5544 % 55 6 M KA E W % R Vol.44, No.6
2020 £ 11 A ACTA HYDROBIOLOGICA SINICA Nov., 2020
2 kR doi: 10.7541/2020.155

EERER SRR

KB AR IR

(CC Bl e g s

2B, AKX 050024)

HE: i3 (Sturgeons) & K HEE WA G IR MK Y —, Bl JUE, REGFHEAE—EmEHAE—. Hil
Bk T 5B TF VR A 283 1 4b, 5 3 A A K B B DAl 3 SR R P el o L] P DR R S B AN SR
it R A K 2 R OK, HE S EmAAYUR /1 PR Ex AR E. BAR. B Bk Em. vtk
F. EAERTRE, DR AR He IR AR NG AR T AT T R, DN IR T SR R N S AN
T PD G BRAC I B HE 2 B fkHE . ZhBTxT 8 1 B IR B 75 SR B 20 36%—40%, M 2 TR Al 28 i SR 40
AN2.80%AN1.13%, B fg bt 918—22 mg/k], RENI IR R E LA 11.1%—35.7%, KAWL N11%—35%,
1%50.50%—0.87%; fig e Hc bt 1A FH A 4 i 1 JEORHFIAE )i, — L8 T RE PRI 077045 {2 AR KN4 v S 2 1) T

R, KA YR AN W) h 75 SR AR FUEANIG A

KHEIE: 67, FREPR, EIERFTFR, AR
&4y 25: $965.2 HERFRIRAD: A

i3 (Sturgeons) & HCE Ik, J& T H R, il
BN, REE AN, 63 B, 63k, FF27 MM, K
thafh K4 B 23R4y A R, s )E
(Huso)2Fh, 5763 J& (Scaphirhynchus)2 ¥, 05" 43 &
(Pseudoscaphirhynchus)37F, #3 & (Acipenser)1 674,
P 63 ) 0 P A 5 R0 G £ B AT DA I T Rt
PR bt B e i g A . 7E B RS 63
TR VE RS, I Fd FERH . BARE
H AR . K BUEAL . ORI T AR B8 5 % 1 i
PORPTITIG K 46™ " RS  ARATEE N BRI B
W i T o B (1% 7K 77 5% B DA A2 T 37 0 # -  F f
PR RY o R 5 A A PR R R L
e, 5 R 7 VA B B R OR A A R fE b R 45
HEEH . @ R A, HEN20174F o [ 63
FERAT.96%107 ke, 20 HH 8 R 78%, Z 55
)2 % B 17(6.80x10° kg), T3 Jé T.(6.00x10° kg),
FFHIA(2.51x10° kg) A1 H: A7 /b T-1.00x10° kg 152
ANEF . 20164 tH U675 5T = 10 5 AR 4 B2 7
AR i (Acipenser baerii) #2383 (I I i > i [

5= HER: 2019-12-04; 11T H#A: 2020-07-18

XE4HS: 1000-3207(2020)06-1342-18

ii Huso dauricusQ xA. schrencki®~ V9AA RV 3 < Jits
IREFA. baeriiQ xA. schrenckiid)Fljit [G 63 (4.
schrenckii), 77 5l b7 B 72 5 1139.5% 35.6%
10.2%™ . 3R [E IF 4463 57 58 LUK, #E4T KBRS AL
A FETE I St A PEAR R 6 Lk P < it [ 6 2%
A P AR R WP i < i P8 2% A2 63 A A, L
B FE T M PR R 90% . R EEFEAE X I AR 7R 1L
Bl = I 1 o [ A s 7 I I R S o v e
2017 fERIBFFRTE = B4 N 1.14%107, 0.96%107,
0.81x10". 0.79x10"F10.65x10" kg, 437 5 4 [E i 72
B PR 13.8% 11.6%- 9.7%. 9.5%F17.9%"",

TEABREFFRHE 7 1, F- B — e A fef 6] £ 7)) ok
TR, HK AR RS SEETE KR ERNMERE
FRER ZHE, 2 J5 R T35 75 75 SRWE 78 2 80 48
{H E B F0 G52 35 [ [ 3R e 40 A et
T HAh T 5 s 7R 7R SR 5 R B9 R G 5T X
W ERe =t EYSPON STIOP - BEEP R iR =5 )
EFRIET S PE IR T SR R 2, AR X
FHEARE IR NGRS 77 R I 7R 2R BL AR B A

HEWR: b8 IR W3 A4k £ 30 H (HBCT2018180205F1HBCT2018170205); Ji] AL ITTE K 2 RHE 20T 78 3k 42 (L2020B23) % Bl
[Supported by the Earmarked Fund for Modern Agro-industry Technology Research Team of Hebei (HBCT2018180205,
HBCT2018170205); Scientific research fund of Hebei Normal University (L2020B23)]

EE R/ TRICHN(1992—), 53, YHIW; £ 2 78 5 16 K F= 348 35 51 kL. E-mail: peiyuz@mail.hebtu.edu.cn

BIE1EE: WIRA, #3%; E-mail: zcyang@hebtu.edu.cn


http://dx.doi.org/10.7541/2020.155

6 31 TRACHAISE: 698 7% 75 R S Rl e it 1343

BATERIR, MRS S % .
1 SERTRWRER

1.1 ERREFMR

EBRREX KT H i 75 SR I A AL
%, MooreZ LR (1. Bk MEANEN
PR 962301 8), Be il 8 & 5 820.0%—52.7%
BC A FR L R 8 ] 1 72 5 SL 56, DA B 2 R 1T
Wabr, R E 3 [Acipenser transmontanus,
(145.20+0.20) g, Ahb 2 J5 LA FRVI M AR B A
TR 40.5%. MohseniZs" ! BLE FI/NE R Ny
FEEAER, LUE A SR N R bR, 18 1
tij(Acipenser persicus, 136.8 )15 [ i K & 940%,
BiE R B 18—20 me/kT . GuoZE Ll fp I
FoN 8 EUR, BC 7R 8 B K250 300, 350,
400. 450. 500. 550 g/kgWilkhAIZEREMERl, LR
FE AR EZ I R, R I ENH M 1 2
I[P R G < 4% 2 Wi Acipenser baerii Q% A.
gueldenstaedtiid, (25.10+0.12) g]HIE A 75K H370 g/
k. B AR o 3 AR U, AR A
fif[Polyodon spathula, (158.00+0.29) g] 8 &, LA{AHE
NG R, 13 A6 B 1K P N40.67%. 25
e U VT T AR R KT (28%. 32, 3640
A1%) T RRER it QA3 R 520, 36% 5 11 40 A= K s i
e RTEIMEHAFTRILE 1. IR 1ATLUEH,

Ko )y 1 (1) B 77 SR AEA0% /A, 28380 it
PR () 8 1 77 R 2936%—37%.

BEMEREL AR ERIEARE
Fr e B O, AR A R AR
AR5 o A 38 F R e LU BE A )T f A o ik A=
K, AT FRARARL AR & BRI R HER . KT
67 EE R AL LLIT A Z, Guo! B 125 g 4448
3 (P54 R 65 < 4% 27 ) 1 ' 2 1 R RE 2 40%
A117.9 kl/g, ERELL N21.9 mg#&E H/kJ. Mohseni
sl gy RN o R R TR, LUR AR R
NVEAN R bR, o I 63(136.8 g) G R LL N
18—20 mg/kJ. MohseniZs"” Ll ¥ 3 2 25 (15,
FH AN FOKR (1) 8 E BB IR, wit3d s mK
F(40% 45%F150%)Fl42H ae E KT (164 17,
18F119 kJ/g) ) 12FP [k, T ik B i3 [(103.343.5) g]
148, K I K E A K Z(SGR) M IAE40% 5 H
AKERI9 kgt k4, 15 540% 5 FIKF RIS kI/g
(AR RHEL TG 35 2 S, ARDRL AR AE 25 2L 1) G ¥ 3 7
S, T AR E EANSGR, WG RoE E AL N
22.0 mg/kJ. HIFR 1RJ A0, K2 5063 5 Fhd B S Re Tk
N18—22 mg/kJ.

