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Effect of Ammonia Concentration in Rearing Water on Growth and
Blood Components of the Parrotfish Oplegnathus fasciatus
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This study investigated growth and hematological changes in parrotfish Oplegnathus fasciatus (~200 g/fish) reared
under different total ammonia nitrogen (TAN) concentrations (0, 4, or 8 mg/L) for 6 weeks. Survival rates of par-
rotfish in all experimental groups did not significantly differ, as they were all ~100%. Although specific growth rate
(SGR), weight gain, and daily feed intake in the high TAN concentration group (TANS) were significantly lower than
in the other two groups, there was no significant difference between the TAN4 group and the control group, (TANO),
indicating that parrotfish have a strong resistance to ammonia toxicity. As for temporal changes of the major blood
components, cortisol increased as a result of stress caused by the high ammonia concentration in the TANS8 group. For
this reason, the concentrations of energy sources such as glucose and total cholesterol were reduced. However, there
was little difference among all experimental groups in concentrations of liver function glutamic oxaloacetic trans-
aminase (GOT) and glutamic pyruvic transaminase (GPT), and nutrient factors, such as total protein and albumin.
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% gH ol AA(TAN, total ammonia nitrogen)i= 4] A
2ol ofa) WAElE 2 A tjA} AHEo|5|(Colt and Arm-
strong, 1981; Foss et al., 2004), 5 &AM SESH 7
- o] 7] AT} ALl AEFE i A A Alskasloltt
(Park, 2005). QFm Lol o Ho] ZAE|o] §EAL Lk
d|(Randall and Wright, 1987; Paust et al., 2011), Tt7| SAH0.
2 ophul 550 27k, Bt aet 849l B AL, o]
A3 9] 4~ (Meade, 1985; Russo and Thurston, 1991) 5-¢] 4
B o= Qlom, ihd A 0% legg Alofl= A% dax(Lang et
al., 1987), 417441 9] 4 (McKenzie et al., 1993) 2 F|A}
of o] 27| Ech(Ip et al., 2001).

S5 AUl 7RI S Ao R T2 oY

ShaL Sl 254 o=, A4 2=20] 20°C o)Fol2hA(Kim,
2011), 547] Ao BEE0] B2 ZAI7F 7] Wi
ol (Kang et al., 1998; Oh et al., 2006), 52 7]o] E=9] YAt
A& =ol7] fsiA SdFAR A= 72 AAIste] A
517 & gt} o] Z-9-oll= of| U #] v]-g-o] F P4 Feel € 4
7ESlo B g, o |qA] Aoky ARFAIARIY] EQjo] Bagh, &
SHTA| AR S thofet A 2] Al S o] 88k =& A4S
B2 YARESH= AR AR O 2 Q)RR A U= | AE
F|aslsto] Wi 882 SHiSHAIZ 4= 9lof(Suh et al., 2001),
=59 S 24 FolA = mie- At Al A7 o] tH(Kim,
2011). 3t Bk | Aagto 2 AR 95 e of
S AA S o UL Y EE A YRS AP e A}
ek = ok o] Qlo AAIA e 2= wilS B ol gt
(Van Rijn, 1996).
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Aol Park et al. (2013)3} U3 TF2(F 5% 4,500 L)
o) £ 3700] 2B A 2T E TE 3o, AH 71K 5]
e, 4EA44 (DO, dissolved oxygen), G5 2 pH =742 5}
2 &= 24(09:00, 17:00)2] A= 35 305 & L
A7](YSI 556MPS, USA)& Z=43}9 0, TANE Bgae
AI(HACH DR 4000U, USA)Z | 13] A3}t o] Fof
Al 8-=3}) n]o] 235} oy OP(NHE, UIA)9] 5%+ Johansson
and Wedborg (1980)°] whe} A4telg) om, A 7I1E 54t
=212 Table 17} 2t}

A

=28 o/ A Y=Lof FY
e

v
gﬂ
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N
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100vF2] 2(AR5 U == 33 kg/m’) 3WHE O = 831511, 65:7F
Sfitol -8 AE ALR(SAALR, 2T 43.5+0.6%, £AH
11.840.1%)= 47t 23](09:00, 17:00) 7H= FF3}9ich &2
AF25(D0) 2] B3 AH4HHY 7] (OXUS Aqua-7L, Korea)Z ©]
oto] ELIHe 80% oo 2 FAISIIAL, A2 e = F ol
£ OxyGuard (OxyGuard A/S, Birkered, Denmark) = ujj g o}
itk S4ske] ghelskeict.

