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Evaluation of the Optimum Dietary Selenium (Se)
Level to Improve Immune Responses in Juvenile
Olive Flounder, Paralichthys olivaceus

Jun-Ho LEE, Young Chul KM, Soo-Il PARK' and Sungchul C. BAI*
Department of Aquaculture/Feeds & Foods Nutrition Research Center,
Pukyong National University, Daeyeon-3-dong, Busan 608-737, Korea
'Department of Aquatic Life Medicine, Pukyong National University,

Daeyeon-3-dong, Busan 608-737, Korea

This experiment was conducted to examine the utilization of added dietary selenium (Se) as an immune
stimulant in juvenile olive flounder, Paralichthys olivaceus. Fish averaging 4.0+0.1 g (mean=SD) were
fed one of seven semi-purified diets containing 0.56, 1.07, 2.86, 4.56, 43.15, 90.71, or 161.74 mg of Se/kg
(Seo.ss, Seior, Seags, Seass, Seasz, Sesor and Seisr s, respectively) for 12 weeks, respectively. At the end
of the feeding trial, the fish fed diets containing more than 43.2 mg of Se/kg showed above 90% mortality.
There were no significant differences in weight gain, feed efficiency, specific growth rate, protein efficiency
ratio, or hematological characteristics among the fish fed the Seoss, Seior, Sezss, and Sesss diets. Se
concentrations of the gill, kidney, muscle and liver tissues occurred in dose-dependent manners. Alternative
complement pathway activation and the chemiluminescene responses of the fish fed the Seios diet were
significantly higher than those of the fish fed the other diets (P<0.05). These results indicate that the optimum
dietary supplementation level of Selenium as selenoyeast could be 1.07 mg of Se/kg based on the non-specific
immune responses of juvenile oilve flounder, Paralichthys olivaceus.
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Ag ousitt, wehbA BEQ dew e E 245 A
Ao FHES AT F A=A s B2 =A 0l
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HHAY 7R &L o83ly] sl AXIFe} 21 Bl 71EEClA
oln] HHH AFo] AP o)z gkom 1 A} HE] ES}
Ay Fe] A9 A3 2 s Fgo] JFE Eohe 23
= &34 FHATk(Walsh et al., 1993).

A Fe 43l E 7+ Glutathione peroxidaseS 53 A
Ao #atstd] o S AA}E Aoz deA AT
(Arthur, 2000; Pfeifer et al., 2001). wh&}A] A F-2 418t
35S Bato] AX vro] I3 F, AxTH AEA BE
HogAge) AT & £ Qov Miller et al., 2001) E3H
ol# gk Aelwe i3 AHe FHNLZRE sFYY
P72 BFsted 5o HU3 WA e hA=E
AHE F2 AAA ke Bt HolA Tt (Arthur et
al,, 2003).

9, o] 3 AYFS AFIAASE A AW 4= &
F Jde AdE 4719 719 Fed g vE AeE u
Elgton E3), g6t T8 AdERY A 40| ¢
wo] gcka &elA ok (Mahan and Kim, 1996; Kim and
Mahan, 2001). 18] A FLol W& AssH o]&E
A& seleno-methionine ©) 7} E3k o™ 0|04 selenoyeast
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9} sodium-selenite =08 %2 20 & EFYT} (Jaramillo,
2006). ¥ =l AR E )R A FLDS selenoyeasts= =4+
of glojx We 57 A7 AR o|v] AL E 3 9low uw
FDAI M A FedoR AS-S 93 583131 )t} (CFR,
2004).