WEFEREK AR AT AR
OG5y fif J, 28 B IR TR E N AR Y, A6 B 1 )
) 75 2R SEJ5t b e i A BT P R R 1 7R oK
A KGN TR IEIR T RV FAR D . B LR, 67

®1 BWNEERFKRE

Tab. 1 The dietary protein requirement of sturgeons (%)

EER TR

emyropy -
i im F Sturgeon ﬁtt)g%@ﬂﬂﬁll?itial Protein requirement I%;ﬁﬁl JFMajor ﬁ})i%iibtgtglg;gal W{E?Eﬂ‘/falivaluated f?lﬁﬂ(
species ody weight (g) (%) protein source (mg/kg) ndex eference
= AT 145.20+0.20 40.5 L SN T s — PRI EBWG [13]
Casein, Wheat
gluten
W AP 136.8 40 k. NEKFM, 18—20 HHRMEPER [14]
Wheat flour
B I AP 103.3£3.5 40 fHFM 220 8 AR AR AN A0 [19]
HESGR and BWG
AP F 457 < & 25.10+0.12 36 . TAHFM, 21.9 Kk K FSGR [15]
WitFABXAG SBM
RLYIEIPS 158.00+0.29 40.67 HHMFM — I EBWG [16]
AWIETPS 19.91+3.73 39.10 ¥y, FEEEHEHFM, — | AR o- 3K i [20]
Casein Protease and a-
Amylase
iEKIFAD 400.68+8.55 41.50—42.97 1K FM — R AR R [21]
WGR and FCR
iE KAEFAD 184.24+6.79 44.67 k. BEEFM, 23.5 K E KR SGR [22]
Casein
Iy B EISA 73.3 40 Ry AR ORI I 21.27 PRI EBWG [23]

#EM, Casein and
BM

VE: e Acipenser transmontanus (AT); W83 Acipenser persicus (AP); PRI &G x %2 Wik Acipenser baeriixA. gueldens-
taedtii (ABXAG); #Wtid Polyodon spathula (PS); ik KtFAcipenser dabryanus (AD); % 77 B4*43 Scaphirhynchus albus (SA); fa};Fish
meal (FM); = #Soybean meal (SBM); I ¥3Blood meal (BM); 13 B Body weight gain (BWG); & [/ %#* Protein efficiency ratio
(PER); %58 A=K 3 Specific growth rate (SGR); 1 & % Weight gain rate (WGR); i} &2 ¥(Feed coefficient ratio (FCR)
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DHERERTES: BER. ~2KR. BaR. A
AR FRAR. EEAR. FHNEAR. HER-
OEBRMGER, B EmaEREARNMTR
FR) & 24 A2 i (I IR 6 Q < i [N #F 3 Huso dauricus @ %
Acipenser schrincki 3)JLIRIF) 55 — PRl Mg
H A, AN — 8 305 FH AL G2 7] B S B SR DA i 1) 2 3
T2 75 3K, Wang%m]uﬁ*ﬁj\ Ry B EKE
Fok A B IR, TE 7 R0 AN ) KRS R (1.74 %
2.04%. 2.34%. 2.64%. 2.94%. 3.24%%13.54%)
F e Rk, ] MR A 1 A B 5 < T AP R I 63 4
schrenckii @ xA. baerii, (3.63+0.08) g] 8, AK€
A KR (SGR) NV $8 %, 19 1A k) b 5 0d k&R
TR A2.47%, H6.18% kI E . 4L A
DHFERAEBREA G D TFRAERN TR 2 &E
I, DRI b 1 el ik A B 771 i s o VA7 HL o — ol
TR TR, PR b 0b 75 AR 15 4 fa ok
JULPAL S 5 R R 1 A7), BT 9 B A 75
HmTERED" . WangZ" H DL FIK SR
BN R 1 IR R 4 2 6 [ TG < 7 A R I 4
(7.68+0.08) g] 8J&, HLA b T F LRI & &7
BNTFEIR32.47 Wi FR36.68. HAM20.57. 7+
FAMR23.70. EER49.47. EINERE17.65. HiE
1%50.00. HEFL15.45F0k5 R 2 (44.08 g/kg R 3
). [R5 b 75 B R IR o 0 75 R IR 11 L A7) 43
BONTEIR(11.19%). HEL(12.64%). ERR
(6.98%) FRAMB.17%) FZEFEL(17.05%). 7

HEFR(6.08%) . FRIR(17.24%) HEFL(5.33%)
FIRE ZR (15.20%), Wang P75 H 1% 24 A48 65 5 e
TR EAE2.47% (2/100g 0k}, DA b 5 H A b 75
AR TR E DN NI AR (1.82%) SR
(2.05%) ERZAEL(1.13%). FREIR(1.33%). =&
FR(2.77%) KNAML(0.99%) TR (2.80%)F141
SH2(0.87%). NgFfTHung” VP4l T & i 30 T ik
R (1) 75 SR (3% 2), JBRE X b, Kk e i R e 2 6
()06 75 B L TR 75 SR Bl TR b, i 52 8 A v 1 6
)0 T S IR 7 SR T At S R B 22 (B B
— B .

BEREEQRNARER  TE, BT AR
kg T, FHRAEE. BB RE IR K ™
TR % 2 2. RMIHA RPN K= 3 %t
RHECRL I R R A B~ T
i3 oF 5 A2 F R A AR B B b . Liugs P pAG
T 8.4 gFHHF W GFXF Ky . PIERY . K&
Ky AKMEFIEN . REEPIER . ¥ 72U R AN
SRR EAEER, 7553894.5%. 84.5%. 90.4%-
90.9%-. 87.7%-+ 87.6%#191.8%, B 7T 3 B 43 v
DA Rt R FH S 4 a5 R, (EAE SE RS 7 B 7% 5
e R I R . SafariZ PR 5 T ik 6
(17.70+0.234) kgt 5K AF & A JE kG0 0k
3FPEEAE SR . 3PMEYIIRGE R A OF EAE
Y EE AN AR Y S R HEAT T A EE B TEAL,
R IBE N (93.2%) B H RAE R = T T A

®2 BUuRIREBRNTER

Tab.2 The dietary essential amino acids requirement in sturgeons

Jite P45 < 78 1 1 M 63
DG NS i ,
Fﬁg A (keEEFDASXAB g/100 gZHMAS*AB 1 FHASXAB Arginine

muscle (g/kg protein)

amino acids content in  g/100 g amino acid requirement (% on dry requirement based on arginine
matter basis)

it K 3 < 7G4 11 0 S AR

it IREF < FEAA R 6T 1R A SRAE S At FR AR s, T
X Ryt L o Mol B 7R SR
it FEF < TEAA R KGR RR T R TR TR (% T B EHASXAB %(%IF%E,@*#)E

