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Abstract

Effect of dietary protein and lipid levels on growth, feed utilization and innate
immunity of red seabream (Pagrus major)

A 3 x 3 factorial study was conducted to investigate the effect of dietary protein and
lipid levels on growth, feed utilization and innate immunity of red seabream. Nine diets
containing three protein levels (42, 46 and 50% crude protein) and three lipid levels (10, 12
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 with 2 h
intervals) for 10 weeks. At the end of feeding trial, weight gain and specific growth rate of
fish fed P46L14 (46%CP+14%CL), P50L10 (50%CP+10%CL) and P50L14
(50%CP+14%CL) were significantly (P<0.05) higher than those of the fish fed the P42L18
(42%CP+18%CL). Myeloperoxidase activity in the group fed the P50L14 (50%CP+14%CL)
was significantly higher than the groups fed the P42L.10 (42%CP+10%CL) and P50L18
(50%CP+18%CL). The fish fed P46L14 (46%CP+14%CL) and P46L18 (46%CP+18%CL)
showed significantly higher SOD activity than the fish fed P46L10 (46%CP+10%CL),
P50L10 (50%CP+10%CL) and P50L18 (50%CP+18%CL). The results of this study showed
that the red seabream grows well when fed diets containing 46% dietary protein with 14%

lipid at dietary DP/E ratio 27.4 g/MJ.

Effects of dietary supplementation of emulsifiers on growth performance, feed
utilization and innate immunity of red seabream (Pagrus major)

Five experimental diets were formulated to contain HE(hydrophilic emulsifier) and
LE(lipophilic emulsifier) at two different levels of 0.15 and 0.3%. Triplicate groups of red
seabream were fed the experimental diets to apparent satiation (twice daily, 08:00 and 18:00

h) for 10 weeks. At the end of the feeding trials, weight gain, specific growth rate, feed



conversion ratio, protein efficiency ratio, feed intake and survival of fish were not
significantly affected by the supplementation of HE and LE. Lysozyme activity was
significantly increased when the fish were fed HE 0.3% diet in comparison that of fish fed
another diet. No beneficial effects were found on growth performances and feed utilization
by the supplementation of HE or LE in diets for red seabream while 0.3% HE can

improvenon-specific immune response.

Use of diglycerides to replace fish oil in diets for olive flounder (Paralichthys olivaceus)

Six experimental diets were formulated to replace 50% or 100% fish oil by different
diglycerol (low purity 1,3-lauryl glycerol, DGLL; high purity 1,3-lauryl glycerol, DGLH;
low purity 1,3-palmityl glycerol, DGPL; high purity 1,3-palmityl glycerol DGPH; 50% low
purity 1,3-lauryl glycerol + 50% low purity 1,3-palmityl glycerol, DGLP) at 50% and 100%.
Triplicate groups of olive flounder were fed the experimental diets to apparent satiation
(twice daily, 08:00 and 18:00 h) for 12 weeks. No significant difference was observed in
growth performance and feed utilization between the control and replacement groups.
Replacement of dietary fish oil up to 100% by DGLP is possible in olive flounder with no

reduction in growth performance and feed utilization.

Effect of replacement of dietary fish oil by diglycerides on growth, feed utilization and
fatty acid composition in olive flounder (Paralichthys olivaceus)

Six experimental diets were formulated to replace fish oil by two different diglycerol
(LPP(2) and LPP(3)) at 0.5%, 1.0% and 1.5% (designated as LPP(2)0.5, LPP(2)1.0,
LPP(2)1.5 and LPP(3)1.0) Triplicate groups of olive flounder were fed the experimental
diets to apparent satiation (twice daily, 08:00 and 18:00 h) for 8 weeks. No significant

difference was observed in growth performance and feed utilization between the control and



replacement groups. Over 30% replacement of fish oil by LPP seems to be possible in olive

flounder.

vi
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Table 1. Formulation of the experimental diet for red seabream (Pagrus major).

