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ABSTRACT

Attempts were made to find out nitrogen and phosphorus loads to aquatic environment
resulting from feeding Nile tilapia (Oreochromis niloticus). Two different size groups,
small and large, were used. The average sizes of small and large tilapia were 652 g
and 389.2 g respectively, and three kinds of commercial diets were used for each size.

The 3 kinds of commercial diets for tilapia contained in average 33.8% crude protein
(5.4% nitrogen) and 1.4% total phosphorus. The load of nitrogen and phosphorus were
measured by subtracting the amounts of nutrients retained in the body of fish from
consumed nutrients. Sixty five percentage of total feces was excreted within 24 hours
after feeding at 23°C. Nitrogen content in the feces was higher in large fish than small
ones.

The apparent digestibility of dietary protein for small and large tilapia was 90.0% and
89.7%, respectively. Availability of dietary phosphorus for small and large tilapia was
447% and 51.4%, respectively. The total load of nitrogen and phosphorus per 1 metric
ton of tilapia production was 495 kg and 6.3 kg, respectively, for small ones with feed
conversion ratio (FCR) of 14, and 61.3 kg and 134 kg, respectively, for large ones with
the FCR of 1.8
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Nitorgen balance appeared that small and large tilapia excreted 7.1% and 9.9% of
consumed nitrogen through fecal-nitrogen and 555% and 62.3% through urine and gills,
retaining 37.4% and 27.8% in the body, respectively. These results show that small fish
pollute less than large fish, excreting less and retaining more nutrients in the body.
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{250 ofF %ol Frigtel wat W FAFANE AR FF @E AR ANA7IY H
HE BE3 EE)oY k(R 59 oF ¥EETY opmE 53 wiEHE FAMNY (P
dolu 54 59 HHA F9elA AW T SFEH RILE dos7E ITRE F 1979).

o]F9 FAA WAL B(FE)S vEsA oyt w9} 2 A wid AR2E T FE FEH
22 (Jayaram and Beamish 1992), 53| F & Farol= &2 AlE Ul Ah SHogE EAE
Yo7)7)= PrHAvnimelech et al. 1992). TH, AMWHE AF7F AEH oz JAsied FFAQY
HEolt, dALE A Ay FEA IH Ak dAAd AERY ofEt AR AAVE ¥
B 8250 UoE Q& i) A AW AEAH ETFIEY dUUE VTE Fi E¥AE
< dF FAAA FAE dF HAAZIZIE SERE £ 1979), P A2+ pH, COD, BOD,
A 240 93E vX71%E FHClark et al. 1985).

o] F YA Aol FAo) vl Ao AT =9rt AXNUAM, 4=, &, 244 FAME A F
Z&e 29 AIRE ALsiHE I v o9 RItFE A4S &% Hrrg A¥
23 9t (Phillip et al. 1993; ¥ % 1979; Ackefors and Enell 1990). ¥ & $-2] Jetol
W Aol AFYE LEM7E T8 AU e ] RoE st YA, o Fa
e AEE BFEo G FH 2AY JbRE FAAAA 3 AARWY JdA §

FEE AMSE Fro] BFEHEH T 1992 o F 1993). oM H FAEY =
71% A&7t AL glol YFoM AEFY At S adE AL Bl sHRE Aol 2F9 F
WHoz o) YL HAv oF HIFE AHeA AHL & e 7 A3 2o
sct,
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33, AE AR LS A 2 X g HA S84 AR Al ol &
Hy 9 olF W AEe H8F vz ARE wHHEIY] Hitd oA AlEFd
gFolg HE AEE F8 YA uldE dEtols AS3tdEA] dhuldn Qle] o] §& W HIEEE
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Aol A& Batm ol (Oreochromis niloticus)= FAMFAFN S L oFo| ol A At 28 A1A A}
3o AR FAA FFe A wE A7 "]‘ﬂ(é 652 g)9 &3 AMY vlAHoj(Hw
389.2 @& AHEEtHTE AMS Agdd dA ZF AFHole A ALY AF ARE 1 FUT HE] AMSAIZ
thgdl 2 A AFerlel 4 2 A7t AAA 4 Ay 2o FAYE 8

ArglE 250 ¢ FRE AMESIE A o9} nAgoE 7 30U 28Ut AMSIETE ALY TR
o] @ mAdoje] AR FL 216T, BICHAL, &5 AAhzL 42 mg/l, 33 mg/l, ¢EYo}
% 1mg/¢, 08 mg/t °IAh

Hol= 1Y 63], Hol FHo] YEE FslHA ¥ T o] 7174 FFele] 433 ALRA
FE Tt dh E Ql BetF AE) o] &3
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Fig. 1. The apparatus used for the collection of feces.
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9l RET-P; Kg/A4F D=(HEAFXARZ < BF-o14F U FHX10

