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2. MuANzYUSnaud 1ae38 Direct method (A.0.A.C., 2000)
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4. mAImzySanalluiu 1ne38 Solvent extraction (A.0.A.C., 2000)
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16. A1 Thiobarbituric acid-reaction substances (TBARS) (Buege and Aust, 1978)
A g
n3eauazgilniel
1. 1A594 Spectrophotometer o Jenway i: U 6405 UV/VIS
2. INTOINYPUINIBIMUANGUU DN BWD Sanyo U Harrier 18/80
o
3. ghnIugNauNYl
4. Ydavuia 1, 5 uaz 10 Yadans
5. vinearunde
=y
ORI
-~ - A -~ -~
1. msazawlsTovrdnin ¥alszneudae nsa lTewniig3nfesas 0375 Tu
nsalasnnasezdaniosas 15 unzmsazaionsalalasaaesnaiududu 0.25 ussiia

o A '
2. MsuIAsgIuN laudad laa
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1. Fafaethamin 0.50 n¥u luasazanelsTewniiya Ysinas 4.0 Gaddas

2. Fumsazmonauhnindeaiiuna 10w

3. slfmsazaonaudiuTaoitva

4. mi‘imuUﬂmsa:mUﬁ";Um?awuum%mﬁmmn%‘asau 5,500 SOUABUIN
Wua 20 u

5. Muvastiruantumsinseiaeiauad lildaisded

7. Safmsgandundeiinnuenniu 532 wiTuwas

8. WiAimsgandundsii 18 1Umar TBARS TanSousnnsinasguves
asazmenasgun Toudad lad (mmduduein 0, 1.0,2.0, 3.0, 4.0, uaz 5.0 Llg/ml) uaz
A1uauninl TBARS lugdvesliadnSuniTausadledaen Tansuvesd210619 (mg

malondaldehyde/kg sample)

0.60

0.50

040 -

0.30 y=10.0972x+0.0145

020 R®=09984

Absorbance (532 nm)

0.10

0.00

—

0 1 2 3 4 5 6
Malonaldehyde (ug/ml

Jimanuinii 2 aswhinasgiusernalTinanTaugad ladnudinsganaunasina

gAY 532 Wi lumag
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17. M3IamusInAvet e TUNe (Compression force) (Anon, 1996)
gilnsal

11504 Texture analyzer 8110 Stable micro system 5:11 TA-XT2
s
IBMI
-~ -
1. 1990 TU5un5U Texture expert English

o @ o o v o a an
2. 1 Tannuiadugienavvunaiduriuguinats 45 Gadans nie

a e

< ' a - Y U 19

(58n3 T P/0.25s w Spherical stainless #0ZAAFIUINAIBI11UNT BUAWUFIUTBIT VY
v o =

mans:‘uannnwmmﬁumuﬂuﬂnma 3 FUAIUAS

o Y] @ Y [ & YY)
3. imsia Tas i ianansuualees Fausweaiddavuznaaey 1
yaduasa

23U AS v naITandInIsnaaeY 10 Tadwasaed i uazldiadana
£
fodnauiuszoenis 3 Tafmas naasus I 10 1

6. SMAMIINAYIAAVBIAIDE199 10T 81N T9 1R91A1 Maximum force

Force {g}
200 . i¥m .
Maximum force
R L G- _A_/
ra
Syl
TS
SU0 ., G- FAR
f . T
H H K :
HUO | 5r : i R R
BGG i H ¥ i
;
2AX83 L G Ty
!
3
b
!
- . 3
Y R
@0 0.5 SN 5 2t
BEY L Tieoe  {ui

. » ]
sUmanuIndi 3 AwssnagegaveuiledudatiunisuTaeldinses Texture analyzer
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MTIIMANUINT 1

