46 % S Wl B % U R Vol.46, No.5
2025 4 10 H PROGRESS IN FISHERY SCIENCES Oct., 2025

DOI: 10.19663/j.issn2095-9869.20241031001 http://www.yykxjz.cn/

EERE, MR, Torz, R, Whim, AMfe. WRNEREN . BEEREXTZ AR KMRE . AU S R . IS PR EE ) KAk
BAR RS2, ol B E R, 2025, 46(5): 129-138
QIUJ Y, XIAO J, DING L Y, LONG F, YAO Y, WU W H. Dietary sodium selenite, selenium yeast on growth, tissue selenium

contents, serum antioxidant capacity, and biochemical indices of Carassius auratus var. Pengze. Progress in Fishery Sciences, 2025,
46(5): 129-138

FARERTH . BE BRI o2 B 4K IERE. AR
MEE. MERELEIRENIBIRNEI

EgE? W g2 Txz ok A % wm O mEal?
(1. TCPEEKF=RI2EFFET L8 B 330039;
2. Al AT AT b BE IR R U SIS VTP A 330039)

HE R 5 B #E R (2 A B 4 A B A A ) K EL AR K T wt # % #(Carassius auratus var. Pengze) £
KMk, AAMEE. AN N K MFE VBT T E, KA 23 XEFERIATHRLE: HIE
(AR B 4h A B FEAR), ARA & (0. 0.5 F2 5 mg/kg), #|1E S A4k, *t 4 (Con). I HKER 4 41(LS
A HS)An B BE 6 41(LY 77 HY). £33k A P340 46 4K i & #(210.28+1.06) g 7% 4 240 &, Ml
HSH, BASNEL, BAEL 16 B, RRERMAM, FEAMY S6d. EREF, KUY RE
M EE, BEEX, BELEKEMARRBLEFEZRP>005), BEBEEHRANATSERE,
BLWmBM AR, HEEE T EAP<0.05), HEMHERKEIAAAFLEFELELE
(P<0.05); B WA ER 4N A T IR Al & By, B BEREAR 410K 2, 35 B & 8 T 3t BR 41 Al K1 41(P<0.05),
5 B AR 2 ot A AR E M B 2 T A R 41(P<0.05), 1% TE AR BL 4 4 A B AR A M E A B H K
WA B E M B S T X 4(P<0.05), AFIR 5 A KT Xt 7 A B H Ikt Sk 4 B A i (G AR
H A B EAE(P<0.05), 7 BB AR 41 i 7% 75 B E M A A K T3 B E E T H 4 4 4(P<0.05),
& LA BR 4 fE B R T PR 41(P<0.05), ARIRARAE KT XK E E R E B A B E1E(P<0.05),
B KT 4L 3 i A B E M B T R AL AR KT 4L(P<0.05), B REAR 4 fn g T2 AR BR 4 41 AR B
EM R EE T AR 4(P<0.05), ARIREMAEAKFEE G BAELELEP<.05), LR, &
AP BRI 3R W WA SRR, WA OK TR AR TR A AR ) A i B E ;B AR
TAREBRAN T R & & WA RAR AR B e M, R RARER AN TR g L F Wi E k.o
KR DR, B, TWRA; Ak AR

FESES S963  XEAARIRES A XEHES  2095-9869(2025)05-0129-10

(Se)/&e—FEZEMMEICER, G REMATX A (Sumana et al, 2023; Diaz-Navarrete et al, 2024), {Hff
KAFFAERK AR, REbUA MR R/ O6e, BeE i 2 WA e S BOK = st T- T m L AR Kk
Jo S BTG T, BG 02H ZURN B e A U T HL A AR AE TR . ZH 20728 F1 53 5 7 S5 0] l(Ma et al, 2021;

* LV B ™ b 7R 52 (JXARS-03) AL PG 45 15 J2 UK 1 4% RE 4025 A A 3% 37 TR (B A & [2022]34) 2[R % B .
R, Email: 416224087@qq.com
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Burns et al, 2024). AS[a] IS5 19 75 oK 2 22 R 8K,
LA A o A P B A W 500 A2 B HAE A 2R 5 £ 1Y)
AL IS 1 A 0 W 1 S AR M E R DR TR T N S S
TORIUIRSE, 2023).

=] P A1 DG T XoF AN [] 7K 7 8l ) 7 7 A AR T Y
WA A HRIE , FE 2 T K™ it A il 1Y) 75
T (Wu et al, 2022; Abdulrahman Mustafa et al, 2024)
DL K A [) 6 95 %t 40 6% £k (Brachymystax  |enok) (B8 9145,
2023) . {7 BE fi (Epinephelus coioides)( % ik & 4%
2019)., 243 (Acipenser baerii & xAcipenser schrenckii
Q) (MR B %, 2024) . E ffi (Ctenopharyngodon
idella)(Zhu et al, 2024)%F A KRR . LRGN )
SRR B 5 M o A Y 3 S JoHILAN AN LA PR A IE
K, ENHEEANEE . YR RE AR
XK BEEQO2DMFE LB, k&SNS I, 7T
i fi £ (Cyprinus carpio)d: &K tEfg, H BRSO
T AR o 258 45 (2020)F 58 % W1, A LA (14 25
AM)TEPE m AR YERE . A WEH IR A A ity % P
FUUL PR 7 1t 7 TSCR LT TCALAN o 5 7EAS W) . 2581
AR 1435 RIS 32 501 ot A7 7 2 e, 5 £ ) e P R
Jn 0.5 mg/kg Fl 1 mg/kg A ARG $Em A K MERE .
R A 5w . i UIRL(Abdulrahman Mustafa et al,
2024) ., T 1 (Mylopharyngodn piceus) % ¥ 1 %% fin
300 mg/kg Fl 600 mg/kg B FEAMN (A 5 1 0.59 mg/kg Fl
1.15 mg/kg) MU BB A AE K PERE, $Emal . # . A
FRBFRE T, 3R BT BE ) R SN, I REIAR R
SiE JZ N (Zhang et al, 2024) . L 44 % #F (Penaeus
vannamei )fal BRI 1 000 mg/kg 24 5 i 75 WAl 1] 14
TR AR, $5E v LA A S R B 1 DL R i A
TR Z A KT CRA R A, 2022), Gl fa 2 b [ H 2
MIIRK S B FRI 2 2 — , AR TR AR5 RN
Bedtod, HETE Py AR OC T A R R B A AR
H7E S5 & AR ) (Carassius auratus gibelio var. CAS V)
Fo Zhu QUM EY, F M R F W@
[(76.2+0.05) glffiTF >R H 0.73~1.19 mg/kg, ZEFEF
FQO23)FFR AT, FEARM[(62.95£0.23) g]fEE K
Z iRk 20 mg/kg B4 HLERAT 10 mg/kg A TCHLARN

