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This study aimed to examine quality properties of muffin by the amount of addition of Korean whole
wheat flour (0%, 25%, 50%, 75%, 100%) as there is increasingly higher interest in the healthy food. The
effect of Korean whole wheat flour were evaluated in terms of height, volume, weight, specific volume,
baking loss rate, colorimeter, and sensory evaluation. Texture and moisture contents of muffins when
storage (1, 3, 5 days) was measured. As the ratio of Korean whole wheat flour increased, the baking loss
rate and weight increased, whereas the volume and specific volume was not significant. During storage,
moisture content of muffins decreased significantly. The addition of Korean whole wheat flour increased
lightness (L value) of crust and crumb decreased, whereas redness (a value) and yellowness (b value)
increased. The control group (CON) showed the highest springiness lowest hardness. The muffin with
25% of Korean whole wheat flour (WHF25) in test group showed the high springiness low hardness.
According to the sensory evaluation, the control group showed the highest score in terms of taste, however
WHEF25 showed the highest score in appearance, color, flavor, texture and overall acceptance, WHEF25
showed the best result and the optimum addition of Korean whole wheat flour. Furthermore, this study
proposes the possibility of development of various confectionery with using Korean whole wheat flour.
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Table 1. Formulas for muffin with Korean whole wheat flour

Ingredients CON WHF25 WHF50 WHF75 WHF100

Flour 600 450 300 150 0

Korean whole 0 150 300 450 600

wheat flour
Sugar 300 300 300 300 300
Margarine 180 180 180 180 180
Eggs 180 180 180 180 180
Milk powder 45 45 45 45 45
Baking powder 30 30 30 30 30

Salt 7.5 7.5 7.5 7.5 7.5

Water 390 390 390 390 390

CON : Muffin without Korean whole wheat flour.
WHEF25 : Muffin with Korean whole wheat flour 25%.
WHEF50 : Muffin with Korean whole wheat flour 50%.
WHEF75 : Muffin with Korean whole wheat flour 75%.
WHF100 : Muffin with Korean whole wheat flour 100%.
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A FAHEA -8 2 A 819 3L, Duncan's multiple range testl] <]
al 7} Als gbe] frelAel A2 AFaAT

version 12.0, SPSS Inc.) program< ©]
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BulE 277} 166.67 mLE 7H4 ZAa, 1 e
WHEF75(156.67 mL)>WHF50(155.00 mL)>WHF100(153.67 mL)
>WHF25(148.33 mL) <=0 & 7+Aslel o1}, 9 2¢l zjo]
7} 1T}, ol& tFEEES 71 WA (Kim & Lee, 2012)
I 54 Az & BS H718 W F(Jang, 2012)0 4 % 7
o] H7fol met F-3)7F Hdasle Zom vt 93
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7} B ge] Ao nE 2w 3A gl o) okt
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WHF100(60.83 g) =22 wuj4t Aol Hreo] S7te

Table 2. The physical properties of the muffins prepared with different Korean whole wheat flour contents

CON WHF25 WHF50 WHF75 WHF100 F-value

Volume (mL) 166.67+16.07 148.33+15.26 155.00+13.23 156.67+10.41 153.67+3.21 0.86™

Weight (g) 59.57+0.45 59.70+0.17 59.77+0.15% 60.77+0.06° 60.83+0.31° 16.28"

Specific volume (mL/g) 2.79+0.25 2.48+0.24 2.59+0.22 2.58+0.18 2.53+0.04 1.05"

Baking loss rate (%) 14.9120.64° 14.72+0.25° 14.62+0.22° 13.19+0.09° 13.09+0.44° 1637

Height (cm) 5.70+0.10° 5.63+0.06™ 5.63£0.06™ 5.63+0.06 5.33+0.06" 13217
"p<0.01, ""p<0.001, MNot significant.

"¢ Means denoted in a column by same letter are not significantly different(p<0.05).
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Table 3. Moisture contents of the muffins prepared with different Korean whole wheat flour contents during storage

Storage day CON WHF25 WHF50 WHF75 WHF100 F-value
1 532.36+0.93 B32.48+0.75 €32.47+0.42 532.22+1.01 832 56+1.57 0.05"
Moisture 3 £28.24+0.69 427.93+0.34 529.1120.11 428.47+0.99 428.92+0.81 1.57%
Cozlof)n . 5 A28.1240.15* A28.15+0.26" A28.31+0.31° A28.88+0.19" #29.05+0.39° 742"
F-value 38.25™ 80.18™ 156.34™ 18.72" 11.67"

™ p<0.01, ™" p<0.001, ™ Not significant.

