4185 Ho Wl B % U R Vol.41, No.6
2020 & 12 H PROGRESS IN FISHERY SCIENCES Dec., 2020

DOI: 10.19663/j.i1ssn2095-9869.20191012001

http://www.yykxjz.cn/

JEE, EBRSE, S, EER, EUAE, AGKE, SR VAP aha) xR 4R R Bt R AR, ol Bhe BERE,

2020, 41(6): 37-48

Zhou Y, Wang JY, Li BS, Wang CQ, Wang SX, Sun YZ, Ma CX. Dietary vitamin By requirements of juvenile rockfish (Sebastes

schlegeli). Progress in Fishery Sciences, 2020, 41(6): 37-48

V4 fa xR R B, BREHWS

A oY OFREY 2z ERE? OFHET kA2 Tkl
(1. EHEFERY KPR EER R HEA RO R R 02578 55 53085 A B L
Ki=sh it & b T U R R B 2013065
2. INEBBEHEERRSHENRE IWEEEEESBEESTKRE WE  264006)

WE AL EAEFREARTEE R B & XTI KT 4 (Sebastes schlegeli)4h & 4 K . R &2 .
Il s fnss A Mg R H KA N, UHERLGELEZBNFEKRE, WHl 6 A%4E K B Lfng &
A8 2,08 FE ), 3.25. 4.16. 632, 10.17 71 31.14 mg/kg By SLI4a K, 18R MG R E 4 (36.35+
0.06) g M K- Fhli4h 2 63 d. ERE T, MA%EE K Be o BN v, L& I E R (WGR)F4F
4K R(SGR)Y B & F 5 JE IR #%, 4.16 mg/kg 43K 5 & 5. 4.16 mg/kg 4 ik (VS E %
& T At B 41(P<0.05), 3.25~10.17 mg/kg 41y FF (& b (HSI) 2 f7 14 e (ISD) . 2 & T &t B8 41(P<0.05).
3.25~31.14 mg/kg 4 09 LA K48 B 2% T 2t B 41(P<0.05), 4@ fo LA By 4L E G AL e i 24 & &
FrE PEwy T IEAE A b 4 B A B (SOD)JE 41 e 7t 8 Ja PR 1K, 4.16~10.17 mg/kg 41 % & T % H
41 (P<0.05); T 4 8(MDA)% 1K 5 715, 3.25~31.14 mg/kg 4 B 1% T 2 B 41 (P<0.05); AT
Ak E B AELEIEETH; 3.25~31.14 mg/kg 44 i F B (GOT)fn &4 4 4 42 8 (GPT) % ) B2
& T A FE 21(P<0.05), A% % & 8 (GOT1 f1 GOT2) 3 H A xd %3k 6 FH 5 %, 3.25~31.14 mg/kg 4
B8 T 4P 4(P<0.05); A7 % A8 (GPT1 1 GPT2)#t F At Rk B4 E 1, HE 6.32 mgkg
Mk B K ME; B A B 4% A B (TAT)ZE F AR Xt R £ E8 T ) 5, 4.16~10.17 mg/kg 4 8 Z & T H 4
(P<0.05); # & B4 @AM (SerC)EF A kK EE TH#E, 416~31.14 mg/kg 4 1 Z (KT Xt & 4 Ao
3.25 mg/kg 41(P<0.05). L WGR. AFJE4 & K Be & &4 GPT HiFMFatr, ZIWEEHE M EMN,
RE 36 g WP KT ai4h & 4 & & B Y% K E A 3.53~6.32 mg/kg 1 #f.
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Yk B — MUK LA E, DI i | s
T RN 22 e 3F0E A7/ (Halsted, 2003), 44 %K Bo 5
EYIMRNE SR AR B VM OG . B, 44 KB,
V5 A= Py o N Btz S G R B PR B O S I, = 5 b 20

FRALE . MR . e . WimR A2 S [, 7R LR
A9 i B BRI (Shiau et al, 2003); ok, 1ERbE
JE R TL B B S S S K AL A AR, A AR R
PERRAE, AERr BRI, H5 055 A5 DR AR
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. mRNAMYG B, R BUSER S E py SRR 3Rk
H ¥ (Zehra et al, 2018; Natori et al, 1997); IAh, &
WS 5y iny- 25 T R(GABA). Z k. H
i . S-EEMEGS-HT)EM DA R, Mz R
St 0y & B M3 fig (Huang et al, 2005; Akhtar etal,
2010), K=k = 44 R Bees 7= A AH R A 6 = i
1B Yk 1 R Beid B I A S0k 7= s = A= B 8 1 75 Rl
YER . A K hr . IFIE4EAE BB & 2 . % 2l
TSP AR bR, B2 T K7™ S 4= R B 5 oK it
2)°41~12 mg/kg(He et al, 2009; Zehra et al, 2018;
Hosokawa et al, 1992), i, @y B (Epinephelus
coioides) 4k 4= 2 By 77 oK 1 N 1.75~2.22 mg/kg(Huang
et al, 2005), FZBIRIAIRE, EKAR, WK,
EREIR I 1k 45 5 K 25 6T (Scophthal mus maxi mus) 4k %
B ok} 1~2.5 mg/kg(Adron et al, 1978), =
MANAERANR, IRE, B3R, Kb, thaEal5E;
4 3k B (Spatrus aurata) 4k £ % Be 75 oK B N
1.97 mg/kg (Kissil et al, 1981), He= A T A KR L,
FET-3805, WADKA T AR A Bl 2R A T M AR 45

