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Effects of Dietary Supplementation of y-Aminobutyric Acid on Salinity
Tolerance in Juvenile Olive Flounder Paralichthys olivaceus

Deni Aulia', Haham Kim'!, Hyuncheol Jeon'!, Junhyeok Hur', Abayomi O. Ogun' and Seunghyung Lee"**

"Major of Aquaculture and Applied Life Sciences, Division of Fisheries Life Sciences, Pukyong National University, Busan
48513, Republic of Korea
2Feeds and Foods Nutrition Research Center, Pukyong National University, Busan 48547, Republic of Korea

y-aminobutyric acid (GABA) is a feed additive recognized for its role in stress regulation in fish. This study investi-
gated the effects of dietary GABA supplementation on the salinity tolerance of juvenile olive flounder Paralichthys
olivaceus. Three diets were prepared: a control diet (CON), and two diets supplemented with 210 mg kg'(GABA210)
and 630 mg kg!' (GABA630) of GABA, with actual contents measured as 72.5, 303, and 781 mg kg'!, respectively.
Olive flounders (initial weight 23.5+0.1 g) were distributed among 9 tanks. After the 8-weeks of feeding trial, growth
performance was evaluated, followed by a salinity exposure trial at levels of 5, 15, and 35 ppt for 120 h. No sig-
nificant differences in growth performance were observed between the groups (P>0.05). Notably, plasma metabo-
lites, such as glutamic oxaloacetic transaminase, glucose, and potassium were significantly higher in GABA630 fish
(P<0.05). Despite the lack of mortality during the exposure trial, GABA supplementation did not significantly affect
the osmoregulatory measurements. Ultimately, juvenile olive flounder maintained osmoregulatory homeostasis in
low-salinity conditions but showed no significant improvement with GABA supplementation.

Keywords: Climate change, Gamma-aminobutyric acid, Osmoregulation, Salinity stress

M B Al AKAL e, 3, W 9 o] A kS v
A FFH 08 FA AAIE TAaAl7|Al Eek(Collins et al.,
‘4 | (Paralichthys olivaceusyi= =Hlol A 7 17] Sl= 4= 2020; Abisha et al., 2022). o] 2|3} £A)

AHE 5SROl ARIH O R FRT A olFOITh 203K W shubh ol o] weleln AEelA S AN 5 7]
A oA AL 39931 B0 2, 646 4200TUS NG AY 54 Ak 7 Aol HaHA 4 glgo] Felm ik

a19lom 20184 thH] 7.22% Z7FskeiTh. ok&#, o] 2023 (Islam et al., 2022). Z|- 52AF OFA] Hopof|A] A% Al
| Y E o] oAl AARE 79,662E2] 50.13%S 2FX| gt M7 % slukel 7hat-ofn| = HE] 2 A(y-aminobutyric acid,
(KOSIS, 2024). ZLefu} 2| 715 W3tz Qlaf] A 8E<] A GABA)2 Gt 472 o] 5ol 2] H|Z 4= ofu| e Abo & Al &

Aok sAB 0] etk Qoo R Iekel /|7 o] 2, uAbRe] E3skA] ZAfakch F2ol7] GABAL £3:A17
HER Qs A< 7Hagt FAAIY ol o8 R sk qlot 7|(central nervous system)®| 8 A A AE=H = 2}
(Galappaththi et al., 2020; Maulu et al., 2021; Engelhard et al., £3lo] AEF A Ao Q3 IS sh, 5 EXo|| = o

2022; Bernzen et al., 2023). AE7A H3H= o] 7o) A4k H kS w]zltl(Dhakal et al., 2012; Bae et al., 2024). 3+ Woil
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Al GABA+= &+ 4K glutamic acid) > 25 27847}
HA13514 A(glutamic acid decarboxylase)o] 2]3f ©7 2413
TS ol /e, of 2ol A vlErRl B6S| el 1
2| =4F 501 K(pyridoxal 5'-phosphate)o] HZQ1A}2 A8}
CH(Storici et al., 2004; Li et al., 2020). 2 At(lactic acid bac-
teria)> GABA 9] =2 AMI T} 215 ¢H4d 9 GABA 73}
71673 A& AT 4= Qo] 23 GABA YA NE 5 s =
o]1Auky1 QItH(Cui et al., 2020; Pannerchelvan et al., 2023). <=
4k FAEokol A= 71557 A7HAIY GABAE A]QF Y oi(Cyp-
rinus carpio var. Jian), 23-(Labeo rohita; Hamilton, 1822), L}
& glg}u] ol Oreochromis niloticus), A (Eriocheir sinensis),
Bl (Scophthalmus maximus), %-©1(Carassius carassius) &
of ] A o] TSt o = E83t A7 X3 = YIrh(Temu et
al.,2019; Chenetal., 2021; Li et al., 2022a; Zhang et al., 2022;
Kumar et al., 2023; Yan et al., 2024).

GABA 413 1% Al 87 412 Brolq 8744 22
o 2o ok 452 2A05)0], 4o glo] thafat olahe gkt
(Kinnersley and Turano, 2000; Khan et al., 2021). GABA=
T8 A AAAGEA A, ThgRE o] Foll A HPIS(hypo-
thalamus-pituitary-interrenal axis, HPI axis)2] €4S 243}
11 2 E]Z(cortisol) FH|E TAAD O 2N AEH A BS-S
ZA3= o2 &l A Q) Yan et al. (2024)2 GABA7 &
3 W 2A| C3,C4 H 1gMO| 5 =5 S7HA7|aL, e /d QIAt
7}5-8l a4~ (alkaline phosphatase) 2} AHd QA F=H8f & 4
(acid phosphatase) 2] &S =Y S22 K 50(C. carassius)2]
Qrmujo} AEg| Ao thet WMo BTt APHL mIFH O
2 GHARAIITL B8l o2l o] -2 GABAL o]59)
AE A WRE $hoto] Z--5AL Qlrk AlE W GABAS 7}
Al U4 Eetu]ol(O. niloticus), 21th2]| A|--(Litopenaeus van-
namei) ¥ ¢ 50](Micropterus salmoides)®] &= Yol AE
gl A Zekeh 22 &4 3 A5 WSS A7 AL HAke)
TEE Eoln A 1 MY 7se MAdste Ao el
tH(Xie et al., 2017; Ruenkoed et al., 2023; Wang et al., 2023).
o]} F-AFSHA, Temu et al. (2019)= Z]o]7] U " eta]ole]
Abo GABAE H7HE W F-23t H4ks} aaxolzt o7 1
7 Uet= v 504 Y A2l 2ititehs Elsotaa
(superoxide dismutase) &4Jo] ZF7Fctal R a5t T), ESE
Lee et al. (2023)0]l w21 2]017] Y] AtR W GABA H7H=
2173 W0l ok mlA| AL Al 2704 GABA ¥ 74
A2 Apeleto] 2 AEH Aof| thA sl Eia 3
o}l B 3T} Bae et al. (2024)2] 2| Ao A= GABA 7}
& A1G Aol AEd A 27she) EHshE g o
Alsko] SHY Rl thAF TS Z215HT, We] @ FAtet )
& AAgrom YAlo] we whgat 44 A3 5
T Uk ]9 Bol, Yu etal, 2024y 94 AE A
= SE(Takifugu flavidus)] AH<=0ll GABAE 371519
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off, =4 o3 WA|stal AEA T YIFEH 2|7 A
= At S| 2| thARE 2SI 418 EAS Eol= Bdt
£ Belvha Buskglrt. ojet o] GABA7F o] 79] of 2 3
74 2EYAE Yol Aol Yol Eeta, ofF
oAl GABAE -85t Q& AE| A edsto] Pk A= =
QA7 o]t

