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B (hG) , pG
, p-1,3  p-1,6 ,
4
[4] , BG .
(PO) (LZM) (SOD) 11
, p-1,3- VE
[5-71 , Sigma , =98%
pG , ) )
7 « » [8-10] , 1
Chang ! , BG 4 BG Se
(Penaeus monodon) 40 d, VE, : 300 mg/kg
24 , pG(D1) 300 mg/kg AG+0.2 mg/kg Se(D2) 300
40 , mg/kg fG+100 mg/kg VE(D3) 300 mg/kg fG+0.2
« ” mg/kg Se+100 mg/kg VE(D4) 60
, PG , ,  SLX-80 1 mmx
, 7~14 3 mm , 50°C ,
, 21~28 ,—20C
: 35 (i 12
’ [12-14] ’
(Se) E(VE)
) ) 4
[1s], , (0.83+0.02) g
, 800 5 4
(Salmo salar) Se VE , 40 D1
; Se VE D2 D3 D4 4 , GO0 Gl G2
, Se , G3 G4 , 8:30 14:30
20:30
[16-17] . Se VE ’
1d, 3.5~5.5, 28~
[1§=21] a2 31°C, >6.00 mg/L, <0.10 mg/L,
VE(400 mg/kg) Se(0.4 mg/kg) <0.01 mg/L, pH 7.80~8.20
) 35d
, VE Se 1.3
, Se VE fG , 24 h, ,
, 10~15 , 1 mL
pG Se VE Eppendorf , 47T 3~4 h,
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Tab.1 Composition and nutrient levels of the basal diet (air-dry basis)
%
ingredient content proximate composition content
fish meal 20.00 crude protein 40.05
casein 20.00 crude lipid 8.94
gelatin 8.00 moisture 5.54
corn starch 28.50 ash 9.02
fish oil 6.50 Se /(mg-kg™") 0.23
soybean lecithin 2.00 VE /(mg-kg™") 234
squid cream 2.40
Ca(H,PO,), 3.00
cellulose 3.00
cholesterol 0.60
choline chloride 1.00
! vitamin premix" 3.00
? mineral premix® 2.00
:Dlkg A 4000 000 IU; D 2 000 000 IU; K;10 g; Bi5g; B, 15¢g;
Bs8 g; 25g; 25g; 0.08 g; 40 g; B1,0.02 g; 150 g.” 1 kg : 12 g
90 g; - 3g lg 10 g; 0.06 g; - 0.16g; 0.0036 g.

Note: " Content per kg vitamin premix : vitamin A 4 000 000 IU; vitamin D 2 000 000 TU; vitamin K; 10 g; vitamin B, 5 g; vitamin B, 15 g;
vitamin B, 8 g; calcium pantothenate 25 g; folic acid 2.5 g; biotin 0.08 g; nicotinic acid 40 g; vitamine B, 0.02 g; inositol 150 g. 2 Content
per kg mineral premix : MgSO,4-H,0 12 g; KC1 90 g; Met-Cu 3 g; FeSO4-H,0 1 g; ZnSO4-H,0 10 g; Ca(105), 0.06 g; Met-Co 0.16 g; NaSeOs
0.003 6 g.

