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PR A KB EARBELCEMENAARRELCENAGLERG. AR LW, AHF
BAImAKT030% WALKERGEERGEFT AN E KR, XEFELREERIL. A1H
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PE L SR E ST BBUiR T, AEAE K SR U
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mg/L K f e, S AR ZD BRI RS 10 S BRI
Fad AR, B b A A A DG SR R i R Gk
ol e 2 R o A AR R T A R L S
FE R B, WA L1 BRI AR S 0 2 A/ Bl v
PREAM &8,

A (Pelteobagrus fulvidraco) J&—f 74 &
PEf 2, 7RI E A& MR KK B Y oA . Bk
2019 47, 4x[E A SR B 1A 536 964 t,
BRI E BB IR KSR s Az —P SR, B
1 AR A A SRR S VAR kR, TR R I
HE Py S 2 7 R FR B i AT G B R
Bk FEETA 0 2 A WA R PR AR5,
FEAS AR R KRR R, S N-H
B-D-REHAMRZ M A K H RS BE A D,
AT 5% M) 5 B 8 500 00 1) £ BRE B 1, IR ALY
SRR R O R R A A DR B (), AR
55 LA IE e X 4, TRAL T AR 41 Bk g X
ARKPERE . MR SRDE . PUAA BRI M . S
BTN Z B s, ST R R B
BC A iRl A A ik

1 MRS IE

1.1 SEEfERt

SCI AR Ry . BN E AR N EA
W, DAyl . Sl AR S OB IR R, i
A LT BRBES N 70514 0.00% (X ARZT) . 0.30% .
0.50% 1 1.00% 19 4 FhialkeE, 4 Fpiaklrpic g 25
B S K R S 0.00%. 0.03%. 0.06% Al
0.11%, JFEHEAAE, 2 F-2611 kL (TR FE
FET R, 70D T E AR 539 R 2 F1 4 mm (1)
WUk, FIR TR E KD E<10%, BT
8120 C IRAEE o LI IRDRHEC J7 B 3R K
W1,

1.2 SENEYI R BV

W4 0 [ WL BN TSR SR Y, )
WX MR 4 R R SR 1S dJE L, Bkt RN
(5.00+0.85) g fHFRENG K AU LK A REHL A B2 12
A~ 500 L BN FRAE AR T, BRAE 30 2. B S 56 1)
BHEWE 3fScmh, RN T EHRE, &X2
K (06:00~07:00 FI 17:00~18:00), 35 5l S B 5 41
10 8, BRidpEE, B mdfitd, Kl
(29.00+2.00)°C., %A (7.05+0.52) g/L, pH 6.40~
6.60, Z A <0.01 mg/L, W AHREE<0.50 mg/L, fRFF
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BEAKIRE NG, iamailig24h,
2 MS-222(120 mg/L) FREE 5 E47T PR T4, 4
WIBEPL PR 3 B, PIE, IRA, —20 °C 117,
T aal i, BNk 3 Ba, HFR
(100 TU/mL) 32 ¥ 32 A — YR P v 4 DA R &k v
i, AT e=mE ; L3 Ba, HRE
R 1 — AR S g8 R Sk rhdfi, 4 °C
i, B0 (836xg, 10 min, 4 °C) 345 ML
—80 C 177, AT IS A bAEbr . UL 1
R ARRE R B AR ARSI . BUIMLIS FY 6 2 fa g fige il 4K
HUFRE, FREF AL,

