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RIRMARRED SN E AR, £FEBERK
BTRE hsp70 BEERIEEER N

s owm? HmEE®® o o AH o F OFxEHR?
(1. VLINEE R R EERIE 5K 0 E s 222005; 2. FEARIAVIE BB EK =50 B8 266071;
3. FREFHERESEARR S ER LR EZFER B2 S5 EYr- B d BRI = HF5  266071;
4, HFEMIEBEGEEVRBER AR HE  266200)

BE N E R B X 4k # 5 W 4 (Thamnaconus septentrionalis) 4 % £ K | A ¥ 48 Ax X AT IE
hsp70 ZEE R KR w, AFRE S NERAE, 288 1.2, 3. 4505 K/Md(RFEHA FL. F2.
F3. F4 f1 F5), A AW 3 AFA4T, A5 30 B A[(6.47+0.56) gl. LI, AiEK 17C~
26°C, %JE K 30~31, pH 4 6.8~7.6, HM4A=5mg/L, HAEAY KN 30d, HEERY, FELEM
ENEHEL G BN ERK, KR, HUBERRAEEENTY ., MERRMENE I, %
BOHEyaNFEMAEKHE EABYE, FSHARMERA, BEEN 3.95%, WEE N 347.19%,
BEEKERS507%/d, BEERAFIAN2E S F1AWERE R 1.79, B E KT E A 4 4(P<0.05);
AR LR A A5, F4 50 FS A8 Rk B E 5 TH M 3 41(P<0.05), ¥k EME, sk as
EEAAEE RIS, F2 455, X 59.82%; M A EERH WA, FS4RE, ¥
31.23%, & B B & MR R R e B SR KR B i %, F3 4 7E MK, 5 37.48 U/ug prot;
By B i R H I, F5 4145, 4 2.67 Ulg prot; JE M BEE M T F B4 & 09 % (P>0.05), ot
AAEEE . BAM S EEE T A B R E A F5 4, 45 4 14.71 U/mg prot. 250.32 U/mg
prot 1 2.73 nmol/mg. KFJEH hsp70 3 F 648 3tk kB A L HRME W\ (P>0.05), £ THEL
WL A KA ER NN EAER, HRERRMEN 3 K/,

KEIR  OWRAE; KETEH; KM BT

FESES S963  XEAMRIZAE A XEHES  2095-9869(2021)02-0055-08

iR WA K32 BV 2 07 T RO 29, A0 $E e RS B RE— N EENREE, HakE 5k,
BORAR, BREGE., BRE . BRERSE, Hp, FIAS AN AR 2E 7 1) S (Kubitza et al, 1999; Wang et al,
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2007), JEEARMA RS, TR S TR LR

PR AT E SR, WA K 22 RAUK BTG YL
LR f& Ty A (Thamnaconus  septentrionalis)TE 3% [ B4 U K
VSRS A5 43 AT (MOBT 55, 1984), T TH7E K IR 60~
120 m &b, Sy HMEEIR iR R A2 (FF 1257, 1981) H
WLR & & iR . Z RN FARN R (EPA. DHA), /&
IR IR o 1 R Bl (TR K RUEE, 2018) 7E 20 i
4t 80 ARARHT, SRf i fili R VR P AR S SORT
Wt (Trichiurus lepturus)(VF2F B4, 1992), (HiT4L4F
K, W Tt R, AR R WE )N,
W, YT RGN TR, RSk EE S T/
B TH AR A B 2R , i R ST SRR T 4k
FRHH o X & fif L 1 i 4 £ S 0 B8 B 0 A L 1 R s A
AT ST A B, o il BRI A] S 4 K B89 09:00~15:00
(BRME A, 2020), (H R H AR 45 MR A 6 0A 75 i — 20
WFGE o AR S 328 I 5 AN [ 45 MR 238 of & 8 1 Ty ffi 4)) £
A RMERE . Al IHAREE . BUAA LB TR SO
JIE hsp70 FERIFRIRAFEM,  DIB E H Bal B R %