WY (Carassius auratus var. Pengze)ieFk [F &
BT s, BHA AR PO 5T IR Jo e S
fL#i(Ding et al, 2022), HAEIRMER . MK
K, T2 E R WEFEAS [R5 G 7K X 522
PO R RE . LSV . PUEMRRE DT L g AR A
A 0 7 3 T 1 AR e, X S B A b TR R
W R e S P SR R A B L, B, R

T DR H R JIAT XoF B2 5 SR 0] F A T AR DL AR E , AR
WESE B FEAR VA [ 5 S LS et % 222 6 B A 2k
AE | 2N B | T B IR BE S AR A FE AR B2
DI A 352 155 ) 00 T 5 5 R R e B AL R A
1 MR5RFE

1.1 SKIEfE#

TEPRHLA Ry . GRS FEER AR, SIMh
BIIR, $%IEFR 1 AECTT ECHI A ARk, XTIZH(CON)
T IR GRDRE, SOG4 A X A ZH LA B AN IS [ A
Ay P B AR AR AR ZH (LS, 0.5 mg/kg WAMEREN) . &
VARG 4L (HS , 5 mg/kg ARG ER E) | A B R4 (LY,
0.5 mg/kg BERLAMN) = BERERZH(HY , 5 mg/kg FEREAMN)
o, WARFRENE B ) ARG REYRH A R AR, &
PRy R A TR N RN Ry, Bk, RN A
10 000 mg/kg; FEREAGIA )N RBHRHEEE AT, F2E
AT R EEREAN, Rtk O 2 000 mg/kg. R
JEF 9266 (GB 5009.93-2017 25— 1) #1544
BERAGSEBR &R 0.737. 1.810, 7.439. 1.464
1 5.859 mg/kg. FrA B IE i 80 H, &AL T
HeIFR R e, Iy ALK IR A 6 B  2 mm (9 550R:
TR, Bl A R A B RE 20 CUKFHIRAT A .

1.2 SBERFEEIE

SIS Ak [ VL VE A8 K R B E A5 I B 3 b
AR A [A] — LT Fh o SCIRAE VT PY A K =R F 00 55 i
PEIRIK FRHH 2R G2 1) FEFE AT (9800 mmx650 mm)H
1, 8 240 RAKFUEN: . JOR G B2 BN
SR A A TR N (210.28+1.06) g, BEMLAN K 5 4,
B 3AEL, BANER 16 B LRIA, 5K 08:30
H116:30 1 HEMRIERL 2 YR, AKIRPREFTE 24~26 C, %
AT 7 mg/L, pH 4EHF7E 6.8~7.2, RAM
WAHRRER e B A T 0.1 mg/L, SRR B AR E .

1.3 #HmxX

STUGZE AN, ARE 24 h, FRIEAS RS AR S £
SRR BEMRBEHLIEEL 6 B, MS-222 (120 mg/L)
FREES , e A K AR . BE R, & T .08 ],
4 °C#&E 12h, 3000 r/min .0 15 min, B EIER,
T—20 CUKAHRAT, T HTE L e A i A 1
FEbR o B SCI0 0 T oKE LR, BOR A
WA %48, F-20 CUKFAPRAE, FILAIN & 24U 5
iy B e B (g) - AR (mL)=1 : 10 Lk
INA TR A B K, e TIRESIHK, R T 4 C.
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x1 ABARKREFRKFET L)
Tab.1 Composition and nutrient levels of the basal diet (Air dry basis)/%
W H 2H 5] Group
Item Con LS HS LY HY
J5 A} Ingredient
1714} Fishmeal 15.00 15.00 15.00 15.00 15.00
M1 Soybean meal 35.00 35.00 35.00 35.00 35.00
3 HH Rapeseed meal 10.00 10.00 10.00 10.00 10.00
X4 R # Chicken meal 5.00 5.00 5.00 5.00 5.00
il Soybean oil 3.00 3.00 3.00 3.00 3.00
FKTEH Corn starch 25.60 25.60 25.60 25.60 25.60
5L K 4 Yeast hydrolysate 2.00 2.00 2.00 2.00 2.00
R — 245 Calcium dihydrogen phosphate 2.00 2.00 2.00 2.00 2.00
FALIHEE Choline chloride 0.50 0.50 0.50 0.50 0.50
#i 5 B8 Lysine 0.30 0.30 0.30 0.30 0.30
% R Methionine 0.10 0.10 0.10 0.10 0.10
£ 4§ Vitamin premix’ 0.50 0.50 0.50 0.50 0.50
%% Mineral premix’ 1.00 1.00 1.00 1.00 1.00
&1 Total 100.00 100.00 100.00 100.00 100.00
Pz B1f Selenium yeast® 0.25 2.50
TAfi R 4% Sodium selenite’ 0.05 0.50
EFE7KF Nutrient levels®

7K 43 Moisture 11.40 10.20 10.80 10.50 10.50
#L#E H Crude protein 35.80 35.20 35.30 35.40 35.30
LI Crude lipid 5.51 5.87 5.45 5.81 5.66
JK5y Ash 8.24 8.38 8.33 8.40 8.47
fifi Se/(mg/kg) 0.737 1.810 7.439 1.464 5.859

.ol Z24E0ET kR (me): FMEE 15, ZEE 25, WEE 15, 45E%K B, 0.2, MRS, MRIRES 50, WIEE
500, MHER 100, YK 2, HUAIMER 100, 4E4HEFK A 100, 4EAEZFK D 20, 44K E 55, 4ERKK S, 2: 20 88 T 5
RHEfE(mg): MgS0,-7H,0 450, FeSO4-7H,0 950, CuSO,-5H,0 10, ZnSO,4-7H,0 108, MnSO,-4H,0 40, KI 1.5, NaCl 600,
NaH,P0,-2H,0 850, KH,PO,4 1350, CoSO,4H,0 0.50; 3: [RJfliFl v 2 b4 B it iR e BOR BN 40 B FRKE N
SEIAA

Note: 1: Vitamin premix provided the following per kg of the diet (mg): Thiamine 15, Riboflavin 25, Pyridoxine 15, VB,
0.2, Folic acid 5, Calcium carbonate 50, Inositol 500, Nicotinic acid 100, Biotin 2, Ascorbic acid 100, VA 100, VD 20, VE 55, VK
5; 2: Mineral premix provided the following per kg of the diet (mg): MgSO,4-7H,0 450, FeSO,-7H,0 950, CuSO4-5H,0 10,

ZnS0,4-7H,0 108, MnSO,4-4H,0 40, KI 1.5, NaCl 600, NaH,PO,4-2H,0 850, KH,PO, 1 350, CoSO4-4H,0 0.50; 3: Yeast selenium
and sodium selenite are added to the premix according to the composition; 4: Nutrient levels were calculated values.