AT TAN =& APOHIAE S Foto] At 31l 3
AR 70% olstz Holx= oF 8 mg/LE 72 ® 5tol, 0
mg/L (%), 4 mg/L (TAN4) 2 8 mg/L (TANS)9] 3717+
< A7gskalct.

Al A2 W Y oRe] =9l HE0] 150 L ¢y
of g0 NH,Cl &H(TAN4= 10%, TANS= 20%)< 4
31, Ak 51 (AX1-32-PFC-HWS-K, Korea)Z o]-85}0] AJA

Table 1. Water environment for the experiment
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&2] sumpol| 90 mL/min <= 2 43}t iy of g0
i A2 g0 20:000] B3 4 $ AFYsH o, sump
of FHH Yok ZuEE|7|et ANRRE AX AR}
S| TH T AR E Bol7teE AAsttt s
=7 L/min© 2 A7Js}o], A| 8] A7t oF 2.23] 9] gk} &
=& 3tk

AMZXF Bl S{0HA]
oo x 2710

TA}

AT

257, 457 9 65 o EE=

ZH A8k S aAI7] ] FAEE] (3,000 rpm, 10 min)ake] A
79 EH(serum)E A0 o|-§-513iTh. B[ E(cortisol) &=
412 Jeon et al. (2000)2] B o g 3¢ on & thilE(total
protein), ¢FYl(albumin), Z%EH(glucose), & ZHAEHZ
(total cholesterol), glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase (GPT):= Cobas Integra 800
analyzer (Roche Diagnostics, USA)2 =743},

SAXz

B A5 of| o3t A= mean+S.D.2 YERY 1L, SPSS ver.
10.0 T2 133 AR ANOVAR HZ3H 35, P<0.05 5=3=0]|
A] Duncan’s multiple range test= -3-2]4] H| 2.5 3}t

2 I

TAN k0| M2 =52 4%

TAN “sfof| w-g &9 4% Z43E Table 29 LER]
th A7)17E 59 TAN Frof m2 A& &ol&= gl9l
(P>0.05). % 200 g H9]9] &=0] A F& AR 65+
o= =1, TAN4 2 TANS A& oA 22k 2454+ 1.6,
2424467 9 2385453 go & AAste] ZZ2ES TANS
A7 2ot o5k HTHP<0.05). Z1P]il &
O] ATHIFES TANS A7} t2+-9F TAN4 A3l -H o)
FJBHA FAIL(P<0.05), YALEA] HE-2 TAN4 U TANS
AP7E 22eh FosHA W eLH(P<0.05), TAN4S}

Total ammonia

Water temp. Dissolved oxygen - . Un-ionized ammonia
o . Salinity(psu) pH nitrogen i
(C) (DO; mg/L) (TAN: mg/L) (UIA; mg/L)
Control 22.1742.34 7.5740.45 32.37+0.61 8.09+0.61 0.08+0.06 0.004+0.003
TAN4 22.12+2.28 7.26+0.22 32.38+0.61 7.92+0.18 3.61£1.50 0.129£0.054
TANS 22.07+2.15 7.39£0.31 32.44+0.64 7.82+0.19 8.07+2.85 0.231+0.081

TAN, total ammonia nitrogen; TAN4, TAN concentration of 4 mg/L; TANS, TAN concentration of 8 mg/L.



