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Abstract

The study has been conducted to know purification
efficiency of five kinds of microbes such as Chlorella
vulgaris, Scenedesmus sp., Spirulina platensis, PSB (purple
non Sulfur Bacteria), and Acinetobacter calcoaceticus, on
the nitrogen and phosphorus discharged by Israeli carp
(Cyprinus carpio) reared in the recirculating system. The

results are as follows:
1. Comparison between registered and analyzed nutrients.

Approximate nutrient compositions of six different carp
diets were examined to know the difference between
registered(R) and chemically analyzed(A) nutrient levels. As

a result, all diets tested in this study satisfied
governmental requirements (NRC, 1983) including essential
amino acids. However, linoleic acid content could not reach
its requirement in five of six diets examined. Large
difference between A and R was observed especially in the
level of crude fiber and crude ash. Both oleic (18:103) and
palmitic (16:0) acids were turned out to be major fatty

acids.



2. Nitrogen and phosphorus discharged by Israeli carp

The amount of nitrogen and phosphorus discharged by
Israeli carp was estimated by using those still remained in
Israeli carp body. After four weeks of feeding commercial
diets to Israeli carp whose average weight was 25g, their
body weights have been increased from 18.84 to 27.46g. Feed
coefficient appeared to be from 0.89 to 1.22 and showed the
considerable  difference between treatments. Protein
efficiency ratio ranged from 1.94 to 2.47, and any
relationship between this ratio and protein level of fish
diets could not be observed. During the experiment, protein
and lipid contained in a Israeli carp have been increased,
moisture and ash have been decreased, and calcium and
phosphorus have been maintained relatively constant. The
amount of nitrogen discharged per kg gain ranged from 40.9 to
61.3g, and its retention efficiency varied from 29.7 to 38.1
9%. The amount of phosphorus discharged by Israeli carp
ranged from 10.0 to 17.1g per kg gain and its retention
efficiency was 15.2 to 26.8%.

3. Nitrogen and phosphorus purification

Five kinds of microbes were inoculated into exhausted
water to examine their purification effects on the sources of
water pollution such as nitrogen and phosphorus. They
included three species of phytoplanktons (Chlorella vulgaris,

Scenedesmus sp., and Spirulina platensis), PSB, and phosphorus



fixing bacteria (Acinetobacter calcoaceticus). Among three
species of phytoplanktons, when Chlorella vulgaris of 10x10°
cells/ml was inoculated only once into exhausted water, the
highest purification efficiency was observed after five days.
Among the cases of using mixed microbes, when Spirulina
platensis of 10x10%ells/m¢ was inoculated first and PSB of
2 5%107cells/m¢ was sequencially added with one-day interval,
the best purification effect was observed after five days.
The results mentioned above suggested that official
nutrient requirements for commercial fish diets, especially
for crude fiber and ash content, should be established as
soon as possible. In addition, an official organization seems
to be necessary to inspect the quality of fish diets.
Finally, much efforts will have to be made not only to
discover new kinds of phosphorus fixing bacteria, but also to
develop new strains, which may be more effective in phosphorus

purification than Acinetobacter calcoaceticus.
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I. ¥ &=

g€ wigtatE el Azt A 1980dc] ZubRE Z71817] AlRRE R
71212 T o FRAZ, s whE AIRZF Y Y 2EN0E o)F
o1A7] W Eell, +HULYE TA T2 WA BINE AL o
217 Aok, 1993).

MAM e oga Aatere] Z7to wiel £ e @0l A BZAE oF
Ha gled, FUdME 349 £hYe nxls A 2HeUE
FolA FtFel dAFAM FEHE MEER(Z F, 1990 Z, 1991)u}
FHEE AlR7E T4 R nxe FE7 e f3Q Res
B7IE]2 QlcHUFAERZ Y, 1990). 8§ JFAYoZRE wjagE @
@ FoFo] HA Pty F dEE AXY HolxTH, A4 A
Yoo fU2 A JMAIYEA] o ubd, GNP ogHEL o¢
Eozso] glom, ofAygatare] Frtel ¥ S ERIUE 3—7}6}% Zs
< YA FolrH( Y, 1993).

B AN WA= L@e] F2 HAL oFY 4 |AH AE
of 2% RE 3433 *Ji.a%wo‘«l 37} 2(E)2 chAbd sl ER HA
H AEERE faste d4 22 fA"H 28U o S o &3
gl =dl(Beveridge, 1987), 3| Q12 ZRF(EEH) A% AWAAE U
A olth(Velleret, 1977: Wagner, 1979: Walker and Hillmann, 1982: Auer
et al., 1986). YABLEZRE [e|(HK)SE ol dUEFI T4
of 715, &&449 ZAfolLt RR A T Aol Uoju} f3Y
70| XefstA Brh(Eskelinen, 1984).

ojof th3t Mo T FUI AIQREZ AYst AR FAlo] Q=S
313, FQARE ol&USEA WA 3 RASE AIRE 2437
o, ZAlgEs YrER %ﬂ%*]%‘ziﬂ% LERIFE HAAFIZ, wiy
AtE 2 B¢ 4230l w11, ALY YFo] U YHE ARl Zog )



dElE &AW 53], dLot o widE iy AASiH (R, 1993),
F&sE wdExol oyt Azt e] HYs ojop gl

AR EZL] AMAE 218 Fgaet o] 7ol U A3 H¢ o
2] Az gAFol golM wlmy wol Euxo] LOLH(NRC, 1981,
1983), Zuje] AL 2moj =ubz] ok (Y@=} &, 1990: ., 1991: Chu
et al., 1991: Kim and Kaushik, 1991), =i © oralo]l BAatade] 70%
g Az|ste, ojAztd oojo gloiA oyz] WY &

1(1993)8] Azt olth

Watanabe 5(1987a)2 AlE %2 o] sttt 44 FHognt g
H 4 e AFLTY AwH - 2dq4A AARE AUste e, Takeuchi
5(1979b)2 oJoie] At HA JpastoYA]/ 2T A (DE Keal /protein
%)& 97~1160jetx Bagich ¥H, FAAHJ FH} +UeHE WAE
ER U £ ol AR oA £E3E HHOoR [AAA, IYHo] oy
APog olgElE g Wi A B4ngY FE A oyl
o7 olgst=dl, A oFd FA Folts AYE tiY FIBBlHE
wdﬂ%ﬂifaﬂ%ﬁw.lﬂw%ﬁmiﬂ%ﬂ%PMl%ﬂﬁéil
£ 0] AgtHrh=(Kheyyali et al., 1990) B8} olgj3t AQ1E AIEF
91%%%ﬁ%ﬁ%hﬂ%ﬂiﬂ?ﬁﬁﬁ%%ﬂﬂﬁ%ﬁﬂﬁ%suu}ﬂ
oith(Nagai and lkeda, 1971: Garling and Wilson, 1977). Shimeno %
(1979)2 AlZL) El=3}E 323} ofA) HA ZF 32 A(serum glucose)
o] BAE Wyl w glch B4HES Feot 44 ofFETh HAA
Fo] AW ¥ £3go] A uE gloLt, dolFol SloiME
Atgu] #ake] wE ztol: QAW 438 o-HEM wA el
(Phillips et al., 1948; Singh and Nose, 1967: Kitamikado et al.,

—

J

o

o

1964: Chiou and Ogino, 1975: Spannhof and Kuhne, 1977: Bergot and
Breque, 1983). A8z} ElpzEo AN U} dFXE Nagaidt
lIkeda(1971), Pieper®} Pfeffer(1979), Likimani®} Wilson(1982)% ol &

3 s Ach



olatzt o] whAIL ofuzl g7l iy UEH ZHE HIYSR
chal AjYg AAEL £USF WAE A AW JouyA]. A
o] AIEE AlgFIe ol FI e HAHIT Uom(Matty, 1990
Johnsen et al., 1993), ol% wjZ 4ol cigt FA= LAdHo|7] wEel
olof thzl thMo] A AAolw, oo mE W AFTIL o] FoH ]
2bochal R zpede) Hory FaAlol £H e WAl FYjop ¥ otk

metal, o] Aol golAlRy HAAME TR AL AEEA
), Ha) AT e 6704l Yol g FAALRE ol &t ZE TFA
o} Bajxle] ulmel Aol w2 cHU(HAY ) viEFE vttt
1 s, 32R9 AEA ZRAE, YL A d &Y 5EE K
+ 2 (Acinetobacter calcoaceticus)®A Bl&EE Aot Ao AHANE

st



II. K L FHEE
L HHAEY d9h REEEHG ¥AH b2
1) vi3alE 43
PR Ee AR cizlBoRRE A Il A9H 670 At BA
AR (YT 2.5~3.0 m)E AHEARE A3l on, ol Al8e 2

2ol H71" HFEE5FA = Table 13} Zth

Table 1. Registered nutrient levels of the commercial carp diets

produced by six different companies

Diets

Composition(%)
A B C D E F
Crude protein (=) 38.0 39.0 40.0 36.0 35.0 37.0
Crude fat (=) 4.0 3.0 3.0 5.0 7.0 6.0
Crude fiber (<) -- 5.0 5.0 5.0 4.5 8.0
Crude ash (<) -- 15.0 15.0 18.0 17.0 13.0
Ca () 1.0 1.3 1.0 1.3 0.8 0.7
P(x) 0.8 1.3 0.8 1.0 0.8 0.5

19939 1478 11¥o] Z2A A2tz HEFHFA N 0 ¥§F J9A
TE Ui EMYLeE zapsided, oHE &z Al Jl4 Y

Y AEEH (extrusion) AIES] A|yyar xjo]F vladigcrt. =



g, ofmxAabzt A A EME FI A|WAEY "4 oim|iAtt e
A|4ite] -&0] NRC(1983) 87 BE& FFHII=AE A8 obge ¥
ol § Atgufiytel ALEEHI St oEY FRE EHE I3t zxIHE,
&2 A2 P& vasigch

3) E4¢d

o]z} AlE2] YuIHE EM2 A0AC(1990)2] o ulz} |l u,
+EL 105CoA 2427t ARSI on, AN X 6.25) A
Kjeldah! method)©e 2, ZA|u}2 ether £S5} Al J7l4E23HS W35y
on, ZMFE 1.25% HaS043} 1.25% NaOHSZ ALY Fof, HE
2 550TolA 12X FHEHK)AA M5t #ZHe(Ca) IS
ammonium oxalate €2 AHAIZ] ¥ HyS04 L2 ¥HEA[H KM E
ARl Folg e, Q(P)2 vandate molybate-yellow] 22 470nmof A
spectrophotometer(Shimadzu, UV-120-12)E £43}4c}.

AR 7 olmAte sin|ate g Ae|3 F 6N HCIE ©]-§, 110TH
A 2224 et JheREHAIA E43tach. EMel AMgE J171(#E#)=
Hitachi Custom Ion-Exchange Resin #9619F(4mm ¢ X 1,500mm with

flo

Jacker)$} Ammonia Filter Column(4mm g X 120mm)o]icT}.

AtEW 78 Al Z4E $A3 S Z Folch F(1957)% ol ulel
2)8l&  chloroform:methanol(2:1,viv)2 & F&3t I, Morrisonz}
Smith(1964)2] ®wHo] 2]AJley Boron trifluoride methanol 14%
solution(BF3 Methanol: Sigma, Co., USA)& o]|&3%}od mi® 2} (methylation)
3t X, & 1t AEE Gas chromatography(Packard model 439-GLC, USA)
of FqI3tdr}. Carrier gas®A = HeliumE AHE3}oIcTh



2. 9o A4 ¢l 12

1) Aolet Ak

o
AZ 25g A¥Y Aoz THYAE TN A4LE FUY F, ZLday
R FARbY BEG o FEQATAUE &A 1545 H8UIE AM MY
of o]-&3trch

g ol Aol AMESHA] A4S AIUAIRE SHF SHUY &M 9
AIRE ¥ 5A17bA] miy A Ert "old wiziA] FAReT FIFoA
tl.

ST AR E 12709 AR, BAZ, 12 iz} 23 3
%z, mxg Z2AMx]9dch(Plate I - Fig. 1, Fig. 2, Fig. 6). Al%ZxE A}
A A28 QW3] FRP(fiberglass reinforced plastic) A}RZEA, %
ArgzUy 2 110eE 23stgch AR 39 /f4%2 B 10~
12¢/mingd o, 428 22~26T2 HBedch & AMRZRE ALGHeE X
7] (aeration) dtgom, AHoF(Plate II - Fig. 3)& Al&{Ro] & H
3to] AR 5ot R4 Al &g yellon nte|e] sAlelx WAASA]
olottt, f&xraar pH: 2tz 5.5~6.4mg/t3} 6.5~7.28 21, LYRUo}
STt 1~3ug/Lolgdth. AEAIREY FFL AL/NELU U ¥He
2 sadch

Zb Algzo] R wjdE AR (A, 19D IAH 2 ufd o}
A Az A g TFA(LA 94]) HAAXU 9 vt €A 7hRo] B
sstgdon, olu] §&H £33 242 TNAY £2ES AAXUE #
AAHA Bt on, o] TP ARZFAAUY F43(2,0008)2] < 10%
Act. oJMFe AR ulf AL o] AP Al FEAIN 242 244]
Zte] AAF Bstsch



Gol# T AL thlFoRRE TUY 2o AW 67 ALY Ba
AE(YAE 2.5~3.00m)F 6 Mzl Fol thsto] A el 7w 2ubE(500] /218
oz BAQY wAYoR YANC}

Atg 2l Aalol wE FH2 AR o] &HES mpetsl) Hdld FEY
(weight gain), A& A 2|8k(feed intake), A}EAl4(feed coefficient: FC
= dry feed intake/wet weight gain), TH¥ 3 22|23} protein intake), %}
WA o] & F &(protein efficiency ratio: PER = wet weight gain/protein
intake), AY A A4 (daily growth index: DGI = 100((final body

)17 - (initial body wt.)'”®)/ experimental period)& ZA}s}gitT}.

wt,
ob&el, oAl FHPFol iy WL Ao £F wiEAZ BIIsHY] A8
o A¥ A2 R0 oA THEN(BESH)S B Lol A9 &
HA LS thet o] ZAlsiATh

A4 HHHE(nitrogen retention efficiency: NRE = 100(final body
wt. X 9% N in whole body) -/ (initial body wt., X % N in whole
body))/N intake.

¢l %3 % & (phosphorus retention efficiency: PRE = 100(final body
wt. X % P in whole body) - (initial body wt. X % P in whole body))/s
P intake.

3) 244

o

Al5 o] dubdE B2 AQAC(1990)2] Hao uwhel, 4B 105ToA
24Xt Azstg o, WA(N X 6,25) Ay wHog,
sEHYOZ, ZH{E 1.25% HaS043b 1.25% NaOHO. B A 313} Fof, 3



22 550ColM 12412 ¥3AlA EAs8T). Ca YRS ammonium oxalate
ghoE WA F HS0, SN WHAIA KM0,E HAsl] Tstglo
M, P2 vandate molybate-yellow] © 2 470nm spectrophotometer(Shimadz,
W-120-12)2 EMstATh Aol A3 olF: Alul(100])9} FEA]
(10a]/4b8) & Al M2 F FA Th (@)t APL SESH (IR,
AR)E WP Om, Unjx] AlRE Q42 2ajof o] &staT).