Y [C - fifh (Sebastes schlegeli), )@ T fil /2 H
(Scorpaeniformes) . fifiF}(Scorpaenidae) . ~F-fifiE(Scbastes),
N FRBEE . BAE, BRI R, o
TR E T WA, EAMM et A
FVSPEE U o i e AR ORI MR, 1988, RESE, 1999), 1
[Tl PR T 6 25, 7EVRIB A RO BRI SEE, RA T
T 7 Y0R8 B 0 R0 6 37 A 1 BRAB R 2 (B AW SR 45, 2014).,
HAT, T VF [Tl S5 SR A o7 20 B a1 ik
B . WS w0 S RDRHAS in R 45 7 T (Lee et al,
2002, 2009; Cho et al, 2015; Katya et al, 2017), 4EtE
REFTRAHGEILYEAFR C (Lee et al, 1998)F14E
£ E (Bai et al, 1998), B JGE4EA: ZWF5E 7 I ik T
25 o ARFGEIE I A ARDR P S IS [ B B B 4 A 3R
By, WFFEHXFAE K | T R Ul I P e 3k S 4
PREFZM 0 1 COT gl fa X 4E A - B MY HGE T
K, SHHEA BT Z RIS
1 #MR5FZE
1.1 KIEER

iy | BEAE Ao BRI AR, Sl EE
U5, PRI 2 J 49.56% . MG DT 200 9.12% 4 3t
liRDBHEC 7 o 7R DR 2 BT 0. 1. 2. 4. 8
132 mg/kg [ EL TR LIS B (2 B R 98.6%, W H A

2 S M AR IR A, B 4R 2L Be SEbr i
4 2.08. 325, 4.16. 632, 10.17 FI 31.14 mg/kg

6 HAFAFREN LA EL, 44 D1, D2, D3, D4,
D5 f1 D6 41, Hrp, DI AXTERAL . £ 1 LK iR
LTy BB SR o
H R R 80 HARIESR , R AR E S5,

BRY KLIRAE], IS AE B 288K, B
YR AR AT, /N AR R AL R 4% 4 2 F1 4 mm
TR, 60°CHET, YRS B S T-20°C kAR 7
e

1.2 KEREREFRER

STU B4 - gl 0 [ L AR H IR AL B3R
Yy, FRPEAE 2R H B R Rk (6 3R 5 /R Y 3 b 1 7K
VYeFEFE I N H:RIFE (60 cm x 60 cm x 50 em)H#E47  1E
LI AT R B R IAE, 14 d 5Pk (A {g
L KN — | WA AR 5 (36.35+0.06) g MYSCH A
540 BB LR R 6 4L, BA3IAER, B
MIFE 30 FEf, H 18 AR, SRR R A, FF
S K K, SRR FR5E . KRN 16°C~18°C,
RIRE(DO)>5.0 mg/L, pH N 7.0 Zifi, @AY
A <0.05 mg/L, %K 08:00 Al 16:00 M 2 ¥k, #)
IR N RE ) 1%, TR R, &
HidspAb i s e, SCRETT 63 do

1.3 HEmRERSH

FRIHL LSRG, 256 24 h, DR MFE AR
B PR, BAMAEREPLE 4 B, T
BT IE , Sy 8 e il AR i MR K S, R Ik
I, RS ESNE, SRl FRa RN | JFIBEE . il
M, ., L. FFUERE S E T80 C A& MR
fE, 0, WA REYLE 2 R, JOW B N AR,
WUFZRE FJC RNase B0 PR U & Il A b
. 5 T80 CRARER KA h R A, M TAHZUPAEC
R FRIR BT

SRR RE B R K 23R 105 °C E H kI E
(GB/T6435-2014) , #l & [ & YLK & A& % &
(GB/T6432-2018) , 5 115 R A & I il $2 1% 00 2
(GB/T6433-2006), HLK4RH 550°C A H LM E (GB/T
6438-2007), AEHERHAMALELIIE (KA, C6000, TE[).

JFRE R 4ErE R Be 197 1R ] B R A= W) R4
A R AR & E o B S AP B A S (Superoxide
dismutase, SOD). N _.[¥(Malondialdehyde, MDA), %+
WL B (Glutamic oxalacetic transaminase, GOT)AI
25N %% % 8 (Glutamic-pyruvic transaminase, GPT)J
K PR A ) TR R e A T, S22
A AR B e 22 e, RS ) BRALE XS
MR & 45
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Tab.1

TRRIEC T REFRE M (% THJ5)

Formulation and nutrient composition of the experimental diets(% dry matter)

i H Items

2 %) Groups

DI D2 D3 D4 D5 D6
JE B} Ingredients
i1} Fish meal 45.00 45.00 45.00 45.00 45.00 45.00
fi% [ Casein 20.00 20.00 20.00 20.00 20.00 20.00
a-JEHK) a-starch 20.00 20.00 20.00 20.00 20.00 20.00
ff1 3l Fish oil 6.00 6.00 6.00 6.00 6.00 6.00
KIS Soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
4 Z R AL Mineral premix® 1.50 1.50 1.50 1.50 1.50 1.50
H YRR R Vitamin premix® 1.50 1.50 1.50 1.50 1.50 1.50
H 320 Betaine 0.50 0.50 0.50 0.50 0.50 0.50
Y&k Antioxidant 0.10 0.10 0.10 0.10 0.10 0.10
R — 4% Ca(H,PO,), 0.50 0.50 0.50 0.50 0.50 0.50
S ALNBHH Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
R REAYE R B CMC 3.40 3.40 3.40 3.40 3.40 3.40
ERMR I ML B Pyridoxine Hydrochloride (mg/kg) 0 1.00 2.00 4.00 8.00 32.00
B I B(% T 9 ) Nutrient composition (% dry matter)

