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FEEE: o R R 2R PR 2 2R A B (HMSe) xf /L4455 xFoF 4 K Mk 4 b gt
T RAL TR 2k I8 Wy Rovm, SERedk A AT AR R & Y (0.90£0.05) g By FLAY I A AT, Al
% HMSe 7 fm A& F 4 0.000. 0.375. 0.750. 1.500 F1 2.250 mg/kg 4 il B th s fa 8L, & 4
# HMSe0. HMSel. HMSe2. HMSe3 #1 HMSe4, HH 3 NEE, #H 8 JH, #AE LI
KE, #T12h iy TRl L8, £RER, NAENFNAREKRTE FBW)., ¥ E
% (WGR) #2478 % % (FE) M £ 43 £ &+ HMSe K Py mE N4 S5 TR NS, #4
HMSe2 413k 2|45 . &7 BF HMSe KPR, M2k mlAPHE L EH L F
¥, MANHEAEMMENTN S EEA LA T ERKNAS, I 4 5 &£ HMSe2 4 fn
HMSel 413 2| 5 A 1. HMSed 40 & F, 44 3 3 &F 89 o & & Bt H k2t 416 4% B8 (GSH-Px) Fu fiF
JE R AT A A8 (CAT) WEM B £ 5 T HMSe0 41, T34 B 2 It B & B LN dH T B 77
EE . B ATk, g e X aF IR R+ MDA 4 &7t , GST. CAT #fu T-SOD #y 7
g, MATEEN HMSe TRER LA EH M. REANEAITHEEREEN _KS
TR E T, % &R R 3 L4 xFF 8 HMSe & 2 74 fn & & 1.350 mg/kg. #F % & ¥,
AR R R R e 0.750~1.350 mg/kg HMSe, #6462 & JL 40 X8R 8 A4 KM dE 7B A
A2 Fo g T BR 3h B 09 BE o

KRR L Extir; BEBEERW;, KREE; Al THmkE; o

FESES: S963.7 XRAPRERS: A

i (Se) /K F=Sh Ik N EZ M TR Z —,  TIOHUAN, RE b a5 A ALAN AT $2 = 55 7 pR Al

TESI AR A A A LUK 4Ef5 3

af Al 5 R AR AR T FAT, s
H BT FH A8 G 0 S AT O A AILAR . JCHLAR Y
A X R 2R AN RGN, A LG 2 EE N e X
ek A RN A EEREAN T HICHLAR L, A
HUIHAT AR A R /N O X3RS
USVANS- W e 7/ o S S R T DR 1 S T
BB H O W R POCRN, AR, AT

WisEHA: 2021-08-30  f&EIHHA: 2021-10-21

BRI WEE AR T 5L H (2017FISCZY02); AV 35 BHIF & I3 4> (201303053)

(Carassius auratus gibelio) [/ 34 3K | FRALH R R
BT A R BRI A T B R
5] (Ictalurus punctatus)'™ . BRI (Seriola lalandi)™
A AE R LA A TTAR , DA KM 85 (Oncorhynchus
mykiss) PR NAREAGTTRR S TUEXT KR (Rattus norve-
gicus) HLVTIURAE BERFE M, T BRI AR X T30
IR B ELAA S A e Rt Ak, FE/NER
(Mus musculus) "5 3 55 2 B2 i (HMSe) L B2 A1
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WA TGP

2020 4 H [ 0 HF S B R AT 150 7 t, T L
9 1 X HF (Litopenaeus vannamei) W) 7= 18 5 15 2
120 J5 ", AE IR EHE L TR ER SR FP 2 2
—, FLGNEXS AR B E SR EORAR . AR B
I R R K RS B I AR T A L AP
0k 27K 7 Ak Hh A R R R R, ZE R XS
R R S R (525%)Y, BT AT B Y SR A
SHHFERE AR, B TR RIREE, Mg
Wiy b3k, A o R FHAEG £ 2K 7 ARk 1A 7K ]
BT S B AT SGE SR B A5 o BAERL S Wk
R R 5, SRR 2 i A K 2218
U IR & Il @2, T DAE U) T B R
FBORMEIX —BUR . H e R AR 2910k 7™
FREA T, AR R Ve B AR Ok A AR,
W AH R AR 5| A KA S R S TE I R, AN
iR 6 1) T = RE A% LI i X MR S g ey, 5 LR XS
WRJH B RR IR BT, 38 hioxss R % Dt B 1 o a2
AWE R, AR S T B A IBER (Macro-
brachium nipponense) LA GSH-Px HYTH L FIHTE
R rE B RE 1B EEREAN X A 3k &5 (Megalobrama
amblycephala) FH VAH IR £8 200k 38 7 A (1 P 5 A
PRAPVERIEY ;s AEfabk M RE £ 2 2 [RTB AT (Mac-
robrachium rosenbergii)® . HZAS{H U B 4 K HF
(Neocaridina heteropoda)™ F1 w1 1¢ 45 %5 %& (Erio-
cheir sinensis)™ W e RS Wb A Lre 1. A
W, AR S ) A AR R C A TR R s A W] K
V-1 R L R RN, AT XS FLAA IR A K
U RE ) AT RS BR R T E (5 me DL ML
EERTEF R SR PRS2