4) FAAzE

EE AYHS 3y HHE AYste olge HFL A1gsIgden, Ao F
el SAF 242 BAME A3 Duncan(1955)8] multiple range testol 2
Bl SAS statistics package(SAS Inst. Inc., NC, USA)& o]-&3}loy AlA)
stttk 28%9 a b, ¢, d, e, f= A A2 ol T AR EA
" Zlojr},

—

PA% w2 £UAPH A= AEY FHIES ol &3t zAbsiY
T}
Aol ALY ol viEsE UL Ao &y YA AR }

2 23U 4 Atk
SAThYD GAYI AAFNAYAEREY £

42t 3% (Chlorella wulgaris, Scenedesmus sp., Spirulina



platensis)& ctiarjaisted, wiQUEE 500x10%cells/m! o]Ato & ujor3l
¥ HZYUEE 100, 200, 300, 500, 1000x10%ells/med] 5THAZ L}yod
A £AHE FAstATh

A L7 250me 417 flaskoll vl&<4 100mtE &8 F, 359 HE
4 EYAEL U sxHE 233l FAFsiAct

2) AEE EF2E B At H7L

Z3}A MlF9l PSB(Purple non Sulfur Bacteria)?l X EAH EFHIAEE
o]-gste] w&so] AR Y& ZAISIGUTH

PSBS] M7}are 0.25, 1.25, 2.5, 12.5, 25X107cells/mtE Lhroj(U oy
o] HF4: 5x10%ells/nt) Al@AIZA ol 137 H7ig ¥ 19, 29, 3Y
A =, ojd 134 B 2d, 34 Fo £33 HEHE FAsHAch
2|3, Chlorella vulgaris®} Spirulina platensis® FFHUE+ 10X
105cells/mt 25}, PSBY] M7bapzt Brhwde 2.5x107cells/mtE ufdd
134 Frlstd g oo 4AHMEHE FFsHcT

AP L7 250m¢ ArZb flaskol] wl&4 100meof] E33E2} PSBE %
of gt3o] FFste MH3aAcTh

) 1| XBE(Acinetobacter calcoaceticus) ©]&

& 4Fo] gaEol = Ao A& ¢l A calcoaceticusg ©]-&3}
o ANE ZAIALE. A¥ol AE3 A calcoaceticus oF(KCCM No.
11771)% 3LEF Y3 (Korean Federation of Culture Collections)oiiA]
Foiol Al¥o Atg3tct

A. calcoaceticus?t& o]|L£3%td F&uUe ¢ 3 AAE AAIS
o, AEAM EH3IE, FUL HFE TYsY FE4Y FUHHE FX

32
{o



AE &7 250n¢ A7} flaskoll vl&4 100mt & Pol AHs )

$18 BEE MY 3y iEsgdon, O HYEAEL BIFY FAyxe
A1-&3t Tt

T2 il 3 10A)o] &5, WS 2441 A4 ZW(1,5001ux)
sl om, X7|(aeration)& AlA =)

EE Ayl AL vi&aEs YA} HEFEF(SUYIEY 43
of BAIZIof EolZ2t&mwl) £ HIUE HAFI] 95l $40]2 EE
(pH), &&AE4(D0), 2}3ta] Ab4 @ 233(COD), o}&AMG AA(NOz-N), A
ASH 2 (NOa-N), YRUobg A (NHz-N), QAbd Q(P04-P)& &3st9
cl.

THAEZWHOZ F$£40]2 %EE=  Ionalyzer(Model 407A, ORION
Reaserch)& ©]-§3ld 31 &&4t4+E DO meter(KDO-5151, KRK Co. )&, 3}%}
A Ad2ePPge FAEL #EYLE, ¢EUold WAL Phenated] 93}
B RS AMgHI,  ol™abd A AE  Sulfanilamide®}  NED
dihydrochlorideo] 2]3F w]AFgars] ) arAd A ¥ Cadmium reduction
methodo 2]3F w]MAatH g alg3lgdom, 9Atd Q1.2 Ascorbic acid
methodoll ]38} wj Mg e © & 24519 C}(APHA-AWWA-WPCF 1985).



Aol ALRH 67041 At Babd oJojalg e ¥y 2P g EAE A
L Table 29} Ut}

Table 2. Percent chemical composition of the six different commercial

diets examined

Diets
Composition
A B C D E F

Moisture 7.83 8.23 6.88 6.85 6.65 4.19
Crude protein 41.82 41.32 42.32 39.52 38.47 40.52
Crude fat

ether extracted 5.06 2.45 5.36 4,33 5.26 403

acid hydrolyzed 7.23 5.14 7.09 6.06 7.11 6.74
Crude fiber 2.55 2.54 3.12 4.00 2.46 2.69
Crude ash 8.05 9.33 8.13 8.09 7.26 9.77
Ca 1.62 2.70 1.70 1.35 1.80 2.79
P 1.41 1.55 1.40 1.28 1.18 1.11

Values are means of three determinations.

280 ¥are 4 19%(FALR)AA 8.23%(BAIR)E 2 x|ef HA A
xtol7} 2ufell izisleom, ZuhWAL 38.47%(EALR)oIA  42.32%(CA
8), ZAWL 4.03%(FAIR)IA 5.36%(CALR), 2R+ 2.46%(EAR)
ol A 4.00%(DAIE) i3, ZIEL 7.26%(EALR )0l 9.77%(FALR)S]
4Zzoldt). o]E 422 Z} AR X RS EX(Table 1)& 33 F5F3I4



>

th A8 £&E2 L11%(FAIR)A 1.55%(BALE)ZA 19934 129 2E
Al AR gojalRe] o HESEA 1.8%olHEULAE 24
1993-44% )& B3] $55l= 222 UEelych

=U Folalm uigel] o] & o FRE ZE, L AY Y
FTE& T4 AR & Table 334 Yt

Table 3. The amount of crude ash, calcium, and phosphorus contained in

the white fish meals obtained from the different sources

*WFM spray-dried WFM flame-dried
Composition

Imported (n=56) Domestic (n=8) Domestic (n=20)

Crude ash 19.02 =+ 1.74 16.93 £ 0.96 23.53 + 2.05
max. value 23.81 18.00 27.29
min. value 14.68 15.30 20.18
Calcium 6.29 = 0.76 5.89 = 0.44 8.52 = 1.02
max, value 8.13 6. 40 11.55
min. value 4.79 5.04 7.27
Phosphorus 3.37 £ 0.42 3.78 £ 0.71 4,22 + 0.39
max. value 4.25 4,61 5.26
min. value 2.58 2.86 3.7

‘WFM: White fish meal

Values are mean*SD based on three determinations per sample.

A N $Qlo] R (WFM spray-dried)?] X E- g3} Qo] ke
19.02+1.74, 6.29%0.762} 3.37+0.428 ztz} UElytct ZHgA] wy 2
Aol Z (WM spray-dried)®] 7Z-¢ Z3E, a3 A9 g3 44 16.93
+0.96, 5.89%0.442} 3.78%0.718 UEldon, HA WA Zalojy
(WFM flame-dried)®] Z-¢ Ztzt 23.53+2.05 8.52+1.029} 4.22+0. 398
A A o fe Hl*ﬂ ¥2 T2 & 7|3ttt



Table 4. Percent composition of amino acid in the six different

commercial diets examined

Diets

Amino acid Require-

A B C D E F  ment'
Arginine 2.6/5.9 2.7/6.3 2.9/6.6 2.8/6.6 2.6/6.3 2.6/6.2 1.6/4.2
Isoleucine 1.8/4.2 1.7/3.9 1.9/4.2 1.7/4.0 1.6/3.9 1.7/4.1 0.9/2.3
Leucine 3.4/7.7 3.2/7.5 3.4/7.7 2.7/6.5 3.0/7.5 3.1/7.3 1.3/3.4
Lysine 2.5/5.8 2.4/5.7 2.8/6.2 2,7/6,4 2.5/6.2 2.6/6.0 2.2/5.7
Methionine 1.6/3.6 1.3/3.1 1.7/3.8 1.2/3.0 1.8/4.5 1.7/4.0 1.2/3.1
Cystine 0.5/1.3 0.6/1.4 0.6/1.3 0.5/1.2 0.5/1.3 0.5/1.2 -

Phenylalanine 1.9/4.4 1.8/4.1 1.8/4.2 1.7/4.1 1.6/4.0 1.6/3.8 2.5/6.5
Threonine 1.7/3.9 1.7/4.0 1.8/4.1 1.7/4.0 1.6/4.0 1.5/3.5 1.5/3.9

Valine 2.0/4.7 2.1/4.8 2.2/4.9 2.0/4.7 1.8/4.5 2.0/4.8 1.4/3.6
Histidine™® 0.8/2.1
Tryptophan™® 0.3/0.8

Values (% of dry diet/% of protein) are means of three determinations.
*Data for requirement are from NRC(1983).

nd indicates "not determined.”

st 67)AF AZe] W4 oAl ZAH S Table 40f UERA ST

Az WELE FAY AL olE7(arginine) 2.6%%lA 2.9%=
UElxton, o]AFAl(isoleucine)E 1.6%A4 1.9%, FAl(leucine)Z
2.7%00lA 3.4%2 UElyth. E3, 2Al(lysine)d] B¢ 2.4%01M 2.8
%, HWE] L (methionine)®] 7% 1.2%0lA 1.8%, Sliddehd(phenylala-
nine)d] ZA¢ 1.6%0AM 1.9%28 +£&& 2gon, Eg\(threonine)}
a2l (valine)®] Z$ 2z 1.5%00A 1.8%, 1.8%0lA 2.2%8 T&EL=

LIELSiCt.



oJojo] @ 3F(0gino, 1980: NRC,

ojx g FMH Y4 olm|iite] F£FEL
o 3J|AE|W(histidine)z} EfEnH

1983)& 2 &3t Rog UEeiy
(tryptophan)> £ oA A|2]A]Zich
AL AgAbe Al ¥F Agate] oyt MEN|Z Leldlen I Ay
L Table 5% th XE3aA|pate] 729 Hu|EA (palmitic acid(16:0)]
o] BRE Ae|fdA MR &S £ELER URikEd, DAMEFE F¥
12.77% 2 713 $otom AxEe A9 19.28% 2 713 &aict. utef
o2 AEA [myristic acid(14:0)]2} AE|o}2At [stearic acid(18:0)]2
B3t £208 Z4zb axet HAAE BHE, AL F¢ 3.69%(CA
F)olM 6.46%(ArtRm)Hen, T2t B¢ 2.87%(EALR)oNA 5.76% (CAL
F)8 fFojgdct. Ex3} 2 ate] F ¢ &t {[oleic acid(18:1w9)] 0]
713 R RoE Yyeldon, I £&2 19.46%(FALR)ollA 26.35%(C
Alg) et ojdlol = g4t [linoleic acid(18:2w6)] & ®] &L 10.50%
(F A18)ollA 18.59%(CAIR)E H|23 wotom, 1 TIZC= oo]AA}
MElN AL eicosapentaenoic acid(20:5w3)] 8] F£E£L 6.96%(CALE )M
15.12%(EAIR )2  UEltct =3, =3AF AL A [docosahexaenoic
acid(22:6w3)] o] Y2 4.73%(CAIE)OIA 14.98%(FAIR)E Z zlo|&

Baorh 38, 67§AF Al 23] el& A4t [linolenic acid(18:3w3)] & %
L O 4322 1.38%(EAIE )M 2.45%(CAIR)E A Ws] A LElREC].

ANH o2 Huf TR U] &S 24.55%(DALE)OIA 35.06%(ArL %)
2 ety on, wE ¥ 3] AN monoenoic acid)®] Z-¢ 29.37%(AALE )l
A 38.55%(DAlg)Y &L E4rhk e ciEEAAL
(polyunsaturated acid)®] Z-¢ CAIEF#7} 33.312 71% o2 H| &S g
oo FALR771 41.98% 2 7% &A JElsch

PH, olF A WA w32} w6 AGE EFY B¢ AAE 14.14%(CA
Z)olM 30.22%(FALR)Y &€& R UE, Fa= 11.77%(FALR) A
19.17%(CAlR) 2 Axto] w3l &2t WA Ueiyict. BE AlRAA 7HE



T8 2 Yak2 &84 [oleic acid (18:1w9)] 0]gl oW, 1 t}geogL Y
ol EAb [palmitic acid(16:0)] o] FRslgict. &, ol A WitZE oo
o] WA atel 2l (linoleic acid)#} 2]& @A linolenic acid)$] 2}
AlEV P AlE AzZFPol iyt WELE Urplen, I ZFAze
Table 604l H= uio} ch glEAH(linoleic acid)d Z -9 FALE oA
0.55% % 713 Wgton CALREFoA 1.06%2 7% walct.

Table 5. Percent composition of fatty acid in the six different
commercial diets examined

Diets
Fatty acid
A B C D E F

14:0 6.46 4.93 3.69 4.31 4.59 4.20
14:1 0.00 0.00 0.00 0.00 0.05 0.51
15:0 0.28 0.22 0.21 0.50 0.20 0.51
16:0 19.28 17.77 18.79 12,77 13.61 16.23
16:147 6.93 6.07 5.56 7.76 7.38 5.14
17:0 1.50 1.24 1.13 1.70 1.85 1.43
17:1 0.88 0.75 0.61 1.99 0.54 0.73
18:0 5.26 5.46 5.76 3.47 2.87 3.41
18:1w9 19.51 22.84 26.35 19.97 20.21 19. 46
18: 2w6 11.42 15.30 18.59 11.63 13.24 10.50
18: 303 1.68 2.09 2.45 1.81 1.38 2.17
20:0 2.28 1.76 1.22 1.80 1.83 2.74
20:1w9 2.05 2.89 3.47 8.84 8.07 3.66
20: 2w6 0.00 0.00 0.00 0.12 0.00 0.20
20: 406 1.38 1.13 0.58 0.33 0.36 1.07
20: 5w3 12.13 10. 34 6.96 14.77 15.12 12.72
22: 503 0.00 0.00 0.00 0.54 0.41 0.34
22:6w3 8.95 7.21 4.73 7.70 8.28 14,98
Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
Saturated 35.06 31.38 30.80 24.55 24.96 28.51
Monoenoic 29,37 32.56 35.99 38.55 36.26 29.51
Polyunsaturated 35,56 36.07 33.31 36.90 38.78 41.98
w3 22.76 19. 64 14,14 24,82 25.18 30.22
w6 12,80 16. 43 19.17 12,08 13.60 11,77

Values are means of three determinations.



2Lt CALEE AT A A2 18:206 4Fo] 7ol njgE o},
3, el Wak(linolenic acid)e] A9 ABAIE 23] 0.1% $2& 29
Ll BA3] o rc

T2, 18:3032] B¢ 20:5039 22:6w3E YR Aiwtalo] 2ufe] AE
¥ 4 QSeBZ(NRC, 1983), ©o]& A|W4re] ulgo] 0.73%(BAE)0A
1.46% (FALR) 2] +&& UEhiA7] 2ol EMo) o]€% RE 259

18:303 ol AP FEoletn W3 A& £+ ¢gach

Table 6. Percent essential fatty acid content of the six different

commercial diets examined

Diets
Fatty acid Requirement®
A B C D E F
18:2wb 0.67 0.64 1.06 0.57 0.76 0.55 1.0
18:3w3 0.10 0.09 0.14 0.09 0.08 0.12 1.0

20:5w3 + 22:6w3 1.24  0.73 0.67 1.10 1.34 1.46

*Data for requirement are from NRC(1983).