TSR . R AR TRCR L RIS

1 #MRER=E
1.1 KwEHH

o g Ty TR fif 1)y £ ) R K A BRA D, SR SE
5 I J T 5 DV VS M R R AT RN WD . FRBE S
WIFIAET, TEARCA A 39.52 m® (K. 98, &%l
H 7.6, 6.5, 1.5 mAy/KJe bR 2 JA, (H A0S N
FRPAEREE , WM, BRI, &K T 06:00. 12:00
1 18:00 Mo B 430 3 Yk, BT HTGRDRY by itk 101 2% fa A1 R
at TR CA U R RDRL, FLER T 49.86%, FHLAR
9.68%, JK1 12.65%, KI1 8.32%). FRAE/KEARDIE
WITIER, Ham oS igE .

1.2 FTIHFITAFERE

SER BT 5 AR, 4300 A F1(12:00) . F2(09:00
H1 15:00). F3(06:00 ., 12:00 F1 18:00) . F4(06:00 . 09:00
12:00 A1 15:00), F5(06:00, 09:00, 12:00, 15:00 #l
18:00), HAALHRA L 3 MEE KRS, K
WLAERERY 450 B[ F YA T H7(6.47+0.56) glBEHLSY
BLE) 15 Ml (AR R A 400 L), A6 30 B fh,
fi I K IR A8 1 7 R AT 5208 . 5L 50 ok R R &
Bk, BRWTS 1R, ok 1k, FEN 30d, #
[ R R H ARG RR, B2 18:00 45 MR 5 FH AAT
HERH MR SE ST KR 17°C~26°C , 3R 4 30~31,
pH N 6.8~7.6, WA =5 mg/L,

1.3 HmblEMmsRAE

TEFRH SR ARG, R a1 d, iC3%4%
A f Y B AR, IR E AR RO IR OR G
fEbR . A 3 R Am AR AN 42 008 SRy o SRJE HE
AR LIGAR P REALE 3 Ak DL,
MS-222 FEATIREERRIE, ARG RS R BRI
R, SRIEWRE, BEJS ML TAESITFIEER , BRI
FNMECA AL & IFIE) , 53 3 FRE, SRITFAR L FEAAR L
e R M A URAEAE T, BGEr FFIE 23 3 A P
MR, —80°CORAF, Wil FH I 2 T 1 Tl 16
JHF I 00 5 e S ATl I 1 N Asp70 BRI 3R S

A R K gy OHLER RIS 5 5 23 )R
HEFE T1R35(105°C) L BIL IR A0 A% IR A i 12 0
E o HFE R TGRSR ARG T PR T R At
A T ARAIESE i A= 7 AR L3 0

FFEREA Asp70 & PR 338 & 190 E R 38 Vazyme
RNA-easy"" Isolation Reagent 17 & iji HH 5 $2 B 4 g
L Te i P 9 RN 3828 F UK I RNA 7 56 B e
Thermo Fisher NanoDrop ll%F RNA ¥k JE ., i
TaKaRa Prime Script™ 1* strand cDNA Synthesis Kit
A A RNA U5 cDNA, JF8 T-20C A7
M4 NCBI A $k 2 B [ il hsp70 FEPHI 2 KIF5, R
H Primer Premier 5.0 WiT4E R ES |19, ¥ 48 BeK
9 100~180 bp Z[Hl(55 1), FrATIM¥H AT AN T
PR () B A BRA Rl & .

B-actin Fl hsp70 & K 3= B Fe ik R 7500 SEAT
E 1 PCR & %i(Applied Biosystems, 3% [E)#4T qPCR
R, RBRRF: 95C, 2min; 95°C, 10s; 60°C,
30s, k40 MES; MEfEHZ: 95°C, 15s; 60°C,
60 s; 95°C, 15 s, RWZRIE, Wilaithse &
B, IR el 2, THE DI SRR R BT
90%~110%, 7 7E 0.95~1 Z [i] ,qPCR [ ZE 5L R ] 2744
AT

