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navasriiaudiunlidesuiiveswalusaulugnyuddaty
Effect of Oil Types on Protein Gel Properties in Emulsion Fish Ball

3975 JadANselng waz aaufau 33l

Jiraporn Runglerdkriangkrai and Duangduen Wareewanich

AMAIINARSTUNUTES ALUTLINE UNTINONEBNYASANERS
" E-mail : ffisjpr@ku.ac.th

UNANED

luffuvauwaneuyseneusensalviuviadiliduiiBdounitusslovdsoguamegunn Jdldhdu
viosUannuaslugniuladifatu (EFB) TasAnviFoudleutunmsliiiiudundes Jnsevautfdaii
09 EFB flanmizfnw a) ullafudends Govar 5 way 10) Sawtuidudavies Gevas 3, 5, 10 waw 15)
uay b) lusfuanifesuausauou (SB) Gavay 10, 4 wae 3) lasthutinuew’s fraaeuesdduarumeuin
flaniu EFB Aduuilafudusvisiosar 5 uasindudaviesiesas 5 way 10 TnsUsanamhdusnnyiili fe
syogmeiiunaneunzy mnuudusewesaatiosndn udmaauds uay AU YA e T
Hlunsanenza arBangu An1sinizs uazanuanansalunisduth laiuand1eiu (0>0.05) wlinveslusiy
fidvEnarodnuzlofuiaves EFB nsanunsaiiuluduain S8 Ififiesienas 3 iolwld EFB fifian aruuds
AnuBavgu An1ain1gs uay anuaansolunmsduiilndifsstu EFB MiRuthiudviestosay 10
Frdhdey : esUaurauou gniulandifatu mainalusiu audRidamig

Abstract

Salmon fat contains polyunsaturated fatty acids which are very beneficial to health. Thus,
the salmon belly was brought to mix in emulsion fish ball (EFB) comparing with soybean oil addition.
Functional properties of EFB were measured from the studied conditions which were a) mixed
tapioca flour (5 and 10 %) and soybean oil (3, 5, 10 and 15 %) and b) fat from salmon belly (SB) (10,
4 and 3 %) by the percentage of surimi weight. The consumer was satisfied with EFB added 5%
tapioca flour and 5 and 10 % soybean oil. The higher oil amount tended to decrease breaking distance,
gel strength but increase hardness and whiteness, whereas, breaking force, springiness, cohesiveness
and water holding capacity were not different (p>0.05). Lipid type had an influence on the texture of
EFB. The SB fat could be added at only 3 % to get the hardness, springiness, cohesiveness and water
holding capacity closely to those of EFB with 10 % soybean oil.

Keywords : Salmon belly, Emulsion fish ball, Gelation, Functional properties
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andulalundadueinlasuanulesludsemelng awnsauslaalonnde daurmidlayuinises
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Uszuaniangu (fish jelly product) lneiilleduiaiinuwmieuazBangududunaiiioanannisiioundas
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voslushudeldunnufouinduna mafnmavesusiulmBunnmsiundoiosar 2-3 adluludouan
un lesouveundeiiiluanatideuseu (hydrated salt ion) gngedulififufsvedusiilulelwuia vhlviaa
dunssanw (affinity) iw'jwlﬂsauﬁduLaqaﬁfﬂmﬂﬁﬁu JevhlAAana (paste) Aflaumiia (Niwa, 1992) 911
tfuidlelinnusousuina Tuianavedlusiiuranesi (unfolding) wdnAnnisransfuviedufustiedi 4 fe
ftuszadiasng 1 Wulassamane 3 faflaansaduihvieansduiifdutdnlinanasilimeluld xldaaiia
autRduveudeidanudaveu

wanfusidiaduanidednd wu wewldnsen yse wedined fifutssavlasiulu (oil in water
emulsion) Tnefidialuifunszarseglut deundhiuisuaglismsiu Tufoslifdglunsmuddemns
fafin (emulsifier) dldurlusiulalofuiosapoglundevmindivudalugulfipsnsvuduiliveuives

v
o =

Tuanaldsiududaiuluiunigly wasiudiveuihdudaiuinfiegsevueniinddaduau ylvAnnsuas

o o A

e ududedeaiu mawseudiatunavihluldddadunauysal ddnvauzledudand dauyuie

(tenderness) ATaaLio (juiciness) ATuBAYEL (springiness) WinAusafinunnan s dodn iuarausodn
e ﬁ'ﬂﬁmiqzyLﬁ’aﬁ’mﬁfﬂwqumiﬁﬂﬁqﬂamaa (Ambrosiadis et al., 1996)
Hafuiiinarowaivsnmuesdiadu wu nslindsnuludunan anuusswesdoou Sannafuuiu
anudunsaia samglienuannsavesusivlunsazans aunmvesansdsin wazwiavesdunandu q 7
fogluszuu Tunasdendndasiddadunemséndndentdlutuandn ] uifimsdnunislidtufionaun
fesnunzioduiaoraunnsatuting
Andly (2503) Anwnsudaldnsenuandiatulagldidovanngeinaieras 40 ¢iisosar 60 oy
lustilndosar 15 Tneduin Ténsendandifatuarldsunsonsuanguilaauniian nsuni (2545) fnw
nswAnueNaMNAu s usNeuLazeT TasSosarlastutinvesesdusznoulugmsiildfunssensy
quilan e ilevanuwauou 56.3 430 20.0 ullsfuds 5.0 Asmiuu 0.5 inde 2.0 thena 3.0 thifufiy 2.5
B 10.0 winlve 0.5 uagludenlnslndweainn 0.2 Joyansal (2546) munissdausuaniaianslugy
vossusaifidntudetamautiuuunmes wui shadmdevauadelutulunandnuunnesiliatosnm
YosuummesiA Ao 1:1 uazUinaiivsnzaslumsndnioluiudosas 15 uay ulaiudzvdsiosay 5 vos
dwinideuan esnlfadosnmvesunneiuazausinuiniia 35anl uazane (2547) 91891
ﬂé"mLﬁaﬂmﬁauaxﬂm@mwﬁﬁu (Clarias garispinus) fmsanansalumsidudiadles saniuandanme
wazdanuiaduns mafiuszduinsuan 15 81 30% luldnsendaniie aBanna uasUaaduns fnade
MsiiuAIANNEINS (L) dauuse o gauantinuazusadouanas uinmsmaaeulaeguilan ldnsenuan
anwensiu Ténsentamnaiuns uarldnsenuaBanimeldiuaziuuauvouliuaniaiu (p>0.05)
Witeultlumsdinulasdnune deduiavesaalsiufensfuudafioiuauudusmona 3
mmaa‘ﬁiﬁaﬂmamaqiﬁqumawwniiuﬁﬂmn’]wmwﬁmmﬁ’uﬂﬁzmmé’aaaz 4 - 12 (Park, 2000) N5kt
Usinagaiuluvlinantasinzuasuaninldie Tussrisnslianuieu wnegaduiandevaun
uduAnaAludusduuarar unsneurosisedasasddusiu Sualilassaudausedu venanduds
avhmihfiduasgaanutu (humectant) uasfiuauasiveadeUauslunszuiunsutidaasvhazans
nanangniuvananlvySslifinfulutuadly widesamirduannuaueaueulsenaudie
nsalvsfurinilidududedoulunguleiudn 3 fe nsnlusiu eicosapentaenoic acid (EPA) uaw
docosahexaenoic acid (DHA) fifiszlemifasnanegs Snviadsfinoanusuiiu (astaxanthin) Afgiiduans
Fuouyadasy fiteTailunflunisihesuauraueuiifuumamenhiulansdndugniuaugaueu
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wingaunnUTeufisuiunisliviesaugarsunaunuiniufimies lng InaudRdminivesaagnaulal

o o
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2. J/N1MAaLY
2.1 dngav
viasuaueauou (Trout Harasu) 1nU3sn negeulnsgulusdnd S wmww) 958 (Hotarun)
N7 SA KERTINUAMTIBUAS (U3EMUUETInInuilalusing $1in) utlufudwends anlusen uay ddudty
afinndmios asnedy
2.2 Foms
1) mawdsuieriosaugauou
thviosanndeh daedu usnuiiean uasstudutudn q \iuinwlifigungll -18°C ifteld
Tuns@nwinelu 6 Wwou zju@fqasiwﬁawaﬂﬁmﬁﬂzﬁﬂ%mmmmsﬁu TUsAu wazludy (AOAC, 2006)
2) nMawFugniulandsiatiu
Fedrunan loun 930 100 n3u 1nde 2.5 n¥u winlne 0.5 ndu udslud s uas thifu (Mauwy
nsnyde 3) Junagiiduindesoiedosunduiuna 5 it anduindnmaniivge dunausn 5 wf
wiewiausuauduidudenas 80 Methudsunanden muaugamgiliigndt 10°C haunauiiuinudadau
wilantudugnyssnamduinuauinansszanu 2 wums uasdnduminiluussgldlfiianeserniedly
wislavgUasnaliy @usuAuENand 2.5 wudins g9 2.5 wuiues wdsiemeusuiidunatain dawvineli
wiiy anduiiaaesdluduluinfioungd 40°C wiu 30 wiit muded 90°C wu 20 w7 (gungifianu
wsUsau +1°0) lkBuiuillnsudluidunaududeuy 10 wifl thiegnstuaint ndlfazndaiud,
vssqlunawanain uazifiud 6°C Wunan 24 7l
3) uKuN1SANE
daufl 1 Anviavesutisiudsvdauaziiiuiy nouwdsuinautisiudsvds Wudosas 5 uax
10 wazUSinassudvdonduderas 3, 5, 10 uag 15 Iﬂaﬁ’mﬂ’ﬂmaasﬁﬁ
daudl 2 flesanviestatyseneudnelusiuuaziniu (owanilludusosay 24.88 way 43 fMushu
$ovay 27) Ssnwnavesthiularlnefunmdminvesiona wargaiddeddfelrldumudhiuvandu
Yovay 10 InewTeuifisuannmussiiogsiedsuanisnsdnn 2 35 leun
1) gasfitimsuvaugavesUailvunasUinalsilildvindugasduiuy (@i 1) (FPB)
Usgneume 933 78.40 i viesUan 40.19 n3u inde 3.6 n3u wlsludends 5.9 ndu winlve 0.6 nTu
(Fruwnnanindedosar 3 ulluluduzndsiosas 5 winle¥osay 0.5 vesthminsugiiuazionan) uax
thuds
2) grsfinmsuiuaunavesUiinaluuinfugasiunuuudlsiliusuiinalusiu (FB) Uszneu
e 453 100 n3u ViesUan 40.19 ndu nfe 3 ndu udlalud1ends 5 n3u winlve 0.5 nfu (AwiaNnge
$ovay 3 ullifudwendsdorar 5 winlnedosas 0.5 vesthmilngsd) way thuds
daufl 3 Anviaueshiulanfesas 3 uas 4I®aﬁwwﬂ’ﬂﬁuawﬁﬁ AUUSINURNERS FB

3
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4) M5IAAAMNLTILTIVDRE (gel strength)

thasennuidansUaenain Tamnuudusseadeniesinideduda (Stable Micro System
TA-HD, UK) Agiangnsananaun 5 Jasiuns AuEIAT 1.1 fadwns/Aund farveuseililunig
W1eneq (breaking force) (N31) LLaziwzmqﬁLﬁﬁuﬂmaumq (breaking distance) (WuALIAT) KAIALINAT
ANNLT9LSI099a (gel strength) (NFULLBURALLAT) mmwﬁiﬂummwmq AFIY SzEENIIduNAnouNLa
¥ 5 41

5) ms¥n Tasesremaileduda (Texture profile analysis; TPA)

Yasenanuvisauad Sn TPA freiesinileduia (Stable Micro System TA-HD) ¢ngviing
nsanszuaniifidushugudnans 50 adwns nalulusegisvung 25 x 25 fadwns’ Wusseymedesay 60
ﬁuaqm’mgﬂugﬂLLUUﬁuaamﬁﬂmaam%ﬂ (two bite) Aa39Af 1.0 fadiumsdedundl Jnanauuds (hardness)
AINTSN1EAT (cohesiveness) AUEANEL (springiness)

6) n'ls'i'ﬂﬂ'mummmiumsé:uﬁ'l (water holding capacity; WHC)

Andegrsraliliauingnuien 15 fadwns’ lUI9seninnsenunIowuag 2 Wiy NAMELTS
asl 10 nn/au? 2 Wit Saimiindeghareu (W) uagnaanisng (W) SnSesazUSunannuturesiiogs
(M) ﬁ'mm%aaazmaaﬁwﬁmasﬂihﬁmﬂwmwé’qmsammuzﬂm (AnLUas91nI5909 Motohiro, 1981)

(Wl x M) - (Wl - Wz)

WHC (%) = x 100
(W1 x M)

7) NM5IAN1AYU (folding test)
thaudadutuue 4 Wanumn 4-5 fadung udmaaounisiu Irazuuunsiulnensuu AA
\Huezuuugegaroliifisosunniilewu 4 du wazazuuusiaade D fsosumnuasueneenainfuderiuidy 2
& (MFRD, 1987)
8) N33RV (whiteness)

fasnegralumn 5 Tadwns Wuugudnans 25 Tadwns diluiar CE L* a* b* fewa3esind
(Minolta CM-3500d, Japan) ud1lAuinA1n1ue1Innugns (Lanier, 1992)

Whiteness = 100 - [(100 - L*) 2 + a** + b*]]**

9) NM5BYAIAUNINUSEEMAUNE (ranking test)

1Y Y

naaouinly 20 aussddusegsmuanuvevluniazdnuarmalssamdudalaun nau
nAusa eduifa wararuveuTIn S8 1 Ae soumnTian d1du 8 A veutisiian
10) AMSAATIZANNEDR
N3AN13SLIARU NAFBUANNAZIUMIY Friedmans’s test IAT1EVANULANAIYBITRYATENIN 2

fog ey T-test szaulludIAty AL = 0.05 way A1sVAaee 2 91

3. Namwﬂamuaﬁmiajwa

peAUsEneUmMaAiivesosUauwaNouiinuty Wi s was 18 Wudowas 45.42, 14.52, 24.88
way 0.99 AUAINU S‘E‘faLﬁaﬁﬂﬁaqmﬂﬂwauﬁ’u%ﬁ%ﬁLﬁawamgﬂﬁﬁuﬁﬂaﬁufu Snwazvawdnsusiarlasudvina
vsdunnlusiunaslsiuesiosUan
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dui 1 wavawwdsiudrusnduazindiunsniideaudadmiinvasaagniulanddatu
wamﬁL?&Né’wé’umﬂmawaqgﬂ%uﬂmaﬁa%’u 8 gn5 (Table 1) wuln feuauveulusnwuEau

a a

X o o Y i 1 i o i = W
NAU NAUIH LLazLuaamamamﬂmamﬂuLmﬂmqﬂu (p>0.05) VULNAMUTDUTINUAULANANANY (p<0.05)

& X da 5o o = v o v A & o a Y o & vy
Wﬂuaﬂ%uﬂ/ﬂmmu’]uuﬂ'ﬂL‘Viaa\'iLLagLLﬂﬂﬂuﬁqﬂgﬂaﬁwmqﬂmu QW@H@UWVJ’]QJ%@UIUQﬂ"UuuaEJaﬁ ﬂﬂuuﬂ]\j‘lﬂ

Y
= =

o Ao o a Ao a o o o v O &
AnLEeN gnsnilaiunnureuTINgwn 2 gnsie 1) gasniimaduwdaiudendefosas 5 uaziduninios
Sawaz 5 (T5%, 05%) wae 2) gasninisiiunduiudendssesas 5 uaguiunuviosdesay 10 (T5%, 010%)
wwangnIuladiatudnasuensivaeuantiidmiing

wagnIulandliatuiiuiniudesay 10 a1 szesveiidunanaunzg AULluswesaa Weundi
wagA1ANLDe ALY WnnTiuiiusesaz 5 (p<0.05) (Table 2) wirwsafiltlumswiznzg Ay
= 1 1 CY % s0’ 1 1 % a0 % 1 v A
ganeu AMTingia wagAuanIatun1saunliuane1eiy (p>0.05) waglAmaaeuNISHUWINAURR AA

1 A4 o & |
VLmJiE]EJLLG]ﬂLME]WU WU 4 @l

Table 1 Preference rank sum of emulsion fish ball at different tapioca flour and

soybean oil levels.

Sensory Preference rank sum

characteristics Tapioca flour, Soybean oil (%)

53 55 5, 10 5,15 10, 3 10, 5 10,10 10, 15
Odour™ 91 78 75 98 72 94 83 81
Flavour™ 73 75 72 72 88 109 %4 99
Texture™ 78 85 62 96 93 99 104 104
Overall liking 84 79% 55° 91" 92" 105 115¢ 99"

°® Different letters in the same row are significantly different (p < 0.05).

™ Means in the same row are not significantly different (p>0.05).

Table 2 Properties of emulsion fish ball gel with soybean oil at different levels.

Functional properties

Mean + SD

5% soybean oil

10% soybean oil

Breaking force (g) ™

Breaking distance (mm)

Gel strength (g.cm)
Hardness (N)

Springiness™

Cohesiveness™

Whiteness

Water holding capacity (%)™
Folding test

486.37+15.12

14.75°+£0.41

717.69°+41.30

46.03°+4.10
0.931+0.011
0.729+0.008
69.85°+0.58
80.21+2.81
AA

416.42+47 .42
12.89°+0.36
538.45°+£76.96
54.04°+3.80
0.923+0.004
0.738+0.009
72.17°£0.99
81.68+0.90
AA

* Different letters in the same row are significantly different (p < 0.05).

™ Means in the same row are not significantly different (p>0.05).
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msfigniuladifaduiiiuthiudaviestosar 10 fenszozmefidunanounzqanaadensudio
fuilithiufesas 5 auesnn maduthfunniSeuaiousudumsanaududusedusfiuasisdma
Tlasshevosmalusiuinnuuussiosas viligniutadléfauiunntu vasiaalusiufifumi
$ova 10 ndufidnnnuudegatu WhilihuavesiimaaouiidoduiadeTBiaemea (ounch test) uagds TPA
Tinalufirnsnsatudnn Gaisnaaeuiinnaiuazedunenalduandnaiuse Tagisnsmeaaeuse TPA 2zl
dmsunsusediunmsianizveaen vauiissnrgarlinaaeum LA NSSALIL (compactness)
suaﬂmqszhamaiﬂsﬁu%qLﬂumaﬁLﬁmmmsﬁumiiqujuﬁu (aggregation) va4lUsAU (Lee and Chung, 1989)
Tnevhlumsvageuldoduiades TPA axdiiusiutoyansmnaeunisszamiua

mi‘ﬁmmmmaLﬂ'mﬁuLﬁ'agﬂ%yuﬂawﬁﬂ%umifwﬁmﬁu%wﬁﬂmﬂaumﬂLﬁmﬁwﬁﬂuwamﬁwﬁﬁﬂﬁﬁm
msinwmsskannniy eglsfimuysinanisufidiutulifinadenuBavgu msined uagmuaunsg
Tumsgunivesiaalusiu
daufl 2 wavesBinafaslmiiviunalusiudosas 10 vesiwiing3s AfideautiRideuting
vasaagniulaidsiadu

nsasaaslusivlugniuanddadudilugléanega dulusiuiidlufesuaiiiunuauayanuns
v iRdohivield dilinsu SsldfnudndiuvesUnusiiuagiosuan Inglldlusunifluiosan
naunuUFinahiudavies Gevas 10) lngUSinaesioslaiarysiauaainnsuivaunavesUsunm
lushunarTusiilildvintugasdunuy Qudwil 1) (FPB) uar gasiifinisuSuaumavesuiunailusiuminfiy
gosmuwuuwsildlauiudsunalusiu (FB)

gns FPB flAuseililumsinignrg ssosmaiifunadeunsg amnuufausweasa uas Auananse
Tunsduhannningas FB (p<0.05) (Table 3) Fagniutaigns FB thazdiedinanannnit idesnniiuiunm
Tusfugarhemnnnd e dumsglfindedlilunsatalusiulaleliuiaaitosnd hldanududunes
lulelwuiaansdediunumsonisiinmalusiutiosnin dsualilaseomailifianuudusaeaiitosin uans
Tlusiuannduiesausansuan mivtisauauiRnisinealusiuls WeUsziliumsdainzveaaadg
TPA WU MsusuUsnalusiuuaglilausudinalusiulividvansiunuuldinadannuuandisves
auie anudangu Armsined anuvLaEMIadeUNIIU fe A (lsesunnviednuiadniosidleny
u 4 d) lalumneneiu (p>0.05)

Huihindunmingniuadiatuiifuiosausauoudmausimadeduda (onu anudavgw)
wazauasalunisduieinindeldhiudundesiviinanhiuminty madudfuduu iy
dedufavewealusiuiiuasdssannutetestutiussiuvesnuduiuarnisnsyans (dispersion) vostingiu
(Lee and Abdollahi, 1981) nnlusfuilidusvenisiuandusiafifdumuiussgunninfifegluihiufi
yliddnuunmaint Suislugniunnidedudalnjuoonvan Sadudnuaeiifuilnalifinels Famsan
Uhinalutunnideriesuauraneuasiiousuusailoduitalaady
daufl 3 wavesBinuiasuaniiviinaluiufesas 3 uay 4 vesiutng3ififvoaudAde
utihflvasnagniulandsiadu

gniulandiaduiiiuluiunnieslausaueusosas 3 uay 4 (Table 4) russililunsianznyg
sspgmeiiunareunyq auudausswenaa Aauuds awBangu ansinied awaansalunsdut
wagmIMAdauNIsURe AA laiunnssiu (p>0.05) vaugiimmsmmvesgniufiisluiiudesas 4 wnnii
$oaz 3 (p<0.05) iipsanoymalusiusuumn ansinimeaas vilvgntuinuunsnnty
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v a

WalSsuiiguandiniaileduidavesgniularddaduiininiuduviesissas 10 Ay M
Viewauwaueunifuniusesar 3 wWiuldin audinialdainds TPA Maawen uway AANaLnsalun1sau

felndiAesiu v AnlaanniswiengguesgnIulaidiatuiiuvieslawgaueudaditeendiuin
TngrAnuuluswesvagniuladdatuiduiniuduvdediandu 1.9 whwealidurionausateu

Table 3 Properties of emulsion fish ball gel with 10 % salmon oil at different

formulas.

Functional properties Mean + SD*

FPB formula

FB formula

Breaking force (g) 139.36™+12.08 118.76°+5.88
Breaking distance (mm) 8.88°+0.87 7.23°+0.20
Gel strength (g.cm) 123.98°+£17.13 85.89"+6.48
Hardness (N)™ 35.52+2.29 38.48+2.33
Springiness™ 0.923+0.002 0.924+0.014
Cohesiveness™ 0.669+0.039 0.615+0.019
Whiteness™ 72.76+0.73 72.64+0.68
Water holding capacity (%) 59.68°+1.53 53.13°+0.66
A A

Folding test

* Different letters in the same row are significantly different (p < 0.05).
™ Means in the same row are not significantly different (p>0.05).

" FPB formula calculated from fat and protein balance, FB formula calculated from only fat balance.

Table 4 Properties of emulsion fish ball gel with salmon oil at different

concentrations.

