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Effects of Dietary Protein and Lipid Levels on the Growth Performance,
Feed Utilization and Innate Immunity of Juvenile Red Seabream
Pagrus major

Sung-Sam Kim, Dae-Han Oh', Se-Min Choi', Kang-Woong Kim, Kyoung-Duck Kim, Bong-Joo Lee,
Hyon-Sob Han and Kyeong-Jun Lee**

Aquafeed Research Center, National Fisheries Research and Development Institute, Pohang 791-923, Korea
!Animal Bioscience Research Institute, CJ CheilJedang Corporation, Incheon 400-103, Korea
’Department of Marine Life Sciences, Jeju National University, Jeju 690-756, Korea

A 3x3 factorial study was conducted to investigate the effects of dietary protein and lipid levels on the growth, feed
utilization and innate immunity of red seabream Pagrus major. Nine diets consisting of three protein levels (42%,
46% and 50% crude protein) and three lipid levels (10%, 14% and 18% crude lipid) were formulated. Triplicate
groups of red seabream were fed the experimental diets to apparent satiation (5-6 times a day, from 08:00 to 18:00
h at 2-h intervals) for 10 weeks. At the end of the feeding trial, the weight gain and specific growth rate of fish fed
P46L14 (46% protein and 14% lipid), PSOL10 (50% protein and 10% lipid) and PSOL14 (50% protein and 14% lipid)
were significantly (P<0.05) higher than those of fish fed P42L.18 (42% protein and 18% lipid). The feed conver-
sion ratios (FCR) of the fish were affected by dietary lipid levels (P<0.039), but not dietary protein levels. The FCR
tended to increase with increasing dietary lipid levels from 10% to 18% with the 46% and 50% protein levels. The
weight gain, protein efficiency ratio, specific growth rate, feed intake and survival of fish were not affected by either
dietary protein or lipid levels. Myeloperoxidase activity in the group fed PS0L14 (50% protein and 14% lipid) was
significantly higher than that in the group fed P42L10 (42% protein and 10% lipid) or PSOL18 (50% protein and 18%
lipid). However, the myeloperoxidase activity of fish was not affected by either dietary protein or lipid level. The
fish fed P46L.14 (46% protein and 14% lipid) and P46L.18 (46% protein and 18% lipid) showed significantly higher
superoxide dismutase activity than did the fish fed P46L10 (46% protein and 10% lipid), PSOL10 (50% protein and
10% lipid) of PSOL18 (50% protein and 18% lipid). In conclusion, the optimum protein and lipid levels for the growth
and feed utilization of juvenile red seabream were 46% and 14%, respectively, and the optimum dietary protein to
energy ratio was 27.4 g/MJ.

Key words: Red seabream, Optimum protein to energy ratio, Protein level, Lipid level, Innate immunity
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2714& AR = 583 98-S gtok(Lee and Kim, 2005).
A o] 852 A, HepdtEy 22 vlehil A 549
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al., 2014). 2| o9 o] F] widAb= Wol| Ak S7HA
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Table 1. Formulation of the experimental diet for red seabream Pagrus major

Ingredients (% DM) P42L10 P42L14  P42L18  P46L10 P46L14  P46L18 P50L10 P50L14  P50L18
P/E ratio (g/MJ) 274 25.3 235 29.6 274 255 321 29.7 27.6
Fish meal 44.0 44.0 44.0 46.0 46.0 46.0 48.0 48.0 48.0
Soybean meal 6.0 6.0 6.0 8.0 8.0 8.0 10.0 10.0 10.0
Corn gluten meal 6.0 6.0 6.0 8.0 8.0 8.0 10.0 10.0 10.0
Wheat flour 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5
Dextrin 12.0 10.0 8.0 8.0 6.0 4.0 4.5 25 0.5
Cellulose 8.0 6.0 4.0 6.0 4.0 2.0 4.0 2.0 0.0
Fish oil 55 9.5 13.5 55 9.5 13.5 5.0 9.0 13.0
Mineral mix' 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin mix? 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
CMC 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Proximate composition

