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WA A ER AR TR, A 2 R G
] LA R m Rl A 5 1 (Epinephelus coioi-
de)" " AT £y B AR T R D T TS 5 6 in 4
T (Acipenser baerii & % Acipenser schrenckii Q)%/)
A N ERR B &, B R A e H ko Ak
B (GSH-Px)¥ P4 5 1) B rf 75 0 1 BE A ] 42 Tt fi%
(Hypophthalmichthys molitrix) % Jé % % 4k . (Oreo-
chromis niloticus)4= . WL HFIE S5 4 2300 &
BB A ST R AN TR ) — R
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W AR R s g SR, i B e
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i RS E A B MR R S
RSB YIS, RN & 240 B 2644, LR
XK PG ek (Salmo salar) (i AE 23 R T LA
T % (Monopterus albus)g 37 F & , Wk H L, 4
I, BARNIFRIL . IR AN E . f5XU
“ . SR RIT IR T RE, BE L. BENINA 2
FE; te Ak, B b5 P2 a BG LR, RS20 3%
HEE, RREEE A2 a2, 202344
IR S e 32 B 7 R K35, 5 77 s i 2 3R
MV RS K R, R 5 R SR A AR 1K ik
A2, R B A TR R AR R A Rk, A
B FCVTAL AN [FA 2 AR s i AR K P L
PERE AN A 20 75 5 ) S0, B E AR 9T 5 B o) 19 BE A
1) e B B I A v BE A 2 TR AR . B R A5 R
] g o B I 5 ) RE K G B i (1Y R 2 AR SR AR A
S HE, BB EE TR R & o

1 #R5RZE

1.1 SEEiERE

B ARG 7 S8 TR WA 1, 0 B AL RDRL
HHEE 1149.86%, faky. TR FRE AN AT EE
FI8; AR T 27.82%, fajl . Sl R A/EN
NEWTE . e AR 23 A 0.5, 1. 24 4.
8 mg/kg P BEAN, —SLHC i 6 Fh SL a0 A Rk . 5258 B
W BEAR W VL VE KA AR A IR A E . BT
JERES 20k i J5 1 80 H i, 4 Bic b (3R DA TR &,
AR T BRI AR TS VR 50, B s LR TR
135K B A A5 JRURHE &1, SR J5 NN £ 3 A R i,
20%[11 7K 21 i 60U g B i AL (VT 7 44 3 SE @
3k R 5 A IR mD SR, £ B AR KT S TR
IR AL ORAF o & 2H FRDREAR S0 2 2 43 0l 210.92
1.39. 1.85. 2.91. 4.59119.08 mg/kg. A
T TP KA R AR A BR A 7], TR &

1 EMERS TR
Tab. 1 Basic feed formulation (dry matter)

J7 Kl ngredient % & Content (%)
1 ¥} Fishmeal' 50
T HiSoybean meal’ 12
5 4% 1% Concentrate protein meal’
FKEE A M Corn gluten meal
/IN# Wheat meal’ 21
&K Broken rice
BER — 45 Ca(H,PO,), 2
i Premix’ 05
f 3 : 5y Fish oil: Soybean oil (1:1) 3
S AHEHH Choline chloride 0.5
7 4 Proximate composition
¥ 25 F1 Crude protein 4986
FHNE Wi Crude lipid 7.82
Z 13.06
it 7K *FSelenium content (mg/kg) 0.92

TE: 8 H65%Fh 5 78 15 8 The fish meal was 65% Peru
steam fish meal; “ 57 }1 946%Hi% & 41 Soybean meal is 46% bulk
soybean meal; & £ 2K OB RS POBY . ISR . K R4 R A
% & 1:1:34H B The compound protein powder is composed of
chicken powder, earthworm powder and soybean protein concen-
trate according to 1:1:3; /N2y 835 — 4% /) 22 Wheat is bulk
secondary wheat; “TRIRAEH 98 T 5L 4 BHE fE The premix provide-
the following per kg of diets: VA 6000.0 IU, VD 2000.0 1U, VK
5.0 mg, VB, 15.0 mg, VB, 15.0 mg, #H [ niacin 30.0 mg, VB,
10.0 mg, 72 & pantothenate acid 25.0 mg, M- folic acid 0.2 mg,
VB,, 0.03 mg, 4 %) & biotin 0.2 mg, W& inositol 100 mg, VC
200.0 mg, CoCly-6H,0 0.4 mg, KI 0.8 mg, CuSO,-5H,0 10.0 mg,
MnSO,-4H,020.0mg, ZnSO,-H,050.0mg, FeSO,-7TH,0 150.0mg,
MgSO0,-7H,0 500.0 mg, NaCl 1000.0 mg

