyanide extract was less
toxicity than potassium cyanide solution. However, application of cyanide extract as a

pesticide should be carefully used.

6.2 Recommendations

6.2.1 This study was carried out only on kasetsart50 cassava variety which
contains relatively high amount of cyanide, however, other cassava variety should also
be investigated for the cyanide extraction.

6.2.2 Other solvents should be studied for the extraction such as 70% alcohol or
local liquor. The 95% ethanol that was used in this study was too expensive.
Therefore, if others cheaper solvent can be used to extract suitable amount of cyanide,

it will be more practical for implementation.
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6.2.3 The stability and residual of cyanide extraction should be studied in
order to know the reapplication time. Because cyanide extract is easy to degrade by
heat or light. It is an obstacle for application in the field

6.2.4 This study was performed in the laboratory. It should be tried in the

field test to confirm the potential of cyanide extract in the real situation.
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APPENDIX A

The study design of appropriate extraction method for cyanide extract from
cassava was Factorial, the factors of experiment are :
1. The cassava parts were defined as
- A was the peel of root

-A, was the leaves
2. The solvent to defined as

- B; was 95% ethanol

- B, was distilled water

3. The ratios of cassava to solvent were defined as
- Cq Ratio of cassava to solvent as 1:1 by fresh weight.
- C, Ratio of cassava to solvent as 1:2 by fresh weight.

- C;z Ratio of cassava to solvent as 1:3 by fresh weight.

C4 Ratio of cassava to solvent as 2:1 by fresh weight.

- Cs Ratio of cassava to solvent as 2:2 by fresh weight.

Cs Ratio of cassava to solvent as 2:3 by fresh weight.

C; Ratio of cassava to solvent as 3:1 by fresh weight.
- CgRatio of cassava to solvent as 3:2 by fresh weight.

- Cy Ratio of cassava to solvent as 3:3 by fresh weight
4. The time intervals of extraction were to defined as

- D was the time interval of extraction at 24 hours
-D,was the time interval of extraction at 48 hours

- D3 was the time interval of extraction at 72 hours
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To sampling the factor for defining as the treatment in the experimental design

for example A;B;C1D; was the ratio of the peel to 95% ethanol as 1:1 and the time

interval of extraction at 24 hours. Each treatment is tabulated in the Table

Replication Treatment
AB,C; | AiB:C; | AiB,C; | AiB:Cy | AiBiCs | AiBiCs | AiB1Cr | AiBiCs | A1BiCy
D, D, D, D, D, D, D, D, D,
(T1) (T2) (T3) (T4) (T5) (T6) (T7) (T8) (T9)
AB;:C; | AiBiC; | AiB:Cs | AiBiCy | AiBiCs | AiBiCs | A1B1Cr | AiBiCs | A1BiCy
D, D, D, D2 D, D2 D, D, D,
(T10) (T11) (T12) (T13) (T14) (T15) (T16) (T17) (T18)
AB:C; | AiBiC; | ABiCs | AiB1Cy | AiBiCs | AiBiCs | A1B1Cr | AiBiCs | A1BiCy
Ds D3 Ds D Ds Ds Ds Ds Ds
(T19) (T20) (T21) (T22) (T23) (T24) (T25) (T26) (T27)
AB,Cy | AiBy,C;, | AiBoCs | AiBoCy | AiBoCs | AiB.Cs | AiB,Cr | AiByCs | A1ByCy
D, D, D, D, D, D, D, D, D,
(T28) (T29) (T30) (T31) (T32) (T33) (T34) (T35) (T36)
AB,C; | AiB,C; | AiB,Cs | AiBoCy | AiBoCs | AiBoCs | AiB.Cr | AiByCs | AiBoCy
D, D, D, D, D, D, D, D, D,
(T37) (T38) (T39) (T40) (T41) (T42) (T43) (T44) (T45)
AB,C; | AiB;C; | AiB,.Cs | AiB.Cy | AiBoCs | AiBoCs | AiB.Cr | AiByCs | AiByCy
Ds Ds Ds Ds D3 Ds Ds Ds Ds
123 (T46) (T47) (T48) (T49) (T50) (T51) (T52) (T53) (T54)
 § A:B;C; | AsBiCy | AsBiCs | AsBiCy | AsBiCs | AsBiCs | AB1Cr | AsBiCs | AsBiCy
D, D; D, D, D, D, D, D, D,
(T55) | (T56) (T57) (T58) (T59) (T60) (T61) (T62) (T63)
A:B1C1 | AsBiCy | AsBiCs | AsB1Cy | AsBiCs | AsBiCs | AsBiCr | AsBiCs | AsBiCy
D, D, D, D D, D2 D2 D, D,
(T64) (T65) (T66) (T67) (T68) (T69) (T70) (T71) (T72)
ABiCy | AsBiC, | AsBiCs | AsBiCy | AB1Cs | ABiCs | AsBiCr | AsBiCs | AsBiCy
Ds Ds Ds Ds Ds Ds Ds Ds Ds
(T73) (T74) (T75) (T76) (T77) (T78) (T79) (T80) (T81)
AB,Cy | AsByCy | AgBoCs | ABoCy | ABoCs | ABoCs | AsBoCr | AsByCs | AByCy
D, D, D, D, D, D, D, D, D,
(T82) (T83) (T84) (T85) (T86) (T87) (T88) (T89) (T90)
AB,Cy | AsB,Cy | ABoCs | AsBoCy | AgBoCs | AsBoCs | AsBoCr | AgByCs | AsBoCo
D, D, D, D, D, D, D, D, D,
(T91) | (T92) (T93) (T94) (T95) (T96) (T97) (T98) (T99)
AB.Cy | AsB,Cy | AByCs | AsBoCy | AgBoCs | ABoCs | ABoCr | AgByCs | AsBoCy
Ds Ds Ds Ds Ds Ds Ds Ds Ds
(T100) | (T101) | (T102) | (T103) | (T104) | (T106) | (T106) | (T107) | (T108)
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APPENDIX B
CYANIDE ANALYSIS

