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AR LK FCE ) S 500 5, BFFUAS [F] KSR AaDRL 2 1 TR i 0t a2k G
B30 AR TERE . WAEE . MUBHE bR LA AR 3 (R, Kl e ik K A 4 £ 0]
TR R . EEAE R

L3 A 4y fe 0 Pl o 28 11 570 e 2
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AR . 6300L) FPHEAT TN 8 FIRIFRIEIRE . IR E I AG IIAE
400.68+8.55 g [fIfi Haik (K4 fa 450 B, “F¥srh 5 dl, M4l =AEE, A E
230 B An, 43 AR E (T KSE 9 30.83 %, 34.31 %. 39.54 %, 45.58 %. 50.76 %
(AR NE S Re k. IR, JKUAEN 6 L/min, /Kifl 24.0£1.0 C, ¥4
KT 6.0 mg/L, ZE/NT 0.02 mg/L. g5 Wor, BEHEZRFEWEEE AKER
SEISET S AR IS, 39.54 %or A1 MY A d iy, R 45.58 Y%t 4125 5
AR, AR T MR R REOE AR R, BEDRR AP T R
Jo NG BT RS, 39.54 %t AR R BUR AR, 5 34.31 %A1 45.58 %2 %=
FAEE, HEEFT 30.83 %M 50.76 %4l . & A FCKRMAR S A KT
BEIN RS )a N RRRES, A FRRCRAE T B R E ) 39.54 %~50.76 %I, 7=
S, PIRHERE Y 30.83 %~39.54 %I, WG W ZE . AR EEAIE AR LE % 4
BHE P W, HRE DL 5 1 1 i B e A% 10 4 A o =
PE TS L] e G 2 7 e, A8 NI RT3 A i R B 1 7KF
50.76 %It 2% v T AL AR EG 2 . AR B B Al ) R E KPS EA
RRF, VERBRS ) 5 EHE AKCE A DOCR, IRITREE X960 41 0 3% 7%
o PIRMR ARV RE B A A R ORIE T & &, HAREVE Adie, A
Bk . 4 R EE AT, A T 4 A R P& E B KR
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417.54+5.23 g (1@ Faik (G40 fa 450 8, “P39493h 5 MR, 4l 34N ER,
TR HTC 30 R, 2R MR Ik 2k 4.87 %, 7.23 %. 9.63 %. 12.07 %.

14.04 %I TuAh A5 A EREVA R} 56 0], JK Ity 6 L/min, 7Kifk 24.0£1.0 C,
WK T 6.0 mg/L, &EVDT 0.02 mg/l. 45 B EoR, kKM ERNES
R BB DRI Wi K T 5258 B FH IS TR, e EIR I K12 9.63 %
I dp i, HOR 3 T ARG 2 . DR R BOE LA B, BRI 2K 1 T 5
S RIS BT, R IR KT 9.63 %l Ak, H % T HAR iR g 4.
SR I0 A TR S B TC W S 25 5o IR 4L (4.87 % 7.23 %) (¥ Ll AT Ak Lt
P FAR T A IR 4] (9.63 %, 12.07 % 14.04 %), IfiL 2% = IF ] A H b — i
(s B P R R 07 7K T R T s S e PR 9 o 2% DA Tl R 3 e e v 1 B
TARMIR 7 7K P THE i Th sy o oK & B SRR KT AU OC R, fafk
e & SRR P A GO R, MR LRI R 73 AN 2 A R IR 107 7K P 1) 5%
Wi o 28— XRS5BT, 45 HIA FRBF 4 £ Rk oo e (R IR 5 7K1k 9.99 %~10.56 %.
RG] ILICET A IRIAKE: ARKPERE: AR MR bR ARy
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Abstract

This study was conducted to research the effects of dietary protein and lipid
levels on growth performance, digestive enzyme activities, blood biochemical
parameters and body composition of juvenile Dabry's sturgeon (Acipenser dabryanus),
so as to estimate the optimal dietary protein level for juvenile Dabry's sturgeon.
Results are as follows:

An 8-week growth trail was conducted to estimate the optimal dietary protein
level for juvenile Dabry's sturgeon (average initial weight was 400.68+8.55 g). Five
isoenergetic diets were formulated to contain five levels of crude protein (30.83 %.
34.31 %. 39.54 %. 45.58 %. 50.76 %) and each diet was fed to triplicate groups of
thirty fish in fifteen concretetanks. The flow rate was 6 L/min. The water temperature
was 24.0+1.0 °C, dissolved oxygen concentration was over 6.0 mg/L, ammonia—
nitrogen concentration was less than 0.02 mg/L during the trial. The results showed
that Specific growth rate (SGR) increased firstly and then decreased with the
increasing of dietary protein level. Feed conversion rate (FCR) was on the contrary,
which showed decreased firstly and then increased with the increasing of dietary
protein level. Protein efficiency ratio (PER) showed a tendency of indifference firstly
then decreasing with increasing of dietary protein level. Viscerosomatic index and
Hepatosomatic index decreased significantly with the increasing of dietary protein
level. The concent of plasma triglyceride (TG) and total cholesterol (T-CHO) showed
no significant difference. The activities of ALT and AST which fed 50.76 % dietary
protein level showed significantly higher value than other group. The experiment
showed that the dietary peotein level has a positive correlation with pepsase activities
and a negative correlation with amylase activities, while there is no significant
difference with lipase activities. The content of crude protein and lipid in the whole

body and dorsal muscle increased with the increasing of dietary protein level.
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Second - order regression analysis showed that the appropriate dietary protein
requirement of juvenile Dabry's sturgeon is on a scale of 41.55 % to 43.17 %.

An 8-week growth trail was conducted to estimate the optimal dietary protein
level for juvenile Dabry's sturgeon (average initial weight was 417.54+5.23 g). Five
isonitrogenous diets were formulated to contain five levels of crude lipid (4.87 %.
7.23 %.9.63 %. 12.07 %. 14.04 %) and each diet was fed to triplicate groups of thirty
fish in fifteen concrete tanks. The flow rate was 6 L/min. The water temperature was
24.0£1.0 °C, dissolved oxygen concentration was over 6.0 mg/L, ammonia-nitrogen
concentration was less than 0.02 mg/L during the trial. The results showed that
Specific growth rate (SGR) and Protein efficiency ratio (PER) increased significantly
with dietary lipid level from 4.87 % to 9.63 % (P < 0.05) and then decreased
significantly (P < 0.05). Feed conversion rate (FCR) decreased significantly when the
dietary lipid level increased to 9.63 % (P < 0.05) and then increased significantly (P <
0.05). Condition factor (CF) showed no significant difference (P > 0.05).
Hepatosomatic index (HSI) and viscerosomatic index (VSI) showed slightly increase
with the increasing of dietary lipid level. The concent of plasma triglyceride (TG)
and total cholesterol (T-CHO) increased slightly with the increasing of dietary lipid
level. The activities of ALT and AST raised as the dietary lipid level increase, and the
group fed 14.04 % lipid diet showed significantly highest value. The content of
moisture in the whole body decreased significantly with increasing dietary lipid level
(P < 0.05). The whole body crude lipid content is the exact opposite. The crude
protein and ash of the whole body and dorsal muscle seemed to keep at constant
levels between diets (P > 0.05). Second-order regression analysis showed that the
appropriate dietary lipid requirement of juvenile Dabry's sturgeon is on a scale of
9.99 % to 10.56 %.

Key words : Dabry's sturgeon; protein level; lipid level; growth performance;

digestive enzyme; blood indexes; body composition
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1.1 B R & E N

ik BT CAcipenser dabryanus) s J& T2 H (Acipenseriformes). i F}
(Acipenseridae). #7J& (Acipenser Linnaeus), AFRKILES. VoI 7, B EE:
AWAERAGE Ja ke Mt s, N EZE—RE R s, T8 TR BT
SCL AT

1.1.1 SNERFL TS 43

K REFSMERIC AR, AT BOHDHE, g, MU il g, i
Jiit s JRIESLLAG AN, BAUIEAGETE . 2 S Rg K R KR, WK,
[ Fope AR ORI B AR L AR R Ay (0, R A M i A 1) D L
HEER S L T, AR EAEA R AR AR AN o S F s 2 [ HE A, 00 52 A2
o WV o A2 2 X BURNGL, BEE, DR RAAMIAT AR . WIEAGE .,
AT RS o HRALTSKER PN, R AR 401K B0, IR AR K T2 A, Tl S A 1
., o b NIREGEAGERE . SXTHR 5 AT, WE i 147, AL Rd . il
AR 247, LI BRI AR 2 47, AL AR AR . AR S
B, HAHUR], BRI, 7S AT EIRCR R, TH 9~11 M, WL 5k
A 1~2 Mo M R =40, HARMRE, & 5 Talirhm/hg, @ 29~36
M BEEBOEECR, RURIEEE, ARAR, % 9~13 M. AT R iR g i
BRSO R AR, 1~2 B0, 8IS KO0 R e A, Tl 0 2 M. AEAEiRALi
AR, AT JRIESLEIT Ot s, X0 rp ARG R X ). R BT Al If 5
LA AT R T B ORI Ty A AT R A TR AR PR A 45, I e R B T 25k
FEIANAT VAT RIENERE, EH-F Rk (U)K S iR A 2
1988).

