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Abstract

The objective of this study was to develop a batter with the minimal possibility of wheat flour
replacement with quinoa flour and fortification with turmeric powder. The investigation of the effect of
wheat flour substitution with quinoa flour (50-100%) and the optimum of turmeric powder (5-15%) in
fried batter on physical and chemical properties of fish nuggets was studied. The results showed that
the increasing substitution level of quinoa flour exhibited higher viscosity of batter, but lower values of
L* and b* in fried batter (p<0.05), as compared to control (0%). The cooking loss value and the textural
characteristics of the sample with quinoa flour-blended fried batter at 50% were not significantly
different from that of the control (p>0.05). Therefore, quinoa flour-blended fried batter at 50%
substitution was selected to further investigate the optimum of turmeric powder level in fried batter.
The resulted presented that the hardness, gumminess and chewiness increased as the turmeric
powder level increased (p<0.05). The sample with turmeric powder-blended fried batter showed
significantly lower L* value in fried batter and whiteness in mince, but higher in cooking loss, compared
to the control. No significantly different was found in viscosity between sample with turmeric powder-
blended fried batter at 5% and control (p>0.05). At this level, the lipid oxidation value of sample was

decreased by 7.94% and the DPPH radical scavenging percentage was increased by 36.87%.

Keywords: Fish nugget; Quinoa flour; Turmeric powder
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Figure 1 Effect of wheat flour substitution with

quinoa flour on viscosity of batter Different

letters on each bar indicate significant

differences (p<0.05)
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Table 1 Effect of wheat flour substitution with quinoa flour on textural properties of fish nugget

Quinoa content Hardness Springiness Chewiness
Cohesiveness| Gumminess

(%) (9) (mm) (9/mm)
3235.247 0.877% 0.707° 2285.60° 2003.68%
0 1664.42 +0.03 +0.02 +474 .87 +418.85
2960.96%° 0.888° 0.697% 2059.42% 1828.55°
%0 +293.81 +0.04 +0.04 +178.35 +179.14
75 2715.85° 0.841% 0.673° 1830.43"° 1540.59°
+331.46 +0.04 +0.05 +292.79 +266.51
100 2343.31° 0.850" 0.683° 1598.45° 1361.15°
+123.54 +0.05 +0.05 +134.02 +170.30

Different letters in the same column indicate significant differences (p<0.05)
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Figure 2 Effect of wheat flour substitution with quinoa flour on color (L*a*b*) of batter (A), whiteness

(B), cooking loss (C) and thiobarbituric acid reactive substances (TBARS) of fish nugget

(D) Different letters on each bar indicate significant differences (p<0.05)
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\iaMIgaTUIEnINulTUNaaN AN Bz,
> 1 = = QI J a
NURIBNINNIAATITANANT Y F9LAANTS
gzyl,ﬁﬂﬁwa{lm”';amda@m (Tamsen et al., 2018)
7% LLﬂdﬂ’?‘ﬁhﬁﬂ?’]&lﬁ’]m’]iﬂluﬂ’ﬁ(ﬂ@%ﬂﬁ’]LLaz
WBIA @TﬁashqﬁlﬁtﬂaqummﬁﬁmuwamJa\‘i
Ao £ 2 a @ '
uwilaadthanndu JaiansgaduIzninudsny
NOANUAIBNINUINARLININNGT FINALALAA
msqtyLﬁuﬁmﬁﬂm:mwmiwa@a@ad
3.1.5 Sa1 o Thiobarbituric acid
Y [
reactive substances (TBARS) 2asuninadan
NININAINITANBONTLATUY DI LN UV DI
HNAAYaNIINIAIIZRLUT1 e TBARS waaalu

