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Effects of Body Weight and Dietary Protein Level on Ammonia Excretion
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Ammonia is the major limiting factor in intensive aquaculture production systems. Therefore, quantification of
ammonia excretion is important for the water quality management in aquaculture systems. Ammonia excretion is
known to be affected by many factors such as body weight and dietary protein level (DPL). In this study, exper-
iments were carried out to investigate the effects of body weight and DPLs on the rates of ammonia excretion of
Nile tilapia Oreochromis niloticus. Three sizes of fishes (mean initial weight; 4.8 g, 42.7 g and 176.8 g) were fed
each of two dietary protein levels (30.5% and 35.5%). Daily feeding levels for the three fish sizes of 4.8 g, 42.7
g and 176.8 g were 6%, 3%, and 1.5% body weight per day, respectively. Each group of fish was stocked in a
17.1-L aquarium and all treatments were triplicated. Following feeding, the weight-specific ammonia excretion
rate of O. niloticus increased, peaked at 4 to 8 h, and returned to pre-feeding levels within 24 h, Total ammonia
- nitrogen (TAN) excretion rate per unit weight decreased with the increase of fish weight for each diet (P<0.05).
The TAN excretion rate increased with increasing dietary protein content for each fish size (P<0.05). TAN excre-
tion rates (Y) for each diet with different fish weights were described by the following equations: low DPL diet
(30.5%): Y (mg kg d")=955.69-147.12 InX (r’=0.95), high DPL diet (35.5%): Y (mg kg" d')=1362.41-209.79
InX (’=0.99). Where: X=body weight (g wet wt.). The TAN excretion rates ranged 28.5%-37.1% of the total nitro-
gen ingested for the low DPL diet (30.5%) and 37.4-38.5% for the high DPL diet (35.5%). Total nitrogen losses
of fish fed the high DPL diet (35.5%; 0.26~0.91 g kg' d"') were higher than those fed the low DPL diet (30.5%;
0.22~0.68 g kg’ d"'). The losses decreased per kg of fish as fish size increased. Results will provide valuable infor-
mation for water quality management and culture of Nile tilapia in recirculating aquaculture systems.
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S H7FsEAYH(Wu, 1995; Dosdat et al., 1996) o]/ 4~
AAe= (Froese, 1988) A o]t} o]9}
Ao o] Fo] gRUYol v AFH Als ] &R E
(Jobling, 1981; Handy and Poxton, 1993; Yager and Summerfelt,
1993) Sl Wt FFE won, B 244 ofF Fol o3l
Ho| 43 -9 A4 ujMo)) F3] A= of(Carter and Brafield,
1992; Gershanovich and Pototskij, 1992; Echevarria et al.,
1993; Kikuchi, 1995) &t} Z2&ji} o] S A} 2] o} Fe]
Ul WAl g W WA, B3] A4 AlE BF] o Fol
A F A2 W A E gEdo} Fakael tie B3
Bre 33 =80

weh 2 AgeliE A AAROR 2o B UFE U
Ugeisolg o ofa) A719h Al ) WA §gl o
ZQtE o] AAx(total ammonia nitrogen, TAN) ¥jA 73
5t WS ZABGOR, 08 EdE A2 1 Fatee
TAN 23138 stel w8l G4 A2g o) )
2 AR RS A% 12ARE ANSIA Bo,
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Adole FAWIN F&ol g oty AR AJd W
oA LR ALS: Fol VA Easol(Oreochromis niloticus)
2)oje} WA S ARSI Ao M3 109 mlE] A
3 583 F A AR du] ASSte XA o B A
g AF A 297 AAAR F 7 AY Fxd TSR 8
stk 243 Al Al A Fo] ZH7t 4.840.1 g (meantSD),
427404 g 133 176.840.7 g Y EezolE ZHzt 30mte,
10vke] z@]al sl 3wkE g-ste] A gl o] &sisith 4
3 25 F A¥ol9 oAFE 47} 82406 g, 51.741.4 g 21E]
31 188.145.8 golrk. AE 717 5ot 722 2840.1°CE
AP on, S A 2 ) dojdolE Bl 5.7£0.2
mg/LE FAISHct.