1.3 S0

22 AOAC!" ARUET 5, I SE BTkt Je 4
e E A, AR . K ORI i
FESLTHEAR 105 ©C 2, M@K & ik
JE B B T SR 600°C ZEE, W K
Sy A R E R M FP-528 4 H 3
FAr AT AL (Leco 4 /), LS HR); A& il
FERH 2055 4 A s R ICHH LY (Foss A ], Hi it
FRMAS . IR B9 E R Waters 2695 1554
WAL (Waters A F), SEE). &% Li '
Ui RE s e A i Iy QN 2 G [ A s = =
M AR, SR A AUS800 4 A 3l A Ak 4 B X
(Beckman Coulter, 32 &) & G S &M . HE
H. BREH . @A, HEREE. Hm=f. &KW
SR M A B N IV A A B AL
i EAC ARG . A G ALY Bl N R
I R R a7 (P o A AR ) TR 5
B ) o o 22 5 B 1 e 0 e 0 o) S P i 25 1 R
H A L RIR 50% B A G TH AE 2 SO 1A
AW B A TG 1 BT 5 g2 T B 1 A B S
AR R BE I 0.1 A BT FE B2 SUN 1 AN
A G PE AT 5 1 min NFE AL 1 pmol/L IR 1Y
Mt i 0 SR 1A D6 H R sk STk 4 Tl 0 P A
ML BB LAON 8 PR dES,, ERIR T, )
6 BE (B A 40 B AR 0.001 78 LA — AN P B4
LT A AMA S S e BEER R & &, DR R
A& (A TR AT, ),
P AR I S VR AR T R ek AR e . 55
Li AR R iR e . 2 H BB IR A i |
WA . AW A B S A 2 R =
IR FH ELISA A7) & (R 5t g i A ) TR A5
fr, mED). SRAINSTIE L, MLk,
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Tab. 1 Composition and nutrient levels of experimental diets (DM basis) %
T R R A 4 BRSBE N D

;Dﬁ H dietary H. pluvialis supplemental level

ttems 0 0.30 0.50 1.00
JFK  ingredients
iy fish meal 35.00 35.00 35.00 35.00
M1 soybean meal 18.00 18.00 18.00 18.00
/INEEEAF  wheat gluten meal 15.00 15.00 15.00 15.00
3 fish oil 2.00 2.00 2.00 2.00
il soybean oil 2.00 2.00 2.00 2.00
KE RN soy lecithin 1.00 1.00 1.00 1.00
A RHURE  vitamin premix ' 1.00 1.00 1.00 1.00
TR BURER  mineral premix 1.50 1.50 1.50 1.50
/NEF)  wheat flour 15.00 15.00 15.00 15.00
MR 4% monocalcium phosphate 2.00 2.00 2.00 2.00
SALAERE  choline chloride 0.50 0.50 0.50 0.50
FH3EH betaine 2.00 2.00 2.00 2.00
4% cellulose 4.50 420 4.00 3.50
LI ethoxyquin 0.50 0.50 0.50 0.50
FAELLEREE  H. pluvialis® 0.00 0.30 0.50 1.00
EFE/KF  nutrients levels
HMEAM  crude protein 42.12 42.55 4231 42.67
HLAEWT  crude lipid 7.91 8.01 7.95 7.99
JK4r  moisture 10.51 1033 10.12 10.05
K4y ash 9.81 9.55 9.14 9.68
HF5 & astaxanthin 0.00 0.03 0.06 0.11

Wl BT RTUREL S A 4R RARERRRE 2 500 000 TU, RHAG{LEZS00 000 TU, o-EFF6 700 TU, HURILER 0.1 g, HilkE 10g, #%
WH6 g, HMMNLERTI2 g, MIR40 g, D-IZIRES1S g, EMF0.25 g, H+Ea04 g, WIEE200 g, HUENGE 0.02g, HIZEMR4 g. 2. BT 320 Mk
TRESH : FeCgHs0, 4.57 g5 ZnSO,-7H,0 9.43 g, MnSO4-H,0 4.14 g, CuSO,4-5H,0 6.61 g, MgSO,-7H,0 238.97 g, KH,PO, 233.2 g,
NaH,PO, 137.03 g, C¢H;oCaOg'SH,0 34.09 g, CoCly6H,0 1.36 g 3. Fﬁttﬁ%;ﬂ"]ﬁ?/)ﬁzfﬂzft%ﬂ&ﬁﬁﬁ \E(TUR), B R S iE290.8%
Notes: 1. Containing the following per kg of vitamin premix: retinyl acetate 2 500 000 IU, cholecalciferol 500 000 IU, a-tocopherol 6 700 IU, ascorbic
acid 0.1 g, thiamine 10 g, riboflavin 6 g, pyridoxine hydrochloride 12 g, nicotinic acid 40 g, D-calcium pantothenate 15 g, biotin 0.25 g, folic acid 0.4 g,
inositol 200 g, cyanocobalamin 0.02 g, menadione 4 g. 2. Containing the following per kg of mineral premix: FeC4Hs0, 4.57 g, ZnSO,-7H,0 9.43 g,
MnSO,-H,0 4.14 g, CuSO,-5H,0 6.61 g, MgSO,-7H,0 238.97 g, KH,PO, 233.2 g, NaH,PO, 137.03 g, C4H;,CaOg4-5H,0 34.09 g, CoCl,-6H,0 1.36 g.
3. H. pluvialis obtained from Ningbo Honglong Biological Technology Co., Ltd (Ningbo), H. pluvialis stabilized with 0.8 % astaxanthin

