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Competition and Control of Weedsin Kale Leaf Crop

Tosapon Pornprom?, Matthew Hayes? and Pramote Saridnirun3

ABSTRACT

Weed population responsed to weed control practices was carried out to eval uate weed seed bank,
weed popul ations, and the effects of the herbicidesapplied preemergenceof cultivation onkaleleaf control.
The first experiment involved an evauation of the site including soil type and previous types of
management. The seed bank wasthen eval uated to estimate both the composition and popul ations of weeds
present, which could, then, be compared to the weeds growing. There was a positive correl ation between
the weed seed bank and above ground weed communities. The second experiment involved testing the
effects of the herbicides at their recommended rates on weed control and the phytotoxicity on akale leaf.
Thecropwasmost significantly affected by atrazinefollowed by oxyfluorfenand thenaachlor. Threemain
weed speci esdominated the weed growth i nthi sexperiment were smooth mimosa(Mimosainvisa), slender
amaranth (Amaranthus viridis) and purple nutsedge (Cyperusrotundus). The third experiment involved a
bioassay testing, again of phytotoxicity of the three herbicides on nine separate crops; sweet corn, soybean,
mungbean, swamp morning glory, cucumber, tomato, pepper, cabbage and coriander. Cabbage and
coriander were not affected by any herbicides.

Key words: kale leaf (Brassica oleracea L.), dachlor, atrazine, oxyfluorfen, weed seed bank, weed
control, weed population

INTRODUCTION

Speci escompositionand popul ation of weed
communities varied greatly and are closely linked
to control practices and cropping history.
Composition is influenced by farming practices
and varies from field to field and among areas
within field (Buhler, 1999). The largest source of
seeds which comprises the seed bank comes from
plantsthat escape control and produce seedswithin
the field. Determining the type and quantity of
seeds in the soil is important to forecast weed

population dynamics (Buhler et al., 1997). Within
the seed bank thereisawide range of weed species
present. However, in most cases a few dominant
weed specieswill produce most of the seeds. Weed
species become dominant when they arerelatively
resistant to weed control and well adapted to the
conditionswithinthecrop. Controllingthesespecies
should be the primary focus of weed control.

Kale leaf (Brassica oleracea L.) has been
established throughout Asian countries as a
significant crop in the past two centuries, being

1 Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Sean Campus, Nakhon Pathom 73140,

Thailand.

2 |Institute of Land and Food Resources, The University of Melbourne, Parkville, Vic 3052, Australia.
3 Department of Horticulture, Faculty of Agriculture, Kasetsart University, Kamphaeng Sean Campus, Nakhon Pathom 73140,

Thailand.
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brought in from Europe. Kale leaf can be
transplanted, but most of the production is direct-
seededintoheavy, friableloam soils, with preferable
pH of 6.510 6.8, asthey produce the highest yields
(Hodges, 1995). Commercialy, thecropisproduced
for a one-time harvest around 40-55 days after
planting with sequential plantings at 2-week
intervals, to provide continuous supply for the
market (Hall, 1995). Inkaleleaf cropsin Thailand,
much of theweed control still revolvesaround hand
weeding. However, as this is becoming a less
economically viable option more herbicides are
being used. Three more commonly used herbicides
are dlachlor, atrazine and oxyfluorfen.

Alachlor canbeappliedmainly asaselective
preemergence (PRE) herbicide to control a wide
rangeof annual grasses, broadl eaf weeds, andyellow
nutsedge in corn and soybean (Thomson, 1993).
Thesiteof actionisnot known however acurrently
viablehypothesisinvolvestheconjugation of acetyl
coenzyme A and other sulfhydryl-containing
biomolecules (Ahrens, 1994). The length of weed
control variesfrom 6 to 10 weeksdepending on soil
types and weather conditions, with weeds affected
before emergence, but seed germination is not
inhibited.

Atrazine interferes with photosynthesis in
many annual broadleaf weeds and grasses, while
corn, sorghum, sugarcane, and afew other cropsare
tolerant of thechemical’ seffectsat therecommended
concentrations (Thomson, 1993). Atrazine kills
plantsby bindingtothe Qg-hindingnicheontheD1
proteinof thephotosystem 11 complexinchloroplast
thylakoid membranes, thus blocking electron
transport from Qp to Qg. This stops production of
ATP and NADPH (all needed for plant growth)
(Ahrens, 1994). Death occurs when the plant is
starved because photosynthesis is stopped from
bleaching of the plant’s chlorophyll, or from the
release of the radicals, highly reactive molecules.
After application, atrazine continues to control
sprouting weedsfor 5-6weeks, allowingthedesired
crop to become well established without weed

competition for moisture, nutrients and sunlight.

Oxyfluorfenisregistered for preemergence
(PRE) or early postemergence (POST) application
in broccoli crops to control grass and broadleaf
weeds (Thomson, 1993). The target site for
oxyfluorfen appears to be protoporphyrinogen
oxidase (Protox), an enzyme of chlorophyll and
heme biosynthesis catalyzing the oxidation of
protoporphyrinogen 1X to protoporphyrin 1X,
resultinginlossof chlorophyll and carotenoidsand
leaky membranes, causing the cells to dry out
(Ahrens, 1994).

Registered or unregistered herbicides
occasionally damage crops, delay and decrease
growth, andreduceharvestyieldand quality. There
has been much qualitative and quantitative
information published on herbicidedamagetocrops
(Boethel et al., 1999; Donal, 1998). The objective
of thisresearch wasto eval uate the weed seed bank
and control of weeds in kale leaf crop. These
analysesincluded descriptionsof herbicidedamage
symptoms, visually rate crop damage and changes
inplant height and biomass. If potential yieldlosses
could be estimated early inthe growing season, this
information might help farmers improve crop
management decisions.

MATERIALSAND METHODS

Evaluation of existing seed bank

The site, at the Field Laboratory of the
Department of Horticulture, Kasetsart University,
Kamphaeng Sean Campus, used for growing the
kaleleaf had previously only been used for pasture
and no herbicides had been used. Weed control
methods used in the past were hand weeding and
conventional tillage practices. A soil analysiswas
conductedintheplot areawithfour random samples
taken, showing the soil to be aclay loam, pH 6.85;
E.C. of 4.66 mS/cm; and an organic matter content
of 2.9%. The plot had a net covering creating a
greenhouse environment and more significantly
protecting the plant from insect damage.
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Temperatures were above 30°C in the greenhouse
during the days and fell to around 25°C at night.
Relative humidity was always above 85%.

To gain an accurate indication of the weed
seed bank in the area, random soil samples were
takenina50m by 50 m site directly adjacent to the
plot. Inthissite, 10random 5 mby 5 msguareswere
allocated, withinthesesquares, 5 soil sampleswere
takendowntoadepthof 15cm. Thesesampleswere
mixed together into 1 sample, and from this 1
sample, three equal amounts of soil were taken.
This created three replicates at each of the ten
sguares. To gain an accurate indication of the seed
bank within the plot areaof 10 m by 20 m, the area
wasdividedintofour parts, with onerandom sample
taken from the each part. These four sampleswere
mixed to create 1 sample and from this 1 sample,
threereplicatesweretaken. Each soil replicatefrom
the plot and adjacent area was placed in trays and
placed in agreenhouse, which provided protection
and the weeds were therefore under the same
conditionsasthosein experiment 2. Thetrayswere
0.125m2by 5cmdeep. Thereplicateswerewatered
regularly and this allowed the seeds within the soil
to germinateand grow. Fromtheplantsthat grewin
the trays, the weed species composition and
population wereanaysed. Thetrayswereanalysed
three times, with the final survey 6 weeks after the
initial soil collection. A weed survey wascompl eted
in placeswhere soil samplesweretaken from, only
the species composition was taken, not density.

Response of kale leaf and weedsto herbicides
The kale leaf cultivar Bang Buatong, was
direct-seeded into the plot at arate of 1 g/m2. Plot
preparation involved hand cultivation just prior to
sowing. The plot was laid out into 15 separate
subplots with 5 different treatments, three
replications of each treatment. Within the layout
each treatment was randomly allocated within a
replication row, creating three replications
containing each of thefivetreatments (randomised
block design). The different treatments were a

weedy control, hand weeding treatment and three
different herbicides: alachlor at 3.75 kg ai/ha,
atrazineat 3.13kg ai/ha, and oxyfluorfenat 1.56 kg
ai/ha. Each herbicide, a commercial formulation,
was sprayed onto the subplotsdirectly after sowing
by a knapsack spray volume of 500 L/ha. These
herbicide application rates were as recommended
by the manufacturer. The hand weeding treatment
involved weeding 7 and 14 days after sowing
(DAS). The plots were watered twice daily, partly
duetothedry conditionsand the extremely hot and
humid conditionsinthegreenhouse. Atintervalsof
14 and 21 DAS weed species population and
composition was analysed on each subplot. A 50
cmsquarewasplaced randomly in each subplot and
the numbers of weeds per square metre. 28 DASa
visua rating for weed control was given for all
treatments, 0 = no weed control and 10 = complete
weed control. Crop phytotoxicity to each treatment
wastreated 14 and 21 DAS, thisinvolved weighing
and the height of a sample of five plants. Only the
shoots of the plantswere measured for weight with
the roots cut off.

Phytotoxicity of herbicideson crops

Nine representative crops were grown in
soil from the three herbicide treatments to test
phytotoxicity. Thecropsusedwere sweet corn (var.
ATS-2), soybean (var. SJ4), mungbean (var. KPS
1), swamp morning glory (var. Tupai 7), cucumber
(var. Plong), tomato (var. Sridatip 3), pepper (var.
Bangchang), cabbage (var. Speed 047), and
coriander (var. Carlbe). These crops were direct-
seeded into soil treated with herbicides (alachlor,
atrazine and oxyfluorfen) and a control which was
a combination of the hand weeding and weedy
control (untreated) treatments. Treatments were
replicated three times. The soil wastaken from the
relevant subplots down to adepth of around 2.5 cm
withinthe plot and placed into 200 ml polyethylene
pots in a shaded area. Each replicate of the
experiment contained 25 seeds of the crop, which
was to be sown in that row. This experiment was
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repeated 0, 7, 14 and 21 DA Sto give an estimate of
how long the different herbicideswould affect crop
plants. To analyse the effect on the crop plants, the
number of plants germinated was counted aong
with the height of five plants within each replicate
to give a sample. A scoring system was used to
assess crop injury caused by the herbicides. Crop
injury was on a scale of 0 to 100; where 0 = no
injury, 30 = moderate cotyledon necrosis and
chlorosis and growth reduction, 70 = severe
cotyledon injury and growth reduction, and 100 =
all seedlings dead. The crop plants were analysed
10 DASto allow areasonable level of growth.

RESULTS

Evaluation of existing seed bank

Above ground, surveys were taken both in
the field and within the plot. When comparing the
above ground survey with the seed bank for the
field sampled, four extra specieswere found in the
seed bank, two broadleaf weeds and two grasses.
Theaboveground survey and seed bank composition
of the plot were very similar.

In comparing the speciescomposition of the
field seed bank and the seed bank within the plot,
more different species growing from seeds were
collected from the field. Twelve extra broadleaf
species and four extra grasses were present in the
field seed bank compared with the plot seed bank.

When comparing the different populations
of theweedswithinthe seed bank of thegreenhouse
and the field some differences became apparent
(Tablel). Inthegreenhouseandfield, thedominant
weed population tended to differ. In the field seed
bank, the broadleaf species Portulaca oleraceal .,
and Eclipta alba L. were dominant, whilst in the
greenhouse Amaranthus viridis L., and Euphorbia
thymifolia L. wereat thehightestlevelsamongst the
broadleaf weeds. Of thegrasses, Echinochloa crus-
galli L. wasthe dominant weed in thefield, whilst
in the greenhouse Dactyl octenium aegyptium was
themajor grassweed. TheonesedgespeciesCyperus

rotundusL . waspresent at much higher levelsinthe
field seed bank. It was reasonable to suggest that
there was a positive correlation between the weed
seed bank and aboveground weed communities.

Response of kale leaf and weedsto herbicides

Theresults showed that thethree herbicides
caused a significant fall in kale leaf weight and
plant height in accordance to the weedy control.
Similar trends were observed (Figure 1), so the
plant height datawere omitted. The hand weeding
andweedy control trestment had similar plant height
and weight averages. Atrazine had the most
detrimental effect on plant height and weight.
Alachlor and oxyfluorfen affected the weight and
height of the kaleleaf plantsat similar amountsbut
significantly less than the atrazine treatment.

In the plot the weeds were mainly broadl eaf
species and one sedge species with only relatively
small numbers of grasses. Three species, two
broadleaf species and one sedge, dominated the
weed countsand werein even higher numbersinthe
control. The species were amaranth, mimosa and
sedge, with amaranth clearly the highest in number
intheweedy control (Figure2). Many other species
were found in the control but only in very small
numbers from the herbicide treatments. The three
main specieswere found in highest numbersin the
control as expected. The alachlor and oxyfluorfen
treatment had similar levels of control for mimosa
and sedge. The oxyfluorfen treatment had a much
greater control for amaranth compared with in the
aachlor treatment. The atrazine treatment had a
muchgreater control onsedgeand mimosacompared
withtheother treatmentsand had asimilar level sof
control on amaranth when compared with the
oxyfluorfen treatment.

Phytotoxicity of herbicides on crops

Four sets of results for germination and
plant height were taken wherethe cropswere sown
0, 7,14, and 21 DAS. The results 14 and 21 DAS
were not used in the analysis as there were no
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significant herbicide effects this long after
application. Toestablishif therewereany significant
effects by herbicide, a oneeway ANOVA was
completed.

0 DAS the germination percentages of
cucumber and tomato were significantly lowered
by atrazine. Alachlor and oxyfluorfen did not
significantly lower the germination percentages of
theninecrops O DAS(Figure3). 7 DASsweet corn
germination percentage was significantly lowered
by alachlor and oxyfluorfen (Figure 4). Soybean
germination was significantly lowered by atrazine,
whilst pepper germinationwassignificantly lowered
by both atrazine and oxyfluorfen. When compared
with the germination, 0 DAS the cucumber and
tomato affected by atrazine were not significantly
affected 7 DAS. Not until 7 DAS did al three
herbicides began to affect the germination of the
crops. Atrazinehadthegreatest effect ongermination
percentage followed by oxyfluorfen and then
alachlor.

From the results, it could be seen that all
herbicides had a more significant effect on plant
height than germination. 0 DAS, cucumber was
significantly affected by all three herbicides;

354
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1

s

Freash weight (g)
R N
1 1 1 1

o
o
1

il

Oxyfluorfen

o

T
Untreated Hand weeding Alachlor

Treatments

Atrazine

Figurel Growthresponseof kaleleaf todifferent
weed control treatments. Alachlor was
applied at 3.75 kg ai/ha, atrazine at 3.13
kg ai/ha, and oxyfluorfen at 1.56 kg ai/
ha. Vertical bars indicate the standard
error of the mean.

soybean, mungbean and cucumber significantly
affected by theatrazine; and sweet corn, mungbean,
and cucumber by oxyfluorfen (Figure 5). 7 DAS
the height of mungbean and swamp morning glory
were significantly affected by all three herbicides,
and the plant height of cucumber was significantly
affected by atrazine (Figure 6). The plant height of
5 out of the nine cropswere affected by herbicides:
sweet corn, soybean, mungbean, swamp morning
glory and cucumber. Of the three herbicides,
atrazine lowered the mean heights of the plants to
the greatest extent, followed by oxyfluorfen and
then alachlor.

DISCUSSION

Determining the type and quantity of weed
seed bank is important in forecasting weed
population dynamics (James and Rahman, 1999).
The result showing more different species present
in the field seed bank than in the greenhouse were
expected asthesoil samplesfromthefield covering
amuch greater area. Asonly 2 to 6% of weed seeds
produced ever develop into seedling (Ball and
Miller, 1989), some variation in field surveys and

140 l Mimosa invisa
120 - -} O Cyperus rotundus
O Amaranthus viridis

” I’Hifhﬂ

Untreated Alachlor  Atrazine Oxyfluorfen
Treatments

g

Weed density (m2)
5

Figure2 Density of three main weed species in
separate treatments. Alachlor was ap-
pliedat 3.75 kg ai/ha, atrazineat 3.13kg
ai/ha, and oxyfluorfen at 1.56 kg ai/ha
Vertical barsindicate the standard error
of the mean.
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Figure3 Germination percentages of the nine
crops sown on day of herbicide applica-
tion. Alachlor was applied at 3.75 kg ai/
ha, atrazine at 3.13 kg ai/ha, and
oxyfluorfen at 1.56 kg ai/ha. Vertical
bars indicate the standard error of the
mean.
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Figure5 Plant height (cm) of the ninecropssown
on day of herbicide application. Alachlor
was applied at 3.75 kg ai/ha, atrazine at
3.13kgai/ha, and oxyfluorfenat 1.56 kg
ai/ha. Vertical barsindicate the standard
error of the mean.
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Figure4 Germination percentages of the nine
crops sown at 7 days after sowing.
Alachlor was applied at 3.75 kg ai/ha,
atrazineat 3.13kgai/ha, and oxyfluorfen
at 1.56 kg ai/ha. Vertical bars indicate
the standard error of the mean.
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Figure6 Plant height (cm) of the ninecropssown
at 7 days after sowing. Alachlor was
applied at 3.75 kg ai/ha, atrazine at 3.13
kg ai/ha, and oxyfluorfen at 1.56 kg ai/
ha. Vertical bars indicate the standard
error of the mean.
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seed bank composition would be expected. All of
the weed species present in the plot seed bank were
found in the field seed bank showing that the plot
gave agood indication of the weeds present in the
area. Asexpected, more weed specieswere present
inthefield seed bank asthissurvey covered amuch
larger area and this area underwent differing
management practices. Certain broadleaf and grass
species dominated the weed popul ation both in the
field and the plot seed bank. Although seed banks
andtheresulting weed popul ationsare composed of
many species, a few dominant species generally
comprise 70 to 90% of the total seed bank. In
general, short-lived plantssuch asannual broadl eaf
and grass species have long-lived seeds and
substantial seed banks. Seed canremain dormantin
thesoil for many years(e.g., several yearstodecades,
or longer, depending on the plant species and
environmental conditions), with only afraction of
the seeds germinating each year.

When comparing the weed populations of
thepl ot seedbank andthefieldreal patternsemerged.
Some broadleaf specieswereat higher levelsinthe
field and others in the greenhouse, the same was
found with the grasses. The one sedge species was
foundin much higher levelsinthefield. Thismight
be due to spraying in the field which controlled
other species but not sedge. Spraying has a very
limited control on sedge species (Patterson, 1998).
The differing compositions of the greenhouse and
thefield could a so be dueto control methods such
as spraying used in the field, whilst no spraying
took place greenhouse.

The hand weeding treatment and weedy
control had similar height and wei ght measurements
for the kale leaf plants. It would be expected that
kale leaf in the hand weeding treatment would be
heavier and taller asthey only had to compete with
low levels of weeds. In the weedy control, there
were higher levels of weeds but competition was
not aproblem astherewas high level s of water and
nutrients accounting for the similarities in the
treatments. Atrazine had the most severe effect on

growth of the plants. As these measurements were
taken 28 DAS and the herbicides were sprayed
PRE, these herbicide effects would be found right
through to harvest. This effect of atrazine would
suggest that it wasnot suitabletouseinthekal el eaf .
Although thealachlor and oxyfluorfen do affect the
kae leaf growth, these may be less phytotoxic at
lower concentrations. In another experiment on
oxyfluorfen effect on Brassica oleracea L., it was
found that injury ranged from cotyledon crinkling
and slight growth reduction at the lower rates to
severe growth reduction, cotyledon necrosis, and
seedling death at the higher rates (Harrison and
Farnham, 1998). Thissuggeststhat alachlor may be
the most suitable to use in kale leaf purely on the
basisthat it isthe least phytotoxic to the crop.

The weed species composition found inthe
weedy control treatment of experiment 2 was
comparable to the species found in the seed bank
analysis, with more species found in the seed bank
analysis. Of theweedsgrowingintheplot, thethree
dominated species were mimosa (Mimosa invisa
Var.inermisAdelb.), sedge (CyperusrotundusL.)
and amaranth (AmaranthusviridisL.). It would not
be expected that these three species were in high
numbers because of resistance to the herbicides as
thegreenhouse had not been sprayed previoudly. Of
these three species, amaranth was the only species
which was at high level within the seed bank,
suggesting that the other two species were highly
competitive in this environment. One other
broadleaf, Euphorbia thymifolia L., and one grass
species Dactyl octenium aegyptiumwere present at
high levelsin the seed bank analysis but not in the
weedy control inthe plot showing thevariability in
weed growth from the seed bank.

Of theninecropanalysis, neither germination
percentagenor plant hei ght of cabbageand coriander
were affected by any of the three herbicides. This
meant that the three herbicides could be used in
these crops, with atrazine theideal choice asit had
the greatest weed control. Atrazine affected either
the plant height or germination of all the remaining
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cropsasidesfrom sweet corn, rendering it unusable
in these crops. In other studies, it has been found
that the corn is tolerant to the chemicals effects at
recommended applications. Corn, acrop on which
atrazine is heavily used, is resistant to atrazine
because it can detoxify the posion by means of an
enzyme present initsleaves. In addition, cornroots
contain asubstance that helps break down atrazine
molecules. It has also been found that sensitive
crops such as soybean can be affected in the
following growing season when atrazine has been
sprayed the previous year.

Of the three herbicide, alachlor caused the
least phytotoxic. The germination and plant height
of tomato, pepper and soybean werenot affected by
alachlor, suggesting that this herbicide would be
suitable to use in these crops. This herbicide will
generally persist long enough in the soil to provide
6-10 weeks of weed control depending on soil type
and weather conditions (Ahrens, 1994). It has
moderatemobility insandy soil andthuscanmigrate
to groundwater. Oxyfluorfen did not affect the
germination or plant height of soybean and tomato
making it a suitable herbicide for these crops. This
herbicide provides weed control for around two
months. It is immobile on most soils, but slightly
mobile on extremely sandy soils. Oxyfluorfen has
a strong tendency to adsorb soil particles and is
nearly insoluble in water. Once oxyfluorfen is
adsorbed to soil particles, itisnot readily removed.
It is, therefore, unlikely to leach downward or to
contaminate groundwater.

Although herbicide use has been shown to
be successful, it should coincide with the presence
of sufficient weeds to warrant use and take place
when weeds are most vulnerable. Factors which
must be considered when developing a herbicide
program are the herbicide itself, weed flora and
application time, crop tolerance and cost
effectiveness. Furthermore, adjusting sowing dates
of crops could avoid weed emergence peaks and
thus minimise yield losses from weed competition
(Clay et al., 1999; Del Monte et al., 1999). It is

suggested that estimates of seed bank populations
in arable soils could also be used to predict future
weed infestations (Callihan and Dobbins, 1996).
Such information would have value in planning
crop sequences and herbicide usage.

Crop production systems are dependent on
management optionswhich successfully reducethe
effect that weeds have on crops. Herbicidesreduce
weed density and indirectly reduce weed seedsthat
are produced and enter the seed bank. Although
herbicides are effective in controlling weeds, an
increasing environmental awareness has created a
desireto reducetheamount of herbicidesappliedto
agricultural fields. Integrated weed management
practices used in Thailand include good land
preparation, suitable rates and timing of planting,
well-times hand weeding, effective water
management, chemical herbicideswhen necessary
and more recently crop rotation.

CONCLUSION

In the seed bank analysis and above ground
surveysthe speciescompositionswerevery similar
as expected. The seed bank analysis of the
greenhouse differed from the field seed bank both
in weed species composition and population. This
was as expected sincethefield seed bank covered a
much wider area and the conditions in the
greenhouse, were much different to the field and
favoured the broadleaf species which tended to
dominate. Of the weed counts taken out within the
greenhouse, three dominant species were two
broadleaf, amaranth and mimosa and one sedge
species. Atrazine provided the greatest control of
these speciesfollowed by oxyfluorfenand aachlor.
However, atrazine was the most detrimental of the
three herbicides to the growth of the kale leaf
followed by oxyfluorfen and alachlor. Among nine
cropsunder study, atrazinehad themost detrimental
effect on germination and plant height followed by
oxyfluorfen and alachlor. Cabbage and coriander
were not affected by the herbicides.
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Spatial Distribution Pattern of Cotton L eafhopper,
Amrasca biguttula (Ishida) (Homoptera: Cicadellidae)

Ohnmar Khaing?, Praparat Hormchanl, Surachate Jamornmarni,
Ngar mchuen Ratanadilok? and Arunee Wongpiyasatid3

ABSTRACT

The spatial distribution pattern of cotton leafhopper, Amrasca biguttula (Ishida) was studied under
field conditions during 2000 and 2001 at Suwan Farm, Pak Chong, Nakon Ratchasima, Northeastern
Thailand. The cotton varieties/lines: Sri Samrong 60 (the recommended variety), Saridl and new mutant
lines AP1 and AP2 were used in the experiments employing Randomized Complete Block design with 4
replications. The results of both seasons showed that the distribution of A. biguttula was clumped for al
varieties/lines and degree of aggregation considerably changed during the generations, asindicated by the
values of varianceto mean ratio (s X), negative binomial parameter (k) and theindex of aggregation (19).
Theresults of distribution analysiswere used to estimate a given sample size and precision level of cotton
leafhopper. The appropriate sample size of maximum 10 and 30 plants could be required at low and high

aggregation levels of A. biguttula, respectively.

Key words: cotton leafhopper , Amrasca biguttula , distribution

INTRODUCTION

Information on distribution pattern of insect
pests was used in data analysis to determine
appropriate sampling plan and sample size, and
constructed sequential sampling programs. Insect
populations were mostly aggregated; some were
found to be either random or uniform dispersions
(Southwood, 1978; Mabbett, 1980; Taylor 1984;
Davis, 1994). It was found that cotton arthropods
generally exhibited aclumped pattern of dispersion,
whichwasoften characterized by fit to the negative
binomial distribution (Wilsonet al.,1989). Several
methodshave been used to describethedistribution
of insect counts. Kapatoset al. (1997) reported that
the Variance mean ratio (s%/ X) and the Morisita's

Index (18) werefound best to describefor classifying
spatial distribution pattern during the generations
comparedwiththeTaylor relationship. Thenegative
binomial parameter k was described as a degree of
clumping and low values of k indicated a higher
degree of clumping (Southwood, 1978; Davis,
1994).

The cotton leafhopper, Amrasca biguttula
(Ishida) (Homoptera: Cicadellidae) is one of the
most alarming key pestsof cottonin Thailand. The
nymphs and adults suck the sap from leaves and
cause phytotoxic symptoms known as hopperburn
which results in compl ete desiccation of plants. A.
biguttula isan early phase pest of cotton. Recently,
it occursthroughout the cotton growing season and
has become one of thelimiting factorsin economic

1 Department of Entomology, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.
2 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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productivity of the crop. As most cotton growers
depend on chemical insecticides for controlling
leafhopper, the necessity for more accurate
population assessments of this pest become more
acute.

Previous studies mentioned that the
distributionof A. biguttula showed aggregationand
could be adequately described by the negative
binomial distribution (Mabbett, 1979; Mabbett and
Nachapong, 1980; Wilsonand Room, 1983; M abbett
etal., 1984; Matthews 1989, 1994). Thesefindings
agreed by Evans (1965) who investigated the
distribution of leafhopper in Sudan. Mabbett et al.
(1984) suggested that sequential sampling could be
used based on binomial sampling theory. Sample
unitswould berestricted to theinfestation sitesand
treatment decisionwould bemadeontheproportion
of sample units rather than on actual pest counts.
The cost of monitoring can also be reduced by
sampling units where the pest is most frequently
found (Wilson, et al., 1982).

Many variables, such as soil moisture,
fertility, natural enemies, physiological time,
weather, and others, can affect thenumbersof pests
and their distribution patterns (Pedigo et al., 1986 ;
Davis, 1994). Therefore, itisstill neededtoevaluate
the distribution pattern of cotton leafhopper for
specific area, different seasonsand different cotton
varieties to make a correct decision of cotton pest
management. The present study was designated to
determine the distribution pattern of cotton
leafhopper nymphs in the field leading to the
development of optimum sampling plan.

MATERIALSAND METHODS

Field experimentswereconducted at Suwan
Farm, Pak Chong, Nakon Ratchasima Provincefor
two growing seasons, thefirst crop (1 October 2000
to 15 March 2001) and the second crop (21 July
2001to 27 Dec2001). Thesoil texturewasclay and
pH was 7-7.5. In both years, cotton varieties: Sri
Samrong 60 (SR60), Sarid1 (SD1) and new mutant

linesAP1and AP2 obtainedfromgammearirradiated
SD1 were planted as treatments. Agricultural
practicesadoptedinthisexperiment weretreated as
required. Each variety/line was grown in 7 rows,
each row of 20-meter long. Spacing of row x plant
was1.0x 1.0meters. Plotsand blockswereseparated
by 2 m each of unplanted areas. The total
experimental area was 2,924 m2. Randomized
Complete Block (RCB) design was employed with
4 replications. At planting time, 38 kg/ha Furadan
3% G and 0.06 kg/ha Imidacloprid 70% WS were
applied in the first and second crops, respectively.
50ml per 20litres(l) of water Carbosulfan 20% EC
and 40 ml/20 | of water Omethoate 50% SL were
applied 5,6,7,8 weeks after sowing(WAS),
aternately for first crop and 40 ml per 201 of water
Azodrin 60% WSC applied once4 WA Sfor second
crop, to control severe attack of |eafhopper.

Observations were made 5 WAS and
continued at weekly intervals till cotton was 3
months old. Visual counts of leafhopper nymphs
were only emphasised on 5 leaves/plant (onefrom
thetop, two each from themiddle and bottom of the
canopy)(Evans, 1965; Mabbett, 1980). Stratified
random sampling technique was designated on 10
plants to give atotal of 160 sample plants. Mean
number of leafhopper per leaf wasthen calcul ated.
Outer rows from every plot were not selected for
sampling. I nspectionsof |eaf hoppersper plant were
fitted to distributions which would be expected if
leafhopper nymphs randomly spreaded (poisson
distribution) or aggregated (negative binomial
distribution).

Thedistribution pattern of cotton|eafhopper
was statistically classified by calculating the
Variance mean ratio (s?/ X) and Morisita's Index
(18), themean (X), samplevariance (s?) and size of
the sampling unit (n) (Morisita, 1962; Southwood,
1978; Davis, 1994). The negative binomial
parameter k (ameasureof dispersion) wascal culated
as degree of clumping for each sampling date after
classifyingthedatainto frequency distribution. Itis
inversely related to the degree of aggregation,
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whereas the opposite holds for 18 (Southwood,
1978).

The number of samples (n) necessary to
estimate the mean with fixed precision was
determined as suggested by Southwood (1978).
When the confidence limits were used as the
predetermined standard, the required half-width
was usually set at 10%, then adjusted sample unit
(n") wascal culated. Thecal cul ationswere based on
the 4 varieties/lines atogether with 7 sampling
dates (5 WAS - 11 WAS).

In the first crop, the total rainfall for the
planting period (October 2000 to March 2001) was
recorded as 397.3 mm and no rain wasrecorded in
December 2000. Inthesecond crop, thetotal rainfall
for planting period (July 2001 to December 2001)
wasrecorded as489.7 mmand norainwasrecorded

in December. In the first crop, the minimum and
maximum temperatures were 21.08°C and 30.28°
C, respectively whilein the second crop, they were
21.73°C and 31°C, respectively.

RESULTSAND DISCUSSIONS

Spatial distribution pattern of cotton
leafhopper wasinvestigated in thefield to provide
the informations necessary for development of
appropriate sampling plan and optimum sample
size for cotton pest management. Table 1 and 2
present the distribution indices ; Variance mean
ratio, Morisita's Index and the negative binomial
parameter k of each variety/line of thetwo growing
seasons. It was found that both [(s%/ X) and (18)]
showed significantly greater than1.0 for all cotton

Table1l Evaluation of spatial distribution pattern of Amrasca biguttula (1shida) nymphs for four cotton
varieties/lines at weekly intervals (5 WAS - 11 WAS) during thefirst crop at Suwan Farm.

Variety Variancemeanratio t-valuel Distribution Morisitas FyX k-value Distribution
fline (S %) pattern Index (Id)  pattern
AP1 8.05 13.58 clumped 1.73 8.05 1.35 clumped
AP2 5.32 10.28 “ 1.46 5.32 215 “
SD1 8.19 13.57 “ 173 8.19 1.36 “
SR60 6.79 11.13 “ 1.52 6.79 1.90 !

U significant at p=0.01
WAS = Weeks After Sowing

Table2 Evaluation of spatial distribution pattern of Amrasca biguttula (Ishida) nymphsfor four cotton
varieties/lines at weekly intervals (5 WAS- 11 WAS) during the second crop at Suwan Farm.

