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WE  EAEREeanamErEd RENERT, RoER ke mHERNERLEER
BEEN, MRAREKFTRAT —ME NN N G, REFXEKN, e XEREFHETEEANAE
KARBERE B, [EAF R IR X 41 8 R O7 8 (Takifugu rubripes) Wy £ K fn 2 AR AT 2 M o ok ARk, &
R B AR R A e BRI R BN (E KR K ENREIR, RESF)E, MELKk. &k
REFFE, R FREAFFEFHIFGEFEEFHT, FREF, SERLAML, HFR
AL B AR TN ERKERIIaERy, EEERGTHEABREALAGTHNEEE, &%
FAHT, ER4AfMEAFENERMILREGENTEEZRP>0.05), BEERAFHET, ¥F
AIFENAREGEMARREABEARAENEF S TERLAP<0.05), FH, HHEARIE hif-la
(hypoxia inducible factor 1 subunit alpha)#? hif-3a (hypoxia inducible factor 1 subunit alpha, like). AL
hif-1o. 71 vegfa (vascular endothelial growth factor A)# % ik &3 T & 5 T4 4 (P<0.05), HEKA %
BT, B4 LFH BTG EEEEAE, HENANFMFEN TG L EERETHEET
E(P<0.05), SHAAML, MHAERARTHNALEALE, HEEXGHHE B (v-akr murine
thymoma viral oncogene homolog 1, akt1)fn 5. 24 4 % 1 & % ¥ % A (mechanistic target of rapamycin
kinase, mtor)#k Fl & ik & 3 B 3 RAK, {208 41 BT JIE 89 meor 35 H 3k 3k £ R &5 H B & 7178 (P<0.05).
SZEER, A H N HMBESRERERSRET HIF G 5EBRN SO L ERHER N aRKERES
W&, FEITUMFH RGN EmEARNEaR, MDD T O WHHE, NIRRT 48K
MHERKRANHEH, AARERY & XWRAARN R EEAARBETEESS,
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EHRHOKTIRFBLRAR WA, o Ol N AR AR O BITE B AERRAG, aRK A5 B R 28 %
EBA A SR B FE L BRI N R O TR TR Ry AR AW T i (Tacon et al, 2008; 2%, 2023), 114
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SREFRRZ—, WE HUAR AR &R, 8T
T A FIRE T o T A5 A v 4 0 20 3R 8 T ) e
S FRKAE Y, SRR R R RS, AT
FER A fA i, FRARIRDRL AT . BRI, FE4r 4248
WIS FR DI REXS K - S s A S L A
(DO &R U ALK IR TR ) 4 A58, SRk AE A 3R
B O, MEZIEA, HE R 2 2K MER S5 2 5
BRI Z5 G52, XK AR A B A A R A 28 3R
B 0T B A S (R AR, 2016). IREURTRK
g H DO WIEMLT 2 mg/L AP (Rabalais et al,
2002), KFEFRGE A, ARAER —FP TR i H oG
KIRLFEL, SEmKAS AT R 5l Wik, 4K
BHET) . RIS, BUAALRE S AR (Zha et al,
2013), fIRAE AT 0l 2R AR IB PEAR A, o R
Ak Fh R A AT AR 38 i S5 DR R 2 K BRI Y i R
RIRIEAS, FEOKE S PR B Z A R 38
75 T AR EE V5 e | A 70 02 0 2 88 % 0 45 IR 3R
SR IR B 3 K R AR S, & XL
A 1 A= BRIy g 1 B A L 1 S MRl (DL 52 45, 2020), JEI:
EAMNA S S BRI O R N K E AT,
25 IK 77 FEEE b 1 ™ B A4 BRI (Ma et al, 2021),
PRI, SRR e 20 M AR S 52 M 1 O 1 22 0%
B,

