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Changes of Gill Tissue and Body Composition of Juvenile Grey Mullet
(Mugil cephalus) and Nile Tilapia (Oreochromis niloticus) to the
Sharp Salinity Change in a Recirculating Rearing System
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Changes of gill tissue and body composition of grey mullet (Mugil cephalus) and Nile tilapia (Oreochromis niloticus) by the manipulation
of salinity were observed in a recirculating rearing system. Salinity was increased from 0% to 33% for 1 day and remained for 15 days,
thereafter salinity was decreased from 33 %, to 0% for 1 day and remained for other 15 days. Any morphological differences of gill lamella
in grey mullet were not observed in seawater and freshwater. However, on day 2 in exposure to seawater, Nile tilapia showed the edema
and bloodclot in gill lamella. In the case of grey mullet, mitochondria and tubular system of chloride cell were more densely packed according
to the salinity increase. The whole body of grey mullet showed no significant differences in moisture content during experimental period.
However, moisture content in whole body of the Nile tilapia was significantly decreased when exposed to seawater. Protein content in whole
body of grey mullet showed no significant difference between beginning and day 15 of the experiment.
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AZoFY oplule F, A5G 24, A =¥ ge w4 4
A-47) JYzA 5o 98L gIshe B39 sl@eln (Lauvrent
and Dunel, 1980; Heisler, 1984; Randall and Daxboeck, 1984;
Maina, 1990), °1& 913t o] 79 oprju] A HHME (pa-
vement cell), BAAE (mucous cell), AFHE (chloride cell) 2
A 7349 HME (neuroepithelial cel) & A& 47174 t& Fe
AXEZ FAEY (Laurent, 1984). & AZF dFAEE &
@it wao] (Anguilla anguilla) 9 oF7Holdl A & ZHAI XA

Ag 24 (Keys and Willmer, 1932) € ol ¥, o] Mxe d%&
7] 98 o8 25 ez B 977 RuH A (Goss

et al, 1994; Shikano and Fujio, 1998; Hiroi et al, 1998). €A
e g 59 nEZSEolg Sojg UdE FAYLEA
(smooth-endoplasmic reticulum)E Z< F893d 53 & vehdd
(Schwerdtfeger and Bereiter-Hahn, 1978). §FA Xt 4487 9
AR & F2 17} o], F Na*9 CI'& &5 2 Wi&ste
Ao g delA, A2 AFHEY Na*, K -ATPase 84& Helc
g @40l FFHX Ut (Maina, 1990). £ FFAHAEE HY
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Fo dd wal F27F H3ldtn (Hwang, 1987; Pisam et al,
1988), g5l Addte FEA AFE A52 o5ANE €7
AXe 2718 £7F Friste Aog 2353 o (Philpott,
1980).

94 952 224 de Fo (Mugil cephalus) 9t B ehdjo}
(Oreochromis niloticus) & AH4-3te] GEWsle] BE Y ¥
o Wstd #F A7E 4% EuHol gJout (Lee et al, 1997,
Chang and Hur, 1999; Hur and Chang, 1999), ¢}7tv9] 233
AR g A7 ZYe ol £E Aot} 2e2 ¥ &
T olg davorg ME2 3o AS4e FHE FE

daol me ol7bv 23 AYEL 2RI,
R

1. AR} AT

Ago] AHEE $ojE FdM FRANG g Faed A3
d Rolglen, detulole F5ol A% AgE 2d AL A8
Aot ¥ foaly ARA AN AL, +2E FRP 9
42 (250L) 6708 AMgste] 3dtEo] HESF Fth Foist 2
grgote] HIFAFL 47 115+13cm, 130£39cm, FTAF L
Zt7t 124+05g, 307£93 gol Tk A¥7IHE 304N E YL
o AMSFe GEZAL G5 (0%)ZRE 1970 33%9 3
7 952 AE4E R, o F 15¥ Fo O H5E2
558 2R3 1593 0% 2 FASAD (Fig. D.
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Fig. 1. Controlled salinity and water temperature changes in
rearing of grey mullet and Nile tilapia in the experi-

ment.
2. AISEE Y ASTE
AN |78 Y529 $434E HAF A7 oI5
e 2Eda 43S H2837] A%d AT 747 A
AR, Aol U o 43S HAFAU BEF H7t 2E
Y2g A 90 YHHEE APFRY ¥ 2TES A3