*» Means denoted in a column by same letter are not significantly different (p<0.05).
A~C Means denoted in a row by the same letter are not significantly different (p<0.05).
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Table 4. Color values of the muffins prepared with different Korean whole wheat flour contents

CON WHF25 WHF50 WHF75 WHF100 F-value
L 61.64+0.29° 59.16+0.12¢ 56.34+0.04° 55.68+0.10° 54.43+0.03° 1,158.40™
Crust a 7.10£0.09° 7.15£0.12° 7.71+0.07° 8.34x0.20° 9.07+0.08¢ 136.65™
b 38.1120.05 39.36+0.13° 40.78+0.18° 43.38+0.05¢ 47.82+0.15° 2,936.91™"
L 76.79+0.05° 67.22+0.09° 65.37+0.02° 62.23+0.19° 60.27+0.05" 12,478.24™
Crumb a -1.28+0.04" 1.20+0.08° 1.9740.06° 3.69+0.07¢ 3.95+0.02° 429522
b 31.65+0.27° 31.94+0.38" 32.44+0.09 33.63+0.08° 35.97+0.05¢ 198.46™
™ p<0.001.

#7¢ Means denoted in a column by same letter are not significantly difference.

WHF75

WHF50

CON WHF25

Fig. 1. Photographs of the muffins prepared with
different Korean whole wheat flour contents.

7Vt AT frAke A3E Hol 3ok
Ao LS E771 76,792 7H =9ka, AHE A
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]_

60.272 7P Sob AAe] Litah $UF Aos Bl &
A o] agh& WHF1003.95)7F 71 2ot AP E H7lgo] &
7V E AAET} =014 (p<0.001) 2 2] bit2 WHF100

o] 35972 AT} 7} =gku AYE Hy)ko] =y}t
T fFelH o= EobAThp<0.001).
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AL ol wlal aguletel AlEFo= A7t 2
Holmn® A7713t Feke] 223 Wists doliy] 9]k
WS 1Y, 3Y, 5942 7 X (hardness), §+2 4 (springiness),
-3 (cohesiveness), 7174d(gumminess)Z 43 (chewiness)
& 243900, 7 AT Table 59 LTh

3me] A, 190] Brsto] S43 A vk ti271(784.00)
7} 4 Goron] AYR Hrlako] ZrjEpE A} &
How X4 WHF100(1,227.77)7} 713 3=}THp<0.001).
£ 54 EHS: A 7¥et WA (Kim, Lee, & Lee, 2013), 2H-
=S 3718 v F(Jeong, et al,, 2014)T} ofAfolu]E] B
A7ke M A (Kim & Yoo, 2016)914 H7teko] Z71842 7

uHH‘
)

Tt wolA] £ AFet FUS AAE HAFUTE Al X 3
733 Foll= o2, WHF259F WHF50-2 Al Fhel] fro] %
ol zpol7} A, AHE 75% F7F-¢l WHF75¢} 100% 3
7HEQl WHF1007H= 214 Q1 2to] & e AtH(p<0.001).
A% 59 A7 T AYE 25% H7HEQ WHF25(524.23)9
Axr} 7P vrom, T vk tZ75574.90) < WHF50(576.63)
< WHF75(684.70) < WHF100(743.97) 2.2 AYE A7}
o] 7F¢ ¥ WHF1009] =7} 7Fg =34 TH(p<0.001). #4178
717k w2 A xe] Wale AZ 1Y Fof| vlete] Az 3d
T, ARe Amrh ARbH o Yol Alx 5U Folle
TA] FopAl = WSS EAtHp<0.001). o= Alx 19 FHE
o Az 3Y &, wHel e 7 Aols
Al BE7b Yolxl Ao Atgdn A=
Z7(784.00), Al % 39 F= WHF25(457
T WHF25(524.23)9] A=7F 71 skt
gL Az 1Y€ F, WHF75(1.00) > WHE50(0.98) > th
Z740.96) > WHF100(0.95) > WHF25(0.91) =2 2 Vet O
A8 Zhll fel ARl Apol= IATh A% 3Y F= T
7} 1.59% 714 =8kom, 1 th3-& WHF257} 1.29, WHF75
7} 0.86, WHF50°] 0.85, WHF100°] 0.81 $=C.& thzo] H]
sto] AYES ke H@wo ©@gdo] Huby o vk
THp<0.001). ©]= olnfgh9]l BukS A 7}1ek w9 (Choi, 2016),
o FEU-S H73 HH(An, 2014)F TR Ul o
F(Jeong & Jeon, 2016)N A = 7 o] S7teteE 7H4s)
= A7 Al A4S B A= sYFE dlz=1te} WHF75
7} 0.828 FUsHA 7 =kom, WHE257) 0.78% 714
AT (p<0.01). 27717kl w2 g /d o] W= Alte] A
3t whet @] FA 7 AbA o ® vropyrh
SR AZE 1Y Foll WHFs0°] 71 s=3kom, A% 39
o Az 59 Felle AYE ArFFol 7P B2 WHF1007F
freld oz 7Hg Eakon, o AHE Hrbdel 73
& WHF259] g-34¢] FoA o= 71 w3 th(p<0.001).
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Table 5. Texture profile analysis parameter of the muffin prepared with different Korean whole wheat flour contents
during storage