W, EARESRIETT , Zehitkny A fbmim ik
SRR INE], FEWUARR SR, DTS TG EOR
fift AR, oy A M AR LR R ATP, SR (RS2 ik fg
i (Polymeropoulos et al, 2017; Cuninghame et al, 2017;
WA, 2021) . TERMEIREAESMT, PP EM
(Oreochromis niloticus)FIE BBE i 25 5t 1 2 FEAIK, T
M A . FLRR AL 8 A & & T, 7E
B I £ (Danio rerio) F1 K H fifi (Micropterus
salmoides) P K T AL R (Li et al, 2018; Ma
et al, 2021; Sun et al, 2020), [FR}, ZMHEEHEST
KR DRE . FFRER KRB R ampka . hif-la
(hypoxia inducible factor 1 subunit alpha a)fl Idha
(lactate dehydrogenase A4)%5 4k Al 1 1 3% Tt = (Yang
etal,2019), LA LZUREW], MREZIREICH A A
oA &R . KA 5 3 I F (hypoxia inducible
factor, HIF) 2 4 i nw o7 A S8 38 Ho f5e S B 19 e S 1A
T HIF f1 o F1 B AN LA B, Hob, o WHEE(HIF 1o,
HIF20 F1 HIF3a) % MKHE , 72 O, T 5 7k T B
AP (HIFB/ARNT)#E O, W] LI E A7 4E (Zhu et al,
2016), HHET, KEBHHFFRES NIRRT KT 2 M
MRESRAE T B9 A4 FRACH S Ak, 0% T HIF1a A S0

SAH T el Ok PR AL AR 5, (EAR /DA I 38 2 A 4 1)
B I B R e HX SR AR B T 32 M . 7EBE S
FIBFFE A B, S AR AR L, Sk A6 A i
BHGRRE R AT DL 4R UE IR R R R, BOE  hif3a
FRIUARE 27 fip 20 %, 4 0 B S5 A0 %) 2 PRI SR A T A2 1 (Ma
et al,2021), H5ZEMAIAFE, RWEMAIXHE
LKA A P WO R RE A PR, ASBEAR 47 b A
FABESHE T AL BR (T 2B 4, 2022), 5 RAFHITEN
AR, RS 2 U M 2 IR BE UK il =2 05 T BB v TR A A
Y, HOrF A T IE R R A Z R, R AT,
T2 5w AL AR (Allvira, 2022), f8257E AR
FAET EER ISR AR RE A, D, FRAT T4 R
FEFA R 2 T AL O 2 R — A R R R 2tk
IS 32 1 A 880 o

2 6& 7R 7 Bl (Takifugu rubripes)f BRI fifi, 32243
A FACKFEPEPEER, 78 b B H UL T 2R T T X
B, DICMGESESE | EIRME S, RZ H R 2 E
B, T EE K IR AR R A A 2 — IRt
2021 A [ R K FIIR 7K I i 6 ) 25 7 e 3 0 t A2 A
(A A S el v B PR 5, 2022) 0 2168 7R fili
FEUIESER T IR 8 3, KK DO By 4Eds
TARGEK S AN T IG5, L8 EER AL, 8EAL/N, 18
K52 B 2 AR B . L, AR 5 E £
KR O6f ) FIURIDRS (KR TER K i) 2 S ab B4,
FLAE 2 ot 5 X 21 6% 2 T fili A= 4 FIAEG ST 2 A 52 il
Sk 4 v 0 S PRI AR T 37 M K 9 B ) {E R
KR LS R TE

1 #MH5TE
11 SWEHSERHIE

S AR B8 21 85 A< il 4y £ () AR R T R
Wi, FELB AR G E A E AR, filh
NEWAUR , K V€A SOMDRS IR, BC SR K 23%
B 2 FPSLaG kL, 41 50ic Sk Cor Ml Dex, fAlBFA 4 K
BRI 1o SCI ARk S0 50 S bR i AR 7 2R 1 7
HE, /NSRS FEALHIAS AR 200 3 mm (1)
WORDIRAARL, 60 CHET 12 h J5 8 T-20 CREH#
. &