4°C 10 000 r/min 10 min, , 50 uL , 10 mL pH 7.3
-80°C PBS , (Z, coulter, BECKMAN
COULTER)
(weight gain rate, WGR, %)=100x%( 14.2 (PO)
+ - ) L- , Ashidal®*!
; , OD49onm 0.001 1
(specific growth rate, SGR, %/d)= (LZM)
100x[In( + )—In( (24] (ACP)
% ; (AKP) (SOD)
(feed conversion ratio, FCR)= (GSH-PX) (CAT)
/( + - ); (MDA) (Anti-O3)
(survival rate, SR, %)=100x (GST) (T-AOC)
/
1.4 143
141 , 5 105°C (GB/T6435—1986),
, 1 mL , (GB/T6432—1994),
Eppendorf 150 uL (GB/T6433—1994),
Eppendorf , 100 pL, 550°C (GB/T6438—1992) ,
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(DZ/T 0183— Dunnett’s T3
1997), VE JY/T024— P<0.05
1996) 5
15
WSSV 21 pG Se VE
[25]
, 0.3 2 )
g , , O0lg 1.0 mL pH GO
7.4 0.01 mol/L , (P>0.05) Gl » G2-G4
10 000 r/min 10 min, : ; ; G2
0.45 pm , WSSV 6.4%, 6.3%,
2 h Gl  (P<0.05) G3 ,
5 GO Gl (P<0.05)
, 10 22 pG Se VE
, WSSV 50 pL,
, 72 h 3 , THC G4 , GO
(Accumulative Mortality Rate, AMR) (P<0.05) PO GO G2
(Relative Percentage of Survival, RPS) G4 (P<0.05) G2 G3 G4 LZM GO
AMR(%)= / Gl (P<0.05) ACP G3
x100 , G4 (P<0.05) GO ,
RPS(%)=(1- / THC PO LZM
)x100 , G4 (P<0.05) G2 AKP
1.6 GO (P>0.05), 3
+ (x £SD) (P<0.05)
SPSS 13.0 , 23 pG Se VE
(One-way ANOVA), 4 , G4 GSH-PX
Duncan , 4 (P<0.05),G3 GSH-PX 3
F2 P-EREMM. 44K E KSR LGEMNIFEK S0
Tab. 2 Effects of g-glucan, Se and VE on growth performance of Litopenaeus vannamei
index £romp
GO Gl G2 G3 G4
/g initial body weight 0.83+0.01 0.83+0.02 0.83+0.02 0.83+0.02 0.83+0.03
/g final body weight 7.55+0.25 7.29+0.37 7.66+0.13 7.78+0.35 7.59+0.31
/%WGR 813.90+35.98 777.8046.74 827.28+11.51 819.95+33.73 810.24+11.76
/(%-d™") SGR 6.310.13 6.18+0.07 6.29 +0.10 6.27+0.08 6.29+0.03
FCR 1.06£0.05" 1.12+0.02* 1.05+0.05" 1.08+0.01%° 1.07£0.04"
/% survival 91.25+5.20° 95.63+4.27° 89.38+3.15% 82.50+2.50° 89.38+5.15
(P<0.05).

Note: Values in the same row with different superscripts are significantly different(P<0.05).
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(P<0.05) GST (P>0.05) Anti-O; G3  (P<0.05) Gl
CAT Gl , G2 G4 , G3 T-AOC (P<0.05),
(P<0.05) SOD G2 R (P>0.05)
4 (P<0.05);G1 G3 R GO 24 pG Se VE WSSV
G4 (P<0.05) Gl G2 G4 MDA
, (P>0.05), 5 WSSV 72 h
GO G3  (P<0.05) Gl G2 G4 (AMR) (RPS)

R3 P-ARENM. HERE KSR NGRS LR M IERFF 14 % B FH X IE R RS20

Tab.3 Effects of g-glucan, Se and VE on serum non-specific immune factors of Litopenaeus vannamei

. group
index
GO Gl G2 G3 G4
6, -1
/C<10%mL ) 3.53+0.49" 4.06+0.22% 3.89+0.36™ 3.92+0.35% 4.15+0.22°
total hemocyte count, THC
/U phenoloxidase, PO 0.37£0.05° 0.44+0.10™ 0.38+0.05" 0.45+0.14™ 0.57£0.07*
/(U-L™") lysozyme, LZM 1.05£0.56° 1.10£0.48° 3.49+0.67° 2.70+0.98" 3.57+0.94°
. ~1, -1
) /(U-100"-mL™) 10.96+3.03% 10.82+1.59% 11.23+0.89™ 8.20+2.74° 12.63+1.11°
acid phosphatase, ACP
. 71. -1
/(U-1007-mL 7 6.13+£1.79% 3.92+1.27° 7.04£0.13" 4.84+1.24° 4.56+0.49°

alkaline phosphatase, AKP

(P<0.05).

Note: Values in the same row with different superscripts are significantly different(P<0.05).