HhEel oleigt AeE w3 BQFF o] 4fo)
B B v FPFad ot FE)r) g
T RS AT E YA E A Y =X
o] Al Bt} (Stohs and Bagchi, 1995). 18] 1 1987 ©]= FDA
dre B 94 Atge ¥ AdF HA/1E 54 dge

Y B BAE FHoR 54 W B Zo) 2FHE
4 Adweo] BAH o)7 Q1% o EE) WA A

& A 718k ok (Kim, 2000). o)X AgFe] B

AEI UAN 7ME A FFE S AL s =

il
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ol Abe) AuE ke WY g SEs
54 S0l gg 477k REA daHel F Aol

meba B AEe S F9 9 o] Wx)o] 9ol
HYS selenoyeasts: FFEEE H7bsle] X
7] gAel ol A, dd @z (o}7hn, 2k A,
T Aol SHH v JP nSo|F Houkg
< T8 Aol7] Ao WA JFTS FHsy Asy
A4 Adw ANSFEE Frletaa s

o2

ME Qo
AN 2 AFREZ
ddols A Tl M evtd dXE R AUy Al
FIEAI AU 250 LF2o) A DA 3¢ 4 Y
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3 A FHE S A AES HAstgon A A
2 18+1C, GE-L 32 psy, pHE 8.1 ¥4
EAFAE N2 12537 AAE T
%'@M‘E ol AI%—IA-I];”
Aol AH-E V1R ALR ) 24 FE S YNk E-S Table 19]
Hetisith. ddase] deld oz F1A1Ql, o) -g ALgs}
=0 RE AV H2EY, FAEAE A
Feoze o & AMSITE & 7l ARAEE 2ok
50%, A 10%% 9o, A& 158 kl/ge) e} 1
3 AREY AEES 242 0 ppm, 1 ppm, 3 ppm, 5 ppm, 45 ppm,
90 ppm, 180 ppm ©.2 A7 st WHFPOZ 1,000 ppm 5=
9] Selenoyeast premixtureS ALE Y EFA] Al B3
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Table 1. Composition and proximate analysis of the basal
diet (% of dry matter basis)’

) Diets
Ingredients
%
Fish meal® 10.0
Casein® 46.3
Wheat flour* 7.7
Dextrin® 8.8
Corn starch® 33
Fish oil’ 8.9
Vit. Mix.® 1.0
Min. Mix.? (selenium-free) 1.0
Cellulose 13.0
Proximate analysis (% of dry matter basis)
Moisture 11.8
Crude protein 494
Crude lipid 8.9
Crude ash 3.0

'Feed stuffs not mentioned here are the same feed stuffs as
the domestic aquaculture feed companies are using currently.
2345Quhyup feed Co. Uiryeong, Korea

7Jeil feed Co. Haman, Korea

*Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium
pantothenate, 150; Choline bitatrate, 3000; Inositol, 150;
Menadione, 6; Niacin, 150; Pyridoxine-HCI, 15; Riboflavin,
30; Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 201;
Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; B, 0.06
*Contains (as mg/kg in diets): NaCl, 437.4; MgSO,+7H,O.
1379.8; NaH,P4:2H,0, 877.8; Ca(H:POs4),-2H,0, 1366.7;
KH;PO4, 2414; ZnSO4:-7H20, 226.4; Fe-Citrate, 299;
Ca-lactate, 3004; MnSQs, 0.016; FeSO4, 0.0378; CuSOy,
0.00033; Calcium iodate, 0.0006; MgO, 0.00135.

(AOAC, 2000y 53 AP ks f ddlg & B427
zds O‘.56, 1.07, 2.86, 4.56, 43.15, 90.71 & 161.74 mg Se/kg®. &
VFEFSET} (Seoss, Seior, Seass, Seass, Seasis, Seopri, D Sei61.74)-
APAEE 2E 9858 TS & AR Z & 47
sHeer, JAATE sieve® TEA ) F, YRk 2070l
WE BEstAX AMESI T dUALETF e oA F9
3-4% (TEF 71DE 1Y 238 (24 10:00, % 16:00h) T+
B

H
7}

oAl HHL 12531 AF FE F, AFES =8

7 MS-222 (100 ppm)E =}EH A A
AAFAE SHASG HPYFE 5, FA4) & (weight gain, %),
APE A& (feed efficiency, %), Y25 (specific growth rate,
Jolday), Tl H 3L E & (protein efficiency ratio)S FASHS
o 471 4 FEEY Axee gL 2o

Weight gain (WG, %)=(final body weight-initial body
weight)x 100/initial body weight

Feed efficiency (FE, %)=(wet weight gain/dry feed intake)
%100

Specific growth rate (SGR, %)=(loge final body weight-
loge initial body weight)/days
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Protein efficiency ratio=(wet feed weight gain/protein
intake)

