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Abstract 

This research examined three factors including amylose content, tapioca flour and steaming 

temperature which could affect noodle qualities, using the response surface methodology (RSM). The 

noodle qualities (response outputs) including surface area, moistness, hardness, springiness, whiteness, 

overall acceptability and tensile strength were assessed. It was found that added tapioca flour, amylose 

content of rice significantly affected the noodle qualities especially springiness, whiteness and overall 

acceptability. High level of added tapioca gave more sensory scores for moistness, springiness, 

whiteness and overall acceptability. High amylose rice reduced the whiteness of noodle. 

Key words : Rice noodle, Sen Yai, Rice noodle qualities 
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riSo-i-moofiA1611113olli 
)1151a:91D1cHutiMmIn55»-Tini5p4SolthillifY311H311112;f111 611611114 

NSAITilliiifirillA'frkitlaiiV1510111in1110411159101 qui 1 fm 9f4 lbll13' llil6IA24113iilf1W14MJ 

115 	t 411 ii-milenckifvravim i'ffl -ymninicrypianima; 6110fl1tat1165tJ1J611t111 9111if13i111  

110fIni1911-1111M111130r1fldltilldllillNi10 (MUD, 2522: 10) 

f115,94 (2538) UM; 0501-114 (2547) 1?liV(5nitfillaalii111,91111115 VISMIllfi'MalenV1111 

114i111 
1) 111Tiriowila-Mh-A-rystgaori-mitarir4DvioltummA'144)taitnuin iout_In;i165-) 

4 ',1-A191fi-ntfluetvii-mf11511Mhall 31`1133J1iUM'51,3JIVIVI1 tID ii0t1Mt 27-33 1130i11_133llillaa,' 

111Thff1111-1fl'il( DOM' 27 nfilt-III3J111.1MIVItilM1 (setback viscosity) fIlfril 300 B.U. 6 1191116f11 

174111.111A-dMilllIDEJ 4 1.61011 rilu'DlitF1V1f11511J'at11,10,1M111111.f191 	itaailfrimillao a.) 

mul5twpd-1141,1niiu 	 9Z111 

fl 3tJ6t91tJ1Yl3JfltIthillfl 
 

2) 1drii1flun15r)Sot12569l1111Ter2,'D1a611katAi1J51mil11tl 1.151M1f1V1156111"11MEJ 

fl']-13.1115t,q1)1161 iltlfldil-1111i"),1 0.2-0.5 ppm ilfilfrillAllf15Ad11115,111ilt 5-7 31a1S0 

uflotital 1-rlotanfitrint111.11M14.1.wa;'611,11tht-i-mlniitymnifity-RITUivo tta..:.?iAtAn 

iii'odi5trwmaDuatitni -) 1111Niimitvcii?Jj'aflgl Init151APM1101014115n1D1111011fiiiiislu 

1115411 don-mniiin-rolth minimal di° jiiios41152;,f1011GUOltif1M;m11111.10fitilt11J 1916'6011 

ivitrvirailuu 6602A7061Alf91villici31 3'JNW1111111f11111115,'Il466nfid14f111 1=111 lit eivmtlitndpiii 

3) V115111il (iVITI01.111) illillIf115&101f1f1151f111T111111,41,14101hlifT11111il*,1.163J1.4 

115M1111I9S611 11?0I916italt110951,0V1 	 II,M14514N61 flW11111.4111 

5W1tqld1-1 illnalllaifl0115T33.161J19a01.11130illkalrititalt1J911111i011/14 il41h0fi4a1104 

011115 uonwinfrimAlatillimiorrdatimitrontunillioulfm-iirm4 f143~1163Je~~1`>f513Jf hi  

icistaiummulciftDociAN -ndoilvAin-il 

00111916'561101.116ulaj1lki451 0um 90 illli'lJiliantwiloiltuiviliTMlumviiitirvirrqvim 

ituhri-RiFitriiiormfivtatn9pi-n -mhviallaittiu 1,000 ppm 
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4) f1151(011f1113JM,',0101=1115Ar)411111D1T11141-)11141,11441-31fil 01da5lh1b 0111.11f1 

11-19,91n1W1551ffil5NSAII-3061‘011117111(11 	 F114 N1 fill 

0,4-)111114-ri1J111Sli1 b1IktiOffhl.3611DAi1 Mb) NI 61,a2, 14 11113 

V11.115fittEM1411461fLinalltIMID011 	6lItlff,A/14411-)D-Nilf1156414111f101illun-au Io0i-)111111 

4-1-31JSZAl1ild 2-3 85141.,1611t1ill511YV11011.1a1ta1111 f31141-111Fifli11111-1D11611Vf1511191111-3fILIJ911111 

ciSalvlt911J5a;1J1til500af, 0.1 NO1111d111A11194120nhtlillialifi441TU1A1.4 ttM,'611M-M151711 fl1E1 

tilvolSwviltifria- FM1.11111141") UM1,"1114'30 11191w1-191011f11541M5M151f1711-16110141-wimiv1111) 

1,11111t,'Val 1haliiH4 1: 2.5 111 108141:1111i13J6191131110411110EJ f111113DflA'11411-3191111110tilll 

11V,"Ffirlii111111.41115411 1111M5f11,14TMOMW1 	Mai Aol'n-mon 	v130 

bb91'ma0000111116111411141nn IflutDrm41-)-1711041A1,114Lif154ffi'llf1151fin,'9116U041,91Aavals 

tlutamiinu rif0011411mai0000))16mfAll4i10 1,11.iltlillf115X1113,91M11-1f111f1-35111 

001152G105-3 1,110A/11111-)tvlAuAli-H1-350,1;41-31-Th 1-2 ihi1J4 U'40 v1911 3~1~1111b911~v~~Ydb1J~~1b Yd  