1.1.2 &3]
X A VI E S P 405, B BRI TR S« YD e o) o

1
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VIS, ARBE BT 10~20 m, KK 8~10m, Wk 1mis AT, AR I
SRR . RH4F 6-8 BT, ADilk NKCIT L3 & KSR A7 20
W, 8-9 H ISk A4

1.1.3 IR AN FFIREIVIA

T BT B AT T VDT NI B3, A8 KT B AR AR A
P57 VT Je JE SRR A R TV A SO AR el il 3, Ky i T DL YL
Betb g A, JECADU)NBEN 2 . P s 1Ok R i 2 KT B R A pr s 2
— (JO)NEKITARP =S IRR A 41 1988). 20 tHal /o, T 248KA, o
N, SEOL SRS SURARTE, 1K RO AP IR H kD, ik K
3 Ai X B WA /), 1988 AR IL [RS8 0 B 5K — AR 304, 1996 EHHIN
IUCN ZLt% H skt fa Rl (CR), 1997 SR 51 [ B i e sh AP i 54 5 2 25 (CITES)
BEs 1 AR RE CRORES MBS B 5 1998). [ 2000 £ETF4h, KT Byt ik
R [ AR EHH 0 5% (Zhang et al 2011).

1.1.4 BM5%EK

kR JE 2R, g LIt yh 3, W ILMAKAESEER KE
Emghdi, KoM, B, it DUSHUCE S A £, WEa/KAmMY) .
WERE . R, AR, RISl AR R, A KR R 2~3 B8, 4 9%
JEHERKTF RIS, R4 Kl 130 cm, RN 22 kg. XK h ) HMEG, fF
16~32 CHH AR, EEAKEE ) 18~25 C, MyKii#id 28 CHf, KK
i3 E K08 HLAR S AT

1.1.5 EEEYF

ISCIHEAHZE (3~4 F) MKZE (11~12 7)) MRVEREER ()14 K
VEKFE BRI A 20 2% 1988) . 1A K e fc /NI I RS O 4 83, 4K 80~102 cm;
WP o /NP RS R 6 12, 4K 90~110 em; ik EVEEAA A EE k) 6~16 kg .

1.1.6 X R B RIP IR K M lIm 89 2] &
R ORI, AR ET DL AR R AT ) AT, 3K RS R AR AT 5%

2
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VAR T — R I AREE, o0 U JUAE I B0, 128 B B dR AT Bl Tt o 4R
A I 30 JUAE 0 0 45 R B, I8 IR AR B R AR Db, T8 RGBT A S A
CURD L. AR, DU KK B i A 40 7F 1976 4F 3 H T-KIL
PRIk REFHEAT (= IR0 I B e o 2 K PR 5 B KT K P i 5T BT
A5 P L YETA GBI 4 N T B HAR b S2 Pl T 5ml, X 7E— P 2% T 3k KT
PRIRAER, Hi TEASEAR S EA R, N TEMN -GS E 2 A A 2R
B o ARAE R i f 28, Sl gk TN T 0 1) A ROR AT OO A Wk L 8 Y e R 1) 0
TEAE. KUk, QAT 8O BRI B & TR AR AR TR, P N L
B 10 5 ekt S AR AR O L o oA [ 7 7 SRAEEA TS, X IA PR 11 {5
PORIE S B A 2R

1.2 5@ EFR SEAMTRIR

1.2.1 ERRAFEBREFREK

B PO AR GERE I 1 AR v s R B . AN R s, 4
B 1 TR SR v T A A 28 A7 DR PR a1 5T SR TR S AL AR AR R 5
SAT AN TF T SR BRI A 45 0 e i ey Pkl 1 B 2500 40 %, AR
39.68 %~44.64 % (Mohseni et al 2013; 1445 1999).,

Medale %5 (1995) X UiV 3 ff) 8 (1 BT s ZE AT 7P, A HL0E ®
(RI4ARL R 1A Il 300 g/kg AT, Kaushik (1991) X HIZAATE K 20 g IR VEA(
RNV EIHEATHTSY, 5 77254 40 £ 2 %. Stuart Al Hung (1989) HLHIA
7l &R L S AU TR R i 1 B 4l M (15,6 £0.3 9D 8, 4iAmER. 1kl
FRE EATRCRE MG B RS hR, SHRE AR REES (8
B /N2 T 1=62: 300 8) =T A 11> IR o > it i 5 £ K> K IR 44> 1%
A UM > B B> IR K B Pk, Fm LU R i G K E o8 Ay B U
BHN, AR 5t AR B LR/ IS L . Moore 25 (1988) FYE & 8 A iC B 4k
KHABA RSV (20.0 %~52.7 %) Wy ey fid 4 fa (145 g~300 @), 751 H 8 AR
HHY 384 %~43.0 %. “hHi/KE (2005) AW 5 R &) PO RS [/ & 1 K7
(41 %, 36 %-. 32 %. 28 %) MmPRL, T8I LLA & 20 1) 1 Ak s R AR R
5 H b FCAE B AR KT 28 %, JHEPGE (2003) IR VE (BEESE

3
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36 %. 39 %. 42 %. 45 %. 48 %) X[ WEI AT TS, DIEEER, MER
AR Bl ey e Fabr, 49 H 0 T o (0 T R 1 5 R 42 %
A e R T A B o il A SRR A RERE LA R o BT RL, U Dk
Hgs N 7o 2 FLPB IR0 FR IR, 4 Rl SR Re g ol i B AR K. 124k,
R BRI E AR T KIS [ AH 2 B SRR 2 Je 5
SRR AR B, DY KR ATIY B, b T IR I 7 B R S b b TR
RIS EITL. Ng 55 (19960 45 s BRI Be dil i B i 63, 45 R 8L
e i AR R R, LRI AT R S FH 4t U BRI TR ) PR PR, AR
F RN Sk D, I 32 et A 2 I E\EJZTW,%HEEZ'éiJ&ONg 25(1994)
M B BRI N T, 23 6 At LA B A A G BRI 1 43 AT T 0 A
25 LR IX =R R ) R R 2 A 3 AN R, (HAE AN [ RURS (19.5£0.4 g,
57.8+0.9 g, 179.5+0.3 g, 535.4+9.7 g0 MWymi i, IAxfa s L4l s bl.

4:.

e

122 geE SreE il

STt B B TSR I BT > . Medale 25 (1991) 43 5l Fi B Rl il
(12.5 %G5, 20 %MIfLiEkr: 21.8 %/iE0r, 9.9 WkHiEH) WM pufr AL eT, 45
FEIR, FaPRH I KSR SO AR TG R, B RE SIS v, B
TR PRAG, IR 3 B BE KT AR BEAG . Mohseni %5 (2013) Sl ifF5if5 i,
IS B AR (TR R LR 22.0 mg/KJ . /NS (2003) X R AEAT 1R 5E4S
ARG S F A A (L RE B R 21.85~30.05 ng/d. Medale 25 (1991) 767K 18°C 4
PER, AR (B2 E 550 %, T 11 %, TH15t 21.5 %) W5 3 FiANIH
FRS PEACTR 6 A F R AR O S5 SRR, PEARARDE 65 R fr i 5 R T R L 3
Bt e KR R . 3 H WA 10 H S i figfa = 2 DU 1A T I T (A7t e 2t
24 Hittidfa =2 R B A Re s, BrbUEKIEIRAES) g e IR 22 2
L6, Cui 5% (1996) 5T T — MRk e i4htn (249,111 9 f1225¢9) 7Ef¢
MELE G HU BE RS L, fE HEER 2 R AAKCE R, B BRI
3.2%~5.2%, fRMtEE (7.9 % ~2.2 %) BRI 142 S FEAC, AR FERED>
2B RERT N A EACF R, T34 35.1 %I RE A T4 K, ARBHFERE A1
TRER) 64.9 %.
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1.2.3 FEEHEFENK

fad o fdan e ftne s, WA KR FIRANFEIRIR. A MNAEH
TR LI, 1 Heid s — S i v 42k 3 Bk S R MRS T DA i A 2
PR, TRER A R S DRk IR A I AN R I, R BT RR
M, 0B MR IR DR, AT 23 R M R IR IE AR KRR, R
PR S R Ik 4 A 22 IR B Ak, DR IR 07 S A 2 3 o o A s e 4
FEZIARZ o A DR VS I Jek v BT S S RS Ak P I T HERRL, S A T
[F] I 4308 B fe AR Th RERSEAS 386 I fa 2 (K R AR L, DU IS, 1
1= [ JR st 25 ) ae pe DR A A8 5T, AR T B EH g A2 TN (Chou & Shiau
1996; Duetal 2005; F%[%5F 2010; KiE4ESF 2004).

