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Effects of Dietary Nucleotide Supplementation on the Growth
Performance, Feed Utilization, Hematological Parameters and
Innate Immunity in Red Seabream Pagrus major

Jin-Woo Song and Kyeong-Jun Lee”
Department of Marine Life Sciences, Jeju National University, Jeju 690-756, Korea

Two studies were conducted to investigate the effects of dietary nucleotides (NT) on the growth performance, hematological
parameters, and innate immune responses of red seabream Pagrus major. In Expt I, six experimental diets were formulated: a con-
trol, four that contained each NT at a level of 0.15% (inosine monophosphate, IMP; adenosine monophosphate, AMP; guanosine
monophosphate, GMP; and uridine monophosphate, UMP), and one with a 1:1:1:1 mixture of NTs (IMP, AMP, GMP, and UMP).
In Expt II, five experimental diets were formulated that contained 0, 0.1, 0.2, 0.4, and 1.0% IMP (commercial product). Triplicate
groups of juvenile (initial body weight 33.1 g) and growing (initial body weight 120 g) red seabream were fed one of the experi-
mental diets to apparent satiation for 8 weeks in Expt [ and 12 weeks in Expt II. In Expt I, fish fed diets with NT had higher growth
performance than the control group. The nitroblue tetrazolium and lysozyme activities were higher in fish fed the mixed-NT diet,
and lowest in the control group. In Expt I1, the final body weight and feed utilization of fish fed the 0.1% IMP diet were significantly
higher than those of fish fed the control or 1.0% IMP diets. Diet palatability was improved significantly when 0.1% IMP was added.
The lysozyme activity was higher in fish fed diets with 0.4—1.0% than in the control group. These results suggest that supplementa-
tion of 0.15% IMP and Mixed-NTs in diet can enhance the growth and immune responses in juvenile red seabream. The optimum
IMP level appears to be 0.2% in practical feed formulation for growing red seabream.

Key words: Pagrus major, Red seabream, Nucleotides, Growth, Immunostimulant

M E THAdamek et al., 1996; Kubitza et al., 1997). Adenine mo-

nophosphate (AMP)2} uridine monophosphate (UMP)+= X.&

728l 2B =(nucleotide, NT)= 34k FHd5k= SHAI= Aol EAsH ofluA] A =4 Fa3t ATS jitk

*1 AFA FF, A= W Aladg g E/\‘ﬁ%"ﬂ T8% 9 OJALR U NTE H7IRFe 24 o] 7] 443 "ol S7F

&2 Fh(Carver and Walker, 1995). FojAt= 2okl = AR # o2 AAT7E QA |h, 1 gle]l digt Aelket mlAYS
g2Aolgo| Z7kethe AT AT R UEHA NTO| tist & & AA7IA = BsHA 8ra 2 2] QQIeHLi et al., 2007; Lin
Aol A& oz =olx|al Qlti(Mackie, 1973; Kiyohara et etal., 2009).

al., 1975; Li and Gatlin, 2006; Song et al., 2012). Inosine mo- 52 5o Z(Perciformes), =1 2K Sparidae)ol] 43= AF
nophosphate (IMP)@} guanosine monophosphate (GMP)= Z7127F =&t & oflojZo|t) AAEo| w2 11 kst 3t
AE Ul 54 015 WskA 7|9, stetzn]| =9] monosodium ZHsto] ol 2 ol F= A=A AN, AT Al s
glutamateote] 4502 Q8] AFHAR O[T 9 Q% AT Gl A2 Tobwl g Bo] Ut
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Table 1. Composition of basal diet for juvenile red seabream

Pagrus majorin Exp 1

Table 2. Composition of basal diet for growing red seabream

Pagrus major in Exp 11

Ingredients % Ingredients %
Casein 51.0 White fish meal 48.0
Dextrin 23.0 Soybean meal 8.0
Squid liver ol 15.0 Corn gluten meal 8.0
Carboxyl methyl cellulose 1.0 Wheat flour 213
Mineral mix' 3.0 Squid liver oil 10.0
Vitamin mix? 3.0 Mineral mix' 1.0
Taurine 1.0 Vitamin mix* 1.0
Cellulose 3.0 Choline chloride 0.5
Alanine 1.2
Proximate composition (%) Cellulose 1.0
Moisture 141
Crude protein 49.2 Proximate composition (%)
Crude lipid 13.5 Moisture 11.6
Ash 24 Crude protein 49.6
'MgS0,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCI, 130.0; Ferric Crude lipid 152
Ash 9.5

citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2;
AICL,. 6H,0, 0.15; Na,Se,0,, 0.01; MnSO,.H,0, 2.0; CoCL,.6H,0,
1.0.