Hoflgs =4
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At 9 22 Aw S-S &
Agote] SRR 270 AY FF F, 7 2T
sl Rz Aese o), A%, % W 25E AF
%3+ & Perkin-Elmer 3300 Inductively Coupled Plasma Mass
Spectrometer (Perkin-Elmer, Waltham, MA, USA)S AM&35}
of 24 dew FEFES AR

O{x[2| €l H
AYEE F, 2AE 249 &
Agolg AW AAA o 24412 S BHAA 4
Sz 3nls RSz FE23e] Yol Hgud
AL A3 T AFHAEA 7] (Excell 500, USA)E At
§3to], Aol vz A4 EFE3 (hematocrit, PCV), HE-
4= (red blood cell, RBC), M A% (hemoglobin, HH)E =
4atArh 8P E] £4E st HJEE A S
A7b A A e AR Bl Yo A2 3083 7
g % 3,000 pmol A 103 LA E st YRR BsEA
16A17F ool AT BHAELS IAHE kit (OFTA]
FEAB|AL, FEE ARt FTA (total protein)S
biuret B 2.2, SFH 2 (glucose)= EAHOZ TE]3 GOT
(glutamic oxaloacetic transaminase)®} GPT (glutamic pyruvic

transaminase)= Reitman-Frankel'H 22 F-2]3 40
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Lysozyme2| &4

Hlf lysozyme2| &Y

x93 AFold A% FAE RS &
lysozyme &3-S Takahashi et al. (1986)9] W&ol whal A3}
At A lysozyme S0 FEHS 54387 131 slide glass=
o} AT HAL Zox, A5 9] sulaFe] 0.005M PBS
(pH 74HE 718t dAsig & 94 28 (12,000x g, 2034,
4C)3te] ALgat4t. o] Alzol HlE] pBSOl AEhete] 530
nm F3 A EF w7} 0.60] E =2 23] E Micrococcus
lysodeikticus & EF3ATE F4E A5 0.5mLol| ¢
25mLE F7Fsked 25Coll A 20%-7F WHE-A1Z] & 530 nm =g
o] FELAAN HAaFE SHFALH FFE Fol 0.001 7
A28 AL [ unite 2 JeR) T

& lysozyme2| B4

fz79F zF 77k Agole] A& B3 3 lysozyme

)

[e)
H#ste] 89S 22171 & 848 a9t 84 A8
200 Lol 530 nmelA] 0.7¢] HEE ZA3 T 0.05M PBS
(pH 6.2)%] 32 ZAH Micrococcus lysodeikticus 1 S &Y

m}!_:’

LR |

800 L #7}ste] HF F =71 1 mLo] HA sk 25ColA
w2 Al ZTh BHE B 30%, 48 3039 530 nm TFe] S
A At 18 F¢1 00018 FHFE ZAETS 1 wmite. 2

e AT

B M HZE (Alternative Complement Pathway) &
Mol 24

A BA ) 93 A A e ZARS Yoo et al.
(1992)2] Wrol) wiet APsiA). 2ok 2F 7] A
T Ngziy 2ed 4L 94 9 &, -70Cd Ba
atn AFo| Algatgrh Z H 9] 54L& GVBY (Gelatin
veronal buffer: VB 200 mL, 0.03 M CaCl-2H,O 5 mL, MgCL-
6H,0 5mL, 2% gelatin 50 mL, DW 740 mL, pH 7.4)% A&
ok RE A& GVB'E 54 34% F, 1x10° CFU/mL
9] Escherichia coli®} o2 E3tsle] 20Tl A vl &St
ok ouieE 3 0, 1, 3 2 6A1HA S Miles and Misra (1938)%]
urH ol wa} TSA (Difco)ol] Wld &8-S ©A 3|45t 23}
a2 27C, 24X 7 W T A JEE AFs At

