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BESEXHMEE KR, AL RFE AR

KA, wWHH, FRW, B, lFs
R RS =2, KPS e B R T RS, Wl H7 S 453007

TE: W (Carassius auratus)BEAL 4 4 4, 433 ISR, 8 AR INFR A 500 mg/kg. 1000 mg/kg

1500 mg/kg M TREHIEA TR, 42 d S AT AE KPR BE . RS SO IEHT AU L GG M OB Ak s Al . o fk
ARE . A WEH Mo E ALY ) & E 7K S B i 1 (Aeromonas hydrophil a) B2 J5 OB 1 7735 38, SEI 45 SR R, ANE
T 4 B B 1E 22 W 0] 8 2 (P<0.05) 38 fin v T 0498 B SRR S AR S R B TS 2 VS N T VR B AT 5O A s G
284k, X 1000 me/kg # 16 Z WHAR AN AL IEFE B0 35 T X IR 41(P<0.05); B 5 2 Wi AE o2 18 it il 6T i SOD |

CAT 1 GPx 11k, FEACHFIE MDA & #(P<0.05); A [ 71 5 2 6 Z BH AN I Yo ] 42 &5 LT A v K S LR i I s
FIFFTE S, H 1000 mg/kg W MMH BT R FOER BT, 96 h [FEEIFE TG 3o 75% ., LR R, L] 4 iE
A, B TR RE T, DT e LR AN B R BT 1 o LR e T RPEAY, FE K 3R A B B 4 £ L o

o PP ELAS Iy 1000 mg/kg, A 2B £ S UL Mg 7SI BB 9 KA

K BN, BED; AERMERE; BrAk; PUR
FESEKS: 5941 XRRFRERD: A

THIT#(Qihe crucian carp, Carassius auratus)
RRIR = AGREY, 25 A0 T A, F R
FafE S, EIRME S H A, M2 15 %58
1M, JAFE R b TR B R oK, e AR
ey FRaE AR B R ) T R, R EINE
KA, SFRFH IR T E SR . IR E KSR
S F BIIA BRI LA 2 o 3, AME S5
G PEIR L, WA AR T e R
b, BB iaH R 507, Wit m a2k
BLAAR A8 77 8 38 B AG R T BB s gk S A AP B 2L

TEK = IR, AR B2y | Oy )
PR — WA R B RN . B e T N —
Fh sk, R, s 2R Rl ta ik
PR, AR, st w el ARh Tk
NI B AR, BORBZ MR TR R —fA
RO E . B AN 2, B bR

K BH: 2022-04-18; f&I1THHA: 2022-05-09.

TEHS: 1005-8737—(2022)08—1160—08

— " Z PR, £ B (Astragalus polysaccharide,
APS) & M\ FE AR R AR A AT M 2 b, BLA
WL OPUREE . PrAML. HERAEThRE . IREEK
PERESEVEFE, DRI Bl 32 b FH K7 s B By
P R R e R S B A
5 J¢ B % 4k #1 (Oreochromis niloticus)!'?!, K
ff1(Larimichthys crocea)' . 12 fi#(Channa argus)''” |
T i t1 (Pelteobagrus fulvidraco)!'® . i ffi (Cteno-
pharyngodon idellus)!'” | JEJEitl(Catla catla)!' ¥4
Z R AR RS e T RE, D4R AT
W77

AR B 2 AN [F] 57 4 (500 mg/kg
1000 mg/kg . 1500 mg/kg) 7 ¥ i 2 i A e 57
VLA, 5 g L A KR . PrE kI RE
KBiis S sem, m] R R 2 M a2 3R e Ak
Hr R AR LB IS S %

BESTE: WA RHE eI H (202102110258); 10l B 48 55 4524 55 B H (21A240002).
EHZBAN: WARW0984), <, T+, PRIW, BFEEH [ I F 5 RE SEM BT . E-mail: zhangjie-2005@163.com
WEEE: fLAEs, &8, W5ETrm K ™ s % 5895 B #% . E-mail: xhkong@htu.edu.cn
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1 HRET%

