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Effect of Hydropriming and Redrying on the Germination
of Triploid Water melon Seeds

Rukui Huang?!, Sutevee Sukprakarn!, Thammasak Thongket! and Sunanta Juntakool 2

ABSTRACT

Two triploid watermelon cultivars * Gold Prince’ and * Guangxi 5’ were subjected to hydropriming
by soaking in deionized water for 2 hrswith aeration following 24 and 48 hrsincubated at saturated relative
humidity. Hydropriming had a promotive effect on germination performance in both cultivars but the
overall seed germination percentagesdid not increasein ‘ Gold Prince’ . Furthermore, hydrated seedswere
redried under different conditions to low down the seed moisture content to 6-7 % and the two cultivars
responded differently. The highest germination percentages and lowest mean germination time were
obtained from medium drying (40%RH, 20°C) for ‘Gold Prince’ and quick drying (20%RH, 20°C)

for ‘Guangxi 5.

Key words: triploid watermelon seed, hydropriming, seed germination

INTRODUCTION

Triploid watermelons [Citrullus lanatus
(Thunb.) Matsum & Nakai] werefirst developedin
the early 1950's at Kyoto University in Japan
(Kihara, 1951). Besides the well known character
of being seedless, triploid watermelon has its
superior attributes, e.g. field resistance to Fusarium
wilt (Kihara, 1951), watermelon fruit blotch
(Acidivorax avenae subsp. citruli) (Garret et al.,
1995), long shelf life and high total soluble solid
content (Rhodes and Zhang, 1999). Although
triploid watermel onsgained great market potential,
the production remains low. Poor germination,
slow growth at seedling stage, and high seed cost
are main factors limiting the production.

Mechanical weakening of the seed coat
structure such as scarification, seedcoat nicking,
and seed coat lateral splitting has been reported to
successfully enhanced germination performanceof

triploid watermelon seed (Duval and NeSmith,
1998; Grangeand L eskovar, 2000). However, some
drawback effects such as embryo injury and time
involved arethe negative effects usual ly associated
with these treatments.Therefore, researchs are
needed to detect a practical and easily handling
method toimprovethegermination performance of
triploid seeds aimingto promotetriploidwatermelon
production.

Seed priming is a treatment that partialy
hydrates seeds so that germination process begins,
but radicle emergence does not occur. Priming has
been widely reported to enhance seed germination
performance of various species of field crops,
vegetables, and other plants(Welbaumetal ., 1998).
Shorttimehydrationtreatments, e.g. hydropriming,
humidification (incubating seed at high relative
humidity) have been widely used to increase seed
vigour and extend seed longevity in many plant
species (Burgass and Powell, 1984; Powell et al.,

Department of Horticulture, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
2 Department of Agronomy, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
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2000).

Redrying after priming is acritical step for
maintaining seed quality.Rapid drying following
priming can damage seeds resulting in the loss of
advancement obtained during priming (Pareraand
Cantliffe,1992). M echani cal embryo damageshave
been reported in soybean, pine, and larch asaresult
of drying after osmatic priming (Armstrong and
McDonald, 1992; Huang and Zou, 1989). On the
contrary, primed pansy seeds increased longevity
after fast drying (20°C, 40% RH) (Bruggink et al.,
1999).

In cucurbits, priming has been proven
successful to increase either germination rate or
percentages in muskmelon (Bradford et al., 1988;
Nerson and Govers, 1986), diploid watermelon
(Demir and VandeVenter, 1999; Sachs, 1977), and
bitter gourd (Lin and Sung, 2000), etc.
Unfortunately, few reports were documented on
priming treatmentsof triploid watermelon seeds. In
this work ,we attempt to assess the influence of
hydropriming and redrying conditions on
germination performance of triploid watermelon
seeds.

MATERIALSAND METHODS

Seed materials. Seeds of two triploid
watermelons, ‘ Gold Prince’ and * Guangxi 5', from
the Vegetable & Flower Institute of Guangxi
Academy of Agriculture Science, P.R. China, were
employed in the experiment. The initial seed
moisturecontentsof ‘ Gold Prince’ and‘ Guangxi 5’
were 5.3% and 6.1%, respectively whiletheinitial
seed germination percentages were 83% and 67%,
respectively.

Water uptake pattern: To determine the
imbibition curve, seeds of ‘Gold Prince’ and
‘Guangxi 5" weretreated by seedcoat |aterally split
or not split (25 seeds per treatment), then soaked in
deionized water for aperiod of 8 hours. Seedswere
taken out from the water hourly and surface dried
by blotter paper, weighed, and immediately put

back to the water. The water uptake pattern was
determined by measuring the water absorbed at
every hour intervals related to the fresh weight
(Le Deunff et al.,1989).

Hydration: Theseedsof triploidwatermelon
were placed in glass columns (30 cm in height and
7 cm in diameter) containing 400 ml of deionized
water and kept at 25°C under natural light for 2
hours. The duration of soaking was determined
based on the water uptake pattern. Aeration was
provided at 15 min/hr, 30 min/hr, and 45 min/hr,
continuous, and non-aeration. After soaking, seeds
weretakenoutfromthewater and putinasuspension
of 0.2% Mancoseb for 10 minutes, in controlling
fungus infection. Seeds were then rinsed off in
running tap water for 10 minutes followed by
surface drying with blotter paper and incubated in
sealed plastic boxes under saturated humidity at
20+1°C for 24hrsor 48 hrs.

Germination tests were carried out
immediately after incubationwith 4 replicatesof 25
seedseachinmoist sand (1 liter deionized water per
10kgsand). Seedswerecarefully placedhorizontally
at 1 cm depthto prevent any orientation advantages
(Maynard, 1989) in plastic boxes (7.5 x 11.5 cm).
The boxeswere covered with plastic lidsto control
evaporation and placed in germination chamber at
25°C. Seedlingswere eval uated at 41" and 14" day
after seeding and the mean normal seedlings,
abnormal seedlingsand dead seedswere cal culated
(ISTA,1999), untreated seeds(original seeds) served
ascontrol. Meangerminationtime(MGT) wasalso
obtained based ondaily counting of normal seedlings
using thefollowing formulaproposed by Alvarado
and Hewitt (1987):

MGT = ¥ Ti.Ni/3Ni

where Ni = number of newly germinated
seeds at time Ti

Redrying: After theincubation process, the
seeds were redried to lower seed moisture content
to 6-7 % in a humidity controllable electronic dry
cabinets (DRY-60, WEIFO) at different drying
conditions: slow drying (60% RH, 20°C), medium
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drying (40% RH, 20°C), and quick drying (20%
RH, 20°C). Germination test was carried out
immediately after the drying process as described
above, compared to surfacedried seedsand control.
The seed moisture content was determined by hot
air oven method at 103+1°C for 17 hours (ISTA,
1999). Two replicationsof 1 gram each were used
for the test.

Satistical analysis: Data analyses were
performed using the SAS statistical software
(Version6.12). Completely randomized designwas
used in this experiment. Mean separations were
performed by Duncan’ smultiplerangetest(DMRT)
at 5% level. The valuesin percentage were arcsine
transformed before analysis.

RESULTSAND DISCUSSIONS
Hydration: Thewater uptake of triploid and

diploidwatermel on seedsshowed atriphasicpattern,
which is similar to the pattern of most of the seed

Water uptake (g/g.seed)
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kinds (Bewly and Black, 1994). However, there
were no significant differences in water uptake
between seed coat | ateral splitting and non-splitting
treatment especially in ‘Guangxi’ triploid
watermelon (Figure 1). Therefore, water
impermeability may not be a limiting factor to
inhibit germination in both ‘Gold Prince’ and
‘Guangxi 5'. Thewater uptakewasattainedrapidly
during thefirst two hours, and continued to slowly
increase with a steady ratein all treatments.

From the water uptake pattern, 2 hours
duration was then chosen for soaking triploid
watermelon seeds and found no significant
differences on germination percentages among 2
hours soaking treatments in relation to aerating
time (Figure 2). However, the highest germination
percentages were obtained from primed seeds
soakinginwater for 2hourswith continuousaeration
for* Guangxi 5, and 45 min/hour aerationfor * Gold
Prince’.

After 2 hours soaking with aeration (Figure

—&— Gold Prince Non-split
—— Gold Prince Split
—2&— Guangxi 5 Non-split

—%— Guangxi 5 Split

0 1 2 3 4
Imbibition duration (hour)

5

Figurel Water uptake pattern in watermelon seeds under 8 hours imbibition period.

$ 100
%:/ @ 15minvhr | 100
g 8 B3ominhr | 80 —
@
i 60 1 @ 45min/hr 60 - -
.5 40 4 @ continuous 40 1
= | O control
= 20 20 I
o}
@ 0 ) 04
2hr-soaking 2hr-soaking
"Guangxi 5’ ’Gold Prince’

Figure2 Germination of ‘Guangxi 5 and ‘Gold Prince’ after hydropriming treatments at different

aeration times.
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2), primed seedswerefurther incubated for aperiod
of 24 hrsor 48 hrs. The germination percentages of
‘Gold Prince’ were not significantly improved by
both 24 or 48 hours incubation, but primed seeds
from 48 hrsincubation dramatically increased the
germination percentagesof ‘ Guangxi 5. However,
MGT wassignificantly reduced by incubationtime
in both cultivars (Table 1) which indicate that the
incubation treatment could enhance the speed of
germination (Alvarado and Hewitt, 1987).
Redrying: When hydrated seeds (2 hrs
soaking + 48 hrs incubation) were redried, al the
seeds | ost their moisture rapidly from approx.30%
to 10% within one day (Figure 3). Under quick
drying condition (20% RH, 20°C), both cultivars
reached their equilibrium moisture content (5.09 %

Kasetsart J. (Nat. Sci.) 36 (3)

for*Gold Prince’ and 4.6 % for * Guangxi 5') within
two days. While medium drying (40% RH, 20°C)
brought seeds to an equilibrium moisture content
within 4 days of redrying (6.35% for ‘ Gold Prince’
and 6.95% for * Guangxi 5'). On the contrary, even
after 4 days of drying under slow drying condition
(60% RH, 20°C), the moisture contents were still
high (9.63% for ‘Gold Prince’ and 8.42% for
‘Guangxi 5'). The seeds of both cultivarsin slow
drying treatment were then transferred to medium
drying condition and dried back to approx. 6~7%
moisture content at the 51 day.

After redrying, the highest germination
percentagesand MGT were obtained from medium
drying for ‘Gold Prince’ and quick drying for
‘Guangxi 5 (Table2). Sinceredrying after priming

Tablel Germination percentages and mean germination time(MGT) of triploid watermelon seeds after
soaking in water for 2 hours following 24 or 48 hours incubation.

Treatments Gold Prince Guangxi 5
Germination(%) MGT (day) Germination(%) MGT (day)
48 hrsincubation 84.0a 4.11b 80.0a 4.08b
24 hrsincubation 80.5a 4.13b 67.0b 4.16b
Control 83.0a 4.38a 67.0b 4.63a
F-test ns % * *
C.V.(%) 5.92 2.33 8.49 3.76

Meanswithin each column followed by the sameletter are not significantly different at P<0.05 level by Duncan’smultiplerangetest.

— ~— - Gold Prince-Slow drying

g 30xk e Gold Prince-Medium drying
‘g = = = Gold Prince-Quick drying
g —2A— Guangxi 5- Slow drying
.% —¥—— Guangxi 5- Medium drying
.g —©6—— Guangxi 5-Quick drying
3 B atinkind =
 ———— ————
0 T T |
After incubation 1 2 3 4

Duration of redrying (day)

Figure3 Changesin seed moisture content under different drying conditions of

hydroprimed triploid watermelon seeds.
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Table2 Germination percentageand mean germinationtime(MGT) of hydroprimed triploid watermelon

seeds after redrying.

Redrying Gold Prince Guangxi 5

conditions Germination (%) MGT (days) Germination (%) MGT (days)
Surface drying 85hb 4.10b 76 bc 4.11 bc
Slow drying 80b 4.20 ab 80 ab 452 a
Medium drying Ra 4.06b 82 ab 4.17 bc
Quick drying 84b 4.29 ab 89a 4.07c
Control 83b 4.36 a 67c 441 a
F-test * *x *
CV.% 4.48 212 6.20 3.64

Meanswithin each column followed by the same letter are not significantly different at P<0.05 level by Duncan’ smultiplerangetest.

iscritical stepfor maintaining seed quality, it could
be explained that rapid drying might have altered
the soluble carbohydrates content which in turn
reduce desiccation tolerance and speed of
germination (Bruggink et al., 1999). Further study
is needed to investigate the relationship between
redrying and seed longevity of primed seed.

CONCLUSSION

Hydroprimingtreatment can besuccessfully
applied on triploid watermelon seeds to improve
germination performance. A treatment combination
of 2hrssoakinginwater following 48 hrsincubation
at saturatedrel ativehumidity increased germination
percentages and reduced mean germination time of
both triploid watermelon cultivars ‘Gold Prince’
and ‘Guangxi 5. Hydrated seeds can be redried
without the lost of physiological advancement
obtained from hydration phase. However, the
efficacy of priming treatments is aso cultivar
dependent.
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Varietal Evaluation and 30 kDa Protein Studiesin Local Bitter Gourd
(Momordica charantia L .)

Charan Ditchaiwong?, Prachya K ongtawelert2, Surapol Natakankitkul3,
Manoch Tongjiem#and Maneechat Nikornpun?

ABSTRACT

Twelve accessions of local bitter gourds were tested in comparison with acultivated bitter gourd at
Phichit Horticultural Research Center in summer 2000. Botanical and horticultural characteristics of |eaf,
pistillate flower, staminate flower, fruit and seeds were recorded. Ripefruit yield of the accessionsranged
from 3,227 to 6,912 kg/ha. Yield was not significantly different among the accessions but showed high
variation in protein levelsin extraction from endosperm. The partial protein powder ranged from 104.33
t0208.67 mg/5 g of endopspermwhilethespecificactivity proteinat 30 kDaeval uated by thepolyacrylamide
gel electrophoresis (PAGE) method ranged from 104.86 to 265.42 ug/5g of endosperm. One specific
accession (No.16) gave the highest level of the specific activity protein at 30 kDa, however, it gave high
level of the partial protein powder, 168.33 ug/5g. Contradictory, the other accession (No.11) which had
more or lessthe samelevel of total protein as the mentioned accession, had rather low level of the specific

activity protein at 30 kDa, 149.96 ug/5g of endosperm.
Key words: bitter gourd, 30 kDa protein, partial protein, specific activity protein

INTRODUCTION

Rural Thai people have used several
indigenousvegetabl esand spicesasmedicinesince
the ancient times. The local medicine is called
herbal medicine. Nowadays, therearevariouskinds
of modern medicine, therefore theinterest towards
herbal medicineisquite limited. Someresearchers
are searching for new compounds to use for these
disease such as HIV and cancer. It was found that
bitter gourd reduced oxidation of methmyoglobin
by hydrogenperoxide in laboratory. The reduction
assuchmay beabletoreducetheaction of thevirus.

Bitter gourd has long been used as local

a b W N P

medicinein Asia. The plant has been investigated
for the active ingredients and their effects. Ng et
al.(1992 and 1997) at the ChineseMedical Material
Research Centre of the Chinese University of Hong
Kongfound aseriesof proteininbitter gourd which
has anti-HIV activity. Lee-Huang et al. (1994-
1995a and 1995b) isolated MAP30 (Momordica
anti-viral protein of 30 kDa) that has anti-HIV
activity. Thereareseveral proteinsinvolvedin HIV
replication, such as reverse transcriptase which
convertsthe viral RNA genometo DNA, protease
which modifies the protein products of the viral
genomefor new viral particlesand integrase which
insertsandremovesthe DNA fromthehost genome.

Horticulture Research Institute, Department of Agriculture, Bangkok 10900, Thailand.

Department of Biochemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand.
Department of Pharmaceutical Sciences, Faculty of Pharmacy, Chiang Mai University, Chiang Mai 50200, Thailand.
Office of the Senior Experts. Department of Agriculture, Ministry of Agriculture, Bangkok 10900, Thailand.
Department of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Theproteincanblock theinfectionof T lymphocytes
and monocytes by HIV and inhibitsthe replication
of HIV in aready infected cells in vitro. (Lee-
Huang et al., 1990) Although, MAP30 shows the
inhibitory effect, but it appears to have limited
toxicity to uninfected cells. MAP30 has a direct
action against integrase activity and may inhibit the
virusinother waysaswell (Lee-Huangetal.,1995b).
It has been quite sometimes that M. charantia
proteinwasshowntohaveanactiononHIV, butthe
protein has not been developed further for HIV
treatment.

There are two types of bitter gourd in
Thailand; local and cultivated types, the former
scattered in Thailand as weeds. Variations of size
and shape of fruits, plant type and leaf type are
always observed. Because of its low economical
values, little attention has been paid to the crop in
termsof research. Collection of germplasm of local
and cultivated bitter gourd and evaluation of
horticultural characterization are the primary step
for the breeding program. Subsequently,
identification and separation of MAP30-like
substance of the collected accessions would be
operated. Then, breeding and development of
varieties for high MAP30 variety should be the
important step for the production of MAP30 in
large scale.

MATERIALSAND METHODS

Twelve accessions of local bitter gourds
were collected from various locationsin Thailand
in 1999. They were grown in the field at the
horticultural research center, Department of
Agricultural Extensionin Phichit province, Thailand
in 2000. Randomized completeblock designwith 4
replications was used. One cultivated bitter gourd
caled Deak bin brand or No.20 was used as a
control variety. Theexperimental period wasabout
4 months. Fruits were harvested at ripe stage, they
were weighted and seeds were taken out for seed
weight.

General horticultural and botanical
characteristicssuch asleaf shapeandsize, maleand
femaleflowers, fruit and seedswererecorded. They
were grown for botanical and horticultural
characterization.

Partial protein extraction, total protein
analysis and specific activity protein at 30 kDa
analysiswere obtained by using frozen endosperm
of bitter gourd seeds. Theendospermwasground at
4°C with normal saline solution at pH 3.6-4.0. The
solution was filtered with cloth before it was
centrifuged at 12,000 rpm, 4°C for 30 minutes for
3 times. The supernatant was shaked with
50%(NH4)2504 and50mM Na 2POy buffer, pH 6.3
before it was centrifuged again. The residue was
dialysed with 20 mM NaxPO4 buffer, pH 6.3. Then
active protein fraction was dried with alyophilizer
for 24 hrsfor partial protein powder.

Total protein was analysed from the partial
proteinpowder, using Bio-Rad proteinassay reagent
(Bradford) (Bio-Rad Laboratories, U.S.A.Cat.No.
500-0006). Fivemilligramsof the partial proteinwas
mixed with 1 ml dei. H,O and shaken by vortex.
Ten pl of the solution was dropped into microliter
platewells. Variousconcentrationsof BovineSerum
Albumin(BSA), 0to 1000 ug/ml weredroppedinto
adjacent wells. Then 200 pl/well of dyereagent was
mixedin each well. They were measured at 620 nm
absorbance. A regression line of standard protein
(BSA) was calculated. Solution of each accession
was compared with standard prtoein (BSA), to
calculate total protein of each accession.

Specific activity of protein at 30 kDa was
analysedfromthepartial protein powder. Deionized
water wasadded into the powder. Buffer wasadded
into the solution before it was heated at 95°C for 5
min. Thesamplewasused for electrophoresis. Gels
were stained with coomassie blue before washing
and drying. Then specific activity of protein at 30
kDa was measured by an imaging densitometer,
then calculated by comparison both amount of
protein.
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RESULTS

Characterization of botanical and
horticultural traits of 12 local bitter gourds (Table
1-8) reveal ed that many botanical characteristicsof
leaf of al accessions were similar to each other.
They had simpletype of |leaf, pubescent on surface
covering and alternate arrangement, with palmate
venation. Leaf shape of all accessions were the
same, which showed circular shape of leaf, open
shape of upper leaf sinus, concave shape of teeth, 7
lobes, acute apex of leaf, cordate base of leaf and
parted margin of leaf. They were different on leaf
size and color (Table 1). Leaves of al accessions
were green in color but different in degree of
greenness as measured by Hunter L, a, b color.

Pistillate flowers of all accessionswerethe
same on many characteristics. (Figure 1). The
flowerswereregular (actinomorphic), solitary type
of inflorescence, rotate corollashape, polypetal ous
of corolla with 5 petals, yellow corolla, inferior
ovary, epigynous of flower part, calyx adnates to
ovary, 5cayxlobe, 3parietal placentaandreniform
shapeof sessilebract. Sizeof petal, pedunclelength
and size of sessile bract were different among the
accessions (Table 2).

Staminateflowersof all accessionswerethe
same on many characteristics (Figure 2). They had
regular staminate flower (actinomorphic), axillary
inflorescence, rotate corolla shape, polypetal ous
corollawith 5 petals, yellow corolla, 5 calyx lobe
and reniform shape of sessile bract. Size of petal,
pedunclelength, sizeof sessilebract and distanceof
sessile bracts to peduncle base of the accessions
were different (Table 3).

Fruit of bitter gourd was pepo type with 7
lobes. Size and weight of the fruits in various
accessionsweredifferent (Table4). Theaccessions
showed differencesin number of seedsper fruit and
seed size (Table 5). Ripe fruit yield among the
accessionswasnot significantly different (Table6).
The yield ranged from 3,227 to 6,912 kg/ha.
AccessionNo.13 gavethehighest fruit yield. Other

high yield accessions were No.21, 11, 7 and 16.
Fruits and seeds of accession 11, 13 and 16 were
showninFigures 3, 4 and 5. Fresh seed yield of the
accessions was significantly different (Table 7).
Seed vyield ranged from 312.5 to 842.5 kg/ha.
Accession No.13 gave the highest seed yield. The
accessionalso gavethehighest number of ripefruit,
680,313 fruit/ha (Table 7). However, high fruit
yielding accession was not always gave high seed
yield.

Accession No.13 wasamong theaccessions
that had the longest harvesting life, 117-118 days
after germination (Table 8). Thelast harvesting of
ripe fruit after germination for Accession No.13
was117 days. Number of timesto harvest ripefruits
of this accessions was the highest, 50 times (Table
8).

Figurel Pistillate(female)flower of bitter gourd.
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Figure2 Staminate (male) flower of bitter gourd.
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Table1l Botanical characteristics of leaf of bitter gourd accessions.

Acc. No. Size of leaf (cm)®
Width Length Petiole length
1 119 8.0 6.7
3 10.0 7.1 4.7
5 114 7.2 5.8
6 14.8 112 75
7 134 9.2 8.8
8 154 9.9 7.3
10 135 83 9.3
11 10.7 75 5.4
12 10.8 79 5.6
13 10.0 1.7 5.8
16 10.8 7.1 6.9
20 14.3 10.2 7.6
21 10.5 1.7 51
1 Average of 10 mature leaves
Tablel (continue) Botanical characteristics of leaf of bitter gourd accessions.
Acc. No. General shape of petiole sinus Colour of leaf!
L2 a b*
1 Wide open 35.19 -5.22 10.33
3 Open 53.05 -4.97 9.18
5 Wide open 87.19 -1.23 1.79
6 Wide open 87.44 -1.3 1.66
7 Wide open 78.85 0.94 10.05
8 Wide open 51.34 -4.89 7.67
10 Open 38.01 -6.83 14.83
11 Open 51.72 -4.89 9.67
12 Wide open 34.96 -6.35 13.03
13 Wide open 65.64 -2.16 7.52
16 Open 65.64 -2.16 7.52
20 Open 51.37 -4.8 8.41
21 Wide open 50.36 -4.03 6.74

1 Color QUEST Hunter Lab

Evaluated date: 5 April 2000

2 L - lightness
3 a-—redness or greenness,

- agreen, +ared

b —yellowness or blueness, - b blue, + b yellow



Kasetsart J. (Nat. Sci.) 36 (3) 229

Table2 Botanical characteristics of pistillate flower of bitter gourd accessions.

Pistillate flower Sessile bract of pistillate flowerl
Acc. No. Petal (mm) Peduncle length Width  Length Distance to peduncle base

Width  Length (mm) (mm) (mm) (mm)

1 8.4 10.9 29.0 7.7 55 35
3 11.2 14.5 47.8 8.4 6.2 9.3
5 10.3 135 294 89 5.8 7.3
6 9.3 11.6 374 7.4 51 29
7 8.4 11.1 338 10.6 8.3 39
8 75 11.3 52.7 11.0 6.7 5.2
10 9.8 12.6 41.7 6.7 4.6 2.8
11 6.7 10.0 44.6 9.5 59 85
12 11.3 18.9 87.7 8.9 5.6 8.8
13 10.1 16.1 63.7 7.2 4.7 5.0
16 7.1 9.5 45.3 6.3 4.6 39
20 8.1 10.7 55.1 3.7 3.2 5.8
21 6.8 10.2 51.1 7.4 49 6.6

1 Average of 10 pistillate flowers

Table3 Botanica characteristics of staminate flower of bitter gourd accessions.

Staminate flower Sessile bract of staminate flowerl
Acc. No. Petal (mm) Peduncle length Width  Length Distance to peduncle base

Width  Length (mm) (mm) (mm) (mm)

1 9.4 151 66.2 85 6.9 10.1
3 13.6 20.3 69.6 7.6 54 20.4
5 10.7 15.8 50.9 8.8 6.7 15.2
6 9.5 13.9 52.2 10.0 7.4 8.6
7 104 15.1 29.9 6.6 4.3 4.6
8 8.4 16.3 61.8 105 75 10.5
10 10.1 16.5 48.6 6.0 4.2 52
11 10.1 14.8 51.8 10.3 6.6 14.1
12 129 21.3 68.3 11.2 6.2 12.6
13 11.3 17.1 75.5 6.2 4.5 7.6
16 9.0 12.3 54.7 5.7 35 5.6
20 10.9 14.8 77.2 7.7 5.7 28.0
21 7.8 12.7 45.2 7.8 5.6 124

1 Average of 10 staminate flowers
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Table4 Size and shape of bitter gourd fruit in 13 accessions.

Acc. No. Lengthl Diameterl Fruit base to sessile bract! Weightl
(cm) (cm) (cm) ©)
1 4.02 3.00 2.96 12.03
3 472 211 3.82 5.31
5 481 2.18 2.78 5.87
6 6.70 3.26 4.39 20.30
7 10.29 3.59 2.92 42.89
8 11.44 3.72 4.38 51.21
10 8.52 4.23 5.70 45.75
11 6.88 3.02 442 16.12
12 4,70 2.08 6.48 4.69
13 4.69 2.20 7.04 494
16 6.08 3.25 4.50 19.89
20 6.10 3.18 5.78 17.91
21 5.20 2.93 537 13.73
1 Average of 10 fruits.
Table5 Number of seed per fruit and size of bitter gourd accessions.
Acc. No. Size (mm)? Number of seeds per fruit?
Width Length Thickness
1 7.25 12.40 391 8
3 4.78 9.65 3.22 14
5 5.75 9.43 3.25 9
6 7.37 12.36 4.05 8
7 6.63 12.76 3.85 31
8 7.80 14.93 4.07 28
10 7.00 12.51 3.89 26
11 6.95 13.64 3.48 15
12 5.23 10.66 3.23 9
13 5.53 11.16 3.22 13
16 7.64 12.91 3.49 17
20 7.43 12.34 4.09 11
21 7.32 12.18 4.06 8

2

Average of 10 seeds

Average of 10 mature fruits
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Table6 Daysto 50% female flowering, first harvest of ripe fruit and yield of ripe fruit of bitter gourd

accessions.
Acc. No. Daysto 50% Daysto first harvest Weight of ripe fruit!
female flowering? (days)? (kg/ ha)-2
1 57 abcd 68 ¢ 3,227
3 59 bcd 70 cd 3,853
5 55 ab 68 bc 4,403
6 61 cd 71 cd 4,956
7 53 e 59 a 5,188
8 62 de 69 c 4,516
10 56 abc 62 ab 4,878
11 66 al 75 d 5,376
12 57 abcd 66 bc 4,827
13 55 ab 66 bc 6,912
16 56 abc 68 bc 5,168
20 57 abcd 70 ¢ 4,640
21 55 ab 67 bc 5,701
F-test ** ** NS
CV (%) 5.96 5.36 2711
1 Harvested ripe fruits per area.
2 Sameletters indicate no differences in means (DMRT).
Table7 Number of ripe fruit and seed yield of bitter gourd accessions.
Acc. No. No. of ripe fruit Fresh seed yield
(fruit/ha) (kg/ha)
1 170,938 cde 360 cd
3 448,750 b 390 cd
5 575,625 al 533.75 bc
6 176,563 cde 420  bcd
7 89,063 de 3825 cd
8 63,125 e 380 cd
10 72,813 e 3125 d
11 190,625 cd 485  bcd
12 655,938 a 610 b
13 680,313 a 8425 a
16 150,000 cde 4775 bed
20 138,438 de 428.75 bed
21 255,313 ¢ 501.25 bcd
F_t%t ** **
CV (%) 25.08 25.33

1

Same letters indicate no differences in means (DMRT)
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Table8 Daysto last harvest and number of time to harvest ripe fruit of bitter gourd accessions.

