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Abstract

This study was performed to examine the quality and antioxidant activity of muffin containing black garlic extract
powder that was stored for 9 days at room temperature. Black garlic extract powder was added to the muffin batter at
concentrations of 0, 1, 4, 8, and 12%. Specific gravities of muffin batters increased as black garlic extract powder
increased, whereas, height and specific volume of the muffins decreased. For the color of muffin crust and crumb,
lightness decreased as the level of garlic extract powder increased, whereas redness and yellowness increased. For
sensory evaluation, the color, flavor, softness, and chewiness of the muffins containing 1% black garlic extract powder
were superior compared to those of other samples. Scores for taste and overall acceptability were the highest in muffin
containing 4% black garlic extract powder. The antioxidant activity of muffins measured by DPPH(2,2-diphenyl-1-
picrylhydrazyl) radical scavenging assay increased as the level of black garlic extract powder increased. Further, the
TBARS(thiobarbutric acid reactive substance) content of the muffins containing various levels of black garlic extract

powder was lower than that of control.

Key words: muffin, black garlic extract powder, antioxidant activity, quality characteristics

LA E
HAMuffin e FURZ 7 3 9% 52 EFslo]
T wEo] G S5k mwA wre] 419
oFd A 0 A SOE Bol ol§HI Y U

A W TR ShEA AU Aol et S, A
zmy, YEHA, 23H3A 5 I FT77F td3ttiAhn
CS$} Yuh CS 2004). =3+ rﬂ%—e— A =55 o
2 9 A gor Ax A g2 A5 HUPt Rin
2 golatrg thagt AEFoE WMFo] 715K Jung
HO % 2008). °]23F M-S 1gdste] <)o) Al A)w
2415 wHd Hgsh= A

BoplAE 25 A7)
7b 23] AP 1 QY FAlolth v1H B3 hes-

"Corresponding author: Jung-Hye Shin, Namhae Garlic Research Ins-
titute

Tel: 055-860-8947

Fax: 055-860-8960

E-mail: whanbee@korea.kr

737

peritin(Jeon SY 5 2003), 2 2]57(Kim JH2} Lee YT 2004),
4 ®=EZ(Chung HJ 2006), AF27}FJoo SY 5
20006), %%H“L(Park SHS} Lim SI 2007), AFPA 222
(Vasantha R & 2008), THAIuF7F+Kim JH % 2008), v}
E(Joo NM 5 2008), B2 2]7}(Shin JH 5 2008b),
FFEZ(Ryu SY 2008) ¥ WA FELHKim KH 5 2009)
S Ode AAARS Hrist] #AeY 7] 7}Z]a
o|7] 1% A7t Bol o] FoA L Utk
U}b(Allium sativum L.)2 33 Lilliaceae) F<5(Allium)
“—‘70}*“ 132y %ELZ: NUEH ks ZU]E ul 717@
FOE 0§93 BA HFAEY FURE o] &5
Qo #E-E(Ankri S} Mirelman D 1999), 331
A=A -E(Ruffin T2+ Hunter SA 1983), &¢F 2 Ajazo] &
EdAHo] a3KSteinmetz KA 5 1994), 4+3F-8(Corzo-

l=lPr

iﬂﬁﬁ

Martinez M 5 2007, Hwang IG & 2007) &< 7FAaL Q)
20] g&A glo] 71554 A, 7]}:_/\4 AlZ "l o]ekE 7))
o]l A EE o] 853 tiJang EK 5 2008). "=



738 ol - Zwy - 9AE -

r_é
o
K=
oX
iy

ol

T2 A EHE YR AR S IEEES
vhs 42 A B WAE Uehlls 29Bde]E 8
ug o83t 52 WY A= TARAIF]E AdlA
s i3 4 3

[ o

QRO ZHe ng BHS UIslT Ty
2l A Eo| /=] YThChoi YH 5 2007, Kim TW
9} Kim BH 2007). 71 % o5& 3&%71011 LA =4
AR Frbsd 54 A SOl vk weutt e 7
Zspal ZHRkg o2 HaAo] Hw Hylo] Frletal &
aﬂ == m ia]—i‘—O]ESl] 81-ato] 57}5}‘3](Shin JHS
2008a). &= AJrkse] EA)3HA] ¥ S-allyl-cysteine©| 2=
_/[: A %%LO}D]LA].o] A(})M—]Q oi/q 31-4@3:1 R:1:Ra) o].q
e g9 3 FelzElE A3 S0P AH 2 AP
go) dPdEsisl Yrisrct Z7ske Ao weA )
THan KB 5 2005).
B A% Johesl Ay o8 deke Aa
54 BRIVI HEAE
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WAL e 2= v R W7F(Cake flour, Daehan flour
mills Co., Seoul, Korea), WE|(Seoulmilk, Seoul, Korea),
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Seoul, Korea) 2 #Hlo|% 3}-¢-Tl(Sungjin, Seoul, Korea)E
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Table 1. pH and specific gravity of muffins betters substituted
with different levels of black garlic extract powder

