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History of refrigeration and air conditioning,
principle of refrigeration, vapor compression
refrigeration, absorption refrigeration, evaporative
cooling, refrigeration system components, refrigerants,
cooling load calculations, refrigerant piping design,
psychrometry and air conditioning process,
thermal comfort and indoor air quality, design
of air distribution system, chilled water duct
design, industrial applications of refrigeration,
control of refriceration system, Fire safety in air

conditioning system.

Basic  knowledge of and

coefficient of'performance, modified vapor

refrigeration

compression, refrigeration cycles, system
components analysis, refrigerant and their
properties, evaporative cooling and cooling towers,
absorption refrigeration, calculation of cooling load of
refrigeration systems, freezing of food, air condition,
cooling load estimation of air conditioning systems, air

distribution and duct system design.
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fuil 26 .. 2562

1. dAundvivendrand 2 1 0 0 3
1.1 aivdinerdwanden 1 1
1.2 M ininymans 1 1
1.3 aruningiiansaume 1 1 .

2. dnindvunalulagnisinens 4 4 0 1 9
2.1 animwmalulatniandnie 1 3 4
2.2 annirimalulagnisndndnd 1 1
2.3 anymivialulagams 1 1 2
2.4 anniualulagdaniw 2 2

3. dunduriaanssuaans 1 6 0 1 8
3.1 @UIYIAINTIUNIHAN 1 1
32 @ irIMINSTLATBINAWAY SEUUNTEUIUNT 3 3
3.3 @I IAINTINEIUEUR 1 1
3.4 @ uMignIfmnI s sdin 1 1 ‘
3.5 auivimnisulesn vuds uasvinensssd 2 2

994 T 11 0 2 20

annuvAnendiy afail 9/2562

Suit 30 w.. 2562

1. drundvunaluladdny 1 0 0 0 1
1.1 aunimaniafine 1 1

2. dindvumalulatnisinuns 0 1 0 0 1
2.1 amnivwmaluladniindndal 1 1

3. dindvdnanssuarand 1 4 0 0 5
3.1 v ienimngsuluin 1 1
3.2 aivimnisudandey 1 1
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Juit 21 5.8, 2562
1. dindvrinerdrand 3 6 0 0 9
1.1 arvindued 1 1
1.2 avivndagmans 1 1
1.3 anivildnd 1 3 4
1.4 arinanduszend 3 3
2. drindvunaluladdsau 1 1 32 0 34
2.1 a1 TIMRINuANE 1 1 2
2.2 anmiriwaluladansauvea 13 13
2.3 anivamalulagnisianms 19 19
3, dnindnvnaluladnisinuns 2 2 43 1 48
3.1 i unaluladnindniny il 14 15
3.2 muniramaluladnisudadnd 1 17 18
3.3 armivvalulagams 1 12 1 14
3.4 aMivwmaluladgdinm 1 1
4. dninduidanssuanans 5 25 278 0 308
4.1 @UIUNIMINTIUNIHER 33 33
4.2 @1 IYIMNTINYATRATDINT 2 14 16
4.3 @119 IMINTIHUUAS 1 1
4.4 aunivimnssurudwazladaind 2 2
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4.7 A imnIsuaiena 15 15
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4.9 AUIVIMINTIHIUAR 11 11
4.10 @I IAINTININFAIY 4 4 ‘
4.11 a1 3mINT s sEin 15 15
4.12 aivimnssuinianuiny 1 11 12
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4.15 a1 ivimnssulv 1 2 13 16
4.16 avivimnssulesn 19 19
4.17 anvMivmimnisulavms 19 19
4.18 anuirimnisdswandey 29 29
4.19 A1 IMINTIUOBNUUUNARS TN 7 7
4.20 @ IYNIMINTIUGAAMNG 5 5
4.21 anivirmnsadidnvsetind 13 13
4.22 anuivnimnIsuAiesile 3 3
4.23 a1 IMINTING T 2 2
4.24 amivweluladssdl 1 1
4,25 avirimniadnndvuiazmalulatosd 8 8
4.26 aUTIYVVIMINTITAN 1 1
4.27 arnirimngsulos) vuds wagvineniosd 1 2 3
4.28 avirimuimsnuneaitaazasiigulon Fé 7
4.29 aUTIYTIAINTIUNTTIANTINGRY 1 1
4.30 a1 v ieniaunisdansndanuiaclaladnd 2 2
4.31 awMiemimnisuwanmselnd . 14 20
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1. dnindvrinendans 1 2 7 0 10
1.1 avnivnadl 1 1
1.2 a1 ivdivenduanday 1 1
1.3 awnivwand 1 1 2
1.4 @1 INOIMENINITAIN 6 6
2. drndmalulatinisinens 1 5 1 1 8
2.1 anivwaluladnnda iy 2 2
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3. dindunidanssuaans 3 11 7 0 21
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3.5 @191 191ImInssulnIANuAL 2 2
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3.7 @1 19ImInsaulesn 1 1 2
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3.9 aIYIMNITNIAR 1 1
3,10 @ ivdmnssulest vuds uasnineniosdl 1 1
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Real-time electrochemical measurement of N-
acetyl-}-D-glucosaminidase activity, using
redox-tagged N-acetyl-R-D-glucosaminide
hydrolysis as proof-of-principle

Waraporn Rernglit, Jeerus Sucharitakul, Albert Schulte and Wipa Suginta

'i_chltoollgosacchar!de h:(drolyzing “activity . of : N-n aty
‘glucosaminidase .. from  the . marlna Vibrio
(VhGIcNAcase). Signal generatlon used a. 3-mn1-dlameter__,.
hboron-doped diamond (BDD) electrode for the anodic oxidation -

of. 4-methylumbolllferone (4MU), which [s released from the
model . substrate - 4-methylumbellifery]-N-acetyl--D-
:glucosam[nida (GIcNAc~4MU} ‘by enzymlc hydrolysis. ‘The ..
‘recorded rise In 4MU electrode current reported the releasa of !
.the redox label in real time and- amperametric data analysis
: raproducnd the Michaelis-Menten . VhGleNAcase activity plots
“derived from standnrd spsatroscopln assays, Since It provides . |
‘continuous readout, amperomatr:y avolds the use of reaction- "
stopping chemicals. and 'Is * also practical "In turbld 'test

4wl ety
iyl i ig trne

‘solutions.. Furthermore, the established electrochemical enzyma activ[ty assay offers the chance to sludy novel '.
‘substrate-attached redox tags and to explore assay miniaturization through lmp!amantatlon In microfluldic devices,

“enables portable assay development through the use of mini-potentiostats with smart phoneﬁ'lablet mnnacllvlty and |
tform. for. robotlc alectrochemlatry H ;

_'ald assay utomltlo through mhlnatlon wlth 1

“acetyl-p-D-glucesaminlde, marine Vibrio harveyi -

ndex Terms— Enzyme activity, . alectrochamlca[ assays, amperometry, bloaenalng, j! .N-acatylglucosqmln'ldaae, N-_'_.

l. Introduction

HE N-acetyl-f-D-glucosaminidases (GlcNAcases) are

members of the GH20/EC 3.2,1 family of glycoside
hydrolases, which catalyze the hydrolytic release of terminal N-
acetyl-D-hexosamine  residues  from  N-acetyl-f-D-
hexosaminides and are key players in the chitin utilization
pathways of various microbes [1,2]. Marine bacteria in
commensal growth with crustaceans of all sorts have, for
instance, the ability to generate fragments of
chitooligosaccharides adjacent to their cell walls, through the
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Technology {SUT) and the Office of the Higher Educalion Commisslon
under NRU Project of Thailand through a PhD grant to Wipa Suginta and
Waraporn Remglit (SUT-PhD/12/2554). Supplementary financial
support came through budget allocations from SUT to the Blochemistry
Electrochemistry Research Unit of the Inslitutlon, research grant BRG
6180011 from the Thailand Research Fund and the Vidyasirimedhl
Institute of Science and Technology (VISTEC) lo Wipa Suginta and from
VISTEC to Albert Schulte and Wipa Suginta. (Cormesponding authors:
Wipa Suginta and Albert Schulte).

Waraporn Rernglit, Is with Schaol of Chemistry, Institute of Sclence,
Suranaree University of Technology, Nakhon Ralchasima 30000,
Thailand (e-mail: kobB883@gmail.com).

action of secreted chitinases [3-5]. After hydrolytic chitin
breakdown a heterogeneous mixture of chitooligosaccharides
enters the bacterial periplasm through specific chitosugar
uptake channels (‘chitoporins’) [6-9]. After further degradation
to monomers by periplasmic GleNAcase and transport through
the inner membrane, N-acetylglucosamine (GleNAc) then
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Real-time electrochemical measurement of N-
acetyl-3-D-glucosaminidase activity, using
redox-tagged N-acetyl-3-D-glucosaminide
hydrolysis as proof-of-principle

Waraporn Rernglit, Jeerus Sucharitakul, Albert Schulte and Wipa Suginta

Abstracl-—ln-ullu arnplrometry was used as a mnvanlenl
‘non-optical - tool = for ! .the ' ' assessment: “of ithe |
chlloollgosaccharide-hydrolyzlng activlty of - N-acetyl p-n-"; t
‘glucosaminidase . from .| the “marine . Vibrio. !
(VhGlcNAcase). Slgna[ genaratlon used a, 3-rl1m-dlamatar_'_-,
“boron-doped diamond (BDD) electrode for the anodic oxidation
of A-methylumbelliferone (4MU), which |s released from the '
model ‘substrate “4-methylumbelliferyl-N-acetyl-B-D-
glucosaminide (GlcNAc-4MU) ‘by enzymic hydrolysis. The
recorded rise In 4MU electrode current reported the release of
‘tha redox label in real time and amperometric data analysis |
‘reproduced the Michaelis-Menten VhGlcNAcase activity plots
‘derlved from standard spectroscopic assays. Since It provides |
continuous readout, amperometry avolds the use of reaction-
stopping chemicals and s also practical ‘In turbld ' test i T Ih TR Lt 343 R R
solutions. Furthermore, the established electrochemical enzyme actlv[ty assay aﬁara tha chnnca to ttudy novel
substrate-attached redox tags and to explore assay minlaturization through Implementation In microfluldic devices, |
enables portable assay development through the use of mini-potentiostats with smart phonm‘lablst connactlvity and '
alds usay amomntlon through comblnatlon wlth platforms for rubotic alactrochemlstry dyyipan .

yamatiny r)l
(RS SRR

Index Terms—— Enzyma actlv[ty, elnatrochemlcal assay v
acetyl -p-D-glucosaminide, marine Vibrio harveyi e

action of secreted chitinases [3-5]. After hydrolytic chitin
breakdown a heterogeneous mixture of chitooligosaccharides
enters the bacterial periplasm through specific chitosugar
uptake channels (‘chitoporins’) [6-9]. After further degradation
to monomers by periplasmic GlcNAcase and transport through
the inner membrane, N-acetylglucosamine (GlcNAc) then
serves as a source of carbon, nitrogen and energy, through its
metabolism in the cytoplasm. Although endogenous chitin is
absent from the human body and there is therefore no explicit
need for chitin/chitosugar degradation, human GlcNAcases

l. Introduction

HE N-acetyl-f-D-glucosaminidases (GlcNAcases) are

members of the GE20/EC 3.2.1 family of glycoside
hydrolases, which catalyze the hydrolytic release of terminal N-
acetyl-D-hexosamine  residues  from  N-acetyl-f-D-
hexosaminides and are key players in the chitin utilization
pathways of various microbes [1,2]. Marine bacteria in
commensal growth with crustaceans of all sorts have, for
instance, the ability to generate fragments of
chitooligosaccharides adjacent to their cell walls, through the
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Abstract

Supplementation of prebiotic (inulin) from Jerusalem artichoke on
haematological traits in kids dairy goats. Twenty newborn Saanen kids were sorted by
parity of their dams and multiple birth (twin or triplet) and assigned to the five groups.
The five dietary treatments as follows: T1 (control): normal goat milk, T2: 0% inulin
in milk replacer, T3: 0.1% inulin in milk replacer, T4: 0.2% inulin in milk replacer and
T5: 0.3% inulin in milk replacer). All kid goats were fed with colostrum for the first 7
days after birth, and then each kid in treatment 3, 4, 5 were supplemented with 0.1 %,
0.2 % and 0.3 inulin on day 8 to 90, respectively. The results showed that total red
blood cell, total white blood cell and hematocrits value were similar for all treatments.
There were no differences (P >0.05) in total red blood cell, total white blood cell and
haematocrit value in groups. The results of our study suggested that daily dose (0.3 %)
of inulin might not be enough to observe effects of it.

Keywords: inulin, Jerusalem artichoke, hematological traits, goat kid

Introduction

Jerusalem artichoke (Helianthus tuberosus, L.) is an herbaceous plant, eaten at
its bulb. The bulb of Jerusalem artichoke has important ingredients, i.e. inulin, fructo-
oligosaccharide (FOS), protein, fiber, caleium and phosphorus. Jerusalem artichoke
can be adapted to growing condition in Thailand and tend to increase planting for both
of human diet and also by-products or co-products for animals. Jerusalem artichoke
contains 15-20% inulin and FOS. It is considered as prebiotics which have been
proposed to improve health by stimulation of beneficial bacteria in the intestine of
humans and animals. Inulin is carbohydrate in the form of fructan, it is fiber source
which is not digested in digestive system (stomach and intestine) in single stomach
animal or human. Therefore, inulin will fall into colon and is benefit to body growth
due to an increase in number of health benefit microorganisms, such as Lactobacillus
and Bifidobacteria (Younes et al., 1995; Kaur and Gupta, 2002; Raksasiri ef al., 2020).
Inulin is a natural p-(2-1)-linked fructo-oligosaccharide with up to 60 units common
in plants used in the Western diet (Van Loo et al., 1995). It has been show to lead to a
shift in the intestinal bacteria flora toward more beneficial Bifidobacterium (Gibson et
al., 1995), to stimulate the immune system (Schley and Field, 2002; Tian et al., 2019a;
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Thongruang et al., 2018). In addition, it was shown to enhance growth performance of
livestock (Petlum et al., 2019; Liang and Paengkoum, 2019). Furthermore, more
probiotic go to intestinal (Tian et al., 2019b; Tiengtam et al., 2015). The previous study
(Raksasiri et al., 2019; Raksasiri et al., 2018) showed that the term synbiotic is used
when a product contains both probiotics and prebiotics.

The digestive system of the young goat is very similar to that of the pig, human
or preruminant. During these first stages of milk feeding, the abomasum (true stomach)
and small intestine play a relatively important role with respect to digestion and
nutrition. In young goats, and other young ruminants, the suckling reflex triggers the
esophageal groove to close so that milk bypasses the rumen and flows directly in to
the abomasum where clotting and some digestion occurs. Milk protein is rapidly
digested in the small intestine, as is lactose. If the esophageal groove does not close,
for whatever reason, then milk goes into the rumen where it 'ferments’, allowing
digestive upsets to become problems (Anita O'Brien., 1998).

A lot of studies have been conducted to investigate the effects of prebiotics on
intestinal microbial populations, digestive and systemic health, immune function and
growth performance in non-ruminant. Therefore in ruminant animals (cattle, buffalo,
goat, sheep, deer), some of microorganisms in the rumen can digest inulin, thereafter
the efficiency of inulin in digestive system decreases. However, there is no information
on the effects of supplemental inulin and other prebiotic compounds in the ruminant.
The objectives of this study are to investigate the effects of feeding inulin in milk
replacer on traits,

Materials and methods

Jerusalem artichoke were obtained from Phetchabun Research Station, Agro-
Ecological System Research and Development Institute, Kasetsart University,
Thailand. And Analysis of the Inulin by Modified method based on standard method
997.08 (AOAC, 2005) using high temperature gas chromatography (from Food and
Nutriton Technical Services, Institute of Nutrition, Mahidol University, Salaya,
Phuttamonthon, NakhonPathom 73170, Thailand).

Twenty newborn crossbred Saanen goats used into a randomly assigned in
complete randomized design (CRD) with four replications per treatment. The goat kept
in individual pens at 7 day after birth. The goats were divided into five treatment
groups. The experiment was conducted for 90 days. There are five dietary treatments
as follows: Treatment 1: Goat milk, Treatment 2: 0% inulin in milk replacer ,
Treatment 3: 0.1% inulin in milk replacer, Treatment 4: 0.2% inulin in milk replacer
and Treatment 5: 0.3% inulin in milk replacer.

All goat kids were fed colostrum for the first 7 days after birth. And then the
goat kid were housed in individual pens. The goats kid were fed a basal diet containing
pangola grass (Digitaria eriantha) hay and pelleted concentrate supplemented with
minerals and vitamins. Feeding management during experimental period of pelleted
starter concentrate and hay are presented in Table 4.1 during the suckling period, kids
were closely monitored to ensure sufficient sucking. Uniform feeding and
management standards were applied in both groups. The diet formulated to meet
nutrient requirements for maintenance and 1.5% daily weight gain was offered twice
daily at 08.00 and 16.00 hrs. Animals had free access to water and kept in individual
pens.

