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SUMMARY

I. Title

The Study on the Recycling of Effluent sediment from the Land-Based

Sea water Fish Farm

II. Goal and importance of the research

This study was accomplished to established the fermentation technique for the
recycling of effuent sediment derived from land-based seawater fish farm. The
effluent sediment was fermented using useful microorganism such as lactic acid,
yeast. The fermented sediment was evaluated to be reused as functional feed
additive for fish farm. This study will be helpful in constructing pro-environmental

fish farm industry by raising the clean image of Jeju.

Ill. Research contents and scope

The effluent sediments were collected from 1 place among the land-based
seawater fish farms in Jeju-do. The physico-chemical characterization of effluent
sediments were determined, and then screened the microorganisms most suitable
for fermentation of the effluent sediments. The functional effect and safety of the
fermented sediment was tested wusing the major aquaculture fish species, olive
flounder (Paralichthys olivaceus). After fishes were fed the experimental diets for 63
days, the effect of on growth performance of olive flounder was investigated. Also,
the availability of the product as an additive in diets for fish were investigated

using the histological and biochemical techniques.

IV. Results

The fermentation condition of the effluent sediment was established using

useful microorganism such as lactic acid bacteria and yeast. Concentration of free

_13_



amino acids in fermented product was relatively higher than that in the raw
effluent sediment. The concentrations of harmful inorganic (Cr, Hg), the number of
marine bacteria and Vibrio sp. were remarkedly reduced after fermentation of the
effluent sediment.

To estimate the availability of the fermented sediment product as a feed additive
for cultivating fishes, we investigated the effects of oral administration with the
fermented sediment product on the growth performance of olive flounder. Fishes
were distributed into seven groups; control, solution of fermented sediment added
with concentrated citrus juice (10%F, 30%F, 50%F), concentrates of 10%F and 50%F
(10%FC, 50%FC) and solution of fermented sediment (FS). Fish were fed the
experimental diets for 63 days. Growth of olive flounder fed diets containing 30%F
and 10%FC was higher than that of the control (P<0.05). The weight gain of fish
fed 10%FC diet was significantly higher compared to that of fish fed the control
diet. Feed coefficient value was lower in 10%FC and FS than in the control diet.

In haematological characteristics, RBC contents of 10%F, 50%F and 10%FC groups
were higher than that of the control group (P<0.05). Fish fed the diets containing
10%FC had the highest total protein among all groups (P’<0.05). Blood glucose level
of fish fed the diets containing 10%F, 50%FC 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 30%F 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). The
fermented product of fish farm sediment with concentrated citrus juice might be

used as an additive of flounder diet.

_14_
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1997; Kim et al.,, 1997; Kim, 1999; & &, 1998, & &, 1999)
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1tk (Wu, 1995).
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H vl Atk (Kouka & Engle, 1996).
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Grinding of sediment

Addition of nutrients

Inoculation of lactic acid bacterium

and yeast

Fermentation

| Fermented at 38C for 7 days

Filteration

J Removal of fish bones and scales

Fermented sediment
(pH 3.5~4.0)

Fig. 1. Process of fermentation of sediment by lactic acid bacterium and yeast.
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1 43000 o] g8 Aolt BAXE FHe 24 FATRANN TYE 9B
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% 152~24.8C¢ -
Foll 24.8ColUth FEL 34.0~36.0 %2 AR A& DOE
AL, pHE 7.5~8.

221 Ael o] &¥ HYPole RAFT HEY A SATEAAA AL HAE
2004 59 29U H-H 8Y 3U7A F 97T ASSIATE AE AR Ao FdE A
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2 FAAAE (Sartorius, BP 31005)Z 0.1 g7kA] 434tk AFL AA A2k 4%
= AT A=

o2 1 mm7HA  FAEsAH oA FH Fele =

HCl-Oxytetracline 50ppm 2.2 1A]7F k&35t o

Ho]E 50 ppm HCl-Oxytetracline®. = 1A]7F k&3 3T
Al T APERE AAAlE Wid FAE AAS e, oAl S84 vt &3 A

Aol gk MESZ AEES et ST (weight gain), H4FE (daily growth

rate), ALEAIT (feed coefficient) & Al4bste] 2t A F7He] 3hs Bl
Total weight gain (TWG) = FW - IW

Daily growth rate (DGR) = [(In final weight - In initial weight) x 100]/days
Daily feeding rate (DFR) = (TF x 100)/{(IW + FW) x day fed/2}
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Feed coefficient (FC) = TF/WG
FW : final weight IW : initial weight TF: total feed

WG : weight gain
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gk
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2 ethyl aminobenzoate (Sigma, USA)Z v}H A7l ¥, 138 F
A1E AFESle] BIRE 3 (caudal vein or artery)oll A A E3stTh AE 3 AL 270
2 9], & 7l heparin-Na (25,000 U, TA1h)S Hriste] dAF4E A3
R, e ¥ Ae TP ES SAS] Hst A T A
4ColA 2475 W8 Fo 6,000 rpmoll A 5EIF YA HEsle] dHS £

o a8 A F 2uE dAsks L, 233t S 23S £ F WA

HE fA58A 342k oluje] Sgshgh

MEE AR g FABE FEFS Fetstr] Aste] A E45 AT
. A8 F(RBC) 4~ hendrick’s diluting solution® = A& 1:2000. = 3] A5 o

hemo-cytometer (Improved Neubauer, Germany)E ©|-&3}c] 33 dwn| A3l A A
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stAT @44 Hb)ysZw AT v 9748 kit (Asan Pharm. Co., Ltd.)E A&
3t  cyan-methemoglobin®], JtH&F-&2 (Ht) %2 microhematocrit centrifuge

(Model 01501, Hawksley and Sons Ltd., England)e|A] 12,000 rpmS.2 533F €4 3
ANA BERO R 2330

2 83 FUIAE 72
g vfavlgsEe 7IAGEF-I0] vtavlEY EAstA rlavls FE9Y
st TS e EZ o] AL 3 515nmoll A v A AFsl= FAEEE

H (Xylidyl blue method)o.2 HAJetHth 8% ZHFE= OCPC (o-cresolphthalein

[>

il
i)
u

-complexon)§ 2.2 AlFHH 1 Y JA4E kit (Asan Pharm. Co., Ltd)Z AM&3te] A
ZFat Aot
o 84 f71 8% 2

(

FTHW AT (total  protein)  Biuret o2 AT @ (glucose)

GOD/POD ©.2 (Werner et al., 1970)37 3} %t}

8442 GOT (Glutamic oxalate transaminase), GPT (Glutamic pyruvate
transaminase), LDH (Lactate dehydrogenase)ell th3ale] ZA43t k. GOTS GOT+

reitman-frankel¥, LDH+= 22F7| 2 o2 =A 3o

fr

A g e Ay 7
MeE dRAe GANES ddoR P % BASE Wge EAE, o

o gt AFE g o 2 HESA

g

ol MiE= LTAAE TEol wE I3 Ao £H5E WHEE dFst] sk
7zt APEE seteld B8 F3E38to] A5 Bouin's solutiono] 1A 38FS1AL, paraffin

Aol o3 5 m FAZ HASA . Hansen’s hematoxylin®} 0.5% eosin®] Bl ¢
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Lo

2 #Fe %

o] e

o F s Avges zA%d wWsnE AAGAL. B 24
(intestine) ¢ 7 (anterior intestine) ¥ F7& (mid intestine)s & ™

= HIZFAMIE (goblet cell) & 2 5 HA3 A

2 7+ 2 A9 glutathione 3% 2 ¥ a4 FA
Zrzre] AlR FH7MAl W Adgole A 232 &
oo 7+ 9 S Rt Ay FAES SAHINGGY BIE 2 2 A 2L
1.15% KCI €< (washign buffer)o] 2-33] 4|23} hemoglobin®] 24 WA|3}4th.
dgFe ZA71E EEsted pH 725 A4kEE&A (0.IM KH,PO, 1 mM EDTA, 1

b

O_u
By

>

mM dithiothreitol, 20% glycerol) > = teflon-glass homogenizer (099C K4424,
Glas-Col)& ©]-&3} teflon pestles 33t= H&EstHA T3 st #dstd A
S 4ToA 12,000 rpm o2 2587 Y418 (Supra 21K, Hanil Science Industrial
Co)stlth 9422 F A5Ae BASHE 240 tha N2 A8t

(1) Glutathione peroxidase (GPx)

GPx= Bell 5 (1985)¢] WS FAHT A2 HO,E 7|2 ZE, sodium azideE
catalase A A Z A& ®WHES ALESAT. 9 A5 1 mM GSH, 01 mM
NADPH, 0.5 U GSH-reductase, 1 mM EDTA, 2 mM sodium azide ¥ 50 mM <1%F
A45&d (pH 74)°] £3H TFERS 71e F 67 5 20T oA incubationgHt}
2 25 mM H:Ox 2 ¥ &A1 A1&skith. NADPH7E 4bshs = Hl&-2 340 nmol

A 3% e 202 99 E EBFEA (Zenyn 200, Anthos Labtec Instruments Gmbh,

(2) Glutathione reductase (GR)

GRS Beutler (1984)2] WS 3l =431tk A& 20 plol 1 mM EDTAZ}
X34 potassium phosphate (pH 7.5), 2 mM 4tsld S FEE2 9 3 mM DINBE
A7hehoh wkge 9y ZA13 NADPHY H7l2 A&ttt NADPHYZL 443ty 2%
EIE] 2 (GSSG)S #9938 ZFEHEL (GSH)LE $9A171 ¥, DTINBe 2|ato] whalg

=

SAE EFETFE 412 nmolA 3F < 7 30x TEHE EFBEA (Zenyn 200,
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3

b,

5|\
ol

Anthos Labtec Instruments Gmbh, Austria)E ©]-8-3}
(3) Glutathione level (GSH)