L;‘_J' I

Acc. No. Last harvesting of ripe fruit No. of timesto harvest
after germination (days) ripe fruits

1 107 cd 33 de
3 117 at 45 ab
5 117 a 48 a
6 118 a 39 bcd
7 98 f 23 f
8 109 bc 24 f
10 101 e 24 f
11 117 a 36 cde
12 117 a 49 a
13 117 a 50 a
16 106 d 34 de
20 107 cd 32 e
21 110 b 41 bc
P <0.01 <0.01
CV (%) 181 11.56

1 samelettersindicate no differencesin means (DMRT)
= il o .
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Figure 3 Fruitand seedsof bitter gourd, accession
No. 13.

Total protein, and specificactivity proteinat
30 kDa in 5 grams of endosperm are showed in
Table 9. Levels of these proteins showed variation
among accessions of bitter gourd. The levels of
total proteindid not have any correlation correlated
with thelevels of the specific activity protein at 30
kDa. The levels showed the range of 104.86 to

wop i BERL LR &

Figure4 Fruitandseedsof bitter gourd, accession
No. 11.

265.42 pg/5g of endosperm.

When total protein and specific activity at
30 kDawereextracted from the endosperm of each
accessions, it was found that high fruit and seed
yielding accession such asNo.13 gavelow level of
total protein 106.67 mg/ml H,O and low level
partial protein and specific activity protein. It gave
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Figure5 Fruitandseedsof bitter gourd, accession
No. 16.

104.33 pg/5 g of endosperm of partial protein
powder while the highest level was 208.67 mg/5g
and gave 104.86 mg/5g of endosperm of specific
activity protein at 30 kDa while the highest level
was 265.42 pg/5g of endosperm. Accession No.16
gavethe highest level of specific activity protein at
30kDa. Theaccessiongavelower yield of ripefruit
than accession No.13. However, thedifferencewas
not statistically significant.

DISCUSSION

AccessionNo.13gavethehighestfruityield.
It gave al so the highest number of harvesting times
and number of fruits. Number of female flowers
and number of fruit per plant werefoundtobeyield
components of bitter gourd (Ramachandran and
Gopal akrishnan, 1979, Paranjape and Rajput, 1995
and Rajput et al., 1995). Fruit yield was not as
important as seed yield because only endosperm
was used for extraction for specific protein at 30
kDa. AccessionNo.13, again, gavethehighest seed
weight.

When specific protein at 30 kDaor MAP30
was extracted from the bitter gourd accessions,
wide range of protein levels was observed. Lee
Huang et al. (1995a) reported theidentificationand
purification of MAP30 in bitter melon Momordica
charantia were different cultivar from our local
bitter gourd.

High yielding variety such as accession
No.13did not givehighlevel of MAP30. It gavethe
lowest level of MAP30, 104.80 ug/5g endosperm.

Table9 Total protein, partial protein and specific activity proteinat 30 kDain5g of endosperm of bitter

gourd accessions.

Acc. No. Total protein Partial protein Specific activity protein
(ng/ml dei.H50) (mg) at 30 kDa (ug)t
1 148.17 155 158.40
3 142.5 163.33 206.39
5 126 115 121.96
6 93.17 142 162.30
7 162 142 197.51
8 172 179 179.86
10 138.3 208.67 21591
11 160.8 207.33 149.96
12 87 110 120.22
13 106.67 104.33 104.86
16 136.50 168.33 265.42
20 150.67 117.67 139.28
21 175.33 162.67 147.81

1 Specific activity protein calculated from imaging densitometer (model Bio-Rad GS-700).
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While accession No.16 gave lower fruit yield than
accession No.13 but it gave the highest level of
MAP30, 265.42 ug/5g of endosperm. Since the
difference in fruit yield was not statistically
significant, thereforeaccession No.16 would better
than accession No.13 for MAP30 extraction,
eventhough seed yield of this accession was about
half of accession No.13.

CONCLUSION

Genera botanical characteristics of local
bitter gourd and cultivated bitter gourd were the
same on type of leaf, pistillate flower, staminate
flower fruit and seed. The differences were found
only size fruit yield and seed yield. When total
protein, and specificactivity proteinat 30kDawere
extracted from endosperm of the seeds. It was
found that high yielding accessions did not always
givehighlevel of protein content in the seed. Some
low yielding accessions gave high specific protein
at 30 kDalevels.

Variation of specific activity protein at 30
kDaof hitter gourd accessionsasshownin Table9
illustrated differencesin genetic control of MAP30
biosynthesisin the plants. It isvery interesting that
the range of production is wide, from 104.86 to
265.42 ug/5 g of endosperm. The substance which
wasextracted frombitter gourdfruit socalled MAP
30 kDaisunder investigation for its characteristics
such as amino acid sequences. Plant breeding may
play an important role on improvement for high
productionof theprotein. Many methodsof breeding
such as pedigree method, mass selection, recurrent
selection and F; hybridization can be used for
varietal improvement.
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Spatial Dispersion and Optimum Sample Size for Cotton Bollworm,
Helicoverpaarmigera(Hubner) (L epidopter a: Noctuidae) L ar vaeon Cotton

Ohnmar Khaing?, Praparat Hormchanl, Surachrat Jamornmarni,
Ngar mchuen Ratanadilok? and Arunee Wongpiyasatid 3

ABSTRACT

Field experimentswere conducted in theirrigated and therain-fed crops of 2000 and 2001 at Suwan
Farm, Pak Chong, Nakon Ratchasima, Northeastern Thailand to determine the spatial dispersion of cotton
bollworm, Helicover pa armigera (Huibner) larvaeon four cotton varieties/lines, namely, AP1 and AP2, the
mutant lines, SR60 (Sri Samrong 60) and SD1 (Saridl), the recommended varieties. RCB was used with
four replicatesfor both crops. The spatial dispersion wasanalyzed using the variance-to-meanratio (s%/ X),
Morisita'sIndex (lg) and the negative binomial parameter (k). Although cotton bollworm larvae exhibited
mainly clumped distribution, sometimesit was found to be randomly disperse during the sampling periods
of both crops. In general, H. armigera larvae were at high aggregation (k=0.10) on the irrigated crop and
low aggregation (k=3.92) on the rain-fed crop. The dispersion information was used to select an optimum
sample size at the 0.05 probability. The optimum samplesize of 15 and 30 plants per 140 m2 were needed

to monitor low and high aggregation levels of H. armigera larvae, respectively.
Key words: Helicoverpa armigera, dispersion, cotton, sample size

INTRODUCTION

Thecottonbollworm, Helicoverpaarmigera
(Htbner), is described as the most destructive and
persistant key pest of cotton (Gossypium spp.) in
Thailand. The larval stage of H. armigera causes
the greatest amount of damage to cotton with each
destroying up to 15 cotton bolls during its
development. Seriously damaged cotton fruiting
bodies (buds, open flowers and bolls) can be
considered as total crop loss, however larvae will
eat leaves and young stems when nothing else is
available. Consequently, chemical control still
remainsthe backbone of management tacticsfor H.
armigera. Before implementing a spray program,

pest scouting and economic thresholdlevel sshould
bedetermined. Inaddition, the spatial dispersion of
H. armigera and optimum sample size should be
investigated before sampling decisions are made.
The two most commonly tested
mathemati cal distributions, the Poissondistribution
and the negative binomial distribution, are useful
for describing random and aggregated di stributions,
respectively. Dispersion of population can be
classified by calculating the indices such as the
variance-to-meanratio (s%/ X) andMorisita’ sindex
(Is). Variance-to-mean ratio is the simplest and
most fundamental index to access an agreement of
the data set to the Poisson distribution in which the
variance equals the mean (Davis, 1994; Wilson,

Department of Entomology, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
Department of Agronomy, Faculty of Agriculture, Kasetsart University, Nakon Pathom 73140, Thailand.
3 Department of Applied Radiation and Isotopes, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand.
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1994), whileMorisita’ sIndex hastheadvantagesof
being relatively independent type of distribution,
the number of samples, and the size of mean
(Morisita, 1962; Pieters and Sterling, 1974).
Moreover, Morisita(1962) noticed itsrelationship
tothebinomial distributionsand rel ative parameter
for appropriate samples and stratified random
sampling. Ingeneral, thevaluesof bothindicescan
be used to estimate whether a populaiotn’s spatial
pattern is uniform, random, or aggregated (Pieters
and Sterling, 1974; Taylor, 1984; Davis, 1994).
Southwood (1978), Taylor (1984), Perry
(1997), and Southwood and Henderson (2000)
advocated that analysis of spatial dispersion of
insectsprovidesthe estimation of pest densitiesand
minimal costs which were the basis for making
decision in pest management. Nachapong (1980)
and Mabbett and Nachapong (1979, 1983), stated
that the egg distribution of cotton bollworm was
adequately described by the negative binomial and
the spatial distribution remained contagious over
theperiod of sampling. It wasalso reveal ed that the
taller and healthier plants were more frequented
targets for egg laying moths and the eggs were
deposited on these plants in higher numbers
(Mabbett et al., 1978, 1979). Reliable sampling
plans are essential for monitoring pest population
densities where timely pest management decision
is necessary (Kuno, 1991). Buntin (1994) noticed
that stratified random sampling technique could
improve sampling efficiency by reducing sample
variationthat sampleswerecollectedfromall areas
of the habitat. Southwood (1978) and Southwood
and Henderson (2000) stated that the number of
samples could be varied with the distribution of the
insect. Although several studies have been
conducted on the dispersion of H. armigera eggs
and larvae in Thailand, dispersion of insect may
vary with densities and environmental conditions.
The objectives of this study were to describe the
spatial dispersion of H. armigera larvae and to
develop the optimum sample size needed to be
taken for desired precision of estimates of an

effective sampling program.
MATERIALSAND METHODS

Studies were investigated at Suwan Farm
(356 m above sealevel and 101.25° N, 14.42° E),
Pakchong, Nakon Rachasima Province for two
growing cropsof 2000 and 2001. A field of 0.30 ha
wasplantedwithfour cottonvarieties/lines, namely,
Sri Samrong 60 (SR60), Saridl (SD1) and new
mutant linesAP1and AP2 of moderateresistanceto
bollworm, obtained from gammarirradiated SD1
with aspacing of 1.0x1.0 m. The experimentswere
arranged in randomized complete block design
withfour replicates. Anindividual plot consisted of
7rows, each 20mlong (140m?2). All varieties/lines
were planted on 1 October 2000 for the irrigated
crop and 21 July 2001 for the rain-fed crop,
respectively. Plots were managed in the same way
as commercial cotton planting in this region.
Sprinklerirrigation systemwasapplied asrequired.
Thefield was treated with 38 kg/ha Furadan 3% G
and 0.06 kg/ha Imidacloprid 70% WS at planting
time of the irrigated and the rain-fed crops,
respectively. Carbosulfan 20% EC 50 ml per 20
litres of water and Omethoate 50% SL 40 ml/20
litres of water were alternately applied 5, 6, 7, 8
weeks after sowing (WAS) for the irrigated crop
and Azodrin 60% WSC 40 ml per 20 litres of water
appliedonce4 WA Sfor therain-fed crop, tocontrol
severe attack by leafhopper.

For the purpose of stratified random
sampling, individual plot divided into four strata
and 10 plants chosen at random per each plot,
totally 160 plants, were visually inspected. H.
armigeralarvaewerecountedweekly from10to 14
WASintheirrigated crop and from 7to 13WASin
therain-fedcrop, respectively. Toanalyzethespatial
dispersion, means(X) andvariances(s?) for counts
of larvaeper plant werecal cul ated for each sampling
date.

Although the variance mean ratio is
commonly consideredtobeauseful index todescribe
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the spatial dispersion of a given insect, a single
index could not serve well both as a measure of
departure from randomness or as a measure of
aggregation (Kuno, 1991). The two statistical
models; Morisita’ sindex (I 5) with Fgvalueandthe
negative binomial parameter k were examined to
confirm the values of $?/X ratio (Morisita, 1962;
Southwood, 1978; Davis, 1994). The parameter k
of thenegativebinomial distributionisonemeasure
of aggregation that can be used for insect species
having clumped or aggregated spatial pattern. Ask
becomessmaller, thedegreeof clumpingincreases,
andasthevalueof kincreases, thenegativebinomial
distribution approaches the random Poisson.
Theoptimum samplesize (n) wascomputed
to give areliable estimate. Calculation of optimum
sampl e size depends on the statistical dispersion of
the target popul ation and how precision is defined
(Southwood, 1978; Southwood and Henderson,
2000). Theadjusted samplesize(n’) isalsorequired
to be calculated (Taylor, 1984). The calculations
were based on the 4 varieties/lines altogether with
5 sampling dates (10 WAS-14 WAYS) for the
irrigated and 7 sampling dates (7 WAS-13 WAS)
for the rain-fed crops, respectively. The mean
temperatures during the irrigated and the rain-fed
cropswere25.15°C and 26.02°C, respectively. The
total rain-days for the irrigated and the rain-fed
crops were 33 days and 75 days, respectively.

RESULTSAND DISCUSSION

The dispersion indices (s¥ X and |s) of H.
armigeralarvaeonfour cottonvarieties/linesduring
the 2 years are presented in Tables 1 and 2. All
valuesof both indicesweregreater than 1 and were
confirmedby t-valueand F,val ue(p=0.01), showing
that the dispersion of H. armigera larvae among
cotton plantswasclumped. It wasfound that dataof
both crops for each cotton variety/line was in
consistent with the report that the distribution of
cotton bollworm eggsand larvaefitted the negative
binomial (Nachapong, 1980; Mabbett and
Nachapong, 1983; Wilson and Room, 1983).
Overdispersion could be apparent when the sample
variancewassignificantly higher than the expected
Poisson theory asjudged by theindex of dispersion
(Kuehl and Fye,1972). The values of negative
binomial parameter k were also described ranging
from 0.10 to 0.21 in theirrigated and from 2.89 to
9.00 in the rain-fed crops, respectively (Tables 1
and 2). According to Southwood (1978), increasing
in the value of k was associated with decreasing
tendency for aggregation, whereas the decreasein
k value indicated high aggregation at that time.
Among the cotton varieties/lines, the highest
aggregation was found in SR60 for both crops
(Tables1and 2). Thismight be dueto the different
plant types and moderate resistance to the cotton

Table1l Evaluation of spatial dispersion of Helicoverpa armigera (Hubner) larvae for four cotton
varieties/lines at weekly intervals (10 WAS- 14 WAS) during the irrigated crop.

Variety Variance

t-value Distribution Morisita's Fol

Distribution k-value Distribution

/line  meanratio pattern Index (lg) pattern pattern
(S X)

AP1 117 17.00 clumped 6.20 1.17  clumped 0.21 clumped

AP2 127 18.62 clumped 7.18 1.27  clumped 0.18 clumped

SD1 137 28.03 clumped 1244 137 clumped 0.10 clumped

SR60 1.64 46.7 clumped 23.33 164 clumped 0.05 clumped

U p=0.01
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Table2 Evaluation of spatial dispersion for Helicoverpa armigera (Hubner) larvae for four cotton
varieties/lines at weekly intervals (7 WAS-13 WAS) during the rain-fed crop.

Variety Variance

t-value Distribution Morisita's Fol

Distribution k-value Distribution

/line  meanratio pattern Index (lg) pattern pattern
(S X)
AP1 1.04 1.00 clumped 1.20 1.04  clumped 4.00 clumped
AP2 1.02 0.67 clumped 111 1.02  clumped 9.00 clumped
SD1 1.07 175 clumped 1.40 1.07  clumped 3.00 clumped
SR60 1.06 2.25 clumped 1.40 1.06 clumped 2.89 clumped
¥ p=o001

bollworm of the other varieties/lines.

Table 3 expresses an overall dispersion of
H. armigera for four cotton varietiedlines. The
highly aggregated level (k=0.10) in the irrigated
cropwasobserved, whilelow aggregation (k=3.92)
fell intherain-fed crop (Table 3). Thelow value of
ls (1.27) intherain-fed crop showed that even at
avery low density, individual stended to aggregate.
High causesof aggregation (I5=10.40) wasrecorded
intheirrigated crop (Table 3). Thereason might be
dueto the heterogeneity of theenvironment such as
microclimate, preferred parts of the plant and
occurrence of natural enemies.

For theirrigated crop, fractional valuesof k
wereobtained for each sampling datein each cotton
variety/lineranging from 0.001 to 0.25 (Figure 1).
Thepeak (0.25) wasobserved 1I0WASInAPL, then

sharply declined until 14 WA Sand never exceeded
even at a vaue of 0.50 (Figure 1), showing the
bollworm populations to be highly aggregated in
this crop. In the rain-fed crop, the individual k
valuesfor each sampling datediffered considerably,
rangingfrom0.001to4.5(Figure2). Thepeak (4.5)
wasrecorded 7WASin AP2 and rapidly decreased
inlater sampling dates (8 WA Sto 13WAYS) (Figure
2). The aggregation peaks of both crops might be
coincided with the early larval stage of bollworm.
The results confirmed the previous findings in
revealing that asmost popul ation aged they became
progressively less clumped (Pieters and Sterling,
1974; Wilsonand Room, 1983). Southwood (1978)
mentioned that k value could be influenced by
predation, size of sampling units and weather. It
wasreported that the actions of predatorsand other

Table3 Summary of spatial dispersionfor Helicover paarmigera (Hubner) larvaeduringtheirrigated and

the rain-fed crops of 2000 and 2001.

Cropping  Variance

t-valuel Distribution Morisita's Fyl Distribution k-value Distribution

seasons  mean ratio pattern Index (lg) pattern pattern
($4X)

Irrigated 1.34 34.00 clumped 1040 134 clumped 0.10 clumped

Rain-fed 1.05 2.50 clumped 127 1.05 clumped 3.92 clumped

¥ p=o001
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mortality factors could be implicated in the
progressive reduction in aggregation of bollworm
life stages (Pieters and Sterling, 1974).

The overall dispersion of H. armigera at
each sampling date in the irrigated crop reveaed
mostly an aggregated dispersion (Figure 3).
However, in afew cases the expected frequencies
of the negative binomial dispersion did not fit the
observed dispersion. On those occasions, s%/ X did
not depart significantly from 1. It was observed that
larvae were randomly disperse at two sampling

B AP1JAP2E SD1 M SR60

LW i lna

Sampling dates (weeks after sowing)

0.3

k-value

Figurel Negative binomial parameter k of H.
armigera larvae calculated from each
sampling date of four cotton varieties/
lines of the irrigated crop.

4 B APLJAP2E SD1 M SR60

k-value

7 8 9 10 11 12 13
Sampling dates (weeks after sowing)

Figure2 Negative binomial parameter k of H.
armigera larvae calculated from each
sampling date of four cotton varieties/
lines of the rain-fed crop.

dates (10 WAS and13 WAYS) in the irrigated crop
(Figure 3). The peak of s?/ X (3.4) wasrecorded 11
WAS (Figure 3). The result was similar to those
reported by Kuehl and Fye (1972) and Wilson and
Room (1983) that the bollworm larvaetended to be
randomly distributed when popul ation density was
low.

A similar trend wasrecordedfor therain-fed
crop that samples collected from 7 WASto 9WAS
(early stages of the sampling period) were found
randomly disperse (Figure 3). Thereafter, H.
armigera larvae exhibited clumped dispersion
alternated with random dispersion. The distinct
peak of 2/ X (2.2) was found 10 WAS (Figure 3).
The finding was in line with the report that spatial
dispersionof H.armigeralarvaewasrandomduring
the early development period of the cotton plants
after whichthey exhibited either randomor clumped
distribution (Buranapanichpan, 1989). Morisita
(1962) and Taylor (1984) stated that change in
distribution from clumped to random resulted from
the alteration of the size of the areaoccupied by the
insects related to that of the sample or decreased
population density. In both crops, there was a
significant number of most samples (s X >1)

- - @ - - |rrigated crop
—&— Rain-fedcrop

Variance-to-mean ratio

7 8 9 10 11 12 13 14
Sampling dates (weeks affter sowing)

Figure 3 Index of dispersion, variance meanratio
(s%/X) of H. armigera larvae observed
on four cotton varieties/lines during 5
sampling dates (10 WAS-14 WAYS) in
the irrigated crop and 7 sampling dates
(7 WAS-13 WAYS) in therain-fed crop.
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expressing agreement with negative binomial
dispersionprobabilities. Southwood (1978) reved ed
that when the population of an areabecame sparse,
thechancesof anindividual occurringinany sample
unit was low and continuous, the dispersion was
effectively random. He also stated that dispersion
might be changed because of the movement of
medium and large larvae in some situations. In
addition, Pieters and Sterling (1974) reported that
cannabalistic behavior of H. armigera would help
reducing aggregation. As different larval instars
werepresent at somesampling datesand sodifferent
behaviors exhibited leading to different times of
adult emergence, which could result in clumped
together with random distribution during the
investigation period. Moreover, the cotton field
sprayed with some insecticides might affect the
level of oviposition and dispersion pattern of H.
armigera larvae. Nachapong (1980) previously
stated that the distribution of cotton bollworm was
dependent on both egg laying habits of the female
moths and variation in growth among the cotton
plants.

Theinformation of spatial dispersion could
be used to prepare sequential sampling plan of H.
armigera. It was found that stratified random
sampling and whole plant visual sampling method
could be applied for bollworm scouting program.
Minimum 15 cotton plants could be monitored at
low aggregationlevel (k>1) for 0.05 probability of
being within 10% of the mean number of bollworm
larvae per plant. This result agreed with Wilson
(1994) who reported that asmaller sample sizewas
required at lower population aggregation for a
givenlevel of reliability. However, whenpopulation
washighly aggregated (k<1), samplesizeshould be
increased up to 30 plants (p=0.05) per 140 m2.

CONCLUSION
Thedispersionpatternof H.armigeralarvae

among cotton plants changed over the season,
showing first an aggregation and subsequently, a

random dispersion. The overal pattern of H.
armigeradispersion remained essentially the same
whatever the cotton growing crop as well as the
cotton variety/line. Random dispersion might be
observed at thelow popul ation densitiesexpressing
consistency with Poisson distribution. Samples
obtained from relatively dense insect population
werethe negative binomial dispersion. Thesample
sizewasinfluenced by the statistical distribution of
thesamples. It waspossibleto assumethat optimum
sample size of 15 plants and a considerably larger
sample size of 30 plants per 140 m?2 were required
atlow and high aggregationsof H. armigeralarvae,
respectively. Althoughthepopulationdensity should
be monitored throughout the season, it is possible
that the sampling times and labor costs could be
reduced.
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Effect of Soil Amendment with Urea and Calcium Oxide on Survival
of Ralstonia solanacearum, the Causal Agent of Bacterial Wilt
or Rhizome Rot of Ginger

Sasitorn Vudhivanich

ABSTRACT

The effect of soil anendment with ureaand calcium oxide on survival of Ralstonia solanacearum,
the causal agent of bacterial wilt or rhizome rot of ginger, was studied by mixing urea and calcium oxide
at therate of 80 : 800 kg/rai intheartificial infested soil with 2.83 x 107 cfu/ml of bacteria. Thetreated soil
was left one week before transplanting the two months old gingers. The soil was sampled during week
0- 4toevaluatethepopulation of R. solanacearumand to comparewiththecontrol by serial dilutionmethod
and spread plate on SM-1 medium. The experiment showed that the population of R. solanacearumin the
soil amendment with ureaand cal cium oxide decreased from 0.88 x 107 cfu/ml to 0.15 x 10° cfu/ml inweek
one, 0.1 x 104 cfu/ml in week two and O cfu/ml in week three. The control treatment still contained high
population level of 0.26 x 107 cfu/ml in week one, 0.13 x 106 cfu/ml in week two and three and 0.11x 106
cfu/ml inweek four. Thispopulationlevel could causetypical wilt of thetested gingers. Thetested gingers
transplanted in the treated soil showed no symptom. The decrease of bacteriain the treated soil was dueto
the toxicity of ammonium, ammonia and nitrate degraded from urea in high pH soil condition (average
7.0-7.2). Therefore the soil amendment with urea and calcium oxide at the rate of 80 : 800 kg/rai is
recommended to decrease population of R. solanacearumin the infested fields for bacterial wilt control.
The treated soil should be left at least 3 weeks before planting a new crop to avoid toxicating to ginger
seedlings.

Key words: ginger, bacterial wilt, rhizome rot, Ralstonia solanacearum, Pseudomonas solanacearum,
soil amendment, urea and calcium oxide

INTRODUCTION

Bacterial wilt or rhizomerot of ginger caused
by the soilborne bacteria Ral stonia (Pseudomonas)
solanacearum is the serious problem in ginger
growing area in both tropical and sub tropical
regions. This disease usually occursin late rainy
season. Thediseased plant showed inward curling,
yellowing and browning of the entire shoot and
amost dead. The basal portion of the yellow stem

(shoot) iswater-soaked and easily broken off from
theunderground rhizomeandthereismilky bacterial
ooze exuding from cut stem or rhizome. According
to the examination of the causal agent founded in
Thailand by Koch's postulate and identification
indicated that the causal agent was Pseudomonas
solanacearum, ginger strain, belonging to biotype
3and 4. It caused severe disease to tomato, potato,
egg plant, phuttaraksa, edible ginger, creater-
galangal, kachai, phai, and tumeric. All inoculated

Department of Plant Pathology, Faculty of Agriculture, Kasetsart University, Kamphaengsaen Campus, Nakhon Pathom 73140,

Thailand.
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plantsdied 100%intwoweeks. Ginger straincould
not infect sesame, peanut, bird chille, cowpea, yard
long bean, triploid bananaand bird of paradise. The
relationship between bacterial causal agent and
other organisms such as Fusarium oxysporum,
Sclerotium rolfsii, Pythium sp., Bacillus
megatherium, Bacillus subtilis etc are as follow :
the symptom and diseased development are not
different when inoculated with P. solanacearum
alone and P. solanacearum mixed with the other
organism. There were no other organisms in the
experiment that could inhibit the growth of P.
solanacearum or retard wilt symptom. On testing
of 9 chemicals by petridish zonal inhibition and
tubedilutiontechnique, it wasfoundthat aureomycin
at 50 ppm, streptomycin at 100 ppm and captan at
500 ppm could inhibit the growth of thisorganism.
But in dipping ginger-seed into these chemicals
before planting at concentration 2000 ppm for
aureomycin and streptomycin, and 5000 ppm for
captan, the chemicals could not prevent ginger-
seed from disease (Chantaraotan, 1982). The
infectivity tritration of P. solanacearumindicated
that the concentration of inoculumat 10°- 108 cfu/
ml could cause bacterial wilt symptom
(Vudhivanich, 1997). Yabuuchi et al. (1992)
reported some physical and biochemical
characteristics and nucleotide sequences of P.
solanacearum are different from P. aeruginosa
which was the type strain of bacteria in genus
Pseudomonas. Therefore, it was transfer to new
genus, Burholderia solanacearum ,and finally
changed to Ralstonia solanacearumin 1995. The
disease can widespread by water, rain and by seed
(rhizome) transmittion (Chantaraotan et al ., 1986).
A wide host range have been described for this
pathogen (Atabugand SanJuan, 1981 ; Vudhivanich
and Soontarasing, 1994). It could surviveindebris
in soil for many years (Smith, 1944 ; Kelman,
1953). Chemical control of the disease has been
attemptd with little success, beacause the pathogen
resisted to many chemicals and antibiotics (Garner
et al., 1917 ; Well and Roldan, 1922 ; Miller and

Harvey,1932; Chantaraotan, 1982). Thispathogen
has high genetic variation, new race or strain often
occurred (AVRDC, 1974).

For many last years, the farmers have
avoided the disease by shifting the ginger growing
area to new location. It caused the increase of
deforestation and widespread of the disease to the
new cultivated area. One approach to help the
farmer growing ginger in their own infested fields
issoil amendment with some materialsto decrease
the population of the soilborne pathogen. Thereare
many reportsof soil amenment attemptingto control
the disease. Elphinstone and Aley (1993) reported
the integrated control for bacterial wilt of potato
race 1 biovarl by crop rotation with maize and
using 0.5 kg/hametriburin, soil amendment with 5
ton/ha calcium oxide and 200 kg/ha urea could
reduce the population of R. solanacearum and
nematodeinsoil. Itwasa sofoundthat thepopulation
of Pseudomonas cepacia, the antagonistic bacteria
increased. Michel (1997) reportedthat intercropping
tomato with cowpeaand the application 200 : 5000
kg/haof ureaand calcium oxidein soil amendment
could reduce the population of P. solanacearum
and bacterial wilt of tomato in Taiwan. However
the experiment result of each location was not
consistent. Patcharin (1997) reported soil
amendment with ureaand calcium oxide at therate
of 68.5 : 800 kg/rai could reduce the bacterial wilt
of tomato by 60 % at greenhouse condition and 81
% at field condition. There were no significant
differences among the types of calcium oxide such
as calcium hydroxide, marl or dolomite.
Furthermore the increase of calcium oxide have
greater effect onthediseasecontrol thantheincrease
of urea.