M ERAE (1999) X R AREIEATIE S, AR 4 0 T R PRk A A o
A9 %. HESTTAIFRH L (2001) i EC kAT AIF 74 H L3 B g A Ay
7.5 %, LRBWIRAE (2001) FELAEHHAs AN S s, DUE KM RE
APRLR % 2 8 Ha bR, 13 AR B3 DIk 1 (1938 BV I 12.65 %~16.65 %
(ERUE SR 55 2001) . Hung &5 (1997) X HIAG4ATE hy 110 g (e B S35 DT & &
535 25.8 % , 30.4 % , 35.7 %Al 40.2 %[GR 8 Ji, &5 B RTARHE I KT 7E
25.8 %~35.7 Yol iy i i ) AR A AR K BPRLR T e i vy, XU ) ey SRS 35.7 %
(¥ v A I et AT 8O

Xu 45 (1996 falME gy i 8 FiA[F] AR5 ikl 8 J&, 49t L2 2L R iy
PR ZH B3 52 VD) v I I PR AL R s e, L2 2 3oty — TR i 1) AR 7 PR A1 B 2 1D i
TR . AR DHA (- ZRONTIRD RFEPA (ZHBkHGIR) & i
B, B 2R A N RIS RO B . AR R, DR
WG AL MR IR A 5w, JEH n-3 F1 n-6 R IR A0 ok w5
(Agnisola & McKenzie 1996; Deng et al 1998; McKenzie et al 1997),

1.2.4 KL EWEF

BN R BIE BR MR A ) — A B e kU, - BLIAH b & (R0 g iy
FEOA BT o i 40k TR Pk A0 28, 6P BE R B R 2R BT - Hung (1991a, 1991b)
7 FOASTRIEIR GRS N 27.2 %) Ll e i iy e 6 8 &), 25 S BB )

5
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AT A AR =22 0> IR =R =2 SORTERr > L=l =2T i %, H
A A 25 R A 2 X 2, P AR I e, I = P A L[ 1 5
AR T A, AR T R R . i AR A R A U I
B, B DA OB AT LB AR T RAGR o SR WS (2014) Frlm it IG5 /5 M AS )
PR kL 8 i, 45 SRt it ER R A KPP s RS> o TR > oK GE k>
HIATE>Z2 RS0, ELOAMEDRDRS R oYk 16 21 3 I HH B8 e 1 AR
Lin &% (1997) 73l 4E i B S5 4aDRL rH s 00 30 QoffI ek A 2 4 N, Sk Ak B2 iy
ARG R ADRL SR AT T 1 R v 1 R A AL B AL, (RN B v A B
B Je 2| e S (A B KA &0

1.2.5 HEZMT YMREF

HAT, ot idfa g A2 oM P i E A Bz, RE D TR R
C, Mk, ks A RILEAE SR E IXDURP LA 38 DA BEX PR 4 5t o 4 3%
C IR B I s PR 2K f . Hung 45 (1991b) X e i 3 A 98 o, HAi Ak
R RN 0.4 %~0.6 %. M5 (2005) 2K FH A FEi2: (0 mg/kg. 15 mg/kg. 30 mg/kg-
45 mg/kg. 60 mg/kg. 75 mg/kg) 5T T 4ELE 3R Be X S IREF 2, R ILYEAE R
Be REME (12t s IR A1 AR K, I HLA H sl A B R TP A 3 B VS N 24 45~60
mg/kg. Hung (1989) K H 2x4 XK 7 CHR G g AAEARD 1560 i 1 i AT W,
S5 LRI, DR S IR R 0 2H AR KR TN ISR e T 1R e 2, X R TR
REfEHESG A AR KOR A, IR AR o JER ) & v N 4 0.17 %~0.32 %, X1
%% (2007) ROl 7 ARG S RN 7 Apiakl, pndrh g 8 f, IR AR,
REMS Rt ARG AR, SR M PR A I 20, R4S H i AR e ) DRI s
7oA 1656 mg/kg. Agrady &5 (1993) XJ4h GBI 5T TR 4k 2L 35 E Re it fafk
AR, 3 n-3 FRIGTER A UTAR . Fontagn 45 (2006) X PHAF AV &3 AATF 57 i 1 4
ER A AL E AL TR AR B Ut g . RS (2015) BFST T 4R
K X VU A SE AT (0 5, I ) b hgsin 6 R F) S E4EE R Ks, IR PYAH
MGt 8 fi 5, KILVEA LK IIC W35 %+ . Tashjian 5 (2006) X i
it (PRI 515t v e D) i 1 e e R 4Rk 10~20 pg/g. AR (2008) ik it
PGB 6 FiAS [l 7 5 Akl DUAERPERE . Ao 55 0 HE 48 bR, £3 HHiti IG
B3P RHRE IS EL N N0 0.88 %,
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1.3 AMRBEEENX

K AT [ KGR s, S KIT I Ralife 0 2K (0 L R0, e e TR IE )
PEMZ AR ORY T BAT R ATV ACRPERIL AR o iy 08 G A B SURIAL
i, HRTEIR D, PPV N TR, HIDUBGRAN 78 B SRRl e b i 5
XA ) 2% 2 (Duetal 2014) . 4 T #ROX —2 WP, FIE % L%
BEL S B L FRAEL T TR T VF 22 5AT G AR AR HE 97 i SR T AT 408
ITEIE A N CFRAE I R v 30 SR F i . TR ), X BT be) JF AN fie 50 42 a2 F1
EATEREFHTTES, Rk, XA REFE A FOAIRITE FR AT HAT 46 2R
DIk o ABIFIT S AEARITIK PSS Pl (1 ORI 0 (0 7 B, D FUE R A
PILAREE o RS TR R A R A OCHE TR, M N R BE At 4 fit A
G B BT AN LA IO VE ol RIS S 7 A B )38 PR N AR, S DR A7 FLa A BE U
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F2E sRGYEMAVPEARNFTEE

A BOEE Ay Y AL, X AR R 2R i s BT B S B
ZRPERITER DI RENEAE I o BRInLEh B AR BR Y ERF AR s RN T
MR o I s AR AN B P e BRSO B ey o AL B 1 B LR
AN P BT . VR B U IR, AR O, B
NEAEEA 30 T HEH AL SO 8T TR AR AT 5 A3 S S I AR RS B
T RE A0 M o J S5 sl h A AT T o B A T A A LA A — SR TR AN i i 1k
gre AETAERIINEIY, RN EAG KT, SR B AR
JRDUAR A B A8 L (R S 1 DS 5% o s B R T R o0 Hh oA B s (R 415 WFE
I B BRI, AR AT I A, SRR AR,
REPEACIARHAC T, PR TR A

ARG AN 5 AR R FACE R, AAERPERE . AL, I
FEARANAR 0 BEAT 70 M7, WESTIE IS ) fa 060 Pk b B 1 B o B, hyadk i )
BTN A AR S -

21 o8l 5%

2.1.1 i B& TR A

TG TR LK Sy £ R, fah S I R G R A 4 ik 30.83 %,
34.31 %. 39.54 %. 45.58 %. 50.76 %, KRNI 7 £ 10 %) F k&5 R4 G tal kL,
TR RSB IR A B i AR 2-10 SENG SRR EURLEE TR i, A2 e 4 iE
iof 0.45 mm [T, SRIGH & BURME LI N B RS, R e iR &350 5 1
IAFHAK, K5 S APLE R EAE 4 mm 0k, KT, AR5 E T—20Cuk
&

o
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Table 2-1 Formulation and chemical composition of the experimental diets

D %ix kL 17K Dietary protein level (%)

Ingredients 30.83 34.31 39.54 45.58 50.76
iy 51 58 66 74 81
g 8.6 8 7.4 6.3 5.7
a —E K 25 19 14 9

AR, 0.25 0.25 0.25 0.25 0.25
ot E? 1 1 1

HEH WL 2 5 5 5

o AT Y 2 2 2 2 2
Tim AT YE R 7.15 6.75 4.35 2.45 1.05
TRRLE IR O

T4 94.81 90.92 91.16 91.29 89.55
L 30.83 34.31 39.54 45.58 50.76
FHE 7 9.11 9.25 9.46 9.89 10.07
K5y 10.79 11.63 12.74 14.34 15.03
Mg (KIg) 17.67 17.02 17.08 17.78 17.62
RAELL  (mg/kd) 1.74 2.02 2.28 2.62 2.98

i

HEYEAEZ (mg/kg diet or 1U/Kg diet) @ 4E4:3 E, 100; 4E2E3 K,y 40: 4E4E3 A, 50001U; 4E/E% D,
2000 IU; 4E2:3 By, 505 4E/E3 By, 200; 4i4:3 Be, 50; 4i4:3 By, 055 4i4:3% C, 325; MR, 175;
MR, 5; JLUEE, 1000; “E4E, 2.5; ZHRES, 50

2N WAL (mo/kg diet) : NaCl, 5000; Ca(H,PO,), 15000; FeSO, « 7H,0, 1000; ZnSO, * 7H,0, 350;
MnSO, * 4H,0, 40; CuSQO, * 5H,0, 12; CoCl, « 6H,0, 80; KIO3, 5; AICl; * 6H,0, 15; Na,SeOs, 6; KIO;, 5.
Yitamin premix (mg/kg diet or IU/kg diet) : vitamin E, 100; vitamin K, 40; vitamin A, 50001U; vitamin D,
20001U; vitamin B4, 50; vitamin B,, 200; vitamin Bg, 50; vitamin By,, 0.5; vitamin C, 325; nicotinic acid, 175;
folic acid, 5; inositol, 1000; biotin, 2.5; Ca - pantothenate, 50

2Minerals premix (mg/kg diet) : NaCl, 5000; Ca(H,PO,),, 15000; FeSO, « 7H,0, 1000; ZnSO, * 7H,0, 350;

MnSQO, * 4H,0, 40; CuSO, * 5H,0, 12; CoCl, * 6H,0, 80; KIO;, 5; AICI; * 6H,0, 15; Na,Se0;, 6; KIO3, 5.

