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Comparison of Blood Properties in Cultured
Olive Flounder Paralichthys olivaceus on Different
Growth Stages and Seasons

Won Jin Kim

Department of Fisheries Biology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

Experiments ~were investigated growth rate, hematological fctors,
histological change and physiological responses for monthly growth and
blood properties according to ‘growth stages and seasons of cultured olive
flounder Paralichthys. olivaceus.

Mean total length and weight of olive flounder increased from 23.7+1.2
cm, 148.5+30.7 g to 38.6+t1.0 cm, 646.8+35.3 g, respectively. In the case of
water temperature decrease, daily feed intake was decreased and
significantly decreased in February (0.34%) and March (0.32%). However,
daily feed intake was increased.

In case of blood properties by growth stage, hematocrit (Ht), red blood
cell (RBC) and hemoglobin (Hb) was not significantly different in all fish
size. Glucose and cortisol levels were not significantly different by fish

size. T3 were, on the other hand, significantly increased according to the



increasing fish size. Cholesterol levels were in inverse proportion by fish
size. AST and ALT levels of large fish were significantly lower than those
of small and medium fish.

In case of blood properties by seasons, in same growth stage, Ht and
RBC showed the highest level in autumn. In different growth stages,
glucose levels showed the highest in spring. And in same growth stage,
glucose levels also showed the highest in autumn. However, cortisol levels
in all groups were in the range of 2.2+0.4~4.3t1.9 ng/mL in all groups. In
different growth stages, cholesterol levels-showed the highest in autumn.
Total protein levels significantly increased in spring to compare to another
season. In different growth stages, AST levels showed the highest in
autumn. And ‘in same growth stage, AST showed  the highest level in
summer.

In the case of blood properties by disease existence and nonexistence
fish, Glucose 'levels of diseased fish (10.1£1.9 mg/dL) were significantly
lower than that'of normal fish (14.5t2.1 mg/dL). Cortisol levels of diseased
fish were higher than that -of normal fish. T; of diseased fish (2.54+0.9
ng/mL) were significantly- lower = than “that of normal fish (6.42+1.0
ng/mlL).
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Fig. 1. Monthly variations of water temperature, photoperiod and salinity

during experimental period.



Table 1. Nutrition components of supplied feed during experimental period

Minimum volume over (%) Maximum volume under (%)

Crude protein Crude fat Calcium | Crude ash Crude fiber, Phosphorus

50.0 13.0 1.5 15.0 3.0 2.7




Table 2. Monthly changes of feed size and feeding rate during experimental

period
Feed size
ov. Dec. Jan Feb. Mar. Apr. May Jun. Jul

(mm)

7.5~7.8 079 087+ Bl 1%408 - - - - -
9.0~94 (.27%, 039 _@PSA000ME 08%. 0.09, = 005 - -
11.0~114 - - 015 022 024 038 039 |0.20 -
13.0~13.4 - - - - - - 001 024 051
Feeding 101 076056 035 032 047 045 044 051
rate (%)




Table 3. Monthly management schedule, unexpected incidents and stocking

density during the experimental period

Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul

EML EMLEMLEMLEMLEMLEMLEMLEML

Initial

O

Disease

OO0

Starvation O

Size

grading

O | © O

Cold
water

Harvest

Stocking

density
(kg/m’)

134 16.1 155 182 190 178 190 152 158
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Fig. 3. Relationship between total length (TL) and body weight (BW) of

olive flounder Paralichthys olivaceus.
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Fig. 5. Relationship between body height (BH) and body weight(BW) of

olive flounder Paralichthys olivaceus.
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Table 4. Growth factors and survival rate of olive flounder Paralichthys
olivaceus reared in flow-through culture system at the end of

experiment

Month  FI (%) SGRW (%) WGR (%) FE (%) Survival (%)