BB AL R AU, ShRchiR s a R
AL RIRLS NG 2T ARENCREL 7/ ﬁﬂ)ﬁé%ﬁ@fi

N, 5 BRSO E HR R
14 2SI RRBLEHE
FRILIGE R G, SMEEHLEEE 15 B,

R TEEOER AL (57.00 mg/L)™ K44 96 h,
W R MR TR A R B T A 0 B R (Twaki
il HAS) MM SR (10 g/L) HE1 7%

%3 % F & K 8:00~9:00 )5 31 . K YSI
ProPlus 2 S50k il a2 { (YSI A H], &) Wi
KA R . BEESCI I, KR (29.00+
2.00) °C, AW (7.05£0.52) mg/L, pH 6.40~
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6.60, WAKAR££<0.50 mg/L, 1345 H ARG,

FEVE ST AE RS, 48 MS-222 BRI 5 #E 171
B, gt R, RARkEYLSkE 3 Ba, A
%éxﬂ?%?éﬂ‘ﬂﬁE@—?ﬁt‘f@iﬁﬁ%y\%*ﬂﬂ@ﬁam ,
4 °C 18, B0 (836xg, 10min, 4 °C) 3G,
=20 C fRAF, FHT &R, JF i O
JIE, =20 C ORAF, F T2 A DG mE & 2l e o

1.5 Zitoth

SEIGRICHE R ] SPSS 18.0.0 A7 BN & 7
23 HT (One-Way ANOVA), %5 5 LIS 249 {1 5
1% (mean + SE) 7, UNSR4H[H] 2% 5 8.3 (P<0.05),
WK Tukey #3547 2 5 LK.

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

11 4] BEESC, S TR ISINE AR LLER N A A BURRES T SR SRR 2 1 S 2171

A RKAPEREA TR AT -

B (survival rate, SR, %)= N/N, x 100%

A% (weight gainrate, WGR, %)= (W,~W,)/
Wy x 100%

T Bt 2 %4 (feed conversion ratio, FCR) = W;
(W=Wy)

T B (hepatosomatic index, HSI, %)= W;/
W = 100%

HE{# FF (condition factor, CF, g/em®)= W/L*
K, N, RHLKREBEL, Ny AVIGRREL, W, AR
KTt (g), Wo AWIIIRTTE (2), Wp WA
i (2), Wy WEJTIEE (9), Wikl (g), L
HfRK (em).

2 HEiR

TRk H S IR A £1 3K B RE A 2 4R S SE g A
(28 AR T o P 3G o, W 3 RN AR R AL (P<
0.05), 1H 0.30%~1.00% i A& £1 BR 38 40 2 18] 3 A A
T HS 3 Tk 22 53 (P>0.05) ., FR1RE AR IS RN A 41 Bk
BRI R E . AT B R A = A
2 FME R (P>0.05) (35 2).

P E B T A 2R AR ARk 1) £ AR 17 7 1
B m T A IR (P<0.05), (H 8RR A 20 Bk
H0.30%~1.00% 1 B4 2 [\] G W3 M 2% % (P>
0.05). fafRRLEE (A5, KAr KR 5 & 3% 2w k)
W AEZLEREE B S RZ IR (P>0.05) (3% 3).

