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Two consecutive studies were conducted to evaluate the effects of dietary supplementation with fermented garlic
powder (FGP) or fermented garlic fluid (FGF) on growth performance, immune responses, and disease resistance of
olive flounder Paralichthys olivaceus. In experiment I, olive flounder (BW: 65 g) were fed four experimental diets
formulated to contain 0%, 0.5%, 1%, and 1.5% FGP (designated as FGP-0, FGP-0.5, FGP-1, and FGP-1.5, respec-
tively). After the 10-weeks feeding trial, feed intake was significantly lower in fish fed the FGP-0.5 and FGP-1.0 diets,
as compared to those fed the control diet. Fish fed the FGP-0 and FGP-0.5 diets showed significantly lower survival,
as compared to the other treatments. Dietary supplementation with FGP resulted in higher non-specific immune re-
sponses than the FGP-0 group. Plasma cholesterol and triglyceride levels decreased as dietary FGP level increased. In
experiment I, olive flounder (BW: 65 g) were fed four experimental diets for 10 weeks. The diets were prepared with
a commercial expanded pellet to have 0%, 0.25%, 0.5%, and 1% FGF (designated as FGF-0, FGF-0.25, FGF-0.5, and
FGF-1, respectively) by adsorption. At the end of the second feeding trial, feed intake was significantly lower in fish
fed the FGF-0 diet, as compared to other treatments. Fish fed the FGF-0.25 and FGF-0.5 diets exhibited significantly
lower cholesterol levels, as compared to other treatments. Lysozyme activity significantly increased with increases
in dietary FGF. Cumulative mortality in a challenge test with Streptococcus iniae was significantly lower in the fish
groups fed FGF-supplemented diets than in fish fed the control diet. The results of this study indicated that dietary
supplementation with FGP or FGF can enhance the non-specific immune responses and disease resistance of olive
flounder against S. iniae.

Key words: Olive flounder, Fermented garlic powder, Fermented garlic fluid, Challenge test, Non-specific immune
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Table 1. Proximate composition of fermented garlic powder

Composition Content
Dry matter (%) 88.3
Crude protein (%, DM) 23.2
Crude lipid (%, DM) 6.3
Crude ash (%, DM) 2.8
Carbohydrate (%, DM)' 124

'Carbohydrate = 100-(% moisture+% protein+% lipid+% ash).
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Table 2. Formulation and proximate composition of diets used
in experiment I (% of dry matter basis)

Ingredients Diets
FGP-0 FGP-0.5 FGP-1 FGP-1.5
White fish meal’ 45.0 45.0 45.0 45.0
Soybean meal' 15.0 15.0 15.0 15.0

Fermentation garlic powder” 0.0 0.5 1.0 2.0

Wheat flour 23.0 23.0 23.0 23.0
Yeast 2.0 2.0 2.0 2.0
Vitamin mixture® 1.0 1.0 1.0 1.0
Mineral mixture* 1.0 1.0 1.0 1.0
Squid liver oil’ 8.0 8.0 8.0 8.0
Starch 5.0 4.5 4.0 3.0
Proximate composition

Dry matter (%) 834 821 79.3 78.1
Crude protein (%, DM) 451 455 453 458
Crude lipid (%, DM) 103 104 10.5 10.3
Crude ash (%, DM) 124 125 12.3 125

Estimated energy (MJ/kg DM) ~ 17.1 174 1741 174

'Provided by Suhyup Feed Co. Ltd., Uiryeong, Korea.
*Provided by Aqua Green Technology Co. Ltd., Jeju, Korea.
*Vitamin premix (g/kg of mixture): L-ascorbic acid monophos-
phate, 100.0; DL-tocopheryl acetate, 20.0; thiamin hydrochlo-
ride, 4.0; riboflavin, 4.4; pyridoxine hydrochloride, 4.0; niacin,
30.0; p-pantothenic acid hemicalcium salt, 14.5; myo-inositol,
40.0; ,-biotin, 0.2; folic acid, 0.48; menadione, 0.2; retinyl ac-
etate, 1.0; cholecalficerol, 0.05; cyanocobalamin, 0.01.
*Mineral mixture (g/kg of mixture): MgSO,.7H,0, 80.0;
NaH,PO,.2H,0, 370.0; KCl1, 130.0; Ferric citrate, 40.0;
7ZnS0O,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2; AICI,.6H,0,
0.15; Na,Se,0,. 0.01; MnSO,.H,0, 2.0; CoCL,.6H,0, 1.0.
>Squid liver oil was purchased from E-Wha oil Co. Ltd., Pu-
san, Korea.