1 MRSk

1.1 SEIER

DLEDHUR R B R, fagh . SRS
WERE R e D s, VERY ABEUR , BC SR A 2
42% . FREWI 2128 7% my BEaliREL, L7 UL 1.
BRI MR Adisseo A Rl2= A FRA A (HFE
i) #2448 PR FRR Selisseo”, A 5% HMSe),
Ay lia BB AR I 0.000, 0375, 0.750. 1.500
1 2.250 mg/kg HMSe, il B 5 2H % 20 55 5 1 52 56
TkL, 447 HMSe0., HMSel . HMSe2. HMSe3
1 HMSed, 5200 45 B} 60 7K SF- 4353 o 1.87., 2.06,
231, 2.53 fi12.91 mg/kg, FrA fabBHE R I

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

it 80 Hifii, RAZERY KN HMSe 51k E R
BAT, Al B, KRGBEREFI/K RIS,
ZRWE RS AL T 1.5 mm A9 50RL, 28 60 °C 4t
F 8 h, F-FFETF—20°C vkAH 4 H .

®1 EMEANESREFAR (FYRER)
Tab.1 Formulation and proximate composition

of the basal diet (dry-matter basis)

TiH Ek/(%)

items content
JRHl  ingredients
41108  brown fish meal' 15.00
F G dehull soybean meal® 40.00
ifi 1 squid visceral paste 2.00
WFA%G  shrimp meal® 5.00
/NEETHHY  wheat flour 28.76
fyl fish oil 2.20
Gl soybean oil 1.00
KZWEAR  lecithin 1.00
EFE  choline chloride 0.50
R 445 monocalcium phosphate 2.00
B TEAR mineral premix’ 0.10
HeE ZTREL  vitamin premix 0.30
L-Pidf R -2-f R iE  L-ascorbate-2-phosphate 0.10
HZ® methionine 0.31
HEIR  lysine 0.53
K/ %77 mold inhibitor 0.15
WFHERRE  sodium alginate 1.00
CAFEE  ethoxyquin 0.05

EFRAT nutritional composition

A crude protein 41.79
FUIRIE  crude lipid 7.53
Kfig/(k)/g)  gross energy 19.56

e LZfiky, WEEINTGERBIARAR, HOHME: 2. £K
G, BRI R S A R AR 3. 00k, W E JE 5 R
BAERAF; 4. FT 50 PR TUER A4 NaF 2 mg, KI0.8 mg,
CoCl,-6H,0 (1%) 50 mg, CuSO4-5H,0 10 mg, FeSO4 H,O 80 mg,
ZnS0O4-H,0 50 mg, MnSO,4-H,O 25 mg, MgSO,4-7H,0 200 mg,
Zoelite 582 mg

Notes: 1. Brown fish meal, obtained from Xiamen ITG group Corp.,
Ltd., imported from Peru. 2. Dehull soybean meal, obtained from
Quanzhou Fuhai cereals and oils industry Co., Ltd.. 3. Shrimp meal,
obtained from Xiamen Jiakang Feed Co., Ltd.. 4. Containing the
following per kg of mineral premix: NaF 2 mg, KI 0.8 mg, CoCl,-6H,0
(1%) 50 mg, CuSO,-5H,0 10 mg, FeSO,-H,0 80 mg, ZnSO,-H,0 50
mg, MnSO,-H,0 25 mg, MgSO,-7H,0 200 mg, Zoelite 582 mg

1.2 SSWHHYIRIEFEIE

S B P RLA RS o R 0 1 M R b A T B K
PRI LML, N CYAER —HEAR . RHERZETE IR R
Sh gk 2 JBJE, HEFH 750 RELAE 4 . RIS

https://www.china-fishery.cn
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Vi 48R, W1 8R 1R B i (0.90+0.05) g, BEHL >3]
154~ 500 L PRk 2B G0, A8 50 Ho %
15 NFRFHELRENL > A 5 4, B 3 ANER, 509
PR XTI Y S B0 AR RE AR R B 3K (08: 00,
14: 00 F119: 00), fREHME., F=5H ] E 0 5% 5
AN S E G RO R R RS TS O . S 5 K
28~32 °C, #h ¥ 32, pH 8.0, W A R +h ¥k J&
0.5~0.9 mg/L, ¥t & @ S me/L VL,