The objective of this experiment was to
study the effect of soil anendment with urea and
calcium oxide on survival of R. solanacearum, the
causal agent of bacterial wilt or rhizome rot of
ginger. The relationship between the population
level and the bacterial wilt of ginger was aso
studied.
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MATERIALSAND METHODS

I noculum preparation

Ralstonia solanacearum was isolated from
diseased ginger by cross streak on Tetrazolium
medium (TZC) [Kelman, 1954] for 48 hour at room
temperature (30-32°C). Virulent colony of small
irregularly round, fluidal, whitewith pink in center
were picked up and maintained in sterile distilled
water and kept in a cooler at 13°C. The inoculum
wasprepared fromvirulent colony andincreasedon
TTC medium for 30 hours and then suspended in
sterile distilled water. The optical density (O.D.)
was measured by spectrophotometer to reach 0.5 at
wavelength 590 nanometer. Some of theinoculum
was inoculated into disease -free ginger shoot by
scalpel leaf clip method for pathogenicity test.

Artificially infested soil preparation
Artificialy infested soil was prepared by
mixedinoculum 1liter per 16.2 kilogramsof steriled
soil. A half of infested soil wasfilled into 12 clay
potsasthe control and therest used asthetreatment
for soil amendment with urea and calcium oxide.

Survival of R. solanacearum in infested soil
(control)

Two months old disease - free gingerswere
transplanted in artificia infested soil in 12 clay
pots. Each clay potshad 4-5 shoots. Wilt symptom
was checked everyday. The infested soil was
sampled every week from week O (initial state) to
week 4. The evaluation of population of R.
solanacearum in infested soil was made by serial
dilution method and spread plate on SM-1 medium
(Granadaet al., 1983).

Survival of R. solanacearum in infested soil
amending with urea and calcium oxide

The infested soil was amended with urea
and calcium oxide at the rate of 80 : 800 kg/rai
(50 g ureamixingwith 500 g calciumoxideper 16.2
kg of infestd soil). The soil was waterred and

wrapped with plastic sheet and left for 1 week.
Afterward, thetreated soil wasdivided into 12 clay
pots. Two months old disease - free gingers were
transplanted into those 12 clay pots. Wilt symptom
wascheckedeveryday. Thetreated soil wassampled
every week fromweek 1 to week 4. Theevaluation
of population of the pathogen in treated soil was
made by the same method asin the control. Soil pH
was also recorded.

RESULTSAND DISCUSSION

The disease-free gingers which inoculated
with bacterial suspension at O.D. of 0.5 by Scalpel
leaf clip method for pathogenicity test showed
typical wiltin3days. Thetested gingerstransplanted
in the artificial infested soil (control pots) showed
wilt symptomin 4 daysand died within oneweek.
It confirmed that the inoculum used in this
experiment was virulent and high pathogenicity.
Thediseased plantsshowed inward curling, yellow
and wilt of the lower leaves, followed by complete
yellowing and browning of the entire shoot. The
rhizome of theinfected gingers showing water soak
areainthesuccul ent part and having milky bacterial
ooze exuding from the cut rhizome. The virulent
colony which was small irregularly round, fluidal,
white with pink in center could isolate from the
inoculated plant (Figurel). Thebacterial population
inthecontrol potsslowly decreased from0.88 x 107
cfu/ml in the initial stage to 0.26 x 107 cfu/ml in
week one, 0.13 x 10% cfu/ml in week two and three
and0.11 x 105 cfu/ml inweek four . All of thetested
gingers showed typical wilt symptom in 4-5 days
after transplanted into the control potsand diedina
few days. The bacterial population in the infested
soil amending with urea and calcium oxide at the
rate of 80 : 800 kg/rai decreased from 0.88 x 107
cfu/ml to 0.15 x 10° cfu/ml in week one, 0.1 x 10*
cfu/ml in week two and was not founded in week
three. The tested gingers transplanted into treated
potsshowed no symptom. Thepopulationdynamic
of the pathogen during week 0 - 5 showed in Table
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Figurel Bacterial wilt or rhizome rot of ginger, symptom and colony of R. solanacearum.

a. Tested ginger transplanted intheinfested soil showinginward curling and completeyellowing
in 4 days.

b. Typical wilt symptom in the ginger field occurred during rainy-season.

¢. Rhizome of the infected ginger showing water soak areain the succulent part.

d.Milky bacterial ooze exuding from the cut rhizome.

e.Virulent colony of R. solanacearum on TZC medium formed an irregularly round, fluidal,
white with pink in center.

f. Virulent colony of R. solanacearumon SM 1 medium formed round, pulvinate, fluidal and tan
in color.
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1 and Figure 2.

Soil amending with ureaand calcuim oxide
at the rate of 80 : 800 kg/rai could decrease the
population of R. solanacearumin the infested soil
due to the toxicity of ammonium, ammonia and
nitratedegraded from ureainhigh pH soil condition
(average 7.0 - 7.2). The experimental result was
confirmed the conclusion of Elphinstone and Aley
(1993) ; Michel (1997) and Patcharin (1997) that
soil amendment with ureaand calcium oxide could
reduce the population of R. solanacearum and
bacterial wilt of tomato . However the rate of urea
and cal cuim oxide was different depending on soil

type,soil pH , soil moistureand soil microorganisms.
Thus the soil amendment with urea and calcium
oxide at therate of 80 : 800 kg/rai isrecommended
to reduce the bacterial wilt of ginger in the severe
infested area. The treated soil should be left 3
weeks before planting to avoid toxicating to ginger
seedlings.

CONCLUSION
The soil amendment with ureaand calcium

oxide at the rate of 80 : 800 kg/rai could decrease
population of R. solanacearumin the infested soil

Table1l Population of R. solanacearumin the control and treated soil during week 0 — 4.

Week Control (cfu/ml) Treated soil (cfu/ml)
0 0.88 x 107 .
1 0.26 x 107 0.15 x 10°
2 0.13 x 106 0.1 x 104
3 0.13 x 106 0
4 0.11 x 106 0
/o7 _n.ssxm? 0.38x107 "
0.26x107 O Infested soil treated with urea and calcium oade
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Figure2 Populationof R. solanacearumin the control and treated soil with ureaand calcium oxideat the

rate of 80:800 kg/rai.
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in greenhouse condition. The decrease of bacteria
wasduetothetoxicity of ammonium, anmoniaand
nitrate degraded from urea. This method can be
recommended to decrease bacteria in the infested
area for bacteria wilt control. The treated soil
should beleft at least 3weeksbefore planting anew
crop to avoid toxicating to plant.

LITERATURE CITED

Khongpleoin, P. 1997. Control of bacterial wilt of
tomatoby soil treatment. MS. Thesis, Kasetsart
University, Bangkok.

Tharmagitjawatt, P. 1998. Bacterial wilt of Patumma
(Curcuma alismatifolia Gagnep.) and disease
control. MS. Thesis. Kasetsart University,
Bangkok.

Chantaraotan, S. 1982. Studieson bacterial wilt or
rhizome rot of ginger (Zingiber officinale
Roscoe) MS. Thesis. Kasetsart University,
Bangkok.

Chantaraotan, S., S. Soontarasing and S.
Prathuangwong. 1986. Ginger diseases in
Thailand and their control. Annual Report
Submitted to KURDI, Thailand.

Elphinstone, J.G. and P. Aley. 1993. Integrated
control of bacterial wilt of potato in thewarm
tropic of peru, pp. 276-283. In G.L. Hartman
and A.C. Hayward (eds.). Bacterial wilt
Proceeding of anInternational Conferenceheld
at Kaohsiung, Taiwan, 28-31 October 1992.
ACIAR Proceeding No.45.

Granada, G.A. and L. Sequeira. 1983. A new
selective medium for Pseudomonas
solanacearum. Plant Disease 67 : 1084-1088.

Kelman, A. 1953. The bacterial wilt caused by
PseudomonassolanacearumN. Carolina Agri.
Expt. Sta. Tech. Bul. 99 : 5-194.

Kelman, A. 1954. Therelationshipof pathogenicity
in Pseudomonas solanacearum to colony
appearance on a tetrazolium medium.
Phytopathology 44 : 693-695.

Michel, V.V., JF. Wang, D.J. Midmore, and G.L.
Hartman. 1997. Effect of intercropping and
soil amendment with urea and calcium oxide
ontheincidenceof bacterial wilt of tomato and
survival of soil borne Pseudomonas
solanacearum in Taiwan. Phytopathology
46 : 600-610.

Smith, E.F. 1994. Control of bacterial wilt of tobacco
as influenced by crop rotation and chemical
treatment of thesoil. U.S. Dept. Cir. 692: 1-16.
Cited in Kelman, A. 1953. The bacterial wilt
caused by Pseudomonas solanacerum. N.
carolinaAgri. Expt. Sta. Tech. Bul. 99: 5-194.

Vudhivanich, S. and S. Soontarasing. 1994.
Screening and selecting of Zingiberaceous
plantsfor bacterial wilt resistance, pp. 657-666
In The 32th Kasetsart University Annual
Conference (Posture Session).

Vudhivanich, S. 1997. Infectivity titrations of
Pseudomonas solanacearum on tomato.
Kasetsart J. (Nat.Sci.) 31 : 381-384.

Y abuuchi,E., Y.Kosako, H.Oyaisu, H.Hotta,
Y .Hashimoto, T.Ezaki, and M .Arakava. 1992.
Proposal of Burkholderiagen.Nov. andtransfer
of seven species of the genus Pseudomonas
homology group 1 to the new genus, with the
type species Burkholderia cepacia (Palleroni
and Holmes,1981). comb.Nov. Microbiol.
Immunol. 36 :1251-1275.

Y abuuchi,E., Y.Kosako, |.Yano, H.Hotta, and
Y .Nishiuchi. 1995. Transfer of two
Burkholderia and an Alcaligenes species to
Ralstonia gen.Nov., proposal of Ralstonia
pickettii (Ralsto. Palleroni and Doudoroff,1973)
comb.Nov., Ralstonia solanacearum
(Smith,1986) comb.Nov. and Ralstonia
eutropha (Davis,1969) comb.Nov. Microbiol.
Immunol. 39 : 897-904.

22/07/02
9/09/02

Received date
Accepted date



Kasetsart J. (Nat. Sci.) 36 : 248 - 252 (2002)

Genetic Diversity of Four Pig Breedsin Thailand Based on
Microsatellite Analysis

Wanee Chaiwatanasin, Somchai Chantsavang! and Sompoch Tabchar eon?

ABSTRACT

Fourteen microsatellite loci were analyzed in 79 random individuals to characterize the genetic
variability of Thai native pig breed (TN), Large White (LW), Spotted Large White (SLW), and Pietrain
(PT). Mean numbersof allele per locus, mean numbersof shared allele per locusand averagegenediversity
per locuswere8.86, 1.86 and 0.7875, respectively. Polymorphisminformation content (PIC), observed and
expected heterozygosity of TN (0.7555, 0.5335 and 0.7925) were higher than the valuesin LW (0.5468,
0.5571 and 0.6707), SLW (0.5300, 0.5800 and 0.6492) and PT (0.4874, 0.4545 and 0.5986). Base on Nei’
standard genetic distance and phylogenetic tree constructed using Nei’ standard genetic distance matrix,
there were a great genetic differentiation between TN and the other three breeds.

Key words: genetic diversity, pig, microsatellite

INTRODUCTION

Knowledge of genetic variation within and
among different breeds is very important for
understanding and developing endogenous
economic genetic traits of breeds. Microsatellites
or simple tandem repeatedly genetic markers have
been used to define genetic structures and genetic
relationshipsamong different breeds. Microsatellites
are highly polymorphic, they provide extremely
useful markers for comparative studies of genetic
variation, parentage assessment and studiesof gene
flow andhybridization. However, most of thestudies
using microsatellites have concentrated on cattle,
sheep, and pig (Buchanan et al., 1994; MacHugh et
al., 1998; Martinez et al., 2000; Handlik et al.,
2000), while not much information is available
about the genetic diversity of native pigs. Some
studies reported variation between Chinese
indigenous Meishan and western breeds (Paszek et

al., 1998), and four indigenous pig breedsand three
introduced breedsin China(Li et al., 2000), but no
informationisavail ableon the popul ation structure
and genetic diversity of Thai native pigs. In this
study, the genetic variability and population
structures of four pig breeds in Thailand were
conducted using 14 microstellite loci. Gene
differentiation and the genetic relationship within
and between these four pig breeds are estimated.

MATERIALSAND METHODS

Sample collection and DNA extraction

Blood samples stabilized with EDTA were
collectedfromatotal of 79individual shelongingto
four breeds: Thai native pig (n=49), Spotted Large
White (n=10), Large White (n=10) and Pietrain
(n=10). Genomic DNA wasextracted by anorganic
solvent method. The white cells were washed in
phosphate-buffered saline(PBS) centrifugationand

Department of Animal Science, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
2 National Swine Research and Training Center, Suwanwajokkasikit Institute, Kasetsart University, Bangkok 10900, Thailand.
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resuspension, then lysed with SDS detergent inthe
present of 10 mM Tris buffer (pH 8.0), 25 mM
EDTA and 100 mg/ml proteinase K. The samples
were incubated at 55°C for 60 min, and overnight
at 37°C. Then, the mixture was filled with 500 pl
phenol:choloform:isoamyl alcohol (25:24:1),
centrifuged and resuspended after that it was
extracted with 500 ul choloform:isoamyl alcohol
(24:1), centrifuged and resuspended twotimes. The
aqueous phase of this extraction was combined
with 1 pl 95% ethanol to precipitate the DNA,
which was washed in 70% ethanol and, finally,
resuspended in 10 mM Tris/25 mM EDTA buffer.

Microsatellite analysis
Fourteenmicrostellitemarkers(ATP2,IGF1,
PgHAS, S0010, S0086, S0107, S0151, S0227,
S0352, SS13N17R, SS13R44R, SW957, SW1066
and TNFB) were used for the analysis of the pig
breeds (Table 1). Samples were adjusted to a
concentration of 5 ng/pl before PCR amplification.
ThePCRamplificationwasperformedonindividual
animal DNA. The PCR reaction wasaccomplished

in a total volume of 5 ul using 5 ng of genomic
DNA, 1 mM dNTP, 5uM of each primer, 1 unit of
Tag DNA polymerase and 10X PCR buffer. The
10X PCR buffer consisted of 100 mM Tris-HCI, 15
mM MgCls,, 500 mM KCI and pH 8.3. The PCR
reaction cycle was accomplished by an initial
denaturationat 94°Cfor 3min, second denaturation
at 94°Cfor 30 sec, primer annealing for 30 secat the
desired temperature, extension at 72°C for 1 min
and final extension at 72°C for 5 min. The PCR
wereanalyzed on 4.5% polyacrylamide denaturing
sequencing gel, which was then dyed in AgNO3
solution.

Data analysis

Allelefrequency, themean number of alleles
per locus, average gene diversity (Nei, 1973),
polymorphisminformation content (Botsteinetal.,
1980), observed and expected heterozygosity and
Nei’ standard genetic distance (Nei, 1978) were
computed. UPGMA dendrogram was constructed
using PHYLIP software package (Felsenstein,
1993).

Table1l Microsatellite marker names, primer oligonucleotide sequences and PCR conditions.

Marker Forward primer Reverse primer PCR

name temp.
ATP2 GCTGCATAGGGAGCTGTAGG TAATGATGGTGGTGGTTAGTGC 65
IGF1 GCTTGGATGGACCATGTTG CACTTGAGGGGCAAATGATT 60
PgHAS GTCACAGTGGATGGCATTTG ACATCCCTAAGGTCGTGGC 60
S0010 TTAACATGGCTGTCTGGACC GTCCCTGTCCAACCATAAGA 60
S0086 GCACAGTCTATTGATACTGGCGTC CTGAGAACTTCCATATGCTCCTGG 65
S0107 CAAGGATGCCTGTAACTGGTGCAG TCCTTAAGGCCTCGTAGGATCTG 65
S0151 CACCACACAACCACAGACTCCA ACTTGAAGCCATAGCCACACCT 65
S0227 GATCCATTTATAATTTTAGCACAAAGT  GCATGGTGTGATGCTATGTCAAGC 60
S0352 CGTTAAGCCACTTTCTGTGG AAGGGGGAGGGCGAGGGA 60
SS13N17R  ATGTGCCGCAGTGCGTGCTAG GCCAGTGTCCCCACAAGGG 60
SS13R44R  CCTCCTGGTGACCTGACAGG GTGTGATATGGAAAAGGACC 60
SW957 AGGAAGTGAGCTCAGAAAGTGC ATGGACAAGCTTGGTTTTCC 65
SW1066 GCAGGATGAACCACCCTG CTCTTGAGGCAACCTGCTG 65
TNFB CTGGTCAGCCACCAAGATTT GGAAATGAGAAGTGTGGAGACC 65
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RESULTSAND DISCUSSION

The number of aleles observed at each
locusin Thai native pig (TN), Large White (LW),
Spotted Large White (SLW) and Pietrain (PT) and
the numbers shared among the four breeds, were
giveninTable2. A total of 124 allelesweredetected
across the 14 loci analyzed. The number of alleles
per locus varied form three (SS13N17R) to 15
(PgHAS) with a mean value of 8.86 (the mean of
TN, LW, SLW and PT were 8.64, 4.00, 3.29 and
3.36). The mean number of alleles per locus was
similar in all breeds. But there were marked
differencesfor someloci, e.g. S0086with 10 alleles
in TN and only four, one, and onein LW, SLW and
PT, respectively; PgHASwith 15 allelesin TN and
five twoandtwoinL W, SLW and PT, respectively.
The mean number of shared alleles was 1.86.
Average gene diversity over al loci was 0.7875

(Table 2) while, for individual loci, average gene
diversities ranged from 0.5635 (SS13N17R) to
0.9068(S0107). Acrossloci, averagegenediversity
increased with increasing number of alleles
(regression coefficient=0.0282+ 0.004, P<0.001).

Elevenloci were polymorphicin all breeds,
whilethreeweremonomorphicinonetotwo breeds
(namely S0227 in SLW, S0086 and SS13R44R in
SLW and PT). Measures of genetic variation for
each population (polymorphism information
content, PIC; observed, Hp; and expected, Hg
heterozygosity) weregivenin Table 3. The highest
PIC was found in TN (0.7555), while the lowest
PIC was found in PT (0.4874). Observed
heterozygosity of TN, LW, SLW and PT (0.5335,
0.5571, 0.5800 and 0.4545) was | ess than expected
heterozygosity (0.7925,0.6707,0.6492and 0.5986)
inall breeds. Thelowest heterozygosity wasshowed
inPT, whilethehighest heterozygosity wasshowed

Table2 Number of microstelliteallelesat eachlocusin Thai nativepig (TN), Large White (LW), Spotted
Large White (SLW) and Pietrain (PT), number shared among the four breeds and average gene

diversity within populations.

Locus Numbers of alleles Average gene

Total TN LW SLW PT Shared diversity
ATP2 5 5 2 2 2 2 0.7010
IGF1 10 10 3 3 4 2 0.8592
PgHAS 15 15 5 2 2 1 0.8815
S0010 12 12 5 2 3 2 0.8399
S0086 10 10 4 1 1 1 0.7978
S0107 12 12 7 7 6 4 0.9068
S0151 9 7 4 6 5 2 0.8514
S0227 5 5 2 1 2 1 0.7006
S0352 7 7 5 3 3 2 0.7406
SS13N17R 3 3 2 2 2 2 0.5635
SS13R44R 6 6 2 1 1 1 0.6484
SW957 8 8 3 3 2 1 0.7661
SW1066 11 11 6 5 8 1 0.8800
TNFB 11 10 6 5 6 4 0.8876
Mean/locus 8.86 8.64 4.00 3.29 3.36 1.86 0.7875
(SE) 0.30 0.30 0.23 0.29 0.31 0.20
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Table3 Sample size, polymorphism information content (PIC) and heterozygosity (standard errorsin
parenthesis) averaged over 14 microstellite loci.

Breed Sample size PIC Mean heterozygosity
Observed Expected
TN 49 0.7555 (0.02) 0.5335 (0.03) 0.7925 (0.01)
LW 10 0.5468 (0.06) 0.5571 (0.10) 0.6707 (0.07)
SLwW 10 0.5300 (0.06) 0.5800 (0.09) 0.6492 (0.07)
PT 10 0.4874 (0.07) 0.4545 (0.09) 0.5986 (0.08)
Average 0.5799 0.5313 0.6778

inTN. Thegeneticdiversity of LW(Ho=0.5571) in
this study was higher than that of Yorkshirein
China (Hp=0.526), while genetic variations of TN
(Ho=0.5335) waslower thanthat of indigenouspig
breedsin China (Hpo= 0.561-0.719) reported by Li
et al. (2000). The difference of genetic diversity
value obtained could be due to the choice of
microsatel liteloci aswell asthechoiceof popul ation.
All of theresultsindicated that diversity of TN was
higher than that of exotic breeds. It may be long-
time selection that resulted in the low variation in
the exotic breeds.

Nei’ standard genetic distance based on
allele frequencies between TN and LW; TN and
SLW; TN and PT; LW and SLW; LW and PT; and
SLW and PT; were 0.6141, 0.5299, 0.5697, 0.0849,
0.2426 and 0.1297, respectively (Table 4). The
value showed a high degree of genetic divergence
between TN and the other three pig breeds and the
closest was found to be LW and SLW.

Nei’ standard genetic distance matrix was
used in order to build phylogenetic tree with the

UPGMA method (Figure 1). In this tree, the TN
population were clearly differentiated from the
remaining breeds.

0.286

TN

0.042

— LW
0051
0193

o SLW

0.042

0.193 PT

1
0 0.286

Figurel Dendrogram showing the genetic rela
tionship among four pig breedsin Thai-
land. Phylogenetic tree was constructed
from Nei’ standard genetic distance by
the UPGMA method, which was based
on 14 microsatelliteloci. Numberswere
the branch lengths.

Table4 Matrix of Nei’ standard geneticdistanceamong Thai nativepig (TN), LargeWhite (L W), Spotted

Large White (SLW), and Pietrain (PT).

Breed TN LW SLW PT
Thai native pig (TN) -
Large White (LW) 0.6141 -
Spotted Large White (SLW) 0.5299 0.0849 -
Pietrain (PT) 0.5697 0.2426 0.1297 -
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CONCLUSION

Fourteen microsatellite loci were analyzed
in79randomindividual sto characterizethegenetic
variability of TN, LW, SLW and PT. Meannumbers
of allele per locus, mean numbers of shared allele
per locusand average genediversity per locuswere
8.86,1.86and0.7875. Thehighestgeneticdiversity
wasfoundin TN (PIC,HoandHg of TN) , whilethe
lowest value was found in PT (PIC, Hp and Hg of
PT). However, the genetic variations of TN were
lower thanthat of nativepigsin China. Baseon Nei’
standard genetic distance, therewasagreat genetic
differentiation between TN and the other three
breeds. Similarly, phylogenetictreewasconstructed
usingNei’ standard genetic distancematrix showed
that TN was clearly distinct from the other three
breeds.
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Preliminary Studies on Recycling Spent Brine
in Green Mango Fermentation

Montatip Yunchaladl, Yu Konglin2, Ngamjit Lowithunl, Winus Puminat!
and Siriporn Stonsaovapak?!

ABSTRACT

A preliminary study for aleviating pollution from mango processing brine was conducted by
recycling spent brines. Spent brineswerereclaimed by asand filtration and an acitvated carbon system. The
comparativephysico-chemical characteristicsof influent and effluent spent brineswereinvestigated. Itwas
found that the values of pH and acidity of effluent brine changed significantly while there was no change
inNaCl content. Theeffluent brinebecameavisual clear corresponding to asettleablesolid, and therewere
no substantial changesin the total solid without an objectionable odor. Mango brining experiment from
defrozen, reclaimed brineand fresh brinewereconducted. Pickled mangofromreclaimed brinewasasgood
asthe pickled mango from fresh brine. The quality of reclaimed brine should be studied during extensive
storage at room temperature. A comparison of 4 samples of sweet and sour pickled mango were done and
evaluated by a preference test. The overall conclusion from thetasting panel on all samples of sweet and
sour pickled mango was that there wasnot a significant difference in color, odor, flavor, texture or
acceptability. Furthermore, the capacity of thereclamation system wasal so estimated. Resultsshowed that
asubstantial changesinthechemical compositionweresignificantly different for 15litersof effluent brine,
but for 12 litersof effluent brine, therewas only some changesintotal solid and dissolved solid. Therefore,
further experiment should beperformed to large- scaleoperationsfor potential recycling brineevaluation.
Key words: pickled mango, reclaimed brine, brine disposal, activated carbon

INTRODUCTION

Mango (Mangifera Indica Linn) played an
important role on the country’s economic
development. It was found that the most popular
types of preserved mangoes for consumers are
sweet and sour pickle mangoes, by intermediate
raw mango obtai ned fromgreenmangofermentation
insalted stock brine. Thepicklesolutionisthespent
brine from these operations. It was noticed that the
spent brine constituted a considerable volume of
strong waste with an objectionable odor. The brine

disposal problem was compounded by the close
proximity of many fruit and vegetabl e processorsto
residential areas and by the lack of adequate
municipal sewage treatment facilities. Spent brine
is a strong pollutant and creates serious disposal
problems, because of thelarge quantitiesof organic
matter and salt contained therein. Theorganic matter
can beremoved by biological treatment, but NaCl
and other mineral contents are not biodegradable
and could pollute the water or soil during land
application. Recycling of food processing brine,
therefore, could reduce the amount of salt and

Ingtitute of Food Research and Product Devel opment, Kasetsart University, Bangkok 10900, Thailand.
2 Dangdong College, Liaoning Province, Replubic People of China.
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minerals to be discharged as well as conserving
water. Several brine recycling systems have been
studied. Geisman and Henne (1973), Palnitkar and
McFeeters (1975) and McFeeters et al. (1977)
reported on the recycling of brine in cucumber
fermentations. Mercer et al. (1970) described a
brine recycling and reconditioning system using
activated carbon for olive processing. Soderquist
(1971) described an activated carbon renovation of
spent cherry brine. A filter and activated charcoal
system for recycling spent bisulfite brines used in
sweet cherry processing wasconducted by Panasiuk
etal.(1977). WhereasRomeroetal .(2001) described
the treatment and recycling of spent brines and
osmotic solutionsfrom pickling of olives, cabbage,
cucumbers, prunes and cherries. They found that
thereclaimed brine may contain polygal acturonase
which softens cherries, but thermal inactivation of
polygalacturonase could prevent softening.
Athanasopoulos (1976) studied the kinetics of
thermal inactivation of polygalacturonase in spent
brine. However, therecycling of picklingmango’s
spent brine could not be found in any literature.

This preliminary experiment was confined
to thetreatment and reuse of brine generated during
the production of green mango fermentation. The
information devel opedinthisstudy shouldbeuseful
for solving potential water pollution problems of
salted stock brine factories. It might be the way to
aleviate the critical pollution potential of saline
liquid wastes discharged from the fermentation
process. However, theexperiment should beapplied
to a large scale operation to further evaluate its
reuse potential.

MATERIALSAND METHODS

Mango

Freshgreenmangoes(Kaew Dhumcultivar)
were purchased from the wholesale market. They
were washed, and selected for sound and mature
fruit prior to pickling.

Spent brine

The spent brine used in the experiment was
obtainedfromafruit pickling processorin Angthong
province from its stock of 12 month old in salted
mango brine. [twassampledin4brineplastic pails.
Each of these pail s contained the salted stock brine
fromthe4fermentation pail safter they werefiltered
with muslin cloth to remove suspended solids.
They were then kept at 10°Cin a chill room prior
to conducting the experiment.

Brinereclamation system

A laboratory scalebrinereclamation system
(Panasiuk et al., 1977) was assembled for the
guantitativemeasurement of theeffluent (schematic
diagram on Figure 1). The system consisted of a
glass column (36x400 mm), containing 0.45 —
0.60 mm water filtration grade sand, in serieswith
three glass columns, each 33x600 mm, containing
activated carbon (CGC 12x40C, C. Gigaetic Carbon
Co. LTD). Thetotal weight of the activated carbon
was 456 g. The columns were plugged with glass
wool at both ends and were connected by glass
tubing attached to rubber stopper joints. Brine was
pumped through the system (from the bottom of
each column to the top of the succeeding column)
with an oil rotary vacuum pump (RP—S50H) at a
flow rate of approximately 20 ml / min, controlled
by a stopcock at the bottom of the last column.

