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Special Project Title Study on Effect of Carbon Sources for Lactic Acid Production
by Lactobacillus casei ATCC 10863
Name Mr. Seksan Maneekum

Mr. Atthapon  Khandhajitra

Department Applied Biology

Program Biotechnology

Academic Year 2006

Special Project Advisor Assoc.Prof. Sukjai Choojun
ABSTACT

Alstudy about suitable carbon sources for lactic acid, producing by Lactobacillus casei
ATCC 10863 from six carbon sources that are glucose, lactose, maltose, fructose, sucrose and
cane-sugar. [t was fermented in stationary flask at temperature 30° C. This experiment found
that glucose which 1s suitable carbon sources; because it could produce maximum lactic acid
is 22.247 g/l. The yields of lactic acid are 0.698 g/g substrate and the productivity of lactic
acid is 0.309 -g/l/h, at) the seventy-two hours of fermentation respectively. Suitable
concentration of carbon sources for lactic acid producing by sourees and glucose were studied.
The different concentrations are 20, 30, 40-and 50 g/t. The result-of the experiment found that
glucose at 40'g/l concentration is the maximum lactic acid that is 25.322 g/l, the ¥ield of lactic
acid is 0.984 g/g substrate and the productivity of lactic acid is 0.352'g/l/h at the seventy-two
hours of fermentation. The etficiency of lactic acid production in 2-liter-flask and fermentor
were investigated and.the supplement of calcium carbonate was also control out. The result
present that the supplement of calcium carbonate improved the production of lactic acid by L.
casei ATCC 10863. Cultivation in fermentor showed better yield of lactic acid than 2-liter-
flask. The lactic acid, yield and productivity rate were 15.28 g/1, 0.72 g/g substrate and 0.16

g/Lhr, respectively for cultivation time ninety-six hours,
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AT AUATICHN AN

a1, MyRNzHfSnamnudin (AOAC, 1995)
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1. §ouguuqil 105 dIrITAAITU
ba
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34050959 1l
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v 4 id J
F2Tus udnhosnninfewld Wlulegaanusudaouiald wunsoidgungiiveamsuzanas
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1.2 nseR nduaafvdo 1 g i ldraa e iimin s 2 afsAade e iy 13

daaaas
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=
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¥
WML N8N LB

a2, msinsievidSunadleiiu (AOAC, 1995)

<
gunsa
1.9Unseiadaluiu (Soxhlet apparatus) Jszneudreiinnesdwmiuldaaiazais nsoeniumiy

(condenser) wazt 19 A11u50U (heating mantle)

2.naenlanloge
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3.d41a
4.qouTih
4 o '
5.n303%1 Iihedieaziden
6.loganuTY
ot
IEM3
= o o o 1 v & oA a aa 9/ Qy v d
2.1 sudanesdmium ludu Felivunaniug 150 Hadaas ludeu T Aaldiauly
Hd 1 » ]
Togaanuau tasFaihminiuuuou
¥ b ] 3
2.2 FUNMINAI991UUNT zAEATEIINSIITTTA Yseu -2 niy vio 1diiaga udo
ldaslunasadmivldaedieaquéiod d ieasasatalmanssaweditadwgue
2.3 Mvavailoowlanllugeaian

2.4 17l Ins@sudines asludninednnlviulsua 150 Taddasirdaneummldany

o @ o < o 8r o o
2.5 ‘V]“lﬂ']ﬁﬂﬂﬁul"llimﬂuﬂﬁ? 45 1IN Tﬂﬂﬂi‘ﬂﬂ’ﬂu%J@utlﬁ?‘iUﬂ"ﬂﬂdﬁ]iﬂﬁia'lﬂﬂﬁuﬂ')i]'lﬂ

gUnsalnunindngsast 150 nuaRsuIl
= =5 d g/ 0w o 4 & o
2.6 ST ADA IS ATMIe uDIRIn By dndaed 1R BYsEIMER IR I MY

) =4

o = & g
2.7 thinineenTudngangs 20-90 sarnmaBeaaunia na e

Tngﬂmm%u
2.8 Sahmiih 18T UT S TeE 30 117 VENT TiaHaR TR M Een S dRso i T
iU 1-3 Taansu
AIATUIN
s lviu Gevag)= 100 x smiTAfTohanaeey