Functional properties Mean + SD

3 % salmon oil 4 % salmon oil

Breaking force (g) ™ 263.90+5.56 235.3+21.99
Breaking distance (mm)™ 10.56+0.30 10.56+0.56
Gel strength (g.cm)™ 278.88+13.38 249.47+36.31
Hardness (N)™ 48.46+1.11 46.52+0.62
Springiness™ 0.942+0.008 0.949+0.015
Cohesiveness™ 0.723+0.008 0.721+0.017
Whiteness 69.73°+0.19 70.3¢°+0.15
Water holding capacity (%)™ 71.27+1.12 70.44+1.76
AA AA

Folding test

* Different letters in the same row are significantly different (p < 0.05).

™ Means in the same row are not significantly different (p>0.05).
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4. a3

fmesoureugniudiatuiifuuiluiuiusnisiosas 5 slaveduiuisvnasesnuusilodudaes
gndutandiiadu Tnehifudamieniligniulmaiaduiidedudaudaniudeldlutunndeviesansanou
failvigniuvandiaduiidoluimioeryuas uay anuansnsolunmsduhanawmumududuiild ueld
HasoA1ANEANEY

a a
5. naAngIuUIzNA
AduvevauAudtinnuamgnsTINTITeuia@ Alviuatuayunsive

14 a
6. LANH1I91999
3Tl peadading, nunes duns g, ghvd deauun uay vils HEd3e. 2547, :189UNNTIVY AITWAIUN
nszurunsuangnIunazldnsanannuaiunda. gudiugiamnssuuazinaluladdinimuianid

o o o

AilnURAUINgImEn SuazmnAlulaBuriana NIUNNA

¢ @

Usyansal afiwgy19)s. 2546. MIWmUINsHAAWaNIINUATEIY (Pangasius sutchi) waznISUINEN.
Werinus IngrmansumUadin a1vmdniueiuseas Tunning1dy. SmInedeinensaans.
Wsnn1 Wydu. 2545, nMswaausudataniailaUaiugauay. Inerdnusingremansuvdndia. 4191

NANNUNUTEU UUNAINGI8E. UNINYIBLLNUATAERS.

a aa

Andy qiiu. 2543. nswAawaznisiiudnenldnsanvanddaduainUainnaemeanazg3i. Ineinus
W IAERTUIANTUAN. A1VINENHUNUTEN TNnINeNds. WRTINeISuNensAEns.
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N13NTEABVBEN BTN NE g INeT lugnuauduviiavawsiadrvdaunds
(Nepenthes globosa x Nepenthes mirabilis)
Segregation of Morphological Characters in Interspecific Crosses of

Tropical Pitcher Plants (Nepenthes globosa x Nepenthes mirabilis)

il auaz’ YY1 Yanza’d waz Usilamd wagsen

Jutarat Saleh’, Anucha Julakasewee and Pramote Pornsuriya

a3 AUl NTNARTY ANYLNYATANEARILAENSNEINTEIUYR
unImedemalulagsvinaneTueen IMYIUAUNNTE .YAYT

" E-mail: jutaratmao@yahoo.com

UNANED

N13ANYINIINTEABVBIAN BN U NI gnNaNtylaviatInslaunsds 2 ¢ laun
ANNEANMTI Nepenthes globosa x Nepenthes mirabilis U 32 AU LLaSQﬂmauaé"U Nepenthes
mirabilis x Nepenthes globosa 31U 20 #u IAgyMIANYISN BAEN NEUFIUINEMNAMNINLAENNS
Ui ieszvideyalneadanssamn uazafifoyuy snmsdnwiuunlinenlifussiu auvivimelulad
nsuARTiY AL ERsAARSLATTNENNIETIINA Wi demelulaBrisaany Tusen fausl ganau 2557
04 panAw 2558

mamiﬁﬂmwudﬂgﬂmauﬁq 2 ¢ finsnsznevesdnuaenigunnludnuaensdugvinevedly
waznsfofiunnsdluandnuaizvesvieus dumnuuUsUTILvBId WAL UTINAYBsgNANAT 1 WuThdnune
AflnuUsunuvesdnuuzinniignie Anueninwsie sesaunliun mnemasis uazar vl
Tnefirdnssavivesnnuilsusiuiesas 42,68, 30.09 uag 33.67 mudiu Tugil 2 anuniamsiodini
wUsUTuesdnuzINNTign sosawmnldun rnuennaeis uazanuniradinude TnelendudsyAvivesaanu
wUsUsSISe8AY 50.20, 30.90 kay 26.20 ANNANGU Ll,azanﬂmﬁmeﬁﬁhLLuﬂﬂﬁjuwudwﬁé]’uﬁﬁé’ﬂwmz
flamduunnsannguegnednau laun dui 18 Tugdl 1 uasiuil 20 Tugd 2 Fsduannisfnwdeannag
Anidongnuaniiinisnszaevesdnvasilamsunazorathluimunduiusnsansoluls
ANANARY: N3NN8 SNYUENINENFIUINGT NTaT1INTTBUNIE

Abstract

The study of segregation of morphological characters in interspecific crosses of tropical
pitcher plants was conducted in the crosses of Nepenthes globosa x Nepenthes mirabilis (direct cross)
and Nepenthes mirabilis x Nepenthes globosa (reciprocal cross). The total hybrids produced for the
study were 32 and 20 plants of the cross 1 and 2, respectively. Morphological characters were
determined in both quality and quantity. Data were analyses using both descriptive and reference
statistics. The study was conducted at Floriculture section, Department of plant production
technology, Faculty of Agriculture and Natural Resources, Rajamangala University of Technology
Tawan-ok, during October 2014 — October 2015.

10



o o

http://ird.rmutto.ac.th 5a53de 97 9 atudl 1 unsiew - dnuney 2559

The results revealed that the both hybrids segregated in qualitative characters differently
from the parents. For quantitative characters, the most diverse characters of the first cross were mouth
length, tendril length and pitcher width (coefficient of variation: CV. of 42.68, 34.09 and 33.67 %,
respectively). Whereas, the most diverse characters of the second cross were pitcher width, tendril
length and mouth width (CV. of 50.20, 30.90 and 26.20 %, respectively). Cluster analysis showed
that there was a clearly prominent plant from each cross; plant No. 18 in cross 1 and plant No. 20 in
cross 2. Therefore, the elite plants could be selected from the segregated hybrids and they might
be developed for commercial purpose soon.

Key word: segregation, morphological characters, pitcher plants.

1. umin

HagtuimsdnuisiuilesUsysfufenniu dethusslevdn i duliFanenuas ldinsenns dmiu
Ussinalnedeiinfiuszimaeglumdounaziwnisiou fnnmganauysaidadimninisuamaniiveialml
saiavinsUTulseius Aaunsofannfisdnaridethlugivasgiald fvanandetmiiounsas ibufie
Snanandlailizumnuiomiunugnuszdudulinszans esnddnuaziisnss wanm Taglawzain
Umeluazdifusnuuasdsimunnanduveadunadly Sinvazmenuvainuaiedis guin JUNTIUAzEdY
ausivin gafusnuastisunsaunssenasnszuen adnende wdoniwiotsh JagnGendemudnune

[

FanaN7 W NleTMIBLNIAY ﬁmﬁmwﬁ nsTUeNi NI videditeandiylunwdanguin “pitcher plants”
fidoInenmansin Nepenthes spp. (3, 2521) dulngfiduindeluiauiedens Surenidedds udsl 3 via
Anszaneiuglulnannzfusenimivssansids wazdn 2 vlanszarewugllnanensiuanianiy
wenfanns euidufiviuuasdifidnvaslansunardondgnidulissivanniigaludesine dagtuiing
AunUlusTINYIRNINNIT 100 ¥ia Lazdsnustinlmi ¢ LﬁﬁJ%‘uLL‘WUV]ﬂ% (551 wagdsy, 2551) dwludsewmelng
wuinnlunald uazaangSusenidsavile wu Aignseis wazguasludmiaae (4, 2521)
Tudsznalvedsisaunuiivananded1indounsds 8 vlia (Asud wazame, 2551) Gﬁuﬂizmaagmu
Qige iemuunashiwhmnadnavessuna [Huiisiiddnonwlunsimuliduiinasegiadeluly
ounen lngdududeaimsiaunlvhiuglminfdnvarmenuuasuansaniusiduiilog lunsusuuseiug
98N lRENIUNTZUIUNMTUIEAY NsNaNiug nsnauiuduazAndeniug wallawlunsadiuiuglug
Tnensuanusvosiivanadl Afeduerdtluaninsssund vswisenanuiivanandedvsiounsdannni
1 wlioasyiivlney uifivanaviietvsiounsdehsiatunarerdeluiufifenty Snlieennenlutisnm
Featu uwidheenaenlurisnanfeafufiamsaiinsnanduld wiaeiusgnuaniiintusndumiiy
lanansonasiusifeiusuiuluiugnaeluly Snfigefuinuaamosmeiusgnuauindauaudalumsdn
Fuunaslilaid iWesnnlassaiausedsesgetusnlifimsfaumieimunlsliauysal Suhliussansam
TunsdinduusauanstesameAdidinm Moy imeiusgnuaumaitciamnsonigmuanines s
161 (Clarke, 2002) wifedrmdeunsdaduiivdnenliauysalina lnedinanuenuwaegsiwiuiu (dicecious
plant) (@250, 2552) Msnautruvdadsorafinduldlusssud Fedsemunisdsanuiuglng q ves
nifodramfounsdaiutunnd (Clarke and Lee, 2004) uonanil Ssfivudgnuanieitifugnuasiifnesdy
ﬁiimj’laLLazqﬂmﬁumﬂuuwéamﬂuﬁ?mumﬂ (International Carnivorous Plant Society, 2014) ﬁqﬁy’umﬂ
msiivdfedndownsdadufisfifinenuenmenazuenduiy (dioecy) Swhlmdufivnaudin 100 wWesdus
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fdlnosssumivesiielunguiiaziimnumanevanemaiugnasugs esanfanmussduduarlulndiduuuy
heterozygous waz heterogenous Aud16U (Poehlman and Sleper, 1995) fedaymdananidulumegila
Tumsviidslusnumsnandruviafivananietnndiounsds ilefnwmguauividnivsnzaslaonisuas
Tumiln Anwidnvazvesgnuasuazdnidengnaanaeiuglvsfiidnuarmuaudonis ey
wuglvaifisidnenmiduinasygiasely

2. 3NINARBS

yhnsanwiiauivimaluladnisndniiy AuznunsmansLaT N NeINIEITNRA 1Ineds
wialulagnvusnansueen 2.9aY3 Ingkauiuvlinvosiananiiad1vdowndds (Nsnaut uwaznIsHay
aduvioaduu) Ugniivanansiedmieunsdsviaifoglutszinelne 2 wila fio Nepenthes mirabilis wae
Nepenthes globosa guadnuduviswsiiuglvanysal miednimsiounsdszesnmenilofiony 12-18 1feu
lneganiseennenazegludinseungainieutiufeuivianvesdinly dwlvgduneiusazesnnenieu
Fuusiiug 1 dUani Wonenuaiiiuunstenanuaziinenauysaiasuisdensn (nduidssdsliui) vhnmsaau
Yonenshegmanainla mduseliidelilivenentin uasshmslingantu ilesndeneniinisanetwili

v
v

fundaneluganaadin WessnuadioSuuiunaenas Javhnisuas 2 ¢ fell

AN 1 vilotvslounsdenuusl Nepenthes globosa naufiusuwe Nepenthes mirabilis (AW 1)

(V)
Al 1 N globosa (Fuus) () uag N. mirabilis (Fume) ()

A7 2 vilotavsiounsdenuusl Nepenthes mirabilis waufiuRuie Nepenthes globosa (AW 2)

e Y

()
AWl 2 N mirabilis (Fuual) () wag N. globosa (Fuie) (1)
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" A

1. Wwaunsaeil diudieusnudusyaennAlAuNeNABIN1INEN azeRusyITAneg iy

=

Srunuann dwduifazesasyihvasinusennasinaily Jsazilanslimnuvutiglfazesssasenyie
Hulufesly uasaqupananainliuiiowdun vinisuaunniuauasuynnen (Aengeumeadieiiangnisuay
3 Yu dunnfunduidesu Inssennenasiudsunnadendudihme) eonmadedldliunmemadiinoen
1Yo iedestunsugeansemmslumsimunnenildiunsnanlugnaianysal aenmadlofldunisuas
finsimunanelusslinedwssmunntu enalieny 2-3 ey kaduanuianeendsliugnenuy Hawdeu
mnddenduiinng ﬁﬂﬂ’]iﬁﬂﬂaﬂﬁl?jﬂLm'fu’]LﬁU%lﬂ‘ls}’ﬂuﬁlLLﬁ\ﬁaﬁ]uﬂﬁUﬁzﬂﬁda Wusnendunan 1 dUans

2. Bmswelnsidaunldanmanaunngluianmzlseneuse nenauyeuendn snsn 1:1
Tundeswanainlfeuauuasriiuls 50% wanazaennely 1 Weu edundseniidrumnily 4 Tu Fsdreugn
Tufanugnaurintiuses uasfuRguasnu

3. AnwIMInszngmvesdnuaensduginegnuauduiln (Nepenthes globosa x Nepenthes
mirabilis) wae (Nepenthes mirabilis x Nepenthes globosa) Inginaunananuauu@nyanuaen1snszae
ﬁqmﬁ’mgwﬁwmﬂ’uﬁﬂ%’agamimaaaﬁqﬁ SNYALVIAMAI N15TMUNNERIuan Yz vaulu Flu dnvae
nunde dnvagnsle dvde dAnvagnseinuile dnvagdulinuile dlwile dvesaIuvile wAvawmiie
nstufinnndnuaenisnun SnvusneUinalaetuiindnuaeded Wuihugudnansdidu anunt
vaslu Auely mmgnaeds Aunansie auenmie arwgmsie anunirwesnmie Anuen
vosnuile Augweshinule anuniishude anuermvle anunieesu anueaasy e iadu
wuRLInS Ml zideyansafianssaun (Desriptive statistics) fonwene Tasnisuanuasauisenn
fovay warnsusseeanuazvesgnratluuiasngy n1sineideyanivaiifeyuu (Reference Statistics)
1eun t-test (group comparison), F-test (one — way ANOVA) wazn1sdnuunngusiaulsmewmatia cluster

analysis #7875 hierarchieal cluster

3. NAN1SNAADILAZIANTAL
HARNYIAUNIINTEILVDIAN BN T I INeMeUTinavesgnraudusiliavdotivdounsds
vj“" 1 (N. globosa x N. mirabilis) 9NNSANIANULUTUTINAN BUENNUTINUMNFUg W INg v sgNKEY
Fwwda Wefiorsanandmeainfiuanifanisnszanevesteya loun Ffids Adgn Agean Aiade
ﬂ'wmwmmmLﬂﬁaummgmLLaxmé’mUizﬁwéﬁuaqmmLmi‘dsau (51971 1) Wud MsnIzaeFMIeUin

a aa
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M13199 1 ATNHY AREA AgeEn ALRAY AIAINARIALARIUNIATIIY ANBMENIN
dauguingrvesgnuauniiadrmdounsdegn 1 (N. globosa x N. mirabis)

AnuaENedug LI dwou  Aiide  Adign  Agegn  Auedls  Aenwemaedou  miduusyavd
*) 11R551Y YDIANULUTUTIU
s ugudnansiu 32 080  0.40 1.20 0.63 0.02 23.80
Aunsly 32 4.90 3.02 7.92 5.61 0.22 221
AMLEILY 32 1687 1253 29.40  22.06 0.72 18.58
ANNEIEE R 32 2397 690 30.87  16.13 0.97 34.09
AUNIINED 32 2.30 1.06 3.36 2.09 0.08 23.44
AMUNISUINYLTD 32 2.20 1.09 3.29 1.82 0.09 28.57
ALEMIUINYLe 32 3.55 0.72 4.27 1.64 0.12 42.68
AnsgaUnvle 32 2.65 1.21 3.86 2.15 0.11 29.30
AMUNSHLle 32 1.59 0.70 2.29 1.47 0.07 29.25
ALEIITD 32 3.06 0.84 3.90 1.93 0.11 33.67
AUNINATU 32 0.94 0.36 1.30 0.75 0.03 29.33
AUYTIATU 32 5.87 2.46 8.33 5.28 0.24 25.94

* o dumuiiung

PNMIANBIAIULUTUT I NYMEIsUTNUdg U TIne e nran s iavdedindeundd
AT 2 (Anauadu) (N. mirabilis x N. globosa) WeNansananemiadiffiLanstianisnszatgvastoya laun

Y
A

AEY A1RNEA AR ARRY AIALARALATEUNNIATEIULALANEIUTEAVEVRIRINULUTUTIU (115797 2)
wud ludi 2 danuwdsunuresmnunimilionnnfiaaiiamduuseansanuuususiuiosas 50.20 599890

AaAugEgRlAFuUSEANSANULUSUTIUSBEAY 30.90 kavAunIUIndAduUsEanSaNNLUsUSIUL
Sevay 26.20 AUAGU

M54 2 ANEY ANAEA ANEeER ANLRRY ANAINARIALARBUNIATIIU ANYMENIY
daugruinervasgnraundatnvdounsdsgi 2 (N. mirabilis x N. globosa)

ANYUENIFUFIWINGT fwu Aiide  Aign  Agege  Aeds  mAnuesaAdeu Andulsyans
) 1UIRIFIU YoIANNLUTUTIU

wurugudnansEsil 20 0.44 0.41 0.85 0.52 0.02 17.30
AunIely 20 2.64 3.23 5.87 5.12 0.16 14.25
ANENIlU20 1342 1663 3005 2209  0.80 16.20

ANENIENYRS 20 3063 1310 4373 2333 1.61 30.90
AMUNI1mTe 20 5.98 1.20 7.18 2.39 0.26 50.20
ANINEN T 20 1.29 1.57 286 221 0.07 14.93
ANl 20 463 537 1000 701 0.26 16.69
AIN UYLl 20 2.19 0.90 3.09 1.87 0.11 26.20
Augntnuge 20 168 087 255 1.58 0.08 24.68
AugnInviile 20 1.98 1.11 3.09 1.88 0.09 23.40
ANUNTIATY 20 050 044 094 067 0.03 20.89
AYINENIATY 20 487 353 840  5.06 0.27 2391

* o duuiung
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INMSANYIAMUNINTLNYANYULNNAMAMFUFIUNING W sgnHaNiuviinvietivilownads
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nsNUneLvay, (5) anwaeNINUNLBlAY, (6) anymylonsInseuen, (7) SnvuERlenIINay,
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9) (10) (11) (12)
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Abstract

Conventional process for ethanol production based on cassava starch is basically involved
liguefaction, saccharification, and fermentation. This process requires high-energy input that increases
the production costs. In this study, raw cassava starch was hydrolyzed by granular starch hydrolyzing
enzyme at temperature of 40°C and pH 4.0. This process converted 81.19 % raw cassava starch to
glucose at a concentration of 176.41 ¢/L at 72 h with a productivity of 2.45 ¢/L/h. The studies from
5-L laboratory to 200-L pilot-scale fermenters of single-step ethanol production without temperature
and pH control throughout the fermentation, they yielded the final ethanol concentrations of 8.0 and
8.2 % w/v (10 % v/v) with productivities of 1.12 and 1.14 ¢/L/h and fermentation efficiencies of 71.44
and 72.47 %. These results indicated that the single-step ethanol production using combination of
raw cassava starch hydrolysis and fermentation could be scaled up to larger capacity for industrial
ethanol production.
Keywords : Raw cassava starch hydrolysis; Pilot-scale single-step ethanol production; Combination

of raw cassava starch hydrolysis and fermentation

1. Introduction

Bioethanol is regarded as a promising alternative energy source that is renewable and
environmentally friendly. It is the main biofuel used in the world and its use is increasingly
widespread, the worldwide prospects are the expansion of the production and consumption of
ethanol (Mussatto et al., 2010). Many research works have been carried out to obtain low cost raw
materials, efficient fermentative enzymes and organisms, and operating process conditions for
ethanol production (Ariyajaroenwong et al., 2012; Azmi et al., 2009; Shanavas et al., 2011; Breisha,
2010; Virunanon et al., 2013). Currently, raw materials of industrial ethanol production are sugarcane
molasses and cassava starch (Wathanyu and Goran, 2007; Sorapipatana and Yoosin, 2011; Papong and
Malakul, 2010; Ghorbani et al.,, 2011; Eiadpum et al,, 2012). The ethanol production from molasses is
direct fermentation, while cassava starch needs hydrolysis steps before fermentation. Therefore,
general industrial ethanol processes using cassava starch as a raw material are based on the conversion
of starch into glucose and fermentation of glucose into ethanol; which consist of three steps, starch
liquefaction, saccharification and fermentation of glucose to ethanol. Unfortunately, this process has

significantly impacted energy consumption because liquefaction of starch takes place at high
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temperatures ranging requiring enormous amounts of steam and an efficient water-based cooling
system to bring down the temperature to fermentation process (Gohel and Duan, 2012).

In a recent year, cold hydrolysis enzyme, Stargen™ 002, has been developed. This enzyme
has the advantage of Ol-amylase and glucoamylase to hydrolyze raw cassava starch granule that
directly hydrolyzes the starch in a single step at below the gelatinization temperature. It could be
applied for single-step process, combination of raw starch hydrolysis and ethanol fermentation, for
reducing the cost of energy consumption and fermentation time from multistage.

Therefore, this study intends to (1) optimize the hydrolysis of raw cassava starch at optimum
ethanol fermentation conditions using Stargen™ 002 and (2) examine the pilot-scale single-step

ethanol production using combination of raw cassava starch hydrolysis and fermentation.

2. Materials and Methods

2.1 Raw material
Premium grade cassava starch the “Three Elephants” brand was obtained from Chorchiwat

Industry Co., Ltd. (Chonburi, Thailand).

2.2 Enzymes

The commercial enzymes, Stargen™ 002, Spezyme Alpha, and Distillase ASP, were the
products of Dupont Industrial Biosciences (Shanghai, China).

Stargen™ 002, granular starch hydrolyzing enzyme, contains Aspereillus kawachi Ol-amylase
expressed in Trichoderma reesei and a glucoamylase from T. reesei. The minimum activity is
570 GAU/g. One glucoamylase unit (GAU) is the amount of enzyme that will liberate one gram of
reducing sugar calculated as glucose per hour from soluble starch substrate under the assay condition
(Stargen™ 002 product information, Genencor International).

Spezyme Alpha contains a thermostable starch hydrolyzing Q-amylase that is produced by
Bacillus licheniformis. The minimum activity is 13,775 AAU/g. One alpha-amylase unit (AAU) is the
amount of enzyme required to hydrolyze 10 mg of starch per minute under assay condition (Spezyme
Alpha product information, Genencor International).

Distillase ASP contains 1,4-O.-D-glucan hydrolase (E.C.3.2.1.3), which is referred to as
glucoamylase and bacteria pullulanase (E.C.3.2.1.4). The minimum activity is 580 TGAU/g. This enzyme
is a blend of enzymes produced by B. licheniformis and T. reesei (Distillase ASP product information,
Genencor International).

2.3 Yeast strain

Fali, actively dried alcohol yeast, Saccharomyces cerevisiae, obtained from AB Mauri
(Sydney, Australia), was used for the ethanol fermentation. This stain creates the maximum alcohol
yields, exceeding 18 % v/v depending on fermentation procedures. In addition, it is extremely

thermotolerant, and has a wide fermentation temperature range (25-40 °C).
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2.4 Optimizing StargenTM 002 conditions for raw cassava starch hydrolysis

A 1-L starch slurry (20 % w/v) in a glass container, prepared in sodium acetate buffer pH
3.0-7.0, was incubated in water bath at 30-40 °C for 48 h with continuous stirring at 100 rpm using
overhead stirrer. Stargen™ 002 at concentrations of 0.1-0.4 % (dry starch basis) was added in starch
slurry before beginning the hydrolysis. The concentration of glucose during raw cassava starch
hydrolysis in the samples after centrifugation was determined by high performance liquid

chromatography (HPLQ).