1.3 HmEXE&E

TP LI ARG, FLANEEXTIREE X 24 h, FR
FEIF ISR B PR E R (WGR) . S R
(SR) AR (FE). B FRFHAMBENLE 10 2T
BRI, i 4 °C VKA FFE 12 h, 3 500 r/min 550>
10 min, HU L9, PRAFZE-80 °C VKA, F Ty
it 5 R B E o SRR SR AR IR AR AL L, i
AR AE W A T R, RAFAE-80 °C vkK4H, H THf
T I o AR AR FEAE 20 °C UKAF
FH A2 AN 7K S o 2

14 2% I EEG 2L AE

FE 2R W SRR e S5 2 /i, SeilFAT Fi s
¥, A FLANERER) LCsy (24 h) S 59 mg/LP,
PR SR LR LSS, XTI ERaE 48 h, fd AT
LIRS REN (AR, B [ 24 Ak 2 A IR D) B
BRI AR ER R BE TR 38 59 mg/L., 12h )5
IO SRAF I X IR B0, SR EAT O ISR i A0 Jfe
BRERAE . MTE B R, —80 °C IRIE B AT,
JHERRTE A T, TR AETE—80 °C VKA .

1.5 MEFZERTELAR

M Trk AR A AR H R IR R
i AOAC By 73 M Y 7K 43 A I e 2 3 3 A
FE 105 °C MER Pt = HE A ks M CHLE
H, NKHF=6.25) kHILKERE, H FOSS Kjel-
tec 8400 43 M 4%, 7 H hiH ks R I AL 5 M
FELHG 700 2 2R R [R5 K43 iR 550 °C
PIRVEFEATINE o R A ALY 5 5 66 i
(GB/T 13883—2008) il 2 fr e} . 4 1A R JUL 1) il 25
o A H OGS AL Y B (GSH-Px). TH
(MDA). % Mt H K% % 1§ (GST). &k % 1k = i
(CAT) AR A AL AL il (SOD) 136 P 2% FH 7 5t
A ) TR G BT AR 7 R B 5 B
iz & (ALP) i FH 4> A 2l 4= 1k 23 B X (Selectra XL,
i 22 ) W E

https://www.china-fishery.cn

LR RAEN

HIE 2 (survival rate, SR, %)=N/Nyx100%

IR (weight gain rate, WGR, %)=(W W)/
Wyx100%

TR (feed efficiency, FE)=(W,—Wo) W

FRHJIIE (protein efficiency ratio, PER)=(W—
W) (W< W) x100%
K, NAZREEL Ny AVIRREE, W AR
AT (FBW) (2), Wy W1t A 5T i (IBW) (g),
We IR A R (T, g), W, ATk i E
HE I (%), ¢ R REL (d)o

1.6 IS

SIS B SR SPSS 23.0 S8 it AT 2 A
)7 20T (One-Way ANOVA), #ZEF B, W
JET Duncan [RZ HE ILE, P<0.05 £RnEFTE,
P A B LI BEHR IR RN

2 4R

2.1 BEESEEX FLAVEITERE KM BRI

FLAN i XHER A FBW . WGR H1 FE B % 1)k}
t HMSe 7KV R3S 5 TR, YI7E HMSe2
IR FNE(E . FIKEE R HMSe 7KF 193 i 2
SEFRRETHR M EHE, &4l [ PER A1 SR 25
ANE (P>0.05)(F 2),

2.2 REEFELG AT FLUE X EN & 48 K AL A Al

SENFNE

B AL HMSe 3 I/KSE A3 m,  MLgsiE
X R 40 (& 1-a) FUALIA (&1 1-b) H Rl vk B i 2
5 (P<0.05),

23 BREZESRENNLARENINEEFERES
A

Tk HMSe 7K (i 35 52 ) FLAA % R 4 44
FLEE H LR 7 & & (P < 0.05), SRHERS
A HMSe2 4 ik 8l i KAH ; #F HMSel 4 41k
FHLRE 5 %) B £ 38 B B RAE Bl s 0 2 B AIK, W m
HMSe 21 1) FHL g 15 40 . 2 &5 F % B2 (P < 0.05),
220 (8] AR K 43 FORL K 43 A i 2552 1) (P> 0.05)
(# 3).