4
WINTINA I8EIINOUDY

a3 msinnznmySinaddstulaaliisoariaia (AOAC, 1995)
1. wInvou11sAn (Kjeldahl flask) Y119 250-300 Hadans

2. ‘ljﬂﬂf‘)’uTﬂiau (semi — microdistillation apparatus)

3. adSuSnnsvuia 100 Hadaas (volumetric flask)

4. 1agUuuIA 50 JAdaA3 (Erlenmeyer flask)



42

5. Uide va 5,10 aaans (volumetric pipette)
6. 117159 YUIA 25 Haaans (burett)
7. gui

8. NITATHNIDI

=
sl
1.nsadafl25nidudu
1 aaa o 1 1 I=1 o 1
2.assulfnso IeaeiilosFamaiedso,) 1 dauan upmFoudartang;so,) 9 diu
3.msazano1xdoy Teasented idudus2 Wasisuansy
4.msazansnsanaodadn 0.02.ua3ia
5 BuAIADS fashiro/indicator1ei3 uatilu.stock solution 5t 5aAUR (methelene bluc) 0.2 A5 Y
armeluosiuea 200 daaaas uazFiuRalsa(methyl red)0.05 ayatd o 111ga-s0 a0 ans
¥ "
Hwan e a5 1a9stock selution LW 3INGY 2 60
ot ]
353
. » » [

1.1 ¥hmisdhotwisnszaisns o4 T idbhmsiniuidoutlseaes 12 a5y Taaahllu
yaatosTUsau (Kjeldahl)

1.2 1Ava s WAt 1 asiuasnsasars ndudi 15 aadns

» k4
1.3 v lleaoumaain ludeivai s ia ldaasavayla aobns ou
o & a uy ) a ey e = o o

1.4 thlnaulaufniingy 3o fiaadas Iamerleasonloadudu 32 dasidmansy
1JSums 80 Unddans

1.5 seafudsiinau 18@ e vIagilsun (Erenmeyer flask) Aussynsausiaidudu 2

=1

wefigud

1.6 [AUDUALAADS 2-3 oA

o o v o a Ao
1.7 nausu ldesazanslunadumalszaina 250 Jadaas
c:l g o ) 9/ qy q.l ar
1.8 nautlszana 10 wIn Maawglnsainnuiudinihinauasluviniesy
1.9 lwmsnensazarwindu ldsumsazarunsainae Aianududu 0.02 uesia 0'ld
=y = 1

pagAiiudsuyeou

1.10%1 blank @183 MsAeNUY0 3.2 - 3.10
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U TysAuosas) = (a-b) x Nx 14 x factor

w
a = USnamsazansandoflsiiuiodans
b= USnamsazmonsandof 191574 blank fluiadans
N = anududuvesaisazawnsanie Huueiia
W = thmindeie Bundy
Factor = 6.25

hwmiinauyadue idAs oy = 14.007)

n4. MIAANHUSuIREN (AOAC,1995)
ginsal

NG

2. 8803110 0nE DY (Muflé Furnace)
3.Tn@ﬂmm%yu

41930959 IWihediagisoa

=
IEMT
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1.1 rdensuiieuniou humuifiguungil soosmaaidon hiaalszia 3 $2Tua

a o : r=Y ' o
Taadadiaumiudlseysging 30 - 45 wiiifo Heamainivhuanreansiou 4dnitnnnen

' & v v 2 a'y P AN
wuenld Togannudu Jeoulmousudsguugivos udriiamin

¥ »
1.2 9190 Aseazlseing 30 B uaznsevinsudnnude a2 1 uldnan11ves

E ¥ 4
as o

Thminna 2 ajeAarony iy 1-3 Uadnau

1.3 Sahmingese W Gt s ssmare nstr T udhensuifiounioud
nsnwsimiinuiveueguda il hugaan fuaumuanu idaSaduamgaimgii 600 arm
raFea uaznsziurReInudo 4.2.1 -4.2.2
MIMUIN

YsuraudiFovay) = 100 x Mimindled1anasmsinn

Mmindrednusuau
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n.5 M3inTzifinendilee1ns (Crude fiber)(AOAC, 1995)
gunsaluazintesile

