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The Identification Characteristics Degradation of Plastic
Motorcycle’s Light from Ultraviolet Radiationto Apply for

Forensic Science
Praphakon Pongsengl, Noppadon Chamchoiz, Sunee Kanyajit3,

Narong Kulnides4, Narong Sangwaranatee5
" *Eorensic Science Faculty of Science and Technology Suan Sunandha Rajabhat University
3Faculty of Social Science and Humanitites Mahidol University
5AppLieoI Physics Faculty of Science and Technology Suan Sunandha Rajabhat University

ABSTRACT

The purpose of this study was changing degradation of plastic motorcycle’s
light from ultraviolet radiation and comparison of the degradation of plastic before and
after QUV accelerated weathering detection by fourier transform infrared spectroscopy
(FTIR). Divide the plastic test for 4 sets, put set 1, 2 and 3 into the QUV accelerator
weathering conditions for one, two and three weeks, while the fourth is a set of
comparison.The graph ofall four setshad a peak at the same period of wave number but
the absorbance unit is different. The fourth set which is not accelerated by QUV has
the absorbance minimum. Plastic set 1, 2 and 3 with QUV accelerated weathering has
the absorbance decrease respectively. It concluded that the use of FTIR analysis helps
determine its indicative lifespan of plastic motorcycle’s light that test without damaging the

specimen. This study is an alternative that can be applied in a forensic identification.

Keywords: Degradation of plastic, Plastic motorcycle’s light, QUV accelerated weathering,

Fourier transform infrared spectroscopy
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Study and Evaluation of Design for Development a Wet Waste
Converting Machine for Artificial Soil to Organic Agriculture :
Using the Classification of Quality Function Development (QFD)
and TRIZ40

1 . . 2
Songwu Egwutvongs , Somchai setvisak
1'ZFacuLty of Industrial Education and Technology King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

This research has the objectives as this following: 1) To study steps of wet
waste separation to produce artificial soil 2) To design the wet waste separation for
producing artificial soil 3) To take assessment of effectiveness for wet waste separation
4) To check the properties of artificial soil produced from wet waste separation 5) To
take satisfaction assessment for wet waste separation to produce artificial soil

The populations and the group sampling are three agriculturists to cultivate
organic plants in District of Sekew in Nakornrachasrima province. Moreover, it uses the
purposive random with experiential properties of organic plants.Similarly, the tool used
in this research is satisfaction assessment of wet waste separation by using 5 rating
scales. As the result, it has analyzed information by using percentages, Means and
Standard Aviation.

According to the development procedure to classify the analyzing for QFD and
TRIZ40, it was found as this following: 1) It relates to the improving factors ; namely
fixing and maintaining following by safety , producing method for materials and
uniqueness 2) It involves with sale point ; namely, apply advantages and convenience
to increase the interest and the confidence for the customers to apply 3) The
requirements to customers ; namely, apply advantage and strength when passing the
testing procedures with satisfaction level of agriculturists group to cultivate organic
plants with excellent satisfaction as i =3.83,S.D. =0.34.

On the other hand, it was found that the Total Organic carbon, Nitrogen,
Phosphorus and Potassium had the Means of weights with 9.2 , 0.7 , 0.6 and 0.85
percentages, respectively as well as the Means of weights for Sodium quantities with

0.15 percentages.

Keywords : Wet waste, Production of artificial soil, Product conversion, Quality

Function Development
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Effects of Wheat Gluten and Milled Rubber Wood Fly Ash on

the Properties of Starch-based Bioplastics
. 1 . 2
Tanjira Sundum’, Kaewta Kaewtatip

1’ZDepartment of Materials Science and Technology, Faculty of Science, Prince of Songkla University

ABSTRACT

The objectives of this work were to investicate and compare the changes
produced in the properties of thermoplastic starch by loadings of wheat gluten and a
combination of wheat gluten and milled rubber wood fly ash. Glycerol was used as a
plasticizer and the samples were prepared by compression moulding. The wheat
gluten and milled rubber wood fly ash loadings were fixed at 10 and 2.5 wt.%,
respectively. Tensile tests showed that the addition of wheat gluten increased the
flexibility of the thermoplastic starch, while a loading of combined wheat gluten and
milled rubber wood fly ash enhanced its rigidity. Moisture adsorption and the
degradation process did not vary to any significant extent in response to wheat gluten
alone, but both were reduced by the addition of wheat gluten and milled rubber
wood fly ash combined. This was ascribed to the effect of the milled rubber wood fly
ash, which altered the basic environment of the thermoplastic starch matrix induced
wheat gluten crosslinking, thereby hindering the penetration of water. SEM images
revealed that the morphology of the thermoplastic starch changed as a function of

variations in its composition.

Keywords : Starch-based bioplastics, Wheat gluten, Rubber wood fly ash
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Band Selection for Hyperspectral Image Classification

Nareenart Raksuntorn
The Faculty of Industrial Technology, Suan Sunandha Rajabhat University

ABSTRACT

This research presents a band selection technique for hyperspectral image
classification. This technique utilizes mutual information between bands and the ground
truth reference map, and correlation coefficients between bands. Band selection in this
research comprises two major steps. The first step is to define a set of informative bands,
called a candidate set. This set can be identified via mutual information between each
band and the ground truth reference map. The second step is to reduce the redundancy
between bands using correlation coefficients between bands. Selected bands will be
kept in a band selection set. This set comprises the first band presenting in the candidate
set. The second band is chosen from the next band presenting in the candidate set that
offers a correlation coefficient below the preset threshold. The next band selection can
be done in the same criteria until the number of bands is met the requirement. The
results show that the proposed technique is useful for band selection. When only 50%
of all the bands are utilized for classification, the overall accuracy and average accuracy
are greater than those from using all the bands, and kappa coefficients are equal, which
are 81.08%, 82.93%, and 0.78, respectively. Moreover, if the number of bands used for
classification is less than 50% of all the bands, the classification accuracy is not lower
too much when compared with the decrease of the number of bands, such as when
only 10% of all the bands are used, the overall accuracy, the average accuracy, and
kappa coefficient are dropped to 69.39%, 66.32%, and 0.65, respectively.

Keywords : Dimensionality reduction, band selection, classification, hyperspectral imagery
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Development of Paper from Rice Straw for Producing Artificial

Flower of Ban Kham Soom Vieng, Amphur Phrao, Chiang Mai

1 . 2 . . 3
Oranutch Khampan', Yada Loonjaroen , Chanida Saiphanya
1'2’3Printing and Packaging Technology, Faculty of Arts and Architecture,

Rajamangala University of Technology Lanna Chiang Mai

ABSTRACT

A rice straw is an agricultural waste that can use as a raw material for
producing a paper, because of it contains a high amount of cellulose and
hemicellulose. The objectives of this study were to produce and test properties of
paper from an agricultural waste’s rice straw for making a die cut block which was then
used in the production of an artificial flower’s petal, and to promote the community’s
extra income from support of the villager. This study was carried out by boiling a rice
straw in alkaline water obtained from an ash and pure water. The ratio of rice straw :
alkaline water : pure water was 1 kg : 1 L : 1, and then added with 25 mg of the rice
flour to enhance the strength of paper. The paper sheets were made form 50, 60, 70
and 80 grams of wet pulp weight. The produced papers were tested mechanical
property of paper. The result showed that the rice straw paper blended with flour
during pulping process provided the highest tensile strength of 44.44 MPa because of
refining process resulted in smaller fiber and more branch, causing strong adhesion of
fibers. The flour acted as a binder that combined each fiber in the papermaking
process to be increased in tensile strength of obtained paper sheet. The rice straw
paper blended with flour during pulping process (50 g/wet pulp weight) had a basis
weight of 87.11 gsm which was closed to a type of wood-free paper (80 gsm.) applied
for flower petal making. The paper surface was also smoother and brighter because the

porous among fibers were covered with flour.

Keywords : Rice straw, Artificial flower’s petal, Papermaking process
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Dyeing Silk with Seed and Seed Coat of Tamarind for Enhancing

Commercial Value
Oranuch Nakchatl, Teeraphong Keamkeawz, Rattana Sansang3,

4 .. . .5
Nawarat Pourpan , Sirikoon Ampawasiri
1’2’3Chemistry Program, Faculty of Science and Technology, Surindra Rajabhat University

**Home Economics Program, Faculty of Science and Technology, Surindra Rajabhat University

ABSTRACT

Nowadays, the traditional silk dyeing practice is more popular while the
natural material of dyeing is seldom used in the dyeing process. To figure out of finding
a new natural material of dyeing, this research is aimed to 1) investigate the use of
tamarind seeds as natural ingredient in silk dyeing through the process of seed
extraction, 2) determine the effect of the mordant (purple-colored orchid, tamarind
leaves, alum and mud) on the quality of dyeing and 3) apply in silk product. The
results show that the extraction of water dyeing from tamarind seed and seed coat by
using tamarind seed and seed coat 1 kilogram each with 7 liters of water and then
boiling for one and a half hour. Silk fibers after dyeing with water dyeing from tamarind
seed and seed coat show golden brown to gray color according to the mordant. Silk
dyed is strength and color fastness to hot pressing, rubbing and perspiration are quite
good to quite excellent (2/3-4/5) but the color resistant to fade is low quality. Also, silk
dyeing combination with alum and mud are the best overall color fastness, which can
be applied to silk production. Therefore, the outstanding of this research is the
utilization from the abundance of tamarind seeds to support the silk product in terms
of commercial value and could be served to the customer, save cost as well as the

dyers and wearers are safe from chemical dyeing.