Storage periods

Sample F-value
1 day 3 day 5 day
CON A784.00+54.27¢ A460.30+13.28" B574.90+2.88" 77.48""
WHF25 B868.53+57.60° A457.50432.23° A524.23+19.38° 92.54™"
Hardness WHF50 €954.13+27.03¢ 479.57+10.56" $576.63+10.54° 593.52"
(@ WHF75 D1,043.93+44.05° 5552.0349.49" €684.70+13.81° 26241
WHF100 £1,227.77421.38° ©661.83+9.00" D743.9748.53 1,377.58™
F-value 46.68"" 75.66"" 161.33"
CON 0.96:+0.04° €1.59+0.08° €0.82+0.01° 181.43™
WHF25 0.9140.01% B1.29+0.27° 40.78+0.02° 897
Springiness WHF50 0.98+0.03° 0.85+0.01° 560.800.01° 56.58"™"
(%) WHF75 1.00+£0.12° 40.86+0.05% €0.82+0.01° 4.90"
WHF100 0.95+0.13 40.81+0.01 50.80:£0.01 3.56%
F-value 0.56™8 2224 10.24™
CON 40.48+0.02° AB().41+0.01° 40.28+0.02° 168.41""
WHF25 50.50+0.02¢ 40.39+0.01° 80.31+0.01° 291.44™
Cohesiveness WHF50 €0.55+0.01° 480.41+0.02° €0.37+0.01° 216277
(%) WHF75 B0.52+0.01° 80.42+0.01° €0.38+0.02° 57.96™
WHF100 €0.54+0.01¢ €0.45+0.01° €0.39+0.00° 320.60°
F-value 16.24™ 1411 46.94""
CON A397.84+26.16° B180.35+11.51° A161.35+3.61° 187.22™
WHF25 8447.17+19.93° A157.16+2.95° A160.95+9.68° 49832
Gumminess WHF50 €549.74+15.47° 5189.10+3.58° 5188.35+6.95° 1,301.22""
(@ WHF75 €566.36+27.71° ©231.33422.98" ©252.47+6.91° 235.80""
WHF100 D671.0126.29° ©256.49+1.88" D267.77+8.51° 654.41""
F-value 61.86™ 35.39™ 140.50""
CON 2363.30+26.78° 4202.21429.09° A130.39+2.35° 81.60"
WHF25 B497.02+42.90° A245.39+7 .30 A120.38+7.63° 169.66™
: WHE50 BC561.61+22.41° B347.03+18.30° 5182.92+10.80 340.35™
Chewiness
() WHF75 €628.29+36.77° 5391.96+53.34° ©231.89+16.54° 80.05"™
WHF100 C632.87+67.25° €469.62+27.38° ©245.96+19.64° 60.02""*
F-value 20.95™ 36.56" 58.23""

" p<0.05, ™ p<0.01, ™ p<0.001, ™ Not significant.
"¢ Means in a column denoted by the same letter are not significantly different (p<0.05).
A~E Means denoted in a row by the same letter are not significantly different (p<0.05).



