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AR R NIE R AR R R ALK,
MENENFFERE BT EM R

\ w2 . 1 o 1,3 1,3 w1 S o~ 1,3
xR ONRRE ORRW wm A ARK Wz E MEE
(1. P EREB KA VIR OKAES S A H AR E 5 E Az =, 5 430072; 2. FERBFER K2, LT 100049;
3. Wb K s E IR SR TREE AR 7T b, #IN 430072)

W W70 L2 AT 3 3 0 (G5 B £ Pelteobagrus fulvidraco @ x FL K #ifa Pelteobaggrus vachellid)“ 3 — 57 [#&
H(4.79+0.01) gl AT TN R, IR FCTRL IR i€ (A rthrospira platensis) FIW 38 200 B . PUALER I
PUIF A 0 S o 5 R R RG] o SR BT A ZH AT, AN TR AT ] €2 2235 (1 6T B ZEL (Coom), AN N2 %o 1) 428 T v 4
(Spirulina, SP), ¥ I10.2% [ 3% 2 41(Lutein, Lut) A& 78 N2 % B2 g #5 F110. 1% % IfiL i3 i 40 (Spirulina+Lyso-
phospholipids SPL). 720/ fa BN 124N, FEEL60JE f, S F 0 I ZH IRDRHE R 20d 2= AR R e S, 75
AFPIRRIA FR35d, L4 KB, AN B3N EE . TEFRTH SR04 S HEAT K AR o R S . WAL
R, SN AL LA R 8 A2 KR (SGR) R & . (FR)IVE A .3 % 57(P>0.05); {HSPAISPLA 1AK% (FE) i
TR AL(P<0.05). S Ky RAMBN&RERE EE ZR(P>0.05), 540525 057 ki
A B35 22 5(P>0.05); {HSPRISPLAH 57 ik 3% BE AN VLA B 52 25 75 T 53 AT 4H.(P<0.05); [RIR, SPRISPLAL TS #
B RAT i I 2 v T R 41.(P<0.05); SPLALME 8 Bz R 40 1% 2. 2 v T 4 IR 2H.(P<0.05) . SPAISPLAH I 5 57 ik -3
ROERE T IL(P<0.05). XA A B A EF(SOD)IE 1 2 K T 55 483/ b BEZH (P<0.05); &4
i E AL A B (CAT)IE M %A 532 1 22 7 (P>0.05); SPLALA M H ik it E AL W B (GP X)) 1t A3k R A 45 e H Ak
(GSH) & & B & T M3 £ AT I 41(P<0.05); SPHISPLALT —EE(MDA) & & BEM T HB4b2A b4
(P<0.05). SPFASPLAH [ STIe f /8t 4L g 7K A0 B i B I 19 B8 TH A7 20 I 38 o T I 3 3 A% IRUAH(P<0.05) . 45 1
FTids, B 30 38 AL — 575 T A MR R = €0 3R PR TR Je B € S5 TS, Rk R R TR e T A VR I If
Y i b 3 28 TR A R e R G A €, (RN SR BB R s U (G R BE JI AP T

XBRIA): IRNEEE, MR, ACmFh; R PrElEe
FE 53 ES: S965.1 SCHRFRIZES: A X E4HS: 1000-3207(2021)05-1024-10

RN B e, R R IRAC B L, P
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o FEZHIFIRIT T Hh A I e 75 RE % B A5 % 11

ST 2 UAMBIEDI R N X, HE & 44 = (4
HEA. By. Bys Beo Bjys Voo Vis MHERE:. 4
M. HRANZIRSE), AR MRS
PR E AL G i S FRANME, A N R4
(K Afe et . WRESE (Arthrospira platensis)s
J&THEED, 2 HArT R H &2 Wi —, £
K 3R 5E AT R AR B e AU B ) e S

Y ks A HA: 2020-06-12; 1&3T BEA: 2020-11-11

A, [F I RE I 35 452 = 25 RY £ (Oplegnathus fasciatus)
YR 5 A K R R R AR e R R R
1% IR e 5 BE % . 25 1 9ik J& &' D' E t1.(Oreochromis
niloticus) &G /K S ¥ Jl B8 (deromonas hydro-
phila)f18E /1, 3w g 5 s X0 I, 12
BEE RN R R m K S A
RN WEERZAETEY S, TR A

