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BE: AR BERIIHE IR . W44 R B XM 6 (Monopterus albus)! 4 . WLIAE 57 B4 MO AEDL R
TLRE ST RIRE I o MRAE IE 3SR T L9 (3HIEACIRE, 3 AR FE A 3 e BE AR E (B 20 mg/kg. 40 mg/kg.
60 mg/kg, ik 0.66 mg/kg. 1.31 mg/kg. 1.97 mg/kg, 44 E - 170 mg/kg. 270 mg/kg. 370 mg/kg), 4 9 4
SR AERE IR PRIE 1350 RN IA VIR T 1(19.67+1.59) g 1Y 2 AR WEPE B 6%, KLY M 9 21, HH 3 AN,
ANEE 50 B, FRFEEEIN 12 B 45582 (1) 0.66 mg/kg Tl N 2H B 56 A= 4 11 Al 38 8 T 28 A A4 o8 ik 3 G
WINAL(P<0.05), ke K 4iA: 2 E AN 200 w5 66 (14 A4 4 58 (P>0.05), 54l 1 B 0.66 mg/kg i, 20 mg/kg 4 .
170 mg/kg 4EEZ E U INAH MERE 0928 KRB I i, 34 3 R E AR KR4 50 Ry (115.0448.71)% 5 (1.39+0.07)%/d;
(2) 4/t E R s e AT (10 1 EAE AR, 370 mg/kg 44K E IS4 EE A AL B 25 T 170 mg/kg & 270 mg/kg
TRINZH(P<0.05); (3) MR ZIN 60 mg/kg £%. 1.31 mg/kg ili. 170 mg/kg 4EH4= 2 E B (GRI6ZH 8), Wik ity 1 I 45 %k
Heim, 4 10.02+1.26; (4) BF A5 WG AL RRLAR D 2 B 0565 — PRI 3R, 60 mg/kg BF AR N 2 ME 56 1 RELI 107 % 3 W 3 i T
20 mg/kg M 40 mg/kg WMA; (5) 60 mg/kg FEAN I BCEE T ) 48 0T ) L A0 RS 1 b 28 e T LAt 79 -3 fn ok
(P<0.05). 270 mg/kg 4E/EZR E VS kg i oy 8 ek AR T AL A A INBS B (P<0.05), T 60 mg/kg BRI
SE AR TN I o i T A N R IR BE (P<0.05) . £ L, TARHAIN 0.66 mg/kg il . 20 mg/kg £E. 170 mg/kg 4E
H & E A A TSR A R, TN 40 mg/kg 8% 1.03 mg/kg i, 270 mg/kg AEA= % E 7T W & 82 & M5 A9t E AL PERE
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1.1 LIt 5ERH &

IR R ML EAEZR EA. B, C)3
NEF, alRE 3 DB, MREIE R
B iit L9 GHIESIRE, #ikeh sk 9 41
(32 1)o ARk Bl i o 2R BE R B 4 i
20 mg/kg (A). 40 mg/kg (B). 60 mg/kg (C); &k
I OC Rk BE RS B 43O A 0.66 mg/kg (A) .
1.31 mg/kg (B). 1.97 mg/kg (C); 4i/4: % E W
JEK 170 mg/kg (A). 270 mg/kg (B). 370 mg/kg (C).
W JC & 5% (ZnS04-H,0, 36.30%) . fifi(Na,SeOs,
45.70%) 0 [ [ 25 £ P Ak 3 50 A BR 2 7] (g,
), 4EA4:E E W E W AR A A A R F
(WL, HE). fmITE R, il 44 E B IR
B S 0 & RS0k,

F1 AR RS ALE

Tab.1 The design and treatments of the trial
mg/kg
Jha €$(I$i%ﬁ/ i (\Iﬁi@iﬁ/ Ytk 2t E
vl W) TWESe  CRIRME/S{E)
Zn (TV/MV#*)  Se (TV/MV*)  vitamin E (TV/MV*)
1 20/23.15(A)  0.66/0.87 (A) 170/180.71 (A)
2 20/22.17 (A) 1.31/1.14 (B) 270/282.47 (B)
3202273 (A)  1.97/1.96 (C) 370/382.28 (C)
4 40/40.32 (B) 0.66/0.86 (A) 270/291.77 (B)
5 40/40.02(B)  1.31/1.15(B) 370/393.81 (C)
6 40/43.02(B)  1.97/1.97 (C) 170/194.86 (A)
7 60/66.74 (C) 0.66/0.81 (A) 370/390.51 (C)
8 60/67.78 (C) 1.31/1.13 (B) 170/174.58 (A)
9 60/65.46 (C)  1.97/1.98 (C) 270/282.89 (B)

Note: * TV/MV indicates theoretical value/measured value.