[SYLWAN., 164(2)]. IS Indexed,Feb 2020 a7 &
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Abstract

This study produced neem (Azadirachta indica) wood vinegar and explored its chemical compositions
in laboratory by gas chromatography—mass spectrometry (GC-MS), its effects on antibacterial activities by 1)
agar disc diffusion method, 2) broth microdilution method and 3) scanning electron microscopy, and its effects
on growth performance in weaned piglets. The GC-MS analysis showed the presence of acetic acid (24.8%) and
phenol, 2,6-dimethoxy (15.3%) as major bioactive compounds of neem wood vinegar which exhibited broad
spectrum of antibacterial activities with MIC value ranging from 1.25 to 5 % v/v and MBC value from 2.5 to
10 %v/v. The scanning electron micrographs observation showed that neem wood vinegar inhibited bacterial
cell division. The feed conversion ratio with piglets treated with neem wood vinegar was not different to those
received antibiotics. The study of intestinal morphology revealed that neem wood vinegar trended to increase
the ratio of villus height to crypth depth in jejunum and ileum of piglets which was similar to those received
antibiotics. This was consistent with the study of scanning electron micrographs, The finding illustrated that
neem wood vinegar has antibacterial activities and may be substituted as an alternative use for antibiotics in

weaned piglets farm.
Keywords: Wood vinegar, Neem, Antibacterial activities, Growth performance, Weaned piglets
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Abstract

This study was to conduct the effects of dietary inulin from Jerusalem artichoke in milk replacer of
kid dairy goats. Twenty newborn Saanen kids goats were sorted by parity of their dams and multiple
birth (twin or triplet) and assigned to the five groups (There are five dietary treatments as follows:
Treatment 1: Goat milk, Treatment 2: 0% inulin in milk replacer, Treatment 3: 0.1% inulin in milk
replacer, Treatment 4: 0.2% inulin in milk replacer and Treatment 5: 0.3% inulin in milk replacer)
at birth. Each group in 4 replicates. All kids were fed with colostrum for the first 7 days after birth,
and then each kid in treatment 3, 4, 5 were supplemented with 0.1 %, 0.2 % and 0.3 inulin on day 8
to 90, respectively, The results showed that faecal score was different (P <0.05) in groups. There
were differences in faecal score on days 7 to 56 (P <0.05). Kid goats fed with inulin from Jerusalem
artichoke are improved in faecal health, Whereas no difference in faecal score on days 70 to 90 (P
>0.05) was detected in groups.

Keywords: inulin, Jerusalem artichoke, faecal score, newborn goats

1. Introduction

Currently, the farmers in turn to dairy goats farming are very serious. The goat milks the
benefits similar to breast milk. Also, it's maintained allergies and substitute dairy milk for babies
who are allergic to dairy milk. Then, the goat milk is very expensive. But in farming of dairy goats
is especially problematic in the young goats has been a less level of immunity (Liang and
Paengkoum, 2019). Which causes such as diarrhea diseases in goat or dairy goats during lactation
may be a low immunity level. This is the problem of critical importance to the dairy goats farming
are enormous, Because it will decreases production, The research this should help reduce such
problems occurred with dairy goats as well. Triyakun and Paengkoum, 2013). Moreover, Jerusalem
artichoke has shown to increase Bifidobacteria and lactobacilli concentration in the intestinal tract
and decrease pathogens such as, clostridium and Escherichia coli (Tian et al., 20 19a; Thongruang
et al.,, 2019). In the event that utilization prebiotic with probiotic or we call symbiotic, the probiotic
will flourish than include probiotic since they are sub serve together. Furthermore, more probiotic
go to intestinal (Tian et al., 2019b; Thongruang et al., 2018). The previous study ( Bhutarit et al.,
2019) showed that the term synbiotic is used when a product contains both probiotics and prebiotics.
These results shows that synbiotic in creep feed is beneficial to hematological attributes of goat kids,
resulting in improved production performance and fecal score.

Jerusalem artichoke (Helianthus tuberosus L.) is an herbaceous plant, eaten at its bulb. The
bulb of Jerusalem artichoke has important ingredients, i.e. inulin, fructo-oligosaccharide (FOS),
protein, fiber, calcium and phosphorus, Jerusalem artichoke can be adapted to growing condition in
Thailand and tend to increase planting for both of human diet and also by-products or co-products
for animals. Jerusalem artichoke contains 15-20% inulin and FOS. It is considered as prebiotics
which have been proposed to improve health by stimulation of beneficial bacteria in the intestine of
humans and animals, Inulin is carbohydrate in the form of fructan; it is fiber source which is not
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digested in digestive system (stomach and intestine) in single stomach animal or human. Therefore,
inulin will fall into colon and is benefit to body growth due to an increase in number of health benefit
microorganisms, such as Lactobacillus and Bifidobacteria (Younes et al,, 1995; Raksasiri et al.
2018).

A lot of studies have been conducted to investigate the effects of prebiotics on intestinal
microbial populations, digestive and systemic health, immune function and growth performance in
non-ruminant, Therefore in ruminant animals (cattle, buffalo, goat, sheep, deer), some of
microorganisms in the rumen can digest inulin, thereafter the efficiency of inulin in digestive system
decreases. However, there is no information on the effects of supplemental inulin and other prebiotic
compounds in the ruminant. The objectives of this study are to investigate the effects of feeding
inulin in milk replacer on faecal score as a health parameter and the incidence of diarrhea.

2. Materials and methods

2.1 Jerusalem artichoke

Jerusalem artichoke were obtained from Phetchabun Research Station, Agro-Ecological
System Research and Development Institute, Kasetsart University, Thailand. And Analysis of the
inulin by modified method based on AOAC (1990) method 997.08 using high temperature gas
chromatography, Food and Nutriton Technical Services, Institute of Nutrition, Mahidol University,
Salaya, Phuttamonthon, NakhonPathom 73170, Thailand.

2.2 Animals and experimental design

Twenty newborn crossbred Saanen goats used into a randomly assigned in complete
randomized design (CRD) with four replications per treatment. The goat kept in individual pens at
7 day after birth. The goats were divided into five treatment groups. The experiment was conducted
for 90 days. There are five dietary treatments as follows: Treatment 1: Goat milk, Treatment 2: 0%
inulin in milk replacer , Treatment 3: 0.1% inulin in milk replacer, Treatment 4: 0.2% inulin in milk
replacer and Treatment 5: 0.3% inulin in milk replacer.

2.3 Management of feeding

All goat kids were fed colostrum for the first 7 days after birth. And then the goat kid were
housed in individual pens. The goats kid were fed a basal diet containing pangola grass (Digitaria
eriantha) hay and pelleted concentrate supplemented with minerals and vitamins, Feeding
management during experimental period of pelleted starter concentrate and hay are presented in
Table 1 during the suckling period, kids were closely monitored to ensure sufficient sucking.
Uniform feeding and management standards were applied in both groups. The diet formulated to
meet nutrient requirements for maintenance and 1.5% daily weight gain was offered twice daily at
08.00 and 16.00 hrs. Animals had free access to water and kept in individual pens.

Table 1 Feeding management during experimental period

Age (days) Milk (L) Concentrate / day Roughage /day
7-30 0.7-1 - -
31-60 1.5 1.5 % bodyweight Unlimited
61-90 0.5 1.5 % bodyweight Unlimited

The kids in treatment 3, 4 and 5 were adapted to inulin supplementation by an increased
dosage from days 7 to 90. Each kid in was supplemented with 0.1 %, 0.2 % and 0.3 % inulin on
treatment 3, 4 and 5 respectively, whereas the kids in treatment 1 was supplemented with Goat milk
and treatment 2 was supplemented with milk replacer did not receive inulin. Inulin dissolved mix in
milk replacer was to the kids via the suckling.

109 office@multidisciplinarywulfenia.org
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ABSTRACT The genome sequence of Rhodotorula paludigena strain CM33, an ole-
aglnous yeast Isolated from castor bean (Ricinus sp.) in Thailand, Is reported here.
Genome sequencing and assembly ylelded 20,657,327 bases with a 64.3% G+C
content.

“Z%he nonrenewable nature of fossil fuels has stimulated efforts to find new means of

li production of non-petroleum-based fuels, Oleaginous yeasts display several advan-
tages over microalgae, fungi, and bacterla, Some genera, such as Lipomyces spp.,
Rhodosporidium spp., and Rhodotorula spp., are able to accumulate lipid up to 70% of
dry cell weight (DCW) (1), Thelr fatty acld profiles are also similar to those of plants. The
red yeast Rhodotorula is of interest to the field of applied bioprocessing due to the
significant accumulation of fatty acld in the form of triglycerides, which are useful
precursors for fatty acid-based blofuels (2, 3). To increase the amount of genomic
information and Its potential to produce bicenergy from microbial systems, we report
here the genome sequence of Rhodotorula paludigena strain CM33,

CM33 was isolated from castor beans that were ground and resuspended in 2 ml
sterilized delonized (DI) water, Bacterlal cell contamination was eliminated by lysis with
200 pl of 10 mg/ml lysozyme, and then dilutions were spread and grown under
standard laboratary conditions on yeast extract-peptone-dextrose (YPD) agar (10 g/liter
yeast extract, 20 g/liter peptone, 20 g/liter glucose, and 15 g/liter agar) containlng
50 ug/ml chloramphenicol (4), Plates were Incubated at 30°C for 3 days until colonles
were visible. Yeast morphology was observed under a light microscope, and then
colonies were restreaked on YPD agar to isolate single colonies, Specles identification
was performed by sequencing the Internal transcribed spacer 5.85 (ITS-5.85) and
domains 1 and 2 (D1 and D2) of the 265 rDNA reglons of CM33, To generate these 2

Citation Go;a_la\é-rltC.Jmsouniholﬁruksé &
Udemsll N, Ketudat-Calms M. 2020. Genome ..

regions, Its genomic DNA (gDNA) was extracted with a DNeasy blood and tissue kit sequence of the oleaginous yeast Ahodoterula =~
(Qiagen, USA) and used as a template, Primers ITS1_F (5'-TCCGTAGGTGAACCTGCGG-3') * paludigena strain CM33,a potental strain for .-

and ITS4_R (5'-TCCTCCGCTTATTGATATGC-3') were used for ITS-5.85 rDNA region am-

blofuel prodtiction. Microblol Resour Announc: -
9:e00286-20, h!‘[psﬂdol org.-’lD 1128/MRA

plification, while NL1_F (5'-GCATATCAATAAGCGGAGGAAAAG-3') and NL4_R (5'-GGTC . 00286-20. §
CGTGTTTCAAGACGG-3') (5) were used for D1/D2 of 265 rDNA region amplification. The ~ Editor Antorils Rokas,VanderbIltUnlverslly-
two fragments were cloned into pTG19-T cloning plasmid (Vivantis, Malaysia) and then ~ ~  Copyright ® 2020 Gosalawit et al, This ls an_

sequenced by Macrogen, Inc, (South Korea), The [T5-5.85 (GenBank accession number

open-access article distributed under the terms )
" of the Creative Commions Amlbutlnn 40

MT279493) and D1/D2 265 (MT279506) sequences from strain CM33 displayed 99.8% " International liéense.
Identity with those of Rhodotorula paludigena (LC190825.1 and KY109146.1, respec- ~ Address correspondenceto Marlena Ketudat-.
tively) in a BLAST search agalnst the NCBI database. Phylogenetic analysis revealed that Cairns, ketudat@sutacth. '

CM33 was grouped t 1. ‘Recelved 17 March 2020
grouped In the same cluster as Rhodotorula paludigena (Fig. 1) Accepted15 Aot 2020

The gDNA of CM33 was extracted from a 5-ml YPD overnight culture using the Published 7-May 2020 ~
Wizard kit (Promega, USA) following the manufacturer's protocols. The gDNA was hers s et
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CMa33

FJ143628.1 Rhodotorula paludigena ATT261

ABDBB546, 1 Rhodotorula paludigena 22A-9

IMF377375.1 Rhodolorula paludigena TLF1-1

KY109145.1 Rhodotorula paludigena CBS:5016

KY109143.1 Rhodolorula paludigena CBS:6667

NG 059770.1 Rhodotorula ngohengohe ICMP 22106

KJ607281.1 Rhadolorula glutinis HB44-1

7 ——— MN782348.1 Rhodolorula kratochvilovae CHF-15P

NG 068387.1 Rhodotorula araucariae CBS 6031

U76963.1 Pichia pastoris

0o

KF141702.1 Saccharomyces cerevislae

FIG. 1 Phylogenetic tree based on D1/D2 265 rDNA sequences displaying phylogenetic relationships between strain CM33
and other members of the genus Rhadotorula, The phylogenetic tree was calculated with the maximum |lkellhood method
with 1,000 bootstrap replicates and the Kimura 2-parameter model (B) using MEGA X software (9),

quantified using a Qubit assay with a high-sensitivity kit (Life Technologles, USA). The
lIbrarles were constructed using the NEBNext DNA library prep master mix kit for
llumina (New England BioLabs, Inc, USA), The DNA was sequenced on an lllumina
HiSeq 2000 platform using 2 X 150-bp palred-end reads at Novogene Blolnformatics
Technology Co. Ltd, (Hong Kong), leading to the generation of 29,333,333 paired-end
reads. Prior to the de novo assembly, paired-end reads with low-quality (Q value of =38)
nucleotides exceeding 40bp, N-nucleotides exceeding 10bp, and reads with an
adapter overlap exceeding 15bp were removed from the raw data. After adapter
filtering and quallty timming, de novo assembly of high-quality clean reads was
performed with SOAPdenovo v2.04 (6, 7). For all software, default parameter values
were used unless otherwlse stated. The genome slze was 20,657,327 bp, and It had a
G+C content of 64.3%, There were B2 contlgs with an Ng, value of 371,695 bp, an Ngo
value of 126,264 bp, 2 maximum contlg length of 1,647,824 bp, and a minimum contig
length of 20,441 bp.

Data availabllity. The whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the BloProject PRINA491831, BloSample SAMN10089541,
and accession number SWEAD0D000000. The assembled genome sequences are pro-
vided under the GenBank accession numbers SWEA01000001 to SWEA01000078. The
verslon described In this paper Is the first version, SWEA01000000, The raw data
sequences have been deposited In the SRA database under accesslon number
SRX6085390.
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The used of insects as protein sources is growing rapidly for a variety of reasons, including global food
security, sustainability, nutritional value and animal welfare. The nutritional composition and functional
properties of extracted proteins from two cricket species (4. domesticus and G. bimaculatus) were investigated.
Both cricket species contained high amounts of proteins (6070 % dry weight) with all essential amino acids
and 10-23 % lipids, The amount of omega-3 and omega-6 fatty acids and several minerals, such as P, Na and
Ca were also high. Proteins were isolated from both cricket species by solubilisation at pH 11.0-12.0, followed
by pH 4.0 isoelectric precipitation, The cricket proteins have high water capacity, moderate foaming capacity
and stability with high emulsion activity. Therefore, they certainly could be further utilized as ingredients in
various food types that could be an alternative nutritional source for both direct consumption and processing

for protein extracts,

Keywords: cricket, amino acid profile, protein extraction. fatty acid profile, polyunsaturated fatty acid

Introduction

Almost 2 000 species of insects are known to be edible and
have always been a part of the human diet. Ants, bees, beetles,
calerpillars, cicadas, crickets, dragonflies, flies, grasshoppers,
leafhoppers, locusts, planthoppers, termites and wasps, are the
most commonly eaten insects group (Jongema, 2017),
Approximately 113 countries in Asia, Africa, Australin and the
Americas, consider edible insects to be a well-appreciated food
(van Huis et af., 2013). Insect-consuming behaviour differs in
various regions depending on the cultural practices and the
availability of the insect. Recently, eating insects has become
not only an alternative source of proteins that offers a cheap
and sufficient nutrient intake in the human diet in developing
countries but also very popular in developed countries that
concerns about healthy food (Hanboonsong ef al., 2013).
Edible insects are the new trend on the food market worldwide

because they are not only a healthy food source and thal is
highly nutritious that is rich in protein, healthy fats, vitamins,
fibre and minerals with low carbohydrates but also are more
environmentally friendly to raise than other livestock protein
sources (Banjo et al., 2006; Zielinska ef al., 2015; Payne ef al.,
2016),

In Thailand, eating insects is not new. Thai people have
had a long history and tradition of using over 200 different
insect species as food. Crickets, bamboo caterpillars, silkkworm
pupae, grasshoppers and giant water bugs are commonly eaten
and sold regularly in Thailand (Yhoung-Aree, 2010; van Huis
et al,, 2013), Before now, most edible insects are collected
from nature depending on specific species’ behaviour and life
cycles. An increasing demand for edible insects has resulted in
insect farming worldwide. Crickets are the most common
species farmed, Recently over 20 000 cricket farms have been

*To whom correspondence should be addressed.

L-mail: Nalteewan Udomsil; nalleewan.udo@mahidol.ac.th
Mariena Ketudat-Cairns; ketudat(@sut.ac.th
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established in Thailand. However, only two species of edible
crickets, field crickets (Gryllus bimaculatus (Orthoptera:
Gryllidae)) and house crickets (Acheta domesticus (Orthoptera:
Gryllidae)), are farmed economically (Halloran et al., 2016).
The challenges in addition to developing rearing technologies
are the need to maintain the quality of the crickets and
consequently cricket flour for nutritional value, hygiene and
sanitation, This present work has been performed to determine
the amino acid profile, fatty acid profile, nutritional
composition, and mineral content of A, domesticns and G,
bimaculatus. In addition, protein solubility and functional
properties were also investigated. This information would help
to perceive the plausible of nsing insects as health food and to
record information of the nutritional contents of these two
commercial insect species,

Materials and Methods

Sample preparation Frozen adult house crickets (4.
domesticus) and field crickets (G bimaculatys) were purchased
from a local farm in Kanchanaburi Province, Thailand. Frozen
crickets were thawed and then air-dried at 60 °C for 48 h, Dried
samples were ground to powder and stored at 4 °C in metallic
vacuum-sealed bags prior to analysis.

