1As9NIS

n1538UN1TdaULNaLEsuUSEaUNISad

o (% a (Y L3 dy =
Folasans  MsiALINEaSuLlaunInNY

Development of plant-based meat

Yoildn WIAIFANT 3T @UsEAeY 5832523323
WA Elsyn Isnafine avUsednea 5832575023
A1AY wAlulagn1eeImis

UnsAinen 2561

AEINYIANENT YUIAINTAINNIINEAY

unAntdauazuilndeyaaiuifinaaslasesaumisiainisi Wisnisluadsiloyauiqing (CUIR)
Huuindioyaeatidnianaedlas s un1ReIn1aNgesinun 1A ndsin
The abstract and full text of senior projects in Chulalongkorn University Intellectual Repository(CUIR)

are the senior project authors' files submitted through the faculty.



ANSWAIUINARN UIIIBUAIINNY

1ng

WNAIFANT §ITud

WeAELsY Isnadinan

9719159NUINW

e32p

NEAEN319156.03. algian TuRvae

e S

[ 6

919158 A3. a"3A1 gesny

eifudnmilwedasinsnissunsaouiieadulsyaunisel
MUnanansUTeIneeansUudin arvmalulagnisems
AAIrIAlulagnigemis
ANEINYIANENT PHIAINTAIUNNINY

UszaUnsane 2561



Development of plant-based meat

Thitipa Thirawattanavong

Sarocha Weerakulpipat

Project Advisor

Nattida Chotechuang, Assistant Professor, Ph.D.
and

Sarisa Suriyarak, Dr.rer.nat.

A Report Submitted in Partial Fulfillment of the Requirements
for the Degree of Bachelor of Science Program in Food Technology
Department of Food Technology
Faculty of Science
Chulalongkorn University

Academic Year 2018



$AV9IUIRY  NISNAIUINANNUNLTLBUAINTY

Tng WNEAIFANT FITUA

[

Y19@17aL591 Isnanwml

q

#1913 wAluladn19911M13
o‘d‘ 6 v a a |l
91915891U3N 19197158 05, algian Tukivas

215NV 919158 3. @15A0 usny

Un1sAnwn 2561

A UNAULAENIIMNT AMYINEIAENT PRIAINTAUNIINGHE
auliAlimenuatuiiludumiavedasinisnisiseunisaauiiaEsulszaunisel

mundnansUsyyivermanstaudin avivmalulagnmeems

U5t NsAne 2561

(599M1ENT1N5E A5, VHIYFT SUIYINA)

PIVLNNAITINALULAEN19DIUNS

(19136 A3, 2lgann LuRYa9)

9197159NUSNWLATINIS



$AVBUAINEY  NSNAILINANA LB UANTY

ng WEANIFAM  FITIUA

o '3

waElsy  Asnaiial
#1913%1 walulagn19e19ns

a2 v a a
9191589U3nW1 g algsan Lo
212138NUTN 199U 019138 AFan3en a3esny .

Un1sAne 2561

unAnga
Tutagiuldnsenuniislundniauminlisuanuioniumnniy  udluldnsendiulngaziiviunm

lodududuaslawaweseags Jaduniisluanvnvedsadi lsavaendenila uwavduiiuanudsves

[y

LsAuzise aAdeiigaUszasdiionnumdndudildnsenlaaldinghuisunainiiy Usznaumelsiuain

%

iy Udiusiny dnduanluay Neeulumensaludulidudiniusslewd wu lawm 3 diedigiiuauAmig

v & a o o S @ & aa = =~ o v Ty a
117 muumam‘ﬂmsﬁlﬁﬂﬁaﬂumLUUE]W’]W]’NLaE)ﬂVlWlE)EjmmW Lua\ﬁnﬂﬂimﬂuu@ﬂﬂ?qiﬁﬂﬁaﬂﬂﬂmﬂﬁ 70%

¥
Y aleiJo

NIedlavinsAnwnavesrdatarUsunale Wit wdsrnan wazudsiudlends 71 8, 12,
16 way 20%) wasnavaslaldway (10, 20 waz 30 w1¥) seanwasmailedunavedldnsen laevinnis
Wisuilsuiumegrsmunudsldldnseniivienwiswaln  9nkanIsneaenud  Megnwseulsain

mMsldutsvinengeg  AUSIIMANEG  WUIReg s iviinseasal  firmness  lifianuuananaiuegiadl

9 o o

WedAy (p<0.05) sEninanquiiege uazAwanaIdeunimegemIuANegsited Ay (p<0.05) oy

o

foganiwssnnutinamiles 12% agliuniign  wagliAn Springiness uay Cohesiveness il

(Y I

wansivegaileddtyiudegeaiugn danludadengasiliutetnumies 12% wnihvimsfineinaves

Lanfaulay FINUINAT hardness, cohesiveness Wag chewiness 1a3sag19iANaudunEY 20 wag 30

o

av o ! | oA Y] A A v o ' o I Ao = & =
UM INLLmﬂG]WQaEJq\?NUEJaW 3y (p<005) bBNIUNUNIBYINAIUAN LAEAIR819IMINNTTANELLUULIAN 20 U

a o [ V|

9¢l¥ieAn Firmness fldunnsvegadidedfgyiuiegeaunu waglian Toughness innfiaawliaiUieuiioy

fusnegrananauiduiian 10 wag 30 w1¥



Project Title Development of plant-based meat
Student Thitipa Thirawattanavong

SarochaWeerakulpipat
Study Program Bachelor of Science in Food Technology
Advisor Nattida Chotechuang, Assistant Professor, Ph.D.
Co-advisor Sarisa Suriyarak, Dr.rer.nat.
Academic Year 2018

Abstract

Nowadays, sausage has become one of the most popular food in the world. Unfortunately,
sausage contains high saturated fatty acid and cholesterol which in turn lead to several health
problems such as obesity cardiovascular disease and also increase the risk of being cancer. This
study aimed to develop sausage analogue which prepared from plant-based protein, and
polyunsaturated fatty acid such as omega-3, in order to having better nutrition value. Therefore, this
sausage analogue has been considered as an alternative healthier choice because it contains less
saturated fatty acid than usual meat sausage 70%. In this study, the sausage analogue was
determined the effect of rice, tapioca, and glutinous rice flour in four different concentration (8, 12,
16, and 20%) and whisking time (10, 20 and 30 minutes) on textural parameters compared with meat
sausage as control sample. The results showed that the effect of amylopectin content had no
significant difference (p<0.05) of firmness between all of the treatments although 12% of glutinous
rice flour gave the highest value and these parameters were significant lower (p<0.05) than control
sample. 12% slutinous rice flour added sample showed no significant difference in springiness and
cohesiveness comparing to the control sample. Therefore, 12% glutinous rice flour added sample
was selected to study the effect of whisking time. Moreover, the 20 and 30 minutes whisked sample
showed no significant difference (p<0.05) in hardness, cohesiveness and chewiness when compared
with the control. Firmness of 20 minutes whisked sample is the highest value among the other
treatments and has no significant comparing with the control sample. Although toughness of every
treatment were significant lower than control sample, the sample with 20 minutes whisking gave the

highest value compare with other treatments.



ARRNISHUTZNA

TasesnsidudrunilavaanseunisdeumunangnsiuszaulSyynsvesnaivimalulad

a

V903 AUEINENAERS PanIalunIvends lealdsuduganyuainauyssnauedlasanisnig
= A a ¢ = =2 a I3 4 a Y =
SgunsaeuieduasuUsraunisal Unsdnw) 2561 AuyINemans Quaensaluminendy lned
WAL.A3. 0ig5n 1eRvae Wueasdiu3nuilasinis waz 919158 a3, asen giesny lunuSnwsw

¥
L=l

AugIdEansadLiulasinsseunsaewiiodnasulszaunmsalil  idisagailuld
Meffeseaunm wA.AT. tig5an TuRe uaz 819138 As. @13 a3esny (Jusdrsgafinganaaziog
TimUane  Auzina199luseninenmsanduanudds PIuvnswilensaniussnuidsauiln

QNAOIENYTNINEITY
G4 a a ] Ql' Y o = o o 1
YOUDUNTEAMAMIINTEN IV IVALLlaEs s AYIUAAIUSIY  Akugtiiayyae
gwlgANuazAINluAuanIun aunsal warasialinaanssueiaI i liuauide

Yo Aa a v LY 1 a au X Id L3 ) ¥ 1 = v
E;JG]’]LUUQWU’J%EJM’JQLUUE]EJ’NEN’N Idetavidulselovd Lﬂu%@mﬂﬁm@ﬂﬁiﬂﬂ‘w’]LLﬁ%WGN‘lJ"IsLu

NUITHNNYITDINUNITHAUINANS WA UDUAINTAY kazUITEDUg IAYITD Rl

MEAUATITNEE9E

WI9E7 AN §ITUNA

v

Y19@77 @51 IsnannaL

q



GUEVY

undl 1 unih
1.1 17'imLLazmmﬁwﬁzgsumimqmi
1.2 InUseasRveIn1side
1.3 Y9ULUA/NTOULUIAAUDINITINY
1.4 Usslemifimainagldsuannnisive
Uil 2 wnAanguiuazuAdeiiieites
2.1 ldnsen
2.2 ANSIUY

2.3 pefUsznevremanssidounanity
undi 3 FEsuduniy

3.1 Ingau

3.2 1a3asile

3.3 supenlunisdiduay
Undl 4 nan1TLarInseing

4.1 Nan1539Y

4.2 39150008
und 5 ayunansITenazlatauauy

5.1 a5Unan1sivy

5.2 UDLEUDLUY

LONANTD19DY

20

21

21

21

22



~
ATINN

2.1
2.2

2.3
2.4
4.1
4.2

4.3

4.4

#15URA1319

parUsenouvasldnsen

Usiansnezdlus iy (me) de 1 n3ulusfiuveslushiuataaindy
waz WHO

Uanaunsalasiuriasie (9) sevdu 100 nsuludduit 2 via
pafUsEneUTRINARSNsTouna N

AN Firmness Toughness, Hardness, Adhesiveness, Springiness,
Cohesiveness waz Chewiness vassagnsiilautlenagn

A" Firmness Toughness, Hardness, Adhesiveness, Springiness,
Cohesiveness waz Chewiness vassnagnsiilduilaiudsnd
AN Firmness Toughness, Hardness, Adhesiveness, Springiness,
Cohesiveness waz Chewiness vassagsiilauilsinamiden

AN Firmness, Toughness, Hardness, Adhesiveness, Springiness,

Cohesiveness tay Chewiness U84f198 197IANANELF99)

e

10

11

16



=]
AN

2.1
2.2
2.3

24
25
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

4.10

4.11

4.12
4.13

4.14

d13UNIN

1Asaasvaaldnsan
1ASIAS199D9IANTIIHUU

alUsAuaRmang

hsfualuan

drsfusring

navesUSunamazainveanilsnon Firmness vaadiagailowSeuiisuiu
AI9E19AIUAY

navesUSunamazaiinveanllsnoni Toughness Tasatadeoiioudisuiu
AI9EAIUAY

naveUSunamazrineanllsnoni Hardness veadiagradlawSeuiisudiu
AI9E19AIUAY

navesUSinamazainvewntlsnon Adhesiveness vassnognaiianSauiieu
NUAIBE1IAIUAL

navesUSunamazedinvesntisnar Springiness TasiegadloiFoulfiuiu
AI9EAIUAY

navesUSunamazedinuesntisnon Cohesiveness vassagnaiiawsauiieu
NUAIBEAIUAY

navesUSunamazainveanilinon Chewiness vassognudionSoudiauiu
AI9E1AIUAY

NaveInAARALAaAN Firmness Yasfegailoiisuiiisuiufeonsmuny
NAYBINAFNANsBA1 Toughness YasnatnadloiSsuiisudusogisauay
NAYBIANANFDA1 Hardness Yesmioeaieiusuiiivuiusetnaniuny
NavBIIARHaNRaAT Adhesiveness vasieguiiaSudisutudiagng
AIUAL

NAYBINAFNANSDA1 Springiness YawhatnailolUSsuTiBuiufog1sAIuAY
HavBIIAIANANsaRT Cohesiveness TasiaghudioiUiouiisutiuiietg
AIUAL

HAYDILIAFNANFDAT Chewiness vasmatuilawIauiieuiufiagaaiuay

e

12

12

13

13

14

14

15

16

17

17

18

18
19

19



uni 1

unin
N aLAIUFIAYVIATING

ldnsentiodindunisduomisilasuanuiisnedrmaiiounnusiuefnutalagiu usluld
nsendulvgaziivsinalduiududuasaaeisaweseads duluniisluannnuetlsadiuuazlsnnasn
= @ 2 v oa v o | = = &
dosladusiu dnvidluldnsendalinisanslunqululasauasluese Feaunsaasuduanslulasg
= ' v [ % = & A 3 Y Y < ! <
fusgninnszuiumswsguameanusen  Jaluansiesrmsundelanysenmdlmduansnensisly
nqunl  wenaniinszuaunskdnuazunusiuilednidulugpaivnssuidmansenusedwinden
agun endegag luniswdnllets 1 Alansu S1dudedldenmsdnits 14- 20 Alansu Bnvians
s o ea RS = = I ] v 3 A A o [ v ¢ S Ao sw
deednitinsldiluvsnainnmn sasnmsldhlunsugnivuiveidildiduemsdnd wastidnides
AuleM59TIn uonaninisdesdnd dudunsiinUiinamesinuseunszaneandussennia wazds

Wuverludsnndeniiiinanmsdeatazudssudnidndudviumn andagmdinarvhliguilan

a o a Adg ve  a A - & v a o av A Y o
SurunUslnee SNl ingRuNananfivungu wazlutagduisuiiawddeineadiunisiy
HARANINRTLmMALNWLEdRT  waskdndunnilednimewmelnueideadlingussaenty

9 Y

¥ (%
A o

nsENEIVIEAR SR ldnsonanfisdudunan suginaiusanaunuNans e ldnsanannidadn Slae.

