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Abstract

There are 300 fish farms in Jeju Island, and the major aquaculture fish
species is olive flounder, Paralichthys olivaceus. This study was investigated
to examine the effect of oral administration with fermented sludge product on
growth performance of olive flounder and availability of the product as an
additive in diets for fish. Fish were distributed into five groups; control,
solution of fermented diluted sludge added with concentrated citrus juice
(FDSC), solution of fermented sludge added with concentrated citrus juice
(FSS), concentrates of FDSC (CFDSC) and solution of fermented sludge (FS).
Fish were fed the experimental diets for 63 days

Concentration of free amino acids in EM-fermented product was relatively
higher than that in the effluent sludge. The concentrations of harmful
inorganic (Cr, Hg) were reduced after fermentation of the sludge.

Growth of olive flounder fed diets containing FSC and CFDSC was higher
than that of the control (P<0.05). The weight gain of fish fed CFDSC diet
was significantly higher compared to that of fish fed the control diet. Feed
coefficient value was lower in FSC, CFDSC, and FS than in the control diet.

In haematological characteristics, RBC contents of FDSC and CFDSC groups
were higher than that of the control group (P<0.05). Hmoglobin (Hb)
concentration in fish fed FDSC and FSC diets were significantly higher
compared to that of fish fed the control group (P<0.05). Fish fed the diets
containing CFDSC had the highest total protein among all groups (P<0.05).
Blood glucose level of fish fed the diets containing FDSC and FS was
significantly lower than that of fish fed the control diet (P<0.05). A lower
blood LDH was observed in fish fed FSC diet compared to the control group
(P<0.05). No significant differences were found in GOT and GPT values



among treatment groups (P>0.05).
EM-fermented product of fish farm sludge with concentrated citrus juice

might be used as an additive of flounder diet.



A AFEol= oF 30001709 w74 of FEEA o] AjbE whet EEEa 3o
W FQo d2ojFor WX Paralichthys olivaceuss A&3t1 Qo AF=

M= o7& ALt §A4 dAA F=2 MP (Moist pellet)Z

Abgstel EFastal vk MP Al Ztel]l AREH L Sl AR S AU o5

Foogud FEU AR AA A% A gaz As) AnUs 4% 5 BA

Aol AT gtk oleh L& FAHL LGS 8] ol F Alm wuAdow

WY (Lee and Yoo, 1996), t54F (Boonyaratpalin et al., 1998; Kikuchi, 1999;
Kim et al, 2000a), yellow lupin kernel meal (Glencross et al., 2004), corn
gluten meal (Regost et al., 1999; Gomez-Requeni, 2004) 5 2 &4 @z S o]
3 ol AR o] FdketA A= Ao
HZ ofF AR Y TR S FEAA7 A sxRe SAAE T g
= FE5F Algel #H7tste drEc] #3851 v Chlorella
of FALE Al M7tk &
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i
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i)

Ao =S FAY (Nakagawa and Kasahara, 1986; Nematipour et
al,, 1988). |7 & ol &3 o FAIE HIMAELS o7 A4 759 /fdwent
ofyel -4 A Alsa&del] a7F Atk (Yone et al., 1986). 725
T #HxolA E 3 glycyrrhixing ©o]F ARl H7bste] 3338 ), A&

JaA Fatol E37F il (Jang et al, 1992), 29 kA S £33 A

§ BYAES olgtel oF HY WY L AeH BY T4, &

i)
=
°x
ol
tlo

=
S

=

At (Kim et al., 1998; Lee et al., 1998; Kim et al., 2000b).
MP+= AFEAZ Al AALEE ZobA At E < E3718to] pellet FEHIZ WHE7]

ol =oll FHop EolAl= AHeo] Slo] Be ¥ mEEo] TS AUk A



Aotk (Moon et al, 2002). 12U} o5 FAAolA wEH = ME2 428 1
QFE oA 7HA FRiEo] A eIt

Sl A ThEAbSe mE wEES F8WAdE  (Effective Microorganisms,
EM)¥% FdAATS AFEste] FulHE A4S A ]2 (Ryu et al, 1998), &

Ag HEE o]&di YtH(Koh et al., 1997). L& FEHAES o] &3 7

e
fo

FEA2 WX AAY A Fde =S T3 (Song, 2002), FA
(lactic acid bacteria), &5 (yeast) 5 o7 & A 9 AF A= 4o

3

oft

S #v} (Gildberg and Mikkelsen, 1998; Lee et al, 2000; Tovar et al.,
2002)

of AT ARGl WA MERS ALENS] NG YFow WE
2o YA o §40E FAAGE. FoFAN AEHE MEES /D25
SEUIAEE BEAN WELS YANRA Drele] FHANAL W, wET ¥



I. A ¢ =94y

A AE (TIC) ol A

(R

1. i&EY 2aY =4
D 2axd
Ao AFEH FolF )
screen filter= G713t HEA7HA|

o duAdoer Gy AFE A

Hato] AR FAE Fofd v

T 23t Hgetdtt (Fig. 1)

L3 o] &3 MAE dF= AF

of A&ttt wa g w2 v

Aol A FEd7HA wd dEAEE

o] 10°~10" Wi 3|4 sto] Xejuj|o] A njk
gate] HAlFE AT
2Lt Lactobacillus plantarum (ATCC 8014)2 GYP A wjx = 30T 9
7] el A AAuf st on, daists 244kt MRS SHH A& o] 88
30T &27] el 24~48712F <Y |

gskai.