GSHr (GSSG+GSH)< Baker 5 (1990)9] ol o3t FA oAt SAHS 9
st Algv GSHe SAAl Walsl= proteing A A3H7] st 5% 5-sulfosalycyclic
acid (SSA)ZE 3|43l ALg3tATh 4 AR EFAIY (100 mM NAHPO;, 1mM
EDTA (pH 7.5), 0.15 mM DTNB, 0.2 mM NADPH ¥ 1U/mL GR)<S FH7}ste] I3
405 nmolA] 2% HA ZASIATE (Zenyn 200, Anthos Labtec Instruments Gmbh,
Austria). GSH &% A4k GSSGE AME3t AFAE ulgoz Aitete ©el=

uM/mg protein® =2 YEY T

(4) protein
Z2 9 @id ¢ Bradford (1976) WHoE AR EFEZEE bovine

serum albumin (Sigma, USA)S AF8-3} T}
6. &S TAEY 7|4 &4

7}. Xanthine oxidase &A ¥ Superoxide A 4

HjE=o] gk Xanthine oxidase €4 A P superoxide radical A&AZA
E 6%H #AE 5 %) = ¥ol Hag HaE (10%

T A), iEEd dE w5 30%)= Egste] Hag Ta (30% LA B),

% T Q) 5 371A9 ¥Hz $8E 319 7 AlE(A, B, OF

rLIlo

. ¥R wiEEY WEE TEEY LPSE I8 A EAAY nitric
oxide (NO) Aol gk oA a7 A

(1) A=E vj<F

h-2 A EZFQ] RAW264.7 M E+= KCLB (Korean Cell Line Bank)= #H

=% ol 100 units/ml penicillin-streptomycin® 10% fetal bovine serum(FBS)©]
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¥ DMEM A& ARg38te] 37°C, 5% CO, F=7]0A vieFsilon, At wj e
3~4Ye] A AdP3FATE Lipopolysaccharide (LPS. E. coli serotype 0111:B4)&=
SigmaZ 58 FAste] AP AHEstAT

2 Ax54 A3
RAW264.7 A|EZS 1.0x10° cells/ml®] F%& 48 well plate®] Z} welld] ¥
24712 Wi F ¥, AIRE 31-1000 pl/ml E=2 H7FsAT ol & 24413 w3 v,
3-(4,5-dimehtylthiazol)-2,5-diphenyltetrazolium bromide (MTT, Sigma) 100 ugs
A7Fetal 3A17F E<F o widstath viAE AAF th, dimethylsulfoxide (DMSO,

o

Sigma) 150 plE 7Féte] MTTY e 93] A H formazan IHES &3fA2]
microplate readerE AME3}] 540 nmolA FIFE=E SAHIATE 4 AlgTel dish
B F8E @S TIaeH, dxdd T Rt ARAAEE

ZASF AT

-

n’.lo{r
o
il

(3) NO B4 A& A
RAW2647 AEZ 10% FBS7} H7Fe¥ DMEM HIAE o] &3la] 1.0x10°
cells/mlZ 243t & 48 well plate o HF3sta, AlFEZY LPS (1 pg/ml)E 549
Aelste] 24413 wi ettt A9 E NO9| Fe Griess A S o] 838l Alzufgd
ol EAtE NO o FH=Z SA33tAch A= F5H 100 ulet GriessAl <F [1%
(w/v) sulfanilamide, 0.1% (w/v) naphylethylenediamine in 2.5% (v/v) phosphoric
acid] 100 plE %3t 96 well plateselA] 10 &<¢F ¥H&AIZ1 & 530 nmolA]

TE S45At. AAdE NO9 %2 sodium nitrite (NaNO2)E standard=

@) HANEZ] AEF "X = &7
NO A7g9 AAazs #&As7] Mo UA Ag7t AHEe] e JTF
n A e FEE 2437 98 31, 63, 125, 250, 500, 1000 pg/mle] & A
MTT reduction ol 23] AE YEES ZASIITH

filo
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G) AIXY dAEAR &3
UolF HlEE L HEFE 2F FEE A wE HL-60 ¥ Jurkat A ¥ A%
o th3t A ay+= tetrazolium salte] 3l MTITE A3t MTTY o 93|

A EE formazan® 3T 2 A3

(6) ¥l &= IF4rsIE 4 (antioxidant activity)
ZF AT (AFAE, B10%, C50%)E= ©Hdst s (50, 100, 250, 500, 1000
ug/ml)oll wet H2jste] i HrI=o Fitst Ede HSEA WA HepG2 1

FAEZFE FSFAAWA (serum-free media)oll Al 24A] 7t v Fst Fo Zhzte] o

[o

7NES 1AHESE AXYstn 2 Lo g HO, (5 mM)S Aaleth Hydrogen

peroxide A2 % 15% $of MEZY LA EZE (reactive oxygen species, ROS)<]

HEE TaE MEEANY 7 B

N

7 &3 49

Z3 A% 20049 29%E 49744 3AL7 AFE QA BZANAN 2AES

d

LA F 8o ol PTE Jhed AvE YAE de FE wastark

474 sHeE T4

]_

b
A
>
N
=
ot
o
oo
o
2
e
filo

ol
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A 24d AF+23

1L HESES 7122 3 MAE g R FFHZ=H &34
FoF MEES 100C, 1083 7HEH g st 2oz WyZhste] mjgr|dE o]

flo

ST Bl <
< Fig. 29} 2t} S. cerevisise= W EMNA F 24 AR A&EH o2 A F7F F 7S}
o 3YAFH WMEFTE AZA AAFY wE Sl T HuAAsE g 64
Aol 6.0x10" cfu/ml YT} L. plantarume ¥ FAA T FE3 AAS el 2959
HAWAAF (1.4x10° cfu/ml)E YEHon, 3AAHE 7|0 HojEo] o]F njdz
5 AZHA SRkgk ARAle] Har YEet (Fig. 2).

H71x7, 38CAA FAEJow, L. plantarum LS. cerevisiae®] A7

(sAep) ouny],
S v € z I 0

+01
mﬂ.ﬂljﬂﬂid "I . TISIAI 19D S' v a
4]
501 E
5
[=n
e
01 2
g
'

o101

Fig. 2. Growth of Lactobacillus plantarum and Saccaromyces cerevisiae on fermented
product at 38TC.
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2 9 Gehgon (Table 1), 589 S7ksh 2

WA} WEE ARel

A=

e

!

0|

}sit}. Table 2

3

-
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)
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<Table 1> Proximate composition of moist pellet, sediment from effluent and

fermented sediment

Fermented sediment

Moist pellet (%) Sediment (%) %)
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 1.6x0.01 1.9+0.01 1.9+0.05

<Table 2> Inorganic Concentrations in moist pellet, sediment from effluent and

fermented sediment

Fermented sediment

Moist pellet (%) Sediment (%) %)
Ca 0.633 0.930 0.328
P 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
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<Table 3> Harmful inorganic Concentrations in moist pellet, sediment from effluent

and fermented sediment

Fermented sediment

Moist pellet (ppm) Sediment (ppm) ( )

ppm

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, sediment from effluent

and fermented sediment

Fermented sediment

Moist pellet (%) Sediment (%) )
Asp 2.18 4.31 2.54
Thr 1.21 1.83 1.19
Ser 1.24 2.00 1.01
Glu 4.51 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
Ile 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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2 ABS T4 obv)iAld Feolv)iel FFS Table 45t 59 YA 15
ZTY FAoH = FAARZRY ZF A8 ofn| kgt FEFe] A Y Aol
A WAEZA ko™, Asparagin, Glutamic acid, Glycine, Alanine, Leucine,
Arginine 59| ofr|i=ito] A FFS] 60%0]%S AASAT (Table 4). Fotv|=
AN Agdde 4 A8 frefobriety] A A FEFe] ZolFo] FREA YEN
t} (Table 5). & 33F9 FEotr| =it E42AAR2RE PAEAM= 2057, HEE

Me 22F°] AEHE v wEE TR EAAME 30FFY FElotumite] HEEHU

-

—

T, Aoz 7 fEolrite] wE7F HALREY wlEE AR H& wiEE Y
o=
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<Table 5> Free amino acids composition of moist pellet, sediment from effluent

and fermented sediment

Fermented sediment

Moist pellet (%) Sediment (%)

(%)
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-3-Aminoisobutyric acid ND 0.076 0.037
¥-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

ND' : Not detected
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3. fEE9 AAMYETA) £ AT HAA

FAG MEE EASE oM HAE A8 3TF AdHuiA(Ss sHnA,
TCBS gxduj#], BHI AN E ol&3tAAth Alge AF & 20z dJL= oF
5o FHld z+ Ao HEFst] 25T, E71F7ANA 2447t v Fstdh £, &
27 WS ES 100C, 20487 At A st Alget A gstA] fa Zikt, ERE
dom wE MY A8 T FHlste 7)o daujAe] HF e TS wjdx
st A wiFat Tt 100 Coll A 2083F At X 2]dt AlEolMe 24A1%F vk & ofu g
FEUE SAHA gk =9, TaAEE I F 29A5FE FTE LA
SS gxlulA], TCBS HujA|eA oWt FR2UE A=A gk o}, BHI A
e FHF ko]l 2+ 154 HAE AT BHI A A7 HES 51O
2 3oy, HAANEZRH A7 FHE e vAEY TS UATH(Fig. 3a
<} b).

o

¢

Fig. 3. Microphotograph of bacterium from the fermented sample grown on BHI
agar medium (% 1,000).
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Fig. 4. Microphotograph of bacterium from the raw sediment sample grown on

BHI agar medium (x 1,000).

. F Aas
dad ABUY Ads EFEY F G Adse 41x10° CFU/g, MHE Q%
AdFE 46x10° CFU/g 2 UENTH (Table 6).

<Table 6> Total number of marine bacteria and Vibrio sp. in raw effluent

sediment from land-based seawater fish farm

NO. of Vibrio spp.