Proximate analysis  The nutritional composition was
determined following standard methods recommended by the
Associntion of Official Analytical Chemists (AOAC, 1990),
Briefly, samples were placed in a crucible and kept in an oven
at 105 °C for 6 h. Then, the samples were cooled in a desiccator
and weighed to determine moisture content, Fat content was
determined after petroleum ether extraction in a Soxhlet
apparatus for 1 h. Ash was determined Determination of ask
was done by kindle the sample in a muffle fumace at 550°C
overnight. The Kjeldahl method applying a nitrogen conversion
factor of 6.25 was used to determine the protein content, Fibre
content was determined through the use of the Fibretherm
system, Subtraction of the sum of the moisture, total fat, crude
protein, fibre and ash from the total weight of the sample was
used to calculate the carbohydrate content.

Mineral analysis The ground crickets were digested with
HNO, and HC! in o microwave digestion system as described
above, Inductively coupled plasma-optical emission
spectroscopy (ICP-OES, Optima 8000, Perkin Elmer, USA)
was used to determine the amounts of calcium, sodium,
potassium, phosphorus, magnesium, iron, copper, manganese
and zinc in the samples. Standard calibration solutions with
concentrations between 0.5 and 10 ppm were prepared by
consecutive dilutions of the stock solution of the elements
investigated (Chem Lab, Zedelgem, Belgium),

Amino acid analysis The amino acid profile was
performed using a Biochrom30+ amino acid analyser
(Pharmacia-Biotech, Buckinghamshire, UK) followed the
slightly modified method of Udomsil ef o/, (2011), Briefly, the
ground samples were hydrolysed in a microwave oven (Anton

Paar GmbH, Graz, Austria) with 12M HCI containing 1%
phenol. Subsequently, precipitates after acid evaporation, were
dissolved and filtered through a 0.22-mm membrane filter.
Determination of cysteine and methionine contents was done
by hydrolysis after oxidation with performic acid. Tryptophan
analysis was performed after alkaline hydroxylation of the
samples with 42N NaOH. The samples were then hydrolysed
as described and analysed for amino acid composition,
Ninhydrin was used for post-column derivatisation with
photometric detection at 570 nm (440 nm for Proline). The
amino acids were identified and quantified by comparison with
standards (A6282, A6407 Sigma-Aldrich, USA),

Fatty acid analysis Fatty acid composition was analysed by
gas chromatography, GC-7980A (Agilent Technology, USA)
following the method of Bonturi ef al. (2015). Total lipids of the
ground samples were extracted with chloroform:methanol (2:1v/
v). Subsequently, fatty acid methyl esters (FAMES) of the total
lipid extract were prepared by transesterification in methanolic
KOH solution (5% wi/v) with the addition of a 10 % BF3-
methanol solution (Sigma-Aldrich). Gas chromatography was
performed using a Supelco SPTM-2560 fused silica capillary
column (100m x 250 pm % 0.2 pm) (Sigma-Aldrich). The oven
temperature was programmed to start at 70°C for 4 minutes,
increase to 175°C for 27 min, increase to 215°C for 17 min and
finally increase to 240°C for 10 min, Identification and
quantification of FAMEs were accomplished by comparing their
retention times to those of FAME standards (Sigma-Aldrich).

Protein exiraction Aqueous protein extraction was carried
out following the method of Fiste ef al. (2015). Briefly, a pH-
dependent extraction of the cricket proteins was done by
adjusting the pH of the extracts from 5 to 12 using 1N HCl or
1 N NaOH. The suspensions were stirred for | h at 30°C,
40°C, or 50°C. Separation of soluble proteins from the
insoluble residue was performed by centrifugation at 10 000=g
for 20 min at 4°C, Then, the protein concentration of the
supernatants was determined using the Lowry method (Lowry
el al,, 1951). Afterwards, the protein isolated at the optimal pH
value and temperature was precipitated by adjusting the pH
from 3 to 5.5 with 1 N HCI, Then, the proteins were centrifuged
at 10000 xg for 20 min at 4 'C. The obtained white precipitates
were dried in a hot air oven at 60°C for 1 h and stored at 4 'C
until further analyses.

Protein solubility Solubility of the cricket proteins was
tested using a slightly modified method of Hall ef al. (2017).
Briefly, the extracted proteins were dissipated in buffers of pH
3,0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0.
Each mixture was stirred at room temperature for 30 min and
centrifuged at 10 000 g for 15 min at 4°C, The protein
contents of the supernatant and total protein in each sample
were determined using Lowry method. Protein solubility was
calculated as a percentage.

Water holding capacity (IVHC)  WHC was determined
according to Mishra and Rai (2006) with some modifications.
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Fermentation of an Oleaginous Yeast Rhodosporidium
paludigenum for biofuels production

Pongsatorn Poopisut !, Chotika Gosalawit ', Mariena Ketudat-Cairns’,

Apichat Boontawan'*
"' School of Biotechnology, Institute of Agricultural Technology
! Center of Excellent in Agricultural Product Innovation, Suranaree University
of Technology, 111 University avenue, Muang district, Nakhon Ratchasima,
THAILAND 30000

! pongsatornpoopisut@gmail.com, ? ketudat@sut.ac.th,
I gosarawit@hotmail.com, * apichat@sutac.th

Abstract— A third-generation biofuel production was
investigated in a 500.L bioreator using an oleaginous yeast
Rhodosporidium paludigenum. This strain contains a high
triglyceride content, and the main fatty acids are Ci4, C16
and CI18 which are very similar to fatty acids found in
vegetable oils. The yeast was cultured, harvested, and
extracted the oil by using solvent extraction. After
Sermentation, a combined cross.flow microfiltration (MF)
process of concentration and diafiliration mode was
investigated for the recovery of yeast cell The membrane
Sfouling mechanism was investigated using cleaning method
in order to evaluate the major factors causing in the flux
decline. The flux of pure water was obtained at 80.05 L’ h
corresponding to the membrane resistance of 3.1 x 10" nr',
For MF of the whole broth, the flux sharply decreased and
reached its plateau at around 10 La’.h until the end of
experiment. Pure water was then added during diafiltration
mode for the removal of all impurities. After cell harvesting,
a clemical cleaning was applied in order to obtain the cake
and adsorption resistances. After cleaning with pure water,

the regained flux was obtained at 69.50 Lm’h, and the
regained flux after 1 wtx NaOH washing was 80.01 Lan’J. As
a result, the percentage of absorption resistance was 13.24%,
and the percentage of cake was 86.76%, respectively. The yeast

was dried by a spray dryer prior to extract the oil using diethyl
etiver as an organic solvent. After solvent removal, the lipid

can be used as an appropriate raw material for biofuels
production.

Keywords— Oleaginous yeast, Fermentation,
Microfiltration, Oil extraction, Biodiesel production

L INTRODUCTION
Oleaginous yeast species are an alternative for the
production of lipids or triacylglycerides (TAGs), which can be
an alternative to fossil fuels. Oleaginous yeast, can accumulate
oil more than 20% of dry cell weight. It can be used as the so-
called second generation biofuels (1) Moreover, lipids isolated
from oleaginous micro-organisms can be used as components

in several application such as, coatings, paints, personal care
products, and biodiesel (2). Fatty Acid Methyl Esters
originating from the lipids of oleaginous yeast show identical
fueling properties compared to conventional diesel (3).

In order to design the production process, microfiltration is
an important operation in the processing of bio-products, The
solid particle or microbial cells can be separated from a mixture
by forcing the fluid though a filter medium. The solid particle

can not pass through the membrane, and the particle will be
deposited on a filter that cause filter cake increases as well as
the resistant to permeate flow, In this experiment, a cross flow

microfiltration system was investigate of its efficiency to
removal of the oleaginous yeast from fermentation broth,

The objective of this study was to study the microfiltration
technique for harvesting of Rhodosporidium paludigenum, an
oleaginous yeast, from a 500-L bioreactor by using cassava
starch as the main substrate, The harvested cell was subjected

to spray dry, and a solvent extraction was employed for oil
extraction,

[L. MATERIALS AND METHODS

A. Fermentation study
The oleaginous yeast R, paludigenum was isolated from

Assoc, Prof, Dr. Mariena Ketudat-Cairns's laboratory. The seed
culture was prepared in a 500 mL medium containing (L)
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of; 70 g glucose, 0.75 g yeast extract, 0.55 g NH»SO4 0.4 g

KH;POy and 2.0 g MgS0,4.7H;0, respectively,

Cell cultivation began in a 5-L bioreactor at 30 °C for 48 h.
After that, the inoculum was transferred into a 50-L bioreactor
at 30 °C for 48 h. The batch experiment was performed in a 500-
L bioreactor with 350-L of working volume (BE Marubishi,
Thailand). The fermentation broth for R paludigenum was
prepared using cassava starch as the main substrate. The
hydrolyzed starch solution was liquefied by an addition of 0.05
wtw of thermostable a-amylase (Termamyl®, Novozymes,
Denmark) at the working temperature of 90 °C for 2 h (41, The

temperature of the liquefied solution was then decreased to 60
°C before being saccharified by an addition of gluco-amylase

(Spirizyme® Fuel, Novozymes, Denmark) at 0.05 wiw for 12 h
(5). After sterilization, the inoculum was transferred aseptically
into the bioreactor. During fermentation, temperature was
automatically maintained at 30 °C under aerobic condition. The
aeration rate was 0,75 VVM with the agitation rate of 150 rpm.
Fig. 1 illustrates the optical microscope picture of the yeast cell
(lefty showing the budding process, and scanning electron
microscope (SEM) of the cell with the size of approximately 5

pm.

Fig. 1. The optical microscope (lefty and SEM picture right) of

R. paludigenum used in this work.

B. Microfiltration set up

Oleaginous yeast cells from fermentation were separated by
using not only a cross-flow microfiltration, but also dead-end

filtration for study involving the volume concentration ratio
(VCR) in the experiment. The cross-flow MF experiment was

investigated using a spiral-wound MF element with the nominal
pore size of 0.1 pm (Synder's Filtration, USA) was installed in
a stainless steel housing The diameter, and the length of the
membrane element were measured at 102 cm, and 96.5 cm,
respectively, The feed spacer was 3 mm, and the total filtration
area was 427 m% A 0.75 kW pump was employed to re-circulate
the fermentation broth at the volumetric flow rate of 70 Lrmin
corresponding to the calculated linear flow velocity of 0.09 mus,

The feed temperature was controlled at 30 °C by using a
cooling coil submerged in the MF feed tank. Transmembrane

pressure was calculated from the feed, retentate, and permeate

2

pressures using conventional pressure gauges, After each run,
the membrane was firstly rinsed with RO water. It was then
circulated with 1 wtsw NaOH solution for 20 minutes, and rinsed
to neutrality with RO water. Finally, it was cleaned with 1.5 wtw
phosphoric acid solution before rinsed to pH 7.0 with RO water.

C. Resistance Analysis
Darcy's Law is used to describe flow through microporous
membranes during the microfiltration step, Permeate flux

declines owing to the accumulation of oleaginous yeast cell and
others particles on the membrane surface and causing pore
clogging (7). Darcy's law describes liquid passage though the

membrane as a function of the applied pressure (8).

Darcy's law
_ oao

0= o0 h

When 0 = Volumatic filtration flowrate (m?s)
0 = Darcy's law permeability (m?)
00 = Pressure drop across the filter medium (Pa)
0 = Viscosity of the broth (kg/m.s)
[J = Thickness of the filter medium (m)
The permeability and thickness of filter can be combine into

a medium resistance term .

0 _0
Jo =75

When [, = medium resistance (m™)
Equation (1) can be written as;

_ Dao
00g

00 040
r 0=—=—

O =—=
00  00g

At any instant during filtration basing on the Darcy's law,
rate of filtration is given by the equation;

100 a0
p=212-4 @
ooo oo

When O=Flux, and O=0g + 0

In this case O is a combination of resistance of filter medium
(Op) and resistance of cake solids (Op). And the resistance of
cake solids (Op) can be written as;

Og =00g3 3

When [, is the mass of dry cake solids per volume of filtrate
and (J is specific cake resistance. Combination of equation (2),
and (3) results in the following equation,

100 A0
oy « e 4
000 0(00gg+0g)

And integration of the eqution (4) results in;
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Anthocyanin pigments of purple corn improves rumen fermentation parameters in vitro

-C. Ban"’, P. Paengkoum'" and X, Z. Tian™
! School of Animal Technology and Innovanon, Institute of Agricultural Technology, Suranaree University of Technofogy,
Muang, Nakhon Ratchasima 30000, Thailand; * College of Animal Science, Guizhou University, Guiyang, 550023, China

*Correspondence: pramote@sut.ac.th; tianxingzhou@yeah.net.

Introduction

Anthocyanins belang to the class of water-soluble phenolic compounds, which possess numerous of pharmacological

properties to promote better health (Tian et al,, 2019a). To note, anthocyanins have the potential to increase antioxidant *

capacity and decrease oxidative stress of ruminants (Hosoda et al.,, 2012). Tian et al. (2019b) shown that goats’
receiving anthocyanin-rich plants displayed stronger levels of plasma superoxide dismutase activity and 2,2-diphenyl-
1-picrylhydrazyl scavenging activity, In addition, anthocyanins in plant extract were easily degraded by ruminal fluid,
and the content of anthooyanins gradually decreased with ineubation time by in vitro rumen fermentation technique
(Leatherwood, 2013). As a consequence, anthocyanins might impact on the rumen fermentation parameters, affecting
the health of the body. The objective of this study was to evaluate anthocyanin pigments of purple comn on the rumen

fermentation in Saanen dairy goats,

Materials and methods

The completely randomized design was used in this in vitro experiment: (1) control (Pangola grass hay); (2) low level of
anthocyanin (1%, LA); and high level of anthocyanin (3%, HA). The diets were formulated to meet requirements for dairy
goaty according to the NRC (1981). Rumen fluid was collected from the mouth of three healthy multiparous Saanen dairy
goats (42.50£0.50 kg; mean+standard deviation) using a vactum pump before feeding in the morning, and then taken to
the laboratory immediately and squeezed through four layers of gauze and mixed (1:2 v/v) with an artificial saliva and per
liter containing: 475.0 mL distilled water, 240 mL macromineral solution (5.7 g Na,HPO,, 6.2 g KH2PQ,, 0.6g MgS80,/
L), 240 mL buffer solution (13.2g CaCl,.2H,0, 10.0 g MnCl,.4H,0, 1.0 g CoCl,.6H,0 and 0.8 g FeCl,.6H,0/L), 0.12
mL micromineral solution (35 g NaHCO,, 4g (NH)HCO,/L) and 1,22 mL resazurin aqueous (100 mg/100 mL). Next,
the samples were transferred to the water bath preheated to 39°C and purged with CO, then add reducing solution (47.5
mL distilled water, 2.0 mL 1M NaOH and 336 mg Na,S.H,0). The 100 mL glass gas-tight syringes used as fermentation
vessels and were given 30 mL buffer with 0.50 g substrate.

All data were analyzed using GLM model of SAS 9.1.3 (SAS Institute Inc., Cary, NC, USA). Differences were considered
statistically significant at P<0.05.

Table 1. Effect of anthocyanin pigments of purple corn on gas production

Ttem, h' Control LA* HA SEM P-value
3 14.33° 15.37" 15,93 03377 0.0400
6 26.67° 29,67 30.83" ©1.0715 0,0779
9 39.77 42.93 41,67 1.1992 0.2493
12 48.67" 54,17 54.50" 0.7226 0.0046
24 75.00 71.67 79.75 1.4808 02159
48 94.67° 99.17°* 103.82° 1.7136 0.0501
72 105.50° 108.83" 113.33" 1.6055 0.0694
96 109.50° 11233 116.83* 1.8012 0.1211

Vulues with different letter superscripts mean significant difference (P<0.05),

! Values represented the means of 3 replicates (n=3).
! LA=1% level of anthocyanin; HA=2% level of anthocyanin; SEM=standard error of the mean.
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Results

The level of gas volumes increased (P<0.05) with incubation time and anthocyanin content (Table 1), Moreaver, the high
level of anthocyanin groups showed significantly higher (P<0.05) gas production from the insoluble fraction (b), potential
extent of gas production (a+b) and effective degradability (ED) relative to the control (Table 2).

Table 2. Effect of anthocyanin pigments of purple corn on kinetics of rumen fermentation

Item1 Control LA? HA SEM P-value
a, mL} 0.73 122 1.52 0.5648 0,6287
b, mL 108,17 110.20* 11537 1.6752 0,0546
b, %h 0.048" 0,051" 0.048" 0.0006 0.0193
a+b, mL 108.89° 111.42° 116.89" 1.6271 0.0335
OMD, %* - 8538 88.01 90,06 1.3409 0.1210
ME, M/kg 1224 12.61 12.90 0.1891 0.1210
ED, % 66.19" 69.68" 71.69" - 1.0876 *0.0309

Values with different letter superseripts mean significant difference (P<0,03).

! Vilues represented the means of 3 replicates (n=3).