AR ARSI ), R RN S T A5
FARTF R X WAE A RE
1.2 LWERFEEE

S v A P ) B M R VT T A K 2K FR A
Fedh N TR: & r ik, M oA 0 JE H 8402 14 i fiE
AL ¥ E N (7.7120.01) gff % 75 BE ML 5 2 244
Kex G xHr: 88 emx66.5 cm*64 e 4R FE 4G 1, AN
TFRFMISE, 43 e, AN EE . WM+
T 7 o TR AR ) 5 K THI2/3 7K A 2 PAE AR K SR 9T
o o BE SR AL BRROA BT, I FR AR KIR30 em. SEER IR
B 37 BT A8 VT 05 AR b K 2% K 77 9% 5 JE Hb, I TR
202349 H6 H%20234E10 31 H&H56d. £:H18:00
T G T P S0 7 i 2 R WA B 5 (5 1 P,
R R, FIRE & H BRI e
1O /K iR S 5 BRI (22.3—32.5°C); 5 il
pH 6.5—7.5, ¥ fift %8 4—6 mg/L, & A & E<0.2 mg/L,
TEAHRR £<0.10 mg/L, R4 W e 25 SR AT 4K, #oK
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AR 1 —2 K/ JE AR FR IR AE P9 7K R o
1.3 #HmRE

TEFRHE LI 45 R 5 15 1 1d, Bl JE HHAT 25 R A
TE AR I A, I A s ek A K RE FR b
ANMEFER HH BEHLE4 R T B (S i 4L 16)8 )iz B 5L
B = AR URE o R BURE AR (1R AL, YA AR
R S B ] AT W R SR I, FHS mL
TG B EPE WA INLVRFE it J5 o L N4°C UKAR i B
12h, £ fif 35 BUFE 45 3R J5 764 °C 26 #F T LA3500 r/min
290 15min3R BUMIEFE AR, K LIS A A-80°C R A7 H
TR A AT bR, ()T, K I 58 5 i K 2 g B
TREKE b, R EAIER S R, piE . g
Wi MERRA R KRR E A T E RS %S 5
EER o0 B RS A48 46 T 1.5 mLIGAZ & o, M RGE
J5 56 4% 280 CHBAR IR VK FE PR A7 F T )5 S AT 4R
FRFRATI; (3)F [ o S84 4 5 2H HURF 6 £ 0 532 L
JE. BAE. RFAE. BoiE. Rk S ULAIRE fh, —20°C
TRA7FH T J5 S & AUl B SA I (4) 4 78 FR LY
FE &, BRI SRR Tk St FE 5, 20°CRAFH T
o 4 5 TR
14 £KMERESSHITE

TEEZ(SR, %)=N,/Nyx100

14 H R (WGR, %)=(W W)/ Wyx100

K52 4 KR (SGR, Y%/d)=(LnW~LnW,)/t<100

TR R EL(FCR)=WH(W~W,)

A FRL (%/d) =100x W/[tx(W,+W,)/2]

AR L (VSD=W,/Wx 100

R EL(HSD=W,/Wx 100

Hii 4 EL.(CP)=W/ W= 100

A EL (ISH=W,/ Wx 100

MR SR HU(GSTy=W/ <100

JIEL3# £ (CF, g/em’) =W/L** 100
A, NS NG il o S 56 B 6 20K R W46 R A,
Wi Won Win Wis Wyl il 9 SRIG s B 28 RS- 3 B
B, VAP EE. AR ER, YIG 8 E,
LR EH (g), LA SIS FRTERE(D); Wos Wi Wes
Wis We Won WL AT IORE B 85 ¥ Y i
H,OMEE. FAE. BEE, HiRE, &A%
(@A K (em).
1.5 EFRS RS ERNTEE