2.5 Raw cassava starch hydrolysis

A 10-L starch slurry (20 % w/v), prepared in sodium acetate buffer pH 4.0, was hydrolyzed in
a bioreactor at 40 °C and agitated at 100 rpm for 72 h with Stargen™ 002 at a concentration of 0.3 %
(dry starch basis). The concentration of glucose during hydrolysis was determined by HPLC.

2.6 Raw cassava starch pretreatments and hydrolysis

A 10-L starch slurry (20 % w/v), prepared in sodium acetate buffer pH 4.0, was heat-treated
in a bioreactor at below gelatinization temperature (60 °C) (Shariffa et al., 2009; Li et al., 2012) with
or without Spezyme Alpha (Ol-amylase) and Distillase ASP (mixing of glucoamylase and pullulanase)
at a concentration of 0.1 % (dry starch basis) with agitation at 100 rpm for 1 h and then hydrolyzed
by Stargen™ 002 (0.3 % dry starch basis) at 40 °C for 72 h. The concentration of glucose was
determined by HPLC and expressed as the percentage of raw starch conversion. The residual starch

after hydrolysis was collected for further characterization by scanning electron microscopy.

2.7 Characterization of hydrolyzed raw cassava starch
Hydrolyzed raw cassava starch samples were mounted on circular aluminum stubs with carbon
tape, coated with gold, and examined and photographed in scanning electron microscope (LEO,

1450VP, Germany) at an accelerating voltage of 10 kV.
2.8 Laboratory and pilot-scale single-step ethanol production using combination

of raw cassava starch hydrolysis and fermentation

The ethanol fermentation was carried out in 5-L lab and 200-L pilot-scale fermenters
containing fermentation medium: 200 g/L pretreated raw cassava starch slurry, 100 ¢/L sugarcane
molasses, 0.1 ¢/L (NH) HPO, 1.5 ¢/L KH PO, 1.8 ¢/L Na HPO , and 3.8 ¢/L MgSO,. 7TH O (Enrico et al,
1999; Francisco et al, 2010) and Stargen™ 002 was added into fermentation medium at
a concentration of 0.3 % (w/w). After enzyme addition, the inoculum of Fali, actively dried yeast, was
added at a final concentration of 0.1 % (w/v), [1.0 ¢/L]. The ethanol fermentation was performed at
the initial temperature of 40 °C with an agitation rate at 300 rpm for 72 h without temperature
and pH control throughout the fermentation. The concentration of ethanol in the sample after

centrifugation was determined by HPLC and expressed as the ethanol concentration (g/L).

2.9 Analytical method
The content of glucose and ethanol were determined by HPLC (KNAUER smartline, Berlin,

Germany) using refractive index detector and Eurokat H vertex column (KNAUER, Berlin, Germany)
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eluted by 0.01 N H2SO4 with 0.8 ml/min at 60 °C.
The statistical analysis of the results was performed applying a variance analysis (ANOVA) to

determine the difference between the averages.

3. Results and Discussion

3.1 Optimizing Stargen™ 002 conditions for raw cassava starch hydrolysis
Considering Stargen™ 002 concentrations, it was found that the enzyme at a concentration
of 0.3 % (w/w) was the optimum dosage for hydrolysis of raw cassava starch (Table 1). The starch
(20 % w/v) with Stargen™ 002 at a concentration of 0.3 % (w/w) yielded the highest glucose
concentration of 73.78 ¢/L with a productivity of 1.54 ¢g/L/h and 33.54 % (w/w) of starch conversion.
Increasing the Stargen™ 002 concentration (up to 0.4 % w/w) did not significantly affect higher
hydrolysis of raw cassava starch. Therefore, Stargen™ 002 at a concentration of 0.3 % (w/w) was used

as the optimum condition for further study on starch hydrolysis and ethanol fermentation.

Table 1 Effect of Stargen™ 002 on raw cassava starch hydrolysis for 48 h

Stargen™ 002 Glucose Productivity Percent conversion
concentration (% w/w) concentration (g/L) (g/L/h) to glucose (w/w)
0.1 37.45 + 5.98° 0.99 + 0.27° 17.02 + 2.72°
0.2 56.65 + 1.36 1.18 + 0.03 25.71 + 0.62°
0.3 73.78 + 4.18° 1.54 + 0.09° 3354 + 1.90°
0.4 78.70 + 1.41° 1.64 + 0.03° 35.77 + 0.64°

Each value is Mean + SE from three replicates and values followed by the same letters were not significantly different
(p<0.05)

There was an increase in the quantity of glucose released and higher percent conversion
of raw cassava starch to glucose when pH of starch slurry was reduced from 7.0 to 3.0 (Table 2).
The maximum glucose concentration of 114.39 ¢/L with a productivity of 2.38 ¢/L/h and percent
conversion of 52.00 % (w/w) were achieved at the pH 3.0. However, pH below 4.0 could reduce yeast
growth and fermentation activity (Liu et al., 2015), so that pH 4.0 was used as the optimum pH for
further study on starch hydrolysis and ethanol fermentation.

The effect of temperature on raw cassava starch hydrolysis by Stargen™ 002 presented in
Table 3 indicated that the glucose concentration, productivity, and percent conversion were increased
when the temperature of starch slurry was increased from 30 to 40 °C. The raw starch hydrolysis at
40 °C gave the maximum glucose concentration, productivity, and the percent conversion of 133.27
g/L, 2.78 ¢/L/h and 60.58 %, respectively.
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Table 2 Effect of pH on raw cassava starch hydrolysis by Stargen™ 002 for 48 h

pH of starch slurry Glucose Productivity Percent conversion
concentration (g/L) (g/L/h) to glucose (w/w)
3.0 114.39 + 1.24° 2.38 + 0.03° 52.00 + 0.56°
4.0 96.39 + 1.03° 2.01 +0.02° 43.82 + 0.47°
5.0 56.26 + 1.17° 1.17 + 0.02° 25.57 + 0.53°
6.0 33.10 + 1.14¢ 0.69 + 0.02° 15.04 + 0.52°
7.0 16.59 + 0.36° 0.35 + 0.01° 7.70 £ 0.16°

Each value is Mean + SE from three replicates and values followed by the same letters were not significantly different
(p<0.05)

Table 3 Effect of temperature on raw cassava starch hydrolysis by Stargen™ 002

for 48 h
Temperature Glucose Productivity Percent conversion
YO concentration (g/L) (g/L/N) to glucose (w/w)
30 30.07 = 0.39° 0.63 + 0.39° 13.67 + 0.18°
35 59.50 + 5.31° 1.24 £ 0.11° 27.05 + 2.41°
40 133.27 + 7.83¢ 2.78 £ 0.16° 60.58 + 3.56°

Each value is Mean =+ SE from three replicates and followed by the same letters were not significantly different (p<0.05)

3.2 Raw cassava starch hydrolysis by Stargen™ 002 at the optimum conditions

A 10-L raw cassava starch at a concentration of 20 % (w/v) was hydrolyzed in a bioreactor
at the optimum conditions with Stargen™ 002 at a concentration of 0.3 % (w/w) for 72 h. During
the hydrolysis, glucose concentration and percent conversion rapidly increased at the first 12 h
(Figure 1). After that, they gradually increased. At 72 h of hydrolysis, raw cassava starch give the
glucose concentration, productivity, percent conversion, and conversion rate of 150.83 g/L, 2.09 g/L/h,
68.56 % (w/w) and 1.90 ¢/L/h, respectively. These results showed that the hydrolysis of raw cassava

starch by Stargen™ 002 yielded rather high glucose conversion.
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Figure 1 The release of glucose from raw cassava starch and percent conversion of

raw cassava starch to glucose by Stargen™ 002 at the optimum condition

3.3 Raw cassava starch pretreatment and hydrolysis

There was incomplete hydrolysis of raw cassava starch due to the structural and crystalline
nature of starch molecules. This challenges to the adoption of this process. The conversion efficiency
of raw cassava starch to glucose by Stargen™ 002 depends on starch source, structure (e.g. molecular
weight and chain lengths of amylose and amylopectin, starch granule surface, and granule crystalline
structure) (Li et al,, 2012). Therefore, the pretreatment of raw cassava starch granules that influence
the enzymatic hydrolysis activity is an important practice for increasing the raw cassava starch
hydrolysis efficiency.

Heat pretreatment at sub-gelatinization temperature (60 °C) for 1 h showed a positive effect
on hydrolyzation of raw cassava starch by Stargen™ 002 to glucose (Figure 2). Heating at sub-gelatini-
zation temperature increased the ability of enzyme to hydrolyze starch (Li et al., 2012). This process
would allow the starch granules to swell more and open up the small pores on the granule surface,
which would facilitate the access of Stargen™ 002 into the starch granules (Shariffa et al, 2009).
Therefore, sub-gelatinization temperature pretreatment increased the raw cassava starch hydrolysis.

The amylolytic enzymes (Spezyme Alpha and Distillase ASP) with sub-gelatinization
temperature pretreatment resulted in an increase of glucose release and percentage of hydrolysis
compared to the hydrolysis of sub-gelatinization temperature pretreatment without amylolitic enzymes
addition ASP (Figure 2). It is also possible that during this time, pores and surface areas on starch
granules were increased by enzymatic attack that affects Stargen™ 002 to break down raw cassava

starch easier.
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Figure 2 Percent conversion of raw cassava starch to glucose at 60 °C and types of amylolytic

enzyme pretreatment of raw cassava starch before hydrolysis by Stargen™ 002

The combination of amylolytic enzyme species and sub-gelatinization temperature

pretreatment greatly improved raw cassava starch hydrolysis by Stargen™ 002. Table 4 shows that raw

cassava starch treated at 60 °C with Distillase ASP before Stargen™ 002 hydrolysis gave the highest

hydrolysis that converted 80.19 % raw cassava starch to glucose at a concentration of 176.41 g/L with

a productivity of 2.45 g/L/h. However, the percent conversion of treated raw starch at 60 °C with

Distillase ASP, Spezyme Alpha, or both enzymes was not significantly different (p<0.05).

Table 4 Glucose formation and percent conversion of starch to glucose after

pretreatment of raw cassava starch before hydrolysis by Stargen™ 002 at

optimum conditions for 72 h

Starch slurry pretreatment

Hydrolysis by Stargen™ 002 (40 °C, 72 h)

Temperature (°C) Enzyme Glucose Productivity Percent conversion
(0.1 % w/w) concentration (g/L) (g/L/h) to glucose
Non pretreated 150.83 + 1.58° 2.09 + 0.02° 68.56 + 0.72°
60 - 159.90 + 2.85° 222 +0.04° 72.68 + 1.30°
60 Distillase ASP 176.41 + 1.52° 2.45 + 0.02° 80.19 + 0.69°
60 Spezyme Alpha 169.76 + 2.51° 2.36 + 0.03° 77.16 + 1.14°
60 Both enzymes 173.07 + 4.21° 2.40 + 0.06° 78.67 + 1.91°

Each value is Mean + SE from three replicates and values followed by the same letters were not significantly different

(p<0.05)
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3.4 Characterization of hydrolyzed raw cassava starch

The characterization of hydrolyzed raw cassava starch was observed using SEM. Figure 3 show
SEM photographs of native, pretreated and hydrolyzed raw cassava starch granules. The surfaces of
native cassava starch granules appeared to be relatively smooth with a few furrows and shallow
depressions (Figure 3a). The nature of the granule surface and the presence of surface protein and
lipids might have significant effects on the properties of the starch (Perez et al,, 2009). For the most
starch, the external surface of starch granule is the first barrier to processes such as granule hydration,
enzyme attack, and chemical reaction. Moreover, starch granule from different sources differed in
their morphology and structure, resulting in diverse amylolysis, which was similar to bioconversion
efficiency of starch to fermentable sugars during ethanol production (Naguleswaran et al., 2012).
Figure 3b shows pretreated raw cassava starch granules at a sub-gelatinization temperature (60 °C)
with Distillase ASP for 1 h. From SEM micrographs, the surfaces of pretreated cassava starch granules
were smooth with few furrows and shallow depressions. Heat pretreatment would allow the starch
granules to swell more and open up the small pores on the granule surfaces (Shariffa et al., 2009)
and increased the ability of Distillase ASP to hydrolyze the surface of starch granule resulting to in-
crease surface area for Stargen™ 002 attack.

The morphological and microstructural changes of hydrolyzed raw starch granule revealed by
SEM are shown in Figure 3c and 3d, respectively. Six-hour hydrolysis by Stargen™ 002 resulted in
roughly pitted structures on the surface of starch granule. A few enlarged surface holes were observed
on the surface of starch granule (Figure 3c). Hydrolysis of raw starch granule for 48 h resulted in deg-
radation of most starch granule into fermentable sugar. The residual starch granules had many large
enlarged holes (Figure 3d).

The SEM suggested that raw starch hydrolyzing by Stargen™ 002 was initiated from granule
surface by generating pits, size enlargement of existing holes. The hydrolyzed raw cassava starch
contained more hole-shaped granules than the native starch (Chen et al, 2011). The hole-shaped
granules were found more frequently in larger ones. The hole-shaped granules could result from
granular swelling followed by collapse. The swelling could have occurred early in the reaction when
the starch granules underwent swelling in a concentrated solution of compound enzyme. Moreover,
the roughened surface in hydrolyzed raw cassava starch granule might be due to uneven shortening
of amylopectin molecules by the action of Ol-amylase (Naguleswaran et al,, 2012).

The surfaces of hydrolyzed starch granule were extensively eroded. Sub-gelatinization
temperature pretreatment cause the starch granule to swell and Distillase ASP action increases the
starch granules surface, resulting in the StargenTM 002 to penetrate into the granule more extensive-
ly forms pits and channels during hydrolysis. The enzymatic corrosion occurred at the surface of starch
granules. The Stargen™ 002 degraded the external part of starch granule by exo-corrosion as holes
(Shariffa et al., 2009; Nadir et al,, 2009; Uthumporn et al.,, 2010).

27



N3an5ide T 9 aduil 1 uns1eu - Hquieu 2559 http://ird.rmutto.ac.th

Mag= 500KX  WD= 12mm  EHT=1000KkV  SignalA=SE1

Mag= 5.00KX WD= 12mm  EHT=1000kv  Signal A=SE1 Mag= 5.00 KX WD= 12mm  EHT=1000kv  Signal A=SE1

Figure 3 Scanning electron micrographs of raw cassava starch granule hydrolyzed
by Stargen™ 002 at 40 °C (a) native raw cassava starch (b) pretreated raw
cassava starch at a sub-gelatinization temperature (60 °C for 60 min) (c)
hydrolyzed raw cassava starch by Stargen™ 002 for 6 h and (d) hydrolyzed

raw cassava starch by Stargen™ 002 for 48 h

3.5 Laboratory and pilot-scale single-step ethanol production using combination of

raw cassava starch hydrolysis and fermentation
The studies on 5-L laboratory and 200-L pilot-scale single-step ethanol fermentation were
conducted carefully within three replicates. The high ethanol concentration of 7.10 to 8.19 % w/v

(9.00 to 10.38 % v/v) were achieved from different scales of fermentation (Figure 4).
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Figure 4 The yield of ethanol production from two scales of single-step ethanol

fermentation

A comparison of the results from different scales of 5-L and 200-L fermentations was shown

in Table 5. The final ethanol concentrations of the 200-L fermenter was close to that of the 5-L

fermenter with the values of 80.85 and 81.86 ¢/L, respectively, corresponding to the same ethanol

yield of 0.41 g¢/¢ with the fermentation efficiencies of 71.44 and 72.47 %, and the productivities of

1.12 and 1.14 ¢/L/h in both fermentation scales, respectively.

Table 5 Result of the single-step ethanol productions at different scales of 5-L
and 200-L fermentation for 72 h

Fermentation Ethanol concentration Ethanol yield Productivity Fermentation
(g/L) (¢/9) (¢/L/h) efficiency (%)

5-L Fermenter 81.86 + 1.88° 0.41 +0.01° 1.14 + 0.03° 71.44 + 1.66°
200-L Fermenter 80.85 + 0.45° 0.41 + 0.00° 1.12 + 0.01° 72.47 + 0.39°

Each value is Mean + SE from three replicates and values followed by the same letters were not significantly differ-

ent (p<0.05)

The ethanol concentration achieved in this study is the highest value for single-step

fermentation of raw starch. However, this process gave the ethanol yield and productivity less than

those of some simultaneous saccharification and fermentation (SSF) processes. The comparison of

ethanol concentration, theoretical yield, and productivity of some studies is summarized in Table 6.
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Table 6 Comparison of ethanol fermentation from cassava starch under different

operation conditions

Operation conditions Microorganism Ethanol Theoretical ~ Productivity References
concentration (g/L)  vield (%) (¢/L/h)
Conventional S. cerevisiae 34.07 83.38 0.53 Nadir et al., 2009
Single-step, coculture 5 12Pa1 and 35.26 68.49 0.49 Azmi et al., 2009
S. cerevisiae

Single-step, enzyme S. cerevisiae 81.86 76.32 1.14 This study

SSF, continuous S. cerevisiae 78.80 86.20 3.28 Choi et al., 2010
SSF, enzyme S. cerevisiae 111.60 98.41 2.33 Shanavas et al., 2011
SSF, high gravity S. cerevisiae 135.71 86.10 2.26 Chen et al,, 2011

4. Conclusions

This study is concluded that raw cassava starch hydrolysis by Stargen™ 002 is possible and
practicable for single-step ethanol production. The combination of amylolytic enzyme addition
and sub-gelatinization temperature pretreatment greatly improved raw cassava starch hydrolysis by
Stargen™ 002. The single-step ethanol production using combination of raw cassava starch hydrolysis
and fermentation from 5-L fermenter to 200-L fermenter was successfully done. The two different
working scales of fermenters showed little differences in the final ethanol concentration, productivity,
yield, and fermentation efficiency. The combination of raw cassava starch hydrolysis and fermentation

process can be applied for the industrial ethanol production.
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Abstract
The phytochemical investigation of the flowers of Homalium tomentosum led to the
isolation of three known compounds: 3-phenylisocoumarin (1), 2—(ﬁ—gLucopyranosyloxy)—?—{Z—
[(2-oxo-2-phenylethyllbenzoyl}-5-hydroxybenzyl alcohol (2) and cochinolide—B—gLucopyranoside
(3). Their structures were determined by analysis of spectroscopic data as well as comparison of NMR
data with those previously reported.

Keywords: Homalium tomentosum, Homalium spices, isocoumarin, phenolic glycoside

1. Introduction

Homalium tomentosum is a plant of Flacaurtiaceae family. It is medium size plant which
normally found in area of Thailand and the root of this plant are used as an astringent (Wiart, C. 2006).
Previous chemical investigations of Homalium species were found various types of compounds
such as xanthenes from H. paniculiflorum (Wu, S.Y.; et al,, 2015), alkaloids from H. pornyense (Pais,
M.; et al., 1973), benzofuranones from H. brachybotry (Mosaddik, A., Forster, P. I., Waterman, P. G.,
2007), phenolic glycosides from H. longifolium (Shaari, K. and Waterman, P. G., 1994 and 1995b),
H. cochochinesis (Ishikawa, T.; et al., 2004) and H. ceylanicum (Liu, L., et al., 2013 and Ekabo, O. A,
et al,, 1993a, b). In addition, cochinolide, tremulacin and cochinchiside B which were isolated from
H. cochochinesis showed weak activity against herpes simplex virus and tremulacin displayed weak
anti-HIV activity (Ishikawa, T.; et al,, 2004) along with xanthenes derivatives, homapanicones A and B,
showed cytotoxicities against various human cancer cell lines (Wu, S.Y; et al, 2015). From the
literature review, the chemical investigation of the flowers of this plant has not been reported and
various types of compounds of this genus displayed interesting biological activities. In this work, we
describe the isolation and structural elucidation of three known compounds isolated from the flowers

of this plant.

2. Materials and Methods

Melting points were determined on an electrothermal melting point apparatus
(Electrothermal 9100) and reported without correction. Infrared spectra (IR) were obtained on
a Perkin Elmer Spectrum GX FT-IR system and recorded on wave number (cm™). 'H and “C-Nuclear
magnetic resonance spectra (‘H and ">C NMR) were recorded on a FTNMR, Bruker Avance 300 MHz or

500 MHz spectrometers using tetramethylsilane (TMS) as an internal standard. Spectra were recorded
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as chemical shift parameter (§) value in ppm down field from TMS (d 0.00). Ultraviolet spectra (UV)
were measured with a UV-160A spectrophotometer (SHIMADSU). Principle bands ()\.max) were
recorded as wavelengths (nm) and log € in methanol solution, respectively. Optical rotations were
measured in methanol solution with sodium D line (590 nm) on a JASCO P-120 automatic polarimeter.
Thin-layer chromatography (TLC) and precoated thin-layer chromatography were performed on silica
gel 60 GF ., (Merck). Column chromatography was carried on silica gel (Merck) type 100 (70-230 mesh
ASTM), Sephadex LH-20 or reverse phase C,, silica gel.

Extaction and isolation: The flowers of H. tomentosum were extracted with acetone and
methanol to give the crude acetone (4.88 g) and methanol (11.15 g) extracts. The crude acetone
extract was separated by column chromatography over silica gel. Elution was performed with 100%
dichloromethane followed by increasing amount of methanol and finally with 100% methanol to
afford thirteen fractions (Fr1-13). Fraction 4 was separated by column chromatography over Sephadex
LH-20 with 50% methanol in dichloromethane to give compound 1 (17.8 mg). Fraction 10 was purified
by column chromatography over Sephadex LH-20 with 50% methanol in dichloromethane to yield
three subfractions (Fr101-3). Subfraction 10-2 was separated by column chromatography over
Sephadex LH-20 with 50% methanol in dichloromethane to obtain compound 2 (19.0 mg). The crude
methanol extract was separated by column chromatography over Sephadex LH-20 with 100%
methanol to give four fractions (M1-4). Fraction M3 was separated by column chromatography over
Sephadex LH-20 with 100% methanol to yield five subfractions (M31-35). Subfraction M32 was purified
by column chromatography over reverse phase silica gel with 70% methanol in water followed by
increasing amount of methanol and finally with 100 % methanol to afford compound 3 (3.3 mg).