LA=1% level of anthocyanin; HA=2% level of anthocyanin; SEM=standard error of the mean.

! a=gas production from the immediately soluble fraction; b=gas production from the insoluble fraction; c=gas production rate constant; a+b=potential
extent of gas production; OMD=organic matter digestibility; ME=metabolizable energy; ED=¢ffective degradability.

‘The OMD, ME, and ED were calculated according to Nan et al. (2018); OMD (%)=0.986xGP (24 h)+0,0606xCP+11,03; ME (MJ/kg)=

0.20+0.1410XOMD; and ED (%)=a-+be/(k+c).

Conclusions |

The current study suggested that anthocyanin pigments of purple corn had significant effect on the gas production, and
could increase the kinetics of rumen fermentation of a, a+b and ED. Accordingly, anthocyanin pigments of purple comn
have the ability to improve rumen fermentation parameters,
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The nims of this study were to sereen and identify PHA-producing strains by utilizing cassava pulp ns a substate
[or PHA production. The primary screening of PHA-producing strains using Nile red dying technique with directly
growing colonies showed 2 isolales, SUTR 1 and SUTS 1, posilive colonics, These were Candida rugosa SUTR |
and Agrobacteriun hanefaciens SUTS 1. Both isolales presented the spherical PHA granules inside the eells with
Nile blue A staining under the fluorescence microscope at excitation wavelength 546 nm. Quantification of PHA
yield from SUTR | and SUTS | were cultivaled in nitrogen limitation ns ammonium sulfate 1.0 gl and cussava
pulp 50 gL as a sole carbon source, The vesults revealed that the masimum PHA production by SUTR 1 and
SUTS 1 were 0.14 and 0.072 L, respectively, after 48 h of incubation. The purified PHA was charuclerized by
Fouriertransform  infrared - spectvoscopy (FT-IR) and  indicated that this biosynthesized polymer was
polyhydroxybutyrate (PHB).

ICeywords Polyhydrosyalkanoate (PHA); Biodegmdable plastics; PHA-produeing strains; Cassava pulp; Fourier
trausform infrared spectroscopy (FT-IR)

1. Introduction

Palyhydroxyalkanoate (PHA) are group of biodegradable and biocompatibility polymers of biological origin that
can be synthesized and accumnulated as intracellular material for the storage of carbon and energy in the
cytoplusm of bacteriul cells by abroad range of microorganisms in the envitonment (13, The polymers are
normally produced under nutrient limited conditions such as nitrogen, phosphorus while the carbon source in
excess (2, 3, 4, 5. PHA can be synthesized as homopolymer or copolymer or even their mixture depending on
the bactevial strain employed and the growth substrate supplied. The interest in this polymer are the only 100%
biodegradable polymers to carbon dioxide and water that can be produced trom renewable carbon source such as
agricultural waste and that having similar material properties of various thermoplastics such as polypropylene
and polyethylene (6, 7, 8). However, the main obstacle to growing PHA market is its high cost of production and

suitable bacterial strains that ave capable of PHA accumulating (105, Henee, there is a need of hour to search low
cosl sustainable alternative for reducing of production cost.

In the present study, The PHA production was studied employing inexpensive carbon source in from of
cassava pulp that is a fibrous by-product leRt over from starch production processes are abundant and still

contain a high amount ol starch content about 50-70% starch on a dry weight basis (9, 10) as a substrate in PHAs
production by directly without involvement of any hydrolysis steps. The extiacted polymer from the isolated was
confirmed by Fourier transform infraved spectroscopy (FT-1R),

2. Wlaterials and methods

2.1 [solation and identification of PHA-producing strains

In order to screening ol PHA-producing straing, the microorganisms were collected from cassava wastewater
treutment plant and previously isolated under nitrogen limitation condition, the 10% (vav) consortium was
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cultivated in a minimal salt medium (MSM mediuny [11], supplemented with 10 gl glucose as a carbon
substrate and incubated at room temperature at 150 rpm. After that, the isolation of PHA-producing strains was
done by spreading plate technique on MSM agar supplemented with 0.5 mg/l Nile red (12)and incubated at 30°C
for 72 h. The culture were observed exciting ol orange or pink colonies under UV light at wavelength 360 nm.
Finally, these colonies were selected for PHA-producing strains analysis. The selected microorganisms were
identified based on morphology following by Bergey's manual (13). After that the taxonomy of these sirains were
studied by 168 rRNA sequencing onalysis by Mahidol University-Osaka University Collaborative Research
Center for bioscience and biotechnology (MU-OU CRC), Thailand.

2.2 Sereening of effective the amylolytic-producing microorganisms

The amylolytic-producing elficiency of the isolated microorganisms were evaluated by point inoculum
technique with Yeast-Peptone Cassava agar (YPC medium; 0.5 gl yeast extract, 0.5 gl peptone and 5.0 gl
cassavn starch, 18 gd ngan), The isolates producing amylolytic enzyme exhibited clear zone around colony when
poured with Lugals iodine solution and measuring the diameter of clarity of the clear zone. Colonies were

purified by streaking three times on YPC agar plate.

2.3 PHA -producing strains growth analysis
The growth of each isolated strains was studied by colony count technique as a ten-fold dilution performed with
sterile 0.85% NaCl solution. The number of viable colonies wos determined daily by spreading plate technique on
MSM agar after incubated at 30°C for 48 h. The growth curves were plotted semi-logarithmically during 7 days
of incubation time.

2.4 Observation of PHA granules

PHA accumulation cells were grown in MSM agar after incubated 72 h were taken smear on clean glass slide,
heat-fixed and stained with 1 Nile blue A solution for 10 min. Afer being stain, the slide were washed with tab

waler to remove excess stain and cover with 0.1 mm. cover slip. Fluorescence of culture were measure alter
staining with 1« Nile blue A by fluorescence microscope (Carl Zeiss; Axio scopy A 1)at excilation 546 nm. For
the presence of PHA wilthin the cells as indicated by the intensity of bright orange fluorescence.

2.5 Preparation and optimization of substrate concentration

The cassava pulp was prepared by heating ol wel cassava pulp at 60 °C for 24 h followed by grinding and
sieving through a 0.5 mm mesh sereen. The dry pulp was store inside plastic bag in desiceator.

2.6 PHA production
The production medium was contained a cassava pulp as a substrate, The microbes were cultivated in a 500 ml
Erlenmeyer flask containing 200 ml of MSM medium inoculated with an inoculum of 10 soww. All Nasks were
incubated for 72 h in an incubator shaker at 30°C at 150 rpm and collected in every 6 h after incubation. The
samples were cenlrifuged at 7000 rpm for 15 min. The supernamnt was used for residunl nutrient analysis
including total sugar measured by DNS method (14). The residual nitrogen in form of ammonia nitrogen were
determined according to standard methods for the examination of water and wastewater (16] and the pellet was

collected for PHA extraction

2.7 Extraction and quantification of PHA

Biomass suspension were harvested by centrifugation. The cells pretreatment was lysis by 98+ ethanol and
agitated on rotary shaker at 200 rpm for 2 h. The mixture was centrifuged to collect the polymeric sediment and
the supematant was disearded. PFA wog extracted by vefluxing the cells with [,2 dichloroethane 50 ml at 70 °C
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for 2 h. The mixture of the cells and cassava pulp debris was removed by filtration. The 1,2 dichloroethane
solution containing the extracted PHA was concentrated by evaporated on water bath at 50°C and the
precipitaled PHA was re-dissolved in a small volumes of 1,2 dichloroethane, Then, the solution was poured into
watch glass and evaporated in a fumigation hood to constant mass. After that, measured the amount of polymer

by dried weight.

2.8 Characterization of polymer

Fourier transform infrared spectroscopy (FT-IR) was used to record the spectrum of extracted PHA using
altenualed lotal reflectance (ATR) mode. The PHA polymer film was subjected to FT-IR under the following
scanning condition; absorbance spectra at wavenumber 4000 and 400 ¢m' average 64 scan times.

3. Results and discussion

3.1 Isolation and selection of PHA-producing strains

The Nile red colony staining technique was used for sereening of various environmental niches for isolation and
identification of PHA-producing strains, This strain can subsequently enter the bacterial cells and bind with PHA
inclusions giving rise o pink or orange distinctive fluorescence under UV light (121, In the present study, a tatal
of 5 isolated colonies were obtained from the wastewater sample plated on nitrogen-limiting MSM ugar
containing glucose (10 gl and Nile red dye (0.5 mgmb (121 The investigated microbes were identified as
potential PHA-producers, namely isolated SUTS | and SUTR 1. Both strains showed positive colonies with the
fluorescent dye. The colony of SUTR | was circular shape, entire margin, convex, smooth, non-pigmented and
Gram staining represented Gram positive. The second of isolated is SUTS | appeared Gram negative stain with
short-rod shape, while the colony type was circular in shape, convex, smooth, white and opaque, The 165 'RNA
sequences obtained for SUTR 1 and SUTS 1 revealed that the first strains was yeast Candlida rugosa SUTR |
(99 identity). SUTS | showed u 100w identity of Agrebacterium timefaciens SUTS | that was capable to
degraded cyunide contaminant and be able to synthesized PHA inclusion in their cells [15),

3.2 Screening of effective the amylolylic=producing microorganisins

The evaluation of the amylase-producing efficiency, based on the clear zone around colony, il was indicated that
SUTR | and SUTS 1 could produce amylase enzyme. The result represented thal they can use cassava starch as
a carbon source and showed the amylase-producing feasibility. The isolated amylolytic strain SUTR 1 and SUTS
| showed an average diameter of clear zone was 5 and 3.5 mm, respectively.,

3.3 Growth of PHA-producing strains

The growth curve of isolate SUTR | showed a clear exponential phase followed by the stationary phase. The
highest growth rate was oblained on day 4 of the incubation perfod approximately [0* CFUml while the
maximum growth rvate of SUTS | showed the exponential phase sturted on day 2 and [(inished on day 3 of
incubation period but did not present the stationary phase of this strain. The maximum growth of SUTS 1 on day

3 that was 10° CFUinl.

3.4 Observation of PHA accumulation in the cells

Qualitative assessment of PHA granules formation were bused on the intensity of fluorescence technigue to
confirmed the ability to accumulaled PHA in their cells by applying the fluorescent dye Nile blue A (161 For this
reason, the both isolated revealed the PHA granules which fluoresced bright orange and appeared as intense
bright images within the cells (Fig 1).The PHA storage inclusions from yeast SUTR | was found to be the most
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content PHA producer that contained red huge inclusion bodies in the eytoplasmic fluid and an appear as highly
refractive fluorescence inside the cells with the intensity mean value revenled of 3435. On the other hand,

bacterin SUTS | showed very small PEHA granule, the fluorescence mean value revealed of 1778, As a result,
Yeast was found to be the most content PHA. [L might be the yeast cells are larger than the bacterinl cell and
metabolisms or nufrition physiology are sufficiently and Qexible to fucilitate such production (17),

Flg. | Epifluorescence off PHA inclusion bodies within cells of isolated stained with Nile blue A o) Candlida rugnsa SUTR

| and by Agrobacterium tumefaciens SUTS 1.

3.5 PHA-production

The results indicated that PHA accumulation were associated with PHA product(Fig 2). The PHA aceumulation
by yeast SUTR | significantly increased when all cultures reached the exponential phase until stationary phase,
The maximum values of reducing sugar reached up to 144 wl that could produce PHA 0,14 gl similar the trend
of cell growth rate with the maximum cells count which was 10 CFUim! while an ammonium ion concentration
lessen to 0.15 @l at 36-48 | in cultivation. [However, the maximum value of PHA content from SUTS | was
obtained 0.07 gl with the maximum cells count approximate 10 CFUnnl whereas the reducing sugar and
ammonium ion concentration contained 8.7 wl and 0.09 g, respectively at 48 h of cultivation. As u result, the
amount of PHA production reach up corresponded with high amouni of sugar and low amount of nitrogen
source. In contrast, the PHA accumulation decreased with decreasing of sugar concentration but the cell grew

continuously which indicated that the presence of an intracellular PHB depolymerase (1 7.
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Fig. 2 The ubilities of PHA production by using reducing sugar as u carbon souree from cassava pulp and iINH,,80, 1.0 gil.

ay Candlicles rugosa SUTR 1 and by dgrobacrerium onefaciens SUTS 1.

3.6 Characterization of extracted polymer

Polymer extruction from SUTR 1 and SUTS | were observed to be depositing as o thin film, that production of
PHA were characterization by FT-IR spectrum. Meanwhile, this spectrum was practicaily identical to a
commercial polyhydroxybutyrate (PHB) mequired from Sigmay. All spectra revealed the typical band functional
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groups characteristic of PHA, included hydroxyl group (O-H; 32003500 cni, carboxyl group as an ether bond
(C-O-C; 1185-1228 em’) (18), Alkane (C-H; 29222929 cm’) and carbonyl ester bond (C=0; 1600-1850 cm™) (19,
with similar values to commercial PHB. The assessment of functional group as shown in Fig 3. Thus, these peaks
were clearly established the precipitated materials as PHB from the extracted cells. However, the composition of
polymers was found to be varying with type of microorganisms and growth substrate used (20},
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Flg,3 FT-IR spectra of PHA extracted from a) Candice rugosa SUTR | and by Agrobacrerivm tumefaciens SUTS 1.

4, Conclusion

Candida rugosa SUTR 1 showed the highest values of specific growth rate (u 0.9 h"' and PHA concentration
0.14 g in nitrogen limitation condition. The charncterization of purified extracted polymer that indicated this
biosynthesized polymer was polyhydroxybutyrate (PHB). The further studies will provide useful data about the
oplimizalion conditions to improve this strategies that can be utilized for industrial production of PHB, a fast
emerging alternative non-biodegradable plastics by using renewable carbon sources,

Acknowledgement  The authors are grateful (o the director of Chuodee starch (2004 Co,.Ltd. for permission to collected a
cassava pulp and wastewater sminples. The authors acknowledge Suranaree University of Technology, Nakhon Ratchasima,
Thailand for providing the facilities und funding,

References

[l] Jendrossck D. (2007), Peculiarities of PHA granules prepuaration and PHA depolymerase uctivily  determination. Appl.
Microbiol, Biotechnol. 74: 1186- 1196,

[2] Dol Y, Segawa A, Kawaguchi Y, ond Kunioka M. (1990). Cyclic natre of poly(3-hydroxyulkanoate) metabolism in
Alcaligenes eutrophus. FEMS Microbiol Leu. 55;165-169,

[3] LeeS.Y. (1996) Bacterial polyhydroxyalkanoate. Biolechnol Biveng, 49(1); 1-14.

[4] Shrivastav A, Mishea S, Bhumi S, Imean P, Deepti J, Sanclhya M, (2010). Isolation of promising bacterial struins [rom
soil and marine environment for polyhydroxyulkanoates (PHAS) production utilizing Jatropha biadiesel byproduct, Int
] Biol Macromol, 47; 283-287.

[5] Quillaguaman J, Delgado O, Mattinsson B, Hatti-IKKaul R, (2006) Poly(beta-hydroxybutyrate) production by a moderate
halophile Halomouas boliviensis LC1. Enzyme Microb Technol. 38; [48-154,

[6] Cervantes-Ue JM, Catzin J, Vargas [, Hervera-Kao W, Moguel F, Ramirez E, Rincén-Arriaga S, Lizama-Ue G. (2014)
Biosynthesis and characterization ol polyhydroxyalkanoates produced by an extremie halophilie bacterium Halomonas
nitroreducens isolated from hypersaline ponds. J Appl Microbiol. 117(4); 1056-65.

[7] Ehin A, Le Fellic M, Corre Y.M, Le Grand A, Le Tilly V, Audic 1L.L, and Bruzaud S. (2015) Rapid  and  qualitative
(uorescence-based method [or the assessment of PHA production in marine bacteria during batch culture. World J
Microbiol Biotechnol. 31(10); 1555-1563.

[8] Grace M.R. (1977) Cassava Processing. Food and Agriculture Organization of the Uniled Nations. Rome,

[9] Balagopalan C, Ray R.C, Sheriff J.T, Rojalekshimy L. (1994) Bioteenclogy for-the value addition of waste waters and
residues [vom cassava processing industries. In: Proceedings of the Second International Scientific Meeling of the
Cussuva Biotechnology Network, Bogor, Indonesia, 22-26 Aug 1994,

[10] Panichnumsin P, Nopharatana A, Ahring B, Chaiprasert P. (2010) Production of methane by co-degestion  of cassava
pulp with various concenirations of pig manure. Biomass Bioenerg, 34; 1117-1124.

[11] Sudesh I£, Abe H, Doi Y, (2000), Synthesis structure and propertics of polyhydraxyalkanoates: biological polyesters,
Prog Polym Sci. 25; 1503-1555.

14

188/193



Lxplaring Microorganising: Recent Advances in Applied Microbiology

[12] Spiekermann P, Relun BHA, Kalscheuer R, Baumeister D, Steinbtichel A. (1999). A sensitive vinble colony  staining
method using Nile red for direct screening ol bacterin that nccumulate polyhydroxyalkanoic acids and  other lipid
storage compounds. Arch Microbiol. 171; 73-80.

[13] Bergey D. I and John G. H. (1994), Bergey's manual of determinative Bacteriology. Willinm and Wilkins, Baltimore,
Maryland. pp. 71-74,

(14] Miller Q.L. (1959). Use of dinitrosalicylic acid vengent for determination of production of fructosyltransfernse by
Penicillivm purporugenum. Braz. J. Microbiol, 38:194-199.