Protein (%) 42.0 42.0 421 45.3 45.2 45.3 50.4 50.2 50.2
Lipid (%) 10.6 14.3 17.8 10.2 13.8 18.3 10.1 14.2 18.4
Ash (%) 8.8 9.2 9.2 9.6 9.8 9.5 10.2 10.2 9.9
Fiber (%) 10.51 8.51 6.51 8.73 6.73 4.73 6.95 4.95 2,95
Carbohydrate (%)? 38.6 34.5 30.9 34.9 31.2 26.9 29.3 254 215
Energy (MJ/kg)* 154 16.5 17.7 15.7 16.8 18.0 15.8 17.0 18.2

'MgSO,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AIC,. 6H,0,
0.15; NaSeO 0.01; MnSO HO 2.0; CoCl,.6H,0, 1.0.
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2L-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; -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.
3Carbohydrate (%) = 100-(protein+lipid-+fiber+ash).

“Calculated based on 4 kcal/g protein, 9 kcal/g lipid, 4 kcal/g carbohydrate.

reader (Thermo, USA)E
Atk

A Y lysozyme 412 Sankaran and Gurnani (1972)2]
EouH o 2 B3¢t Sodium citrate buffer (0.02 M, pH
52)0l 542 A =% Micrococcus lysodeikticus (Sigma, USA)
= idﬂo}m] 0.2 mg/mL 5% 0] AEtHS A 25130t FErH
T AL 10:19] B8R B9 A7 T, 22 450 nmof A F2
b 2451 24TollA) B AEHEEAI B 2 B
4H& =731tk Lyophilized hen egg white lysozyme (sigma,
USA)E o]-8-3}9] standard curveS -5}l ug/mL=E ¥EA|Sk
et

I Y Superoxide dismutase (SOD) €/d-2 superoxide dis-
mutase assay kit (Sigma, USA)E o]-&35}0] A4 & .

0]-8-5F%f 450 nmof|A FF=

= =
= =

= lmu'r

3 H
g\l

S8R B4

ABIALE 2] vl 2| = 2 EHEA) 2] HH(Completely randomized
design)S AAsl¢lon, B4 A1k= SPSS (Version 12.0) X
RIS 0]-8-51%] One-way ANOVA R $7 24 = }lo.H H|

o] 7] F-2JAH= Duncan's multiple test (P<0.05)= H] 1.5
ATt AR ARR O] Tl A} 2 eof] whE A S 2| = Two-
way ANOVA=Z 2415131t Wl H|o|¥+= arcsine ¥1% 4k

o2 Auksto] B B,

105:7F AAJE AFESHA 9 9] 472 7= Table 291 LEHLY
Atk ARS7IZE Fee] SAlE, T bl &S, AIMIAE,
A}E“H% U BEEE AR W T WA okl g%
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U Q1A WE P42110, P42L14, P46L10, P46L18 2 P50L18
ATetE A QISie 22 EE ol A Ay
14% 3-8 AP0 SAEo thE Aol vlel tha =&
S el o, 18%2] 1A H7E AE e ase
A Bk *}Eﬁﬂ = AR Y] AR RE(P<0.039)0l] 97
< ko, 22 ol ekl A A% ol Skt uhet



AFE W et A

o ol viAe 9% 311

Table 2. Growth performance of red seabream Pagrus major (initial body weight, 7.66+0.03 g) fed the nine experimental diets for 10 weeks!

