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Utilization of Song-Gang Stone as the Dietary Additve in Juvenile
Olive Flounder, Paralichthys olivacus

Se-Min Choi, Su-Hong Ko, Gun-Jun Park, Sung-Ryul Lim, Gwang-Yeol Yu,
Jehee Lee' and Sungchul C. Bai*

Department of Aquaculture/ Feeds &, Pukyong National University, Busan 608-737, Korea
'Faculty of Applied Marine Science, Cheju National University, Jeju 690-756, Korea

Three experiments were conducted to determine utilization of Song-Gang® stone as the dietary additve for
growth and immune stimulant in juvenile olive flounder In the feeding trial, four diets were formulated to contain
0, 0.5, 1.0 and 2.0% Song-Gang® stone per kg diet (SGSo, SGSos, SGSio, SGSs0). Fish averaging 5.0+£0.04 g
(meanxSD) were fed one of four experimental diets in triplicate groups for 8 weeks. There were no significant dif-
ferences in weight gain, feed efficiency, protein efficiency ratio, hematosomatic index, condition factor and sur-
vival among fish fed all the diets. In chanlenge test, fish were infected by intraperitoneal injection of 0.1ml
bacterial suspension with Edwardsiella tarda per fish after the feeding trial. Fish fed SGSys diet have a sig-
nificantly higher cumulative survival rate than did fish fed the other diets (P<0.05). In the anti-mold test, Aspergil-
lus niger, Penicillium pinophilum, Chaetomium globosum were inoculated with Song-Gang® stone using ASTM
G-21 method. The amount of A. niger, P. pinophilum, C. globosum didn't increase in Song-Gang® stone for 4 weeks
for the test period. Therefore, these results indicate that 0.5% Song-Gang® stone per kg diet could increase immune
resistance in juvenile olive flounder and Song-Gang® stone could be used as the anti-mold additive in fish feed.
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Diets'

Ingredient

SGSy SGSps  SGSi1p  SGSap
White fish meal® 55.0 55.0 55.0 55.0
Gelatin’ 4.5 4.5 4.5 4.5
Dehulled soybean meal* 7.0 7.0 7.0 7.0
Wheat flour’ 14.0 14.0 14.0 14.0
Dextrin’ 5.6 5.6 5.6 5.6
Squid liver oil® 7.9 7.9 7.9 7.9
Vitamins mix.” 1.0 1.0 1.0 1.0
Minerals mix.® 3.0 3.0 3.0 3.0
Cellulose 2.0 1.5 1.0 0
Song-Gang® stone’ 0 0.5 1.0 2.0
Proximate analysis
Crude protein 50.2 50.3 50.0 50.0
Crude lipid 12.0 11.9 11.9 12.0
Crude ash 11.9 11.3 10.8 10.8

!Feed stuffs not mentioned here are the same feed stuffs as the domestic
aquaculture feed companies are currently using

*Suhyup

*United States Biochemical, Cleveland, Ohio 44122

“American Soybean meal Asociation

*Young Nam Flour Mills Co. Busan, Korea

®Ewa fat industry Co. Ltd. Busan, Korea.

"Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium pan-
tothenate, 150; Choline bitatrate, 3000; Inositol, 150; Menadione, 6;
Niacin, 150; Pyridoxine-HCl, 15; Riboflavin, 30; Thiamine mono-
nitrate, 15; dl-o-Tocopherol acetate, 201; Retinyl acetate, 6; Biotin,
1.5; Folic acid, 5.4; Bi,, 0.06

¥Contains (as mg/kg in diets): NaCl, 437.4; MgSO,-7H,0. 1379.8;
NaH2P42H20, 8778, Ca(HzPO4)2'2H20, 1366.7, KH2P04, 24]4,
ZnSO47H,0, 226.4; Fe-Citrate, 299; Ca-lactate, 3004; MnSQO, 0.016;
FeSO;s, 0.0378; CuSOs, 0.00033; Calcium iodate, 0.0006; MgQ, 0.00135;
NaSeO,, 0.00025

Dabi stone Co. Busan, Korea.