1.2 ZA&EMFRETIE

S 56 P T B4 21 6 7R 7 s 4 £ g T 0 A R L
WA B A R T, FRFE SRR AR AR 5 T 8
KA BRA T HEAT o FRPESEIRTTURAT, S Rk A
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Tab.1 Ingredients and proximate compositions of the experimental diets (% dry matter basis)

5% a1k} Diet
Ingredients EKPEHKS Corn starch HWIKE Dextrin

fi ¥} Fish meal 42.00 42.00
KEWAEE A Soy protein concentrate 20.00 20.00
T KPEH Corn starch 23.00 0
WiAE Dextrin 0 23.00
3l Fish oil 7.00 7.00
KOG Soybean lecithin 1.00 1.00
YA RBIRAEL Vitamin premix® 1.00 1.00
B R TR R Mineral premix® 0.50 0.50
SULJIAGE Choline chloride 0.50 0.50
T TR IFEHK Butylated hydroxytoluene 0.02 0.02
T HIJE-B-INRVES: DMPT 0.10 0.10
Wik — 245 Monocalcium phosphate 1.00 1.00
4k4: % C Vitamin C 0.50 0.50
=4k —42 Yttrium oxide 0.10 0.10
B2 W 4T 4E K 40 Sodium carboxymethyl cellulose 2.00 2.00
45 EK Cellulose 1.28 1.28
411 Total 100.00 100.00
EIEH R Nutrient composition

JK4r Moisture /% 2.42 3.78
HMLEEH Crude protein /% dry matter 43.32 43.27
MG Crude lipid /% dry matter 9.35 7.55
K4y Ash /% dry matter 10.88 10.57

e ar FEAERTIRR(mg/g IRAY): BIEE, 25mg; BHEE, 45mg; 4EE B6, 2mg; 4iEE B12, 001 mg; £YE,
0.12mg; 4EEZFK K3, 1mg; JJIEE, 80 mg; 1ZM2, 6 mg; MR, 20 mg; MR, 2mg; AR A, 32mg; 484K D, 0.5mg; 4t
AR E, 12mg; /NEUH, 866.17 mg, b: HYBHIRE mg/g IRGW)): BRIEEL, 112.7 mg; SALEA, 100 mg; BiAREE, 50 mg;
TREREE, 45.2 mg; BiMRSR, 9.3 mg; BRFRHE, 3.7 mg; SAbAL, 0.4 mg; MURES, 03 mg; WARNAREN, 0.1 mg; WA, 678.3 mg.

Note: a: Vitamin premix (mg/g premix): Thiamine, 2.5 mg; Riboflavin, 4.5 mg; Vitamin B6, 2 mg; Vitamin B12, 0.01 mg;
Biotin, 0.12 mg; Menadione, 1 mg; Inositol, 80 mg; Pantothenate, 6 mg; Nicotinic acid, 20 mg; Folic acid, 2 mg; Vitamin A,
3.2 mg; Vitamin D, 0.5 mg; Vitamin E, 12 mg; Wheat middling, 866.17 mg. b: Mineral premix (mg/g premix): FeSO, H,0,
112.7 mg; NaCl, 100 mg; MgSO,-H,0, 50 mg; ZnSO,-H,0, 45.2 mg; MnSO,4-H,0, 9.3 mg; CuSO,-5H,0, 3.7 mg; CoCl, 6H,0,

0.4 mg; Ca(103),, 0.3 mg; NaSeSOs, 0.1 mg; Zoelite 678.3 mg.

HEAT I 30 d BURTSR, JRAELG DI £1 68 AR T il &)y
A TET A, ARG ILLLBE R T gt tH AR B, $E
FREH B BLE e, ERRRTCIMG . BAK I — | P8
BRI R (19.1120.5) g BULTEE ATy gl £ 120 &, Bl
Bl ECE] 6 S ELH (200 L), BTk B 3 4 F
T, BHEL 20 Bf, = NIEK K RS RS 8 Al
B RALME 2 YR (07:00 F1 18:00), M- Ky G oA (1)
3%~4%. FEFHAET DO, REE . EhEEHI pH 435I
$9(6.5+0.5) mg/L . (25.0+£1.0) ‘C. 27.5+2.5 Fl 7.5+0.5,