3-Phenylisocoumarin (1): brown solid; mp = 80-82 °C; IR (film) 1730 cm™'; UV (MeOH) 296, 310
and 340 nm; 'H NMR (300 MHz in CDCL): 6H 6.97 (s, 1H, H-4), 7.47 (m, 2H, H-5, H-7), 7.48 (m, 3H, H-3,
H-4', H-5), 7.73 (dt, 2.0, 8.0, 1H, H-6), 7.89 (dd, 2.0, 8.4, 2H, H-2", H-6") and 8.32 (d, 8.0, 1H, H-8); °C NMR
(75 MHz in CDCL)): 6C 101.83 (C-4), 120.65 (C-8a), 125.29 (C-3, C-5), 125.97 (C-5), 128.18 (C-7), 128.86
(C-4), 129.72 (C-8), 129.99 (C-2, C-6), 132.00 (C-1), 134.88 (C-6), 138.00 (C-4a), 153.74 (C-3) and 162.00
(C=0)

2—(ﬁ—gtucopyranosyloxy)—?—{Z—[(2—oxo—2—phenyt) ethyllbezoyl}-5-hydroxybenzyl alcohol (2);
white solid; mp= 118-120 °C; IR (film) 1653 and 3429 cm™; UV (MeOH) 231 and 285 nm; [OL] ** -19.2
(c 0.3, MeOH); 'H NMR (300 MHz in Acetone-d ): 6H 3.44 (m, 4H, H-2"-H-5"), 3.68 (dd, 4.5, 11.1, 1H, H-6a"),
3.85(dd, 4.5, 11.1, 1H, H-6b"), 4.76 (d, 7.2, 1H, H-1"), 4.83 (s, 2H, H-7"), 5.26 (d, 13.2, 1H, H-7a), 5.30 (d,
13.2, 1H, H-7b), 6.70 (dd, 3.0, 8.7, 1H, H-4), 6.85 (d, 3.0, 1H, H-6), 7.05 (d, 8.7, 1H, H-3), 7.40 (d, 7.8, 1H,
H-37), 7.45 (dt, 1.2, 7.8, 1H, H-57), 7.53 (m, 1H, H-4"), 7.58 (dd, 1.5, 7.2, 1H, H-4"), 7.63 (m, 2H, H-3" and
H-5"), 8.07 (dd, 1.5, 7.2, 2H, H-2" and H-6"), 8.11 (dd, 1.2, 7.8, 1H, H-6"); *C NMR (75 MHz in Acetone-d ):
6C 44.55 (C-77), 61.63 (C-7), 61.81 (C-6'), 70.44 (C-4"), 76.84 (C-2), 77.01 (C-3), 77.84 (C-5'), 102.86 (C-1"),
115.17 (C-6), 115.53 (C-4), 117.72 (C-3), 127.02 (C-1 and C-57), 128.05 (C-2” and C-6"), 128.57 (C-4"),
130.12 (C-17), 132.22 (C-4™), 130.68 (C-6"), 132.82 (C-3", C-3" and C-57), 137.31 (C-1"), 137.69 (C-2")
148.67 (C-2), 152.62 (C-5), 166.61 (C-8") and 196.66 (C-7")
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Cochinolide-[3>-glucopyranoside (3); brown gum; IR (film) 1,640 and 3,418 cm™; UV (MeOH) 278
nm; [a]Dza +54.17 (c 0.03, MeOH); 'H NMR (300 MHz in Acetone—dé): 6H 1.94 (m, 2H, H-5), 2.67 (ddd,
4.8, 8.0, 18, 1H, H-da), 3.11 (ddd, 4.8, 8.0, 18, 1H, H-4b), 3.18 (dt, 3.9, 7.8, 1H, H-2"), 3.34 (m, 1H, H-5"),
3.40 (dt, 3.9, 7.8, 2H, H-3" and H-4"), 3.72 (dd, 5.4, 11.0, 1H, H-6a"), 3.84 (ddd, 2.4, 5.4, 11.0, 1H, H-6b"),
4.49 (d, 7.8, 1H, H-1"), 4.63 (dd, 4.5, 10, 1H, H-6), 5.71 (d, 4.2, 1H, H-1), 5.98 (d, 4.5, 1H, H-7), 7.27
(t, 7.5, 1H, H-5), 7.34 (t, 7.5, 2H, H-4' and H-6"), 7.46 (d, 7.5, 2H, H-3" and H-7"); C NMR (75 MHz in
Acetone—dé): 0C 19.67 (C-4), 28.19 (C-5), 62.08 (C-6"), 68.17 (C-1'), 70.81 (C-5") 71.76 (C-6), 73.15 (C-3"),
73.97 (C-27), 76.77 (C-4"), 102.59 (C-1"), 111.12 (C-7), 126.07 (C-2), 126.69 (C-3" and C-7"), 127.42 (C-&
and C-6), 128.26 (C-5) 142.39 (C-3), 148.68 (C-3a), 149.91 (C-7a) and 168.50 (C-2)

3. Results and Discussion
Three known compounds were isolated from the flowers of H. tomentosum. Their structures
were identified by analysis of spectroscopic data and comparison of NMR data with those previously

reported.

(3)

Compound 1, the 'H NMR spectrum displayed signals of the 1,2-disubstituted benzene [6H
7.47 (m, 2H), 7.73 (dt, 2.0, 8.0, 1H) and 8.32 (d, 8.0, 1H)], monosubstituted benzene [6H 7.48 (m, 3H)
and 7.89 (dd, 2.0, 8.4, 2H)] and trisubstituted double bond [6H 6.97 (s, 1H)] units which was confirmed
by HMBC and 'H-'H COSY data. The C NMR and DEPT 135° spectra displayed one carbonyl (6C 162.00),
four quarternary (6C 120.65, 132.00 138.00, and 153.74) and ten methine (6C 101.83,125.29 x 2, 125.97,
128.18, 128.86, 129.72, 129.99 x 2 and 134.88) carbons. From HMBC data, the olefinic proton of
the trisubstituted double bond (H-4, 6H 6.97) showed a cross peak with C-5 (6C 125.97) of the
1,2-disubstituted benzene and the aromatic proton, H-8 (6H 8.32), of the 1,2-disubstituted benzene
displayed a cross peak with ester carbonyl carbon (C-1, 6C 162.0) which were confirmed the
trisubstituted double bond and ester carbonyl carbon connected at C-4a (6C 138.00) and C-8a (6C
120.65), respectively and the chemical shift value of C-3 (6C 153.74) of the trisubstituted double bond,
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established an isochromenone unit. The aromatic proton, H-2' (6H 7.89) of the monosubstituted
benzene showed a cross peak with C-3 of the isochromenone unit which was confirmed the
monosubstituted benzene connected at C-3 of the isochromenone unit. Compound 1 was
3-phenylisocoumarin (Shaari, K. and Waterman, P. G., 1995a).

Compound 2, the 'H NMR spectrum showed signals of the monosubstituted benzene [6H 7.58
(dd, 1.5, 7.2, 1H), 7.63 (m, 2H) and 8.07 (dd, 1.5, 7.2, 2H)], 1,2 4-trisubstituted benzene [(SH 6.70 (dd,
3.0,8.7, 1H), 6.85 (d, 3.0, 1H) and 7.05 (d, 8.7, 1H)], 1,2-disubstituted benzene [6H 7.40 (d, 7.8, 1H), 7.45
(dt, 1.2, 7.8, 1H), 7.53 (m, 1H) and 8.11 (dd, 1.2, 7.8, 1H)], oxymethylene protons [OH 5.26 (d, 13.2, 1H)
and 5.30 (d, 13.2, 1H)], methylene proton [6H 4.83 (s, 2H)] and glucose unit: one anomeric proton [6H
4.76 (d, 7.2, 1H)], two nonequivalent oxymethylene protons [6H 3.68 (dd, 4.5, 11.1, 1H) and 3.85 (dd,
4.5, 11.1, 1H)] and four methine protons [(SH 3.44 (m, 4H)] units. The coupling constant value of the
anomeric proton (J = 7.2 Hz) indicated that the glucose unit would be a B—glucopyranose. The “C
NMR and DEPT 135° spectra presented two carbonyl (6C 166.61 and 196.66), six quarternary (6C 127.02,
130.12, 137.31, 137.69, 148.67 and 152.62), fifteen methine (6C 70.44, 76.84, 77.01, 77.84, 102.86,
115.17, 115.53, 117.72, 127.02, 128.05, 128.57, 130.68, 132.22, and 132.82 x 2) and three methylene
(6C 44.55, 61.63 and 61.81) carbons. The HMBC data, the oxymethylene protons (H-7a and H-7b,
6H 5.26 and 5.30) displayed cross peaks with C-2 (6C 148.67) and C-6 (6C 115.17) of the
1,2,4-trisubstituted benzene, suggested that the oxymethylene carbon (C-7, 6C 61.63) was connected
at C-1 (6C 127.02) of the 1,2,4-trisubstituted benzene. The hydroxyl groups were located at C-2 and
C-5 (6C 152.62) according to the chemical shift values to form a 2,5-dihydroxybenzyl alcohol unit.
The aromatic proton, H-2" (6H 8.07), of the monosubstituted benzene showed a cross peak with ketone
carbonyl carbon (C-7", 6C 196.66). This data established a benzoyl moiety. The methylene proton
(H-77, 6H 4.83) gave cross peaks with C-1" (6C 137.31) of the benzoyl moiety and C-1” (6C 130.12) of
the 1,2-disubstituted benzene, indicated that the methylene carbon (C-7, 6C 44.55) was attached at
C-1" of the benzoyl moiety though a ketone linkage and C-2" (6C 137.69) of the 1,2-disubstituted
benzene. The aromatic proton, H-6" (6H 8.11) of the 1,2-disubstituted benzene showed a cross peak
with ester carbonyl carbon (C-8”, 6C 166.61) and the oxymethylene protons (H-7a and H-7b) of the
2,5-dihydroxybenzyl alcohol unit presented a correlation with ester carbonyl carbon (C-8"), indicated
that the 2,5-dihydroxybenzyl alcohol unit was connected at C-1" of the 1,2-disubstituted benzene
though an ester linkage. In addition, the anomeric proton (H-1/, OH 4.76) of the ﬁ—glucopyranose
presented a cross peak with C-2 of the 2,5-dihydroxybenzyl alcohol unit, indicated that the
ﬁ—glucopyranose was attached at C-2 of the 2,5-dihydroxybenzyl alcohol unit though an ether linkage.
Compound 2 was a 2—(ﬁ—glucopyranosyloxy)—?—{Z—[(2—oxo—2—phenyl)ethyl]benzoyl}—S—hydroxybenzyL
alcohol (Shaari, K. and Waterman, P. G., 1995b).

Compound 3, the 'H NMR data showed signals of the monosubstituted benzene [6H 7.46
(d, 7.5, 2H), 7.34 (t, 7.5, 2H) and 7.27 (t, 7.5, 1H)], trisubstituted double bond [6H 5.98 (d, 4.5, 1H)], two
methylene groups [6H 2.67 (ddd, 4.8, 8.0, 18.0, 1H), 3.11 (ddd, 4.8, 8.0, 18.0, 1H) and 1.94 (m, 2H)], two
oxymethine protons [6H 571 (d, 4.2, 1H) and 4.63 (dd, 4.5, 10.0, 1H)] and one glucose unit: one
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anomeric proton [6H 4.49 (d, 7.8, 1H)], two nonequivalent oxymethylene protons [6H 3.72 (dd, 5.4,
11.0, 1H) and 3.84 (ddd, 2.4, 5.4, 11.0, 1H)] and four methine protons [6H 3.18 (dt, 3.9, 7.8, 1H), 3.34
(m, 1H) and 3.40 (dt, 3.9, 7.8, 2H)] units. The glucose unit would be a B—glucopyranose according to
the coupling constant value of anomeric proton (J = 7.8 Hz) (Ishikawa, T., et al., 1998). The BC NMR
and DEPT 135° spectra showed one carbonyl (6C 168.50), four quarternary (6C 126.07, 142.39, 148.68
and 149.91) and eleven methine (6C 68.17, 70.81, 71.76, 73.15, 73.97, 76.77, 102.59, 111.12, 126.69,
127.42 and 128.26) and three methylene (6C 19.67, 28.19 and 62.08) carbons. From 'H-'H COSY data,
the methylene protons (H -5, 6H 1.94) gave cross peaks with H -4 (6H 2.67 and 3.11) and H-6 (6H 4.63)
along with the oxymethine proton (H-6) showed cross peaks with H -5 and the olefinic proton, H-7
(6H 5.98) of the trisubstituted double bond. These data established a —CHZCHZCH(OH)CH:C— moiety.
The HMBC data, the methylene protons, H -5 and the oxymethine proton H-6 presented cross peaks
with C-3a (6C 148.68) and C-7a (6C 149.91), respectively. This result established a cyclohexene. The
methylene proton, H -4 showed HMBC correlations with C-2 (6C 168.50) and C-3 (6C 142.39) as well
as the chemical shift value of C-7a, established a dihydrobenzofuranone unit. The oxymethine proton
(H-1, 6H 5.71) gave cross peak with C-3a of the dihydrobenzofuranone unit and C-3' ((3C 126.69) of the
monosubstituted benzene, suggesting that the oxymethine group was connected at C-3 of the
dihydrobenzofuranone unit and C-2' (6C 126.07) of the monosubstituted benzene. In addition, the
anomeric proton (H-17, 6H 4.49) of the B—glucopyranose presented a cross peak with C-6 (6C 71.76)
of the dihydrobenzofuranone unit. This data confirmed that the ﬁ—glucopyranose was connected
at C-6 of the dihydrobenzofuranone unit through ether linkage. Compound 3 was a cochinolide—ﬁ—

glucopyranoside (Ishikawa, T., et al.,, 1998).

4. Conclusion

Three known compounds: 3-phenylisocoumarin (1), 2—(B—glucopyranosyLoxy)—?—{Z—[(Z—oxo—Z—
phenylethylJbenzoyl}-5-hydroxybenzyl alcohol (2) and cochinolide—B—gtucopyranoside (3) were
isolated from the flowers of H. tomentosum. Compound 2 is phenolic glycosides of 2,5-
dihydroxylbenzyl alcohol which is the most compound found in Homalium spp. and this is the first

report on the isolation of compound 2 from this plant.
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Abstract

The study of chromium removal of wastewater after COD analysis with tannin adsorbent from
guava leaves was divided into two parts. The first part was the study of tannin extraction from guava
leaves using mixed solvent including 60% acetone and 80% ethyl alcohol. The ratio between guava
leaf weight and volume of mixed solvent was 500:2000 gram per milliliter. The second part was the
study of optimum condition for chromium removal of wastewater from COD analysis with tannin
adsorbent from guava leaves by batch process. In this study, the initial chromium concentration of
wastewater from COD analysis was 398.71 ppm. The optimum condition for chromium removal was
3 ¢ of tannin adsorbent, initial solution pH at 1, and adsorption time of 3 hours with shaking speed of
100 rpm at room temperature. With the optimum condition, the chromium removal efficiency from
wastewater with tannin adsorbent from guava leaves was 95.3 percent.

Keywords: Chromium removal, Guava leaves, Wastewater treatment
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dhanaeuden famil 1.1 Wethasadameuildlulinneimuinaumuiuioieowi-Tafidoaslns
Winsfiwesiinuenedu 735 uluansnuiisnisatalasldiedes Soxhlet extractor fafvhasatenay
seminerdlaunazionuea aunsoataaswuiuldlusinaiinnian uidleinnsuniBnsatauuuusly
Frvazaneddldsvhasarseiadieaty nuitaunseasaunuduanludSslaluusnadlndidestu unidnis
afauuuwtluiyhazaneduisiusewdandsnuy fiuneulunisataitienazazmnnii daiulunisvaassd
Fadenleitnsatauuuwdludiiiaratonausyuitesdlaulazioniuea Nan1sATITRUSIaLnuiy
Tuansataneuiiatnlilagldidnsatauasivhavanevdinsngg uansdanng 1.2

AN 1.1 @15ananudusuuBe1uaInludse (Crude tannin)
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0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

Suawmuiiuluasanaveu(g/g)

1 2 3 4

FMsana

Al 1.2 nsuansUiunaasunuiufiaialdainisnsatadiedavitazans
wuuil 1 afelusvhazanenauesdlau 60% wazieniuea 80% tneldiiadasiieadn
wuudl 2 wilusvharanenauesdlau 60% uazievuea 80%
wuud 3 udluthngu
wuud 4 duludiden

o‘c:lI 4 o o
0}

3.2 maman1zimangauvesnisindalasidisululiiieainnisieszidlednleiagadu

=) ql’ %
unuiiuannluis Tnenszulrunisaadunuune (Batch process)
3.2.1 wavasnnudnduiuduvadlasdeuluunnedlefdenisgadulanslasidey
Tunsneassiiladnwianududususuredasdlenluinimdninnsiesieidlanlaenis
WaasRmaINsIaszsia@lafnetiusiaantessuludnsidiu 1:2, 1:5, 1:10, 1:50 wag 1: 100 T4
fanududusuduvedasieuluinfadu 42,54, 87.34, 246.30, 274.65 way 398.71 ANOUANSIGU
Inglunisveaesdiuiltiwinvesigaduunuiuainlunsaviiu 0.5 ndu dedlediRearslsunsiviniy
20 fiaddns svpznanlun1sgadu 3 Hilie Sns151wennIouel 85 saunounil fiaamgines 9NHANITNARES
nwulndemnuuduisuiuedlasledludne@loniiudu Mgaduunuiivainlunsazianuaiisaluns
) a ~ X A Y v oa v a ¥ 2 4 Na & o a o
andulasdleuiiudy Inedlsanududuisuiuvedasilodludifeg 398.71 Wiy arsadaunuiuainlusis
a ) a v A a a o w = ¥ 2 o a
giianuaiunsalunisgeadulasfeulivinian lneusednsnimnisminlasdouainiiiedlofuszunm
Jeway 92.07 (szezvialunmisgadu 3 3lu9) dwlulunisneasamanienmanzaulunisminlasiley
?‘; Qy Y a 6l = = v v L4 = ?‘)’ Qy o a 6l =

29NINNUININFINITIATILR T oA I AT UT U alas T ouludAandanisimsieidlafuseun
398.71 fiMLOY A1NNANTIINAARNLAtLINUITBTNUINAMUTLTUSUAUAWINzaulun1sidlaslauaanan
hidlagmslimaaduunuiuainludss Wnansmaaesigenadesiunismaasusesnisminlaveniinlay
o v & o & = oA a o  a X a Y = o
nsyuuNsARdumeUiondamies Smuindevsnalaveviniiuanduldendundenvaiuisogadu
lavglafvuauieauna Senanudutuganiilangaglignandu (sde, 2545 ) Sevavvadladeniignida

P L A qu Y v oa v a :1' W 9 al'
@E]ﬂ"i]']ﬂu’WNLN@SLGUF’T]']NLsuﬂsﬂuﬁlmu%aﬂiﬂﬁl,ll&]llwLLfﬂﬂ(ﬂ’]\‘iﬂuLLﬁﬂ\‘iﬂﬂﬂWW‘W 1.3
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NgUNYNN

ERIGED

v
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¥y g A g ~ 32
ﬂ’JW?JHJ?J‘U‘LJLiJJ@IuﬂJﬂQTﬂimfﬂﬂuuﬂN (ppm)

A7 1.3 nSINLEAIAMUNFUNUS TTUINNAMUTUTUISUAUVBlASHI 8N TULI 7S
fuvsinalanglasteangnandulagnisidfiaaduunutiuainluelss

3.2.2 NaeumﬁLaﬂjt‘%mé’u‘luﬁ'\ﬁy\‘l%‘[aﬁsiami@ﬂsﬁ'uiam‘[ﬂﬂﬁw

Iumimamﬁié’ﬁﬂmwammﬁLa‘uL'%':uGTusuaamiazmaﬁﬁ(ﬁiami@m%ﬂﬂﬂﬁauimfwﬁya 1y
T evsuduvesasazatowiiu 1, 2, 3 uay 4 mmamwﬂaaawudwﬁa@jﬂ%Lmuﬁumﬂ%ﬁaamnsaﬁﬁm
TasdledluihitslamilefiovSuduresansazanawiniu 1 Tneussansnmnisiinlasfloneananinedlen
UseanauSesay 21.33 u,azLﬁamﬂl,a“nﬁmﬁwuamiazmEJﬁﬁmmﬁuﬂis%m%mwmi@jm%’uimLﬁamzamm
FuuiertudureasavarefinzanlunsaassirefovBuduiiu 1 fwansnaaesildlueuised
flnnuaenadesfiunanismnaosluatddssudmuinfioreunimdimsinseidlonasiidfievroud e
LLﬁSﬂi%U’JUﬂ’]'ﬁ@JW?fUIﬂSLﬁEJ@J‘-\]SLﬁﬂ‘ﬁuiﬁmuﬁ’sﬂﬁL@‘U%@ﬂﬁ’]'ﬁagmEJ‘17iLﬂuﬂiﬂ (AsNT50U, 2546)
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F
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fiewiuduvesthinemlon
AA 1.4 nsmuansrmuduiusseinsiiovBuduvesinnedlantuuiunalavslasdloy
figngadulasmsldsgaduunuivainlune
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3.23 navasiwtindgaduuuiudenisgadulanglasiion
miﬁﬂmma%aqﬁ’mﬁﬂﬁagm%’uLmuﬁuﬁiﬁﬁ‘lumiﬁﬁﬂﬂmﬁau dmsunismeassiiimin
maaﬁqam%’mmuﬁuﬁﬁﬁa 0.25, 0.5, 1, 2 uag 3 NS thimdnsingsaleniiusunaswiniu 20 fadans
TneufurfleuBususinty 1 steznailunsgadu 3 Salusdnsisveanieaud 85 seusioundl fgaungl
vos Mnuanneaesmuhmstidalasdenesnamirddaglifeaduimuiuanluifansofdalasden
Idsnniigauleliviminvesgaduumuiiuviniy 3 nf Seussavsnmlumsidelesdesmninfsilefiidy
Sovay 95.32
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H a o
UHNUNAIAAFULNUUU(DTY)

U

MW 1.5 AsmkansauduRussendnsdmtindgaduunutiuiudiuin
Tanglasilisugnaaduaananuinemnainisinszvidlen

3.2.4 wavesailldsanisgadulanslasiion

nsfnyinavesszarnarilinensgadulanglasdlon Tunsmeassdniliiminges
fagadu 0.25 niu Usineminfndimslinnesidlefiviiu 20 Seddns Tneusurfesdususihiy 1 svey
nmﬁi‘ﬁums@m%’um’ﬁu 1,3, 6,9, 12 uay 24 Flus SasS1wouadeawdl 85 seuseUNT ﬁqmmﬁﬁaa
MnwanIaneswUIdannstinlasdenvesasataunuiuiatuegusandilutae 1-3 dalussn
ndniudossznatlunisgaduifiuinniusninisirlaadeumesmsataunuiudeudnasindiAsuy
fefuluamAded Sudenlfssoznafunzalunisgedulandonindu 3 dalus Weunsussvdanand
Tilunisnaaes
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szazan 1y (¥ Tuq)

M 1.6 nsmkanInuduiussendnesseznanlilunsaaduiudsinalanzlassdey
NgnaaduaanaNUINIMAINITIATIIT] 06

4. a3

miﬁﬂmmiﬂ”na"fm‘lmnﬁaﬂuﬁwﬁﬂmﬁmeﬁsﬁaﬁﬁuaﬁa@m%“uLmuﬁumﬂuN%ﬂLLﬂﬂLﬂuaaq%umau
Ao JunsuusniiunsAnwiznisadaunuiuanludSeiiefinasaenaussning avdlau 60% fu
lefiausanaged 80% lagldsnsrdruthuinludSiousinasiazarenaudu 500 : 2000 niusefiadans
dutuneudiaos L‘ﬁumimamwﬁmmzaﬂumaﬁﬁ(ﬂimLﬁauaaﬂmﬂfﬂﬁﬂiﬂﬂ%ﬁa@m%@Lmuﬁumﬂiwﬁﬁ
TngldvhnisAnudsadesing q fiasiontsirdelasdensenaimifiddud rududududuvedasielu
ihflsfiowdudureshiie dndnigeduumuiusasssaznanily snnamsdnunudt deldarnududy
Buguvedasiioluthiiedsvana 398.71 #ifdy annsivnsanlunsiialasidousonaniidledie
thwinveshgeduumuiuanludds 3 nfuflenduduvesasazaeniniu 1 szesiailunmsgadu 3 42l
§n31n13nu 85 seuseunTl figuugiivies FsusrAvsnmlumatidalasflouoenanthiisiianisfmanzan
Wiy 95.3 Wesigud