Variety Variancemeanratio t-valuel Distribution

Morisita's FoX k-value Distribution

/line (S¥X) pattern Index (Id) pattern
AP1 8.24 22.63 clumped 521 824 024 clumped
AP2 14.74 20.82 “ 4.34 1474  0.29 “
SD1 10.00 20.45 “ 4.32 10.00 0.30 “
SR60 16.23 19.05 “ 3.75 16.23 0.36 “

Y ggnificant at p=0.01
WAS = Weeks After Sowing
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varietied/lines during the investigation period
indicating clumped distribution. Furtherly, the
results were confirmed by t-value and Fq value (P
=0.01) (Tableland 2). Thestudiesclearly showed
clumped distribution pattern of leafhopper in the
field. It could be assumed that cotton variety/line
and growing season did not affect the distribution
pattern of leafhopper. It also indicated that cotton
arthropods generally exhibited a clumped pattern
of dispersion, which was often characterized by fit
tothe negativebinomial distribution (Wilsonetal.,
1989). The similar findings agreed with Evans
(1965) and Mabbett et al. (1984) who reported the
distribution of leafhopper on cotton in Sudan and
Thailand showing aggregation and could be
adequately described by the negative binomial
distribution.

The general evaluations of spatial
distribution of leafhopper for both crops were
described in Table 3. In both seasons, s?/ X and Id
showed significantly greater thanl.0 indicating
clumped distribution. The results were also
confirmed by t-value and F,. Comparing the k
values of each variety/line in both seasons, it was
obvious that populations were highly aggregated
(k=0.27) inthesecond cropwiththekvalueof 1.62
in the first crop (Table 3). Higher temperature
possibly caused the resultin greater aggregation of
insectsin the second crop. It was also possible due
to the fact that different management practices
applied throughout the cropping season such as
frequency of insecticide applications in the first

crop were much morethan those of the second crop
in controlling early infestation of leafhopper apart
from soil fertility, application of nitrogen fertilizer
and weather (Pedigo et al., 1986; Davis, 1994).

The values of 16 for the first crop were
found to clearly indicate a considerably low in the
amount of aggregation of the insects during early
growing stages (5 -7 WAYS) of cotton (Figure 1)
owing to the applications of insecticide in such
periods. It was noticed that the val uesfluctuated up
to 11 WAS except AP1 whose peak (2.00) was at
10 WAS (Figure 1), whereas the reverse was
observedfor k (Figure2). Thehighlevelsof kvalue
of al varieties/lineswererecorded at early growing
stages (5- 6 WAS) and decreased 7-8 WA S except
SD1 (7 WAYS), then fluctuating continued until 10
WAS. Quite a number of natural enemies was
found which might result in low aggregation of the
leafhopper. Thereafter, the k value of each one
sharply increased again at late growing stage (11
WAYS). The results showed 2 distinct peaks of
aggregation, one 8 WAS(early December) and the
other 10 WA S(late December) (Figure 2) which
might be caused by the appearance of the
leafhopper’s next generation. The populations
seemed to be most aggregated when population
densities were very low. Therefore, it could be
concluded that the degree of aggregation changed
considerably during a generation.

The trends of 18 value of each variety/line
wereobservedtobeinconsistently fluctuated inthe
second crop (Figure3). Theinitial indiceswerelow

Table3 Overall spatial distribution pattern of Amrasca biguttula (Ishida) nymphs for four cotton
varieties/linesin thefirst and the second crops at Suwan Farm.

Crop Variance mean t-valueY Distribution Morisita’'s Fol k-value Distribution
ratio(S% X) pattern Index (18) pattern
First 7.12 24.48 clumped 161 712 1.62 clumped
Second 14.13 31.26 “ 474 1413 0.27 “

U significant at p=0.01
WAS = Weeks After Sowing
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5 WAS and increased 6 WAS and then decreased
and increased again. Thehighest index (10.38) was
recorded in AP1 11 WAS. Theindices of 19 of the
four varieties/linesin the second crop were higher
than those in the first crop ca. three times. The
reversed results were also observed for k values
(Figured). Theinitial valueswerehigh5WASand
decreased 6 WAS and then sharply increased and
decreased again. The populationswere found to be
highly aggregated 6 (early September), 9 (early
October) and 11 WAS (late October), except SD1
(Figure 4).

25 —&@— APl —{}—AP2
: —A—SDL --

O - - SR60

Morisita's Indices

0.5+

5 6 7 8 9 10 11
Sampling dates (weeks after sowing)

Figurel The Morisita's Indices (16) of aggre-
gation of Amrasca biguttula onfour cot-
tonvarieties/lines at each sampling date
in the first crop.

Morisita’ s Indices

5 6 7 8 9 10 1
Sampling dates (weeks after sowing)

Figure3 The Morisita's Indices (15) of aggre-
gation of Amrasca biguttula on four cot-
tonvarieties/ linesat each sampling date
in the the second crop.

Comparing those patterns, the difference
was noticed between the two growing seasons.
Southwood (1978) reported that k value could be
influenced by predation, size of sampling units, and
weather. According to Evans (1965), asthe insects
developed, nymphs migrated from plant to plant
and the aggregation could be reduced. However,
that differed from the results of the second crop
sincetherewas aggregation peak 11 WAS. It was
recorded in Sudan that the distribution changed
whentheproduction of new leaves ceased resulting
in an obvious decrease in the number of the first -

6 —@— AP1 —{3}—AP2
7 —&&—SD1 - - O - -SR60

k-value
w

5 6 7 8 9 10 11
Sampling dates (weeks after sowing)
Figure2 Thenegativebinomial parameters(k) of
four cotton varieties/lines at each sam-
pling date in the first crop.

k-value
o
©
1

5 6 7 8 9 10 11
Sampling dates (weeks after sowing)
Figure4 Thenegativebinomial parameters(k) of
four cotton varieties/lines at each sam-
pling date in the second crop.
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instar nymphs (Evans, 1963).

In accordance with the results, stratified
random sampling technique and visual count
sampling method could beappropriatefor | eafhopper
scouting procedure. Inaddition, the sampling time
and labor costs would be saved because only
clumped distribution pattern was observed
throughout theinvestigation period (5-11 WAS) of
both crops. The optimum sample size, amaximum
of 10 plants(p=0.05) could inducelow aggregation
(k value higher than 1.0) of leafhopper. However,
maximum of 30 plants (p = 0.05) should be
monitored at high aggregation (k value lower than
1.0) level. The results confirm previous finding in
showing that the clumped behavior of an insect
affects the number of samplesrequired to estimate
thepopulationdensity withagivenlevel of reliability
(Wilson and Room, 1983; Wilson, 1994). The
population density can be monitored during the
season and treatments can be delayed until the
economic threshold is reached.

CONCLUSION

The distribution of cotton leafhopper
expressed as clumped throughout the investigation
period for both seasons. The changes of spatial
pattern were described satisfactorily by the
dispersionindiceskand1d. Thepopul ationsseemed
most aggregated when population densities were
very low. Asthe clumping behavior of A. biguttula
affected the number of samples, therefore, it was
reasonableto suggest that the optimum samplesize
of maximum 10 plants could be required at low
aggregation and a considerably larger sample was
required maximum 30 plants at high aggregation
level of cottonleafhopper. Itispossiblethat sampling
frequency could bereducedto savetimeconsuming
and labor costs. Recommended samplingtechnique
and appropriate sampling method are stratified
random sampling and visual count of cotton
leafhopper .
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Toxic Effect of Ethiopian Neem Oil on Larvae of Cattle Tick,
Rhipicephalus pulchellus Ger staeker.

Ismail Mohamed Handulel, Chitapa K etavan! and Solomon Gebre?

ABSTRACT

This study was conducted to test susceptibilities of cattletick, Rhipicephal us pulchellus Gerstaeker
after exposureto neem oil. Theultimategoal wasto determinethe bioacaricidal activity of Ethiopian neem
extract under laboratory conditionsfor thecontrol of R. pulchelluslarvae. TheL Tsgvaluesweredetermined
for populationsfrom each subsequent treatment by probit analysisand significant increases(chi-squaretest,
P>0.01) occurred from one concentration to the next. There was approximately a5.4-fold increaseinthe
L Tso when concentration of 40% neem oil (L Tgg = 0.184) was compared to 10% neem oil (LTgg = 1.01).
In addition, serial concentrations of neem oil were applied and knock down concentration (KCsgg) was
obtained (KCsg = 13.43). Baseline information from these experiments will serve as a guide for future
studies on susceptibilities of tick, R. pulchellus populations.

Key words: neem ail, cattle tick, bioacaricidal activity

INTRODUCTION

Ticksareimportant ectoparasitesof domestic
animals and affects 800 millions cattle and sheep
around the world. They affect their hosts by
damaging their hides and skins, reducing their
growth rates and milk production and transmitting
diseases organisms (Sutherest and Wilson, 1986).
Rhipicephal us pulchellus, athree host tick species,
has been recorded from an extremely wide ranges
of domestic and wild animal especially ungulates
(Walker, 1995). Itisthecommonest tick ondomestic
livestock, particularly cattle, sheep, goat and camels
in some parts of eastern Ethiopia and northern
Somalia (Pegram,1976; Pegram et al., 1981).
Approximate counts made in situ on individual
cattleinBoranaDistrict, Sidamo Province, Ethiopia,
wasapproximately 100ticks per animal infestation.
(Walker et al., 2000). In Somali region of Ethiopia

wherethisresearch was conducted, 90% of thetick
were often obtained from cattle and camels
compared to another pests.

Rhipicephalus pulchellus has been
associated with wide variety of pathogenic
organisms affecting both animals and men i.e,
anaplasmosis, brucellosis, anthrax.Trypanosoma
theleria, a parasitic organism, was found in the
tissues and haemolymph of 19 out of 258 R.
pulchellus adultsfrom cattlesin some provinces of
Ethiopia i.e,, Negeli Borana, Sidamo Province,
Ethiopia (Burgdorfer et al., 1973). Nairobi sheep
disease virus was first reported to transmit
experimentally by Lewis(1949). Pellegrini (1950)
subsequently demonstrated the potential of trans-
stadial and transovarial transmission of the virus
through tick.

Acaricidal spray has been the commonest
method of tick control in Africa since 1890.

Department of Entomology, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.

2 National Animal Health Research Center, (NAHRC), Ethiopia.
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However, chemical control may provoque many
problems such as environmental pollution,
development of resistant tick strains and more
expensive costs (Dipeolu and Ndungu, 1991). In
view of the above problems, there has been an
increasing interest in searching for alternative
sustai nablecontrol methodsof tick control inrecent
years. Theseincludebiological control by meansof
pathogens (Kaaya et al., 1995).

Biological insecticides have proved as one
of effective control. Several plants extract have
been used and introduced in many areas. Extract of
neemtree (AzadirachtaindicaA. Juss), anative of
Burmaand arid regionsof theIndian sub continent,
have been traditionally used by farmersin Asiaand
Africa to control insect pests of household,
agricultural and medical importance. It has been
reported that neem extract providesbroad-spectrum
control of over 200 speciesof phytophagousinsects
(Ascher, 1993) and they remainlesstoxicto natural
enemies of insect peststhan to the peststhemsel ves
(Schumuitter, 1990).

Neem extract comprises a compound with
diverse behavioral and physiological effects on
insects, including feeding, deterrence, inhibition of
growthand oviposition (Saxena, 1989; Schumutter,
1990). Although neem hasbeen used for centuries
for the control of household and agricultural pests,
very limited researches were conducted for the
controlling of livestock ticks.

Theobjectiveof thisstudy wasto determine
thebioacaricidal activity of Ethiopian neem extract
under laboratory conditions for the control of R.
pulchellus larvae which is considered as a major
livestock tick speciesin Somali region of Ethiopia.

MATERIALSAND METHODS

Rearing tick colony

The engorged females of Rhipicephalus
pulchellus were collected from cattle in Jigjiga
clinicsandJigjigaslaughter housein Somali region,
eastern of Ethiopia. They wererearedinglasstubes

in the incubator at 24+2°C and 70+5% RH. Using
the technique of Solomon and Kaaya (1998), the
larvae were separated and kept in other tubes of
further investigation.

Preparation of Ethiopian neem oil solution

Dry Ethiopian neem seed (Azadirachta
indica A. Juss) were provided from Diredawa
nursery center, 160 km east of Jigjiga. To obtain
neem oil, neem seedswere crashed using thekornet
vegetable machine. The powder of neem seeds
were squeezed between themetal s, which neem ail
was obtained for further experiment. The neem ail
was then checked for percentage azadirachtin by
High Pressure Liquid Chromatography (HPLC).

Solution of neem oil, diluted with distilled
water, at different concentrations ranging from 10-
40% weretested against thelarvae of R. pulchellus
by topical application. Solution at each
concentrationwaspipetted at 0.5ml andwasapplied
onto 15 larvae of one month old, while distilled
water was applied as a control treatment. There
were three replicates for each concentration. The
treated ticks larvae were dried on filter paper and
transferred to the covered petridish kept at room
temperature of 24+2°C and 70+5% RH. Their
mortalitieswerecontinuously observedandrecorded
for aperiod of 24 hours. Ticks larvae which were
unable to move at the end of each exposure period
were considered as “dead”. The mortality of tick
was assessed and recorded at 30 min, 1 hr, 2 hr, 3hr
and 24 hours. The knockdown effects and LTxgg
values of each concentration were analysed by
Probit Analysis.

RESULTSAND DISCUSSIONS

Toxic effect of Ethiopian neem oil on
Rhipicephalus pulchelluslarvae

Toxicity of Ethiopian neem oil against R.
pulchelluswasstudied for thefirst timein Ethiopia.
Dry neem seeds were crashed and the powder was
squeezed between thetwo metals. Fromthetotal of
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2 kg of dry neem seed, 3 ml of neem oil was
obtained. Qil was then tested against one-month
old of R. pulchelluslarvae at the concentrations of
10, 20, 30 at 40%. Lethal Time-50 (L Tgg) values
for all four concentrationsof neem il arepresented
inTable 1.

L Tgovalueswererangedfrom0.184t01.01.
The smallest LTsg was obtained from neem oail
concentration of 40% (0.184) whereas the highest
was from neem at the concentration of 10% (1.01).
No tick mortality was observed from the control
during theinvestigation. Neemoil at 40% wasthe
most effectiveand highest toxicity among thetreated
concentrations whereas neem at 10% showed the
least toxicity (Table 1).

The slopes of regression line for test data
from each neem concentration were computed,
ranging from 0.504 t0 2.36. The highest valuewas
obtained from the neem concentration of 40% and
thesmallest slopewasfrom the neem concentration
of 10%. Small Chi squarevaluesindicated that the
response of tick to neem oil in susceptibility test to
follow completely alinear model (P>0.01).

Thisstudy impliedthat theacaricidal toxicity
of Ethiopian neem oil varied directly with the
concentrationwhentested againsttick larvae. Higher
concentration of neem oil produced high percent
mortality than the lower concentration. However,
neem oil at 30% wasfound to be the most effective
and economically uses among the treated
concentrations.

Ethiopian neem oil wasinvestigated for the
percentage of Azadirachtin with HPLC.
Azadirachtins A and B at the level of 0.119% and
0.034% weredetected fromthesampleof Ethiopian
neem oil. Generally, Azadirachtin is non-toxic to
tick when applied by topical application technique
(Schmutter, 1990). It will produce toxicity effect
only when ingested by the insects. Azadirachtin
disrupts metamorphosis of insect and tick, hence
they die without reproduction of new generation
(Schmutter, 1990). However, theconcentrationsof
Ethiopian neem oil used in this experiment were
relatively high. All treated tick larvae were dead
after exposing to 50% neem oil. Tick responded
quickly to neem oil as indicative by the KCgq
(13.43) and KCy5 (78.91) values (Table 2).

Larval and nymphal stages of R. pulchellus
can be easily controlled by using products of neem
whereastheadult stageare not much sensitivetoall
employed dosagesof thel ocally madeneem products
(KCg5=78.91%). Itisstrongly recommended that
theminimum dose of Ethiopianneem il appliedon
cattle in the field should not be less than 20%. To
facilitatein control approach, the concentration can
be as much as 30%, depending on each economic
problem of the farmer.

The main objective for this experiment was
to find the most simple and effective method for
controlling cattletick in Ethiopia. Neem oil seems
to be possiblein controlling R. pulchelluslarval in
Ethiopia. It isalso known that, tick control using

Tablel Acaricidal toxicity (LTsg) of ethiopian neem oil against Rhipicephalus pulchellus larvae by

topical application.

Treatment N* LTso (%) Slope + SE Chi square
neem oil (%) (level of confidence = .95)
10 45 1.01 (0.198-2.190) 0.504 + 0.155 1.6511
20 45 0.29 (0.00-1.007) 0.452 + 0.196 0.1224
30 45 0.21 (0.179-0.426) 0.57 +0.485 0.4978
40 45 0.184 (0.00-0.36) 2.36+ 1.0772 0.4211

N* = number of tick larvae used in each treatment.
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Table2 Knockdown concentration (KC) values of neem oil against Rhipicephalus pulchellus larvae by

topical application.

Knock down level KC values 95% confidential limit
KC-20 5.432 2.948-7.986
KC-50 13.43 9.478-17.016
KC-95 78.91 62.88-110.98

only acaricides is not an achievable goa under
socioeconomic circumstance of Africawhere most
ownersof livestock intheareaare poor. Therefore,
attemptsshould bemadetosearchfor other effective
control methods, the application of neem oil for
controllingticksseemstobeoneof themost effective
and more suitable under this circumstance. Even
though neem found abundance in Ethiopia and the
method of application as acaricidal property isnot
complicate, knowledge of formulation or ready
made neem oil for commercia is scarce. Further
detailed research must be done to determine the
most effective and specific formulation of neem
against ticks by overcoming all the limitations.

CONCLUSION

The engorged females of Rhipicephalus
pulchellus were collected from cattle in Jigjiga,
eastern of Ethiopia. They wererearedinglasstubes
in the incubator at 24+2°C and 70+£5% RH. Using
the technique of Solomon and Kaaya (1998), the
larvae were separated and kept in other tubes of
further investigation.

Ethiopian neem seeds were crashed using
thekornet vegetablemachine. Thepowder of neem
seeds were sgqueezed between the metals, which
neem oil was obtained for further experiment and
was checked for percentage azadirachtin by High
Pressure Liquid Chromatography (HPLC).

Solution of neem oil, diluted with distilled
water, at different concentrationsranging from 10-
40% weretested against thelarvae of R. pulchellus
by topical application. Solutionat each concentration

was pipetted at 0.5 ml and was applied onto 15
larvae of one month old, while distilled water was
applied as a control treatment. Ticks mortalities
were continuously observed and recorded for a
period of 24 hours. The knockdown effects and
LTsp values of each concentration were analysed
by Probit Analysis.

L Tggvalueswererangedfrom0.184t01.01.
The smallest LTgy was obtained from neem oail
concentration of 40% (0.184) whereas the highest
was from neem at the concentration of 10% (1.01).
Neemoil at 40% wasthemost effectiveand highest
toxicity among the treated concentrations whereas
neem at 10% showed the |east toxicity.

All treated tick larvae were dead after
exposing to 50% neem ail. Tick responded quickly
to neem ail asindicative by the KCxq (13.43) and
KCgs (78.91) values.

The acaricidal toxicity of Ethiopian neem
oil varied directly with the concentration when
tested against tick larvae. Higher concentration of
neem oil produced high percent mortality than the
lower concentration.

Ethiopian neem oil wasinvestigated for the
percentage of Azadirachtin with HPLC.
Azadirachtins A and B at thelevel of 0.119% and
0.034% weredetected fromthesampleof Ethiopian
neem oil.

Itisstrongly recommended that theminimum
dose of Ethiopian neem oil applied on cattlein the
field should not be less than 20%. To facilitate in
control approach, the concentration can beasmuch
as 30%, depending on each economic problem of
the farmer.
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lleal and Faecal Amino Acids Digestibility of Some Tropical
Feedstuffsin Growing Pigs

Nuanchan Par aksa

ABSTRACT

To investigate apparent ileal and faecal digestibility of protein and amino acids in some tropical
feedstuffs, six barrows, averageinitial body weight (BW) 25 kg, werefitted with asimple T-cannulaat the
distal ileum and fed six diets according to a6 x 6 Latin square design. Three monodiets which three types
of cereal, broken rice, rice bran and corn, as the protein source and three cornstarch- based diets using
soybean meal, peanut meal and fishmeal astheprotein sourcesand containing 12 % crudeprotein wereused.
Chromic oxide was included as a digestibility marker. After a 5 days adaptation period, faeces were
collected for 3 days and followed with 12 hours digesta collection for 2 daysin each experimental period.
Apparent digestibility values over the total tract were found to be greater than values determined at the
ileum, indicating anet disappearance of both nitrogen and amino acidsinthe hind gut. It wasal so observed
that the apparent faecal and ileal digestibilities of nitrogen and amino acidsin growing pigswas highestin
soybean meal and ricebran showed the lowest values.

Key words: protein, amino acids, digestibility, pigs, tropical feedstuffs

INTRODUCTION

Formulation of diets based on digestible
instead of total protein and amino acids content
could decrease the nitrogen excretion from pigs.
Because of the intense activity of microorganisms
inlargeintestine, thedigestibility overall of intestinal
tract does not provide a good estimation of the
individual amino acids digestibility (Lenis, 1992).
It has been shown that the bacterial nitrogen in
faecesisabout 62-76 % of thetotal nitrogen. This
part of protein nitrogen is not avaiable to animals,
because the digestion and absorption of external
protein are completely at the end of small intestine
inpigs(Mason, 1984). Therefore, ileal digestibility
is more suitable for pig to predict the quality of
dietary protein. Recent studies have clearly shown

that theileal digestible valuesare highly correl ated
to growth as well as the protein deposition
(Rademacher et al., 1996) In consideration of the
variationof quality and nutrient compositionamong
the feedstuffs, the determination of digestibility of
protein and amino acids in the tropical feedstuffs
was studied for feed formulation in Thailand.

MATERIALSAND METHODS

Six barrows (Landrace x Large white x
Pietrain), averaging about 25 kg, were surgically
fitted with a simple T-cannula at the distal ileum
according to procedures adapted from Karsten
(1995). After surgery, theanimal swereindividually
housed in 2 m x 2 m concrete floored pens. After a
14-day recovery period, six diets consisted of three

Department of Animal Science, Kasetsart University, Kamphaengsaen campus, Nakonpathom 73140, Thailand.
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monodiets(Table 1) containing cereal or acereal by
product (corn, broken rice and ricebran) as the
protein source and three semi-purified diets based
on cornstarch and sucrose containing three sources
of protein (soybeanmeal, peanut meal and fishmeal)
toprovide 12 % crudeproteinweretested according
toab x 6latin squaredesign.Chromic oxide 0.25 %
was included as a marker for the determination of
digestibility. Animalswerefedtwicedaily at alevel
of 100 g/kgBWO-75 /day. Diets were mixed with an
equal portionof water and feed. Water wasprovided
ad libitum. The average of initial and final body
weights for the collection period were 42.9 + 4.5
and 78.7 + 9.3 kg, respectively.

Each experimental period was consisted of
10 days. After a5 days adaption period, the faeces
were collected for 3 d, followed by a 2 daysileal
digesta collection between feeding period (12
hours). lleal digesta were collected in soft plastic
bags attached to the barrel of the cannula. The
sampleswereimmediately frozen at —20°C. Faeces

Kasetsart J. (Nat. Sci.) 36 (1)

samples were collected twice daily and stored at
—20°C until analysis.

Faeces and digesta samples were dried and
ground through a 1-mm mesh screen. Analyses of
the nutrient component of thedietswerecarried out
accordingto AOAC (1984) methods. Chromicoxide
concentrationwasdeterminedasdescribed by Bolin
et al. (1952). Amino acids were analyzed using
HPLC and the samples were hydrolyzed and
derivatived with phenylisothiocyanate (PITC) to
form phenylthiocarbamyl amino acidsasdescribed
by Waters (1989) and detected by UV detector with
254 nm. Tryptophan content was not determined in
thisstudy. All of datawere showninmean values+
standard deviation.

RESULTS
Apparent faecal digestibility

The protein and amino acid composition of
the experimental feedstuffsis presentedin Table 2

Tablel Composition of the experimental diets (% in the diet).

Composition Diet | Diet I Diet 111 Diet IV Diet V Diet VI
Corn 95.54 - - - - -
Brokenrice - 95.45 - - - -
Ricebran - - 96.35 - - -
Cornstarch - - - 57.6 56.6 66.55
Soybean meal - - - 26.0 - -
Peanut meal - - - - 27.0 -
Fishmeal - - - - - 20.7
Sucrose - - - 10.0 10.0 10.0
Ricebran oil - - - 2.0 2.0 2.0
Dicalcium phosphate 311 345 1.20 3.30 3.30 -
CaCOs3 0.25 - 1.35 - - -
NaCl 0.35 0.35 0.35 0.35 0.35 0.35
Vitamin /mineral premix:! 0.50 0.50 0.50 0.50 0.50 0.50
Chromic oxide 0.25 0.25 0.25 0.25 0.25 0.25

1. vitamin/mineral premix per kg diet : 16,000 [U Vit. A; 1,340 1U Vit. D3; 20 mg Vit. E; 1.4 mg menadione; 2 mg Thiamin; 4 mg
Riboflavin; 2.6 mg Pyridoxine; 0.024 mg Cobal amin; 10 mg d-Ca-pantothenate; 20 mg Niacin; 0.5mgFolicacid; 0.2mg D-Biotin;
300 mg Choline-chloride ; 0.2 mg Se; 80 mg Fe; 50 mg Mn; 100 mg Zn; 150 mg Cu; 0.2 mg Co; 0.5mg |



Kasetsart J. (Nat. Sci.) 36 (1) 25

and the apparent faecal digestibilities of nitrogen
andaminoacidsareshowninTable3. Ricebran had
the lowest digestibility of protein and amino acids
compared to other protein sources, whereas the
values between other feedstuffs showed only little
difference. Of the indispensable amino acids,
arginine and leucine in al protein sources showed
the highest digestibility and the digestibility of
threonine normally was lowest.

Apparent ileal digestibility

Thedigestibilitiesof proteinandaminoacids
at the end of small intestine showed greater
difference between feedstuffs (Table 4). For the
values measured over the digestive tract, the
digestible protein and amino acids from pigs fed
with ricebran asthe protein source werelower than

the other feedstuffsin this study. The digestibility
of arginine and leucine was high in all of six
feedstuffs, whereas threonine and lysine showed
low digestibility at theend of small intestine. Of the
nonessential amino acids, glutamic acid had the
highest value and glycine, proline and cystine
showed the low digestibilities.

DISCUSSION

The faecal and ileal digestibility of protein
and amino acids in cereal and cereal-by products
agreed well with those from literatures, such asin
corn, broken rice and ricebran (Yin et al., 1993).
Some variation of the digestibility from the same
feedstuff may be caused by the altering of the
relative amount of each of four major proteinsin

Table2 Protein and amino acid composition of feedstuffs (in %).

[tems Corn Broken Ricebran  Soymeal Peanut Fishmeal
rice meal meal
Crude protein 8.30 6.87 131 46.1 44.4 56.7
Essential amino acids
Arginine 0.44 0.56 1.00 3.28 4381 3.39
Histidine 0.26 0.18 0.32 1.26 1.20 1.38
Isoleucine 0.27 0.23 0.46 1.94 1.28 2.09
Leucine 1.06 0.53 0.87 3.07 2.84 4,08
Lysine 0.28 0.25 0.58 2.75 1.47 3.83
Methionine 0.19 0.17 0.26 0.61 0.49 1.44
Phenylalanine 0.42 0.37 0.61 2.24 217 2.28
Threonine 0.33 0.27 0.50 1.77 1.17 2.35
Valine 0.47 0.39 0.64 1.95 1.99 243
Nonessential amino acids
Alanine 0.65 0.36 0.76 2.03 181 343
Aspartic acid 0.58 0.62 1.16 4.65 4,92 4.60
Cystine 0.19 0.17 0.24 0.64 0.58 0.53
Glutamic acid 1.55 1.15 1.63 8.08 8.15 7.28
Glycine 0.32 0.31 0.57 2.19 231 4.02
Proline 0.79 0.34 0.66 2.23 1.87 247
Serine 0.38 0.33 0.59 221 217 2.20
Tyrosine 0.32 0.28 0.38 1.67 1.79 1.67
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cereal (albumin, globulins, prolamines and
glutelines) which could be depended on the variety
of grain, fertilizer application and environmental
conditions (Mosenthin et al., 1997). The nutrient
compositionincereal by product espectially showed
the great variable according to the processing
techniques. Warrenand Farrell (1989) reported that
the crude protein content in ricebran from the
different part of Australiavariedfrom134to 173 g/
kg DM depend on the content of broken rice and
husk and could be affected on the variation of
digestibility. Comparing between cereal and cereal
by-product, the faecal and ileal digestibilities of
protein and amino acids were as follows : broken
rice > corn > ricebran. The higher content of crude
fiber in ricebran could be due to the increasing

digestamovement and the reducing digestion time
(Schutte et al., 1992).

Asthehigher fiber content might stimulated
the secretion of endogenous protein, Boisen and
Moughan (1996) reported that the endogenous
protein of pigsaveraged 10-15 g/kg DM-intake by
feeding free protein diet and increased to 20-40 ¢/
kg DM-intake by feeding diet being consisted of
fiber and antinutritive substances. The fraction of
fiber also affected thedigestibility. Mariscal (1992)
reported that NDF (neutral detergent fiber) had
more negative effect on the ileal digestibility than
ADF (acid detergent fiber). Ricebran contained
high content of NDF (256 g/kg DM ; Warren and
Farrell, 1989). Therefore, thedigestibility of amino
acidsin ricebran was low.

Table3 Apparent faecal digestibilities of nitrogen and amino acids of feedstuffs.

Item Apparent faecal digestibility (in %)
Corn Broken Ricebran  Soybean Peanut Fishmeal
rice meal meal

Nitrogen 839+19 885135 67.8t7.3 86.6£3.4 86.2+2.0 81.4+27
Essential amino acids
Arginine 88.8+1.3 91.8t12 854428 90.9+25 915+1.2 86.5+0.6
Histidine 84.7+34 86.1+1.1 70.6+4.1 88.6+14 86.0+2.0 84.1t15
Isoleucine 83.8+1.8 88.0+1.1 69.846.1 86.0+24 85.0+0.9 86.6+2.3
Leucine 91.1+16 90.8£t0.8 69.0+7.0 86.5+1.6 86.9+2.6 86.8t2.1
Lysine 84.8+3.3 87.6+21 745+58 90.1+1.7 82.8+1.0 87.5+1.2
Methionine 84.5+1.3 87.9+09 79.8+£3.8 83.6+3.2 829+35 85.7+35
Phenylalanine 88.4+1.4 89.9+11 724450 88.1+29 88.2+2.1 83.8+25
Threonine 79.2+2.3 875+24 655t7.4 858+28 81.3+t2.3 82.9+4.3
Valine 83.0+3.1 87.4+11 723+6.3 84.8+34 85.0+1.1 824+18
Nonessential amino acids
Alanine 88.0+2.1 87.2t15 74.4+53 833+3.6 85.0+12 84.5+3.1
Aspartic acid 85.5+29 89.3t1.8 69.2+6.3 885+2.0 925+0.8 88.7+1.8
Cystine 84.8+1.8 85.1+19 64.9+74 84.6+2.6 84.6+1.1 83.5t17
Glutamic acid 90.7£0.9 91.5+1.0 81.6+3.9 91.4+16 91.7+03 89.3t1.7
Glycine 80.8+3.0 87.8+t0.8 76.9t5.0 845+29 853+16 82.1+12
Proline 86.3+1.9 86.6+3.0 726+6.1 87.3xt1.6 851+3.2 82.8t16
Serine 87.0+1.8 86.8t1.6 72.9+4.2 88.2+25 885t27 827+24
Tyrosine 83.7+1.6 87.1t14 728457 87.3+27 86.9+25 83.2+31
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Theapparent ileal nitrogen and amino acids
digestibilities in high-protein feedstuffs (soybean
meal, peanut meal and fishmeal) reported in this
study agreed with the values, summerized by
Mosenthin et al. (1997). There was considerable
variation in the apparent ileal amino acid
digestibilities, espectially in fishmeal. A review of
those studied reveal ed that the digestibilities were
determined in diets with varying amino acids
content. Other factors included inherent factorsin
different samples, processing techniques, and
cannulation methods (Sauer and Ozimek, 1986).

The faecal digestibilities of nitrogen and
amino acids were consistently higher than when
measured at theend of thesmall intestine, indicating
alossof nitrogenouscomponentsinthecaecumand

colon, affected by the microbial fermentation.
Amino acids that were the great component of
endogenous protein and had the low ileal
digestibility, suchasthreonine, glycineandproline,
the losses of these amino acidsin the hindgut were
high. Thisshowed that the endogenous protein was
intensively digested by microflorain caecum and
colon (Sauer et al., 1991). The nitrogen from these
amino acidswaslost mostly asammoniawhich can
be absorbed and excreted as ureain the urine (Just
et al., 1981). In the case of methionine, the ilea
digestibility was not different from faecal
digestibility and in some cases, the post ilea
digestibility showed negative value. This might
reflect thenet synthesisby transformation of cystine
tomethionineinthelargeintestine(Weerdenetal.,

Table4 Apparentilea digestibilities of nitrogen and amino acids of feedstuffs.