Keywords : silk dyeing, natural dye, tamarind seed, tamarind seed coat
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flwiugnuazsmieannlulsemelng yn 4
druvosuzvruatnisaienldusslovila
®a188819 19U AUt1uiesiiees wa
Bunuslaanseusznavamsiiodfiusa s
Tuihuvugeernis waaldSuuseniuud
Noudulazdunensainan (Puksir, S. and
Maitree, S., 2011) wJudu
(tamarind seed) Usznauseduiiiuuden
Hundn (seed coat) HdnumzAthman
voruiudaly ludiuiaziivseum 30
WodGudveamdnmun 8n 70 Wesidudi
wae Ao dwiuiowsdn (kemel) 3
dnwuzdviiuig tTuatdelusiuaulneniy
guundnazinudauzruundalnlngouds
Bondn dhdu ieAuidedndlu daiudentu
winagnilulagliinusslond Tuudves
msthlugaudndginietdising  vewmsuy
W 1ife wiasuasUdeninunlddendniy
wazfinluy wuineglidiinatainiauns
(FAuuazany, NUU; DURNTIULALEINNA,
2555) Prabhu tay Teli (2014) afnans
wnuduandeniuudauzyuiieianld
WuansineRedlunisdeudine vuung way
frlyasedendanauazaiiu wuih asuny
funndeniudauzauaiunsatiglimn
watuRndld wisgnslsAnunisinuden
vudauzmanlddeninluudadisrs oy
fatunuifeifsaulahudauaziudonsy
waaugvuunlddouiduluy lngazdnwn
WBnsain navesanshILindrenuAINYes
n1sdeu masnaunisuibuuszyndlaly
wanSuainlay WelmAnUsslostuazadng
yafLi

WAALZUY
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IMQUILAIAYaINITINY

1. dieataihdounnudauziuuaz
Waenvudnuzyy

2. ilefnwinavesanstisindeie
Aun N sfaulnudiemdauasivdendu
WAANZY Y

3. iethluuszgnslundnsiausisnluy

s2leuinive

1. Yaquazgunsnl

Fulvaiues 6 Fonuingalalne
asdudornuiTndAnu s wiausanuld
wisupraiusiUien Sonnpanan sunoiies
Fomtaasuns Taaulfanvuesintumess
AIUANTUN B ARNIAN JaninaTuns
Tungvruuazluvilalanndiuinaing gune
Wioe Jamingsuns arsiaiuazaunsal
N1sNAFUANINAMUYDE LTI DU URNS
MednAme smTIvedeTwsnad e uauNg

2. Sumeumsnaaes

Wau3sn1sdeuluuiigiuinuzaiy
wazildenduiudnuzviy andeyanis
Funvalgidgaviesiuludmingiuns
TouaUITeINUNAINNITY619 9 U1
Ansrzinazimuinisdouluudioiudn
uzvrnnaziUdonduindauzein lu
wosUfuRnig feil

2.1 nmsfeulvumeidauzuny
211 meaftedthdeunnueus

FBsadeddenanudauguulszendain
nsdunuel urnieula uined gidyan
viosdiu thuusiam duanides suneliles
#3uns Yriaasuns lnedndonudauzviu
andiidnwazanysal lufluwaaang S1uau 1
Alanfu iiuhazenn 3 ans wdieliduna
1 fiu ntudimiavenadly 4 ans dlusy

ﬁqmmgﬁ 95 perwaLdoa Wuan 1 dlus
30 Wil Waunn 9 15 urdt leasuiiani
fmun Al dldnsesiefiviuiis
Ighdananudauzyuiitadinna

2.1.2 MIas8NansiIefind

WlsNaNsTIeRind 4 vfa laun
Tungwn (40 n5w) Tuvelm (40 nsu) @nsdu
(2 n3u) waglpau lgonsidrunulaay 1
Alandusiothazenn 250 fadans

2.1.3 msdeuluumeidnuzuy

Ynduluuiienn1iugs shuau 2
%y Iudluhazormduna 15 und 9antu
Jalwurenenunn thluiisantssata 5-10
wit - antuthludesluihdeudiannlaann
wanuzvwiiedouldainds 2.1.1 Tnouus
nsmeaesoandu 5 n il deundulvadie
dhdennnudauzeuetaiior Tngllldans
Prefind (yodl 1) Feudnethdouniniude
wrvusNdvalssefng loun Tuvala
(a1 2) Tunzvim (¥afl 3) a1sdu (yadl 4)
way fouspihdouainudnuzuiuniugie
nsustnlaau (et 5) lunisdeuarldidon
IMNUEANLNTIA 200 Taddns ldansuae
Andudazadnasluduuuluihden 15 Wi
ntuthlnufiniuniswennudlasluge
Huan 1 $alus vhnduduluunn 9 15 uni
dlonsuaniitimuadutirdeussnainluy
wovuna thlufsanuszanas 15 Wit 91ndu
ihlugsdethasonaunseiaingndlalaiis
Yl sauliusis nsdlvinlpauniendsain
Houlnudrotndouainudauzaiuudals
sndulvalunindelaawdunan 1 Flus
nswandulnumng 15 wiil dlonsun
nanfifvuatdulwlisay 5 uidt aantu
dlugedednaunseaingndla linnd
Yludsauliiusia
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2.2 msfaulnusadoniuidn
FIEATgR

b%
N o v

2.2.1 msanadudeuanuden
Vuudnuzang
nsafndtidouainiudenty
wiauzey lnedenudnusuuaniiddnue
anysal Wifluuasang 9w 1 Alandu tly
Mlunswazern (1 Alan3u) fgungd 150
ssrwadoa Wunan 30 Ul wieaunseiiy
Wasnwdauzauiidhmadundesuasil
nauvey fivlifu dnudauzvaliunsime
amzduFonsusuuen tilugalu
avo1n 7 ans Wuan 1 $alus 30 wndt ity
Aun 4 15 Wit Weasunandmun fislhdu
¥lunsesdaedivniung agldiageuann
WaonvuiSnuzauiifiinnasd
222 N15LAT8UESTIURANE
WSBULTULAINUTD 2.1.2
2.2.3 msdeulnudisiuionsiy
WAANLY
vimsfeulwudaetindoudiaia
Iganudeniuwdausunegnnietuazdon
safuldanstiednd 4 viia lown Tuyzany
Tugala asdunay laau Jonsdeuringusen
fude 2.1.3
3. NMIAFBUANNINTBRAUIMUNENEY
g0l
nagauAMNMvBRdulunenaIdaN
Fruthdeuaniudauzuuuaziudenuin
Uy lneUsyiiudnwusdvonduluy
AMULTwsenduluy AduAInuYed
oA auamuresddonistng AuAmn
YIERBNITNATTUAEAINNTOU AITUAINY
vesdrawiouarnsnnd lnedisioaziBondal
3.1 msUsziiuanweazdvoaduln
Tnevndulnuiidoundrluuszifiudnuazes
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dluidulvy lnsfisuduuiuduinsgiu
(Pantone) hn1sUseidiusiuau 3 ade usay
addldussdiu 3 au inaeimsfisrsandnune
anusngldinmst 27u 3

3.2 MIVAFBUANLLIILTIVBIEY
v (Tensile Test) Inetidulnuiideuudaly
naaeumLLswendulng tngldiedos
tensile test ¥nsnaaes 3 A Wisuifiou
anuudasaveadulnudidousuduluu il
dond

3.3 NSNAADUAIINAINUYDIE Lag
dndulnufiniunisdonudalunaaeu
ANAINUTIATIUIU 4 Wrs1dmes laun
NAADUAIILAIYIUADNITNATTUAILAIILTDU
(Color Fastness to Hot Pressing) ANuu®sgu
ISO 150-X11 : 1994 NAABUAINUAINUUDE
nan13dng (Color Fastness to Rubbing) ma
UMIFIU ISO 150-X12 : 2001 nAg0UANUAINUY
vaddsiawiie (Color Fastness to Perspiration) #1113
1M 1SO 150-E04 : 2008 Laeyngdaun1snng
MgayInsgIUILIsTen Ul

4. maldssendldhedndasmilba

\dengnsnisfouluuitlinunng
fanluuszgndldluniswdndiluy Insende
nseeniuULaTMAaBIN Ty nWiosiu

NAN15IY

1. msafndindeuuasdnvardves
dulnundidaumeiudausuuaziudaniiy
WaAULY

afmindeunnudnuzunlaelfiude
uzy 1 Alanfusietnazen 3 ans udidu
nan 1 Au ntuduiazennadlusn 4 aas
duafinfigamgdl 95 ssmwaldua unan 1
Flaa 30 unit afndonnFenvuiusn
wzanulasldiudauzuu 1 Alansy Wil
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gamall 150 esrnwaidea 1Wuan 30 widl
viapaunsyiaddonudauzunuiidthanad
wazfindunen neimzionanzaudeniy
gruvendulutiazenn 7 dns Wutian 1
Falus 30 ut brdulvaludoudnethdoud
afinannudnuzey wazdoniuudauz vy
pg1afgILazdaunieuniuldansviefing 4
wiin nendedouindulunliisuiisuiu
WALALATEIU NAMSVARBIINTIT 1 Uag 2

A15197 1 anwauzdvendulnundeunie
WAALZYY

SnuzUed
YANI5ERu Fumsgu o
Pantonc) Fvoudulnu
1. wén
PRt
P 16-1327TP
(Toasted Nut)
2. Wwén
UL +
Tuwsla 17-1422TP
(Raw Umber)
3. wén
L +
Tungr 16-1336TP
(Biscuit)
4. wén
UL +
asdy 14-1122TP
(Sheepskin)
5. Wén
UL +
lrau 17-1410TP
(Pine Bark)

91nAN5199 1 luufdauseundouan
Wanuzvued1feazdausirunuld

asireindniavinnuazlvdvesdulny
waneinaiy dnlngaglidulnuegluand
dhaanesdan Inglwuiigousuiulussla
qeiidimanes Raw Umber Tugganalsil
e Biscuit ansdulliilmddmamdomes
Sheepskin dnlnufidoudeiudauzvinegn
{Hervziathnanes Toasted Nut uaylail
iluninlaauagdidng Pine Bark

5199 2 dnwazdveadulvandeumaion
TR R IEY

Snwnyyesdlny
gansden | . Fvpadu
’ #@11m557U (Pantone)

“ Ty

1. wWaen

Vudn

- 18-1142TP
281aLfen (Leather Brown)
2. 1aen

Vudn
WPV + 17-1336TP
Tuwala (Bran)
3. 1den

Viuudn

YU + 18-1140TP
Tunzau (Mocha Bisque)
Viuda

Y93 + 18-1154TP

ansdu (Glazed Ginger)
5. 1den

YU + 19-1217TP

Thau (Mustang)

10915799 2 Euluundeunigindeu
ndeniudauzvinilildarsdiefind
warldasvrufndnissiniuaslvdveadu

- 64 -



The Journal of Industrial Technology : Suan Sunandha Rajabhat University

Tnupnsineiu dadlvgjalidulviegluian
Amanesdan Tngluudidoulagldluasla
saudeagliluudinianes Bran luuzany
Tlnudinnauns Mocha Bisque a13duaz
Tlmudimauns Glazed Ginger gl
Houshowdnuzuuetaieissidiinauns
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Leather Brown wazluuiiviluniinlaauass
GVl Mustang
2. nansnedeuANuduswa Ul
$ndulnufiniunision lunaaeu
enandauswosdulmiluiesufifimsnieivn
waluladdme uninerdesivuanadaiu

FIUNT HAMIVAABUAWNTINN 3 Uae 4

A15199 3 AanuLdswessdulrundsdaumeindauanudnuzuusgrieiwaz fousiuiu
#139eANE wanAady (Eulsuuunnsg)

hfouanuwdn

Strength  Elongation  Tenacity = Elongation  Time  Strength at Specified
BT (cN) (mm) (cN/t) rate (%) (S) Elongation (cN)

1. nuliidond 389.00 59.18 4.73 11.83 7.32 27150
(39.17) (12.81) (0.47) (2.56) (1.55) (6.50)

2. lalldansvaonnd 471.83 51.87 5.75 10.37 6.44 358.00
(41.17) (12.59) (0.57) (2.52) (1.52) (15.78)