HLEE 1 Crude protein 49.73 49.79 49.55 49.41 49.71 49.18
Mg T Crude lipid 8.93 8.99 9.37 9.17 9.23 9.00
HLJK 4 Crude ash 12.09 11.78 12.01 11.79 11.83 12.07
fit & Energy (KI/g) 20.77 20.81 20.81 20.77 20.81 20.72
i 2 B, Vitamin Bg (mg/kg) 2.08 3.25 4.16 6.32 10.17 31.14

Ha: i HZTURENgke RN diEFE C 1212 g 4K E18.8¢g HiEE B 2.7g 4K B,9.1g MiR27.8¢ 2
FRE5 12.7 g; WIEE 181.8 g; AME 0.27 g3 MR 0.68 g; AEEE K 1.8 g; 4EH4FE A 0.73 g; 4E4EFE D 0.003 g; 4i4%E B,

0.003 g

b: W BB K (g/kg R : MUBREE 80 g; AR &GN 370 g; SALER 130 g5 FPEEIREK 40 g; BRAREE 20 g; AL A
0.2 g; %fLHR 0.15 g; WULHT 0.15 g; TEARAREN 0.01 g3 AR 2.0 g MfLH 1.0 g

Note: a: vitamin premix (g/kg diet): vitamin C 121.2 g; vitamin E 18.8 g; vitamin B, 2.7 g; vitamin B, 9.1 g; niacin 27.8 g;
calcium pantothenate 12.7 g; inositol 181.8 g; biotin 0.27 g; folic acid 0.68 g; vitamin K 1.8 g; vitamin A 0.73 g; vitamin D 0.003

g; vitamin By, 0.003 g

b: Mineral premix (g/kg diet): magnesium sulfate 80 g; sodium dihydrogen phosphate 370.0 g; potassium chloride 130 g;
ferric citrate 40 g; zinc sulfate 20.0 g; cuprous chloride 0.2 g; aluminum chloride 0.15 g; potassium iodide 0.15 g; sodium selenite

0.01 g; manganese methionine 2.0 g; cobalt chloride 1.0 g

i Trizol ¥EARHUE RNA, $RBUE UG FH %
12 25 1 f (Nanoprop 2000, 3 [E)#:6 RNA AR,
FF T R B B W B Jie e VKR RNA A9 e3Pk, R A
PrimeScript'™ RT reagent Kit with gDNA Eraser 5%
SR £ (Takara, HAS)ZBRIEH 20 DNA I 5 f5 5% AL
cDNA 5 T-80°CIRAFRF T . HLHEA S5 % BT A5 (1
GOV il 7 5% 20 % 4, 4% 20 4% 5L 5 2 B (GOT1 M
GOT2). AN M(GPT1 M GPT2). W= MR = i
(TAT) . 22 % & % 2 i (SerC) 1) & I J¥ %], NCBI
Nucleotide BLAST #47 [A) Y514 L XF 40 #r , (] 14
BE L FY), A Primer 5.0 #4515 14, 1k

AEBHAE R LI7TRPLITE NN S I (Ma et al,
2013), 51¥H BgA T AYMERERAF S K, 5
YIRFImE 2 fin, SERPEOtE R PCR RAF &N
TaKaRa 1) TB Green'Premix Ex Tag"II (TliRNaseH
Plus), PCR F&J¥: 95CHIAEME 30 s, 1 AMEH; 95CAE
P 5 s, AR FERGR KR TR & 30,72 CHEfH 60 s,
I 40 MEFFEHEK 2 95°C il it 5 E B PCR (XS
W H AL NS LAY CH ., 5B 222 H
HE R A FRak it o ABFSE T, RPL17 . GOT1.GOT2,
GPT1. GPT2. TAT H SerC W3 B4RL 443514 0.992
0.962. 0.979. 0.965. 0.989. 1.055 Fil 1.027,
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Tab.2 Primer sequences for gene expression

IR B S AR5 (5°~3")
Primers Sequence(5°~3’)
RPL17  Forward: AGGCGACGCACCTACCG

Reverse: CCTCTGGTTTGGGGACGA

GOT1 Forward: GCGTTGTTGCCATAACTCTT
Reverse: CTGCTCTGTGATGTGGTCCC
GOT2 Forward: TGTAACGACGCAGAGGAGGCA

Reverse: TTGGTGGGTTGGAGTAAATGG
GPT1 Forward: CTGGTGTCGGTGCGTCTGT
Reverse: CTGCCGCCTTTGCCTTGT
Forward: TGGACAGGCTCTAATGGACC
Reverse: TTTTCAGGGATGCTTATGCG
TAT Forward: GGCTGGATGATGCGTGGACAAC

Reverse: CACTGCTTGCCCTCGCTGAC
SerC Forward: TTGCTGCCTTTGCCGACCAC

Reverse: GACAGTTCAGCGGCGTTCCTC

GPT2

1.4 BIRTERBESIT

19 % (Weight gain rate, WGR, %)=(ffi /KA H-
L A) )/ 0 AR H < 100

78 4 K . (Specific growth rate, SGR, %/d) =(In
i AR FH—In fARY) E)/FR5E JE 151 1005

