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AR EIK R 2 7 5E B HAR & sRE
“rhR3 S E KRN IH R

wHEY # 4 mwz" w #" x2R' sk
WMrE km map”
(1. W E B2 B KA A 7E BT i K AR S S5 A HOR Bl R B A s =, BN 430072; 2. A E R 2B k2, 65T 100049;
3. Wb K= s E 3% SRR TRER AR A, BRIX 430072)

WEE: W FUR VT T FRHE K X 2 7758 ) WA 53 B 4R Carassius auratus gibelio) =A< BE FINEARC U 52 IR . SEIG
PLE KR 9 R, 2 DB ER K 3% (S3) 13% (S13)+ 23% (S23)- 33% (S33)F143% (S43)[K)55h
LG MR PR, 8K VI A Y T WA PR R SR T 4G 7 2 (12.00.1) g5 B AR 14 £2.340d, 391 1R) AR5 £0 44 77 i
i BOEEURES R, B K By M63d(D63, #h ). 110d(D110, FRELHTI). 223d(D223, #4#). 275d(D275,
B4 J5)F1340d(D340, 72 R ). B FLAE BRI, 4 D63 S & AL 5 11 e K IS 7 AR H TR E A
KPR, B35BT D102 )5 fAA 5 g ve ko B s 7038 5 HLBE v RHE A KPR = AR i sl . 2t
WID63 5+ & i fillglur2 mRNAM X FRIA &0 0% 2 5, HAI Be 57 & R Wl g/ur2 mRNAA XS 1 5 /K P Bl T o) e
W AKCEFE R e SN A KW B S 1 R B P e 1 B0 B2 v T S A AR, 4 D63 5 3% T D110 5%
B ARG G L RS 1R . 4 D63 S B ARG B A RHE K /K N23%; 7 AT HAD 11057 & 4R A05E B 1Ak
TER KRN 13%; B4 JE D275 57 & AL A AR AR I RE %, 43% e f A AR K it I AE 72 1 R D340 R &
R ERDEHE K 7 SR U B PR $133% . B FL S5 SR, v B AR 7 58 R AN [R] B Bt RDERGE # 1 e SR AR

FHAAAE 235 (2 53, W1 LU 53 A ARIAN R SR B B BURF A T RHRC 7 R B SR 1S 4%

KHEIR: AR, IR, wREREk; TR, B, AR PERE
X E4S: 1000-3207(2021)03-0557-09

FE DA S: S965.1 SCHRFRIZES: A
ARG E UL REY BT, A $2 i i 0T 1
EEFHBEMTAFRERANER. AREad
o B ZKAL B P 7KST BE AAARE 2 A £ A AR K 48
B AL E S iR’ kSN R
AR AR, AR 3 P A 2208, Ao A
W E SRR AT ST PR, Ak
A AR B, A B 122, (H SR & 3R 4y Wb
25 NRENAK, 07 AFAE AR R B 2R 40O i
BRI, pRRE R KR B R A %
HIIREA W e, MIE AR . RO o0 A AN W
A4k, P E TR R SR AN AR AL, 22 M SR A
WA KOR B AR e e R A ™,

ks B HA: 2020-03-21; 1&1T H#A: 2020-07-16

CA BRI, SRS X BER F Be 0H — &
HIsZm . 58 WRM(Carassius auratus gibelio)%)j
R 24%—32%E K KT O TR 2R KA e A A
P B, Rk ik B K AL & W 1) B 0E 7R oK B AE
30% 22470 T AR (52 g2 )RR RIS (129 g
FeA0) T B AR ) Bl TDEHE R KT 3 5 2292 %
#27.2%". Bt (Ctenopharyngodon idella)4)) .
(6.5 g/c A7) AT LU AT H R FH 33 %—3 8 % viE 41 7K 1 1)
TAIRE, 37 %€ B 7K T PRDRE ) . 25 PR ) 1 KRR 2
(398 g A B K ), 3 (Mylopharyngodon
piceus)#H1.(3.5 g2 A0 B B 20% 5 By TR 3845
B KA 5 A K R R Y 9t R (48 g