Diets FMB (g) WG (%)? FCR3® PER* SGR (%)° Fl (g)® Survival (%)
P42L10 35.3+3.7 36049 1.18+0.057 2.02+0.08 2.18+0.15% 46.1+4.6 86.745.8°
P42L14 36.7+1.7 382+28%* 1.1520.06° 2.08+0.12 2.24+0.08% 46.9+0.6 85.6+1.9°
P42L.18 33.8+1.2 341152 1.13£0.012 2.11£0.01° 2.12+0.05% 43.6£3.5 92.5+5.1°
P46L10 36.7+0.3 37722 1.10+0.022 1.98+0.04°° 2.23+0.01% 45.4+2.7 90.0£3.3°
P46L14 37.9+1.9 395+26° 1.13£0.232 1.98+0.36 2.28+0.08° 48.014.7 87.8+8.4°
P46L18 36.7+1.8 3821222 1.45+0.24° 1.52+0.232 2.22+0.07% 50.0+1.1 76.7+9.4°
P50L10 38.4+1.4 403+23° 1.00+0.05° 1.99+0.09 2.31+0.06° 45.4+1.6 87.816.9°
P50L14 38.3+2.9 399+40° 1.05+0.122 1.93+0.23 2.29+0.11° 49.3+2.9 84.4+3.8°
P50L18 35.7+1.2 366+20%° 1.22+0.242 1.69+0.35% 2.20+0.06% 46.9+7.3 77.8+13.9%
Two-way ANOVA (P value)

Protein 0.066 0.090 0.177 0.055 0.078 0.470 0.437
Lipid 0.080 0.113 0.039 0.056 0.112 0.430 0.424
ProteinxLipid 0.782 0.711 0.191 0.204 0.697 0.628 0.197

'Mean values of triplicate groups, values are presented as mean+SD. Values in the same column having different superscript letters are

significantly different (P<0.05).

2Weight gain (%) = 100 x (final mean body weight — initial mean body weight)/initial mean body weight.

3Feed conversion ratio = dry feed fed/wet weight gain.
“Protein efficiency ratio = wet weight gain/total protein given.

SSpecific growth rate (%) = [(In final body weight — In initial body weight)/days] x 100.

‘Feed intake (g) = dry feed fed/fish.

AaAGE F7Vke A Btk AlEAlSG= P46L18 4
3171 P421L10, P421.14, P421.18, P46L.10, P46L14, PS0L10
4l P50L14 Xof -5-oJ5hA = AITE, PSOL18A & -2k= -9
gt 2o 7} gliet. Tl d o] 8852 PA2LISAE 17} 71 =
2 ZFS UERHQIAGE, PA2L10, P42L14, PA6L10, PA6LI14,
PSOL10 2 PSOL10 A8 79k 9037} 919lc}. 80 11
AR Q1 PAGL18A 7} 71 W2 k2 UFEF A AIRE,
PSOL18 A9+te} f-2)2k= glieh oA A At
A 2 BEES HQl AL AR AEY A o3t Alo®
TETh AR Y 22 a0 A7 AR AEYAE
doA A 2 YESS ASHAIA 4= kel HuE gl
CHWang et al., 2014). & ALo|A ZEx]0]9] AL Al=
W el gkl IAglo] s ATolA 14% A7)
A Z7Fstt 18%0) A ZhaxE| Qiet. o] = m]Fof & uff 2]of7] I
(7.7 )8 A% Q2 14% W7t A Aoz AlgE
th ol A=(27157A1: 30-40 g) A W 22 9] Aol
8-10%z}aL X% Avfe} cl=ck(Yone et al., 1971). A|W2
T2 2, A |, AR W T 9 ol e x| o] w)
gt k2| yehg o= QLo (Wang et al,, 2013) 217 2179
H] 3l =& 0] AW A7 b= T A} opu| e Ak 22 H4=
G0 AP & QT JFE LS oM = = AR

B %31 Qltk(Daniels and Robinson, 1986; Mohanta et al.,
2009). o] 10% H7Fe Ad 2] SAHES d2o] 50%