Item Apparent ileal digestibility (in %)
Corn Broken Ricebran  Soybean Peanut Fishmeal
rice meal meal

Nitrogen 738125 784+15 61162 822+15 78.0+13 724+4.4
Essential amino acids
Arginine 84.4+1.0 84.9+20 821+23 86.8+t1.1 88.0+1.0 84.2+05
Histidine 74.2+28 77.8t34 635+29 80.3+18 79.2+t14 824+15
Isoleucine 79.3+t2.6 83.0+1.2 67.0+£74 84.6+3.0 83.1+2.0 83.4+21
Leucine 83.4+1.2 84.6+28 67.2+7.0 84.2+14 821+19 84.8t16
Lysine 76.9+32 79.9+1.6 71.8+34 86.3+t09 78.6t14 84.3t16
Methionine 81.6+1.1 857+19 787458 822+2.8 83.9+22 83.9+32
Phenylalanine 83.7+25 823t19 69.7454 83.9+2.1 83.3+14 80.4+17
Threonine 63.4+35 74.4+32 56.6+8.7 75.6+4.6 68.8+3.3 78.9+3.8
Valine 78.2+3.0 81.0+25 67.8458 82.0+25 81.2+14 80.2t16
Nonessential amino acids
Alanine 82.6+1.6 80.4+24 69.1+6.0 80.0+2.7 80.3t1l.7 82.0+3.7
Aspartic acid 77.9+43 827+20 675+6.2 84.8+1.3 87.1+12 83.2+31
Cystine 75.8+2.1 76.3t1.7 59.8+7.4 73.8+24 77.3+2.1 73.0+24
Glutamic acid 86.4+15 88.3+1.8 79.5+4.0 889+14 88.7+13 87.3t1l4
Glycine 56.4+4.1 72729 67.4452 746+35 76.7+19 77.3t18
Proline 61.3+3.0 60.4+6.1 547465 78.2+3.3 75.6+24 78.1t24
Serine 80.1+2.6  79.8+29 69.8+3.9 84.4+24 83.2+24 77.6+3.9
Tyrosine 80.8+t1.5 822+26 70.2+6.3 822+1.6 835+t1.8 80.4+2.6
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1980).

Theilea analysis method was found to be
more sensitivethan faecal method for determining
amino acids digestibility in feedstuffs for pigs.
However, thenumber of thetropical feedstuffsthat
have been carried in this study were limited. To
formulate diet onthebasisof digestible, asopposed
to total, amino acids supply for the pig production
in Thailand, more studies using diets with awider
array of feedstuffs are necessary.

CONCLUSION

Measured by the faecal analysis method,
therewasonly adight differenceinthedigestibility
of the amino acids in the six feedstuffs tested.
Greater differenceswerefound by theileal analysis
method. Of al six tropical feedstuffsinvestigated,
theileal andthefaecal digestibility of crudeprotein
and amino acids were highest in soybean meal and
lowest in ricebran.
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Stimulation of Shell Regeneration by Crude Extract
of Subesophageal Ganglionic Massin Giant African Snails,
Achatina fulica (Bowdich)

Viyada Seehabutr

ABSTRACT

Thedistribution of cellsthat stained positively with paral dehydefuchsin (PAF) and negatively with
chrome-hematoxylin phloxine (CH) in the subesophageal ganglionic mass of Achatina fulica has been
mapped. ThePAF-positivecellsoccur inthevisceral ganglion, each cell containsel ectron-denseelementary
granules of 1,300 Angstrom in diameter. From serial section, it showed that the PAF-positive cells or
neurosecretory cells(NSC) sent axonsinto theintestinal nerve. The CH-negative cellsoccurredintheright
parietal ganglion, each cell contained electron-dense elementary granules of 1,370 Angstrom in diameter.
From serial sections, it showed that CH-negative cells sent axonsinto the pallial nerve.

PAF-positive and CH-negative materials were depleted from cellsin 24 hr after shell removal and
reappeared by 72 h. Shell regeneration apparently completed within 15 days. M oreover, the subesophageal
ganglionic mass homogenate (SGH) had some effects on shell regenerati on which suggested that the PAF-
positive and CH-negative cells were the neurosecretory cells that control shell regeneration.

Key words: neurosecretory cells, paral dehyde-fuchsin, chrome-hematoxylin phloxine, pallial nerve, shell

regeneration, subesophageal ganglionic mass homogenate

INTRODUCTION

Achatinafulicaisaland snail. It belongsto
the phylum Mollusca, class Gastropoda, subclass
Pulmonata, order Stylommatophora, family
Achatinidae. These land snails are plentiful in the
tropical countrieswith highrainfall. Theshell of A.
fulica consists of 7 to 12 whorls, with moderately
swollen body whorl and a sharply conical spire,
whichisdistinctly narrowed but scarcely drawn out
at theapex. Thesnail hasno gill and operculum, but
the mantle cavity servesasalung. It has two pairs
of retractiletentacles, witheyesat thetipsof posterior
tentacles.

The nervous system of A. fulica consists of

13 ganglia; a pair of buccal ganglia, a pair of
cerebral ganglia, apair of tentacular gangliaand a
subesophageal ganglionicmass. Thesubesophageal
ganglionic mass is a mass of nervous tissues lies
under the esophagus and columellar muscle. It is
composed of seven ganglia; two pleural ganglia,
two parietal ganglia, two pedal gangliaandasingle
visceral ganglion.

Seehabutr (1992) reported that there are
neurosecretory cells in procerebrum of cerebral
ganglia of A. fulica. The crude extract of these
ganglia has effects on oogenesisin the ovotestis of
A. fulica. In this experiment, the possible role of
neurosecretory cells on shell regeneration in A.
fulica has been examined.

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

1. Histochemical preparationfor morphological
study of the neurosecretory cells by light
micr o-scopy

1.1 Experimental animals and paraffin
embedment

MatureA. fulicawiththeshell height of 7cm
were used in this experiment. They were collected
from the field during the rainy season.
Subesophageal ganglionicmasswereremovedfrom
snails and processed for serial paraffin sections.
The 6 um thick serial sectionswere then submitted
for further staining. Chrome- hematoxylin phoxine
and paraldehyde-fuchsin were used to identify the
neurosecretory cells in subesophageal ganglionic
mass.

1.2 Chrome-hematoxylinphloxinestaining
method (Gomori, 1941).

Subesophageal ganglionic masswere fixed
in Bouin's fluid and processed through paraffin
section at 6 um thick. The section were tested for
about 1 min with a solution containing about 0.3%
each of potassium permanganate and sulfuric acid,
then decolorized with a2 to 5% sol ution of sodium
bisulfite. After staining with hematoxylin solution,
thesectionswerecounterstained with 0.5% aqueous
solution of phloxine (B) (Gomori, 1941).

1.3 Paraldehyde-fuchsin staining method
(Gomori, 1950).

The paraffin sections (6 um thick) were
deparaffinized, hydrated and oxidized in Gomori’s
fluid. After stainingin paral dehyde-fuchsin solution
thesectionswerecounterstainedinHalmi’ smixture
(Cameron and Steele, 1959). Then, the sections
wereexamined under thebright field of microscope.

2. Histological preparation for ultrastructural
study of the neurosecretory cells by
transmission electr on microscopy

Thespecimensof subesophageal ganglionic
masswereembeddedinaral dite. Theplastic blocks
of tissue were sectioned using glass knives and

stained with uranyl acetate, and counterstained
with lead citrate. Then the sampleswere examined
using Hitachi H-300 electron microscope.

3. Subesophageal ganglionic masshomogenate
preparation

Adult A. fulica (about 5whorls, 5-6 cm long
and 15-20 ginweight) werecollected fromthewild
during May to October, 1999. These snails were
anesthetized with nembutal for 30 minutes. The
subesophageal ganglionic massweredissected, cut
into small pieces and frozen on dry ice before
extraction. Subsequently, thisganglionictissuewas
ground in normal saline; pH 8.5 using hand
homogenizer (Pelluet and Lane, 1961) (the one
milliliter of salinewasusedtoextract 2-3ganglionic
mass). The sample was then centrifuged at about
3,000 g for 20 minutes. The clear supernatant was
collected.

4. Experimental design

Adult snails (14-18 g in weight) were
collected from the wild and kept in the containers
for 7 days before testing. The snails were divided
into 3 groups (30 snails/group); the control group,
thesham-operated group (received 10 um of normal
saline per snail once a week for 4 weeks by ora
method), the experimental group [received
subesophageal ganglionic mass homogenate (2
mass/snail) onceaweek for 4weeksby oral method].
Toinitiate shell regeneration, apiece of 1 cm?was
removed at the growing edge.

All the snails were kept in the plastic
container at 22°C under 12 Light : 12 Dark
photoperiod. Thediet wassupplied ad libitum. The
weight and shell regeneration of each snail were
recorded every week throughout the experiment.

RESULTS
Distribution of neurosecretory cells

The distribution of neurosecretory cellsin
the subesophageal ganglionic massof A. fulicathat
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stained with PAF and CH were shown in Figures
6-7.

PAF-positivecellswerefoundinthevisceral
ganglion. Therewereabout 15 cellswithanaverage
individual diameter of 50-70 um lying posterior to
the visceral-parietal connective tissue (Figure 1).
Attheultrastructural level thesecellswerefoundto
contain el ectron dense granules of 1,300 Angstrom
in diameter (Figure 2). The cell bodies contain
prominent rough endoplasmic reticulum and
accumulations of glycogen and numerous golgi
complexes. Large dense bodies resembling
lysosomes varied in abundance.

CH-negative cells were found in the right
parietal ganglion. There were about 30-36 cells
with an average individual diameter of 60-80 um
lying intheanterior part of the ganglion (Figure 1).
Attheultrastructural level thesecellswerefoundto
contain electron dense granules of 1,370 Angstrom
in diameter (Figure 3). The organellesin the cells
bodies were the same as PAF-positive cells of
visceral ganglion.

Changesin theneur osecretory cellsduring shell
regeneration

After removing alarge segment of the shell
fromthegrowing edge, regeneration appearedtobe
completed within 15 days. Twenty-four hours after

Figure 1 subesophageal ganglionic mass
PIG = pleural ganglion
PaG = parietal ganglion
VG = visceral ganglion

P A SR A
0 L&A B
P

Figure2 A-B-C TEM Micrograph of viscera

ganglion

N = nucleus

HC = heterochromatin

EC = euchromatin

Mi = mitochondria

Lcy = lysosome

RER = rough endoplasmic reticulum
Mt = microtubule

arrow = electron dense
elementary granule

Figure3 TEM Micrograph of parietal ganglion

RER = rough endoplasmic reticulum
GC = golgi complex
arrow = electron dense

elementary granule



Kasetsart J. (Nat. Sci.) 36 (1) 33

shell removal thecell bodiesinvisceral and parietal
gangliashowed reduced staining reduction, or none
at al, with PAF and CH, whereas the right pallial
and theintestinal nerves showed dark staining with
PAF and CH (Figure 5-6). However the stained
material begins to reappear in the cell bodies of
visceral and parietal ganglia about 72 hours after
shell removal (Figure 6, 7).

Effect of subesophageal ganglionic mass
homogenate (SGH) on shell regeneration

One week after treating with normal saline
and SGH, the width of regenerated shell of control
group, normal saline group and SGH group were
2.3 mm, 2.94 mm and 3.5 mm, respectively.

In the second week, the average width of
regenerated shell of thecontrol group, normal saline
group and SGH group were 8.2 mm, 7.1 and 9.2
mm, respectively.

The shell regeneration of al groups was
completeinthethirdweek after treatment. However
the shell regeneration of SGH treated group was
prior and thicker (0.35 mm) than those of the
control group (0.28 mm) and normal saline groups
(0.27 mm).

DISCUSSION

A correlationhasbeendemonstrated between
changes in the histological appearance of
neurosecretory cells in subesophageal ganglionic
mass (VG, PaG) and the early stages of the shell
repair after damage in A. fulica. This correlation
suggests a possiblerole of neurosecretory material
in the control of shell repair. This finding agrees
with the work of Dillaman et al. (1976) on the
neurosecretory cells in visceral ganglion having
some effects on shell regeneration.

Saleuddin (1975) reported that the mantle
edge gland, which is responsible for laying down
the shell material, is supplied by neurosecretory
axonsanditispossiblethat theaxonsthat runinthe
right pallial nerve may innervate the mantle edge

Figure4 subesophageal ganglionic mass
Pag = parietal ganglion

VG = visceral ganglion
In = intestinal narve
An = ana nerve

Pn = pallia nerve

Figure5 Intestinal nerve
arrow - axons of neurosecretory cells
Figure6 Neurosecretory cells(PAF-positivema-
terial)
Figure7 Neurosecretory cells(CH-negativecell)
of parietal ganglion
arrow = neurosecretory material (CH-
negative material)

directly (Kerkut and Walker, 1975). So, it could be
concluded that the neurosecretory cells in PaG
might control the shell regeneration in A. fulica.

Moreover, there are some neurosecretory cellsin
visceral ganglion and their axons accumulated
neurosecretory material running into the intestinal
nerve. This finding agrees with the research of
Simpson (1969) that most of the neurosecretory
axonsfromthevisceral ganglionrunintheintestinal
nerve, terminating partly in the aorta and partly in
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the heart.

Information on the effect of SGH on shell
regeneration of A. fulica couldlead usto determine
the location and action of NSC in PaG and VG.

CONCLUSION

The cells that stained positively with
paraldehyde fuchsin (PAF) could be found in the
visceral ganglionandthecellsthat stained negatively
with chrome-hematoxylin phloxine (CH) could be
found in the right parietal ganglion. The
subesophageal ganglionic mass homogenate has
some effectson shell regeneration of A. fulica after
administration by oral method.
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Hematology, M or phology and Ultrastructure of Blood Cellsand
Blood Parasites from Puff-faced Water snakes (Homalopsis buccata)

Chaleow Salakijl, Jarernsak Salakijl, Piyawan Suthunmapinuntal and Lawan Chanhome?

ABSTRACT

Blood samples of 45 puff-faced watersnakes (Homalopsis buccata) in the Queen Saovabha
Memorial Institutewerecollected fromventral caudal veinfor both basic hematol ogy andlight microscopic,
scanning and transmission electron microscopic features of blood cells. Seventeen samples (37.8%) were
positivefor hematozoainfections. Thesingleinfection of Hepatozoon sp., trypanosomeand Haemogregarina
sp. wasfound in 4, 4 and 5 snakes respectively. The other four snakes were infected by both trypanosome
and Hepatozoon sp. There were no significant differences of all hematological value between the
hematozoa-negative and the hematozoa-positive snakes except fibrinogen concentration which wasfound
higher in the negative group. Lymphocytes were the most commonly observed leukocytes and average 6-
8 umin diameter. Azurophilswere the second most commonly observed leukocytes, average 10-17 umin
diameter and might play a magjor role in eliminating the trypanosome. Heterophils were the largest
leukocytes, average 16-19 um in diameter and the third commonly observed leukocytes. Eosinophils
usualy were medium-sized cells, average 10-14 um in diameter but in some occasion the very large cells
wereal so detected. Basophilsweresmaller than heterophilsand eosinophils. Scanning el ectron microscopy
reveal edthemembranesurfacesof normal and abnormal erythrocytes, Hepatozoon sp. infected erythrocytes,
thrombocytes, eosinophil and trypanosomes. Transmission electron microscopy revealed the organelles
within azurophil, eosinophil, heterophil and trypanosome.

Key words: Electronmicroscopy, Haemogregarina, Hematology, Hepatozoon, Homalopsis buccata,
puff-faced watersnakes, trypanosome

INTRODUCTION snakesfor venomand antivenom production. These
venomoussnakesprey on miceand occasionally on

puff-faced watersnakes. Thevenomoussnakeswere

Puff-faced or mask-faced watersnake
(Homal opsisbuccata) isimmediately identified by
thelarge broad head and awhite, mask-like pattern
on the top of the head. It consumes fish and frogs.
Itshabitat iscommonly found in most of Southeast
Asia (Cox et al., 1998). The Queen Saovabha
Memorial Institute (QSMI) had initiated a captive
breeding program since 1994 to supply healthy

highly infected with Hepatozoon sp. (Salakij et al.,
2001). Reptile blood cell morphologic
characteristicsareheterogeneous. Variationsincell
characteristics and cell populations were existed
between species within the order Squamata
(Alleman et al., 1999).

The purpose of this study wasto obtain the
hematological data, characterization of blood cells

1 Faculty of Veterinary Medicine, Kasetsart University, Nakorn Pathom 73140, Thailand.
2 Queen Saovabha Memorial Institute, Thai Red Cross Society, Bangkok 10330, Thailand.
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and compare if the hematozoas in the puff-faced
water snakes were the same as those found in the
venomous snakes.

MATERIALSAND METHODS

Blood sampl esof 45 puff-faced watersnakes
were collected from ventral caudal vein during
January to March 2000. Blood smearswereprepared
immediately and air-dried. They were stained with
Wright's and Wright-Giemsa stained for white
blood cell differentiation and hemoparasite
examination. The collected blood samples were
kept immediately in EDTA, immediately stored at
4°C and processed within 2 hours.

The packed cell volume (PCV) were
determined by microcapillary technique. The total
solids were measured using a Atago®SPR-N
refractometer (Japan). Fibrinogen was calculated
asthedifferencebetweenthetotal solidsbeforeand
after incubation for 3 minutes at 56°C and
recentrifugation (Jain, 1986). The total red blood
cell count (RBC), were determined manually with
theimproved Neubauer counting chamber after the
blood was diluted 200 times with the Natt and
Herrick’s solution (Natt and Herrick, 1952). The
total number of the RBC wascountedinthefivered
blood cell squares of the center large square of the
chamber induplicate. Theduplicateswereaveraged
for agreement within 15%differenceand multiplied
by 10,000 to calculated the number per microlitre
(Campbell, 1986). The leukocyte count (WBC)
was determined in the same counting chamber as
the RBC count except the leukocyteswere counted
induplicatefrom four large squares of the chamber
at 40X magnification. The leukocyte neuclei were
stained blue whereasthethrombocyte neuclei were
unstained or very pale blue. The duplicates were
averaged for agreement within 15% differenceand
multiplied by 500 to calculate the number per
microlitre. Thehemogl obinconcentration (Hb) was
determined by the cyanomethemoglobin method
which free RBC neuclel were removed by the

centrifugation before reading the absorbance
(Campbell, 1986).

Blood smears were fixed in methanol and
stainedwithWright-Giemsa(WG) stain (Benjamin,
1978) for determination of differential leukocyte
count, identification of hematozoa infection and
morphological evaluationof all blood cells. Grading
of Hepatozoon sp. and Haemogregarina sp. was
quantitated by the number of infected erythrocytes
as described elsewhere (Salakij et al., 2001). A
minimum of 200 leukocytes were counted for
differential leukocyte determination. For
comparison, blood smear from 5 puff-faced
watersnakes were stained with one step Wright's
staining method that did not required methanol
fixation prior to staining stain (Benjamin, 1978).

Blood samples were also prepared for
reticulocyte count by staining with new methylene
blue using wet preparation (Benjamin, 1978). The
percentage of reticulocytes presented in 1,000
erythrocyteswasdetermined. Thereticul ocytesthat
contained distinct aggregated reticulum were
described as aggregate reticulocytes whereas
punctate reticulocytes contained a few small dots
(Jain, 1986).

For each parameter obtained, data from
hematozoa-negative and positive were calculated
for means, variances and standard error using
SPSS® for window ™ (Norusis, 1993). Significant
difference between means were determined using
an independent sample T-test model.

For scanning electron microscopy (SEM), a
drop of bloodwerefixed using 1.5%glutaraldehyde
(GA) in 0.1 M phosphate buffer (PB) at 4°Cfor 24
hr. Specimens were dehydrated through a graded
acetone series. Gold-coated smearswere examined
under Jeol JSM-35CF scanning electron
miCroscopy.

For transmission electron microscopy
(TEM), buffy coatswerefixedin2.5% GA (PB) for
24 hr and postfixed in 1% osmium tetroxide.
Specimens were dehydrated through a graded
acetone series and embedded in Spurr’'s epoxy
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resin. Ultrathinsections, stained with uranyl acetate
and lead citrate, were examined using Jeol 1200Ex
TEM.

RESULTS

Seventeen samples (37.8%) were positive
for hematozoainfections. The singleinfection was
foundinthirteen snakesincluding: Hepatozoon sp.,
trypanosome and Haemogregarina sp. The other
four snakes (8.9%) were mixed infection between
trypanosome and Hepatozoon sp. (Table 1). There
werenosignificant differencesof all hematol ogical
values between the hematozoa-negative and the
positive groups except fibrinogen concentration
which was higher in the negative group (Table 2).

Erythrocytes were homogeneous in color
but moderately anisocytosis (Figure 1, 2, 3).
Cytoplasmic holes were detected in less than 1%
erythrocytes (Figure 3c). The other shapes of
abnormal erythrocyteswereseldomdetected (Figure
3b, 3c). Hepatozoon—and Haemogr egarina-infected
erythrocytes were larger than those non-infected
ones (Figure 2b, 2d, 3e). By SEM, erythrocytes
were ellipsoidal lacking the doming appearancein
the site of the nucleus (Figure 3a, 3b, 3c).

Thrombocytes were elongate and
approximately half the size of mature erythrocytes.
Under the Wright's stain, cytoplasm was slightly
basophilic (Figure 1i) compared with the unstained
cytoplasm with azurophil granules in Wright-
Giemsastain(Figure1a). Thrombocyteswereeasily
differentiated from lymphocytes by the
characteristic perinuclear and cytoplasmic
vacuolation (Figure 1a, 1li). By SEM, their
membranes were more irregular than those of
erythrocytes (Figure 3a).

Leukocytesof puff-faced water snakeswere
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 erythrocytes stained more basophilic
(Figure 1h, 1i).

Lymphocytes in puff-faced watersnakes
werethe most prevalent circulating cells(Table 2).
They were small, well differentiated and averaged
6-8 um in diameter (Figure 13a).

Azurophilswerethe second most commonly
observed|eukocytes, which containedfineindistinct
azurophilic granules. They were round and 10-17
umindiameter. The nuclei wereround toirregular
with clump chromatin and located centrally to
eccentric (Figure 1b, 1d). Ultrastucturaly, they
contained numerous membrane-bound granules,
some mitochondria and rough endoplasmic
reticulum (Figure4b). Phagocytosisof trypanosome
by azurophils was detected only by TEM (Figure
4b). Thenumber of monocytesisvery rareandtheir
characters were similar to mammalian monocytes
(Figure 1d).

Heterophilswerethelargest of theleukocytes
and average 16-19 umin diameter. They contained
large numbers of irregular shape, dull eosinophilic
granules (Figure 1c). By Wright’ s stain, heterophil
granuleswere easily seen by reddish-orange bright
granules (Figure 1h). Ultrastructurally, heterophils
contained pleomorphic population of largegranules
with variable electron density (Figure 4d).

Eosinophils contained numerous round and
light bluegranulesthat often occluded visualization
of the nucleus (Figure 1e, 1h). They usualy were
medium-sized cells (10-14 um in diameter) but in
some cases very large cells were also detected
(Figure 1f, 1i). By Wright's stain, eosinophil
granuleswere stained dark blue when compared to
the heterophils (Figure 1h). By SEM, their granule
contour was bulging showing the custard apple-
liked appearance (Figure 3d). Ultrastructurally,
eosinophils contained homogeneous electron
density granuleswith somecytoplasmic projections
(Figure4c). Theeosinophil number werevery high
both in the negative and positive groups (Table 2).

Basophils were very low, average 9-12 um
in diameter and were slightly smaller than
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Table1l Number and percentage of hematozoa-negative and positive puff-faced watersnakes which was
subgrouped according to sex.

Male Female Tota %

Negative 15 13 28 62.2
Hepatozoon sp. 2 2 4 8.9
Trypanosoma sp. 4 0 4 8.9
Trypanosoma sp. and Hepatozoon sp. 3 1 4 8.9
Haemogregarina sp. 5 0 5 111
Tota 29 16 45 100
% 64.4 35.6 100

Table 2 Comparative hematology (mean + SE) between hematozoa-negative and positive puff-faced

watersnakes.
Hematozoa-negative Hematozoa-positive
Number 28 17
PCV (%) 196+12 223+1.6
Hb (g/dl) 6.34 £ 0.38 6.99 + 0.46
RBC (x10%ul) 0.530 £ 0.046 0.618 + 0.068
WBC (x10%/ul) 12.11 + 1.00 11.95+ 1.78
Azurophils (x103/ul) 4.22 +0.48 3.96 + 0.82
Heterophils (x103/ul) 191 +0.26 1.31+0.17
Basophils (x103/ul) 0.005 £ 0.003 0.02 £ 0.01
Eosinophils (x10%/ul) 0.69 + 0.10 0.70+0.14
Lymphocytes (x103/ul) 5.16 + 0.70 593+ 1.26
Monocytes (x103/ul) 0.08 + 0.03 0.03 = 0.02
Azurophils (%) 358+ 30 325+ 39
Heterophils (%) 153+ 16 131+21
Basophils (%) 0.07 £ 0.05 0.2+ 0.09
Eosinophils (%) 6.5+ 0.9 6.2+ 0.9
Lymphocytes (%) 41.3+28 475+ 4.3
Monocytes (%) 08+04 04+0.2
PP (g/d) 5.7+ 0.30 5.6 £ 0.40
Fibrinogen (mg/dl) 142.8 + 20.8* 64.7 £ 17.0*
Agg. Reticulocytes (%) 0.74 + 0.30 3.27 + 1.68
Punct. Reticulocytes (%) 411+ 132 9.61 + 2.83

*  Significant difference at p<0.05.
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eosinophils(Figure 1g). They contained small dark
purplestaining metachromati c granul esthat obscure
the lobed nucleus.

Trypomastigoteformof trypanosomeswere
large, broad body width (Figure 2a). By SEM, they
wereofteninacluster (Figure3f). Ultrastructurally,
they contained nucleus, very large mitochondria,
abundant ribosomes (Figure 4b), some dense and
multivesicular bodies (Figure 4a). The gamonts of

a9

Haemogregarinasp. wereeasily defined fromthose
of the Hepaozoon sp. by their very large-size and
moregranularity (Figure2b). Thereweretwokinds
of Hepaozoon gamonts; the small (Figure 2c) and
the large gamonts (Figure 2d). Both Hepaozoon
and Haemogregarina gamonts were resided in the
cytoplasm of enlarged erythrocytes (Figure 3e) and
displacedthenucleus(Figure2b, 2c). Somegamonts
were free from erythrocytes within their

Figure 1l Blood cellsin puff-faced watersnakes (@) alymphocyte (lower cell) and athrombocyte (b) an
azurophil, (c) aheterophil, (d) amonocyte (Ieft cell) and an azurophil, (€) an eosinophil, (f) alarge
eosinophil, (g) abasophil, Wright-Giemsastain, (h) a17 um heterophil and an 14 wm eosinophil.
Wright's stain, (i) alarge eosinophil, Wright' s stain.
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parasitophorous vacuole membrane (Figure 3b).
DISCUSSION

The incidence of hematozoa infection in
puff-faced watersnakes were as high as the other
snakes in Queen Saovabha Memoria Institute
(Salakij et al., 2001). Some hematological values
were different from the normal hematologic
parameters for reptile (Mader, 2000) such as the
PCV waslower whist thetotal WBC andtheplasma
proteinwashigher thanthereference(Mader, 2000).
Thisstudy also revealed that hematozoaparasitism
of puff-faced watersnakeserythrocyteshad no effect

c

onanemiasincetherewasno significant difference
of al erythrocyte parameters. Theseresultssupport
thefindingthat noclinical diseasewasdemonstrated
in parasitized snakes (Campbell, 1986).
Lymphocytes in puff-faced watersnakes
werethe most prevalent circulating cellslike those
in King cobra (Salakij et al., 2002) and the other
snakes (Mader, 2000). Some researchers
characterize azurophils as monocytes with
azurophilicgranules(Campbell, 1986). Thefinding
of phagocytosing trypanosomeby azurophil inTEM
suggested that they may play a major role in
elimination of trypanosome. This finding was
observed only by TEM may because of the close

T

10&' m d

Figure2 Hematozoa found in puff-faced watersnakes (a) trypomastigote of Trypanosoma sp. showing
nucleus (n) and kinetoplast (k), (b) gamont of Haemogregarina sp, (c) two small gamonts of
Hepatozoon sp., Note the displacement of the erythrocyte nucleus (d) large and curve gamont of

Hepatozoon sp., Wright-Giemsa stain.
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contact of the azurophils and the trypanosomesin
the buffy coat before they were fixed with
glutaraldehyde.

It is difficult to differentiate eosinophils
from basophils in WG stained smears because of
the bluish coloration of their granules. They were
identifed more easily on Wright's stained
preparation. The eosinophil granule characteristic

in puff-faced watersnakes was similar to those of
iguanasand psittacines(Hawkey and Dannett, 1989)
which they contained dark purple staining
metachromatic granules that obscure the unlobed
nucleus. Thelarge-sized eosinophilsfound in puff-
faced watersnakes should be the characteristic of
eosinophil in snakes which were larger than those
of the other reptiles (Mader, 2000).

Figure3 Scanning electron photomicrographs of (a) two normal erythrocytes and a thrombocyte, (b)
euglenoil-shaped erythrocyte and parasitophorous vacuole membrane containing gamont of
Hapatozoon sp. (star), (c) abnormal erythrocytes showing double appendages and cytoplasmic
hole (arrow), (d) an eosinophil showing custard apple-like appearance of granule contour, (€) an
enlarged erythrocyte containing Hepatozoon gamont, (f) a cluster of trypanosomes.
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The high number of eosinophils in the
negative and positive groups (Table 2) may be
influenced by parasitic stimuli or other stimuli
(Mader, 2000). The finding of eosinophilsin puff-
faced watersnake confirm the existence of these
leukocytes in snakes eventhough they were not
identified in eastern diamondback rattlesnakes
(Alleman et al., 1999).

Trypomastigote form of trypanosomes in
puff-faced watersnakes was different from
Trypanosoma hydrae in broad-band watersnake
from Louisiana (Chia and Miller, 1984).
Trypanosomes were detected only in puff-faced
and rainbow watersnakes of the QSMI (Salakij et
al., 2001).

Figure4 Transmission electron photomicrographs of (a) cross-section of a trypanosome containing
nucleus, mitochondria, multivesicular bodies (m) and dense granular granule (arrow), (b) an
azurophil (A) pseudopodiaissurrounding atrypanosome (T), (¢) an eosinophil with homogene-
ousgranulesand cytoplasmic process, (d) aheterophil with vacuol esand heterogeneousel ectron

density granules.
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The small gamonts of Hepatozoon sp. were
similar tothosefoundinthebandedkrait (Bangarus
fasciatus) of the QSMI (Salakij et al., 2001). The
large gamonts found in puff-faced watersnakes
were referred as medium-sized gamonts when
compared with the larger gamonts found in
mangrove snakes and mangrove pit vipers of the
QSMI (Salakij et al., 2001). Haemogregarina sp.
was found not only in watersnakes but also in
Burmese python, mangrove snakes and rainbow
watersnakes of the QSMI (Salakij et al., 2001).
These three kinds of snakes were not fed on puff-
faced watersnakes so they were not transmitted by
eating.

This study provides more information on
the hematol ogy, morphology and ultrastructure of
blood cellsin puff-faced watersnakes. Thismay be
benificial for further study and related research.
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Functional Snack Food

Onanong Naivikul, PrachaBoonyasirikool2, Duangchan Hengsawadi?,
Kamolwan Jangchud3, Thongchai Suwansichon3 and Anocha Suksomboon?

ABSTRACT

The direct-expanded functional snack food could be produced using aformula being composed of
70% corn grit, 10.5% soy proteinisolate, 4% full-fat soy flour, 10% inactivated full-fat rice bran, seasoning
with barbecueflavor, aswell asvitaminsandiodine added to be accepted by theconsumer test (120 persons)
at the 7- point level of medium-like (9-point hedonic scale). The products showed 2.88 expansion ratio,
0.16 g/cm3 density, 73.96 newton hardnessand 1.23 crispiness (Df). The chemical compositions showed
that the barbecue flavor functional snack food contained 15.78% protein, 14.07% fat, 4.49% ash, 2.02%
crude fiber and 5.86% dietary fiber. The nutritive values of this product calculated at 30 g/serving as
Recommended Daily Intake (RDI) were9.46% protein, 7.03%dietary fiber, 278.67%vitamin B4, 188.82%
vitamin B, and 31.4% iodine. The shelf-life stability was determined by packing the productsin 2 types
of packaging: thin and thick metalized polyethylene terephthalate (metalized PET), then stored at varied
temperature (35°C and 55°C) for 8 weeks. Theresultsshowed that the high temperature (55°C) caused the
physical properties, textureand taste-panel acceptance changemorethantheother. Thinmetalized PET was
themost suitable packaging to keep productswithin 8 weeksat 35°C. Moisture content (3.72t0 4.87%) and
ay (0.25t00.32) weredlightly increased. Thiobarbituric acidincreased (0.20to 3.24 mg/1000g). Hardness
was not significantly different (P> 0.05) (84.52 to 90.65 newton), whereas Df dlightly decreased (1.24 to
1.13). The chemical compositions of 8-week snack stored at 35°C as dry basis showed no significantly
different values for protein (16.06%) and crude fiber (1.51%) from the control samples but had some
different valuesfor fat (9.81%), ash (4.11%) carbohydrate (68.51%) and dietary fiber (8.35%). The taste
panel accepted the product similar to normal in the range of acceptance (score 8-9).
Key words: snack food, functional food, soy protein, rice bran

INTRODUCTION

In general, snack foods were made from
mainly cereal as base ingredients, which provided
mostly energy from carbohydrates and fat. The
protein content was about 3.3-8.3% depending on
other ingredients added. The frequency of snack

consumption of children aged 7-18 years old in
Bangkok was found to be 51.3% consuming
everyday (Sinthavalai, 1984). Kosayothin (1996)
reported that the market size of snackswas greatly
increased to 5,820 million baht and 40% of the
market wasshared by extruded (or direct-expanded)
snack.

