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Growth Performance, Hematological Parameter and Fatty
Acid Composition of Growing Olive Flounder (Paralichthys
olivaceus) to Dietary Inclusion of Kelp Meal, Krill Meal,
Garlic Powder or Citrus Meal
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This feeding experiment was conducted to investigate the effects of dietary inclusion of some additives
on growth performance, hematological parameter and fatty acid composition of growing flounder. Triplicate
groups of fish (average weight 120 g) were fed one of five diets containing 5% kelp meal (Ke), 10%
krill meal (Kr), 1% garlic powder (Ga), 1% citrus meal (Ci) or control diet (Con) without supplementation
for 15 weeks. After the feeding experiment, survival was not significantly different among the groups
fed the different diets. Weight gain of fish fed the Ci diet was significantly higher than that of fish fed
the Kr diet, but not significantly different from Con, Ke and Ga treatments. Feed efficiency and protein
efficiency ratio of fish fed the Ga diet were significantly higher than those of fish fed the other diets.
Total protein, glucose, GOT, GPT and total cholesterol contents in the plasma were not affected by the
dietary additives. Composition of C20:4n-6 in the dorsal muscle of fish fed the Con diet was significantly
higher than that of fish fed the other diets. The results of this study suggest that the dietary inclusion
of garlic meal at 1% may improve feed utilization of growing flounder.
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Table 1. Composition of ingredients and proximate analysis
of the experimental diets

Diets
Con Ke Kr Ga Ci

Ingredients (%)

f 0, 0,
(F:'f? meal (69.5% CP, 83% 54 500 400 500 500
Wheat flour (14.6% CP)  27.71 2271 27.71 2671 26.71
Soybean meal (53.6% CP) 7.0 7.0 7.0 7.0 7.0
Wheat gluten (83.7% CP) 50 50 50 50 50
Beer yeast (49.1% CP) 20 20 20 20 20

Squid liver oil 1.0 1.0 1.0 1.0 1.0

Linseed oil 20 20 2.0 2.0 2.0

Soybean oil 20 2.0 2.0 2.0 2.0

Vitamin premix’ 1.5 1.5 1.5 1.5 1.5

Mineral premix® 1.5 1.5 1.5 1.5 1.5

Choline salt (50%) 0.1 0.1 0.1 0.1 0.1

Vitamin E 0.04 0.04 004 0.04 0.04

Vitamin C 015 0.15 015 0.15 0.15

Kelp meal (13.6% CP) 5.0

Krill meal (66 4% CP)’ 10.0

Garlic powder* 1.0

Citrus meal* 1.0
Proximate analysis (%, dry matter basis)

Dry matter 840 847 857 854 875

Crude protein 492 494 481 493 490

Crude lipid 10.0 100 105 103 103

Ash 94 117 9.4 9.6 9.3

" Vitamin premix contained the following amount which were
diluted in cellulose (g/kg premix): Thiamin hydrochloride,
2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin,
36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-
biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2;
menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003;
cyanocobalamin, 0.003.

* Mineral premix contained the following ingredients (g/kg
premix): MgSO47H,0, 80.0; NaH,PO4-2H,0, 370.0; KCl,
130.0; Ferric citrate, 40.0; ZnSO4-7H,0, 20.0; Ca-lactate,
356.5; CuCl, 0.2; AICI;.6H,0, 0.15; KI, 0.15; NaySe,0s,
0.01; MnSO4+H,0, 2.0; CoCl,-6H,0, 1.0.

? Provided by Fisheries Co-op Feeds Co., Ltd. Gyeong-Nam
province, Korea.

* Purchased in the market.
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Table 3. Hematological change of the plasma in growmg
flounder fed the experimental diets for 15 weeks'

Diets Total protein Glucose ~ GOT GPT Total cholesterol
(gdL)  (mg/idl) (IUL) (IUL) (mg/dL)

Con 4.240.14 36+6.0 6.0+0.4 2.0+0.1 216+5.8

Ke 4.240.14 30£2.2 6.0+0.0 2.0+0.1 213+8.2

Kr 4.4+0.18 30£1.6 5.8+0.3 2.0+0.1 232+11.7

Ga 4.240.11 24+1.5 5.3+0.3 2.0+0.1 219+0.9

Ci 4.4+0.05 31+2.8 5.8+0.3 2.3x0.5 222+54

" Values (mean+SE of three replication groups) in the same
column not sharing a common superscript are significantly
different (P<0.05).