November 0.75 0.97 34.3 129.2 83.5
December 0:69 0.50 171 72/ 98.3
January 0.51 0.56 19.2 1111 99.0
February 0.34 0.20 5.8 58.5 98.6
March 0.32 0.09 28 28.6 98.8
April 0.45 0.28 8.8 62.7 97.8
May 0.42 0.42 121 86.3 96.7
June 0.43 0.43 6.1 46.1 99.8

FE: feed efficiency, FI: daily feed intake, SGRW: specific growth rate, WGR:

weight gain rate.
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Fig. 6. Photomicrographs of liver tissues in olive flounder Paralichthys
olivaceus. (D: November @: February @: May @: July. BC: bile

capillaries, BD: bile duct , HC: hepatic cell cords, Bar= 50 pm.
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Fig. 7. Photomicrographs of head kidney tissues in olive flounder Paralichthys
olivaceus. (D: November 2): February 3: May @: July. CD: collecting

duct, CV: capillary, HL: Henle’s loop, MM: melanomacrophage, Bar= 50 pm.
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Table 5. Change of hematocrit, red blood cell and hemoglobin levels in

plasma of olive flounder Paralichthys olivaceus according to growth

stages
Ht RBC Hb
Fish size .
(%) (<10° cell/yL) (g/dL)
Small 26.4+6.3" 3.8£0.9" 14.6+3.3°
Medium 27.0+4.4° 41+0.7° 16.4+1.8°
Large 27.2+2.3% 4.0+0.2° 16.4+1.0°

The values are meantSD: Means within each item followed by the same
alphabetic letter are not.significantly ~different: (P>0.05). Hb: hemoglobin,
Ht: hematocrit, RBC: red blood cell.
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Fig. 8. Change of cholesterol levels in plasma of olive flounder Paralichthys
olivaceus acoording to growth stages. Same letters indicate no

significant difference (P>0.05).

- 24 -



Total protein (mg/dL)
w

Small Medium Large

Fish size

Fig. 9. Change of total protein levels in plasma of olive flounder
Paralichthys olivaceus according to growth stages. Same letters

indicate no significant difference (P>0.05).
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Fig. 10. Change of AST, ALT levels in plasma of olive flounder Paralichthys
olivaceus according to growth stages. Same letters indicate no

significant difference (P>0.05).
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Fig. 11. Changes of cortisol and glucose levels in plasma of olive flounder
Paralichthys olivaceus according to growth stages. Same letters

indicate no significant difference (P>0.05).
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Fig. 12. Change of Ts levels -in plasma of olive flounder Paralichthys
olivaceus according to growth stages. Same letters indicate no
significant difference (P>0.05).
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Table 7. Changes of hematocrit, red blood cell and hemoglobin levels in

plasma of olive flounder Paralichthys olivaceus according to season

Ht RBC Hb
Season (%) (x10° cell/ L) (g/dL)

DGS SGS DGS SGS DGS SGS
Spring  27.148.4°-272+43"  45+1.3" 4420.6" . 165+2.2" 17.5+2.9"
Summer 28.1£1.7> 19.4+1.9°  4.0+02°.29+03* . 157+1.1* 15.4+1.6°
Autumn  1361£5.7° 36.6+6.2° 45%05° 49+1.0° 149+1.0° 14.9+1.0°
Winter 27143.9° 263+33"  4.0%05° 4.2+04° 184%1.4° 17.5+1.5™

The values are meanzSD:..Means within each item followed by the same
alphabetic letter are not significantly different (P>0.05). DGS: different
growth stage, SGS: same growth stage, Hb: hemoglobin, Ht: hematocrit,
RBC: red blood cell.
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dolgt AAGAS} Fdg AAGA wE AEE FHZEHEY ®ste
Fig. 133} zFo] oldt AT A NN 53 oFo| 247 155.2+18.4, 139.3+11.8
mg/dLE frolahAl wgtar, Folgh DA A 74E(1437T), L3 44
WAool W3l= Fig 149 2ol
HA 41+02~4.6+02 mg/dLY FT& HIoH, T AADAANA B 2zt