[15) Potivichayanon S, Kitleartpornpairoat R (2010) Riodegradation of cynnide by a novel cynnide-degrading  bacterium.
Proceedings ol ICEESD 2010 Internntional Conference on Energy, Environment, Sustainable Development in World
Acndemy of Science, Engineering and Technology, Paris, France 66:606-609,

[16] Ostle A.G, Holt J.G. (1982) Nile blue A ns a Nuorescent stain for poly-beta-hydroxybuterate, Appl Environ Microbiol.
44(1); 23841,

[17] Breuer U, Terentiey Y, Kunze G, Babel W. (2002) Yeast as producers of polyhydroxyalknnoates: Genetic engineering
ol Sacenromyees eerevisine. Macromol Biosel, 2; IR0-3R6,

(18) Weng Y.X, Wang X.L, Wang Y. Z. (201 1). Biodegradation behuvior of PHAs with different chemienl structures undey
controlled composting conditions. Polym. Test. 303 372-380,

(19] Hong K, Sun S, Tian W, Chen G.Q and Huang W, (1999) A rapid method for detecting bacterial
polyhydroxyalkanontes in intact cells by Fourier transform infrared spectroscopy, Appl Microblol Biot. 51; 523-526,

(20] Jhonson I, Jiang Y, Kleerebezem R, Muyzer G, Loosdrecht M.C.M.V. (2009) Enrichment of o mixed bacteria culture
with a high polyhydroxyalkanoate stornge eapacity. Biomacromolecules, 10(4); 670-676.

185

189/193



/A
&

*,

Prerauinate
dndvmenans
Mededduiansine seAuliyyiei

a ar = e
EuAEN M INeNdY  iNavaaydAn1saEINsAnw

mamsAne? 2 Unisdnen 2562

Yiginermansindia (@29ve1)  iesidoududu 1
&MUl tusyda fo-ana whein  wiusveu  wiusveu  JuduSanisfine v
aould  AzuuuAY AvwuuRAY
avau  wivuen
1 B5980758 wuwamAniian 25unuNIe 174 3.98 3.97 2 fiquieu 2563

7734 1 AU

190/193



SUT ANNIVERSARY
Escrblant Acadamic Wpiiiulen i $T1
e Sachei Accounlabiily

dnindvuvaluladnisinuns
sedegduiansfine seiuigyed
LEUBANIUMIINYIAY tﬁ'auaaqﬁmiﬁm‘hmiﬁnm
MemsAneil 3 UsesiUnasine 2562

Yiggrineraraasiudin (naluladnisudadad)

ﬂi’u CENEEERTY fo-ana mhein  WANTSAUAZILY  UANTEAUAZUU
dauld ldvazay asTedven
1 B5751686  umay (Spaune 193 2.08 2.05
2 B5854509 w7 wehdvie Aimuau 185 . 271 2.82
394 2 AU

"_LIif_l‘?Ir‘_ﬁj’lll_J‘_l.fi:li_lni-.'lfl-ﬂ!lhﬂ_f\‘lLI‘IH'__;"!iqﬂﬂ_i\lﬁ: 2 NilERaITY

Juduie
N15ANY
8 WownIAN 2563

8 WuNIAY 2563

mnomeg

191/193



dinduniaansiuaans
sedadduiansdnu ssiuieyied
a - wea
\WURAN1IYINTT WavaylAn1sdEan1sAnw

mansanedl 2 Unnsdnwn 2562

Uigayriaanssusmansiudio Gaanssusiusu)
o o = o ¥ - W ar W a [ |
A19iuf LavlsEnna io - ana WU UWANTEAUATIUY WANTEAUALIUY TudidnTanisfnu IUTT
[T} o P -
aauld WRAYAYEN  RAYTIeIYIeN

1 B5716494 wwaUgumid (dnieined 195 2.06 2.01 21 quAWUS 2563

192/193



HULPRIUNISANETEAUT udfinAN®T daindunidanssudand

A ot wr L™ -
o inAinneumsdnunszduiudindnmn
Gou vmynsanznsansusssdniniuimnsamand

faeininun Fo-unmang . ML HNE Moo nseseeee WatinAn ... M5841240. .. .......
Iiineiwusluidodes . Avwavesfauanmedanadugimnshiiaa. snswminura
BIIMITNRM. e e mnmsseesssssssssssssssssessssssssssssssssss T,
(nwdangu) ... INELUENGE.QF. CASTING. BARAMETERS. Q. THE. GRAPHITE DEGRARATION.IN.CASTING. SIKIN
QF. SPHERQIRAN GRAPHITE BN, .cvvrrerssssssensssssssssssssssssssssssssssssssssess
fimunsvasdsraesumsfinunlusziu l?]/umum-ﬁm [ oy Unudio

v
oy

v - o v o &
V\QmﬂtlﬂULﬂﬂﬁ'ﬁﬂﬁl'ﬂﬂu NWW%ﬂNLLﬁ"JﬂQu

[y [ v | - -
0 wwwdseiiindnw Aldsunsamnnidmihiieneinedwusidsuiooud

ol o v - )
unaainfnwldUsEnaunsveaunsany teluunaalusedu

O duuunenumniasivnigseduuni M Ry SN orcerrmeernns
- w - -l W w - o
0 dwununain9e113n133sauuiuneni VN wrvrnsensnenn ARLZA VR 7 R T 171" LV

0 dwwnaredsudugUuulumsssgivnesedunid
| - v oal . v
11101317 — 1817513 7 — L1 TElTV7Lv TR - S

0 dwrmaddediuguuuulunmlszpanmsssduumni
w ﬁ a el @ v
VINNUMN s DIVMU M., VNUTUNUT e, B i

Q}L v
asile ”\r&i“Q}N”\%

AN e R

pauRRuvoninAnwm
[0 indnnléfunu aun wasldvuuienansiusessanuumisuwd
00 dnAnwladuyuiaidude
B ndnwnl#Funu OROG wagldiuenasiusosmaauumionud
0 ‘hidnduspavensiuremaauananiuiden

A vefusoeimauitinailivnngyiu Beall’s List AT9960U 0 Ao

M v = o v
ﬁ\l‘mﬂﬁ1’)%?!E1ULE)nE!'ﬁLLUU'lud"Ju1"I 1 Y}ﬂiﬂﬂﬂﬂitﬂﬂﬂL‘SUU‘iﬂuuﬁ‘]

osduInuinentiwuevan Bt 23 A0 ...
8490 .. Z ﬁ
Vamiaw i o WAL AT "ﬂ e

T WhiindAndhidniumonmail wianerwsduimnnann Wiininmbidaiioung myiden wouonersunmnsins ver, 16 Ocober 2018 175/193



' gy AUM-OROG-11
oV ATouaz MY

/‘\\ "o i 1430 /1
i Uufindemanu |, 11 WA D0

M ainendomalulalqaud om0 A%

miogeny awfin. Dpous UM dninin %ﬁwmmm LA, S
T N R 10 I “"qmm‘w

doe dawaemu OROG

Gou  dimnemaamiAdeuaviinn o )
Hwdh fo-wn... AVNGLD AN .ot V), 04 240
3/ Email . NOLAVIM @8‘%‘1 I Iiunu Yssinmpunmedneuwddndnwizdu

Voufnineiieaneseldiunadosnumdeyuniousn (OROG) mussmeumyingndes afed ........ O
veddHa OROG WislivszneumsRvasandwesumafin dail

nadlinAnwissAuigiin

L El’umuwdnmm'lmﬁmmﬁmﬂuimsi‘wmwﬁ i1l Peer Review SN ... 1300

2. [ wouwinaaniifuenansatudiu (Full papen) lwanainmadseplioims (Proceeding)
suiumR (msdsepmadvnsiidalusiessme yia Sndouratssme i
frnnsamsimAnmatidunadiiame >25% yin ua41u3€uﬁl6ﬂ1iauaﬁﬂswaﬁ‘mmﬁ
uargndmdeniluiRaiursesivinglugnidoyaaina Wy SCOPUS IEEE W)

3. [ andiny via oyfvdtng dmu ... Buay

nathinAne1ssivuigguen

1. O wowwdkaeivasensssdumnuniiitil Peer Review g aglugnalioyaaina fio SCOPUS, Is|
win grudeyaanadl ana. sendu Wy Web of Science, MEDLINE, BIOSIS, SciFinder, EICOMPENDEX,
INSPEC, Social Science Citation Index (ISI), Social SciSearch, ERIC, PsycINFO, Sociological Abstracts,

Arts & Mumanities Search, Linguistics and Language Behavior Abstracts $1U7V ....weuersien doa fail
diu Formamaziuunmd Fognidoyaana
1)
2. [ wowwdwaanibnmssassivumnunsnasivesdineunesuativeyumde (@m.) wia
wasdinemianEnTIIMINTRANANY (EN8) S .. B0 AT
iy Tormanrsivunui (narsvedne) 7 ans. am. vesdy
1)
3. ANBURT SN e VU

wiouuid Wuenarsumneuntifiersan W
IR 1 msfiReinaanluaniens
1.1 waniifand atuitldfunasiiuuds (Article) e
O 1.2, mi@onouium iR (Accepted Letter) yag tavwfuatiu (Accepled Article)
O 1.3. Print wih Web Page fluanviraglugmudioymiuq aamegudoyamon vl v.ion

IRD-SUT-OROG: UAN-0GOG-11 aynsvini 1/2559 Wle 7 lquieu 2559 wh 190 2

178/19



N3l 2 wewwinaamifduenasatiudty (Full papen luenasnisysepAnmasssnmni Geme vl
O 2.1 navniRusiatuds (Full paper) ugy :
O 2.2 woanfwandiuidumsUsspAvimersduumnnei
O 23 midensviuriomlifovouguniminauerau

3l 3 Avddns wie oy@nBUny Wuuonaniftuansdliddy
O 3.1 dvdins vie O 3.2 aydvdtng Gamse Uln)

e Wnfnydesrmssouisnimmrinerdumalulalgnnd dos il stdiinainuinddmfunsiidanarfinviv
dufafinun ne. 2557 renam o Yuil 30 et 2557 nd1afte nrensihhusssduifaifohiusnglu Beall's List Predatory
open-access Journal Win317a13 AudslaodainAuvilliideus nplu Beall's List Predatory open-access publishers Vuledide
nmossunsiersmmunedninfuiiusnglu Beall’s Ust: https/scholarlyoa.com/

Famanidlelusafioran

(ﬁﬁja}.....m.ﬂp.%‘ M, eeveens AN (@48) ... : ................................. psET ANy Tineafing

(W“’“ﬁ‘“““\&ﬁ“ﬁ*) (00, Mo wme¥
.......... ////
(@28) ..o { ...... ';W; ﬁ...ﬁmwﬁwﬁ"namu%’a

(ﬂﬁ%)diii’ﬁmmﬁ‘mmmi‘u--uua’tammuﬁ
( gt Aenyimand -

dwiuan1haduuaswann

Namwmﬂnumwﬂizm'mwﬁﬂmﬁ'umﬂ'[u'[ﬂﬂg'rm'%ﬁm miliuasEneuidnAnssduiudiadnu
ﬁ'ﬂmmsﬁlﬁ%(’%w’]Q'r'wmtma'mumwon WA, 2553 fall :
Wulumudeulvsesusymerm 1"
O Tadlun ol vnoaussne NI o
O Tusd S oyRADNATRUBH T oo

-

v
wne1sd aaflmet guTane
104%‘?11“” NITENNASELAY oL

IRD-SUT-OROG: #uUm-0GOG-11 pynIniInag 1/2559 iife 7 flquany 2559 Wih 2 91n 2

179/193



\

’man ..i'ﬁ:

dindunanarsugusand

mudeffduiansfine seiutudindne
luednuinedy WeveaylAnmsduiansfine
nen1sAnedl 3 Ynasdnen 2560

iy ineenaasmiudo GaRianndeuuazanuasais)

d1duil Lauusvdnia #o - ana whwfindould  udnszdvazwuy  Sududuntsiine winow
Ry
1 M5670024 uwamiau uasiny ar 359 17 wquneal 2561

wdeinerdwid  mifadenuuaiideidiruaanselunasdanedlonsenfueaniluealaeldmniudwends
Wuimgiuiesdanarafindanin

THESIS TITLE  ISOLATION OF POLYHYDROXYALKANOATE - PRODUCING BACTERIA BY UTILIZING
CASSAVA PULP AS A SUBSTRATE FOR BIODEGRADABLE PLASTIC PRODUCTION

90 1 AU
FEE uumidnendn o.qsuns aadon panssmdinn J0000 Tel, 0-442:2-3000 Fox, 0.4422.40/0 o/ 3|
FET Unibvassity Acesoue, Suly Dlshic Soononee, Maongy Distacl, Sakhon Batehosime 30000, H!uﬂrllup




phadnovravinalu

4 p"‘.}w"s @ Vil it 0 P

Ho-umana
\auUgzaia
wingaTav1ivn
dridndun
yunsAnuldTu

g1sdiuIneIneilwud
oAnuniwug :
nwilny

NEBINGY

douvsTannIg

A

AT

Memdyinaluladd

axiudiain

UNEAMIIUN  ivasiny
M5670024
yaiwdaadsuiasamasnny

asnIniguenand

J o - At
yunmsAnwitndnusziuludeinyiinanasdlaiuitennuvaamu
mevennneaueaiuayunTIdeuaziami (OROG)

fahermansnnsd as. dnnsal Tndlvemu

msfadenuuafiFeilamuannialunswaanedlonsendusanluien
Tneldmndfudendaduingiudendnmaraiinianm

ISOLATION OF POLYHYDROXYALKANOATE - PRODUCING BACTERIA
BY UTILIZING CASSAVA PULP AS A SUBSTRATE FOR
BIODEGRADABLE PLASTIC PRODUCTION

900001 : COMPREHENSIVE EXAMINATION iuiilemamsfimenit 1/2557

otonaanSSeilaTunsaRuimeung ;

¢+ medounemAderldsumsitRmlumsUsepAnmsseiu
Q Owi MO unnnid

Toensakes, R., Potivichayanon, S., Tittabutr, P., and Vao-Soongnern, V. (2018). Isolation and
identification of biodegradable plastic polyhydroxyalkanoate-producing strains by
utilizing cassava pulp as a substrate. Exploring microorganisms: Recent advances in
applied microbiology. Biomicroworld2017 conference, 18-20 October 2017. Maclrid,

Spain. pp. 180-185.

&
NAIUDU % -

P fahetinide
shumbaagiadudiymn ; 219158

al o - LY y v
Anunvinan aunireunivdnaoy
mneauinFwi 0 4422 3936
winsaulnsens -

da vl
AnNGARD 85 i 12 . Tannam o, 1iles 9, unsTwdin 30280
mneaunifni 0827477358
E-mall rattan.t58@gmail.com

1 oumvdninds aasund oo unsswidtn 30000 Tel. 0.4422.3000 Fax, 0-4422-4070

111 University Avenoa, Subs Distiber Soronenas, Muang Dishiel, Blallon Rotchasinn 30000, |||ui|r1|_§1/193



fUIN-OR0OG-11

I A Sonninnn
// \\ dudintanny ol 4491254

?Jya o " " e '.!'w|29 Wﬂ_ﬂ}{)}
4« AR wnanedemaluladgsuts an. 0110
Nrnmnruh‘ ¢ L ROV o i 5LV S0 1l

inio
Mg awﬁ-m......‘if;l?ﬂ.?}.,‘.f?if.'.’?.f‘..’?.?:‘.].........ehﬂ‘n"i'm........E?.??.E.!!f.?’.f‘f.f’f‘.‘f‘.’f{ Tnadwit, 133 '[wsm‘sJ 352

TN . e A5 2. . S 1| 2}”0’5‘3
09 WAL OROG

Beu  fgnnensandiuidbuaziang

i Jo-ana.. 1S an '.,..‘{1’]1*’7““” o SREUTS WA, , MO ET0024:
3/ E-mall ... hﬂﬁmiﬁ?@ e lm‘u*qu Usy mwmmﬁﬁnmununﬁnuwmu
unmmﬁnmmmmwLmwmmammmmmumﬂuaﬂ (OROG) AsemmmTInyTae- aded .11 1. 2996..,

‘lleﬂBJﬂﬂ"luml OROG lﬂ‘iﬂ.’ﬂﬂ‘i ¥NBUM TR TANAIVBIUNTANN ﬂ\'lﬂ

nin’h.lnﬁnu'ﬁ"ﬂuﬂ‘%mm'ﬂlw
] wmmwaaw’lmTiﬁ'rﬁ.,mu-znmmiumummmm iiil Peer Review 111 .. . 309
2, [ weunsnaamiihuenasatuid (¢ ull paper) 'Lumnaﬁnﬁﬂiu'qmmnw (Proceeding)
FEAVUWIA (n'mJs::'q:mm-mnﬂiwaﬂ'lumwi"mm ,14_ A9 Uumqﬂﬁ., e m
ﬂﬂm“ﬂ'i'i:un‘]'iﬁl'}u'il‘ﬂ'lﬂ'l‘i?lL‘LJ‘N'U'l’Jﬂ’NIJ‘i»I.'}'Iﬂ 225% ¥R :-Jammwﬂmemua’hmﬂmlmmms
I.I.Ei“gﬂﬂﬂtﬁﬂﬂ'li’] lﬂmwuw'lu'mmmﬂﬁng'lygwuayamna 1 SCOPUS IEEE Wus)
3. [ ansUns yda ey@ndins 10 e, T

nadhinAnwiszsuuSeyaen

. O muuwmam’t‘ufﬂﬁamvmummmmwﬂ Peer Review uay olugteyaaina fie SCOPUS, ISI
win grudoyadanail ana. ueudy wWu Web of Science, MEDLINE, BIOSIS, SciFinder, EICOMPENDEX,
INSPEC, Social Science Citation Index (ISI), Social SciSearch, ERIC, PsycINFO, Sociologlcal Abstracts,