L 9old Aag o ulad
1) gREe} ARAS

Aol ALEH 670 Al3t R QJojAlg el etd 242 Table 7o
LIEILE Sl ulel o] zxhwia 41 22%(EALE)OlA 45.44%(CAIR), &
A1 5.60%(BALR ) A 7.85%(AALR), ZMH 4 2.64%(EALR)olA 4.30
%(DAtRE) U ZYE 7.78%(EALE )N 10.20%(FALE)S] 408 LE}
Stoh 3, Qle] £F2 1.16%(FALRE)olA 1.69%(BALE)E A 19934 12
YHE AIH Alnigoatge] @ HESEA 1.8%0lsH R SR 214
1993-44%)& 33| FF3s}aicl.

Table 7. Percent chemical composition of the six different commercial

diets examined

Diets
Composition
A B C D E F

Moisture 7.83 8.23 6.68 6.85 6.65 4.19
Dry matter basis

Crude protein 45. 38 45,03 45, 44 42.43 41.22 42.29
Crude fat 7.85 5.60 7.62 6.51 7.63 7.04
Crude fiber 2.77 2.77 3.35 4.30 2.64 2.81
Crude ash 8.74 10.17 8.73 8.69 7.78 10.20
Ca 1.76 2.95 1.83 1.45 1.94 2.92
p 1.54 1.69 1.51 1.38 1.27 1.16

Values are means of three determinations.



Table 8. Comparison of growth performance of the carps fed six

different commercial diets for four weeks

Diets

Items

Initial Wt.(g/fish)  25.32 25.21 25.41 25.38 24,87 25.95
Wt. gain(g/fish) 27.46% 19.22° 20.58°° 21.63°° 23.31° 18.84°
Feed intake(g DM/fish) 24.50% 22.89° 24.15°° 23.41°° 23,36 22,93°
Protein intake(g/fish) 11.12* 10.31° 10.98* 9.93°° 9.63° 9.70°

FC* 0.89° 1.19> 1.17** 1.08*® 1.00°° 1.22%
PER** 2.47° 1.86° 1.87° 2.18%° 2.42* 1.94°
DGI*** 2.91° 2.18°° 2.29°° 2.39°° 257 2.11°

Values (mean of two groups), in the same raw, not sharing a common
superscript are significantly different (P<0.05).

*Feed coefficient = feed intake, DM/wet wt. gain.

**Protein efficiency ratio = wet wt. gain/protein intake,

***Daily growth index = 100((final wt. )173-(initial wt. )1”3)/Number of days.

ABAZA BF AF G 2582 ojxetd dolo e HHAIRE 47
2t Fo43t A AR A4 Table 82 th

A B2k 22.89g(BALE )OIl A 24.50g(ArIR) SR A3t &
82 ARFHPYOLHP.05), UmHAl AMelZ AtolofAe & 2lol& Kol
A ittt ZES AALE I} 27.46g2 MY 4319 od, FAIRTE
18.84g2] 7H3 Az% £33 Rgch ol FFF Aol HFHL
2 YA S BL uAH 2.11(FALR)AA 2.91(AALR) Y] Alo]7t U
Elttth. ALRAIGLE 0.89(AxlE)0IA 1.22(FALR)Y HHARA APHe=
43t cHFig. 1).

Tzl o] LA LS A o] &I AR Mol M wWAUHA
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Fig. 1. Effects of six different commercial diets on the

feed coefficient(FC), protein efficiency ratio(PER),
and daily growth index(DGI) of Israeli carp after

the four-week experiment.




AALE(2.47)0ll M 943HA Yelt o), w3l fIro] wn Atg e A
3ol 71 Wod EAIRR(2.42)8} ®oHA AolE Rolx ottt
(P>0.05). AMe|F 7H A2 oA o] AL oA Ja o] 7
met MHAlZE &l B(1.86), C(1.89)At& 7ol A LIEIRICHFig. 1).

Alg A2 o F R A oAU 23A X2 (Table 9) HHE HH, &
UFgZ 77.6%AAM 75.0%(EAIR)E, HEUFL 2.1%A 1.4%(FAIR)
2 Y A3 BHE HAdon, UL 14.1%4 15.6%(CALR)
2 Z71ete %ol B A, oAU AWUFS AJEAIRA] 3.7
%A FEA T.2%(EALR)E Ael 33 7] Algojo] viz) & Fo =
Z7tstadch. 28y, HES Z4 FAex EF3ta Zaolut Ao R
2 iy e g dF3A [FAIFHAC

Table 9. Change in the chemical composition of Israeli carp body after

provision of six different commercial diets for four weeks

crude crude crude
Diet Moisture protein lipid ash Ca P
Initial 77.6+0.1® 14.1%£0.1° 3.7£0.0° 2.1+0.0* 1.1+0.0 0.31+0.0%°
A 75.5%0.3°° 14.6+0.2°° 6.1+0.4° 1.940.2*® 0.8+£0.1 0.34+0.0%

B 76.3%0.4° 14.9+0,2° 7,1%0.2% 1.7£0.1°® 0.9+0.0 0.32+0.0%®
C 76.4+0.3°> 15.6+0,1* 6.1+0.3° 1.8+0.2*® 1.1£0.1 0.35%0.0%
D 76.1%0.4° 15.3%0.3** 6.0+0.1° 1.9+0.2°° 0.8+£0.1 0.33+0.0%°
E 75.010,2° 14.9+0.2° 7.2+0.3* 1.9%+0.2°° 0.9+0.2 0.31%0.0*
F 75.5+0.3°° 15.1£0.2%° 6.4%0.3%° 1.4%0.1° 0.8+0.1 0.27+0.0°

Values are the means *SE of two groups and each group is pooled with 10 fish,
Values, in the same column, not sharing a common superscript letter are signif-

icantly different (P<0.05).
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Table 102 MUl A4 ZH A2} el AF F718Y £302 ujzy
= ALFE B3 Ut AlEU AALUP L 6.60%(EAIR)NA 7.27%
(CALR)ZAM B 6.98% +Foldct. F33(Keg) ¥ A4 33 Uy
= 64.8g(AAIR )4 86.8g(BAIE)CE HF 76.5¢ o|gtT). A, =S

A% 21.9g(AAR)A 28.1g(CAIR)CE Agl 7 8§24 (P.05)0]
A= den, Ml FFS 25.6g ojAcrt. ©He FF P widEE 3
£%2 Hele 40.9g(EALR )N 61.3g(BALR)2Z 671AF A|BALR Alo]o
o 20g2] Alolrt BUEPOow, olE WAL <o 5lg olglch A, AlHA}
2o A4 FHALY PHE 29.7%(BAIR )N 38.1%(EALR)Z UEly
o, ole] &3t AXNH AEFHF(Ke)T A sid3FS 40.9g(EAIR)
o A 61.3g(BAIR )0l W3dlgrt. WA ZHALLS AR Ty 4Fol,
718 Wold Ael(EALR)elA 38.1%F 713 &olth 28y, $3%
(Ke)d M4 §312 AR A4 $&0] Fulastes Z¥E Bolx| gt
th AtEu "L £Eo] 7.20%00M 7.27% HAHW A, B, CAETFY H
% B, CAlmT7obE wel alERE, AL $Zo] 6.60%01AW EALR T
R 2ol HolA| Uom(P>0.05), AL £Fo] 6.77% FAIRL
o] B¢ AU L 2o FAY EALRE 2o v fgHog w2 A
& B3tg& Uehddth(Fig. 2).

olxetd golof oAUl HHH Qe o JNIgt o FHALIY £FY
(Kg)d A2 3% F3122 Table 113} Zrh Algul o 32 1.16%(F
ALZ)oA 1.69%(BAIR)Z A HHd 1.43%8] F£Foldrt. 333 (Kg) &
AP 12.8g(EAtR )0l A 20.4g(BAIR)SE HF 15.6g01dct. &3H
e 2. 2g(FALR)OIA 4.0g(CAIR)LE 2} A|g 7ol 8214 (P0.05)0]
AR don, AAETY HFL 3.3golddrt. He B3FL 9.7g(EAR)
oA 17.1g(BALE) Heldcth

o



Table 10. The amount of nitrogen discharge per Kg gain of Israeli carp
fed six different commercial diets. Estimation was based on

the retained N in the whole body

N (g) per Kg weight gain

Diet N in diet NRE* N (g)/
(g/100 g DM) Fed Retained Discharged (%) kg FI™*
A 7.26  64.8+1.03° 21.9%0.019  42.9+1.02°¢ 33.9°°° 48.02
B 7.20 86.8+8.43* 25.5%0.23°  61.3%8.20* 29.7°  50.64
C 7.27  85.4+1.79° 28.1+0.02°  57.3+1.78° 32.9°° 48.77
D 6.79  73.6+3.18%° 26.610.18°  47.0+2,99°°9 36.2*® 43.30
E 6.60 66.110.96° 25.2+0.03°  40.9+0.99°  38.1°  40.85
F 6.77 82.4%0.27* 26.3%10.11°  56.1+0.16%°° 31.9°° 46.08

mean 6.98 76.5 25.6 50.9 33.8 46.3

Values (mean*SE of two replicate groups), in the same column, not sharing
a common superscript letter are significantly different (P<0.05).
*Nitrogen retention efficiency = 100((final body wt. X % N in whole body)

- (initial body wt. X % N in whole body))/N intake,
**N discharged (g) per Kg feed intake.

$w, Al o 2HALL 15.2%(FAIR)E HE 26.8 %(ArR)ZE
A AU Ql £Fo] AETE FHAE U AALEF(1.54g/100g DM)ol|
A R 24w i, A £E0] JHE Wotd FARREZ(1.16g/100g DM)
ol 7A Azstgch ol Ao P Alg AR (Keg)B U
Bsjake 9 6g(EALR)OIA 14.1g(BALR) ATl ol AZelM FF
2K = 1 daaz o BaE2 159 AHBA(r=0.98)§ UEhiR
oo}, wreldAraY @ 2ol #IFEF L2E ol F/UE UEhdc

(Fig. 3).
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Fig. 3. The amount of Phosphorus discharge per Kg gain of

Israeli carp fed six different commercial diets.

Estimation was based on the retained P in the whole

body.



Table 11. The amount of Phosphorus discharge per Kg gain of Israeli ca-
rp fed six different commercial diets. Estimation was based on

the retained P in the whole body

P (g) per Kg weight gain

Diet P in diet PRE* P (g)/
(g/100g DM) Fed Retained Discharged (%) kg FI™

A 1.54 13.710.22°  3.7:0.00° 10.0:0.22°  26.8° 11.3

B 1.69 20.4+1.98*  3.3:0.02° 17.1+1.97°  16.5° 14.1

C 1.51 17.7+0.37%®  4.0:0.01® 13.810.37° 22.5° 11.7

D 1.38 14.9+0.65°°  3.5:0.02° 11.4:0.63°° 23.7° 10.5

E 1.27 12.8:0.19°  3.110.00° 9.740.19° 24.3** 9.6

F 1.16 14.110.05°  2.2+0.03° 12.0:0.08° 15.2° 9.8
mean 1.43 15.6 3.3 12.3 21.5 11.2

Values (means:SE of two replicate groups), in the same column, not sharing a

common superscript letter are significantly different (P<0.05).

*Phosphorus retention efficiency = 100((final body wt. X % P in whole body) -
(initial body wt. X % P in whole body))/P intake.

**P discharged (g) per kg feed intake.

3 444 99 34

1) 454 E33EY o4

Chlorella vulgaris, Scenedesmus sp., Spirulina platensis 3%& ©|&%}
o JFYUEE 100, 200, 300, 500, 1000X10*cells/mlE L}%o] ujolat
A= Table 128} Prl(Fig. 4, Fig. 5, Fig. 6).

Bj&4o] EFIEL FESAZIW, C wigarisolME JEUE 100X
10%ells/ntdml HE 14F MEST} 24217 271817 A2t HE 49

—25—



Table 12. Change in cell number of the three species of phytoplanktons
inoculated into exhausted water, depending on their incubation
days (unit: x10* cells/ml)

Incubation days

Species Inoculation

density 0 1 2 3 4 5
10Q 100 149 273 575 727 750
Chlorella 200 200 265 418 750 1040 1125
vulgaris 300 300 390 620 950 1190 1250
500 500 630 915 1350 1480 1475
1000 1000 1230 1650 2275 2410 2050
Scenedesmus 100 100 117 145 200 229 225
sp. 200 200 230 305 425 476 325
100 100 120 170 300 405 420
Spirulina 200 200 245 330 500 705 1000
platensis 300 300 375 525 900 1050 1000
500 500 620 905 1500 1460 1330
1000 1000 1200 1560 2160 2910 3530

¥ 727x10%ells/ntedlgom HE 54 Folt HFdo) w3y J3] HL
@Y MES F7E BAA EolAE o 4 dAdrh. FFUEI 200,
300, 500X10%ells/ntlNE HEUE 100x10%cells/nle} H]S3IA HZ
14 FHE HF 5YF7A BATN AL o £ dUdch FEFYUES
1000x 10%cel ls/n2ol e HZ 4Q4F NEUEJ} 2, 410x10%cells/alE 3
3 AEE B ¥ HE 5UFNE MESTL 2,050X10%cel Is/alE A o

i3l Z4st7] Al 3pstaict
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Fig. 4. The growth curve of Chlorella vulgaris in exhausted
water, depending on its incubated period and inocu-

lated conentration (unit: x10* cells/ml),
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Fig. 5. The growth curve of Scenedesmus sp. in exhausted water,
depending on its incubated period and inoculated conc-

entration (unit: X10* cells/ml).



(x10%

4000
35001 —®—- 100 —+— 200 —*— 300
3000- —&— 500 —*— 1000

2500+
2000+

1500+

Number of cells per ml

1000+

500+

Days

Fig. 6. The growth curve of Spirulina platensis in exhausted
water, depending on its incubated period and inoculated

concentration (unit: x10* cells/ml).




