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ABSTRACT

The purpose of this research was to study the use of Num-Wa banana flour to substitute tapioca starch in
Singapore Cendol noodles. Banana flour was replaced with formulas at different levels, namely, 0 (control sample
formula), 10, 20, 30, 40% w/w. It was found that the lightness value (L*) decreased as the banana starch content
in the formula increased, while redness value (a*) and yellowness value (b*) were increased. Hue (°) was between
43.44-63.18 (orange red-yellow color) and Singapore Cendol noodles that were substituted with banana flour at
40% had the highest AE. The firmness and toughness of the product were reduced when replacing tapioca flour
with banana flour at a higher level. For sensory quality evaluation, there was no statistically significant difference
(p>0.05) between the replacement of 10% and 20% banana flour on overall liking score. Substitutions at levels of
10% and 20% received a higher overall preference score than the control sample. Therefore, the formula with a
20% banana flour substitution was chosen to compare the nutritional values with the control formula. It was found
that the protein content increased two times compared to the control sample. Moreover, it also had lower

carbohydrate content than the control sample.

Key words: banana flour, tapioca flour, Singapore Cendol noodle, physical properties
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T521I9PTLUIUMIHAALTI (Mohamed ef al., 2010)
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(g/100g) L* a* b* hue angle () chroma AE
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v E4
HNBLT: maﬂmﬁgmmmﬂuluummuﬁmﬁammgmﬂmNﬂuamqﬁuﬂﬁ UNNANA (p<0.05)

{ a 4 g o &%
AN 3 LAAINT AT IZHIHOTUN VDI
Y ] a 4 U 9 1 a 4
Iduaea¥oIadn 115 nuluduasayesaen 11s
2 v
Aredlgasaruguiimanuuiuiiogega Taoh
9 [} a 7 A A @
iduaearedadn lUsAunIsnaunuuilaiy
9 v 9 v %‘ k) v A
drlznasmroutandreirmnszauiiainay
|l g 'o U 1 o ]
wiuied1nINduasATeIgATAI0619A U
d' = k) 1 d‘d
wazionfssunsuiduasaredlugasnunis
Y Y o ' v A
naunuuland1ea10u WUANUUU LD YD

o @

iduaearealia luuanaanuegaliedianmnia

b2

q0A (p>0.05) FAMTUAIANWINNEIVOUTY
' o ¢ ' v v Y,
asavoadanlyls wuiinislduilandlre1i1
v o o a 44 X
naunuutaiudr)endaluls nmanmvvuaana
I ln s sdageganuaaseninumilonves
a [y =) Y o 1 Yo
nannusuu uaaas Tagaredaniungy 145y
Manumilengega luvmzidediuduasaros
Aa v y ¥ v A
imsnaunusesuilandreririnngasiisinn

9w

= 1 1 % ! =%
wmilen liuanaesnuedieiivedinn (p>0.05)

3 [ &' [ % ] a I'4 { Ly ) [ g { 1%
M319N 3 Andleduiavouduasaresdsalusnimanaunuuduiudidevasdlrontindrssirhnszau

HANAIINY
uilanae o aNia
(g/100g) AU (N/mm) ANNHHED (N)
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M5190 3 (99)

uilapaae 1oduie
(g/100g) ANUUHMIID (N/mm) ANuvHed (N)
c b
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ABSTRACT

A desired biopolymer composite for seed coating is eco-friendly without negative effect on seed
germination. Seed imbibition is a critical process for successful germination. Therefore, an objective of this
research was to investigate water uptake rates of sweet corn seed coated with composites of biopolymers and a
new coumarin derivative which is fluorescent that could create seed identity to prevent counterfeit seed. The
experiment was laid out in a completely randomized design (CRD) with four replications and six treatments of
seed coating as follows: (1) uncoated seeds, (2) seeds coated with poly-Y-glutamic acid (PGA), (3)
carboxymethyl cellulose (CMC), (4) commercial polymer (CSC), (5) PGA+CMC+coumarin (PAG+CMC+COU),
and (6) CSC+COU. It was found that at the initial of imbibition of 24 hrs, water uptake rates of coated seeds with
PGA, CMC and PGA+CMC+COU were not different from those of uncoated seeds while seeds coated with CSC
and CSC+COU had the highest water uptake rate. At the imbibition of 66 hrs, when radicle is visible, uncoated
seeds had the highest water uptake rate followed by seeds coated with PGA and CMC while seeds coated with
CSC, PGA+CMC+COU and CSC+COU had the lowest water uptake rate. However, there were no differences in
percentage of radicle emergence, germination and seedling dry weight of uncoated and coated sweet corn seeds
with all treatments. The results indicated that the biopolymer and coumarin derivative can be used for seed

coating of sweet corn seed and has no effect on seed germination.

Key words: water uptake, seed coating, poly-gamma-glutamic acid, coumarin
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Figure 1 Imbibition of uncoated sweet corn seeds and coated with poly-Y-glutamic acid (PGA), carboxymethyl

cellulose (CMC), commercial polymer (CSC), poly-Y-glutamic acid+carboxymethyl cellulose+Coumarin

(PAG+CMC+COU) and commercial polymer+Coumarin (CSC+COU) at 0-120 hours after imbibition

Table 1 Radicle emergence (%), germination (%) and seedling dry weight (mg/plant) of sweet corn seed coated

with six different coating treatments.

Seed coating Radicle emergence Germination Seedling dry weight
(%) (%) (mg/plant)
1 Control (uncoated) 87.00 87.50 1.91
2  PGA 91.00 91.00 1.94
3 CMC 88.00 91.00 222
4 CSC 90.00 90. 00 2.00
5 PGA+CMC+COU 88.50 95. 00 1.91
6 CSC+COU 90.00 95.50 2.01
F-test ns” ns ns
% CV 5.36 7.50 20.42

1/ . .
ns = not significant
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Figure 2 Radicle emergence of A) uncoated sweet corn seeds and coated seeds with B) poly-Y-glutamic

acid (PGA), C) carboxymethyl cellulose (CMC), D) commercial polymer (CSC), E) poly-Y-

glutamic acid+carboxymethyl cellulose+coumarin (PAG+CMC+COU) and F) commercial

polymer+coumarin (CSC+COU) at 66 hours after imbibition.
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ABSTRACT

Helicobacter pylori is a bacterium responsible for several diseases from infection in the stomach to

stomach cancer. The treatment for the infection is to use antibiotics, but some antibiotic-resistant strains are

found. Therefore, the information of compounds for the new antibiotic candidates against those bacterial strains is

crucial. The current study aimed to screen the plausible candidates from phytochemicals found in local plants that

could bind to H. pylori proteins: GyrA and PBP2 This was implemented by using protein—ligand docking

technique. The results showed that out of 24 phytochemicals tested, quercetin and panduratin A were the topmost

favorable ligands. Thus, these ligands have potential for drug development.

Key words: Helicobacter pylori, phytochemical, molecular docking
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M519N 1 (99)
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ABSTRACT

This research study determined phenotypic characteristics and morphology to characterize indigenous

Khiew-Palee Chicken in Uttaradit Province. The sample included 55 chickens randomly selected from farms in

the province. Descriptive statistics were used to analyze and present data. The results showed that dominant

phenotypic characteristics were hin comb and red earlobe. The Khiew-Palee Chicken was characterized by its

blackish green color, which was clearly visible around the eyes, beak, neck plumage, back plumage, wing

plumage, wing, long curve tail and back tail respectively. The morphological comparison results showed that all

characteristics (weight, body height, body length, body width, wing length, upper shank length, lower shank

length and foot length) of the two age groups (4-9 months and over 9 months) were statistically significant

difference between sexes (p<0.001). It was found that males were on average larger than females in all

morphological characteristics. The study findings can serve as the breed characterizations of indigenous Khiew-

Palee Chickens in Uttaradit Province, and as the selection criteria for chickens with desired qualities according to

the Standard of Perfection, which can be used for local economy and breed conservation purposes.

Key words: Uttaradit Khiew-Phalee chicken, phenotypic characteristics, breeding conservation
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ABSTRACT

Objective of this research is to apply solar and wind energy to generate electricity for treating

wastewater from the seafood industry to reduce the use of electrical energy in the treatment. Electric energy

produced from solar and wind was used in the operation of the wastewater treatment control system. It was

implemented by using a 350-watt solar cell to control the movement of the panels following the sun and two 70-

Watt vertical axis wind turbines with 12 Volt 150 Amp-hour battery. Arduino board was used for a control

system and Lattepanda board was used in programming. The electric energy obtained was then used with the 80

liters wastewater treatment. The results revealed that the removal efficiencies of COD TSS and TDS are 98.17%,

98.12% and 62.95%, respectively. These are found to be within the standard. The electric power from solar

energy and wind power can produce an average of 3,002.8 Watt hours where the wastewater treatment process

uses 296 Watt hours of electricity in each cycle. The cost per production unit is 7.61 Baht per cubic meter. It was

clearly indicated that the electricity produced is sufficient for the basic needs of electricity. During the summer, it

can produce more electricity than rainy season.

Key words: renewable, solar energy, wind energy, wastewater treatment, seafood
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ABSTRACT

The objective of this research was to develop a crispy vegetable chip with a protein supplement from
crickets. Different ratios of watermeal at 5%, 10%, 15%, 20% and 25% by weight of chayote and okra were
studied. Chemical, physical properties, and a sensory evaluation by 9-point hedonic scales of the crispy vegetable
chip were investigated. Results revealed that the suitable crispy vegetable chip was mixed with chayote, okra, and
watermeal at a ratio of 40%: 40%: 20%, respectively. This product had the overall sensory satisfaction at a
medium level (7.47+1.33). The color L*, a*, b* values were 28.34, -2.08 and 13.77 respectively; thickness was
0.25 mm and water activity was 0.54. Therefore, the crispy vegetable chip at this ratio was selected for
supplementing protein from crickets at 5, 10, and 15 % by weight of vegetable. It was found that the crispy
vegetable chip with 10% of crickets had a satisfaction score at a medium level (7.27+1.17). This product had L*,
a*, and b* values of 14.43, 4.73, and 21.37, respectively; thickness was 0.26 mm. and water activity was 0.54.
The nutrition analysis showed that the developed product consisted of 24.38% protein, 48.37% carbohydrate,
5.32% fat, 6.22% total ash, 8.56% fiber, and 423.98 kcal/100 gram product. The protein content was 7 grams
which was higher than that of the protein content of the commercial seaweed snack based on a serving size of 30
grams. Therefore, crispy vegetable chip with 10% of crickets can be developed into healthy food products in the

future.

Keywords: crispy vegetable chip, chayote, okra, watermeal, crickets
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ABSTRACT

The objective of this research was to develop Miang Kham bars, which are constructed of plant-based
ingredients combined with Miang Kham sauce, dried, and formed into bars. The effects of three ingredients:
texturized soy protein (20-45%) roasted dry coconut flake (20-40%) and puffed rice (30-50%) on the physical,
chemical and sensory qualities of the product were investigated by using a mixture design. The results showed
that increasing the texturized soy protein increased the protein content but decreased the lightness and hardness
values of the product. Hardness rose as puffed rice content increased. The results of the sensory evaluation
revealed that adding more roasted dry coconut flake increased the liking of the flavor and taste of Miang Kham.
The formula consisting of texturized soy protein: roasted dry coconut flake: puffed rice at 32.50:30:37.50 had the
highest protein content and liking score. In order to produce Miang Kham sauce, the effects of substituting
isomalt for coconut sugar at levels of 0%(control), 15%, and 25% were examined. The results showed that adding
isomalt increased lightness while decreasing hardness. There was no significant difference in overall liking score
with these three formulas (p>0.05). After 15 days of storage, it was found that isomalt-containing formula
received higher ratings for hardness, toughness, and overall liking than the control. The developed Miang Kham
bar (40 g/ serving) was a healthy snack bar with a source of protein (6.66 g) after Ministry of Public Health
Notification (No 182). The energy value was 4.72 kcal/g and the liking score of the product was “like very

much”.

Key words: Miang Kham, isomalt, protein, plant-based food, snack bar
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ABSTRACT

The sandwich structured composites with rice flour-based thermoplastic starch (TPS) and rice straw (RS)
were prepared. The effects of different TPS types (glutinous rice flour (GTPS), rice flour (RTPS), and mixed rice
flour (MTPS)) and types of sandwiched composite (3 and 5 layers) on the density and tensile properties of these
composites were investigated. The results showed that the density of all RS-TPS composites was lower than each
neat TPSs. The differences of TPSs types and sandwiched composite types did not affect the density of these
materials. On the contrary, the tensile modulus and tensile strength of all RS-TPS composites showed a strong
improvement with an increase up to 193-461% and 111-194%, respectively, compared with each neat TPS.
However, the efficiency of composite’s tensile property improvement strongly depended on the TPS types.
Composite using GTPS having high melt flow index displayed high potential to improve the tensile properties.
The SEM investigation revealed that the GTPS matrix easily flowed and wetted into the RS reinforcement layer
during compression. This resulted in enhancing the composite’s tensile properties. In contrast, using RTPS with
a low melt flow index in composites did not show evidence of RTPS penetrating into RS layer. So, RS-RTPS
composite showed only the improvement in tensile modulus but not in tensile strength. The sandwich composite

with three layers showed better improvement in tensile properties compared with five layers in all TPS composite

types.

Key words: thermoplastic starch, rice straw, rice flour, sandwich structured composites
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ABSTRACT

This research aimed to investigate the superplasticizer (SP) requirement, porosity, compressive strength
and environmental impact of high strength concrete (HS-C) containing high volume ground bagasse ash (GB) at
65, 70, 75 and 80 wt% of binder blended with calcium carbonate powder (CC) at 15, 10, 5 and 0 wt% of binder
while containing Portland cement type I (OPC) at 20 wt% of binder (65GB15CC, 70GB10CC, 75GB5CC and
80GB, respectively). The results indicated that the HS-C containing high volume GB required SP more than HS-C
made with OPC 100 wt% of binder (CON). However, the use of CC could reduce SP requirement about 25-50 %
as compared with 80GB concrete. With the rise in GB content, the porosity of HS-C increased. The compressive
strengths at 28 days and the 80GB, 75GB5CC, 70GB10CC and 65GB15CC concretes had the compressive
strengths of 56.8, 58.2, 65.2 and 55.5 MPa, respectively which were higher than 55 MPa and could be classified
as HS-C. For environmental impacts, GB blended with CC concretes showed a reduction in carbon dioxide
emission of 60-61% as compared with CON concrete. It is suggested that GB was a good pozzolanic material and

incorporating of CC could replace OPC up to 80 wt% of binder for producing green HS-C.

Key words: high volume bagasse ash, calcium carbonate, high strength concrete
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(BA), {118 08UAaZI08A (GB) HATHILAATINAS UBILA (CO),

Sio,+ALO, Specific  Median particle
Oxide SiO, ALO, Fe,0, CaO MgO K,0 Na,0 SO, LOI
+Fe,0, gravity size, d, (Llm)
OPC 20.5 4.7 33 64.2 1.3 2.6 0.3 0.2 2.8 - 3.15 12.5
BA 59.6 9.3 53 8.5 1.8 0.2 0.9 33 11.1 74.2 2.06 37.0
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Properties Fineness modulus Specific gravity Water absorption (%)
River Sand 2.84 2.66 1.04
Crushed Granite 5.52 2.63 0.68
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Mix proportion (kg/ms) SP*
Mix W/B Slump (mm)
OPC CC GB Fine Agg. Coarse Agg. Water  (wt% of binder)
CON 560 - - 760 955 157 1.0 0.28 190
80GB 112 - 448 685 860 157 4.0 0.28 180
75GB5CC 112 28 420 690 860 157 3.0 0.28 170
70GB10CC 112 56 392 690 865 157 2.5 0.28 175
65GB15CC 112 84 364 695 870 157 2.0 0.28 185
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o = Y A
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WiAH (Superplasticizer, SP) lugIunauAdUNIA
P S ) = = A 2
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v 1
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= " W 3 A = ' )
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A A A 9 = 1 = 2 A
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[ a 4 ° o
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(Chindaprasirt et al., 2007; Tangchirapat et al.,

2009)
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Tuvaizinsled cc saufy GB wumn
15uannudeans sp nldiaanasmusua

pa 4 4 X
MsunuNved CC lu GB Mnuay Taonavodns
unuinluneunsa 75GB5CC, 70GB10CC  uag
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Y
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2013)
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ABUNI A 80GB, 75GBSCC, 70GB10CC 1o 65GB15CC
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s Aan 1 a g 1
Ufnsenos Tearulugrwsmnadulden dewa
IFaswanindesaluszezusniiaiiosnin
A Aa Id o = [l =
AounInNN OPC 1uiagilszauietodiune)
(Rerkpiboon et al., 2015; Chindaprasirt et al., 2020;
] I~ 1 Y
Klathae ef al., 2020) 8813 13Aaums 14 CC 52w
GB lupouniafaige amsasIenauInaisa
' 9 g1 A XA a =
Tuarsaulnda wis WL CC UANUAZIBEAYY
o Yo o w ~ ] 9 A 3
MINMa9AveInUNTA IUF A NUUY ANE
a a 1 ' . .

YOIMIANANYDIIN (Filler material) YBIAOUNTA

(Felekoglu, 2007; Esping, 2008; Sua-lam and Makul,

2013)
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dawald ca(oH), Mnignsenlamsdu uag sio,
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]
V1INV (Felekoglu, 2007; Sua-Tam and Makul, 2013;
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. o 3
321319 OPC NUUN (Bai ef al., 2003; Kroehong and
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Y 1 4 %
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1 a 4 Y
ANUTOU AIUNMIUATISHATAAIIAIVOITN UG
s A Yo ] ' A =
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°C WuNnszuIUMInanan lanlasuIaseadia
Vo3 CaCO, (El-Jazairi and Illston, 1977; Chindaprasirt

et al., 2007; Kroehong and Sinsiri, 2012)
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ABSTRACT

This research aimed to develop low-calorie meal box sets from Suan Sunandha’s Palace Cuisine recipes,
which can be used for commercial purposes. The questionnaire was used to collect the data from 250 staff in the
age range 18 to 60 years from Suan Sunandha Rajabhat University. The results revealed that consumers’ favorite
dishes could be applied to meal box including cooked riceberry rice, roasted Thai rice, Singapore deep fried
cakes, Ranchuan curry, Pot-au-Feu, spicy tomato dip, chili tamarind sauce dip, spicy kaffir lime dip, broiled
shrimp salad with Thai herb sauce, cowslip flower salad and Thai banana blossom salad. The favorite dishes were
selected and formulated into 5 sets of meal box. The energy of each meal box (calculated by INMUCAL-
Nutrients V.4.0 software) ranged from 424.12 to 588.17 kcal/serving. The sensory evaluation was observed by
100 untrained panels from the University using a 9-point hedonic scale. The findings showed that 5 meal box sets
were given with a high score of 6.46 to 8.34 in all characteristics. It could be presumed that the consumers
accepted meal boxes and were interested in those from Suan Sunandha’s Palace Cuisine with 85.0% and 83.6%,

respectively. In conclusion, these meal box sets could be implemented for commercial purposes.