3. Tdluwsla 383.00 58.66 4.66 11.72 7.26 272.00
(28.35) (11.44) (0.34) (2.28) (1.38) (1.73)

4. Tdluugau 437.00 51.34 5.32 10.26 6.37 328.33
(56.17) (17.16) (0.68) (3.43) (2.06) (15.27)

5. Tdeansdu 451.50 61.76 5.50 12.35 7.63 317.00
(16.25) (6.15) (0.19) (1.23) (0.74) (7.08)

6. ninlpau 398.00 50.79 4.85 10.15 6.31 307.50
(61.05) (18.77) (0.74) (3.75) (2.27) (6.55)

M5 3 nuddulnaiidousae
wanugauaulnyfinnuudasawinningu
Tuufligond Tnoidulnudideudioiuda
mmmasﬁmﬁm%ﬁmmLL%Qmeaﬁqm
sosasunlaun ulnufidensauiu luuzen
ansdu 1mau wazluvdla lnedlananuudaunss
WINAU 358.00 + 15.78, 328.33 + 15.27,
317.00 + 7.08, 307.50 + 6.55 gy 272.00 +
1.73 N snuaeu Tunaueiduluaiilalgdon
gllanuudausawiniu 271.50 + 6.50 cN
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M15099 4 Auwdawssvesdulmumdsdousaihdenainioniumdausvinegiaieiuas
dousiufivanstisfnd uansrade (@nudotuuninigiu)

drdauannlden

Strength Elongation  Tenacity Elongation  Time  Strength at Specified
ﬁuméﬂmﬂum (cN) (mm) (cN/t) rate (%) (S) Elongation (cN)

1. Inulsidond 389.00 59.18 4.73 11.83 7.32 271.50
(39.17) (12.81) 0.47) (2.56) (1.55) (6.50)

2. luildensdofnd  455.66 60.36 5.55 12.07 7.46 313.16
(22.96) (7.95) (0.28) (1.58) (0.96) (1.75)

3. Tdluwsle 450.50 44.25 5.49 8.84 551 35333
(44.11) (8.91) (0.53) (1.78) (1.08) (5.79)

4. Tdluugay 456.16 45.34 5.55 9.06 5.64 353.16
(36.55) (6.85) (0.44) (1.37) (0.82) (5.79)

5. Tdensdu 542.16 70.84 6.60 14.16 8.74 341.00
(17.90) (7.09) (0.22) (1.42) (0.85) (2.46)

6. viinlmau 45233 47.09 551 9.41 5.86 344.16
(28.09) (6.44) (0.34) (1.29) (0.75) (2.75)

ulvunluladaudiauwd s wnadu
271.50 = 6.50 cN
3. NANSVAABUANNAINUYBIENEVAS

NA15199 4 wuInduluungaunie
Waenduwdauzvunnnguiianuuiusg
Adndulnunldladeud Ineduluuiiday

swuluvslafirnuudusanndian sesawn o

Ioun luiideusiudulunzany Taau a1sdy
wazdoumeLUdoniuudnuziuegiafien
TnefiAiAnuudauss windu 353.33 + 5.79,
35316 + 5.79, 344.16 + 2.75, 314.00 + 2.46
way 313.16 + 1.75 cN auawu Tuaaed

aendidenidulnuazgniimaaey
ANUASVILUDNE LOLA AINUAINUABNTAATIY
AIYAUTOU AUAINUADNITTAY AW
AINUABDLUIBLAZNISANE HANISNAGOUNS
miwﬁ 51y 6

A9 5 AUAINUYDIF LN DUIELIAALZ YL

AMUAINUABNISNA  AILAINUAD ALAINY NAGBUNTS
Yan13gou WuseAuTou nsting #oinle And
LAY Jan wis  Wen s A /u ldRou

Lidnuguegnaien q 2/3 2/3 2 % 3 4
2.dangny + Tuwsla a/5 1/2 2/3 1 i 2/3 4
3.danzvy + luugany i 1 2/3 1 3 2/3 v
48NN + EN5E a/5 3 2 4/5 3 v
5.LuAANYL + laau q 3 2 2/3 a/5 i 4

NA15199 5 wuInduluundausie
wanuzuuynnguiinuamuesdnenisneg

v Y [%

viumeanuseuluanizuisegluszauauin

=

feroutnfuinian (4-4/5) lnglnundau
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sruivluvslanazansduiinnunmugsiian
(4/5) drupnuAmMUYeIEnan1sNATIUIY
audeuluaninzieniinuninsuiniiand
7 (1-3) snciulnuiidousmfuarsduuas viin
laauilauAmuianisnaviumeauseuly
an1avlenagluszduanning (3) Ay
Aanuvesdnantstngluaniizuvisiasly
anneilennnnguiialnuaanulussau
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@mmwm‘;ﬂ ALAIUTsERomioluan 1z
asanuluuiidenlngldansdunazninlaay
fmnunmugedian (4/5) druanuasmuyesd
sowitoluannzarsnuindulnundnlaaud
mmmwumnﬁqm (4) Na@pUNITANENUIN
dulmideusehenanudauzuuegng
LAEINIUNAINLINTFIY

M597 6 AuAIIUTesElnfeumelUdeniumdnuzuy

ANUAIWAD  ATILASY AINAIVI VIAFRUNIS
SRR nmsnaviude  den1stng Aowio and
ALY

wis  Wen wit Wen nse e sw ladeiu
1. Wasnuwdnuguiueg1aied a5 12 3 2 a5 3 v
2. Waenviuudauzuna + Tusila 4 1/2 2 12 4 2 4
3. Waenvuwdeuzany + luusyy 4 1 v 1 312 v
4. Waenvuwdauzany + ansdy 4/5 2 % o 2/3 45 3 v
5. Wasnviuwdauzuy + laau 4 2 2/3  2/3  4/5 34 v

MmN 6 wuindulndaunm
vasdronIsnAviumIsANUTaUluaN1 LAY
ogludassedufuiniedeudsiuiniige
(4-4/5) nglvuiidonsmivansdu uagdou
dagildenfuiudausviusgiafiend
AUAMUgeTian (4/5) daunnnunmuYedd
san1snaviussausouluaniivdanyn
Fregr9agluszdudiuniigaienii (1-2)
ANAINUYDIARBNITTAQLUANIZ WA WAL
Wenogluszdudiuiniigaisdoudid
(1-2/3) AnuAmuvesdnevieluaninznsn
wuindulvuiidonsauiuldansdu laau uas
fousaildaniuudauziusgiaiend
mmmmuqqﬁqm (4/5) AMUAINUVDIFAD
wieluannzsnanu Tvufindnlaausinm
Amugafigraglusefuddoudnsiunn (3/4)
soeaeun taun arsdunaziddanduiudn

ugymogafien (3) dlvaidouseastoe
Ainddu  fenwmsueglusediv 1-1/2 negey
msandnuimnngudiegnslisiuinge

4. MsUszendldlundnsioueiinlng

thgasnisdouiliinaninainuamy
sonsAndiiaian fe Housauduaisdunas
niinlaau luneaesdanlusziuniisoutasne
WHublud %aaamwuammaimqﬁﬂ@w
yipatutumla fuansvumw sunevigu
Janiagiuns nansunluldusslewdlasuns
peUTUNNEEndueEnd Wesnldilmuis
dane aunem fduyulunisndndi gudn
ansadmhedunlalusaias guslaali
anuaulanondnduaiduegienn
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TR, R
il 1 fegsvemdninsiluuiidousie
wanuzuaziUennus Y
#iun : dnelagesyy wAnAuazany o Tud
21 AN W.A. 2559

dsduazaiusena

nsAnwINsdeulunmesluaauz v
wazidenudnuziy Ul ANz
wazdanruugvnaunsaduntddoulula
Tnoazlfluudtinadeudaimadu s
ilesnnudnuguuuaziudenviuidnuz
fansunuiuduesdusenau (Bhadoriya S.S.
et al.,, 2011; Puksiri, S. and Maitree, S,
2011; Prabhu, KH. and Teli, M.D., 2014)
asunududuarsuseneudmininadiuea
(polyphenol) anunsoavarelaludhuas
woaneged Waaendedtma flsauy dn
wuldluiivnnedaludiuveaudonuasiudn
ansunuiuiinuanifdumsiieindiosnin
Usgneudmonlndfiueadiivylansend (-OH)
fanunsnareiusgAviuanavesduas
wignhlnAsn1siafatuveduudulnle
drulmndulusuiivsznevselnaduuazey
anilu Fadunsaozdlufifingesdlu (NH,)
wagnyAuenda (-COOH) ansunuiiuivyle
psondaunsalilusnounasai1anusy

lalasiaudungarsvendauaznyesiiluuy
luanavealyy viliiansgaiuseninediu
wuluy (Kozlovskaya, V. et al, 2012;
Prabhu, K.H. and Bhute, AS., 2012) ¢t
uIdnuruansad iUl ddeudn v
I§Fsaenndosiuuidevesdsaunasaus

a

(WUU.) WAy DUIANTIULALEINA (2555) 7
denudaugadluldlunsdeusnluunazen
fe Tnsazlfiandlnutianawuideafuiv
sl
WanuzvNuenanIsdasunudud
drelunsinduds wWeldnsdouluuingle
1nBetuusadsndugeddanstiefnauin
3u 9 urtaelunisfou Fearsvrefing
(mordant) A#lusAsed Ao asdu Tuwsla
Tunzany waglaau lngnunnasduuazlaay
Lﬁua'ﬁs&’wamﬁﬁaﬁqm a19d3 (AL(SO,),)
Hrelinisdoudulefndlaidesanarsdud
losouvesegition (A) Fevinntniy
5Lﬁﬂmaumﬂé\’ﬂﬁ&ﬁﬂmauﬁaeﬂumiﬁﬁm
Juansusznoudsdeudianunsaadraiuse
lalaudseninergiileuiud vilvluana
veedliiazatedn d3eRmdulelddTu
(Bhattacharya, S.D. and Shah, AK., 2000;
Mongkholrattanasit, R. et al., 2013) @1u
Trauaunsadlgliduluuiiamuanmunay
ansatrelilnunddswandduding snle
dlosanlaauduansduviafifiman (Fe) u
peRUsznau Funanillessuiianuisaadng
WuszlaoasAmuduiiudause vindu
a15usynouldedounudnaviduluy vinlud
imzdanuiduluulad drnsuluvela Tu
wzuannsadunduanstielunisingle
wWutuilowniinsndssn nsnundn nsavng
an Bansamaniiingesuenddniiarnnsn
uandaLdulsealud Ssadretusglossin
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AFuduluule sinlmAnnisdeudnd (Vankar,
P.S., 2007; Uddin, M.G., 2014)
Inuidedaziiuinudauguiy
ausarhuntgdenlunlalaglifesddansdae
fnd ilesanudauzvudasunuiuded
AuanTRduanstiefndodudt nsainddon
annsavilileeldudnanuniothlufuiiown
wnzidenuwdanle lnelddnsndiuuan
uyyy 1 Alandy dethazenn 7 ans duadn
w1 Hlus 30 wnit detludeulnulagld
a1stefnddiassinty axlvdvoadulug
Tnugdimauandiefy mnaldiudenude
wyyufeslidulndihamaduninugnan
d1M5UAUNINAINAMNUTRIEN18UA T DU
wudn lnudidousaufvansduniendnaay
Tauagdgllnufianupmuvesdonistng
AUYBsERaANSauluanN L LTILAL ALY
vosdraniteluanmensreglusziunnmmAinn
wiogslsfnuilonadeuaunmuresdly
annelenuarluaniizaimnngueiogied
AnuAsiLarand sradunsiglunsided
T4a15ain wavarsvrefndlusuud
lawiny warszeznatlunisdudeuninase
nsfeuuieniy dausienisinisdne
AL ANVDIATTIRNE SraziIalu
nsfeundetiiudunaunisdredeiinig
Fensthlvafigouudrluudluidadugd
Hygiesiuadunifiarunsatisannisnnd
18 3amasiinsAnelunisrold d1ufu
st luyszgndlilundasioe wuin dulng
Afouseiudnuzviuuazivdoniuiuin
vrvruarunsadnlunetJuiiud THddu
awnu awnsadmelalusianas §Idends
HuegreBainemudsodasdunadonnded
Paglsigfdonlnuansniludszendldifie
as1e5elanazasiamanduninvudeudann
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555017 nasnsudunistisadiayan iy
Tunwdnuzlidnuumiamilg