2L-ascorbic acid, 121.2; DL- tocopheryl acetate, 18.8; thiamin
hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca- -pantothenate, 12.7; myo-inositol, 181.8; -biotin,
0.27; folic acid, 0.68; p-aminobezoic acid, 18.2; menadione, 1.8;
retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin,
0.003.

— [‘UN

17 o] 2} Wy 3}/ Elth(Kinoshita and Tanaka, 1990; Tang
al., 2003). o]F2] A2 & 2 oS fit i o= YA
Bo] A5t SII%, AR AHg0) 2502 sl Ul g
o S AUWLF 5 ZAIE doA FYAE dAlsk= A
F7b s Wasich AR W AR AL Hrhsto] ool 4
%, v50l4 "Rk 9 A HS SVt A4
T B E A FARA AAR o §EH A9
]k Aol

A7) 2 RS NT 7B A E S 0l &35}
o] Z13) = A thBurrells et al., 2001ab; Tahmasebi-Kohyani et
al., 2011). % AAE-ZNT Q] of| w|u| &, o] = Ab-5- Thafet &4
& B3I 9lo] AFAlolol hE AT NT 2728 Al Alel
717} ol k. wheba] A7 Tol| A= A1 E F 2] IMP, AMP,
GMP, UMP %! &3} Mix-NTs (IMP+AMP+GMP+UMP)7}
Z017] 252 A%, AFRaE B B 50| A Heukgof |2 =
W 2AFSHo] 22O NTE A skGich A7 Mol A= A1E

€

(i

'See the footnote in Table 1
2See the footnote in Table 1.

NENE]

A9 Tof AREE 67]9] AAIRE 49%2] ZrhiA} 19,1
MJ/kg] U 2] gHaFo] ==& A 2519 tHTable 1). AFR Y0
FRE NT Tk 2 4617] 9)8f of = thAl caseing A5
t} NT H7tau2 2AF817] ) tf 2AE(Con)ell cellulose
oS 7HA]# IMP, AMP, GMP, UMP, Mix-NTsZ 0.15%%
747+ A7ketg e} Mix-NT+ IMP, AMP, GMP, UMPE 7+

&2 Z3tsto] |5k ths Abol H7Fstelet. AF e Ab
S5 5710 AFAIRE oS T E YO0 2 AREELo] 48%9]
Zoh A} 20 MI/kge] ol v A FHko| He g FdshA Alx
S} TH(Table 2). AE ol AHE-E A NTA|E-2 46%2] IMP2}
71 Q) T2 NTE S48 kL qlok A AlE<l IMP2]
7tanE ZAFH] 98] o ZAFR || alanine Y-S THAAA =
T ¥& H715tHCon, 0.1%, 0.2%, 0.4%, 1.0%). A AR
Az g7 2 ZE ARYS BEUYHE A5k e 5,

jus)
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Table 3. Growth performance of red seabream Pagrus major fed experimental diets for 8 weeks (Exp I) and 12 weeks (Exp II)