Key words: meal box, low calorie meal, Suan Sunandha’s Royal Cuisine
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ABSTRACT

The aim of this paper is to determine the effects of particle equilibrium charge and face velocity on the

particle filtration efficiency of non-woven filter and woven fabric. In this study, N95 respirator filter media and

microfiber fabric were tested against sodium chloride (NaCl) and polystyrene Latex (PSL) particles in diameter of

0.3 um. A neutralizer and an electrostatic size classifier were used to classify the size of aerosol particles and a

particle counter was used for measuring the particle number concentration at the upstream and downstream of the

sample materials. Experimental results showed that filtration efficiency of NaCl and PSL particles of woven

fabric and non-woven filter decreased due to particle equilibrium charge state in the ranges from 0.57 to 7.84%. It

can be seen that increasing the face velocity resulted in the increase of the particle filtration efficiency of woven

fabric. For non-woven fabric, particle filtration efficiency decreased as face velocity rose.

Key words: acrosol Particle, electrostatic charge, filtration efficiency, face velocity, woven fabric
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NATOUAINNINTFIU ASTM  F2299-03, EN149
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M 1 wé’ﬂmﬁnsmaumﬂmmgﬁ'uiﬂ@m (Willeke and Baron, 1993)

NTNT030UNA (Filtration theory) L“ﬂu
M3oTuIeN1INI0IoYnInveIdansouduly il
107 (Fibrous filter) ﬁﬁmﬁmwmiﬁﬂ{fmumﬂ
Srodulomon (Single fiber) U5z AnTmwouduy
Toiden (Single-fiber efficiency) ﬂzgﬂﬁmmﬂu
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v k4
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(Streamlines) lignidioarunlisouduly dr5wd
Y o w d' l g’/
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a I .
vgnUeiy (Willeke and Baron, 1993)

(1

Uszansmmmveadulomenldne (Willeke and

Baron, 1993)
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Electrostatic attraction

Gravitational settling
Interception
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Inertial impaction
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v ¥ J I A o Y A
ananuuazmsuninszneiiuna lnivhminlu

MINT00YMAYUIATUTFI 0.1 um D9 0.5 pm
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and Baron, 1993)
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Faaumsn 5 vz Idanugndealszum
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TuTwarsarusoasialdvareds wu Talsun
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waz *""Po (Intra and Tippayawong, 2009)
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1999)

? = exp(—47K_eZ,Nt) (6)

a = = <] J o
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MINATOULALITQUHITHITOIUTN (American
Society for Testing and Materials) (ASTM International,
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4 1 [
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4
(Air compressor) 12 laANUFULDVUNS (Diffusion
) Y < .
dryer) a vazessasuilunaia (Aerosol neutralizer)

g o 9 9 . .
Yaa 215 uanuTY (Concentration adjustment
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valve) a3 oanauenvuineymauuy lviada
(Electrostatic size classifier) Lﬂ%ﬁﬂmumaumﬂ

A Ay y . -
uuvaunuaNunaeuila (Scanning  Mobility

(nN) 7A9N30911ININ N5

a 4
Particle Sizer) 1 Tuines (Manometer) Woanaael
(Test chamber) HOIHEUIALII DAL DDIADE (Aerosol

mixing and dilution chamber)

@) i'lulas Iwed

H ' [ J
MW 4 nnaevesiagnsesntiinn N9s wagd TuTas vliues

s 1 auianemeninvedd lulas lvwes Aldlumsnaaen

Y3 \ a d
franls FIIMIUATIZH
daaaumaudule PES 100%
Tagaasiai VUANAYT : -

ANUNUI (mm)

' = 3, 2
AN TEUNIUVDIDINA (cm /cm'/s)

TIUIUNNON : 20x14
it : 280 g/m’
3.41

12.9

M319h 2 auiianmen e iagnsestiinin Nos aldlumsnadou

Y 1 a d

aals BINNIIUAICH
Y 1 4 9

mummuwmﬂuﬂﬂamau% 20-25 pm

VUIAINITU 50-200 um

AUVU (mm) 35

AUANYDIANUAY (mmH,0/cm’) 12.9

119357913 1va (Flow meter) 1Az
N3990UNAYTEANTA NG (HEPA filter) DN 6
' P A A

HAAININNIY9UnIalnaziAToaNoN1TNAADY
o [ = dy a a
dwsumsanei lumsnaaevisz@nsainms

dy Y = G < 4 Y '
nsestildoynalndd les uaningunaduniu

o
AUINAIN 300 nm %30 0.3 pm Y9I Thermo

Scientific™ Dri-Cal™ Na 183U ULIATFIUN

T
=

1ISUINAUA (Geometric standard deviation) 1.6 % W

185UmMITuI0IINNIATTIUNNEDTULHINA

Y9I IUaziNA 1u 108 (National Institute of

Standards and Technology, NIST) voeilszine
[ a = ~ 2 I

ansgoiinm Tagoyma Inda lasuaningNuauy
Y '

luthnaulsiaeinleoou (Deionized water) 1u

@ 1 I
dadan 1000 : 1 nazoyn A lsAounae 1saNHew
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EY Y 1 1 4 o o 90’
Tuhnaudsiaeinleeeuludadiu 0.9 gae 100 Inc., St. Paul, MN, USA) ifiefinazesdtiag

v Y
mL Tagoynang 2 wiiagnatedlonrasiiiia ANuFuesn laganududuyoteynAaINIgn

4 Iy 4 Iy
arpodansuUUoraoN luwes (Model 3076, TSI Yiulimunganlddlegandlliunnumaudy

g’/ 1 QU % 1 &‘
Inc., St. Paul, MN, USA) 9101Uoyn 1AM Mundaad laanuau
2
TéadrTaanuruuuununs (Model 3062, TSI

Valve
TSI Model 3082

Filtered Air Supply
TSI Model 30748

Compressed
Air

Soft X-ray
Aerosol Neutralizer
TSI Model 3088

15 Umin

Constant Output
Atomizer
TSI Model 3076
Manometer
TSI Model 8380
Soft X-ray
Aerosol Neutralizer

L] e
=) TSI Model 3088
15 Limin

HEPAFiller  Valve Val
Ve HEPAFilter  Flowmeter
Exhaust b (e Compressed
Flowmeter  HEPA Filter Vi Air
Exhauste—<(Ope—_ ) 4—‘ Vs FL1
FL2 F ’:

Test Filter
Aerosol Mixing &

Three-Way Valve
Dilution Chamber

0.6 L/min

Soft X-ray
Aerosol Neutralizer
TSI Model 3788 TSI Model 3082 TSI Model 3088

Condensation Particle Electrostatic
Counter Classifier

H C4 ) o a a a @
ﬂ]Wﬁ 5 !LNuﬂ']WQ']Jﬂimﬂ’li‘ﬂﬂ'ﬁﬂﬂﬁ’lﬂi‘ﬂﬂ1§ﬂ5$!ﬂﬂﬂi$ﬁﬂ'ﬁﬂ11ﬁlﬂ1§ﬂif’N@i&!ﬂ'lﬂ"Uﬂ\TJﬁﬂﬁ'l

a , ¢ A A 0w = 2
HNINN 6 ﬂTWfI']fJQﬂﬂjmllaglﬂjﬂquﬂﬂ'ﬁﬂﬂaﬂ\jﬁ1ﬂ5ﬂﬂ1jﬁﬂy1u
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[ 4 [
naIIngaNalsuanud iy eynin
o 4 1 4 v o
wgnihldlauaalszy Tuadwiuil dreaavild
I
a2009a0010UNa19 VY Soft X-ray (Model 3088,
TSI Inc., St. Paul, MN, USA) ioAaugnvuIa
A Ay v v 4
symanuuanmaaoui lanielii drenseq
Aauenyuiaeymauuy Iihada (Model 3082,
TSI Inc., St. Paul, MN, USA) Tagyinisugnaynin
Y A d ' 2 vy ¥
andaeiiluoymauisigueviitesnld lamne
A A A Y ' J
PUNMANVIARSINTVINATURIUFUINA 0.3
= Y 1 49’ = 1
um FIOYMAANAIUHAINITTNAADNINATD
UszansnImmIniesoynIAveITagnIodlurig
< 1 A = A
VABYNIAENNI 0.3 um INOHANABINAVD
PUNIAANAIIAINGT ADILNITAALINYUIA
BYNIANDUAITIATOIAALINUUIADYNIAULD
Tvvhada i 7 uaasmsnszarovuiaeynIAn
HUMIARALENTUIARILIAT BIAALENYLIADY AN
a ] o o
vonTvhade Tidurugudnargdsegiu (Median
[ Y ] o {
diameter) 19110 303.2 nm (dURIUgUINAIUNAY
1w 1 4
(Mean diameter) (N10U 304.3 nm Lﬁumug{uﬂﬂan
MAUFUTVINAUA (Geometric mean diameter) RIagY
1 4 a
303.6 nm Lﬁ’umﬁuaﬂangmuﬂu (Mode diameter)

N1 299.6 nm HAZA WTSIVULIATFITUTVINAA

(Geometric standard deviation) 101 1.07 Haa91n
(2 k) o Y I
AatenvIIaLaIoyN g ltan nlsz iy
A A F) ) Y ]
nannselangalizgalednilvazeosasaily
NANLLUY Soft X-ray (Model 3088, TSI Inc., St. Paul,
4 o -
MN, USA) tivetfosnumsgaudooyninluszuy
w5 0 lunetazieImMAaeUA 19819 (Liu and Pui, 1974)
Y
1T Aaa o ] <
Tumsanuit lgneda Iaui Wi uaznemanndd
Y a I 1 ) 1 o 1 <] o 1
1atiy lunedmsuiadaazmanualiogs
4 o -
symatietosnumsgadovesoynialuszuy
1 aa o ' <3
nagov Iasneda laui Iifuaznomanndi 15
AUNTAINITNEQHIUYDIDUYNIATLH TN 100-300
nm YA 95 (Timko ef al., 2009) TUMIANYIVL
o a a o o I 4
mmstantlaaiiliazeesaosdunalaie
=< ]
Anwimaveslszyauganazlszy hiduaaves
a % o Y I
aynia Tasmisdadaiinazesvaomiunais
A g an 1
ayMAzlizgisuaUMUEITNA lilimInszae
4 @ 4 a @ o
Uszgauaavesluadwiuinagmadadairla
1] [
azoosnooiunale oyn1AIzIdIgnIsTNIZ1Y
4 ) 4 @ 1 o [
Uszyaugavesluadwiuyl vasnnriuaild
I o
azeosnouiunals eynia lidiiosnauay
A A A 1Y) I Yo
1399190290328 01999190 U 1MA 1T 1ADNT

9y 9 A v
ﬂTih],‘Vialla%ﬂ’Nllﬂliﬂluellﬂﬂﬁ)‘t;lﬂWﬂ‘Iﬂﬁ@Qﬂﬁ

299.6

Tmpadtar D50

dN/diogDp (#cm®) [e3]

0ot " - o
1 10

Diamnater (nm)

1.220+03

100 1000

MNN 7 N1INITYUUINBUNAVUIA 0.3 hli]ﬂ'iﬂu

dmSuaniumslFauasaesntiinn
a J a 1
msvireladnavesuyudazilszinm 5-6 ansao

N aaumsmelavagiauninozdssui 25

a 1 A R Y a A a
80 anInouIN dams lFauasai Tomainans
D Y
Tvavvuiuduld lumsanuiitldnaasuna

< 1 Aa a
GU’ENﬂ'JnJLi'J?’glﬁuﬂfhﬁﬂlligﬁﬂﬁﬂ'lwﬂ'liﬂi’EN
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' 3 2
ounalugeanusIms lna 527 emss Failu
9031015 Ivasdanisvieladna ldsudevare

maumiinnennams lwanvuiuiluld Tas

V =

> |O

A Yo
Mnaumsn 7 1z 1aoas1ms Inaoynin
v
Tugi91szunal 5.3-283 L/min 910U UOAIINNT
TvandosmsdmsuminadouvesoynIAYLIA
0.3 um 32111 1159 0anAa0Y (Test chamber)
Fallunuiagnieanadovegnielu ludiuves
[ o
HoanaaeulivinadurIugUInaie 4.76 cm 817
100 cm %Qﬁ’)ﬂﬁhﬁ’iﬁﬂ (Material specimen) %E)qu:
WNIINM10YNA (Particle inlet) 10 tdUAIY
4 1 v I o [
AUINA1INe (Duct diameters) 1ASHANUAIDE1
?UNA (Particle sampling probe) NOULAUNTDIVY
1 @ ] [ " o ]
WNINAI08197e9 2 1IdurIuguinaIie (9.52
v o [l o [ [
cm) HAZH AN VA0 19O UN AN AILHUNTDIIZHI
% 1 [ ] o 1
1INA298197a9 3 1IFURIUEUEINA1IND (14.28 cm)
v o [l g’; [
Wanufegisaestivinadurugudnatd 1.1 cm
< o 1 dy 3
mstnualed1seymalunsnadeuiozilums
< o 1 a . . .
inudleenanyyle To lat@n (Isokinetic sampling)
Aemaveaved lnanmasirianazuauueard
< % 1 [l = v A o 9
inudeg1ved luunumeanunevuunuduns
5 A
Inavesvodlvnanazanuiivesvesivanya

v o 1 [ <
‘W’NLGﬁJ’]W'J'JﬂfJﬂ’]W”ﬂUﬂ'J’]Mﬁ'Jm@@ﬂ’]inlﬂaﬂ'lﬂu@ﬂ

C

< @
anuinunth Vo mldnnsasimsiia Q

X 4 A
HagNnunNnagoy A Ao

(M

Tasluvaznaaou larmsianinnuaannuay
1 [ a 4
Yo HUTAAMA011 Tuline5 (Model 8380, TSI
Inc., St. Paul, MN, USA) lagms¥ilszansnin
Y
msnseseynnvesigadlumsanuiziims
1ANINTLBUYUIADYNIA UGN ULIFITIUIY
Y
(Number weighted particle size distribution) N4NDU
(Upstream) HATHAIHIY (Downstream) & ﬁ]lﬂﬁ
NATOUAIYIATDIIAVUIADYMIALLUTLNUAIIN
A Ay v . . . .
naounla (Scanning Mobility Particle Sizer (SMPS))
= Y v o q ¥ o A
Nlszneudie arvi lvazessasnetlunale 1nT09
o A A e
Aausnvurasyniauuy lilihadauazinioniy
IUIUDYMAUDUAIY 11U (Model 3788, TSI Inc.,
St. Paul, MN, USA) dM5UMIgaIasuetoynin
=\ Y o asR =
molu sMps  Imslgdanessumsgadsnts
! . . . 4 4
UWINTL1Y (Diffusion loss algorithm) Tuwelaiis
AIUANNTIAYDI SMPS 1H0UUIADYNIAAZ D03
< ' . . .
a9ytanNNI1 100 nm (Reineking and Porstendorfer,
1986) laglszanTNIMNITNI0I0YNIAVDIAD

N304 77,,, dzasamuInldan

nexp _ Zinlet — Couttet %100 (8)

inlet

A A Y Y o
I1U® C ADAITNLVNUYUITUIUUDN

inlet

AUNANDUATUVDIAINTBIUAL C AN

(] outlet

WA UMD YN IANAIHIUVDIAINT D

13197 3 LanaraazmveIsulsnnaaey lu

Y Y
N1SNATOUUITAIVANUHYUUATAIINT U
v o J Y = o
durnsneludoanaaoun 25°C uag 55 %RH

A A X o o @
14O RH A9 ANUYUTUNND
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M5190 3 FuazAIveentlsnnaael

s

FAMIIATIZH

FUAVDIDYNIA
ANUTUTUYOITIUIUBYAIA
YUIADYN A
‘i’ d‘ 1
HUNNATODUHUNT B
oA31M3 Ina

3 Y Y
ANUE I

A o o s
AMUFUTUINS IV NAT OV
ANUAUUTTOIMAVULNATOU

gaungiiluvuznaae

NaCl itag PSL
3.5% 10° - 1.5 x 10° particles/cm’
0.3 um

17.8 em’

5.3-28.3 L/min

5-27 cm/s

55 %RH

1 atm

25°C

Ay a ¢
HNaNI3IIAZIVIIUNA
‘:; a a
MIWN 5 tay 6 naalszansninms
N3090UNIAVDIMNBIAIHUNTBIUEUWINWID
Useq liauqanaziszyauga 911nM15199 5 WU
4 a A
Mnewsod lulns a5z Idlsz@nininns
N309UBIBYNA NaCl Y3zanal 22.13 % 11az 20.02
% 1iio1szy liauganazilszyauga awdau 19
alszansninmanseseyninaanuilszuia

@

211 % wazdmsuununsoauouiunI0deg

AT9HINIA N95 (A15199 6) 2 1ddlszanTamw

M3INTDAVDIDYNIA NaCl Uszaas 99.07 % ag

d‘ 1 o %

98.50 % Iio1szy Wanganazilszgauaa muday

uazlialszansnimnisnsosnianuilszunu

0.57 % dm5ueynia PSL lua15190 5 Moo
I'4 a A

i luTas Iiwesaz Idszansanninioued

oUNA PSL Uszaal 34.89 % wag 27.05 % Lo

sz higuaauaziszaauaa audiay 1van

J5L@NTAINNITNIBIAIA UL TN 7.84 % LA

dmsunrunsoaueuIUMs o iagnIoaNININ
A 9 a A

N95 (9113199 6) 921315z ANTAINAITNT0 VD

o1n1A PSL 1521191 98.86 % 1Az 95.24 % 1o

Uszq ldauaanazlszyauga awdiay uazldam
UszAnnIMMINToIn NIz 3.61 % 910
< Yo A Yo o q ¥
manisnaasanuiu lagsanuiniie laaai v
I = o Y a a
azeotasuunaralmai lidszd@nsainms
v [
N3999UNIAYBITAYNTOINIADIAAAUTUDIIIN
mMsilszyaugaveteynianIemInsznelszy

o da =
ﬁn@maﬂuammnuu Vlllﬁﬂ\iﬂ\iﬂ”liﬂi%%?ﬁlﬂigfﬂq
(4
sunaluaugailszyalelesouvunlulnars

MNAUMIN 3 waz 4 @1w15alszunIng
YA
N329191/5299090UNAYUIA 0.3 um TaAoOYNIA

nlitilszqeeliszum 30%  vazeynianld

Usgy + uaz -1 Juszum 22.5% symanlasy

=1

Uszy+ wag 2 Tuszum 9.6% oynianlasy

v
=)

Uszy + uag -3 Vlszanm 2.6% wazoynian lasy
Usgq + uaz - 11 3 Vs 0.3 % Aduead

= ' d‘
Ul’ﬂu@WiN‘V] 4 MYTLINUNTVIITUNTN 3

]
= 1

< ' @
uag 4 wmuneynianlulasulszalilszuna

9
v S

30% wazoumantlszynadnuazauilszna

a

70% eranavi Ifeyman litilszana1 30% ananso

1 Y 1 d’d
Aunzg ladenneymaniilszy
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MIN 4 HaMsUsznamNINge1s9ueyMAYUIA 0.3 um

Sotazvesoyumailasuiszq (%)

sll‘lﬂﬂﬂ‘l;‘!inﬂ
(um) <3 -3 -2 0 +1 +2 +3 >+3
0.3 0.3 26%  9.6% 30%  22.5%  9.6%  2.6%  03%

