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Effects of hematological parameters and plasma components
of olive flounder, Paralichthys olivaceus by acute nitrite
exposure according to water temperature

Su-Min Hong', A-Hyun Jo', Da-Eun Kim', Yeon-Sook Park', Hye-Sung Lee',
Yu-Hyeon Jeon’, Seok-Ryel Kim’, Dae-Hee Kim’, Yue Jai Kang'’ and Jun-Hwan Kim'’

'Sun Moon University, Department of Aquatic Life and Medical Science, Asan, Korea
’West Sea Fisheries Research Institute, National Institute of Fisheries Science, Taean, Korea
*Dept. of Smart Fisheries Resources, Kongju National University

Olive flounder (Paralichthys olivaceus) (Weight 110.9£17.1 g, length 22.3£1.2 cm) were exposed
to waterborne nitrite at 0, 30, 60, 120, 240, 480 and 960 mg NO,/L according to water temperature
at 20°C and 25°C for 96 hours. The lethal concentration 50 (LCsp) of olive flounder, P. olivaceus
exposed to waterborne nitrite was 513.87 mg NO,7/L at 20°C and 208.35 mg NO,7/L at 25°C, which
means a significant difference in LCsy by the water temperature. Hemoglobin and hematocrit were
significantly decreased by waterborne nitrite exposure. The inorganic component, plasma calcium,
was significantly decreased, and the organic components such as plasma glucose and cholesterol were
significantly decreased showing a similar tendency with calcium. In enzymatic components, the AST
and ALP were also significantly decreased by nitrite exposure. The results of this study indicate that
exposure to nitrite can affect the survival and hematological physiology of P. olivaceus, and the effect
of exposure to nitrite had a significant effect on nitrite toxicity depending on the water temperature.
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2 FEE EAE & AT} (Das et al, 2004). =3,
FA BN HEg AlR Y FFOE Qg IHE
AEE FFAdA E3lEo dRYoLE WSt
Aiksl Ao A =2 olHA FHE FIE &
I THZhang et al., 2021).

FFo =2 79 ofH4k
o}z,

54¢ 428 5

_l

=22 o {9 3,
o5 9 7 Ze FQ A opEAh
AoH, ol o 7o 47|z
A, 7k 1 o] 2FE 9 kHE HlE 5o A
2755 AdthJia et al, 2016). o F A<
ol 4k &g 4FAF(reactive oxygen species: ROS)
0 /xg/“]’S}—O:] ,H]FI tﬂ ZZ] /\}\]-‘9. 0%‘6‘]— 2= 9\)\0
, AP EH2AE fdte dloE &8
ATHKim et al., 2018). |4t} Fol A o}A 4 =&
2 E2 oprtr] A o] 2EFHAF O = Qs Aol
w24 ghibo] dojur, Na', K 2 CI 59 o]
< WAAA AW o] EAFFES B3l A FAE
23k th(Jensen, 2003; Qu et al., 2021).

FT&A | EAStE ofdAto] ol {ol WA=
K| Z, olF/e 27 2 E WA Y At
o & FH FFd YA x th=2A e
AATE & @ pHo} 2o FAA Q4o o5
A B3 AFA 9FS vE F o (Kroupova
et al, 2005). oAt = Zo] WE o {Fo] SAHIF
< pH7} Solx¥ F7tshet], o]l& W& pHoll A

F o7k 9] Na'9} Cl's=7F Z4stH Na'kK'
ATPase &7 o] Astd ol w2 A o]th(Sohn et al.,
2015). 22 o 7o thAtel A= o] {2 A
22 FFo] dFo = Qla Y S/ ==
Al o] 7o FAd Y-S vAE FHH asoltt
(Kim et al., 2019a).

WX AE S(LCsy, Lethal Concentration 50%)
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7} 20| tkBita et al, 2021). =Z AP A
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S84 18-S {4 4 thda Costa et al., 2004).
ol g FHES WENRSERY A5 4b4o}
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Table 1. The chemical components of seawater and ex-
perimental condition used in the experiments.

ol w

Itern Value Value

(20°C) (25°C)
Temperature (°C) 20.0£0.21  24.5+0.10
pH 8.29+0.01 8.31+0.01
Salinity (%o) 32.24+0.03 32.17+0.03
Dissolved Oxygen (mg/L) 7.10£0.04  6.26+0.02
Ammonia (mg/L) 0.20£0.05 0.21+0.13
Nitrite (mg/L) 0.1240.02  0.09+0.01
Nitrate (mg/L) 0.24+0.03  0.15+0.03