2.4 REERERM T FLYYE T ER 0 5E F0 B AR AR
A EE IR T
I35 o GSH-Px Hl T-SOD (1) 7 14 Fifi % 17 K}

R E K224 F 7/ sponsored by China Society of Fisheries
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i, S MRAONIRDRL VS IS A A SRR X FLAAE X MR A SR RE . PR AR Ty T A R ER I3 1 32 ) 1851

*2 RepEaRhRmEERaRmI LRI E K MR

Tab.2 Effect of HMSe supplementation in low-fishmeal diet on growth performance of L. vannamei

5 groups

s
items HMSe0 HMSel HMSe2 HMSe3 HMSe4
ARKFiE/g FBW 15.38+0.40® 15.53+0.26® 16.1140.03* 15.17+0.03" 15.03+0.35"

WMER/% WGR 1608.50+44.63™ 1626.00£28.80™ 1689.80+13.37 1585.10+£3.29 1570.10+£39.18"
EIE  FE 1.21+0.02° 1.26+0.01" 1.3340.02° 1.23+0.02° 1.10+0.05¢
BER/(%/d) FI 2.46+0.04° 2.35+0.02" 2.2140.03° 2.39+0.04™ 2.68+0.13°
FEEMAF  PER 2.46+0.17 2.47+0.09 2.38+0.09 2.28+0.03 2.21+0.16
FRIEH/% SR 95.30+0.03 96.70+0.01 97.000.02 95.30+0.01 97.30+0.01
e FATEIRE IR RN S BER R E R B (P <0.05), TR
Notes: Values with different superscript letters in the same row are significantly different (P < 0.05), the same below
2.5 2.5
%5 ¢ %
<2 20 b ™ ZE 20 -
8 & b en 8 b
g © £
=9 15 c =g 15 ¢
7 d I 2 d
Qg 1.0 4o 1.0
Bl © H o ©
9 = Z
@ _é 0.5 5: g 05
0 0
0 0.375 0.750 1.500 2.250 0 0.375 0.750 1.500 2.250

HMSe R IN7KT-/(mg/kg)
HMSe supplemental levels
(a)

HMSe 3 IN7KF/(mg/kg)
HMSe supplemental levels
(b)

1 REBEEPRmEEERERTX FLAEST IR 2K (a) FALE b) B EHFMW (HTE)

FRANFRRAFERZEESR (P<0.05)

Fig.1 Effect of HMSe supplemental levels in low-fishmeal diet on the whole body (a) and muscle (b) Se

contents of L. vannamei (Dry matter basis)

The different letters means significantly different (P < 0.05)

*3 ReamEfPRInaEERRI AR 2EEFR BT HME CEE %)
Tab.3 Effect of HMSe supplementation in low-fishmeal diet on the body nutrient

component of L. vannamei (wet weight)

2171 groups

T H

items HMSe0 HMSel HMSe2 HMSe3 HMSe4
7K43/% moisture 74.68+0.24 75.52+0.61 75.15+0.66 75.98+0.46 76.15+0.23
HHH/%  crude protein 18.03£0.18™ 17.41£0.54™ 18.27+0.12° 17.12+0.23"% 16.99£0.12°
HARWI/%  crude lipid 0.800.06° 1.17+0.05 0.95+0.02° 1.000.02° 1.05+0.03°
ALK 53/%  crude ash 3.34£0.21 3.24+0.13 3.17+0.11 3.20£0.19 3.04+0.08

1 HMSe F3EINTMIHESE, 78 HMSe4 4I5S KAH,
I H B EET HMSe0 4 (P<0.05), T-AOC Hl ALP
NG PEFEAS LRI 22 AN B3 (P> 0.05)(3 4). JITFBE
Jit T-SOD i 1 7F HMSe4 4 feflk, &% T HAt
K4 (P <0.05), 1fii CAT i PE7E HMSe4 2 % 7 ,
EETHABA 2 (P<0.05), GST MiEHIE HMSel

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

Mk, W3 m T HMSe2, HMSe3. HMSe4 41
(P<0.05), 1H5 HMSe0 227 A BE (P> 0.05),
JH g B - GSH-Px 19 3 1 Il MDA 19 7 & Bl &
HMSe s in 2 14 38 fin 52 B0 56 B AR e T i e
A2 ) 22 AN 1 35 (P> 0.05)(%% 5).

https://www.china-fishery.cn
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R4 REBRERNPRNZEAZSEREN AR ETE K EE DR

