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1D VR A 1R D I D 5, T TR o 3 B 45% . i
JIG 105 25 5 10% Rl i k), BERARDRHIC O A8 97
BCOr WA 1o Dy AMEBERIARDR s Jon v il 12 B4 (1
IR A AR B A 7)) TR REAR (22 B B AT B
D)) SRR i R e K AR AR 5 B
BER AN 7 R PR = b AN [F) A U AR At
Bl AS  AG s AN KT, RS N 3l Ay
0.4F11.2 mg/kg, FLHl6FT SLIATEL . M £ R
FH R 758 606 B T2 (GB 5009.93-2017 55—1%) il
73, 0T AR RN AL A RN A . K1
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Tab. 1 Formulation and proximate composition of the basal diet
(% in dry matter)

T H Item 5 & Content

J5 EHngredient

1t ¥ Fishmeal 36.42
= ffSoybean meal 15.00
¢ HiRapeseed meal 15.00
JE¥3Corn starch 8.00
TH¥ Wheat flour 10.00
ft1 i Fish oil 3.37
liSoybean oil 3.37
Y42 PR B Vitamin premix1 0.39
¥ U £ Mineral premix2 5.00
S AR Choline chloride 0.11
#f-4Ji # Cellulose 0.34
i FH LA 4 254 Carboxymethyl cellulose 3.00
WL 3 4 il Proximate composition

#1 5 [1Crude protein 45.20
HLUTE W Crude lipid 10.04
FLZK 53 Ash 14.61
7K 4> Moisture 5.19
fifi % f#:Selenium content (mg/kg) 1.34

7 R TR R (me/kg FRL: 4E2E 2B, 20; 4E2E B,
20; 47 % By, 20; 4 EB,,, 0.02; MR, 5; 2 B24S, 50; WLEE,
100; A%, 100; =M%, 0.1; 2R 4k, 3412; 422 3C, 100; 4L
FA, 11 YD, 2; 42k HKE, 50; 4i4 2K, 10; 50 FUR
(mg/kg TRL): & A4kit, 500.0; BiBREE, 8155.6; Wik — &4,
12500.0; iR %081, 16000.0; ffFREU4%, 7650.6; B f2 1 4,
2286.2; FLIRES, 1750.0; AR EE, 178.0; T4, 61.4; TR,
15.5; TR AN, 0.91; MULEH, 1.5; JEk, 900.3

Note: Vitamin premix (mg/kg diet): vitamin B, 20; vitamin
B,, 20; vitamin By, 20; vitamin By,, 0.02; folic acid, 5; calcium
patothenate, 50; inositol, 100; niacin, 100; biotin, 0.1; cellulose,
3412; ascorbic acid, 100; vitamin A, 11; vitamin D, 2; vitamin E,
50; vitamin K, 10; *Mineral premix (mg/kg diet): NaCl, 500.0;
MgSO0,-7H,0, 8155.6; NaH,P0O,-2H,0, 12500.0; KH,POy,,
16000.0; Ca(H,P0O,)-2H,0, 7650.6; FeSO,-7H,0, 2286.2;
C¢H,(CaO4-5H,0, 1750.0; ZnSO,4-7H,0, 178.0; MnSO,4-H,O0,
61.4; CuSO,4'5H,0, 15.5; CoSO,4-7H,0, 0.91; KI, 1.5; corn starch,
900.3
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DRk R PR S B A 134, 1,67 249, 1.80.
2.54, 1.82/12.50 mg/kg, S AIAHN A4 HC. S1.
S2. Y1. Y2. PIMIP2. &4kl %, KT I
B2 100 H B 8N LR 7 5 340 H 56, F200 1
OR3P IR HE R AR, R B R R AN S
W4 T J 4 A 32 TR R 45 170 78 o0 TR AT, T
BT 1Ay 42 B0 T 78 o0 IR A, Nk, 2 RUEFT 4k
TAPRHLCT F ST LB A 25 AT R A R A2 0 1.5 mm
(R AC TR ADRE, 70°C HE+ 5 3 BT 1k 520, & T
—20°C VKA IR AT
1.2 SEEEFAFER