AgAE ¥ 382

AY AlE9) ZAES} UNHGEE Table 19 YUehliglom,
dutx oz djujole] A4 dAEE Hadh 2ok gkl
30.5%%} 35.5%2] ALEE A2t APl o] &-uTh A At
Egoze AA HF AR FE AMEHTE HYolE, diFE,
S22, YRR, 249 7H(squid liver oil)E AME-8FoH,
3 vleela) S vilEg E3bste] Azt A8 oF
o] A WA 2,3 2 4 mm BYLE Y T AN
the, o2 7 2A F F UE-3sl -30°C 242 W¥E7](Forma
Scientific model 8138)°l] H#3hHA AMZEIAT

A7EA] Z719] YdEelsjolel] tjgt AR 35 WH-2 Lovell
(1989)¢] "ol wsith. Wit ofA|Fo] 717} 4.8, 42.7g 2L

A Ljol ujd 123

Table 1. Composition and proximate analysis of the experimental
diets (% of dry matter basis)

Diet | Diet II
White Fish meal’ 5.0 5.0
Wheat flour? 40.0 36.8
Soybean meal’ 33.2 36.2
Corn gluten meal’ 5.0 10.0
Squid liver oil’ 2.3 2.5
Vitamin premix* 3.0 3.0
Mineral premix* 3.0 3.0
Cellulose 8.5 35
Proximate analysis
Moisture 11.9 12.8
Crude protein 30.5 35.5
Crude fat 43 4.6
Crude ash 6.0 6.3
3950 3979

Gross energy (cal/g)

2oL 176.8 g9 AFolA 22t oJAF] 6%, 3%, 1.5% (F
=% 7150l sldshe AEAEE Zht A7t 63, 43 g
33) Vo] etk BE ARE TF A Ao A=
ol frido] Y5 FET FAE 71 &L, 0817 H 18

AR AL BF B4l wek ARKE #58] LRro] BREIAT

AEHEX|

A3 A= Fig. 19 Hepd vie} o] Aapr iy
AR AIAE ARSEATE A" W TANS S48 WA517]
93 ALst AFzQ] 3B 3z (Rotating Biological
Contactor, RBC)E AH&-3I L, o F £ & & f7]El 9
g TAN A9 @& wiAsE7] #13] Oh et al. (2004)°] At
£ Y3 F4<] & 55 #RIQ] TUF (Tokyo University of
Fisheries) column system¥} 200 um®} 100 yme) 7}E=)=] 2
B (cartridge filter)& X3t A &H o2 A ASIATE. o4F At

Vg 5

— m‘ﬁh
] LG
a g

1. Submerged pump 2. Peristaltic pump 3. RBC reservoir
4. RBC 5. Cartridge filter 6. Head tank 7. Experimental chamber

8. Reservoir 9. TUF column

Fig. 1. Diagrammatic representation of the experimental system
used.
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$229 B #9US A3 head tank®E §30] 340 L ¥ 3
F-F2E o] &3yt o F ARSZE 7H2 23 om, AR 39 cm,
=] 26 cm? 8 F2E AN, AF 717 B¢ SR
17.120.1 L, F-3& 31.742.4 L/hE A8I9 . 3 §7180]
ZH Bo|= & 7] flalA oF ARSRE 15° AR BAE 5
o] A8 th3 o F-E ARSI

AE

7} A71¢] Jdegsjoprt AR 20l tig A8 At
B AH 9 ujdel dist A4 EES 8
T WO R AE FFES T AR FF 1494 A
ol o] 87 7+ Z7)e] Yyddatuotel] di] Az AL FFell
W2 24417F 5] TAN vl S AT TAN A 24
AlZFERE 2XZF AL 2 o F AR friFet viETE A
Fate] ST Yddetyote] ZF A7 TAN v &L
Leung et al. (1999)°] Birgh Wiz} 7o) o] /Ryl £85A] &
< &7t dAlst thgo AE o]&-3ste] 7l