842 9

TANS A3 Abolofli= zto] 7k ¢l THP>0.05).
TAN 20| ME S59 2 dHME Hal

=5 AN 5 T8 FHGE ) Wshs Fig. 13} 2o 94,
AEH A A1) EF FEES] Fes A3 AR A 5.6 ug/dL
AOL, ti2-9F TANA A= 25= 5ol 27 1.8 ug/dLark
2.5 ug/dLz Zol7k Q91T ol AL 459k 65 Folle |
ol QAAEF. oLt TANS A gltofl A= 25 50 10.2 pg/dL
O 5 Aok oAl Aol S HoluA Hds AT,
45 Fofl e H|= WolA|1 YA|RE o ] 7 Adelet o4
o] Zfo]E B, 65 To|= 1.2-1.5 ng/dLE AF 17kl 2
o7k sioltt.

FR YITN ERlY s
25 08 gdLp O 2 W= Aol A RobHth7L, o] o
= 37PEE Byt 18 4 5 $oll= 09 gL 202
S7F8H1 F ot AR holl F-2 Q) Afol S KolRl ookl
6 5 Fofli= TANS @0l 1.1 g/dL= 453t o 2o}
TAN4 A0.9 g/dL)ol| Blall #7242 =3Hrh(P<0.05).
123l SEhi o) Wk wjE e o] e} fAFsolet.

E o2 ofuA e}l 2rd s dizelA= A 71t
59 42-43 mg/dL 2 2 W8} £-& Holx| Q3oL TAN4 4l

AlS] A2 A] 1.0 g/dLef A

Table 2. Growth performance of parrotfish Oplegnathus fasciatus
reared with 3 different total ammonia nitrogen TAN concentrations
for 6 weeks

TAN concentrations

Control TAN4* TANSS
\"’v‘gl'g'hr‘(g?” 203837  2024%16  205.7+2.8
Survival (%) 100 99.7+0.6 100
g"afsfzg"/vﬁes'ﬂ;‘t 4156£2.10° 40.02£5.00%  32.86+2.54°
‘(’gf)ﬂght 93N 204141.40° 19.7742.36%  15.97+1.02°
rSaF::iL‘lC/ dgaf;))vgth 053:0.03°  0.50£0.01°  0.46£0.06°

Values in each row with the different superscripts are significantly
different (P<0.05).

'100x(final mean weight— initial mean weight)/initial mean weight.
*(loge final weight - loge initial weight) x100/days.

Feed intake (day matter)x100/[(initial fish weight+final fish
weight+dead fish weight)xdays fed/2].

* Total ammonia nitrogen concentration of 4 mg/L.

3 Total ammonia nitrogen concentration of 8 mg/L.

W% - AR

&= 23-36 mg/dL, TANS A3 7-0f| 4]+ 10-32 mg/dL & o
Zo|| vlgl] f-olatA ottt EZEAHE sRollME F &
W o} Aol A= 4 5= S7ER] = t 2of| H]al W =3l
O}, 6 5= Folli= tf 212} 2ol & Ko7 pFofTt.

GPT 42 A3 A& A] 2.2 TU/LOYA] 2 FAtoll= A%
W2 22-3.0 [U/L 320|311, 4 xjof| = Mz o2 A A%
T B o7 371 3 6 Aol ThA] Wolk] e 35 E
< Hoom, A7t 5 AETF Tl f22Ql Aol 919l
THP>0.05). 1y GOT 442 6 o] 19t r o} g
(TANB)7} o2 = A3l o] vlal 7214 © & =34tH(P<0.05).

oo ot

o

TN AR S 2 Gpol7E FAH 2 W Eo] go
| (Park, 2005), 53] g olAl= eghoiah Al Aol &
Alof| EQlsto] ol A 9] wiato] F AkeFe] Aul o] S
okl QITHFFL, 1996). shA|E sl=9] ¢ o= Qleh 2
A3} 589 744 E(Son et al., 2000) THAAHES] TANS A7
517] 1t Au] o] 17t Aok 51| wiiZell A1 /d o] "ol itk

o

(Kim, 2011). webA] ol 75 =gho]apA| 28 o] 8-}
ArsslH ) 0] F9] TANO| thgt A o aLesto] 4
A 2] A2 o] RS A7 s Al o] WA o] Fo] Aokt gitt.