9/ d 5/ A. 
fil5tillIf3111111nr11 11113MAGuyrini 

5) f11511J1113 tMlf115`611111VMVIVIlifif um014115n101;611-11 	InntlifIDDM11161.1 

tflilNa1711 litcnSiivi0111113dAVAlil9sIton4-)0 ifilflitAlM111151111g1f)U4140011iin1511111.1 

ipvf111115511015NS04-)0160111ill'Inifillillal0t1L1014111cill 

11 lad 	tim,ltot-wi-3143)1n =IA41 -34altautiv-imulaw 11151a1151 

willimtulf4h4011,111f12.,•Tal&)1INV11111011:11 

6cut6il4ili1ilk918r311Ji'1JYAitrgig091516wr3mtc0f10-)Taltliuri-)01+0-1 1133.11fini19l11f9101 

tta?A'0110,M110141-3chifi 	 11141911T1filqiithatiltli 

D'AkliflVINE11,11h15`,1',11'illii0tM ,' 27-33 1130111 6/11111191111f113.11f1 um,i11133J1i110:.',13JbM1,4 

01a0ltiimf11J1mn211ing trnviovomilqiikfrianarkluttviflnIfAilt401Cioquivai 

IflEJYTAir11fVA&3Yd1101511"3101111In'Illild 2: 1 1(11 1111115illrlih,SVlifillAirf1q1diltillAcrlY1111 

1111DAWNallid11119M,1,1fl5li011iltlartIlliq 40-60 MT allon5DA 

MfAtlq tifl,','Ffl`1.11ADIFIINVIIJIJ161111111111ODf111.11.1-11,1111c11?1' (50f1M.' 90 IlD1113111fillilttlislij 
w 

111-119101ifilflAlfYil 66.30 1)Jif1511JA5) iTfli1V11,911 1-3 ili3J4 ATIVIIS1ATLI tiD,T,1117,416UDA 

HSofitinif ttilAtonwrill 

r110Atinii-)01Fity-dhlliiig01015f1")11J1:11111')fluinn-iiti-)40-NAWn littint9d161.M401fl14 

itent&5a;uni10111111011191)10Z,M01,1=',.'tiliholitAlqwifilAli cavitolmihnii104111111M1f1 

ctilOrmliinvuililifluilitaiptalilAVNalf 151 1119A1Mlli'isrwli-) ima,lton4106610111 
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6) 11151R110-1111641141,19101&6111 01/211F1041T01`5114111illiafi)111A1JiitinflO0516v 

f1-n1J61114u-r1046414f1--30661En 	 66m.;61111t0:91019111 69;11 8'1111 

6fi1611019111 66011_133.nt00Ohu10n0f !luau 911 JF146fl11J1fl ttm-,31DOuing9:1 

vrninnn-ii911-Ami unailp2AulavAln-il 110f111111'0111.11411911.4 6U0111v11416111/1161114709101 

FIS91fitlaik)Olcityrnlilltbfi-yan4lAwolliittillluni5NSoti-mtai+EMMY)5i11131.11i119101A1  

50001 38-40 lotnlivilIntrkT1 f1111T111115NS9111-)06110-31A'111,41f1111.1/9111911191011.11/1111iTf11,10-il 
•=4 zza 

IIMAndiArM 111k1111q:',i10-3111111111102,1A,51911W31/1111.1=11 111 li11fi66i310or11munng14-m 

frimanniriviaktuaDudalmuunitnArmtliat4hqpillath 

7) fl15113 111 14 2 161111 X10 111J1141411111LFthf14100151(11 9111111101J111f111310IflOi11514 

al6111'1111A1111115,111;fla1111111-11g00 UX-16'0111t6111.1111111(11911-3111,1 

mornm,' itn_15t;uitu 1 mi  ifillitcn unttpivii-mt'61trlf111111N1111,676111111 

lith11111AW115nlill 4-5 41%1 191fliiii611-10111/11 11149,ov111115511fli'll3D11 Hill MTh 

111Jlt1511f 1A)11i111,11130f1-101;1+0'114116AflfM113066114 VOM1flifV1111501i1 tfIlltifill1111i1014111,1 

44ttehatilliln-nannArriitteiuri-m6iltn umaol5a;ilf11591111111111,1rialullilittellIf15011 

IfltlAlf111,W1d011 tIM4011:1111.1riulutaluAlcull'alilw-mququnif,Ifi'  11.0n1T13.411a1JiiIrli(Oti11 

tV11,19,via11111551,19111N1 

0011 660t:9114N11.1141 00 0151410101111 1511111101514401039,olfunilifulliVnutiliiiII-1101 

11-114S910006.101 1,1^1011.111111,111AfKff 0011 1101061T.11/101,1101,11011dooliv-ittill111790 0 11-W11111111 

011111V10111111 tbOliiii14-10t6V1111011n100fl011111130nillr11111 Tilllillr111W1111,1111Kill14131 
I 	_„,v 	y 

6matialM-19,11J1401-1115M1fli 30 cifiA IlE1140113.1i)014t1111(10 60141 L111:1011111151J1ill 3 111111 
+ 	<1.  

T"U9)ltl,N1111'10M011f10011111t1110,11114 

8) 015410111130 	 UW,.',1.0A;0114 

1101A11114131&111illIANIGIOnt051 9101410111f1011ifl011611111166v1lltic)OtelflA110-)04 61N014 

6A0a1lif1'311161911 1.15 ttanviiitnInfl;'Ucl 	 1,116'0ri14 Tifriim711 1Jni113014014 

611 LIM11111-1115111ild 6-12 4111111111101.141-111.141405t100011nlai115111i'llIcsill 0151711 1111r.1119T-1 

0-154111,110611411 1409h011111r11-111-101Atral'111141,Rcih4rmplat1140d11-6 

66AT.10'l t1I,MINfl61101111611911115;114629104m5l9cl14d49111 01141 Itviv 
• 

fiXa0-11116A1.11411 141:1-301;itY)LA"laWilfifin1.4111152,1.11f11 f000t,' 60-64 11.0T,91i1I10100if.  