T kA o R A S IR 2, B AT 4
R R A 4L AR R 2 1000.00 g0 BT

TR ECR 2 78 A ke, 1 60 B, SR T4,
B AR R FRER -2 R E R . R
32 BUSDREALCGHTYL, v ) ARDRE R B T B
B2k 2.00 mm B ACIRAEDRE, TR ARE )5 R 1)
BB CE T-20 CokAEH & . DR B T
A 20% A KoK, FRGATR G HEAT 1R . dRl)
BE OB F AR R WO 3 7k (GB/T13885-
2017, GB/T13883-2008) 4TI 5%, 1Akl i 4k &
E & R s 808 A 6357 (GB/T17812- 2008)3
AT o
®2 EMARERREFERRT M)

Tab.2 Formulation and chemical composition of
the basal diet (dry matter basis)

AL AL 43 diet composition %;ic;r/ligﬁg)

=T — ;

ngﬁnghdzzi’{)rmulatlon 500.00
K& soy protein concentrate 300.00
BEARHKS krill meal 100.00
T4 wheat flour 200.00
ff1 {1 fish oil 28.00
i soybean oil 28.00
Y4 Z R KL vitamin premix” 10.00
Y R BUR R mineral premix™ 10.00
S 1LAEF, choline chloride 10.00
B AU Ca(HL,PO,), 10.00
e 45 #5 earthworm lyophilized powder 30.00
A F MM ethoxyquin 5.00
B 1) brewer yeast 10.00
2 H L7 4 £ 4 sodium carboxymethylcellulose 5.00
T £F 4E & microcrystalline cellulose AE

B IR /% chemical composition
ME I crude protein 40.30
HUIRW crude lipid 7.15

e i EFUR K (mg/kg diet): 4i/EZ B, 50 mg, 44 E B,
200 mg, #4iA%E B 50 mg, 4i4E#E B, 20 mg, MR 15 mg, 4
% C (30%) 325 mg, {ZW2ME 400 mg, ILEE 500 mg, D-biotin £ 4
% (2%) 5 mg, MR 750 mg, 4k A2.50 mg, 4E4: 2 D; 2 mg,
Yk 1E 3 K 20 mg.

*5 40 W) T Wi R B} Mineral premix (mg/kg diet): Ca(H,PO.),
1800 mg, KH,PO, 1350 mg, NaCl 500 mg, MgSO4-7H,0 750 mg,
NaH,PO,*2H,O0 650 mg, KI 1.50 mg, COSO46H,0 2.50 mg,

CuSO4-5H,0 15 mg, FeSO4-7H,0 1250 mg, MnSO,4-4H,0 80 mg.
Note: *Vitamin premix (mg/kg diet): vitamin B; 50 mg, vitamin B,
200 mg, vitamin B 50 mg, vitamin B;, 20 mg, folic acid 15 mg,
vitamin C (30%) 325 mg, pantothenate 400 mg, inositol 500 mg,
D-biotin (2%) 5 mg, niacin 750 mg, vitamin A 2.50 mg, vitamin D;
2 mg, vitamin K 20 mg.
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1.2 REaEREAFEE

UG W [ LA ARk T Tk VA A A R
P A VRS, BEBUERFETCHI M 2 Al N T 55 M
PE#EE 1350 R [0) IR HE(19.67£1.59) g, F
BIorECE) 27 SIS o FR5H S0 7 % ANt 3 AR
I EAT, FRAEKIR 1.67 m, W IE K I ALl
1333x33 m’, IR TR 2.00 mx1.00 m
1.50 m (K xFi <)o Lt 9 Mb A, AR
3ASEATIAE, RAMAEECE S0 Sk, S
JE 12 i, SRR R S s, R
F 18:00~19:00 #ME 1 ¥k, & 6 KIFIEHM 11K,
RS 1 h RS AR, R TR g g
B FFL 7K A st 35 AN R 7K, S 56 30 ) A 1 s i AR
5.98~7.72 mg/L, pH 5[ 7.50~7.70, &A(E 1Y
4 2.03 mgN/L, KRHERE 92 fl[E B, FRAEKIR N
22.60~28.90 C,
1.3 HmXE&E