1.1 SSIw#Hel
SIS VTR B0 19 0] R 2 U L T S e
BRI AL 2 ER A RA R, 4
J=98%. PBS ML & AU [F MR BE B9 7 35 2 Wiy
T AR R RS, BT, 4 CHRAF
#=H.
12 EWETS5RFEE
1.2.1 ST BN — B BT EY, w1
RHE N (14£3) g, PR (8<1) em BlEHLI N 4 41, Y
17 d eI RS, SLg R 42 d. 3% < L

LB £ Fi A5 ARl SR LR HOARL, AR A LR 1, 5K
Y6 20 43 1) R 8 iR (CT 4H) . 500 mg/kg (5 kg
T L G T B 2B 500 mg) ¥ R £ 0 4H (APS-1
). 1000 mg/kg # M4 (APS-2 4)LL K
1500 mg/kg B W41 (APS-3 4), 434130 JEffi,
FEGWE 3 AT

1.2.2 {AFEE SIRWIE 24 h AEMBTEA, ff
TE/K A i A S8 & M (6.0+0.2) mg/L, ZKIRPRIFLE
(24£1) T, &K 8:00, 13:00 F1 18:00 <& & M %
M, BoRHE N fAIRE Y 1%, $ERE 30 min 5 R ERSE
TR AR CHR ), B KK —I

®1 EMAMEEEFAS

Tab.1 Nutrients composition of basal diet

%

HLE A R HHLET 4 MR 53 HLIE 7 S Afetn K4y AR
crude protein crude fibre ash crude lipid calcium phosphorus sodium chloride moisture lysine
=35.0 <7.0 <16.0 =3.0 0.50-2.00 =1.10 0.30-2.00 <125 =1.70

1.3 HRRESNE
131 HmXE TSR AR 42 d
&, BRI A, AL 10 B,
100 mg/L [8) 22 2K F iR 2. FF R TR 6k (MS-222) Jfk
g, 0 S BUFFIE . JALAE RS AR, 7 0.65% 01 4= 22
K PR R TR, WK F KA R R E . Ho
JHF W B 5 R 0 B A A S M R TN
(MDA) .
1.3.2 MELIBRUE FEHRH 0.65% 4L FEER
K2 VR I, BEAR TR, FREGE R4l 4,
PR 0 RF=1 1 9 (g/mL) LA AR iR K
AT LA 04 °C, 12000 r/min B0 15 min, W%
W13, —80 CIRAEEH.

it B ALY AL i (superoxide dismutase, SOD)
e A WEH o L Y (glutathione peroxidase,
GPx)ii Pk | it S ML S (catalase, CAT)IG MEFITN —
[t (malondialdehyde, MDA #t 34 % FH pa it 2 A%
A=) TREBIE S T S AT R, 45 2 TR L
WA GV 15, SOD Witk X oh: BTt RV il
H1 SOD il 5.3k 50% T BT X i (1) il 1 >4 14~ SOD
TEPE LA (U); GPx 1t oh: A 0.1 mL Wi
#£ 37 CIRIV S min, IBRIEMIERNAIE, Kk

PR P A e H IR EEFR AR 1 pmol/L 2 14154
BT CAT TR SR R f 2 o B AR
0.01 24 1 P P EAA
133 EKMRERMER[REHNE LU FAXTT
A3 T K (weight gain rate, WGR), FFE 4K &R
(specific growth rate, SGR) ., 1il#} R % (feed conver-
sion ratio, FCR) M JE#% 45 %4 (viscera somatic index,
VSI):

334 R 8 (Yo)=(Z AR M HHL 0 i A )/ 2 1A R
100

FiE KR (%)=(In ZRKE-In WIHHIKRE)
KEx100

T AR M= i () AR I ()

HIERS 5 50 (%0) =1 B EL R/ L AR x 100
14 WHZXH

W 42 d ), & L3RRS A
I 20 Bt T IR 5L 00 . 4 R A e TR G
We B A (3.3x107) cfu/mL FY W 7K < B )l B (Aero-
monas hydrophila)&& 100 pL, X I8 2H i ks e 5
0.65%M/EFEER /K 100 pL, WEEIFic 44l
FETHE 0L, 2 MELT 2 S0 547 15 % (survival
rate, SR),
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TEE R (%) =R AAF IS BB AU $0< 100
1.5 HEDWH

S5 45 S ULV A 45 o 22 (x=SD) £ v, H
SPSS 20.0 #F AT HL R R Jr 225087, K Duncan
2 LB TR) 25 5 M, P<0.05 22 S
A GraphPad Prism 5 #X{41EK .