Scenedesmus sp. = W&ol FF37] H, wiFLETY AEUEs YR
Sol MEWE 300x10%cells/nl ol4te] HES ¥ 4 Qdrh AFU=
100X 10%cells/ntoll ] HE 49%F NEYUE 229%X10%cells/ntE FHE L}
Elion, HEWUE 200x10%cells/niUu) HE 4UF MX UL 476X
10%ells/ntd o}, HZE 59% FEYS 100, 200x10%cells/nt BF A
ol ulsh MEe] 47} ZAF gl

S. platensis®] 2% C wulgaris} v]|Z3|A BE HEUL wls &
HAERY BAS AF 4dolM s5UAelel HuBE e FAVY HeE
293, 3% 54 ¥ MXUTE C wilgarisst vlado FEUT 100,
200, 300, 500x10%cells/ntUuls C  wulgaris®] X% &%t S
platensis®r}  wagtzigk  HEWUE  1,000X10%ells/ntduj= S
platensis7} C. wvulgaris®T} €453 WS H4AS Vehjadct HEYUxo
et 3E 5Y ¥ AMX4 FUIE uistd & wiolEs € vulgarisol A
= HEYUE 100X10%cells/nt, S platensisol 4= HEYUE 200X
10%cells/ntQui7t ME 42 Z7} 4271 7p3 maich wj&4o 919 &
FAEE HESUEW sHHI it ¥ ZA3:= Table 13, 14, 152}
Zch 877 Fete 422 28.1£0.5TCHret

HA . wulgaris®] Z-%, F3He] Htol] 2l pHel W= HY Al3A
o] pH 7.3% HEFTEAIY pH 7.6~8.1% vy £Fo|dy, §EALFY
& AE AAE 5. 9ppmoll M EHAEE HFY F 5do] ZAHAS wWe
SEANALTL 8.5~11.0ppn2 2 o} 28] F7HE H vt HYH AseF
B AY AEA] 117 0ppool AW Zo] C wulgaris A% 594 ¥ AEUE
100X 10%cells/me(50. Oppm), 200x10%cells/mt(42.5ppm), 300X 10%cells/
nt(35. 5ppm), 500X 10*cells/mt(28.5ppm), 1,000X10*cells/nl(20.0ppm)E
FEHUZ7t gotdol ufetr] B3] "ol ZVE BAch ot 3
255 Ee AE AIAAIS] 5%(0.30ppm)oll H]3] BE AJHE L] FFEAM A
23] skt FFUzo utE xtol= ¢l ATHO0.03~0. 04ppm).

E MY A4 URUMY ALY Z9 HYH AL eyoMel ol



2718 C wvulgaris®] AEUE7 HolW4E(100~1.000x10%cel Is/aL)
Arbg AAL 10.51~5.12ppn 8, Y RELUod HAE 8.55~6.55ppm S E
A= et a2, Q4tg Qe 9 AE AIRA] 15.93ppmo] ™ Ao
H2 5¢ Fol= 14.35ppn(HEYUE 1.000x10%cells/nt) oA 15. 92ppm(
HEYUE 200x10%cells/nt) 22 A AARA Ut A& HAFN
AUz & Z¥E glodct (Fig. 7).

Table 13. Change in the quality of exhausted water five days after
the single inoculation of Chlorella vulgaris with five

different densities

Inoculation density ( x10* cells/nt)

[tems
Initial 100 200 300 500 1000

pH 7.3 7.8 7.9 8.1 7.6 8.0

Do { ppm) 5.9 8.5 8.9 9.3 10.2 11.0

CoD  (ppm) 117.0 50.0 42.5 35.5 28.5 20.0

NO2-N (ppm) 0.30 0.03 0.03 0.04 0.03 0.03
NO3-N (ppm) 12,50 10, 51 10.10 8.53 7.85 5.12
NH3-N (ppm) 10.70 8.55 8.05 7.85 7.00 6.55
PO4-P (ppm) 15.93 15.56 15.92 15,55 15.10 14.35

Scenedesmus sp. o] 7%, pHel W= AY AjA] 73004 HFF SUF
7.5~7.8% xtol7t ¢laln, SFEAtAES MY AlEAL 5.9ppmoliA 5UF
7.8~8.9ppn o 2 15812 F7HE R Ach HUH LR IFHS AHA A
117 0ppmol A 58%F AZEWE 100x10%cells/n2oll A 65.5ppm, HEUE
200 10%cel 1s/atoll Al 59.0ppn S 2 44.0~50.0%2 Z4AE Ech opdal
M AL 5= AEARA] 0.30ppnoi A 5YF 0.05ppnl 2 ALl EF A
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Fig. 7. Change in the quality of exhausted water five days

after the single inoculation of Chlorella vulgaris

with five different densities.



A e Habg dio dRUCd AL HEL MY AzA]
12.50, 10.70ppmoll A HF 5UF HFUE 100x10%cells/neollA] 10.15.
7.95ppm, HZWE 200x10%cel Is/nLofl A 10.00, 7.70ppnl. & C. vulgaris
g W&ol HFUS dEct TS FF UM AN "o ¢my

oM A4 H: FEE tiL 2 AAE Rt UG A2 A A

(Fig. 8).

Table 14. Change in the quality of exhausted water five days after the

single inoculation of Scenedesmus sp. with two different

densities
Inoculation density (x10* cells/mt)

Items

Initial 100 200
pH 7.3 7.5 7.8
DO (ppm) 5.9 7.8 8.9
COD  (ppm) 117.0 65.5 59.0
NOz-N (ppm) 0.30 0.05 0.05
NO3-N (ppm) 12.50 10.15 10. 00
NH3-N (ppm) 10.70 7.95 7.70
PO4-P (ppm) 15.93 15.55 15. 50

E, S platensisE vl&Fo] HEWE B, C wulgaris, Scenedesmus
sp. & HEFSAUE Wi} Po] pHEe 7.5~7. 92 A4 v £x1& Uehjde
o, 24T 7.8~10.8ppnl ® H|S:EA ZUISIATE. Bt Aba g
FHANE C wigarisE FEUL wie} vasigd S B2 FEUS A
Che wA VelRtAgl, EUAEL] HFEE7 HolU4E ZA(AZUE
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Fig. 8. Change in the quality of exhausted water five days
after the single inoculation of Scenedesmus sp. with

two different densities.



100 X 10%cells/me: 53.5ppm, 200X 10%cells/ml: 49.0ppm, 300%10%cells/
ml: 40.5ppm, 500%10*cells/ml: 36.0ppm, 1,000%10%ells/nt: 29.0ppn)
He 3¥E BEArh. olAME AL SEE 1A EFAEZFAAAM S
platensis7} 7}& WA UEIRE S0 (0.02~0.03ppm), WA AA(HE 5¢
¥ 9.55~6.15ppm), UELoY AL(HZ 5¢F 8.20~6.65ppm)= C
vulgaris®l Scenedesmus sp. & HE3IEE uwiel L Ao g LIEYC).
AAE A F EFSe A¥UolMel ulsixAE tiA A A(15.58~
15.10ppm) = HA oL A v = ¥t QAdTHFig 9).

Table 15. Change in the quality of exhausted water five days after
the single inoculation of Spirulina platensis with five

different densities

Inoculation density (><104 cells/mt)

Items

Initial 100 200 300 500 1000
pH 7.3 7.6 7.5 7.8 7.7 7.9
D0 (ppm) 5.9 8.0 8.2 7.8 9.6 10.8
COD (ppm)  117.0 53.5 49.0 40.5 36.0 29.0
NOz-N (ppm) 0.30 0.03 0.02 0.02 0.03 0.02
NO3-N (ppm) 12.50 9.55 9.50 7.80 7.65 6.15
NH3-N (ppm) 10.70 8.20 7.90 7.65 6.95 6.65
PO4-P (ppm) 15.93 15.58 15.26 15.45 15.30 15.10
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Fig. 9. Change in the quality of exhausted water five days
after the single inoculation of Spirulina platensis

with five different densities,



) 344 A2 %

By MFQ PSB(purple non sulfur bacteria)E o] &3l uj& 4
+AHAE XA H3s Table 16 ~ Table 202t #3, A/ £
€ 26.9+0.4TC4Hcl.

Hal, AlY AlzpAlol PSBE 137 HFE F 1d FAHEAS W 3
o] oM pHE HE A4 7.50]1H0W Zo] FrAlL: 6.8~7.28 T}
4 Yol A Boch LEALFS MY AJ2HA] 4. 3ppnkTh 2~ 34}
(10.5~12.9ppm) & F7}3tch e Lo 732 AE  ARA]
123.5ppno] W Zo] PSB E %% 0.25X107cells/ntol A 105, 5ppm & 8 7+ A
Hgon, 255 1.25X107cel ls/ntol A= 80.0ppn, E2 ST 2.5, 12.5
X107cells/nts 50.5ppn Q& ZAHAZR, HFEHE 25%X107cells/mlol
ML 50.0ppmlE HEEE 2.5 12.5X107cells/nt®} AY L =S
Rach ofAANE AA =& S 14¥F 0.05~0.0lppme 2 AHA #A2}7}
oo, HAMY Qﬁté 0.15ppm( B EYUE 0.25%107cells/nl) ~0. 05ppm
(BEYUE 2.5 12.5, 25X107cells/nl) o8 ZAAEL HE3NPL wet
s o WS AA&ZAE Edrh. dEUod Lo s AE Al
2}A] 10.70ppmoil A1 PSB A% 1Y% 8.35~5. 20ppn 8 ZAXE T}

PSB HEUxTo wE ¥ Abaaq 73, obAAbg AL G AL,
AR AL HEoH HEYUE 0.25~2.5X107cells/nloll s HEY
7} 848 AAANI FUAY, HEUEI} 2.5~25X107cells/alo]
e AY P 429 $5& R otHTable 16, Fig. 10).



Table 16.

Change in the quality of exhausted water one day after

the single inoculation of the PSB with five different
densities
Inoculation density (X107 cells/al)
Items
[nitial 0.25 1.25 2.5 12.5 25

pH 7.5 7.2 7.1 6.9 7.0 6.8
DO 4.3 10.5 11.2 12.9 12.8 12.8
COD 123.5 105.5 80.0 50.5 50.5 50.0
NG2-N 0.30 0.05 0.05 0.03 0.03 0.01
NO3-N 12.50 0.15 0.10 0.05 0.05 0.05
NH3-N (ppm) 10.70 8.35 6.50 5.25 5.35 5.20
PO4-P (ppm) 15.93 15.35 15.16 15.73 15.51 15.8

PSBE 13 HFF 24, 3¢o] Z2s5tdS we] Az Table 17, 183 Hr}

Table 17. Change in the quality of exhausted water two days after
the single inoculation of the PSB with five different
densities

Inoculation density (X107 cells/al)

[tems

Initial 0.25 1.25 2.5 12.5 25
pH 7.5 7.1 7.0 7.1 7.2 7.0
D0 (ppm 4.3 10.8 11.0 11.5 12.0 11.9
COD  (ppm 123.5 110.0 85.5 55.0 50.0 48.5
NO2-N ( 0.30 0.05 0.05 0.06 0.04 0.03
NO3-N ( 12.50 0.10 0.05 0.05 0.05 0.05
NHa-N ( 10.70 5.20 4.85 4,12 4,05 4.09
P04-P ( 15.93 15.53 15.85 15.35 15.50 15.40
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Change in the quality of exhausted water one day
after the single inoculation of the PSB with five

different densities.



Table 18. Change in the quality of exhausted water three days after
the single inoculation of the PSB with five different

densities
Inoculation density ( X107 cells/ml)

Items

Initial 0.25 1.25 2.5 12.5 25
pH 7.5 7.2 7.0 7.0 6.9 7.1
DO (ppm) 4.3 10.5 11.3 12.0 11.9 12.5
COD  (ppm) 123.5 100.5 85.0 50.8 50.5 49.5
NO2-N (ppm) 0.30 0.04 0.05 0.05 0.04 0.02
NO3-N (ppm) 12.50 0.08 0.05 0.07 0.03 0.04
NH3z-N (ppm) 10.70 4,57 4,46 4.43 4.21 4.12
P04-P (ppm) 15.93 15.85 15,52 15.60 15.35 15.45

pHe] H3h= 13 HF 2d¥(7.0~7.2), AE 3¢¥(6.9~7.2) R%F 3
T 1d¥e} vixsidon, &4 A AY AlZA vis) 2~3u)(H
% 24 % 10.8~12.0ppm, ¥ ZF 34 ¥ 10.5~12.5ppn) B = Z7}8tect. 2}
U3 Lo FFeT7t B FRoM Aldo] ANUSLF s
25 B¥E RAAT A zlo]st qtin & 4 ¢l of@abg AL
(¥F 2¢¥ 0.06~0.03ppn, HF 3UF 0.05~0.02ppn), AR VA(H
% 294% 0.10~0.05ppm, 3% 3Y¥ 0.08~0.03ppm), YEUopd HFA(H
% 29Y% 5.20~4.05ppm, FF 3UF 4.57~4.12ppm)= FF 1 Foj 3|
Me 24 Aol2 A7 AFHAY, AEFE 293 3 Aloloe F
3t ztolzt glddrh AAYE 18] F ol ek A¥Me} npasia|z A
9] W3} gdrh2, 3¢ Z ¥ 15.85~15. 35ppm).

PSBE 1 134 HF3tn 2d(F 28 AF)o] Zsldg wy] £3 4
3}(Table 19, Fig. 11)&, pH(7.2~7.3)9} £&A+4A35(10.9~12. 2ppm)-& 1



3 HEY 19, 2¢, 3Y ZAIAS wiel B F¥olAdch HYF At
87U PEHE 0.25~2.5X1007cells/atH s 13 HEWE uwio}
A B UAEL RGXT, HEHSET12.5X107cells/ato] A= 35, 5ppn,
HESS 25X107cells/mtol = 28 5ppme 2 U WS A AUNE BY
Th. oAb - A(0.05~0.04ppm) 2} HAME A A(0.10~0.03ppn) = & Al
¥ KA AHE RygAn, dRUokd FAE 4.03ppn(FFYUE 0.25
X107cells/nt)oll A 0.95ppu(FEWE 12.5X107cells/nl) 22 E} A Yo
uiz) W4 £ #2E dAch Zeu, Aakd Ao F9 4] HEzt ol
2718 I 5= 15.86ppn(HE2YUE 0.25%107cells/nt)ollA 15. 20ppm
(329 x 12.5X107cells/nl) 2.8 2AHE 8 4 dch
PSBE 1Y 134 FFs1a 3¢(F 33 HF)o] ZAstAE whel H2K

Table 20, Fig. 12)& At¥ X ™ pH(6.9~7.3)2} & 4H425(10.9~12. Oppn
)2 el M¥E wixstdi, HEH QLIS HFYE 2.5X
107cells/nt2] 32.5ppm A st o] AV Aol vl FAYJE B
ct.

Table 19. Change in the quality of exhausted water after the two-day
incubation with the PSB. Inoculations were conducted once

a day for two days and were begun with five different

densities
Inoculation density (%107 cells/at)
Items
Initial 0.25 1.25 2.5 12.5 25

pH 7.5 7.3 7.2 7.2 7.2 7.3
DO (ppm) 4.3 10.9 11.3 11.8 12.2 12.0
COD (ppm) 123.5 100.0 89.5 50.0 35.5 28.5
NO2-N (ppm) 0.30 0.05 0.04 0.04 0.05 0.04
NO3-N (ppm) 12.50 0.10 0.09 0.04 0.05 0.03
NHa-N (ppm) 10.70 4.03 3.85 1.17 0.95 1.05

P04-P (ppm) 15.93 15. 86 15.21 15.35 15.20 15.25
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were conducted once a day and were begun with

five different densities,



olstol obalatag

o
UYEUoby Bat

2 A= 0.02~0.05ppm, AAME A A= 0,03~0.05ppm,
0.70~4.26ppm, AAE Q12 15.09~15. 70ppn 28 2]

AE a2t bttt Z¥8E& BAch

PSBtE o] &% A3 AyoM Uehd RS AFEE7t 1.25X107
cells/mto] 3l wiofl= A¥ol A3 wj&,et Lol 2@ A +Ho
oloje FztE el AlF/go] gl ez AZEH, PSBE 13 ThF(25
X107cells/nt) HE3I= ZAHETIE njd 13- A2F(2.5%107cells/nt) A
Z3ste Wilo] g A& FHoldrh

Table 20. Change in the quality of exhausted water after the three-day
incubation with the PSB. Inoculations were conducted once a
day for three days and were begun with five different dens-

ities
Inoculation density (X107 cells/mt)

Items

Initial 0.25 1.25 2.5 12.5 25
pH 7.5 7.2 7.1 7.3 6.9 6.9
DO (ppm) 4.3 11.2 10.9 10.9 12.0 11.8
COD (ppm) 123.5 92.6 80.6 32,5 30.0 28.0
NOz-N (ppm) 0.30 0.04 0.05 0.03 0.03 0.02
NO3-N (ppm)  12.50 0.05 0.05 0.03 0.03 0.03
NHa-N (ppm)  10.70 4.26 3.51 0.75 0.80 0.70
PO4-P (ppm)  15.93 15.38 15. 67 15. 56 15.70 15.09

C wulgaris®} S. platensis(AZ2WEE 10x10%ells/al) & 2 &3
A7, PSBE 2.5X107cells/nl S=2 ZA3t] oy 134 FZFsidSul
22 Alde] o2 £ANE FFY FA3}: Table 21, 22 9 Fig. 133
Ztt. o] wje £22 27.5+0.8Cch



Table 21.