LIGIRIIE

winuzuuuwazildenuminuzuy
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TaveulesiAumu (coenzyme Q10 3o ubiquinone) Juansdfayiivimiidily
nswAandanulituead savadaruaunsolumsfusyyadasy uazdisannudssin
Tsafeafuszuuilanazvasniden uazlsannudulafings UnAsraneamnsndanses
TareulwsiAmiulddsy widleagdivuniu suvsanmuindeunasnginssunisuilaa
Alivnzan endwalinmsdanszilaeulsiaunuanas Fefawmnsiatulaeulsiim
Tuewns MATeifd ingusvasdiile AnviiSiaiuuazanuasironsdesvedlaeulesifm
Tusdnfasivgniianiivinanudsand Taoiiulaeulsifumuiiunsieuwaiyadu 3 sUuuy
fio ifadu lalasdifadu uaransidedoutuunuinlelrannyiy WisuifieuUimnalaeulsdii
wuuuznilgnsauay wazvzviiadulaeuledAinuguuvunsiliiiunisieunalgady
NnNansnasmuin vsnilanaulaeulsiAumusuiuuned fusinalaeulsiAimumin
flgn (2632 + 0.43 mg/509) vausAigunuudaduiiviinalaeululfinutiesiian (2052 +
0.84 mg/509) Wialmnudeusuuzuillnanisain iliusniifivsunalaeuledduvuana
TnsugniiasalaouluiAumusuuuulilasdfaduiifosaznsgyidssenintsnisaingsiian
s93AwADIULUUNS JULUUBTatY warsuuuuarsidadeuruunuulalamnviunudiu
wuhugniiesalaouleiumusuuuililasdiatulienunsfrenssuiunstesgeniiugvil
iindu 7
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Development of Fresh Wheat Noodles Supplemented with
Coenzyme Q10

Aticha Netraputral, Aikkarach Kettawanz; Eakaphan Keowmaneechai3
1’BDepartment of Food Technology, Faculty of Engineering and Industrial Technology,
Silpakorn University
“Institute of Nutrition, Mahidol University

ABSTRACT

Coenzyme Q10 (Ubiquinone) is an important substance responsible for
producing cellular energy and acting as an antioxidant. Coenzyme Q10 is currently
getting more attention due to its health benefits, such as reducing cardiovascular
disease and high blood pressure. Normally, coenzyme Q10 can be synthesized at the
liver. However, increasing age, environment and inappropriate consumption behavior
could lead to the reduction of coenzyme Q10 production. This can be resolved by
raising coenzyme Q10 intakes from food products. Therefore, this research aims to
study the supplementation and stability of coenzyme Q10 in fresh wheat noodles.
Coenzyme Q10 was added into the noodles in 3 different forms: emulsion,
microemulsion and Y-cyclodextrin complex compare with the controlled noodles and
coenzyme Q10 powder type. The results showed that noodles supplemented with
coenzyme Q10 in forms of powder type had the highest coenzyme Q10 contents
(26.32 + 0.43 mg/50g), whereas the emulsion type had the lowest (20.52 + 0.84
mg/50g). Blanching the product reduces the amount of coenzyme Q10. Coenzyme Q10
loss of cooking were found in forms of microemulsion emulsion powder type and Y-
cyclodextrin complex, respectively. Coenzyme Q10 in forms of microemulsion was

more stable to digestion than the other

Keywords : coenzyme Q10, emulsion, microemulsion, Y-cyclodextrin, noodles
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(Matthews, Yang, Browne, Baik, & Beal,
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(Morisco, Trimarco, & Condorelli, 1993) an
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& Mohan, 2009) wazdaiedasiulsalunsy
dnm (Cordero et al., 2011)

Fonraaflaeslateuledarinu
(ubiquinone) fe 2,3-dimethoxy-5-methyl-
6-decaprenyl-1,4-benzoquinone (Overvad
et al,, 1999; Parkhideh, 2008) Un#313n1e
aunsadaasizilatouledAnuleiesain
nsneviilufite Wnlsdu (tyrosine) wariiflasy
a1fiu(phenylalanine) saufUIntu 7 win
fio ITul 2, 3, 6 way 12 AU nsaln
an waznsaunulndiin lnen1sdunasizila
oulesiAnnuiaziAinuiteu (Palomaki
Malminiemi, Solakivi, & Malminiemi, 1998)
TatoulesiAnuegiidiuidofuvos
lulamewinie Mndiiddalunisvuds
Sudnnseuriiondandssuldiuead Tay
Wasudeanalvzeglusuves ATP
(adenosine triphosphate) Fafundseu
fuguvensed wadadaudfglunisidu
a1sfueandntu Medestunisiaeie
Vuwanneyyadase (Crane, 2001; Jin et
al,, 2008; Mattila & Kumpulainen, 2001)
TaeulesAannunulelululnasuinseves
aiaazﬁﬁaamiwﬁwmqa 1 %ala v
nduiilo aues (Kettawan, 2004) @1un5aNy
Tavaulesidnmulaluetorzdu 4 udny
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Tyiifigawe nsindelsaunslsa mslasuen
NI0A1LAN WILAAIINLATEA AIULNARD
nsdaasigilateulgdannulusianie
(Crane, 2001; Zmitek, Zmitek, & Pravst,
2008) Wieszduvaslaeuladdrinuanas
sremeazlianunsadsunlamdsauain
9115 Iﬁagiugﬂﬁéﬂaﬂwsﬁﬂlﬂi%lﬁ CRGIED)
a¥oazing q Aagvhawldlidud ilfidae
vty suneseunds seuunliduiu
donanmauunld Jgumidenanianunsa
uAlelalaanisiasulaeuladAmuainennis
TuUSuaiigedu (Crane, 2001) TneUiaud
wugtneTuveslaloulyiAunufe 30-100
fadn3u (Pravst, Prosek, ALENKA, Zmitek,
& Zmitek, 2009) lateulgsiAanugneadule
fidnl&iEn uazanunsagaduldatuiioniu
onsTillusiusausie (Mason, 2005 Zmitek
et al,, 2008)

uonanazdvuialutanailvgjudn
AnianTRfiddyBnusznsvedaouleifumy
Ao 1uansfidatiesunudounvliliidaias
anunsoazareldiludnsiu (Upophilic) 34
danavilvigadululdlusrsnieléen (poor
bioavailability) lateulsiAunugniinaiale
edleduiatuainudou eondiau uazuas
Fatu n1svieunAUglatuIz sy
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pwnsiiveneussm wu Taluley, 19a, uaydsiatu
(emulsion-base) Wuiu wuin TaeulusdiAinu
flarnunssarenistesinia wieniunns
LauLLﬂﬂﬁgLasﬁULLuuﬁﬁa%u WAZKUUBUN AL
Tulup@nnaaledisa (Pinar Ercan & EL, 2011;
Tobin, O’Sullivan, Hamill, & Kerry, 2014)
Feduluemidded JdddiFonIsounatgiadu
Troulesidunu ieivadundn Sasiugni
3 wuuie difatu lulnsdat wavansdou
Fuunuanlalamnvisu detielilaeuleifim
annsoavanelgluth Sauassasenisees
it n¥ouilargadudngsranisldinety
Yaelrs1annelasulaeuleifiinueeng
ENIG!

s

IngUseaIRvaIN1sIvY

q
=

1. Lﬁaﬂﬂm'gmwuﬁmmzazﬂ,umilﬁu
Taweulaiunulundnsausiusnilan

2. WisfnwUsunanazauAiIfe
nsgovvadaeulesinnnuluusniiasy
TateuleaiAinu

521 U8UsIY

1. mateuualmadulaeuluifmy

\esanntateulesidnuiiluiana
swnlnguazazansldianizludagiy vl
Andungsneniglates Feldvinisimunli
Taoulgdfumuanunsoavaly w3ensganem
#luh detaelaunsagadudnginenield
16 TaihlaoulesiAamuluguuuumsuiqns
(powden) w3emlulaoulasiAm 3 JUluy
e BiTarfu emulsion) ailrsBalariu (micoemulsion)

ward1stdagaunuknuubglaatAnNns U

(y-cyclodextrin complex) (NM540SHLAIDE7
nndunousiluiesiivamainuasyd uaz
muANgaMTivies 25 ssmivaiya)

1.1 3adulaeuludAamu

azane Tweeng0 §1uau 0.2 n3u luth
80 fadans NuNaNLIY 20 W17 Tgmad
60-70 aeAwaldud avaronalaioulyiAnu
3 ndaluhsiugidng 20 ndu udatlunasly
drui Teludludsnedneiinanuida 9,000
rpm Uy 1 Ui

1.2 lulasdiatulaeulvsiamu

avanenslatoulasiAmy 10 nsulu
dfusdnn a5 nfu naunaslsfdnfuu 20
Wit wdaantald Tweenso $1uau 45 a3
unausiedn 30 Ui figamgil 40-45 oaen
\waLged

1.3 @sdestoulaauladfmnunu
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Artificial sex induction of Cobia using electrical technique

Saowaluk Kawsangl, Sakshin Bunthawin2
1Faculty of Technology and Environment, Prince of Songkla University
2Biotechnology of Electromechanics,Science of Physics, Faculty of Technology and Environment
Prince of Songkla University

ABSTRACT

The present study proposes a novel technique of monosex-male reversal for
the commercially important marine fish of cobia (Rachycentron canadum) using
transient square pulse-electric and androgen hormone dose. The eggs of R. canadum
had a simple spherical shape (=1.29 + 0.02 mm. in diameter) which is smaller than that
of the freshwater. The critical age of 6-19 hpf (hour post fertilization) were induced in
the external field with square wave pulses of ps-duration and amplitude of 100-350
VDC (equivalent to 26.25-87.5 kv.m™). The suspending medium of electroporation
(EPM) contained a poor conductive medium with the minimized concentration of the
androgen hormone 17 O-Methyltestosterone (MT). Using the amplitude of 350 VDC of
3 square-wave pulses of 50 ps duration with the concentration of 1,500-50,000 pg.lfl
MT could be made all-male sex reversal of hatching at 35.71+1.81 to 89.28+1.17%
(n=700) with the maximum survival rate of 45.20+1.71%. Experimentations were
achievable at a commercial density ranging from 700-1,000 eggs/10ml for each
induction. Nevertheless, we have not yet accurately determined the sex reversal rate
since their sex will be stable only after they are 2-3 years old. This novel technique
could reduce the MT dose down to a minimized value with a rapid throughput of only
quarter-hour per batch of eggs and using only 10 ml lots of hormone containing

medium.