InfliMi Willi)) 0.96-0.98 
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9) f115i1M-NI1111411151111,1FillfiX4VAili3J6EA11.11411,f1tOsniatellIf1'HarY3 IMH1')11J 
4 21, 1, f11119101allifIlDtjfillGUIINGUNGJSgliitlIcalY101f115 on 	 f1J

ci 
	0.4-0.5 

FISUf1dIJ915 &3111T-H16.inth'11111il191T141A 1.5-2.5 L'lflgiblIAS 
w 	<lo.. 	w 

10) f115011 1110711f11M191-111114 	1111WILV1M16111010M ti1VM111,11111N11/11559, 911t11111 

1 7U 5r511111ht6114vr9i1trom Inni.'Hislli441114Dflt=414111 113D111 L911 

401111tifY)111411.4111SUL-Wolfoom 10-12 

11) f11511551chnia 	 Oltlf115trial 

i111111fl 111111=551V1114101V11.115t1telllTillilf1T111411114111111111J1f1Tri0 

aflfl41'11 

	

	 luviD4VM -N191i11,11Gislunolvio Ina:li1JAM-15n1Til 
w A  

80171'llaniumn 1130141frmia6a ol 

1)551 wy51111ef1dlt114turifiviriovotiwil'ou 1 ihi3J1 MO ni5ti-io alloluqm 

t11511'611311D111q192.3i1 

2.5 qill<01719110,11a11111flliitll 
• • 

0501.1,14 (2547) fidlTil 	11151M1115FISV1fi-lritalen 

ctlifl01.1111149-infi--10C6travrod'.311Filllf1551J9?151111'1111)1 111,11q9101t41,1 

la91111T1.11TW1'111.41M111.1W-3111h1f115 iqt.111f1FifinaltlniVITalf1311.1111i/Ortdf. 60 - 64 
3 

tflOi?ttEltlF1)al 0y:11A-A 0.96 - 0.98 01E11115le111115nJltll 1- 2 	VillIftlElalf_ntefutA115110 

41044 clIlllff1113.111IlltPACJIJSZAJlill 3-4 9JaSti.I05 15111111IV1E11.111FIF61.111i9001J1114011MJ 

i'Dliti4ODW1131.151W)11.all 141,1180f1.111.14111qgillf_li% 	35 - 37 liDltp1151,1411J1JSZAlill 3 ill 

inViT1111.-10411A1A11195111130 "11111,4111/11" 

50 Olilltlffltifid" 

	

	 W0,' 12 tillaUlf1f1-113J11d111,11,61J14 

Tmn51;11TIAA15FISA9,11111,1114i1iMitliThltili5n115 ilt1111.11 

tfluAoltiuqfuniranllSWViltittaT,alt,,,n-nternalti-m61+0-) 00  

1) flilM11^161An11111M'01061J0491Y3 inOiwuDlti-mio-Alalf11115111911TFTfIlli'D 91-n 

crioucilAwmiaDoLiTini5liEtlynnilitifipiiito1111-n twi9inni55-m5u91-niThtvidiciD1931 

ti-Huitnirifiqtufragilfuyi-nr,ISq9in 

va,'010 ItaniFoguilutiimA 
9, , 	9, 	 + 	9, 	 9, 

2) tituinwualfaii14c4S0 il-rirgium5r4m-beiiintY)511111111VI'DN 313J1A511141-11 

1J3Illf19111J 3.1011. 257- 2521 1.101,111if.11/1:4113JflV19:16111 500 CFU/mL binlaWnialYnitTifiq 
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11511491fM151/11TIODE131fI)11,1f15`.41161 i'maaivloy:luill 0.2 - 0.5 ppm 11W,t',91filf1-111J 

1111f-150d11 (pH) 5.0 - 7.0 1115T`,'VVY1111)Nailf1-311111164119:1O tilf1-113411f1509i1161fl'ilfIr 

ilAfiwnlfrinam101floflIrtimintiloolllomt-iii114110EM111101115T1,1111Dfplialuiottilltnal 

vaminifififilliframS00.natimmlatamiltinanntrvulcdtm-ff 

3) 41l6fliitlIV11011f1ID1I/j1119.Af111111553V115F1S914-18610-11113J1111111114111141110101 

c,111WIM,4M11/M11M114i1E1 3111151g111116UtlIZA111110flflqfUlitlii ri40111/140,1111114ilfituirrai 
• 

11150MIIINDIdillf111M'f115i1W311J411, 
 tl 611119.1-ffrf111006111-381/11141Slali(1143illifilJ111'3111411,1 

5n11111M1-3111111N591 

4) Af115111 f11711411111IDTIVVilE1Mlirtnuthilladvt01.13116111111111 f1151iifi 

1'011W.;f1-111.111117,10-)11D1F4a7liTtum'T-211611 frimfmainIM-11 flT1111111111M11-3111141141111D1111 

11914 5 -31111f11-3D1c1141113.11:',V3.14,19Z11114171111111q11111D 

5) f1151-1111M,11150111144 11-111561/1D1fiTatnifillal 1t101111,11f1610110011T1flqi1114 

v1;a0141mifluilliNimaililiTueiuti-mtaitnthIN 11101111Adiffl1114111511An11.1741-1 

1_191111141-111
9 
)61 

V11,11111,V11J1INfl Otiliii*"iofltun-ninalrlSahrif 5x11 J11f115GJ419J11c~af11511~1c19J111~116f1f1f115  

va,m1tna0101n1m9lnolininfu9JiTtimuunhni1d 

6) 11151F111d151f111 (5A9110111.1) 1115111-illf-115NaM11115111113111151g1licISIFIM1113D 

11limerrisuutuoilwiThlrlyi iowlvai4variutii0fart0A0-mminn-iin151FilitiAloilq0-up-n5 

1fluo- ii5 1130dioilutillStaili;v156140iiii0ulgulufi-m410-340I9stiimirucuilitall 31Nniu 

0.1 
,' 5, 	 9) 4- et 	 ! 

11D11T1f1111-111M t11514 (2538) 1,411dTitilflillfillt11011V11111101916-1 1M1111.11001111110111 

Aill1fla'411,11110f111111111 tIM,161-11/11(411,1 

1) 	qi111)1111/11411.11110/1111110 414uri-Hatnniuiiivanninno5 3-ru 

N&111'iliciriqVid11111553) (2533) 1511111.1fl tio ?liDli1111-11fld'Illatillt11611 ilf1T11,1fffiltrOJO FITT) 

11-M437111d/J0 11Mija`11500111555111516 	 vfionSullic141115,Tflau 1M6'fit01 

thri-)0610-nlfryantondllfilguriiiqiunimili-ritliluni5r4So 

F111404fdllilflflTlfllifill3t111flihntillt1”1110i111-11511111 

AThilld15115f,11011alfUllfl 41a1,113DM1F0).11fdllf9;11411411fitUVIlfial-1111ff 1115617W111'111 
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NDeivuolti-mtgo-nrin 111-)11ciTuf11541ffillTliil 	 '0DDn'11hi1n 
A' 

fl JtJt~1tJllJc~1111111i 

2) flillilTIN1,1141f111 

NRA 00 ini156'14fDtM,̀,' 7.14 1€113711fDEM`,1,' 0.89 fili11.11M11591f0t1W,' 91.12 Lianeluloi'ot= 