AMIUsaNTNINAITNIBILYNIAVDY
fluTas llived azanastanuiiennaniag
nsoaniinin Nos  wagi lulas Tvliwestina
antuasaflsz llfhadauudulevesd Tas
UnAdaranseantiinin Nos linnumuiuilsey
lalwa (Dipole Charge density) (1111 0.27, 21.57
1ay 023 pC/m’ dmusudiuly Sunaraazu
Munen MudIay (Yim et al., 2020) G‘fﬁ%gﬂé’ﬂ
Uiy llihadaldsudulafead sz dniam

9y =2 a 1
ﬂ']iﬂjE)\W’]'Jfll!.j\?ﬂ\?@jﬂV]']\?ulV‘lﬁ'lﬁﬂﬁjzﬂ'J'N

k) = [ Y
synmanaziduleo Jeawsnannseseynialaa
g =® 91 = J @ P = 1
Yu daineymavziinfesiguan lililsz g ua

Aa a < ] @ 1
Uszansnmmanseen luldanaaninin aiud
4 1 1 1

novsor lulas liwes lasaulvgjae lifidsey

a < o
Tihadauwdulevsetiineraszilos 3911
auma lifilszyansorungalademsiz i
= =3 a 1 [ kY
Husspagama dhadasznieymanudule
AT UANULANA19UD9TZANTAINNITNI B
a1n1A NaCl uag PSL d1viufmeasuiunsod

wouULanIlua3 19N 5 uaz 6

tﬂ‘ a A Y t:'d [
maei 5 Uszaniammianseseynmavesdimeniidszy liauaauazszyauaa

R Uszqlilauaa Uszqanga
FHAVDI . - — . = — AN
fou 1i0q lszansmw nou 1ioq Uszanson ,
aUMA ' ' ' ' HANMY
ALY ALY (%) NIU NIU (%)
NaCl 1.16x10°  9.00x10’ 22.13 1.15x10°  9.22x10° 20.02 2.11
PSL 3.82x10°  2.49x10° 34.89 3.89x10°  2.84x10° 27.05 7.84
ANUUANATLHIN NaCl 1 12.75 ANUUANANTLHIN NaCl 11ag PSL 7.03
PSL
m319fi 6 UszAnsnmmsansesoymnveunsosueuNnuRtilsz N auganazlizghauga
R Uszqlsianqa Uszqauga
FUAVDI . = — : - — aNN
fou 1i0g szanson fou 1ioq szanson .
aUNMA ' ' ' ' HANAS
HIU AR (%) ARLY AR (%)
NaCl 1.12x10°  1.04x10" 99.07 1.13x10°  1.69x10" 98.50 0.57
PSL 3.84x10°  4.39x10° 98.86 3.89x10° 1.85x10" 95.24 3.61
ANUUANAITEH I NaCl ay 0.22 ANVUANAINTLHIG NaCl 11ag PSL 3.25

PSL
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nuddimesz Al 1uuAnNA19UD g
U5aNTNINNIINT0IUNIATLHINNTHA NaCl
uag PSL Aoudaguileszy liauqganazilszy
augane 12.75 % 1az 7.03 % MUY dIuipY
n393uaUINIUY T ANTAINNITNIDIBYNIA
52HIN¥UA NaCl  1ag PSL agianua1anulu

dd‘ a ] A
nitinnailszy luauganazilszyaugane 0.22 %
Hag 3.25 % MUSIAU $9UseaNTNINMINTON

v 9
HANANAUYDIOYNIANT 2 FHAUNUAIMBLAY

1 A o 2 Y

HHUNIBAUDUINIULBIINTINIUY 52T UAY
£
HazMIaugalizguedynIa 2 FUALANNY 1Ay
1 1 @ ad a
ANULANANUDIAIAIAL lADIANAT YD IO YN 1A

. . . £ o Y=t

(Dielectric constant) (Hinds, 1999) RN RS ERE
t:' 1 Y = % z:' a U

nsz0elszanaany saudedadeinaangling

YpI0YNA (Particle shape) A0 TaoNoynIA PSL

3 3 o g
wiluoymalwdalasuaunngniugnsanay

< ] 4
(Sphere) FudUHIUFUINAIIUBIOYNIANTINAY

a "oy s X A
VNAMIAVTUAUFUINANVBINUNR 1A TN
NTINAMNYLLN (Equivalent sphere projected area

. 1 I A A
diameter) @2UDYNIA NaCl il ueynInndoll

o I [~
anvaziundn liiluginsanay (Non-sphere)

T T T T T
100 |- —— NaCl, Non-equilibrium charge
—O— PSL, Non-equilibrium charge
—/— NaCl, Equilibrium charge
—v— PSL, Equilibrium charge

1

90 -

Filtration Efficiency, %

85 B

5 10 15 20 25 30
Face Velocity, cm/s

(M) LHUNTIUDUINIY

9 1 o

= A 1 g =
%Q@lgﬂ1ﬂ1/]"llll‘ﬂu1/liQﬂﬁﬁJi]glllﬁuW1uﬁuEJﬂ’(3N

a

Y '
=1

Limfudurdiuguinalsresiuinien1nng
= 1 d‘ =) =)
nawtiewm lasdomauvuiansanavlsuias
N8V (Equivalent volume sphere) SEHIN

d' [N~ 2
ayn1af biilunsenauuazeyniansinanaz i
1 d' 1 % é g LK%} o 1
AMNANNY FUuegNUTIv8Ye 9315 19U0 901N 1A
§ § o a3

(Shape factor) Iagfioymantanyue liiflunss
naNYTNANTENUNUISUTeAAIN (Drag  force)
wazduIusz9Ae9UNIA (Number of charge per

. ci’ Aa A % 1 Y
particle) TuwunAINa1ny dewalianueainse

4 (% a 4
IAABUAILFIDINIANAAIT A S (Aerodynamic

. A o Y
motion) tazANNAINITAIAdUAINA lThiToe

1 A 2 =\ 1
neumamilunsnay fnasonalnnsznuuay
v
na lnmsananusznineymanudulovesunu
n504 (Hinds, 1999) aamaiirlilszansainms
Y Y '
NTDIDUYNIANT 2 FUAUUANANNY AIWN 8 HAA
v
Use@NTNNMINTDIOUYNIA 0.3 pm NIV NaCl
=1 % < 9 Y ] =4

1Az PSL NgUNUANUTIAIUHUIFIN S 049 27
cm/s voIkIMBazuRUnTBIuUIUNdNga

oz ldauaailsey

T T T T T
s —— NaCl, Non-equilibrium charge ]
—O— PSL, Non-equilibrium charge
—/— NaCl, Equilibrium charge

40 - | —/— PSL, Equilibrium charge B

30+ B

Filtration Efficiency, %

25 B

Face Velocity, cm/s

) Ao

4 a A i <
Jl"IWﬁ 8 1]53ﬁﬂ‘ﬁﬂ1Wﬂ1§'ﬂ5@\1@Hﬂ1ﬂLLUU NaCl tag PSL yﬁwnummwaﬁ’mwﬁﬁ
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= ' A
i]1ﬂﬂTWGlummuwummuaugﬂnuma
IS Y Y ds! U Y Aa a
‘ﬂ'JUJLi'JﬂTL!W‘LHgﬁmu%gﬁﬁwﬁiﬁﬂigﬁﬂ‘ﬁﬂWWﬂ1§

N3090UN1AAART 8YN1A PSL aznzqr1u laand

P1NA NaCl tazounanlilszgaugasznygriu

a Q

YA 1 A A ll <
18aneynaniidszy luduga Tasawso
gagan 27 co/s YseANTNINMINTDIVDIOYNIA
0.3 pm LN 89.6%, 88.4%, 87.3% LAz 85.0%
dmSueyn1n NaCl uaz PSL ilszyauganaz T

o w o W Y & 3 v Y
auga MUY MMFVHIMBINEANNTIAUNIN

g 1 Y a A g
gauudInalilsz@nsnnmInseto A gy

<3 § A A
Tasanuaduningegai 27 cnvs Usz@nsnn
N1INIBIVBIDYNIA 0.3 pm ILININY 29.5%,
43.1%, 28.3% WAz 35.2% d1M3TVYNIA NaCl uag

4 . T
PSL  Milszyaugaunaz luduga awd1ay
Uszanimwmsnsesvesiaganseslaeialiuda

@

Y
%Z%u@gﬂUﬂJUWQBHﬂWﬂ AUANHUSUBDIITAND

a

< o
NI mmnaﬁ}mﬂﬁﬁ anbwUTNITIND ANUNTU
(Porosity) YUIAFNTU (Pore size) LATANUHU

[ Y I v Aa ] a a
voulaqruiutladennanoscdnsninnms
Y A s

N3099UNIA Tagdaqrinlanungudigauas

a

< a a
GUU’]@EWEULaﬂﬂ&'Glﬁ}ﬂigﬁﬂ‘ﬁﬂ']Wﬂ’liﬂiﬂ\iﬁ]HﬂWﬂ

]
@

g9 Fagdnlanungugegauazvuagwgulvg)

a

9y

wldlszansnmmanseseynia uaz Taadin
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ABSTRACT

The objective of this research was to develop a web service to collect ceramic clay in
Thailand by applying the Geographic Information Systems (GIS) that can support concession
area location on Google Map and calculate the area size that had web service development
concessions. This research was divided into three main parts: (1) data storage section for
concession area location, (2) latitude and longitude location data display for ceramic clay area
size on Google Map, and (3) service call section from web applications. Web service
architecture design was applied to MVC Architecture. Web service development in this
research was developed in Java through SOAP protocol and using MySQL database for
storing ceramic ground positions. Web service implementation results were registered via
UDDI and installed through the Thai Ceramics Association website in order to support
requests for service from web applications in WSDL languages. From the mining operators
in the south and north with purposive sampling, it was found that the web service system was
able to show the types and sources of ceramic clay surveyed at the provincial, district, and
sub-district levels which were able to show the location of the area through Google Map and
calculate the area size in square meters or rai. The area size calculated from the web service
and the field survey at five mining sites of Ranong and Lampang was found precisely the
same. It is also possible to display the number of ceramic clay reserves that have been
captured in the event of a concession revocation.

Key words: ceramic clay, concession area, GIS, MV C architecture, web map services

INTRODUCTION

Ceramic is clay pottery made mostly
of ball clay, a lump of clay formed by the
precipitation of kaolin, which is made up of
kaolinite. The chemical component comprising
approximately 40-60% silica, 30% alumina,
and about 10% of crystallized water and organic
matter makes the soil extremely fine (The
Department of Science Service, 2021). This
clay is tough, when dry or calcined. It has
high strength, and after firing, it becomes white
or cream (Bazina et al., 2014). Therefore, ceramic
entrepreneurs use ball clay to integrate the
crockery production process as an indispensable
material. Currently, there are 638 registered
ceramic factories in Thailand: 275 plants in
the north, 273 in the central, 42 in the east,
23 in the northeast, and 25 in the south
(Information and Communication Technology
Center, Department of Industrial Works,
2021). In Lampang province alone, there
are over 200 ceramic factories (Lampang
Ceramic Association, 2021) including these
well-known ones: Indra Ceramic Factory,
Silp Nakhon Factory, and Lampang Khoon
Ceramic Factory. In Ratchaburi province,
there are 58 ceramic factories with these

large-scaled producers: Crown Ceramic Factory,
Thao Hong Thai Factory, and Rattanakosin
2 Factory (Ratchaburi Ceramic Association,
2021). The clays for producing ceramics are
in Ranong, Lampang, Ratchaburi, Nonthaburi,
Nakhon Ratchasima provinces. (Department
of Mineral Resources, 2018).

The problem is that several of the
government-allowed ceramic clays have run
out. According to the Department's survey,
various mineral deposits were identified only
by specifying the location and length of the
concession, and the area size could not be
mentioned in the concession document, so
the size and location of the area could not
be determined clearly, which is difficult to
explore and manage in the ceramic industry
mineral clusters (Department of Mineral
Resources, 2018). Therefore, to make the
ceramic clay mineral resources more manageable,
this research uses latitude and longitude
coordinates collected in the document to
show the map size and determine the area
size through the Geographic Information
Systems (GIS) to support the management
of mineral resources, ceramic industry and
mine operators relevant agencies in both the
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public and private sectors or the general public
can know the sources of ceramic clay. Google
Map is well known as the map operator
that many software developers can use it
via Google API without a fee. The users do
not need to install map programs.

MATERIALS AND METHODS
Web Service

Web Service is a service between
web applications that can work together
freely without being attached to the platform

Implement the
service and make
it available over
the internet

publish

Service
Provider
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with the exchange of information through
the SOAP protocol or RESTful protocol
(Rodriguez, 2015) to help increase service
efficiency, such as a secure web service for
electronic tuition payments (AlHawari and
Mohammad, 2020). The behavior of the web
service system serves requests from clients
and client responses through the communication
protocol HTTP in the XML file format, and
a web service consists of 3 parts: (1) Service
Consumer, (2) Service Provider, and (3)
Service Registry as shown in Figure 1.

Consumer
of a service

Service
Registry

Service
Consumer

Figure 1 Web service Architecture (Al-Shargabi, 2020)

From Figure 1, The service running
process starts with the service consumer
requesting service that has been registered
(UDDI Register). When a service is found,
it will be executed by the service provider.
The WSDL language is the language used
to describe message communication between
web services in SOAP messages (The Apache
Software Foundation, 2018). When using
the service, the service consumers must utilize
WSDL files, indicating details of receiving
-sending data, to install in the targeted software,
that uses the service. Components of the
SOAP document are the structure of the

XML language. It consists of 3 parts: (1)
part of identifying the requester (SOAP
envelop), (2) the SOAP header, and (3) the
part used to call the service, including the
parameters passing between the services
(SOAP body) such as a SOAP protocol for
communication between service requesters
and providers of currency exchange rates
by as for SOAP request sending the value
of Hong Kong 1000 HKD. When the service
calculates the exchange rate, it will reply to
the SOAP response reply to the Thai currency
at 4,250 baht, as shown in Figure 2.
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SOAP Request

<Txml version = “1.0” encoding = “UTF-8"=
=5: Envelope xmlns: 5= “http:// schemas "=

155

=30AP-ENV: Header /=

<5: Body=

«<ns2: exchange xmins: ns?= hitp./fws'=

<hkd= 100.00 <'hkd=>
</ns2: exchangeRequest:>
=5 Body>

=/5: Envelope=

SOAP Response

<Txml version = “1.0” encoding = “UTF-8"=
=5: Envelope xmins: 5= “http:// schemas =

<S0AP-ENV: Header /=
<5 Body=>

<ns2: exchange xmins: ns?= hitp.//ws/=

<return> 4250.00 </return>
</ns?: exchangeResponse>
=5: Bodv=

<5 Envelope>

Figure 2 Structure of SOAP protocol

Web Service Architecture Design

Web service architecture design integrated
ceramic clay sources in this research with
applications of web services and GIS can
be divided into two software components:
(1) This web service section supported the
location of the land concession area, and
(2) the ceramic land area size display section.
They consisted of a part of the area display

through Google Maps and a portion of the
area size calculation at each concession point.
The development of a Ceramic Clay Map
WS in this research in Java to support service
consumption between web applications
together via SOAP protocol, with WSDL
language as the language used to describe
the form of communication between web
applications, as shown in Figure 3.
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Service Consume

web request
service

& —

WSDL
find

Software architecture design of a
Ceramic Clay Map Web Service in Thailand
in this research applied MVC Architecture.
It consisted of a MapService package that

Service Provider

ceramic clay
map service java

bind @
map cefamic area
database
UDDI Registry <@>
Server — WSDL
description . i
oo publish

—
r

/A

Figure 3 Web service developing

stored the geographic coordinate system of 4.
the ceramic land concession number, and

]

1

MapService

the MapServiceWS package that displayed
the results of the ceramic territories on the
Google Map by extracting data from the
MySQL database system, as shown in Figure

DBConnection

ThaiUniCode

MySQLConnection

1

]

|

MapServ

Model

RN

User

Fusername
+password
+status

Province

District

Sub_District

ThaiUniCode

MapServiceWs
1 ]

WS Model

District Sub_District
MapW$s
+getLocation() %} /
/ = Province
getLocation L
DBConnection
|| | MySQLConnection

Figure 4 Web service architecture collecting the sources of clay and ceramics in Thailand

The web service architecture components
are shown in Figure 4. The two packages were
designed according to the MVC pattern, which

consisted of models that stored ceramic
resources: province, district, sub-district,
ceramic clay type, latitude, and longitude.
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The view served to display the results through
the web page window: results, area size, a
land source on Google map, detailed information,
number of rai or square meters, including
reserve ceramic clay. The control was responsible
for calculating the size of each concession
area, receiving data from the web application,
and storing it in a database such as location
data, latitude, and longitude, etc.

gl

]

Choose File Type

X

Project: | () MapServiceWs

Q, Filter:
Categories: File Types:
""" L AWT GUIFarms ~ Web Service ~
""" Ao Unit Tests Web Service from WSDL
----- )\ Persistence &4 RESTHul Web Services from Entity Classe
----- L) Groovy @: RESTful Web Services from Patterns
..... )\ Hibernate @: RESTful Web Services from Database
..... ) @: RESTful Java Client
_____ T &5 RESTHUl JavaScript Client
rl lGI Fish @: Cross-Origin Resource Sharing Filter
""" po Sasshist &5 JAX-RS 2.0Fiter
""" £ Weblogic @ JAX-RS 2.0 Interceptor
""" . Other v | |@® web Service Client v
< > <

(a) Netbean IDE 8.2

E—] Servers
E—}%D Apache Tomcat or TomEE
=8 5 Web Applications
~@ |
E MapService
a MapServiceWs
@ Jdocs
E Jexamples
1@ host-manager
@ Jmanager

(c) Connecting the database via Tomcat sever
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Web Service Architecture Implementation

Developing and testing web services
with NetBeans (The Apache Software Foundation,
2018). The service was developed to support
the subordinate, including getLocation, getSize,
and getlmage service, as shown in Figure
5.

: Services

= & Databases
—-4® web Services
Amazon

2 J
Delicious

Flickr

Google

Accounts Service

t "!;1-

AdSenseForContent Service

J+"\ ey BCS

AdSenseForSearch Service
Geocoding Service
Map Service

BDeRee

0-@-@

WeatherBug
). Zillow
Zvents

- -3

(b) Using a Google map in the web service
& @

EJ 5 Web Pages

M- META-INF

m-[)) WEB-INF

E"_E] index.jsp

5 Source Packages

i[5 DbConnection

Maodel

= Wws

|§‘| MapWs5s.java

Libraries

...|

=Y
(= Web Services
=-{08] Mapws
> @ getlmage: MapWs
@ getlocation: Arraylist
@ getSize: ArrayList

(d) Sevice distribution part

Figure 5 Processing the Web service development on GIS

From Figure 5 (a) Components of the
NetBeans IDE 8.2. used to develop web services
in this research in Java Figure 5 (b) is a Google
Map plug-in that can be run through NetBeans.
Figure 5 (c) is testing web services through
Apache Tomcat, and Figure 5 (d) is a component
of the MapWS that has been developed.

