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Antimicrobial Effect of Cutellaria baicalensis George Extracts on Food-Borne Pathogens. Bae, Ji-
hyun*, Myung-jin Lee, and Sun-mi Lee. Department of Food Science and Nutrition, Keimyung University,
Daegu 750-701, Korea — This study was performed to investigate the antimicrobial effect of the Cutellaria
baicalensis George extracts against food-borne pathogens. First, the Cutellaria baicalensis George was
extracted with methanol at room temperatures, and fractionation of the methanol extracts from Cutellaria
baicalensis George was carried out by using petroleum ether, chloroform, and ethyl acetate, and methanol
respectively. The antimicrobial activity of the Cutellaria baicalensis George extracts was determined using a
paper disc method against food-borne pathogens and food spoilage bacteria. The ethyl acetate extracts of
Cutellaria baicalensis George showed the highest antimicrobial activity against Staphylococcus aureus and
Shigella dysenteriae. The synergistic effect has been found in combined extracts of Cutellaria baicalensis
George and Portulaca oleracea as compared to each extracts alone. Finally, the growth inhibition curve was
determined using ethyl acetate extracts of Cutellaria baicalensis George against Staphylococcus aureus and
Shigella dysenteriae. The ethyl acetate extract of Cutellaria baicalensis George showed strong antimicrobial
activity against Staphylococcus aureus at the concentration of 4,000 ppm. The 4,000 ppm of ethyl acetate
extract from Cutellaria baicalensis George retarded the growth of S. aureus more than 24 hours and Shigella
dysenteriae up to 36 hours. The ethyl acetate extracts of Cutellaria baicalensis George has been shown the
antimicrobial effect against Staphylococcus aureus and Shigella dysenteriae.
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Table 1. List of microorganisms used for antimicrobial activity
test.

Strains

Staphylococcus aureus ATCC 25923
Bacillus cereus ATCC 27348
Escherichia coli ATCC 25922
Pseudomonas aeruginosa ATCC 27853
Salmonella typhimurium ATCC 14028

Salmonella enteritidis ATCC 13076
Gram negative Shigella sonnei ATCC 25931
bacteria Shigella dysenteriae ATCC 9199
Shigella flexneri ATCC 12022

Gram positive
bacteria

Aokt =2 H4ee] Agol Abgeleh,

g3 FEEC T8N 53

A EAE 7ANE] 8l 2 A™elME paper disc
uhy-S AR-519ITH4]. Tryptic Soy Broth(TSB)HAA]el} vk
3l AlF-S E53535A (Nontron instruments, Italy) 620 nmel]
A 0.D7k 042 F3=E 243)3 pour-plate methodel] o}
2} Tryptic Soy Agar(TSApHAIZ} 25 & wiokFgAlell ¢
s A& F Ad-2ollA 23 o] wiR] $lol HFE paper
discE A8 ol 2A g=]3 UAAZ] F 3F2| petroleum
ether, chloroform, ethyl acetate, methanol, 55555 7
Z} 250 ppm, 500 ppm, 1,000 ppm ¥ 2,000 ppm -2 3] A4
Bled 20w AA 3| F4A1Z T ControlZ 32 F5E0|
Lol 9A] %2 70% cthanolS A3} U3 o=
A slgdet. FH)E ZE plates 37°CollA] 24471 wijoFat
% disc FWoll AAE clear zone(mm)e] Z7|E 27435}

7 2920 %7 B AEE SIS

g FEES 98 324 AE FEES EFHE A
o] A N5 Elslaat AMdx FEETY] £
S A =3 B AFe olu] Aldel|A] el lgol
A5 FF9 ethyl acetate FEF3 A Z 2 ethyl
acetate FEE-5 27 500 ppm® 412, 2] ethyl acetate
FZZ 1,000 ppm & A Z9] ethyl acetate FZF 1,000
ppm FFH L vlwslg ok A F5= Staphylococcus
aureus$}t Shigella dysenteriae & A3l HEFCE 70%
ethanots 7zt A9} U3 2l 20 n Py FF3led 53}
Aot