TAN #]dE(mg keg' h')
={(Co-C)Qi-(Cc-CnQ2} /W

o714, C=hds9 TAN 5Z(mg/L)
Co=87 = WET] TAN ¥=(mg/L)
Cciz7 2 WiETY TAN $%(mg/L)
Q=¥ +2E AWh= AR H3(L/hr)
Q=ETE A W= A7 fred(L/hr),
W=C1H|Z(kg)

oAF FAle A AES sl ¢ H FH L sien,
Z %3 dAst] AMSUEE AEI 9 4L F8) A
2bEl TAN Bl E(mg kg' h')S A7l ik TAN BlHE=Z
T slsle] 34 o WA HE-E T3 Y7 TAN HlAE
(mg kg' d)g FFsIAeH, o|FA 2FgE U7 TAN v

B AREEE 33k Al&=E ] 7R & TAN #3138 Al
2bsiTh

244y

CAY AR SR AL 71D AZM(105°C, A7He R, 3
2 A3 by, 2AW-E Soxhlet F&H ] WRloz 243}
B, ZHUA L KjeldahiH ol &3 Fa FFPNx6.25)0.2
ZA3IFTHAOAC, 1990). FUR] SFL& AR 1 g2 #H3H
& calorimeter (PARR 1261, USA)Z o]&3lo] =331t} of

7 AFSE $9050h wiESe) TANS A4 A% vz 2789

o, ¥4e NH; A¥A=(Orion Research Inc., 9512BN)°]
5215 Ton meter (Orion Research Inc., Model 720A)E o4

m
slo] o] 2 XA AIFH(APHA, 1992)0) olall 435ttt A
S5 U 85029 2 F42 DO meter (KRK, KDO-5151,

Japan)E- ©]&3}H T}

SA M2l

A7t 2 A7k TAN vl 4 &S MINITAB 13 (Statistical
Software, USA) 57 T2 02 ANOVAS AA5le x}o)
£ AR 3ATHP<0.05).

2 I

Al 7 2719 Y detsiote] A7k Ats FFol mE Al
2 TAN #)2E ZAF A3E Fig. 20] Vet 2E A3+
oM A1F T3 FAl TAN vl Fo] Zrlshe Zo2 Yet
st Ha FA 82 g8 A7FF TAN vidEL ol g
30.5%%} 35.5% A@-7olAM 22t Bt 6.3~452 mg kg h'FH
12.3~59.8 mg kg' h' S B o, 355% AFFNA o
T8 foAoz 5o #S BIATH(P<0.05). At TAN viEE
£ 30.5%39} 35.5% AP 7NN 2tz R A Als 2F F 4
243t 8AIZk) UER o™ o] % 2hAaEr] AlFsle] wiA ) ALs
T F 10 A A3 Al A S A ER Yol
B FA 51.7 gol A7 TAN #jHE-L 30.5%9} 35.5% A
7oA zkzt B 3.9-20.0 mg kg' h'TF 9.9~34.1 mg kg h!

LS BoH, et 82 g AT} rIRVIAIR 35.5% A E

TolA dIFE Fefd o2 52 3hE BYTth(P<0.05). Al TAN
A EL 30.5%9 35.5% AN 22 A HA AR I
5= 8AIZHTE 4A)73e RGO H, o] 5 A3 ARt WA
9 AME T §F 10N AE A A AL vidER
Wolx 8.2 g A7t AR HEE Bt W T 188.1¢
9] A7V TAN Bl &L 30.5%9} 35.5% AF Tl Zzt 3
& 3.7~14.6 mg kg h'Z 3.9~15.5 mg kg' h' WS BATH
.8 AdTos 9 30.5%%} 35.5% A7 AIZHE TAN
HAES A AR ALR FF 1447 32 A9]3 ZE TAN H)
AEA o] FrelHe)A] eETh(P>0.05). At TAN HjdE2
F AT BTN AR FF F AZRIA vEten, o)F
Zadtr] AAEH BT ALR 3 F AL AR BT A
Aol &) v EE Yopxth