EETH: FHKH AR ITRI(2018YFD0900400); E 5K H ARl 25 4:(31672670/131972771) % B [Supported by the National Key R & D
Program of China (2018 YFD0900400); the National Natural Science Foundation of China (31672670 and 31972771)]

EE BT R E(1994—), Zo, WL T A ERMNF A REF AR P . E-mail: 2064016530@qq.com

BIEEE: #4(1979—), i, 7 f; E-mail: hand21cn@ihb.ac.cn


http://doi.org/10.7541/2021.2020.051

558 K& A& Y ¥ 45 %

A AR RS 38 B T SR B o20% A 4. 4k
JITid, faARTEAS [ A K B BOGH AR R K A0 & 0 1 75
KA FTZES, "RES R A B AN R B B A KGR
FE B ) 5 3 R A Wt 6 7 A8 A 35y AR et T 1
FR A 1 AR AN [3] A KBy BOR B K AL &) 75 SR A A
SR FC A [F] (Y PRDREAMS AT DA 1 f 2R A K 3B mT DA
T RE A, FRARIRE A, 8 B
i B Ao T AN A S AR S R R FHRERK
Pt ot £ AR T E A, M HRZ N RSN
AN [R] R A #1806 0 e 3 B 75 R 22 57 1) B B
DRI AR 5256 DA PR BN T 2 RN A a2k R E
R RL 35 N FRIE N R, BB K N3 %
13%-+ 23%- 33%F143% TLANEREE AR, HEAT
HN340d FRIA S IG, LLICHR FL 5 B AR ) 4= 57 5 )
HHAS R B B TRl e K 1 75 SRk JOHEA ) 22 57

1 MR5ERE

1.1 SEEIER

ARG 0y RO 2R 1 D S5 B8 R, DAy AN
S N E BRI, A ERCKUER N B KL
GIR, 53 MR E R K 3%(S3) 13%(S13)S
23%(S23). 33%(S33)F143%(S43) LA~ 4b H 21 7]
BE, SRR EOR Y B 5 22 51 IR A, Fl S 101355
TRE S5 FERE A 140 H 7%, RN 70°C 4t
TZIK D N10£1)%, A H G EFET4°CHA &
(&1
1.2 FESLEIZIT

AU T20164E8 H 18 H 22017457 H20 H 7E
WAL A B T 2 KV T HOE T B AR 3ET, N
#1340d.

AN SIS 7y NS FRGENT B 4 B (BR 63 R X
BE, D63) FRAATIHI(EE 110K HUFE, D110). A
(35223 KRELFE, D223). HA G (55275 K EUFE,
D275) 5% R JE B (5340 KR EUEE, D340). [
ZHHD223 4 A1, BN FRFE MY B S5 MR S Fh S G
RN 1), FANMARIZHAATAT, FEit20 NP4

SIS A E S AT B AR S8 R G R R 2
B IR N SFh LI A R 1) S VR A TR, SR
UE TR SE I YLk 240, BEHLIE AR SIFR . i B
T IR IR S50 0,60 FE [ W 4R R #.(12.0£0.1) gIIN &
WFE R, o5 1S R S e A RTUEFE &, B FE X B
N E R R3S, Sz A AR A e
37K(8:00+ 13:00F118:00), j A& HA [] 52 11 45 MR S
TRKE . BEASSZEG I H ARG HE R A SR B AR TR
HEAT, D63MY BOK IR 21.5—30.5°C, D110BEKiR
H17.0—21.5°C, B4 /KR N3.8—17.3°C, D275k

1 AN RACFER(% TR
Tab. 1 Formulation and chemical composition of the experimental
diets (% dry matter)

1Akl Diet

5 R Ingredient

JiEHngredien 53 S13 o3 " o3
FhE a1 F Peruvian
fishmeal 845 845 845 845 845
fi% £ H Casein 3500 3500 3500 3500 35.00
FEKGEH Corn
starch 300 13.00 23.00 33.00 43.00
i Fish oil 337 337 337 337 337

i Soybean oil 3.37 3.37 3.37 3.37 3.37

“H4EZ Cellulose  40.11  30.11  20.11  10.11  0.11

SALJIEH i
fﬁﬁ?&fﬁcmme 011 011 011 011 0.1l

gy S
%i%l}(;)‘ﬁf 1.20 1.20 1.20 1.20 1.20
G S
Vitamin premix
R
Mineral premix
LR FEME R
Ethoxyquin
k2240 il Chemical composition