LinsoaFanailon 4 Summia

2 finnasdmsuton 600 Taddns

330 aduiiinouAumefdmsumuquUsinasWnsfianeasseznmmsdey
4.n570n503uru Tane

5.826n5211309 (crucible)

s T fhfinugugangi1a

7.Tn@ﬂﬂ31u§u (desiccator)

=

R (tong)
-1
F1siad
o a & o Es
1.asazaysn 1.25 wlesidua
= o
2. Twdoy lanson lan2swlosmun
a o
3.1eTasnansn 1 alesmud
A & a o
41951100 95 (o TIHuaA
ad
3IEMs
a‘: o U o ~ oL \J i o o o s . e
5.1 Hafethalrenu 5 nfulunsaidansai Tauilueiidss ety 1 ldHe010
] as Qs gt l =1 " =Y
dumsada luiuudl) ldutanes cooNadans
= %) = Pyl o o s a Jaa
5.2 uesagatansadansn 19uUn 1.25 hlesigua 200 Hananas
o 1 o ] L] =~ v 3/ 9/ : v o
5.3 i lnadniunSesesodi id@eaniu 30 W (luszuisaisaun laldaimasiou
(A3D90D8AY)
o o ] o o s
5.4 1AIENHIUMIAVAIINT A UTNTOIAIUNS J0ns0AIHY lanzvoayaglnsal crude

fiber

5.5 Aesedoiifou suihfinsodldnuanse (mazeudivaniia)

5.6 theetadimas ldainined luidy uazmy Txdou lanson lod Wudu 1.25
wesiSud 200 flaaans udnildudelunseadosunu 30 i

o ] o = v oy k4 o 3/
5.7 ﬂ‘iE]Qﬂ’)ﬂﬂ'l@ﬁ’lﬂﬂ‘i’mﬂiﬂdﬂulﬂll 51\191')61—41‘581—1!,3?11!‘05]
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5.8 Adindudionsalalasaansn 1 nlefisud s1uam 10 Tadans miudedaos
Suifoudovunszitanuansa

5.9 dindensagaimudae wsmea o5 wefiFud 1w 10 Faddns

5.10 srodavens1d crucible (FrumsouiRauda) nnuihdeslisemeesuea
0NUY water bath

]
=

s.11 i leuludoviiguugil 100 esrwaiBoa Swfn Sefgungi 140 vam
= &
A 1 %2 1049)
o w ] 9 d = o : o
5.12 1hdred1a T Ifiou ludesietator nagduimin (w,)
5.13 u1mamwmaa”lﬂmmumanﬂiwua'ﬂqmHﬂn 700 BasFalE . 1 T
5.14 $19181 1 desiceator HAZFITTHYN (W)

5.15 S o 519 ud erude fibern 97N 3RS

NIIATUIN
$pung crude fibér =W1.< W2 x 100

ﬁmﬁﬂﬁ’aaﬁw

0.6 MIUATILHAIOKADSUOATIA (Walter Gctivity : Aw)
35ms Set-up Calibration

6.1 Tuns calibration W3y 1 ndeTundsiududnsotunsoans i lanlu 181514
Juynadadouiieziinnld

6.2 1A salt standard (mm%’;ummgm) 1118111 measurifig chdmber IIFUAUA Y salt
standard SAL-95% (95% ERH)

6.3 Uarhasou WiGeudey

6.4 Wniludimdes asséumihdhoiiovounioshifmneay 2

6.5 sotlszanas 1 —2 117 uéReneenailudf Enter S1uumile nasunseiauseuaa
1 No (LCD) nszwsy T¥seauni1 CAL vuseszuaasdonn ®  wiouqdunseniude

6.6 Winatlu@fh Enter Snnsanitssunseifadonnuuuvenganszniy

4 o 2 o n’
6.7 lﬂ?f‘)\ﬁl&"ﬂ'lﬂ'ﬁ calibrate IULIATITUATSUIUMT
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6.8 naWINEGAAUNS Calibrate 1&7 103039z AUG AN ml3nA Aonfouiles Tauazuaas
QUM DI 1D %ERH (Aw = ERH/100)

6.9 dmSumous W3 calibrate Tusisadonfua 95 denandiadu 35ms 14
w3euieiimsinmafietie

6.10 ¥yuifufiniesvnTea Thermoconstanter Tudumuad (1)