At R A B HAET . RK 5 Bk
W 5E 35 2 IR E FARE, bRtk 2 5 A GB5009.5—
2016. GB/T 6433—2025. GB/T 6438—2007 &2 GB/
T 6435—2014. Falh f 2 fis A [] 2H 200 25 & Aar
K 1 25 bR tE(GB 5009.93—2017)H 55 =32, Bl e
B AL B TR RS E . S BRI S5 T

R A VR B 77 VR BEAT I 24, AR B AT
ZHZRE 3SR A SR TH VR TR R, B AR
A A% 6 R IS AT (1) W iR, HERRFRINO.5 ghf
i (FE# 420.001 g) TVH AL A1, 1A 8 mL HNO;#
4 mL H,0,, =I5 B 24h; ()R i, 4% 18 5% 5 I
7% B R N 100°C, 120min; 120°C, 60min; 150°C,
120min, #%J57E170°C F TR, B2 AR & 2
£90.5—1.0 mL (V127056 Ja B, Rl iliva 20 3%
F& 250 mLAE 2 IR K e . M igsh
TR A 25 B 144 R B A (ICP-MS, 35 [ 28 2R K it /R
RO T, B W B N B JEORE & 25 B 1 1A o
A €, K FH A 4 45 U (KED) B g 1t . € B 7
Bro 4 BRI NET o FE S AR .
1.6 BTBEFNMIEIR R EE N E

FEF I R0 I3 0 48 A0 2 55038 R R R A )
TREREFC TR AR &, A A e I R T A
T BRI Ul B Pk AT, S S LA BE 0 (T-
AOC, 7 & g5 A015-2-1). DM H kL b9
it (GSH-px, 77l & g% 5 A005-1-2) KL AL P
1L B (T-SOD, 5l &4 5 ) S i S AL E g (CAT, ik
&g 5 A001-3-2)5F 1, TH [ (MDA, R 7 & g
5 A003-1-2) K HFIE & & F1 (TP, 7 &4 5 A045-2-
e E.
1.7 BURAIR RS H

g5 J ULV S 4R 1 1% (mean+SE) TR 7R, H
SPSS 23.04¢ i1 A4 147 FLIK 25 U7 2% 93 BT (One-way
ANOVA), 7K H Duncank £ & L, P<0.058 %
SR, S FA SRR S R v
AT, BT A S A R K AT e
UE 34T, CAREZR RN VAl bR, A 35 5 20
SVR TR A . S P R 2 S O o Y 477 48 [ 9
I3 M, AR R I 3 GSH-pxi 12 9 vB 4 48 F5 it
G- SUNERTIM NI

p I

2.1 FEFKFARHEE KEERESSH
oA
WizZ 27, TRHil 7K P 7£9.08 mg/kg PA A X
BE L EE ) G R . WE R, fReEKE Ak
FE WMERLIVLESHOCHE . AL, Bk
b R LG A b & v R 4 %035 T8 B 3 R
(P>0.05).
2.2 Rl AR 5T E R LRl A 2 RO F2 N
122 317K, 1.39—9.08 mg/kgZL B EAILIA . AT
JUE 5 J T 5 R ) 2 v T R AH.(P<0.05), 1.85—
9.08 mg/kgZH 15 fif 57 Jok K% B EAT 7 350 3 Tk
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18 20 (P<0.05), 2.91—9.08 mg/kgH % fif: [ fi Al 25 SOD. T-AOC. CATi# /J1£1.85 mg/kgH f =1 H¥
B3 E T B AH(P<0.05). AN, &AH A EEY % T 6 R 4H (P<0.05); GSH-pxif /] #£2.91 —
P2 BRI S I 2 BT, 7E9.08 mg/kgdl  4.59 mg/kg ) &2 i T I 4L 12 9.08 mg/kg4l
e SV S B S AR KT A (P<0.05); MDA £ 1.39 mg/kgHl & 1% H & K T
g Rl 1FR, LR MERLA 7 R R R AR Il AR 9.08 mg/kg#H (P<0.05). LAIME & Ak GSH-pxi /)
M 5 2 VT AS A 1A R 280 3 656 A [) 2 UG R R A NV FE bR, T8I T2 5 FE A3 b 15 H T EE TR E
JF I (8} 22 0.1505)> 57 [Tk (0.1476)> 5 I (0.1393)> &5 & 92.68—2.93 mg/kg (& 2).

