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Alfidunsuauyszanulumeuneliussoimavesinelalasiou Agumgfilunisuauuszanu 580, 600 waz 620 ©C
7 nanlunsuauusyan 10, 20 waz 30 min wazarusUIvanTldnATuLT 4.713, 8.656 uay 12.173 kPa lneldlany
W AgCuP afladilSupalon WisAnvdeulaflimunzadlunisudulszarulagldniseenwuunisnaasswuutond-
Wik wardiesgianuduiussevinaiiudslunisuauyssauduanudsadeuvessesseiiléainnisuay
UszauitelildGoulvlunsudutszaniiliranuudusadeuvsssesdegan anuanisAnuiiteulvveanisuay
Uszanudlevhnisliessinanisnaaesiieiinnsadffisesutoddey o = 0.05 wazannsiinsziannswdnina
winuardvsnasinvesuUslunmsuaulsya nuhdoulvitdemalitunuiiseuudusadouvessesdevesdue
asan Ao gumgdlunisuauyszaiu 620 °C natlunisudutszaru 30 min uazarufuildnaduey 12,173 kpa
Tnsuuudasamsndineaniildainnisviunedslidiedeussiadouguani 666.226 N wazannmismaaeuiiiedudiuna
WU mLa%mmLL%QLmLﬁaumaasaﬂﬁiamm%mmagﬁ 741.004 N Tngfirnadeesifuianufianaiai 10.092
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Abstract

This research was aimed to study the effect of brazing temperature, holding time and loading pressure
on the tensile shear force of the solid-state brazed joint. Furnace brazing under hydrogen atmosphere was
utilized in this study and the brazing temperature was at 580, 600 and 620 ° C with brazing time of 10, 20 and
30 minutes and loading pressure of 4.713, 8.656 and 12.173 kPa, by using cadmium-free CuAgP filler metal to
investigate the optimal solid-state brazing condition using Box-Behnken design in order to achieve the brazing
conditions with the highest achieve of the joints brazed. From the study of brazing conditions based on the
statistical analysis at the level of significance O = 0.05, the results showed that the conditions that cause the
brazing joint to produce the highest tensile shear force of the brazed joint specimens are the brazing
temperature of 620 ° C, holding time at 30 min and Loading pressure of 12.173 kPa. The predicted tensile shear
force based on the optimal brazing condition was 666.226 N. The confirmation tests were carried out and the
results showed that the average shear strength of the specimens brazing joint is 741.004 N, with the percentage
error of 10.092.

Keywords: Solid-state brazing, Tensile shear force, Optimization
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1. uni

Tutagiulstinisldaueiosaniuasuniudeunuulalasuvuuua (Microchannel arrays) ageniisvandly
meagramngsy lwunailulFnufuszuunsthenufeuiienduanldlual (Waste Heat Recovery) wagsllufaszun
n3szuteanuieuvegUnsailulasdidnnsednd (1,2 FanIesuaniddsuniuiouriaaifiiunlulasuyuuya
(Laminated microchannels array: LMA) tuduaiesaniasunnuseusianisildinaluladlunisssuisanudon
aowaluladlulasivuiua (Microchannel process technology: MPT) Im8171LLmﬁmﬁugﬂu‘Lumﬂ%m%"mLLamUﬁ'au
aruousiinlulasuruuualunisdiomenufounasmssomnadulddfvhnisinyinesidadudwiunnn [3-5)
MnnsfnwuagIfouandiiiiui mamemenufeusazmstemalaeld LMA Sufivssavsnmannnindedioudy
wdssuanildsuaudeunuudniunatsmi idesainlaseainenisluves LMA Ussnaudeviovuinidn
(Microchannels) $1ua1s1n Ssuandlififuindisnsdruiuiiindeuiunsiigs duwalifnnisdiomaudounazana
melurievunadniiStuiosnnszesmevesnisunivesveavaitdundt (6] vl LMA fuszavsninlunisdnem
Anufeunaynademaiigiriaiuadnuasitutniun [7]

Tunszuaumanangunsal LMA Sulaeitaluudrnzdiduneundn « fe nisthusulavsandadudesnundn uas
afntuiioaisturesioruindn  laslassaiungluiifiderivoundnlugunenl  LMA du  awnsowEstuain
nszUILNMSARUIHATIAN 1 W Matadeliuadl nsdindeiames nsdindeiduane vienstutugy (8] wdsniu
fwslangfiumsiadudesmuadnuyiniseintu Tasmluudalunszuiunsafefudufinaeismetu 1wy
nstnng MsuduUszanulaenmsunsuaznsidondszanilasnisuns madessansilein uasnsdeuuuuvasuazais
fanszuaunistanitu iunssuaumsilfgumgimadeniihusssrernanluniadenidy ursesseiiléarliudauss
wazlimnziasildnuiionmaige 91 luduvesnszuiunsuaulszaulasnsuniuasmaifontszalagnis
undtiu  sevsdeildaziimuuiusge  uideddgungiiguarldnarlunisuulssanionunduiiianduuns
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1w [11] dwsunsuautszaniluanzaeads (Solid-state brazing) Wunsideudszaiifdesldfunisdeudsza
Taveadlasng 9 Lesnlisessefiufsusauasiinunmitsmesensldau dedemadenvszau Juduisnsdon
Usvanuilwinzaufun1snan LMA

fatuanuAtedfadiingusrasdifiothiauenszuauniandn LMA Tngl#isnsususzanuluannizvesudeves
Tavzfiuiiduwiunewadaglilansdiu AcCuP wiaiilfuanidlon Aiddenuudwsudouvessessolunisudulszay
warfnwideulafimneanlunisuaudszanuluanizvewdalaeliisnsesnuuunaasiuuutend-tusiuau (Box-
Behnken design) warn1siaTgAuduiussritsmnlsiunisiaulsrauluannzveudsiuanuudausadouves
sousofildannsuautszanluannzvedadelvlddoulalunisuauyszauluangvosudsilidanuudus
\RoUYDITRLHDgIER

2. F|nsAne
2.1 mswdealaneiunazlavziiu
nawdeslangitunarlavsidudmiuAnudvsnavesgumgilunisudulsvauluaniizvesudedu luduves
Tavefiuasldvoauns (Cu) U3as viun 0.35 Sedums Falildauinmauntiie 10 Sefums wazarwen 27.70 faduns
IWSGIJU’]G}‘*UEN%UMUWWﬁE]ULLa%ﬁﬂ‘meﬂJaﬁﬂ’]iLLéuUi%ﬁ’IULLﬁﬂﬂﬁﬁgﬂﬁl 1 LLazgﬂﬁ 2 dwsulansifiu BrazeTec S 15
AcCuP ansnsaudulszauiulansifuuszinnmesundldd nanlag SAXONIA Technical Materials GmbH Uszin
wosull Tnednlavedulnlavun 5x10x0.35 Hadiuns
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Copper sheet specimens Filler metal (CuAgP)
50.40
50.40
Upper copper sheet 35 mm Thlckness 0.25 mm

2
—vy
I:: _—

<L !
Lower copper sheet i(_BA" Filler metal
27.70 (CuAgP)

Figure 1 Schematic diagrams of substrate and filler metal specification.

(a) (b)

>
O
[
|

Figure 2 Specimens assembling: (a) Specimen prepared on fixture and (b) Covered loading pressure.

2.2 N1588NUWUUNITNARDY

TunsAnunifldniseenuuunsmaasslagliiiniseonuuunnassuuudond-wsiuau dslunsuaudszaly
amawuaaLLsﬁaﬁﬁLﬁaulw%ffhLLU{LumiLLéuﬂivawuiuanwavsuaaLLSﬁﬁqLﬂuﬂaé’ﬂﬁmmsamumLLa“mﬂ'ﬂﬁ'mmvaﬂu
n1snaaedlded 3 dudsameru lwn (1) Brazing temperature: B fio gaungiilunisuauuszanu (2) Holding time: H
fio nanlunisuauuszanu uaz (3) Loading pressure: L fie annudulnan duiauusuasszaulunsuduisvanuluanne
voaudsildlunisnaaosiilduandunsed 1 drudnvaanzasinisuaulszanuluannzvesudeidneliun A
udausedouvessesse %ﬁmmLL%QLmLaaumaﬁawiamaﬁwuﬁ?uﬁamnﬂﬁlé’mmmLL%@LLsQLﬁawaqsamiaqqqm Tu
mseanuuunIIRaedasliisnseanuuuneasuutond-wuriua ffuusiunisvaaes 3 Muls Jausassaudsd
3 syfunsnmaes fadanddunsei 1 uazldsmueliiisiuunsmeasen 2 addmduusazeulnsmeass i
flrunumMsMAae WL 30 NSVRABY
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Table 1 Brazing variables and the corresponding levels for the Box-Behnken design.

Brazing temperature (° C) Holding time (min) Loading pressure (kPa) Level
580 10 4.713 -1
600 20 8.656 0
620 30 12.173 1

2.3 nsuaulszau

Tuduesiunounisudulsrauluannsveudsiuazduaneisilansfiunesunsuasiansifu AgCuP wiin
flSuanidon nedumesasarasosdlnuiiiordnasuituifiawasseliuis anifuinisUssnevuasinioutuny
nagoulsEnoufuiduBntunuiuandusuil 2 ndntuiddemeuiiaauauusseniadelelasiau B BOREL
Swiss SA §u 50908 fianusaliinudougeaadl 1050 °C ndsantuininisudulssauszidlansiunosunsuas
Tavgifiumugamad nat wazanusuiidmun lnsaziuuauUszauiigumgivesauiisgamailunsuauyszad
i Tnefidnsnisliaudeu (Heating rate) 7 10 °C downdl wazdnsnindusias (Cooling rate) i 40 °C siowni

2.4 MIMAFIUANNULVIUTUTOUTDITOYAD

dufudunsumsvasounssiadouvessosde asttunuithunisudulszauanvhmvagouauuiouss
\douvessessie lngldindoannanuiountUssasddvie SHIMADZU Ju AG-X 100 kN 271157 0.5 adlunssoundi
ndniufinanmamegeunnuudusadouvessessonvhmsinmgideyaiieadfuasmarivnzauiigavousay
Hadendnlaensinsednnuduiudsznineduuslunisududsranuiuanuudusadeuvessesdeiilininnisudy
UszanuitelldReulvlumsuaudszauilimanuudasadouvessessiogaan

3. HAN1TANEILAZNNSITA!

3.1 M59LAT12%ANUUSUSIU (Analysis of variance: ANOVA)

Meseiansaassiiemideulufivineailunsuaulsrauluannzveudeiidennuudusudounes
sedevestuny annsavildlagldnsinseianuunlsusiu avesmsinseisuuslunsuduussauiiden
wlwsudouressessovostunuiy wandlilunsed 2 msait 3 Inglunsdlifnuia e RSquared Sldwiniu 96.62%
Adjusted R-Squared $iALVINAU 95.09% Wag Predicted R-Squared AWMU 92.67% LAYANNHANITIAATIEANUIN
@hLLiJiﬁLﬁuqmmﬁiummﬁuﬂizmu (Brazing temperature: B) 13a1lun1shaulszaiu (Holding time: H) A11u6u
Inanlunisuauyszanu (Loading pressure: L), Wag Interaction 5¥1314 (Brazing temperature* Brazing temperature
: B*B), (Brazing temperature*Holdmg time: B*H), (Brazing temperature*Loadmg pressure: B*L) uag (Holding time
*Loading pressure: H*L) Jusuusiifinasennuudwsudouvessesdevostunu fsyiuioddy o= 0.05 wiei
sefuAILdeiu 95 % lesanfuusiadailen Pvalue desnin 0.05 ImalummumuﬂiwLﬂuqmwgﬂummau
Uszanu (Brazing temperature: B) L‘?;Juc%'hLLﬂiﬁﬁéw%waﬁiammLﬁaLmLaaumaasaaﬁamaq%umumﬂﬁqm lesandidn
F-ratio gean etfuguiuvvasaunsiildannsieseid faddlifiamumnzaniiome Tasuuusiassanniamis
adnransAldannsinsedd Iuandluaunisi 1 S?fdrﬂuaumﬂugﬂ Coded units
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Table 2 Estimated regression coefficients of the tensile shear force model.

Term Coef SE Coef T-Value P-Value VIF
Constant 239.20 12.70 18.84 <0.001 -
Brazing temperature 147.69 7.76 19.03 <0.001 1.00
Holding time 54.72 7.76 7.05 <0.001 1.00
Loading pressure 73.38 7.75 9.46 <0.001 1.00
Brazing temperature*Brazing temperature 50.00 11.40 4.38 <0.001 1.01
Holding time*Holding time 6.20 11.40 0.54 0.593 1.01
Loading pressure*Loading pressure -22.30 11.50 -1.94 0.066 1.01
Brazing temperature*Holding time 27.00 11.00 2.46 0.023 1.00
Brazing temperature*Loading pressure 46.30 11.00 4.22 <0.001 1.00
Holding time*Loading pressure 35.50 11.00 3.24 0.004 1.00

Table 3 Analysis of variance for the tensile shear force model.

Source DF Adj SS Adj MS F-Value P-Value
Model 9 549577 61064 63.460 <0.001
Linear 3 482401 160800 167.120 <0.001
Brazing temperature 1 348411 348411 362.100 <0.001
Holding time 1 47832 47832 49.710 <0.001
Loading pressure 1 86158 86158 89.540 <0.001
Square 3 23594 7865 8.170 0.001
Brazing temperature*Brazing temperature 1 18431 18431 19.160 <0.001
Holding time*Holding time 1 284 284 0.300 0.593
Loading pressure*Loading pressure 1 3633 3633 3.780 0.066
2-Way Interaction 3 33094 11031 11.460 <0.001
Brazing temperature*Holding time 1 5827 5827 6.060 0.023
Brazing temperature*Loading pressure 1 17153 17153 17.830 <0.001
Holding time*Loading pressure 1 10114 10114 10.510 0.004
Error 20 19244 962 - -
Lack-of-Fit 3 4819 1606 1.890 0.169
Pure Error 17 14425 849 - -
Total 29 568821 - - -

Tensile shear force = 239.62+147.69B+54.72H+73.38L+50B*B+6.20H*H-22.30L*+27BH+46.30BL+35.50HL (1)

ﬁaﬁ”’mmUf\‘haaaaumimnmﬁmmam%ﬁazﬁmﬂﬁtﬂumiwmmfﬁmmﬁmmzauﬁqmmfhmm,l,%mmﬁawum
soerterestuu Inelildmaudusudouossosrevestunugaiian issfutisdde o = 0.05 Feidudszansild
nMTIATIzsilunsei 3 wuindudsiidugamgilunisusulszaiu (Brazing temperature: B) Laanlunisuau
Uszau (Holding time: H) Anudulnanlunisuaulszanu (Loading pressure: L), Wag Interaction 581319 (Brazing
temperature*Brazing temperature: B*B), (Brazing temperature*Holding time: B*H), (Brazing temperature* Loading
pressure B*L) wag (HoLdlng time* Loading pressure: H*L) Fudusuusifidvinaseranuudusuiounessasse
mawumumnmam mmﬂmsamm ghmuuUsUsIUnUTaslden PValue <0.05 fuudsldvhnsdeninsziianzen
wUsiilen P-value <0.05 wihifu &alduandlunsiedt 4 Tnglunsdilgivianisiasauusitldiisnsnasoniiioriinns
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Jisziamesnuslunisneassnsudulssaudiisnsnasemauudwsadeuressesevasiuau §191nn13
ArszianunlsUTIundnmsideniasizianisiudsiunisuaulssaudidsnsnanea1nnuudusadounas
sousetuNUIT A1 R-Squared fiAWAU 95.90% Adjusted R-Squared SAwvIU 94.59% uaz Predicted R-Squared
fiAinAY 92.49% Wwagandn P-Value ¥84 Lack-of-fit lup1snsil 5 FAwsiniu 0.115 daurnnd a Fsaguldinguuuy
Yasaunsiliannsiasziitoma i zauvesiiudslunisuaulszauluanuzaesudwouiunewnsiifive
auudausadeuvessessielnglinsesnuuunisnaassuuutend-ukuauiiianumunzay LaruuUsIaesENn1INNg
adinenansuunzan Tananduauniss 2 %ﬂLﬁuaumﬂugﬂ Coded units

Table 4 Estimated regression coefficients of tensile shear force after reduced model.

Term Coef SE Coef T-Value P-Value VIF
Constant 229.96 8.71 26.41 <0.001
Brazing temperature 147.69 8.15 18.12 <0.001 1.00
Holding time 54.72 8.15 6.71 <0.001 1.00
Loading pressure 73.98 8.14 9.09 <0.001 1.00
Brazing temperature*Brazing temperature 51.10 11.90 4.29 <0.001 1.00
Brazing temperature*Holding time 27.00 11.50 2.34 0.029 1.00
Brazing temperature*Loading pressure 46.30 11.50 4.02 0.001 1.00
Holding time*Loading pressure 35.50 11.50 3.09 0.005 1.00
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Table 5 Analysis of variance for the tensile shear force model after reduced model.

Source DF Adj SS Adj MS F-Value P-Value
Model 7 545479 77926 73.450 <0.001
Linear 3 483949 161316 152.040 <0.001
Brazing temperature 1 348411 348411 328.380 <0.001
Holding time 1 47832 47832 45.080 <0.001
Loading pressure 1 87706 87706 82.660 <0.001
Square 1 19496 19496 18.380 <0.001
Brazing temperature*Brazing temperature 1 19496 19496 18.380 <0.001
2-Way Interaction 3 33094 11031 10.400 <0.001
Brazing temperature*Holding time 1 5827 5827 5.490 0.029
Brazing temperature*Loading pressure 1 17153 17153 16.170 0.001
Holding time*Loading pressure 1 10114 10114 9.530 0.005
Error 22 23342 1061 - -
Lack-of-Fit 5 8917 1783 2.100 0.115
Pure Error 17 14425 849 - -
Total 29 568821 - - -

Tensile shear force = 229.96+147.69B+54.72H+73.98.+51.10B*B+27BH+46.30BL+35.50HL

3.2 N15ATITNDNTNANANLALINSWATIN

PNNTINBNSNananvesAImLLlTdouresTesRevesuUIiBuAUMLUTNSTUATUAUUSYEU AaLERa
Tuguel 3 duuansliiiuinnisisunlaswesiuuslunsuaulszauisauidvinadenisiisunuasesaiaiy
WHals9LdoUVBITEMDYBITUIIY UAINATTIIN 2 NUIIANUAUNUSVDIAILUS (Interaction) S¥U319 Brazing

temperature*Brazing temperature, Brazing temperature*Holding time, Brazing temperature*Loading pressure Lag

Holding time*Loading pressure fiansnasg1eiiodAyreaininundiusaidouvessesnouesduay fulunisiden

~ ' d' % Y a a a ] o i I & =
NaulmiuﬂqﬁLLauﬂﬁgaqumLV?J']%E@JR]Q@ENWQ’]?W']Q']ﬂﬂﬁqW@WﬁwaﬁaumaﬂﬁqLLU31uﬂ13LLauﬂigﬁquWQaqﬂu Y3 ASAR)

fiansanannnandvsnasiuvesmAuLlusideuvessessvesunuiisuiusmuUslunsuauUsrauiananslugun

4 vosgamaiilunisuduuszanu natlunisuaulsyau wazanudulvan Fainnsnazmiuladn Welnmsiingamgily
AswauUlszany natluniskauysyau wazauaulun1snatuarudu 620 °C, 30 min waz 12.173 kPa Aud1siu

wuagliianuudusidenvassessovesiuiuaiign Fululeulvresnisuaulszanuluan1izveswdeiimvuean

naadmiunsanuil
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Figure 3 Main effect plot for tensile shear force: (a) Brazing temperature (b) Holding time (c) Loading pressure.
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Figure 4 Interaction plot for tensile shear force: (a) Brazing temperature versus Holding time, (b) Brazing
temperature versus Loading pressure, (c) Holding time versus Loading pressure and (d) Prediction values of

tensile shear force.

dleldidoulalunisuaulsrauiildainnisinviwaznsinssrainnsndvsnandnuas dvsnasiuuasAiile
fmnmsﬁ’]maﬂ%ﬁﬁiﬁmmwmvﬁumLaauﬂuaasawiaﬂuaa?gmmqaﬁqw Ao qmmqmunml,duﬂszmuﬁ 620 °C 1aluy
AsuauUsEaIudl 30 min wazausuluand 12.173 kPa luynisnisuaulssauiiofudunanisine 3alduanis
VagoUsanslun1sd 6 LLazwamﬂﬂ1310maaulumﬁwwﬁwudwﬁwmmLL‘%QLmLaaumadiaaﬁiamaq%umuﬁﬁhﬁgqn:h
Adildannisvhune ImaﬁmmﬁammwﬁqLmLaaumaqsaaﬁia‘uaq%umuagiﬁ 741.004 N Faa0nndasiuNar8INITVAaea
fifpsnismanuudusadouressesevesiunugsiian Tnsfeadeofiduiamufianainainafildannsiung
ANAUNTT agjﬁ 10.092 Wesidus TudruresAadolasidusanuianainainadildainnisvuneainauns dalven
PnmsineauSusudeuvassesrad 666.226 N uaiiavhnismaasinisuaulszanuiiedudunanisAneinuin
Aauudsusadouvessesseildnntufiangsndiddldannsiune fadunalundfidosnndesnis Aeuudause
Laaumaqsaasiaﬁum%uumuﬁqﬁqm (ﬁwénqﬁﬁ) S'TiqmmﬁmwmmhudmmﬁmaLﬁmmmﬂﬂmmi"lmzyﬁﬁu%wmﬁ%’aslu
msuaudszanudunudiovhnmsmnassdudiuna 39ldsesseiianuudwsanniy

Table 6 Confirmation tests on the optimal solid-state brazing condition.