Keywords : Cobia, Sex reversal, Electroporation, Androgen hormone, square wave pulses
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ganInAasLiuA1ANLA1LNIL 100 Totiu
'ej”mwmssammaumﬁqmﬁa 13.60+1.81
Wesius namsvnassiany i 1

Mannitol+PBS+MT (Survival rate%)
50 15200

0 II

100 ohm

44.300

MT{ug/)

1000 chm 10000 ohm

goohm) ssssesess dndlnusadenisoonohm) oooachm)

N3N 1 Wan1IVAaBIBRIINISIHA (Hatching)
waEdn3IIN1558M (Survival rate)
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nansdaudugIulivaivounia
frenAmae SEM

HANIIASIVHOUANUFIUAN WU VDY
ldUanteunsianasdnyasiuinwadlivan
FounziasuAIne1s SEM Lilegdnuwazues
laUa1reunziadalnunuILuy waguuln
mmﬂ”iﬂwangﬁnmﬁuﬁﬂﬁiﬂmﬁdaumLa
wuirinafiuinddenlivaidounsiagn
muAudvuIngnie 150 uilumns Auand
1 (n) wagnisnaassiunisutlivardeunsia
Tuansazans EPM fiddrunavasgosluy MT
Fudleaigaedndlaii 350 Taad ifius
FunIUYWIA 100 Toviu Audeygiadaan 50
luTasAundt Sunugnedu 3 siad wuin B
NuRaUdenlduadounsiailvunannuning
¥895 221.9 WluLAT AN 2 ()
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150.0 nm

.

80000X

AW 1 amenesiendsqansseidiannseu
wUUdBINsIn (SEM) dnwaugldvaidounsia
YAAIUAX

10000X

80000X

AWl 2 A e endoansIrididnasou
LUUADINTIA (SEM) WAAIAITNAUILUY
anwaly uazvnAunivesslulivaiteu
nza (), @), @) Andlniln 250 Tad Fadumny
au1n 100 loviy, 50 lulasiund, 3 wad

dsduazanusena

Tvandeunzialuliussianlaase i
wualy 1.29+0.02 Haduns Insitndud
Tdian 22 $alus ndaannlaléunsuiaus
flgaumgdl 30 ssrniwaBea Teflanalndifes
AUTIBUNTANYIANAZINEIVBY Sakthivel
et al, (2012) uazo1AU FINUM LATANY,
(2555) srea1uinvageunzaiindudad 22
Falus 20 wd gaumgfidnlutag 28.5-30
avrLgaldea luvanseunyiallanwayns
WUSLYAALUU Meroblastic Cleavage @ 14
PzdnsuuagadlanizA1uuy Animal pole
wintiu dhumadinu Vegetal pole laifinnsuvs
waa (35¥ned, 2536)

ﬂ’luaﬁﬁlﬁl,‘ﬁuiﬂiﬂﬂ'ﬁLLﬁﬂﬁUiS&iﬂﬁﬂ%
wmadanisveregiidoRuivadldvaidae
aunallii (Electroporation) tievgnegia
vinuderiuwadvedlivariounsialag
wmileainoyainaiseesluuine 17 -
Methyltestosterone  (MT) ifldruusznay
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AUt utuvesaIsazatefivuizause
mswiethlgvaidudeus ety
vaugivereganiadivaug WelIsuiiioy
nan1sAne i vigadlinidonunsuywed
(Chang et al, 1992) wuan tululunia
Wenfundnie auulwihfiddewwiy
fzinarensiUnvegnesfinaiadiielaia
Uszdnsnnnisiimieyninvesgeasiuuing
Mmelutgas lngerdousanialnidndy
#anszdu Tunismilenirieauiuliin
fuaAusdndsudu 350 Taad Wle
inAAuFuLT 100 1,000 waz 10,000
Toviu mudidu [eulvgudgaruiaduuy
ABeu (T, was T ATUAYQ I 50
Tulasiunit Sunugnadu 3 siad nansvnaes
mudeuludandninuin gnansazans EPM 7
fdrunauvsgasluuauidudu 1,500-
50,000 lulasnsumedns anumaiedngludia
arufidivuadiedudy T6nsausniln
(Hatching) agflutiaesening 35.71+1.81 fig
89.28+1.17 1Wosldus (n=700) waLNIINIT
JOARNEESER (Survival  rate) Wity 45.2+1.71
Wesidud lunsveassfinnududusesluy
MT 7 3,000 lulasn3usiedns Senmssennie
gegaLindu 45.20+1.71 Wesidud nsdyn
Armusedndisudui 350 Thad fuiiuen
AnuFumuil 100 Teviu Tnefideulygy
Fuaaiaduuudvaeni 50 lulasiunil
$1urugnedu 3 vad awnsaveneslivan
Founzialduszuna 1.5 wih Feflauniig
Y9931y 221.9 urluluns Faflvuin
wnninderFeuiisuiuganuguidouia
150 W lULLAT 9INNISNAABITIIAY WUTT
dlepududuvesansazaivsesluy
ALt uavdmanesnsinsilnuazsns
nsseAvBIlateunyia
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Tngasuruidedvssaunadnialy
nsnseduieriuiwadlivaiteunsialis
Waniredaeaunlafinuuuiadsunadu
Amdsudidaudygialuielulasiund
waunanvesdtyy1adlniingia 100-350 VDC
(euwhawlihiifiaudalugag 26.25-
87.5 AlaliaAmaluns) ANULTUTUVD
ansazarvgasluune MT funzaudas
1,500-5,000 lulasn3usiodns finnnumuiuiy
l9Uand29 700-1,000 Wosso 10 faddns
mnisnsaldlanafunsuannalaiazan
szoganlunisaniiunisuuaandlavanlu
53881981 15 Uiifoyani1svaass F9n1s
naaosbunuiseduuuuiianunsadldle
sevonfuwadlivamziarinduifidnvas
AREARIAY

DGR

mATeiineasusnduiulduadounsia
fiszoruananan (Blastula) feszay vanalm
wo$ (Blastopore) Wity druszevaudslaly
MNSANYIUNIIENTOUTDINNAAIUTELLIAN
fudunsuassudszana neustulanlngia
sroziraluniswauidnnzlusseziiand
51957 Bnvslavanflvunadndslaianansoriu
Frunuiuiueuldluusazyanaveass

anAnssuUIENA
I sunuatvayulasinsideanauey
welilafuasAannd o Avendsamaneiung
wazaudITauaeiannyssumneils Smingifn
ey elivareunsia
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2NINAVBITIAUNUNABAMANTAVDIYITTTUYIA

Afunsiusanludiduansaaiu

@ 1 a a v a2
Sysan weaw, Aling InsAng
" pefmnfedusrenduarlolalny anginenmans uuinendoinunseans

unfinge

mAfeiiiyejimnsifieAnyinaresnsaiedsdunum uazarsiuiuunstusenles
soauiRdena anudumumsuameduingy uarautinimusionufeuresusuiidueny
Fausiufiduensgnisdeutulpenistnthenss s Afiiumsaefadununiuinased 20, 40,
60 uag 80 Alansd waufuunsiueonleafildduneiiuseisnsvosdusesivsunm 0, 1,
3 uay 5 n3u uawnIadeuaNURAIe 9 nuanisTaniludenssssuefnieisnisane $ea
wnusfinavilvisnafaiusydenlosnelulinana lnonsaiefsdunuaniiuiinaied 60 Alansd
daralyiiua N WA URMUANNUADRIIAY ANAIUVIUNITANVIN LAZAIIUVILABLTIA
mdamsusisaieanufougean luvariinisanedsdunuaniiviinuied 80 Alansd duwaly
ArwdumunsuamesluhiiuAfian wasukuRiduesiifimafuunsiivesnleduium 3 niy
e Tmusonsai AnuiunIun1sinn wasanuiuniuntsuasmedlutitugaan
Tuvauziinisifuunsiueenledfiuiuim 5 nfu agviliunuilduensiiAinanunusonsd
waaN1sULLIwReEANTougdakaziiAuInnIAMEVUR DL IAINeUN1TUILTY wanliiudn
wiuiiduensdinandinisusieauseuiinibey

v

AANALY: U18195550T0R, unsilueenled, Sadunuwn, audfidena
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Effect of Gamma Radiation on Some Properties of Natural

Rubber Mixed with Graphene Oxide as a Novel Filler

Tanrada Masseml, Manit Ji’cpukdee2

1’zDepartment of Applied Radiation and Isotopes, Faculty of Science, Kasetsart University

ABSTRACT

This study was focused on the effect of gamma radiation and graphene oxide
which was affected to mechanical properties, swelling resistance in oil and thermal
aging resistance properties of natural rubber film. Natural rubber film was prepared
from natural rubber latex with treated by gamma radiation dose 20, 40, 60 and 80 kGy
and mixed with 0, 1, 3 and 5 g of graphene oxide synthesis according by Hummers
method. The natural rubbers were vulcanization by using gamma irradiation showed
the result of crosslinking within the molecule. Gamma irradiation at 60 kGy was
increased the properties of natural rubber film, such as tensile strength, tear strength
and thermal aging resistance, while the swelling resistance in oil was highest increased
at 80 kGy. The tensile strength, tear strength and thermal aging resistance were
increased when add 3 ¢ of graphene oxide in the rubber film. While added 5 ¢ of
graphene oxide, the tensile strength after aging was increased and higher than the

tensile strength before aging. The rubber film has excellent heat-resistant properties.