NO. of marine bacteria
(x10* CFU/g)

(x10” CFU/g)

No. of bacteria of
4.6

sample for 41

fermentation

Z dEA T 2 g AR Radue] Ads 54 23S Table 791 4

B ATt

_55_



<Table 7> Counting of total number of marine bacteria and Vibrio spp. from

fermented sediment

. NO. of marine bacteria NO. of Vibrio spp.
Time(day) 3 1
(x10" CFU/g or mL) (x10° CFU/g or mlL)
2 ND' ND
4 ND ND
10%
. 8 ND ND
fermentation
16 ND ND
30 55 ND
2 ND ND
4 ND ND
sediment
. 8 ND ND
fermentation
16 ND ND
30 ND ND

D Not detection
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G REAE @ ArelE AduiA (S5 WA, TCBS B A)gel] ot v
g 22Ul WAl gtk oYd FXet BEAYE o YT APERE FE

o oI A
vt AtelA AEE = A QA AW Edwardsiella tarda, Flexibacter
maritimus, Lactococcus garvieae, Vibrio anguillarum 59 £ V|4 E DNAE o] &3}
FF wEE oA AEH A= Bluste AJr]e] o=l

dRou), dAHE oEe detA et (Fig 5).

r

At 24
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Fig. 5. Result of PCR amplification of fermentation product for Edwardsiella tarda
(A, 461bp), Flexibacter maritimus (B, 715bp), Lactococcus garvieae (C, 1,100bp),
Vibrio anguillorum (D, 367bp); Lane 1, Marker (100bp ladder); Lane 2,
sediment; Lane 3, Fermented sediment (2-day); Lane 4, Fermented sediment
(4-day); Lane 5, Fermented sediment (6-day); Lane 6, Fermented sediment
(8-day); Lane 7, Fermented sediment (10-day); Lane 8, negartive control;

Lane 9, positive control.
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4. O FAHR AT

A7 T AETY 24 2ddle FE

o

T 5, 9%, DO, pHY ATt the

4t/

AVS Lo AANT F 152~248T 9 HYE, HAFLL 243 A Fo) 1527T
o, HIF2e A3 950 248T oA FELS 34.0~-36.0%2 HAJHG. AlSF
2~87 mg/LL, pHE 7.5~84 M AT

o

. ojF WeE wEAE AR 4FED

A AFA AFoj] AL 713+0.02 cnol Atk APFEA Aol Mg dx
T-oll A 14.35£0.09 cnZ AR, FolF wiE= TAEAE 01%, 0.5%, 1.0% L]t
20% FaTolA 247 14.70+0.09 cm, 14.70+0.10 cm, 14.62+0.10 cm, 14.42+0.09 cn= 43

Aote] dzel LE g MEE WEAR IR Fo@ 4% Aot g
(Table 8).

APAIZA] HPolo] AT 4244005 golth APTEA] 2FHol AT txTolA
32160.65 go &2 st Fold wiEE LEAIE 01%, 05% 1.0% 12 2.0% &

FT7olA 22 34504061 g 33.67+0.62 g, 33.77+0.64 g, 32.61:0.61 g2 AAste], hET
o BE R wiEE BEAE FFTLA K A Aol AT

AP YELS YEToIA 86.67%01AL, FoIF wlEE 01%, 05% 1.0% L
2.0% &FTolAM 27t 88.33%, 88.33%, 88.00%, 79.33% = LFEFSTH (Table 8.).
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<Table 8> 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

Feeding period: April 28, 2003 through May 23, 2003

Initial Final
Exp. Numbe . Survival
TL BW Number TL BW W. gain
group r of ) rate (%)
. (cm) (8 of fish (cm) (8 (8
fish
A 300 7.10+0.02 4.28+0.04 297 8.63+0.04°°  7.29+0.10"° 886.12 99.0
B 300 7.15+£0.02 4.26+0.04 299 8.82+0.04° 7.57+0.10°  985.85 99.7
C 300 7.12+0.02 4.25+0.04 299 8.72+0.04° 7.49+0.09°  965.02 99.7
D 300 7.16%0.02 4.26+0.04 300 8.74+0.04° 7.45+0.09°  959.60 100.0
E 300 7.13+£0.02 4.15+0.04 299 8.75+0.04° 7.47+0.10°  989.86 99.7
Feeding period: May. 23, 2003 through June. 21, 2003
Initial Final
Exp. . Survival
Number TL BW Number TL BW W. gain
group i ) rate (%)
of fish (cm) (8) of fish (cm) (8) (8)
A 292 8.63+0.04 7.29+0.10°° 288 11.13+0.06° 14.74+0.25 1979.61 98.63
B 204  8.82+0.04° 7.57+0.10° 287 11.37+0.07° 15.35+0.24 2003.18 97.62
C 294  8.72+0.04* 7.49+0.09° 290  11.16+0.07° 14.78+0.24 1949.81 98.64
D 295  8.74+0.04° 7.45+0.09° 287  11.26+0.06™ 14.86+0.23 1886.80 97.29
E 294  8.75+0.04" 7.47+0.10° 290  11.25+0.07* 15.08+0.25 2139.60 98.64

Values (meants.e.)) in the same column not sharing a common superscript are
significantly different (P<0.05). A : 0.1%, B : 0.5, C : 1.0%, D : 2.0%, E : Control,
Sampling : 5 fish
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<Table 8> continued

Feeding period: June. 22, 2003 through July. 18, 2003

Initial Final .
Exp. — Survival
Number TL BW Number TL BW W. gain
group . . rate (%)
of fish (cm) () of fish (cm) (2) ()
A 278  11.13+0.06" 14.74+025 265 14.35+0.09° 32.16+0.65° 4276.70 95.32
B 277 11.37+0.07° 15.35+024 265 14.70+0.09° 34.50+0.61° 473590 95.67
C 280 11.16+0.07° 14.78+024 264  14.70+0.10* 33.67+0.62"° 4603.00 94.29
D 277  11.26+0.06™ 14.86+0.23 238  14.62+0.10"° 33.77+0.64°° 377230 85.92
E 280  11.25+0.07°° 15.08+0.25 260  14.42+0.09°° 32.61+0.61°° 4104.90 92.86

Sampling : 10 fish

Values (meants.e.)) in the same column not sharing a common superscript are
significantly different (P’<0.05). A : 0.1%, B : 0.5, C : 1.0%, D : 2.0%, E : Control,
Sampling : 5 fish

Feeding period: May. 23, 2003 through July. 21, 2003

Initial Final
Exp. Numb Numb W.  Survival
TL BW TL BW )
group er of er of gain  rate (%)
. (cm) (8 . (cm) (8
fish fish ()
A 300 715+0.02 4.26+0.04 265 14.35+0.09° 32.16+0.65° 4276.70 88.33
B 300 7.10+0.02 4.28+0.04 265 14.70+0.09° 34.50+0.61° 473590 88.33
C 300 712+0.02 426+0.04 264 14.70+0.10° 33.67+0.62°° 4603.00 88.00
D 300 716+0.02 4.25+0.04 238 14.62+0.10°° 33.77+0.64°° 3772.30  79.33
E 300  7.13+0.02 4.15+0.04 260 14.42+0.09% 32.61+0.61"° 410490 86.67

Values (meants.e.) in the same column not sharing a common superscript are

significantly different (P<0.05). A : 0.1%, B : 0.5, C : 1.0%, D : 2.0%, E : Control

) AMEAF, YR E

ARA7IERS] AFE AT (feed coefficient) , YXHIE (daily growth rate) ® L7HA
o] & (daily feeding rate) ol gt ZI}+= Table 77 2t}

AYEAIG (feed coefficient) & WIZTAA 08493, S wlEE LEAIRE 01%, 0.5%
10% “12]aL 2.0% &w-7olA 242k 0.85, 0.80, 0.83, 0.88 °]AUtk
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A AE (daily growth rate) = UIRFoNA 1.91% Ao oA wlE&E daEAR
0.1%, 0.5% 1.0% 12]aL 2.0% &=71X 2+2t 1.89%, 1.94%, 1.84%, 1.86% °]{tt.
Y7ol & (daily feeding rate) <& ETAA 1.59% 93, FAF wlE&E LEAIE 0.1%,

05% 1.0% 123 2.0% FFToM 22 1.60%, 1.54%, 1.55%, 1.65% <At
<Table 9> 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

Feeding period: April 28, 2003 through May 23, 2003

Experimental Daily growth Daily feeding
Feed coefficient
group rate (%) rate (%)
A 0.73 1.98 1.45
B 0.60 2.14 1.29
C 0.69 211 1.46
D 0.67 2.10 1.40
E 0.67 219 1.47

Feeding period: May. 23, 2003 through June. 21, 2003

Experimental Feed Daily growth Daily feeding
group coefficient rate (%) rate (%)
A 0.88 2.38 2.10
B 0.89 2.31 2.06
C 0.88 2.30 2.03
D 0.91 2.23 2.04
E 0.76 2.49 1.89

A:01%, B:05 C:1.0%, D: 2.0%, E : Control
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Table 9. continued

Feeding period: June. 22, 2003 through July. 18, 2003

Experimental Feed Daily growth Daily feeding
group coefficient rate (%) rate (%)
A 0.87 2.58 2.25
B 0.82 2.69 2.20
C 0.83 2.69 2.23
D 0.96 2.36 2.26
E 0.90 2.46 2.22

Feeding period: April 28, 2003 through July. 18, 2003

Experimental Feed Daily growth Daily feeding
group coefficient rate (%) rate (%)
A 0.85 1.89 1.60
B 0.80 1.94 1.54
C 0.83 1.88 1.55
D 0.88 1.86 1.65
E 0.84 1.91 1.59

A :01%, B:05 C:1.0%, D : 20%, E : Control
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). #(intestine) 2 Zk(liver) =3 F

231713 228y BES A (intestine) & M4 (anterior intestine) 2} F7 (mid i

g

ntestine) &S TAHSE Z}7te] 437 #e] HubFEol w3 X (goblet cell) o &
X5 HA AHk (Fig. 6). B AFoldlA 7 A5 viAES thixTolA 247
8+1.8270 931, oI wiEE LHEAE 01%, 05%, 1.0% 18]aL 2.0% 2]l A Z+2; 33.19
+3.17, 34.17+3.52, 24.87+2.24 12|31 2517+2.0270 2 tHZTRT} 01%}F 0.5% AFTollA vl
A7} wo] BESAT (Fig. 7, P<0.05).