It will consist of packages to store
the class files for installing the web service
and call the web service. In the instruction

set in Table 1. Line 1 indicates the location
of the web service with a @WebServicePath
prefix mark to provide specific access to the
MapWS class and call the getLocation method
in line 5 with a @WebMethod prefix mark.
This method will retrieve the geographic
coordinate system in the MySQL database
system to send back to the requester, as
shown in Table 1.
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Table 1 Web service instruction set, MapWS class
@WebService(serviceName = "MapWS")

public class MapWSs {

private String lat="";

private String Ing="";

@WebMethod(operationName = "getLocation")

public ArrayList<Model.MapServ> getLocation(@WebParam(name = "province") ) {

MysglConn mysglConn = new MysqlConn();

ThaiUnicode thaiUnicode = new ThaiUnicode();

© | N o g &~ W NP

String cond ="";

-
©

ArrayList<Model.MapServ> maps = new ArrayList<Model.MapServ>();

-
=

ResultSet rs;

ky

-
N

The part of sending a message to Header, and Body (Bolz, 2020) as shown
each other will be sent in the form of a in Table 2 of the instruction set.
SOAP message consisting of Envelop,

Table 2 The SOAP message instruction set, the request part
SOAP Request
<?xml<S:Envelope xmIns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/">
<SOAP-ENV:Header/>
<S:Body>
<ns2: getLocation xmlns:ns2="http://thaiceramicsociety.or.th/ MapServiceWS/MapW$S
?xsd=1">
<itemProvincelD>province_id </itemProvincelD >
<itemPrivinceTitle>province_title </itemPrivinceTitle >
<itemDistrictID> district_id </itemDistrictID >
<itemDistrictTitle> district_title </itemDistrictTitle >
<itemSubDistrictID> sub_district_id </itemSubDistrictID >
<itemSubDistrictTitle> sub_district_title </itemSubDistrictTitle >
<itemLocation> location </itemLocation >
</ns2: getLocation >
</S:Body>
</S:Envelope>

The statements in Table 2 is the SOAP code, district name, district code, the name
Request portion of the Service Request Side, of the district, and the coordinates of the
which consisted of the SOAP Header and said area. The response to a request was a
the SOAP Message Body segment, comprising set of SOAP response instructions, as

of province code, province name, district shown in Table 3.
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Table 3 The SOAP statement, the response part
SOAP Response
<?xml<S:Envelope xmlIns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/">
<SOAP-ENV:Header/>
<S:Body>
<ns2: getLocation xmlns:ns2="http://thaiceramicsociety.or.th/
MapServiceWS/MapWS?xsd=1">
<return> province_id </return>
<return> provice_title </return>
<return> district_id </return>
<return> district_title </return>
<return> sub_district_id </return>
<return> sub_district_title </return>
<return> location </return>
</ns2:addResponse>
</S:Body>
</S:Envelope>

RESULTS AND DISCUSSION
Results of ceramic clay mab web

service in Thailand through GIS are the

same as the study by Fauzi (2020). Displaying

sites in Thailand that consists of provinces,
districts, sub-districts, clay types, and the
number of reserved clay in the area that
has expired the concession, as shown in

details of ceramic clay sources stored in Figure 6.
the database shows the collected ceramics
Area
Total area size 338,785 square meters or 212 rai, total reserve of clay 9,500,000 tons.
# Province District Sub-district Raw Material Types Reserve of Clay (ton)
o Tak Ban Tak Tak Tok Ball Clay
[0 | Phayao Chiang Muan Ban Mang Ball Clay
(0 | Ranong Mueang Ranong Hat Som Paen Kaolin
M | Ranong Mueang Ranong Hat Som Paen Kaolin
v} Ratchaburi Chom Bueng Chom Bueng Kaolin 0
00 | Lopburi Chai Badan Kut Ta Phet Kaolin
1t} Lampang Ngao Nagae Kaolin 0
iu1] Lampang Muang Pang Thung Kwang Ball Clay
[ Lampang Sopprab Sopprab Kaolin and Ball clay 9,500,000

Figure 6 Detail of clay source.

The support part of entering the ceramic
clay concession area position through the
Add/Edit icon on the left column can specify
the ceramic clay type, province, district,
sub-district, and the specified geographic

coordination system in the concession or
survey number, including the amount of
ceramic clay in the case of the reserved
area as shown in Figure 7.



Raw Material Types

15815398 YH1INDeNA 11 125 1¥uAafF I¥e 15(1) : 152-164 (2566)

Latitude / Longitude

Reserve of Clay (ton)

District Sub-district

v Muang Ranong v Sal Daeng "

Sal Daeng

8IsR Bang Rin
Pak Nam
Ratchakrut
Ngao

Hat Som Paen

Figure 7 Web browser window to add/edit coordinates ceramic clay area size.

The results showed that the area size
of ceramic clay was divided into 2 parts, namely
No.1. area size display through Google Map
(Gong et al., 2015) and No.2. area size calculation
in square meters or number of rai (Sayar et

Area

Showing Area

al., 2005). In addition, it can display the result
of the reserve of ceramic clay that has been
collected in the event that the concession
has been canceled, as shown in Figure 8.

X

Location

Raw Material Types :  Kaolin
Reserveof Clay :  0ton
Province:  Ranong
District :  Mueang Ranong

Sub-district : ~ Hat Som Paen

Latitude / Longitude
9.949624939532206,98.68323593769083
0.046269813134953,98.65765780784796
9.945897132056809,98 6854044805635

9.949366131323321,98.68257125376356 1
1

Area Size : 104.69 rai / 1
1

167,496.50 square meters

I ————

Figure 8 Web browser window with the land size of the ceramic clay area

For supporting service requested
from the web application, the WSDL file
displayed on the URL can be imported
through  http:/Ahaiceramicsociety.or.th/MapService

Document that can be installed on the web
application that needed service request, as
shown in Figure 9.
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Web Services

Endpoint Information
. . Address: http //thaiceramicsociety.or.th-80/MapService WS MapWs
Service Name: {http:/'ws/}MapW5s i
ervice Name: {http:/fws/jMap WSDL: http://thaiceramicsociety.or.th:80/MapService WS Map WS Pwsdl

Port Name: http://ws/} MapWSPort
ort Hame {http://ws/3Map © Implementation class: ws MapW$s

Address: hittp://thaiceramicsociety.or.th: 30/ MapService WS TestWs

Service Name: {http:/ws/} TestWs WSDL- I

//thaiceramicsociety.or.th 80 MapService WS/ TestWs?wsdl

Port Name: {http://ws/} TestWsPort

Implementation class: ws TestWs

Figure 9 A web browser window showing WSDL language file sharing.

The results of the collection of ceramic
clay were obtained from the researcher's
survey and the concession documents of
the Department of Mineral Resources and
the documents of the Mineral Town Association,
Lampang Province. The area size calculated
by the web service and the actual field survey
by the researcher was the same. The survey
was conducted in five mining areas in Ranong
and Lampang provinces, as purposive sampling.
Those are (1) MRD Co., Ltd., Tambon Hat

Som Paen, Mueang district, Ranong Province
(2) Mrd-Ecc Co., Ltd., Tambon Sopprab,
Sopprab district, Lampang Province (3) SCG
Co., Ltd., Tambon Sopprab, Sopprab district,
Lampang Province (4) Phatara Ratana Clays
& Minerals and Serirat Mining Co., Ltd., Chae
Hom district, Lampang (5) Mueang Chiang
Muan Co., Ltd., Tambon Banpu, Mueang
Chiang Muan district, Lampang Province.
Some selected pictures of the field survey
are shown in Figure 10.

Figure 10 The field survey at a mining site of MRD Co., Ltd.

The results of the survey from
entrepreneurs who receive the experience

are details of the location data as displayed
in Table 4.
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Table 4 Samples of ceramic clay sources collected

Province District Sub- Clay type Coordinates Area size Reserve
district Latitude Longitude  Square meters/Rai (tonnes)
Ranong Mueang Hat Som Kaolin 9.9496  98.6882 0
Ranong Paen 9.9463  98.6876 110,519.75
9.9458  98.6854 169.07
9.9493  98.6825
Ranong Mueang Hat Som Kaolin 9.9394  98.6872 0
Ranong Paen 9.9358 98.6878  167,496.80/104.69
9.9360  98.6853
9.9399  98.6847
Lam Pang  Sopprab Na Yang Kaolin ~ 18.5492  99.5891 Run out of 9,500,000
and concessions
Ball clay
Lam Pang Chae Hom Chae Hom Kaolin 185276  99.5523
18.5240  99.5523 60,768.41
18.5222  99.5495 /37.98

From the sample data in Table 4, the
results of the survey of ceramic sources to be
provided into the web service system revealed
that they could store location, province,
district, sub-district, clay type, latitude, and
longitude, and area size. In addition, the
total ceramic clay reserves were included,
for example, Ranong Province. The researcher
surveyed 2 areas, namely Mueang Ranong
District, and Hat Som Paen Subdistrict
which was still operating concessions, and
Lampang Province 2 areas, namely Chae
Hom District, and Sop Prap District that
were exhausted the concession, which was
in the process of restoring the clay, so they
had a reserve of 9,500,000 tons of ceramic
clay.

To use a web map service, the users
must insert data via a web ceramic map system
by indicating the location of the ceramic
clay, either in one latitude and longitude
location or more than one location, in the
database and transfer it into the Google
Map. The obtained data will automatically
calculate the size of the area in square meters
or rai (1 rai is equivalent to 1,600 square
meters) via the functions of Google Map.
The latitude and longitude position derived
from the concession numbers the mining
concessioners received from the Department
of Mineral Resources, reflecting the reliability
of the information. The data can also show

reserved ceramic clay in the exhausted concession
areas where the concessioners declared to
the researcher.

CONCLUSION

The design and development of ceramic
clay map web service in this research aimed
to collect ceramic clay by applying the MVC
architecture to develop, modify, maintain,
and design a software architecture that met
international standards. The functionality
was divided into two parts: the MapService
package, the MapServiceWS package, and
the secondary web service development
emphasizing communication between layers
of web applications through SOAP protocol
in Java with NetBeans 8.2.

Web service registration and implementation
results revealed that WSDL file-sharing was
supported by implementing the web application
for those who wished to request services from
a ceramic clay map web service from this
study. The web service collected ceramic
clay by applying GIS in research by using
latitude and longitude locations stored in a
database displaying the area size of ceramic
clay via Google Map and calculating the
size of the ceramic land area. However, to
use the ceramic clay map on Google Map
during the development, the developers
can register to use the Google Map without
any fee. For long-term use, the fee will be
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collected by the Google platform rules
(Google Maps Platform, 2021).

Using MVC architecture to design web
service in this research has advantages which
include the separation of operation from service
parts, service requests, and the management
of a database of ceramic clay locations.
Nevertheless, there are complicated issues
in dealing with documents on model views
and the viewpoints working under the functions
at the control component. So, this architecture
still cannot completely separate the view
from the control parts (Dathan and Ramnath,
2014).

The dissemination of web services
in the development of web services and
geographic information systems to help
assess the raw materials used for the ceramic
industry in Thailand can support calls between
web applications, web development, and a
web service that was registered in the UDDI
Registry. The operators using the web services
can bring WSDL file from this URL.: http://
thaiceramicsociety.or.th:80/MapService WS/
MapWS?wsdl and install it on their application.
Those potential users are Ceramic Operator
Government Agencies, the Thai Ceramics
Association Lampang Ceramic Association,
the Ratchaburi Ceramic Association Mining
Association, the Lampang Industry Office
of Space, and Geographic Information
Technology (Public Organization), and the
Department of Geological Resources for
the implementation, and others.
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ABSTRACT

Karamae, a Thai traditional dessert, only lasts 7 to 14 days before becoming harder from retrograded and
rancid starch. The purpose of this research was to examine the combined effect of xanthan gum (XN) and
processing methods on the extension of Karamae’s shelf life. Karamae processing was used at two levels in a
factorial 2x3 completely randomized design. The first method involved adding each ingredient one at a time while
using fresh coconut milk (the standard method), and the second method involved doing the same while using
boiled coconut milk sweetened with sugar. Two levels of XN content were studied at 0.25, and 0.5% of starch
weight. Karamae was preserved in a nylon bag with vacuum condition and oxygen absorbers at room temperature
(30 °C) for 49 days. The characteristics of all samples were determined every 7 days. The results revealed that the
moisture loss of Karamae (without XN)with and without oxygen absorber dramatically decreased after a 49-day
storage at 32 and 36% whereas the sample containing XN displayed a moisture loss of 4-15%. Moreover, the L*
and hardness increased (p>0.05) with longer storage times in the second method using 0.5% XN. In addition, after
14 days of storage, the overall preference scores of the standard method processing of Karamae without XN and
oxygen absorber significantly reduced (p<0.05). However, the overall preference scores were lower at 28 days for
both methods with 0.5% XN. The findings indicated that the standard method with 0.5% XN showed the highest
overall preference scores. As a result, the shelf life of Karamae could be prolonged from 7 days to 28 days of

storage time using the combination method of the second method and 0.5% XN.

Key words: Karamae, xanthan gum, shelf life extension, oxygen absorber, Karamae Maeprakong
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07U
Con. 7.5040.63"  7.50£0.57° 7.57+0.73"  7.50+0.68"  7.33+0.61" 7.50+0.73%
PO 7.70+0.65" 7.57+0.63"  7.80+0.61°  7.67+0.71° 7.67+0.66" 8.03+0.72"
P0.25 7774073 7.57£0.50°  7.50+£0.63"  7.53+0.63"  7.40+0.72" 7.67+0.61%
P0.5 7.67+0.71°  7.67£0.61° 7.43£0.57° 7.53+0.57°  7.70+£0.60" 7.57+0.63"
RO 7.60£0.62°  7.60£0.57"  7.30£0.53°  7.50£0.57" = 7.47+0.57" 7.33+0.48°
R0.25 7.70+0.65°  7.57+0.50° 7.53+0.57°  7.40+0.56°  7.70+0.70" 7.77+0.68"
RO.5 7.60£0.56°  7.73x0.45" 7.57x0.57" 7.47+051"  7.43+0.57" 7.57+0.63%
77U
Con. 730£0.53"  7.67+0.48" 7.33x0.61" 7.13£0.63°  7.47+0.82" 7.37+0.76°
PO 7.50+0.57b"  7.67+0.48"  7.2040.55°  7.30+0.79°  7.16+0.79° 7.37+0.81°
P0.25 7.70+0.60°  7.77£0.57°  7.67+0.66"  7.63+0.56" 7.83+0.75" 7.87+0.68"
P0.5 7.53+0.51"  7.73+0.69" 7.40+0.62"  7.77+0.57°  7.57+0.63" 7.430.68°
RO 7.40+0.56°  7.70£0.65" 7.60+0.86"  7.50+0.63"  7.37+0.93" 7.50+0.82"
R0.25 7.67£0.66™°  7.70£0.65° 7.37£0.85"  7.63x0.61°  7.60+0.81" 7.60£0.81°
RO.5 7.80£0.61°  7.80£0.71" 7.60£0.77°  7.53£0.68"  7.73x0.78" 7.43+0.68°
14 U
Con. 7.40£0.67°  7.60£0.77° 7.10£0.80°  6.77+0.98"  7.06+0.94™ 7.17+0.95"
PO 7.37£0.76™  7.600£0.77° 7.03£0.76°  7.03£0.89°  7.00+0.59" 7.00+£0.95"
P0.25 7.63+0.61"°  7.80£0.61° 7.53+0.68°  7.23+0.90"  7.43+0.82" 7.70+0.84"
PO.5 7.63£0.61  7.93:0.52° 7.57x0.57° 7.30£0.84"  7.40+0.86" 7.40+0.86"
RO 7.63£0.61  7.80+0.66" 7.63£0.76"  7.57+0.68°  7.57+0.88" 7.70+0.79"
R0.25 7.70+0.65"  7.7740.63" 7.50£0.78"  7.23+0.94°  7.47+0.90" 7.33+0.52"
RO.5 7.67£0.66"  7.70£0.70"  7.73+0.78"  7.33+0.92"  7.53+0.86 7.30+0.73"
21
Con. 7.10+0.76" 6.97+0.72°  6.77£0.94  6.630.86° 6.95+0.86" 6.80+0.76°
PO 7.63£0.56"  7.30£0.60° 7.23£0.63"  7.1020.61°  6.90+0.89™ 7.13+0.57"
P0.25 7.30+0.75"  7.37+0.67° 7.06£0.64" 7.50+0.71°  6.00+0.83" 7.24+0.90°

P0.5 7.63+0.72°  7.30+£0.70" 7.30£0.60" 7.23+0.57°  7.55+0.67" 7.30+0.70"
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ez SUHHAINNYOU

anbuziling a nau NAUIE  ANUYUALEY  AUBOUTIN
RO 7.40+0.67°  7.30£0.60" 7.03£0.72°  7.10+0.66"  7.23+0.68" 7.33+0.61°
R0.25 733+0.61° 7332055 7.06£0.52"  7.00£0.69°  7.30+0.47" 7.10+0.55%
RO.5 7.63£0.61° 7.53+0.73"  7.53+0.82"  7.43+0.63" 7.50+0.43" 7.77+0.90"
28 1
Con. 6.43+0.63°  7.03£0.76"  7.03+0.67°  6.60+0.57°  6.03+0.89" 6.23+0.97°
PO 6.63+0.56°  7.00£0.64° 7.06£0.74" 7.10+0.71°  5.53+0.97° 5.77+0.85"
P0.25 6.70£0.75°  7.10£0.84" 7.1320.68"  7.13£0.51°  6.06+0.94" 6.73+0.75"
P0.5 7.13+0.86°  7.2040.76" 7.06+0.64"  7.17+0.65'  7.03+0.86" 6.73+0.78"
RO 7.03£0.85"  7.16£0.79" 7.06£0.64°  7.10£0.76"  6.37+0.84™ 6.80+0.89"
R0.25 7.06+0.69" 7.33+£0.80°  7.10+£0.76"  7.13+0.63" 6.43+0.79™ 6.66+0.73"
RO.5 7.06+0.78" 7.10£0.84"  7.13£0.68"  7.17+0.79° 7.05+0.86" 7.6+0.77"
35 U
Con. 7.17+0.75°  7.13+0.78™ 6.10£0.76"  5.83+0.87° 6.50+0.82° 6.27+0.78"
PO 733+0.71°  7.4340.63" 7.03£0.93" 5.93+0.96°  6.33+0.99° 6.70+1.12°
P0.25 733+0.71° 7232077 6.80£0.98% 6.27+0.94  6.40+1.40™ 7.00+1.11°
P0.5 6.97+0.93° 6.9740.96° 6.63£1.13°  6.73+0.94° 6.95+0.61" 7.70+1.02%
RO 7334076  7.33+0.84° 6.73+1.08" 6.57+1.33"  6.47£1.01° 6.83+1.09"
R0.25 7.20£0.71°  7.13£0.78™  6.70£1.12°  6.67£0.88°  6.53+1.14" 7.03+0.72°
2
Con. 6.67£0.61°  6.47+0.63° 5.40+1.40°  4.60+1.50° 5.97+0.85° 5.83+0.75°
PO 7274£0.74° 7474063 6.80£0.76" 6.93+0.78"  6.70£0.70° 6.70+0.79°
P0.25 733£0.76"  7.2320.82°  6.90+1.03° 7.07+0.78°  6.03£1.00™ 7.27+0.91°
P0.5 7.17+0.79°  7.23£0.73° 6.97+1.00° 7.13+0.63"  6.13+0.43" 6.80+0.61°
RO 7.2740.69°  7.33+0.84° 6.87+0.94°  6.77+0.94° 6.53+0.86" 6.63£0.56°
R0.25 720+0.66°  7.13+0.73°  6.93%0.91° 6.80+0.96°  6.77+0.77° 6.70+0.65°
RO.5 7.50+0.51° 747+0.61° 7.37£0.56"  7.43+0.57" 6.50+£0.67" 7.77+£0.43"

MNema: Con: YAAIUAL, PO; MAzLuIDBN 1 IAuuaUununY, P0.25; MaguuItsh 1 Muusuununi Sovay
an A a v Y A A a v 9
0.25, MAZLIITN 1 MNUFULNUANT DAL 0.50, MATUNITN 2 MULFUINUANS DEAL 0.25, Nz

an A a v v
AN 2 WL UUNUNNITDYAS 0.50
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ABSTRACT

The objectives of this research are to measure leg muscle strength and to study fear of falling in elderly
people. This study was divided into survey research and experimental research. Personal data and fear of falling
are collected using a set of questionnaires. Body dimensions are measured by anthropometer. Leg muscle strength
is evaluated by strength evaluation system. Risk for falls is assessed by Five Time Sit to Stand Test (FTSST). The
subjects were 45 elderly people. The age ranges 60-82 years old with 18 males (40%) and 27 females (60%). The
results show that seven elderly people (15.6%) have high level of fear of falling, and fourteen senior citizens
(31.1%) have moderate level of fear of falling. Chair without armrest leads to difficulty in rising up. From the
analysis of FTSST, male elderly people complete FTSST in 14.16 + 5.57 s. on average, and female elderly people
complete FTSST in 16.27 + 3.73 s. on average. The average male leg strength is 36.38 kg and the average female
leg strength is 20.98 kg. Ordinal Logistic Regression is used to investigate relationship between fear of falling and
age, leg muscle strength, and risk for falls. It is found that age and risk for falls have a significant effect on fear of
falling. This study suggests that the elderly should exercise to strengthen their leg muscles for comfortable sit-ups

and reduction in the risk of falling.