Department of Food Science and Technology, Faculty of Agro-Industry, Kasetsart University, Bangkok 10900, Thailand.
Institute of Food Research and Product Development, Kasetsart University, Bangkok 10900, Thailand.
3 Department of Product Development, Faculty of Agro-Industry, Kasetsart University, Bangkok 10900, Thailand.
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This project was aimed to improve the
nutritional value of thedirect expanded snack to be
the functional snack food for children. The main
improvement was protein content from soy protein
isolate and dietary fiber from full fat rice bran.

MATERIAL AND METHODS

Materials

Corn grit (30-50 mesh) was supplied by
Thal Maize Products Ltd. Soy protein isolate
(PROFAM 974) was obtained from Heinz Win
Chance Ltd. Full fat soy flour was received from
The Royal Project (Doi Kham). Full fat rice bran
wassuppliedby CPProduct Ltd. Forlonger keeping
quality, ricebranwasstabilized by extrusioncooking
with twin-screw extruder at 130°C. Calcium
carbonate (food grade) was supplied by Thai Food
and Chemical Ltd. VITACEL® (wheat fiber) was
purchased from Rama Production Co., Ltd. Sugar
and soybean oil were purchased locally.

Extrusion process

Theweighedraw materials werethoroughly
mixed by a mixer (Telegram bear mixer) before
transferredto aco-rotating twin screw extruder (ZE
25x33D, Hermann Berstorff Laboratory). The
extruder was composed of 7 connecting barrelsand
a25 mm. Thick diewith the diameter of 3.00 mm.
The length : diameter ratio was 870 : 25. The
temperatures in the barrel No. 1-7 and 9 (at die)
were 30, 35, 45, 95, 135, 155, 130 and 120°C,
respectively. Themixed raw material werefedinto
theextruder at therateof 385+ 10g/min. Moisture
content of the feed was adjusted to 16 + 0.5% (wet
basis) by injecting an ambient temperature water.
Screw speed was 300 rpm (Boonyasirikool and
Charunuch, 1997). The adjustable die face cutter
with one blade was operated at 300 rpm. The
meltingtemperaturewas156-158°C. Theextrudate
were dried at 80°C for 15 min in an electric oven.
The dried products were allowed to cool to room
temperature and immediately packed airtight in

plastic bags and stored at room temperature.

Proximate composition deter minations

Moisture, protein, fat, crude fiber, ash and
dietary fiber of corngrit, soy proteinisolate, full fat
soy flour and full fat rice bran were determined in
duplicate by AOAC (1990).

Physical properties determinations

Expansion ratio (ER) of the extrudates
wereexamined by applyingamicrometer tomeasure
the diameter of acylindrical shape sample. ER was
defined as the ratio of a sample diameter to a
diameter of thedies(Boonyasirikool and Charunuch,
1997).

Bulk density was modified from
Boonyasirikool and Charunuch (1997) by fillinga
100-mL graduated cylinder and determine the
weight per volume (g/cm3).

Texture analysis of the extrudates were
characterized by using compressive measurements,
whichwascarriedoutonaTA. X T2textureanalyzer
with a compressing probe Piggp (100 mm. dia
cylinder aluminum). The instrument settings were
asfollows: pre-test speed 5.0 mm/s; test speed 10.0
mm/s; post-test speed 10.0 mm/s;,compression
distance50% of sampleheight. Five measurements
were performed on each sample. The maximum
compression was defined as the sample hardness.
The fractal dimension value was defined as the
sample crispiness (Stable Micro System, 1993).

Sensory evaluation

Samples from each formula were coated
with oil and barbecue seasoning in the appropriate
ratio (extrudate: vegetableoil : barbecue seasoning
; 81:8.5: 10.5). The barbecue flavor snacks were
evauated by 24 panels of the graduate studentsin
Food Science program, Kasetsart University. 9-
point hedonic scale (1 = extremely disliketo 9 =
extremely like) was used to determine color, odor,
flavor, texture and total preference. The SAS
software was applied for statistical analysis of
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ANOVA and Duncan’s multiple range test of
difference between formula at 95% level of
confidence.

Storage stability test

The 30-g barbecue flavor snack food was
placed in 2 types of packaging; thin (PET12 /
MCPP25) and thick (OPP20/PE18/MPET 12/ PE
23) metalized polyethyleneterephthal ate (metalized
PET). Sampleswere stored at 35°C and 55°Cfor 8
weeksand removed to determinephysico-chemical
changes, textural characteristics and sensory
evaluation.

Physico-chemical changesof sampleswere
evaluated by moisture content (AOAC, 1990) and
ay (Thermoconstanter, model HUMIDAT-TH2,
NOVASINA) measurements. Lipid oxidationwas
evaluated by thiobabituric acid (TBA) deter-
minations (Y u and Sinnuhuber, 1957).

Textural characteristics were determined
by using compressive measurements, which was
carried out on a TA.XT2 texture analyzer. The
maximum compression was defined as the sample
hardness. Thefractal dimension value was defined
as the sample crispiness (Stable Micro System,
1993)

Sensory evaluation of thefunctional snack
foodwasdetermined by 10-trained panel sat weekly
interval during a period of 8 weeks. Panels were
asked to givetheir opinions about off-flavor, color,
barbecue flavor and crispiness against control

Tablel Chemica compositions of raw materials.
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samples stored in a dark cabinet at -18°C (Reilly
and Man, 1994).

Statistical analysis

Datawereanalyzed using SASdataanalysis
softwarerelease6.12 TSO20LicensedtoLouisiana
StateUniversity. Analysisof varianceand Duncan’s
multiple range test at (P = 0.05) were used to
determine differences between treatments.

RESULTSAND DISCUSSION

Chemical compositions of raw materials
(corngrits, soy proteinisolate, full fat soy flour and
full fat rice bran) were determined (Table 1).

Theproximateanal ysisof four raw materials
showed that soy proteinisolatecontained thehighest
protein (85.08%) content which full fat rice bran
was composed of high amount of dietary fiber
(18.38%). Bothingredientswere aimed toincrease
nutritional value of corn grits.

Theproductionof direct expandedfunctional
snack food was set to compare between the control
formula(CS,normal formula) and the formulas
which contained 10.5% soy protein isolate and
varied amount of full fat rice bran of 7.5% (FSy),
10.0% (FSp) and 12.5% (FSg). Soy flour was used
to reduce vegetable oil content and also to improve
homogeneity of fat particles in extrude mixtures.
Wheat fiber (VITACEL®) was used to increase
dietary fiber content. Calcium carbonate did not

Raw materials Content (%)
Moisture  Protein?  Total fat Crudefiber ~ Ash  Dietary fiber
Corn grits 13.08 6.30 0.44 1.67 0.51 3.58
Soy protein isolate 6.07 85.08 3.45 141 3.80 8.77
Full fat soy flour 5.57 45.80 23.17 2.12 551 20.37
Full fat rice bran 10.45 13.50 16.91 5.49 7.27 18.38

Average of duplicated determination.
2 Nx6.25
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appear in FSy, FSy and FS3 formula because the
results of using it in the lower oil content formula
made product surfaceto crack. Theformulasof all
ingredients are shown in Table 2.

All fourformulaswerecal culatedfrom Table
1and Table 2 for the estimation amount of protein
and dietary fiber as shown in Table 3.

The results showed that all three formulas
contained more protein and dietary fiber as the
amount of full fat rice bran content in the formula
increased. The% RDI (Recommended Dairy Intake)
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of the three formulasfor protein was 9.08-10.02%
RDI and dietary fiber was 6.85-7.74% RDI which
was higher than the control formula.
Thecomparison of physical propertiesof all
four formulas is shown in Table 4 for expansion
ratio, bulk density, hardnessand fractal dimension.
The results showed that the soy protein
isolate and full fat rice bran which were added to
control formula significantly affected the physical
propertiesof theextruded products. Theexpansion
ratio of extrudatesdecreased significantly (P < 0.05)

Table2 Compositions of functional snack food formulas.

Ingredients Contents (%)?!

CSs FS, FS, FSs
Corn grits 93.0 72.5 70.0 67.5
Soy protein isolate - 105 105 105
Full fat soy flour - 4.0 4.0 4.0
Full fat rice bran - 75 10.0 125
VITACEL® - 0.5 0.5 0.5
Sugar 3.0 3.0 3.0 3.0
Vitamin-mixed 10 10 10 10
Calcium carbonate 1.0 - - -
Soybean ail 2.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0

1 Average of duplicated determination.

Table3 Total amount of protein and dietary fiber of four formulast.

Ingredients (O] FS; FS, FS3
Protein Dietary Protein Dietary Protein Dietary Protein Dietary
(9) fiber (9) fiber (9) fiber (9) fiber
) ) ) )

Corn grits 5.86 3.33 457 2.60 4.41 251 4.25 2.42
Soy protein isolate - - 8.93 0.92 8.93 0.92 8.93 0.92
Full fat soy flour - - 1.83 0.81 1.83 0.81 1.83 0.81
Full fat rice bran - - 1.01 1.38 1.35 184 1.69 2.30
Tota 5.86 333 1634 571 16.52 6.08 16.70 6.45
As % RDI 3.52 3.99 9.80 6.85 9.91 7.30 10.02 7.74

1 Calculated values as wet basis of 100 g.
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from 4.20 (CS) to 3.09 (FS,), 2.88 (FS,) and 2.68
(FSg) asthecontent of thefull fat ricebranincreased.
Bulk density and hardness increased significantly
(P = 0.05) when the soy proteinisolate and full fat
rice bran added to the formulas compared with
control formula(CS), whereasthefractal dimension
of al four formulas(1.22-1.24) wasnot significantly
different (P>0.05). It could be stated that the
incorporation of soy proteinisolateand full fat rice
bran into the control formula led to decreasing of
product expansionandincreasing of hardness. Guy
(1994) suggested that during the mixing stage in
extrusion process, theproteineceousmaterial's, such
as cereal protein and soy protein would absorb
water and reduced starch-swelling, causingreducing
product expansion. Theresult showedthedecreasing
of product expansion and theincreasing of harness
dueto theincreasing amount of full fat ricebranin
theformulas. Colonnaet al. (1989) stated that fiber

Table4 Thephysical properties of the productst.
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particlestendtorupturethecell wall intheextrudate,
causing reducinginexpansion. Guy (1994) reported
that at levels of fibrous materials more than 2-3%
woul d affected theexpansionandtextureof extruded
product. Similarly to the work of Onwulata et al.
(2000) which found that adding cereal fiber more
than 10% might cause lower expansion and harder
texture of the direct-extruded products.

Chemical compositionsof thefour formulas
functional snack foods are shownin Table 5.

Chemical compositions of the extrudates
weredetermined. Threeformulaswhich composed
of 10.5% soy proteinisolate and threelevelsof full
fatricebranof 7.5% (FS;), 10.0% (FSy) and 12.5%
(FSg) gainedsignificantly higher contentsof protein
(18.81-18.87%) thannormal formula(7.55%). FSg,
which contained 10.5% soy protein isolate and
12.5% full fat rice bran was composed of the
highest dietary fiber contents (6.49%).

Formula Expansion Bulk density Hardness Fractal dimension
ratio (g/cmd) (Newton) (Df)
(o 4.202 0.082¢ 61.49P 1.222
FS; 3.09° 0.149° 73.482 1.232
FS, 2.88¢ 0.161% 73.962 1.232
FSs 2.68d 0.1852 74.662 1.243
1 Average of duplicated determination.
ab.c,d Means within the same column with different letters are significantly different (P < 0.05).
Table5 Chemica compositions of the functional snack foods.
Formula Moisturel Contents! (% as dry basis)
% Protein Fat Crude fiber Ash Dietary fiber
Cs 4.392 7.55P 4.00°¢ 0.56°¢ 2.430 6.13
FS; 4,042 18.872 5.21° 0.93b 3.212 4.64
FS, 3.83%® 18.872 5.96% 1.532 3.08% 5.95
FSs 3.45P 18.812 6.092 1.742 3.05% 6.49

1 Average of duplicated determination.

ab.c Means within the same column with different letters are significantly different (P < 0.05).
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Samples from each formula were coated
with oil and barbecue seasoning in the appropriate
ratio (extrudate: vegetableoil : barbecue seasoning
; 81:8.5: 10.5) and determined for the chemical
compositions (Table 6).

Threeformul asof barbecuefunctional snack
foods (FS;, FS; and FSg) contained higher amount
of protein, fat, crude fiber and ash than normal
formula(CS). Theresult showedthat all 3formulas,
which soy protein isolate and full fat rice bran
added contained morethan 2timesof protein (16.05-
16.12%) than that of the control formula (7.05%).
Thethreeformulascontained 2-3timesof proteinif
compared to the market corn based snack (4.73-
8.45%) whichreported by Tangkanakul etal ., 2000.

Moreover, increasing of full fat rice bran
content of 7.5% (FS;), 10.0% (FS;) and 12.5%
(FS3) increased dietary fiber contents, especially
theFSzformula, which contained 10.5% soy protein
isolate and 12.5% full fat rice bran consisted of the
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highest dietary fiber contents (5.19%).

Thebarbecueflavor productswereevaluated
with the taste panels, using 24 persons and 9-point
hedonic scale. Results are shown in Table 7.

Thetaste panel sgavetheresultsthat the FS;
and FS3 (the lowest and the highest content of full
fat rice bran) were not significantly different for
color, odor, flavor and texture. TheFS, showedthe
highest acceptance by all means with 7.79 score
(moderately like) total preference.

From the results of chemical composition
and sensory evaluation, the FS, which contained
10.5% soy protein isolate and 10.0% full fat rice
bran was chosen for storage study.

The nutrition values of the barbecue flavor
functional snack food (FSy) wasdetermined (Table
8). lodine was added in the mixture as K| before
extrusion step. Vitamin B; and B, werefilledinthe
barbecue seasoning before seasoning coated.

Thenutritivevaluesof thisproduct cal culated

Table6 Chemical compositions of the barbecue flavor functional snack foods.

Formula Moisturel Contents! (% as dry basis)
% Protein Fat Crude fiber Ash Dietary fiber
CS 3.502 7.05P 11.44b 0.05° 3.90° 4.92
FS; 2.66% 16.122 14.132 1.312 4,162 3.70
FS, 1.97b 16.122 14.492 1.152 4.402 472
FSs 1.890 16.052 14.512 1.332 4118 5.19
1 Average of duplicated determination.
ab Meanswithin the same column with different letters are significantly different (P < 0.05).
Table7 Sensory evaluation of the barbecue flavor functional snack foods.
Formula Scorel
Color Odor Flavor Texture  Total preference
FS; 6.71° 6.7920 6.420 6.920 6.96°
FS, 7.212 7.042 7.252 7.882 7.792
FSs 6.50° 6.29° 6.29° 6.88° 6.42¢

1

The scores were 1 = extremely dislike to 9 = extremely like.

ab Means within the same column with different letters are significantly different (P < 0.05).
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Table8 The nutritive values of the barbecue flavor functional snack foods (FSy).

Compositions Contents (%)

By weight (g/100g) RDIL
Moisture 207 -
Protein 15.78 9.46
Fat 14.07 -
Carbohydrate 61.57 -
Crude fiber 2.02 -
Dietary fiber 5.86 7.03
Ash 4.49 -
Vitamin By 13.93* 278.67
Vitamin B, 10.71* 188.82
lodine 143.30* 31.40

*  mg/100g

1 Recommended Daily Intake for more than 6-year-old Thai people. (Thai RDI)

at 30 g/serving as Recommended Daily Intake
(RDI) were 9.46% protein, 7.03% dietary fiber,
278.67% vitamin B4, 188.82% vitamin B, and
31.4% iodine.

Thestorage stability wasmeasured by using
2 types of packaging; thin (PET12/MCPP25) and
thick (OPP20/PEL8/MPET 12/PE 23) metalized
polyethylene terephthalate (metalized PET). The
productswerestored at 35°C and 55°Cfor 8 weeks.
Theresults are shown in Fig 1-5.

Theresults showed that the products, which
stored at the high temperature (55°C) in thick
metalized PET package caused the physical
properties, texture and taste-panel acceptance
change more than that stored in the thin one. Thin
metalized PET was the most suitable package to
keep the products within 8 weeks at 35°C, the
moisture content (3.72 to 4.87%) and a, (0.25to
0.32) dlightly increased, the hardness was not
significantly different (P > 0.05) (84.52 to 90.65

-

Moisture Content (%)
(2
1

-
P i A v

"____"__J'/ °<

—e— 35°C /thin film
, --0-- 35°C /thick film
) —¥— 55°C /thin film
—v - 55°C /thick film

/l

Ve

Time (week)

Figure1l Moaisture content of the functional snack food stored in thin and thick metalized PET at 35°C

and 55°C.
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—e— 35°C/thinfilm

e -0+ 35°C/thick film
~ —w— 55°C /thin film
—%-- 55°C /thick film

Time (week)

Figure2 a,, of the functional snack food stored in thin and thick metalized PET at 35°C and 5°C.

120

Hardness (Newton)

—8— 35°C /thin film
-0+ 35°C /thick film
—¥— 55°C/thin film
—+-- 55°C /thick film

Time (week)

Figure3 Hardness of the functional snack food stored in thin and thick metalized PET at 35°C and

55°C.

newton), Df dlightly decreased (1.24 to 1.13) and
the thiobarbituric acid increased (0.20 to 3.24 mg/
1000g).

Chemical compositionsof 8-week functional
snack foods stored in thin and thick package at
35°C and 55°C compared to control sample (no
storage) are shown in Table 9.

Thefunctional snack foodsweredetermined
by 10-trained panels at weekly interval during a
period of 8 weeksagainst control samplesstoredin
adark cabinet at -18°C. Sensory scores are shown
in Table 10.

The sensory characteristic scores showed

that the functional snack stored in thin metalized
PET at 35°Cwasstill accepted by thepanel sthrough
8weeksof storagewith 8.4 scoresof off-flavor, 9.2
scores of color, 8.0 scores of barbecue flavor and
7.8 scores of crispiness.

The 120-panel with 4 age-groupswas asked
to give their opinions about appearance, color,
odor, flavor, crispiness and total preference for 9-
point hedonic scale. Informations are shown in
Table 10.

Results indicated that the consumers
accepted the functional snack food at the 7-point
level of medium-like. Peopleaged 21-30and 31-40
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Crispiness (Df)

—e— 35°C /thin film
- O-- 35°C /thick film
—w— 55°C /thin film
=¥+ 55°C /thick film

Time (week)

Figure4 Crispiness(Df) of thefunctional snack food stored inthin and thick Metalized PET at 35°C and

55°C.

TBA (mg/1000g)

Y —8— 35°C/thinfilm
-+ 0--- 35°C/thick film
—w— 55°C/thinfilm
—¥ - 55°C/thick film

Time (week)

Figure5 Thiobarbituric acid (TBA) of thefunctional snack food stored inthin and thick metalized PET

at 35°C and 55°C.

yearsold showed higher acceptancethan other age-
groups.

CONCLUSION

The acceptable and nutritious functional
snack food, which increased protein, dietary fiber,
vitaminand mineral wasproduced by adding 10.5%
soy proteinisolate and 10.0% full fat rice bran into
normal formula. The product contained 15.78%

protein (9.46% RDI), 5.86% dietary fiber (7.03%
RDI), vitamin B 13.93 g/100g (278.67% RDI),
vitaminB,10.719/100g (188.82% RDI) andiodine
143.30 g/100g (31.40% RDI). The physical
properties and sensory characteristics of the snack
depended strongly on the content of soy protein
isolate and full fat rice bran in the formulas. The
flavor-coated productscould storeinthinmetalized
PET at 35°C for at least 8 weeks.
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Table9 Chemical compositions of 8-week functional snack foods stored in thin and thick package at
35°C and 55°C compared to control sample.

Condition Moisturel Contents 1(% dry basis)
Temp. Package % Protein Fat Crude fiber Ash Dietary fiber
Control 1.972 16.122 14.492 1.152 4.40P 4.72
35°C Thin 4.87P 16.062 9.81b 1.512 4.11¢ 8.78
Thick 5.48¢ 15.35P 10.30° 1.432 473 8.25
55°C Thin 7.594 15.882 11.00P 1.422 4.49P 8.95
Thick 10.15¢8 16.092 10.59° 1.372 473 9.70

1 Average of duplicated determination.

Table 10 Sensory characteristics of functional snack foods stored in thin and thick package at 35°C and
55°C for 0-8 weeks compared to control samples.

Characteristic  Temp  Package Time (week)
°C 0 1 2 3 4 5 6 7 8
Off-flavor 35 Thin 10.0a 9.8a 9.8a 9.6a 94ab 9.4ab 88bc 86c 8.4c
Thick 10.0a 9.6ab 94b 88c 88c 8.4cd 82cd 80d 7.8d
55 Thin 100a 88b 7.6c 68d 6.6d 56e 56e 56e b54e
Thick 10.0a 86b 80c 6.6d 6.0e 50f 449 429 4.0g
Color 35 Thin 10.0a 10.0a 10.0a 9.8ab 9.8ab 9.8ab 9.6abc 9.4bc 9.2c
Thick 10.0a 9.8ab 9.8ab 9.6ab 9.4bc 9.0cd 9.0cd 8.8d 8.6d
55 Thin 100a 84b 7.8c 7.6c 68d 6.8d 6.8d 6.8d b5.2e
Thick 100a 88b 7.6¢c 74c 6.2d 58d 5.0e 4.4f 4.2f
Barbecue flavor 35 Thin 100a 98a 9.8a 96a 94ab 94ab 90b 84c 80c
Thick 10.0a 9.4b 9.2bc 9.0bcd 9.0bcd 8.8cd 8.6d 8.4d 8.4d
55 Thin 100a 84b 74c 7.2c 7.0cd 64d 6.4d 6.4d 5.0e
Thick 100a 88b 76c 74c 6.2d 58d 50e 4.4f 4.2f
Crispiness 35 Thin 10.0a 10.0a 9.8a 98a 96a 9.6a 88b 84b 7.8c
Thick 10.0a 9.4ab 9.2bc 9.0bcd 8.6cd 84d 84d 84d 7.6e
55 Thin 10.0a 96a 86b 7.6c 7.0d 6.6de 6.4e 58f 5.09
Thick 100a 7.8b 6.6c 6.0d 58d 52 50e 4.0f A4.0f

&9 Means within the same column with different letters are significantly different (P < 0.05).

Score 10 = equal to control;

9 = dlight difference to control;

8 = more distinct difference but still acceptable;

7 = beginning to lose of acceptability;
6 = more distinct loss of acceptability;
5 = very distinct loss of acceptability;
4 or less = unacceptability.
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Table 11 Average sensory scores of functional snack foods gained from 4 age-groups.

Age Scorel
Appearance  Color Odor Flavor  Crispiness Total preference
10-20 year 5.530 6.272 6.13° 6.902 7.37° 6.972
21-30 year 6.302 6.432 7.072 6.772 7.632 7.032
31-40 year 6.332 6.232 6.03° 6.17° 7.170c 7.002
>41 year 6.372 5.772 6.270 5.90P 7.07¢ 6.47°

1 Thescoreswere 1 = extremely disliketo 9 = extremely like.

ab.cMeans within the same column with different letters are significantly different (P < 0.05).
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Effects of Partial Replacement of Rice Flour with Various Starches
on the Physicochemical and Sensory Properties of “Sen Lek” Noodle

Vipa Surojanametakul, Patcharee Tungtakul ,Warunee Varanyanond
and Rasamee Supasri

ABSTRACT

This research was conducted to investigate the effects of partial replacement of rice flour with 5
to 20 % three different starches (potato, corn and cassava) on the chemical and the physical properties of
both raw mixed flour and Sen Lek products. Sensory properties of the productswere also evaluated. The
results indicated that values of protein, amylose, water absorption index (WALI), solid loss as well asthe
viscosity changes by RVA of the raw mixed rice flour were affected by the level and the types of starch
in the mixes. Sen Lek prepared from rice flour containing various starches had higher values of cooking
yield and cooking loss than those prepared from purerice flour (the control). Besides, the products added
with starch contained higher carbohydrate but lower protein and fat asthe starch content intheraw mixes
flour increased. All noodle products, except the one prepared from the mix contai ning 20% cassavastarch,
were considerably more elastic than the control. Incorporation of various starchesin Sen Lek preparations
increased theextensibility and thestickiness val uesof thecooked products. Thesensory eval uation showed
that all noodlesgavefairly good quality of whichthreenoodlesamplesreplacing with 5% potato starch, 20%
corn starch and 10% cassava starch had the highest acceptance scores within each starch group. However,
no significant difference was observed on the texture and the acceptance score between those three noodle
samples and the control.

Key word: rice noodle, sen lek, rice flour

INTRODUCTION

Rice noodle is one of the products made
fromriceflour. Itisfavorably consumed asamain
dishor snack by peopleinsouth East Asia, Thailand
in particular. Through rapid expansion of the
noodle' s market, locally and internationally, does
increaseitsvalue. The drawback of the product’s
qualities still exists due to the instability of the
proper quality of raw material, especially rice, and
the variation in the production technology. Very
few studieshavebeenreported onthedesirablerice

qualities for rice noodle production (Kohlwey et
al., 1995; Li and Luh, 1980; Bhattacharya et al.,
1999). To achieve such quality, a number of rice
noodlefactoriespractically added someother native
starchesor modified starchesto replace aportion of
rice flour. However, the prevailing of the science
data to support the necessary application of those
starches to improve the noodle quality is limited.
Hence, thephysicochemical propertiesof riceflour
mixedwithvariousstarchesand thequalitiesof rice
noodle were investigated.

Institute of Food Research and Product Devel opment, Kasetsart University, Bangkok 10900, Thailand.
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MATERIALSAND METHODS

Raw material

A singlelot of riceflour waspurchased from
arice noodle factory in the form of rice cake with
40% moisture content. The cake was beaten into
asmall pieces, dried in ahot-air oven at 45°C for
16 hours and ground with Pin Mill. The flour
obtained waskept intheclosed plasticbagsuntil the
experiment began. Potato starchwasobtained from
the Winner Group Ltd., while corn starch (Friend
ship) and cassava starch (Pha Mung Korn) were
purchased from alocal supermarket. Thesethree
types of native starch are normally used in rice
noodle factories.

Flour preparation

Each type of starch was mixed with therice
flour at 5, 10, 15 and 20% of total dry weight.
Chemical and physical propertiesof theflourswere
analyzed for moisture, protein and ash contents
according to AOAC (1990), amylose content by
Juliano (1971), water absorption index (WAI) and
solid loss by modified Anderson et al. (1969). The
viscosity of the flours was also measured by using
aRapid Visco Analyser (RVA).

Noodle preparation : Sen lek

Fourty percent of theflour wasprepared and
let stand for 1 hr at room temperature. Seventy
grams of the slurry were poured into 22x28 cm
stainless steel tray, steamed for 5 minutes and
cooled down to room temperature, resulted in a
gelatinized noodle sheet about 1 mm thick .The
sheet then was removed from the tray, placed onto
theracksanddried onaperforated tray at 150°Cfor
10 minutes before cooling and cutting to obtain
small strips about 0.5 mmwide. Thenoodleswere
further dried in a hot-air oven at 45°C until the
moisture content decreased to 10-12%.

Physical properties of noodle

Cooking yield and cooking loss

Sen Lek noodles were determined for
cooking yield and cooking loss. Noodles of 10 g
were cut into 5 cm length and were added to a
beaker containing about 150 ml of boiling distilled
water on ahot plate. The beaker was covered with
awatch-glass, cookedfor 10minandstirreddightly
with aglassrod. The cooked noodleswerefiltered
through astainless steel screen and washed with 20
ml distilled water. After draining for 5 min, the
noodles were weighed and the cooking yield was
calculated. For cooking loss, the combined filtrate
and washing were poured into 200 ml volumetric
flask, adjusted to the volume with distilled water.
Ten millimeter of the solution was pipetted into a
tared aluminum dish ,evaporated until dried and
dried at 105°C to constant weight. The solid loss
during cooking was calcul ated.

Tensile strength and stickiness

Noodles were soaked in tap water for 10
min, drained, after 10 min they were cooked in
boiling distilled water for 2 min then removed and
immediately cooled in distilled water. The cooked
noodleswere drained on astainless steel screen for
10minutes. Texturequalitiesof thecooked noodles
including tensile strength ,break distance
(extensibility) and stickiness were measured on a
Texture Analyzer model TA-XT2i Stable Micro
System Ltd., Vienna ,England., using a Spaghetti
Tensile Rig (Code A/SPR) probe and a Pasta
StickinessRig (CodeHDP/PES) probe, respectively.

Chemical propertiesof noodle

Noodles were determined for moisture,
protein, fat and ash contentsby thestandard methods
of AOAC (1990). Carbohydrate content was
calculated by the different method 100-(protein +
fat + ash content).

Sensory evaluation of noodle
Sensory evaluation of SenLek noodleswere
conducted by using 9 pointsHedonic Scale. Twenty
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panelists were selected from the Institute of Food
Research and Product Development staff.
Organoleptic qualities eval uated were appearance,
color, shiny andgrossy, cohesiveness, flavor, texture
and overall acceptance.

Statistical analysis

Data collected from the sensory evaluation
were analyzed by the use of ANOVA and mean
procedure of SAS (Statistical Analysis System).
Duncan’s New Multiple Rang Test was used to
detect mean differences.

RESULTSAND DISCUSSION

Properties of raw materials

Physical properties such as WAI and solid
loss of the mixed rice flour were changed by the
levels and the types of starch added in the mixes
(Table 1). Riceflour containing 5 to 20% potato,
corn and cassava starcheshad WAI values of 1.29-
1.31, 1.25-1.33 and 1.24-1.31%, respectively. As
the levels of the cassava starch in the mixes
increased, the WAI decreased. Our observation

wasincloseagreement withthefindingsof Tiraporn
(1990). The cooking losses wererelatively highin
the samples mixed with corn and cassava starches.
The mixes containing potato starch were identical
to the pure rice flour (control). Among starch
groups, corn starch strongly affected the solid loss
of the mixes.

TheresultsfromRV A measurement revesaled
that incorporation of other starches in rice flour
affected the rheological behavior on heating and
cooling of theflour samples. Themixeswith potato
and cassava starches gave lower gelatinization
temperatures (GT) than the control, while corn
starch had no noticeable effect onthe GT (Table 2).
The mixes with potato starch showed the highest
peak viscosity value which implied that this starch
can improve swelling and water absorption of the
mixes more than the other starches. Final viscosity
of the purerice flour wasrelatively high, therefore
retrogradation easily occurred as compared with
the other samples. Among the starch groups, rice
flour mixed with cassava starch had the lowest
valueof thefinal viscosity resultedinmorestickiness
of the cooked paste.

Tablel WAI and solid loss of rice flour and rice flour mixed with various starches.

Sample WAI* Solid loss (%)*
Rice flour 1.27 1.63
5% Potato 1.29 1.66
10% Potato 1.30 161
15% Potato 1.30 1.65
20% Potato 131 1.55
5% Corn 1.33 1.99
10% Corn 1.25 2.02
15% Corn 1.28 201
20% Corn 1.28 1.82
5% Cassava 131 1.93
10% Cassava 1.28 1.86
15% Cassava 1.29 175
20% Cassava 1.24 173

*

Average are based on three measurements of each sample.
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Table2 Pasting properties of rice flour and rice flour mixed with various starches using Rapid Visco

Anayzer (RVA).
Peak Vis  Trough Fina Break Set back Consistency Pasting
Sample (RVU) (RvVU)  Vis(RVU) down (RVU) (RVU) Temp
(RVU) O

Rice flour 271.08 175.83 359.83 95.25 87.75 184.00 80.75
5% Potato 274.58 137.00 296.58 137.58 22.00 159.58 78.35
10% Potato 298.58 150.08 311.75 148.50 13.17 161.67 77.50
15% Potato 309.67 156.17 312.25 153.50 2.58 156.08 76.70
20% Potato 348.75 178.00 330.58 170.75 -18.17 152.58 73.50
5% Corn 247.50 132.92 280.08 114.58 32.58 147.16 80.75
10% Corn 251.50 138.25 284.92 113.25 33.42 146.67 80.70
15% Corn 237.42 134.92 273.50 102.50 36.08 138.58 80.70
20% Corn 256.62 152.25 301.04 104.37 44.42 148.79 79.15
5% Cassava 256.25 127.00 264.25 129.25 8.00 137.52 79.10
10% Cassava 254.67 127.58 251.00 127.08 -3.67 123.42 78.40
15% Cassava 251.08 124.92 235.50 126.17 -15.58 110.58 76.70
20% Cassava 285.29 155.58 280.33 129.71 -4.98 124.75 75.55

RVU = Rapid Visco Unit

Table 3 showed the chemical composition
data of therice flour and the rice flour mixed with
variousstarches. Increasingamount of starchinthe
mixes caused a decrease in protein content and an
increase in amylose content. Rice flour with 20%
corn starch exhibited the highest amylose content
(33.40%). However, al samples contain amylose
in the range of 30.86 to 33.40% corresponding to
the suitable values (27 to 33%) recommended by
Niyomvit (1989) for rice noodle manufacturing.
There was no changein ash content in all samples.

