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Rheological Properties and Sensory Characteristics of White Bread
with Added Mugwort Powder

In-Chang Jungf

Dept. of Tourism and Hotel Culinary Arts, Sorabol College, Gyeongju 780-711, Korea

Abstract

This study was designed to investigate the possible utilization of mugwort as a source of functional ingredients. The
approximate composition for mugwort powder was 5.06% moisture, 1.98% crude protein, 4.65% crude fat, 5.85% ash
and 82.46% carbohydrate. The highest mineral content was potassium. The contents of total phenolic compounds and con-
densed tannin were 114 mg% and 11,000 mg%, respectively. The highest electron donating ability(EDA) was observed
from the ethyl acetate and butanol fractions of mugwort powder but the lowest was shown by the hexane fraction. In
color values, with increasing mugwort powder content, the "lightness", "redness" and "yellowness" decreased in the crust,
while in the crumb bread the "lightness" decreased and the "redness", and "yellowness" increased. With the addition
of mugwort powder as a substitute for strong flour over the range from 2.5% to 10.0%, the ratio of the volume and
specific volume of white bread decreased while its weight increased. In the texture measurements for white breads, the
hardness decreased slightly with the addition of 2.5% mugwort powder, but then increased with further additions of
mugwort up to 10.0%. The addition of 2.5% mugwort powder increased the springiness and gumminess of white bread.
The highest sensory scores for color, flavor, taste, texture and overall acceptance as evaluated by a student sensory panel
were obtained from white bread with 2.5% mugwort powder and from the control. The highest sensory scores as
evaluated by a baker sensory panel were obtained from white bread with 2.5% mugwort powder. In ranking test, overall
acceptability of white bread was the highest in the control. Overall acceptance scores by sensory evaluation of white bread
with 2.5% mugwort powder were not significantly different from those of control.

Key words : Mugwort powder, white bread, EDA, rheological properties, sensory characteristics.
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Table 1. Analytical condition of ICP for the determi-
nation of minerals in dried Mugwort

Instrument Optima 4300 DV (PerkinElmer)
Ca(317.9), Mg(285.2), Na(589.6)
Wavelength(nm) K(766.5), Fe(238.2), Zn(206.2)
Mn(257.6), Cu(327.4), Se(196.0)
Air flow rate(L/min) 038
Argon rate{L/min) 0.8

70% ethanol 100 mLE& 2 15,000 rpmol| A
587t 3%3lo] Whatman No. 5 J#A 2 oJ1}sl1 2 o9
5500 B AT 349 [ mLof 0.1 N GAkS L85
ZA& 0.1 M FeCly 84 3 mL2} 0.008 M KsFe(CN)s &4
3 mLE 7Fete] &3] 108 F<t ¥h&A171 F 730 nmel A
THEE SHsE 5549 %%E—t— ceffeic acid® A&

sl BUY PPoE AP EE APHORTH AR

Y 51 homogenizer

2319 ¥hd ko] £2° Wang & Hwang(1993)9] uhy
& Agedth % A BUD % 8 g G Lok 0%
ethanol 100 mLZ ¥ o] homogenizer 2 15,000 rpmeof|A] 587}

5+23}31 Whatman No. 5 o]#X| 2 oJ3}3k AL AlH g0

= 3159tk Al 42 Julkunen-Tiitto(1985)] Wby o & &
FE S 5, dFE SR AF AG e AE
£ 0.1 mL9} 4% vanillin methanol A]9 = mLE Y31 E5
o] 2 F oAl HCI 15 mLE Y3 & E3ate] A&l
203t A F 500 nmol| A FEEE SA 5T SHE &
PE = catechin® AFEdlo] 23l Hi o 3 28l B2 7
Fdeare AR %38 @ gz e

5. TX} Z0{S(EDA)

A} Fo5(Electron Donating Ability)-S- Sang et al(2002)2]
o] A]52] 1,1-diphenyl-2-picrl-hydrazyl(DPPH)
2 2439t} 28 70% oere s 223
1 &i 77 x/}E RS zﬂ 23} A]g 02 mL