o= M4 &3

3179 ethyl acetate 3% E-& membrane filter(0.2 pum,
pore size. Toyoroshi kaisha. Ltd., Japan)® A|3FA]7] 3L, <8
A=A 2+ FZFEL 1,000 ppm, 2,000 ppm, E 4,000
ppm TEHE AH7IEINAT. 7)o O.DZtE 042 2 Al
T EAE 1099] B F FEH o2 Fsle] 37°Cq
A T2R7E wiekslal, 12A)17bale) Al weke] FAIA RS
620 nm, H4g=A A S}, B9 ethyl acetateF
£E-2 Gram AT S. aureusst Gram £4314¢ E. coli
& AHEste] 7 el Higt SAAIE AR R AR
A3 ZHZke] 0.DFE Bl FEEC] w5 vAE &
Al Axg Flatdrt7].
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FEEES AT AFT L AFSE HE4AA S
24& AYE £ et o5 22 AAE 48 5 ik
Gram oA 7ol ol 8k 82| petroleum ether, chloroform,
ethyl acetate, methanol F5& ¥ 45FEE9] P>
Table 2¢} 7o} Vel discoll =8 3F9] 245 F2E]
S5k 295S 9T 940l 2 gt 2 50
F71E g7 945 deblie inhibition zone®] =717}
Z7}3}e] ethyl acetate FEE2] 7% S. aureusdl| 3l
1,000 ppm FENA 16 mmE 7P Z BN EE elgl
o 35 FEE0] FF 2 Fxe gt I 7550 s
9 A4S el 7] TRl vt A7) 98 A
& veh), 39 petroleum ether 52 S. aureusdl] o
3 T s 2848 ez, 322] chloroform F3&
< B. cereusoll X 71 2 A4S Vebi el 39 ethyl
acetate FEE-2> £ Aol AMSg B IF & S
84S VR 250 ppm S RN E SRSV} Vel
o} o 25 shell A F838F Rl ARSE L 9l FA)
FE] dFE2 FJTEA o5l T Y= FEA
$o Poisel ARt ulme) 2w, 7 FH) Selm
Faled w2 ok E-S ¥3bsl 9Jo}. Bae[ll= Blackjack
oak ¥ 24| flavan¥} procyaniding £2]3}lal o|E2) 7]
oo M3 vl glok £ Aol AREE Bl coumarin
2 flavonoid¥ ] Wel 7=l 3= 53] coumarin
& o-pyronedte] benzenest ZAEE Co-CiERIES 718
FZ oz 3l widA e 2 SAEtal 9laL, o] 5]
4 ehile A2 el AeH3L WeIA dol AHE
9 AZolh 55| okl Ealel U BAlo] EelxmA 3
Hat AEES FEIL, oI5 4% WIS AT
2 3l dF7F deE s $=d Markham[9]->
Kaempferololl 23+ glucose® 77 319121, Sen[13]
Calotrips giganteaZ3¥] flavonol glycoside® F-2|3}3 ©]

Table 2. Antimicrobial activities of each solvent fraction from
Cutellaria baicalensis George against Gram positive bacteria.

Clear zone on plate (mm)”

Strains Fraction C EA M W
conc.(ppm)

250 2 6 - -

Staphylococcus 500 6 - 11 7 -
aureus 1,000 7 - 13 9 7
2,000 7 7 16 12 8

250 - - - - -

Bacillus 500 - - 9 6 -
cereus 1,000 - 7 10 8 -
2,000 7 9 13 9 9

UDiameter, #No inhibitory zone was formed

PE : Petroleum ether extract C : Chloroform extract
EA : Ethyl acetate extract M : Methanol extract
W : Water extract

Table 3. Antimicrobial activities of each solvent fraction from

Cutellaria baicalensis George against Gram negative bacteria.