6.11 nanaAn (sample cup) M ldarsAledsld IdUSuasszuna 80-90 %

6.12 hadudleianla il easuring chamber

6.13 Darh #5000y

6.14 Set gungii 1 I8aiiifeams e ddeanssuaifiens i 1§ 2S egrmwaidon
AldRatludinssenilelWlgnnomy 1011wy

6.15 MIntTusosuAseas gy Igain 13 L Relative Humidity ype0INIRIIIA
"|§og uaniziinugnd (Equilibrivt) fiaAsAa061 A AE5HE b0 11 EqUilibrium Relative

Humidity (ERH) ({iav13820 100 Aaglda Av (Water Activity) @ ufidena
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MARUIN Y

MsAATIzHaUTAMIMEN THYBIYHNIS

msaasIERauianamennusuuuile

1. 1HBF NN (Texture)

1.1iedvuniluniamanuuds, anutangy, anuyumiinl uazanumtismila

¥
12dsmaniizas Mauaz]

1.3711mM3539 10 #2081

2 a(Color)
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.lﬁf\n’f\f\\.

N'ﬂ»xw\ \

ol itk

ek, W

__ o
\

msnanesiivzlfiuge 1@(‘\ N

dy @) . Q‘I ¥ o 'y} v d‘ = 1 5 I Y o 2 & Y v
enansiiluienansianulidmiumsldnumenisfinwving leygymlinhluldusslevdiunism

ldnsallagedu Snvisnullnanudasiilon LLavmaammmquaqLaﬂa’ﬁwﬂﬂ%ﬁﬁmwﬂﬂ%
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MANUIN A

nuunageumedszamausia

msdszdiuanuuanmamalszamduda

v aa
AIIBNTT Tria

AR
FOMMAAOU oo i 1 / //////;ﬁ .......
vouUfuRlunisnaaes Z :.{-""

JBtaHBuU

& A Y o v £ d‘ = O 1 Y o £ ¢ v 1%
nasiuenansianulidmsunisidanuienisfinyivingu lieygslihluldusslevdaunisen

[

lidnsdilagiiadu dnviavnulilvanulasion wazdednadadadivesenarsynasaninsuiluly
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nsdsziivauseumalssamduia
_ ( Hedonic Test )
YR o Tudi
YoilfiAluminanes
1. FudedavuuiliinaSssmudumimudidy
2. Wazuanusevewsazgudnyusvesdoiumuf e U IRz YA Lo

1=Tivouwnniiqa  2="hivey _3—llSoumaet. #=ins

5=youianioy 6=voU 7= FOUNINTIA

sHafI0eNg

anvazsinguesvyutls 1 3 4 5 6 7
Fvouiiovunil 1 2 3 4 5 6 7
navvevLLil 1 2 L 4 5 6 7
sammvosvuuil ] 2 3 d s 6 1
fiodurler chewiness I 2 3 4 5 6 2
AT 1 ) 4 ATAN 3 435
ANy lass iy 1 2 3 4 5 5 7
sHafIveng

anpasdsnguesaunily v 2 3 4 5 6 7
Fuouiioviyils 1 2 3 4 5 6 7
nauvpavuwila 1 2 3 4 5 6 7
samavesyuuils 1 2 3 3 5 6 7
oduser chewiness 1 2 3 4 5 6 7
Al 1 2 3 4 5 6 7
ANUYOU lAysIu 1 2 3 4 5 6 i

YDITUBIUE
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NIANUIN I

mMsIailedueTe

Mo duiavssvunils

1. 19238 sMs P/75 Usenouidhs

AV\V
NI L OO
m - Y
o_ o 'V L 4
4. MAeew (ﬂ’ma m\ -v‘* 1539 >, 0%,
S C )

5. INTIZHE

a le u@?ﬁma;