*1 SEFZEE PCR3|¥

Tab.l1 Gene-specific real-time quantitative PCR primers
519 Fr31 BRI
Primer Sequence(5'~3") Fragment size(bp)
p-actinF CGGAATCCACGAGACCACCTAC 139
p-actinR  TGCATCCTGTCGGCGATGC
hsp70F  CAACCCTGATGAAGCTGTG 170
hsp7TOR  TGGTGGTGTTCCGTTTGAT

14 HEAK

BB E(FIR, %) = 100 x Fo/[(Wr+ W)/2]
BT AR(WG, %) = 100 x (Wp—W)/W,
S8 4 KR (SGR, %/d) = 100x[In Wy — InW,)/T)
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TR RIRCR(FCR, %) = 100 x W,/Fr

HE 35 B2 (CF) = 100 x Wy/L’

A48 K0 (HIS, %) = 100 x W/ Wg

WEAARFE R (VSI, %) = 100 x W,/ W

Wi NS S R B, W SR ) bR T
i, Tp LB REL, L RSInas il ik pgiki,
Wy MR E R, W, MR R, W,
MRS E R, Froh B s,

15 HEFELESFHITHH

STEBAE R Excel 2016 4041, SPSS 20.0 #H47
AP Z 5 22 (One-way ANOVA) T, AR5 2 H HAL,
P<0.05 NERTE,

2 #R

2.1 RIRSEIFEDE B4 & £ KIEREFN A RLF
MBI 0m

AN [R] 45 PR BT 23R % 4t £ I T ff 40y £ % R | MG
B R AR AVRR ORI W3R 2, PR B
FORWIIEINAAEOL , Sk b B T B4t R | 1
HORFREE AR R R I LA F4 FFS 4
ZIMFERR A B R AR A KR8 E I ANTAAE
I EPEZE R (P>0.05) FEMRBISCR I TH , F1 4104k
BRI 2 T A 4 2H(P<0.05), Hifth 4 4l )25 57
A2 (P>0.05),

T2 BRMRGIERIREDHEELNEE KR
FNGARLF A B SZ AR (F B (AR IER)
Tab.2 Effects of feeding frequency on growth performance
and feed utilization of T septentrionalis juvenile (Mean%SE)

A FmER WER  FREARKER ARE
Group FIR(%) WG(%)  SGR(%/d)  FCR(%)

F1  2.4140.02* 138.94+5.27° 2.85+0.04* 113.06+2.91°
F2  2.99+0.04° 179.30+12.92° 3.46+0.10° 105.26+1.12°
F3  3.58+0.04° 266.50+10.75° 4.52+0.04% 106.32+1.45°
F4  3.82+0.129 323.56+16.04% 4.81+0.21% 107.68+0.81°
F5  3.95+0.02¢ 347.19+10.98% 5.07+0.07° 107.09+1.85°

e R —FBUE B bR SRR, Rondlag B

% 5(P<0.05), FFFE
Note: The values in the same column with different

superscript indicate significant differences between groups
(P<0.05). The same as below

2.2 IRIRINFE N R EE D E G4 & SIS AR RS AT

AN [] 45 PR AT 23 % S 8 L ] Bl 40y £ T 25 1) 52 ) D
F 3. GiR R, FENEWEEE T, F1 41 E T HAb
4 4(P<0.05), TMiHAlb 4 212 AT 222 5(P>0.05).

TERFAR L T , F4 FFS 202 ()T e & M2 55(P>0.05),
H B ZEE THA 3 4H(P<0.05), WE HCA 2 5% W 45 %
5 (P>0.05)

3 IRIRSNE I LREE D HE S 4 & IR ARRI S
Tab.3 Effects of feeding frequency on body indices
of T. septentrionalis juvenile

0% Group  IEHHEEE CF FFAEE HSI(%)  AEAEE VSI(%)
F1 1.79+0.5° 8.87+0.29° 14.57+0.29
F2 2.1440.37° 8.94+0.29° 14.81+0.29
F3 2.0540.69° 9.71+0.29° 14.87+0.29
F4 1.98+0.35" 9.97+0.52° 15.37+0.52
F5 2.06£0.16°  10.65+0.12° 14.97+0.12