Key words: elderly, leg muscle strength, fear of falling, risk for fall
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ABSTRACT

The study aims to compare the effectiveness of the ten model selection criteria for multiple regression
model, namely, AIC, BIC, HQIC, AICc, AICu, HQICc, KIC, KICc., KICcgg, and KICcyy,. The conditions for
simulation were differences in sample size, number of parameters in the model, regression coefficient, and error
variance. The results of a small sample case showed that if the true model is difficult to identify, the appropriate
criteria are AIC, HQIC, AICc, and HQICc. If the true model is easy to identify, the appropriate criteria are AICu
and KICec. In a medium sample case, if the true model is difficult to identify, the appropriate criteria are AIC and
AlCec. If the true model is easy to identify, the appropriate criteria are AICu and KICc. For the large sample case,
an appropriate criterion is BIC. It was also found that when the error variance increased, the efficiency of all
model selection criteria decreased. Therefore, the error variance should be checked after model construction
because it affects the model selection criteria. For the small sample size, model selection criteria have low

accuracy, but it is more accurate in a larger sample.

Key words: model selection criterion, multiple regression model, efficiency
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y=XB, +¢,

Y
wagauy Tae1lseunas (Fitted Approximating Model) Tugilunuaail

y=XB+¢
Taeft y ununmaesiFequuma nx1, X, uas
X unumasnguedulsdaszuuia nx p, uay
nxp MWEIAY, B, uaz B uUNUINABS VD
Fulszdninisnnnovyuia p,x1 uaz pxl

o o ¢
ATNAIAY, €, LAas € UNULINABDIUDIAITUAAIA

AadA o a a v
IBANUUHUNIFIIIVGY
= g’l dy = %
ATANHIASTIHIZANHURNIZADUNIT
=5 d' Y a
DANBINY A 1ABNAMVUNUNDII (True Model)
2
Tuziuuudall (Montgomery er al., 2006)
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I
wasuNNAURANIND 0 uazauuilslsiv
N ol uwaz o’I muaay Adlszanunig

ur9ziHugaga (Maximum Likelihood Estimator)
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uazelszuna hipudewes ¢° Ao
’ A A2
&2 = 1 (y—Xﬁ) (y—XB)= SSE _noS @
n—p n-p n-p
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#1089 119y (n = 100)

- SuNNEwes ludAuY 2 sEAu
laun p,=3uaz p, =5

4

- Fulszansmsnanos 4 aauuy 1dun

Fwii 1: B, =1, B, =0.5,8, =04, B, =03, p, =0.2

Fuuud 2: B,=1pB,=0.5p,=04
Fwuuii 3. B,=1,pB,=2,B,=2

Fwuii 4: B, =1, B, =2, B, =2, B, =2, B, =2
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MR NAINUNITOADRENY YN

Mosnenm

2(p+1)

AIC:log(62)+ .

)

BIC = log(&7) + (21108 (1) ©
n

2(p+1)loglog(n)
n

2(p+1)
n-p-2

HQIC =log (67 )+ (7)

AlCc = 10g(62)+ 8)

AlCu= 10g(s2 ) + 2 )

. 2(p+1)loglog(n)

n-p-2 (10)

HQICc = log(éz)

1<1c=1og(c”sz)+M (1n
n

s A a a . L. & .
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MI1N 1 (919)

MR NFINUNITOADRENY YN

Mosinennam

KICc,. =log(6”)+log (“HP}W (12)
p+1)(3nfp—2)+ p
n(n-p-2) n@-p)

KICe, = log(é2 ) + (

(14)
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maafi 2 Yovazuamsfadendauu tedeghelivinaan (n=15)

Gé fwuuszy  Swuals  AIC BIC HQIC AICe AICu  HQICe KIC KICe, KICey KICe,y,
0.25 81NN downuld 342 467 342 824 898 824 513 902 88.5 87.6
gnAeq 302 299 300 161 9.7 161 289 93 11.0 11.9
mnnuld 356 234 358 1.5 0.5 1.5 198 05 0.5 0.5
0.25 810 Hoanu'ly 510 94 5.0 182 277 179 106 278 26.8 26.1
gnAea 473 584 473 131 678 732 621 680 68.3 68.5
wmnnull 476 322 477 8.7 45 8.9 273 42 4.9 5.4
0.25 SRTETRLY Hoanu'ly 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gnAea 520 682 519 909 942 909 726 944 93.8 93.4
mnnull 480 318 481 9.1 5.8 9.1 274 5.6 6.2 6.6
0.25 Wl Hoanu'ly 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gnAeq 609 700 608 951 976 951 734 978 96.7 96.5
wmanuld 391 300 392 4.9 24 49 266 22 3.3 35
1 81NN downuld 565 720 563 971 988 97.1 771 989 98.7 98.6
gnAeq 145 109 146 22 1.1 22 9.8 1.0 1.1 1.1
wmanuld 290 171 291 0.7 0.1 0.7 131 01 0.2 0.3
1 810 downuld 205 431 294 636 735 63.5 476 740 72.9 72.2
gnAeq 294 310 294 313 241 314 312 238 24.7 25.2
wmanull 411 259 412 5.1 24 5.1 212 22 2.4 26
1 SRTETRLY Hoanu'ly 0.0 00 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1
gnAeq 511 671 509 913 952 91.1 724 9538 94.8 94.4
wmnnull 489 329 491 8.7 4.7 8.9 276 41 5.1 5.5
1 Wl Hoanu'ly 0.1 0.1 0.1 0.8 2.0 0.8 0.3 2.1 1.9 1.8
gnAeq 581 69.1 579 950 964 949 724 964 95.9 95.8
mnnull 418 308 420 42 1.6 43 273 15 22 24
9 81NN dounuld 682 834 680 983 997 982  87.0  99.7 99.6 99.3
gnAea 76 43 7.6 1.1 0.2 1.2 33 0.2 0.3 0.5
manull 242 123 244 0.6 0.1 0.6 9.7 0.1 0.1 02
9 a1 dounull 504 659 504 855 916 855 717 918 91.1 90.5
gnAeq 130 121 130 108 6.8 108 113 68 7.1 7.5
manull 366 220 36.6 3.7 1.6 3.7 170 1.4 1.8 2.0
9 SRTETRLY dewnuld 112 175 11 307 421 307 204 427 413 40.8
gnAea 447 540 446 633 553 632 551 548 55.7 56.0
mnnull 441 285 443 6.0 2.6 6.1 245 25 3.0 32
9 Wl downuld 164 245 164 613 751 61.0 290  76.1 73.0 71.8
gnAeq 456 481 454 367 240 369 478  23.0 259 27.1
mnnull 380 274 382 2.0 0.9 2.1 232 09 1.1 1.1
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% 4
15 NFAAWVUTZY8IN NN AICc ag HQICe
o A o v v =
dsona@enalnunlagndssuiniga
Uszanmdesaz 31 uaznsaldmuusziydieng
J
1IN A9 AICu, KICc, KICc 148 % KICcy,
v A o Yy v =
awnsonadendmu ldgndesnniiga Uszinm
9 A A =1
fovay 94- 96 LazilennuAMAmAsUTANMAlTT M
730, =9 msnamenduy Idgndedia sz
9 A o =<
fouaz 8 - 63 TAgNIAAMUUTZYLINDILINUIN
4 [ %
NS AIC tag HQIC enynsofatdendiuyyla

Y = v A w
DNADIUINNETA ﬂizmmiaaag 8- 13 NIUNILUY

a a

3 J

52480 I AICc t1ag HQICe auisanaidon
awvuldgndeaunniiga Uszmuiesas 63 uay
o 1 4 [
N3AAIMDUTZYIY naal BIC drwnsadataen

dwun lagndesnniiga Uszinadosas 48

d' v v A Y A @ ] =\
ATIN 3 TUAZVDINTAANDNAIULUL LUDAIDYWNUVUIANAN (n = 30)

cé fMwuuszy  audmls  AIC BIC HQIC AICe AICu  HQICe KIC KICe. KICey, KICe,y,
0.25 810110 wowAuld 202 373 257 344 480 42.1 323 490 46.9 46.6
gndea 532 521 538 554 473 51,6 544 46.6 47.9 48.2
nmauly 266 106 205 102 47 6.3 133 44 5.2 5.2
0.25 o1n Wownuly 04 14 0.5 1.0 1.9 12 1.0 1.9 1.9 1.8
gnAea 655 847 738 800  89.1 873 799 894 88.8 88.4
mauly 341 139 257 19.0 9.0 1.5 191 8.7 9.3 9.8
0.25 0 Woanuly 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gndes 66.1 871 746 836 912 889 8.5 914  9LO 90.9
il 339 129 254 16.4 8.8 11.1 165 8.6 9.0 9.1
0.25 4y Wownuly 00 00 00 0.0 0.0 0.0 00 00 0.0 0.0
gnAea 702 873 769 883 941 93.0 847 943 93.5 93.5
nmauly 298 127 231 11.7 5.9 7.0 153 57 6.5 6.5
1 81010 veunu'lll 563 802 669 763 888 848 755 894 88.1 87.6
gnAea 224 137 192 171 9.5 1.9 161 89 9.9 10.3
wmanuld 213 61 139 6.6 1.7 33 8.4 1.7 2.0 2.1
1 o1n Woanuly 195 362 237 278 409 358  30.8 414 39.7 39.0
gndea 484 510 512 546 522 539 516 520 523 52.9
il 321 128 251 17.6 6.9 103 176 6.6 8.0 8.1
1 N Wownuly 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gnAes 632 841 732 8L1 898 8.9  80.6 900 893 88.9
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M3 3 (A0)
csé fwuuszy  1audmls  AIC BIC HQIC AICe AICu  HQICe KIC KICe. KICey, KICe,y,
mauly 368 159  26.8 189 102 13.1 194 100 10.7 11.1
1 Nty ounuly 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gndea 69.8 864 769 876  93.4 91.6 829  93.4 92.7 924
mnmauly 302 136 23.1 124 6.6 8.4 171 6.6 73 7.6
9 811N Yournu'lll 809 952 874 939 981 96.6 932 982 97.8 97.4
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ABSTRACT

The purpose of the research on the development of healthy burnt water products from Sacha Inchi
(Plukenetia volubilis L.) is to develop a healthy chili paste recipe from Sacha Inchi derived from the recipe of
chili paste with dried shrimp by using Sacha Inchi to replace the amount of dried shrimp and to study the shelf life
of healthy chili pastes from developed Sacha Inchi. In the development of the recipe, the chili paste is made by
selecting a recipe for chili paste with dried shrimp as an through 4 recipes and 12 food experts to conduct sensory
evaluations. It found that the best chili paste formula to be developed included 12% chili peppers, 12% shallots,
12% garlic, 15% sugar, 10% fish sauce, 8% tamarind juice, 6% water, 15% oil and 10% dried shrimp, with an
average overall preference rating of a considerable level (8.70). Dried shrimp was replaced with dehydrated Sacha
Inchi with microwave oven with a voltage of 220 volts, 50 hz for 5 minutes in volume 10, 20, 30, and 40% of the
amount of dried shrimp in the mixture and evaluated by sensory tests, and quality of chili paste was measured by
color, free water content, peroxide and nutritional value. The results found that the chili paste formula, which uses
10 % of Sacha Inchi to replace dried shrimp, scored a large average overall preference rating (8.65), brightness
(L*), red (a*), yellow value (b*) and free water content (a ) of 26.42, 2.98, 1.46 and 0.80, respectively. Peroxide
content of 8.23 mg of oxygen peroxide was equipped with 1 kg of oil and aflatoxin was not found. The total
amount of microorganisms, yeast and fungus content was less than 10 colonies per gram. It contains moisture
content, protein, fat, carbohydrates, ash, fiber, and energy equal to 25.12 %, 22.04%, 20.70%, 37.60%, 1.38%,
5.11%, and 398 kcal, respectively. Regarding the shelf life accelerated with temperatures (Q10) at 25 and 35 °C,
the storage time is 63 and 28 days, respectively. The Q10 value is 2.25, which makes it possible to predict the

shelf life of products at 5 °C and 10 °C for 318 days and 212 days.

Key words: chili paste, sacha inchi, shelf life
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ABSTRACT

Ethanol fermentation of Pichia kudriavzeii PBB511-1 was completed after the
saccharification period through the cassava starch hydrolysate by Talaromyces flavus 21-3
which produced 60-80 gL of reducing sugar with the following conditions: 30% (w/v)
cassava starch, initial pH at 7.5, temperature at 30-31°C and a shaking speed of 130 rpm for 7
days. The fermentation process began by adding yeast inoculum, then allowed to ferment in a
7-L jar fermenter at 45°C in cassava starch hydrolysate media. The batch fermentation that
showed the best condition was an agitation speed of 400 rpm without aeration. The ethanol
concentration reached 45.44 gL, a productivity of 0.87 gL"h™ and a yield of 49.39% of
theoretical yield. A fed-batch fermentation was also performed, but it was not achieved as
batch fermentation. The results showed supplementation for a 1 time of substrate was better
than supplemented for 2 and 3 times. It produced 24.85 gL of ethanol, a productivity of 0.69
gL™*h™ and a yield of 27.01% of theoretical yield. Therefore, T. flavus 21-3 and P. kudriavzevii
PBB511-1 could become more influential on ethanol fuel production.

Key words: ethanol fermentation, high-temperature, cassava starch, Pichia kudriavzevii,

Talaromyces flavus

INTRODUCTION

Cassava (Manihot esculenta Crantz)
is not mainly food for Thai people, but it is
considered as one of the most famous industrial
crops in Thailand. The roots of cassava are
utilized by making dry chips, pellets and
starch which were applied in the food, beverages,
paper, glue and ethanol industries. The most
of plantation are belonging to the Northeastern
region, then followed by Central (including
Eastern) and Northern region of the country,
respectively. In 2020, the total area of cassava
plantation in Thailand was 9,439,009 rai and
calculated with the total production are
approximate 29 million tons per year (Office
of agriculture economic, 2021). Cassava can
grow on sandy or loamy soil which had low
fertilizer. Moreover, it can be tolerant for
drought climate. The price of this plant is
quite low (the cassava chip was 260 USD
per ton in May, 2021) (Thai tapioca development
institute, 2021), so the farmers who do the
farming are suffered and worse living. Therefore,
cassava is one suitable source to feed stock
for ethanol production. It is not only help
farmer to get better lives but also can prevent
the crisis of fossil fuel energy.

In Thailand, the temperature of ethanol
fermentation can be very high as a result of
high temperatures during daytime. In order
to save yeast in the ethanol fermentation, a

cooling system must be applied to cool down
the fermentation temperature. In addition,
using high efficiency thermotolerant yeast
in the ethanol fermentation can reduce the
cost of the cooling system and can minimize
the risk of contamination with other microorganisms
in the fermentation (Limtong et al., 2007;
Yuangsaard et al., 2013; Kaewkrajay et al.,
2014; Pongcharoen et al., 2021).

Nowadays, it was reported that Pichia
kudriavzevii or better known in the anamorphic
stage, as Issatchenkia orientalis, can be isolated
naturally. The morphologically, biochemically
and physiologically characteristics of this
yeast species was described by Kurtzman
et al. (2011). After 3 days at 25°C, the cells
are ovoid to elongate (1.3-6x3.3-14 pm) and
occur singly or in pairs. Growth is butyrous
and light-cream colored. Glucose is fermented.
Glucose, ethanol, glycerol, DL-lactate, succinate,
citrate, D-glucosamine, N-acetyl-D-glucosamine
are assimilated. Growth at 37 and 40°C is
present. Therefore, this yeast species is capable
to be used in a high temperature fermentation.
In this year, Pongcharoen et al. (2021) reported
that the yeast P. kudriavzevii strains NUPHS34
and NUPHS33 produced the highest ethanol
concentration at 40 and 45°C. They produced
69.79+1.54 gL and 61.51+1.01 gL of ethanol,
respectively. Kaewkrajay et al. (2014) proposed
Pichia kudriavzevii which was isolated from
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soil sample in Chonburi province, Thailand.
This yeast produced the highest ethanol yield
after 36 h with fermentation at 45°C. It produced
37 gL ethanol, with a productivity of 1.03
gL*h™ and a vield of 40% of the theoretical
yield by shaking flask cultivation. Moreover,
Dhaliwal et al. (2011) successfully isolated
P. kudriavzevii from sugarcane juice and
reported the success of producing ethanol
at 40°C, it was found that ethanol concentration
reached 71.9 gL™, a productivity of 4.0 gL’
'h. In addition, by leaving alkali-treated
cotton stalks and ozone-treated cotton stalks
to ferment with P. kudriavzevii HOP-1, the
results showed that ethanol concentrations
were 19.82 gL and 10.96 gL™, respectively
(Kaur et al., 2012). Under the fermentation
of cassava starch hydrolysate in a 2.5-L jar
fermenter at 40°C with P. kudriavzevii DMKU
3-ET15 isolated from traditional fermented
foods, ethanol concentration reached 7.86%
(whv) after 24 h of the fermentation, productivity
of 3.28 gL *h™ and yield of 85.4% of theoretical
yield (Yuangsaard et al., 2013).

This research aims to study ethanol
production at high temperature by P. kudriavzevii
PBB511-1, which was proposed to be the
efficacy to produce ethanol at 45°C by shaking
flask cultivation. The optimization at the
up-scale was continuously studied in the
bioreactor and the cassava starches were
digested with T. flavus 21-3, which was
previously reported to efficiency produce
amylases. In doing so, the separate hydrolysis
and fermentation (SHF) was studied. These
data will provide a base line information
for the simultaneous saccharification and
fermentation (SSF) strategy. Co-culture of
both strains can be support the concept of
reducing cost for fuel ethanol production.