Tab. 4 Effect of HMSe supplementation in low-fishmeal diet on antioxidant ability in serum of L. vannamei

5 groups

gE|

items HMSe0 HMSel HMSe2 HMSe3 HMSe4
BPEALAE /1/(U/mL)  T-AOC 7.32+0.14 6.95+0.21 6.93+0.15 7.02+0.07 7.02+0.20
B H PR SE A IEE/(U/mL)  GSH-Px 2640.60+20.33°  2658.20429.53"  2668.90+44.64°  2687.50+33.88°  2834.20+37.27°
REEAYBLE/(U/mL) T-SOD 317.443.24° 322.8+1.23 340.7+6.66" 342.842.28" 346.0+4.15"
TR IEBERRES/(U/L)  ALP 51.70+1.97 51.10+1.46 47.00+2.54 47.10+0.51 49.10+0.38

®5 REBERPRMZEZSERM NLAPEITENT R R E L RE R

Tab.5 Effect of HMSe supplementation in low-fishmeal diet on antioxidant ability in hepatopancreas of L. vannamei

207 groups

i

ié‘i HMSe0 HMSel HMSe2 HMSe3 HMSe4
B H I E AP /(U/mg prot) - GSH-Px 179.50+10.99 156.61+12.18 152.69+9.37 150.21+1.97 155.9143.65
B e H IK-S- 5472 BE/(U/mg prot)  GST 55.5242.57® 57.40+1.11° 52.14+1.17° 52.40+0.58" 51.99+0.97°
I AL A UE/(U/mg prot) CAT 2.37+0.22° 2.59+0.27° 3.56+0.48" 3.74+0.34° 5.71£0.73°
SO AL EE/(U/mg prot)  T-SOD 12.37+0.35° 13.15+0.36" 12.33+0.71° 14.17+0.75° 9.20+0.53°
7 % /(nmol/mg prot) MDA 2.19+0.25 2.36+0.20 2.31+0.23 1.84+0.08 2.47+0.32

2.5 IAREREL BN B TR EE SRR XS FLAUERT
N E R A S

TENEAH AR 808 T, BEAE 1R HMSe 7K
ARG, PLAATEE TR A R S I S 1S N 5 AR
e, HMSe0 41. HMSel 41, HMSe3 ZH 71 HMSe4
2 (A7 15 R TG B 3 M 25 5 (P>0.05), HMSe2 41
HAE T R & B T HMSe0 41 (P < 0.05), LA MLZH
HES RN STEN Sy RO S R A = v e/ G CI = B
Brol#5,  FLAAEE X MR 4T 0 Al R 5 W38 ) HMSe i
EANINE R 1.350 mg/kg (K1 2).

70 y=—14.677x*+39.604x+33.248

Y=59.9 R*=0.894 5
60
50
40
30
20
10

I Y%

survival rate

X,

max”

0 040 080 120 1.60 2.00 240
HMSe #NKF/(mg/kg)
HMSe supplemental levels
2 REMARDEEETRITRNKTES LAES
ERBHIB R RE R B 2R BV S AR

Fig.2 Quadric polynomial regression analysis between

1.35

dietary HMSe supplemental levels in low-fishmeal diet

and survival rate of L. vannamei under nitrite stress

https://www.china-fishery.cn

2.6 ILAHERELANIE T B EE KBRS FLAERT
MR E M EE NI RIF

FELAETRER A T, Bl 1R HMSe /K
FIRETN, IS GSH-Px BTG PE S 20 9 T i i R
1£ HMSe4 4135 8 f: 5 . T-AOC. T-SOD F1 ALP
3% 71 7F HMSe3 ik sl mfH, JFHEE ST
HMSe0 4 (P < 0.05)(# 6). JFL44 3 Xt oF T g i rp
GSH-Px (5 ETE HMSed 4wy, I H 3 T
i#541 (P<0.05), GST [UiGPEAE HMSe3 Fl HMSe4
AT 3 R T A4S 4 (P < 0.05), MDA B
H/E HMSel . HMSe2 Fil HMSe3 20 i #{% T HMSe0
1 HMSed 41 (P < 0.05)(3% 7).