MANUIN U

o d aa
HANITUAIITHNINODN

wan1sansaundslsiuveslsumesiilaaveuilsduenudla
Tudtlende utleang uazutlinausynihadaiudnlenduwoazud

mghtilFunanthmgiiudunmuviiuesos 6, 12, 18 uaz 24

Source SV SS Df MS F Sig.
Sago starch Treatment 40.187 5 8.037 70.492 0.000
content Error 0.684 6 0.114
Total 40.871 11

MINNANUINN 2

wan1sAszAauls s auveasdenisnasdaveantledueinude
Tudlzuds ufleag nazutlsnauszndradsiudulendwazudla

Ad‘d = [] ] a 9 d'
agftidSuandhmgiludunauminudesas 6, 12, 18 uaz 24 9

QUi 55-95°%

Source NAY SS Df MS F Sig.
55°¢C Treatment 0.241 5 0.048 61.675 0.000
Error 0.009 12 0.001
Total 0.250 17
65°C Treatment 228.583 5 45.717 375.090 0.000
Error 1.463 12 0.122
Total 230.046 17
75°C Treatment 236.370 5 47.274 430.906 0.000
Error 1.317 12 0.110
Total 237.687 17
85°C Treatment 318.538 5 63.708 96.602 0.000
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Error 7.914 12 0.659

Total 326.452 17

95°C Treatment 173.537 5 34.707 61.798 0.000
Error 6.740 12 0.562
Total 180.277 17

MINMANKINN 3 Hams sz anuulsisiuveanisazatsvesuilsdauainudaiu

dnlends uthag uozndlwavwszuirndlaiudnlzudwazutlanghn

S |- ] Y o :i -
fSmanilsangiludunauviiudesay 6, 12, 18 uaz 24 Ngungd

55-95%q
Source SV SS Df MS F Sig.
55°¢C Treatment 0.117 5 0.023 50.296 0.000
Error 0.006 12 0.000
Total 0.122 17
65°C Treatment 64.683 5 12.937 526.537  0.000
Error 0.295 12 0.025
Total 64.978 17
75°C Treatment 7.845 5 1.569 12.529 0.000
Error 1.503 12 0.125
Total 9.348 17
85°¢C Treatment 3.708 5 0.742 22.044 0.000
Error 0.404 12 0.034
Total 4112 17
95°C Treatment 3.984 5 0.797 7.659 0.002
Error 1.248 12 0.104
Total 5.233 17
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MINMARUINT 4

- 4 Ad' -~
wan13 ATz ANulslsauvesnsildsuntasnunitavesandls

avonuflaiudnends udlag nezndwausenadlaiudnlznds

uazuflhmgiivTnanilsmqiludriunausiduiesas 6,12, 18

oz 24
Source SV SS Df MS F Sig.
Peak viscosity Treatment 3318467.417 5 663693.483 212.614 0.000
Error 18729.500 6 3121.583
Total 3337196.917 11
Trough Treatment 443236.750 5 88647.350 18.051 0.001
Error 29465.500 6 4910.917
Total 472702.250 11
Breakdown Treatment 4090368.667 5 818073.733 161.435 0.000
Error 30405.000 6 5067.500
Total 4120773.667 11
Final viscosity Treatment 1859188.417 5 371837.683 80.593 0.000
Error 27682.500 6 4613.750
Total 1886870.917 11
Setback Treatment 1595538.667 5 319107.733 23.903 0.001
Error 80102.000 6 13350.333
Total 1675640.667 11
Pasting Treatment 37.257 5 7.451 39.741 0.000
Temperature Error 1.125 6 0.188
Total 38.382 11
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MINMANIINN 5 wansdinsziarmulsilsuvesgungiimsifanard lusduves

ufls@uornudlaiudrlends utlsarg uazutlawauszninadaiu

dnlendunzutlsmgisunanilsmgiudiunaumiiuiosas 6,

12, 18 1o 24

Source SV SS Df MS F Sig.
Onset Treatment 27.493 5 5.499 185.906 0.000
temperature Error 0.177 6 0.030
Total 27.671 11
Peak Treatment 48.429 5 9.686 596.387 0.000
temperature Error 0.097 6 0.016
Total 48.527 11
Conclusion Treatment 15.250 5 3.050 20.747 0.001
temperature Error 0.882 6 0.147
Total 16.132 11 |
AH Treatment 3.319 5 0.664 1.026 0.478
Error 3.883 6 0.647
Total 7.202 11
AT Treatment 19.106 5 3.821 45.436 0.000
Error 0.505 6 0.084
Total 19.611 11