Each batch of sampled spent brine (influent)
was passed through the sand/activated carbon
system. The cumulative volume of 15 liters of
effluent brine was collected and the samples were
taken to be analyzed for the physico-chemica
quality, after thecompletion of each day’ soperation,
The influent brine was also analyzed in the same
manner as the effluent brine. All effluent brines
werestored at —18°C in afreezing roomin order to
maintain their stability until green mango could be
purchased for pickling.

The green mango brining process
Greenmangoeswereimmersedinreclaimed
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brine as a control formulated brine using
approximately 1 kg of mango per one liter of brine.
The 3 kilograms of fruit was held under the brine
with a perforated stainless steel plate fitted to the
pail. Threepailsof brinewere prepared asacontrol
samplethat consisted of 10% salt, 0.5% CaCl, and
0.1% K»S,05 . Each pail of reclaimed brine was
formul ated with thesamecompositionasthecontrol
sampleby addingNaCl, CaCl,and K»,S,0s. During
the fermentation period , brine samples were
periodically withdrawn for acidity, pH, NaCl
determinationand microbial analysis. After 40days,
the salted pickled mango stock was considered
fully cured and ready for further processing. The
remaining brine was taken from each pail for
chemical analysis, while the salted pickled mango
stock was prepared for sweet and sour pickled
mango.

Test methods

Total acidity inthe brinewas determined by
titration with NaOH and expressed as acetic acid.
The pH measurement was determined by Orion
Model 410A pH meter. Salt content, settleable
solids, filterable solids and dissolved solids were
determined using a standard method for the
examination of water and wastewater(Andrew et
al., 1995). Calciumwasdetermined usingastandard

+ + >
FF H_ Brine

APHA (1998); 3111. Sulfur dioxidewasdetermined
using the Optimized Monier-William Method
(AOAC, 1995).

Pickled mango process

The following process was used to prepare
sweet and sour pickled mango. (1) Wash, pedl, pit
and cut each fruit into 6 pieces; (2) Refreshen the
salted pickled mango stock by soaking it in water
for half an hour, in the final washing, 0.5% CaCl,
solutionisadded tofirmthetissuefor 1 hour before
it ismadeinto sweet and sour pickled mangos; (3)
Prepare the syrup by combining 42% sugar, 12%
vinegar, 2% salt and 0.15% citric acid; (4) Soak the
refreshed pickled mangoesinthesyrupfor 24 hours
at room temperature; (5) Draw off the syrup and
reheat; (6) Quickly dipthemango piecesintoboiled
syrup; (7) Fill in PE bag (flesh: syrup=1:1) seal and
keep in the refrigerator.

Sensory evaluation

Sweet and sour pickled mango products
from the reclaimed brine and fresh brine were
carried out for organoleptic testing by using the
ninepoint hedonic scalefor thesubjectiveevaluation
of the product. The panelists were researchers of
IFRPD and were asked to evaluate the differences
on anine point scale (1 = extremely dislike, 9 =
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extremely like) of flavor, taste, color, texture and
acceptability. The experimental design was a
Randomized Complete Block Design (RBD) and
thedatawasstatistically analyzedusingthe Analysis
of Variance (ANOVA) and Duncan’s Multiple
Range test with a 95% confidence level.

Investigation of reclamation system capacity

The capacity of the three activated carbon
column systemwasinvestigated by treating afixed
volume influent. Fifteen liters of effluent was
collected and the changes in composition and
performance were measured. The experiment was
conducted in 5cyclesfromthesamesalted sample
stock.

Kasetsart J. (Nat. Sci.) 36 (3)

RESULTSAND DISCUSSION

Brinereclamation system

Threeinfluent brineand three effluent brine
samples were each analyzed for physico-chemical
compositionasshown in Tablel. Thestorage spent
brine used in the experiment was not significantly
different in pH, acidity and NaCl content. A
comparison between each batch of the influent
brineand effluent brine showed that they contained
significant differencesinthecompositionmentioned
abovewith no changein NaCl content. Itindicated
that NaCl could not beremoved by the system. The
effluent brine contained less sulfurdioxide and
calciumthanintheinfluent brine. Thetreated brine

Table1l Physico-chemical characteristic of spent brine from salted mango stock.

Particular Influent brine Effluent brine
1 2 3 1 2 3
pH + SD 2.66%0.06 2.64%0.01 2.652+0.03 3.11¢+0.01 2.95P+0.01 2.97P+0.01
Ac.+SD 0.91¢+0.01  0.90%+0.03 0.92¢+0.01 0.482+0.01 0.54P+0.01  0.51P+0.00
(%)
NaCl+SD 4.769+0.02 4.680+0.04 4.73c+0.04 4.74°°+0.03 4.61%+0.05 4.70¢+0.05
(%)
SO, + SD 123.39+1.4 112.2+1.15 12557+15 99.35+3.69 85.51+0.04 91.05+1.24
(Ppm)
Ca 997 985 1003 955 970 978
(mg/l)
SS+SD 1.79+0 1.45°+0.05 1.55+0 02+0 02+0 02+0
(mi/1)
FS+SD 0.66P+0.04 0.83°+0.13 0.94°+0.06 0.082+0.02 0.222+0.14  0.15%0.19
(o)
DS+ SD 63.95%0.59 70.23°+0.76 75.819+0.99 66.07%P+2.84 69.34PC+4.02 70.62¢+2.75
(9/)
TS+SD 75.41¢+0.40 79.93%+0.36 80.669+3.15 68.842+1.82 70.20+0.59 72.22b+0.88

(9/)

Note: Ac. = acidity as acetic acid; SS = settleable solid; FS = filterable solid; DS = dissolved solid; TS = total solid; SD = standard

deviation

The figure on the same row with the same letter are not significantly different (p>0.05)
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was clear because the total solids were reduced
significantly, while the settleable solids became
free.

Microorganism examination of theinfluent
brineandtheeffluent brinereveal ed the presence of
asignificant number of microorganisms (Table2).
Nevertheless, the effluent brine provided no
objectionableodor. All effluent brinesampleswere
kept at —18°C in afreezer in order toretain stability
prior to further processing. While Panasiuk et al.
(1977) reported that the untreated and reclaimed
brine were similar in stability during 24 weeks of
storage at room temperature.

Green mango brining experiment

Formul ated reclaimed brinehavingthesame
formular as the fresh brine produced in laboratory
wasused inthe fermentation process. Figure 2 and
Figure3 indicated that theinitial pH in reclaimed
brine was lower but higher in titratable acidity
compared to the control brine due to the acid
present in the spent brine. Acidity in brine could
prevent fruit deterioration from putrefactive and
pectolytic organisms at the beginning of
fermentation (Desorosier, 1963). Thepattern of pH
decline and titratable acidity increase occurred
during fermentation. Each sample of reclaimed
brine and fresh brine showed substantial changes
in NaCl (Figure 4).

Table2 Grossfloral inspent brine from green mango fermentation.

Grossflora Influent brine Effluent brine
1 2 3 1 2 3
TVC 6.04 5.85 6.28 5.48 5.48 6.15
(log cfu /ml)
Y east 6.08 6.18 6.15 5.20 5.08 5.34
(log cfu /ml)
Mold 0 0 0 0 0 0
(log cfu/ml)
Coliform <3 <3 <3 <3 <3 <3
(MPN/ml)

Note: TVC = Total viable count

4.7

4.3

3.9

pH

3.5

3.1

2.7

——pH : sample 1
—&—pH : sample 2
—aA—pH : sample 3
—>—pH : sample 4

Day0 Dayl Day3 Day5 Day? Day25 Day27 Day40

Curing time (day)
Figure2 Changesin pH in brine during green mango fermentation.
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Figure4 Changesin NaCl content in brine during green mango fermentation.

Pickled mango process and sensory evaluation

All salted mangoes stock appeared to be
undergoing a normal fermentation and storage
behavior. Salted pickled mango stock is not
considered aconsumer commodity duetocontaining
high NaCl content (Table 3). Refreshening pickled
mango was accomplished by leaching salt from
salted mango stock. Sulferdioxide concentration
wasal so minimized duringtheprocesswithonly 24
ppm SO, remaining in the final products. Whereas
the optimum content of NaCl and total acidity as
acetic acid in the products was 1.7% and 0.55%,
respectively. It corresponded to the acceptability
factor of the panelists (Table 4).

The subjective evaluation data (Table 4)
showed no discernible significant differences in
color, odor, flavor, texture or acceptability among
sweet and sour pi ckled mangoesfromthereclaimed

brine and the control. This result showed that the
quality of the pickled mango fromthe individua
storage pails was not different.

Investigation of reclamation system capacity

A comparisonwasmadeontheinvestigation
of effluent brinefor 5 cycles of influent brine from
thesamesampl eof stored brine, Substantial changes
in the pH value, total acidity and NaCl were
significantly different (p<0.05). Decreases in the
pH of effluent brine and increases in the total
acidity werefound asinfluent volumeincreased in
contact time withtheactivated carbon system. The
retention of total acidity intheeffluent brinefrom
carbon treatment is desirable since lactic acid is
known to be a preservative in the brine of stored
olives (Water Pollution Control Research Series,
12060 EHU 03/71). However, theactivated carbon
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became saturated after 4 cycles of influent were
treated, because, showed no substantial changesin
total solid of effluent brine(Table5). After 5cycles
treatment, settleablesolids (SS) werestill not found
intheeffluent brine dueto the sparadic discharge of
fine carbon and retained settleable solids.

259
CONCLUSION

The reclaimed brine from the spent mango
processing brine had an average salt content of
4.68%, pH 3.01 and a total acidity as acetic acid
0.51%. It could reduce the waste disposal

Table3 Composition of salted mango stock and pickled mango products.

Sample number Salted pickled mango stock Sweet and sour pickled mango
Acid£SD (%) NaCl+SD (%) Acid (%)£SD NaCl £SD (%) SO, (ppm)
1 0.68+0.04 4.64 + 0.005 0.51 + 0.002 1.73+0.02 24.35
2 0.85+ 0.09 4.87+0.04 0.55 + 0.007 1670 24.78
3 0.92+0.005 4.77 +0.085 0.55 + 0.004 157+0 24.49
4 0.84+0.045 4.75+0.17 0.53 £ 0.003 1730 24.44
Note: Acid = acidity as acetic acid; solid; SD = standard deviatio
Table4 Organoleptic evaluation of sweet and sour pickled mango products.
Sample No. Color Flavor Odor Texture Acceptability
1 6.892+ 0.74 7.262+ 0.81 6.872+ 0.97 7.302+ 0.72 6.892+ 1.23
2 6.892+ 0.60 7412+ 0.77 7.222+ 0.95 7.242+ 0.80 7.282+ 0.91
3 6.982+ 0.91 7.302+ 1.02 7.002+1.13 7.112+ 0.90 6.83%+ 0.98
4 7.332+ 0.58 7.412+ 0.65 7.432+0.79 7.482+ 0.59 7.372+0.77

The figure on the same column with the same letter are not significantly different (p>0.05)
1= Control; 2 — 4 = Treated Sample; SD = Standard Deviation from 23 panelist.

Table5 Quality of recycling spent brine from capacity evaluation of activated carbon system.

Sample No. pH+SD Ac.(%)+SD NaCl(%)+SD TS(g/l)+SD DS(g/l)+SD SS(ml/l) +
sD

Pretreatment 2.65f+0.01 0.96/+0.02 5018+0.00 78.10P+0.95 74.109+0.25 1.60+ .00
1 3.94+0.01 0.152+0.01 4552+001 68.792+0.05 62.712+ 1.99 0
2 2909+ 0.01 053°+0.00 4.69°+0.00 69.132+0.02 68.96°+0.14 0
3 2.87¢+0.01 059°+0.01 4.78+0.01 70.792+1.67 69.62°+ 0.52 0
4 277°+0.01 0.719+0.00 4.80°+0.01 75.13°+4.24 72.07°9+ 256 0
5 2752+ 0.01 0.768+0.01 4.92d+0.02 77.39°+0.32 75.45%+ 1.80 0

The figure on the same column with the same letter are not significantly different (p > 0.05).
Ac. = acidity as acetic acid; SS = settleable solid; DS = dissolved solid; TS = total solid;
SD = standard deviation
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requirement without adversely affecting product
quality. The pickled mango in the reclaimed brine
was as good as the pickled mango from the fresh
brine. The reclaimed brine should be studied for
further processing after longterm storageat normal
temperature. For the acitivated carbon system
capacity in laboratory scale was not till clearly
defined in the conclusion. The experiment should
be applied to large scale operations and eval uated
for reuse potential. Cost analysis is required to
establish the economic feasibility of brine
reclamation. These analyses must consider the
logisticsof brining, finishing, disposal cost, storage
losses and the unit operations cost for the brine
treatment .
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Biotreatment of High Fat and Oil Wastewater
by Lipase Producing Microor ganisms

Orapin Bhumibhamon, Achara K oprasertsak and Suptawee Funthong

ABTRACT

Studies on biotreatments of high fat and oil wastewater by selected lipase producing bacteriawere
carried out in two experiments with two groups of bacteria, single culture and mixed culture.

In the first experiment, wastewater of bakery industry was treated with 4 bacteriaisolates. Results
showed that grease in the form of fat and oil and COD decreased remarkably with treatments. With single
culture, theremoval of fat and oil and COD were 73%-88% and 81%-99% during 7 daystreatment. | solates
KUL8 and KUL 39 showed better activities. However, better treatments were found in experiment treated
with single culture than using mixed culture.

In the second experiment, wastewater of palm oil and bakery industries were treated with 6 isolates
within 48 hours. All 6 isolates showed better degradation in palm oil wastesthan bakery wastes. However,
KUL8and KUL 39 till showed better degradation activities. Bothisolatescan removed fat and oil by 87.7%
and 80.6%in palm oil wastewater and 70% and 64% in bakery wastesrespectively. Thedecreasing of COD
was found to be 90%-96%. When mixed culture of KUL8, KUL39 and KLB1 were applied for both kinds
of wastewater. It wasfound that better resultswere observed in palm oil treated with single culture KULS,
KUL 39, and KUB1 whilemixed culture KUL8 mixed with KL B1 wassuitablefor usein bakery waste. The
three isolates were identified as Acinetobacter sp. (KULS8), Bacillus sp. (KUL39), and Pseudomonas sp.
(KLB1). They wereall mesophilic strains. Besides, it wasfound that all three strainsal so produced amylase
and protease which stimulate better waste treatments.

Key words: lipase producing bacteria, fat and oil wastewater, wastewater treatment

INTRODUCTION

Fat and ail (i.e. “grease”, defined as plant
oil/animal fats) are among the stable organic
compounds in wastewater. Fat and oil have been
discharged from food industries, restaurants,
slaughterhouse, household (Becker et al., 1999;
Stoll and Gupta, 1997). High concentration of these
compounds in wastewater often causes major
problem in biological wastewater treatment
processes. Because of their nature are pounds will

form layer on water surface and decrease oxygen
transfer rateinto the aerobic process (Becker et al.,
1999). Therefore, these is a need of which operate
them separately. Currently, preparation of fat and
oil is usualy done by physical and chemical
pretreatment processessuch asusing adissolvedair
floatation and skimming (Chigusa et al., 1996).
However, floating fat and oil wastemust beoperated
by safety processinorder to safecost of theoperation
process.

The application of lipase producing

Department of Biotechnology, Faculty of Agro-Industry, Kasetsart University, Bangkok 10900, Thailand.
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microorganismsinto wastewater treatment system
to degrade fat and oil and eliminate pretreatment
processis an interesting strategy. The isolation of
lipase producing microorganisms capable of
degradingfat and oil inwastewater areinterestedin
order to utilize fat and oil and eliminate the
pretreatment processes The lipase producing
microorganisms from variety sources have been
isolated and studied on thedegradableefficiency as
both single culture and mixed culture formula.
Chigusaet al. (1996) obtained 9 yeast i solatesfrom
food and oil wastewater. These were mixed, then
appliedintosoybean oil producingwastewater. The
results showed that fat amount was decreased by
94%.

Inthesamecase, Wakelinand Forster (1997)
found a single culture and mixed culture which
wereisolated from grease trap degraded over 90%
of fat content in activated sludge system.

Microbial lipases have been produced by
yeasts, fungi, and bacteria as extracellular,
intracellular, and cell-bound enzyme. The
extracellular lipases from yeast and bacteria were
interesting because of easier application. Y easts
produced extracel lular lipaseare Candi dadeformans
(Muderwa and Ratamahenina, 1985), C. rugosa
(Rao et al., 1993) while bacteria are Pseudomonas
aeruginosa EF2 (Gilbert et al., 1991), P. fragi
CRDA 323 (Pabai et al., 1995) and Alcaligenes sp.
Strain No. 679 (Kokusho et al., 1982)

Infact, thelipaseproducing microorganisms
isfound in fat and oil contaminate sources. Thus,
they wereisolated frombakery and palmoil industry
wastewater. Thepresent study wasaimed toisolate
lipase producing microorganisms inducing their
degradation capacities of various levels of fat and
high fat and oil waste water in laboratory level.

MATERIALSAND METHODS
I solation of lipase producing microor ganisms

Microorganismswereisol ated fromsoil and
wastewater samples which rich in fat and oil.

Enrichment culture were carried out on medium
containing olive oil as a sole carbon source. When
grown culturescould beobserved, transfer 0.1 ml of
them to double agar (Suwansuthichai, 1989). The
single colony capable of lipase production was
screened by the appearance of clear zonearound its
colony according to tributyrin hydrolysis (Chappe
etal., 1994). Then, selection of strainswith widely
clear gone were selected and confirmed for their
lipase production and assay lipaseactivity (Horani,
1994).

Some selected isolates with better lipase
activities were identified by The Department of
Medical Science, Ministry of Public Health.

Media and growth conditions

Enrichment media contained : 5.0 g/l
(NH4)2S04, 0.5 g/l KoHPQO4, 0.3 g/l MgSO4.7H,0
and 20 ml/I olivecil. Doublelayer agar mediaisthe
sameastheenrichment mediabut supplied with 2%
(w/v) agar. The bottom layer has no olive oil while
on top layer was supplement with olive oil.
Tributyrin agar contained : 3 g/l yeast extract, 5
o/l peptone, 12 g/l agar and 10 ml tributyrin. The
lipase production medium was contained with 1.3
g/I (NH4)ZSO4, 0.9 g/I KoHPQOy, 0.6 g/l KHoPQOy,
0.2 g/l MgS0O,4.7H-0, 0.1 g/l yeast extract, 0.5 g/l
CaCOs3 and 10 mi/l olive ail. All cultures were
incubated at 30°C. Liquid medium was carried out
on rotary shaker with 250 rpm. The supernatant of
selected isolates was assayed as lipase activity by
following method described by Horani (1994). One
lipaseunit (LU) istheamount of enzymewhichwill
liberate one um of fatty acid in one hour under the
condition assay (30°C)

Study on fat and oil degradation with isolated
microor ganisms

Twoexperimentsof isolated microorganisms
for fat and oil degradation ability studying were
investigated. The first, isolated bacteria strains
including KUL8, KUL12, KUL17 and KUL39
were examined. The second was carried out with
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two bacteria strains (KLB1,and KLB2) and two
yeast strains (KLY 1,and KLY 2). The high fat and
oil degrading activity bacteria( KUL8and KUL 39)
included, also. All studies were carried out with
single culture and mixed culture.

The first experiment, single culture and
mixed culture of KUL8, KUL12, KUL17 and
KUL39 were grown in wastewater from bakery
industry. pH of wastewater was adjusted to 7.0,
then 5% inoculum of each isolated or total mixed
culture was added and shaken at 250 rpm, 30°C.
Samplings were carried out every 24 hours for 7
days. COD and fat and oil contentswere analyzed
with standard method (APHA, 1989) and presented
as percent degradation.

The second experiment, four bacterial
strains, KUL8, KUL39, KLB1, KLB2 and two
yeast strains, KLY 1, KLY 2 were used. The 5% of
inoculum was added to each media single culture
and mixed culture which grew in wastewater from
bakery and palm oil industry. An experiment was
carried out as described in the first experiment.

Wastewater characterization

Wastewater generated from bakery industry
was composed of 12,000 -14,000 mg/l, BOD ;
15,000—25,000mg/l, COD ; 10—154¢/l, fat and ail
and pH range 5.6 —6.1. Wastewater generated from
pamoil industry wascomposed of 12,000— 14,000
mg/l, BOD ; 15,000 — 25,000 mg/l, COD ; 10-15
g/l,fatandoil and pH range’5.6—6.1. (Bhumibhamon
and Funtong, 2001)

RESULTSAND DISCUSSION

In this study, 200 isolates microorganisms
wereisolated in media 25 isolates with large clear
zone were selected contained olive oil by double
layer technique. Then cultures turn on tributyrin
agar and further part inoculation on tributyrin agar
hydrolysismedia. Theresult showed 8isolateswith
sharp clear zone KUL 8, KUL 12, KUL17, KUL39,
KLB1,KLB2<KLY1,KLY2 All 8selectedisolates

were grown in liquid media for 7 days. The
supernatant were contained isolate lipase activity
(3 = 7 units) with pH range 5 — 8 and optimum
temperature at 30 — 40°C. For basic tet, it was
foundthat KUL8, KUL12,KUL17,KUL39,KLB1
and KLB2 weregram negative bacteriaand KLY 1,
KLY2 were yeast strains.

Degradation of fat and oil in thefir st experiment

The bakery wastewater were treated with
individual isolates KUL8,KUL12, KUL17, and
KUL39. Results were shown on Figures 1 — 4.
When treating with single strain, it was found that
the degradation of organic (in formed COD), fat
and oil were higher than control (no added strains).
The treatment apply with isolated strains could be
reduced fat and oil content by 73% to 88% (Figure
1), and COD conteny by 81% to 99% (Figure 2)
within 7 days. The KUL8 and KUL 39 strainswere
shown higher efficiency activitiesthan KUL 12 and
KUL17. Thedegradation of fat and oil and COD of
KUL8 were 88.8% and 98% and of KUL39 were
81.6%, and 99%, respectively. Since, KUL8 and
KUL39 have more ability to producing amylase
and protease enzymes than the others and could be
promoted better COD degradation, themixed culture
strainswasperformed and compared with theresult
of single strains. When mix-isolated strains in
different ratio was treated, results were not better
than that treated with single strain. That might be
dued to oninteractions between differently strains.
Thefat and oil and COD degradation when treated
with mixed culture were 32% - 74% (Figure 3) and
56% - 95% (Figure 4), respectively.

Degradation of fat and oil in second experiment

Theexperiment of highfat and oil wastewater
from bakery and pam oil manufacturing were
treated with single culture and mixed cultures. The
results were shown on Figures 5-6.

Single culture of KUL8 showed the highest
fat and oil degradation in both bakery and palm oil
wastewater were87.72%, and 70.27%, respectively
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(Figures 5A-5B). Degradation of fat and oil were
gradually decreased to 64.34%, 57.34%, 52.01%,
45.64%, 44.56%in bakery industry wastewater and
80.12%, 67.25%, 50.88%, 49.70%, 45.03%inpalm
oil industry wastewater treatedwithKUL 39, KLB1,
KLB2, KLY2and KLY 1, respectively. Moreover,

thedegradation of organic compounds(COD) were
higher than control (without any adding selected
isolates). The degradation efficiency of COD in
wastewater from bakery and palmoil industry were
found to be 94%-96% and 90%-92% (Figures 5B),
respectively. Thethreebestisolated (KUL 8, KUL 39,
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Figure 3 Biodegradation of fat and oil in bakery’
s wastewater by mixed culture of iso-
lated.
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Figure4 Biodegradation of organic compoundin
bakery’ swastewater by mixed cultureof
isolated.
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KLB1) were selected for further experiment
Another experiment of wastewater from
palm oil and bakery treating with mixed culture
were examined. Four mixed culture of KULS,
KUL39 and KLB1 were set in 2 and 3 mixed-
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wastewater (Figure6B). However, theefficiency of
selected microorganism for fat and oil degradation
depended much on the component of wastewater.
The single isolate of KUL8, KUL39 were shown
promising for palm oil wastewater treatment than
mixed culture. Singleisolateof KUL 8wassuggested
to be used in bakery wastewater treatment.

The results of degradation of fat and ail
between mixed cultures and single culture in two
experiments indicated that the very different
degradation efficiency might beduedtothedifferent
reaction system of lipase from each culture. Lipase
present not only catalyzed hydrolysis reaction but
alsocatalyzedinteresterificationreaction, depending
on the source of lipase and reaction condition
(Macrae, 1983). Lipase produced by different
organisms might have different reaction such as
Pseudomonas cepacia (Dunhaupt et al., 1992).
Acinetobacter radioresistant CMC1 (Hong and
Chang, 1998) were dominated hydrolytic reaction
of lipase. On the other hand P. fragi CRDA323, P.
fluorescens, Pantoea aggomerans (Pabal et al.,
1995) dominated on interesterification reaction.
Therefore, inthemixed culturesystem of the present
study hydrolysis reaction occurred but
interesterification reaction had not determined
either some reaction or occurred on both reactions.
Moreover, theisol atesal so contai ned proteasewhich
able to decrease lipase activity and lower the
degradation activities. However, fat and oil and
organic compound degradationwith organismsstill
activities of better than without using organisms.

The supernatant of isolates KUL8, LUL39
and KLB1 were also found particularly o«c-amylase
and protease. Therefore, bacterianot only degraded
fat and ail, but also degraded organic compounds.
According to the result studies the isolated lipase
producing bacteria were suggested to be used in
wastewater treatment which will increased
wastewater treatment efficiency.

The selected isolates with better degraded
fat and oil were KUL8, KUL39 and KLB1, which
were identified as Acinetobacter sp., Bacillus sp.

and Pseudomonas sp., respectively by The
Department of Medical Science, Ministry of Public
Health.

CONCLUSION

In the isolation of lipase producing
microorganisms for high fat and oil wastewater
treatment, the result showed that bacteria is the
most appropriate isolate. Single culture of isolate
KULS8, KUL39 and KUB1 were suitable for palm
oil wastewater. Mixed cultureof KUL8 and KUB1
was better used in bakery wastewater. Department
of Medical Science, Ministry of Public Health,
identifiedthethreeisol atesstudied asAcinetobacter
sp. (KULB8), Bacillecs sp. (KUL39) and
Pseudomonas sp. (KLB1). Thailand, which has
authority in controlling the safety microorganisms
for usein waste treatment.
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Influence of Physical Factors and Various Complex M edia on Growth
and Bacteriocin Production of Two-syner gistic Peptide with Heat
Stable Bacteriocin Producer, Enterococcus faecium NK R-5-3,
Isolated from Thai Fermented Fish

Pongtep Wilaipunl, Takeshi Zendo? , Mathana Sangjindavong3, Sunee Nitisinprasert?,
Vichien L eelawatcharamast, Jiro Nakayama? and K enji Sonomoto?

ABSTRACT

EnterococcusfaeciumNKR-5-3, isolated from Thai fermented fish (Pla-ra), produced an interested
two-synergistic peptide bacteriocin with heat stable and broad spectrum activity. Theinfluence of complex
media and culture condition on growth aswell as bacteriocin production of E. faecium NKR-5-3 has been
studied. From 8 indicator strains used, Enterococcus faecalis ATCC 19433 was found to be the most
sengitivestrain. Thebacteriocin to bediluted with distilled water containing 0.1% (v/v) Tween 80increased
2-foldto4-foldof itsactivity againstindicator strainswhen compared with distilledwater. InM-MRSbroth,
bacteriocin production reached maximum level at 30°C and decreased with the increasing of culture
temperature. Among different 6 complex mediafor lactic acid bacteria cultured at 30°C, M 17 broth with
the initial pH of 7.5 yielded the maximum growth and bacteriocin production of E. faecium NKR-5-3.
Growth and bacteriocin production decreased when it was culturedin M 17 broth containing morethan 1%
NaCl and they werecompletely inhibitedin M 17 broth contai ning morethan 9% NaCl. Bacteriocin activity
reached a detectable level at the early exponential phase and increased due to the cell growth to the
maximum|evel at theend of exponential phasein 22 hr of incubation, which displayed aprimary metabolite
production.

Key words: two-synergistic peptide bacteriocin, growth and bacteriocin production, Enterococcus
faecium, Thai fermented fish, Pla-ra
INTRODUCTION Listeria monocytogenes, Clostridium perfringens,

Bacillus cereus, Saphylococcus aureus and many

Bacteriocinsareproteinaceousantimicrobial
compounds with a bactericidal mode of action
against bacteria closely related to the producer
strain (Tagg et al., 1976). Some bacteriocins
produced by lactic acid bacteria (LAB), such as
nisin, inhibit not only closely related speciesbut are
also effectiveagainst food-bornepathogenssuch as

other gram-positive spoilagebacteria(Cleveland et
al.,2001; O’ Sullivanetal., 2002). Recently, theuse
of either bacteriocin-producing LAB starter cultures
or their bacteriocins for food preservation has
received muchinterest (Ennahar et al ., 1999; Franz
et al., 1999).