Hol 5 Folf obn| il P = S5 ¥ Hae ov| At ¢
izl o] shAjof 4=l AEo] A eH(Chin et al., 1998), o7
= AW S5 AL -2 T A 22 Tl of o] oA
= Sl A datiiiER dRYoE v dstA Hot
(Forster and Glodstein, 1969). ©]Z 7| v H ¢ yol= =4
o] §lo], £A9] 20} 7|5, EA A, Y 24, WA,
37, WA o] Azt Gk nlA]7| e sho] AV S A 4
A7 FH 1ol Bl (Russo, 1985; Jeney et al., 1992), &
8] Akt 7 oW 542 B A R Ao Kl
)31 QItK(Thurston et al., 1981; Wajsbrot et al., 1991). Z1&]
A 2 AR AR EIE S 80% o= FAAZ|HA AlE
T fmuolrt o] 7o Aol mlA|= ks Harak gt Aot

5 YEUoHTAN)oll= o] 23=]7] k-2 ¢FHUjo(NH,,
UlA)9} i o] 2(NH,)| F 7HA ezt EAsk=t|
(Bower and Bidwell, 1978), o] F-of|A] o]Fo7A| =2 412
ol 2.51]7] 9F&: ghmujotolt), 1 Ao A TANA % TANS
AF 7o) UIAS == 2}2F0.13 2 0.23 mg/LSld|(Table 1 %
%), o] Sk o2 ofe] Aol Az] HAHel Fe
Uehl AR & Szoln, 0|9} e mghmol o] b
2017 ol Aol nlA| s AL A AP v RE s
Ch(Foss et al., 2009). 12U} 7 Y-S ot 4% Aol
whe} oh2 7] wfZofl gRle B a7t 9lS Aozt o At

2 AdollA= 200 g W9 &5 6 T ARSSEIEY,
TANS A9 7= 219} v wsto] Bt F5, 5585, G4
ARE 9 IAEAFHE 5 ARl A 27 B §9



ol et EEo 44 843

20 —e— Control
—o— TAN4
—v— TAN8
~ 15 r *
-
°
o
2
5 10
L2
£
S
O
5T *
0 i 1 1 1 1
2.0 10
—e— Control
—o— TAN4
—v— TAN8
15 =5
- o
3 . 3
= c
c L @ L
é 1.0 5 5 .
K] 2 i\i_zi’_é
< z
3 =
05 —e— Control
—o— TAN4
—v— TANS
0.0 . . . ) 0 . . . .
200 150
—e— Control
—o— TAN4 *
150 —v— TAN8 - *
°
—_ =] L
3 1 £ 100
g 00 g
3 %
%]
£ owof : ; 3 3
=) 3 5 50
0] _=
) —e— Control
0 k) —o— TAN4
—v— TAN8
80 20
—e— Control —e— Control
—o— TAN4 —o— TAN4
—v— TANS —v— TAN8
60 15
=) a
2 5
— 40t = 10
=
o x b
0] (O]
20 5+
0 . . . . 0 ) . . )
0 2 4 6 0 2 4 6
Time (weeks) Time (Weeks)

Fig. 1. Fluctuations of some serum components of parrotfish Oplegnathus fasciatus according to total ammonia nitrogen (TAN) concentra-
tions. TAN4, TAN concentration of 4 mg/L; TANS, TAN concentration of 8 mg/L (1 P<0.05). GOT, glutamic oxaloacetic transaminase; GPT,
glutamic pyruvic transaminase.
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202 WbUk(P<0.05), TANASI A ATAIEAH8S A
ofstarts PhaTe} fo42) Aol S Hol] khrhP<0.05)
o]} T 3 4], Paust et al. (2011)= 2F 52 g©] Atlantic halibut
(Hippoglossus hippiglossus)y& t42.2 UIA &% 0.06, 0.12
2 0.17 mg/Lof| 4] 100 &7F A}ITO}‘I‘Eﬂb] A7HAIAE©] 0.06
mg/Loll A= 272k o] 7 QAR 0.12 mg/Loj A= 6 5
7] 2R g %Our 7 T2 o] Fofl= thx
ToF FARE AES HAAAL, 0.17 mg/Loj| A= 10 3 o] %
Wz} QAR Sz B Wk 2 A (Fig. 2)
oAM= A 27191 2 FAoll= "415%19} TAN49] A7 E