Change in the quality of exhausted water after incubation
with the mixed microbes, Chlorella vulgaris and PSB. Both
microbes were inoculated first and then the PSB was
sequencial ly added with one-day interval

Incubation days

Items
Initial 1 2 3 4 5
pH 7.1 7.3 7.2 7.2 7.3 7.2
DO (ppm) 4.1 9.2 10.3 10.6 10.5 10.6
CoD  (ppm)  126:2 63.5 38.5 24.0 21.0 15.0
NOz-N (ppm) 0.30 0.25 0.10 0.02 0.01 0.01
NO3-N (ppm) 12.50 9.13 8.30 1.50 0.05 0.05
NH3-N (ppm) 10.70 5.58 3.31 0.80 0.35 0.10
PO4-P (ppm) 15.93 15.20 14.37 14.20 14.05 14.00
Table 22, Change in the quality of exhausted water after incubation
with the mixed microbes, Spirulina platensis and PSB. Both
microbes were inoculated first and then the PSB was
sequencially added with one-day interval
Incubation days
Items
Initial 1 2 3 4 5
pH 7.1 8.0 7.6 7.5 7.5 7.3
DO (ppm) 4.1 9.6 10.0 10.7 10.4 10.5
COD  {ppm) 126.2 58.0 40.0 22.5 19.0 14.5
NO2-N (ppm) 0.30 0.12 0.07 0.01 0.01 0.01
NOa-N (ppm) 12.50 8.76 8.05 1.30 0.05 0.05
NHz-N (ppm) 10.70 3.15 1.05 0.50 0.27 0.15
PO4-P (ppm) 15.93 15. 34 15.00 14,58 14. 46 14,31
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Fig.13. Change in the quality of exhausted water after

incubation with one of two microbes (Chlorella
vulgaris and Spirulina platensis) and PSB, Either
C. vulgaris or S. platensis was inoculated first and
then the PSB was sequencially added with one-day
interval, Ch: Chlorella vugalis, Sp: Spirulina plat-

ensis,



pHe] 3= C vulgaris®t PSBE E3 AMESIASWE 7.2~7.3019 %,
S. platensis®} PSBE ¥ A1 23519 E wj:s 7.3~8.02% Clx 2 B
& R4rl 24432 £ AY EFM 9.2~10.7ppn 2 & H]=3A L
Elut, Blaty At @ A3Fe € wulgaris®t PSBE E¥ AtEsiolgu) A
% 19% 63.5ppnl 2 50%7} #4 steda, ¥F 54 Fol: 15 0ppnl T
88%9 LA AUE EUch S platensis?}t PSBE Y A1831GE wie
H% 19¥ 58.0ppno 2 54%, FF 5¢ Folt 14.5ppnl 2 83.5%7F %
4 B}o] S platensisSt PSBE E¥ A3 Ho| C wulgaris®} PSBE
3 A2 ZET) tha £ AE UehfAdcoh obEAMd "4, ALY
AL, dBUolY AL BFE C wlgarist PSBE 3 A1&3 Z(0.01~
0.25ppm, 0.05~9.13ppm, 0.10~5.58ppm)X T} S. platensis®} PSBE T ¥
A}28t 21(0.01~0.12ppm, 0.05~8.76ppm, 0.15~3.15ppm)o] TAZE 3}o
2 A3 A7 A Uebkdch ZEu, JdAE 1Y Ffode d4Y B
AyoMel maslA|2 ¢ wigariset PSBE Y AHEY Z1(14.00~
15.20ppm) 2} S. platensis?t PSBE E3§} A}£3 Z1(14.31~15. 34ppn) 2F
HThE AA AdE E§ + ddch

—

fin

3) WAE (Acinetobecter calcoacetious)?) o|%

ety ArA g Far opmabgd A4, Y AL, gRUod e A
S ZalaEoin} PP MFeR »7Zt 88.5%, 96.7%, 99.6%. 99.1%7}
2] A7} 5gR|gh, AAE Qe 12.1%utel ZAF A oo}, MEuUe] A
23 SYo| olAH A calcoaceticusE ©| &3l £ HHUE FHAHI
A= Table 232 ¥, AB71 745U 422 32.5+0.6TCHrl.

pHe] H3b= AY AlZA] 7.400A4 AEI|DEY 7.3~7.82 & HHI
gadch f&ab4zre Ay AJA] 5.6ppmolded AHILFL 7.2~
7.6ppool o, HuH A4 @ FAH(AHYAIZA]: 104 0ppn, AR 7|TF



Table 23. Change in the quality of exhausted water after the single
incubation of Acinetobacter calcoaceticus, depending on its

incubated period

Incubation days

[tems
Initial 1 2 3 4 5

pH 7.4 7.6 7.8 7.3 7.4 7.6
DO (ppm) 5.6 7.2 7.6 7.5 7.6 7.6
COD (ppm)  104.0 105.9 110.3 108.1 105.3 106.7
NOz-N (ppm) 0.28 0.26 0.27 0.25 0.28 0.26
NO3-N (ppm) 8.09 8.01 7.53 7.76 7.92 7.90
NH3-N (ppm) 8.41 8.38 8.36 8.36 8.37 8.35
PO4-P (ppm) 13.27 12.11 10. 43 11.02 10.94 11.10

105.3~110.3ppm), oA HA(AHEAIZA]l: 0.28ppm, HE 7175 0.25
~0.28ppm), AAME ML (HBAIZAl: 8. 4lppm, ABI|TF: 7.53~
8.0lppm), YEUot4 HA(AHEAIZAL - 8.41ppn, HY7IZHF: 8.35~
8.38ppm) &= A VAR A2t AlZEe] Zzto] wE FXEe] Aozt AL il
Tl AE e Fe AHBAIZA 13.27pprolddE Zo] HF 2d¥
10.43ppnC. 8 21.4%7} 2431932, A% 34 FHEE= ¢ 11.0ppplE ¢t
A A o]t

wpela, AEBA Za3EQl S platensis (BEUE: 10X10%ells/mt)
of BYE MZF(1Yd H2YUE 2.5X107cells/mt) L A calcoaceticus(10
colony) 3Z7E& EY HEstd 4AHHE F3 Y ZH}= Table 24, Fig,
149} Zch AV 2 £ 30.5£0.4TCHCL

pHe HE2) 7.600M AF 19%F 7.493, AF 5¢F 7.9712] €3l
o, §Z&AtAaE AHAZA] 5. 1ppro] W o] HF 1Y F 8. 7ppmoil A



Table 24. Change in the quality of exhausted water after the single
inoculation of the mixed microbes, Spirulina platensis,
PSB, and Acinetobacter calcoaceticus, depending on their

incubated period

Incubation days

[tems

Initial 1 2 3 4 5
pH 7.6 7.4 7.7 7.8 7.6 7.9
DO  (ppm) 5.1 8.7 10.3 10.9 10.7 10.7
COD (ppm)  110.8 53.5 38.9 21.7 20.6 13.3
NO2-N (ppm) 0.28 0.10 0.04 0.01 0.01 0.01
NO3-N (ppm) 8.09 3.28 2.18 0.76 0.08 0.08
NHa-N (ppm) 8.41 4.21 1.23 0. 47 0.14 0.08
PO4-P (ppm) 13.27 11.74 9.7 9.68 9.50 9,37

HZ 34 ¥ 10.9pppl . 28] A= Z7stqch HuH BLe 7P H
£ 194% 53.5ppmo E 51.7% ZAstdR, AF 5UFlE 13.3pmeE
88.0% 7 ZtAE At ol YA HE 14F 0.10ppnl T 64.3%
Astdom HZE 3UF 0.0lppnC 8 94.4%9] AAXANE BAch A
ALt HE 19%F 3.28pmm2 T 59.5%7F 247 HAL, FF 4LF de
0.08ppno 2 99.0%7t AAT AT fRUoMd AL HA FF 5UF¥
0.08ppn & AWA|ZHA] 8. 41ppmET} 99.0% ol AAZAXE UEhda
th.

olAted Qle] A Al¥AIZA] 13.27ppuollA FF 1YF 11.74ppnlE
11.55%¢] z#A2ax48 room, HE 2¢d¥ 9.71ppn(26.8% H4), AF
3% 9 68ppm(27.1% H4), BF 49F 9.50ppu(28.4% ), HFF 54¢
% 9 37pmO T 29.4%° ZAHE Uehldrh o] Aze A tiE A

—49—
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Fig. 14. Change in the quality of exhausted water after the
single inoculation of the mixed microbes, Spirulina
platensis, PSB, and Acinetobacter calcoaceticus,

depending on their incubated period.




Holl Wl3l At Q1o AT 208 = Uelwd2| g, ol 7] £AR 3 A}
HollAe] AAtE U Ui VHFAYA Esjvh. el APl AHEH
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ofFo Z¢ AR B4zt dAdel wed ARAHATE ASt Al
Pk otuel, 29 4 F7IE I #HULAE FHstI] g b
S £702 {A=E Zo| v ASITHARC, 1983). o2 JojAtm
2 gk, o] 2uf &3t A JolRel Zol 97t
g oFel ejHE 1 o]gdo] I3 AFHTHOgino et al., 1979
Yone and Toshima, 1979). ulgld, Z4Fo] ZRIF-Z U Hto| ZHFH
82 nlA Jojalre Z9 £HULEE tlE JHE3 stAHCHMatty,
1990). ¥ AMYolla B uiel Zo] 678 AlZALES HEFEX(HAA] ~
~8.0%%} 13.0~18.0% ©]3}
2 5250 g 5 1458 A7 242 4.0%
2t 9.8% % UEIY FFx|2t @A xo]E Holx olth oleigt AMUE
AR E FAIEE Ag4aY Fe AEZAM] HuEA Ues dAFES
eistad 7] wiEl Zeg Azt Zefu, ofE dHess AHU Y
= o

o
*}%GFME Ll 55Y £E7HA =¥ £ dtie Ag nis)

o
o

=
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o
oft
il
[
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o

mm

Zaol FAlol MEel WAAPL TEshy] AL ARAMA 2

59 BAxel 74 ZHY £E0E 5E4FS AAHE Fol Foit
o
=2

& §ls uig3sich

goiatge] HEFFHel AAsE e d(HEM F-2T7 vy, 1991)
e "l Fuie] A9 AL dYR AR EES st drh dEY F
T AZARY AFY dPEEol Ut FolrtEo] HlAAEE FIH
AA 3R&o] 7t ARYILE & 4 olrvke FHl dow, A %



T gl g viUALE Az AL 7HY] AZNEE HA FEY £ Aris
Hol alth Zeuh, Fuie Folrts FEHEEES 84 71X E Algo
71Mtsted o]l FolH ] wiFof Uzt UL FUeEY FH R} (Auer et
al., 1986)8] Z-¢ ATA7} oty Y E SERE ANS eyl
H, SY7IEAE de] ofe 54 £32 AES opmE B ¥
Y g o7 i ARU #HEY £E2E ZRATLLI} ofd Fog
U2 A 2ltHOgino and Takeda, 1976, 1978). E3 LUHL Ao
Fastr] diZol, FolAtRY HETFA Al Ao AsY 4
7b flvia & 4= glth o /AlRS] MY olEHQ] wwd I
ARt ZtAE A B, FFHAN EetF Hol7] we o o

il FFUA i FE o232 ¥ o] &3t gt T E o
of Hls} ofmlicAt ZigojLt oA FFsiA|qt TIE Y8 F, F
. $ 28 (Lovell, 1977), QA oj(Robinson et al., 1985), THAME whwizl
(single-cell protein)-A X, ®lejelo}, ZRF, ¥, FHA|el(casein),

Adz]go], o Hd7], AY(Akiyama et al., 1984), ZZFdl(corn

r

N

Mo
ox

o Mo o>

glueten), T&, 7I13 RA1E, &I E2(Brown et al., 1985), A=A}, ZE,
otalQl-f, HZ#H(Hossain and Jauncey, 1989), oz}, sjulelr|x], <4
4=, “H(Kirchgessner and Schwarz, 1986: Law, 1986)o H]3jA &ty =z
dol B YEEAN FFHAME Al o] FoEZ(Snith, 1977) o]
& AR DAY ZA TS Y AF7E AK o] Foixn At}
{Andrews %, 1977. Davis and Stickney, 1978: Tacon et al., 1983:
Viola et al., 1983: Kim et al., 1984: Shiau et al., 1987, 1990: Lee,
1989: Lim and Dominy, 1990).

o] TheRAEE of 20439 ofuiatog EIHch ofF HWe
ofm:=ito] thd U, Y 24FL 2xE APY AFE Halver(1957)
of 23l Aojolld ATt YololXes HEAMREE FAY F3 wir|E
T L8 A7 UEhA Jole fel ofm|katE o] &3] Riitin o
L} Aoce et al., 1974), Nose 5(1974)0] A EAIB A serine oz &