R4 P-RAREFRM. HERE KSR NGRS LR M E LSRR F2 0

Tab.4 Effects of g-glucan, Se and VE on serum antioxidant indices of Litopenaeus vannamei

. group
index
GO Gl G2 G3 G4
. -1
. ) AUmL ") 299.76+5.65° 312.17+17.74° 301.67+10.33° 288.58+16.43° 340.50+£18.21°
glutathione peroxidase, GSH-PX
) -1
. /(UmL ) 8.87+1.79 11.2623.30 8.32+1.16 9.53+1.62 7.67£2.38
glutathione transferase, GST
/(U-mL™") catalase, CAT 5.25+0.72% 6.40+1.38° 4.65+0.49° 4.87+0.97" 4.55+1.35
/(UmLil) c b a b c
o 126.21+18.47 160.61£27.29 190.32+15.48 163.14+6.50 136.88+13.02
superoxide dismutase, SOD
. -1
/(nmol-mL.") 8.00£0.92° 5.78+1.22) 5.34+0.70° 8.01+1.2° 5.48+£0.42"
malondialdehyde, MDA
/(U-L™") anti-O3 176.80+13.77%® 188.58+17.47° 185.49+8.32° 154.23+9.96° 180.29+8.95°
. -1
AUmL ") 13.05+2.63™ 11.48+1.03° 14.01+1.46™ 15.234+2.46" 14.42+2.05%

total antioxidant, T-AOC

(P<0.05).

Note: Values in the same row with different superscripts are significantly different(P<0.05).

x5 p-EREMM. HERERKESRMYNLAETET WSSV B8 T RIS 0
Tab.5 Effects of g-glucan, Se and VE on resistance against white spot syndrome virus of Litopenaeus vannamei

. group
index
GO Gl G2 G3 G4
0,
. /% . 86.7+11.6 70.0+£10.0* 60.0+10.0° 66.7+5.8% 63.3£11.6"
accumulative mortality rate, AMR
0,
1% 0 19.3 30.8 23.1 26.9

relative percent survival, RPS

(P<0.05).

Note: Values in the same row with different superscripts are significant different(P<0.05).
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GO , G1-G4 AMR , , Se VE , Se
G2 G4 GO  (P<0.05), RPS VE , Se VE
30.8%  26.9% : B4
3 ,BG  Se VE ,
G, G Se
31 pG Se VE BG VE , Se
VE
; BG : Se VE
, ; pG |
’ 32 pG Se VE
[26] (Penaeus
monodon) (7] , BG
: el 354, (THC) (PO)
pG (LZM) (ACP)
,  BG Se (AKP) (P<0.05)
, BG SG, «
6.4%, 6.3%, Se » SG ,
[29] 3 ’
(Penaeus chinesis)
,fG VE , « om ,
82.5%, G, 351,
, VE ,BG  Se ,
, VE 100~200 THC PO BG )
mg/kg®* Ruff BY 5% BG Se VE ,
, 200 mg/kg VE Se VE THC PO
, VE 234 mg/kg, (22] ,
GO 2 , Se PO , 4 Se
100 mg/kg VE , PO , VE
) PO
Bai [ , fi (Sebastes (3¢] , Se VE
schlegeli) 500 mg/kg VE 20~120 (Haliotis discus hannai Ino) THC
mg/kg PO LZM
Baker [ , (Clarias , /G Se VE
gariepinus) (500 mg/kg) VE , LZM
VE LG, Se VE fG
LZM ACP AKP
PG Se VE , s
, Se VE
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[37-38] , BG  Se MDA ,BG Se VE
, AKP ; BG  Se SOD pG pG  Se G
VE , ACP , VE , , GSH-Px
SG VE Se  SG VE Se
Se VE fpG , (131
VE SOD ,
Se (02) ,
Se [39]’ [46]’ , VE
Se ,
wor Se Se  GSH-Px ,
(Apostichopus japonicus Selenka) ACP GSH-Px ,
AKP , S Se Se VE
AKP Se , VE , Se,
, [42]’ [15] . G VE
, SG » MDA ,
pG Se VE , VE  Se ,
VE )
3 s Se
33 pG Se VE (T-AOC) G , BG
Se VE ,
, SG G BG
(SOD) , Se VE
(MDA)
(GSH-Px) (CAT)
(GST) (Anti-03) 34 pG Se VE WSSV
SG
. PG
, ﬂG [43] , [47-48]
, BG 72 h
(05) , 19.3%,
( OH) (4 : BG WSSV
B-1,3- , pG Se VE BG  Se
BG( >10 ku) VE ,
SOD  GSH-Px , SG , BG Se VE
MDA (431 , BG
SOD , Verlhac 1] (Oncor-
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The combined effects of #-glucan with selenium and vitamin E on the
growth performance, serum immune and antioxidant indexes, and
disease resistance of Litopenaeus vannamei