wepA] 2 ot 2]0)7] JR(P olivaceus) AFE U GABA
A7P7F At 2B A WAl nl A= F32 Bkl

Iz H A

2 A= tiEl s At YRR R ek A e
2191 3)(IACUC) 74 (PKNUIACUC-2022-29)0]| u}e} 4=3) =]
et
itz

21017] G2 ¢] A= f GABAR7F &35 B 918 1+
ARRE kel Shekul 224 kS 7= Al 71 A A
725 AXsI9tE. GABAE Sigma-Aldrich (St. Louis, MO,
USA)ALY] =% > 99.9%8%] Al ARE-sHITh Abe ulgle]l
oA, 7.56 g9] GABAS 11244 g¢] Lul-AEZ @ A9 535}
alo] 22 %% 630 ppme] GABA Z |9 AE A 2519t} o]
3, gy A= & 2(Model PL-BMSL; Poong Lim Trading
Co., Seoul, Korea)y& A&t 72417 52t o+ UotA <35kst
At} GABAZ} H7hE]A] 9ke- i = AL (control, CON)&}
GABA7} 217} 210 mg/kg A=2(GABA210) 2 630 mg/kg At
2(GABA630)= H7He = 7HA] A7) AFRE ARESHITh A
3 Abiol| AFE3F GABA %%= Farris et al. (2022)0] X1
gk o A4l digh 24 GABAY7L -5 7Rk &2 AF
wQich s Aol A= GABAR 717} A& ol -g-2lu] gt k4t
S 7HAgk oM, 24 A4 22 237 mgkg O 2 UERGTH 2
Aol A= of 7o AEH A Hhgof| thet GABAS] A <
T TEH R Frsr] fldl, A8 A=Y GABASEE
s A gk olsth, e W, Z12jal 23l o= A
ek AY Ab= o] AA| GABA $-2 747} 72.5 (CON), 303
(GABA 210), 781 (GABA 630) mg/kg ©.& 8+l %]t} CON
A0 GABARTES 54 979 7|24 2= 23H GABA
oA 710 qick A9 AlR IFFE T fAIE
el AEZ L AE F7Fekoith =8 TilE] Ye 2= H4] of
2, 7h ks 9 AR ARgskelen, =2 A1 YRR
= o= ARESHAIT

AR 8] 9 2k A 3k= Bai and Kim (1997)9] B8 ot
Z3Ystoiet. B= dm s AR A& o8-8l o] Alget 5,
Akd-8- 1] A 7](Vertical Blender 12 Inch 20 QT VM-20; Hun
Woo, Wuhan, China)& AHg-ste] &3st3ict. &3 Eof of-
£ F7IREH, oF 45%9] 25 A7ste] AlR BHES wEith
WS o X AlR HEE2 71K 7|(SFD-GT; Shinsung Co., Gwa-

o
Rus
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cheon, Korea) S AH8-5k0] 2 mm 2] 7 9] A=l e = AJ 3513
o} e o 22 97|82 F4o H4HE 127|(KE-010
Oven; Dongwon Industries, Seoul, Korea)ol| 4] 45°C& 16A|7F
& A xsto] 5 BhFo] 10% nlwto] B =g 2skqich A
d AbEE AR AR 717E F et A H o gof -20°Cofl 4] Bt
shgich mE AR o] URFAE 248 AOAC (2005)2] B o)l
upet FEASHITh o S 7FE AR S Ee EAse
], A& o] A|25 dry oven (OF02G-4C; WiseVen®, Wert-
heim, Germany)of|4] 135°C2 3A|7F 52t 71E3slo] 243513
o, Zehul GRS A 28 T KjeldahP(N x 62518 A
43101, 2300 Autoanalyzer (Foss Tecator AB, Hoganas, Swe-
den)E ARGl EAISHITE 2A Y oFF2 A2 20417t &
ot A Ax3t & Soxhlet3==H(Soxtec system 1046; Teca-
tor AB, Hoganas, Sweden)S 53] 431 tt. 23]5 ghFe
AlRE 550°Cof| A 3A]7F B¢t 33} 2(WiseTherm®; Daihan
Scientific Co. Ltd., Wonju, Korea)E €] ¢ E443}4tt.

Ad AR U] GABATHFS 1145 A ARutE 1]
(high performance liquid chromatography, HPLC)E AM&-3F
of 24519 0.3 g ALRS -2 7](Model D-130; Wiggens
Co Ltd, Beijing, China)E A3} 2313t &, HPLC A%
S5 10 mLE 371t H, £4 2 (Maxshake™; Daihan Sci-
entific Co. Ltd.)E AME3}F0] 5,000 rppmof| 4] 1E7F Z1F A
& 5, 208 5ot 235 A2 E SRt o] % AlRE 40°Cell
A 4,500 rpm .2 1057F Yl Ee)ste] 45l 0.7 mLE 1.5
mL ufo]I2EHof 271 T 7% sulfosalicylic acidE 0.7 mL
(1:1 ¥]&)E 71okeict. oS3k 40°C Aol A oF=wt
Sob uk) gt 5, 4°Coll Al 4,500 pm .2 1027+ YA Kejslo]
A2 1 mLE 0.2 micron filter= o] 7}5}] HPLC 248 87|
of %A B8k

A o] ARE AJE 2/d 7 GABA o2 thgtil= Fite]
25 A s w Al g4 (Feeds and Foods Nutrition
Research Center, FENRC)of| 4] 435}t AL= 9] wjghu], &
MR 24, 1231 GABA 32 Table 19 UER it

Y REIN

Aol AR HAE tigtl=s SR HRIRE A
oA FRlsto] & AG7F A E FA W AlR dgd A
(FFNRC)=Z 25313tk A A4 4 2= o bl sl o]
B3 A Hiegh of A 2] of A 45:7H28Y) A AR (5
AR)E T saste] A9l 2ol A-AIZTE dlRARS:
%, 27] 4%0] 23.5+0.1 g (AVG+SEM)2l ¥ 198u}2] 2
ZF A R(F SF 45 L, B 875 30 Lol 2204 19
= wafstlaL, ZF e A R ' FARe] At
Aok ARFAR 717 AT AR A8 | flste]
Fe 6% = ul mUEs9on, B57)E 12L12DE &
et ARS8 3| EH Z(DOV-887; Dacil Co., Busan,

>
=
ox
ool
o
e
-
w
O

Korea)E ARg3to] 19.1+£0.1°C (AVGESEM)Z #2519
i, pHE 7.50+0.00 (AVG +SEM), 22 34.6+0.1 ppt