Clear zone on plate(mm)"

Strains Fraction PE c EA M W
conc.(ppm)

250 2 - - -

Escherichia 500 - - 7 - -
coli 1,000 - - 10 9 8
2,000 7 8 13 13 9

250 - - - - -

Pseudomonas 500 - - 7 6 7
aeruginosa 1,000 - - 8 7 10
2,000 - - 9 11 11

250 - - - - -

Salmonella 500 - - 8 - -
typhimurium 1,000 7 8 9 7 6
2,000 8 9 13 12 9

250 - - - -

Salmonella 500 ) - 8 - 7
enteritidis 1,000 8 6 9 6 8
2,000 8 11 7 10

250 - - - - -

Shigella 500 - - 9 8
sonnei 1,000 - - 10 6 8
2,000 - 7 13 - 9

250 - - - - -

Shigella 500 - - 9 7 9
dysenteriae 1,000 8 8 11 10 10
2,000 9 9 13 12 12

250 - - - - -

Shigella 500 - - 7 - -

flexneri 1,000 - - 9 7 -
2,000 8 12 21 16 9

YDiameter, »No inhibitory zone was formed

PE : Petroleum ether extract C : Chloroform extract
EA : Ethyl acetate extract M : Methanol extract
W : Water extract

9 7155 A9t vt Qloh 2 Agde) AR 4 3
FEE9] Gram 2437l 93t 33 74 A3 Table 3
# 7o) vehl, 32 ethyl acetate FEFo] BE 5l
sl 7t daHE e o] F S, flexnert 713 Rl
ZrslA uk-g-sll 322] ethyl acetate 2 2,000 ppmol| A
21 mm9} clear zoned et} o] A 8-39] ethyl
acetate FE2-2 Gram SFATI Gram 2437 dl&l 3y
< gEE AU 932 o 4 itk s B Alge)
ARSEE B EE9] 527} 100 ppm ©]&}] A-9ell= 3
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=3 deFEEe] AtE B a5 HE ook £ 3
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22] ethyl acetate FEE3} W3AMI 2] ethyl acetate
FEEL HUS A eh e AR Table 49} 7o)
vehdol B AgeA 71 qizst S EsE Ry S
dysenteriaecl] N3t T AE FEE| ¥ AT FEE
3 3 E FE2EE S A o A Jehd, &
9] ethyl acetate FEEE 522 1,000 ppm F 74-F-
(22 mm)XE.t} 52 ethyl acetate FE& 500 ppmel| W35}
AMd %] ethyl acetate FEF 500 ppm= Ao F A7)
o 2 37FHS 2923 mm). S. aureustol] HIME F
F2ES 77 500 ppm¥ Aol Foig 7397} 329 ethyl
acetate 25 14000 ppme ©522 F 7-¢HY =2 g
THE B (Fig. 5). AEAH2E MoflAe AEoh 4
Eoll M 23 AoF AEol dal] 7] kA ol A1 A
& Fod3k3 oA 7] WEel $5e] FEAARE o183 oF

Table 4. Antimicrobial activity of combinded extracts from
Cutellaria baicalensis George and Portulaca oleracea

Clear zone on plate(mm)’

Cutellaria

Strains baicalensis Hedyotis Both?
control George diffua Willd  (each
(1,000 ppm) (1,000 ppm) 500 ppm)
Staphylococcus 2 10 9 13
aureus
Shigella 9 22 3

dysenteriae

'Diameter
2No inhibitory zone was formed
3Cutellaria baicalensis George and Hedyotis diffua Willd

Fig. 1. Antimicrobial activities of various extract of Cutellaria
baicalensis George against Staphylococcus aureus at the concen-
tration of 1,000 ppm. C: control (70% ethanol), I: petroleum ether
extract, II; chloroform extract, III: ethyl acetate extract, IV: metha-
nol extract, V: Aqueous extract.