&, sl Atsy o 87Fs/dE Elskr] fsted APA
el k2t 0% (SGSp), 0.5% (SGSus), 1.0% (SGSip) & 2.0%
(SGSx0)9] 4714 T 0 2 L7 e TS Hrletglon, $74<F
Eo] X Table 2 YR AAAIE ] 294 3
2 50.0%, 7HEANUAE 167 kig (&9, 16.7 ki/g; A4,
37.7Kllg; BFEHE, 16.7K/g) o2 24t 28y 24 A
Artad F7eFEe] AUl wet AERQAFES THAaAA
gzo] Qo). £SEL (-r)Ter] Eof| A Aol o)A sk
2= Az BE AYAEE %E:— 3t & A
2712 St - AP om, A B354 7272 7A=(15°C,

24701 T Aol =74 ‘%E% PN E BFEA
(sieve)s o]&3st E2A 3 F, Ayt 20°C] WE B
BPAA ARE-3FA T

o &5

oA 4L 27 AR AABIFH, AAES Z45]
25k 2447F AAAZ] B MS-222 (100 ppm)E "} AA A

ARAEG Z4HA APER T, 43E, YOS, B



A7) WAel] 2o AR HriAEa $7dFEY 18 7Fed 41

Table 2. Mineral composition of Song-Gang® stone

Minerals %
Ca 0.6
K 0.19
Na 0.071
Mg 0.02
Fe 0.28
Zn 0.001
P 0.01
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Table 3. Weigt gain (WG), specific growth rate (SGR), feed efficiency
(FE), protein efficiecny ratio (PER), hepatosomatic index (HSI),
condition factor (CF) and survival of juvenile olive flounder fed
four experimental diets for 8 weeks'

Diets’ Pooled
SGS;  SGSus SGSio SGS;o  SEM’
WG (%) 6176 5953 6187 5865 143
FE (%)° 100.6 974 1017 96.2 3.06
SGR (%)° 350 340 351 337 007
PER’ 201 192 2.03 189 0.06
HSE® 200 198 1.98 199 005
CP’ 145 144 1.44 143 0.04
Survival (%) 934  97.3 973 92.0 1.76

"Means of triplicate groups, values in the same row with different
superscripts are significantly different (P<0.05).

*See the Table 1.

3Pooled standard error of mean.

‘Weight gain (%): (final weight - initial weight)x100/initial wt.
Feed efficiency (%): (wet weight gain/dry feed intake)x100.
€Specific growth rate: (log. final weight. - log. initial weight.}x100/days.
Protein efficiency ratio: wet weight gain/protein fed.
$Hepatosomatic index: (liver weight/body weight)x100.

°Condition factor (%): [fish wt. (g)/fish length (cm)®]x100.
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Tabe 4. Blood analysis of juvenile olive flounder fed four experimental diets for 8 weeks'

Diets? Hb* (g/dL) PCV*(%) TP® (g/dL) TG®(mg/dL)  GOT’ (1U/D GPT*(1U/D Glucose (mg/dL)
SGSo 4.98 24.7 4.5 352 50.3 14.4 42.0
SGSos 4.87 245 4.6 366 50.0 143 39.7
SGSio 4.73 222 44 338 49.4 14.2 49.7
SGSz0 4.66 20.7 43 327 49.7 143 373
Pooled SEM® 0.07 0.90 0.06 18.2 0.29 0.06 2.26

'Means of triplicate groups, values in the same row with different superscripts are significantly different (P<0.05).

“See the Table 1.
*Hemoglobin.
*Haematocrit.
Total protein.
*Trigliceride.

"Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 pmol of L-aspartate

per minute at 25°C and pH 7.4.

8Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 pmol of L-alanine per

minute at 25°C and pH 7.4.
Pooled standard error of mean.

Table 5. Whole body proximate compositon of juvenile olive
flounder fed four experimental diets for 8 weeks' (as fed basis)

Diet? Moisture Crude protein Crude lipid Crude ash
SGSo 73.6 17.3 53 35
SGSos 74.0 17.2 52 3.6
SGSio 73.7 17.2 5.1 3.6
SGSa20 73.8 17.2 5.1 3.6
Pooled SEM®  0.33 0.1 0.1 0.02

'Means of triplicate groups, values in the same row with different
superscripts are significantly different (P<0.05).