FBW' (g) FCR? PER? FI* Survival (%)
Exp1(339g)
Con 43.6+1.4° 3.24+0.17° 0.66+0.03° 28.241.2° 98+3.8
IMP 52.9+1.3° 1.9820.09° 1.07%0.05 30.9+0.6° 100£0.0
AMP 47.0£1.7° 3.04+0.43"™ 0.71£0.11° 29.5+0.5% 8847.7
GMP 52.6+2.0° 2.12+0.25° 1.01£0.13° 31.10.6° 91£10.2
UMP 48.9+0.8" 2.62+0.24° 0.82+0.07% 30.241.2° 91£10.2
Mix-NTs 50.9+3.2% 2.34+0.24%® 0.92+0.09%° 31.1£1.7° 89+13.9
Exp Il (120 g)
Con 219+7° 1.48+0.02° 1.36+0.02° 146+6.4 93.3+5.8
0.1% 253+27° 1.21£0.02° 1.66+0.03° 144+3.3 86.7+11.5
0.2% 231+10® 1.2540.01% 1.60+0.02" 14546.0 86.75.8
0.4% 237+3% 1.2240.05° 1.65+0.07° 143+3.7 93.3+5.8
1.0% 224+6° 1.310.04" 1.53+0.05 1404 .4 90.0+5.8

Vallues are mean of triplicate groups and presented as mean = SD. Values in the same column having different superscript letters are

significantly different (P<0.05).

'Final body weight (g)

2Feed conversion ratio = dry feed fed/wet weight gain
3Protein efficiency ratio = wet weight gain/total protein given
“Feed intake (g/fish)

Ol
-

7 B YE AR AR Tt Hoke] S Sl
SHACE. B 5 AR Fe0] 20-30%0) et 2R
H7Vsto] AFRE37|(NVM-14-2P, Korea)2 &3 ’5]-‘2'1

a2 AF20H7](SMC-12, Korea)= 0]—9-6‘}01
Sk A2 AFARE AE7|2 2017 el 2
Hsieve)E ol-§-3to] 2t 27| 2 FH|sh3l e E'# /\P Rl
7HA] 20C 5are] Bk 5 Aol of ARg-skiT

v
> rloy
I o &llm {:}q

ﬂHN'
oX,
oflt
ol

FEL AT AT 1A Foi ol A Tsto] A
st 22 sfokatstelpar el ok, duIALS ¥, A9

12273 57:33.1 g) 187]2] 150 L 9& Zatig #501]
15ute] 4] FL2R9] wi x| 51 AL, A (7] H w570 120 g)
1571 300 L 213 Sefzse) 2] 100k 2249) w2}
Ak ARFFE AP METE Foon, AHRSE B
?f oJutelj4=E AHE-5He] 1-2 L/min®] -~ Ol SaEEE o
T RE AYezo] SR SELL FAE S5k ool

= **xlo} o A 19 AR RS A2(15T-18T)ol Al
ot 14 23] & vk Fgshlth. AF M9 AR HS 4
T2(220 26C))A 123 Eek 12 23] & qha ZFakelch

O{HEX 2 SloHM=

= [

AFFR F Aol AERA, e, ARTFFES

N
N\

Aslo] Al A2k aS(feed conversion ratio), THA o]
S(protein efficiency ratio) 2 A28 ALl HEF
A 274 ¥, 7t 2 eutele] Aglols RAslE Austo
2-phenoxyethanol £-24(100 ppm)2.2 t}FA|7] 2 6ut] 5
3ute]= slakRo] A2|E FA| = A ugRo) A H sl
o} ¥ AE-2 hematocrit (Ht), hemoglobin (Hb) 2 T} 4]
A ZZA (nitro-blue tetrazolium, NBT) £-40]] 0] &%) 11 &
Ho| By F, L7 2(5000% ) B Helstel 2
A A AAISHIT H2 30k o] Fol e utRio] Az
T A] o2 —Zr*}ﬂi ZHaOP I AHEEH AEE A2 A 60+
7 2.2]7]2(5,000 X g) @& Hajslo] v|E

=~
05
> %
™
o
r*°
H

AT AR O] U E B4 AOAC (1995) Hof whep 5
2 AR7TEAZH(125T, 3 h), 2352 21 3]$HH(550T,
12 h), ek A0 2} 2okl 2] BA 7] (Kejltee system 2300,
Sweden)& E4135191 1, A% Folch et al. (1957)2] o]l
2] (Soxhlet heater system C-SH6, Korea)
CERE e