I FH 2 A2 i3 4y £ ) 11 A A6 R e il A PR 2
A, ]S IR T AR IR N T A A
YU VUK 5K A s Py WA b, PRl T, 9 %
208 o I T UR K S 56 A0 011k 24 h, Pk A4 f
ey B IIS) . WIUGARTE D (7.82+40.12) gty AL i}
F 5553 MBI A (2 mx2 mx2 m), K P
A A BENL D 74, FEA3A TR, 43 7411
Bl BERM B PY IR, B[] 4 8:00F116:00,
I S B KGR, FRIE I 62d. SEE G
h BERG, KU A 15—25°C, FKAREAE>6 mg/L, &
R<0.1 mg/L, F%FH K PR 57 52 A4S ) PR %
(<0.001 mg/L).
1.3 HEEESHHh

S AR RN, FE YLK AL B 240 5, KA A
B SEG A F B SO TR, 2R I R L h
38.88 go BEANMFEBENLIE L6 2 it FIMS-222fKI¥E,
Horp2 R ARAE T-20°CUKAH, FT-D0 e o A4 m 25 &
HopaR i, FHF 220 it (1073 59 2% R i ik I,
TRNFLREE L 1, 4°C 3000 r/mings 0 15min, B 1
T2 B T80 CUKAR R AT, JL 2R A3
T e A e H K A AL ) (GSH-Px) B4 4D
B AL (SOD) I A A S M (CAT) I 1 S N — 1%
(MDA) & i, 55 40W T 10 5 R0 AR AL H5 Fx
SE o PRI 5 2 B A T KA g, B
L . 85 L5 S0l 22 4% B T 20 °C UKF R A7, I LA
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TRy 153 BT 22 AOACT 1 7 vl &, 7K
S E R 05CH T, HEA S RMAHILIK
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5 FH 22 P A 2 16 7 90 2 A% (Soxtec ™ 2055, Foss,
Sweden)I5E, A5 Fr ik B A (B0 L L
JyrEL LS WAETE LD 550°C T HIBEIE . TR
BE Axfi . TFIE S UL 2 238 76 A e T8 05 7843
M ERE AT, SR R 966 B 11 (GB 5009.93-

2017 3R MAATFEN & 5. R BEH IS A
Yl GSH-Px) @A AYEAEF(SOD). 44k
SBF(CAT)IETE J A - E(MDA) 2 235 5% 7 i 2
BAE D) TR e A Al A 5, e A A i o e
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Ji i 2 11 I [ % (LD L-C) A i 35 3 i 25 11 AH [ e
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e 2 K % (Specific growth rate, SGR, %/d)=
100 (Infa /A K FE—Infa 1A Y] )/ F7 50 R E

TR (Feed efficiency, FE, %)=100x (£ kK
R E- WA )/

K H A SPSS 22.0(IBM SPSS Statistics 23.0,
IBM, USA)EATGE it #r, LB K K M o7 2255 M
K396 )5, K Two-way ANOVA Uil Y5 (Source) Al
i 7K~ (Level ) [ i) 22 5 S W& AC TAE T . SRS
AT BRI 27 22 70 M1 (One-way ANOVA), 25 Ab 2
2H IA) 2= S 3, AP s T Ducan’s % B LU,
W PEAKOP B4 P<0.05, i 70 45 S F 1340 (H+
FrifEiR 25 % 78 (means=SE). IR 4.1.0 (R Core
Team, 3] 4t 44) FIR Studio 1.4.1106 (RStudio,
I [ 9% L 450) 4T Pearson SR 43 M, K H “psych™
AR 2. 1.9 S AN [R) 4L 2R () Al 57 0 PR A DG 1k S 441
il B 5 R G . AR A AR DG, IR
“pheatmap”£1.0. 12 A HEAT W] FLAL AL 2L

2 #R

21 AEEAK T 32 854 Kt se Fnia Rl
FIA IS

W T, AN RRE S Al 7K 5 24 A8 fif 4)) £
(P S AE K RN TR % TG 0 35 5% R (P>0.05)
22 EIREEANARK 3T A 32 5 4R AT & 2 RIS

WP 2077, AN R AP (AR S T S 2 5 i) A8
fich )y £ A A0 K0P ARG 25 3, JLA RS mrZkST RS n
HRHE W A A, (U S S
FALE RN & (P<0.05) 0 AN [A) AR5 0 448 i 4
£ R 5 o 5 AN B2 35 (P>0.05) o Al 7K
SR AL 5t UL PR R A R G 1 5 AT AR AL L
1 FH, A v e RG24 % v e i e 35 &4 1 L A
B S =38 W2 T RS, H iR
TIEFL M A W 2 v T v e B E 74 (P<0.05) o
2.3  ANEHEFAEG K 3T 232 83 I 2 I | L B
Z0p=A

Wikl 37, ASRYE T 2% A2 i 1L 2% GSH-Px 3
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SR SUAIERE N AL & R 47