AUAMAINILATUINITUAL TAYIR
-7

AQUsTAAYRINITIRY

1. AnwwavessiauarUSinaulionuantiniulledulavewdndueildnsen

2. FnwmavesiainaudenuauiRin L ledulavemdniildnseon

YDULVH/NTBULUIAAYDINISIY

1. M5UdnsIdYsdNUsEnaudnzaulun1syinansueildnsen
2. ANWINSNAVIURALALUSUNUWUIUIATYY kU197 LUNTUAIULTAY WaLIaRNENMD

AasanURfnevemdnsdueildnsen
Uszleainaindnagldsuainnisive

Seuinantivesdiuysynoudney Ndanadednuuzvenaniadildnsen



U 2
a = Aav A a )
wuIRAN B uaTUITENAEIT4
2.1 ldnsan

ldnsen Ae nandaianilledninlaainnisunledniliuasiuiuinie uas wiesUgsanay
ldussgluld Tngldnsendaduemslussuudiiadu lnewnfossvimiiiiazanelsiuuenfiu uaz

Tulagulunduilavasdniaanuiievivtnmdudiadinees

A9 2.1 Taseasrawasldnsen

fin: http://poli.50webs.com/Tips.htm#Emulsions

AN5199 2.1 LARIIRUSENaUYRItdnIan

a9AUsENOU Usunausia 100 n3u
i (9) 55.49
Togiu (g) 28.23
nsnluiudus (o) 9.313
ARBLIALMBIBA (Mg) 61
Aslulense (g) 0.94
Ivlwues 0
1Ushiu (g) 11.98

fln - USDA, 2018



2.2 ANS1AUY

ATITLY Ap anstunquneduenailsnfazateunls wavaunsaannlaanaInsiedLag A9
Fuuugnlteg1en 9l ugUL ULV SRS WU a1siiuanutunids  wazdladlnees
Ao819veIR I INasanuAs kLY lawn loAn3u ndndueidmiunaunuuud Wy wudateus

PUNANADY WIUUV?

P v =
27 2.2 1A59a519089A51 WU

fian: https://pubchem.ncbi.nlm.nih.gov/compound/kappa-Carrageenan#section=Top
2.3 asaUsznauvasnaniuaildnsanainiy

FAO, 2010 uag Biodiversity International lal#itiensveiemstiing “emsazdeadueims
Nlydsransenusadauindey 1a15013ATUNIN  washregunInvasauutiuazsuienly” &3
A X o 2 oa ay oA g o o« X o sw Y o a &
Uslnailednludailidadu Wesmnnsidesdmiuasnisudssuilednisesdddninenssssumadu
FIUIUNINAINATANEIVY Delgado et al. (2008) wuintunis lunisidesdaiivelnlaitiouSunm 1
Alansudasldomnslunisidesdniuints 14-20 Alansuwazann Gerber et al. (2013) wui1 Msviue
dniluvssmeanigonin Inmsudesfinglulasiau wae eaneSaduranihdadunisluanngivihli

YU WFUINDDS 33%

parUsenaunanvedldnsanainiivae TusAuannaInd (Pea Protein Isolate) Mty
Tassasravdnvadusiufionaunulusiuluile feilUsununsaezilusndu 8 via waznsnazdluly
o I = a v 1 dl’ d{' a [ a a o I 1 o = c{'
FNTUBN 12 YRARINNITIIUEN Fadlaeunulsunuueansaesiluanduse 1 nsulusAuaan

7119 WHO 9gnuinlusiuannaing 1 nsulidsununsnezilulalna@esiuiinis WHO wuziin

2799 2.3 malUsAuannang

fisn: https://teratechbaits.co.za/product/pea-protein-isolate/



M31991 2.2 WsuisuuSinansaeziludidu (me) sie 1 nsulusiuveslusfiuaninaindawas WHO

nsnazily Phe Ile Leu Lys Met Val Thr Trp
TUsauatnaina a0 33 61 54 6 36 28 6
WHO 30 30 59 a5 16 26 23 6

flan : WHO, 2007

panUsenouvaniidesdetni deiuthiienauwnuledululdnsen Twihduusyneauluaie
nsnlvsiuranesialann nsalududuiminsalusiulddudivdemiumis (Monounsaturated fatty acid,
MUFA) waznsnlusiulidudmanesiumia (Polyunsaturated fatty acid) lnepgdeaziionlguisiu
d‘d a CY IQI £ ¥ 1 goj £ gol CY o v Ad! = C% IQI £y gj :il‘
Mivsnsaledulidudmas laun didffualuan wag diiusidn ddinsaluduliduiiviawuunis

Fumawazvatedunudluusuiaunn dnvedadunmnadawnn 3 Truninansugidaunaindis

M1597 2.3 wansuTunansaludiuridennge (g) deundu 100 nsuludsiuns 2 vila

YnvaIEy | nsalududun nsatutulidudniisdunis | nsalauduliduaavanefnwnug
Pduanluan 7.365 63.276 28.142
Y1usIU9 19.700 39.300 35.000

711 : USDA, 2018

A 2.4 Phsfuenluan 299 2.5 113751917

fian: https://www.stylecraze.com/articles/olive-oil-vs- fiun: https://www.stylecraze.com/articles/benefits-of-rice-bran-oil-for-

canola-oil/#eref skin-hair-and-health/#gref

I3 ~ & =2 o v A a ~ A Y a o Y A U W
p9AUsENaUNENN Ao wildavinrinilduasiiuanunila Wislindndueildnsonanniedusi

fu lngludiaudsazuseneulumeduidueslalamadu (Amylopectin) uaveglulaga (Amylose) @
a 1 % dy U U a U '3 dy = Va o Y A = = a ¥ 1
ilkadednuasiloduiavemdndueiilounainity augdidulaifeniSouiiousinvawds laun
wletntied wdsinawaskdstudUsnas NUSu 8, 12, 16 way 20% laawlSeunisuanuedy

\edulaveusazanInaaes



2 Aol = o Y A & o o a
29AUTLNBUNEAD AL UY ‘Vl']%u’]‘VlLUua'ﬁVlﬂLLV]UI?JNULLagiﬂ‘U']Laﬂﬂﬁﬂqwm@\ﬁ%‘UU

'
o

ddadululloun wastiglunsdudl annsfinwives Bedin et al. (2018) wudn lumsnaaesin
nanduadsunuuldnsendand  arsduuuainsaviwthilunisiuasiiuanudunis  asine
AsadiosvessyuUdlaty aslunistulassasiaduee wazanshinuadildfafiandenSouiiay

Y} R !
Auanssdugnltlunmaass

AT 2.4 waneAUTENauYRIARiaeiiloun Ny 1ne81989amsa1naWIduTes Bedin et al.

(2018)

1UIWVDY Bedin et al. (2018) nansausfidounaniia
29AUIENBU Usuad (%) 29AUTENOU Usuad (%)
Wheat ¢luten 20.4 Pea Protein Isolate 8.0
ih 66.4 ih 62.0
K-carrageenan a.7 K-carrageenan 2.0
wtsthanter/utstnna/
Bamboo fiber 6.9 8 | 12|16 | 20
udatiudruznag
utlsgmlnadnus 5.4 vty 14110 6 | 2

ﬁiﬂ : Baiden et al., 2018




undl 3
A5AAUNITIVY
3.1 Inghu
3.1.1 nslUsiuainanga (Pea Protein Isolate)
3.1.2 dfupenailuan Belnadunsey
3.1.3 thifusin Bvesanniu
3.1.4 AU
3.1.5 utenunilen
3.1.6 wUeUn1dn
3.1.7 udstiuduznds
3.1.8 1
3.1.9 l&nsonaldianesa dretani
3.1.10 WenTELie
3.1.12 w3nlneavuy

3.1.12 snRnYUu

32.1.13 ldfsumsaaau



3.2 ip3asdie
3.2.1 \p30efnay a3 kitchen aid
3.2.2 fauauiou
3.2.3 Texture Analyzer Ju TA-XT2i
3.2.4 Konica Minolta Color Analysis
3.3 sumaulunisanfuay
3.3.1 mimqmﬁmmzauﬁm%umémﬁm%“lﬁmaﬂ

Umslusiuainang unldnaunuudednma (Wheat Gluten) luuSinunugnsnangaain
3J8vee Bedin et al. (2018) lngvinsusuildeudsunaniainansiiliusinnanas wasnauny
seUSUNUNTuRe 2 vle Tudnsidiuvesdisiueluan: Wisius191n windu 1:1 wWislilansalusislal

audmannvaneyialundndaeiiie Suannisusudiulseneunuans fall

® U%u Wheat Gluten 20.4% Tdulusiivannainds 8.0%

o  J¥uih 66.4% Tndutin 62.0% waziirdiunis 3 ¥8ndn 14.0, 10.0, 6.0 wag 2.0% YuruuSuiu
wlstnnilleanleluans

2
a (%

8NN%gRINIITEVeY Bedin et al. (2018) dnsldamsvinlnadauwls (Modified Comn
Starch) tiowfiuaumianasiiunnuausalunisfuituremandusiie dufudafimsuiugasn
Tdutadwmidon udedd wasuiaiuduendadunsauny deliilesudadaumioiuazie
Fafusnniu lngngasiiuTinuansyinlnasalUsviniu 5.4% szUFuiduutans 3 vialud3unm

8, 12, 16 way 20%
3.3.4 ILHNUN1INPEDY

ldnsneaesiuy  CRD  ilesnmeganldlunisnaassdidnuasivilouiunnlsenis 39

anansodudmeaassadtumeneasdlaegvanysal  lagluduneunsnagyinisfinwirnavesyinuag

¥
N v

Ysunawdanldlusiegraiemegsivinlvindndaniiiiodudannan anntulsninisfinwinavediad

NAURDAN YL LAUNAYBIAIDES



3.3.5 35N1519a99
3.3.5.1 WS8R

1. 94 Pea protein isolate 66 N3 Way 1de 3 NTU Nawaslull 340 Haddns

2. duludifen 1Wunan 15 ui

3.3.5.2 Anw1avnsnavesrinkasUsuatare 3 ¥in

1. Tdaais 40 n3u wap3uu 2 n3u winlvedu 1 ndu neUsesanduny 1 nsu waz
11 31 n3u Anaulidriudune 2 wiil

2. laédhsfuanluan: thifusidng lusnsndu 1:1 (14, 10, 6 waz 2 n3u Audaseiidesns
Anwn) Anasdunan 2 wi

3. wiladutmiey vsawlenian isekthdudiuevas (8, 12, 16 way 20 N3y My
Yasefideansine) Auaudunan 3 und

4. wavaunadlidntumeldnig wdwhnsinaudaidunan 3 wi

5. thahunanfnauadaiouiesinusstldluldaoaaau

6. wldnsenatlalufadunan 10 wi

3.3.5.3. ANWINAVDILIANPNEL

(%

1. Tdaaia 40 n3u weAs3uuu 2 n3u Winlneddu 1 ndu neusesaniumy 1 wagi
31 N3y Anaulidriuduian 2 wi

2. laédsfumnluan: disusdnn Tusnsidiu 1:1 10 ndu Anaudunan 2 widl

3. udeiamilen 12 n$u Anandnau 6, 16 waz 26 wii mutasefiviinisAne Tneay
g sAlonaNduNaNselEeYn 3 W

4. theunaniinauadaoudesinusstldluldasaanau

5. thldnseniilaludadunan 10 wi

3.3.5.4 Taanuaemailoduiavreiieg1ewieinTed Texture analyzer U TA-XT2i

3.3.5.5 AWIUAMINETAAETUTUATY IBM SPSS $U 22 UagAuInAILuAN19n1

v W

ananszautiudAy 0.05 A835 LSD



unii 4
NAN15IYUAZIITAINE
4.1 NaN15IY
4.1.1 8vndnavesviauazUsunauesuds

AN5199 4.1 WangA1 Firmness Toughness, Hardness, Adhesiveness, Springiness, Cohesiveness

wa Chewiness Ua98388199M LawU 9071637

o Usunauudletnaian (%)
AN Control
8 12 16 20
Firmness
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(s-force) 1023.504°° 435.989°% 462.268% 420.830° 642.426°
Adhesiveness
0.247 + 0.201° 16.567 + 6.538° 5.662 + 2.315 88.358 + 19.639° | 66.600 + 29.846°
(g seq)
Springiness 0.896 + 0.009° 0.747 + 0.021" 0.723 + 0.034" 0.807+ 0.041" 0.834 + 0.046%
Cohesiveness 0.467 + 0.050' 0.433 + 0.033f 0.349+ 0.013% 0.562 + 0.022° 0.647 + 0.054°
Chewiness 2486.993 + 1240.541 + 1136.939 + 2887.8804+ 5260.079 +
(g-force) 558.857°¢ 267.971% 125.064° 166.811° 248.817°

aad

a,b,c LAMIDIAILLANANNBIANBE B A NINATRATISTAUAINLT DI 95%
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AN 4.2 wandAT Firmness Toughness, Hardness, Adhesiveness, Springiness, Cohesiveness

way Chewiness ¥89M708n99 L@k tasiud1Uenas

Usunauwdasiudruenas (%)

Aisa Control
8 12 16 20

Firmness

3.850 + 0.882° 2311 + 0.097° 2.243 + 0.148° 2.058 + 0.022° 2229 + 0.116°
(N/mm)
Toughness

27.984 + 2.667° 19.927 + 1.779°9 | 19.131 + 0.495°® | 17.493 + 0.169%" | 19.747 + 0.821°
(N/mm s)
Hardness 5921.735+ 4051.657 + 4123.389 + 5111.338 + 5350.166 +
(g-force) 1023.504°¢ 19.037¢f 654.160°" 216.338% 229.852%4

Adhesiveness

(¢ sec)

0.247 + 0.201°

66.352 + 5.261°

99.619 + 11.341"°

144.081 + 7.741<

390.977 + 89.309

Springiness

0.896 + 0.009°

0.844 + 0.011°%f

0.857 + 0.009°<%

0.890+ 0.013%

0.873 + 0.014%>

Cohesiveness

0.467 + 0.050'

0.501 + 0.018%f

0.458+ 0.030"

0.624 + 0.045%

0.581 + 0.016%¢

Chewiness

(g-force)

2486.993 +
558.857°¢

1718.89 +
43,796

1620.339 +
300.578%€

2826.428 +
152.481°

2701.418 +
43.332°

= 1 U 1 a o o o QQ‘NI U ‘ﬁl Q.II
a,b,C LEAAIIANULANFANVDIANDENNUYAIAYNNADANTEAUAINLYBUY 95%
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AN5199 4.3 wandA1 Firmness Toughness, Hardness, adhesiveness, Springiness, Cohesiveness

. LY ' PO v =
Ay chewiness %GQW’JBEJ'NVIIﬁLL‘{j\‘ISUTJmuEJ'J

Usunauwdstnmiden (%)

Aiisa Control
8 12 16 20

Firmness

3.850 + 0.882° 2.406 + 0.096° 2.454 + 0.103° 2.392 + 0.164° 2367 + 0.438°
(N/mm)
Toughness