Note: AT : gelatinization temperature range (T, Ty

T, : Onset temperature; T, : Conclusion temperature ; AH: Enthalpy (J/g of dry wt.)
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M519MANIINT 6 HaNMTIRT AN IUYe T T AUYBINITINAIIAIA TUIFFUYBY
s/ rL) Ao [N ] P P ﬂ ' ﬂ ar
Frunsosunge iAunsneazuassuvianlanauseniradlaiv

dendanzuthagitilsinsuihmgiudrunaumiiuioas o,

Source Type III Sum of Df Mean Square F Sig
Squares

Corrected mode 6899.259 39 176.904 39.296 0.000

Intercept \ 421274.656 1 421274.656 93579.211 0.000

%Sago starch 163.590 4 40.897 9.085 0.000

Time 6552.574 7 936.082 207.935 0.000

%Sago starch*Time 183.096 28 6.539 1.453 0.137

Error 180.072 40 4.502

total 428553.988 80

Corrected total 7079.331 79

* R Squared = 0.975 (Adjusted R Squared = 0.950)
Note: All raw crackers were prepared by steaming the starch mixtures at 100°C for 25-

120 min, followed by drying at 55-60°C for 3-4 h.
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MINMANUINA 7

s
ramsinnsiaulsdsiuvesmuamnselunsgadinivesdn

H s T A \ o (-3 ar
in3sunse Lidunisneaduaisuonudlswausznnadaiudlends

uazuthmghisuanflsmgiludrunauniifodesas 0, 6, 12, 18

o 24

Source Type III Sum of Df  Mean Square F Sig
Squares

Corrected mode 37.479° 39 0.961 18.119 0.000

Intercept 3787.880 1 3787.880 71416.664 0.000

%Sago starch 4,903 4 1.226 23.110 0.000

Time 31.348 7 4478 84.434 0.000

%Sago starch*Time 1.227 28 0.044 0.826 0.709

Error 4.243 80 0.053

total 3829.602 120 o

Corrected total 41.722 119

* R Squared = 0.898 (Adjusted R Squared = 0.849)

Note: All raw crackers were prepared by steaming the starch mixtures at 100°C for 25-

120 min, followed by drying at 55-60°C for 3-4 h.
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] 1 d
ﬂTﬂ\‘liﬂﬂN‘u?ﬂﬁs Nami'smi1:“’?1’3111!11]51]5';1111mmmmu1sn1un1sa:muﬁwmi’h‘a
§ o vy 2 v LY [
!ﬂ?ﬂ‘l.lﬁU\‘lulllﬂ'luﬂ'li‘YlE)ﬂ‘]f\‘lM‘i‘Ullﬁ]'Iﬂllﬂ\‘lNﬁlliﬁﬂ')']ﬂ!lﬂ\‘llluﬁ'lﬂzﬂﬂi

nazutlmgiivTnantsmgiudiunauninudesas o, 6, 12, 18

uag 24

Source Type III Sum of Df  Mean Square F Sig
Squares

Corrected mode 1335.787° 39 34.251 148.802 0.000
Intercept 17487.499 1 17487.499 75973.698  0.000
%sago starch 95.420 4 23.855 103.637 0.000
Time 1220.544 7 174.363 757.515 0.000
%Sago starch*Time 19.823 28 0.708 3.076 0.000
Error 18.414 80 0.230
total 18841.700 120
Corrected total 1354.201 119