Table 1. Formulation and proximate composition of three different
diets for juvenile olive flounder Paralichthys olivaceus

Diet

Ingredients CON  GABA,, GABA,,
Anchovy fish meal 20.0 20.0 20.0
Tankage meal 14.0 14.0 14.0
Poultry by-product meal 9.50 9.50 9.50
Squid liver powder 5.00 5.00 5.00
Soybean meal 9.00 9.00 9.00
Isolated soybean protein 9.50 9.50 9.50
Wheat flour 13.7 13.7 13.7
Starch 5.00 5.00 5.00
Fish oil 5.50 5.50 5.50
Lecithin 0.90 0.90 0.90
Betaine 0.90 0.90 0.90
Taurine 0.90 0.90 0.90
Mono calcium phosphate 0.90 0.90 0.90
Methionine 0.40 0.40 0.40
Lysine 0.40 0.40 0.40
Mineral mix’ 1.20 1.20 1.20
Vitamin mix? 1.20 1.20 1.20
Vitamin C 0.20 0.20 0.20
Choline 0.80 0.80 0.80
Cellulose 1.00 0.67 -
GABA premix® - 0.33 1.00
Total 100 100 100
el 125 a7

Proximate composition (% of dry matter basis) of experimental
diet*
Moisture 243+0.03 2.22+0.04 2.36+0.03
50.17+0.25 51.21+0.04 50.64+0.10
Crude lipid 12.6110.06 12.32+0.04 12.28+0.10

Crude ash 10.22+0.03 10.57+0.04 10.58+0.08
!Contains (as g/kg in premix): Ferrous fumarate, 12.50; Manga-

Crude protein

nese sulfate, 11.25; Dried ferrous sulfate, 20.0; Dried cupric sul-
fate, 1.25; Cobaltous sulfate, 0.75; Zinc sulfate KVP, 13.75; Calci-
um iodate, 0.75; Magnesium sulfate, 80.20; Aluminum hydroxide,
0.75. *Contains (as mg/kg premix): A, 1,000,000 IU; D, 200,000
IU; E,10,000; B1, 2,000; B6, 1,500; B12, 10; C, 10,000; Calcium
pantothenic acid, 5,000; Nicotinic acid, 4,500; B-Biotin, 10; Cho-
line chloride, 30,000; Inositol, 5,000. *Contains as 63 g/kg in pre-
mix (> 99% pure GABA). *Values are mean of duplicate samples
(Mean+SEM). CON, Control; GABA, y-aminobutyric acid.
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(AVG £ SEM), §-&4k4x(dissolved oxygen, DO)= 10.5+0.3
mg/L (AVG+SEM)& 42|31t}

8(56%)7He] AR AL 717t St AR AbRE 2 99 @
T 4Alof| sl F W Eor FHskglon], o 5 2.0-2.7%
2 FFUh AR T ES ol AFTl ueh FrlA e
2 2Astqlon], 25t 7} AR 2200 F ol FAS A
22 71257, o]E yHlo g RIES 24T 12 &
o AbRel B A ASH | $lal 1Y 23] Abo]H-E 423519
o, i AA A2 50%E Tl Aol A=
B2 ol mUE|Feel i, HARE ARl 4] AlASHIL

NPT
off 5%

A% A F 2 A, 7520 & olf A ok 1S 24
A7F 4 & =435t 27] A% (initial body weight, IBW),
2% A5(FBW), A &(weight gain, WG), A7HIA-E(spe-
cific growth rate, SGR), A= &-8(feed efficiency, FE), Al&=
Al4>(feed conversion ratio, FCR), A <=&-(survival rate, SR)<
IR A FE AL 2F Al S8 F REolRv e
T AEY A nE AYS Pl Aol Baksieh A4
A= ohEa 22 Ale E8f AlLtel e

ZA|-&(weight gain, WG; %) =(FBW - IBW) /IBW X 100

e

ZH A (specific growth rate, SGR; %/day)
=[In(FBW) - In(IBW)] / Days of feeding X 100

AR G -8(feed efficiency, FE; %)=WG / Total feed fed x 100
AMR Al4>(feed conversion ratio, FCR)=Total feed fed / WG

Ay Z-&(survival rate, SR; %)=[(Total fish -Dead fish) / Total

T2 AEYA 5 HH
8FZe A TR 7, 34 98 =F Ade AAISE
ok Agdol A4 7 WS Hi (S ppt)
(2021)9] Aot A =4 & HE 3
gt oju] A9 vk 7|9ke & AAsteint. v Ad A, 5
ZH120A17H) 5 pptoll == o Foll A ARt A7 o] A9
o S 2R & T B 7 9) 7 R EA] R
Hit AEY A s AFE 3719 AFE oA 3L
on, 7} 3= P8 FE 5, 15, 35 (parts per thousand, ppt)
2 ARSI 4 ex2e Al FYLE Wirol, Al 7HA A
AR (CON, GABA 210, GABA 630)9]] &5 =& 14314
ok ZF 20 S AREH R 24T 5, 4 Y
oA S4RA(E 16201 TR 2 A sl it
SHA| ZHfste, ez 18uk=] 71 v stk A9 717Hsk(S

o
o’]‘d’.‘
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A7hell= AFRE SH0HA] ETh di 2EY S =5 Y
0to] 42210 422 16.1-18.3°C, §&Ak4: 7.3-8.3 mg/L, pH
7.5-7.8 HEIE FASIGATE GE AEH A e E F 7F 2 0f|A]
3k (A e oute]) Fatele Alekstol, 2-a Al olek g
(2-phenoxy ethanol) 5= 200 mg/L (200 ppm)of| 4] 3—557F
ohAA 5, 25 A EDL Asgich 7 olme) A AR
S /Ao g =H5}o] uukE(condition factor, CF)S A
st e, Tht WS AQF st FAE ST S 0 FF AT
(hepatosomatic index, HSI)2} WA 55 Z|4=(viscerosomatic
index, VSI)E 27} Alitst el o]t A= A F At ol w)
2 gesba] vialE Bajehee] AMgH STt 2} Algolo] 5 2
S3 Bl Aeto] 5 8 v 41 e Bol BAS S
Fotoich i 2B A =3 A 7| vlojH e dE =E
0xI7ko2 Agsolch. Fefsh sk thedt 2L A2
aff Altskeict