Ut AdEe AR vEe] FAEA 131

o
%, o
o
2
o
fu
N
N
o T
W
2,
<
=
()
2
olo
i)
O:
1o
i)

0.001). #17%71zto] AojAFE 2o Ao H3Ad
S A sl on, MY Hrbge] s AI4E
=7 vebsth o] 71FE A 7F8E B (Seo et al., 2012),
njue] 712 718 m#(Seo, Kim, & Ko, 2011), o214
o} Bu-S 713l v ¥ (Park & Chung, 2014)0l 4] 9} 2o 3
bl VeSS 38 2 A iAo Sk A
gk A28kt
A7 2ol whE 227k wisle] Au=

=91 ggFolgla, AT FolMe AYE Mol
7V A& WHF257} 7174 =] ¢
Zro] Aojd 45 RE AR AE

1314 9] A= oA, AYE
Alge] Ar, 348, A4 2 A

i

¢

X,

fo i =
o

il

;10_‘

3.2. 7|13k ZAL

YT HA A7k dobir] 918 me] 9] Happea-
rance), A (color), Z2 {X(texture), & V(flavor), Bt(taste), 1A
Q] 7] &= (overall acceptance)2] &0l thsl] 78 H =
WA e AAS A3 Table 63 2T

9] -2 WHF25(4.41) > T Z744.16) > WHF50(4.00) > WHF75
(3.31)> WHF100(2.59) =22 A% 25% H 719l WHF25
& FoH o2 Folsl3] o (p<0.01), =72} WHF502}+=
fre]AQl ztol & YeERNA] eEshTh

A2 WHF25(4.47) > WHF50(4.31) > t 27(4.13) > WHF75
(3.78) > WHF100(3.06) =22 Y 25% 3 7F-Q] WHF25
E 7P FolskH o U(p<0.05), AHE 50% 7]l WHFS0,
et WYPR 75% H7HE)]l WHF759h= 191491 #fo]
7 Lok, AR bl S7HEsS Ao] of 797 7]
St AAF dojAlE Aoz yEyith

Z2) 732 WHF25(5.56) > th2755.22) > WHF50(4.31) > WHF
75(2.88) > WHF100(2.03) <= 0.2 AukA o0 7 fo]2 Q] 20| &
1.9 01 (p<0.001), WHF259} th27= f-2]4<1 ko] 7} gl
3L, AR Arhe] S7HTE 23] 7St wolt

)= zAgte] Awte}l FAsHA WHF25(4.91) > th &7
(4.69) > WHF50(4.66) > WHF75(3.91) > WHF100(3.13) <¢o.2
WERE 2 H(p<0.001), WHF259} th 2=, WHF50 Al & ol =
Frel Al atol 7t glo AYE Mol 25~50% M= &
nlof] A FEFS FA B Ao Hopxlrh

uhe T 27H4.97) > WHF25(4.84) > WHF50(4.69) > WHF75
(4.00)>WHF1003.31) o2 AP FH7FE thzol
3k 713=7F 7Y Eouk(p<0.001), thEFSE WHE2S,
WHF50 Al& Frelle f+92Ql Apo]l& Hol=] &3k

AR A 7| S =E= WHF257}F 5.500. 8 713 =3kt p<
0.001), thZ(5.47)$ WHF50(4.97)3= 592 ¢1 2ol 7} ¢l
N3, AHE H7He] S7HE45 715%7) sobxnh

AgHo g AYE M7k FolA el 7 A2
WHF259] 7|2 %7} 9|2 A 2278 Fu)9) dAZel 7%
ToflA 7P mskeow, YR Hrbge] $1EeE Vs e
7} grolbxla, WHF25, thZ7-2F WHFS0 Al 5 {holl= <3, A,
1), Btk AA AR 7] sl A 2] AQl Afe] & YEhA]

gt

4. Q0 U A=
S YRS A vEe] A5 Al Bl

Table 6. Sensory evaluation of the muffins prepared with different Korean whole wheat flour contents

Sample Appearance Color Texture Flavor Taste Overall acceptance
CON 4.16£2.37™ 4.1342.35° 5.22+1.21¢ 4.69+2.12" 4.97+1.86° 5.47+1.24°
WHF25 4.41+1.86° 4.47+1.63° 5.56+1.19° 4.91+1.69° 4.84+1 44 5.50+1.19¢
WHF50 4.00+£1.37* 4.31+1.49° 431£1.23° 4.66+1.56™ 4.69+1.45™ 4.97+1.66°
WHF75 3.31+1.42" 3.78+1.60® 2.88+1.01° 3.91+1.44% 4.00+£1.44® 3.69+1.38"
WHF100 2.5942.05° 3.06+1.92° 2.03+1.26° 3.13£1.96° 331+1.87° 2.56+1.48°
F-value 5.05™ 3.00" 52.45™ 5.53™ 5.88™ 26.76™"

 p<0.05, 7 p<0.01, ™ p<0.001.

24 Means in a column denoted by the same letter are not significantly different (p<0.05).
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