& A Y o v £ d‘ = O 1 Y o £ ¢ v 1%
nansiuenansianulidmsunisidanuienisfinyivingu lieygsalihluldusslevdaunisen

lainsdllagiiean Snteiuilifauvaniom uazdosdridaiaudmenenamnassiinm e
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MARNUIN D

msiadsnas

mitadSinasvesusils

=i}

o_<t o o =4 o i
1. WIUAINDIYUIRI00 ml YIDALUAAII bl utﬂlﬂaﬂQ'TﬂfJﬂ%$1ﬁ’§1u?uQ'lﬁ

Y5103 100 ml

& A Y o v £ d‘ = O 1 Y o £ ¢ v 1%
nasiuenansianulidmsunisidanuienisfinyivingu lieygslihluldusslevdaunisen

lidnsdilagiiadu dnviavnulilvanulasion wazdednadadadivesenarsynasaninsuiluly
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AMANUIN N

A1519 AN IZHNAN 199 0A

o a o a o ' = -
AMITNNIANHINN 1 ﬂ?ﬁm”l!ﬂi?&ﬂﬂj—luuﬂ 51J5'JuHﬂgﬂaqﬂ'ﬁ!ﬂllllﬁqﬂﬂllﬂiﬂ@ﬂ?]ﬂlﬁu&?ﬂuﬂ

ANOVA
CHEW
Sum of
Squares df Mean Square £ Sig.
Between Groups 6.598 4 1.650 30.652 .001
Within Groups 269 5 .054
Total 6.867 9

MINMANKINT 2 ATIARsEHA T s s TuRaseam s Rt alalsas A ufawt oa

ANOVA
GUM
Sum of
Squares df Mean Square F Sig.
Between Groups 1.876 A 469 227.696 .000
Within Groups 010 5 .002
Total 1.887 9

H a @ a ' =1
MINMANKINT 3 ﬂ'l'i'lﬂ']lﬂ'i"lxﬁﬂ'l'mli‘l]ﬂ_li ’Juﬂﬂ‘l]i’)Qﬂ'lSmmlﬂﬂﬂﬂllﬂﬁﬁﬂﬂ’ﬂﬂlwﬁ

ANOVA
HARD
Sum of _
Squares df Mean Square F Sig.
Between Groups 13.233 4 3.308 48.980 .000
Within Groups .338 5 .068
Total 13.571 9




4;. = o L o ¥ = T
ATRMANINT 4 A1513TRea s s umavesmaduutldaulsdennumiiony

ANOVA
SPRING
Sum of
Squares df Mean Square F Sig.
Between Groups 979 4 .245 190.830 .000
Within Groups .006 5 .001
Total .986 9

:; =Y ' =Y q:- (= .3'
MINMANUINND 5 A1539A Iz ALl ds uravesnTsiaurtladalsaoFvo udeauuils

ANOVA
E
Sum of
Squares df Mean Square g Sig.
Between Groups 180.803 4 45.201 572.162 000
Within Groups 395 b 079
Total 181,168 <

53

ATNMANYINT 6 MT1 A Ha TS seuaveemsAgiil@a) srolsuansvetanuile

ANOVA
VOLUME
Sum of
Squares df Mean Square F Sig.
Between Groups 4342.475 4 1085.619 139.070 .000
Within Groups 39.031 5 7.806
Total 4381.506 9




ATHMANUING 7 MININNERR s Usruravesmsiduutlssandsao Water activity

vo3vuuile
ANOVA

AW

Sum of

Squares df Mean Square F Sig.
Between Groups .001 4 .000 113.005 .000
Within Groups .000 5 .000
Total .001 9

T ¥
ATHMANLINT 8 msnamﬂzﬁmmuﬂsﬂswwaﬁuaamizﬁmlﬁaﬂmsﬂsﬁammmﬁu

ANOVA
MOISTURE
Sum of
Squares df | Mean Square F Sig.
Between Groups 30.701 4 7.675 19.604 .003
Within Groups 11958 5 .392
Total 32.659 9

MINMARNKINT 9 A1TRAATIZHAIM M55 unavesmsauiltladansanys e llsay

vouuuils
ANOVA

PROTEIN

Sum of

Squares df Mean Square F Sig.
Between Groups 7.090 4 1.772 2.544 167
Within Groups 3.484 5 697
Total 10.573 9
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3 = o o
AMTRMARUINN 10 AINAATIEHA NS WRzuuLA IR UM IUE nYaITY s IngYB I