Among LAB, Enterococcus is widely

Department of Biotechnology, Faculty of Agro-Industry, Kasetsart University, Bangkok 10900, Thailand.
Department of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu University, Fukuoka 812-8581, Japan.
3 Department of Fishery Products, Faculty of Fisheries, Kasetsart University, Bangkok 10900, Thailand.
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distributed and associated with food substrate.
Enterococci are also used in food fermentation and
somestrainsareroutinely employed asstarter culture
in the manufacture of fermented food (Ennahar et
al., 1999; Franz et al., 1999). Several strains of
enterococci are known to produce bacteriocin,
enterocin, and most of them belong to class Il
bacteriocin with heat stability and anti-Listeria
activity (Franz et al., 1999).

Bacteriocin production in LAB usually
occurs throughout the growth phase and ceases at
the end of the exponential phase (Parente et al.,
1994; De Vuyst et al., 1996). However, many
factors affect on bacteriocin production in LAB
such as medium component and culture condition
(Parenteand Hill, 1992). All of thesefactorsarethe
most important factors for large-scale production
of bacteriocin in food industry.

In recent years, there have been numerous
reports on bacteriocin production by E. faecium
isolated from various sources (Franz et al., 1996;
Ennahar et al., 1998). However, only onereport on
bacteriocin producing E. faecium isolated from
Thai fermented fishes (Pla-ra) of Thailand was
described (Wilaipun et al., 2002). In summary, 11
bacteriocin producing LAB wereisolated from 80
Pla-ra samples and one potent strain with high
bacteriocin activity was selected. According to the
result of APl 20 Strep system and 16S rDNA
sequences it was identified to be E. faecium and
named E. faecium NKR-5-3. Beside its high
bacteriocin activity production, E. faecium NKR-
5-3 produced two-synergistic peptide bacteriocin
with heat stable and a broad spectrum activity
against somefood pathogenic bacteriaand spoilage
LAB. Thepurpose of thisstudy wasto characterize
thegrowth and bacteriocin productionof E. faecium
NKR-5-3.

MATERIALSAND METHODS

Bacterial strainsand media
The two-synergistic peptide bacteriocin

producer, E. faeciumNK R-5-3, hasbeenpreviously
isolatedfrom Thai fermentedfish (Pla-ra) (Wilaipun
et al., 2002). The culture was maintained asfrozen
stocks and held at -80°C in TSBYE (tryptic soy
broth, Difco Laboratory, Detroit, MI, USA,
supplemented with 6 g I'1 yeast extract, Difco
Laboratory, Detroit, MI, USA) containing 15%
(v/v) of glycerol. Throughout the experiments, this
strain was subcultured every 2 weeks on TSAYE
(TSBYE plus 12 g I"1 agar) slant and kept at 4°C.
Thecultureswere propagated twicein TSBY E (pH
6.5) at 30°Cfor 18-24 hr beforeused. Thefollowing
selectedindicator strainsweregrownintheindicated
mediaand temperature: Bacillus cereus JCM 2152
and Bacillus coagulans JCM 2257 in brain heart
infusionbroth (DifcoL aboratory, Detroit, M1, USA)
at 30°Cand 37°C, respectively, Lactobacillussakel
subsp. sakei JCM 1157, Lactobacillus plantarum
ATCC 14917, Lactococcus lactis subsp. cremoris
TUA 1344L, Leuconostoc mesenteroides subsp.
mesenteroides JCM 6124 in de Man, Rogosa and
Sharpe (MRS) broth (Oxoid, Hampshire, England)
at 30°C, Enterococcus faecalis ATCC 19433 and
Listeriainnocua ATCC 33090 in TSBYE at 37°C
for determining bacteriocin activity.

For bacteriocinproduction, E. faeciumNKR-
5-3 was cultured in a production medium and
incubated at each indicated temperature with no
aeration and pH control. Unless otherwise noted E.
faecalis ATCC 19433 was used as an indicator
strain for bacetriocin activity determination.

Bacteriocin activity assay
Thecedll-freeneutralized supernatant (CFNS)
of E. faecium NKR-5-3 grown in each medium at
30°Cfor 18-24 hr wasobtained by centrifugation at
10,000xgfor 15minat 4°C, neutralizationwith 1 M
NaOH to pH 6.5 and subsequent sterilization by
heating at 100°C in water bath for 5 min. The
bacteriocinactivity of CFNSwasdetermined against
indicator strains using critical dilution method
(Mayr-Hartingetal., 1972). TheCFNSweretwofold
serially diluted with sterile diluent in microtiter
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plate and aiquots (10 pl) of each dilution were
spotted onto TSAYE plate overlaid with 5 ml of
TSAY E soft agar media (1% agar, w/v) seeded with
107 CFU ml-1of overnight (18 hr) culturedindicator
strain. Thearbitrary activity unit wasdefined asthe
reciprocal of thehighest dilution producing adistinct
inhibition of the indicator lawn and expressed in
terms of arbitrary units per milliliter (AU ml-1).

Selection of themost sensitivestrainandinfluence
of diluents on bacteriocin activity

Modified M RSbrothdescribed by Tichaczek
et al. (1992) with 2% glucose (M-MRS+2% Glu
broth) at pH 6.5 wasinocul ated with 1% (v/v) 18 hr
culturebroth of E. faeciumNKR-5-3 and incubated
at 30°Cfor 24 hr. The bacteriocin activity of CFNS
wasdetermined comparingwith8differentindicator
strains (Table 1) using two different diluents of
sterile distilled water and sterile distilled water
containing 0.1% Tween 80.

Production of bacteriocin at different
temperatures

M-MRS+2% Glu brothwasinoculated with
1% (v/v) 18 hr culture broth of E. faecium NKR-5-
3 and incubated at different temperatures (25, 30,
35, 40 and 45°C). After 24 hr of incubation, the pH
and ODgqg of culture broth as well as bacteriocin

activity in CFNS were determined.

Production of bacteriocin in various media
conditions

For complex mediastudy, APT broth (Difco;
pH 7.7), Elliker broth (Difco; pH 6.8), M 17 broth
(Merck; pH 7.2), MRS broth (Oxoid; pH 6.2), M-
MRS broth (pH 6.5) and M-MRS+2%Glu broth
(pH 6.5) were inoculated with 1% (v/v) 18 hr
culturebroth of E. faeciumNKR-5-3 and incubated
at 30°C. At the selected time intervals, the pH and
ODgqpof culturebrothaswell asbacteriocinactivity
in CFNS were determined.

For theinfluenceof pH and sodiumchloride,
M 17 broth (Merck) adjustedtopH 4.0, 5.0, 6.0, 7.0,
7.5, 8.0, 9.0 and 9.5 wereinoculated with 1% (v/v)
of bacteriocin producing culture grown for 18 hr at
30°C. To determine the effect of sodium chloride
concentration in the medium, sodium chloride was
addedtoM 17 broth (pH 7.5) toafinal concentration
of 1,3,5,7,9, 11, 13 and 15% (w/v). The pH and
ODggo Of culturebrothaswell asbacteriocinactivity
in CFNSwere determined after incubation at 30°C
for 24 hr.

Kinetics of bacteriocin production
M 17 broth (1,000ml, pH 7.5) wasinocul ated
with 1% (v/v) 18 hr culture broth of E. faecium

Tablel Bacteriocin activity of E. faecium NKR-5-3 CFNS against various indicator strains and the
enhancement of Tween-80 on bacteriocin activity.

Indicator strains

Bacteriocin activity (AU mi-1)

Distilled water 0.1% Tween 80
Bacillus cereus JCM 2152 800 1,600
Bacillus coagulans JCM 2257 1,600 6,400
Enterococcus faecalis ATCC 19433 6,400 12,800
Lactobacillus plantarum ATCC 14917 1,600 6,400
Lactobacillus sakei subsp. sakei JCM 1157 1,600 6,400
Lactococccus lactis subsp. cremoris TUA 1344L 800 3,200
Leuconostoc mesenter oides subsp. mesenteroides JCM 6124 400 1,600
Listeria innocua ATCC 33090 800 3,200
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NKR-5-3 and incubated at 30°C. At the selected
time intervals, the pH and ODgqg of culture broth
and bacteriocin activity in CFNSwere determined.

RESULTS

Selecting for the most sensitive strain and
influence of diluent on bacteriocin activity

Bacteriocin activity in CFNS of E. faecium
NKR-5-3 was determined comparing to eight
indicator strains using two different diluents.
According to the highest antibacterial activity of
bacteriocin produced by E. faeciumNKR-5-3to E.
faecalisATCC 19433 (Tablel), it suggestedthat E.
faecalisATCC 19433 wasthe most sensitivestrain
among eight indicator strains used. Comparing of
the diluted solution between sterile distilled water
containing 0.1% Tween80anddistilledwater (Table
1), the higher bacteriocin activity of 2-4 folds was
obtained when Tween 80 was added. According to
theseresults, E. faecaliSATCC 19433 was sel ected
as an indicator strain and sterile distilled water
containing 0.1% Tween 80 was chosen asadiluent
for bacteriocin activity determination in further
experiments.

Production of bacteriocin at different
temperatures

E. faeciumNK R-5-3 exhibitedthemaximum
cell density when grew in M-MRS+2%Glu at 25°C

for 24 hr. However, the maximum bacteriocin
activity (12,800 AU ml-1) wasobtained whenit was
grownat 30°Candyieldedlower cell density (Table
2). On the other hand, at the high growing
temperatures of 40 and 45°C bacteriocin activity in
CFNS were found to be as low as 200 and 0 AU
mi-1, respectively.

Production of bacteriocin in different complex
media

E. faecium NKR-5-3 was cultured in six
different complex media at 30°C. After 12 hr of
incubation, bacteriocin activity could be detected
from most of the six complex mediaand after 24 to
36 hr E. faecium NKR-5-3 exhibited both of the
maximum cell density (ODggg = 3.10) and highest
bacteriocin activity (51,200 AU mi-1) when grown
inM 17 broth (Table 3). Therefore, M 17 broth was
selected for further experiment. Meanwhile, in
M-MRS+0.2%Glu it gave the lowest growth and
lowest bacteriocin activity.

Influence of initial pH medium on bacteriocin
production

E. faecium NKR-5-3 grew to the maximum
cell density (ODggg = 3.3) in M 17 broth with the
initial pH = 7.5 and 8.0, meanwhile, bacteriocin
production was maximum (51,200 AU mi1) at
initial pH = 7.5. In M 17 broth adjusted initial pH
below 7.5 and abovepH 8.0thegrowthwasreduced

Table2 Growth and bacteriocin production of E. faecium NKR-5-3in M-MRS+2% glucose at different

temperatures.
Temperature pH ODgno Bacteriocin activity?
(°C) (AU mi-1)
25 4.65 3.47 6,400
30 4.55 3.18 12,800
35 4.45 2.96 6,400
40 4.35 2.63 200
45 5.55 1.50 0

a  E.faecalis ATCC 19433 was used as an indicator strain
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Table 3 Growth and bacteriocin activity on different complex medium of E. faecium NKR-5-3 at 30°C.

APT broth  Elliker broth M 17 broth MRSbroth M-MRSbroth M-MRS broth
(0.2% glucose) (2% glucose)

12 hours
pH 4.85 5.15 6.38 4.96 6.05 5.15
ODggo 244 1.63 2.34 248 164 2.52
Activityd (AU ml-1) 3,200 1,600 12,800 3,200 1,600 3,200
18 hours
pH 4.68 5.00 6.02 452 6.05 4.64
ODgno 2.63 1.67 2.98 2.67 1.58 2.70
Activity? (AU ml-1) 6,400 3,200 25,600 6,400 1,600 6,400
24 hours
pH 4.61 5.00 5.85 452 6.05 453
ODgqo 2.68 1.68 3.10 2.65 1.56 272
Activitya (AU mi-1) 6,400 3,200 51,200 6,400 1,600 12,800
36 hours
pH 4,56 4,95 5.80 4.48 5.98 4.49
ODgno 2.46 1.70 2.96 261 1.48 2.64
Activitya (AU mi-1) 6,400 3,200 51,200 6,400 1,600 12,800

a E.faecalis ATCC 19433 was used as an indicator strain

and bacteriocin production was lower than at pH
7.5. E. faeciumNKR-5-3wasnhot capabl eof growth
and bacteriocin production at pH 4.0. Although the
growth of E. faecium NKR-5-3 was detected at pH
5.0and 9.5, but it gavevery low bacteriocin activity
of 100 AU mi-1 and no activity were obtained at all
in these two pH (Table 4).

Influence of sodium chloride on bacteriocin
production

E. faeciumNK R-5-3 exhibited themaximum
growth (ODggg = 3.3) and bacteriocin production
(51,200 AU mi-1) when it wasgrowninM 17 broth
containing 0 to 1% NaCl. However, having NaCl
concentration of 3to 7%, drastically decreased both
of growth and bacteriocin production. Nogrowthor
bacteriocin could be detected when higher NaCl
concentration of 9% was used (Table 5).

Thekinetics of bacteriocin production

Optical density (ODggg), pH of culture
medium and bacteriocin production during the
growth of E. faecium NKR-5-3 in M 17 broth at
30°CareshowninFig. 1. ODggpincreased from an
initial ca. 0.03 to 3.0 during the first 24 hr of
incubation. TheODgggwasthen stabilized at ca. 3.0
and remained at thislevel upto 36 hr of incubation.
ODgpo Wasfound to decrease and reached the level
of 2.5 at theend of the 72 hr incubation period. The
initial pH of culturemediumat 7.4 wasdecreased to
5.7 a the end of incubation period. Bacteriocin
production was initially detected at 4 hr after
inoculation and increased to amaximum of 51,200
AU mi-1after 22-24 hr. Furthermore, bacteriocin
activity remained stable at thislevel till the end of
incubation period.
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Table4 Influence of initial pH of M 17 broth on growth and bacteriocin production of E. faecium

NKR-5-3.
Initial pH pH of culture broth ODgno Bacteriocin activity?
after 24 hr (AU ml-1)
4.0 3.98 0.03 0
5.0 4.83 0.67 100
6.0 4,99 2.18 6,400
7.0 5.65 2.70 12,800
75 5.84 3.28 51,200
8.0 6.07 3.30 25,600
9.0 6.52 3.00 6,400
9.5 8.06 144 0

a  E.faecalisATCC 19433 was used as an indicator strain

Table5 Influence of sodium chloride concentrationin M 17 broth on growth and bacteriocin production

of E. faecium NKR-5-3.

NaCl pH of culture broth ODggo Bacteriocin activity?
concentration after 24 hr (AU mi-1

(%)
0 5.90 3.33 51,200
1 5.84 3.26 51,200
3 6.45 1.56 1,600
5 6.59 0.95 400
7 6.89 0.37 200
9 7.27 0.03 0
11 7.26 0.03 0
13 7.23 0.03 0
15 7.20 0.03 0

a E.faecalis ATCC 19433 was used as an indicator strain

DISCUSSION

Accordingtothehighest antibacterial activity
(6,400 AU mi-1) of bacteriocin produced by E.
faecium NKR-5-3 to E. faecalis ATCC 19433. It
suggested that E. faecalis ATCC 19433, which is
theclosely related strainto E. faecium, wasthemost
sensitivestrainamong 8indicator strainsused. This
result comply with bacteriocinsproduced by another

LAB, those are usually exhibit the highest
antibacterial activity against thetarget strainswhich
areclosely relatedtotheproducing strain (DeV uyst
and Vandamme, 1994; Tagg et al., 1976). On the
comparison of two diluents on bacteriocin activity,
sterile distilled water containing 0.1% Tween 80
increased 2-4 folds of bacteriocin activity against
indicator strainswhen compared to distilled water.
The enhancement of Tween 80 on bacteriocin
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Figurel The growth (ODggg), bacteriocin production and pH of culture broth of E. faecium NKR-5-3

during incubation in M 17 broth at 30°C.

activity was due to a reduction of the binding of
bacteriocintothe surfaceof plastic microtiter wells
since most bacteriocins are proteinaceous with
hydrophobic compound which tend to aggregateto
formlargecomplexesandto adhereto hydrophobic
surfaces (Nissen-Meyer et al., 1992). Nisin and
enterocin 4 were previously reported to be rapidly
adsorbed to polypropylene and glassware. The
addition of 0.1% Tween 80 to the diluent buffer
could reduce these adsorption from 45-75%to less
than 5% (Joosten and Nunez, 1995). Inaddition, the
adsorption of nisin to hydrophilic surfaces by
electrostatic interactions and desorption by Tween
has also been studied by Daeschel et al. (1992).
Furthermore, Nissen-Meyer etal. (1992) suggested
that Tween 80 may involvein the stabilization of a
favorableconfiguration of thebacteriocinmolecules
and/or the sensitization of the target cell, perhaps
through destabilization of its membrane.
Ingeneral, bacteriocinproductionisgrowth-
associated (Parente et al., 1994; De Vuyst €t al.,
1996). However, in some bacteriocin producing
strains such as Lactobacillus acidophilus and
Lactococcuslactisthemaximum bacteriocinlevels
or production rates did not correlate directly with
cell massor growthrate(Kimetal., 1997; Bogovic-

Matijasic and Rogelj, 1998). Asit alsowasfoundin
E. faecium NKR-5-3 grown at 25 and 30°C.
Moreover, the lower growth rate or some
unfavorablegrowth conditionswasalsoreportedto
enhancebacteriocin productioninsomebacteriocin
producing strains(DeVuyst etal., 1996). At 40 and
45°C, E. faecium NKR-5-3 showed the low level
and lost of bacteriocin production, respectively.
The similar result was also found in Enterococcus
faecium DPC 1146 showing the low level of
enterocin production at 42-45°C (Parente and Hill,
1992). However, enterocin P and enterocin Q
production of E. faecium L50 were reported to
reach the maximum level at 47°C and 37-47°C of
incubation temperature, respectively (Cintaset al.,
2000).

Thegrowth and bacteriocin production of E.
faecium NKR-5-3 was studied in six different
complex media. After 24 hr of incubation, growth
of E. faecium NKR-5-3 in M 17 broth gave the
maximum cell density and maximum bacteriocin
production. This result resembles enterocin 1146
production in which E. faecium DPC 1146 grow
best with the highest antimicrobial compoundinM
17 broth supplemented with 0.5% glucose (Parente
and Hill, 1992).
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In general, LAB are fastidious
microorgani smswithrespect tonutrient requirement
sothat arich mediumwith yeast extract and protein
hydrolysates is required for good growth and
bacteriocin production (Parente and Hill, 1992; De
Vuyst et al., 1996). The growth and bacteriocin
production of LAB is often limited by organic
nitrogen sources rather than by the carbon sources
(Parente and Ricciardi, 1999). Furthermore, M 17
broth contains more various organic nitrogen
sources, as in digested form of beef, casein and
soybean, than those of another 5 media used.
Moreover, M 17 broth contains large amount of
sodium beta-glycerophosphate, whichincreasesthe
buffering capacity of medium and also promotes
the growth of lactic streptococci (Merck, 2000).
Consequently, M 17 brothissuitablefor thegrowth
and bacteriocin production of E. faeciumNKR-5-3.
Beside the previously optimum properties, M 17
medium does not contain Tween 80 asseenin most
complex media for bacteriocin production, which
will be the advantage in a bacteriocin purification
step since Tween 80 was reported to interfere with
the bacteriocin purification procedure (Muriana
and Klaenhammer, 1991).

Thegrowth and bacteriocin production of E.
faeciumNKR-5-3 occurredintheneutral or slightly
alkalinemediumcondition. Thisfindingisdifferent
from what is known for the optimum pH for
bacteriocin production in previous reports which
were usualy at pH 5.5-6.0 and were often lower
than the optimum pH for growth (Parente et al.,
1994; Matsusaki et al., 1996). On the other hand, it
complies with the optimum pH range of enterocin
900 productionby E. faeciumBFE 900 (Franzetal.,
1996). However, the optimum pH for bacteriocin
production may also be affected by the culture
medium (Parente and Ricciardi, 1999). According
tothisstudy, thelargescal eproduction of bacteriocin
by E. faecium NKR-5-3 in batch culture should be
done in M 17 broth with initial pH value of 7.5.
Moreover, theapplicationof thisstrainasaprotective
culture in situ, should therefore be used in food

systems with pH more than 6.0.

Although E. faeciumNKR-5-3 wasisolated
from Thai fermented fish (Pla-ra) containing large
amount of NaCl it exhibited a poor growth and
bacteriocin production in the medium containing
more than 1% NaCl. In addition, the growth and
bacteriocin production were completely inhibited
in the medium containing more than 9% NaCl.
Hence, E. faeciumNKR-5-3 could not beclassified
as a halophilic bacteria that played an important
role in fermented fish process but rather a
halotolerant bacteria that could survive during
fermented process. Inapreviousreport, thenukacin
| SK-1 production by Staphyl ococcuswarneri | SK-
1 was shown to increase with increasing NaCl and
the highest level of production was reached in the
medium having 1.4 M NaCl. Meanwhile, cell
growth, glucoseconsumptionandlactateproduction
wereinhibited by theincreaseinNaCl concentration
(Sashihara et al., 2001). In our previous study,
bacteriocin from E. faecium NKR-5-3 cultured in
M 17 broth without sodium chloride could stabilize
under different sodium chloride concentration (O-
24%) environment at 4°C for more than 30 days
(datanot shown). By thisfinding, the application of
E. faecium NKR-5-3 in high salt containing food
system should be done by using itsbacteriocin asa
biopreservative compound rather than using it asa
starter or biopreservative culture.

Thegrowth and bacteriocin production of E.
faecium NKR-5-3 was studied at selected time
intervals throughout the incubation period. From
our finding, bacteriocin activity could be detected
at early exponential phase and increased with the
increasingof cell growthuntil reachedthemaximum
production in early stationary growth phase. It
suggested that bacteriocin production of E. faecium
NKR-5-3 was the primary metabolite production.
This result complied with almost of bacteriocin
production by LAB those were reported to be the
primary metabolite production (De Vuyst and
Vandamme, 1994). The maximum production of
bacteriocin occurred at high cell density in early
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stationary phase, aswasreportedalsofor bacteriocin
produced by EnterococcusfaeciumBFE 900 (Franz
etal., 1996), EnterococcusfaeciumRZS C5 (L eroy
and De Vuyst, 2002). However, some types of
bacteriocin were reported to be a secondary
metaboliteproduction such asbacteriocin produced
by Lactobacillus lactis subsp. lactis
(Rattanachaikunsopon and Phumkhachorn, 2000),
pediocin AcH and Mesenteroicin 5 which were
produced by Pediococcus acidilactici and
Leuconostoc mesenteroides strain UL5 (Biswas et
al., 1991; Lewuset al., 1991).

CONCLUSION

It was shown that E. faecalis ATCC 19433
wasthemost sensitivestrainto the bacteriocin of E.
faecium NKR-5-3 and Tween 80 could increase
bacteriocin activity against the selected indicator
strains. Bacteriocin production of E. faeciumNKR-
5-3 is a growth-associated process and it was
influenced by some controllable environmental
factors such as temperature, nutrient component
and initial pH of culture media.
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Salinity Levelson Survival Rate and Development of Mud Crab
(Scylla olivacea) from Zoea to M egalopa and from Megalopato Crab Stage

Pattanee Jantrarotail, Krailerk Taweechuerland Suparp Pripanapong?

ABSTRACT

Effect of salinity on survival rate and development of mud crab (Scylla olivacea) were conducted
into two phases: phase | from zoea 1 to megalopa and phase |1 from megal opa to the crab stage. In phase
I, four different levelsof salinity, 28, 30, 32 and 34 parts per thousand (ppt) were used. The results showed
that zoeareared at 28, 30, 32 and 34 ppt devel oped to megal opa stage with survival rates of 13.16, 22.19,
8.25and 7.08 percent respectively. At 30 ppt, zoea developed to megal opa stage with better survival rate
than at the other salinity levels (P<0.05). In al salinity levels, high mortality rate of zoea occured during
the devel opment of zoea 1 to zoea 3 and was higher than that of zoea devel oped from stage 3 to megal opa.
Duration for development of zoea 1 to megalopa at all salinity levels were 23.64-24.22 days which were
not significantly different (P>0.05) among treatments.

Inphasell, the effect of salinity on survival rate and developmental period of megalopato thefifth
crab stage (C5) at salinity levels of 12, 16, 20, 32, 36 and 40 ppt were studied. The results showed that
survival rates of the crab devel oped from megalopaat 16, 20, 32 ppt were 80.95, 76.19, and 80.95 percent
respectively. These figures were significantly higher (P<0.05) than those at 12, 36, and 40 ppt. Time used
for megal opato devel op into thefifth crab stage (C5) wasinfluenced by salinity. The developmental period
to thefifth crab stage from megalopawere 29.14, 28.25, 30.10, 31.75, 32.55, and 43.50 days, respectively.
Aging also had influenced on time for crab development. The more advanced crab stage, the longer time
used for the development of crab to the next stage.

Key words: Scylla olivacea, salinity, zoea, megalopa, crab
INTRODUCTION approximately 180 million baths with the total
volume of 3,867 tons. Mud crabs produced in

Theportunidcrabscyllaknownasmangrove
or mud crab, isthelargest speciesof ediblecrabin
the Indo-Pacific region. Its habitat is in brackish
watersbetweenthelower intertidal zoneand offshore
such as mangrove estuaries and creeks. (Hyland et
al. 1984; Macintosh, 1988). Mud crab isimportant
to socio-economic of Australia, Japan, Taiwan,
Indonesia, Philippinesand Thailand (K eenan, 1999).
The export value for mud crab of Thailand is

Thailand are mostly wild catches. However, dueto
the degradation of natural habitats, increasing of
water pollution, and overexploitation of crab, the
wild population of this shellfish decreased
significantly.

Development of mud crab aquaculture has
started for some times but not much success has
been acheived due to mass mortality of seed crab
especially during the zoea and megalopa stage.

Department of Zoology, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand.

2 Ranong Coastal Research Station, Ranong 85000, Thailand.
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Therefore, it is necessary to identify the certain
factors affecting survival and devel opment of mud
crab seed. Salinity isoneof thefactorsrelated tothe
rearing conditions needed to be determined. This
study was conducted to define optimal salinity
levels for survival and development of mud crab
scylla olivaceae in two developmental periods.
Experiment 1: study from zoea 1 to the megalopa
stageand experiment 2: study frommegal opatothe
crab stage.

MATERIALSAND METHODS

Experiment 1

An ovigerous female crab was rai sed in 50-
L plastictanksat the salinity 30 parts per thousand
(ppt) and fed daily with chopped fishes and squids
until spawning. After the eggs hatched into zoeal,
the zoea were randomly stocked in 12,
31.0%43.5%29.5 cm styrofoarm boxes at density of
400 zoealbox. Each box was alocated to each
salinity level, 28,30, 32and 34 ppt at threereplicates
treatment. Eachbox contained 15liter of water atits
respective salinity. At the stocking, the zoea were
gradually acclimatedtotheincreasingsalinity until
reaching the required salinity. Zoea were fed with
rotifer 60 ind/mL and artemia 10 ind/mL. Dead
zoea were removed and saline water was totally
changed daily prior to feeding the zoea. Alive zoea
werepicking upinawide-borepipetteandrecorded
daily. The surviva rate and the development of
zoea were examined by counting the number and
identifyingthestageof thelarvae(zoea2, 3,4,5and
megalopa). Time (days) for the development of
zoea 1 to megal opastage in each salinity level was
recorded and used asindicator for zoeadevel opment.

Experiment 2

The effect of salinity on the survival and
development of megalopa to crab stage was
investigated. Each of eighteen styrofoarm boxes
divided into seven compartments using seven
punched plastic cups as the cell to prevent

cannibalism. The cup had adiameter of 8 cm. Each
of threereplicatesof divided box wasfilled with 15
litersof water at salinity levelsof 12, 16, 20, 32, 36
and 40 ppt. A megal opawas randomized into each
cup and daily fed with newly hatch artemia 10 ind/
mL and chopped fishes soon after daily change of
new water . Survival rate (%) and time (days) of the
larvae molted to the next stage were determined.

Analysisof variance

Survival rate (%) and time (days) used for
the development of mud crab larvae at various
salinity levelsin both experiments were subjected
to analysis of variance. If the differences were
significant (P<0.05), then Duncan 'new multiple
rangetest (DMRT) wasconductedtofind out which
treatments were different.

