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Effect of Mugwort on the Extention of Shelf-Life of
Bread and Rice Cake
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Abstract

The purpose of this study is to investigate the antimicrobial effect of mugwort (Artemisia asiatica Nakai)
on the rice cake and bread preservation, and to identify their antimicrobial compounds. The mugwort extracts
showed complete inhibition on the growth of Bacillus subtilis and Staphylococcus aureus at 250 pg/mli level.
Antimicrobial activity of mugwort extract were stronger than that of commercial antimicrobial agent. Five %
of sodium propionate solution showed complete inhibition on the growth of B. subtilis, E. coli and S. aureus,
but L. plantarum was inhibited 50.87% at the same concentration. When various amounts of freeze-dried
mugwort powder were added in sulgis (steamed rice cake), 3% ssooksulgi (mugwort powder added sulgi)
had quite lower level of total bacterial count (5.5x10° CFU/g) compared with the control group (1.4 10’
CFU/g) at ambient temp. (30+1°C) after 72 hr. Three % addition of mugwort showed 2 days extention of
shelf-life of rice cake. The sensory qualities of ssooksulgi has no significant difference in moistness, con-
sistency, cohesiveness, afterswallowing and overall quality compared with control group. Ssooksulgi with 3%
of mugwort powder had the best overall quality in sensory test. The methanol extract of 500 pg/ml of
mugwort could lead the successful retardation of the growth of putrefactive microorganism during the in-
cubation of rice cake at 37°C for 24 hr. On the other hand, coumarin (Sigma) had 54% inhibitory effect at 500
ng/m! level, and (E,E)-2,4-decadienal completely inhibited the growth of putrefactive microorganism of whi-
tesulgi at 100 ug/m! level during the incubation at 37°C for 48 hr.
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1. Ji2

£ Aol AR & A Yok koA 19959
6¥ell AT AL Fsiste] A2AZ F blender2
chstel Abgslelnt ATUHREAZE sodium
propionate(Yakuri Pure Chemicals Co., Japan)E A&
stelow, go2vy 2e] $AY 4¥e EFoE
+ coumarin(Sigma Chemical Co., St., Louis Mo,
USA)¥} (E,E)-2,4-decadienal(Aldrich Chemical Co.,
Milwaukee, WI, USAYS- -3)3}o] Al8-31ict.

2, A5

1) &3£E9 49 7HA

%L 5AZAZ Al ¥ Fig. 13 22 vbo = v}
2 3B FE2F 3 5‘1‘3}@ Hehe FEEE A
o}, vghe- 559 A AL Fig. 29 22w
Ho g 3lgth. gram %‘éi"‘iﬁ% 249 AxFA
FAell R MFQ Escherichia coli ATCC 11229,
gram FAF O 2 4] enterotoxing APAIs}e] A)FE2]
ale] == Staphylococcus aureus ATCC 6538, =}
Al el Exaled AEe] WAl Fde] 3= Ba-
cillus subtilis ATCC 6633 18|31 §A4 o 2 nhgAl

Dried and powdered sample

l

Take into Erlenmeyer flask (500-1000ml) and add MeOH

l

Extract on the water bath (80TC) for 3hrs

!

Filter through cheese cloth

l

Repeat the above procedure 3 times and combine the filterates

l

Concentrate under a vacuum rotary evaporator (607C)

{

MeOH extract
Fig. 1. Extraction procedure of MeOH extract.
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Dissolve 1g of extract in MeOH(10ml)

)

Add to each culture media with various concentrations
1

Inoculate 0.1ml of suspension of the test microorganisms
)

Shaking vigorously
i
Incubate at 37°C for 24hr

!

Measure of optical density at 660nm
Fig. 2. Antimicrobial activity assay.

Fo 45T A E doA AES HAA T
o3 &}+= Lactobacillus plantarum KCTC 3108& A%
sttt wiX| = E. coli, S. aureus 12| 3 B. subtilis=
tryptic soy broth(TSB)2} nutrient agar(NAYE- AR8-3}43
31, L. plantarum-2- lactobacillus MRS broth®} agarZ
Agshait.