& R Z15Hel B A7 DU 2AHT YA o
o}, A% APFe] FHIT Y FE YEE J5E
g olggron EobQl AFREA B AT Fb5s
22} A,

&129| ethyl acetate £&80| Gram 4 ¥ Gram &
ool 4ol ojxls A&

39| ethyl acetate FZE-2 FEHE(0, 1,000, 3,000
9l 5,000 ppm) TSB¥lX]ol| A 7}8}3L, Gram FA T el S.
aureus®t Gram 2712 S. dysenteriaedl 237t FFA1A 72
AlZE wieFsbas dA Azt AR de) A ARE &
Al £ v} Fig. 3 ¥ Fig. 49} 72L& S48 & 3l
oo}, S. aureus®) 75, 332 ethyl acetate FEE-2 X7}
3] o2 vlzTe A i F 12X FHE 353 3
9] F41& E 4 gl9laL, 5,000 ppm TEE AUl A
S 2] F2]o] SIS o] Folx T Ao 24X|7H7HA]
A He #AFE 4 QA HFig. 3). Chung[2] S. aureus
o disl <ul=t el ethanol F2E-0] 3.0 mg/ml ©]4l
A FA)e] A= sIekal B 518k v} 91, Jeon 551 A
730]2] methanol FEE°] S. aureus?] AL AAH L
H 33}k vl glEd], £ AN 39| ethyl acetate =
Eol S aureusd] 2ol G4 EAE R} i AlgS
7Hed] o] A-ell s M o)A epulA] o)A o] gliEd] A
FAAA FAE HI ol oA HTA e]Aelvt F=
104] o]3}e] B FollA ZodFoll wo] WA Ul
E X 8. dysenteriae, S. flexneri, S. sonnei 5-°| )E=d -
gvtete] AS S flexnerizt WF-E& AAEH S
dysenteriaedl| 93 714 A F5L LEe10]. 3
2] ethyl acetate>ZE2o] S. dysenteriaedl] W3l v]x]= A
5 A3 AES FUs v R T2A%E 51E AIHE vl Fig.
49} 722 AANE g = Usleh FFY ethyl acetate F&

Fig. 2. Antimicrobial activities of ethyl acetate extract of Sutel-
laria baicalensis George, ethyl acetate extract of Hedyotis diffua
Willd and both extracts against Shigella dysenteriae. C: control
(70% ethanol), I: SCutellaria baicalensis George (2,000 ppm), II:
Hedyotis diffua Willd (2,000 ppm), III: SCutellaria baicalensis
George (1,000 ppm), Hedyotis diffua Willd (1,000 ppm).
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Fig. 3. Effect of ethyl acetate extracts of Cutellaria baicalensis
George against the growth of Staphylococcus aureus. Concentration
of ethyl acetate extracts : ( @ ), control ; ( ), 1000 ppm; ( A ),
3000 ppm; ( @ ), 5000 ppm.
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Fig. 4. Effect of ethyl acetate extracts of Cutellaria baicalernsis
George against the growth of Escherichia coli. Concentration of
ethyl acetate extracts : ( 4 ), control ; ( Il ), 1000 ppm; ( A ), 3000
ppm; ( @ ), 5000 ppm.
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2L methanol® F= petroleum ether, chloroform,
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Shigella flexneri, Escherichia coli, Salmonella typhimurium,
Shigella dysenteriae, Pseudomonas aruginosa, Shigella
sonnei) °l| 3l AHEAE AR S
=9 st 34 AYAME g5

PS5 = e} l::_

FE=2

e B

o] ethyl acetate 50|
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2 AN S W Xo ASESE e =3 30
ethyl acetate FE2°] 455 ‘%/‘ﬂﬂ'«] A2 ﬂ]?]—‘= z
2 AAS) AN S, aureus LS. dysenteriae] N ol

2ol ethyl acetate FEE5 7-]' Z} 5,000 ppm X2 7}
NS o, S. aureus®] ABFol 2447k o|A7HA] AP S
A3l 4= Q)L S. dysenteriae®] NS 36A 7R A DA
7 4 Qlsdet. oY H 3
S. aureusS} S. dysenteriae®] g HAF= A
NH.

31-29] ethyl acetate 5=

339 ethyl acetate FEE2
A‘é‘ oé- T
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