0.35 iqtlilfaThil-dllitiltilOt= 12 ija1,14flTV1Dflihdillitiild 	 !AM,' 

mitu,10111145'imItlailumn5 14tiri 	113airittlrlffant1JA111141'DIV14113Diclitall till1130 

11ltalfatillId1915t9Idifl1144113097flt1Al05 O0OI1l'11411ill51llflalt111Md1l 

91,000t-N4iiiiiSoluft-mii10-1401111.41114 20 

3) titunTri4mv,Swnlei 	 (frinaullitfilADOM'', 12) 

1,110i11111 

11"0Dflilflt014113IfIfittM.01-161-1fl15N691-ilclf14049111.111A'fltflf11414M,)1f115NS9lilai (GMP) ttd 

tehni-Rditntiltilouta014Tin 1Scwviiiiifilotu 	iittitrriiplficun-naiitRo&rulvigi 1411fi 
g A Cl111111tililti0011111 (saccharolytic bacteria) ItM,19 05 7119- 4 A f1-19J11  ,ultdlfl1114  

f11111i'D1451,1-illf1151111/11fllUMSLIW11711 60111LI1J11Vh11 9511'911Stdirlii f11f1tilm4tHSDod 'laud 

Ittlfliritia11114014 V1110161MIttilfli1t10 tt=d1J05'1JNtifT051 

2.6 aii-nialthcrial 
va9T,1It,m15Nam-1-1eatnichicammttilliTUA11In1A'A1l2i1l-iN2flli1li0q01i 141014f) 

-31111llt11iM10411 tlionluiltiamfiguiliJ51m151vrelvri-mai+ tn Ll0tDVIV,'WY111(111101ttW.," 

fiatronigToltoililuirrdniA'131A"fllitlInIFUN1.1:6110 1P111-3 arrutunQiutaltrilliht 
. 

inittli'61fiat1-31311134,1(litil 3JR111146101-1V11 Iq09,1;11V1.01i'lt 00,1.111111-ilf0tM`:,', 65 UM:1E111W 

I1J5614ttfle111 litle11(11DElfii1fDt1M,' 1) lirlorrolai'mlurriiiDu,' 0.04 

giumnIgium5tiig4138161ijit9lugaic1111Igi1aifitiluirmiltrill1111911152.',Imsli 

olottAlfitru-nlaouotuilvviitflo1AufniufM11/64f1-1111n119:',1cdviTamiiwniai051Tultt 

If15 Ar(1111101131fltlfl111114illtDfp'UOIlild19J150t4111111t51111111ff15'0flcifflirit11116V5a, 11D1 

olottA114 alott1119a,13mAioAvu cilliiialm511D19i-ru011110111119;;U2vVIDdfilA9it111flitffitill 

113311i111M2Af154Vi'116110102.111IflV 	 V15'41,161i1IN611.11tilltill 

1101DVitv191 t11141,1 eta 't1J~c~rf~It9~ldt td  

im2,o:',13,,Iarra-Niu6itiiilulhlvii144W1111111-151^1D1U011,111U4111143.7114-niali6sliq1.111 

ItAlc131M1Iliflff911V431111A'4111511D16'"A 
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enalf1151^101A"-M1 IflElfilf116A11151A1016'TifiliWIAiojnilIcrualtalfltniliivial61-)atill6=114 
s, 	s, 

111viD11111171-11,1111110111,911,11ti1115t1J1illi'DOM.: 50 ita,','f115M,'fllf.114115Z1J1t1,1i'DOM' 35 cA 

~UUl1b11J 95 alftliclVdiciffM 

(f141i11514, 2547) 

itaaJflitilltj1J9Millijmn 

intnthinfunimcd.Ntamioli-mfuwifiiiiitalottillqq,Con -nuvran5olumwdAtnital-ol 
UMAilqtrdlirm 

itIlltliffinffifltlil'qfumfjilauhumi-Agolquaifjiiluni5liiMflfl1F111-1 

tWaldilf911111,1f15611013711illit116,9 qt1111/1inIKI15tTIOIAflfl1611,14 tt,'Orjillihl 58-70 0401 

1,95D495'OV1 !AW',1416,91114i114114f15t,1111411151talata r<tihnilill 14-17 	(f1A) 1f11544, 

2547) 



11'1111 3 

9,11nuistm-Ignilimaol 

3.1501'161411111111514ZGlihfclUtGin 

1) 99111W151(iD11 (€111'1166111511114MEM101^11.1( 911E1.11t110a,111IflVal.11,1115911111161111W111) 

wit-14115,mouni515111uti-miniruni-mif151f115 

2) 66111171-Iii11ta1 	V151110141T1t1 5 Ord NaAIOUIJ317Y1 3.YLd1f. 1111JA1 

3) l'ild,talfl 

..+1 
3.2 glinluiiilifluniltolarTogiluggallnilpiaodunautotra 

1) 6fi3o1414 

8) 9,11n5afi5A1a 

3.3 )11111611iildilliiii.1 

9) 

atf1551111611 114fl91 4 l'Nf1551.1 (UNI-11115411111-111111=5,TAYMMUM111-5111V11511c14) 

iiinurri I ilfililf1551Jii1115091f4hatral1111011016115n101JA15 IM,t1114014D 
A 9) 

Titlf115V011011J14Nitialtf15114115nfrilf115T1fMllati'l 	13^10ff511fl-rmicutmliltiu 
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f115 11111S1111151rWdOlt11111  Response surface methodology (RSM) 

ttNIAt115110a0,11tM1114iilA1511`ill  3 NtuA'fIlifIR,411111fUllialAS'Nff011 (response outputs) 