Speculated other EAA EAA requirement (%

requirement (% on dry matter on dry matter basis)

basis)
T B Thr 32.47 11.19 - 1.82 1.46
HE K Val 36.68 12.64 — 2.05 1.46
A Met 20.57 6.98 - 1.13 0.90
st AR le 23.70 8.17 — 1.33 1.32
M Leu 49.47 17.05 — 2.77 1.89
2 2 i2Phe 17.65 6.08 - 0.99 1.32
HE R Lys 50.00 17.24 — 2.80 2.38
H e M His 15.45 5.33 — 0.87 1.00
AR Arg 44.08 15.20 247 — 2.12
iﬁrﬁi [28] [28] [26] - [24]

v it IR U AR R 6 Acipenser schrenckii @ xAcipenser baerii 3(ASxAB); b & M Essential amino acids (EAA); 7% IR
Threonine (Thr); &&= R Valine (Val); FZ & Methionine (Met); %5 & KIsoleucine (Ile); =& ML Leucine (Leu); % A & R Phenylalanine
(Phe); #i& R Lysine (Lys); & ik Histidine (His); 5 & iR Arginine (Arg); “—"% A H¥ENo data; HAth % 5 [7]Z% 1 Other abbreviations are
the same as shown in Tab. 1
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67 (90.2%) F 2 75 EF Vb T H 47 (89.5%), HIL R
25 TR, 8 TR SE R R
(91.7%) I 8 FHH AR TP B8 (75.0%) A1 Ik
(73.1%); W THEVERFEMRGREEAD. E
KE AN EZE AR EAHRAELT T
80%, H X KT k4s & AW i, ok, 18 K6
Xof A A B R R AR T A 2R.(62.9%) i TRAE Y
A U5(41.5%). StuartFIHuang" "B 7% & & 636 A
) 2 IR PR AR 0, 04 e BE A 2R, B3 B U
o R A T R > o g > i K> K T Tk 4

wA>GEEA>VR, B TREAHAMIET RN
11.7%, R4 A 45 Mt g o 7T DA 58 4 B AR B
TRy . B 3R RN, PE AR R L G R AR o i Ak
BNFEA)E R, 1A PRS2 I BV A RS R I
N> T S R GG Y>3 DRI > 8 )
PR A HEYIE, 86830 EAMEA RS T X
BRI .

Sicuro "™ A 4 % fi5 (7 KR i3 < 75 4 1) 7 69
Acipenser naccariixAcipenser baerii) NWF 5L X %, H
FOKE B B AR 85% ) fky (K B R %

*3 BUTEERRMFZWHLER

Tab.3 Apparent digestibility in different protein sources consumed by sturgeons (%)

3 it o

=N

HAWR FHR HAMR f& i e
Sturgeon species Protein source Dry matter Protein Lipid Energy

L EEIRIA S)N: fiHFM 79.9 94.5 — 93.2
WE¥HMBM 59.1 84.5 — 74.8

FE R S PBM 77.2 90.5 — 86.3

KA B HFeM 82.6 90.9 — 80.0

RIEETEH FFeM 77.0 87.7 — 73.9

R ZEHURAHISECM 70.4 87.6 — 71.8

T AISBM 76.9 91.8 — 79.5

i5 KA HH™ fif2 #7112} AFM 89.1 93.2 98.1 96.8
YT Bl SFM 90.2 90.2 95.6 94.3

gfw Tafs 89.7 89.5 91.5 87.5

1A BM 67.1 73.1 73.1 77.5

HEHFM 70.3 75.0 74 78.8

FE G W PBM 89.7 91.7 89.7 93.3

KRG HSPC 96.1 92.0 78.1 90.1

TKEAHCGM 96.7 81.0 77.7 80.4

/N A WGM 95.9 82.8 79.0 78.5

}jﬂﬁﬁfﬂgﬂﬁ%* f 78.1 60.2 81.7 85.9

% fi§ ZHIFFSBM 79.1 51.1 70.3 71.1

g KBUESEACM 80.5 64.3 65.3 66.5

SHISBM 87.0 55.5 69.0 70.7

FKIH# CF 72.2 433 67.4 69.0

INEHYWE 79.1 442 65.9 58.1

EFHWW 67.1 37.2 67.0 73.3

U ’%%FM 81.0 — - 64.5
AGAAR - TAISBM 81.9 - - 88.2
FE R S PBM 64.7 — — 523

VE: PI{ARI 63 Acipenser baerii Brandt (AB); & [ Huso huso (HH); &% Hikdx NHKr REF Acipenser guldenstadti xA. bester
(AGxAB); PI'H#Meat and bone meal (MBM); ZFK &&= fAPoultry by-product meal (PBM); 7Kf# P E ¥ Hydrolysed feather meal
(HFeM); K ##J)E M Fermented feather meal (FFeM); ¥ 712 HUf #Solvent-extracted cottonseed meal (SECM); ¢ 11 £ 4 Anchovy fish
meal (AFM); Vb T £ 1.4 Sardine fish meal (SFM); =& P EF b T 1 i fyMexican sardine meal (MSFM); J1-E#;Feather meal (FM); KK
45 % H Soy concentrate protein (SPC); T K & 3 Corn gluten meal (CGM); /N& & ¥y Wheat gluten meal (WGM); JiHEE K 4= i XU SE
FHFull fat canola meal (FFCM); 4= JI§ & fFull fat soybean meal (FFSBM); JINE KUK HH Canola meal (CM); K K [H#}Corn flour (CF);
/NZ$r Wheat flour (WF); 4224} Whole wheat (WW); “—"{&H #(#iNo data; H i %5 [F]# 1—2 Other abbreviations are the same as

shown in Tab. 1—2
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T H55%), AT N HA60d I FRAE SE G, 45 5 R Xt i
K TE AR TR, ELARDRE R AR T 20% . Xz
LK 543 5 2R 1 8 AR G B3 7 R 1 0—100% 1 £
#i, HTE100% B AR K I8 N i AR 2 24 R (R &R
AR AR, LAY E RN AR, KE0 5
S BB A N 57.64%, H AR R 10
It A K AR HEVE A . JahanbakhshiZe" & 812 ik
BRI AN K 2 AR (1 1) B ARIA R B2 ARDRE 3 7%
SO MR AR TE B R . Yun5 P IR S
WA NEEAN=6HTEF N EAKF
(36%F140%) T 76 4= B A P A0 I i 4l ) o (1) 10K,
TN T A A B R RN B R AL, AT IS I 7

¥k 44 %
M, HREA BRI HE . 3R 4n] 0L, 6307 DLEE
U s R B — e ) B R, A B R R AT e B AR

BEBRESMEFRNE, L KRARRFEEASTEH
75.5% M8 E i H A 85 E 2 Bn-6/5 A A T
®UT. BREAKMEASERE67%—T1%), &
THEIERNT, RIKESENA4ER, HEH4EY
EMERESS T, MM K GRS E AR S EREN
|EN, TN TR R, S RRELLT
HTH AR SOX S AR A B 1R, FH R 30T DAE Y, X
REWRGEEA . EEFMEREAMMEADFHEA
R EIL80% LA | &5 = fid B8 i 52 45 1w fr ik 7K
A, 7EYun ZEE R 5T o o 300G 4 R 6 AT