EHEWA: MK E B A HRI(2018YFD0900400); [ K IURA ™ ML HAR K 22 (CARS-46); ¥R K A2 2515 A MR [ 5 2 s S B0 3 O T AR
B(2019FBZ02F12019FBZ05) % Bl [Supported by the National Key R & D Program of China (2018YFD0900400); China
Agriculture Research System (CARS-46); the State Key Laboratory of Freshwater Ecology and Biotechnology (2019FBZ02 and

2019FBZ05)]
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http://doi.org/10.7541/2021.2020.139

539 R ERAE AR R A TR R A B BN AR S B G HUAR RE T A A €L R R Y LA T 1025

%, FEEBE AN, W HEXEHKZ5Y
O, W SRR Rt IR BENG 2k 2 — SR
= B BT % B I ) GERR, AT 3 B AL DR i 7
it Sh A i) A K RO 248 Fa s e

e PR RN A N RN 411 RN N
WUk A HAE T . AN BRI EAREE
CRMENE bR MHAZ Y —F, AR
B REE MR, BN E i, Hi, 2%
BAEE N FR B = 2 I R AR 6, 7R A I
TRAREE N LA B RHE bR es A ia Ak
IR E IR A [FR, BEE 25
PROE RS AN T A AT =, AR K=
it JoRT ] IR BRI ER S . K FRGE DY R I & 2
KVE, BAE = LB R LM TR A T, ik
S R R 0] AR I . SR R AR R
(1) 22 Ry T th, (H I A R AT i £ SR 22 0 R AR AR
o FRAE AR AR T R S A,
[F] IS 25 TR 5 ok BRI & B4 2k

it (Pelteobagrus fulvidraco) )& T &K
H. &R mia)E, oA T, . ERSK
b, JL BT gng. ek, EIRFEE, £l
R BATE I FRAT T TR — 5 UL
3L E B F N EEAR, UES2A0UEE 1 L IKE
Eith (Pelteobaggrus vachelli) NXA, N2 433|
F—AR. BEim m— S BRI 1 A A2 i
3, S, A ACEE W R G, A5 R
PLIRIE 52 FE T iy o (HAE N TFRFE &M T 30
A0 S AT LS T R o) . AR SC R AR
A FT T PRIk A AR 0 R T T S B RN R A A A
“—5 K. PrEARR G R, DA
D AR RS 0 LAt I T 8 S e ) o

1 RSk

1.1 SEIER

SOV VAL AR, AN N AT ] €0 28 11 5 R
1 (Con), W8 12% I W E 5 2. (SP), N IN0.2% (1) M-
ZH (Lut) S8 N2 % W8 JE 88 F10. 1 % i 1fi 1k i 20
(SPL). TR« A RA R S 'R 15T
TN o L PR I T SR SRR £ i Atk YR R i
VA R 2], B Bl Ab A s KAER K=
BT BR A 7 H2 AL, v i e i i b Bk 200 T
FRA A FEAt . Al o S 36 A R HL(SLR-45, H1E /K
PR e WV HLARBH 8 BT ) ] BOBURL T 60 °C L,
i T4 CHH .
1.2 {AFERE

T FR T SEU6 TF IR 2 B, 0 St 108 572 & 34T

Uik, 7 FE 0] FH R T A PR S £, i
T N SIS A, R R PR ME2 YR, B A] 9 8:3041118:30;

R1 ARECHRELER
Tab. 1 Formulation and chemical composition of experimental
diets

J5 K} Ingredients

(% T I Dry matter) Con SP Lut SPL
1} Fishmeal' 30.00 2824  30.00 28.24
WZIEHEA. platensis” 000 200 000  2.00
-3 % Lutein’ 0.00 0.00 0.20 0.00
5% i1 kK HE
Sﬂﬁg‘;hohpi d&s 000 000 000  0.10
5 #ISoybean meal 1825 1825 1825  18.25
SZFRapeseed meal 1830 1830 1830  18.30
T ¥ Wheat flour 1500 1500 15.00 15.00
fa i Fish oil 2.54 2.54 2.54 2.54
i Soybean oil 2.54 2.54 2.54 2.54
44 F Cellulose 4.87 4.63 4.67 4.53
é’féfgfﬁﬁwami“ 039 039 039 039
Er jﬁ%ﬁy@minem 500 500 500  5.00
CMC 3.00 3.00 3.00 3.00
FEF#Choline chloride 0.11 0.11 0.11 0.11
12220 B Chemical
composition (%)
7K 4> Moisture 7.88 6.42 6.99 7.31
T4 )5 Dry matter
#H 2 F Crude protein 39.80  39.60 39.55  39.05
LA I Crude lipid 8.61 8.37 8.75 8.05
% Z Lutein (ug/g) 4.23 7.52 8.66 7.50

