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Interest in marine organisms as potential sources of bioactive agents has increased in recent years. The red
seaweed, Callophyllis (C.) japonica, is abundant in the coastal regions of Jeju Island in South Korea. A
previous study shows that C. japonica extracts have antioxidant activity and radioprotective effects. In this
study, an methanol extract of C. japonica was tested whether it has antibacterial effects against the bacteria
from swine. In vitro antibacterial activities of the crude extracts prepared from the C. japonica using 80 %
methanol were tested for inhibitory activity against the Escherichia (E.) coli (S175), Enterococcus (E.)
Jaecium (ATCC 51558), Salmonella (S.) Typhimurium and Staphylo-coccus (S.) aureus (ATCC 25923) by
using broth dilution method. All organisms were incubated in brain heart infusion medium containing 1%
extract at 0, 4, 8, 12 and 24 hrs. The 3 days-old piglets were fed an experimental diet supplemented with 1%
C. japonica for 1 week. And the change of the coliform bacteria in feces were examined after supplement
of C. japonica for 1 week. When the inocula containing 10>~ 10°CFU/ml of each organism were used the
extracts of C. japonica showed various degrees of antibacterial effects on all bacteria tested. The CFU
value (6.3 X 103CFU/ml) of C. japonica for E. coli was decreased 30% compared with vehicle controls (9.0
x 103CFU/ml) after 8 hrs incubation. The proliferation rate of E. faecium was inhibited about 68% at 4 hrs,
81% at 8 hrs and 76% at 12 hrs after incubation, respectively. The proliferation rate of S. Typhimurium was
inhibited about 96% at 4 hrs, 90% at 8 hrs and 72% at 12 hrs after incubation with extracts of C. japonica.
The proliferation rate of S. aureus was inhibited more than 90% each time courses. Conclusively, a red
seaweed extract of C. japonica was found to be effective against a number of gram negative and gram
positive bacteria such as E. coli, E. faecium, S. Typhimurium, and S. aureus. The number of coliform bacte-
ria was increased in the 1% C. japonica-treated group, as compared to those of controls. This result sug-
gests that C. japonica extracts be added as an effective natural antibacterial agent. The precise mechanism
of antibacterial effects and its application on swine industry remains to be further studied.
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FE AFolA 4HEE A% (antibiotic
growth promoters)-> F{ X2 7473} PidE A
717 $13l AbgElo] ek ALl FEAR B7he
FoAE A4S RISl WL ogony W
o 9l AR aT} T AYET ARTES A
= olFo] 3= Aer A Uth(Hayset Muir,
1979). £3] H1]0] A% A3 2~35% o] ThFet
olof 93t A7 A AL AL Aofe 4~ 9
(Cooper 5, 1997; Salmon 5, 1995), =& tizF HA}
s gudonn Age £48 2AT 5 Ao
(Cooper -5, 1997). o]e} 2 A& 4357 13l
o 4] Aol et WAl GAA 7} ol §Elo] St
(Theppangna 5, 2007). Lt} 7] 5e] S4A H-&
o Qg galAlo] £AZ} HiL glon], o] uhE
A AFok Y Eel FAA FAR diFE D gt
(Z3 4, 2001).
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Fusts] ols) BRI BHS 2T Ux HALA
FEEol Bt Iilol S8kl Slth(Mayer -5, 2009).
Se) AAd B4 F SRRoliE 2XF 9 F2
FollA ket SFo] AeEd =20 A
(o] 5.2000). 7L F Ui FRAES eppoza
FAA AEd= FEstrtal dEA Atk 5,
1999).
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o] AlRo] ALgT AWFRE 1 SAFQ Es-
cherichia (E.) coli (S175), Salmonella (S.) Typhimurium
Heojubsbyd ) 1 ARl Staphyloco-
ccus (S.) aureus (ATCC 25923), Enterococcus (E.) faec-
ium (ATCC 51558)5 AME-3l9th 42 ¢St broth=
brain heart infusion (BHI) broth (Difco, Livonia, U.S.A.)

