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R2. R3. R4 I RS 4, R K%M 3 1K (7:00, 15:00,
19:00), FMEBRSIR T, R AU B B,
H#MEECH 11K (7:00), 2 ¥R (7:00, 19:00), 3 ¥K
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T 1 TEHMREMITIRINE X KR40 8 % KM BE A A RLF A B &2
Tab. 1 Effects of different feeding rates and frequencies on growth performance and feed efficiency
of juvenile hybrid sturgeon (Huso dauricusQxAcipenser schrenckii)

n=3; x £SE
miH 21 5 BRIk E/g LRk HE /g R Y% B A K %/ (%/d) TR %
item group initial body weight final body weight WGR SGR FE
FIE % R1 332.6740.67 483.1345.04° 45.23+1.24° 0.53+0.01° 1.52+0.08¢
feeding rate R2 337.2042.95 611.00+3.00° 81.2342.05° 0.85+0.02° 1.2240.04°
R3 335.7342.43 640.20+15.22% 90.77+5.78% 0.9240.04% 0.90+0.09"
R4 336.274+0.35 642.73+20.83 91.13+6.12% 0.9240.04% 0.6540.08"
R5 337.46+1.09 672.47+5.34° 99.28+2.21° 0.98+0.02° 0.57+0.02°
F I g Fl 336.40+1.29 665.67+9.47 97.89+3.16 0.97+0.02 1.00+0.04
feeding F2 338.27+4.39 691.27+15.47 104.3242.54 1.02+0.02 0.9740.01
frequency F3 333.47+1.62 654.47+3.12 96.27+0.99 0.96+0.01 0.86+0.05
F4 332.00+0.46 668.47+10.29 101.35+1.32 1.00£0.02 1.03+0.03
F5 333.73£1.70 661.93+13.41 98.3243.38 0.98+0.02 0.95+0.03

1 R1, R2, R3, R4, RS AH 4% M3k [ M2 KT 1Y 0.4%, 0.8%, 1.2%, 1.6%F1 2.0%:; F1, F2, F3, F4, F5 ZH 4 M4 R 0 H 4% 1 7k, 2 K, 3

W, 4, 5 . [RISVEHE R PR R NE 8305 21 [0 22 5+ 12 % (P<0.05).

Note: Feeding rates of R1, R2, R3, R4, R5 group are 0.4%, 0.8%, 1.2%, 1.6% and 2.0% of fish weight a day. Feeding frequencies of F1, F2,
F3, F4, F5 group are once, twice, three times, four times, five times a day. Different small letter superscripts in the same column indicate
significant difference (P<0.05).

22 AEHRBEMBWRMENAEZEHEaR A, LARFRS M
EERMBEIEHNZm R 3 AT, ARIRRX K A5 63 %)) fa 4>
AR B RN AT RN R e sc it ah fa i foksr . MR, WLRKS: . ME A . MR fn
RINTC W EF W (P>0.05)(F% 2). FEERMRTE  HKS, FOH&E A RO S D7 & & 354 125
RIAAEI YR L . DR LRSI BE 2 i (P<0.05), BEEHRMEFT i, S ammPLAKs & &
F(P<0.05), R1 AR EL IR HC R AR EE Y B2 BB RRIK(P<0.05), &gl & & 2T mE
T H A 41 (P<0.05) B M RNT KA gh . RRARMR S, WIRHLE A . MW . KK o R
JHAAR U TG i 2 52 00 (P>0.05), F1 AU ER LRI, KBl S =2 T EmEss. b R1 ddefm. LA
IR T A A 4. (P<0.05) Je ARG 5 5 B B H W K F R4 A1 RS 4
23 ARBEERMPEFRMAELTEHESL  (P<0.05). AFEEMEITERX KAt 4 fasfa JL
2 TEIRIR R AR IR ST R 3 A 4 32 83 40 8 B 5E 2R A0 T A6 4 BB B0