B SESS:, R IR R R A ARUR e AR K TE ST Y 5362.5 g/kgla BB ARG . o, FRATE (=
*4 BENTEHAERREREHME
Tab. 4 The replacement amount of dietary fish meal by other protein resources for sturgeons (%)
. il .
i Wjj eitiléggeon 85 [ Protein source *%bl(r)lét}l/al Rtglacil;r/le):nt level PFflifE4REvaluated index ;i irgj?é
weight(g) ’
T & F1FPlant derived protein sources
%égfﬁgﬁ{ﬁ Al FAEEHCGM 364.844.5 85 558 £ K %SGR [33]
Jiti FREFAS K4 B HESPI 26.38+0.24 57.64 WHEAEWGR [34]
% KBS HH EAEA ﬁg&%ﬁf‘w HCGM and — 37 i 4 kR Blood indices [35]
THRIERAB  THAVNEECHSBM and WGM('4) 3906020 100 CHIREINEIEREWGR
gf@ izsﬁg% Koo, som. FE#ISBM, RM, CM(5:7:6) 8.63+0.24 50 A K HSGR [47]
Pl 167 AB FoKIRYH 5 FIRCP 19.146.7 100 R iﬁoi‘l’l‘;i cgethh [48]
PEAA T AB KGR B ESCP 14.0+1.3 63.2 A K ZHSGR [49]
AR I AB Wi R SM 92.1£3.6 50 HHE B PER [50]
W) F 5 Animal derived protein sources
= EFAT Jit AR AR DSM 15.6+0.3 100 A1 FEANFFEZEBWG and SR [31]
AR I AB fi% H HRINSC 6.77 20—60 e A K ZSGR [41]
7 1116 AB Wﬁ%ﬁ@ﬁ%ﬁ”j i ( f(f%q%% 28.940.2 50 1 EIWGR [42]
FERIF= M R KRB
PiAFITEEFAB 14 PBM, MBM, FFeM, 39.0+0.2 100 W EEWGR [43]
BM(40:35:20:5)
B HIHIAG BEAFHKM 431 60 HEAA uﬁ%}?k% WGR, [44]
AR EEFAB A= B 7KK FFHI 640+3.9 15 AR H%S%%J&% WGR, [45]
ARV 4FAB 2R UM FFTM 640+3.9 15 HEAA D%S%GfetﬁzWGR’ [45]
T ANBE HE I B A 45 M Liver
TE{aF) W EFAB i HE B2 7K -4y SOy DHILM 24.247.59 26.4 and spiral valve microscopic [46]

structure

VE: B RAIEI< AR & Acipenser naccariixAcipenser baerii (ANxAB); it [K#F Acipenser schrenckii (AS); &% ¥itdAcipenser
guldenstadti (AG); K543 & 4 Soy protein isolate (SPI); Z MRPFFSesame oil cake (SOC); 3 AHRapeseed meal (RM); Hi#fCottonseed
meal (CM); K KI5 & FRice concentrate protein (RCP); B2 JiE #:4) Spirulina meal (SM); i IEF#) Defatted shrimp meal (DSM); & & H
244Sodium caseinate (SC); BEUFHKrill meal (KM); 4 fig /KUK Full-fat Hermetia illucens (FFTM); 48 3H HUMFull-fat Tenebrio
molitor (FETM); Jiit fig S8 7K - %) i ¥y Defatted Tenebrio molitor larva meal (DHILM); Hth % 5 [/]3% 1—3 Other abbreviations are the same

as shown in Tab. 1—3
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R < PG T T LA 32:39.4% BB kAL 2™,
X RN EIE S A B e RS, BT
REM SZ WK AL SR B R FE S, I it — BRI 7¢

TEFEAARINE 6F(6.77 @) IR 72, F I 2R 1 R
B0%. 20%- 40%- 60%-. 80%F1100% K %7,
BHAT IS0 I FRIE SRS, R I20%—60%7KF T
i s A K R Y. Zhu e S 8 (1 7
BRI 69 55 5l 92 5 Hh [(28.9+0.2) g, K IR S Eh¥
HAE(RE R XSRS KT =
4:4:2) 0 B A50% 1) by, H AN N i A 2 3L 1R
(TR IR )X A AR K )T et E A .
IR A2 744 T 63 (BT 72 7, Xue 5™ % BLEE3 6%
F40% W N E AKFE T, A EARE &&=
A R R DK B A =40:35:20:5) 1] LA
SEAGMRMER, RN AREERNEL T, X
WA KT . GongZE ™ LR IRk & 18 4,
DL 2 56 FURE 8 2R KR IR e dn, KILE AR
60% Ry (k% W63 (481 g) A KRB T ok 4 .
Jozefiak 2555 B F 4 g #OKS Sk A B AR BUk AT
DL AR 1S % i Foky, T %o 7 A1 ) 0 6 6 45 35 P 5
Wi, Caimis" %% B /K4 sk B:£826.4% [
055 PU A I E B3 [(24.2£7.59) g] 19 IE RS Rtk
MEEF TR . B 477 W, 8377 LUR 45 $h F)
FH B sh e (i

gk BT, HAroe 38R E a IR R 2
B HPTE PEARFINE 63 L, 6T oA R R 8385 75 552,
VA R P 3 ] DL G b ) AR ) B R AN sh ) B
5, H B aT HoR AR R TR, o6 T HAh &9
R ] 25 (1) R 1 BEORPAN 75 B 2 T A
1.2 EBIHFEFRBRMRHRE

BE Bh &5 5K KT 6316 Wi 7 SR B A D,
HungZ5" L1110 g o 63 R WF 70 % 4, 3 i 47 I A
) 7K P #3(25.8% 30.4%. 35.7%F140.2%)
wRE, LASGRANVEDREL L Z AV FE R, & B e g 1]
HH25.8%—35.7% )% i 1) A K TG A T2 ), AR 2R
EIETRN(37.8%E 1. 40.2% I8 7 )%t A KA #1
YEFH, T RE AR AR (A s B T B T 63 1 3 & Rk
Tkl % . MohseniZg !5 B 1F 22 SE v ¥ k2 Fh
A K (40% F145%) A4 5 i B 7K ~F (£
10%- 15%-. 20%F125%) 3L 8FhTal ek, 1A P i 17 65
(136.8 g) 150d, LAMARIE H NPT FR bR, 40% 85 [ 1
25% I iy Ak B 2L 1 488 B R v, AR T 45 % 8 (A
25%E WAL FEAH, HAE40%E /KT, I E KL
S5 Rk g P 14 o i 4, 2 BH 9 S 659w R R s
El. KeramatZ5™ I 25 116(30%) FHEC S (15%) kL 7E
2ANPEME KT R (B A F160% 18 £ F PR IA IR A5 (61.3+

4.4) g] 90d, K3 e JIg 1A Ak £ ) A v B IR 2 v TR
JE AL, 2% BH Ak B 8 T AR 4 st ) A LR R g 7
ZhuZs VDL . A T BRR I TR M 0 VR,
HC 1] 3 AP AN TR T K (5% 15%F125%) 1R %
Wit [(9.61+0.03) g]talk}, HEAT A8 (1) 77 4 Sk B,
K IEIE25% I KT A K i . Guoss ™ L=
JAT () AR ITIE, 7R 8 E KT N37% R
AN TR 8 W7 7K T (4%—19%) ) 2% 22 B3 BB 78 47 A1 JE
i x4 B W3, (66.7+0.11) g], LLSGR N TEALFEFF, F
R ADNER R E RS SRR S el =fili S
11.1%. BEEsaIm s e . ok, Wk a4
T 32 ORI i) T R S5 (B T 41 %)
FAIEERE(11.2 MI/kglaleh) A dil vk, DL SR A
Y 7K ey RT3 AE S 0 ) e R, I AT T 3 R
NI KT X6 it B85 PR 52, 4 HE 8 % 2 38 B 1 VA
TR AR R I HE ). O% T3 iR 75 K
gt e LR 25 F TR, P T P HE .
W i Ak I S AT B R A R v AR R (R >
25%), 15l 17 (PG 1 75 SR8 75 B3k — B I 7,
bk s 6 69 A K B e Y BILLE e A T KT b FE
H, mT e fak n] R BE 2 @ le 7, T A2 A2 6 (PR R
A< % 2 i) I R B 7 SR A 11.1%, RIS TR
{5 it P Xt AR 7 7 SR AN TR, T 66544 P9 i 7 B v 1 v
KA XK.