@) Zu3} £47) Az

2o Table 13} Zo] 05, 1.0, 1.5%2) HFo g
2.3 A7hsto] Fig. 39 2ol 3°CoIA] 3084 1, 23}
WEE Az 225°ColA 3087 ok )= Table
29} 7ol 1, 3, 5% H7}sted Fig. 4¢) nhy o 47}
5, A, £33 48 F A (20 mesh)el] e F&
of|A] 3087 7t s}

(3) izt £ A7)0l TS FAITT FA

FAFS AL Az 4y HE 72} 18°Co)
30£1°CollA] 72417k F<t AAsPHA Fig. 59 2
W0 2 A ST) ARE blendereld] )45
2 % v oy 100] SR Ao 34
3}o] plates]] 0.1 ml 3|3} vlg] B3] = nutrient agar
% 7% EYRTHS 3TCoIA 48417 Sk

= noez
£ E53

Table 1. Formulars for the mugwort added bread pre-
parations

Ingre om0 0s% L0%  15%
Flour 250 g 248775 g 2475 g 24625 g
Mugwort 0 125 g 25 ¢g 375 g
Sugar 1ts 1ts 1ts 1ts
Salt Its 1ts 1ts 1ts
Yeast 78 78 7g 78

Water (35°C) 150 ml 150 ml 150 m/ 150 ml
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Sieving

lAdd Mugwort
Blending

lAdd water which was dissolved in sugar, salt and yeast
Dough for 10 min.

l

The First Fermentation at 30°C for 30 min.

|

Kn'eading for the 30 times

l

Forming

l

2nd Fermentation at 30°C for 30 min.

l

Baking at 225°C for 30 min.

l

Cutting(size:height, 1.5cm ;square 9cm?)

Fig. 3. Procedure for preparing bread mixing with
mugwort.

Table 2. Formulars for the mugwort added rice cake

Treatment
Ingredient 0 1% 3% %
Rice Flour 200 g 198 g 194 g 190 g
Mugwort 0 2g 6g 10g
Sugar 20g 20g 20g 20¢g
Salt lg lg 1g 1lg
Water 20 m/ 20 m/ 20 m! 20 ml/

o % Y= Al eg Ao

@) %71 sk 9 o) R 54

ZA717) gl e S v G3ke A
71 Hste] EFARAE SRR AFIY
7 o3} = triangle difference test A9} A1 A]
7+ AR, Al 7t FAE 55 aejste] AA s}
2, o] 5elAl model system3} A| 85 o]-g3}e] FH
20 5 Al $3ES sck. AR AZAF
5% Te m3el 77} tola] AT shc.

g7 Azt (color), SHtaste), 3F7|(flavor), £2]
9] Rz 2)$ A X (consistency), =Z8HA] X (moistness),
ZA)9} Z718 A X (cohesiveness), 417152 =7l (af-

terswallowing) 22|32 HMubA <l whhalgt A X (over-

oA
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Polished Rice

lSoaking rice for 1hrs
Milling

Rice flour and mugwort
ladding water, salt and sugar
Mixing

Sieving

Steamed cooking for 30 min

l

Ssooksulgis

!

Cutting(size:height, 1.5cm ;square 9cm?)

Fig. 4. Preparation procedure for Ssooksulgies.

Mixing of sample(30g) and sterile dilution(270mi)
by blendering(the dilution is 1:10)

Adding 1mi from the first dilution{(10"") to 9ml of sterile dilution
l

Sequentially diluting the samples by 10-fold dilution
)

Transfer iml dilution of the sample to petri plate
\

Aseptically pour melted agar into each petri plate to added
a dilution of the sample

{

Stir the plate to mix the sample with the agar

\

Incubate at 37C for 24-48hrs

{

Count the colonies on each plate

Fig. 5. Viable plate count procedure.

all qualitg)® 7 AW 02 Brhshelet.