=Al AlMIZ2| Chemiuminescent HHS

Al macrophages?| &2

Wz 2] F4 macrophages Secombes (1990)2] Yol o}
2 Belstan dEz7s 4 #e] AR7Y 9x e v
Ao AYsly =3 AG 75 g BF AAG F,
RHF oz syt FA& AFHsAT) ©]F 2% penicillin
/streptomycin B 1% heparin®] ¥ L-15 medium (sigma)
< 2mLR A3 disposable petridishol] 53 F 40 um<
nylon membraneg S A AE dgHE FHlstTt o
A Fed-S siliconized tubedl] V2] 53l & 34%2 51%
percoll £ lo ZA=HA FFAZ v 600 g, 3087
AR ste] WS EY3tAt. L AFFE 1x
HBSSE 33} A3 (3,000 rpm, 104, 4C)$ Y& 0.1% tryphan
blueZ viabilityS #ZE F, 1x10° cell/mLE 2A ATt

N
-

b zymosan M| &
T2 wbed] CLE PBS 2.5 mL¥} zymosan 25 mg= 2
t}. o] tubeE boiling water batho| A z}F EEo]F1
Fot B} 600xgol A 5% B2t A4EE 8t zymosan
pellet& WHE 3 opsonizationS 913+e] SmLe] @X| ¥
pellet A F-A-3H3 25Tl A 308 Bt v F3eh. fAE
% zymosan® 5mLe) PBSE 2% A& 5}3 25 mLe] PBSO
AFFAA | mgmLo] A &t 4ol BAZIT)

e ofr n® D

8 %

Chemiluminescence response (CL response)

1x10° cel/mLE %89 macrophageE 96 well plate®l] 100
uL A B3l & AFd) ALE-519. 2.1, luminol> Scott and
Klesius (1981)2] "ol wha} EnsATh 100 £L9] M3

o] 100 £L2] luminol working solutionS 22 ¥ 2087t ¥+
A7 o2 2413 7+ zymosans: ZH2E 50 «L A H71SHA,
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HZTell= 1xHBSSE 50 «L ¥7}5te lumicounts 274 &}
Ak ZAZe 1AZkelgem 7 A B O F peak G
Tt
SAHHE

F& AHEE Computer Program Statistix 3.1 (Analytical
Software, St. Paul, MN. USA)Z ANOVA(Analysis of variance)
test® AT HAFOXHA (LSD: Least Significant
Difference) 2.2 Ha#3+e] {24 (P<0.05)2 743}

<R g Un kT
ALl aksl &3 2 W] A ArE 93te] Hrlae
HoAErR o AlgEolA 1 e AyEde FrlE el

sodium selenite”} 9121, f-7] e F O F = selenocystine,
selenomethionine 18] 3 selenoyeast”’} AF&= 1 9t}

A = FDAYIAME #7185 99 selenomethionine
£ 738}3) selenoyeast A| Xﬂi 5, A 29 29 A8
W A7HA R AN 5983 (CFR, 2004). 18]1
selenoyeastS} 2S {7] A HH?/] 1'&0 E o 714 1
g2 o] f7148d A9 559 9lojx] o] 48] 9
2 Ao® deix

Ak o] ARl sodium selenite, selenomethionine 7.
I selenocystines 217} 718 9E A% selenomethionine®]
7H¢ ©]-8-E°] =2 m (Bell and Cowey, 1989), Wang and
Lovell (1997)2] X.itoll w29 sodium selenite$} seleno-
methionine-S- A 'E ™| 7] (Channel catfish) Ab&E.ol] 2zt 4 7}a}
R B¢ 3t Glutathione peroxidase 494 seleno-
methionine®| sodium selenite 2t} 21 o4} o Ao = g
S 23 v 7] ALl selenomethionine, selenoyeast,
sodium selenites 2V2t A7Vt RS 749 Edwardsiella ictaluri
o] AFA UolA  selenomethionine™  selenoyeast”}
sodium selenite 2T Y2 HAME-S B YT} (Wang et al,, 1997).