“See the Table 1.

*Pooled standard error of mean.
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Fig. 1. Cumulative survival rate after intraperitoneal injection with
E. tarda in juvenile olive flounder.

FrelF-l 2ozt G AT Eskth(Fig. 1). B3 FAME 44A]
HE HAA7F YR AlkE on, 6~-9Y Alo]e] R AIE
& 7k H71el SGCy, SGCho, SGC,°] THRTR! SGCy
of Hls|A FolA o2 =A JEFTHP<0.05). 10~12¢Y Aolof
ME SGCos, SGC,1°] SGCORT} Holdo g = bttt
(P<0.05). 132 SGSos 72.7%2 AFEES UEhton,
SGS, 62 22.2%, SGS,6& 16.7%, SGS¢& 0%2] FHYZE&o)
ebstT)

A 3. 29S| EFTo|sn AH

A 47 Fol| ke FH7HNM = AL niger, P pinophilum,
C. globosum 4] 237¢o] YelGA|RE, $7keks Arhrolie A
niger, P. pinophilum, C. globosum @] /372 Q1A &4 Iddh.

n #F
H2Eo] WY 5 FEE 44, Yol WA, SJokE,
ABEE, BAMN FO2 Bus) ASE T ok Wuke 49



Ao}7] Yol

o] S5hs YHOE R AsRvlire] FARo
o 4010 Pl PE FYH AR B3t Mol 5 23
sol AZe) BH FA ke B2E Eokn FeiA ek of

2 Q3 HaEe z}E AW oula X2, Akt 28, A )
=, 27 ARAL A e, A% £, F8F 27k i3
7hlen faled R FEES T2 sk FalAdAA,

2]
{\l/}iE A 7152 7HRE Ae®: BuEA Yk

Fol 8 AIRHTHA FolAl A7) 2R ESN AR
4k H‘Tsﬁaﬂ KH 1% (Choi et al., 2002)2} AL=Z1Y Pro,
Thr, Met, Gly2 2t 0.3% (Kim et al., 2002a)3 73} -2
A g AlRE o] AAHEE AR By X ok a8
x017] A= ALgW 298} 2% (Kim et al., 2002b),
3-1,3 glucan 0.1% (Han, 2003), 9} 2A4HKim et al., 1998)&

A7FEIE e ARt Qe Aoz vehydtt XN B
AR M xjo)7] YRlo| £74EEL ALaW 0.5~2.0% F7}

ol JFED ARES 5 ARAD YoNe Bre w3
7} UERA) k] mhiel] AL $7okE dUb) 4REE

deok= AFAQ A0l Qe Ao AzEH. & A
o FRFZY L 4.66~4.98 g/dleE UEREE o]#d =4
752 Sim et al. (1995)9} Kikuchi et al. (1994)7} 2.3.gF |
N2l 3.6~5.3 g/dis} FARRE ghE e dutAo s
A o] ARI2R FFE 10 gdl BT B
2.7 (Post, 1983), oFHE ofFell WA B4l g
HA 3 itk e Beadae] 49 9 ojFo wE
Az A A7 e el weta WE 5 Qv o ATRE
3] 2lth(Babin, 1987; Garrido et al., 1990). & 4ol
FulEARLEE 20.7~24.7%2 VYelgEE o] 43 Sim
ot al. (1995)9] B39} vl-g- FARSHAl VFERSSL, Alexis et al.
1985)2] FA7NEolol Ao 32~42%) SRR
e B.on 4771 Yol(Song, 1995)¢ €& ol(Bai et al.,
1994)0l] oA 2] 44%RTH= e 7He YERTh XA
A eiA Kim et al.(1998)S AAZAH/MA A W53 &
7t e ofBARY] A gRIR ool A ARA H7beETL F
M E Y udy FEFQ A e =7bEly HE
Aol GOT, GPTE 7}A3l= A dko] eyl B sk} o}
Auk, B Aol Me P FEHE 4.3~4.6g/100 ml, 2
H2 37.3~49.7 mg/100 ml, GOT 49.4~50.3 TU/L, 14.2~14.3
ULEA #9321 #el7t Yehr] eFgten, Kim (2001),
4an (2003)3} Sim et al. (1995)°] B3 Yxo] AL
FAHE g2 veRlTh 3 @AY EFAgelEx
327~366 mg/d1Z A ET7H] F2HQ1 Zfe]7t gller, ol
3 A7h= Kikuchi et al. (2000)°] B.2§ 4229} A s8I0} w}
BA, PR BAo2E $7FE 7P71—6W H 5o
S Arhade oebe & ok oAl 24 oA
Zeitler et al. (1984)3} Nandeesha et al. (1995)y= ojAle] o