27.984 + 2.667° 19.606 + 0.431°9 | 21.798 + 0.608" 20.870 + 0.807" 21.804 + 2.317°
(N/mm s)
Hardness 5921.735+ 2288.799 + 3014.280 + 3273.564 + 3749.777 +
(¢-force) 1023.504°¢ 46.181" 165.248%" 694.311" 387.591°%
Adhesiveness 146.718 +

0.247 + 0.201° 98.649 + 2.590"° 164.869 + 32.005% | 264.350 + 21.358¢
(g sec) 17.632<
Springiness 0.896 + 0.009° 0.797 + 0.036% 0.883 + 0.026®° | 0.868+ 0.016%°¢ 0.828 + 0.015°%

Cohesiveness

0.467 + 0.050'

0.464 + 0.026'

0.482 + 0.045¢

0.546 + 0.074%°

0.466 + 0.082%¢

Chewiness

(¢-force)

2486.993 +
558.857°°

832.825 + 91.303°

1275.019 +
71.019%

1519.662 +
119.076°%

1446.069 +
311.547%%
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Y
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Hardness (g-force)
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4.1.2

BNSNAVRIIANFNEL

T¥deg1anld wilatnamien 12% Wudieg1slunis@nwidnsnaveanaifnay

A15197 4.4 LEAIAT Firmness, Toughness, Hardness, adhesiveness, Springiness, Cohesiveness

WAz chewiness YOIRIDLNTILIANANANAIE)

. e
AN Control
10 20 30
Firmness (N/mm) 3.850 + 0.882° 2.63 + 0.189° 3.111+ 0.099% 2.626 + 0.143°

Toughness (N/mm s)

27.984 + 2.667°

18.725 + 0.046°

22.643 + 2.268°

18.802 + 1.528"

Hardness (g-force)

5921.735+ 1023.504 ¢

4538.166 + 343.764°

5820.947 + 429.397%°

5885.518 + 210.388°

Adhesiveness (g sec)

0.247 + 0.201°

33.47 + 3.815°

36.919 + 7.394°

41.992 + 10.014°

Springiness

0.896 + 0.009°

0.792 + 0.018°

0.823 + 0.018

0.838 + 0.028°

Cohesiveness

0.467 + 0.050°

0.402 + 0.009°

0.481+ 0.004°

0.526 + 0.042°

Chewiness(g-force)

2486.993 + 558.857°

1444337 + 75.493P

2305.1267 + 124.836°

2590.661+ 186.174°

a,b,c LAMITIAILLANANTBIABEBE A NINADRTISTAUAINLT U 95%

AlunnTwansds Amdesdiudeauuunggiu lWnnsvinimeass 3 41
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Toughness(N/mm s)
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Adhesiveness(g sec)
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ANTIATZRILIFUN VD991
n1. A9IATIENAT Firmness Wag Toughness
gunsnl

1. sesiniileduia (Texture Analyzer)(Stable Micro system, 31 TAXT2i, UK)
2. rinyaluiia HDV/WBV

AFMsATIEN

1. Usznaunirinnnuiasesindloduna
Calibrate force lngldauumtnaunnsgu 1,000 N3y

Calibrate height TnefsszagiaInlinsaniiuIedI0819 40 Hadiuns

I

BonsUuuunIsiATIE iUy Return to start wasksanmeandeaduwioluil
Mode : Measure for compression
Option : Return to start
Pre-test speed : 1.50mm/sec
Test-speed : 1.50mm/sec
Post-test speed : 10.00mm/sec
Distance : 30.00mm
Trigger-type : Auto force 40 gram
Tare mode : Auto
Data acquisition rate : 200pps

5. Mesegldnsenuuyaluiinainiuna Start wasuine
n2. N15LATIZIAT Texture Profile Analysis (TPA)
gunsal

1. e3eeiaileduia (Texture Analyzer)(Stable Micro system, 3u TAXT2i, UK)

2. ¥33n Rounded End probes P/100 3uaiduruaugnana 10.00 wufluns



IFNsIAsIEN

1. UsgnourminnduiATesiniiodua
Calibrate force lngldauumtnannsgiu 1,000 N3y

Calibrate Height lnafsszagirinliinaa1nuviuie@9e19 40 Jadluns

I

LﬁaﬂgﬂLLUUﬂ’lﬁLﬂiwﬁLLUU Texture Profile Analysis(TPA) LLaz(f?ﬂﬁ'ﬁ’lEJazL%aﬂ
Fasoludl

Mode : Measure for compression

Option : Texture Profile Analysis(TPA)

Pre-test speed : 2.00mm/sec

Test-speed : 2.00mm/sec

Post-test speed : 5.00mm/sec

Strain : 50%

Trigger-type : Auto force 5 gram
5. neegsldnsenuuwiuinedieiiey 1 Ty lnedaliiinnuen 2 wuiwes 17
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NATLASIZUNINEDA

Taaluswnsy IBM SPSS version 22 Statistic

1. 95navesrlawarusuinvaakil

Dependent Variable: Firmness

Multiple Comparisons

LSD
Mean Difference 95% Confidence Interval

(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound

Control GR12 1.3955" 27931 .000 .8242 1.9668
GR16 1.4575" .27931 .000 .8862 2.0288
GR20 1.3498" 27931 .000 .7786 1.9211
GR8 1.4435" .27931 .000 .8722 2.0148
R12 1.5105" .27931 .000 .9392 2.0818
R16 1.9025" 27931 .000 1.3312 2.4738
R20 1.6715 .27931 .000 1.1002 2.2428
R8 1.8650" .27931 .000 1.2937 2.4363
T12 1.6065" .27931 .000 1.0352 2.1778
T16 1.7918" .27931 .000 1.2206 2.3631
T20 1.6202" .27931 .000 1.0489 2.1914
T8 1.5382" .27931 .000 .9669 2.1094

GR12 Control -1.3955" .27931 .000 -1.9668 -.8242
GR16 .0620 .32252 .849 -.5976 7216
GR20 -.0457 .32252 .888 -.7053 .6140
GR8 .0480 .32252 .883 -.6116 .7076
R12 .1150 .32252 724 -.5446 7746
R16 .5070 .32252 127 -.1526 1.1666
R20 .2760 .32252 .399 -.3836 .9356
R8 4695 .32252 .156 -.1901 1.1291
T12 .2110 .32252 .518 -.4486 .8706
T16 .3963 .32252 .229 -.2633 1.0560
T20 2247 .32252 492 -.4350 .8843
T8 1427 .32252 .662 -.5170 .8023

GR16 Control -1.4575" .27931 .000 -2.0288 -.8862
GR12 -.0620 .32252 .849 -.7216 .5976
GR20 -.1077 .32252 741 -.7673 .5520




GRS8 -.0140 .32252 .966 -.6736 .6456
R12 .0530 .32252 871 -.6066 7126
R16 4450 .32252 178 -.2146 1.1046
R20 .2140 .32252 512 -.4456 .8736
R8 4075 .32252 .216 -.2521 1.0671
T12 .1490 .32252 .648 -.5106 .8086
T16 .3343 .32252 .308 -.3253 .9940
T20 1627 .32252 .618 -.4970 .8223
T8 .0807 .32252 .804 -.5790 .7403
GR20 Control -1.3498" .27931 .000 -1.9211 -.7786
GR12 .0457 .32252 .888 -.6140 .7053
GR16 1077 .32252 741 -.5520 .7673
GRS8 .0937 .32252 q74 -.5660 .7533
R12 1607 .32252 .622 -.4990 .8203
R16 .5527 .32252 .097 -.1070 1.2123
R20 3217 .32252 327 -.3380 .9813
R8 .5152 .32252 A21 -.1445 1.1748
T12 .2567 .32252 433 -.4030 .9163
T16 4420 .32252 181 -.2176 1.1016
T20 .2703 .32252 409 -.3893 .9300
T8 .1883 .32252 .564 -4713 .8480
GRS8 Control -1.4435" .27931 .000 -2.0148 -.8722
GR12 -.0480 .32252 .883 -.7076 .6116
GR16 .0140 .32252 .966 -.6456 .6736
GR20 -.0937 .32252 a74 -.7533 .5660
R12 .0670 .32252 .837 -.5926 .7266
R16 .4590 .32252 .165 -.2006 1.1186
R20 .2280 .32252 485 -.4316 .8876
R8 4215 .32252 .202 -.2381 1.0811
T12 .1630 .32252 .617 -.4966 .8226
T16 .3483 .32252 .289 -.3113 1.0080
T20 1767 .32252 .588 -.4830 .8363
T8 .0947 .32252 J71 -.5650 .7543
R12 Control -1.5105" .27931 .000 -2.0818 -.9392
GR12 -.1150 .32252 124 - 7746 .5446
GR16 -.0530 .32252 871 -.7126 .6066
GR20 -.1607 .32252 .622 -.8203 4990
GR8 -.0670 .32252 .837 -.7266 .5926
R16 .3920 .32252 234 -.2676 1.0516
R20 1610 .32252 .621 -.4986 .8206
R8 .3545 .32252 .281 -.3051 1.0141




T12 .0960 .32252 .768 -.5636 .7556
T16 .2813 .32252 .390 -.3783 .9410
T20 .1097 .32252 .736 -.5500 .7693
T8 .0277 .32252 .932 -.6320 .6873
R16 Control -1.9025 .27931 .000 -2.4738 -1.3312
GR12 -.5070 .32252 127 -1.1666 .1526
GR16 -.4450 .32252 178 -1.1046 .2146
GR20 -.5527 .32252 .097 -1.2123 .1070
GR8 -.4590 .32252 .165 -1.1186 .2006
R12 -.3920 .32252 234 -1.0516 .2676
R20 -.2310 .32252 480 -.8906 .4286
R8 -.0375 .32252 .908 -.6971 .6221
T12 -.2960 .32252 .366 -.9556 .3636
T16 -.1107 .32252 734 -.7703 .5490
T20 -.2823 .32252 .389 -.9420 3773
T8 -.3643 .32252 .268 -1.0240 .2953
R20 Control -1.6715" .27931 .000 -2.2428 -1.1002
GR12 -.2760 .32252 .399 -.9356 .3836
GR16 -.2140 .32252 512 -.8736 4456
GR20 -.3217 .32252 327 -.9813 .3380
GRS8 -.2280 .32252 485 -.8876 4316
R12 -.1610 .32252 .621 -.8206 .4986
R16 .2310 .32252 480 -.4286 .8906
R8 1935 .32252 .553 -.4661 .8531
T12 -.0650 .32252 .842 -.7246 .5946
T16 1203 .32252 712 -.5393 .7800
T20 -.0513 .32252 .875 -.7110 .6083
T8 -.1333 .32252 .682 -.7930 .5263
R8 Control -1.8650" .27931 .000 -2.4363 -1.2937
GR12 -.4695 .32252 .156 -1.1291 .1901
GR16 -.4075 .32252 .216 -1.0671 .2521
GR20 -.5152 .32252 21 -1.1748 .1445
GRS8 -4215 .32252 .202 -1.0811 .2381
R12 -.3545 .32252 .281 -1.0141 .3051
R16 .0375 .32252 .908 -.6221 .6971
R20 -.1935 .32252 .553 -.8531 4661
T12 -.2585 .32252 429 -.9181 4011
T16 -.0732 .32252 .822 -.7328 .5865
T20 -.2448 .32252 454 -.9045 4148
T8 -.3268 .32252 .319 -.9865 .3328
T12 Control -1.6065" .27931 .000 -2.1778 -1.0352




GR12 -.2110 .32252 .518 -.8706 4486
GR16 -.1490 .32252 .648 -.8086 .5106
GR20 -.2567 .32252 433 -.9163 14030
GR8 -.1630 .32252 .617 -.8226 4966
R12 -.0960 .32252 .768 -.7556 .5636
R16 .2960 .32252 .366 -.3636 .9556
R20 .0650 .32252 .842 -.5946 7246
R8 .2585 .32252 429 -4011 9181
T16 .1853 .32252 .570 -4743 .8450
T20 .0137 .32252 .966 -.6460 .6733
T8 -.0683 .32252 .834 -.7280 .5913
T16 Control -1.7918" .27931 .000 -2.3631 -1.2206
GR12 -.3963 .32252 229 -1.0560 .2633
GR16 -.3343 .32252 .308 -.9940 .3253
GR20 -.4420 .32252 181 -1.1016 .2176
GRS8 -.3483 .32252 .289 -1.0080 3113
R12 -.2813 .32252 .390 -.9410 .3783
R16 1107 .32252 734 -.5490 .7703
R20 -.1203 .32252 712 -.7800 .5393
R8 .0732 .32252 .822 -.5865 .7328
T12 -.1853 .32252 .570 -.8450 4743
T20 -1717 .32252 .599 -.8313 .4880
T8 -.2537 .32252 438 -.9133 .4060
T20 Control -1.6202" .27931 .000 -2.1914 -1.0489
GR12 -.2247 .32252 492 -.8843 4350
GR16 -.1627 .32252 .618 -.8223 4970
GR20 -.2703 .32252 409 -.9300 .3893
GRS8 -.1767 .32252 .588 -.8363 .4830
R12 -.1097 .32252 .736 -.7693 .5500
R16 .2823 .32252 .389 -.3773 .9420
R20 .0513 .32252 .875 -.6083 .7110
R8 .2448 .32252 454 -.4148 .9045
T12 -.0137 .32252 .966 -.6733 .6460
T16 A717 .32252 .599 -.4880 .8313
T8 -.0820 .32252 .801 -.7416 5776
T8 Control -1.5382" .27931 .000 -2.1094 -.9669
GR12 -.1427 .32252 .662 -.8023 .5170
GR16 -.0807 .32252 .804 -.7403 .5790
GR20 -.1883 .32252 .564 -.8480 4713
GR8 -.0947 .32252 g71 -.7543 .5650