W

H]9HE (condition factor, CF)=(FBW/Total length®) x 100

7} 53F A 4>(hepatosomatic index, HSI, %)
= Liver weight/FBW x 100

WA 23 2]4>(viscerosomatic index, VSI, %)
=Viscera weight / FBW X 100

OE oE0| M2 M5 ST v 5X

EAEYA =S AW SIS W o AE T84S, E
A Y] t A=A (triglyceride, TG total protein, TP; total cho-
lesterol, TCHO; glutamic oxaloacetic transaminase, GOT;
glutamic pyruvic transaminase, GPT; glucose, GLU, 84 U
o] &(Na', K, 1), % W] 452 52 242 98] AR S
2,6,12,24,72, 120A7F 74 o 2 EFSHITh 1S AlA
ofe} gl AEd| 2ol ke El Alplo] 3u}el & A9l Alea
200 mg/Ls%= 2] 2-phenoxy ethanol& AR8-5}0] 3-55.71 o1
steich ks Agolol A o 3ge] 5 282 A Hshe] Al
60°Coll A 2447t Bt A% & FAZE S dFulE Al
£HS ¥, 60°Coll A 244171 53 D210} 7% F948 24819

o 2% L TR 418 ARg e} AL

A-BE (%)= 1-(DMw/WMw)] % 100

AN Y22 FSIAEDTA) A2 H 1 mL FA|E AR
of ulEyulof A A Pstoict. FHL2 1.5 mL HAHCE $A
Y LA E(AL0 A 5,000 rpm O = 357 YAlED])S =
93t 7, vpo] A& FfntE A5l A T 7] (CRITOCAPS™,
Leica Biosystems, Deer Park, IL, USA)E- o|-8-5}o] TH=5}%
o}, gl 13,000 rpmof|A] 587 §1415-2](CF-10; Daihan

2
!
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Scientific Co. Ltd.)3lo] 223t S-S AA L2 F4 Y5

ohaL, A H71A] -80°Coll Eaksteict. @4 W tH*ng‘ L
0|20 A2 A3}s HA17|(Fuji DRI-CHEM NX 500i; Fuji

Photo Film Ltd., Tokyo, Japan)& A&-3l] E415}1 11, &% U

AFEA] s+ Vapor pressure osmometer (Wescor Inc., Lo-

gan, UT, USA)E AR&-5to] 4513t

£7 24

Aih= Fat + #22LAHSEM)Z UER STt 54 24T
o] =214 7142 717} Shapiro-Wilk7 A 7} Levene's A4S %
off 7kt 87710 Atm 3 A E A= Al W GABA
=7t nxs 93 Hrlkslr] 9 o °J—‘$'J\I-—‘:#@.(one—way

ANOVAYS: ALg-5to] 415251, A1 Tukey HSD
£ Apgstol Aol felh shalaisicl, B4 §o14L
0052 A4, He ~md e 4 Aok iz

U GABAS=9F 914 7bol Al54g, Telx 2 A1) A4
(2,6, 12, 24, 72, 1204120904 A1% U] GABAS = = 913
AEHYA o whE 18 WSS Hrlelr] §l8) o] YA
H(ANOVAYS AL4:310] HAIal9lc), ME 7] B4 SAS
analytical software, version 9.4 (SAS Institute Inc., Cary, NC,
USA)Z ARg3to] -3l

2 o

MAE

o

o
857k) AH5AH

ofN
o

= 5, Ado] w2 #of7] 92 9] 4

Table 2. Growth performances of juvenile olive flounder Parali-
chthys olivaceus fed with different experimental diets for eight
weeks!

Parameters? Diets ANOVA

CON  GABA,, GABA,  (PrF)
WG 1534 164+12 15413 0.5363
SGR 1.66£0.03™ 1.73+0.08 1.66:0.02  0.5666
FE 954422 958121 96.7+2.2  0.9159
SR 87.5¢36™ 839140 87.6t4.2 07619
FCR 0.62+0.01" 0.5740.05 0.59+0.03  0.6297
CF 0.95+0.01" 0.96£0.01 0.94+0.01  0.4679
HSI 1.18£0.03 1.16+0.03 1.130.04  0.5771
VS| 3.75:0.07™ 3.79+0.07 3.72+0.13  0.8760

"Values are means from triplicate groups of juvenile olive flounder
where the values in each row with different superscripts are sig-
nificantly different (Mean=SEM; P<0.05). WG, Weight gain (%);
SGR, Specific growth rate (%/day); FE, Feed efficiency (%); SR,
Survival rate (%); FCR, Feed conversion ratio; CF, Condition fac-
tor (%); his, Hepatosomatic index (%); VSI, Viscerosomatic index
(%). CON, Control; GABA, y-aminobutyric acid.

A} A= Table 29 UER %Itk WG, SGR, FE, SR, FCR, CF,
HSL, VSIoA A @t Zholl {22 Ql o] 7} =] 2] b 3het
(P>0.05).

S U ASE, 02 U MEN 5

AP U2 Ho]7] Y] B 1 hAE, o] 2 W AHE
4 &% A= Table 3o YeRHT} TG, TP, TCHO, GPT, @
A ) o] Nar, CI 3 @4 AHE A S5t ART 1 f9 4]
AFo] 7} ERLFA] 9FTH(P>0.05). 121+ GABA 6302] GOT
9} GLU2 GABA 210 ¥ tjz+tof v]8)] fo4oz =2 2
7} YERGTHP<0.05). =3 GABA 6309 @4 Y] o] K~
7h el 0] H]3) ]2 0 2 910 LH(P<0.05), GABA 6303
GABA 210 18] 31 GABA 2103} tf 277kl = §-0] 7 ¢] Z}o]
7 ke giskehP>0.05).
GABAZZI0| E B2 AEA LEAM2 St
87 AL AT} 5UZ) AR AEH L eE F, Ho)7] |
o] AR B ATHE 28 ) 43, AU TEAE, 9%
WA S, B4 0] 2 B ShAHE el o GABA
S 8GR A2 eFo] i ol YEANZA] ATH- Table
4o LheRRSITE. 12041700] 3t 2Ed|2 1 A FT A}

Table 3. Plasma metabolites, ions, and osmolality of juvenile olive
flounder Paralichthys olivaceus fed with different experimental di-
ets for eight weeks (48 h post prandial)!

Parameters? Diets ANOVA

CON  GABA,, GABA, (Pr>F)
TG 249186  299+25  336t47  0.6588
TP 4.20£0.56™ 3.43:0.18 4.53:0.58  0.6607
TCHO 192435 16818 211£38 06155
GPT 23.3t6.5® 30.3t3.0 33.7:0.7  0.2728
GoT 27.7+2.0° 35.3+4.7° 103%11=  0.0005
GLU 23.0£6.1° 28.7+2.7° 53.3t6.1°  0.0135
Na* 204£12.2 206+3 1963 0.5901
K 4.1740.38> 4.10£0.10% 5.43:0.49° 0.0315
Cr 14517 143%2 15044 0.3580
Osmolality ~ 661+16™  658+15 61144 0.0579

'Values are means from triplicate groups of juvenile olive floun-
der where the values in each row with different superscripts are
significantly different (Mean+SEM; P<0.05); TG, Plasma total
triglyceride (mg L'); TP, Plasma total protein (g dL'); TCHO,
Plasma total cholesterol (mg dL'); GPT, Plasma glutamic pyruvic
transaminase (U L); GOT, Plasma glutamic oxaloacetic transami-
nase (U L); GLU, Plasma glucose (mg dL"); Na*, Plasma Na*
(mEq L"); K*, Plasma K* (mEq L™); CI, Plasma CI (mEq L™'); Os-
molality, Plasma osmolality (mmol kg*). CON, Control; GABA,
y-aminobutyric acid.
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(P<0.05) (Table 4), ¢l+Lo] Z7}alo| e} 5 2
2dh= 7ol WAE T 18U 5 I8 W 20| GABA%
Lol w2 ¥sht GABAF =9t A 7Ho] A5 a-g-2 veht

A] FQITHP>0.05). T, HHE =& 6417 Foll R0 &l 4
TR T T8 BT TEEA] GSITHP>0.05). 5 ppte]
HAE 20| ey Ao 5 28 W 22 15ppt E 35
pptell eEH AFFLHETE F-o]5 02 =9F0 1K (P<0.05), 5 ppt
9} 15 pptofl 2417 G =S E AS L9} 15 ppte} 35 pptell 24,
72, 120A17 == AP 5 5 W 2 9 A QL Aol
7} LFEFLRA] 9EQFCHP>0.05) (Table 5).

