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Effect of EM-fermented Orange in Commercial Diet on
Growth of Juvenile Flounder, Paralichthys olivaceus

Young-Bo Song, Sang-Wook Moon, Se-Jae Kim and Young-Don Lee’

Marine and Environmental Research Institute, Cheju National University, Jeju 695-810, Korea

Diets containing 0.02 to 10.0% FEM-fermented orange (EFO) were fed to Paralichthys olivaceus (8.5 g),
which were reared in flow-through system for 16 weeks. Groups fed on diets containing 0.1 and 0.2%
EFO grew significantly faster; their feed coefficient and daily feeding rate were also higher. The number
of goblet cells present in the mid-intestine of the fish receiving dietary EFO was significantly more.
Total cholesterol level in plasma of the fish fed with 0.02% EFO was lower. However, there was no
significant difference in GOT and GPT among the groups receiving different levels of EFO.
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1990 o o) % Aredstel A ), Paralichthys olivaceus o
A2 T B0l Az A5 4% Ay dAY(Oh et
al, 1998) 9l 2<k3t oz 7ol ollgg AR 3
o olels Zlolld sz Qolel A4YPEE
ZEE, ARY &S FolV] St FEY 4 3=
=& &3 4(Bilton et al, 1982; Steiny et al,, 1984;
Wagner et al., 1985; Suzuki et al., 1988; Ishioka et al,,
1992; Kawauchi et al., 1992; Rho et al., 1999), =33k
AT FFHE 5o AT Bl Dz Ao
(Kono et al,, 1995). o] 2lol|l & okAlo] Fo A @A}t 2
Holllh-Z 213t ghekAlel A g 7HKim et al, 1998)9} )
AAeNA &8 7124 AL847) kol §, 2000) 5
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of &3t A7} Qhet

olFollA Az ALEAE Frohe L3l Bk
AF2 A5, Acanthopagrus schlegeli (Lee et al., 2000),
27 A v), Limanda  yokohamae (Lee, 1988), A}H.,
Takifugu rubripes (Kim, 1999) S& iAo g 437|309
st o ubgdol] A 77} Qlrk. B3 o] {o Lt A
uhikelol] FEse uldAlE(goblet cel)E Aotmw ol
gk R AZA Y B2lF 2 9o ZHF 33ty 43
A3 A tia) A Aubs B3sls Ao dFA
gich(Allen et al, 1986). 3+, ALg 2] Ao W& A 4
v o) uiFAE B4 Walel] B AFE F71QAQ ok
(Lee, 1979; Jo and Kim, 1987)3} lectin®] Y39l ricing
FYE ol ANA =2 38E WA (Jo et al, 1996b),
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Al H2AQ gramoxone?] =4 £3lol] B3 A (Jo et
al, 1994) So| gie}.

2 AT ZFE 71, vlew, welzlEE, Saes
olt § 754l H& AYEAS sl slckar &4
A e AHFEAE 25U 7HCitrus unshiu Marc.)ol} §-& b
E uAE AlAE 2#A 9l EM (effective microor-
ganisms, HE, 1995, 1998)2 HEsle] Bt Zgula ol
(EM-fermented orange, EFO)g 2] A&l H7leld-S
o, ZEra o] x| A, 43}7|e] A 5 WY
240l mAe AgFE B4 - Frlslo] AEHANARA
o]& 7HsA& eRslat st

AE % Wy

A%l 4 4507
o] eAFol 0] 83 WA Aok A 8 cnvlele] UF

ofN

HE 20004 39 10¥95E] 20000 69 28Y71A] £ 16
¢ Assiich AR AAA] Addo] HF WA 894
1.04 cm, AF2 85041293 g oY}t ARz Yu
Z4 Wi AXE S FRPYF G2 10715 o] 38l x,
FzF gx) X)o} 57~58u}a)4 gl 23] HbE AY
< 3k AR L2 05802 1Y 15~183) 3319
ok Ay A7 F L2, £F 44 (dissolved oxygen, DO),
pH, d&& WY ZAs g ew, DOx= DO meter (DO-
14P), pH= pH meter (HM-12P), 352 o3 2A1(S/Mill-E,
ATAGO)Z Ag313lt}.