A gx o] A 4221 20°C % 25°Ce] HHE
AASET B ARy 532 2 20°C% 25°C
o A ofditel =EH dA 9 RiFAAlEE, A

¢

dgo] 3 AP

£ Ago] o] 8" FAA 110.9£17.1 g, A7
22.3+1.2 cm)= BfQE Q120 FRAAGNAM FF
ol AbS F4% AWAE ol &ttt AEe A
A A 3R AP 2h0M =28 AAse
, A¥eEE 1000 99 F2F o83k, 77
FETXH0, 30, 60, 120, 240, 480 B 960 mg NO,/
Do2 &S 9643 AAST & Aol A

[e]

$9 FEE AWHA P oL FE 5
S
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EREEBIEERVELY

Age vgos

Ael st 203

i

20°C 9 25°CE AA A5 19 W= AAs
Rom, 20°Cll A HF 1°C% &7 25°C7HA] =X
st om, £ F3to] g o] HE W =E4AY
< AFEAT. AP F santE(oldAt wEF
TN x A@ TR & 6mbe] x & 71 27 E ol
g3t =& JYgstgen, 43 71t T 74
(2, §E44, G849 p)2 FU8 74 4
71(YSI-Professnal plus, YSI Inc., USA)E ©|&3}]
fd EA3g e, dEyol, ofzi 9 A4k
B8 J)E(Merck & Co., Inc., USA)E ©] &35}
=43l TH(Table 1). ¥ AFollA ofd4t =&
OFAAMFE F(NaNO,)< o] &3k, 3EFA Y 20,000
mg NO,/LE TEJ ST 72} F£xo X 2A
=38 AAEa e, obda T H A
old4t FE & Table 29 2T =% 96417 & &
olde BE MAG F 6nte)] S sam-

plingdte] &4 3tAT

HEE X ARE 5 (LCs0)

T2 oA mEo] o3 RIFA A EEE &
Q3l7] Y3l olF A =& 30, 1, 3, 6, 12, 24, 48,
72 B 96AIZE 2 H HA 75 gl o,
AL A= TE SA AANFAY. 96AIZ &
T2 ot o WE HF HAF ANAE vt
go=2 FAZEI3(SPSS Inc, Chicago, IL, USA,

probit model)= ©] 83t HIFX A= E 4HE3})

Ao 2 ol =& 96AIZE &
Zoldle MAE ol &3t A& AR A
-2 3] 93 (Sigma Chemical, St. Louis, MO, USA)
Agd FAZIE AHEEIA o, AE A S
2 ¥ (hemoglobin)@ & &7 &4 (hematocrit)s =
A3+ th Hemoglobin X& /& kit (Asan

Table 2. Analyzed waterborne nitrite concentration (mg/L) from each source

Nitrite concentration (mg/L)
Nitrite concentrations Control 30 60 120 240 480 960

Measured nitrite concentrations (20°C) 0.76 29.19 64.68 126.83  238.21 468.92  981.51
Measured nitrite concentrations (25°C) 0.56 29.98 67.08 125.31 246.94  483.75 97243
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Pharm. Co., Ltd)E ©]&-3}%] Cyan-methemoglobin
Ho Z =43}t Hematocrite= BAH W E &
H-5 g0, Microhematocrit centrifuge (VS-12000,
Korea)°ll 41 12,000 rpm, 103+ ¥4 &2 T Micro-
o] g3std ZAHsAT

hematocrit readers

L& 2 I AR W
A3 Y2 4°C A 3000 x
AAEY & e BT €3

g2 1587
F71 3822 Zh4(calcium), T} LY ‘E‘(magneSIum)
< =435It ZH-2 OCPCH, PFIu| -2 Xylidyl