SE A% A}%sw 517
ol FREE ST A4 FAB2 AR BT
AR B FHEE ol§ele] MELE Pk

EDA(%) = (1——B/§—C) X100

A : Absorbance at 517 nm without test sample
B : Absorbance at 517 nm with test sample after incubation
C : Absorbance at 517 nm without DPPH
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Table 2. Formulas of white bread prepared by different
ratio of Mugwort powder (unit: g)

Mugwort powder content(%)

Ingredients

0 25 5.0 7.5 10.0
Strong flour 100.0 975 95.0 92.5 90.0
Mugwort powder 0 2.5 5.0 7.5 10.0
Compressed yeast 20 2.0 2.0 20 2.0
Yeast food 0.2 02 0.2 02 02
Sugar 6.0 6.0 6.0 6.0 6.0
Salt 20 2.0 2.0 2.0 2.0
Shortening 4.0 4.0 4.0 4.0 4.0
Non-fat dry milk 3.0 3.0 3.0 3.0 3.0
Water 63.0 630 63.0 63.0 63.0

4) wro| AR

W 1L 3 Al 2ofx] 24|17t Eot #MB3}3 Rheometer
(Compac CR-100D, Sun Scientific Co. Ltd., Japan)Z& A8}
74 Z(hardness), 3-% 4J(cohesiveness), ¥+2Al(springiness), A
24 (gumminess)-& 238G TE AlEE 20x20x30 mmE. 3}
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Table 3. Proximate composition in dried Mugwort
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Cu 5& HEHA &

3. & TiEd g o SuE o

Az BEElg & EAdle & He/d SRE
2318 O ks B3 Aabe Table S} B} & #E

o
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(%) Table 5. Total phenolic compounds anc condensed tan-
nin in dried Mugwort (mg%/100g)
Moi Crude Crude Ash Carbo-
oisture protein fat hydrate Total phenolics Condersed tannin
506+0.12" 1.98+0.36 4.65£0.24 5.85+0.08 82.46+0.20 114x0.9" 11,000+122
D Mean+SD.(3 replicates). Y MeanSD.(3 replicates).
Table 4. Mineral contents in dried Mugworts (mg/100 g)
K Na Ca Mg Mn Fe Zn Cu Se
1,854.6+24.3Y 16.5%1.4 149.3+4.2 46.745.6 0.29+0.02 - - - -

Y MeantSD.(3 replicates).
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4. X Z0{=(EDA)

%2] 70% ethanol &&E7 &vlo] F4d w2
o] 88 Z+z} 8.7%, 4.1%, 4.7%, 13.9%, 15.2% 2 55.6%
Rom Zt #go] A FASE ST A= Table 67
2ot AR} Fo 5L ethyl acetate #2237} butanol 282} ICs
o] 31.5 ug™ 85.6 ugo. 2 R} A ghikaial 2 dal Ale
3 9l BHTE] ICs 252.3 gt} =9k} of20. 8 70%
ethanol F+ZE3} chloroform &2} ICso| Z+z; 98.6 g}
237.6 ugS VEP) o™, hexane &3} water 82| IC502
7z 679.7 gt 71289 ug B FiH R okt M} Fo
& BTt Sang $5(2002) ofe= ZAoA] Feld
HEA 358 5 catechin®} protocatechuic acids= DPPH 4
A%o] vl Zel 2 uMelM = 90% o] /d-& A AT 313
o o] 5 protocatechuic acidi= «-tocopherol 2} 108) =
< gAatst 375 7 AolofjA] 100 ppm G- ratol A
ZAAota F7kebol| dlsl) chemoprevention EHE 7HRIthn
Hn3}gth Tuck $(2002)2 &2]H 92<9) HluA 3=
Zol}4] homovanillic acid, homovallic alcohol, hydroxytyrosol 2]
ICsp& 24z} 14.8, 114 2 11.0 uMol® hydroxytyrosol]]
3-O-glucuronide conjugate®dt 7212 23 uM= e Fo] A
T 8989 B0 Arsel 959 Ao veRitin
B3t} E3h Stupans 5(2002)S tElsS Al 7R
e e 2ANE o AY el s 240 Aol
vkl &gl e, DPPH 4752 secologanine]|t} 3,4-dime-
thoxyphenethy! alcohol®} 2o H=4 OHY} & AL &3
7]— 1., tyrosol#} p-coumaric acid 7Zo] shte] #HwA 1&