PER A B35 (P>0.05), {HARER T X0 AL ARk
TN AL, KA n nT 2 2 3 5 G SH-Px 3 74
(P<0.05) o A [F) AR 5 RVA 7K1 X 2 A8 i3 %)) 1fiL 2%
SODUA S CATIE JJ Jo it 2 5 M (P>0.05) . A [R5
W F L MK MDA &, Horb 5 g g 5 A MDA
B W E T AR R N 41(P<0.05).
2.4  AEREEFNARG K S 33 2 32 65 10 32 4 L FE ARAY
A

W 2R, BERHl 4122 TP, LDL-CRITCE
TR T A RN 2L, YRR K ST Al i
1ML 2Z HDL-C % & [ 52 M A7 A8 A, LA IR e RE
WA I I HDL-C 5 B 3% T A, mb

Source: P=0.96
Level: P=0.59

Source: P=0.85
Level: P=0.21

SourcexLevel: P=0.68 SourcexLevel: P=0.22
3ra SRR
<) = 30
252 B
i 3 20
Eid o 1 &
il %) z 10
0 = 0
o OL1IY CSDOLDIY
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Fig. 1 Effects of different selenium sources and levels on growth
and feed utilization of juvenile hybrid sturgeon

Source: P=0.29
Level: P<0.01
SourcexLevel: P=0.42

Source: P=0.29
Level: P=0.03
SourcexLevel: P=0.81

ot P
Whole body Se (ng/g)
e s
W
IS
JHE NG &
Hepatic Se (ug/g)

< %\ ;;\/4\4'\/Q\ Q’\’
2H 51| Group

U DV
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Source: P<0.01

Level: P<0.01

SourcexLevel: P<0.01
c

Source: P=0.04
Level: P<0.01
SourcexLevel: P<0.01
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Fig. 2 Effects of different selenium sources and levels on tissue
Se contents of juvenile hybrid sturgeon
FE_EANIE] AR /ANE SRR TR A IR B 835 25 7 (P<0.05);
I IR
Small letters with different superscript on the column indicate
significant difference between groups (£<0.05); the same applies

below

ISdour?eiD PEOOP Eour?e}g PEOS.?I
evel: P<0. evel: P=0.
" SourcexLevel: P=0.08 SourcexLevel: P=0.37
= _ 250 (2 b & 150 (b
= g6
N E ab iy E
S 200 Si=) 100
oe
22150 =8 o
g % 100 ¥ ”
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2151 Group ZH 1 Group
ey
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SourcbeXLevel: P=0.98 SourcexLevel: P=0.57
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Fig. 3 Effects of different selenium sources and levels on plasma
antioxidant capacity of juvenile hybrid sturgeon

TR ENZ . R LRI & PR g 2 2H (P<0.05)
I T CFr 12 [ B AR 52 TR 7K P 5 38 5 1), ARG Al
NI AT S 3 A AT B I K TC S #:(P<0.05) 0 A
[ 058 AR 7K P %) 2y A2 B ) e (1) IR 1 i R
Hh =l G R I (P>0.05) .
2.5 HEXMSHR

Wil daffoR, 1A R A2 T, LG 7 5 A
Al B T S IR A 9E(P<0.05), {H Al 75
B VPl 7 5 5 0 2 A DG (P<0.05) . {EPRE BRI 2
ob A ME T S VLA (P<0.05) AR Al 7 =
(P<0.01)Y1EAM K. Wil 4bfiow, I GSH-PxyE
EPUA(P<0.01) B HEE (P<0.01)F0 Al 5 5
(P<0.05)[EAHZG, M REAMAEATESIRA
il 6 1EAH 2 (P<0.05), {HL Il 226 2 J& i 4 A i
i 5 e DR ] I 5 R A 5 i 2 3 A DR (P<
0.05).
26 El3ENESEEAE

R AR v 5 5 2 2 il e 1 o I i DR £ 5%
EZSEPNE, 21 L1—3)FHS % BN =
20 pg, WL (T—102) 8 H I3 % 3
o35 pg, TARWN40 pg, WFLIIE L il 2 2% 4
NEIL65 pgfi Hy 6 B N &, & H I £ A HE
171450 g, W52 1AE H 5 il B N &2 400 pg.
PEA SIS, oA R T R R e i M g 88 Tl WL ) 2
A LR R A v, e P R AL R o G R
Y AT A0 RS 9% 2 S % (H(NRV) i, 00
$139.05%F134.14% (% 3).
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Tab. 2 Effects of different selenium sources and levels on plasma biochemical indices of juvenile hybrid sturgeon

febrnd AN S Al 7K - Different selenium sources and levels P value

rbaindex C S1 S2 Y1 Y2 P1 P2 Source Level SourcexLevel
‘ 399+ 346+ 469+ 377+ 458+ 349+ 391+