48 kit (Asan Pharm. Co., Ltd)
£ o] &3t Z4 '5]'933} 4 fr|dEo® g3
(glucose), Z#| 2~H E(cholesterol) & F T
(total protein)S =4 3H T -2 GOD/PODH
e 2EHE2 ¥, T OE 2 Biuret' of] 9
) AHE I = Y4 kit(Asan Pharm. Co., Ltd)
Z o] &3ttt ¥4 48 A O F AST (aspartate
aminotransferase), ALT (alanine aminotransminase)
2 ALP (alkaline phosphatase)S =743} Th AST
¢} ALT+ 505 nmoll 4] Reitman-Frankel, ALP+
King-KingH 2.2 500 nmoll A 478 kit (Asan
Pharm. Co., Ltd)E ©] &3t &4 st
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A2 Folde SPSS A ZE1¥(SPSS Inc.)
< o] &3l ANOVA testE A A8+ Tukey’s mul-
tiple range testE F3) P<0.05 & W fFoAe] A=
AoZ 3T 42 25°C2] 240 mg/L FEOl A
AENAE 172 2504 2 BAE AT 2
7o) TFHEA ol FAEA A= A3
ZI

AEE B W ARS = (LCso)

T2 obAA =& E Yo AEE
Fig. 19 YEIWRIATE 20°Ce] F2dA& O]';él"]’
240 mg NO,/L7FA EE 100% =3 o1, 480
mg NO, /L] o} A2t e Zel| A =& 964 7kol] 21}
2] At 66.7% A= 960 mg NO,/L2] ©}
A =Eo e BE 6N 833%E F, =2
2A1ZF A7 FH A AT 25°CE] ioﬂfﬂ ot
A 120 mg NO,/L7HA] 2E 100% *g =3l o™, 240
mg NO,/L9| o}& 4 mZol A = 2/\17&011 19}
g HAE] 833% AE & v E 96/\]7}011 4utg]
7} F7F HASEA 16.7% A& TE oF &4t 480
9 960 mg NO,/L| o}& 4t =&ellA& e HA
skt

T2l oA =Eo wE dX 9 A ALE
S(LCsp)= Table 3o YEFHSATE 20°Ce] 79
H oFA wZo mE YA 9] HEA AR = (LCs)

= 513.87 mg NO,/L @ 25°Ce] FLol A= 208.35
mg NO,/LO. 2, F20] EFoldF&E HIFAAsE
(LCso)7F SobA o} A a =Zof w2 ZAJo] o}
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Fig. 1. Survival rate of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according to water temper-

ature for 96 hours (Left: 20°C, Right: 25°C).
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Table 3. Lethal concentration (LCso) of olive flounder,
Paralichthys olivaceus exposed to waterborne nitrite
according to water temperature for 96 hours

95% Confidence Limits

Estimate (mg/L)  Estimate (mg/L)

Probability at 20°C at 25°C
0.01 324.69 135.71
0.10 409.65 168.34
0.20 445.43 182.07
0.30 471.23 191.97
0.40 493.27 200.44
0.50 513.87 208.35
0.60 534.47 216.26
0.70 556.51 224.72
0.80 582.31 234.63
0.90 618.08 248.37
0.99 703.04 280.98

z:g_ ol 6’1-%_4' /\61 A}

= 1 o
T o4t 2ol IE {A o EAYTH A
’$2& Fig. 29 YEFH AT Hemoglobind 20°C<]
29 A4 240 mg NO,/L °]/2] FZ A 293
725 e A THP<0.05). 25°Coll A& T 2T
A 120 mg NO,/L7HAl 217 WHal= Yehgz] ¢
ST} Hematocrit= 20°C2] 4=l 4 120 mg NO,/
L o]49] sxo4 §F97 45 Yedilon,
25°COl A& obE4F 120 mg NO,/Le] FEoA

14 -

Emm Control
C— 30mg/L a
12 1 mEm 60 mg/L aga? aa
- C— 120 mg/L a
T 1o | === 240mglL
s I 480 mg/L
~ 960 mg/L by
£ 89
X}
o 61
£
s 4
u
2 4
0 ND NDND
20 25
£ C

Water temperature

T4 =2 & Ay W3 205

o) 742 UER)RTHP<0.05).

- A4 =Zo WE JdXo 3 7714
2 Fig. 39 YeERS Y. A calciume 20°C9]
204 120 mg NO,/L ©]42] FEolA 2] 3
HAE BHHom, 25°CY 24 60 mg NO,/
L o] &e] =4 FolF ZFAE BATHP<0.05).
b @ magnesiumS 28 ofA4F k- Zof u}
& YA W= YeuA &gkt
3 ool =Eol wWE gA o g3 /7]
Fig. 49 YEMH T @4 glucose= 20°C
=4 120 mg NO,/L ©]¢2] =04 2
22 Yehfglen, 25°C9] 2004 60 mg
NO,/L °]’d9] s=olA F94 45 Yl
TH(P<0.05). & cholesterol 20°C % 25°C <
ol A1 60 mg NO,/L ©]/¢9] FxolA o3 2+
5 YER A TH(P<0.05). 4 total protein

