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=
F%z R4, H k6 HZB A ENH A 624,

fci%i& W (P>0.05),

Fhrak
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BEBERENFR

TR Epes’

IARE T A

R R K7 B B R B Aol O I (0 285 3R 5 PR AR A WHTE ol
JK 7 B AL B A G b T T B R A O
IWARBEFAESBEEELLEE WG

L 201306;

264006)

HHE 5T K % BF(Scophthalmus maximus)4h & 342 B 89 5 & K &, £ 2L Al B 7 75 o F B M
10.64 .
IR R, AR PEATAEIRE H(24.73+0.10) g Wy K E 64 4 80d, BT T
10.64~76.57 mg/kg 45 B4 3 & R (WGR) A 45 & 4 K £ (SGR) B F 3 & (P<

15.02. 23.81. 41.40 #1 76.57 mg/kg % 4. %

1)7Z B& Xt 4 # p% 7% % (SR)

0.05); Z &8t 23.81 mg/kg B, AP (HSI)E# K15 (P<0.05); 2)F & 18k 2 B 4 4R
B, 2B EG., MM ANEEHERARERAS, FREESGELZE T KP<0.05); 3)F
1B . Na', K'-ATPase o iTJJf JE#% B B (ChE) & /) M2 BB R i B Wy hm B 56 L FH e TR &%,

10.64~76.57 mg/kg 7 #4173 HLER 3 B (CK) 78 4 B & 42 % (P<0.05); 4)fni& . AFE & it A b A B
(CAT)., # E A4 B B (SOD)E /1 4 B SE 5 e #s % 5 6.24 mg/kg 17 £ 41 L 7 — B2 (MDA) & E &
FEHTHAM S 4(P<0.05); S B EENE I, UGS KEFAS)EEXRALELA R, FE
B B B (LPL) AL B &k 3k & B 3% E A (P<0.05). #F %KW, Rl fnid B 02 B 6k B 2 30 08 K 3 47 4)
# R R AR AR, ARG R EENEAKT, NTIREEA
KM, UHMERHAE, ZWEEANLSEBH, WEEN 4B g AEF e tEZRNFRE
% 16.08 mg/kg 1

KR O KEE; ZW; AKME
FE 53 ES S963 jzrﬁitmﬂaa A

XEHS  2095-9869(2019)06-0066-10

12 R (Pantothenic acid) X Fx 44K Bs, &4k R,

& AR 2 BEAL IE B (Jobling, 2012; Zhu ef al,

o I — K AR R (ISR, 2008), Z FRTE
RN UG A(CoA)FIBERE 24 4K 1 (Acyl
carrierprotein, ACP) 2 fiFtIE A 7E, H E LA
DR G IR MimR . A0 B FE A%, S 56EE

2004); Z ML BAYUR L AMER, HZBRA L
i, A A RHA IR TR B- Sk 32 B, IS
PUASE LB 5 (Chen et al, 2015); BRILZAL, ZRAA
R ETIRARERIRS . KE, BRREE . #55H 0
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LB, MCEZ IS S S AT (Jobling,
2012), HHT, EWNIMX Rz R RN Z,
N BT A B ff (Epinephelus malabaricus) (Lin et al, 2012)
FIIZ IR K 54 11.0 mg/kg, F A ffi(Scortum barcoo)
CREEF-, 2009) 4 12.40 mg/kg, Kt (Pseudosciaena
crocea R)( 7K FH ¢, 2006) 4 11.20 mg/kg, L
(Pagrosomus major) (Yano et al, 1988)4 10 mg/kg, 2
A8 25 BN 5 (Moronechrysops x M. saxatilis) (Raggi
etal, 2016)>4 18.8 mg/kg.

