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ABSTRACT

In this study, the effects of dietary krill meal levels on cellular immunity in LPS-injected broiler chicks
was evaluated. One day-old male broiler chicks (Ross) were fed on the experimental basal meal (0.0% krill
meal), or diets containing 0.5%, 1.0% and 2.0% krill for 3 weeks, and the acute phase response was
activated by intraperitoneally injection of Salmonella typhimurium lipopolysaccharide (LPS) 3 times at 9, 11,
and 13 days of age. 1. Acute phase response induced a significant reduction in (p<0.05) daily weight gain
and feed intake, and increases in liver and spleen weight. However, it was not affected by dietary krill
meal levels. 2. The krill meal diets reduced TNF-a activity as compared to the basal diet after 24 hours
(acute phase response) and 1 week (recovery from the acute phase response) following LPS injection
(p<0.05). The acute phase response induced a significant increase (p<0.05) in TNF-a activity relative to the
control in chicks fed on a basal diet, but this was also unaffected by dietary krill meal levels. 3. Acute
phase response-mediated ovotransferrin levels (relative to what was measured in the control bird) were
increased in birds fed on the basal, 1.0% and 2.0% krill diets, and were reduced in birds fed on the 0.5
% krill diet. 4. In LPS-injected chicks, 1.0% and 2.0% krill meal diets induced a significant reduction in
(p<0.05) the Con A-induced proliferation of PBMC and splenocytes relative to what was observed in the
chicks fed on a 0.5% krill diet, whereas the splenocytes proliferated in a linear fashion with the krill
levels in the diets of the control birds.

The results showed that the dietary levels of krill meal reduced TNF-a activity in the blood and also
influenced blood ovotransferrin levels and the proliferation of PBMC and splenocytes, and krill meal is
considered to be associated with both innate and cellular immunity in broiler chicks.
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Table 1. Composition (g/kg) of basal diet and
experimental diet (NRC, 1994)

Ingredients 9/1000g
Ground yellow corn (8.8% Protein) 596
Soybean meal (48.5% Protein) 355
DL-Methionine 25
Soybean oil 5.0
Choline HCI (50%) 15
(lodized) Salt 5.0
CaCOs 10.0
CaHPO, 2H.0 20.0
Vitamin mix ” 2.5
Mineral mix ? 2.5
Krill meal -
Total 1,000g

Y Vitamin - mix provided the following per kg diet
vitamin K 0.55mg, antioxidant 125mg, vitamin E
101U, vitamin Dz 400 IU, vitamin A 1,500 IU,
biotin 0.15mg, folacin 0.55mg, pyridoxine HCI 3
mg, niacin 25mg, Calcium panthothenate 10 mg,
Riboflavin 3.6 mg, Thiamin. HCI 1.8 mg.

2 Mineral mix provided the following per kg diet
MnSO; H,O 170 mg, ZnSO, H,O 110mg, Ferric
citrate 500 mg, CuSO, 5H,O 16 mg, Na2SeOs; 0.2
mg.
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ASN (10 ug/ml)S 40 pliwell® Yo PBMCE]
Z28 235k, 2087 alamar blue 24
10 pl(10%)/well= 3 7}stod 4xI3F ©f wigek $-
ELISA = 3% 570 nmell 4] 600 nm=
Wl Zke 2 PBMC 54 %2 H7bslaith

v A2 F RN 50 pl (10°)/well® Eu)sh 96
well plateS 37°C9F CO, 5%olA wjkatsict.
g 1241770 Con AS-<Y (10 pg/ml)< 40 ut
Iwell® Y31, 24X 714 10 pl(10%)/well 2] alamar
blueE 71ste] 24A17F 1] wljFgt th ELISA
gz Fshd % 570 nmollA 600 nmE Wi Zk
o7 "R SRS SA S

7. EAIXE]

AgdoleE Wy 3¢ 4 #359] 29
v x] BEAMRAS SASEZ o] GLMWHOR
Fa¥ 2 dzwAs 2t Fant
Fo51H (p<0.05) Ht FHAFelol #9 A=

SAS9| HA 9 A #F} Student’s t FHEE
AA3A L, p<0.10 FS A YERE o
ei=y

m 2 2
A aky
F47) WeFel 2509 °7ﬂ‘ﬂﬂ°}w’44 q
et AEAHFS Fig. 10 2Ela AFRES
20
ONon
210 OLPS
1 )
~ 200
% 190
? 180 |
i 170 N
8
160
150
14.0
0.0 0.5 1.0 2.0
Dietary kril level (%)
Fig. 1. Effect of dietary krill meal levels on daily gain(A)

chicks injected with LPS.
Values are mean + SE of three pens.
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a~b: Means with different superscript among diets in same treatment, and *:means between Non and
LPS in a same diet differ significantly at p<0.05, respectively.
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Table 2. p values for factorial analysis in effect of dietary krill levels on performance and
organ weight