fe & Gross energy
(kl/g) 11.90 13.60 1530 17.00 18.70

F 25 I Crude

protein
FHHEi Crude lipid ~ 8.00 8.00 8.00 8.00 8.00

0.39 0.39 0.39 0.39 0.39

5.00 5.00 5.00 5.00 5.00

0.02 0.02 0.02 0.02 0.02

35.00 35.00 35.00 35.00 35.00

VE: 1. 4EAE R TIRY) Vitamin premix (mg/kg diet): 4EE R
B, Thiamin, 20; %% B, Riboflavin, 20; 443 B4 Pyridoxine,
20; 443 B, Cyanocobalamine, 0.02; M-8 Folic acid, 5; ¥Z&
£5Calciumpatothenate, 50; JULEE Inositol, 100; #HEZ Niacin, 100;
A M Biotin, 0.1; 4E4E K C Ascorbic acid, 100; 4E4: 2% A Retinol,
110; 4E4 3D Vitamin D, 20; 4E4EZFKE Vitamin E, 50; 4iEFK
Vitamin K, 10; £ KI¥EH Corn starch, 645.2; 2. # YL TIEY)
Mineral premix (mg/kg diet): NaCl, 500.0; MgSO,-7H,0, 8155.6;
NaH,PO,-2H,0, 12500.0; KH,PO,, 16000.0; CaHPO,2H,0,
7650.6; FeSO, - TH,0, 2286.2; CoH,CaOg: SH,0, 1750.0; ZnSO,-
7H,0, 178.0; MnSO,-H,0, 61.4; CuSO,-5H,0, 15.5; CoSO,7TH,0,
0.9; K1, 1.5; Na,SeOs, 0.6; EKJEH) Corn starch, 899

BOKIE N17.3—23.5°C, D340/ BOK IR N18.3—
25.8°C. FRIEIAIAVEE N5.01—6.88 mg/L, BAEH
#40.04—0.43 mg/L.

BEORE R BT, BT A SEIe 0 KLk 24h, H
MS-222(100 mg/L)HF Rk, XJ BT A 9 46 1) £ 53 71
THECPR B, B ML P 3k KA o 45 f R 6 6 AR AR K
P RIR G, SO0 o KDL f5, L2 26 25 484
KBE; HARM B RTIE. IR ZEHL, 8T
—80°CUKFHIRAT -

1.3 H@EoHh

AR FEH R K 8 (120°C, 101.33 kPa)kt
FE20min, A 591, 75 CH T EEE M. T
W50 5 A P 2R EE2: 1105 °C AR HE T 2548 5 5
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AL A LR 8 B A (FOSS Teacator, Haganas,
Sweden) i€, #H I 17 18 F ‘& F 321X (Soxtec Sys-
tem HT6 Tecator, Haganas, Sweden)Jll %8 . K7 fif
S 3k (e s 1 B @y mdpag ), Wik
) F550° CHE R 2 48 HBEATIIE

JE i KA B ML 22 1.5 mL B 00 (3 S 2 A
OEBIFH0.2%HF ZEBNIR ), LA3500xg 20y 5min, T}
VUi B b 7 o e LR, LS5 2 A R I 5 OB ] T 5
A E S AR BT A (B R BS-460, H E RN &
Hom il S AL )M E, BARTTEZ WA
I o 5 P o il 0 A6 D e s A T
FEWE 7T AT AR & 7660 nmish Kl s WO &
B o B T T 156 e a8 A ) AR FE BT A
& 620 nmiB KM E PO EEAE, HAKT7 %2 Wik
FIEE U .

F [N ik &1 52 FH Trizol (Invitrogen, USA)
F U P IRIREUAH ZARNA, 1.2%B i HE B F
VK 52 HSE RS | NanoDrop-2000% 3430l 2 mRNA
ali [ K Wk J5 FH Invitrogen/a ®lM-MLYV Frist-Stand
Synthesis System% Uit B 5 ) # 5 JcDNA. RT-
qRCRJS 4k % #96 pL(3 pL Light Cycle * 480 SY-
BR" Green | Master. 0.24 pL Primer forward. 0.24 pL
Primer reversef12.52 uL ¢cDNA). PCRMN1EZ K
Light Cycle 480 II (Roche, Basel, Switzerlad)PCRAX
AT, NFER: 95°C i Smin, =B H(95°C
AE M 10s, 60°CiR k30, 72°CHE{H30s), 45 MFIF
FIVFAI R 2.

