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Chemical compositions of cassava starch and sago starch

Compositions (% w/w, dry basis) Cassava starch Sago starch
Moisture content 11.4530.04 10.95%0.18
Protein 0.05%0.001 0.06£0.001
Lipid 0.14710.02 0.2070.03
Ash 0.1610.02 0.27%0.01

Note:  Each value is the mean of triplicate = SD
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Amylose content of native starch from cassava starch, sago starch and starch

mixtures (cassava and sago starches) with different levels of sago starch added (6,

12, 18, and 24 %)

Starch Amylose content (%)
Sago starch 22.8610.59°
Cassava starch 17.44%0.51°
6% Sago starch 17.8930.01%
12% Sago starch 18.35%0.17°
18% Sago starch 19.8030.09"
24% Sago starch 20.2630.17°

Note: Each value is the mean of duplicate * SD.

The different superscripts in the column denote the significant differences (p<0.05).
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Particle size distribution of native starch granule from cassava and sago starches
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Particle size distribution of native starch granule from cassava and sago starches

Ranges of Distribution of starch granule (%)
Granule size in
Starch Type granule size
average (Llm)
(Lm) <IUm  1-<IOKLm  10-100 [lm
Sago starch 0.040-63.41 33.8419.349 0.61 2.52 96.87
Cassava starch 0.044-27.39 12.9315.591 2.06 24.64 73.30

Note: Each value is the mean of triplicate T SD.
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X-ray diffractograms of native starch from cassava and sago starches
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(e) 18% Sago starch (f) 24% Sago starch
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Yy v 7 I o '
(c), 12 (d), 18 (e) uaz 24 (f) mfﬂﬁﬂamﬁ;ammuiwaﬂim‘ﬂmawmﬂ 400 (M
Maltese cross characteristic of native starch granule from cassava starch (a), sago
starch (b), and the starch mixtures (cassava and sago starches) with different levels of

sago starch added (6 (¢), 12 (d), 18 (e), and 24% (f)) under polarized light microscope
(x400)
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(cassava and sago starches) with different levels of sago starch added (6, 12, 18, and

24 %) at temperature 55-95°C
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msei s maasunlasnnuniavewdduanudlaiudnlznds uflvang vazuflanauszvhwilaiudnlendwazuilsagdiilsuw
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uilagiludrunauiinuiesas 6, 12, 18 uaz 24
Pasting characteristics of native starch from cassava starch, sago starch and the starch mixtures (cassava and sago starches) with different levels

of sago starch added (6, 12, 18, and 24 %)

Trough viscosity Pasting temperature
Starch Peak viscosity (cP) Breakdown (cP) Final viscosity (cP) Setback (cP)
(cP) °c)
Sago starch 8374.50130.41°  2132.00%124.45°  6242.50194.04" 5842.50168.59°  3710.501193.04" 77.2010.49°
Cassava starch 7433.00%19.80° 1803.00182.02°  5630.001£101.82°  4816.50133.23° 3013.50148.79" 72.00£0.49"
6% Sago starch 7312.00%90.51" 1863.5012.12° 5448.50192.63°  4830.50+109.60°  2967.00%107.48° 72.8810.39°
12% Sago starch 7079.50140.31° 1898.50153.03° 5181.00%12.73" 4761.00196.17°  2862.50%149.20° 72.4330.18°
18% Sago starch 6954.0015.66° 2336.00133.94° 4681.00139.60° 5108.50124.75°  2772.50158.69" 72.48%0.04"
24% Sago starch 6734.50186.97°  2175.50£57.28"  4559.00%29.70° 4701.5010.71° 2526.00156.57° 72.9830.67°

Note:  Each value is the mean of duplicate & SD.