3 HAGFE9 AAZE FoF mEE LEAR 01%, 05%, 1.0% 223l 2.0% =

T A Z+zt 42.25+3.89, 42.00+3.06, 33.17+3.30, 29.00+2.55 7N Z3.67+3.2971¢] thZF<}

ARl FelAE AN (Fig 7, P>0.05)
7o) A AAAS M T 2R XNUeS A EAHS #AAs Ay Uz

Tob Ay ite] Sold AolE B 4 I (Fig. 8).
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5 r

EControl H0.1%
005% 01.0%
H20%

Number of goblet cells

Anterior intestine Mid intestine
Intestine
Fig. 6. Change of the goblet cell (number of goblet cells per a mucosal fold) of
intestine in Paralichthys olivaceus fed with different levels of fermented

sediment
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Control Treatment

anterior intestine

T

mid intestine
Fig. 7. Photomicrographs on goblet cell and epithelial element of intestine of the olive

flounder, Paralichthys. olivaceus. ct: connetive tissue, g: goblet cell, mf: mucosal
fold, HE. Scale bar = 25 um
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Control

Treatment

Fig. 8. Photomicrographs of liver tissue of HE stain in olive flounder, Paralichthy

olivaceus. (A) control group, (B) 0.1% group, (C) 0.5% group, (D) 2.0% group fg:
fat globule, n: nucleus, scale bar = 25 ym.

. 14 oA AP BE A, B2 ot L WARH AE

O HEE TEEY AR TF A8 R AT AP Ft

A% 8~10 cm 7|9 R oj7] A E 1 ton AbFFEANA LAES AR
o] 02~20%7kA H7¥ste] AbEsted, AF M s E 3

R A A= %
1, 742 Al W Al7lel 2A zAMSHA T

ol
il
of%

filo
a1
o
(@)

~

2 29483 &
N AbE ] o

& FABEY JFS shts] Aol Felsty 2y

NS A
At AETRBC) FE 529 HWET7F 191x10° cells/mm’o] Yo H, 62 ZAAE o

ZT7F 199x10* cells/mm’, 2% Z7F77F 160x10° cells/mm’e. 2 ZA Atk 7€ 2A}
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Me AFF AA7} 259~288 cells/mm’Co. g2 AwtHo g APy} Frbste A
S HoleH ol ofF9 AR #He] e AeE A (Fig. 9). 844 (Hb
¥%E Flg 109 JeRARth 27 @x9 dA% & 202 g/dL ooy, 79x
Al e tZ2T7) 34g/dL oo, 2% HIFFAME 47g/dLE A E o] HIF7)
T E=99th B3 AL A5Es 27 4oy, 78 FAbA= 23.7~275%9)

MAE Jehlel BrbsEue fo)@ Aol BaEA Wkt (Fig. 1)

~—
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e —»— 0.5%
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go)
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o

o)
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@

x

100 . . .

May June July
Sampling period
Fig. 9. Red blood cells number of olive flounder, Paralichthys olivaceus fed with

fermented sediment.
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—&— Control
5.0 - —0—01% _
—v+v— 05%
—— 1.0%
— 457 | . 2 OO/Z
= .
S 401

Hemoglobin

May June July
Sampling period

Fig. 10. Changes of hemoglobin level in olive flounder, Paralichthys olivaceus fed

with fermented sediment.
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—e— Control
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Fig. 11. Changes of hematocrit level of olive flounder, Paralichthys olivaceus fed

with fermented sediment.
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G B8R FIIHE &
84 rtavlssEE Fig. 120 YA 59 ZAbXAE 226 mg/dLA2H,
69 ZAIME tETF7F 293 mg/dLolled 01, 05 1 2 2% H7tFolxe 247
351, 2.68, 3.65 % 315 mg/dLOZ FAlES LEE HIF7F thERF ol Bls| HlaF
=k AW, 790l 69 Rrhe tha WA JEUA 1 2 2% TEaE F7HTelA
Z¥zt 2.73 9 271 mg/dLelth €3 Zg v 599< 9.24 mg/dLell o, 64
ZAbl M e tHETF7) 1024 mg/dLelled 01, 05, 1 2 2% H7FFolAE 22 9.66,
8.56, 8.77 R 7.68 mg/dLO. 2 ZAlE o] & E HIFFrL gz HlE] wokth o]
g AT 78 ZAME HETVE 1145 mg/dLelle, 1 9 2% HA7belME 2
0.03 ¥ 935 mg/dL2Z ZAtH o] LEE H7brh gz Hle) v 24 7
=S Y (Fig. 13).

m}[l_r‘
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= 1]
0 T T T
May June July
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Fig. 12. Magnesium level in the blood plasma of olive flounder fed with

fermented sediment.
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=
L
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—0—0.1%
4 —v— 05%
1| —— 1.0%
—8 20%
2 T T T
May June July

Sampling period

Fig. 13. Calcium level in the blood plasma of olive flounder fed with fermented

sediment.

g4 F ald T 59 FAME 271 g/dLolloy, 62 XA M E =
T7} 286 g/dLellem 01, 05 1 L 2% H7MFolAe 42 274, 257, 2.75 L 2.72
g/dLo.2 ZAtHo] BaEE H7bok 77t Fo3 eyt vdEuA agith 7€
ZAME HETF7F 3.27 g/dLollen, HaE H/hTE 279~3509 HYS e
of hxTF Folgh xtol7t YEtA] FUTt (Fig. 14). @5 59 XAMA 3212
mg/dLel o}, 6dZANME tZT27} 77.69 mg/dLel2le™ 0.1, 05 1 2 2%
el e 2zt 62.86, 98.75, 79.73 % 5849 mg/dLO2 ZAlE o] 2% EE HIT
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bzl w we FA2 2AHAOU, RE FEFA @ Aot giith

LEANAME 2F7F 12951 mg/dLelAer, 05 2 1% H7FFolA= 2H2h 88.54
% 7494 mg/dLO.E EAbEo] WAE H7bPsh BETe] we e dgwe Ryt
(Fig. 15).

4.0 1
—e— Control
—0—01%
—v— 05%
—v— 1.0%
35 —a—20%

Total protein (g/dl)

r
o1
1

2.0 . . .
May June July

Sampling period

Fig. 14. Total protein level in the blood plasma of olive flounder fed with

fermented sediment.

_73_



200 1

—&— Control
—O0— 0.1%
—v— 05%
150 - —— 1.0%
— —a— 20%
=2
(@)]
£
o 100 A
wn
o
o
=
O
50 A
O T T T
May June July

Sampling period
Fig. 15. Glucose level in the blood plasma of olive flounder fed with fermented

sediment.

r:a

z

T (Glutamic oxalate transaminase), GPT (Glutamic pyruvate

(6) 84 524284 WF
254

rlo

ol

transaminase), LDH (Lactate dehydrogenase)el Wil 43ttt % LDH €42
59 ZA A= 5089 W.U./dALolR o, 6€FAPA = tix=7F 727.0 W.U./dLS.Z
ZAE O] 5T A =A ZAFEAS. olHd A¥FE FAE UMM E Bl
=4 ZAFE A=Y, 01, 05, 1 2 2% JA7FFolAE 42 622.0, 6321, 482.7 2 6749

WU./dLeE ZAES HaE H7bok 77 F93 Aol7F veubA] &ttt 7
HEANA = HET7F 4392 W.U./dLe|gleH, BaE HI7Ho< 1 % 2% 7oA
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7Yz} 430.0 2 478.6 W.U./dLL. 2 ZALE o WEE HI7lFoF thE2F7F AR &
4L UEIAT (Fig. 16). @3 GOT €442 5¢ ZA A= 9515 Karmen Unit ©] %}
o}, 62 ZAAE EF7F 81.51 Karmen Unit ©|1e™ 0.1, 05, 1 € 2% A7+

rr

ol = z+7; 81.72, 80.93, 86.77 E 8290 Karmen Unit &2 FAlF o] HEgE 79}
NZ77F F93% z2pol7F YeElYA] Fdt. 7D ZA = 27} 78.72 Karmen Unit
ollom, MEE FHJIFE 7275~88.05 Karmen Unit ¢ HS Ueldo] hx+9
frolg o7k YeldA] dtt (Fig. 17). @3 GPTE&4E 5¢ tlZFolAe 5337
Karmen Unit ©]1 o, 69 XA A= A AP T4 46.10~59.80 Karmen Unite] H
AZ Yol FARF A4S el At 7924 E @3 GPT &4o] thxTol
A& 65.34 Karmen Unit o|glom, &8 & HJlFoA+= 64.34~76.91 Karmen Unit
o' FAH O FARRE ®fe] 248 yed. wEtd BEE HUPF 9Ae a4

G0 FFe FA G Ao EAEUT (Fig. 18).
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Fig. 16. LDH level in the blood plasma of olive flounder fed with fermented

sediment.
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Fig. 17. GOT level in the blood plasma of olive flounder fed with fermented

sediment.
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Fig. 18. GPT level in the blood plasma of olive flounder fed with fermented

sediment
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(22 A5 23]

I ASAYARE B MEE TEES AR AAFEFRAC AHAFR A7)

WA GEe gAsy] 9% 23 AS AP 2004 5UH 8UAA F 977
sheich
b ARS8

AAct AFES2] DOE 519 ~ 872 mg/Le] HWYGLeH, pHE 822 ~ 94 WA} (Fig.
19, 20)
35 r

11
11

34 B E/LA H

w
w
)

salinity (%o)

w
N
)

—H=—salinity (%o)

31 F —— Water Temperature (C)

Weeks

Fig. 19. Weekly changes of water temperature and salinity of sea water in
rearing tank during the study.
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Fig. 20. Weekly changes of dissolved oxygen and pH of sea water in the rearing
tank during the study.