Ae AL(128T)d =2 FA=

ru
fr
32
.ﬂ
rSl

44+0.3, 46402 mg/dL= B} AHEY =4t AHE AST W3dt= Fig 159
2ol 7F&(143C)ol Aold A HA = 21.8465 IU/LE =2 Wi, I3 A
FAAE 712 (16.8T)0l 9.3:28 IU/LE Skl AldE ALTS WH3IE Fig
163} 2t ALTE Zgo]dk A A 2.6+05~2.8+04 [U/Le] HMHZE, 5

s 1.9+0.6~2.3+1:1 IU/LZ 2§ AFol& YEhfA 3%t 38t
ARt ol AAEA R F A A DANA ALTFA7F Bl s wgko

£ Fig. 173 2o] 12.4+1.3~21.525.7 mg/dLe F+2 B,
Al 7H&(168T)ol 21.545.7 mg/dLE 2 A- I} vlwsle] FosA =
FTHP<0.05). HE|ZH PAHNT2E(T;)e Wile Fig 1838 2t ZEEe
T ARGAANA 22+04~43+19 ng/mLe] WHE YEIWI, qE5F 714
ZY7y 4.3%41.9, 41409 ng/mLE =Y. HHHZT=2ELS 61+1.0~ 7.7+17
ng/mLH 92 o3+ Afo]E HolA| Ftt.
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Fig. 13. Change of cholesterol levels in plasma of olive flounder Paralichthys
olivaceus according to season in different growth stage (DGS) and
same growth stage (SGS). Numerals in parenthesis are water
temperature (C). Same letters indicate no significant difference
(P>0.05).
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Total protein (mg/dL)
w
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Spring Summer Autumn Winter
Season
CODGS IBSGS

Fig. 14. Change of total protein levels in plasma of olive flounder
Paralichthys olivaceus according to season in different growth stage
(DGS) and same growth stage (SGS). Numerals in parenthesis are
water temperature (C). Same letters indicate no significant
difference (P>0.05).
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Fig. 15. Change of AST levels in plasma of olive flounder Paralichthys
olivaceus according to season in different growth stage (DGS) and
same growth stage (SGS). Numerals in parenthesis are water

temperature (C). Same letters indicate no significant difference
(P>0.05).
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Fig. 16. Change of ALT ‘levels in plasma of olive flounder Paralichthys
olivaceus according to season in different growth stage (DGS) and
same growth stage (SGS). Numerals in parenthesis are water
temperature (C). Same letters indicate no significant difference
(P>0.05).
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Fig. 17. Changes of glucose levels in plasma of olive flounder Paralichthys
olivaceus according to season in different growth stage (DGS) and
same growth stage (SGS). Numerals in parenthesis are water
temperature (C). Same letters indicate no significant difference
(P>0.05).
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Fig. 18. Changes of cortisol, Ts levels in plasma of olive flounder
Paralichthys olivaceus according to season in different growth stage
(DGS). Numerals in parenthesis are water temperature (C). Same

letters indicate no significant difference (P>0.05).
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3) Agojst v AP FYHYY vl

1) Age] Ak

ZAroj/nArgole] Ht, RBC ¥ Hb ¥W3= Table 99 Zth Ht¥} RBCE
o5t Aol Yt A FRAT Aozt Hlw A £ FAE Yt 1
U Ht= @Wole] 102409 g/dLEt, A7} 14.6+33 g/dLE F2|3HA)
FAE HATh