Ht2 & AR FA 2] 7] (Micro hematocrit VS-12000, Ko-
rea)o| A 1027 Y4lEe]ate] 4hS 574319131 Hb, total pro-
tein (TP), glucose= kitA| 2F2} HF-S-A| 7] 5 & HAYSFSHELA 7|
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Table 4. Hematological parameters of red seabream Pagrus major fed five experimental diets experimental diets for 8 weeks (Exp I) and 12

weeks (Exp II)
Hematocrit (%) Hemoglobin (g/dL) Total protein (g/dL) Glucose (mg/dL)

Expl(339g)
Con 40.1£2.7° 6.39+0.11
IMP 48.2+43.4° 6.47+0.47
AMP 44.8+2.8° 6.42+0.21
GMP 47.6+2.1° 6.79+0.45
UMP 45.8+2.4° 6.750.26
Mix-NTs 49.1+1.9° 6.62+0.52
Exp Il (120 g)
Con 39.9+1.8° 6.60+0.22° 4.65+0.52° 43.3+10.2°
0.1% 41.8+2.0% 6.81+0.11° 4.89+0.11% 46.5+8.5°
0.2% 457453 6.59+0.43" 5.74%0.33° 49.6+3.6°
0.4% 41.241.0% 5.86+0.07° 5.38+0.49"™ 51.2+£3.3
1.0% 40.6£2.5% 5.53+0.47° 5.51£0.25™ 64.8+4.4°

Values are mean of triplicate groups and presented as mean+SD. Values in the same column having different superscript letters are signifi-

cantly different (P<0.05).

(Express plus system, USA)Z 243}-% T}

ol | tfj A1 A| 32 E4J-S Kumari and Sahoo (2005)2] £-44)
MO EQ| 2 3219 oxidative radical YA TS =A319 1,
lysozyme 4] Sankaran and Shanto (1972)2] oz &
413} th. Myeloperoxidase (MPO)2Hd-2 Kumari and Sahoo
(2005)9] WS 7|22 EA35F%1aL, superoxide dismutase
(SOD)&AJ-2- SOD assay kit (Sigma, USA)Z H-415}iTh

MES0IM(Instantaneous feed intake) HAE

A 9FA(AT 1), SUT BE 2 H 38 59
B35 oH91S o) oL MR AR 4S5
71 3ule] RS Fato] 100 gl of 57k AT

A&
Feict 3

oF

O —

ol %
i

oo 2

!

Completely randomized
WA A 3= SPSS (Version
11.0)Z 2732 0]-85}] One-way ANOVA=Z E7| £435}
ek dlold gk FHAf-22F A% (LSD; Least Significant
Difference) 0. & -3-2]4(P<0.05)2 v) 1l AR5} glolg=
Btk + EEHAH(mean + SD)E UERY oict. WE-E dlo]g
+ arcsine G {LO & ALK F] FAREA] sFoiTh

i1t
juie)
>
Hll
1o
=
i:‘
rr
e
29
ot
i
)
= o
o oz

>

2

Al
=

oet

NTZ7}o|| w2 3H5-9] AJ%2 3= Table 30f] b $ict. 3
ZRA 9 AR E8-2 IMP, GMP, Mix-NTs 1&0| tfz o]
]l 322 02 £9k31 AMP2F UMP 153= f2l4 2l &}
o7} gt AR Al o] & Aol A = NTH 7} 1E0] t x|
Hle oA 02 o gh2 Bloh AEES BE 5 &
o] ZQl Aol 7} gloieh. HEghg=S tix7-7F NTZ 71t =l 3]
FOH 07 e 225 B AT Hbahg HE 1EolA
O] 2] Q1 2ol 7} g1 tHTable 4).

AR g0l e E9 vl HARhS A=
Table 5 Uef¢itt. NBTEA o] A= Mix-NTs 10| =
Tofl vl oA o R =2 SAS EAANE Y FHE A
7Hel NTZE3= 248l 2ol 7} 1St Lysozyme2/d-2-
NT7} 37He W& T2go] thztof vlsf fo8or 2 &
3< HSITh SODEF MPOZHY-E BL= T1Fo A {24l 2t
o= A3k