Ingredients (% DM) P42L10 P42L14 P42L18 P46L.10 P46L14 P46L.18 P50L10 P50L14 P50L18
DP/E ratio (g CP/MJ) 27.4 25.3 23.5 29.6 27.4 255 32.1 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 2.5 0.5
Cellulose 8.0 6.0 4.0 6.0 4.0 2.0 4.0 2.0 0.0
Fish oil 55 9.5 135 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 i.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 42.1 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 25.4 215
Energy (MJ/kg)® 15.4 16.5 17.7 15.7 16.8 18.0 15.8 17.0 18.2

MgS0,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICI;. 6H,0, 0.15; Na,Se,03, 0.01; MnSO,.H,0, 2.0:
CoCl,.6H,0, 1.0.

2 |_-ascorbic acid, 121.2; DL-o tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-p-pantothenate, 12.7; myo-inositol,



181.8; p-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.
3Calculated based on the fiber content of ingredients.
“Calculated, 100-(protein+ lipid+fiber+ash).

SCalculated based on 4 kcal/g protein, 9 keal/g lipid, 4 kcal/g carbohydrate.
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Gl d Aok g 9= red tilapia (De Silva et al., 1991), gilthead sea bream (Vergara et al.,
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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 (%)* FCR? PER® SGR (%)* FI (g)° Survival (%)
P42L.10 35.3+3.7 360+49% 1.18+0.05° 2.02+0.08"™ 2.18+0.15% 46.1+4.6 86.7+5.8°
P42L14 36.7+1.7 382+28%® 1.15+0.06° 2.08+0.12" 2.24+0.08% 46.9+0.6 85.6+1.9°
P421.18 33.8+1.2 341+15° 1.13+0.01° 2.11+0.01° 2.12+0.05° 43.6+3.5 92.5+5.1°
P46L10 36.7+0.3 37712 1.10+0.02 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+0.23? 1.98+0.36™ 2.28+0.08° 48.0+4.7 87.8+8.4°
P46L18 36.7+1.8 382+20% 1.45+0.24° 1.52+0.23 2.22+0.07% 50.0+1.1 76.7+9.42
P50L10 38.4+1.4 403+23° 1.00+0.05? 1.99+0.09" 2.31+0.06° 45.4+1.6 87.8+6.9°
P50L14 38.3+2.9 399+40° 1.05+0.12° 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+0.24% 1.69+0.35% 2.20+0.06% 46.9+7.3 77.8+13.9%
Two-way ANOVA

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 row having different superscript letters are significantly different (P< 0.05).

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

2Feed conversion ratio = dry feed fed/wet weight gain

®protein efficiency ratio = wet weight gain/total protein given

“Specific growth rate (%) = [(In final body weight — In initial body weight)/days] x 100
®Feed intake (g) = dry feed fed/fish



Table 3. Innate immune responses of red seabream (Pagrus major) fed the nine experimental
diets for 10 weeks.

Diets MPO (absorbance) Lysozyme (ug/ml) SOD (% inhibition)
P42L.10 0.95+0.07° 0.65+0.06 32.6+£2.5™
P42L.14 1.07£0.10%° 0.55+0.07 30.9£1.6™°
P42L.18 1.07£0.11*° 0.67+0.38 32.1£2.2%
P46L.10 1.09+0.08* 0.630.26 24.2+0.4°
P46L14 1.07+0.06™ 0.6620.19 34.5+2.1°
P46L.18 1.10£0.05%° 0.58+0.20 33.8+0.6°
P50L10 1.14+0.14"™ 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

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 row having different

superscript letters are significantly different (P< 0.05)
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Table 4. Formulation of the experimental diets for red seabream (Pagrus major).

Ingredients (% DM) Con HEO0.15 HEO.3 LE0.15 LEO.3
Fish meal 48.0 48.0 48.0 48.0 48.0
Soybean meal 8.8 8.8 8.8 8.8 8.8
Corn gluten meal 5.0 5.0 5.0 5.0 5.0
Wheat flour 19.7 19.7 19.7 19.7 19.7
Dextrin 6.0 6.0 6.0 6.0 6.0
Cellulose 3.0 0.15 0.0 0.15 0.0
HE 0.0 0.15 0.3 0.0 0.0
LE 0.0 0.0 0.0 0.15 0.3
Fish oil 9.2 9.2 9.2 9.2 9.2
Mineral mix * 1.0 1.0 1.0 1.0 1.0
Vitamin mix 2 1.0 1.0 1.0 1.0 1.0
CMC 1.0 1.0 1.0 1.0 1.0

1MgS0,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate,
356.5; CuCl, 0.2; AICI;. 6H,0, 0.15; Na,Se,03, 0.01; MnSO,4.H,0, 2.0; CoCl,.6H,0, 1.0.