K 2% B} (Scophthatmus maximus L.) )& B & H
(Pleuronectiformes), #£F}(Bothidae), ZZ L& , {FR“L
Fh7, BAGRMIRRAT M, A 20 4l 90 418
SIFRBIFRE DK, © 278 3R FE b7 Hif b XA S
(28555, 2014; BRASMESE, 2005). HAT, KT R
BELE A R RIS 2 B TR AR A MR AR R (PR RAE,
2014), MFEAK I VEGE A R 5 AT TR0 (A AR A,
2008). ZMZEAEWIRLTIEFRR, HAEREG
W A DL XTI R i oK i AR DGR B o I, ABFFE AR
FR ARG, 8 S AR R S A R B i
PR HAE R | IR WORHRIH . B ebERE . AR
PRUFPIRZ IR, B8 KEE SEX R TR 1) il 7 oK i
Rz BRAE R SF I RDRHIF 9T 5 0 T 4R A B Al 5 o
1 MEE5RE
1.1 KEZit5RAHE

Dialy . BRI Oy EEE R, Aol EE RN
U5, #FEH Y B AE A R BRI R),  BC | A
6 ZH 55 5 55 BE A FEAN R GR 1) 55T SO SR R0k P 2
BB 0. 5. 10, 20, 40 1 80 mg ) D-1Z FRE5 (W
B AE R A, iE>96%), find4 A P, P2,
P3. P4, P5. P6 ZH, P1 AXtIRAL. 4 SE86 7R BT
R e 80 Hif, & HBIFRE RS, I A fih
SO K FRIRS), MRS RN T BORA2 A 3 mm
M EHBORL , 60 CHET 5 R E -20°C vk AR % o R
e BACHRAH J2 BT 235 (HPLC) I 75 52 56 1) Bt Hh iz iR 19 75
WA 6.24. 10.64. 15.02, 23.81, 41.40 i
76.57 mg/kg,

12 SEHASMERERE

SU BT R 32 R4y f W) 1 3% S5 T R A PR 2
H), FRPESCEG T 2017 4E 11 H 11 H~2018 42 A 4 H
TE 1L ZR 48 1 1 9% U5 5 PR B F 9 B = A R /K 375 R
GEiEAT o 1F 2SI TPk B A B A 1) KSR B4y £ B R
FIRJE SR FEAR (Ff = 80 cm, ELAE 70 cm, /K% 50 cm)

F1 THEBEMERREFRES(TYR%)
Tab.1 Formulation and nutrient composition of the basal
experimental diets (dry matter %)

JUR G

Ingredient Content
fi ¥} Fish meal 45.00
%1 Casein 16.00
KEW4EFE M Soy protein concentrate 8.00
o-JEH a-starch 12.00
il Fish oil 7.00
KIZIHEAE Soybean lecithin 1.00
YR HIEE Mineral premix® 2.00
A ZWUR R Vitamin premix” 1.00
H3%H8 Betaine 1.00
WERR — 245 Ca(H,POy), 0.50
FALHEHE Choline chloride 0.50
P Antioxidant 0.10
RIPIELHER P CMC 5.90
&t Total 100.00

FLAE FE A 1Y, Proximate composition (%)

MEF Crude protein 51.17
HLIEIE Crude lipid 11.12
HLJK4 Crude ash 13.06
fit & Energy (kl/g) 26.14

TE: a. 0T BIHUR A )7 2% £ BRIE5E(2014). b. 4
ERTUREHmg/kg fED: iR, 15 mg; HE, 15 mg;
MR, 100 mg; MEMSEE, 20 mg; HANE, 4 mg; LEWR,
1 mg; WUEE, 200 mg; AR, 5mg; EALAHRL, 1000 mg;
POIRIMER, 240 mg; 44K A, 20 mg; HEAZE D, 8 mg;
YR E, 150mg; 4K K, 10mg