%2 RT-qPCRETASIY
Tab. 2 Primers used in RT-qPCR

GenBank & k5
GenBank
accession number

5| ¥JPrimer J¥%Sequence (5'—3")

actinll3FEH TTGAGCAGGAGATGGGA

ACCG AB039726.2
GAGCCTCAGGGCAACGG
AAA

gl E B CTCGTGGATGAGCTACCT

1B # A2 CAGCAT
CCCTGACTGAAGATCTCC
GCCA

TATGAGAAGATGATCAG
CGGGATGTACC
ATCACACGTGCTGCTGAT
CAAGCCCA
GAGGAGATGCGTAAGGT
GGAGCT
TTCTCATACAGCTGATGT
CCAGGGTT
pepckifilR)imE  AGACAAACCCTCATGCC
S EAER 2 B ATGGCAAC
GGGTCTATGATGGGGCA
CTGG
gOpcHi K HE-6-  CCTTACTGGTGGGTCCAT
T R il GAGACT
TGGGCCGGTCTCACAGG
TCAT

KX898504
hk COHE

KX898499

g R TR KX898498

KX898506

KX898505

14 it

T B4 R I SPSS 23.048 1E A K 56 b J7 2 5%
PERTES , EAT LR 3577 22 73 1 (One-way ANOVA),
B E MK BN P<0.05, 22 5 5 35 I 56 % Ab B AH 3
1TDuncan’s% B L5 .

2 %

21 AREMRNEFERRREREE RIS
K MEREAN & 1AL 3 RO 2N

E4T (201648 H 18 H £20164F10H 17H,
F1EF63K, D63), FEHEM KT T23%40 B4
) B AR E A e AR R R B
F-S135S8234H(P<0.05), Tkl sk e bt Tl pel e # 7K 1
EF R R BT ES . HpS23H A KR LT,
SHEHAMKREASRELREEER, AKENSE
B TR R KT T e BT R AR A, S23
Ab 3 2H B AR R B R R R . TE IR BT (201 64F
10H18H % 20164E12H03H, H64E 110K,
D110), AN FEACHH 7 F ARG ER, a1
BRI . 5 AR K R R N5 P B AR e M KT 1
FE 2 EAE FRERES, S134HEA 7 H H
i34 B % K R e AR KRR S T A A A, A
AR AR B S R B 2 5, IR T B AR
KB 5 B E R R E S, S1340 A
A G T 2 B, B3 T A & 4.(P<0.05)
A WI(20164F12 H04H 2017453 H23H, %8
1145 55223 K, D223), AL 7 F #3155
Ry R AR K R RN B B A R R K P T R 2
M EFJE FRERES, KR S13AEE A B 4R )
R R R P L e T A %40 (P<0.05), S3F1
S134b A e A K R B 3 5 1523, S33F1S434k
HIZH (P<0.05), £ 4b 2 5 AR 0 4o & AR A
iR EER. A JEQ017F3H24HE
201745 H14H, 5224% 5275k, D275), % 4b#H
Y 5 B AR G R RR A K R B R R KT
T S0 E T, S23. S33MIS43 4T 4H 1 B
R T S3 KL S134HE2H (P<0.05), % AbBEAH 1A k)
METLRFHZER. ST E R a4 R A M
ARG T B =R . EFREHE (20174
SHISHZE2017E7H20H, $H276 25340k,
D340), 7 & ALY 5 2 R e AR K Fa Bl Rk K
WA BT 25 BT JE R R s HS3340
B2 T H A S A B A1(P<0.05), - Ab B 2 1
B LR EZR. 75 R% 024 o4 N5
o BTG 2 S, AR R A BE R E R KR
Tt 25 BT R R ss, S33 A3 4H i =i (3R 3



