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Abstract: The Ecklonia cava Kjellman by-product (ECBP) as a feed additive was evaluated in improvement of
productivity and immune enhancement against Salmonella Gallinarum (SG). Lohmann Brown chickens proved SG-
free were randomly divided into 3 groups of 8 chickens each. Chickens were fed with the experimental diet treatment:
TO, Non treatment-commercial feed; T1, commercial feed with 0.5% ECBP; T2, commercial feed with 0.1%
Lactobacillus plantarum. In this study, we evaluated the effect of T1 and T2 groups on the body weight and protective
efficacy against SG in chickens. The results demonstrated that treatment of T1 group as a feed additive affected
significantly body weight gaining in chickens. In addition, T1 group showed a significant different colonization of
SG when compared to T2 and TO groups. We also studied that serum IgG and interferon-y levels were significantly
different compared with other treatment groups. Therefore, we suggest that ECBP can be used as a good candidate

of feed additives in chicken industry.
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ZF FHrelal e [1], ARl &Aksh 28Rt ozt
A 2 ImAE 28 T Ve AE SHE] A
SAZo 7 Ae3lEAT [2, 10, 20]. ©]9k 2ol ZEirt A}
Hollx] YL - A7) G| HaEA oy, A
E XT3 71500 e A BA 42 AHelr=, 7
glo] AEHTHIEA ] a5 T8 ooE 7t
FANA A AN == 7HESFZ(fowl typhoid)=

Salmonella Gallinarum(SG)oll <J3ll ¥HA¥sk= 94 2 o
Aol E& 7‘”’"1“‘1 [7, 25], A Aut= 1§ o]xpQl
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AAA AHHoR F HAAR] &4 Foh

mebA, B Ao e FulsS FESAL e A F
2VE-(Ecklonia cava Kjellman by-product [ECBP])S <7l
ARV R E8starat s, AgAFelr S50l Y
H it ARHTHIE 22 Fo] ECBP ALEFH7H
FolrZe] AF 9 SG PHOZREH He] WY %S
H|5 H7kstarat spict.

Brown) 2t 2455 FAISISITE S
5 HHE Y skl 209 AT B diERToE
T3 3F5 3L (Table 1), 708 &<t chicken isolator(SK-F002S;
AR, il el A ARSI S EA S Adisla

ZEAF 52 993]9] $A(KW-151130-1)3t0l A8,
FEATEEIUALS FFEIATh

AEAME M= ¥ 30

ECBP AFT% ZHIZRE $4(20~30%) 0= o=
QRS FEIAL e FEUOE VRIS (EIAE, dis
wshel &3 & 0.5% ECBP AlFALEE Azt Ag
AFES] HZ2LO A XA ARFS AREE] S8l [19],
nto] QA s ok §1=)0] nF1AlIES ARE-SISITE. nFl
& A2 Lactobacillus  plantarum(LP) 455 8<%
sto], 7hd et Uiest AelrleR e fAktelth

Al AR Foe YHRALE TH(TO, non-treatment), 0.5%
ECBP H7}A(T1, ECBP), 0.1% 2kt At H7HA(T2,
LP) o2 73} 1d7E 105 &k goll Foisisitt. £0le
AR} S Al diEae] A AT 5 U=
& FoIaint.

AEF F AF WekE B 98, 1, 2, 4,6, 7,
1073e] 48 2 tE2e] AFS 2P Ay o
e 9 12,6, 7

gk & 2000 BAsHA

AAAE Fo 8F F(9FE), 3ARTE 7] flal Hd
A Qe SG Y EEF(HID2105)2 42 pg/mL nalidixic
acid(NA) & A|(Duchefa Biochemie, the Netherlands)7}
7718 LB HiX|(Difco Laboratories, USA)olA] v 319332,
1.6 x 107 colony-forming unit(CFU)/0.5 mL¥ 77 HE3}
Atk

YoiEs oo}
FAYE 9 F(07), YBHO2 wejsio] el 713}

C A7 - ke - dE - el

S R399 Tissue Lyser II(Qiagen, USA)S

AHEste] 24 skl 23 sk Aol phosphate-
buffered saline(PBS; pH 7.2y Z7lsle] 10304 Aws]y
S 3193, 42 pg/mL NA7F H7HE LB agard] &= 2wl
3 & CFU/gE S48t