The different superscripts in the column denote the significant differences (p<<0.05).
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Gelatinization temperature of native starch from cassava starch, sago starch and the

starch mixtures (cassava and sago starches) with different levels of sago starch added

(6, 12, 18, and 24 %)

Starch T, (°C) T, (°0) T.(°C) AT (°c) AH (/g)

Sago starch 66.8510.22"  74.08%0.12°  79.10%0.47°  12.26%024°  14.93%1.00°
Cassava starch 62.6710.13°  68.5010.00°  76.1510.03°  13.48F0.15°  14.60F0.67"
6% Sago starch 62.891022°  68.7510.12°  76.24%F067°  13.36F0.45°  15.08%0.71°
12% Sago starch  62.7740.09°  68.7510.12°  77.5710.24°  14.80F0.14°  14.8630.39"
18% Sago starch  62.8510.22°  68.6710.00°  78.3410.18°  15.4910.04°  13.53%+1.33"

24% Sago starch  62.7610.09°  68.831024°  78.55+035  15.7910.44"  14.24F0.11°

Note:  Each value is the mean of duplicate & SD.
The different superscripts in the column denote the significant differences (p<<0.05).
T, : Onset temperature; T, : Peak temperature; T : Conclusion temperature; AT

Gelatinization temperature range (T-T,) ; AH : Enthalpy (J/g of dry wt.)
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Sago starch

/\ 24% Sago starch

/\ 18% Sago starch
12% Sago starch

6% Sago starch

Endothermic Heat Flow (W/g)

Cassava starch

e N

30 40 50 60 70 80 90 100

Temperature (OC)

a
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Gelatinization temperature of native starch from cassava starch, sago starch and the

starch mixtures (cassava and sago starches) with different levels of sago starch added

(6, 12, 18, and 24 %)



56

3. madagunlasautinvest ansaunilswauneutazviaan1snea

a Y = 1 LY 9 v
vinmsnaaswaadrunssuntlinauszninatlaiudilzndwazuilsag
awnszuumskanludo 3 (uni 2) Tasimuailadendnyine Usuadesazaewilsaiglu
LY % A " v Y d! (% A
utlawaaiiny 5 s2a (Aonudosas 0, 6, 12, 18 1Az 24) HAZIZEZIAINTI 8 52A1 (Ao
1w 5 a J B2
1N 25, 35, 45, 60, 75, 90, 105 waz 120 w1i) FalumsnaaesazasninzHauliavesdn?
) 1 [ d‘ = d' U2
n3euutlinaunounIsneauaznain1snea tednyinslasuntlasauiiaveand sl

1 a 9 = d! Y [ dy
SHINNTSUIUNTAAAVIUNTID m'lﬂwamsmammu

A Y = U
3.1 anvAvesthunsaunilawannounmsnea
uriudrunseuntliwauszninautlaindnlzvdwazuilsangn ldldnvusd
% .d' d! ] 9 = = dy 1 ] Y

Teuadanni 13 Faurudrunssunngnyamsnaassiinnuiuegluriedosas 8-9 (a1319

A a 4 wAa 1 9 = 1 9 [ =S
17) a0 Hauaae veadhniouutlwauneunisnen laun dnvazueaddnsed
Y
sl Iaseadendn szdvveamsianaid lussu anvawnse lumsgaduuazazaiei

=2 < @ dy
Hamsanyuduai

Dough of cassava starch Dough of 24% sago starch

a Y ] = Ao 'K £ a '
NMNN 13 ﬂ']WﬁﬂGU'J'NGUE]\‘]Tﬂsll']'JlﬂiEJUVIENIlllW'IUﬂ'ljﬂf]ﬂcﬁ\uﬁiﬂil%']ﬂllﬁqWﬁu§$ﬁ31\jllﬂ\1

]
9

o o AA (A | 1 v 9
udilzndwazuiliagnivsnantimgiudiunaumiuiesas 0 uaz 24
[ = kY g) A a [e) =
m&mmmimmﬂ"laumqmwgu 100" 588297 T1UIU 60 UIN
Cross section of cracker dough produced from the mixture between cassava and
sago starches with different levels of sago starch added (0 and 24%) after steaming at