212 KNI H&a 5F5%FEE

I P gl Ay mp B B B VLKW 58 B h AR T8 5 L IR 5 5 I et
ML, WIERREECh 400.68+8.55 g IRK TR AR K S TR A, AL SLE N S
FAFo

WFEREE NG, BABENL A HCE] 15 NMETE/KIEFEE B (6300L), £ 30
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Fe, B 3 AFRIHIM A — R kL. R KRR, WER 6 Limin, 7K
L 24.0£1.0 C, HEKT 6.0 mg/L, ZE/NT 0.02 mg/L. LU A 1)
2 %~3 %, FFRIME=IR (8:00, 14:30, 21:00). HEFLME 45 min 54 RN
kb, T, PR, DMETHESR R MR E IR R R SR
o 5 IS I F il SR AL A 1R

2.2 HEmAIRES o

2.2.1 HmAYRE

WIS, XLk 24 h, RIGHATHRE IR tHEARL R A, HER
FVE A BUSR . SRBBENLI 3 RAFRE, WEAK, Rk, 3000 r/min, 4 C
B0 10 min, A S, H T80 CUKF & MIEE S . RGN IEIERRE, 15
WEAREE, 2y & IR RRE, TFEHARL. & E . . JHIEE T80 CUKAH,
2 MBET . O WUE T -20 COKFT, &ML S IR« B 2 R E
120 CUKFE, Mo m e T=ms.

\%‘Bﬂ

2.2.2 HEGmBYNE

TRk LA A S A £ 1R 7K 43 RELER 11 RELRR 07 FIOREL 2K 43 43 il 4% i GBYT 5009.3—
2003, GB/T 5009.5-2003, GB/T 5009.6-2003, GB/T 5009.4-2003 {1J /5 3l & ,
At et AU QR TR A T 5

L3 AE A FR R LA R 20 A % 150 R FH T sl A8 2B ) RIS A B 3 )
AT
2.2.2.1 B oL A S i

(1) Jsizg

LG ZUEN WP S U, RITEREARIPERT R, FBRR SR AT B,
B B AL R R N TRORAE TL Y, RN R RS J 1 DA R R b M v T
T, MHES =, BRI RY6.25, IMHHMHEASE.

(2) HAX

FLE A (%) = (V,-Vi) xCx0.0140%6.25/m

A

10
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VI it T FEOR R B R AR RV R AA AR, mLs

V22— 75 T FERR R B R IR AR RV AR AR,

C—Eh M hr e 4 k)2, mol/L;

0.0140—1IN #hMARMEA M ImL A4 TR0

M—FF 5 0, g
2.2.2.2 FE A ORI 25  E

(D) JHE: FEZR Wb Ee s o F A ik O A, V54 T-alhe i 2

P TE

(2) WA Frhlg, el

(3) e

R ICHIR 2R BT TE K o B BT P DR BB ART B B R SR K B 4R A
JITFIRREEAE 105 CHERE P T4 30 min, WU B T A h ¥4 41 30 min, FREE,
Bt 30 min, [FIFEAEIFRE, PRIRFREEZ 22/T 0.0008 g A THEE . FRECEEdh 2~10 g
CHTFRE L35 2 DL 7K 43 I 1 W R, A 3 40 H FRVEESRD, K %2 0.0001 g,

BYEARIEAVE RE WG S o KURARA TR SR LT, TN 105°CHEAR R LT 3 h,
BT Th YA 30 min JGHARE, FAL 30 min, FIFFASIFRE, HRMHEE. ¥
PR (R SN 2 B R L, T A ik LSRN BEBEOE R A 4
INFHOK A, HEHX 6~8 h.

B pEARAL, BT RUE L) 20 min (B B[4 Mk M E R 58D, TN
105°CHA R HET 1 h, TR A 30 min BRI, 4t 30 min, [FFEA HIFRE
PR 25/ 0.000 g AEE . BEAMEAAEZASTAT,  [RICA E

(4) THA

FLIERG (%) = (Ws-Wy) / (W-W;) x100 %

A Wy N CEEMIEAKE, g5 W N OHEEEAE RN, g5 Wa
CUHEJEACE + 40 THE TR W, o CEE JEACE iR 5 R E, g
2.2.2.3 FESh K SRR 3 (R0 52

(1) Ko 105 CHA T

(2) HIZKSr . 600°C Bk h ke (GB 6438-92).
2.2.2.4 WAL B 7 H I E

11
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(LD HESPREASE: RAZ S5 NE Rt ey LR
TR

(2) HE B 0 5

KRG (Pt @AY TR IR, F=r A& 37 CH
IR AR 1 ng A BEIRAH G T 1 ANBES ) A

(3) JEM WS PRI

KA N (gt A TR ST Y, A h i & A7 37°C
5IEfE A 30 min, ZKfi# 10 mg Sk e ok 1 ARG 77 .

(4D JIG I ot v 5

FRA N E @R TR L), 75 37T C4&HE TN, Hwdl
YU FIEAS ISR 22 5 A R 1 miin, BF74 FE 1 umol JEEH) 4 — SRR 1 B4
2.2.2.5 MIE P A AL Fa bl o

(1) B R BRI B e

FRAENE BB EY TR . RIS E X 1mL
M, SVBEEAE 3mL, 340 nm K, 1mLy6ie, 25°C, 1min M FTAE )
PR, i NADH %4k NAD I 5 |G BEAE R B 0.001 43— AR TR ERAT

(2) i H =08 WFENE (st Ay TR

(3) Mg B ARG R WA EIE (Rt A TR S TR D) .

2.2.3 EKIEFFIITE

A% (SR, %) =100x 2K R BV U6 R

HE# (FI, % day—1) =100x W &M E/[TFE R Ex CRE+HIE) /2]
WER (WGR) =100x CRE-WIJE) /Y)HE;

kL RE (FCR) =Hia iRl 8 E s/ CRE-Y)HE);

AR (PER) =fR I N/ A&,

JEW L (CF, %) =100x (&, g¢) / (&K, cm) 3;

JEARLL (VSI, %) =100x A I /A

JFAAEL (HIS, %) =100x Jif /A

2.3 HHRGg It A

12
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F g bR L BE bR R N o I B R A One-Way ANOVA
Duncan £ 5 R HT, P < 0.05 B A W2 7. BT vt Wk ] SPSS
22.0 At

2.4 £ R

2.4.1 FEEAMEBKEXIEREG L EE KRR FIE

N 2-2, WIGIARIEC RIS, S IR AE TG % B O 100 %. 4k fr 23 bl i)
L 1 7K (0 v i v o 386 R AR B ARDRL A AP TR s T SR B TS T R
#v, BAEGIRLEE FK 0 39.54 %It ik B i K{H, JF R ST 30.83 %. 34.31 %
F150.76 %14l (P <0.05), 5 45.58 %41 T B3 257 (P >0.05). Hkl
FREEH R, RIS RS LA rEd, HAE 39.54 %l EE/N, &
FACT HAIRIG2H (P < 0.05). & ST B RHE H KT T sk 6 AR
Jo FRERES . SR04 R IR TC B 25 5 (P> 0.05). SR 50 41K T A4 LE AN
JFEAR LE BT B DR A 1 KT R T e S A SR 3 B a3

2 TABAS T, HEZR () REEHE AT 0O 7R y=-0.4208x?
+-36.332x-672.77 (R?=0.9324), B 44 kHR (1K V- 43.17 %I, 8 R 5 & (il
3-1),

FRLRE (y) AERFR EKE (0O 578 y=0.0037x%-0.3075x+7.9055

(R?=0.8692), EIYHiklaE F1/KFHh 41.55 %I, Tk RBURAL (Wl 3-2),

13
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R 2-2 AR AR B A g g AR AL H 26 1) 520

Table 2-2 Effect of dietary protein level on growth performance and feed utilization of juvenile

Dabry's sturgeon

febn R 7K Dietary protein level (%)