AOAC (198489 wet FE& Fertdnazy, 2a%ad e Kieldahl A2 Y

1 38, AWES soxhlet 2EHoz ZAsgh 22 FAHL Ag 1 g HE HI
% calorimeter (PARR 126D)& ol&3te] ZAsym, A9 BAL ascorbic acidE AHE#
molybden-blue BlAH o2 dgGon, Cr0:e A%E Furukawa and Tsukahara (1966)9] W&
gt}
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AE oA 2 Beo BA AR PEAE o|E&¢ 2F ®IF AT A <
Avsto] one-way analysis of variance & Abg&dte] AASAL AR FEFH oA A7l #E
A

A3t gl a4
ME HED AR 2T

Agol] ALEE AE AR Uuk AEZF Aol ALES vy g AR zudHd FF2 A4AH
31.9~363%, 32.8~347%, A4 #F 43~52%, 39~45%, Total-P  1.19~1.77%, 1.29~151%
Wel2. EbAbel WEl B Ab AR S Total-P #%e) tha EA JEURE ¥, 1 9 4% ¥l 2
atolE= $1UHTable 1).

a3 WF 652 g Xolgh 3892 g vlAolE 2zt 30UF 28U AMST A 747 HE 965 g,
W 432 go.2 AAAch olw Al A(Feed coefficiency : FC), ¥4d74&(Daily growth
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rate : DGR), ¥4 YAIE 43 & (Daily feed consumption: DFC) 2 ©el A =4 F &(Protein efficiency
ratioo PER)E X9 4% 22 HF 14, 1.31%, 181%, 2.10%, viAdoiel A¢ AT 1.81, 047%,
0.84%, 1.67%HtHTable 2). oA AF&L oF, A7), AHS F£23 U To w2} 2folrt HAs
Atk B Aol ALEH o B3 AEA ALE o8& F, AlBAF) olfHE2 AF 2N
AN 3% A5 A dao) A FFS Foh B AY JF olFe 2 B 9% HA dA
o] HAH o2 A L&A

Table 1. Proximate composition, total phosphorus and gross energy contents of three commercial
diets for tilapia (%)

Fingerling Young

A B C A B C
Crude protein 34.2 319 36.3 34.7 33.0 32.8
Crude lipid 4.3 5.2 46 45 41 39
Crude ash 8.2 9.7 7.0 8.2 96 6.7
Total-P 1.19 1.77 1.22 1.40 151 1.29
Moisture 76 75 8.2 124 85 12.1
GE’ 42 4.2 43 4.0 41 41

*Gross energy (kcal/g).

Table 2. Results of the feeding trials for fingerling and young tilapia with three commercial

diets
Fingerling Young
A B C A B C
Av. body wt.

Initial(g) 652 65.2 65.2 392.0 380.1 3866
Final(g) 958 983 95.3 4420 4456 4419
FC* 1.37 1.46 1.37 1.87 1.78 1.78
DGR® 1.29 1.38 127 0.43 0.49 048
DFC 174 196 172 0.80° 0.86" 0.85"
PER" 213 2.15 201 158° 1.71° 1.72°

" FC: Feed coefficiency, DGR: Daily growth rate (%), DFC: Daily feed consumption (%),
PER: Protein efficiency ratio (%).

ofF| £

Aojsh mlgole] Unk ¥ 2 Total-P §% ¥4 ATE Table 3 UehHAch Hojsh u]4dol
o FE FFE 44 7L1~730% (AT 72.3%)%h 70.0~71.0% (BE 706%)0IR. o, zuwd 3
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o 152~166% (AT 157%)9 17.0~176% (HH 173%)2 AZdl gt F& o] 1 22
B“%J_ ke Zrbstgoh 2AW FFE AT wet Frlstd oy, 23E L Arde BFE B
Ak AR o oA AEZE 8 g3y AW F¥7id J4ABAE Role Aoz LA 3

on B AYAME Aojrlels #8 o] BE thald] A FaFo] Hol e FFT YU
o}, §#, oJA Total-P #FE ot nlgdole) A4 24z 12~13% (BT 13 %)%+ 1.1~1.3%
(BT 1.2%)2 JEbR.