0] 0.40-0.46%/day = FASFR AL, 0]% 6 TR0 = F- gL
< AR e 2l 7i°ﬂ H]3fl, TAN8 A3 += A ¢
27|5E SR THE F “5‘—?54 oAl Ateols
Holw A7HgAEo] Wekth thil, UTHIFE2 Apol= A H
7|7to] AojAHA HA} 2tolA|= B HATKFig. 2). ol
Al dse dRYotoAl= Al A= gl Atk
e BolFd], 0|2t whdste], & R4 TAN4 Aed-9)
UIA 5=} F-AFSE =291 0.12 mg/L Aol A= AAAF ka7t
dojdtii= 712 dover sole (Solea solea), turbot (Scophthal-
mus maximus) (Alderson, 1979), spotted wolfish (Anarhichas
minor) (Foss et al., 2003), Atlantic cod (Gadus morhua) (Foss
et al., 2004), European sea bass (Dicentrarchus labrax) (Le-
marié et al., 2004), gilthead sea bream (Sparus aurata) (Wajs-
brot et al., 1993), Senegalese sole (Solea senegalensis) (Pinto
et al,, 2007) 5 o2 sfjitolFol A= ghelEa et -
# AFoM e el YrYoks E52] Al AAe
2 J= vHAT, TANG A1) A 27t 2712} 1

wsto] F-o12¢1 2ko] 7t QIAE Ze YR Yot E/4dof tisf =

0.6
=
®©
3
S o4t
2
©
£
: -
(@]
g 02 r
3
o —e— Control
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Fig. 2. Fluctuations of specific growth rate of parrotfish Opleg-
nathus fasciatus according to total ammonia nitrogen (TAN) con-
centrations. TAN4, TAN concentration of 4 mg/L; TANS, TAN
concentration of 8 mg/L (1P<0.05).

W% - AR

ol th& ol FEoll vl Wdo] sttt Ae Hoj= Ao
2} o AT

3HH, T2 5-5(Selye, 1973)1} tp7IA| £, o] R e AEH A
£ wrow e} 2| &A)2to] whet A1 A D R E A7 A=
wo] ZE|E Fo] A} RH]E L, o] & I8l AHFE F=(Avella
etal, 199 =t 9 S 2E S 22 oUAE AR
FEFS W=t Ao] 2 A3 A Qlrk(Schreck, 1981; Waring
etal., 1992).

2 Ao e gAY 2B A S0 =EH E50] &
o @F AEF] 57} 11 ug/dL7bA A5sithr) A
2ol BERA 2 pg/dL S0 pslo] by sgld, of
H ZA3}= Biswas et al. (2008)2] H e} 2+ A x|}, 12
51 0] A3He DgFEY ol st 27]ole BE0lA) 2 As
£ 25T, SE-& nehaLol S0 & A8 98
& ol T, A0 Ak B 55
BB 8% S wE Phshs A4S nolw, 55 Bug
RO A7 B8 AL, £5L 9% obhil £ Sow
Bre o 2|2 AR A 12 Zo] obd7t ol A RIcHLang
etal., 1987). 0|2} #23}o], Remen et al. (2008)%= 5% &
EYo}K0.115-0.120 UIA mg/L)°]| k=2A]7] juvenile Atalnatic
cod (Gadus morhua)ol| 4| 2= =7} A ctal Hilsle
AL, AT AR 43S H Sl

15 232 A2shH, 315 5(TANS)Q| ¢t o} 31742 of

0] o] oS )2 W o), ol AR ol g

2 0lAE 5, AN 0 R SR 2R Hel GRS vH g
A7 73 hol] whek ok 295K A 02 AT,

A Ab
B G SR A Uske B UATRE ARglo] o3
s glom, olel gArEg Yt
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