SERELSE

Ha LB A eFo WE HESEAE 24 AT, o

=

Sis
r{u:

-3

°ls%

- Abayomi O. Ogun -

EYA =23 GABA 7)ol W2 ©-0]R 0] 2}o]7} LJELRA|
EUTHP>0.05). T, P A~EH 2 }cg GABAZ7} 7ho] AF
A LA °*°PD}(P>0 05) (Table 4).

B U 45T 5

Ed wE T, 24470 © 72407 Aol A EA
2 —L-=E°ﬂ et Hao] 8 Ayt fojHow vet
ol S7Iell wet @4 U ARAd s E Skt
o] 2| ITHP<0.05) (Table 4). L2} 4 W A%
Tof| thst GABAZ 7] 9 F 3= 7H2bE| 7] oFoko
A5 AEF A GABAE Y} 740 A A E T R] 9Fo)
tHP>0.05). T3, 2, 6, 12, 120A17F A A= §-o] 2l A
SARgolY FQ BT UERER] OQFTHP>0.05). 2441 7F 2
T2AIZE Ao A 35 pptol] leEE AR @ W AR
T 5 ppto]l =EE AT §-94 07 =StHP<0.05).
28U 724)7F A A 15 ppt&} 35 ppte]l =EE AF 7L
1231 24417 A A 5 pptet 15 pptel] =& Ag 71t
G W AR w0l FoAQl Aol 7h vrekutA] ekgtet

én& I
= M
l
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Table 4. Result of two-way analysis of variance tests on osmoregulatory measurements of juvenile olive flounder Paralichthys olivaceus

after the eight-week feeding trial and five-day salinity exposure

Exposure time s Measurements’
(h) ourees MM Het Osm Na© CF K GLU TP TG TCHO GPT GOT
GABA? NS NS NS NS NS NS NS NS NS NS NS NS
2 Salinity? “ NS NS % ™ NS * NS * * NS NS
GABAxsaliity NS NS NS NS NS NS NS NS NS NS NS NS
GABA NS NS NS NS NS NS NS NS NS NS NS NS
6 Salinity NS NS NS NS " NS ** NS NS NS NS NS
GABAxsaliity NS NS NS NS NS NS NS NS NS NS NS NS
GABA NS NS NS NS NS NS NS NS NS NS NS NS
12 Salinity “ NS NS * ™ NS * NS NS NS NS NS
GABAxsalnity NS NS NS NS NS NS NS NS NS NS NS NS
GABA NS NS NS NS NS NS NS NS NS NS NS NS
24 Salinity s NS * * ™ NS ™ NS NS NS NS NS
GABAxsalnty NS NS NS NS NS NS NS NS NS NS NS NS
GABA NS NS NS NS NS NS NS NS NS NS NS NS
72 Salinity s NS M e e NS "+ NS NS NS NS NS
GABAxsalnty NS NS NS NS NS NS NS NS NS NS NS NS
GABA NS NS NS NS NS NS NS NS NS NS NS NS
120 Salinity “ NS NS * * NS NS NS NS NS NS NS

GABAxsalinity NS NS NS NS

NS NS NS NS NS NS NS NS

MM, Muscle moisture (%); Het, Blood hematocrit (%); Osm, Plasma osmolality (mmol kg'); Na*, Plasma Na® (mEq L); CI, Plasma
Cl (mEq L"); K, Plasma K* (mEq L'); GLU, Plasma glucose (mg dL'); TP, Plasma total protein (g dL'); TG, Plasma triglyceride (mg
L"); TCHO, Plasma total cholesterol (mg dL'); GPT, Plasma glutamic pyruvic transaminase (U L'); GOT, Plasma glutamic oxaloacetic
transaminase (U L7). 2\GABA supplementation at 0, 210, 630 mg/kg diet. *Levels of 5, 15 and 35 ppt. NS, No significant difference (P>0.05).

*P<0.05. **P<0.001. ***P<0.0001.
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(P>0.05) (Table 5).
22 W o[2(Na*, K, CI)

H 2E A =E 24 3 4 U o] Na'@} CloflA]
SRl 2p]7F YER 2 LH(P<0.05), Kol A= -2 4¢l #}o]
7F YRR 9F9FeHP>0.05). E3E AR U] GABAE L &
& W o] Na', Cl, K'ofl 93 vA|A= ghakom, g &
B A =57 GABAZZE 1Ho] A3 A= e A] ofokeh
(P>0.05) (Table 4). E7 W o] Na' == HEo] S7Htol
w58kl o, 35 pptofl e E A= S pptoll =EE
ARtoll vlsf F-94 22 352 Na' 5= 7F HERLTHP<0.05).
T12{ut12,24, 72, 120A17F A Ol A 15 ppt} 35 pptof] e
AT, Ee FE = 24 3 5 pptet 15 pptol] l=EH A
B Na' 5o £ 2191 2po] 7k W= 2] FQITh(P>0.05)
(Table 5). @7 L o] & Clo| A &= izl whE 2fo] 7} -2 2] 0
2 UERE O H(P<0.05) (Table 4), A+2] S7tekel w2t Cl-s:
Eke S7Ishe B3 BTk 2, 6, 12417 Aol A] 35 ppte]
eZE AF = 5 ppte} 15 pptoll Z=EH AP F-o4 2
Z £ Claes yehllon, 22 Al7idoll 15 pptofl =8
A= 5 pptoll e EFH APFET FIH R £ Ch 5%
7} VR THP<0.05). Z12]u} 24, 72, 1204]7F Ao A= 35

ppto]l &8 AFT2 Clsmr} 5 ppto]l =&H AR
o)A 0 & =9k 0 L}(P<0.05), 15 ppt2} 35 pptel]l =ZH AF
TRboll= o] 21 Q1 Abo] 7F LFERAA] 9E34THP>0.05) (Table 5).
U o] Krof| dieliAli= RE Aol A Aol GABAX
7toll whE 212l Aol 7} e A] gigkon], it AE A
=27 GABAZ 7} Zboll A4 3218t k] 2] F9keH(P>0.05)
(Table 4).