MATERIALS AND METHODS
1. Preparation of medium

The cassava starches were analyzed
as the moisture by following the Thai Industrial
Standards TISI no. 52 number 6.4 method
(Charoenrat, 2002). The percentage of starch
was analyzed by the using color method (Saelee,
1993). After that the media was prepared
by adding 30% of cassava starch with initial

pH at 7.5 and then sterile by autoclaving at
121°C for 15 min. The sterile media were
used for cultivation thermotolerant fungi T.
flavus 21-3 to allow digestion of cassava
starch by incubation with shaking speed of
130 rpm at 30-31°C for 7 days. The fungal
culture was filtrated through the filter paper
(Whatman no. 4) and immediately kept at -
20°C. The aliquot was analyzed reducing
sugar concentration by the Nelson-Somogyi
method (Nelson, 1944)

2. Ethanol fermentation in a fermenter

The starter medium contained 20 gL
reducing sugar, 0.5 gL™ (NH,),SO4, having
an initial pH of 4.5 and autoclaved at 121°C
for 15 min. A loopful of P. kudriavzeii PBB511-1
cells was added into 1200 ml inoculum media in
250 ml Erlenmeyer flask and shaking speed of
150 rpm at room temperature for 24 h.

The inoculum was transfer at the rate
of 5% to the cassava starch hydrolysate which
contained 180 gL reducing sugar, 0.5 gL
(NH,):SO4, 0.5 gL KH,PO,, 0.5 gL™ MgSOs.
7H,0 and 1 gL yeast extract, having an initial
pH of 4.5. Batch and fed-batch fermentations
were cultivated at 45°C in a 7-L jar fermenter
with a 4-L working volume. The sample was
taken every 4-12 h until 72 h to analyze growth,
ethanol concentration and sugar consumption.

The conditions of batch fermentation
studied are 1) an agitation speed of 300, 400
and 500 rpm without the aeration, 2) an agitation
speed of 300, 400 or 500 rpm with the aeration
rate of 0.2 vvm throughout the fermentation.

The fed-batch fermentations were
performed following Sringiew method (Sringiew,
2005). The substrate was added into the 3 types
of fed-batch fermentation by observed sugar
concentration. Firstly, the substrate was
supplemented for 1 time by adding 50% of
total reducing sugar with an initial volume
of 3-L. Second, the substrate was supplemented
for 2 times by adding 33% of total reducing
sugar with an initial volume of 2.5-L. Final
substrate was supplemented for 3 times by
adding 25% of total reducing sugar with an
initial volume of 2.5-L.

3. Analytical methods

The cell growth was determined by

measuring the optical density at the wavelength
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of 660 nm with the spectrophotometer (Shimadzu;
UV-pharmaspec 1700) after washing with
0.1 M HCl at least 3 times and was centrifuged
at 3500 rpm for 5 min. The cell sediment
was then resuspended with 0.1 M EDTA
pH 7.

The ethanol concentration was analyzed
by gas chromatography (Varian star 3600 GC
apparatus) equipped with a flame ionization
detector (FID) and the capillary column (0.32
mm ID, 60 m) of DB-wax coated at 70°C.
The injector and detector maintained a temperature
of 200°C. Nitrogen gas was used for carrier
samples with a flow rate at 4 ml min™. The
4% of n-propanol was used as an internal
control (Komagata and Ohmomo, 1984).
The ethanol concentration was calculated
from the ratio of ethanol and propanol area
and was compared with the standard. The
ethanol productivity and the fermentation
yield have been calculated according to
Morimura et al. (1997).

The sugar concentration was determined
by measuring in accordance with the Nelson
-Somogyi method (Nelson, 1944). The high
sugar concentration was diluted with distilled
water until the optical density was valued
at the wavelength of 520 nm in the range
of 0.1-1.0. The sugar concentration of the
samples was compared with the glucose
standard.

RESULTS AND DISCUSSION
1. Cassava starch hydrolysate

Subjected to hydrolysate of cassava
starch with T. flavus 21-3, concentrated at
30% (w/v), initial pH at 7.5, temperature at
30-31°C and a shaking speed of 130 rpm for
7 days, it was found that T. flavus 21-3 had
digested cassava to sugar around 60-80 gL,
which was quite much but it was still not
enough to be used as source of ethanol fermentation.
According to P. kudriavzevii PBB511-1, suitable
condition for ethanol fermentation is the medium
containing 180 gL™* reducing sugar, 0.5 gL™
(NH4);S04, 0.5 gL KH,PO4, 0.5 gL MgSOs,.
7H,0, 1.0 gL™ yeast extract and pH at 4.5
(Kaewkrajay et al., 2014). Therefore, the
glucose was added into the main medium

until the initial sugar concentration reached
180 gL™.
2. Batch fermentation

Batch fermentation based on yeast
P. kudriavzevii PBB511-1 under a temperature
control of 45°C found that;

Batch fermentation I: In the first 12 h
of fermentation, there was a maintained airless
condition and agitated continuously at a speed
of 300 rpm, the yeast growth was low, but
the growth increased gradually till 24 h.
The growth increased dramatically from 48
to 72 h, which presented an optical density
of 5.6-6.7, by measuring at a wavelength
of 660 nm. In terms of reducing sugar, the
amount of sugar gradually decreased in the
first 24 h and significantly dropped during
24 to 32 h from 141 gL™ to 81 gL™*. The
amount of sugar remained in the fermentation
container at 54 gL™. In terms of ethanol base,
the ethanol produced was 1.6 gL™ at 12 h
and sharply increased to 12.36 gL ™ at 24 h
till 72 h. A concentration of ethanol gradually
increased to the highest rate at 25.28 gL™,
a production rate of 0.35 gL.'h*, and a fermentation
yield of 27.48% of theoretical yield. (Table 1,
Figure 1A)

Batch fermentation 1l: Maintaining
an agitation speed of 400 rpm and no air
supplied, yeast grew very slow during the
first 8 h but after 12 h, growth continuously
increased. However, the growth decreased
as it reached 72 h and optical density was
3.64. In terms of reducing sugar consumption,
it was found that the amount of reducing
sugar decreased slightly during the first 12 h
but after this period the amount of reducing
sugar dramatically dropped. At 72 h, the amount
of reducing sugar remaining in the fermentation
was 65 gL™. Subjected to this fermentation,
it was found that yeast started to produce
ethanol when reaching 8 h which produced
1.43 gL™* of ethanol and dramatically increased
to 29.55 gL as it reached 34 h. After this
the ethanol concentration still increased and
reached the maximum at 45.44 gL as it reached
52 h. The fermentation provided a production
rate at 0.87 gL h™, a yield of 49.39% of
theoretical yield (Table 1, Figure 1B).
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Batch fermentation I11: At a maintained
agitation speed of 500 rpm with no air supplied,
it revealed that the overall grow rate of yeast
was very slow. The grow rate of the yeast
started to climb up after 12 h of fermentation
and continuously increased till 72 h. It was
found that at 56 h the optical density measured
at the wavelength of 660 nm reached the
maximum rate of 2.83. The low cell biomass
was seen at high agitation rate. In 2019,
Santharam et al. (2019) reported that the
yeast biomass loss when using more agitation
rates than 150 rpm. They suspected that the
low heat evolution rate and thereby less
cumulative heat at high agitation speed
may be attributed to biomass loss caused
by shear stress. Shear stress had negative
effects at high agitation rate. In part, the
reducing sugar consumption did not provide
a good performance, and there was a reducing
sugar of 99 gL™ remaining in the fermenting
tank as measured at the end of the fermentation.
The highest ethanol concentration was 30.52 gL™
at 48 h, production rate at 0.64 gL™"h™" and
yield at 33.17% of the theoretical yield. As
the fermentation continued, the ethanol concentration
decreased and dropped to 25.95 gL™ at 72 h
of fermentation (Table 1, Figure 1C).

Subjected to an agitation speed of
400 rpm without air supply, the P. kudriavzevii
PBB511-1 could produce the highest ethanol.
Regarding the test results, the agitation speed
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at 400 rpm was selected for the further study
with an air supply case.

Batch fermentation 1V: By maintaining
an agitation speed at 400 rpm with an air supply
at 0.2 vwm, it was found that within the period
of the first 12 h of fermentation, yeast could
grow very slow. However, its growth slightly
increased in the period between 24-32 h of
fermentation and increased sharply as the
fermentation reach 36 h. Moreover between
0-32 h of fermentation, it was found that
concentration of reducing sugar decreased
gradually and significantly dropped after
36 h of fermentation. The reduction of reducing
sugar was related to the growth of yeast. At
the end of the 72 h of fermentation, the reducing
sugar in the fermentation tank remained at
84 gL™. During fermentation, it started to
produce ethanol at 2.31 gL at 8 h of fermentation
and ethanol gradually increased thereafter.
Till the 36 h of fermentation, production
rate of ethanol was the highest at 30.58 gL,
ethanol production rate at 0.85 gL h™, and
yield at 33.24% of theoretical yield. However,
it was shown that by allowing the fermentation
to continue till the 72 h, ethanol concentration
was 24.23 gL™. Considering the growth of
yeast between 36-72 h of fermentation,
yeast growth was very low and turbidity
level of yeast cells reduced after 72 h of
fermentation (Table 1, Figure 1D)

Table 1 The maximum ethanol concentration, productivity and fermentation yield of yeast
Pichia kudriavzevii PBB511-1 using batch and fed-batch cultures

Conditions [EtOH]max Time Productivity = Fermentation yield
(gL™) (h) (gL*h™ (% of theoretical
yield)
Batch fermentation
Batch | 25.28 72 0.35 27.48
Batch Il 45.44 52 0.87 49.39
Batch Il 30.52 48 0.64 33.17
Batch IV 30.58 36 0.85 33.24
Fed-batch fermentation
Fed-batch | 24.85 36 0.69 27.01
Fed-batch 11 24.08 28 0.86 26.17
Fed-batch IlI 21.60 24 0.90 23.48
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Figure 1 Growth () Ethanol concentration () and reducing sugar concentration (m) by batch
fermentation at 45°C of P. kudriavzevii PBB511-1 (A) agitation speed of 300 rpm
without aeration; (B) agitation speed of 400 rpm without aeration; (C) agitation
speed of 500 rpm without aeration; (D) agitation speed of 400 rpm with aeration 0.2
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The results showed that an agitation
speed of 400 rpm without aeration, the yeast
P. kudriayzevii PBB511-1 produced the highest
ethanol concentration (45.44 gL™ at 52 h).
Kaewkrajay et al. (2014) reported that this
strain could produce 42.4 gL of ethanol
after 48 h, at the rate of 0.88 gL*h™ and a
yield of 46% of the theoretical yield when
cultivated in fermenter with an agitation
speed of 300 rpm and an aeration rate of
0.2 vvm throughout the fermentation.
These results implied that both conditions
were appropriately produced ethanol by
this yeast strain. A recent study reported
that the ethanol production from molasses
by yeast Saccharomyces cerevisiae DMKU
3-S087 was carried out in a 5 L stirred tank
fermenter. Batch fermentation was conducted
without aeration, temperature and agitation
were controlled at 40°C and 300 rpm, respectively.
The highest ethanol concentration was 72.4
gL, a productivity of 1.21 gL™*h™ and a yield

of 0.36 gg™ at 60 h (Pattanakittivorakul et al.,
2019). Ethanol production from sugarcane
bagasse hydrolysate in stirred-tank fermenter
using Scheffersomyces stipitis NRRL Y-7124
and Scheffersomyces shehatae UFMG HM
52.2 was performed under controlled condition.
Ethanol production from these two yeasts
was favored by initial pH increase and agitation
rate decrease. The maximum fermentation
yield was attained at 100 rpm, initial pH
6.50 and under oxygen limited conditions
(Duss$an et al., 2016). In the current year,
Krajang et al. (2021) studied the single-
step ethanol production in 5 L fermenter
using combination of raw cassava starch
hydrolysis and fermentation. The fermentation
was performed at 30 and 40°C without
temperature control. Fermenter were agitated
at the speed of 200 rpm for 72 h along with
the fermentation. The final ethanol concentration
at a temperature of 30°C was 70.92 gL while
maintaining a temperature of 40°C was 65.78 gL™.
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It could be seen that temperature is one of
the most important factors that affect ethanol
production. Yuangsaard et al. (2013) conducted
a study using P. kudriavzevii DMKU3-ET15
to ferment starch within a 2.5 L fermentation
tank while maintaining a temperature of 40°C
and an agitation speed at 300 rpm with air
supply at 0.1 vvm. They found that ethanol
produced was 7.39% (w/v) after 33 h, a
productivity of 2.23 gL*h™ and a yield of
79.9% of the theoretical yield. Furthermore,
Kluyveromyces marxianus DMKU 3-1042
was also used to ferment sugarcane juice
under batch fermentation in a 5-L tank by
maintaining temperature at 37°C and an
agitation speed at 300 rpm with the air supply
at 0.2 vvm. A production rate of ethanol at
6.43% (w/v), a productivity of 1.3 gL™h™
and a yield of 57.1% of theoretical yield were
the results (Limtong et al., 2007).

3. Fed-batch fermentation

The fed-batch fermentations were
done by using an agitation speed at 400 rpm
without aeration. The starter and main media
were prepared the same as the batch fermentation.
The main media was supplied to fermentation
tank 1, 2 and 3 times as 50, 33 and 25% of
total reducing sugar, respectively.

Fed batch fermentation I: with 1 time
feeding. It was found that within 12 h of
fermentation, yeast growth was very slow
but still higher that the growth of the batch
fermentation. After 12 h, yeast gradually grew
and became significantly greater when the
fermentation reached 48 h. Within 12 h of
fermentation, yeast was gradually accustomed
to a new environment, yeast slowly consumed
reducing sugar. Although the fed batch fermentation
with 1 time feeding could reduce an initial
condensation of reducing sugar to 50% (90
gL™), this condensation was still higher than
that of the starter (20 gL ™). After feeding at
12 h of fermentation, yeast consumed more
reducing sugar and this consumption was very
high as the fermentation reached 36 h. This
was clearly linked to the growth of yeast at
48 h. At the end of fermentation at 72 h, the
reducing sugar still remained at a high level
at 100 gL™. In the case that a fermentation
period was extended more than 72 h, the

amount of remaining reducing sugar may
reduce and growth of yeast increase;
however, ethanol will not increase because
the results showed that there was no sign of
increase for ethanol after 36 h. Moreover, it
appeared that yeast began to produce ethanol
at 8 h rate at 10.38 gL™ which producing
ethanol at 11.71 gL, At 24 h, ethanol increased
significantly and reached the highest at 36
h that ethanol was produced at 24.85 gL,
production rate was 0.69 gL™*h™ and yield
was 27.01% of the theoretical yield (Table 1,
Figure 2A).

Fed batch fermentation I1: with 2 times
feeding. It was found that yeast growth was
less than that for the fed batch fermentation
with 1 time feeding. Considering the consumption
of reducing sugar during fermentation, reducing
sugar decreased very quickly after the first
feeding at 6 h of fermentation. The second
feeding was made at 12 h and it was found
that reducing sugar sharply dropped at 72 h
of fermentation leaving the reducing sugar
at 72 gL™. For ethanol production, it was
started at 6 h of fermentation at the rate of
10.92 gL.* and the production clearly increased
after the second feeding at 24 h. The ethanol
production climbed up to the highest point
at 28 h with condensation at 24.08 gL™ production
rate of 0.86 gL *h™ and yield at 26.17% of
the theoretical yield (Table 1, Figure 2B)
Subjected to the results, it could be perceived
that ethanol with the fed batch fermentation
with 2 times feeding produced slightly lower
than that with the fed batch fermentation
with 1 time feeding, on that other hand the
production rate of ethanol was higher than
the fed batch fermentation with 1 time.

Fed batch fermentation IlI: with 3
times feeding which this test, yeast grew
very fast within the 24 h of fermentation
and thereafter. The increase of growth was
slowed down at 48 h. Considering the amount
of reducing sugar within the first 6 h of the
fermentation, there was few reducing sugars
used. The first feed was made at 6 h and resulted
in a slight decrease of reducing sugar. The
reducing sugar significantly lessened after
the second feed at 12 h and the reduction
rate was the highest when the third feed
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was made at 24 h. At 72 h, it was found that
the reducing sugar remaining was 82 gL™.
For ethanol production, ethanol was first
produced at 12 hat 11.86 gL, and it increased
very after the second feed at 24 h. Thereafter
the amount of ethanol remained constant
and reached the peak at 21.60 gL™ at 24 h
with production rate 0.90 gL™h™ and yield
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at 23.48% of theoretical yield (Table 1, Figure
2C). From the figure, it could be seen that
ethanol production of this fed batch fermentation
with 3 times feed was less than that for the
1 time and 2 times feed, but the production
rate was greater than both fermentation
periods.

i 8 12 16 20 24 28 32 36

Time (h)

EtOHmax = 24.08 gL' at 28 h, productivity = 0.86 gL"'h"!
fermentation yield = 26.17% of theoretical yield

40 44 48 52 56 60 64 68 T2

Reducing sugar (gL')

40 44 48 52 56 60 64 68 72

EtOHmax = 21.60 gL' at 24 h, productivity = 0.90 gL-'h"!
fermentation yield = 23.48% of theoretical yield

Figure 2 Growth () Ethanol concentration (e) and reducing sugar concentration (m) by fed-
batch fermentation at 45°C of P. kudriavzevii PBB511-1 (A) one time feeding; (B)
two times feeding; (C) three times feeding, by agitation speed of 400 rpm and without

aeration through the fermentation.

Sringiew (2005) reported that by using
yeast K. marxianus DMKU3-1042 to ferment
22% sugarcane juice and incubated at 37°C,
the results revealed that the fed batch fermentation
with 2 times feed could produce more ethanol
than that in the fed batch fermentation with
1 time and 3 times feed. Subjected to the results,
ethanol was produced at 7.92% (v/v) and at
54 h of the fermentation. In addition, it was
reported that fed batch fermentation SSF was
done by using high dry matter corncob as the
substrate. The fresh substrate was pretreated
with diluted sulfuric acid-sodium hydroxide
within a 6 L-reactor. The results showed
that after test the final dry matter contest

was 25% (w/v) which was set at the beginning
at 19% and thereafter there were 3 additions
made of 6% at 3, 6, and 12 portions during
the first 24 h of the fermentation. After reaching
96 h of fermentation, it was found that every
fed-batch produced ethanol more than 80 gL‘l,
interval adding time at 4 h (label B) produced
more ethanol than interval adding time 8 h
(label A) and interval adding time 2 h (label C).
Fermentation under label B, C and A categories
produced ethanol at 84.7 gL™, 83.3 gL and
80.2 gL™* respectively (Zhang et al., 2010).
With the fed-batch fermentation, sugar-cane
blackstrap molasses was reported as being
used to ferment for producing ethanol. The
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fermentation was set in 14-L tank at temperature
of 32 (1) °C and initial volume of 3-L. During
the fermentation, the sugarcane blackstrap
molasses was added for 3 times at the 1, 2
and 3 h point which could be determined a
time constant (K) as 0.08 or 1.6 h™. The results
showed that the maximum ethanol yield was
presented in the Test (n.) at 10, filling time
at 3 h, time constant at 0 h™, which produced
ethanol yield at 89.0% (Echegaray et al., 2000).
Sankh et al. (2013) reported that by using
yeast oil, P. kudriavzevii MTCC 5493 extracted
from rotten fruits, to produce biodiesel with
the fed-batch fermentation in 26-L tank.
The results showed that dry biomass yielded
an oil yield of up to 33 gL™ and 19% (w/w)
respectively.