Gain Feed intake  Feed efficiency Liver Spleen
Diet 0.38 0.15 0.70 0.19 0.15
LPS 0.01 0.003 0.27 0.01 0.0005
Digb ¢ IR 0.86 0.46 0.96 0.37 0.48
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Fig. 3. Effect of dietary krill meal levels on relative liver (A) and spleen (B) to body weight
in broiler chicks after 24 h LPS stimulation.
Values are mean + SE of three birds (a chicks per pen).
a~bh: Means with different superscript among diets in same treatment, and * : means between Non and
LPS in a same diet differ significantly at p<0.05, respectively.
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Fi

g. 4. Effect of dietary krill meal levels on the concentrations of TNF-a like activity in
plasma of male broiler chicks during (A) the acute phase response and restoration
(B) from the acute phase response.
Values are mean + SE of TNF-a like activity in plasma of three birds(a chick per pen).
a~b: Means with different superscript among krill meal level in same treatment, and * : means between
Non and LPS in a same diet differ significantly at p<0.05, respectively.
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Fig. 5. Effect of dietary krill meal levels on 65 kDa (ovotransferrin) and 49 kDa protein pattern
in plasma of male broiler chicks injected with LPS. (A) : Plasma protein profile, (B) :
Ovotransferrin (65 kDa) level.

Values are index to the level in blood of normal chicks fed basal diet.

—231-



Im et al. ; Dietary Krill Meal Levels on Immune Response of Broiler Chicks Injected with Salmonella LPS

55 wold SAgetgolA stk TNon
400.0
-
5. PBMC 3A|% g .
5 2000 a a
E oL b
FA7] wsEel AMolw] PBMCE Con A £
ugmhE AFHE we] FAme] mAE 5 o 2
AeE 29 9 £330 JFS Fig. 69 LR
k. F47] whEQl SAolelA PBMC T 0s ro 20
%‘/91501] U]Z]% }\Lu_ (p<0_0001), ]—;L/\éﬂ ‘i’l’% Dietary kril level (%)
(p=0.0005) % FoJxtEel FA7] WS (p< Fig. 6. Effect of dietary krill meal levels on
0.0001)¢] 25280 o5ttt (Table 3). o the proliferation of PBMC of blood in
7] WS el 8 Ao} o] A e male broiler chicks after 24h LPS
071. HSFQ SAYelE A PBMC F4% stimulation.
= Fig. 60 Holal = vle} o] tjzxe] H Values are mean+SE of three bird. Values
A 71Z:ATES I8 W 05% AR o= are indices to differences between optical
- density in 570 and 600 nm of PBMC pro-
[e] = o3 2] 7] 1]
o3t Al(p<0.05) S7Fekslont, A9 & 10 % liferation without Con A treatment in birds
2.0% AR = o5l ZFasidith 5471 fed basal diet. a~b: Means with different
HS=0] S Holz]o]A] PBMC ZAx: = superscript among diets in same treatment,
o m 0 o and *: means between Non and LPS in a
4 E 05% AbE Holdl Hls) 29 2 107 same diet differ significantly at p<0.05,
2.0%2] AlEF9Z2 /-25H(p<0.05) StobsTh respectively.

B wze] f7ollel A PBMC FAE
7} 3" W o20% AbRe Fow Zd W o5 FokEldl HIsA VAtRe] FeR felsh
W o100 AbEel ]EAbme] HlE|A Selaba  (p<0.05) F7Rel, A W 05% AbE FolA

(p<0.05) St} A= oA 9llar, 39 9 1.03} 2.0% A
5 gl F938HA (p<0.05) 7433t

6. H{AIMZ =AIZ w37 REgellA FEF0 2197 ol 9

HIAAE S22 AL (p=0.05), F47] Wk

w47 e FEFA Al v ¢ B (p<0.0001) “LEjar ARl H47] wkE

GHEE 217 Con A0 pg/m2 AH=ES w o FSAE (p=0.03)¢] FJg kel ATt

o TAEe WA= AlRE AW Y $FEe) 9 (Table 3). §487] WS AT ozl v
e Fig. 7o) WERHSITE IR SA e AR SARS AR Frel #Asle] v
HIA|= AL (p=0.0006), ¥787] WHE (p<0.0001) ol WA fFrelSHl (p<0.05) FH2sATE HA
aelal AbEel $A7] wEel AuAEp< 7] Hkee A3 Aol WAL &
0.0001)2 ro]aklti(Table 3). HA47] WH&F  AXEs ZIRARR] Bl AE W 05 # 2.0%
ol Aol HgAES] FAEE gz AMRS FolE foehl ¥, 2Y U 1.0%