2500 r/min 25.0> 10 min, B E3EW, T 4 CIEAE,
0 5 SR B A L B A R I
1.4 MEEFESHE

SO HAT] , WA 0 SR B A AR A R R S
AR MR, DUMETH 45 4 SC 00 fa A7 16 5 B EE R |
R A K AR R R KR e, BT EA
AF

6 F (survival rate, SR, %)=100x5Z54; &K
A/ S8 W he R A

14 /K (weight gain rate, WGR, %)=100x(4K
AR B A ) R A

T8 4K K (specific growth rate, SGR, %/d)=
100x(In AR FE—In MR /57580 KA

1Akt 2R 8 (feed conversion ratio, FCR, %)=100x
BE /(R E- VIR ),

8 45 b Wy 7 AL T (SOD) I P SR FH 8 W 8y 4 AL ity
s N ME(MDA) R AU T 2 iR 46 & Lt
% BPUAALEE J1(T-AOC), 4 bt H Rk it 4 1k Wy il
(GSH-Px). o Ik UM (CAT) 1 MR 38 AR i . v



132 ook B

¥ B 546 4

ST | A A TS R Rl T A ) TR AR A T4
PEp T G, e RE A UL IR AT I A R T R
(ACP). W BF(LZM) . BRPEREFRBG(ALP) . RN
BH(ALT), HEZBHAST), BH&ME(GLU), B
M =RE(TG). RHEEL(CHO), 7% I§ & 11 (HDL)
FIR % BE A5 25 1 (LDL) & s 2R H H 37, 7600-110 4
S AE AL HEASGI 5E o

1.5 #HEFEZITHH

ST RCHE SR ] Excel 2010 #4478 1S, SR
B AF SPSS 22.0 AT G 1M, SIEAKR M T 2555
PRI, SRR 2 07 2250 Hr (two-way ANOVA)TT

R 2 A [E)HE IR A0 K X 50 6 AR K AR

SR (Source) R 7K - (Level)[H] i 22 57 S — 3K (958
HAEM o K5 347 B R I 2 57 B (one-way
ANOVA), M#5AbPRA ] 2253 0 5, X & dlBda it T
Duncan’s ZH L, WEMHKFEN P<0.05, #iEsm
Bt S - E AR EZE (Mean=SD) 37 .

2 H#R

2.1 7N[E)FE IR AR K T X 5% ) A K 1 BE B 22 i

e 2 T, A LAEIRR . HITR A KR
BDRHRHOE B 522 5(P>0.05), JU, HS 418200
R FREE A KR O BRZEFEAIT 12.1%F1 10.2%.

A

Tab.2 Effects of different selenium sources and selenium levels on growth performance of C. auratus var. Pengze

5 H 2H %) Group

Item Con LS HS LY HY
%) Initial body weight/g 211.09+0.25 210.19+0.71 210.59+0.49 210.53+0.22 210.02+0.67
K Final body weight/g 312.97+21.75 314.62+15.25 312.61£16.69 317.47+15.30 323.46+12.13
7158 SR/% 100 100 100 100 100
14 % WGR/% 40.92+0.52 39.63+2.25 35.97+4.96 39.54+0.72 40.81+1.46
Fr e A KR SGR/(%/d) 0.49+0.01 0.48+0.02 0.44+0.05 0.48+0.01 0.49+0.01
Tk 2 % FCR/% 1.74+0.03 1.79+0.05 1.77+0.09 1.81+0.01 1.79£0.02

VE: PO bR R RNG S 5 2 5 1 B (P<0.05), HIRISE 70405 22 AR 25 (P>0.05), T .
Note: Data with different superscripts in the same row are significantly different (P<0.05), while data with no superscripts
or the same superscript are not significantly different (P>0.05). The same below.

2.2 AS[EVAA R AN 7K T X 52 % ) 40 U & 2 Y 2 0

P2 3 AT, AT K S 5 R ) 352 8 S UL PR R A
1 25 0 (P<0.05), 45 52 56 41 AL PA) AR AIE 6 435 24 5 T
X BAZH, L e Al e K S B B e AT 5 b T
TG 058 Sk 2 52 Vi) 52 28 B O A % i (P<0.05), - [l — T 7k
SR IV PR A 2EL A AT A e v T R AT A AR A
1l 7K S X6 AL P A 55 e A7 4 B 38 AR (P<0.05), b HY
ZH WL PR 5 e A e o

2.3 7 [E) B iR AN ARG 7K S Xt B2 % ) i 7 4 E AL R AR Y

A

H1% 4 T, A [ A8 5 VAT 7K - db 25 532 i) 322 9 6l

GSH-Px 1% 1 (P<0.05), H.fil§ J5 A /K 7715 i 5 1
fE(P<0.05), M Ly @G Hfm, LS ik ; A
T B 35 5200 CAT I 1 (P<0.05), LAl I Al 7K - 77
TE 3R HAE(P<0.05), Hp, HY dff, LY HikZ,
MDA 7K - i Al 7K 57 (g 5 i i B AR, 22 55 A8 B 3%
(P>0.05).