* R Squared = 0.986 (Adjusted R Squared = 0.980)
Note: All raw crackers were prepared by steaming the starch mixtures at 100°C for 25-

120 min, followed by drying at 55-60°C for 3-4 h.
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MINMANUINA 9 wamsuATIzHANsUsIuvesdasInisnesdlvesdinI sy
é r ar o e 3
neavuadouoinutlsnanszuaflaiudlzndwazufleaghi

Wunautlmgiludunaumiiuiesas 0,6, 12, 18 uaz 24

Source Type III Sum of Df Mean Square F Sig
Squares

Corrected mode 7000.575 39 179.502 313.560 0.000
Intercept 6280956.815 1 6280956.81 5. 10971798.328  0.000
%Sago starch 900.470 4 225.118 393.243 0.000
Time 5928.157 7 846.880 1479.359 0.000
%Sago starch*Time 171.948 28 6.141 10.727 0.000
Error 91.594 160 0.572

total 6288048.984 200

Corrected total 7092.169 199

* R Squared = 0.987 (Adjusted R Squared = 0.984)
Note: All fried crackers were prepared by steaming the starch mixtures at 100°C for 25-120

min, followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec.

145




MINMANINGD 10 Han15 AT IeHaunlsUsuvess U TnssenmAve st NI sunads

& ' o o 5
neaguaisuvinuianausenituilaiudnlendwazuilsaghi

Psmanthagiiudrunaummnuiesas 0,6, 12, 18 uay 24

Source Type Il Sumof  Df Mean Square F Sig
Squares

Corrected mode 82585.992 39 2117.590 212.467 0.000

Intercept 1598751.675 1 1598751.675 160409.867 0.000

%Sago starch 7405.117 4 1851.279 185.747 0.000

Time 74305.325 7 10615.046 1065.055 0.000

%Sago starch*Time 875.550 28 31.270 3.137 0.000

Error 797.333 80 9.967

total 1682135.000 120

Corrected total 83383.325 119

* R Squared = 0.990 (Adjusted R Squared = 0.986)

Note:

All fried crackers were prepared by steaming the starch mixtures at 100°C for 25-120

min, followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec.
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MINMANNINT 11

- o ’ A o oo w a
Nﬁfr]s’]lﬂ513“?\311””.'51'53”‘“a\iﬂ1ll5\1ﬂﬂ‘“ﬂ\“ﬂﬂﬁ'ﬂﬂﬂ‘“1')lﬂ5"ﬂ

Lol A v L o s 1
nameaguaisusnuilanauszniudlaiudlendaazuflamghi

Wnundlsmgiudaunauiiuievas o, 6, 12, 18 uaz 24

Source Type IIl Sumof  Df Mean Square F Sig
Squares

Corrected mode 869.614 39 22.298 23.606 0.000

Intercept 62792.842 1 62792.842 66477.150  0.000

%Sago starch 81.543 4 20.386 21.582 0.000

Time 772.865 7 110.409 116.887 0.000

%Sago starch*Time 15.206 28 0.543 0.575 0.961

Error 340.048 360 0.945

total 64002.504 400

Corrected total 1209.662 399

* R Squared = 0.719 (Adjusted R Squared = 0.688)

Note:

All fried crackers were prepared by steaming the starch mixtures at 100°C for 25-120

min, followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec.
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ATHMANUINT 12 Han1saasizianunlsUsivvesmsdasuutastSuuanusuves