Keywords : Natural Rubber Latex, Graphene Oxide, Gamma Radiation, Mechanical

Properties
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unin

grasssummiunedwasvianiled
§sumeiamnniian feoauautiBvesens
S3uTATT e NEavEUge Danamusiousifa
AUNUADASANTTE AUNUABNITANA
LLazﬁ@mauﬂ’mué’mmqﬂﬁﬁmw (W959,
2548; 1510904, 2549; Fred et al., 1971;
Holfman, 1989; Ciullo et al., 1999;
Makuuchi, 2003) 3981549195550 RN 1Y
Fudasaaildvainnarsviafiiaiuise
ATOUARNAUNNEAAINNTTHN LU 9RAINNTTH
EIUBUA (879 Uaze19lusn) 9RaInNITUNI
FFINTSU (EUN1Y, 19809 kaveluasnuus)
WALQRAMNITURAAA TIINITUNNE (Qalle,
8819 uagyuena) udu Taevidlunsuus
sundasaaienslugaamnssudndudosinn
HunszuaunsTarlug (Vulcanization) &4
\Hunszurumsiiaziasulassainsluana
289819910 dUASS (Linear) Thidusiusy
Woules (Cross-link) Litevinlfensiinnisas
sU warflquantAidnaifmuizunnis
i lUldwdundnsusiansg ldegramngau
wAnsruauNsTaaludaanadunseuiums
fifinsldansaiiluszuunsnannandaions
Wi Augiy, waseanles wardereantyn
Wudu wazldndsuainudougs souds
nslanunluduneunisudn Sanaves
nsldarsiaiifinariundredueainlid
arsanAtseglundndusionddd awwisa
AaliAnN1SsEANELARIRBRINNINS BLANA
n15usild Snadaduansiousiiasanan
ansusenaululaseniy (nitrosamine)
(Findik et al, 2004) msTamludenssssuvi
wananszuuTanluduuuldansiaiinag 8
szuuTamludlagldisnsmeddfiiingsnugs
WU NN15RI15IEWNNNN (Gamma irradiation)

Fadusnmadennisfiaunsoannisldiaa
uarnasnulunszuIuNIINER audsannisly
aswniifionadeliAnsunaseannisandny
Fandnduald nsanedidununniuanunse
lluanaveseinnsuandalvinsisica
JhlAnnsdenlesiussnelulinanaves
g UUTUSEANSUDU-A1FUDY vilensdile
fufiguandiifty veguandidnauay
amuafesdenudou Snvadafinnuuians
gunszliflansiafiduladevu Javinle
szuuTaanludlagliisnsanefadfidngdany
geiumngdmiunmanangunsnivietudiu
n19n1suwnd Gederfugunsaiiinasesd
msmﬁﬁaﬂuﬁaaﬁqm (Hitoshi,1991)
wihesssunAaefinuantiidanad
AlnglifpLALaIIALAL lNS1Z819@INTanN
rARL] a9 nEa (Strain — induced crystallization)
pg4lsAnu ersRumuatasiidnsnnaly
nsldnudosanensiviauauifdsnas
LLasé’wﬁﬂwmzmqmstwﬁhjLaaaisﬁuagjﬁu
ﬂﬂiLUﬁauLLUaaqquﬁmm nafe 8199y
geudunavmilonnuesnuniedou usax
wiaueiiogumgiidn dremninisld
Usglowianneesssueidesndudesings
wangnsiuansiiy (Fillers) teuiuuse
AuaulRa1g o vendnduanealilaniy
st muasazmnzinsiluldo
Iegnamnyan luilagtumsiududdnnsld
Tugnamnssugnalaediulngazuioendu
2 NAUVAN 9 AR ANTABANETULTI (e,
Fam wazidulonng ) wazansaauduliiasuuse
(WARLTBNAISUBLUR, WARY wazyany) Laadns
G'htﬁmLa'%uLLsaﬁu%ﬁwmaqmmﬁlﬁﬂﬂdw
wazausainsuAsAIEfUelaRnIE@ TR
Anldiasuuse (Choi et al., 2012) 39l
A1AYNAINNSTUTNARNAR Faueinnglafd
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mnuudausviedanauiRidainafinlagdi
Tugdnisidenldarsdnuiasuuselu
nszvIunsHan taglunsldanunaiainssu
drulngn1sifnansiAulasunssazeiey
UsuugenmantRvosealddtelu (ness,
2548, Makuuchi, 2003) “unsiu” (Graphene)
fodutanansuouriianiaidnoglunguves
ansuAnasuuss wazladinsihunladuans
Fufulunedwesdu q ag19n319v119
\osnnunsiluflquanditanisfand
AulantAutdy daaaudinialada g
ANUEAgugs dauaulRidainawaznuandf
yemudeudinuin 1usu (Novoselov et
al., 2004; Bolotin et al., 2008; Lee et al,,
2008; Kim et al., 2011) vhlvdninemans
aslranuaulalunisudinnsilunnimunlu
sUnuuAnaqiieliAnyszlovigegn uaz
vansaAdelatimsldunsiufiegluguveun
sueanlanunduarsandnlunediues
Wiy Tnsaniglue1sssued desnun
susenlefduaiuisadiuinan e
sssuAfieglusUnuvvaniiensldd wax
mmsmsz'«awaé’qagluﬁwawiﬁ (Bai et al,,
2011) ananwagfilAsvaslnsiueonlen
¥ldunsilueanlediuinnusunizianzas
sansilUldaulunisusuugsnuaudaves
wodwosld waziiunlunindudounsiu
ponlgnaINsadLATIERla luUSINMLN Tng
wnsilueanleafidunsizddudunnsiuidl
nsaaulaslasiadramiand (Chemical
modifide graphene) 31nNT2UIUNITIN
UfAseneendiatussninwnsinddunsaun
(Hummers et al,, 1958, Subrahmanyam et
al., 2008; Dreyer et al., 2009)

Feifu fATelAEafuanuddyes
audAfiuauLdusIvesidanaisueu

Volume 5 / Number 2 / September — December 2017

fanann Fslddaasziunsitufieglusuves
wnsusenlanniedsniaaiilaeleisnng
Yosdumes (Hummer method) filduuuss
wa1 (Hummers et al., 1958, Subrahmanyam,
et al., 2008; Dreyer et al., 2009) Lﬁﬂ%ﬂu
1581 AuTUY19ETTUYIR LaEnII9dD U
AudnunzlaNzvanTTiuoanluifoATos
suaalaalat (Raman spectroscopy)
Sndadufiudsylomiveinsifinsnsia
TuN1SHAN N1SAANEINY Lazn1sanalsiadif
THlunszuruniandn fedugideTagady
Anwinisiamlugenssssusfnieisnisaney
Ssdunuun lagyinisAneinaveslsuiused
wnNAeRMaNTRgINg AuaNTRNTUAD
Audeu wavnisulnweslutntuyesens
sssuvRndunsilusenledifuansiaiy
SnvadifnuwmavesUSinaansiLBuunsity
sanlundonuauTfBinavesuiuilauei
FITUYR

IngUseaIRAvaINI1SIY

1. \Wis@nwinavesnistaniludsie
Jensanededunuanfiusunaded 20, 40, 60
way 80 Alaind (kGy) sonmaudLTIng
AELTRANITVIUABAINTEUVREN LazaUUR
nsuanneslutisure981955SUTRRTTLA
sHusanlodluansiuiu

2. WleRnwInavesnisiiuwnsily
ponlasiusunm 1, 3 uaz 5 ndu aduthens
5ITUWRTHIUNTZUIUN TR B UNULIA D

AANURATINATDINUTANE1NETTUYA

52108u35798
NuITeElansiSeutufiegi
Ul TTITRd S UnaaeuAmau TR
\Fena audAnisuruneslutify was
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ANALTRNITNUADAINTOUTDIBNT WHUTHL
p19535UTRd S UnaEeUTATouldduasd
YUIAAINUNTIE 15 LWURLUAT AINE1D 15
LURLUAT LaTdAIUNUITDILRNUNAY 2
fladwns SeRsmsAdueded

1. MswdeaninenssssumAdmsur
ns¥anludieimsanessdiunumn Geazgn
w3t ulaevinnsnsetnensdy 60% #ae
azunsnses udavaduSnineswdesiemutinens
papAlan Whnasazarsueulutie (NH,) 1%
wdinasniuthenedeiliesdnyssunm 15
w9l Jufnarsazarelnunadeulansenlan
(KOH) 10% (Wsnwssed, 2540) W&
Aoy nendITazatenanlsnasy (CHCL,) R
\Wuaslhieufisen (Sensitizer) siwthitlu
nsissufAzeImstanludiiiotasanyiua
LAY (Makuuchi, 2003) w¥eaaniutingns
serosdnUszana 1 $alus thihensiiedon
IoussgldviauiuuuiehUauwaninluaiesed
wnUANTIUSUILSE 20, 40, 60 waw 80 Ala
1n38 (kGy)

2. MInssNLNUAdUEE S UNageU
argninIeudulasnisdidiensfidiu
nTEUIUNSRBSIELNLLNAIUS I MSeE 20,
40, 60 wag 80 Alatnsd (kGy) Feegvag 75
n$u Taadudninesdefsoguuinioniuans
(Magnetic stirrer) wSouianautigns
AapALIAN YNNSANEsAIANLNSHuenlYn
Fndouldanduneudl 1 Usina 0, 1, 3 uas
5 n%u wdINTUIAsNIuEsRRLUNA
sorlesdniduian 30 uiit wileliensney
Unenaufuogneids tihensneudnaild
ussgldnnufmdeuisihensneundii
A0unan 24 $2lue wdr3eddnensney
UnfumasuuLiunszandiduun 15 x 15
WwuRlng SsususeAul oL TTUULEN

TrlaauruIveliuianene 2 Jadiuns
TnensinaslfarumuvesingnsneuUg
WinRunuaRaIReuiy wEeuiadanialiq
gumgiivioaduing 72 Falus ileliien
ARLUMIALENG Tn1sunzuiuNaue1TiLEn
ﬁauﬁaaaﬂmmﬁmimmmqw%’auﬁ%ﬁﬂﬂau
flgauuadl 70 ssruwaldea 1unan 1 Hlus
Fauanasasnnd 2(b-c) wdNuHURSue
lavinnsnageunuanRnuNURBLIIAg
(Tensile strength), AIUATUNIUAITANYIA
(Tear strength), ANUNUROANUTDU (Thermal
aging resistance) LLazmimmwaﬂuﬁﬂﬁu
(Swelling)