LIU Qunfang"**, CAO Junming™**, HUANG Yanhua>**, WANG Guoxia®*, MO Wenyan>**, ZHOU
Tingting™"*, SUN Zhiwu>**, LIU Xiaoling'**"*
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Abstract: A feeding trial was conducted to investigate the effects of combined addition of f-glucan(fG) with se-
lenium (Se) and vitamin E (VE) on the growth performance, serum immune, and antioxidant indexes, and disease
resistance of Litopenaeus vannamei. Eight hundred juvenile shrimps with an initial body weight of (0.83+0.02) g
were randomly divided into 5 groups and fed one of five diets with added SG, Se, and VE. The combination and
levels were 0, 300 mg/kg AG, 300 mg/kg fG+0.2 mg/kg Se, 300 mg/kg fG+100 mg/kg VE, and 300 mg/kg fG+0.2
mg/kg Se+100 mg/kg VE, named GO, G1, G2, G3, and G4, respectively. After 35 d feeding, the shrimps were in-
fected with white spot syndrome virus(WSSV). The results showed that, weight gain rate(WGR) was highest in G2,
which was significantly higher than that of G1 by 6.4% (P>0.05) and the feed conversion ratio(FCR) exhibited a
reverse change (P<0.05). Survival rate(SR) in G3 was significantly lower than in GO and G1 (P<0.05). Total
hemocyte count (THC) and phenoloxidase (PO) activity increased significantly in G4 (P<0.05) compared with GO.
No significant differences were observed in THC and PO activity in G2—G4 compared with G1 (P>0.05); however,
lysozyme(LZM) activity increased significantly (P<0.05). Acidic phosphatase(ACP) activity in G3 was signifi-
cantly lower than that in G4(P<0.05). Alkaline phosphatase (AKP) activity in G2 was significantly higher than
that in the other three treatment groups (P<0.05). Glutathione peroxidase (GSH-PX) activity in G4 increased sig-
nificantly compared with the other four groups (P<0.05). There was no significant difference among the five
groups in glutathione transferase (GST) activity (P>0.05). Catalase (CAT) activity was highest in G1, being sig-
nificantly higher than that in G2 and G4 (P<0.05). The highest value of superoxide dismutase (SOD) activity was
observed in G2, followed by G1 and G3. The former was significantly different compared with the other four
groups (P<0.05), and the latter two were increased significantly in comparison to GO and G4 (P<0.05).
Malondialdehyde (MDA) content in G1, G2 and G4 decreased significantly compared with GO and G3 (P<0.05).
Anti-superoxide anion (Anti-O;) radical activity in G1, G2, and G4 was significantly higher than that in G3
(P<0.05). Compared with G1, total antioxidant (T-AOC) capacity in G3 increased significantly (P<0.05). After 72
h of WSSV infection, the highest cumulative mortality rate (AMR) was observed in GO, AMR in G1-G4 were
lower, with a significant decrease in G2 and G4 (P<0.05).The relative percent survival (RPS) in these two groups
was 30.8% and 26.9%, respectively. In conclusion, the combined addition of fG+Se or fG+Se+VE might improve
non-specific immunity, antioxidant capacity, and resistance to the white spot syndrome virus (WSSV) in
Litopenaeus vannamei.

Key words: Litopenaeus vannamei; [-glucan; selenium; vitamin E; growth performance; non-specific immunity;
antioxidant capacity; disease resistance
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