. Fol W& E HEAE MRS AFET

M) 8F HAEE

AP AlA Al AP0l HAALLS 123 em HelAoH, dFFHEA 4Pl A
e tEzTelA 20464014 cn2 S, HE FF5AF FolF wiEE 10, 30,
50% &3 E A9t 10, 50% w9 APF, FolF wiE
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o 30% AT 10% §F AP TN dHEzFES 73 S
p<0.05). AFAZA] APo)e] AFL 197 golith APFEA AFolg AFL =z
Tol A 89.89+1.62 g2 AAsIAL, AE wFAFL dolF wiE= 10, 30, 50% 3

o 0

E i
=

O

o o
i
o
-
=2
2
N

o
Ol
o

_80_

pH



T Aok 10, 50% A Lo A bzt

94.3941.89, 94.55+1.72, 90.62+1.16, 96.31+1.46, 92.91+1.67, 94.68+1.74 gi 735l
A8 A = o

10%, 50% 3 A3

by AAFANA 22 97.8%, 96.8%, 97.8%, 97.8%, 96.8%, 97.9% A

$%9 49T, JoiF WEE BE A3

10% &= AIdFNA =& AHAAS

= [e RN e RE=1

3T (Table 10, p<0.05). A3

% N

Tl A 98.9%°11aL, 10%, 30%, 50% &3 LENFIT g
o 1g8a
T} (Table 10).

==

<Table 10> Total protein, albumin, glucose, triglyceride and total cholesterol
concentration in serum of olive flounder, Paralichthys olivaceus fed

with different levels of fermented product

Feeding period: May 29, 2004 through June 19, 2004

Initial

Final

Exp. Survival
Number TL BW Number TL BW W. gain o
group . ) rate (%)
of fish (cm) (g) of fish (cm) (g) (g)
A 100  12.32+0.06 19.50+0.34 100 14.86£0.08 31.77+0.57 1226.60  100.0
B 100  12.36+0.07  19.46+0.34 100 14.87+0.09 31.88+0.60 1242.10  100.0
C 100  12.46%0.07  20.32+0.36 100 15.05+0.09 33.06+0.59 1273.20  100.0
D 100  12.22+0.07  19.49+0.36 99  14.80+0.10 31.41+0.65 1160.90 99.0
E 100  12.331£0.06  19.84+0.35 99 15144010 33.32+0.65 1315.00 99.0
F 100  12.42+0.07  19.87+0.32 99  14.97+0.09 32.25+0.57 1205.00 99.0
G 100  12.39£0.07  20.03+0.35 100 14.91+0.09 32.23+0.65 1220.00  100.0

Values (meants.e.)) in the same column not sharing a common superscript are
Control, B

significantly different

Fermentation, D

G : fermented sediment

(P<0.05).

: 50% Fermentation, E :

A
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<Table 10> continued

Feeding period: June 19, 2004 through July. 11, 2004

Exp. Initial Final Survival
group Number TL BW Number TL BW W. gain  1ate (%)
of fish (cm) (g) of fish (cm) (2) (2)

A 100  14.86+0.08 31.77+£0.57 100 16.41+0.11° 45.96+0.86° 1419.40  100.0
B 100  14.87+0.09 31.88+0.60 98 16.66+0.12° 48.40+1.02°° 1555.80 98.0
C 100  15.05+0.09 33.06£0.59 100 16.85+0.11°° 49.35+0.92° 1629.10  100.0
D 99 14.80£0.10 31.41+0.65 99 16.49+0.12° 46.76+1.01°° 1519.80  100.0
E 99 15.14+0.10 33.32+£0.65 99 16.92+0.11° 49.71+0.98" 1621.90 100.0
F 99  14.97+0.09 3225+057 99  16.75+0.11°™ 47.91+0.93" 1551.00 100.0
G 100  14.91+0.09 32.23£0.65 100 16.52+0.13% 47.77+1.06®° 1554.40 100.0

sampling : 6 fish

Values (meants.e.)) in the same column not sharing a common superscript are
10% Fermentation, : 30%

significantly ~different

(P<0.05).

A : Control, B

Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
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<Table 10> continued

Feeding period: July. 12, 2004 through August. 03, 2004

Initial Final
Exp. Survival
Number TL BW Number TL BW W. gain 0
group , ) rate (%)
of fish (cm) (g) of fish (cm) (g) (g)

A 94 16.41+0.11° 45.96+0.86° 93  18.60+0.13° 61.88+1.17° 1158.00 98.9

B 92 16.66+0.12°™ 48.40+1.02°® 90  18.85+0.15® 65.20+1.55"™ 1124.60 97.8

C 94 16.85+0.11%° 49.35+0.92° 91  19.00+0.13%° 67.19+1.32%® 1179.60 96.8

D 923 16.49+0.12° 46.76+1.01°° 91  18.65+0.14° 63.82+1.37* 1177.80 97.8

E 93 16.92+0.11" 49.71+0.98" 91 19.11+0.13" 68.44+1.30° 1307.30 97.8

F 93 16.75+0.11° 47.91+0.93° 90  18.78+0.12"° 65.23+1.21°™ 1127.30 96.8

G 94 16.52+0.13% 47.77+1.06®° 92  18.85+0.14° 65.62+1.39°™ 1259.70 97.9

Sampling : 5 fish

Values (meants.e.)) in the same column not sharing a common superscript are
significantly different (P<0.05). A : Control, B : 10% Fermentation, : 30%
Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
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<Table 10> continued

Feeding period: May. 29, 2004 through August. 03, 2004

Initial Final
Exp. Survival
Number TL BW Number TL BW W. gain 0
group rate (%)
of fish (cm) (g) of fish (cm) (g) (g)
A 94 12.32+0.06  19.50+0.34 93 18.60+0.13°  61.88+1.17° 1158.00 98.9
B 92 12.361£0.07  19.46+0.34 90  18.85+0.15" 65.20+1.55" 1124.60 97.8
C 94 12.46+0.07  20.32+0.36 91  19.00£0.13% 67.19+1.32°° 1179.60 96.8
D 93 12.22+0.07  19.49+0.36 91 18.65£0.14° 63.82+1.37* 1177.80 97.8
E 93 12.33+0.06  19.84+0.35 91 19.11+0.13" 68.44+1.30° 1307.30 97.8
F 93 12.42+0.07  19.87+0.32 90  18.78+0.12% 65.23+1.21° 1127.30 96.8
G 94 12.39+0.07  20.03+0.35 92 18.85+0.14™ 65.62+1.39™ 1259.70 97.9

sampling : 11 fish

Values (meants.e.)) in the same column not sharing a common superscript are

significantly different (’<0.05).

A

Control, B 10%

Fermentation,

30%

Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
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AP 7175t AFEAS (feed coefficient), YZ7H4E (daily growth rate) %
Yz ol& (daily feeding rate)S ZAFSIATH ALE A (feed coefficient) + w0l
A 1080193, HEFEEAY FAF WEE EF YEAFE 10%, 30%, 50% 18I F
= A¥T 10%, 50%, vHAIHeE wEE o= 2Ha A= A7 1.08, 1.05 1.07,
1.00, 1.09, 1.03 o]ATt. YIHIFE (daily growth rate) & oA 1.70% R o™ 7+

A FoiF wiEE 10%, 30%, 50% &3 H&E APF 13 10%, 50% &Y
ATl wjEE va Ad+e 44 1.73%, 1.73%, 1.72%, 1.78%, 1.70%, 1.73% At}
At o) E (daily feeding rate) 2 7ol 4 1.84% AL, HEsHAF Gl W&
10%, 30%, 50% &3+ HEAHF 283l 10%9 50% &5 AP FAM= 22 1.87%,
1.81%, 1.84%, 1.78%, 1.85% 12]3L 1.78% ©]Ath (Table 11).

<Table 11> Feed coefficient, daily feeding rate, daily growth rate and survival
rate of olive flounder, Paralichthys olivaceus fed with different levels of
fermented product

Feeding period: May 29, 2004 through June 19, 2004

Experimental Feed coefficient Daily growth Daily feeding
group rate (%) rate (%)
A 0.81 2.39 1.94
B 0.82 242 1.98
C 0.82 2.39 1.96
D 0.87 2.30 1.99
E 0.80 2.49 1.98
F 0.86 2.33 2.00
G 0.81 2.33 1.89

A : Control, B : 10% Fermentation, : 30% Fermentation, D : 50% Fermentation, E :

10% Concentration, F : 50%Concentration, G : fermented sediment

_85_



<Table 11> continued

Feeding period: June. 20, 2004 through July. 12, 2004

Experimental Feed coefficient Daily growth Daily feeding
group rate (%) rate (%)
A 1.02 1.92 1.96
B 0.98 2.06 2.01
C 0.95 2.08 1.97
D 0.99 2.07 2.05
E 0.94 2.08 1.95
F 0.97 2.06 2.00
G 0.96 2.05 1.96

<Table 11> continued

Feeding period: July. 13, 2004 through August. 03, 2004

Experimental Feed coefficient Daily growth Daily feeding
group rate (%) rate (%)
A 1.44 1.18 1.70
B 1.51 1.12 1.69
C 143 1.12 1.60
D 1.38 1.19 1.63
E 1.28 1.23 1.58
F 1.49 1.12 1.67
G 1.33 1.23 1.63

A : Control, B : 10% Fermentation, : 30% Fermentation, D : 50% Fermentation, E :

10% Concentration, F : 50%Concentration, G : fermented sediment
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<Table 11> continued

Feeding period: May 29, 2004 through August. 23, 2004

Experimental Feed coefficient Daily growth Daily feeding
group rate (%) rate (%)
A 1.08 1.70 1.84
B 1.08 1.73 1.87
C 1.05 1.73 1.81
D 1.07 1.72 1.84
E 1.00 1.78 1.78
F 1.09 1.70 1.85
G 1.03 1.73 1.78

A : Control, B : 109 Fermentation, : 30% Fermentation, D : 5096 Fermentation, E :

1096 Concentration, F : 50%6Concentration, G : fermented sediment

t}. & (intestine)?] %37 44

23517138 22T B#E2 A (intestine) ©] % (anterior intestine) ¥ F7F (mid int
estine) P THOZE Zh7te] 4slr|e] HutFEol wl4dAE (goblet cell) & #3E
€ A7 st¥H (Fig. 21, 22). B& Ao A HAFE] viPHEs 2ol 3
7.12+3.1670 3L, 10%, 30%, 50% &g L&, 10%, 50% 5= 18] HiEE 2ad Ay
Tl A 2z 37.3242.78, 33.92+2.40, 35.44+3.51, 33.32+2.80, 34.02+2.42, 28.16+2.637/| & thZ*
T FAREATH (Fig. 21, 22, P<0.05).