Arts & Humanities Search, Linguistics and Language Behavior Abstracts UM ......nen o ﬁ'ﬂﬁ
dwiu Fonsansredmmni ogmidayaana
1)
2. [ wowwswamilunsasssiuumuninunasivesdninmunemuaivammive (anm.) vie
ar o -J aJ
Y4dINIUANENTINTNTRANANYT (BN8.) TN 1o, 13D dail
iy Jomsanssedvununni (smsuealne) 7 ane. am. veudu
1)
3, AMBUMT S e I

whauihuil lduuenansusznaumsfisnsan dun
nsd 1 nosiRainaauluasans
O 1.1 o atuiliFunasinaiuda (Article) w3
O 1.2 mhadonouiunsifiud (Accepted Letter) wag Hasudualtiu (Accepted Article)

v -l ' v & )
O 1.3. Print wii Web Page fiuanainaglugdeyaiiun (amizgnteyaaing nil Uian)

S

o " 7
IRD-SUT-OROG: #uv-0GOG-11 ayn3un194 1/2559 ilo 7 Hnueu 2559 ‘ Wi 1an 2 182/193
1




LUUYDUNISANEITEAUUNAnAN® drundurddanssusans

A L - ar s -
1599 UNANWIIUNITANYITEAUU IR AN
Suy La'ﬂ’l‘l.‘m'l‘iﬂmsﬂ‘.i‘is.fﬂ']iU‘iSﬁ’]ﬁ’]ﬁﬂi‘ﬂ'ﬁﬂ?ﬂi‘iuﬂ'}ﬁﬂé

shetinfnw Jo-umana . uue. T8 sWarindnw . M5841240. ..
vimivendiwusluiatodes ... AvBnavesdaulanandesananduglinunslniiida seuvdovda
pnaltgnax
(mwdangw) ... INELUENGE.QF. CASTING PARAMETERS. QU. THE. GRAPHITE REGRARATION.IN. CASTING SKIN
A P e I R AL LTI s T S S A AR
fimsvasfazusaumsanmiuszeiu A sl [ g Uudio

H .Kly o v v oo &
NU FILL‘UUL@ﬂa']‘iﬂ‘Q']Lﬂu UINTDULAINIU

wis s w L | = = o W
D LLUU\JTU']NUﬂﬁnE"I ﬁlﬂﬁ\]n'l'5'fﬁ'lﬂ'{nﬂ'uﬂ'“ﬂU"Wlﬂi']ﬂ']“ﬂ']uwuﬁ‘ﬁﬂuiﬂﬂuﬁq

o W v - d
unauitnAnwldusenaunisveaumsany fetuunaruluseeu
0 duunumanunsarsivinassauani IO e Baif e ST
0 duuiuneanumsasivinisssauuiuned P Ta L7 L OO 1 X123 7 N FIIUMTT oo

0 dwnunmmddediugueuulumsusepAsnmsssduni
v o o woel a w
1117177 R R Vgl N I B
0 dwnumarmiddediagueuulumnisspAnmsssduumnni

v ool @ o a v
VINMUM ..o MM UMWY ..o

ml of
aaie WWQMWN

undnwn e e s

nauiiRuiuenindnw
O fndnwilasunu aun waslituuienaniivreswanuummisuna
O dnfnsiladunuinidodin
B indnwnldfuyu OROG wagldwiuienasiusewmasmunnionud
0 ‘Lisudusesvomiiusmanuananitide

- 1] - 1 i A
A vefusevimanmiidRuwliumngegiu Beall’s List A39980U 0 Tflccrmwrcsrissinen

& v ) & da v v
illansnaeuenarsuuuludiun 1 ynsematuiGeuiosu

..................................................................

9EUSNuiventiwuovan R T T
o
Wi . HA. A3.Quile_Aadans...

& & e d
wnuntg WiiaAnushidiniue et wRannesrilimenaay WinAaynhdailinnd mwiin weuonennnmns s ver. 16 October 2018 175/193



o - s
lulszdnen
NANGATEIUIU
d1iniun

nunsAneildsu

- ™
219158UT N ineilnug
Foineniinud

mMwlne

nEBINgY

doulsTaIanNg

FeauUigln

weywa W
M5841240
Amnssuian
AMINTIUART

1w W W - - ; Vs
v}un‘ﬁﬁn'd'mnunﬁnmwﬂwmﬂmﬁnmwﬂmmitﬂﬂwnu
Wennuvamumeven (OROG)

WA, A7 andud yayl

SvdnavesiusmmaadendegUiunslndiives
wanuasunsindnax

INFLUENCE OF CASTING PARAMETERS ON THE GRAPHITE
DEGRADATION IN CASTING SKIN OF SPHEROIDAL
GRAPHITE IRON

900001 : COMPREHENSIVE EXAMINATION

Hmadle namafinwnil 1/2559

=t ") -
sretenauitldTun sRuWneuns

o saFounaruddeildTunisinulunTasivinsseiud

o swiounaniteiildTunsaRuwlunTaTiTnITERuLIIN YA

o swiounauiduiuguuuuildfunsinuilunsuszgdnnesziuei

- A e ] - o -
¢ swiounmnAduiuguuuuiliunsiRulunsuszgsdenssiuuni

Nupol Mai-Ngam, Sarum boonme. 2017, Effect of Sulfur on the Formation of the

Graphite degradation in ductile Iron. Materials Science Forum, Trans Tech
Publications, Switzerland. May 2017, pp 89-93.

176/193



Nupol Mal-Ngam, Sarum boonme . 2018, On the development of the dual graphite
iron. The 10th Thailand International Metallurgy Conference (The 10th TIMETC),
Ramada Plaza Bangkok Menam Riverside, Bangkok, Thailand. 30-31 March 2017.

pp 9264 - 9271.

AN FminTideuaziaunela

a0y Uithasmaamangaaimnssudai
waneauinsdw 084-868-5851

EQUIELIVE R -

anuitAnde 87 11,2 AUMMILN BUAIILN 2.8unY3

177/193



- el

4 ﬂmﬁ;.al’l.{iuuas N

fh\ O 7 Mﬁ'_’\Aq@ i)
b Guiindoarm |, T1 WA Do
W§ wnvendemaluladgaund | om 10,493,

*’*'llhllh"

AUIN-OROG-11

--------------------------------------------------- Fii ey renen el

i o S0 19 A ... 10 eMe a5p

wlowa awiinl oW [pum s dniinn. oo s 6] g AUEY 1 AREL
doe demavimu OROG

Gou  donnemaaniiiddeuasiann

Mz
fdh fo-ana.... AN AN e aiiioAmn ). 9941 240

3/ E-mall . NORAVIM @%"’3‘9“-] GOV e UYL Usminmyun s fnwauditindnunsesiu
SnudndinyfianersdlitupAdosinumdaumeusn (OROG) munssn A TINETdee Afaf ....... /oo
vedmauy OROG il usenounmsRrsandwesum i ol

nadldnAnwssRuieyiin

. @ wewdaedn s AU REasER UIR il Peer Review SN o 1309

2. O wewwdnarmufliGuenaratudy (Ful papen) lwonananadseqpivims (Proceeding)
st (mavsepneinnsidalusiassme yia dadouinaussms
fansnsamsinAnmeitidurndisme 225% gl samAdeildiiausluiivsepinms
wawgndndonluiRulumsivnglugwidoyaang Wy SCOPUS IEEE i)

3. L @ndiny win oydvdtng dnau ... i

nidnAnwssdusiggynen

1. O wewwdaeiunsenssssoumnuiiil Peer Review iy aglugnidoyaana #io SCOPUS, Is|
win gudoyaainadl ana. seufu wu Web of Science, MEDUINE, BIOSIS, SciFinder, ECOMPENDEX,
INSPEC, Social Science Citation Index (ISI), Sodal SciSearch, ERIC, PsyclNFO, Sociological Abstracts,

Arts & Fumanities Search, Linguistics and Language Behavior AbStracts $TUIU wesmssaien doa fai]
iy Formaaivunmnd dogudoyamna
1)
2. wowwimaaibinssassdvumonninsnastvosdninamunsmuaiveumaddy @m.) wie
wosdinenannTINMINTRANANY (N8 S . B0 H0HT
ey Forasrvdununni (msmmvedne 7 ane. am. veudy
1)
3. ANBUMT 9N v DU

wiouul Whnaiengrvsznounisfiorsan W

sl 1 myiRainealungans
O 1.1 warniitfont atuitléfuntsiRmiud (Article) vin
O 1.2. mls@omouiun1iifun (Accepted Letter) yag savsuatiu (Accepted Article)
O 1.3. Print wih Web Page fluanviroglugwdioyadun aawwgrdoyasaa nsl vion

IRD-SUT-OROG: Van-0GOG-11 aynsmuni 1/2559 e 7 Aquou 2559 wi 192

178/193



dnindydAanssuaand
sudegdnFonisfine sedveyUigan
iU M ANy1dy isvsaylintsduianisine

MaNsAnw# 3 Unasdnen 2562

- 4
aitﬁzyrm'nmnﬂumm{ (GAanTsuAToINg)

Uil sz da - ana whefin  ufussdueswuy  Suildufenisfinun mnewg
aouldl \aAvazay

1 B4612384  wwiendnwnl 1AOVD 172 2.26 7 WuMAY 2563
79 1 AY

193/193



sudouansei LEaae !’ R 0 N TS

ol o a wa
LID9LEUDLNON 'i'l'l'itu'laqlm

vooyifuiuujsgdvuaranumiineraumaluladqgsuts (daunaie) Uszdnd
uUszann w.A. 2563
(fuas : @yyMIAnnIIINIMIRuMasIngay ; ssesmeuAdemsiuuasmsnii)

mmﬁ’um’mmé’umﬂ'[u‘[aﬁa'sm%' lansrvaouswasidunUgyivesdiunany waswuin
mmt}sUﬂiamwuﬂnumﬁmqﬂami FansEnuaaVuaraNYemIINg1at Usedrdaud e
w.a. 2563 lavilswasduadssioluil
Y Lummuumwmﬁ'&lﬁﬁuﬁnﬁmﬂﬂﬂ'l't's'l.nmﬁmf'f'm (Accrual Basis) tiladusou
svevIayd 'WU']EJ~1']1JF)EN1J‘$U1J'§~1'5']EJﬂ"I'SﬂBﬂI.‘IJEJﬂ’ld'i'lJ adoiduneldiminenumsegldsuudd
'lnmn'mumna"mmlmwmu Tnoldtuiinaenidofedudurinusysr Usedlauussanm wa. 2561
. Tnedndnsmenidesovay 1.75 Wi 1,146.45 v (ileiunilifesdaumnumdauianiad) soun
Wasavaeunuisuasidusudnsnenidsanasnnidusnsiovar 1.75 Wudhniovay 0.65 ¥iilk
Wuiudiss 331.79 um @uferandudaumidnduiiansd) Safasiuupansenseldnonidy
Queinsunmns slma'lﬁ'quﬁ"auamm \Wudwauiiu 814.66 v (uum%’auauammnawnﬂmen)
2 ruaqmn'I.mm-s'maauswmwtwmﬁﬁwua-*aanuwwmmqmu Swudurisdu
19,089,109.08 vm (Auitrduuuaniuiunilsdasiiumulaaniad) nuindudrdisiouas
pONLUUNANNATINEIMARSgua Feormsinermansgunmldduiiunisneainauaztioudy
dunindveamrinenduiiouiosuds Tulauussanu we. 2561 ‘[msuuru'umehﬂwa.,aanu,uummaag;
mmummgwmmmehmwmumun1ﬂ53muuﬂ'lm'mﬂﬂmwmq 1 mnmu’lumsnaammms
dlodiiiumsneairudaielilovaliseiomuniifsadostuenas udiunilsvesenans ilesan
FEmstuiindunindaduiinarldsoanzandensavingu minsenadunindsruaudanarndnaiu
yldiandeusanintu Wuswauduisdu 576,175.91 vm uaudanilunnunilsiosidn
Auiumiinduidnanae) mmaqﬂsuﬂ;am‘lmwmuw wAswnsArdrsIsuareanwuudililalou
. saniuerns dealinuavauanas Wuswaudy 576,175.91 vm Ghusudaniiviniunilouida
Auwmiinduidaanied)
3. maamn‘lﬂmwaauanuuumsuu‘[smuuqs Fanifidnau wuindesuFuanten
qnwuunﬁuuimﬁﬂuaﬂmu mu
Nl 1 muwmammwwwnm Foufigad liteiu 1 40,000 ym @Eviluum
dan) ieBusuavsdnd@nwilsaFeugsiiand mamluﬂsvamwmﬁnmv‘{‘hwwuqﬂmu malsaisu
q’s’nouu“lﬂquﬁa'lwum'mmau'lauwumu'zuﬂ:maﬁu'lwt'fluﬂu'l.mawwrmmau ANUsEMIA
uinendumaluladgsund (Fes i*la%umummmaanwmuu’lu‘lmsauqﬂmu UM Inerde
Lwﬂiu'[auqims Usesnin1sfin 2562 (50Ul 1 uluazausy) ... wasgAdududns idifouud
ynaaransniends Isadsuveanuavieslifuiudmoudangn simededddloudubuiian
Fananfiuseldvenmiinendululsuyszann we. 2562 Felauuszana ne. 2562 uinedvldta
sumsidu wazdinnumsnsaiuwkiuiuldiusesunsiuresmingdsFouiosud Asnmevds
Wansasunuilddsganiindsunasiuineldamedouly vilidui nsreldgrdeu Jades
Viuupeneldanas aieua‘lmua..auaﬂaatﬂmﬁmuuu 40,000 U (@Eviluumdaw)
n3ldl 2 1ilesnnuienisins wiwiy daldveaminnsiieuludnsfinu 2562
villiFosthszituananiou dwaviiiuiingeldteuuszann we. 2562 galu Swweuiudyianvon

SR I N D N LU L R I fﬁnndn s DS iy



4. INMSATIABUTINM INUATEUAUNTNE ﬂqnmﬂmﬂ‘saaﬂsummﬁ wulnduduning
Isuandausitauuszana wa. 2538 Imauuwﬂuamﬁumwamwmm U 1 598m3 TuiinAren
wihiu 1 uw Lmuamaumwammammﬂu 6 v yltuiinAndexsaaely Sauau 5 v el
nﬂmaamqmuaumwwuaqﬂw FapUTUUTI918M13 fiwa'lwluﬂ“amwwummu 5 U
(W mnau)

5. pudannduitenaziaunldlouiulasinisisemanauiuuuiiassnsldnuan
fsftlumstuddnseueudludnuilsaaeruun vesmans19se asiaud Smnsm dain dnindv
Smnssurmans wieunenideuliiuamineade snudu 200,036.35 v (ApsuauaNEunnUm
amdvianiad) Wetuil 20 Suaau wa. 2561 wienduiinUydfuieldludauvssun
.7, 2562 Feuiesuas senrlansavasunuiilalauulvumiinendsiiy 97U 100,000 U
Luaamna'}m‘sﬂ"lmuNuawuuwamnumfmmaa §1%7U 200,000 UM (ABIUAUUINGAIY)
un019158 19 sutudauIu 100,000 Um (wumaumwmu) Wiy JesalFulgenneldanas
dawalivuazananautudiuau@Eu 100,000 um wilsuauumdau)

6. Wipannldsuenatsnisiingie S1uauidu 19,250.00 um wilwiuiiuassios
wAvu M) Fuduanrdyaindmsuseuu Video Conference iaufiuensy w.a. 2562 Tngds
Sowndndreludoungadnieu wa. 2562 Fas1ensiiiuarlddrsvesdautsyanm wa. 2562
uilalgduiindydaildaely Fafosusuygealdietavyssanm wa. 2562 sy dawals
yuazananaaiusuauiu 19,250.00 um (milailuiiuassfesvinduumiau)

gafasuleunminerdemaluladagsuni 11998 MIiuuaeningduveauming dy
(@Uuil 2) .. 2554 49 3 fmuadn “.. 40 25 lwa’aumuummﬂumuwmau R[N RIVHIGRIVICHRY
wumwmaﬂﬂmumhmmuwﬂuu LLa.,'l.uﬂm.,ﬂﬁumswmsm'la umﬂwﬂ'ﬁwzywumaﬂmmu
Laiiiu 100,000 ym (MTILALUMEIN) WALINALEANIMTINEIEENENTIU. .

fafu eliinisdisunsiugniesmumannstyiasusestasily Swveeysia

il

Uiuladgdinuasauuminendemalulaggsuni (@wnana) Ussdrdeudssann wa. 2563 Wy

ot

SUITUNIEY 776,235.57 v (Fauauidaniluvnwuassdosauduiiuminduidaanned)
dewavinlinydyuazauanag

i ﬂmunssumﬁmﬁLauu,aymwmﬁu’LumiUsuwﬂsw 6/2563 \ilafuil 19 figuisu
w.a, 2563 Iidedunn/doiaueuusiasui fail

