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We report non-specific immune responses and its disease resistance against Edwardsiella tarda by alga
mixture (HE; Hizikia: Eckloma) in olive flounder for the first time. Five isonitrogenous (44% crude protein)
and isocaloric (17.1 MJ kg) diets were formulated to have 0%, 2%, 4%, 6% and 8% of the alga mixture.
One of five experimental diets was fed triplicate groups of fish (30 fish/group) to apparent satiation in

a flow through system. After a two week feeding, blood was sampled at 3, 6,

12, 24 h after the last

feeding for a kinetic measurement of nitroblue tetrazolium (NBT) activity and healthy flsh with similar
sizes in each tank were selected and injected with 1 mL of E. farda suspension (1. 0x10" CFU/mL) to
evaluate the disease resistance of the fish. Dietary supplementation of alga mixtures resulted in significantly
higher non-specific immune responses compared with the fish fed the control diet. The cumulative mortality
was significantly lower in the fish groups fed alga mixture containing diets than control group in the challenge
test with E. tarda. Therefore, the results in this study indicate that dietary supplementation of Hizikia and
Ecklonia mixtures enhance the non-specific immune responses and a disease resistance of olive flounder.
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Table 1. Composition and proximate analysis of the basal
diet (% of DM basis)

Ingredients Diets
HE 0 HE 2 HE 4 HE 6 HE 8

White fish meal' 45.0 45.0 45.0 45.0 45.0
Soybean meal' 15.0 15.0 15.0 15.0 15.0
HE powder? 20 40 60 80
Starch 50 50 50 50 50
Wheat flour 23.0 21.0 19.0 17.0 15.0
Yeast 20 20 20 20 20
Vitamin mixture® 10 10 10 1.0 10
Mineral mixture® 10 10 10 10 1.0
Squid liver oil® 80 80 80 80 80
Proximate composition

Dry matter (%) 84 87 84 83 841
Crude protein (%, DM) 42.8 431 43.5 429 4238
Crude lipid (%, DM) 123 121 119 122 11.8
Crude ash (%, DM) 84 89 94 91 100

Estimated energy (MJ/kg DM)® 17.1 17.1 17.1 174 17.1

'Provided by Suhyup Feed Co. Ltd., Uiryeong, Korea.

*HE powder: Hizikia fusiformis was purchased in the market.
(Dongmun public market, Jeju, Korea) and Eciklonia cava
powder was kindly provided by Professor Jeon, Y.-J.,
Falculty of Marine Biomedical Science, Jeju National
University. (Hizikia:Ecklonia, 1:1).

*Vitamin premix (g/kg of mixture): L-ascorbic acid
monophosphate, 100.0; DL-tocopheryl acetate, 20.0; thiamin
hydrochloride, 4.0; riboflavin, 4.4, pyridoxine
hydrochloride, 4.0; niacin, 30.0; D-pantothenic acid
hemicalcium salt, 14.5; myo-inositol, 40.0; D-biotin, 0.2;
folic acid, 0.48; menadione, 0.2; retinyl acetate, 1.0;
cholecalficerol, 0.05; cyanocobalamin, 0.01.

*Mineral mixture (g/kg of mixture): MgSO4.7H,0, 80.0;
NaH,P0,4.2H,0, 370.0; KCIl, 130.0; Ferric citrate, 40.0;
ZnS0O4.7H,O, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AlClL3.6H,0, 0.15; NaSe20;. 0.01; MnSO4+H,O, 2.0;
CoCl».6H,0, 1.0.

°Squid liver oil was purchased from E-Wha oil Co. Ltd.,
Pusan, Korea.

®Estimated energy was determined by using values of 16.7
KJ/g protein or carbohydrate and 37.6 KJ/g fat for dietary
ingredients (Garling and Wilson, 1976).
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Table 2. The proximate composition of major ingredients
used in the experimental diets

Ingredients Moisture Protein Lipid Ash
(%) (% DM) (% DM) (% DM)
White fish meal 8.7 74.8 9.4 14.0
Soybean meal 8.1 46.8 2.5 6.5
Yeast 5.5 422 1.0 5.6
Hizikia powder1 9.50 9.9 1.2 40.0
Ecklonia powder2 8.8 10.0 0.7 17.4

'Hizikia fusiformis was purchased in the market (Dongmun
public market, Jeju, Korea).

*Eciklonia cava powder were kindly provided by Professor
Jeon, Y.-J., Falculty of Marine Biomedical Science, Jeju
National University.
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Table 3. Cumulative mortality in the challenge test with
Edwardsiella tarda by intraperitoneal injection in olive
flounder fed the experimental diets containing 0%, 2%, 4%,
6% and 8% of alga mixtures (Hizikia:Ecklonia, 1:1) for 2
weeks

Diets Cumulative mortality (%)
HE 0 70+14.1°
HE 2 80+14.1°
HE 4 35+14.1°
HE 6 35+7.1°
HE 8 40+28.3°

Values are presented as mean = SD (n=2). Values in the
same column having different superscripts are significantly
different.
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Fig. 1. NBT activity of olive flounder fed the experimental
diets containing 0%, 2%, 4%, 6% and 8% of alga mixtures
(Hizikia:Ecklonia, 1:1). Values are presented as mean + SD
(n=3).
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Fig. 2. DPPH radical scavenging activity (DPPHRS) in the
experimental diets containing 0%, 2%, 4%, 6% and 8% of
alga mixtures (Hizikia:Ecklonia, 1:1). Values are presented
as mean £ SD (n=3).
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