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Abstract

This study investigated the effects of the mixing ratio of tofu paste and normal corn starch on the characteristics
of gluten-free (GF) muffins. Soft wheat flour for wheat flour-based muffins (control) was replaced with the mixture
of tofu paste and normal corn starch (NCS). The mixing ratios of tofu paste and NCS were 1:6.4 (S100), 1:5.1
(S80), 1:3.8 (S60), 1:2.6 (S40), 1:1.3 (S20), and 1:0 (S00), based on their total solid contents. GF muffins of S40-
S100 developed the porous, sponge-like structure without crumb collapse. The weight and baking loss did not sig-
nificantly differ in the control and GF muffins. By decreasing NCS in GF muffin batters, the moisture content, firm-
ness, and crumb redness/yellowness of GF muffins increased, while their volume, specific volume, and crumb
lightness decreased. Nevertheless, these characteristics (except for firmness) of S100 were much closer to those of
the control. In the preference test, however, S60 (possessing lower attributes than S100 and S80) was most favored
among GF muffins, and was very similar in all evaluations (except for appearance) to the control. Overall, the mix-
ture of tofu paste and NCS would be a potential material to replace soft wheat flour in muffins.
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4 A H(Gallagher et al, 2004; Cabrera-Chavez & de la
Barca, 2010; Hiittner & Arendt, 2010; Green et al., 2015;
Lee, 2016). LA HE& F2 22 3h= Alqtol|A]
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e A7FE7E 97ER oA AR ZgRta St
(Gallagher et al., 2004; Hiittner & Arendt, 2010; Park et
al,, 2012; Ronda et al., 2012; Jeong et al., 2013; Shevkani
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Table 1. Formulations of gluten-free muffin using tofu paste and normal corn starch

) Formulation (g, w.b)
Ingredients

Control S100 S80" S60" S40" S20" S00"
Soft wheat flour” 2273 - - - - - -
Normal corn starch® - 196.0 156.8 117.6 78.4 39.2 0.0
Tofu paste” - 200.0 200.0 200.0 200.0 200.0 200.0
Water 169.7 1.0 40.2 79.4 118.6 157.8 197.0
Shortening 80.0 80.0 80.0 80.0 80.0 80.0 80.0
Sugar 120.0 120.0 120.0 120.0 120.0 120.0 120.0
Salt 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Whole milk powder 174 17.4 17.4 17.4 174 174 17.4
Whole egg powder 14.8 14.8 14.8 14.8 14.8 14.8 14.8
Baking powder 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Vanilla extract 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Total 641.7

'S80, S60, S40, S20, and SO0 indicated formulations of gluten-free muffin containing 80%, 60%, 40%, 20%, and 0% of corn starch weight (d.b) of $100,
respectively.

JMoisture content of soft wheat flour was 12.0%(w/w).

Moisture content of normal corn starch was 11.7%(w/w).

“Total solid content of tofu paste was 13.5%(w/w).

Table 2. Proximate composition” of tofu paste used in this study

Sample Crude protein Crude fat Crude ash Carbohydrate
P (%, d.b) (%, d.b) (%, d.b) (%, d.b)
Tofu paste 47.8+0.4 34.8+0.7 3.5+1.1 13.9+0.6

YMean values of three replicate measurements.
Y Analyzed after freeze-drying.

Aol RaE FRol A%r|FEo =z siky s 84S
T30l AtkKSeo et al., 2010; Yoo, 2011; Lee, 2016). Table
19] g &S 28 u, GF HAe HrisEe T3 ¥
O] 2E (200 g) o] xutulz e of 129g°]_’ Zz(E 7}
7 )] W@l S 6.6£04%, wb)oll # 4 SERE
e e oF 132 goi frAletTh whEbA Control sS100 S80

ueErhEe] AAZ Qe GF
A= Ao Azt

=254 =2| o{Ee| e By

Table 19] wigtel wat AzdE gz GF HAES]
@ olm x5 Fig. 1] YeERASITE S20 (s1009] S - —_—
B W] 200 SFo] SAHO =R Flo] s Control S60 S40
oF E3ek Al S00 (SRS HE 71shA| °—§%
Ay ﬁﬂ"ﬁgﬁ Weld #& & AAsAThE &
AF7F AR E 23 (crumb collapse)©] BHAY SR TE 224
S20} S00& ™ LEJ 57 Bl A ALttt o9 2+
2 A3= S202 S000] H7HE SFdite] o] 5=
St WAE wAe] FxE fASk=T TEHA X%
wHEOE AzZbdh. Wz 2o §lsh A S I o}
= AFF RIS B dlo] AR