Figure 2D Wui1 mauwnwiudsaaaaudinina
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fiNadad1IN1Tiineandiatuvadlvauly
HAAAI GaegsndmIunuiisasudeaing §
@hmuﬁ@aans‘ﬁm**ﬁ'umﬂﬂ'j’lﬁ'aamdmuquamd
JnudATy (p<0.05) Lﬁaamﬂﬂﬁﬁ‘%maaﬂ%mfu
YaIANG (lipid oxidation) ﬁﬁaﬁ'm%m”zyﬁddwa@ia
nsifineandiatuuesdfia ao USu1mein
(Rattanapanon, 2014) Tagfinaaunsaniining
uwlensanssusa (protective role) Laz&ILIINTT
WaUfi3en (prooxidative role) msvwia s
sssusavaningndlasmadwad ownmemings
(barrier) Anszninglediuuazeandlan (e
ssUsneuditaunylesauvadlans waziams
as19wnszlalasiauny lipid hydroperoxides
(Barden, 2014) agnalsfian drvnldiAianns
azmsr’uadmimmﬂﬁ@ﬂg’jﬁ%mmnfu LT %
losauvaslans 398198INAIABAIINTT
Lﬁ@]ﬂg’jﬁ%ﬂ%ﬁiuﬁu (Barden, 2014) 3N1NNAN1T
NARBIBRINWITLH WU drasnsRlTudendi
unuiudssafdnisiineandasuuinnin
@10819A2UQ vsftonatitasnianndaogig
muqwﬁmiggzyLﬁﬂﬁﬂmzmnmiﬂgaqﬂﬂ%mm
u1nnin (Figure 2) vl fiUsunmsinlusmaig
Weunin mandindsinaniesludiasng 3esena
Ilamalumsindeuianwuiuassnsasaul
mafiadfAserdveundt aannmInaasdzsd
Chlopicka etal. (2012) fidns1USu A uadn
hasw aﬂ’mamﬁﬁgmu@maa pseudocereal
Wisuieunuudeand wudn wdsaadusunm
Usunmsfluadnnavua 1HIny 6.96 mg/g 99
wnniutds aduanfusumlsunmiiuedn
Yanue 2.8 mg/g lastimsinuts Ssmsisznoudl
uaﬁmﬂummﬁmnﬂﬁﬁﬁmmﬂﬁmaﬂﬁﬁmﬁu
(Butkhup, 2011) @T’mm@q\i{ miﬁuﬂa"gum@ﬁgﬂ
unuidsudsedindsadiuvasulsmianns 59
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ANBUINIILRIFNNR LU LANAIIINA2I D819
AUANBENIIREERTY (p<0.05) HaNINH WU
ﬂ'ﬂ?{“ﬂaafuuﬂaquwaﬂsl,ﬂa”l,ﬁmﬂ”ugmmqu
% A 2 A A A
(Yowaz 0) 1nfiga FaRenudsgunaaiunui
aou9aINIT088z 50 NNANHIUTNI UV INY
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Figure 3 Effect of turmeric powder

supplementation on viscosity of batter. Different

letters on each bar indicate significant

differences (p<0.05)

3.2.1 ananiavasutigunan
mm’]wﬁmamﬂaqum@ﬁmuﬁﬁa:JLLﬂa
adtiaTaus: 50 A MsAuRIE uUS I man 9
waaslu Figure 3 wuin matdinnsadudonaliuds
7unaaiidianuniauinnitdiageagy M3
RSN uanndu Arenuniieuadulsgy
m@ﬁumiﬁugaifu 1a ﬂmnﬁwmmaﬁu’luuﬂaqu
naa Yauas 10 uaz 15 s lRANURHaNNAIn
Madmuauatwilkedan (p<0.05) Wlagan