Tab. 2 Effects of different feeding rates and frequencies on survival and morphological indices of
juvenile hybrid sturgeon (Huso dauricusQ xAcipenser schrenckii3)

n=3; X +SE
i H item 287 group % 2R /% SR JFA E /% HST A L /% VST AE 36 BE/(g/em®) CF
PR R1 100.00+0.00 1.9240.29° 7.3040.19° 0.71£0.01°
feeding rate R2 100.00+0.00 2.66+0.10° 8.34+0.31° 0.76+0.00°
R3 100.00+0.00 2.8740.18™ 9.07+0.52 0.79+0.00°
R4 100.00+0.00 3.2140.10° 9.46%0.14° 0.80+0.00°
R5 100.00+0.00 3.05+0.12" 9.48+0.24° 0.80+0.00°
T A R Fl 100.00+0.00 3.15+0.21 7.9240.39° 0.79+0.01°
feeding F2 100.00+0.00 3.3540.12 10.2240.36° 0.82+0.02°
frequency F3 100.00£0.00 3.18+0.17 9.27+0.30° 0.81£0.01°
F4 100.00+0.00 3.08+0.16 10.33£0.40° 0.81£0.01°
F5 100.00+0.00 3.0240.16 9.2140.39" 0.83+0.01°

1 R1, R2, R3, R4, RS AH 4% M3k [ M2 KT 1Y 0.4%, 0.8%, 1.2%, 1.6%F1 2.0%:; F1, F2, F3, F4, F5 ZH 3 MR H 4% 1 7k, 2 &, 3

W, 4, 5 . [RISVEHE R PR RN E 8305 21 [0 22 5+ 12 % (P<0.05).

Note: Feeding rates of R1, R2, R3, R4, R5 group are 0.4%, 0.8%, 1.2%, 1.6% and 2.0% of fish weight a day. Feeding frequencies of F1, F2,
F3, F4, F5 group are once, twice, three times, four times, five times a day. Different small letter superscripts in the same column indicate
significant effect (P<0.05).
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Tab. 3 Effects of different feeding rates and frequencies on compositions of whole body, muscle and
liver of juvenile hybrid sturgeon (Huso dauricusQ xAcipenser schrenckii)
n=3; x £SE; %
5 H IER feeding rate BWSIR feeding frequency
item R1 R2 R3 R4 RS F1 F2 F3 F4 F5
4=ff whole body
/
i(ojij:t re 76.53+1.31° 72.48+1.39° 70.47+1.32" 70.34+0.82° 71.59+0.82% 72.25+0.44 69.96+0.61 70.93+0.39 71.07+1.03 70.5620.99
u
HLE _ 14494054 15461038 15.1440.67 15.79£0.04 15.1240.58 15.33+0.12* 16.05+0.15" 14.88+0.20° 14.9340.24* 14.90+0.26"
crude protein
B e
fjf;eﬂipid 621+020°  7.65+0.07° 10.10£0.22° 9.86£0.22° 9.14+0.04° 9.11+0.06* 11.04+0.17° 10.61+0.18° 10.59+0.20° 10.88+0.10°
RSy
crude ash 1.92+0.15 2.33+£0.25  2.35+0.04  2.30+0.11 2.1240.05 2.03£0.02 2.1240.05 2.13+£0.12 1.9440.12 1.84+0.04
u
LA muscle
/
21(0); ‘e 74.8140.37° 74.78+0.31° 73.20£0.30° 73.16+0.16* 72.39+0.59° 73.1240.31 72.81+0.33 72.95+0.44 73.84+0.38 73.04+0.41
u
R . 20.35+0.23* 20.27+0.38* 21.26+0.09° 21.4240.27° 22.03+0.07° 20.55+0.18 20.92+0.17 21.55+0.04 20.4120.21 21.64+0.08
crude protein
S BB B
i%fc?eﬁ}liipid 1.0840.10*  1.13£0.15® 1.25+0.05" 1.36£0.19b° 1.40+0.02° 1.91+0.04 2.05+0.05 1.71£0.05 1.82+0.02  1.83+0.02
*ﬂy—(‘ﬁ a b C C C
crude ash 1.34+0.02 1.56+0.02 1.6310.00 1.63£0.02 1.624£0.05° 1.68+0.03 1.81+£0.00 1.69+£0.02 1.7740.03  1.70+0.02
u
T liver
/
21(0];; re 45.7042.22  43.12+1.43 43.93+£1.52 40.87£1.37 41.78+2.33 41.04+2.47 41.57+2.15 41.96+1.71 44.33+£0.60 44.72+2.17
u
HLEH . 5.644024°  5.1440.01° 5.08+0.27" 4.70+0.18"  5.02+0.36® 4.98+0.16" 5.95+0.35 5.90+0.67" 6.31£0.28" 5.59+0.23"
crude protein
Ba B
f?ﬂ(?eﬁ}fipid 27.4440.96° 29.11+0.36™ 32.95+0.18" 33.35+1.88™ 35.59+2.00° 35.42+0.51 35.0242.39 29.36+2.25 33.60+1.44 34.08+3.01
u
: R1, R2, R3, R4, RS MR Ny H IR A KT Y 0.4%, 0.8%, 1.2%, 1.6%H1 2.0%; F1, F2, F3, F4, F5 4 #0552 0 H £ i 2K, 3