TR LSRG, A4 24 h YR HE,
Wo 5 AT B AR PR E RS, gt K
FAOCHEAR, FL4514 H 3 (weight gain, WG)LL A Hr
FEH: KK (specific growth rate, SGR)., £E~ W 4 bifi
MLIEHL 6 £, K 100 mg/L MS-222 (Sigma, St.
Louis, MO, USA)MREFAb P, FREC AR K 4
£, AR5 B (condition factor, CF). fif ] HL b
AR E, TR TE %0 (gonadosomatic index,
GSDIE bR 22 ; BUFAEH PR E, T A
(hepatosomatic index, HSO)f&Hn (I 2, Bl 5 P17
F-80 CUKAH, FHF I kA8 A 1k 4 1 Ak iy
(superoxide SOD) L Kk W — &
(malondialdehyde, MDA = ; [a] B BCAL A #E
fn, HTF S M8 H i (crude protein) . HL g i
(crude lipid)#H & & R4 H8 bR 10 22 o
1.4 HmillE

S50 TR B AL PR 7 R 430 S SR AR I
AT, R I e R R B IR AR
(GB/5009.5-2003), i 5 I 7 R FH 2% G A 42 1%
(GB/T5009.6-2003) . JI il #f 44 1L 47 1 fk i (SOD)
TG MDA —BE(MDA) & & R s st & e T
PR T BT A 77 A AR G Gl 2, AR R A 3 &
HRULEH 53617,

dismutase,

1.5 H&EARK

W A(WG, %)=100x(ZAK 1K) 4 145 )/
IpGRA N

FiE HE KR (SGR, %/d)=100x(In ZR AT —In
IR GNP NS

Tkt R BU(FCR)=H% & /(A AR E - IR K ),

JIE 5 £ (CF, g/em®)=100xfa /&4 8/ fafAc k& 3,

FFAA FE (HSI, %)=100x(HF I # /4 R K E);

PERRHER(GSI, %)=100x (M /A KR ),
1.6 HESZITHH

S5 SR A S E AR DR (X £SE) R IR o
BB FH SPSS 22.00 #{4iEAT, BEHUM 2547
BT DA N, — PRk PEAR Y B AR 73 #1 HP B9 Duncan’s /7
20T RS ST T E R E FE AR
BN K, 7 ES T E 4 2 5, P<0.05
INNERBE,

2 HBRE5HH

21 WETEE. BiRfELESE E XMHESELEKE
FR. FARIEHR R M BRIEE A0 R M0

M 3 xR, K 1 HEEISER(WG) &L
FEE A KR (SGR) B, 430l o4 (115.04+8.71)%
(1.39+0.07)%/d; HK Rk dl 5, Hok g &g
R 45 58 A KRy ) R (113.97£17.33)% & (1.38+
0.15)%/d, B fifi 348 1 R KRR 78 A 4R B AR S i
B 8 g, 4 MWEST R, EWAER
BARIG HR SRR AR ROR T, R TR A R B A
JEZ R ZEERK, R4 R E ildETER
B, 2N IR, R EERREE A (0.66 mg/ke).
B (1.03 mg/kg) 5 EHEE C (1.97 mg/kg) e &
B A KRR AR AR TE 1B R 25 57 (P<0.05)
PESYUEAER B AR RITC 2 M 25 7(P>0.05)
DL ESEREM, il AT, Mo £
52 B A K PR RS Y R, RR R s
0.66~1.31 mg/kg A} B i 1) AR B A A1 o X AmL gk
RBCGHEATGAT 3T IR, TR R B AR 9 2 R ik
B4 5 (1.88+0.07), HIK MikEed] 1 (1.88+0.07); 1Al
B R B R 2 N IRER 2 9 (2.48+0.18)., ZEAHIE,
A MFEEEA KDY 3 AMFETAAEHR 0.66 mg/kg
fifi . 20 mg/kg £F . 170 mg/kg 4E4= % E, BRI 1,
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®3 OF.W, AEREXNEELERK, BERERRERIERISHRNZNT
Tab.3 Effect of zinc, selenium and vitamin E on parameters of growth, morphological and GSI
parameter of Monopterus albus

n=6; x £SE
ISP WIGE/g AR E/g HEHE /% R g R KR WRREC O EWE% IRE% HEIRIEEU%
trial group IBW FBW WG (%/d) SGR FCR CF HIS GSI

