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ABSTRACT

This project was aimed at investigating the effects of dietary fiber fortification
on qualities and sensory characteristics of bread. Fiber-rich grains including red kidney
bean, green bean and flax seed were chosen to incorporate into bread for 20%, 30%
and 40% weight of flour. The base recipe of bread consisted of flour, butter, water,
salt, sugar and yeast. Texture Profile Analysis (TPA) and sensory test were conducted
to determine textural characteristics and palatability. Shelf life was also studied by
observing the change of springiness during storage at refrigerate temperature.
Incorporating fiber-rich grains into bread resulted in the change of some textural
characteristics. The incorporation of grains into bread did not affect the adhesiveness
and springiness but did affect the specific volume. The addition of red kidney bean
resulted in the increase of hardness, gumminess, and chewiness. It was also found
that red kidney bean could slow down staling rate in bread. The hardness was
decreased while the cohesiveness was increased upon the addition of green bean.
Flaxseed only resulted in the increase of summiness. The results obtained from
sensory analysis suggested that, to maintain consumer acceptance, grains should not

be added to bread more than 20%.
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W drevilsindnineitug G1eliiAesanilusdn s Preluiumsidsuguisiae
arumiavesteuntals Fanasn q distuannsmindvesdasiutmaludiunay Fa

a

AUNIINITIIINF 3]

CeH,,05 — 2C0, + 2C,H,OH (2.1)
Awiluntsinvasdasduazfindunugumai witwingauugigeandn 41 °C g
vilinsuingas wazbadvzanunsaviawldfigaludaditeundidlofionmnd 38 oC
uannflBaddanansalunisianldlunts pH find wivgyihauldafianlugng pH 4.0 -

6.0 %dl‘wﬁ]aiLﬂuﬂaaﬁﬁ’auuﬂﬂm%uvjﬁmEaﬁﬁutao
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5
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s
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v
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Usnagaiuldasiliidunisdaunssuiumsminunuidesninuavewseuesalyin

2
=t

(Osmotic pressure) MAATUABDLIASTaR

=l
- k@

<

inderdunssmivdiulugusznaulusmeludounaalsd (NaCl) wieindeuns dwsu

]

indeildadluruntlaiufimhilunisaruaunszuiunsuinldlviisasnsminfasau Auly

u

lnglduaainussiuesaludia Famnlildandeatlviasasyilinssurunisusntuiniusa

Ay dwmavinlivunilaiidadudaivey uarsavdvaundsilgiuesinda

- lugiu
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] @

Ioiazainiu dawaviliindndusiduivuaniuiy o svemuntly dwsulasiunlylu

vuihmsituluiuiiigamasumas dWessnagilitnegnsivldumiy

2.2.2 nzuiunsndnauutle

- NSHEY

nseanAansihaUsznausn  uvhldAnnsTnfuesnseeset i iaye
Tnoisuusnuasnisaaudiunanudiuasinie fudufou wasuNdIIsiisnvusuazias
e efstusazvileiedia Tunadautdunausie 7 asdurudtududounnniy
wazilevimsnauseluidon q ashlldfeuntiiidnuasSoudion fimwdaveu ef
Tunliwilrdndouasamisouoaniuuiuudld Tnes1asSoniountefifidnuasiduil
3N Aouutla

msuandmivlunsiuuniliifegussasdndndaiiteliduy seneusne q Wiy
wazihliiAnnguau LﬁaqmmL,L{]aaw5%1]3sﬂaulﬂﬁ'f’miﬂiauﬂ@,mﬁu warlnaszAuludnidiu
i1 9 A elumsnauthazeae 9 wnsilludiauaodnadn q vilvlusiiunguaiiu way
lnaaziiu \iaiusyladalwsanufAsen3fend (Redox reaction) sewirsnsnosiiiy cysteine
veslUsiurisananiin daguil 2.6 ‘L!’e]ﬂﬁ]’1ﬂfﬁﬂﬁauﬁgdE1aG‘ij!ﬂg&a”lilTiﬂLﬁﬂLLN‘iSM?’NhJLﬁQE
Wanshewdlosnniusylalasiou Faduiuszusulamau (non-covalent bond) Taeaziin
fustlelasiauiuseninnsmesiily olutamic wax poline Fuflunsfusznaundnuealusiu
vaaosiaviliudaladianuuduse nai uazliguia uaznisifeusssewirluanadandn
aunsadunduls vilsifiengmnautswdindrunanly drunauasaateds wddlanduun

1= o

winlmidnassiaevilvdiunaniiniuud ase wiln uAzlangusiasy

%, 0
=0 T T Oses”
' l CH~CH,—$8
CH-CH;SH +  CH-CHSH —= | . gy T3
NH 2
NH NH o [
~ ol HN‘,‘%
2O, + 2H* +2e S H-O

JUN 2.6 UjNiennendsninaninesiily cysteine (Klaus, 2559)
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w

maduTmiweullaluszeriioniondnadiein msdaylumay Fazupgiuaiu

&
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U

Wegnmpiilanansveswuutiissannsovianedadimunniely 10 uni AogMaTiusTIm
60 °C

luszazNansnaan1sa Ut UL AUIAINTIIASIU89T 28 210 8 U anL e wazgaumniile

= dy = = [ Y

nansvosvuniiavasisUszunm 98 - 99 oC T,mﬂluixaxuimmungmu%mmnmmm Lay
Weaudaazdniseeemduluseritanissy lagsziunisvenemuasdiautaiussiiuduniy
Uananhiild uazgamaiilanarsvesyuutls

luszazaavinerasniseu lassadinteluvassunthasuneit fufmhuesaunds

£ o 1\; = o aaa & . . [ =1 = 3;
WHLasiauInIagInaNUgnIeuatin (Maillard reaction) lagsgauanuduiuinia

i
I

TuagiuUSunadunauvesuntl wu Slugrsvuntslifnlduumualdhmaltos au
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Tusgwinamsavasdimssewmeiatu den1ssemedazdinaviiliaudunislurupils
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2
o a
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5/
1l ar

nvzan logvundlaniiguswilifdueaieanmsldiuiilivmeauiuiminvessuy
Ut (Malinee139, 2559)
- anwazaely

anwaznuluveswundaiuauisodunalavalsds wu sa ndu wisdveuieaunils

v vy '
b = a oo

lneidavundenelumsidnuauslutuen iluegiuedaveswdeild aunmwussingivi
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19 Ysunaunh indeuarluiuiinauasludae uenIniIsnsvinuasuIniigndosasa uvile
dnvazaelurasyunidusenundise Tnsanutueivausedanaldlaonisviinisde
wisvuntsnagthludanaluiiiane winfawiessuniasfounasnduinsstoninie
qustlduiia e (43U wavAy, 2556)

anvazngluiddyvesvuniidnedrmilfe sawazniu Tnotadufiasiinanasa

W
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waznduduileguatgusznis fegrudu Ingiviidiamnwazinlilandusadifnit way
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wstAuluasdisaSenintu wddmnminldnefaeyililanduvaswuutisia annaly
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2.2.4 Mmadeumdsvasuunts

msidesidavasyundls Aomsidennienisanasuasnmninvaseunils visday
menmazvihlid nau send ileduda fimsgaudeamuamilaruints dildauadaiul
luldesnas Tiluaendy vionisldeonsuvesiuslan nsndeuduiliil 3 mmnlng #e
madendemgdunid nadendememenin nadaudevaed

- Madendenegiunsd

Anangduniduilaning q Fedlogia 9 luiu 0101 1h 1ndeediointodld Fmqaud
14 savkeufuRo wtideudsnnidonuasuuaitGodudnilg

msideudeanies a;TﬂﬂxLﬁﬂﬁua"|nmﬁUuquﬁaumwé’emnnﬁau’lﬁqnué’u U
msvudlauvesadadilesiluemimndavumusils viomsviorusluvazidigueag wienis
LﬁUmuulﬂuﬁﬁﬁmmﬂauajuuasﬁmm?}/uqa enanduudreaiinnnmsidondses
Tagaunewhuviwdnsusllnsiawzutandiinsundouvontos viluansueilas
é’ﬂwmsﬁﬁaaﬂmmw wazdiengniaiiuinuduas fMetheaion wWu Rizopus nigricacs,

P. stoloniferm, Asperillus niger WagMonilia Wusu

JUN 2.7 WesiAnduvuvuni (Bnswr, 2541)

a
= 1

nMSEeLEYINLUATIS Y lwuuﬂumﬂﬁL‘%aﬂsﬂum’lugwa&aUaﬁwuaaﬁ’uU%mm

aeivanfouuaiiiofivuey laswuad Soasydulalurunilasiarsasiusiuazuds
Turunds dsalvuudsiindunassaiouni wavlvdvesloniesluruntuldeuld lneduy

q

wajaziieainingiviiliasein Sdevuilleu Metwesdouuniiduy Bacillus subtilis
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- MSLEBUEENIINBAN
nsgyduanufurniistunaeanamdninniseulasnsgydsrnuiuasinnuie

voe Yusgivyiunmnnuiuduinsuesussenialunasiu MAuEuFuInSge msaads

1
5 1 5

Anufuastes widminaududuivsan nsgadennuuaziinuin neauudeiil
AN 35 Weoildud defielndurundmanmiidulumusnasgiu (Czuchajowska

et al.,, 1988)