W, 4K, 5. FATEAEEARAS R NG
Note: Feeding rates of R1, R2, R3, R4, R5 group are 0.4%, 0.8%, 1

5T REFR R A ) 25 57 1 3 (P<0.05).

1.6% and 2.0% of fish weight a day. Feeding frequencies of F1, F2,

F3, F4, F5 group are once, twice, three times, four times, five times a day. Different small letter superscripts in the same row indicate sig-

nificant effect (P<0.05).

PIFUF R K 43 . KL 43 3 55 TG ik 35 52 W (P>0.05),
Xpa M E R . SRS EA B EE
i) (P<0.05), F2 ZH4fafl e A& & 0 3 T HAb
ZH(P<0.05), F1 24 faig & & 00T HAb
-4 (P<0.05).
24 AEHEREFBRVITEIT K FLE
EEN IR T
3R 4 AT, BEERMETm, KAL)
0 11007 A DI R A R T T R T
o Hip RS P B E T R1. R2 fl R3 4(P<
0.05); MR SV . AR 1R % B A A 1 I
HEET R ARG, Hd R1 40

3 4 & 1

EE . AEASE R ERT HASHP<0.05), &
[F) 5 R 23 % K 2% 22 B 4 £ i 375 7 2 0 A i
F R (P<0.05), % 0 & E%ﬁkﬁﬁﬁmI
FEAGEa S, XHyE SN AN . AR . &
FEL. AEA. BHERE., Hm =, %R
1 JIE T R R % TR R T I e R Y
JC i R R (P>0.05).

2.5 FARBREMBVMENARLZEHES
0 i iE H 1L BE Y =2 0
Wk 5 Piw, BEE BRI R R i3 4)) i

R B PR T A, v i S P DU A
{H £ 41 6] 2% S Y R B 28 (P>0.05); 1 18 Wi i 1% 1
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Tab. 4 Effects of different feeding rates and frequencies on serum biochemical parameters of
juvenile hybrid sturgeon (Huso dauricus9xAcipenser schrenckii)

n=3; X +SE

S| 20 51 GLU ALT AST TP ALB TG TC LDC-C  HDL-C
item group /(mmol/L) /(U/L) /(U/L) /(g/L) /(g/L) /(mmol/L) /(mmol/L) /(mmol/L) /(mmol/L)
Pz Rl 3.84+0.32 10.82+1.08" 364.76+£28.77° 11.7240.56" 2.70+0.98" 8.86+£0.73 0.26£0.01* 2.85+0.25 1.22+0.13