Specimens no. Tensile shear force (N) Prediction error (%)
1 746.838 10.794
2 731.611 8.937
3 744.565 10.521
Average 741.004 10.092
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4. a3UNaN1INAaDY

MnmsAneAEmsuauUsranuluannzvewdwedansituiiduiunewnsdagldlansiiu AsCup Aitldonay
wdausadouvessenselunisuaulszan Ingldnisesnuuunsvaassuuudend-luiuiay eAnwieulviimnzaly
nsuduvszany ietduuuamdlunisndn LMA dunuidudmdndsife gumgilunisuduiszany alumsudu
Usvanu anudulnaniilénatunu audiiusisvesgumgilunsudulsyaiu mudiniussuvesgamniuasina
Tumsudulszanu aruduiusiuvosumgiuazanudulunisnaiuny wagaruduiusimvasnailunisudy
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flsornuudausadeuvessendelunsuaulszany Faanmsiesziannswdvinandnuasdvinasiuvesriaiiy
wiausndouressosdovesturuiisufuiuuslunsudulssaunudt guvgilunisudulszany narlunisudu
Usvau uazanudulunanadusudu 620 °©C, 30 min way 12.173 kPa muddu ddleanuudusadouressosse
vostunugiignuaniudoulvosmauduszanluanmevoudsiimnzauiigadusumsfinuil Wenmaaouany
gnfesveIkuuTaemeatinmanslunTelarINNITIR TN iBnSnandnuazBvsnasiuvasiwlsly
nsuauUszauiifidennuudusadou felsihfeulvvesmsudulszanuluanzveaudeiimngasluinnmaaey
WleBudiuna FaanuanismaaeunuIiinwaenadosiuNaTeININAABITIDINsAANUTsusudeuvessendeves
Funugefian Tnsrmmnuudusadouvessosseiadonsi 741.004 N wasliriadoiesibudaruiianaiad 10.092
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Development of Soy Drinking Yogurt with Jambolan Plum Juice
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vosudsimuniiazanetild Wiy 10.80+0.00 Wedidunsauaniin 1.60£0.03 wazwuaiFensauaniin 2.7x107
CFU/ml 9nduiiadoloinunndnlofisnduvdomiondulaiiiningnuii 40 n3u (gns 1) uaz 60 n¥u (g5 2)
Feufugnsnuay nuIAfeTIesEns 1 wavgns 2 ogfi 4.68+0.00 waw 5.30+0.51 Ysinavesudefiazaneninlder
9.00+0.00 @z 7.00+0.00 wWesiiudnsauanfiniviiiu 0.21+0.00 wag 0.1620.01 wagduiukuafiensawaniniviifiu
16.67x10° uay 3.50x10° MsAnwIqVdFueyyadase e DPPH radical scavenging assay Wuingms 2 favsluns
fudreyyadasiviniy 48.07+2.87 wWedidud Turaisilans 1 wu 24.93+0.26 Wesidus Gmugridueyyadasziing
ogflusgwienssuaunavifn feduaunsailuiaunduedesiuuilaisuls
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Abstract

This research was a study on the production of soy yosgurt drinking with Jambolan Plum juice.
Antioxidant activity, Chemical and Lactic acid bacteria of soy drinking yogurts were studied. The optimal
incubation time and temperature for starter culture was 4 hours at 45°C. The pH, total soluble solid content,
percentage of lactic acid ant total lactic acid bacteria were 4.90+0.03, 10.80+0.00, 1.60+0.03 and 2.7x10" CFU/ml,
respectively. Jambolan Plum juice; 40 ¢ (formula 1) and 60 g (formula 2) were added in soy drinking yogurt
production compared with the control. The pH, total soluble content, percentage of lactic acid and total lactic
acid bacteria of soy drinking yogurt in formula 1 and 2 were 4.68+0.00 and 5.30+0.51, 9.00+0.00 and 7.00+0.00,
0.21+0.00, 0.16+0.01, 16.67x10° and 3.50x10° CFU/ml, respectively. Percentage of DPPH radical scavenging
activities in formula 2 and formula 1 were 48.07+2.87% and 24.93+0.26% respectively. The result indicated that
the antioxidant activity during fermentation were found in soy drinking yogurt with Jambolan Plum juice.

Therefore, it can be developed in terms of functional drink.

Keywords: Soy drinking yogurt, Jambolan Plum, Antioxidant activity
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1. unih

TuthgtufuslaadnlvgmiudosnisfulsemuemsidguaiiietesiunsiAalsadeldiduineg Jauiu
snldlandnfasiiddunautesayulnsvidoomafiogunmanniulasionglodsndundadasianuuminfiiaan
f\ﬁu‘vﬁé Streptococcus themophilus $31AU Lactobacillus subsp. bulgaricus I@aﬁgauw%éﬂlzLﬂgauﬁﬂmauaﬂima
Tuudlhdunsauaniin Sndurendeu q Minannauveswedniailes Suduaslvindusa [1] Tewdsandoudu (drinking
yogurt) feifudnuilendndasifliiuenudenveiiuslnaenninulstlevidesanmeuazasnin iesenisuilan
Tnelewisanfovduldnnsilefdmluduauddnvasdu vioveavar awnsofuléviud lumegeavnssufonis
thuw diden viedwalilidudedntudelifivaniiaty mnhdundemniaundulofsandoufuunuumniie
\Wusnmadennisdmiudiuiuuh uazidundesasiiialamnzdmiviisnguamluggeds delvisslonilung
\Huundsvestusiudigs fidule (fioer) Ianfiu uazusstg Wusy [2] fansuszneviididynguanslelowaliuddisan
arudssesniaifelsaiila annsadudmvsvesealnsaulunisnssfumaaiaesadunds (3]

g (Fodmermans : Syzygium cumini ) Wunalsfiudwiifnudmdamunmsgansizgnuirganlude
Infiuuariisinidu Jeiud veavleda urabon wasandlulawman aiednfulslovieiaunndoguain wenani
anwihdsdassmaaldifueinulsauazeinisin 9 tisaneinisiusvesduden tedesens fulsauzise ioan
Snnndesniaifelseiilanasiudengaiiluaues navesgnuindoanasiinadiaaduauivisndoedu savifay
panvukarilsanindntes fhainanans “weulnlveniiu” (anthocyanin) %’aﬁiwEJwmm‘iﬁamﬂmiaﬁm@dm%wu
fianswoulnlyeniu Aflquiduoyuedasy Jesnmsnmaiisiasesreuts [4] uenaintussiiansusznoudu q ldud gallic
acid, cyanidin, delphinidin-3-gentiobioside, malvidin-3-laminaribisodie L8y petunidin—3—gentiobioside sﬁqaaﬂqm%‘
fusyyaBassitiy i psduszneumMaAiitansnthlulflugnamnssusineg 161 5

muumm%umﬂﬂmﬂmauummaLmJ LLaummuLLUﬂwLi*&mmLLaﬂmﬂiuwammsyﬁﬂmmuummaamiamw
W@sutingnuii smmqmﬁmuauuaaai #1673% DPPH radical scavenging assay \itoifutayaidedulunisiamn
auanleifandeudiy waziinsand auamnslavuinslindnsasiianumainaisuazidudnmadendimiu
Fuslnafisnguamuasigede

2. 3Bn15Anen

2.1 MaeBEuuNAIvED

thwdadmesnslsfing snddlfazoraudildatludnadiu 13 vesdwiinuis uthhguiisliuszana 10-20
it ndndudraenuiensenudualviasbenlaglfintesivu Ussanm 3 wiit duhadluussana 5 wheestdmin
uwisrasdundos udrnduihanduaudionisliifonuiu 30 wiil dannsesfeiuniung 2-3 du wdnhlumaees
Isdfigamadl 85 ssmwaidoa Wuan 5 unil

2.2 mawsuiadeleiia

uudavdesildannnedeudnaiy (2.1) sguilgamgd 60 ssriwaldea uazfiuthmansis 4% uds vhls
Buas Uszanm 45 asmwwaudea wdnduiadelofsamanadiludaaadn 10 % Uniiguugl 45 esanesaifea a1
flor Usinavosdsiiazasldianun Wosifudnsauaniin wasduuuafidensauaafinuuemaiisade MRS agar
fiflunaidounsuaiun 0.5% vnisiiufegsteuadalusd 0, 1, 3, 4 uay 6 anmefmnzauazdilundalodsndy
wideanieumusioly

2.3 mandnleRindamdasandignuii

iihuudavdesildanmawisudsdundoutuiudodldanmsnisiinuanlefsalaenngmsiiuuna
widesUiun 100 n¥u wduRnthgniiiensditu 50 Wosidus thaa wasth Tneutseonidu 4 gs uans Table 1

usednsiaudalad 0, 2, 4 uag 6 Foghaiuvhnsiesed Tasfier Usinameaudsiiazaneld (°Brix)
Wedidudnsnuanfin Wofiduinisduioyyadasedid’d DPPH radical scavenging assay wazsiuauuuaiionsa
LLaﬂmﬂamqvmmmvaﬂumsmuﬂiamﬁmmﬂmaﬂmw whumanleRsandouiuseld
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Table 1 The formula of soy drinking yogurt with Jambolan Plum juice 50%.

Formula Jambolan Plum juice Water (g) Sugar (g) Starter (g)
50% (g)

Controll - 40 15 5

Formula 1 40 - 15 5

Control 2 - 60 15 5

Formula 2 60 - 15 5

2.4 mandnlaniadavdamiauinanignuia
aneimanzanainmsusinleiisaig 4 493 (Control 1, g5 1, Control 2 uar gns 2) U WARlEATA
wiaumalnethietanrhnsidondeilusns 1:1 udhiuliduiedontu sedrdansaildiluinmzima
LAl Lﬂai‘ﬁmﬁmié’u&a%aéaizé"sﬁ%‘ DPPH radical scavenging assay wagsiuauwuafiiensanwaniniiiensiadeu
anautivodlofsndomiy
2.5 N1IATIAFIUANAINNAT
thiegns 10 n$u luusasgmsiiuniadiitey Ingldiades pH-meter uazmiofidudnsauanin Ty
3% Titratable acidity a3l AOAC (1990) [6] thdneena 10 n¥u laasluranaraunn 125 fadans ududutngu 10
fiodans vulaasmiu 0.1 N NaOH Tagld 19 phenolphthalein ifudufiaines aunseitaisgngiag duday 1ndu
11U31105909 0.1 N NaOH 7ildlusneunamniesidusinsauaniin
2.6 N13ATIVEDULUATIIENIALAARN
nsAnwsuInLUATiensaLaniniifegniendasldinada Seral dilution daud 107 - 10° #ae
ansazany 0.85% NaCl U3unms 9 fiadans 1hfog1sunnsouinanuue1ys MRS agar ke 0.5% CaCOs; Unilgamail
30 perwaided Wunan 48 Falus Mntuiusuleladiidaslasou q wuailide
2.7 nsAnwn1seenquidnuayyadass
FregalaRsanlaiunduiininusa 10,000 soudeund a1 10 Wi drlafildianinneiilesdudsuds
auyAdasEeI838 DPPH radical scavenging assay tufAI8e19UTH19s 100 lulasdns vhujiserduansazaseyya
Basy 0.1 mM DPPH U3anas 2,000 lulasans wasilsiidniu fisliludifia 30 unit Sadmsganduuasiismenedu 517
LULIAS AU DPPH radical scavenging activity (%) %agaﬁ'iéfﬁ]sﬁ’mﬁmeﬁ‘ﬁagamaaﬁammLLUsUmumana
(One Way Analysis of Variance) kagyinnisiussuifisulagids Duncan’s aaelusunsy SigmaStat 3.1

DPPH radical scavenging activity (%) = [A517 controt — A517 test contro X 100
A517 control

3. HAN1SANWILAZA5IVTA!
MsAnwansiwunradlunsudniLteloisndndasnuInuudmdesnlaainnisvaind Usune
2 o v & a v a ¢ = o a a & A v 2 v W

Y29 NaLaglANINUe LSUAY 11.67+0.58 84A1USNG AUDITILLN 6 USurauvesndenasatelsanasdantaewiniu
10.00+0.00 S3UDIANNLOVANRIANTLELANTNULIN %’aaamﬂé’aﬁuLU@%LS’?juﬁﬂiﬂLLaﬂﬁﬂﬁﬁU'%mmqﬁmm 0.71+0.02
fia 1.77+0.03 audsdwaunuafiiionsananiniidnuiugaluuiendu nnmeassnuin Tudalued 4 1Wuanned
winganlunisndniudelofisnainuudimieswniiga (Table 2) Feazihlundaduiugelensaselulunisudn
Tosisansauny
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Table 2 Chemical and lactic acid bacteria properties of starter culture from Yogurt soy milk.

Time Total soluble solid content pH %Lactic acid Lactic acid bacteria CFU/ml
(hr) (°Brix)

0 11.67+0.58 6.39+0.46 0.71+0.02 1.62x10°

2 10.80+0.00 5.02+0.01 1.29+0.02 1.24x10°

4 10.80+0.00 4.90+0.03 1.60+0.03 2.70x10’

6 10.00+0.00 4.82+0.02 1.77+0.03 9.00x10’

dovhmsdnsmandnlefisnduvdesiiasudethgaviuans Table 3 nuiwiinuvesdeiiasansldvos
g0 control 1 fiAWinu 13£0.00 wag gnsil 1 TAu1AY 14£0.00 83Am1U3NG Fasnnnin control 1 e19aziduime
USmnanhmadidegluihgnuiwihliefowiudusiisiu uiogislsfinuefiloranasi 4.960.81 (Control 1) way
4.34:0.00 (Formula 1) a 2 gns USinansauanfnifiudiu 0.53+0.05 (Control 1) waw 0.67+0.00 (Formula 1) Tudalug
7l 6 MnmsFnwITIILUATISInIaLaninlusE N sTUUMIndnTafdn nuduueiiGensauaeindiiuutntuni
szezavesmsvsin Ae Control 1 fAwinfy 5.40x10° CFU/ml Tudiuweagnsd 1 flAwindu 4.40x10° CFU/mL 310
wansvsinleindddaumdesiiadusegnminiigns Control 1 uag Formula 1 wudnludaluedl 4 Wuaanizfimnzasly
msninledsndesandfitovegi 4.6 Jadulumuinasiunasgdiimuali Faduiedmdenanmzdind1ilundnuu
Wibastely

nsfnwanznisminleisavesgns Control 2 uay Formula 2 Usinavesudeiiazasligns Formula 2
B 16.00+0.00 asha1U3NG Fafiduinnd1 Control 2 p1adumsrzdsinadhmaluthgnuiwihliuimmmesds
dasnndudodisutugnsfildldifuiliiinaded ey fanasiosminuiinuvenddlugns Formula 2 fandudy
wnnden ey Aldludalueil 4 4es Formula 2 Sl (4.55+0.01) figeningms Control 2 (4.47+0.01) inties

denssuiisulodseiundosgnuilugns Formula 1 uaz Formula 2 dhgnuififuinadeyiinaveuded
azangldtanun Afley uaznuaiidonsauaninlnadoduihgavitluuiinagelneanzgns Formula 2 aeviili
UsinauufidnsniFenslude wefiFensauanindsaunsalitmaluudandedidtosnimaiugnuitlulimush
Iu%mxﬁmwﬁﬂumﬁamaméhﬂﬂﬁ”lLgl&j}a Lactobacillus pentosus Wag Saccharomyces cerevisiae ﬁqm%qmuéﬂm 37
osrmwadea WWunan 12 $alus Taedidrfitey windu 4.5 Tunameaudariiiu 9 uaziesidudinsauandniviiiu 1.046
dudruiuwas Lactobacillus pentosus wag Saccharomyces cerevisiae Winfiu 10° CFU/ml [7]

othslsfinalumsudelaidndundoshgnuimuihanmefmngaunniiaslunsudnie dalusd 4 feas
ihlushmasdelodsamsoslneiludonetud 11
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Table 3 The result of fermentation of soy yogurt with Jambolan Plum juice.

Formula Time  Total soluble pH %Lactic acid Lactic acid
(hr) solid content bacteria

(°Brix) (CFU/mU)

Control 1 0 13.00+0.00 5.99+1.08 0.21+0.11 3.20x10°
(water 40 ¢) 2 12.0020.00 5.02+0.01 0.33+0.11 1.10x107
4 11.00+0.00 4.60+0.01 0.48+0.05 2.20x10’

6 11.00+0.00 4.96+0.81 0.53+0.05 5.40x10°

Formula 1 0 14.30+0.00 5.55+0.00 0.28+0.10 1.50x10°
(JPJ4o g 2 14.20+0.00 5.23+0.00 0.36+0.10 5.00x10°
4 14.00+0.00 4.63+0.00 0.53+0.00 1.20x10’

6 14.00+£0.00 4.34+0.00 0.67+0.00 4.40x10°

Control 2 0 12.00+0.00 5.79+0.01 0.14+0.00 4.67x10°
(water 60g) 2 12.00+0.00 5.00+0.02 0.27+0.00 1.33x10’
4 12.00+0.00 4.47+0.01 0.42+0.01 1.53x10’

6 12.00+0.00 4.79+0.01 0.43+0.01 3.33x10’

Formula 2 0 16.00+0.00 5.37+0.01 0.24+0.00 2.37x10°
(JPJEO Q) 2 17.00+0.00 5.07+0.01 0.30+0.00 8.00x10°
4 15.00+0.00 4.55+0.01 0.45+0.00 1.13x10’

6 16.00+0.00 4.88+0.01 0.48+0.01 2.23x10’

Table 4 The result of fermentation of Soy yogurt drink added with Jambolan Plum juice at 4 hours

incubation period.