B U ZEPm 5

H 2EHA eF 245, ol e @ U 22T F
ol A O Q1 2Fo] 7F L ER ©.7 (P<0.05), Aol Skl
el @ | 2y st S7lehe Aol UERdth(Table
4). 28 GABAZ 7| 2 84 i) 2= FEo ¥ishs
WA ohgkon], Hi =k GABA7L 1Ho] Ao A-8=
A BUTHP>0.05). HE =3 120417 Fofl= 7914
Ql Afo o} AFBARgo] TEEA] USITHP>0.05). A& 2EF
2 eE 5, QA7 24417 A0l A 35 pptell l=EE AE T
9 g2 U 2=t Fe= 5 ppte} 15 pptof] s AR
o -2 2| 0 2 =9k 0 L(P<0.05), 15 ppte} 35 ppto]l & H A
F2tells ARl 2ol 7k yehA] ¢hith(P>0.05). E3L
6A17FT 72A17F Aol A S ppte} 15 pptoll = A7t

Table 5. Osmoregulatory measurements of juvenile olive flounder Paralichthys olivaceus following an eight-week feeding trial and five-day

salinity exposure'

Exposure time  Salinity Measurements?
(h) (Ppt) MM Het Osm Na* Cl K
5 78.7+0.22 19.74£0.8" 636133 162+21° 121£1.6° 3.82+0.21m
2 15 78.5+0.22 21.2+1.3 61416 188+3° 127+0.9° 4.10£0.10
35 77.4+0.2° 20.04£0.6 64319 202432 140+1.02 4.17+0.07
5 79.310.4" 19.9+0.6™ 596+15" 1877 115+1.2¢ 4.08+0.09"
6 15 78.4+0.2 19.0£0.6 62319 17022 127+0.9° 3.88+0.10
35 78.1£0.4 19.0+0.6 61916 204+3 137+0.62 4.0410.08
5 80.5+0.42 18.2+£1.5™ 597+12m 157+21° 108+2.7¢ 3.73x0.17m
12 15 78.5£0.3° 17.9+1.1 62714 20132 137+1.8° 3.91+0.09
35 77.6+0.1° 18.9+0.6 62216 203+22 143+1.62 4.11+0.08
5 80.4+0.22 17.9+0.9m 593+10° 176+3° 109+1.4° 3.74+0.09™
24 15 77.240.9° 17.4+1.2 623+14%® 198152 137%1.52 3.98+0.11
35 77.310.3° 17.320.5 644+112 20242 139+1.02 3.70+0.09
5 79.4+0.32 20.1+1.4" 588+7° 174430 11242.5° 3.640.11ms
72 15 78.3£0.2° 20.3+x0.3 626182 194122 139+1.22 3.80+0.11
35 77.8+0.2° 20.3+0.6 660+102 204142 141£1.72 4.08+0.12
5 79.0+0.3? 15.240.8" 615+11" 184+4° 114+2.1° 3.66+0.09
120 15 77.740.2° 17.7£0.9 642+7 199142 136+0.92 4.04+0.11
35 77.540.2° 17.2+0.6 65718 199142 139+1.12 3.87+0.11

"Values are means from triplicate groups of juvenile olive flounder. Within each exposure time point, values in the same row with different
superscripts are significantly different (Mean+SEM; P<0.05). NS indicates no significant difference (P>0.05). 2MM, Muscle moisture (%);
Hct, Blood hematocrit (%); Osm, Plasma osmolality (mmol kg'); Na*, Plasma Na* (mEq L); CI,, Plasma CI- (mEq L"); K*, Plasma K*

(mEq L).
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AR U T 2 2EE e oA 2] 7h WA
SFIEH(P>0.05) (Table 6). ALE W GABAZ 7ol w2 &4 U
A 9 T ZH2HE FEe F9A Zol7k A
orotom Bl AR W GABAZ 7} 7He] A5 2kgo| A& &
S]]l Apol= HEhFA] §FkTH(P>0.05) (Table 4).

0|

2 W GOT & GPT

oY U Saxdu 3 SelLHE QR 2B 2 w g U AT, B ) GOTSHGPT 554 ¢
Al

HE 2EYA E 2ARF 3, dEo] e @ W T4 £ AEYA =20 AR f GABAR 7 whE 2o ek 4ozt
A F FE2EHE FEolA oA Aol7h Yyt 8- WA SITH(P>0.05) (Table 4).
(P<0.05). @7 W 544 T Hitol S7Htel wheh s _
shglom, dit =F 5 247t ARl oA 35 pptoll leEH AY LA
T A s 5 pptoll leEH Aol Hlsf f-o4 2
E o3t Z]o)7] YA(P. olivaceus) A& W GABAZ 71|

2 FH(P<0.05). 1Y 5 ppte} 15 ppt, L 3L 15 ppt2} 35
ppto] =% ATl F2121 ZHol7} LiehbA] kst T aSds 95 8RS BARG. & a7s
(P>005). B3, B 1 5 Bel 2@ 5w GRo vkt 88 AR W GABATYIS F%F 92 Wil s Bk
w55t om, 20 7E AR A 35 pptell B ofpe @ AR Aelth < Ak GABAMZE Apse %] 9
U ElE S 5 pptok 15 ppto] e AT vlaf ge) = A WAL ole A, Bae et al. 2024)2 W
A 02 =9kt (P<0.05). Lt 5 ppte} 15 ppto]l =2 A% A W GABARZI7E 37l f-olwlgt 32 mIAIA] &49A

Table 6. Plasma metabolites of juvenile olive flounder Paralichthys olivaceus after the eight-week feeding trial and five-day salinity expo-
sure!

Exposure time  Salinity Measurements?
(h) (ppt) GLU TP TG TCHO GPT GOT
5 16.1+2.2° 3.27+0.10" 251+28° 137+8° 14.1+2.3m 25.3+4.6™
2 15 31.11£3.0° 3.65+0.24 390469 138+4° 171413 27.9+3.4
35 34.34£3.32 3.36+0.18 4904782 175112 18.6+1.8 28.6+4.2
5 11.942.1° 3.52+0.12" 214421 162+11"s 16.6+1.3" 19.8+2.6™
6 15 13.5+£0.9° 3.43+0.28 322427 159+14 15.0¢1.0 21.32.9
35 25.6+2 .42 3.18+0.21 300+36 1468 18.6x1.4 21.3x1.4
5 8.1040.3¢ 3.47+0.23" 414473 175+13"s 15.1+1.4m 17.522.2m
12 15 11.7+0.6° 3.03+0.17 482166 15817 14.2+1.9 25.916.0
35 16.0£1.22 3.24+0.09 541166 16110 12.3£0.9 22.9+3.2
5 10.4+0.4° 3.13+0.16™ 450480 15313 16.8+£3.0m 25.14.7m
24 15 11.6+0.3% 3.12+0.11 445168 15717 13.9+£0.8 21.8+2.6
35 12.7£0.42 3.32+0.07 548+79 17617 12.7£0.9 20.3+3.8
5 14.4+0.9° 3.22+0.20m 367147 184+17" 14.3£0.9" 25.6+5.5"™
72 15 17.8+1.7° 3.12+0.12 35461 16619 14.0£1.1 24.2+4.0
35 33.4£3.6° 3.23+0.13 417483 17848 17.0£1.7 25.4+3.7
5 15.120.7 3.09+0.15™ 467+86" 182413 14.2+0.8™ 20.312.4
120 15 12.9+0.3 3.03+0.09 451198 154+11 12.7¢1.6 20.7+2.9
35 13.6+£1.3 3.27+0.13 307162 16513 13.1£1.1 20.612.8

"Values are means from triplicate groups of juvenile olive flounder. Within each exposure time point, values in the same row with different
superscripts are significantly different (Mean+SEM; P<0.05). NS indicates no significant difference (P>0.05). 2GLU, Plasma glucose (mg
dL"); TP, Plasma total protein (g dL); TG, Plasma triglyceride (mg L'); TCHO, Plasma total cholesterol (mg dL'); GPT, Plasma glutamic
pyruvic transaminase (U L'); GOT, Plasma glutamic oxaloacetic transaminase (U L).