VE: R Ak, SEEVGEEA A, IR NE RS
Stk PRI AT PR T R M =>20.00 ke,
KA <8.0%, | MISLIKIRAEWIFHE A IR A 7 U E £ TR
) (mg/kg TERD: i KA, 1.65; KD, 0.025; 44 KE, 50;
LK, 10; 443 C, 100; TLER, 20; ITEK, 20; 4E24E5%B6,
20; 4E4EZB12, 0.02; MR, 5; v B, 50; JULEE, 100; MR, 100,
I, 0.1; 45, 645.2; T WELTURY (mg/kg kD: Sk
B4, 500; LKA TREREE, 8155.6; /KSR — & 4M, 12500.0;
g &8, 16000.0; /KA BEEREAS, 7650.6; LKA TRER L,
2286.2; HIKAFLERES, 1750.0; L/KEREREE, 178.0; — /K&
R4, 61.4; TUKABRERM, 15.5; LK G BB, 0.5; BULE, 1.5;
FATEH, 7537

Note: ' Fishmeal: White fishmeal, American Seafood Compay,
Seattle, Washington, USA; 4. platensis: Lvfuyuan company, Ordos,
China; * Lutein: Total lutein>>20.00 g/kg, moisture<<8.0%, Guang-
zhou leader bio-technology CO., LTD; * Vitamin premix (mg/kg
diet): Vitamin A, 1.65; Vitamin D, 0.025; Vitamin E, 50; Vitamin
K, 10; Vitamin C, 100; Thiamin, 20; Riboflavin, 20; Pyridoxine,
20; Cyanocobalamine, 0.02; Folic acid, 5; Calcium patotheniate,
50; Inositol, 100; Niacin, 100; Biotin, 0.1; Cellulose, 645.2; *Mineral
premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 8155.6; NaH,PO,-
2H,0, 12500.0; KH,PO,4, 16000.0; CaHPO,-H,0, 7650.6; FeSO,-
7H,0, 2286.2; C¢H,;,CaO4 5H,0, 1750.0; ZnSO, 7H,0, 178.0;
MnSO,-H,0, 61.4; CuSO,'5H,0, 15.5; CoSO, 7H,0, 0.5; KI,
1.5; Corn starch, 753.7
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SEUSRT 1R, See YLk 24h, BRSO . B
) 5T AN A [ 44 EE(4.79+0.01) g], FR B J5 BEALIN
12D FRIEEL T, FEFL60E . 5256 5 FH X 1 4H A el
TRFR20d B AR KRB 8, B4R RN 7R354, 3%
AN Kb, BEAL 34T . SEER ], BERS:30 A
18:304% M, BRI Th R R MM .

SEIGTE = N 6 PR K IR 5 A& S 1 3 G (K AR A
250 Ly AT ff AR AR SRR I E S 7 R
A, SIS A KR AR VE D (28.5£1)C . JEHE
JE N 120 112D, J6 iR & HA A 8:004220:00, {5 FH 715
RESTAE N EIR . RIS AKAE A A MpH, 1
#>7.5 mg/L, Z%&<0.1 mg/L, pHN6.5—7.0,

1.3 KSHIH

SEEHG B g KA R B, el R R K AR
AW T T i R TR A SR IR E A A TR . 1%
B AR P 0 B, A BHIR AR R R K
J&, B TE R BIBHI A RS 7 5L, #E30°C & R 1%
F%6h, SR JGE3500xg B0 10min, YR UTIEY IF
PBSMBE3 IR, SR BEESLI A . 72 IEX IR
AT, SeBEAT — N TSR, i i B i 0.5 mL Py Ff
WEE@2x107, 2x10°, 2x10°Ff12x10'° CFU/mL)HJME
KA TR , B 2 AN SR A A S 0 7275 C I 1)
3dEFIEIREE H2%10° CFU/mL.

