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GRAPHICAL ABSTRACT ABSTRACT
S ~ | Sinspener sotubitty This research aimed to investigate the chemical
% . composition and physicochemical properties of tapioca
Tapioca starch  Mung bean starch ) :E:,e:g;;mpm e ﬁ m* starch, mung bean starch, rice flour, and quinoa flour, as
3 Seoni ropery - L well as the textural characteristics of quinoa composite
A T

flour gels prepared from these four ingredients. The flour
mixtures studied had weight ratios of 16:8:26:0, 16:8:23:3
and 16:8:20:6, respectively. The results showed that quinoa
flour had the highest protein and fat contents at 21.86%

\_ hice flour Quinoa flour_/

+

- Textural property

Flour mix

(Tapioca starch: Mung bean starch ® Pasting property
+ Rice flour: Quinoa flour) @ Textural property

16:8:26:0, 16:8:23:3 and 16:8:20:6

and 9.17%, respectively. Mung bean starch exhibited the

8. highest amylose content at 33.76%, whereas quinoa flour

had the lowest amylose content at 13.75%. Increasing

temperature resulted in higher swelling power and
solubility for all starches and flours. Tapioca starch and mung bean starch showed greater swelling power than rice flour and quinoa flour
in the temperature range of 75-95°C, while quinoa flour exhibited the highest solubility. Rice flour had the highest gelatinization
temperature (Tp), whereas quinoa flour required the lowest gelatinization enthalpy (AH). Regarding pasting properties, quinoa flour had
the lowest breakdown and setback value, at 3.22 RVU and 11.78 RVU, respectively. Among the individual starch and flour gels, tapioca
starch gel had the lowest hardness. The analysis of the physical properties of gel prepared from composite flour revealed that replacing

rice flour with quinoa flour tended to decrease gel hardness.
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Table 1 Chemical composition (% dry weight) of tapioca starch, mung bean starch, rice flour, and

quinoa flour.

Compositions Tapioca starch  Mung bean starch Rice flour Quinoa flour
Moisture* 11.43 + 0.03° 11.43 + 0.02° 11.51 + 0.01° 6.13 + 0.08"
Protein 0.06 + 0.10° 0.28 + 0.11° 7.75 + 0.34° 21.86 + 0.47°
Fat 0.20 + 0.14° 0.18 + 0.02° 0.64 + 0.30 9.17 + 0.41°
Crude fiber 0.18 + 0.05" 0.45 + 0.04° 0.45 + 0.10° 2.60 + 0.06°
Carbohydrate 99.33 + 0.11° 99.09 + 0.10° 90.80 + 0.40° 63.72 + 0.88°
Ash 0.23 + 0.0° 0.01 + 0.0° 0.37 + 0.0° 2.65 + 0.0°
Amylose Content  19.01 + 0.52° 33.76 + 0.10° 29.37 + 0.56° 13.75 + 0.20°

Mean + SD within the same row with different letters are significantly different (p<0.05)

*9% wet weight
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% —@— Tapioca starch

25 —O— Mung bean starch
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2 —/\— Quinoa flour
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Temperature (°C)
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Figure 1 Effect of temperature on swelling power of tapioca starch, mung bean starch, rice flour, and

quinoa flour.
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Table 2 Thermal property of tapioca starch, mung bean starch, rice flour, and quinoa flour.

Samples T, @) Tp (°0) T Q) AH (J/g)

Tapioca starch 64.58 + 0.12° 69.28 + 0.42° 77.35 + 0.58° 15.92 + 0.29°
Mung bean starch 68.88 + 0.08° 72.72 + 0.09° 78.49 + 0.10° 14.17 + 0.46"
Rice flour 62.30 + 0.23° 78.00 + 0.01° 85.72 + 0.34° 12.38 + 0.35°
Quinoa flour 64.20 + 0.16° 71.33 + 0.29° 80.16 + 0.17" 7.14 + 0.41°

Mean+SD within the same column with different letters are significantly different (p<0.05)