R12 -.0277 .32252 .932 -.6873 .6320
R16 .3643 .32252 .268 -.2953 1.0240
R20 1333 .32252 .682 -.5263 .7930
R8 .3268 .32252 319 -.3328 .9865
T12 .0683 .32252 .834 -.5913 .7280
T16 .2537 .32252 438 -.4060 .9133
T20 .0820 .32252 .801 -.5776 7416
Based on observed means.
The error term is Mean Square(Error) = .156.
*. The mean difference is significant at the 0.05 level.
Multiple Comparisons
Dependent Variable: Toughness
LSD
Mean Difference 95% Confidence Interval
(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
Control GR12 6.1495" 1.13117 .000 3.8360 8.4630
GR16 7.0775" 1.13117 .000 4.7640 9.3910
GR20 6.1445" 1.13117 .000 3.8310 8.4580
GR8 8.3415" 1.13117 .000 6.0280 10.6550
R12 11.0382" 1.13117 .000 8.7247 13.3517
R16 10.3148" 1.13117 .000 8.0013 12.6283
R20 10.0765" 1.13117 .000 7.7630 12.3900
R8 11.7495" 1.13117 .000 9.4360 14.0630
T12 8.8168" 1.13117 .000 6.5033 11.1303
T16 10.4548" 1.13117 .000 8.1413 12.7683
T20 8.2005" 1.13117 .000 5.8870 10.5140
T8 8.0212" 1.13117 .000 5.7077 10.3347
GR12 Control -6.1495" 1.13117 .000 -8.4630 -3.8360
GR16 .9280 1.30616 .483 -1.7434 3.5994
GR20 -.0050 1.30616 .997 -2.6764 2.6664
GR8 2.1920 1.30616 .104 -.4794 4.8634
R12 4.8887" 1.30616 .001 2.2173 7.5601
R16 4.1653" 1.30616 .003 1.4939 6.8367
R20 3.9270° 1.30616 .005 1.2556 6.5984
R8 5.6000" 1.30616 .000 2.9286 8.2714
T12 2.6673 1.30616 .050 -.0041 5.3387
T16 4.3053" 1.30616 .003 1.6339 6.9767
T20 2.0510 1.30616 127 -.6204 4.7224
T8 1.8717 1.30616 .163 -.7997 4.5431




GR16 Control -7.0775" 1.13117 .000 -9.3910 -4.7640
GR12 -.9280 1.30616 483 -3.5994 1.7434
GR20 -.9330 1.30616 481 -3.6044 1.7384
GR8 1.2640 1.30616 341 -1.4074 3.9354
R12 3.9607" 1.30616 .005 1.2893 6.6321
R16 3.2373" 1.30616 .019 .5659 5.9087
R20 2.9990" 1.30616 .029 .3276 5.6704
R8 4.6720" 1.30616 .001 2.0006 7.3434
T12 1.7393 1.30616 193 -.9321 4.4107
T16 3.3773" 1.30616 .015 .7059 6.0487
T20 1.1230 1.30616 397 -1.5484 3.7944
T8 .9437 1.30616 476 -1.7277 3.6151

GR20 Control -6.1445" 1.13117 .000 -8.4580 -3.8310
GR12 .0050 1.30616 .997 -2.6664 2.6764
GR16 .9330 1.30616 481 -1.7384 3.6044
GRS8 2.1970 1.30616 .103 -4744 4.8684
R12 4.8937" 1.30616 .001 2.2223 7.5651
R16 4.1703" 1.30616 .003 1.4989 6.8417
R20 3.9320° 1.30616 .005 1.2606 6.6034
R8 5.6050" 1.30616 .000 2.9336 8.2764
T12 2.6723" 1.30616 .050 .0009 5.3437
T16 4.3103" 1.30616 .003 1.6389 6.9817
T20 2.0560 1.30616 126 -.6154 47274
T8 1.8767 1.30616 161 -.7947 4.5481

GR8 Control -8.3415" 1.13117 .000 -10.6550 -6.0280
GR12 -2.1920 1.30616 .104 -4.8634 A794
GR16 -1.2640 1.30616 341 -3.9354 1.4074
GR20 -2.1970 1.30616 .103 -4.8684 4744
R12 2.6967" 1.30616 .048 .0253 5.3681
R16 1.9733 1.30616 142 -.6981 4.6447
R20 1.7350 1.30616 194 -.9364 4.4064
R8 3.4080" 1.30616 .014 .7366 6.0794
T12 4753 1.30616 719 -2.1961 3.1467
T16 2.1133 1.30616 116 -.5581 4.7847
T20 -.1410 1.30616 915 -2.8124 2.5304
T8 -.3203 1.30616 .808 -2.9917 2.3511

R12 Control -11.0382" 1.13117 .000 -13.3517 -8.7247
GR12 -4.8887" 1.30616 .001 -7.5601 -2.2173
GR16 -3.9607" 1.30616 .005 -6.6321 -1.2893
GR20 -4.8937" 1.30616 .001 -7.5651 -2.2223
GRS8 -2.6967" 1.30616 .048 -5.3681 -.0253




R16 -.7233 1.30616 .584 -3.3947 1.9481
R20 -.9617 1.30616 467 -3.6331 1.7097
R8 7113 1.30616 .590 -1.9601 3.3827
T12 -2.2213 1.30616 .100 -4.8927 4501
T16 -.5833 1.30616 .658 -3.2547 2.0881
T20 -2.8377" 1.30616 .038 -5.5091 -.1663
T8 -3.0170" 1.30616 .028 -5.6884 -.3456
R16 Control -10.3148" 1.13117 .000 -12.6283 -8.0013
GR12 -4.1653" 1.30616 .003 -6.8367 -1.4939
GR16 -3.2373" 1.30616 .019 -5.9087 -.5659
GR20 -4.1703" 1.30616 .003 -6.8417 -1.4989
GRS8 -1.9733 1.30616 142 -4.6447 .6981
R12 7233 1.30616 .584 -1.9481 3.3947
R20 -.2383 1.30616 .856 -2.9097 2.4331
R8 1.4347 1.30616 .281 -1.2367 4.1061
T12 -1.4980 1.30616 .261 -4.1694 11734
T16 .1400 1.30616 915 -2.5314 2.8114
T20 -2.1143 1.30616 116 -4.7857 5571
T8 -2.2937 1.30616 .090 -4.9651 3777
R20 Control -10.0765" 1.13117 .000 -12.3900 -7.7630
GR12 -3.9270" 1.30616 .005 -6.5984 -1.2556
GR16 -2.9990" 1.30616 .029 -5.6704 -.3276
GR20 -3.9320° 1.30616 .005 -6.6034 -1.2606
GR8 -1.7350 1.30616 194 -4.4064 .9364
R12 9617 1.30616 467 -1.7097 3.6331
R16 .2383 1.30616 .856 -2.4331 2.9097
R8 1.6730 1.30616 .210 -.9984 4.3444
T12 -1.2597 1.30616 .343 -3.9311 1.4117
T16 .3783 1.30616 T74 -2.2931 3.0497
T20 -1.8760 1.30616 162 -4.5474 .7954
T8 -2.0553 1.30616 .126 -4.7267 .6161
R8 Control -11.7495" 1.13117 .000 -14.0630 -9.4360
GR12 -5.6000" 1.30616 .000 -8.2714 -2.9286
GR16 -4.6720" 1.30616 .001 -7.3434 -2.0006
GR20 -5.6050" 1.30616 .000 -8.2764 -2.9336
GR8 -3.4080" 1.30616 .014 -6.0794 -.7366
R12 -.7113 1.30616 .590 -3.3827 1.9601
R16 -1.4347 1.30616 .281 -4.1061 1.2367
R20 -1.6730 1.30616 .210 -4.3444 .9984
T12 -2.9327" 1.30616 .033 -5.6041 -.2613
T16 -1.2947 1.30616 .330 -3.9661 1.3767




T20 -3.5490" 1.30616 .011 -6.2204 -.8776
T8 -3.7283" 1.30616 .008 -6.3997 -1.0569
T12 Control -8.8168" 1.13117 .000 -11.1303 -6.5033
GR12 -2.6673 1.30616 .050 -5.3387 .0041
GR16 -1.7393 1.30616 193 -4.4107 .9321
GR20 -2.6723" 1.30616 .050 -5.3437 -.0009
GRS8 -.4753 1.30616 719 -3.1467 2.1961
R12 2.2213 1.30616 .100 -.4501 4.8927
R16 1.4980 1.30616 .261 -1.1734 4.1694
R20 1.2597 1.30616 .343 -1.4117 3.9311
R8 2.9327" 1.30616 .033 .2613 5.6041
T16 1.6380 1.30616 .220 -1.0334 4.3094
T20 -.6163 1.30616 .641 -3.2877 2.0551
T8 -.7957 1.30616 547 -3.4671 1.8757
T16 Control -10.4548" 1.13117 .000 -12.7683 -8.1413
GR12 -4.3053" 1.30616 .003 -6.9767 -1.6339
GR16 -3.3773" 1.30616 .015 -6.0487 -.7059
GR20 -4.3103" 1.30616 .003 -6.9817 -1.6389
GRS8 -2.1133 1.30616 116 -4.7847 .5581
R12 .5833 1.30616 .658 -2.0881 3.2547
R16 -.1400 1.30616 915 -2.8114 2.5314
R20 -.3783 1.30616 T74 -3.0497 2.2931
R8 1.2947 1.30616 .330 -1.3767 3.9661
T12 -1.6380 1.30616 .220 -4.3094 1.0334
T20 -2.2543 1.30616 .095 -4.9257 4171
T8 -2.4337 1.30616 .073 -5.1051 2377
T20 Control -8.2005" 1.13117 .000 -10.5140 -5.8870
GR12 -2.0510 1.30616 127 -4.7224 .6204
GR16 -1.1230 1.30616 .397 -3.7944 1.5484
GR20 -2.0560 1.30616 126 -4.7274 .6154
GR8 .1410 1.30616 915 -2.5304 2.8124
R12 2.8377" 1.30616 .038 .1663 5.5091
R16 2.1143 1.30616 116 -.5571 4.7857
R20 1.8760 1.30616 162 -.7954 4.5474
R8 3.5490" 1.30616 011 8776 6.2204
T12 .6163 1.30616 .641 -2.0551 3.2877
T16 2.2543 1.30616 .095 -4171 4.9257
T8 -.1793 1.30616 .892 -2.8507 2.4921
T8 Control -8.0212" 1.13117 .000 -10.3347 -5.7077
GR12 -1.8717 1.30616 .163 -4.5431 7997




GR16 -.9437 1.30616 476 -3.6151 1.7277
GR20 -1.8767 1.30616 161 -4.5481 7947
GR8 .3203 1.30616 .808 -2.3511 2.9917
R12 3.0170° 1.30616 .028 .3456 5.6884
R16 2.2937 1.30616 .090 -.3777 4.9651
R20 2.0553 1.30616 126 -.6161 4.7267
R8 3.7283" 1.30616 .008 1.0569 6.3997
T12 .7957 1.30616 547 -1.8757 3.4671
T16 2.4337 1.30616 .073 -.2377 5.1051
T20 .1793 1.30616 .892 -2.4921 2.8507
Based on observed means.
The error term is Mean Square(Error) = 2.559.
*. The mean difference is significant at the 0.05 level.
Multiple Comparisons
Dependent Variable: Hardness
LSD
Mean Difference 95% Confidence Interval
(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
Control GR12 2907.4555" 406.30110 .000 2076.4765 3738.4345
GR16 2648.1715" 406.30110 .000 1817.1925 3479.1505
GR20 2171.9578" 406.30110 .000 1340.9788 3002.9369
GR8 3632.9358" 406.30110 .000 2801.9568 4463.9149
R12 1419.1335" 406.30110 .002 588.1545 2250.1125
R16 -464.9328 406.30110 .262 -1295.9119 366.0462
R20 -3906.8165" 406.30110 .000 -4737.7955 -3075.8375
R8 2186.6108" 406.30110 .000 1355.6318 3017.5899
T12 1798.3458" 406.30110 .000 967.3668 2629.3249
T16 810.3968 406.30110 .056 -20.5822 1641.3759
T20 571.5692 406.30110 .170 -259.4099 1402.5482
T8 1870.0778" 406.30110 .000 1039.0988 2701.0569
GR12 Control -2907.4555" [  406.30110 .000 -3738.4345 -2076.4765
GR16 -259.2840 469.15609 .585 -1218.8160 700.2480
GR20 -735.4977 469.15609 .128 -1695.0296 224.0343
GR8 725.4803 469.15609 .133 -234.0516 1685.0123
R12 -1488.3220" 469.15609 .004 -2447.8540 -528.7900
R16 -3372.3883" 469.15609 .000 -4331.9203 -2412.8564
R20 -6814.2720" [  469.15609 .000 -7773.8040 -5854.7400
R8 -720.8447  469.15609 135 -1680.3766 238.6873
T12 -1109.1097"  469.15609 .025 -2068.6416 -149.5777




T16 -2097.0587" 469.15609 .000 -3056.5906 -1137.5267
T20 -2335.8863" 469.15609 .000 -3295.4183 -1376.3544
T8 -1037.3777" 469.15609 .035 -1996.9096 -77.8457
GR16 Control -2648.1715" 406.30110 .000 -3479.1505 -1817.1925
GR12 259.2840 469.15609 .585 -700.2480 1218.8160
GR20 -476.2137 469.15609 .318 -1435.7456 483.3183
GRS8 984.7643" 469.15609 .045 25.2324 1944.2963
R12 -1229.0380" 469.15609 .014 -2188.5700 -269.5060
R16 -3113.1043" 469.15609 .000 -4072.6363 -2153.5724
R20 -6554.9880" 469.15609 .000 -7514.5200 -5595.4560
R8 -461.5607 469.15609 .333 -1421.0926 497.9713
T12 -849.8257 469.15609 .080 -1809.3576 109.7063
T16 -1837.7747" 469.15609 .001 -2797.3066 -878.2427
T20 -2076.6023" 469.15609 .000 -3036.1343 -1117.0704
T8 -778.0937 469.15609 .108 -1737.6256 181.4383
GR20 Control -2171.9578" 406.30110 .000 -3002.9369 -1340.9788
GR12 735.4977 469.15609 .128 -224.0343 1695.0296
GR16 476.2137 469.15609 .318 -483.3183 1435.7456
GRS8 1460.9780" 469.15609 .004 501.4460 2420.5100
R12 -752.8243 469.15609 119 -1712.3563 206.7076
R16 -2636.8907" 469.15609 .000 -3596.4226 -1677.3587
R20 -6078.7743" 469.15609 .000 -7038.3063 -5119.2424
R8 14.6530 469.15609 975 -944.8790 974.1850
T12 -373.6120 469.15609 432 -1333.1440 585.9200
T16 -1361.5610" 469.15609 .007 -2321.0930 -402.0290
T20 -1600.3887" 469.15609 .002 -2559.9206 -640.8567
T8 -301.8800 469.15609 .525 -1261.4120 657.6520
GRS8 Control -3632.9358" 406.30110 .000 -4463.9149 -2801.9568
GR12 -725.4803 469.15609 133 -1685.0123 234.0516
GR16 -984.7643" 469.15609 .045 -1944.2963 -25.2324
GR20 -1460.9780" 469.15609 .004 -2420.5100 -501.4460
R12 -2213.8023" 469.15609 .000 -3173.3343 -1254.2704
R16 -4097.8687" 469.15609 .000 -5057.4006 -3138.3367
R20 -7539.7523" 469.15609 .000 -8499.2843 -6580.2204
R8 -1446.3250" 469.15609 .004 -2405.8570 -486.7930
T12 -1834.5900" 469.15609 .001 -2794.1220 -875.0580
T16 -2822.5390" 469.15609 .000 -3782.0710 -1863.0070
T20 -3061.3667" 469.15609 .000 -4020.8986 -2101.8347
T8 -1762.8580" 469.15609 .001 -2722.3900 -803.3260
R12 Control -1419.1335" 406.30110 .002 -2250.1125 -588.1545
GR12 1488.3220" 469.15609 .004 528.7900 2447.8540