P57} A= SAS package 2 A 22319 e
A 87k §-2)4 7358 ANOVA test¢} Duncan's mul
tiple range testS- A A]3}oict.
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(5) ¥oligt Holl EAst v AE A5 AA LI

M7 5 A2 F 487 53 30+ 1°CoflA] W]
ste] ZHAZ F o) F BF AR FMste] A
WA AE ¥ o2 & WEE FFE5E 250, 500
pg/mie] L2 Arlslgch ogre 22 - 4
H}® F 9874 EAel coumarind 250, 500 pg/ml,
2213 (E,E)-2,4-decadienal>- 100, 250 pg/mi®} 5%
2 A7}sbe] Fig. 29} 22 whie g o L v
2 A4 EAE A =8l

. 2a 2 o

1. {MEE2FESO| g

AZAA BHsle] Wiz 23 & 25
500, 750, 1000 pg/mi®) F58 2 Arbste] AlE4
o] Q&) A A &E 7 Ag ZAF-E Table 3
ehpgict,

B. subtilis$} S. aureus= % MeOH F5F FT&
250 pg/miolA] A3 AAke] A= 2™ gram &
Al E. colivs FUEEANA 86.56% A sli= it
3}R| %t L. plantarum-- 1000 pg/mldl A 50% 72 =
Asslon Fenls E2Holgich. Yo 44
B2 G(-) bacteria®t} G(+) bacteriacl] T3}t o]
AN o Fopa s, s B dFelA= G
(-)3l E. coli7} MeOH FZ&) dfa] v w1zksiA vt
23] o fAbal L. plantarume] 743 -2 A8k
A< vyt webs AFAg Ade A 59
Hefoll o8 Fae werta Al o3 of
9% A%e 7 5 ATV 24 2l A
carvacrol-2- B|£3} 8% AHAR] WA vIAE
o gt &FA AN G(-)8l Vibrio vulnificus7}
ol 5 AHAFel thate] 7 w17g vhe-& Xl Hb
w, G(+)2l Listeria monocytogenes?} 7Y & 344
2 Belekn shivh. Kubo F5 £2501) 34
B2 oB-unsaturated aldehydeZ} G(-)A# 7%
MIC(minimum inhibitory concentration)7} 12.5~200

Table 3. Antimicrobial activity of mugwort extract on
the growth of B. subtilis, E. coli, L. plantarum and S.
aureus

Conc. Inhibition of growth (%)

(Mg/ml) B subtilis E. coli L. plantarum S. aureus

250 100 86.56 46.65 100

500 100 96.16 50.34 99.56

750 100 100 51.22 100
1000 100 100 50.59 100
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ug/mlel H]8 GEHAIT-L 6.25~800 pg/mle] MICE
B G+) Al #AdAde] o] A vrehgelar 3ol
o}, w3l §AHFS thE G(+) bacteria ¥.r} 3-dAS
A7 BAE FFA ) AAe) Ackn sk
=59 o) f4bEo] A EY AFAEY JHE
Sholl 1T AREE A3 oo, AR} AL
o tal A=Al ZHE vhephlo] AAhE AT
At AHE BAA7E AAE ez dEelztx
e}, w3t Salzer$} Zaika®% 3FAl B} Wb E AA| X
9} lactic acid starter cultures2] AFAI-S ZA A7}
3 Busgeh B A s waAFe] A E o
©3)% L. plantarumo) B. subtilis$} S. aureus$} 8] 3L
8 % McOH 232+l o3l & A34g cehdl 2
& 2o gl Ao Slakel Aol A A2
Balt}

2, 0IZStM MEREFO| Sl

NZEAAERZAZ AHEE . 9l propionic
acide WFo} AT vl gEol o7t ¥, ==
oAl 7] AgAq R UM ZF PSS
ol3) oAb R E AlsE Ayt 2] Wil &
A FE] RAZ ALgEe] gl A HaiA=
A o] ERhsHe AR} nhT A 2 A AR
A E Aoz olel o BAL wff- drth webA,
Selyetel A A WA 242 Alge] HE-E 5 gL
X sodium propionateE 0.5, 1, 3, 5%2] 3= TSB
o} MRSuRR]oll Frisled 452 ATl &
AL B AFAE Fig. 6o ehfigic}. sodium pro-
pionate 3% @72 B. subtilis, E. coli 18}3 S. au-
reuss= Z}7F 68.83%, 71.19%, 91.32% A= o,
5% FEolAe 37F 2% 9As) As= et ol
v)s)| L. plantarum-& 5% Z7}3lA 50.87% # 3=

100, O B.subtilis
@E.coli
@ L.plantarum

L
80 W S.aureus

60}
4o}

20}

Inhibitory effect(%)

Sodium propionate(%)