2.4 7 [E) AR R AR 7K T 00 5 0 8 1 7F AR L FE AR Y B2 T

M2 5 AT, W KOF FOAT R 4 5 2 R LZM 3%
PE(P<0.05), [R5, LZM I 1 i 2 1 7k 7 7 25 1
#THP<0.05); HFR—fKF T, ML LZM &
PE R E TR 48 4H (P<0.05), Al 7K ST FHAR 5 15
FEH GLU /K F-(P<0.05), HS 1 HY 41 GLU /K-

® 3 AREWFEMKENFHALNTSER M

Tab.3 Effects of different selenium sources and selenium levels on tissue selenium contents of C. auratus var. Pengze

i 251 Group/(mg/kg) P & P value
It : A - ;
Ttem Con LS Hs Ly Yy W KO R
Source  Level SourcexLevel
WLPY Muscle  0.19+0.01°  0.29+0.03°  0.28+0.01*® 0.22+0.01°  0.35+0.02®°  0.949  0.003 0.004
HFIE Liver 1.01+£0.07° 1.18+0.05> 1.77+0.16*  1.09+0.10% 1.43+0.03®®  0.026  0.001 0.133
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Tab.4 Effects of different selenium sources and selenium levels on serum antioxidant capacity of C. auratus var. Pengze
215 Group P {H P value
T H ————
Htem Con Ls s Iy 0y W WK WRACR
Source Level SourcexLevel
mbiEAAE 0.46+0.03  0.48+0.05 0.51+0.03 0.46+0.03 0.50+0.02  0.474  0.077 0.858
T-AOC/(mmol/L)
HEAL Y A b il 71.32+£11.35 66.51+5.84  60.39+3.68  68.34+1.30  66.28+2.27  0.183  0.162 0.454
SOD/(U/mL)
N 10.56+0.96  9.63+1.05 8.75+0.98 9.17+0.39 7.7840.79  0.286  0.118 0.690
MDA/(nmol/mL)
B H T AL 131.49+5.42° 136.17+2.66° 122.13+10.32° 155.3242.95 125.96£1.95° 0.008  0.000 0.046
Yt GSH-Px/U
SHE AL S 23.47+3.64" 20.06+0.49™ 13.15+£1.95° 23.27+1.13" 31.92+4.28" 0.001  0.610 0.004
CAT/(U/mL)

&5 A[EVA R A0 K T3 5 5 6 7 A L R AR B R0

Tab.5 Effects of different selenium sources and selenium levels on serum biochemical indices of C. auratus var. Pengze

1% Group

P {& P value

T5i

. con s s v by WU RUKT WY
Source Level SourcexLevel

W Vs e G 266.41£9.33 295.83+13.01 242.71£31.92 263.28+43.18 275.21£15.73 0.696  0.081 0.511

ACP/(4: G H47/100 mL)

YRR LZM/(ug/mL) 0.39£0.05*  0.31+0.08°  0.58+0.13°  0.53+0.08™  0.92+0.15* 0.004  0.002 0.373

RPEREEREE ALP/(U/L)  18.73£3.32  15.74+£3.68  16.42+1.61  17.88+1.09  18.78+1.61  0.105 0.547 0.931

BNFEEE ALT/(U/L) 5294022 5.04+0.74  4.62+029  4.68+1.29  4.41+045 0516 0.424 0.867

AT AST/(U/L) 319.69+12.30 309.29+£17.24 355.69+5.58 330.06+24.89 340.91+12.35 0.774  0.028 0.125

A 5.05£0.56°  4.92+0.64°  8.54£0.01°  5.96+0.20° 10.34+£0.44" 0.000  0.000 0.137

GLU/(mmol/L)

BHh =g 3.13£0.69  3.21+0.63  2.70+0.86  2.74+0.19  2.66+0.39  0.767 0.224 0.495

TG/(mmol/L)

o L 9.17£0.72  9.07+0.03  8.69+0.02  9.13+0.30  8.56£0.18  0.767 0.019 0.494

CHO/(mmol/L)

B SE 3.41£022  3.57+0.06  3.36x0.10  3.63+0.14  3.46£0.07 0317 0.054 0.831

HDL/(mmol/L)

RS e 1 2.58£024  239+0.14  2.65+0.16  2.59+0.16  2.78+0.19  0.699 0.818 0.035

LDL/(mmol/L)

W E T Con, LS I LY 41(P<0.05), H HY #41 GLU
EHEE T HS 41(P<0.05), fili/K - 2 2 520 CHO /K
(P<0.05), BHEMIKFHTE, Mg CHO KA Fr
FA(P>0.05) . filfi 7K P~ FIATE P55 1ML 7 LDL /K474
2L H R (P<0.05).

fE(P<0.05), Hirp, BB TR TR, AR
PR 2 5 (P<0.05), HLIA) A7k, bk 2
JENT BTG PE T AR AN AL s LY 4LBREE TS M
., BET HS, HY. Con A1 LS 41(P<0.05).

3 it
25 R EETEAK T X 5 0 AL B 2
S [B] N \l‘*ﬁ;ﬁ < M &k I E"}
i 6 AT, BEUE B R e ST ggﬁﬁfﬁfﬁuﬁ"m’kim’* FI £ G RERE AT SR AL
22 1y w2 o

fiti 1% £ (P<0.05), i /K °F & 2 5 w3 A NS 1
(P<0.05), AT 5 AT A o iR A 1 0% A7 A o

il 2 52 W) £ 24 A R ARDRL A R 19 B 2 Al e
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2R 6 7 B R 0B K T o 8 5 ) B L BB VE Y RS

Tab.6  Effects of different selenium sources and selenium levels on intestinal enzyme activity of C. auratus var. Pengze

P {& P value

it L 205 Group
Intestinal enzyme Con LS HS Ly Y iR K AR AT K S
/(U/mg prot) Source Level SourcexLevel
S Tl 1.75£0.06  1.77£0.04  1.80+0.07 1.67+0.04 1.65£0.08  0.036 0.096 0.620
Lipase activity
VEMS I 7.33+£0.74° 21.44+1.69° 36.71+2.61° 28.49+1.47° 37.60£2.50°  0.058 0.001 0.110
Amylase activity
T S PE 19144.13  15426.88  29212.66 36 007.12 24 547.87 0.000 0.115 0.000
Protease activity +469.19°  +712.12° +539.74° +1072.30" +861.93¢