2.3 IRIRIFIZE N R EE D I Sh4) & 1K A 53 B0 RS A

R WL AT 5 0 2% 86 L T i &0y £ (A R A3 0 B e AL
F4, SRR, HERRBRARmM, afHEA
TEF1, F2 I F3 Al Mo i & PE2E 5, F4 I FS 415
FART HAh 3 41(P<0.05). ML MG 7 2 bifi 25 £ RS %
(R BE T RE N, 17K 40 2 TG J 3 1 22 5 (P>0.05)

x4 RIRERIREEDEELLN KK B 0
Tab.4 Effects of feeding frequency on composition of
whole-body of T. septentrionalis juvenile

N r ) b
45 HEH HLI Koy
Grou Crude protein Crude lipid Moisture(%)
P (% dry weight) (% dry weight) °
Fl 58.53+0.16"  26.38+0.30° 75.900.02
F2 59.82+0.66°  26.30+0.41° 75.66+0.85
F3 58.64+0.83%  28.94+0.68"  74.92+0.55
F4 56.90+0.40"°  30.01+0.18%  74.19+0.38
F5 55.89+1.18°  31.23+0.76° 73.54+0.20

2.4 IRIRSFIE N R EE D Sh4) & H L BB Y RS AT

P MR AT A ] ¢ fif T T B 4y #4031 A Tl B R e L
K5, WNERSATLAL, HERBRAREN, hiE
JBRAR A S B B TR R T A A T
A, TE Ry B M TC 35 1 22 5 (P>0.05).

R 5 IRIRINEITREE D H T4 & H L EE MR
Tab.5 Effects of feeding frequency on digestive enzyme
activity of 7. septentrionalis juvenile

4151 Ji 2 E_E’EI Eﬂﬁﬁ’@ TEA il
Group Trypsin Lipase Amylase
(U/pg prot) (U/g prot) (U/mg prot)

Fl 47.03+0.77° 1.89+0.38° 3.51+0.28
F2 42.64+0.41° 2.11£0.35% 3.95+0.45
F3 37.48+1.48% 2.28+0.38% 3.84+0.50
F4 41.17+0.96° 2.63+£0.16° 4.61+0.41
F5 46.87+0.51° 2.67+0.34° 4.01+0.85
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25 BRI GE D Eesh &R SL TS
A

P8 WEL AT 3R Xt o £ T 1 fnf 4y £ O T SRR IS
B WL 6, MR AWIHE I, AR A &
il G i 3 AR A(P>0.05) 5 AL ALl I 1 AT
P S TE FS i, 1F F3 Ak,

R 6 IRMRINFEITREE D H L 40 & BT AT E BRI R0
Tab.6 Effects of feeding frequency on liver antioxidant
enzyme activity of 7. septentrionalis juvenile

40 EEE EAYEALEE N R MDA

Group (U/mg prot) SOD(U/mg prot) (nmol/mg)
F1 14.49+1.71 218.87+1.48% 1.93+0.04°
F2 12.06+1.59 204.65+4.53° 2.01+0.04°
F3 14.36+1.61 202.38+4.94° 1.9140.09"
F4 13.48+0.48 229.77+7.50 2.4240.14°
F5 14.71+0.16 250.32+9.44° 2.7340.09°

26 HRWMRMNGEDmMEELERFAEF hsp70 EE
E3e: kA
AR 1 R0, Sl o i fdi 40 0 A R Asp70 FEH
AN TSR EAERSHZ M E AT E

1.8
161

14 r
1.2 ¢
1.0r
0.8
0.6
04
02
0
F2 F3 F4 F5

hspT0Zk RAHNT Rk &
Relative expression level of Asp70

F1

2H 51| Group

PE1 EMRAT AN S fi T T fiki 4 00 AUE v
hspT70 B[R IK Y FE IR
Fig.1 The effect of feeding frequency on expressions of
hsp70 in liver of T. septentrionalis juvenile