Fig. 6. Antimicrobial activity of sodium propionate
against the food spoilage microorganisms.
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72X7F S} 18°C2] incubatorell & *|AspHA] Al
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FE dE2IH £ H7FEZR] Aozt fdddedt
2427} A Aol e FAT] F71ste] dxTe AT
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go 2 3ol =Helrh. 2t % 1%} 1.5% A7
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2.2 eyt
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(30£1°C)ell A M AsHA] FAF5] WstE AHE
A= Fig. 87} )l AZAF f2Fe 2.8x10°
CFU/gelQdem, 1, 3, 5% A7 -2 27 1.7X10°, 7.4
X 10%, 2.2% 10* CFU/g 0 & thZTo) B] 3] FA|dre
o4 AL 3S myoh A $0 &9 d5FEEl

)8l B. subtilis®] F2°] AHAUFIL B8] o,
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8 p ——1.50%

3

~ 2 . L -
0 24 48 72

Storage time {hrs)

Fig. 7. Effect of mugwort on the total bacteria count
of bread during the storage at 18°C.

gz ets] A 149 A 135(1998)
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—1%
—a—-3%
—-5%

Total bacteria count {log CFU/g)

0 24 48 72

Storage time (hrs)

Fig. 8. Effect of mugwort on the total bacteria count
of rice cake during the storage at 30°C.
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4. AEDEO| SN BN
%% 0,05, 1, 1.5% A7 & Azste] F57
A2 AA&E ATHe Table 49} 72}, whe] A7tz 3k
A FoAal Aol glalert, 05% & A
79 Ao} e it Frirt 1% 1.5% A7}
wrrl o33 JA Jebgtl 53 J =, 2A7L,
Z7% Ax 25 §9AQ] ApolE ehllA] 9gke
ml ARIF] 2208 1.5% H7pgo] FAAL28 UA
yehytel. skxat AukA el wikAld AxE 0.5% A
7Vdo] oA d2F B} A Yehta 23]
& 1.5% Hrhdo] HaT Hob 28 38 yehdes
# dubd o g %o Mol gr|E Qs A5 xr}
FolAA gkt AbE =
%20, 1, 3, 5% H7I_F A7 & Alz3te] A
£ AR 435 Table 59 vehlgict A7zt gt
F7hs dE2TH & 1% 3% A7k oA
apo] & VFellIA] oot & AVIFRe R Qlale] A
uh3-S Holx| 93-S & 5 ATk 5% A EE
27} el o o Jepydd. skt st g,
A7 %0 w3 Ak Q) ulhAd AxE 5% A}
T4 % F244] xte)7t gisicth
ojAo g <& IRt Wt HE& Azt H5H
AFE AXE A 28 At g st He) g
Fol9} Az el gloiA ol E Mol UL 4 5

Table 4. Sensory characteristic of mugwort added bread

aAsieh.

5. HBEE Ho| EXist= O[S0 CHet FESC| M
FxEn}

%g Wised AzY Wk o] o] 5L HHA)
Fe vzpel wlal FAFIF AR teht AE
$ohg AN S BAG il A1B
222 wol ZASHE AT A FAAAEANE 7
sahaAt 2207 Al AFE FNAL HE A
FE(10Ym)E 34 3)le] 3F3HA-S broth systemel]A]
24sto] 7 AHE Fig 99l Hehlch. AFE 34
A7) ®-& 3|4 5)0] AAE3E brothel) 2 w2 Z2E 52
250, 500 pg/mie] %2, coumarin 250, 500 pg/mle]
%% 2, (EE)2,4-decadienal& 100, 250 pg/mle] FE &
A7yste] WA el EAsts AT ASIdAaH
£ 1247 A o2 AR A5, 1247 vlof F 454
et S3EE 250 ugm! HrlEe] ASAA LA
50% 713k Asst ALE velytor, & 225 500
ug/ml, coumarin} (EE)-2,4-decadienal 717 124]
Z¥Ek wloksls Fat =] HoAjtol thsfe] A3
A8 Al EAE Bylrh 4847 vk Felle
(E,B)-2,4-decadienal H7}7ate] &AL A|&53}
3 ldet.

o)Akl Al ER

dE 0] 43 %9 PIAE KA R

Amount of mugwort added (%)