BERFERMITE R — NI AR AR
V67 R B AN AT U7 TR 8 A Dy KB O L N AT T R 1)
BE 77, T K g HL i Fhag A0, 5 R e £ 25,
PEARE, B 6 B A K B AR S iR I e 1P,
DRl i, B3 7Dkl A 5 B 78 AN R IR i R DA 2 1E
HAEKAVEFITE R . WangZe U™ 46 i A0 0 R ik
RIRA M, FS B AR KT o- SRR R e ) A
B HHI[(11.68+0.13) g] 8/, M4 4 & A K R 1A
RHE AR, i o- 7 FRER 75 5K 5 96.85—10.69 g/kg
TPk, Ik i ) S PR IR 2 4 f AR AR K

1 R0 T B TR bR T % FE R 7oK, 675 2
5 FE 00 T M TR (0 L) . L") 43 ) F 2 16 3 A
BT B ACHE 9, FCH0.5% 1% 2% 3 7
FR(LA)FIE BRER (L), Kz F 546 i ISR 75 vk 7] By 5
AR 7 9, BE R A 0.5%LA+0.5%LN,
1%LA+1 %N 2 B3 [(9.59+0.19) g TPk, DL
RN bR, ST LAFILN T R N1%F1%.
ZhuZ P LA L BRI RN ZETE ik I o B3 A B D
K (5% 15%F125%), A HE /T KF T 35fn-3/n-
6 Z ANMEAINE TR (PUFA) ELBI(1:3. 1:1/13: 1))
OFh AL, PR P W69 (9.61£0.03) g] 8J&, LAMG &
FONTEA TR bR, KINE Wi K R25%. n-3/n-6
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KR R

44 %

PUFA N1 30 A K e fd:

BHBERNARIER B & 7K = 7R A
AWTRRE, A7 G Ha Rk, FHRAEM
AN 110 #8130 35 AR 1R 2 3 AR 5 Aol 3 1A £
Mo 3 B RIRIIT i %, X e e
(35 @)k I 5% IR A ik (B oK B, g
ML) BOR . . . R, S
T ZEAET RN S SR, RIS AR L A
IR TN R 5 T 3 R o 5 J 7 JE AR
(30—90d), M. JbR i1 AT 56 4 & A et A2 KT B T 5
Wi, (AR IR AR A2 H (360d), T i A A A A

g2, [FREHL, HosseiniZe & F £ k32 v
Ay ] 58 4 B AR RN S (206+7.3) g]talk) b it fa
T 6T A K TG S T R, H 2 BRI -
NIGEER(DHA)A — 5k I B2 (EPAY I & & . Xu
2 (O 308 o T 2 R R K Dk v ) 7 AR
FGHiFR(18:2n-6. 18:3n-3). SenerZs ™ L5 i Al
FEAE T 78 A BV D Wi [(27.23+0.98) g) bkl
(1 f 3, CASGRNVEA ¥ b5, ZEA6h ] 5¢ 4 & QM4

=5 385

AR KT A T ESM . Senere R IR T K AN
FEACTIR A I B AR 50% Fa i, LAY S5 PR 845,
X D W63 [(143.89+2.84) g] LTI . Giovan-
ni%5 e DUBZ e k) 52 4 B AR B I I L R, T
T K AN 5 A o il e A B A A, R IR e
3(17.5 g) A=K R ILTE 57 T 20, AH 2 BEARILIA
FIDHAFIEPA . T fig B A 07 Y (1) 9t 7 32 Je AL
K 6. ZE LITIR, 1A A TR IS AR A (< 90d), i
B PRI . FEAET L S R SR I A B e R
T S5 AR A R AT DA e A A g T AR K T R
TR, 52 A KR AR T f 3, G fE ik s ) AF
FH, N RS AER AR A E R KF R e e B
AR T 4. (H RE TS EUIE S A B AR L,
I FH AT K ISR IGIE(>360d). S 4k, 2 W6
(IR AT, YR i 0 05 ) 5 AR A K R AR T — iR
IR AR, B8 2 (AT 58 S 4 A 7R TR B R R 1
g, xR B DA X SR s Arn-3 %
AN 7 R (OIE Jih BR AP BRI, BE 15 2 B3 06 75 A
U R 1) e 3R, AELAEL A v AR f g 2 3 B L IR 4 410

BRI BB RE

Tab.5 Requirements of dietary lipid and fatty acid in sturgeons

3 5 B8 M

LAREELN

" . R
Tji H Item Sturgeon Initial body W‘LHEDSSIgn Requirement iy 7J<q:0L1p1d JWr#Lipid Evaluated 253k
- . value (%) o level (%) source . Reference
species weight (g) (%) index
MEWi B RLipid B EHFIAT 110 258402  25.8—35.7 — fIMFO  FEEAEKE [51]
requirement SGR
B HHEIAP 136.8 10—25 25 — fylFO G EEWGR [14]
PFEAAIT  66.7+0.11 4—19 11.1 — fH L IHEO: KR [54]
ficf < {2 i SBO(1:1) SGR
ABXAG
X KEEHH 61.3+4.4 15, 30 30 — il EIHFO: K EBWG [52]
SBO(1:1)
WP WITAG  9.61£0.03 5. 15, 25 25 — SEAe. WHE WEREWGR [53]
M. MIHSFO,
LO,
FO(34:10.67:
5.33)
i [REFAS 15.9+0.94 0-10 8 — iy, Sl WEE, EH [55]
FO,SBO  FizkZ. ikl
REWGR,
PER, FCR
Wi g WTTREFA
o- T HRMRa-LN B HEIAG  11.68+0.13 0—2 0.69—1.07 9.8 AR LR R AR [58]
JMSFO, LO AR 2R
SGR, FCR
W ARR 2P WitFAG  9.59+0.19 0.5-2LA+ 1%LAR 12 HBFIH . SR R A KR [59]
FELA, LN OLN. 0.5LN+  1%LN M. ERIR Y EZRSGR,
OLA. 0.5LN+ CO, SFO, PO WGR
0.5LA. 1LA+
ILN
n-3m-6E A WP IEAG  9.61£0.03  1:3. 1:1. 1:3 25 e, o WEEWGR [53]
Ffg i ERPUFA 301 s PRI
SFO, FO, LO

VE: T HEMi R Essential fatty acid (EFA); o-JP fkfRa-linolenic acid (a-LN); X Linoleic acid (LA); AN i iR Highly
polyunsaturated fatty acid (PUFA); fiifiFish oil (FO); &.iliSoybean meal (SBO); Z£ 1Ll Sunflower oil (SFO); ki Linseed oil (LO);
FiliCoconut oil (CO); £ F5illPerilla oil (PO); Tl 1k % Feed conversion ratio (FCR); “— %75 #fE, No data; HARFE 5 FIFE 1—4

Other abbreviations are the same as shown in Tab. 1—4
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b A s ANV IS D B2 (HUF A) B & T 1%, IX 2 AL
TFF 58 RO LR ) 1 L
1.3 gEEWX