3 itig

3.1 IRIRIFE NG 4REE D S 4 f A <1 RE A0 4R AL R
R8I0

TE—ERERE I, R R BRPUR BB A R K
YERE, giaRs sy, (B —E fFEE, PR
R, A fedt a2 M A RKPERE , Bmixs £ Py Y i
BAT A2 (A S NI 4E, 2003) 386 HL A SRR
5 a RSB A KRR . WIRIIRE (20200058 K

B, KIOEE (Micropterus salmoides) Tt 0~60 d B, #
WRATA N 2 YC/d G ANE 4 Yk/d, fo A E AT
25, MAE 60~120 d B, Bl F MR I 3G
R A BB N B AR (2019) 5T
I, HEEATR 0.5 Y/d HEINE] 3 k/d B, 458
f5j(Megalobrama terminalis Richardson @ Erythroculter
ilishaeformis S W3 FFb, MM 3 /d 3|
4 /A I, AR | SRR AR R B A B
FVEAL X GG A RARRL, BRI
1R/ $25 3 3 k/d I, Sl B T il 4 £ ) S B R
WE R E A KRR R ET &, H 4 %/d 1
INE s Ue/d i, SRR BE AR R A KR FIERRE
LESOPWTE 3 R eSS Lo 1Y )
T : — AR R Al pE 2 R B B i i, e
JER P, TRER 258 A TH AL A SL , SEmeE SR
T (Dwyer et al, 2002); —Jeta it Z R AT
N THFERR T BE L, M5 M A A UE

o B, PR A0 B FP S FHAS (AR, B A%
SRR Z ) 2 B AR OG5 . A SR Ay
B 8 (Hippoglossus hippoglossus)(Schnaittacher et al,
2005). F®E(Paralichthys olivaceus)(#IA1 H %5, 2019)
8, WA BRMUR ARG, SRERIG N, EECRA
R, AL F R (Carassius  auratus
gibelio)(Zhao et al, 2016) . BN JE 68 5 (Trachinotus
ovatus) (Wu et al, 2015)55, FiZE MRG0, %
R RDRE OB 233 . M L s, kW) iy
(Dicentrarchus labrax) (Tsevis et al, 1992), K fh
(Pseudosciaena crocea) (PMEifd55, 2013), BHA I %
AOHEIN, SEE RN, FRRCR SRR . X HAFSE
LERARMIZAL, F1 A RPRACR W35 T HoA 4 4,
T HA 4 4 Z [3A WA 25

32 BIRIFETRED H L) & KSR E N S

sb A1)

TARTE bR E fa R RE RS S, b
A, IR E ZRER, R
e f R 2 BUTE R, AR R Y AR LU RBEAR L |
Tt X K524 (Huso dauricus Q@ x Acipenser schrenckii
N LM, 2020)FIAE i (Lateolabrax maculatus)(E.
555, 2018) I BIFFE A B, 4R WA 5 40 28 1 JH-A LE A
IEAR L 2 0E LG 2R o X RIARDF SR 45 S A Se1F AR, ¢
figs 1 181 £ ) £ AN S L i 45 IR0 23 1 4 o 1 8 0 2
PE2E 5, MR L SHRI R TEOC, & 5F e
i3 (Acipenser sinensis)HI%5 FA R (B HL%E, 2019), 4
PR R AW T I, 77 [Vl (Sebastes schlegelii)
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gl fa (B IR AE, 2014) FFAAR L A IEAA L 52 B K 1
B, kT e AR R O