Table 3. p values for factorial analysis effect of dietary krill levels on TNF-alpha_like_activity
and proliferation of PBMC and splenocytes

Restoration from

During acute phase response
9 P P the acute phase response

TNF-a PBMC Splenocyte TNF-a Splenocyte
Diet 0.0002 <.0001 0.0006 0.05 0.05
LPS 0.24 0.0005 <.0001 0.01 <.0001
Diet x LPS 0.26 <.0001 <.0001 0.37 0.03
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Fig. 7. Effect of dietary krill meal levels on the proliferation of splenocytes of male broiler
chicks during (A) and restoration from (B) the acute phase response.
Values are mean £ SE of three bird. Values are indices to differences between optical density in 570 and
600 nm of splenocyte proliferation without Con A treatment in birds fed basal diet.

a~b : Means with different superscript among in same treatment, and *

: means between Non and LPS

in a same diet differ significantly at p<0.05, respectively.

b Al frelabrt gidloh dixe] A
N SAgeleol A 14UdB 7} 21dF A w7
A S4=EE Y W AR Fo= 7%
Abgel w3 folskAl (p<0.05) F7FeF3om,
A" E FFo] FopAH A e
Az} Fol% Dlr(p<0 05).

i

[l

=

=
et

= TNF-a &4

a3 54 Al el LPS 9> TNF-q,
IL-1, 2 IL-6 22 IATAE AolETRIS
HElal o] E 95y wHE oy TS
do7l= Alz7l  Hr} (Givalois &, 1994,
Ottaway =, 1998). TNF-a= s|&Zo] W8S
W =3 el AMA Al EFRIO
o, Ale (Ottaway &, 1998)¥} # (Bone, 1991)°]
LPSE FHdS W% ARHE e we} P
Al TNF-a %] Aozt ded7he 937
7} i o] BEEJLE E Aol LPS F

% Fo ARl whE dF TNF-a 249
sl SAHAE gked, LPS FY 5 24
Azt A (F47) i) 1579 A (F47) e

371
S E2HY 3E)9] Aol dF TNF-a
e V1ZARE wold WelEellME LPS
9 A Wotelel HlsiA e

3, B AP eE 98 W ALRE FoJ3h
Aolelol M= 712 A R oAl w5437] wF
2 7K S TNF-a 840 frelsh
solth ZhaelM e ERFl BlEiA 19
Algte] 201 LPSol| HlmA #3kAdo
2t} (Roeder 5, 1989). 1311/}
| ik 7] 9% §heE
el misits Ravh @ol Wy Q]
(Klasing 2 Peng, 1987; Koh %, 1996; Sunwoo
5, 1996; Xie & 2000). 3+ Gehad 5 (2002)->
A mo}ﬂcﬂ/ﬂ oAt wdg A Uy
Q1 L929 Alxze] AlE=AS 543 5 TNF-
a &/do] LPS F91 617 FH-E 24X 1774
izl M|t Folxltial Qi A5
M 71ZAMRE wolg A Wolglel A LPS
T 2473 FHeb 157U Hell 4 TNFa &
Aol ok om, A7 A+ AdEH FARSE
thar 7= AT

webA ATt 98 AR FoiA]9
TNF-a @49 ZaE Alad] shid a2 2
o] Aol 1 ¢Sle] o AgTia &
Us Aoltt wh9-2o A n-3 PUFA7} Ho]
freo]l A= o] wele LPS $4d7] vk
Al BPAAERRE O L1, IL-6 2 TNF-a2] &
H|ES A7 (Jaya2t Chu, 1999). o+
= A A 8% TNFa 84 2 TNFY]
8491 TNF-R1¥} TNF-R29] wH&ld=s=o] 7+
23} Y} (Pischon &, 2003). 18]3 oF& A
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He Abe] dal dAEE wfdds o
TNF-a2} IL-69] &H]7} ZFA3F3AT (Trebble -5,
2003). & Aol 2™ ° AR HofA] =8t
TNF-a9] 74 91 2ds] dd o glol
o a9 "ol of ek Aol MR A
AHS et (AL 5, 2004)= AT} Pischon
5(2003), Trebble 5(2003) 1&] 3l Jaya®} Chu
(1999)] A7 FHS Fauz s E A7l
= 2% "ol ¥ n3 PUFA7} LPS 4]
o] dolF TNF-a #29] Y 7FeidS