Noodle qualities

Evaluations of noodle qualities were based
on theamount of cooking yield and cooking loss,
tensile strength, break distance value, surface
stickinessand atastepanel. Theresultsshowed that
the cooking yield of the noodles with potato and
cassava starches were increased as the quantity of
the starchesin the mixesincreased (Figure 1). All
noodlesprepared fromthestarches-mixedriceflour

sampleshad higher cooking yieldsthan the control.
Thisisprobably duetotheroleof theadded starches
upon the dlightly increased water absorption of the
noodle. Noodle prepared from the pure rice flour
had the cooking lossvalue of 6.11%. Incorporation
of extrastarchinto riceflour resulted in increasing
the solid loss of such noodles during cooking. Sen
Lek with 20%corn starch exhibited the lowest
cookinglossvaue(5.09%). Proteinandfat contents
of the starch added noodle were significantly
decreased as the amount of starch increased.
Carbohydrate content, on the other hand, were
increased in all noodle samples which added
starches. Ash content was slightly changed (Table
4).

Textural propertiesof Sen Lek

Itisgenerally acceptedthat themaincriterion
for ng the overall quality of cooked pastais
based ontheeval uation of texture (Smewing, 1997).
In this experiment cooked noodles were tested for
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Table3 Chemica compositions of rice flour and rice flour mixed with various starches.

Sample Protein(®(%) Ash(® (%) Amyloseld (%)
Rice flour 7.41(0) 0.21(0) 30.96(0)
5% Potato 7.15 0.22 30.96
10% Potato 6.56 0.34 30.93
15% Potato 6.38 0.31 3144
20% Potato 6.20 0.30 3152
5% Corn 7.09 0.21 31.06
10% Corn 6.77 0.21 32.30
15% Corn 6.40 0.19 32.81
20% Corn 6.18 0.20 33.40
5% Cassava 7.06 0.33 30.86
10% Cassava 6.79 0.31 3150
15% Cassava 6.26 0.30 3172
20% Cassava 6.08 0.23 31.83

2

Values reported on amoisture free basis.
(0 Averages are based on three measurements of each sample.

Cooking yield of various Sen Lek preparation
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Figurel Cooking yield and cooking loss of Sen Lek prepared from rice flour and rice flour mixed with

various starches.

tension to assess elasticity and break distance, to
imply the extensibility. The results were shownin
Table5. All noodlesmixedwith starch, except that
containing 20% cassavastarch, had tensilestrength
valuesrel atively higher thanthecontrol. Thenoodles
with 5% corn, potato and cassava starches had
tensile strength values of 45.87, 30.04 and 30.76
gram-force, respectively. While the noodle with
10% potato starch exhibited higher tensile strength

value than those with 10% corn starch and 10%
cassava starch. However, adding of starch up to
20% resulted in lowering the tensile strength value
of the noodle.

It is clear that noodles replacement with
potato, cornand cassavastarcheswereconsiderably
more extensible than the control. However, the
valueswereexhibited variationsuponthetypesand
theamounts of starch used. Addition of starch aso
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Table4 Nutritional valueof Sen Lek prepared from riceflour and riceflour mixed with various starches.
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Sample Protein@® (%) Ash @ (%) Fat @ (%)  Carbohydrate® (%)
Riceflour 7.20 0.24 0.84 91.72(0)
5% Potato 6.95 0.32 0.75 91.98
10% Potato 6.52 0.33 0.82 92.33
15% Potato 5.93 0.31 0.76 93.00
20% Potato 5.51 0.27 0.56 93.66
5% Corn 6.72 0.25 0.71 92.32
10% Corn 6.18 0.23 0.78 92.81
15% Corn 6.22 0.23 0.70 92.85
20% Corn 5.64 0.21 0.66 93.49
5% Cassava 6.56 0.31 0.84 92.29
10% Cassava 6.59 0.29 0.83 92.29
15% Cassava 6.02 0.31 0.80 92.87
20% Cassava 5.67 0.29 0.80 93.24

(@ Values reported on the moisture free basis.

() Calculated values, (%) carbohydrate = (100 — Protein-Ash-

Fat)

Table5 Textura characteristics of various Sen Lek from atensile test cell.

Sample Max force = SD*(g) Distances + SD*(mm)
Rice flour 29.84 + 3.36 24.48 + 2,99
5% Potato 35.34+4.34 29.65+ 3.09
10% Potato 46.99 + 6.88 29.05+3.14
15% Potato 42.59 + 6.32 30.76 + 3.97
20% Potato 33.13+5.85 26.88+ 2.99
5% Corn 45.87 + 4.30 34.75+4.11
10% Corn 43.20 £ 6.91 31.06 + 2.42
15% Corn 40.90 + 5.56 27.05+ 2.67
20% Corn 36.84 + 4.54 26.21+2.93
5% Cassava 30.76 £ 5.03 27.67+3.34
10% Cassava 33.83+2.93 34.60+ 2.33
15% Cassava 31.24+2.48 3515+ 151
20% Cassava 26.40 + 3.44 31.60+ 3.24

*  Averages are based on 10 measurements of each sample.

affected the stickiness of the cooked noodles as
shown in Figure 2. At 20% cassava starch, the
noodle possessed the highest value of stickiness,
while the lowest value belonged to the sample

containing 20%corn starch. The stickiness of the
cooked noodles added with cassava starch was
increased as the amount of starch increased. The
results obtained were similar to that reported by
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Stickiness of various Sen Lek preparation
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Figure2 Stickiness of Sen Lek prepared from
riceflour and rice flour mixed with vari-
ous starches.

Tiraporn (1990).

Sensory properties

Table6 showed theresultsof sensory test of
cooked noodles. The noodles with 5 to 20% corn
starchand 5-t0 20% cassavastarchhad nosignificant
difference (p = 0.05) based on texture. While the
noodle with 10% potato starch had texture score
significantly different fromtheother samplesinthe
group. All noodlecharacteristicssuchasappearance,
color, shiny, cohesiveness, flavor, texture and
acceptability gained preference scores of 6 to7,
representing slightly like to moderately like. The

noodle samples containing 5% potato starch, 20%
corn starch and 10% cassava starch had the highest
acceptability scoresin each group of the starches.
Panelists suggested that the noodle with potato
starch gave more elasticity and tougher as the
amount of starch increased, while the noodle with
cassava starch possessed more extensibility and
softer texture than the control noodle. However, at
20% cassavastarch, thenoodleexhibited undesirable
characteristics. Intheexperiment, texture scoresof
the noodle prepared from the mixes containing
potato, corn and cassava starches significantly
correlated withthescoreof theproduct acceptability
r=0.952*,0.926* and0.941* (p<0.05), respectively.
Texture of cooked noodle was the principle
characteristicsfor thepaneliststodecidetheproduct
acceptance (Bhattacharya et al. 1999). In this
experiment, it was found that, the panelists could
not define any diffrence on texture and overall
acceptahility between the control and the sample
with the highest acceptability score from each
group. However, the noodle with 20% corn starch
obtained the highest score in both texture and
acceptability. This may be caused by the highest
amylose content of the mix flour (Sanchez, 1975).

Table6 Sensory scoresof Sen Lek prepared from rice flour and rice flour mixed with various starches.

Sample Appearance  Color Shiny Cohesiveness Flavor  Texture Acceptability
5% Potato 6.95% 6.83P 6.57a 6.482 6.482 6.762 6.762
10% Potato 6.57° 6.48° 6.240 6.50P 6.402 6.140 6.00P
15% Potato 7.102 7103 633D 6.57P 6.672 6.862 6.712
20% Potato 6.86% 7.292 6.862 6.62P 6502  6.60% 6.33%
5% Corn 6.150 6.55P 6.05¢ 6.432 6.952 6.432 6.282
10% Corn 6.10 6.70a  6.35a 6.752 6.702 6.582 6.582
15% Corn 6.150 6.852 6.20bc 6.752 6.702 6.452 6.452
20% Corn 7.002 6.952 6.502 6.752 6552  6.752 6.702
50 Cassava 6.912 6.612 6.592 6.952 6592 6412 6.732
10% Cassava  6.45¢ 6.140 6.18bc 6.552 6.270 6.642 6.802
15% Cassava  6.822 6.642 6.50a 6.36° 6.140 6.592 6.702
20% Cassava  6.27¢ 6.592 6.00¢ 5.47°¢ 6.00P 6.052 6.020

In acolumn, means followed by the same superscript are not significantly different (P=0.05) by DMRT
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Table7 Sensory Scoresof Sen Lek prepared from rice flour and rice flour mixed with various starches.

Sample Appearance  Color Shiny Cohesiveness  Flavor  Texture Acceptability
Rice flour 6.452 6.40Pc 6.52bP 6.20P 5.90P 6.404 6.202
5% Potato 6.38° 6.733 6.25P 5.850 6.25% 6202 6.002
20% Corn 6.902 7.102 7.002a 6.882 6.652 6.582 6.652
10% Cassava  6.08P 6.15¢ 6.18b 6.00b 6.20& 532 6.032

In acolumn, means followed by the same superscript are not significantly different (P=0.05) by DMRT

CONCLUSIONS

Rice quality had a marked influence on the
propertiesand characteristicsof ricenoodles. Partial
replacement of riceflour with potato, cornor cassava
starches at 5to 20 % by wt affected cooking yield,
cooking loss, textural properties and sensory
qualities of the noodles.

The products had various characteristics
upon the type/ amount of starches added. Potato
starch provided noodle with tougher and harder
texture as compared with corn starch. Cassava
starch, on the other hand, gave noodle with
transparent, soft texture and sticky, especially at
20% level. However, al noodles showed fairly
good quality, wherein, noodle with 5% potato
starch, 20% corn starch and 10% cassava starch
had the highest acceptant scorein each starch group.
Nosignificant differencewasobservedamongthose
three noodles and the control. Hence, the type/
amount of starches used in this experiment had a
minimal affect acceptability of the products.
Therefore, theaddition of such starchestoriceflour
in noodle production is not necessary if suitable
rice’ s quality is used as raw material.
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A Comparative Study on Pretreatment Processes of Canned Whole
Kernel Sweet Corn

Kulvadee Trongpanich, Siriporn Stonsoavapak, Doungchan Hengsawadi

and Ngamjit L owitoon

ABSTRACT

The effects of pretreatments on yield and qualities of canned whole kernel sweet corn were studied
Average yield, drained weight, pH, total soluble solids, and the heating and cooling parameters were
determined. The processed canned sampleswere analyzed for nutrients. 1t was found that non-blanching
process showed more advantagesthan the processwith blanching. Theaverageof yield of thecornkernels,
drained weight, total solublesolids, and thenutrient retention of thenon-blanching processwerehigher than
theprocesswith blanching, whiletheweight of thewasteresiduewaslower. However theblanching process
hasadvantagein resulting higher initial temperature (It), shorter rate of heating (fh), rate of cooling (fc) and
process lethality at the geometrical center of the can (Fc) from which may result in the shorter thermal

process required for the product.

Key words: pretreatment process, canned whole kernel corn

INTRODUCTION

Sweset corn (Zeamayssaccharatal..) isnow
becoming an important crop of Thailand. The
average production yield per the cultivated areais
increasing every year. Therearetwo main markets
of the fresh sweet corn, in Thailand, from thefield.
Seventy percent of the total crop goes to local
markets for fresh consumption, while the other
30%isusedastheraw material incanningindustries.
The important exported corn products are canned
whole kernel sweet corn and frozen sweet corn. In
1997, the exported volume of sweet corn products
was 19, 283 tonswith the value 488.9 million baht.
In 1996, Thailand was the sixth canned sweet corn
exporting country of the world and had a sharein
themarket at 3.6% of theworld volume. However,
the expanded volumes of Thai sweet corn products

during 1991-1996 were about 7.8-13.4% annually.
In 1998, therewere 16 sweet corn canning factories
in11provincesin Thailand, fromwhichbuilt upthe
demand for fresh sweet corn of 185,251 tons/year.
Factories in Kancha-naburi were the major group
which used sweet corn up to about 80,000 tons/year
or about 43.2% of the country’s total demand for
fresh sweet corn as raw material (Suriyo et al.,
1999).

Since canned sweet corn is one of the
important canned vegetables, it is included in the
proposed Draft Codex Standard for Certain Canned
V egetabl e 2002 which was prepared by France and
Thailand. In the draft standard of step 3, scope,
description, essential composition and quality
factors, food additives, contaminants, hygiene,
labelling, weight and measures, and analysis and
sampling methods of the productswere established

Institute of Food Research and Product Devel opment, Kasetsart University, Bangkok 10900, Thailand.
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(FAO/WHO/CODEX 2002). Nowaday most
consumers are interested in reading the nutrition
labelling of canned foods. From randomization,
about 58% of consumersread nutrition labelling on
canned foods before deciding to buy (Shineet al.,
1997). Although , there are no present mandatory
nutrition labelling requirements for food in the
Southeast Asianregion, except for special catogories
of foodsandwhen nutrition claimsaremade. There
is, however, increasing interest among authorities
intheregioninformulating regulationsfor nutrition
labellingfor awider variety of foods (E-Siong-L ee,
2,000). The consumer requirement for nutrition
labelling may increase morelater on, depending on
consumers’ education and well being. In order to
upgradethecanned products’ quality,improvement
of the canning process is necessary.

Nowaday, there are two different
pretreatment processes in canning of whole kernel
sweet corn in Thailand. These processes are no
blanching and blanching of whole kernal sweet
corn before canning (Figure 1). Although each
pretreatment process is set to suit the available
machines in the factories, the advantages and
disadvantages of the processes are not certainly
known.

Thus, the purpose of thisstudy isto find out
the advantages and disadvantages of the
pretreatments, in order that canning processorscan
decide to manage their canning line of canned
whole kernal sweet corn for better quality canned
products.

MATERIALSAND METHODS

1. Materials

1.1 Fresh sweet corns (Insee 1) from the
National Corn and Sorghum Research Center,
Kasetsart University, Pakchong, Nakhon
Ratchasima, Thailand.

1.2 Tap water for preparing the packing
medium, blanching and cooling.

1.3 Lacquer coated metal cans, number 2

A (307 x 409).

1.4 Four different brands of commercial
canned whole kernel cornswere sampled from the
west, central, north-east and north of Thailand for
microbiological and nutrients analysis.

2. Methods

2.1 Fresh corns were husked, divided and
separately followed the processes of canned whole
kernel sweet corn as indicated in Figure 1. The
blanching timewas5 minutes, filled weight of corn
was 350 gm/can and packing medium was boiling
water. Thefilled canswere5 minutesexhaustedin
asteam exhaust box and thethermal processwas20
minutesat 121.1°C inasmall vertical retort (Taylor).

2.2 Samples were also heated with

Husked corns

Blanching
No blanching

Cooling

—>¢

Corn kernel cutting
Kernel corns / \ Cobs

Washing / removing of silk and small particles

:

Can filling

'

Exhausting

:

Seaming

:

Thermal process

:

Cooling

:

Canned whole kernel corn

4— packing medium (if any)

Figurel The process chart of canned whole ker-
nel sweet corn with blanching and no
blanching.
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thermocouplesinserted at the geometrical center of
thecansfor heat penetration studies. Thesesamples
were also exhausted, lid closed and processed at
121.1°C Can temperatures were recorded every
minute until the cooling processfinished. Thedata
obtained were used to plot heating and cooling
curves on 3-cycle logarithmic papers. The rate of
heating (fh) and cooling (fc), initial temperature
(IT) and the process lethality at the geometrical
center (Fc) of the cans were obtained.

2.3 The canned samples from 2.1 and the
commercia sampleswereexaminedfor thepresence
of microbiology by the use of total plate count,and
for mesophilic aerobic sporefor-mers,thermophilic
flat sour sporeformers, mesophilic anaerobes,
thermophilicanaerobesand sulfidespoilage(K autter
et al., 1992)

2.4 For physical examination, 2-week
stored canned samples were determined for net
weight and drained weight (drained on asievewith
the openings 2.8 mm x 2.8 mm. for 5 mins). The
canned net content washblendedinanel ectricblender
for 3 mins., and determined for pH (Orion pH-
meter) and brix (Atagohandrefractometer). Enough
samplesweresenttol QA-Norwest Labsfor analysis
of nutrients, in percentages. The analysis methods
were as follows:-

Calories and Caloriesfrom fat (by Calculation)
Total Fat (AOAC 2002, 922.06)

Saturated Fat (AOAC 2000, 963.22)
Cholesterol (JAOAC, 1993)

Sodium (AOAC (2000), 968.08)

Total Carbohydrate (by Calculation)

Dietary Fiber (AOAC (2000), 985.29)

Total Sugar (JAOAC, 1992)

Protein (Nx6.25) (AOAC (2000), 981.10, and
Tecator Application Note)

Vitamin A (In-house method based on Liquid
Chromatography and Analysis of Food and
Beverages, Vol.2)

Vitamin C (JAOAC, 1992)

Calcium (AOAC (2000), 968.08)

Iron (AOAC (2000), 968.08)

Ash (AOAC (2000), 942.05)

Moisture (AOAC (2000), 950.46 B)

2.5 Thecanning experimentsweredonein
duplicate. The data obtained was statistically
analysed for significantly differences at p<0.05 by
Analysis of Variance Program.

RESULTSAND DISCUSSION

From Table 1, we can comparetheyields of
thewholekernel cornfromthedifferent pretreatment
processes. The blanching prior cutting process
showed a little less in yield than the unblanching
process, this might be due to the loss of some
soluble solids during / after blanching the corns
However, there was no significant difference
(p<0.05). Theweight of cobspassed blanchingwas
heavier than that of non-pretreated process. This
might be due to the water-absorbing of the
substances, mostly celluloses, of the cobs during
blanching and cooling. However, there was no
significant difference(p<0.05). Theheavier weight
of thewasteduetowater absorbing rendered further

Tablel Theweight of thewhole kernelsand cobs after the different pretreatments (based on the weight

of fresh raw material).

Treatment % weight
Whole kernel Cob
No blanching 60.202 39.802
Blanching 59.922 45,792

In acolumn, means with the same letter are not significantly different (p<0.05).
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problem in the waste disposal with faster rate of
decomposition, and consequently induced
undesirable smell.

Table2 showed theaverage drained weight,
pH and °B of the canned samples. With the equal
filling weight, the blanched cans showed smaller
drained weight than the non-blanched one. This
might be due to heating process which changed
someinsol ublesubstancessuch aspecti c substance,
starch, cellulose, etc., to soluble substances and
streamed out tothesurroundingliquid. Theblanched
sample passed more heat treatment and cooling so
that more weight loss and total soluble solids (as ©
B) occured. Normally pH of thefoodstuffsislower
than 7, due to the acidity of the food constituents.
Loss of somefood constituents, especialy volatile
acids, during blanching will raisethe pH of thefood
toward neutral (Meyer, 1960)

Table 3 showed the thermal process

parameters. Theaverageinitial temperature of the
blanched canned samples were significantly higer
than the unblanched one. This might be dueto the
heat fromblanchingwasleftover. Eventheblanched
corn was cooled down, it may be difficult for the
heat to transfer from the gelatinized starch in the
inner part of the kernel. However, this is the
advantage of the blanching treatment, because it
caused the rate of heating (fh) and the process
lethality (Fc) faster than the unblanching process.
Blanching also has another advantage in reducing
the number of microorganisms contaminated with
the raw material, resulting in lower process-time
needed thantheunblanching process. After heating,
most of constituents have changed, thus during
cooling, therate of cooling (fc) wasslower than fh.
Therate of cooling of the blanched treatment from
which contained lower drained weight and lower
soluble solids was significantly shorter than fc of

Table2 Theaverageof drained weight, pH and °B of thetwo pretreated canned whole kernel sweet corn

samples.
Treatment Average Average Average total soluble
drained weight, % pH solids (°Brix)
No blanching 63.34 6.56 6.8
Blanching 62.74 6.91 6.0

Table3 Somethermal process parameters of canned whole kernel sweet corn samples.

Treatment Average RT, Come-up Averagefh  Averagefc  Average Fc
IT,°C °C time,(min) (min) (min) (min)
No blanching 84.62 1211 5.32 22.32 7.802
Blanching 86.3° 121.1 452 16.0° 7.252

In acolumn, means with the same letter are not significantly different(p<0.05).

Note IT =initial temperature of the canned samples
RT = retort temperature

Come-up time = the time required to reach retort temperature after the steam is turned on

fh = heating rate of the canned samples at the geometric center
fc = Cooling rate of the canned samples at the geometric center
Fc = Process |ethality at the geometrical center of the cans
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the unblanched treatment.

The microbiological examination of the
canned sampleswhich had processed for 20 mins.
at 121.1°C was shown in Table 4. There was
negative test on the microbial growth. All the
commercial samples had also negative test.

Table5showedtherangeof nutrient content
of thecommercial canned samplesand the average

nutrient content of the prepared canned samples.
There were factors affecting the difference in
nutrients of the commercial samples,such as the
corn’'s varieties, maturity, location of plantation,
post harvest treatment, process pretreatment,
strength of packing medium (which may be brine,
syrup or water) etc. However, with the comparison
betweenthenon-blanched and theblanched prepared

Table4 Microbiological examination of canned whole kernel sweet corn samples.

Commercial No blanching Blanching
samples

Total plate count (CFU/Q) none none none
Mesophilic aerobic sporeformers negative negative negative
Thermophillc flat sour sporeformers negative negative negative
Mesophilic anaerobes negative negative negative
Thermophilic anaerobes negative negative negative
Sulfide spoilage negative negative negative

Table5 The average nutrient content of the commercial canned samples and the prepared samples.

Nutrient Commercial samples No blanching Blanching
per 100 g per 100 g per 100 g

Cdlories, cals 77.1-95.8 74.23 74.25
Caloriesfrom fat, cas 10.26-20.2 16.38 14.33
Total fat, g 1.14-2.25 1.82 1.60
Saturated, fat, g 0.12-0.54 0.32 0.26
Cholesterol, mg 0 0 0
Sodium, mg 117-252 112 1.26
Total carbohydrate, g 14.36-17.99 11.67 12.21
Dietary fiber, g 2.96-4.12 311 3.15
Sugars, g 4.33-7.81 3.13 291
Protein (Nx6.25), g 2.35-2.83 2.79 2.76
Vitamin A, 1U ND ND ND
Vitamin C, mg 0.49-2.60 2.36 1.38
Calcium, mg 1.80-2.61 3.89 7.63
Iron, mg 0.17-0.33 0.29 0.27
Ash, g 0.57-0.98 0.39 0.36
Moisture, g 77-81.3 83.4 68.1

ND = Not detected at alower limit of detection
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samples, the non blanched samples showed higher
nutrient content than the blanched sampl es, except
inthe content of dietary fiber, sodium and calcium.

CONCLUSION

Non blanching process of canned whole
kernel sweet corn showed moreadvantagesthanthe
processwith blanching. Theyieldin weight of the
corn kernels, drained weight, total soluble solids,
and the nutrient retention of the non-blanching
process were higher than the blanching process.
Moreover the weight of cobs which was the waste
residue waslessin the non blanching process, thus
providing ease in the waste treatment.

However the blanching process has
advantagein the higher initial temperature, shorter
rate of heating and cooling, and process lethality
fromwhichmay resultintheshorter thermal process
required for the product.
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Nutritional Evaluations of Green Catfish, Mystus nemurus
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ABSTRACT

Thenutritive values of green catfish, Mystus nemurus such as proximate analysis, fatty acid profile
(especially omega— 3 fatty acids, EPA : eicosapentaenoic acid; DHA : docosahexaenoic acid), amino acid
contents, vitaminsand mineral swerestudied. Thecomposition of dried green catfishand sardinemeal were
alsocarried out. Theresults showed that percentages of protein, fat, moisturein fresh, dried green catfish,
Mystus nemurus and sardine meal were 18.43, 65.99, 68.80; 4.93, 22.40, 7.78 and 75.75, 7.04, 6.17,
respectively. Vitamin E content in dried green catfish (264 ug/100 g) was higher than that in sardine meal
(84 ng/100 g) while calcium and phosphorusin dried green catfish were lower than those in sardine meal.
Fatty acid contentsespecially ei cosapentaenoic acid (EPA) and docosahexaenoicacid (DHA) indried green
catfish (0.4256, 1.7472 g/100 g) were also found to be higher than those in sardine meal (0.0467, 0.1011
0/100 g respectively). Theresultsof thisstudy indicated that dried green catfish, Mystusnemuruswerehigh
innutritivevaluesespecially omega—3fatty acids(EPA, DHA). Thegreen catfish, aninland fish, wasalso
found to have higher omega — 3 fatty acids than marine fish, sardine.

Key words: green catfish, Mystusnemur us, el cosapentaenoi c acid, docosahexaenoic acid, omega—3fatty

acid

INTRODUCTION

Green catfish, Mystus nemurus (Cuv. &
Val.) a common name of this catfish (Suvatti,
1950), isafishin Siluroidei family. It has 4 pairs
of barbels which were nasal barbels, maxillary
barbels, mandibulary barbels and mental barbels
but has no scale. Fishesin gastrointestinal tract of
green catfish are many kinds such as
Cyclocheilichthys apogon, Puntius tetrazona, P.
fasciatus, Rasbora sp. etc. Green catfish finds the
food at night time (NamPong Env. Mgt. Research
Project, 1980).

Mystus nemurus has been found from

Indochina and Thailand to Malaya and Java,
attaining a length in some cases of nearly 60 cm,
athoughindividual sof 25-35cmaremorecommon.
It occurs throughout the lengths of many rivers,
from the headwaters down to the mouths, where
they may befound in brackish water. There seems
to be no evident preference for either clear or
muddy environments. They dine on a variety of
items, amongwhicharecrustaceans(crabs, prawns),
aquaticandterrestrial insects, fishes, and vegetation.
Among the fishes identified as eaten were species
of Clarias and Kryptopterus. One specimen was
reported as having its stomach crammed full of
large red ants. Females from 12.3 to 32 cm long

1 Ingtitute of Food Research and Product Development, Kasetsart University, Bangkok 10900, Thailand.

E-mail : ifrwpm@ku.ac.th

2 Division of Nutrition, Department of Health, Ministry of Public Health, Nonthaburi 11000, Thailand.
3 Inland Fisheries Division, Department of Fisheries, Ministry of Agriculture and Cooperatives, Songkhla 90000, Thailand.
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contained enlarged ova, the 32 cm specimen with
eggsthat measured 1 mmin diameter. This species
hasathinblack lateral stripeat all sizesand ablack
spot at the end of the adipose fin (Burgess, 1989;
Sriwatana and Kasisuwan, 1996).

The spawning season isnot sharply defined
and is protracted. A fish 32 cm long taken in the
Chantabun River at Chantabun June 11, 1926, had
very large ovaries with nearly ripe eggs 1 mm in
diameter, while fish in spawning condition have
been observed in the Menam Chao Phya in
November (Smith, 1945).

Production of green catfish from many
fishery sourcesisnot constant becausegreen catfish
fishery lacks of academic document of feeding
method and green catfish strain (Amatyakul et al.,
1995). Nowadays it is known that omega-3
polyunsaturated fatty acids (n-3 PUFAS) intake
relates with low risk incidence of coronary heart
diseaseespecially el cosapentaenoicacid (EPA) and
docosahexaenoicacid (DHA) n-3PUFASs. EPA and
DHA can decrease metabolism of eicosanoid in
blood platelet which may inhibit incidence of
atherosclerosis and hypertension (Kinsella et al.,
1990). These omega-3 are found from both marine
and inland fish.

Many studies showed that omega-3 fatty
acids were very important to life development
becausedocosahexaenoicacid (DHA) wasfoundin
brain and retina. It was believed that brain and
visual development of infant relateswith DHA. So
it was recommended that infant milk should be
supplementedwithomega-3fatty acids. Inaccording
totheimportance of omega-3fatty acidforlife, the
experts from many countries define that omega-3
fatty acid must be enough consumed. Public Health
Ministry of England definesdietary referencevalue
of omega-3 fatty acid not lessthan 0.2 percent of
energy intake (Dahlan, 1995).

The objective of this research was to
demonstrate the nutritional values of green catfish
especially omega-3 fatty acid such as
eicosapentaenoic acid (EPA) and docosahexaenoic

acid (DHA) to providemorecompleteinformations
in feeding and intake of green catfish. Another
objective was to compare the nutritional values
especially omega-3fatty acid between green catfish
which is inland fish and sardine meal which is
marine fish.

MATERIALSAND METHODS

Sample preparation

The edible portions including skin of eight
monthsold green catfishes, withaninitial weight of
500-550 g were obtained from Songkhla Inland
FisheriesStation, Department of Fisheries, Ministry
of Agriculture and Cooperatives to Institute of
Food Researchand Product Devel opment, K asetsart
University, Bangkok. They were fed with fishes
composed of 72.72 % moisture, 21.10 % protein,
0.28 % fat and 3.14 % ash. Fresh green catfishes
were dried in hot air oven at 40°C for 6 hours and
continued drying at 60°C for 15 hours. Then dried
green catfishwasblended into powder. From 4700
g fresh green catfish was dried and blended into
1285 g dried green catfish so the percentage of the
yield was 27. After that fresh green catfish, dried
green catfish and sardine meal were determined for
nutritional evaluation.

Analytical procedures

Three kinds of fish were determined for
proximate analysis by AOAC method (1998).
Cholesterol andfreefatty acid wereanalysed by gas
chromatography (AOAC 1998). Minera were
analysed by atomic absorption (AOAC 1998).
Vitamins were analysed by HPLC and
microbioassay method. Amino acid composition
wasdetermined by ahigh speedaminoacidanalyzer
(Hitachi Model L-8500, Japan) and tryptophane
was analysed (Matheson, 1974).

RESULTSAND DISCUSSION

Table 1 showes the highest percentage of
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moisturein fresh green catfish (75.75) whereasthe
lowest percentageof moistureinsardinemeal (6.17).
It showed the highest percentage of protein in
sardine meal (68.80) which was nearly the same as
indried green catfish (65.99). Thepercentageof fat
in dried green catfish was higher (22.40) (nearly
3 times) than in sardine meal (7.78). Khan et al.
(1993) reported that the percentage of moisture,
protein, fat and ashingreen catfishfed 27 % protein
and 10 % fat were 75.50, 14.90, 5.85 and 3.75
respectively. It showed that moistureandfat content
in fresh green catfish in this experiment were the
sameasthestudy of Khanetal ., inspiteof difference
of fat content feeding. In this experiment, fresh
green catfish was fed with 0.28 % fat whereas in
Khan et al.’s experiment, fresh green catfish was
fed with 10.00 % fat. Protein content (18.43 %) of
green catfish in this experiment was higher thanin

Khan et al.’s experiment (14.90 %). However
protein content (21.10 %) of feeding diet in this
experiment was lower than in Khan et al.’s
experiment (27 %).

Table 2 shows that mineral contents of
sardinemeal werehigher thanfreshand dried green
catfish. Thismay be because the sardine meal was
prepared from the whole fish whereas the green
catfish was prepared only from the edible portion.
The sardine meal in thisexperiment showed higher
calcium, phosphorus, iron, copper and zinc than the
sardine produced fromroller dried fish which head
and bone were cut (Phithakpol et al., 1984).

Table 3 shows that vitamin C was found
only infresh green (460 ug/100 g). Vitamin B4, Bg,
E, folic acid and pantothenic acid in dried green
catfish were higher than in fresh green catfish and
sardinemeal. The sardinemeal in this experiment

Tablel Proximate analysis of green catfish and sardine meal.

Fish Moisture Protein Fat Ash
(g/1000Q)
Fresh green catfish 75.75 18.43 4,93 0.59
Dried green catfish 7.04 65.99 22.40 3.74
Sardine meal 6.17 68.80 7.78 15.62
Table2 Minera contents of three kinds of fish.
Minera Fresh green catfish Dried green catfish Sardine meal
(mg/ 100 g)
Calcium 18.17 257.68 4660.95
Phosphorus 165.72 685.90 2938.65
Sodium 60.82 165.47 545.36
Potassium 216.09 817.42 940.08
Magnesium 28.19 85.70 211.16
Iron 1.00 458 35.93
lodine 0.03 0.09 0.21
Copper 0.07 0.22 124
Zinc 0.99 3.43 9.13
Chloride 36.43 124.71 447.56
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Table3 Vitamin contents of three kinds of fish.