3 HUFEo mMAAEE HERToAM 4450429470931, 10%, 30%, 50% &3+ La
10%, 50% & 18]a wiEE Lad Ao 27} 43.88+291, 54.25+2.98, 45.38+2.77,
46.88+2.13, 48.22+245, 2 279} AATFY FoIx= ATk (Fig. 21, 22, P>0.05).
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Fig. 22. 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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2t 23 S| FAIS AP wE FYHEH, 5434 Y}

Ao ~EYAE fFste QEELAS Y3ty 1 A0 WEHEHY 1HE=R
Ak o7 AEAQ] HS (haematological parameters)ol] gk A= 7 9
!

=
TS WAske &g FRoEA AFEI th (Chandraseker, 1990). 2%

ZTF9 A9 2746x10* cells/mm’
T} (Table 12). 53], 10% % 50% L& Z2al 10% sFTollA T2 Blaste] #
ofatAl =T (P<0.05). @A (Hb) &% AbR H7bolA dizTol His) Hlad %o
H, 53] 10% % 30% FaTdMes TAHLZ FofstA =Aqt (P<0.05). M A4
(Ht)= tHZT77F 248 ©o]9al, WaETF+= 265~273, 10% % 50% sF7= 27 246 2
2472 ZT9 FARIAE 100% WiET HEENNE 2192 279 vlaste] f
&}A gtk (Table 12, P<0.05).

ok
£
4

Lo
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<Table 12> Erythrocyte count, hemoglobin concentration and hematocrit level of

olive flounder by administration of various diet supplement for 3

months

Group Erythzocyte coBunt Hemoglobin con. Hematocrit
(10°cell/ mm”) (g/dL) (%)

A 274.6+8.9° 3.8+0.3° 24.8+1.1%
B 316.2413.3" 4.8+0.2° 273415
C 303.2+16.0™° 4.8+0.4° 27.1+1.1°
D 315.0+12.5° 42+0.1% 265+1.1°
E 314.2+11.2° 4.2+0.3% 24.7+0.9%
F 292.2+7.6% 43+0.3" 24615
G 297.0+12.3% 4.0£0.2" 21.9+1.4°

Values (meants.e.)) in the same column not sharing a common superscript are

significantly different (’<0.05).

Control,

B

Fermentation, : 30%

Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
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8

M= 244 mg/L oAtk H3ZH EFTAEFY} FFHFE 258 ~ 282 mg/LE HET
s} Bluste] =& WHE BYoy o3 Afol= T (P>0.05). ZF v A 4
o4 999 ~ 1040 mg/LoE 7 AP Foxte fITh (P>0.05). F <le
FEE WET7E 827 mg/Leldou 10% B 30% EF LEFA 47 1035
1037 mg/LE ulZFo] Hls] EUth (Table 13, P<0.05). ¥A MNEFe A%
305.2~322.8 (mOsm) 2] W Z 23 2ol AT (Table 13, P>0.05). LutHo =,
g3 FUIEE T AR B @FFFl FaAllF 220 AEE B, ofF A via

7 WE5 S YEd 4 Ad=dl (Leatherland et al, 1981; Singh et al.,
1997), staMlg e S7he 24 oA gHoz fod 2HE I F UY Ma

u}

714%8e) o] BAHA o} Abm 7}

rfe
re
-
=2
R
rr
I A
o
sk
i
o,
1

et al., 1995).
Ao gt F718w gk Fako] YAl et
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<Table 13> Magnesium, calcium, phosphorus and osmolality level of olive

flounder by administration of various diet supplement for 3 month

G Magnesium Calcium Phosphorus Osmolality
roup
(mg/dL) (mg/dL) (mg/dL) (mOsm)

A 2.49+0.06 10.40+0.14 8.27+0.68" 322.80+10.43
B 2.67+0.14 10.52+0.10 10.35+0.84" 316.00+7.70
C 2.82+0.17 10.00+0.19 10.37+0.53" 321.40+13.74
D 2.62+0.17 66.55+56.36 8.99+0.61" 308.20+5.44
E 2.66+0.04 10.04+0.24 9.01+0.28" 305.20+9.27
F 2.58+0.08 9.89+0.25 9.14+0.74 318.60+14.15
G 2.44+0.05 9.88+0.33 8.55+0.42" 305.20+7.32

Values (meants.e.)) in the same column not sharing a common superscript are
significantly different (P<0.05). A : Control, B : 10% Fermentation, : 30%
Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment

J_?_ . =

j=FollA 324 g/dL, 100% ®WlE&E TEF+= 328 g/dLo=Z HFEY T3¢ FoAF
oA 3.66 ~ 3.84 g/dLe] WY Atk 10% FFT (10%CG)oNHE 401 g/dLE thzx
Foll Bl FoJstA =Stk (Table 14, P<0.05). 43Rl A$ A FolFor 28W
g o7k gtk 7 2 F FH2HEY AF 50% FFT< 100% Bl £y

AN 2T Ble) w2 @93 FHZHE FAE BAoH, EgsgAdgels
TEE 50% FFTOAT izl HE FYsiAl =R (P<0.05). o7 total
protein F=9 W= HZ FALLAY ARE AFEHI JOo (Ito and Murata,

ﬂ;&

_93_



1990; Hodson et al., 1992), ¥Rtz o2 Qe AEH o FastH, 1 ddF9 st

= AT &4 2 FFFHNE & 4 AT (Mayer, 1985 Yamawaki et al., 1986;

Khattak et al., 1996). Glucose®] 7% 2|14 sg=da 22 SA=Zd disty F

7vete s Yetd=t, oA otl=ddd Y HEnd o3 AdF 20s FEE

T o AW glycogens F3ldted A glucose’t S71HtAl Eoh (Gupta, 1974). ©]

HEAR A 2ol Bls) 873 F duidoe] ZAas A9E AT + M, o
uz]

=
FY M =2 HE HYoEN Hu w2 589 @i tiAt o] FoXinal

_l
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<Table 14> Total protein, albumin, glucose, triglyceride and total cholesterol
concentration of olive flounder by administration of various diet

supplement for 3 month

. Total protein Albumin Glucose Triglyceride Total cholesterol
roup
(g/dL) (g/dL) (mg/dL) (mg/dL) (mg/dL)
A 3.24+0.17° 1.16+0.06 45.46+5.46° 225.67+9.97° 183.88+10.43°
B 3.74+0.11°° 1.14+0.05 30.08+0.92° 247.75+14.51%° 212.12+13.43%
C 3.66+0.15" 1.28+0.03 36.86+1.59°  254.42+15.54° 211.44+5.84°
D 3.84+0.23% 1.27+0.03 39.80+3.22°  262.58+17.14° 222.16+5.26™
E 4.01+0.10° 1.21+0.05 38.27+3 35 228.14+19.57° 217.28+10.95%
F 3.63+0.16" 1.21+0.05 35.05+1.45° 279.31+10.16" 239.78+20.47"
G 3.28+0.33° 1.15+0.05 33.69+3.46° 267.00+12.33% 236.54+19.67"

Values (meants.e.) in the same column not sharing a common superscript are
(P<0.05). A Control, B : 10%

: 50% Fermentation, E :

significantly ~different Fermentation, : 30%

Fermentation, D 10% Concentration, F : 50%Concentration,

G : fermented sediment

TaEo] AR W H7b wE |9x €F F5 T 242840 o
g BIEE AAsH7] sl 3L 7UHA Y] AlRT e g APSTh (Table 15). 8
gAE dx=FolA 5114 (Karmen unit),
4811 units YElH o] HlwF wgto} Fo|dk Apol=

A7 AtRTAME 4222 ~
At LDH®
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g4 F ¥4 HolEA GOT % GPTY FAL odedd 9% 11, 47 2 =5
59 2% £ AL AgH7] W] olFe BFY AW Ade] o]gHT Yo

=
WodTrel A ARl MEE HUPE olFe] e WIED iR A7 viAe 9%
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<Table 15> GOT, GPT, LDH and ALP activities of olive flounder by

administration of various diet supplement for 3 month

Group GOT GPT LDH ALP

(Karmen unit) (Karmen unit) (W.u.) (K-A unit)
A 51.14+3.06 22.86+2.07 395.20+20.66™ 3.63+0.25
B 42.22+1.11 23.86+2.88 450.00+22.30° 3.51+0.33
C 42.75+4.53 21.14+2.83 338.00+12.98" 4.05+0.28
D 48.11+5.00 23.22+2.45 413.20+10.77° 4.10+0.31
E 42.87+3.89 21.96+2.34 360.80+9.02" 3.25+0.28
F 45.29+3.10 20.56+1.98 351.00+5.21°° 3.68+0.29
G 44.07+4.51 21.00£1.37 381.20£24.91° 3.81+0.36

