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Effects of Dietary Supplementation with Nucleotide on Growth
Performance, Feed Utilization, and Non-Specific Inmune Responses of
Nile Tilapia Oreochromis niloticus

Jin-Woo Song, Se-Jin Lim', Dae-Han Oh, Ji-Hoon Cha and Kyeong-Jun Lee’*

Department of Marine Life Sciences, Jeju National University, Jeju 690-756, Korea
'Department of Global Technical Marketing, CJ CheilJedang Corporation, Seoul 157-724, Korea
*Marine and Environment Research Institute, Jeju National University, Jeju 695-814, Korea

The present study examined the effects of dietary supplementation with nucleotide (inosine monophosphate
product, IMP) on the growth performance, feed utilization, and non-specific immune responses of juvenile tilapia
Oreochromis niloticus. Triplicate groups of tilapia (initial body weight, 7.4+0.04 g) were fed experimental diets
containing 0%, 0.05%, 0.1%, and 0.2% IMP. Fish were fed six times a day until apparent satiation for 13 weeks.
At the end of the feeding trial, final body weight and food utilization of fish fed 0.1% IMP were significantly
higher than those of fish fed the control diet. Results of hematological parameters were not affected by dietary IMP.
However, blood protein level was significantly higher in the 0.05% treatment, as compared to that of the control and
0.2% IMP diets. Myeloperoxidase activity was higher in fish fed 0.1% IMP than in fish fed the control and 0.2%
IMP diets. These results suggest that dietary supplementation with IMP can enhance the growth performance, feed
utilization, and innate immune response of juvenile tilapia. The optimal IMP supplementation level appears to be
0.1% in practical feed formulations for tilapia.

Key words: Tilapia, Growth performance, Nucleotides, Inosine monophosphate, Non-specific immune response.
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oA Ghof R AES Foll 3l S2oloF gt Rudolph, A7IT) E3} Welg 2o &37F Qrkal RaE QR vkLi

1994; Carver and Walker, 1995; Grimble and Westwood, and Gatlin, 2006; Li et al., 2007; Lin et al., 2009) &z 7}4] &
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o AEL HEER HIFIATH%, 0.05%, 0.1%, 0.2%). Al
ol AGH AL 46% o 49| IMP2} 19] ThE NTS 34
st APAR A2 s S 2 BE ARUS RagH R
VA WE F, 2 ARAS AREA R ket Geks] 7
A E7stal =steith. 5 T A=Y FF9 30%¢] S
o= SHTE "‘d 7¥sto] AF=E7|(NVM-14-2P, Gyeong-
gido, Korea)2 &334t} £ 2% 2117](SMC-12,
Busan, Korea)E ©]-8-5to] A7 2-3 mm 7|2 4= 4JF 5}
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Table 1. Formulation and proximate composition of experimental
diets for juvenile tilapia Oreochromis niloticus (% DM)

Experimental diets

Ingredients

Con 0.05% 0.1% 0.2%
Fish meal 6.00 6.00 6.00 6.00
Soybean meal 33.80 33.80 33.80 33.80
Corn gluten meal ~ 10.00 10.00 10.00 10.00
Wheat flour 42.00 42.00 42.00 42.00
Soybean oil 5.00 5.00 5.00 5.00
Mineral mixture' 1.00 1.00 1.00 1.00
Vitamin mixture? 1.00 1.00 1.00 1.00
Alanine 0.20 0.15 0.10 0.00
CMC 0.50 0.50 0.50 0.50
Choline chloride 0.50 0.50 0.50 0.50
C-IMP 0.00 0.05 0.10 0.20

Proximate composition (%)

Moisture 19.2 20.1 19.4 18.4
Crude protein 36.0 34.9 359 354
Crude lipid 7.3 7.2 8.3 8.3
Ash 4.2 4.1 42 4.2

'MgSO0,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCI, 130.0; Fer-
ric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,,
0.2; AICI;. 6H,0, 0.15; Na,Se,05, 0.01; MnSO,.H,0, 2.0;
CoCl,.6H,0, 1.0.