1. Chemical preparation

1.1 0.1 M Orthophosphoric acid
Pipette H3PO4 90% (w/w) for 1.7 ml adjust volume to 250 ml. by distilled
water in the 250 ml. volumetric flask.

1.20.1 M Naz POy
Weight Naz PO, 9.5031 g and dissolved in distilled water and adjust volume to
250 ml. by distilled water in the 250 ml. volumetric flask

1.3 0.1 M Phosphate buffer
Prepared buffer solutions of a mixture of 0.1 M HsPOand 0.1 M Naz PO,, and
a pH meter to adjust pH to 4.0, 6.0 and 7.0.

1.4 0.2 M NaOH
Weight NaOH 2 g. dissolved in distilled water and adjust volume to 250 ml. by
distilled water in the 250 ml. volumetric flask.

1.5 Pyridine/Pyrazolone solution.

Mix Bis-pyrazolne 0.05g and 3-methyl-1-phenyl-5-pyrazolone 0.25 ¢
dissolved in pyridine 50 ml. (should be prepared fresh each time)

1.6 Chloramine-T reagent.
Weight chloramine - T 0.025g dissolved in distilled water and adjust volume

to 50 ml. by distilled water in the 50 ml.volumetric flask.

2. Method
2.1 Calibration standards
2.1.1 Stock solution was prepared by weighting 1 g of KCN in a 1000 ml
volumetric flask and made up to volume with distilled water.
2.1.2 Stock solution was diluted for concentration of 0, 25, 50, 100, 150, 200
and 250 ug/ml. Pipette each solution 0.1 ml into the test tube.
2.1.3 Added 4.0 ml. phosphate buffer pH 7.0. The solution was mixed.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) /89

2.1.4 The test tubes were incubated at 30 °C for 15 minutes in control bath .

2.1.5 Added 0.2 M NaOH 0.6 ml. The solution was mixed.
2.1.6 Added phosphate buffer pH 6.0 for 2.8 ml. The solution was mixed.

2.1.7 Added Chloramine T reagent 0.2 ml. The solution was mixed.

2.1.8 The test tubes were incubated for 15 minutes in cool water and were

added pyridine/pyrazolone solution 0.8 ml The solution was mixed.

2.1.9 The test tubes were incubated at room temperature for 90 minutes. Then

the absorbance at 620 nm was determined.

2.1.10 Plot KCN concentration standard curve versus the absorbance at 620
nm. The standard curve was a straight line passing through the origin and

linear regression could therefore be applied.

2.2 Cyanide analysis

2.2.1 Cut cassava sample to size about 1 — 2 cm. and weigh for extraction in
Erlenmeyer flask. Added solvent and were mixed, to closed cover with
parafilm aluminum foil.

2.2.2 Strain it by filter cloth.

2.2.3 Pipette extract solution 0.1 ml to the test tube.

2.2.4 Added 3.9 ml. phosphate buffer pH 4.0. The solution was mixed.

2.2.5 Added Chloramine-T reagent 0.2 ml. The solution was mixed and were
incubated in cool water for 5 minutes.

2.2.6 Added pyridine/pyrazolone solution 0.8 ml The solution was mixed and
were incubated at room temperature for 90 minutes. Then the absorbance
at 620 nm was determined

2.2.7 Calculate cyanide

Amount of Cyanide = a volume of extract (ml.)*Abs.@620 nm.*dilute ratio *100
(mg/kg of dry weight)

slope * fresh weight (g)*(100-%moisture of sample
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APPENDIX C
PROBIT ANALYSIS

Probit analysis was the calculation for the lethal concentration of cyanide
extract from cassava to the mortality of common cutworm at 50% (LCsg) and the lethal
concentration of cyanide extract to the mortality of fishes at 50% (LCsg) by SPSS for

window. LCsx at reliability level of 95% was calculated by writing and commanding

probit analysis program. For example the calculation of LCsyof cyanide extract from

cassava to the mortality of common cutworm (Spodoptera litula, Farbr)
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P b i e e i i b b b b PROBIT ANALYSIS P b i e e e e e i b
DATA Information

24 unweighted cases accepted.
0 cases rejected because of missing data.
0 cases are in the control group.
MODEL Information
ONLY Normal Sigmoid is requested.
EE I e S i i PROBIT ANALYSIS E R R S S S i I
Parameter estimates converged after 7 iterations.
Optimal solution found.
Parameter Estimates (PROBIT model: (PROBIT(p)) = Intercept + BX):
Regression Coeff. Standard Error  Coeff./S.E.
CONC .00278 .00045 6.17971
Intercept Standard Error Intercept/S.E.
-.39158 05748 -6.81181
Pearson Goodness-of-Fit Chi Square = 30.068 DF=22 P= .117

Since Goodness-of-Fit Chi square is significant, a heterogeneity
factor is used in the calculation of confidence limits.