&2 ARGRMARKTRELHKENRFESE KRR ERF F 0

Tab.2 Growth performance and feed utilization of the yellow catfish fed diets supplemented with various levels of H. pluvialis

PRI o AR LD BRI RN R %

?ﬁ H dietary H. Pluvialis supplemental level

tems 0 0.30 0.50 1.00
AR piR/g FBW 32.27£5.01° 37.63£2.01° 38.68+1.25° 38.48+2.05"
WHER/% WGR 534.00+37.70° 641.20+30.50° 662.00+12.80° 658.20+26.60°
TR R# FCR 1.48+0.10 0.92+0.05" 0.96+0.13* 0.92+0.09"
JFFREL/%  HSI 1.01£0.05 0.99+0.09 0.95+0.05 0.97+0.08
A /(g/em’)  CF 1.85+0.36 1.90+0.29 1.89+0.10 1.92+0.21
BT #E/% SR 100.00:£0.00 100.00::0.00 100.00::0.00 100.00::0.00

TE: FATEUR R bR NS T REROR 22 R 3 (P<0.05), R IH]

Notes: In the same line, values with different small letter superscripts mean significant difference (P<0.05), the same below

TR H S IR A 21K B e A% ) 2 4 v S £
I E A, R AR 40 M 4 (P<0.05), fH
0.30%~1.00% [y A= £1 2K i 41 2 (] FF A A I ) o 2
P25 5 (P>0.05), T} rf SRR A 21 3K 3 I A X
M. MAR ., MEREA. HEH . BkE
Fi. R0 . Hol —=Fe . ARREEE . 25 095Gl &
A I i L R (P>0.05)(3 4).

TR R ER I 0.50%~1.00% R A1 £ 5K 5 20 52 56
0 1M1 AL A A R SR A

PE SN R i 0 E KT 0.30% W AR 215K
H, X HRZH B (P<0.05); X B84 526 0 i
T 3ok AU SR T 3 S TS IR AR 2Bk A (P<
0.05) (% 5)-

Ak P R R A 21 BREE R AS ) 2 i S
B4 I3 T T BT PR, 0.50%~1.00% T A 21 B 98 %
i 2 B R (P<0.05); X IR ZH 5255 £ I v S kb
B B FALT AR LR ¥4 (P<0.05); 1)k
N RN A 21 3R BT A 6) LT B S BR AR 1 i i

3 EANFHRMAEKERELBCEN R AR SRR
Tab.3 Whole body composition of the yellow catfish fed diets supplemented with various levels of H. pluvialis

Bk e 2R LR N /%

i H dietary H. Pluvialis supplemental level
items
0 0.30 0.50 1.00
7K43/% moisture 74.31+0.32 74.98+0.38 74.85+0.88 74.76+0.76
HE /%  crude protein 3.23+0.62 3.55+0.66 3.46+0.12 3.28+0.08
HARWG/%  crude lipid 13.85+0.87" 14.25+0.78" 14.12+0.16 14.33+0.33"
K53/% ash 11.32+0.98 11.47+0.33 11.35+0.12 11.26+0.45
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Tab. 4 Hematological parameters of the yellow catfish fed diets supplemented with various levels of H. pluvialis
TR A R A L BRIV I B %
TiH dietary H. pluvialis supplemental level
items
0 0.30 0.50 1.00
TMAAEL/(x10°/mL)  red blood cell count 2.40+0.08 2.15£0.12 2.25+0.15 2.31£0.11

FI4H A 4/(x10°mL)  white blood cell count

M4 F/(g/100 mL)  hemoglobin 49.12+3.45°
145 #Y%  hematocrit 33.55£2.07
B H/(g/L) total proteins 20.46+3.19
H&EM/(g/L) albumin 5.16+0.12
HEM/gL)  globulin 18.89+3.24
71 % E/(mmol/L)  glucose 4.84+0.98
Hith =E&/(mmol/L)  triglycerides 2.12£1.01
JIE & #%/(mmol/L)  cholesterol 2.28+0.12
BN ZEF/(U/L)  alanine transaminase 13.00+2.17
BEHEEE/(U/L)  aspartate transaminase 87.67+9.85