gk ool AEe] HE % s A

Control  S20 S00

Fig. 1. Cross-section images of control (wheat flour-based
muffin) and gluten-free (S100-S00) muffins prepared with
different mixing ratios of tofu paste and normal corn starch.
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HE Aoz ¢#HA UtHRonda et al, 2012; Matos et
al., 2014). =23 GF ®¥E(S100, S80, S60, S40)°] thzx
o ®Bop 7| FMEZE SAE FHA 277 AR RAES
N7t A5, dudez #dst 2719 71FHE7E B
FHo] e Ao Z HtKFig 1). AAHS Fuksl=
A D AW AFE o FFEL 7FAEY FHE
AA st= TS K Wilderjans et al., 2008). Matos et
al. (2014)= GF 2 w3 wisof] @il LA 5FFH, &
e R R e e i L o I D S R b o
9 AEE F7HA 35 F A DA shE olitstea
o #3571 ofgt 7IFAEES] FH 9} o]= I 711*41
o] S A FriaL siqinh & AFellA T Ho] A

Eg o189 GF Wl MES AnE 2EaA ST
%éQE-fJWZJﬂHlH%Eﬂoéééiﬁﬁ‘%
29 AxAel F7hets Aol BARAL. WA G
ﬂng]luiﬂmzLﬂﬂ%%EQ%ﬁ%aéﬂ
g Aol Hsl o FUH A T o] iES] ALgL
= 274 22 Wu wEe) AEst F7hekas] W 2
2.

shd AlxE HAE] ol tR(48.740.5 mm)X.th
S100 (50.3+1.5 mm)°] Ao 2 ESk3(p<0.05), S80
(43.7+0.3 mm), S60 (34.2+3.8 mm), S40 (31.2+0.9 mm) <=
M2 AT A Alxd wTle] Yol 542-573
mm®] HLE HAES Apo|o|A] zfo]7} wlm|sllar, FA1 A
o2 {42l 2ol & YERA] ZUTHp>0.05). o= ¢
gk 719 WA SollA WAE F7] wEo] wao] o
2 B3E= Aol Ag=EA7] witolrh, gk Mo Eo
o} & sted S00-S1009] o] o] &t GF wH wt
= o] dEYAES] F BRHoA Zo|7t A7

o2 AZIEY. FRIME Y] A BEHe Fi
7HHE YRR AMESE AIRES HE e 3™ o
2 BIAEI YthJung et al., 2008; Park et al., 2012;
Jeong et al., 2013).

—

256 =2| Hule| Eazt &7 |&Alg 9l HIgN
AzE WASe] FREFL 289-383%2] Mol A
)

A= 81002 SAH LR foH<l Aol &

kd
o
b
o
E

Holx] kskor} S80olA S400.2 SpEAE Fhako] 7+
ABMHA FRTFE Fo)H o2 T8I THp<0.05). ol&
S100°] H]3l S80-S40°] S E FHo] HAastHA &

SRR agnE AAFE F718190 7] W&ol (Table 1)
H GF W] Fi3Fo] =2 soz AZHTE ¥

:'[:

Az

e THLE 20| 450222 44.6-45.1 g2] GF ¥
=3 FoAQ Aol E HolA] UThH(p>0.05; Table 3). ©]
o Z+e Ai= GF W 5ol BEg S B9 S5
FAES] AF(Table N} FAQle] HAL #E B9 &
EEdo] dAsite S d¥siH, ol dEd
A7t TR Hol2ES] By wjio R AYzbEr)

Lee & Son (2011a) 2=AA] Ao|Ae] FEgHego
2 F7|EAdEo] F1ed . wuskth 28y
oM Wule] FRERF] BAIgle] W] FAVF Ul
I A EE Atolol FAFSH] wiitel] w3 whssol o gk m
ALl Rk} wAe] FFe] zpolo] WiRH| &R ANE =
FNEHAEL 10.1-129%E WE22F HFYFE AboloA]
FAAHCE Fo]HQl zto]lE HolA] UTH(p>0.05; Table
3).

AzE HAES] JJ thz7te] 76.7 mLol 3L, S100°]
60.0 mLo| L} SAIH R FolFel xpo]5 Holx] gkttt
(p>0.05). &}t SSOTEi S407HA] SR gre] 7
2EPHA M) Bu)7) vzt vl foow 7as)
ATHpP<0.05; Table 3). ©]¢} -2 A= HIIFE AVHE,
FHIFVHE, AEATN A EE YT, SR
W)Z A5 GF HE SN BAEE AP B Ao

r}mg
2 wo % o
U Ve T

-

T o] 2ESt SEFARY] X¥E GF WHE WSS o
= & A3 2579 o] ikstekAE 2=t A7}
UE oz HQl E}(Matos et al., 2014; Shevkani et al.,