1

rakol HCI-E Eoll B7Isted pH 6.5~6. 7ol H3 A ZA2E EAUeER
oA 217} gle olFE Ml pHrl F28ol AL Fdvtelddul ofulie
Are]l vt A "4 ASS dFstalch
Tanaka (1977)2 #2| wAbg oololl FoAl, BAl ¥ olRE
P oo i=ate] Al Al FAIZie] B whFol HFo e F4E &y
¥ 7] wj2ola}l #om, Murai $(1984)0] o] & Helgch
oJojo] W4 ojnjical @ 7S Elo}F 2} o] 10 7FA|E 0gino(1980) &t
Nose(1979)of oJslia a2l ol2 7], F|AE[T, ol4£FAl FAl 24l
Heley, sdaatd, Edeyd, EFEn walojrh, o] Ao &
ME ZU 67) AR AMEE ALY AR FE US ofm| Aty £&2 HAlel] o}
gl A8 xzlo]: th4 A|9H 0gino(1980) %} Nose(1979)7F 2| A ¥ oJof
£ U2 o FY 231 E UF A7l AR Vet glof g oin]
rANe] gat e B ¢ ez By Foch I otmkAbE
432 golglom, gJoj= FAlz o] £FAY H[&o] FIslH, ZBE0]
HYolz|= Z3ro] 9ll(Nose, 1979), HjH S ofn|i=Atel E]FAN(tyrosine)>
Y4 obmlAtel siidatebyd chal 22471 313, AlA&l (cystine)Z HE| 2
o] il &2st ok 2@y, ¥|"4 oo ite MY W olmiite®
A E 2= Rt E3 otmeAte] @ go] AFF IR siHictE A
A AlRE B3 FIFHE otulimaty] g2 FAH HHEALRA 23
& A= g, o] &gl o7t AUA utAolr] wiFell(%d, 1993) ot
Dlh:*bl A 2ol o] & MA A8EE Fotd FFHe otniate] o
g&o thsi e 2¥F K w2 A7 A&Eojor gRex FzbHch
o2 ZINA EFLI oz I ZESA /I A
(phosphorus, P) §&fo] ol £ 2@fUo] HEE £AUARYEZ &0l
H o] AR A3 Fule] gloBE off, fFutg u|EI AEA Tl
WA g oluxato® Y 4 ol AF7F Hesith(lall, 1991
Enell, 1987). o] d7olM ZAIH Zuholl ALEE I Q& &8 o HF
& BF 3.5% olBoEA o 30%2 EE At A& AHRY T
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o

l'le.
(AU o/

rlo

F olol e ol 1% &S 23shA =Y, o]E A Aty
Mol Helz &P gojof sl Ao o] &EA] ¢ +Fo2 wix
Tl whebd, Ale of A ®E #RIL &oltx] AS FE oA Al

&S &°le Zol £ ¢80 HAAldoA viE st el

°of BF HAT ZA Lol EAA Yertd JAUE ey Ho|EZ o

T2 HATE 4B S 1 e AL o] ool & Holth
i, FUALFPAE AT MG dole] Feuz] AR FES

pelletF ol BRI HAZPT AM&sI, 43pgdo] gle HR4e A8
HoFo 2 st tfFte Ag2 ] AHSIAL ¥]5ta 9l o™ (Cowey and
Cho, 1991), XA ofFal Joje] H¢ YAEz=I(dextrin)@] A 3-&o] 96
% (Furuichi and Yone, 1982)Q] E& ZIetstH, ofF o] AlAo uiz} ¥e]
How zFg|olop & FF9 AF2tAzt ¥t

gte3tE ZEde tfE2 IR I FAabSolm(d, 1993), A2
olfut tch 7 /7t 71 KR og 2»olzqt, 2], 2] Be FHGA &
< T4 Aol JlEl tE AWERE e A FFAAFE B4R
C AIRAE, AT HUE 4GBl qlol UYL olgHA 4l £
QltHYu et al., 1977: Yu and Sinnhuber, 1981).

Watanabe &(1987a)2 Qololl SloiA dAolut Alga &S ZHAAIF]A
3 EteHE2} AU o &3t AlREUY dUA] =EE F7HAA oY
A FEE A2 doAAE 38 43U 39%AAM 30~3BRE FAA AL
2ol M} Aol Alge WA 1Y Vel MUE AY RS
30%(90% DM) & ez ARE s, IFHY & AHEA,
il g 0%E FA9A ol GAel ey gyt G231 2rHE
T W3] "o gt AlE3M @dUE& FcHCowey and Cho,
1991).

ol igoll Aot o] BF thile] Hofal Moy Atwe /idE 93t
WYY £EE HEY Al Aol T U] £EE FHHLEA 4
F&o] el U EY HAKE F75HL QT

ox
o T
J

o
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oy ojZnitt W4 2 al FFe g7 o] tiE7| wf ol HlH
U Ye Ale¥m ©o3]8 A} (Takeuchi et al., 1979a: Murai et
al., 1985)7} Q1= B & 23] Zelsloiol gich YA =2 Jof AtwS
AzA Aol 2IPE ool off2HH fsty] A2, o BF
18:206 A WA A& A|WAH(limiting fatty acid)2E ieh}rz]l 4Tt
whebd, tESel ol 18:2062) UFo] & FAE offet TUMA A
23127}, Az FY g YFAIRE o|&stE o] e AWALY
233 &g 93 wigAsicia Ak

o] AFolN ZA BAH FUARY "EAWAY #FL 671 ARAS
CALRE AT BE ASBo|A 2lEAte 0.5~0.76%28 273 1.0%°l
oes|gln, @Edate A" A AlRolA 0.08~0.14%2 27% 1.0%
of 2A nlgsgct. dgu o] BEY AL ool A}t MepdA =HA
#AjolAbg §HF A Mbato] 0.67~1.46%7} TR, AolA el elwatt 2
welate] BZorg AU 4 oY) wFol WA #F2S EAL X
A ¢tg Aoz FZtHATL

2 9019 A4 o 2}

Wilson 5(1981)3} Dabrowski®} Dabrowska(1981)e 2% €RE ol &3t
o olojolAl TA AeS ZHAstAL, A} ofmjiat &3]
Aers] vlagA|2tE ofuliAt ZFol whel WEY ojn|iAtzte] o] &&9
apol7} 2 AL R} Qth. E e WS olnjiake] FFVL
4 O 2948 27 gEo ol5Y 23F $F2 FolRriE AAHC
o} %IC}(Cowey and Luquet, 1983).

o] dTolA AR ujel Yol Aol Ayt wiETFzte] AAAM o
Ak Aol g AL, A o] g FoM MBI} Ho] AEHE o
S o} ujgu] el zlolo 7]Q17} otnliAte] o] &4 xlol2 HEH £ JUrh

Quidog thild oA LE AU T $Eo| FriYel uit
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L 788 ¥o|u(Pongmaneerat and Watanabe, 1991), °ol2i¥ A3}
2amog thigel A3|ate whulgsls Z¥olet € 4 ATH(Ogino,
1980; Bowen, 1987). & Al¥el Azt AETE AP 5/ A2FF ¥
Datn) chuae) Majato] gotdol whel o3l WA ol gF ol Hof
Al A% B A dojAel B} AFAES Aztel T dAH L
2 Aztdrh

o] 7oA 670At A Z2 AlRAS, A o] &AL YLPEA S,
Aol thy HAxe WEgS zz 137%, 133%% 138%EAM B
135% ol4tel Alhd, A xpolE Uehhz glth. ol AF Atolo] 7]
8t AlRAR S 7HFe gAlojddel 3 WAl F 50% oldel AtmHIUE

Aoia, A AlRAEe] Adel 2 B uld £ vk A& 4

rr

TZolBL A ofmxal Bajel HFANERAN F580l €Y
QA (urea)l} f£AHuric acid)e 2 HAHEA Q3L UrLjolg A BRTLE
A wj2ste ¢ ol B A (amoniotelic)olTh(A, 1993). 22t A
o RE gEUols ZEAo] 7Y ulo] ¢ELUoHNH) AEl7t obd F
Exo0] @3t o]2yefe] UEUHNH,)E ST

o7tmle 1A 2® IV FU4 wjdate 70~90% °l8E& A
AT w e Ao oo ¢RUCH w2 ALA FeiAEY
EEe xzlstn wAHE AL 3 AT FIHA F(5~15%)0] £
< wA"C oirtu]E & gmUotel wjde oA 7kA Zl1Fel A A
Ut 2oz 2AEn ol 27 0 s4oigt "ol T Aol Z2)
st St Na®/NHeo] R37late] ¢tEUol wjde 9 sl&elzts a3l
gloioul, dAPAEe At Azyt wEH uiel BEE YolEAAA
Qiotch A, 1993).
Fromm(1963)2 BA|7| dolofr HA V2o &l 3%ue] ABE F4
B Ad s B3 st oo, ool 2AHuric acid), A o}El(creatine)
 trimethylamine oxide[IMAO, (CHa)aN=0]1%¢] thAtitEolut A48 P



AEE HjMEE Rog deA oy FAL wjEF FoA olE°] A
st u] &2 23] A3ty ot (Kaushik and Cowey, 1991).

PeuquinZ} Serfaty(1963)i= oloje] ofg X o HE 23T Ry
& B3 HA g2uol Matake] 60~70% = Zteld umale ZZolM A
HEitiz B3 sttt Bretto} Zala(1975)2 @ojol A|BRAIRE FUS
o QEUol wjAdaro] A2l 4417 ¥ 2 oi(35mg N/Kg BW/h)oll EEIE

3
& BHYPon, 940 vHdFES o}FY W} gl HOE Hol 84
U The oiabe] AbEQ b, ALY A 23 HF H8=2

il

dmyolet= 2& uistz lth(Z, 1993). AtE Qo] =L o} vido
A8 g mA= AL oln] A A ARolAY, Atgul wIYHY oY
28] MdajZ7iet ¢mUol wjAd e BAE FAAUsIIE ol ARl
t}h olglel] R4 e TIE TJAIENAES Al et FASHA EUch

2z Bzoe wWusEE: A2UAEY 4 T A2 o e
deA 53 TUHY U4 BASME g AWt R EY B
ol F Ao glo] AtAE BEF7 S MEL ES AL RUAA F
o o] MM {3Y £E71x] gEUolst HARE Hol AL
ol7tul2 wjAdEE TAChAE} =& B w4, FE FU W EA
o thel wWe AFAEo] oeizia] Y2} BAER ol &3tAAt, of
2o Choo} Kaushik(1985)o] AA13F vhze] A3pE Z32 v A=A
e o3t AL ZHPY Al B ALejETY FH Yol WA
HQ oulola Brl FYY 2FAE AT FE Ao o o] 83}
ach

UM A A2 B4 (ENE: endogenous nitrogen excretion)Z o7 F%
A aelol ZAYO] AU syl Et &R Liepdch ¥=3 8
Qlzt |AA £0lo] BE ENE v]Zo A% uixd, AF7A A7E B
o FEHE 100~200mgN/Kg/day BEQ Aoz daA ach AF-oh
AHE7He] ABBAS ENE FRo 29 4 o, 7H3A4 HH YR
dr} ENES] E3ubHe @ ©rIzte] AA @ Ty Ex AT AlgY

ul]

4587,
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v A4 uido] i3l oS HE BPYow 2
A e, AAVIZI By Alge] §3 5 BRE

Z1o] ENE Z Ao o3& nlAth Bretto} Zala(1975)= ol 3t A )
ARE 224278 AAZL Fol FFUA WH, Fromn(1963)2 3 49
YR ot o] wjdate] HAI|Zto] TpHol uwiet FAFo HA 6d

N

Fols 4% Aelol =¥ ez Basidrh ulelr] ENEQ &3l 3l
Z72] ¥£3} "egdo]l Ha F/ElL dled, §3] £ oA F7]6
e EE2] dFo] AlFsicta ¥t

THLH WAE Y FLY =Y dol . FolF UdAjo] U wint

]

{
lo
ox

¢ BRAbeAM HAPE T AREL FUIE vMHES #H4
Al7]1 2 313 (Kossmann, 1989) UF AR AS FAAAAM wiHES A4
AFIAL, U] FPALY FEE UL Y4 FBE HFY AIA
A F£AFE LAAIE P Eo] A% X grHKiaerskou, 1991).

Watanabe 5(1987b)2 olo] 18 AAild A4 w3 gul A3rg
€ F9US "Er} 22~36% BT HAAD AR - 2R ARE
7H3ich

utetA, FUAM = sHeded thgt o o] A7Idel ulel A eH Al®
of thgt Hio] 2 e fE&EH= HALMEAES &°17] 1T Z4A
o] Hde] AFEHI UE AAolrH(Y, 1993).

offit FAzASIME HAPz2A0] AFY A $ Fol wel wiay

gk g WjBE AAE i3RI T ALEE Fo3t dRUote] uidy]

CRLERY
&2 ALY MR HAPYFHLR AdAFo 2AFeA Asd
3

o} 20g2] Aol7t BAY AL AR AUHE 2ol uret FYY £2Y
g AAND 4 A2 YFSH: FIEA YelMel Hue YA
3otk meld HAY A7 FUS FolAEUY WH: U HlEE



AR PogN ALY HHZ FUMAINL, ALY UL ALATI=
Zolth. olgolE AtEu) xh¥Ae] Mot P2 MEER AR ulthNF
4 oUAE Z7FA Eo2A ¢RUot Y &AW £ 9oy, F
glojUel AR 29 349 7l wE ARALY FuE F2 FFL
2 o|2x 3 9ltHLall, 1991: Enell, 1987: Cowey and Cho, 1991:
Furuich and Yone, 1982).

Ql(phosphorus, P)2 AmE fAjol WAL YL£2AM ofFf B%,

WA, A7 5o A MEBEe 93 Yol Wasiy, JE2HA =
Hhgo] QME 223 J¥E VTR 1993). ol o] U
AL oAY 48 uF BAZ AW FIHo]
Z71813, 2ol QolME @ B4 FAATE FUIshe, Y AME B4R
vt ¥ 718& {UCHOginot Takeda, 1976: Onishi &, 1981
Takeuchi 2} Nakazoe, 1981). wi7lof QoiA Qo] ¥&2 sumEIE ¥
r 9 74 A7) (Andrews S, 1973), M E(Red sea bream) 2] or
2} R €3 gl QadEA ¥xel FUL 2%, % AR A
ulo] Z71stn 7ve] ZelI A ko] A ¥rH(Sakamoto and Yone, 1980).
W&, olfU 4340l £30RH A F4Y £ AW, WU 9
2o g3Fo] Qi QY wEL I3 Holr Q19 FFL AR BEIE
o] FojA o} FrH(Z, 1993).

e 2ol Q8 27V ofFo uwiel ti2o, FAA Fof, UNG &
o] chum salmon, ®°], HS(Red sea bream)®] 7 HHEA24 AR
& wo REJAHE 9|5t 0.5~0.8% FEolzti RiZcrHKetola,
1975: Ogino and Takeda, 1976, 1978: Lall and Bishop, 1977: Sakamoto
and Yone, 1978: Watanabe et al., 1980). doj{+ 1 == APSES R
Q@7 2e wslx] Qrotom(Lall and Bishop, 1977), thAerAt dojg] <l
L72L w4 (Ketola, 1975)1t 34*(Lall and Bishop, 1977)ollA 33
0.6%4ct. w7l o a7 o]f sy A o 0.4%0°]5(Lovell,
1978: Wilson et al. , 1982), WAtel: TIE ojfErt W2 0.29% 4%t}
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(Nose and Arai, 1979). meld ol a2l &7 A& 1%0]351
$Zo]7] wEol o]R Algo]l WLHY ofFAIRY Z¢, HAZHLE &
HRL 422 LIY F£EOE FAIEAN FUY AL 7Y FE
VA W] FL Zo] o Holrh. BN ZAMH Ful 6714 A}
BHEZ A9 §ar2 19939 129 P AlMH Ajut gojatge] o HE
S E3x 1.8%0|5H sU4AME 1A] 1993-443)8 $F3t:= 1.16~1.69%2]
ol £ARABT o AA olfe A @3 Fol vlusH 2 F
Z FU AEAL oA Agu A9 RS Z4Z 0.3~0.4%, 0.5
Zolz|BH(NRC, 1983), Yut¥ o TEMHE YHAEE 2 &
S5t glom, feutetollA wWol AHgHE ol Fel wiyrtES
¥E 7teY oJ8(1.5~3.5%)3 FFE(3.5~5.5%)°] 7} FFL A
234e] "ot metd Fuh o AR 7led TEE AAY oY
gato] HAHog Hilsdt AFo|ER, Polg wiEArF U BE T
EX 5 21829 HEAEY O g3 oFH d 87FE FAl AU
of AHErek Yool gtk o FPAlo] glo] thyd zpde] Hofy AL
o Wz Zdol A 72| high energy), A TH¥ A (low protein), A AlE
(low phosphorus feed)?] A}go] 2R3} EE WY Uil(Matty,
1990), MAloA 713 ojfFatAel 3t e@MAl A FHY Aot
Ae QEEMQ £ wiEF g Zol7] sUsl AR #FE 9237
012 1. 0%0)3}7t Y582 FAsIT QcthKiaerskou, 1991). ¥, 3
AL 91y 8YHEl 715l ¥EA] EP(expanded pellet) ALRE FOIEH
o7} st ot 2AAQA AE ojRoe o] F AFolct miztx, & of
2y, d8¥ AgY 39 €3 43S BEAl 28 FHo{FHoY Alyeln
2 U9 AAoNE 3% FFo X AR A E7HsT
7] 2ol Folo] Z¢ 1.5%0181, Joi Z¢ 1.0%°13HA, 1993)= 3t
o AT ARG YAFE o] AMHoT el Reg A3}
gL QY] o] g4 AR A Hyeh, £E YA, ¥4