195.22+15.35°

149.88+11.44° 106.78+13.87° 108.12+10.08*

54.55£6.63° 54.89+3.98" 55.10£9.28°
33.25+9.12 33.58+8.05 33.15+6.58
20.58+2.51 20.12+3.01 20.33+4.85
5.47+0.12 5.25+0.66 5.67+0.38
18.58+1.25 18.97+6.35 18.79+4.18
4.52+0.84 4.1240.35 4.65+0.12
2.72+0.43 2.79+0.97 2.71£0.35
2.29+0.38 2.2340.25 2.21£0.19
13.89+1.09 13.53+1.45 13.66+2.35
87.66+4.98 88.01+10.25 87.91+9.89

=5

AR ARIK P R A EKCE R & ME R S LEEE A

Tab.5 Serum antioxidant enzymes activity of the yellow catfish fed diets supplemented with various levels of H. pluvialis

TiH

ARk e A LT BRI /%
dietary H. pluvialis supplemental level

items
0

0.30 0.50 1.00

A AL R/ (U/mL)

superoxide dismutase 252.35+15.33

HAMNAR/(UML)  catalase 11.44+2.15

A Bkt S AL /(U/mL)

glutathione peroxidase

N % /(nmol/mL) malondialdehyde

389.53+11.01°

2.89+0.12°

225.18+11.30° 201.66+9.89° 203.12+12.69"

8.15+2.23" 8.03+1.14° 8.46+0.98"
375.81£10.01° 299.98+19.02° 298.68+13.33"
2.67+0.16° 2.11£0.07° 2.05+0.05

W (P>0.05)(% 6).
96 h 2 ARE LA NG, 0.50%~1.00%
WA 2T Bk 2 S 00 f BB T R B E KT 0.30%
9 A2 2T BRUE2H A% BRZH (P<0.05), 0.30% FA= 213K
L5 X IR 2 (BTG R 25 57 (P>0.05); I
BB A TR R A 2R e R R R R IR
(P<0.05), 1H 0.50% 5 1.00% 4 2T Bk 40 2 18] JC

WEMEZER (P>0.05)(F 7).
JHF O v 2, FEY R e 1 5 I RIOAS 2 TR il 5 2
Tl v RN AR 2T Bk B IR R (P<0.05);
=6

TR BB T A 213K TR 9 S 30 £ JHE I b 4 Sk
Jhig 4 IS Tt R 2 R O ST S i 0 S TR R
(P<0.05), 1H 0.30%~1.00% 4= £T Bk 40 2 8] JC i,
FEE R (P>0.05)(F 8).

3 i

MR, kb E IR E Z XL m R AR
AR AERMER, . st K v
(Salmo salar)"™ K BK fif; (Silurus glanis)"™, ] [H

TR RMARK T RELKEN BHE R E N BRI

Tab. 6 Serum immunological assays of the yellow catfish fed diets supplemented with various levels of H. pluvialis

DAL o A 2L BRI R I/ %

=] dietary H. pluvialis supplemental level
items
0 0.30 0.50 1.00
RHENE/(U/mL)  lysozyme 211.45+11.38° 225.11+11.54° 245.74£10.33° 250.12+9.87°
JSAMA/(U/ML)  total complement 59.1248.33° 67.12+11.06° 68.54+9.87° 67.98+9.95"
RAPEERE F/(mg/mL)  total immunoglobulin 2.78+0.11 2.83+0.25 2.66+0.12 2.86+0.45

https://www.china-fishery.cn

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

11 4] BEESC, S TR ISINE AR LLER N A A BURRES T SR SRR 2 1 S 2173

x7 REARETHIENEARATEXRNESE

Tab.7 Cumulative mortality and content of blood ammonia in yellow catfish exposed to ammonia at hour 96

AP P R A 2T BR TR AN I /%

TiH dietary H. pluvialis supplemental level
items
0 0.30 0.50 1.00
1 R
RBILLAS% 62.2243.85" 60.00+6.67" 24.4433 85° 22.2247.70°
cumulative mortality
1%/ (umol/g)

blood ammonia 152.85£11.78

145.53+£9.79

129.74+10.66" 130.12+9.85°

*8 FARETRIPEMHETERGHEXESE

Tab. 8 Contents of ammonia metabolism related enzymes in liver of yellow catfish exposed to ammonia at hour 96