Vitamin Fresh green catfish Dry green catfish Powder sardine
(Mg /100 g)
Vitamin C 460 0 0
Vitamin By 20 90 20
Vitamin B, 50 140 240
Vitamin Bg 140 450 80
Vitamin B1o 2 6 8
Vitamin E 20 264 84
Folic acid 5 38 22
Niacin 2800 12000 13800
Pantothenic acid 1810 5590 240
Biotin 1 4 28

had similar vitamin B4 content (20 pg/ 100 g) toin
the report of Phithakpol et al. (1984).

Table 4 shows that valine was the first
limiting amino acid in fresh green catfish and
sardine meal. Amino acid contentsin dried green
catfish were more complete than those in fresh
green catfish and sardine meal. All amino acid
contents of sardine meal were lower than roller
dried sardine (Phithakpol et al., 1984).

Theresult from table 5 showsthat free fatty
acid contents of fresh green catfish werethelowest
whereas all free fatty acid contents of dried green
catfish were the highest except lauric acid which
waslower thaninsardinemeal. Theinterestingfree
fatty acids were eicosapentaenoic acid (EPA) and
docosahexaenoicacid (DHA) of dried green catfish
whichwere9and 17 timeshigher than sardinemeal
respectively inspitethat green catfishisinland fish

Table4 Essentia amino acid composition of three kinds of fish.

Amino acid Fresh green catfish ~ Dried green catfish ~ Sardine meal FAO/WHO?
(mg/ g protein)
Tryptophane 16 11 12 10
Threonine 49 47 41 40
Isoleucine 43 44 37 (92)1 40
Leucine 84 84 72 70
Lysine 99 97 77 55
Methionine + Cystine 42 41 36 35
Phenylalanine +
Tyrosine 78 79 115 60
Valine 46 (92)1 51 44 (88)1 50
1 Limiting amino acid with chemical score
2 Source: Food Composition Table for Usein East Asia (FAO, 1972)
Chemical score = amino acid content in fish 100

amino acid content in FAO / WHO standard



Kasetsart J. (Nat. Sci.) 36 (1) 73

Table5 Fatty acid composition of three kinds of fish.

Fatty acid Fresh green catfish Dried green catfish Sardine meal
(9/1009)
Lauric 0.0049 0.0448 0.0467
Myristic 0.1232 0.6944 0.1867
Palmitic 1.2276 5.3312 3.2987
Palmitoleic 0.1775 1.0752 0.0545
Stearic 0.5670 2.6208 0.6146
Oleic 1.5579 6.9888 2.7463
Linoleic 0.5571 2.3296 0.5835
Linolenic 0.0246 0.2688 0.0156
Octadecatetraenoic 0.0000 0.0000 0.0000
Arachidic 0.039%4 0.4032 0.0233
Gadoleic 0.0789 0.0000 0.0000
Eicosapentaenoic 0.0887 0.4256 0.0467
Behenic 0.0197 0.0672 0.0233
Erucic 0.1183 0.4256 0.0311
Docosahexaenoic 0.3352 1.7472 0.1011

whereas sardineismarinefish. Thereason may be
dried green catfish was composed of 22.40 % fat
content whereas sardine meal was composed of
7.78 % fat content. But fresh green catfish was
composed of 4.93 % fat content which was lower
than fat content (7.78 %) of sardine meal.
Nevertheless EPA and DHA in fresh green catfish
were 2 and 3 times higher than in sardine meal
respectively. Cholesterol contents of fresh green
catfish, dried green catfish and sardine meal were
42.50, 268.30 and 63.60 mg / 100 g respectively.

CONCLUSION

Eight months-old green catfish fed with
21.10% protein, 0.28 % fat, with weight of 500 —
550 g from Songkhlalnland Fisheries Station were
determined for nutritional value compared with
sardinemeadl . Theresultsshowedthat thepercentage
of protein, fat and moisture of fresh green catfish,
dried green catfish and sardine meal were 18.43,
65.99, 68.80; 4.93, 22.40, 7.78 and 75.75, 7.04,

6.17 respectively. Mineral contentsof green catfish
werelower than sardinemeal. Vitamin Cwasfound
only in fresh green catfish. Vitamin E content of
dried green catfish (264 pug/ 100 g) was higher than
sardine meal (84 pg/ 100 g). Valine wasthe first
limiting amino acid in fresh green catfish and
sardine meal. Amino acid contents in dried green
catfish were more complete than those in sardine
meal. The results of fatty acid contents of green
catfish were very interesting because two omega-3
fatty acids, which el cosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) of dried green catfish
were higher than sardinemeal. It may be because
of higher fat and cholesterol contentsof dried green
catfishthan sardinemeal. Neverthelessfreshgreen
catfish showed lower fat and cholesterol contents
than sardinemeal but theinteresting results showed
that omega— 3 fatty acid contents, EPA and DHA
were 2 and 3 times higher than sardine meal
respectively. Eventhough green catfish is inland
fish whereas sardine is marine fish. Since omega-
3fatty acid (especialy EPA and DHA) were found
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in brain and retina, food containing high EPA and
DHA may reduce the risk of hyperlipidemia, high
blood pressure and coronary heart disease. So
green catfish consumption may be very useful for
health of normal popul ation and patientsfromthose
diseases except diabetes mellitus.
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Stable Carbon and Nitrogen | sotope Ratios of Sediment
in Ban Don Bay: Evidence for Under standing Sour ces
of Organic Mattersin the Coastal Environment

Shettapong M eksumpun? and Charumas M eksumpun?

ABSTRACT

Sedimental coresfrom Ban Don Bay and adjacent areas were collected by gravity core samplerfor
examination of §13C, 8 15N, organic carbon and nitrogen contents. The§13C of surface (0-1 cm) sediments
from the whole sampling area ranged between —28%o. and -20%.. The 1°N values of sediments near the
river mouth were somewhat higher than those in the outer part of the bay. Sediments with high organic
carbon content occurred in the river and the most outer part of the bay. Organic nitrogen contentsin the
sediment showed almost same pattern as those of organic carbon contents. The atomic ratios of carbon to
nitrogen were high in theriver and river mouth. These ratios decreased with theincrease in distance from
theriver mouth. Overall, our resultsclearly demonstrated most of theterrestrial organic mattersdischarged
from theriver into the Ban Don Bay had been deposited onto the bottom sediment inside the bay, they had
not been expanded cover to the Angthong Islands.

Key words: Ban Don Bay, stable carbon isotope, stable nitrogen isotope, sediment, coastal environment

INTRODUCTION

BanDonBay isoneof theproductivecoastal
areasin the southern part of Thailand. Thisbay is
locatedin Surat Thani Province, Southern Thailand.
The bay recieves surface freshwater runoff from
rivers and canals such as Tapi River, Thathong
Canal, Donsak Canal. The fishery productionsin
the bay have now disappointingly been decreased.
This decrease was probably caused by over fishing
and environmental change. It is said that the
increasing population and the intensification of
agro-industrial activities gradually have caused
serious aquatic environmental problems in this
area

The Ban Don Bay has frequently been
contaminated with direct and indirect discharges of
untreated industrial and domestic wastes passing
through canalsand riversfrom thetown. Intensive
shrimp farming has rapidly expanded to coasta
areas around the bay during the last two decades.
Many mangroveforestswereaccordingly cut down
for shrimp pond digging. Since the average feed
conversion ratio of shrimp was estimated to be
about 2.0-2.5, largeamountsof organic matter were
daily input into the ponds (Musig et al., 1995).
Effluents from shrimp farmings also caused
pollution problemsin aquati cenvironmentsnearby.
This bay has thus faced with problems of organic
matter accumulating from the land by recent man-

Department of Marine Science, Faculty of Fisheries, Kasetsart University, Bangkok 10900, Thailand.
2 Department of Fishery Biology, Faculty of Fisheries, Kasetsart University, Bangkok 10900, Thailand.
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madeactivitiesand natural runoff of river. However,
the extent of the effects of these materials on the
whole bay is poorly known.

Sediment research is one useful approach
for the study of these questions. One way to
evaluate the extent to which sedimentary records
reflect actual biological and geographic sourcesis
to directly compare the compositions of organic
materials settling through the water column with
those preserved in the underlying sediments. This
present study isthefirst attempt to usestablecarbon
and nitrogen isotope techniques to understand the
coastal environment of the Ban Don Bay. The
stable carbon and nitrogen i sotopes have been used
by a number of authors to identify the origins of
organic matters (Thornton and McManus, 1994;
Guo et al., 1996; Meksumpun et al., 19984) and to
determine the trophic structure of marine
communities (Wadaet al., 1991; Parson and Chen,
1995; Wuetal.,1997). Mishimaet al. (1996) have
tried to estimate the movement of both terrestrial
and marineorganic mattersinthe OsakaBay (Japan)
by using the stable carbon and nitrogen isotopes
technique.

Here we report a study of the carbon and
nitrogen contents, and thestablecarbonand nitrogen
isotope ratios of particulate organic materias in
surfacesedimentsof theBan DonBay. Other related
aquatic factorshave also beintegrated. Thegoal of
this study is to understand the terrestrial organic
material movement and coastal environment of the
Ban Don Bay.

MATERIALSAND METHODS

At least two sedimental coreswere sampled
from each sampling stationintheBan Don Bay and
adjacent areaduring August 18-20, 1999. Themap
of the sampling locations (12 stations) was shown
in Figure 1. Water depth and salinity were also
measured with STD meter (Mini STD SD202). The
water depth and surface salinity contour lineswere
showninFigures2and 3, respectively. Thesediment

cores were sectioned for every 1 cm interval and
immediately frozen at -40 °C until further analysis.
The sediment samples were freeze-dried in
|aboratory. Thedried sediment sampleswere then
ground and packed in silver cups. In order to
remove carbonate, the sediments in silver cups
were treated with IN-HCI solution. They were
againdried and packed intin cupsprior toanaysis.
The total organic carbon and nitrogen contents,
together with carbon and nitrogen isotopic
compositions in sediment samples were obtained
using a continuous flow analytical system joining
an elemental analyzer (Carlo Erba, NA-1500) with
astableisotoperatioanalyzer (Finnigagn MAT252).
M easuring standardsconsi sted of CO, gasproduced
from NBS18 standard and N, gasproduced from L -
aanine. Thefinal results are reported as §13C and
819N (%o) relative to the Peedee belemnite (PDB)
limestone standard (carbon) and atmospheric No
(nitrogen), as defined by the following equation:

813C or 815N (%o) = Reample = Retandard - 9
Rstandard

whereR=15N/14N or 13C/12C. Dataquality control
throughout the analysis was ensured by running a
referencestandard after every 10runs. Theanalytical
precision for standard preparation and mass
spectrometric analysiswas less than + 0.1%. and =
0.2%o for 813C and 15N, respectively.

RESULTS

Stable carbon isotope ratio (§13C)

The 813C value of surface sedimentsin the
river at station 1, where salinity wasestimated to be
0 psu, was —27.8%o. The highest 813C value of
surface sediment obtained at station 10 with the
value of —20.5%o. The contour map of §13C values
of surface sediments (0-1 cm) in the Ban Don Bay
isshowninFigure4. Thed!3Cvaluesof thesurface
sediments increased gradually with increasing
distancefromtheriver mouth. However, thevertical
profiles of $13C values at most sampling stations



Kasetsart J. (Nat. Sci.) 36 (1) 7

weregenerally constant. Table1 showsthevertical
profilesof §13C valuesin sediments at stations 1, 6
and 11.

Stable nitrogen isotope ratio (§1°N)

Figure 5 showed the contour map of 815N
values of surface sediments in the Ban Don Bay.
The 815N values of the surface sediments near the
river mouthweregenerally higher thanthosearound
the Angthong Islands (Figure 5). Thelowest 815N
value was found at station 12 (3.8%o).

Organic carbon and nitrogen contents

Total organic carbon contents of the surface
sediments in the Ban Don Bay and adjacent area
were ranged between 6.20 and 14.75 mg/g (dry
weight). The highest organic carbon content was
found at station 12 at value of 14.74 mg/g. Low
organic carbon contents (lower than 10.00 mg/g)
werefound at theriver mouth. The contour map of
organic carbon content of the surface sediment in
the bay and adjacent area was shown in Figure 6.

Thehighest nitrogen content of the sediment
wasfoundinstation 12, closedto Samui and Phangan
Island, at the value higher than 2.00 mg/g. Figure

7 showed contour map of organic nitrogen content
of sediment inthestudy area. Theorganic nitrogen
content showed almost same pattern as that of the
organic carbon content. Low nitrogen contents of
the sediments were found in the stations near the
river mouth.

Atomic C:N values of the sediments were
shown in Figure 8. The values were usually high
(ranged from 11.7t0 13.9) in the sediment obtained
fromriver and closed to theriver mouth (stations 1-
3). Thelowest C:N value wasfound at station 12.
The C:N ratios in the other areas (stations 4-8)
varied between 9.5and 10.3withan averageof 9.72
(SD +0.63). TheC:N ratiosof thesurfacesediments
at station 9-11 varied between 8.3 and 8.4 with an
average of 8.3 (SD % 0.06).

DISCUSSION

Data analysis for $13C

In general, the value of 813C of terrestrial
organic matter and marine organic matter are
distinctly different. Stable carbon and nitrogen
i sotope compositions of organic matter in sediment
had been studied to examine the movement of

Tablel Vertical profilesof stable carbon isotope ratios (813C) of sediment samples collected in August

1999.
Station 1 Station 6 Station 11

Sediment depth d13c Sediment depth d13C Sediment depth d13c
(cm) (%o) (cm) (%o) (cm) (%)
0-1 -27.7 0-1 -21.9 0-1 -20.7
1-2 -27.6 1-2 -21.8 1-2 -20.5
2-3 -27.6 2-3 -22.2 2-3 -20.5
3-4 -27.6 3-4 -21.7 3-4 -20.6
4-5 -27.8 4-5 -21.9 4-5 -20.7
5-6 -27.6 5-6 -21.8 5-6 -21.0

6-7 -27.7 6-7 -21.3

7-8 -21.3

8-9 -21.7

9-10 -21.3
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terrestrial organic matter by several workers (e.g.
Thornton and McManus, 1994; Yamada et al.,
1996; Mishima et al., 1996; Meksumpun et al.,
1998b). Although the values of §13C and §1°N of
particulate organic matter often showed distinct
seasonal variations (e.g. Voss et al., 1996), the
particulate matter in water column and sedimental
samples collected from off shore areasin the same
timefor 813C and 1°N determinationswerereported
to have no statistical difference at the a=0.10 level
and were assumed to be isotopically equivalent
(Goering et al., 1990). In thisstudy, the levels of
d13C ranged from —27.8% at the riverine station to
morethan—20.4%o intheareafromstation 10. Such
d13C data thus indicated no effect of major
terrigeneousmaterial sinsedimentsof theareafrom
station 10totheouter part of thebay. Herethed13C
valueof terrestrial organicmatter and marineorganic
matter were approximately —27.5%o and —20.5%o,
respectively. The §13C dataof thisstudy correspon-
dedwiththereport of Gearing et al. (1984) inwhich
thed13C of phytoplanktoncollected fromMalaysian
water was -21.0%0. Moreover, the data were also
well corresponded with several authorswho found
that the 813C for coastal and offshore marine
sediments ranged from -23%. to -18%. (e.g.Tan
et al., 1991; Meksumpun et al., 1998b), whereas
the d13C for terrestrial organic mattersranged from
-28%o 10 -26%0 (e.g. Tan et al., 1991; Thornton and
McManus, 1994; Mishimaet al., 1996). Watanabe
et al. (1997) had aso shown that the mean §13C
value of sediment and suspended solidsinthe Choa
Praya estuary at the upper most sampling station
was close to -26.5%o.

Since the §13C of the marine planktonic
source was definitely different from those of most
terrestrial organicmaterial sources, wecouldclarify
theimpact of terrestrial organic matter onthemarine
ecosystem. Inorder toestimatethemovement pattern
of terrestrial organic matter which had been loaded
fromtheriverintotheBan DonBay, thepercentages
of terrestrial organic carbon (T) in each sampling
station were cal culated by the following equation:

13 13
d Cmarine_6 Csample

T (%) =13 13 x 100
( ) dC marine -d7C terrestrial
O13C jaine  : 813C of marine organic matter
313C gmple  : 813C of measured sample
S13C (arestrian : O13C of terrestria organic matter

Based on our $13C data, we decided theend
membersof §13C e 8Nd 813C tarreqria 10 be—20.5%o0
and —27.5%o, respectively. Our calculated data
showed that the percentages of terrestrial organic
mattersinthesurface sediment decreased gradually
from about 70 % in the area near the river mouth to
|essthan20%intheouter areacl osetothe Angthong
Islands (Figure 9). Such occurrences were
considered to be due to comparative weak current
of water movement so astheloaded particlescan be
easily sinked down onto the bottom deposits.

Data analysis for 815N

Thed15N val uesof thesedimentsof sampling
stations in the Ban Don Bay (stations 1-6) were
markedly higher than those of stations nearby
Angthong Islands (stations 10-12). Base on these
results, together with the results of 813C analyses,
the datasuggested that organic mattersinthosetwo
areas, which may contribute substantial inputs of
carbonandnitrogen ontothesediments, had different
isotopic compositions. As previously reported by
Goering et al. (1990) that the §1°N val ues of mixed
phytoplanktondominated by diatom (Thalassiosira
aestivalis, Skeletonema costatum and Chaetocer os
debilis) collected in Auke Bay during the prebloom
in spring was 3.3 + 0.6%o, the results here which
indicated the 15N val uesof 3.8+ 0.1%. in sediment
collected at station 10-12 may imply thedominance
of diatomsinthewater columnalongthosestations.
Although there were some differencesin origin of
organic deposition, therangesof §1°N inour results
couldclearly confirmthat the sedimentsintheouter
area were mostly derived from the primary
production in overlying water column.
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Figure1l Sampling stations in the Ban Don Bay
and adjacent area in Surat Thani prov-
ince, Thailand.
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Figure3 Contour graph of surfacesalinities (psu)
in the Ban Don Bay and adjacent area.
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Figure5 Contour graph of nitrogenisotoperatios
(81°N) of the surface (0-1 cm) sediments
in the Ban Don Bay and adjacent area.

Figure2 Contour graph of water depths in the
Ban Don Bay and adjacent area.
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Figure4 Contour graph of carbon isotope ratios
(813C) of the surface (0-1 cm) sediments
in the Ban Don Bay and adjacent area.
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Figure6 Contour graph of total organic carbon
contentsof thesurface(0-1.cm) sediments
in the Ban Don Bay and adjacent area.
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Figure 7 Contour graph of total organic nitrogen
contentsof thesurface(0-1cm) sediments
in the Ban Don Bay and adjacent area.

Figure8 Contour graph of C:N ratios of the sur-
face (0-1 cm) sedimentsin the Ban Don
Bay and adjacent area.
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Figure9 Contour graph of percentages of terres-
trial organic mattersin surface (0-1 cm)
sedimentsinthe Ban Don Bay and adja
cent area.

Data analysis for organic carbon and nitrogen
contents

Anaccumul ation patternsof organic carbon
and nitrogen shoul d depend upon thedi stribution of
water masses and currents which were in turn
influenced by wind velocity and direction and
topography. Becauseof thesurfacecurrent vel ocity
and directionin the Ban Don Bay wereremarkably
influenced by the monsoon, the accumulation
patterns of organic carbon and nitrogen were
considered to be directly controlled by monsoon-
induced currents in the whole study area.
Distributions of organic contents of carbon and
nitrogen of surface sediment showed almost the
same pattern. Although low carbon and nitrogen
contents of surface sediment were found in small
areas closed to the river mouth, the mean values of
the organic carbon and nitrogen contents of the
whole sampling areawere still high. The organic
contentsof carbonand nitrogen of surfacesediments
in some parts of the study area were as high asthe
high production arease.g. in the OsakaBay (12-22
mg/g for carbon and 1.8-2.4 mg/g for nitrogen),
Japan (Montani et al., 1991; Mishimaet al., 1996).
Such high concentrations of organic materials
deposited in the Ban Don Bay may be one of the
reasons that causes this area characterizes as a
comparatively high fishery production zone of the
Gulf of Thailand.

Data analysisfor C:N ratios

Atomic C:N ratios of particulate organic
matter have been employed as source indicators of
sedimentary particul ateorganic matter by numerous
workers (e.g Prahl et al., 1980; Thornton and
McManus, 1994). Additionally, Hedges et al.
(1988) indicated that the elemental compositions
from trap samples in various water depths were
similartothoseof theunderlying surfacesediments,
and the C:N ratio of the particulate organic matters
intheupper layer of water columnwasonly slightly
lower than those in the lower layers. Our C:N
distribution clearly showed that the C:N ratios of



Kasetsart J. (Nat. Sci.) 36 (1) 81

surface sediment close to the river mouth were
higher than those in the Ban Don Bay and these
ratios gradually decreased from the river to the
outer part of the bay. Generally, the high values of
C:N ratios (>10) of sediments from mid-latitude
areas had been interpreted to be a large effect of
terrigenous materials input (Thornton and
McManus, 1994; Mishimaetal., 1996). Theresults
from 813C clearly demonstrated that the sediments
closetotheriver mouthwereaffected by terrigeneous
materials, whereas those in stations nearby
Angthong Islands were mostly derived from
authochthonous primary production. The mean
value of C:N ratio of area that marine organic
sources should be the major contributor to the
sediment organic matter pools (stations 9-12) was
estimated to be 8.3 £ 0.2. Tan et al. (1991) have
similarly revealed that the C:N ratiosof sedimentin
the East China Sea, which contain a dominant
contribution of marine organic carbon, lie in the
range 6.2 to 8.8.

In conclusion, the distribution pattern of
stable isotope composition of sediments in Ban
Don Bay implied that most of terrestrial organic
matter discharged from the river into the Ban Don
Bay had entirely been deposited onto the bottom
sediment withintheBan DonBay. Suchdischarges
could not reach the Angthong Islands.
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Potential Biodiesael Production from Palm Oil for Thailand

Teerin Vanichsenil, Sakda Intaravichail, Banyat Saitthitil and Thanya Kiatiwat?2

ABSTRACT

The purpose of thisstudy isto review and eval uate aspects on Thailand’ senergy situation, oil palm
plantation, properties of palm oil, conversion process to biodiesel, suitably available lands, biodiesel
quality, environmental impacts, engine test performance and benefits of the country from using biodiesel.
The results show that if 20% of diesel production from the amount of imported crude oil in 2000, was
compensated by thisbiodiesel production, it would reduce imported crude as estimated value as Bt 13,436
million. To avoid conflict with feedstock for food production, plantation areas of at least 4.4 million rais
in12.9 millionrais (1 rai = 0.16 ha) of suitably availablelandswill be required. Oil Palm is quantitatively
the highest commercially potential production among the existing Thailand’s major oil crops.
Transesterification can providechemical transformation of crude palm oil (CPO) and crude palm kernel ail
(CPK) tobiodiesel. The product of thisprocesshasbeen acceptableasdiesel fuel substitute. Environmental
impacts from biodiesel utilization show positive results compared to diesel fuel No. 2 (DF2). Biodiesel is
acceptableasalternativediesel fuel with no significant problemsfoundinbothdirect andindirectinjections.
Conclusively, theresults of thisreview and eval uation show high potential biodiesel production from palm
oil for Thailand.

Key words: biodiesel, palm oil, conversion, environmental impacts, engine tests

INTRODUCTION

There is no argument that energy is one of
the essential thingsfor our everyday living. Infact,
most of today utilized energy derived from fossil
resources, which are non-renewable energy.
Notably, world reservesof ail, natural gas, coal and
uranium are being depleted and predicted length of
their supply asnolonger than 40-50, 55-60, 150 and
80 years, at today world consumption rate,
respectively (El Bassam, 1998; Connemann and
Fischer, 1999; Crabbe et al., 2001). It is then
feasiblethat the pricesof petroleum and natural gas
are likely to increase or fluctuate regarding the

resource reduction.

In Thailand, the consumption of crude and
refinedoil, intheyear 2000, werearound 92 MI/day
(50.57% of total commercially energy
consumption); whereas, local crude oil production
could supply only 9.2 Ml/day (10% of total
consumptionof crudeandrefined ail). Nevertheless,
imported crudeoil wasaround 102 M1/day worth Bt
285,862 million per annum as 86% of total
commercial primary energy import. Within the
final modern energy consumption produced from
crude ail, diesel fuel consumption was around 41
MlI/day, whichwas49% of total petroleum products
(NEPO, 2001).

1 Department of Farm Mechanics, Faculty of Agriculture, Kasetsart University, Bangkok, 10900, Thailand.
2 Department of Mechanical Engineering, Faculty of Engineering, Kasetsart University, Bangkok, 10900, Thailand.
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Technically, 23.5% of refinery input (crude
ail) is basically conversed to DF2 (diesel fuel for
transportation) as an output (Sheehan et al ., 1998).
Therefore, to calculate the money saving from
reducing imported crude oil procurement for diesel
production, the equivalent value of diesel within
imported crude (without refinery cost) isaround Bt
67,178 millionper annum. Supposably, if thecountry
were able to save this part of imported crude oil
around 20% (4.79 Ml/day), it would be equivalent
toat least Bt 13,436 million per annum. Meanwhile,
Thailand, with high capability in agricultural
production or biomass, is able to provide the local
substituteprimary energy for diesel fuel, thisamount
of money will thereforecirculatewithinthecountry.

Bioener gy, the sustainable resour ce

Asstated earlier, to prolong or maintain not
only astherenewabl eenergy sourcesand production
but also being environmental friendly to the world
andlocal habitats, theterm* sustainable” istherefore
represented. Many researches confirmed that the
bioenergy or biofuel, as a Biomass (as products of
plant and animal matters on the earth’ s surface), is
ableto addressmany of thekey issuesand problems
surrounding sustainable development, including
combating global climate change, supporting and
creating jobs, strengthening rural economics,
enhancing the rural environment and recycling
resources (Chamber, 2000).

In the work of El Bassam (1998), the
comparison among fossil, nuclear and biomass as
theenergy sourcesconsidering on social, economic
and environmental aspects of utilization were
analyzed. Theresults have shown that biomass had
taken on benefits over the others, especially on
renewable, CO,reduction, landscape, accident risks,
costsof environmental repair, administrative costs,
creating new jobs, decentralization of economic
structure, improving farmer’ sincomes, significant
time of waste decay, public opinion, genetic
deformation, etc. (Table 1)

Biodiesel, the study purpose

The National Energy Policy Committee,
NEPC (2001), regulated biodiesel as the fuel for
diesel engineproduced from vegetableoil, whichis
transformedintomethyl or ethyl ester. Thevegetable
oil for biodiesel manufactured typically containsup
to 14 different types of fatty acids (Tyson, 2001).
Popularly, the term “biodiesel” is now usually
referring to estersof vegetableoilsor animal fatsor
waste oils and not the corresponding feedstocks.
DF2 is the fuel with which biodiesel is usualy
compared (Knothe and Dunn, 2001). The primary
purpose of this study isto review and evaluate on
country’s energy Situation, oil palm plantation,
propertiesof palmoil, conversion processes, suitably
available lands, biodisel quality, environmental
impacts, engine test performance and country’s
benefit from using biodiesel.

MATERIALSAND METHODS

Inthisstudy,amodel of biodiesel production
from palm oil is presented as shown in Figure 1,
which is fundamentally based on the literature
review from Cook (1984); Berger (1984);
Kulavanich et al. (1988); Gervasio (1996); Van
Dyne et al. (1996); Muniyappa et al. (1996); El
Bassam (1998); Noureddini et al. (1998); Sheehan
et al. (1998); Canakci and Van Gerpen (1999);
Connemann and Fischer (1999); Ma and Hanna
(1999); Demirbas (2000); Crabbe et al. (2001);
IEM (2001) and Knothe and Dunn (2001).

Oil palm

Oil palm has its scientific name as Elaeis
guineensis Jacq. The genus Elaeisis derived from
the Greek word “ elaion” meaning oil. The specific
name guineensis indicates its origin in the Guinea
Coast (Salunkheetal., 1992). Oil palmwashbrought
to plant in Thailand before the World War 1I;
consequently, thefirstcommercial plantationstarted
at Krabi and Satun Provincessince 1968. Currently,
thepopular commercial oil palm species, plantedin
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Tablel Social, economic and environmental aspects of utilization of different energy sources (El

Bassam, 1998).
Fossil  Energy fuels  Biomass
Nuclear
Renewable no no yes
CO, reduction no yes yes
Reduction of heat emission no no yes
Landscape no no yes
Avoidance of large accident risks no no yes
Excessive costs of environment repair yes yes no
Reduction of administrative costs no no yes
Innovation no yes yes
Creating new industrial jobs no yes yes
Promoting decentralization of economic structure no no yes
Promoting export no yes yes
Increasing autonomous energy supply (industrialized countries) no yes yes
Increasing autonomous energy supply (devel oping countries) no no yes
Improving farmers incomes no no yes
Significant time of waste decay yes yes no
Migration to urban areas yes yes no
Favorable public opinion no no yes
Avoidance of international conflict and wars no no yes
Genetic deformation no yes no

Fertilizers, COo,, Solar,

Water, and Energy Oil Palm Plantation

»|  For Biodiesel Production

Bioenergy (recycled), FFB Wastewater

energy, water -
o Fertilizers

QOil Mill Process

4

Alcohol (blow down)

Palm Qil Glycerin (co-product)

Energy, Catalyst, Emission, Wastewater,

Alcohol, Water Transesterification Process Residual

h 4

v

(Chemically Transformation Process)

| Biodiesel |

Figurel A model overall process model of proposed biodiesel production from palm oil.
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Thailand, is Tenera (F1 Hybrid) or DxP, which
derived from the hybridization between Dura and
Pisiferaspecies(Kulavanichet al., 1988; Sarakoon
et al., 1998).

Among Thailand's major oil crop
production, OAE (2000a) reported that, during the
past decade, three major oil crops as soybean,
coconut and oil palm occupy the most areas of
harvested or planted. Harvested areas of soybean,
coconut and oil palmin the year 1998/99 are 1.37,
2.066 and 1.129 million rais (1 rai = 0.16 ha),
respectively. Nevertheless, areasfor oil palm were
increasing; whereas, soybean and coconut were
reducing and constant, respectively. The average
growth of oil palm harvested areasincreased at the
rate of 8.48% during the past decade (OAE, 2000b).

Intermof productionyield, oil palmhasalso
shown the highest yield among these major oil
crops during the past decade. The production rate
wasincreasing at theaveragerate of 12.06% (OAE,
2000b). In comparison of oil seed yields and oil
contents, Table 2 shows the data of the major oil
Ccrops.

Qil yield of oil pam is among the top of
thesemajor il crops. Other researchersal soreported
about the percent oil content of oil palm as 21.6-
24.5% by weight of afresh fruit bunch (ffb) (Salam,
1985; Kulavanich et al., 1988). Conclusively, ail
palmisquantitatively highpotential for commercial
plantation and production for Thailand.

Additionally, perennia crops, such as oil palm,
generally consume less herbicide and impact on
soil erosion than annual crops.

Chemical composition and property suitability

Biodiesel typically containsupto 14 different
typesof fatty acidsthat arechemically transformed
into fatty acid methyl esters (Tyson, 2001). Palm
oil’ schemical compositionsarewithin therange of
those types of fatty acids (Table 3).

One parameter, which is necessary when
defining general standards for biodiesel, isiodine
value. lodine valueis the standard to describe and
measure the degree or content of unsaturated fatty
acidinvegetableoil. | odinevalueisonly dependent
ontheoriginof thevegetableoil (Mittelbach, 1996;
Knotheand Dunn, 2001; Lang et al., 2001). lodine
valuecorrel ateswith cetanenumber (CN), whichis
used to measureof fuel ignition characteristics, like
octane number for gasoline. Biodiesel from
vegetable oils with low iodine value will have a
higher CN while the low-temperature properties
are poor. Whereas, highiodine valuewill havelow
CN whilethelow temperature properties are better
(Knothe and Dunn, 2001). Mittelbach (1996) also
stated the necessary of alimitation of unsaturated
fatty acids due to the fact that heating higher
unsaturated fatty acidsresultsin polymerization of
glycerides(esters). Thiscanlead totheformation of
deposits or to deterioration of the lubricating oil.

Table2 Productsand oil’syields of various plant species.

Common name Products'yield (tones/ha) Qil(tones/ha)
Qil palm 19.12 FFB 4.82
Peanut 5.00 Seed 1.75-2.75°
Soybean 2.3%3.1b Seed 0.4%0.403-0.775°
Coconut 1.02 Copra 0.625P
Castor bean 5.00 Seed 1.75-2.75°
Sesame 1.08 Seed 0.45-0.50P
Rape seed 3.02 Seed 122

Sources: @ Mattsson et al., 2000;  Modified El Bassam, 1998
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In German biodiesel standard E DIN 51606
regulated the maximumvalue of 115 glodine/100g
(see Table 4). Typically, palm oil was reported its
variousiodine values of 35-61 (Knothe and Dunn,
2001); 45-60 (TIS, 1978) and 44-58 (Salunkhe et
al., 1992), respectively. Therefore, palm ail is
generally suitableashiodiesel productionfeedstock
(Soybean oil was excluded from this standard).