18.33+0.33 39.44+1.38 115.04+8.71 1.39+0.07 1.99+0.11 0.15+0.02 1.72+0.02 8.30+1.04

2 19.00+1.15 37.27+1.47 96.79+11.59 1.23+0.11 2.29+0.09 0.12+0.01 1.66+0.02 7.79+1.13

3 20.33+1.45 38.86+2.12 92.96+7.50 1.18+0.07 2.25+0.09 0.18+0.03 1.57+0.01 8.26x1.15
4 19.66+0.33 39.59+1.93 101.24+14.00 1.27+0.12 2.12+0.17 0.13+£0.01 1.84+0.01 7.80+1.96

5 19.66£1.20  41.84+0.66 113.97+17.33 1.38+0.15 1.88+0.07 0.14+0.01 1.84+0.01 9.10£0.90
6 20.00+0.57 37.79+0.99 89.06+5.56 1.16+0.05 2.35+0.08 0.12+0.01 1.71+0.01 8.23+1.15

7 18.66+0.88 38.01+1.81 103.63+£0.91 1.29+0.01 2.16+0.11 0.19+0.02 1.45+0.01 8.11£1.95

8 21.33+0.66 38.85+1.26 82.12+1.51 1.09+0.02 2.38+0.09 0.13+0.01 1.64+0.01  10.02+1.26

9 20.00£1.00 36.96+1.99 84.82+7.48 1.12+0.07 2.48+0.18 0.17+0.03 1.75+0.01 8.51x1.07

Note: IBW, initial body weight; FBW, final body weight; WG, weight gain; SGR, specific growth rate; FCR, feed conversion ratio; CF,

condition factor; HSI, hepatosomatic index; GSI, gonadosomatic index.

TR, RG] 7 BEEE RN R (CF) A
B (0.19+0.02), HK AIIRAL 3; 17 AL H A%
)R B 4 2 iR 4 6 BY BT (0.12+0.01)(F% 3).
HE— 25 (R 25 S BT 2 SR Sl s, 7 S it B8 8 s v 4
HFE E MIRZEERK, LI, R 4).
OIHTEE R R, 4R EWREME C 370 mgkg)sk
PR, BEEER ARG B R, H SWERE A (170
mg/kg) . B (270 mg/kg)f B &M 2E 5(P<0.05), AN
R R A )5 ) o B ER I R
WREE C. AL B, A [] e B A0 it k2 f A vl
2RI AR A .C & T B (P<0.05).25 I, 7]
BER TR AN 370 mg/kg 4E4E 2 E. 60 mg/kg £ . 0.66
mg/kg 20 G A R T8 58 0 Tl B A 38

I 3 A 4 BEEE R AR L (HSDEUE i 5,
9 1.8440.01, XG4 7 #EH) HST AU AL, A
1.45+0.01, 22 {00 Hras R R, R C R e
HSI Febr i 2 (K, HR 4R E. 2
SIPTEE R, BHREEREE C SRIFT, BEEHINT
IR L EUE 2/ NP IREERRE A I B (P<0.05); A~
[ e B i 4= 25 E % HSI IO m RN AL B
T Co ARIVEEERUE TR X HSI Y520 2 5
A3 (P>0.05),

Xf B BE R IR TR RL(GSD ST /A 4 R o, I
K2l 8 BEfE Y GST A A i, HUOMRER4L 5; iR
B 4 WEERY GST BB FAR(ER 3). 22T 2s R
T, TR CREEAE GSI F545 i 22 (H K (0.93),

R R (0.90), M 2= H /N YA R OE
(0.65)(F 4). AR REXTH g GSI B2 B
RHWREE C & T AL By AR BEA XS B g GSI Y
MR NHEE B C & T A, ARIKELEAR E
XF GSI RS2 mEM N A, C & T B, DL LgERE
B, 60 mg/kg %¢. 1.31 mg/kg fifi. 170 mg/kg 4k
2 EA G0 8)me i F Tl b P AR Fadn i &
22 WELTEH WERELEZENEEIRNES
% g