5U% 2.8 vunlsisid@eanuuaiise (3nsun, 2541)

2

- msieudoninail viliiansuidluunds Faduujisenadiintusgnedng
luddsznoureauth Tnevasiiniseudaudsssianarilud Aodussuasamantfves

=Y '

waerhiBouulas windvsustidluiififgamginnnt 55 ssmwaidea winsduauil
flgamafidnnit 55 asaeaidoa wileawdousuanimiuday wasduheenania
lesanluanaveserlulamnfussadeudininie fueswnsdiy wazluanaveserlulag
wdeuiiuimedudieduanasslulamniuuuivaadinuils {Rnusingnisaiiie
wlvdhundatsamiulmisewusslalasiou sevirduanaiiliiAnsawmanialas
Imqa%ﬁﬁwmauﬁmﬁqﬁmmmémﬁwlﬁLLa5"Lnjﬁﬂ13r;§u1m§'1Lﬂij’wm’tuimaqaﬁﬂ 3En31 Nsiia
mshusvands Tnenalniiansfudivewdsduanduzui 5 Fagilhasmullanves
wunils (Staling) (Anoosaya et al, 2010; Felicidad and Roos, 2011) asdswalyinnamuiiy

\a (Firminess) AuLTInTEa e (Hardness) LagAusay (Crumbliness) Wuty AunsaU

vpalaenvuntleanas wazgidandunaumiuuazsaudly (Noél Haegens, 2015)



16

Crystalline
amylopectin

Amorphous amylose

i Polar lipid

Gluten

& { //off Potential site for gluten
carbohvdrate interaction

Gelled amvlopectin

e
P
/Re hearing

Amylose complex, '\
crystal

/

Retrograded amvlose

4

STALE BREAD

sUN 2.9 nalndiietuluruntassninansafiuinw (E-Krishi, 2016)

2.3 anulianvasvuutle
awmadia (staling) viemwliian Wuniadeudeussnvmils vasmdasmaiunes lae
wifiansiisuama indiuaznionwsznienisiiuing uasvinld aanmdulszam

dudaanas auiulaaluseuiu Yadeiiidvinalunsfensawads 1o stesiainisiiy

INW amwnﬁiuﬂmﬁu%’nm wag USuiaaauaiu

ql [

nsUABuLUasiiddn mﬁ'ﬁﬂwumﬁa \dauanw e AL onan st
ouwdadl wualdiudindy Imanaiﬂ (mechanism) vosdinada Lﬁmmnmim?{auﬁsﬂaaﬁvmﬂ
Uinandalugaioviih vemdndng wasiansiouames aaAUsEnaUsENIe NGBS
yaauls lvduy way Tusiu

ﬁaﬁua"aumﬁﬂumﬁmﬁmeﬁﬁaﬁmmﬁwﬁm ABNITALRNAES N131119UVBEIUN AL
Wavanod] arwddiysiensidonan mrssmuutl Woutldiuanudou wandluedy duie
Winnudeusaluagiliidautowesdinfiautuauieaiinesdfiud uazunnoan luiana

vosarilaaaedug asnszdnnszatovgnaenun vildaruniinanas Wevdes i us

luianaveserfilaafioglndfuaziienisdmSoad fulmisngWusglalasinuszwinluana
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uazindusreunandii Tassaialmifiannsndud waglifinisgatindnandn fienuviln
ANty Andnuasifiueamiler adeiduviondn Bonusingnisaliimsifnilnsing
i (Retrogradation) w3an13Aus (Eliasson and Gudmundsson, 1996) uanandinIsiAn
Ssinsinturesulnsiliiinnisuondeeaiesnuiuenniea fadena syneresis ¥l

maﬁlﬁﬁé’nwmwnﬁmazﬁﬂ3mwﬁmﬁw’§u (NA1uSIA uasLiena, 2543)

Amylopectin Amylozectin
£n) Amylose
Amylose b
%
50 A°
Temperature
[ + Water
B
Gelatinization
é [ H
. n Time (aging)
. i

(}%m Relrogradalion

U 2.10 nszuunsfudveautl

maissinsinanduniontsiudveauds (Uil 2.10) Tuagiuviavasuds gl
Anududurads nsruaunislianuiounavaniu sreznaininiivine Ay
nin-luarasansavate Usinamazvuinvetesilaa esilawniiu uazansuszneu du 9
Tngianigludy wazanududuresdiunandu 9 1wy a1saausaifiuasinds wWudy
(Whistler and Bemiller, 1999) USinauazyuinvasesilagazd awddnuindenisAum
ya3utl gtﬁaﬁﬁu%mmazﬁlaa@@ﬂzLﬁmn7iﬁuﬁﬂﬁﬁ’mﬁLcﬂaﬁﬂ%mma:ﬁiameﬁuqd Fe9si]

rnaRednuwziladuiaLasAMATWYDINAA U (Fan and Marks, 1998)

144345
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2.4 \UadUEAY098IMITHaZNISIATIZH

2.4.1 \Uedud (Texture)

v
= =t

LUBHLAE MU1809 N1SROUAUBINRTaRREN1TAUNE JeuanItanISAIUNIULIITna
2t é @ v W =1 ' { ¥ = 1Y £ i o _ o

@ LoduidintuandfiBanaiilafuainnisnevauswomdn d use s fen1aing s
MIBENYBIUTININTZI 1Y USITINNITUALAEI8IMIS USITIARAINASEud ARt U399 LAR

£ L3

MNNsnseiveAIesInsiodunaNesamis Wudu wiseramneis anvueiuyud

[ i
@ ar = v ar e

ansasuglaconsdudalaslivszamdndansi Safuilarannsaiudideduiaves

U

o e Y

amnslonnnisdudasiofiowan wu nsdu ues Ju viedudadeiu waulin au sl
fansdudadienisiades wu nsin viadssiiieannisine) Wudy (WuwiLiay, 2559)

v

Immﬁaé‘fuﬁamaaamniﬁuﬁLﬁ'm*ﬁaaﬁ’uammwuaammﬂ@ama uonntudaiugn
wilatadudn ”mﬁ@’u%lm%'Lﬁifl,ﬁut.ﬂmm“luﬂﬁﬁa"r'izmﬁ’m%”uﬁmﬁummau%"u waziinaneig
unfurmeuvesiuilng TavautRveadeduiavesanstudifaaldun anuuiuiie
(firmness) A2 1ULT9 (Hardness) A2 uBangy (Elasticity) A u8ain1ef1fuie
(Cohesiveness) Al (Adhesiveness) mmwile (Toughness) Ay (Tenderness)
Wudy (Unanda, 2554)

2.4.2 mManadaauneUseamanis (Sensory evaluation)

lumsinssdlasliussamdudmiugmaaeuasussdudodudaninnade aundy
B e uazduda InoazligvaaeutuwanBounsuuuaduuunaaeuilédamsenly andy
Jahiewuuneaaunisgiiieninissausy wionzLuuAuTauTeguilang lag
qummaauﬁwﬁy'ua:ﬁwawgﬂuw Vi

- Awageaudlain (Hedonic test)

Blatin wuneds aumela Tasanawuudlafindussinauuuiidudiey wasuwuud
Wusiede daimaneseiuse iy wy 3-90 5-97 7-90 9-90 fam519l 2.3 Famnldiuay

unnnazisilideyatilaiiniusunziaigasnniulusmuagdiu
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A135199 2.3 awnadlatniltlunimaasudlain (hedonic test)

aAnasa

anamutade

9 40
]

s_xhqc\m,txmm»a\ooo-qam.nwm._-

L = S N S

Laiwaunan (clislike extremely)
lsiwouan (dislike very much)
Liweutiunans (dislike moderately)
Lsdwouidniay (dislike slightly)
Ly 9 (neither like nor dislike)
gouldntas (like slightly)
youlunand (like moderately)
Fauun (like very much)
gautlufitay (like extremely)
lslwausnn (dislike very much)
laigauurunas (dislike rmoderately)
Liwaudntas (dislike slightly)
W g (neither like nor dislike)
gaudniley (like slightly)
aul1unad (ke moderately)
¥auNIn (like very much)
ldwavuwn (dislike very much)
Liwau (dislike)

1ae ¢ (neither like nor dislike)
18U (like)

Yauun (like very much)
Lilwau (dislike)

12y 9 (neither like nor dislike)

U (like)

i U518, 2551

19
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- Fanadauananed (Just-about-right, JAR Test)
anawefsiianvazadraiuanawuudladndinisei 2.4 useslianunsonizasly

2

whnuawnawuudlain Ltﬁﬁ%‘aﬁﬁass‘u%'lﬂﬂdﬂuué’mﬁﬂﬂﬁémnfh

A1599 2.4 dinanaanldlunisvadaudinanad JAR test)

WUU 3 90 WUy 5 M LUU 7 9

- sawdesiiul (too light) - semmnutiaeiiuluunn (much too lisht) - very much too light

- 5EUIIUNBA (just right) - savautaeiuly (too light) - much too light

- savauaniAuld (too - JAVUNDA (just right) - too light

strong) - AUy (too strong) - just right
- sanunAuluinn (much too - too strong
strong) - much too strong

- very much too

strong

fan: Usndl, 2551

2.4.2.3 J5vadauainasasdy (Smiley scale)

amaLL‘UU'ﬁaaBuﬁuiu‘daa‘lﬁﬂxLLuu%ﬁé’wmszJugﬂlwﬁwﬁLLamﬁwﬁWmn“’u (43U

o ¥ a

712.11) ﬁﬂaa&mummfq'ﬁﬂwaaﬁwmaauiwﬁmmwa’laﬁaﬁuaﬁ*mﬁmaaumﬂﬁaﬁaﬂ HdUeam

fegvadauannsadilaldie uuuuneasuiifnaseud-laldie i

JUDSGE = i SR 75 | —
PREE > e N - ¥ M OAGE s
DIRTCTINS: PUEAH X M THE MOX |

Ty BHOAAROPAWAICH YOI LIDE THES FOxon.