2 |_-ascorbic acid, 121.2; DL-o tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-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.
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Table 5. Growth performance of red seabream (Pagrus major, initial body weight, 30.0£0.3

g) fed the five experimental diets for 12 weeks.

Con HE0.15 HE0.3 LE0.15 LE0.3

FBM (g) 78.7+6.7  76.7+0.9  79.1#54 79324 81647
WG (%)* 162420 153+8 161+16 1638 173£20

FCR? 1.39+0.04  1.37+0.13  1.26:0.14  1.38+0.08  1.34+0.10
PER® 153+0.04  1.56+0.15 1.70:0.20  155+0.09  1.60+0.12
SGR (%)* 1.14+0.09  1.11+0.04 1143007  1.15+0.03  1.19+0.09
FI (g)° 64.2+4.7  63.4t53  60.6:2.0  64.7+2.2  65.2+3.3
Survival (%) 82.7+2.3  94.7+92  97.3t46  90.7¢2.3  88.0:4.0

Values in the same row having different superscript letters are significantly different (P< 0.05).

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

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

®protein efficiency ratio = wet weight gain/total protein given

“Specific growth rate (%) = [(log, final body weight — log, initial body weight)/days] x 100

SFeed intake (g) = dry feed fed/fish
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Table 6. Blood parameters of red seabream (Pagrus major) fed the five experimental diets
for 12 weeks.

Con HEO.15 HEO0.3 LE0.15 LEO.3
Hematocrit (%) 45.7£2.9 43.0£1.4  43.7+2.2 42.5+2.2  43.9+2.3
Hemoglobin (g/dL) 6.97+0.85 7.64+0.75 7.61+0.25 7.52+0.21 7.63+0.60

Values in the same column having different superscript letters are significantly different (P< 0.05).
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Table 7. Non-specific immune responses of red seabream (Pagrus major) fed the five
experimental diets for 12 weeks.

Con HEO0.15 HEO.3 LEO.15 LEQ.3
NBT (absorbance) 1.03+0.04 1.07+0.04 1.10+0.01 1.08+0.02 1.09+0.03
MPO (absorbance) 1.23+0.16 1.17+0.14 1.13+0.07 1.20+0.09 1.16+0.08
Lysozyme (ug/ml) 29.2+4.7°  29.9+9.3* 42.0+5.8° 26.9+6.0° 29.8+4.3°
SOD (% inhibition) 29.615.3 26.51£6.1 22.1+6.4 26.8+4.4 24.4+3.7

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).
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AU AL & G| (27 FA: 134401 g)= = 18 719 150 L 9% ZepAE
Fxo 2+ £z 9 40 vy F9 R Agste] wjxHIdT AMSSE

Ao A FE ALgael 28 Umin 9 f§4do] FRHEE zddgly wE

AFAT(15-21°C) el =8k glon FF7|= FFeS o83t 12-h light'12-h
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WAAZ = AR ZIEG000 x g PSS HEste] WA
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A2 & &(FCR) = dry feed fed/wet weight gain; T3 0|8 & &(PER) = wet weight
gain/total protein given, €3+ 4E(SGR, %) = [(loge final body weight — loge initial

body weight)/days] x 100; A}5.7d ©]=(FI, g) = dry feed fed/fish.
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Lyophilized hen egg white lysozyme (HEWL; sigma, USA)E ©]-&-5}°] standard curve =
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7 W B A 3k= SPSS (Version 12.0) 2 138 ©]83}9] One-way ANOVA &
S B9k dolg gk §2 A= Tukey's test (P<0.05)% W] % 2t} dHlo]E =
B ETH 2 (meanxSD) = YFER T MRS Hlo]E| = arcsine W3E #HO=E

Axkakel BA 24590
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Table 8. Formulation of the experimental diets for olive flounder (Paralichthys olivaceus).