100°C for 60 min
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MINN 7 ']JiiJ”Iﬂlﬂ'J”lll%HGUﬂQ‘U”l'JlﬂiﬂlmEJ\‘]]'IJJW”I‘Llfﬂi‘i/l@ﬂG]NLGIiEHJinﬂlﬂaj\iWﬁiJ'5%1(7’31\1!,!’]9_“111!ﬁ”lﬂ%‘ﬁalegﬁllﬂ\iﬁ”lﬂﬂﬂﬂih”lmuﬂﬂ?H@JUJ‘L!
aunauiuiesas 0, 6, 12, 18 Lag 24
Moisture content of raw cracker produced from the mixture between cassava and sago starches with different levels of sago starch added (0, 6,

12, 18 and 24%)

Moisture content (%)

%Sago starch Steaming time (min)

25 35 45 60 75 90 105 120

0% Sago starch (Cassava starch) 8.5610.17 8.9110.18 8.81710.15 8.4310.04 8.4710.34 8.3010.24 8.2210.17 8.20710.11

6% Sago starch 8.6510.09 8561020  875%0.08  8.52+0.04  840%030  825%025  831F0.16  8.32%0.24
12% Sago starch 8.49710.32 8.7610.18 8.6710.29 8.2810.21 8.5910.26 8.4110.27 8.1810.11 8.4010.18
18% Sago starch 8.7240.16 8791030  871F024  84410.07  839%028  833F0.16  833%0.07  8.52F0.13
24% Sago starch 8.90%0.05 8.7410.57 8.5310.23 8.1710.16 8.51£0.37 8.6710.12 8.4910.32 8.3710.28

Note:  Each value is the mean of triplicate = SD

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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(a) Steaming time for 25 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

(b) Steaming time for 35 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

ci [ = 9J = dlw [N d! =
M 14 dnvazueafanseaved latunseuide i unsneagunsonanuianan
1 &% ) % { a 3 1 1 @

seuanthidudnlzndwazuilsengiiidsuandagiudiunauninodooas
@ =& 9 g’ A a o) =
0, 6, 12, 18 Az 24 Monamstiaady lorhigungil 100%% szoznaIuIu 25 Wi
(a), 35 WM (b), 45 UM (c), 60 W (d), 75 WITN (e), 90 UM (f), 105 U (g) UL

= Yy v 7 I o o '

120 W#i (h) meldndesgansseniszununasInarlssnasves 400 i
Maltese cross characteristic of cracker dough produced from the mixture between

cassava and sago starches with different levels of sago starch added (0, 6, 12, 18 and
24%) steamed at 100°C for 25 min (a), 35 min (b), 45 min (c), 60 min (d), 75 min (e),

90 min (f), 105 min (g), 120 min (h) under polarized light microscope (x400)
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(c) Steaming time for 45 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

(d) Steaming time for 60 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

(e) Steaming time for 75 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

MNA 14 (919)
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(f) Steaming time for 90 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch 24% Sago starch

(g) Steaming time for 105 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

(h) Steaming time for 25 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

MNN 14 (91D)
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24% Sago starch, 25 min
24% Sago starch, 25 min
2
§ Sago starch
k=
Cassava starch
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X-ray diffractograms of native (cassava and sago starches) and raw cracker produced
from the mixture between cassava and sago starches with different levels of sago starch
added (24%)
Note: All raw crackers were prepared by steaming the starch mixtures at 100°C for 25 min,

followed by drying at 55-60°C for 3-4 h.
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Endothemic Heat Flow (W/g)
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Endothermic Heat Flow (W/g)
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The thermograms of raw cracker produced from the mixture between cassava and sago
starches with different levels of sago starch added (0, 6, 12, 18 and 24%) steamed at
100°C for 25 min (a), 35 min (b), 45 min (c), 60 min (d), 75 min (e), 90 min (f), 105
min (g), 120 min (h)