14tifi (1) 	 (2) f1713.1i9iifill (3) f1-313.1all (4) fallifkalill (5) fiT1111111 (6) 

f1-311111011529J UM,' (7) d1ti5,941 Ifltfiltl.afliitlat 1-6 915"HVI'011ifltifluSliM114115t,'VTYValJarf 

tr11111155t111,116111.131.1101 ifit1111111111J52,111141/1111n'Vf1749JrIff 	 14k1'  

M1VIDIAJAVI1IV115AfIdll i111114 10 f114 irilAftflIA'fIllinii 7 915 ltVI2IIIM14 digital force 

gauge (SUNDOO SH-50, Wenzhou Sundoo Instruments Co., Ltd. China) 

61151419 2 52.,'&16U0sIttda1'Uif1friT1111151if1V11111ttN14f11531MD1 

cilib vii (-1) nail (0) 1,1 (I) 

iliantuotluiflffilvii-r) 3, 
50EIMT, 18.5 

3, 
MOW,' 23.2 

, 
50tMt 26.4 

qilillilintlf11544 85 Olf11411flaftlff 90 011411,9ifltildff 95 04011,9rdi1ftlff 

ttill171,lefTlfrlIA'lfill t6'1.1 11j1,6'11 i'Dum,' 30 GUD11111 IDEJM 50 'OAT) 

61151,911 3 0151110N1,11115Y1fl8D4IA1111RSM 

Run Otilaff qatifijiiii4 trniiu 
1 -1 -1 -1 

2 1 -1 -1 

3 -1 1 -1 

4 1 1 -1 

5 -1 -1 1 

6 1 -1 1 

7 -1 I 1 

8 1 1 1 

9 -1 0 0 

10 1 0 0 

11 0 -1 0 

12 0 1 0 

13 0 0 -1 

14 0 0 1 

15 0 0 0 

16 0 0 0 



9, 

9) 

19 

6on-mpil'olAutiiEntictm,o5iilfivni5NEvitAlifbatll 1f1'11.1-rldfliAirlfla01 

011111N11f115T1WODTV11111M 16 runs V11?1401111f1511,111M111131J1f1AlfiTIV110141-3 1111117U 11Th';', 
w . 

14111F111A1M1/11111'1 5 IM113101711f115NSVIihtlIACJW19J1IN'Ilf)151M019ill 14) tfluth)11 

fbellait1-31111qamicliMolilutmi 1 ictuf.ialviT?mn-miliAcruOlDlifilfal 
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0111411 4 Gantt chart 11M111/N1-11115416711.11-11111M'U;t1t,TTM11154-11111,11111 
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scc=na1411.11111111 
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1110Dil1flil 'Refold 
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6115ZflD1W15 
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IfI4d1161115i'1,16,91r.4111,15 

r:1111,-,nalinis 

4 ■ 

3. afl1flUtlGill 1 14U1i115111t140113JThd111 

59-10u4-1-1 iriultuttilliivi-rdniAVrith Uflt 

qtulifji7Sil,islini5iL vioqiunTINTOlibtlal"tnth 
11141 

0- 

M. flIR"flii diut-1-) 

1,11Unillf1FIFternia 

141,MYJUIN5i'll Allff,41,151'  

41152;fi0111115 

4 

4. VillInnniltaniNd i__. M. f1lf7n6' f1'i'66f11 

1110611516' Rlnla 
trilrn-Juii541illffivrnif  

1152.,mout-n5 

3.4 t1155G1f11 outputs (responses) 

1) 11,1V111111D1f1141-drIT1D414 tniviuifv-fraiuttill 	if211100141 f1")11.1111-3 

InZ11150011i'115 -DJ141115'lf1512.,1)1Y111115ZMiilaari (sensory evaluation) lt1111115 n11411'131 

1.133J1ill (quantitative descriptive analysis) 144TIOV(011i1JTVITL4f1151,4101111171-1 10 fill 

2) t1111514A 14f115-514-10 digital force gauge (SUNDOO SH-50, Wenzhou Sundoo 
+ 	44' 

Instruments Co., Ltd. China) iMinf115MUMMTJWItMalli14611111,1 611 force gauge 1111.11.1111 
.4 9) 

1115i19M-114-tni-miitnotrio im1541,1qqvilliunifemut-Nvin+-30Cou-rulo 
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3.5 01111f1111',144AillAfftlF1 

17111115'ilf151`:,',VIPOirIllftiiFiiflulili response surface regression 1so1f114fil1i 5 tlf151,1 

MINITAB Version 14 

f. 
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tr1111 RSM 	 (response outputs) trefOltiltD&J 

1511 5 

lielOfflfil response outputs 	11911f115114151ZAAMT111Vaiglfltlifii response surface 

regression lilf1151f151t,14helicil5lIfl511 MINITAB Version 14 141M-115filf15TAIWMIllii's1 

ITON1111,1911511ii 6 ttaa,4011frgwavin-miiniTuAl'vril4Nitldll d0flitafIlliln,1101Leitl 
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Mal 7 11511AI contour plot 11D1f113llIfi7 

A 	 , ' 
4111111 8 11511^1 contour plot GUDIfilf1'3111113.19111 
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A 	 d 
,1111111 9 f15114 contour plot 11D,Ifilf1T11.111,114 

,f111111 10 MTN contour plot IlDIfilf1'311Jklifill 
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5111/11 11 f1511^1 contour plot 1101d1f1-311J1111 

A 
S1111Y1 12 f1511^1 contour plot 1101d1115141 
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511t1f49,11f1f1. 