13 RMERSMHIENERRE
56 d FRAHLE AR, K TA L AR R 12 h, RRGL

BEALZEE 10 /N AT 10, (30 45/ BA )itk AT Stk
TN S5 . K S0 0 7 % 3 5 i A IR &
B £ RF I AR P AR A4S, ZK4K DO M 6.5 mg/L
FREE AR E 1.0 mg/L, FBE 2 h EEIFiC 45 415250
e 2R T BT S, THRAEE R,

SRREST N H ECRAE I ECRFE, 258 12 h )5,
BAL Bk 12 S fh(4 S5/, HiP, 6 KA
FEE T, DO RFTEQ2.540.5) mg/L; H 4k 6 sdkst
PRFTE IR [(6.54£0.5) mg/L], 6 h Ji [RINRkE,
WeAE I . FBERALA , WA )G, T-80 Cuk4E
HRAE o TR, B A BRZ REALIEER 6 Bacita, il
REPIZL N (2R T S R R
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TePRHFN A AR S K S E R 105 C 4 Tk
TEMF T 24 b, DITTFREOK A0 2 {1
QO AT (Nx6.25)i i ML AR 11 3 o (2% [
(Foss-Tecator, Hoganas, XL )i i 7 JH Bk HE ORI 2
FHLAE T & 1 o HLIK 532K FH 55 3547 (Thermo F6000 )iy it
PypeilzE, 550 CRIA 8 h, MK &,

I3  FEAEFRAILA N RS | ZLAR . HH —=ER(TG)
SV (TP A S EATAILPA b PR . IR v R 2 B 1Y)
O A R ) (R A R W T ARSI
E o JUTA I E A0 TR IA1 ™A i FEORE I kR 6 %) 15 BT 45
47, 1 FIE#RAY (Tecan infinite M200, B -1 )i BB OGRE

1.5 RNA ZERE5ERERIENE

i F§ RNAiso Plus 347 & (TaKaRa, Ji%)$HEHUIT
FEEFIAILP B RNA C RNA FY 4[58 Fk BE R Titertek
Berthold Colibri J&i#%4% (Colibri, 7 &)kl . i &7 RNA
FEM Y 260 nm/280 nm AR OEEE HLAE I AE 1.9~2.0 7
Rl , FREHEEUY RNA RS s B, nl LI e

JF 2. fdiH Evo M-MLV RT Mix &7 & CL R
Yy, PENAREE—8E cDNA, LW E R PCR
(N B (rpl19 1 f-actin) F1 AR FEN (3 2)19514)
£ NCBI Ml iseit, HERHEYRHARA RS .
SEEFPEGE B PCR WA R K 10 pL, ff 5 uL
2xSYBRIEE#. 1 uL cDNA(20 ng). 0.3 uL 375l
¥1(10 pmol/L), 0.3 pL FilF5|4#(10 pmol/L)F1 3.4 pL
JCW§ I K . 7E Roche LightCycler 96 SZH ¢ &
PCR f¥(Roche, FiL)HFHATLLTFREF: 95T 30 s;
94 °C 55, 60 °C 30sfEH 40 UK, FFPAT I i ih £k LA
Hifk PCR S5 AP =M iR Stk . 519 1 sk
RITE 90%~110%Z 18], HAFE T E=100""0-1,
THEY R Ma e al, 2021), I 2724 )5 it
A H BRI R A X e 3 B (Livak et al, 2001),

1.6 HE\STEEE

B ST A S0 Y/ SPSS 25.0 #k 4 (IBM 24
A, FEDIEATMSIEEAR TR T, 455 E
+h1ifE iR (Mean+SE)F Rk, P<0.05 A2 5 W 3%,

%2 PCR3|#IF3
Tab.2 Primers sequences of PCR

Gk B

Primer name

15

Primer sequence (5'~3")

PR
Product length/bp

FeA
GenBank No.