GR16 1229.0380" 469.15609 .014 269.5060 2188.5700
GR20 752.8243 469.15609 119 -206.7076 1712.3563
GR8 2213.8023" 469.15609 .000 1254.2704 3173.3343
R16 -1884.0663" 469.15609 .000 -2843.5983 -924.5344
R20 -5325.9500" 469.15609 .000 -6285.4820 -4366.4180
R8 767.4773 469.15609 113 -192.0546 1727.0093
T12 379.2123 469.15609 426 -580.3196 1338.7443
T16 -608.7367 469.15609 .205 -1568.2686 350.7953
T20 -847.5643 469.15609 .081 -1807.0963 111.9676
T8 450.9443 469.15609 .344 -508.5876 1410.4763
R16 Control 464.9328 406.30110 .262 -366.0462 1295.9119
GR12 3372.3883" 469.15609 .000 2412.8564 4331.9203
GR16 3113.1043" 469.15609 .000 2153.5724 4072.6363
GR20 2636.8907" 469.15609 .000 1677.3587 3596.4226
GRS8 4097.8687" 469.15609 .000 3138.3367 5057.4006
R12 1884.0663" 469.15609 .000 924.5344 2843.5983
R20 -3441.8837" 469.15609 .000 -4401.4156 -2482.3517
R8 2651.5437" 469.15609 .000 1692.0117 3611.0756
T12 2263.2787" 469.15609 .000 1303.7467 3222.8106
T16 1275.3297" 469.15609 .011 315.7977 2234.8616
T20 1036.5020" 469.15609 .035 76.9700 1996.0340
T8 2335.0107" 469.15609 .000 1375.4787 3294.5426
R20 Control 3906.8165" 406.30110 .000 3075.8375 4737.7955
GR12 6814.2720" 469.15609 .000 5854.7400 7773.8040
GR16 6554.9880" 469.15609 .000 5595.4560 7514.5200
GR20 6078.7743" 469.15609 .000 5119.2424 7038.3063
GRS8 7539.7523" 469.15609 .000 6580.2204 8499.2843
R12 5325.9500" 469.15609 .000 4366.4180 6285.4820
R16 3441.8837" 469.15609 .000 2482.3517 4401.4156
R8 6093.4273" 469.15609 .000 5133.8954 7052.9593
T12 5705.1623" 469.15609 .000 4745.6304 6664.6943
T16 4717.2133" 469.15609 .000 3757.6814 5676.7453
T20 4478.3857" 469.15609 .000 3518.8537 5437.9176
T8 5776.8943" 469.15609 .000 4817.3624 6736.4263
R8 Control -2186.6108" 406.30110 .000 -3017.5899 -1355.6318
GR12 720.8447 469.15609 135 -238.6873 1680.3766
GR16 461.5607 469.15609 .333 -497.9713 1421.0926
GR20 -14.6530 469.15609 .975 -974.1850 944.8790
GRS8 1446.3250" 469.15609 .004 486.7930 2405.8570
R12 -767.4773 469.15609 113 -1727.0093 192.0546
R16 -2651.5437" 469.15609 .000 -3611.0756 -1692.0117




R20 -6093.4273" 469.15609 .000 -7052.9593 -5133.8954
T12 -388.2650 469.15609 415 -1347.7970 571.2670
T16 -1376.2140" 469.15609 .006 -2335.7460 -416.6820
T20 -1615.0417" 469.15609 .002 -2574.5736 -655.5097
T8 -316.5330 469.15609 .505 -1276.0650 642.9990
T12 Control -1798.3458" 406.30110 .000 -2629.3249 -967.3668
GR12 1109.1097" 469.15609 .025 149.5777 2068.6416
GR16 849.8257 469.15609 .080 -109.7063 1809.3576
GR20 373.6120 469.15609 432 -585.9200 1333.1440
GR8 1834.5900" 469.15609 .001 875.0580 2794.1220
R12 -379.2123 469.15609 426 -1338.7443 580.3196
R16 -2263.2787" 469.15609 .000 -3222.8106 -1303.7467
R20 -5705.1623" 469.15609 .000 -6664.6943 -4745.6304
R8 388.2650 469.15609 415 -571.2670 1347.7970
T16 -987.9490" 469.15609 .044 -1947.4810 -28.4170
T20 -1226.7767" 469.15609 .014 -2186.3086 -267.2447
T8 71.7320 469.15609 .880 -887.8000 1031.2640
T16 Control -810.3968 406.30110 .056 -1641.3759 20.5822
GR12 2097.0587" 469.15609 .000 1137.5267 3056.5906
GR16 1837.7747" 469.15609 .001 878.2427 2797.3066
GR20 1361.5610" 469.15609 .007 402.0290 2321.0930
GRS8 2822.5390" 469.15609 .000 1863.0070 3782.0710
R12 608.7367 469.15609 .205 -350.7953 1568.2686
R16 -1275.3297" 469.15609 .011 -2234.8616 -315.7977
R20 -4717.2133" 469.15609 .000 -5676.7453 -3757.6814
R8 1376.2140" 469.15609 .006 416.6820 2335.7460
T12 987.9490" 469.15609 .044 28.4170 1947.4810
T20 -238.8277 469.15609 .615 -1198.3596 720.7043
T8 1059.6810" 469.15609 .032 100.1490 2019.2130
T20 Control -571.5692 406.30110 .170 -1402.5482 259.4099
GR12 2335.8863" 469.15609 .000 1376.3544 3295.4183
GR16 2076.6023" 469.15609 .000 1117.0704 3036.1343
GR20 1600.3887" 469.15609 .002 640.8567 2559.9206
GRS8 3061.3667" 469.15609 .000 2101.8347 4020.8986
R12 847.5643 469.15609 .081 -111.9676 1807.0963
R16 -1036.5020" 469.15609 .035 -1996.0340 -76.9700
R20 -4478.3857" 469.15609 .000 -5437.9176 -3518.8537
R8 1615.0417" 469.15609 .002 655.5097 2574.5736
T12 1226.7767" 469.15609 .014 267.2447 2186.3086
T16 238.8277 469.15609 .615 -720.7043 1198.3596
T8 1298.5087" 469.15609 .010 338.9767 2258.0406




T8 Control -1870.0778"| 406.30110 .000 -2701.0569 -1039.0988
GR12 1037.3777"| 469.15609 .035 77.8457 1996.9096
GR16 778.0937| 469.15609 .108 -181.4383 1737.6256
GR20 301.8800| 469.15609 .525 -657.6520 1261.4120
GR8 1762.8580"| 469.15609 .001 803.3260 2722.3900
R12 -450.9443 469.15609 .344 -1410.4763 508.5876
R16 -2335.0107"|  469.15609 .000 -3294.5426 -1375.4787
R20 -5776.8943" [  469.15609 .000 -6736.4263 -4817.3624
R8 316.5330| 469.15609 .505 -642.9990 1276.0650
T12 -71.7320| 469.15609 .880 -1031.2640 887.8000
T16 -1059.6810" |  469.15609 .032 -2019.2130 -100.1490
T20 -1298.5087"  469.15609 .010 -2258.0406 -338.9767
Based on observed means.
The error term is Mean Square(Error) = 330161.162.
*. The mean difference is significant at the 0.05 level.
Multiple Comparisons
Dependent Variable: Adhesiveness
LSD
Mean Difference 95% Confidence Interval
(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
Control GR12 146.5537" 19.75251 .000 106.1552 186.9521
GR16 164.7043" 19.75251 .000 124.3059 205.1028
GR20 264.1857" 19.75251 .000 223.7872 304.5841
GR8 98.4850" 19.75251 .000 58.0866 138.8834
R12 5.4973 19.75251 .783 -34.9011 45.8958
R16 88.1937" 19.75251 .000 47.7952 128.5921
R20 66.4357" 19.75251 .002 26.0372 106.8341
R8 16.4023 19.75251 413 -23.9961 56.8008
T12 99.4550" 19.75251 .000 59.0566 139.8534
T16 143.8537" 19.75251 .000 103.4552 184.2521
T20 390.8127" 19.75251 .000 350.4142 431.2111
T8 66.1880" 19.75251 .002 25.7896 106.5864
GR12 Control -146.5537" 19.75251 .000 -186.9521 -106.1552
GR16 18.1507 22.80824 433 -28.4974 64.7987
GR20 117.6320" 22.80824 .000 70.9839 164.2801
GR8 -48.0687" 22.80824 .044 -94.7167 -1.4206
R12 -141.0563" 22.80824 .000 -187.7044 -94.4083
R16 -58.3600" 22.80824 .016 -105.0081 -11.7119
R20 -80.1180"| 22.80824 .001 -126.7661 -33.4699




R8 -130.1513" 22.80824 .000 -176.7994 -83.5033
T12 -47.0987" 22.80824 .048 -93.7467 -.4506
T16 -2.7000 22.80824 .907 -49.3481 43.9481
T20 244.2590" 22.80824 .000 197.6109 290.9071
T8 -80.3657" 22.80824 .001 -127.0137 -33.7176
GR16 Control -164.7043" 19.75251 .000 -205.1028 -124.3059
GR12 -18.1507 22.80824 433 -64.7987 28.4974
GR20 99.4813" 22.80824 .000 52.8333 146.1294
GR8 -66.2193" 22.80824 .007 -112.8674 -19.5713
R12 -159.2070" 22.80824 .000 -205.8551 -112.5589
R16 -76.5107" 22.80824 .002 -123.1587 -29.8626
R20 -98.2687" 22.80824 .000 -144.9167 -51.6206
R8 -148.3020" 22.80824 .000 -194.9501 -101.6539
T12 -65.2493" 22.80824 .008 -111.8974 -18.6013
T16 -20.8507 22.80824 .368 -67.4987 25.7974
T20 226.1083" 22.80824 .000 179.4603 272.7564
T8 -98.5163" 22.80824 .000 -145.1644 -51.8683
GR20 Control -264.1857" 19.75251 .000 -304.5841 -223.7872
GR12 -117.6320" 22.80824 .000 -164.2801 -70.9839
GR16 -99.4813" 22.80824 .000 -146.1294 -52.8333
GRS8 -165.7007" 22.80824 .000 -212.3487 -119.0526
R12 -258.6883" 22.80824 .000 -305.3364 -212.0403
R16 -175.9920" 22.80824 .000 -222.6401 -129.3439
R20 -197.7500" 22.80824 .000 -244.3981 -151.1019
R8 -247.7833" 22.80824 .000 -294.4314 -201.1353
T12 -164.7307" 22.80824 .000 -211.3787 -118.0826
T16 -120.3320" 22.80824 .000 -166.9801 -73.6839
T20 126.6270" 22.80824 .000 79.9789 173.2751
T8 -197.9977" 22.80824 .000 -244.6457 -151.3496
GR8 Control -98.4850" 19.75251 .000 -138.8834 -58.0866
GR12 48.0687" 22.80824 .044 1.4206 94.7167
GR16 66.2193" 22.80824 .007 19.5713 112.8674
GR20 165.7007" 22.80824 .000 119.0526 212.3487
R12 -92.9877" 22.80824 .000 -139.6357 -46.3396
R16 -10.2913 22.80824 .655 -56.9394 36.3567
R20 -32.0493 22.80824 171 -78.6974 14.5987
R8 -82.0827" 22.80824 .001 -128.7307 -35.4346
T12 .9700 22.80824 .966 -45.6781 47.6181
T16 45.3687 22.80824 .056 -1.2794 92.0167
T20 292.3277" 22.80824 .000 245.6796 338.9757
T8 -32.2970 22.80824 .167 -78.9451 14.3511




R12 Control -5.4973 19.75251 .783 -45.8958 34.9011
GR12 141.0563" 22.80824 .000 94.4083 187.7044
GR16 159.2070" 22.80824 .000 112.5589 205.8551
GR20 258.6883" 22.80824 .000 212.0403 305.3364
GR8 92.9877" 22.80824 .000 46.3396 139.6357
R16 82.6963" 22.80824 .001 36.0483 129.3444
R20 60.9383" 22.80824 .012 14.2903 107.5864
R8 10.9050 22.80824 .636 -35.7431 57.5531
T12 93.9577" 22.80824 .000 47.3096 140.6057
T16 138.3563" 22.80824 .000 91.7083 185.0044
T20 385.3153" 22.80824 .000 338.6673 431.9634
T8 60.6907" 22.80824 .013 14.0426 107.3387

R16 Control -88.1937" 19.75251 .000 -128.5921 -47.7952
GR12 58.3600" 22.80824 .016 11.7119 105.0081
GR16 76.5107" 22.80824 .002 29.8626 123.1587
GR20 175.9920" 22.80824 .000 129.3439 222.6401
GRS8 10.2913 22.80824 .655 -36.3567 56.9394
R12 -82.6963" 22.80824 .001 -129.3444 -36.0483
R20 -21.7580 22.80824 .348 -68.4061 24.8901
R8 -71.7913" 22.80824 .004 -118.4394 -25.1433
T12 11.2613 22.80824 .625 -35.3867 57.9094
T16 55.6600" 22.80824 .021 9.0119 102.3081
T20 302.6190" 22.80824 .000 255.9709 349.2671
T8 -22.0057 22.80824 .343 -68.6537 24.6424