TEFRFA IG5 R e, B 1S R A i E 505 mL
2x10” CFU/mLME /K< ¥ B A7 I # 900. Sif
KHE27.5°Co Fiit I E 5 96h P % Ab B4 24 22 7
B R . AAERIFE AR LT

TEE (%) =(17-15 o B B iR 11 5 50 < 100
1.4 SCIOEUAE

FESZIGTF AR, BENLE 24 (BR4 12 ) bk TR
#H, FF20CUKFE+, HTYIGE RS . 18
20d 556 45 AT, B S2 56 fa i1k 24h 5, FREEURE, B
WLk 3MET, FEET 2 2 Bk TR, 47 T—20°CUKAE
T b R A R g3 A AR 4 R A R A SR S
IR KRB . (E35dFE 5 45 R 5 K seIe f YLk
24hJ5, FREEURE, BHETE B ik TFR &, /£ T—20C
KA, FHF 2R b . SR G RERLEL G £,
FARF R BIORE: 0.2%) B0k IV 5T 2% 2 % Bk B i
TRNBLEEE O, 7£4°C F3000 r/min & /0 7min,
B B3 M T80 °C UK AR TR A7, FH T L3 2% Fa bw il
o FIR6JRE fh g 5 AL 5 UK A A, BT R RN
FK B Ja i85 6 4R Bk ok T-80°C UK A AR A7, AT
BRI ENNE. 5 /MERLELS R A R 5 F AT e
- BEIACRA00 (A % i1 (Japan) HEAT Bz JHR €4 Fé
5E, TE4F 8 £85I 15 35 R0 38 1 T — A2 5 (43 il N
Tt T SH0OR IR ) W E2 vk, AE AR R, a2 it

(AR S 75 e 180, K 2 Vil B 1) 45 SR BT 2404 .
LEBRTE, +a* TR 0, —a* RoR Gk (0, +b* KR
o, bR, CRROMAE, TEARN
C=(a*™+b**) ", SR HAENS A Ak BRI IR
1.5 H&EoHh

S i R A AL 2 B 5E 2% AOAC i
J7iE, KA REAE105°CHET 248 B 15 R A8 R A
LK 2 &A% (2300 Kjeltec Analyzer Unit, FOSS
TECATOR, Sweden)ll5&; #H g 7 FH & KAl #21%
(Soxtoc system HT6, Tecator, Haganas, Sweden) A 2.
ik g s 710D 5E 5 K430 AE Sy A@ (b D AL o L B
SEHUPHE ) HS50°C N IR IR A .

2 JHRVRDE -3 22 (0 5E 43 B #E K aradas 25
A Ferreiras! i 10 7 8 B 05 . Rz Bk BT Ak 3
W s VAR B R R 5 200—300 mg (R 7 21
0.0001 g)/LN10 mL &L 1, JIA0.7 mL 5% NaCl
AN mL 4B, Ja A 513 HL 519 3min, 5%
B IIN2 mLIE e, 2SI E A2 mLIE ki R &
PRSI EHL R B LR, 2 )5 & IR B,
7£4°C 4600 r/mins&F T~ &0 10min, B EIHRIFTK
ANBWAK T, 5% BBV R0 Tt 2 F e - HR 250
TIHEE=86:14(v/v), B/ Z0.22 pmA HLIE MR T
JE, J5 L HL(Waters 2695, USA) 7 #T. Tl RHEE i
AU AL EE: HERRPREERIE S 1 g (RS 30.001), TnA
ZR7K 1 mL, WERR % 1min/5 N3 mLAREGR(GE &k
P B B 4=50:35:30:35, v/v/v/v), BiEiH iR
1 min, T B LE 16h. 25NN 40% S A Ak 8H-
FH B VA e A AR R R I 3 R I, 2R S I3 mLIE
CVt, TSRS AL JBCE 1h, N3 mL 10%0H BN A L,
HCE 1h, WA IE Cbe 2 Emf i SRR . IR o
X200 pL ik ke 2, ZRACR T, SR EH T
O 2% FE - PSR T S fik= 86 14(v/v), B RIE
0.22 um A HLIEEE JE, 77 EHL(Waters €2695, USA)
HEFE AT AR i F 1 iS4 2 Waters YMC
Carotenoid C30 column (5 pm, 4.6 mmx250 mm), Jiit
SIAHAJE I FF BT R K D 7K=810:150:40, JiL3)
FHBE FIE  H ST 2k k= 60:900.