Index 30.83 3431 39.54 4558 50.76
WIHAE (@ 402+13.82 400£9.11 400+8.68 400+4.90 403+6.25
ARIKE (g)  568.23+10.85°  749.51+19.34°  815.21+7.13"  813.31+4.01®  779.85+3.46™
EEE (%) 100 100 100 100 100
BER (%) 1.25+0.01 1.79+0.02° 1.83+0.01° 1.93+0.02° 2.02+0.02°
WER (%) 41.07+1.31 87.63+3.54" 104.22+1.58°  103.76+1.59° 93.77+1.88°
Tkl R 2.03+0.09° 1.69+0.06% 1.49+0.01° 1.62+0.01% 1.78+0.01°
WA 1.64+0.07° 1.69+0.06° 1.66+0.02° 1.36+0.01° 1.12+0.01°
HEGE (%) 0.69+0.02 0.70+0.02 0.70+0.02 0.69+0.02 0.66+0.02
AL (%) 8.92+0.78° 8.37+0.26™ 7.34+0.33% 6.71+0.32° 6.47+0.19°
JEAAEE (%) 3.26+0.39" 2.80+0.17% 2.76+0.18% 2.49+0.12° 2.17+0.06°

T Bnos - EE b ER (n=3), [T EARANF 7 REE A AE R #E =R (P <0.05),

Note: Values are the mean £SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

Fig. 2-1 Second-order regression analysis between weight gain rate

i (%) WGR

125
y=-0.4208x> + 36.332x - 672.77

115 R2=0.9324

105
95
85
75
65
55
45

35
25

50

30 35 40 45 55

HEIEAKTF (%) Dietary protein level

K 2-1 Bl A KPS AR kB A
(WGR) and dietary crude

protein level

14
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2.1 y=10.0037x? - 0.3075x + 7.9055
5 | s R2=0.8692

1.9
1.8 -
1.7 A

1.6

Lkl Z ¥ (FCR)D

1.5 -

14 | Xpg=41.55

13 , ' . ,
25 30 35 40 45 50 55

TR EEKTF (%) Dietary protein level

Kl 2-2 fakk i K SRR B0 ok nlE 2 A
Fig. 2-2 Second-order regression analysis between feed conversion rate  (FCR) and dietary

crude protein level

2.4.2 INEEAH & R K XA K 84 & %5 R0 220y

Wk 2-3, M = ER AN S [ i A B A SR I AL R C o . I INFE
SRS T BE AR (S B A3 B E T 48 A S B R BE AR (1
K AR AL . AR KR 50.76 Yo 56 2H 28 A ik T RN 4 B e
NS ) B m T ARG (P <0.05).

15
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K 3-3 AFTARLE KR IE RS 2yt MR Fr R 1

Table 3-3 Effect of dietary protein level on blood index of juvenile Dabry's sturgeon

{7 Tkl 17K F Dietary protein level (%)

Index 30.83 34.31 39.54 45,58 50.76
RNHHN  42.60+1.68° 4572+¢1.11°  55.00+2.24° 50.32+2.23"  67.67+1.63°
ALT(U/L)

REFESIEE  138.79+14.08°  151.64+11.99°° 107.00+5.05° 123.41+3.20® 180.27+8.35°

AST(UIL)

Hh =1 3.10£0.09 2.31+0.31 4.31+1.09 3.44+1.24 4.62+1.00
TG(mmol/L)

SH[ERE T - 2.1240.92 2.55+0.17 3.55+0.32 2.85+0.49 4.63+1.28
CHO(mmol/L)

T B RS T EEE bR ERR (n=3), AT EARAFRFREEAAAE W 7R (P <0.05).
Note: Values are the mean +SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

2.4.3 AEAREBR KA K41 & A L0 E (LEETE I 220

ik 2-4, BEAMS IBEERE AP e B E S (P <0.05), H
LEVARLER 17K P-4 50.76 Yo e K H 1 25 v T AR B0 21 o e By I ) 1 aF AH I
BETARLE KSR T e 2 B R IR #a#(P < 0.05), HAREHE 7K F 2k 30.83 %
M2 225 5T 50.76 %2 . G Wi e SR 41 m) 2= s AN e (P >0.05).

16
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Table 4 Effect of dietary protein level on digestive enzyme activities of juvenile Dabry's sturgeon

bR Tl 2 117K 7 Dietary protein level (%)

Index 30.83 34.31 39.54 45.58 50.76
™ M 6.51+0.21° 6.45+0.07° 8.76+0.04"  8.87+0.20° 9.36+0.06°
(U/mg)

I 105 P 4.03+2.44 4.40+0.50 3.68+0.50 4.22+1.00 3.73+1.00
(Ulg)

TER T 58.43+5.93"  44.44+12.30"  33.51+4.48*  36.33+1.00°  26.12+2.25°
(U/mg)

T B RS B EE bR ERR (n=3), AT EARAFR P REEAAAE W 7R (P <0.05).
Note: Values are the mean +SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

2.4.4 REERHEBKEX AR E 4 & (R 5 B =20

N3 2-5, A EFYLA KK SRR E /K I T s 2 R B . 2l
6 21 ) A A0 PRUREL AR 1 2 0 3 22 o WL PRDKEL AR 1 B B T R AP IR T v f
FH I (P <0.05), &k 244> AL K4y & B DR R FACE I _ETHER
IR 25 2 e o 5 TR 201 1) 4 e R YLIADREL I 17 25 et BB AU AR 1T ) T v S B
HE LT (P <0.05),

17
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% 2-5 ANFIARNE KV ik BB ) 44 43 H 5
Table 2-5 Effect of dietary protein level on whole body and dorsal muscle composition of juvenile

Dabry's sturgeon

kLR KT Ky FEA FH i Zix
(%) Moisture Crude protein Crude lipid Ash
S Af RSy
Witk 76.46+0.53 12.18+0.14 4.05:0.03 2.56+0.04
30.83 78.07+0.69° 12.78+1.02 4.35+0.03° 2.69+0.44
34.31 74.89+0.83% 13.71+0.17 7.95+0.10° 2.62+0.10
39.54 75.28+0.39° 12.68+1.38 8.28+0.02° 2.37+0.21
4558 75.04+0.50% 13.68+0.38 8.88+0.01¢ 2.46+0.01
50.76 72.95+0.50° 15.73+4.04 9.84+0.05° 2.42+0.10
LA 4
30.83 77.76+0.99° 15.99+0.35° 2.05+0.41° 1.24+0.22
34.31 76.90+0.68% 17.97+0.19" 2.51+0.07%° 1.29+0.04
39.54 77.26+0.29% 19.92+0.02° 2.80+0.07%° 1.42+0.01
4558 75.33+0.32% 20.01+0.04° 3.25+0.08™ 1.37+0.02
50.76 75.48+0.10% 23.81+0.44° 3.68+0.36° 1.41+0.13

T B RS P EEE bR ERR (n=3), AT EARA R REEAAAE W 7R (P <0.05).
Note: Values are the mean +SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

2.5 18

2.5.1 FEMAMIEBRKFAIA RS 8% KIERERT RN

ARG AR TR R A R R KPR R BH A T, IR I
(3 4301 PR B T RN 41,55 %~43.17 %. & RS A G fa AR, v
MRl B T SR B 39.68 %~44.64 %, i 40 %, TN 40 %, AT
i CPEAR AT Q =4k B 3 Oy 34 %~37 % (14 Ei2% 1999; Moore et al 1988;
Mohseni et al 2007; Guo et al 2012). 4Hff 2= 57 il BE A& FH T2 (YR RS 7
I APPSR AR TSR F 2R, MR (1 ACE T
BIF—IKPI, a2 AR B ARL AL KPS TR, A2 i FX — 7K
W E, ARG T o2 2K AES (Kim & Lee 2009; Ng et al
2001). I BOX A I 1 SR R AT R o v bR A S s SR 2 R A T
SrRALRE, AT AR S . A RN, SRR S A DR K

18
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T Enm B (5K SCE3E 20000, AiREery, WRE F/KFAE 30.83 %~39.54 %
I, HAFRIFLREZET (P>0.05), {HY5EE KFM 39.54 %l i 3
50.76 %M, WAFEEE M (P <0.05), M FR&EAEML % ThklE
KSR £ B4 1 52 R, AN [F] (RO 5, BFT 4 RS AR TR, 40 Guo 4% (2012)
XA} (AR Q <R P WF3) MAFFTLL A Lee 5§ (2001) X575 K5
e £ AT 9380 s B B R B AR LR E KO T i {1 (. Tibbetts 55 (2000
EE S P 55 O BIF 5 Hh 00 e TR, 48 € 2 BE AR AR AT P T v i T i o ARSI
125 B 1R 4% B % B TR AP I T i P, RURIRUA, BT R — PR 5T