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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24% Sago starch, 105 min
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mghifsmanthagiludunaumiudosas 0, 6, 12, 18 uaz 24
Gelatinization temperature and enthalpy of raw cracker produced from the mixture

between cassava and sago starches with different levels of sago starch added (0, 6,

12, 18 and 24%)

Sago starch (%) Steaming time Gelatinization temperature range AH J/g)
(min) T,-T, (OC)
0% (Cassava starch) 25 42.33-58.08 5.3510.18
35 41.99-56.86 5.1910.32
45 42.45-57.05 5.28%0.08
60 43.65-60.96 2.54710.34
75 43.14-58.19 2.46%0.13
90 43.82-58.75 2.7410.07
105 42.05-57.82 2.9610.35
120 42.13-57.74 2.75%0.21
6% Sago starch 25 43.54-57.10 5.8310.04
35 43.23-56.44 5.397%0.27
45 42.59-56.05 5.52%0.01
60 42.40-59.23 2.6710.31
75 42.70-58.18 3.317%0.01
90 42.37-58.32 3.4610.37
105 41.98-57.81 3.08%0.14
120 41.71-57.90 2.827%0.10
Note: Each value is the mean of duplicate * SD.

T, : Onset temperature; T .: Conclusion temperature; AH: Enthalpy (J/ g of dry wt.)

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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Sago starch (%) Steaming time Gelatinization temperature range AH /g
(min) T-T, (OC)
12% Sago starch 25 44.44-57.85 6.34%0.06
35 43.91-58.31 6.1330.11
45 42.66-56.60 5.1610.16
60 42.63-58.86 2.9810.25
75 42.38-59.06 3.5110.69
90 41.88-59.56 3.2510.75
105 41.73-58.25 3.0010.38
120 41.00-56.84 2.8310.52
18% Sago starch 25 42.93-57.55 6.69%0.16
35 42.94-56.41 6.5410.12
45 43.52-56.82 5.7010.02
60 41.88-59.73 2.8010.53
75 41.87-59.98 3.3910.08
90 42.84-58.45 3.0210.47
105 42.77-58.56 3.1410.65
120 43.10-58.66 2.8910.27
24% Sago starch 25 43.98-57.83 6.4610.10
35 43.57-57.35 6.4710.28
45 43.64-57.77 5.6310.15
60 42.36-59.29 3.3910.18
75 42.27-59.15 3.6610.55
90 42.63-58.77 3.2410.33
105 43.08-59.00 3.8010.57
120 43.28-58.85 2.9810.19
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Degree of gelatinization of raw cracker produced from the mixture between cassava

and sago starches with different levels of sago starch added (0, 6, 12, 18 and 24%)

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

Note:

120 min, followed by drying at 55-60°C for 3-4 h.
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Degree of gelatinization of raw cracker produced from the mixture between cassava and sago starches with different levels of sago starch added

(0, 6, 12, 18 and 24%)

Degree of gelatinization (%)

Sago starch (%) Steaming time (min)

25 35 45 60 75 90 105 120

0% (Cassava starch) 63.3711.23° 64.4312.17° 63.84710.56" 82.6012.34" 83.1210.92" 81.21F0.46"  79.7242.39"  81.16%1.43"

6% Sago starch 61.341025°  6426%1.79°  63.38%0.04°  82.31%2.06°  78.0710.07°  77.06%2.45°  79.5520.92"° 81.2710.68"
12% Sago starch 57.3330.40°  58.7310.76°  6530F1.08°  79.92%1.67°  76.40F4.63"  78.1015.03"  79.8312.58"  80.9513.52°
18% Sago starch 5546%1.07°  56.44%081° 62.07%0.15°  79.62%1.11°  77.43F0.54°  79.9143.10°  79.08+435°  80.75%1.81°
24% Sago starch 58.0610.64°  58.00%1.80°  63.44F1.01°  78.01%1.17° 76224358 78.9612.17°  753613.70"  80.65%1.25°

Note: Each value is the mean of triplicate Tt SD.
The different superscripts in the row denote the significant differences (pS0.0S).