5. 1aNE1531989

Janasa fB9. 2506, marndnlanfleufidrandeluinifendinnisinnsindlalnenszuaunisgadu,
a1vall MAdYInermans aadunalulagsviena Gnenwameadangamin). InednusuTyan
Inenmans: 12-25.

sila fnsiind. 2505, nsgadulavsminlngldivdanaamies. a1viadl medwinemans aantumalulad
FaeAa (nenawatdangamn). InerlinusUSyyineimans: 16-20.

a¥ad 1Benatan. 2555 msasaadwsieiuiunalavevtnlutn. [onlinel. Whdwannhttpy/www.reol3.
go.th/KM reol3/data_know/53-02-24 HM.pdf: 2555

oufy fifladniing way Funed noeeinsumd. 2555, nrstrdalangwdnlududeainnisinneidlen
Tnamstntanmsluiuadl. nMadsed aagivermans. unninenaensgaeundsuys. Inendnus
USeyyivenaans: 35-47.
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N15815299A51ANRULURD IV BLNAIDUNISLUSNAZEITUANY
YDILATDIPUANITAING
An Investigation of Brake Specific Fuel Consumption and

Pollution of Locomotive Engines

wasud yydl”, Ande wanAn' uaz Qén luRadan’
Polrut Boonme'"’, Supachai Lakkam' and Phusit Chotswasd?
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‘E-mail : polrut.b@rmutp.ac.th ns. 02-913-2424 g9 4138

% 1
UNANY
Uagtunsaudamenadunsaunaumandmsumsuudadondled Jslimsadnsifiinioseudsiea

= No

yuavg) FaldnsnsuslaaemduarnisUdesansuaiivgs IngussasdvasnisAnwilfeiied151adnsn

¥
P

mAuEatomdsimziusnuazansuaiivueuaieseudiisedng wlswuivesiisadnsfiunnsneiu
3 %ila fio wiavoswilnlivae slaewnludnssszuunalnmuausmedidnvseling uwasylafosnlndng
STUUTTIUSITUE gnihmmagey mM3diaesnsruLAIesmade uLUUaRn (Dynamometer) gniunlfidy
iFesilomadmnssunelianniznisvageununnIgIuTeInsIalna1LIe Regulation characteristics
curve MNUANIVIAABY 1A3DIBNFITULERTamAIUUT IS TmmuAuEonTomassumeusniade
filgn Ao 206 g/kW-h dwsumsudesansuaiin Wu anslelasansueu mivsuueuenlusd uazlulnsiou
vonled veumdoswuRuazyiningAinssuuansniuseniunueuiseundeseud wenani wisseud
wuuealndinssanunsnannisudesansatusildusyann 24% dedisuiuriessuduuuionsnlndiaiy
AdNALY: 5@51ﬂ1i§mﬂaaﬂﬁﬁm’wL‘Uiﬂ, Ualiy, 1ASpIBUATISNeNS

Abstract

Nowadays, the rail transit system is a main of the commercial mass transit using large diesel
engine which has more fuel consumption and also generates numerously pollution. The purpose of
this study was to investigate the Brake Specific Fuel Consumption (BSFC) and pollution of locomotive
engines. Three different types of the locomotive engine were conducted to the test; pre-chamber,
direct injection chamber with pump electronic controller and direct injection chamber with common
rail type. The simulation load on the static tests (Dynamometer) was used as an engineering tool
according to the regulation characteristic curve which was a standard of the State Railway of Thailand.
As a result of testing, the engine using common rail type of fuel injection system had the lowest of
the average brake specific fuel consumption (206 ¢/kW-h). Regarding pollution; hydrocarbon, carbon
monoxide and nitrogen oxide, the engines had various emission behaviors depending on engine
revolution. Besides, direct injection chamber engines were able to reduce black smut approximately

249% comparing to pre-combustion engine.
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Keywords: Brake Specific Fuel Consumption, Pollution, Locomotive engines
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ﬁaqﬁuﬂiymuaﬂwwmmﬂLﬂuﬂmm?ﬁmé”auﬁﬁﬁmﬁy’ﬂuizﬁumaLLaxmmsma %ﬂﬁmm@ﬁﬁm
wnmMafisturessuIuUsErINslan AHalHANNTUEERIV0INIAGAANTINTIN INYAINTIN WALNITALUIAL
Hymitinanthlugnmafiuiinunsudesasuafiveanunanndumaluie lnsuvdsnsudosuafivaiumis
wneunvugddiiaiesudiduasiidavesndsnlumstuiedou Tnslowziniesudmiwaiifonld
Tumstuindeusnummuzvisliiuedesinsnaiindudnlng esnifuniessudlindanugs fany
Usendn iWemAsiisnngn uasielessusiinmumumu fuuisléfunnudeslunstéidunioswuddumds
Wudumnn wu wurusolil Geiduams soussn edesinsnanisinuas uazieieafidaliin Wudy

nndymidanan msvudimenaduuvasdesuaiudngamilsddiiedessudfion uazdveansly

v
o

iufwagedisUsvann 91 audnseal (nssalnwisdsemelneg, 2553 (n)) iesnaninsadnsiineutiam
fonenislinudous 16 fa 47 U sofwanediengmslénudud 15 v 44 9 uarsalasansuiuoniadiony
nsldaudaust 15 fa 43 U leedmswnlndidlbiauysaiiliAnuansenuvesuafivnenmadnge dali
1550 b9 ﬁﬂ%u1mﬁunuﬁ'gqﬂ1ﬂm3§aﬁwﬁuLﬁai%’Lﬂuwé’musl,uﬂmﬁusﬂﬂizmmﬂaz 2,500 81UV
wnluniudnuty wé’qmut,%aLwaqﬁmmﬁwﬁ’iyﬁamiﬂ’wmmisuua'qmqswﬂmaiaimmsaw%ﬂL?a'mlﬁ GE
mslindsnuazern erafuniseenflazanunsadiganuanngmsdsnadeuadluld foaivadang
nenssaluisUszmelne (svin) Euleusdndeiniessuslmivhumaunuieioseusimdaudt w.e. 2548

LY

quistiagiundeldudnade Weswnavuszanuniedgisdidn dedudadianunetenlunisindsnuiiy

aday °

sysumdndfuusniunlifuisedng uaslddndaasms “nsAnwanadululdnmslddomasa
(Diesel-CNG) @115ursadns” (nssalilunausenalneg, 2553 (@) aelaainusiuiiaseninanissaln
wisUszinelve uaz U3 Uan. S0 Gvnew) uindulsivszauaudise damalifesinisuudeuedoseud
ssadnsnnssuudaidomdaiussuudademausifuginieldde “lassnsfnwianudunuainns
ﬂ%’uLU?%aum’%imauﬁﬁaia%’nsmmzwamLﬁ??aLwﬁqLi‘;lusw‘uaﬂL%@LwaaLmﬁuqa: nssalvuieUszmalne” (ng
salwuisUszinalng, 2553 () eudtadsnan sgnslsfiou nsdfiunisdnandufousdaym
Athgsinufigunniesndonitdnesindanmassma uenand faflenumeneudemsfinuinislila
asiundduudemaafioansnsnsaudesiinan (Mssolnuwissemelne, 2553 (@) uifldduna
130 Snviadlddadunsmunuuafivsiiiens

MnNsaTIssanssdluisUsema wuinfinnunsevdnludiudanedensnnniilagluuseme
N lvinsdnashsnisudesuafiiisenainUassaiu iethundenldindessudfwarualngiions
uaIn9s19lay (Park et al, 2012) sluﬁumsﬁizwﬁuudqmqsﬂﬂum%’gaLaﬁm Lﬂéaaauﬁﬁuﬁwé’qmuimj
gnufuAsusnldszuundanuiwa Sol id Ox ide Fuel Cell- Gas Turbine (SOFC-GT) uazgniiwniSeuidiou
Fuin3oseudfiwa Tneseuu SOFC-GT fussansamiiiniuazanansaany3inm asvaulaeenled Fadu
ansuaiiwldidusgnann Martinez et al, 2012) Snvelutsemaduldiinns@nunianisandasinsauydes
Womawsnrtesudililurnsndnssnensidssuuiu (Minghai et al., 2009) usisidusedldansuaadudmsu
\nTessudszuLEn Faagvilvgnergnislinunazansmsnsgonthsslsiduegiann

FefunmnnefiBouiaiafiuauddyueinmsUdosuaiviidamansenudednadounieldngly
waanuesaiiuszansnmludiunisvudimnes Sadinsliiesessudfavuelnaifuisadnsdusaunn
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FlFTunAnfivsfnwnisUanudesasuaivaugluiunsindsnuiomdesisdue wasioudioudni
Ignnsnageuniswiniivena3oseuitisadng uuadewnaauwuuadn (Dynamometer) wiavinismen
Sasnsaudeatomauaransuaiis SN mANLAIINE AL ST RIS AUIUS I T B AIS I
winuazansuaiiy Tngldiaseseuimisadnslisng 3 Ussuan fidndnnisvhauvesieanivdiiunnsiet
s nJushegslunsneageu

2. FanuNg
2.1 msRaEeniATosBud
InnsanwINsitnuisadnsiwalulagiunuitnnissaliuisdsemalveliinmsadnsiwali
wrlfamilumsviauiududniug Mewmguadiulssansnmeunioseuinarssuudering daduuuamanis
Anwndajaiuluiinsfnvinaznaaouieieswuifilldegluisadnsimaliin Fsanmsdimadeyamsany
HAnwldidonsadnsfiwaiu Alsthom iesannidusadnsiignimnldautes wasdianuvainvanesusu
ieseud Sudumanainanmsiieieseudifaussauzuazmaluladfidnimmaunuesseudiiuitlior
utennsnduunlngedevdnmsinuresedessuinumdnnismadmnssuldanmeluladnistodends
Tnefistwandondensied 1 waruansdfanmil 154 3 uenaniintesudnguiinaniignideniievnmsmageu
vmnuiedeseudipuazfowiunsinstgesthgdlugiOverhaul) luvas e seusmaunuazfunseseus
Tnsifisunsléauaueglunnziados (Run in) Aewhanshmsvegey

= = = g o I
A9 1 3NYASLRYALATDIYUAVIVINNITNAGDIU (ausu Lay Linana, 2554)

a1y JulAostud viiavioaunlnd szuudnidamas U6
1 Pielstick ounlugdtae syuunaln |30 uALAY
16PA4V185VG (Pre-chamber) (Mechanical unit pump injector)
2 Caterpillar Ve NPRIVICES ssuunalneuausedidnnsednd  in3eseudviauny
3516BHD (Direct injection chamber) (Pump electronic controller)
3 MTU. U ONURIEEN FLUUTNIIUTIAUG \A3eseuTIAUNY
16V4000R41R (Direct injection chamber) (Common rail)

AW 1 1A3E98UA Pielstick 16PAAV185VG
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AR 3 1A3eeEUR MTU. 16V 40000 R4A1R

2.2 dn17sn15NaEaU

dlesnialessudsodnaduaiessudfigaruialug maveaeunieteuifonssiasinisynns
IHamuuuvain (Dynamometer Test) SaduiBmanaasuildsumaseusuidluniossusoumdn (and uay
ANg, 2555) uwarauaivg) gnihunld inszanunsaniuandadesne seninanisveaeula ASMERsINTTAU
Wasnhiudemaausnuazarsuaivluadell Snidenadostunisdiiiunsmageureinissaliua
Uszialneiliogluiiagtu Afmuseuiiriseuiniessuduasniszveaniesousiniy Regulation character-
istic curve (lndns, wUy.) VL”J’L‘ldJummg’]uLLazaam%&ﬁumm@u ISO 8178-4 (International Organization
for Standardization, 2007) Ineinasisanarndunusinisnaaeuiisadnsawaluiifinianissolwums
Uszinalnglioglutiagiu famsnsi 2
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A151991 2 EA1ENITNAEDU

A1I5258Y (rpm) nszud (Amp)

700 800

800 1,147
900 1,275
1,000 1,657
1,100 1,852
1,200 1,875
1,300 2,040
1,400 2,490
1,500 2,000

PINNITAEBURENsannsenslduueSsmageuLULadn (Dynamometer) fanans iy
foddlsmaaeusndnsimaliin visde Fauduanuiiuftinsvedeusine wazanunsnesulsdulseney
adldnnuudsanudinagey fanmd 4 Tnefldnusznousad

vanelay 1 iesmuauiriesdiassnsymslinuisadng

WNBLaY 2 p3essiasinisen1siinuisodng

WA 3 AdedeuiTsodnsawaliiin

AN 4 NUNSEDUNNAFDU

2.3 gunsaluaziAtasiiadn
nsmaaeuiotuiinandammsiulieshiudomauerarsuafiv gunsaiflilunmsinansuady
fasnrmsauFesihiudomds uasTasmslih Sounsalifléeil
2.3.1 \nesilansraiafneainnisiwlug
\n3esilonsaninfimarnmsinlug Usgneulusendesinelalasasueu (HO) il 5

LALLATBNILATIEIINTAINASIT UL (Flue gas analyzer) #an1ndl 6 Faanunsaldnsiainuayinsziasuaiy
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WU AsusUNeuaanlYR (CO), msusulaoenlyn (CO), Tulpsussnlys (NO), lulpsuuausnles (NO)

v

wazeondiau (O) yanandl FalaviinisiaaiatulagldinsesinaiumssuunseA ¥nsos HININA 7
wisesllafsnanazgnihluiadsunulatedaesssungleideneusendusseinie

AN 7 L1ATDIIAAIUAITIUUNTEATENTDS

2.3.2 wdpsindnsnisiuavesiriudoiwas
iionnugniesuazanauAaAeADuTeINTTAshaInslvavesdiomas iedesindarinisiva
TnsUSinasviadaiuuusiunugamgdl (Turbine flow meter) fanwil 8 gﬂﬁwmawﬁiu’w%nml,%aLwaﬂwalfiw
wazeenandneAdesens neflszorvinsnnduninsouariuhiudemdmnuiddully dnmd 9
nouthdeyaildaninsadudasnisinas 2 90 mdnamsaniudiendomadastmuaiud
maivdeyann 1 3und
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AN 8 1ATD9IADATINTT AL U BLNAILUUNIAY

2.3.3 Yadnavensznsidenn
YrinaeIn1sznIsnuisadnsiwaluihuszneudie duhinde, wiuwanadisenusumiy,
womes 3 wa uaz agldwiudadygaiudaliiivennseseudvisndng Tnefuiuminazgnuiusedu
-89 WEATIANUAUNIUAINNBNES 3 Wd FazgnAIUANIINGUTUNTTUDLATEIEUS LABUNULIANZYN
' &, - 1Y =
wusoanily 2 U0 ARYAUTEUINLAZUIZIAU ANNINY 10

2 '3
LATIUUA

Y = P
Lﬁ?ﬂﬂ’lﬂﬂﬂ‘i’lﬂ’lﬂ“ﬁ wiasindasimsiua \

w % oo & =
AAUTHULYBLWES

AN 9 LHUNTIWNITAANILATDIINDATINSG IMAUILUIDLNAS
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1 <3
urumanlse

VINLASaY

AN 10 YATIABINTTENTIUAITAINT

2.3.4 yauFunszmisldeuveaniossud
gaUiumaznslinuroneiessus fanmdl 11 gnindsegngluipsaugu inthitusuase
mslfuveandeseud Tnsnsmunusgfulsumanmuiunu wailaeuansiussiunaznszudlnlininld
nnnsierrenadaseust Tasnsuiunisedananasdeatilunumnmsgiu Regulation characteristic curve
Yoan13TnlnuiaUsEInAlng

FoUFoUFIHTVIA
usaeu T ag

Aszua i

aAnEAILAY

@ v <
JEAVURNULYIAN

ANUAIUNIY

ES—

i 11 YauFumsznisldnuvesniaseun

ndayanlaanwanisnsiaiaaualagniiuiinsmuinmanuduliowdeindediniziusn
wazidwmsemduinusniieuiuweinds Felsainaunisn 1

BSFsz—f (1
P
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e BSFC = AAUUAR T aA LU, g/kW-h
m = AL WA e, (0.00083 g/\)
P = AauAIeIEUR, KW
f = é’smmi??{jul,ﬂﬁmﬁlwﬁuﬁal,wﬁq, /min

3. HANNTNNABDY

3.1 Nﬁﬂqﬁﬂiﬂﬂa’ﬂﬁqﬂ?qﬂgutﬂgﬂﬁL%aLwaﬁﬁ']LW'WLU'iﬂ

MnuansaTatamauAuUdesteinasnzusnvesaiaseus MTU, Caterpillar uaw Pielstick
Vimmﬁaiawmﬂ Fanmit 12 Tnefinnszreaa3oeud auans Regulation characteristics curve nuld
s ssoluisUsanalne uandlidulddanuiiaiessus MTU. faduszuudademduuy
murmiimanududdesdomdsumsuanifiaalunnannranuiiseusiosud uasiimanududes
Aoindsmnzisniadeanynanuisiseuleiaseus Wiy 206 o/kW-h sinaassus Caterpillar faidu
spuudndomdauuiienedan Afidwindu 314 o/kw-h ogffl 3039 % uazsninatessud Pielstick Faudu
spuudndomdauunalniifidniiiu 389 ¢/kw-h ogfl 47.04 %

-
(=3
S

(=)
(=3
S

= N

. \M_._.__:.-—_—, ——— Pielstick
300

,--

W

(=3

S
1

21030 (g/kw-hr)

o

a

200 = <fii- = Caterpillar

Y
AoUFNAITUN

100 MTU.

1]:1

9
ANUTAUL

0 T T T T T T T T 1

700 800 900 1,000 1,100 1,200 1,300 1,400 1,500

3 4 4
ANWLIITOUIATDIGUA (rpm)

::' Y] 2 = & a o
AN 12 NANITATIINAIANUAULUADUYDLWAIINISLUSN

3.2 WanN15As239naslalasansuau (HC)

PNNan13nsIvinasialasasueu (HO) veumdedsud MTU., Caterpillar uag Pielstick fiaaidy
FOUFN9Y M1UA519 Regulation characteristics curve 2 azﬁaﬂﬁLﬁudwwqaﬂﬁumﬁﬂf{aamﬂdmm%au
(HO) vaATossud MTU. uag Caterpillar wUsiunnfufuanuiEisounioseus luvaeiindossus Pielstick
ndufiuunlduudstunlugaanusiseuedesud 700 81 1,300 rpm egdlsfany Tugeaudiseu
\A30sEUs 1,400 B9 1,500 rpm naulAanas Fan i 13 uenaniiNanInTIindmuInaIoseus MTU.

Uandasetiaslalasansueu (HO) weedigaillewfisuiuinioteun Caterpillar uasinsasaus Pielstick
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a3 lalasamsueu (ppm)

200

150

100

50

|

700 800 900 1,000 1,100 1,200 1,300 1,400 1,500

3 4 I
ANWIITOUAIDIYUA (rpm)

——@— Piclstick
= =i = Caterpillar

==h - MTU.

3.3 WaN15N29InE1sANsUauNBUBnlua (CO)
PMNWANIIATIVIREIIASUBULBURN YA (CO) AUANTIETINTI Regulation characteristics curve

Wi 13 WanN15RsI99Ad1s5balasAsuay

Yaanssabialseinalnefuuadliiiuinesoseud MTU. wag Pielstick finnsUantdeaisasuaulauanias

(CO) AputnsiluynANUEITOUATUS Fuandsiunsoseus Caterpillar Mflarsansueuveusnlyd

(CO) WNTUMLANUISITOULATDIEUA LaziiloRTaninnuSITauRTasud 1,500 rpm NUILASDIEUR

MTU. imsdasgansaisueuieuenten (CO) Uaaiian dan1wil 14

oet (mg/m®)

MIMSVOUVOUDN

2,000

1,500

1,000

500

700 800 900 1,000 1,100 1,200 1,300 1,400 1,500

3 4 s
ANNTITOULATDIGUA (rpm)

g Pielstick

— I - Caterpillar

—h - MTU.
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(v 3

3.4 wan1snsav3nasiulasaueanlan (NOx)

naa1nnIsasIInarsiulasiausenlen (NOx) n1eldan1izn1531a09m1uA1519 Regulation
characteristics curve wasnssaliuisUseimalng wuiaIeseus Caterpillar waz MTU. finsuaeeans
Tulasiausenled (NOxX) IndlAssiuluynaruidiseunioseus wasiivwiliursuiwuwdsdunnduiuaugs

A ¢ =t | o a & . . PRy | & ' <

FOULATBILUA JauanAeAULATEIEWA Pielstick Niin1sUdesansiulnsiaueenlan (NOX) adlutnanugiseu
LA3B98UA 700 D19 800 rpm Lazanatog1wnnlutefaLAn1m3150U 1,100 rom Auly fanmd 15

7,000
"E 6,000

g
.o 5,000

&

£ 4000

= Pielstick
g 3,000 e P1elstic

-

& 2,000 — B - Caterpillar
=

L 1,000 —A - MTU.