2015). Ale7E Axd WA Ee] Tl e ALE
Apolo| A FALsE7] ol t2d) 3 2] WA 59
H|- 822 wye] Rujox #zE Aol fARE Fds
YERN Sl tH(Table 3).
=8I =Z2| H{EL| A= (firmness)

AzE wHA\e] X (firmness)= Fig. 20 YERAIT o)
Zto] AEsol Ha W AxE yehlidlen, A

Table 3. Mean" values for color characteristics of control (wheat flour-based muffin) and gluten-muffins (S100-S40) prepared with

different mixing ratios of tofu paste and normal corn starch

Muffins MC? (%, w.b) W2 (g, w.b) BL? (%) V? (mL) SV? (mL/g)
Control 29.2+0.2¢ 45.0+1.7% 10.4+3.2° 76.7£11.5° 1.8+0.3%
S100 28.9+0.3¢ 45.1+1.4° 10.1+2.5° 60.0+10.0% 1.4+0.2°
S80 32.540.1¢ 45.6+3.1* 10.1+2.2° 46.7+5.8° 1.1£0.0°
S60 35.8+0.2° 45.6+1.5% 10.3+2.1° 36.7+£2.9° 0.8+0.1¢
S40 38.3+0.1° 44.6+£2.2%® 12.94+2.3? 33.3+5.8° 1.1£0.0°

YMean values of three replicate measurements; Values sharing the same lowercase letters within columns are not significantly different at p<0.05.
MC, moisture content; BL, baking loss; V, volume; W, weight; SV, specific volume.
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7Vhe s et 2" E iz
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tH(p>0.05; Fig. 2). Lee & Son (2011a, b)S oFZ &
ojuf FXEY o] H7beko] FrhePAA AlolAe] HAx
o
7

8 o My
S N (R

7} S7Vshe A2 ol5e] wiEe] V| X P S W gz
Aola Hojeo] 7HAR ) U 2F o] AL FAH
7] wZo]2taL 35t Preichardt et al. (2011)2 271}
SFFIFEE o] g5t AolA Al Al zhebrle] Yol
Z7VdeE Aoz 9 HlgH e ZUlElEA Are 4
O stk wiEb B Aol N S i) bkl
He4E F7d Zg vAle] FErt FrksleE AL wA
o] v]g-Ho] ZhAste] Y ZF o] XEsHA =AY wE
o|tK(Table 3 & Fig. 1).
=254 =2| 0{E =(crumb)2| M 4

Az WA Z(crumb)e] A 54L& Table 40 LERY

ATk S100¢] WE=rh thxwt# 2pol 7t Qi A A9,

40

W
o
)

Y

H o

Hea

Firmness (kN)

-
o
]

Control S100 S80 S60 S40
Muffins

Fig. 2. Firmness of control (wheat flour-based muffin) and
gluten-free (S100-S40) muffins prepared with different mixing
ratios of tofu paste and normal corn starch. Bars sharing the
same letters in Fig. 2 are not significantly different at p<0.05.
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Table 4. Mean" values for color characteristics of control
(wheat flour-based muffin) and gluten-muffins (S100-S40)
prepared with different mixing ratios of tofu paste and normal
corn starch

Muftins L a b

Control 84.3£0.1° 0.0£0.2¢ 24.5+0.2¢
S100 84.4+0.1° 1.0+0.4° 25.4+0.1°
S80 83.0+0.1° 1.1+0.1° 27.3+0.2°
S60 80.7+0.1¢ 0.1£1.4¢ 27.8+0.3"
S40 75.940.6 8.1£1.3° 31.6+0.4°

YMean values of three replicate measurements; Values sharing the same
lowercase letters within columns are not significantly different at
p<0.05.

Table 5. Mean" values for the preference of control (wheat flour-based muffin) and gluten-muffins (S100-S40) prepared with

different mixing ratios of tofu paste and normal corn starch

Muffins Appearance Flavor Taste Texture Overall acceptability
Control 8.1+2.3¢ 7.1£2.6™ 7.3£2.2¢ 7.3£2.2% 7.1£2.1%
S100 6.5+2.9% 6.4+£3.2%" 5.242.4% 5.0+£2.5°¢ 4.8+2.3

S80 6.9+2.8% 7.242.1% 6.4+2.4% 6.5£1.9" 6.4+2.1%

S60 6.9+2.8% 8.0+£2.4* 7.9£2.6 7.7£2.8* 8.242.3%

S40 6.1£3.4% 8.0+£3.7% 7.4+3.2° 6.7£3.2" 6.9+3.5"

YMean values of measurements from 24 panels; Values sharing the same lowercase letters within columns are not significantly different at p<0.05.
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