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Effects of Dietary Wood Vinegar Supplementation on Growth
and Immune Responses of Juvenile Olive Flounder,
Paralichthys olivaceus
Seunghyung LEE, Gun Jun PARK' and Sungchul C. BAr*

Department of Aquaculture, Pukyong National University, Busan 608-737, Korea
"Woosung Co. Ltd, Taedug-gu, Daejun 306-817, Korea

A 6-week feeding trial was conducted to investigate effects of dietary supplementation with wood vinegar
(WV) as a feed additive for juvenile olive flounder, Paralichthys olivaceus. Eight experimental diets
supplemented with 0 (control), 0.01, 0.025, 0.05, 0.1, 0.25, 0.5 and 2.0% WV/kg diet (WVo, WVo01, WV,
WVo0s, WVi1, WVo2s, WVos, and WV,,, respectively) were prepared by mixing with basal diet. After
the 6-week feeding trial, fish fed the WVq, diet had significantly higher weight gain, feed efficiency, and
specific growth rate than those of fish fed the other diets (P<0.05). No mortality was observed in the
treatment groups fed the experimental diets for 6 weeks. The liver antioxidant activity of fish fed the
WVoor, WVoos, and WVys diets was significantly higher than that of fish fed the other diets. The lysozyme
activity of fish fed the WV,s diet was significantly higher than that of fish fed the other diets. Fish
fed diets supplemented with WV had significantly lower cumulative mortality than that of fish fed the
control diet throughout the challenge test, and fish fed the WVy0s and WV, diets had the highest resistance
to disease caused by Edwardsiella tarda at day 7 of the challenge test. Therefore, feeding 0.05-0.1% WV/kg
diet improves the growth and immune responses of juvenile olive flounder, Paralichthys olivaceus.

Key words: Wood vinegar, Growth performance, Immune responses, Olive flounder

M B

HAZEA & Foke] AT HiF-te] 54 B thyg
e BHoE o]fox gtk 1 AR UiR-Ee) FaA
T2 WAER AR Ha1 glom, Q19AQ) EE ok AlA
ol M FAYEL Thde FE o 2EH A (RS, B
214 Aol sdots), GAA B 3EteFR o) Wdgo) =25 o)
21T (Wendelaar-Bonga, 1997). ©]# 8+ A 2L Al-829)
oo A 4L Waetr] (Wardle, 1981), FH 70
ofsf AW wiAbel HelA Adele] 2AA WMEE spH o
sto] Avkst FAZ dFEIL ok olelg o2, Tt
Sl QoA ouA diAbel g Ast 2 Al
F 52 A T st dnHo g o gk

LEES R ERERE
 HAFER glo] HSol

A goldoz dedA glo

=3

*Corresponding author: scbai@pknu.ac.kr

248

o, M9 AGA2E o] o o) AT R RE AT
3 & e Fgol AstE 4 4So] B i) (Anderson
and Siwicki, 1994). WebA], HZ B AFAE o3| 45
B AR ESE HASAY oF9] Bl50]d AR Y
Ess FAA A B B FolRe AWS o
o 7 A ARRHTHIE AL 93 B A7-Eo] 73

. 53], ol anAo® Agste HgFT B
A5 2, v o4 4, THER,
FA 29l Fo2 4#A AUtk (Chen and
Ainsworth, 1992; Sakai et al., 1996a; b). 18] A+A] F3F
< dapgol, FANE 2 A-F SellA AAET E
HAZF a77F JSH A} (Lin et al., 2004; Lara-Flores et
al., 2003; Jeong et al., 2006). =2 (wood vinegar B smoke
natura) flavor)}S E-A & g3tA 7= FA A A A7)
E ¥7AAA dojAe SHES A7IET AXSA Hd
Y FoE Eejsed, BE A% (AT oS (Eh2)
< BeAAS 7HeUF Y R8RS Dl A=
SHARE EZHS g, A, REA Y, I3l ad),
7heHFe FFAA & AR AFE AR ARES)

54

o



zoj7] Yx AR E 20 H o) wE

o] Sk} (Toth and Potthast, 1984; Pszczola, 1995; Guillen and
Manzanos, 1996). 5-Z N9 F0 -—r““/“‘jg HE Eo] 80-
90%% AtA|StIL e A 7b 7181, {715 Fole Iy
< 7H AR H1ES {704 JH =R77F PRI, 24,
Z-E, vtadls, YEF §9 57145 vER B, B, 5 2009
A2 o1 A 3 AL, pH 34 57 FAo] F2
ZA0F H3¥o] 0} (Farag, 1989; Kim et al, 2001). 714
AR FA AN FANNAA AF G o WA B 5
S 2 AHgHoIA gtom, A FHlolR T A AlEd Bx
N A7rEH w2 AFE e B AAdE By
O} (Ahn et al, 2004), B2% T8 bl w2 g4 2
HARhEo v A= Aol EHL AFE F53 Aol
wEha] B AL I 8 4 EER] GXE e
7}01] o g W ARt

ZAEY 529 FoE % 5ol
HAE GG B, ohgel Xol/] ¥ Ag 2E

A4 A7k s=s welua Axskan,

R
I

>
>

(@]
0

L] ALl
2 o]2 Alesg o, 25371 oﬂﬂ]z&}% e
- 5-Al 3.1540.01 g (mean=SD) 1 WX
@ 3mEo g Fakg) v ovzar:}.
2o -ﬂ—" e 2.4 L/minE ZASHUTH
S el ellojEs AASAH
td g2 (inz Tyl &3t
B 7EE 1Y 28

frowa

> o
2.
Hﬁ:m

X
¥
0PN
2,

i
[\
W
o
-
ic)