B

T »
s,

U7 2.11 wuunedeUANasasdy (Larmond, 2016)
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- msﬂs:qnﬁamammau‘%’uﬁummﬁgﬂa'{umﬁéa (Application of

acceptance test to purchase intent scale)

ﬁww%’mmummaauﬁwlﬂua5fﬁﬁﬁmmﬁmmm&gﬂﬂunﬁ%awamamﬁmsﬁ lny
Ussgnsuainuuunageudnawuuiledn dingussasdudniile Tnamdalalunisde
windnusivauilag Sdnwusdmnsad 2.5

3 Lo X 4 Bo X
A15199 2.5 dnaviagdauaiundladenldlunisvadauainuadlade

anasiiay anadiniade
(number scale) (verbal scales)
1 Ligauivay (definitely would not buy)
2 013z liie (probably would not buy)
3 a8 9 (may be/ may be not)
4 0199t (probably would buy)
5 %aasfwl,muau (definitely would buy)

Fan: U510, 2551

[T 3/
s s w @t

vilunsiinssilagldlssamdudaduianuudsusugs lesanFuagiv
anuginvevduivesinagey sulufaussenimasanuiitlinagoy el gauvnll uay
a'}waimaagmaau’lummﬁuﬁ’m (Usndl, 2551)

lullw.a. 2554 gws Awnyms wavdge) Ay IinisAnuvivsualensiand
wnzanlunrsndevunlawaudivlenst lnelddnwSuamaununiaand 3 sudu ae 15
20 uay 25 Wasdudvanimnud wasiINIIAdaUMENITNRERUNIUSTaduTalaY
wuun1snaaauliagLuy 9-point Hedonic Scale nanisnadaunuiigeUsuialanisian
ajdfﬂguﬂzu,uumwwau‘[mammawuuﬁﬂ%ﬁLLuﬂﬁuﬁwa@ wazdlofiuyTinalonsfeseiu

25 Waidusimudazuuuauseulunduinitdettedunn wasauutiidoduiaws

un Aududsasulad guilananunsasensuldfiviunm 20 Wasidud
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2.4.3 msmsilagldiaiasiia

m3inseilagliiasele Aomsldiaiesiouansnuauiivioamnmuasoimsuny
waanmsvadeulasTBldussamduda de3insdsaiulagldiadadiatuannsoutseenidiy
3w leun

1) Bns¥afiugiu (Fundamental method) lngendunisinnaaudfinianianin

2) Aldn1sideunun (mitative method) Wunisialaaldaunsaifiannsasaninis
WA sTa s

3) 384ifinnsvaans (Empirical method) Aemsldiedassiofiaunsninananizmals

dmsumsinaaniFveadedudaiuasiouindeniadoinsidoduta

(Texture Analyzer) ﬁagﬂﬁ 212

sUN 2.12 isadilmseiitleduda (Hsunus, 2559)

lagudnnisinauveanissszdiaawnainnisiie1vosnywsd wavdniasasdl

wawas bk inaunsandeuiiduads lneirinduasinatouuudmsuldlusnuisre sy

'
=

WeTusaduiiietulusenitamsnaasy Imﬂmaﬁlm"%aaﬂmlugmmﬂiwmmunm AU
2.9 Fsmsvaaeutiufiivaidnuns %}uagﬁ’wﬁmmﬁuasmﬁﬁmmmaa“u
- NMIvAdauLIInNg (Compression test)
L‘@‘Llﬂ”liﬂﬂﬁﬁ@&i’]ﬂﬁﬁ’lsﬂiﬂﬂﬁﬂ‘Uﬁ]ﬂﬁ’ﬁ@LLU‘ULLN‘ULLUU%\‘Lﬂaaumﬁ'mﬁmﬂ!,%lﬂdﬁ

981991 9 tean1ImaUAUaUDIRI9t19RaILTING (Compression Force) fiunnszsin Tngen
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2
=3 I as

AnuslglunagauRsINATUTLed fuU sz asfag it aaeuss Tnausn

U

ﬁ?u%Lﬁm‘luLLmmmazﬁﬂﬁi’aﬂm?{augﬂi"m (Deformation) AfiAMIIYBILTTiNTEYA
‘Lumigl‘jdfii’la’ﬁlﬁ']'lﬁ‘uﬂﬁ’lLL?ﬂﬁl‘mumiﬂﬂq\‘]EjﬂM%aﬁ”l‘lﬂ‘l.é@‘izﬂxﬂﬂ@@fjﬂ v3aimuAlA
Wueidudiemndealunanafild mstmuaussgeaalunisnaduasnsofionsanld
wae3s 1y mndesnsildunismegeunuuldliiediadone feraldussnaties q
(Wszanalilagnisthisfuwidensasuuadesdau ) MIBDIANAFBUA BUI HdlTuse
witlsTumsne Ssaevilitaquaneen Wudy dunsimuadefidusamuaisadu fuun
lsnanumuvesiiagng 1wy Wm’{,ﬁﬁ’qﬂﬂnmuﬁaixaséuqmmmwmmmﬁaasiw (WuusIU
wldiameiugiuvageu) wxiuiliu 100% Avwaian wievindainisnafauiensafoives

AUUUNIVBIAIBENUINIMAFDU ALERIANTY 50% Auasen Wudy

o @ <t

dmiuituaaeuiuvinlilagiesiadeenisivedfinatawesinie lagise

U

tanldasivunawidunielugininvuiavesiedsitwmagsy antunaliiaiasiiny
winsfazdndunvaaeulnoirinazass q indsuatuiegie q uazasiaue 31ty
\ATR9EIRAUSIEURINfadnaz U e duns AL duius s n s suasan

lnonswinlaszventisdnvusvosdoduda (Textural properties) F1a1u15a3ia518A LT

ddey lawn

@

- W39NAEER (Maximum Force, N) 1uariuansdanauuda (Hardness) 2847an

- Avwdu (N/mm) iusrituandsanuidu (Firmness) VB Tdn

- Wuildns Wuriivendenisgedundsu (Energy Absorption) il Famuan
8N Jesanunsouenierumiie (Toughness) Ta3dagsiinvaaauldde

- MINAFDULUY Texture Profile Analysis (TPA)

g
[ o W a

Junisveaeulngldipdasimmeiideduda dwmsuis TrA cuaisldsudegaiidu

amnamsslunsfiasinsirervewyudmeiuniuaniads neisnsvaaeutiwilag

v
= o '

MMITITUMBE AL IUMAER ULEIT AT Ak uuwsuLUuiTaue luain 1 dudegne

Wuwedfdudanunaion wu 50% wse 90% A1uasen Wudy dwiunaiildzegluzuuuuy

=

P2INTINANUFUNUFIEINSUTILASLIET FITUR 2.13

4
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P'_— First bite 1 Second bite |

Fuetorability

Foree \
Area |
{
Area 2

Aren 5
Lenath i L / Length 2
3

Iime ———

Hardness 1 Hardness 2

JUN 2.13 Aruduiussewinaussiunatainmvaaeulnewmailn Texture Profile Analysis

(Syaynsnd, 2549)

?}\smmmﬁmﬁlmwﬁu.axa%maé’nwmmamﬁaﬁuﬁﬁlﬁ 7 dnway fail

1) Factorability e anwitingasusnaansindeiiioda wilfnusagan Nl
lassasnmelussideme ualiwmnoanaindu

2) Hardness A usaifidnunniigelutasnisneadausn

3) Cohesiveness fia ANwawsalunsanizdunieluaiwis wildensmnsiaiy
ﬁuﬁ‘uadLLidﬁ'Lf]UU'JﬂiUﬂ?iﬂﬁlﬂ%ﬁamﬁElﬂ%‘jdﬁﬂﬁ.@ (A/A,)

4) Adhesiveness fia wﬁwmﬁﬁaﬂ%ﬁmawusLmﬁd@mwiwmmiﬁ’uﬁuﬁﬂﬂﬁ
shuduiaey wildanAufivesussiiduaulumsnandasn (a)

5) Springiness Ag mmamw'ﬁma\aﬂﬁuam'ﬁﬁﬂﬁugaﬂnmﬁu (Le/l4)

6) Gumminess Ao wasAlElunsiliomsAwwe sl wendeensuiun ey
szndulsl mldanaanuYss Hardness A Cohesiveness