AR FE L U E T R B, T R AR R
BT R LRl AR B B TR R R s SR L &
ML 5 s A5 AR PR L (R R o AN T) A 5 MR AT 3 %) £
TR SR R B AN — o — ARy, SRR S () 34
SRR ISR B a1 I A A SR I A Ak Sk R I
FELEIRN, TS B RIR G & & LT, K& it
TR X e s (R 045, 2019) . AEBT(EARAE, 2018)
A 6F(Lee et al, 2010)RF50 A B, it 5 45 MR 031 23 1Y) 34
hn, HLIR WG & S Wik, sKor & BB Wis > . A
GBI, o WA (10 1 0 {5 2t i 5 1 s ) £ FH i 07
SEThE, HEN AR N, K0T A
fbo X5 B A IR A5 (20 14) KR FCP- fith 4 £ (4 1F 5% 445 2R
AH—B, PTREE th T HRITUR A R BN, 268 T 1
i o] DLARAS T Z B, R uk R Y Be i AL BT
105, FENUAT A T ok, -FBOK S AL, M
BRI & i BT, RLER A R T AR A2 AR
WEE  HUAR SRR e, BRI A T i — DY

33 BRFEXRED ML) GEELEETERE
L ERE MY 2

AT A =2 AR R B . IR RN UE A B, 31X
SO 0 75 PR R T A 2 DR A SR T T A R
RE 1 (ZEA E A, 2005), ASAFIE KM, B X 4%
figs L T fii &)y £ Y A TS A I R ), B R MR R
38N, %) 3 v AR S ) 2 RIS TR
R, X5 T (Siganus oramin) 41 fa.(1 B B4,
2020) . JKifF S (Hippocampus erectus)(J§ TS5, 2013)
LRy — 2 RN R R AT AR B T ARORRAL, =
HHEEEA L, PUATE ™A R RE AR, 755
W SR & IR, X AT BRI 1 Wk/d AL A Rl 3R
R RE MG, PR R R E A
THALEE RV PTVEAL P 75 5 R MR e R £,
PN HAHUAR ™ — s i R A, 75 248 R R 1 il R
Fo oI E SR T Bg 7 G P B o A5 MR 23 1Y 3 Jn
MEGHN, X IELFEIE T 205 SR Hof s I & A
Wr - T S, 3% BH S 6 I T i T e X A A A
FI i HE

B AL I AL i (SOD) 2 AL P Ak Py — P 2 1 47t
FALHE, RENS AR AT E T A (0 kA
i AL E(HL00) FI4A(0,) , Pt AL S (CAT)HE AR
) 3k AR Ak S A B LA T 3 K AR, Rl
PO e 32 5140, LS PR A9 AR AL mT DL BBILAAR ) B2
PEK (BT A EE, 2009). 75 5 (MDA )& —Fhffif & [

3L SHUEL RS AR br, SR AR, T
TUREST RTINS A SUR 4 M B A . X R
Tt (Salmo salar)fIREFE &L, WM RAE 1 ¥K/3 d~
1/ d iy, JFRERRPS s . A Ak AL A
AALBE 22 R B 2 (IRCE 5, 2019), XS AR
LA, FERURLE 1~3 W/d I, ALY AL
AN RS TG 22 IR B, RN TR
RS BRI 3 Y/d $EmE] 5 wod i, AL
Yy AL AN Y B T, R PR Z E] T
ISTENS

34 HIRMEIFREEDSHEEL) & FFREH hsp70 EE
FikHI MM

hsp70 JEFAK 78 5 11 (Heat Shock Proteins, HSPs)
FE e R B — 5L AR PR T | AR IR
B Z NS, WABA R HSPs, UL,
PN H o hsp70 FEPRFERE & 2 I EH 2A
ik E, WELfA(Ctenopharyngodon idella) (FRIVFKEE,
2009) VT (Trachidermus fasciatus)(X| K4, 2013) .
K K8 (Huso dauricus)(Peng et al, 2016)F14%38 15 5
fa (B Ffl1 Pelteobagrus fulvidraco Qx BL K 1% i ff1
Pelteobagrus vachelli 3)( R, 2020), X 1] HE&
KR FEREAE S T Ak . AR . S R oy IR 8 15
SRR T EEEN . REREE(2020)0F
FERI, KN 20CTHR 2 28°CHE, A58 #Ha 1)
FFRE . 68 AL S hsp70 R FAE B F T
X018 AL, @ % AEti(Oreachromis niloticus)
FEFRHE 10 d B, A [R]85 WA X6 A Asp70 BE 1
TR WA, MAE 20, 30, 40 d B, WTEE
EREW . ARWETEH, FEE TR AR, R E
W hsp70 FE R GA G B 35 25 5 (P>0.05), {H F3. F4
MFS T FL M F2 40, wRgle A A —2&H
FERF KRR, 2L hsp70 FEH FR maE R TR,
MBS 2 2 0] 22 5 A8 W 25 2 Bl o 7 0 R A ) 3
hn, A ARG B HE Tt A R 3G 0. ELAAR R R A TR
— RS