Treatment
Contents 0 1.0 15
Color 6.331+0.81 54 +0.54 6.0+0.89 6.2 +0.75
Flavor 6.33+0.81 5.8 £0.75 5.4+0.54 6.0 +0.89
Moistness 5.67+0.81 5.8 £0.75 5.44+1.03 54 +0.83
Consistency 6.0 +0.63 5.53+0.83 5.7+0.81 5.8 £0.75
Cohesiveness 6.33+0.81 5.83+0.98 5.8+0.89 6.0 £0.64
Afterswallowing 6.17+0.75 6.0 +0.98 6.0+:0.89 5.73+0.51
Overallquality 6.17+0.75° 5.2 +0.83 6.0+0.89° 6.4 +0.54*

*Means with the same letter are not significantly different (p<0.05).

Table 5. Sensory characteristic of mugwort added rice cake

Amount of mugwort added (%)

Treatment
Contents 0 3 5
Color 4.64+0.84°* 4.4+0.74 4.2+091° 2.6+0.89°
Flavor 4.8+£0.72 4.240.44 5.440.51 424+0.72
Moistness 4.6+0.62 4.240.44 4.61+0.54 4.4+0.54
Taste 4.4+0.62 4.8+0.54 5.0+0.56 5.24£0.70
Consistency 4.24+0.70 4.240.70 4.0+0.10 40+1.14
Cohesiveness 5.0+0.54 5.0+0.89 5.440.83 5.6+0.54
Afterswallowing 4.6+0.70 5.4+0.54 5.84+0.56 5.440.56
Overallquality 5.0+0.89 5.240.70 6.0+1.09 4.61+0.83

*Means with the same letter are not significantly different (p<0.05).
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Fig. 9. Inhibitory effect of methanol extracts of mug-
wort, coumarin and (E,E)-2,4-decadienal on the growth
of putrefactive microorganism of rice cake.

- control, ® mugwort 250 (ug/mJ), A& mugwor 500 (1g/ml),
> coumarin 250 (ug/ml), * coumarin 500 (Lg/m/), @ (E,E)
2,4-decadienal 100 (ug/ml), + (EE) 2,4-decadienal 250 (ug/
ml).
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7= et
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4

srze)aals] A 14 R 2 1 5(1998)

marinE HE& Fo A7) v QB9 AL A=
EAE Bt} z2l3, (BE)-2,4-decadienal-2 100 pg/
mle] FEollA PlAES] AEE 48A77HA] A3
JA A 71 ZIE vepych

o] k3t zrol &g iyl wof HYrlsll L AAA
AR ENE e £o) 3t AR QB2 H43)
IS o 5 Uk gebd 8 AFEREA2
o]-4-3tol| glefA] wisheldt Aoy AztEch

2ol 2

¥ AFE B A A7 £ @
5 FATFAT 27 QPR olo] A=Y,

1. Beuchat, L.R. and Golden, D.A.: Antimicrobial oc-
curting naturally in foods. Food Technol.,, 43, 134
(1989).

2. o] &k, AlE3h: AE FARAEY 2248 AAske
A FFH B M. @34 FxhatsiA), 23, 200
(1991).

3. opysh, AlESh: AlFHr R A A A
A9 w2 o 2 g 54, 32 E5taty
=], 23, 205 (1991).

4. AZA: A7 =43} o-amylase SAlel) w]x]= v}
of FrIFEL] FF. FAtA NG AAlst =i
(1994).

5.ubed, A4, 23 Yop) 289 FEas
4. g okalarels] 7, 21, 91 (1992).

6. vh-8-ad, A5, 281l AbZ(Lithospermum erythro-
rhizon) F2E2] 5. TGP A, 21,
97 (1992).

7. 0158, A, Ao, FUAR, YA fuln) 23
22) GAF g eI AR, 20, 1 (1992),

8. Hitokoto H., Morzumi S., Wauke T., Sakai S. and
Kurata H.: Inhibitory effects of Spices on Growth and
Toxin Production of Toxigenic Fungi. Applied and
Environmental Microbiology, Apr. 818 (1980).

9. Karapinar M. and Aktug S.E.: Inhibition of foodborne
pathogens by thymol, eugenol, menthol and anethole.
International J. Food Microbiology, 4, 161 (1987).