Formula Total soluble pH % Lactic acid Lactic acid bacteria
solid content (CFU/mU)
(°Brix)
Control 1 6.00+0.00 4.83+0.01 0.18+0.00 2.00x10’
Formula 1 9.00+0.00 4.68+0.00 0.21+0.00 1.67x10’
Control 2 7.00+0.00 4.87+0.01 0.19+0.00 1.53%10’
Formula 2 7.00+0.00 5.30+0.51 0.16+0.01 3.50x10°

dovannefmngadlumsninlafdedundosgnuidedilud 4 uvhmsdaumismieufulasnisde
dloAdasotnludns 1:1 (Table 4) Tagnuinia 4 g3 (Control 1, Formula 1, Control 2 kag Formula 2) iUSuna
vosudeiiazandld Aoy Weddudnsauann fenanasadenil Weieuiulofdnduvaesidslilfions 1:1 luvaey
fuvafiunsananindsamuaglusedu 10°8s 107 TaevhlUleidndamdesdimfileviviniu 4.76 uaziiuSinaqdunis
Wity 4.3 x 107 CFU/ml [8] 9nuamsvaaesaziiuldiamnimadafisamieumuiifuthgnuiuiugeduds 60
n$u (Formula 2) shlsinmsiasuesuuafifensnuaninanas o1aasiiiosnanauamuesignuidiviilviveaudad
azanglfiintudsdnasionisiadyenaunidanas u,maemliﬂmmmmﬂmenqmamummqmmua%aaaismnmgn
widnadufiendsuisunmunmusdedsandeui

nsfnwauautRgnimusyyadassvedaiinduniosignuinuunaiidieds DPPH radical scavenging
assay fialusvesnsuinderasidudmatiudoyyadasewudn Wenanfindu grs Formula 1 (@iduthgnuih 40 n3w)
fofiduinisdudioyyadaszanamusroznisndnaindalued 0 Sedalusd 6 Tnsfignisueyyadassinfiy
60.55+1.46, 58.25£0.47, 56.78+1.92 UA¥53.98+1.54 1Wosldus nwaddu (Figure 1, A) luvnig#l gns Formula 2
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(@farrgnuin 60 n3u) wuiiguddiueyyadaseinualiunsfiaudsdugnszornnsndn fgridiueyyadassuiny
77.32+3.01, 79.82+3.44, 73.87+7.68 UA79.21+2.06 Wosifud muddiu luvaigfigns Control 1 waw Control 2 filal
Winthgnuhsaanugquidueyyadassiduiiodtuy uwivesidudnatudfiouyadassdenstiosniignsiingnuii
(Figure 1, A wag B)

70 A

o
W

. (A)

60 - b,c

50 i C,d,e d d

40 -
m Control 1

30 1 O Formula |

20 A

% inhibition

10 4

0 ‘ T T T T 1
0h 2h 4h 6h Trolox

90 - a

804 a a (B)
70 b b

60 4 b b,c b
50 1
40 -
30 A
20 A
10 -

B Control 2

O Formula 2

%o inhibition

0Oh 2h 4h 6h Trolox

Figure 1 The %inhibition of soy yogurt by DPPH radical scavenging assay. (Control 1, Formula 1 and Control 2,
Formula 2 and Trolox (0.06 mg/ml)
Data express as mean + SD (n=3)

Mean values with different letters in the same column are significantly different (p<0.05).
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Control 1 Formulal Control 2 Formula2 Trolox

% Inhibition
(%] e
s o

o
=]

)

Figure 2 The %inhibition of soy drinking yogurt by DPPH radical scavenging assay. (Control 1, Formula 1 and
Control 2, Formula 2 and Trolox (0.06 mg/ml)
Data express as mean + SD (n=3)

Mean values with different letters in the same column are significantly different (p<0.05).

KAYDINTINTINADU R LOYYAB AT eI smSpuAud A saaiudsgnuianniavn 4 92l
(Figure 2) Y0999 4 gns Ae Control 1, Formula 1, Control 2 wag Formula 2 ﬁqm%‘ﬁmawjaﬁaizLmﬂﬁmﬁua&mﬁ
Yodniey (p<0.05) Faflendudaviniu 21.0142.50, 24.93+0.26, 35.00+2.53 waz 48.07+2.87 Wasidu Insaviduldin
Soriuuunngnuindu 60 n3u shlfandefifudnissudsouyadasegatu dafunisudnuuiesnnuudundosd
iignvhildindniminnnledsmurhmaiens 1:1 wafequifuoyyadaszanas egrslsfimudugriiu
oyyadasyluszriamndtngeaniidalusd 4 venanduivesneulsleiuiifegluhgnuiesdeulumuiiovves
asavaneiiLoulvlefiuazarsey (9] Tenuddueyuadaseilanasonsssifsrtestussosnanfifistulunismsin

'
a

TesAsalaevinlminnisiasuUaswesusuansaLandnMiudy kasAnesNanas

4. a3y

mﬂmwﬂﬂimﬁ%muuﬁamﬁmﬁwgw*ﬁwﬁﬂmﬁa Tnewfiugnognsmaus 0 89 6 Falug wuindalued ¢ vosnis
Mﬁﬂ%ﬁﬂmauﬂﬁmmﬁ LLaméum%éﬁmmsauﬁaﬂumiﬁﬂﬂmémiaLﬁiﬁ'mﬁamﬁmw%famﬁuﬁLa'%mé’wﬂfﬂaﬂwi'ﬂmmﬁ
139979 1:1 wmwamimmumaﬂmwm 2 @n3 (Formula 1 Uag Formula 2) ‘LmﬂamummiwmauuaaasvmaqLLa“mm
mqmamuauuaaaiyimmuauamﬂiumumwmmamwﬂuammlulmmm IﬂEJLUE]iL“ZiUMﬂ’]iEJUEN’eJU&Jaaﬁi ¥31n
IaLﬂwummmammamumaﬂmw maaqamwmwam Formula 2 fanssnueyyadaseainiigns Formula 1 dlosan
gm3 Formula 2 uﬂsmmmaﬂmw 60 n5Y ‘Luﬁumvwam Formula 1 uﬂsmmmaﬂmw 40 n$u WewSeudieugnddnu
E]‘lJlIﬁE)ﬁiu‘VN 4 amsuaﬂﬂmimmmaaamammwum LﬂaswummiaumaumaaasyLLmﬂmﬂﬂuamwuamﬂmmmm
(p<0.05) lovndoudaed3 DPPH radical scavenging assay Wimaﬁauuaaaivmﬁmuvl,mmmﬂmummmaaq Aoans
Tolowanliud ‘Lumuﬂuaaaﬂmmuwummau‘[wlﬁmuu Aeansdine suanauisemsimunlofdandeuiudavdes
mqﬂmwmumammwmmmﬁaﬂfmmLasuqmmua%aaaiuLLaulmmﬂaIszJWmhuamﬂmmaaﬂlmamwm

5. AinfinssuusznA

VUBUAMAIVITVINUsENd AngInenmansuasfadeans uninendewalulagsisunadai Nlvay

auATIelumMIdelunsall
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vgia (fanad/feunwiuunly) Gesas 36.5) Uanlla (Seway 29.3) Uaan (Seeaz 20.1) Yamue (Sesar 8.4) wazuan
ngnavn (Feway 5.7) laglduvudunwaiidueiosdelunnifuteya sewirufeunuaniusiedaman 2561 wuin
wwmsnsgideadn fihdndluniSumease (77.29%) 01giade 43.3+12.6 U innsnsuisdulsraudymiFeshlaifiome
dmsumaidesdafianeusweu-ngunay (14% wag 6.7% mudev) iweuiidedldsuanudemeanisadafi
innfigafeifioungadniou (84.2%) sesnlduiieunso (54.9%) waziieusunaa (39.7%) dmsuanvnuasnisiin
Tsadni inwasnsAniuinanlsassuialudniihundian (71.0%) sesasnldudanvmainaniwerniafiususu
(36.4%) Fnwarornsvestamziadiiulsn fnuldun hedaaund unamugii wiendiaund dauas dyavn wae
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Abstract

This study investigated the diseases and diseases management of fish farmer in the south and central
region of Thailand, with shrimp farm (giant tiger shrimp/ pacific white shrimp) (36.5%), Nile Tilapia (29.3%), catfish
(20.1%), climbing perch (8.4%) and giant sea perch (5.7%). Fish farmers were interviewed using the questionnaire
during February to August 2018. The result showed that most of farmer was male (77.2%), mean age was
43.3+12.6 years. Some farmer suffered lag of water for aquaculture during April to May (14% and 6.7%,
respectively). The risk of the loss product from fish diseases was in November (84.2%), followed with April
(54.9%) and December (39.7%). The farmer believed that fish diseases were caused by the pathogens (71.0%)
and weather variation (46.4%). The clinical sign of infected shrimp were abnormal swimming, lesions on skin,
abnormal gill colour, the red body, white spot and soft shell. The clinical sign of infected fish were lesions on
skin, haemorrhage, fin rot, swollen and exophthalmia. As diseases outbreaks treatment, most farmer reduced
fish feeding, removed infected fish, improved the water quality, used salt, used potassium permanganate and

used antibiotic for the basic fish diseases treatment.

Keywords: Management, Aquatic diseases, Risk factor, Aquaculture farm
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1. umin

Hagtuinadnithiitunnsssurfastiosas iesananimwndemdenlnsuas vilinsmzdssdn
A lunisndndniihifionsvaussnnudesnisvesiuilan fufuarsiuauhfumzdesdn i dainsvened
othwtailadluihinmavesUssmelng dwsuiufimelfuasmanansvesUssmdlneinumsnstomdssdniiaswgia
warwtiln laud favzia Uarila Jargn darnzw sy (1) FaduenIndtadrsseleliuninuasnsegrasioilos us
veafamaissdnithuuunuiuiy (ntensive aquaculture) dinaz ﬂ@IMLﬂmﬁwmmammwammLLa dauandouls
dosmnanmadoniilivnzananvendouaransdunisane fiiatu [2] fiannunsnsandngussautymlse
doihunndu Ssdanvmunainauaimiininesndiau Yidy aaiedianninnuns anmenawUssiu gumgdi
dintuuaranasogesnd aunngnitug wasUsandaith auvmdandnidmalidnfiihiquamsoune laifuemis
wazneliiAnlsn [3; 4] ilnuasnsdeandyanudsseundemeuazanzvanuanymfingn Sunvasnsags
ABnsdants msdnw nstlesiu uaznisiuilefuandnatusently Akuanauidefieniinisdanislsndnfungadlsl
wntn fedunmsineiluadsiifunsinvussivnuradeyaninfnlsauasisnisdanislsadniirveanumsnsgides
dnihlunalfuasnianandluseud we. 2560 iievdeyanininlsn Bnsinw wuamenistlestu uagnssuiielse
dnihiflddunmaidusslovdummununmsianislsadaihdmiuinuasnsdely

ad =
2. FnsAn
[ v

2.1 nsinuiuTndeya

Tunsfinwedsiliiudeyalegliuuudunvel Wuesesdelunsiiudoya wuudunualuszneumefaiuiuy
Uaelanazarauuuutateln lududeyamily siladadunfides dnwuenisiialse T1uiisnsguadnudn i
Julsaluseul we. 2560 laevinisiiudeyasininunsnsfidesdaitnluiuinalduaznianans seidsnisdusiedn
wuudne (simple random sampling) §1u3u 263 318 (Table 1) msifivdeyasenitadounuaiiusiaioudsnay
2561

Table 1 Number of Province that collected data (percentage)

Region MUY fowaz
Southern

Chumphon 108 41.1
Surat Thani 23 8.7
Phetchaburi 15 5.7
Prachuap Khiri Khan 14 53
Songkhla 13 4.9
Ranong 12 4.6
Trang 8 3.0
Phang Nea 8 3.0
Satun 7 2.7
Central

Nakhon Pathom 20 7.6
Bangkok 12 4.6
Kanchanaburi 8 3.0
Nakhon Sawan 8 3.0
Suphan Buri 7 2.7
Total 263 100
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2.2 m3nsevideya
Insgideyanuvanadalagldatifingsauun (Descriptive Statistic) laun Sesay luteyaine sedunisdny

v
¢ o o &

el viladniul Yeyaamanisiinlsn anvureIn1svedlsa uagdsnisguasnudnhinidulse dwsueiglinsien
IngldAades (Mean) wazdudeauunnsgiu (Standard Deviation)

3. HaN1SANYILAZNIIATA]

3.1 Yoyaiialuvaanunsnsfifeedndih

wamsAnyInuInnwasnsfidesderitdnlngdumnars (77.29%) o1gais 43.3+12.6 T aunsinuissdu
USeuns 102 518 (38.6%) sounlaunseaulszaudnel 76 518 (29.1%) seaudsentas 54 518 (20.7%) dsudu
24 518 (9.1%) Wagganinseauiynns 7 518 (2.5%) dmsuselavesniuseunuhdnlngiisglauinnii 30,000
VI/Afieu (35.8%) sosasunlaun d51eld 10,001-15,000 U1m (26.0%) $18l¢ 20,001-30,000 UM (12.3%) 518l
15,001-20,000 U (11.5%) $18ld 5,001-10,000 UM (9.8%) uazsgldiiaendt 5,000 U (4.6%)

Mnnsdsanuesnsandngllunmsfnuadiiiiesimen Gnaid/fmnauuuly) sesaanldun vanda
Ua1nn Yamue wazUaingnann auadu (Figure 1) invnsnsdiulngilasunissusesuinsgiu Good aquaculture
practice (GAP) Antlu 67.7% 1a5un155usosunsgiu Code of Conduct (CoC) Amdu 15.6% waglasunisiuses
1msgu safety level Andu 7.3% uazdsldlasuumsgruvhsuainnsudszus Andu 9.4%

W Giant tiger shrimp/
pacific white shrimp
M Nile Tilapia

Catfish

M Climbing perch

B Giant sea perch
Figure 1 Species of aquatic animal in aquaculture farm (percentage)

3.2 Hoyalsndndin

nwnsnsursdrulszautymidenildfsmedmiunindesdnfihdinieuuvieu-wguanau (14% uay
6.7% M) wazinuasnsdnlvgnuilymilsedniinnnaonluriszesnamsidednion (95.8%) lnaifeuiides
#suamudmennisednidunniigafoeungainie (84.29%) sosnldunifiousmiou (50.9%) uazifousunay
(39.7%) uenanidmuinnumsnsioniadesildsuaumdsmennlsndn it lunnifouresnmaidssdniih (57.8%)

3.2.1 aumguasnsiialsadait

ﬁm%"ummemﬂﬂiLﬁmIﬁﬂﬁmiﬁw‘LuWﬁmLgadﬁmiﬂf’lﬁnﬁmmm inwnsnsaulnadninlsaszuinludaiindy
anvmveannialsadniininniian (71.0%) sosunldnaimmannanineIniafiususau (46.4%) Wowsnmuadn
vosdr i wudnnuasnsfidestanand/Awnuunludaiilsassualudaiiduaveuemainlseda fthanniia
(72.9%) s9sasnldunanmnainanimenefiuUsUsiu (44.8%) gnituslaiudauss (43.8%) waztide (33.3%) mudiy
inwasnsfidssUaiadnitlsnssuaduaimanniian (66.29%) sesaunldunanmoiniaiiuususiu (53.2%) dhide
(49.4%) wagnsUdesdnfinfivuiuu (44.2%) LﬂwmﬂiﬁLﬁymﬂm@ﬂﬁmﬂimmmLﬁuaﬂmammﬁqm (67.9%)
sosaslduianinennafiususau (41.5%) Udosdaitiitvuiutu (35.8%) uaztnude (32.19) inwmsnadidsaan
vupAnilsnszuaduaimauInian (68.2%) sosasnldudaninerniaiinsysiu (59.1%) Uaosdn i fivuiuiy
(36.0%) uaztinde (31.8%) uazinwasnsfiasslansmedaiilsaszuinduaimmanniian (80%) sosasurlduntnde
(60%) uaganmAINAN eI ATIWUTUTIU Udpsdnithimuiuiu uasgnitugluudenss (33.3%) (Figure 2)
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maialsaludnithwesnuivhnsfnmdulvgsdiawg vdnunanlsassuin Savunisislsadaiinn
Turrafeungaineunazifieusunaudaiusisgungienniad ua maummsumLﬂumauwammummﬁaq
aonndasfunsinyives Bett uazaniy fina1nindelsnay uamwmiL‘wummumﬂﬁuumaamwnmmawu [5) B
AonARBItUTIBNUTEY Main uazay fwuiandadsnsnmanennde Streptococcus sp. wntu fogungiiings
N 26°C [6] wenanilgmnifigeiuddssasionmsiannszesioouventeusin vilWdeusandigszey free living
waztdungludndi (71 Snvisludrsggiouiluveidssdniihesiviinmananiesainnssemevonis Uiuw
wenludlofigududnanvamilsimierniliannisssuinvedsatald (8] dmsuludiguugitimiieuduiuss
nafslsadniin osnvanasfuemsanasideldfuewmnslutsguugiivn daaldsruugiduiuresatanas
a'ﬂwam'aqmmwLLazLﬁmmsam%aIsﬂlﬁéw [4; 9]

anvnsosasvesnsinlseludniivewhiufviinisAnviinasnsanininainanineniafiuussiu d
denndaeiuN1ANYIY0Y Hamdan wazAy ﬁ‘wudwmiLﬁusﬁuuazamawmqmmﬁﬁwa’qwamwwiamﬁqz:ytﬁaiumﬁ
psdaritnannnintisggau [10] mauAsunUasaninermeuazamnwinssrintensiassiy (utlifeddoyiidma
nsgnuliiAnaundemesonindednii (3] gunglivenineinalasnseuinueondauilazaeluth msssme
vostlutoifiosdnii uasnandndniin [11] nsiasuudasuesgamnliazdanasenisiue1ms uis1n uaznns
Wieivle iesandnfihdufiudarunluadfy Uiisemaad uagnsldeendauiuaei [12] anwerniail
LL‘tJiUiau%a'walﬁ@mmwﬁﬂuﬂaL?ﬁymé’miﬁwﬁmil,uﬁwl,mm a'qNaiﬁé’miﬁfﬂﬁmmim%ml,a&ﬁmiiﬂiuﬁqm [3:4;13]

aumgosnaifalsadn i fisesananmenmauUsunulduntiidouasnisudesdn ithiivuudu (Figure 2)
nadssdrituumuuy wlivinavendeiidudisandaiiwasimvermsivdolutemn dswadonmniniily
nsidesevilifieandlauiiarmetiiuas Uiinauwesluidege Wosnnisldeendaulunismelevesdnituaslily
nsgesanpansBuvidlute dewalidnithiaTeauasinlsn (2;3]

[1 Seabass  E& Climbing perch Walking catfishes Nile tilapia g Tiger prawn/Pacific white Shrimp

Climate variability

Agricultural chemical

contamination

Low DO

Wastewater

Low quality fry

Too-high stocking density

Disease outbreak

80 100

Percentage

Figure 2 Commonly attributed causes of aquatic disease.
3.2.2 dnwazvasdarfinidulan
Snwmzvosdnithiiiulsaazdonnsunndsiusenlunusiinvosdaitn dmfudsnand/daunuwauuly
ormsfinuldun SedhAnund unanudi wilendiaund duas Tyaun wandeniy nnsAnuvvesdyduay
A [14] nuhmadssfamuuulilulefusaustiafiounsnvesnsidsaduduluasnuideuvaiideiviloduau 6
yiaandu/fugeu dld wasidon dunsidsdusaadioud 2 Wuduluasnuusanansuenie nduluslnds wia
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Zoothamnium sp. U3amviien 11318t uazme mnauamiheglussiuiivnsauagyiilifdlidouneuazaiuns
Fumuidouuaiiseld Imaf’ja%ﬁmmsﬂﬂaﬁmaammslﬁy&m

Uarflaernisiinudaulnglliun Srediiauni (63.6%) unaiinanils (41.6%) wtendn (41.6%) wazailuy
(39%) Tsafinuluuandaislaiannysan wuaiide 1h3a uwavides IneUaidusannizazilonnsieiinssaunsyne

' '
a o LYY

wandaluun viedinslddddntee 8] dmiulariiiulsaamsuinaendasznuiidondsinlunudd Tnslans
Uiy dnvazaluuiiinannissniauveadeymuaznszana [15]

Yangnenmsfinudndlugfldun Huunaiiiomls (60.49%) enAnund (43.3%) a3uniou (32.1%) fgaiden
AU WaTasuan (30.2%) dwsulamuenisiinudnlngldun waiifinnds (68.29%) JethAnuni (59.1%) ASU
ndeu (50%) uariiqaidenmudid (40.9%) drudangmaunmensinvdnivgléun SethAaund (93.3%) unad
Ravitls (73.3%) waswniande (60%) (Figure 3) ean1svesaniidniteuuadiFeasiiunanuiands Sgndonnudiin

ASUNTOU 1199078 kazanllu [2; 16; 17; 18; 19; 20]

Walking catfishes Nile tilapia g Tiger prawn/Pacific white Shrimp

Eroded fins

Pale gills

Protrusion eyes (exopthamia)

Wounded skin

Excess mucus on body

Abdominal swelling

Bruises

Slow swimming (lethargy)

Percentage

Figure 3 Prevalence of common clinical signs of aquatic disease.