Handmsauuthdauls luseduseg

Tests of Between-Subjects Effects

Dependent Variable: APPEAR

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 196.678°2 31 6.344 6.197 .000
Intercept 1646.944 1 1646.944 | 1608.729 .000
BREAD 164.622 2 82:311 80.401 .000
PANEL 32.056 29 1,105 1.080 .392
Error 59.378 58 | 1,024 :
Total 1903.000 90
Corrected Total 256.056 89

a. R Squared =.768 (Adjusted R-Squared = /644)

d' =y v -: nﬁ'q
MINMANUINA 11 715 19 ARSI T Tl U s R uaNNyo UR YD UlDv0IvL il sniims

wundedauls lusgaueiag

Tests of Between-Subjects Effects

Dependent Variable: CLUMB

Type II1:Sum
Source of Squares df Mean Square F Sig.
Corrected Model 142,244° 31 4,589 2.949 000
Intercept 1997.511 1 1997.511 | 1283.798 .000
BREAD 104.422 2 52.211 33.556 .000
PANEL 37.822 29 1,304 838 .693
Error 90.244 58 1.556
Total 2230.000 90
Corrected Total 232.489 89

a. R Squared = .

612 (Adjusted R Squared = .404)
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= a 2 -
MINMANKINT 12 M5RAAT AN T s IuasuA s UE N ANYe L LT T s
wundlidauds lussduaen

Tests of Between-Subjects Effects
Dependent Variable: ADOR

Type III Sum
Source of Squares df Mean Square E Sig.
Corrected Model 165.144° 31 S 3.935 .000
Intercept 1969.344 1 1969.344 | “1454.851 .000
BREAD 108.156 2 54.078 39.950 .000
PANEL 56.989 29 1.965 1.452 113
Error 78.511 58 1354 :
Total 2213.000 90
Corrected Total 243.656 89

a. R Squared =.678 (Adjusted R Squared =.506)
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Tests of Between-Subjects Effects
Dependent Variable: TASFE

Type III Sum
Source of Squares df Mean Square E Sig.
Corrected Model 139.5442 31 4.501 3.395 .000
Intercept 2180.544 1 2180.544 | 1644.386 .000
BREAD 85.089 2 42.544 32.084 .000
PANEL 54.456 29 1.878 1.416 129
Error 76.911 58 1.326
Total 2397.000 90
Corrected Total 216.456 89

a. R Squared = .645 (Adjusted R Squared = .455)
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Tests of Between-Subjects Effects

Dependent Variable: CHEWINES

Type LI Sum
Source of Squares df Mean Square F Sig.
Corrected Model 143.044° 31 4.614 2.407 .002
Intercept 1867.778 1 1867.778 974.395 .000
BREAD 100.822 2 50.411 26.299 .000
PANEL 42.222 29 1.456 760 .788
Error 111.178 58 1,917
Total 2122.000 90
Corrected Total _254.222 89

a. R Squared = .563/(Adjusted R|Squared =1:329)
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Tests of Between-Subjects Effects

Dependent Variable; SOFTNESS

Type IIESum
Source of Squares df Mean Square F Sig.
Corrected Model 186.811° 31 6.026 5.770 .000
Intercept 1913.611 1 1913.611 1832.181 .000
BREAD 154.756 2 77.378 74.085 .000
PANEL 32.056 29 1,105 1.058 416
Error 60.578 58 1.044
Total 2161.000 90
Corrected Total 247.389 89

a. R Squared =.

755 (Adjusted R Squared = .624)
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Tests of Between-Subjects Effects
Dependent Variable: APPEAR

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 104.9442 31 3.385 4.327 .000
Intercept 1950.678 i 1950.678}-.2493.276 .000
BREAD 9.956 2 4.978 6.362 .003
PANEL 94.989 29 3.275 4.187 .000
Error 45.378 58 782
Total 2101.000 90
Corrected Total 150.322 89

a. R Squared = .698 (Adjusted R Squared = ,537)
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Tests of Between-Subjects Effects
Dependent Variable: COLOR

Type ITL.Sum
Source of Squares df Mean Sqguare F Sig.
Corrected Model 41.678°2 31 1.344 1.625 :055
Intercept 2361.344 1 2361.344 | 2854613 2000
BREAD 1.356 2 .678 .819 446
PANEL 40.322 29 1.390 1.681 047
Error 47.978 58 .827
Total 2451.000 90
Corrected Total 89.656 89

a. R Squared = .465 (Adjusted R Squared = .179)
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Tests of Between-Subjects Effects
Dependent Variable: ODOR