Table 4. Fatty acids (% of total fatty acids) and crude lipid
(% of dry matter basis) compositions of dorsal muscle of
growing flounder fed experimental diet for 15 weeks'

et al, 2005). SFAIRE, & Aol A nhsEo] 574 At Diets
A}E o] & o] AT ALof T3 FA) o] Fo| XA Lgpom Fatty acids  Con Ke Kr Ga Ci
=, &% olo] ik AAlE Arst Pas Aol C14:0  1.520.1° 1.5£0.1° 22+0.1° 1.420.2° 1.740.1°
EHJZ_:rLQ,}_ f98 zpol= gIPA N AFS Hotsk AT C16:0 24.8+1.3 25.0+0.8 26.4+0.3 25.0+0.8 25.2+0.3
7 A dEE AAS nAy, o] AL ZEFo| daeia C16:1  0.9%05 0.6+0.1 0.8#0.1 06+0.1 0.90.2
Q1= G714k HlEbl, WEbRE B Lolu o= S| Ay C18:0  05:0.1 2.8+1.9 0.9+0.1 1.3+0.2 1.7+0.4
249520 (Joong cf al, 1997 Miaki et al, 1998)0] o] %o C18:11n-9 96423 7.8+02 7.3+05 7.1+0.2 6.40.8
= @O Song of al, (2002)& Aol ﬂ% gl e C18:2n-6 17.240.7 17.5¢0.4 18.7+0.7 17.6+0.6 18.4+0.1
rer : ol AL ABE e ;; C18:3n-3 75804 6.7+0.3 7.2#0.7 8.7+3.0 7.4%0.2
HA o] el == HQlthar Baskglv. C20:4n-6 2.0£0.1° 0.6+0.1™ 0.6£0.1° 0.5+0.1° 1.2+0.3°
C20:5n-3 50402 5.1+0.3 54401 52405 5.620.1
Table 2. Growth performance and feed utilization of growmg C22:6n-3 31.0¢2.3 32.4%1.3 30.6+1.4 32.7+1.2 31.5+0.9
flounder fed the experimental diets for 15 weeks' n-3HUFA? 36.0+2.1 37.5+1.3 36.0£1.5 39.9+1.3 37.2+0.8
Diets Crude lipid 2.7+0.67 3.7+0.56 2.7+0.44 3.7+0.93 3.4+0.86
Con Ke Kr Ga Gi " Values (mean+SE of three replication groups) in the same
Inifial weight (gfish) 122425 119£06 119649 121£30 12121 row not sharing a common superscript are significantly
different (P<0.05).
Survival (%) 7293 9029 75¢5.0 80+10.0 75+ 132 2 ngh unsaturated fatty acids (szo)
Weight gain (%)’ N7+66%  220472°  19397° 2184150 237+ 150"
Feed eficiency (4 103£58°  112431° 10714 127628 113£22° AgAbRe] AL A7k WAl B AR adel 9
, o N , N , N S HAA B2 AR YER, {HA AolE didow $5£%
Daily feed intake (%) 0.69+0.03% 076+002° 067001 0.63+0.04* 0.68+0.04 AT A3 (Kim and Lee, 2008)5F SAVSHAIT 12} 2o
Protein efficiency ratio® 25:0.44° 27:0.43  26£004*  31:0.12° 27:040° 79, Alio] 5% A 7} (Nakagawa et al, 1997)% /Ké}g—o]
Condition factor® 121£0.04  1.12£0.07 1.20£0.02  121£0.06 1.14£0.01 g A 10% ©] F7F (Yone et al., 1986)% 23]
Hepatosomatic index’  197£0.07 162£045 1726030  1.22£035 1.68£008 o] el BAEAQ GgS v 5 vk ke A
. o A7t Bag bk gl
Visceralsomatic index” 2.18+0.14 215+0.06 1.90£007  1.86£0.23 2.08%0.04

" Values (mean+SE of three replication groups) in the same
row not sharing a common superscript are significantly
different (P<0.05).

(Flnal fish wt.—initial fish wt.)x100/initial fish wt..
(Welght gainx100)/feed intake (dry matter).

* Feed intake (dry matter)x100/[(initial fish wt.+final fish
wt.+dead fish wt.)xdays fed/2].

Welght gain/protein intake.

Flsh wt.x100/total body 1ength

leer wt.x100/body weight.

¥ Viscera wt.x100/fish weight.
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