R — Y E s s S AT Re &, 1Ak )
ReE W RFEERA TR P EAR. BB FAmK
A&, s 2R mAE R RA KR, FRE
R AFAEK B TR (KA KT
aglis 2B E N ANE TR B TR A R A
R, Cuige!™ F 3 K ] 4] RS [ 4 . (2.4—22.5 @)
() e o B SR R KT (0 2% 4% 6% 8%
Ip NG RSV IR RS TS U RE SN A R
TR E L2 /b, R A KRS E R E KT
PEBE I, TR BRI R oK. T ALRE S
I REE1194.8%—96.8%, & FEVERT, 64.9%fH)
Rt fE AR FE, 35. 1% B RE A FAE K, H
R R HURE BRI . Guos' B 8 78 B 1 /K SF
(250, 300. 350. 350. 400. 450. 500#1550
g/kg) AW E 25,1 g 2% A8 i3 (V0 A M1 L 6 < (4% 2 1

i) RE UL S RE M, AR K SRR R I, A k] AR K
FAE250—400 g/kghtt, Fig B KE S BT, 2
JE R R B, e A A R FKCE T
Mi/>, B8 350 g/kg i F/KF B GERHN, fE &
WS BER Ny CREANRER (100%)=F £ {f g &=
(35.08%)+U IR fit £:(4.53)+RAC I AE(34.1%)+G K
H8(26.23%). EELE IR T HEKREA S E
(28%) AN [RI R i 4 A 2 B X i [R i3 41 63(34.7 @) RE &=
WS s, 25 R IH45—60 mg/kg4E A= R B R
AR m, FrEE KR i m, 458160 mg/kg
Ytk B U TR 2l 9 100C=21.3F+11.5U+
46.3R+21.0GF1100C=19.7F+10.3U+52.7R+17.3G,
AT ST ot SRy 1 N G e L7 b
FE AR AT, AT A P B AL A, 7 3 s 3E g
B 50 R B K N25% ), AR KRBT L %22.6%, =i
T 9T B B B 21.0%, 3X 1] BE B T8 5 Fl A 7]
SR . W a] B8 BT 1% 78 daRHC J5 vh
B 5 FH 2 (19%) 1% T 35 30 9 o0k ) B 1) S (IR A

Fo EEANPHMENREREHE

Tab. 6 The replacement amount of dietary fish oil by other lipid sources in sturgeons

15 i et TG £ A% 1 = ST ioas EBAKT ST e SR
Sturgeon fig Wi Lipid source Initial body éﬁﬁ“éﬂ ity 7J($(’L1p id Replacement H——fuélfaﬂ‘mEvaluated 2% 3Lk
- . ontrol level (%) o index Reference
species weight (g) level (%)
AT Wi 1 EXu. @
ML S 4 0 3 M ic} il
sopioegfoco, s SRR ORI+ S £
Lard, LO, SBO, SFO, CO o 1010 A ’
(Separate replacement) o
. T, FEAEMSBO, SFO ; FREAKE, Y
H e 5 3
P HEIAG (SR) 27.23£0.98  HIHFO 10 100 FSGR. BWG [63]
KM+ ZEARM R & .
2 T AG H)CO + SFO (Oil 143.890+2.84  faJFO 10 50 ﬁﬁ%%l/ fﬁé%k [64]
mixture) >
S TR, FHCO, SBO , ., FrEkk
HEIIAT - (oRy 175 ffH#HCLO 75 100 HBWG., SGR [65]
BR B HH éEOYHﬂ(éRjiui AHMSBO, 56173 O 12 100 RBEBWG [61]
%%Mﬁ%ﬂa\ﬂﬂ%%
? + D§ %? Al E 222 == K
BEWEHH W+ XEEMSFO+ 26974049  faiHFO 10 50 H iz%m Iﬁ%%k [68]
SBO, SFO + CO, SBO + d
CO (OM)
‘ A A SR E 7
MEREIAS K. TIHTO, Lard, 9.83+0.19 fIHFO 10 100 I E A WGR [69]
RO, CO, SBO (SR)
HEGTAS (35517{'?93‘ ZIHCO,SBO L HFO 9 100 e KR SGR [70]
. 2 p v JEJRRIH+ IR IO + , I, ReEEk
H) 3
IEMIIAG gpo ' To(1:1: oMy 139015 fIHFO 9 100 EBWG. SGR [67]
e e fi P ; IBE, RrEEK
EREEHH  INERSEMCOo 207+0.05 #IHFO 12, 24 100 EBWG, SGR [66]
FEAAFE ah S T
Wiy L SHLO,SBO o605 gagiFo 10 100 WA REEK )
ABXAS (SR) ZWGR, SGR

VE: WKMEE Huso huso (HH); B8] Huso huso (HH); "W 1EEJAcipenser sinensis (AS); K KiliCorn oil (CO); J&iiLard; ZL7E3H
Safflower oil (SFO); N A3 Canola oil (CO); #.fth % 4t Separate replacement (SR); J& & 7i10il mixture (OM); 4+ Tallow oil (TO); fi
JFifiCod liver oil (CLO); 1A% k.20 Feed conversion ratio (FCR); At {# 5 [F]% 1—5 Other abbreviations are the same as shown in

Tab. 1—5
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(28.2%) FHI . 2L A a-VEM K (9% —
25%) %t 78 A R W 67 68 2 S 2, DL Ry
(15%) Ffzth K. (16%) 8 3 28 [, A KAEsrid
R JERT 7K (3G I 35 0, ©31.94%—40.31%,
A K B TE2 1% A125% HI R I 7KF R B o

14 FHRKUEVREFREK

H A1 5 T 3 3F B ik K A6 & P01 7 SR BT T
. Fynn2" S AR FEKED-HE RO 7%-
14%. 21%- 28%H135%)1] M i 1 i 8 /&), LAY K
VAL FE AR, £ Rl AR ) 3 B KA
14%—35%. A TR & -6 1& PR, Hung%s
VTSV ] 8 o A O A IR (ELRE VRS TR (2 AR . A
WL AR EOKRIEN . WIS, RERE. SLBE. EAEAILT
Y3 BT A DR M 8 JE Ak B RN AR R R %
IR RIS N B, 45 6 RR R L iR
2 SRR RVRE T, T TR L LU R SRR R
ZE o Ay AT IR IR AT R A2 5 10 38 B ) FE A T AN LA
R A1 G, AT X 336 795 A e i e e 2217
Fovk, TT RS e BT RERE . FUBERD SN (T 52
J1EZE, Hung ™ 3 B 4] MR 3 oWl 5t 10 e o 6 JFF
I L 200 )5 ] 48 L T Tk L, i P o s 7K
W2, SWAWREE AL . FFEX T & 63,
Lin ™% G S0 (0 )RR AR TR A5 0,
S0 i K9 R R 6 0 R B R I 22 R RT RE SR EH 2
oo R EC 7  FERE R KPR MR A R AN
Ao T 7E il 83 (I 5 rh, S5 33 (A0 AR 5 A A0 s
aVE R, o B R 85 22, Yazdani®s "™ 2
P A1 ) S i ] 65 2 ) RIS (10%—20% ) AT 92>
TPkl R A AR A R R S A, AR Ak
F BRSPS P2 R M . LinZs™ 5% Fl e 4k
FEE LRI 1 A 5 M A o ] PR U5 D B R
I WE 280 e E R, R B A Ty Okt 65 ) R
IKAE PR K B KA VIR sz e, HoE sk
5 W ) o e A KR RN AR SR T AR TR
Wo XGEEE Ak, 632 N a, HAb
BEUIRE, MEEERE. Kk, ANFE 5 R R
PR AAA VIR P RE DI AN R, AR B A 1R STk e %R,
5 %o SR P R A 2, s A A A AN T A o R
W o RV AT A i Hh R B 22 W AR R e K, 1H
A vER I e e,