HoisHy HI|

¥4 immunoglobulin(Ig) G <=2 37Fs}7] 913l indirect
enzyme linked immunosorbent assay(ELISAYS 2A]35}4
[4, 24]. Z=2Z (formalin)o 2 43171 A AlE 3k
AqS FRIYPoZ AN, 0.05M sodium bicarbonate
buffer(pH 9.6)5 F7Fet] 10 pg/mL F=2 FH|5A T
MaxiSorp 96-well plate(Nunc, Denmark)el|] 100 pL/well%]
BF F 4ColA 1627 59 ST 0.05% PBS-
Tween 202 wellS 33] M AHT F 2% bovine serum
albumin(BSA)YPBSZ 2A17F &1 blockingstSitt. 1% BSA/
PBSZ 4004 82413 g @313} &A)S 100 pLiwelld &
FBaL 37°CoIA 1A17E E)t WRg8lRAaL, 20,0000 )41 %
22} Al (goat anti-chicken HRP conjugated; Bethyl Labo-
ratories, USA)S 100 pL/well®] EF3)o], 37°CollA  1A]17F
Fot WSt Z plateE 33 MHT §F, 33.55-
tetramethylbenzidine(SurModics, USAYS 7} & 387+ <
HkS5I9 Y, 2N 3HH,S0,)S 71 5 ELISA microplate
reader(Bio-Rad Laboratories, USA)Z &-4=(0D)E 574
=g

A9 interferon(IFN)-y F=5 Z43}7] 93, Chicken
IFN-y Do-It-Yourself ELISA Kit(Kingfisher Biotech, USA)&
THHRL, AP A AL WHE T35kt

SHEA

A §9484S Wrtetr]l $18ked, GraphPad Prism
5.02(GraphPad Software, USA)S ARE-3Ion, RE A
+ 2 ORTe] HdRH ZFEHAKSD) #e rtests(and
nonparametric tests) 2 one-way analysis of varianceZ 7
Aotk AAAAE v AT #, €3 FolA 1gG
(OD,s) &t 2 IFN-y(pg/mL) 32 Mann-Whitney test, ¥
]85 H7Hlog, CFU/gy= Bonferroni’s multiple comparison
tests o] 83T P 3 0.05 v[TS felt Aoz 7

ik
2

ECBP2} LP AIE2 EIIM 201 & & NS H#Hst

2= o] 0.5% ECBPS} 0.1% LP7} H=2 £33
zZ¥zke] AlRE FoId &, 7t TI3 1239 HaAES o
AFERE Folgh Towe] AF2 H|aLstith(Table 2; Fig. 1).
d2 & BE Fo] HaAlTol A T4 s, 7 AR
A7hREA Fo & 2FHFE T19 H#FAFol TR
9.0%= oAz S7IEHE Elallthp <0.05). A At
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Table 1. A dietary treatment scheme of TO, T1 and T2 groups

Group Number  Treatments Feed

TO 8 Non-treatment C ial feed

. ommercial fee
Ti 8 0.5% ECBP (NongHyup Feed, Korea)
™ 8 0.1% LP

TO, Non-treatment; T1, 0.5% Ecklonia cava Kjellman by-product
(ECBP); T2, 0.1% Lactobacillus plantarum (LP).

Table 2. Effect of feed additive of T1 and T2 on the body weight
mean = SD of chickens

Group body weight %
(constant body weight percent

Age (wk) when compared to the TO group)
TO T1 T2
1 100 99.9 102.6
2 100 109.0* 103.6
4 100 108.8 106.2
6 100 136.7** 120.2*
7 100 138.5%* 127.8
10 100 152.8* 128.6*

Asterisk (*) or asterisks (**) is statistically different at p <0.05 or
p<0.01 when compared to the TO. Data analysis was performed
with GraphPad Prism 5.02.

[ T0: Non treatment

T1:0.5% ECBP

MW T2:01%LP
1400+

1200+
1000+
800+

600

Body weight (g)

400+

200+

Weeks of age

Fig. 1. Effect of T1 and T2 feed additives on weight gain of
chickens. Asterisk (*) or asterisks (**) is statistically different
at p <0.05 or p <0.01 when compared to the T0. Data analysis
was performed with GraphPad Prism 5.02.