=
=

6‘

“

T 243 FASFE

iR el

Saccaromyces cerevisiae (IFO 0203)= YM A uj=#] 2

FRWsE 2447 YM

Fo F 2AY TAFE

3K
el A AR da. Fw
25Ce] 7] Wl A 57237 u
i,



Grinding of sludge

l

Addition of nutrients

1 Inoculation of lactic acid bacterium and yeast

Fermentation

1 Fermented at 38 C for 7 days

Filtration

1 Removal of fish bones and scales

Fermented sludge (and added citrus)
(pH 3.5-4.0)

Fig. 1. Fermentation process of sludge by lactic acid bacterium and yeast.
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SHE MEE a9 wEE daEe Ik E2 Kjeltec Auto 1030 Analyzer,

Soxtec System 1046, 3|3l=, Ad2AZ7] 52 o] &3t =AY ofn =it

slaF2 SRI 8610C Gas Chromatograph< ©]&3to] =435 73 F71&85E4

%
He pAWtE ARGFAT LR )7 she] B,

UF A 85 samplingste] FASFGITH HAT A&

o] ol Al W Fo] O T HBEI T, AHTHS FoE XA
Atk HES LR ARE 3Mste] 74 A4S e (Salmonella-Shigella
agar, SS agar, Thiosulfate citrate bile salts sucrose agar, TCBS agar; Brain
Heart Infusion agar, BHI agar)oll =% HEstth WA e #AAL 25T, &7]
Z7ol A of 24413F w5 v AE G, AN 22y 54, 718 e

Ag olgd S 52 Ba B

SEs 9EE A7 TEES AR VRS W FFES A AT 23
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99gon pHE 7.8~9.1 HY At

EE Al ddols 1253 AHS £AAZ F, 1 ton FRP 9353 (2

2) AR R ETH

o

120 A= dold miEE TaES AFEFY 0.1%, 05%, 1.0%, 2.0% A2
Ao x4 = skl

22k AgeA A= fxzTe AEE A (Solution of fermented diluted
sludge added with concentrated citrus juice, FDSC), &g & N (Solution of
fermented sludge added with concentrated citrus juice, FSC), &%
(Concentrates of FDSC, CFDSC), &% 239 (Solution of fermented sludge,

.
FS) 29T 5 oAl Aol Ad TR dgstelth AR (FDSC) 48T W)



(5.0%)% = (90.0%)9
(FSC) Ag++= vi&
S Atz H7bskadth

ERERE
2 (70.0%)°] 7HE
2ol (CFDSC)

o =7 i

Fol'

LA A2
% (Sartorius, BP 31009)% 0.1 g7}A A a9t}
k)

o= nE A

T9 Ado]E 50 ppm HCI-Oxytetracline® & 1A
AbS Argek AT WY FAR AASAeH, oA SAHA wio AEg
Al et HEE2 AEES YERIAY. & (daily
growth rate), A}E A5 (feed coefficient) S Al4tsle] 7t H] 1.3}

AT,

=
=% (weight gain), A4E

AYTre g

Total weight gain (TWG) = FW - IW
Daily growth rate (DGR) = [(In final weight - In initial weight) x 100]/days
(TF x 100){(OW + FW) x day fed/2}

Feed coefficient (FC) = TF/WG

Daily feeding rate (DFR) =



FW : final weight IW : initial weight TF: total feed

WG : weight gain
3. M ZAE EX

22 Aols Yo ® wWiEE FFd wE ofF astdhd At ¥
stg ZARSIATE Adoe 7 AgdE sepely 32 FESe] 4o Aghdks
Bouin's solution®] 7 3&}e], paraffin AHH] o8] 5 m FAZ ZHS A 23}
9t} Hansen’s hematoxylin® 05% eosin®] HlndM & 333 &
stk F 229 ##ZS A (intestine)®] 7 (anterior intestine)¥} %% (mid

intestine) 9] =59 Ueb= wjAA E (goblet cell) ¥ 45 77439

4. @A H dRAEE 24

AT Ado]Z Ao 2 o] FE 2-phenoxy ethanol (Sigma, USA)E m}3]
71 %, 138 FA7IE ol&ste] PR &E# (caudal vein)oll A AH st
A= A" Al heparin—Na (25,000 IU, FAFH)S At dAe
Aoz HE AE AT (Red Blood Cell, RBC)%, @ A4 (hemoglobin, Hb)
5, g 2A 4 (Hematocrit, Ht)E FA}3F )

¥ hendrick’s diluting solution® 2 S 1:2000.2 345 Fo
hemo-cytometer (Improved Neubauer, Germany)E ©]-&3}o] 33t & wn] 7 3ol A

A At AL FEE AAE2 Qs A4S kit (Asan Pharm. Co. Ltd)E
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11,000~12,000 rpm &= 5&3F A2 stod St
AR 2A e Add A4S 1A ¢ A2 WA F, 4ToA 243

t}.