Note: a. Same contents of mineral premix as reference
Wang et al (2014). b. Vitamin mixture (mg/kg diet): Thiamin,
15 mg; Riboflavin, 15 mg; Niacin acid, 100 mg; Pyridoxine,
20 mg; Cyanocobalamin, 4 mg; Biotin, 1 mg; Inositol, 200 mg;
Folic acid, 5 mg; Choline chloride, 1000 mg; Ascorbic acid,
240 mg; Retinol acetate, 20 mg; Cholecalciferol, 8 mg;
Alpha-tocopherol, 150 mg; Vitamin K, 10 mg

b B P AR, 14 d JEBRIERLAS Y AT K
FEET4)1f01[(24.73+0.10) g] 540 J&, BENLAMC T 18 45
BEARH, AR 30 B fn, ARSI AR 3 R
FERRSCI . FRAHSCRIEAT 80 d, AERFLME 2 K
(08:00, 16:00), PIf HFLMEE HIRTER 1.5%L 4,

FFAR Y 15 B I 100 S i R A e . FEMR 30 min JEHE
BRA, BOWORL, AR AR, FRAEIIN, AR KT
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2 R %40 &

FEE VLR 40K (17.0£0.5)C , £h i 28~32, pH 7.6~
8.2, WWA(>7.0 mg/L, Z{ Ak AN AKR<0.1 mg/L.

1.3 HmXE

Sefa . WAL, AL, I8 R BB kS %
MEFHEE(2015)

[, AR P BEALER 3 RBScgh fa, Jom 21 T i
1, BUIFASE T 2 ml JC RNase 8508 FhIE U T
A E, -80°CEBARIKA T I, HTHLITH
KA G 5E B

14 WEHERESNFE

141 AR

144 F % (Weight gain rate WGR, %)=(fa /AR &
PR3] 8 )/ /A H) HE X 100

¥ 8 4 K K (Specific growth rate, SGR, %/d) =(In
L ROR H—In fAAK) H)/FRAEE <1005

ikt Z % (Feed conversion ratio, FCR)=#% & = /{&
FHE %1003

B (Feed intake, FI, %/d)=f% & & /[(falkH)
A R E i )/2 % 3R JE 31 1% 100

5 FURCR (Protein efficiency ratio, PER)=(fifk
R E AR E )/ AR

JIE A Fb (Viscerosomtic index, VSI)=P it 411 &/
fHAR AR B x100;

JFA Lt (Hepatosomatic index, HSI, %)=HT i &/
AR E*100;

HE3# i (Condition factor, CF,)=fafAXK & /fAK x
100;

05 % (Survival rate, SR, %)=2 K fi R 50/4) 1k
i R 4x100.
142 ks m e S 6 ) ek e A4 BE TR oK o
105°C {H 5 ¥ %E (GB/T6435-2006), L4 A YLK E
AL %E (GB/T6432-2006) , AHLAR [ F 2% LG 42 1 )
7E (GB/T6433-2006) , K43 550 °C 2% 5 vk U
(GB/T 6438-2007), fE& AL E (IKA, C6000,
),
1.4.3 BEEN T 518 JE Ml (Amylase) . g Iy
(Lipase). & HEf(Trypsin). Na',K'-ATPase., JLFR

*x2

% B4 (Creatine Kinase, CK)i& . FFE A AH §8 B B4
(Acetylcholinesterase, AChE), IfiLiE A1 IE o #8 & 1k
) AL B (Superoxide dismutase,SOD). i & b A
(Catalase, CAT)i% 7] N % (Malondialdehyde, MDA)
B PR RS U AR ) R 5 R i o il
T 1 B 2 B & i i

14.4 FFREREARMARK KRR ZF Rk oM G
TaKaRa /A ] i) RNAiso Plus 7 & i B 45 45 BUF I
S RNA, 38 KK RNA 523, SR 5 R H:
alify , fJn, KM PrimeScript™ RT reagent Kit with
gDNA Eraser % 5% il fl & & Bl cDNA, JF8& T
—20°CHEH.