Substitution levels (%) pH Specific gravity
0 7.13+0.02° 0.78+0.01°
1 7.0740.01°¢ 0.79+£0.01°
4 7.01+0.01° 0.81+0.01°
8 6.99+0.01° 0.8320.01¢
12 6.90+0.01° 0.84+0.01°

Each value is expressed as meantstandard deviation.
*®Means in column with different letters are significantly diffe-
rent(¢=0.05) by Duncan's multiple range test
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Table 2. Height and Specific volume of muffins added with
different levels black garlic extract powder

Substitution levels (%)  Height (cm)

Specific volume(cc/g)

0 6.36+0.33° 0.95+0.13°
1 6.04+0.17° 0.74+0.19"
4 5.98+0.28" 0.74+0.18"
8 5.85+0.12° 0.74+0.12*
12 5.72+0.32° 0.67+0.11°

Each value is expressed as meantstandard deviation.
*“Means in column with different letters are significantly diffe-
rent(0=0.05) by Duncan's multiple range test
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Table 3. Hunter's color of muffins added with different levels black garlic extract powder
Substitution levels Hunter's color values
(%) L a b AE
0 83.27+0.76° 2.98+0.67° 34.77+1.29" 1.79+1.52°
1 75.13+0.83° 6.08+0.87° 34.90+0.75" 8.77+0.92°
Crumb 4 58.42+1.37° 10.33+0.28° 37.12+0.86" 25.87+1.34°
8 53.07+1.61° 12.10+0.27° 37.69+0.61° 31.51x1.60°
12 49.87+3.32° 12.73+0.61° 37.15+1.31° 34.7743.31°
0 74.41£0.01°V 5.2940.01° 28.21+0.01° 38.04+0.15°
68.82+0.26° 5.55+0.38" 27.56+0.36" 41.5320.10°
Crust 4 59.34+0.05° 8.16+0.04° 30.04+0.04" 50.74+0.07°
55.57+0.01° 9.14+0.01¢ 29.25+0.03° 53.48+0.01°
12 48.41%0.01° 10.88+0.01° 27.54+0.04° 58.78+0.03°

Each value is expressed as meantstandard deviation.

*®Means in column with different letters are significantly different(0=0.05) by Duncan's multiple range test
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Table 4. Sensory test of muffins added with different levels black garlic extract powder

Sensory Substitution levels(%)
characteristic 0 1 4 8 12

Color 5.45+0.31° 5.75+.0.33" 5.37+0.14® 4.500.49" 431047
Taste 4.43+0.23" 4.93+0.27" 5.50+0.41° 3.93+0.57° 3.87+0.30°
Flavor 4.25+0.45% 5.62+0.51 4.68+0.29° 3.8740.68 3.81£0.21°
Softness 5.00+0.31° 5.56+0.32° 4.87+0.48% 3.68+0.36" 4.56+0.41"
Chewiness 4.56+2.20™ 5.81+0.21° 4.00+0.36™ 3.31+0.34° 4.25+0.23"
Overall acceptability 4.68+0.38™ 5.75+0.37" 5.95+0.26° 3.4340.42° 4.27£0.29%

Each value is expressed as meantstandard deviation.

*“Means in row with different letters are significantly different(a=0.05) by Duncan's multiple range
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o] % % pH W3l= Table 500 AAATE M A=z 2
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o] H7}Fo] Wold 4 pHe WolAE Aol o=
2 A3l ¥= pH 84 Ao} dAEte Aotk
SrbES 5~15% HHAE HUReE d=gelo] Aoz
pHE 7.21£0.07~6.18+0.042] W1 Z(Jeong JY 5 2010)
B2 Ay Aol fAR Mk A% 5 w39 pH
= A% 6Y7HA vEF FTFsEA T A% 9doll thA| 2
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6. M& & HAX H3}

Ao A% 5 "9 W3slE Table 69 UERAR
o). A (hardness)> A 3ol 7 & FOoF2 {9
Ao g FI7e the Al&ste Frkske Aade JERL
=8 A& 9ol 1% A7l A 226.93+28.53 2 7HA =
Ut Wd R Ba-s JUeE HAolAe HIEE 1% H
7oA 7P =9k 5% ol HIEAlA thAl ot

Table 5. pH of muffins substituted with different levels of black
garlic extract powder during storage at room tempera-

ture

substitution Storage period (days)

levels(%) 0 3 6 9
0 7.81£0.01"” 7.81£0.01* 7.91+0.01°F 7.90+0.01*"
1 7.76+0.01°°  7.72+0.01°°  7.75+0.01"° 7.75+0.01°°
4 7.3940.01C 7.3540.01°C  7.3640.01° 7.29+0.01°
8 6.94+0.01"®  7.03+0.01°® 7.06+0.01" 6.94+0.01*°
12 6.69+0.01°*  6.82+0.01"* 6.87+0.01°* 6.80+0.01™

Each value is expressed as meantstandard deviation.