feeding R2 4234030 16.24+1.61" 505.28+48.41° 17.50+0.64° 6.56%0.52° 7.41+0.20 0.36+0.01° 2.84+0.29 1.23%0.12
rate R3  4.1040.36  15.65+1.05° 533.54+39.05" 17.80+0.75° 7.20£0.42° 8.63+0.71 0.46+0.01° 3.51£0.37 1.42+0.20
R4 3.85+0.38 22.8842.19° 644.93+38.68° 19.26+1.21° 7.8240.56" 8.17+0.45 0.41£0.02°° 3.36+0.18 1.31+0.07
R5  3.6840.28 31.9043.10° 686.05+60.88% 17.58+0.94° 7.08+0.38" 8.06+0.45 0.4140.03" 3.61£0.20 1.56+0.08
B F1 4.7240.13° 21.8543.17 722.60£61.46  17.70£0.56  7.04+0.57 8.3740.27 0.40+0.03  3.3240.15 1.2240.06
feeding F2 4284035 26.20£3.40 785.45+102.41 19.28+1.06 8.25+0.44 6.99+0.38 0.42+0.03  3.03+0.27 1.20+0.17
frequency g3 4 5140.35% 24464430 6810347586  18.4041.67 7.55:0.92 7.65£071 044£0.03 3455026 13040.10
F4  3.54+0.23" 24.40+4.41 686.74+81.57  19.62+0.79 7.88+0.27 8.11+0.35 0.45£0.02  3.68+0.23 1.47+0.13
F5  3.3740.30" 17.56£1.65 619.02465.59  19.90£0.59 7.90+0.41 8.41%0.65 0.40+0.02 3.41+0.14 1.23%0.10
H:: R1, R2, R3, R4, RS % ME &N 1 A5 ME 10 (AT A9 0.4%, 0.8%, 1.2%, 1.6%F1 2.0%; F1, F2, F3, F4, F5 #4550 H #0811k, 2 1%, 3
W, 43K, 5 K. [RIFIVEEREARA [N FREFR R 410 2% 5 .38 (P<0.05). GLU: %M, ALT: SN EM, AST: SR, TP: ME
M, ALB:([ & M, TG: Hili =f§, TC: SAHREEE, LDC-C: L% EE N5 & (A 0 B, HDC-C: %% BE i 2 11 IR [ e
Note: Feeding rates of R1, R2, R3, R4, R5 group are 0.4%, 0.8%, 1.2%, 1.6% and 2.0% of fish weight a day. Feeding frequencies of F1, F2,
F3, F4, F5 group are once, twice, three times, four times, five times a day. Different small letter superscripts in the same column indicate

significant effect (P<0.05). GLU: glucose, ALT: alanine aminotransferase, AST: aspartate aminotransferase, TP: total protein, ALB: albumin,
TG: triglyceride, TC: total cholesterol, LDC-C: low density lipoprotein cholesterol, HDC-C: high density lipoprotein cholesterol.

F5 TRIEREMGRIMEI AFRZ 63506 S MG EE CEER R0
Tab. 5 Effects of different feeding rates and frequencies on digestive enzyme activities in stomach and
intestinal of juvenile hybrid sturgeon (Huso dauricus? xAcipenser schrenckii)

n=3; x £SE
i H item 2H 7] group H & [ Hiff/(U/mg) pepsin ¥ 15 Wi /(U/g) intestinal amylase % V€ K3 B /(U/g) intestinal lipase

sz R1 1.22+0.24 42.5142.96" 287.10+£61.75
feeding rate R2 1.36+0.22 45.94+4.12° 269.3367.15

R3 1.7540.21 51.98+3.38% 269.64+69.26

R4 2.03+0.35 58.98+2.93° 196.62+4.79

RS 1.93+0.28 49.84+5.31% 207.26£29.66
R Fl 1.39+0.17 46.95+4.51 207.06+24.75
feeding F2 1.90+0.32 54.18+4.76 232.09+44.44
frequency F3 1.5340.23 47.02+2.03 261.85+£58.87