LR} i B 7K A 2 5 e 653 R B OK G S 4
MohseniZ "% F 1F 38 S8 ¥ 14 Rh R B2 7K
F(35%- 40%-. 45%FN50%)x4Fh i ig b (IR KA &
YR, C:L, 0.8 1.1, 14A11.7)3L16F0 KL, K&
P 5 38 BB I L (1.4) AT 20 20 B AR, TR
35% 85 [ 5 AR G B 1.4 B ARDRGT 4 E AR K

R DRL R I A 1 R T 40% B 1 AT
NEEE40.8 L £ 50% 85 H7K~F ik g L 0.8 F11.7
25 LRI, A [R5t ot A [ B3 Y 6 R P 28R AN [,
o B AR AL MR A AT R L 22 2R AE R, IR
SV IR (PYIRIA SR SeuRy P ik oy SV Vi 8

1.5 HiEFRZRNEK

PERRGERFARERMKERLFN—K
K FAENAMNAEY), X BV A REAEA N & RElE
G R, BRI, YRR O 4E R 2K E
WA A E WL EENIEH. X Faxtget
KT R F AT D . BN — R a2, ik
W, BAESEmgEEEC(VoO R Y. X 2R
NI I HR B A R R A B R A L-4E AR R CIIL-
VEEIR IS A . X U AR A R I 6
BE) 7 BAIF, Moreaus"™ 38 P4 15 F1 I 463 (25.5+
0.5) g]TEN T YEE R CIITRI3A H 5 I %A H
MV it Z5E, HAKRIE VAN 300 mg/kgH
B To 25 1 72 o AE 2% 22 i (V5 A ) I 5 /)8
fid). ik KIS A3 T FFEZE ™™, fiDesimira
xR N RE3(155 @) BT FE b, LS RV
THZH (800 mg/kg) MV 4 AH L5, %71 & 1)
Ve(200—400 mg/kg) A] & 2 M g 3F 63 1 AE K.
Xie5 " R B IS00 mg/ke 1V o AT 3 76 41 1| 7
() % 77 . DRI, R AR 63 &)y # B AR TRDRL R
IE & Ve, BIR G 7. Wen25U LU SE 5 i FM0
BAR, I P 4 A2 25 AT 75 3K 59923 TU/kg
Tk Amlashi"TDURS 4B K FONITM TR, &
PR 0 PR 4 A2 FE ) 77 SR 2 925—400 mg/kg.
xR R T RICE IR 7, ZHBHAELERT
RPIHETER WARE, W4EEZB1. B2, B12.
R, 2R, EMRS.

B JUEEXT P R ok i % . w3k
SRR R A Sy, [FIRHR JERR B IE
VR oL~ 7 4 T AR BEAR AN T A B SR R
BB AT BRI E R LR, Bk =2 & F
HREEEAEE A R, K B R NI
2 SRR HERCE N, AR 2 B 5K R Sh
B R Xus " B — SN 9 U I )
AR 7K T2 (0.12%—1.38%) I P A 1S 63 1A ), BA
RN A B BN VRN TR AR, £ R
IKFH0.5%—0.87%. JinZe LU E Kb Mk
o FR AT (I B < it E B ) PR AN [0 71) i PO A TR —
450, 100 20051400 mg/kglh &), K A4 6T
R 50 b R WA BE R, 7 VRE MR A S I Bl Ik 3 A,
DA (%) HEHE 28 2 VEAN $8 bR, B 00 3 B I 7K SF N
100 mg/kg A B (T LK N 1%)
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K= BN TR R TR, R 2 I
BOER 7, g i (o K A A . Cu-ZnfB B AL ik
%5 (Cu-Zn SOD)"'". MohseniZ! "' LLCuSO, Hy4
PR, BE AN R 7K (1.1—195 mg/kg bRl ik P
TARL(8.49+0.32) g], LAAIE PPN FR AR, 1& E
WA INEN10.3—13.1 mg/kghilkl. 7EH % Wt
(11.85 ) 7L, [FIFE ACuSO, NI, BLil0.3—
16.1 mg/kgl kL, I E R, SaMsE. i
Cu-Zn SODAI L H 4 ¥ & A PR P8 4%, 1Rk I&
B4R RN 7—8 me/kghikt ', wangZg!'"
Bl A 2 T 6508 AN [ 7S B R R PR AR O, 3
R TR R 0 K S A A T 2R R T 2 CuS 0411
1.5—21%, 355 R AR . 4K E LB FICuSO 41
FREAMNS. 5718 mg/kg. Moazenzadehs!' "
PLCuSO AR, FC il A [ 8t B (1.8—28.3 mg/kg)
() P A0 R B[ (27.57+£0.24) gtk DA e EK
R, AR R AR A A S M AT
Wb, B3 00RL R 1 75 SR B2 2951, 9.58F1
16.10 mg/kg. L 2IEH EBLEKN DL FMEICE, B
JE200 2 P4 Bh R 7, CLAEIEBERR AT . DNA
WY Cu-Zn SOD%E, 2 5 & Fp A i ah '
Moazenzadeh!" " " DL TR £ RS, TC IS R
IKT-(14.7—46.4 me/kg) ¥ PG A1 F] L 6[(26.52+0.94) g]
PR, DL 2SR A B RN I 4 5 B N PRI 4B A, 6315
I BRI D& 2915 mg/kgf134.60 mg/kg .
Arshad25" P DLL- R E R A, VRN F K F
ffi(1.26—20.26 mg/kg)1AIMEIA K B2[(3.5+2.0) g] 8)4,

DApA I BRI E AR KR VPl FE b, 19 H TR A&
BB INAK T R11.56—20.26 mg/kg. fAIEXTA
[F) SR R A A= 0 ) FH EEAS (1, a8 6F 298 KAk 1) 1) P
R T VAN R AN AN B BRI, [RIE, 66T P REA
(A R P B v T AR A e T
IR RILER 8. FHAB MW P I8 R LR IE, W4 .
BEL Bk ER. BEAIRLEE,
16 EARLAMFIAF R R

Ly R PRI I )2 — P B sh W IR 1 4F
PRI, BAA g sh A KRR BN G
JIFNEE BTSRRI Th Ak H TR T K
PRI E E AR HEx. A4
TG EEHRF . AHLER . A% b 2GR EL
#@%[Hﬁ]o

Mohseni%§" ' 7E i P 5 4]k} b v AR [R] A6
(0—1200 mg/kg)IL- I, A I N7 & 4300 mg/
kg P 5 E f pk i AR K . Talalifs! AR IA I B84
BERERIN0. 2.0. 4.0F16.0 g/kgl)ifF % 2 (Ergosan),
DARE S8 AR ZE Y 3 2 9 VPAN PR b, 8 TR 110
TINF & 4% —6%. EsterabadiZe! B8 354 76
(Immunogen) % 1A R g Az K )52, R IR s
T10.5% 1% 2 A= ol B e ik A AR K. [RIRE
TE 3% 8 R BF 98 1, Hossein5' ™" VR IN12% ) 7K 35 iR
Wil BE ] B E PR m s e AR K R . W E K LI
WA LERE SR . AskarianZE W T ok HIA
P LY AT A (125 oty L AT A R O BT 6 I i o 1
¥ %% JE5 B R T 7 P PR R R B 6 A IR PR B A

RT BWNELERNFRE

Tab.7 The requirement of dietary vitamin in sturgeons

i3 i A Sturgeon 4 R S Initial | 11T {E Design : S e . SR
species 4E’E 3 Vitamin body weight (g)  value (mg/kg) Reg;ll ;irg nt Vi P Evaluated index Reference