AR 2 oM TLE T2 AT Aol, #2, FAHF

AP}

2
J

o[}l

ri

_fz rlo P ol

ol Az BrRA 47

}ek=o] olg 715 43

AEFTE B AR 3=
et al. (1985)2 4143} what xﬂz] lo) o
of A ds} S)ie) g ks Ae Ziﬁi HAsgle

2 AoXe diAE Z40M FolARl Al vehA]
gkoke). oj7] Yx| ALY €29 0.5% (Kim et al., 2002c),
B-1,3 glucan 0.1% (Han, 2003)37M] E. tarda° i3+ IHE‘
dol e AR By HUY. & AFME =

SRESL AR $704E 5200 4B UEEE HE 4
@ToIN F21He Zol7} bt gk s, 874
e olRsl Bl £ rarde¥ FAHd 13079 AEE

& EAA, 08 A3 30% 10}91 e YEES H
He A2 B, 8751t AP EA Aol At
Agsl 0.5% A7 E7}ek=e & E 7} vepd
_%,1_)\]./\].5_9,} 1:1-;] obopn]. =224 u}un;g
S @ol o] 83lr] Wil A, dA 5 FEHY7
grAolt), epA|RE, FA) Fodole AAE S o8 v
AtE] gk FZd]7]Ee] ulEE o] YA ot A ALEH
FAAT N e A FA T A ALRW 8ol Y 4
At R A B o FAES AR SR Z3aL deH,
ol2fgt ZEo] FRAA e}, AU 9 HA 5o EANES
Ao 4=t} B A3 A niger, P pinophilum, C. globosum
of thotd FHFES I UEA ASTM G-21 £4
Wiol] meE} golHghed, 45 B F9 A4S AA &
At ol st Aoz 2, o] FE tiste] AlEWl $74
= H7IA FFEAIH) Y Aeg vehdt) AA FEol
a2 A5 e AGZAE Folste Ao RAHI §
on, FoFEe] Ay FAT| o R oA HEH vFY
3Ha]Q Sk F&0]L So so—g—.g—o]_,] e 3 noe7 F 4
"o}, A9, gFaet of e AsaAA o g A7t
A&H oz o|older ¢ Aoz Azt

wEka, B Age] Aag Fotd $7keHES 4% Y
o] B33 gEo] YR AR A
s} B ojio] W EHA| wtAlala Q= = kAol A
NEE &0 OGS 713 B el o) A AIHIRA
E tarded) W WAHOE ATE T £50) E HeE B
GE Ty B3k, A niger, P, pinophilum, C. globosum= 32|l o
@ BrEs ARel FdaelE A8 ARA AN Folit
R o}& 7¥ed Fo= AlFEY. Yot HlEo|H HINkE,
gdad @ ojyate] Aol gk AEo] ALAHoR
Vol Ack B A0 YA, ohel $UHE T 3
ol 2 4Re sfeA A WSS Tt AT
7t o)Folxol & Fog AZtHETE o=, ’\}E"H k=l
2 WIS a It e HAVHE Jdeicha o fe] S2A
A S FARs] & a3t JS AR AZEY
FAALE T e =gl 2 AR 7|gHr).

ke
%
& ZABIAE, $A%E 0.5% 7 72.6%9] =2 AE
&
o




44 2 -

B A7 A7) WA Alsu AR 9 HY F4e S AL
7 A7HIEAM $7FES o187 s S dotiy] Asl A
4, E tarda B7FFAL 8 FHAYES RAL A niger, P
pinophilum, C. globosum| 3 37 u}o]