1. TiniumnffeminfiantuazIuluff 

1. uq6"--)06111111111A11111,10611M4E140t114 Laboratory mill 

2. 1,911011`5111illidt141 .6-)Ddilii`11Aailn 0.100 n 	 IF111015fll,'flld 

1,DC1DttOflf1DODA?  95% ¶111114 1 1JdSS915 T11114141,911JVC15MalEJ1951:6'01J1P-15Df119f6f  

frd11.11,113J411.1 2 M 	9 1i'fl19-15 1611611111.4161,1115nTlill 5 11111 91f11a14t69J111f1c114111 

f15111.131119111M11119fIrd (100 IlaS915)1.1111J9:111116111111'01AUAllill 5 141V1 

3. iltlIVIlilit111111 5 1JaSS915 	 Iiiurnqw.-,ci'lininiaanA 1 M 

.ru-YLI 2 1Jfisa915 ttat,41'3J415MA181010;1'11 (212  11I 20% KI) 5111Th 2 iThS5A5 

1.9lialinaullifinnInno5Gulolthuti (100 ilaSS915) 

4. 1111 Blank IM141a1011111d1I1111 IldIFUJr115IfIV11,111d1116113101161.1111H111T111_131119154-3e1 
.1., 

1.11t1M4111f1511 100 1JdSS915 

5. 11111Bffilf11590f101-111T11 (A) 100145)  Spectrophotometer ilf1T111011f1A1.4 610 nm (91511 

di 01110 blank kV) 

6. 1711 Standard curve idt.M111401111IflVIIJ1V15,11.1 (Sigma Aldirth) 

2. 1111501111,11,94TUOAlhfIltafnelilfM1301 digital force gauge 

it0t4111.-Natn11111111-1W1 10 x 20 ilf1191t3J915 1-11111-5fldllt514AVVIWilY11111141-1filtatll 

91191 (N) 4'3011110i digital force gauge SUNDOO 514 SH-50 (Wenzhou Sundoo Instruments Co., 

Ltd. China) 



3. 11111.1910C101.1Y111G1111d5g;f1191i3JPIff 

Sensory Evaluation — Scoring Test (QDA)  

Sample No 	 Date 	  

Name of panelistADOKIVIDIJ 	  

ttlItillibtf1101111110 Mi116111111:11i4111111-11111.6111111=11crifffi 

1. Surface Area (allildnictiNT1104411460401) 

smooth 	 bumpy 

6011 	 61111152'., t&Illtrtd 

2. Moistness-dryness (fe1-11141.141-1-111311•1) 

dry 	 moist 
9, 

11115 	 1111 

3. Hardness (A1111/1411) 

very soft 	 very hard 

111111J1f1 

4. Springiness (fnlacnit111) 

no springy 	 very springy 

141;1'  

5. White Color (a111-1) 

dark/not white 	 very white 

V11111.1 
	

Ffilninn 

6. Overall acceptability 0111111101.15-310 

dislike very much 	 like very much 

Ithsoutfluotiimn 	 9f0111N0ti1l9J1fl 

35 
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SI1f1F11-1111 6U 

MINITAB Version 14 

1. Response Surface Regression: Surface versus Amylose, Temp, Tapioca 
The analysis was done using coded units. 
Estimated Regression Coefficients for Surface 

Term 	 Coef 	SE Coef 
Constant 5.9314 0.7751 	7.652 	0.000 
Amylose 0.4310 0.5177 	0.832 	0.437 
Temp -0.2850 0.5177 	-0.550 	0.602 
Tapioca 0.7290 0.5177 	1.408 	0.209 
Amylose*Amylose -0.1571 1.0084 	-0.156 	0.881 
Temp*Temp 0.3729 1.0084 	0.370 	0.724 
Tapioca*Tapioca -0.2771 1.0084 	-0.275 	0.793 
Amylose*Temp 0.1825 0.5789 	0.315 	0.763 
Amylose*Tapioca -0.4050 0.5789 	-0.700 	0.510 
Temp*Tapioca 0.1775 0.5789 	0.307 	0.769 

S = 1.637 	R-Sq = 39.0% R-Sq(adj) 	= 0.0% 

Analysis of Variance for Surface 

Source DF 	Seq SS Adj SS 	Adj MS 
Regression 9 	10.3026 10.3026 	1.1447 	0.43 	0.879 

Linear 3 	7.9843 7.9843 	2.6614 	0.99 	0.457 
Square 3 	0.4876 0.4876 	0.1625 	0.06 	0.979 
Interaction 3 	1.8307 1.8307 	0.6102 	0.23 	0.874 

Residual Error 6 	16.0836 16.0836 	2.6806 
Lack-of-Fit 5 	15.0178 15.0178 	3.0036 	2.82 	0.423 
Pure Error 1 	1.0658 1.0658 	1.0658 

Total 15 	26.3861 

Unusual Observations for Surface 

Ohs 	StdOrder 	Surface 	Fit 	SF. Fit 	Residual 	St Resid 
14 	 14 3.980 	6.383 	1.193 	-2.403 	-2.14 	R 

R denotes an observation with a large standardized residual. 

Estimated Regression Coefficients for Surface using data in uncoded units 

Term Coef 
Constant 5.93138 
Amylose 0.431000 
Temp -0.285000 
Tapioca 0.729000 
Amylose*Amylose -0.157069 
Temp*Temp 0.372931 
Tapioca*Tapioca -0.277069 
Amylose*Temp 0.182500 
Amylose*Tapioca -0.405000 
Temp*Tapioca 0.177500 
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2. Response Surface Regression: Moist-dry  versus Amylose, Temp, Tapioca 

The analysis was done using coded units. 
Estimated Regression Coefficients 

Term 	 Coef 	SE Coef 

for Moist-dry 

Constant 3.5286 0.4032 8.751 0.000 
Amylose -0.2640 0.2693 -0.980 0.365 
Temp -0.4710 0.2693 -1.749 0.131 
Tapioca 0.6020 0.2693 2.235 0.067 
Amylose*Amylose -0.4379 0.5246 -0.835 0.436 
Temp*Temp 0.8071 0.5246 1.539 0.175 
Tapioca*Tapioca 0.2221 0.5246 0.423 0.687 
Amylose*Temp 0.1825 0.3011 0.606 0.567 
Amylose*Tapioca -0.2250 0.3011 -0.747 0.483 
Temp*Tapioca 0.8475 0.3011 2.814 0.031 

S = 0.8517 	R-Sq = 77.9% 	R-Sq(adj) = 	44.8% 

Analysis of Variance for Moist-dry 

Source 	 DF Seq SS 	Adj SS Adj MS 
Regression 	9 15.3535 	15.35350 1.70594 2.35 0.155 

Linear 	 3 6.5394 	6.53941 2.17980 3.00 0.117 
Square 	 3 2.3966 	2.39659 0.79886 1.10 0.419 
Interaction 	3 6.4175 	6.41750 2.13917 2.95 0.120 

Residual Error 	6 4.3527 	4.35275 0.72546 
Lack-of-Fit 	5 4.2727 	4.27275 0.85455 10.68 0.228 
Pure Error 	1 0.0800 	0.08000 0.08000 

Total 	 15 19.7062 

Unusual Observations for Moist-dry 

Obs StdOrder Moist-dry 	Fit SE Fit Residual St Resid 
11 	 11 	5.980 4.807 	0.621 	1.173 	2.01 R 

R denotes an observation with a large standardized residual. 