560 K E Y K 45 %
Mk 4). FrIG BRI R SA, S23 ab 34 Ji5 W Ve K i 1 B
22 ArNEMMEFERRAREREa<hRIS & EBAEQITHEIH24H 220175 H14H,

BRI EEIE MR R N
TE4N (201648 H 18 H 20164E10H 17H,
FIEF63K, D63), & AbFEA 57 F 4R )5 e F) g
EHTLREER . EFRMETHI0164F10H18H A
20164E12H03H, 564£ 55110°K, D110), S3. S13
FIS23 40 A0 S B ALY 5 i Ve o B M OIG k  2E
S, SA3 AL ER A J5 i b Bl v MR S 3 R T S33 b BE A
(P<0.05). 7E#4H(20165F12H04H £201743H
23H, #1145 55223k, D223), NE AP F B4R
5 5 i v o Tl 9 A o R AP T R 2 B
#*=3

F224F 275K, D275), S B B 5 7 e Ky B UG
P BE RN R KT T B T R, R P S
0175 H1SHE20174E7H20H, 5276 25
340K, D340), 55 & R 5 Mg v 4 B 5 14 b 1 Rk
WER KPR 20U TR AR, ik
S W VE Foy Blg 37 4 AE S50 7R BCRT A S = T 4
(Kl 1),
23 ARNEMIEFERRFEREE<HRIS”
[N 3% 3 %) #E A0 I 32 BB E EZ A0 220

ELN (201658 18 H £ 20165107 17H,

DR XY 5 BRI 3 S A KM RE ORI

Tab. 3 Effects of dietary starch on growth performance of gibel carp

E K48 FRGrowth Index

RN i, - - —
Growth stage  "VEIDiet gtk i IBW KRE  WMEZRWGR EEFR RMEFE REKE R CF
(g) FBW (g) (%) (%BW/d) (%) SGR (%/d) (g/em®)
D63 S3 12.00£0.08  77.2542.55" 540.62+44.83" 2.38+0.03" 97.07+2.53"  2.96+0.03" 2.80+0.08"
S13 12.0040.06  75.45+4.16" 528.72447.98" 2.25+0.07°  102.36£5.38"  2.92+0.04° 3.02+0.08"
S23 12.00£0.09  94.1443.53° 684.43£39.35° 1.96£0.08°  125.28+6.19° 3.27+0.03°  3.31+0.06"
S33 12.00£0.06  86.36+1.56" 619.69+33.55° 2.18+0.12  106.13+3.64"  3.1320.01°  2.96+0.11°
S43 12.0040.07  90.94+3.69™ 624.51+31.80" 2.27+0.08°  111.09+6.76° 3.21£0.03™  3.08+008"
D110 S3 76.58£1.34™ 90.39+0.29° 18.83+2.29"  1.49+0.08 23.9942.01°  037£0.04°  2.45+0.09"
S13 68.76+0.67°  87.78£2.04" 25.5942.34°  1.46:£0.09 33.34+3.08°  0.48+£0.04°  2.80+0.04°
S23 93.80+4.96° 111.0743.02° 13.89+1.23"  1.39+0.03 20.23+1.07°  0.28+0.02° 2.59+0.03%
S33 86.0244.61  953146.15" 15.82+0.48°  1.43+0.02 2138+0.61°  0.31£0.01°  2.66+0.14™
S43 90.62+1.73° 103.53+8.42% 14.64+£2.53"  1.41+0.02 20.59+1.59"  0.29+0.04" 2.73+0.08"
D223 S3 92.56+1.62"° 99.02+1.58"  9.47+1.09" — — — 2.5440.04"
S13 87.3740.98" 105.45+1.26" 22.65+3.26° — - — 3.48+0.16"
S23 102.1144.49° 120.96£3.17°  9.12+1.14° — — — 3.1740.08°
S33 101.3345.57° 104.88+1.39"  6.29+1.01° — — — 2.84+0.01°
S43 99.17+4.58" 114.36£2.57°  6.46+0.88" - - — 2.89+0.07°
D275 S3 92.56+1.62° 133.9£5.8"  38.02+12.16" 1.25+£0.03 48.51+6.31  0.69£0.05" —
S13 87.3740.98" 141.4244.84" 46.87£6.70° 1.26£0.05 48424970 0.71£0.02" —
S23 102.1144.49° 163.44+2.28°  56.45+4.19°  1.33+0.09 50.73£5.64  0.81+0.06" -
S33 101.33£5.57° 156.55+5.31% 49.26+£3.54°  1.40£0.26 48474632 0.73£0.02" —
S43 99.17+4.58" 170.39+5.32° 53.47+7.29° 1.27+0.05 53.33+4.34  0.86+0.02° —
D340 S3 132.745.37" 186.41£825" 40.4142.42° 1.7020.02"  31.16£0.67  0.65£0.02°  2.68+0.06
S13 141.16£5.02° 219.0742.48° 53.19£5.42°  1.74+0.01° 32.63£1.51  0.8240.06°  2.54+0.21
S23 169.3£7.15° 268.05+5.59° 58.74+£3.37° 1.67+0.07°  45.8842.66  0.89+£0.04°  2.74+0.11
S33 146.17£1.9"  253.86£7.59° 87.36+£5.85°  1.57+0.03" 50.736.75  1.05£0.01°  2.93+0.19
S43 168.83£3.4°  261.5747.92° 63.95:2.71° 1.65+0.03° 48344643  0.85:0.05°  2.96+0.08