*L-ascorbic acid, 121.2; DL-a 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; ,-bio-
tin, 0.27; folic acid, 0.68; p-aminobezoic acid, 18.2; menadione,
1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin,
0.003

T, 12h), ZEHAE A
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H3}0] 2-phenoxyethanol £-2(100 ppm)2.2 T} A|7] & 6
nhe] 5 3utel= ukelo] A2E FA|R e u|HgRofA
skt A A E-2 hematocrit, hemoglobin & tfj 4] A
ZZA (nitroblue-tetrazolium) 4] of] 0]-8-%] 111 B44o] Et
T, AAHEZ1(5000 < g) B Belste] BPAE BAS
AAISHATE -2 3ukE] o] "2 gf|utelo] AP HA] o 5
A2 sl AP E AEE oA 6027 FAAIZ
F A7 25000 % g) BHS Helsto] Wl A4

ALt

aj EO_E!_E_M

= =

ol
o

me
2

Hematocrit2 8 N A 4152] 7] (Micro hematocrit VS-
12000, Korea)ol 4] 1047t H4l&efste] k& S48,
hemoglobin, total protein, glucose ¥ total cholesterol-> Z-
ZFO] Al kitA] oF} HE-E-A1Z1 F & A BFel-EA] 7] (Express
plus system, USA)Z 2413}t

ol | thAA|E 4L Kumari and Sahoo (2005)2] £-4
WS EO] 2 Nitro-blue tetrazolium (NBT )24 "2 53
329 oxidative radical A S =43}19ith A7} NBT
solution (0.2%)& 22} 50 uLA §e]&Hof 271 3, forma-
zon A4S FaA717] 918l | mLe] dimethyl formamideE
A7Fste] 2000 x g o A SE-E¢t HilEe] skt olu B4
H A =33}o] spectrophotometer (Genesys 10UA,
USA)Z 540 nmoj| A NBT] 7H4 #19]2 =451t} Blank
+ dimethyl formamideE A8-5}%3tt.

A U lysozyme H-4]-2 Sankaran and Shanto (1972)2] v
Wo 2 B35kt Sodium citrate buffer (0.02 M, pH 5.52)
ofl S AAZE Microccus lysodeikticus (Sigma, USA)E &
71511 02 mg/mL =98] WeErLS A2 T, Hepolal 1
2 10:19] H]E&R &3sto] 24 oA TAIZE RS-A1X] £, 450
nmof| A = 3FS SA5HF T Hen egg white lysozyme
(HEWL; sigma, USA)Z ©|-8-3}o] standard curveg 5}
ug/mLE FA|SH

A U myeloperoxidase (MPO)E/3-2 Kumari and Sahoo
(2005)2] B 7|22 B8}t WA HBSS (Hanks bal-
anced salt solution)-8-20-& 96-well plateso]] 80 L& 3t

S ¥4 20 uLS €3 20 mM TMB (3,3'5,5 -tetramethyl-
benzidine hydrochloride)-&43} 5 mM H,0,81-2 @ 3ict. 2
2 HHAIZ] & 4 M H,SO0,£-94-2 35 uL 75k micro-
plate reader (Thermo, USA)= 450 nmof| 4] S4=5 =45}
et

2 Y superoxide dismutase (SOD)EJ-> SOD assay kit
(Sigma, 19160)2 E45Hck

EjEtx B2A

=
- =

oo

ABIALE 2] vl 2| = 2HAEHE A 2 H(Completely randomized

A% QAR ot A - oA E

Table 2. Growth performance of tilapia Oreochromis niloticus
(initial body weight 7.4+0.04 g) fed four experimental diets con-
taining different levels of IMP for 13 weeks

FBW' FCR? PER® IFI*  Survival (%)
Con 35.9%2.1° 1.240.10® 2.19:0.15 0.26+0.03 73.3x17.3
0.05% 37.742.8" 1.27+0.07° 2.19:0.05 0.28+0.03 93.33.3
0.10% 40.1#2.0° 1.15:0.05* 2.37+0.06 0.30+0.04 92.2+3.8
0.20% 39.241.1* 1.19:0.03* 2.32+0.12 0.27+0.04 80.016.7

Values 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)