R20 Control -66.4357" 19.75251 .002 -106.8341 -26.0372
GR12 80.1180" 22.80824 .001 33.4699 126.7661
GR16 98.2687" 22.80824 .000 51.6206 144.9167
GR20 197.7500 22.80824 .000 151.1019 244.3981
GRS8 32.0493 22.80824 171 -14.5987 78.6974
R12 -60.9383" 22.80824 .012 -107.5864 -14.2903
R16 21.7580 22.80824 .348 -24.8901 68.4061
R8 -50.0333" 22.80824 .036 -96.6814 -3.3853
T12 33.0193 22.80824 .158 -13.6287 79.6674
T16 77.4180" 22.80824 .002 30.7699 124.0661
T20 324.3770" 22.80824 .000 277.7289 371.0251
T8 -.2477 22.80824 .991 -46.8957 46.4004

R8 Control -16.4023 19.75251 413 -56.8008 23.9961
GR12 130.1513" 22.80824 .000 83.5033 176.7994
GR16 148.3020" 22.80824 .000 101.6539 194.9501
GR20 247.7833" 22.80824 .000 201.1353 294.4314
GRS8 82.0827" 22.80824 .001 35.4346 128.7307




R12 -10.9050 22.80824 .636 -57.5531 35.7431
R16 71.7913" 22.80824 .004 25.1433 118.4394
R20 50.0333" 22.80824 .036 3.3853 96.6814
T12 83.0527" 22.80824 .001 36.4046 129.7007
T16 127.4513" 22.80824 .000 80.8033 174.0994
T20 374.4103" 22.80824 .000 327.7623 421.0584
T8 49.7857" 22.80824 .037 3.1376 96.4337
T12 Control -99.4550" 19.75251 .000 -139.8534 -59.0566
GR12 47.0987" 22.80824 .048 4506 93.7467
GR16 65.2493" 22.80824 .008 18.6013 111.8974
GR20 164.7307" 22.80824 .000 118.0826 211.3787
GRS8 -.9700 22.80824 .966 -47.6181 45.6781
R12 -93.9577" 22.80824 .000 -140.6057 -47.3096
R16 -11.2613 22.80824 .625 -57.9094 35.3867
R20 -33.0193 22.80824 .158 -79.6674 13.6287
R8 -83.0527" 22.80824 .001 -129.7007 -36.4046
T16 44.3987 22.80824 .061 -2.2494 91.0467
T20 291.3577" 22.80824 .000 244.7096 338.0057
T8 -33.2670 22.80824 .155 -79.9151 13.3811
T16 Control -143.8537" 19.75251 .000 -184.2521 -103.4552
GR12 2.7000 22.80824 .907 -43.9481 49.3481
GR16 20.8507 22.80824 .368 -25.7974 67.4987
GR20 120.3320° 22.80824 .000 73.6839 166.9801
GR8 -45.3687 22.80824 .056 -92.0167 1.2794
R12 -138.3563" 22.80824 .000 -185.0044 -91.7083
R16 -55.6600" 22.80824 .021 -102.3081 -9.0119
R20 -77.4180" 22.80824 .002 -124.0661 -30.7699
R8 -127.4513" 22.80824 .000 -174.0994 -80.8033
T12 -44.3987 22.80824 .061 -91.0467 2.2494
T20 246.9590" 22.80824 .000 200.3109 293.6071
T8 -77.6657" 22.80824 .002 -124.3137 -31.0176
T20 Control -390.8127" 19.75251 .000 -431.2111 -350.4142
GR12 -244.2590" 22.80824 .000 -290.9071 -197.6109
GR16 -226.1083" 22.80824 .000 -272.7564 -179.4603
GR20 -126.6270" 22.80824 .000 -173.2751 -79.9789
GR8 -292.3277" 22.80824 .000 -338.9757 -245.6796
R12 -385.3153" 22.80824 .000 -431.9634 -338.6673
R16 -302.6190" 22.80824 .000 -349.2671 -255.9709
R20 -324.3770" 22.80824 .000 -371.0251 -277.7289
R8 -374.4103" 22.80824 .000 -421.0584 -327.7623
T12 -291.3577" 22.80824 .000 -338.0057 -244.7096




T16 -246.9590"| 22.80824 .000 -293.6071 -200.3109
T8 -324.6247"|  22.80824 .000 -371.2727 -277.9766
T8 Control -66.1880" 19.75251 .002 -106.5864 -25.7896
GR12 80.3657" 22.80824 .001 33.7176 127.0137
GR16 98.5163" 22.80824 .000 51.8683 145.1644
GR20 197.9977 22.80824 .000 151.3496 244.6457
GR8 32.2970 22.80824 .167 -14.3511 78.9451
R12 -60.6907" 22.80824 .013 -107.3387 -14.0426
R16 22.0057 22.80824 .343 -24.6424 68.6537
R20 2477 22.80824 991 -46.4004 46.8957
R8 -49.7857" 22.80824 .037 -96.4337 -3.1376
T12 33.2670 22.80824 .155 -13.3811 79.9151
T16 77.6657" 22.80824 .002 31.0176 124.3137
T20 324.6247" 22.80824 .000 277.9766 371.2727
Based on observed means.
The error term is Mean Square(Error) = 780.323.
*. The mean difference is significant at the 0.05 level.
Multiple Comparisons
Dependent Variable: Springiness
LSD
Mean Difference 95% Confidence Interval
() Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
Control GR12 .0138 .01729 433 -.0216 .0491
GR16 .0282 .01729 114 -.0072 .0636
GR20 .0679" .01729 .000 .0325 .1033
GR8 .0994" .01729 .000 .0640 .1347
R12 1731 .01729 .000 1377 .2085
R16 .0890" .01729 .000 .0537 1244
R20 .0626" .01729 .001 .0272 .0980
R8 .1489" .01729 .000 1135 .1843
T12 .0391" .01729 .032 .0037 .0744
T16 .0065 .01729 710 -.0289 .0419
T20 .0229 .01729 .196 -.0125 .0582
T8 .0519" .01729 .005 .0165 .0873
GR12 Control -.0138 .01729 433 -.0491 .0216
GR16 .0144 .01997 476 -.0264 .0553
GR20 .0541" .01997 .011 .0133 .0950
GR8 .0856" .01997 .000 .0448 .1264
R12 .1593" .01997 .000 .1185 .2002




R16 .0753" .01997 .001 .0344 1161
R20 .0488" .01997 .021 .0080 .0897
R8 .1351" .01997 .000 .0943 .1760
T12 .0253 .01997 .215 -.0155 .0661
T16 -.0073 .01997 .718 -.0481 .0336
T20 .0091 .01997 .652 -.0317 .0499
T8 .0382 .01997 .066 -.0027 .0790
GR16 Control -.0282 .01729 114 -.0636 .0072
GR12 -.0144 .01997 476 -.0553 .0264
GR20 .0397 .01997 .056 -.0011 .0805
GRS8 .0712" .01997 .001 .0303 .1120
R12 1449 .01997 .000 1041 .1858
R16 .0609" .01997 .005 .0200 1017
R20 .0344 .01997 .096 -.0064 .0752
R8 1207 .01997 .000 .0799 .1615
T12 .0109 .01997 591 -.0300 .0517
T16 -.0217 .01997 .286 -.0625 .0191
T20 -.0053 .01997 791 -.0462 .0355
T8 .0237 .01997 .244 -.0171 .0646
GR20 Control -.0679" .01729 .000 -.1033 -.0325
GR12 -.0541" .01997 .011 -.0950 -.0133
GR16 -.0397 .01997 .056 -.0805 .0011
GRS8 .0315 .01997 126 -.0094 .0723
R12 .1052" .01997 .000 .0644 .1461
R16 .0212 .01997 .298 -.0197 .0620
R20 -.0053 .01997 792 -.0461 .0355
R8 .0810° .01997 .000 .0402 1218
T12 -.0288 .01997 .159 -.0697 .0120
T16 -.0614" .01997 .005 -.1022 -.0206
T20 -.0450" .01997 .032 -.0859 -.0042
T8 -.0160 .01997 430 -.0568 .0249
GR8 Control -.0994" .01729 .000 -.1347 -.0640
GR12 -.0856" .01997 .000 -.1264 -.0448
GR16 -0712" .01997 .001 -.1120 -.0303
GR20 -.0315 .01997 126 -.0723 .0094
R12 .0737" .01997 .001 .0329 .1146
R16 -.0103 .01997 .609 -.0512 .0305
R20 -.0368 .01997 .076 -.0776 .0040
R8 .0495" .01997 .019 .0087 .0904
T12 -.0603" .01997 .005 -.1012 -.0195
T16 -.0929" .01997 .000 -.1337 -.0520




T20 -.0765" .01997 .001 -1174 -.0357
T8 -.0475" .01997 .024 -.0883 -.0066
R12 Control -1731° .01729 .000 -.2085 -.1377
GR12 -.1593" .01997 .000 -.2002 -.1185
GR16 -.1449" .01997 .000 -.1858 -.1041
GR20 -.1052" .01997 .000 -.1461 -.0644
GRS8 -0737" .01997 .001 -.1146 -.0329
R16 -.0841" .01997 .000 -.1249 -.0432
R20 -.1105 .01997 .000 -.1514 -.0697
R8 -.0242 .01997 .235 -.0650 .0166
T12 -.1341° .01997 .000 -.1749 -.0932
T16 -.1666" .01997 .000 -.2074 -.1258
T20 -.1502" .01997 .000 -.1911 -.1094
T8 -.1212" .01997 .000 -.1620 -.0804
R16 Control -.0890" .01729 .000 -.1244 -.0537
GR12 -.0753" .01997 .001 -.1161 -.0344
GR16 -.0609" .01997 .005 -.1017 -.0200
GR20 -.0212 .01997 .298 -.0620 .0197
GRS8 .0103 .01997 .609 -.0305 .0512
R12 .0841" .01997 .000 .0432 .1249
R20 -.0265 .01997 195 -.0673 .0144
R8 .0599" .01997 .006 .0190 .1007
T12 -.0500 .01997 .018 -.0908 -.0092
T16 -.0826" .01997 .000 -.1234 -.0417
T20 -.0662" .01997 .002 -.1070 -.0253
T8 -.0371 .01997 .073 -.0780 .0037
R20 Control -.0626" .01729 .001 -.0980 -.0272
GR12 -.0488" .01997 .021 -.0897 -.0080
GR16 -.0344 .01997 .096 -.0752 .0064
GR20 .0053 .01997 792 -.0355 .0461
GR8 .0368 .01997 .076 -.0040 .0776
R12 1105 .01997 .000 .0697 .1514
R16 .0265 .01997 195 -.0144 .0673
R8 .0863" .01997 .000 .0455 1272
T12 -.0235 .01997 .248 -.0644 .0173
T16 -.0561" .01997 .009 -.0969 -.0153
T20 -.0397 .01997 .056 -.0806 .0011
T8 -.0107 .01997 597 -.0515 .0302
R8 Control -.1489" .01729 .000 -.1843 -.1135
GR12 -.1351" .01997 .000 -.1760 -.0943
GR16 -.1207" .01997 .000 -.1615 -.0799




GR20 -.0810" .01997 .000 -.1218 -.0402
GRS8 -.0495" .01997 .019 -.0904 -.0087
R12 .0242 .01997 .235 -.0166 .0650
R16 -.0599" .01997 .006 -.1007 -.0190
R20 -.0863" .01997 .000 -.1272 -.0455
T12 -.1098" .01997 .000 -.1507 -.0690
T16 -1424° .01997 .000 -.1832 -.1016
T20 -.1260" .01997 .000 -.1669 -.0852
T8 -.0970" .01997 .000 -.1378 -.0561
T12 Control -.0391" .01729 .032 -.0744 -.0037
GR12 -.0253 .01997 .215 -.0661 .0155
GR16 -.0109 .01997 591 -.0517 .0300
GR20 .0288 .01997 .159 -.0120 .0697
GRS8 .0603" .01997 .005 .0195 1012
R12 13417 .01997 .000 .0932 1749
R16 .0500" .01997 .018 .0092 .0908
R20 .0235 .01997 .248 -.0173 .0644
R8 .1098" .01997 .000 .0690 .1507
T16 -.0326 .01997 114 -.0734 .0083
T20 -.0162 .01997 A24 -.0570 .0246
T8 .0129 .01997 .525 -.0280 .0537
T16 Control -.0065 .01729 .710 -.0419 .0289
GR12 .0073 .01997 718 -.0336 .0481
GR16 .0217 .01997 .286 -.0191 .0625
GR20 .0614" .01997 .005 .0206 .1022
GR8 .0929" .01997 .000 .0520 .1337
R12 .1666" .01997 .000 1258 .2074
R16 .0826" .01997 .000 .0417 1234
R20 .0561" .01997 .009 .0153 .0969
R8 1424 .01997 .000 .1016 .1832
T12 .0326 .01997 114 -.0083 .0734
T20 .0164 .01997 419 -.0245 .0572
T8 .0454" .01997 .030 .0046 .0863
T20 Control -.0229 .01729 .196 -.0582 .0125
GR12 -.0091 .01997 .652 -.0499 .0317
GR16 .0053 .01997 791 -.0355 .0462
GR20 .0450" .01997 .032 .0042 .0859
GR8 .0765" .01997 .001 .0357 1174
R12 .1502" .01997 .000 .1094 1911
R16 .0662" .01997 .002 .0253 .1070
R20 .0397 .01997 .056 -.0011 .0806




R8 .1260" .01997 .000 .0852 .1669
T12 .0162 .01997 424 -.0246 .0570
T16 -.0164 .01997 419 -.0572 .0245
T8 .0291 .01997 .156 -.0118 .0699
T8 Control -.0519" .01729 .005 -.0873 -.0165
GR12 -.0382 .01997 .066 -.0790 .0027
GR16 -.0237 .01997 244 -.0646 .0171
GR20 .0160 .01997 430 -.0249 .0568
GR8 .0475" .01997 .024 .0066 .0883
R12 1212" .01997 .000 .0804 .1620
R16 .0371 .01997 .073 -.0037 .0780
R20 .0107 .01997 .597 -.0302 .0515
R8 .0970" .01997 .000 .0561 .1378
T12 -.0129 .01997 .525 -.0537 .0280
T16 -.0454" .01997 .030 -.0863 -.0046
T20 -.0291 .01997 .156 -.0699 .0118
Based on observed means.
The error term is Mean Square(Error) = .001.
*. The mean difference is significant at the 0.05 level.
Multiple Comparisons
Dependent Variable: Cohesiveness
LSD
Mean Difference 95% Confidence Interval
(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
Control GR12 -.0154 .03187 .633 -.0806 .0498
GR16 -.0794 .03187 .019 -.1446 -.0143
GR20 .0011 .03187 972 -.0640 .0663
GR8 .0034 .03187 917 -.0618 .0686
R12 .1180" .03187 .001 .0528 .1832
R16 -.0955" .03187 .006 -.1607 -.0304
R20 -.1806" .03187 .000 -.2458 -.1154
R8 .0337 .03187 .299 -.0315 .0989
T12 .0082 .03187 .799 -.0570 .0734
T16 -.1578" .03187 .000 -.2229 -.0926
T20 -.1145" .03187 .001 -.1797 -.0494
T8 -.0343 .03187 291 -.0995 .0309
GR12 Control .0154 .03187 .633 -.0498 .0806
GR16 -.0641 .03680 .092 -.1393 .0112
GR20 .0165 .03680 .657 -.0588 .0918