i /] Primer 5.0 %31 5149, AT B-actin 514
YERANZ, AT WA T AR R A
ARG, 519751503 2, H/ TaKaRa 2 F]
77 SYBR® Premix Ex Tag™ TtH| & #H17796
FE i PCR, AL IRZ Wi 45 . PCR #2571 : 95°C |
30s, 1MEH; 95C. 5s, 57C. 30s, 72C. 60 s
40 ANMEFR . 95°Cles fife it SRSl s by e = o FEAS
S5, FAS \LPL | S-actin B3 %R 43 5 2 0.986 .
0.980. 0.991, HNEFLIKES IR B-actin, I
2R AT R S S, 4TI IE T FAS R LPL
Y AE X IR o

1.5 HIESIT S

K H SPSS18.0 FAF-#ES TR H 3R J7 2243 M1 (One-way
ANOVA), 25 #(P<0.05)i ] Duncan’s ;567517
LZE BT GoiT U DL Y 45 U 22 (Means+
SD, n=3)MIEFRIR . RAITLBIRIL A A5 KR 6T
0] fD} vz IR R T G R A Bl T R A

2 HR
21 ARZHRSENKEAHEERIERE. ARF
R AR S AR B R0

A2 3 AT 0L, ERIINZ R R ZE 64 A R (SR)
Jo i M (P>0.05), YTE 98%LA . BlfERHZ IR &
RN, KEEBEL) 3G TR (WGR) AR E A K R
(SGRY¥J e BT A PR, P3. P4 4 % TH

EE PCR 31#1F7!

Tab.2 Nucleotide sequences of the primers used to assay gene expression by real-time PCR

FEZF Gene name

1E LEEF %1 Forward (5'~3")

SLEEF ] Reverse (5'~3")

JIg Wi B8 & i (FAS)
B I EE A (LPL)

p-actin

GGCAACAACACGGATGGATAC
GCGGACCTTGTTGATGTT
AGAGGCATACAGGGACAGCAC

CTCGCTTTGATTGACAGAACAC
CTCCCACGAACGCTCTAT
TGAACCCCAAAGCCAACAGG
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x3 ARZRAIEMAZHHNEERKMER. ARAAREKEROE N
Tab.3 Effects of dietary pantothenic acid on growth performance, feed
utilization and body indices of juvenile S. maximus
BH Items 1% Groups
Pl P2 P3 P4 P5 P6

WA TE IBW (g) 24.67+0.03 24.75+0.08 24.74+0.04 24.68+0.07 24.73£0.01 24.73+0.03
LARIRE FBW (g) 83.37£0.57° 86.94+0.83" 88.53+0.18° 88.98+0.32° 87.22+0.51° 86.44+0.51°
HIE R WGR (%) 238.08+2.15%  251.19+2.17°°  257.79+1.16°  260.57+1.55%  253.58+1.35°  249.50+1.59°
FrE B K #R SGR (%/d) 1.42+0.01° 1.46+0.01° 1.48+0.00° 1.49+0.01° 1.46+0.01° 1.45+0.01°
AR FI 1.00£0.01°¢ 0.98+0.01° 0.95+0.01° 0.96+0.01% 0.96+0.00™ 0.97+0.00°
TR BB FCR 0.75+0.01° 0.71£0.01° 0.68+0.01° 0.69+0.02%° 0.69+0.01% 0.70+0.01"
M FRCR PER (%) 2.62+0.05° 2.78+0.05° 2.89+0.01° 2.81+0.06" 2.81+0.03% 2.77+0.02°
JIEAA e VST (%) 5.83+0.18 5.85+0.11 5.89+0.11 5.85+0.16 5.88+0.16 5.87+0.10
AP L BHST (%) 2.95+0.18¢ 2.84+0.14° 2.73+0.03% 2.21+0.04° 2.19+0.16° 2.55+0.12°
JE 5 B CF 3.51+0.04 3.59+0.05 3.58+0.02 3.63+0.06 3.56+0.11 3.61+0.14
730 2R SR (%) 98.89:1.92 98.89+£1.92  100.00+£0.00 98.89+1.92  100.00£0.00  100.00+0.00