B (Feed intake, FI, %/d)=% & 1R/ [ (K
H) F+ i PR R H )2 % 35 5 R K <1005

Tk} Z 8 (Feed conversion ratio, FCR)=1% & 1a) %}
/(AR E- A E);

FH H U3 (Protein efficiency ratio, PER, %)=(ff

AR i — AR )/ B DR < DR PO B Y
#)x100;

WEAA Ho(Viscerosomtic index, VSI, %)= it A1 5/
AR E*x100;

JFAA L (Hepatosomatic index, HSI, %)=} i &/
AR Ex100;

% 1A Lt (Intestine-somatic index, ISI, %)=/} 18 &/
AR REx100;

JIE 3% & (Condition factor, CF)=ff{A& K & /&K x
100;

1% Z (Survival rate, SR, %)=2 K BEEU/4) 15
iR 4x100.

BRG] SPSS 18.0 Fiit A AT B B 2
#/53H(One-way ANOVA), 320 K04 % F V-2 {H 45
1% (Mean=SE) /5 , 25 57 Ik # (P<0.05)H} | Duncan’s
o S AT 2 8 LA BT o SR AT B AU Bl L
FEVFICT il e A R Be Ml W oK i o

2 #R

2.1 ARREEER B TR T4 & &£ RFFAKE
FRE R M

3 A, BEEGER B NI, LK
a3 R AR A KRR FTHE R, D3
20 I 0 TR R ZH (P<0.05) . D2~D6 2 YRR G i
FZF(P>0.05), i E T XA (P<0.05). D3 4
TRt 2B AR, D3~D6 4 g I T X} R 4H (P<0.05).,
EABESCR R LTS PR, D3 45,

F*3 AR ESE R B IR T4 &S KR KBRS0
Tab.3 Effects of dietary vitamin B on growth performance and body indices of juvenile S. schlegeli

AR AR 415 Groups
Growth performances D1 D2 D3 D4 D5 D6

WItEIA TR IBW (g) 36.36+0.04 36.31£0.03 36.41+0.08 36.33+0.04 36.34+0.06 36.34+0.01
LR F R FBW (g) 67.46+0.40°  75.25+0.33°  78.57+0.94° 76.78+1.85°°  74.99+0.18°  74.97+0.90°
WE A WGR (%)  85.57+1.27°  107.24+0.75°  115.78+2.25°  111.3244.93* 106.33+0.51°  105.02+2.68"
FrE E K E SGR (%/d)  1.00+0.01° 1.18+0.01° 1.24+0.02° 1.2140.04% 1.17+0.01° 1.1620.02°
B FI (%/d) 1.0540.02° 1.19£0.01° 1.21£0.01° 1.21+£0.03" 1.19£0.00° 1.18+0.00°
kL 2 FCR 1.1440.03° 1.10+0.03% 1.0240.01° 1.07+0.03% 1.07+0.01%® 1.07+0.01%°
[ JFU0K PER (%) 1.77+0.04% 1.83+0.05% 1.9840.02° 1.88+0.04% 1.89+0.01% 1.88+0.01%
WA L VST (%) 9.03+0.08" 9.27+0.10% 9.35+0.11° 9.32+0.05% 9.24+0.12% 9.27+0.08%
JFA L HST (%) 2.30+0.03° 2.47+0.01° 2.49+0.06° 2.46+0.02° 2.46+0.05° 2.42+0.07%°
Wi EE 1ST (%) 1.5740.02° 1.64+0.04° 1.76+0.01¢ 1.7240.01% 1.69+0.01% 1.68+0.01°

REH5 B CF 2.75+0.02 2.73+0.02 2.72+0.01 2.74+0.01 2.72+0.01 2.76+0.02

715 SR (%) 95.56+2.94 96.67+1.93 98.89+1.11 96..67+0.00 100+0.00 97.78+1.11

e F—A7 AR AR BEUEE 2 57 .3% (P<0.05), T H

Note: Values within the same row with different letters are significantly different (P<0.05), the same as below
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0

0 5 10 15 20 25 30 35
TARHEAE K Bl & /(g kg ™)
Dietary vitamin B, content/(mg-kg™)

L VT ) fi T R
ek R Be RMPTLIIHC R
Fig.1 The broken-line regression analysis based on weight
gain rate and dietary vitamin Bg of juvenile S. schlegeli

D3 41 IEAR He i 2 8 T B4 (P<0.05); D2~D5 4
B T AA B B 25 1 T BB 4H.(P<0.05); D2~D6 ZH B ik
i 3 TR R4 (P<0.05), S THEBmaH, 1
D3 YLK F (s 45 400 A N0 BE A7 305 SR G 2

#5(P>0.05),
DI R PEM TS b, ST RELA S AR G
Sfihih LA R B BYTR R R 3.53 mg/kg (K 1)

22 APHREER B IIFR T4 & &EENH S

sbA

R 4 ATHN, A3 Be o XTI ICF- il %) fa 4
7K 43 MUK K 43 F 50 i 3552 i (P>0.05), 2 fafil ik
H& % ETHE RS, D3~D6 44 fmilEn &
FE T X R4 (P<0.05), HAE D4 A3 mil; 4
FLAR G 258 B TR TR ass, XA RANE, DS
HAFR A, D3~D6 22 0] J0 i % 25 5 (P>0.05)