N W 4N

A3EaY JiAs 94 A4

AEUad Az 9 U A Asd gEe
AFA 25 W7HCitrus unshiv Marc.)g o] £3815 3L 1)
AEE EMRO (EM Research Organization)o]| 4] ] 3+5)
3 Ae AL olg3t Azslct 2elx gIFLH N
WA -2 Table 13} 7}

AEEF Aol A8 A8E AR E (extruded
pellet, EP: (F) $A4AL82)5 ol &slglon, A8 AERE
© Table 2¢} Zch g iolel HA Hrlekg =z}
7] $lsted A ko] 10.00%, 0.20%, 0.10% L] 0.02%
& 72 A7E Aele) 3R a NS HrkeA 2o A
EUE TR AL H2TE s HEade] gt

< AHe] e 223 AFd| vigAEE HH

stod FRAIZ ¥ 2~3 3]/day TRk

D

Table 1. Proximate composition and vitamin C of EM-
fermented orange (EFO)

EM-fermented orange

Component -
% of wet basis
Moisture 95.88
"Crude protein 0.05
Crude fat 0.10
Crude fiber 0.03
Crude ash 0.39
Vitamin C 421ppm

Table 2. Proximate composition of the extrude pellet (EP)

Component %

Crude protein 53.0
Crude fat 5.0
Crude fiber 4.0
Ash 17.0
Ca 1.0
P 27
Others 17.3

Adold ojA FH L2 4Fniet AR AF-E AF &
Aagien, £ A o3 1l 29 G At Al
-2 A A}#]E(Sartorius, BP 31008).2 0.1 g7t &4 614]
o], e A AR ZHBoZ 1 mhx S
v} 18] & FF2(total weight gain), A AAAE(spe-
cific growth rate, Ricker, 1969), ¥ Y= o] & (daily
feeding rate) B AL 8 A)l<(feed coefficient) S vi-33} 722
4 ol§, Alele] 2 BT e wlzslch

total weight gain (TWG) = FW -IW + DW

specific growth rate (SGR) = {(In FW - In IW)/t} x 100

daily feeding rate (DFR)=(TF x 100)/{(0W +FW +

DW) X day fed/2}

feed coefficient (FC) = TFI/WG

DW :dead fish body weight FW :final body weight

IW :initial body weight

TFI : total feed intake TL: total Jength t:rearing time

WG : weight gain

3 4 =7

£371% 224 BBE A ARERA 2 AP
2 5ulelHd BE ZZle] Bouin's solutionoll 3183}
3, paraffin AR el L)l 5 un FAIZ AH F Harry's
hematoxylin®} 0.5% eosin®] v|i2 GAYslo] 38 Hu| 7
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oz ERS BN LB 27 ehy DAL A
(intestine)9] AHanterior intestine)®} F#)(mid intestine)
59 AulFEd Jels w4 ZE(goblet cell)] B
o0 58 FAse

R E A

oo Y 2 F AN o 2 AYTEE 50}
24 Agols] ul % Fulold AL S FA7NE ol gsted
AIAch. ARG YAL AR (5,000 rpm, 155)F
g & #Hah)e] GOT (glutamate oxaloacetic transami-
nase), GPT (glutamate pyruvate transaminase)2] A
9l total cholesterol %8 ABBOTT Spectium system 2. &

24900}

EAIA =

BE 289 EA E4L ANOVA-testE AlAg 3
Duncan’s multiple range test (Duncan, 1955)% 3 F7h8)
F94-S SAS program (SAS Institute North Caroline.
version 6.12, USA)S AH-&3slo] HA st}

7z 3

A5387

A7 F A% & 122~195TH HSlollA W
ghetglon, 69l 3 aol Fetgla, BT T 146T
ojict. FE-L 325~341%°] WAL A& DO=
73~84 mg/ L P2, pHE 7.6~83 HIrh

ZEad At ge AAuq)
A% AZA] HF AAL 894+1.04 oo, 28
Z8A tzFollA] 15.94+1.85 ecnZ ARSI 5L, ZEw

# 10.00%, 0.20%, 0.10% L3 0.02% =&l 2+
7} 15.94+1.72, 16.61+1.75, 16.42+1.86 12]3L 15.79+1.89
e AAste], 2ot FEEAY 0.20% ATl
At g-o)gt Azt o]z}t YAHP<0.05, Fig. 1, Table 3).
Ay A2 FF AlFE 8501293 golglen, 43
EZA) djzTFolA] 504711691 g2 AAst 3, ZHE
#4 10.00%, 0.20%, 0.10% =)L 0.02% Xl FollA 7z
2} 49.24+15.58, 58.41+16.49, 58.06119.42 18] 48.84
+1651 g& AAsie], dzFe FEgac] 020% 9
0.10% X277kl froldt AA-g BAcHP <0.05, Fig. 2,
Table 3).
Agy HE YEEE dzTolA 87.0%0l L,
Fubg oy 1000%, 0.20%, 0.10% L&l3r 0.02% X 2]tol| 4]
z}Z; 85.2%, 92.2%, 91.3% 18l 3 84.3% o] fltH(Table 3).