Values (meants.e.)) in the same column not sharing a common superscript are
significantly different (P<0.05). A : Control, B : 10% Fermentation, : 30%
Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
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ul. 7t @ A%< glutathione 3= ¥ Z3daE 4 &4

LE =Y kg g Am A Y d&ow F B A% ZH Y glutathione 3
& 9 glutathione peroxidase (GPx) % glutathione reductase (GR) ¢ &4 &4& =
Abstlth. dRbHe=g  offe]  e9g=d  #dol  digr  AEstE  AREAH
glutathione-conjugation #¥ phase I 3= &A7F 98] AREEa It} (Livingstone,
1998; Payne et al., 1987; Rodriguez-Ariza et al., 1991). welx o] AFA AlF 9
A7 Fofoll e ool HFAStE Y SR AJrle] Eagde AR &
AZA o179 GPx &4l t A Ec 29Edd =¥ oFe 1 4] S
Hon gEA AT (Radi et al., 1985; Bell et al., 1986). Glutathione peroxidase (GPx)©
dopsle Ao A AitstE S s Setk= wZtUES 7HAAL . o] W2 2] gy
o3 &S Wolsted T83 9T staL, HtsteS BTt AEY A2 e
z ] gz 7sHA whg-sted], 1 A3 A A #3487 Yo dth GPxe glutathione s
g BB B BUNT)7) dEo] ekt o] A4S Bhet) SR, o

&to] 23k S7H2 e AT T AP AR TEEA] AT o
O e Aoz A4e oz siARt g & AP FolM = AH LR o8 2ol & s
T AReH, o] g FF2 GR LB AME YEbE T GR2 A2 GSH| =&
FAANZI= 925 3 5, GR 49 f=e ASLEH 29 FAHA A5hetH

4 3} A]

Eolt} (Stegeman et al, 1992). GR 49 #av AMEL =FEER A9 e
A iﬂ-ﬂx]xl et GSHel 1zds of7|AzxlY. shA|qE 2 AT =

7

=
23t a4 A wWalel &7, AW glutathione(GSH) & #2] WHE = FASAT
oJF oA g A AE 2 st A WA ‘%}017124% yebdth 7}

7o) d 4 ok ey, A ASREd s A giAbE @3 GSHE &é}ﬁé
¢l GSSG=E 9| 4hsl wj&oll GSHe| gHaFo] Zawojd & vk sHA|T, o/ ZAfo A
Zyzke] Atg H7PE Sold S-S U= 23 F = AT (Figs.23. 24; Tables 16,
17). @EtA], o]t glutathione 3% % glutathione X3 &4 9] &4 WHES 13
E oo A2 HIMAETE ol /o Aol L@deR E=
o, olfg AF= o G AFH IS AARSS FAHCE AFT AT A
|= SIS e
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<Table 16> Hepatic glutathione peroxidase and reductase enzyme activity of olive

flounder, Paralichthys olivaceus administrated with the different diet

supplement

Experimental groups

(unit/min/mg protein)

GPx *1

GR *2
(unit/min/mg protein)

Control

252.21+25.09"

255.55+25.422°

269.84+14.66°

335.65+12.86"

235.45+36.92"

285.98+22.70%°

294.60+29.46°

45.46%5.46

37.35+£3.28

35.47+3.24

40.97+3.32

41.89+3.68

33.65+2.64

39.29+4.04

Values (meants.e.)) in the same column not sharing a common superscript are

significantly different (P<0.05).

A : Control,

10% Fermentation, : 30%

Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
1. GPX (Glutathione peroxidase)
2. GR (Glutathione Reductase)
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<Table 17> Renal glutathione peroxidase and reductase enzyme activity of olive

flounder, Paralichthys olivaceus administrated with the different diet

supplement

Experimental groups

(unit/min/mg protein)

GPx *1

GR *2
(unit/min/mg protein)

Control

103.53+8.43

108.11+8.25

103.17+11.99

103.18+6.23

96.45+6.59

92.88+6.62

110.57+7.27

32.50£3.03

29.22+2.38

27.52+£2.56

29.95+3.39

35.34+£1.90

27.45+2.74

41.00+7.29

Values (meants.e.)) in the same column not sharing a common superscript are

significantly different (’<0.05).

A

Control,

10% Fermentation, : 30%

Fermentation, D : 50% Fermentation, E : 10% Concentration, F : 50%Concentration,

G : fermented sediment
1. GPX (Glutathione peroxidase)
2. GR (Glutathione Reductase)
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Fig. 23. Hepatic glutathione concentration of olive flounder, Paralichthys olivaceus

administrated with the different diet supplement. F: fermented group,

FC: Concentrated fermentation, FS: fermented sediment.
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Fig. 24. Renal glutathione concentration of olive flounder, Paralichthys olivaceus

administrated with the different diet supplement. F: fermented group,

FC: Concentrated fermentation, FS: fermented sediment.
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AolN F718S olf, F40] F5sue F L SR FAAA, §714 w7
SRR, FRAA B S5A e el BP9 o] §Hn len (Kobayashi, 1972),

Aol ol §F A% wEE A5 3 FAEAY At s 3P 2w A

3 S4& Eoled 3oz &3t (Moon et al, 2000; Kim et al, 2001; Kim
and Kim, 2003). 23} A3 or= HaA vAESY Ao Qs Jdurdez FESs

Baste] FEEEAS ALSSA g0 AFE tETOIN 186+013 em= G

Hl3] o8k A4S AT (P<0.05). AsS 30% HaEATL 10% 5 AFFoA 2zt
E2TEYg =2 43S 3T (P<0.05).
‘:H 1—

9] 11580 gHo} 1208%2) 474 F7E BT

ol
Ho
oo
o
o
i
o
2
i
)
e
o
2
o
fru
-
o
o
3R
N
2
Sl
-
AL
ox
s
i
Sul i

o7 A4S AT AR H7HAC A dFEES 20 AolY vHA AR AR,
Kluyveromyces fragills& 5% H7Vst] A3 77 & 209 A HEE 183 FFTF
oA Tz Hlste] {3t ztolE H AL (Lee et al, 2000), A& 2L A A7}
E59 4% FINAD ZF (Kim et al, 2003)F ©] A9 23 H@7 FAE AT

Aot 2P AFREEE B ofFe Ae ATV AR ARFHTHAIEN A

71=4Y, vle, 2295 & A4 |X 9k 35, Pagrus major 59 ApRel H7hshed

i)

OH

FoRS o AT 2 AREEES FIAII= AT (Nakagawa and Kasahara, 1986;
Yone et al.,, 1986; Nematipour et al., 1988)5°] &3] =i ot

ofFel HiRAlEE Fol wiEk AEoAMFH Y wWERAA EEstal Ao
(Tibbetts, 1997). BAFHAEE 28139 dutrgo] Bxatn goe 2ushcd, daz

oA EHlE HAL o7 Agel 2 wyAe FF, vgAE entely TAl =&

—
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o} (Hafez, 1977).

kis

S Anold 97 aga Fog9 o

)

Al S|FTh (Reifel and Travill, 1979;

el

Jo et al, 1984; Allen et al, 1986). &2 &l w

2 85 AW updAl

o H|X]= 43F (Jo et al, 1994)7} 313 Aol

ST
X

mjn

R

!
G7b Zols o), mek csh

gramoxone =7 2 HIE}R] C9

Ay A
X

M HjEA

T7F 2T

-
X

7} wjgA

pul

199t} (Song et al., 2002). ©] Aol Hj

sHAl S71s
SHA

o 9

bdch. w2

XS

2

ol A

=
-

o] At} (Kim et al,

O

AToME 25 30C, 25T, 15C2 F43HA %523U<= w, RBC

S} Hte] A7k @A A

Ae 3747 2EH2I} o7 A

7] W&ot} (Yang and Yeo, 2004).

=
T

el

&F

3

2 s}

[e

AR (Kang et al., 2004). ©]

_q]

23

7 10% =N

ol
ol

a

z=To] AS 2746x10* cells/mm’ P 10% &

L
T

HAl =3t

S

bl

S

7} 316.2+13.3" cells/mm’#} 314.2+11.2" cells/mm’ %2 thZ&T9} H

(P<0.05).

T A 48402 g/dLe} 4.8+04

o
)

Ho

4
=T

ol

1ax4 (HYE Oz

& Al
= 71

A =3tk (P<0.05).