0 T T T T T T T T 1

700 800 900 1,000 1,100 1,200 1,300 1,400 1,500

3 4 s
ANNIITOULATDIGUA (rpm)

Ani 15 Han1sasaadnansiulnsiausanlyn

3.5 WanN1I132339AIUAT (Black smut)

naNInTI93nA T (Black smut) meldiannizauidiseurseseus 1,500 rpm Faduanneigs
9AnYBUATDIBUA WUTLATBIBUA Pielstick Udauansaiusgsiie 47.00% daflenunniign Wlewisuduinieseus
Caterpillar uaziA3aseud MTU. Saien 22.33% way 23.33% Aud1dusansnedl 3 nasananasvioulidiu
havuvdademdussiugeannsnantymnisdesansatusiosnansondilu Ssfednduuanmendnd
danansznusoszuumsiumelavesUszrnsia

15197 3 WAN15MSIINAIUAT (Black smut)

CECR ATUA (%)
Pielstick 47.00
Caterpillar 22.33
MTU. 23.33
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4. a3UuarIansal

nnmMsdnesnTmMsaulientemamariafivaniaseseudtisadnae 3 Ussam Faldnua
vasfoanindiuarsruumsandamaiuansat Tnaideniaoseus Pielstick, Caterpillar way MTU. sl
PUATAALAS B UATI UL SNAFE UULAS89s1a0901 52N 15 T UAILR1519 Regulation characteristics
curve Fadumasgruveanissoliuisussinelng asviouliidiuiBdvinavesssuuieanlniiLagszuuda
Wounas InenansnagounuIASeseus MTU. wazCaterpillar daldszuuieanlvinsdimanududos
Woundssmnziusniisninaieseus Pielstick Mdsvuuienmilvitisogredmau vonanimnfiansan
Fadnluseandeasyniaeiossus MTU. wazCaterpillar awnuinia3osus MTU. Sdldssuudndemasuuy
579392 (Common rail) flFaududeadomdsimsiusniiosninaieweud Caterpillar 35lsvuuin
L%yaLwﬁdLL‘U“UﬂﬁlﬂﬂﬁU@uﬁlﬁlaLﬁﬂmaﬁﬂﬁ (Pump electronic controller) 34.39 %

wennil HansVRdeURULaiuUIASsusUsTaTe sz Udesanslalasansuau
(HO) wUsfurndufuanudiseurdessus Jaunnainasseudussnnisarindivaefiuusiunuiu
AuEITeuIAsessus agdlsfiniy wn3eseudusuinniessniviitienduidesarsasusunauenles (CO) i
warAeuteasiingdy dedlsuiuindessudussnmieanlviinssdadesansasuaunauenles (CO) wusiu
munTIEIseUSeseus wifansaudlulymsnanildmensidsruuaademauuusiesay (Common
rail) FhleSoseus MTU. finsudesanseaiusuneuenles (CO) Indifesiuinious Pielstick Sniad
wuianshlasiausenlud (NOX) gnudesaniasessusiussiavvieasnluiidie gdludismnusiseus uay
AoganaiionuiSsoueossuigaty uanisiuiessuiussamioanlvdinsaiivdosanslulnaay
oonlusirouinsnsiiluyngeuiseuinsessud luvasiinisuanUsssansaius Black smut) azvieulfidiu
agsdnRuInATessudUsTIAnToaaIngs (MTU. uag Caterpillar) asnsatisandaymdananals Tnedien
agjﬁ 23.33 % uay 22.33 % AUy uandnstuedeeuiuszianosnlndivay (Pielstick) ﬁﬁﬁhmifuﬁwgq
09 47 %

Frfunsidentiirdeseuiussamieanludinsssufusyuudademauusiasay (Direct injection
with common rail engine) iaztllumadendmsumsuilatymeundsnunasuaie ognslsinu walulad
fananfeansmsuimsiansfiddmiumsnausidielinulueuan esndeddsuuszanalunmsamuy
avimsAsunaunuuazmsthssnviaiessud dauuinunslieuiahedudnneiandeivh s
AINAIANEN

a a
5. naAnssudsznia
YBYDUAMANEIAINTIUAIANS UnInedenalulagsivusnanszuasdmivivussuialunis
A uaznssalnuissemelnedniunisenneanuasainlunsfnyasall

6. LONE1591999

nssalnuvsdszmalneg. 2553 (). Teunan1saiueulseant 2553, MssalnuvisUsendlng, nganne.

mssalilusUszndle, 2553 @). Tassnsaneanudululdnsiéidemassiu (Diesel-CNG) dwiu
#5adns. T1eUNsAnw, nssalnuislsemelng, ngamme.
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N13nsvsRUAMENURvastuaLelIATuaRNAIUTEaY
NVYZNANGANWOAE LASULAZWNDA INSHA
Investigation the Properties of Smokeless Charcoal Briquette with

Adding Binder from Polystyrene and Polypropylene Plastic Waste

Wysnsal dud nunas deldn aliassm MY WLV YUl waz WANWA aduaEuIuLi
Patcharaporn Somdee Kanokon Nuilek Aniwat Hasuk

Chanon Bunon and Pitinan Wasantasenanon

ANEIFNSSUAEnSLarandnenssurnans uunivendemaluladsvunaday ainunss1vdn

E-mail : somdee patch@hotmail.com

UNANLa

mMATeilinguszasdifiofivaussnuzvesiudauisliatusemaiuveanailldanussnanain
yianedalatuuaznedlnsiduienssuiunsinlslafaduivssa Inelunsfnwilfivasuuasdnd u
n9ANYBIMAIRIN 0.00 3 0.15 kg (0 3 15 Wasudlngtimiin) mndurhmnageu uasasivdeunmauh
Yot uSALYR AT IUT TR HANSNARBINUIIANNAIUNIULITISREIERRD 0.88 N/mm’ oy
vosmaUszau 0.05 kg Wleliindndiuveumamuitanudiunuusidngeaniuualiuanas Andanuy
Anueugsanvosausauvisie 6,387 kealke ielfinveavad 0.15 kg laensiAnyounadszning
0.05-0.15 kg Wudwmwé“mumm%auqmjwmmeﬁmmgmﬁﬁmumﬁu’qﬁ 5,500 Waw 6,000 kcal/kg A1ATMAY
guanfodoray 6.17 Weliuveavadd 005 kg lnsduilAnveanaanvegnaraniduiussanusning
0.05-0.15 kg fifmudushnindosay 8 nufidinua Uiinuasssimegagaie 35.91% elfuvesnanii
0.10 kg Iummzﬁﬁm%mmﬁwqaqmwhﬁu 27.64% \dlowfuveuvianie 0.05 ke Tnewdwesdudauriaduiuia
geniunasisnasgIuiimun (10%) egndlsfimunsifnveanmanveznedalaiunaswodlnsiauie du
fUszauaIsaLinAIANFuNULSISageEn Amdseunuiey warUTinmuassHIMeveaLaLY
Eatusteiouruliduladu 1.84 wh, 0.01 W uaz 0.22 Auasu
ANENALY: AR AIUTEEIUINTBENANERN nIEUUNIsinlslaTa

Abstract

This research aims to increase the capacity of smokeless charcoal briquette by adding liquid
from polystyrene and polypropylene waste via pyrolysis process for binder. In this study, the
proportions of liquid were varied from 0.00 to 0.15 kg (0 to 15%wt). Then, the standard properties of
charcoal briquette were tested and investigated. The results showed that the highest compression
strength was 0.88 N/mm? when adding 0.05 kg of liquid binder. When increasing the liquid proportions,
it was found that compression strength trend decreased. The highest heat energy of charcoal briquette
was 6,387 kcal/kg when adding 0.15 ke of liquid. By filling 0.05-0.15 kg of liquid, the result showed that
the heat energy became higher than standard both of 5,500 and 6,000 kcal/kg. The highest moisture
was 6.17% when adding 0.05 kg of liquid. The Charcoal briquette added between 0.05-0.15 kg of
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liquid from plastic waste for binder had moisture lower than 8%. The highest volatile combustible
was 35.91% when adding 0.10 kg of liquid while the highest proportion of ash was 27.44% when
adding 0.05 kg of liquid as the proportion charcoal briquette ash was 10% higher than standard.
However, adding liquid binder from polystyrene and polypropylene waste could increase the
compression strength, heat energy and volatile combustible 1.84, 0.01, and 0.22 times more than not
adding the liquid binder respectively.

Keywords: Charcoal Briquette, Binder from Plastic Waste, Pyrolysis Process

o
1. unu
ausawiadunansuesinanusanawnua uanUl lilsssuuanidazvuald Tunisudnausnwia

=

wdesanmziimnzanlumsudn fuszaudumsinannudduiagunavefandu iedanzian
TmenldfuazasgUlild Sefinslifuszaumansniin Tuogiuiama iy duvd ulladon sautleiu nan
thena sy dusvandlunmsvuauisiaesldulutagtuldun uefuddends mmbana (Gelsed,
2553) fofpevimashlszauuiuiudsnduazmnimeadetnvhliAadermndiuiiniudugs esan
futluaznmnthmaduomsvesdoswauey uonaniwilishussauiiaosdstinisanfinlug Frnavde
yilsfifinsnanldusslenildun wAdiluamunalsl ondognau Wsvudeiiuiilunisugnlulsemalne
Uszanas 30,050 13 Tngdhusnnazegludsinmesysal Welfuifeinandnudivnauazyinnsdaudsiaz
waznuilugaduliidoutanunsondndiulia
wwrnanainvienaainsluAaduianifesdusnoutsnniinsuihifudomanineag wie i
s33uR warnAnfasitinsefinaidfindnnanesdsuasdlnsed wandiifuresiFeddinalums
dovanefuiul uazenaudosansiivesnun dviuFaiinaimaluladivdsureslilundsnuaidunn
Fu lnendnmssenanildendt Masaidoundu @3m, 2553) nsvuaumsinlslada (Pyrplysis) iunsyuau
manilsilindnnstinsiedidoundu Tnsvoadeazgnliminieuauiigumniivszana 500-600°C ilevihane
ituszmaaiiveduanaldidundafusismnvesvauafnanie Tnsvesmafifeiuldun 1 nanesdn
nsanesin ozdlau Wstuea Witaesdinn HAusa d@iufiiwrieg loun Amsusuususenlys Asusulaeonlyn
o uaglalngiau saamiamn msuagang (N3UL599URAEIMNTIY, 2555) VoumaIaInNszuIunIsinlsladall
Snwagadeiuintudemadsdinueudinanfelniinuardanuniaiininiunfteorslidusussan
aunAneY 1ol
ewnifideTadaiuimnuddmemaimdimuinnawasssnanainuldlnAnusylonigen
wazfinuaulalunmsthvesvandildanvesnanadniderunszuiunsinlsladantéifusdszanlunsi
fudauvis Taeldnsduainidifzay uazveavannnveznanadnunduivszanludasdruiiunnetu

WialiNaNssUzYeInudnwvials A ulrR g ety

2. 3NINARDS

1. nduvosvandleduiivsranuainveznanainiludamenszuiunisinlsladaivasgumngd
300-600°C

2. usanumauluzuiieiaies Ball Mill uazthluseusensunsesoulsildvuinoyniaves
Hadutaendy 30 mesh
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3. navveawarilldannszuiunsinlsladavesnanainfunsatuildinsdatenauaudania
dndaufisnun audidowdeaty mﬂﬁy’uﬁwmié’m%ugﬂmué’mLLmLﬂugﬂmqﬂswaﬂ AU uAugnantly
1.5 cm awadusuguinaIauen 4.0 cm 813 4.5 cm

4. thewildnmssatugiudamvhmannuidagldnisisuiduiifiemademldazenidu
nanegnties 48 $alus nduinvuadudauidadly nedides nieudshwinduusasfou

5. yAdeUAANFUNLLIINAS AT USALsELAZE Universal Tensile Test Tagld Load cell
iU 10 kN (UTM, LLOYD INSTRUMENTS, LS10K)

6. mAUAMLT YD USALIIILIATE L ASTM D5865 Tagltiaias Bomb Calorimeter
(quéiedosiioinemaniuazivelulad sminerdomeluladasutd Sminuassvdun)

7. wUnuarsiu ASTM D3173 Tnstindeuagihiiazennluau 30 wiit flgamnfl 105 °C udath
Tuvhlndulneldlulogaatiu 15 wnit endiludaimdndewederimetieon 4 sumis Tasogneszanm
1 ndu niuiludaimindordestmaton a4 sunds W) thlveulumeuiigumgd 105 °C Ussana

1
o
o o Y

2-3 Falus il Bululagaaudu 20 wiit Mnduiiludaimindreirdosdmaton 4 dums (W) uaz
AUIAUAINELINTT M = (W - W )/W x 100

8. mMUsIad (Ash) ASTM D3174 Tnethénauagshitazennluay 30 unit figaumail 105°C udn
ihlshlndulagldlulaganutiu 15 uit Jahludniudndeeosdmation 4 dumis ldfegnsuszan
1 n$u anduthludnimindeedosdmadon 4 dums W) shlveulumeuiigamgll 750°C Usrana
4 Flus wiwiliBululaganinudu 20 wit aludaimindreiedostmeation 4 dumis w) ntuvims
FLIALANNTT M = (W, - W )/W x 100

9. UTumasTEme (Volatile Matter) ASTM D3175 Tanun crucible wiaushitgamadl 950°C
sz 30 wift winhluiliBulasinluldlulogaenudu Wunm 15 wit Sahludabmiindeniods
weidlen 4 s (W) Tadednasyanm 1 ndu pnthniludaimdndeedesimetieon 4 sumi dluld
Tupwn Ussana 7-10 Wi wiadeslfluwn 7 uidt theenannen dmdululagaaudu Jszana
30 wift wéailudamiin (W) PntuimssIuuans V = (W, - W)/W x 100 - M lpe V fe3ouaz
YoIUTINAANTILVY way M AefeuarUTinaimnudy

3. Namiwﬂaamazammjwa

AMURIUNTUABLIIBN : KANITVNAFOUNUIN B 1USALVIIIINAULINEINTAIAIUA U UABLS IR
Wiy 031 N/mm? ilevmsifiusussanuanusynanadnilsfanuinaanudunuseusdaiiunniy
Tnedndnusussanuanuezwanaiiniloidiawinfiu 0.05 ke difmanusumasieusidageanwinfiu 0.88 N/mm?
Fananldhiidadiuvesvarnnueznanainianunsadusussauesoymadldfiailiasulding
iy wazdlofiudndiusauszanndu 0.10 uaz 0.15 ke nuhmAusunuLsSaiiunltianas Wiilen
wgiUsranufiunanvesnanainsludalitdnuasveaamiinuasadethsudemadsinuiuasdy
dommiliofiludaduiiiugduirdmalioymevemadniliusauasiinjuinanisdouloanuusina
Saautudusauviunn uavdwaliAImLEUNIURBUSINSTUNNARAY WaRIFIAWT 1

Pnuafinanudun U dnduiUsEaunssnanainIluAaiinasennugun s S aves
fudaunis uenanmenuiumuLsSavesdudaus fenauansuasiegamnivesdiudauvidasuse

wisfidausiunueseaasduduniauagugs Sadmalicudauisamnsalianufouladunaiu
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Tluanngs waztduniswansdanisnszanesivassnyseanuludouauinlsvinlisunirausauduiialasu

q

wRgaNaunsasUINULISalaadnaae

1.00

080 - 1 1

—

0.60 -

040 -

H

0.20 -

Compression Strength (N/mm?)

0.00 . . T

faUszanu 0.00 AaUsedEu 0.05 AaUseau 0.10 fqusedanu 0.15

2 1 WS8UiguAIA LA TUNIULSIDAVDID1UB ALY 9L BINSIANAUSTEURIN VY
NaERANINAAEIUA)

AMNENIUAINTOY | ATNFIUAILTEUVBIUTAWIIIINNITFRNMIUTTEUAINYEENANERN WU
Amdanuvea Ui UsTaunverNanaRng lmAaiteuluinatu dannninasiiasgugy
LazinaeiAIgIu 1n.-ond. Tuynleulunmeass uansanmdl 2 Tnsfidadaudiuszanuanueznanain
Wity 0.15 kg wudndAmdsnueufeugenindeulvdug winfu 6,387 kealkg oradunaanauauifves
fhusvaunuesnananfifiguautiadsindudemauaslimumiindwmalfeyninvestiunizndulds
wazannsolvaneusouiigeduld uenanddmuihmaiusissauiiddufintuan 0.05 f 0.15 ke
dwasarndanuausouTesusaLinantay

Aaudiu : Aeuturesdudauisiinafuiussanunnuegwanainldvhnansaaouna
WINIFIU ASTM D3173 Lagdananauuinsgiunandugiguey ausauns (@dnauuinsgiundn s
aawingsw, 2547 (n)) innudu dedlsiAudosas 8 Tasthuiin MnuansarIaeuATItuTeUSAUiN
Lﬁaulsuwmmﬂanuvlfumswmaawmmwmummﬁaﬂau 8 mummmuwammﬁmmu wanafan i 3 lng
Aerutuazegluisieray 5.07 &1 6.17 Sudlelureounaid 0.05 kg azilemndugaavhiuiesas 6.17

Usinaud : ASinaudwessudauisiinsifsiussauannvegnanainiluida livinismse
AOUANNNINTEIU ASTM D3174 IneEamansnuunsgiundnsiomiguyu suldvesu @ninausnnsgiundasioe
gnawngsw, 2547 (1) FnnauFinandliiuiesay 10 Tastutn senua o usausiiin
FusUszanunnuesnanafnifuniianaasgnlaseglutg 22.64 1 27.49% laedndinveavaniiiuiu
liidssaogsfiuulifusiouTunand wansasnmii 4
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AN 3 ANAIUTUVDIATUDALNLANAIUSZENUINNVIZNANERNNANEIUAIGE

USunausnsseme : nUTNaassEvEnmsnnsg Y ASTM D3175 Sadumsmesddsznaudiananss
sumglsifieldunimdou dadumsuszneviifiansueu sendiau uazlalasiau mniluTinmansszinegs
eilualiuvesAnuiougs HavesUsina TsEmenUINUTINME sTRmeegluYie 29.31 84 35.91% lay
i nsamedeunyUIndnd e siiUsrauNYssNaaRN NN Ty TudmaunUiiaamsseme
yosdiliuzrudaunisl TnsUiinamsssvegeanilafuvoavadt 0.10 kg fannil 5
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dusauidlintuilufusineg Aerusauvisimnudumuussineglutas 031 81 0.88 N/mm? defidndau
0.05 kg fermnusumadiausssagega Amdssamdousglurig 6,278 fis 6,387 keal/kg FsiiAngeaniile
Fmoamandi 0.15 kg mnudueglutag 5.07 81 6.17% Seegegaidleiiuveavanii 0.05 kg uenaniss
fiAnUSanandneglutag 22.64 fa 27.44% Falingeaniileifnveanaril 0.05 kg uazUimnamssemenelutag
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29.31 B4 35.91% Fsilengugailefinveavanil 0.10 ke lnsmsiiuvoanarnnvezwodalrsuuaznedlnsfiau
dieiduiuszanuiannsafiuinnuiunmuusdngean Amdsnuminiou warUTinumsssmerestiu
Souvalatulendu 1.84 Wi, 0.01 Wi wag 0.22 mudu WewSsuiisuiuausauisldauilifuvesnan
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wasuaam'm*vimLn.iwiamm%zyLau‘[ml,azwamauLmun'mgm
Uandenzaviosaulunseds
Effect of Stocking Density on Growth Performance and Economic Returns
of Sharp-belly Catfish (Pseudolais pleurotaenia) Raised in Cage Culture
audnh sedu uag ygiion Madnd
Somsak Rayan and Boonthiwa Chartchumni

AENSNINTTITUYIR WInenaewaluladsvuenaday menanauns

e-mail somsakry@email.com

UNANED

KavaIAIMILLUReM ISy UlauazHaRe UL S ABUa g 1aTiesnulunsedsiiaedly
wibasas Uit uine suaums suneriasasy SviauaTIum 1UHUNTIAABLUUFLRASN
fl 3 gAMImARDsn ay 3 91 SRTIAEVLILLY 3 SEdU Ae 50, 100 WAy 200 freanuiefwes liensdin
aeuiTifosAUsznoulUsiu 30 Woddus UseeuanvuinrueniadsBudy 11134139, 11.10+1.42 uas
11.41+1.41 wuRluns wazimiiniaasEud 15.21+4.75, 15.01+4.79 uay 15.08+4.76 A5 AIUAIAU A9
Hunan 36 #Unnsi WoAuaanavaaes wut Yardsngaatiesendtimiinieds 121.71+14.52, 124.12+14.62
way 117.41+15.22 n5U MuEeU ffmﬁ'ﬂLaﬁsqmﬁwﬁmwwmwu 100 fsiagnuIANLUAT WANAeiuNIg
afRfURirNUMUILY 200 FaregnUIALNS (P<0.05) ANNETIRAY 24.20+1.41, 24.58+1.39 WAy 24.09+1.35
wUALAS MudITU AnuETIRABgAThETIAMLLLY 100 fsegnuiAiiums uansafumeadAduiises

50 uag 200 fsagnuIAnuRs (P<0.05) Wwinfiiiaseiu 89N 1sSydulnding uagdns1seans 3 seeu

'
a

fiAadeliunnisiunsadn (P>0.05) Shamaniefiszdumnumuiutu 100 Fregnuiadiuns fdad
fflgaindu 1.94£0.04 uansefumsaRRfuisefumumMuILLiL 200 way 50 FregnuIAdiung (P<0.05)
fnandnindesonszdasintu 4628, 94.34 wag 177.87 Alanusonszds nduyuvesmAeiidadewinty
76.26, 60.20 uay 60.46 UspRlaniy HanoUWUNTaT LT AR 38.25, 70.54 uay 67.74 WeTiFud
AP HARINNITVAABINUINTIAILVLILLY 100 MsagnuIAiuns In1seSydulamiaruaugn? i
winuagdmrdsuewnsiiduienfian uiiefinsanantilsavsainnadesardingnaresaulunsyds
flemumunuiu 200 fsegnuiadiues Sasmnzandigaidesanvililsiinlsavsgean

Frdndny : Uandingaviosau madstalunsed arumuuiu dununisade

Abstract
Effect of stocking density on growth and production of sharp-belly catfish (Pseudolais
pleurotaenia) in cage culture was carried out at the Songkhram River, Pak-yam Village, Srisongkram
District, Nakhon Panom Province. The fingerlings were stocked at three stocking density of 50, 100 and
200 fishes/m” and fed by 30 % protein commercial floating pellet for 36 weeks. The initial lengths of
fingerling were 11.13+1.39, 11.10+1.42 and 11.41+1.41 cm, and the initial weights were 15.21+4.75,
15.01+4.79 and 15.08+4.76 g, respectively. The results after 36 weeks of raising showed that the
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average weights of sharp-belly catfish were 121.71+14.52, 124.12+14.62 and 117.41+15.22 g,
respectively. The significant difference between 100 fish/m’ stocking rate and 200 fish/m’ (P<0.05)
was found (P<0.05). The average fish lengths were 24.20+1.41, 24.58+1.39 and 24.09+1.35 cm,
respectively. The fish length of 100 fish/m” stocking rate was significantly different from 50 and 200
fish/m’® (P<0.05). Daily weight gains, specific growth rates and survival rates were no significant
differences among stocking densities (P>0.05). Average feed conversion ratios (FCR) at 100 fish/m’
stocking rate (1.94+0.04) showed significant difference between 200 and 50 fish/m’ (P<0.05). Average
yield per cage were 46.28, 94.34 and 177.87 kg per cage, respectively. Production unit cost 76.26, 60.20
and 60.46 Baht/kg, respectively. Percentages of return profit were 38.25, 70.54 and 67.74 %,
respectively. The results can be concluded that the stocking density of 100 fish/m” was suitable for
cage culture because it gave the best growth and FCR. Howevr, considering on net income and net
profit, the optimum stocking density of Sharp-belly catfish cage was 200 fish/m”.