T A7 8BRS [ R AN [l 4L 7] 22 53 5 3 (P<0.05), T

Note: Values within the same row with different letters are significantly different (P<0.05). The same as the following

4l (P<0.05), #5Us gLy 3 w5 B 41 (P<0.05).
BTN 1Y 1A R 2R BU(FCR) A & R (FI) & Je % T
A, HY 8 ECT X ELL(P>0.05), AN A 5
WA (PER) B3 TH(P<0.05), 7F P3 dHik3E Ak, R
Jn 9z B %t E A e (VST) 1B 355 B (CF) JC 8 3% 52 i
(P>0.05), HFRHMHSHREE TG LTS, P4
PS5 241 2 AR T HAh 4 41(P<0.05).

KT AR Sy Hr 7 vk, SRS E R S Rz
R & MK R WILRIARTE }(24.73£0.10) g M RZEHE
o fRRE Tz R 0 Bl i 16.08 mg/kg (B 1),

270

260 +

N
W
(=]

[\
N
(=]

HEE R WGR/%

N
W
S

Yyei=261.28+1.12(X,—16.08)+0.10(16.08—X;),
| 24X,>16.080, X;—16.08 = 0, 24X,<16.081H,
X,~16.08=0, R>=0.934

220

210

0 10 20 30 40 50 60 70 80
1ABHZ BR & & Content of dietary pantothenic acid/(mg-kg™)

Bl REEERY) 0 3% 5 R 5 R RHZ TR
R BT A o B
Fig.1 The broken-line regression analysis

based on dietary pantothenic acid and WGR
of juvenile S. maximus

22 RARNZEREEX XET L) &K E R0

T ek R S 092 R ok R S B &)y £ AR 4 i ) S ) L
F 4. MF AT H, AR A, Ko F A 77.59%~
79.51% [0, HACHZ [MJC W 3% 22 5(P>0.05); HAR
W5 & e BT T, P3 4liARR KA ; MEEZR
TR, HEARE K BE LT, AR TR
B WLPRRGL S, 7K 50 i 3% 22 57(P>0.05);;
P3 Fll P4 418 A& i 0 35 T H A4 (P<0.05); A
B BOHUIR 53 % /e 25 55 A B35 (P>0.05) 5 TR HEL A i
o £ Bl R R 3G 0 e 3T [ (P<0.05) .

ARLZER S BN K EE Y & H U KBS R R

Bt TR TR B B RN, RS2 BR4 0 e By il
JIg i i A Na*,K'-ATPase 1% 7152 5¢ ETHE FRe#a s,
P4 2 I 7 g ok v T LA A 41 (P<0.05), T R i A
Na',K'-ATPase I J17E PS5 4k 5| F K ME . PS 4R
HitF 5 ) 4 2 v T A 4H (P<0.05) . 45 A8 40 JUL R 184 i
(CK) FIH 6k 75 i (ChE) i 77 I 2 5 T XF B 2H (P<0.05)
(#5).

24 RARHZEBRESENAEFFLHEFENDFERR
L BE 71 8 % i
W 75 ek ey R o G, YU o o 4
(CAT)FN 8 E ALY AL T (SOD) G i ¥ 20 ETHE T
Meia%, P3-P6 417 “JE(MDA)F ik i K T4 R 41
(P<0.05) . L7 P ok 4 A S (CAT) I J1 BRI RHZ B
B TR R THE MR, P4 413k B B (E (P<

2.3
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woor B

%40 %

0.05). P2~P4 4 8 S AL Wy AL B (SOD)YIE 1 B 3 &
FXFHEZH (P<0.05), Jf-7E P4 2H ik 3 i KAE . iGN

x4

T (MDA) S HEBE 12 IR G 0 A 8 2 T R (P<
0.05), P6 H &= &Mk 6).