2.5.2 A EARE B Bk -FAIA R854 & i $6 4R B9 720

B 1 A B R Y D AR R 4 2 B o S SR S TR B
ol R v A G L T A I, e e R A R S A TN B G B R A R S o
FEMEAE (2001) EXF AR B IR I F T R I, TRDEHE F/KFRERS 1B 25 R I A5 A
P B AN AL G TG R S B R R A ACE B T Enf T R e AR AR
o, WRHR FKPAE 50.76 %, X PR AR T LA B, 5
IR AT BRI, (P43 BEG SRS ) 1A A 5 T R R (KT AR A 5 I 34,
HARSEBLE A Frdt— B KA IR, ML 17K SF B il T LA T R A
RH A= BRCAR IO o H e = PR R L o8] e 7~ i P B 48 bR , — % B8 ph JHF AT 5 1
DR L0 38 0 P B P A T R S I O ) IR U0 AR 10, (R R 55 2006
AR T A 6 2 ) I 5l = IR RS L e ) 5 I ko 2 e 1A R BN
i1 25421 (Mohseni et al 2014), HJ5 PRI ] 572 25 1R 50 A A LR 7 7K~ AH I 38 By o

2.5.3 T EARE B BRK-FMIA R4 & HLNE LR J B F N

AWFGTRY], SRR ARG S PR A A2, AR Ve I,
T RIFAK. Fln, FEAE (2008) X AEEEUEIT THEST, RILATRNR FUK
*F-H1 25 %M TN E 43 %olhf, fi # A B AR BE 2 90 SRORR A AT 7K 13 (1988)
X EA PTG, SRR AR A KT M\ 32 %688 £ 40 %It ,  Hr Al
WREZ B s 6y g A K T 5t DA R (D 25 2R (Kawai & lkeda 1973a,
1973b) . AR5 2 KA, A Rl th B 8 1 B D B ARL L P R S ify
. HBPEHER FKF 2 50.76 %SG 240 B R S ) W3 T IR 4. X

19



fed bR 2 2013 Jm il LU AR A (Hak) 183

Ui, TA PR AT DA oA A 1 W kol N R A AR, T SE A A
DR (R 2R 0T, 3 X PRDRRE B AR A R i R R 2 o AR 25 1 56 2 )
J 5l 6 B 22, R RHE AP B IANR, IS0, St b
PR UL | B R e DLV 21 80 S5 IR T 98 AL (22 W45 2008 PV 5155 2010;
IS 2007; E-Bi% 2015; Debnath et al 2007). Hfstfa i, MRS MES
FCpT e PR S IC TR AR R AT 50, A6 & AL BRALAR IS & 5 22 AN K,
XA B A AL B A L 1) JI 0l il v 1 22 S AN S A R R o O SR Al K10
RUEH BRI SEN, AEA RS8P G5 IR AN AR . ATRFFER W], A 2R uE R s ) b
TAPELE AP B TH i SRR AR A, A, e R e ) B 1 P )
Jhem Tt (Kawai and Ikeda 1973b); HfE,  BU R 3 F A0 DA K KB 6E IU EA k)i
FIK T T AR (R 2255 2012; $hEE S5 20105 HORESFSE 20095 FRAH
5 SABEARDRLHE P BT T S BLSE T S BRI S (RLSLNY 2006; 7
PE2014) . (HAHIIEN, TERBEE ) 5 R B & A Ok Ol a%
2008; A= HkAE 2005). ABE: B RRL L KA TE R, AR RIS ERDRL ek
S N, T TER NS ) SR BRRE, RIE, ANRER E I T TE A S
HEHE AR Z )RR .

2.5.4 REARE B BRK XA K54 & (R AL 7 B 21

AR S R TR, AR NN K SR AACEBAAHICC R, T AL a%%
FEABE ) Wh 0 ST R B T SRR, (BRI WE 50 A I BRDRL B 1 K13
HARIK SN 0 B M B B A OGO R, AR fa . 20 5O R B 0 f0 L £ 4K 43
B TRDREEE 1 K38 Inim 4 - (Wang et al 2013;  Skalli et al 2004; Kim and Lee
2005); k. S BT AR S KR GTRHE FKF AN K GRERIAAE 2004,
Gonzélez-Rodriguez et al 2014). AR5, fAR/ED; & & 51k FK 2 IE
FHORKRHR, Mbgh R 5 KA G 7T 2R (El - Dakar et al 2011), {HVF 251
AR S R R A EAAHOCOC R, NS N O EERE 2014), 4L
i1 (Abbas and Siddiqui 2013) . HIlfE 4%, 4727 I\ A BEAE kLR 25 SR,
W2 1) A s AR DU E 4R - (Abbas and Siddiqui 2013; 5 H: 3
2014; FOREFAE 2009); AHAATERE DR ER FARDRL R IR K A6 S A
T RSO Y T T P B 0 o R AR R I (R A (A R L, M Pl B P KT
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e (R BPRHN, AR B AR T iy, AN 45 A 5 2 2548l (Shyong et al 1998;
Yang etal 2003). —fIEHL N, ek S m I m i, RRE A TE 2 S T
ARSI A, Wt AR SE A B (1 (BT I R I R R & A2
VARLHE KT R R, AR R e B B R A IR R S g T X R 4 R
(Williams et al 2003; #5455 2012) . A6 H %156 41 1) 4 AYL N K73 6
HEESE, WETAG PG WoMER, A6 (PR AT Q< B RT3 ) A
[PIRFoT Sl B2l (E 22055 2008; Mohseni et al 2007; Mohseni et al 2014; Guo
etal 2012). RE T, 4 T I/ REE RIS RIS, 0 23 IR Bk P e

X I A B B R B R e T A T (R S R AR AT A TR,
ARVt AR AL AR LU R (A L 23 = R R AL R N (B 2010).

’

3 B B R KB e EA I G 4 i A K, SR bR R R, Hid
e DR RO AR AR K RUR BRAIC,  IF BB MIRE A . FEAIRR AT,
LR IR R R AU IE RREF ) A Ko Fiabr . IR AGFR AR T 1 BT 1 A
RIS, 55T I 4K TR 400.6828.55 g (i K 4 o (bl 2k 1 o 7 2
ol 41.55 %~43.17 %.
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F 3T BRBHaxARPEINEESE

HE WA SR AR B R A B S o R AL fr AR 2 U i ) A R
AR EAT 1 %~2 %R0, HIT AR S REA DR 4 RS 0 45 44 e 484 5
HE Wit BRI REIEYI I, SHIR R AEE, BARE A ORI v DLt RE, (HIA
BSOS AR ARG, ISR A BERE RIS, P DAL RE = 206 2 LU 4
To HEWTOEREAT AT HEv PEGE A SR I WOBORIRI T, Bl ta S8/ ZEN iR 3R AL 4E
R DL AR EL 4R KA 2 T RIS RESBMORI T o g 7t A 1 1R
ROk, e e ARV E R A F BB HT R . 5oh, IR A EA
LGN, BRI SR F TR ARBRE, ) sl > S e iR Sh RE A, (2
AEsE Z TR, s 2T A A iR

ARG T8 1 R B R AN [ i KPR B, MOHOGIK R g a2 KPR RE S T
Pl LB AR LA 873 RS R I A 4 #a (R AR I o 4, IA I
AR R SEAN T A SR AL

31 #MRETE

3.1.1 B TR #

AR A ot U, A IR s, CECRH R G 5o o 4.87 %,
7.23 %, 9.63 %. 12.07 %. 14.04 %, K& A5 & 43 %1 HF SR A F iR
ARRAL RS TR R WA 310 S & P iapRHEUREEA TR R, A2 g4
it 0.45 mm {53 BT o7, AR5 R 25 JEURHZ LU N N B R s a5 Ja
IONFIRAIK, AR JEHZRPLE R ER 4 mm Bk, KF, R & T-20°CiK
GEE S
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Table 3-1 Formulation and chemical composition of the experimental diets

%N kLI U7 7K 7 Dietary lipid level (%)

Ingredients 4.87 7.23 9.63 12.07 14.04
ik i1 69 69 69 69 69
g 0 35 5.5 8.5 10.5
a ek 10 10 10 10 10
AR, 0.25 0.25 0.25 0.25 0.25
ot E? 1 1 1 1 1
EEH Y 2 5 5 5 5 5
o AT Y 2 2 2 2 2
Tim AT YE R 12.75 9.25 7.25 4.25 2.25
TRRLE IR O

T4 87.64 91.46 89.81 93.04 90.99
L 43.23 42.92 43.27 42.21 43.44
FHE 7 4.87 7.23 9.63 12.07 14.04
K5y 13.10 13.86 13.74 14.22 13.64
Mg (KIg) 16.63 17.35 17.67 18.84 19.09
RAELL  (mg/kd) 2.60 2.47 2.45 2.23 2.25

i

HEYEAEZ (mg/kg diet or 1U/Kg diet) @ 4E4:3 E, 100; 4E2E3 K,y 40: 4E4E3 A, 50001U; 4E/E% D,
2000 IU; 4E2:3 By, 505 4E/E3 By, 200; 4i4:3 Be, 50; 4i4:3 By, 055 4i4:3% C, 325; MR, 175;
MR, 5; JLUEE, 1000; “E4E, 2.5; ZHRES, 50