FH7H Fo = r"olMe Ti 129 HaAlFol TR
o 36.7%, 202%= folHoR FUkE AL 1T 4 9l
AOH(T1, p<0.01; T2, p<0.05), |23 Fol= AY =
EAHA0FHE )M T3 129 AFo] 52.8%9F 28.6%=
TOETH &3] S71e-2 ERIskthp <0.05).
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Fig. 2. Colony-forming unit (CFU) of Salmonella Gallinarum
(SG) detected in liver (A) and spleen (B) from the chickens
after challenge with virulent SG strain (HID2105). Asterisk (*)
is statistically different at p < 0.05 when compared to the TO0.
Dagger (¥) is statistically different at p <0.05 when compared
to the T2. Data analysis was performed with with GraphPad
Prism 5.02.

ECBP2 LP A2 FJIN| Z0ist Holl S4T™E £+ SG
of cHet Woigs HIt

ZF ALRTHA Fo] & we] SGell thk Wl
at7] flall, 9798 BE 2ol 343F § B 2 929
o2 LA, Hel 7 vgRA A SG
E3Ith(Fig. 2). 2 A% TIEH T2w9] SG AE F(log
CFU/gye 7HllMe 44+1.1, 64+1.7, AN E 45+
117 6.5+ 1.6%8 AZEJS, 2F TIFo] YuAER Fo
3 TO(Zh, 6.6+ 12; B, 6.6+ 1.3)ET} FolHo=z 15
i (log,,) ZA3sIATHTIL, p<0.05). T3 743} vlgeA] Tl
T& BT EE T27Re} 154, 1.49)(log,,) SG
o] FeHoz Ao ZM(TI, p<0.05), T1 AlPALE )
SGell tist Hojd Wojase It v, T2 TO
T2 kg HgelA SG HE el At 7kl il
zZtol7h GIom, T2we] Wojgso] gla-g RISl

FO{A
olr
tlo
ol
N

ECBP2} LP A2 EHI7IM Z0igt HolM HissHIt
AR B 1, 2, 6, 7, 95FHAA de o I3
oA A MR EQ IgG level(Fig. 3)Z Al=Erj7i4 =
I #S] IFN-y E%(Fig. 42 ELISA7IHS o] &-3ale] A3
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Fig 3. Serum immunoglobulin (Ig)G level (OD,s,) in chickens.
Data analysis was performed with GraphPad Prism 5.02.
Asterisk (*) or Asterisks (¥**) is statistically different at
p <0.05 or p <0.001 when compared to the TO. Dagger (1) or
Daggers (1) is statistically different at p <0.05 or p<0.01
when compared to the T2.

[ TO: Non treatment
T1: 0.5% ECBP
W 72:0.1% LP

500,

400+

IFN-y (pg/ml)

300+

200-

Weeks of age

Fig 4. Serum interferon (IFN)-y in chickens. Data analysis
was performed with GraphPad Prism 5.02. Asterisk (*) is
statistically different at p <0.05 when compared to the TO.

o ko] W ges vl Wrekith

T1, T22S TOZ# IgG level(OD,5)S Bl EAS o, 1
FHAME BE 79 8F IgG levelo] 2 2|7} gllont,
25 Hol A TITo] 0.444 +£022 T0(0.14 +0.0)2F T2
0.187 £ 0.HET} FolHo=z =A YelHTHTI, p<0.05).
w3l 75757} 9FHo| % TIiko] 0.341+0.1, 0.462+0.2
o2, TO, T27-e] frolZQl Apol& ERlIsiict. whi,
T2} T0S] fo]%Ql 2pol& &I 4= glATH(Fig. 3).

C A7 - ke - dE - el

Al ZuiiA WA EQD IFN-y F=H 7100, T, 23S
TO-# IFN-y(pg/mLyS WIS o, 9F=ellA Tio]
4193 +52.1% T07-(366.2 + 23.3)ETt 1.149) +2]2¢] x}o]
2 s on, T24(379.5+ 16.7)H= )¢l zlo|7t
AT} (Fig 4).