7} A7 AZHE TAN BjAd &S A8 Fs vepd o
7+ TAN HjA &2 oA Fo| AaTSFE Ty gigo] B8
& F7hke AR ey oAl Als i gl
e FH JHdAE EATH(Table 2, Fig. 3). Ha FA
8.2 go] Y7t TAN vid &2 vl &=F 30.5%%} 35.5% A3
TFolH 2zt 676.2+41.4 mg kg' d' 2} 908.4420.5 mg kg' d'
ojRom, et A 51.7 g Aol M= ZH2 327.1430.0 mg
kg' d' 9} 533.6+50.3 mg kg' d' o2 e} 355% AFT
7F HYHOE L UL BATKP<0.01). 2} Hag FA
188.1 g A¥ 9] 79 ZFzt 218.2438.3 mg kg' d' ¢} 258.9
8.8 mg kg' d' &2 YERY 35.5% A7 =2 A7+ TAN
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Fig. 2. Changes of total ammonia nitrogen (TAN) excretion rate of
O. niloticus, average weight of 8.2 g (a), 51.7 g (b) and 188.1 g (¢),
respectively. The fish were fed diets containing either 30.5% (filled
circles) or 35.5% (open circles) protein, 6 times (a), 4 times (b) and
3 times (c) a day, respectively. Values are mean+SD (n=3). Aster-
isks indicate the significance levels (*: P<0.05, **: P<0.01 and ***:
P<0.001).

Table 2. Results of two-way ANOVA on the effects of body weight
and dietary protein level (DPL) on the daily total ammonia nitrogen
(TAN) excretion rates of O. niloticus

Source of variation d.f. SS MS F
Fish weight 2 948721 474360 400.43***
DPL 1 114914 114914  97.00***
Fish weightxDPL 2 32425 16213 13.69%*

Asterisks indicate the significance levels of the effects (**: P<0.01
and ***: P<0.001).
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Fig. 3. Relationship between daily total ammonia nitrogen (TAN)
excretion rate and body weight for O. niloticus fed diets containing
either 30.5% (filled bars) or 35.5% (open bars) protein. Significantly
different means are indicated by asterisk (**: P<0.01).

HAEES BRou, FroAQl ApolE Kol FUTHP>0.05).
olake] Asellr Tl o] T ALE(30.5%, 35.5%) F
F3 AFX: gell whE Jddetujote] U7 TAN Hij4d4
(Y: mg kg d')y& 30.5%9} 35.5% A TN 2zt Y=955.69-
147.12 InX (*=0.95)%} Y=1362.41-209.79 InX ("=0.99)°.2
UERst

9o Ay Ax Jddelalole] A% BAER AIRE F3}
o 4FE Ao dis] FUEYog Faz uijd, &4dFEE 2
229} A28 ) BEEE TAN 2812 Table 39 YERHSITH
B FA 8.2 g9 dgEtujote] 79 v e 30.5%%
35.5% AP TolA Zh A3 A9 29.041.9%} 37.410.6%
7} TANC 2 &4 5] 0 1(P<0.01), A28 W TAN $5-82
z+z} 9.140.5 g m*' d'9} 13.940.2 g m*! d'E 35.5% AP
AN FoHoE & BIE&S BUTHP<0.001). B T
51.7 g2 % 30.5%9} 35.5% AN 2tz HHE D9
28.5+3.1%%} 38.5+2.7%7}F TANS. 2 €454 0.1 (P<0.05), Al
25 W TAN H3-&2 7}7} 9.8+0.7 g m*' d'F} 163£1.7 g
m* d'Z GA] 35.5% AFTAAN FolHoR =2 e BN
th(P<0.01). Ha A 188.1 g2 739 30.5%%} 35.5% A+
A z}zh AHE 229 37.149.7%9 38.3+3.1%7F TANS 2
£AE9em, A2E U TAN 23182 242} 11.741.9 g m™!
d'¢} 144408 g m™! d'Z 35.5% A7} 4R F2lFel
2ol & HolA] FAUTHP>0.05).
&

a
o}fF9] A& TAN HlME2 AIRE HE § SR F
7vsi o o) A= A7k olFe A7), AHE § 28l
F~2of ujz} gebzith(Kaushik, 1980). Tl gako] zHzt 30.5
%9} 35.5%21 ALRE A7kR) =7])9] Uy gegoleAl