7 23y

&< 7Ple AL 27%0] AY FAIE ol 16l
5. gt=9f pH
& 2ok Qr1ae gelsle] A23) vhse] B 3y 2

Table 6. Electron donating ability of the ethanol extract
and the solvent fractions obtained from dried Mugwort

(4g)
Samples 1Cso
70% Ethanol ext. 98.6+1.3
Hexane fr. 679.7£2.9
Chloroform fr. 237.6£1.7
Ethyl acetate fr. 31.5+0.4
Butanol fr. 85.6+0.8
Water fr. 7128.9+7.1
BHT” 252315

Y MeantSD.(3 replicates).

= Holrlol A iEEEE
pH ¥3}Z 43 3k Fig 13 2t} &3 A% W5e] pHE
277} 5359 28 Bk 25% HobpE 525900 5.0%
A7VFE 527, 1.5% A7V e 524, 10.0% A7FE 5.300]

&’ir/}. 2E 302 AIA 279 pHE 526011 6083}
0% Al e 242} 5.04, 4.882 A 33t AokE Eich
LS 25% H7AolE & A 308, 608 2 90%
A 5.10, 478, 4.542 VJERGTE & BT 5.0% AT
FAIZE 305, 60, 90% Awto)| upe} zhz} 521, 4.80, 4.64
AZFELS on 7.5% H7H9 7Sl HE 308 Folle
520, && 603 o= 4.82, 008 Fo= 4.58% pH7}F e}
kkv} S 10.0% H7bre] B 2E AR 30, 60% B
T ATA] 518, 4.79, 46022 \ES:9] pHYL SIS Th

% o2E A7 BE 4879 pHrE 7] He 27
pH7} W vEbE R B E S HA T gz vlg) v
< pHE BAFYh o] tiF F&4& Hrlsh ) o)
olg}ekd B4 S 2AVSE ATLee ef al 2005)l4] HHE 27
s a7V e FPNA dF FEde] HrbE W59
pH7F thz7ol vla] @A velgthes B fAE ekl
Aot 2t & FEE MRS AT oM e A bl
g zto]7t A< UrEMX] BT AWA] Bkl sS4
A7re 98 AR FF, 29 Ak Tl 9FE wen T
7 Ao wat pH— AstEw TF Al pHe| At A=
© 95 WiEo] 9% 2o d3E Wetta sheti(Mago-
ffin & Hoseney 1974) 2 Ao & L& 71k Ag T
o] pH7} thztel HlE| e pr—— Eﬁ R & Pyo] A
7E7b wkse) s Addl G 7

FU % ol J{%'

6.0

58

56
—+-A
-1-B
—~C
—~D
——E

Fermentation time(mir)
Fig. 1. The changes of pH during fermentation.
—— 0%, —[1— 2.5%, —A— 5.0%, —O— 7.5%,
—>— 10.0% Mugwort powder added.
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A3} Table 73 2o} W] crust MEE 233 A9, 3%
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FA7E Frksl on A%l bk & B Hrhee] St
L5 5.0%704] 11 gte] frelH o Frkshe Ade Hol
7t 7.5% % 10.0% H7H-oke FoAE HolA] @3tk of
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e & Be] Hrtel] e e Zler Bt ¢
&g AR £47)9) #5d F4E A7 =F(Joung HS
1993914 &-& H7HE AR Lake &8 A7k e o
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% 3o A71e geldel Az Wl ojg TS &
g Aie Table 85 2} wo] F3le tz17} 224167
mLZ 7P Zlov} & B2k 2.5% A7) 2233.33 mLE YEl
g tize} §)7el Holrt giglen, B ARshe §
2 Aolg RolBA 2 AT ehilct Be) FAE
77} 488.01 g & BTk 2.5% H7FPE 49233 g, 5.0% A7}
T 49267 g, 7.5% A7HE 495.00 g, 10.0% H 7= 496.67
g0 % B Aslao] 71RE TAY) Bol Wk A%
ojiTt WEAE ET7H416 mLgo 2 71 3, & 2
25% M7} 414 mUge JeERZlom] 5.0%, 7.5%, 100%
& gut A7177) 742t 407 mLg, 4.05 mL/g, 3.19 mL/gO. 2
% 0] Aol Toldss Ao s el Aolg
Bo[9) Wl 239} w]gA0) Zol= ARl B
S W% B e A, 2Re] 94 Axd 99