18
—e— Control — 83— 10.00% —a— 0.20%

16 —o-010% —e—0.02%

Total length (cm )

Week

Fig. 1. Total length of flounder fed on diets containing
different EM-fermented orange concentration.

Table 3. Total length, body weight and survival of flounder fed on diets containing different EM-fermented orange

concentration )
Total length (cm) Body weight (g) i

Group Total weight Survival

Initial Final Initial Final . (%)
L gain (g)

Control 9.00+1.01° 15947 1,58% 8.71::289° 50.47+16.91° 4045.00 87.0
10.00% 8.92+1.10° 15.94 + | 72 844+3.09" 492411558 3854.96 85.2
0.20% 8.92 +1.00° 16.61=* 1.75* 8.34+2.64° 58.41 +16.49 5232.30 92.2
0.10% 8.98 +1.05° 16.42+ 1.48*° 8.61+3.11* 58.06+19.42* 5106.40 91.3
0.02% 8.87+1.07° 15.79+1.89° 8.40=—=2.95% 48.84+16.51° 3771.20 84.3

Values (mean*s.d.) in the same column followed by different letters are significant (P<0.05).
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60 r
—e— Control —8— 10.00%
~a—0.20% —o—0.10%
50
—e—0.02%

Body weight (g )

0 L 1 1 ]
0 4 8 12 16

Week

Fig. 2. Mean body weight of flounder fed on diets con-
taining different EM-fermented orange.

F ST AY FEA LAY 020%8) 010%
x) 2] FrollA] 5232.30 g7} 510640 g & thzTe] 4045.00 g
B} Zrleko] =gkm, ZHEMEA N 10.00%9} 0.02% 4 2
TolAE =t 2523 u|sstgicHTable 3).

ABAGE x4 1.059.3, ZHFLa N 0.20%%}
0.10% HelTFolA Z+zk 0.83, 0.86°o.2 hzT¢ §-2o3t
ztol7t Aslom, wdl ZHEHra o} 10.00%}F 0.02% X &l
FollA 1132 11028 o279 §23k 2|7t Uit
(P<0.05, Table 4).

YUYAAFL ZHFrE Y 020%9F 0.10% X2 TolA
747k 1.32%, 1.28% 2 =279 dUA44E 1.2% R} &
£ AgE Blon, @i 10.00%2F 0.02% &1
ol|A] 1.24%, 1.23% 2 =9} vl o) RE AyFE
Zrell #2133k X JAeHP>0.05, Table 4).

Yol A g ZFLEY 020%} 010% AT

HAA

- ol E

ollA] Z+7} 1.09%, 1.10% & tj=7+2] 1.28%K.v) Ykor}
(P<0.05), ZH-EurE o) 10.00%2F 0.02% X2 FAlA 141%
9} 1.34% 5 tHzT-9} vlslgdv(P>0.05, Table 4).

ZH(intestine) 2} A AH(anterior intestine)?} 72 (mid in-
testine) F-2-8- FAlo 7 AHukg ol uf kA E (goblet cell)
9 Fx& A7 ek A4 ALFEe Az E o
ZgolA 2524890, ZHEWEN 10.00%, 0.20%,
0.10% zE]3 0.02% HelFtollA] z+zt 3234133, 37.6+
142, 3651142 183 29.6+114ME tzF-¥ e} 23
ulg ol 0.20%9} 0.10% A 2]Ftol] wi4AE7) Go] F-FE3}
ATHP<0.05). T4 AoFEo widAEE FEtad
10.00%, 0.20%, 0.10% &} 0.02% X 2] o] Z+z} 487
+13.8, 56.3+21.4, 49.9+185 18] 1 49.3+199MZ =
9] 3511937 Eet BE A FellA Hol FE3IAUCH
(P<0.05, Fig. 3, Fig. 4).

NG

GOT e tzTellA] 26.8+11.6 IU/ £ 0193, ZHa
3 M 10.00%, 0.20% Z&}3L 0.10% X &l ollA] 47}k 214+
122, 22.8+134, 223+62 U/ ¢ & th=FRc} Yl
ek ZHEE Y 0.02% HeElTellAe 31.0+11.3 U/ 4
B2 ulz7E =9tk

GPT9] Zk-e thzoll4] 34+26 IU/ L o], 7HE%
¥ 10.00%2}F 0.20% X @] Gtol| A Zhzk 22411, 1.25+0.5
U/ ¢ 2 dzFReke dekou, HaEac] 010%9
0.02% X2} FollAE 425+34, 3.0114 U/ ¢ & 2T
o} fAsk el a8y GOT, GPTS] 3k 25 A%7H
o #4% A= UJHP>0.05).