®Estimated energy was determined by using values of 16.7 KJ/
g protein or carbohydrate and 37.6 KJ/g fat for dietary ingredi-
ents.
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Table 3. Formulation and proximate composition of diets used
in experiment 1

Ingredients Commercial expanded pellets

FGF-0  FGF-0.25 FGF-0.5 FGF-1
Fermented garlic fluid’ 0 0.25 05 1
Distilled water 0 119.75 1195 119
Chitosan-coating solution” 0 50 50 50
Proximate composition
Dry matter (%) 91.3 74.2 73.7 73.6
Crude protein (%, DM) 57.7 57.4 57.5 57.4
Crude lipid (%, DM) 10.6 12.9 12.3 123
Crude ash (%, DM) 124 125 12.3 12.5

'Provided by Aqua Green Technology Co. Ltd., Jeju, Korea.
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Table 4. Effects of dietary supplementation of fermented garlic
powder and fluid on growth performance of olive flounder P
olivaceus fed the experimental diets for 10 weeks'

Experiment 1 (fermented garlic powder)

Diets FGP-0 FGP-0.5 FGP-1 FGP-1.5
IMW? 64.8:0.35  65.1x0.80  64.7+0.24  65.3+0.42
FMW? 110.8+5.9  106.4+17.2 103.1215  106.4+5.1
Weight gain* 71.0£10.0  63.7+28.4  59.4+2.8 62.9+6.8
P 65.7+1.38° 60.5+1.38° 61.0+0.02* 66.7+2.20°
SGR° 0.89+0.10  0.81+0.29  0.78+0.03  0.81+0.07
FCR’ 1442017  1.61£067  1.59+0.07  1.63x0.13
PER® 159+0.18 155064  1.43+0.06  1.40+0.11
Survival 46.7428.3° 46.7+0.0°  96.7+0.0°  98.3+2.4°
Experiment T (fermented garlic fluid)

Diets FGF-0 FGF-0.25  FGF-0.5 FGF-1
IMW? 65.0£0.14  65.2:0.68  65.0+0.14  65.2+0.24
FMW® 120.3+1.5  106.2+10.8 106.7¢56  120.8+3.2
Weight gain* 85.2+42.65  62.9+18.27 64.1+9.01  85.2+4.21
FP° 50.0£0.97* 59.3+0.47° 59.6+4.33° 63.1+1.17°
SGR® 1.03+0.02  0.81:0.19  0.82+0.09  1.03+0.04
FCR’ 0.90+0.01°  1.51x0.41°  1.43+0.09 1.14x0.04®
PER® 2.28:0.02° 1.42:0.39° 1.44+0.09* 1.81:0.06®
Survival 100 100 100 100

+

'"Means of duplicate groups. Values are presented as mean
SD. Values in the same row having different superscript letters
are significantly different (P<0.05).

*IMW=Initial mean body weight.

*FMW=Final mean body weight.

*Weight gain (%)=100 X (final mean body weight — initial
mean body weight)/initial mean body weight.

*Feed intake (g/g body weight) = dry feed fed (g)/ body weight

()

°Specific growth rate (%) = [(log, final body weight— log, ini-
tial body weight)/days] X 100.

"Feed conversion ratio = dry feed fed/wet weight gain.

¥Protein efficiency ratio = wet weight gain/ total protein fed.
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Table 5. Hematological parameters of olive flounder P, olivaceus fed the experimental diets for 10 weeks'
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Experiment T (fermented garlic powder)

Diets FGP-0 FGP-0.5 FGP-1 FGP-1.5
Hematocrit (%) 33.8+2.47 33.2+0.71 33.7£1.94 33.3£2.12
Hemoglobin (g/dL) 5.74+0.27 5.30+0.21 5.78+0.25 5.62+1.02
Cholesterol (mg/gL) 256.4+13.1° 226.2+12.0% 180.8+29.1° 200.2+1.4°
HDL-cholesterol (mg/dL) 86.39+19.0 125.73+15.8 107.88+1.6 105.98+28.3
Triglyceride (mg/dL) 14.33+0.20° 13.34+0.47* 13.24+0.50° 12.96+0.04°
Experiment T (fermented garlic fluid)