SLIH
Ta%
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Table 3. Results of nitrogen intake, total ammonia nitrogen (TAN) excretion rate of three different size groups of O. niloticus fed two
different protein level diets (30.5%, 35.5%), and resulting TAN loading rate in the water. Values are mean+SD (n=3)

Avera_ge Di@tary Intake N TAN TAN Cultu.re TAN loading
fish weight protein level excretion loss density rate
g % mgkg' d’ % N intake kg m*! gm*'d!
8.240.6 30.5 2332.0£29.6 676.2+41.4 29.0£1.9 13.4£0.1 9.1£0.5
355 2426.6166.6 908.4+20.5** 37.4+0.6%* 15.310.4 13.940.2%%%*
517414 30.5 1148.9£38.5  327.1+30.0 28.5£3.1 30.010.6 9.8+0.7
355 1384.9+98.4  533.6+50.3** 38.5£2.7* 30.5t1.1 16.3£1.7%*
188.145.8 30:5 597.6£62.3 218.2+38.3 37.1£9.7 53.8+1.4 11.7£1.9
35.5 679.7£65.6  258.9+8.8 38.313.1 56.211.1 14.4+0.8

Significantly different means, within each column, are indicated by asterisk (*: P<0.05, **: P<0.01 and ***: P<0.001).

A7 ZE F719 YdEaigoloX Al T SA] TAN 4
go] F7I8l Alg FF0] olFolAle W BN AEHLE &
& TAN B &S Bylon, A AR 3F & 4-87%] 454
3 A 2(12:000904 2F 4r(16:00) Alolol] 3 v E =
2313t Oh 2004y FE Aol(Ha AF 17.1 g)F W2
2 23.0°CellA ofAH TS 3%E 4AI7F A0 33l A A
SE F9319S o TANHWIEES A ARR 345 578 A7
AN A3 F7I8IHeH, o] FE AR FH0] °F
AR & RES AHH o Z 53t A AR 37 F 8AIH A
A A peakoll =238l £ A7 Aste} FARFATE Dosdat
et al. (1996) o AZ 10 g7 100 g2 sea bass (Dicentrarchus
labrax), sea bream (Sparus auratus), turbot (Scophthalmus
maximusg), brown trout (Salmo trutta fario) 12|32 FX7%
o) (Oncorhynchus mykiss)E LR 20.0CAA Z+z} o5
9] 1.5%% 8% F $(10:00, 16:30), 9JAZ2] 0.5%= 3H 3
¥ (10:00) 3H31Ag o, F AF 10 g A AR FH 3~5
AlZE 100 g9 7§ 5~8A1%F & AU v H ol EEd= A
°Z Yepdt}, ©3F Ha AF 34.8~207.9 g2 milkfish (Chanos
chanos Forsskaly2 A0 2 26~28°C M 9ol o352 0.9~
3.9%9] AIEE FFIHE W AR T 6AZ F Al TAN
HjdEo| =23 ¥ 3 (Sumagaysay, 2003)7}F 9.0, red drum
(Sciaenops ocellatusye A& 35 6~8*7F F(McGoogan and
Gatlin, 1999), mangrove snapper (Lutianus argentimaculatus)
£ 6~12217F F(Leung et al., 1999) ] TAN s ES =&
3lgict. o]} 742 AolA AR FF F TAN Holj wjdEx
old] GtiEE 48 AIZFE ofF, &, AR 37 WY Ao
o} A o] o 183 Z7] Foll 7 AoldM dfE
Zo 2 AFHtt 283 Hx AR FF F oF 20-21X7F A
# ¥ TAN Wjd &2 27] =2 358" ZA3E Oh et al
(2004)3} Dosdat et al. (1999) Ao} dx)sig.oH, thalgo|
ztol7h She 2% ol o] AlolollA FUE HH S Hl 7}
A 2 291 Leung et al. (1999)0] Aot wie} 7o) tjAlE:
o] AFQARA 9] xol7} 7] o= Aztent
BE 73ZoRe o] TAN HiEES AlE ] ©d 43