B-actin

rpl19

ldha

fasn

cptlb

aktl

mtor

hif-1a

hif-2a

hif-3a

vegfa

GGAAGATGAAATCGCCGCAC
GGTCAGGATACCCCTCTTGC
GATCCCAACGAGACCAACGA
CGAGCATTGGCTGTACCCTT
GCGTCACCGCTAATTCCAAG
CAGGCCACGTAGGTCAGAAT
GGAGCTGACTACAAGCTGGG
CAGGAAGGTTCGGTGGTCTC
CCTGATGGATGAAGAGCGGT
GAGGCCCACCAGGATTTGAG
GGAGACGGACACGCGATATT
ACTGGCGGAGTAGGAGAACT
CGCCTTCCTCTCTTGTTGGT
AGGGGTAGAGGACCCTTGTC
CCCCCTTCAGCTTACCAGAC
CTTTTGCGTGGGGTGTTCTG
CACATGTGCAGAATCCCCCT
ATGGGGTATGCTCTGTTGGC

AAGCATCAGCATCAAACGGAG

GTGTGGGCGAGCTCATAAAAC
CATATCACGATGCCGTTTGTG
CACATTTGCAGGTCCGTTCG

196 XM_003964421.3
191 XM _003964816.3
146 XM _011621924.2
81 XM_011619859.2
111 XM_011607269.2
139 XM _029832808.1
162 XM_011621515.2
157 XM_003962474.3
191 XM _011603052.2
111 XM_011608719.2
162 XM_029849217.1
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22 FEBTMIRY & U A R
e AR 41 8 5 2 4 A B I " ‘
2 ERRREARE SR RRR R WNPE 2 B S RERALMILE . B LT B Uy
AL

8 FEFRFE LR L5 A, T K TE M 4L (Cor) ALK A
H(Dex)Hy I EH A | R RE. FFAH . IR AR
T BE 34 G W 2 22 5, (FURIIAS 2L A 34 o R BRI A 34
(P>0.05). 47Kk DO F#MR % 2 mg/L LA T I, ZL8E7R
J7 fili 46t IRBET o Bl AR AT R A B, RS 278
MRS T AT RS TIE 4, 7R 8 h B
T2 (P<0.05), VA EEE R, STEMA M,
RIRE AN 23 R MR 21 68 7R 7 i ) A e (EmT 8 s L bk

SRR LA ML A 4y & e X 0 i 35 2
SE(P>0.05), UiHH SIERY LA EL , RIKE X 21 6 2Ry fili
LERUNEE s W A ]

R # F0 A 45 Xt BT AR AN AL PR A4 351 B B2 i

W 3 Frs, TERASMET, TRl ARG 4
MEFILA FPAOFLRR & & . Idha FERIFGEE . LI
PN TN ER AN FLIR & ¥ 0 25 5 (P>0.05), I
B A B T 3 25 5 (P>0.05), LB S SIS T VE #)
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Effects of starch and dextrin on growth and hypoxia tolerance

AR TEN ALFIRE AL A 7E B E e 22 5, P<0.05,

* means significant difference between starch group and dextrin group, P<0.05.
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Fig.2 Effects of starch and dextrin on body composition
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Fig.3 Effects of starch and dextrin on glucose metabolism

*oek xR fURIF - Oy P T ROBE R L ARG AL IR0 A7 £ P 2 5, 3 EKF- 20 510 P<0.05. P<0.01. P<0.001;
#o . IR B IET IR SRR A A e RS, B350 P<0.05. P<0.01. P<0.001, T
* kEFE% mean significant differences between starch group and dextrin group at the same oxygen levels, the significance levels are

P<0.05, P<0.01, and P<0.001, respectively; #, ##, ### mean significant differences between normoxia group and hypoxia group at
the same carbohydrate sources, the significance levels are P<0.05, P<0.01, and P<0.001, respectively. The same below.