3 i

3.1 BEEEREX LRI URE KM RERY
Al

2 S e S R T R R TR Z —,
BBl 2 FEOK S YR KNG, R A fE
PEFEHA G, P o 1 A AR A IR AE 2, 4R
M7, 3 e A s 22 08 B 7 A B PEAE T A B
FEFRW, RGBT VRN 0.2 mg/kg 1 EEEEA 5 Xt AR
ZHAH HRE WS DR AT (Cherax cainii) W3
R R RS R AN AR IR 0.3
mg/kg A HURESRE =5 1A 76 (Clarias gariepinus)

R E K224 F 7/ sponsored by China Society of Fisheries
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i, A5 ARAUBY AL S IR S B R IR XS ML IO MR A KA R

PUAAALRE I FIT RS AR ER W0 A 52 1853

6 ILAHERELAME T 2B AR X FLALE R ME H S 1L RE SR 2200

Tab. 6 Effect of HMSe levels on antioxidant ability in serum of L. vannamei under nitrite stress

TiH

207 groups

Items HMSe0

HMSel

HMSe2 HMSe3 HMSe4

MPUEAMRES1/(U/mL)  T-AOC 8.63+0.78°
B R BT S b /(U/mL) - GSH-Px
BAENBALE/(U/mL) T-SOD

BRI BERRES/(U/L) ALP

916.12+165.87°
139.56+3.50°
8.75+0.50°

8.94+0.68"
1015.29+83.74°

138.98+0.98"
10.79+0.73%

8.80+0.41° 11.43+0.14° 9.54+0.05"

1278.51£155.47% 1109.09+£53.28" 1423.144+47.30"

168.60+7.89° 171.26+3.65° 160.04+3.63"

13.12+1.53° 13.42+0.12° 9.33+0.39°

#®7 THERELME T REEE TR FLAEXTERAT BRBR I & (L BE I HY 20

Tab.7 Effect of HMSe levels on antioxidant ability in hepatopancreas of L. vannamei under nitrite stress

4 groups

TiH

items HMSe0 HMSel HMSe2 HMSe3 HMSe4
A e BT S Ak W /(U/mg prot)  GSH-Px 356.36+1.52" 369.79+16.02" 353.21+9.58" 375.96+2.79" 414.53+3.88"
A Wk H K-S # B/ (U/mg prot)  GST 41.18+0.32° 41.25+0.13° 40.75+1.12° 44.52+0.13" 43.62+0.10°
i EACERE/ (U/mg prot)  CAT 0.62+0.04 0.62+0.08 0.65+0.04 0.62+0.02 0.66+0.03
SR E B ALES/(U/mg prot)  T-SOD 11.53+0.85 10.80£1.28 9.84+0.91 9.47+0.85 9.61+0.88
74 —8/(nmol/mg prot) MDA 2.56+0.02" 2.12+0.16° 2.16+0.00° 2.25+0.12° 2.76+0.02"

A K RE A RDRIRCR , L 0.5 mg/kg 23 FRARH
A KM R RN ARDRE KRB X 1 Sk 6 (Salmo gaird-
neri) B AE R AR, RS & 13~15 mg/kg
A PR 2 o) Rl S 8 7 A FE R AE T, RO S
JEUT A RE 1) R 38 i i i B A AR A MR
Aszgh v, PRSI 0.750 mg/kg ) HMSe fiE$z
TR R E AR RER FHR . (R Skl HMSe
IS IR 3 1.500 mg/kg I, X FLAN I o HF A4 £
KbEge = A msEm, FRFHR TR, FARL
45 v Bl A A Rk HMSe /K R3S, Al e FLgh i
X U A WAL IR Y AR S 2 B, S R HLAA ™
AEFEPERY, XA AT RE S v A A A PR R T R S
N AW R R, v DL 76 mpek H as
1 f HMSe 245 5 0 PLAAEXR IR ™ i

PR B K 7= BB SR 25 AN Sh i 1A
BRI E LR, ARSI A T, A
RS  T LERER RRE R, SO
F Y 7 5 7E HMSe2 4 ik 8l i K{H . 75 UL 6 %))
1t (Oncorhynchus mykiss) [} 5 18 w2 #Mif o] 38 i
P E 48 £ 5 A 1 BT A Bt e LA v AR 1 B AR
AENME SRR, ASLE iR X IR 7E HMSe2 21 i3
FREK, AR HMSe {23 T X IR & )5 & A
AR, EARAEIVATIRS 2, Wt s T
o ORI AL A SR P AR B A (Crenopharyngodon
idella) W) 5E Th AR B AHRI RO 45 58 . AR SLIe h7E
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1. 7E A4 (Acipenser transmontanus)®” Fl £k
3 4 4. (Acipenser medirostris)™ W, i 2 17 A} il
AT O AORLAE i R TR
faf ey, DRk A g e AR f AR D R
fiKPY, De Riu &5 A Ry 7E MUKt 45 19 43 BC B B
HZRR Sy, AR A AT, Bk RS
il P BEAH O OB A M RE B TH AR, SCHE I E = A 2 %
WML 2R 1 RORELAR D7 25 5t B3 AT 2 e B R AILAAR 7
A K. TS, SR FRZE . SR
i 8 I B 1R A A R A 5 e 2 1 T RRURI AR D7 E
R R Z O, FRDIHIG 35 7K1 R i 88 4% £ 5 2 1
T A B R &l A RN R EZ A Y 1(TORCY)
WARASZELET, (BB H AT Ik, SRR
e Wi & s AL A R T — 2P