Type III Sum
Source of Squares df Mean Square R Sig.
Corrected Model 83.4672 31 2.692 2:497 .001
Intercept 1690.000 1 1690/000" | -1567.484 .000
BREAD 19.467 2 9,733 9.028 .000
PANEL 64.000 29 2.207 2.047 010
Error 62.533 58 1.078
Total 1836.000 S0
Corrected Total 146.000 89

a. R Squared = .572 (Adjusted R Squared =.343)
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Tests of Between-Subjects Effects
Dependent Variable: TASTE

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 93.0112 3r 3.000 3:6/8 .000
Intercept 1786.678 1 1786.678 | 2190.338 .000
BREAD .689 2 .344 422 .658
PANEL 92.322 29 3.184 3.903 .000
Error 47.311 58 .816
Total 1927.000 90
Corrected Total 140.322 89

a. R Squared = .663 (Adjusted R Squared = .483)
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Tests of Between-Subjects Effects
Dependent Variable: CHEW

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 85.4782 31 2.757 4.263 .000
Intercept 2260.011 1 2260.011 3494.448 .000
BREAD 2.489 2 1244 1.924 155
PANEL 82.989 29 2.862 4.425 .000
Error 37.511 58 647
Total 2383.000 S0
Corrected Total 122.989 89

a. R Squared = .695 (Adjusted R'Squared =.532)
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Tests of Between-Subjects Effects
Dependent Variable: SOFT

Type III.Sum
Source of Squares df Mean Square R Sig.
Corrected Model 111.0672 31 3.583 4.625 .000
Intercept 2560.000 1 2560.000 | 3304.451 .000
BREAD 5.067 2 : 2.533 3.270 .045
PANEL 106.000 29 3.655 4.718 .000
Error 44.933 58 775
Total 2716.000 90
Corrected Total 156.000 89

a. R Squared = .712 (Adjusted R Squared = .558)
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Tests of Between-Subjects Effects
Dependent Variable: OVERALL

Type III Sum
Source of Squares df Mean Square E Sig.
Corrected Model 70:5118 31 2,275 3.246 .000
Intercept. 2092.844 1 2092:844 2986:508 000
BREAD 2.222E-02 2 1.111E-02 .016 984
PANEL 70:489 29 2,431 3.469 .000
Error 40.644 58 701
Total 2204.000 90
Corrected Total 111.156 89

a. R Squared = .634 (Adjusted R'Squared = .430)
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ATEIU
ANOVA
COLOUR
Sum of )
Squares df Mean Square 'R Sig:
Between Groups 6.421 2 3.211
Within Groups .000 0
Total 6.421 2
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ANOVA

AW

Sum of

Squares df Mean Square e Sig.
Between Groups .000 2 .000
Within Groups .000 0
Total - _£.000 2
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NITIU
ANOVA

VOLUME

Sum of

Squares df Mean Square F Sig.
Between Groups 40.167 2 20.083
Within Groups .000 0
Total 40.167 ; 2,
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ANOVA
VOLUME
Sum of
Squares df Mean Square f Sig.
Between Groups 10.188 3 3.396
Within Groups .000 0
Total 10.188 § - 3
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ANOVA ' #
MOISTURE
Sum of
Squares df Mean Square F Sig.
Between Groups 82.973 3 27.658 | *
Within Groups .000 0
Total 82.973 3
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ANOVA
AW
Sum of
Squares df Mean Square F Sig.
Between Groups .001 3 .000
Within Groups .000 0
Total .001 3
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ANOVA
PROTEIN
Sum of
Squares df Mean Square F Sig.
Between Groups .905 3 .302
Within Groups .000 0
Total 905 3

ci = o o -1 r=3 e r=y
A1IMARUINT 30 a9 atnngaa ullsdsyumianmm g miiave s vrilen Inisifa v

o ar - i = = = a
utladauls Tusegdy 250astdus yunihamsmytlawoezi 10aadidud, yuailsiimudy