o b F}O

¥ oldat wEol WE folHel WslE wolx
st

e obdy mEe e YA ¥F Ea
3

ES
& Fig. 5o et 84 ASTE 20°C9)
204 460 mg NO,/L2] F=olA #F23 2

YERR A H, 25004 FolA =Tl A
120 mg NO,/L7HA &] FE=ol A= 724 Wdt=
YA e kth(P<0.05). @& ALTE &8 o}
Ak mgol M oAl Wk vEhuA ot

o=
T
.E_

50 1 Emm Control
3 30mg/L
BN 60 mg/L
40 { C 120 mg/L

- 240 mg/L a
> . 480 mg/L a
et | 960 mg/L
= 30
= b
o
o
©

20 A
IS
[0}
I

10 A

0 NDND

Water femperature

Fig. 2. Hematological parameters of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P<0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).
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Fig. 3. Inorganic plasma components of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P<0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).

80 1 mmm Control 250 1w Control 16 1 mmm control
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Fig. 4. Organic plasma components of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P < 0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).
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= 1 120 mg/L = 1 120mgl  za3ad TTea 1 120 mg/L
‘C 120 | == 240 mg/L c m240mgl T a 240 mg/L
=] = 480 mg/L S go | E=m4s0mglL . g | mmmasomgL b
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o ) D
X
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< S g
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Fig. 5. Enzymatic plasma components of olive flounder, Paralichthys olivaceus exposed to waterborne nitrite according
to water temperature for 96 hours. Values with different letters indicate significantly different (P < 0.05) after one-way
ANOVA following Tukey’s multiple range test (ND: no data).
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2o} =3ho] A 2H)
TEE AT 5 3
o, 58 T59 ofH4ke ofFellA YA 1
< "AH AR S48 28T 5 UTh(Zhang
et al., 2020). o} Foll A WA o]de] obdit &
S UFHAE 43T 5 o, MEAAEE
(LCs)= o7l oba st WA S S5t %
A& Hrbete ARE o] &E F SUTHBita et al.,
2021). Kroupova et al. (2008)= oF& 4t =& w}
TN, Oncorhynchus mykiss®] =% 964
HH4=2] AHgs = (LCs)E 11.2 mg NO,/Letal Bl
AT} Lin et al. (2018)-2 bighead carp, Aristichthys
nobiliso| 4| oA AF mE ol w2 96417t HEX] AL
F5(LCsp)EE 121.6 mg NO,/Lgtar R i3ich
Huertas et al. (2002) < A] Siberian sturgeon, Aci-
penser baeriol Al WA 3HA ©]’g2] old4l =Z
e HAS Buglon, & 2AI7 HhEXARE
E(LCsp)= 130 mg NO,-N/L2t2 B3t} Wuertz
et al. (2013)= juvenile pike-perch, Sander lucio-
perca®l| A o} A4 o WE 96417 WA ALE
Z(LCsp)= 7.5 mg NO,-N/LEtal Rugcy 2 A
TolA T2 o}t =& WE YX|(110.92)2
HE= ] AE S (LCso) = 20°Col A 513.87 mg NO,/L
G om, 25°Col A4 208.35 mg NO,/LEZ UEFSTE
obEAt wEo WE WAL ofFdl wet b=
Al YeEb, WA ARE = (LCs)= o1 Foll whet
2ol S Bt} Kim et al. (2019b)S G2 22°C9l)
A obdal =EH HA A o](2.4g)9] 9643t Wk
X AH 5 S (LCso)E= 768.1 mg NO,/LO.E B gith
ojo} MW Hyte wl, P2 7] wE opHAt
WA L] Aol & HAom, & AFoA 2
g obdt WAZAZE A Zol7t v A
A A
T2 o7 TF B UAE 2Ase T2
g Q4o T2 FA oA mE mE
O 52 AAlF3 o] Uebd 4+ Atk (Kroupova et
al.,, 2008). & Ag-olA 2] zpolol wpE ofd
AP WA ARR AlolE Blow, 25°Ce]
FoMs opdt mEol wE WARAZE 20°C