—

e

H
flo

2) 39 o2 3 AFAFE

Na*, K, CI" Ca*’, Mg®" 2 4Edkrol W3l Table 99 Zth Na’,
Mg” 2 AEAFEE 793 ole AT K3 C sE& AWois}
7}7} 4.4+12, 148.8+83 mEq/LZE, A4 3402, 1362+2.7. mEq/LE T}t <]
34 =9tk vilE Ca¥'Y 5= ABOol7l 9.7+09 mg/dLE  HFo]
10.7£0.3 mg/dLE T} f2] 84A Lok},

a9 BaeH 43

—
[68)
~

Sol2uE, $UMA, AST % ALTS| MBE Table 95} 2. ol 26,
Fuud 2 ALTE B4ele] Hal fosh we RS RAD, ASTE 2

FHZ, 2532 9 AT 2E9] WH3l= Table 99 At ZEELS F
7 =

a5 Y7 AolE YEhAlE %A dWoirt wwH

Bl Wk, FE3AE ZHo|7) 104419 mg/dLE AFAo]9) 145+2.1 mg/dL
BT} FoatA @tk 3 gz EEE Aol 254409 ng/mLE A}
©1¢] 6.42+1.0 ng/mLE T Fo|etA @ FX& EFHTHP<0.05).



Table 9. Comparison of blood properties between diseased small and

normal small fish

Property Diseased fish Normal fish
(165~267g) (151~350g)
Ht (%) 36.6+13.1 26.0+6.3
RBC (x10° cell/uL) 6.2+2.3 3.8+0.9
Hb (g/dL) 10.2+0.9° 14.6+3.3
Na" (mEq/L) 163.4+16.2 165.7+0.9
K" (mEq/L) 4A+12" 3.4+0.2°
Cl" (mEq/L) 148.8+8.3 136.2+2.7°
Ca”" (mg/dL) 9.7+0.9% 10.7+0.3"
Mg> (mg/dL) 1.5+0.4 1.4+0.1
Osmolality |(mOsm/kg) 312.4+15.8 311.6+5.8
Glucose (mg/dL) 10.4+1.9° 14.542.1°
Cortisol (ng/mL) 11.0£2.6 8.2+4.9
Ts (ng/mL) 2.54+0.91° 6.42+1.0°
Cholesterol (mg/dL) 114.8+18.6" 202.7+22.6°
Total protein (mg/dL) 3.6+0.4° 4.2+0.3°
AST (IU/L) 19.6+7.5 23.1+7.3
ALT (IU/L) 2.1+0.8° 2.8+0.4°

The values are meantSD. Means within each item followed by the same

alphabetic letter are not significantly different (I>>0.05).
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A7bo] Aol PAANE Fa ARAT] 5 AT BpRAAAZ ofF

o

N

Boe geldue WaE Hotd 4 Ut 290% 5o, 9% ¥ 559
2~ AT (Cataldi et al, 1998; Sadler et al., 2000; Min et al., 2006),

AlE 2 A3 BA9 JUdstE A (Lee et al, 2003) 5 TREFS Eofol A

o

oAF7t 2E#H &S o oH-mAA-AF S ES(Perry and  Reid,
1993)7} - s}5=A]-7HA1 A = (Specker et al., 1989)2] T Al &Ao] =olx o
ARkg o g JhE|Zoll 3 eS| F7kstal ABALER FEol W
2212 0.7 FE|Zobdl 3 AE=o] A e wEA Ageto] SFAY
255 71e] thARAS)E, heat shock potein®] A AdF57Fel 22 AMEZ2 W), o
>34 = @Y AFREE -, A8, NEY, dESEN Y ddstHg,
gholazte) &3 FAN TG TE Wk 5ol UEhyaL, 3343 wkgew
4, A, f9deE, A¥ATe] W3 aga 44 T dEdde] HIE y

Ht, RBC % Hb & x= AA ] ARy 58 (Chang et al, 1999)&
7HAH 2Ed 2ot Ay ARE AREET dlgolRoel o] ZE#H A=

ddtz o2 Ht, RBC, HbE F7[A17]12 o]l dH9] 243t 2 v A9

i

Y
b
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To® vrhdth AgdAE 448004 Ht, RBC, Hbe Afo]& HolA &
FO 2 A7 WE AneRt 55 o7t fles FlskHY. AT T
g AAdAY] Add dagde v Al His| 7kl Ht, RBC7F S7F