Ak A A AP E 875 HAEA 471004 ¢
(mean+ SD) HHIE 40L Abz} =20l 7F AEF 3 42k 25
Y 3‘?}%——§ 24 WX st AT ARAEE §

7yere AlF 0, 0.5, 1.0, 2.0% FEo 2 Yrlskd Aty
Rnon, %‘_%‘ MNEFTFHE A5 4-5%S 1Y 28] FF3t
Arh. §72re] AEA, ARE, RS T AFEA el
Ae Rl Hl Aol 7h U] G3dct. sl 222 K1(4.66~4.98 ¢f

100 d1), SPHER T E(20.7~24.7%), ZEHE (4.3~4.6 g/dl), E
gl Z2) M 2ko] =(327~366 mg/dl), GOT (49.4~50.3 TU/L), GPT
(14.2~14.4 TU/L)9} 2F512(37.3~49.7 mg/dhE el glojx e
BE AE7AA FAHY 2jo)7t JERA] gkstr). Egk 7o)
Ao dubgiE 2= Foxt St FHUA E tarda
EEAb)] odt FANEE ZAF AP ol RFES
FARRE & FANESES VIS 138 o
SGSM—— 72.7%2) BESS Vet \11 SGS162 22.2%, SGSa0
< 16.7%, SGSo> 0%21 FEAZEo] et A W 2
niger, B pinophilum, C. globosum® 3t Al5.2] 3
#o) Eiﬂr AYelAUrt. FHe) FEF, 45 T A8 £
FE 27 5%0)9) A% A & sl webA, A7)
ol 2lsied 2o17] YRl 2loiM Alsu 7bebE 0.5%
7tae™ A 2 AR age] Asigle) AWAYAY E &+
AZAM T 45 Vel F UL Aow Qyzbdn

0.1 ml’}“] E_7]'

>

mﬁ .10 okl ot clo
03;. FlO

AL A

of A ROl gy Tas @lsgel
A sholm, @77 A8ish )
A GEP 2B ZAEGYIT,

Alexis, M. N, E. Papaparaskeva-Papoutsogiou and V. Theochari,
1985. Formulation of paractical diets for rainbow trout (Salmo
gairdneri) made by partial or complete substitution of fish
meal by poultry by-products and certain plant by-products.
Aquaculture, 50: 61-73.

AOAC, 1995. Official methods of analysis, 16th Ed., Association
of Official Analytical Chemists. Arlington, Virginia, USA.
Babin, P. J. 1987. Apolipoproteins and the association of egg yolk
proteins with plasma high density lipoproteins after ovulation
and follicular atresia in the rainbow trout (Salimo gairdneri). J.

%.jOrJal-‘TOEﬂ.

Wiy

o]xﬂé‘,] .

Biol. Chem., 262: 4290—4296.

Bai, S. C. and D. M. Gatlin., 1994. Effects of L-lysine supple-
mentation of diets with different protein levels and sources on
channel catfish (Ictalurus Punctatus). Aquaculture and Fish.
Man., 25: 465-474.

Brown, B. A., 1980. Routine hematology procedures. In Hema-
tology: Principles and Procedures. pp. 71-112. Lea and Febiger,
Philadelphia.

Choi, D. U,, P. K. Jung, K. T. Um, N. K. Park, and S. D. Park,
1987. A Study on the mineralogical characteristics and its agri-
cultural use of barley stone. J. Korean. Soc. Soil Sci. Fert.,
20(3): 199-204.

Choi, Y. J.,N. J. Lee, Y. J. Cho and S. C. Bai, 2002. Idenfification
of feeding stimulants to improve efficency of diet for flatfish.
J. Korean Fish. Soc., 35(2): 196-200.

Garrido, L. G., R. M. Chapuli and A. V. Andres., 1990. Serum
cholesterol and triglyceride levels in (Scyliorhinus canicula)
during sexual maturation. J. Fish Biol., 36: 499-509.

Han, Y. O. 2003. Synergistic effects of dietary B-1,3 glucan and
feed stimulants in juvenile olive flounder (Paralichthys oliva-
ceus). Mis. thesis, Pukyong National University, Busan, Korea,
53 pp.

Hayashi, H., 1997. Health effects of mineral dusts. J. Miner. Soc.
Kor., 10: 1-17.