Total cholesterol k-2 oz TLol|A] 192.4+11.3 mg/ dE
74 =9km, ZEukdaol 10.00%, 0.20%, 0.10% L2|i

Table 4. Feed coefficient, daily feeding rate and specific growth rate of flounder fed the diets containing different

EM-fermented orange concentrations

Experimental group Feed coefficient

Specific growth rate (%)

Daily feeding rate (%)

Control 1.05+0.01¢
10.00% 1.13+0.01°
0.20% 0.83+0.01¢
0.10% 0.86+0.01¢
0.02% 1.10+0.02°

1.53+0.06° 1.31+0.05°
1.53:£0.03° 1.45+0.02°
1.69+0.10° 1.11+0.07°
1.66%0.04° 1.1240.02°
1.53+0.04° 1.38-0.07°

Values (mean*s.d.) in the same cclumn followed by different letters are significant (P<0.05).

- 106 -



dadaco] Wxe Y nie 9%

Fig. 3. Photomicrographs of goblet cell and mucosal fold of flounder intestine.
(A) anterior intestine, control. (B) anterior intestine, treatment. (C) mid intestine, control.
(D) mid intestine, treatment. scale bar = 50 ym. ct: connective tissue, g: goblet cell.

OControl N10.00% [@0.20%
8 B80.10% MW0.02%

Number of goblet cells

Mid intestine

Anterior intestine

Intestine

Fig. 4. Number of goblet cells per mucosal fold of in-
testine of the flounder.

Different letters on the bars are significantly different
(P<0.05).

0.02% X e|TFtollAl z+zt 176.5+154, 17054223, 1823+
144, 16231142 ng/ 2 BE He|FoA] dz=FRc}
& Zrolslen, dizTel 0.02% X7l f-2)xprt
A A E A cH(P<0.05, Table 5).

]
3k

e 2480

gobAl S {x1 9 ALgoll Hrlstod FFe Ayl A
¥ 4% FHE|(Kim et al, 1998), 2ol Hakg A Fol
0.25% A71gr 9= AY 85 Fof| dzFHl f-93t
% 237t ok ek, 2000). o] A¥ellA A
& ZHgura ol T3 ¥ 1255 E AAbell 2471 vet
W AlAste], AEE A AAE 020% H7h A2, Al
Z9] 7% 0.20%2} 0.10% A& FollA thzFHe} 151~
157% AAZE717F AREHP<0.05). 2ejx T ZFFL-
0.20%2} 0.10% X FollA thzT R} 26.24~29.35% =
% AT ek FAolFel Al g AAEA ]
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Table 5. Levels of GOT, GPT and total cholesterol of the blood plasma of flounder fed the diets containing different

levels of EM-fermented orange

Experimental groups

Control 10.00% 0.20% 0.10% 0.02%
*GOT (IC/ 0) 26.8+11.6° 214+122° 228+13.4° 23+ 62° 31.0+11.3°
**GPT (IU/ ¢) 34+ 26° 22+ 11° 13+ 05° 43+ 34° 3.0+ 14°
Total cholesterol (mg/d¢)  192.4+11.3° 175.6+15.4° 1705+223% 182.3+14.4° 1623+14.2°

Values (meants.d) in the same row followed by a different letter are significantly (P<0.05).
*GOT : glutamate oxaloacetic transaminase or AST (asparatate aminotransferase).
**GPT : glutamate pyruvate transaminase or ALT (alanine aminotransferase).

Hhe A% B0l w2} Hol7h 9 4 glent, B
F4 B ke QA7) At & Y02 tehtE
g a3l Zleg AgHr)

2|3, o] A¥elA g 0.20%2F 0.10% A=l
TolA AgAEe Aol go] HzFHe} e
ol ol AL gkl g FI B4 vy, gRoll, E2
Aet s Zhz Jx) 9l HE, Pagrus major 52} ALgel] A
Pl BEeAAE W 4% U ARE &) 4D A3t
(Nakagawa et al., 1982; Yone et al., 1986; Kim et al,
1998; 7 5, 2000; F &, 2000: o] &, 2000)& Holy A
3 Wz Agolleh. 22t Sals ARl Arietel

w33 Wl A 2 AR Zgo] AsbEe AE A
tHKim and Choi, 1996).