% @A (total protein)> A G ORE FEo]S ZHEA7IH, il
A2 ZAduo] e et o] FAAS 3 540 nmelA sk &
FE (glucose) & GOD/PODHE .2 (Werner et al,, 1970) 3¢ 500 nmoll A =43}

32
o

A284L GOT (Glutamic oxalate transaminase), GPT (Glutamic pyruvate

pot

transaminase), LDH (Lactate dehydrogenase)o] thalel A&tk GOTe GOT

= reitman—frankel, LDHE ZA71dAW o7 =43519 0}
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o
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2
o
)

Ame]  BARAMLS SAS EAATE AZES

g
I

ANOVA-testZ AA3 & Duncan’s multiple range test® HTF 7+ A4S

Akl
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o

rE

FolF MEes VRS 2R el LAy T ARF Al w

o AAF 14x10° cfu/mLE vepion] 3AARE ekgrld HojEol olF )
FETE AZHA ek ARG AT UERR

S. cerevisize= W G7NA 5 2L ANA] A EH 0w JWAGTE FTFeke] 3L AT
H HlgE s A7HA AAASY wmE Frks fldeh Hd AAFE g 64 Al

6.0x10" cfu/mL 9t} (Fig. 2).
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Fig. 2. Growth of Lactobacillus plantarum and Saccaromyces cerevisiae on

fermented product at 38C.
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2) &= =3t 54

o dubgdE BAAY FRE wEEoA 848%AA, MEES wEd daE
A= 81.7%=E 30% 8% F7tetdth. 2o Me MPF #lEEdA 7.7%2 6.9%=
AR o, TEEoA 39%= 7HE wokth A ZF AlRelA 1.6%, 1.9%,
1.9%2 M2 FARE 248 B SRS MPY HEE gl BdEEoA
747F 49%, 6.2% , 3.0%2 A& HAT}H (Table 1.

Z}b Alge] FU)E 2L Alsvit H5zgk sE o, Cadt P2 I EECA
0.328%<}F 0.114% 2 B &E2] 0.930%2t 0.341% Rt} $:eke}h (Table 2).
15 (F5%) 2447 Cde wEEA 006 ppme] A& AA T MPe}
BEEANME HAEHA Fdth aEla Cre wWiEEolA 853 ppmeFE ESko
MP¢} HE &A= 070 ppm¥} 0.63 ppml & Ftth Hge MPol|Al 1260 ppbE

=l 7S BHYa viEEAE 833 ppb, HIEE &

Jo
ol
—d
N

gEA A= 118 pph= 2 gk
S YEHAT Se& MPAAM = AZEel HA o, viEE3 HaEoA 2z
0.32 ppm¥} 0.36 ppm<] %= AZE ATt (Table 3).

T o A BAAN 2 AJs W A opr At e Afol= gllont, i
=04 MP9F wEERY o 2] 7M=& opniAt kS HYh gl
asparagin, glutamic acid, glycine, alanine, leucine, arginine %< ofu]x=Ato] A A st
ol 60 %0l7d2 AAEATt (Table 4).

% 33%9 FElohvAt B A MPAA 208, vWiEENA 2% HEH
oAM= 30Fe] AFHJT fredobreAte] e MPY HiEE A
of nla] WiEE TREE AlFoA ¥ 2AS WY, 7 Alguith A g

Zpe] 7k o1t (Table 5).
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Table 1. Proximate composition of moist pellet, sludge from effluent and

fermented sludge

Sludge
Sample (%) Moist pellet Fermented sludge
from effluent

Moisture 86.5+0.46 84.8+0.13 87.7+1.17
Crude ash 4.3+0.17 6.2+0.96 3.0+0.07
Crude protein 7.7+0.10 6.9+0.49 3.9+0.01
Crude fat 1.6%0.01 1.9+0.01 1.9+0.05

_13_



Table 2. Inorganic Concentrations in moist pellet, sludge from effluent and

fermented sludge

Moist pellet Sludge Fermented sludge
Ca 0.633 0.930 0.328
0.321 0.341 0.114
K 0.105 0.101 0.162
Mg 0.105 0.148 0.094
Fe 0.004 0.021 0.005
Zn 0.001 0.001 0.001

_14_



Table 3. Harmful inorganic Concentrations in moist pellet, sludge from effluent

and fermented sludge

Moist pellet Sludge Fermented sludge
Pb ND' ND ND
Cd ND 0.06 ND
Cr 0.70 8.53 0.63
Se ND 0.32 0.36
Hg (ppb) 12.60 8.33 1.18
As 0.85 0.52 0.29