¥ e L

YoAUNA/UBLAUBDIIY
HiUAnYeUABInTI9MIMGNARIlRTUAIN NouDinaunsiiu

2 e
swuwauﬂsvdwUzymyuﬂ.,ammwmamwﬂu?aamm? (@una) Ussmu
JUUTEA WAL 2563 AAMNTINIUSUIIGY 776,235, 57 v (nuaudaniu
nnuaeIT U WFUE IR UITAan198) mwiTiaue uazduauean)
umrinenay ileiersaneysiisely
SeavtdenUINgAmenaTUTENeUTENTUTEYN
Fuhiaueanuminedeiiislusafinnsaneyliuiusstynuarauaminedy
walulaBaaund (@mnans) Ysedleuussanm we. 2563

Yodana/Uoiauanue ;

..................................................................................................................................................................................
......................................................................................................................................................................................

wnasUszneunsUseguan e dumalulaligsu el 6/2563 Yuduniii 27 nsngrew w.e. 2563 2/2




uminendemaluladgsun’
emaviulselgnuazau (dwnaa)

UserUauyszunm w.e. 2563

AU IUNT3LAY TRy Memifignias vy swmsiivauiuuge il
# wiin LATARN wnin ASAN wnilin ASAR
1 |swlddheu-mendeturhnuses 1,146.45 swlddneiu-nonidoidurinusyd 331,79 Nuazau 814.66
eldmenioidudnuszdn 1,146.45 swldnonidoiurhnuszd 331.79 sleEasu-menidodudainysedn 814.66
1,146.45 1,146.45 331.79 331.79 814.66 814.66
eduseusrornayd Wiiindydnolinenidesmaiu Viwgroldmenidofeiuifoutueneu 2561 amaadosnn Viuupmeldmenideysdanas ilesntufinseldgely
Fafoduneldmmhsrumiwliiy witihifmuanadedls  [swasldvivdaneondvanasnipusaniovas 1.75 Hudan
judu TnoAnsasmenidedonar 1.75 Sovaz 0.65
2 |rdeusim-a1ans 523,176.91 RATGEGH] 523,176.91 yuavay 523,176.91
' AdousImaran-01e3 523,176.91 Adeusimava-oms 523,176.91 AdnuTIATAvaL-DIAT 523,176.91
Adeusim-daeadn 52,999.00 nuarau 52,999.00 Nuavay 52,999.00
Audousimazau-aanioadne 52,999.00 Audousmarvan-dadeains 52,999.00 Adaumearau-daneadn 52,999.00
576,175.91 576,175.91 576,175.91 576,175.91 576,175.91 576,175.91

ufinligdiuimdensmeiasuardeioat weswnleu

Wudundwdlutauuszanm wa. 2561

Viuponmidesnidunindduiildnawusidiysznu

n.A. 2561 Lﬁaaaﬂnﬁuﬁnﬁﬂtﬁauﬂmqﬂﬂ

Viuupssnsidesinidunindduiildngwsuvssne

= R, P |
nA. 2561 WasnntuvinFidousagaly

o e L

gauininiSeugsTian 80,000.00

swlaaameouou 80,000.00

80,000.00 80,000.00

eldmamalouEou 80,000.00

gnwiiiniFougsiiang 80,000.00

uazay 80,000.00

w e - e

qrviinFeuasidand 80,000.00

80,000.00 80,000.00

80,000.00 80,000.00

o - b A - - o & -
UU\"ITIFNQﬂ'l"'l.l‘l.lnLiﬂ'l.li’j'i'ﬁ‘ﬁ.lulﬂﬂL'5UmﬂUNUﬂ'lﬁ'ﬁ'ﬂ-ﬂNUuﬂ']‘iaﬂ'b"l

Unsfinwn 2562 veunamfvgin wifivad uarueusing niuiy

Yivupneldmssaniisunsfinyvomnsanivy e
V- ¢ o a o ¥ o = av ¢
wnmawyae I.U@\ﬁl'lﬂaﬁ3aﬂﬁﬂ"ﬁLﬂﬁlﬁﬂui‘iil'iﬂuﬂ_'i'l')ﬂ.lu Way

o & oa « -
WoMS I WesnamnnsAny

Usuussarseladsraniivunsfinvuaysengnuiiinieu

aviiand Wewntuiiniuiseldtusvanm we. 2562 glu

172




iy $IMsiAY dwaudu s1emsTignFies druanidu smsfivaUiulse © Swruiy
# wnin LATAR wniln 1AsAn win AsAnA
a4 |Andousie-ayios 188,321.13 Adeusim-agios 188,316.13 Adeummasay-ainst 5.00
dousimaran-azios 188,321.13 Adeusmaran-ayios 188,316.13 MNuazau 5.00
188,321.13 188,321.13 188,316.13 188,316.13 5.00 5.00
Tufinrudsusmuazdideunmasan-nyfusieosfueme USuupanddeusim dewntuiinldsetoudszana Viuupaaddeusien Wewntuiinenliseduusana
nA. 2561 iy n.A. 2561 galy
5 |Rushnsunans 100,000.00 Teldanlasimsidy 100,000.00 Nuazay 100,000.00
swlaanlasannsive 100,000.00 AlgeAgY 100,000.00 mlgdreAede 100,000.00
100,000.00 |  100,000.00 100,000.00 |  100,000.00 100,000.00 [  100,000.00
anudsuaziiann hddufulasinsidomaiauuuy somnldnsvasunuhldlouiilituimimendoduludenn | viuupaeeldnnlesinside Wewntufinduineld
asamslimnnisfslumstuidnseusuiludmudiouassuun  [lasinsdinandilildoniuned 2 Wifve1nsd Jwedniufu  [Teudszann na. 2562 galy
Tifuiminends aunisdodt ms 5621(1)/20 asfull 20 wa. 2562 iU AAs Fanned muasm
6 |Antdtynn 19,250.00 uarayu 19,250.00 Vuazay 19,250.00
diimsin 1925000 |  wiinsén 19,5000 |  wiinsf 19,250.00
19,250.00 19,250.00 19,250.00 19,250.00 19,250.00 19,250.00

NuRumdyaudmiuszuy Video Conferrence

WWeuiuepu 2562 TiuuSem wesnudlaiaa Winneda 91in

FeRuAtdynndmivsruu Video Conferrence

Wouriueau 2562 Tuuitm wemnudliiiaa dinneda d1im

u - + .
vivvsatmamilumltietuuszanm w.a.2562

{Wesnvuiinaily

2/2




mn
%ﬂmnﬁﬂgﬁ@@ﬁ
saiivamineaumaluladgsund

998 NTRUkaENIWd U Inende
o
(RUUN B) W6, bede

Tnefdunsaumsuiuupsadovuminedomaluladqsu’  dehe  nsdu
wasnindauveamiivends  WimnvasuaviivsvdvBnmnnddu  asdu  erdeswnenmumy
e eb (o) waz (eo) wimsesulygRumminedemaluladasun we. bdaa Usznauiu
wianuvinedumeldatgnnd umsvssguedall wedde Wohudl mo wwieu bede
Faimesaieuld daeluil

v -l & - i @ P a w o a W a
Y9 @ JulUBvd 158N szLUauum'mmaal,wﬂ'luiaaqims 7098 N5
at o - at a AJ
WASNINOFUVDIUMIINGIAY (AUUN ) N.A. b&da”

fo0  sudouilildadurasiudaaniussnmamuguly

do o Wenidnmulute e wissudevumninerdemaluladging e
Y wl L1 =3 al v | A’
MIduLasnINIAuveamniInends we. beéaw wavlildanusoluiiunu
al s = ars o al d L) s
“do o Widunmug@dudiuiavey  davinfy@nawuuiiminedy
o v v J - atey L at - 1 &
Awualivinesuleul] wadirnnsummesaneyiiuiugadniivuasaiinaubiiu ecocco um
=+ v o a a A
(milanauumia) kasihiauean uminedeinensu
“ at v e A
vangnilitumsandnd  seteaiulildusudoudedsennbums
aasuwaziiuinmibitosnin ¢ U
L IJ ar ot - I - L]
Tunsaldumidorionansineafiumsiudy  MiTeiunie
m'snwﬁmwumam'sLqumuuuansquttwanﬂsnawu Wabuulas Tou @y mauw%&ﬁwﬁ
Tumensiiu mmwuaﬁwsmana'mnmnum'imau MITBRY mamﬁnauuunwumammu
fmmpudnilunsddumdnguuioms riewi] wWilsuuas Tou anu viessuddvslumanisiu
al :!I -J a L= a ar |
weldivisde  viewenasouiiannsmiunltsrsdwvionaununidorioenaisdenaniuan
waed IR uLAuTRaouid iitgm  wiaduenansibifiamsiduseddusznaums
o a0 vd w % i Sy
aynaeuviaiitansle q enbiauinulilitesndn ¢ U

Y |
Jsgme o UN B0 WWIEU WA, bdde

oY —
(MEN519758 A5.3305  ATAD)
wenanuminedemaluladgsung
111 QUUUYIINENaE m‘waq*rm'i“ gnnaiiind AminuaTs@un 30000 Tnedwi (044) 223000 Tnsang (044) 224070

SURANAREE UNIVERSITY OF TECHNOLOGY
111 UNIVERSITY AVENUE, SUB DISTRICT SURANAREE, MUANG DISTRICT, NAKHON RATCHASIMA 30000, THAILAND Tel. (044) 223000 Fax. (044) 224070

Muz.doc




s UgUTEN

Al

e s a
Liﬂﬂkﬁﬂﬂlﬂﬂ“ﬂ?imﬂﬁ‘qu
’J']‘a':":’li

vaayild (319) daviAvamianerdemaluladdqsuni 91928 Anznssunis
A1 UQUaNI5UTMI5A21LE 83 (Risk Management Oversight Committee :
RMOC) uvnangaemalulagsgsuns w.e. 2563

(Huoad : 9988Msuieensmans wy kazauysyanm)

puianiuminerdemeluladgaulunisusgunian 9/2562 dauil 30 wgeRmeu
wet. 2562 lamansanFemoayl® (519 Mesunsian anadey uasdsudunanuuming de
walulaggsund Useirdavussanm w, f. 2562 (1 Aa1AN W.A. 2561-30 AUgI8Y W.A. 2562)
Iﬂamaaamm/w,auau.um “4) I URITUS PN TSN TSI I Ve B8 TS SR
iledeuy A liamuaudsa nNIsUSMsAIsIEsasm ey iTnmduude”

Wasknfiunsaudeduna/doiausuurdinan uninedslasanznssunisuims
ﬂ'J’mLﬁIENLLEI“’ﬂ’I'Eﬂ’.IUﬂMﬂ’Iﬂ'Lu univerdemaluladgsuii lﬁﬁ’ﬂﬁ’l (579) TavaAvIMIINeNAY
walulagasuid 1aae ﬂmuﬂ?ilm’l'a'ﬂ'lﬂ‘UﬂLLEﬂ’?'i'U‘i‘ﬁTiﬂﬂilLﬂ B9 (Risk Management Oversight
Committee : RMOC) umfmmaamﬂiu‘laaaﬁms w.a. 2563 W aidunsounuamalunisus ads
AMY nsﬁumsmn‘urﬂ wanIsus m‘m’nma 89 (Risk Management Oversight Committee : RMOC)
nmwa"lat!mﬂiuiaaaiuﬁ Tughdiusialy viail (379) Fodaius fand 1 Wkunsasamuaneudinig
diuasusIlariinisseuiesuad sieaviden (319) ToUAUY Usingauienaisusenouinszns
Uszegu

Jahiausanwminerdeelusniansaneyia (519) dedsdummingdowmalulad
4313 119Ny ﬂt;uznmjmsﬁ'}ﬁ’UﬂLzamﬁu"‘smsmmLﬁm (Risk Management Oversight Committee :
RMOC) uminendumalulagasuns w.e. 2563

Joduna/UaEunnuy ;

a W - - b o v e
L‘eJﬂﬁ’]‘iﬂ‘55na'LIﬂ’ﬁ'lJ‘i:'quE!n']:.lm’mmﬁﬂmﬂ.{uiﬁﬂﬁﬁm'i AT 6/2563 ﬁ’uﬂuﬂiﬂ 27 ﬂinﬂ']ﬂl] W.A. 2563



- 979-

PotsAuunIngtasmalulaggsuni
118 auznssuMIATUgUanIsUIIIANULELS (Risk Management Oversight
Committee : RMOC) umAngnaumaluladssuni w.a. edon

Lﬁ@lﬁmwﬁLﬁumuﬁmmw‘?mimmLﬁmLLazm‘sLwiwismmzﬂﬁum‘iﬁﬁmuuami
U3MIIAIMLLAE (Risk Management Oversight Committee : RMOC) wvn3 nendemalulad q3u"3
Wulufemussuiesvanvau

avifu erfegunanuAnluLIng eb (k) URINTEIIU R ANNIINENG .
weTuladasund wa. bemn Ysznsutuudaniuminendewmaluladqu lunisussyuassd
.................... FOSUT . Sa0BNTRT UL Sestalui

48 o ToUsAuilizend1 “Yotiduuvminerdemaluladgsuns 1y AugNIsNT
AU LANITUTNITAIIULE 8 (Risk Management Oversight Committee : RMOC) um1Inende
wiAlulagdsuns w.a. bdon”

49 o TovsrutIlTTsuaATusaIN LU T M AT usuly

v i LY 7] ;
99 o IuTaUIAUL

“UPINENRY” MeAINdY  unminedumaluladiasun’

“ENUAINENY” MneANI1  anunnivendemaluladasuni

“BeN1TUA” MUNEAINTT  DONITUANNINEIAE
wialulaggsun3

“S8405N15UR” MEANNTT  T89D5NITUANNIINGNEE
wialulaggsun3

“HeiiainTun” MneANd  fieeimsuiuvinends
walulaggsuni

“AMENIINNIT” MNEANINTT  ANENTINNSMAUAKANITUIMS

Audes (Risk Management
Oversight Committee : RMOC)
wningdewalulagasuni

fo @ Wilnuenssumsansni S?iawadﬁg&Tﬂaamwﬁwmé’a Uszneumey
(o) NITUNTANUMIVENFBEVTIRNA WWuUsEe
() 85m3uf WuseeUsesnu
() NITUMSANUNTINETE T @ AW TUNTINNNT
() f-J:w':Nﬂmqrvﬁmauanﬁﬁmm;’gﬂa:ﬂ's'mL%mmmﬁ'}umsﬁmsﬂmmﬁm
$1U @ AU (@nantugaNfine, Menun1ass wagmbsnunmaenuy) Wunssuns
(@ sossdmsUATUFURmMIFumsuinseude unssumsuaziaryms



=il =

1 wa

(o) fHaweSnsuAnuURmn A IuNITUTINTAIES lWunTINNTUAS

WAVIUNTT

a2l

= e v

s Y ] = - v - = [
() AN UNUJUANUINATUAITUIMTAAUESS LTUNTIUNITUAE

AYIELAUIYNS

, 98 & Usesmuuarnssuns mMute « (@) (@) kag (@ $1semsmsewuvus b U usens
Trsuusadslimnsasumslnasnls
UBNAINMTAUINEILMLININNTE UTLEIUUAZNTTUNS ANTD & (@) (o) LAY
(@ Wunnsuwmiadle
(@) M8
(o) a1@9N
(o) VInRanRveInIunsINNS
(&) amuvMIneIaunennau
unsdifiusystuionssuns nude « (o) (@) wa (@ Fuansuminounsy
uaglFfimausesadinsssiumiaunuuda Wl uuegluhumiafisarnfunssimdosg ves
Eﬁammmu
TunsaifiusesuvienssunswuaInmunase uwrddldusaasysu
vionssumstuln Wdszauvdenssunts Safuamndumlsufoamiiisely sundraeliuseds

Usesunsonssunsauluduan

o © Wearnssuns femwnanti ssieluid

(o) NAunsanlovy waswamensUSseadeslunmiassaminende
waglvivalaualusuNan Ly INedy

(o) MUMUAILREINDvaeulaUTE LNuUSHISAILEEY Saufaszuy
MsUSMsANLEswe T INg S

(@) Ronsanlvanudiureunsyssidiy famy wasseruanudss sl
miﬂwﬂumwmémﬁmuﬂsaw

(@) 'lﬁﬁhu'%ﬂmLm'ﬂmxﬂﬁumw%msmmﬁaqLLaxm‘smuquma'luwﬁmmé’a
Refussuumsiimsaudes safaaualzsnasIUT U e s s e amivende

18 o NMUszguAnensINNs Wldtetirunminendewelulagasuis 11983
Useguanavminendemaluladgsun wa. bems wavatuuily loeeylau

19 < Wasnisuasnenisaudatiaud wazlviourasandseniansamds
= a wa v o= v oo ow o
WU URnsIduluaaudededuil

v o
Uz &l JUN NINNIAN W.A. lodoe

(Man31se 3330 eiFadiu)
wgnanumivedewmelulagasuns



12![45678

suduanseil
J (SeaauaiioNTuIYIR
2158
34 | vy il @ lvurenaniumidnerd vinalulad g suisid uiveinsussensn iaw
— Tufanssumsduauun@sjuanislsadvugsiTand uninerasmaluladygsuns