2ol & wjyY

3 7iAbe] AE AIEE FFE T FETEE 24 AL 48 A R 72 AEE AFAA 24 F
4o zAeYtHFig. 2). ©Etyo} 710101] oJAF T 06%% 12%) AEE FTHEUES AF A4
A7 Boe TIH AR 206%S 151%% 2t Boz widsdm, 48 Al FolE 88%%
99%, 72 At Follx 17%9 18%E widatdch zelw getyol nlidole] £k Fel(AFTT
oF 06%)7+4 ALEE FTFSATY 24 Al 48 A 2 72 A Tl FFE AR 131%,
63% 2 56%% ztzt oz vjdstd, Hojy "o} BF AR FFF 24 A Wi & wiAd#®
o o 65% AEES wWAFETh g AL AgFTFeo wE B dEs AR A% $5E
of e Aol glE Ao Jehd:, oAFY 05%% 1.0% FFA ik wide #4241 I3 2
o oto] Byrou} 15% FFA0) 36~48 AlztAlol 2 uol ujdge] FrbEo] A4 wjde] 48 A
ZF ol A&EHE Ao YN tH(Kikuchi et al. 1991).
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Fig. 2. Postprandial fecal releasing pattern of fingerling and young tilapia depends on the
ration levels ( : 0.6% ration level, fingerling, §§ : 1.2% ration level, fingerling;
B : 0.6% ration level, young).
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Table 3. Proximate compositions and total phosphorus of the whole body of tilapia after feeding
trials with three commercial diets (%)

Fingerling Young
Initial A B C Initial A B C

Crude protein 16.4 154 15.2 166 174 176 17.3 17.0
Crude lipid 44 45 44 46 78 59 52 6.7
Crude ash 6.4 53 56 5.3 41 49 49 5.0
Total-P 15 1.3 13 1.2 1.1 1.1 1.3 1.3.
Moisture 72.9 73.0 71.1 729 70.6 70.0 71.0 70.6

g, mjdE Fo] dwt AEL Table 49} Zo)h 2gwld dako] Hlmy Ay 32 gtako] WO
B AIEE Fa¢ o ROME sh IR N0 GFe BR 2uud gl At @u, 2o
ZEBA e xole A 125~143% (JH 138%), ulAdol= 16.1~19.0% (HT 18.0%) = A
Atge] zowd ghakol= Alolz} gl ot vlAdole] Bo) xloje] A mrh zuhwa $hako] 14
AE By, ZAWE 740(95~105%)7F Xo}(4.2~45%) BT} @ttt 2 9] ¢ gFg o]
<} U]"“OVP 247} 1.2~16% ( -‘éT_T‘ 1.4%) 9} 11~14% (BT 1.3%)E A5 F7} W& ol A

= U

Table 4. Proximate composition, total phosphorus and gross energy contents of feces of tilapia
that were fed three commercial diets (%6)

Fingerling Young

A B C A B C
Crude protein 14.3 125 13.9 189 16.1 19.0
Crude lipid 43 42 45 9.9 9.5 10.5
Crude ash 208 211 175 277 31.1 238
Total-P 15 16 1.2 13 14 11
Moisture 7.8 81 80 12.0 109 11.0
GE’ 25 25 26 26 25 28

" Gross energy; calculated based on 4 kcal/g protein, 3 kcal/g carbohydrate, 9 kcal/g fat.
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°1(736 ~80.5%)7} u]Aio](44.8~61.0%) BTl 9 (P< 0.05)L.2 =Sk

W Qe o8 AAH A Besr)e AW YT EAU & ARE THE
9 "é%}% zasctn 2elAd AchOgino and Takeda 1976). Ti%o] A o] 842
(HEG A LE(&44, WHA), oFd met g Fo(EERE d4e B

2 284 Que o8& F T, FHNEFTRTE 25 BFgd nls) st
o} 9le] A go] HrhSatoh et al. 1992). Takeuchi et al. (1989)& 1A 7% A&l < &9
o) whet 2 APae] 23 F4gol 2R E AR ZHA ALY 489 HEAME Zelzt
AATT Busa gtk B ARAE AlgFE  F3o] B AHY Ao} tha &R E74,
Aoleh uldole] 9l F4o] 747t 233~469%9F 36.0~65.0%% A oie] - A Abe] Flo] ERAbel
W)s) wtm, mAle A$ B Abel Ro| BRALY A B v Ro2 JetHP< 0.05). ofst 2ol
e 2 9 guu= BAY A3h&d Holrt A7lE AL Atk AHE Y 989 Ao 4
zZtgrh

o
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Table 5. Apparent digestibility of protein, lipid and phosphorus of three commercial diets for
tilapia (%)