n)x|= Aoz gl ehKim SK er al 1978).

Hwang et al(2004)0] ARz} 7L 25 o &3} 2lue] B4
QAN 20 FFRS A7k Awe] Rale A7) vlgo
Z7hgol ek ashe BgolRlen], Aane Bk
AgTel B4 2EAL 1% W #312) Fel4e)
W37} glQiths B9}, Hwang er al(20C1)0] =2 B8
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Table 7. Color values of white bread crumb and crust prepared by different ratio of Mugwort powder (n=10)
Mugwort powder content(%)
Color values”

0 25 5.0 75 10.0 F value

L 51.38+1.36™ 43.14+0.33° 40.400.45° 41.27+0.89° 36.51+0.51¢ 139.761"

Bread crust a 11.2740.95° 8.39+0.44° 6.98+0.26° 5.3620.30" 4.69+0.14° 807717
b 22.71+0.98° 18.63+0.15° 16.19+0.61° 17.28+0.32° 12.7740.19° 131.493

L 76.45+1.84° 60.21+1.03° 51.86+0.22° 48.43+1.34° 37.41+1.18° 412,787

Bread crumb  a -2.14£0.12% -2.30+0.11° ~1.91+0.13% -1.62+0.16® -1.52+0.24" 122317
b 9.4240.99° 12.7540.34 14.110.71° 14.40£0.22° 13.82+0.69™ 290477

DL Lightness(white; + 100 ~ black;0), a: redness(red; + 100 ~ green;—80), b: yellowness(yellow; + 70 ~ blue ; =70).

D Values are Mean£SD., n=3.

Means followed by the same letter in columm are not significantly different(p<0.05),

Hkk

p<0.001.

Table 8. Baking loss rate and specific volume of white bread prepared by different ratio of Mugwcrt powder

Mugwort powder content(%)

0 2.5 5.0 7.5 10.0 F value
Bread volume(mL) 2241.6742.89"  223333+5.77°  219833:2.89°  2183.33x2.89°  1725.00x13.23"  3113.875
Bread weight(g) 488.01£2.00° 492.3342.52° 492.67+1.15° 495.00£1.73"  496.67£1.15° 10.073"
Specific volume(mL/g) 4.16+0.01° 4.14+0.01° 4.07+0.01° 4.05+0.01° 3.19+0.01° 7496326
Baking loss rate(%) 9.64+0.37° 9.39+0.56" 8.77+0.21b° 8.33+0.32 8.0320.21° 10.695™
* Means of five replicates in which the same superscripts in each row are not significantly different(p<0.03). ™ p<0.01, ™ p<0.001.
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Table 9. Textural characteristics prepared by different ratio of Mugwort powder

Mugwort powder content(%)

0 2.5 5.0 75 10.0 F value
Hardness(g/cm’) 65.17+2.53¢ 63.95+1.23¢ 69.48+2.43° 78.73+2.36° 96.55+2.05 115.562""
Cohesiveness(g/cm’) 38.52::0.48" 37.55£0.67% 33.28+1.38% 30.35+5.29° 26.48+1.60° 11.386™
Springiness(%) 48.32+5.72" 51.63+5.95" 42.02+1.07™ 38.1742.98° 23.04+4.65° 18709
Gumminess(g/cm’) 6.30+£0.75® 6.84:+0.40° 5.70+0.19% 4.2240.26" 5.060.71% 11922
"Means of five replicates in which the same superscripts in each row are not significantly different(p<0.05), = p<0.001.