7) Chewiness Ag wé”wuﬁﬁaﬂ%’ﬁummmm‘ﬁuﬁa’iﬁa;aﬂuamwﬁw%’amsnﬁuama

vlARINKARMYBY Hardness Cohesiveness wae Springiness (3 yeunsal, 2549)

lullm.#. 2010 Saha wavAuy lavinmsfnwinaresdiunanestisioaudivgg

[ 13
A wr o S ) s

\Weduiavosudale uasauniwvasdain Inaldindasiinszmdoduda logiinsaruausidl
mModrudidadlifvunadurugudnats 4 cm a¥n (Probe) Hunweduriugudnans

2.54 c¢m Load cell 50 kg Pre-test speed 1 mm/s Test speed 2 mm/s S¥UEUNI9TENTIN

v

WITAAUAI9E79 5 mm was acquisition rate 200 pps HANTSANWINUIIATIAIULS WUy
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5 2
@

WutusaUSunautlsanaastu mﬁrﬁaqmnU%mmnqmuﬁLﬁm%uﬁuasiammmﬁm FlatU

rmudvasudilaludnsidues wiadiaihe : uls wihd 60 - 40 fidrgenda 70 : 30
sioululwe. 2554 gws funyms uaedaye] Aol Ivinsfnwimavesnmunmay
Bauaudieitldninduudos (ents1) naunuuteand Tngldiedocimssiiodudaluns
Arsianvivisnianwuasunil FsliRaulasiansinseningi®es van wasamy fu
Rouille LagAny NAINN15ANINUT Lﬁaﬂ%mm‘[amawmﬂ‘fm:demaﬁﬂﬁmmﬁwﬁgu
anad LLazﬁﬁhmwmwﬁaqq‘fu
uanmﬂﬂv”aﬂmwmaaqimmﬁmﬁu’laaﬂmil,%‘ﬂﬁwudwﬁwasia@mauﬂ‘ﬁmamﬁmﬁm%
Usslnvuusey wasdmantsnnnssuaunseanuunds lnemsmeassiulaldiduloomisi
$annueuida aueu uazdnoand wwavadlunnAumuuiadisedu 15% 200% war 30%
(w/w, veswtinutaan37ild) wuinildnsnistusavedusiuiiansanieiviuaduly
mm‘sqaﬁu warlun1smeasswes Anusooya wasamy Sawuin diavinnmslddenweuida
unazidonasluluseiu 4% 8% 16% 24% waz 32% vesminutlaild dwarilvusunwm
voslusiuanasdniie Sedamavilinguiuanasuariiideduifaiudeuly (Anusooya et al.,

2010)
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aunsalilazisnisvnaes

3.1 dngauuazaunsaldmiunssuniedie

a

3.1.1 29nfu

q

) wilsadvdavinvuntls a9 wedu)

=

2) wnfalu n31 Ugaiing

3) Ymanseun #91 Snswa

4) 1edn ¥inde M1 aasAnd

5) Banuisdnia A9 saf-instant

6) asUusANALULAN #91 Tuues

7) dadvdausts asn 41meq

8) fwnmarsdaus as1 $1mes

9) wénaiufiiana dadmnelag USEM wiresa Wiiinainea (Uszine

(Y]

Ine) 911

1
o

10) Whazane

3.1.2 gunsal
1) weulwiieundszan
2) seataimmin
3) gevauiou
4) NILUBNAN VUIA 250 Hadang
5) wasluAula Type K
6) w3ty
7) misauauaa
8) VIUHAUALAULGA
9) fiumirunls uam 10 19
10) D nauLsULAE

11) AzungsaumuLas
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12) fiauuuitudes

13) gawanain Polyethylene (PE)

14) gLay

15) wfedinneiidedudauaztainuiin PSO
3.2 MaAsEUR2a819

dounauyunthivngasaiuae Yssnoeulumeodiudssnousieg fail uthand 300
ndi woda 57 ndu danansne 5 n3u thazetn 160 ndy indedu 5 ndu wazasUTILe
nauuyan 3 n3u Taowuntliinauadagoyiusingg wisuldaingnsruauuiy udaziinig
—

USudsudiinaudiaduanhazoiamudndiusauudasyivildldluununtieand el

WWSinaniminaavieduiiiuviiiugasaiugy dwiuiuneumanssusegiedulduansly

Tuguit 3.1
. - - :
a o ¢ e . ‘ o e e v
| wlsand, Bad, 1 waw (mixing) uavudnulale (kneading) | UNYNEIUNTAY 30
| A¥e79, 1iAa, 1nde Wi = 15 il <« | i o gumgil 95 °C
\l/ B LLB;ﬁu 1 29

uavansUsausendu oo I
| el | . P
nviinuwdalansan 1 (1% proofing)

VI8 = 60 Ui

V

wiariaule (Dough dividing) wazinas

AU (molding)

v

| swdinudlalaasadi 2 (27 proofing)

1287 = 30 Wi

\’

! 81U (Baking)

1L gugil 220 °C, 35 Ui

3 W |

2. anuundl 160 °C, 10 U ‘

v

Vil (Cooling)
U guviiivies, 1an= 60 u1Y

Taszauamvastunils

JUN 3.1 Tumsuniswisuiodsuunt
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3.3 MivnagauRuaIwUasuuuls

3.3.1 wAilA Texture Profile Analysis (TPA)

wSeuiedalaeruruutieoniuudy iauwuiduas 2 wufwas andy
dluhnsssiaudinatedudasoeiaimseiioduda (Texture analyzer) lnaldwang
wuuanay anadurugudnas 50 fadwnes Ineiisasdoanisieriaiasmunianuan
n.3 Taeranismadeveslfeglusnuusvainsmusiuazina nduaginsmiflduinsed
Wﬁhﬂmamﬁ)ﬁmuﬁaﬁuﬁam@ 9 leiun hardness springiness adhesiveness cohesiveness
gumminess Wiz chewiness

3.3.2 n1sAszilsunsduwizvesauud

dmiuvinasimzvesuningihnsinnsilegldmatianisunuiisowin
s Ssiimeaseauastunsunisitssiaunianuan n.l

3.3.3 Msiassianuduvssuundls

dmdumsiessianuduressunils sxvilasnsiuiogundeenduiugn

a

9 Wiflusinswdszunm 3 - 5 ndu intiudhlyeumaruiudiguvadl 105 °C Wuan 12

u

- 13 s @uaIAKYIN .2

3.4 MIIATIRNaIUTEAMEUNE
dmiunisvadeunsvamdndaiefnuinissenunesguilaasouSnaiude

Sayfivgegaitiiniinlurunils Inelduvuneaeuuuudladinaina 9 90 (Hedonic scale 9

points) Inuldnadaudnuiu 25 au mMun1AeuIn 1.4 wagiinszinuiimelavesuslng

Aidendniunrundafinandiwng diea wazwanddu neldanadouazandoauy

S

155U wanUTsuLisuazuuuauisnelavasfiuiinevunilsinauiines duden uay

Wanatiy  Feaunsouwdanaaadslasliinusinsuuy fad

8.20-9  wuwda '?jaummﬁqm

7.30 - 8.19 1w ¥auNIN

6.60 - 7.29 wunsila gauliunans

5.50 - 6.39 Muneda vauLdntos

4.60 - 5.49 wungfia veanldlaivauuialivay
3.70 - 4.59 wueds ldvouidnusy

2.80 - 3.69 wunads luraudiunais

|
2.90 - 2.79 wuneds ladvauunn

1-189 v Wivauniniian
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a < aa
3.5 NMSUATIRNAVIIADA
dmiunannasslulassui Iidenldueunismaassuuuduadieanysal

(Completely Randomized Design, CRD) lagndan1siins1zsinanuuususiu (Analysis of

0

. . ' | o | el ar @ 3 - =
Variance, ANOVA) vr|r1w1|'J'151?1‘;‘1:ILLrﬂﬂm"lwaéimtaaaammuﬁmﬂm nugvInIsUsoumeU

&
£ oA w W aa

AUUANAI9YDIANRAEAIBTT Tukey’s Test AMSunIsiAs Iz dula wasse LSp

o a 2

dAmsumsinsssinanisussamduda fsziuadesiu 95 wWesidus (p < 0.05)



uni 4

Nﬁﬂ"l‘é‘iﬂﬂaa{lLtagaﬂ’ﬁﬂjﬂﬁﬂﬂiﬂﬁaaﬁ

af = ' ot

4.1 BvswavasmsuaNSyivdenuansaznsenwasauNl
NarBINITIATIERMEN s B Wt TTinau sy inlneRans Aty
wasUIuInTIUNIE (gﬂﬁ 4.1)
sziiulduntliinaudundulSinanniy seuiuiuultuanas (gﬂﬁ 4.1)
Feinennuuutiimandudonfidanyduiivulumeiy Sofuusnadnie wasan
mm??wuawuuﬁaﬁmauLuémﬁﬁuﬁumiﬁuﬁamﬁu@mﬁmﬁuﬂ%mmmﬁmﬁﬁulumumﬂe e