ND' : Not detected
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Table 4. Total amino acids composition of moist pellet, sludge from effluent

and fermented sludge

Moist pellet Sludge Fermented sludge

Asp 2.18 4.31 2.54
Thr 1.21 1.83 1.19
Ser 1.24 2.00 1.01
Glu 451 7.55 2.92
Pro 1.63 2.39 1.95
Gly 2.53 4.44 2.89
Ala 2.01 3.32 2.46
Val 1.44 2.06 1.32
lle 1.35 2.00 1.26
Leu 2.29 3.54 1.75
Tyr 0.91 1.44 0.63
Phe 1.27 1.85 0.42
His 0.93 1.56 2.33
Lys 2.35 3.39 1.79
Arg 1.92 3.09 0.52

Total 28.41 44.79 24.94
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Table 5. Free amino acids composition of moist pellet, sludge from effluent and

fermented sludge

Sludge
Moist pellet Fermented sludge
from effluent
Phosphoserine 0.005 0.006 0.130
Taurine 0.061 0.012 0.092
Phosphoethanolamine ND! ND 0.103
L-Aspartic acid 0.009 0.004 0.103
L-Threonine 0.046 0.011 0.064
L-Serine 0.016 0.032 0.061
L-Glutamic acid 0.039 0.191 0.074
L-a-Aminoadipic acid ND ND 0.099
L-Glycine 0.020 0.046 0.047
L-Alanine 0.063 0.190 0.069
L-Citrulline ND ND 0.080
L-a-Aminobutyric acid ND 0.016 0.048
L-Valine 0.037 0.083 0.075
L-Cystine. ND ND 0.075
L-Methionine 0.003 0.021 0.076
L-Isoleucine 0.037 0.086 0.065
L-Leucine 0.081 0.169 0.073
L-Tyrosine 0.046 0.014 0.087
L-Phenylalanine 0.067 0.039 0.076
DL-B-Aminoisobutyric acid ND 0.076 0.037
y—Aminobutyric acid ND 0.024 0.061
L-Orinithine 0.193 0.446 0.103
L-Lysine ND 0.047 0.077
1-Methyl-L-Histidine 0.074 0.023 0.092
L-Histidine 0.004 ND 0.070
3-Methyl-L-Histidine 0.095 0.011 0.083
L-Carnosine ND ND 0.099
L-Arginine 0.064 0.009 0.067
Total 0.960 1.554 2.241
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344 skt (Fig. 3B, O).
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Fig. 3. Microphotograph of bacterium from the effluented sludge (A), sterilized
sludge (B) and fermented sludge (C) grown on BHI agar medium.,
Scale bar = 500 ym.
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A% AAA

i
N

fo] ML 7134002 cmel At APFTEA] Ao AL o
Zell A 14.35+0.09 em® A AEdal, Fold wiEE TEAE 01%, 05%,
1.0% 283 2.0% AHAZYAEFANA 2z 14701009 cm, 14.70+0.10 cm,
14.62+0.10 cm, 14.42+0.09 cm® A7&stel 275 ¥ X3 BE A4 F
o)} gL}k (Table 6, P>0.05).

AGAZA] o] AT 424+0.05 golirh APFTEA AFol AFS dlzTol
A 32614061 go & sy, ol wEE WEAIR 0.1%, 05%, 1.0% 181
2.0% 2] Aol zHzk 32.16+0.65 g, 34.50+0.61 g, 33.67+0.62 g, 33.77+0.64 g
2 AAstel dzT9 folAe e (P>0.05). L2t 05% A ddT=
0.1% A2 APFrct 2 43S 3t (Table 6, P<0.05). T35S 27.90~
3024 g WAR WRTE AEFT ZE Ao FoAE ¢tk (Table 6,
P>0.05). Ag7d AELS 2ol 9L7%e10a, FolF wiEE 0.1%, 05%
1.0% 23l 2.0% &dolA z2H2h 93.3%, 93.3%, 93.0%, 84.3%°]1%1th (Table 7,
P>0.05). AFEAITE diZ&TelA 08191914, Fold wiEE LEAE 01%, 05%
1.0% 183l 2.0% &5 ol 27 0.84, 0.79, 0.81, 0.87 ©]Atk (Table 7, P>0.05).

UMM GELS 203~208% HARL, 4ol &L 1.64~1.79% HAZ vx=TE
HI 55 e A7t #ofxke 1A (Table 7, P>0.05).
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Table 6. Total length, body weight and weight gain of olive flounder, Paralichthys olivaceus fed with different levels of

fermented sludge from land-based seawater fish farm

Initial Final

R LY BW? TL BW W. gain®
Srotp (cm, mean+S.E.") (g, meantS.E.) (cm, meantS.E.) (g, meantS.E.) (g, meantS.E.)

Control 7.13+0.02 4.15+0.04 14.42+0.09™ 32.61+0.61™ 28.46+0.06

0.1% 7.15+0.02 4.26+0.04 14.35+0.09" 32.16%0.65" 27.90+1.89

0.5% 7.10+0.02 4.28+0.04 14.70£0.09° 34.50+0.61° 30.24+0.05

1.0% 7.12+0.02 4.26+0.04 14.700.10" 33.67+0.62" 29.15+1.29

2.0% 7.16+0.02 4.25+0.04 14.62+0.10™ 33.77+0.64° 29.32+1.90

Values in the same column not sharing a common superscript are significantly differern (P<0.05). "TL, Total length;

@wﬁm Body weight; W, gain, Weight gain; em.m., Standard error of means.