H(P<0.05), TEARASMET, AR 4 A W S5O 1L 35
B B R T I MY AL(P<0.05), {HILTE . P
FWLA R FLR & & BFIERY Idha FER IR 8 3%
= T UEM2H(P<0.05), 5 A AL, TEK 4 FTHING
2 1) S i e TEAIR AR 38 B 3 I (P<0.05),, TPA
IRSE SR 20 5 A3 T i 5 5 ek e i R SR e A
5 RS LA L, A SEORRS 2L A I 775 8 28 A 7 2
FREAL(P<0.05), [FIF, IMYE . FFAEAILA B FLER & &
I Idha 3 PR 6505 35 {0 35 FHi (P<0.05) , T 2EF5 4
TEMRA AT G AU TERS AL IR A TE W 22 52 . DL g iRk
B, 2PERESMET, WIS 2 AT LS i o et 5, 3

Tl CERE IR R A I
RE #YFR A ot BT AR B X951 89 72 P

TER AL, WP 2EL L3 A0 I %) H 9 =8 &
10 E R T IEM4(P<0.05, K 4A. B), APEIRE S
PR RORE 2EL a0 35 o b =R e 2 B TH(P<0.05),
H W T IR 4 (P<0.05), (HJE K5 4 L35 0 IO 1
Ho =R A AR S Y W TR R (P<0.05), LAk,
AN IR TEH AR B RA ST, B Eh 505
EHAHIEH) fasn (fatty acid synthase)dk[H ik a1y
& F UM AL (P<0.05, K 4C), BEAMAAIKIY cptib
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(carnitine palmitoyltransferase 1B)3& K Fik & T
AL (P<0.05, & 4D). LA EASRUIHT, 152K
SRR, VERAIEHE T AR AR, IET 00 1Y
THAE, MRS AL 1 BRI A oA, BRAR T ffk O,
55 2K o

TE M AN AE T AR AE RN AL A & B RIS RY I

Wnp s proR, AR SRR, IR LI i AL
R P A P R 4TI W 25 5 (P>0.05,
Kl SA. C), {EHIPRTZELITFAERY nl PR & A meor

2.5

(mechanistic target of rapamycin kinase)3&[F & ik
H TR 4L(P<0.05, [ 5B, E). fEW AR,
WA AE R ANA AT EE S E R SR ER, H
R4S, WIRGZEHIL R AT A PR s i K TR
H(P<0.05). 5 HAMIL, WAHEHATEMERMWIA
AP R A S & IFE aktl (v-akt murine thymoma
viral oncogene homolog 1)(&] 5D)HI mtor F[F & ik =
Bl R . B AR, WEREIFNER mior A
FRRTEMASFH B TS DL EZRRERY], fE2MHEK
SRS, WA S 3 b 2 B S

B 3K Cor T B Dex B JEH Cor 0 KKS Dex B K Cor 0 #1K5 Dex B JEH; Cor 0 kS Dex
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Fig.4 Effects of starch and dextrin on lipid metabolism
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Fig.5 Effects of starch and dextrin on protein metabolism
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Effects of Dietary Starch and Dextrin on Growth and Hypoxia
Tolerancein Tiger Puffer (Takifugu rubripes)
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(1. Zhejiang Ocean University, Zhoushan 316022, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract

Fish meal and fish oil are important sources of protein and lipid in feeds. The lack of fish

meal and fish oil supply has become an important limiting factor for the aquaculture industry. The

proportion of fish oil and fish meal used in commercial feeds for farmed fish and crustaceans is

continually decreasing, while the carbohydrate content is increasing. Carbohydrates are one of the three

major nutrients that provide energy for the body. They have a much lower production price than protein

and fat. Starch is a polymeric carbohydrate made from glucose molecules; it is the most commonly used

in aquatic feeds and can replace fish meal and fish oil to reduce feed cost. Therefore, it is important to

fully explore the nutritional function of carbohydrates for aquaculture. Hypoxia is a common stress in

aquaculture, and acute hypoxia may lead to massive mortality of cultured fish in a short period of time

resulting in serious economic losses to aquaculture. Therefore, it is crucial to find ways to improve the

acute hypoxia tolerance of fish. Fish mainly use glucose for energy under acute hypoxia. Hypoxia inhibits