2t 1LSNAINAINNANTIATIEINIADR (R15797 4.1) WuIinswandauas wazandoluauy

tsldfinadorranutusdedfoddny udvuuiainanwdedtuiinadi siinnutuegied

a

2"

yén

@ e P |

logsmnswausyielurundoiliviinassuneiiunliuanas eudsusyied
ray vy yunthiinaudues 209% SUSuessuwizUsen 2.87 cm?/e uasiiauuiunu
funady 30% waz 40% TeUSumss s 2.27 wax 1.87 cm®/g AuaIsy (guﬁ
4.2) KaMTIATIIN AR (115197 4.1) uamalidiuinsnassuielurutdnaliiung
Sumzanasednsiveddy veiideswnanuannselunsiniuieaiualasonledi
Aetulusswhanmsminlalddesas adunaainnissaus yiwi U luvundelddesdugy
ume 0l vifewwdndiu axdluunsnlilassisvessunil wastarnsialasiees
nguau vilinsmesfianadlutunsunisvinuazniseu damalvivusdeiuiumsanas

(Anoosaya et al., 2010)
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= SN\
S0 AN
R .
R .
S o T
N e, ©
T
| - -
Gy oy
-———,, -,
3 2 2 2 S = o B B
s,
(%) 1USIUOD 2INISION %

JU¥ 4.1 navenswausyivdeUSunnssunizvasvunis

=1

fAounodlrudesuu

=l

lunsiluaadeainnimaass 3 91 LaLAIALAAIALA

=

Joyaniuand

HIRNIFTU

a3
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AT __.

s
. o

S O\

- \U@

R . m

i %O@@ ko) %Wu“,

e R %, @oa@o um

a1 T RO %, @ecoega m

O % eo@@ m

%, .@c@ .dM

|=E____________“__E___ﬁ_________________________E__________________________________________________________________m______z__________________________________________________________________________________; %, o@@ “ <8
) o 1 o 0 o w0 o @e@é .wb@
- = o o 2 = & 2 %, .
&

(8/€wWD) awnjop diads

TayainansluniduAiadeainniseaes 3 91 uazAauramAdouAeddoauy

UImI37U

oq
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191497 4.1 @maﬂwmwwmamwmawumﬁwam Uwa
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UssinniazUsunavassya

Moisture content (%)

Specific volume (cm?/g)

5"’2LLN

20% 40.40+1.13 2.87+0.06°
30% 40.26+1.77 2.27£0.22°
40% 39.68+2.42 1.86+0.23°
fuden

20% 43.40+1.49 2.49+0.29°
30% 44.08+1.52 2.18+0.01%
40% 47.06+4.82 1.73+0.37°
wandtu

20% 37.90+3.61° 2.46+0.11°
30% 45.13+1.62° 2.02+0.11°
40% 40.70+2.35° 1.74+0.12¢

=5 Fnysiuanaresiuluwnds wanoi finuuandsiusdsiidoddymnsadi (p < 0.05)

]
s = 1 =1 o o

4.2 INSWaVINSHANSUNsAaLladusdvasuuuil

W

wan1seiilledudavesvundafifinsnaudwasluySuno 20% 30% uay 40%

eedasindoduda Ingldmala Texture Profile Analysis (TPA) u.am"l,ﬂuguﬁ 43-48

'
o

wiule31A1 hardness vaswuutlafiiniswansuasluuSunm 20% fiddds WaTAI

q

b

Sunliudivdunuanududuvesdaunsiiiduady (U 4.3) I shiesginnsada
(A15797 4.2) wuh A hardness aegeiuetafidaddydouiinnntsiaudunaiody
40%

11n3U# 4.3 - 4.8 aziulid1Taew U1 adhesiveness cohesiveness uay
springiness vavuuydeiifimsuauduasluuiua 20% gofigeuazquideuiiivulivanas

datin1suauawadlulsuiuundy agalsfany NMTIATIEVRansad Auansliisiuiinig
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1%
@ @

HaudIwaIliilnaned adhesiveness cohesiveness Las Springiness a8 elusd Ay 119

@

e

amflmwmxdﬁaigaﬁ'm’wﬁlﬁmnmwmaaqﬁmmLLUiUimﬁauﬁqu Fedpuinalaunsane
MsIATIZEAIILANG 19T daya

o o o ' . 9 -1 A o

ANGUA 4.7 - 4.8 2eulddn /7 gumminess bz chewlness duwildufivty Slail

nMsmauduasluUTaNnIY Msinseieaneadinudn A1 eumminess uag chewiness

i '
s <

szgelivathaildedAgdioviuaunmsnanmuaaindy 40%

15000
12500 | T

10000 |

-~

o
o
=)
T

Hardness (g)

5000 |

2500 | [

Red kidney bean (% mass of flour)

JUN 4.3 waveatuwewant hardness vasuuuis
sﬁagaﬁuaﬂﬂumﬂmﬂuﬁna‘ﬁamnmwmaaa 3 41 wagAAuAAIAAAuR a1 Uy

UINTFIY
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10 40

Adhesiveness

'
(o)
T
——

Red kidney bean (% mass of flour)

qUil 4.4 naveadhunssied adhesiveness vasvunily
doyaiuandunsmibudiadonnmmeaes 3 41 uarArmwRaAAEsURed LTI
HIMIFIY
0.8

0F E

0.6 }

—
—

05 |

i I I

0.3 k

Cohesiveness

0.2 |

0.1

0 1 1 L 1
0 10 20 30 40

Red kidney bean (% mass of flour)

5UN 4.5 navesdiumenan cohesiveness vasviaidls
*ﬁa;daﬁLtamﬁuﬂ'mf«hﬁumLaé’awmiwmam 3 91 LazAIAUARIRIA A UARE U B LY

UINTFIU



100
80 | {
& 60 |
v
v
3]
c
e 40 |
£
ol
v
20 |
0 1 1 1 1

0 10 20 30 a0
Red kidney bean (% mass of flour)

JUT 4.6 waraInILAGBAT springiness vasvusils

tayadiuanslunsmiludiadoninnimeass 3 91 wagAAnueaIAAAURDA T LUY

HIRITTU
5000
-
4000 f T
; |
wv
2 3000 f
&
5
O 2000 f I
1000 | T J
0 1 1 1 1
0 10 20 30 40

Red kidney bean (% mass of flour)

JUN 4.7 navesdunsian summiness Yaeuuuily
dayafinansdunsmilumiadeninnisveast 3 91 wasAAuAaaAEauRaa UL TBUL

INTFIU
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&

5000

4000 |
g |
& 3000 } j
: J
]
=
U

2000 | T

1000 | i l

1
0 1 L 1 1
0 10 20 30 a0
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Tests of Between-Subjecls Effects

Dependent Variable: Moisture content

Type Il Sum of
Source Squares df Mean Square F Sie.
Corrected Model .869° 2 434 127 833
Intercept 14483.320 1 14483.320| 4238538 .000
Percent .869 2 434 127 883
Error 20.502 6 3.417
Total 14504.691 9
Corrected Total 21.371 8
a. R Squared = .041 (Adjusted R Squared = -.279)
Moisture content
Tukey HSD*®
Subset
Percent N 1
40% 3 39.6833
30% 5 40.2633
20% 3 40.4000
Sig 885

Means for groups in homogeneous subsets are
displayed.Based on observed means.

The error term is Mean Square(Error) = 3.417.
a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.
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Tests of Between-Subjects Effects

Dependent Variable: Specific volume

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 1.559° ? J79 22.109 002
Intercept 48.907 1 48.907 1387.206 .000
Percent 1.559 2 79 22.109 .002
Error 212 6 035
Total 50.677 9
Corrected Total 1.770 8
a. R Squared = .881 (Adjusted R Squared = .841)
Specific volume
Tukey HSD*?
Subset
Percent N 1 2
40% 3 1.8567
30% 3 2.2667
20% 3 2.8700
Sig. .082 1.000

Means for groups in homogeneous subsets
are displayed.

Based on observed means.

The error term is Mean Square(Error) = .035,
a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.
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Tests of Retween-Subjects Effecls

Dependent Variable: Moisture content

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 22.798° 2 11.399 1.234 356
Intercept 18101.012 1 18101.012| 1959983 .000
Percent 22.798 2 11.399 1.234 .356
Error 55.412 6 9.235
Total 18179.221 9
Corrected Total 78.210 8
a. R Squared = .291 (Adjusted R Squared = .055)
Moisture content
Tukey HSD™"
Subset

Percent N 1

20% 3 43.4000

30% 3 44.0767

40% 3 47.0633

Sig. 365

Means for groups in homogeneous
subsets are displayed.

Based on observed means

The error term is Mean
Square(Error) = 9.235.

a. Uses Harmonic Mean Sample
Size = 3.000.

D. Alpha = 0.05
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Tests of Between-Subjecls Flfects

Specific volume

76

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model .898° 2 .449 6.135 .035
Intercept 40.832 1 40.832 558.070 .000
Percent .898 2 449 6.135 .035
Error .439 6 .073
Total 42.169 9
Corrected Total 1.337 8

a. R Squared = .672 (Adjusted R Squared = .562)

Specific volume

Tukey HSD*"
Subset
Percent N 1 2
40% 3 1.7233
30% 3 21735 2.1733
20% 3 2.4933
Sie. 184 377

Means for groups in homogeneous subsets

are displayed.

Based on observed means.