A 5 fls Aotk

l‘U

2. &%t Ovotransferrin

Xie 5(2000)& 574 Wold]dl LPSE &}
Wod oA Foll A 219, 200, 65, B 42
kDa Wi=eo] o] F7}shit 49 51 56 kDa
o] e g2 7hAhske S #Est
At FA7] vkeA] =71E oE 65 kDae
F—7te LHEWALII A& o]&ato] <
HEAAFALS 51 0}1 w7 e el
I 3P (Xie &, 2002). £ AFoAME FF—
MFoREN~FA ?ﬂxﬂ% o]-&-stoq
65kDa -3o] ¢ HEUAZTS Bl
2 A LPSE FYUTE A Holg] ol A
3 QHEANAFAUY S
st S7kekt ofol] wlsiA =™ E 05, 1.0
2 2.0% AHRE Fofshd A4Skl (Fig. 5).
olw] &% TNF-a(Fig. 4) A= =,
A3k %A Hﬂo}rﬂOﬂ/\L s7kstalovt a9

_&F

ARE FAF SAMolElAE V2R
o= %7}6& TNF-a 2do] f-olatA| 748t
B odTe 3] v 2 9 o3

X
h
Al WHolelel A9 W AbR Fol® haw ¥
TNF-a 4do] I dids FolA
At = kst A8 dde] = w4
oA (Xie 5, 2002)91 ovotransferrin®] 4=

Mabh dxsha rke A thehyslc,
3. PBMC2} H|EHANZ FAT

B AT AEF A2 ol T Yute]
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A H AEAg W mA= GFS A
7] 8t A Henkgoe] gAd3st S w o}
2o T dip++2] 218 A= (Cochet &, 1997)
&= Con A A3 PBMC = H]A|E 9
THALEE AT 2 Aol F437] 6k
5l 14479 SAolee] PBMC T4 %+
34 E 05% AlEgoz 7P =9ko, 1.0
2 20% AE U AR Fol® 7] ZARE H]

3l FrelshAl 7 vkt (p<0.05). 149F v
AL T4 E% PBMCSF fAFSHA F437] Wt
SA 29 E 05% AlE Tl 71 2ANESL
10 % 20% Atsel] B} fFoleA w2 4
2 Boy, a3 ¥ 1,07 2.0% AFEHOIA]
0.5% Atss} 71ZAtsC vls] fefshAl wolAl
=3

Peterson 5(1998)E AlE% W& 45 (449
EPA+ DHA /100 g total fatty acids: n-6 / n3 =7)
o] n-3 PUFA Fo]& mlo]EAlo q%ﬂ TS B
Autro] FAFEHNE Folu, S (669
EPA+ DHA /100 g total fatty acids: n-6 / n3 =7)
o] n-3 PUFAE wolstd du59] F2o]
s RS B 18k Calder (1996):= v
$-2~o] n-3 PUFA F°JA] Con A 2 PHAS o)

3k Qo] S0l 7 iﬂﬁ}ﬂ ahodtk. Schmidt
T (19911 AbEe] ol f AHE T dFre T
4% paUtE Sgth e Hinsst

Sanders (1993)¢] Aol A AlEFE WS e
ot H7h= HECA dubre] S4E %3
ot 2 AdFelA g437] wESE PBMCSF B
AX FA=7F 99 D 05% Atsgo2 7
st 29 8 10 3 2.0% AFE HFolAl st
L AL g8 23 k59 n3 Aurke] ok

oleh AL AT,
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5, 2004) AR dizd HlE g v
FAZE S7Fe@ A fARsETE Koutsos
(2006)>- &7 Wolglo| LPS Tl <]afiA
Ankg-o] DAt Bl WSAME S0
b HIAAFAE SIS Skl 94
HESA] HAAE7} EH]E= IL-1Y) IL-6 &
ASA Aol BEIRISS ol FA47] &
2 s TS A Ha 5437
A el FUPF FFAE STt
R37F Y} (Gabyt Kushner, 1999; Kushner<}
Rzewnicki, 1999; Suffredini, 1999). 3FH &
TolA F47] wheF SA Wolkgle] g
HPAAl S77F dizol wlsia 2" d
05% wolAl= frofahAl gkov ¥ ¥ 10
2 2.0% AbEOAE o3k AL 98 W 05%
APEFAA 547] whEe] ¢skE YERIEA

= RE

SAetE el LPsFY EE Ande e
o= WAk $A7] whge SA] A
A9 A 2 AlREES
Klasing, 1997; Roura 5, 1992). <A el el
34 2 05 % 1.0% AlEE 930S o (L
T, 2004) 18]3l 29 H 2.0% AtEE
< o
A A
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