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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Water absorption index of raw cracker produced from the mixture between cassava and

sago starches with different levels of sago starch added (0, 6, 12, 18 and 24%)

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

Note:

120 min, followed by drying at 55-60°C for 3-4 h.
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Water soluble index of raw cracker produced from the mixture between cassava and

sago starches with different levels of sago starch added (0, 6, 12, 18 and 24%)

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

Note:

120 min, followed by drying at 55-60°C for 3-4 h.
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u'ﬂqmﬂsﬂumuwﬁmmﬂmaaaz 0,6, 12, 18 1A 24
Water absorption index of raw cracker produced from the mixture between cassava and sago starches with different levels of sago starch added

(0, 6, 12, 18 and 24%)

Water absorption index (g/g)

Sago starch (%) Steaming time (min)
25 35 45 60 75 90 105 120
0% (Cassava starch) ~ 5.094024°  5463020°  5.7230.29" 6.1510.12° 6.2710.18" 6.3710.07" 6.2810.19" 6.2410.10"
6% Sago starch 4.78%0.09°  520%0.12°  5.2630.09° 5.9110.27 6.04£0.20° 6.2910.43° 6.19%0.14' 6.0710.14'
12% Sago starch 471%0.18°  4.98%0.14  5.1240.08° 5.8240.23" 5.7310.20° 6.0110.23" 6.13%0.19° 6.15%0.17"
18% Sago starch 477%022°  477%021°  4.8410.22° 5.92%0.12° 5.78%0.42° 5.82140.26° 5.91£0.59° 6.0810.12°
24% Sago starch 447%044°  472F011"  479F0.12° 5.5710.27" 5.8110.10" 5.6710.17" 5.8910.30" 5.9610.06"

Note: Each value is the mean of triplicate Tt SD.
The different superscripts in the row denote the significant differences (pS0.0S).

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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u'ﬂqmﬂsﬂumuwﬁmmﬂmaaaz 0,6, 12, 18 1A 24
Water soluble index of raw cracker produced from the mixture between cassava and sago starches with different levels of sago starch added (0,

6, 12, 18 and 24%)

Water soluble index (%)

Sago starch (%) Steaming time (min)

25 35 45 60 75 90 105 120

0% (Cassava starch) 6.7910.04° 10.8410.43"  12.11F0.77°  13.521026° 14.8410.13°  15.8810.60°  16.43F0.24°  17.36%0.42°

6% Sago starch 6.0710.22" 10.024£0.24°  10.87F0.50°  12.38F0.36°  1433%0.18°  14.6230.05°  15.90F0.67°  16.48%0.10°
12% Sago starch 5.7130.24' 9.8140.34° 10281032  11.03%037°  12.772049°  13.84%028"  16.09£0.87°  16.07%0.46"
18% Sago starch 5.75%0.11° 8.30%0.56" 9.72%0.84° 10.50£0.21°  13.0610.10°  13.21F0.82°  15.12F0.62"  15.85%0.46"
24% Sago starch 5.99%0.30' 7.8810.44° 92140.80°  1044F0.61°  11.02F0.54°  13.0240.70°  14.55%037°  15.22%0.68°

Note: Each value is the mean of triplicate * SD.
The different superscripts in the row denote the significant differences (pS0.0S).