2N WAL (mo/kg diet) : NaCl, 5000; Ca(H,PO,), 15000; FeSO, « 7H,0, 1000; ZnSO, * 7H,0, 350;
MnSO, * 4H,0, 40; CuSQO, * 5H,0, 12; CoCl, « 6H,0, 80; KIO3, 5; AICl; * 6H,0, 15; Na,SeOs, 6; KIO;, 5.
Yitamin premix (mg/kg diet or 1U/kg diet) : vitamin E, 100; vitamin K3, 40; vitamin A, 50001U; vitamin D,
20001U; vitamin B1, 50; vitamin B2, 200; vitamin B6, 50; vitamin B12, 0.5; vitamin C, 325; nicotinic acid, 175;
folic acid, 5; inositol, 1000; biotin, 2.5; Ca - pantothenate, 50

2Minerals premix (mg/kg diet) : NaCl, 5000; Ca(H,PO,),, 15000; FeSO, « 7H,0, 1000; ZnSQO, * 7H,0, 350;

MnSOQO, « 4H,0, 40; CuSOQ, * 5H,0, 12; CoCl, * 6H,0, 80; KIO3, 5; AICI; * 6H,0, 15; Na,Se0;, 6; KIO;, 5.
12 A B5EFER
I TG R hy 417.5445.23 g, HARH % 2.1.2,

3.2 HmMAIRES AR
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[A] 55 % 2.2,
33 HIRFEIT I
[A] 2 % 2.3,

34 R

3.4.1 A RIEHRIBERAK T XX R EG 40 & & K RERI S/ MR

N 3-2, W ARG H AR RIS, 7G40 100 %, 15 K4
(U304 | B £ R AR ) ke 3 B A AR 0 /KT 4 s i SR I A 5 BT S
NEEIEaSS, HAEGTRISHT KT 9.63 %A B H A, I 52w T HAb g6 41

(P <0.05). 1REREUA LA, IR 1 5E AR5 TH s %, 75 9.63 %It
BN, FERFMTHAMRIA (P <0.05). JEMELILE TG LT,
EAFHRIG A 2 1) 25 S AN B3 (P> 0.05) A ELAIE 1A EX Bt ELk} i 5 2K~ 1 T
ETE i, RV KA 4.87 %M1 7.23 %R 21 2 B E T HAL R4 (P
<0.05), P4 =42 I 2.

RAEEAR G 04, BER (y) FEEETIAKE OO 1 =kt mlH 75 #2
k) y=-0.8258x?+17.441x-8.8038 (R*=0.8457), 4fi5ii/KF-24 10.56 %Irf, I
K (WK 3-1).

TR RS () ARSI K (O i RIEH 7Rl y=0.0189x%-0.3796x
+3.5878 (R°=0.8617), M4UkMAGHT /K T4 10.04 %i, Fikl REAR (s 3-
2).

B TSR AR R 7K P (0 — R R 5 Rl y=-0.012x°+-0.23984-0.1345

(R?=0.8349), 4HikHIRIT KT 9.99 %I, & A McKE R (WK 3-3).
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Table 3-2 Effect of dietary lipid level on growth performance and feed utilization of juvenile

Dabry's sturgeon

bR IR 5 7K F Dietary lipid level (%)

Index 4.87 7.23 9.63 12.07 14.04
WA (g)  415.39+7.34 417.74+760  420.09+8.22 419.04+8.33 412.29+8.62
KRR (g)  642.91+27.33°  719.14+#4.93°  773.45+2.33°  754.43+11.97°  713.74+2.97°
A% (%) 100 100 100 100 100
BEE (%) 1.69+0.05° 1.74+0.01° 1.89+0.01° 1.87+0.02° 1.81+0.01°
R (%) 55.33+11.08 72.48+1.29" 84.37+1.06" 80.77+2.49° 73.08+2.54"
T kL R AL 2.20+0.45° 1.83+0.03° 1.76+0.01° 1.84+0.07° 1.95+0.01°
FHEl &S 1.04+0.19° 1.26+0.02° 1.31+0.01° 1.26+0.04° 1.18+0.01°
HEHIE (%) 0.70+0.01 0.64+0.02 0.65+0.02 0.66+0.01 0.80+0.10
HFHAAEE (%) 5.92+0.33" 6.06+0.23 6.79+0.22° 6.95+0.20° 7.00£0.21°
AL (%) 2.05+0.09 1.98+0.10° 2.41+0.12° 2.49+0.10° 2.45+0.12°

T Bn s P EE b ER (n=3), [T EARANF 7 REE AR #E =R (P <0.05),

Note: Values are the mean £SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

(%) WGR

Fig. 3—1 Second-order regression analysis between weight gain rate

90 y =-0.8258x? + 17.441x - 8.8038
R?=10.8457

80 -

70

60 -

50 4

40 -
3 5

7 9

11

15

R R K (%) Dietarylipid level

P 31 kAR i AT 3 R K R o

lipid level

25
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ferp gl K% 2013 S LRFFTAE AL Bk 1B

21 y=0.0189x -03796x +3.5878

24 - R2=0.8617
2.3

2.2 -
2.1 -

19 -
1.8 -
1.7 -
16 -

1-5 T T T T 1
3 5 7 9 11 13 15 17

YRR KT (%) Dietarylipid level

ikl 2% (FCR)

Kl 3-2 Fk i 7 K S ek R A0 kBl 23 A
Fig. 3-2 Second-order regression analysis between feed conversion rate  (FCR) and dietary

crude lipid level

L4y = 0.012% +0.2398x +0.4345

R2=0.8349
1.3 - |
~ |
g 1.2 - |
x |
v | |
5 1.1 |
o I
B 1 |
a0 I
#H 09 - :
|

0.8 . 1 | |

3 5 7 s un B 15 1

ERH KT (%) Dietarylipid level

P 3-3 TalRLAE 7K1 5 8 BRI IR Bl o3 A
Fig. 3-3 Second-order regression analysis between protein efficiency ratio (PER) and dietary

crude lipid level
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3.4.2 A ERAFHIE BR K T 3914 FR 85 4 & 5 5 4R B 72 Ml

W 3-3, M HM=N (TG) FEMHMEEE (T-CHO) & HIhhH kL
Wi A B T iy T, HAARHIR K24 12.07 %41 14.04 %46 20 5 5 W
T 4.87 %ARIEAL (P < 0.05) . I IR A% P4 e S MR 45 e G i i Mk i 4 1 e
W Wi K BT i B BT (e, ELAETDRIIR T Kk 14.04 %R ok, B3
T4l (P <0.05).

¢ 3-3 AN [RVBADRIR I 7K ST %) i ERA 40 fh i b ) 5

Table 3-3 Effect of dietary lipid level on plasma chemistry of juvenile Dabry's sturgeon

bR kIR 7K F Dietary lipid level (%)
Index 4.87 7.23 9.63 12.07 14.04

a ab a ab c
R 46.99+3.42 53.27+4.16 49.99+13.43 67.71£3.65 84.62+4.11

ALT(U/L)
ikt 1325748.62°  146.1948.54”  160.61+6.01° 165.15:11.40° 203.18+13.67°

AST(UIL)

ot s 159+0.30°  1.95:0.36"  2.22+0.31%" 2.60£0.30” 2.82+0.06"
TG(mmol/L)

GHEEsT - 149£014%  205+038%  218+0.26®  2.65:0.09" 2.6740.18"
CHO(mmol/L)

T B FEEE AR ER (n=3), [T EARAEFREEAAAE R % (P <0.05).
Note: Values are the mean +SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

3.4.3 R REIEHIBERA7K T X114 R 83 4 fa tH 205H (L BRIE 1 BI R M

Nk 3-4, BEABE BRI ACE T 2B FTHE R R,
(R BRI 0 ) TG 235 72 e o I U T 0 e 5 T R IR 77 5 (R 3 i SR 05 B IS P 2%
(AR Ak A . EDRHIR 7K M\ 4.87 %F] 12.07 %, NRINiEE ) & 8 &M (P
<0.05), WEHIRN K= 12.07 %I, WG R#E %R (P>0.05). EhMETE
BT R D7 2 e (R IS BT R BRI S, HAE R KT 12.07 %
I3 P g v O Wl 2 v T AR 4 (P < 0.05)
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K 34 AR K Ik RS 2yt 8 A B ) )

Table 3 - 4 Effect of dietary lipid level on digestive enzyme activities of juvenile Dabry's sturgeon

bR Tl 107 7K 7 Dietary lipid level (%)

Index 4.87 7.23 9.63 12.07 14.04
B 2 AN 6.48+0.30 7.21+0.10 7.54+0.35 6.70+0.17 6.28+0.50
(U/mg)

JH s g 2.16+0.80°  5.26+0.69" 9.80+0.58° 13.99+0.70°  14.28+0.39"
(Ulg)

TER T 4411+1.70°  71.5+0.35  76.99+13.48™  92.48+1.45°  62.57+5.15%
(U/mg)

T B RS B EE bR ERR (n=3), AT EARAFR P REEAAAE W 7R (P <0.05).
Note: Values are the mean +SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).