Ingredients CON DGLL DGLH DGPL DGPH DGLP
Fish meal 55.0 55.0 55.0 55.0 55.0 55.0
Soybean meal 6.0 6.0 6.0 6.0 6.0 6.0
Corn gluten meal 4.0 4.0 4.0 4.0 4.0 4.0
Wheat flour 26.5 26.5 26.5 26.5 26.5 26.5
Mineral mix* 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
Choline chloride 0.5 0.5 0.5 05 05 0.5
Fish oil 6.0 3.0 3.0 3.0 3.0 -
DGLL? - 3.0 - - - -
DGLH* - - 3.0 [ - ]
DGPL> - - - 3.0 - -
DGPH" : : : : 3.0 :
DGLP’ - - - - - 6.0

1MgS0,.7H,0, 80.0; NaH,P0O,.2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate,
356.5; CuCl, 0.2; AICl;. 6H,0, 0.15; Na,Se,03, 0.01; MnSO,4.H,0, 2.0; CoCl,.6H,0, 1.0.

2 |_-ascorbic acid, 121.2; DL-o tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine
hydrochloride, 1.8; niacin, 36.4; Ca-p-pantothenate, 12.7; myo-inositol, 181.8; p-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.
SDGLL: low purity 1,3-lauryl glycerol.

*DGLH: high purity 1,3-lauryl glycerol.

SDGPL: low purity 1,3-palmityl glycerol.

®DGPH: high purity 1,3-palmityl glycerol.

"DGLP: 50% low purity 1,3-lauryl glycerol + 50% low purity 1,3-palmityl glycerol.
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Table 9. Fatty acid composition (% total fatty acids) of the experimental diets.

Fatty acid CON DGLL DGLH DGPL DGPH DGLP
C4:0 0.17 0.09 0.05 0.09 0.06 0.04
C6:0 0.21 0.25 0.20 0.06 0.43 0.81
C8:0 0.00 0.05 0.00 0.00 0.00 0.04
C10:0 0.00 0.77 0.45 0.00 0.00 0.68
C11:0 0.00 0.75 0.59 0.00 0.00 0.69
C€12:0 0.08 10.63 11.06 0.09 0.10 10.55
C14:0 4.45 6.85 7.50 3.38 3.29 5.83
Cl4:1 0.34 0.20 0.21 0.22 0.21 0.07
C€16:0 18.57 16.78 17.04 25.13 25.34 22.88
C16:1 5.61 3.69 3.75 3.75 1.84 2.04
C17:0 0.41 0.14 0.23 0.16 0.23 0.00
c17:1 0.86 0.55 0.57 0.58 0.56 0.30
C18:0 5.04 5.14 4.01 5.00 5.03 5.00
C18:1n0t 25.93 23.20 23.46 29.04 30.83 26.55
C18:1n9c 1.01 0.59 0.61 0.56 0.57 0.20
C18:2n6t 13.63 11.65 11.50 13.40 13.37 11.34
C18:2n6¢ 0.29 0.17 0.18 0.17 0.17 0.00
C20:0 0.11 0.00 0.00 0.00 0.00 0.00
C18:3n6 0.25 0.08 0.13 0.09 0.12 0.00
C20:1 2.12 1.58 1.59 1.63 1.60 1.08
C18:3n3 1.57 1.16 1.16 1.16 1.15 0.83
C21:0 0.93 0.63 0.65 0.65 0.63 0.35
C20:2 0.42 0.29 0.30 0.30 0.28 0.18
C20:3n6 0.42 0.28 0.29 0.28 0.27 0.17
C22:1n9 0.20 0.08 0.12 0.04 0.06 0.00
C23:0 0.62 0.42 0.41 0.43 0.41 0.29
C20:5n3 6.38 4.91 4.92 4.89 4.75 3.41
C24:1 0.76 0.53 0.54 0.49 0.51 0.13
C22:5 1.46 1.63 1.64 1.61 157 1.11
C22:6n3 7.63 6.51 6.45 6.41 6.23 5.19
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Table 10. Growth performance of olive flounder (Paralichthys olivaceus, mean initial body

weight 13.4+0.1 g) fed the six experimental diets for 12 weeks.