Means in the same row(a-c) and the same column(A-E) bearing
different superscripts are significantly different(«=0.05) by Duncan's
multiple range test
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0.01~0.07+0.019] HLZ 7FATH o]F {2142 W} ¢l
ATk d(gumminess)> A4 713to] 73 wel S}
s, A doll= Suks B 1% H7HFolA 52.80+
16712 7P =%ker, ks 9 4~12% H7F oA
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Table 6. Texture profile analysis of muffins added with different levels black garlic extract powder during storage at room temperature

Storage period (days)

Texture parameters Sub. levels(%)

0 3 6 9
0 90.90+8.69** 137.42+19.46° 173.46+15.64¢ 157.51+£26.03"¢
1 122.03+16.55* 201.56+18.09° 205.95+19.12°8 226.93+28.53"
Hardness 4 98.76+3.80™ 147.65+17.71°® 164.22+18.44%8¢ 188.6146.74™¢
8 100.55+3.84* 162.35+17.34% 145.59+4.10™" 197.53+22.13%¢
12 118.75+6.14°* 141.10£17.39™" 163.16+26.08" 178.22437.66™¢
0 0.99+0.00™* 1.00+0.00** 0.9420.13"* 0.87+0.21*
0.99+0.01* 1.00£0.01* 0.99+0.01%* 1.03x0.11°*
Springness 4 0.99+0.00"* 0.99+0.02"* 1.00+0.01"* 0.97+0.05™*
0.99+0.00™* 1.00+0.00** 0.87+0.21* 0.97+0.05*
12 1.00+0.00** 0.99+0.01** 0.98+0.02"* 1.04+0.06™"
0 30.21£5.57* 30.49+5.54* 46.49+5.59"8 42.22+10.95"
49.18+4.65 57.23+8.53%8 56.62+7.63F 64.74%15.06™
Chewiness 4 30.89+3.31* 38.22+8.60**" 50.18+14.69™ 49.83+15.59®
34.82+1.534 38.8245.86™F 46.47+8.24™4 51.08+9.63*P
12 38.80+4.56" 38.71+4.74% 45.49+6.70°* 57.53+£34.95*
0 0.34+0.03" 0.28+0.02*® 0.27+0.01°*8 0.23+0.02*
0.38+0.03% 0.28+0.02°* 0.27+0.01°* 0.27+0.02*
Cohesiveness 4 0.30+0.01°® 0.25+0.02°* 0.28+0.02°P 0.26+0.03*3
8 0.35+0.01°® 0.28+0.02°* 0.25+0.01** 0.26+0.02**
12 0.33+0.01°* 0.27+0.01** 0.27+0.01%* 0.294+0.12*
0 0.09+0.01"¢ 0.06+0.01**® 0.06+0.01°" 0.05+0.01**
0.10£0.01°® 0.07+0.01** 0.07+0.01* 0.06+0.01°*
Resilience 4 0.09+0.01*® 0.07+0.01**® 0.06£0.01* 0.05+£0.01*
0.09+0.04°% 0.07+0.01** 0.06£0.01* 0.06+0.01°
12 0.09+0.01°¢ 0.07+0.01"8 0.06+0.01"* 0.06+0.01°*
0 37.01£15.51* 39.46+5.54™ 44.09+11.59** 46.07+6.01*
52.80+16.71" 53.39+5.30" 58.09+8.94°* 62.39£11.51%4
Gumminess 4 30.98+3.28* 37.44+8.92**8 43.83+6.90°%¢ 45.84+3.84%
34.92+1.53% 38.79+6.71*8 45.96+7.25%¢ 52.48+8.88°C
12 37.6746.54** 38.73+4.77* 44.16£7.36" 45.26+6.124

Each value is expressed as meantstandard deviation.

Means in the same row(a-c) and the same column(A-C) bearing different superscripts are significantly different(o=0.05) by Duncan's

multiple range test
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Table 7. DPPH radical scavenging activity of muffins pre-
pared with black garlic extract powder during sto-
rage at room temperature (%)

Substitution Storage period (days)

levels(%) 0 3 6 9
0 2.59+0.66™ 2.51+0.18"* 0.62+0.22** 0.49+0.19**
1 2.1240.24"  226+0.61" 1.53+0.14" 1.42+0.24**
4 16.90+0.83" 15.59+0.63" 14.22+1.63"® 13.78+1.77""
8 35.71+1.19% 29.65+1.24° 29.91+1.25" 30.60+1.49"
12 49.76+0.51°° 48.09+1.01°° 47.09+0.62""° 47.38+0.37""

Each value is expressed as meantstandard deviation.

Means in the same row(a-c) and the same column(A-D) bearing
different superscripts are significantly different(a=0.05) by Dun-
can's multiple range test
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Fig. 1. Changes in TBARS value of muffins prepared with
black garlic extract powder during storage at room
temperature.
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