2 HRESW

2.1 S HE X T A K M Bk B B2 N
B2t 42 d FRIELKIG, SR
Hfn A KAMERE AR I L3R 2. 45 SR R, AR
(1) ¥ P 22 B 1 i 35 2 v L V) B 1 39 DR (P<
0.05), HLBETE 1 220 77 2 A 38 fin 448 3B Wi 1 K,
APS-3 AP EI E AR 128.2%, BES T
APS-1 41(116.3%) 1 APS-2 41(117.9%)(P<0.05).
T T SO 2% 45 ML 2 LT A o A K R e T TR
g1, FLB 3 R 2050 2 0 3 m A T i
HRSHAZH LR EEER ., BREZHERNE,
Tk R A TR S, (A2 5 iR A L

ZRIFARE .
22 BESEXHTHEEREEHNIE

T 1 22 WA IR I L Tl 680 JH I 6 450 X IR 4
N 3 Frow, H APS-2 ik H 53 IR E R
1 2 (P<0.05) o {H B I Fi BRI T 2507 B8 1S 208
ML Ko X R AL 2 (R 22 57
2.3 EESEXETENSLIBERHIIE

TP TS 0 T 22 S T 2 v Y] i
EHT A A B TE E, F A 2R 2R = W3S i SOD
1 GPx WE S RIS EFHE T REEEAGEE 4),
APS-2 41 SOD 1 GPx {ifi th: 45 /=1, 43514 46.6 U/mL
M1 41.8 UmL, SILA L, CAT 76 A8 fh#a 3 fir
AN, APS-2 AiEMEAK, M 33.9 U/mL, {H{5%
R T RRAL(P<0.05). LAk, W3k 4 FoR, USINEL
B 22 S VL T B e DN T
Tk (P<0.05), APS-2 4 & &5k, & 8.2 nmol/L.
24 BERSEXETHRNGIHEIE

AN TR ) 1 B 2N 0 S 44 ] i T e
MK RIS AR TR (A 1), Rl

®2 FEFNEBHERSHENETHERK GBI

Tab. 2 Effectsof different dose of APS on growth performance of Carassius auratus

n=10; X£SD
TH item H%| group
CT APS-1 APS-2 APS-3
WA R H /g initial body weight 14.1+1.85° 14.1£2.13° 14.3+2.46" 14.142.00°
LA K HE /g finial body weight 26.5+1.63" 30.4£2.05% 31.1+1.93° 32.3+2.58°
14 R /% WGR 88.8+2.74" 116.3+3.09° 117.9+3.19° 128.2+2.29¢
FEEAERKE/% SGR 1.60.13° 1.8+0.13% 1.9£0.08" 2.0£0.05°
TRk R FCR 2.0£0.96° 1.9+0.89° 1.8+0.59° 1.8+0.29°

W FEATEOR EAR T AN R 38R 20 1) 2% 55 i 3 (P<0.05), 7 RJH R 22 75 4 18] 22 5 A8 1 25 (P>0.05).
Note: The values in the same row with different superscript letters represent the significant difference between two groups (P<0.05), while
the values in the same row with same superscript letters represent no significant difference (P>0.05).