< & a
Yawazds 15 esidus mgwnilnimsmuilauaedd 20 (Josius

ANOVA
CHEW
Sum-of
Squares df Mean Sguare F Sia.
Between Groups 410 3 137 .
Within Groups {000 0
Total 410 3 ()
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ANOVA
GUM
Sum of
Squares df Mean Square F Sig.
Between Groups 1.002 3 334
within Groups .000 0
Total 1.002 3
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ANOVA
HARD
Sum of
Squares df Mean Square I Sig.
Between Groups 1.952 %) 651
Within Groups .000 0
Total 1.952 3
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ANOVA
SPRING
Sum of
Squares df Mean Square E Sig.
Between Groups 201 3 067 .
Within Groups 000 0 :
Total .201 3
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Tests of Between-Subjects Effects
Dependent Variable: APPEAR

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 76.467° 31 2.467 2.755 .000
Intercept 2073.600 1 2073.600 | 2315.831 .000
BREAD 6.067 3.033 ~3.388 041
PANEL 70.400 29 2.428 2.711 .001
Error 51.933 58 .895
Total 2202.000 90
Corrected Total 128.400 89

a. R Squared /= .596 (Adjusted R Squared =.379)
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Tests of Between-Subjects Effects
Dependent Variable: COLOUR

Type III'Sum
Source of Squares df Mean Square B Sig.
Corrected Model 58.711° 31 1.894 1.586 .064
Intercept 2230.044 1 2230.044 | 1867.913 .000
BREAD 6.756 2 3.378 2.829 .067
PANEL 51.956 29 1.792 1.501 .094
Error 69.244 58 1.194
Total 2358.000 90
Corrected Total 127.956 89

a. R Squared = .

459 (Adjusted R Squared = .170)
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Tests of Between-Subjects Effects
Dependent Variable: ODOR

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 81.633 31 2.633 1.681 .044
Intercept 1562.500 b2 1562,500 997.340 .000
BREAD 16467 2 8:233 5.255 .008
PANEL 65.167 29 2.247 '1.434 121
Error 90:867 58 1:567
Total 1735.000 S0
Corrected Total 172.500 89

a. R Squared = .473 (Adjusted R Squared =,192)
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Tests of Between-Subjects Effects
Dependent Variable: TASTE

Type III Sum
Source of Squares df Mean Square F Sia.
Corrected Model 84.600° 31 2,729 2.561 .001
Intercept 2073.600 Y 2073.600" | 1946.097 .000
BREAD 867 2 433 407 .668
PANEL 83.733 29 2.887 2.710 .001
Error 61.800 58 1.066
Total 2220.000 90
Corrected Total 146.400 89

a. R Squared = .578 (Adjusted R Squared = .352)



68

MINMANUINN 38 M5 19TAzdanulsdsluazuuuanureuduaumilsviave
i a a ar -1 i a
wuuileniimaduutledaunlsluszdv 25 Wesidud , vuuilfimsiAulauazds 10 nlesidud,

{ o a s d o e a
wuyilsnimadulawazde 15 nledizud uazvunileniimsdmlamazds 20 esiFud

Tests of Between-Subjects Effects

Dependent Variable: CHEW

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 64.6442 31 2.085 2.192 .005
Intercept 2290,178 1 2290.178.-| _2407.315 .000
BREAD .822 2 A11 432 .651
PANEL 63.822 29 2.201 2:313 .003
Error 55.178 58 2951
Total 2410.000 90 |
Corrected Total 119.822 89

a. R Squared = .540 (Adjusted R'Squared = .293)
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Tests of Between-Subjects Effects

Dependent Variable: SOFT

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 39.5008 31 1.274 1.735 .035
Intercept 2340.900 1 2340.900-1 3187.141 .000
BREAD 1.400 2 .700 953 392
PANEL 38.100 29 1.314 1.789 .030
Error 42.600 58 734
Total 2423.000 90
Corrected Total 82.100 89

a. R Squared = .

481 (Adjusted R Squared = .204)
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Tests of Between-Subjects Effects
Dependent Variable: OVERALL

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 60.8332 ch 1.962 1.799 .027
Intercept 2160.900 p 2160.9001 1981.015 .000
BREAD 6.067 2 3.033 2.781 .070
PANEL 54.767 29 1.889 1.731 .038
Error 63.267 58 1.091
Total 2285.000 90
Corrected Total 124.100 89

a. R Squared = .490 (Adjusted R Squared = .218)
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