At A¥F Yoy JojFHE AEAR (2UYE 43.0% ©l
A ZA%3.0% oA, 2AF 5.0% o3, 23E 18.0% °]3, Ca
08%,P 18%)% 19 A% 3% T4 A&FE e A
BEFF 447 9 150~200 L8 5o, 42T FE 99
2% dolgoAe 3 Fo 4FINUF £ 204£08C
d29 (Fig. 1), DOE 52~7.0 ppm, pHE 7.0~8.0, NH,"-N<
0.02~125mg/L, NO,"-NE 0.0004~0.002 mg/L, NO; -NT
0.017~0.04 mg/L, PO."-P¥ 0.065~0.015 mg/LEA, Fol¢ dzt
go}o] AMSdE AFo] gl $AolUt} (Cha and Jung, 1994;
Kim and Woo, 1988).

3. otziolel =ZF|EE ZHE

druste g ostulel zA%H WE #ANI] A5,
AFANA (0%)% A5 (33%)2 n@ste 294 (Detuoh),
1594 (Fol)el AgojzRE op7te] 3¢ A8t Bouin¥
of ARG & Ao we deldog ¥ojE 23 5~Tum
272 9% AW, haematoxylin-eosin® 2 tiH] gA3te] ¥
3t3in)A ool FAsAT AAANE ABAZE H3d<
ol7}v) Z2H¢ B#A3k 01M phosphate buffer solution (PBS,
pH 72022 $3A)7] 25% glutaraldehyde £ (4C)9 241t
2o 13 nAFYY. Ao B¢ ARE PBSE 108 A¥E
% 1% osmium tetroxide (OSOy) (4T)¢} 241 T 2% 24
4. 2o] Bd A& PBSE AL 50%1AM 100% 7HA
o] ©AY ethanoldl A 1584 2535t &4F propylene
oxide$} Epon® EFE) ¥ Epon 8122 W3t 0.5 um
2 A" ABE toluidine blueZ FH 3o HARNE A4S
¢, A 70nm FAZ AU, o] F uranylacetate¥ lead

citrate 402 o]F g3t EAAHE (JEM 1200 EX-
1, 60~80Kv, JEOL, Japan) #Zg HAF %

4. MY 2M

dEWEd B 4Pl AR USE Lopr7] H3td, 4
AN AFALS 29A (FaFop), AFAHE: 1594 ($9)
2 G5 1594 ($Dd #2734 FAY FE89
AdAE BH4F F 76T EA ARA RIA{[ o0 F Z
NEE AOAC (1995) ol wet +8& Azt dzy (10T,
4A3Y), 298 AL Kjeldahl B4% Y (NX625), AL So-
xhlet &%, 238 AYIygez 2AHALT.

5. BAAe]

Ze AgAg W39 Computer Program Statistix 3.1
(Analytical Software, St. Paul, MN. USA)¢l 3] ANOVAE 4
AL, 2893 A2A (P=005)22 HFATY FAA F7E
gopat gl ot

ERIg nk
1. ofriojel ZEEH H3}
o]g9 optnle 3F 2 A4 =HE W4 F33Q 98
Fgste #oR gg 7@ H3d 2 E8H0] gl WEe
AW 7Hg UzEA wgste 292 dA U (Lee et
al, 1997). 8749 F2% sl deA optrle 144 L2 24
N 5F3E wreg FESL FEE od e 2143 w
o2 TF AYAEY HoF F4 (edema) o2 AT £
D YAt gojut ofrtr] EFELY B4E 2HHA H, Y
AS YA 5 A (Lee et al, 1997). £ AFNME A48
AEL 197 0% (FF)AA 33% GF)E A F, o7t
2 AZso 2383 AEE 2AAT (Fig 2). $19 op7in
2A4L A AFIRF HOE Aol§ HolA e, Al
& SYARAE AFAANA G 22 AFAY 2F4E el
(Fig. 2-A, C). ol¥ Lee et al. (1997)0] B2 25% 8t 50% 3}
o)A 1094 of7he) 23AM e &EAGIE 158 B
Ao 2oz FERIUdn ¥ d7AGs AT 2
deujolel e H5AS o de) AGAHA 2FFE HA W
(Fig. 2-B), 1AM ol 2s) g#o] 453l wet 239 &40
Fagen, A5 297 de o7l 2308 (gill lamella)
9 BAEHE 8 (bloodclo 53 Aol FHHE 23%E
29 (Fig. 2-D). t50] 294l e F24¢ A2 93 v
AR eI A1FE 394 BT HASES &3S gL
gyjots) ozl 2apdel FHHT FEHE 2ARE W
el o FAFY Ao FHez I £F E JAph
gou} oprtnle] sF A0 FH3] ZAaHE ALz A4HH,
o)A# o2 BF HAF o FZATh
38 AP A FRAME Fol9 A4, G Aol @
g ol7tu] AHFME MTFHE (apical pit) 7t FHEAA vetton,
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Fig. 2. Photomicrographs of gill filaments and lamella in grey mullet and Nile tilapia in freshwater and seawater.