A R EUE I AR AR, AH [ [R] R B 35UE A AN [R] AR 98 S0 5 BER 7R 22 57 1. 35 (P<0.05) Values are presented as mean+SE;
Values in the same index with different superscripts are significantly different (P<0.05); ¥J4& {4 = IBW (g). Initial body weight; “2¢ 4 4
FBW (g). Final body weight; H 8% WGR (%)=100x (£ FK 14K Y047k F )W 444 5, Weight gain rate (%)=100x(FBW-IBW)/IBW; ‘1%
BEFR(%BW/d)=100xT9) 45 & /[ R B (W45 14 +28 K {4 5)/2], Feeding rate (% BW/d)=100xdry feedintake/ [daysx(IBW+FBW)/2];
SARLER FE(%)=(100x {44353 5 )/ SF-45 15 fr B Feed efficiency (%)=(100xfresh body weight gain)/dry feed intake; “ff i 4 K% SGR
(%/d)=100x[In (AHKAKE)-In (HIHEHAE)]/FHL, Specific growth rate(%/d)=100x[In (IBW)-In (FBW)]/days; "JIE#E CF(g/cm’)=100x{%
# /&K’ Condition factor(CF; g/cm’)=100xbody weight/(body length)’
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Tab. 4 Effects of dietary starch on body composition of gibel carp
(% wet weight)
K
MrBe et
Growth Diet KGY
stage Moisture
D63  S3 71.62+1.25" 4.35£0.16° 16.7120.76
SI3 66.94+2.47" 5.0240.22° 18.42+1.41
S23 70.27+£3.77" 4.18+0.49™ 15.19+2.71
S33 75.06+1.48" 3.63+0.28" 14.75+£0.90
S43 69.88+1.26" 4.29+0.15 17.230.77
D110 S3 71.57+0.24™ 4.41£0.06 17.54+0.59
S13 71.94+0.45" 4.36+0.09 16.84+0.47
S23 70.34+0.94° 4.31+0.11 17.62+0.63
S33 71.17£0.08" 4.30£0.12  17.1840.37
S43 70.74+0.25" 4.32+0.06 17.85+0.10
D223 S3 71.96+0.21° 5.28+0.55 15.91+1.71
S13 72.32£0.41% 5.71£0.08 17.4240.16
S23 73.10+£0.34" 5.45+0.15 17.49+0.20
S33  73.2£0.27° 5.8140.32 17.40+0.05
S43 72.87£0.18" 5.64+0.06 17.88+0.15
D275 S3 72.14+025 3.79+0.51° 17.28+0.34
SI3 72.76£0.11 3.1940.51" 17.3621.02
S23 72.55+0.57 2.1240.11" 16.01+0.65
S33 71.95£0.30 2.56+0.40" 17.53+0.15
S43 71.33£1.06 2.23+0.14° 17.34+0.77