VIRl 4t D3~D6 4 NLA K 4> & & i F T
Xf BRZH (P<0.05); WL KLER [ Bifi 5 2 42 R B S 103
IS ETHR R, XI5 B A%, D3~D6
2HTC P 3 22 5 (P>0.05); XF HEZH UL RRELAE 1 &2 2 - 7+
JG PR, D4 i WURRLK s> & 800 B %
24k (P>0.05).,

R4 EABREER B IFRTEhL) & & KEHA S RIFNE(%IEE)

Tab.4 Effects of dietary vitamin By on proximate composition of juvenile S. schlegeli (% wet weight)

TR 2H A% 2 5] Groups
Body composition D1 D2 D3 D4 D5 D6
4= i Whole body
7K 43 Moisture 72274022 70.04+1.52 70.42+0.06 70.01£0.47  70.39+0.79 70.99+0.65
HIE 1 Crude protein ~ 15.91£0.08°  16.14£0.20°  16.50+0.08"  16.74+0.15°  16.45+0.01>  16.36=0.03°
HLBE 5 Crude lipid 6.31+0.03% 7.07+0.14° 8.17+0.07° 8.23+0.03° 8.31+0.10° 8.16+0.25°
HLJK 43 Crude ash 4.61+0.02 4.58+0.05 4.44+0.03 4.49+0.08 4.53+0.03 4.58+0.08
LA Muscle
7K 43 Moisture 76.68+0.39°  74.76+0.08" 75.08+0.35° 74.84+0.13*  74.83£0.15° 75.17£0.39"
HLEE H Crude protein 19.89+0.08*  20.30+0.06° 20.96+0.03° 20.68+0.03¢  20.68+0.05° 20.68+0.18°
HLNEW5 Crude lipid 2.7940.03° 3.54+0.05% 3.57+0.05% 3.67+0.06°  3.38+0.13° 3.4+0.11°
MK 4Y Crude ash 1.31+0.01 1.29+0.01 1.30+0.01 1.29+0.01 1.31£0.02 1.31+0.01

2.3 (AR AEE B, XTIF K eh4h fa BT AEBE S N 4
£EZBS=ENEM

e S A, BEEYEER By S Bm, AT
ALY ARG 5 e B TR R R E, D3~DS
4H L TR IR (P<0.05), D3 . N o
BEHE TG LTS, D2~D6 4 W K T X
41(P<0.05), D3 Zlfcflk. D2~D6 41 AT M4y Hi 4 41
JitivE 11 25w T4 R ZH (P<0.05), D4~D6 2H 2 7] G it
EX5(P>0.05), MFAEANEE RS2 LTHET
FEftass, D3~D6 41 kb % i T X B4 (P<0.05), JFFHIE
Yt K Be i B E R 4R AR E By RISk
ThEE R Y, D2~D6 4 W% & T X M4

(P<0.05), D3~D6 ZH[A]JC i 3 22 5% (P>0.05)

DIFIESEE 2R B & MITEIN TR, SPrdisinl
U JE A P il 4h fa X iRl A R B TR RN
4.96 mg/kg(&l 2); LUFFRER P35 2115 71 0w AN 1
b, SGYTLBRIPLE EAS IV ICE Sl fRDEL 4R 2 B,
Hy sk 6.32 mg/kg(&l 3).

24 ABPHEERBIITR MY EERBERR

EER R

Bifi 5 4 4= 2 B £ 1 IS, A B 2 1(GOT1)
FA X R A B R E ETHE TR, D4 41 53%
B T AR ZH (P<0.05), D3~D6 ZH2Z [0 #2257
(P>0.05)(&l 4); D2~D6 U3 ik 2l 2(GOT2)3E K A
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Tab.5 Effects of dietary vitamin B4 on liver enzyme activities and vitamin By content of juvenile S. schlegeli
S e 2 5] Groups
Liver enzyme activities Dl D2 D3 D4 D5 D6

ALY ARG SOD(U/mg prot) 1382.95+24.77° 1494.70+16.83% 1659.47£28.28° 1536.36+20.49° 1529.73+55.12° 1502.27+64.03%
A "% MDA (nmol/mg prot) 0.92£0.01°  0.74+0.02° 0.54+0.03" 0.68£0.03°  0.68+0.02°  0.72£0.01°
B GOT (U/g prot) 18.6742.35%  29.61+1.88°  32.82+1.82%  40.72+44.56%  40.4242.30%  48.56+3.22¢
BN A GPT (U/g prot) 111.05£2.62° 115434524  139.42+7.14°  172.42+10.91° 165.16£3.92° 160.11£8.67>
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Fig.2 The broken-line regression analysis based on liver

vitamin B¢ content and dietary vitamin Bg
content of juvenile S. schlegeli
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Fig.3 The broken-line regression analysis based on liver

glutamic-pyruvic transaminase and dietary vitamin
Bg content of juvenile S. schlegeli
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Fig.4 The relative expression level of the glutamic
oxalacetic transaminase1(GOT1) mRNA in liver

N
w
T

N
)
T

GOTIE R M FEE
5

GOT1 mRNA relative expression level
W

(=
()

[=]

RIFVING B 2641022 5 43 % (P<0.05), Il
Columns with different letters indicate significantly different
between groups (P<0.05), the same as the following