*Feed conversion ratio = dry feed fed/wet weight gain

*Protein efficiency ratio = wet weight gain/total protein given
“Instantancous feed intake (g) = average feed intake/total weight X 10

design) .2 AAI8F% 1L, 44 9 E4A7H= SPSS (Version
11.0)ZZ 1342 0]-835}0] One-way ANOVAZ 5A 24519
ot gloly ko] F-2Jxk= LSD (least significant difference)=
v wskgict. dlole = Ftgt = F5H A (mean = SD) & UHE}
Wik BHES o] E] = arcsine HE 7O 2 AAkslo] B B
At}

zd

Z47} 9l &t

xJ_lE

——

135:7Fe] AAlE ATb= Table 20 Yep At &2
BE AP §oA2l Hol7t glolAe BT 13%
7V Skl IMP7F A 7HEl 52 80-93%9] 2 X8 B
ATk AFE7HA 9] Q17 20 FE S B w3} A =2ju| FZo]
OE A =R 34 G Aor Hol FAFA o ot 2
T} detEh weba, 1Y 4319 AR Swe 27 EE 1
A 63| = 57 FAlof| o3t FAES Azl 2 A%
APREELS 0.1% IMP I550] ti27tof] vl o4 o i
o 1%=91 0.2% IMP 182 279 G924 91 Zjo]
7F QAAeE FANGEE o= Abm W A2 NT A&l
Optimun (Chemoforma, Augst, Switzerland)= 0%, 0.05%,
0.1%, 0.15%, 0.2%%] H7}slo] 87 243t 4% 0.2% A
747k O gl vl felo R B ANET ARAR
BES Hol ol Aot FARRE A3E H lth(Tahmasebi-
Kohyani et al., 2011). §F3, Cheng et al. (2011)2 ERlo1E
thAko 2 A9 A NT A& (Ascogen P, Canadian Bio-Systems
Inc.)= 0.5%¢<} 1.0% H715te] 65:4F AR S SHdtla
ul, BE 5ol o129l Aol glrt mastelrt. ol
& Aol Aol ol §5 NT AEe| T4z gaze) ok
4> 2o wheh gebdl A o2 dehen) ool B 4
NT (2 g NT/kg)E 233513l QIti(Carver and Walker, 1995;
Mateo and Stein, 2004). Tahmasebi-Kohyani et al. (2011)
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Table 3. Hematological parameters of tilapia fed Oreochromis ni-
Ioticus four experimental diets containing different levels of IMP
for 13 weeks

Hematocrit Hemoglobin Total protein ~ Glucose Cholesterol

(%) (gdl)  (gfdl)  (mgldL)  (mgldL)
Con 39.3:3.8 10.2:33 3.88:0.12° 715 219451
0.05% 39.8412 82:02 4.75:0.66° 104+21 225:60
0.10% 404415 82:02 3.93:046® 82t21 172425
0.20% 389417 9509 3.89:0.38° 78:20 230:53

Values 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).

)2t oF 43%9] o] B ARSI AW, Cheng et al. (2011)
= OF 58%9] olit& ARgsto] AFALREE ARkt 419
7%, i 2AL RO o] 85 o] O 2 RE] F-EE NT7F 355 o]
o7 QS WEAIZ S A0 R wotEth JYart 35
H AR o H7HAIE ARESHA =W 1L AFo] nlH|gAL:
53 W3R £ 4 Qlth(Lee and Lim, 2000). Adamek
et al. (1996)2 F2| 74015 tAto 2 A A 7H0.06%-0.25%)
O NT7} 71 AF=E F5dts o AE0] S718FAA
T, s T1E(5%) 0l A= o] Hassglrkarl Harshelt
weba, fdo] BatE Solete AT oo = AMES)
H= doll= @358 qayrt vehd ¢ Qe Zlow At
CH(Shiau and Yu, 1999). & &0l A= thAbmol] 3 AL
EHORRE NT g 2|aspsialaL, 2| defujofo] A 9]
A o} ZALE(low fish meal feeds)oll <7317 13l ofZeh
<= 6%= 2Asto] AAARES AFetGith o -2 T gt
ol il AbrAdolo]l thgt 7|3 4de FIAIZIAIRE, S7ek=
Fof Hlal B9 5o & 7HA o] AFsstal itk (Hardy
and Tacon, 2002; Tacon and Metian, 2009). w-2}A] A}& W] o
B BT B0 YA HolgE A5 98]
2| 43ho] o] -5 A7kt Al AR A, BE IE
ol o122 ol RlgiAe B4 U5 0.1% IMP
7t A7k8 28] & Aee MArkTable 2). ol AL 4
IMPS] H7bo]l SJ3] Ab2 Aol eo] SAIslo] Betwlobe] 4%
F& AN A0 AmEch ARATE IO 0.1%
IMPe] 7= Alol7] getulol Azl 4 H7beoleta
oetE