St 4GS GEIRAR satel Rl 9] Fe4ds A3 H RBC % Hb
2373 AT olsh wie] AFS UehiEe RoE Bu

., 1999, 2001). ¥ <
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FANE FLFEAY BRTG FREFAQ sHee] durd el F7b
o e

AE 238 3994 Na', K, CI, Ca¥ 3 AFds s 4994, A4

Ho| A f93 zolE UEHETE Natox5E HA 1625435004 Ha

165.7£0.9¢] WeE F2wshy A7]d e e A Be Aoz ey
t}. Chang et al. (2001)% Hur et al. (2001)= 3siAolFY MEAsTe

350~450 mOsm/kgO 2 HIALsIRA T B Ao = AEAF L7} 297.0+2.4~
320.2+14.5 mOsm/kgo & ajiFoj Ry Soity |Ae d¢ FHAE oF=E
d#d & 9lof(Daniels et ‘al, 1998; Kelsall and Balment, 1998; Atwood et al.,
2001; Higashimoto et al., 2001; Sampaio and-Bianchini, 2002) 252 5%
HAA7E B HS ZAo=E dgAHY, & FEHSIE Yetl A F%7] wFol A

& 2750l AA FFE WAA FRL P FAN 27 gl AL

o

o Mg #%=7F WES Ued 4 Edl(Leatherland et al, 1981; Singh et

al, 1997), Mg™9] Z7te 22 SelMe 3oz feld A7z JAANY

A

ATHMa et al, 1995). E AFGAE AFolH Mg e 14+0.1~1.4+0.2

1
mg/dLE #Fo|AE HolX= ol AFR R Feledde] dad2 fles AL
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2 FagAR, AFEM Mg™ e 1.3:0.1~ 1.9202 mg/dLe] WHZ o] =
Holn] AARANTHE S g% FFol 2 A0 Lhehrh
Davis and Parker(1990)= AST$} ALT+= A AUl A

O{N
Ol‘
v
N
N,

WAL Belsht H22A, oA AU FA LTS 149 Fo

(Gordon, 1968)7} QoAU ZA ¢ AL dolUAL}, Wa Sl Yeig
W 240] Bold ®F wEsl Z/lete Ao A glor, wR WA

o

Al Axe AA W AHAHE 58 58 YUEha ZA7T 2EYAFEoR
FH Wt Aoz d# A Ath(Casillas and Ames, 1985, Rao et al,

1990). ¥ Aol AZEAR AST, ALT= Aolzt Z+zt 13.6+4.3, 2.2+0.6
o]

ol A= A2 ATHT AST, ALT= Uzt FRHAIA] 7|25

o7 ez, Asstz gl @ g4 AJelel] mE WEo] Yehr] wEel vl
=

, "4 58 XY Ackerman et al., 2000). oJFE= o] g B3I

Fix FE7F FoEH
< 7HChang et al, 2002)3t=t] Hls, & AFlM= F28HF71A 7h=el 7t
R a7l lo] |xe e

ur(2002)= g9 AAA] glucose FE

rlr
o,
=X
w
S
w
3
ga
~
o
—
u)
]
ol
ol
4
fr
in)
e &

Aol M= 124+1.3~21.5+5.7 mg/dL
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et al. (2001)¢] AFolAM= ZEH=E 7hH7Id AHEEEY HERS
1.2~50 ng/mL F<Folgt stion, & A9 AAGAE, ALY FA= 7
7} 4.3~7.82, 22~43 ng/mLZ Chang et al. (2001)3%} Hur et al. (2001)°] &

of

$ FEH HE AT AIRE Aolo] ¢ 11.042.6 ng/mLE HlWH F&
FAE Yo} tFART 2EHAE ¢ W Zlog ypodEc. T E
ATolMe dirdor dHANdE ZHE/F
UEh R ko, o] AL cortisololl oJ&) ZFEA AAYFA 0] Lol
=732t 3 FAE S8 dUuAdeR 435 A EHIAAY, ZHE
B}t w2 AIZE oo o] TEE BEEFHUS VAT Arh