The error term is Mean Square(Error) = .073.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.



aa 1 &
Nawaqmiwamuﬁﬂauuma AuTUvasauutls

Tests of Between-Subjects Fffects

Dependent Variable: Moisture content

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 79.582° 2 39.791 5.638 .04z
Intercept 15307.463 1 15307.463 2168.961 .000
Percent 79.582 2 39.791 5.638 .042
Error 42.345 6 7.058
Total 15429.391 9
Corrected Total 121.927 8
a. R Squared = .653 (Adjusted R Squared = .537)
Moisture content
Tukey HSD*"
Subset
Percent N 1 2
20% 5 37.9000
40% 3 40.7000 40.7000
30% 3 451233
Sig 450 184

Means for groups in homogeneous subsets
are displayed.

Based on observed means.

The error term is Mean Square(Error) = 7.058.
a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.
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lests of Belween-Subjects Effects

Specific volume

Type lll Sum of
Source Squares df Mean Square F Sig.
Corrected Model .803° 2 .401 31.858 .001
Intercept 38.771 1 38.771| 3077.093 .000
Percent .803 2 .401 31.858 .001
Error 076 6 013
Total 39.650 9
Corrected Total 878 8
a. R Squared = .914 (Adjusted R Squared = .885)
Specific volume
Tukey HSD*"
Subset

Percent 1 2 3

40% 1.7367

30% 2.0267

20% 2.4633

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = .013.

a. Uses Harmonic Mean Sample Size = 3.000

b. Alpha = 0.05.
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Hardness

Tests of Between-Subjects Effects

Dependent Variable: Hardness

Source Type lll Sum of df Mean Square F Sig.
Squares
116526313.877
Corrected Model . 2| 58263156.938 13.560 .006
Intercept 218054365.689 1| 218054365.689 50.750 .000
Percent 116526313.877 2| 58263156.938 13.560 .006
Error 25779626.830 6 4296604.472
Total 360360306.396 9
Corrected Total 142305%40.707 8
a. R Squared = .819 (Adjusted R Squared = .758)
Hardness
Tukey HSD
Percent N Subset
1
20% 1689.4680
30% 3135.2127
a0% 9941.9833
Sig. 686 1.000

Means for groups in homogeneous subsets are

displayed.

Based on observed means.

The error term is Mean Square(Error) = 4296604.472,

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.




Adhesiveness

Dependent Variable: aclhesiveness

Tests of Between-Subjects Effects

Source Type Il Sum of df Mean Square F Sig.
Squares
Corrected Model 15.515° 2 1.757 2252 .186
Intercept 13.340 1 13.340 3.872 .097
Percent 15:515 2 7.757 2252 186
Error 20,672 6 3.445
Total 49.526 9
Corrected Total 36.187 8
a. R Squared = .429 (Adjusted R Squared = .238)
Adhesiveness
Tukey HSD
Percent N Subset
1

40% % -3.0193

20% 3 -.7047

30% 3 0717

Sig. 184

Means for groups in

homogeneous subsets are

displayed.

Based on observed means.

The error term is Mean

Square(Error) = 3.445.

a. Uses Harmaonic Mean Sample

Size = 3.000

b. Alpha = 0.05.




Cohesiveness

Tests of Between-Subjects Effects

Dependent Variahle: Cohesiveness

Source Type Il Sum of df Mean Sguare F Sig.
Squares
Corrected Model .084° 2 042 3.747 .088
Intercept 2.442 1 2.442 217.301 .000
Percent .084 2 .042 3.747 .088
Error 067 6 011
Total 2.594 9
Corrected Total 152 8
a. R Squared = 555 (Adjusted R Squared = .407)
Cohesiveness
Tukey HSD
Percent N Subset
1

40% 5 3873

30% 5 5620

20% 3 6133

Sig. .08¢9

Means for groups in

homogeneous subsets are

displayed.

Based on observed means.

The error term is Mean

Square(Error) = .011

a. Uses Harmonic Mean Sample

Size = 3.000.

b. Alpha = 0.05




Springiness

Tests of Between-Subjects Effects

Dependent Variable: Sprinainess

Source Type Il Sum of df Mean Square F Sig.
Squares

Corrected Model 115.230° 2 57.615 1.184 369
Intercept 64832.533 1 64832.533| 1332842 .000
Percent 115.230 2 57.615 1.184 369
Error 291.854 6 48.642

Total 65239.617 9

Corrected Total 407.084 8

a. R Squared = .283 (Adjusted R Squared = .044)

Springiness

Tukey HSD
Percent N Subset
1
40% 31 79.9433
30% 31 86.3543
20% 31 883247
Sie. 367

Means for groups in
homogeneous subsets are
displayed.

Based on observed means.

The error term is Mean
Square(Error) = 48.642.

a. Uses Harmonic Mean Sample

ize = 3.000

w

b. Algha = 0.05



Gumminess

Tests of Between-Subjects Effects

Dependent Variable: Gumminess

Source Type lll Sum of df Mean Square F Sig.
Squares

Corrected Model | 13064671.369 2 6532335.685 17.049 .003

Intercept 39504593.832 1| 39504593.832| 103.104 .000

Percent 13064671.369 2 6532335.685 17.049 .003

Error 2298909.566 6 383151.594

Total 54868174.767 9

Corrected Total 15363580.935 8

a. R Squared = .850 (Adjusted R Sguared = 800)

Gumminess
Tukey HSD
Percent N Subset

1 2

20% 3 938.0720
30% 3 1590.3490
40% 3 3756.8470
Sig. 450 1.000

Means for eroups in homogeneous subsets are
displayed.

Based on observed means

The error term is Mean Square(Error) =
383151.594.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.



Chewiness

Tests of Between-Subjects Effects

Dependent Variable: Chewiness

Source Type Ill Sum of df Mean Square F Sig.
Squares

Corrected Model 7829468.374° 2 3914734187 13.399 .006

Intercept 26814279967 11 26814279.967 91.778 .000

Percent 7829468.374 2 3914734.187 13.399 .006

Error 1752994763 6 292165.794

Total 36396743.103 9

Corrected Total 9582463.137 8

a. R Squared = 817 (Adjusted R Squared = .756)

Chewiness
Tukey HSD
Percent N Subset

1 2

20% 3 819.1457
30% 3] 1350.0893
a0% 3 3009.0157
Sig. 494 1.000

Means for groups in homogeneous subsets are
displayed.

Based on observed means.

The error term is Mean Square(Error) =
292165.794.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.
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Hardness

Tests of Between-Subjecls Effects

Dependent Variable: Hardness

Source Type Ill Sum of df Mean Square F Sig.
Squares

Corrected Model | 19064321.896" 2 9532160.948 33.146 .001

Intercept 82054429 392 1] 82054429.392 285.330 .000

Percent 19064321.896 2 9532160.948 33.146 .001

Error 1725466.675 6 287577.779

Total 102844217.962 9

Corrected Total 20789788.570 8

a. R Squared = 917 (Adjusted R Squared = .889)

Hardness
Tukey HSD
Percent N Subset

1 2

30% 3| 1805.2857
40% 3| 2187.2063
20% 3 5065.8980
Sie. .676 1.000

Means for groups in homogeneous subsets are
displayed

Based on observed means.

The error term is Mean Square(Error) =
287577.779

a Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.



Adhesiveness

Tests of Between-Subje

Dependent Variable: Adhesiveness

cts Effects

86

Source Type Ill Sum of df Mean Square F Sie.
Squares
Corrected Model 11.978 2 5.989 1.160 375
Intercept 5451 1 5.451 1.056 344
Percent 11.978 2 5.989 1.160 375
Error 30.983 6 5.164
Total 48.411 9
Corrected Total 42.960 8
a. R Squared = 279 (Adjusted R Squared = .038)
Adhesiveness
Tukey HSD
Percent N Subset
1

40% 3 -2.2943

20% 3 -.5420

30% 3 5017

Sig. 353

Means for eroups in homogeneous subsets are

displayed

Based on observed means.

The error term is Mean Square(Error) = 5.164.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.
|



Cohesiveness

Tests of Between-Subjects Effects

Dependent Variable. Cohesiveness

Source Type Il Sum of df Mean Square F Sig.
Squares
Corrected Model 153° 076 5.710 041
Intercept 2.586 2586 193.602 000
Percent 153 076 5.710 041
Error .080 .013
Total 2.818
Corrected Total 233
a. R Squared = 656 (Adjusted R Squared = .541)
Cohesiveness
Tukey HSD
Percent N Subset
1 Z

20% 3 3863

40% 3 5180 5180

30% 3 7037

Sig. 401 201

Means for groups in homogeneous subsets

are displayed.

Based on observed means.

The error term is Mean Square(Error) = .013.

a. Uses Harmonic Mean Sample Size =

3.000.

b. Alpha = 0.05.



Springiness

Tests of Between-Subjects Effects

Dependent Variable: Springiness

Source Type Il Sum of df Mean Square F Sig.
Squares

Corrected Model 80.336° 2 40.168 324 T35

Intercept 64824.724 1 64824.724  523.451 .000

Percent 80.336 2 40.168 324 435

Error 743.047 6 123.841

Total 65648.107 9

Corrected Total 823.383 8

a. R Squared = .098 (Adjusted R Squared = -.203)

Springiness
Tukey HSD
Percent N Subset
1

30% 3 81.3683
20% 3 84.5703
40% 3 88.6683
Sig. 115

Means for groups in homogeneous subsets are
displayed.
Based on observed means.