Jollsha] BAZATH= Table 30 LYEbH it Hematocrit,
hemoglobin, glucose, cholesterol Ff-2 = A Lo A F-9
Z10] 2o 7} ¢13ltt. Total protein &2 0.05% IMPLE©|
212} 0.2% IMPLEC] Hls oA o g =2 7hs HSl
t}. Total protein WATHE-S FA517] gt 4= Fd 84
o]th(Kumar et al., 2005; Jha et al., 2007). w}2kA 5714 total
protein o] F2] H|50]% Houhgo Ayto] 9IS A& A}

Table 4. Nitro blue tetrazolium (NBT), myeloperoxidase (MPO),
lysozyme and superoxide dismutase (SOD) activities of tilapia
Oreochromis niloticus fed four experimental diets containing dif-
ferent levels of IMP for 13 weeks

NBT MPO
(absorbance) (absorbance)  (U/ml)

Lysozyme SOD
(% inhibition)

Con 0.99+0.18  2.1240.22° 17.616.49 33.3t3.2
0.05% 1.03:0.23  2.21:0.06® 18.9+3.70 39.2+11.9
0.10% 0.99:+0.14  2.50£0.04° 26.0+8.30 39.1¢5.6
0.20% 1.13x0.17  2.00+0.27° 26.4+5.87 38.8+4.1

Values 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).

FEo 2 AFo| A% 2715 total protein (0.05-0.10%)-2 o]
o] Bl 5o]4 HAREgof Woigt A o= HetE )

A R Folo wE "etu]ote] v 5ol Henkg Ax}
+= Table 40]] YeliTh. MPO &4 o A+= 0.1% IMP159]
Y272} 0.2% IMPTLE] w]s) o402 H& 34 13
o} tf4)A) 22, lysozyme U SOD S o A= H= AlE] o] A
012481 Zol7h 9191k, Sakai et al. 2001 oJolafsze] 4
4 NTAES A7t o) @4 lysozyme 24o] 5
7}51% 11, Tahmasebi-Kohyani et al. (2011)+= F-A]750] of| A
1A, lysozyme ¥ immunoglobulin M &/d0] &7} thal
Harskeich B, NT 37Fs=9f Aakglo] o) 79 504
HAERSof G2 vIAA| 2 A ATEE HaEdh 2F
| 7](Welker et al., 2011)2} &% oJ(Cheng et al., 2011)E of
Fo ' NT AlF2 5astils o, thAA|22/d 2 lysozyme
2ol A Rl Z Q1 Zol 7} JI3ATt. o H et 7|2t o] 3| H| 5o
X wojyhgo] Z7hEIgHA] AT WIAIA] LA, of
o] ATLATE E5) E 71A] 7Hd o] AAE QT Low et al.
(2003)2 turbot (Scophthalmus maximus)At=ol NTE 37}
sko] 15537 355kl wl, Aol 4 immunoglobulin M}
interleukin 1B 312} W o] thztof Hs| Fo|Hoz
7hsFttaL Harsto] NT7F e A1) W of FaF
w] ek 23k

AA7HA] Hare 20 NT 7ML A9AIES o1&
sho] R E At Al TfE AL Qli= NTAES vvH, of
u] =4k nucleoside, polysaccharides?} 22 =22 S5
o} whebA], AYAIES o] 835t AollA= NT 5ot ghegoll
ek Aeet JEE A5 ofFaL, Fof wet ofF7} o]
3 4= Sl EAdo] gebd Ao s w2 v AR
El Al 46%2] IMPE 23151l §lo] 1 kg AFAR= 0
21, 0.23 (0.05%), 0.46 (0.1%), 0.92 g (0.2%)2] IMP7}
717 E| ek, oWl A A okl & w, 2of7] et
sjofollA] Aolst RS A& T 9o AR 1 kg o o} 0.5

op

~
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