XoF il UL PR 3 5 1430 4 2R R, e 4
3 SR S R, M 20.66+0.11, 5%
¢4 9 W RHLER I BUK TR, 4 14.6240.05 (%
5). I 1 v EE LA OB AR D A &S
(2.63+0.03), RIwZH 9 BEELP Th AL T & i
A%, A 1.18+0.05, 3 MFE R EEHLAHE A
JEARARRE M AR 22 04T o, 4EER B ik zE(E
AR, HWR AR, il i R S e Rk 22 53
Mras SRR, 3 A BRI Z A 2200 A s BUIRAR O B
fili . 44K E (£ 6)o il )y 2200 &8, ARk
FEREX B EE LA TR B, A & T
C; /A [) e J32 it xof 2 i L PR L 25 1 5 174 5 il 3% B0
H A, CET By AFRMEEEYEA:Z E X RN
EAFRMEEIN C. A BT B, IefH Tt
WP AR B 3 IR 50 370 mg/kg 4k
% E. 20 mg/kg 5. 0.66 mg/kg fifi . 3 >R KX i
S AELI 10 52 e (%) 5 26 5 BT 45 SR 3R W, 20 mg/kg ¥
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Tab.4 Range analysis and variance analysis for
parameters of weight gain rate, specific growth rate,
condition factor, and gonadosomatic index of
Monopterus albus

18¥5 parameter B Zn fifi Se 44 % E vitamin E

HER/% WG

ka 101.15  106.64" 95.41

ks 101.42 97.63" 94.29

ke 90.19 88.49" 103.07
W 22{H range value  11.23 81.51 15.71
B2 A2 K %/% SGR

ka 1.27 1.32° 1.21

ks 1.27 1.23° 1.20

ke 1.17 1.15° 1.28
W 2% 1{H range value 0.10 0.17 0.08
AW BE /% CF

ka 0.15° 0.16" 0.13°

ks 0.13° 0.13° 0.14°

ke 0.16" 0.16" 0.17°
e 2% 1H range value 0.03 0.03 0.04
JHF s /% HSI

ka 1.65° 1.67 1.69*

ks 1.80° 1.71 1.75°

ke 1.61° 1.68 1.62°
e 2% 1H range value 0.19 0.04 0.13
PENRTE £/ % GSI

ka 8.12° 8.07° 8.85°

ks 8.38" 8.97 8.20°

ke 9.05 8.50" 8.49"
% 22{H range value 0.93 0.90 0.65

T kas ko ke MMRESIEAR BRI F A, B, C 3 MRE
BAEE TP E. WEERREATE T RS8R 0RK
k H-I5/N kAB). [Fl—48h5 FRIFIAR /NG FhE LR E S B
#(P<0.05).

Note: ka, ks, and kc are the means of each parameter under
concentration levels A, B and C, respectively. The range value

refers to the result of extreme analysis (maximum & — minimum k)
for each item. Values of the same index in the same collum with
different superscripts are significantly different (P<0.05).

0.66 mg/kg fifi . 170 mg/kg 4EE R E ({54 1)
AR B L IR RELRR B i FR 2R
23 MEXTEH . MRBELES ENHEEFERE
e EIF T

ARG 10 N 453 5 2 5 ke JHE IO 1) e S A e T
PEAT T W, S5 BL, ALY L (SOD)

x5 MELEE W, EEZENEENAEEIRE
RE BA & = B9 22 i (WL B4 4 Bl
Tab. 5 Effect of zinc, selenium and vitamin E on
parameters of crude protein and crude lipid in muscle

of Monopterus albus (on the fresh tissue basis)
n=6;x = SE; %

B trial group HlFEH crude protein  MLAEI crude lipid

1 19.26+0.11 2.63+0.03
2 14.81+0.10 1.61+0.03
3 20.66+0.11 2.23+0.20
4 19.54+0.17 2.32+0.03
5 19.32+0.21 2.22+0.03
6 18.02+0.10 1.69+0.10
7 18.58+0.33 1.63+0.07
8 18.63+0.09 1.70+0.08
9 14.62+0.05 1.18+0.05

xo6 EHBIAMEEZAR. HEMRSENRESN
BRAESWH

Tab. 6 Range analysis and variance analysis for
parameters of crude protein and crude lipid in muscle
of Monopterus albus