M3 B aTEIUDIHNEDE L FING A ulsgunand
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mwwﬁ@ga"fu (Suderman and Cunningham, 1983)
INAINARBI LLﬂqqu“na@nﬂ@”';aa'leﬁﬂu
YSanaswinnis msui UAIDNAZA panndulus=uy
Afernaemalsinowringa Sevilwenuguty
luizuuga%u gonadaa1nIunianidn
ANNFINTD NN TE WS A el ua 9
Tnaddniaidn wonannit nesdutsznaudsidu
1ﬂﬁmﬁllﬁﬂm‘5@®5§uﬁ1 (Torbica, Hadnadev, &
Soltanizadeh, 2010) M3teunsBINaEAE 15 34
z\%awaslﬁﬁmwwﬁmmﬂﬂdwLLﬂa"gum@ﬁﬁmnau
v usanas 10 AEINRBEIATY (p<0.05)
3.2.2 ANANBMELHoANNAVD
wnthadan
snumlitosuFIaNIAaan uiligunea
wnufidaoulendsintosas 50 ALNTLAURIDL %
1U3ue9 9 MLLﬂd"gU'ﬂm el Table 2 wuin
Lfiaﬁwﬁmwaumamﬁmﬁﬁ'}mﬂﬁﬁmﬂquuﬂa
quwaﬂﬁﬁmilﬁwwﬁu FINALAA08198 A
hardness, gumminess LL8% chewiness 411N niI
Aeg9nIUNBLITEERTY (p<0.05) waziila
WANFAFINY0INITT wUNT U AN hardness,
gumminess 48 chewiness & uua T LA T
audney anaitassnannasadiuiiiusiudsenay
sl,w,l,ﬂaqum@ﬂi:ﬂauﬁmLﬁﬂﬂﬁﬂ’]ﬂﬁ@ﬂﬁ@ﬂ
Futin (Torbica, Hadnadev, & Soltanizadeh, 2010)
Fafemmasdilulassains  ililaseasnaves
LLﬂa"qum@ﬁm’mLLuu"fu FINA AT DI LTUIINN
%uhmmw%aﬁﬂﬁ@ﬁazhatﬁsgﬂ @1 hardness,
gumminess LazA1 chewiness ﬁaﬁum‘[ﬁmﬁwf %
GimoanaeInUITwITVa  Phisutthigoson,
Jirapeatsayasuk, & Sompongse (2018) ﬁﬁﬂ‘]ﬂ’l
miwﬁmﬁn%uﬂmm%uLﬁ)aqmmmguvl,ws el
milﬁwma&gﬂwﬂuﬂ%mmﬁﬁm{u FInalren
hardness a2 chewiness S laANgw d1wsy

#1 springiness LAz cohesiveness WU A1a819N
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quﬁmuﬂqqum@ﬁ@ummﬁu Fanliuanesann

MagwenuguatwliudAzy (p>0.05)

Table 2 Effect of turmeric powder supplementation on textural properties of fish nugget

Turmeric "
Hardness |Springiness"® NS Chewiness
powder Cohesiveness Gumminess
(9) (mm) (9/mm)
content (%)
0 3056.13°¢204.70| 0.84%0.03 0.66+0.01 2008.63°+146.22(1695.39°¢141.50
5 3592.90°+417.94| 0.87+0.03 0.66+0.01 2417.66°+292.08|2112.43°+296.93
10 3933.39°+512.79| 0.87+0.04 0.65+0.02  |2563.77°+278.72|2224.33°+208.13
15 4580.43°+294.21| 0.85+0.02 0.65+0.02  |2885.979+169.96|2467.05°+193.06

Different letters in the same column indicate significant differences (p<0.05)

NS Not significant (p>0.05)

A) 3B)
0o @5 N1 515

a
-
P
1
L3

\
\
\

o 5 10 15 0 5 10 15
Turmeric powder content (%) Turmeric powder content (%)

©) D)

(TS
[T
I =

Color (L*a"b") of batter
8
Whiteness

22

0o @5 |10 g15 0o @5 N1 8§15

Cooking loss (%)

Turmeric powder content (%) Turmeric powder content (%)

10 (E)
0o |5 |10 15

wvenging (%)

Radical scay

Turmeric powder content (%)