CON DGLL DGLH DGPL DGPH DGLP
FBM (g)* 474402  48.0#3.1  48.7+53  47.1:x14  456:17  48.4%26
WG (%) 2563 254+25 265+41  252+13  242+13 258+20
SGR (%)  1.49:0.01 1.49+0.08 1.52+0.13 1.48:0.04 1.45:0.05 1.50+0.07
FCR* 1.23+0.07 1.17+0.04 1.19+0.16 1.19+0.07 1.28+0.08 1.12+0.07
PER® 1.68£0.09 1.77+0.06 1.75+0.24 1.76£0.10 1.63:0.10  1.86+0.12
FI (g)° 41.8+2.3  40.1+25  415+0.6  39.9+0.6  41.1x05  39.1+05
Survival (%) 89.2¢9.0  88.2t+7.8  87.3t6.8  97.1+2.9 87.3t122  96.1+3.4

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).

!Final mean body weight (g)

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

®Specific growth rate (%) = [(loge final body weight + loge initial body weight)/days] x 100

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

®Feed intake (g) = dry feed fed/fish
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Fig. 4. Final body weight and weight gain of olive flounder (Paralichthys olivaceus) fed the

six experimental diets for 12 weeks.
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Fig. 5. Specific growth rate and feed intake of olive flounder (Paralichthys olivaceus) fed

the six experimental diets for 12 weeks.
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Fig. 6. Feed conversion ratio and protein efficiency ratio of olive flounder (Paralichthys

olivaceus) fed the six experimental diets for 12 weeks.

40



Table 11. Blood parameters of olive flounder (Paralichthys olivaceus) fed the six
experimental diets for 12 weeks.

CON DGLL DGLH DGPL DGPH DGLP

Hematocrit (%) 23.7x0.3 22.7+1.7 22.3+35 25.4+18 21.6%2.6 24.3+2.7

Hemoglobin (g/dL)  2.06£0.46 1.72+0.40 1.62+0.36 1.76+0.31 1.44+0.07 1.86+0.11

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).
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Table 12. Non-specific immune responses of olive flounder (Paralichthys olivaceus) fed the
six experimental diets for 12 weeks.

CON DGLL DGLH DGPL DGPH DGLP

NBT (absorbance) 0.68+0.06 0.62+0.03 0.67+0.16 0.69+0.09 0.60+0.12 0.65+0.11

MPO (absorbance) 1.07+0.14 1.47+0.20 1.16+0.13 1.25+0.12 1.13+0.28 1.23+0.17

Lysozyme (ug/ml) 57.6+£12.2 54.7+59 66.1+44 62.1+45 70.1+14.3 72.0+5.8

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).
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Table 13. Whole body fatty acid composition (% total fatty acids).

Fatty acid Con DGLL  DGLH DGPL DGPH DGLP
C12:0 0.00 3.90 4.42 0.00 0.00 3.96
C14:0 4.89 5.83 6.14 3.93 3.58 5.32
C15:0 0.00 0.00 0.00 0.00 0.00 0.12
C16:0 18.67 19.66 17.73 20.34 19.92 19.58
c16:1 6.43 4.64 5.30 5.34 5.28 4.72
C17:0 0.94 0.80 0.76 0.81 0.78 0.63
c17:1 0.41 0.42 0.32 0.24 0.27 0.24
C18:0 4.32 4.61 4.50 4.40 4.27 4.50
C18:1n9t 3.92 0.00 0.00 4.79 0.00 0.00
C18:1n9c 22.00 25.98 25.55 23.29 29.32 26.91
C18:2n6c 12.56 10.77 12.27 13.24 13.56 12.64
C20:0 0.08 0.00 0.00 0.00 0.00 0.00
C18:3n6 2.17 1.70 1.60 1.56 1.59 1.41
c20:1 1.04 0.95 0.83 0.90 0.93 0.72
C18:3n3 1.79 1.50 1.75 1.80 1.73 1.65
C21:0 0.58 0.78 0.68 0.60 0.67 0.59
C20:2 0.00 0.25 0.00 0.00 0.00 0.00
C22:0 0.08 0.16 0.00 0.00 0.00 0.06
C20:3n6 1.24 0.98 1.11 1.12 1.15 1.02
C22:1n9 0.54 1.70 0.61 0.57 0.46 0.38
C20:3n3 0.09 0.07 0.23 0.26 0.00 0.25
C20:4n6 6.58 4.25 5.26 5.50 5.55 4.81
C20:5n3 2.61 2.02 2.36 2.46 2.33 2.16
C22:6n3 9.08 9.04 8.58 8.85 8.63 8.35

Values in the same column having different superscript letters are significantly different (P< 0.05).
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Table 14. Formulation of the experimental diets for olive flounder (Paralichthys olivaceus).