S

g/dLE txT9] 38403 g/dL Bt} 9
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S ®H9th RBC, Hb =%, Ht X7} wolAA 2+A

z‘z}:

‘ﬁo

]
&S

o A=

=

I

=T A 3.2 g/dL

TollA 40 g/dLE =& S BHJOEH R} 3

SHAl =9 o

S

7}

J

P
=

sHAl 1t} (Gupta, 1974). ©] AF-elA glucose

S

7}

H] ol ¢
2o A 455 mg/dLE 74 E=%aL, 10%

o

=

LN

=]

ged

b glucose”}
T} (Sakamoto and Yone, 1978; Shich, 1978; Smith and Ramos,

=

A3
=

A oJFAIE HIIAE AHEH HEES
=

=2 v

g, °]AL o}

A&

T

30.1 mg/dL¥} 33.7 mg/dLE 7F¢ SESkth

o ol
b

A

o
A
o7 total protein

Yamawaki et al., 1986; Khattak and Hafeez, 1996). ©] a1l
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7}. Xanthine oxidase A % Superoxide &H &4

Hj&=o] ™3¢k Xanthine oxidase €4 A ¥ superoxide radical AAZAL

10% Z&E+ (A), 30% TE+ (B), FoAF mMlEE d5TE+(C) ZF xanthine oxidase
24 JAT2 YHEA dgkoy, ¥sid superoxide radical &S HoFT
(Fig. 25). AlE A, B, C& 25 DPPH radical®} superoxide®] &AZAE 7}A|aL

t oo BHgon B ARE o5 FAHES 2 mmsrlds 1 Helr}

Y. %% fE&EF 28 HEE LPSE FId WA AN XA nitric oxide
(NO) B3 g oA a3 724
LPSE 523k o) 2] A Z o] NO A Aol || ] &2 63,125, 250, 500, 1000 11g/mlol 4]
HHSIATE WAAES AT ZF TR 1417 52 HA g § § LPSE 100 ng/ml]
TERZ At 24 A7HEeE NO9 S F=3A I A3} Al A, B, C EFolA
TEYEHSE NOY AAS FYHUA S7HA7I= S YIRS n 1000
ng/milell Al NO¢J A/ o] ZHasv 948 gl3l A& A8 A
NOS A1l L-NAME®] 7 9= 63 uMF-H 94 UA NO9 S AN 7= A&
B o] FQ1 o} (Fig. 26).

v
>
U (
ol
T
Lo
o
fot
[0k

o AN XY AEH HA= &7
NO Aol AAaxns dFstr] ol dA Ag7F oA A2 dF=

MAA e FE

rol
(in)
_‘g

m{ru

AA3te] MTT reductionHol] 23] AX AEES XA
AlE A, B, C BEF AlE9 A& FFS FA &Futh T3 NO AHES &
As) LPSE AHEF AFole Axe] AEHo 794 (P < 0.05) UA a3t

(Fig. 26).

o
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o

N
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. AE gAEAY &3
A (M1EE)= HL-60 2 Jurkat AlZ E5F 50, 100, 200 pg/mle] F== A &
THEE O0A G A FYA|T, HEE B(10%)SF Ce & JEHOZE AX F
aa EEE B (10%)¢F Col AoJX= HL-60 M E 2 Jurkat
T (50% LE)] Bls) B A7t T AE FA g &3t
S5 Aot A EFQ HL-60 ¥ Jurkat AlEo] Ao] AE F2

7)
AABH= £A S (Fig. 27, 28).

oh FoF WiEE Y 48 A (antioxidant activity)
HFEAJAA] HoDCFDAE AH&3te] Al Zjol]l #4324 (hydrogen peroxide)

7b s Agol dEEte F3Y A7IE ROSY AREE FFsEATE IFAE Tl A

N

Folg H71Eo] Tarslsie] ols) ob7]E AT ROSE ¥E SJEHOZ 7N

7= 7o) #A= At (Fig. 29).
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Fig. 25. Superoxide scavenging activity. Each value is represented as mean + SEM
from triplicate measurements. A: 10% fermented sediment, B: 30%
fermented sediment, C: Fermented sediment not added with concentrated

orange.
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26. Cell viability of RAW 264.7 macrophges. RAW 264.7 macrophages were

either untreated (white bars) or treated (gray bars) with LPS (100 ng/ml)
in the presence or absence of test samples. Cell viability was determined
by mitochondrial reduction of MTT test. Data are expressed as means =
SEM of two independent experiments performed in triplicates. *P < 0.05
represent significant differences compared to the values seen in
LPS-untreated cells. P < 0.05 represent significant differences compared to
the values seen in LPS only-treated cells. A: 10% fermented sediment, B:
30% fermented sediment, C: Fermented sediment not added with
concentrated orange.
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Fig. 27. Inhibitory effect of fermented extracts of on the growth of HL-60 cells.
A: 10% fermented sediment, B: 30% fermented sediment, C: Fermented

sediment not added with concentrated orange.
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Fig. 28. Inhibitory effect of fermented extracts of on the growth of Jurkat cells.

A: 10% fermented sediment, B: 30% fermented sediment, C: Fermented

sediment not added with concentrated orange.
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Fig. 29.
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'E 1200
@ 1000 A
800 -
E 600 -
= 400 4
é gé 200 A
o
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Effect of fermented sediment on the intracellular ROS content in
H;O;-treated HepG2 cells. HepG2 cells were serum-starved for 24 h, and
then pretreated with NAC(5 mM) and fermented solids for 1 h and
further incubated in medium containing H>O, (1 mM) and together
with/without different doses of waste material (50, 100, 250, 500, 1000
ug/ml) for 15 min in the presence of HoDCFDA. The fluorescense reader
at 485 nm /595 nm for excitation and emission, respectively. FBS (10%),
SF (serum-free media). A: 10% fermented sediment, B: 30% fermented

sediment, C: Fermented sediment not added with concentrated orange.
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b7y 249 Zuto] Zole thETolA 18.8141.69 cm% L, HIE A2 T9 W=
A2 F= 15.90+0.71, 18.08+1.04 cm HTh E7|TF FHFLS tiEZTolA] 3237+513 cm
H 2 g TE 22514258 cm, HIEE A g TE 2669419 cmP ol dhbe] E7)
of 2@EglE 7tEY AFE A A dE2TE 1650+1.69 MA, s HYTFE
16.87+1.65 ¥om, MEE g TE 14.80+1.11 AH 71 AD $FS =43 2
I} i ZFN M= 1.7320.16 g ©1RaL, BIE HIFolA 1.35+0.09 g o]ATh #MEE A
TN = 1.67£022 go 2 Z3to] Zo|, &, 7t M, 7MY T8 BEF gxT¢
oE A3l zol= {IATH (Table 18).

at

~

<Table 18> Effect of fermented sediment on growth of welsh onoin

Length(cm) Weight(g) Leaf number Leaf weight
Control 18.81+1.16 32.37+5.13 16.50£1.69 1.73£0.16
Fertilizer 15.90£0.71 22.51+£2.58 16.87£1.65 1.35£0.09
Fermented
. 18.08+1.04 26.69+4.19 14.80£1.11 1.67+0.22
sediment

. B2 9 Fuj S
BEFH9 Fole YETFolXA 1053£0.24 cmA 1L, HIEE A Fol M= 11 em
ojFtt. 7tE e} AZ o ZHole thETolA 7} 9.56+0.33, 8.39+0.28 cm=E HEE A
T-¢] 9.68+0.31 cm9}, 850+0.26 cm T FHS ol T7} 182.82+14.88 g, *1 2] 7186.9
6+11.36 go. 2 27 AP dFatel= AU th(Table 19).
Fuj o] Eole hERTOA 12271027 cmPL, MEE A TE 13.77£0.23 cm
2 izl vl fFog zels BTk dole tHET7F 1244026 cm, WIEE A
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Tol = 13534027 ecmE  ERTRT =4 AAsAT FA= EZTFolA 579.26+3
3.04 g8l whdo] WjEE A FAME 8295644088 go & NET9 F93F A7 2o
7} AT (Table 20).

<Table 19> Effect of fermented sediment on growth of broccoli.

Length )
: Weight(g)
(Breadth x height, cm)
Control 9.56+0.33x8.39+0.28 182.82+14.88
Fermented sediment 9.68+0.31x8.50+0.26 186.96+11.36

<Table 20> Effect of fermented sediment on growth of cabbage.

Height(cm) Breadth(cm) Weight(g)
Control 12.27+0.27° 12.4+0.26" 579.26+33.04"
Fermented a a a
. 13.77+0.23 13.53£0.27 829.56+40.88
sediment
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Z}7} 94.39+1.89, 94.55+1.72, 90.62+1.16, 96.31+1.46, 92.91+1.67, 94.68+1.74 g2 3%
ated, 10% &5 AFTAA F 4TS A5
AFTE YELS T 989%01, 10%, 30%, 50% &3 L& NI
g 10%, 50% &= AP 1 wEE 2E AAFANA 47 97.8%, 96.8%,
97.8%, 97.8%, 96.8%, 97.9% % ZAMH.
g 9 2 JI& T T FU)
HAET F 2T A9 274.6x10° cells/mm’, AHE H7} AFFA 292.2x10*
cells/mm’ ~ 316.2x10* cells/mm’Z thZ 7ol B3] =L 7S vehd.
£3], 10% % 50% & (10%F, 50%F) 2283 10% 37 (10%FC)oll A thx+-<}
Hla kel FoJ8tA =5 (P<0.05). @44 (Hb) v% AR H7FolA vzl H]
3 mwA E=A Jelgon, 53] 10% 2 30% LETFAME SAHCE {F95H
Ve (P<0.05). 44 A4 (H)E HET7F 248 LETE 2652739 ML
10% 2 50% =75 2tz 246 2 2472 U279 FAEIR oY, 100% HiET
HEgEAME 2192 hETF9 Hluste] foaA e g vEhy (P<0.05).
g% F7/IAE T vtavlse 7oA 246 mg/L, TETAME 244 mg/L.
282 mg/Lez 79 sty w2 W4
S Yoy fod Aole IS (P>0.05). ZF = A AF oA 99
9~1040 mg/Le= 7+ IF
= WEZF7F 827 mg/LelReyt 10% % 30% &3 waETolA Z+z 1035 %
1037 mg/LE WZ7d B8 =& g 7HF (P<0.05). @3 AE4e F$ 305
2~3228 (mOsm) 9] HHE YA H FY3F Zol= AF (P>0.05).
g3 F gwAe gz 324 ¢/dL, 100% WEE LETE 328 g/dL, EF
Folgoll A 3.66~384 g/dLe]l HMHE HEUHUEF. 10% sF7 (10%CG)NA =
401 g/dLZ Wiz H3) FstA =A Yebd (P<0.05). 579 Fe d F
oA 2 FAF zel7t flleH, €7 ¢ F ZH=HE F
79 100% #E= FaETF A txTol H&) 2 d93 S 2HE FAE B
neon, EfIFPAel=ErEE 50% F=TFolAw thRTe HE] f9os
s YUER S (P<0.05).
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