3.2.3 Fmaguasnudatii

Fnsfnumsnsliluntsquasnwdnihidulsnasunndetuauriavesdniin lumadesiinady/fan
wanuluagliisnsusudsaanimiinanniian (62.5%) sesasnléun anUiinaemns (62.5%) le1na (62.5%) uag
THaun3d EM (62.5%) audidy dwdudandainwnsnsdlvgazldisusndnithilfulsneen (68.8%) anuiuna
91913 (58.4%) UFUUTAMATIN (54.5%) aneuvmiiuvesdniih (51.9%) uas Tdinde (50.6%) Uannunemsnsly
FBusndnithiulsroon (64.2%) anuTunue s (52.8%) uazanaumuiituresdnii (51.9%) vamueldisan

U3nae1mns (59.19%) Tdinde (59.1%) wondniriidulsaeen (54.5%) uazUsuugenaninii (54.5%) uazainms
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v oo
€ o a

Y13l dITanUsIMemMT (66.7%) T4HRauSE EM (60.0%) wendniiniiulsaoen (53.3%) uazlionie (53.3%) (Figure

8) dmsuTsidndn i dulse Lﬂwmmﬁl.gmé’miﬁmﬂsuﬁmehuimy'a]zﬁﬁfﬂimsﬁ%ﬁﬂﬂEﬂqau wagiiluvile
inwnsnsaulngarliitanyiinaems uondeithfidulseeen warufuussamnmdiliaty eguadaiiy
Adulseludoswiu venanidadinsliinde seviufin uaverufFrulumsdnudafihiidulsadnse d95msfingn
Hunmsquadnudaibiidulsadesiu sndumsldeujiuslaslinsusiaveatdeuuaiife 33801 sina1ienav
imssnwlallduauiiins wazenailiAanishesmeadelsaludnithld aenndesnisinwinounthinuinnuasns
dnilvgjisoufifedumssnunlsavesaieiiesuashifdnvinvesentfiusalflunissnulsn Iiuduugiien
Wvthilvesmiieausenisdesunn vilinsinwealinssmulse dwaliAseundsmeuninunsnsiduogiann

[21; 22; 23]

[ Seabass  Eg Climbing perch Walking catfishes Nile tilapia £ Tiger prawn/Pacific white Shrimp

Provide aeration

Water quality improvement

Reduce stocking density

Reduce feeding

Separate infected fish

Apply EM

Apply salt

Treat with KMnO4

Apply antibiotics

0 20 40 60 80 100

Percentage

Figure 4 Common methods for managing disease on aquatic disease.

4. a3y

nsfnwmaislsauarimsianislsadn fhweanuasnsifesdnidlunialduszmanansiivivhsudesds
e (fana1a/Naniniuuly) yarda Yamn damue uasUaingneu Tundadl wut Lﬂ@@iﬂiﬂisauﬂmwﬁaqﬁw
Lifsmedmiunmadsdn ihdafeuswmeu-nguaiau LLasLﬁauﬁtﬁmlé’ﬁ’ummLﬁaﬂmsmnimé’wﬁﬁwmnﬁqmﬁa
Woungedniou Wouwwey wasdouunau inuasnsanlvgAniaungvesnaifalsedaiiunniiaaldun Tea
53N SesasnAsanmeIMAfiusUTIL gniugilaiudeuse waznsUdosda il Snvazeinisvesis
nuaiidulsa Aoteiiaaund unamudish wiendiauni funs 19A217 warwWdenily dwsuennisalngfinuly
Uan Tdud fusamufiands Syadeamudi eundeu fesuan wazaluu SsaeininasAnannisiadewuniise
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Abstract

The objectives of this studies were to evaluate the effect of the rice porridge preparation (porridge,
physical-porridge, enzyme-porridge, enzyme-physical-porridge, and lipid-complex porridge) on the physical
properties and structure of the instant organic rice porridge. Moreover, the instant rice porridge chicken was
developed. The results showed that the water content and water activity of all the instant rice porridges were
in the range of 4.58-8.07% and 0.0929-0.3545, respectively which according as food regulation and standard of
the rice porridge, except for the lipid-complex porridge. The pullulanase enzyme-physical-porridge (chill at 4°C
and then freeze at -20°C) was the highest of water absorption index of 8.24 (p<0.05) and exhibited a different
of X-ray diffraction pattern as compare to the other porridge. The scanning electron microscope revealed that
all the rice porridges has the comparable size which range of 100-1,000 um and the non- porous crystallinity
structure. Therefore, the enzyme-physical-porridge was chosen for development of the instant rice porridee
chicken. The dried ingredients of chicken, soy protein, carrot, pumpkin, carlic, ginger, and garlic were added for
enhance the nutritional value. The sensory attribute: color, aroma, taste, texture, and overall acceptability of

the rice porridges were evaluated by 30 untrained panelists revealed the moderate overall acceptability (score
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of 7.17-7.57). These studies indicated that the enzyme-physical-porridge can improve the water absorption index

which is an important attribute of instant rice porridge and the product was accepted by panelists.
Keywords: Organic Rice, Porridge, Physical Properties, x-ray diffraction (XRD), Scanning Electron Microscope (SEM)
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Horduonnantininisn Wy magatnduasiiding Jeddnalunsfuuunivieliingathuasiui us
atslsfin edumsldimaluladivnsaufudnenmussnduiamiagumy 1 anziidsiadondnyimsyhusialdn
Tngldfeunuuaniou uasfnuBmsmonlindneing q (5uni Bmonm Fhueulsd Bidueulsisuiy
munm uayTEaoumandiuluiiu) deuniseuwiatoUinautiviumunistes wasauantiniamenmidn s
fiauwansasiindidunidfsdisaguusaliliduiiseniuvesuslon ienduianviaguuy « axlsiluimuniy
auinfidusndnvaluesngy uagdminelituiuilan Jeasdumsiiumeldlindununsnsiugndnnduriednmanis

2. 33n5Anw
2.1 Anwaudsenaumaad Tawn anudu 11 Wi Ty wazansiulawse auds AOAC [3] Tutnvinviey

uddunid nnguiamiagueudnennziuases Adseglugunens Jmiauassivdun Wunquinvasnsguandn
a
3

a ¢ daveg v & U a a v oS Y & o &
dun3d weltiludeyaiuguvesingausuiunltlunsyldntmfsuiagy
2.2 Fmawseulndnadursdnedniagy
Fad1avin 1 Alansuden 7 dns Auuseana 15-30 wiit gaumgll 90-100°C audnaan anturiliduasd

a

amgll 60 °C Wnemsnaluienduigamgfl 4°C \Wuia 30 Wil Mntuwuaddndildidu 5 dw dauaz 1 Alansu die

9
1 Uo o v & o d& o an o &
u’]ﬂJ'WnIf\]ﬂGUTJﬂQﬁ’]Liﬁ]EUW\T 5795 AU

To9 1 38Und (Porridge) nldniilauindeldniaudnhlueungaumgil 60°C Tugeuauieu (Memmert, UF110,
Germany) Wunan 24 42l

a

% 2 e (Physical-porridge) shidnilalalugidufigaumgil 4°C Wuian 20 alus 9nduluued

gamgfl 20 °C lugutuda (Sanyo) iWuian 6 42l warazanethudailaamai 30°C Wuna 30-60 wi Mntutildn
filsundelaninuditluouiigamai 60°C segavandou Wuna 24 Falug

3 3 BiAseules (Enzyme-porridge) thidnilldunvhmsisteulasiyganiua 1 fadanssieldn 1 Alansu
(15 unit/g) ﬁwnwamuiudmf’lmuamqmmﬁ figamgfl 60°C 1unan 2 Hlus mﬂﬁ”’wqmﬂﬁﬁ‘%mmmLau%ﬂmmi
Fuitgamgd 90-100°C iWuiaan 10 wift iuiresndlintinnesissdunisdeslagieseiviinasmaiionmn (Total
Sugar) #6733 Phenol sulfuric [4] waztnnnasiand (Reducing sugar) #6733 DNS method (5] Feszdumseasiidwiniu

4.37% nuihlinilduindeldanuduhlleuiigumad 60°C Megouauiow um 24 4alu
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37 ¢ Bdueulwdsmtunoam (Enzyme-physical porridge) uﬂﬁmmlﬂmmmmuLauisamwamma 1
fadanssieldn 1 Alandu (15 unit/e) vimsmulugrsruaugamgl Hunan 2 $alus figamal 60°C 3ndumyn
Ujfsewenaulaflasmsiuiigaumngd 90-100°C unan 10 wiii iudesalininnesissiunsdeslagiines
USinathmanaun (Total Sugar) #7835 Phenol sulfuric [4] wazthanadaag (Reducing sugar) #2875 DNS method
[5) Baszdunistesiianuiniu 4.37% tluldlugiduitoamgdl a°C Wunan 20 Falus nduluudiigamad -200C B
i 6 Falus wagaraetudeioamgd 30°C Wuna 30-60 i nduilEndldunindeldonudaihluovilgumnagi
60°C shegavanseu unm 24 alug

7 5 F5eumdndiiulaiy (Lipid complex-porridge) ﬁﬂ%ﬁﬁlﬁmﬁnmiLauﬁwﬁumxw%nﬁm%’uﬂgqmmi
(e Naturel) 1 Foumdeldn 1 Alansu thldndlldunindeldnausnilueuiigama 60°C sedpuauiou Wunan 24
Falug

il3ndmisdnsaguiidomts 5 38 valfeniden iufeduiolnnsianutu anhdase (a.) ddmage
duih (WA Usnaulsiumunsges uaneuifisudnvasvemdininisdissguiniedlaeitunneiulngld
TEON scanning electron microscope Wag X-ray diffract meter

2.3 melneiautAanimenmuazmsnseseulasaimesdnvedindnisdiag

231 msiwssianudu Tieszidanuturedindniditesuivienisaneg suites
AOAC [3] thmsvinans 3 1

2.3.2 M3IAA20IABSHBARATRA (Water activity, a,) 01 aw “U?NI?\]ﬂ"UTJﬂﬂa’lLiﬂi‘d‘wmiﬂmm’lﬂ"”]
TnelirdoniaineSuoniin (AQUA LAB 4TE, dew point water activity meter, USA) Aiasssiiiodiaz 3 4

233 dulimsgadutih (WA) mmuﬂﬁmmumﬁumhﬂﬂmmmLiﬁ]ﬁﬂwmamﬁmm AuIsves
Anderson et al. [6] Wldndmisdsasundndminyium 25 niu memﬂauﬂsmm 30 fadans mswgmn 5
il WHuan 30 wit ihluidieSemsuinies (Dynamica, Velocity, Switzerland) finnsiiasey 2,200 seuseund 1y
nan 15 Wit dweeavyuwismiauduimasluiniun muusfidngaduihnnaumdudg

ﬂﬁuumimmum (WAI) = wwitinuaeayyusiemsaunna - dninviasamumies

ininsegasuau

23.4 asraaeudnunzlassaironandn semada X-ay diffraction unlndniAsdisasudne
IA3BIUATLNALUVALLE R (Planetary Micro Mill Impact Force, FRITSCH - Model PULVERISETTE 7, Germany) ﬁmﬁgu
ihlunsnaeudnvaslasadamadn faewedes Xray Diffractrometer (LabX-XRD-6100, Shimadzu, USA) Tagvhnis
¥a diffraction pattern 7l 20 Tutag 10-80° annaglumsinde nszudlnifin 40 fadueud Anglwih 40 Alalaad A
¥ slit 1° anudalunisneintn 0.48°/unil

23.5 MsasRdausUinedaenisinen nanndesganssaidianasausiadasnsin (Scanning
Electron Microscope) finwdugiuuarnsazidonvosdnunsiuivesieglintrifdiifaguinisulagitieg
Tneldiedos Scanning Electron Microscope (SEM) (FEI, QUANTA 250, USA) fifndsueng 100, 150 wag 1,000 Wi

2.4 nsianwansusiland1nedisagusala
241 NSIATHNFIUNENLI
mMevhuisdunandmiuinandasi inifdifasuusalagiBniseunissgeuauou
wisdunaulilunsUssisdnfumiiefuguamdarunnisuazsand dun old uason finnes fuvex 39
waznseiiiey (Figure 1) Tnpunsenuasiinnassiudugnisiiuun 0.5x0.5x0.5 wuiung dusfusenuaznseiiouiul
1979 0.3%0.3x0.5 eufiuns Semdlldung 0.2x1x0.2 iwufiums induhuksiedauauiouiigunnf 60°C iy
nan 22-20 2l (AemaduusidlsiA 7.5% wasen a, lshfu 0.6) (7] diiluaznssifieseuuianiuliasBeniduns
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Figure 1 Preparation of dried mixture

2.4.2 MUz sEEnauisa
Gonlininisddoguitiiaduinisgaduihguanuiaunundnduslininididaguugssald
TnewFoudiunauniu Table 1 nduiisihasoinining 500 Sadans dlusuiigamgd 90-100°C WWutaan 7 und
ihlUlssdiuamnimmessamduda fe33 9-point hedonic scale TnsUseidiunusoudud ndu e iioduifa
wazasmaulaesi Ingldiussiliuilisunisiinduy $1uaw 30 au auiEdaulases wifika urexden [8)

Table 1 Mixture of instant porridge organic rice with chicken (total 100 g)

Dried mixture Content (g)
Instant porridge organic rice 84.5
Dried chicken 2.0
Chicken seasoning powder a0
Soy protein isolate 2.0
Garlic powder 1.0
Ginger powder 1.0
Dried green onion flake 0.5
Carrot flake 1.0
Pumpkin flake 1.0
salt 3.0

3. HaN1SANEILAZANSIATAL

3.1 dauusznaumaaiivasdnvinviounzadunse

psfUsznoumaaiinusnitgaludinde a1sluleinsn Sevas 85.42 S1avindenwiu Sovar 9.57 uay
1Ushu Sevaz 4.43 wulvdunasidnlulsunudes (Table 2) Ingunfdnasildmusznevvesaisiulansn TUsau 10
wazluu Seeay 77-89, 4.5-10.5, 0.3-0.8 way 0.3-0.5 AUAINU [9] :nN15ATIERUSInaasiulawmsaludivinen
1gd 105 $1mideai uazdroveniia nuhiiviinannslulemsndauddonas 85.99 i1 86.56 [10] Lazn153LAs1ZY
Usnammduludnmisnnguiifedniminguassd lnswuifiinuenutueglutasiosas 8.89 [11] 9
asfdsynoumaniivasinnvennzasunssimlndifesiunuisefindauwdatnedy
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Table 2 Chemical composition of broken rice

Chemical composition Content (%w.b.)
Moisture 9.57 £ 0.02
Ash 0.31 £ 0.05
Crude fat 0.27 + 0.02
Crude protein 443 +0.71
Carbohydrate 85.42 + 0.00

3.2 audfmenenmeadiintnadunidiniealneisineg

Ay Anidase () LLazé’suﬁmi@@szTUﬁwaﬁiﬁﬂﬁqﬁwL%ﬁ]gﬂﬁm%&mimﬁ%@hm Wanges Table 3
nuhEnfisdesingissneg feastueglunasinnsgiuvemdnsusiiinfdiagy fe liviudesas 7 laerdwmin
snvulinfisieslnodsmhiuiisanutusesas 807 lasdnutuiléfieuaenndesiuuimanhdasy (a.) 18ni
wisulagBiAumelsihufunenmiadainsgaduingen (8.20) luoneflintndunisiinelaenshusise
Fouaudousuunifiaduimagaduiiinty 7.25 naniamasesivadldihnawiennlagiietuinaedaings
athndudadudiifianudfyesomsfisdiiagy mdrlinispadndurestindrimenssaiivhusieieisnsius
wuugnnAsiiAwiviy 1151 18] falirunnntmedindndundifeielagitae wasinumsiuidasligeuausou
dasannsiusisiegnnisarlilinfsiigagUeonunfumiuue JdauaiRlunisgainduginhmshuiuoy
fevauseu senslsinumahuidiniedeuauseutsussudaduyuunnnidanngfudnenmuesnguiamiaguey
IVRLNLAUATA

Table 3 Physical properties of Instant porridge oreanic rice prepared with various methods

s L Moisture content Water absorption
ample aw

i (%db) index (WA
Porridge 0 532+019° 0.1681 + 0.0049" 7.25 +0.21°
Physical-porridge . 458% 002d 0.1157 + 0.0013° 6.75 = 0.02°
Enzyme-porridge 5.08 + 0.04° 0.1729 + 0.0021° 6.31 + 0.10°
Enzyme-physical porridge o 4113008 0.0929 + 0.0014° 8.24 + 0.49°
Lipid complex-porridge 8.07 + 0.15° 0.3545 + 0.0054° 773+ 0.27°

Note: Different letters are significantly different in the same column (p<0.05

3.3 dnvalassanesdnvediinddunisfsealne3sdng 9

Tassasvondautelneuniasdidnuasilu semi-aystalline Feseiuraanisiiandn (crystallinity) 92
wnnsnsituluTuedivalinvasiin Tassadnefifu aystallinity veadiautinaniidostuliiamosesilomefuony
flovilaaaziieatasiudin amorphous vesiautl dulpssassrdnnuiudednivsuduiannndndusioe (A -
type crystal) Fuansiansideiuussdsndaimuma 1552, 17.5°, wag 23.5°Theta iiethdauriunssuunsls
auseuitenandulindifsdiasunuilindisdenldlagiBieg f8nvalasahwdnivasuuvamniniu lay
fidnwazila broad band (Figure 2) Fauansdamsgaydelassainamdn (crystallinity) iWegnanudeu iWerSsuiiiey
Svaziiansdeivudddnduedindnileienlagidaneg wuh Bnfiniealaeifieuleisufuitnmenn uidy
4°C way winda -20°0) Tnwaeiiafiunnmsnlinfivienlaeidsudntes udedilsinmudnuasinmsdsiuusdd
wnduadiniladilinudnuaisadnuuud (v - type crystal) fuansianisdnSesiilniveddasadvosilaaidu
Tnssadadudounuuinden (helical complex) Saidulassadesaumugosuuuil 3 eiloraieanandrinounyas
Usinaserilaaiisn Soiliinnsdnesatulmlléton [12] uvenanduaniizlunsdeslagievled pullulanase
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onvagliailunsdesliiitemelumsianmesezilamaivlfiuosilas Fuiltanvasiinmsdenuusdisndues
Bnfin3ealneiseneg Liflanuuandnaiu Swagenndosiuuiimautmugosiitiaseilagld Resistant starch kit
(Magazyme) [13-15] vasl8ndmdunisiimienlnesmay Wudwﬂ%mmu’]wus}aaﬁmﬁwLLaz"Laijﬂﬁmﬁ’anIuﬁziN 0.13
- 0.32% w/w db. wazasaaldnwuutmugesluiegiadldnnianism (0.00% w/w db.)