F8F5 parameter B Zn ffi Se 4i/E%E E vitamin E

HLEE F /% crude protein

ka 18.24* 19.13* 18.63°

ks 18.96* 17.59° 16.32°

ke 17.27° 17.77° 19.52°
M 7% 1{H range value 1.69 1.54 3.20
MG 5 /% crude lipid

ka 2.16° 2.19° 2.01°

ks 2.07°  1.84° 1.70°

ke 1.50°  1.70° 2.02°
He 21l range value 0.66  0.49 0.32

TE: kas ks ke SRR S fEbR P EAEE T A, B, C3 MKE
RN AP, W2e R EATH T i 22 0 Ir8 R ek
kAH—t/) kH). [l—4855 FRZFIAR/NG 1 ARk 257 B
#(P<0.05).

Note: ka, ks, and kc are the means of each parameter under
concentration levels A, B and C, respectively. The range value

refers to the result of extreme analysis (maximum & — minimum k)
for each item. Values of the same index in the same collum with
different superscripts are significantly different (£<0.05).

TEPETEIRIR AL 9 femn, Mi7EiRdl 3 k. HFE
MDA & &R 2 fefIX, e
3 (7)o HE—H MM 2R HT(FR 845 KM,
7£ SOD fRbrH, i U R BFAE 3 AU B 8 2 ]
W Z(E IR, X SOD 1M 52 ik 3, Hak
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RYAEAR B M. 5T RE 3 RS 2 (]
X} SOD “F-¥{E 2 th = B AW EE €L B A, I
60 mg/kg FFAA1F T W gL SOD W P i o A
I v FE 24 A= 2 B W AFIIE SOD 52 mi R B Ak i A
B T C; AN R BE A X6 AT SOD 15 4 5 i
WH C. B mET A, TEMNEN (MDA T
Wb, 44K E Ml 2Kk, HiR

R7T WELEHE. W, FEREWNHE
FRRE T S AL R AR H 200
Tab. 7 Effect of zinc, selenium and vitamin E on
antioxidant parameters in liver of Monopterus albus

n=6; X £SE
Gl S AL B R/
trial group (U/mg prot) SOD (nmol/mg prot) MDA
1 197.77+12.15 0.85+0.06
2 190.02+31.66 0.70+0.16
3 170.99+17.89 1.28+0.21
4 227.79+23.31 0.76+0.05
5 233.85+23.51 0.98+0.06
6 278.39+£20.78 1.10+0.04
7 246.83426.13 1.17+0.11
8 282.84+45.97 1.18+0.06
9 302.26+26.22 0.99+0.08

®8 EENEREANERNBRESTRTESN

Tab.8 Range analysis and variance analysis for
antioxidant parameters in liver of Monopterus albus

f8 45 parameter B Zn  Hf§ Se 4EA:Z E vitamin E

ALY L SOD

ka 186.26°  223.46° 253.00°

ks 246.01°  235.57° 239.36"

ke 277.31*  250.55° 217.22°
M 714 range value 91.05 27.29 35.78
N[ MDA

ka 0.94° 0.92° 1.01°

ks 0.94° 0.92° 0.82°

ke 0.99° 1.12° 1.14°
% 2518 range value 0.05 0.20 0.32

T kas ke ke ARSI B NIERE T A, B, C3 MR
FOREN B IME. B2E ARSI T 28R (R
kE-F/D kAB). [F—48h5 T RSUAR/NE 8k EARUR2E S+ 5
#(P<0.05).

Note: ka, ks, and kc are the means of each parameter under
concentration levels A, B and C, respectively. The range value
refers to the result of extreme analysis (maximum & — minimum k)

for each item. Values of the same index in the same collum with
different superscripts are significantly different (P<0.05).