I 3% 8 E ALY B AL B (SOD) i 4 1k &Ll
(CAT). AP H T AN EBF(GPX) & A2
HIR(GSH) A (MDA ) 7 25148 FH g 5 2 ok
A TAREOF 5T B A P R R
1.6 HIEAIE

i F 48 i+ A SPSS 19.03H47 48 it 0. S2I6
SEIR W AT T ARG =S, BT R
K25 75 7 9 M1 (One-way ANOVA); 7 25 5256 20 8] 7=
S 2, N34T Duncan’s % H EL#G; P<0.05F8 8 £



539 R ERAE AR R A TR R A B BN AR S B G HUAR RE T A A €L R R Y LA T 1027

REE,
2 #R

21 AEKFERFA

WIER 207, X BRADRL R A 20d f5 25 AN b B ZH 1Y
SIS AR ERA AT ZE R . S5 WA B DR R
35dJa, AN EE A (AR E A K R (SGRY AR & R
(FRYY WA B35 72 5 (P>0.05); {EHZ g 355 A0 02 fig 1
0 it G 8 S 4 DRL AR (FE) 2 & s T 0 R 2
(P<0.05), & rp it 5 i i it 5P 1l i 28 7R k) 80K i
H1(P<0.05). XA EBEVIRE(PRE)ZEILT
TP AEER 2 (P<0.05), [FIFE 1R, Wi 388 0 ¥4 .
1 i 20 B TR 2 A% =5 (P<0.05)
22 £&EKXAH

FEFRVE LI G R, S dLA 4K oy, M
JE 5 2 B A I 3 75 R (P>0.05); M35 2 F1Z e 75

TIN5 L G A 4H K 5345 5 BT X IR 2H.(P>0.05)
(3 3).

23 BRREHMEREESE
TEFRFEIRIG 45 o 5 (3% 4), & 21 18] 5206 4 5 Bk
LR 2 (P>0.05); W ite 75 AT 2 e N
5 100 5P A 2H R T 3 v T ) A 4.(P<0.05);
[F) B, 4 5 R 2 I B9 i R 2L 5 3 B ke 4

JF 535 T T 6T B ZH.(P<0.05); W e 755 0 375 1L O gk i
S MR B IR 41 B I 2 v TR R ZH(P<0.05); IR TiE i
FRITAE e 788 o 5 1T B ke i 2 S 6 8 7 JUk B € 1 A
BEET HANHA(P<0.05). fEFRFEWIIA, X 1AL
TR R FE20d A0 5 AN [R] 1Rk} 7R 5E 3 5 d 5 S 56 £ R
A 1R

Xof R R R B 20 R - A B 2 I 56 £ 75 35 57 Mk
MR SRR T2 R (P>0.05; K 5); BREHE
FITAE e 78 5 10 P Al i ZEL B3 e P R S B
T R AH.(P<0.05)
24 MBEMEWIERMBEREEE

TEFRFH LI 45 W5, b B4 Ak 1 B AL B
(SOD)¥ 4 & K T 3 713/ b #L 40 (P<0.05; 3 6);
F A FA AR (CAT) IR A B & M %E 7 (P>
0.05); Wi i in s if O i 252 e H ok ot 4Ltk v
(GPX)TE AR M A M H KRGS & ERE & T
38 R0 HEZHL(P<<0.05 )5 52 e 35 AP 3 It 35 Jm 45 1T
YR MR 4L T B (MDA) & & B E KT A 424 4k
FHZH(P<0.05).

WP 20775, BUEE96h Ji W i 65 A1 W2 iie 388 i v i
YR NE I Se e fa B FIE R R E & T H R M
%ot HE 20 (P<0.05)

R2 ANESIE AR E A S KA AR R a2
Tab.2 Effects of different diets on growth and feed utilization of yellow catfish (n=3)