Keywords : Sharp-belly catfish (Pseudolais pleurotaenia), fish culture in cage, stocking density,

production cost

1. uni

Uandingevinsnu sevarweuln (Pseudolais pleurotaenia, Sauvage, 1878) Huvanihdeluned
Uaaneifidnuagilaln dvuuudisniwarsiadulunguidendu vieaduduaunaen a3uroudn
ofganiiseiuduniuries esuluifufivuiadn elufuen Siduuudeaudouiloundes aumai
LanAmae souvaunan (Rainboth, 1996) wudlaualuge 30 RIS WUl 15 — 20 wuiwns (Fishbase,
2015) Augwnssnnuuas wiediy waldl uasfivih Sngfnssuogsinfududadng (wdn, 2547) Huede
Uaniifinisenewethauvinienelumanindn sumngaluunuvdani wu quihasess wagdudilog qui
Wmszen guinusinaes uazguinn Hudu @3 wasane, 2506) adRnmsmnsdsnianidalul we. 2555
fnanan 1,233,900 fu annsousndunananannisiasdlunsed 37,645 fu Wunandnainnianziuaan
doaniio 12,951 #u (naudszan, 2557) madssatlunsedmuundsisssummiduiidesvounynsns
dosnnanmnsaidsddmunutueslnandndeniheiuiigeninnadeduledu Snamananilléfisananind
Uaniidsduveduiliuaiiddunssdeinmauaniuifesnsvomana ilwmssn uazaui (2548) n13
desuaesdulunssdadumadendnuummisdelomisiunniy wu madswanamdes (fefa
wazd N, 2551; 2dud wazguF, 2539; 113m, 2539; AUnY wazAne, 2538) Yailus (@ufnA waes,
2558; 15¥29504 WALANING, 2551; DITAN WALAITIARNA, 2550; A3l warSsede, 2508; Amys wazany,
2508) warnaiaesaseulunszds (nans wavayway, 2551; nans, 2552) Llus

Uandangmeviesaudutanin3ndnvlandsiitenvesuiloamntududisiu Tnsangluituiigumi
Tog wazusithan wu withases luusnadominuasmu anauas wazanams leUaniiswhedilng
wanmaidedunsgds smuszsznurmgnualuiafousmsufafeuliguisuvowusterT ey
nsedalaglfomnsdifaguietusiuiunmsnlwsouadliariuauivuaiinanndeans 5-10 faseflansu
Uandsnenaviosesimduaiostuiifidnenmlunstaulifuuanasegiald Jumadenvesmisies
Uaiflerfunananaihinduemmsdmiuussnnsing é’aﬁ?um33%’8ﬂ%ﬂﬁﬁifmqﬂﬁzmﬁlﬁaﬁﬂmmammmm
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kdusen1swIyivle duyusaznansuwunsidssladinsaviesaulunseds Wudeyadmsunis
WawnsnziResUaviesiuyinaisely

2. A5n15NAaBY

N1 UNTITNAADY

ﬂﬁmmaaﬁfﬁlmumﬁmaaqLLuuajmaam (Complete Randomized Design; CRD) 1agtUin159na8s
sondu 3 Yn1Iveaney av 3 A Udeguandangaviesrulunsedannug 8 gnuiailuns snsiAumuIwiy
fishs1 50, 100 way 200 AsiagnuIAfluns (400, 800 uay 1,600 Fasanseds)
FuUADUNNTITY

Uandsngnaviosauildidsdunsedslénnnnssiusinansssund thand$uanwlunsedeludou
Lﬁﬂlﬁﬂmﬁumadaumsmaaa TneUdesUanvuinnuenedy 16.13+41.12, 16.17+1.03 uaz 16.15+1.06
wURAS waztnineds 50.07+10.83, 50.05+10.45 uaz 50.08+10.14 n¥u Tudnsn 50, 100 uaw 200 fasie
anuIAueS NzdeuLIn 2X2X2.5 WAs AWnTewrnne 9 Taduns innsveasadunan 36 dUanii Tiems
dindniSaguniinaoeisiuliising 30 wWedidud S1umu 2 aduietu Tagliemnsaudy srens 1 Su
rowhmsdudshmiinuas fanuem

n1sUsiiun1sRsyiulnvaslamaaes

quiadnznaviesruluusiaensedan az 60 f nnq 4 dUan thandaimtdnues Inanuenifion
Aadsveniminuazauen uazmdnmnaaiyilading (Speccific growth Rate : SGR) Anizues
1A (2536) SnsMssonme wardnsniaiuasuomaduile (Feed Conversion Ratios : FCR) AAsizvimn
WUsUTI (Analysis of Variance) MU sviaaeuuugumaen wagtu3ouifisuaindeseds Dancan’s New
Multiple Range Test (DMRT) fisgfuauidasiu 95 1Wesidud

a v s
ﬂ']'iﬂi%LﬁJUﬂ']ULﬂ'iﬂgﬂ']ﬂﬁi
NSANYIAUNUNITNER NANBULVIUABNITAMU kALIAANNUVDINITRLIUAFINEIANBIALTENT

Asmuneg Milagldnsieneimaassgmandanuisvesanysal (2537) audnd (2530) uay Kay
(1986)
msmnaauqmamﬁ'ﬁ%mﬁﬂ

9%"1Lﬁumsmqﬁmmamﬁamaaﬁw 4 Sunisenss maaaniamanadlum 11.00 u. &l Usinneendiau
flazaneluth Anidunsa-sng gamaill Anuduang Anunseane wasUSunawenluiesiu (Total ammonia
nitrogen) AAS1¥%A138 Standard method for the examination of water and westwater (APHA-AWWA-
WEF, 1992)
ﬁﬂ']uﬁLLﬁZﬁ%EJZL’Jﬁ'WT'm']’iVIﬂaaQ

yhmsnaaesfiusithasnsnn vinathulinens suaauee Sunerawnsn SavTauanu seing
Wounsng1au 2548 - weudiuiau 2549 WJunan 36 dUam
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3. Namiwﬂaamaﬁminiwa

NANSNARBINUIN ATIIULLLTINsEsadnenaviosaulunsydans 3 sydu 50, 100 wag 200
FfeaNUIANLIAT LﬁaguqmﬂﬂiwmaaqL‘ﬁuszﬂmm 36 dUaei Janideslunrumuuduie 3 seeu finns
WinAulan1eELANETIAREWNAY 24.20+1.41, 24.58+1.39 uaz 24.09+1.35 IWURLAT ANUAINY
(nndi 1) Tnefiszeu 100 AseanuIAn WANANSTUVNSERRTUTISEAU 50 waz 200 fsieanulAn (P<0.05) way
miLﬁﬁﬁgLauimmqﬁmﬁmﬁma?{aL‘vhﬁ"u 121.71+14.52, 124.12+14.62 waz 117.41+15.22 N34 AUa0U

o

(n i 1) Tnefisedu 100 wag 50 fseanuIAn uanensfuynsedAtufisedu 200 fseanuien (P<0.05)
ﬂ’]iLﬁ]%fyLaUIWUmﬂa’lﬁﬁﬂz’nmﬁaﬁﬂuﬁLgﬁJﬂUﬂizsﬁJﬂuﬁNLLiﬂ‘U@ﬁﬂﬂiLgﬁlﬁﬁﬁﬁﬂmﬁﬁ 16 WUITLAUAIY
MU (200 AadegnuiAilumg) ‘Ua’mzﬁummﬂﬁﬁﬁwaﬁﬂﬁmﬁLﬁ]%zgtﬁuimﬁgﬁwmﬁmmmma WAy
dhvininAIsEfuATIMLILLL 50 uag 100 MfagNUIANLUAT wiiflesvornandsafinuludaii
28-36 WuNTnIMLLLL 100 fasegnuiAdiuns Yarinsissaivladian NaTNMISANYIASaiiuandlst
Whseiuanumuiuiiintuiinavhlinseiyiuinanas denndosiunanisidssamuelunszdees
SAlwnssns wavgi (2508) madsslanamiedlunsedees wisin wavdiund (2551) madssailusly
nsvdeves audni waviad (2558) duszsumnumunuiilunsifesaninasoniswiyiulavecan (Wang
et al.,, 2000) ﬁ'ﬁﬁlﬁmmmsﬁumﬂwmmiuLﬂuﬂﬁ]ﬁ“f&lquumﬁlﬁﬁfytﬁuimmﬂa’l anmnsiasdunsedad
Fnenmirindenasensisiauivlnvesuatanas (Hepher, 1967) wazannezfivategsniuogiaunuiy
MIAAANTULE01973 91 AnEla LLagﬁagmﬁﬂ mazLsziuﬁriaiﬁtﬁmmmLﬂ?&lfﬂﬁﬁwav‘iﬂﬁé’mwmmﬁmtﬁu‘[m
anad (Pickering, 1993) Maadayivlnvestanluanmuindeniivsneauanasivewns uagiinisazatewns
Tugavanndeilivanddmdniuty (@ulavd, 2535) Fwasnnisinyiadsivdeduganisvaass
Uandanznaviesauiiausuiuiiu 100 dsegnuiardiuns fnssaiulamaduauen LLamfmﬁﬂﬁﬁ'ejm

30 140
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20 - e _‘v"'v“t— 100 :
5| g ——50 80 — gt ——50
10 /_ el 100 60 1 ) r,/—r;i == 100
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0 I e e e e e e ] 0 T T T
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AA 1 nsRsiulaaeaIuaNe (Wwuiwes) wasdiin (nsu) vesuandenzann
ioeau Mdedlunszdananunuiniy 50, 100 wag 200 AasagnuiAiians Wuwaa
36 §UA

v
° o

dmdnfidinieu wazdnsnisaiyivinduniznionasanismaasvesUardangiiniieay
W 3 5eau feadstvtinfidiusie fuwindu 0.42+0.03, 0.43+0.01 wag 0.42+0.04 ASUABDIU LALORNSINIS
WSgAUlasWIEvinAU 0.83+0.03, 0.84+0.01 uay 0.81+0.03 LWesdudme iy mua1iu (M5797t 1) e
AnTevinedn wud i 3 seiuarumuuiidedsvesihminfiiiuse u UAZINTINITAIYHUTAT NI
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lsiumnsnafunsadd (P>0.05) Tneflszduariusunusiu 100 fregnuirriams Siwiinfiiusie fuadugegn
winifu 0.43+0.01 niusiotu uazsasmseiauiulndmnziedegegn 0.84+0.01 Wosidusieiu

Samsoavestardanganaiesauiiloduganisnaaots 3 seduanuruiwduiiaadowinfu
95.08+0.88, 95.00+0.88 War 94.67+0.58 \wWasiusd mudsu (ms19it 1) Wehasizinieada wuin
W 3 seiuanuvunuiuisassenadelivandrsiunisada (P>0.05) Tnefissfuaumuiuty 50 &
degnuirfiuns 8nInseniadugean 95.08+0.88 (Wesldusd navnMsAneasaisnsseniA1sening
94.67-95.08 Wosdud enailesannsmaassadifiinislivameaeswelug wasiinisusuanimuanls
fupsiunsedaneunnans Wuieddufl Asdl uazBszde (2508) FesUanludlunsedeflonumuiiu 4 sed
Tuusithlveidnssongaruiulaeidnmsonsewing 97.44-99.34 1eddud audni uaziad (2558) B
nansassUaludlunsedslunithamsuduna 36 aw fdnssensewing 99.11-99.63 wWesdus waz
wie$m] wazdiung (2551) enumansideslanamdedunsedaufunan 180 Ju TnemsudesuanBuidios
Al ilenI15eAn18895E1I8 96.50-97.22 Wasiius

Snmmsuanievesandingarieseuideslunsedaduna 36 dasi s 3 sefuanumuuLy
fiinadesnuanidowiniu 2.28+0.07, 1.94+0.04 uaz 2.10+0.13 mudsu (15197 1) Wodmszvinisann
WU fiszdfunnumuiiiu 100 dregnuiadiams Ssamuanidewndoffian 1.94+0.04 unnsneumeadn
(P<0.05) fufisediuanumuILiL 200 uas 50 fregnuIAflans wifiszdu 200 Msegnuirriuns liuansis
funeadid (P>0.05) Auflszduarununuiu 50 dsegnuiardians wisisnsuanidoluntmansandeiiin
ogfseming 1.94-2.28 Insramsdnwiadsiifidnsuanideroutisgs uilndifssfunenumamsinymalies
vanlslunsgdsdaduvanguuamtatuiy fsesnuwansidssdiarumuiuiu 125-175 fdegnuiafiuns
Hunan 36 §Uai fignsuanilosening 2.03-2.23 @udng WaN3, 2558) senuNanassUaudlunseds
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2550) MavdssUaluslunszdefiaumunuiu 25-45 fsegnuiadiams Semsuanidesswing 2.27-2.50 (ans
uazAy, 2508) lurnziinenunamadssasoulunssdeinnumunutu 120 Fdegnuiadiunadunan
5 ey fidnsuanide 4.00 (nans uazeynss, 2551) Tatomaidennanemmsiliideaiuemnsdmsy
Uananiifiuesidudlusiu 30 wWeddud denudeanismdarunnisvesiandengnavieanueiaunnsienin
Uagn Feifumsiinsinwenadesmamsasunmsvesuadsnznaviesaiitewaunemsfivangas vl
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a 1 o ] v v ' v & o ¢
MA1919N 1 Nam'iLaENiJma\‘iﬂ::’J']ﬂwmﬂﬂum:ﬁmmﬂﬂ’muﬂu’]Ll,u‘u 3 52U lWuran 36 dUan

Aadensaiaiul AMUVILLY (FsgnuIAung)
50 100 200
ANLEMIENRY (Bufiuns) 11.1321.39 11.10+1.42 11.14+1.41
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nmfelunfilifnguszasdiofinuauvainuanenisitugnssuveslanawdedludeutgu
Tnenfusunusesnsanamdedudouigu uvsiuilumaiusogesndu 3 wa ldud wamaiu
(langs: KS) waneunaadou ([huuiu: NT) waziwanisiesnideu (Srunsdiing: DK) sauidy
3 Uszwns Inglfivadia RAPD anmsvnaeswhufisenideriselnsues 6 Inswed Alviuoufidueiidan
FAu waranansavingild Ao OPA-10, OPB-07, OPB-08, OPC-02, OPS-55 way UBC-122 dwilsiAnuau
Fuievisdu 49 wau Tasfvurndous 300 fs 2500 fiua Uainamdesiis 3 Usesnsdiandesious
polymorphic loci 8g5¢%i4 55.11-69.77 A1ANUMaINaIenIeiugnssy (H) danegsening 0.17-0.24 A
sytimnumanavanemaiugnssu (S dregsywing 0.25-0.35 AAnuuansanaiugnssu (G, ) wasAIns
dnemdu (N ) iauﬁy’wmnﬂﬂimﬂsﬁmwhﬁ’u 0.24 uag 1.60 MUAWU havAszeyiIaaiugnssy (D) d
A15EMIg 0.050.10 MIUATIZI AMOVA wamsmmuansinavsiugnssussrinaanamiedudouthgy
(@_ = 0.103, P<0.001) Ansizhanuduiiusnaiugnssudieds UPGMA (unweighted pair groups with
arithmetric means) nuutadu 2 nguUszwng fio nguil 1 Uszneusedsznnsuanthulangs uazUszns
Uantiuuniiu uazngud 2 Ussnsantunadiing Tagdszmnsuanamdesnsdinduenainyszvinsngs
3u egedmau mnnsieluadsitoyaildmunsoliifeduusslovinonisdniug n1sdnms wasnsfinu
anudiiusvesnguisrrnsuanaudedluomannuiadunsnuiugnssmesmnamdeduumani
sysuANlvigadeanwe eIy
ANEATY: ANUTEINTIAIENITUENTTN YaInawmEes ATine15.edia

Abstract
The objective in this study was to receive genetic diversity of Mystus nemurus in Nam Oun
dam. This species was collected from 3 zones of Nam Oun dam; 1) water inlet zone (Ban Kok Sung:
KS) 2) middle zone (Ban Natun: NT) and 3) water outlet zone (Ban Dongkumpho: DK). Three populations
from all zones were included in RAPD-PCR analysis. RAPDs generated by 6 primers: OPA-10, OPB-07,
OPB-08, OPC-02, OPS-55 and UBC-122 produced 49 distinguishable and reproducible bands. Size of
the amplified DNA fragments ranged from 300-2500 base pair (bp). Percentage of polymorphic loci of
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three populations ranged from 55.11 to 69.77. Nei’s gene diversity (H) and Shannon’s information
index were ranged from 0.17 to 0.24 and 0.25 to 0.35, respectively. Coefficient of differentiation (GST)
and gene flow (Nm) were 0.24 and 1.60, respectively. The Analysis of Molecular Variance (AMOVA)
showed significant genetic differentiation of Mystus nemurus populations in Nam Oun dam ((I)PT =
0.103, P < 0.001). Genetic distance (D) ranged from 0.05 to 0.10. Phylogenetic tree analysis by UPGMA
showed two clusters between KS/NT and DK. DK population was separated from the other populations.
The results in this study should be useful for stock enhancement, breeding programs, management
for sustainable yield and preservation of genetic diversity.

Keywords: Genetic diversity, Mystus nemurus, RAPD technique
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L%amfwgmﬁmmmia%ﬂqL%lau%ﬁgué’wﬁwQu?{imﬂummwﬁwaaLu,hfwaqmm éf'stf?iauéiy’aa%iﬁwgﬁm
vuaath mil 4 svaus Sunevieleu Sminanauns Guinafuindudiod wa. 2516 nwasfudeudu
§1MIAY 3,330 WS Fulieuning 8 was Siufisuthdumdodeu 1,100 mseRlawns Wutildsui
520 é’mgﬂmﬂﬁmmﬁszﬁu + 186.76 S.9.0. SuRILN (water surface area) 53,000 13 awEniaas
6.4 1177 mmmqqmaaa’mﬁuﬁﬁ (maximum effective length) 35 Alaluns a"mLﬁuﬁﬁauﬁwguﬁi’mqﬂﬁzmﬁ
waniienissadszniu ualszleniilesunenmiiearnmssalssmufeusylevimesnunsuszas ytud
o1feguinuseuy Weultuselovilunmsduwvaninmmiu vdszuaieliuslaalunsiFeuniodming
deduseldliiuaseunsh
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Janamdes (Mystus nemurus) iudaniiafinaindarudesnisgaianidunadausia
finaduq vosUszmelne esanidefsanindquamslasuinisgedaduiidesnisvesuilan
Uanawdommuininszneeginglimalulszmedlng nuluwanihia Uinuih sasfilugiafu uasidou
#1199 (lo5u waz3adn, 2524) 1MNNITITEVDI TIUA WazAuE (2552) Anwdasmnneimnganlunisviusas
Tudowhgu iusegaailusswinafoununiius 2551- wwsu 2552 wulanamdesioun 26 @
nviavan 6 anilseudeuthgu Inewudanawdeunniigalumnneunatsuoadouldun thuuity (12 #)
$runanzn1u (6 #) sosasnldun wavnad uaseaieenideou sud iy andeyaiingiaun
msuninszeveranamiesinuluUinaiiuanmatuluuazuavesdoutigu enadnnanwindon
funnsatuluusaziuil vonnnioraiaanysznsuanamdeduiraswaiianuvainuaemeiugnas
upnginaiy uaﬂmﬁamﬂﬂwﬁﬁmmﬁagmﬁugmﬁmﬁuﬁﬁqw%maqLwiaxﬂﬁzmﬂﬁﬁmiﬁfw WY ANYNY
msemen Msduiug wazggndliud msnausudanmsminensdszusssmsdiaiadinnulsznnsdeniil
m’mLLmﬂm'Nwwaﬁuqﬂﬁuﬁwulut,ma'ﬂmiﬂizmuﬁq6‘] (Utter & Ryman, 1993) \iesanusznsdosusaz
Uszannsenatianunmueslszans (MInaunuil M3y wazn1siin) uazn1smevaussiensUsesinaiy
(5wgn, 2543) Inglummguiudseiuaumannvaienisiugnsssuasduiusiudnuasiifeadesiuaiu
ansalunsuSusvesddiiintedunndeudsunlasiy (Allendorf & Luikart, 2007) ANUKAINAAIYNY
tusnssuidudfivsgruteyalusnuiugnssuveséndiietidudeyalunmsiSeudiouiirmansivdsuuiams
fusnssuluewan Fafumnnuaumanvaisnaiugnssuvesszrnsgeuansliifiunisiudsuuas
Faunmavesdnd vhiliszannsiug aunsosiseguardinaudsuadiiaunmsvedlidin weusslon]

dmsutinusudsaiuglunsnunuAndenwareydnwiiugnssuvesdailaie usmnuszynsladiaumain
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nslivssleviananamainuanemstinwliiinnuddusiely

2. A5n15NAaBY

2.1 msiiudlegnelan

swsmdanamdedudeuigu nsuwsiuilumaiiusaegsosnidu 3 wa feil wamaiddou
(Uhulangs: KS) wanpunadou (Truuviu: NT) wasimsmisnoenidou (Truasilng: DK) fanwil 1 lae
AnUaneesumsUausasimlilauszana 1 wufwes ugasuiegisly absolute ethanol iuliluvaen
microcentrifuge 411 1.5 fiadans sntuiuliluguraamgl -40°C ilesenisardn DNA Tudusousiold

2.2 MIENARLOWD

afnRd U3 Proteinase K/Phenol-Chloroform laednuUasmiaisn1sves Sambrook and
Russel (2001) iumeesidueildluamsazaraimmes TE ihidueiiadalifundmlunnosouqanimuas
Fausinaiidue iiuiidueiivelfgamgl -20 eswwaidea wieldlunisinududely

2.3 ﬂ']'iﬁﬂ‘l‘il’]ﬂ'l"m‘lﬂa']ﬂﬁﬁ']EJVI']\?‘ﬁUﬁqﬂﬁﬁllﬁ'JEJL‘Vlﬂ‘aﬂ RAPD

WuUsnafiduelneizidensdelnsiwes 6 uuu duvavedinswesuandlilumsd 3 Maw
ranluufizensan 20 pl Usznaudediunausias Ao wiluumdue 20 ng, 10 pl Go Tag® Green Master
Mix (Promega,USA), 1.5 mM MgCL, Inswas 1.6 uM wagininauanlaUsnmng 20 ul s lUldluedes
fii13 (Gene Amp® PCR system, 9700) Tnsruaugamgdiinclifall 1) 94 ssmuwalua u 5 wif S1umu
1 50U 2) 94 aeAmwaliua w1y 30 Jundl, aaumgiiluns annealing 36 psrnwalua u1w 1 U9l way 72 aaM
waidea w1y 2 w1 $1uau 40 SoU 3) 72 esmiwaiBea u 10 Wi WeAugnmahiiter i wandnfigensi
Tasnuenauvuinuy 1.8 Wesiuiernlsanadianlnslnsda wazdoumetasifeonluslus (1 pg/ml) lngly
100 bp DNA ladder 18u marker

a ¢ v
2.4 NM13AIISNVDY A
Tuiindayaguuuunaufiduieintuaindszeinsuainamdesinuluudaziunrelouingu
ludnwugnsiatagliifauavfidueuumaimundadsaiu lnedmvuadydnwal “17 Weoauaumoute
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awil 1 aardlunisiiudlegisUainamaeslu@auinguns 3 we
N17: AALUasan s9UGA LazAue (2552)

uay “0” \elsiiAauaudueidumiafediu udrideyanaiiauazliifauauiivuiinumensingg fe
AIAUVAINTANENIITUENSTH (Nei’s gene diversity: H), A1dRiiAnunaInvateneaiugnssy (Shannon’s
information index: SI), ﬁiﬁﬂawuwaWﬂuawaﬂ’uQﬂiﬁMIm&Jiamadﬂﬁzmmﬂy’wm (Nei’s gene diversity among
populations: HT), ﬁhm’lwmﬂumawwﬁ’uqmmLa?iﬂmaiuﬂszmm (Nei’s gene diversity within
subpopulations: HS), A1AUKANAIMNRUENTIH(Coefficient of differentiation: GST) warAINITANEWEY
(Gene flow: Nm) Tngl#lusunsu Popgene 1e39u 1.32 (Yeh and Yang, 1999) 3iAsz9innnuudsusaums
WugnIsuTEinalsewng wazneluusywns Iaeg35 Analysis of molecular variance (AMOVA) lnglilusunsy
GenAlEx version 6.5 (Peakall and Smouse 2012) wagldlusunss NTSYS-pc2.1 aaisvee Rohlf (2000) T4
TunMIAUINATEEEIaNINITUENTTY (Genetic distance: D) WAzaS U UYIAMUFURUENITIANUINITAIY

75 unweighted pair group method with arithmetic means (UPGMA)