® 3 AREFEHEKSHEN TSR IR0

Tab. 3 Effects of different dose of APS on viscera somatic index of Carassius auratus

%; N=10; x+SD

Z51 group

WiH item
CT APS-1 APS-2 APS-3
B HEFEEL kidney index 0.3+0.06° 0.3+0.04° 0.3+0.15° 0.3+0.03°
JEEHE %L spleen index 0.3+0.06* 0.3+0.06* 0.3£0.09* 0.3+0.04*
AFAEHS %L liver index 4.1+0.14° 5.0£0.95" 5.5+0.92° 5.1£0.86"

H: FATEEE B AR R R R 4108 25 57 835 (P<0.05), FRIAH R 3 /R 41 1] 25 5 .35 (P>0.05).
Note: The values in the same row with different superscript letters represent the significant difference between two groups (P<0.05), while
the values in the same row with same superscript letters represent no significant difference (P>0.05).
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Tab. 4 Effects of different dose of APS on antioxidant parametersin liver of Carassius auratus

n=10; x£SD
TH item 5| group
CT APS-1 APS-2 APS-3
A AL K E/(U/mL) SOD 35.4+4.29° 35.9+2.13° 46.6+5.09° 41.542.57%
i &L A/ (U/mL) CAT 24.8+3.20° 36.9+5.23° 33.9+4.75° 37.1+4.64°
A5 W H ik S AL P /(U/mL) GPx 27.242.67° 36.8+4.34° 41.8+1.35 38.9+5.4°
N —E%/( nmol/mL) MDA 27.841.63" 16.5+1.34° 8.2+1.28° 13.7+1.53%

e RATHEE AR RN R 205 21 0] 22 57 18 35 (P<0.05), “FhJAH [F) 3 /8 4 [H] 25 5 A 5.3 (P>0.05).
Note: The values in the same row with different superscript letters represent significant difference between two groups (P<0.05), while the
values in the same row with same superscript letters represent no significant difference (P>0.05).

100
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Fig. 1 Effect of APS on survival rate of Carassius auratus

APS-2 4H, 48 h JG 1716 RYEF5TE 75%, M35 38 1]
B2 TR L E TS RN 20%; APS-1 411 APS-3
AR LT A AT R LR T, 72 h JE YRR TE
50%0

3 it

31 HESEXHTHAERKEENZE

R | R AR ORI R R BUEEN s
XoF LA 118 ) P 25k B A W JHL A A 1 i v A1 g
RECHE FI 2L HR AR . PR R, | RREIR &
S 0 A A RN SR AR e 0
245 111 (Schizothorax prenanti)Jt il ik} vh 43 51 7%
J10.02% . 0.04% . 0.06% . 0.08%[H# &L HE, 57
B 50 d J5 KR, BEEE SN N 5T O S A 3
AR RE KR R ARORY B E & T
TR, AR R O R T R Y, R
HR I 500~2000 mg/kg B HEHE ZHEFR5E 56 d ),
BRI A KR I, AR R B

ATIFFE B TE 0 U i 2H v T AT G ) 34 B SR
e KRS XA, 5 kg R—5%, H
TakE RS G R A E AR R Rk %, (R
ERIFANRE, 5RW) 65 (Lates calcarifer) 1 fi i
FE—30PY, AT RE R 2 320y 2 R S SR U i T
. BLAh, AT L I (R 1.04 g+0.05 g)
Tt v 43 A IS TR vk B R B RE 22 0, 974 60 d
J&, 50 mg/kg F1 100 mg/kg FRANZH, 8% 15 5 R
R AR Z A0, TRk R Bt 2 s % R A
Ak L3 N T Z BT R E 150 mg/kg TRIN4L, SR
A KRR R T BRI S, S e B2 R,
ILEE R SRV A 225, BEZHR R BItF
AHEGE Il R, B AT BE RS TR A K B B
ARG B 22 B4 e B RNR A TS TRD, e R
AR E 2y A 56, AR, R
FH GGk 218 iy A Bl 20, TRES
S A ORI B AR, FESERRAE PR, SR
F 2 R 7 S sl OR f, BRAS i 5 B
BB A0 78 U 230 T A pe s i, X ek
FEFREE N B S A
32 HEEZYEXHETH LR E RN
TPt B IR AU IR S SR B E R SR E
(0 EGAE, )R 2 ) W AILAAR & & ) 6 R fde B tR 1
MR Z —, RERENERMET HEY
M AL 1) B2 77 o /N BREE ST 1 B S 20 14 d 5,
HL o R g R 5 A T P ekl b i
BE I AT B S BN 2 R G A (MR | Sk
ARG Y F T Pl e T, R T s 4
(G 2 o B TR AU, (R AE S 2 E 1 R F ORI,
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HET G SRR e Ty o SR, A B 2
ST AL YT 80 g G 50 A i 5 0 R A
PR A AR, BARE R TEE— 05T . BFAE
EEFYREENARE S ASE, WEEERY
i B L, R E A A G N 25 ke PR AR,
P Z 48 B 1Y & B R AR mT s ma A& G 77 o
ARSI AEREH, 1000 mg/kg B LR i 351
PR, (REEFIERE . & %P JEfa(Oreo-
chromis niloticus) ]} H &8 IiAH 2 [ 4F T b 2% 42
R NC RS I 5 G (<P S o1 1= 0B IR A
ARESE T IFRER R . Be iR 2 g ke,
Uk, FEERL RN R 2 B T R R A R g )
Z AN, [ B 3 R A AT AE i T A5 1
AU