A rfu

Zo w2 A W 207

A S 7HAH, S5 Sk 9
N7 Fopglo] o3 Ao wE dAth
and Chung (1999) 99X E2 £ SFF9 &
7 st A4 did IS =9 ¢ ok
3 FAYoH, Fe =Fol 93 yellow mojarra,
Petenia kraussii®] RS2 Abg 2] 2}o](LCsp at 22
°C: 4.85 ppm, LCs at 30°C: 2.84 ppm)E E I T}
T3 oAt =& ofF olrtu] FIAEE
55 g oz FAE ], hemoglobine methemo-
globin® & FAgS atH, o] 7o) &=8A A 2"
2441 Y&Fe WA 4 ATH(Zhang et al., 2020).
o] F oA EF methemoglobin®] FF°] 50%7|
ANxe HARS 2 A AHL eH, 70~80%
9] ¥ = methemoglobine o179 3 F5H7 Ao =
Ueld & dth(Roques et al., 2015). o] F<o]
’} % hemoglobin & hematocrite 1 /2 A%
£ WUtste 8% A FolH, A ~Ed 20
g AYd FFS H7F 7 Ade 840t
(Kim et al., 2020a; Yu et al., 2021). & <3310l A]
T2 WE ofd 4l =& 2 olive flounder, Paral-
ichthys olivaceus] hemoglobin ¥ hematocrit2]
oA ZaE YERNSITE Zhang et al. (2020)2 o}
Ao =&9 yellow catfish, Pelteobagrus fulvi-
draco?| A oA 02 7+A% hemoglobin &%
hematocrit X & R1g o, o= AgFLE 3
2+l oA Ak o] hemoglobine 4FSFAl A meth-
emoglobin©. & A/t AAeHbsE o] Zhao
o3k Ao 2 gt da Costa et al. (2004) S A
ol wZFof wE Amazonian fish, Colossoma
macropomum®] hemoglobin 2 hematocrit®] 2] %

ZaE nagow, ot ofdit nER AT Y

g

aa1-=
2 g, AT 5 9 8 9% A
F3 T} Das et al. (2004)= oFE4F =Zo 2%k

fingerlings of mrigal, Cirrhinus mrigala®] B%
methemoglobin®] F7H& &glglor, o= ¢l
dF hemoglobin® 92 THAE HuFo
e olfel AUl GFE Tt R
2% #44 8o, o2 8| B4
o] A%

< g
& o7 54 A= HAHAL 9FE MA=
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(Kim et al., 2019¢c). 22 H3}o|
T4 Aol ofFAE mEol mE
Z 29 Y9 heme AHF =8 2D 24234
of A<l dFS WA F A2, methemoglo-
bin P Y& = 4 A TH(Madison and Wang,
2006). Lim et al. (2021)< olive flounder, P. oliva-
ceusO| Al &9 Msl= o F Ao TR 3
FEe 77 AEH o AHAR] IF
FA o3l B33} Kroupova et al. (2006)= <
o obd4t wFol WE FE] A obd
Holl ke AFg v & %w£¢%6g
2o ool ADA, AuES, E28
2 5ol 7h Qs op4at wdo] WE com-
mon carp, Cyprinus carpio L.2] T =& AU o}&

r}o nllo }Ol

A A4S B3t} Abdel-Tawwab and Wafeek
(2017)2 29 7I=F° =&% Nile tilapia, Ore-

ochromis niloticus®] & 882 A% (hemoglobin ¥
hematocrit)®] oA ZHAE YEHYoH, &
2 7tEF =2 mE dH4sta Ao Wl
FHFE T 84E A8ty BuFrh o
Tl Al olive flounder, P. olivaceus®] ©}&2F =&
of W o] Zrat UEGA W o9
apolof] w2 T YERA LU
o7 A FIAPEL o 7Y o]2x4d 2
A0 d#o] gloH, & FEY o4 =&
2 ol F/9| o] Al WIS Fol o]xuTS
"& 4 At (Gao et al, 2020). Woo and Chiu
(1997)2 o}& 4l =& 0] sea bass, Lates calcarifer]
MEEE TsHANE et @ TR
W3S W 13T} Sathya et al. (2012)= o}7H| =
B3 SAEHY Fe obv MEY EE
et 3§ 9 AR 2 weldit . 74
© ™, David et al. (2004)= cypermethrin®] =& %
common carp, Cyprinus carpio®|~ 87 calcium=
2ok 02 B AEe] 71AS Huglon o=
Eo] mE EH ol B ARG ugo g2
FoET B AT A opbAL mEo mE HA
7 caleium®] 914 Za7F yebd vk, G4
magnesium oFAAF -Zof 23 §-2]% W=
vERLEA] Skt
F2o Hsles R o] 2Pz A FFES
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Fol, AW €7 FrIAEd dFes = 7 Ao
(Metz et al., 2003). Lek et al. (2020)= o}&3F =&