3. Naﬂ'ﬁwﬂaamm%msnjwa

mﬂﬂWiLﬁuﬁmmaLéumeﬂa’mmmﬁaﬂuﬁawfwguﬁgﬁ 3 190 femnaia RAPD Tagldlnsiediamun
6 Twsies flo OPA-10, OPB-07, OPB-08, OPC-02, OPS-55 uay UBC-122 wuwauduienavian 49 ugu
11 23 wau \Uu polymorphic loci (46.94 %) SwWasiius polymorphic band 88521319 51.11 - 69.77 (11519
i 1) Wesdud summml,muﬁLﬁumﬁwuﬁmmmagjizij 300-2500 fLua (n il 1) Kumla et al. (2012) Anw
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AV EmMITLgnssIvesUamnawdestulszmalnelneinada RAPD Tneldlwswediiovun 7 nawes
wukaUR S ueTioun 83 uau fedidud polymorphic band 96.39 Wesidus Fafldunnidewseuiiou
anmsanulundsi ﬁ@ﬁmﬂLﬁmmﬂmﬂﬁiflmma%ﬁﬁﬁﬁmumWml,azL‘ﬂumiﬁﬂwﬂuﬂﬁmmﬁﬂﬁzmaagjﬁa
plinAvesUseindlng

FunAIlwes (DK)

UIUUIUNT)

b Urulanas (KS) :

i K wanaunaadoy LWANNUIBAN
o k74

LwANI9ULEn

2500
1000

500

100

a a - ) = %
AWd 2 sUsuukauABweUMnawRee 3 wa Tulsulngy
AuUsuaundueniglnsiuas OPB-07

M13°991 1 AUNAINNAENNUTNITUVRIUANAWARINS 3 1wn Tuliauligu

Usevng FIUIUAU FIUIULAU Lﬂa%L‘%uﬁLLﬂU H Sl
o’ & o’ . o’ .
ALDULDNINUA ALULD polymorphic  AL@ULD polymorphic
(%)

KS 43 30 69.77 0.24 0.35
NT 45 23 51.11 0.17 0.25
DK 38 23 60.53 0.17 0.26
WAIIU 49 23 46.94 0.25 0.39

FANITEIVANEYeugnsTTesUmnawEedludouingu wumem AN ugnITHgER
Tuussynsuanamdestiiulangs (0.24) saelutssrnsuainawdestmaniunastihuaslng (0.17) &
M9l 1 wansliiiuinszmnsuannamdesiulangadidndndlulminiduenselslelnpmnnissanns
Uannawdesthuuiiusazdunsilnd Tnedauvedifudienselsdaniiiy 24 uay 17 wWedidud suddy
wazilednneviamduiaumanvangmaiugnssimuiduul il lufiemasudeaiu lnsedvdauvan
vangynaiugnssueglurae 035 (ulang) - 0.25 (uwity) (Mseil 1) senrdesiuauidoves Kumla
et al. (2012) FamghmnuvainanemeiugnssivesUanawdedlulszindlvelaglfinadia RAPD wusn
ANAINTaNeNIeTugnIsNvelanamaedulssmalneaglugig 0.115-0.202 wagAdviauvainvay
yawugnssueglutag 0.178-0.309 FsfialndiAeatumsfinyluaded
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AarsvanvaeRugnaslassmesUssrnsUanamiedudeuiguildinty 0.25 uazdin
muvaAvaeMsiugnssuedselulszansiniu 0.20 AAnuuanAamsiugnITvessEIInTUan
namAemnAilAYAY 0.24 (M51971 2) MNMFAIATEERIILUTUTIUMSTUgNIINTENINAUsENS wag
melutszring anawdedudouiigy Ta3s AMOVA Siduiity 10 way 90 wWeddud nudidy 91
<I)PT (é’mﬁaummLL‘UﬁJmumdﬁuqmmizm’mﬂﬁzmmLﬁaLﬁauﬁumwmmiﬂmuﬁwm) wansliiiiuan 4
AULANFNTEUINNUTEBNT IUSEAUUILNAN ((I)PT — 0.103 (P<0.001), 715797 3) MEMBUTENINUTETINT
fiAwiniu 1.60 Fsfimreuinsgaileniouifisuiuauidoes Kumla et al. (2012) Fefidnsaremdusinty
0.587 wsdianmgiinunisemdugdunmsinuluadiioninnnussmnsuanamdesazaaludougu
fivmsfing annsandeudelfodudasslaglifidnuuemegimansiimeiu wieorafinainnisaiem
fulasayuslunisiadoudrevarlluusosniiui

N3IANAINENTUEIRLENISNMUY dendrograms 1ngld35 UPGMA (Unweighted Pair Group
Method Analysis) (nwii 3) au33ve3 Nei and Li (1973) uaze1delusunsuiiaszst NTSYS-pc2.1 anu3sves
Rohlf (2000) wuiiiledanguenudiiusymaiugnssuaansonvadu 2 ngu fe nguil 1 Usneuseuszins

oA

Uantulanas uazUszynsartiuuiu waznguil 2 Usswnsuantiuesdning wan1sanwiduandlviim

JusemnsUanamdesanie 3 weludeuiiguiinnulnddanieiugnasy Tnsdseansuainaindes
thilangs wazthuunsiu dansilndBamaeiusnssusnndign (n1nil 3) daurszezvinamaiugnssuvesUseang
Uanawdesnita 3 waludeuingu ogsewing 0.05-0.10 (et @) Fsdiodrdianstunn (0 = 1.00) uagiie
szovviemaiugnssuilndlAsatunisnuues Leesanga et al. (2004) BsfinwAnuvainvaneymeiugnssu
Tudainamaes 9 Usvwnsiiemalia RAPD $1891U318A 5888 Meeiugnssuegsening 0.087-0.283

= § o v o a o I3 ¢ ' o v
M3199 2 Inswes drduiivadlalndvadlnswas Anuuandrmneiugnssuuazlaseaing
Uszynsvasuanamassnaanluauligu

Twswes aeuiiandlalung (5°-3%) H. H, G, Nm
OPA-10 GTGATCGCAG 0.27 0.25 0.08 5.70
OPB-07 GGTGACGCAG 0.23 0.18 0.19 2.13
OPB-08 GTCCACACGG 0.22 0.16 0.30 1.15
OPC-02 GTGAGGCGTC 0.26 0.18 0.30 1.18
OPS-55 CATCCGTGCT 0.27 0.22 0.16 2.63
UBC-122 GTAGACGAGC 0.29 0.19 0.33 1.01
Aady 0.26 0.20 0.23 230

NasIUNe 3 Uszuns

0.25

0.19

0.24

1.60

M151971 3 N153AT1EAMNLYTUTIUNIINUGN T5uN18TUUIEYINT waTTEnI1elseeIns
Uanawmaesluilauigu 1ne3s Analysis of molecular variance (AMOVA)

Source df SS MS Est. var. % (I)PT (P-value)
Among populations 2 18.80 9.40 0.69 10 0.103 (P<0.001)
Within populations 12 71.60 5.97 5.97 90

Total 14 90.40 6.65 100
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M131991 4 ATEEaMITRUSNTINYRIUSEYINTUAINAWEARS 3 1wa Tuweuigy

Uszyns KS NT DK
KS AKXXK¥
NT 0.05 o
DK 0.07 0.10 o
KS
NT
DK
f T T T T T T y T y 1
0.00 0.02 0.04 0.06 0.08 0.10
Coefficient
AN 3 WRURIANENRUSNIWUEN TN TAEAT UPGMA
Y2eUTENsUaINAmARIN 3 1n Tuwauligu
4. a3

Tunsinviafiinuiussrnsuanasdesiiinanimaiuiifsneasmeatugnssusnsnatudeudig
i1 &unaldarnaAranuvainuanemaiugnssy Adsiinumainuanemieiugnssy AANLUANAINg
fugnss uazAsrgiaaiugnTIy ansaagUaTudiusvesanamioni 3 Usssns 168 2 na
Tvgjq e nquil 1 Uszneusne Usznnsanamdesuuniu uazlangs nguil 2 Uszneuseuszwing
Uanawdestiunadlng fateyalunsinwaded annsoliifedulsslovitonisniug nnsdanisuaznns
Anwiarwduitusveandguussrnsuanaudedusuanruisdauiunisinuiugnssmesuanandodly
wdsthossitlvgey dednunemetugnss

5. inAnssuUsen e

mu%%’aﬂ%y’aﬁlé’%’unuaﬁ’uaqumﬂé’wﬁfﬂﬁmﬂmqmﬁ%’aluqmuﬁﬂmuazﬂ’wmmﬁwmé’a%ﬁa
WA dtinauanznssunsgauAny Usedntauussanas 2557 LagvavaunseAnuinIne1demnalulad
sspadanu Wmsaduayusmiidondal
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6. 1NE1391984

slivg1 naswidumi. 2503 FaAneseae. Ruradedl 1. name: wrinerdoinuasaian,

SR winduns audnd széu vlug neswidumi Tl mumes gning uazlsiad autaudu. 2552, vurn
gosnntrsfisanzalunsissuddusrafvindautingy Sminanauas. enuidsaduauys,
wingaewmaluladsivasaada. 100 mih.

=

T3 Aauusi uaz$adn ududuau. 2524, FrAneuanamiadlusrafvindeudiuasunsiamiameauys.
seuUszdil 2524 aotuuszuhdauieni. 33 win.

aiuns Jerlvaana. 2552, nTeamuneiidule mnitugiugnisUssgnd. fissindeft 1. ngamme: svninede
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msiSeuiisunisiiiaduiinaadalulnlufipeswuulassdasylulssmdlng
Comparison of Newcastle Disease Vaccination in Free-Range Layer
in Thailand

amaiiai nasdla uaz aagiiy Aing
Suttitas Tongkamsai and Donruethai Sreta

AnzdmILImMeans inivetdemalulagasunanyivesn ewauiansy Svinvays
E-mail : Pang pao8@hotmail.com 3. 087-7017105

UNANED

Irlteny 18 dUni S1uau 40 1 uvdldlieenidu 4 ngue ag 10 f nau 1 nguauaulilézuindy
ngu 2 I8sutadulimadadedu ansualen Tilasnismsenn ndy 3 Tdfuiatulmadadens
Tudothiu awsudaines i Wlnsnsdadlafoni nau 4 lé5uipduimadadedusmtudems vins
Lﬁ’uLﬁamLﬁamnmixéfﬂmma%ﬁw'ﬁ%ﬁlasdwﬁmq 24, 26, 28 32, 36, 40 way 44 dUas WUl syeulemes
vodlinguilldsuinduidefugeiianil 28 dUnvi (3.97 log) nquillésutaduideiluhuiudensgaiigni
32 &Ua i (4.14 log) nuillé¥utnfudionegsfignil 36 dUai (4.19 log) Wleduganisvansassdulawmes
ﬂfjmﬁlﬁ%“uﬁ'ﬂ%m%ammﬁms] @aﬂimfjuﬁlﬁ%“u‘iﬂ%w,%aLﬁulﬁEn6]‘1/1'%@L%@Lﬁuiamﬁ'ﬁﬂ%m%ams
mddey : Safuiimada Inliiidssuuddesdass

Abstract

Forty, 18 week-old layer-type chickens were divided into 4 groups of 10 birds each. Group 1
was not vaccinated as controls. Group 2 was given a live ND vaccine, strain LaSota by eye drop.
Group 3 was given an inactivated oil adjuvant ND vaccine, strain Ulster2C by subcutaneous injection.
Group 4 was given a live ND vaccine, strain LaSota simultaneously with inactivated oil adjuvant ND
vaccine, and strain Ulster2C. Blood samples were collected at 24, 26, 28, 32, 36, 40 and 44 weeks for
ELISA test. Results revealed that ND titer of live vaccinated group was highest at 28 weeks (3.97 log),
live vaccine simultaneously with inactivated oil adjuvant ND vaccine was highest at 32 weeks (4.14
log) and inactivated oil adjuvant vaccinated group was highest at 36 weeks (4.19 log). At the end of
the experiment ND titer of birds vaccinated with only inactivated oil adjuvant vaccine had higher than
the ones received only live vaccine or live simultaneously with inactivated vaccine.

Keywords : Newcastle Disease Vaccination, Free range layer

1. unin

IuwmuwlfﬁlﬂiﬁL?}ymLLUUUéaaéaizdauMm%gﬂL?ﬁymlﬁué’aﬁm Wiethlanuslnaluasadeu Yo
Tunadesdnduginuinannismemnglsaszuin eihnmadafenidulsaszuauasduavaminues
nsmelulifideuuuldesdasslulsumardsiauvewiviede Tnsmninnisssuiavedsaihnaifany
ﬁﬂﬁsgﬂﬁﬁﬁawéﬁﬁmma 70-80% fausinesiienudeinmededifidedudnvasderannsodumuse
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Tsald wimnlalesude Adwmaduunadedalsauazunsiold (Anath et al, 2008) msvestulsaiinnaida
Tuglsld aunsavildlasnisgumans ssuuanudaaafonaiinniia uaznisihiadu mahiedululifides
wuuldesdasyyinldenn audsussnuiarnailunisdu swisluussmalngliwunsszuinveslsainnada
gy mvhieduididuiiten venaninuasnsuszaulymBesainduiiune wazilevinindu
Tudrlienvvzuiiadu uinsidssliuuulassdassiuinmundosenisindelsaiamadaun osnes
IgSuidenssunilie (Oakeley, 2000) TUsunsuindululnle 17iLﬁymL%qqmammsmﬁlﬁi’ﬂ%uﬁaman'au
Tld udidliindudeidumeiussoudmansqass ulunmsdsuuuldesdasy inwmsnasinaglivh indundy
nlasulilaud (Alexander, 1995) %ﬂizﬁugﬁﬁuﬁu%ﬁaaq anasauliarunsatesiulsale nsnsafnmn
seiupfiduiuveslsafnmadaluefnginegldds HI witaquudenldds ELISA esnnlinafiaenadosiy
(Kapczynski and King, 2005) msnaassiazinlsmsuszsulmmesvedsaimaiandsinvihiaduuuusie
wilsndamdsaniEulily

2. 35n15NAaBY

2.1 dainaaas

Irluiugutiunen 01y 18 dUami s1uau 40 1 dndnldideduvasesads 1.5 Alandy ey
Uaeedasslutinaifiondu fewnsdidaguiindsnuuselowd 331.24 Alaunaasdsio 100 n3uo1mns Tilnfu
pwnsUsEanal 110 ndusiadasietu WihAunaentu Tésuuasahemussaued iyndlésunanssduindu
Hosulsathmadadoneaigarinefieny 16 dUami Smehdydnualdumesadlife udutangudng
nsnpaeslaginsduil

oA

ngud 1 nquauau Wilinnsviieduihnada uasveaanimeuinau 30 lulasdasses

.

oA

naud 2 tedudestulsatiimadadedy awsuailen vaausem eunisveann 30 lulasans

9
o

fo1e 24 dUasi

ngui 3 hirgulesiulsathnmalaions awsu dawmesyd vesusem lnensaadilaitmisusion

Aofag 0.3 adans Mleny 24 dUan

o o v a

naud 4 vihrirdudesiulsatiimadadeduansy atlenn nSeuduenvansu dawmesyd vea

9
a

USEnieny 24 dUanii Ineipdunianungninseumugndnuaglvinngly 1 Hilumdaainesey

q U

2.2 MSAUAQ9E

1512121800

Wushegadenanlaneassnngunguas 3 ﬁaﬁﬁwé@é’nwaﬁ Immﬁuﬁmq 18, 24, 26, 28, 32, 36,
40 ua 44 §Uaii Tneldduiued 21 wisiidudenusnadn (Wing vein) Ussana 1.5 faddns Wit
Aqfiduiuselsaiimadasiely

N13A39sERUIAUuAalsAtanaTalaes ELISA

ﬁmaammiqLﬁamm{jum%mé’wmm53 3,000 soUABUNTILY 15 uTiTigamniives LLaz@mﬁu%%’m

9 U

o

Tanaaaoninunen inushwililudidufigamall -20 esmwalva Wesensiansauriuiiegndulagliiaies
ELISA reader 84 Tecan wagldl ELISA kit ¥83U38 Biocheck nswiseuansazalsazaedi5agUAe Diluent
Conjugate ey Stop solution Tuveued Substrate wssulnsazaneidinly Reagent uag Wash solution to3el
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Tnearanenslurhndu nmswdey Serum dilution plate 1d@35u 5 lulasans wae Diluent 245 Tulasans dous
au G1 aus H12 Tuwaniuan Td Negative control, Positive control wag Reference control 10 lulasans
adlungu A1 fis F1 snudstu Tumannagey gaansanmanivan 10 lulasans asluvguiidmuvsadeatuly
Wwavmadey waziy Diluent adludn 90 Tulasans 1efisly 30 w1l &190ané8 wash solution 350 lulasans
4 59U 1fiu Conjugate 100 TulAsans nnvau Mefisly 30 widl &1908nda8 wash solution 350 Tulasans
4 50U Wi Substrate 100 lalasAns inuauansiisly 15 unit i Stop solution 100 lailasans udailusu
fdE ELISA reader 71 405 unluwms Auaumanmsganduaduuas (Optical density) wduvanaifule
wasmelusunsu Biochek Software

a ¢ Y aa
2.3 ﬂ']i')Lﬂi"l%‘WU'e]HﬁVl'Nﬁﬂﬂ

A5 298 One way ANOVA ¥iin repeated measures fiszdiuanudotiu 95% Tagldlusunsu
GraphPad Prism 5

3. NANSNAADILAZITAINE

lrnnsdsiulamosguileduifosidunid 18 unlluultiuanasaufaduaid 24 Fadudunwidd
msliatu ndsnliindu sedulawosludunsiil 26, 32 uaz 40 wuingueueuiiunlthmesdiade
aam%fﬁmaﬂmmai‘amaqaﬁ 4.16835, 3.91046 waz 3.8715 Aua1dU (A9 1) ﬂa:uﬁslﬁi“ﬂ%m%mﬁuﬁuu’;
Tthiradvasn3fiuveslanesori 3.95596 wag 3.94648 denndesiu M15MARDIYEs Wambura et al. (2000)
Arsaduidoduazameiiuudlifidssuuldesdasslussmaumuniie wdnsranuanadslames Log Hi
dinduan 3.4 1y 5.4 vimnlFiaduluuda 30 fu uazssdulawesnduasasmde 3.4 dsnliiaduly
LAl 60 U mjmﬁiﬁi’ﬂ%uﬁamUﬁﬂ'ﬂLaﬁaaaﬂﬁﬁmaﬂmmaéagﬁ 3.825751, 4.029318 Lay 4.132676 Ay
819U @RARRBINUNITNAABIYEY Rahman et al. (2002) ﬁmsmaaq‘lﬁifﬂ%uﬁama@aLfi"famaﬁuiﬁﬁmq
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Preparation and Characterization of Biopolymer by
Complex Coacervation Technique
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UNANED

msusTEnsataetunduainlunediueiTrinmeiBroumandlaewesindu mawisunedues
Franmszrinafuensdndunaiu mawdensudsiifed aududurestuerndnuazia-aniiu 1% uaz 3%
Tneldsnsndau 1:1, 1:2, 1:3 uazansanameuanieldanusuna 5 Jadans 10 fadans uas 15 ladans
wansvnaesvedlulasuaugafiussasataneivandeliauniinrududu 1% Samdau 11 uazdiuna
vosasataveunnidelsfann 15 faddns nuinduangiianian Snvasdugnineivedlilasuaugad
ussgansataverundeliann wandiifuinddnvasnaunssnoogialy Slvune 83 Tulasuns nsnss
aoudnunrvedlulrsuaigaiiussymsadanevanidelifandusufemeaiayFoinsuanefudunsin
awnlnslilafised nudrdiarsatanevandeldaunlululasunvgaivdonly mndeyamesluunsuvos
wioslunsiuein esulada wuhlilasuavgaiiussymsataverunnidelfanninisaaesmennuiou
#fnhansataneunnideldfanniiesesnaien
Frddey: ansafaveunnidelifann lilasuatga eeuindndlaowesidy

Abstract

The crude extract of Artocarpus alitilis was encapsulated in biopolymer by complex
coacervation method. The biopolymer was prepared from gum Arabic and gelatin. Experimental
materials were concentrations of gum arabic and gelatin at 1% and 3% with the ratio (v/v) of 1:1, 1:2,
1:3 and Artocarpus alitilis crude extract at the volume of 5 ml, 10 ml and 15 ml, respectively. The
results of Artocarpus alitilis crude extract microcapsules at the concentration of 1%, ratio (v/v) 1:1
and Artocarpus alitilis extract at 15 ml were the best condition. Morphology of Artocarpus alitilis crude
extract microcapsules showed spherical distributed size of 83 um. Characterization of microcapsules
by FTIR spectral data indicated the presence of Artocarpus alitilis crude extract in the prepared
microcapsules. TGA Thermogram data showed Artocarpus alitilis extract microcapsules had thermal
decomposition better than Artocarpus alitilis crude extract only.

Keywords : Artocarpus alitilis crude extract, microcapsules, complex coacervation
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fuednuazansatavenuanniliinnealneliifudaonadluasazansaaduiituniusmeinisaniuas1y
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thiheehdlulasuegasnualvifunsaziBon udnhimedsiiuaudildadunvuzilihnmsiniies g
wingilsiduueaiidifguedulasuaugaiinsdanszsimnen B mauanosudurssaadninslniines
Faustiavadud 4000-650 cm'’

nsAnwnatesninmeaaiouvadlilasualgalagldimatiamesiunsiwnin aurlada

ualulrsuaugafiduaneildliiunsasdon udaniludaiutn 0.3 fadnu udaaddluum vhms
Anseilagldgamgisud 50-950 ssmwaiea wdvhnmsienesiwarduiinmesluunsuvedalasuauya

3. NANISNAADILAZIANTAINE
nInTIRHaUANEMENIINMEN NYaslalasuAYYa
dnwagmamanwedlulasualgaiiliainnsdunsssiseninafuensndnuaseaniu fflansada
mernnideliaindumsddyegnglunuiidnvusnduroudeiima fenumidadnies Tneduondn
winfuesar 97 Wesifust Fannil 1

94



e
o)
=D

http://ird.rmutto.ac.th N3a1dy U7 9 atuil 1 unsew - lquieu 2559

Al 1 dnwznanieamveslulasuaUgaiildannnsdansiz
nsfnwdnuazlilasuaugamendeanssmituuiindulunwd 2 @) azwudnuuzsuiisedalng
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Abstract

The relation between the appropriate transmission ratio and the flow rate of the bicycle
water pump of 1 inch size stroke pump with water supply rate of 1,700 m’>/min. was studied. The
bicycle power structure was 1.10 meters length, 1.90 meters width, and 0.85 meters height, which
consisted of a 1 meter length of pulley drive shaft with 4, 6, 8, 10, 12, 14 and 16 inches of diameter
on the same shaft, driving power to the pump with 2-inch diameter pulley. The main water supply
pipeline was 8-meter length PVC. In the first 4 meter, the diameter was 1 inch and the pipe’s
diameter was reduced to ¥z inch after 4 meters. Then, the ¥ diameter was set up above the main
1 meter pipe with a sprinkler at the end of 8 heads tube. Each head was approximately 1 meter apart

from each other. The space between the sprinkler head tubes was 0.5 meters, where installed
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high-pressure water gauge along the PVC pipe, 0.5 meters/point, totally 8 points. Man power was used
to drive the bicycle which gear ratio from 1:2 to 1:8. The drive speed was measured by sensor at the
average speed of 0.4 - 0.7 m/s. Data were recorded on water pressure from all 8 water gauges and
water distribution of sprinklers. The results showed that the appropriate transmission ratio consisted
of 10 — 12 inch driving pulley and 2-inch following pulley, with the average speed of 0.5 m/s. Water
distribution from each sprinkler head was 1 m? totally 8 m’ from 8 sprinkler heads. It took about
1 — 2 minutes to make soil soak well.

Keyword : Appropriate transmission ratio, pump stroke flow rate
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