32 BEERIRWMX LRI ELEE IR

Al

i VE Mt A AL GSH-Px FO3E Sty , 7EHL
P AL R G HA EZAEH, GSH-Px BEfiEfk
W JE R 23 Bk H K (GSH) % 1k a4 16 78 45 b H K
(GSSG), A8 n i E Wik i wl o8 1 F2 5 1b
G, I HIEBRIGHEE A B2, DT O 3 2 g
Bz o E AR A, GSH-Px, CAT. T-SOD
IR ORI BRI R, S P e
MDA H 594, MDA I % 2 i B AL G &2 it
R =8, SHLA A =AU, i
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(R R SE A AR N OR BE B S BRI B, RP AT e 4 e
JBE - AN R S T R, 5 SO M R o S A
AT A B R 3k 84k 7= ) MDA & B3, o
MDA & f 8 5 1] LU LR 4 A 32 R S A
JIg et S AR O AR BB, R 4 b Iz ket 40 483 4 R
() 7= EE PR, ARS8 v i GSH-Px Al T-SOD 1)
T PEBE RRE T HMSe (38 i $2 55 . AR 1L P
GSH-Px 1 7% 4 18 12 1 e B GSH-Px 1 14 119 20 %
PLE, DA 3 e GSH-Px (4 P 5 52 fal b 5z ke
T ERHLAAR N A i o IR HMSe3 4 T-
SOD i P fiz 5, MDA % & i fik, 7F HMSel 41
GST Wy TGP, Ui B ZE AR 5L 30 25 14 T U i it
(1) HMSe RE$ = X R BT EALRE T1, FRARAR Y R
Fiad S ALY A H SRR R, IRPU AR
Yu 0 TGRS ISR KOE Ol R i R,
FRARLARE ARG B 7K ST AT DA a4 A R - B2 A
X% F 2(Nrf2) (9 mRNA 7K F-, 43 GSH-Px
CAT WG PE, AT B S BT B Bl 3R A RE T S
XA 5 B A R M [T AR R F
FEAERARLL

3.3 REZERBRWMN NLYUEXT IS s
N

VA PR R 2 R A K I TP A B 43k 1 e ]
S S EE A GEIIE, RESRS
AR IR EZ R =Y, BRI IR R
HOOLEYTS S, AR b v A R AR R S |
SRR LR N, I e 7F WF 88 45 H 5T sl i
W REER, SEHE L. PR, O .
b A 2 R AR FE AR 2L, EE g R P e ek
AU 2 B AE T BB I R RV A S R A
PR £ X FLAR X IR AT 2t it R B, X IR
() BE T 56 i 2 P 15 v S s T e 3 7 348 i
o L A S e A R R S M a2 S BUL
YRIEXFT U A FE TR T, R AR i HMSe 7T D)
P& LA R A B0 A Rk JBik 38 (R RE T, (R
151 1Y HMSe #8 Jxt ML4h i % R i e k36 18 7= A=
TR . ARSI AT, LGN R0 A
PR £5 W38 1Y) B 3 VS N Rl 2224 1.35 mg/kg (HMSe).
Wang 455 LA A 7K PR Hh I il R R e B 110 4 Jin g
LGN XTERAR P 2 S A 774 (ROIs) 34,
JfH SOD. GSH-Px Fl CAT By 3% 4 Fifi 25 0. fild R o4k
JEE BN AT o A S B A PR R b e )5, I
H T-SOD. GSH-Px. ALP FIAT/HEAREH GST. CAT
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S5 TS PEAR T W an BT A RS M, {2 MDA (Y F
o A R A ST R R A 2 £ a2 L
YR X HRHLAR A i ok Ak 1 & A=, fff MDA 7
RN RIS AR R e A R SR a5, L
YNEXTHRAT AR R Y MDA & 557E HMSel . HMSe2
1 HMSe3 41 i F % T HMSe0 Fil HMSe4 41, J&[H
AT BB A2 VAN 0 A A7 i A8 B v AL AT Nz B e
T 7 38 B Bl 2 A 2 5 | R Al il 2 i sl 18 . 2t
B BN E S PLE AL RE IR, SR
M REZ B, DA E S HEHT AN N SRR T
IR, o S B BN RS, R GO AR B
JoT ik A o o RN T ARG DU T i e
KA S PT R LTI RE MR TIRE . AR R B,
0.2 mg /kg MR R AR . 0.4 mg /kg 1Y FEREAR
I SIV 7 i A T S R v TR SR B I B S A B
R IR S LA R R A R, AT
HMSe0 41, HMSe2Hl HMSe3 2H E. A7 5 & A 4t 48
PTG P, 0 B R IR £ 35 A A A B s p Ak
AETT, AT B i X MRSt SV i PR 56 A4 i A2 1