F4 1.2240.22 47.55+2.64 209.62+43.37

F5 1.38+0.22 46.06+3.87 216.22+42.97

1: R1, R2, R3, R4, RS MR ANy H AL MR 10 (AT (1 0.4%, 0.8%, 1.2%, 1.6%F1 2.0%; F1, F2, F3, F4, F5 411K Jg H#ME 19K, 2 K, 3
W, 40, 5 . [RGB B FRAS /NG Bk R 41 1] 25 57 .35 (P<0.05).
Note: Feeding rates of R1, R2, R3, R4, R5 group are 0.4%, 0.8%, 1.2%, 1.6% and 2.0% of fish weight a day. Feeding frequencies of F1, F2,

F3, F4, F5 group are once, twice, three times, four times, five times a day. Different small letter superscripts in the same column indicate
significant effect (P<0.05).

ST R B S (P<0.05) AR K se s RS fa ik i g, ARk eRO,
Bt B E . AR DR AGIE R R R TC ARSE D, B TR Y R S £ Y 3 AR
3L (P>0.05). R LR R B T, (HBIRRAE 1.2%~2.0%
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Effects of different feeding rates and frequencies on the growth per-
formance, body composition, and biochemical parameters of juvenile
hybrid sturgeon

CHU Zhipeng, JIN Jiali, CHEN Xihua, WU Jinping, TANG Dan

Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs; Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: China has become the largest producer of sturgeon in the world. Hybrid sturgeon [Huso dauricus () x
Acipenser schrenckii (3)] is one of the dominant aquacultures organisms in China. However, the feeding strategy
for hybrid sturgeon has not been clearly outlined. To determine the optimum feeding rate and frequency for juve-
nile hybrid sturgeon, an experiment was conducted to study the effects of different feeding rates and frequencies
on the growth performance, body composition, and biochemical parameters of juvenile hybrid sturgeon. The fish
were randomly assigned into 10 groups with 3 replicates per group, including 5 groups (initial body weight:
335.87 £ 0.82 g) treated with different feeding rates (0.4%, 0.8%, 1.2%, 1.6%, and 2.0%) and another 5 groups
(initial body weight: 334.77 £ 1.06 g) treated with different feeding frequencies (once, twice, three times, four
times, and five times a day). After the 10-week feeding trail, the increased feeding rate significantly improved the
weight gain rate (WGR), specific growth rate (SGR), hepatosomatic index (HSI), viscerosomatic index (VSI), and
condition factor (CF) of hybrid sturgeon (P<0.05). In addition, the crude protein and lipid content in muscle, crude
lipids in the liver, pepsin activities, serum alanine aminotransferase (ALT), and aspartate aminotransferase (AST)
also increased significantly with the increasing feeding rate (P<0.05). However, the feed efficiency (FE), whole
body moisture, and muscle moisture decreased significantly with the increasing feeding rate (£<0.05). Meanwhile,
the whole body crude lipids, total protein (TP), albumin (ALB), and high density lipoprotein cholesterol (HDL-C)
in the serum firstly increased with the increasing feeding rate, but then decreased (P<0.05). On the other hand, the
feeding frequency had no significant effects on the WGR, SGR, or FE of hybrid sturgeon after the 10-week feed-
ing trail (P>0.05). The VSI, CF, and content of whole body crude lipids of the fish fed once a day were signifi-
cantly lower than that of the other groups (P<0.05). In addition, a significantly higher content of the whole body
crude protein was observed in the fish fed twice a day compared with that of the other groups (P<0.05). No sig-
nificant effects of the feeding frequency were found on the digestive enzyme activities in the stomach and intestine
or the serum biochemical parameters, except for the glucose level (P>0.05). Overall, according to the results of
this study, the optimum feeding strategy with regards to the feeding rate and feeding frequency for juvenile hybrid
sturgeon (300-600 g) was suggested to be 1.2%—1.6% of the body weight with meals twice per day.

Key words: hybrid sturgeon [Huso dauricus (Q) x Acipenser schrenckii (3)]; feeding rate; feeding frequency;
growth performance; biochemical parameters
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