Al
=

oot

Il

122:249] 47418 721z Table 301 Lk ek 0.1% 7}
5L ok 10% HA7hTFl Hls) §oH0R B A
£ U ARELS BT AELE BE AR T o2l
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Table 5. Nitro blue tetrazolium (NBT), lysozyme, superoxide dismutase (SOD) and myeloperoxidase (MPO) activities of red seabream
Pagrus major fed experimental diets for 8 weeks (Exp I) and 12 weeks (Exp II)

NBT Lysozyme SOD MPO
(absorbance) (vg HEWL/mL) (% inhibition) (absorbance)

Exp1(339)

Con 1.58+0.15° 1.33+0.4° 65.4+15.2 1.81+0.04
IMP 1.7120.05® 2.18+0.48" 57.4+10.5 1.80+0.20
AMP 1.650.06* 2.02+0.15° 58.1+5.5 1.80+0.19
GMP 1.72+0.10% 2.17+0.42° 68.846.3 1.800.28
UMP 1.62+0.09* 2.1740.17° 54.9+9.1 1.83+0.09
Mix-NTs 1.79+0.04° 2.23+0.21° 70.5+10.0 1.81+£0.10
Exp Il (120 g)

Con 0.91+0.07 1.79+0.55° 48.5+2.9 1.12+0.09
0.1% 0.92+0.05 2.64+0.61%° 52.4+9.6 1.23+0.24
0.2% 0.88+0.06 2.51£0.55%° 51.1+3.2 1.28+0.15
0.4% 0.99+0.06 2.75%0.07° 49.3+8.6 1.18+0.04
1.0% 0.92+0.07 2.80+0.63" 46.1+4.3 1.14+0.07

Values are mean of triplicate groups and presented as mean+SD. Values in the same column having different superscript letters are signifi-

cantly different (P<0.05).

Zpol7k GLoATt. AFAY 97 AAHE AFRRRI] HIAE 2
7 0.1% FH7F1Eo] g2} 1.0% H7EaEol vl 594
O F 2 AlmAol &S B tkFigure 1).

HtgHFE 0.2% 7k LF0] g2kl vlaf fojdor w&
FAE HAANE T2 NT 150 F2420 &kl 7t §l9d
Hb3EL 0-0.2% H7}120] 0.4-1.0% 71129 v]8) 4-2]
z 02 Z715tAtHTable 4). % Wl TP g2 0.2% H7h1
FO) h22E0.1% H7F 1ol Hlsl 24 0.7 =931, glu-
cose FFgol A= 1.0% H7F1F0] 0-0.4% H7F15<l Blsh &
OHOo R £2 £25 Bt

H]E0] %] WUl Avk= Table 59| Ve Itk Lysozyme
9] 7%, 0.4-1.0% H7FLE0] thtol Hla - o= =2
4L B9tk NBT, MPO 2 SODEH ol A= 0.1-0.2% 1&
of| A e =tel vlal w2 B S B AT F2 Al Z}o]

9

o E

Aol AgE drAtRE FES Aol Bad JUS

AAFEQA H2ARS 9Q] F NTH7EL g v

o] whoket. oW AT AVE F3) AR W NT A7k

1o} mlgo17] 2he o] Agu AR EE SR Egol
stk A9 1] 49, IMP E= Mix-NTs7h 3

Fol B 2Fof v foHen xe e B

i rir 2L ofy
mﬂﬁﬁm%
H oo 2 oX

N m;lm

N
—_

St} Grouper (Epinephelus malabaricus)E A L2 AR U
AAIE NTS 0.15%4 271510l 850 351 vf 2 419
3} 55l NTH7 12 50] 47} 18l vlel fol 5o &
2 HAES BHYoH(Lin et al,, 2009). ¢ 112] 3¢, HF5F
Al AR EES 0.1% H7F1Fo] t27ek 1.0% 7k sl
Hsf fo2o® w2 S itk 9AE ez Ale |

25
c

S abc abc
= 20F ]- 1 a
S ab [ I |
S
= 15 —Ff l I
5 I
°
O 1.0+
IS
S
2
S os5f
O

00 1 1 1 1 1

Con 0.1% 0.2% 0.4% 1.0%
Experimental diets
Fig. 1. Instantaneous feed intake for red seabream Pagrus major fed
five experimental diets containing different levels of IMP (Exp II).
The fish were allowed to consume the diets for 3 min. Values are
expressed as consumed feed amounts per 100 g fish and means of 9

replicates (3 replicates per diet with 3 time tests).
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op
2