RESULTSAND DISCUSSION

Experiment 1

The survival of zoea 1 that successfully
devel oped to megalopastage at salinity level of 28,
30, 32 and 34 ppt were 13.16, 22.91, 8.25 and 7.08
percent, respectively (Table 1, and Figurel). The
zoeareared at 30 ppt devel oped to megal opa stage
with significantly higher surviva rate (P<0.05)
than those at the other levels. At thissalinity level,
zoeal survivedintozoea?2, 3, 4, 5 and megal opaat
percentagesof 51.75, 35.58, 31.75, 30.08and 22.91
respectively. Therewere no significant differences
(P>0.05) in survival rates of zoea at various stages
of development when reared at 28, 32 and 34 ppt.
High mortality of zoeawas observed at 34 ppt. The
result agreed with Heasman and Fielder (1983) and
Hoang (1999) who found that optimum salinity
level for survival of Scylla serrata could be varied
from 30-34 ppt. They aso reported that survival
and megal opa production depended on the ability
of thezoeato maintainthebody fluidintheisotonic
environment. Zoearai sed inthe hypo or hypertonic
solutionwouldlosesomeenergy for adjusting body
fluid, the energy left for molting might not be
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enough and cause mortality in zoea. This study
showed that zoea raised at 30 ppt had the highest
survival rate, this probably due to the tested zoea
wasinisotonic of 30 ppt water which wasright for
the zoea to hatch.

At all salinity levels, the accumulate
mortality occurring during zoea 1 developing to
zoea 3 were significantly higher (P<0.057) than
those of the other developmental stages. Worner
(1997) reported that in the wild, mass mortality of
the early stage larvae always occured in marine
animals that produced abundance of larvae.

Kasetsart J. (Nat. Sci.) 36 (3)

Furthermore, the early stage larvae, zoea 1 in this
study had not yet devel oped theeyestalk whichwas
the organ producing water balance regulating
hormone. When crab larvae devel oped to zoea 3, 4,
5, the rate of mortality was found to decrease and
survival rates were not significantly differences
(P>0.05). Thereason was that zoea at these stages
were acclimated and adjusted to the salinity so that
the efficiency in controlling fluid-balancing was
better as appeared in Macrobthalmus setosus
(Nongnut, 1999).

Time for the developing of zoea 1 to

Tablel Mean percent survival of zoea 1 (Z1) to megalopa (M) reared under four different salinity ; 28,

30, 32 and 34 parts per thousand (ppt).

% survival
Treatment Z1
Z1-Z2 Z1-Z3 Z1-Z4 Z1-Z5 Z1-M
1.(28ppt)  100£0.002A  37.58+7.60°B 18505.71°PC 1575+6.66°C 14.50+6.08°C 13.166.14°C
2.(30ppt)  100x0.002A  51.75+1.082B 31.75+3.072C 3558+3.682C0 30.08+3.392D 22.91+2.402F
3. (32 ppt) 100£0.00%A  30.08+5.39°B  14.16+5.13°C 11.00+3.76P.C  9.75+4.540C  825+347b.C
4.(34ppt)  100£0.002A  31.66+2.020B 13.33+3.14PC 958+1.87PD  8.91+1.50°D  7.08+0.620D

Note: Dataare expressed as mean + SD

Mean in the same rows (capital letter) or column (lower case) with the same letter are not significantly different (P>0.05)

%osurvival

Z1 Z2 Z3 Z4 Z5 M
Larval stage
& 28 ppt M 30 ppt [ 32 ppt [ 34 ppt

Figurel Percentageof zoeasurvivingreared under four differentlevelsof salinity; 28, 30, 32 and 34 parts

per thousand (ppt).



Kasetsart J. (Nat. Sci.) 36 (3)

megal opaat the salinity levelsof 28, 30, 32 and 34
ppt were 23.64, 24.22, 23.76 and 23.95 days,
respectively (Table 2). There were no significant
differences (P>0.05) of the development period
among treatments. Thiswas probably because zoea
wasthe stage of crab whoselife cycledevelopedin
marineenvironment, therefore, salinity levelsmight
not havemuch effect onitsdevelopment (Nongnut,
1999).

Experiment 2

The survival rates of the fifth crab stage
developed from megalopa at the salinity levels of
12, 16, 20, 32, 36 and 40 ppt were 42.85, 80.95,
76.91, 80.95, 52.38 and 9.52 percent, respectively
(Table 3 and Figure 2). Megalopa in different
treatments were found to tolerate salinity and
developedto crab stagedifferently. Survival rate of
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crab at all stages developed from megalopa were
not significantly different among salinity levels
from16-32 ppt (P>0.05) and were significantly
higher (P<0.05) than those at 12 and 40 ppt. High
mortality of megalopa when developed to crab 1
were recorded at 40 ppt. It showed that crab stage
tended to have greater tolerance to wide ranges of
salinity particularly between 16-32 ppt. Thisresult
agreed with the study in Scylla serrata by Trans et
al. (1998). However, too low or too high salinity as
evidented in 12 and 40 ppt, will affect survival rate
of crab. Thiswas because crab had to spend more
energy to regulate body fluid at extreme salinity.
Furthermore, crab might havemineral deficiency if
reared at too low salinity levels (Holliday, 1969).
At salinity levels of 12, 36 and 40 ppt , the
mortalities of crab 1 developing from megalopa
were high similar to that occured in Zoea 2

Table2 The average developmental period (days) from zoea 1 to megal opa reared under four different

salinity.
Treatment Developmental period (days)
1 (28 ppt) 23.64+0.782
2 (30 ppt) 24.22+0.712
3 (32 ppt) 23.76+0.302
4 (34 ppt) 23.95+0.482

Note: Mean in the same column with the same letter are not significantly different (P>0.05)

Table3 Meanpercent survival of megalopa(M)tocrab1l, 2,3, 4and 5 (C1-C5) reared under six different
salinity ; 12, 16, 20, 32, 36 and 40 parts per thousand (ppt).

% survival
Treatment M
M-C1 M-C2 M-C3 M-C4 M-C5

1. (12 ppt) 100+0.002A 57.14#50.70PB  47.61+51.17PBC  42.85+50.70°BC  42.85+50,70PBC  42.85+50.70P.BC
2. (16 ppt) 100+0.002A 05.23+21.822A  90.47+30.072A  85.71+35.85%A  85.71+35852A  80.95+40.232A
3. (20 ppt) 100£0.002A  95.23+21.82aAB  9523+21 823AB  95231+21.828AB  90.47+30.072AB  79.19+43,642B
4. (32 ppt) 100+0.002A 05.23+21.828A  9523+21.822A  9523+21.822A  9523+21.828A  80.95+40.232A
5. (36 ppt) 100+0.002A 52.38+51.17PB  52.38+51.17PB  52.38+51.17bB  52.38+51.17bB  52.38+51.17dB
6. (40 ppt) 100+£0.002A 9.52+30.07°B  9.52+30.07¢B 9.52+30.07¢B 9.52+30.07¢B 9.52+30.07¢B

Note: Data are expressed as mean + SD
Mean in the same rows (capital letter) or column (lower case) with the same letter are not significantly different (P>0.05)
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Figure2 Percentage of megalopasurviving reared under six different levelsof salinity; 12, 16, 20, 32, 36

and 40 parts per thousand (ppt).

developing from Zoeal. After developingtocrab 1
stage, mortality of further crab stages were low.
Therefore, there were no significant differenes
(P>0.05) in the survival rates of crab at each
development stage. The study also showed that
salinity level shad effect ontime for thedevel opment
of megalopato crab 5. The developmental period
to crab 5 from megalopa raised at salinity level of
16, 20, 32, 36 and 40 ppt were 28.25, 30.10, 31.75,
32.55 and 43.50 days, respectively (Table 4 and

Figure 3). At higher salinity, the trend for longer
time was needed for the development of megal opa
to crab stage. Crab age aso influenced time for
developmenttothenext stages. Themoreadvanced
crab stage, the longer times spent for the
development. This was because the setting period
during the molting process in the older crab was
longer thanthat of theyounger one(Marichamy and
Rajapackiam,1991).

Table4 The average developmental period (days) from megalopa (M) to crab 1, 2, 3, 4 and 5 (C1-C5)
reared under six different salinity ; 12, 16, 20, 32, 36 and 40 parts per thousand (ppt).

Treatment Developmental period (day)

M-C1 C1-c2 C2-C3 C3-C4 C4-C5
1. (12 ppt) 9.83+1.462C 4.10+0.312A 4.22+0.662A 455+0.88%A  6.44+1.132B
2. (16 ppt) 9.70+1.412C 3.73+0.872A 4.27+0.822A 4.44+0.782A 7.11+1.36%B
3. (20 ppt) 10.30+1.523C  4.45+0.752A 4.45+1,092A 4.57+1.10%A 6.37+1.143B
4. (32 ppt) 11.30+1.452C  4.35+0.812A 3.90+0.912A 4.85+0.67PA  7.05+1.2920B
5. (36 ppt) 13.54+1.508C  4.00+0.632A  4.27+0.642AB  4.81+0.87AB  §.81+1.47dB
6. (40ppt)  20.00+2.822C  450+0.702A  500+0.70bA  550+0.70PA  8.00+1.412AB
Noet : Data are expressed as mean + SD

Mean in the samerows (capital letter) or column (lower case) with the sameletter are not significantly different (P>0.05)
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Figure3 The average developmental period (days) from megalopa (M) tocrab 1, 2, 3, 4 and 5 (C1-C5)

reared under six different salinity.

CONCLUSION

Zoeareared at 30 ppt devel opedto megal opa
stage with better survival rate (22.19 percent ) than
thoseat theother salinity levelsof 28, 32and 34 ppt.
In al salinity levels, high mortality rate of zoea
occured during thedevel opment of zoealtozoea3.
Duration for development of zoea 1 to megal opaat
al salinity levelswere23.64-24.22 days. For survival
ratesof crab devel opedfrommegal opa, thesurvival
ratesof crabwerehighamong salinity level sfrom16-
32ppt (76.91-80.95percent ) and weresignificantly
higher (P<0.05) than those at 12 and 40 ppt (42.85
and 9.52 percent, respectively). Thedevel opmental
period to the fifth crab stage from megal opa was
influenced by salinity. At higher salinity, thetrend
for longer time was needed.
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Ultrastructure of Connective Tissue Cells of Giant African Snails
Achatina fulica (Bowdich)

Viyada Seehabutr

ABSTRACT

The connectivetissue sheath of cerebral ganglion of giant African snails Achatina fulica (Bowdich)
containmany typesof cellssuch asporecells, granular cells, vesicul ar connectivetissuecells, amoebocytes,
fibroblasts and muscle cells. Pore cells are characterized by numerous invagination of the cell membrane.
Granular cells contain numerous granules. The vesicular connective tissue cells contain round nuclei,
located in the centre of the cells. Amoebocytes have pseudopodia. Fibroblasts are spindle-shaped or
elongate cells. They contain ovoid or elongate nuclei. Muscle cells have ovoid nuclei located in the centre

of the cells.

Key words: connective tissue cells, pore cell, vesicular connective tissue cell, anoebocyte, fibroblast,

muscle cell

INTRODUCTION

Achatina fulica (Bowdich) belongs to
Phylum Mollusca, Class Gastropoda, Subclass
Pulmonata, Order Stylommatophora, Family
Achatinidae. The nervous system of this snall
consists of 11 ganglia. Each ganglion is covered
with connectivetissue. Therearetwolayers, athick
outer layer and a thin inner layer.The connective
tissue of Helix aspersa the pulmonate snail, has a
largenumber of globular cellsthat contain glycogen,
muscle cells and fibroblasts (Kerkut and Walker,
1975).

In Archachatina marginata (Pulmonata) all
gangliaareenclosedinathick andloose connective
tissue which contain many cell types and muscle
fibers (Nisbet, 1961). In Lymnaea stagnalis
(Pulmonata), the main cellular constituents of
connective tissue surrounded the ganglia are
fibrocytes, pigment cells, amoebocytes, granular
cellsand smooth musclefibers (Wendel aar Bonga,

1970). Sminia (1972) reported that there are 8
different cell types in the connective tissue of
Lymnaea stagnalis. These are the pore cells, the
granular cells, thevesicular connectivetissuecells,
the amoebocytes, the fibroblasts, the
undifferentiated cells, the pigment cells and the
musclecells. Attheultrastructural level s, Wendel aar
Bonga(1970) found that granular cellsof Lymnaea
stagnalis contain large granules of variable sizes
(0.5-4 wm) whereas the muscle cells contain thick
filaments(¢p300-600A°). Inaddition, Sminia(1972)
reported that the pore cell sof thissnail arethe most
conspicuous cell types in the connective tissue.
These cells have many invaginations which are
bridged by cytoplasmic tounges (Sminia et al.,
1972; Sminia and Boer, 1973). Sminia and
Boer(1973) suggested that the pore cells in the
connectivetissue of Lymnaea stagnalisare protein
producing cells, as they contain very extensive
granular endoplasmic reticulum. Fernandez and
Fernandez (1972) found that the ganglionic sheath

Department of Zoology, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand.
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of Helixaspersa containspigment cellswhich have
melanosomes(0.5-1 uminlength). They concluded
that thesecellsareinvolvedinmelaninsynthesis. In
Lymnaea stagnalis, theamoebocytescontain round
or oval nuclei, many vacuolesand afew granulesin
the cytoplasm. In addition, the cells possess many
long pseudopodia (Sminia, 1972). Sminia (1972)
suggested that these cells are involved in
endocytosis. Moreover,Sminia(1972) found the
vesicular connectivetissuecells,thefibroblastsand
the muscle cells in L. stagnalis. The vesicular
connectivetissuecellsarevery large (upto 60 um).
The cytoplasm of this cell is present as athin rim
against the cell membrane. The spaceinthe cell is
thestoragefor reservematerial (Sminia, 1972). The
fibroblasts are spindle-shaped or €l ongate and have
several branching processes. Moreover, there are
collagen fibrils in the cytoplasm (Sminia, 1972).
The muscle cells contain the thin (¢ 50-100 A°)
actin and the thick (¢ 300-600 A°) paramyosin
filament in the cytoplasm (Sminia, 1972).

MATERIALSAND METHODS

Preparation of the specimen

The mature snails, Achatina fulica were
collectedfromthewild duringtherainy season. The
snails with the shell length of 6.7 cm or the
approximate weight of 25-30 g were used in the
experiment. After the snailswere anesthetized with
1% nembutal for 30 min, they were sacrificed and
the cerebral ganglia together with surrounding
connective tissue sheath were dissected out.
Preparation for transmission electron
micr oscopy

The specimens were fixed in a mixture of
2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer, pH 7.4 at 4°c for 1.5 hrs and washed three
timeswith cacodylate buffer. They were post-fixed
in1% osmiumtetroxidein 0.1 M sodium cacodylate
buffer for 2hrsand washedthreetimeswithdistilled
water. After tertiary fixation in 1% uranyl acetate

for 0.5 hr, the specimens were washed in distilled
water and dehydrated in graded series of ethanol
(50% to 100%) and propylene oxide. Then the
specimens were embedded in araldite. Semi-thin
and ultra-thin sections were cut with MT-2
ultramicrotome using glass knives.The semi-thin
sections were stained with 1% methylene blue in
1% borax and examined with light microscope. In
addition, the ultra-thin sections were stained with
saturated uranyl acetate in 70% alcohol (Watson,
1985) and lead citrate (Reynold, 1963), for 7-12
min each. Sections were then examined under a
Hitachi h-300 TEM operating at 75 Kv.

RESULTSAND DISCUSSION

There are 6 different cell typesfound in the
connectivetissuesheath of cerebral ganglia(Figure
1). These are pore cells, granular cells, vesicular
connectivetissuecells, amoebocytes, fibroblasts,and

_ LN Y J
Figurel Photomicrograph of cerebral ganglion.
Cnt = connective tissue
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muscle cells.

Pore cell. There are many tubular and
vesicular invaginationsof the cell membraneinthe
pore cell. Moreover, there is many pores at the
periphery of thecell, oval nucleusand many granules
inthecell (Figure2). Thesecellsaresimilar tothose
found in Lymnaea stagnalis (Sminia, 1972).

Granular cell. It can be indicated that the
Golgi apparatus is involved in the formation of
granulesin the granular cell(Figure 3) because the
Golgi apparatus is rather extensive. The stacked
lamellae are swollen. There are numerous round
heterogeneous granules (22-3 um) inthecell. The
rough endoplasmic reticulums are well developed.
They arelocated betweenthegranules. Thegranular
cells are commonly found in the connective tissue
of gastropod (Sminia, 1972).

Vesicular connectivetissuecells. Thesecells
are called vesicular cells because they have spaces
inthe cell after preparing with routine fixation and
staining techniques. There are round nuclei,

(e SN

Figure2 (A-B) Transmission electron micrographs of pore cells. (Lower left in Figure 2A)
Nu = nucleus, P = pore, V = vesicular, Gr = granule

mitochondria, small vesiclesand tubulesin the cell
(Figure4). Thesecellsareabundant inthedigestive
gland and the gonad of gastropods (Sminia, 1972).

Amoebocyte. They are the round in shape
and possess many pseudopodia (Figure 5-6).In
addition,they contain nuclei, mitochondria, small
vesicles and many vacuoles. These cells are also
found in the blood of gastropoda (Sminia, 1972).

Fibroblasts. These cells contain elongate
nuclei, roughendoplasmicreticulum, electrondense
elementary granules, mitochondria, lysosome-like
structures and connective tissue fibrils (Figure 7).
Thistype of cell can be found in connective tissue
of Lymnaea stagnalis (Sminia, 1972).

Musclecell. They haveovoid nucle located
inthecentreof thecells. Thecytoplasmisoccupied
by filaments. Moreover, there are many pinocytic
and small vesicles in the peripheral cytoplasm of
the cells(Figure 8). These cellsare similar to those
of muscle cells of Lymnaea stagnalis (Sminia,
1972).

oo ‘-L_A_-_A'
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Figure3 Transmission electron micrographs of
granular cells.
Gr =granule, RER =rough endoplasmic
reticulum
Gi = Golgi apparatus

Figure4 Transmission electron micrographs of
vesicular connective tissue cell.
Nu = nucleus, Mi = mitochondria

Figure5-6 Transmission electron micrographs of amoebocytes.
Nu = nucleus, V¢ = vacuole, Pp = pseudopodium, Mi = mitochondria
V =small vesicle
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Figure7 Transmission electron micrographs of
fibroblast, Nu = nucleus, Ly =lysosome
like structure, RER = rough endoplas-
mic reticulum, Eg = elementary granule,
Fb = fibril

CONCLUSION

The connectivetissue sheath of the cerebral
ganglion of Achatina fulicaiscomposed of several
cell types. pore cells, granular cells, vesicular
connectivetissuecells, amoebocytes,fibroblasts,and
muscle cells.
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Compar ative Hematology, Mor phology and Ultrastructure of Blood
Cellsin Monocellate Cobra (Naja kaouthia), Siamese Spitting Cobra
(Naja slamensis) and Golden Spitting Cobra (Naja sumatrana)

Chaleow Salakijl, Jarernsak Salakij2and Lawan Chanhome3

ABSTRACT

Blood samples of 17 monocellate cobras (Naja kaouthia), 12 Siamese spitting cobras (Naja
siamensis) and 6 gol den spitting cobras (Naja sumatrana) in the Queen SaovabhaMemorial Institute were
collected from ventral caudal vein for basic hematology, light microscopic, scanning and transmission
electron microscopic features of blood cells. There was no hematozoa detected in all monocellate cobras.
Five Siamese spitting cobras (42%) and four golden spitting cobras (74%) were positive for Hepatozoon
sp. Lymphocytes were the most commonly observed leukocytes in al cobras and average 6-8 um in
diameter. Azurophils were the second most commonly observed leukocytes, averaging 10-17 um in
diameter. Azurophils in golden spitting cobra contained more number of azurophilic granules and
ribosomesthan the other cobras. Heterophilswerethelargest leukocytes, averaging 16-19 umin diameter.
Eosinophilsin monocellate cobras reveal ed large bulging granules and usually were medium-sized cells,
averaging 10-14 um in diameter. Eosinophils in Siamese spitting cobra were larger than those in
monocellate cobra but contained smaller granules. Eosinophils in golden spitting cobra showed bulging
granules but smaller than those in monocellate cobra. Basophilsin all kind of cobras were similar and as
small aslymphocytebut reveal ed many small granul espol arity. Scanning el ectron microscopic examination
reveal ed the surface of thrombocytes, erythrocytes, lymphocyte, azurophil and heterophil in monocellate
cobra. Transmission el ectron microscopi ¢ examinati on showed organel leswithin azurophil andthrombocyte
of Siamese spitting cobraand azurophis and gamonts of Hepatozoon sp. in erythrocytes of golden spitting
cobra
Key words: cobra, hematology, Hepatozoon, Naja, morphology, ultrastructure

INTRODUCTION

Thecobrasareinthe genusNaja, subfamily
Bungarinae which includes king cobra
(Ophiophagus) andkrait (Bungarus). Thecobrasin
Thailand compose of monocellate or monocled
cobras (Naja kaouthia), Siamese or Indo-Chinese
spitting cobras (Naja siamensis) and golden or

equatorial spitting cobras (Naja sumatrana), (Cox
et al., 1998). The Queen Saovabha Memoria
Ingtitute (QSMI) has initiated a captive-breeding
program since 1994 to supply healthy snakes for
venomand antivenom production. Thesevenomous
snakesprey on miceand occasionally on puff-faced
watersnakes. Most venomous snakes were highly
infected with Hepatozoon sp. (Salakij et al., 2001).

Department of Pathology, Faculty of Veterinary Medicine, Kasetsart University, Nakorn Pathom 73140, Thailand.
Department of Medicine, Faculty of Veterinary Medicine, Kasetsart University, Nakorn Pathom 73140, Thailand.
3 Queen Saovabha Memorial Institute, Thai Red Cross Society, Bangkok 10330, Thailand.
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Morphologic characteristics of reptile blood cells
areheterogeneous. Variationsincell characteristics
and cell populations existed between specieswithin
the order Squamata (Alleman et al., 1999).
Hematologic examination would be useful for
evaluating the health of the snakes, however, basic
hematol ogic values and morphol ogy have not been
described in these species. The purpose of this
study was to obtain the hematologic data and
morphol ogic characterization of blood cellsinthree
species of cobras.

MATERIALSAND METHODS

Blood samplesof 17 monocellatecobras, 12
Siamesespitting cobrasand 6 golden spitting cobras
were collected from ventral caudal vein during
December 2000 to June 2001. The monocellate
cobrawascaptive-breedinQSMI whilethe Siamese
spitting cobras and the golden spitting cobraswere
wild-caught and reared in QSM| for 3 years. Blood
smears were prepared immediately, then air-dried
and stained by Wright’s (W) and Wright’ s-Giemsa
(WG) stains. Thewholeblood sampleswerekeptin
EDTA, stored at 4°C and processed within 2 hours.
The complete hematology was performed as
previous described by Salakij et al., 2002a.

Blood smears were fixed in methanol and
stained by WG stain (Benjamin, 1978) for
determination of differential leukocyte count,
identification of hematozoa infection and
morphological evaluation of all blood cells.
Hepatozoon sp. infectionwasgraded by quantifying
the number of infected erythrocytes (RBCs), as
described by Salakij et al. (2001). At least 200
WBCs were counted for differential WBC
determination. For comparison of pattern of staining,
blood smear from 2 samples of each cobras were
stained with 1-step Wright’s staining method that
did not require methanol fixation prior to staining
(Benjamin, 1978).

For each parameter obtained, datafromeach
group of cobrawerecal cul ated for means, variances

and standard error (SE) using SPSS for window ™
(Norusis, 1993). Significant difference among
means were determined using an independent
sample T-test model.

For scanning electron microscopy (SEM), a
drop of blood from two monocellate cobra were
fixed using 1.5% glutaraldehyde (GA) in 0.1 M
phosphate buffer pH 7.3 (PB) at 4°C overnight.
Specimens were dehydrated through a graded
acetone series, coated with gold and viewed under
Jeol JSM-5600 LV scanning electron microscopy.
For transmissionelectronmicroscopy (TEM), buffy
coats from 2 Siamese spitting cobra and 2 golden
spitting cobras were fixed in 2.5% GA and PB for
24 hours, postfixed with 1% osmium tetroxide and
embeddedin Spurr’ sepoxy resin. Ultrathinsections
stained with uranyl acetate and lead citrate, were
examined using Jeol 1200Ex TEM. Identification
of blood cells by TEM was based on the relative
number, size, shape and distribution of granules
and on nuclear appearance.

RESULTS

There was no hematozoa detected in all
monocellate cobras. Five Siamese spitting cobras
(42%) and four golden spitting cobras (74%) were
positive for Hepatozoon sp. (Table 1). There were
no significant differencesof all hematol ogic values
among the cobras except the MCHC, absolute
number of heterophils, eosinophils, plasmaprotein,
fibrinogen and reticulocyte count (Table 2).

The Hepaozoon sp. gamonts found in
Siamese spitting cobras were small (Figure 1a)
while in golden spitting cobras the gamonts were
very large (Figure 1b). The gamonts were in the
cytoplasm of enlarged RBCs (Figure 1a, 1b). Some
gamontswere freefrom RBCsbut still within their
parasitophorous vacuole membrane (PVM, Figure
1c¢). Ultrastructurally, intra-RBC Hepaozoon
gamont was in PYM and displaced the nucleus
(Figure 7c and d). Hook-like formation of PVM
was seldom detected (Figure 7¢). There was an
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Tablel Numbers and percentages of Hepatozoon-negative and positive in the cobras subgrouped

accordingto sex.

Groups Hepatozoon negative Hepatozoon positive Total
Male Male Female
Monocellate cobras 15 0 0 17
Siamese spitting cobras 5 5 0 12
Golden spitting cobras 1 3 1 6
Total 21 8 1 35
% 60 23 3 100

Table2 Comparative hematology (mean + SE) among the cobras.

Monocellate cobras

Siamese spitting cobras

Golden spitting cobras

Number

PCV (%)

Hb (g/dl)

RBC (x10%ul)

MCV (fl)

MCH (pg)

MCHC (g/dI)

WBC (x103/ul)
Azurophils (x103/ul)
Heterophils (x103/ul)
Eosinophils (x103/ul)
Basophils (x103/ul)
Lymphocytes (x103/ul)
Monocytes (x103/ul)
Azurophils (%)
Heterophils (%)
Eosinophils (%)
Basophils (%)
Lymphocytes (%)
Monaocytes (%)

PP (g/dl)

Fibrinogen (mg/dl)

Agg. Reticulocytes (%)

Punct. Reticulocytes (%)

17
212 + 1.2
6.5+ 04
0.616 = 0.052
362.7 + 18.9
110.1 = 5.90
305 £ 0.72
14.316 + 1.265
3.993 + 0.785
0.664 + 0.1702
0.197 + 0.0612
0=+0
9.259 = 0.903
0+0
26.1 =+ 3.7
44 = 1.0
1.1 + 0.08
0=+0
66.9 = 4.4
12+ 04
5.56 + 0.432
28.6 + 28.62
1.6 + 0.6%
6.8 = 1.0%

12
213 = 1.8
6.9 = 0.6
0.576 = 0.042
371.6 + 24.9
120.3 + 9.62
323+ 15
12.025 + 0.880
3.089 + 0.512
0.226 + 0.069P
0.011 = 0.011P
00
8.562 + 0.709
0+0
252 + 35
19 + 05
14 + 0.3
0+x0
71.8 = 35
1.0 + 0.5
6.84 = 0.63°
0=+02
42 + 08°
327 + 6.9

6
188 = 2.4
48 = 0.7
0.657 + 0.086
289.3 = 9.6
71.2 = 31
248 + 1.7¢
9.816 + 1.046
2.632 = 0.623
0.473 = 0.146%
0 = Qb
0.015 = 0.015
6.695 + 0.590
0.03 + 0.2
260 = 45
47 = 1.3
0«0
02 =02
69.2 + 4.1
0«0
9.6 = 0.4¢
200.0 = 44.7¢
15 = 0.3°
13.8 = 4.5¢

The figures on the same row with the same letter are not significantly different (p > 0.05).
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electron-lucent space between the Hepaozoon
gamont PVM and RBC cytoplasm (Figure 7b). The
gamonts possessed a nucleus, many micronemes
(Figure 7b and 7c), dense granules (Figure 7c) and
vacuoles.

Erythrocytes

Erythrocytes (RBCs) from all cobras were
homogeneousin color but moderately anisocytosis
(Figure 1). Cytoplasmic vacuoles were found in
lessthan 1% of RBCs(Figure1d). Theyoung RBCs
were seldom shown (Figure 1d). Hepatozoon—
infected RBCswere larger than those non-infected
ones (Figure 1a and b) and hypochromic (Figure
1a). The mitotic figure of RBCsin golden spitting
cobrararely appeared (Figure 1€). By SEM, RBCs
were €ellipsoid, lacking a dome appearance at the
site of the nucleus (Figure 5aand b). The width of
RBCsin monocellate cobrawere significantly less
than in Siamese spitting cobra and golden spitting
cobrawhist the length of RBCsin Siamese spitting
cobraweresignificantly lessthaningolden spitting
cobra (Table 3).