Kikuchi, K., H. Sugita and T. Watanabe., 2000. Effect of dietary
protein and lipid levels on growth and body composition of
Japanese flounder. Suisanzoshoku, 48(3): 537-543.

Kikuchi, K., T Furuta and H. Honda., 1994. Utilization of feather
meal as a protein source in the diet of juvenile Japanese floun-
der. Fish. Sci., 60(2): 203-206.

Kim, D. S., J. H. Kim, C. H. Jeong, S. Y. Lee, S. M. Lee, and Y.
B. Moon, 1998, Utilization of Obosan (dietary herbs) 1. Effects
on survival, growth, feed conversion ratio and condition factor
in olive flounder (Paralichthys olivaceus). J. of Aquaculture,
11: 213-221.

Kim, K. W. 2001. Evaluation of the optimum dietary protein to
energy ratio of olive flounder (Paralichthys olivaceus), Korean
rockfish (Sebastes shlegeli) and parrot fish (Oplegnathus fas-
ciatus). Ph. D. thesis, Pukyong National University, Busan,
Korea, 123 pp.

Kim, K. W, G. I. Park, I. H. Ok, S. C. Bai, Y. J. Choi and L. S.
Shin, 2002a. Effects of dietary synthetic amino acid supple-
mentation in Korean rockfish fry (Sebastes schlegeli). J. of
Aquaculture, 15(3): 157-163.

Kim, K. W, S. C. Bai, J. W. Koo, X. ]. Wang and S. K. Kim,
2002b. Effect of dietary Chlorella Ellipsoidea supplementation
on growth, blood characteristics, and whole-body composition
in juvenile japanese flounder (Paralichthys olivaceus). J. of
World Aquaculture. Soc., 33(4): 425431,

Kim, K. H., Y. J. Hwang, K. W. Kim, S. C. Bai and D. S. Kim,
2002c. Effect of dietary aloe on chemiluminescent responses of
peripheral blood phagocytes and resistance against Edwardsiella
tarda Ewing and Mcwhorter 1965 in the cultured olive flounder
(Paralichthys olivaceus). Aquaculture Res., 33: 147-150.

Murai, T., T. Akiyama and T. Takeuchi. 1985. Effect of dietary



A7 Rl oM Atz H7HEA $73oKES] o8 7FsE 45

protein and lipid levels on performance and carcass composi-
tion of fingerling carp. Bull. Jap. Soc. Sci. Fish., 51(4): 605—
608.

Nandeesha, M. C., S. S. De Silva and D. S. Murthy. 1995. Use of
mixed feeding schedules in fish culture: performance of com-
mon carp (Cyprinus carpio) on plant and animal protein based
diets. Aquaculture Res., 26: 161-166.

Post, G., 1983. Nutrition and nutritional diseases of fish In: Text-
book of fish health. TFH. Publications, Inc., Ltd., 199-207pp.

Sim, D. S., S. H. Jung and S. D. Lee. 1995. Changes of blood param-
eters of the cultured flounder (Paralichthys olivaceus) naturally
infected with Staphylococcus epidermidis. Bull. Nat. Fish. Res.
Dev. Age., 49: 149-155.

Son, Y. S., S. H. Kim, S. H. Hong and S. H. Lee. 1998. Effects
of feeding bentonite and granite porphyry on ruminal buffering

activity and fermentation pattern. Korean J. Dairy Sci., 20(1):
21-32.

Song, M. H. 1995. Studies on utilization of blood meal as a source
of dietary protein in growing common carp (Cyprinus carpio).
Ms. thesis, Pukyong National University, Busan, Korea, 34pp.

Yoo, S. J. 2003. Removal characteristic of heavy metal by Song-
Gang® stone. Ms. thesis, Kyungsung University, Busan,
Korea, 65 pp.

Zeitler, M. H., M. Kirchgessner and F. J. Schwarz, 1984. Effects
of different protein and energy supplies on carcass compos:-
tion of carp (Cyprinus carpio L.). Aquaculture, 36: 37—48.

1 H S 20039 8Y 259
AR g 20033 12€ 2¢
JHEH AL : ol

i