AR RIZERKE R EE M & EHM S HRNE(%E )

Tab.4 Effects of dietary pantothenic acid levels on proximate composition of juvenile S. maximus (% wet weight)

F845 Indices

2 5] Groups

P1 P2 P3 P4 P5 P6
4:fi. Wholebody
7K 4% Moisture 79.5143.83  77.59+2.28 76.62+1.77 76.71£1.32  77.71+1.10  77.96+1.08
HLZE H Crude protein 14.23£0.24°  14.60+0.31°  14.89+0.18*°  14.92+0.08*° 15.20+0.11°  15.06+0.05°
LI Crude lipid 2.81+0.21° 3.38+0.18° 3.86:0.06° 3.69+0.11¢ 3.16+0.08¢ 2.57+0.11°
HLK4Y Crude ash 2.60£0.17*  2.79+0.19% 2.92+0.14° 3.03+0.01° 2.9740.13°  3.030.08°
WL Muscle
7K4% Moisture 78.83+0.18  78.69+0.77 78.32+0.55 78.28+0.44  78.81+0.31  79.10+0.38
HZFEM Crude protein 18.31+0.09°  18.18+0.11*  18.64+0.22°  18.62+0.14°  18.35+0.04*  18.21+0.06
KL Crude lipid 0.68+0.01 0.71+0.05 0.72+0.04 0.71+0.01 0.74+0.10 0.75+0.04
HLJK 4> Crude ash 1.21+0.02 1.23+0.03 1.26+0.00 1.27+0.02 1.23+0.03 1.23+0.03
HFAE Liver
LI Crude lipid 11.24+0.45°  10.17+0.63° 9.99+0.09% 9.83+0.42°  9.32+0.04° 9.2240.49*
5 ZEBWAESNYEMEHLEXEENZI

Tab.5 Effects of pantothenic acid on the activities of intestinal digestive physiology and
liver physiological enzymes of juvenile S. maximus

2l 5] Groups
P1 P2 P3 P4 P5 P6

TiH Items

JI& 1051 Lipase (U/g prot) 9.65£0.24*  11.27+0.82°  12.39+1.32°  15.08+0.1¢ 13.29£0.62°  13.20+1.19°

FENEE Amylase (U/g prot) 217.31£1.24* 238.97+13.91% 254.23+23.43" 269.03£14.40° 269.16+15.22° 239.50+17.74"
JHi%E % Protease (U/mg prot)  5.33+0.43%  4.29+0.82° 5.64+0.32° 6.52+0.5° 7.97+0.75° 5.45+0.95%
WLER B4 CK (U/g prot) 144.00+£5.29"  165.60+£5..92° 171.63+9.55" 176.30+3.25° 257.67+11.83° 265.20£10.70°
Na',K"-ATPase (U/g prot) 90.67+4.00°  93.67+4.70°  103.00£4.35° 103.56+3.90° 112.94+£3.40° 110.35+4.00"

RHBEEERE ChE (U/g prot) 462.50+8.66* 540.10+16.54° 542.29+22.57° 542.67+6.43° 523.33+25.17° 527.93+35.17°

R 6 ZBERMWAEELE MRS LN R

Tab.6  Effects of dietary pantothenic acid on liver and serum antioxidant capacity of juvenile S.maximus

2H %) Groups

I H Items
P1 P2 P3 P4 P5 P6

JFHE Liver
S E LA W CAT (U/mg prot) 12.64+0.20°  16.68+0.42°  17.13+£0.59°  20.80+£0.96° 16.27+0.83°  12.23+0.58"