° _
E 2.5
g c
UH 2 2.0+ be be
N e b b
' 815t
Ez a
H =
o 2 1.0r
N <
=
0%
O g05f
N
[
8 0 1 1 1 1 1
D1 D2 D3 D4 D5 D6

2 5] Groups
BS  JFEA R (G 2 (GOT2)3 A 363k &

Fig.5 The relative expression level of the glutamic
oxalacetic transaminase2(GOT2) mRNA in liver

3 itig
31 {ARhgEEE B, S EXIFK T ahL) G KA
SCUSE T X BRI B TR A KR i



% 6 W Jal AR VR IRP il X e 4R R Be R B ST 43

= N N
n o n

GPTI1EFHAMN TR R
5

GPT1 mRNA relative expression level

e
W

(=)

c
c
L be
be
L ab
a I
D1 D2 D3 D4 D5 D6

20 5] Groups
F 6 AN EE [(GPTHIEK AN AR
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Fig.7 The relative expression level of the glutamic-pyruvic
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aminotransferase (SerC) mRNA in liver
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RECRSERE TR, BRI A BT . KT
Sk = g R Be ot BUAH N B AEIR . Gk 2
fi(Seriolalalandi) il LR &, A KAR, 00, #&
K ALANE FE T R (K = JiF (Hosokawa et al, 1992); 4%
11§ (Oplegnathus fasciatus) i it = JiE & AE K 818, IR
B, WA, Uik, mILTRMA ML (shibashi
et al, 2002), SLH PO BRATA HBE LI AEA B B,
B = 5E, A AT RE D SEE R AR ET, 1 IGF il &)y £ 44 Py
BT —F84EA 3R Bes FRFH IS AE/K M HE AR
AT, KRS EER B WARTE, MIARESHT
Hehs w7k (FA iR
Be), Kk, XTRAABL=Z iAW, HH TEEA
TR AR, E A7 i R A A 20 T W 25 22 5, U]
2.08 mg/kg MIYEAZ Be il LAR IR VRGPl Hh 2™
HAYBLZIE

ARSI ISR AR R Be S AN
AMEHVE AR, PP g A R Be 05
kAR 3.53~6.32 mg/kg, FENEE#A(Heteropneustes fossilis)
3.21 mg/kg(Mohamed, 2001), 4% 9 ffi(Oreochromis
mossambicus x O. niloticus) 3 mg/kg(Lim et al, 1995) .
K # £ (Pseudosciaena crocea) 4.49~4.61 mg/kg(FK IS,
2006). f#fiffi(Lateolabrax japonicus) 4.38~4.53 mg/kg
(KM%, 2006). 13k (Megalobrama amblycephala)
4.17~5.02 mg/kg (F24 2013)fREHRM; BT
KT 1~2.5 mg/kg(Adron et al, 1978). R B
1.75~2.22 mg/kg(Huang et al, 20055k i K T#8
fil (Channa punctatus) 7.6~10.4 mg/kg(Zehra et al,
2018)., HiE#Hi2.2~11.7 mg/kg(Hosokawa et al, 1992) .
T = % 4k ff(Oreochromis niloticus) 9.22~10.11 mg/kg
(R ILEE, 2018) 1y K i o AN]SR Rl 7 oK o
JR PRI RE S Sc s A SE | RN SRR IR | SER iR
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A4S FRIRAS T LA 1 T A b ke S e, G A
Fo. BFRECRIAIR L, DR, Ridm4Ed: R B
i, T 5 % 4 0 F1 5 & 4R ) (Carassius auratas gibelio)
A e K T A A (32 LA, 2018; L AR ARAE,
2011); K VU PEHE(Salmo salar)10 mg/kg 4H (1A L i
2 5 T H A ZH (Albrektsen et al, 1994); i (Cyprinus
carpio) X BR 2 i iz A L A B (IR 1L (He et al, 2009), A<
SERG MR EE | AR HE RN R L34 5L TS R R
s, XFRRARAL, IALELER By AL ATRES
VRt B A B RS-

3.2 ARPHELER BIIFRTFMyBEaEERRS

s

Bt 2K B MO, 7 Q- il fa 4 fORL AR 1
S An LA BRLAE G 52 2 TR R RER a3, DLAHL
EERS S A=) S e SO N e NP & T 15
THAAH, X5V EMERILE, 2018), 5 FH
FREPCEHRARAE, 201 )RS R B, 445 Bs LA
57 -BEIR LW [ ()8 AR e i O Al , 2 5 2R
AR 25— 25 bR o~ 3, i R LR AL R AH R
MIEARR . 4R Be o 2 A8 0245 i R 2R (R
BRI &, (eI F A i (Baker et al,
1995; Giri et al, 1997); Kit, SfAaFPLAFHE A&
Wb E R Be SR MBI it . BLAh, 2
3 Be 1E LG A FN 105 1 A FH 45 7 1 i g A
W R ], 7 ff(Ctenopharyngodon idel lus) il
4 5r 5 (Haliotis discus hannai) H & BRI N4 4= % By
AT DLYE T AP Z2 AN R IR A5, A Bl T 5 &
IR B SE & B S R, AR E T BRI ras s AR
WG T IR US55 U, 2005; A, 1992),
ARAIFGEH, X HEZH 4 LA LTS i 7 1 o 35K
HAth#5 41, W& 4R B B9, D5, D6 41ALIA
HLAG i A1 D6 4 4= fa ARG 105 Hh B T R R, 7 B B 6k
(Cirrhinus nrigala) #) #F 5% It 4 2 8 4% SR (Zehra
etal, 2017). RPGFEER R IMAEE R Be 4H9 2 FfiT
N I e f i (Albrektsen et al, 1994), L) b 4% 5
WY, WS4 R Be, REIEHEHUAE A A&
BCRAR BTG B Ny ) IE H A T