10. Kurita N., Miyaji M., Kurane R. and Takahara Y.: An-
tifungal Activity of Components of Essential Oils.
Agric.Biol. Chem., 45, 945 (1981).

11. Conner D.E. and Beuchat L.R.: Effects of Essential
Oils from Plants on Growth of Spoilage Yeasts. J.
Food Sci., 49, 429 (1984).

12. Mabrouk S.S and El-Shayeb N.M.A.: Inhibition of
Aflatoxin Formation by Some Spices. Z. Lebensm.

-112-



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2 Al et =) A gAfel] wlxe e

Unters. Forsch. 171, 344 (1980).

Llewellyn G.C., Butkett M.L. and Eadie T.: Potential
Mold Growth, Aflatoxin Production, and Antimycotic
Activity fo Selected Natural Spices and Herbs. J. As-
soc. Off. Anal. Chem., 64, 955 (1981).

Hitokoto H., Morozumi S., Wauke T., Sakai S. and
Ueno I.: Inhibitory Effects of Condiments and Herbal
Drugs on the Growth and Toxin Production of Tox-
igenic Fungi. Mycopathologia, 66, 161 (1978).
Karapinar M.: Inhibitory effects of anethole and eu-
genol on the growth and toxin production of As-
pergillus parasiticus. International J. Food Micro-
biology, 10, 193 (1990).

S35 kAR JlE. MRS, A
1977).

$o)A: FFAE
(1974).
Adedat, A, AA: e Pl B3 o
- SAEAIA, 24,49 (1992)

73R, dzH, AAE, o]ds: AAL /ML (F
okH), AHA ETAL, 4], pp. 138 (1980).

Soon Im Kim, Hye Jin Park and Young Sil Han: In-
hibitory effect of Mugwort (Artemisia asiatica Nakai)
on the growth of food spoilage microorganisms and
identification of antimicrobial compounds. J. Food Sci.
Nutr. 1 (1996).

Maruzzella, J.C. and N.A. Sicurella: Antibacterial ac-
tivity of essential oil vapors. J. Am. Pharm. ASSOC.
49, 692-697 (1960).

Farag, R.S., Z.Y. Daw, FM. Hewedi and G.S.A. El-
Baroty: Antimicrobial activity of some Egyptian spice

pp. 293

FAAT AREBA) A8, 81, 123

23.

24.

25.

26.

27.

28.

29.

30.

31.

113

essential oils. J. Food Prot., 52, 665-668 (1989).
Lemos, T.L.G., F.J.A. Matos, J.W. Alencar, A A. Cra-
veiro, A.M. Clark and J.D. McCheesney: Antimicro-
bial activity of essential oils of Brazilian plants. Phy-
tother. Res., 4, 82-87 (1990).

Kubo, A., S.L. Christopher and I. Kubo: Antimicro-
bial activity of the olive oil flavor compounds, I
Agric. Food Chem., 43, 1629-1633 (1995).

Daeschel M.A.: Antimicrobial substances from Lactic
acid bacteria for use as food preservatives. Food Tech-
nol. January, 164-167 (1989).

Leuck E.: Antimicrobial food additives. Springer-Ver-
lag, Heidelberg, New York (1980).

Salzer U.J., U. Broker, H.F. Klie and H.U. Liepe: Wir-
kung von Pfeffer und Pfeffer-inhaltstofen auf die Mi-
croflora von Wurstwaren. Die Fleischwirtschaft 57,
2011-2014, 2017-2021 (1977).

Zaika L.L., T.E. Zell, S.A. Palumbo and J.L. Smith:
The effect of spices and salt on fermentation of Le-
banon bolognum type sausage. J. Food Sci., 43, 186-
189 (1978).

Aeds, A, AR, o153 & d5FEES
g1 Fo) AT Aol vlA = B, TP dH
gFst3] %], 23, 994-1000 (1994).

X34, AlSA, o3, AWl SAEEE] A
o] $4 ¥ A el viAe A3 =S
8}3] %], 28, 417-420 (1996).

Wb, Wb 48] 348 9 coumaric acid®] It
A 3 B33 #], 9, 506-511 (1994).

(1998 1% 269 A=)

-113-

fzelTsts] Al 147 A 15(1998)