2 Abgstolom 121°Co) A 1557 Haet 3, HEe
o FEEL 1%WWE F5AA EFIA o] &3
£ FASISH) 1914 DG Aol gob 283t 3t

THA|A A}ﬁo}‘ﬁq *ﬂ Rl
BHI agar £ 121°CoJ| 4] 15%

4] wtH A of HF
$0,4,8, 12 9 24|00} Al E EgHe|H B
tH(serial dilution agar plate analysis, pour plate method)
2 Awstel Z4stch AWE dhrel 18417
BHI brotho]] ujoFst w55 10°~10° CFU/ml 3
o7 YET F 3TCAN AAUA HE F 0,4 8,
12 9 24070 258 Zgsioch el e A
A2} ti2toll A wf S A171e] Imle] v g &
& AP A Q%] B|43k 3 BHI agar 9 E3ksto]
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4 QA& £4E CFUMmIS o3} 22 4%
AH8-8ke] AbES 3l t(Negi -5 1999).

% Inhibition*=(1—T/C) X 100

*T= Adte] 93(CFU/m) o],

CE tj=29] 43(CFU/ml) o]t}

HRSUS FOC I=0 B 5 YA+ Bt U

HESd FE58 F7F0 5 A ke st
7] el 3L HAE teFike vl d=dat of
ol 1%s=2] a2l 5 d7iste] g
AREOR Wrol 2t 18T 294 Adetdlr 15
Uzt 2ol & Agomue {3y S YAk
w198 W 2|4 Aso] ATl Asle] g48 &
gt WgRRE 42 AER oz Azt o
violet red bile agar (VRB agar; Merck) & AFg-5}o] =
EEEE LN DICERNE R

FEE9| E. coliol| thst ZAAH|

HE00] 2289 1% 53t BHI broth of 1847}
. coli & 10°~10°CFU/ml =A 53t
T 37°Col A 24A17F v FetelS wf wjekH o] At
HIE U Qch(Table 1). th2t9] 29 HE 0
A7V 1.0 X 10°CFU/ml, 4 A7) 2.7 x 10°CFU/ml, 8
Al7Fe] 9.0 X 108CFU/ml, 12A]7}o] 1.1 x 10°CFU/ml,
24417k0]] 9.5 % 10°CFU/mI2] Zi}E Yehfglon, Al
o] AL 0A]7k] 9.1 x 10°CFU/ml, 4A] 7k 2.4 %

10°CFU/ml, 8 A7+l 6.3 X 105CFU/ml, 12| 7k 9.7 x
103CFU/ml, 244 7Fo]| 1.1 x 10°CFU/mIS] A1}= Ure}
Wolal, A& 0AI7of| 9%, 44170l 11%, 8AH
30%, 12470 12%, 24X 7F0]| 47% 0.2 24 X7k 7}
T =2 SAY9A 53E YER QI ThFig. 1A).

FEE9| S. Typhimuriumd|| CHst SAIAH|

A FEE2 1% T3 BHI broth ©f 18A]7F
ZufjoFst S. Typhimurium #9%-& 10°~ 10°CFU/ml %]
Al HE2 5 3T°Coll A 24417t vl eFablS uf ui ok
o] A5t W3S e I TH(Table 1). t2a-2] 75
AE B OA7Fo] 1.2 x 10*CFU/ml, 4A]7}o] 1.5 % 107
CFU/ml, 8A]7F]| 9.9 x 10%CFU/ml, 12A]7}o]] 1.0 x 10°
CFU/ml, 24A)7Vo] 7.4 % 103CFU/mle] ZAx}S el
ow, Aldte] AL A7l 8.8 x 10°CFU/m, 44]
7o) 5.6 X 10°CFU/ml, 8A] 710l 9.4 X 10’CFU/ml, 124]
ZFo]| 2.8 X 10CFU/ml, 24A17Fo]| 4.9 x 103CFU/ml1<]
AIE YR AL, AAE&S 0AITE 27%, 4471
96%, 841710l 95%, 12X]17}oll 72%, 24 X7}l 34% ©
24X 7MY =2 SAYA anE e Aok
(Fig. 1B).