33 fARPHEER BT R4 & AFAE4E 4R B,
REMRELEHZIN

Yo R Be fE A ILRRACEIAN S J AL A1 09 g H
T MRS R FNOR B B, 2 53R 2R
)4 R (Baker et al, 1995), a5 T A& 2 A= ZAR R
ERE AT, W WO r K e A R s i F)

JERE, DLl TR T 2, R 442 B 1
AR AR R PEAN FE AR (Zehra et al, 2017)
U, 0 R R 2 AR 2 B Y P i R AT 1 kAR
F B MRS, I Prk mamial, IR L R
B it A AR bR, VFICT-lg) 24 3 B oK it
} 4.96 mg/kg.

Yk R B HA MEMILEIER, TTLUFBRBL
B A A P LI 1 — 25 T B SR A R, i e = A
HE Be SN At A A . BRASHL A A N
(Kumar et al, 2017), $T AP EAE N kb 2 AL B i
(A RSy, Hob, SOD R—KPi A b, M
YA IR BT TS bR A BRI TR (ROS), HATE
BROKN A B BERRE T, S Ak AR s, ZERLIR
(14 Bl 10 2R 46 R 9 328 3R G v ke ¥ 2 R PR (AL,
2008; Cui et al, 2016), MDA 25 it AL L =),
AR B AL AR A i Az 1 el B Tl e T R
(Mccord, 1969) . 1E &4 £1 BE 1 . FL 49 i X &F
(Litopenaeus vannamei) 78 H & B, 44 & Bk =
4 SOD itk g F[# M (Huang et al, 2005; B,
2014), S5AGIGZERAARL, BEE AR B & it
BN, SOD 1G4S EFHE FREA#%, MDA &
S NG ETH RS, ¥o7E D3 4B, X R
IS Y S B AEAE R Be v LR S MR 1B A AL e

3.4 fARRELER B X IF IR T4 & AT AR SERE
N EEERREERFM

Yert F Be LU S-S IEIE X, 1E Rk =i
2 55 BRI AR B VE4 I (Zehra et al, 2018), fiT
AR Ry SR A Y £ B B, O B 45 R il A
A5 DR G S T Bl A DR f0 R IR D Y R TS R
Y 7 )42 S W A RO, R, 0 s A
T8 & 15 1 F 19 T BL3E bR (WRth 45, 2014; D42 55,
2016; Smith et al, 1974), K 2 FFAE o 25 5 5% 2 i N
A N e B0 F1 0T LUTE HERR AR 4E 4 R B BT R
T AR R, XTREANFIEYEE R Be & AL
il 1% 1 35 W AR T AL, BEE R R Be S
o, FFE4EE R B AR R LT ETFRIBET, &
TG DTS, (A 7E D3~D6 0 # % H;
BHNERAMREE LT THRMBE, X552
o, 5 AR B RE S 0 BIF 5T 45 SR 25 Ll (Mohamed,
2001; = LEE, 2018; FHRAREE, 2011), UiBAEIM4EAE
F B M LUR SR RIS 1, PR UE fa R 1 B AR i
FYIE R AT o M PrLR AR, DI N 2B T
I, FRT-sh st R B TR EN 6.32 mg/kg.

GOT 7E E MM e 2 Fhistf BRI AY [R) T
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il , 240 Jf S A2k &R 1 4 S iR GOT1 Fil GOT2 %E A
#ifi%(Jiang et al, 2015); GPT FE W H 430 2 A,
D FFF 200 655 v 1 2 TR e Ui 1(GPT 1) RIS, T i e b Ak
TR A TR L 2 2(GPT2)(GFIBé T, 2010), H AT, #E/K
FEENY) M TR R Be XL R I K 1k K F
O RGE, B A, dER B = KR
(Rattus norvegicus) /I 4 g 5t (1) 7 5% 2 mRNA
KOV L BERZH 5 7 A, it e T B T DA S ST A4 R
2 mRNA M3RIE, M4 7442 Be M iR B2 T
B T 0 5 A B A ;. = 4R R Be S3G0R
W R SR R A2 IR DNA 25516, 320 48 B ik il
AU LR £ 3k (Kondo et al, 1985; Oka et al, 1995), 5%
T, diA R Be = ANERFL T HFIE P ZRR- 2 1 R
SR G YE, M ELS TR T R TN R - L R PR
ST FE F 2 1K (Nishijima et al, 2003), %5 K RE R
= i R Be ARG, NRAR-C R 2 116
PR AR LU TN 2R - £ B TR T 24 1l 2 1 M (FE 14 d N
I 33%4H Lt 86%) B HRH A1 i 3 (Takada et al, 1984),
5° - R LS 1 (PLP)WE S W B2 00U 28 A2 AR i A PN R 7
#, PLP /K-S Ak 2 52 M b Kz B i R 32 /K1) DNA 45
AL, I e 2 ) 1 TR B I (TAT) 19 36 o
(Disorbo et al, 1981), 22 2 iR %% % if (SerC) S 5 & F R
A Y Ak, RS EIR L A I A R 3-BE R 22
B2, SerC JEN/E MM KHEEES S L-Z2ZRNE
WG EE, 2015), 4k 4k 2 Be 1F 0 T A i & B 00 il iy
025 5 W 24 S IR s S g 3 R 11 23k /K