£, WA, 0.8 mg/kg fili 2 ] $ 5y DA )Rl A1)
FHA# (Wang et al, 2019), 2 mg/kg i 44 K ok ] & %
2718 B % k1 (Oreochromis niloticus) 7776 % . 14
R RRE AR BHL A (Sheikh et al, 2024).
m % K 8 %F (Macrobrachium rosenbergii) % A &
1.5 mg/kg AR AR E , HA K 2 2 W E i,
A N B 78 A6 i T M 2 B K (Satgurunathan et al,
2023), 232584 (Morone chrysopsxM. saxatilis)iZ
AT 20 mg/kg WHNFREAEDEHS , 1 BRI D |
TEBESCRFEAR . R B FRAR DL S BT A T ey 45 1) il
(Jaramillo et al, 2009), X & 75 A [|] £ 2k 58 B ok
ANTRY, AR AT Ak T Y 9 B G 30 ) BT R AR
M, — BB T XA, W T 2sh Bl
2. B EEiEt = iE . AW, X B2 Y
B FFEARKBEMERRB IR ELN, X5%
IR 45(2019)5% T 0.82~1.79 mg/kg VAR ER4H X A1 BKE
o)) HE KPR BB (FEIG R AR R B0 TG 3 52 il 1) 45
W ARFFRAAET, A5 AR B4 2H i i 8 %
FVERE A KR BIFRAR 12.1%F1 10.2%, A WL32 PR
RAFET, SLER A A S i R A T S AR K
BE, AR B A KE .

3.2  A[E)Hf R AN 7k 3 22 H 0 A A 2 B R I

FEILAEQ023)F5EHR T, RS 0.6 mg/kg
G 4 25 20 1R fiE 18 112 =y 2% & (Monopterus albus) fIL A 41
SUN £ o AREST LA SE At Am) K 5 TS AN ()G 905 G
IRV RR X 2B IA) L A AR ) 5 i & 3,
IFE 7S 5 ek Pt ) ARG 7K SF- B8 1S I T3S, 48 7= AR
AR R 1 B B, AT RE SR AR Y =23
Z—, XSHIATERE D A (BRI A, 2019)FIZRAS 5%
gfifi(Cotter et al, 2008) FMF R 45 —8 . R A
B, AEIZIRE A AL . LA L O IESE 2L
Rk B W 22 5 (IDEESE, 2024), AR,

2 PR AL R AT R i e 9 HY 4L, A AR Al LR
HE 42 HS 41, X5 Lorentzen 25(1994)%F JCHl
i 2F T ARG 5 ek o 1A AIUAR 2L, 17 A AL ARG 20 JUL PR g 55
I TICHUA A A 25 e AR Bl o 3X 2 ] RE 1 T~ W BR Al ]
DL i 3 s S L B HLAAR O, -1 H A BT AR
ELEEUCR B LA A, i ST R A T B s s Y
T B, P AR AR SR I A B AR T, A
BT AR (Lu et al, 2020; Liu et al, 2023),

3.3 AS[E) AR R AN oK X 22 s i /AL L
fEARBY R AE

il 2 2 e st S Ak B il 1) 3 s, KIS
FeO, FRDR R BRI X K 7 2R A s B T H L AR
AEZER . #lin, 785 Pelteobagrus fulvidraco)
T ek i I IV AT R A R 5 4 v R R P 4 IR IR
AR M, BRARIR P H SR S (Hu et al,
2016); 7E R PR 0.3 mg/kg 48 KA n] i 25 4R
MR S P E L RE T, FEIE MDA % (Zhu et al,
2024), AWFFRAEFR AN 0.5 me/kg AN R FIAS
[F) 7K S e R A 12 T 48 v 8 e IRt SR Ak il TG 42,
fIk MDA %, 5 mg/kg BEREAAT$2 5 CAT e, A&
ISR A 3 w5 2 B s B AL RE T, TRE S S S
G 5 1 AH G A7 538 % 8 2 412 A £ R e 4 Ak AH DG A 5
PG 3k, PR B i B S 4 32 58 1K 461 47 A 5€ (Balsera
etal, 2019), BbAh, BERFAR E PR AR T A
Rl , TIRER IS RE TR ] £ = fa iR b Ak e ) (R 2
45, 2019), AT g5 B 2 1A SRR T A R
1A K(Xing et al, 2022), A#F5E LY 41017 GSH-Px
R T HY 4, X5 FHAESE(2021) 3 F b5 ik
JETHE, I GSH-Px I P Je T = 5 B AR A AfF 5t 45
SAL .

AN TR Y5 X6F 1 7 A= Ak 8 bR i AN [F] . Saffari 45
(201 8)FFE A [l il Y5t Xof 336 il £ 52 i) & B, A3 ML 2
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L7 ¥ AT S A o 8 T O LRI R R AR g 26, 1 i
T el JIE [T e R AT 28 82 S A 1 K - 3 A T S ML
RUSIGLH o SKIRAE(2023) W58 LB, & il ar v oK
% (Cardamine hupingshanensis) i] LA & 7 1 4 £ 7%
Rl PR DG R PR R Akt o AR 0 P05 0T T S e
MHEAF BA R, BRSO T AR N,
X AT BE A2 TR AT I 57 G HE L R 2 A 5 AR B RE
S P R B A5 G P ik T A A R R
B BHAR S WO, B IDTTE AL S Wl . A AR T R AR
W BERRACEAROC R BEY, WElEE 1 M. BEASEE A2
S, TG g R Hh =R B R
R B SE AE AR AR (R 20 55, 2021) 0 ARBFSE R,
IR H 2 1 A A T T P R AR A, AT T R T it
i, X 5 ETA G T BRI AT 45 5 7 i i o R
FIRE AR T AE 77 (Zhang et al, 2024) L) Kz 45 7 2 6
(Acanthopagrus schlegelii)Ifil 7 7 & B P (1 45 2 45,
2020) BT Z5 1R AR AR o

3.4 [Tl R FRAE sk S R 552 5% 6 B 18 G L B Y 22 I

Ji7 38 2 S T A W) 2 B T, A2 R BT
TR, Qe Ry . R AR P 0 G U T A5 A 7 A A P
ko R, Mo o f B o vl A b i LA Tk Th g
B IR ARG S, 2024), TS 5 18 5% A
T, R 8 T AR N PR Y R T R (Ye et al,
2021), ARBEFEH,  BEREG ANV A R Ah 2 1T S S R
VAl I, L A I T R G R 55 A IV AT R 4
A v PR A P TS, AP K ST ST T ) S = 40
I B P TS P, 8 7 A TR 058 XoF o 2 1 Tl 90 A il e
A KA TR, 3% 5 H O T AT £ =K s Ak
il % Ve B BIE ST AR AL (ZE TS M8 55, 2017), PG 7Y
P2 15 0] B 5 38 G T 2R b R A0 M S e L
1 b B 240 b v A B A DG (AR R A, 2021; Igbal
et al, 2020), WLrlHE SRR /N -F-1E UL 4 i
T B, S /N VR T A Y 43 A 56
(Wang et al, 2013),