J8 Y0l Ut SAAT 240t

F=ZE29| S. aureusdl| thst SAIAH|
a2 FEE5 1% o2k BHI broth of 1847t
ZujFet S. aureuswt & 10°~10°CFU/MIE A 4%

El e

o WIS YEl dth(Table 2). tjx2-9] 45 HF
3 0A1ZFe] 2.2 X 10°CFU/ml, 4 A7) 4.4 x 10°CFU/
ml, 847} 7.9 x 10°CFU/ml, 12A] 7] 2.8 x 10°CFU/
ml, 24A)7Fo] 3.5 % 103CFU/mle] ZA1+E U9l e
o, Aol AL A7+l 2.2 x 10°CFU/ml, 447+
3.6 X 10*CFU/ml, 8A]7to] 1.8 X 10°CFU/ml, 1247}
2.3 X 10°CFU/ml, 24 A 7¥o]| 7.7 x 10’CFU/m12] ZA1}E
UERH 3L, A& 0A7F] 0%, 441710l 92%, 8A

Table 1. Antibacterial effects of the C. japonica extracts on Gram-negative bacteria

Viable count (CFU/ml)

Micro- Treat-
organism ment 0 8 12 24 hrs
o Control 1.0x 103 2.7%10° 9.0x 10° 1.1x10° 9.5% 108
Escherichia o .

coli (S175) - Japomca 9.1 x 10? 2.4x10° 6.3 % 10° 9.7x 108 1.1x10°

extract (1%)
Control 1.2x10* 1.5x107 9.9x10% 1.0x10° 7.4x10%

Salmonella C. iaponica
Typhimurium - Jape 8.8 % 10° 5.6%10° 9.4% 107 2.8%10° 4.9% 108

extract (1%)
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Table 2. Antibacterial effects of the C. japonica extracts on Gram-positive bacteria

Micro- Treat- Viable count (CFU/ml)
organism ment 0 4 8 12 24 hrs
Staphylococcus Control 2.2x%10° 4.4x10° 7.9 % 10° 2.8x 108 3.5%x108
aureus C. japonica 3 " 5 6 7
X X X X
(ATCC 25923) extract (1%) 2.2x 10 3.6 x10 1.8 X 10 2.3x10 7.7%10
Enterococcus Control 1.3x10° 7.3%x10* 1.2x 107 9.3x 108 7.4x10%
faecium C. japonica 3 " 5 3 3
S X107 S X S X 2 X 9 X
(ATCC 51558) extract (1%) 1.3x 10 2.3x10 2.3x10 2.2x 10 4.9x10
A E. coli B S. typhimurium
100 100 1
90 ! 90
80 80 |
I | g 70
F 00F Z 60 Ff
£ 50¢ E 50
=
= 40 S 40+
S 30 ® 30
10 10
oL mm . N el e o iz - -
Oh 4h 8h 12h 24h Oh 4h 8h 12h 24h
S. aureus
C 100 , D 100 E. faecium
90 + 2
80 & 80
g 70k = 70t
= 60| £ 60
2 504 2 50
= 40| 2 40
304 X 30
20 | 20
10 | 10
0l f a f i 0 f i f i
Oh 4h 8h 12h 24h Oh 4h 8h 12h 24h
Fig. 1. Inhibition of E. coli (A), S. Typhimurium (B), S. aureus (C) and E. faecium (D) growth by extracts of C. japonica. [The results showed

that the bacteria growth were inhibited the most for E. coli at 24h, S. Typhimurium at 4h, S. aureus at 12h and E. faecium for 8h by

extract of C. japonical.

Zroll 98%, 1247kl 99%, 24X 7to)| 78% O & 12A17F
off 7H¢ &2 SA19A a3kE e SckFig. 10).

FEE0| E. faeciumol| CHst SAIAF|

HE00l 2259 |9 595 BHI broth ¢ 18A|7}
A kst E. faeciumd-H4E 10>~ 10°CFU/ml =74 &
%3 5 37°Coll A 24417F wjk5HlS ) wfokoy o] AY

W HSHE UER QltK(Table 2). tj 219 49 A5
5 0A| 7V 1.3 X 10°CFU/ml, 4A17r¢] 7.3 x 10*CFU/
ml, 8A]7to]] 1.2 x 10’CFU/ml, 12A]7Fe] 9.3 x 103CFU/
ml, 24X 7}e]| 7.4 x 103CFU/m12] A3}E YEhf e
o, Agte] 79 0A1ZFo] 1.3 X 10°CFU/ml, 4A]7te]
2.3 x 10*CFU/ml, 8A]7}o] 2.3 x 10°CFU/ml, 12A] 7}
2.2 x 108CFU/ml, 24 A 7}o]| 4.9 x 103CFU/ml2] AT}=
UERH QLA A& 0AZFell 0%, 4417k 68%, 8A]