4 it

2E Rk, FRAEEWIN 30 d, FEMERSR AR A A
TN (6.4710.56)g MY SkGE DB L) e A | TRAR
TR . TH AR BRI A A B 6 7 TR A 5 5 R
R TTEA, FEMIR Ty 4~5 IR/d Bl 1% A,
Y FIFTEALEEG P, 3 WR/d Bl o LR Rk EE T
EEgf K il AERSEE AT s, EuE
AR AN 3 W,
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Effects of Feeding Frequency on the Growth, Physiology, and Expression
Abundance of hsp70 mRNA in Juvenile Thamnaconus septentrionalis

XU Zhengxin'*, ZHANG Pengfei**, CHEN Siging*®, BIAN Li%, CHANG Qing*”, WANG Zhida®

(1. College of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
3. Laboratory of Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266071; 4. Qingdao Yuehaiwan Marine Industry Development Co., Ltd., Qingdao 266200)

Abstract The effects of five different feeding frequencies on the growth performance, physiological
index, and hepatic heat shock protein 70 (hsp70) gene expression levels of juvenile Thamnaconus
septentrionalis [body weight of (6.47+£0.56) g] were studied. The experiment design included 5 feeding
frequencies, namely 1, 2, 3, 4, and 5 times/d (referred to as F1, F2, F3, F4, and F5 respectively), and each
treatment group was designed with 3 parallels, and each tank was cultured 30 fish. The experimental
period was 30 days and water temperature range was 17°C~26°C, the salinity was 30~31, the pH was
6.8~7.6, and the dissolved oxygen was = 5 mg/L. Results showed that under different feeding frequency
conditions, the growth, body composition, digestive enzymes, and antioxidant enzyme activities of the
juvenile T septentrionalis were affected. With the increase in feeding frequency, the feeding and growth
of T. septentrionalis showed an upward trend. The F5 group had the largest value, with a feeding rate of
3.95%, a weight gain rate of 347.19%, a specific growth rate of 5.07%/d. The weight gain rate of the F5
group exceeded twice the value of the F1 group. The condition factor of the F1 group was 1.79, which
was significantly lower than that of the other four groups (P<0.05). The hepatosomatic index gradually
increased, and the F4 and F5 groups exhibiting significantly higher values than the other three groups
(P<0.05). With an increase in the feeding frequency, the crude protein content of the experimental fish
showed a trend of first increasing and then decreasing: F2 showed the highest crude protein content of
59.82%, and the crude lipid content showed a gradually increasing trend: F5 was the highest with a crude
lipid content of 31.23%. Trypsin activity showed a trend of first decreasing and then increasing with the
increase in feeding frequency. The F3 group had the lowest activity of 37.48 U/ug prot; lipase activity
gradually increased, and the F5 group showed the highest activity of 2.67 U/g prot; amylase activity was
not affected by the feeding frequency (P>0.05). Catalase activity, superoxide dismutase activity, and the
content of malondialdehyde were the highest in the F5 group, at 14.71 U/mg prot, 250.32 U/mg prot, and
2.73 nmol/mg, respectively. The relative expression levels of the Asp70 gene in the liver was not affected
by the feeding frequency (P>0.05). Based the findings of this study and the comprehensive consideration
of the growth performance and physiological indices of Thamnaconus septentrionalis, the optimal feeding
frequency for this species was determined to be 3 times/d.

Key words Feeding frequency; Thamnaconus septentrionalis; Growth performance; Physiological index
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