@: grey mullet in freshwater (beginning of exp.),

®: Nile tilapia in freshwater (beginning of exp.), ©: grey

mullet in seawater (day 15), ©: Nile tilapia in seawater (day 2). Arrow: chloride cell, E: erythrocyte, GF:
gill filament, GL: gill lamella, *: bloodclot. Bar: 20 ym.

22 Fo| nEE=golrt #HFHUT (Lee et al, 1997) (Fig. 3).
Folo A FEol T84 E vl aBA (tubular system) 7t
7Zhetn s (Lee et al, 197), £ 7% B4 (Fig
3-A) A Boe oA pALBAt F1E REE BT
T (Fig. 3-C). SFAHEY T8 7152 Mgt &4 ne
F2 plole (Na*, Q)8 F4 2 W&¢ 99¢da Zusx
o™ (Maina, 1990), H5o HE8 FEA ARE Al &
19 GFAXY 9 277 F4dgn Fot (Philpott, 1980).
T3 Maina (1990)c GFAEY NALH 9 JER F9dl
o8] M ATAT AL FHHZ JdHYE YAFZE §
A3tA €9 Ao £ drdAE vhEVHAR g o
7 o] AFAREY WALBA F1E BEGE B9FAD Ka-
maky (1986)E A4l G0 453 H Nate vWEHE 9]
un olo) w} Na*, K'-ATPased ¥% Z713HA H2, o) &
2Eo] EAEE MELY FFo] HFAMEY WA JAS A
¥vte] #glel & 1A A HATRE FAsE nAL#A

p53

LgdA o d AFMAA Y detTote GFRAHE AT
7k Ae 28gle € veWen (Fig 3-B), ¥HAES
EEEF LY o) srAtg 294 A Bk ZA Ao
AUk E=F FRAEY mlEIZER} FE BFEG TN
Bokdle Z%E 29 (Fig 3-D).

2. HAR zMHsl
wof dojHe] 7 ke AHMAA 740£06%, HFAHS 15

AR 73.6+05%, BFAS 159 745403% 2 A 27
Ao} BolA 4dtrh (P>005). Lehh} Halulol Aol

9)

Hr o

TO]_o
o #

gteke AHMAA 722201% Heb7t dFAMS 28 A e 702

02% 2 F8A wopgct (Table 1). $018 2% +E*L
ZA}E Lee et al. (1997)2 AIAAIASG A 78% W2
Geagte) wal {08 Aol Helx g =y, £ 4
TFAMNE SFAalEd e 4 Bastgou fA% A& Kol
A gokeh ole £ A oA A1 dEedE o Az 7]

I+

lo
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Fig. 3. Electron micrographs of chloride cell in grey mullet and Nile tilapia in freshwater and seawater. @: grey mullet
in freshwater (beginning of exp.), ®: Nile tilapia in freshwater (beginning of exp.), ©: grey mullet in seawater
(day 15), @ Nile tilapia in seawater (day 2). AP: apical pit, M: mitochondria N: nucleus, PC: pavement cell,
T: tubular system. Bar: 1 m.

o

<" A5Y 275 98 AW FEZY] A€} o) F
Ad Aoz Azd 39 detgole HFAS 24 FF
o) fojatA wolReH, AFY 23 7159 G2 A o]
& Aol 2H5a, SRS JEBA w7l Aoz AlgE
. Chang and Hur (1999)7} £ 73} g dEHsE FUAS
, 8 452 5xE dgols} 653 mOsm/kgs WERH o
%9%tthe B, Dendrinos and Thorpe (1985)7F 424 o8 4
oA 197 A& 8 S84 59| (Dicentrarchus labrax) 9 ¥
Fo| sl¢ Bt g 4t ¥ Qo vegon iFd
=& #% (376 mOsm/kg) Btk 5% (390 mOsm/kg) ol A =3k