™ - Native rice

N ‘ lipid-complex porridge
1‘% RN
\“ M'~~LW;”“~Enz phy porridge
‘"\ T “Enz-porridge
b " Phy-porridge

W"‘lw Porridge
T T T T T
10 15 20 25 30

Theta
Figure 2 The XRD pattern of native rice and instant porridge organic rice prepared with various methods

(Porridge, Phy-porridee, Enz-porridge, Enzy-phy porridge and Lipid complex-porridge)

3.4 dnvarlassadevadlinddunidiwSealneddeng 4

TndmduridisdidaguiiedenlagiBons q sumseuwis uasiunuslngldiesesdy Welviluuadian
a smanwmwuaﬂﬂﬂmLLammmmwamaauummimmmﬂausuaqmasmLuami’;ﬁ]aamﬂmmamsmamwmﬂﬂam
QavssmiBidnaseuriiadesnsin wuiivunaveseymensliuanaiaiu fe agfiseuing 100-1,000 um wasiidnuaidy
Lwiuwﬁﬂiﬂm?iauﬁlﬂﬁswsu (Figure 3)  fuudednuasfifundndenaruasiivunadiliunndaiy  Seili
ﬂammmaa’l,uﬂﬁmszmmw‘inammﬂu (Table 3) wiawmildndmBunidisdiasuiinionlnTsioulasisuiy
mamwmmmumﬁmmmﬂam pralonnmnmstesdaaioula pullulanase ovliladunsduiifinduianisiaides
mmuimmaﬂﬂaa L:JamumwauﬂmmmLLawawmamufuaa]n‘1/1ﬂ;mJWuﬁiumiamﬁuﬁﬂéimmﬁu
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Lipid complex-porridge, Magnifications: 100x

Figure 3 Micrographs obtained by scanning electron microscopy of instant porridge organic rice prepared with
various methods (Porridge, Physical-porridge, Enzyme-porridge, Enzyme-physical porridge and Oil-
porridge)

3.5 quammeszamuiaveslindridursdnediagusald

wienndnAunlindmaunidiadnfasuusesaln Inlitindiunsiniouseistidueulsdsniy
meam Tnsduiriuazgesseioulud pullulanase fiszduosas 0.10 (15 unit/e) WWunan 2 H1lus wasifviigamagd
4°C Buvaan 20 $2las washlutfigamai -200C Wunm 6 il asanethudeilaamai 30°C nduiidndtléun
indeldaaudnihluauiigamgd 60°C Wunan 24 Falus dlindrifedagulunanfudaunanusis (Table 1) wazth
Tnlusuiigamgd 90-100°C 1¥unan 7 unit ihlunaasunmninmaussamduria Tngld3s 9-point hedonic scale
nut frnaoululirzuuuaureudiud ndu sani iedufa wazanureulassmeglussiureutiunas (7.17-
757 Azuuy) (Table 8) wsfna uzoziden (8] vhnsvaaeuaunmmesTamduiavemaniuintnaudmaos
waddeiissiuonar 0 10 20 way 30 133 9-Point Hedonic scale TonmdnuFluA WA ndusa iodudauas
msvausulagsa wui Wndndsdvenaudamassiesas 30 Tnudnvassudgeanwidu 7.7 Wndrimeussdnau
wies¥evar 20 TnzuuuiaAvesgudnvuziunausagefianiniy 82 1inidineniinzuuuiadevesgudnuns
Fuidedudagefianiniy 8.6 uaslindndeiveanauiundesiesas 20 frvuuuiniovesguinuaedunisseuius
gaflgawiniu 8.6 Tuvnsiinsuuuodsvesandnvasunissensunuveslinindeinen waslintvesuzawinfy
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o

7.9 war 7.7 mudau Fddndnduridiidisagusdlafildanauideidazuuuenuveulaesi (7.57) lndifeaiuldn
Mvienued (7.7)

Table 4 Sensory evaluation of instant porridge organic rice with chicken

Sensory attributes Score (Means + SD) Grade

Color 7.40+1.04 Like Moderately

Aroma 7.37+1.10 Like Moderately

Taste 7.37+1.22 Like Moderately

Texture 7.17+1.42 Like Moderately

Overall acceptability 7.57+1.10 Like Moderately
N=30

Note: 1 = Dislike Extremely, 2 = Dislike Very Much, 3 = Dislike Moderately, 4= Dislike Slightly, 5 = Neither Like nor Dislike, 6 = Like
Slightly, 7 = Like Moderately, 8 = Like Very Much, 9 = Like Extremely

4. a3y

Baswseulindniuareguantinenmeonmeedintnidisosd laelindrifwdeulagToulsdsniy
mMeam (b 4°C wag utuda -2000) fenduiimsgaduihgean wasiidnvasfinfunandrsntiniindonlngisdu
\@ntlee Lwﬂ'aemiiﬁmmiﬁﬂsﬁnﬁaﬁwL%ﬁ)gﬂﬁ?il,m%'wiﬂﬁ%'smq fusnantimugosmuarliuanseiu sudlounnves
oumandliangnsiy fe agfiszning 100-1,000 pm uaziidnuas duwdiundngumdenilidsngy Woulindd
wivslneTReulisrufumenmaniaundundnfusindnfdidaguusal suinduiivensuvesinaasuiy i
AzuuuANLTaURenAnduTeglussRuTauUTUNAN (7.17-7.57 Aviuw) sddeduadlfmanionlinlag it
Lauisnﬁ'i'mﬁ"ui%mstwmmmﬂ%"uﬂ@aﬂmauﬁ’amiamﬁ’uﬁwmNémﬁmfﬁ%aLﬂuqmauﬁaﬁﬁwﬁ’zysuaammiﬁﬂﬁ’lL%gﬂ

5. infAnssuUsenie
190UAMAINTIINE YT Ynd AnrInermaniasfadenans waraniduideuasiaun uningde

walulagsvusnadan Miirnueynneigunsaiiaziasesilalun1side wasveveunmdtinuAnenIsuN ALY
Ineneansidewazuinnssy (ana.) faduayulunisiide
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MIANYIBVBNAVOIVUINATON FIFUVIDS UATLNAYDIANENT ﬁﬁmaeiaﬁmﬁnLL'ﬁﬂﬂaaﬂLLasmiLﬁﬁszﬁuimmgﬂ
anssozneundun laglideyanngnansgnnan 3 meiden (ausise-arsalii-gienansd) $1utu 272 i uasuyl
ans 2 aneidien (uaudsg-a13alan) S1uau 20 M wuswwinaseneeniu 3 ngu (S1waugnans 7-10, 11-14 uae 15-18
#) uasulsddusieswesusignseenidu 2 ndu (@duiesd 1-3 uaz 4-7) ihieyauiiinseinanisadalagliisnis
AATIZNANNLUTUTILMUUNIGAEY (One Way ANOVA) Tagld PROC GLM maslusinsy Statistical analysis system
(SAS) wamsfinwmutuaasenikaredminusnanenuaziminieny 7 fu (P<0.05) ulsifadetmiiniiony 14
$u (P>0.05) Tnonquiifidiuaugngns 7-10 é ﬁﬁmﬁﬂgﬂqﬂsgmdmfjugm ynurfidiuTiosmeawignslidmae
thninusnaaeauagnsdyiulnvesgnanssrezdoutiun (P>005) uifuultiudngnanslunduuesddusios 4-7
Inswiqiulnganindiduiesd 1-3 uazdamuinnavesgnanslufinadenisiiaiulnvesgnansszesnoundwy
(P>0.05) Lwiwui'@ﬂqﬂiLWﬂﬁﬁLLmIﬁmaaﬁmﬁnLLsﬂﬂaaﬂLLasmiLﬂ%iyLauimqqmiquqﬂiLWﬂLﬁa

AEARY: gNans, VUIAATEN, Aruvies, mtinksnAaen, NsasAULR

LR

Abstract

The aim of this research was to study the effect of litter size, parity and sex of piglets on the birth
weight and growth of pre-weaning. Crossbred (Landrace x Large white x Duroc jersey) piglets (n = 272) were
recorded for litter size (7-10, 11-14, 15-18) and crossbred ((Landrace x Large white) sows (n = 20) were
recorded for parity (1-3, 4-7). The effect of litter size, parity and sex of piglets were determined by the one-
way analysis of variance (ANOVA) and analyzed using the PROC GLM procedure of Statistical Analysis System
(SAS). The results indicated that the increase in litter size decrease the birth weight and growth of piglets
(P<0.05). There were no parity and sex effect on growth of pre-weaning piglets (P>0.05).

Keywords: piglets, litter size, parity, birth weight, growth
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Toynaingngns 3 deidon (Waudise- adalui-geniaedd) S 272 i uae Juslng 2 aeiion (Laudiss-
arialai) ) 3131 20 1 UuwmamaﬂaﬂﬁmaammnLLaJaﬂs liud deyavuinnsen e mmummﬂaam fhwiingnans
fiony 7 Ju uasdwiingnansileny 14 u Feyafithutiassiutseanidu 2 Snwme il o Jayadwusiossgnus
oanidu 2 ngu oun nguil 1 gnansegludiuriesil 1-3 uazngudl 2 gnansegludduriesl 4-7 druruinuesnasen
wiseandu 3 ngu il ngufl 1 fidruugnans 7-10 M nduil 2 S waugnans 11-14 # wazngudl 3 fS1uugnans
15-18 1 Minduthdayaudieginamaiilagldisnisiasesiauusunuuumaios (One Way ANOVA) Tag
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Alansy auady ssfinnaasenlsifinareduiniiansileny 14 u (P>0.05) uidanuunlfiingnansiiiluasent
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fiosesutignsliinanodminusnaneuasmaaiivlnsseenaunguu (P>0.05) lasgnansilifluddusiosdt 13
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Table 1 Birth weight and growth of piglets (LSMEANS+SEM: kg) at different litter size, parity and sex.

Age of Litter size Parity Sex

piglet 7-10 11-14 15-18 1-3 4-7 Male Female

Newborn 1.49+0.06° 1.42+0.04° 1.3120.03° 1.37+0.04°  2.95+0.03° 1.45+0.03° 1.36+0.03
7day  3.19+0.14° 2.97+0.09° 2.77+0.07° 1.44+0.08° 3.00+0.08° 3.06+0.08"  2.89+0.08"

14 day  555+022° 5.27+0.15" 5.07+0.12° 5.24+0.14° 535+0.13° 5.38+0.12° 5.21+0.13"

a, b, c

Means within a row without a common superscript letter differ (P<0.05).

d9nAaBINUNITAN®YI709 Wahlgren (2018) ‘ﬁwuiwmmﬂiaﬂﬁma@iafmﬁﬂmaﬁgﬂqm Tnefivwiansenii
i 1 axdinariliiviinusnaaentesgnansanas 33 niuses uasdwminvesgnansluiesusnasidwmingos
ndnluiesdug Ussunas 210 nfu Wuisatunisdneaues Akdag et al. (2009) finuiauinaseniinaderminusn
AaBATRgNANS (P<0.01) wauziidnduiiodlaifinasiodnuasdindn (P>0.05) Sniwiinusnanenvesgnansiifidnunnniy
ardmavhlsimiiniveunarSwiugnveusdiaginingnansiiddminusnasentios (P<0.01)

dmsunsfinyines Lavery et al. (2019) nuiniminusnanenvasgnans $1urugnisnaaen (Total borm)
wagd1uaugnTFin (Born alive) Mnusignsludrdusiesd 3 uas ¢ exddwnnniuignsvioausnuassiosdl 6 (P<0.05)
Yaugfinsfinyues Freyer (2018) WudﬂﬁwwﬁﬂLLiﬂﬂaamJaqQﬂqﬂi%@ﬁmﬁaagﬂuﬁﬁuﬁmﬁ 4 Fsaenndosiudnu
Qniinfiozsnntumun

dmsumavesgnansrotmiinusnaaenuarnisiyiulassesiounsun nuignansnadihimiinusn
AapANINNINgnansmely (P<0.05) lnedlAniidu 1.45+0.03 way 1.36:0.03 Alany auddy udlidnasents
Wiivlavesgnansiiony 7 wag 14 fu (P >0.05) Sstiminvesgnanainaguasmeidsfiony 7 fu fesiaiy
3.06+0.08 Wy 2.89+0.08 Alan3u muddu wazitony 14 Fu Aty 5.38+0.12 uag 5.21+0.13 Alandu sudidy
Falwulihingnansmadfinaeiqudvladifningnansmedle (e 1

Fsarnmsfinu1vas Bocian et al. (2012) wuignanaimedsasihutinusnasenunnitmag (P<0.05) faien
Wiy 1.35+0.31 waw 1.230.33 Alaniu anuddiv Lwhfmﬁﬂsumqﬂﬁl,wmﬁaLLﬁxmﬁéﬁmqmjmu (28 Fu) TAnfiv
6.90+1.21, 6.68+1.31 Alaniu awa1au drwsnsnisaiyivlnnedineTuliiinnnuuanasiu (P>0.05) Tneden
Wiy 196237 wag 19240 niu/Tu audeiu
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Abstract

This research aims to analyze the components and perform factor analysis of teacher
roles in learning management on project-based learning in Science subject for secondary school,
under the Office of the Basic Education Commission. The descriptive research follows three major
steps: (1) Select the sample group, consisting of 342 upper secondary Science teachers under the
Office of the Basic Education Commission, by multi-stage random sampling technique. (2)
Construct a five-point Likert scale questionnaire, of which content validity and reliability were
examined. (3) Gather and analyze data by applying the Second order Confirmatory Factor
Analysis performed in AMOS. The result shows that the model is consistent with the empirical
data, with X2:31.143, df= 28, p=. 331, GFI=0.9803, AGFI=0.961, RMSEA=0.005. Therefore, it can
be concluded that the teacher roles in learning management for project-based learning in
Science for upper secondary level consist of 4 major factors and 11 subfactors. The major factor
with the highest factor loading is advising (.975) with giving work advice (.915) and supporting
learning process (.784) as subfactors. The major factor with the second highest factor loading is
management (.960) with lesson planning (.888), self-preparation (.782) learning management
which encourage thinking process development (.777) and giving students freedom (.695) as
corresponding subfactors. The major factor with the third factor loading is equipment and
classroom preparation (.954) with environment preparation (0.891) and equipment preparation
(.854) as subfactors. Lastly, the major factor with the lowest factor loading is evaluation (.944)

with evaluating by several methods (.944) and suggesting and giving feedback (.899) as subfactors.

Keywords: Confirmatory Factor Analysis, teacher roles, project-based learning, Science subject

UNUI

miﬁﬂwﬂu‘qﬂﬂaqﬁ'uﬁ’u%ﬁwmﬂuiﬁﬁ@zumwiﬂaﬁl,ﬂ'mmmﬁam?amulﬂm%iyma
Wauwasiisansaluamssud 21 augalwmileesivinueiigiunisBouiuasusud denalvigiSousios
faninwgnsFouiuasluvasifeatugiosdiinuslumsimiiasluanissil 21 Garsal s,
2555) FedumsdanisFounsaeuisdesiinensiosinnaidsunisaouligiSouldnsuluianss &
Jumsiniseumsaouluguiuunisdanisieuiiden (Active Learning)

Tunn3dan1siseusidesn (Active Learning) sUkuunsdan1siseusngnianldiuagiaunsvaty

'
)

Fellagtu e msiSeulaglassnulugiu (Project-Based Leaming) iunisdanisiduiaiiudisouiy

q

Audnans lngan1es1e391Ine1m1ans WeanienundngnsununaNnIsAn¥ITUNLgIY WNsensw

Y Y

2551 @13¥NMIBLULNUNANaNaTTEN ST EuSINeImans RUUUTUYSE w.e. 2560) ldssumanely
msdansssunsaeulusedninermanslii “desuduliiSsuldfunuanuiienuewnigs
wielvlaviansguiumsuazaug 11n38Nsdann N15d1539R53980U N151AADY WA ANIRATEUY

Jundnns uwadin wavesdianug ” Swenndestudmineremisiamsseuiuuulassoudugu

a v

(Project-based Leaming) Iagununasidiudrdglunisinuszaunisalifons qul lewaiuavane

Y o9

19 | a a '

(2557) ldnanri1 “unumddguesasluvardnfianssunsiseudiinnudAyegeduasiinanon1siiou;

o

rasiniSeuduaSINMISeusveinEeurensasussIMAlunsseus”

40



'
= a o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

=

Wedalddnw wnans snddeiesdvunumazlunsdanisdeusiaelilassenudugiu an

e3>
)

in3wing duldun dann giilesh (2552) Fansal wiled (2555) dan1 Aatties uasdinni neavalin
(2556) drinauangnssumsnsfneuiiugiu (2558) aui lewauasan (2557) Blumenfeld et
al. (1991 ) Patton (2012 : 50-51) Chard (2014 : online) Bo and Li (2015) Larmer et al. (2015)
nniuiideldhnsduaneienans auidefing wui unumeslunisinmadeusingldlassmudy
gilesdusznava 4 ssadsenaunan Ae nsdants nstiduug Msdagunsaluazaninuwindonly
Hudou nsvssdiune 7 11 asfusznouden Ao mawioumdaunuies nseenuuunsFeud n1sinms
BouiitedaaduliifFouimuinszuunsin msadausegsla mslidaseiuinGeu nstiemde
wugihnisiau msaduayunisfou medaanimuandenlududou msdanieugunsalredludy

Seu MeUselludmeisivanvane n1slideiaueuusiagdoyadoundu ann1sdunszilenaisuay

va o

audededu fideesinnsuiunumaslunsianisdeulasldlasanudugutumasauias

Y

LR

aamaaqﬂwiwﬂgmmmam seaulseufnw dadnd1tnauanenssunisn1sfnyiduiugiu

= a = [ o (] a L3 I3 Y a
N3ENTNANYITAT wseld E)u‘LJ’lbLUaﬂ”li'lLﬂi’]8‘1/1E]W]U§8ﬂE)UUV|U’]‘VlﬂEILIﬂ'li'ﬂ@ﬂ’]ilﬁﬂ‘u%’kﬂEJSL"B’IﬂiN’]u

U

v a ¢ 3 v ¢

Jugu Wneldnisimsisidoyadisn1sinsenosdusznou (Factor Analysis) s2838n1531A5124

Y

¢ A

psAUsEnoULdsBusususuiiaes (Second Order Confirmatory Factor Analysis) lngdinguszasAiiie

9

asvEaudBRlsznavunumaziunisdnnisiseuslaelilassnuiugivesaineimans seiv
fseudnwn deind1inauanenssunsnsfinviduiugu nsenTadnw1inis Maenadesiuteyaids
Usednevield sawnahndnanudidyreaudaresduseney Jsanunsairdeyauildifieiduuuims

advayuiseduaiuuasimndnanmussasludanisseuiiagldlassnudugiu

ABn1sAne

v oy
o A YA o

A‘LUﬂﬁﬁﬂU’]ﬂiﬁuw’lﬁlﬂLﬂU‘U@MaﬁJ’]ﬂﬂalﬂﬂ’J@EJ'NﬂE]ﬂﬂ‘V]EJ’M’]E‘W\? seAvilspuAnY dindrtinau

U
o

ﬂm%ﬂiiMﬂWiﬂﬁiﬁﬂwﬁ‘UUV\lug’]u NIENTNANBIZNNT 910U 342 AU IGU’Jﬁﬂﬂi?jQJLLUUMaﬁEJSUUWBU (multi-

a

stage random sampling) 18agiBendail 1) fifeimsdulsafeudieTnsdumiognauuuutedugd
(stratified random sampling) I@a’L%ﬁwﬁﬂmuLﬂumﬁuﬁmiﬁﬂmﬁﬁwﬁﬂmL‘ﬂummmummﬂﬂ%uqi R
wisoanidu 42 dugfl Tnedudugiias 1 Tsadou 2) §idevhnisduaudasisafeudaeTinisdudiess
wuusisdugdl (stratified random sampling) Tngl#lsaGeuduinasflunsusdugd wiseeniu a2 du
01 Tnsduaginermanslsadouas 10 au 39 Hair et al (2010) 1¥na1231 aundnaddsuusmy
Tneihlusindmunegludag 5-20 whvesuudulsionsiwesing lunifadiiidiusuys
Funalddiuu 15 Swauduusdunaldrondongy fideiselidadou 20 wiwesdmmimeslums
muATIANGLIIRE T Mliliruanguiiegnesd i 300 Au Lﬁai’]mﬁ’wﬂ'aumwﬁauamww TRRTIER
vaiiu et 420 au ldnanfudeya 1 Weu mu,muw 6 iyt - 6 NuAAN 2563
witfidefudoyaldaseduay 342 90 Andufosas 81.43 % vostoyatamun Fufivaweronsiinses
Foyaluadail

wiesdleildlunsifuasiiifouvuasumuunuimaslumsinnsousinglilasnudugin
Inennans seiutulisendnu WuwuunasduUszanae (Rating Scale) Aanwadnues Likert Tnedl
ineussimsliinziuy 5 seures wesdl Aiaaue (2558) Ae seau 5 vaneANI1 AsfinsUFTRuNTIEN -
52U 1 mneanuin agiinisufiatesiian mudidu Sstednimuszneuae 1) Yemaniieaiy

ﬂﬂﬁ‘ufﬂ’]‘wLLﬁ“"‘UEJiJaWJVLU“UENNW@ULL‘U“UﬂEJ‘UﬂWiJ 2)q Uof ’m’mmEJ’Jﬂ‘UU‘WU’W]ﬂiluﬂﬁ%ﬂﬂﬁﬁﬂuaﬂﬂiﬁj

41



' '
= o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

v
LYY =

lassnudugiuininermans sedudulisondnw §Idemamuaimaiedenldlunisidodienis
MTI9A0 VAR ST LN (Content validity) 8851319 0.60 - 1.00 kagA1AIINTDIY
(Reliability) leusniu 4 asdUsznounan ogsening 907 - 963

nmyaneideyaidelaiafe 1) nsAnvanmialuvesdneuuvuaeuniu §3deldadnnng
wanuasaulaeuanadusuousasiosay 2) nsfinwissauununazadaiildlunisiinude Aade (X)

dudenuunnsgu (5.0) 3) minseaeuanuduundveseya (Normality) Iadianedevanufigdie

raddflimaaeuansigiuaud (Z gx) wasmadanlinaaevanudgiunnalas (£ gy,) mndeg
semi (-1.96) - (+1.96) uansioyaiinisuandoyanuuuni 3) nnsnsanasudennandesiuiounis
Angiesdusznou THaddlunisnsinaouie mdusyavianduiudsenieiusildlunsdne Tng
TN U VeINTY usegaiily (2554 ) §ad fin KMO (Kaiser — meyer — Olkin Measure of
samoling Adequacy) IngAn KMO Se1unnndn 0.50 e 50% uly, A1 P-value 1AANSNAGBULUY
Bartlett’s Test of sphericty 1n&/A1 P-value 289 Bartlett’s Test fiA1#1n31 0.05, ArduUssdnd
(Correlation Coefficient : R) Inafndussansandusiug seinsmuusiidnuidaslignii 0.80 uazms
nageudvilanunauniumieaatia chi-square test A1 P-value foennndn .05 lii1engudogiad
fodfmadan .05 4) msnsreaeumunswastuaagifeinsiinsgiesdusznouddudunas
Yady (Multi - factor congeneric model) WaglinsgvinsAUsneulisdudunaizesis (Higher — order
factor model) Wnggielaldinmuaided lngldaninasidviinnnsiaaeuanudenndesseningduing
aunslasanemuansiguivdeyadessindueaniy ussgadu (2554 ) fans1ai 1

dl ¢ a a a
A15197 1 1R sEnIIRTIRdeUANLATIVRIlLAG N3 IEUY (2554)