1B ¥FrIndex Con SP Lut SPL
WHEEEIBW (g)' 4.78+0.02 4.79+0.01 4.80+0.01 4.80+0.01
20d{A 20 days BW (g) 8.64+0.15 8.46+0.34 8.81+0.42 8.30+0.14
L KIKEFBW (g)° 18.93£0.15 19.73+1.38 17.99+1.25 18.73+1.64
15T A K- ZSGR (%old)* 1.98+0.18 2.23+0.18 1.78+0.20 2.37+0.07
TR FE (%) 31.48+4.66" 48.5042.17° 38.40+5.56™ 63.2042.11°
EEFFR (%BW/d)° 3.56+0.32 3.16+0.04 3.39+0.22 3.3640.18
EEVIEPRE (%) 14.03+2.34° 22.03+0.93° 19.10£1.47° 27.88+0.06°

Vi RAPHIR RN T Y EFRAE IR (n=3), [FATEUEA ] E AR IS BEROR 22 57 5. #(P<0.05); FIA; '"W14A17AE IBW (g): Initial
body weight; 20dfA T 20 days BW (g): 20 days body weight; "% A& FBW (g): Final body weight; "5 4% SGR (%/d)=100x
[In(& AN B In(VIHERE) R HG TREVEER FE(%)=(100x 814 2 338 B )R TR BN, SEa %R FR (%BW/d)=100xT- ¥ FE &
B[R HO IR B A AR T )/2); R IR PRE (%)=(100x fa (2 R UUBUR) /2 F R i

Note: Date presented are Mean+SE (n=3), Values in the same row with different superscript letters are significantly different (P<0.05).
The same applies below. 4Speciﬁc growth rate (%/d)=100x[In(FBW)-In(IBW)]/days; *Feed efficiency (%)=(100x%fresh body weight gain)/
dry feed intake; °Feed rate (%BW/d)=100xdry feed intake/[daysx(IBW+FBW)/2]; "Protein retention efficiency (%)=(100xbody retained

protein)/protein intake

3 ANESEIG AR A E Y A AR R F2 0
Tab. 3 Effects of different diets on body chemical composition of yellow catfish (%; n=3)

Jik %3 Composition Con SP Lut SPL
7K 4 Moisture 74.98+0.25 74.16+0.32 74.36+0.91 73.1320.56
#H#% (4 Crude protein 14.30+0.11 14.58+0.09 14.34+0.23 14.57+0.25
FHLRE W7 Crude lipid 5.77+0.46 6.77+0.46 7.52+0.16 7.54+0.61
K5} Ash 3.6620.06" 3.48+0.05" 3.36+0.06" 3.29+0.06"
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3 g
3.1 HRAIERFA

AT 5 R HA S P AN 70 AT AT €8 2 TS N 7 R T
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JRRLC 2 51 18w 1951, fEHigh density(Salmo
trutta caspius) VRN IN2.64% TS E 3 18 2%01)
R R A () AR KRR LR FH 3506 Y 5 52 ), (Y
VRN IA 23.96% # A4% 1 ok I, S50 1 (¥ 45 78
KRR A R B R, I e T

CAEAROK = Sl A vl ek o e 20k, AT a6 24 AN
LSRR R 7o AR TRDRE HR S 0 R e i 1 e A
75%% J& B B A i A KA BT s e, T LS N
BAE30% LA, AR LKk BB E . A%
IR R eV B O BN W W TE S AR T, AT
{2 Bk WIS AR, SR s i A K g
38 i TT DASRE e PRDRL A A 2, Rk R BT (R MRS R e iz,
T 0 00 g I R A 3R R s el
TEARWF T, TR N IN0. 1% 1 1f DR i AR BE 0 2%
P 1 AR AT S F A R DR R, T AR AE R — B0
JELE 7 B AR RS 00, 1% ¥ ifn 5F 6k g =]+
A $1 v S A AR ) AR R T R X 2 8 (Cyp-
rinus carpio var. Jian) R 78 0 & B, 8 I00.1%
A 51 35 i G 34 i i ) PRDRL 5 R AH LE T 0 R H
BEIRE17.9%" ", MR LE A 7 IR IN0.1%

R4 TEIEE AR AT S R KA & R R0
Tab.4 Body color of yellow catfish fed different experimental diets (#=9)

% JikSkin SP Lut SPL

1530 5z f:Dorsal skin HEL 38.92+1.36 40.01+1.48 40.57+1.43 38.85+1.93
41 a* 2.56+0.23° ~3.2240.33" ~3.4240.19® ~3.69+0.26"
HEJE b 5.4240.43° 7.07+0.78" 8.95+0.48° 9.37+0.77°