Table 10. Sensory evaluation of student group for white bread prepared by different ratio of Mugwort powder

Mugwort powder content(%)

0 25 5.0 75 10.0 F value
Color 4.69+0.48") 4.2320.60° 3.61£0.51° 3.46+0.78° 2.5440.78° 21.225™
Flavor 3.62+0.65 3.77+0.60° 3.15+0.99° 3.15+0.69° 2.23+0.83° 8.000™"
Taste 3.92+0.28 3.54+0.66™ 3.00+0.82° 223+1.17 1.62+0.87° 17.533"
Texture 4.08+0.76° 3.9241.04% 3.230.73% 3.15:0.90™ 2.46+133° 5.798"
Overall acceptance 4.23+0.44° 4.00+0.71° 3.4620.52" 3.15+0.90° 2.46+1.13¢ 10570

Y Rate using a scale of 1~5, where 5=excellent, 4=good, 3=fair, 2=poor, 1=bad.
? Values are MeantSD., n~=13. Means followed by the same letter in columm are not significantly different(p<0.05). ™ p<0.01, ™ »<0.001.
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Table 11. Sensory evaluation of baker group for white bread prepared by different ratio of Mugwort powder  (n=10)

Mugwort powder content(%)

0 2.5 5.0 7.5 10.0 F value
Color 3.80+0.63" 4.00+0.82° 3.60+0.84° 3.401.07° 3.3040.95° 1.070
Flavor 3.50+0.71% 4.20+0.63" 3.60+0.84° 3.204+0.79° 3.60+0.70® 2424
Taste 3.500.71° 3.10+0.74° 2.10£0.74° 2.10+0.74° 1.500.53° 13.853™
Texture 3.50+0.53* 3.20£0.63" 2.90+0.57° 2.70£0.67 2.20+0.63° 6.602""
Overall acceptance 3.40+0.70° 3.70+0.67 2.30+0.48° 2.100.57 1.70+0.67° 19.125™

" MeanSD.
? Means followed by the same letter in columm are not significantly different(p<0.05),
y gn

g

" p<0.001.

Table 12. Correlation coefficient between sensory of baker group and student group of white breads prepared with
Mugwort powder

Baker group
student group

Color Flavor Taste Texture Overall cceptance F value
Color 0.257 -0.035 0.510™ 0.403" 0.515" 1.070
Flavor 0.192 0.129 0478 0.306" 0.422" 2424
Taste 0.184 0.042 0.596" 0.507" 0.538" 13.853™
Texture 0.283" -0.019 0.383" 0.253 0.379" 6.602""
Overall acceptance 0.286" 0.096 0.426" 0.240 0.354" 19.125™

T p<0.05, 7 p<0.0l.
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Table 13. Correlation coefficient between sensory of student group and mechanical characteristics of white breads

prepared with Mugwort powder

Hardness Cohesiveness Springness Gumminess
Color -0.649" 0.636" 0.491 0.208
Flavor -0.766 0.647" 0.742" 0.441
Taste -0.870" 0.888™ 0.820™ 0.660"
Texture -0.768"™ 0.511 0.730™ 0.294
Overall acceptance -0.796" 0.760" 0.780" 0.297

T p<0.05, 7 p<0.0L.

Table 14. Correlation coefficient between sensory of baker group and mechanical characteristics of white breads

prepared with Mugwort powder

Hardness Cohesiveness Springness Gumminess
Color —0.369 0.489 0.365 0.132
Flavor -0.554" 0.420 0.537" 0.496
Taste -0.780" 0.885" 0.795" 0.748"
Texture -0.574" 0.741" 0.532" 0.589"
Overall acceptance -0.787" 0.847" 0.787" 0.725"

T p<0.05, 7 p<0.01.
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Table 15. The analysis of variance ranking test for white breads prepared with Mugwort powder
Mugwort powder content(%)

0 25 5.0 75 10.0 F value
student 0.91+0.42° 0.70+0.32° 0.05+0.15° —0.5020.00° -1.16+0.00° 119.703™
baker 0.83£0.35° 0.71£0.41° 0.12+0.37° —0.50+0.00° -1.16+0.00° 82377

™ p<0.001.
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