The error term is Mean Square(Error) = 123.841.

a. Uses Harmonic Mean Sample Size = 3.000

b. Alpha = 0.05.



Gumminess

Tests of Between-Subjects Effects

Dependent Variable: Gumminess

Source Type Ill Sum of df Mean Square F Sig.
Squares
Corrected Model 1406030.011° 2 703015.006 1.359 326
Intercept 29488002.422 1| 29488002422 56.985 .000
Percent 1406030.011 2 703015.006 1.359 326
Error 3104841.217 6 517473.536
Total 33998873.650 9
Corrected Total 4510871.229 8
a. R Squared = .312 (Adjusted R Squared = .082)
Gumminess
Tukey HSD
Percent N Subset
1

30% 3| 1267.3317

40% 3| 1965.7440

20% 3] 2197.2100

Sig. 322

Means for groups in homogeneous
subsets are displayed.

Based on observed means.

The error term is Mean
Square(Error) = 517473.536.

a. Uses Harmonic Mean Sample
Size = 3.000

b. Alpha = 0.05



Chewiness

Tests of Between-Subjects Effects

Dependent Variable: Chewiness

Source Type lll Sum of df Mean Square F Sig.
Squares

Corrected Model 443131.605° 2 221565.803 1.466 303

Intercept 19162036.401 1 19162036.401 126.749 .000

Percent 443131.605 2 221565.803 1.466 303

Error 907082.765 6 151180.461

Total 20512250.771 9

Corrected Total 1350214.370 8

a. R Squared = .328 (Adjusted R Squared = .104)

Chewiness
Tukey HSD
Percent N Subset
1

30% 3 1163.0240
20% 3| 1517.2787
40% 31 1697.1437
Sig. .286

Means for groups in homogeneous
subsets are displayed.

Based on observed means.

The error term is Mean
Square(Error) = 151180.461.

a. Uses Harmonic Mean Sample
Size = 3.000

b. Alpha = 0.05
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Hardness

Tesls of Belween-Subjecls Effects

Dependent Variable: Hardness

Source Type Ill Sum of df Mean Sguare F Sie.
Squares

Corrected Model 1007468.147° 2 503734.074 514 622

Intercept 25814423.637 1| 25814423.637 26.360 002

Percent 1007468.147 2 503734.074 316 622

Error 5875862.963 6 979310.494

Total 32697754.747 9

Corrected Total 6883331.110 8

a. R Squared = .146 (Adjusted R Squared = -.138)

Hardness
Tukey HSD
Percent N Subset
1

30% 3] 1397.3593
20% 3| 15221937
40% 3) 2161:2367
Sie. 634

Means for groups in homogeneous
subsets are displayed.

Based on observed means.

The error term is Mean
Square(Error) = 979310.494

a. Uses Harmonic Mean Sample
Size = 3.000.

b. Alpha = 0.05



Adhesiveness

Tests of Between-Subjects Effects

Dependent Variable: Adhesiveness

Source Type Ill Sum of df Mean Square F Sig.
Squares
Corrected Model 23178 1.159 3.000 125
Intercept 401 401 1.039 347
Percent 2317 1.159 3.000 125
Error 231t 386
Total 5.035
Corrected Total 4.634
a. R Squared = .500 (Adjusted R Squared = .333)
Adhesiveness
Tukey HSD
Percent N Subset
1

30% -.8703

40% -1270

20% 3640

Sig. W i

Means for eroups in

homogeneous subsets are

displayed.

Based on ohserved means.

The error term is Mean

Square(Error) = .386.

a. Uses Harmonic Mean Sample

Size = 32.000

b. Alpha = 0.05.



Cohesiveness

Tests of Between-Subjects Effects

Dependent Variable: Cohesiveness

93

Source Type Il Sum of df Mean Square F Sie.
Squares
Corrected Model 0178 .009 729 521
Intercept 2.960 2.960| 253.456 .000
Percent 017 .009 129 521
Error 070 012
Total 3.047
Corrected Total .087
a. R Squared = 196 (Adjusted R Squared = -.073)
Cohesiveness
Tukey HSD
Percent Subset
1

40% 3 5303

20% 3 5570

30% 3 .6330

Sig. 514

Means for groups in homoeeneous subsets are

displayed.

Based on observed means

The error term is Mean Square(Error) = .012.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05



Springiness

Tests of Between-Subjects Effects

Dependent Variable: Springiness

Source Type Il Sum of df Mean Square F Sig.
Squares

Corrected Model 56.132° 2 28.066 3.787 086

Intercept 67986.217 1 67986.217| 9173.404 .000

Percent 56,132 2 28.066 3.787 .086

Error 44.467 6 7.411

Total 68086.816 9

Corrected Total 100.599 8

a. R Squared = .558 (Adjusted R Squared = .411)

Springiness
Tukey HSD
Percent N Subset
1

30% 3 84.4897
40% 3 85.9017
20% 3 90.3503
Sig. 086

Means for groups in homogeneous
subsets are displayed.

Based on observed means.

The error term is Mean
Square(Error) = 7.411.

a. Uses Harmonic Mean Sample
Size = 3.000.

b. Alpha = 0.05.



Gumminess

Tests of Between-Subjects Effects

Dependent Vanable: Gumminess

Source Type Il Sum of df Mean Square F Sig
Squares

Corrected Model | 13079882.291° 2 6539941.146 7.902 021

Intercept 40640306.251 1| 40640306.251 49.107 .000

Percent 13079882.291 2 6539941.146 7.902 021

Error 4965551.707 6 827591.951

Total 58685740.249 9

Corrected Total 18045433.998 8

a. R Squared = .725 (Adjusted R Squared = .633)

Gumminess

Tukey HSD
Percent N Subset

1 2
30% 5 881.5520
20% 3] 17365760 1736.5760
40% 3 3756.8470
Sig. 521 077

Means for groups in homogeneous subsets are
displayed.

Based on observed means.

The error term is Mean Square(Error) =
827591.951.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = 0.05.



Chewiness

Tests of Between-Subjects Effects

Dependent Variable: Chewiness

Source Type Il Sum of df Mean Square F Sig.
Squares

Corrected Model 92872.593° 2 46436.297 375 702

Intercept 8626677.811 1 8626677811 69.657 .000

Percent 92872.593 2 46436.297 315 702

Error 743068.853 6 123844.809

Total 9462619.257 9

Corrected Total 835941.447 8

a. R Squared = .111 (Adjusted R Squared = -.185)

Chewiness
Tukey HSD
Percent N Subset
1

20% 3 874.8613
40% 5 945.4627
30% L] 1116.7967
Sig. 693

Means for groups in homogeneous
subsets are displayed

Based on cbserved means.

The error term is Mean
Square(Error) = 123844 809,

a. Uses Harmonic Mean Sample
Size = 3.000.

b. Alpha = 0.05
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Tests of Between-Subjects Effects

Dependent Variable: Springiness

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is IMean Square(Error) = 26.899.

a. Uses Harmonic Mean Sample Size -

b. Alpha = 0.05.

o

24.000.

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 972.970° 23 42.303 1.573 093
Intercept 486037.199 1 486037.199 18068.716 .000
Percent 211.526 2 105.763 3.932 026
Days 504.157 7 72.022 2677 .020
Percent * Days 257.287 14 18.378 .683 AT,
Error 1291.170 48 26.899
Total 488301.339 72
Corrected Total 2264.140 71
a. R Squared = .430 (Adjusted R Squared = .156)
Springiness
Tukey HSD™"
Subset

Percent 1 2

4.00 24 79.8923

3.00 24 82.5582 82.5582

2.00 24 84.0341

Sie. 187 .589



Springiness
Tukey HSD*"
Subset

Days N 1 Z
10.00 9 71,7238

8.00 g 78.9942 78.9942
6.00 9 80.5940 80.5940
3.00 9 83.0132 83.0132
2.00 9 83.4198 83.4198
9.00 9 83.4290 83.4290
7.00 9 83.8086 83.8086
1.00 9 86.3097
Sig. .225 077

Means for groups in homogeneous subsets

are displayed.

Based on observed means.

The error term is Mean Square(Error) =

26.899.

a. Uses Harmonic Mean Sample Size =

9.000.

b. Alpha = 0.05.
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Tests of Between-Subjects Effects

Dependent Variable:  Springiness

Type Il Sum of
Source Squares df Mean Square E Sig.
Corrected Model 632.025° 23 27.479 1.624 078
Intercept 507378.690 L 507378.690 29977.247 .000
Days 402,764 7 57.538 3.399 005
Percent 28.128 2 14.064 831 442
Days * Percent 201.133 14 14.367 .849 615
Error 812.422 48 16.925
Total 508823.137 72
Corrected Total 1444.447 11

a. R Squared = .438 (Adjusted R Squared = .168)

Springiness

Tukey HSD*?

Subset
Percent N 1
4.00 24 83.1356
2.00 24 84.04549
3.00 24 84.6569
Sig. 413

Means for groups in

homogeneous subsets are

displayed.

Based on obhserved means.