Table 7. Feed coefficient, daily feeding rate, daily growth rate and survival

rate of olive flounder, Paralichthys olivaceus fed with different levels

of fermented sludge from land-based seawater fish farm

) Feed Daily growth Daily feeding Survival
Experimental o
coefficient rate (%) rate (%) rate (%)
T
Erotp (mean*S.E"”) (mean*SE.") (meantSE.!) (mean+S.E.)
Control 0.81+0.01 2.06+0.01 1.68£0.03 91.7+1.0
0.1% 0.84+0.04 2.04£0.03 1.70+0.07 93.3+0.1
0.5% 0.79+0.01 2.08+0.01 1.64+0.03 93.312.0
1.096 0.81+0.01 2.03+£0.02 1.64+0.02 93.0+£3.0
2.0% 0.87+0.11 2.07+0.04 1.79+0.19 84.319.7

USE.: Standard error of means.
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2) 234 A5

Ay Az A AP0l Hr A 123 cm WG oY, AFFTA AFe
ZTA 186%0.13 cm® st sich A wad (FDSC), Ed#ad (FSC), &
= (CFDSC), W&+ Zad (FS) A3+ 27 189+0.15 cm, 19.0+0.13 cm,
19.1#0.13 cm, 189+0.14 cm= “443te] £FHadl (FSO# w5 (CFDSC)
TolA iz EY =& A4S skt (Table 8, P<0.05).
FAIZAL Adole] AT 1970 golddrh HFFRA AT dlEZTolA]
61.88+1.17 go= AAstda, sALad (FDSC), EFLEY (FSC), 5
(CFDSC), W& 2ad (FS) AdolA 77t 6520+15 g, 67.1941.32 g,
68.44£1.30 g, 65.62+1.39 go.& A7dsto], =T (FSC)# w54 (CFDSC) 4
ol e AAS Y (Table 8, P<0.05). S5 3 thxzolA 42.36+1.61
golla, gAdtg el (FDSC), £ ad (FSC), %9 (CFDSC), wWlEE wa
o} (FS) A8 Follx Z+7t 4578+1.08 g, 46.88+0.74 g, 48.18+0.20 g, 4564+1.95 g
o ¥&HY (CFDSC) A FIA 718 =2 TFTZFS HATH (Table §
P<0.05). AE&L BE A ToA 96.0~99.0% HHAATE (Table 8, P>0.05).
AtEAlTE 2T elA L0AR 7P =9kaL, sAd ) (FDSC)9 1.033 Hls=akad
a8y EFEad (FSC), 39 (CFDSC), W& Ml (FS) Ad ol 2z
7} 097~1.00 M2 xR} sieron, F59 (CFDSC) A3 tolA 0972 71
okt AMAEES 1.74~181% WAL Aol &S 1.76~1.86% M= diz=+
S HEg B AP frojakes fllk (Table 9).
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Table 8. Total length, body weight and weight gain olive flounder, Paralichthys olivaceus fed with different levels of

fermented product

Initial Final
Experimental L BW? TL BW W. gain®
e (cm, mean=S.E.") (g, meantS.E.) (cm, meantS.E.) (g, meantS.E.) (g, meanzS.E.)
Control 12.32+0.06 19.50+0.34 18.60+0.13 61.83+1.17" 42.36+1.61°
FDSC” 12.36+0.07 19.46+0.34 18.85+0.15% 65.20+1.55% 45.78+1.08"
Fsc? 12.46+0.07 20.32+0.36 19.00+0.13% 67.19+1.32° 46.88+0.74®
CFDSC” 12.330.06 19.84+0.35 19.11+0.13" 68.44+1.30" 48.18+0.20°
Fs? 12.39+0.07 20.03+0.35 18.85+0.14™ 65.62+1.39 45.64+1.95"

Values in the same column not sharing a common superscript are significantly differern (P<0.05). :‘HH: Total length;

wvwﬁ\. Body weight; W, gain, Weight gain,; K_vm.m., Standard error of means; mﬁbmo, Solution of fermented diluted sludge

added with concentrated citrus juice; em,mo* Solution of fermented sludge added with concentrated citrus juice; quﬂUmO*

Concentrates of FDSC; mvm,m* Solution of fermented sludge.