o} A1 FAAAE /A, FH - AHOoE oFY AL
A edlE& A FEE vxE FE ARe)th(Kaushik, 1980;
Jobling, 1981). ¥ A% A} thllF §Fo] T2 AlE Tl
we} o] F A7) Faglo]l TAN i Eo] ol A= o]
Ao ATAEe] Aot XA THBrunty et al, 1997; Cai
et al,, 1996). Yntdo g Alg ] ©ja glako] ZrlsPd o]
F W A4 FqEx S7FA9HRychly, 1980), TAN Bj4E
Al F7}gtH(Beamish and Thomas, 1984). Brunty et al.
(199N)% FA tilapia® T2 AL W) ©d ) w2
gEUol wj S AR A dd o] & AIRYTE
gRUo} v dEo] EolAs AFHS dof E A3 Aot dA
st o, Tl o] Frleke| wit Als W AL ol
Z71817] Wiolgta 2&sA T

£ AE A7 oAF F7Hl wt TAN widgo| dasdke
AL o7t ol g &Y oAF T =2 UAES
Rol7] ujFelth(obling, 1981; Handy and Poxton, 1993). ©]
9} 7+-2 A= Porter et al. (1987)2F Kaushik and Cowey
(1991)8] AFAAM = 2 Yept} 9o, ofAlF 7t o& A}
B 4] ZH4 B3 TAN e §o] 72443k 291 (Sumagaysay,
2003)0.2 283t oz AzbETh B Aol Jehrd v
ge}ujole] U7t TAN Bl &S Z7)9F ALE W] Tl el
w2} 218.2~908.4 mg kg' d' 22 LEPT). Shiau and Cheng
(1999)& 3.2 g9 tilapia (Oreochromis niloticusX O. aureus)s
YA 2 140.0~314.0 mg kg! d'9] 97+ TAN wjAEL By
31493, Jobling (1981)2 3~90g2 plaice (Pleuronectes
platessayS HALE 20.0°ColA 64.0~720.0 mg kg d' L7+
TAN Hl 4 &g B 239 th Porter et al.(1987) 3~90 g9
gilthead seabream (Sparus aurata)s W’FS.Z 21.0~24.2°Col
A} 264.0~1032.0 mg kg' d'9] BjAES, Oh et al. (2004
17.1~21.5 g9 red sea bream (Pagrus majorys D322 23.0°C
olA 506.2~684.5 mg kg' d' <] Y7k TAN v ES B t}
& A7AEFH] AF thd zlolE B o, o] A¥d o]
B4 oF, 2, AT, AlEF 2 24, AR IF P 59
Kpolo] el oz Wzhe.
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ols} 7ho] o}F7} RIS ujdEhe AL AkR Fo) B
Aol T3 ALE AW A o)gsta & YHAIE wjds)
= A0Z 30.5% ATl VR TAN WA &2 A9 2
29 28.5-37.1%] HYE 2o 7PF & oF{d He 7
188.1 g} WlA Hlgo] 7P e AoE ekt 355% 4
o] TAN HjA E-& HHHE 29 374~38.5%= 7714
Agto) wpg} 27tk AU FoAQl Alole HolA]
okttt o) R7t Al wel AAE Fad dal WA vl
o] ol AL AU Ak o18-Fo| 74a37] WE 22 (Jobling,
1981; Handy and Poxton, 1993), Begum et al. (1994) M &
UE 29| o}F Aloldl], 283l 2 F e oM 27] 1
£ A% dAM AR W @A tE2A o] 8 & e 2
E 23 2 A% g0 weh Als W) 2d T o F
9] TAN A4 Alol¢] #A|E gekzitia 2ag vt Qo). Dosdat
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