Thrombocytes
Thrombocytes were elongate and
approximately half thesizeof matureRBCs(Figure

1f). Their aggregationturnedintoround celIs(Figure
1f and 5a). However, they could be differentiated
fromlymphocytesby the characteristic perinuclear
and cytoplasmic vacuolation (Figure 1f).
Ultrastructurally, thrombocytescontained anucleus,
mitochondria, vacuoles and dense core granules
(Figure 7a).

Leukocytes

Leukocytes (WBCs) of the cobra were
categorized into 6 groups; azurophil, heterophil,
eosinophil, basophil, lymphocyte and monocyte.
For comparison, the blood smears stained with one
step Wright's stain provided staining quality for
identification of all blood cell type but in Wright’s
stain the RBCs stained more basophilic (Figure 1g
and h).

Lymphocytes in cobras were the most
prevalent circulating cells (Table 2). They were
small, well differentiated averaging 6-8 um in
diameter (Figure2e, 3e, 4e, Table 3). Therewereno
morphologic difference among lymphocytes in
three kinds of cobras. Some vacuol es were present
in the cytoplasm of lymphocytes in monocellate
cobras (Figure 2e) and Siamese spitting cobras
(Figure 3e).

Azurophilswerethesecond most commonly

Table3 Comparative blood cell diameters in micrometer (mean + SE) among the cobras.

Monocellate cobras Siamese spitting cobras Golden spitting cobras

Number of cells 40 40 40

RBC (width) 9.45+0.112 10.10 + 0.12P 9.90 = 0.09P
RBC (length) 16.65 = 0.122 16.25 + 0.18% 16.70 + 0.16%
Azurophils 12.95 + 0.222 11.38 + 0.30° 13.23+0.272
Heterophils 16.05 + 0.192 15.13 = 0.25° 14.95 + 0.26°
Eosinophils* 13.23 = 0.392 15.65 = 0.34P 14.70 = 0.50°
Basophils 8.87 +0.172 8.90+ 0.192 10.05 + 0.34°
Lymphocytes 7.48 + 0.23% 6.63 = 0.19P 7.53+0.182
Monocytes* 15.87 = 0.372 15.40 = 0.532 15.00 = 0.30°

The figures on the same row with the same letter are not significantly different (p > 0.05).

*Only 20 cells from each group were measured.
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observed|eukocytes, which containedfineindistinct
azurophilic granules. They were round and 11-14
umindiameter (Table3). Thenuclei wereround to
irregular with clump chromatin locating centrally
to eccentric (Figure 2a, 3a, 4a). The cytoplasm of
azurophils in golden spitting cobra were stained
moreazuroplilic thanthose of the other two cobras.
Ultrastucturally, they contained numerous
membrane-bound granules, some mitochondria,

10 m

rough endoplasmic reticulum and many ribosomes
(Figure 6a, 6b). The organelles in azurophils of
Siamese spitting cobra were less than those of
golden spitting cobra (Figure 6¢, 6d). Monocytes
were not frequently observed and their characters
were similar to mammalian monocytes (Figure 2f,
3f, 4f).

Heterophils were the largest of the WBCs
averaging 14-18 wm in diameter (Table 3). They

Figurel (& Twogamontsof Hepatozoon sp. intwo erythrocytes (RBCs) of Siamese spitting cobra. Note
thehypochromic RBCs. (b) Two largegamonts of Hepatozoon sp. inone RBC of golden spitting
cobra. Note the larger size than RBCsin (a). (c) Free Hepatozoon sp. in golden spitting cobra.
(d) Young erythrocyte (arrow) and vacuole in RBC of golden spitting cobra. (€) Two daughter
cells of RBCsin golden spitting cobra. (f) Five thrombocytes in monocellate cobra. Wright's-
Giemsastain (WG). (g) Hetrophil in golden spitting cobra. Wright' s stain (W). (h) Basophil in
golden spitting cobra. W stain. (i) Thelarge eosinophil with 18 umin diameter in golden spitting
cobra. Note the variation in size of granules and eccentric nucleus. WG stain.
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f

Figure2 WBCs in the monocellate cobra. (a) An 16 um azurophil. (b) A 19 um heterophil. (c) An
eosinophil with bulging large granules. (d) A 9 um basophil. () A 10 um lymphocyte with
vacuolated cytoplasm. (f) A 17 wum monocyte. WG stain.

Figure3 WBCsin the Siamese spitting cobra. (a) A 13 um azurophil. (b) A 18 um heterophil. (c) An
eosinophil with many large granules packed in the cytoplasm. (d) A 10 wm basophil. (€) A 8um
(arrow) and avacuolated 10 wm lymphocytes. (f) A 14 um monocyte. WG stain.

Figure4 WBCsin the golden spitting cobra. (a) An 16 um azurophil with dark margenta cytoplasm. (b)
A 19 um heterophil (arrow) and an azurophil. (¢) An eosinophil. (d) A 10 wm basophil. (€) A 11
um lymphocyte. (f) A 16 wm monocyte. WG stain.
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contained large numbers of irregular shape, dull
eosinophilic granules (Figure 2b, 3b, 4b). By
Wright’ s stain, the heterophil granules were easily
seen by reddish-orange bright color (Figure 1g).
There were no morphologic difference among
heterophilsin three kinds of cobras. By SEM, their
granule contour was bulging showing the custard
apple-liked appearance (Figure 5d).
Eosinophilsin monocellate cobrasrevealed
very large bulging granules (Figure 2c) and usually
were medium-sized cells, averaging 11-15 um in
diameter (Table3). Eosinophilsin Siamesespitting
cobrawere larger than those in monocellate cobra
but contained smaller granules (Figure 3c).
Eosinophils in golden spitting cobra revealed
bulging granules but smaller than those in
monocel latecobra(Figure4c) andinsomeoccasion

very large cells were also detected (Figure 1i). By
Wright's stain, eosinophil granules were stained
dark bluethe same asby WG stain. The eosinophil
numbers were very low in all kinds of cobra
(Table 2).

Basophils were very small, averaging 9-11
umindiameter (Table 3) and dlightly smaller than
eosinophils (Figure 2d, 2c, 3d). They contained
small dark purple staining metachromatic granules
polarized opposite to the round eccentric nucleus.
By Wright' sstain, basophil granulesstained darker
than those in WG stain (Figure 1h).

DISCUSSION

Theincidence of hematozoainfectioninthe
Siamese spitting cobras and golden spitting cobras

Figure5 Scanning electron micrographs of blood cells in monocellate cobra. (a) Four aggregated
thrombocytes (left) and RBC with small cytoplasmic vacuole (arrow). (b) Lymphocyte with
irregular surface membrane. (c) Azurophil, showing villi-like surface. (d) Heterophil with
custard apple-like appearance of the granule contour and some micropores.
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wereashigh astheother snakesin Queen Saovabha
Memoria Ingtitute (Salakij et al., 2001). Some
hematol ogical valuesweredifferent fromthenormal
hematologic parameters for reptile (Mader, 2000)
suchasthePCV waslower whistthetotal WBCand
the plasma protein was higher than the reference
(Mader, 2000). This study also reveaed that
hematozoa parasitism of Siamese spitting cobras
and golden spitting cobras RBCs had no effect on
anemia since there were no significant differences
of al RBC parameters except the MCHC. These

results supported the finding of no clinical disease
demonstrated ininfected snakes (Campbell, 1986).

Lymphocytes in the cobras were the most
prevalent circulating cellslike thosein King cobra
(Sdlakij et al., 2002a), puff-faced watersnakes
(Salakij et al., 2002b) and the other snakes (Mader,
2000). Someresearcherscharacterize azurophilsas
monocytes with azurophilic granules (Campbell,
1986).

It was quite difficult to differentiate
eosinophils from basophilsin WG stained smears

f2- - e

5 A ol

Figure 6 Transmissionelectron photomicrographsof (a) Azurophil from golden spitting cobra. (b) Higher
magnification of the azurophil in (a) showing many granules, ribosomes and villi-like surface
(arrow). (c) Azurophil from Siamese spitting cobra. (d) Higher magnification of the azurophil
in (c). Note the cytoplasmic process (arrow).
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because of the bluish coloration of their granules.
They wereidentifed moreeasily onWright’ sstained
preparation. The eosinophil granule characteristic
in the cobras was similar to those of iguanas and
psittacines (Hawkey and Dannett, 1989) which
contained dark purple staining metachromatic
granulesobscuring the unlobed nucleus. Thelarge-
sized eosinophils found in golden spitting cobra

should bethe characteristic of eosinophil in snakes
which were larger than those of the other reptiles
(Mader, 2000). The large bulging granules of
eosinophilsinmonocel latecobraand goldenspitting
cobra were similar to some eosinophils in king
cobra (Salakij et al., 2002a). But the granules of
eosinophil in Siamesespitting cobrawerenot bulged
out the surface but seemed to be packed in the

Figure7 Transmissionelectron photomicrographsof (a) Thrombocyte of Siamese spitting cobracontain-
ing nucleus(N), mitochondria, vacuolesand densecoregranul es. (b) Cross-section of Hepatozoon
sp. in RBC of golden spitting cobra. The hemoglobin around the protozoawas denatured (*). (c)
Cross section of RBC in golden spitting cobra containing Hepatozoon. Note the displacement
of the host nucleus (N). The Hepatozoon gamont contains Golgi apparatus, one dense granule
and may micronemes. (d) Higher magnification of aHepatozoon in (c). Note hook-appearance
of the parasitophorous vacuole membrane (arrow).
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cytoplasm.

Thelow number of eosinophilsinthecobras
(Table 2) and their bluish granules might make it
misidentified as basophils. The finding of
eosinophils in al kinds of cobras supported the
existence of theseleukocytesin snakeseventhough
they were not identified in eastern diamondback
rattlesnakes (Alleman et al., 1999).

Thesmall gamontsof Hepatozoon sp. found
in Siamese spitting cobras were similar to those
found in the banded krait (Bangarus fasciatus) of
the QSMI (Salakij et al., 2001). Thelarge gamonts
foundin golden spitting cobraswerereferred asthe
large gamonts found in mangrove snakes and
mangrove pit vipers of the QSMI (Salakij et al.,
2001). Theother hematozoas, Haemogregarina sp.
and trypanosomesfound in puff-faced watersnakes
of theQSMI (Salakij et al., 2002b) werenot detected
in the cobras.

These results provided comparative
hematologic data and a guide for identification of
blood cellsinnonocled, Siamesespitting and golden
spitting cobras. Hepatozooninfectionwasrel atively
commoninwild-caught Siamesespittingandgolden
spitting cobras but not in captive-bred monocellate
cobras. The study may be beneficia for further
study and related research.
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Synchronous Fluorescence Spectroscopic Technique: The Tool for
Rapid Identification of Polycyclic Aromatic Hydrocarbons (PAHS)
at Sub-ppm Level in Liquid Samples

Apisit Songsasen, Sornnarin Bangkedphol and Pornpun Por nsinlapatip

ABSTRACT

Variouspolycyclicaromatic hydrocarbons (PAHSs) at sub-ppmlevel wereidentified qualitatively by
synchronous scanning fluorescence technique at various wavelength intervals (A)L). Dueto the difference
inchemical structure, each PAHsgivesspecific characteristic spectrumfor each wavelengthintervals(AL).
Thiswork demonstrated that the synchronous scanning fluorescence method can be used as atool for the
rapididentification of PAHsin ethanolic samplewhich contain three or six typesof PAHssuch asfluorene,
truxene, benzo(k) fluoranthene, carbazol e, chrysene, anthracene, acenaphtheneandindeno(1,2,3,cd)pyrene

in mixture.

Key words: polycyclic aromatic hydrocarbons, synchronous scanning, spectrofluorometry

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS)
areubiquitouspollutantsinenvironment, consisting
of two or more fused benzene rings in linear,
angular or cluster arrangement. Substitution of
carboninbenzeneringwithnitrogen, sulfur, oxygen
or other elements gives heterocyclic compounds
whichare alsoclassifiedasPAHSs. Crystallinesolid
of PAHSs has high melting points and low vapor
pressures. Unlike most hydrocarbons, PAHs are
usualy colored. PAHs are produced naturally by
combustion processes, e.g. forest fires, volcanic
activity, etc., and anthropogenically via industrial
processes, particularly the combustion of fossil
fuels for heating, power and transport. There was
also strong evidence indicating that PAHs may be
produced by bacteria and plants (Gibson, 1995).

PAHSs in the atmosphere can be polluted in
many kinds of environmental samplessuch assoil,

rain, river, underground water, plants, etc., which
many are known to be carcinogenic agents. Figure
1 shows the chemical structure of the sixteen
unsubstituted PAHs identified by The Environmental
Protection Agency (EPA) as potential carcinogens
(Boonyatumanond, 1999).

The relation between PAHs and human
cancer isstrongly suggested by their occurrencein
environment and their carcinogenic pathways. For
example, lung cancer mortality that rel atedto PAHs
hasbeenincreasing inmany countries. Itisnot only
necessary to distinguish between acuteand chronic
toxicity thresholds, but also important to know the
toxic chemical species (Lakowicz, 1999).

The toxicity of the PAHs in environment
depends on the types and quantity of each PAHSs.
Environmental samples, usually consist of more
than one PAHSs. Therefore, a rapid and simple
qualitative analysis for preliminary identification
of PAHsin samplesisimportant especially when a

Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand.
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large number of samples need to be analyzed. The
structures of polycyclic aromatic hydrocarbons
(PAHSs) arehave aromatic system that electron can
delocalize from m—x * which cause fluorescence
phenomena (Skoog, 1985). Therefore, the
spectrofluorometric method was considered to be
simple and time saving method. Thus, the

Naphthalene Acenaphthene
Fluorene Phenanthene

development of the spectrofluorometric method to
make it more suitable for the determination of
PAHs in sampleis necessary (Schulman, 1999).
V0-Dinh(1978) used synchronousexcitation
techniquetoimprovethese ectivity of luminescence
spectrometry. This approach offered several
advantages, including narrowing of spectral bands,

Acenaphthylene

Anthracene

N & oo

Fluoranthene Pyrene

Benz{ a} anthracene

A oo o

Chrysene Benzo{ b} fluoranthene Benzo{ k} fluoranthene
() (] $ e
(X C (T ag
Benzo{a} pyrene Dibenz{ ah} anthracene Benzo{ ghi} perylene Indeno{ 1,2,3,cd} pyrene

Figurel Chemical structureof thesixteen PAHswhichwereidentified by The Environmental Protection
Agency (EPA) as priority pollutants.
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an enhancement in selectivity by spectral
simplification, and adecrease of measurement time
in multicomponent analysis. Vo-Dinh et al. (1980)
used fluorometric method to identify polycyclic
aromatic compounds in a synthetic fuel. Several
trace and major components including
benzo[a]pyrene, chrysene, fluorene, fluoranthene,
phenanthrene and pyrene has been identified and
determined at a concentration range of 10 - 1,000
ppm. It was found that the selectivity of the
fluorometric analysis is greatly improved by
synchronous excitation scanning. In this work,
synchronous scanning technique was used for
qualitative analysis of PAHs mixture in liquid
samples at a sub-ppm level.

MATERIALSAND METHODS

Reagents

All reagents used were analytical reagent
grade. Truxene, fluorene and carbazole were
purchasedfrom Chem Service(West Chester, USA).
Benzo(k)fluoranthene, anthracene and chrysene
werepurchased from Fluka (Steinheim, Switzerland).
Acenaphthene and indeno(1,2,3,cd)pyrene were
purchased from BDH (Poole, England). Ethanol
waspurchased from Merck (Darmstadt, Germany).
Hydrochloric acid was purchased from Lab-Scan
(Bangkok, Thailand).

Experimental procedures
- Preparation of standard solution
Stock standard solution (10 ppm)

Five hundred micrograms of each PAHs
standard was accurately weighed. Each PAHSs
standard was dissolved with ethanol and then made
uptothevolumeof 50 ml inavolumetricflask. The
stock solution was kept at the temperature close to
0°C and absence of light.

Intermediate standar d solution
Each of the intermediate standard solution
of PAHswas diluted from stock standard solution

(20 ppm) with ethanol to 1 ppm.

Working standard solution

Working standardswereprepared by diluting
the intermediate standard solution (1 ppm) to sub-
ppm levels (0.005-0.04 ppm). The dilution of each
PAHSs standard depended on the sensitivity of the
synchronous signal obtained from the
spectrofluorometer in the presence of ethanol as
solvent. Each of the working standard solution and
pure ethanol were measured by spectrofluorometer
using synchronous scanning technique at various
wavelength interval (AA) from 1-300 nm.

- Preparation of synthetic samples

A mixtureconsisting of benzo(k)fluoranthene,
fluorene and truxene standard, a mixture
consisting of chrysene, acenaphthene and
indeno(1,2,3,cd)pyrene standard and a mixture
consisting of benzo(k)fluoranthene, carbazole,
chrysene, anthracene acenaphthene and
indeno(1,2,3,cd)pyrene standard

Each mixturewasprepared by diluting each

of the intermediate standard solution (1 ppm in
ethanol) to 0.01 ppm in the presence of ethanol as
solvent. Each mixture was analyzed by
spectrofluorometer using synchronous scanning
techniqueat variouswavelengthinterval (AA)from
1-300 nm.

Apparatus

Spectrofluor ometer
Thesampleswereanalyzedby usingaVarian

Cary Eclipse spectrofluorometer. The spectrum

was recorded at the wavelength interval (AL) of

1-300 nm, excitation wavel ength of 200-500 nmfor

each standard PAHs and synthetic samples.

Electrical balance

An analytical balance (PERKIN ELMER
AD-4 Autobalance, 0.05 mg-200 mg, USA.) was
used for preparation of standard solution and
synthetic samples.
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RESULTSAND DISCUSSION

Table 1 showsthewavelengthinterval (AL)
which give characteristic synchronous scanning
fluorescence spectrum for each PAHs in ethanol.
Some of these spectraareshowninthisarticle. The
results suggested that synchronous fluorescence
spectroscopic method can be used as atool for the
qualitativeanalysisfor the PAHsin mixtures. Each
PAHs gave characteristic spectrum at each AA due
to the difference in chemical structure of each
PAHSs. Thecharacteristic peaksof fluorene, truxene,
benzo(k)fluoranthene, carbazole and anthracene
begin to appear when A\ is less than 10 nm. For
acenaphtheneand chrysene, thecharacteristic peaks
appear at A\ equal to 10 nm and higher than 30 nm,
respectively. The characteristic peaks of indeno
(1,2,3,cd)pyrenebegintoappear at A\ equal to110
nm. These suggested that six PAHSs including
benzo(k)fluoranthene, carbazole, chrysene,
anthracene, acenaphthene and indeno(1,2,3,cd)
pyrene can be separated qualitatively by
synchronous scanning fluorescence.

Synthetic sample between benzo(k)
fluoranthene, fluorene and truxene

To identify each PAHs in the synthetic
mixture of benzo(k)fluoranthene, fluorene and
truxene, the synchronous fluorescence spectrum at

AA 20 nm of synthetic sample at the concentration
of 0.01 ppmfor eachPAHs(Figure2) wascompared
with the synchronous fluorescence spectra of each
standard PAHsat thesameAA (Figure2to Figuret).
From Figure 2, there were three groups of
peak in the spectrum which indicated the presence
of benzo(k)fluoranthene, fluoreneandtruxene. The
triplet peaksat theexcitationwavelength of 277.96,
289.06 and 299.07 nm indicated the presence of
fluorene. The peak at the excitation wavelength of
336.00 nm indicated the presence of truxene. The
doublet peaks at the excitation wavelength of
381.07 and 401.07 nm indicated the presence of
benzo(k)fluoranthene. Thus, this showed that
synchronous scanning fluorescence method at only
A\ of 20 nm can be used to identifiy the species of
each PAHsinthemixtureconsisting of 0.01 ppm of
benzo(k)fluoranthene, fluorene and truxene.
Synthetic mixture of acenaphthene,
chrysene and indeno(1,2,3,cd)pyrene
Toidentify each PAHsin synthetic mixture
of acenaphthene, chrysene and indeno(1,2,3,cd)
pyrene by synchronous scanning fluorescence
technique, AL at 95 and 110 nm have to be
considered. Acenaphthene and chrysene in the
sample can be identified by comparing the
synchronous fluorescence spectra at the AA of 95
nm of synthetic sampleat the concentration of 0.01

Tablel Wavelengthinterval (AL)whichgivecharacteristic synchronousscanningfluorescencespectrum
for each PAHs when ethanol was used as solvent.

Type of PAHs

Wavelength interval (A\)

Truxene
Fluorene
Benzo(k)fluoranthene

5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65
1,2,3,4,56,7,8,9, 10, 15, 20, 25, 30, 35 40, 45, 50, 55, 60
1,2,3,4,56,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75,

80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200

2,3,4,5,6,7,8,9, 10, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110
2,3,4,56,7,8,9, 10, 120, 130, 140, 170

Carbazole

Anthracene

Acenaphthene 10, 15, 20, 25, 30, 35, 45, 90, 95
Chrysene 50, 90, 95, 100, 110, 120

Indeno(1,2,3,cd)pyrene 110, 120, 180,190
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Figure2 The synchronous spectrum of benzo(k) Figure3 The synchronous spectrum of solvent
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ethanol at A\ = 20 nm.
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pyrene.
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ppmfor each PAHs(Figure7) withthesynchronous
fluorescence spectra of ethanol, acenaphthene and
chrysene at the same AA (Figure 8 to Figure 10).
The peak at the excitation wavelength of
215.93 and 265.93 nm indicated the presence of
acenaphthene and chrysene in the sample
respectively. However, the peak of acenaphthene
was shifted by 10 nm from the standard
acenaphthene(excitationwavel engthof 225.93nm).
Nevertheless, this still confirms that there was
acenaphthene in the sampl e because acenaphthene
is the only PAHSs that can give the peak at the
excitation wavelength around 225.93 nm. The
presence of indeno(1,2,3,cd)pyrene in the sample
was identified by considering the synchronous
spectra of synthetic mixture, ethanol, indeno
(1,2,3,cd)pyrene and the other two PAHs in the
mixture at the Ah of 110 nm (Figure 11 to Figure
15). At the A\ of 110 nm, only indeno(1,2,3,cd)
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207,96, 56,009

100
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200 300 400 500
Wavelength (nm)

Intensity (a.u.)

Figure8 The synchronous spectrum of solvent
(ethanal) at AA = 95nm.
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Figure 10 The synchronous spectrum of chrysene
at AL =95 nm.

pyrene give characteristic peak at the excitation
wavelength higher than that of 350 nm. This
showedthat the synchronousscanning fluorescence
technique can be used to identify each PAHs from
the synthetic mixture of acenaphthene, chrysene
and indeno(1,2,3,cd)pyrene.

Synthetic mixture of benzo(k)
fluoranthene, carbazole, chrysene, anthracene
acenaphtheneandindeno(1,2,3,cd)pyreneat the
concentration of 0.01 ppm for each PAHSs

To identify each PAHs in the synthetic
mixture of benzo(k)fluoranthene, carbazole,
chrysene, anthracene acenaphthene and indeno
(1,2,3,cd)pyrene by synchronous scanning
fluorescencetechnique, the AN at 6 nm, 20 nm, 95
nm and 110 nm have to be considered. Carbazole,
benzo (k) fluorantheneand anthraceneinthesample
can be identified by comparing the synchronous
fluorescence spectraat the A\ of 6 nm of synthetic
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sample at the concentration of 0.01 ppm for each  Figure 20).

PAHSs(Figure16) withthesynchronousfluorescence The peaks at the excitation wavelength of
spectraof ethanol, carbazole, benzo(k)fluoranthene  336.00, 374.00and 400.00 nmindicated thepresence
and anthracene at the A\ of 6 nm (Figure 17to  of carbazole, anthracene and benzo(k)fluoranthene
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Figure 12 The synchronous spectrum of solvent  Figure 13 The synchronous spectrum of indeno
(ethanal) at AA =110 nm. (1,2,3,cd)pyrene at AL =110 nm.

8001 1000+

6004 800

267.96 , 282.492

600

22503, 591,866

400

Intensity (a.u.)

4004

Intensity (a.u.)

2004
200

o T T ] 0
200 300 400 500 200 0 400 500

300
Wavelength (nm) Wavelength (nm)
Figure 14 Thesynchronousspectrumof chrysene  Figure15 The synchronous spectrum of
at A\ =110 nm. acenaphthene at A\ = 110 nm.

4007
2501
3004
2007

2001 1501

Intensity (a.u.)
Intensity (a.u.)

1001
100

501

0 T T 1 [}
200 300 400 500 200 300 400 500

Wavelength (nm) Wavelength (nm)
Figure 16 The synchronous spectrum of benzo(k) Figure 17 The synchronous spectrum of solvent
fluoranthene, carbazole, chrysene, an- (ethanol) at AN =6 nm.
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(1,2,3,cd)pyrene in ethanol at AL = 6
nm.
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inthe samplerespectively. For theidentification of
acenaphthene, thesynchronousfluorescencespectra
at the AN of 20 nm have to be considered (Figure
21 to Figure 23).
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Figure 18 The synchronous spectrum of carba-
zoleat AL =6 nm.
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Figure 22 The synchronous spectrum of solvent
(ethanal) at AN =20 nm.

Thepresence of acenaphtheneinthe sample
wassuggested by apeak at theexcitationwavel ength
of 302.00 nm. However, the peak of acenaphthene
wasshifted by 2nmfromthestandard acenaphthene
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Figure 19 The synchronous spectrum of benzo(k)
fluoranthene at AA = 6 nm.
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Figure 21 The synchronous spectrum of benzo(k)
fluoranthene, carbazole, chrysene, an-
thracene, acenaphthene and indeno
(1,2,3,cd)pyrenein ethanol at A\ =20
nm.
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Figure23 The synchronous spectrum of
acenaphthene at AA = 20 nm.
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(excitationwavelength of 300.00nm). Nevertheless,
this still confirms that there was acenaphthene in
the sample because acenaphtheneisthe only PAHs
that can give the peak at the excitation wavelength
around 300.00 nm. Thepresenceof chryseneinthe
sample was proved by comparing the chrysene of
synthetic mixture, ethanol and chrysene at the A\
of 95 nm (Figure 24 to Figure 26).

The peak at the excitation wavelength of
265.93 nmindicated that there was chrysenein the
sample. The presence of indeno(1,2,3,cd)pyrenein
the sample was identified by considering the
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Figure 24 The synchronous spectrum of benzo(k)
fluoranthene, carbazole, chrysene, an-
thracene, acenaphthene and indeno
(1,2,3,cd)pyrene in ethanol at AA = 95
nm.
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Figure 26 The synchronous spectrum of chrysene
at AL =95 nm.

synchronous spectra of synthetic mixture, ethanol,
indeno(1,2,3,cd)pyrene and other PAHSs in the
mixture at the A\ of 110 nm (Figure 27 to Figure
34). At the A\ of 110 nm, only indeno(1,2,3,cd)
pyrenegivesthecharacteristic peak at the excitation
wavelength higher than that of 350 nm. These
results suggested that the synchronous scanning
fluorescencetechnique canbeusedtoidentify each
PAHs from synthetic mixture of benzo(k)
fluoranthene, carbazole, chrysene, anthracene
acenaphthene and indeno(1,2,3,cd)pyrene.
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Figure 25 The synchronous spectrum of solvent
(ethanal) at AN =95 nm.
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Figure 27 The synchronous spectrum of benzo(k)
fluoranthene, carbazole, chrysene, an-
thracene, acenaphthene and indeno
(1,2,3,cd)pyrenein ethanol at A\ =110
nm.
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Figure 28 The synchronous spectrum of solvent
(ethanal) at AA = 110 nm.
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Figure 30 The synchronous spectrum of benzo(k)
fluoranthene at AA = 110 nm.
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Figure 32 The synchronous spectrum of chrysene
at A\ =110 nm.