4 £k

ZE LRTIE, SRR IS AT LA 2 R s PR AL
PRI AIE F A B0 55 6, g 7 S P R A S e LA
B, RKF AR B A S AT AE & AR ARl
RS T 57 T N 3 B i 2 R I T S AR RE ) R
Tl P8, o ISP TR R B0 7 2 3 1L 3 AL RE T A1
BB 7 TR T AT PR A, e 7 ST S T AR X 285
B 3 Ty R 3 ARG TR

2 % X W

ABDULRAHMAN MUSTAFA I, SOFY OMAR S. The
effects of dietary organic selenium on growth, body
composition and hematological parameters of common
Carp (Cyprinus carpio)
aquaculture system. Cellular and Molecular Biology,
2024, 70(1): 87-93

BALSERA M, BUCHANAN B B. Evolution of the
thioredoxin system as a step enabling adaptation to
oxidative stress. Free Radical Biology and Medicine,
2019, 140: 28-35

BURNS D P, DRUMMOND S E, WOLFEL S, et al. Impaired
upper airway muscle function with excessive or deficient
dietary intake of selenium in rats. Antioxidants, 2024,
13(9): 1080

CHEN Z, LIU C, LIU H K, et al. Dietary sodium selenite,
selenium yeast and selenium-enriched Spirulina on

reared in recirculating

growth, antioxidant capacity and tissue selenium
contents of juvenile hybrid sturgeon (Acipenser baerii &
x Acipenser schrenckii @). Acta Hydrobiologica Sinica,
2024, 48(1): 44-52 [FREL, XIFR, XIRE, . WANER
B TEEREA RN E A AR e X A e B A AR K B
AE 7 M H SR & = 052 . K AR 2R W 2R, 2024,
48(1): 44-52]

CHENG X, PAN T T, JIN M, et al. Effects of dietary yeast

supplementation on growth performance,
nonspecific immunity and intestinal health of
Pelteobagrus fulvidraco. Journal of Fisheries of China,
2019, 43(4): 1080-1091 [fizE, HiEE, &M, % W
R AN B SR Y B A KPR RE L AR
£ A 8 i R B R ma . K A AR, 2019, 43(4):
1080-1091]

COTTER P A, CRAIG S R, MCLEAN E. Hyperaccumulation
of selenium in hybrid striped bass: A functional food for

Nutrition, 2008, 14(3):

culture

aquaculture?
215-222

DIAZ-NAVARRETE P, DANTAGNAN P, HENRIQUEZ D,
et al. Selenized non-Saccharomyces yeasts and their
potential use in fish feed. Fish Physiology and
Biochemistry, 2024, 50(4): 1879-1894

DING L Y, CHEN W J, FU H Y, et al. Estimation of the
optimum dietary protein to lipid ratio in juvenile Pengze
crucian carp (Carassius auratus var.
Aquaculture Nutrition, 2022, 2022(1): 2485134

FUCN,LIYH, LIPC, et al. Effects of oligomeric chitosan
selenium on oxidative damage and endoplasmic

Aquaculture

Pengze).

reticulum stress in Zearalenon-induced pig intestinal
epithelial cells. Chinese Journal of Animal Nutrition,
2021, 33(9): 5226-5235 [fHF e, Z=T0HE, MR, 5.
RS 58 FEBE A HRHT B K R B 4 B 5 48 1 b B 20 i 4R
U R N A QR R T O Y R = e
2021, 33(9): 5226-5235]

GONG B, JU D D, XU H M, et al. Effect of selenomethionine



136 ook B

e 46 %

g3

on growth performance, selenium content in muscle tissue
and serum biochemical indexes of Monopterus albus. Feed
Research, 2023, 46(12): 61-64 [FEIE, FPHYT, HREHL,
S AR IR X S AR K MERE . LD SN 5 i S
AR PRI . (RIS, 2023, 46(12): 61-64]
HU J R, HUANG Y H, WANG G X, et al. Deficient and
affect
performance, blood cells apoptosis and liver HSP70

excess dietary selenium levels growth
expression in juvenile yellow catfish Pelteobagrus
fulvidraco. Fish Physiology and Biochemistry, 2016,
42(1): 249-261

HU J R, YUAN X C, HUANG W, et al. Analysis of different
selenium sources on regulation of signal pathways and
key genes of Pelteobrus fulvidraco under low
temperature stress based on transcriptome. Chinese
Journal of Animal Nutrition, 2021, 33(8): 4662—-4674 [#
R, WA R, EI, F. T S 5 B R [ 4 R
Y U AR I U 15 T g S OCHERE TR )
YE 32441, 2021, 33(8): 4662-4674]

IQBAL S, ATIQUE U, MAHBOOB S, et al. Effect of
supplemental selenium in fish feed boosts growth and
gut enzyme activity in juvenile tilapia (Oreochromis
niloticus). Journal of King Saud University - Science,
2020, 32(5): 2610-2616

JARAMILLO JR F, PENG L I, GATLIN D M. Selenium
nutrition of hybrid striped bass (Morone chrysopsxM.
saxatilis) bioavailability, toxicity and interaction with
vitamin E. Aquaculture Nutrition, 2009, 15(2): 160-165

LEI L H, SUN J, GUAN W Y, et al. Effect of Se-yeast in
dairy ration on blood selenium and serum antioxidant
capacity of dairy cows. Feed Research, 2021, 44(15):
113-116 [FRADME, IMiE, SC3CHR, 55 KRRk
B X 473 24 4 MBS 5 e R UL T BT SR AR RE T S . e
WH5T, 2021, 44(15): 113-116]

LI L, WU W T, XUY, et al. Effects of different selenium
sources on growth performance, antioxidant enzyme
activity, muscle composition and selenium deposition of
crucian. China Feed, 2020(4): 95-98 [Z5%5, AL, 4
N, & RS [RIAE R e A KPR RE L P EABEBTE PE L L
A AT B BT AR g R . P L ARDRE, 2020(4): 95-98]