1 )\1“64_0_ iLLH =Q oL)\]o]Zo L%j]oﬂ Eﬂﬁﬂ uqcul A=
A7HNZA f218 A EL2 selenoyeastE 451 ALg-5}
s L e el R pd g K B = b= R PA RS o B o) s g R
T U 2o AdE 27 P B £S5 B G
A strh. F-A17)40] (Rainbow trout) 0.38 mg/ke (Hilton et
al., 1980), '@ 7] (Channel catfish) 0.25 mg/kg (Gatlin TIT
and Wilson, 1984) 31 1% (Grouper) 0.7 mg/kg (Lin and
Shiau, 2005)¢] A#F 7% +£2< Bty RuFo]4
A 23 A o] e AtE B2 (Blue gil)Q)
Abg Well 6.5 mg Se/kgS 59U Eo FEFIHYL A A=
& #47F UERS Y (Cleveland et al., 1993), E-312k¢]o]
(Chinook salmon) A& W] 9.6 mg Se/kgd 90Y E9F T3
S A9 w2 AAES YE AT (Hamilton et al.,
1990). 18] 11 &5 9] (Striped bass)oll 9014 AL U] ol]
39mg Sekgs 80 B FHIAS A9 =L HALS
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Xt} (Coughlan and Velte, 1989). ¥k 3374} o)
(White sturgeon)®] 7-9- AFE ol 0.4-191.1 mg Se/Kg< 8
T 5 THIAAE Aol B 99%2] FEHS i%lt}
(Tashjian et al., 2006). =%+ 7’45 (Black seabream)®] 7
AFE ol 12.1 mg Se/kge 155 B¢ FHFetdol= J%W“
YEREA] 20T (Lee, 2008).
2 Ag oA 125709 A8 A7 F Seqsss, Seonq
H Seis7 H7F TN UM AYF w27 F718H) v
< XSS Y 7 7 i =
F1g 19 JeRNQch 28o] Aty ut
WA RE HAgo] YAH A= AL Q?l g 4 At
oeiA] 2 Zdae dywe 3 3R A8 dAs
Z718E A2 ALRHET Lee (2008)9] Bio] wzw WX
o] §101A] selenomethionine2- 35.9 mg Sekg ©]4He] 50
90% ©]d9 HAMS S Hon, B A1 §A1S A
LRl AT gk A} 540 0] FralgE o159 ElE Aol
(White sturgeon)oﬂ O]Oﬁ/\ﬂ AFE Wl 0.4-191.1 mg Se/kge
85 FoF ZH3IA S H 9% WES (Tashjian et
al., 2006)S ®.Q) <>ﬂ ‘S}Ud 2171 dA ol )AOW
7Y FFE A Fol s E*WU“’
T ATk 22]5L o] FA AR FAME-<
Hojzl A o] Atme] HrlE oz AF
E2 Seipr AETOIA Hz dlslgon
o me} Sewy ABFANMNE =2 HA} wbys)
CaEar AE A 3R A BE Sep, AP ML
HAZY F7retah ol 8 gk Ade 2 ddw =
7P At 7ksE AdEe] T F74gl wet
HA 71t Mﬂﬁ u)Fo] 22 A Fe] E2o] HA}
FARATE ASE 5T 4 o, o3 A A
Ae F7141] *‘E% 53k ‘%‘LQOV%O% s 7%]1:}.
& (WG), AFE. 2§ (FE), Y7H33-E (SGR), Tuld A3t
A& (PER)O SlofA] vzl HE+ W gk Afols K
oA Skt (Table 2). & AP FAFSHA Al w 7)ol glo]
A ARl 0.2-5 mg Se/kgS A7FEAS A AR o=
Kol ¢t} (Gatlin 111 and Wilson, 1984). 3}4]7h, 155
(Grouper)Q] Aol 0.79 mg Se/kg, 1.23 mg Se/kgs H7Fsl
= BF FAET AR E80] Zlehe AL EEoH (Lin
and Shiau, 2005), 7& E5-35 ] (Hybrid striped bass)®] 7 -9-
AR 02 mg SekeS 247}0}9513 AS = =4S IA
FES HYTs Harghal 1t (Cotter et al., 2007). wHEkA]
Atsd e A7k ME A &xle] Aol oF EolA
& 7R G20 o)A 0.56-4.56 mg SekgS Abgol H7}
S AF Qe 9FE MAA & Ao A"y
Zi@?%zﬂ] (PCV), 8T (RBC), M A% (Hb) 2o
Mz APFTAA FAHCRE {5 Xpo]E Ho|x] et
(Table 3). & A3oA A WA FE ] FX]= 9.0-11.3
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Fig. 1. Cumulative mortality of juvenile olive flounder fed
the experimental diets for 12 weeks. (A) Mortality of fish
fed the experimental diets for 1 week, (B) 2 weeks (C) 3

m}]_[

weeks (D) 4 weeks (E) 5 weeks. Different letters above the '

bars indicate significant difference among treatments, p<0.05.