M, fJE B AR EELEA: R E XTIFIE MDA
SN I 7 2253 BT 45 R WoR VR EE A C =T By A
[Fi] ¢ B2 il B B 1) 5 22 o0 M 4 SRAR 7R, %) MDA
FEE R R BN IREE C & T AL Bo 45
4 SOD il MDA Fi/MEFRINSHT, 40 mg/kg 4%
1.03 mg/kg fifi , 270 mg/kg 4E4: % E M4LA A Fl
TR BRI DT A AR T m 4
3 itig
3.1 ET R EEE A KE R
TEAERAEREIN E 4 TRk i e J3 2 ¥ T
eI, B R A A KPR RE W T R, O HY AR IR
PR E 1.97 mg/kg B, BEEHAERZ R T REM
il (3% 4) Iz 5 25 R 5 AL R WF R 45 R R AE AL,
BIVAmL s} r T e B sk v B 23 AR K S i A 4K
& H AR JFHF (Macrobrachium nipponense)'f, 47|
R A AT R BE A F] 1.17 mg/kg BF, HAK 25
U Wang SV RFTT R, YRR e K
T 1.55 mg/kg B 4% &0 80 (Haliotis discus hannai)
AR PEREIZ T TR, 595N, TEABEfa(Epinephelus
malabaricus)™, HA K4 RE [ AE Bl & 1A R
W R Th g T R, KR AT R A
0.80 mg/kg!" ", AN TR ZK 7 Bl iy X ) i A7 ke oA —
FE, XA RER i T AW ST o EDRHAG ) A8 e 2
WINEAAAEZ . 7ioh, s n sl (A=
22 5 UL KL S 58 P55 1% A ] ] R 52wl JHEXof il 1) e
3.2 WHERTRTE. #4EER E XNHEEERA BRI
PE 48 2L(GST) J2 S i 7K 7™ 2l 4 B 58 1k e 1Y
RIS o TR TC R A O IR R A A G
gy, RIS EREERNE N EA T REIIE,
(B2 A0 Ml K A Sl ) S5 M RE I S e AF 5 H iT
WD o ANAE HASIR AR A GE b A B3R, ) b
O 60 mg/kg B, ESE UL HPME 8 A 2R
A BRAE, I H AT DAPR 47 U9 84 S50 1) o8
BRSO SR R, R T B A
S 5 MEEPE RS HOR o — R, IF H YRR
BN 60 mg/kg B, MEBERY GSI i (£ 4). 1%
WS H AR I A5 45 R — 2, 1
DA ] R AR R B S WA K K E
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A 5 58 IR 1) 238 ke o 4 P R 7 I S e

HHNCAFRIUEY, 4E4 R E rEA I A
FPERR P S I EE R N AE WA L AR ON S
Py 1) 50 B VR A, R 4 X SR AR BB 1 e Y A A A
FAWOL AE A1 1 BE A (Epinephelus coioides)3E i 7]
BEPEINAEA R E, HAZHKE O IR A2 ROl Bk E A2
FHOR, HHA KB ERME, RNk £
E A BEMEHE = VT el (R PR, st i RS T
AP, SRR 4E R R E U 200 me/kg B,
O B P PR AR R AL B T R 2R AR AR A L
AN B e, bk fefs sl s,
AHFFE B 45 Al B8 170 mg/kg 4E4E R E BN,
W P RS B i, I SRR R B
TR HE— 204 vy v P R R (3R 4) X 3R,
MR R 4R R B RS & AT DA R R B
B RE, Al A vERE, o s S H
SR RETC I AR AR S
33 MExEEXESEAAEERSENEN

B2 W) B AR 2 i A0 Y 2 20 L O
NEZE A AR SR A e i D 4 45 A BEAS E MR T
#2223 L i fh (Perca flavescens), Tk e
IR TC R B INFRAC T LU ) Y
VU AR F) V. #F (Acipenser baerii) L IR H HLAE B % =
Wt 25 A A KT 0 38 0 T 2 R R [ i,
ARk e i KV B B A e R P JR R S L A 2
UP AR UURLU R MO FEARBISE 5 1F R, oo
FRAFIE 5T e v G L ARG D7 3 i 0 2 — S 2L R,
It Hm W B BE (60 mg/kg) i UL P AL A 197 5 2 1Y
BE TG 6).
3.4 WMETES. . £4EFRE WHEERS
Lk A

P AE AL B A PR BT A Ak 3R G 1Y) 22 40 R
gy, TERTSE R R = S EBUFIE SOD 1k
B FFEARET @ (Cyprinus carpio var. jian)™,
Wt DR A T B2 e 2 40.80 mg/kg, HoIMLE
FF AR SOD iE i T8, AW 5t h,
TRBHER IR BT & 52 SOD {R M A — R 2+, Jf
WG B RO FH = SOD i iz T TG 8)
XU TC R BRI A i T v AR A TR
fkie 71, #ouR FEELSIEE AL, B8