NT 98 512 82 A7helel 1450 33192 o, 44%
£(0.1-04%) 150] WEE(L0%) 15 V]3] foH O &
S ES B 2 AT v 23S A rK(Song etal.,
2012). TEER H7ke g0l 44 28] s Aol e
3 0= purine #7] 226 A4H uric acid7} B4 B3]
wj&o]gl 32313 thRumsey et al., 1992). H Ao A
1.0% #7F1E0] 0.1% 71l vlsf ddE0] A4gt o]
1= uric acido]] 2]t =47 wfZolebar whekEth i, Welker
et al. (2011)2 2| 7] (Ietalurus punctatus)s A2 &
AE NTEFHES =8 2(0%, 0.1%, 0.3% 0.9%, 2.7%) 85
1 3EotS wf, of 7ol Aol obit S nl XA gkt
3 Bkt o] | of Foll A Kk AubE Auk= A
g OlF T NTH7Fs = W AR O] 4879 Zpo] wfjzel A
O 7 g}

A9 18] AbmA ol AT NT7F LE0] thzto) vl
oF o7 =2 S B} Largemouth bass (Micropterus
salmoides)S A2 A= U] obu] Ak betaine, NTS ©-=
F= 2 A7k S W, NTE B = &8 A7kt 1ol
ofa] =4t 9 betaineo] %7} gl H]a) ARA o] &o] $:9)
o 7ksto] B AT AT} $A A2 UehdrhKu-
bitza et al., 1997). A& [ AlR2Fo]&0] TaEE A4
off AFg-AIEI0] HEIRT NTS] F5-8 £3al7] 918 of2o]
ERA gk AANRE FFSHAT TYolE Bt AL
2 U NT9| 2717} 50l Aol &2 S7hIA ool 4
AP of 2k AR EROIE AR AaEE ek, vl A
% 112] AR Aol & Z31e BE T18olA fol el ol gl
ATk SR ALFA T 97 A AA G AR R B AE A=
0.1% H7F1550] th2 T % 1.0% H7k1e] s ooz
42 ghe BT 3 NT 27bh ARl F018 57104 94
A1)/l AtrAdole2 SV &= okl S s AR,
At W AR oo = H7bE A folle 28] £ Y
= 1A 5 e Hof =3k

AR I AFEE AFANR = 48%9] oS okl Ao
o] Eofl&= oF 0.2%2] NT7} 3£§H Carver and Walker, 1995)%]
o) NT7} 27}5)7] 98 thZARE oF 0.96 g/kge] NTS 3}
a1l Qleh &, i 2AFR O 1.0% (4.6 g NT/kg)9] NTS X7}5}
H ©F 5.5 g NT/kgAtz 0] =7} Het. whebA] wligd o] 7] 35 A
& W 5.5 gNT/kg ol/d9] H7h= 45l F424 Q1 daF= vl
2 Ao & et

GHsHA] AL of 7o 7 A Ed S UEh= Al
Aebd, A Alel aket get

£2 ol gun] Qoka 24, 4
2 4= Qlth(Houston, 1997; Kumar et al., 2005; Garrido et al.,

1990; Lim and Lee, 2009). Ht+= & olof| 4] A& L7} x| 5}l
Sl ¥ o)t Gopa 2o ukeh 527} gaich. A
13} 112] 79, 2ARE WQl 280 N7 180 v
FolH o Ve ke BQl 0 & A NTi= o F2] A4l A%