GRS8 .0187 .03680 .614 -.0565 .0940
R12 .1333" .03680 .001 .0581 .2086
R16 -.0802" .03680 .038 -.1554 -.0049
R20 -.1652" .03680 .000 -.2405 -.0900
R8 .0490 .03680 193 -.0262 .1243
T12 .0236 .03680 527 -.0517 .0988
T16 -1424° .03680 .001 -.2177 -.0671
T20 -.0992" .03680 .012 -.1744 -.0239
T8 -.0189 .03680 .611 -.0942 .0563
GR16 Control .0794" .03187 .019 .0143 .1446
GR12 .0641 .03680 .092 -.0112 .1393
GR20 .0806" .03680 .037 .0053 .1558
GRS8 .0828" .03680 .032 .0075 .1581
R12 1974 .03680 .000 1221 2727
R16 -.0161 .03680 .665 -.0914 .0592
R20 -.1012" .03680 .010 -.1764 -.0259
R8 11317 .03680 .005 .0378 .1884
T12 .0876" .03680 .024 .0124 .1629
T16 -.0783" .03680 .042 -.1536 -.0030
T20 -.0351 .03680 .348 -.1104 .0402
T8 .0451 .03680 .230 -.0301 .1204
GR20 Control -.0011 .03187 972 -.0663 .0640
GR12 -.0165 .03680 .657 -.0918 .0588
GR16 -.0806" .03680 .037 -.1558 -.0053
GR8 .0022 .03680 .952 -.0730 .0775
R12 .1168" .03680 .004 .0416 1921
R16 -.0967" .03680 .014 -.1719 -.0214
R20 -.1817" .03680 .000 -.2570 -.1065
R8 .0325 .03680 .384 -.0427 .1078
T12 .0070 .03680 .849 -.0682 .0823
T16 -.1589" .03680 .000 -.2342 -.0836
T20 -1157" .03680 .004 -.1909 -.0404
T8 -.0354 .03680 .344 -.1107 .0398
GRS8 Control -.0034 .03187 917 -.0686 .0618
GR12 -.0187 .03680 .614 -.0940 .0565
GR16 -.0828" .03680 .032 -.1581 -.0075
GR20 -.0022 .03680 .952 -.0775 .0730
R12 1146 .03680 .004 .0393 .1899
R16 -.0989" .03680 .012 -.1742 -.0236
R20 -.1840" .03680 .000 -.2592 -.1087
R8 .0303 .03680 A17 -.0450 .1056




T12 .0048 .03680 .897 -.0705 .0801
T16 -.1611" .03680 .000 -.2364 -.0859
T20 -1179 .03680 .003 -.1932 -.0426
T8 -.0377 .03680 314 -.1129 .0376
R12 Control -.1180" .03187 .001 -.1832 -.0528
GR12 -.1333" .03680 .001 -.2086 -.0581
GR16 -1974" .03680 .000 -.2727 -1221
GR20 -.1168" .03680 .004 -.1921 -.0416
GR8 -.1146" .03680 .004 -.1899 -.0393
R16 -.2135" .03680 .000 -.2888 -.1382
R20 -.2986" .03680 .000 -.3738 -.2233
R8 -.0843" .03680 .029 -.1596 -.0090
T12 -.1098" .03680 .006 -.1851 -.0345
T16 -2757" .03680 .000 -.3510 -.2005
T20 -.2325" .03680 .000 -.3078 -.1572
T8 -.1523" .03680 .000 -.2275 -.0770
R16 Control .0955 .03187 .006 .0304 .1607
GR12 .0802" .03680 .038 .0049 .1554
GR16 .0161 .03680 .665 -.0592 .0914
GR20 .0967" .03680 .014 .0214 1719
GRS8 .0989" .03680 .012 .0236 1742
R12 .2135" .03680 .000 .1382 .2888
R20 -.0851" .03680 .028 -.1603 -.0098
R8 1292 .03680 .001 .0539 .2045
T12 .1037" .03680 .009 .0285 .1790
T16 -.0622 .03680 .102 -.1375 .0131
T20 -.0190 .03680 .610 -.0943 .0563
T8 .0612 .03680 .107 -.0140 .1365
R20 Control .1806" .03187 .000 1154 .2458
GR12 .1652" .03680 .000 .0900 .2405
GR16 1012 .03680 .010 .0259 .1764
GR20 1817 .03680 .000 .1065 .2570
GRS8 .1840" .03680 .000 .1087 .2592
R12 .2986" .03680 .000 .2233 .3738
R16 .0851" .03680 .028 .0098 .1603
R8 2143 .03680 .000 .1390 .2895
T12 .1888" .03680 .000 1135 .2641
T16 .0228 .03680 .540 -.0524 .0981
T20 .0661 .03680 .083 -.0092 .1413
T8 .1463" .03680 .000 .0710 .2216
R8 Control -.0337 .03187 .299 -.0989 .0315




GR12 -.0490 .03680 193 -.1243 .0262
GR16 -.1131° .03680 .005 -.1884 -.0378
GR20 -.0325 .03680 .384 -.1078 .0427
GR8 -.0303 .03680 A17 -.1056 .0450
R12 .0843" .03680 .029 .0090 .1596
R16 -.1292" .03680 .001 -.2045 -.0539
R20 -.2143" .03680 .000 -.2895 -.1390
T12 -.0255 .03680 494 -.1008 .0498
T16 -.1914" .03680 .000 -.2667 -.1162
T20 -.1482" .03680 .000 -.2235 -.0729
T8 -.0680 .03680 .075 -.1432 .0073
T12 Control -.0082 .03187 799 -.0734 .0570
GR12 -.0236 .03680 527 -.0988 .0517
GR16 -.0876" .03680 .024 -.1629 -.0124
GR20 -.0070 .03680 .849 -.0823 .0682
GRS8 -.0048 .03680 .897 -.0801 .0705
R12 .1098" .03680 .006 .0345 .1851
R16 -.1037" .03680 .009 -.1790 -.0285
R20 -.1888" .03680 .000 -.2641 -.1135
R8 .0255 .03680 494 -.0498 .1008
T16 -.1659" .03680 .000 -.2412 -.0907
T20 -1227 .03680 .002 -.1980 -.0475
T8 -.0425 .03680 .258 -.1178 .0328
T16 Control .1578" .03187 .000 .0926 .2229
GR12 1424 .03680 .001 .0671 2177
GR16 .0783" .03680 .042 .0030 .1536
GR20 .1589" .03680 .000 .0836 .2342
GRS8 1611 .03680 .000 .0859 .2364
R12 2757 .03680 .000 .2005 .3510
R16 .0622 .03680 .102 -.0131 .1375
R20 -.0228 .03680 .540 -.0981 .0524
R8 1914 .03680 .000 1162 .2667
T12 .1659" .03680 .000 .0907 2412
T20 .0432 .03680 .250 -.0321 .1185
T8 .1235" .03680 .002 .0482 .1987
T20 Control 1145 .03187 .001 .0494 1797
GR12 .0992" .03680 .012 .0239 1744
GR16 .0351 .03680 .348 -.0402 .1104
GR20 1157 .03680 .004 .0404 .1909
GRS8 1179 .03680 .003 .0426 .1932
R12 .2325" .03680 .000 1572 .3078




R16 .0190 .03680 .610 -.0563 .0943
R20 -.0661 .03680 .083 -.1413 .0092
R8 .1482" .03680 .000 .0729 .2235
T12 1227 .03680 .002 .0475 .1980
T16 -.0432 .03680 .250 -.1185 .0321
T8 .0802" .03680 .038 .0050 .1555
T8 Control .0343 .03187 291 -.0309 .0995
GR12 .0189 .03680 .611 -.0563 .0942
GR16 -.0451 .03680 .230 -.1204 .0301
GR20 .0354 .03680 344 -.0398 1107
GR8 .0377 .03680 314 -.0376 1129
R12 .1523" .03680 .000 .0770 .2275
R16 -.0612 .03680 107 -.1365 .0140
R20 -.1463" .03680 .000 -.2216 -.0710
R8 .0680 .03680 .075 -.0073 .1432
T12 .0425 .03680 .258 -.0328 1178
T16 -.1235" .03680 .002 -.1987 -.0482
T20 -.0802" .03680 .038 -.1555 -.0050
Based on observed means.
The error term is Mean Square(Error) = .002.
*. The mean difference is significant at the 0.05 level.
Multiple Comparisons
Dependent Variable: Chewiness
LSD
Mean Difference 95% Confidence Interval
(I) Treatment  (J) Treatment (1-J) Std. Error Sig. Lower Bound Upper Bound
Control GR12 896.4559" 362.82252 .020 154.4006 1638.5113
GR16 651.8133 362.82252 .083 -90.2421 1393.8686
GR20 725.4062 362.82252 .055 -16.6492 1467.4616
GR8 1338.6512" 362.82252 .001 596.5959 2080.7066
R12 1034.5360" 362.82252 .008 292.4806 1776.5914
R16 -716.4088 362.82252 .058 -1458.4641 25.6466
R20 -3088.6036" 362.82252 .000 -3830.6590 -2346.5482
R8 930.9345" 362.82252 .016 188.8792 1672.9899
T12 551.1361 362.82252 .140 -190.9193 1293.1915
T16 -654.9528 362.82252 .081 -1397.0082 87.1026
T20 -529.9426 362.82252 .155 -1271.9980 212.1128
T8 452.5851 362.82252 .222 -289.4703 1194.6404
GR12 Control -896.4559"| 362.82252 .020 -1638.5113 -154.4006




GR16 -244.6427 418.95136 .564 -1101.4944 612.2091
GR20 -171.0497 418.95136 .686 -1027.9014 685.8020
GR8 442.1953 418.95136 .300 -414.6564 1299.0470
R12 138.0801 418.95136 744 -718.7716 994.9318
R16 -1612.8647 418.95136 .001 -2469.7164 -756.0129
R20 -3985.0595" 418.95136 .000 -4841.9113 -3128.2078
R8 34.4786 418.95136 .935 -822.3731 891.3303
T12 -345.3198 418.95136 A17 -1202.1716 511.5319
T16 -1551.4087" 418.95136 .001 -2408.2605 -694.5570
T20 -1426.3985" 418.95136 .002 -2283.2503 -569.5468
T8 -443.8709 418.95136 .298 -1300.7226 412.9809
GR16 Control -651.8133 362.82252 .083 -1393.8686 90.2421
GR12 244.6427 418.95136 .564 -612.2091 1101.4944
GR20 73.5930 418.95136 .862 -783.2588 930.4447
GRS8 686.8380 418.95136 112 -170.0138 1543.6897
R12 382.7228 418.95136 .368 -474.1290 1239.5745
R16 -1368.2220" 418.95136 .003 -2225.0737 -511.3703
R20 -3740.4168" 418.95136 .000 -4597.2686 -2883.5651
R8 279.1213 418.95136 511 -577.7305 1135.9730
T12 -100.6772 418.95136 .812 -957.5289 756.1746
T16 -1306.7661" 418.95136 .004 -2163.6178 -449.9143
T20 -1181.7558" 418.95136 .009 -2038.6076 -324.9041
T8 -199.2282 418.95136 .638 -1056.0799 657.6235
GR20 Control -725.4062 362.82252 .055 -1467.4616 16.6492
GR12 171.0497 418.95136 .686 -685.8020 1027.9014
GR16 -73.5930 418.95136 .862 -930.4447 783.2588
GRS8 613.2450 418.95136 154 -243.6067 1470.0968
R12 309.1298 418.95136 467 -547.7219 1165.9815
R16 -1441.8150" 418.95136 .002 -2298.6667 -584.9632
R20 -3814.0098" 418.95136 .000 -4670.8615 -2957.1581
R8 205.5283 418.95136 .627 -651.3234 1062.3801
T12 -174.2701 418.95136 .680 -1031.1219 682.5816
T16 -1380.3590" 418.95136 .003 -2237.2108 -523.5073
T20 -1255.3488" 418.95136 .006 -2112.2005 -398.4971
T8 -272.8212 418.95136 .520 -1129.6729 584.0306
GR8 Control -1338.6512" 362.82252 .001 -2080.7066 -596.5959
GR12 -442.1953 418.95136 .300 -1299.0470 414.6564
GR16 -686.8380 418.95136 112 -1543.6897 170.0138
GR20 -613.2450 418.95136 154 -1470.0968 243.6067
R12 -304.1152 418.95136 AT74 -1160.9670 552.7365
R16 -2055.0600" 418.95136 .000 -2911.9117 -1198.2083