) = o & a v o o
YVIUATYUNAINOABIATYUY “']ﬂllﬂ\jﬂﬁuiz“q']\ulﬂ\juuﬁT]Jz“fbulaz

uthaghtilSunanthmgduduraumiduiesas o uaz 24 mends

v é 9 :’ d' =, [o] =4
Aunsiiealelerifigungill 100%s sTozIaIUIU 60 UIN Tuge

o = Y ] d o Y 'd
Tna TnsWaunazgeezgiiitlonmiliig seunemanuiny 5 flav

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

Corrected Model 82.900 23 3.604 437.767 0.000

Intercept 704.632 1 704.632 85580.964  0.000

%Sago starch 3.213E-02 1 3.213E-02 3.902 0.054

Package 34.693 1 34.693 4213.640  0.000

Storage time 32.311 5 6.462 784.858 0.000

%Sago starch * Package 3.458E-03 1 .3.458E-03 0.420 0.520

%Sago starch * Storage time 2.834E-02 5 5.668E-03 0.688 0.635

Package * Storage time 15.762 5 3.152 382.873 0.000

%Sago starch * Package * 7.063E-02 5 1.413E-02 1.716 0.149

Storage time

Error 0.395 48 8.234E-03

Total 787.928 72

Corrected Total 83.295 71

* R Squared = 0.995 (Adjusted R Squared = 0.993)

Note: All fried crackers were prepared by steaming the starch mixtures at 100°C for 60 min,

followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec.
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MTENMANKINN 13 HanisasIzHaNuulsdsiuvesmisidasunlasamseinayeaile

s a’ 9 = o/ A = v o [
Fuiadaunsosundmeaduss susinutlwanssuiutlaiud e uds

uazufhmginuSnundsmngiludrunanmifoioevas o uaz 24

o/ L} A :’ i o=
nmendsriumsidg lorifiguugil 100%y szeznau 60 uid Ty

a Y- ] a oA o » < ar
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5 dalant

Source Type Il Sumof df Mean Square F Sig.
Squares

Corrected Model | 6782.467 23 294.890 153.614 0.000
Intercept 64956.116 1 64956.116  33836.968  0.000
%Sago starch 0.587 1 0.587 0.306 0.581
Package 3865.562 1 3865.562 2013.650  0.000
Storage time 1741.790 5 - 348.358 181.467 0.000
%Sago starch * Package 0.142 1 0.142 0.074 0.786
%Sago starch * Storage time 31.822 5 6.364 3.315 0.007
Package * Storage time 1127.607 5 225.521 117.479 0.000
%Sago starch * Package * 14.958 5 2.992 1.558 0.173
Storage time
Error 414.651 216 1.920
Total 72153.233 240
Corrected Total 7197.118 239

*R Squared = 0.942 (Adjusted R Squared = 0.936)

Note: All fried crackers were prepared by steaming the starch mixtures at 100°C for 60 min,

followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec.
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MANMARINT 14 mamsinseianundsilsauvesnsn/iounlasSuin TBARS ves
i suvameasuassusnuilnaussniwdaiudnendaz
uflvngfisusinaudmgiiudunauridudesas o oz 24 nienda
Fumstiadanleshfigungd 100% svozina1mn 60wt Tuga

Twd InsWaunazqeezgilifisumiiug szndramsipuiow 5 dlant

Source TypeIll Sumof df Mean Square F Sig.
Squares

Corrected Model 61.174 23 2.660 87.865  0.000

Intercept 382.169 1 382.169  12624.994 0.000

%Sago starch 8.681E-02 1 8.681E-02 2.868 0.097

Package 22.023 1 22.023 727.521  0.000

Storage time 30.695 5 6.139 202.801  0.000

%Sago starch* Package 7.476E-02 1 | 7.476E-02 2.470 0.123

%Sago starch* Storage time 0.149 5 2.977E-02 0.983 0.438

Package * Storage time 8.063 5 1.613 53.269  0.000

%Sago starch* Package * Storage 8.354E-02 5 1.671E-02 0.552 0.736

time

Error 1.453 48  3.027E-02

Total 444,796 72

Corrected Total 62.627 71

* R Squared = 0.977 (Adjusted R Squared = 0.966)
Note: All fried crackers were prepared by steaming the starch mixtures at 100°C for 60 min,

followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec.
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