Estimated Regression Coefficients for Moist-dry using data in uncoded units 

Term 	 Coef 
Constant 	 3.52862 
Amylose 	 -0.264000 
Temp 	 -0.471000 
Tapioca 	 0.602000 
Amylose*Amylose -0.437931 
Temp*Temp 	 0.807069 
Tapioca*Tapioca 0.222069 
Amylose*Temp 	0.182500 
Amylose*Tapioca -0.225000 
Temp*Tapioca 	0.847500 
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3. Response Surface Regression: Hardness versus Amylose, Temp, Tapioca 

The analysis was done using coded units. 

Estimated Regression Coefficients for Hardness 

Term 	 Coef 	SE Coef 
Constant 4.6555 0.5534 	8.413 	0.000 
Amylose -0.6280 0.3696 	-1.699 	0.140 
Temp -0.2540 0.3696 	-0.687 	0.518 
Tapioca 0.5230 0.3696 	1.415 	0.207 
Amylose*Amylose 0.1917 0.7199 	0.266 	0.799 
Temp*Temp 0.9017 0.7199 	1.253 	0.257 
Tapioca*Tapioca -0.8733 0.7199 	-1.213 	0.271 
Amylose*Temp 0.1837 0.4132 	0.445 	0.672 
Arvyl )se*Tapioca -0.1513 0.4132 	-0.366 	0.727 
Temp*Tapioca 0.5987 0.4132 	1.449 	0.198 

S = 	1.169 	R-Sq = 	63.0% R-Sq(adj) 	= 7.5% 

Analysis of Variance for Hardness 

Source DF 	Seq SS Adj SS 	Adj MS 
Regression 9 	13.9552 13.9552 	1.5506 	1.13 0.455 
Linear 3 	7.3243 7.3243 	2.4414 	1.79 0.250 
Square 3 	3.3098 3.3098 	1.1033 	0.81 0.534 
Interaction 3 	3.3211 3.3211 	1.1070 	0.81 0.533 

Residual Error 6 	8.1969 8.1969 	1.3662 
Lack-of-Fit 5 	8.0911 8.0911 	1.6182 	15.30 0.192 
Pure Error 1 	0.1058 0.1058 	0.1058 

Total 15 	22.1521 

Unusual Observations for Hardness 

Obs StdOrder Hardness 	Fit SE Fit Residual St Resid 
7 	 7 	7.500 6.339 	1.043 	1.161 	2.20 R 

R denotes an observation with a large standardized residual. 

Estimated Regression Coefficients for Hardness using data in uncoded units 

Term 	 Coef 
Constant 	 4.65552 
Amylose 	 -0.628000 
Temp 	 -0.254000 
Tapioca 	 0.523000 
Amylose*Amylose 0.191724 
Temp*Temp 	 0.901724 
Tapioca*Tapioca -0.873276 
Amylose*Temp 	0.183750 
Amylose*Tapioca -0.151250 
Temp*Tapioca 	0.598750 
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4. Response Surface Regression: Springiness versus Amylose, Temp, Tapioca 

The analysis was done using coded units. 

Estimated Regression Coefficients 

Term 	 Coef 	SE Coef 

for Springiness 

Constant 4.13879 0.4716 8.776 0.000 
Amylose -0.47500 0.3150 -1.508 0.182 
Temp -0.47300 0.3150 -1.502 0.184 
Tapioca 0.89400 0.3150 2.838 0.030 
Amylose*Amylose -0.13069 0.6135 -0.213 0.838 
Temp*Temp 0.68931 0.6135 1.124 0.304 
Tapioca*Tapioca -0.80569 0.6135 -1.313 0.237 
Amylose*Temp 0.01250 0.3522 0.035 0.973 
Amylose*Tapioca -0.12000 0.3522 -0.341 0.745 
Temp*Tapioca 0.33250 0.3522 0.944 0.382 

S = 0.9961 	R-Sq = 72.7% R-Sq(adj) = 	31.8% 

Analysis of Variance for Springiness 

Source 	 DF Seq SS Adj SS Adj MS 
Regression 	9 15.8764 15.8764 1.7640 1.78 0.249 

Linear 	 3 12.4859 12.4859 4.1620 4.19 0.064 
Square 	 3 2.3896 2.3896 0.7965 0.80 0.536 
Interaction 	3 1.0009 1.0009 0.3336 0.34 0.800 

Residual Error 	6 5.9536 5.9536 0.9923 
Lack-of-Fit 	5 5.5752 5.5752 1.1150 2.95 0.415 
Pure Error 	1 0.3784 0.3784 0.3784 

Total 	 15 21.8300 

Estimated Regression Coefficients for Springiness using data in encoded units 

Term Coef 
Constant 4.13879 
Amylose -0.475000 
Temp -0.473000 
Tapioca 0.894000 
Amylose*Amylose -0.130690 
Temp*Temp 0.689310 
Tapioca*Tapioca -0.805690 
Amylose*Temp 0.0125000 
Amylose*Tapioca -0.120000 
Temp*Tapioca 0.332500 
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5. Response Surface Regression: White color versus Amylose, Temp, Tapioca 

The analysis was done using coded units. 