N

P

2ol 81%, 12413t 76%, 24 A|3k0]l 34% = 84|t

x 108
1209

100 1
80 1
60 1
401
201

Number of E. coil in the feces

0

Controls C. japonica extract

Fig. 2. Effect of C. japonica extract on bacterial counts for E. coli
in the feces of nursery swine. [Treatment with the C.
Jjaponica extracts increased the number of E. coli as com-
pared with non-treatment controls. C. japonica extract was

administrated with milk for 1 week. The data is expressed
as the mean + SE].
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AFEL Holehs AAgAS Bl S AR B
D2 g Yk ARE Aekli 2R TR}
chopshan F4ate, cloko] AAlSHE HARE 2xf
81%. T2 WIF GAF HBF 52U 39 =
F7b AAIBEEL QUEKLim 5., 1995). o] F R xR
£& theRt AeiEgol Ut Ao el ek

7} o], 2004).

=279 o FFQA FHuE N (Ulva pertusa)@t 7
ZX(Codium fragile) 2] XK n-hexane) &5 bacillus
229| B. licheniformis, B. cereus, B. circulans®l] o3} &
H+EYE UEhdthY &, 1999). E ofE =279 &
Y (Ulva lactuca)®] 735 S. aureus, Shigella dysen-
teriae, S. boydii, Pseudomonas aeruginosas-°J tjst =
AL oA 2t Qe Ae® dEA dth(Vallina-
yagam -5, 2009).

x50l dEog 2 AR u|Y(Undaria pinna-
tifiday) WEks FEEL B subliso] g YA
2 Yetly, @ 2 FA(Dilophus okamurai)®] 3Nk
ZE3 WekL =&EL E coli, B. subtillis, B. cereus
9} B. licheniformisol] A8l ++2/ds UYebHTHY &
1999). #9t ofye} Z 27l AEH e (Ecklonia
curome) 25| FZ3 phlorotannin2 S. aureus, S.
pyogens, B. cereus, Campylobacter fetus, C. jejuni, E.
coli, S. Enteritidis, S. Typhimurium, Vibrio parahae-
molyticus 52| w20l 3t At A vt7} lokal d A
¢lth(Nagayama 5, 2002).

FARO B SR, WELQ, BB,

i3

Thabele] S £EBE E colic] ) FRLAES U
ehij], $57bAkelol MEL Qo] e 252 94

E. coliol] tjsf] &t/dS UeEtHTH Y 5, 1999). E3F
RO TLol AO  Saccharomyces acidifaciens, E.
coli, Bacillus subtilis, Penicillium funiculosum Y13+ o}
Yep are} Fgolof thafA e /S e,
MS, NMR spectrum, XA S| ZE 40 g 2 HZAHMO T
of ZAst= =4S BT du), ohget FtEEol
A5k A2 HE AT Y 5, 2000).
o] AFoi= TX2FF HFESHY IS &
SHid Hh I S 27 Pl B et
=
‘&

of 7M=& S UESith AE7HA] B
H vpeh o] BIE292 E. coliol i3t FSS
UERglom, T Qof e x| £AI7F 2 4 QU=
a3 /4d+t8l S. Typhimurium¥} 18 FAJESl S
aureus, E. faeciumo]] tj)| A= F4+24S e ATt
R BIHESHS HEFe A woltt A=e] 24
=

F Adae) WsiE WA A3 ggaes] = 5
7¥atict. 0|9t -2 E. coli®] Z7F8A-S copper sul-
fate} carbadox & FoI3h 7o EQlE v} ¢lom,
Z7ke) Qe A o2 nlEel 7o) ofat Ao
2 FA3%E v} Qlti(Aarestrup2}l Hasman, 2004; Wells
£,2009). E. colii= WER K,5-& AATelo] olgm
o =82 F7]% 3}il(Bentley?} Meganathan, 1982),
Aol Al el lelo] e wEloke] WA Bl
Siohar &4 A )th(Hudault 5 2001; Reid 5 2001).
2 Aol A= et o] 9ol thE At9] HIlE
ZAFSEA = FSFAINE HEHE28S Fofe Ak A=Y
A WollAl o B9 Haxel o E. colizt A
4oz 2795, Z7HE E. colid)] ofs Ay ulAy
= It

o] o) Aol et 4
B4 9 g Ara] GES ANE Ao el
S olek. wheba] gL ole] vt 487 el et
Aok AAY WEs: 2] R AT W FE A1)
o) 218 Wy U g FPs Aol et A7t o ad
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