NIGEFAS YEERC Ve 155 0—800 200—400 IGTE . RpE LK FEBWG, SGR [91]
RETN FAEFRAV, 12.0940.22  0.003—2.49 0.28 118 EBWG [93]
% REEHH Y4 FRE Vi 49.7+0.1 0—400 25—400 e A K HSGR [94]

N Mk % a

JiE [GEFAS Pyiti f) ffne 347 0—75 45—60 TR AR FCR [75]

T JFF PR RN E S BT AL B T-AOC

PHHFITAFAB 4E4E 2 K; VK, 5.14 0—990 19.79—24.57 in hepatopancreas and kidney [95]
BB EFAN "2 Folic acid 32 1.5—5.5 35 I % Blood [96]

M E AT JEA% Choline 2 0—8000 1700—3200 Tk REFCR [97]

%’f’tﬂﬂm lgﬁz ‘Flf—:% ./ 327 5 M| Ny
; K, REE A KRR R 5
PEARAIIEEFAB  Choline 37.67+2.92 0—7500 1500 WGR. SGR. FCR [98]
chloride
SALNET .
FFAEEFAS Choline 12.50 220—5370 1656 LA g & FLipid content in muscle [99]
chloride

it [C BT AS WL Inositol 11.90+0.12  28.75—936.28 336.1 1AM EBWG [100]
AR EAB 442K D; VD, 3.47+0.14 0.006-25 0.042 R EBWG [101]

VE: INYET Acipenser stellatus (AS); #RAEET Acipenser nudiventris (AN); S P ALEFTS Total antioxidant capacity (T-AOC); HAthf&j 5

[F]3 1—6 Other abbreviations are the same as shown in Tab. 1—6
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Koo TH ARG R B B RE P 52, R B K 6
ENEAT9x107 chu/gialkh 25 H FUAT B T 3545 5 i
g e AE KR (AR AEL BRI BE. 5 A
G 107 6358 P, T 76 i 30 o R N2 107 cfu/g )
il 2R 5 B T IS R RE AR BR . Xus!™
RIRAE Z 228 43 (it PR A3k P2 FpRL FR R I 1% P &
Bk - 25 B F10.9%—1.5% 4 & Bk e T i 25 (i gk 43
A, BRARTARE R BRI & 7 T T AL BT . [FIRE
TE Z A2 5 (it IS 863 > 75 41 1) I 63 ) B9 0F 52 A, 8
1% IR RS 2 e ] (et fa A A KUY, % of%
VA G5 30T A SR TR AN IR B _ B AT, 9 C
PO A R R AL S K

2 RE5ERE

LS, BARK T30 E FREMT TR M 2
(BRI 78 IR 5 RS 7 E ik — P 52 | 7e,
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b, FEB T . Rewp g ANIA K 25 b S R E,
REERIEA0% LA . (ERAERK BT F,
FUXF R B PEAA R 6, S B A IR AN Eh A R A
PRI TTHERI T o ARV SR HE I 7% SRAS R, 75K
BON11.1%—35.7%, H63 5854 s R FAE Y09 i
KA T R EN10%—35%; K TH k. 4
AR IR REAT R A R, AR s
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F R P HERF A .

R A — L ) 850 5 AR ke (1) B SRR 75 =K 11
WA =, 75 B — 5 0T 5L ()X B3 (1B 5T
PI1E R AR S fa I B, 1R 06 B 5T HoAh AR KB B
BIRTR, Q)R T4 A Y3 1 75 R IE A 4
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Tab. 8 The requirement of dietary mineral in sturgeons

3 it o TR R A

it R

Sturgeon 3;%5'1 i)k JiMineral Initial body BEiHfEDesign Requirement PHAfifEFREvaluated S 30k
. ineral source . value (mg/kg) index Reference
species weight (g) (mg/kg)
ik A HH fifiSe LA EZ BRL-SeMet  3.5+2.0 1.26—20.26  11.56—20.26 {AMIE . KA KR [114]
BWG, SGR
AR TATAB P AR A 14.50£1.00  1200—13800 5000—8700 IEXK, LS E [103]
Monosodium phosphate WGR, Phosphorus
content of whole fish
Jiti FGEFAS P WhmE —E4S 4.7 18000—166000 8800—10000 4F5EEK R, HHEH [115]
Monocalcium phosphate W & ESGR,
Phosphorus
concentration in
vertebrate
A [CHEEHH filCu TR ER # Copper sulfate 8.49+0.32 1.1—195 10.3—13.1 fR¥GE, LAEMULA [106]
HAMRGEBWG,
Protein content in whole
fish and muscle
2 W EIAG HiCu  BRERHTCopper sulfate 11.85 0.3—16.1 7—38 W R, e [107]
&=, JFiECu-Zn SODH
PE, MR EA
WGR, Copper content
of whole fish, hepatic
Cu-Zn SOD activity,
Plasma ceruloplasmin
activity
P WEFAG WCcu  EERH. POREN 9.8240.08  2.46—16.15 5—8 PRIGEE ., i [108]
. BRERH CuMet, . HFECu-Zn SODE
CuONano, Copper :BWG, Copper
sulfate content of whole fish,
hepatic Cu-Zn SOD
activity
VIAFITEEIAB  #iCu  BRERHCopper sulfate  27.57+0.24 1.8—283  9.51—16.10 FpEdKR, &Mk [109]
F5 £ i A1SODYE
SGR, Protein content of
whole fish, SOD
activity
FEAFIVAFAB  £Zn  BRER4EZinc sulfate 26.5240.94 147464  29.15—34.60 LKRME. AFMEEES  [110,111]

#FBW, Hepatic zinc
content

VE: ffiSelenium (Se); #fPhosphorus (P); 4 Copper (Cu); £%Zinc (Zn); L-FEZ B HifiL-selenomethionine (L-SeMet); &% R4 Copper-
methionine (Cu-Met); 44K b HiNano-copper oxide (CuONano); 4 1LPE 4L B Superoxide dismutase (SOD); %K {AHEFinal body
weight (FBW); HAth 145 [F]% 1—7 Other abbreviations are the same as shown in Tab. 1—7
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RESEARCH PROGRESS IN NUTRITIONAL REQUIREMENTS
AND FEED OF STURGEONS

ZHANG Pei-Yu, LIU Hai-Yan and YANG Zhen-Cai
(College of Life Sciences, Hebei Normal University, Shijiazhuang 050024, China)

Abstract: Sturgeon is one of most important domestic economic cultured fish species in China. The domestic aquacul-
ture production of sturgeon has been the largest in the world for several years. At present, starter feed for sturgeon lar-
vae are imported from other countries, formulated feed for sturgeon at other stages are produced in China. The quality
of domestic feeds was inconsistent, leading to significantly different growth rate and sometimes resulting in decreased
disease resistance in sturgeons. Therefore, the latest research on energy, proteins, lipids, carbohydrates, minerals, vita-
mins and alternative proteins, as well as lipid sources and functional additives were reviewed, thereby laying the founda-
tion for further research on nutritional requirements and for formulating nutritionally balanced feed. The optimal re-
quirements for proteins, lysine, methionine, protein-to-energy ratio, lipids, carbohydrates and phosphorus in juvenile
sturgeons were 36%—440%, 2.80%, 1.13%, 18—22 mg/kJ, 11.1%—35.7%, 11%—35% and 0.50%—0.87% respecti-
vely. Sturgeons can make a good use of animal and plant derived protein sources, plant oils, and some functional additi-
ves can promote sturgeon growth and enhance its immune response. In addition, information about requirements of
minerals and vitamins is incomplete.

Key words: Sturgeon; Aquaculture situation; Nutrient requirement; Formulated feed