[e]
o] A% 22 Z43}%(water chemistry), $l(stomach)®] & /% & W2

B

o)



f0olo] o3 Qg WARCHLall, 1991). 2712 BIH Fod ¥
o] ofg UEW o] 84E Watanabe 5(1987a)9] ol Fojofl 23 W'A}
2 o ol ZIAY 9 o]&A(%)E HH, monocalcium phosphate
(CaH(P04)2.H20, MCP):= 23] 94%% 3, dicalcium phosphate(CaHP04.H20,
DCP)e 2zt 46%¢9} 71% 9 S, tricalcium phosphate(Caa(P04)2, TCP)&
13%2} 64% gt o2l3, WMol (white fish meal)Z 10~26%2 60~
729% 932, LMol B (brown fish meal) ZtZ} 13%2t 70~81%%ith ] vt
Aoz 97} Zasts ofFol oA 244 oF S WA ofFel wld
glate] Bu|go] Yo} 3=yt wte el A o]gdo] Hojria 3t
(NRC, 1983).

Ul A U4E odalo]® gatapel 70%0]4de] gol gatel 33t
T glom, AR A4A @3 g2 LA F2 AL UTL Y
ol 918 4K Ut ofFo|7] wiEol Folot T FAF ofFol ]
3 o 23AY M= W2 Ae 1 o] &4l Ayt metd, 304t
214 (TCP)o] L} 2Q1Abzb(DCP) BTl L7t &2 1AL & (MCP)S] o]
grdo] oyt uid, ojB3} T2 FEA o FIdulel R A
L oole ipy zAzYozRE {Hg 284 U(CaC0z nCaz(PO4)z)4

2 Zz)517] wiBel A AP £3HA U2 FFo2 widEHA 2
<))

Nt

ll‘

A ED 1 o|giol Ausid, of BeE AAY L &M off 2F
of SFECh wiebAl, U4E olRgdel Y £Bed EAE AU
A4 SMAOE ChRoloft ¥EL @HoT Y we Qoi AlRe U
Ao, 1 thgol ol U W] AR

ofFol oo wHHE A2 Hel: 4 5
of WA QN uch YUHoE AL 2 U YAN UY FEE
s, §70 P R PO R F4Y 2 A £del IPHA 9

2g oAn) e, YA Qe F2e) Wateke] slatekA AHFel
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Aol AL WA FHHCLL &2 A2 AEY S Y FYLEA
A ol 8™ 4 olth. ¥H, goj oA viEEHE A9 T~64%= PR
Qog uiete] VAL, FUIAH g EEe oA HEHH AFE AA
A4 22%el2 KeYA HrHEnell, 1987).

oMU Q1o S A T 0.4~0.5%FAH Adridozr Y F
zog ZAst: Ao gA glork(Lall, 1991), o}F L oM Fol
g e¥zte] zpolzt ZzjFch Joje o 2L H2ET HIUW Oginodt
Takeda(1976)2] A& RF(olA $2¥FE BAH oA YUt 75
%2 7}RY 72), oAE 7.5, 10.1 U 11.4g%] dof AU A #J2 Z
2} 0.33, 0.45 T 0.70g2. 8 2 xlo]& Vel it W, Vatanabe &
(1987b)e] BIolA o 6g] ol 0.56g(FE 79%). 20g8] Yole
0.48~0.53g(4=5 77~79%) U 50g2] Yol 0.49~0.55g(4& 77~78%)
o2 Ay oE YdRY 4$£& Holx Utk e, oF 5082 Jolel
o] glo) Azlel B Ageld uvehd A2H0.32%, & 75~76%) %= ¥
3 28 gaols Bt Atk xo]& Kol 9tk oy Aozt
HpEZhel MEY U Exte AjolQla], AlgY A TS FYUH Ao
2] FHEIE AP, FIHOE oA o Uik £z A
1A 93 AARL TS o BIAte] Q) Yske] AEY A FIY A
¥ (Beveridge, 1987)2 2 21§ BYoed 427t olvia AAHAch

ol ol 23] H2¥W 9 Hele uidEE &2 A 2 42 U
moloplzl ¥&Hoe YAESRH AEYFeE 3 U ¢
& u]A Ao|c}. Persson(1988)2 AlELUl HAAL ¢
29 Zojgln Rayeon, R/13YEd AYY AL Ags} W A%
559% W 33%°ldtizn Bk AU Bu f713eE AYW 49 e
AdBA 2A(4L, V4, H =, AA oBEL el Tl AL
ABQRY HAF Hio sUstd FYy Holg RYU Aolth. & &2
2 uj2E AlEet 2u §71Ho=2 Ay A9 2 42 80% R 60%0°
o c}(Persson, 1990).
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gatazal orold, By 9 sHEe JojPoRE L o FIAFS I
that ZAasjojol ot ol FAH L wgsty] A Fovt AR
Abz}, kol MAR BRI A kYsjoly Folth. fAHHeR o ¥
o] We YBAIEE M oR A gsfolsin], ALRU HA A9 #o]
wod 5348 43 Halue 718l wRel A9 #Fo] LriFeE
gk ZAAIZ AVRE Jfusfior gttt Ze]al, FHA

=8 & 71&of ¥ Zlolth
agu, felvaiet Zol ol e 4o &3t AFeMe s &
¢ AAolth AIRR &Y MM EH

3
[e]
&2 Z71g} Q8 £3 REPS BAAIAYL, ARU Ay uRE E°

2
)

7 sls) olBe £2& WA Hu UM ol Fel: W, 84 1R
2o ABAel Qo] HBY pasate] oyl oY ATH WAL
smequa) oA uigd slAn, AN FPolNE MUY
AAH £AE SUshA 9 golth SAT, ol BT AANY w7t
Wolal2le 448 RS ofFyAle] 802 A UA Y Holch

o F il £Uedel Y wAL e Burlst wlA ol gsial £
2 4308 250 HL AR NoiB3 BuslY Bl #&H
of 9t Was} Qo] YT AT olF BAL 49 FAUHE sl

B

A W, o]& 53] Qo] F& FA AAyt Mt whebd, A L wiA}
SEANAE o FE ugARY A A2 TEX AP Uy FHHE N
ol o Aojy FAlo] IFE I v, 1993). ¢ £UeF BA
2 9sid HaAAeo 3 QAo o]&E FAH(Bouchez and Azzi,
1991)% ol x] 271 Fodoll 3t A4 o o §EFe ZrA(Watanabe et
al., 1987b) T T3 W&ol ZEHL glth

Qlg oFRA g3 £AUELFT B FLY UAHAuver et al.,
1986)0] 71 wEofl ARl Q18] o] &4 FIeg 5 A wiHFE HAA
717] 918t xHo] ALE 1 oltH(Matty, 1990: Ketola et al., 1991).
gul, Al A9 o] Foll 23t o] &84S AL Ag Hol7] Wl AR
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A detdcth 2L, of el Existe AL tFE A AN e
24 o FAU $18 Ex{Fol utet 2 o]-&/do] A HIrHOgino et
al., 1979; Yone and Toshima, 1979: NRC, 1983).

Wiesmann 5(1988)& ol&z2 $EEE o] &3l Algul o #&F& 0.89
%2 FA3 ALRE 91g2] $ololl FoIdt 50%8 &S U FHEEES 2
Zatgd =, ol23t AEAEY ZHo] FAYNY AAalg F9472 4 &
AE G 26%0] Bstch ol AARRE oA Fo FF5F(Ke)
o Ql B2 Maisl 3.9g0lden, FaH= 10.7gol €3ISich Ketola
5(1991)2 AQrtzet LT SALR(MP)E dojo] Foidt F 242} 42.5
% W 28.5%2 ol FH AL L RB3tch Hardy 5(1993)2 A7) %o
E o]g3 g AHoA 46~65%2] A ZHALEL Rastch

8 Ad dojRe} ¢l AVt gt doiwY B¢ A o882 B
3] GiA UEeRdTh Z(1991)2 EAEA 0] ohd wjdY §o] FHE +A
stod Almtalg el ol o] &4 ZAIR Az} g7t AT AlRU U9 95
% olxto] widE ity Rastgen, FH52 02 oA EMo JAY Kin
2} Abn(1993)2] AToME Uitz AILEo] 0%+ 2%+ 4 &
AE &S 27 0 2 7%t Rustact

olE2] AFoAN FEL(Kg) B Q) FFS 77 34.9 L 15582 % 4}
U o] &7t AY FFo] 8FAL FFY B¢ U FiPe] Aie
2 7Zh4d 4 odddrixn Rusigct &w, g A
¥hg ©tsts Kasumigaura¥ o]l AL o Q1 RIF S A2A7]7] K
Watanabe $(1987b)o] 33t U] Ao & MY ofAF FA
3t zAoA Z23(Kg) F QA P3RS 18.3~26.9g0 2 E AHolAM &
o} AzErl BFH o2 T oujo] 7t £XE VeI glth o]
AANSS B AEY ZAe) ulRo] B wf, VY Ahitgst 2 ¢ A



o2 Ags AMHAZE AAY £ AR AJALEZ ] UEhue 3
A W oQl Bajare gay ol AR ALY AR HALE 4T
o] o 27EE AAUE B4k oY AALE U FHE Hoy

g 5l od&L A A% WS AFE 273t Zolzt 32
th 2y, sEAEU Ao oMU Hol FHAZC] A= FEIA €
U 4 et B Baxgst QU vl AA/ULE J¥ 2HE
o A3y A A £E71A ulE £ EAE HAFE dotlrii
By,

o] A¥Y A AU FUL FEo BAGC] FHEo] WE ALRT}

T 2F8S 2Y £ d& AEYSE ¢F R Ay ot xR 1F
Qte] Aw3t AFHRME B3t ALY FHAEL 15~27%8 2+
£o2 Ueht BF ol& tF A o217} dlen, ety Foigy
of 23t Q19] 2E&E IA YT AUt M58 ZIvi¥s vt B4

gtct,



oxi
Ao

gol el 23t £ULEL FE AU tiAbEEA o3 4,
Z7toll wE oo Rgosto|r (MLt Ak 1984), THLHE WA
913 o gL AA TARAE LS ot A, ofFe B4 A
Ho B [t 20N AMed AlgQ] de] 23 @AY FHIS
X A3} st WY (Bergheim et al., 1991: Brown et al., 1985: Kim and
Kaushik, 1991; Z, 1991)o]d, ExEL wl&so A HA FHAe] U
Ho|tHSong et al., 1992: Molloy and Syrett, 1988: Kumar and Garde,
1989: Debusk et al., 1989).

Leluet Ued golg uiygrtae] A2 19859 8,600E 0] &2
o), 1990 o 9500080 dshe HFHR ZFE ol FIAUAIRE,
olg|gt U4 o FoFalel dFFrte] Hestd S |, T4 W 5HHY
£ed BAs ¢ AZSA dFH stk olFdAE 53], dfE
2} oJo} AlZo] HA 1 U AU UFE4Y FHLAZAL oA 7HF
2] galae] Z3 A2 7124 712] olE2A HALH, ofgy Fojut H
o] orale] o3 U AFA EF FF UL MY HYo|tHA,

0.
mlm_\z

o

(]

Fogalol ot thial gabg 93 o HdAZFe FEU =2 10
Uzl Mg atg, AHal g 5o A @A HI2 59 Aol dEY
gt J 2 E o] F3tdcnt £HURI wE A FAXAAE EFILAL,
ol Foyalol 23t Agateko]l 2 Fulste o8 AAFY o ¥ 24

1 glutetel A% AN} vl 2y 2EH, d2 B
oA Lot sdEY FHAEEYEH UAE=s BE Y
dofzhe AlZtAQl WA ®utolUzt Hzet HEE WEY URE
ZeRg WAStL ALHA £4ge] TEE A4

z2& +¥ £= 233tz . @ dAFoAR X

2 o



Mol glo] SAAIRS} sl £F FALS Fol7) flsl ARG &
AU AR AlRS AR, @ A5 P 4Pz §AE
Ja) TreiEATY Tl 4+ @ U JAY 2W. @ AUPe
FYLE ASHOT o|&stT WAHS AT AT Aol A
. 77H, AAE L A4 oot e Auyy A A= o
2 oy o2 g o] 8% HYURA AAMY. @ ol& Y FAatAg ¥
B gl ZAPNAA AL ® 2R WHAIS s, YR £
2u AlZolel Hg3 e TS WP ALstd Xd Y2 FIE
ERss 5, AMATE tia 2P L W WUl ARz, ARIRIB
Solqd 28E3 olth 1989d ol AL T AP AR(MEW:
soft-dry pellet)7} EZ24Atjet o] FRFAZAHY ¥ Z3tol SakamotoAl
A LR ol YA L BAARI thRld(F)olA Ausiol ol
opale] AlRE g dolzkn AT

marro] AL ofFUAlo] *a%rgm% oa) 19879 49 17
AAH WA No.87-279o= g2l dx], &Y &
o 2z @ §2 5 16712 BAZe] BAH| Atk o]E 2¥F ¥
PogRE FHULL §249 AF 7|20 nE MPZY
O FolRoTHE FeUe: §24 100n ol 7 UEUoHNM,")
s5o} MESH 20 73(B0Ds)E 27 lug/t, Smg/t o]d} olojo} &
th @ dolf QLo RE FPues K34U YEUNE,) ¥E
2 5ug/tE ZIAAL QHTh O HA 49 7120 79 14YFEH 114
19 apolois §34U RQEYL] oFo] 30me/t o]3t olojo} BTk @ #

2
N
¥
b
%
4
BN

240 §& AbALFL 5ng/t o]4 olojo} BTt @ VALE Tl T
A7EL AE JIANAU $E g3 olgel utet AFHAL £ ot @

{1

502 o]ate] MAMFE JAFoME dF dFUol THA RV v
ZAsjol gt WAool gl ol#¥ FtlEE AFo=E =3
A FHY A 18] $oigAFoR AR o, AFREY ot
&2l Aol ALs gt AgualimAtellMs H2 $488& FAM

[
E

o



Fole] Algu A% A /ouA] v &S dsld Hed AERE Y,
71&8 FgAtmECE of MRt o] e A(P)E TAAIF} FAlO] AL
o] &&E AU + ol ARE At olch
olgt F AMed AR MELS ZRIE ALRU 7hA3 kAU A]
o] MPulE AR Ao ¥Fo] W2 URARY AYY Ao T 2H

g 3 otk &, 232 AW, A o84 A7E B YL ol
22 AP wola A 27Fol FFY YUIY o ¥ A
R85 ALRE s 2ol F8 Aot

_7'5.