N
>
i)
—u

N =N
= =)
Z_%L—*[UZ,HQE

d

n |
4
BN
e
Ho
B
i

N
4
b\
9
=

>

il

i o
X
r\l
i
o
+ 0

n¢ A
N mu
ml

e -y J
e ro
> fo

-

to
2
=
>
to
o
N
>,
ofu
(@)
N
S
of 2
EU
_o|L
B
v

T (squld liver 011) 4 EPA, DHA S5fr5, 183l 953k
o7 WIHE (wheat mea) S AHMESIATH AEAIRSY 29
A e 50%, 7HE-olvA] = 18.0k)/g (protein, carbo-
hydrate and lipid: 16.7, 16.7 and 37.7 J/g, respectively)S. 2. 3¢
o] A3 (NRC, 1993), A PAIEE 985 s &
YA 22 E-F st DRFEHE 20T Y5RE
ko] AREElG T APALE ] HE2N (Wood Vinegar, WV;
Dongkang Timber Co., Ltd)& 0, 0.01, 0.025, 0.05, 0.1, 0.25,
0.5, 2.0%/kg diets 27} H7}8FATH (WVo, WVoo, WVons,
WVoos, WVa1, WVo2s5, WVos, WVs).

oX
ol
N
rd
i
=
oo
=2
=
fr
k‘oll
%

249

Table 1. Composition and proximate analysis of the basal
diet (% of DM basis). 'Han Chang Fishmeal Co., Pusan,

Korea 23United States Biochemical, Cleveland, Oh10 44122,
Young Nam Flour Mills Co Pusan, Korea; ~°E-Wha 011
, Ltd., Puasn Korea; Refer to Kim et al. (2002)
Ingredients Y%
White Fish Meal' 59.0
Gelatin® 25
Casein® 20
Wheat meal* 16.0
Fish oil® 14.0
EPA-DHA (45%)° 05
Vitamin premix’ 3.0
Mineral premix® 3.0
Proximate analysis (% of dry matter basis) 20.5
Moisture 49.6
Crude protein 19.1
Crude lipid Crude ash 9.2
U gEES A AEAR R HolAe) Yuty
o Agaaet 7 FaEE ey B9 E FE 24
g HMolAE 2219100 AOAC 2000y H el whe}t &

A A AZY (125C, 341 7h), 2 AL Kjeldahl H 4%
2 (Nx6.25), 23 2-& ARssh oz BAea. £AH
o AMES 12A L FAHAZS T Soxtec system 1046 (Tacator
AB, Sweden)2 AM&-&}od Soxhlet FEHOZ #4183

O_ﬁo

Lysozyme E4d =4
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Table 2. Weight gain, feed efficiency, specific growth rate, protein efficiency ratio and survival for flounder fed experimental
diet during six wks. Values are means from triplicate groups of fish where the means in each row with a different superscript
are 51gn1ﬁcantly different (P<0.05). 'Pooled standard error of mean: SD/ﬁl *Weight gain (%)=[(final wt. - initial wt.)/initial

wt.]x100. *Feed efﬁc:ency (%)=
initial wt.)/days.

(wet weight gain/dry feed intake)x100. *Specific growth rate (%)= (loge final wt. - loge
*Protein efficiency ratio=wet wt. gain/protein intake

Treatments Pooled SEM’
WV WVo.01 WVs.025 WVs.05 WV 4 WVy.25 WV Wi,
WG (%3)2 183° 188" 190 196™ 218° 202" 192% 191" 2.1
E (%) 95° 96° 97% gg% 114° 108" 103% 101 1.4
SGR (%)* 25> 2.5 2.5% 2.5 2.7° 2.6° 2.5% 2.5 0.1
PER® 2.1 21 20 23 23 2.1 22 22 0.2
Survival (%) 100 100 100 100 100 100 100 100 0.0

Table 3. Lysozyme activity and antioxidant activity of liver of oliver flounder fed the experimental diets for six wks. Values
are means from triplicate groups of fish where the means in each row with a different superscript are significantly different

(P<0.05). 'Pooled standard error of mean: SD/vn

Treatments
rea Pooled SEM'
WV, WVo.01 WVo.025 WVo.05 WV WVoas WVos WV,
Antioxidant activity (%) 25.9° 35.8° 39.6° 30.5° 22.6° 22.2° 24.3° 28.3° 2.60
Lysozyme activity (U/mL) 2.19° 2.13° 2.63° 2.38° 2.44° 3.69° 2.31° 2.75° 0.18
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Table 4. Cumulative mortality (%) after intraperitoneal injection of Edwardsiella tarda in cultured olive flounder, Paralichthys
olivaceus. Values are means fror;n triplicate groups of fish where the means in each row with a different superscript are
significantly different (P<0.05). 'Pooled standard error of mean: SD/vn

Days Treatments Pooled SEM'
WV, WV 01 WV 025 WVo.05 WVg.1 WVg.2s WV WV
4 86° 67" 50° 50° 33¢ 35° 43° 45° 1.8
5 90° 73° 72° 74° 61° 81° 79° 76° 1.9
6 100° 88° 78° 78° 70° 81° 85° 79° 15
7 100° 100° 91° 83° 70° 91° g1° 85° 1.3
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