JIFE(0.1271)>L I (0.1266)>#iE(0.1157). 2.4 FEIHKFIAR S EE S EEFRKST N
23 FREFRKFEAR T EEEmE. FFARE LY 138 STT 40, B RHAT K F K T°9.08 mg/kght 2
RERY RN fi 4y 4= f1 K 43 . KL AR (R 43 3470 BB 35 B (P>

02 4P 7%, T 8 I 75 T-SOD.  CATI% J1 7F 0.05); 1.39—2.91 mg/kg?H B fi 4> fa K Jig 7 & &2 2
1.85 mg/kg 45 a HA 2 T HEZH(P<0.05); T-AOC FR TS FR4L(P<0.05)
5 711E4.59 mg/kg 4 i HAR 2 T 4 /%9.08 mg/ 3 it
kg#(P<0.05); GSH-px i /17£1.85—9.08 mg/kg#11%)
3 T 6 I 4H.(P<0.05); MDAZE 1.39 mg/kgZH 5 3.1 ARl AR T B A K M AR AV 2 M
ik, 1B R /= 4 B 3% %2 5 (P>0.05). 2 i JT JF T- O A B 9 38 B A 0 8 2 PR 2 A KA S

=2 ARHEK T REEE KRR S S RS
Tab.2 Effects of dietary Se levels on growth and morphological parameters of Monopterus albus (mean=SE, n=4)

Tk 7K ¥ Dietary selenium level (mg/kg)

TE¥rIndex

0.92 1.39 1.85 291 4.59 9.08
KA BEGrowth performance

VILRIEE (g) 7.71+0.09 7.71+0.09 7.71+0.09 7.71+0.09 7.7140.09 7.71+0.03
KRME (g) 27.29+1.77 28.59+1.11 26.68+1.37 28.19+1.97 26.98+0.54 26.25+1.55
TSR (%) 97.14+1.65 98.57+0.82 96.43+2.14 97.14+2.02 92.86+6.23 96.43+1.37
9 E R WGR (%) 246.52+26.04  265.20+14.31 233.07+16.79  255.56+28.99  223.51£16.92  240.20+20.87
B E A K HSGR (%/d) 2.20+0.13 2.31+0.07 2.14+0.09 2.25+0.15 2.09+0.98 2.15+0.11
Tk RHFCR 0.97+0.04 0.90+0.03 0.98+0.05 0.95+0.06 0.88+0.02 0.93+0.04
A FRL (%/d) 1.53+0.05 1.56+0.15 1.53£0.09 1.3420.11 1.59+0.05 1.65+0.15
.42 HMorphological parameters

JIE3# B CF (g/cm’) 0.23£0.01 0.23+0.01 0.23+0.01 0.22+0.01 0.23+0.01 0.21+0.01
Ji & th.CP 78.88+1.51 81.38+0.46 80.93+0.36 80.99+0.51 81.23+0.28 80.59+0.83
JiliZENEAN 10.83+0.36 11.04+0.25 11.45+0.21 10.7740.25 11.31£0.35 10.58+0.29
JiT44 ELHST 7.48+£0.32 7.57+0.22 7.96+0.14 7.3420.18 7.48+0.39 7.13+0.24
fig s LEIST 1.60£0.06 1.57+0.07 1.71£0.08 1.73+£0.07 1.68+0.07 1.64+0.06
PEARTEHGS] 0.50+0.06 0.45+0.63 0.46+0.08 0.47+0.07 0.37+0.05 0.48+0.06

e R AT MRS A& A A RS bR RN 53 72 7(P<0.05); T R
Note: Different superscripts in the upper right corner indicate significant differences (P<0.05); The same applies below
R3 TEEKAR X REEE LN S SRR
Tab. 3 Effects of different dietary selenium levels on selenium content in tissues of Monopterus albus (meantSE, n=6)