S ORI

Table 2. Weight gain (WG), feed efficiency (FE), specific
growth rate (SGR) and protein efficiency ratio (PER) of
juvenile olive flounder fed four experimental diets’

Diets Pooled

6
Cont. (Seoss) Seror  Sezss  Seass SEM
WG (%) 279.1 2503 2745 2837  19.7
FE (%)3 120.0 1154 116.9 120.9 7.4
SGR (%)4 2.0 1.9 2.0 2.0 0.1
PER® 23 2.1 2.2 2.4 0.1

"Means of triplicate groups; Values in the same row with
different superscripts are significantly different (P<0.05).
*Weight gain: [(final body weight-initial body weight)/initial
body weight]x 100

Feed efficiency: (wet feed weight gain/dry feed intake)x 100
“Specific growth rate: [(loge final body weight-loge initial
body weight)/days]x 100

*Protein effciency ratio: wet feed weight gain/protein intake
®pooled standard error of mean: SD/+/n.

Table 3. ALT (GPT), AST (GOT), Glucose (FBS), Total
Protein, Red blood cell (RBC), haematocrit (PCV) and
hemoglobin (Hb) of juvenile olive flounder fed four
experimental diets'

Diets Pooled

9
Cont. (Seoss) Se€ior Sezss Seass SEM
ALT? 2.3 200 267 27 0.7
AST? 36.0 383 407 46.0 6.9
Glucose’ 23.0 170 250 237 6.4
Total Protein® 2.4 2.5 25 25 0.2
RBC? 2.6 2.6 26 2.6 0.4
PCV’ 16.2 169 176 180 3.2
Hb® 9.0 11 113 110 15

"Means of triplicate groups; Values in the same row with
different superscripts are significantly different (P<0.05).
’Aspartic acid transaminase (GPT): IU/L

SAlanine transaminase (GOT): IU/L

“Glucose (FBS): mg/dL

*Total Protein: g/dL

*Red blood cell (x10° cell/«L).

"Hematocrit (%)

*Hemoglobin (g/100 mL).

*Pooled standard error of mean: SD/+/n.

gdLE Jelgton olg)dh £X& YW oE A4 o F<
W4 e F£3)71 10 gldLE YElG R} vl ste] vis=gt

ZA 2 JERA AT (Post, 1983). B TEH 2] 73S 2 A7
ME 162-180%2 eSO Xo}7] gx]o] QlolA] F7ek
E9] 0] 87154 713 A8 (Choi et al, 2004)0 4] LHER
20.7-24.7%EtF % FAE HERAATH

AR glolA Kim et al. (1998) ALE H7IAZA
715 R A9t e o)RAkY g |X] 2ojoflA oi
2 A7Vssr) F7Va4E @AY F99 A (total protein) 7

FE 32 (glucose) TH-2 F718 §EH AST (GPT), ALT
(GOT)E #asdhs AFS Yebdthn Bisigtt st

B AN e dAFW F99Z (total protein) 2.4-2.5 g/100
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mL, %372~ (glucose) 17.0-23.7 mg/100 mL, AST (GPT) 2.0-
2.7TU/L, ALT (GOT) 36-46 TU/LEA %] 2 <] zpol7t e}
A] AT} (Table 3). B Ao Qoj] PR FMoa=
Atad Adelge] a95 gotd 4 vk