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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Expansion ratio of fried cracker produced from the mixture between cassava and sago
starches with different levels of sago starch added (0, 6, 12, 18 and 24%)

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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$oaz 0,6, 12, 18 1AL 24

Expansion ratio of fried cracker produced from the mixture between cassava and sago starches with different levels of sago starch added (0, 6,

12, 18 and 24%)

Sago starch (%)

Expansion ratio (%)

Steaming time (min)

25 35 45 60 75 90 105 120
0% (Cassava starch) 171.09£0.73°  177.1420.67°  182.6910.93°  187.1510.67°  184.61£0.47°  182.9910.82°  180.0510.79°  175.80%0.91°
6% Sago starch 169.5310.58°  176.610.96  180.6610.75°  186.1220.96"  184.5610.62" 179.70£0.71°°  178.82%0.71°  173.6630.73"
12% Sago starch 168.5510.81°  174.71220.87° 178.8510.94°  184.1620.94"  182.07£0.95"  180.5720.92°  178.274058"  169.67%0.80"
18% Sago starch 166.6410.63°  171.9930.93°  177.54%0.75"  183.6630.89"  181.15£0.37°  179.9720.30°  177.47£0.91°  169.6630.74°
24% Sago starch 162.49F0.72°  170.4410.87°  178.0410.66°  182.0410.74"  180.69F0.30°  178.750.18°  173.08%0.68°  166.9210.78"

Note:

Note:

Each value is the mean of triplicate + SD.

The different superscripts in the row denote the significant differences (pS0.0S).

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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Relationships between degree of gelatinization of raw cracker and expansion ratio of
fried cracker produced from the mixture between cassava and sago starches with
different levels of sago starch added (0 (a), 6 (b), 12 (c), 18 (d) and 24% (e))

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

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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Amount of air cell of fried cracker produced from the mixture between cassava and
sago starches with different levels of sago starch added (0, 6, 12, 18 and 24%)

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.

* . . 2
Area under stereo microscope is 8x10 m
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$oaz 0,6, 12, 18 1AL 24

Amounts of air cell of fried cracker produced from the mixture between cassava and sago starches with different levels of sago starch added (0,

6, 12, 18 and 24%)

Sago starch (%)

*
Amounts of air cell (unit per area )

Steaming time (min)

25 35 45 60 75 90 105 120
0% (cassava starch)  154.6744.04°  129.67£6.03°  103.33%5.51°  92.33%0.58" 91.67£2.08°  92.00%3.61°  89.33%1.53°  87.30%2.08°
6% Sago starch 159.33£1.53°  135.00£3.00°  112.33312.52°  96.670.58"  95.67F0.58°  95.0013.00°  94.673.514°  91.67%1.53°
12% Sago starch 166.6714.93"  144.3312.31°  117.33313.51°  100.0012.65"  98.33E1.53°  96.33E1.53°  94.6720.58°  9433%3.51°
18% Sago starch 1743313.06°  147.33%1.15°  126.6723.79°  112.67£5.51°  102.33F4.73°  102.67%1.53°  102.3313.06°  97.33%1.53°
24% Sago starch 187.67£6.03  153.00£3.00°  134.6712.52°  118.0013.00"  108.003.61° 106.6712.52°  108.00%2.00°  102.67+2.31°

Note:

The different superscripts in the row denote the significant differences (pS0.0S).

Note:

200°C for 25 sec.

Each value is the mean of triplicate + SD.

£
. . 2
Area under stereo microscope is 8x10 m

All 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-
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Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

Cassava starch 6% Sago starch  129% Sago starch  18% Sago starch  24% Sago starch

mwﬁ 23 ﬁlﬂﬂmg’,TWiQﬂTﬂTﬁﬂJﬂQ‘fJ}leﬂgﬂﬂﬁﬁlﬁﬂ'ﬂﬂ"]‘éﬂm%‘ﬂﬂJﬂTﬂLLﬂQNﬁﬂJigﬁjTQllﬂﬂﬁu
ﬁngwé"mazuﬁ’]amﬂﬁﬁﬂ?mmuﬂqamgﬂudauwﬁmmﬁ’u%’aﬂaz 0, 6, 12, 18
uag 24 ﬂwwé"mwsﬁaﬁ'w‘laﬁ?ﬁqmwgﬁ 100°%% 5282 1UIY 25 U (a), 35 WA
(b), 45117 (c), 60 WA (d), 75 UIN (e), 90 WIN (D), 105 UIN (g) AL 120 WA
meldndeaanssminuuamnaes Tofiddves 125 i ed T 8x10 a1319
(HUALUAT
Air cell characteristic of fried cracker produced from the mixture between cassava and
sago starches with different levels of sago starch added (0, 6, 12, 18 and 24%) steamed
at 100°C for 25 min (a), 35 min (b), 45 min (c), 60 min (d), 75 min (e), 90 min (f),
105 min (g), 120 min (h) under stereo microscope (x125) within the area of 8x10 m’