Table 9. Feed coefficient, daily feeding rate, daily growth rate and survival
rate of olive flounder, Paralichthys olivaceus fed with different levels

of fermented product

. Feed Daily growth Daily feeding Survival
Experimental o
coefficient rate (%) rate (%) rate (%)
rou
srotb (mean+S.E.”)  (mean+S.E.) (meantS.E.) (meantS.E.)
Control 1.04+0.01° 1.74+0.06 1.81+0.04 99.0£1.0
FDSC? 1.03+0.01" 1.80+0.01 1.85+0.01 96.0+2.0
FSC? 1.00+0.02% 1.79+0.01 1.79+0.04 97.01.0
CFDSC? 0.97+0.01° 1.81+£0.01 1.76+0.01 97.0+1.0
FS” 0.99+0.01° 1.77+0.02 1.76+0.02 98.0£2.0

USE.: Standard error of means., 2)FDSC, Solution of fermented diluted sludge
added with concentrated citrus juice; 3)FSC, Solution of fermented sludge
added with concentrated citrus juice; YCFDSC, Concentrates of FDSC; 5)FS,
Solution of fermented sludge.
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W GAE X
F 23 H Fol F HuFEd ExaE wAAE £ ¥sE 323 23
Aol s tixT7F 3712431601038, s|AEE ) (FDSC), £3¢ad (FSC), &
9 (CFDSC), wiEE #ad (FS) AFTdA ZH7 37324278, 33.92+2.40
33.322.80, 28.162.637N 2 2o} FARIATH (Fig. 9, P>0.05)
S AT BEEE R4 49.56+3.339] sl g (FDSC), &%
g ol (FSC), %9 (CFDSC), MiE%E &ad (FS) Ag ol zhzh 43.88+291,
54.25+2.98, 46.83+2.13, 44.50+2.94% oz} FAFsHATH (Fig. 8 and 9, P>0.05)
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Fig. 5. Photomicrographs on goblet cell and epithelial element of intestine of the
olive flounder, Paralichthys olivaceus., A: anterior intestine of control group,
B: anterior intestine of treatment group, C: mid intestine of control group, D:

mid intestine of treatment group, ct, connective tissue; g, goblet cell; mf,

mucosal fold, H - E stain, Scale bar = 50um.
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4. 84983 AL

1) doada

EEo] Aold W HIT FE 2T A4S 2746x10" cell/mm’ol ¢, &3

dtE ol (FSC), WiEE ae (FS) A3 oA 2tz 3032x10" cell/mm®, 297.0x10°
cell/mm’® thzF9} fAFeFATE (Table 10, P>0.05). 341 & o) (FDSC)# 53
(CFDSC) Aol M 3162x10" cell/mm’et 314.2x10" cell/mm’® thzxTHT} =
9k} (Table 10, P<0.05).

g2 (Hb) s 7ol 38+03 g/dlellal, % (CFDSC)¥ wj&E
o (FS) AdFolA 42403 g/dLat 40402 g/dLz iz fAEA T
(P>0.05). gA1drg o (FDSC) &3 a (FSO) Y Aol A 717t 4.8+0.2 g/dLs}
48+04 g/dL=Z =KL =9kth (Table 10, P<0.05).

LA F (HH)E HET7F 248%%3, 3Atad (FDSC)# Egd¢a e (FSC)

& ol A 27.3%9F 27.1% = WETRG =4 Yestt (P<0.05). 559 (CFDSC)

AT 246% 02 9 AR oUW (P>0.05), MiEs EEY (FS) HAd =
21.9%% 7H4 wEgktl (Table 10, P<0.05).

—

2
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Table 10. Erythrocyte count, hemoglobin concentration and hematocrit level of

olive flounder, Paralichthys olivaceus fed with different levels of
fermented product

) Erythrocyte count Hemoglobin )
Experimental 4 5 . Hematocrit
(10" cell/mm”, concentration (g/dL, b
Group D D (%, meantS.E.”)
mean+S.E."”) mean+S.E."”)
Control 274.6+3.9° 3.8+0.3 24.8+1.1%
FDSC? 316.2+13.3" 4.8+0.2° 27.3+1.5"
FSC? 303.2+16.0°" 4.8+0.4° 27.1+1.1%
CFDSC? 314.2+11.2° 4.2+0.3% 24.7+0.9"
FS” 297.0+12.3 4.0+0.2% 21.9+1.4°

USE.: Standard error of means., 2)FDSC, Solution of fermented diluted sludge
added with concentrated citrus juice; 3)FSC, Solution of fermented sludge
added with concentrated citrus juice; YCFDSC, Concentrates of FDSC; 5)FS,
Solution of fermented sludge.
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oX,

B = ¥4 & dd (Total protein)& 559 (CFDSC) A3 =
Aejgt BE g oA 33 ~37 g/dl ME 9] 32g g/dLet frAFSFAAIRE
(P>0.05), 5 (CFDSC) AgFodA+= 40g/dLZ HZ2TFHY =Jth (Table 11,
P<0.05). Triglyceride®= tIZTE H|E3 RE AT A= AT (Table
11, P>0.05).

g9 (Glucose)= 3ATE A (FDSC)# wiEE HEe) (FS) AFlA 301
mg/dL¥} 33.8 mg/dLE thx=7"Ht} Srekar (P<0.05), &7+ 454 mg/dL=E 7Fg
=%t (P<0.05). 1 ¢ vE A¥Te iz FAsET (P<0.05). el =H =
(Total cholesterol) =X+ WZTolA 1839 mg/dLe| L, 314 wgol (FDSC),
T3 wEo (FSO), 28al s59 (CFDSC) A@delA 22 2121 mg/dL, 2114
mg/dL, 217.3 mg/dL® thx7-9 fFALsATE (P>0.00). wiEE HaEe (FS) A3
= 2365 mg/dLZ tlZ2F Rt =9dkth (Table 11, P<0.05).