LT X M, XU T, SUN G H, et al. Effects of dietary
selenium-enriched  yeast levels on  important
physiological enzymes and enrichment of selenium in
sea cucumber (Apostichopus japonicus). Progress in
Fishery Sciences, 2017, 38(4): 154-163 [Z=F i, %5,
PhELE, . SN XT 5 il 2 (Apostichopus japonicus)
o S A U OG5 P S A A e S L 2
HERE, 2017, 38(4): 154-163]

LIY Z, LIU H K, GONG Y L, et al. High dietary doses of
organic and inorganic selenium on growth performance,
tissue selenium accumulation and blood biochemical
parameters of gibel carp (Carassius auratus gibelio var.
CAS V). Acta Hydrobiologica Sinica, 2023, 47(5):
702-712 [ZERGE, XIRE, WE, . @RS wRm

0 711 ek A LA A TE AL Xof e 7 AR A SR RE L U
PRI A= A48 bR Y R2 MR K AR 2R B 24, 2023,
47(5): 702-712]

LIANG D Z, MAH Y, YANG Q H, et al. Effects of selenium
sources and selenium levels on growth performance,
immune enzyme activities and selenium contents of
whole fish and vertebrac for grouper
(Epinephelus coioide). Chinese Journal of Animal
Nutrition, 2019, 31(6): 2777-2787 [#£i5%, B&HE, #
AFER, AFL R SRR KPR R 1 B £ )y f A R RE
5 Tt T R 4 0 RO B i A S R S R
2£97, 2019, 31(6): 2777-2787]

LIANG M Q, HUANG W C, SUN J A, et al. Effect of
glucosamine selenium on growth, quality and intestinal
microflora of Penaeus vannamei. Feed Research, 2022,
45(9): 60-65 [RA:Hy, WICH, FhE%, %, HILEH
AP XT R S 10 R A 1 S5 i TR 4 52 IR
FERMFSY, 2022, 45(9): 60-65]

LIU G H, YU A G, HE Y, et al. Cloning and analysis of
selenoprotein genes in yellow catfish, Pelteobagrus
fulvidraco. Journal of Huazhong Agricultural University,
2024, 43(1): 185-193 [XDLHE, iR, iy, &, #
ERER U S BN R T S AP (AN e o
2024, 43(1): 185-193]

LIU J M, WANG Z, LI C, et al. Effects of selenium dietary
yeast on growth performance, slaughter performance,

juvenile

antioxidant capacity, and selenium deposition in broiler
chickens. Animals, 2023, 13(24): 3830

LIUJ X, TAO L Z, YANG M, et al. Effect of selenium yeast
on growth performance, muscle selenium deposition and
disease resistance of Cyprinus Carpio fingerlings. China
Feed, 2021(19): 43-48 [XF &, MuifT, 5, %. B
RO R A R A PERE L LA TR & KBt RE
FRZR . A E R, 2021(19): 43-48]

LORENTZEN M, MAAGE A, JULSHAMN K. Effects of
dietary selenite or selenomethionine on tissue selenium
levels of Atlantic salmon (Salmo salar). Aquaculture,
1994, 121(4): 359-367

LU J, QU L, MA M, et al. Efficacy evaluation of
selenium-enriched yeast in laying hens: Effects on
performance, egg quality, organ development, and selenium
deposition. Poultry Science, 2020, 99(11): 62676277

MA P, HU Z Y, LI L, et al. Dictary selenium promotes the
growth performance through growth hormone-insulin-like
growth factor and hypothalamic-pituitary-thyroid axes in
grass carp (Ctenopharyngodon idella). Fish Physiology
and Biochemistry, 2021, 47(4): 1313-1327

SAFFARI S, KEYVANSHOKOOH S, ZAKERI M, et al.
Effects of dietary organic, inorganic, and nanoparticulate
selenium sources on growth, hemato-immunological, and
serum biochemical parameters of carp
(Cyprinus carpio). Fish Physiology and Biochemistry,
2018, 44(4): 1087-1097

SATGURUNATHAN T, BHAVAN P S, KALPANA R, et al.

common



5

EEEAE ARG, BERRAXT AR . SN B . MIEHUELRE S R A bR 137

Influence of garlic (Allium sativum) clove-based

selenium nanoparticles on status of nutritional,
biochemical, enzymological, and gene expressions in the
freshwater prawn Macrobrachium rosenbergii (de man,

1879). Biological Trace Element Research, 2023, 201(4):

20362057
SHEIKH S, GHOJOGHI F, GHELICHI A, et al. Dietary
effects of selenium nanoparticles on  growth

performance, survival rate, chemical composition, and
muscle bioaccumulation of Nile tilapia (Oreochromis
niloticus). Biological Trace Element Research, 2024,
202(5): 2308-2313

SUMANA S L, CHEN H G, SHUI Y, et al. Effect of dietary
selenium on the growth and immune systems of fish.
Animals, 2023, 13(18): 2978

WANG L, XIAO J X, HUA Y, et al. Effects of dietary
selenium polysaccharide on growth performance,
oxidative stress and tissue selenium accumulation of
juvenile black sea bream, Acanthopagrus schlegelii.
Aquaculture, 2019, 503: 389-395

WANG Y B, YAN X X, FU L L. Effect of selenium
nanoparticles with different sizes in primary cultured
intestinal epithelial cells of crucian carp, Carassius
auratus gibelio. International Journal of Nanomedicine,
2013, 8: 4007-4013

WEI K, MA L, LI X L, et al. Effects of different selenium
sources in feed on growth performance, serum
biochemical indexes and liver antioxidant capacity of
young salmon. China Fisheries, 2023(9): 73-77 [,
g, AN e, S5 GEPRE R AR A () At 95 x4 68 fek: &)y
AR PERE L ML A2 AR A8 AR AT BT S8 Ak RE T Y 52 1)
Wr5E. HFEK™, 2023(9): 73-77]

WU Y B, MA HJ, FU D H, et al. Growth, nutrient retention,
waste output, and antioxidant capacity of juvenile
triangular bream (Megalobrama terminalis) in response
to dietary selenium yeast concentration. Aquaculture
Nutrition, 2022, 2022: 9242188