Figure 4 Effect of turmeric powder supplementation on color (L*a*b*) of batter (A), whiteness (B),
cooking loss (C), thiobarbituric acid reactive substances (TBARS) (D) and radical scavenging of fish

nugget (E) Different letters on each bar indicate significant differences (p<0.05)
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3.2.3 A& (L*a*b*) maa%?mlﬂoqu
naauazAIANNIMBasiaswlwinAaan
fN& (L* a* b*) madfuuﬂaqum@ﬁ Ima@ues
pfiudSanadngg luudlsruman usaslu Figure 4A
WU @Taamaﬁ**guLLﬂa"guwa@ﬁﬁmiLauwwﬁu
fuuﬂogum@ﬁmmma'm (L*) haaninaiesing
AUANBENIITEENTY (p<0.05) uasidl avinnouiin
AT nanuaiedum liuaaas dwmsudn &
WRed (b%) wuin fuuﬂaqummmﬁaamaﬁ LANE
mﬁuﬁmmnﬂ'jwﬁaasiwmquasjwﬁﬁfsﬁﬁﬁmv
(p<0.05) wasiflarRNLUS N assn wanndn vialsten
ﬁmﬁaaﬁmmnifuasjwﬁﬁfﬂﬁm"’rg (p<0.05)
Lﬁa\mnmmﬁumzﬂauﬁ'sﬂmiﬁﬂﬁ’mu fia a3LAes
friindadusiFiniosda (Kajomvheappunngam,
2005) il arduludSanouRadn 3eadsnalwouuds
yuwmﬁﬁwﬁmﬁaamnifu NANINARES NUIdE
flsaandasnLuIsuuas Noiduang, Tapaothong,
& Masileerungsri (2015) fidnsnmsleuaawngm
whadusstudivlundaspefinuasiug woin e
RS oo InswWnuws vinlkananusained
wmliuanss uazdn  mwdesdumlifuunndn
lesandvaaiewndndauasd 1aRasan
AFUAY (a*) WU nnm”’mtmﬁmvlai LANATIN
atvlnpEATY (p>0.05) fwsunanuITadiie
@l (Figure 4B) Wuin fagandunsiinden
dWasnindlegiaiuquadridnadiagy
(p<0.05)uaz il aUSunmmsndwAndn wudn
fagefdenurmanssmusiay Geduuliu
i ganuAnnuEisesudwmen iesan
manofardudadumaaddnulus Sutu szwu
Tugrusesingunanszine §aualiazanosin
(Kajomvheappunngam, 2005) 3981371 lianTiaas
ﬁaﬁmﬁ@msmﬁauﬁmn‘fmﬂmumﬂvlﬂﬂ'aﬂﬁzu
iladuly Tuszninanszuauwmsnealagldingi