L ge

JE B Y DA K — et S R A B AR FH & 5
P L E P N B (MDA) & i 2 7 4h—
ANAT DL B AR A A R T AT SE SR AR, AEASTT
sEh, bR EERRE . B . 4EAE R E ARSI
THEEENTNE MDA S EMEE LTHGER 8). &4A
SOD {fPEM MDA & &85, fm kA
% E (370 mg/kg)¥s I n] ik pl # it JH-JE SOD i
TR K MDA Fri [ F, XBERS4EA R E B
IbE I, 2| W Ik AR A S e DA T X fi
JHREPERERE WA 3 o Dl b s R B2 (60 mg/kg)
fifi(1.97 mg/kg)ds in i 5 | 2 ¥ % SOD Lk &2 MDA [
W, {BJE5E AT MDA & B2 2 6/0 T
HeERE (R 8), WL EZLIEAEE E X MDA 15
WVE 2%, I A T s AL e
PEEZH Gl 40 mg/kg B . 1.03 mg/kg il | 270 mg/kg
YR E I

4 Hig

T AR MERE LA IR U SO T 4
TRRE S8R AT A R, ARl B 8 S [R) 9 3% 78 H
(4, 3 A~ fdcie TR TETRDEL R I St T Y
A A F B A K R I E R 0.66 mg/kg
fifi . 20 mg/kg 4% . 170 mg/kg 4i4: K E; kbR
Jin 40 mg/kg %, 1.03 mg/kg fifi . 270 mg/kg 4k
R E 0]l 3 v s S i b AL g
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Effect of dietary zinc, selenium, and vitamin E on the growth and
antioxidant activity of female Monopterus albus

YUE Huamei, FU Peng, DENG Haichao, RUAN Rui, YE Huan, LI Zhong, LI Chuangju

Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs of China; Yangtze
River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: The aim of this study was to evaluate the influence of dietary zinc, selenium, and vitamin E on the
growth and antioxidant activity of female Chinese rice field eels (Monopterus albus). According to the L9 (3%)
orthogonal experiment rule, three different concentrations of zinc (20 mg/kg, 40 mg/kg, and 60 mg/kg), selenium
(0.66 mg/kg, 1.31 mg/kg, and 1.97 mg/kg), and vitamin E (170 mg/kg, 270 mg/kg, and 370 mg/kg) were chosen to
make nine iso-nitrogenous and iso-energetic diets. A total of 1350 two-year-old female rice field eels with the
average body weight of (19.67+1.59) g were selected and randomly allocated into nine groups with three replicates
per group and 50 fish per replicate. Fish were fed the nine experimental diets for twelve weeks. The results
indicated the following: (1) Female rice field eels grew the best when selenium was added at 0.66 mg/kg,
compared to the other two graded concentrations (P<0.05). However, zinc and vitamin E supplements had no
significant effect on growth performance (P>0.05). Thus, group 1, with 0.66 mg/kg selenium, 20 mg/kg zinc, and
170 mg/kg vitamin E, showed the best growth, with weight gain and specific growth rate values of 115.04+8.71
and 1.39£0.07, respectively. (2) Vitamin E was the main factor influencing the condition factor (CF). The CF value
was higher in the 370 mg/kg vitamin E group than in the 170 mg/kg and 270 mg/kg groups (P<0.05). (3) Diets
containing 60 mg/kg zinc, 1.31 mg/kg selenium, and 170 mg/kg vitamin E (group 8) showed the highest
gonadosomatic index, which was 10.02+1.26. (4) The most important determining factor for the crude lipid
parameter was zinc, and the group with 60 mg/kg zinc had higher crude lipid than the other two levels of zinc (20
mg/kg and 40 mg/kg) (P<0.05). (5) Fish fed diets containing 60 mg/kg zinc showed higher hepatic superoxide
dismutase activity than the other two supplemented level groups (P<0.05). The hepatic malondialdehyde
concentration was lower in the 270 mg/kg vitamin E group than in the other two added supplemented level
groups(P<0.05), while the 60 mg/kg zinc group had a higher hepatic malondialdehyde level than the other two
zinc addition concentration groups (P<0.05). In summary, a diet with 0.66 mg/kg selenium, 20 mg/kg zinc, and
170 mg/kg vitamin E was most suitable for the growth of female M. albus. Dietary additions of 40 mg/kg zinc,
1.03 mg/kg selenium, and 270 mg/kg vitamin E significantly improved the antioxidant capacity of female M.
albus.
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