NAN153Y

1. nan1INAaeUANANURIMUAIILNY
Aouseiatnuiiduens uafildanmsvnass
wansiannd 1 Fadunsiuansmnuduius
sevilsnanisaneSdunuunsenuaudi
ATUAITUNUADLITIAIVDIUHUT AN B
5550918 (NR)  wazwauildussfidnisifiy
wnsfusenlediivsun 1, 3 was 5 ndu
WUTIAIAIUNUABETIAIUBINNAIBEN S
LT dusne sansudusnafilafinnsiiy
wnstueonleduas uiuiduensiifinisiiuun
siusanlanUSui 1, 3 wag 5 n5Y zilan
mmwwiaLmﬁwaqLLsJu?\Ia‘umqqasﬁumu
USinauda@7iiindy uavAnmumusews il
wuiltiuanasfiusunassd 8o Alawnsd (kGy)
Tnetvein1sate Sadunuaniivsunased 60
Alawnsd (kGy) azlviA1ANUNURBusIRgaEn
Tuyndegrausiuiiduens Jsuandliisiuin
nsTanludeesssumRnleisn1satesed
unusndnasilmAaiussdenleduluianaens
lasSedunuanvinlviiineuyadasy (Free
radical)  vuanelgluianass oyyadasyi
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Antuaziufasenseninstuivinlfiie
nsidenlesdu (Cross — link) szninsanels
Tutanaens dewaliensfinuuduswnn
597U e USu a3 edunuunasdnNane
AuMUILLdUY oINS AnTuss I deuledly
Tutanasns nanfeidotfinuTuiasd
AuMUILLueInIsAnussdeuledly
Tuianaesasiisiu fefudosndlerammi
yosmsiiniusienlodluluianags snsfiay
fiaruudausanndety dawaldensdaum
sﬁamqﬁaqq‘ﬁuﬁw (Makuuchi, 2003) 3271
nan1snaaeluaIuiIde wHuNaue1edian
ANUNUABUTIAIgegaTUTINATE 60 Ala
1N58 (kGy) LAaZAIAITUNUADLIIAIVD
wiufidusazanaaiiofinysunasdnelui
80 Alawnsd (kGy) vinlvmsruinnisaessd
WU 0us 8 80 Alawnse (kGy) 1vd e
ThAnnsideuaaisvesiuszanslulaiana
819 laganelgluianag19u1neonaniu
(Degradation)  shlsinmiinlaanaveqsns
anas (Zeid, 2008) K atud sl walsusiufiguens
fanedsdunuufivsuimsed 8o Alanssd
(kGy) HaaudRnumNUNUABLIIFRIaAaY
wazleRansanielSunaunsiiuoanlesaen
ANUNUABLTIAIVBILNUTANE1S NUTN
wiuTdueifinsRuunsiueonlesusuna
3 05U (NR + GO 3 g) agliiArAuvnumaus
fageaniloiTouiiouiuusiuiiduenailaiba
wnsiuoenles (NR) wazuufsusnafidnig
WuwnsiusenlanuSuna 1 way 5 Sy
AUEITU UaRlALRUINNSIRNAISHLALLA
sfluoenledaiunsavasLiivguaudAsiu
AuVURBL SR HuTiduesle Wesean
unsHueenleddmluasdifuiasuuss
Usstnvmilanfvuineyniasgiuunly uazds

¥
=~

fnunilunisdudadvaielsluanagisgs

Volume 5 / Number 2 / September — December 2017

duwaliiAnsunsnsenfisesrasznineiaves
unsitueenleduazaneldluanaensliuiniy
Fedanalaonsaion1sUiuUTanaTRY0I1s
(Du, 2012) seusdenaliusuiiduenad
AUNUABLSIFIUINBITURINUT U0
wnsHusenlediiiuty Faanwanisnaaedly
NUAT wdudueeiiduunsiueanles
s 3 50 (NR + GO 3 ¢) agdiA1Aunu
soussisguanileUSoufioufuusuiidues
Ffinsiunnsiuesnlediivsuia 5 ndu

v v
o

denadeswiannisiiuunsilusenles
fvsna 5 nfu eelududmuanunsely
nsans@inilegni @ (Stein induced aystalization)
YOL195350 TR 1D nUnAeesITNTIR
Wusrsfiaursannudnlaiiodainld
g195TINTIRT AN LABLTIAage Feduidle
mqgﬂé’uéﬂy’qmmmmiaiumimrmﬁmﬁagﬂ
fa8m (Strain induced crystallization) @wa
Tensfianununsusifianas (Wewss, 2547)
SnvtenisiinUsuaE IRy uinezdu
nsiufuiiensuazansfiiiuasiin
dunsnserredy waluvazinedrdufidu
nsidearniesndldivsunudovasdae
WUt SRLESFIRNUTELAMLES LT 9T
Lawanzaneivdamayinliensgedeandd
audusnefiauisusenisly (nssainn,
2551) fgmaHaRana193anTnesuelid
msinunsiueenlediivuna 5 nSu diwa
Twiuduelauandinuaunuonse
fvanas Faduvsmaiildunzay a3
fimnganfigadilyiaianumusionssiagean
Ao NsiAnunsAueanlenuSuim 3 nSu
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—
@-NR+GO1g
184 —A—NR + GO 3 g
¥-NR+GOSg

Tensile strength (MPa)

T T T T
20 30 40 50 60 70 80

Gamma irradiation dose (kGy)

A1 newikdnse s se S ana
nsanesedknuLIdenuandRnIuAIUNY
AOLTINIVDILHUTANL19555UR (NR) Lag
wuAdue1efidnasiduunsiueonledi
Usu 1, 3 wag 5 N3y

2. Han1InaaouAMaNTRAIUAINY
Frumunnsanue wadildnnnsmnassuans
Fan M 2 wuAIAusIUIUNSanYIA
vaendleg1uiuilauetaduludnvay
AFNLALIN UG UAYIAUAIANUNUADL IR
YN UTANY19AD ATAINUAIUNIUNITIN
MmN uKLTIE TR Tuny
USina¥edfigetu uasiuuiluanasiviina
%43 80 Alaunss (kGy) Tnensaneadunuand
USInaussd 60 Alawnst) (KGy) aliAArduy
nsanvngeaaluynaeeawHuiidueNs Wil
anafleanannisaeSdunuaniviunnssd
80 Alawnsd (kGy) irlsindaveuys aumneen
niuvesenelslinanaens (degradation) 3o
Funinsidevaansvesiusy vinlidmidn
lutanagnsanas  Jedenarenuandiny
AUEIUNIUNIT BNV 81 9Tian 5 d
wnuaiv3unased 80 Alawnse (kGy) anas
efiansundeusunaunsilusanlasde
AuANTRAIUAIUAIUNIUNTENYIA WU
wulduenefifinnsiiuunsiiusenlesusuna
3 03U (NR + GO 3 g) 9zlvAIANuAIUNIY

msanviagegaidloiSeulfiouiuusiuiiduens
fliiunnsiueanled (NR) wazwiuduens
Fflnsihuunsilusenleddunm 1 waz 5
A3U euERy aiuladnAANATLNILANG
dnvadwualduifiunnuusunaafaiud
Wity uazariimanausieduunsiueenlys
fiUsunaigeande Ui 5 n¥u dslaevild
grafiauaruisannndnlaiilegniadn
(Strain induced crystallization) agvinliuss
flgsunszaneeeniiiosainudn viliaru
AIUNIUNTTANYINED (WSWTTEU, 2540) iy
oraduldldnisiiuunsiiveenlesiiusuna
5 N5 819l UTRvIN9AINERSaRNHE N (Strain
induced aystallization) Vo38195550A 39911
ANATUNIUNITENVIAVDI198RAY LALDID
ilesunainnsifuunsitueenlediiuzungs
padwalianslelulanasiandousale
gy Inslurnsvagouusuidueausgn
aneleulydiaelgluianasvantosas
Usznaufuiinnisazaundsaulinusiou
$09UNNYBITUNAADULHUTSIEN dawald
Funeasuuruiidusadnuinladne gy
(Young et al, 1996)

—8—NR
—8—NR+GO g
—A—NR+GO3g

Tear strength (kN/m)

T T T T T T T
20 30 40 50 60 70 80

Gamma irradiation dose (kGy)

a o o & | a
AN 2 AT LERIANNEUNUGSERINaUS U
nsatgsdunuudenmandRaIuAIY
FIUNIUNITRNVIAVDILHUN AN Y195 TUVR
(NR)  waguhHuAdueg1anidnisiduensiu
panlennUSual 1, 3 way 5 n5u
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3. HANVIAADUAANUARIUNITUINWES
(swelling) Tutu IRM 903 wadilaain
ANSNAABINERITINING 3 Fudunsviuans
ANNANNUSTENINUTUIUNIRI18T @ WAL
AeAmandAnIun1TUINNBY (Swelling) Tu
sty IRM 903 veausiuflduenssssuyd (NR)
wazwrulduensiifinisidy unsiluesnlend
USuna 1, 3 uag 5 nSu wudn Andesidud
nsuaNwesiasuuvaslvesmniiedig
WHUNANE1UUTHARUALUSHNUSIE na1fe
Andodifudnisuinmesiasuudasiuves
YNFA0E 1R U N1 Aana I YT
LeETAuAuT 20, 40, 60 way 80 Alawnsd
(kGy) maIAU 1ABTI9VBINITANYTIALNNN
fiUsunaused 80 Alawnss (kGy) wiuilduena
sefiadedifudnsuiunesfivuasundadly
ﬁwq@ NIBUAIMUAIUNIUNITUIUNDIUA
Batu luvnziitrsweinisanededunuund
USuwsad 20 Alainsy (kGy) wHulaue199
fianesifudnisuinnesfiuasundasly
gegn  v3elliAuAIUMIUNITUINNITBLA
PNNANTNARDIRINAIEASIALTALINATTA
Aluden9n83sn1se1eSaF LN Navin
Aetuszideuledlulianaens iefiuuiua
MsanedadununuInty Ysunawesnisiin
s douleslulianaensfagifindu vinld
ihiuunsndudnluegluluanasislden
(Makuuchi, 2003) FedenabiuHuiaue9ilan
Wesifudnisuiunesidsuulasiutosas
Wuty lefiansandsUiunamnsiiveanlys
sonuautAFunsUamnasluthiiu nui
msunamesludiuiuuntuanainuuiin
unsiussnledfiudy sedoraiesunan
nsvansaiAniuluesnavintdu galaile
Aeruiuunsitueenles seudleiiiosdy
S¥UUNREAINISUINAIAIEURyaLTUNY
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(Rakehonlatee et al, 2004) wavuenang
o1 dululgdnnsiinusunaunsiuesnles
unTuadinalinnsuaume sluasfuiian
anas o1aidesunannunsiueenlesiinaly
o Tdmvansunsnuesingy ¥inls
g195NSUINNBIANAIUI DYNLAMUAIUNY
MsUALWeILRLINNTY

110

—8—NR

100 4

904

804

Swelling (%)

60+

T T T T T
20 30 40 50 60 70 80

Gamma irradiation dose (kGy)

A 3 s mluamsemuduiusserinsdSuna
NsAneFaERNULfeRMaNURAUNITUINNES
(swelling) TuthsTu IRM 903 weausiuflduens
5550918 (NR)  wazwauildussfidnisifiy
wnsiueonlasiiusua 1, 3 uaz 5 ndu