FIRINRIAAIANNINTFaARI
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3.2.4 ansgaidsszninelyedn
o [~3
Paswninadan
ﬁhmiqzyLﬁmzmwﬂﬁgaqﬂmaaﬁfﬂLﬁmﬂmﬁ
InafunsrindIunmend g sl,‘ivl,l,l,ﬂﬁgu°nacﬂ
(Figure 4C) wui1 USunmunsaiiniinadadnsosas
a o ' A a =
MIFYLFY I@mmammmumwu’tuuﬂaqum@
ﬁ@iﬁamzmsgtyLﬁﬂmﬂﬂ'jwﬁ’aaﬂ'wﬂ'suquamd
Ahpd1ATY (p<0.05) haztilatWuUIN NI VT
A/ 0 va U a 0
WNU% mwalvi&1msaﬂa:n'ﬁgzyl,amzmnﬁy
qﬂﬁ”aﬂa: 17.52, 19.31, WAz 21.89 ANAAL 1l
Lﬂ%ﬁmﬁﬁuﬁuﬁaamamqu Wasanusaiu
Urznaudiaidulofionaiamgadusi vl
LLsiamiﬁTuﬁ'lﬂuaﬂﬂiﬁungmu FINBTUNIWBNNT
g39las9sgendremdwsnidoy genale
Ta9a3 98 aNULTILIIanad ANURINTDLNMT
Anifuhiesas SsgaRsiminiznitanmea
¥ 4 . e oo
PINTYW TIROAARBINUINWIILUDI
Yuenyongputtakal, Chinnasarn, & Krasaechol
(2014) @nwanuduldldlunslslusguaiu
FITNRNBIRIT WU mnawlwgmluﬁamam
v =3 a J a v v a
vEub AN YIS u1wNnd % FuwildnliiAanny
=3 1 v v J 4
gcy,Lﬁmjaumaszmwmmﬂﬂmnmu 1489910
Ium;jmﬁ"l@i”mmnmumaﬂuﬁﬁ Jasdsznay
=3 a di U
ga3la1113 39879 lTavIM T eN laTIrIne
Padrasrluiioraed vinlwinalaseasanly
WiIK39 F9vliidaaansmAanIsuanaan ke dny
TuszninamIdu
3.2.5 Sa1 o Thiobarbituric acid
Y [
reactive substances (TBARS) 2aywninadan
Figure 4D u@41/3010 Thiobarbituric acid
reactive substances (TBARS) ¥4 wnnadan
L@NNG%Q%I%LLﬂG‘gUWﬂ@ WU USunoamsniingd
NaGad1 TBARS iAo FINAABNITLNG
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mi"gusl,uuﬂd'*quwa@ﬁﬁmﬂﬁuwwﬁuﬁmmi
\inaandiatuikasnitaiegisniuguadiag
WURIATY (p<0.05) wazidotRnySunnsaiin
fanalAddniineandiatuanaiTasas 7.94,
12.83, uaz 21.90 Mwdey awSsuifisun
A1881907UAY Lio991nrsnindsznaudie
s1sdsznauduednnguiaaigidvend
(curcuminoids) ﬁﬁawﬂ&ﬂumsﬁma%aﬁmz
(Halee and Rattanapun, 2017) 814130 gy flzd
a‘waszmjwﬁ'ﬁaaﬂ%mmﬂuam{ﬂszﬂau
é?m”zy (Reactive oxygen species, ROS) 371nn173
V‘iwmu"uawgvlamaﬂ%a (OH group) Va3
miﬂizﬂauﬂaﬁﬂﬂ%awyjmﬁa (CH, group) 184
[3- diketone moiety (Soékmen and Akram Khan,
2016) Warthaegsldriunszuinminea a3
@Tﬂuaggaﬁmzﬁ@uﬁﬁﬁuﬁam:mmmmm
aranoluiniunen S9ssnalwuSuam TBARs
8RR8I HANIINARBIINNIUIT D FOAATEINL
w3389 Mancini, Preziuso, & Pacil (2016)
Anwinavodvduuasnsauasnaidndge
anusanIalumidueyyadaszluuaiinein
szdnenadlegn wui fatnsmauns i uTas
8r 3.5 ﬁqw%fﬂﬁéﬁuaggaﬁai:ixmwmnﬁu
%’nmLLazﬁﬂizﬁﬂﬁmmesmuqumil,ﬁﬂ
sandiagduasluiuuinniidledrsfiidunsa
wesnaiiniboaz 0.1 uazdlat AL

3.2.6 n’mﬁ'uzﬁmqgaﬁaiwm

% [~
wntnadan

@ '
o

mMigudiauyadaszresiniialainingg
Lamwwﬁuﬂ%mmeﬁm 1uLLﬂa°quwa@ (Figure
4E) WuIN Usunmnsaininaded1fosazns
Sue lageagendnsdunsainiddouns:
ms{]’uz]zazguﬂiwé’aaﬂwmuquaﬂwﬁﬁﬂém@
(p<0.05) waziflouRn S mrsaiuAndn dona
I fasouaznisdudainduienas 36.87,
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58.43 ua 89.48 AwWeU LalSouifisuny
URLERELREY FigoandasnuA1InITLAia
sandiatuvasladuiianss (Figure 4D)
nmM3dnsUSinansuiuimanzanly
uwilagunaa wuii mMadunssinlSinanndsu
FINALAAI0E19TAIANNRIN (LY) 8ARd LAZANE
A0d (b) LN AdeuazmIgADIzwIngse
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