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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(c) Steaming time for 45 min
P N

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

(d) Steaming time for 60 min
A €y N L A

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

NN 23 (99)
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(f) Steaming time for 90 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

Cassava starch 6% Sago starch  129% Sago starch  18% Sago starch  24% Sago starch

(h) Steaming time for 120 min

Cassava starch 6% Sago starch  12% Sago starch  18% Sago starch  24% Sago starch

M 23 (910)
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Compression force of fried cracker produced from the mixture between cassava and
sago starches with different levels of sago starch added (0, 6, 12, 18 and 24%)

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.



100

d‘ 1 di’ v o 9 =) @ £ =\ 1 Y] o @ A (A I 1
M1919N 14 ﬂ1uiﬂﬂﬂmauuaauwamwuﬂiauwaﬂwaﬂmawmau%1ﬂuﬁqNﬁuizwawquﬁﬂuuawﬂzwaauazuﬂaa1@muﬂiu1muﬁqawam}uﬁauwﬁu
mnudesas 0, 6, 12, 18 uay 24
Compression force of fried cracker produced from the mixture between cassava and sago starches with different levels of sago starch added (0,

6, 12, 18 and 24%)

Compression force (N)

Sago starch (%) Steaming time (min)

25 35 45 60 75 90 105 120

0% (Cassava starch) 14.21£0.59" 13.1810.56° 12.6310.78° 11.20£0.76° 11.09£0.92° 11.12£1.29° 11.051£0.96°  10.9830.87°

6% Sago starch 147248118 13.49%1.18°  13.08%1.09°  11.33F0.66°  11.27F097°  11.25%1.16°  11.10%0.85°  11.02E1.11°
12% Sago starch 15.23F10.81°  13.87£1.09"  13.45%£0.93° 11433083  11.4520.89°  11.46X1.13°  11.63X1.14°  11.66%1.13°
18% Sago starch 15.61£1.15°  1473EF1.20°  13.75E1.18"  11.6430.73°  11.58£1.04°  11.83F1.03°  11.8170.89°  11.95%0.72°
24% Sago starch 16.32£0.91°  15.14%1.29"  13.86X1.00°  11.80F0.63°  11.87EX1.14°  12.07F0.85"  12.13F0.71°  12.19F0.72"

Note:  Each value is the mean of ten determinations &= SD.
The different superscripts in the row denote the significant differences (pS0.0S).
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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Moisture content (%)
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Storage time (week)
—— (assava starch in PP bag —— 24%8Sago starch in PP bag
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Changes in moisture content of fried cracker produced from the mixture between
cassava and sago starches with different levels of sago starch added (0 and 24%)
steamed at 100°C for 60 min in polypropylene (PP) and aluminum laminate (AL) bags
during storage time for 5 weeks

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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Changes in compression force of fried cracker produced from the mixture between
cassava and sago starches with different levels of sago starch added (0 and 24%)
steamed at 100°C for 60 min in polypropylene (PP) and aluminum laminate (AL)
bags during storage time for 5 weeks
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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Changes in TBARS content force of fried cracker produced from the mixture between
cassava and sago starches with different levels of sago starch added (0 and 24%)
steamed at 100°C for 60 min in polypropylene (PP) and aluminum laminate (AL) bags
during storage time for 5 weeks

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.