R20 -4427.2548" 418.95136 .000 -5284.1066 -3570.4031
R8 -407.7167 418.95136 .339 -1264.5684 449.1350
T12 -787.5152 418.95136 .070 -1644.3669 69.3366
T16 -1993.6041" 418.95136 .000 -2850.4558 -1136.7523
T20 -1868.5938" 418.95136 .000 -2725.4456 -1011.7421
T8 -886.0662" 418.95136 .043 -1742.9179 -29.2144
R12 Control -1034.5360" 362.82252 .008 -1776.5914 -292.4806
GR12 -138.0801 418.95136 744 -994.9318 718.7716
GR16 -382.7228 418.95136 .368 -1239.5745 474.1290
GR20 -309.1298 418.95136 467 -1165.9815 547.7219
GRS8 304.1152 418.95136 A74 -552.7365 1160.9670
R16 -1750.9448" 418.95136 .000 -2607.7965 -894.0930
R20 -4123.1396" 418.95136 .000 -4979.9913 -3266.2879
R8 -103.6015 418.95136 .806 -960.4532 753.2503
T12 -483.3999 418.95136 .258 -1340.2517 373.4518
T16 -1689.4888" 418.95136 .000 -2546.3406 -832.6371
T20 -1564.4786" 418.95136 .001 -2421.3303 -707.6269
T8 -581.9510 418.95136 .175 -1438.8027 274.9008
R16 Control 716.4088 362.82252 .058 -25.6466 1458.4641
GR12 1612.8647" 418.95136 .001 756.0129 2469.7164
GR16 1368.2220" 418.95136 .003 511.3703 2225.0737
GR20 1441.8150" 418.95136 .002 584.9632 2298.6667
GRS8 2055.0600" 418.95136 .000 1198.2083 2911.9117
R12 1750.9448" 418.95136 .000 894.0930 2607.7965
R20 -2372.1948" 418.95136 .000 -3229.0466 -1515.3431
R8 1647.3433" 418.95136 .000 790.4916 2504.1950
T12 1267.5448" 418.95136 .005 410.6931 2124.3966
T16 61.4559 418.95136 .884 -795.3958 918.3077
T20 186.4662 418.95136 .660 -670.3856 1043.3179
T8 1168.9938" 418.95136 .009 312.1421 2025.8455
R20 Control 3088.6036" 362.82252 .000 2346.5482 3830.6590
GR12 3985.0595" 418.95136 .000 3128.2078 4841.9113
GR16 3740.4168" 418.95136 .000 2883.5651 4597.2686
GR20 3814.0098" 418.95136 .000 2957.1581 4670.8615
GRS8 4427.2548" 418.95136 .000 3570.4031 5284.1066
R12 4123.1396" 418.95136 .000 3266.2879 4979.9913
R16 2372.1948" 418.95136 .000 1515.3431 3229.0466
R8 4019.5381" 418.95136 .000 3162.6864 4876.3899
T12 3639.7397" 418.95136 .000 2782.8879 4496.5914
T16 2433.6508" 418.95136 .000 1576.7990 3290.5025
T20 2558.6610" 418.95136 .000 1701.8093 3415.5127




T8 3541.1886" 418.95136 .000 2684.3369 4398.0404
R8 Control -930.9345" 362.82252 .016 -1672.9899 -188.8792
GR12 -34.4786 418.95136 .935 -891.3303 822.3731
GR16 -279.1213 418.95136 511 -1135.9730 577.7305
GR20 -205.5283 418.95136 .627 -1062.3801 651.3234
GRS8 407.7167 418.95136 .339 -449.1350 1264.5684
R12 103.6015 418.95136 .806 -753.2503 960.4532
R16 -1647.3433" 418.95136 .000 -2504.1950 -790.4916
R20 -4019.5381" 418.95136 .000 -4876.3899 -3162.6864
T12 -379.7985 418.95136 372 -1236.6502 477.0533
T16 -1585.8874" 418.95136 .001 -2442.7391 -729.0356
T20 -1460.8771" 418.95136 .002 -2317.7289 -604.0254
T8 -478.3495 418.95136 .263 -1335.2012 378.5023
T12 Control -551.1361 362.82252 .140 -1293.1915 190.9193
GR12 345.3198 418.95136 417 -511.5319 1202.1716
GR16 100.6772 418.95136 .812 -756.1746 957.5289
GR20 174.2701 418.95136 .680 -682.5816 1031.1219
GRS8 787.5152 418.95136 .070 -69.3366 1644.3669
R12 483.3999 418.95136 .258 -373.4518 1340.2517
R16 -1267.5448" 418.95136 .005 -2124.3966 -410.6931
R20 -3639.7397" 418.95136 .000 -4496.5914 -2782.8879
R8 379.7985 418.95136 372 -477.0533 1236.6502
T16 -1206.0889" 418.95136 .007 -2062.9406 -349.2372
T20 -1081.0787" 418.95136 .015 -1937.9304 -224.2269
T8 -98.5510 418.95136 .816 -955.4028 758.3007
T16 Control 654.9528 362.82252 .081 -87.1026 1397.0082
GR12 1551.4087" 418.95136 .001 694.5570 2408.2605
GR16 1306.7661" 418.95136 .004 449.9143 2163.6178
GR20 1380.3590" 418.95136 .003 523.5073 2237.2108
GR8 1993.6041" 418.95136 .000 1136.7523 2850.4558
R12 1689.4888" 418.95136 .000 832.6371 2546.3406
R16 -61.4559 418.95136 .884 -918.3077 795.3958
R20 -2433.6508" 418.95136 .000 -3290.5025 -1576.7990
R8 1585.8874" 418.95136 .001 729.0356 2442.7391
T12 1206.0889" 418.95136 .007 349.2372 2062.9406
T20 125.0102 418.95136 .768 -731.8415 981.8620
T8 1107.5379" 418.95136 .013 250.6861 1964.3896
T20 Control 529.9426 362.82252 155 -212.1128 1271.9980
GR12 1426.3985" 418.95136 .002 569.5468 2283.2503
GR16 1181.7558" 418.95136 .009 324.9041 2038.6076
GR20 1255.3488" 418.95136 .006 398.4971 2112.2005




GRS8 1868.5938" 418.95136 .000 1011.7421 2725.4456
R12 1564.4786" 418.95136 .001 707.6269 2421.3303
R16 -186.4662 418.95136 .660 -1043.3179 670.3856
R20 -2558.6610" 418.95136 .000 -3415.5127 -1701.8093
R8 1460.8771" 418.95136 .002 604.0254 2317.7289
T12 1081.0787" 418.95136 .015 224.2269 1937.9304
T16 -125.0102 418.95136 .768 -981.8620 731.8415
T8 982.5276" 418.95136 .026 125.6759 1839.3794
T8 Control -452.5851 362.82252 .222 -1194.6404 289.4703
GR12 443.8709 418.95136 .298 -412.9809 1300.7226
GR16 199.2282 418.95136 .638 -657.6235 1056.0799
GR20 272.8212 418.95136 .520 -584.0306 1129.6729
GRS8 886.0662" 418.95136 .043 290.2144 1742.9179
R12 581.9510 418.95136 175 -274.9008 1438.8027
R16 -1168.9938" 418.95136 .009 -2025.8455 -312.1421
R20 -3541.1886" 418.95136 .000 -4398.0404 -2684.3369
R8 478.3495 418.95136 .263 -378.5023 1335.2012
T12 98.5510 418.95136 .816 -758.3007 955.4028
T16 -1107.5379" 418.95136 .013 -1964.3896 -250.6861
T20 -982.5276" 418.95136 .026 -1839.3794 -125.6759

Based on observed means.
The error term is Mean Square(Error) = 263280.362.

*. The mean difference is significant at the 0.05 level.




2. VSNAVBIIAANAL

Multiple Comparisons

Dependent Variable: firmness
LSD
Mean Difference 95% Confidence Interval
(1) time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound
10.00 20.00 -.4807 49393 351 -1.5678 .6065
30.00 .0037 49393 .994 -1.0835 1.0908
control -1.2198" 42776 .016 -2.1613 -.2783
20.00 10.00 4807 .49393 351 -.6065 1.5678
30.00 4843 49393 .348 -.6028 1.5715
control -.7392 A2776 112 -1.6807 .2023
30.00 10.00 -.0037 .49393 .994 -1.0908 1.0835
20.00 -.4843 .49393 .348 -1.5715 .6028
control -1.2235" 42776 .016 -2.1650 -.2820
control 10.00 1.2198" 42776 .016 .2783 2.1613
20.00 7392 42776 112 -.2023 1.6807
30.00 1.2235" 42776 .016 .2820 2.1650

Based on observed means.

The error term is Mean Square(Error) = .366.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent Variable: toughness
LSD
Mean Difference 95% Confidence Interval
() time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound
10.00 20.00 -3.9177" 1.74999 .047 -7.7694 -.0660
30.00 -.0773 1.74999 .966 -3.9290 3.7744
control -9.2228" 1.51554 .000 -12.5585 -5.8872
20.00 10.00 3.9177" 1.74999 .047 .0660 7.7694
30.00 3.8403 1.74999 .051 -.0114 7.6920
control -5.3052" 1.51554 .005 -8.6408 -1.9695
30.00 10.00 .0773 1.74999 .966 -3.7744 3.9290
20.00 -3.8403 1.74999 .051 -7.6920 .0114
control -9.1455" 1.51554 .000 -12.4812 -5.8098
control 10.00 9.2228" 1.51554 .000 5.8872 12.5585
20.00 5.3052" 1.51554 .005 1.9695 8.6408
30.00 9.1455" 1.51554 .000 5.8098 12.4812

Based on observed means.

The error term is Mean Square(Error) = 4.594.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent Variable: hardness
LSD
Mean Difference 95% Confidence Interval
() time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound
10.00 20.00 -1282.7807 | 599.56741 .056 -2602.4196 36.8583
30.00 -1347.3517"| 599.56741 .046 -2666.9906 -27.7127
control -1383.5692" [ 519.24061 .022 -2526.4100 -240.7283
20.00 10.00 1282.7807 599.56741 .056 -36.8583 2602.4196
30.00 -64.5710| 599.56741 916 -1384.2100 1255.0680
control -100.7885 519.24061 .850 -1243.6294 1042.0524
30.00 10.00 1347.3517"| 599.56741 .046 27.7127 2666.9906
20.00 64.5710| 599.56741 916 -1255.0680 1384.2100
control -36.2175 519.24061 .946 -1179.0584 1106.6234
control 10.00 1383.5692"| 519.24061 .022 240.7283 2526.4100
20.00 100.7885| 519.24061 .850 -1042.0524 1243.6294
30.00 36.2175| 519.24061 .946 -1106.6234 1179.0584

Based on observed means.
The error term is Mean Square(Error) = 539221.625.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent Variable: adhesiveness
LSD
Mean Difference 95% Confidence Interval
(1) time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound
10.00 20.00 3.4457 4.53422 463 -6.5341 13.4254
30.00 8.5183 4.53422 .087 -1.4614 18.4981
control -33.3093" 3.92675 .000 -41.9521 -24.6666
20.00 10.00 -3.4457 4.53422 463 -13.4254 6.5341
30.00 5.0727 4.53422 .287 -4.9071 15.0524
control -36.7550" 3.92675 .000 -45.3977 -28.1123
30.00 10.00 -8.5183 4.53422 .087 -18.4981 1.4614
20.00 -5.0727 4.53422 .287 -15.0524 4.9071
control -41.8277" 3.92675 .000 -50.4704 -33.1849
control 10.00 33.3093" 3.92675 .000 24.6666 41.9521
20.00 36.7550" 3.92675 .000 28.1123 45.3977
30.00 41.8277" 3.92675 .000 33.1849 50.4704

Based on observed means.

The error term is Mean Square(Error) = 30.839.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent Variable: springiness
LSD
Mean Difference 95% Confidence Interval
(1) time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound
10.00 20.00 -.0307 .01423 .054 -.0620 .0007
30.00 -.0453" .01423 .009 -.0767 -.0140
control -.1040" .01232 .000 -.1311 -.0769
20.00 10.00 .0307 .01423 .054 -.0007 .0620
30.00 -.0147 .01423 .325 -.0460 .0167
control -.0733" .01232 .000 -.1005 -.0462
30.00 10.00 .0453" .01423 .009 .0140 .0767
20.00 .0147 .01423 .325 -.0167 .0460
control -.0587" .01232 .001 -.0858 -.0315
control 10.00 .1040" .01232 .000 .0769 1311
20.00 .0733" .01232 .000 .0462 .1005
30.00 .0587" .01232 .001 .0315 .0858

Based on observed means.

The error term is Mean Square(Error) = .000.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent Variable: cohesiveness
LSD
Mean Difference 95% Confidence Interval
(1) time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound
10.00 20.00 -.0790" .03139 .029 -.1481 -.0099
30.00 -.1237 .03139 .002 -.1928 -.0546
control -.0643" .02719 .037 -.1242 -.0045
20.00 10.00 .0790" .03139 .029 .0099 .1481
30.00 -.0447 .03139 .182 -.1138 .0244
control .0147 .02719 .600 -.0452 .0745
30.00 10.00 1237 .03139 .002 .0546 .1928
20.00 .0447 .03139 .182 -.0244 .1138
control .0593 .02719 .052 -.0005 .1192
control 10.00 .0643" .02719 .037 .0045 1242
20.00 -.0147 .02719 .600 -.0745 .0452
30.00 -.0593 .02719 .052 -.1192 .0005

Based on observed means.

The error term is Mean Square(Error) = .001.

*. The mean difference is significant at the .05 level.




Multiple Comparisons

Dependent Variable: chewiness
LSD
Mean Difference 95% Confidence Interval
(1) time (J) time (1-J) Std. Error Sig. Lower Bound Upper Bound

10.00 20.00 -860.7893" 318.47108 .021 -1561.7395 -159.8392
30.00 -1146.3240" 318.47108 .004 -1847.2741 -445.3739
control -1042.6558" 275.80404 .003 -1649.6964 -435.6152
20.00 10.00 860.7893"| 318.47108 .021 159.8392 1561.7395
30.00 -285.5347 318.47108 .389 -986.4848 415.4155
control -181.8665 275.80404 .523 -788.9071 425.1741
30.00 10.00 1146.3240" 318.47108 .004 445.3739 1847.2741
20.00 285.5347| 318.47108 .389 -415.4155 986.4848
control 103.6682 275.80404 714 -503.3724 710.7088
control 10.00 1042.6558"| 275.80404 .003 435.6152 1649.6964
20.00 181.8665 275.80404 .523 -425.1741 788.9071
30.00 -103.6682 275.80404 714 -710.7088 503.3724

Based on observed means.
The error term is Mean Square(Error) = 152135.742.

*. The mean difference is significant at the .05 level.




Fo-ana UNATIFANT FITUUNA
B WInulAsINIg
WNsAnY  Inerenansiadia (3n.U.)
ANAIYY wAlulagnie1ms

ALY IneFEns

WIMERY  JasnIaluvndende

YRduSan1s@nm 2561

NN 087-710-2626

E-mail aim-thitipa@hotmail.com
¥o-ana W9ENal3Y Isnafiianl
AU PRIIERH

WNsAnY  Ineenansiadia (3n.u.)
AR wAlulagn1ee1ms

ARY INYFERS

WNINEIRY  PNAININNTIEAY
YiduSansan 2561

Tnséwa 097-135-3588

E-mail thepearjelly@hotmail.com


mailto:aim-thitipa@hotmail.com
mailto:thepearjelly@hotmail.com

	ปกนอก
	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 แนวคิดทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	บทที่ 3 วิธีดำเนินการวิจัย
	บทที่ 4 ผลการวิจัยและวิจารณ์ผล
	บทที่ 5 สรุปผลการวิจัยและข้อเสนอแนะ
	เอกสารอ้างอิง
	ภาคผนวก
	ประวัติผู้วิจัย