Ingredients HFO LFO  LPP(2)05 LPP(2)L.0 LPP(2)L.5 LPP(3)1.0
Fish meal 55.0 55.0 55.0 55.0 55.0 55.0
Soybean meal 6.0 6.0 6.0 6.0 6.0 6.0
Corn gluten meal 4.0 4.0 4.0 4.0 4.0 4.0
Wheat flour 26.5 26.5 26.5 26.5 26.5 26.5
Mineral mix* 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
Choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
Fish oil (High) 6.0 - - - - -
Fish oil (1 ow) - 6.0 4.0 4.0 4.0 4.0
Starch 3 i 15 10 0.5 10
LPP2 - - 0.5 10 15 -
LPP3 - - - - - 1.0

! MgS0,.7H,0, 80.0; NaH,P0O,.2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate,
356.5; CuCl, 0.2; AICI;. 6H,0, 0.15; Na,Se,03, 0.01; MnSO,4.H,0, 2.0; CoCl,.6H,0, 1.0.

Z|_-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-p-pantothenate, 12.7; myo-inositol, 181.8; p-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.
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Table 15. Fatty acid composition (% total fatty acids) of the experimental diets.

Fatty acid HFO LFO LPP(2)0.5 LPP(2)1.0 LPP(2)1.5 LPP(3)1.0
C8:0 0.00 0.00 0.00 0.00 0.05 0.00
C10:0 0.00 0.00 0.00 0.00 0.21 0.06
C12:0 0.00 0.00 0.00 1.66 2.50 1.86
C14:0 4.07 5.13 4.22 4.30 481 454
Cl4:1 0.29 0.33 0.38 0.24 0.35 0.33
C15:0 0.25 0.44 0.25 0.24 0.26 0.27
C16:0 15.77 19.56 16.05 14.94 16.10 16.05
C16:1 8.61 8.46 8.55 8.32 8.22 8.74
C17:0 231 1.84 2.23 2.13 2.10 2.18
c17:1 0.40 0.58 0.32 0.26 0.33 0.36
C18:0 3.26 4.43 3.37 3.25 3.49 3.69
C18:1n9c 18.06 17.92 17.62 17.87 21.70 24.11
C18:2n6t 6.31 5.75 7.40 6.87 2.18 0.00
C18:2n6¢ 5.24 8.32 6.12 5.91 5.73 5.78
C20:0 0.23 0.30 0.07 0.06 0.18 0.17
C18:3n6 0.68 1.32 0.79 0.74 0.66 0.65
C20:1 1.52 1.48 1.48 1.49 1.40 1.36
C18:3n3 8.25 3.59 7.72 7.84 7.34 7.38
C21:0 0.20 0.27 0.07 0.15 0.14 0.18
C22:0 0.09 0.18 0.00 0.00 0.00 0.00
C20:3n6 0.39 0.91 0.53 0.52 0.52 0.52
C22:1n9 0.31 1.27 4.25 4.40 2.80 3.97
C20:4n6 3.65 8.88 10.61 10.81 10.05 10.20
C23:0 7.40 0.00 0.00 0.00 0.00 0.00
C24:0 0.09 0.00 0.00 0.00 0.00 0.00
C20:5n3 5.70 1.34 1.08 1.04 1.02 1.00
C24:1 0.82 1.07 0.77 0.80 0.74 0.76
C22:6n3 6.56 6.09 6.12 6.17 5.81 5.84
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Table 16. Growth performance of olive flounder (Paralichthys olivaceus, mean initial body
weight 6.8+0.1 g) fed the six experimental diets for 8 weeks.

HFO LFO LPP(2)05 LPP()L.0 LPP(2)L5 LPP(3)L0

FBM (g)°  50.8+3.4  452+33  481+19 46025 47.5:05 455:3.6
WG (%)° 650+48  567+63  615+29  569+31 598+3 565454
SGR (%)°  3.53:0.11 3.32+0.17 3.45:0.07 3.33:0.08 3.41+0.01 3.32t0.14

FCR* 0.92+0.09 0.93+0.11 0.95+0.04 0.93+0.04 0.93+0.01 0.92+0.04
PER® 2.26+0.22 2.25+0.25 2.18+0.08 2.24+0.11 2.21+0.03 2.22+0.09
FI ()° 40.2+1.0  354+13  39.2+1.8 36.3+3.3  37.7+0.8  35.6%+1.9

Survival (%) 94.7+9.2  98.0£#35  96.7¢58  96.7+5.8  95.3+5.0 100+0.0

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).