From the results shown above, it could
be seen that the fed-batch fermentation with
P. kudriavzevii PBB511-1 and 1 time cassava
starch hydrolysate medium added produced
ethanol at 24.85 gL at 36 h which is higher
than by adding for 2 and 3 times. Adding
medium 2 times and 3 times produced ethanol
at 24.08 gL at 28 hand 21.6 gL™ at 24 h,
respectively. However, by adding the medium
for 2 and 3 times, ethanol production rates
were 0.86 and 0.9 gL*h™ which was slightly
higher than that of 1 time medium added
that has a production rate at 0.69 gL™h™.
Therefore, the 1 time medium added for
the fed-batch fermentation would be the
appropriated for yeast strain PBB511-1.

CONCLUSIONS

Subjected to the T. flavus 21-3
strain, it found that fermentation of 30%
cassava starch for 7 days, pH of 7.5,
temperature at 30-31°C and a shaking
speed of 130 rpm produced 60-80 gL™
reducing sugar. Then, P. kudriavzevii
PBB511-1 was performed for batch and
fed-batch fermentation at 45°C. It was
found that with agitation speed at 400 rpm
with no air supply was the most
appropriate for fermentation. The results
showed that ethanol produced was 45.44
gL after 52 h of fermentation, which
could determine a productivity of 0.87 gL™'h™
and a yield of 49.39% of theoretical yield.

Subjected to the fed-batch fermentation of P.
kudriavzevii PBB511-1, a result showed that
a 1 time medium added could produce
ethanol more than that of the 2 and 3 times
medium added. With the 1 time medium
added, ethanol was produced 24.85 gL™ at
36 h which was determined a production
rate of 0.69 gL*h™ and a yield of 27.01%
of the theoretical yield.

Form the results above, T. flavus 21-3
and P. kudriavzevii PBB511-1 could become
more influential on manufacturing ethanol
fuel in Thailand, since the climate of Thailand
is generally not suitable for yeast fermentation
due to the high temperatures. Therefore, a
cooling system and a germ contamination
protection process is required to fulfill an
ethanol fermentation under high temperatures.
With these thermotolerant fungi and thermotolerant
yeast, capable of high temperatures, it could
be more advantageous for ethanol fuel manufacturing
in Thailand.

SUGGESTIONS

The co-culture of these microorganisms
should be studied in term of Simultaneous
Saccharification and Fermentation (SSF).
It might be improved and reduced cost of
the ethanol fermentation process.

ACKNOWLEDGEMENT

The authors gratefully thanks to The
National Research Council of Thailand (NRCT)
for financial support of this study and also
thanks Mr. Navadet Yongsawai for English
proving and editing.

REFERENCES

Charoenrat, T. 2002. Fed-batch ethanol production
from waste cassava starch by pH-
dependent substrate feed. Master
Thesis of Science (Biotechnology),
Kasetsart University. (in Thai)

Dhaliwal, S.S., Oberoi, H.S., Sandhu, S.K.,
Nanda. D., Kumar, D. and Uppal, S.K.
2011. Enhanced ethanol production
from sugarcane juice by galactose
adaptation of a newly isolated thermotolerant
strain of Pichia kudriavzevii. Bioresource
Technology 102: 5968-75.



234 75815398 YH1INNDeNA 11 1ags1%uAaf5 1% 15(1) : 225-235 (2566)

Dussan, K.J., Silva, D.D.V., Perez, V.H. and
da Silva, S.S. 2016. Evaluation of
oxygen availability on ethanol production
from sugarcane bagasse hydrolysate
in a batch bioreactor using two strains
of xylose-fermenting yeast. Renewable
Energy 87: 703-710.

Echegaray, O.F., Carvalho, J.C.M., Fernandes,
AN.R., Sato, S., Aquarone, E. and
Vitolo, M. 2000. Fed-batch culture
of Saccharomyces cerevisiae in sugar
-cane blackstrap molasses: invertase
activity of intact cells in ethanol
fermentation. Biomass and Bioenergy
19:39-50.

Kaewkrajay, C., Dethoup, T. and Limtong, S.
2014. Ethanol production from cassava
using a newly isolated thermotolerant
yeast strain. ScienceAsia 40: 268-
277.

Kaur, U., Oberoi, H.S., Bhargav, V.K., Shivappa,
R.S. and Dhaliwal, S.S. 2012. Ethanol
production from alkali-and ozone-
treated cotton stalks using thermotolerant
Pichia kudriavzevii HOP-1. Industrial
Crops Products 37: 219-226.

Komagata, K. and Ohmomo, S. 1984. Research
Report on Quantitative and Qualitative
Analysis of Volatile Fatty Acid Alcohol
by Gas Chromatography Hitachi.
Central Laboratory and Greenhouse
Complex, Kasetsart University. (in
Thai)

Krajang, M., Malairuang, K., Sukna, J., Rattanapradit,
K. and Chamsart, S. 2021. Single-
step ethanol production from raw cassava
starch using a combination of raw
starch hydrolysis and fermentation,
scale-up from 5-L laboratory and
200-L pilot plant to 3000-L industrial
fermenters. Biotechnology for Biofuels
14: 68.

Kurtzman, C.P., Fell, J.W. and Boekhout, T.
2011. The yeast a taxonomic study.
5" edn. Elsevier, Amsterdam.

Limtong, S., Sringiew. C. and Yongmanitchai,
W. 2007. Production of fuel ethanol
at high temperature from sugar cane
juice by a newly isolated Kluyveromyces

marxianus. Bioresource Technology
98: 3367-3374.

Morimura, S., Ling Z.Y. and Kida, K. 1997.
Ethanol production by repeated-batch
fermentation at high temperature in
a molasses medium containing a high
concentration of total sugar by a
thermotolerant flocculating yeast with
improved salt-tolerance. Fermentation
and Bioengineering 3: 271-274.

Nelson, N.A. 1944. photometric adaptation
of Somogyi method for the determination
of glucose. Biological Chemistry
153: 375-380.

Office of agriculture economic. 2021. Cassava.
Auvailable Source: http:/mwww.oae.go.th,
June 29, 2021.

Pattanakittivorakul, S., Lertwattanasakul, N.,
Yamada, M. and Limtong, S. 20109.
Selection of thermotolerant Saccharomyces
cerevisiae for high temperature ethanol
production from molasses and increasing
ethanol production by strain improvement.
Antonie van Leeuwenhoek 112(7):
975-990.

Pongcharoen, P., Tawong, W. and Kucharoenpsaibul,
S. 2021. Enhanced high temperature
ethanol production using newly isolated
thermotolerant yeast Pichia kudriavzevii
NUPHS from Thailand. ScienceAsia
47: 47-56.

Saelee, N.A. 1993. Comparative study of
the starch determination methods in
cassava root and flours. Master Thesis
of Science (Biotechnology), Kasetsart
University. (in Thai)

Sankh, S., Thiru, M., Saran, S. and Rangaswamy,
V. 2013. Biodiesel production from
a newly isolated Pichia kudriavzevii
strain. Fuel 106: 690-696.

Santharam, L., Easwaran, S.N., Mohanakrishnan,
A.S. and Mahadevan, S. 2019. Effect
of aeration and agitation on yeast
inulinase production: a biocalorimetric
investigation. Bioprocess and Biosystems
Engineering 42: 1009-1021.

Sringiew, C. 2005. Fuel ethanol production
from sugarcane juice by thermotolerant
yeast. Master Thesis of Science


http://www.oae.go.th/

215815398 YH1INAeNA 11 a1 ¥uIAafs %8 15(1) : 225-235 (2566) 235

(Microbiology), Kasetsart University. temperature from cassava starch
(in Thai) hydolysate. Antonie van Leeuwenhoek
Thai tapioca development institute. 2021. 103: 577-588.
Cassava trade information. Available Zhang, M., Wang, F., Su, R, Qi, W. and He,
Source:  https://www.tapiocathai.org/ Z. 2010. Ethanol production from
M2.html, June 29, 2021. high dry matter corncob using fed-
Yuangsaard, N., Yongmanitchai, W. and batch simultaneous saccharification
Limtong, S. 2013. Selection And and fermentation after combined
characterization of a newly isolated pretreatment. Bioresource Technology
thermotolerant Pichia kudriavzevii 101: 4949-4964.

strain for ethanol production at high



236 75815398 YH1INNDeNA 11 1ags1%u9Aaf5 %8 15(1) : 236-247 (2566)

ﬂ1iﬁﬂ‘]sl"l‘lf‘f!ﬂ!!’s’l3‘]]%111melli’)\‘i’d”lﬁﬁ@!%ﬂ!!ﬁ%ﬁﬁclﬁﬂ?luﬁ?“m
a [V} d v d' d' :’
Tuwansamnudiadtimalavaan
The Study of Gelling Agent and Sweeteners in Jelly Gummy from Toddy

Palm Sugar

J

Fdws faadud Mws Saduda uaz amiad quuesy
Sureeporn Kangsanant*, Siriporn Rakkaew and Sakarat Kummara

Received: 3 May 2021, Revised: 12 Augst 2021, Accepted: 14 October 2021

UNAALD

!
o 1 =* a

a Ao J A =K a = = 9
N1UAD Elu3J’J@QTJ53ff\‘]ﬂLW’E')ﬁﬂ‘hl1%uﬂlta3ﬂ5u’lmﬂl@ﬂﬁ15ﬂﬂmﬁ Anuvianazdsunuarsianu

L
v A o

%f 1 a [ 4 4 =Y
wnuunuhaiag lasauazqaaimialasuims lundasusiiwadnuiniaialavade Tagany1Sua
Aa A Y = J y = v a Y
waAufedseaz 5 10 uaz1s veslSuaaiunaunavua Usua Ts@eusadunissas 1 uag 2 veal/sua
1 Z’, = [ a ci' A g o Y <3 1 ci’ [ cs' cs'
FIUNAUNINYA HANTANEINDI USyauaanaunmuayuyi¥iaanuuds tagammsuamelveanuleaa

Y

i3 Y
L‘W‘JJ%‘L! Lml‘lllﬁwﬁﬂﬂﬂﬁﬂﬂﬁﬁuﬁ? MINATOUNMTEONTUNNYTEAMTUATAIEF 9 point hedonic scale

a o 14

v 9 a Y @ v A a3 AA A a g a
nuNgnaaeusulimsseusunandunnulieaiinialauaaanilsunanaiausesas 10 tazlSuw
= [ 9 A = Y %’ a A an A
TaRgudadtuasegas 1 1INNGA ANININAUNUATT IHANUUNUUNWINIMaY AT 2 ¥HAAL BININDA

a @ [ [ go’ 1w
uazueaninea lagnaunulusasidiuas Iianunnuaeiiimaglasaminy 100:0, 50:50 uaz 0:100
WA wamsAnIMsreNTUNINsza Tl 1as B 9-point hedonic scale WUNENATOUTY IRAZILIY
v A Aa Y o 1 a [ 901 [ = = 9 a
ANN¥RUNNTIBaaN 1Fons1aIuNoafineadiinay Iasaminy 100:0 ganga Had 1o ldueannea
¥ A o Jdo A A 3 v 9 a ¥
naunuigay lasalunaaduainuliwaatiiaialauasesaz 100 M3 lsueanneaunutiaiaginsaly
A o Jdo A A 3 o q Y1 A A X A ) % o
wansagnuTaaliaia lauaaamliaianusuiuvy luvaenlSuand a5 Tulamsauaznaaany

Y v
navualaanad ua luiranasuulaslsunallsau

I
v oA

o .
maey: nulliad, thaalaua, Msnewa, s lHANUHNY

MUNIANRNTINAEAS (e1nas Inyums) augInemaniuazmalulad UMINGAYIFAY AU ﬁmmmgﬂﬂi’m CAGELE
Jandpeavan 90000

Program in Home Economics (Food and Nutrition), Faculty of Science and Technology, Songkhla Rajaphat University, Khoa-Roob-Chang,
Muang, Songkhla 90000, Thailand.

* gYa J A da o a o . . .
@uwuﬁﬂﬁzmmm Tsuaigaidansoiind (Corresponding author, e-mail): kangsanant.s@gmail.com



215815398 YH1INNAeNA 11 a1 ¥uIAafs %8 15(1) : 236-247 (2566) 237
ABSTRACT

The objectives of this research were to study types and quantities of gelling agents, type and quantity of
sugar substitute sweeteners and their nutritional value in gummy jelly products made from toddy palm sugar. The
gelatin content was studied at 5, 10 and 15% and sodium alginate was studied at 1 and 2% of total amount of
ingredients. The results showed that the hardness and the chewing increased with the increase of gelatin content
while the amount of gelling agent had no effect on springiness. The 9-point hedonic scale sensory acceptance test
showed that the participants accepted a gummy jelly containing 10% gelatin and 1% sodium alginate. Study on
the substitution of sweeteners, erythritol and maltitol, by substituting sucrose and sweetener were at a ratio of
100:0, 50:50 and 0: 100, respectively. The 9-point hedonic scale sensory acceptance test showed that the
participants accepted gummy jellies using a 100:0 maltitol to sucrose ratio which could substitute maltitol for
sucrose for 100%. The use of maltitol instead of sucrose in jelly gummy products increased the moisture content
while the amount of ash, total carbohydrates and energy were reduced but there was no change in the protein

content.

Key words: gummy jelly, toddy palm sugar, gelling agent, sweetener
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drodura 7.1241.15° 7.32+41.28" 7.72+1.01° 6.86+1.48" 7.16+1.33"
ANUBDUTIY 7.18+1.00™ 7.46£1.19" 7.74+1.02° 6.92+1.14° 7.16+1.37"
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ABSTRACT

The aim of this research was to study the effect of dietary garlic (Allium sativum)
supplementation on some hematological parameters and disease resistance against Aeromonas
hydrophila in Nile tilapia (Oreochromis niloticus). The Nile tilapia with 10.00+0.05 g/fish
initial body weight were fed with diet supplemented with 0, 1, 3, 5 and 7 g/ kg of feed for 45
days. After that, challenged with A. hydrophila was performed and mortality rate was
recorded. The challenge test with A. hydrophila showed that fish fed diets supplemented with
garlic in all levels had statistically significant lower mortality rate than the control group
(p<0.05). Moreover, some hematological studies in fish fed dietary garlic at pre- and post-
challenged with A. hydrophila were compared with the control fish. The results revealed that
fish fed with garlic at all levels had significantly higher red blood cell and white blood cell
counts than the control group (p<0.05). From the results of the study, it was concluded that
the use of dietary garlic can promote immune responses and disease resistance against A.

hydrophila in tilapia.

Key words: Nile tilapia, garlic, Aeromonas hydrophila, hematology

INTRODUCTION

Nile tilapia (Oreochromis niloticus,
Linn) is an important freshwater fish in Thailand
with great economic value. The properties
of Nile tilapia are easy to raise, fast growing,
can eat a variety of foods and popular with
consumers. In 2019, the total production of
freshwater animals in Thailand is 427,330
tons, worth 25,977.04 million baht, tilapia
has the highest production volume of 228,982
tons or 53.58% of the total output, worth
11,434.46 million baht (Department of Fisheries,
2021). The Nile tilapia aquaculture industry
in Thailand has developed to more intensive
practices to increase productivity that caused
in the susceptibility of disease outbreak. Recently,
the Nile tilapia aquaculture industry still has
been facing many problems related to disease
and massive mortality. Aeromonas hydrophila
is considered as a significant pathogen causing
the motile aeromonad septicemia (MAS) in
several fish species, including Nile tilapia
(Abu-Elala et al., 2015). A. hydrophila has
been causing outbreaks in fish farms with
high mortality rates, resulting in severe economic
losses to the aquaculture industry worldwide
(Nielsen et al., 2001). The use of antibiotics
and chemotherapeutics to control the diseases
have been widely reviewed for their negative
impacts such as drug resistance pathogen,
aquatic animal immune system suppression
and residue of aquatic animals and environment

which directly impact to human and environment.
Thus, an alternative approach to enhance disease
resistance and other health benefits by herbal
have been interested which are easy to find,
economically and eco-friendly.

Garlic (Allium sativum) is an herb which
can be stimulate feed intake, growth performance
and immune system. It also has ability to
resistance of bacteria, fungi, parasite and virus
(Williams and Lloyd, 2012). There are many
chemical compositions found in garlic; allistatin,
allicin, alliin, garlicin and ajoene which are
notable for inhibiting the growth of bacteria,
fungi and viruses. In medical applications,
herbs with high levels of allicin are good and
interesting (Huchette et al., 2005). Allicin
content can activate non-specific immunity
by increasing cytokine gene expression (Fall
and Tanekhy 2015). Additionally, there was
also reported that garlic can stimulate immune
responses such as: synthesis of lymphocyte,
release of cytokine, phagocytosis and natural
Killer cell activities (Kyo et al., 1998). In
aquaculture, garlic is used in many ways,
including growth stimulation, antimicrobial
ability, stimulate the immune system, stimulate
the appetite and prevent stress. These benefits
are very important in aquaculture (Guo et al.,
2012). There are studies in aquatic animals
reporting properties of garlic that can stimulate
growth and the immune system, such as common
carp, Cyprinus carpio (Karimi Pashaki et al.,
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2020) Nile tilapia, O. niloticus (Seden et al.,
2014), rainbow trout, Oncorhynchus mykiss
(Farahi et al., 2010) African catfish, Clarias
gariepinus (Thanikachalam et al., 2010), Asian
sea bass, Lates calcarifer (Abdelwahab et
al., 2020) and swordtail, Xiphophorus Helleri
(Kalyankar et al., 2013). Incorporating
immunostimulants with feed is an effective
way to improve non-specific immune systems.
The use of garlic as a feed additive is beneficial
for use in aquaculture to enhance the immune
response, acting as an immunomodulator
in tilapia. Therefore, the current study was
designed to investigate the effect of garlic
supplemented diet on disease resistance and
responses of blood cell count at pre-and post
-challenged with Aeromonas hydrophila in
Nile tilapia.

MATERIALS AND METHODS
Ethics statement

All study methods and experimental
procedures were conducted following the
guidelines and regulations reviewed and
approved by the Institutional Animal Care
and Use Committee of Khon Kaen University,
based on the Ethics of Animal Experimentation
of the National Research Council of Thailand
(Reference No. 660201.2.11/40).
Experimental design

Table 1 Composition of experimental diets

The research was conducted by
using completely randomized design, CRD
with 5 treatments and 3 replications. Each
treatment was used diet containing 30% of
crude protein by adding different levels of
garlic (Diab et al., 2008) as following:

Treatment 1: Diet + garlic at 0 g/kg
of feed (control)

Treatment 2: Diet + garlic at 1 g/kg
of feed

Treatment 3: Diet + garlic at 3 g/kg
of feed

Treatment 4: Diet + garlic at 5 g/kg
of feed

Treatment 5: Diet + garlic at 7 g/kg
of feed

Experimental diet

Garlic (Allium sativum) was procured
from the local market, cleaned in water, aired
and then dried in the hot air oven at 60 °C
after that chopped into small piece and ground
to become powder with motar. The basal
experimental diets were formulated with
the commonly available ingredients (Table
1). The ingredients were grinded, milled,
weighed, mixed and pelleted with meat
mincer at size 3 mm. After cold pelleting,
the feeds were dried in oven at 60 °C and
then stored in the refrigerator at 4 °C for
further uses.