g3 W GOTE W&ETolA 511 unitdal, 3jdwtgd (FDSC), &3dad
(FSC), %9 (CFDSC), &= 2ad (FS) AgdAl 717}F 422~44.1 unit W
= oAlad ygtour APt foldk Aol gloltk (P>0.05). LDHO 4% o
of| Al 3952 unite]®lal, &3 wEY (FSC) AT+ 3380 unite= 71 vkogrt
(P<0.05). s|ATEHFDSC) A3+ 4500 unite 2 F7kskdth (P<0.05). FH
Y GPT+ 21.0~229 unit W92 EE A4 Foak= Aot (Table 12,
P>0.05).
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Table 11. Total protein, albumin, glucose, triglyceride and total cholesterol concentration in serum of olive flounder,

Paralichthys olivaceus fed with different levels of fermented product

Experimental Total protein Glucose Triglyceride Total cholesterol
Group (g/dL, mean+S.E.") (mg/dL, meantS.E.) (mg/dL, meantS.E.) (mg/dL, meantS.E.)
Control 3.2£0.17° 45545 46 225.7+9.97 183.9£10.43"
FDSC? 3.8+0.11% 30.1£0.92" 247.8+1451 212.1£13.43"
Fsc? 3.7+0.15" 36.941.59™ 254.4+15.54 211.4+5.84™

CFDSsC? 4.0£0.10 38.3£3.35% 228.1+19.57 217.3+10.95"
FS” 3.3+0.33" 33.7+3.46" 267.0+12.33 236.5+19.67*

Values in the same column not sharing a common superscript are significantly differern (P<0.05). :w.m., Standard error of

means.; mﬂUmO, Solution of fermented diluted sludge added with concentrated citrus juice; @m,mo, Solution of fermented

sludge added with concentrated citrus juice; R:Oﬂ@mo, Concentrates of FDSC; mvﬂm, Solution of fermented sludge.



Table 12. GOT, GPT, and LDH activities of olive flounder, Paralichthys olivaceus

fed with different levels of fermented product

_ GOT GPT LDH
Experimental . .
(Karmen unit, (Karmen unit, (WU,
Group b ih) D
mean=S.E."”) mean+S.E."”) mean+S.E."”)
Control 51.1+3.06 22.9+2.07 395.2+20.66"
FDSC? 42.2+1.11 23.9+2.88 450.0+22.30°
Fsc? 42.8+4.53 21.1+2.83 338.0+12.98°
CFDSC? 42.9+3.89 22.0+2.34 360.8+9.02%
FS” 44.1+4.51 21.0+1.37 381.2+24.91*

USE.: Standard error of means., 2)FDSC, Solution of fermented diluted sludge
added with concentrated citrus juice; 3)FSC, Solution of fermented sludge
added with concentrated citrus juice; YCFDSC, Concentrates of FDSC; 5)FS,
Solution of fermented sludge.

_33_



i

B!

quAldow

{5}

A S2ket o

)

Wol ARgH I Sl

il o

¢

2ol A
¥l AR A7)

L
R

A s )23 k. MP

= X
- L

ol WjE&A At MP &+el ut

=
=

—_

;OL

N
ol
o
ol
X
=

&
o)

Elli=ess

|

=5

Aol

2 767%<F 1)

]

Z=
=

[i3
=4

w2

A3 6.94%= MP o

Feiek ofv]

S

392%= A

o
EO]:T:

= ME=A 16%Ad

[e)
ChiE

5

o, frejopnlial

A

BR
1o
<

N\

]_

"

, 249%%

HA el A w2

=5

HAl SrobAth MPelA & &

S

1
.

g B Cryt Hg

kel
=1

pitd

kAY 1.18 pphbE & A

= HA4 &2

e

!

o

o

el

~
;00

-
M

el

4

o
:Mﬂ

o

0

Jo

o
Cid

gyl &

iAol A HoS Aoz 3

12

HiEES SS 3

%ol 4

k]

v Azo] HEEAT BHI Aol A uj

T

Aol

s

%

ki3

e 94

~H
=r
o)

o]

=
=

Az AA

KeX
=

i

_34_



==

F2YUE YA HH o2 F8 nAEY] TS JASE 23 (Gildberg and
Mikkelsen, 1998)¢} FAFslith @A M+ (photosynthetic bacteria) 5 EM 1| A
=2 SASACl v vt 2714 3 (aerobic dark), #7714 W xA
(anaerobic light), P]&7]% %7 (microaerobic)s 2] XA F71&5L o8&, =
2ol 7hsstr® A % FAARS HUHA, F71E vlRe] Vs ANAA, A%
2 HeA s FEsHAl o] &5 e (Kobayashi, 1972), #HF3glel] o] &