of ot de 4o B forfo ot 2 2

gz § de E A7ARE JiAs F1 9

%olgl "gtyjote] Aolx @A g2 AN A 593+
15%, 56.7£05% 2 #28§ o|E Holx YTk (P>0.05). £F
ZolE H5AMS 1594 63.5108%, HBZRA 649+07% 2 9
e 9ok gotel e SEAS 2UR ) 65.6+0.1% 2 F2)3t
A Botth 2gyoz Folg) delyole 2 FFAS 159
295 TA ko) ZolRE APo|AY}. Arunachalam and
Reddy (1979)€ A=A 7] (Mystus vittatus) & 3095 0, 2,
4,6, 105,904 AL&3 A5}, Mol oA gL 107, EH
0% N §e Rastduiy Boste 2 A7s} g ARE
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Table 1. Whole body composition (% of dry matter basis) of
grey mullet (M) and Nile tilapia (T) reared under
the condition of sharp salinity change

Rearing days (salinity, %)

0 (0) 233 15@3) 30

M T T M M
Moisture  740+06° 722+0.1°  702+02° 736105 745+03°
Protein  593+15® 567+05° 656+0.1° 635108 649107
Lipid 205405 167102 176105 164+03* 158+03°
Ash 17.14£01° 164+02°  167£01* 178+04* 176106°

Values (mean+SE) within the same row with different supers-
cripts are significantly different (P<0.05).

e

Fol AojA 9 Ad TS AYMAIA] 205405%, AFALS 15
YA 164103%, APFTEA 158+03% 2 A& ol ey
ol e A@MAAG 167+02% A1 Aol sFAE 294 )
176+£05% 2 F9ate At (P>0.05). T4 v 7]dl e Ao
Ao FEFol Frhdd AAEHF] Tadte Ao ¥EA
A= (Arunachalam and Reddy, 1979), £ Q7dM= gy
oo] FE o] F7hgte] whet A AgFo] #A3}AT Lee et al.
(1997) A A FHo] 45Y 24 ¥ & BY9 FAH
oA 2 F2HE B FYo i3t o)A 9 Lolr|FeEln Husdtn
Atk A Fole AFMAAARA E4¢8 AEs $d Ao
22 454 2F5YA Ay 34 A4S A8 AFE &
Agte 29 AU FUL JAT Aoz A€

38 FFE ol devotdN F4 17.1101%, 164102%
2 Aolg BolA gfgtort AFAS 1594, BFAS 159 F
(A% 308A)ole A8AANA B oAt (P<0.05).

ol e AFAHE FH3Y B MY gEe) g $of
o oyl FEWS ) met 2XHo g FHE o] Ho|A
gGpod, deyololide ez 294 23 2AED
o] $¥H1 Aol FHHE xAFE BAFUG. oprbe] A
9 fATx FFAN Fole o v} GRMEY AT
F71 Flol #&E W, detyole # £ gigloy, A
=& 2dAd vfEE =g ol #71 FIHE FHE B dojA
o FEHF U] Fole AT Gl Zo]E o)A go},
B AFY 2HFEE 7MY Aoz duE, getgold e
ol F715tel wet AFY A5 gl g MY &
wjot7l Aoz JZEq,

-

He ng o
to Mz >

(@] o]
- =

At e Fojd dtyote) oprtn] 2T Mol 9
e A 2HE 843 g5 2o ASFY 4%
FFERE 19704 33%9 et HEE A4 E 28
, O1F 159 Foll oAl H42 AMSSE BP9 1593
fFAAT A AdR713F o9 opytv] 23} E ¥g
to] & HolA @steh 22y detdols dEAdsd BE £

fr koo ok A

ol o N e

s I 32 ol T ooR

=2
1=

Ao eao] BAHgew, 5 294 ofrho] 2348 (gill
lamella)s] ZHEHEo] €8 (bloodclo) H 2 Ajuio] FHH=
ZAAE BT @8] A5t b o9 oitn] YFAE
£ N7+ (apical pi)7F F33HHPLH, B 59 nEEZ=EolE
A3 gt getgoll e AFAAN T GRAE AT
7t A9 2 FHE Yo, EZEoe B BY
A5 A Z7tE Y £0] HojA e F§ FFe AFMA A 740
+0.6%, AFAS 1594 73.6205%, BFANS 1594 745+£03%
2 M2 §o3 HolE HolA efsirt. 28} deyole] A
© AEAAA 722+01% A7t AFAHE 28 A0l 702£02%
2 FAFA ol Folo HojA diF FFe APNAA
9 1594 F93 2polE HolA gsich dEyole A FHFL2
Folg Bo|x ¢gton} s #FL olE YeRo.
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