GABA & 2Ed & YW 3 A+ 41

TF, TheFgt ARS e 2ol A o WGk A Aol 5
Al A s vebloh . B skqie, euv A e AR
== U= ATl Hsl 94 22 =& WG SGRo]
Epyith thE FEol tieh Aol A e fAkRE A7t LEksi
Jeong et al. (2020)¢f] w2, &-Ao| A GABAE 7} AL= 7} A
ol Y= wIAIA| koo, Lietal. (2015)> GABAZE 7} A

= Sudt HAQL 7|2 ALRE S E WA Zholl Al Bt A
& 319, B+t SGR B FCRoJA] #2123l 2fo| 7k LrEhA]
orokrhar ukgdet ¥, Xie et al. (2017)2} Bae et al. (2022)2
GABAZ 717} Blthe| A$~(L. vannamei)®] A4S 71418152
™, 77} 100 mg 2 150 mg/kg®) M7} 428 B uslgith
3k, GABA#7| Alm= Uy "etu]ol(O. niloticus)2] A4
SFAFA] 7] 2 (Temu et al., 2019; Ruenkoed et al., 2023), =+ %
Al(E. sinensis)®] B9 & FZ1811L, AbR A FHE S7HA171H,
39 F 715& MR =N S AR A o= e
WCHZhang et al., 2022). =714 2.2, Wu et al. (2016)2 %]
7] Z9](Ctenopharyngodon idellus) A+ 4] 50 2 100 mg/kg
GABA7} H7He bR E 33 3ls W Aol o8 o2 of4t
E| A9, 200 mg/kg GABA X7H= 192191 F3F= wlAA|
ororrha ®auskgich & thE Aol A= 200 mgkg GABA
7} 71 AR E w53 2] o] 7] Y *](40.1 +0.4 g, AVG +SD)
bz AEE FE ABT H]s) B AFE ARAS
£ YeRithal B skl th(Lee et al., 2023). & 1 A3}, s
Lok AR A AR W GABAA 7L X]0]7] |2 Ao
o120l 4 vIAA] kkek. o] el Aol Aofo] A7)
o} A1 W] o]k Ajo) 2 Ak, 2 Q1o A Bt 27
7}23.5+0.1 g (AVG+ SEM)QI 2]0]7] {22 A&}, =
Q17 Aot old 978 FobH, AR ) GABARIH 4%
of WA GRS AR F, o), A% U=, AR U] GABA
T 5 ole] aglof ek gepd 4 o3 ofniRith

G4 AslekA] A= o] 7Y A7 e A =
7¥obe H F83t A 3Eolth x| &=, @HSHA At
Ao A o 7o A% B2 RUEH s A=
= Axz g ARE AL QlTk o] 3t X = Ak, 4,
2, HUAE 23k ohekst 34 a lof mij$- q1zkebA| vt
she, o= o[ | 2| thAte} =2 0= o] 7] ZARFA| Q1 7)o
kS 1| 4= 9lth(Arthanari and Dhanapalan, 2016; Wite-
ska et al., 2022).

B A% 0|4 GABAZ7} Al TG, TP, TCHO, GPTS} 2
< @ U tiAbibEoll ok ml A A] ghgteh Z1elu 630 mg/
kg?] GABAZ} 3£9Hel AMRS S5 A e+= 210 mgkg
= HE2TF AFRE Faeh Aol Bl GOT2F GLU 4==0]
frolH o2 =9kt Wi, 210 mg/kg GABA AFRE T34
A9 GOTS} GLU Fxe= 2 AFRE 3t A2t
2180 2fol7h it gglet. Aa ¢ito] nhE, 250
mg/kg ¥ 352 mgkg] GABAZ} £ AR E 533 2 of

e}
O:
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o

o
O

>
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7] 9219 GOT, GPT, GLU, TP ‘s%&=of| £-2]%| Q1 Z}o]7} vie}
UA] okkth(Farris et al., 2022; Bae et al., 2024). I3}, Bae et
al. (2022)0]| Wt=2H, GABAZ 7} AR S 355 STk A-+(L.
vannamei)®] GOT, GPT, GLU X7} &2 Al & 533
M-} 2ol 7} G155 15 Th WA E thd o= 3F ¢l
A= GABAR7I7F GOT, GPT, GLU, TG, TCHO %%¢] ¢
2 0127 99kS2 BHI5HITHZhao et al., 2020). 0|2
o], Jeong et al. (2020} GABAA7} AlRE T3t 9t of
29 AFRE Fae & 1l GPT, GLU, TG, TP <=0l A
o] 3l apol7} AR, GABAHZ} AlRE 33 Tl &
ZgollAl GOTeF TCHO <=0 =A Yebstth & thE Aol
A= 144 mg/kg 2 189 mg/kg GABAZ} £33 AlRE 35
3 L}l Fetglolo ) GOT 4:220] 197 mgkg 2 507 me/kg
GABA7} 323 Ab 5 St Aol vlsl o8 o= W
fthal Huskict a8y 25t Ak e} 144, 189, 242 mg/
kg GABA7} 23HH AlRE 353 AE 1tell= GOT 5%
o] g-017] 9] zjo|7} 3w 2] 2Fofrh Temu et al., 2019). =3,
|0} QJo|(C. carpio var. Jian)ol| A AF= Yl GABA7} 120 mg/
kgoll =232 ol GLU =7} F-95HA 571341t GABA
40| 120 mg/kg o]t wi= el §-9 42l 2Fol 7} ¢l
ItH(Chen et al., 2021).