/=
B AL SOD 86.77+2.15*  96.77+1.98° 100.26+1.63° 119.54+3.42° 137.50£1.97¢ 103.99+8.36°
(u/ t)

mg pro
P4 % MDA (nmol/mg prot) 1.0120.15°  0.97+0.13°  0.65+£0.14®°  0.54+£0.07*°  0.4320.06*  0.47+0.11%
Ifil7% Serum
i SA AL EF CAT (U/ml) 3.39+0.23% 5.19+0.23  9.33+0.52¢  9.71+0.68  9.02+0.02¢  7.37+0.26°
ABAEAL Y B LR SOD (U/ml)  137.91+£0.90°  155.24+4.03% 155.67+2.39° 161.30+3.93° 143.25+5.00° 146.71+9.11*°
N ¥ MDA (nmol/ml) 25.18+0.15°  20.58+0.22¢  18.76+0.15°  18.69+£0.08° 17.81£0.22°  16.79+0.37%
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Fig.2 The relative expression level of
the FAS mRNA in liver
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Fig.3 The relative expression level of the LPL mRNA in liver

3 Wit
31 ARRRMZEKESFLEERERE. AR
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Sudy on the Optimum Dietary Pantothenic Requirement of Juvenile
Turbot (Scophthalmus maximusL.)

WANG Yaping'?, LI Baoshan®, WANG J iying® , WANG Chenggiang’, WANG Xiaoyan®,
WANG Lili'*, WANG Shixin®, SUN Yongzhi’, HAO Tiantian’

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental Ecology
and Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs Shanghai Collaborative Innovation for Aquatic
Animal Genetics and Breeding, Shanghai Ocean University, Shanghai  201306; 2. Shandong Key Laboratory of Marine
Ecological Restoration, Shandong Marine Resource and Environment Research Institute, Yantai  264006)

Abstract An 80-day feeding trial was conducted to investigate the pantothenic acid dietary
requirements of juvenile turbot. Six isoenergetic and isonitrogenous diets were formulated using fish meal
and casein as a protein source. The basal diet was supplemented with calcium D-pantothenic acid at 6.24,
10.64, 15.02, 23.81, 41.40, or 76.57 mg/kg and fed to juveniles weighing (24.73+0.10) g. The results were
as follows: 1) No significant differences in juvenile turbot survival rate (SR) were found between the
dietary treatments (P>0.05) and the weight growth rate (WGR) and specific growth rate (SGR) increased
as pantothenic acid levels increased from 10.64 to 76.57 mg/kg (P<0.05). For dietary pantothenic acid
content greater than 23.81 mg/kg, the hepatosomatic index decreased significantly (P<0.05). 2) The crude
protein and lipid levels of the whole body and crude protein levels of the muscle initially increased and
then decreased with increasing dietary pantothenic acid levels, whereas the crude lipid content of the liver
decreased (P<0.05). 3) The activities of the intestinal digestive enzymes Na', K'-ATPase and hepatic
cholinesterase (ChE) initially increased and then decreased with increasing dietary pantothenic acid levels,
whereas intestinal creatine kinase (CK) activity increased significantly from 10.64 to 76.57 mg/kg
(P<0.05). 4) Hepatic and serum catalase (CAT) and superoxide dismutase (SOD) activities were
significantly lower in the control group than in the groups with calcium pantothenic acid-enriched diets
(P<0.05). Turbot fed a 6.24 mg/kg pantothenic acid diet had a higher serum malondialdehyde content than
those fed other diets (P<0.05). 5) Fatty acid synthetase (FAS) expression increased and then decreased
with increasing levels of pantothenic acid. Lipoprotein lipase (LPL) expression was significantly
up-regulated in the liver with increasing levels of pantothenic acid (P<0.05). In conclusion, appropriate
levels of dietary pantothenic acid significantly improved intestinal digestion and absorption capacity, thus,
improving nonspecific immunity and the expression of fat-related genes, and consequently, the growth
and body composition of juvenile turbot. Based on broken-line regression analysis of WGR, the optimum
dietary pantothenic acid requirement of juvenile turbot with a body weight of 24.73 g was 16.08 mg/kg.
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