]

o
u)
i
Jo

A5zt Bagh dokiet e Hbi: H(Foye
Ehl R BTN LS Svbls oae B
eluga sturgeon (Huso huso) A&l NTE 37}t 952
a3 S 1 0-0.35% H7FLF0] 0.5% H7F1E0l Bls)
OjH o8 & Hb A& Hof A9 19} vl A3 1
h(Yousefi et al.,, 2012). NT+= HE-S ot 583
& O =M AFR W NT H71= Q18 Hb =27 571 9l
Zlo]2h = A e Grimble 1996), A4 = ol/dolMe 1 &
ol mrgt Ao woketh gl W chilA e s=Ea A
sto] A28 S FAISHAY HARkgo] gt o
= ot7] ol @ W TP7} ZasshA = A o] 3
= 7ME2] A FchKumar et al., 2005). A¥ 112] A}, oz
= 02-1.0% F7F1Eel vls) oA e® e TP 23l
t}. o] 9] W Aol A= Ak W F7FA Q] A7} glole of
ol |75l A8 o] ol AT/l WHEA| oFoF NT
= olFolAl SaskA A=A thLi and Gatlin, 2006).
ol AFAVE Fof Abm I NTY| 352 o7 I f TP
ol FEFE ol A= A8A A7l Aol w9 5 agt
A o= A o' AlRE ol FE L HREY FE=
< YFRAE A o] =E 5 glucose Tl AF55HA H
t}. Caspian brown trout (Salmo trutta caspius) A& U] A4
NT A1 Optimun (Chemoforma, Augst, Switzerland)2 %
7Fste] Tl e AEY| 2 SH ol A glucose e 2AFRS O,
NT/F A7bE]7) 9o o277k NTA7} 150 s fej2o
2 22 SRS Both 2 AR U NT H7h2 ol ol
QRO AE g Ao theh S S7HAA 4= QlTkaL Harskg]
T}(Tahmasebi-Kohyani et al., 2012). A& A E Ts=Z
H7HE 22(1.0%)0] A AEE(0-0.4%)0] H]3 glucose T
o] £}t ol - uric acide} -2 4270 2J3) AglolR 7}
7149 AU AS W) el Ao 2,
QFOIALE U NTe] H7Hz offe] vl 50| 2] weluk 7} 21
AL F7A 4 Sehe Hire] e A anhEe] o)
= 9b7] AR ok Burrells et al., 2001ab). o]H Ao A=
ZAAE Mix-NTs (23 DY -8 IMP (23 ol o3f v &
o] 2] T A] 21 lysozyme} tAIA| 3L &/ o] S7HE A& &
Q1 &k == Q18I Lysozyme 57 Allto] obd TRl ofofl 3
WS UE = a4 olFE ZAR e s=4E
of|A] H]E0]% HANG-S &7 dl= g0 (Jollés and Jol-
1¢s, 1984; Grinde, 1989), thA Al Z= AU = A ¢J st HUA v
AES 7Halisto] APdAIZ & A2 gtk AolE tide
2 AR U NTE 52 92 33510 lysozyme $4& 23
S o, o] vla| NTE7F 18] fo40% S 3
]S B ¥ TH(Tahmasebi-Kohyani et al., 2011). o] %9 %[9]
AFATEE AR U NTH7PE ol 78 Hog X0l 2t
7} ickal B33kl @it} Bricknell and Dalmo (2005)= NT
7} Toll-like receptors (TLRs) -G-AE2S WE A A Hour-S-
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& F7pAAIE B seIk TLRsE: vI50| 4 euhgat &
o] 4] wielyhgo] Folshs 222 o ol 4 TLRs $41
A7} ZAgkctar 21129t Werling and Jungi 2003). HHH,
hybrid striped bass (Morone chrysopsx Morone saxatilis)2}
red drum (Sciaenops ocellatus)S A2 AR U NTE &+
5ol 785, lysozyme BAJof ot ko] ikl B
L& ITH(Li et al., 2004; Cheng et al., 2011). wa}A] Ao
T, AR B NTAIES] 43 AR I 2400
wet welikgol Folshs S-S waso] 2okl 4 98
Aoz gk,

A0)7] e ez AR A3 43, IMP =
Mix-NTs7} &84 Q] AFR 4 7HE NT2 A== 9}, ol2fat 2
32 vhgo.2 IMP7} E7be) o] Ajelat | 4 9L, H7t
Feof| wet w|Ade)7] HmolAs ARE A wE 4 9l
e o = ATk webA] FAIE FE o NT= ©F0.15% 5%
2 By B ERYER 371 49 A g Aow
AR EH, o] o] theF 7 A-EAMR A= 498 IMP (
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