Estimated Regression Coefficients 

Term 	 Coef 	SE Coef 

for White color 

Constant 4.66621 0.3241 14.398 0.000 
Amylose -1.49500 0.2165 -6.906 0.000 
Temp 0.03100 0.2165 0.143 0.891 
Tapioca 0.40000 0.2165 1.848 0.114 
Amylose*Amylose 0.14569 0.4216 0.346 0.741 
Temp*Temp -0.50431 0.4216 -1.196 0.277 
Tapioca*Tapioca 0.17069 0.4216 0.405 0.700 
Amylose*Temp -0.22500 0.2420 -0.930 0.388 
Amylose*Tapioca 0.06250 0.2420 0.258 0.805 
Temp*Tapioca 0.13500 0.2420 0.558 0.597 

S = 0.6845 	R-Sq = 90.0% R-Sq(adj) = 	74.9% 

Analysis of Variance for White color 

Source 	 DF 	Seq SS Adj SS Adj MS 
Regression 	9 	25.2131 25.2131 2.8015 5.98 0.021 

Linear 	 3 	23.9599 23.9599 7.9866 17.04 0.002 
Square 	 3 	0.6712 0.6712 0.2237 0.48 0.710 
Interaction 	3 	0.5821 0.5821 0.1940 0.41 0.749 

Residual Error 	6 	2.8115 2.8115 0.4686 
Lack-of-Fit 	5 	2.1843 2.1843 0.4369 0.70 0.715 
Pure Error 	1 	0.6272 0.6272 0.6272 

Total 	 15 	28.0246 

Estimated Regression Coefficients for White color using data in uncoded units 

Term Coef 
Constant 4.66621 
Amylose -1.49500 
Temp 0.0310000 
Tapioca 0.400000 
Amylose*Amylose 0.145690 
Temp*Temp -0.504310 
Tapioca*Tapioca 0.170690 
Amylose*Temp -0.225000 
Amylose*Tapioca 0.0625000 
Temp*Tapioca 0.135000 
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6. Response Surface Regression: Overall acc versus Amylose, Temp, Tapioca 

The analysis was done using coded units. 

Estimated Regression Coefficients 

Term 	 Coef 	SE Coef 

for Overall acc 

Constant 4.0536 0.4611 8.792 0.000 
Amylose -0.3830 0.3080 -1.244 0.260 
Temp -0.3280 0.3080 -1.065 0.328 

Tapioca 0.9490 0.3080 3.082 0.022 
Amylose*Amylose -0.4579 0.5998 -0.763 0.474 
Temp*Temp 0.6371 0.5998 1.062 0.329 
Tapioca*Tapioca -0.4679 0.5998 -0.780 0.465 
Amylose*Temp 0.1650 0.3443 0.479 0.649 
Amylose*Tapioca -0.2200 0.3443 -0.639 0.546 
Temp*Tapioca 0.6875 0.3443 1.997 0.093 

S = 0.9739 	R-Sq = 

Analysis of Variance 

Source 	 DF 

75.7% 	R-Sq(adj) 

for Overall acc 

Seq SS 	Adj SS 

= 	39.3% 

Adj MS 
Regression 9 17.7500 17.7500 1.9722 2.08 0.193 

Linear 3 11.5487 11.5487 3.8496 4.06 0.068 
Square 3 1.8150 1.8150 0.6050 0.64 0.618 
Interaction 3 4.3863 4.3863 1.4621 1.54 0.298 

Residual Error 6 5.6906 5.6906 0.9484 
Lack-of-Fit 5 5.4241 5.4241 1.0848 4.07 0.359 
Pure Error 1 0.2665 0.2665 0.2665 

Total 15 23.4405 

Unusual Observations for Overall acc 

Overall 
Obs StdOrder 	acc 	Fit SE Fit Residual St Resid 
2 	 2 	2.620 3.503 	0.869 	-0.883 	-2.01 R 

R denotes an observation with a large standardized residual. 

Estimated Regression Coefficients for Overall acc using data in uncoded units 

Term 	 Coef 
Constant 	 4.05362 
Amylose 	 -0.383000 
Temp 	 -0.328000 
Tapioca 	 0.949000 
Amylose*Amylose -0.457931 
Temp*Temp 	 0.637069 
Tapioca*Tapioca -0.467931 
Amylose*Temp 	0.165000 
Amylose*Tapioca -0.220000 
Temp*Tapioca 	0.687500 
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7. Response Surface Regression: Tensile  versus Amylose, Temp, Tapioca 

The analysis was done using coded units. 

Estimated Regression Coefficients for Tensile 

Term Coef SE Coef T P 

Constant 22.7378 5.474 4.154 0.006 
Amylose 1.0450 3.657 0.286 0.785 
Temp -0.0640 3.657 -0.018 0.987 

Tapioca 6.8020 3.657 1.860 0.112 
Amylose*Amylose 6.0759 7.121 0.853 0.426 
Temp*Temp -2.1991 7.121 -0.309 0.768 
Tapioca*Tapioca -11.7191 7.121 -1.646 0.151 
Amylose*Temp -0.7275 4.088 -0.178 0.865 
Amylose*Tapioca 2.5450 4.088 0.623 0.556 
Temp*Tapioca -1.1200 4.088 -0.274 0.793 

S = 11.56 	R-Sq = 55.6% 	R-Sq(adj) 	= 0.0% 

Analysis of Variance for Tensile 

Source 	 DF 	Seq SS 	Adj SS Adj MS F P 
Regression 	9 	1005.53 	1005.531 111.726 0.84 0.612 

Linear 	 3 	473.63 	473.633 157.878 1.18 0.393 
Square 	 3 	465.81 	465.812 155.271 1.16 0.399 
Interaction 	3 	66.09 	66.085 22.028 0.16 0.916 

Residual Error 	6 	802.23 	802.229 133.705 
Lack-of-Fit 	5 	799.37 	799.373 159.875 55.98 0.101 
Pure Error 	1 	2.86 	2.856 2.856 

Total 	 15 	1807.76 

Unusual Observations for Tensile 

Obs StdOrder Tensile 	Fit SE Fit Residual St Resid 
13 	 13 	22.360 4.217 	8.426 	18.143 	2.29 R 

R denotes an observation with a large standardized residual. 

Estimated Regression Coefficients for Tensile using data in uncoded units 

Term 	 Coef 
Constant 	 22.7378 
Amylose 	 1.04500 
Temp 	 -0.0640000 
Tapioca 	 6.80200 
Amylose*Amylose 	6.07586 
Temp*Temp 	 -2.19914 
Tapioca*Tapioca 	-11.7191 
Amylose*Temp 	-0.727500 
Amylose*Tapioca 	2.54500 
Temp*Tapioca 	-1.12000 
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Abstract 

This research examined three factors including amylose content, tapioca flour and steaming 

temperature which could affect noodle qualities, using the response surface methodology (RSM). The noodle 

qualities (response outputs) including surface area, moistness, hardness, springiness, whiteness, overall 
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acceptability. High amylose rice reduced the whiteness of noodle. 
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