Itwasbelievedthat somegeneral parameters,
like density, cetane number (CN) and content of
sulfur, mainly depend onthe choi ce of vegetableoil
and cannot be influenced by different production
methods or purification steps (Mittelbach, 1996).
Nevertheless, Lang et al. (2001) found that the
density of thebiodiesel isinfluenced by theoriginal
crudeoil and therefining stepsto makethe product.
However, recently, the results of many researches
reported on some improvement in CN of original
vegetable oils after transesterified to biodiesel
(Knothe and Dunn, 2001; |IEM, 2001; Altin et al.,
2001; Crabbe et al., 2001).

Suitably availableland for oil palm plantationin
Thailand

In the Thailand agricultural statistic on
productionand marketing reportedin OAE (2000b),
where showed thebalance sheet of Thailand’ spalm
oil from 1991-2000, the quantities of product and
local consumption almost balanced. Astheresults,
to avoid the conflict with food feed stock demand,
itisnecessary to evaluatethe possibility to enhance
the commercialy suitable plantation areas apart
from existing harvested areas for food.

Sarakoon et al. (1998) had donethestudy on
analysisand classification of the suitably available
landin 14 provinceswithinthesouthern of Thailand
(included Prachuap Khirikhan) for oil palm
plantation. These areas were excluded forest,
existing plantation and communities or residential
areas, the summary was shown as the follows,

e Suitable land, means the production
capability of 3 tons-ffb/rai/yr; (L1), equals
12,971,928 rais

Table3 Weight percent of fatty acidsin palm oil and kernel oil with typical 14 fatty acidsin biodiesel.

14 Fatty Carbon & Palm ail Palm kernel ail
acids double % fatty acid content % fatty acid content
bond
(Tyson, 2001) (Tyson, (Knothe Malaysia  (Kulavanich (Tyson, (Salunkhe  (Kulavanich
2001) and Dunn,  (Salunkhe et al., 1988) 2001) etal., 1992) etal., 1988)*
2001) et al., 1992)
Caprylic C8 2-4 34 28
Capric C10 3-7 3-7 3.0
Lauric C12 45-52 46-52 48
Myristic Ci4 1-6 0.6-2.4 0.5-0.8 2 14-19 15-17 17.7
Palmitic C16:0 32-47 32-46.3 46-51 43 6-9 6-9 8.2
Palmitoleic Cil6:1 0-1
Stearic C18:.0 1-6 4-6.3 2-4 7 1-3 1-3 17
Oleic C18:1 40-52 37-53 40-42 39 10-18 13-19 16
Linoleic C18:2 2-11 6-12 6-8 9 1-2 0.5-2.0 16
Linolenic C18:3
Arachidic C20:0 1-2
Eicosenoic C20:1
Behenic C22:0 1-2
Euricic C22:1

Remark: * reported that kernel oil also has another 1% of caproic.
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* Moderate suitable land, means the
production capability of 2.5-3tons-ffb/rai/yr; (L2),
equals 10,181,494 rais

* Total additionally potential land
available equals 22,078,387 rais (1 rai = 0.16 ha)

The results showed that Surathani (~ 4
millionrais) and Nakorn Si Thamarat (~3.5million
rais) have large avail able suitable land remaining,
respectively. (Figure 2.)

To substitute 20% of today diesel fuel
consumption, as stated earlier, it would require at
least 2,993 Ml/year of biodiesel. Normaly, the
yield of methyl estersconversion processisaround
95 % (see transesterification process), density of
palm oil isaround 0.9 kg/l (T1S, 1978; Salunkhe et
al., 1992) and % oil contentin ffbisaround 21.6 %
(Salam, 1985). Therefore, it would require at least
4. Amillionraisof oil palm plantation areasfor this
purpose.

Kasetsart J. (Nat. Sci.) 36 (1)

Conversion Processes

Before starting going into conversion
processes to transform ffb and its oil to biodiesel,
normally, there are questions on why not using
crudeoil in stead. Since, Rudolf Diesel’ sinvention
of the compression ignition (diesel) engine over
100 years ago, it had been known that the engine
could operateonvegetableoils. Although, petroleum
became the dominant world energy source, some
interested researchers have been developing
vegetable oil as diesel fuel source during the past
century (Raneseset al ., 1999). For exampl e, several
researches reported the using neat vegetable oils
and/or theuseof it blendsof theoil swithboth direct
or indirect diesel engines could cause severe
numerousengine-rel ated problems, whileshort term
tests were almost always positive. Conclusively,
long-term use of neat vegetable oils can lead to
severe engine problems, emission and storage such
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Summary Existing/Suitably Available Land for Oil Palm Plantation in the Southern of T
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Figure2 Summary of existing and suitably available lands for oil pam plantation among studied

provinces (Modified Sarakoon et al., 1998)
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as (Muniyappa et al., 1996; Noureddini et al.,
1998; Canakci and Van Gerpen, 1999; Ma and
Hanna, 1999; Ranesseset al., 1999; Monyemet al.,
2001; Knothe and Dunn, 2001; Altin et al., 2001);

e Coking and trumpet formation on the
injectors to such an extent that fuel atomization
does not occur properly or is even prevented as a
result of plugged orifices,

e Carbon deposits,

* Qil ring sticking,

e Thickeningandgelling of thelubricating
oil as a result of contamination by the vegetable
ails,

e Tendency to polymerization within the
cylinder,

* Incomplete combustion,

* Triglycerideinvegetableoilscanleadto
formation of aromaticsviaacroleinfromtheglycerol
moiety, this is able to cause PAHs known as
carcinogens,

e Polymerization and gum formation
caused by oxidation during storage

* Increase particulate emissions.

Bari et al. (2002) studied on the effects of
preheating of crude palm oil (CPO) on injection
system, performance and emission using Y ammar
L60AE-DTM single cylinder, four-stroke, air-
cooled diesel engine. The results released that the
suitable heating temperature in the CPO tank was
80°C enable to lower the viscosity and smoother
flow with no effect to injection systems; otherwise,
some effectsfrom surplus higher temperature from
heatingfuel and combustionchamber duringrunning
might damage the injection pump and caused
significant changesin friction between the moving
parts. Moreover, the study found that CO and NOy
as emissions were higher over the whole range,
comparedwiththat of diesel, by anaveragevalueof
9.2 and 29.3%, respectively.

Inorder toreduced or eliminatetheproblems
onusing neat vegetableoil, itisvery importanttobe
improved, especially, viscosity, volatility and flow
properties of relative triglyceride molecule in

vegetable oils. Schuchardt et al. (1998) concluded
aternative ways, which had been considered to
reduce the high viscosity of vegetable oils. Among
al thesealternatives, inwhichweredilution (25%),
microemulsions, thermal decomposition, catalytic
cracking and transesterification, transesterification
is confirmed as the most appropriate available
technology for producing monoesters, asknown as
biodiesel, from crude vegetable oils. Moreover,
biodiesel asdiesel fuel substitute, canreplacediesel
fuel without causing harmful effectsto unmodified
engines, while simultaneously reducing most of
harmful exhaust emissions, especially PAHSs
(Polycyclic Aromatic Hydrocarbon Compounds)
as known as mutagens and carcinogens, except
NOy (Gervasio,1996; Van Dyne et al., 1996;
Muniyappa et al., 1996; Noureddini et al., 1998;
Sheehan et al., 1998; Canakci and Van Gerpen,
1999; Connemannand Fischer, 1999; Maand Hanna,
1999; Tat et al., 2000; Krahl et al., 2001; Crabbe et
al. 2001; IEM, 2001; Knothe and Dunn 2001;
Monyem et al., 2001).

Oil mill factory in Thailand

Kulavanich et al. (1988) reported the
information regarding the palm oil mill factory in
the southern of Thailand. There are 14 standard
factories, which have capacity from 10to 30 tonsof
ffb/hr. Ten years later, Sarakoon et al. (1998)
reported that there are 18 large factories (separated
process) with total capacity as 765 tons of ffb/hr.
Withinthese 18 factories, their capacity variesfrom
25 to 90 tons of ffb/hr; in addition, others 24
factories are considered small, with all together
capacity isaround 143 tons of ffb/hr. However, in
1997, total oil palm product (ffb) was ableto cover
only 53 % (year-average) of al oil mill factories
capacity.

Therefore, the total remaining capacity of
these oil mill factoriesisaround 2.05 M tonsof ffb/
y (based on 16 working hrs/day, 300 working days/
year), whichisequivalent to around 442,465 tonsof
crude palm oil (CPO) and crude palm kernel ail
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(CPK)/y. If thisremaining capacity isableto provide
crude oil for biodiesel production, it will be
equivalentto1.28 Ml of biodiesel/day. Thisamount
of biodiesel production can compensate only 3.12
% of diesel fuel consumption (41 Ml/day).

Transesterification

Transesterificationistheprocesstotransform
triglyceride molecules into smaller, straight-chain
molecules. Thesestraight-chainmoleculesarevery
similartodiesal (VanDyneetal.,1996; Muniyappa,
et al., 1996). (Nevertheless, there are some
chemically different in molecular structure and
composition between biodiesel (methyl ester) and
diesel. Normally, diesel molecule, asahydrocarbon
compound, has no oxygen, its general chemical
formula is C1gH34 or CH3-(CH>5)14-CH3. On the
other hand, vegetableoil molecul econtainsoxygen,
itsgenera chemical formulaisCqgH2,0,. Molecule
of vegetable oil is esters of fatty acids combined
with glycerol. Thesemoleculesarethereforecalled
as aclyglycerol or glyceride, which most of them
are triglyceride.). Transesterification reaction
comprisesof analcohol and atriglyceridemolecule
inthepresenceof abaseor acid catalyst (Noureddini
et al., 1998). Normally, transesterification is
explainableasthedisplacement of theal cohol from
an ester by another alcohol in a process similar to
hydrolysis except that an alcohol isused instead of
water. This reaction is more specificaly called
alcoholysis; for instance, if methanol is used, the
reaction will be termed methanolysis (Gervasio,
1996).

Moreover, both Noureddni et al. (1998) and
Knothe and Dunn (2001) stated that
transesterification is currently the most common

RCOO(‘IH )
RCOOC‘IH + 3CHZOH
RCOOCH,

Fat or oil Methanol

and effective method or processfor transformation
of thetriglyceride moleculesinto smaller, straight-
chain molecules, reducing the high viscosity of fats
and oilsto arange closeto that of conventional DF.
The general equation of transesterification shows
in Figure 3.

Regarding the stated general equation,
theoretically calculated molecular weight of palm
oil triglycerides and palm methy! esters (based on
data of various glyceryl structures, methyl esters,
and percent acid content from Sawyer and M cCarty
(1978); Kulavanich et al. (1988) and Knothe and
Dunn (2001), respectively), are 865.82 and 284.18,
respectively. Molecular weight of methanol and
glycerine are 96 and 100, respectively. As the
results, balance of theequation showstheestimated
total weight ratio between triglyceride and methyl
ester isalmost 1:1.

Methanol usually use as an alcohol in
transesterification because of its lower price than
other alcohols (Ma and Hanna, 1999; Lang et al.,
2001; Knothe and Dunn, 2001). A conversion of
90-99%isusually obtainedfromthisreactiondepend
on the process conditions. The main process
conditions, whichinfluencetheconversionrate, are
temperature, agitation, excess methanol (molar
ratio), wt.-% catalyst, type of catalyst, reaction
time, amount of water in oil, and amount of free
fatty acid in oil. Practically, molar ratio of alcohol
to triglycerides is higher than its stoichiometry;
normally, the process has been done on the molar
ratio of 6:1 or more. The reaction can be catalyzed
by alkalis, acids or enzymes. The akalis include
NaOH, KOH, carbonatesand corresponding sodium
and potassium a koxidessuch assodiummethoxide,
sodium propoxide and sodium butoxide. Sulfuric

(‘3HZOH
3RCOOCH, + CHOH
atalyst ‘
CH,OH
Methy! ester Glycerine

Figure3 General equation of transesterification (Methanolysis), (Gervasio, 1996; Maand Hanna, 1999).
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acid, sulfonicacidsandhydrochloricacidareusually
used as acid catalysts. Lipases also can be used as
biocatalysts. Alkali-catalyzed transesterificationis
much faster than acid-catalyzed transesterification
and is most often used in commercial scales
(Muniyappa et al., 1996; Noureddini et al., 1998;
Canakci and Van Gerpen, 1999; Ma and Hanna,
1999; Crabbe et al., 2001).

There are several patents on transesterifica
tion of biogenic oils and fats during the past 50
years (Connemann and Fischer, 1999). Mainly,
thesetechnol ogiesareabl eto divideintotwo groups.
Oneisbatchwiseandtheother iscontinuousprocess.
However, the continuous process is normally well
suited for large capacity requirements and using
unrefined oils as feedstock. Furthermore, the unit
can be designed to operate at various pressure or
temperatureor at atmospheric pressureand slightly
temperature(Gervasio, 1996). Maand Hanna(1999)
concluded somemorebenefitsgainfrom continuous
process as lower the production costs, shorter
reaction time, greater production capacity, more
recovery of high quality glycerol, less water
presentedinthesystem, moreconcentratedglycerol,
and lower energy required.

Currently, there are 85 biodiesel plants
around the world. Within this number, thereis one
inMalaysiausing palm oil asfeedstock (Demirbas,
2000). The process of this pilot plant is two steps
continuous; esterification and transesterification
(esterification is the reaction of an acid with an
alcohol inthepresenceof acatalyst toform an ester
and water (Gervasio, 1996)). Malaysia's first
proposed an annual capacity of 500,000 tons of
palmdiesel with carotene and vitamin E recovery
facilities is estimated to require an investment of
RM 438 million or around Bt 5,313 million (IEM,
2001).

Biodiesel quality

Becauseof thefact that biodiesel isproduced
in quite differently scaled plants from vegetable
oilsof varying origin and quality, it was necessary

toingtall astandardizationof fuel quality toguarantee
engine performance without any difficulties.
Generally, the parameters, which are selected and
establishedto definethequality of biodiesel, canbe
dividedintotwogroups. Onegroup containsgeneral
parameters, which are also used for mineral-oil-
basedfuels, andtheother group especially describes
the chemical composition and purity of fatty acid
methyl esters. Consequently, several countries in
Europedid establish standardsfor biodiesel suchas
Austria (O-NORM C1190/1191), Czech Republic
(CSN656507), France, Germany (DIN E 516086,
Tabled), taly (UNI10635) and Sweden (SS155436);
while, in USA, ASTM provides ASTM PS 121
(Table 5) as the standards to ensure good fuel
quality for both pure biodiesel (B100) and blended
20% of biodiesel and 80%diesel (B20), (Mittelbach,
1996; Knothe and Dunn, 2001; Tyson, 2001).

Environmental impacts

Several researchers, suchasTat et al. (2000);
Monyem et al. (2001); Krahl et al. (2001), Knothe
and Dunn (2001) and Tyson (2001), accomplished
and reported the experiments on various diesel
engines in order to find the significant effects
regarding methyl estersfromvariousvegetableoils
(e.g. rapeseed and soybean, etc.). Theresultscanbe
summarized as follows;

e Biodiesel can significantly reduce
environmental impacts on PAHs as amutagenicity
compared to DF (World Health Organisation, has
concluded that mineral diesel fuel is probably
carcinogenic (Williamson and Badr, 1998))

e Biodiesel emissions on hydrocarbon,
particulate and CO are less than DF2

e With larger hydrocarbon molecules of
biodiesel are less compressible than smaller
molecules. Lesscompressiblefuelscan causeearly
injection timing, and this can produce higher
combustion pressures and temperature, which in
turn produce higher NO, emissions.

Moreover, Tyson (2001) and Altin (2001)
reportedthetail pipeemissionchangeswithbiodiesel
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fuel produced from soybean. The results of higher
blends can provide significant emission reduction
benefits for carbon monoxide, particulate, soot,
smoke intensity, hydrocarbons, and especialy,
PAHs. Korbitz (1999) also reported on some
significant locally impacting emissions as
summarized in Table 6.

In term of the biodegradability of biodiesel
in an aguatic environment, EI Bassam (1998)
concluded that all of the biodiesel fuels were
“readily biodegraded” compounds according to

Environmental Protection Agency (EPA) standards,
and have arelatively high biodegradationratein an
aquatic environment. Biodiesel can promote and
speed upthebiodegradation of faster thedegradation
rate. The biodegradation pattern in a blended
biodiesel/diesel isthat microorganisms metabolize
both biodiesel and diesel at the same time and at

amost the same rate.

Enginetest performance

Although, asstated earlier, many researchers

Table4 German biodiesel standard E DIN 51606 (Knothe and Dunn, 2001).

Fuel Property Unit Test method Limit Limit
(min) (max)
Density at 15°C g/ml DIN EN 1SO 3675 0.875 0.900
Kinematic viscosity at 15°C mm2/s DIN EN 1SO 3104 35 5.0
Flash point closed cup, Pensky-Martens °C DIN EN 1SO 22719 110
CFPP (cold-filter plugging point)
-April 15-September 30 °C DIN EN 116 0
-October 1-November 15 -10
-November 16-February 28 -20
(leap year including February 29)
-March 1-April 14 -10
Sulfur content wt.-% DIN EN 1SO 24260 or 0.01
DIN EN 1SO 14596
Carbon residue wt.-% DIN EN ISO 10370 0.05
Cetane number ISO/DIS 5165 : 1996 or 49
DIN 51773
Ash wt.-% DIN 51575 0.03
Water mg/kg ISO/DIS 12937: 1996 or 300
Total contamination DIN 51777-1
Copper strip corrosion mg/kg DIN EN 1SO 51419 20
(3h at 50°C) DIN EN 1SO 2160 1
Oxidative stahility, induction time h IP 306%** tobe defined
Acid number mg KOH/g DIN 51558-1 0.5
Methanol wt.-% E DIN 51608 0.3
Monoacylglycerols wt.-% 0.8
Diacylglycerols wt.-% E DIN 51609 0.4
Triacylglycerols wt.-% 04
Free glycerols wt.-% To be defined 0.02
Total glycerols wt.-% To be defined 0.25
lodine value g lodine/100g DIN 53241-1 115
Phosphorus mg/kg DIN 51440-1 10
Alkali content (NatK) mg/kg To be develop from DIN 51797-3, 5

complemented by potassium
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Table5 Selected fuel propertiesfor diesel and biodiesel fuels (Tyson, 2001).

Fuel Property Diesel Biodiesel

Fuel Standard ASTM D975 ASTM PS121
Fuel composition C10-C21 HC C12-C22 FAME
Lower heating value, Btu/gal 131,295 117,093

Kin. viscosity, @40°C 1.3-14 1.9-6.0
Specific gravity kg/l @ 60°F 0.85 0.88

Density, Ib/gal @ 15°C 7.079 7.328

Water, ppm by wt 161 0.05% max
Carbon, wt% 87 77

Hydrogen, wt% 13 12

Oxygen, by dif. wt% 0 11

Sulfur, wt% 0.05 max. 0.0-0.0024
Boiling point, °C 188-343 182-338

Flash point, °C 60-80 100-170
Cloud point, °C -15t05 -3to 12

Pour point, °C -35t0-15 -15t0 10
Cetane number 40-55 48-65
Stoichimometric air/fuel ratio wt./wit. 15 13.8

BOCLE Scuff, grams 3,600 >7,000
HFRR, microns 685 314

Table6 Emission changes with biodiesel fuels.

Emission Tailpipe emission changes (Tyson, 2001) Locally impacting emission
B1002 B20P (Korbitz, 1999)
(%) (%) (%)
CO -43.2 -12.6 -20
HC -56.3 -11.0 -32
Particulates -55.4 -18.0 -39
NOy +5.8 +1.2 Slight increased
Air toxics -60t0o 90 -12t0-20 ND
Mutagenicity -80t0—90 -20 ND
CO», -78.3¢ -15.7¢ -3.2 kg/1 kg of biodiesel®
SOy ND ND -99
Soot ND ND -59

average of datafrom 14 EPA FTP Heavy Duty Test Cycle tests, variety of stock engines
average of datafrom 14 EPA FTP Heavy Duty Cycle tests, variety of stock engines

life cycle emissions

with delay of injection timing however a decrease of 23% can be obtained

e thereduction of greenhouse gaes by at least 3.2 kg CO,-equivalent per 1 kg biodiesel

o o T o
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confirmedthat biodiesel could substitutediesel fuel
inunmodifieddiesel enginesbothdirectandindirect
injections with no significant effects. There are
some reports, which was reviewed by Knothe and
Dunn (2001) summarized as the follows;

* Innumerouson-the-roadtests, primarily
with urban busfleets, vehiclesrunning on blends of
biodiesel with conventional DF (80% of DF with
20% of biodiesel) required only about 2-5% more
of the blended fuel than of conventional fuel. No
significant engine problems were reported

e Methyl and ethyl esters of soybean ail
were evaluated by 200h EMA (Engine
Manufacturers Association) engines tests and
compared to DF2

* Even a low blend level (= 2 wt%),
biodiesel could serve not only asafuel component
but asalubricity-improving additive. (Conventional
DF serves as its own lubricant within the fuel
system; otherwise, at low sulfur levels, this ability
islost).

InMalaysia, Schéfer (1998) and | EM (2001),
reported the biodiesel quality produced from crude
palmoil and palmkernel usingtwo stage-continuous
esterification and transesterification processes. The
results did show that the products quality is
comparable with Malaysian diesel, especially
viscosity (0.04 @40°C (ASTM D445, cST)) and
pour point (16.0°C (ASTM D97)); otherwise, it
didn’t completely meet the DIN 51606. Its cetane
number (CN) was 62.4 for pure pam oil methyl
esters (POME), which is higher than European
DF2; nevertheless, most engine manufacturers
designate arange of required CN, usually from 40
to 50, for their engine (Knothe and Dunn, 2001).
Moreover, theresultsof along-term operation, both
benchtest andfieldtrials(OM 352 engines), which
had been done on 30 buses, 10 on 100% of this
POME, 10 on 50% blended and 10 on DF2, for
more than 300,000 km-each was successfully done
without any major problems from this alternative
fuels. Consequently, the some analysisresults are,

* Modification of conventional diesel

engineis not required

* Theenginesrun smooth and are easy to
start with no knocking

e Exhaust gas emission is cleaner with
reduction of HC, CO, CO», and SO,

e Fuel consumption is comparable to
petroleum diesel e.g. 3-4 km/I for buses tested.

Inthework of Korbitz (1999) mentioned on
alargefleet testsdonein 1990, using biodiesal from
farmers cooperative commercial production, led
toengineguaranteesby most of tractor producersas
e.g. John Deere, Ford, Massey-Ferguson, Mercedes,
Same. Later on, the year 1996, biodiesel produced
from large industrial scale plants in France and
Germany with the latest biodiesel standard DIN E
51606 was the basis for warranties given by major
diesel engineproducerssuchasVolkswagen, Audi,
Ford, IVECO, John Deere, Kubota, MAN,
Mercedes-Benz, Seat, Skoda, and Volvo.

RESULTSAND DISCUSSSION

Based on the above information, the
following results and discussion can be drawn;

1. Thailand's imported crude oil reached
102 Ml/day worth Bt 285,862 million per annumin
2000. If the country were able to substitute the
amount of imported crude oil for 20% of diesel
consumption, it would be equivalent to at least Bt
13,436 million per annum. This amount of money
will therefore circul ate within the country.

2. Biodiesel is not only the renewable
energy sourcesbut al so doeslessharmful emissions
than diesel fuel, specially, on CO,, SO, and PAHSs.
Moreover, its biodegradability can conduct the
benefits on aquatic environment.

3. In term of social, economic and
environmental aspectsin comparisonamong fossil,
nuclear and biomass, biomass has taken the
advantages over the others.

4. Thailand's benefits form biodiesel
production system can providemoreincomes, jobs,
products' pricestability for bothagricultural sectors
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and rural communities, reduce risk on health,
currency exchange, reliance on foreign oil and
environment impacts. Biodiesel can also increase
country’s energy security and enhance and
emphasizethe country’ sresearch and devel opment
for renewabl e energy resourcesin order to prepare
for the fossil energy depletion in the future.

5. Oil Pam is quantitatively the highest
production yield and increasing on harvested/
plantation areas’ rate over other major oil cropsin
Thailand. Chemical compositionsand propertiesof
both CPO and CPK are suitable as biodiesel’s
feedstock.

6. Incaseof 20%diesel substitute, biodiesel
production would require at least 4.4 million rais
for oil palm plantation. Therearesuitably available
lands for oil pam plantation (excluded existing
plantation, residential, community andforest areas)
as12,971,928raisremainsin 14 southern provinces
(including Prachuap Khirikhan) of Thailand.

7. Using either neat vegetable oils or
blended with diesel in both direct or indirect
injections, although, short term tests are almost
always positive, for long term uses can lead to
severe engine problems, emissions and storage.

8. Although, ail mill industry’ scapacity in
Thailand remainsalmost 47% by year-average, this
is able to provide biodiesel only 3.12% of diesel
consumption per day.

9. Transesterification is the most
commercially appropriated availabletechnol ogy to
transform crude vegetableoil to biodiesel. Oilsand
fats as feedstocks for advanced continuous
transesterification would be limited only on water
and fatty acid contents.

10.Biodiesel (from transesterification
process) is acceptable to substitute diesel fuel in
unmodified diesel engines without any significant
effects.

11. Many industrialized countries have
developed standards for biodiesel in order to
guarantee engine performance without any
difficulties. Notably, some parameters in these

standards are significantly different depend on the
environmentally utilization conditions and raw
materialsin each country.

12. Maaysian crude palm methyl estershad
satisfied thefield testseither unmodified busdiesel
engine or its emissions. The first commercial
biodiesel productionin Malaysiawas proposed an
investment of RM 438 million or equivalent to
around Bt 5,313 million for 500,000 tons/year.

CONCLUSION

Asthe results, potential biodiesel production
from palm oil for Thailand is highly positive;
however, the price of extracted oil palm is higher
than thefinal competing product, petroleum diesel.
Therefore, the waysto minimized cost of biodiesel
isto review taxation system, devel op the market of
its high value co-product (glycerin) and improve
theindustrial cropyieldand management. Currently,
in UK, themarket priceof glycerinis£ 1300 tonne’
Lfor purified product, andispredicted to bebetween
£ 1000 and 1300 tonneL in the year 2004 (William
son and Badr, 1998). Nevertheless, within this
initial stage, another market for biodiesel would be
afuel additive because of morestringent regulation
on sulfur content in diesel fuel. Biodiesel’'s high
lubricity and CN properties are comparable with
today’ sdiesel-fuel additives, whichtheir pricesare
normally substantially higher than petroleumdiesel
itself.
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Statistical Analysis of Influenced Factor s Affecting
the Plastic Limit of Soils

Aekapong Temyingyong?!, K or choke Chantawar angul 1 and Prapaisri Sudasna-na-Ayudthya?

ABSTRACT

Thedetermination of plasticlimit of soilsaccordingto ASTM Standardsspecifiesthevalueof plastic
limit asthe moisture content of rolled soil thread at 3.2 mm diameter that beginsto crumble. Thereliability
of test results must depend on the skill of operator and various mechanical factors. In practice, test results
of plastic limit have a high variation. In this research, influenced factors on the variation of results were
studied. Statistical analysisof resultsby multipleregression, correlation, and analysisof varianceindicated
that there were two primary factors affecting the plastic limit of soils. The main factor wastheinitial size
of the soil sample, explained 40% variation of the plastic limit value. The second factor wasthetype of soil
classified by plasticity explained 21.8 % variation of the value. The other mechanical factors such as
friction, speed, and pressure explained 3.0-3.2 % variation of the plastic limit value of soils.

Key words: plastic limit, statistical analysis, soil testing, correlation

INTRODUCTION

The Atterberg's limits are useful in
agricultural soil science and soil engineering. They
also correlate with some important engineering
propertiesof soil. The Atterberg’ slimits, whichare
most useful for engineering purposes are liquid
limit, plasticlimitand shrinkage, limit. Theselimits
are expressed as percent water content. Atterberg
(1911) defined the plastic limit asthewater content
at which a sample of soil begins to crumble when
rolled into a thread under the pam of the hand
(Casagrande, 1932). Inorder to standardizethetest,
Terzaghi (1926) set thediameter of thethread at 3.2
mm or 1/8 inch. Mechanically, this procedure
subjectsthe soil to avery complex stresssystemin
that it combines bar rolling distortion, cylindrical
compression and lateral extrusion process. A
rigorous analysis for these stresses does not exist.

However, assuming full saturation and
incompressibility of soil mass, plasticity theory
indicates the soil yield stress to be functions of
applied pressure to the soil bead, geometry of soil
sample, speed of rolling and friction between soil,
hand and base plate (White, 1982). None of these
variablesare controlled intherolling bead test, and
theknown variation of resultsisnot surprising. For
example, the dightly cohesiveclay inthisresearch
with mean plastic limit 28.42%, when tested by
different operators, theresultsrangefrom aslow as
22% to as high as 34%.

In this research, statistical techniques such
as multiple regression, correlation analysis, and
analysisof variance were applied to identify which
influenced factors are the main factors that affect
theplasticlimitvariation. Inorder to parametrically
control eachinfluencedfactors,amechanical rolling
device was modified from Bobrowski and

Department of Civil Engineering, Faculty of Engineering, Kasetsart University, Bangkok 10900, Thailand.
2 Department of Industrial Engineering, Faculty of Engineering, Kasetsart University, Bangkok 10900, Thailand.
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Griekspoor (1992). The influenced factors
considered in this study are applied pressure to the
soil bead, geometry of soil sample, speed of rolling,
and friction among soil, hand and base plate.

MATERIALSAND METHODS

M echanical rolling device design

The mechanical rolling device was
developed from Bobrowski’s rolling device as
shown in Figure 1. At the interior intersection
between thetwo sidesand the base, aplexiglassrail
3.2mmhighwasplaced. Theserailswill accurately
dictatetheexact diameter of thesoil thread. Inorder
to obtain the adjustable speed of the test, a DC
motor(1) with adapter(2) was connected to the
upper plateto producetherolling action. Variation
of theinput voltage from 16.5 to 19.5 volts yields
the rolling speed of 103 to 128 cycle/min. The
plexiglasplate(3) with bolt polesattached was used
to control the pressure that apply to the soil bead.

Materials and experimental design

Inthisresearch, threerepresentativesamples
of soils that are very cohesive soil, moderately
cohesive soil, and slightly cohesive soil were
prepared for testing. Figure 2 showsthevariation of
control factors used in the experimental design
plan.

Therolling bead test cannot be expected to
provide reliable and consistent results for plastic
limit since none of variables are controlled in the
rolling bead test. In this experimental design plan,
rate of deformation (Ry) was set to be the
representative variable demonstrating the rate of
shape changing due to the bar rolling distortion,
cylindrical compression, and lateral extrusion
processin the plastic limit test as shown in Figure
3.

Therateof deformation (Ry) wasdefined as
_ (Ly/Dy - L /Do)

t

R

Figurel The mechanical rolling device.

| Control factors

Pressure force Testing speed
P1=296.77 g S1=103 cycle/min
P2=334.90g I S2=115 cycle/min
P3=370.56 g S3=128cycle/min

Friction Innitial size
Fl=Plastic rolling device D1= ¢ 7mm x 30mm

F2=Glass rolling device D2= ¢ 5mm x 30mm

Figure2 The variation of control factors used in
experimental design plan.

e
Q— 0
!

(8) Rolling distortion process

(c) Lateral extrusion process

Figure3 Plastic limit testing as a mechanica
process.
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In which
Rq = rate of deformation (secl)
Lo =initia length of sample (mm)
Do = initial diameter of sample (mm)
L, =fina length of sample (mm)
D, =fina diameter of sample (mm)
t =testing time (sec)

The rate of deformation was calculated in
variousconditions(Tablel). Theanaysesof results
by multipleregression, correlation, and analysis of
variance were applied to identify which factorsare
the primary factors affecting the plastic limit
variation.

RESULTSAND DISCUSSION

From atotal of 216 tests, the plastic limit
valuesandtherateof deformationweredetermined.
Statistical analyses were carried out using the
Minitab and SPSSpackage, whichincludemultiple
regression, correlation anaysis, and analysis of
variance. In this way, factors affecting the results
can be identified separately (Lyman, 1993). The

results from analyses were demonstrated in Figure
4 and Table 2. From the illustration, it can be
noticed that

1. Rate of deformation will increaseif the
applied pressure and rolling speed isincreased.

2. Rate of deformation will increase when
theinitial diameter decreases (From D1 to D2).

3. Rate of deformation of very cohesive
soil (soil type 1) is greater than the moderate (soil
type 2) and slightly cohesive soil (soil type 3).

4. Rate of deformation in coarse surface
rolling device (plastic plate) is greater than the
smooth rolling device (glass plate).