AHT AARE 539 F49 2dEe A4S E3519
AW oA o=z $5H o] ZHEI%H] 33 Ao A
M & FEE HolA Fr)(Jenkin and Winter, 1973).
B AR 2dAE 22 W AdF S QoA A%
7 7] Al U Zrlste= @%ﬂlﬁfﬂ FEol| wa} F2Eo]
S7HEE Ao® Yo d%e g W A Ee
Fol Fgl met ket *‘%% Eioﬂ%(Table 4),
3 A7Hdo] (White sturgeon)oll QoI A = 2143} 7ho] o}7}
ool 2§ 24 Rt dew H3HE0 ¥ £ 08
EFst O (Tashjian et al, 2006), MIZHNE AFHY
(Sacramento splittail)*] AoIA] ¥ 7he] A F =X Fo
TERY 52 o2 UENT (Teh et al., 2004). YWH3

i}

oz g B F AW FEE B Foke] A3
B A% AUE JehAT, AdEel 274 Fo F45
BEE AL A o] 20508 2] Ay FEE
B3je] B7130e] Aelel et w2 HUE FAT 5 3
o ZEls BelAe) AdE FEE Sobel Ay 79
EE 2Y 47 %08 # e AR SS9

(Ammerman and Miller, 1975).

Table 4. Gill, muscle, kidney and liver Se concentration of
Juvemle ohve ﬂounder fed four experimental diets for 12
weeks'

Diets Pooled

Cont. (Sepss) Seior Sezss Ses ss SEM?
Gill 0.1¢ 0.2° 0.4° 0.6° 0.02
Muscle 0.4° 0.2° 0.7 1.0° 0.02
Kidney 0.3° 0.4° 1.1° 1.4 0.01
Liver 0.2° 0.5° 1.5° 3.0° 0.06

'Values are means from triplicate groups of fish where the
means in each row with a different superscript are sig-
nificantly different (P<0.05).

*Pooled standdard error of mean: SD/+vn.

=k lysozym64 249 23 193 Aole YART Seio,
T-9] lysozyme 24 0] ‘:Hi:ILQ]' Sesss ATl B
733 YEFH T Jaramillo (2006)9] B o) whz
H FE S5HF 0] (Hybrid striped bass)®] AFEW 0.2 mg
Seleno-DL-methionine/kg, 0.2 mg selenoyeast/kg= 47} A
¥ lysozyme E/30] S7F H1, 0.4 mg Se/kglAE lysozyme
FAo] 2388 FaIorn BIsch a8y 25 e
(Blue gourami) 2] Aol Sey” ] HE)E 0.1 ppm, 0.5 ppm,
2ppmE H71EIES A 0.5 ppmES HIMSE AF LA =
< lysozyme B2 T (Low and Sin, 1996). WatA] ALR
U dA5eEY] AYFL lysozyme B o] FA5 Ha

F ol dulwe 2388 E4E Bojxddy Ass

2

2 Ao NE lysozyme EdNA {28 xto]E HolX]
AT 1.07-2.86 mg Se/kgoll A lysozyme Aol F3FS
Aoz AgHTH
WA At TES 4ANAREH e AE 79 vl
Seigr A@FANA F3HA B2 AFHEE Yehigled
(Fig. 2), Chemiluminescence (CL) response®] 1A% Se o
A7 F-o5HA B8 38 JEY (Fig. 3). Wise et al.
(1993)9] ®a1of W=, A'd W 7] (Channel catfish) A}F o]
0.8 mg Se/kgs X47}0}9§\ 739 0.06 mg Se/kgS H7ISE A
Tl v5te £ & FE (Respiratory burst activity)ZH4]-2
urE}LH Ao, Arthur et al. (2003)2 A& Fo] HAA L]
At ZEYAE v 98 dtha Rty glom A
A& 275 A5 U Y3 F o] o] Adud At
R A A TR e 2EHAE o]¢AF
WaS P F = 237F Ve (Lin and Shiau, 2007).
HE3H Low and Sin (1996)2] M= AHF-L lysozyme
2437} Chemiluminescence (CL) responses SHAA| 71 A3}
Hurh
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Fig. 2. Survival of Escherichia coli ATCC25922 in the
complement of juvenile olive flounder, Paralichthys olivaceus
fed selenium in various concentration, respectively.
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Fig. 3. Effect of selenium concentration on chemilumine-
scence response of head kidney macrophage of juvenile olive
flounder, Paralichthys olivaceus.
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