Tk 7K P Dietary selenium level (mg/kg)

HFpIndex 0.92 139 1.85 2.91 459 9.08
WLAMuscle 0.11+0.00" 0.19+0.00° 0.45+0.01° 0.58+0.01° 0.95+0.01° 1.1620.03"
JFFHIF Liver 0.29+0.01° 0.51+0.01" 0.62+0.02° 0.88+0.04" 1.02+0.07° 1.6240.01"
B2k Skin 0.29+0.01° 0.35£0.01° 0.43£0.01 0.60£0.01° 0.75+0.03" 1.510.05°
¥ i Kidney 0.330.00" 0.39+0.01° 0.57+0.04° 0.73+0.01° 0.88+0.02° 1.50+£0.04°
i Intestine 0.41+0.02" 0.59+0.03" 0.65+0.02° 0.88+0.02" 1.09+0.02° 1.41£0.02"

Ji I Spleen 0.59+0.04" 0.65+0.02" 0.83+0.09° 1.18+0.16" 1.3340.17b° 1.64+0.01°
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Fig. 1 Relationship between selenium content in different tissues of Monopterus albus and dietary selenium content
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WU, B S B dE A A — 20 AR AR,
4 Se-Metr] JF 4 57 M My BUAC B & BR (Met) 45 &
B 5T B R R 2 T AR
W A R, IR P A S 2 AR, &
FF IE &5 1 oM il 2 11 5 32 i 3 BT A 20 23 5K R RE
HE S, 75 A2 Szt o BE 2 GDRLA K CSF i T
Tl (E S R k. AR, B RE. B, BRAL RS
B E T, B IR A R (50% k) 8
i i AN [) 2 23 IR A B - B (0.59 mg/kg)> I 1E

(0.41 mg/kg)>"5 I (0.33 mg/kg)>HT ¥ (0.29 mg/k)=
Bk (0.29 mg/kg)>L A (0.11 mg/kg). 4 % 4H 21
il £ B 5 PRDRL AR AP 3E 47 AH 9% 4 A, AN IR B
28 1R B Z KN R 2 SR TR X B R BEE 1 s
Al A3 JHIE (0.1505)> 52 Jik (0.1476)>"5 I (0.1393)>
JER U (0.1268)>HIL A (0.1266)>7 i& (0.1157). 5 4
S 56 0F 18 ZH B 9T 25 S AH AL, B 580 (Pelteobagrus
Sulvidraco) A~ [R) 28 238 7 28 AR FAEE [F) 4 D JiE >
FFF > JE> 1 1, 76 At A 2 b ) 2 B (™, 2%

4 AR EXREEME. AR E KIEFRRSIE
Tab. 4 Effects of dietary selenium levels on antioxidant indexes in serum and liver of Monopterus albus (meantSE, n=4)

FAEHiR 7K P Dietary Selenium level (mg/kg)

T8 FrIndex

0.92 1.39 1.85 291 4.59 9.08

1 7% Serum
S EA Y B EET-SOD (U/mL)
A H KIS H A EEGSH-px (U/mL)

22.00£1.35"  23.300.90°  25.51£0.77°  23.70£0.80" 24.04+1.50" 23.77+0.60°
398.9448.67" 410.58+5.89" 469.84+15.66° 533.33+3.67" 492.06£9.16™ 507.94+16.50°

HHEALAE /IT-AOC (mmol/L) 0.28+0.02°  0.3240.04°  0.33+0.04°  0.34+0.03"  0.39+0.02°  0.29+0.01"
HH MW EBFCAT (U/mL) 234.42+18.56" 285.47+37.71" 399.73+20.05" 266.94+24 87" 227.59+17.00" 212.37+6.41°
7§ MDA (nmol/mL) 575£0.56  4.38+0.14 4.96+0.25 5.17+0.58  5.2940.52  5.57+0.34
FFHELiver

B L EET-SOD (U/mg prot) 43.69+2.08"  4529+0.45°  48.06+1.13"  4525+0.69" 45.07+0.42"  45.03+0.41"