Ingredients Quantity of ingredients (g)

0 1 3 5 7
Fish meal 300 300 300 300 300
Broken rice 140 139 137 135 133
Garlic 0 1 3 5 7
Corn meal 70 70 70 70 70
Cassava starch 130 130 130 130 130
Soy bean meal 260 260 260 260 260
Rice bran 90 90 90 90 90
Premix 1 1 1 1 1
Total 1000 1000 1000 1000 1000

Experimental fish

Nile tilapia with initial weight of
10.00£0.05 g were obtained from the hatchery
of aquatic animal production technology
program, Khon Kaen University, Nong Khai

Campus, Nong Khai Province. The fish were
acclimatized in laboratory conditions for one
week before starting the feeding trials. At the
beginning of the experiment, 15 aquaria containers
(0.45x0.90x0.45 m, water volume 150 liters)
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were each stocked with 15 fish. Each experimental
diet was fed to fish in three aquaria. The fish
were fed a diet of garlic at rate of 5% of body
weight twice daily at 08:00 and 16:00 for
45 days.
Bacteria preparation

Aeromonas hydrophila was isolated
from Nile tilapia by streak plate technique on
Tryptic Soy Agar (TSA; Himedia). The species
of bacteria was identified by morphology
using Gram’s stain and biochemical properties
using API 20E strip (Biomerieux). The bacteria
strain was cultured on TSA at 37°C overnight.
The isolated colonies were cultivated in Tryptic
Soy Broth (TSB; Himedia) and incubated

with shaker at 34°C for 18 h. The turbidity
of bacteria was adjusted to equivalent to 0.5
McFarland turbidity standards No.0.5 (1.5
x 10° CFU/mI).
Challenge test

After feeding on the test diet for 45
days, 30 fish from each treatment and control
group (10 fish from each replication) were
intraperitoneal injection with 0.1 ml of culture
suspension of pathogenic A hydrophila containing
1.5 x 108 CFU/ml. Mortality of fish was recorded
every day for 10 days. The data were calculated
mortality rate percentage and relative percent
survival; RPS (Ellis, 1988) as following;

Mortality rate (%) = number of deaths in specific period  x 100

total population during that period
RPS =1 — (percent mortality in treated group)  x 100

(percent mortality in control group)

Hematological test

At the end of experiment, 3 fish from
each replication were randomly to collect the
blood sample before challenge with A. hydrophila
(pre-challenge). Blood samples were collected
from the caudal vein of fish by a sterile syringe
containing EDTA as an anticoagulant. After
24 hours, these fish were intraperitoneal
injection with 0.1 ml of culture suspension
of pathogenic A. hydrophila containing 1.5
x 10® CFU/m. After 24 hours, blood samples

were collected from these fish again (post-
challenge). Blood was used for calculation
of red blood cell (RBC) and white blood cell
(WBC). RBC and WBC were counted with
a hemocytometer, RBC (10° cells/ml) in 5
squares, each having 16 smallest squares (4
corners and 1 central) and WBC (10° cells/ml)
in the four 1 squares mm corner areas and
was counted. All data was calculated follow
the formula;

red blood cell (cells/ml) = red blood cell x dilution factor

volume (ml)

white blood cell (cells/ml) = white blood cell x dilution factor

Statistical analysis

Data from each treatment were subjected
to one-way analyses of variance (ANOVA)
using SPSS for Windows version 17.0 (SPSS
Inc., Chicago, USA). Means were compared
after analysis of variance by Duncan’s New
Multiple Range Test (p=0.05). The level
of significance was chosen at p <0.05, with
results presented as mean + standard deviation.

volume (ml)

RESULTS AND DISSCUSION
After feed trial for 45 days, fish were
challenged with A. hydrophila. The result
showed that the control group progressed to
the clinical sign of disease and died 24 hours
after the challenge, while fish fed garlic
supplemented in diet at 1 g/kg feed and 3 g/kg
feed began to die after 48 hours and fed garlic
supplemented in diet at 5 g/kg feed and 7 g/kg
feed began to die after 72 hours (Figure 1).
The lowest mortality rate was found in fish
fed garlic supplemented in diet at 7 g/kg feed,
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with an average of 16.67+5.77% and showed
statistically significant differences between
the 1 g/kg feed and 3 g/kg feed garlic-fed
experimental group and the control group
(p<0.05). Fish fed garlic supplemented in
diet at 5 g/kg feed was found the mortality
rate at 23.33+5.77%and no significance
different (p>0.05) with 7 g/kg feed group

but significance difference with control
group (p<0.05). Fish fed garlic supplemented
in diet at 7 g/kg feed also showed the highest
relative percent of survival (RPS) at 80.77
follow by 73.08, 46.15 and 34.62 in fish fed
garlic supplemented in diet at 5 g/kg feed,
3 g/kg feed and 1 g/kg feed, respectively
(Table 2).

Table2 Mortality and relative percentage survival of Nile tilapia fed diets with different concentrations
of garlic for 45 days after challenged with Aeromonas hydrophila

Gram of garlic per 1 kg of feed

Mortality (%)

Relative percentage survival (%)

0 86.67+5.77 -

1 56.67+5.77" 34.62

3 46.67+5.77° 46.15

5 23.33+5.77° 73.08

7 16.67+5.77° 80.77
p-Value -

Different superscript letters within a column indicate significant differences at p<0.05

=@=— Control =0=1 g/kg feed —@=3 g/kg feed —e—5 g/kg feed 7 g/kg feed
100.00
g 90.00 O O O O )
> 80.00
g 70.00
S 60.00
[«5)
% 50.00 ° . . .
S 40.00 °
IS
3 30.00 /
2000 . : [ ] [} [ ] [} [}
10.00 //
0.00
1 2 3 4 6 7 8 9 10

Days Post Challenge

Figure 1 Cumulative percentage mortality (CPM) of Nile tilapia following intraperitoneal injection
with Aeromonas hydrophila after feeding garlic-supplemented diet for 45 day

Hematological test

At the end of the experiment (45 days),
fish were drawn blood before intraperitoneal
injection with A. hydrophila (pre-challenge)
for red blood cell (RBC) and white blood
cell (WBC) counting. The results revealed
that fish groups fed with diet containing 5
g of garlic/ kg of feed has had the highest
RBC count of 10.63x10°+0.39x10° cell/ml,

with no statistically significant difference with
7 g of garlic / kg of feed group (p>0.05) but
statistically significant difference with control
group (Figure 2). Similarly, there was no
statistically significant difference between
fish fed garlic with diet at 7 g/kg of feed and
5 g/kg of feed at WBC values of 19.92x10°
+1.04x10° cell/ml and 18.33x10°+1.84x10°
cell/ml, respectively). All treated groups also
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showed statistically significant differences
with control group (Figure 3).

After intraperitoneal injection with
A. hydrophila (post-challenge), fish were also
drawn blood for red blood cell (RBC) and
white blood cell (WBC) counting. The results
showed that both RBC and WBC values of
all groups were statistically significant different
among groups (p<0.05). The highest RBC
values was observed in fish fed garlic
supplemented in diet at 7 g/kg of feed
(15.79x10%+0.75x10°% cell/ml) follow by
fish fed garlic supplemented in diet at 5 g/kg
of feed, 3 g/kg of feed, 1 g/kg of feed and
control group at 11.68x10°+0.48x10° cell/m,

8.93x10°+0.78x10° cell/ml, 6.30x10°+0.55x10°
cell/ml and 3.75x10°£0.20x10° cell/ml, respectively
(Figure 2). Fish fed garlic supplemented in
diet at 7 g/kg of feed was also found the
highest significance WBC values at 29.67x10°
+0.95x10° cell/ml followed by 5 g/kg of feed
group, 3 g/kg of feed group, 1 g/kg of feed
group and control group at 22.92x10°+0.63x10°
cell/ml, 11.67x10°+0.88x10° cell/ml, 15.58x10°
+1.37x10° cell/ml and 3.42x10°+0.38x10°
cell/ml, respectively (Figure 3). After a challenge
test, there was also a significant increase in
WBC count of garlic treated groups compared
to the control.

mpre-challenge  mpost-challenge

e e
o N A O ®

Red blood celss (x108 cell/ml)

o N B OO

Control

€
d
c ¢ ¢
b
b b
T .I I
1 3 5 7

Garlic (g / kg of feed)

Figure 2 The number of red blood cells of Nile tilapia fed diets with different levels of garlic
for 45 days at pre-challenge and post-challenge with A. hydrophila. Data (mean +
SD) with different letters significantly differ (p<0.05) among treatment
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Figure 3 The number of white blood cells of Nile tilapia fed diets with different levels of
garlic for 45 days at pre-challenge and post-challenge with A. hydrophila. Data
(mean + SD) with different letters significantly differ (p<0.05) among treatments

The use of natural products in
aquaculture has risen dramatically for
prophylaxis and to avoid the indiscriminate
use of harmful antibiotics. Herbal plants
are biocompatible, biodegradable and safe
for the environment and human health.
Some recent studies have confirmed that
feeding fish with herbal plants resulted in
enhance disease resistance and survival
improvement which may be attributed to
an immune function improvement such as
Phyllanthus niruri and Aloe vera (Ahilan
et al., 2010), Ocimum sanctum (Das et al.,
2015), Morus alba (Mapanao et al., 2019),
Achyranthes aspera (Kumar et al., 2019)
and Moringa oleifera (Abd El-Gawad et
al., 2020). Hence, the present study
investigated the effect of garlic cloves
supplemented in diet on red blood cell
(RBC) and white blood cell (WBC) values
and mortality rate after challenge with A.
hydrophila in Nile tilapia.

Results of the challenge test with A.
hydrophila showed that increased mortality
rate was lowest (16.67+5.77%) in the treatment
containing 7 g of garlic/ kg of feed, followed
by 5 g of garlic/ kg of feed (23.33+5.77%
mortality), 3 g of garlic/ kg of feed (46.6745.77%
mortality) and 56.67+5.77% mortality in the
diet containing 1 g of garlic/ kg of feed. The
fish mortality was much lower compared to

the control group. Furthermore, the relative
percent of survival (RPS), as one of the most
visual parameters of immune evaluation in
the challenge test, was higher in all fish groups
fed with diet containing garlic than in the
control group. This indicates that garlic could
be produced more resistance to challenge
infection. This result was also explained by
the increase in WBC in this study that indicated
an increase in the immune status in experimental
groups which correlates with fish survival
increasing. Garlic has traditional applications
as an anti-infective agent against many bacteria
(Ress et al., 1993), fungi (Adetumbi et al.,
1986) and viruses (Weber et al., 1992). Many
defense mechanisms activated by garlic counteract
the challenge infection including the production
of superoxide anions against the A. hydrophila
(Aly and Mohamed, 2010). The antibacterial
properties of garlic clove homogenates are
attributed to allicin. Several studies have
provided strong evidence that most of the
biological function of garlic cloves are caused
by active substance known as allicin (Li et al.,
2007), which is the most important organosulphide
in garlic. Similar results have been reported
in previous studies. Rose et al. (2005) reported
that the positive effects of garlic supplementation
may be due to its medical effects based on
organic sulfur compounds, particularly allicin
which is an active but volatile compound
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of garlic and has been implicated in antibacterial
activity against a wide range of gram-positive
and gram-negative bacteria, and has antiviral,
antifungal and antiprotozoal activity (Nya
et al., 2010). Thus, it also could be suggested
that high disease resistance in the experimental
groups as compared to control group could
be due to the presence of allicin in garlic,
which further helps to inhibit pathogens.
Additionally, the result in this study
also agrees with the results of several studies.
For examples; Sahu et al. (2007) noted the
effectiveness of adding 0.5 or 1% garlic powder
in fish diets for controlling A. hydrophila
infection in Indian major carp (Labeo rohita).
Nya and Austin (2009) reported that feeding
rainbow trout with 0.5 g and 1.0 g garlic per
100 g feed for 14 days showed fish mortalities
after challenged with A. hydrophila only 4%,
RPS 95%. Moreover, in rainbow trout, the
administration of garlic dosed at 0.5 g/100
g of feed for 14 days, the RPS was 86%,
decreasing to 75% and 68% after 21 and 28
days of dietary garlic treatments, respectively
and 14 days after stopping feeding with 1.0
g garlic /100 g of feed, the RPS was 80%,
reducing to 55% after 21 days, and 46% at
28 days (Nya and Austin, 2011). Sasmal et
al. (2005) and Diab et al. (2008) found that
feed containing 1% garlic powder was able
to improve the disease resistance of Nile tilapia,
particularly against Pseudomonas fluorescens.
Furthermore, Shalaby et al. (2006) and Aly
and Mohamed (2010) revealed that adding
3% garlic powder at Nile tilapia diet could
reduce mortality after a challenged with A.
hydrophila. Eirna-liza et al. (2016) reported
that after African catfish juveniles were challenged
with A. hydrophila, the highest survival (64%)
was observed for fish fed with garlic cloves
at 20g/kg. Also, Thanikachalam et al. (2010)
showed that after challenge with A. hydrophila
in African catfish, all the garlic peel fed groups
showed a significantly (p<0.05) reduced
mortality compared to the control group
with the highest survival rate (96%) was
recorded in fish fed with 1.5% of garlic
peel. After challenged with A. hydrophila,
the survival rate of swordtail, Xiphophorus
helleri, increased and reached up to 95.8%

in fish fed with the garlic diet (Kalyankar
etal., 2013)

Fish species, size, age, physiological
status, environmental conditions, dietary regime,
quality and quantity of diet were reported
to affect fish hematological parameters. Normal
values of these parameters relate to dietary
ingredients, protein sources, vitamins and
probiotics (Osuigwe et al., 2005). The study
of hematological values is also useful for
physiological examination of changes in
fish health or to determine the state of health.
Complete blood cell count (CBC)is an
important and effective diagnostic tool that
can be used to monitor fish health status in
response to changes in nutrition, water
quality and disease therapy (Fazio, 2019).
In this study, pre- and post-challenge with
A. hydrophila test showed that there was
significantly difference higher RBC and
WBC counts in fish fed garlic cloves than
control group (p<0.05). Especially, in post-
challenge RBC and WBC counts in fish
fed garlic cloves increased as the amount
of garlic cloves in the diet increased. This
indicated that the health of Nile tilapia
improved with dietary addition of garlic
cloves.

Leucocytes play an important role in
nonspecific immunity and their count can be
considered as an indicator of the fish health
status (Harikrishnan et al., 2003). In current
study, WBC counts significantly increased
(p<0.05) following post feeding garlic cloves
trial for 45 days and post challenge with A.
hydrophila which supports the anti-infection
properties of garlic. As Iranloye (2002) mentioned
that it is well known that when infection occurs
WABC increase rapidly which as first line of
defense of body. This result is also supported
by other studies by Thanikachalam et al. (2010)
reported that significantly highest WBC count
was found in African catfish fingerling fed
with 1.5% garlic peel incorporated diet.
Nwabueze (2012) found that WBC counts
of African catfish fed 0.5%, 1.0% and 3.0%
garlic supplemented diet were increased
significantly by weeks. Ndong and Fall (2011)
reported that WBC counts increased significantly
in juvenile hybrid tilapia (O. niloticus x O.
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aureus) fish fed 1% and 0.5% garlic supplemented
diet. Heo et al. (2000) reported that the only
changes in fish blood profiles, observed when
I-carnitine was included in diet, were increased
concentrations of WBC and lymphocytes,
although there is no direct evidence from
the literature on the effect of I-carnitine
supplementation on immune-related blood
cell counts. However, many previous reports
have suggested that I-carnitine supplement
may influence lipid metabolism. Dietary lipid
may affect a great number of immune parameters,
such as lymphocyte proliferation, cytokine
synthesis, natural killer cell activity and
phagocytosis (De Pablo and De Cienfuegos,
2000).

RBC count was also increase
significantly in garlic fed groups when
compared to control groups. RBC count
increased with the administration of garlic,
which might indicate an immunostimulant
effect. The high red blood cell counts in
garlic fed fish groups are presumed to be
due to garlic's antioxidant properties that
can ward off free radicals. Free radicals are
compounds that can damage red blood cell
membranes and other cells. Garlic also contains
compounds that can act as antioxidants in
blood cells. This antioxidant can act as a
reservoir of free radicals to protect red blood
cell membranes (Setijaningsih et al., 2021).
The findings confirm to those by Farahi et
al., (2010) observed erythrocyte count and
hemoglobin content increased in rainbow
trout fed on diets containing 20 and 30 g
garlic which were significantly different
from those of control. The red blood cells
are significantly higher in garlic peel fed
groups than control group (Thanikachalam
et al., 2010). RBC counts in African catfish
were observed to be significantly higher
than fish fed 0.5% garlic group as compared
to the control (Nwabueze, 2012). Setijaningsih
et al. (2021) also found that the addition of
1% garlic extract to the feed had the highest
value in erythrocyte and hemoglobin of Nile
tilapia. Seeley et al. (1992) mentioned that
the primary function of RBC in fish is to
transport oxygen from the gills to the various
tissues of the body, an action carried out by

the haemoglobin found in RBC. Garlic increases
superoxide dismutase (SOD) activity in blood
serum and that this phenomenon has been
used in fish farming to enhance the activity
of non-specific defense system in O. niloticus
(Diab et al., 2002). Also garlic has some
constituents that may play a role in the immune
system stimulation and in the function of
organs related to blood cell formation such
as thymus, spleen and bone marrow (Jeorg
and Lee, 1998).

CONCLUSION

This study has highlighted the potential
value of garlic to aquaculture in terms of
protection against specific bacterial disease
(A. hydrophila). The results shown that 0.7%
(7 g/kg) garlic supplement in fish feeds elicited
more increase in volume of RBC, WBC and
survival rate of O. niloticus. Garlic inclusion
in fish diet at 0.7% (7 g/kg) concentration
is therefore beneficial for use in aquaculture
to enhance the disease resistant status O. niloticus.
This is a basic study provides a new perspective
for the use of garlic cloves as a dietary
supplementation to enhance the disease
resistance and disease prevention of fish.
Further purification of the active compounds
and their evaluation may substantially improve
the quality as well as their usage in aquaculture
as immunomodulators.
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ABSTRACT

This research employed Quality Function Deployment (QFD) and Kansei Engineering (KE) to design

ceramic lamp products by incorporating customers’ needs into the product planning matrix of QFD analysis.

Kansei Engineering was adopted to analyze the customers’ emotions and feelings. The results from the analysis of

Kansei words and product characteristics for using to design ceramic lamp products showed that redesigned

products have changed in form, tone of color, pattern, and product identity and better corresponded to the feelings

and needs of the customers. Findings of this research showed that the redesigned ceramic lamp products received

the highest satisfaction on beautiful and attractive shape/form, with the very good rating of ( X= 4.85), followed

by the satisfaction on the shining feature, rated at the very good level of ( X =4.83).

Key words: product design, quality function development, house of quality, Kansei engineering, ceramic
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