M) F7V45 gobt BT HoT Kol 14%, 18%
H71E BT FAES T 46% 714 oA e 50% 2
FollA= H o] F7FSHA] Sl A = Ak Bk A
3 Z710] 02w A Aok Apubeletslolred tilapia,
De Silva et al., 1991), 7]=-=(gilthead sea bream, Vergara et
al., 1996), 1] =2 (rockfish, Lee et al., 2002)3} 22 S414
ol FollA] W Ent glck. Bl HepA I ALE U] B, )
W, gheshs ob Atolof] mhE Ao ab-gof| ofsf) thE A vehd
4> QItHLim et al.,, 2013). o]t A¥}= m]Rof Hol & oI5+
o A= X|of7] ZHE A ) o] 46%) T 14-18% 45
of A 7P A PFENE AL 5 Gk HOR AR
ok AAANE Sl HH, 3E 2019 Abs f T o
o 46%, U1 2|7} 16.8 Mi/kgo] 20| 4748 1pepd Ao
SFEITE. B A4 FE L] H ) Aol sfkahs ARl T
a2 of] TRt oL 2] 8] Q1 27.4 g/MT | Gh-2 T it o] 72 A7
Aol Lagh el S ol that oful A ¥l(19-27 gMJ)
91 el ATHNRC, 1993).

AR U] bk Aol o v S o] 4 Hojuke-g ot
7] 15 B4 AT Table 30 Lrehgich. vl So] 2] ol
S(MPO &4, Lysozyme €, SOD &4)E-2 At W T2
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Table 3. Myeloperoxidase (MPO) activity, lysozyme activity, and
superoxide dismutase (SOD) activity of fish fed the nine experi-
mental diets in red seabream Pagrus major for 10 weeks!

Diets MPO Lysozyme SOD
(absorbance) (ug/ml) (% inhibition)

P42L10 0.95+0.07° 0.65+0.06 32.6+2.5%
P42L14 1.07+0.10%¢ 0.55+0.07 30.9+1.6%
P42L18 1.07+0.11%%¢ 0.67+0.38 32.142.2%
P46L10 1.09+0.08¢ 0.63+0.26 24.2+0.4°
P46L14 1.07+0.06% 0.66+0.19 34.542.1°
P46L18 1.10+0.05%¢ 0.58+0.20 33.8+0.6°
P50L10 1.1440.14% 0.51+0.15 24.8+8.1°
P50L14 1.20+0.08¢ 0.45+0.15 29.0+6.3%¢
P50L18 1.01+0.02% 0.45+0.18 26.1£2.6%
Two-way ANOVA (Pvalue)

Protein 0.111 0.204 0.022
Lipid 0.306 0.896 0.066
ProteinxLipid 0.082 0.942 0.088

'Mean values of triplicate groups, values are presented as
mean+SD. Values in the same column having different superscript
letters are significantly different (P<0.05).

© AT Y4 2 oA Fyol ohd AR MAE ofF
of W2 Mol =Y 4 93-S AIARITE ThA] ) 42

ol SHA| Ab= ] 2/ o] AAEA] FAY, 57 HFgL
2 AA I of 7o) e of] #4291 dF= 718 4 A=
& 2n|gtth. SODEY 2412 1= P46L 142} P46L18 U
7} P46L10, PS0L10 Y P50L18 A& -1} v]walo] f-0]2 o
252 U UEhleh ARE Q] Aol & 4= 3150l A
Aot Gga 9 o iRt 2 E =R QA Aol WIS
o4 Welglo] Z7ksHe AL & 4 93t Lysozyme 84 &
M BE APTA 149l Zjol 2 B 4 gigich
Rawles et al. (2011)-2 sunshine bass (Morone X M. saxatilis)
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gt Wang et al. (2014) AL= W & 0] A3 7= Arst
2 LEF 2o o3t A Y ASE o2 = Lo, A RALY
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6-8% H eIl A&stal Qlek. & A7) A9 Ay} 2
ol uhE o vistol] thet =gt Aol Holx] gfont
AR g Al o) T Fapo] AT AR T
A Ao] 14% 48 A5} Thal o] 46% T4 Al
FE AABA] tha & FFS BT,
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