The error term is Mean

Square(Error) = 16.925.

a. Uses Harmonic Mean Sample

Size = 24.000

b. Alpha = 0.05



Springiness
Tukey HSD*"
Subset

Days N 1 2
10.00 9 81.3697

7.00 9 81.8460

8.00 9 82.4601

9.00 9 82.7283

2.00 9 83.9320| 83.9320
6.00 9 84.3562 84.3562
3.00 9 85.7853| 85.7853
1.00 9 89.0901
Sig. B27 161

Means for groups in homogeneous subsets

are displayed.

Based on observed means.

The error term is Mean Square(Error) =

16.925.

a. Uses Harmonic Mean Sample Size =

9.000

b. Alpha = 0.05.
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Tests of Between-Subjects Effects

Dependent Variable: Springiness

Type Il Sum of
Source Squares df Mean Square F Sie.
Corrected Model 1113.901° 23 48.430 1.903 .030
Intercept 473805.047 1 473805.047| 18620422 .000
Percent 41.972 2 20.986 825 444
Days 701.851 7 100.264 3.940 002
Percent * Days 370.079 14 26.434 1.03% 434
Error 1221.382 a8 25.445
Total 476140.330 72
Corrected Total 2335.283 71

a. R Squared = 477 (Adjusted R Squared = .226)

Springiness

Tukey HSD?®

Subset
Percent N 1
4.00 24 80.3641
2.00 24 80.8327
3.00 241 82.1664
Sig. 437

Means for groups in
homogeneous subsets are
displayed.

Based on observed means.
The error term is Mean
Square(Error) = 25.445.

8. Uses Harmonic Mean Sample

. Alpha = 0.05.
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Springiness
Tukey HSD*"
Subset

Days N 1 2

8.00 9 79.0258

9.00 9 79.2643

3.00 9 79.3296

6.00 9 79.7788

10.00 9 80.5756

2.00 9 80.8568

7.00 9 80.9341

1.00 9 89.1736
Sig. 292 1.000

Means for groups in homogeneous subsets
are displayed.

Based on observed means.

The error term is Mean Square(Error) =
25.445,

a. Uses Harmonic Mean Sample Size =
9.000.

b. Alpha = 0.05.
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Tests of Between-Subjects Lffects
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Dependent Variable: Color
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 9.655% i 2414 1.499 209
Intercept 908.121 1 908.121 564.105 .000
Person 185 1 .185 315 738
Percent 9.470 3 3157 1.961 25
Error 152.935 95 1.610

Total 4119.000 100

Corrected Total 162.590 99

a. R Squared = .059 (Adjusted R Squared = .020)

m'm%Um1aﬁnunﬁuwaa@u%‘lnﬂﬁiawuﬂmamfﬁame
Tests of Between-Subjects Effects
Dependent Variable: Smell
Type Ill Sum of

Source Squares df Mean Square F Sig.
Corrected Model 60.111° il 15.028 7.331 000
Intercept 960.755 1 960.755 468.711 .000
Person 151 1 A 51 074 187
Percent 59.960 3 19.987 9.751 .000
Error 194.729 95 2.050

Total 4428.000 100

Corrected Total 254.840 99

a. R Squared = 236 (Adjusted R Squared = 204)
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Tests of Between-Subjects Effects

Dependent Variable: Taste
Type Il Sum of

Source Squares df Mean Square F Sie.
Corrected Model 15.991° a 3.998 1.998 101
Intercept 753.779 1 753779 376.792 .000
Person 1251 1 1231 615 435
Percent 14.760 3 4.920 2459 067
Error 190.049 95 2.001

Total 3640.000 100

Corrected Total 206.040 99

a. R Squared = .078 (Adjusted R Squared = .039)
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Tests of Between-Subjects Effects
Dependent Variable: Texture
Type Il Sum of

Source Squares df Mean Square F Sie.
Corrected Model 76.009° a 19.002 7.284 .000
Intercept 712.412 1 712412 273.086 .000
Person 8.889 1 8.889 3.408 .068
Percent 67.120 3 22.373 8.576 .000
Error 247831 95 2.609

Total 3972.000 100

Corrected Total 323.840 99

a. R Squared = .235 (Adjusted R Squared = .202)
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Tests of Between-Subjects Effects
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Dependent Variable:  [otal
Type Il Sum of

Source Squares df Mean Square F Sie.
Corrected Model 35.107° ul 8777 5.626 .000
Intercept 855.551 1 855.551 548.418 .000
Person 3.557 1 3.551 2.280 134
Percent 31.550 3 T8-5%7 6.741 .000
Error 148.203 a5 1.560

Total 4241.000 100

Corrected Total 183.310 99

a. R Squared = .192 (Adjusted R Squared = .157)
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Tests of Between-Subjects Effects
Dependent Variable: Color
Type lll Sumn of

Source Squares df Mean Square E Sie.
Corrected Model 99.712° 4 24.928 13.762 .000
Intercept 988.772 1 988.772 545.876 .000
Person 10.802 1 10.802 5.963 016
Percent 88.910 ) 29.637 16.362 .000
Error 172.078 95 1.811

Total 3741.000 100

Corrected Total 271.790 99

a. R Squared = .367 (Adjusted R Squared = .340)
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Tests of Between-Subjects Effects

Dependent Variable:  Smell

Type Il Sum of
Source Squares df Mean Square F Sieg.
Corrected Model 62.573° 4 15.643 6.524 .000
Intercept 707.242 1 707.242 294,959 .000
Person 292 1 292 122 728
Percent 62.280 3 20.760 8.658 .000
Error 227.787 95 2.398
Total 3404.000 100
Corrected Total 290.360 99

a. R Squared = .215 (Adjusted R Squared = .182)

AUYBUNIIUTATIRYaEUTInAdasunlsnduA 1 Ten

Tests of Between-Subjects Effects

Dependent Variable: Taste

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 32.592° 4 8.148 4.440 .002
Intercept 859.101 1 859.101 468.193 .000
Person 8.082 1 8.082 4.404 038
Percent 24.510 3 8.170 4.452 006
Error 174.318 95 1.835
Total 3265.000 100
Corrected Total 206.910 99

a. R Squared = 158 (Adjusted R Squared = .122)
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Tests of Between-Subjects Effects

Dependent Varlable:  Texture
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 33.877° 4 8.469 4.949 .001
Intercept 913.245 1 913.245 533.690 .000
Person 9.997 1 9.997 5842 .018
Percent 23.880 3 7.960 4.652 .004
Error 162.563 95 1.711

Total 3400.000 100

Corrected Total 196.440 99

a. R Squared = .172 (Adjusted R Squared = .138)

AugaunIeiuATUYaulaesuveuiinarevuntlnanaal e
Tests of Between-Subjects Effects
Dependent Variable: Total
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 38.480° a 9.620 6.704 .000
Intercept 939.078 1 939.078 658.298 000
Person 8.240 1 8.240 5776 .018
Percent 30.240 3 10.080 7.066 .000
Error 135.520 95 1.427

Total 3538.000 100

Corrected Total 174.000 99

a. R Squared = 221 (Adjusted R Squared = .188)
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Tests of Between-Subjects Effects
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Dependent Variable:  Colar
Type Il Sum of

Source Squares df Mean Square F Sie.
Corrected Model 58.585° a 14.646 6.179 .000
Intercept 905.200 1 905.200 381.898 .000
Person 425 1 425 179 673
Percent 58.160 3 19.387 3.179 .000
Error 225175 95 2.370

Total 4278.000 100

Corrected Total 283.760 99

a. R Squared = 206 (Adjusted R Squared = .173)
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Tests of Between-Subjects Effects
Dependent Variable: Smell
Type Il Sum of

Source Squares df Mean Square F Sie.
Corrected Model 38.393° 4 9.598 3.009 022
Intercept 756.445 1 756.445 231172 000
Person .603 1 .603 189 665
Percent 37.790 3 12:597 3.949 011
Error 302.997 95 3.189

Total 3717.000 100

Corrected Total 341.390 99

a. R Squared = 112 (Adjusted R Squared = .075)
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Tests of Between-Subjects Effects

Uependent Variable:  Taste
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 21.000° 4 5.250 1.750 146
Intercept 808.680 1 808.680 269.522 000
Person .000 1 .000 .000 994
Percent 21.000 3 7.000 2.333 079
Error 285.040 95 3.000

Total 3740.000 100

Corrected Total 306.040 99

a. R Squared = .069 (Adjusted R Squared = .029)
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Tests of Between-Subjects Effects
Dependent Variable: Texture
Type Il Sum of

Source Squares df Mean Square F Sig.
Corrected Model 76.585° a4 19.146 7.178 .000
Intercept 927.224 1 927.224 347.597 .000
Person 185 1 185 069 793
Percent 76.400 3 25.467 9.547 000
Error 253.415 95 2.668

Total 4174.000 100

Corrected Total 330.000 99

a. R Squared = .232 (Adjusted R Squared = .200)




Tests of Between-Subjects Effects
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Dependent Vanable: Iotal

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 52173 al 13.043 5.553 .000
Intercept 952.504 1 952.504 405.526 .000
Person 1.663 1 1.663 .708 .402
Percent 50.510 3 16.837 7.168 .000
Error 223.137 95 2.349
Total 4033.000 100
Corrected Total 275.310 99

a. R Squared = .190 (Adjusted R Squared = .155)
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