ARG, BEE R YR By SR ATHE,
GOT1 ) mRNA JEH Rk 2 BTG T RER &, Xt
HEZH Y LR 5k 5 W 5 IR T HAh & 41, D3~D6 4]
WA WEES; GOT2 AN IR 3L K e 1k K F R K,
D3 ks, RS EN, ImmgitE By Sitm
A HRE G B FE I 3k . GPT1 A GPT2 1) mRNA
R ek KO- AR a8, YT R R, HLAE
D4 Y FA R A, STIEARARRME, ik,
HerE R B iz SFNA NI AR RN RL, EH
MIYEE R Be NS mRiE . MR, TAT ByHEH

RIS HATEAR, 78 D3~D5 41KIA 5 3%
=T XL D2 A1 D6 4. SerC HEPNRIAKF-LT

Raass, XFHEZLA D2 435 0 W% = T D3~D6 4.
ARWFFTLE 5 DL E S5 22 500 R R A RE SRR | 52
L S 1 e S Wy /= v 3T O

BE e 3R Be BUNIN, 2SS 5 LT
s, RNFERTE TR, X5 mRNA £ik
KRS, UG B S A4 E R By REREUER
I G RN 43 TR S T I DR ) 5%, 2 R A I

AT N GG 1, (8 Bk f AR B0 SR A
PR, B A PR P2V QP i 4l £ ) 2 1 Qi e b,
WINAEA R Be 22 LIRM AR AR N A ik 1, H
A 22 G BRI A MR R ) R ik e, ELRAE RTBIL ) 7 22 2
— B SRS

4 Zig

Zi b, R Be e FIGT-filgh fa 2k Kk & FIge Ry
IEH AP RER AT B TR R B H SRR By
A DL 1 LT il 4 o b S8 f e 0 AT Bl e, 42
AT L G . A TN A TR I R ) i PR ek K
FRAR 22 SR A W) FE R kKO- o DI | T k4
R Be T AN AW I EMEbR, 36 ¢ MIIFIRF
fil %)y £ 4k 2K B TG K R 3.53~6.32 mg/kg Tkt
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Dietary Vitamin B4 Requirements of Juvenile Rockfish (Sebastes schlegeli)

ZHOU Ying'?, WANG Jiying””, LI Baoshan’, WANG Chenggiang?,

WANG Shixin®, SUN Yongzhi’*, MA Changxing'”

(1. National Demonstration Center for Experimental Fisheries Science Education, Centre for Research on Environmental Ecology
and Fish Nutrion (CREEFN) of 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 This experiment investigated the effects of dietary vitamin Bg content on growth
performance, body composition, liver enzyme activities, and transaminase gene expression in juvenile
rockfish (Sebastes schlegeli). Six experimental diets were formulated with different levels of vitamin Bg:
2.08 (control group), 3.25, 4.16, 6.32, 10.17, 31.14 mg/kg. The juvenile rockfish average initial body
weight was (36.35+£0.06) g. After 9 weeks of treatment, the results showed that, with an increase in dietary
vitamin By content, the weight gain rate and specific growth rate of the experimental fish initially
increased and then decreased, with the largest changes seen in the 4.16 mg/kg group. The viscerosomatic
index of the 4.16 mg/kg group was significantly higher than that of the control group (P<0.05). The
hepatosomatic and intestine-somatic indexes of the 3.25 to 10.17 mg/kg groups were significantly higher
than those in the control group (P<0.05). Muscle moisture content in the 3.25 to 31.14 mg/kg groups was
significantly lower than in the control group (P<0.05). Crude protein and crude lipids of the whole fish
and muscle showed increasing trends and then decreases. The activity of superoxide dismutase in livers
increased at first and then decreased, with the 4.16 to 10.17 mg/kg groups showing significantly higher
activity than the control group (P<0.05). Malondialdehyde content also decreased and then increased,
with the 3.25 to 31.14 mg/kg group showing significantly lower content than the control group (P<0.05).
Liver vitamin Bg content increased at first and then stabilized. The activities of glutamic oxalacetic
transaminase and glutamic-pyruvic transaminase in the 3.25 to 31.14 mg/kg groups were significantly
higher than in the control group (P<0.05). The relative expression level of GOT1 and GOT2 genes
increased at first and then decreased, with the 3.25 to 31.14 mg/kg groups showing significantly lower
expression levels than the control group (P<0.05). Relative expression level of GPT1 and GPT2 genes
increased at first and then decreased, reaching a maximum in 6.32 mg/kg group. Relative expression of
the tyrosine aminotransferase gene increased at first and then decreased, with the 4.16 to 10.17 mg/kg
groups showing significantly higher expression levels than the other groups (P<0.05). Relative expression
of the serine transaminase gene decreased, with expression levels in the 4.16 to 31.14 mg/kg groups
significantly lower than in the control and the 3.25 mg/kg groups (P<0.05). A broken-line regression
analysis of the WGR, liver vitamin Bg content, and GPT parameters showed that the dietary vitamin Bg
requirement of juvenile rockfish with a body weight of 36 g was 3.52 to 6.32 mg/kg.

Key words Rockfish; Vitamin Bg; Requirement; Transaminase

D Corresponding author: WANG Jiying, E-mail: ytwjy@126.com

%41 %