HIRIRE C 5.9 +£0.49" 9.60+0.48" 7.310.70" 10.45+0.8°

Ji2345 % i Abdominal skin L 83.69+0.36 83.07+0.28 82.86+0.32 82.85+0.31
LI a* 7204024 ~7.81+0.35% ~7.86+£0.25" ~8.53+0.36"
T b 13.69+0.90° 17.68+0.86° 22.46+1.72° 24.43+0.69°
WARE C 15.51+0.85" 26.16+1.11° 19.34+0.91° 25.18+0.99°

F5H 2045285 20 days fish

B 1 AN [EIFRGE R BORAS [F] A0 2 20 f S5
Fig. 1 The fish of different stage and different treatment groups
Con. XTHEAL, NI EK; SP. WS IN2% BRIEHE; Lut. #10.2% 28 3K; SPL. WS IR IN2% WRTEHRAN0.1% 37 1 GO B R
Con. without pigments; SP. 2% A. platensis; Lut. 0.2% lutein; SPL. 2% A. platensis with 0.1% lysophospholipids
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#®5 ARIEHAR AR KRR 2NN
Tab. 5 Effects of different diets on skin lutein contents of yellow catfish (ng/g)

B P Skin 20d SP Lut SPL
T3 % eDorsal skin 15.03+1.88 16.90+0.91 18.27+0.50 17.31£1.30 16.70+0.99
I3 34 B J Abdominal skin 13.32+1.39° 13.16x1.42° 18.65+0.78" 15.98+1.38" 18.10+1.64°

R 6 ARISEARNERHE MRREL~ MM ELEEENZE

Tab. 6 Effects of different diets on oxidant and antioxidant activities in the plasma of yellow catfish (#=6)

T #FrIndex SP Lut SPL
AL L BESOD (U/mL) 9.29+1.21° 14.97+0.93° 13.48+1.24° 13.84+1.72°
T EMERCAT (U/mL) 30.38+1.89 31.39+1.99 31.81+1.63 33.62+0.83
A kL S AL P EEGPX (U/mL) 38.78+1.82° 44.6443.30" 41.4643.83° 53.6623.01°
R B H K GSH (umol/L) 15.13+1.56" 20.85+2.08" 16.78+1.64" 25.3342.17°
= EMDA (umol/L) 5.96+0.42" 4.51£0.40° 6.81+0.59" 4.59+0.29"

BilRiEER
Cumulative of survival rate (%)
i
S

O L L L R e S L
0 6 8 12 18 24 48 96
B ]

Time of post chanllenge (h)

Kl 2 7[RI AL PR 3 308 S0 5 96h 3R TH A1 2 A B2 i

Fig. 2 The cumulative survival rate (%) of yellow catfish fed with
different diets challenging with A. hydrophila for 96h
A EE AN EERFIIEHn=12). tRiCA* RN LLRHS
of FR A AE B — I [A] B 2 35 11 22 57 (P<0.05)
Each datum represents the mean of three replicates (n=12).
Markers assigned with * mean significantly difference between
experimental groups and the control group at a specific sampling
time (P<0.05)
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THE EFFECTS OF ARTHROSPIRA PLATENSIS AND LUTEIN ON THE
GROWTH, ANTIOXIDANT CAPACITY AND PIGMENTATION IN
HYBRID YELLOW CATFISH (PELTEOBAGRUS FULVIDRACOS? %
PELTEOBAGGRUS VACHELLI?)

LIU Cui"’, LIU Hao-Kun', ZHU Xiao-Ming"’, HAN Dong"’, JIN Jun-Yan', YANG Yun-Xia' and XIE Shou-Qi"’

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Hubei Engineering Research
Center for Aquatic Animal Nutrition and Feed, Wuhan 430072, China)