Diets FGF-0 FGF-0.25 FGF-0.5 FGF-1
Hematocrit (%) 37.6+1.24 37.4+0.18 39.3+0.06 40.1£3.36
Hemoglobin (g/dL) 6.59+0.24 6.30+0.71 6.88+0.34 7.08+0.74
Cholesterol (mg/gL) 195.4425.4° 146.3+0.3° 152.7+4.2° 163.4£11.1%®
HDL-cholesterol (mg/dL) 73.12+8.17 73.65+5.23 72.88+3.26 77.47+2.49
Triglyceride (mg/dL) 15.51+0.28 15.90+0.54 156.59+0.25 15.84+0.18

'Means of duplicate groups. Values are presented as mean = SD. Values in the same row having different superscript letters are sig-

nificantly different (P<0.05).
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Table 6. Immunological parameters of olive flounder P, olivaceus fed the experimental diets for 10 weeks'

Experiment 1 (fermented garlic powder)

Diets FGP-0 FGP-0.5 FGP-1 FGP-1.5
NBT activity (540 nm)? 0.923+0.07 0.937+0.02 0.969:+0.04 0.968:+0.00
Lysozyme activity (Unit/mL) 33.8+1.18" 36.3+1.89° 43.3:0.47° 38.0+2.83"
MPO activity (450 nm)® 2.85+0.07 2.97+0.02 2.96:+0.09 3.01£0.17
Experiment T (fermented garlic fluid)

Diets FGF-0 FGF-0.25 FGF-0.5 FGF-1

NBT activity (540 nm)? 0.921+0.03 0.957+0.00 0.955+0.04 0.951+0.00
Lysozyme activity (Unit/mL) 19.7+12.73° 28.8+3.18% 46.7+4.24° 47.116.54°
MPO activity (450 nm)® 2.95+0.04° 3.28+0.09° 3.16+0.17* 3.12+0.12*

'Means of duplicate groups. Values are presented as mean + SD. Values in the same row having different superscript letters are

significantly different (P<0.05).
*Nitro-blue tetrazolium (NBT) activity.
*Myeloperoxidase activity.
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Table 7. Whole-body composition of olive flounder P, olivaceus fed the experimental diets for 10 weeks'

Experiment 1 (fermented garlic powder)

Diets FGP-0 FGP-0.5 FGP-1 FGP-1.5
Crude protein (%, DM) 70.6+2.98 67.2+3.93 69.3+1.63 69.6+3.77
Crude lipid (%, DM) 10.7+0.93 11.6+1.95 10.9+2.75 10.8+3.63
Crude ash (%, DM) 14.4+1.16 15.1+1.07 13.1+1.50 16.4+1.00
Dry matter (%) 73.4+0.57° 72.0+0.61* 73.4+0.28 74.7+0.04°
Experiment T (fermented garlic fluid)

Diets FGF-0 FGF-0.25 FGF-0.5 FGF-1
Crude protein (%, DM) 73.6+2.23 77.2+3.44 72.4+2.70 75.2+1.57
Crude lipid (%, DM) 8.6+0.78 7.1+1.61 8.4+1.28 7.8+2.29
Crude ash (%, DM) 15.7+1.27 16.6+2.13 15.3+1.67 13.3+1.05
Dry matter (%) 74.2+0.53% 75.8+0.47° 73.5+0.27° 74.3+0.92®

'Means of duplicate groups. Values are presented as mean = SD. Values in the same row having different superscript letters are sig-

nificantly different (P<0.05).
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Fig. 1. Cumulative mortality of olive flounder P olivaceus fed
the experimental diets containing 0%, 0.25%, 0.5% and 1% of
fermented garlic fluid after challenge with Streptococcus iniae
by immersion.
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Fig. 2. Cumulative mortality of olive flounder P. olivaceus fed
the experimental diets containing 0%, 0.25%, 0.5% and 1% of
fermented garlic fluid after challenge with Edwardsiella tarda
by immersion.
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gt A Lo M o]of H]S=aA triglycerol 3ol £
Ao 7 Zastqlet o] W AAEol o3l vhs H7HA o]
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