MHEGLU (mmollL) 00" 054 005 048 054 013 101 0.67 024 0.94

BEATPEL) 90 IS8R TS 2 B3me 2105 WS o0 g g

Hith =FEETG 4.48+ 6.42+ 3.77+ 421 570+ 7.02+ 5.55+

(mmol/L) 0.70 0.36 0.68 0.15 1.57 1.14 0.70 0.28 0.24 0.08

697+  6.60+  593% 1150+ 1023+  9.00+ 10.37+

HERALB (L) ) 1.92 220 139 0.83 1.65 2.70 0.07 0.91 0.7

R NRE A 191 - 205k 1265 3.065 184 202+ 214 0.03 0.01 0.06

WiLDL-C (mmol/L)  0.37 0.22 0.05 0.13 0.30 0.33 0.28 : : :

FEENRE ANER 0.29+ 0.34+ 0.21+ 0.43+ 0.29+ 0.29+ 0.40+

FIHDL-C (mmolL) 005°  001® 003 003 002" 007 005" 0.10 0.11 0.01
SHEBETC 3444 3.874 2.28% 5.824 3.49+ 401+ 401x 0.03 0.01 0.07
(mmol/L) 0.53 0.49 0.17 0.60 0.53 0.82 0.58 : : :

e R EUE A PR AE R (n=3) 0 [FFIEUE G b7 ARl _EbR - BEROR 22 53 35 (P<0.05)0 _bbsirp K5 S BEAFIBACE A R
P2 VNI S5 2 5y K R XY AR RN /K 2 57 55 35 (P<0.05); 4328 FLAR RN, AN/ S8 (a, bile) Ko 55 41 1A 535 2
5#(P<0.05)

Note: Values are presented as mean+standard error (#=3). Small letters with different superscript on the same column indicate
significant difference (P<0.05). The uppercase letters A and B represent significant differences between sources; and the uppercase letters X
and Y represent significant differences between levels (P<0.05). Once interactions are identified, different lowercase letters (a, b or c) depict
significant differences among all groups (P<0.05)
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Hepatic Se

Vertebra Se
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Muscle Se
Hepatic Se

Vertebra Se
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K 4 JRAS gl AN a2 U S Tl A Ot (a) s ARS8 4 i 20 230G 25 1 5 1 3% H A AL AT AE AR B I AH DG 1 (b)

Fig. 4 Correlation plot of Se contents in different tissues of juvenile hybrid sturgeon (a), correlation plot between tissue Se contents and

& Y
VR

plasma antioxidant and biochemical indices of juvenile hybrid sturgeon (b)

J5 HE B 2 - AH AR B I /KT, L (R OR IE A OG, W (R R RO O, W35 S 4000 i T ## P<0.0 1 F1* P<0.0545 10« 4xffili % &
Whole body Se; LA & Musle Se; HFIE# 5 & Hepatic Se; B HET i & Vertebra Se

The color of the boxes demonstrates the level of the correlation index. Red indicates a positive correlation, and blue indicates a negative
correlation. Each significant parameter is marked with **P<0.01 and *P<0.05 respectively
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#3 RABANEMARZSEHNESEREANERARAE LR
Tab. 3 Recommended daily consumption and upper limit of fish
meat when supplementing selenium for adults with only meat of
hybrid sturgeon fed with different feeds

gy WUAANE BiMuscle . HIRR2%5E  HEHAR LR
. Se content (ug/kg  Nutrient reference  The upper limit

Group ™ ot weight) value (%) (g/d)
C 79.79 15.96 5013
s1 100.49 20.10 3981
s2 64.67 12.93 6185
Y1 103.78 2076 3854
Y2 195.26 39.05 2049
Pl 77.05 15.41 5192
P2 170.72 34.14 2343
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FI A B9 F2 0
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AR ER R o o 0 0 7 R AR AE 2
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EERINKCE H1.60—1.85 mg/kg, T 1 FRMi(Serio-
la lalandi) )3 B i3k 5.56 mg/kg o AE MBI
I T 3R, AR TR B AN L e AL
IS A K H AT, A48T R sk TR
TH R, ARSI TP AN [R) 7KF AR 0o 24 A8 i A=K F
TRPRLR G 2 3 s e, 1 B EE A DR 1.34 mg/kg
(R AI P HE 5 A2 2 A 5 4J) #11 R 5 3K, LG IS Al PR A 411
IS IOont e A2 3 1) AR K TR I RCR o AS[R] 41 28X ]
— TR 1 5 SR AN [, Rl £ 0] AN [ AP 5 1Y) 75 K
RFREAEAE2E 5, 25 AL B R
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fif (0) AR KT ARk A T, AR (AN R
ZRIMAEA L F T m AR K Re E.