UszdnUeudszann w.e. 2563
(Hl0R9 : @YMTINRMTINGIRY ; TNOEMIUARIEAIMSAN M N IAE)

avilsdonsznsasmsgaudine Inetrmans Hdouazuinngsu 7 81 0233.1(1.15)/3551
aviudl 22 Ao wa. 2562 1309 uinerdmaluladgsunivemieiisatumsusstauenan
wvnInendouaznssunsanuminedlivimiaiou WWudwminedein “@oiersanddniant
AR AU IR 71 39/2559 3oy mstnsuTeuuasunlydymsssnAvialuaniiugauing
avili 12 nsngim wA. 2559 10 3 253AR0NA WTUI1 LIENEN WM IVEINEUASNTTINITAN UM TIVE18Y
gl enslasuussasnmanimiveaemeluladgnn? lWduwsesmnssunmsenssuns sauie
Inens lummndndvmsiigaiumsiSeunsaeu nM3ise msiaumangns uazn sy 4
iierataarvammivims laedanslasunmeuum Wovssyu vioansusslomisulals unlionlisy
maussaeInesn1sud luihusesninssumswianssums sabeingans luammnandvmsieniuns
(Feun1aae MV MiRLMANGRT UaznAvAIEY q AT mIMIYINTSlH”

wazanumiinerdvimaluladgsurilunisussyudy Weiuv 28 dueiey
w.a. 2562 Idf9nsund e nsiauavelusandan uasdsuenaniumiingduuagnssunisan
uminerdugnssnend aninedomaluladasui Ineliud “2) ... udeonid drlimuauasaany
Inihuiiioudgurenannmyingidemionssunisaniumineraegmsiganailivitulsesunssunis
wienssums sadeingns lueundnivinisifeanunsisaunsasu 153y msiumangs s
uazn13AvAIuBY 9 WAt TTIMRTunI awIzi v Inerdeeadunt i
SpuumsIININTENTINITeANANY) Inemans Foeuazuinngy udunlaginseninnaly” du

uingaslaglsaisug S Tand immingrdumaluladgsuni Jwoeysiaiuienann
unrdneravmaluladqsusluiduineansusseneniae vate “SWS as a Social Enterprises”
'luﬁﬂn':'sum'sﬂ'uumtﬂQﬂﬁﬁ'ﬁmi “TseBougsidand daufnuduaiimsGeuiineimans walulad
wazn1¥1 Aun1stuipdaunisivesdnsdasudanssy gnisidufianiaiiedenn (SWS Moving
Toward Social Enterprises & Innovation-Driven School)” luiu#i 22 - 23 &away w.a. 2563
 Sunaunges Swmdauassvdin Taslunisdmnneded Tinqusrasddeliuims ag warynains
vodlsaFou fnrmmseminuazidilaunummiriinisdiiuanu sufensiidusalunsisdgns
Wumhsnufamaitedian sasden ($19) Tasinsdenn@afiing Unngaaienansusenoy
N3ENIUs8Y

Fnhiaueanuminerdedi elusanansueyidliuenanauminedemealulad
gaushanensusseeiiies lufsnssumsdnngajuanstsaiougsiiand iminedomealulad
qous Useiteuusesnad we. 2563

Yadana/Joiausiug

lnasuseneunmsUseguanuminedemaluladgiund aial 6/2563 Tutundi 27 nsngieu wa. 2563




ﬂ@uﬁam

a3 9
N 87 oloman.efe.e&)/ m@?’qf’@ NIENTNMIPAUAN

Ineneans Jeeuasuinnssy
UUPT BEGEN IIRTTWT AN, eoso0

Lﬂ['! FMAY béble

o - v e W v & - W
gy anivendunalulaggsunTvemiontiumswiaiaunenanuminendsuasnssums
- w g Ve v ald
dmuvminenasivivimiaiau

Gou  eSmsufuvinendealuladgsuni
v ot a a ) ¥ =l - o w o
i wldauvivendumaluladgaus 7 9 rdoa/ces aYIUN @ BNAN bl

anumladefignafie uningrdumaluladqsund venndeuuanislunisusids
nssgaAmiduunsnanumninendeuienssunisanuminerdeduduyaranisuends
wannsousiRaiu sy swnsIunIiensTNnT Tadeinens lunumeddnnafeatums
Srumsdey M33Te MaRmumaAngms warnnIiauaug Mdeatestusmsinnisidue
g muardsgyremsmanduaniusaslvdfuamineds ol agwls

nsEnTINIgANAnT Inetmand Wewasutanssy veifoudn iWeRiarsnndds
WAy nwIAIAULRTIR 7 ac/odes Go1 nsdnsadvviarudledgmisssunivia
TugamugauAng aciufl ol ningIn baex 98 @ 233AA09 ud Wit wenanumTinede
WAENISUMIENMMTIMENGEETRand arsldfunisutsiaenanuingdemaluladqmuns
Tduusesrunssumsuianssuns swddineins lunumsimdnmnsifedumaisunsaeu
N334 nasAmuangns uazansivsudug MAsadaetueiunieivinis lneilanslasu
Fmouuny HyUszyu wisAnsusrlonitulald uilisnl@dsunisussdinnednisud Tidu
UsE6 NI TNV aNTsuNs Sauddinenns unumadiAunsiieatunmsideumsany msive
msARLMENgRs warmsieduaug MRedesiurumdinmsly

o al «l
WLULIWaNIT U

vauarANtune

VeI

, (Weging Wdunsd)
SpuunTinensensnnisgaufne Ineimans euazuinnTy

dinauldnnsensaa
dnindifins nguimungvineg
3. o wbeo Eane

nsas o bmee ¢oos



(519)
TassnsdununeufuanislseGougsiimg UszdnUeuuszanm 2563
L & = = el o 1Y v = I L3 =
wate “lsafsugsidand anufnwAuaiinisiteuiivermans waluladuazntew
funtsduindaunisiaesAnsseuianssa gnisilufiamsiieday

(SWS Moving Toward Social Enterprises & Innovation-Driven School)”

1. ¥ANNISUALNANA
Social Enterprises %38 Aamsiiedany iunsiiiufsnmaniyjadutmnemsdansuay
dawnden sdimsadrenelalundeu fu Tnemsadeeldiu manudnnssuadsassadenunas
dawandon iWufansfinisuimsdamsuuusssinivia Wisla aseaeuls Dl manemssiduey
iodsruuuudidunnninieuassariils
lsaSgugsiiand anufnwduaiinisiseuiinermans inaluladuazaiw gadunis
Audumsiiionsuunudsaudundn Taednssadmuevesesdnsedetaiou Tunsifugqudsiuy
ssfmuasFunuuidudaiunsideuasiaunguuuunisianmsfeudduinermans melulad
WATAW Uuﬁugmﬂmﬁsmua:mm%’uﬁmauﬁae’i’mm melfnsafilfsuseumneanumineds
5 ¢y Idun 1) n1sdanisiFeuntsaeau seiulssudnwveslsaiougsitand Juvsuiaiou
WoeUfURn1s maifeud madanisAnuduiugiuuazdudamiilussdudsoufinw (University
laboratory School) 2) N15ANYIAUAIT NARDY TV ms;‘%‘aué‘twfm?&m WunsAumasnsing
nszvaumsvl lumsdnnisiseunisasuitumiziefnwAuaiinisiieui (Research on Learning Unit)
3) MIWUTNMITVINTG §1EMEABIAANUIVINIYVINT AUFULUUNTITEUMTADY WALAUNENERINIT
Seunisaoureslsassulsen nvlsussuluiaiatne (Network Sharing) 4) n1sUsuuad arevan
wazwaunalulad lunsdnanisdunimeans 38e TutuidsugnmsuiiReis uazdievenmeain
sUnuUMsssumsasuiniumsideuds Wulsaseulueiets TnslamzlseSeulununsdoysuns

]
=4 w

WenawINsAnwluginaliifaanuvinveniulusedunfuasWaung ssavuwiidsely 5) n1s

vytngedauinusssy Tasnisiineamansmaluladuazuinnssuunuszgndlfinendlddennug
viaedu MumMsssunsasuesnAg teader Ui TRusTINeIn ARy Tusenidsanie iy
uniFeuemvuauiUlnivedsaseugsiian

nsrndunuresanudnwinaiouiivermand malulafuazniw Yu fdedls
msadamansgnuideuaniitudiauuazaunnden Tasamensidmudendnduliiinauauenia

AAAMIUUE BNAIMNNNIANYT INNTFAUMUIBNTARIUIBE 18U (Sustainable Development Goals :

Tassmsdumndwfinistsafeugsiind andnwvAuainsieuivermand weluladuazniw uiverdomalulagqsuni /4



o - v - e w - v a :
SDGs) NsfinwvzApIlnuAwAToURqUIaTYIUBY aduayulonalunisiieuinaendin (Lifelong
Education) deaadesfiugnsmaniynd lusunsudauasimuifiang n15398 wasuinnssu iteadne
Tapuanansalunisudaduresseng 079 nsdansfine Tuguuuu STEM Education 1umsdaesu
a v a ¢ a o w a v ¢
NTTUIUMIITHUFITIYTUINITORANFUUUANINGINIT INDRRUINTEUIUNTTAA WAZNITASINATIA
uinnssueasnayaniy sufannsiuussdnsammsisunsaeunwmsinguitsenseauinueenis
Tdnwdanquuesiiou fodunisneuaussninuden1sveseing INN1SVIALATUYARINTATY
= -oal at ‘J ar al 1 v ar v -t ] .I-l' = o v
InemaniuaznMitvesdruuinnssuvivady uazdrsuilymdsnuiiunsfineegededu vild
Usewmannsainduguassadidguasmsiaulsemala
1 a - - dl al 1 3 e
agulsfay nsedufanmsiiodeay vosanudnwmAuaiinisieuiinermans
waluladuazniw Senadosiaunguuuuliiunaidaszdny lnenstnsiinneiianauunune
" v oo w a o - o
danw (Social Return on Investment : SROI) sl dud¥Tnandiavesfiants Wufeausaun
- at at y L J w i I - Ll al = IJ d =
nansevuilsninfudenuuardwnedoudliuuwlasrndumihsRuiisuiuduamunldly Weusudiy.
AuANATlunIsANTuY Suninesiufinisianuduniimsiuainnsaieglannuinnssy
asnassndsnuuazidufinsiudannden Inmsandunisegalusda uazsdilsfiundugdenuuuudedu
s - s ‘ . " " a ]
(Social Return) @enadasnuulouigwesumaneraslunisidu Social Enterprise University 'w:q:ﬂ.ﬂﬁ
- at = w [ - at 4 1
Wy svinenduiuineimaniwavinaluladdusiu 1 vessvna wazluuminedenadanuen
AoATwgNIuardenulioE1uYaTe
@t n‘: o 13 a = = -J | LS y a =l
madu ielinisadufanisfyaduidmunenisdenuuard wandon velsuiou
g53 ¥ anufnwiduaiinisiseudinermans maluladuazniw Wulvegiliusedninimuas
Usrdndna Jatumsdanisnmsdunwnidaduanis wade “TsaSougsidand anwdnwAuainasoug
- [ =l ot [ o - [ iy [ | [ o
nenemans waluladuazaw Aumstuirdounisiaesdnssisuinnssd gmsidufansivedans (SWS
Moving Toward Social Enterprises & Innovation-Driven School)” T4 Tagn1sdunuiasatussnaunay
= a = L5 = J L5 Vel 1 ' -
Aanssumnan Ao NMTUTSEIERAYIINEYTIAA uananil delalfanssunsussyungueseinasyay
=3 = s = = L% = uv.d o =f =
AuAaiuieatunsUsellumuAniureinisueyaaa saan1siuiinaswuulussuunedeu

wazdana ieagladmadwsluusultlunisaiuanusanisiseunisasuvealsaseusaly

2. nguszeeA

4 g vy a = @ v o a v o

2.1 Weliguims A3 uarymansinunseminuazitnla WALy unumuazming

= - ) ' ' ] = - =

Taufinsdusalunajillgmatuiamaiedny
o g w = W v = Y a &

2.2 weliaguazypansiiamunseninuasidrlalumsssiduguanvasuarannufniiuees
unifeuTeyana waztlugmatauarussdiunasgwiussdvgam Usedniaa uaviia
Uselewdgeaasielsaiougsiiand uminerdewmaluladgsui

L

= & v w g | = t - ek
2.3 Weainauduiusniseninguinms a3 dnidensfine uaswidnauaneyjiinng

Tasansdundfuinirlsaiougsiiand anwAnwdurhnmioufinermand weluladuazn wniverdumaluladguni 2/4



3. giifanTu

fidrsaufanssy Swau 60 Au Usznaudie Juims ag Unidenisdine uaswineuay

YN

UitinmsvedsaSeuasitand anudnwduainmsSeuiineimans walulabuazniw

a -
4. JULIALASHENIUN

(7] C‘A @t - Li - o ]
AULEIIN 22 - ”Jua’mmaﬁ 23 @9vAu W.A. 2563 1Ian 08.30 — 20.00 U. U 81naUINYDy

JaiauAsIIELN

5. (579) AMVUANIT

SUENST 22 RAN WA, 2563

1281 flanssu
08.30 u. FuneBafivn suneuintes Sawiauassedun
08.30 - 09.00 U. | awmeziloy
09.00 - 09.15 4. | AANITILIIUNTIARINTTY

Toe frawmansnansd as. andud yodl

Snsnsunuimihanufnuduaiinisseudinermans naluladuazniw

09.15 - 09.45 u.*

namfsusukaglilwiuleuie “SUT Moving Toward Social Enterprise”

oy 599MEAN31975E AT 3TN NI BEMTUR

09.45 - 10.45 u. | nadansduNuILazUTIEETAY WaTD “SWS as a Social Enterprises”
o A1EAT19158 A3, 3305 ARSI wenanunTinendemealuladgsuni

10.45 - 11.00 W. | SuUsgymueIMIIN

11.00 - 11.30 4. | 074 - MBU ULaNWABUANLAALIY

11.30 - 13.00 4. | SuUsEnueIMINaU

13.00 - 1430 u. | MavssreRimwAefumsysaiunudnuny
Tne 9191sdguiny vinBaduiug
fvinuanuAnmnduninisiieudineimans maluladuazniw

14.30 - 14.45 W, | SUUTZTYUDIWMNTIN

14.45 - 18.00 u. msussmaﬁL@i'cﬂ,ﬁ'mﬁ’umsﬂmiuamé’ﬂwms (#)
Toy e19nsdquiny vinBasduniug
fivinuanuAnmnduniinisiseudinermans maluladuazniw

18.00 - 20.00 u. | SuUsEymueMsidu wazWnroURNSSENAE

s = =
wuBmR * Mvuan1se1eiiniswasullamuanumnzas

TrmansdanndnoamsTsadougsiing anmdndurinsdeuineand meluladuavamen vnimadomeluladgmud 3/4




Suoindil 23 Sevnau W.A. 2563

a1 fAanssy
08.30 - 09.00 u. | amzilou

- d st = a - s
09.00 - 10.15 u. | msusspeiawieaiunsUssfiugudnvaswarAuARiuYeinieY
LYARa
Tny 919738uInw vinBaudunus

= W i T < =
nUinwanufinmAuaMITEuIIMeImMans naluladuaznim

10.15 - 10.30 4. | SUUTEMUBIMITIN

' ] "I - J ar - a
1030 - 1200 u. | nMsUsyyunguepeasyanmNAniuAgIfuNsUsTllundnyruaY
- ar =l 1 A\ a 4’
AmnuARTuTBNinGEuTByAaa Tasuuinguesl
Voo 1oa = L = =
ngudl 1 ngudvinermans adnAdniuazimalulad

1 d 1
NRUN 2 NGUIYINTE

3 4 oa ar e
ngui 3 nFUINFANANYIAZNITAALIAMANTTA

HUELN UizLﬂ‘uBﬁUi‘w‘ﬂﬂﬂuﬁiaSﬂﬁu fio una. 'i'ULLUUﬂEUETﬂ'BEUSm'mU
L] v 1

nsUsziutnssumsiduseiels

12.00 - 13.30 4. | SUUSEMUDIMNSNAINTU

13.30 - 14.30 u. | myvszyudafiamsmstuiinasuuuluseuuneileuasana

14.30 - 15.00 4. | SUUTEMUDIMITIN

15.00 - 16.30 u. | mavszguBgiRnsmstuninazuuulussuunsiloutasiana (ve)

16.30 u. wumanaulagatadnin

o - 4
VUGG NMVUANTTONTILNTUABUMUA ANz AY

6. nafinmiazldsy
6.1 AiTnduuun dmuesgminuazidnla lumsdnduay unumkaEnig saudensil
dusnilumailugmaiumbenuiamaiedsn
6.2 fiinimduuu denumseminuazidilalunsusuiunudnvasuasanufaiuresiniseu
Meynaa wasihlugmyinuagdssiiunaeteiliusedvsnm Usednina uazifinusslovigegn
relsadougsTinnd uminerduivalulaggsuni

LYY - LY

[V ) a wa - v w sada
6.3 E'IJ"J"VIT? ﬂE UNIYNITANW U.ﬁ3“Uﬂ\1’1ﬁﬂ'1&l1.]{]1.mﬂ”l'iuﬂ']']N'ﬂuwuﬁﬂﬂmﬂﬂu

Tannsdumudnjiiinnlsadeuasiiand aonwdnwifuerinmisudinewnand walulaluazne uninedomeluladasu? 4/4