& g e A 2 e Ayt Jbestvs ARS 2tal vk (Sasaki

289 A FAW F ot Fad AR A4S 5 A ol zwh
AFEOA A RS 2F G714, v, e, Senwols
Aol e JUEAS FReAT Aok B FHE Behpeol=sl ven E

T2 FqAksl @S Eolvd o R 85Tt (Moon et al, 2000; Kim et
al, 2001; Kim and Kim, 2003). 23} 2 &= Ha A vAE] AF o] Zagh o
Uxdow gus gilste] as5dS ARSItk Aol A3 tixolA
186+0.13 cm=z A&+, EFTa N (FSO)F 55 (CFDSC) A g oA 2+zt
19.0£0.13 cm, 19.1#0.13 cm®= izl Hl&} Folg A4S sttt (P<0.05). As
2 g (FSO)# 559 (CFDSC) Adg-elA 2H2) 67.19+1.17, 68.44+1.30 g
o7 xRt E2 A4S A (P<0.05). ST H> 5 (CFDSC) A&t
A 4818 go B2 U279 4236 gl 1208%% A &35 Rtk

osh we At ABBEAL WA AR Aol FEHEL W 9IS B

o7 S A% AlR HIMAC g AdFEZE 29 Ao uHAp AR
X, Kluyveromyces fragillss 5% Z7}sle] Ad 79+ ¢ 2019 Ay H=E
)3 Z2FEA gZRF vlEle] foldt 2ol Y (Lee et al, 2000), A&

2ol A7t BEel 44 FPAAY A% (Kim et al, 2003 o Ao

uj



o}

=

st 2]

°©

HA

o]

Mol e shat

i

TIC &

i

t} (Hafez, 1977).

oA g% @i Fowe o]Fg §ol

1

°
pal

e R L A R

o] Abgel
A (Nakagawa and Kasahara, 1986; Yone et al, 1986; Nematipour et al.,

1988)

°
yul

o

j
FEEE 98e

=1
=

Abs A A 24

i

9
pul

(Tibbetts, 1997). v gAl 3

Pagrus major

9
=
T
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|

w}

I

(Jo et

t} (Reifel and Travill, 1979; Jo et al., 1984; Allen et al., 1986). =32 -& 3l
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T4 F2H3l 2Ed s #ek sy AFoMR 28 30T, 25T, 15CTE
RS uwl, RBCF Hte] FX7F dASHA #Aash=d, o9t 22 4

Yeo, 2004). ¥ W= La= ARV AN LEES FEER AYs
& W, Aok e g

Tl 24 el FAYFE wAT Aot AFT

(Kang et al., 2004). o] <

T iz 4g 2746x10°
cel/mm’@ir  FAtEe] (FDSC)¥ %9 (CFDSC) AZTFolAde= 77
z7-2F vlaLste] FefshAl ESkth

2
ox
ox
o
N
%)
sl
0
32
* Sk

316.2+13.3" cell/mm’¥} 314.2+11.2" cell/mm’

Hﬂ

(P<0.05).

A4 (Hb) sxe dAEgd (FDSC) % & (FSC) AH@T-olA

3
(P<0.05). EMaAg (How= dizgeh 2e Ag7elM fAR d3ds Bt
RBC, Hb &%, H

o] 59] total proteine AEH A To oFu FHo| £AEA HUH FLst 7
A8, T PAFe v AE &4 wE F5gEE E 4 A (Mayer,

1985; Yamawaki et al., 1986; Khattak and Hafeez, 1996). ©] Aol A& =
A 32 g/dLo=z vota w=od (CFDSC) A& oA 40 g/dLE =2 s 1

o AY glycogens W3ste] 4 glucose’t S7FskAl Atk (Gupta, 1974). ©]
AT A glucoserx HETANA 455 meg/dLE 7H =k, 3|24k
&8 dad (FS) A3l 301 mg/dL 33.7 mg/dLE 7} wekth
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Smith and Ramos, 1980).

3

%

k=
=

t} (Casillas and Ames, 1985; Rao et al., 1990).

7b AT A= 422~481 unite® ML

t}. LDHS 3§

28 A

=13
=

51.1 unit,
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o)

=

;A
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AFEE oF 30059 Rl BEa: 9w, Fa FAUAelFow
WAE Agsa gtk o 4 &
2 BEAA GAAR FFeke] A

gk WA 43 A AR UolA MEE wa
°]

N

71% (Cr, Hg)S %
T fzTE e dgstant (P<0.05). AtEASTF
v TgEEd (FSO), 59 (CFDSC), MiEs ad (FS) AgTolA iz
%4 (CFDSC) Ad oA dxrr =L Adans
HAT (P<0.05). @R =AHE R Ad 7 (RBO= 3423 (FDSC)# &
=9 (CFDSC) A& T olA =74 2AEAL (P<0.05), EMAsE (Hb)e 34
29 (FDSO)# T ad (FSC) Aol it & 52 2AH
t (P<0.05). & @i Ade FEd (CFDSC) A FolM 714 =A 2AEd
(P<0.05), dFH2 gaagd (FDSCO)Z HjEE 2 A el Atz
TR SA Z2AE Y (P<0.05). LDHE &3 gd (FSC) A g oA vt
ZAE AL (P<0.05), GOT, GPT #A44A¥%= tx275 HES Ze AP TolA
AL AdE BT (P>0.05).
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