4 25

SRR, FEACHR AR A 0.750~1.350
mg/kg HMSeRE i =5 LA i X W A 4 P BE A sl A1)
FHR, 5 HAT RS RR ER W0 iR R

(3 7 B A SUT 52 B s A2 B Al 25 )
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Effects of hydroxyl methionine selenium supplementation in low-fishmeal
diet on growth, antioxidant ability and nitrite tolerance of
Pacific white shrimp (Litopenaeus vannamei)

LlJing, LIXiaoli, WANG Ling, LUKangle, SONGKai, ZHANG Chunxiao "

(Fisheries College of Jimei University, Xiamen Key Laboratory for Feed Quality Testing and
Safety Evaluation, Xiamen 361021, China)

Abstract: Selenium is one of the important trace elements in aquatic animals, which plays an important role in
animal growth and antioxidant ability. Compared with inorganic Se, organic Se is better absorbed and has higher
bioavailability and tissue accumulation in many aquatic animals. The present study was performed to investigate
the effects of hydroxyl methionine selenium (HMSe) supplementation in low-fishmeal diet on growth perform-
ance, antioxidant ability and nitrite tolerance of Litopenaeus vannamei. In this experiment, L. vannamei with an
initial body weight of 0.90+£0.05 g was fed with low-fishmeal diets (15% fishmeal) supplemented with 0.000,
0.375, 0.750, 1.500 and 2.250 mg/kg HMSe respectively, named HMSe0, HMSel, HMSe2, HMSe3 and HMSe4.
Each group had 3 replicates with 50 shrimp in each tank (500 L). The shrimp was fed to visual satiation three times
daily at 08:00, 14:00 and 19:00 h for 8 weeks. After the feeding trial, 12 h nitrite stress test was conducted. The
results showed as follows: The finial body weight (FBW, 15.03-16.11 g), weight gain (WG, 1570.1-1689.8%) and
feed efficiency (FE, 1.10-1.33) of L. vannamei increased firstly and then decreased with the increase of dietary
HMSe level in the diet, and reached the maximum value in the HMSe2 group. With the increase of the dietary
HMSe level, the feeding intake (FI) decreased firstly and then increased. There was no significant difference in
protein efficiency ratio (PER) and survival rate (SR) in all groups. With the increase of dietary HMSe level, the
contents of selenium in whole body and muscle both increased significantly, while the contents of crude protein
and crude fat in L. vannamei increased firstly and then decreased, and reached the maximum in the HMSe2 group
and HMSel group, respectively. The contents of moisture and ash showed no significant effects in all groups. The
activities of serum glutathione peroxidase (GSH-Px) and hepatopancreas catalase (CAT) in the HMSe4 group were
significantly higher than those in the HMSe0 group. With the increase of the dietary HMSe level, the activities of
total superoxide dismutase (T-SOD) and glutathione S-transferase (GST) in hepatopancreas were increased firstly
and then decreased. Nitrite stress for 12 h significantly decreased the survival rate of L. vannamei. The survival
rate in the HMSe2 group was significantly higher than that in the HMSeO group. After nitrite stress, the content of
MDA in hepatopancreas increased, but the activities of GST, CAT and T-SOD in hepatopancreas decreased.
Meanwhile, these negative effects could be relieved with appropriate HMSe supplementation. The optimal supple-
mentation of HMSe for L. vannamei was 1.35 mg/kg based on survival rate under nitrite stress using the guadratic
polynomial regression analysis. In conclusion, supplementing 0.75-1.35 mg/kg HMSe in low-fishmeal diet could
improve the growth performance, feed utilization, antioxidant ability and nitrite tolerance of L. vannamei.

Key words: Litopenaeus vannamei; hydroxyl methionine selenium; survival rate; antioxidant ability; nitrite; stress
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