2 At Ade AF 270] 2|3} o] GABA =4 3
7ol w2 E7F AaFshA] 2| 3xof m| A= FaFo] 43k e
= UEhdth 22u =2 9 GABA7H630 mg/kg)7t
GOT % GLU 5= 37}l 7193 7Hs7del Sltt. GOTe}
GPT+= obn|icAl thato A F a3t oS sl Sl 4] 1H 7]
9 TaT A2 AREHT o] 27t A ThA| Lol A W
wo, 22 27 & ) @R 2 S B3 GLU=
Ve fAlshes A 54 59 AT £4E Eol= Tl
2ol o] = ol 17te] vl Fa3slth. GLUE 2~E8|
Qlol thgt Ael 2] ol tiabA] ¥h3-o] =8 2| 3o, %
LU 520] sk Qb o2 874 Bk ohas AEd
= 5°F EE tH(Aulia et al., 2024; Yu et al., 2024). ©]
A7H= B0l Aslakd A3 527} AR U GABAH7} 4
ofl we} el 4 9182 e, GABAS] B3} olf
Zol wet o= 4= 9le2 UERdIth =3 GABAZE 9 A3}
s 7)ol w4 Qgolliz 5 S| Aol 7]ela 4 ek, o
o5t 4TS Eo) AE Fol wle GABAHY} 458 s
Zlo] HQasjr},

GoH Yool 2| = A9 A2 W Abs AE A
£ Aetst= b 2.3 2] 30| thMagnadottir, 2006; Lee et al.,
2023). @9 E= @ Z Y o] 2 425(Na', K, CI, Ca*', Mg*)
SARE s 54 o] 55 ol S, 3ok =
= 9 71 kol et viztgt vio] @npA 2 71=Flth(Mathan et
al., 2010). @4 W A4 s o7 AR E 752 Bt
Sh= 4] A E R, CF 2 Na" F=oF AaatA 7} oot 7% W

ool
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§i=d

N = o
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A4 FE 0] #3l=Na" 9 Cl 0] 29] 5 2] U5 2Hite] 9

HEAISHCH(Varsamos et al., 2005; Evans and Kiiltz, 2020). &
TollM= A= W GABAR77L o 78] AR 7]l 1]
= = 7o) flsl @4 i o] >(Na', K, Clh2 57g38t
o} 24 43 GABAY 7724 W A4 5= 2 Na', CI
ol ol et IS AR ke, o] 2Rt A¥k= GABA
A7F A=} ol 7o) AR A 75l Y vIAA s
UeRHTE o= AR A B2 g2 Rl dio] f-A1% Aol 7]
QI 4= ek 0] of = QHA A Q1 el o&sto] At
2 0 2 AFE2ES 485kl A o] AHEQE A kA RAIg
th. ey o FrE Eepol A sl o Feh S W AR s
=7 5435 571 4 lth(Fiol and Kiiltz, 2007; Evans and
Kiiltz, 2020). McDonald and Milligan (1997)2 o] Fo]| A AE
gl A= QI @4 Wi Na', Cl = a7t 55 W7 24 o) 4
T g SRRt Halskeith. GABAE 630 mgkg &
TE 7R AARS Sut olfY @4 W K s=7F 194
o7 F7Fskelet, olHet F7he ol 7 Ae] 9 4] 2l
71018k 4= It} Mathan et al. (2010)2 C. carpio”} W& pHol|
EEHNS W @K e ST H 9K 7o Al Y] &
Lol A o] eFol2 mgho] ofsf WA 4= Q= AtS(acidosis) 2]
71sA1L Alekslaitt. Bhd, Kammerer et al. (2010)2 O. mos-
sambicus7} 573 TAF AEH A eFo| 2 EF UK &
o] ool Wl pas ) kekrhy B Iskgch ek
GABAZ77F @4 W K™ ol v A= ok B7tskal v A
S E16]7] 13t 71421 A+t7 F @ sict.

7]% W3t v R = 591 71 AT R HE 52
B S0 A|H, o]= A BEO AEYAE US| A
2 712 ekl A4 gH o] Wste oA fulol B+t
P AR 2EO Tofsthe =2 B4 S A
(Saraswathy et al., 2021; Li et al., 2022b). 120A]7+8] F& A~
EfA eE A B0t o7 HAs TEEA] 3t & A+
ol A Az W GABAR7H= A Hit 2710 =55 X|o)7] g A
OIS o AFE s, @ Yol Na 2 ClIE &
e AERE S Ao YA Q1 Gk AR ot A
T-EAET Y o] K9 4] T3 GABAT 7He}F 2ol
O3t PR WA @Sk 2By ditol 5 s W il AR
A ew A Y o)L Nat Y Clof n]x|e g3H= =35hA U
Byt om, o= o] 77t A QR ol 3317 flsf A2l ut
S-S Hol Ao 2 A7 ¥t} Zhang et al. (20112 =AY A=0]
LB A0 =EE S W, TEE, A4, o] 5F
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Bl Aol A A AR leF 247 & o] Sl wh
o5 4 U] S Aol Asiick, olok AT AR Lee
et al. (2015)9] Aol = =Gl om, Bt Aol A= ¢
Ho| Z71eof ulet WA o|(Acipenser transmontanus) 2]
5 W o] dasginh 1ean, AR w5 o @4 W Na
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W Cl S5 Qo] S7Fao) ujet A alaic. gt g 24
AIZE3 5 pptol] & Aol o] @A f AHEA F = 15 ppt
9135 ppto] =5l Agolo] ula] £.014.0.2 Wlh. g 2
T}= Saraswathy et al. (2021)2] AL} A 2]5h, STk A&
Ol A Y HFA w7t AdRo] E2EH S W fojF o=
Haxsto] IR AHE UEs T B3 A =5 240§
5 pptell ==E Ao 4 W Na* E Clse+= 15 ppt &
35 pptoll == g ofofl vl F-olH o Wt o|ef fFAL
81|, Li et al. (2022b)2 A H+ =& - 124171 o|jof] Naet
Cl o] 2 5 =7} 7h45to] S5 (Acanthopagrus schlegelii)®] 4}
2228 sl $i8 o] Sbo] Z713eS SHlslslt,
Kammerer et al. (2010)¢f w2, E<= detujolr} 25 ppto]
ol =2 E S o @ f AFE 5%, Na', Cls =7t &
0|70 2 Z7}5t0] g ¥, 24417 Al el A A S 7|25
Ak, @ W Kstee A9 717 W #5HA] eisteh & A+
Ao} 7|1 AGE TN EY, Aol AaTrs A i
e Y o7 5 W ol sl AR v ot d
% W Na™ 9 CI sp<20] 715 2elshainh Rt =, 11 E
of = EH H o] e AFE w0t @4 W Na' 2 Cl-s =7}
A= A3S it Sampaio and Bianchini (2002)+ 2
212l 7}&}u|(Paralichthys orbignyanus)= ¢5-0] Z7}gto] u}
ehag o) AR et ol & S E(Na', CLL K, Ca)7h 371
ghehar Agstqict

2 A4 HiE =E A Set Aol @4 W TP, GPT,
GOT 5%+ At W GABAR7HF Hto] gake ] okt
t}. o] = 2EH A 271004 GABAT 717} sl A] 3kl ok
02 ] ¢h=ths AE Vet PR &, Bae et al. (2024)
o] Ao A& Y9 GOTS GPT 42%0] GABAE 79} 1=
© A1 o] of) $o]u]et JaRS Hh eiteh s,
E3H GABAH 7 AFRE €% Ul TG, TCHO, GLU X%
P P A ke T GE AEE A k= 24K AR
ol Al sl A3kl 524 %1 ZFo]7} LRt Evans and Kiiltz
(2020)= 573 2 v i AE AT o] 7o @ W A=
Al 29, 2L AT AR 2E B oA o] 29
A= ohE ke nxinka Haskein) & Aol A= e 9
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ol Eom, ol i 2717 oleih A HS A4

= 712 Uhehich ]2} tbA71 2, Lee etal. (2015)2 4
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