Fingerling Young
A B C A B C
Protein 889 90.5 90.8 - 904 83.3 90.3
Lipid 73.6 80.5 76.3 61.0 448 53.6
Total-P 23.3 46.9 434 65.0 36.0 581

g= Ax gale HZAEQ ¢EUo}E )94 (endongenous) T €914 (exogenous)ol 2 7+
s el2 ¥jA$T}H(Brett and Groves 1979). WA sjAd & ol3h &3 ol H@o= e A7le
AL AuwAe dzgle] Ree AHE fAE 4 78 AHAA oFst Widste AelH, 9
M WAL Al BEE wud Ede Potulx A8y dREE Ay &48 2
TEI A2Y F FAHE 100 ol e, wik 51% Axg FHss ai%*% (B aeih]
Table 63 zth B A¥o]A etyo}l Xols} nldolg zuuA gao] 34.1% o 335%% AtRE
ASEEe AS, 4AE 24 F BE BIAME 71% 9*} 99% 7} Z}zt wiAdsti, =} oprivlE
& alde UlQA AAE 555% 9 623% & 2zt widate, wjAdsEE Ahel oF 90% =7t obrt
oo w2 Estgch wEd Aols Zhz 37.4% o 27.8% o AAE FHsA ¢ YA o
29| lake trout (Salvelinus namaycush NN E AAH & Aa 3 568%% ob7hv|9h wollA wid s
T, 56%= 2oz wAsEs AuelE 361%7t FH=ArHJayaram and Beamish 1992). 5, ¥tH
2(1979)& Yo o] &3t Ak FAZ A AF HHY 4T E& T 191%, =2 274%
7} WA e 3, Aol 523%7F ol g8 Bud, FAAEdME vmd AT A%rt 2
91th(Beamish and Thomas 1984; Barnabe 1990; Sayer and Davenport 1987).
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Table 6. Nitrogen balances of fingerling and young tilapia

Nitrogen intake 100

Undigested Digested
Fingerling 7.1 Fingerling 929
Young 99 Young 90.1

Excreted through Retained

Released through feces urine and gills

Fingerling 7.1 Fingerling 555

Young 99 Young 62.3 Fingerling 374
Total excretion Young 218
Fingerling 62.6

Young 72.2

TEI A% HEY LollA oA A Y& = o
2 o]4e ARE EYE o] HdolE 1 £ A *J%‘ A5 FH A o
F&}#& Table 79 YeElATH Ax Fapzkd € 1 E9
364~59.3 kg (B 498 kg), 49.6~68.2 kg (HT 613 kg)2& Ao W} niojo| o HAx Falat
ke Aole 3.0~125 kg (BT 63 kg)ol vlAafolE 11.0~149 kg (H¥ 134
stz vt AdE GERSYh AlEY S le] ko] @WolRd| wet &
%743 thE 2 a(Ackefors and Enell 1990)7F 9o, ¥ AFdAe= Xojs} mA
of Atgu @A FFl= AY zbol7 fAdEElE dx B3 Q1 F3hEel] Aolrt e
o] Table 6ol 4 et R 3 Xof Bt} njdoje £ 2 w9l opytul2 wjid ofo] Frhste A
I 2o AFRE Bl
AA PG 259 F A FatE b 75 Aol oF 20~32%E AT o F
(1993)4 & 5(1992)2 B 13 e gEAHoE Az 79%lRE @
l2e £d 7 Ade Ao ¥y dAME AA duddl S §53 ARE st
ga ol AR &g HAidlee Aotk

ae

ol —{II.
p_'u Ol'

04

Table 7. Estimate of nitrogen and phosphorus excretion per one ton of tilapia production

‘Fingerling Young
A B C A B C
T-N° 51.8 59.3 36.4 63.2 66.1 496
T-P~ 3.0 125 34 14.2 149 11.0

Total nitrogen ; (kg/ production ton)
" Total phosphorus ; (kg/ production ton)
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goze 4% FAROY #54 FAFY Wisl d¥ FAZ B
 opale) wigo] WA A Aolth Ty el AA & olE AHA
Mol HA o3 WA, olF WIF F9 AB7 RIHG. & AT AHE o
A2Z olgd + g Aol

oo

2 o

Ao A "amols FAE o EArt He dax 2 A9 RaAFE FHS] fAste, ABHE
RAE ARE Aoje} HAE ASEY AR F GF 4EY 238 £ WEF 5 T B3
FAA vlXE 29 FaFE FAAS

A@Es gevjol Alze wwd e FTF B8% (i FY 540%UX, A FIFS AT
14% QoM Atz BTEF 24 Aol 2 B el 60%7t =ik =atsior Ao} (Bd
oJAZ 652 g) 2L UlAe (WF IAZF 389 )¢l DA 23g D A £34&L A9 A7t §l
qort, Aol 4£3&e o7t wJTh

Ax 2Ae Hole} u]gole] AS, TFE dae 7.1%9 99%F Boz WAL = ot
nE Eads 717} 555%9 62.3%S wlAdste}, oMol ztzt 374%%} 27.8%E FHATh whet
A Qg wal i) HFL FAA AR ol Zo2 UERT

g9, Aol 1 B AN Fa R Q PaFE Y7 495 ke 63 kg oI vldole B 613
kg 134 kgo & olA 277t E5F Y FIHFE WolHoh

FaEd
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