[

i

ARE W A H7PE SXEEA, 8RS g
A= 7S A Sl 2 ZH ool E3ERl AlE
7H AT gale] HFE Sl (11, 15, 21]. &
TollME ECBPE &85l A ARA/HIEN S5s
7}st At

Aol w2, 7Yl (Ecklonia cava kjellman)2t 7AX]
At (Lactobacillus  plantarum)e AF2ARETE ol SA|
M= AT E AANEE F33} Fo] = ZeE B
FIEAT [1, 2, 10, 20]. 0¥+ opg}l, AA ke AHEH
THZ &8 Aolle AN EH Ul 16 =3 e
o] A7) T 2 7 dds) Ay dhds) g o8
o] thxFHT} oA o ® F7glo] Harwnt [17, 22, 23].

Ao M = ECBP7} He] Aes 7l gk ERist
A3, & =Eole AXERA e}t F7F= 0.1% ECBPE:
A7¥e & VAR gz HRsile wel®: 0.1%
ECBP9] AFZ7He I ol et 22% &
Hlw2 2o MRt HIERIB, S Holw, ojnnalk %
do] Fsgk el 7IQlgtiar =™, ECBP/E EEjHE
S AQjslae tekst ARlE EFER QS| ole} o] &
o] AFS7t 2 WA g = AoZ Azt [1, 10,
25]. Gahan & [8]¢] 7ol ¢Jatd, &= AlE W siE2F
TR Fo|dH wue] HoE Al A=) AT
AEAFH S ST AR 7SS fdEe AR B
IEAJATE [5, 6].

AYArES] ECBPE Hol F98 § W57 a7l SG
749§ o] AReE T3l Aol g Wolass Hrt
Ak Tlko] Towzt T2wol wis) o] AjEe)7t gl
7k vgelA B fo]H o2 WA AEHAO, T2w2
TOw2 & 2po)& HolA] gkott).

Aol W=, HollA fAtS AR 888t
AL S dIE dizeEd g 9 A fakroll
oJgk fole] oAl F7HE ERlsislen, o= <ls
U pHE A3tstal 75 JAEZS skl Hed v
AES AAS Bt 23] T3, ARfAakre] A

A 8, HYd nAEY] A Al 9, SAl

A9 A7 L AR &8 i aE ERIEK 2, 10,

22, 26]. °|Z H]Fo] HOS wf, LPFIER] T22oXe &

o] AFT/IERE RSOy, At Akt Woey

zol2 ¥ mAE A SGH S As)S AEst
A EE Aow FHPHr)

e AlEE T T2we] SG #A9el uigh Wolgs

re o -y

o
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zlolE A7) Qs AAAF 2 AEvRAY W3S 1gG
o} IFN«y& H7FIaL, 2% Tiwte]l 8% 1gGot IFN-y7}
frolFer 7S ERlsiit. & dA7Aadet 2, old
A+AHANE ECBP7E AHACE IFNy S7hl 982
PR SAIRE IL-29F IL-67F freld o2 571k Zlo] =<l
AL [12], ©]= & AFollA ECBP7} H]S©o]|H 22 [FNy
7l @S vR AR FHEH, F7HHRl H3e] e
3 Ao A7}st). o]lo|w ECBP7F WeZ% %9 ®
2 X%l tumor necrosis factor(TNF)-o. =% in vitro
ok in vivoelX] B ST AoE BAHUT sixF
FEEe S "I sl A5 BAIEETE
IgG #4] 571 @ dAAEZREE TNF-o 2¥)7F 718
FI3kAY [19]. X3, 0.1% ECBPE 7l=-Rol Fo%
N FHO R SalmonelladS TAAMNHS Wl Alg -2
TNF-o F=7F tiZ2aHT) S7HFo M Algate] HARE]
3 Ao BWaHYT) [12]. o= Hel ECBPE FJ&)
H WS sl MY Ado2RE Bed & e
Wolgsol 7]eehE A o2 AAKET
HTH R A TH8IES W ECBP7F He| AsS7H
st AA "AS2E B3l SG AH Aol 71odg A
S AR BRI, &F ECBP 7154 Al AlE
A7HEAN 8] 7kFsd o R Hh
ARl 2
2 d4e F271Y §E5F71ENEATY (grant No.
S2241165) A4 AL} ZFd e FE23hE g +49]
7IEA LR o]FojRHFUT
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