MAGNA 7t o] fodalel 23t @Al A7t @ASIA BA = X
2 dio}3olct, Azt o 30,0002 olFE AAtstE 50049 71 ui4d
gojate 22 7te] 22 2| FH(small stream)oll $12|3t Qlo} ol AF
o] &5 odgo] ¥ gr}t. 1970Ut] SAIE (Moist pellet)?} AR
(dry pellet)Z HHBSHAM G| A7t gde] &3 WRIE= F&54
Ho] M=ol U4 ofF Agaty ®I 19749 12,5002 004 24, 000E
(1983), 29,000E(1987), 34,000E(1989)2% %7} staich. uwietA], 1985
d FALRS] Algo] P or FA|EL, AT Al&o] R HF T
1987d ZAMH BE QJoiFo2REIY A HA 249 F3IF2 BODs7t
5,000, A4 22008, o] 400222 FJARCE ol ody 9

2 oo 2RE FHULE K& AMelAldel i, Fo=He Al
29 Az} o] g0l WA, gojrtEe] At FAste Ae® @
&2t ulela], wola £o] JFAY 3] (Danish Trout Farmers Associati-
on)e 7Moo g A AHx], 1992d71A] AIEAS 1022 M, 2}
Aab oz T 2YE 248 AR IUCHL

19879 4ol AFH BHAEIYPE KFETY 7IE BHE AR,
AMRRE U JYRE, AT ol AEAHF T 2¥Eo] TUF A

golZte 2|9 EAdtel gFHog oy FHUHALE sosim,
U5 71&3ta ddof g HA oo I J15E Kol &t o]
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g
d

%

TR A doirte MFZAE WIlAU F&EHD, A
olate] B g Wit} olajdl HAFA L ©H 198799 24
3% BODsofl 2lo] 3,300E2% 30~40%, 47l 1,400E2% 30~40
L ¢lo] 100~1258 08 25~30% ZH4H Ao g oAsta eltt.
% Wy FAE BFsI wniae] MR Aatgel AL F7)
sl AL T oojal® AR ANEWSS DANSK)S) FEE A7 el 71l
3t Zojt}. o]5 AFYe Fg AFULS PolRe o@ LAMOE D
ol g Hassly) 3l YRAIRY A4S Huzsid, @ ¥Q A
& FoAUe ALty A oy FAdA AEU FES Mozt
W, @ Hole] 433} AR EEE o|F] 3 FY4 FHLS KAt
o, @ AR Mg Hrisstz HUAEE Hausts) ds) 12EE
22750 1 2¢EE £ Uk
ol M og A=Y AUES AHOE 43 o£9 o] b oo
galolc. wiola ojBHab QU EWOSALE ARMHLE 943 ALY R
Qarsiu 7] o Bol ol 3T At Ade] Hsd ReE RQlTh
w2gole] ¥ PAolF PAe AolFIA HZ 20d F¢ %I
_71':

+

70:! o]
33}

% oM
flo &

i)

H Aol EQl M} Aol xEgo]l wh-dl MM GAlF AT
90~95%8 A glom, T Fole A 5000~9,000E] P4t
Sich o2 R YA Y UREL IR e o]FoA =, 19909
Ha) o 7857049 7hFe] Qojato] glom FHAHL 6,000,000 n’ 2 Fo]
2 Thelg BF 7,643n°0 o] EC}(Berghein %, 1991).
r29jole o] shFE] FARY VY B

Zto] olslZct 27} 2B EAZ(State Pollution Control Authority)<
dojogREe o W BREY FRG FAAII7] 2l AR HAHY
A, DEAL ALEANE, HIHA] oAl ALgAY, A ALEUL
oF 2004709 et ALl FHULEE HAAFIL GAoF A
27129171 91s) @ At 9 AlgAlAe] 83, @ Bxz] A2me i,

3o chE HrtEe A 54

ot oy

filo
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Q I3 A AA #3, @ i ARAAY 2N, @ 1A HIH
ZAh ® 2B A, @ |3l g FF AAYL ol 4 ¥, A 7]
oA FF oz P2 Qch

EQole gojrige] A HEHIE AMEA b ¥3Fo] F7}
St A, thyAz} el43EL HAE ULste ZYE Bl dEd, o
FFHoE ALY WAl AT ALY dHE RAFE Zojth
32 BiomarAhz A% 30%%] iolUA] ALRE /NU¥Eed, AAY A&
of glo] ulA3pgo] ofd Jtaztd AAAE AMESIACTE ol Aty
ALEAl 71 &8 AR ETE A4 A £F FolRE 4 5%, 20% A4
Ald 4 olgdcia B sty glch

Vit Zelele BZE R dAFYd sA2AFoEN, 2l 34
B dA2gel oy AR FARXE +¥sta ooy AW W F9
Hzeol wel AR Aol LELY viETIEo] A FA
7] W 2ol AEHA oJFIAGE 9% A FHY A1 YA gl
ch.

2] 2 Cho F(1991)2 o] i/ AI&E 93 %% ALE (MNR-91H)S] 7By
2 71E9 ALE(MNR-89G) R T} A Ago] Hoju AL W A8 £F F3}
&o| AA 4™ £ dgdria el ool et o] M gojFe HI
2P £UAYY F3FE Huiy ZAAFT] f15t Aehy-oy A
Atg, AU HHAIEY AUz} FA AREAEE wET UL WS
Mt W AAE Kol glth e ALY FAEEYU oEE =2
2 RE £dsta AAL dF FuUga ofZRAlE A LoE "olxl:
2219 AR 27t Ae@ AR ide] &2 vlaF olgE dolel
3 RAZERR, AR BAGA] xpdelA oA A Urbr] $g
BEet ofoj7t BEL] £ 2|2t tiMo] et Al7letal ™

E3], HARAY A 42 L A 7R, NIF2@YAY A 42 2%l o
st 3o wE FFY UrAS ¥ = 4AE} vastd yF
Aelz g w7 "ok 32, A4 £33 ZA iyt o] LZETA

3!



ade] FUBAES AT AW fME FRUS B,
204 £ ule oddEo] o3 HY Fio] glojop in EIU oy
o ZlAS FAS ULE UR o 2ol AeH sk ARelold mdol
Qe sittn Azt
Atk 5(1974)2 Chlorella sp., Skeletonema costatum =9 ZRujIA]
L A5 dEde EMuct o ZEJL FolH FUHLE 4
Q23 Hx o el dF5e FYUs) BrYS i
3l oEle =ZFZAlak(Algal growth potential )l

BUolSo] Bol 233t 2 w4 gt AF uigich
270 A3E A% AFN BAA LY Ade o 7ta] ol
QJou} T-N AATTH: Holld BEUH oJzpiyelMs A Arst- AL
1}(nitrification—dinitrification)“c}”,j0] Je|xol3 Qlt}.

3t X 9lo] AAE ¢iAE B BAAFoE EE AAN 2
Qg 2qsle WA A7l whgel wol ol &= AgH(Al, 1990)
ol £Zclo AAF WY 4 Ak 2AHA EA(FIHFLT) ujl Eoll
oral Aol uj&4 Hol: AH2Y 471 QST

o] Aoy At g AAL FAlel gol fA AUz A
g ZwWo|A ¥ feed back systend] 2xta T4& @Fol £ mlMER
ot HZF& o] 8% £UAHUE A =stTh

Molly2} Syrett(1988)%= microalgae7} %3 3l= A9 dRLolY A%
BANAN Chiorella sp.= AE%E 5X10%ells/atdu] 4XHF 23.7%,
48A 7 22.9%, AESE 5x10%ells/ntdul 24X ¥ 37.5%2] 8494
ot Ujo}7} Au|E|Ql3l, Phaeodactylum tricornutume ol &3l9 & uwole
HE2%5 5x10%ells/ntol X 421 2H¥ 10.9%, 48| Zv¥ 23.9%, HAE=E
5x10%ells/ale Z$ 24A7¥ 43.9% AMisigdciz 2asidch o A
QoA Chlorella vulgaris®t Spirulina platensis& ©o| €% Az, AF



=% 5X10%ells/ntollA] 5U ¥ 36.7~37.7%2 AL AAHAEE RA
Molloy2l Syrett(1988)2] ZARrle Z2pr|Zto] Tol AREYN, FFY
B9 ajole olx|gt AAAAAZME A w3t AXE Bodch 24
Yol A Chlorella vulgaris®} PSB, Spirulina platensisg& ¥ AH&31A
& u], WAAHE(NO-N, NOs-N, NHa-N) AHALL Zz} 19 Z3}F 36.3,
48.8%, 29 ZA¥ 50.2, 61.0%, 3¢ ZA=¥F 90.1, 92.3%, 44 B4F¥
98.3, 98.6%, 5Y ZU¥F 99.3, 99.1% =% AFF 3L Folt 90%°l’d AA
ol AE4Q ZUIEZ FUAY MIdE FAldd o] &¥rtd vz, AL
BEAAL o3& AV} ol et AZHrl

oy, o] Aol ABEAY AT FUY AIE ol&HAE o
Qlated Qle] AALo] 12.1%22 nFstact. Song F(1992)8] A A2
g Eel R, 53} ¥Ao B3 AFolA  Acinetobacter
calcoaceticus 533 & UALE Qatgd ALY S T A= 714l
Al 27] Qade] %571 6.23~7.50mg/lol A 24X FIAFE 8.48~
10. 46mg/L 2 120.5~153.6% Z7}5lgA|gt, INAEel2 AP AAYL 24
AlZt Foll= 0.47~5.93mg/tE UAIEY &Vt WotHen, ole 12.9~
92.5%(BF 62.1%)2 AAtd AAXN}E Bttt Eusach

BAA)A = A calcoaceticus3ha o] 2314 & wi AR AARZAN}
21.4% (24 ¥)& Uehiada, ERIE, YL MFS ¥A AEEEE
ul 26.8%(29%F), 29.4%(54 %) <AAE AAXAE Hol Song F
(1992)2] Azt 2uf olA4te] 2lo]& RAcrh F AFAY ATFZ el
£ QAtd AMAXNIL 12.9~92.5% % APFuict W xol& Kol ol
L RA08 Bo}, A calcoaceticusE ©1& A AA AEL ALY
A7t gasicin BZHct

= 2 Ayl AL Q9 o] ALY AEE EFIE, FTUA
AZ, oAES T ALY AE ol £AF A A
Qo] Al wEAYPA Eijch U, Adgel AHEH viEse AN
El7} COD, 104.0~126.2ppm, NOs-N, 8.09~12.50, NHs-N, 8.41~10.70ppm,



PO-P, 13.27~15.93ppm2 8 Hl2 3 £ $FO|AZE EFSII HHA
2t 3~5Q Foj Qlated Qle] A5 B 88.0~99.0%2 AAXAE
£30] uje wa] hAE|A T, Qlatg QY LT 29.4%8] HLAAE
2334 AxAE Ak

22]3 Debust 5(1989)2} Kumar$} Garde(1989)2] hyacinth & o]&3}
2219310} o] 4£2EF o|fY uFE AR HA, Er Yang F
(1990)¢] A2} o AAE 1 712 sisAUY AL A A7
A 712 SR YA R71E, Ao A AASted &2 2
&8 Ratin R upelgo], FA RN ulEsts FE5 FAHUA
£ AX BT w2 £ & LAY LAY LS IHHY
Zoioja o] =AM BY AFT BAEE ] Aol W2 +s
o] A|gsojol grim AzHTH uwetd, FolFolM wiEslE FEF
A3g gt AT A-UAAR, M BHARY AU T} AR
28 =Y 4 Q= web wiz4e A PAd F U EAAES B
A7 4 Q= AFEo| goze At FzHch



V.Z2 ¥

GolPol A MBS §242 44 shetsim, olo] ThY TN U
oA £RATA AAFHAINL oLzl ol Abgol oY Wit g
M2z o5 Aol BY AYS ¥ A3: vhet Lok

L AtEY 484 $5A4 T4A b2

Alzhatge] BES S22 BEAHAE vlastd ¥F HJESF] 4¥YVE
AA1sta, Atgul Y4 ofmlimabz} z]ato] NRC(1983)8 &+F& F &3}
3 JEAE ZABIY] ¢ste] Fu AW 671 §3E BoAAEE £
st EAMy Az, 7 ARy EMAe A Az ZESHAE
gr&sl ol ey, 2R 2R H HE FEXY EMA= ¥A
3t xlolE R, BEMH U4 olneat 67iA BEF 87T E 35S
t}. =, W4xukate] AQ BE 27 oA oleic acid(18:1w9) 2} palmitic
acid(16:0)7} ERIIA UEiston, 27% FHT WM Euf 6744}
A EZ 5/hATOIA 18:206 A RFAtO] F-FSIA ELGITEH

L 4ol 424 o3

Ao ALRE /Uty 21 AERA, U A% Jojalge] JFoo
3 ZAE, Axgt QY £33 FI}E ZABHY] f1sted AT #
2323 oJoJAlR 6FFE £BANY AISHAA A A BF oA
2 25g9] QJojo] 4377 AT A, AR FFF ARASUd 4d
QA 4= 24zt 19~28g, 0.9~1.2 ¥ 2.1~2.98] & xol& YEhfL
o, A o] AL ALEL thil £Fo Al 1.9~2.58 £AE
Ve, ojAe] A8 242 AJgA HAd b3 duty ez +E3} I



wg Uspgou, a3 Q9

o

- °
Zzere 4]1~61go & 20g8] 2 alo| & Hoo A 2HFLL 30~
38%0] watadch 1213 22%(Ke)w o FIFE 10~172 Qe

Z2HFL L 15~27% 2 LIELUTL

3 444 Y 44

UaotolWol A WIEHE wE4E ANEH BYIEN UL AL Y
0] A B ( Acinetobacter calcoaceticus)Z ©] &3t sAR o] Tt Al ¥ 9]
Az, waa AR Zet3Eukg A1 g5t wolEs Chiorella vulgarisg
HEuE 10x10°%ells/at e BEstEgul £33 FRon, BUIA
3 NEM ZataEg TYste ARsAE dole Spirulina platensis
o] BEUEE 10x10%ells/nt 2315, PSBS A AE3 H7bYHE 2.5X
107cells/me S mla 1318 B7ista g wol AR FAe M T2
A28 Reolry, el A calcoaceticus& o] &3t Qlatde] 43 Pl
Al o 30%3EEY Jard AAAAE BT

olxst Az o] Fo¥Ale &Y LYHL 9 ¥l ¥ AR BE
cEx AYES 923 ALY B oA ABARSY AXBNE LY
g Zolz|Te] WA T oFAZdl T wMEs A AAE ¢
sl 2L njAEY Yol 27F 2 dch
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