oxidative phosphorylation in mitochondria and activates the anaerobic glycolysis pathway. Glucose

degrades to produce lactate and ATP. Carnivorous fishes have limited absorption and utilization capacities

to feed carbohydrates, unlike omnivorous fishes. Dextrin is an intermediate starch hydrolysis product,

with a molecular weight between starch and glucose; it has good adhesion properties and is more easily
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digested and absorbed than starch. Therefore, we hypothesized that the use of easily digestible
carbohydrate in the feed is an effective way to improve the acute hypoxia tolerance of fish. Takifugu
rubripes is loved by Japanese and Korean consumers owing to its delicious taste and high nutritional
value. It is a characteristic species of Chinese mariculture fish. It is mainly cultured in a high-density
factory, and the dissolved oxygen in the water often relies on water exchange and an oxygenation pump;
its gill cover is degraded and is at risk of acute hypoxia. This study determined the effect of the addition of
corn starch or dextrin (corn starch hydrolysate) to the feed on growth performance, acute hypoxia survival
rate, metabolite content, and the hypoxia inducible factor (HIF) signaling pathway of 7. rubripes after 8
weeks of feeding. There were no significant differences in weight gain, feed conversion ratio,
hepatosomatic index, viscerosomatic index, condition factor, and body composition between the starch
group and the dextrin group (P>0.05). However, the survival rate during acute hypoxia of the dextrin
group was significantly higher than that of the starch group (P<0.05). There were no significant
differences in the liver glycogen and lactate contents, and lactate dehydrogenase A4 (Idha) gene
expression between the starch group and dextrin group (£>0.05) during normoxia. However, the lactate
content and /dha gene expression were significantly higher in the liver of the dextrin group than those in
the starch group (P<0.05) during hypoxia. This indicated that feeding dextrin strongly activated anaerobic
glycolysis to provide more energy under hypoxia. The serum triglyceride (TG) content significantly
increased in the dextrin group compared with the normoxia groups, although the TG content in the serum
and liver significantly decreased in the starch group after acute hypoxia (P<0.05). This suggested that
feeding starch promoted lipid catabolism and oxygen consumption. There was no significant difference in
the total soluble protein content of the muscle between the starch group and the dextrin group (P>0.05)
during normoxia. However, the total soluble protein content of the muscle decreased in the dextrin group
compared with the starch group (P<0.05) after acute hypoxia. Meanwhile, the total muscle soluble protein
content, and the gene expression of liver v-akt murine thymoma viral oncogene homolog 1 (akt/), and
mechanistic target of rapamycin kinase (mfor) significantly decreased in the dextrin group after hypoxia
compared with the normoxia group. However, the liver mfor gene expression significantly increased in the
starch group after hypoxia (P<0.05). This data demonstrated that protein synthesis was inhibited in the
dextrin group under hypoxia. Hypoxia inducible factor (HIF) is the most critical transcription factor in
cellular response to hypoxic stress. The dextrin group had higher hypoxia inducible factor 1 subunit alpha
like (hif-3a)) gene expression in the liver and lower hypoxia inducible factor 1 subunit alpha a (hif-/a)
gene expression in the muscle (P<0.05) compared with the starch group during normoxia. The gene
expression of liver Aif-1a and hif-3o and muscle Aif-/a and vascular endothelial growth factor A (vegfa)
significantly increased in the dextrin group compared with the starch group (P<0.05) during hypoxia. This
proved that feeding dextrin strongly activated the HIF signaling pathway under hypoxia. In summary,
replacing starch with easily digestible dextrin in the feed did not affect the growth performance. Instead, it
activated the HIF signaling pathway and anaerobic glycolysis to provide more energy for fish. Meanwhile,
feeding dextrin inhibited lipid catabolism and protein synthesis, and reduced oxygen consumption to
improve the acute hypoxia tolerance of 7. rubripes. The study provides important guidance for the
formulation design of hypoxia-tolerant feed and healthy development of aquaculture.
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