3.3 HESHEXHAHAKAIERNEIE

AP AR R b, ML B R g A
il A i 3 B 77 A2 i PR 4 H 3 (reactive oxygen
species, ROS), [Hid ) ROS £ X HLIA i B 45t
Yio AT RN EK ROS, EWARAE KR
RPN T —E2EN AR, FE
AR AL R R AR E LR R . S
AL IR R FEALHE SOD . CAT LK GPx, Al
B P R 1 ROS, A3 40 i 5 32 B AL 47
MDA 2 4ii g B Ag I A Ak i =, A i)
e F i o ok AR A P R R, R R SR A2 40 Y
Ehnz—P7,

WF5TF B, 5 M T K [ R 348 ik AL A4
UL IS M . SRR TP AR AN R R i 2
W5, I SOD ., CAT il GPx Jif M ¥45 AS Al 2
T, MDA & i B FREN s fa il b hn
1000 mg/kg M 2SR 8 JH s, Maid FiJE
CAT 1&EPES I 55, B SOD & PRI A B A8
ROV, Z2 AT 5 K 35 6T (Scophthal mus ma-
ximus) i AIE BBt A AL BE 1 A1 GPx & 1, {HXT SOD
I CAT P G W S 2 mig 2™ B MR ] 37 2 i &
Wi, 040 L% H SOD . CAT I GPx % P24 i
EE T IRAP i RS R Y
ANEARKB B ANEALEE h i b ie i
Wi, ASHHF 5% LA T 6P 4 41 R S 06 0 5, $0E AT
ZWE)E, WU MECVE LA A B R A

T PR O T E B e R R i 28 1k, 4
F W] SOD .CAT Fl GPx i M 5 X HZHAH L 34 9]
FHE, MDA & NI, SATAMFRE R 3. 4
TR, A R XS [R] 2T R L T
A FTARTR], (HR AR E A7 m] 3 5 £ AT A AL g
J1, WIS BRI N B A ROS, /> AL 145,
FEAHLIA MDA &, I HA TR A K B i
T8 R BT S A BE 7 i 52 i A [
34 EERSEXNUERHEAEFERNZD

I K BRI B A 24 IR AN B, mT B R
ZURIK ISP T s, AR . &R
T, RIRK R R P AT e e B R
[ e wie 4 T e AP [ e
it R R e S ) R R Y BR AR AL, O EL AT
AT v A0 o U0 v K S B T R )
T M 2 K O B 6 (Micropterus salmoides)
14 d 19 RBVET- R B E M T e, T8
i 25 B i 5 Al e B0 1 22 M T AR A1 2 A0 i
KSR OIS ) BEUET R, ARG
FW, AR A B R NS Y RE B S e KR
B TR O LT ) AT R, SR A Y 2
— 3, LRI, R 20 ] R R KR
PN A HCARIBE Ty, B MO S R R A TE R