ABUENRE WA Aol Wl BRYUE W Aol
T2 o) FEA FHEel Z4F {714, viEr, wERE,
Tehuwol= So GBS Yhehn glom, Gt
2L AdsE v AE9] Lol 93l o] Foll izt 74 E
Agol ol WE dldeln, wY RSl FE AR
Sk obe} G4, AR gl %}H AT £ A £
Pk ARRAEA ol oAdelA ol &5loA7]
wFolzl gAR). aelm A2 (o et al, 19%6a), §-AHF
I F3F(Kim et al, 1998) 59 v]PFo] offte AA

olx

gl oAz F2 dgE %‘:}% Az} s}
ol F9 &3V & A AutF B X AN E

(goblet cell)y= A&, Acanthopagrus schlegeii (Lee et al.,
2000), &%), Erosa erosa, 12|31 22}, Sebastes inermis
(Byen and Jo, 1985), %c}al, Pleuronichthys cornutus, g
X), 95, Acanthogobius hasta, S7VA|X], Zoarces gillii,
gl &%, Lagocephalus lunaris (Choi, 1996)F-ollA]

2 27} 2717} ol Foll we h2 3 2 o} FolehE
Rololl we} chadh. 22ln Aod AAE olEa A4
ofl whe} chofelel. wak o5 WIAHAIEE 2 o)

o°§%’§°ﬂ & Frlste Aew K

m, 1987; Jo et al., 1994).

o] eAFellAe 4@%::10 TEHE o A Auke
Foll WAAES] S TE HEEA A2 TolA vz
Frch ol $Eohyich. EP BE A TFolA Ao
ZAo g A2 u| AN E7) 2oVl 73S 2R

el WAL SR A kel 4 44 &
= qee sl oz Azt aa R

Fol W g A A WPAE Zte) Wik
Ao Ssiol Aok & Ao A2k
7+ 7155l g gl A E el GOT, GPTS w3} 4l
total cholesterole] kg =zA}El o] AHolA] 0.20%2}F
10.00%l14] =} £AGo g F2 gd Helor,
total cholesterol®] zk-2 WjzT-e} 7ZHEuld o 0.02%*] 2l
el §oA7} AKATHP<0.05). olFe] oMy A4
GOT, GPT 4l total cholesterol®} ¢k2 o}A 7} 2] o]Zo]|
wE 2 71E Hert FAEkEs glA) °%—°—‘+ EHZ‘—TLQJF

sels 7Y 71—'5x
253 9lekjo an

r‘l*! oX (‘|(‘

\I

2 OI'J

Hel -5 vlste] B, @ ENL
kA A7) 12, 5 cholesterol-S A &}AIF| & 7)1 o ”&‘ﬂ’
= et

Zraraoe] x| Argel AHrtsle] FoidE ul, A8
wgo Paa 4 4 B9 dgor YA 4T A
2] "4l Hzsle AR H7HAIRA o 87E7) Foka
A7,

2 9
EM (Effective Microorganism)eil
ABRENG U Aol el FF
94 9 £371% &4 aen Y=z
BAsw, ZHgura o] WAl ARel

AZHAAZ ol§75E HEtT
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ZEraos Agske] 10.00%, 0.20%, 0.10% 8|3
0.02% d7¥et Aejs}, Edaolg HrpslAl gt A
Bubg I d=12 ik

A7 gl QoA AA-E g E N 0.20% A 2]+l
A ZFHEY H9rHP<0.05). AF 7ZHEdEd 0.20%2};
0.10% Xl dlzT Rt gzt AzhE skehP<
0.05). & ZF3-E ZHFLE N 020%9} 0.10% A 7]Foll4]
jzF R} 26.24~29.35% =5 A7 Ytk

AaARE 1ela G7baeldF EollA ZHETHY 0.20%
9} 0.10% A27rt dzFEg 49 dgE Jehis)
THP<0.05).

A A (anterior intestine)® FAH(mid intestine)e] Zdq}
FEol| Eafst sl E(goblet cell)o] 9= Hel+7}
HzrRch Bka, Ay 2ok Faer 25 g
(P<0.05).

&AMy total cholesterol?] gHe Z-EW A Y 0.02%4
Toll Al iz Heh Yghrh(P<0.05).

ZEHE NS dxAEol Hrlsldg v, Ao A8
HE 2o A B o R X9 A gl Bz
tHe ABHTHAZA o] 87x7t & Ao AZtHr)

zHAte] 2

o] ATE 2001 E FHEF21AY did okl 3}
of ALHAFH-

2zEd
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