Abstract: Arthrospira platensis is rich in protein, vitamins, minerals, essential amino acids, pigments carotenoids, es-
sential fatty acids and antioxidant compounds. Carotenoids, including lutein, B-carotene, astaxanthin and so forth,
which dissolve in fat and result in yellow, red, orange, and green pigmentation of the eggs, skin, and flesh of many fish
species. Antioxidant compounds, such as phycocyanin, and tocopherols have significant effects on scavenging free radi-
cals. Lutein is considered as an effective functional compound benefiting human health and widely used as a natural
food colorant due to its antioxidant potential and the intense yellow color. However, high density in intensive aquacul-
ture has let to outbreaks of bacterial infections that caused high mortality of yellow catfish, which impeded the further
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rapid development of the yellow catfish culture industry. Nutritional and environmental factors can cause abnormal
body color, which also has a negative effect on the quality and value of fish. To evaluate the effects of Arthrospira
platensis and lutein on the growth, pigmentation, antioxidant capacity and disease resistance in hybrid yellow catfish
(Pelteobagrus fulvidracoQ*Pelteobaggrus vachelli?), four isonitrogenous (400 g crude protein/kg diet) and isolipidic
(85 g crude lipid/kg diet) diets containing 2% A. platensis (SP), 0.2% lutein (Lut), 2% A. platensis with 0.1% lysophos-
pholipids (SPL) and without pigments (Control) were designed. A total of 720 fish [initial body weight of (4.79+0.01) g]
were stocked into 12 tanks at a density of 60 fish per tank. Fish were fed a diet without pigments for 20 days, then fed
four experimental diets for 35 days. A bacterial challenge test using Aeromonas hydrophila was subsequently conduc-
ted. The results indicated that there were no significant difference in final body weight (FBW), specific growth rate
(SGR) and feeding rate (FR) among all groups (P>0.05). The feed efficiency (FE) of the 2% A. platensis and 2% A.
platensis with 0.1% lysophospholipids groups were significantly higher than those of the 0.2% lutein and control
groups (P<0.05), and supplementing 0.1% lysophospholipids significantly increased feed efficiency (£<0.05). The pro-
tein retention efficiency (PRE) of the control group was the lowest (P<0.05), and 2% A. platensis with 0.1% lysophos-
pholipids had the highest PRE (P<0.05). The chemical composition results showed that there were no difference on
moisture, crude protein and crude lipid of the whole body of each group (P>0.05), while the ash content in 0.2% lutein
and 2% A. platensis groups were lower than the control group (P<0.05). There was no difference on the skin lightness
between different groups, while the skin yellowness of the 2% A. platensis and 2% A. platensis with 0.1% lysophos-
pholipids groups were significantly higher than those in the 0.2% lutein and control groups (P<0.05). The skin redness
of the 2% A. platensis with 0.1% lysophospholipids group was significantly higher than the control group (P<0.05), and
the redness of dorsal skin in the 2% A. platensis group had similar results. The skin chroma of the 2% 4. platensis and
2% A. platensis with 0.1% lysophospholipids groups were significantly higher than those in the 0.2% lutein and control
groups (P < 0.05). The lutein contents in abdominal skin of the 2% A. platensis and 2% A. platensis with 0.1% lyso-
phospholipids groups were 18.65 and 18.10 pug/g, respectively, which significantly increased compared with the control
group (13.16 pg/g) and the initial level (13.32 pg/g) (P<0.05). There was no significant difference in lutein content in
dorsal skin among all groups (P>0.05). The experimental fish fed 2% A. platensis and 2% A. platensis with 0.1% lyso-
phospholipids had better body color. Dietary A. platensis and lutein significantly increased the activities of plasma SOD
(P<0.05). The activities of plasma GPX and the contents of plasma GSH in the 2% 4. platensis with 0.1% lysophos-
pholipids group were higher than those in the 0.2% lutein and control groups (P<0.05). The MDA contents decreased
significantly in the 2% A. platensis and 2% A. platensis with 0.1% lysophospholipids groups (P<0.05). 96h post chal-
lenge with A. hydrophila, the cumulative survival rates of yellow catfish of 2% A. platensis, 2% A. platensis with 0.1%
lysophospholipids, 0.2% lutein and control groups were 20.83%, 16.67%, 5.55% and 0, respectively. The cumulative
survival rates of yellow catfish of 2% A. platensis, 2% A. platensis with 0.1% lysophospholipids were significantly
higher compared to those of 0.2% lutein and control groups (£<0.05). In conclusion, supplemental 4. platensis can in-
crease pigmentation and enhance total antioxidant capacity and disease resistance of hybrid yellow catfish. Lutein can
also effectively enhance pigmentation, and lysophospholipids can significantly improve feed utilization. However, die-
tary A. platensis is more effective than lutein in improving the body color and enhancing antioxidant capacity and di-
sease resistance of hybrid yellow catfish.
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