4 {441 43 Fish body composition

; HEACrude  HMABWG
KIyAsh protein Crude lipid

5.33+0.30"
5.53+0.06"
7.20£0.81°
6.54+0.32"
7.03+0.45"
6.45+0.43"
9.53+0.39°
6.9620.39"
8.25+0.49"
7.35+0.29®
4.93+0.72
5.11£0.26
4.75%0.50
5.3240.55
4.56:0.34
5.54+0.16
5.5140.31
3.85+0.11
4.61£0.18
5.97+0.44

D340

S3
S13
S23
S33
S43

69.56+0.48" 4.81+0.16
71.91+1.79° 4.43+0.31
67.88+0.22" 4.72+0.11
69.10+£0.22" 4.50+0.18
69.08+0.52" 5.10+0.44

15.96£1.15"  6.14+0.85
17.86+0.21% 5.84+0.48
18.9140.33" 7.30+0.28
19.94+1.89° 6.55+0.27
19.09+0.53% 7.13+0.84

T RPHAE IR R, HE IR E S A AN
PRI F B IR 7 7 1B 2 (P<0.05)

Note: Values are presented as mean+SE. Values in the same
index with different superscripts are significantly different
(P<0.05)
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o 22 v TR EHE AR 7K TR T-23% A0 B 4H.(P<0.05),
- A A I K E R A BE I N 3 R R AE TR I
(2016510 H18H £2016FE12H03 H, 6425
110K, D110), % 4bBH 4 5 5 HL 6l ifn 2 i 25 B K% 1
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24H 2201745 H 14 H, 5224 8 55275°K, D275), 7
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FERH E (01745 H 1SH 2201747 H20H, 56
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BT S3MS23 AL (P<<0.05). FEHA 5 (20174
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3 iTig
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Fig. 1 Amylase activities in hindgut of gibel carp fed with different starch diets
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Values are Means+SE, n=8. Different letters show significant differences among different starch diets (P<0.05). The same applies bellow
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A LONG-TERM CULTURE OF GIBEL CARP (CARASSIUS AURATUS GIBELIO)
IN NET CAGES FOR 340 DAYS: EFFECTS OF DIETARY STARCH
ON GROWTH AND GLUCOSE METABOLISM

MEI Ling-Yu"?, HAN Dong"*, WU Li-Yun"?, GUO Wei"?, LIU Hao-Kun', JIN Jun-Yan',
YANG Yun-Xia', ZHU Xiao-Ming"’ and XIE Shou-Qi"’
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan

430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Hubei Engineering
Research Center for Aquatic Animal Nutrition and Feed, Wuhan 430072, China)

Abstract: To study the effects of dietary carbohydrate on growth and glucose metabolism of gibel carp, 5 different
diets with 3% (S3), 13% (S13), 23% (S23), 33% (S33) and 43% (S43 starch were formulated for a 340-day trail with 5
sampling times of day 63 (D63, the juveniles fish stage), day 110 (D110, the prophase cultivation period), day 223
(D223, overwintering stage), day 275 (D275, after overwintering stage) and day 340 (D340, the middle and late cultiva-
tion period). The results showed that gibel carp at different developmental stages had various starch utilization ability
and glucose metabolism. The hindgut amylase activity and sensitiveness were low in the juveniles gibel carp and then
increased from the prophase cultivation period. The activities of amylase in hindgut changed with the increased dietary
starch level after D63. The GLUT2 mRNA level in gibel carp at D63 among groups were similar, while it increased
with the increased dietary starch levels at D110, D275 and D340. The glycolysis was higher than gluconeogenesis in gi-
bel carp at all stages. High glucose-induced lipogenesis was found in gibel carp at D63 and D110. The optimum dietary
starch level was 23% for juvenile gibel carp at D63. The dietary starch requirement decreased to 13% for gibel carp at
D113. After overwintering of D275, gibel carp showed a compensatory ability to utilize starch with the best growth per-
formance in diet with 43% of dietary starch. At D340, gibel carp exhibited the best growth performance in 33% dietary
starch group. The present results indicated that gibel have various abilities of the requirement and utilization of dietary
starch at different developmental stages.

Key words: Carassius auratus gibelio; Whole culture stage; Dietary starch; Requirement; Glucose metabolism; Growth
peroformance