T, Add H3ldME 61+1.0~7.7+1.7 ng/mLE 23 20| YER A

HJ

>~ s SEO
= g7 s BAEFS

50
o]
m

kAN Yx)9) A&A1719 4~6¥ F 6€ol 8.25+1.1(data not shown)Z =
FHE Yo fEle] e T.9 F85 FAstgew, 44aA 2
Wl A= Z7]of HlEste TarA| 7t S718te A Fo = Kol AFdA o o
2 Tsatae] 2eHdS A9 4 ook w3k Awolol Habojo] HlameA

rlo

AW olE 2544091 ng/mLOZ F4do] 642+1.0 ng/mLET @& FAHE
e 2S5y 2o 2EH 2 9 T, €F %7 Asdtes B
(Pickering, 1992)9} frAg Atz eyt

ool FUud wEe] Wit 2 BHede] AEZ AEHT glon
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1985; Yamawaki et al., 1986). & A9 A, AdEAA HA 4103
oMM FHi 46402 g/dLY FE= B2, Kang (2004)2] A7 tHE7(H4
X)) 2.71~2.86 g/dLETE =A UEh Q@EH o3 43
o2 #AdH, FIFolwe T F:xo

flo

WA o

flo
N

i)

M

A 4~7 g/dLe] &
(Yanagisawa and Hashimoto, 1984)2.2 Xy Eof dufdgjrle] A7 e
Ao 2 AetdEd.
o7 BAXNGE I A H B 2EHZE s 28, Az 2
TFHEE AFolY 1 oFo] AUe AAEHE B A webA wsksio
3} (Garrido et al., 1990; Ishioka, 1980), <Fd#lLHE°] Wesitta ®

al
A wh QickPark et al, 1999). ¥ AL HATAN we Fe 2 Sl

#aSHE A dBRE, ot AFWA) BE B8 PRie Hold 7]
Ak Ao datdrt

=
UA& 42 (Chang et al, 2001), %2 (Hur et al, 2001) 2 4<% (Chang
et al., 2001)°ll A&go] Ast ofFezR AHA Jou, B AFoNN= B,

, A, WY, 22 e gele] S8 JAAel ekt £ 44d
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AT} AES
Ao 237+12 ecmollA 38.6:1.0 cm& A8 ETh A FS 148.5£30.7 gol

o

A 6468435322 A7 StATE o] AT
3 293 399l 034, 0.32%2 7H4 Sgkal, ol st Srlete A
< Ytk AT RTEE Foo] A mEl grasta o] =

H 3=

filo

o] AW FHIE BB

2. AFGAE SR vl
Ht, RBC ¥ Hb2 =& 270X o3t &fe]& Kol gdar 2F72=%

S 2718 FoAF zolE-HEh A S AA NS 2 E(Ts)2 7]

Hlg|ste] FX7F ZolAE A dS JERith §HE Fs

of whulgsl= AE¢S HPYU-AST, ALT= Aoi7t &89

ofy
ol
2
(T
)
Jo
1o

3. AZE EHAHY v
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ST FuwMde 2ol O ARY vlas %A Jepds A%e dehad
ASTE Aold AAWANA 7hSo] folahi B $X2 HAL U

o,

L LR ELEER-CEE e
SF35= AWol7t 104419 mg/dLZ F/Fo] 145421 mg/dLET 9
F29) @ Aol vehiAe 2kAT A

1
o7} vl A =L AFS Wk FHZEES Aot 254409 ng/mLE
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