AERRINTEAUAUNAUNAU NAUANSTAUAUNANNEY
M X2 /df <2
ARYInTEAUANNANNAY (Goodness of Fit index : GFI) fandlna 1

A InsysuAInaNNauRUS LA
(Adijusted Goodness of Fit index : AGFI) > .90 («1lna 1.00)

v

AnviinAUnaunaulSeuiisy

(Compoarative Fit index : CFl) 90 (1111nd 1.00)

v

AR INUBINAIEDRAYDIAIUMED

(Root Mean Square Residual : RMR ) <08 (lnd 0)
ANRYESINUBIMAIFD1RAETDINISUTEUUAIANUAAINLATDU

(Root Mean Square Error of Approximation : RMSEA) <08 (lnd 0)
NaNI5ANEN

nmsinwanmihlUvesineunuudeuntmUI fulsteyaduszaunsaivhou daudug
fiszaunsalihautesndt 10 U d1uau 229 au Andusesas 67.00 inilan sesawnie fuszaumsal
#1971 10 -15 9 $1uru 49 audnufesas 1430 fuszaumsainu 21 Piuly $1um a8 au Anidu
Sowaz 14.00 uaziiuszaunisaliey 16 - 20 U i 16 au Andusesay 4.70 audiu dewnfe
msfnwdusTeyamuiumisiiuidRunthaitegtu wui astidumisihilumsufiRnuiagdufe

AFBWAY A.A. 1 Wnfign S1uau 129 au Andudesay 37.70 sesaunfie A3 Sudu A, 2 $1u 82 AU

42



'
= a o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

Anlusouay 24.00 Agita S1uau 68 Au Anlusoraz 19.90 A3 Sudu A.a. 3 9w 43 Au Andy
fowaz 12.60 uazA3ens191e 9uau 20 Au Andufovas 5.80 nuddu nedneuuuuasuauiiseiv
msnwngean TuseduUSaaes snilge S 208 au Andudesas 60.80 sesasnfe sEAutigan
I 1w 113 au Andudesay 33.00 Ussmallednstadia (U. Taudin) S1uau 17 au Andusesas 5.00
warUSaysyen S1uau 5 au Anduiesay 1.20 muddy
nsfinwszivunumaglunsianisseuslagldlassnudugiuveninermans szav
fsoufinu finasiadseglusedunn (X=383, $D.569) Inesusudsifdiadeuniignie n1s
IAN15 (X=3.92, $.D.=.522) Sp9a9ufe MsUsTiunNE (X=3.86, S.D.=.652 ) nshimwuzLl (X=3.82,
5.D.=.622) LLazmﬁquﬂiﬁﬁuazamwLnﬂﬁaﬂuﬁ?ul,%‘au (X=3.73, 5.D.=.643) Au&19U IWaIUVDIRY

wlsdunaladiaadeisesannuniutoy Aan51en 2

e 2 MmyeTgimaidesuvesiudsildlumsinngiesdusenaureseiiuununag

lunsinnsseuslnglilasanudusuvesnsinermans seauiiseudnw
Y 49 Y

29AU5ENBV/AMUS X S.D. wlana

1. 29AUTZNBUAUNTIANS

1.1 nslvdaseivinSey 418 46 nmsufdRegluseduin
1.2 M3as1ausepsla 393 62 msufdRegluseduun
1.3 msgeniuunsiseud 389 .63 msufuReglusgAuin
1.4 Mawdgunsounules 386 .62 msufURegluseduin
1.5 msdannsSeudiiiedaaiuliiSousinm 383 60 msufjdRedluseiiuann
NSLUIUNIAN
39 394 51 msufjiRegluszauunn
2. 33AUsENRUAMUNISUSHITIUNG
2.1 nmslvidelausuuzuasdoyadeaunay 392 65  msufuReglusgAuun
2.2 myvsdiudeTEivannuany 383 .69  msufuRegluseduun
59 386 .65 msufjiRegluszauunn
3. a3AUsENaUAUNIT WAL
3.1 M3PIWMFDRULINNITINY 383 68 msufuReglusgAuun
3.2 myatuayunsiteul 380 .64 msufuRedluseiiuinn
521 382 .62  msufjiRedluszdvann
4. 33AUsENRUAUNITIRgUNIRlLa N NWIARDN
Tuduou
0.1 msdnanmndenluduou 374 70 msufjdRedluseiiuann
4.2 myindeugunsalmerlududeu 371 68 msufudeglussduun
52 373 .64 msufjiRegluszauuin
JIWYNAY 383 .57  msufjudeglusziuunn

ad

IUﬂWi'JLﬂi’]“"ﬂ@\?ﬂ‘ﬂi“ﬂ@‘ULEZNFJHEJUBUWUVIE‘?ENN%]Hlﬂﬂﬂﬂ’]iﬁlﬁﬁlaaﬂ‘ﬂawmﬂwBﬂ@m "U\?ﬂ’]ﬁ AN

aad

dnaaouauudgiuniales (Zy,) egseuning -195 fa 1.28 wazAradafilinnasvauuigiuninud

43



' '
= o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

Ay

(Zsk) o8330313 -1.95 3 -1.03 Haeiildeglugae + 1.96 uansliiiuirdoyaiinisuanuasuuuund

Y

' v
° w aaa A v

(Normal Distribution) aeisiiszdutioddyniadad .05 Fadulunudennandewumunzandonis
thlugmsiinsesiesdusenouidedudy

HansiTIgiesAUszneudBuiusuduiians wui lumalianusenadesiuteyaidesedng
Tnofiansananen X2=31.143 , df= 28, p=. 331 thiAean x2 Liwansannaudogadifodrdgni
aliA uanshweniuauuRguvanii lumadinuaenadesiuioyadeszdng efinsanainaada

R5EAUAMUNALNAUNLLN IR YTNNTATIADUAIUATIVDILUAR AINNT1N 3

A15797 3 NS ULTEUNANITIATIER9AUTENaURSE U U UIUNEDS

funaueisvtinisnsinaeurunsvedlieg N3y ussauiiy (2554)

e u nauisEAY HANMIIATIZNBIAUTENEY
AARIATEAUATANGINGY AAUNANNAY \JeBudusuduiiaes ulana
A x2/df <2 1.112 A0nAADI
ARsTinsyAuANNaNNaY fAnanlna 1 0.9803 HOAARDY
(Goodness of Fit index : GFI)
meiinszRumunaun AT > 90 0.961 HOAARDY
USuun(Adijusted Goodness of Fit | (41lnd 1.00)
index : AGFI)
ARTInANLNANNULUSIULNEU > 90 0.999 ARLGARN
(Compoarative Fit index : CFl) (1lna 1.00)
msisnvesddesadsvadi <.08 0.018 HOAARDY
\@® (Root Mean Square Residual lna 0)
:RMR)
msiisnvesddesadsveins <.08 0.005 ARLGARN
Uszanamauaaapdey (lna 0)
(Root Mean Square Error of
Approximation : RMSEA)

1% v
o

uaNINLTIMUI0IAUTENBUNANTA 4 99AUsEnaU dadmtinesdusenauduuinuazuanmg

o w v

ngudedldyddynnaiu uansiesiusznaundniia 4 esdusenauiinnuasandesiuiung ]

v g

[ a

TngsaulasgsdidodrAgnieais Imﬂaqﬁﬂismuﬁﬁﬁfﬂwﬁﬂmmﬁwﬁmmnﬁqm Toun nshiruugii
(975) osasanita N153AN13 (960) msTagunsaiuazaniniandenluduGeu (950) waznsuseidiuna
(.944) maddy uasdauifissvasmsnensaltowrazesdusznou (R2) Ssadueamauulsly
$rum0303dUsENOU 4 fufidndoud 892 4 950 wazBuananiTiATEiuansfansai 4 uaznm

i1

a4



' '
= o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

MmN 4 wan1sieseiesAusEneudsBudududuiiaesvedlumaunumaslumsinnisiseuslagly

TassrudugnAnivermans ssutuisoufnm

AauUsuele U3 Animiinaadusznau
Faunald bsc | SE. ¢ R?
Anszviosdusznauddudusuduiivis
NSWSEUNTBUALLDY 0782 | <> | <= 0.612
N398NKUUMSISEU; 0.888 | 0.056 | 20.281* 0.788
N53ANTS msdnnsBeusifteduaiulifiSou | 0777 | 0.066 | 15.529* 0.604
WAUINTEUIUNITAN
nsaiansegela 0.882 | 0.062 | 18.182* 0.788
nsbidasziutniSeu 0.695 | 0.049 | 13.529* 0.483
P MPIeiekzN1TINY 0915 | <> | <> 0.837
mMsatuayunsseus 0.784 | 0.043 | 19.044* 0.615
M3dngunsaluazanINLInGoN msdaanmundeslusuioy | 0891 | <> | <> 0.795
Tuduideu ms¥andsugUnsaieglutudou | 0854 | 0.044 | 21.079* 0.729
msUsdlugeisivannvany 0944 | <--> | <> 0.891
mMsUsiliung nslvidelauauusuasteyadoundu | 0.889 | 0.033 | 26.724* 0.791
Aassviosdusznauldsdudusufuiiae
N133AN13 0960 | <> | <> 0.922
nslvAmuzin 0.975 | 0.074 | 17.616* 0.950
msdngunsaiuazanimiangonluduiey 0.954 | 0.076 | 16.551* 0.909
N15UsEIUNE 0.944 | 0.075 | 17.536% 0.892

Chi-square=31.143 df=28 , p=0.311, Xz/df:1.112 , RMSEA=0.005 , RMR=0.018,
GFI=0.9803, AGFI=0.961 , CFI=0.999

VHER ** p<0.05, bsc Muefls A mTneIrysenaunIgIY
WIBININEY <- -> MNeDe MTmesTaruIaliisneauan SE wag t

AT UV DUALD
.782% |

NIFRBALUUNTTIS T |

nisdansSsuiiedadiulidGeu

WRILINTZUIUNTSAR

| nsdinusagala |

nslddasziuinE ey |

.915*
| nsdemdnuEiNIIHineu |
maldduuzth

unuvlunisdanis

Seuilauld
Tasssnuidugmu
wosAgIneIEERs

. AusrunIsE ol
.954" i d

o v -
" - nsdaan T aadeuluraieu |
nisangunsniuaz

ANTHULIAADY
- - e
TuduFou n1sdmnivugunsaidnsglumadou |

.9aa*
nisUszdludaedantsimiainuany |

.889*
3 nslvdaiauouuzuazdioyadoundu |

Al 1 wan1sleseviesAUsEneudsBudududuiiaesvediiaaunumaslunis

Jansdeuslaglilassomaudugniduinemans seaudulsenfinm

45



' '
= o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

NaN1ITREBUALdnAdeatmaunumagiuntsiansseusiaelilasanudugiu veans
ngmans sedusisonfne) veensiieszesiUssnouiiuiususuiiaes dedlesdusynaundn aun
n133nn13 Mslidkugii ﬂ155@a;dﬂiﬂiu,azﬂmwLma”aﬂu%”’uﬁ'au nsUszidiung desusznavdey
Wedy 11 89FUsERoU RANTIATIEReRYsEney 1Tedududiduiidemuin ssduszneundn 4

sarUsznouilianduuan uanddiiiuinesAusyneunaniia 4 ssdusznevtiuiinnudrAgyuazdiwane

LYY =

unumeslumsianisGeuslneldlassnuidugiu vesrginermans sedutsennu Ssaunsaeivne
walldad]

ssAUsznaunaniunishiuuzi WuunumddguesnstieliinSeunsnaeuiuiAnves
aues glumsadfuayunsdoutoudvesidou esemsailasauingimanitu deddvinug
nszvIuNsLaYIMIMsineImans fi3ouenaiadymiedeads dsaenndesunninuesgiuns &

a 4 Yy 1 = o w a = a s1 o
LAZANINT ITTUTUINTU (2556) bLﬂﬂﬁ'nﬂﬂﬂ']'ma']ﬂiy]UVlUrlweuaﬁﬂEWUﬁﬂHWIﬂi\NWUQWUQWUr]ﬂ’]a(ﬂi']r] A1

a

FuuranaginiuszaunmssistisuuimedunsmdmeuliiuinGeu uasdietgaunnieswedasey

q

dnnsdiannnanstunuIAAUes Tan and Chapman ( 2016 ) 1Ana1231 Ms3uuziaglinugIoimvas
tneuvesngilvifiseudansulunsruiunisdeus ebithdeuldddwnndsuanudiludass

B9ARILS

o o a

I3 o a & o & a
24AUTENBUNUNTUTLILUNG LUUUV]U’W]?]EW&’W]Wﬂ’]ﬁﬁ](ﬂﬂ’liLiEJ‘UiI@EJI"?!JI?]N\T]UNULUHEWU 4

]

o I3

| 9] ' Y a & v oa vy v a A =
dgaudanngy m]ﬂmﬁ'ﬁ]ﬁauaLiEJuLUui']EJUﬁﬂa E]ﬂVNENLU@I@ﬂ']as[,‘ﬂHLﬁﬂulﬁ]ﬁ‘Uﬂrﬁﬂigl,lluwwarmﬂa’]ﬂ RNl

[

d0AAADINULLIARNYDY Patton (2012) miiJszLﬁuﬁmmﬂmmzmmma'asﬁaagaq Predeudefidrdyiu
nssuiumsdeuduitinouasiidusalunsefunaieuandeyansundu Sniadaenndstuuuain
484 Boss and Larmer (2020) nanvi1 mMsUseiliunaildndfgtiglinsuidntewhoussgdmang
waziinn1sanadensomielsl

asAdsznoundndun1sianis Wuunumddguesaslunisdanisseuilaeldlasenuiugiu

a ]

n1seenuULianTsUNTBeY; dafanssuduaunishnlvidassungiSeulidudAgligiiameiauinee

Y

wazas1903AnIL3 JeaenadediuuwIAnues Blumenfeld et al. (1991) ldna1adn n1sdan1sesnuuuuas

InfanssudasBumsin asteliingou noulasainadous nszuiunisin InsnmzinGeuils
deamglunislinaisnnsan snitdsaonndesiutuifnues Bo and Li (2015) nanadn mseenuuuns
SeuivesasludiuveinisaiusedalunsSeuiietdnSeudelidnteuinuseduaalalunisey
nslinagnsmsisounsaeuiivannuasannsatgnilinnuinasnsassdvestinou

o w A

IAUTENBUNENAIUNTIRFA MIIAARUTUS BU WHUBNUTENaUNENUTNAALTRIR18A153R

o

a g :; a o a v Y o ! o
3‘1Jﬂ’]3L§EJ'LJ§I®EJI“B’I?]NQ’]UL‘UUE’]UUHMEULL“U‘Uﬂ’]'ﬁ]ﬂﬂ’]iLiEJ‘LJEﬂ')EJﬂi%“U'Juﬂ']i'VI’N’]LlﬂEj]iJ ANERI2

46



' '
= o

N3NNI YUNIWNTYANANA atuInemansuazinalulad TN 4 adui 1 unsiau-Sunau 2564

anmwndenlutudsulidddytielinsdnfiuianssunsieudifullednsviu dnSeuiiuily
MeMAINTIINGN LanideunuiAniadon siauiauAnaieassn FaaenadeeiukuIAnves Chard
(2014) Wina1vi1 mswdsuwlaniesSeunuunanuduanmwndeiadvayunisiseuiidulasan

a

sziindugusuiivanidsudeusiuunauld aundnianuanidouanufaii nsvhaueg1daszun
Y

fi3eu Snisddenadasiutinas Stronge et al. (2004) na1 ms¥mdnmwandoumenenlugu
Bouthoiinfiuiuslutuiou nssvaunshounguuastigliegausniulusey q eudiofneu
anufmvivesinieuldednidass

MmAnsaifina ey ssdUssneuvdnynsuduunumdrduesaglunisinmsiGous
Tneldlassnudugiu Fesedunmsufifvesagnnosdusznavaglusedud dufumhesnuiudsiavie
anudnwmsuduiauiaduaiisnuiuasinuragdaeu Wensedunisuansunumlunisinas

Soudlaglflasanudugvesayinemanslussiualiivssdnsamlussavinnsely

v
d

av ¥ Xg = o = <
n9dgasslidunisfnwianizunuimaglunisinnisieuilagldlasudugiuvesns
Inenenans serudiseufing Taprsinmsliengiesdunumagiunisdansseuilaelilassnudugiu
vaangingrmans luseauduquasanedeia vsovwialsausey ieasivaeudefunuidinaniliounse
wnnsaiuegls lngldmalianisieszianulisusivdeuvedunanasimundudiunumaglu
9 a & a < v o = o v A4 o
msdansseuilaglilassnulugiuvesaginemans saulsendne dhlldduansaumeioimmn

wazUssfiuranyingmanslunisiansseudlaglflassnudugulusedudusinegdely
GRY

PnnsfnwMsiiassiesiuszneuuumaziumsinnisseuilagldlascnuluguwweng
Ingneans seaudsendinu Tnguszasdiiolinnziesdusznauuaznsindeununsedlunaunum

va o '

Tunnsdaniseuilaslflassnuifugiuvesngingrmans seduiseudne Jeidvesrnnivd

psFUsznouunUmAstunisinmadeusinglflassruduguiudl 4 ssdusznoundn 11 esdusznauden
wazdAumanzandenndesiuuIunATIngIm1ans seauliseudny ddadiinnuanuenssunis
nsfinwiuitugiu nsensnAnyiing viell nanisfinyu esdussneuunumaglunisinnisdeul

Tnglflassnuugnidvinemans ssautudseudine & 4 ssdusznaundn 11 ssAuszneutes lay

a A v

osfusznaundniifianiminesdussnauanniigafedumslimuuzii (975) fesdusznaugos Iiun
M3tiemiewurin1sieu (915 msaduauunsious (784) sesmsunAonsAlsenaunandiunis
Jan1s (960) TesAUsenavdas laun n1seanuuunisiseud (888) n1sasieusegdla (882) n1s
wisunSeunues (782) madansFeufifeduaiulifiSouiaunssuviumsan (777 mslidassiu
fni3eu (695) askUsznaundndnunisiagunsaluaraninmindeuluduiFou (950) ssdsznoudan

laun nsdnanimwindenlutuiSeu (891) nMsdnwieugunsalieglutuiSeu (854) uarasdusenay

'
a

nane1un1sUsEiung (944) HasaUsynauday awn n1sUseliual835Nnainvany (.944) N5ty

Taiaueuuziazdoyadoundu (889) muddu Inglunainnuaenndeiuteyadesedny

a7



o

NIATEIRUNIUATRANANA aTuInemansuazmalulad UN 4 aduil 1 unsiau-Suinau 2564

1BN&1581484

3w wssgadiu. 2550, MsliaTeitladuse SPSS way AMOS wion93d. ngawme : Tusu 1991,

FAT 39 uag anms assasuiansal. 2556, dneans aam. I 41 atiuil 181, amduduaiunisaey
Inenenansuazinalulag. 43-44.

ol Towan uar Az, 2557. Msfnwinisinmadeusuuu PBL fildanlasimsaiio
Auiileasng ieduvinuewiaAnsIuil 21 YeainuaziIvL: nUssauNsalmmd IS aTes
TsaSoulne. ngawme : van. fingdans,

wsdl Rataiuy. 2558, Fyemsidenansine. fiuiededt 10, nganme : pauagmans gramnsay
anntumalulagnsziinaiaunmiaianseds,

&amn giitesh. 2552, msmeunuulassnuiaznsuuulEIfedugiu: nuiinguszausile
ngaNIIUAT: V3N mesuoudduniuia $1in

dann Aantley wagdnn aeazaie. 2556, lBNAsUTENBUNSRUTHWNUFURNT “ensedu A3
dnufiny guszanauenTyu (ASEAN Community) Aagnszuiunisdansseusly
AmsTYil 217 Fuil 89 fiuney we. 2556 anwin daufnw angAnwienans
WIneNFeveukAY. NuALS: NwEUS N5,

dinuanznssunsAnyiuiugy, 2558, madanadeulaesiugFeududdy: nsinnsGou
wuUlAT997U : www.thaischool.in.th/site/download.php. (25 @san 2562)

F930] iy, 2555, FaumsBeudifioudluanssuil be.- njavme : yalians-  anuined
dinnuanznssunsAnytuiugiy, 2558, nedansdeuslaeiiugdeududdy: ns
JansiTeuduuulasea : www.thaischool.in.th/site/download.php. (25 &snasl 2562)

Alec Patton. 2016. Work that matters The teacher’s guide to project-based learning.