!Final mean body weight (g)

Weight gain (%) = (final body weight - initial body weight)/initial body weight x 100
®Specific growth rate (%) = [(loge final body weight + loge initial body weight)/days] x 100
“Feed conversion ratio = dry feed fed/wet weight gain

SProtein efficiency ratio = wet weight gain/total protein given

®Feed intake (g) = dry feed fed/fish
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Fig. 7. Final body weight and weight gain of olive flounder (Paralichthys olivaceus) fed the

six experimental diets for 8 weeks.
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Fig. 8. Specific growth rate and feed intake of olive flounder (Paralichthys olivaceus) fed

the six experimental diets for 8 weeks.
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Fig. 9. Feed conversion ratio and protein efficiency ratio of olive flounder (Paralichthys

olivaceus) fed the six experimental diets for 8 weeks.
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Table 17. Blood parameters of olive flounder (Paralichthys olivaceus) fed the six
experimental diets for 8 weeks.

HFO LFO  LPP(2)05 LPP(2)1.0 LPP(2)L5 LPP(3)1.0

Hematocrit (%) 18.1+#5.7 19.0+2.6 18.3+3.4 22.7+41 17.3+0.7 22.9+1.2

Hemoglobin (g/dL)  2.55+0.45 3.16+0.24 2.76+0.51 3.27+0.72 2.82+0.62 2.94+0.69

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).
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Table 18. Non-specific immune responses of olive flounder (Paralichthys olivaceus) fed the
six experimental diets for 8 weeks.

HFO LFO  LPP(2)05 LPP(2)L.0 LPP(2)L5 LPP(3)1.0

NBT (absorbance) 0.53+0.06 0.63+0.04 0.60+0.06 0.57+0.05 0.56+0.11 0.60%0.09
MPO (absorbance) 1.68+0.59 1.60+0.50 1.57+0.20 1.76+0.53 1.87+0.88 1.46+0.27

Lysozyme (ug/ml) 89.4+8.0 72.4+6.0 76.8+19.8 69.9+10.3 68.7+12.5 74.5+11.3

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).
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Table 19. Whole body fatty acid composition (% total fatty acids).

Fattyacid  HFO LFO LPP(2)05 LPP(2)1.0 LPP(2)L.5 LPP(3)1.0
C12:0 0.00 0.00_ 0.19° 4.28% 5.42° 2.89%
C14:0 4.36 5.49 3.86 6.14 6.43 5.22
C15:0 0.11 0.00 0.00 0.00 0.00 0.00
C16:0 19.67_ 21.91 20.40 18.39 20.34 20.49
C16:1 6.66 5.37 5.66 5.85 473 5.54
C17:0 0.86 0.83 0.74 0.50 0.55 0.62
Cc17:1 0.10 0.30 0.13 0.00 0.21 0.00
C18:0 2.22 1.14 2.10 0.00 0.00 0.00
C18:1n9t 0.00 4.69 0.00 1.04 0.00 0.00
C18:1n9c 26.32 22.61 30.54 27.93 28.07 28.09
C18:2n6c 13.07 13.62 13.56 13.20 12.80 13.61
C18:3n6 2.62 1.68 2.06 1.77 1.49 1.64
C20:1 1.12 0.86 1.00 1.01 0.77 1.00
C18:3n3 1.75 1.92 1.27 0.91 1.69 1.86
C21:0 0.54 0.35 0.27 0.37 0.63 0.75
C22:0 0.00 0.12 0.00 0.00 0.00 0.00
C20:3n6 1.25 1.16 1.12 1.11 1.04 1.07
C22:1n9 0.34 0.30 0.00 0.15 0.00 0.29
C20:4n6 7.48 5.73 5.98 5.79 4.93 5.42
€20:5n3 2.68 2.53 2.43 2.53 2.18 2.36
C22:6n3 8.87 9.37_ 8.71 9.04 8.72 9.16

Values in the same column having different superscript letters are significantly different (P< 0.05).
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