CONCLUSION

The results of the three synthetic mixtures
from the previous section suggested that the
synchronous scanning fluorescence method can be
used to identify each PAHSs in synthetic mixtures.
The number of wavelength interval (AA) to be
considered depending on the species and numbers
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Figure 29 The synchronous spectrum of indeno
(1,2,3,cd)pyrene at AL =110 nm.
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Figure 31 The synchronous spectrum of carba
zoleat AN = 110 nm.
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Figure 33 The synchronous spectrum of anthra-
ceneat AA =110 nm.

of PAHs presence in the analytical mixture.
Comparing with other methods, such as gas
chromatography and high-performance liquid
chromatography, the synchronous scanning
fluorescence method ismore convenient than other
methods because of less time consuming and the
simplicity in preparation of samples. This works
shown that the synchronous scanning fluorescence
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Figure34 The synchronous spectrum of

acenaphthene at AA = 110 nm.

techniquecanbeappliedfor thequalitativeanaysis
of PAHSs from the environmental samples which
were extracted by ethanol. However, the use of
synchronous scanning fluorescence technique for
the qualitative analysis of PAHs in others organic
solventsis also possible and would be more useful
for theidentification of PAHsin the environmental
samples.
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The Study of Water Allocation in Klong Yai Basin

Thanet Somboom and K obkiat Pongput

ABSTRACT

Klong Yai Basin is sub-basin of east coast basin, and watershed area is 1,830 sq. kilometersin
Rayongand Chonburi Province. Theexisting Dokrai reservoir and Nongpralai reservoir aremainreservoirs
and Klong Y ai reservoir was suggested to support more water usage.

A mathematical model, Acres Irrigation Support Package (AlSP) was selected to simulate water
alocationinKlong Y ai basin at normally case (in 2000) and forecasting case (in 2009). AISPwill calculate
results from 1970 to 2000 to decide the operating rule curve and evaluation water delivery from external
indicator was selected for water allocation in Klong Yai Basin.

It wasfound that, the effective rainfall in dry seasonsis more than wet season, at the sametime the
irrigation efficiency in dry season is60 % and wet season is 55 %. Normally casein 2000, inflow ruleand
reservoir rule curve of Dokrai reservoir and Nongpralai reservoir will be used to operate the reservoirsin
each year. In forecasting casein 2009, Reservoir rule curve of Klong Y ai reservoir will be used to forecast
water alocationin Klong Yai basin. The evaluation of water delivery found that, irrigation supply is0.449
fromindustry supply, at thesametimeindustry supply is0.459 from reservoir capacity andirrigation supply

is 1.697 from net irrigation demand which irrigation supply in dry season more than wet season.

Key word: water allocation, Klong Yai Basin

INTRODUCTION

As the result of agricultural, industrial and
consumption expansion, the demand of water in
Thailand is increasing rapidly. It is, however,
difficult to use any constructions such as dams or
opening new irrigating area dealing with water
management because of shortage of capital and
being fought agai nst by disadvantageousgroups. In
stead of constructing, water allocation and water
delivery system are likely to be the efficiently
Mmeasures.

To fulfil water alocation from cost water
source, the relevant offices must completely share
their responsibility. The basin consisting of many

cost water sources and varieties of water use
activities needs good water management, suitably
for its activities and avoiding water shortage.
Accordingly, to the National Economic and Social
Development Plan, the devel opment was designed
to utilizefor economy, society and the peopl€' slife
folk.

Thereasonfor choosing Klong Yai Basinas
the demonstrated areais that there are varieties of
water use in this area- agricultural, industrial and
consumption as well as water delivery between
existing water supply and cross-cost water source.
It is essential to alocate water in order to avoid
shortage of water in this area. Water allocation in
Klong Yai Basin has been model by applying the

Department of Water Resource Engineer, Faculty of Engineering Kasetsart University, Bangkok 10900, Thailand.
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Acers Irrigation Support Package (AISP) as a
measure in water allocation and water use from
existing cost water source.

The purposes of the study are to:

1. investigate the activities of usage water
inKlong Ya Basin

2. model the water allocation condition in
Klong Y ai BasinusingtheAcresl|rrigation Support
Package (AISP) Approach and adjust the model
suitably for water usage in study area.

3. suggest how to alocate water suitably
with existing cost water source and water supply
system for efficient water allocation

4. suggest the future water allocation after
the construction of Klong Ya Reservoir.

KlongY ai Basinisasub-basinintheeastern
coast of Thailand. Itshasincodeis18.03, establishing
at 13015 — 12045 N. and 101000’ — 101030’ E.
Within 1,830 sq. km., inarea, 1,454.43sq. km.isin
Rayong Province and 349.59 sq. km. in Chonburi
Province. Rivers and canals in the basin flow into
Rayong River and consequently to the gulf of
Thailand. (RID 2000, illustrated in Fig. 1)

At present, water supply inthisareaconsists
of 2 reservoir — Dokrai reservoir and Nongpralai
reservoir is the main reservoir to supplying water
for varietiesof activities. Water rel ease of themain
reservoir was drained to Dokrai Canal and
Nongpralai Canal, and flowingto Rayong River. In
the middle of Rayong River, the water level was
risenby BanKhai weir andthewater fromBanKhai
weir will berel eased to theboth sidesof theriver for
agricultural demand for 30,000 Rai of Ban Khai
Irrigationareaandwater supply inRayong Province.

MATERIALSAND METHODS

Acreslrrigation Support Packageisdesigned
to perform planning and operations for large
irrigationsystems. Systemswithmultiplereservoirs,
irrigation projects and channels, and conflicting
water supply demandscan beanalyzed. To provide
this functionality, the package includes a set of

computer programs that are designed to give the
user several degreesof freedomtoperformasystem
analysis. Theuser canset updifferent configurations
of anirrigationsystemto performstudiesof different
development plans. Aswell, the analysis programs
can work with monthly or weekly time steps. The
package also provides access to the tools required
for management of the input and output data of the
computer programs. (ACRES,1979, 1999)

AISP was the mathematical model to
provides several modules which are as follows:

* Main Control program (MC)

o Database Module for Time Series Data
(DBM)

» Reference Evapotranspiration Module
(ETM)(devel oped by I nternational | nstitutefor Land
Reclamation and Improvement (ILRI))

 lrrigation Demand Module (IDM)

*  Water BalanceModule- AcresReservoir
Simulation Package (ARSP)

» Editing Modules for ARSP, IDM, and
ETM

e Backrouting Module (BRM)

» Tools(Utilities) Modulewhichprovides
access to PKZIP for file backup and to Microsoft
Officefor statistical analysis and data reporting.

The process of study isto

1) collect the data on meterology,
hydrography and physical feature of the Basin and
other dataof water usefor agriculture, industry and
consumption, compared withthemode, accordingly
to the factua conditions,

2) calculate therain supply in the Basin,

3) analyze water balance module in the
Basinused for other water useactivities(lllustrated
in picture No.1)

Setting measur es and analysis of theresult

1. Thecalculation of average annual water
supply and multi-saved water statistically to set up
the measure of water supply- dry, wet and normal
level, flowing into the Dokrai, Nongpralai and
KlangY ai Reservoir. Thedataweredrawnfromthe
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Effective Rainfall Model

Irrigation Demand Model

Water Balance Model I

Figure2 Schematic diagram to calculation for
AISP Model.

currentflowingintothereservoirsstartingin January
yearly per multi-saved water at the end of each
monthyearly, ranked respectively from hightolow
then calculate for percentage at 10, 30, 50 70 and
90% of thetime.

2. Evapotranspiration (ETO) was calcu-
lated from weathers data of the Rayong Weather
Station, Department of M eteorol ogy, (Station Code
No. 48478) by Penman-Monteith Method.

3. Analyze the quantities of effective
rainfall within Bankai Irrigation Project and Klong
Yai Irrigation Project (suggestion). The data were
collectedindaily rainfall format by the Station No.
48022 established in Bankai District, Rayong
Province as representative for rainfal in both
Irrigation Projects. The evaluation of effective
rainfall wascal culated by Effectiverainfall Module
of AISP mathematical model. The specification of
capacity inthepaddy field can beidentify in 3types
capacity, accordingly to their water height in the
paddy field—high (120 mm), medium (90 mm) and
lower (45 mm) intwo periods- dry season (January
to June) and wet season (July to December).

4. The calculate of water demand in
Irrigation Area

4.1 Demonstrated area was divided into 2
blocks — existing areain Bankai Irrigation Project
and the propose area in 20,000 Rai of Klong Yai
Irrigation Project. Case study was drawn from the
surveying results, collected by Rayong Irrigation

Project. The suitable conditions of Klong Yai
Reservoir werereported by theResourceengineering
and Macro-Consultant Engineering Ltd (1996).

4.2 In the calculation of the Evapotra-
spiration Module, Coefficient of plants (Kc) from
Cropwat mathematical model (version 7.0) applied
to plants being grown in the irrigation area which
were classified into 5 groups- grains, crops,
vegetables, long-life trees and fishing pond.

4.3 The evaluation of Irrigation Demand
Module, the water provided for paddy plant is 250
mm. and the average soaking water ratio per day is
1.5 mm.

4.4 1.5 mm of Investigation of Klong Yai
Basin

Threemain reservoirs- Dokrai, Nongpralai
and Klong Yai Reservoir (currently constructed)
are utilized in supplying for consumption,
agricultural andindustrial demandwithintheBasin.
Water Balance Modulein AlSPwasevaluated into
2 study cases:

1. The evaluation in the present case, it
consist of existing water supply water and water
demand conditionsin 2000 — Dokrai reservoir and
Nongpralai reservoir, water demandwithin planting
areaof Bankai IrrigationProject and non-agricultural
demand in 2000.

2. The evduation in the future case, it
consist of existing water supply and water demand
conditions in 2009- Dokrai reservoir, Nongpralai
reservoir, KlongY ai reservoiristhemainreservairs.
The water demand in Klong Yai Basin consist of
water demand within planting area of Bankai
Irrigation Project and Klong Yai irrigation project
(currently constructed by the2004-2006) and water
usage for non-agricultural demandsin 2010.

RESULTSAND DISCUSSION

M easur e of the backrouting module

The Backrouting Module to Dokrai and
Nongpralai Reservoir could be divided into 2
periods- dry season and normal season. (Figure 3)
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Figure 3 Inflow rule of Dokrai and Nongpralai Reservoir.

The study of water system in Klong Yai Basin

The study of water system in Klong Ya
Basinby Al SPA pproach measuringtherel ationship
within the Basin for water allocation from the
existing water supply. Theresult of existing casein
2000, it can be set Operating rule curve of Dokrai
reservoir and Nongpral ai reservoir fromearly of the
year (January 1), illustrated in Table 1.

The case study for measuring water use
from Reservoirs and delivery system in Irrigation
area in 2009 could be estimated for the suitable
condition in Klong Ya Reservoir Project using
AISP Approach. (Table 2)

Water supplied evaluation

Water Supply Indicators was used as an
approachtoeval uatetheconsumptionandindustrial
demand within the Basin. (Table 3)

CONCLUSION

The study of water alocation in Kong Yai
Basin was found that irrigation demand ratio in
2000 wasabout 50 % of industrial and consumption
demand. When comparing to industrial water
demand per reservoir capacity in Dokrai and
Nongprala Reservoir, industrial water demandwas
as much as an half of reservoir capacity. It was
shownthat water allocationintheBasin, principally,
depends on industry and consumption.

Net irrigation demand in Bankai Irrigation
Project in the dry season is not different from the
wet season. However, net irrigation supply in dry
season was shown less than in wet season. When
comparingtowater delivery capacity, It wasformed
that irrigation demand is higher than any other
demand (both sidesof Bankai Irrigation Project). In
2000, Water delivery capacity can be delivered at
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Tablel Operating rule curvein Dorkrai and Nongpralai reservoir.
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Unit: Million Cubic Meters (MCM)

Month Volume
Dokrai reservoir Nongpralai reservoir
January 73.0 164.0
February 60.0 144.0
March 50.0 133.0
April 49.0 122.0
May 47.0 116.0
June 49.0 110.0
July 53.0 105.0
August 54.0 103.0
September 59.0 122.0
October 68.0 159.0
November 72.0 164.0
December 73.0 165.0

Table2 Operating rule curve in Klongyai reservair.

Unit: Million Cubic Meters (MCM)

Month Jan

Feb Mar Apr

May Jun  Jul  Aug

Sep  Oct

Nov

Dec

Volume 40.0 30.0 280

250 240 220 230 270 320 370 390 400

Table3 Water supplied evaluation in Bankai irrigation project.

Volume of Result of
Index Variable variable eveuation
(MCM)
1. Water delivery capacity (%) Canal capacity to delivery 122.52 3.389
Peak irrigation demand 36.15
2. Dry season RIS. Irrigation supply 28.34 1.665
Irrigation demand 17.02
3. Wet season RIS Irrigation supply 19.61 1.731
Irrigation demand 11.33
4. Annual RIS, Irrigation supply 47.95 1.691
Irrigation demand 28.35
5. Industrial water delivery Industrial supply 109.16 0.459
Reservoir capacity 238.00
6. Ratio to water use Irrigation supply 48.97 0.449
Industrial supply 109.16

Remark: The Result of evaluation was calculated from water usage conditions in 2000

RIS.= Relative Irrigation Supply
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3.398 time of irrigation demand. (The data in this
study were yearly total amount with Bankai
Irrigation Project. It is essential to consider water
delivery during the crisis time as well as efficient
valuein aperiod of time.)

The amount of water flowing into the
Reservoirseachyear during thewet seasonisoneof
the most important factors to be considered (dry,
wet or normal level) for water delivery and water
draining. To prevent water shortageandfloodingin
the wet season, agricultural and consumption
demand isalso afactor to evaluate amount of water
inthereservoirsandoperatingrulecurve. Inpresent,
if we changethe habitual way of water useand cost
water supply withintheirrigationarea, for example,
the construction of a new reservoir changing
insteaded of goodwater allocation (kindsof growing
plants, planting area, duration of planting, and an
amount of water usein Industrial demand ,etc.), we
will reduce the cost for planting development and
socia problems.
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Parallel Logic Synthesis Optimization for Digital Sequential Circuit

Aswit Pungsema and Pradondet Nilagupta

ABSTRACT

High-level synthesistools are very important for designing electronic circuits. A lower level logic
gates are synthesized by optimization of the circuit’ s combination part, which isthen realized by mapping
on programmable devices such as FPGAs. This synthesis process is a computation intensive task. In this
paper, we propose an aternative method to synthesis a sequential logic circuit which reduces time
consuming in synthesisprocess. First using aparallel partitioning algorithm partition thewholecircuit into
sub-circuits and then using parallel sub-circuit synthesisin order to reduce computation. The LGSynth’ 91
benchmark suite used for experiment isin net-list format. Our result shows that the number of partitionis
increasing whereas the synthesis time is reduced as the number of processor isincreased.

Key words: parallel logic optimization, graph partitioning, logic synthesis, sequential circuit

INTRODUCTION

With general purpose parallel processing
machines becoming more commonplace, parallel
processing is being used extensively to solve a
variety of VLSI CAD algorithms. In recent years,
there has been atremendous amount of research on
algorithms for optimization problems. Many
engineering design problems which are classified
as optimization problems have benefited from the
resultsof thisresearch. Inparticular, design problems
can be modeled mathematically and solved by
mathematical programming techniques. There
remain many logic synthesis optimization design
problems which are considered too complex to be
solved inareasonableamount of timeusing single-
processor computers.

Logic synthesis forms an important part of
many VLSI CAD applications. In this paper we
concentrateoncircuitspartitioningfor parallel logic
synthesis in which we exploit parallelism by
partitioning the circuit being synthesis. The logic

synthesis problem is started as follows. Given a
state-transition-graph (STG), generate a logic
function from STG, and then optimize the logic
(logicsynthesis) andfinally devicemapping. Logic
synthesis, given a logical function f(xy,...,Xg),
composed of anon-set F(x4,...,Xg) andadon’ t-care-
set D(X4,...,Xg), findsasum-of-productsexpression
(acover of f), G=gp+...+g with minimum t, such
that FC G C F+D.

Many algorithms have been published for
various stages of sequential synthesis. For
synchronous circuits, these include methods for
state assignment (Lin and Newton, 1989 and Villa
andVincentell., 1990), stateminimization (Hachtel
et al., 1991), testing (Ghosh, 1991), retiming
(Leisersonetal., 1983.), technol ogy mapping (Moon
etal.,1989), verification (Bryant. 1986 and Coudert
et al., 1989), timing analysis, and optimization
across register boundaries (DeMicheli, 1991 and
Malik et al., 1991). For asynchronous circuits,
these include methods for hazard-free synthesis
(Lavagnoetal., 1991). However, nocomprehensive
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evaluation of the algorithms and no complete
synthesis system in which all of these algorithms
areemployed, hasbeenreportedtodate. A complete
sequential circuit synthesis system is needed, both
as a framework for implementing and evaluating
new agorithms, and asatool for automatic synthesis
and optimization of sequential circuits.

MATERIALSAND METHODS

At present the device density is very high,
enabling the circuit designer to design a larger
circuit. However, processing problems arise when
the netlist is too large and consumes all of the
available memory. In this paper, we propose an
alternative method to synthesis a sequential logic
circuit which reduces time consuming in synthesis
process. Firstusingaparallel partitioning algorithm

One Large
Circuit

Figurel Thefirst step of partitioning a circuit.

-4

Machine 1

—~— Machine?2

b circuit
@&

Machine 3

Machine 4

partitionthewholecircuitinto sub-circuitsand then
usingparallel sub-circuit synthesisinorder toreduce
computation as shown in Figure 1 and Figure 2.

There are potential problems with this
approach. Thefirst problemisthat the large circuit
must be partitioned into N sub net-lists (define ‘N’
beforethe partition) which balance the size of each
sub net-list with respect to performance of the next
process. Thesecond problemisthat theconnections
between nodes during partitioning process must be
minimal, becausethe network speedsisslower than
CPU. Thelast problemisthe global minimizations
of synthesis results which consumes computation
time.

This paper focused on circuit partitioning
which ismodeled as agraph. Sincethe next step, a
parallel synthesisusesapartition circuit asaninput.
Thegraph partitiona gorithmswechoosefor circuit

Figure2 Thesecond stepisto distribute the logic synthesis. Thethird step isto join the sub-circuits back

into one circuit.
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partitioning must be possible to use in parallel for
increase speed and reduce share memory. For
instance, the solutionsfor alinear equation (Ax= b)
applied using iterative methods on a parallel
computer givesrisetoagraph partitioning problem.
A key stepisamultiplication of asparsematrix and
adense vector. Graph partitioning corresponded to
matrix A, isused to significantly reducetheamount
of communication time. If direct parallel methods
are used to solve a sparse system of equations, then
a graph partitioning algorithm can be used to
compute a fill reducing order that leads to a high
degree of concurrency in the factorization phase.
Themulti pleminimum degreesordering used almost
exclusively in serial direct methods, isnot suitable
for direct parallel methods, as it provides limited
concurrency in the parallél factorization phase.

The graph partitioning problem is NP-
complete. However, many algorithms have been
developedthat resultinareasonably good partition.
Recently, anew classof multilevel graph partitioning
techniques were introduced by Hendrickson and
Leland (1993), and further studied by Karypisetal.,
(1998). This multilevel algorithm provides an
excellent graph partitioning and a moderate
computational complexity. Even though these
multilevel algorithms are quite fast compared with
spectral methods, parallel formulationsof multilevel
partitioning algorithmsareneededfor thefollowing
reason. Theamount of memory on serial computers
is insufficient to allow the partitioning of graphs
corresponding to large problems that can now be
solved on massively parallel computers and
workstation clusters. Subsequently, aparallel graph
partitioning algorithm can take advantage of the
significantly higher amount of memory availablein
parallel computers.

Unstructured graph partitioning algorithm
The problem isto partition the vertices of a
graph into p roughly equa parts, such that the
number of edges connecting vertices in different
parts is minimized. The p-way graph partitioning

problemisdefined asfollowed : Givenagraph G =
(V, E) with |V| = n, partition V into p subset, V1,
Va,...,Vpsuchthat ViNVj=Gfori=j, |Vj|=n/
p, and U; V=V, consequently the number of edges
of E whose incident vertices belong to different
subsetsisminimized. A p-way partitioning of V is
commonly represented by apartitioning vector P of
length n, sothat for every vertex (vE V1,P[v]) isan
integer between 1 and p. Thisindicated thepartition
towhichthevertex (v) belongs. Givenapartitioning
(P), the number of degreeswhoseincident vertices
belong to different partitionsis called the edge-cut
of the partition.

The various phases of the multilevel graph
bisection are shown in Figure 3. There are three
phases in multilevel graph bisection, coarsening
phase, initial partitioning phase, and uncoarsening
andrefinement phase. During the coarsening phase,
the size of the graph is successively decreased.
During the initial partition phase, a bisection of a
smaller graph is computed, and then during the
uncoarsening phase, the bisection is successively
refined asit is protected to alarger graph. During

Multilevel Graph Bisection

: Projected partition .
Refined partition
Ce "’

Initial partitioning
phase

Figure3 The multilevel graph bisection.
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the uncoarsening phase a dotted lines indicate
projected partition, andasolidlineindicatepartitions
that are produced after refinement.

Parallel multilevel graph partitioningalgorithms

The basic concept of paralel multilevel
graph partitioning algorithms is as follows. There
aretwo parallel methodsthat canbeexploitedinthe
p-way graph partitioning algorithm based on the
multilevel bisection, as described in previous
section. The first parallel method is due to the
recursive nature of the algorithm (Karypis, 1996).
Initially a single processor finds a bisection of the
original graph, and then two processors find
bisections of those two newly created sub-graphs
and so on. However, thisscheme canonly useup to
log p processors, and only reduces the overall run
time of the algorithm by afactor of O (log p). We
will refer to this parallel method as the procedure
associated with the recursive step.

Thesecond parallel method canbeexploited
during the bisection step. In this case, instead of
performing the bisection of the graph on a single
processor, weperformitinparallel. Wewill refer to
this parallel method as the procedure associated
with the bisection step. Note that if the bisection

Kasetsart J. (Nat. Sci.) 36 (3)

step isdone in parallel, then the increase in speed
obtained by theparallel graph partitioning agorithm
can be higher than O(log p).

The parallel graph partitioning agorithm
we have been describing in this section exploits
both of these parallel methods. Initialy al the
processors cooperateto bisect theoriginal graph G,
into G0 and G1. Subsequently half of the processors
bisect GO, while the other half of the processors
bisects GL. This step creates four subgraphs G,
GO, G10, and G!l. Then each quarter of the
processors bisect one of these subgraphsand so on.
After alog p steps, thegraph G hasbeen partitioned
into p parts.

The ParMETISlibrary (Karypisetal., 1998)
provides a variety of agorithms. ParMETIS is an
MPI-based paralld library thatimplementsavariety
of algorithmsfor partitioning unstructured graphs,
meshes, and for computing fill-reducing orderings
of sparse matrices. A brief overview of the
functionality of PARMETISis shownin Figure 4.
ParMETIS extends the functionality provided by
METIS and includes routines that are especially
suited for paralel AMR computations and large
scalenumerical simulations. Weinvestigated some
partitioning algorithm matching our problem. We

el
&;a\

ParMETIS .PartGeomKway

‘What are vour fine/guality
tradeaff?

Dioyou have coordinstes
for the vertices?

Partition a graph or
a mesh

ParMETIS .PartGeom

ParMETIS PartKway

Repartition an adaptively
refined mesh

ParMETIS ..RepartLDiffusion
ParMETIS ..RepartGDiffusion
ParMETIS ..RepartRemap

ParMETIS ..RepartMLRemap

Refine the quality of &
parttion

ParMETIS Cando the following

Find a fill-reducing ParMETIS ..HodeHD

ordering

ParMETIS ..RefineKway

i

Figure4 Abrief overview of the functionality provided by partMETIS.
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started verifying those algorithms in order to find
thealgorithmthat givesthebest result respect to our
scope. PARMETIS PARTKway is based on the
serial multilevel k-way partitioning algorithm
describe in previous section and used the second
part of the parallel method. Thisk-way partitioning
algorithm shows that it produces a quick partition
and high quality partition. The multilevel k-way
partitioning algorithm works as follow. First, a
graphisgradually coarsened down so it contains a
few hundred vertices. Second, ak-way partition of
this smaller graph is computed, and then this
partitioning graph is projected back to the original
graph (finer graph) by periodically refining thee
partition. Sincethefiner graph has more degrees of
freedom, such refinements improve the quality of
the partition.

Implementation

We started our implementation by porting
SISversion 1.2 (Sentovichetal ., 1992) totheLinux
platform in order to parse the netlist file format.
After that we built the module to map the netlist in
to the graph structure for processing and testing by
ParMETISfor partitioning and finally we built the
module to merge the sub-circuits and verify the
circuit correction. The experiments on the
L GSynth' 91 benchmark suite(Saeyang, 1991) were
performed in PIRUN cluster (Uthayopas et al.,
2000) using 16 nodes of the Beowulf PC Cluster,
Pentium 111 500 MHz processors, with 128MB
memory and 100Mbps Ethernet connections.

RESULTSAND DISCUSSION

Thefirst phaseof mapping netlisttographis
to analysesthe characteristic of sub circuit results.
This paper will present results using time and the
quality of circuit output in order to select the best
parameter for the next step. We focused on the
boolean part of RTL circuits. The set of equations
describing the circuit is represented by a boolean
network. This network is a directed acyclic graph

(DAG). Each node of DAG is associated to each
boolean equation, and there is an arc between two
nodes N; and N; if the output of Nj isaninput to N;.

Figure 5-7 show the partitioning results for
each circuit into 2, 4, 6, 8, 10, 12, 14 and 16
partitions running on 2, 4, 8, and 16 processors
(workstations). Theresultsshow timeconsumption
will be affected by the number of processors. The
network 1/0 is leaking the CPU time. From the
partitioning algorithm, the graph image will be
distributed to each process and then synchronized
at arandomnodeto performthebisectionalgorithm.
This process consumes a lot of network 1/0 of
communicating to each other. The time consume
for partition on each circuitstrend to increase since
the complexity of each circuits are increase. The
time consuming for partition circuit into bigger
partition is decrease i.e. partition circuit into 16
partitionsisbetter than partition into other partition
size when the number of processor is increased.
However, thereare somepartitionsizeisbetter than
partitioninto 16 partition because of thecomplexity
of circuit. When the complexity of a circuit is
increased, the more partition divides, the time
consumeis better. The s38417 is more complicate
than s15850 and s1488.

Table 1 and 2 show the synthesis runtime
and edge-cut of sub-circuit VS. number of
processors. Edge-cut is total number of links to
each of the other sub-circuits. From Tables1-2 we
choose the optimum number of sub-circuits by the
number of processors. The synthesis runtime is
decreased when we use a processor up to 16
processors. The speed up of synthesis runtime is
increased asthecircuitismore complex. The speed
up of circuits1488, s15850, and s38417 are 0.6, 8.2
and 7.7 respectively. The number of edge-cut is
increased as the number of processor isincreased.
The results, as compared to sequential execution,
areobtai nedthroughacomplex circuit takingalong
timeat one processor. Parallel runtimeiscal cul ated
from logic synthesis time and merge time
(sequential). Sinceparallel runtimeiscal culated by
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Circuit s1488 Partition Time
6
iﬁ/ 4 / —m— 4 part
o 3 /= 6 part
£ 5 = —>— 8 part
= —— 10 part
1 . e 12 pat
0 . . —+— 14 part
2p 4p 8p 16p —=— 16 part
Processors

Figure5 The time consume for partitioning circuit s1488 into 2-16 partitions VS. the number of

[processors.
Circuit s15850 Partition Time
14
12 —e— 2 part
g 10 vl =4 pat
P / 6 part
e 6 = 8 part
- : ) x— 10 part
; M *— 12 part
0 - " ; +— 14 part
2p 4p 8p 16p —=—16 part
Processors

Figure6 The time consume for partitioning circuit s15850 into 2-16 partitions VS. the number of

processors.
Circuit s38417Partition time
25
20 —e— 2 part
) 4 part
i B

% 15 / 6 part

g 10 —><—8 part
= —x—10 part
5 —e— 12 part
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Processors

Figure7 The time consume for partitioning circuit s38417 into 2-16 partitions VS. the number of
processors.
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Tablel SynthesisruntimeVS. number of processors (sec.).

Circuit 1P 2P 4P 8P 16P
S1488 52 38 42 56 76
S15850 793 435 138 111 96
S38417 953 492 314 167 125
Total 1789 965 494 334 297
Table2 Anedge-cut VS. number of processors.
Circuit 2P 8P 16P
S1488 1 185 274 345
S15850 35 56 103 217
S38417 40 106 166 274

the longest processing time, the more processors
we have the longer delay time the Network-File-
Systemtakestoload the sub netlistintomemory. In
addition, mergetimeisdependent on the number of
circuits to merge.

CONCLUSION

We have proposed an alternative method to
synthesis a sequential logic circuit which reduces
time consuming in synthesis process. The
LGSynth’ 91 benchmark suite used for experiment
is in net-list format. Our result shows that the
number of partition is increasing where as the
synthesistimeisreduced asthenumber of processor
is increased up to 16 processors. The number of
edge-cut isincreased as the number of processor is
increased. The speed up on each circuit is 0.6, 8.2
and 7.7 respectively. Future work, we will try on
other parallel optimizationwhich may beimproved
performance and also we will try to test more
examples.
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