TiH

DAL R A 2T BRI 5 %

dietary H. pluvialis supplemental level

items
0

0.30 0.50 1.00

AP IERERR & A8/ (ng/mg)
carbamyl phosphate synthetase
LM/ (ug/mg)  arginase

B R WG & R/ (ng/mg)
glutamine synthetase

B AR AR/ (ng/mg)
glutamate dehydrogenase

311.21£9.12°

812.66+9.98"

1521.33+35.12°

715.44+11.25°

2621.42+31.12°

450.01+11.22° 512.66+12.69° 553.78+12.01°

992.11+25.33 1025.32429.85° 1042.66+19.23°

2653.45+£53.78" 2688.66+51.19°

985.67+7.98" 986.33+11.22° 989.98+21.05°

AJREEINE RV SN R A TERN N
L, MidEE R A X EAA W] AR AR R AR N,
BRI, R A IR A LD RS A B 4
U AR ERE, IR TR RS, H
=4 W 2R 21 R A R R R S T e 0.30% 0
HAEAEREAATRIE, BRI RV S
i (Gadus morhua)"® 1 B8] (Pagrus pagrus)"”
AHGE ., M, ALK EEE SRR, AR
Fr g e BRI E D E A SRR Z —, 1
ABRGE, Rk TR0 AR 2K R T A
REERYN 2N s s

WFoE R, kb s SRS R W] LASGE 2R
14 I A BROIR 1Y, FEASHIE 5T Al & B T 2R ALY
G, BREE O RN AR 2Bk e iR % B A i i D
FA0 MR 2 B AIG . IeAh, AR R, S5
AELTEREEA AR L, X FR 2 00 £ ol S 0 ) A A Y
MELEE A& &, MLLE H S & NS 40 R 4
A 56, I AR E 25 5| 40 A AR 1D
PR 2H B AR, Ak i 5 | A s I 2 245 1k 7 A o 4
JL 0 N R S R B AR, BB SR
FEPIEAN . B ME R KA R ERE,
B R R SR MR, i 4 A 2 2
P A LI TEARRIE T, SN AEZLER A
L, 0 REZH B o f0 i TN R B R . SETT
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Effects of dietary Haematococcus pluvialis on growth, antioxidant enzyme
activity, immune response and ammonia tolerance in
yellow catfish Pelteobagrus fulvidraco

FAN Yuwen ', ZHANG Muzi’, LIMing', QIAN Yunxia', WANGRixin', JIANG Haibo >

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. College of Animal Science, Guizhou University, Guiyang 550025, China)

Abstract: In order to explore effects of dietary Haematococcus pluvialis on growth, antioxidant enzyme activity,
immune response and ammonia tolerance in yellow catfish. Yellow catfish (5.00+0.85) g was selected as the study
object. The four diets were formulated to contain four graded dietary H. pluvialis levels: 0.00% (control), 0.30%,
0.50% and 1.00%. Each diet was randomly assigned to triplicate groups of 30 fish twice daily to apparent satiation.
The experiment lasted for 10weeks. The results indicated that fish fed the diet containing H. pluvialis more than
0.30% showed the highest weight gain rate and hemoglobin content, and the lowest feed conversion ratio and
white blood cell count. Serum superoxide dismutase and glutathione peroxidase activities and malondialdehyde
content of fish fed 0.50% H. pluvialis diet were lower than those of fish fed other diets, but serum lysozyme activ-
ity was higher. Cumulative mortality and blood ammonia level in fish fed 0.50%~1.00% H. pluvialis were lower
than those of fish in control group after being exposed to ammonia for 96 hours. Dietary supplementation of H.
pluvialis significantly increased the contents of ammonia metabolism enzymes in liver of fish exposed to ammonia,
and the contents of carbamyl phosphate synthase and argininase were significantly increased with the increase of
the H. pluvialis levels. The results showed that dietary supplementation of more than 0.30% H. pluvialis could sig-
nificantly improve the growth, blood health status, oxidative damage and immune response of yellow catfish. The
survival rate of yellow catfish exposed to ammonia can be significantly improved by adding more than 0.50% of
H. pluvialis in the diet.
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