DSC agalsAmuuwiiinagldannludusonudy uad
auilusfiudussdusenevegroudaas (Feway
21.86) FefinavliuSunaansuiidussdusznau
Tuutsmithanas
PNNMTIATEEngAnssun1slasuuda
auviinveulieires RVA fauandlu Table 3
wuin uladduazuds adthiiAnguvndiusy
yesmsivAsuLlasramiingeiign sosasn Ao
amividen warvansviudUsnds Tnowdleinag
wazudamdhivundinanisuanninanisednaas
¥in GeuinveadnansviuiinadedgumniiGu
Fureanisiasunlasmnuniin nanie wdifida
amsrunadnindedinganunniuluniswesn
ﬁqwaiﬁmqmmﬁﬁL%Im,ﬁmmnﬂﬁauuﬂmmmwﬁm
gsniudsiifisdnansvaunnlg [39)
ofimsandeuviinggn wuin anisy
fudwgvds uazamivdauder ermnumiagsan
wnniutednng wazudls adth Feaenadosiu
ANEINTITNEIRT Aauanslu Figure 1 Taawuin
an1sosudUznds wazaniudadondamas
NINBIAIE Feamnsuiisiauanansalunsnes
a4 azdmalidianuniingegageludie [40]
yonnEsawuin RGP RN R HERIERLN
FuA AH Tionauansdslassadraidundnuazidu
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\3e3R (Double helix) vasuaillawmniu lagxa
NM3ANYIVRY Gupta et al. [41] WU AIAUALA
49an wazA1 AH vesansusiudUsnddiangend
LUt WERIRIANUEUNUSITIUINVDIAIAIIY
nilagegn uazd1 AH YauzfiAnnsuansa wuin
am3viudUsnds wazansuaden Sannmsunnsh
geaniudeinud uazuleedth eaonadesiuna
A3ANYIVDY Araujo-Farro et al. [11] fisreaui
wlapdthiianisuansasninanisuiudiuzngs
wanaieALE N TaluNIINUABANLS BULAT LSS
nuldd [42] annwasanann definnsmauwnuntl
Frimendsmitlundeas agsilvaianumile
FUEALATAINIUANAIRNSY kARTIANATaLY
nswesiianas uonaniudenithadiuiunm
TusAugsniudeiindu fuandlu Table 1 fdlusiy
onadfufavdevvasnisnesinvesdinandald [43]
Fauntsnaunuudlindtlundwanasdmaliien
ANUNTEAZIAALATAINITUANFIANAY WARITIAIY
mmiﬂumié:mﬁwamm [44] usluveugineniudang
ANUadesvesnuninnglanusoulazss
Houlad

dlofiarsananisiusangu wuin @nsy
fﬁLﬁﬁaﬁqﬁﬁuwmt,t,aﬁiaagdﬁqm (508ay 33.76)
fiAmsAusindugsiian sesasn leun udednad
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Table 3 Pasting properties and gel texture of tapioca starch, mung bean starch, rice flour, quinoa

flour, and flour mix.

Gel
Pasting properties
texture
Samples Pasting Peak Trough Final
Breakdown Setback Hardness
temperature viscosity viscosity viscosity
(RVU) (RVU) (N)
(°Q) (RVU) (RVU) (RVU)

Tapioca 70.28° 315.58"  110.11° 205.47° 191.64°  81.53° 0.12¢
starch + 0.03 + 492 + 228 + 2.64 + 3.12 + 1.50 + 0.02
Mung bean 73.28° 208.67°  176.21° 122.46° 417.08°  240.88° 9.77°
starch +0.00 + 1.06 + 524 +6.31 +365 +1.59 + 0.86
Rice flour 88.57° 195.28°  126.64° 68.64° 277.72°  151.08° 2.38°

+0.19 +0.86 +1.21 +0.39 +215  +096 +0.15
Quinoa flour 89.37° 43.86° 40.64° 3.20° 52.42° 11.78' 1.25¢

+ 2.01 + 3.39 + 3.69 + 0.41 +4.41 + 0.46 + 0.48
Mixed Flour*
16:8:26:0 73.80" 243.89°  134.44° 109.44° 230.22°  113.47° 2.08™

+ 0.52 + 2.19 + 0.63 + 2.60 + 0.53 + 223 + 0.01
16:8:23:3 73.12" 231.58%  125.89° 105.69° 239.36°  95.78° 1,75

+ 0.40 + 6.06 +4.19 + 2.69 +327 +1.04 +0.09
16:8:20:6 73.98% 174.54"  106.67° 68.25° 189.21°  82.54° 1.56%

+0.04 +5.36 + 3.06 + 283 £194  +1.12 +0.05

Mean + SD within the same column with different letters are significantly different (p<0.05)

* The ratios of mixed flour are tapioca starch, mung bean starch, rice flour, and quinoa flour, respectively.
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anunsnduthléd uasiieuasivesaumilagedu
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AuRnduanasedeiitedAgynieais (p<0.05)
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nilAgagn AINISUANAY UagAINISAURINAUanas
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3.3 Weduia
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