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Properties of Amaranth Flour Processed by Various Methods
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Processed foods were developed using amaranth starch and flours. Amaranth seeds were untreated (UT), defatted
(DF), germinated (GM), roasted (RT), popped (POP), and extruded (EX1 and EX2). Amaranth flours showed A-
type pattern on X-ray diffractograms, while crystallinity was not observed in POP, EX1, and EX2. POP and EX1
showed highest (740.3%) and lowest (38.5%) water-binding capacities, respectively. Transmittances of RT, POP,
EX1, and EX2 flour suspensions were higher than those of others. Transmittance of amaranth starch and flours
differed with processng methods. RT, POP, EX1, and EX2 showed higher transmittance at 60°C. Initial pasting
temperature of amaranth flours by RVA were 68.1-73.0°C, and peak viscosities of GM and RT were 31.6 and
401.1 RVU, respectively. Méelting endotherms of POP, EX1, and EX2 were not observed in DSC thermograms.

Key wor ds. amaranth flour, processed flour, amaranth starch
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Table 1. Extrusion conditions of amaranth flours
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Sample
Extruson 1 Extrusion 2

Pre extrusion Moisture content (%) 13 13
Screw speed (rpm) 250 250
Feed rate (rpm) 24 24
Water injection 5 15
Extrusion conditions 1(set/melt temp., °C) 129 118
2(set/mélt temp., °C) 128 117
3(set/médlt temp., °C) 81 73

Die hole shapes (¢) 3mm 3mm
Post extrusion Dough moisture content (%) 16 21
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Fig. 1. Scanning electron microscopy (SEM) of amaranth starch
and flour s processed by various methods.
A: Starch, B: Untreated, C: Defatting, D: Germination, E: Roasting,
F: Popping, G: Extrusion 1, H: Extrusion 2.
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Table 2. Color values of amaranth starch and flours processed
by various methods

Sample L a b
Starch 96.84+0.0 -0.64+0.0 0.95+£0.0
Untrested 7751£00 12.88+0.0 15.96+0.0
Defatting 83.38+0.1 0.77£0.0 10.94+0.0
Germination 77.16+0.1 1.22+0.0 16.41+0.0
Roasting 72.19+0.0 4.85+0.0 24.70+£0.0
Popping 75.91+00 238+0.0 18.37+0.0
Extrusion 1 7495101 1.36+0.0 16.661+0.0
Extrusion 2 7714100 0.98+0.0 1553+0.0

Extrusion 2

Extrusion 1
Popping
Roasting
Germination

Defatting

Untreated

Starch

10 20 30
Diffraction angle (26)

Fig. 2. X-ray diffractograms of amaranth flours processed by
various methods.
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Table 3. Physicochemical properties of amaranth flours processed by various methods

Sl Water binding Swelling power Solubilities (%)
Pe capaxities (%) 60°C 100°C 60°C 100°C
Starch 205.67+4.4 386102 9.25+20 1530113 90.05+1.9
Untreated 199.49+3.9 513101 950+13 20.05+0.1 67.14+6.5
Defatting 190.88+13.0 572102 10.87+0.8 2393+0.1 70.86+1.2
Germination 174.66+12.6 354100 9.35+0.2 21.15+11 65.16+1.1
Roasting 197.55+10.1 403104 1377101 9.80+0.7 1260+04
Popping 740.28+43 10.99+0.7 13.95+0.0 11.08t14 3443+11
Extrusion 1 38.53+82 461108 8591038 60.74+7.5 7410+23
Extrusion 2 134.36+6.4 561+04 758+1.0 46.73+09 62.46+0.4

Table 4. Transmittance patterns of 0.1% amaranth starch and
processed amaranth flour suspensions

Transmittance at 626 nm (%)

Sample
60°C 100°C

Starch 0.40+0.0 38.14+0.3

Untreated 562+0.3 36.41+0.7

Defatting 757+0.3 32.63+6.4

Germination 209+0.1 31.24+33

Roasting 31.99+3.1 32.94+46

Popping 25.36+0.9 25.79+4.0

Extrusion 1 22.80+0.3 2272+27

Extrusion 2 12.09+0.1 12.14+1.7
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Fig. 3. Alkali gelatinization patterns of amaranth starch and
flour s processed by various methods.
-O-: Starch, - @-: Untreated, - A-: Defatting, - A -: Germination,
-[J-: Roasting, -l -: Popping, --: Extrusion 1, -4-: Extrusion 2.
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Table 5. Pasting char acteristics of amaranth starch and processed amaranth floursby Rapid Visco-Analyzer

oo Viscosity (RVU)
Sample mm{j}g 0) Pesk Holding at 95°C Cold Consistency ~ Breskdown Setback
(P) (H) © (C-H) (P-H) (CP)
Starch 68.75 140.67 85.33 106.50 21.17 55.34 -34.17
Untreated 68.80 93.92 78.08 100.92 22.84 15.84 7
Defatting 68.05 104.75 76.42 96.75 20.33 2833 -8
Germination 70.00 31.58 - 45.42 - - 138
Roasting 7295 401.08 314.75 339.42 24.67 86.33 -61.66
Popping - 194.33 124.83 160.17 B34 69.50 -34.16
Extrusion 1 - - - - - - -
Extrusion 2 - - - - - - -

Table 6. DSC data of amaranth starch and flours processed by 3} N B9 dEAE NEE AL 68.05-72.95°Col3) T} o}

various methods sRiZ AR ¥ Ahre) EaemE A gaEgon
Médlting endotherm I3 AEE ZHEo] 14067 RVU, 7171 9392 RVUE 7137}
smple To (0) €O AH (1) B Uit} ol AR o)9] ARSo| AEe| w8E Walel]
mjoletar Azt st A gt dEAHY AlEe] iﬂ—‘lt
Starch 785 82.1 36 oro o

Untreated 70.4 730 42 7F A o2 Al Zzke] s Aol ols olm| Aol
i ' ' ' 88 ey} sisi) o], ol X-4 wqgg
Defatting 576 283 48 iﬂﬂq —"1 - oo sk A8 73 OL;G s 3]

Germination 60.1 624 12 datete A st ;ﬂi, AENY AR AS A «Ol
Roasting 62.1 66.1 139 s7F AE SAEA et 28U, popping AlES] A
Popping - - - 4 AEee 9y ¢ jo] _‘:[Lgag o uy How= @7_}
Extrusion 1 - - . Hx] ¢9ft} o= FTIerE= =AHExR| o )l:o\,]_ Ar= Uet
Extrusion 2 - - wom G &gk sslelMe e e HAA7] wEel
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