o] o]_rEr_o/] g;ﬂ— o],@L 1:!_1 )\LEol—oﬂ /kgg]E/Hgi

b =2 O]i ‘“&Q dozd °l i FEHT
2 AT = o}t =& wE gdx ¥4 cal-
cium®| e Feol net 9FE we &
Aglom, o] F29 Hold BE
o 9% ofAL =& WX 93 AL
A,

A glucose= ZH=H gL
g ol 7o 2EHXE HUlele T8
H, dutd oz ~Ef X~ AJ3oA gluconeogen-
esisoll 23l 7171 A FTHKim et al., 2021). Gao
et al. (2020)2 o}&A4F =ZFof 23 tiger puffer,
Takifugu rubripes®] 87 glucosed] 24 75
Ej_]_?‘sﬂOEl:] o= olAA v+ Zo| WE AEH X
W&ol th-g3t7] s grstE tiAt Ve =
oS UEPATH AR B ATl ob A =
Z 2 gxeo g% glucosel\:— o4 A& E
UERA Q. Park et al. (2007) GA] o2 AF =0
w2 dark-banded rockfish, Sebastes inermise] &%+
glucose®] Fo|& TZAE BRuglon, ol 2EHY
2o W& glucosed] F7HETH A ZHALE 9
o %& glucosed] A& &%t Aoz FAFT).
Cho et al. (2020)2 2 F=9] oA =Fof A
+ hybrid grouper (Epinephelus fuscoguttatus 9x E.
lanceolatus 3)9] glucose =7} 713 L 14- =2
oA 4k l':‘:"ﬂ A= glucosed] 54 HAa
gom, ol Be Frol obdi wgo
A B D BEHEY BET 2710
Aoleka Fh

E7 cholesterol> & MX9 7% 3 ~HZ
ol TEEY AFAR T3 EdoH, 54
L= 93t 4 AEY AE Yutz o7 hyper-
cholesterolemia®s &% 4 ) Th(Ibrahim, 2020).
2 A4 G @4 cholesterol> oFEAF =&
o o) folA oz 7FASIH T Zhang et al. (2020)
2 old4E =F o 2$ yellow catfish, Pelteobagrus
fulvidraco®] @7 cholesterol®] 2% Z+4AE B
1o, ol grstE9 o] &A% Aol AUs
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2 91tk 43T Kim et al. (2018) & A] Hho] 2
Zg 9 f2 o2 kA3 olive flounder, P. oli-
vaceus | A o} d A =& w2 A cholesterol 2]
o8 HAE Buglon, olg 52 759 o}
A mEo] o] 7o 2HZolE @A dAE T
o= YEFATH

F4 total protein o] F2 A4H WALE 9
S oS BRI, SAEL wEol He -
Eg 2o o3 Walste] o]fe ~EH A Y A%

A S HrlelE =23 @ 40| TH(Lee et al,, 2019).
AFIAAN FAHAEH =232 2 YA 7%
o= &, ol & d o|sizg o FUIE <l
sl A total protein®] TAE LT £ UG
(Park et al., 2007). SFA|RE, B AFol|A] o} &4 =
= 2 gXx| 84 total protein®] 4 He}=
UERA] 49k Jia et al. (2016) HA] oF @A =
Zo] frg oAt Hl&S AL Sl
WAE A T FEFol UAT, opE Lt =
<% juvenile turbot, Scophthalmus maximus| A &
% total protem-/] 94 Wl UehgA ekskth
YA E 5 AST, ALT ¥ ALP9} 2 54 A4
A 2ol o) wEA Wty wE
uE ez WstE Hristr)
A Z 2 o] &FTHRamesh et al., 2018).
LTQ] %L/Htﬂi]_}_—_ :LO 7]. 1:!1 /\]Xl—
1 £ 4999 gl 9o,
4719 A2AAE ¢ 4 9
]_-_ O}Q-(Kl et al., 2020b). o}

Eds g 2% £

, gxl- A48 AST 2 ALP
4= ) TH(dos Santos et al., 2018).
WE A9 £A0 2 Q)
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7 25| 9l
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