4. HaN1INAARUAMANTRAIUNITNY
RoAusou nafilduansdanind 4 sadu
nsLERIANFNRUSTEMINUS NN
FadwnuNsoRMANTRAIUAUNUADLIIRA
MneULATNaINSUNLS R8RS BUTDS
WHUTIELE955501R (NR) wazwdufduensd
finsdunnsiiueenlenfivsuia 1, 3 was 5
nSu aziuladnlnedruluguualduan
AIUNUABULIIRIVDINNAIDELNUT AN
wﬁﬂmiﬁmLiaﬁwﬂam%auﬁmgvﬁuuaz
UINNTIATIAIIUNUA DT IR ILHUT AL
Aeumsusssenudou Milenaiiownan
weuRdueneTiiiunsULLsseauSouena
Lﬁmﬂ’mf?iawummgLﬂawé’qmnmimgﬂ
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(Post curing) 9dInaliAIAIIUNUADLTIAY
YDILHUT ANYIIUAINITUNLIINILAIUS DU
RNt (maﬁqwé wavAe, 2551) Snis
nsatesedunuuivsinlaluianasiaia
nsuanddlieyyadase (Free - Radical)
wazaziiniuszidenloaszninaluianaves
YIAIBRUTTANTUBU — ANSUDU LABWUSY
afueuiaziiauenivesiussdu Seiily
8197 8n15deulesdeRuszasuey -
ASUBN HANULT SN wardanuEies
donufougs wanslifiuinensdiniu
nszuIuMIeSELnuundaaliiinuau g
Frun1snuRenIuSeuita (Makuuchi, 2003)
waziilafiarsandeUSunaasiaiy wul
wiuTdueifinsRuunsiueonlesusuna
50350 (NR + GO 5 g) 9HA1AUNUADLTI
Ffendsnsvasswaufeudutulunnys
15M5a859E7 20, 40, 60 waz 80 Alawnse
(kGy) @8198tlvdATY laadlA1AUNUABDILTS
ﬁuﬁﬁuﬁ 2%, 8.10%, 9.60% uway 17.84%
AU Fauanafaninit 16(d) nsifindy
YDIATAIINNUADUTIAINFINITUNLTIVD
wiuflduese1aiioswrainnisunsasae
anuseurhliusuiaunisiiaiuszidenles
untudanalionaudusdatu (wssdgns
wazmaly, 2551) uonaniunsiusenledsad
nsaudeuiiduian lneddinasin
anufeureunsfiuoonlediugininansda
Wurdadugau veuluasusu Suilun
susenlesaunsaduiusdiminnisden
galdunndety (Aringasse, 2557)

JJJ

AN 4 ﬂsWWLLammmauwuﬁs VRRE
YTununisateSedunuunseanandiniu
AUMUFDUS PR E UL AL NE NS US98 e
AN50UDY (a) WHUTANE19555UYIA (NR)
(b) wHuASuensiTinnsRuwnsHusenles 1
%4 () uuRSHensTidnsiRuunsiuoenles
305, (d) wduilduenefidnisiiuunsily
ponlan 531

dsduazanusena

ANATANBINAVDINITANYSIFUNUNN
neAuauURAgng AuaudRfIUN1ITUINNES
AANURNIIUADANToUVB LN UL
555U RLas LTI us 1IN s Ruwn ST
ponlediuSuna 1, 3 way 5 n3u Nsanesed
wnuaBg A uaURAIUAIUNUA BT IR
AMUAIUNIUANVIA AULTT AIUAIUNIU
nsuanmeslutisiu wasnsnusioaudou
YOHUTSU 1955 5UT AuazunuTda99id
nssiuwnsiuesnlesivsum 1, 3 way 5
nsu Lﬁu%ummﬂ%mmﬁ"ﬁﬁqﬁu lnun13a18
SAunuINTIiUSINSad 60 Alawnsd (kGy) 9z
A1v09AuadRAIUAIIUNUADLTIAY
AUATUNIURNVIA mméfmmumﬁmu
Waﬂumuu way mﬁmmamwmaummm
Tuweue mmauummummLLsuwvumamw
n1saneSadLnuIniusuased 80 Alawnsd
(kGy)

Yo =2

yana1ndFeiinnsAnwigatunisly

I a

wnsHueanlemduarsiuinluniuiduens
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Uit wnsiueenledvvdinanonuaudd
\Benavessns Ae nsldunsiiueanledi
U3 3 nu astnglvinaantfniuaiumu
AOLIIAS AIUAIUNIUENIN AUATUNIY
nsvamedluthifufiian luvmedinsldun
sHuoenlediiuiuin 5 nfu agdaeld
AuanTRfsuauLduaznITuioALSau
yosusiuildussiiffian ilovtinailian
nInaassluiuAMatdRAIINNUABLITIA
fereuuagndrvudanndisuiiiouiu
1ASFIUNERSUTigRaMNTIY Nen. 538 T
Wusnsgruierfuanunusoussisves
geflefindnaininenssssuend wud
AunuAaLsIRefildannnanismaaes lng
daulngfidmuaunnsgiu ven. 538 Fedn
ATUNUA BUIIA INIUUIATFIUNE 01
guaImnIsy wen. 538 lanmuald fa A
AIMSEUTIR SR ouMIULS g 125 Tadu
dauA1ANNNURBLSIAmEan1sUNIT IR
9.5 fagu (@lsm, 2553) wamslifiudnnens
AoLUNATR U S AN TIUS NI 60
Alansd (kGy) wazdinsiunnsiueanlend
3unas 3 nu anunsathluyssandlddiniu
Wutnghvluniswdngeiiosssssuviile
Feonadugaiiosnsildlunsmaunmdvions
floensiidesdudatuansiaiisng o \Judu

Jolauauuy

efinrsuinanisnnassdau
Aoy wuhddussiuivesin
TfasiBonatuifiovhensneuundfimiouldly
dndwimnzanlulivselowildadsieldfe
psfinisthihenseoudfinieuldlugugy
\undefasigadeielilidoyaiosusziiiu
eudulladmsunsldniluneesamnssy
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AzmAlLLATRRAIMNTIY A INeNduTIEAgaIuaTium

unfnge

nsvudeduddunidunaisesduszneviidifyvesialdguniu msvudadu
Aanssuiiisadostuie uagnsindeudisvesingivandunsludsanuildlunisdiiu
nsuUsguidusaudiietnddlidsdiognanldmudidtondreiiussnsamgean ulwa
msunaveeenifu 2 diu TuduusniAvidestunisuitymnisvudeiifidnvarvestlymi
WaInvane 1w N1sIndunInAuse N139RRTIIaTRuTe MIdanguvesetunmug Wudu
wagduiiaeaferdeatunisuszifiuusedvdanwlunisouds Sajatiulufinedanisiinsed
\dunseudaudaya (Data Envelopment Analysis: DEA) lagiiiauetiatladeinidt wadns uag
Han1533e7ldnnIsnumuIsIAINSSUAeY iisades saludanistiteiauewusiitrauly
nsAnyidelueuan
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Overview of Transportation Solution technique and Evaluation
Kantamon Sukkrajangl, Tanarat Rattanakoolz, Kulaya Sriyom3,
Prunsak Auttaphut4

1'Z’SFaculty of Industrial Technology, Songkhla Rajabhat University
4Faculty of Industrial Technology, Suan Sunandha Rajabhat University

ABSTRACT

Transportation was regarded as one of many important components of the
supply chain. It was related with time and the efficient movement of raw materials
from source to manufacturing place and to customer order with the most efficiency.
That was presented 2 parts: the first related to transportation solution such as route
and time schedule management, vehicles groping etc. The second part involved to
evaluate the efficiency of transportation which focused on data envelopment analysis
(DEA) by indicated input, output and research result from the literature review and

interesting suggestion in future studies.

Keywords : Technique, Solution, Transportation
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uni

nrsvudsdudnfunilunane
a3AUsznaUfidAyvesianssulunily
gUnu FailiAaaudiulaldinaiuas
nsiadeuiieresingiu naenaunsulsgy
Tgauuarliluduiasivsesdnsninasan
(Crainic, 2003) du3 UWUUATILA BINTNITUUES
dudrangnanludaguilan asiueg iy
ANUUANANNA LTINS

INNITAAAINLUILTUATINTINTDA
nsvuddludagiu ldlaldnisvudmisauu
Wundnifiesedrafien widadyvuuy
n1svudsdudIfe3Tn1sBufinnndeiu
sonly luilifasnd1asauiisnisoudenia
assagivssrudenadioddlunsiiums
fmelusagseviradles nansnensallae
o1fsdeyailinnnnsdrsianuit Tusuias
sztunisvudimieauulszunm 88.10%
vnmg'l 9.02% NNNTN 2.61% LasN1981nA
0.27% ("Anonymous  Thailand  freight
transport report - Q1 2016," 2016) Tudu
YosanmuIndensutadenaasugiateld
nduBnussiunileiifanudfey uaglians
uosdu drudszifuvesngszibeulni
\Rendios uaziFesesnSidanudaiauléign
wdveniunifiensuieduasuly
dusznaunisarutsad luldunledgmle
pgedeBunntu feluiuusyansainuas
UssAvdualufanssunisvuds Jadusdednd
Hoddnilivedauduaosiunuiignl sl
TuRanssunisouds dadufanssuds
Anuddyluislggunu (Ghiani, Laporte,
& Musmanno, 2013)

ﬁaﬂiézisuaﬂmsmudﬂﬁﬁugmﬁﬁﬁmLL‘U'&

]

a v

sonliidu 3 d fis NszUIuNITUTINNEUA

[

WiorudsnyasuiulUianvudy/vinse

AUNN (pre-haul) A1svudsInanduuds/
nsesunelutantdoudy/vMnsovaisnig
(long-haul) UAEIELEAYINETBINTZUIUNTT
yudusuInanfvudyidevanemalussi
MUEVBINTAINDUAIUTTYA N (end-haul)
Tunsdifnwrdiulng ludrusudu way
Prsfuganisvudsazldnsudimisouy y
FOUTINN INTEIWLUAT WazdnTey weilug
sogsoazidunsiiansanisaumngauly
msdenltnisvuddusuuuudy 9 Jainegly
MsnauHaUfUYeIFULIUNMITLdTILANGNS
fu winnaniansvudininasisasiiold
TunsiAumevesUssrvundaduiteldin
Wuszuunisvudmanluniaasugiaves
Ussneaiingswamun (Agarwal, Yadav, &
Singh, 2010) uenvnijesiuszneufiddy
Sndunilefitie Taseadraiuglunisuuds
WANANIATYIAD LAZAITUNTNLYIVBY
MA3g (Kerstens, 1996) 4031 20 Iik1us
%ﬁﬂ'mg'ﬁLﬁulﬂﬁmiﬂimﬁuuwmmaa
1155115 UIMITHAZN1TIANITAIUNIS
YUAIN1AE151584e (Glaister, Starkie, &
Thompson, 1990)

nndoyatrafuildnaiun uandi
Wi msmaseiiendletywinisdsuuds
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