3.4.4 R EEHIBEBA7K T X9 1% FE &3 4 & (R BL 53 RS2 00

N 3-5, At RLAZK BRI BT ACE ) TE s 23T B b
5 DRI Wi 7T R T e 4 e UL (RREL P s 25 B4 e 2 4 (P < 0.05). 4xfruff]
KAy S mRERIR I ACE 4w IR B sy, BARWRIRI KN 4.87 %
i, AR R T AR L] (P <0.05). ULARLK &R EIE ETHE T
BRI, BRI AKCE b 12.07 Y k. 4t K UL FRLE A& B
FAR 21 2 [0 G W7
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% 3-5 AN[RITARHR 7 AKX ak P A0 £0 A4 1 7 FR) 5
Table 3-5 Effect of dietary lipid level on whole body and dorsal muscle composition of juvenile

Dabry's sturgeon

kAR KT K5y FEA FH i Y ix
Dietary lipid Moisture Crude protein Crude lipid Ash
level (%)

S A1 ROy
Witk 76.46+0.53 12.18+0.14 4.050.03 3.16+0.04
4.87 77.59+0.45° 14.13+0.49 5.59+0.01° 3.14+0.03°
7.23 76.14+0.34° 15.16+0.30 6.38+0.05° 2.30+0.01°
9.63 73.16+0.60° 14.29+0.01 8.84+0.01° 2.22+0.06°
12.07 72.95+0.29" 14.83+0.13 8.92+0.08° 2.12+0.08°
14.04 71.09+0.79° 14.32+0.46 10.86+0.12¢ 2.24+0.14°

LA 4
4.87 77.99+0.03 16.87+0.15 1.56+0.05% 1.14+0.01%
7.23 77.39+0.23% 16.92+0.06 1.62+0.20° 1.15+0.02%
9.63 77.32+0.10% 17.35+0.14 2.12+0.34% 1.19+0.02"
12.07 78.68+0.01° 17.09+0.14 2.74+0.01% 1.22+0.01°
14.04 76.30+0.69° 16.88+0.13 3.26+0.47° 1.12+0.01°

T Bl RS P EEE bR ERR (n=3), AT EARA R REEAAAE W 7R (P <0.05).
Note: Values are the mean +SE of triplicates. Means in the same row with different superscripts are significantly

different (P < 0.05).
3.5 118

3.5.1 AEHARHER KT IA R4 &S KAIF T

NP Rl BUR il DA LI B N B (D W g = D10y & Uil R == G R/
[ 73T, 15 IA IS 4 £0 38 5 i I 7 5 2V 9.99 %~10.56 %, X4 5R
5 AT AT AR, A ARG 2N 9.1 %, mE IGO0 17 %, 284G (VY
{AFNE S Q AR 3D o 11.1 % (4 Ei45E 1999; Gawlicka et al 2002; Guo et al
2011),

VFZ IR, ek bl IR DT & R Re g e sh AR i AR 4G, WA, #2
A RR I ZE (Vergara et al 1996, 1999); (H Ll g 7 il (A i # A A 41 2%
A o IR DT I I S 253 il S PRl e S B AN AN AL, e i 0 i 1 TR DI e
WRNARTE (ESt9ess 2003; AR5 2010); Akl &y, s
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Jl A B %N [, I HLEARO TR R A s R g » o FE e AR T (R HE R,
P ) 2 I BN I R T R (SRARMESE 2012 Bu4s 2007; Ak
P24 20105 BREWIZE 2007; Chou etal 2001; Lee etal 2002), 7EARKH, 4
FARIIR T 7K T M 4.87 %751 9.63 Yol i Ffid [ 14 5 5 R 8 (3 ISR 02 18
I, SRR N W AR IR DT KT T 9.63 I, A R A KRR A K AR A
WA RCR AR PR, TR REOT IR T, SRR, XS B IE T LA
A

3.5.2 A REIE#IBE A 7K T X1 1% R &3 4h & [ % 45 #R B 52 1k

LI A8 5 4 T S et f RS A BRI o K ERFFU R, LRI 7 5
R S AT AA FRD BT IR A QR A BRRDE o H 9y = PR R JIE [T 7K~ I T 7 B 24 A%
T AT S B PRI IR T ) AR AT RE A B T ) T 1 A
BHE L (FEI R 2% 2006). Ding 25 (2010) A JyJIH [ F A0 H b =g & BTk
W) N A G T e g B, IR IDTA2 4 R Gont i MR VR (R R S e AR5
A0 A8 A1 10T = I R S ] 5 e B DR D AT B T e, B AR
WAL —MABHLN, MR 35 (S AR o 2 I R A 45305 R A
I, LAt T, BRI, 25 I GG RI 7 3 e S A 1 Ay SR A S T i
M ERbR. fEARWIST, ATaRENK A S 14.04 %0, X &S8R
TIHABRIG AL, P DAn] GeIX— g0 4 i £ bl T3 m (R ARG 107 7K1, LI A
WAL

3.5.3 R REIEHIBERA7K T X114 R 83 4 fa LA 205H (L BRIE 1 IR M

ATWEFEHE Y TDRHE W AT 75 ' 27 AR £ e M 1Y) B 1 S ) I S 5
(HEWIAE 20100 ARG 8 1 WG ) 5 2 SRABL, S2 B RHIR i A1 5 A k3
EAT AT SN TRk AR I K508 B 11 BT A7 S 25 50 o S ) PP A R A i £ 1)
WFFUARIL,  TE R M R DR 5 AP IR TRy 2R B E s CARRRIHESS 2013;
ERAMISE 20100, BRI 2L A I BE DRI IE 7 7K-F 2 BLSE ETHE R BRI () 54k
2008) o IXLEWEGTER W], VAR U ZKF30 8 1 lES  sema D s RS L AR B
TPRHER R A SRS A B8 2 AE S5 1 5 o
JE s P 5 TR IR 1D K ) SR R DR T S EFE IS (1998) X ELHH KA
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GO I T Wi 1 S AR IR D K- A SR R . B2 AE (2014) fERE P AE
F0FN R A8 BRI 5 D) S SR 077 P P B sk g 107 AP R T v SR ERSE BT S
BRI TA . ARG A SR 7 S PR RE DRI AT RS it g, SR
DA, HAHT W EahAFE AR (IR 21855 2012; Luo et al 2010; AR
£ 2015) 0 IX AR WYk R A5 2300 1 442 van I 7 T PSR B veox v Mg 7 7K Hl Rk FG TE A
T

AR I T e Ry B B DRI DT K-S RIS TR TR BRRER, SE 41fn
FIRIFFURAL (1) R 5% 2008) . HATWIFTHRH, FaRHIE 7K1 i 25 B Sk
AT oy WA T SR B IS PE (Fountoulaki et al 2005) . V05T K BLTE R BEHE ) 5%
TRHRIACE A T3, WiRE ., BRI s, asE OXIy4k 2011; T
FW]AE 20105 2R 2014) AH AT 28 45 H UM IS ) 2 DR R 15 ),
JER PR, RIS O . DRI, R TR TR I 7K YA SR A5 R e S A B R

RE S S U

3.5.4 Rl #IBE A 7K T X1 1% FE &3 4 & (R B 53 B9 52 1)

WEFE R, AR 5 KT BENS 28 5w AR IR 1D 5 o A m] LU R 22
RICNEWIEAF RS AR . XAED R kG R, felie. 5k LRl
a4 5 A RIEAE (A et al 2008; Vergara et al 1999; Kim et al 2012; Williams et
al 2003; Lee and Kim 2001; Lietal 2010). J34t, KEWIFRY, BEWEED
KT A I FR T 07 SRR B 22 380 o AE AT, 244D IE D 7P AN 9.63 %
THE] 14.04 %M, 251050 24 A AR LA IEAA EE A /i Bk, (BRI 2 TR) TG B (8
FEST o IXRWIIE A ) (e HATHI 1045 P JIE 2 43 (0 AR 5 17 J) R ZH 202 San fR RE D »
XA T WS DL A ] (P RNE ST @ <P T 3D AR RIIEIE AL

(Gawlicka et al 2002; Hung et al 1997; Guo et al 2011; Mohseni et al 2007). A&
TR AR TIN5 B 2 AR IR W A R AN B, SR, SRR, 5
BRSO CFE5 %% 2000; T2 REE 20105 THIMISE 2010). Gkl
JI 05 755 AR TR 73 R S B S M BT T S, KV b H o, AR AR 79 ALK
Oy B AN ARG D5 KSR 5% (Martins et al 2007); Lopez 25 (2009) %45 44
AT IR o, AR 7y BEARDEMIG I AP T mr M B, 2K 23 MR 4F A0
S, BEARDRIR S AP T i T e
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3.6 it

3L R IR 07 7K 7 T DA kI A 4l il AR, SRRl R 2R,
ARG g, AR (R PR IR 17 7K ) e f AR 2R, o A AU S
WAL . EARIGEAT T, L6 2% B R TP 6E KA g A K AR bR, 1
WEACTEbR, ARG S A R RO RS, 43 PSR TN 417.5445.23 g 1)
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