A B B L BEGSH-px (U/mg prot) 119.91£1.08™ 120.68+11.36™ 139.58+1.60° 156.138.00° 149.26+3.80° 103.79+8.35"

RPEALAE SIT-AOC (mmol/g) 0.36£0.01"  0.36x0.01° 0.40+0.01°  0.36£0.01'  0.35£0.01'  0.36£0.01°
&AL A EECAT (U/mg prot) 173.82+7.61°  202.83+£33.67° 267.92+19.80° 190.26+10.36" 150.13£9.21° 169.78+12.38"
7 — MDA (nmol/mg prot) 2.6140.40°  1.67+0.06"°  2.10+0.40° 2274031  221+020°  3.19+0.63

650 ry=71.332x+327.09
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Fig. 2 The relationship between GSH-px activity in liver and serum and dietary selenium level
R=5 ARHAKENRES A ERBSHFN
Tab. 5 Effects of dietary selenium levels on the whole-body nutritional components of Monopterus albus (mean£SE, n=4)

TR EHPI 7K P Dietary Selenium level (mg/kg)

My Composition (%) 0.92 1.39 1.85 2.91 4.59 9.08

7K 4> Moisture 70.40+1.08 71.48+0.38 71.62+0.21 71.45+0.78 71.15+0.81 71.57+0.57
#55 4 Crude protein 17.31+0.22 17.00+0.13 17.07+0.05 17.17+0.33 17.11£0.07 17.88+0.03
FLAE i Crude lipid 7.640.32° 5.80-+0.30" 6.17+0.40" 6.17+0.34° 7.00+0.63" 7.03£0.27%
# /K /3 Crude ash 3.14+0.39 2.75+0.17 2.92+0.07 2.72+0.15 2.84+0.16 2.95+0.11
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SELENIUM YEAST ON GROWTH, TISSUE SELENIUM CONTENT, AND
ANTIOXIDANT CAPACITY OF MONOPTERUS ALBUS

HUANG Hao', WANG Zi-Rui"**, ZHOU Qiu-Bai">*, CHEN Kai-Wen', CHEN Xi-Huan', GUO Xiao-Han',
ZHANG Xu-Ting', CAI Hui-Ling' and LIU Yu'

(1. College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China; 2. Institute of Special
Fisheries, Jiangxi Agricultural University, Nanchang 330045, China; 3. Nanchang Key Laboratory of Nutritional
Physiology and Healthy Aquaculture of Characteristic Aquatic Organisms, Nanchang 330045, China;

4. College of Animal Science and Technology, Foshan University, Foshan 528225, China)

Abstract: To investigate the effects of dietary selenium (Se) levels on growth performance, antioxidant capacity, and
Se-enriched production in Asian swamp eel (Monopterus albus), an 8-week feeding trial was conducted with six experi-
mental groups [four replicates each, 35 eels per replicate; initial body weight: (7.71£0.01) g]. Five Se-supplemented
diets (measured Se levels: 1.39, 1.85, 2.91, 4.59, and 9.08 mg/kg) were formulated by using selenium yeast (2000 mg/
kg Se) added to a basal diet (control, 0.92 mg/kg Se). Results showed that: (1) No significant differences in survival
rate, weight gain rate, specific growth rate, or feed conversion ratio among groups (£>0.05); (2) Serum glutathione
peroxidase (GSH-Px) activity in 1.85—9.08 mg/kg groups, serum total superoxide dismutase (T-SOD) and catalase
(CAT) activities in 1.85 mg/kg group, and total antioxidant capacity (T-AOC) in 4.59 mg/kg group were significantly
higher than that in the control. The selenium accumulation in tissues followed the order: liver>skin>kidney>spleen>
muscle>intestine. M. albus showed good tolerance to dietary selenium yeast, with Se levels<<9.08 mg/kg having no
impact on growth. Optimal Se supplementation (2.68 —2.93 mg/kg) enhanced antioxidant capacity in juvenile eels
(7.71 g). Elevated dietary Se promoted muscle Se deposition, supporting Se-enriched production, though excessive Se
may inhibit antioxidant function.
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