4 i

T ek m R A [ 5 o ) B R 22 B R K [ AR
JE M AR PRI A K, e LB S BE T DL Rt
95 1 o SETFARMIE LR, LG T FITTEAL,
) ) ek L A v A AR B RS 2O Y 3 LR N R
1000 mg/kg, AJ 7K 7™ 37 5E v B 5 wg /K B
RS T B0 ISP Y & A

SE 3k
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Effects of Astragalus polysaccharides on the growth performance,
antioxidant parameters, and disease resistance of Qihe crucian carp
(Carassius auratus)

ZHANG lJie, HAN Qigqi, LI Chunjing, ZHAO Yanjing, KONG Xianghui

Engineering Laboratory of Henan Province for Aquatic Animal Disease Control, College of Fisheries, Henan Normal
University, Xinxiang 453007, China

Abstract: Astragalus polysaccharide (APS) is a soluble polysaccharide extracted from the root of Astragalus
membranaceus that exerts many biological effects such as antibacterial and antioxidant effects, enhancing
immunity and improving growth performance. To evaluate the potential effects of APS in Qihe crucian carp
(Carassius auratus) as an immunopotentiator, the growth performance, viscera somatic index, antioxidant
capability, and disease resistance of Qihe crucian carp administrated with APS were investigated in the present
study. The experimental fish were randomly divided into four groups (30 fish per group with 3 repeats) and a 42 d
growth trial was conducted. For the test groups (APS-1, APS-2, APS-3), fish were fed with basal diet
supplemented with 500, 1,000, and 1,500 mg/kg APS, respectively. Meanwhile, the fish in the control group (CT)
were fed with basal diet. The results show that dietary APS can increase the body weight growth rate (WGR)
significantly (P<0.05). The WGR in APS-3 group was highest and significantly higher than in the APS-1 or APS-2
group (P<0.05). The specific growth rate of Qihe crucian carp was higher in the three test groups than in the
control, but there was no significant difference among the APS-1, APS-2, and APS-3 groups, and there was no
significant difference between the test groups and the control in feed conversion ratio. Previous studies suggested
that APS could increase the viscera somatic index and promote the development and maturity of immune organs,
thereby enhancing the immunity of organisms. However, the present study observed no significant difference in
the kidney index or spleen index, and the liver index was significantly greater only in the Qihe crucian carp with
the APS additive of 1000 mg/kg (APS-2 group) than in the control. This result indicates that APS additive of 1000
mg/kg could promote the development of the liver in Qihe crucian carp. Moreover, the enzymic activities of
superoxide dismutase, catalase, and glutathione peroxidase (GPx) in the liver of fish in three test groups were
higher than in the control. The highest values of SOD and GPx activities were presented in the APS-2 group, and
were 46.6 U/mL and 41.8 U/mL, respectively. However, the activity of CAT in APS-2 group was the lowest
among the three test groups, although it was significantly higher than in the control (P<0.05). Additionally, the
content of malondialdehyde (MDA) in the liver of Qihe crucian carp was significantly lower in three test groups
than that in the control (P<0.05), and the MDA content in APS-2 group was the lowest at 8.2 nmol/L. Therefore,
APS additive in diets can enhance the antioxidant capacity of Qihe crucian carp, remove excessive reactive oxygen
species, thus reduce oxidative damage, and decrease the content of MDA, which is the end product of lipid
peroxidation. After challenge with Aeromonas hydrophila, the survival rate of Qihe crucian carp fed with APS
additive was higher than that of the control. The survival rate of the fish fed with APS additive of 1,000 mg/kg was
highest among three test groups at 75% after 96 h post infection. In conclusion, APS additive could improve the
disease resistance of Qihe crucian carp against bacterial infection by promoting growth and increasing the
antioxidant capability. Based on the comprehensive analyses of the results of this study, the appropriate dose of
APS additive was 1000 mg/kg in feed of Qihe crucian cap, which could effectively prevent and control the fish
diseases caused by A. hydrophila in aquaculture.

Key words. Astragalus polysaccharide; Qihe crucian carp; growth performance; antioxidant capability; disease
resistance
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