32 A EIRGEAGK T3 A3 6520 LR 2 & B R0
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i, AN PR B AR AR I A AR A B2 . X
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R, 3 U B AS [P 0 A 7 2] BEAAAE 22 7

— R S, ARECT JCHLAN, A AL EE 2 2 AL
AR A o SRR 2, B s S b
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v EL 2 BRE A VDR R I 4 £ 1.5 mg/kglh,
AW URIZS I 2816 JUL PRI AG 5 £ A2 TE WL AN I 4 (¥ 3 6%
Z . TR a LA YUE IR IR, 25 SRR D
JeE LA 22 R T LATEL R i, )
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DIETARY SODIUM SELENITE, SELENIUM YEAST AND SELENIUM-
ENRICHED SPIRULINA ON GROWTH, ANTIOXIDANT CAPACITY AND
TISSUE SELENIUM CONTENTS OF JUVENILE HYBRID STURGEON
(ACIPENSER BAERII 3xACIPENSER SCHRENCKII ?)

CHEN Zheng"?, LIU Cui"?, LIU Hao-Kun', ZHU Xiao-Ming"’, HAN Dong" >,

YANG Yun-Xia', JIN Jun-Yan' and XIE Shou-Qi" >’
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan

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

Abstract: This experiment aimed to investigate the effects of different sources and levels of dietary selenium additives
on the growth, antioxidant capacity and tissue selenium contents of hybrid sturgeon juveniles. Three sources of sele-
nium were selected as sodium selenite, selenium yeast and selenium-enriched spirulina at two different levels of 0, 0.4
and 1.2 mg/kg, to prepare control diet (C) and sodium selenite supplemented diets (S1, S2), selenium yeast supplemen-
ted diets (Y1, Y2) and selenium-enriched spirulina supplemented diets (P1, P2). Hybrid sturgeon juveniles (initial body
weight at about 7.8 g) were raised for 62d using the experimental diets. The results showed that different selenium
sources and levels had no significant effects on the specific growth rate and feed efficiency of juvenile hybrid sturgeon
(P>0.05), however the selenium contents in the whole fish, liver, muscle and vertebra of the hybrid sturgeon in the high
yeast selenium and high selenium-enriched spirulina supplemented groups were significantly higher than those in the
control group (P<0.05). Sodium selenite supplementation significantly increased the selenium contents in the whole
fish and liver (P<0.05), but had no significant effects on the selenium contents in muscle and vertebra (P>0.05). Muscle
selenium content in sodium selenite group was significantly positively correlated with whole fish selenium content
(P<0.05), and significantly negatively correlated with liver selenium content (P<0.05). Meanwhile, the plasma GSH-Px
activity of the juvenile hybrid sturgeon in the high selenium supplemented groups was significantly higher than that in
the control and low selenium supplemented groups (P<0.05), furthermore, the MDA contents in the selenium-enriched
spirulina supplemented group were significantly lower than those in the sodium selenite supplemented groups (P<0.05).
Plasma GSH-Px activity was positively correlated with muscle (P<0.01), vertebra (P<0.01) and hepatic selenium con-
tent (P<0.05). The plasma total protein (TG) and total cholesterol (TC) contents in the selenium yeast supplemented
groups were significantly higher than those in the control group (£<0.05). In conclusion, high-level selenium supple-
mentation can increase the selenium contents of whole fish and liver, but the accumulation patterns of different types of
selenium in fish are inconsistent. High-level organic selenium (selenium yeast and selenium-enriched spirulina) supple-
mentation is more likely to accumulate in muscle and vertebrae than inorganic selenium (sodium selenite). Moreover,
high-level selenium supplementation could significantly improve the antioxidant capacity of hybrid sturgeon, and dif-
ferent selenium sources had no significant effects on antioxidant properties.

Key words: Selenium; Growth; Antioxidant capacity; Selenium deposition; Hybrid sturgeon (Acipenser baerii
8% Acipenser schrenckii Q)
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