Published by the Paul Hamlyn Foundation February 2012. 50-51:96.

Blumenfeld, P., Soloway, E., Marx, R. W., Krajcik, J. S., Guzdial, M., & Palincsar, A. 1991. Motivating
projectbased learning: Sustaining the doing, supporting the learning. Educational Psychologist.

John Larmer, John Mergendoller, Suzie Boss . 2015. Adapted from setting the standard fore project Basd
Learning : A proven Approachus classroom Instrution. from: PBL Work.org (10 July 2019)

Hair, J.F., Black, W.C., Babin, B.J., & Anderson, R.E. 2010. Multivariate Data Analysis. Seventh
Edition. Prentice Hall, Upper Saddle River; New Jersey.

JIANG Bo, LIU Li . 2015. “Teacher as a Designer of Project-Based Learning Practice”. US-China
Foreign Language, June 2015, Vol. 13. 437-441.

Stronge, J. H., Tucker, P. D., & Hindman, J. L.. 2004. Handbook for qualities of effective
teachers. Alexandria, Va; Association for Supervision and Curriculum Development.

Sylvia C. Chard. 2014. Classroom as a Learning Environment. Retrieved from:
http://projectapproach.org/special-topics/classroom-learning-environment (10 July 2019)

Suzie Boss ,John Larmer. 2020. 7 teaching practices that lead to PBL success.Retrieved
from: https://www.k12insight.com/trusted/project-based-learning (10 July 2019)

Joseph C.L. Tan and Anne Chapman. 2016. Project-Based Learning for Academically-Able
Students, Rotterdam /Boston/Taipei; Sense puplishers.

48



NIATEIRUNIUATRANANA aTuInemansuazmalulad UN 4 aduil 1 unsiau-Suinau 2564

Characterization of lonospheric Scintillation Index over low latitude: Nepal Region
Kutubuddin Ansari', Tae-Suk Bae!, Punyawi Jamjareegulgarn?, Shakera Khan® and Soo-Hyeon Lim*

" Department of Geoinformation Engineering, Sejong University, Seoul, South Korea
? Department of Engineering, KMITL, Prince of Chumphon, Chumphon, Thailand
? Deaprtment of Biotechnology, Suresh Gyan Vihar University, Jaipur, India

*Corresponding author: Punyawi Jamjareegulgarn, E-mail address: kjpunyaw@kmitl.ac.th

Abstract

The ionospheric scintillation is a rapid phase and amplitude fluctuation of satellite signals due to the
small-scale irregularity of electron density in the ionosphere. The characterization of the scintillation index in
a proper way is a crucial aspect of the Global Positioning System (GPS) satellite signals for the purpose of
space-based navigation, satellite communication, space weather as well as earth observation applications. In
the current study, we analyzed the ionospheric scintillation index during the year of 2018 to 2019 over the
Nepal region which locates itself almost being sandwiched between India and China and in the vicinity of low
latitudes. The characteristic variations of scintillation occurrence are studied during the several geomagnetic
storm and quiet days. The results show that the S4 indexes are varying from the 0.05 to 0.45 during the whole
year. The S4 indexes behave higher variations during the whole day in the starting of the year and start to
decrease at end of the day as well as at the ending months of the year 2019. The S4 values become
completely less during the sunset time, while they have higher values during the sunrise. Especially, the S4
index during the storm days are larger than during the quiet days. It is worthy to note that the variations of S4
index studied in this current study do not follow the sunset property during the year of 2019. Consequently,

the causes should be discovered and discussed additionally in the next research paper.

Keywords: lonosphere, Nepal, Scintillation index, Storm days, Quiet days

49



N

' '
= o

wazwalulad U9 4 aduf 1 uns1Au-Suiney 2564

2 o s

NIEANTAD. YUNTUATANANA aTUINemEns

1. Introduction

The ionospheric irregularities in the low latitude and equatorial regions are remained a challenging
task for the ionospheric investigators in the last decades. The issue of ionospheric irregularities is mainly
related to the complex interaction of several physical activities which are responsible for large scale growth
and decay in F region are known as plasma bubbles (Srinivasu et al., 2018). The phase and amplitude of the
radio waves during the passing through the ionospheric F region fluctuate rapidly and randomly are called
scintillations. These scintillations sometimes effect the and creates issue on the well performing of the
navigation and communication system (Wernik, Alfonsi, & Materassi, 2007). This type of events generally
occurs during the dusk or after the dusk in the equatorial regions, may occur at any daytime at the polar
regions. It is noticed mainly at the equatorial areas, least at mid-latitude while lesser at high-latitude regions
(Akala et al,, 2012). Global Positioning System (GPS) signal travel from satellite to the receiver are used to
monitor the atmospheric error such as ionosphere and troposphere as well as crustal deformation (Ansari &
Corumluoglu, 2016; Ansari, Althuwaynee, & Corumluoglu, 2016; Ansari, 2014). lonospheric scintillations are
able to reduce the phase and pseudorange measurements accuracy and sometimes may become responsible
for significant weakening in accuracy of GPS or even lead to a complete failure of the system (Moraes et al.,
2014). The scintillation, in extreme cases can be cause of full disturbance for the operating receiver (Rezende
et al,, 2007). Hence, the scintillation mitigation is a complex process for dual-frequency GNSS receivers. It is
well-known that the scintillation occurrence is related to solar activity, local time, season, geomagnetic
activity, and geographical location. The accurate positioning and signal availability of space and eround based
augmentation systems (SBAS and GBAS) have been affected during extreme equatorial ionospheric
scintillations. Moreover, during severe scintillations, the carrier-to-noise ratio below 30 dB-Hz can result in the
satellite signal outages. Several studies on the distribution and morphology of scintillation known as
“scintillation climatology” is very important so as to mitigate the above-mentioned problems. Several
observations related to climatology and dynamics of irregularities near the equatorial low-latitude zone have
been reported earlier. For example, Sreeja et al. (2012) investigated the correlation between scintillation
levels and Global Navigation Satellite System (GNSS) receiver tracking performance for both Global Positioning
System (GPS) and GLONASS signals. Their results showed that the signals with lower transmitting frequency are
more affected under scintillation. Meanwhile, Moraes et al. (2012) investigated the fading characteristics based
on one month’s scintillation data collected at low latitudes and built the relationship between fading

duration and the occurrence probability of cycle slips. They found that the performance of a GPS receiver
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with CNR (carrier-to-noise ratio) threshold around or higher than 30 dB-Hz could be severely influenced by
deep fading. Afterwards, Jiao et al. (2016) studied the scintillation characteristics on GPS L1, L2C and L5 signals
at the equatorial region. They reported that the fading rarely occurs on all GPS bands at the same time.
Likewise, Seo et al. (2016) studied the signal fading because of ionospheric scintillation by using the
intermediate frequency (IF) data and a commercial software receiver. Here, a fading model was also
constructed to be beneficial for designing an aviation receiver. Moreover, Srinivasu et al. (2018) reported the
scintillation effects on various types of GNSS signals over Indian zone using the multi-GNSS observations. They
found that the impact of scintillation intensity also relies on the visible satellites of selected GNSS system in
conjunction with solar and seasonal effects. The characteristics of temporal and spatial amplitude
scintillations and their distributions of percentage occurrence during year 2013 are also studied over both
Indian equatorial station, Bengaluru and EIA region, Lucknow (Sahithi et al, 2019). Here, the impact of
geomagnetic quiet and disturbed days in the high solar activity period of the 24th solar cycle has also been
investigated on GNSS systems. Although numerous literatures have been proposed to investigate the
ionospheric scintillation in different parts of the globe, however, the scintillation has never been studied over
Nepal region, an interesting boundary between low latitude and midlatitude. Therefore, we studied and
analyzed the ionospheric scintillation index during the year of 2018 to 2019 over Nepal region in the vicinity of
low latitudes in this current study. The characteristic variations of scintillation occurrence are studied during
the several geomagnetic storm and quiet days. The main objective of this study is to understand the

probability of scintillation occurrence over Nepal region.

2. Data Used

In the present study, we tried to investigate the effects of scintillation over the GPS sites from Nepal
during the year of 2018 and 2019. Geographically the boundary of Nepal is presented by trapezoidal
(approximately) shape with length and width of 800 and 200 km respectively (area around 147,181 km?). In
terms of geographical coordinates, the country lies between 26° to 31°N latitudinal and 80° to 89°E
longitudinal directions (Ansari, 2018; Ansari et al., 2019). The major part of the country is surrounded by India
from three sides (except north) while northern part is bounded by Tibet, China (Figure 1). The GPS observation
data in rinex formats for five GPS sites all over Nepal has been accessed from UNAVCO archives (ftp://data-

out.unavco.org/pub/rinex/) and processed with the GPS-TEC analysis software (Seemala & Valladares, 2011).
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We chose the maximum elevation height (hmax=350 km), the elevation angle (0l=20°), and the radius of the

earth (Re = 6378 km) during the processing of GPS data (Sharma, Ansari & Panda, 2018).
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Figure 1 GPS selected sites over Nepal for the current study

3. lonospheric Scintillation Index

lonospheric scintillation is a stochastic (random) phenomenon concerning the phase and amplitude
fluctuations of GNSS signals. In severe situations, the scintillation can lead to the loss of signal locking (or
cycle slip). It is worthy to note that the effects of scintillation are not removed by dual-frequency
observations. Hence, Trimble has formulated a global ionospheric scintillation sounding network to detects
scintillation effects and provides up-to-date warning information on scintillation effects in different parts of
the globe. The scintillation generally occurs in equatorial regions after sunset for several hours, whereas it can
exist at any time over polar regions. A map showing the current ionospheric scintillation activity can be found
on the http://www.trimbleionoinfo.com/Images.svc/SCINTI.  The intensity of amplitude scintillation is
commonly indicated by amplitude scintillation (S4 index), which is the normalized standard deviation of the
signal power/intensity, given by (Dierendonck & Arbesser-Rastburg 2004). The scintillations index climatological
amplitude for the geomagnetic quiet and disturbed days during the investigation period (2018 - 2019) is
conversed according to the geomagnetic Dst index. The scintillation amplitude is measured by computing the

S4 index. The occurrence percentage of S4 index is calculated by the following expression.

X (S4>Threshold
Percentage of Occurrence = ( —— ) (1)
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where X stand for the S4 index amplitude sample space and Xtotal means the total number of S4
values. Generally, the S4 amplitude is characterized as a strong scintillation when S4 > 0.8, moderate
scintillation when 0.5 < S4 < 0.8 and weak scintillation when 0.2 < S4 < 0.5 (Abadi, Saito, & Srigutomo, 2014).
The threshold value can be chosen any number, for example, the threshold value 0.2 is chosen by Sahithi et

al. (2019) in their investigation. In the current study we took the threshold value of 0.05.
4. Result and Discussion

The daily variation of S4 values during the year of 2019 is shown in Figure 2. The horizontal axis in
given figure shows the daily (or monthly) variation of S4 and the vertical axis presents the local time. The
color bar in the figure is the indication of S4 variation. It is clear from the figure that the S4 values during the
whole year are varying from the 0.05 to 0.45. The S4 indexes have higher variations during the whole day in
the starting of the year. These values start to decrease at end of the day and at the ending months of the
year 2019. The S4 values become completely less during the sunset time, while they have higher values
during the sunrise. The observed scintillation peak during the noon time possibly related to the precipitation
into the daytime (Tiwari et al., 2012). As we already discussed in the introduction section that the ionospheric
scintillation is a phenomenon that occurs after sunset, especially in the low-latitude regions, affecting radio
signals that propagate through the ionosphere. Here, Nepal is in the upper low latitude region, but the
variations of S4 index do not follow the sunset property during the year of 2019. These are the complicated
issues which we need to find the causes. Here, we presented the initial results, and then we will try to discuss

more analysis in the next research paper.

0.45
0.4

035

0.3

0.25

0.2

1 0.15

Local Time over Nepal

01

0.05

Jan Feb Mar  Apr May Jun Jul Aug  Sep Oct  Nov Dec

Months of the Year 2019

Figure 2 Annual variations of amplitude scintillations over CHLM stations during the year 2019
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Figure 3 The temporal variations of S4 Index values representing the amplitude scintillations at BRN2 and
SYBC during the quiet days (26-28 May 2018) with respect to Dst Index

We selected the quiet days (26 - 28 May 2018) S4 index variation two selected GPS sites over Nepal
named BRN2 and SYBC as shown in Figure 3. We can see from the top panel of the figure that Dst values are
varying from 0 to 20 which indicates the geomagnetic quiet days. The S4 values in figure are lies between 0.05
to 0.30. Similarly, the for the storm days we choose the days (25 - 27 Aug 2018) S4 index and plotted them
with Dst index as shown in Figure 4. It is clear from Dst index that lies between around -180 to 20 presenting
storm days effect. The value of S4 during the storm days is noted around 0.05 to 0.40 which means that the
S4 index during the storm days are larger compared to the quiet days. The same results can be found and
discussed additionally in Tiwari et al. (2012). The occurrence of scintillations is increasing as Dst increased
indicates the dependency on magnetic activity. This happened due the large-scale ionospheric structure of
enhanced electron density during the storm days compared to quiet days. These variations may be associated
with the occurrence of the polar patches which increased about 2 TEC units in the duration of about 30
minutes (Basu et al., 1998). The high electron density polar patches generate scintillation in the signal and

large enhancement in the TEC values (Basu et al., 1998; Tiwari et al., 2012).
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Figure 4 The temporal variations of S4 Index values representing the amplitude scintillations at JMSM and
RMJT during the storm days (25-27 Aug 2018) with respect to Dst Index

5. Conclusion

We used the GPS data located over Nepal for the year of 2018 and 2019 and investigated the S
index variation during the diurnal, quit and storm days. The S& values become completely less during the
sunset time, while they have higher values during the sunrise in the year of 2019. The S4 values are higher
during the storm days, while they are low values during the quiet days in the year of 2019. These are the just
initial results; we will thoroughly discuss about the results in our next research paper. Finally, we hope that
our proposed approach in this current study will help to understand the probability of scintillation occurrence

over Nepal region.
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Abstract

This paper presents the details of a custom-made axisymmetric triaxial apparatus for testing
unsaturated soils. The design of this apparatus was based on the axis translation principle; that is the target
suction applied to the specimen is controlled by adjusting the difference in positive pore-air and pore-water
pressures. A high air entry ceramic disk located on the bottom cap was employed to prevent pore-air from
migrating and dissolving into the part of the apparatus saturated with water. The apparatus featured a double-
walled type of mechanism to determine the specimen volume change. Its performance in testing unsaturated
soils was evaluated by means of constant water content tests on kaolin clay. In these tests, drainage of the
pore water during shear was prevented, while free movement of the pore air was allowed. The observed
stress-strain behavior conformed well to the fundamental responses of unsaturated cohesive soils. The results
of two identical validation tests exhibited less than 3% differences in the deviator stress, matric suction
change and volume change-axial strain relations. Such good agreement among the results of these tests
suggested a high level of performance of the double-walled triaxial apparatus to produce repeatable

experimental results under axisymmetric triaxial stress states and with constant water content conditions.

Keywords: Unsaturated soil, Double-walled triaxial apparatus, Volume change, Matric suction.
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1. Introduction

Unsaturated soils are often encountered in various geotechnical applications such as compacted
embankments, earth slopes, spread footings and excavations. Safe and economic design of geostructures with
or in unsaturated soils requires sound understanding of the deformational behavior and strength
characteristics of these materials. The mechanical responses of unsaturated soils can be effectively studied
within the framework of laboratory element tests. Several types of equipment have been introduced over the
past decades, including one-dimensional consolidation, direct-shear, ring-shear, axisymmetric triaxial and true
triaxial apparatuses [1-5].

For saturated soils, the effective stress (O ’) is, essentially, the most influential factor that controls the
stress-strain and strength characteristics of the materials. However, Terzaghi’s concept of effective stress is not
fully applicable for the case of unsaturated soils due to the interaction between the pore air and the pore
water in the soil matrix. Based on the framework of multiphase continuum mechanics, Fredlund and
Morgenstern (1977) introduced two independent stress state variables that combine the effects of the total
stress (0), the pore-air pressure (Ug), and the pore-water pressure (U,,). These two state variables, namely,
the net stress (00 — Ug) and the matric suction (0, — U,,) separate the effects due to changes in normal
total stress from the effects due to changes in pore-water pressure and are used in lieu of the effective stress
in characterizing the mechanical behavior of unsaturated soils.

The most distinct aspect of laboratory experiments for unsaturated soils is to create an appropriate
suction-controlled environment within the testing apparatus. Several approaches have been proposed,
including osmotic and vapor equilibrium techniques for large suctions [7-10] and axis translation technique for
low to moderate suction values [6, 12-13]. Perhaps, the axisymmetric triaxial apparatus is the most optimum
type of laboratory equipment for testing unsaturated soils. The key reason is that it is simple enough
compared to more advanced testing and yet both the stress-strain relationships and the strength
characteristics can be observed for a variety of stress paths and magnitudes of strain. Nevertheless,
commercially available triaxial apparatuses are still practically inaccessible to the local geotechnical testing
industry owning mostly to their complexity and prohibitive cost. This, in one way, impedes the ability of local
geotechnical engineers to gain better insight into the mechanical characteristics of unsaturated soils in their
routine work and adversely affects the analysis of geostructures related to such soils due to lack of quality
design parameters.

This paper attempts to fill such a technical gap. The paper explains the design and fabrication of a
double-walled triaxial apparatus that is reliable and yet simple and cost effective. The specific details of the
apparatus are provided so as to enable the prospective geotechnical engineers to follow and fabricate such
equipment for their own use. The performance of the present apparatus will be evaluated by means of
constant water content (CWC) triaxial tests on unsaturated specimens of kaolin clay, and the stress-strain and

volume change behavior observed from these tests will briefly be discussed.
2. Descriptions of double-walled axisymmetric triaxial apparatus

2.1 Triaxial cell

The triaxial cell shown in Fig. 1 composes of a top plate and a bottom plate made of stainless steel
and acrylic plastic inner and outer cell walls. The inner cell wall encloses the cylindrical soil specimen that is
accommodated between a top cap and a bottom cap. The top and bottom plates are circular in shape and

measure 200 mm in diameter and 25 mm in thickness. Both acrylic cell walls are 9 mm thick. The outer wall
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is 400 mm tall whereas the inner one is 300 mm. A smooth stainless steel piston rod, 19 mm diameter,
transfers vertical deviator loads to the specimen during shear. The piston rod is inserted through a bearing
housing located at the center of the top plate. The housing’s inside is fitted with a PVC sleeve bearing so as

to minimize friction while maintaining vertical alisnment of the piston rod.

) "= Load cell signal cable
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Figure 1 Side-view illustration of double-walled triaxial cell.

The specimen top cap made of Polyoxymethylene (POM) is 50 mm in diameter. The selection of this
material was made due to its light weight, high resistance to corrosion and ease for machining. Such a
lightweight top cap is highly suitable to test soft and sensitive clay specimens. When stronger soil specimens
are tested, top caps made of anodized aluminum or stainless steel should be employed to prevent excessive
deformations and possible damage to the caps. The stainless steel bottom cap measures 50 mm in diameter
for the top portion. Its enlarged base (100 mm diameter) allows for convenient installation to the bottom
plate and provides sufficient space to allocate bottom drain lines. The bottom cap features a recess 7 mm
deep and 45 mm diameter on its top face, allowing for placement of a high air entry ceramic disk (HAECD) 7
mm thick and 42 mm diameter. HAECDS are an essential element for laboratory experiments of unsaturated
soil specimens in which matric suction is applied. A HAECD is usually made of fine hydrophilic ceramic. It
permits water to flow through the ceramic while stopping airflow as long as the air entry value in not
exceeded. High strength epoxy filled in the side lash between the HAECD and the bottom cap bonds the two
components together and prevents leakage of the pore water and air during testing. The HAECD used in the

experimental program presented herewith was manufactured by Soilmoisture Equipment Corporation. It had a
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porosity of 32%, a hydraulic conductivity, when fully saturated, of 2.6x10™" m/s and an air entry value of
1,500 kPa.

A top drain line and a bottom drain line, both 3 mm in diameter, enable flow of water and air into
the specimen. The top drain line is routed through the top cap and then connected to a high-strength nylon
tube that exits the cell through the bottom plate. The bottom drain line is routed straight through the
bottom cap and plate as shown in the Fig. 1. The recess of the bottom cap features a groove 3 mm deep cut
in a concentrically spiral pattern to promote unidirectional flow of water. One end of the groove at the edge
of the recess connects to a flush-in tube, while the other at the center joins the flush-out tube (Fig. 1). Such a
groove pattern is essential to achieve satisfactory levels of saturation of the HAECD and the pore-water
pressure measurement unit prior to testing. This process will be explained later.