Theresultsanalyzed by multipleregression
and correlation in Table 2 indicated that therewere
two primary factors affecting the plastic limit. The
main factor was the initial size of the soil sample,
explained 40% variation of plastic limit value. The
second factor was the type of soil classified by
plasticity explained 21.8 % variation of the value.
Theother mechanical factorssuch asfriction, speed,
and pressureexplained 3.0-3.2%variation of plastic
limit value.

In order to ensure the statistical analysis

Tablel Testing condition for Ry in experimental plan.

Initial size of
sample

Rolling device material

Testingtime  Pressureforce Testing speed
(sec) ©) (cycle/min)
S1 2 S3

¢ 7mm x 30mm
Translucent plastic (D1)
(Coarse surface, F1)

¢ 5mm x 30mm

(D2)

¢7mm x 30mm
Plexiglass (D1)
(Smooth surface, F2)
¢ 5mm x 30mm

(D2)

206.77(P1) 103 115 128
15 33490(P2) 103 115 128
37056 (P3) 103 115 128
206.77(P1) 103 115 128
5 33490(P2) 103 115 128
37056 (P3) 103 115 128
206.77(P1) 103 115 128
15 33490(P2) 103 115 128
37056 (P3) 103 115 128
206.77(P1) 103 115 128
5 33490(P2) 103 115 128
37056 (P3) 103 115 128
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Figure4 Relation between rate of deformation and influenced factors from analysis of variance.

Influenced factors

Table2 Results of multiple regression and correlation analysis by Stepwise method.

101

Model R R Square Adjusted R Sgquare Incremental Adjusted R
Square (%)
1 0.635 0.403 0.400 40.0
2 0.789 0.622 0.618 21.8
3 0.809 0.655 0.650 32
4 0.829 0.688 0.682 32
5 0.848 0.718 0.712 30

Note Model 1: Ry=f (Diameter )
Model 2: Ry =f ( Diameter 1, Soil type)
Model 3: Rq=f (Diameter 1, Soil type, Speed)

Model 4: Ry =f (Diameter 1, Soil type, Friction 1, Friction)
Model 5: Rq=f (Diameter 1, Soil type, Friction 1, Speed 1, Pressure)

results, variation of plastic limit value before and
after controlling main influenced factors were
determined in Figure 5. From the figure, it can be
noticed that therange of plastic valuereducesfrom
22-34 % to 28-30%.

CONCLUSION

The analysis from multiple regression,
correlation, and analysis of variance of the plastic
limit test results with various controlling factors
and soil types, found that there were two primary

factorsaffectingtheplasticlimit of soils. Themain
factor was the initial size of the soil sample,
explained 40% variation of plasticlimit value. The
second factor was the type of soil classified by
plasticity explained 21.8 % variation of the value.
Theother mechani cal factorssuch asfriction, speed,
and pressureexplained 3.0-3.2%variation of plastic
limit value.

The results of the plastic limit test with
controlling maininfluenced factorsdemonstrated a
significantly reduction in variation. It can be
recommended that the plastic limit test could be
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(a) Before controlling influenced factors.
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(b) After controlling influenced factors.

Figure5 Variation of plastic limit results before and after controlling the main influenced factors.

standardized to give more reliable and repeatable
results by the initial diameter of the soil thread
sample.
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Deter mination of Selenium in Water Samplesby Using a
Methylene Blue Kinetic Catalytic Spectrophotometric Method

Apisit Songsasen?, Pasit Aukkarayunyong?, Sornarin Bangkedpholl and Wantana Sasomsap?

ABSTRACT

A Kkinetic catalytic spectrophotometric method, which was very sensitive and effective, was
developed for the determination of selenium in water samples. It based on the catalytic effect of selenium
on the reaction of methylene blue with sodium sulfide. A changein the absorbance of methylene bluewith
times at various concentrations of selenium were monitored, giving the “end point” (time) for each
concentration of selenium. A plot of end point versus selenium concentration constituted a calibration
graph, whichwaslinear in arange of 2.5-30 ppb of selenium, with the correlation coefficient of 0.9992. The
method wasappliedto determinetheamount of seleniuminthewater samplecontaining 15 ppb of selenium,
giving 91.84% recovery and the relative standard deviation of 2.27%. Compared with the hydride
generation atomi ¢ absorption spectrometry method, this method is more sensitive for the determination of
selenium in the water sample when the concentration of selenium is lower than 100 ppb.

Key words: selenium, methylene blue, spectrophotometric method, water sample

INTRODUCTION

Selenium is essential to life. It shares many
properties of sulfur and arsenic. Itscompounds are
covalent existing in severa allotropic forms
including Seg. The oxide dissolvesin diluted bases
togiveselenitessuch asNay,SeOs. Althoughitisan
essentia nutrient in small amounts, selenium and
its compounds are toxic at dightly high levels.
Elemental selenium is widely used in electronic
semiconductors, as it conducts electricity in the
light, and hexavalent selenium occurs widely as
selenateinnatural waters. Theacuteoral doseL Dgy
of sodium selenite in rats is 7 mg/kg, and that of
sodium selenate is 4 mg/kg, with its the principal
actionaffectingthenervoussystem (Crosby, 1998).

Selenium has been determined by many methods
but the most common method ishydride generation
atomic absorption spectrometry (Cassella et al.,
2002; Bujdoset al., 1999). The hydride generation
atomic absorption spectrometry (HGAAS) method
is sensitive but the experimental equipment is not
readily available in many laboratories. However,
spectrophotometer whichismuch cheaper andeasier
tooperate, isreadily accessibleinmost laboratories.

There are several spectrophotometric
methodsfor thedetermination of selenium (Afsar et
al., 1989) but most of them have limited sensitivity
and often high detection limit (ppm to sub-ppb)
which can not be used to detect selenium in the
samples containing selenium in the level of ppb.
However, kinetic catalytic spectrophotometric

1 Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand.
2 Analytical Laboratory, Thailand Institute of Scientific and Technological Research, Paholyotin Road, Chatuchak, Bangkok

10900, Thailand.
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methods have yielded better detection limits for
selenium determinations than simple
spectrophotometric methods (Shiundu and Wade,
1991; Mottola and Perez-Bendito, 1992). The
method based on catalytic effect on areduction of
methylene blue (M B) by sodium sulfide (West and
Ramakrishna, 1968) :

2MB + S* +2H,0 —> 2HMB +
20H" + S

In the reduction, the colour of methylene
blueis blue; after the reduction of methylene blue
by sodium sulfide, the reaction gives HMB which
is colourless. In the presence of excess sulfide,
sulfur will combine with sulfide ions, and give the
polysulfides :

S+ —>[S—S]?%

Similarly, when selenium combines with
sulfideions, it gives selenosulfides :

Se+ &——>[S—Se] Z

Then selenosulfides react with methylene
bluein asimilar way to the sulfideions:

2MB + [ S—Se ]% + 2H,0 ——>
2HMB + 20H" + S+ Se

However, the selenosulfide ion reacts with
methylene blue more quickly than sulfide ion and
selenium is generated at the end of the reaction.

Gokmen and Abdelgader (1994) used the
kinetic catal yti c spectrophotometric method for the
determination of seleniuminurinesamples(84.9%
recovery). A plot of t-1 (reciprocal of timeat theend
point) versus various concentrations of selenium
was used asthe calibration graph. In this study, we
triedtosimplify the catal ytic method by using apl ot
of time (end point) versusvariousconcentrationsof
selenium as the calibration graph which made
method more convenient to useinlaboratories. The
catalytic method was aso tried to be used in
analyzing avery low concentration of seleniumin
water samples that could not be determined by
using the HGAAS methods because of high
detection limit.

MATERIALSAND METHODS

Reagents

All reagents used were analytical reagent
grade and their solutions made up in deionized
water. Formaldehyde solution (assay 37%) was
purchased from BDH (Poole, England).

Preparation of solutions
- Preparation of selenium standard solution

Selenium atomic absorption stock solution
(1000 ppm Merck, Darmstadt, Germany) was used
to prepare Se(1V) (10 ppm) by diluting the stock
solution with 1% HNO3 (Malinckrodt, Kentucky,
USA). The selenium standard solution (10 ppm)
was diluted to lower concentration (2.5-30 ppb) by
1% HNOs.
- Preparation of conditioner solution

Conditioner solutionwasprepared by mixing
0.69gEDTA (Merck, Darmstadt, Germany), 0.0145
g FeClz(Merck, Darmstadt, Germany) and 1.25 ml
triethanolamine [(HOCH,CH5)3N] (Merck,
Darmstadt, Germany) together and dissolving the
mixtureindeionized water, thendilutingto 250 ml.
- Preparation of methylene blue solution (0.05%

MB)

Methylene blue solution was prepared by
0.05 g of dissolving methylene blue (Merck,
Darmstadt, Germany) in deionized water, then
diluting to 100 ml.
- Preparation of sodium sulfide solution

Sodium sulfide solution was prepared by
dissolving 5.04 g NapS.9H,0 (Ajax Chemical,
Auburn, Australia), 4.80 g of NaySO3 (Merck,
Darmstadt, Germany) and 1.60 g NaOH (Carlo
Erba, Va de Reuil, France) in water, then diluting
to 100 ml.
- Solution of theinterfering ions

Potassium solutions were prepared from
KCI (Carlo Erba, Val de Reuil, France)

CalciumsolutionswerepreparedfromCaCl,
(Carlo Erba, Val de Reuil, France)
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Magnesium solutions were prepared from
MgCl, (Carlo Erba, Va de Reuil, France)

Zinc solutions were prepared from ZnCl,
(Ajax Chemical, Auburn, Australia)

Iron Solutions were prepared from FeCls
(BDH, Poole, England)

Apparatus

A double beam UV-Visible Spectrophoto-
meter (JASCO model 7800) was used to record
absorbance versus wavelength and absorbance
versustime.
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Experimental procedure

Each experiment was carried by adding 6.5
ml standard selenium (or samples), 1.0 ml
formaldehyde, 2.5 ml conditioner solution, 0.5 ml
sodium sulfide solution and 1.0 ml methylene blue
solution into a beaker (The time interval for each
additionwas 30 seconds). Recording absorbanceat
wavel ength 668 nmwhichistheabsorption maxima
of methylene blue (Figure 1) versustime spectraat
roomtemperatureisshowninFigure2. Thetime(t)
for completion of the reaction between methylene
blue and sulfide were determined from the
intersection of the two tangents.

RESULTS AND DISCUSSION
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Figurel Absorption spectrum of methylene blue.
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Figure2 Absorbance versustime spectrum for the mixture of standard selenium solution and methylene

blue at 668 nm.
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RESULTSAND DISCUSSION

Optimization of experimental parameters

In these experiments, the concentration of
methylene blue, formaldehyde and conditioner
solution werekept constant. Only the effect of time
interval before recording the absorbance and
concentration of sodium sulfide solution were
investigated in order to increase the sensitivity of
the catalytic method. The reason for fixing the
volumeof 0.05% methyleneblueat 1.0 ml wasthat,
wewouldliketousethemethodfor thedetermination
of selenium at very low concentration of water
samples which could not be determined by the
HGAASmethod. High concentration of methylene
blue in the analyzing solution could affect the
accuracy of themethod. For iron(l11), it wasreported
that in the presence of Nap,H,EDTA and sulfide, a
faintly cherry-red coloured complex formed on the
addition of iron(l1l) resulting in the removing
dissolved oxygen (West and Ramakrishna, 1968).
Thismeantthatiron(l11) could enhancethereduction
of methylene blue by selenosulfide. As Gokmen
and Abdelgader’ sworks(1994), ferricchloridewas
a soused aspart of theconditioner solutiontogether
with  NayH>EDTA and triethnolamine.
Triethanolamine and formaldehyde do not have

Kasetsart J. (Nat. Sci.) 36 (1)

any effect on the catalytic reaction but may helpin
maintaining the higher oxidation state of iron by
suppressing the reducing power of sodium sulfide
oniron(l11)(West and Ramakrishna, 1968). EDTA
was a general masking agent to eliminate several
interferingionsby complexingthemand preventing
their reactions with the sulfide ion.
- Effect of timeinterval before spectrumrecording

Intheexperiment, all other parameterswere
kept constant except the time interval after mixing
the solution and recording a spectrum. Figure 3
showsthe adsorption spectra of selenium solutions
wherethetimeinterval are 20, 40, and 60 seconds.
The end point was found to change significantly
withthetimeinterval, hencefixingthetimeinterval
before recording the spectrum was very important
in determining the amount of selenium in the
samples. The time interval for 20 seconds was
chosen for all experiments with the following
reasons; firstly, for increasing in an accuracy in
determining the end point from the spectrum and,
secondly, for time saving.
- Effect of concentration of sodium sulfide in the

analyzing solution

In this experiment, al others parameters
were kept constant except the concentration of
sodium sulfide solution. The volumes of sodium

2.000 |
1.800 7
1.600 A
1.400 1
1.200 1
1.000 3 c
0.800 3
0.600 7
0.400 3
0.200 3
0.000 1

Absorbance
o
QO

T T T
0 25 50 75 100

T T T T T
125 150 175 200 225 250

Time (second)

Figure3 Absorbance versustime spectrafor the analyzing solution at 668 nm when timeinterval before
recording the spectrawere (@) 20 seconds (b) 40 seconds (¢) 60 seconds.
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sulfide solution used were 0.5, 1.5 and 2.0 ml. The
absorption spectraareshowninFigure4. Wefound
that the end pointswere changed significantly with
the volume of sodium sulfide solution changed.
When the concentration of sodium sulfide were
high (1.5 and 2.0 ml), the accuracy in determining
the end point reduced. This might be because, at
high concentration, sodium sulfide exceedingly
stimulated the methyleneblueto HM B (colourl ess)
and caused difficulty in determining the end point,
therefore volume of sodium sulfide solution at 0.5
ml was chosen for all experiments.

1.400

1.200

1.000

0.800

0.600

Absorbance

0.400

0.200

Calibration graph, recovery and accuracy of the
method

After studying the effect of concentration of
sodiumsulfideandthetimeinterval beforespectrum
recording, conformity to Beer's law over the
concentration of selenium was determined. Under
theoptimized condition, end point changedlinearly
with selenium concentration over therangesof 2.5-
30 ppb. The linear calibration graph with the
correlation coefficient of 0.9992isshowninFigure
5. For the water sample containing 15 ppb of
selenium, it was found that the kinetic catalytic

0.000 - T T T
0 25 50 75

100 125 150 175 200
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Figure4 Absorbance versus time spectra for the analyzing solution at 668 nm when volume of sodium
sulfide solution were (a) 0.5 ml (b) 1.5 ml (c) 2.0 ml.
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Figure5 Thecalibrationgraphforthedetermination of seleniuminthewater sampleby usingthecatalytic
method (aplot of end point versus selenium concentration, correlation coefficient(r) = 0.9992)
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spectrophotometric method gave 91.84 % recovery
with therelative standard deviation of 2.27%. This
meant that the catalytic method was very sensitive
and effective for the determination of seleniumin
the samples containing seleniuminthelevel of ppb

Interference studies

The ions chosen for interference studies
were K+, Mg?*, Ca2*, Zn?* and Fe3* which were
normally present in high concentration in water
samples. Different concentrations of individual
interferentionswereaddedtothesamplesconsisting
of 15 ppb selenium. Theconcentration of thestudied
ionincreased until the error in determination of 15
ppb selenium was over 2SD (SD = standard
deviation, confidence limit = 95%). The tolerance

Tablel Tolerance ratio for various interfering
ions on the determination of 15 ppb

Se(1V).
lons Toleranceratio
K* 7000
Mg2* 3000
Ca2+ 2000
Fe3+ 55
Zn%+ 45

Kasetsart J. (Nat. Sci.) 36 (1)

ratio wasdefined astheratio of the concentration of
theion causing error over 2SD inthe determination
of selenium to the concentration of seleniumwhich
was cal culated for each ion studied (table 1). Of the
studied ions, Zn?* had the lowest tolerance ratio,
followedby Fe3*, Ca2*, Mg?*, and K *, respectively.
This implied that the removal of Zn?* and Fe3*
from the samples before the determination of
selenium by this catalytic method is necessary.
However, Ca2*, Mg?*, and K*, seemed not to have
affect on the determination of selenium by this
method.

Comparison of thekineticcatalyticspectr ophoto-
metric method with the HGAAS method
Concentration of seleniumin five unknown
water samples(supplied by theanal ytical |aboratory
of Thailand Instituteof Scientificand Technological
Research) were determined by the catal ytic method
and the HGAAS method. Theresultsare shownin
table 2. The kinetic catalytic method had an
advantage in determining of selenium in the water
sample at the concentration lower than 0.1 ppm
which isthe lowest limit of the HGAAS method.

CONCLUSION

The kinetic catalytic spectrophotometric

Table2 Comparison of thekinetic catalytic spectrophotometric method with the HGAAS method for the
determination of selenium in the water samples.

Sample HGAAS method? Kinetic catalytic
spectrophoto metricmethod?
1 <0.1ppm 100 ppb
2 <0.1 ppm 70 ppb
3 <0.1 ppm 50 ppb
4 <0.1ppm 25 ppb
5 < 0.1 ppm 70 ppb

a= HGAAS method was determined and reported by the Analytical laboratory of Thailand Institute of Scientific and Technological

Research.
b = average value from 4 replicates.
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method based on the catal ytic effect of seleniumon
the reaction of methylene blue with sodium sulfide
had a high sensitivity and accuracy in determining
the concentration of selenium in water samples,
with the relative standard deviation of 2.27% at
15.00 ppb standard selenium. This method is easy
to use and has an advantage over the hydride
generation atomi c absorption spectrometric method
(HGAAYS) in determination of selenium at a very
low concentration (< 0.1 ppm).
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Irrigation Efficiency of the Greater Chao Phraya
and the Greater Mae Klong Irrigation Projects

Varawoot Vudhivanichl , Singha Pajongkitkran?
Adisak Bunpian? and Nimit Cherdchanpipat!

ABSTRACT

Theirrigation efficiency of each block of the Greater Chao Phrayalrrigation Project(GCPP) and the
Greater Mae Klong Irrigation Project(GMKP) were calculated on both wet and dry season during 1995-
1998. GCPP was divided into 18 blocks. Each block in GCPP covered the area of one or moreirrigation
subproject according to the hydraulic boundary of the irrigation area such that the inflow and the outflow
of the block could be measured. GMKP was divided into 10 blocks. Each block in GMKP wasthe same as
theirrigation subproject. The Ei of GCPPvaried between 14.6-55.4% with the average value of 39.4%. The
Ei of GMK P varied between 24.5-51.0% with the average val ue of 43.2%. In general, the Ei of GMKPwas
about 4% higher than that of GCPP. Both GCPP and GMK P used the continuous water delivery with the
upstream control practices. The Ei on both GCPPand GMK Pvaried considerably. Borommthart project on
the upper right bank of GCPP had the highest Ei of 63.7% while Pakhai project had thelowest Ei of 13.3%.
For GMKP, Song Phi Nong project ontheupper [eft bank had the highest Ei of 66.8% while Thamakaproject
on the right bank had the lowest Ei of 19.2%. The wet season Ei on both GCPP and GMKP had a linear
relationship with the annual rainfall. The dry season Ei was linearly related to the water available at the
beginning of the dry season and the irrigated area. Besides, the irrigated areawas highly correlated to the
available water.

Key words: irrigation efficiency, irrigation, water management, Chao Phraya, Mae Klong

INTRODUCTION

The Greater Chao Phraya and the Greater
Mae Klong Irrigation Projects are the two largest
and the most important irrigation projects in
Thailand. They are located in the centra plain.
These two projects have the combined irrigation
service area of about 1.7 million hectares (10.5
million rais) or about 40% of the total irrigation
areaof Thailand. TheGreater Chao Phrayalrrigation
Project (GCPP) isthe rice bowl of Thailand while

the Greater Mae Klong Irrigation Project (GMKP)
is the main sugarcane and sugar producing area of
the country.

GCPP hastwo big multipurpose reservairs,
Bhumiphol and Sirikit, with the combined storage
capacity of 22,972 mcm. These two reservoirs
supply water to GCPP and for other purposes.
Normally, the water is insufficient (Kobayashi et
al. 1994). They can supply less than half of the
GCPP areain the dry season.

GCPP is the largest irrigation project in

1 Department of Irrigation Engineering, Faculty of Engineering, Kasetsart University, Kamphaengsaen, Nakhon Pathom 73140,

Thailand.

2 Office of Hydrology and Water Management, Royal Irrigation Department, Samsen, Bangkok 10300, Thailand.
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Thailand having the irrigation service area of 7.5
million rai. The main crop on both wet and dry
season is paddy. The headworks of GCPP is the
Chao Phraya Diversion Dam where water is
distributed to 25 irrigation subprojects on both | eft
andright banks. GCPPwasfirst developedin 1957.
Most of the canals are unlined. The water is
distributed by continuous delivery with upstream
control. Theirrigationefficienciesinmany irrigation
subprojectsarelow. Rehabilitation, modernization
and management improvement are needed.

GMKPisthesecondlargestirrigationproject
areaof Thailand having theirrigation service area
of 3 million rais. Paddy is cultivated in about two
third of the area and about one third cultivating
sugarcane. The main source of water for GMKP
comes from Srinagarind and Vajiralongkorn
multipurpose reservoirs (The old name of
Vajiralongkorn is Khao Laem). These two
reservoirshavethetotal combined storage capacity
of 26,605 mecm. Mae Klong Diversion Dam is the
headworksof GMKPwherewater isdivertedtothe
left and right main canals and distributed to about
3.0millionraisof thecultivated areain 10irrigation
subprojects. Continuous water delivery with
upstream control is the method of water delivery
and control practicesin GMKP. Most of the canals
arerelatively new comparing with those of GCPP
and most of them are concrete lined to reduce the
conveyance |0sses.

Since GCPP and GMKP are the most
important irrigation project of Thailand and these
two projectsrequirevery largeamount of irrigation
water annually. It happened quite oftenly that the
water isinsufficient, particularly for GCPP. Besides,
eachirrigation project hasmany hundredkilometers
length of the canal. High conveyance losses are
usually exist. Theirrigation efficiency whichisone
of the indicators reflecting the performance of
irrigation systemneedsto bestudied. Theirrigation
efficiencyisuseful for makingdecisiononirrigation
management improvement, rehabilitation and
modernization of the old irrigation system.

Therefore, thisstudy isconducted withthefollowing
objectives:

(1) analyze the irrigation efficiency of the
GCPP and the GMKP irrigation projects.

(2) determine the factors effecting the
irrigation efficiency in both irrigation projects.

MATERIALSAND METHODS

Required data

(1) Maps showing canals, drains, control
structures and irrigation system boundaries of the
Greater Chao Phrayal rrigation Project (GCPP) and
the Greater Mae Klong Irrigation Project (GMKP).

(2) Water alocationdataincluding cropdata,
agro-climatological data, daily rainfal and daily
discharge at the magjor control structures of both
projects during 1995-1998. The water allocation
data were collected from 25 irrigation subprojects
in GCPP and 10 irrigation subprojectsin GMKP.
Methods

(1) The general water allocation and
distribution methods of GCPP and GMKP were
studied.

(2) The water allocation data including the
daily and weekly data were collected. The daily
data were the rainfall and discharge at the major
control structures. Theweekly dataweretheweekly
crop data.

(3) The schematic diagram showing the
canal and drainagenetworks, theirrigationareaand
thewater distribution systemsin GCPPand GMKP
weredrawn. The GCPPwasdivided into 18 blocks
as shown in Figure 1. Each block covered one or
more irrigation subprojects according to the
hydraulic boundary such that the inflow and the
outflow of the block could be measured. For
example, the block named Phollathep-Thaboat
covered 2 irrigation subprojects, Phollathep and
Thaboat irrigation subprojects. Ten blocks were
located on the right (or west) bank while the other
8 blockswereontheleft (or east) bank. TheGMKP
was divided into 10 blocks as shown in Figure 2.
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Figurel Schematic diagram showing water distribution system of GCPP.

EachblockinGMKPwasthesameastheirrigation  Theoretical considerations for irrigation
subproject. There were 8 irrigation subprojectson  efficiency evaluation
the left bank and 2 subprojects on the right bank. Irrigation Efficiency is usually defined as
(4) Thecropwater requirements(ETc=Kc.  the percentage of the net irrigation requirement to
ETo) and irrigation efficiency for each irrigation  thegrossirrigationsupply. Inorder todeterminethe
subproject of GCPPand GMKPwerecalculatedon  irrigation efficiency of any irrigation project or
weekly basis for both wet and dry season of 1995- system, theboundary of theirrigation system needs
1998. to be defined such that the inflow and outflow of
(5) The factors effecting the irrigation  irrigation water can be measured. In most of the
efficiency of GCPP and GMKP were analyzed. irrigation subproject in GCPP and GMKP, there
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Figure2 Schematic diagram showing water distribution system of GMKP.

are more than one inflow and outflow points. The
grossirrigation supply is calculated from the total
inflow minus the total outflow. Kirdpitak (1985)
suggested the practical method for calculating the
project irrigation efficiency on weekly basis by
using the data normally collected by an irrigation
project in Thailand. The formulaisgiven below :

[ETc+LP+P-Ré]

o
Ei (%) 100 3 (D
WhereEi = lrrigation efficiency (%)
ETc = Total crop water requirements
(cms)
LP = Total land preparation
reguirements (cms)
P = Total percolation losses (cms)

Re

Total effective rainfall (cms)
Total irrigation supply (cms)
which equalstothetotal inflow
minus the total outflow to any
irrigation system.

O
I

RESULTSAND DISCUSSION

Irrigation efficiency of GCPP

The average of the weekly irrigation
efficiency (Ei) of the wet and dry season for 16
blocks out of 18 blocks in GCPP was shown in
Figure 3. Since Maharacha and Bang Ban did not
have sufficient and reliable data for irrigation
efficiency calculation, they were omitted from the
analysis. In general, the GCPP Ei varied between
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Figure 3 Irrigation efficiency of GCPP.

14.6-55.4% during 1995-1998 with the average
value of 39.4%. In dry season, the GCPP Ei varied
between 13.3-63.7% during 1995-1998. The 4 year
average GCPP Ei was 39.7%. Borommathart
irrigation project on the right bank showed the
highest Ei of 63.7% while Pakhai irrigation project
ontheright bank showed thelowest Ei of 13.3%. In
wet season, the GCPP Ei varied between 15.8-
53.4%during 1995-1998. The4 year average GCPP
Ei was 39.1%, about the same asthe dry season Ei.

Seven blocks on the GCPP upper right(or
west) bank including Phollathep-Thaboat, Don
Chedi, Sam Chook, Borommathart, Channasuthra,
Y angmaneeand Pakhal takingirrigationwater from
Makhamtao-U Thong canal, the Suphanburi river
and the Noi river had Ei of 43.4% in thedry season
and 36.4% in the wet season. On the |eft (or east)
bank , 5 blocks on the upper left bank including
Manorom, Chongkae, Kokkatiam-Reungrang,
South Pasak and Nakhon L uang had Ei of 35.2%in
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the dry season and 46.7% in the wet season. Two
blocks on the lower left bank including North
Rangsit and South Rangsit-Klongdan-Phra Ong
Chaiyanuchit had Ei of 30.5% inthedry seasonand
28% in the wet season.

In general, the right bank Ei (40.7%) was
higher than the the left bank Ei ( 37.6%).

Irrigation efficiency of GMKP
The average of the weekly irrigation
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efficiency (Ei) of the wet and dry season for each
subproject in GMKP was shown in Figure 4. The
GMKPEi varied between 24.5-51.0% during 1995-
1998 withtheaveragevaueof 43.2% whichwasin
the range of the previous study (Vudhivanich et
al.,2000; Kanoksing et al.,2001; Al T,1994). Indry
season, the GMKP Ei varied between 29.9-66.8%
during 1995-1998. The 4 year average GMKP Ei
was48.4%. Song Phi Nongirrigation project onthe
upper left bank showed the highest Ei of 66.8%
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Figure4 Irrigation efficiency of GMKP.
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while Thamaka irrigation project on theright bank
showed the lowest Ei of 29.9%. Inwet season, the
GMKPEi varied between 19.2-46.6% during 1995-
1998. The 4 year average GMKP Ei was 38.1%,
about 10% lower than the dry season Ei. Phanom
Thuan irrigation project on the upper left bank
showed the highest Ei of 46.6% while Thamaka
irrigation project on the right bank showed the
lowest Ei of 19.2%. Theirrigation project ontheleft
bank had higher Ei thanthe project ontheright bank
due to the better canal water distribution system.
The irrigation water on the left bank project
distributed from main canal to secondary, tertiary
andfinally tofarmlandinsequent. Onthecontrary,
some projectson theright bank system distributed
water directly from main canal to tertiary system.
This made water distribution control difficulty.

Factors effecting Ei of GCPP

The wet season Ei of GCPP had the linear
relationship with the annua rainfall with r2 of
0.9671 as shown in Figure 5. The wet season Ei
decreased as the annual rainfall increased. This
indicated that the annual rainfall had effect on the
wet season Ei. This could be explained as follow.
Firstly, astheannual rainfall increased, more water
was available to farmers both in term of more
effectiverainfall inthe paddy field and more water
available in the Bhumipol and Sirikit reservoirs.

50

Ei(%)=-0.0155R + 59.0180
R*=0.9671

45
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Figure5 Effectof rainfall onthewet seasonEiin
GCPP.

Oncethefarmersandirrigation project staffsrealized
that water was available. They tended to be more
relax onthe control and use of irrigation water. The
result was the lower efficiency. Secondly, the
rainfall had some significant effect on Ei duetothe
ineffective water delivery and control methods
usedin GCPP. The GCPPused theupstream control
water delivery system by calculating theirrigation
water requirementsof each canal sectiononweekly
basis. Inthe calculation, the expected rainfall was
estimated. If the actual rainfall wasgreater than the
estimated value. Theirrigationwater would beused
less efficient although each project tries to reduce
the irrigation water supply by readjusting the
regulators after the rainfall taking place, the water
|osses were already occurred.

In dry season, the GCPP Ei was linearly
related to the water available in Bhumipol and
Sirikit reservoirsat thebeginning of dry season (W)
andtheirrigated area(A) asshowninFigure6. The
correlation coefficients(r) anong Ei, W and A were
higher than 0.9 in general. Dry season Ei was
linearly related to A and W with the correlation
coefficients(r) of 0.82 and 0.62 respectively. Also
the W and A were highly related with r equals to
0.96. Thedry season Ei of GMKPwasrelatedto A
and W in similar manner as the dry season Ei of
GCPPinFigure6. Ei increased astheirrigated area
and the amount of water available(W) in the
reservoirs at the beginning of the dry season
increased. This was due to the fact that when the
availablewater waslimited, theirrigation areawas
decreased. Theirrigated areacould not becontrolled
and grouped into one area for effective water
distribution. It wasspread widely over theirrigation
project area. With this situation, high conveyance
|osses were taking place.

The effect of the annual rainfal, irrigated
area and available water on Ei would be useful for
improving the irrigation efficiency of GCPP and
the irrigation subprojects in GCPP and aso for
other projects.
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Figure6 Effect of irrigated area and the amount of water supply at Chao Phraya diversion dam on dry

season Ei in GCPP.

Factors effecting Ei of GMKP

In wet season, Ei decreased as the annual
rainfall increasesas shownin Figure 7. Theannual
rainfall wasanimportant factor effectingwet season
Ei of GMKP which was the same as the case of
GCPPin Figure5.

Indry season, thesituation wasdifferent. Ei
wasrelated to 2important factors: theirrigated area
and the amount of water available (W) a Mae
Klong diversion dam due to the supply from
Srinagarind and K hao L aem storagedams asshown
in Figure 8.

CONCLUSION

Theirrigationefficiencies(Ei) during 1995-
1998 varied between 14.6-55.4% with the average
value of 39.4% for irrigation block in GCPP and
between 24.5-51.0% with the average vaue of
43.2% for irrigation subproject in GMKP. For
GCPP, the Ei on wet and dry season was not
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Figure7 Effect of rainfall on wet season Ei in
GMKP.

different. Borommathart project on the upper right
bank showed the highest Ei of 63.7% in dry season
whilePakhai project showedthelowest Ei of 13.3%.
For GMKP, the dry season Ei was 48.4% on the
average which was about 10% higher than the wet
season Ei. Song Phi Nong project on the upper left
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Figure 8 Effectof irrigated areaand theamount of water supply at MaeKlongdiversiondamondry season

Ei in GMKP.

bank showedthehighest Ei of 66.8% whileThamaka
project ontheright bank had thelowest Ei of 19.2%.
The analysis showed that Ei of each subproject on
GCPP and GMKP varied considerably. The wet
season Ei on both GCPP and GMKP had a linear
relationship with the annual rainfall while the dry
season Ei waslinearly related to thewater available
at the beginning of the dry season and theirrigated
area. Theirrigated area also was highly correlated
to the available water.

ThewaystoimproveEi onGCPPandGMKP
were (1) to develop a practical water allocation
strategy to increase the effective use of rainfall in
wet season and (2) to control or zonetheirrigation
areain dry season to reduce the water losses.
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