Observed and Expected Frequencies

Number of Observed Expected

CONC1 Subjects Responses Responses  Residual Prob
54.50 100.0 50.0 40.515 9.485 40515
54.50 100.0 40.0 40.515 -515 40515
54.50 100.0 40.0 40.515 -515 40515
63.60 100.0 40.0 41.499 -1.499 41499
63.60 100.0 40.0 41.499 -1.499 41499
63.60 100.0 40.0 41.499 -1.499 41499
86.30 100.0 40.0 43.975 -3.975 43975
86.30 100.0 50.0 43.975 6.025 43975
86.30 100.0 40.0 43.975 -3.975 43975
81.80 100.0 40.0 43.482 -3.482 43482
81.80 100.0 40.0 43.482 -3.482 43482

81.80 100.0 60.0 43.482 16.518 43482
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R i i i e i e i e S PROBIT ANALYSIS R e i e i i e

Number of Observed Expected

CONC1 Subjects Responses Responses  Residual Prob
114.90 100.0 40.0 47.127 -7.127 AT7127
114.90 100.0 50.0 47.127 2.873 AT7127
114.90 100.0 50.0 47.127 2.873 AT7127
122.40 100.0 40.0 47.957 -7.957 47957
122.40 100.0 50.0 47.957 2.043 47957
122.40 100.0 40.0 47.957 -7.957 47957
146.00 100.0 50.0 50.574 -574 50574
146.00 100.0 50.0 50.574 -574 50574
146.00 100.0 50.0 50.574 -574 50574
246.70 100.0 60.0 61.578 -1.578 61578
246.70 100.0 70.0 61.578 8.422 61578
246.70 100.0 60.0 61.578 -1.578 61578
Confidence Limits for Effective CONC1
95% Confidence Limits

Prob CONC1 Lower Upper

01 -695.79793 -1219.58402 -466.75224

.02 -597.76377 -1058.36381 -396.23364

.03 -535.56424 -956.09168 -351.47494

.04 -488.77396 -879.16794 -317.79310

.05 -450.71367 -816.60566 -290.38628

.06 -418.31839 -763.36330 -267.05080

.07 -389.91407 -716.68737 -246.58296

.08 -364.48138 -674.90135 -228.24972

.09 -341.35137 -636.90508 -211.56994

10 -320.06016 -601.93572 -196.20990

15 -231.90885 -457.24134 -132.52714

.20 -161.84899 -342.40810 -81.74884

25 -101.74387 -244.12109 -37.95589

.30 -47.76761 -156.22848 1.74370

35 2.24944 -75.50035 39.24875

40 49.71072 -.63396 76.57409

45 95.63007 66.37336 118.11357

50 140.82138 118.33193 172.98083

55 186.01269 157.81074 240.32784

.60 231.93203 193.56876 313.11663

.65 279.39332 229.06825 389.80886

R e e i e i i e S PROBIT ANALYSIS R I S e S e S S A
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Prob CONC1 Lower Upper
.70 329.41037 265.84359 471.26670
15 383.38663 305.18718 559.51531
.80 443.49175 348.78074 658.00171
.85 513.55161 399.43544 772.95856
90 601.70292 463.03470 917.73644
91 622.99413 478.38105 952.71949
.92 646.12414 495.04786 990.72873
.93 671.55682 513.36873 1032.52710
94 699.96115 533.82470 1079.21491
95 732.35643 557.14866 1132.46879
.96 770.41672 584.54415 1195.04240
97 817.20700 618.21458 1271.97755
.98 879.40653 662.96132 1374.26165
99 977.44069 733.46619 1535.49558

Probit Transformed Responses
.6
A4
2
0.04 o o oo o
-2
E
e
a -4 - =
0 100 200 300

CONC

EE S i S S i PROBIT ANALYSIS E R S S S i
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APPENDIX D
CASSAVA

Figure D-1 The peel of root cut into 1-2 cm. size

Figure D-2 The leaves cut into 1-2 cm. size
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APPENDIX E
THE MORTALITY OF COMMON CUTWORM TEST

Figure E-1 Common cutworm exposed to cyanide extract from cassava

Figure E-2 Common cutworm exposed to Cypermethrin
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APPENDIX F
TOXICITY OF CYANIDE EXTRACT ON FISH

Figure F-1 Nile tilapia exposed to cyanide extract from cassava

Figure F-2 Nile tilapia exposed to potassium cyanide
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