XIAO J X, WANG L, ZHENG G, et al. Influences of dietary
selenium polysaccharide on survival rate, immunity and
oxidation resistance of juvenile black sea bream,
Acanthopagrus schlegelii. Jiangsu Agricultural Sciences,
2020, 48(9): 196-201 [H 4 &, T&, #BRAI, 5% ik
ZHEXS RO | s Sy AR PERE IS R VLI
Ll B, 2020, 48(9): 196-201]

XING P C, SHI X, CUI W, et al. Yeast selenium exerts an

effect by regulating the level of
selenoprotein to antagonize Cd-induced pyroptosis of
chicken liver. Biological Trace Element Research, 2022,
200(9): 4079-4088

YE R H, HUANG J Q, WANG Z X, et al. Trace element
selenium

antioxidant

effectively alleviates intestinal diseases.
International Journal of Molecular Sciences, 2021,
22(21): 11708

ZHANG C, JIA X W, QIAN P C, et al. Selenium-rich
Cardamine hupingshanensis on growth, biochemical
indices, selenium metabolism, antioxidant capacities and
innate juvenile  black  carp
(Mylopharyngodon piceus). Acta Hydrobiologica Sinica,
2023, 47(3): 523-534 [iKJR, BI/NEE, BIEKR, % &
A K X g AR AR AR
PR AL e R ge iy sg . K AR AR A 2 3, 2023,
47(3): 523-534]

ZHANG P H, ZHANG C, YAO X F, et al. Selenium yeast
improve growth, serum biochemical indices, metabolic

immunities in

ability, antioxidant capacity and immunity in black carp
Mylopharyngodn piceus. Fish & Shellfish Immunology,
2024, 146: 109414

ZHANG S J, SHAO M L, CHEN X Y, et al. Biological
functions and toxic effects of selenium on aquaculture
animals and research advances of its mechanism.
Chinese Journal of Animal Nutrition, 2023, 35(5):
2815-2827 [KittH, wPWImN, BRIERH, 2. 94K
F5GH Bl W) 1 A5 ) 2 T RE R AR R AL B A 5
. SEFRFIR, 2023, 35(5): 2815-2827]

ZHAO Y, QU H T, CHEN P, et al. Effects of feeding strategy
on growth, digestive enzymes, and liver structure in
juvenile Coreius guichienoti. Progress in Fishery
Sciences, 2024, 45(1): 95-104 [#X42, fiileds, Prif,
S AR XS B O gl R T AR A E 2
LR s, ol B2, 2024, 45(1): 95-104]

ZHU C, WU Z F, LIU Q M, et al. Selenium nanoparticles in
aquaculture: Unique advantages in the production of
Se-enriched grass carp (Ctenopharyngodon idella).
Animal Nutrition, 2024, 16: 189-201

ZHU L, HAN D, ZHU X M, et al. Dietary selenium
requirement for on-growing gibel carp (Carassius
auratus gibelio var. CAS ). Aquaculture Research,
2017, 48(6): 2841-2851

(b D)



138 b /A - =

-
el

546 &

Dietary Sodium Selenite, Selenium Yeast on Growth,
Tissue Selenium Contents, Serum Antioxidant Capacity, and
Biochemical Indices of Carassius auratus var. Pengze

QIU Jingyun'?, XIAO Jun'?, DING Liyun'?", LONG Fan'?, YAO Yuan'?, WU Weihua'*

(1. Jiangxi Fisheries Research Institute, Nanchang 330039, China; 2. Experimental Sation of Lake Fishery
Resources and Environment, Ministry of Agriculture and Rural Affairs, Nanchang 330039, China)

Abstract This study investigated the effects of different selenium sources (sodium selenite and
yeast selenium) and selenium levels on growth performance, tissue selenium content, antioxidant
capacity, and serum biochemical indices of Carassius auratus var. Pengze. A 2 x 3 factorial design
was used for the feeding trial: Selenium source (sodium selenite and yeast selenium), selenium
supplementation level (0, 0.5, and 5 mg/kg), and five diets were prepared. The control group (CON),
sodium selenite group (LS and HS), and yeast selenium group (LY and HY) were established. A total
of 240 C. auratus var. Pengze with an initial body weight of (210.28+1.06) g were randomly divided
into five groups, with three replicates and 16 fish in each replicate. The experimental diets were fed,
and the experimental period was 56 days. The results showed no significant differences in survival
rate, weight gain rate, specific growth rate, and feed conversion ratio among all groups (P>0.05). The
highest muscle selenium content was observed in the high selenium yeast group, followed by the high
sodium selenite group; this value was significantly higher than that of the control group (P<0.05), and
selenium sources and selenium levels had a significant interaction on muscle selenium content
(P<0.05). For liver selenium content, the highest levels were found in the high sodium selenite group,
followed by the high selenium yeast group; these levels were significantly higher than those observed
in the control and low selenium groups (P<0.05). In addition, serum catalase activity was
significantly increased in the high selenium yeast group compared to the control group (P<0.05). The
serum glutathione peroxidase activity in the low sodium selenite and the selenium yeast groups was
significantly higher than that of the control group (P<0.05). Furthermore, selenium sources and levels
showed significant interactions that affected serum glutathione peroxidase and catalase activities
(P<0.05). In addition, serum lysozyme activity and blood glucose levels were significantly increased
in the high selenium yeast group compared to the other groups (P<0.05). Blood glucose levels in the
high selenium group were also significantly higher than those in the control group (P<0.05), with
significant interactions between selenium sources and levels affecting low-density lipoprotein levels
(P<0.05). Intestinal amylase activity in the high selenium group was notably higher than that in the
control and low selenium groups (P<0.05). Moreover, trypsin activity in the selenium yeast and high
sodium selenite groups was significantly increased relative to that of the control group (P<0.05), with
significant interactions between selenium sources and levels affecting trypsin activity (P<0.05). In
conclusion, utilizing high levels of selenium yeast increases tissue selenium deposition, and the
administration of two levels of selenium yeast improves antioxidant capacity and intestinal enzyme
activity in C. auratus var. Pengze. Similarly, using high levels of sodium selenite increases tissue
selenium deposition and intestinal enzyme activity within this species, whereas employing low
sodium selenite levels improves antioxidant capacity in C. auratus var. Pengze.

Key words Carassius auratus var. Pengze; Yeast selenium; Sodium selenite; Growth performance;
Biochemical indicators
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