2.2 Measurement of specimen volume change

For the case of fully saturated soil mechanics, the specimen volume change can be determined by
tracking the amount of pore water that enters or exits the specimen during the course of testing. Volume-
change devices (VCD) are employed for such a purpose. Different VCD designs have been introduced [14-16].
However, the compliance (ease of the entering water to trigger and stimulate the measurement mechanism of
the VCD) and thus the accuracy may widely differ among them. Measurement of the volume change in this
manner requires application of a back pressure to keep the specimen and the employed VCD saturated with

incompressible de-aired water at all times.

<—— Tierod
|T Nut
Top plate - -
B ﬁl_ ] O-ring
<]
Bottom plate —— —‘ O-rings

Figure 2 Sealing of water flow between inner cell wall and annulus by compression of o-rings.

For unsaturated soils, both air and water are present in the void spaces between the solid particles,
and the total volume change is the sum of the volume change of air and that of water. Measurement for the
water component of the volume change can be performed using the same technique as for fully saturated
soil. Measurement for the air component of the volume change, however, is not straightforward, owning to
the high compressibility of air and the tendency of air to diffuse into water and through porous membrane.
Bishop and Henkel (1962) used a twin-burette system to monitor air-volume change while Adams et al. (1996)
and Wulfsohn et al. (1998) employed digital volume-pressure controllers to track the amount of air entering
or exiting the specimens. The mentioned methods require rather complicated equipment, and the processes
involved are, from a practical standpoint, cumbersome. An alternative approach to measuring the volumetric
deformation of unsaturated soils is to directly determine the overall volume change of the specimen. The use
of a mercury-filled triaxial cell [17], optical transducers [20], and image-based deformation analysis [21] has

been reported for measurement of the specimen’s total volume. These techniques, although they have their
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merits, are either hazardous for today’s practice or still too complicated for routine geotechnical laboratory

testing.
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Figure 3 Triaxial cell, pressure control board and instrumentation of double-walled traixial apparatus.

The highlighted drawbacks may be overcome with the use of double-walled triaxial cells [22]. With
this arrangement, another cell wall with a smaller diameter and height is installed inside the conventional
triaxial cell. The specimen is accommodated in the inner cell. The annulus and the inner cell are filled with
water, and no water flow is allowed between the two spaces. Expansive and contractive specimen volume
changes will result in increases and decreases in the water level of the inner cell, respectively. If the water
level in the annulus is kept constant as the specimen is consolidated and sheared, a sensitive differential
pressure transducer can be used to measure the total specimen volume change by tracking the difference in
water levels in the annulus and the inner cell. As the total volume change is known, the air-volume change
can be determined by subtracting the water-volume change from it. For the present apparatus, the inner cell
wall is installed by inserting it into a groove 10 mm deep cut into the bottom plate. Sealing of water flow
between the inner cell and the annulus is achieved by compression of two o-ring placed on the opposite
sides of the groove (Fig. 2).

2.3 Application of matric suction with axis translation technique

In common geotechnical applications, negative pore-water pressures (Uy,,< 0) are always present in
both natural and compacted unsaturated soils. The pore air in the void space usually interconnects and
eventually joins up to the atmospheric pressure. For the case of laboratory triaxial testing, if the applied pore-
air pressure is equal to the atmospheric pressure, i.e., Uy = 0 (gauge), the matric suction is essentially negative
pore-water pressure or tension in the pore water. As the magnitude of matric suction increases and the pore-
water pressure decreases toward -101 kPa, the water in the groove or compartment below the HAECD will
start to cavitate. This results in the presence of air bubbles, thus leading to erroneous readings of the pore-
water pressure. Such a problem can be circumvented with the use of axis translation technique. With this
approach, the pore-air pressure is elevated so as to create an artificial atmosphere, in which the pore-water

pressure is positive and yet the same matric suction is obtained in the specimen. For instance, an air pressure
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of 300 kPa is applied to the specimen, thus also raising the pore-air pressure by the same amount. The pore-
water pressure is increased to 100 kPa beneath the ceramic disk with an air entry value of, e.g., 500 kPa. The
matric suction is 200 kPa but the risk of cavitation of the water in the compartment below the ceramic disk is
eliminated. This ensures the continuity and maintains the accuracy of the pore-water pressure measuring
system. It is worth noting that the applied matric suction must not exceed the air entry value of the ceramic
disk to maintain full saturation of the pore-water pressure reading system. It has been observed in past
research that the use of axis translation technique does not affect the observed stress-strain and strength
characteristics of unsaturated soils [1, 3, 6, 11].

The present apparatus prevents the pore water from entering into the pore-air pressure measurement
unit by using a 3-mm thick corundum porous disk placed beneath the top cap as shown in Fig. 1. This
particular material is hydrophobic in nature. Its air entry value and hydraulic permeability are extremely low,
thus allowing convenient airflow while making it very difficult for water to migrate through. Small-diameter
nylon tubes are employed in the pore-air pressure measurement system to minimize the effects of air
compressibility. With the present design, the pore water is applied from the bottom of the specimen through
the water compartment below the HAECD. Regulated-air pressure is employed as the source for the pore-
water pressure application with an air-water interphase separating the pressurized air from the de-aired water
as shown in Fig. 3. The net pressure and matric suction can be adjusted by controlling the cell pressure, the

pore-air pressure and the pore-water pressure, simultaneously.

Table 1 Transducers, required electrical excitations and corresponding output signals

) ) o Output
Physical quantity Type of sensor Brand and model Excitation ianal
signa
Vertical
. Potentiometer Bei Duncan model 9600 0-38-mm stroke +15VDC  0-10 VDC
deformation
Vertical deviator Applied Measurements model STALC3 0-10
Load cell +10vDC  0-20 mV
load kN
Pressure Omega model PX-409-500G10V 0-3450 kPa
Cell pressure +15VDC  0-10 VDC
transducer (gauge)
_ Pressure Omega model PX-319-500G10V 0-3450 kPa
Pore-air pressure +15VvDC  0-5VDC
transducer (gauge)
Pore-water Pressure Omega model PX-409-150G10V 0-1030 kPa
+15VDC  0-10 VDC
pressure transducer (gauge)
Differential
Omega model PX-409-10WDWU10V 0-250
Volume change pressure +15VDC  0-10 VDC
mm of water
transducer

2.4 Instrumentation of double-walled triaxial apparatus

The triaxial cell, its pressure control board and the corresponding instrumentation are shown in Fig. 3.
A potentiometric displacement sensor measures the specimen’s vertical deformation. It is attached to the
piston rod with the tip of its probe resting on the top plate. The apparatus employs a submersible load cell
to measure the vertical deviator load. The data cable of the load cell is routed through the piston rod that is
hollow. Sealing of the cell pressure can be achieved by compression of an o-ring placed at the threaded

connection between the load cell and piston rod. The installation of a load cell inside the triaxial cell
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eliminates the need for correction of the vertical deviator load by the friction between the piston rod and the
bearing housing. A high-precision differential pressure transducer tracks the difference of the water levels in
the annulus and the inner cell, and this allows for determination of the specimen’s overall volume change.
Three pressure transducers independently measure the cell pressure, pore-air pressure and pore-water
pressure. Note that the differential pressure transducer and the pore-water pressure transducer must be fully
saturated with de-aired water prior to use, while the cell and pore-air pressure transducers can directly be
connected to their corresponding air supply tubes as shown in Fig. 3. As shown in Fig. 4, proper power supply
units provide electrical excitations denoted as T E to the transducers. The voltage signals +S from the

transducers are filtered to eliminate noises and amplified as necessary using a signal conditioning unit.

|
Potenti [ —
l otentiometer AE

Power supply
+E 5 +15 VDC
‘ Differential pressure transducer Y
+E +S
‘ Cell pressure transducer
48
+E Signal conditioning
£8
l Pore-water pressure transducer
+E +S
A/D
l Pore-air pressure transducer |f junction box
+S
‘ Load cell
+E Power supply| Computer
+10VDC Control program
+E
l To diaphragm air cylinder I-.. ) S
49
+E
To triaxial cell EP 4 +S _
r | I— D/A
+E junction box
[ To specimen (water side) EP [ £S5
+E
To specimen (air side) EP [ +S

Figure 4 Schematic diagram for instrumentation, data acqusition and control of double-walled triaxial

apparatus.

Table 1 lists the transducers employed in the experimental program to validate the present
apparatus. The table also summarizes the required electrical excitations and the corresponding output signals
of these transducers. The apparatus uses two National Instruments (NI) DAQ 9239 Voltage modules
incorporated into a dedicated data acquisition and control computer to perform data acquisition at a
sampling rate of 1 Hz. The apparatus also features a control system that enables axisymmetric triaxial
compression tests to follow specific stress paths suitable for characterizing the mechanical behavior of
unsaturated soils. These stress conditions are characterized by 07 > 0, = 03 where 0y is the major

principal stress; 05 is the intermediate principal stress; and O3 is the minor principal stress. Such control is
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achieved through the ability to independently adjust the vertical deviator load, cell pressure, pore-air
pressure and pore-water pressure of the specimen in real time. The apparatus employs four electro-
pneumatic (EP) pressure regulators (FAIRCHILD model T7800) in conjunction with a closed-loop computer
control program. One regulator adjusts a diaphragm air cylinder, thus controlling the vertical deviator force,
while the others control air pressures in the triaxial cell, the specimen and the air-water interphase (Fig. 3).
The arrangement for electrical wiring of the instrumentation, data acquisition and control of the apparatus is
schematically illustrated in Fig. 4.

2.5 Automatic test control

A custom computer program used in conjunction with the apparatus was developed in National
Instruments LabVIEW environment to perform axisymmetric triaxial tests in a fully automated manner. The
computer program consists of one master unit and three other units; namely, an analog-to-digital (A/D), a
proportional-integral-derivative (PID) controller, and a digital-to-analog (D/A) unit. The master unit
manipulates the other three units and executes steps necessary to perform the desired test. It obtains user's
inputs (e.g., matric suction, net pressure and strain rate) and initiates the control process by starting the A/D
unit that continuously receives input signals from the aforementioned transducers and computes the current
stresses (or pressures) and strains on the specimen.

To follow the desired stress path, the master unit assigns target stresses and strains to the PID
controller unit, which at any time (t) attempts to minimize the differences or errors A(t) between the
measured stresses and strains and the targets by outputting corrective reactions R(t) to the apparatus. The

PID controller unit calculates R(t)—values according to the formula:

2(0)=pa (D) J e 20

tX

The parameters P, I and D in (1) are the proportional, integral and derivative gains, and )Y is an
appropriate time interval. The proportional part determines the corrective reactions with respect to the
current errors, whereas the integral part determines the corrective reactions based on the sum of errors over
a time period of ), and the derivative part computes the corrective reactions based on the rates, at which
the errors have been changing. The P, I and D parameters that allow for optimum control of the apparatus
can be determined from trial-and-error. The D/A unit then converts the corrective reactions into voltage
signals, and these are sent to the appropriate electro-pneumatic regulators. As such, the stresses and strains

are readjusted and a real-time feedback control operation is formed (Fig. 4).
3. Performance evaluation with constant water content triaxial tests

The performance of the present apparatus was evaluated by means of constant water content (CWC)
triaxial tests on unsaturated specimens of kaolin clay. The details of these evaluation tests are provided

below.

3.1 Specimen preparation

Laboratory produced soil specimens were employed in the experimental program so as to maintain
high levels of specimen consistency and eliminate the variability of soil physical states that, otherwise, are
prevalent in natural unsaturated soils. As such, clear evaluation of the repeatability of testing with respect to

the apparatus’s performance and the experimental procedures can be made. The kaolin clay used in this
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study was obtained from a uniform natural deposit in Lampang, Thailand. It was supplied as bulk samples
with delivery water contents of 7-10%. These samples were oven dried and eround to produce fine clay
powder. The liquid limit and plasticity index of the soil were 55 and 20, respectively, indicating a Unified Soil
Classification System (USCS) group symbol of MH. Dry kaolin clay powder was mixed with water to produce
slurry at a water content twice as large the liquid limit of the soil. The slurry was later one-dimensionally

consolidated in a double draining consolidation tank as shown in Fig. 5.

Top drain

Top plate ‘\ T
A

Diameter 254 mm —

— Porous disk

—— Porous disk

Height 1000 mm
Stainless steel o
tank > < / Drain line
Dial gauge >
< < Piston
Regulator >
—> - < Bottom plate
House [
pressure \J
| ) E
[N
Frictionless
‘ 1 sleeve bearing
> Regulated air Bottom drain
pressure

Figure 5 Double draining consolidation tank to produce soil specimens [23].

The slurry was placed in the consolidation tank, using a small cup, in three lifts, and a rod was used
to gently stir the slurry in one direction for a few revolutions for each lift. Prior to consolidation, a vacuum of
100 kPa was applied to the tank, purging air bubbles trapped inside the slurry. The inside of the stainless steel
consolidation tank was highly polished and coated with a thin layer of vacuum grease to minimize friction
between it and the soil. Cylindrical soil cakes 254 mm in diameter and 170 mm tall were produced after the
one-dimensional consolidation. Cylindrical specimens, 51 mm in diameter and 102 mm in height were carved
from the cake samples and installed into the apparatus. It is worth mentioning that the consolidation pressure
of 100 kPa was employed to produce soil samples which were adequately stiff and could be handled in the

subsequent testing procedures without significant disturbance.
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3.2 Saturation of pore-water pressure measurement unit

The high-air entry ceramic disk was saturated with de-aired water prior to each triaxial test. The
saturation procedure after Bishop and Henkel (1962) and Fredlund (1973) were strictly followed. The triaxial
cell was assembled, however, with no specimen in it. Water was introduced through the bottom drain ports
into both the annulus and the inner cell such that the water level was about 25 mm above the ceramic disk.
A cell pressure of 600 kPa was applied for about an hour, forcing the cell water to flow through the ceramic
disk and into the compartment below. Air bubbles, if any, inside the disk would be displaced by water flow
and accumulated immediately in the compartment below it. De-aired water was then flushed, with a driving
pressure of 200 kPa, through the compartment for ten minutes so as to expel the air bubbles out from the
pore-water measurement unit. This process was repeated for six cycles to ensure satisfactory levels of
saturation. The permeability of the ceramic disk was later determined. Unusually high values of permeability
indicate cracks or leakage of the seal around the ceramic disk.

The traixial cell was dissembled, and the specimen was placed on the ceramic disk. Two layers of
latex membrane were placed around the specimen, and o-rings located on the membranes and around the
top and bottom caps helped seal the specimen from the cell fluids during testing. The top and bottom drain
lines were connected; and the inner and outer cell walls were re-assembled with cell water re-introduced.

3.3 Testing program

The performance of the present apparatus was evaluated by means of CWC tests on unsaturated
specimens of the kaolin clay. In these tests, three different matric suctions of 0, 150 and 300 kPa were
applied, and later the specimens were sheared under constant gravimetric water content conditions. The soil
physical states associated with this type of triaxial test are highly pertinent to the actual field conditions, and
yet the test is less time consuming and not as so complex when compared to the drained and undrained
tests. The employed matric suctions and the pore-air and pore-water pressures required to achieve them are

listed in Table 2. Although the matric suctions were different, the net pressures of these tests were identical.

Table 2 Stress states for constant water content triaxial tests with varying matric suctions.

Test No. Pore-air Pore-water Cell pressure Net pressure Matric suction
pressure (kPa) pressure (kPa) (kPa) (kPa) (kPa)
1 200 200 300 100 0
2 350 200 450 100 150
3 500 200 600 100 300

Upon installation into the apparatus, the specimens of kaolin clay obtained from the consolidation of
slurry were essentially fully saturated, i.e., the degree of saturation S & 100%. To achieve the three target
matric suctions, the pore-air pressure and pore-water pressure were proportionally raised and the specimens
were allowed to “equalize” with permitted movements of the pore air and water. The equalization with
matric suction was considered to be complete when the total volume change plot with a logarithmic scale of
time did not noticeably decrease any further. As these new equilibrium states were reached, air had
permeated into the soil, resulting in smaller values of S and decreased gravimetric water contents; I =
mw/m where M, is the mass of pore water and M is the total mass.

The drainage path of pore water was later closed, and the specimen was sheared by applying vertical
deviator stresses that resulted in a constant axial strain rate of 0.04% per minute. The pore-air and cell

pressures were controlled to be constant, while the corresponding changes in pore-water pressure and
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specimen total volume were monitored. The tests were discontinued well beyond failure with axial strains of
at least 20 %. After each test was complete, the apparatus was dissembled and samples from various parts of

the tested specimen were taken for water content determination.
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Figure 6 Deviator stress-axial strain relationships of constant water content triaxial tests with varying matric

suctions prior to shear.
4. Experimental results

The deviator stresses (07 — 03) during shear are plotted versus the corresponding axial strains (€q)
as shown in Fig. 6. The matric suction change (A(ua - uw))—axial strain relationships and volumetric strain
(Ey)-axial strain responses are plotted in Figs 7 and 8, respectively. For all suction values, the deviator stress
curves in Fig. 6 rise rather rapidly for axial strains less than 2-3%. At larger strains, however, the curves increase
only marginally to reach peak values, and they either remain relatively constant or slightly decrease
afterward. It is also apparent that the stress-strain curves increase more rapidly and attain higher peak points,
thus indicating higher values of stiffness (Egq = (0'1 - U3)max/2€50) and shear strengths (Tf =
(0'1 - J3)max) with increasing matric suction. In the preceding definitions of stiffness and shear strength,
(0'1 - US)max denotes the maximum deviator stress, while Egq signifies the axial strain corresponding to
a deviator stress equal to 50% of (0’1 - 0-3)max- As shown in Fig. 7, the matric suction changes during
shear decrease rather rapidly for axial strains smaller than 2%. The curves then decrease with much smaller
rates and, eventually, attain ultimate constant values even as €1 continues to increase. The experimental
values of A(ua - uw) are all negative. Since AU, = 0 during CWC shear, it follows that the magnitudes
of -Auw gradually increase with shearing. It is also apparent from the figure that the magnitudes of negative
matric suction change increase with that of the matric suction present in the soil prior to shear. The
volumetric strain responses in Fig. 8 are, in general, contractive with their magnitudes increasing with the axial
strain and matric suction. This indicates outward flow of the pore air from the soil mass while it undergoes
stressing under constant water content conditions. It is worth to note that the observed patterns of stress-
strain and volume change behavior of the kaolin clay conformed well to the results of other research works
on unsaturated cohesive soils [1, 3, 7, 11, 17, 19, 22, 24].
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Figure 7 Matric suction changes during shear plotted with axial strains for constant water content triaxial tests.
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Figure 8 Volumetric strain responses of constant water content triaxial tests with varying matric suctions prior
to shear.

An additional CWC test with a matric suction of 150 kPa was performed to investigate the ability of
the present apparatus to reproduce experimental results under the same testing conditions. The results of
this test are also plotted in Figs. 6, 7 and 8 for comparison purpose. It can be observed that the stress
difference curves of these two validation tests are essentially identical up to large &p-values, while
differences of less than 3% are present for the cases of matric suction change and volumetric strain during
shear. Such good agreement between the two tests suggests a high level performance of the double-walled
triaxial apparatus to produce repeatable experimental results under axisymmetric triaxial stress states and

with constant gravimetric water content conditions.

5. Conclusions
The aim of this study was to introduce a custom-made double-walled axisymmetric triaxial apparatus

for testing unsaturated soils. The design of this simple and reliable equipment was based on the axis

translation technique where an artificial atmosphere is created in the specimen by elevated air pressure. The
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matric suction can thus be applied with no risk of cavitation due to excessive negative pore-water pressures.
This apparatus featured a double-walled type of mechanism to measure specimen volume change. The
performance of this apparatus was evaluated by means of constant water content tests on unsaturated kaolin
clay with three different matric suctions. The observed stress-strain behavior conformed well to the
fundamental responses of unsaturated cohesive soils reported in the literature. When the results of two
identical validation tests were compared, it was observed that the stress difference-strain relationships were
essentially identical up to large &1-values. Differences less than 3% were present for the cases of matric
suction change and volumetric strain during shear. Such good agreement between these tests suggested a
high level of performance of the double-walled triaxial apparatus to produce repeatable experimental results

under axisymmetric triaxial stress states and with constant gravimetric water content conditions.
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