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REH,

WE: vt EExtLbalafemskn®m, £<F QX E R+ 25 5w
0. 50. 100. 200. 300F2400 mg/kgrt & &, 48 & 4744 T HK it £(10.3+0.3) gty £ & # 1l
#8fE . HRER, HiwrtE £50~200mg/kg, WEKMEXTEEY W, BEAMEX
200 mg/kg)s, AR ABKEEFH K, FAERX30mgkefs, WEXEFHBRMK. £HA
47 . 8RB, BEREFREEULHEEEL A, KRKREEGHfrE X2 EMYE & A0
EMIMEZEAGE,; SR, EHEXAMMANKIKMEftEZ LS ERLE® T4R R,
LrrE XA EHX300megke)s, FKOME@HE. 8F)FmaartE X2 E@R)E TRE;
41 B, HAEAEEE KL E (@)L R FZ R, 8B B, L £ A & X100 mg/kg
&, BEMka*E B F AL, AR AR w300 mgkgrt E R B ER T T B A& AT IE R A
R A. MREYW, ERABFT AL EZTARKE LN EERRES, REFER
MANEY, EEAmENTEZLRREEEKRER, LBHWUWAERFHYHERF
A & 2 3 4 200~300 mg/kg.

KEIA: LM, tEE; RE; £k

&5 S:S963.73

B & Wl 1 (Symphysodon aequifasciata))g T
ZE L (Cichidae) % i 4 J& (Symphysodon), J7 7= F
T 56 YT D 3Eh ol i b, WL B T 3 b i 44 B
A R A ) FRGE A AR AL R
BARIREE R, W LR AR K LR A £
JE A, LR NE N TE MMk, HAs8 )51
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FRUAE B2 Bk« % 1 €0 28 400 i b ot i 4 R B AR
[ €0, P 2R A B B R A ) E AR
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IR A BE, %5 4 LHBNRES, A L4
I R — U i e 2R O DU SR ARDRE , H A AR
W1, FEELRIRDEL A i A o BR4H ) . 50,
100, 200, 30071400 mg/kgt & % (3 N A &
i, Bl AL0,. L50, L100, L200, L300
L400), Frl iR F-20 cCRHEEAF R 44

TR B I B S S R A0, 48.96., 93.62.
194.25. 294.56F1393.63 mg/kg, M ZERIET T
FEAPRIY, AR 2%,
1.2 ARFHS5EE

SLH LR AL T RS L RS

*1 ERARES

Tab. 1 Ingredients and composition of the basal diet o
ALK o WA HE
ingredients content proximate composition content

40> beef heart 48.00 /K7 moisture 78.94
8.0 duck heart 38.40 #E A crude protein” 17.12
WM~ shrimp meat 9.60 HIREMT  crude fat” 241
%4t vitamin premix’ 2.00 W4y ash™ 1.23
BER =245 Ca(H,PO,), 2.00

E: * ZAETUREMET 75 VA 7 500 000 1U; VD 15 000 1U; VE 3000 1U; VK 0.25 g; VB, 0.75 g; VB, 1.5 g; VB4 0.75 g; fHEZ8.75 g; VC 25 g, I
Fi20.25 g; VB, 0.025 g; LAE50 g; VH 0.12 g; 2 R452.5 g5 ** WARPHE . HUIR AR 70 LAASEAT: I 52

Notes: *. vitamin premix contained the followings: VA 7 500 000 IU; VD 15 000 IU; VE 3000 IU; VK 0.25 g; VB, 0.75 g; VB, 1.5 g; VB4 0.75 g;
niacin 8.75 g; VC 25 g, folic acid 0.25 g; VB, 0.025 g; inosito 150 g; VH 0.12 g; calcium pantothenate 2.5 g; **. the contents of the crude protein,

crude fat and ash are from fresh samples

F 9 T T R 2 B K R B S = R, )
G- PR B (10.320.3) g, FIHR T YK K (5+0.5)
cm, LI faizF g, BRIEREER, BIFE4d
DA N AR o BUARHS fEERE . AR AH I 360 L
At FEHL S ECEN8 T A B <. AR . IR
(9 3% BT (50 cmx40 cmx40 cm)Py , HEEI208 . 52
6 ) 1) 4 KA MR 4K (8:00, 12:00, 14:00, 20:00),
H BN 1o A B 1 3%~4%, I AR 35 35 2 1
SRR AR KRS 8%, DIRIHRJS 15 miny TG
PR E . FRAEIIA], 45K 14:304 K 1R (4K &
o 1/3), BEREMKE, /K (29+1) °C, pH
6.2~6.8, HfRA =6 mgkg, WiNHREL<<0.1 mg/kg
(47 9:00H1 T 4-5:0045 M 1K), FR5H S Ik A7
8JH .

1.3 MEEIRSHZ

ARG EFITRARGRDI, M
YL 24 WG PR, B, IR ER . R
REAEIE R

W H A(WGR, %)= H—H) #)/H] H <100

Tk 2R $ (FCR)=fif 85 /(K & -] & +4t fr
i)

FETG (SR, %)=(SL 0K fa B /S w) fa
#0)x100

3B IK & £ A 6 T FRHH R AN AR
QJEI I, FRGELMRE M, K WSC-Sll 4 4 25 (|
VRS 28 B AR A RS J)) Sk BN 7 £ RS 6
FEIE 5 00 26 (8] g FR AL, 5 L*(luminance, %
J#), a*(redness, ZIJ%), b*(yellowness, #iJ¥),
WSC-Sill 8, €8, 25 T+ 19 T4 AR 0] 46 4% 16 0 52
JE . L*=(91.92+0.05), ZIFa*=(-0.52+0.20), #
JE b*=(3.00+0.42).,

sEENE SR SN ARk
FOZEEG, B3R AT i L5 R 2k = 8] 1)
B R VRAF-T—80 °CHplll 5 7555 8 i I MU 3 )2 4 1 Vg
FET-80 °CHRAM . MU RR(1 @), 2R THE(0.2 )
FAERLO0.5 g), 2 M QuackenbushZ5: "y Jr ik 1l i
MR AR BT, $A25 mLER A
b, MA7.S5 mLEg K CGECKE « INER G
KT WH=10:7:6:7), % I TR
PE1 min, JIA1 mL 40% S AfLH—H BRI,
B PR 1 min, F°55.5 °C /KB M#20 min, 7E
R L BB, LB IR A it
Bo BHIRER, BEALELE T h, MA7S mLIEC
Bi, BEFEPRIE] min, LL10% Na,SO 8 M ERE
25 mL, FEZUPRFEL min, WEALCE 1 h, B LR
T474 nmif K Tl & WO A (25 4h—7T WL 4ot
it B BREEARAE, UVT59),
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4%

RAEAR I LI R B R A&
B ¥ AL BAR RE A Fo R BB 6 M) T

P A I AR e 22 (5, WU AR T R
fET-80 °C, & i HUFFIEO.2 g, 5 HFIE LA
0.85%VKA4E FRER K471 = 4(M = V) 1820% 11 4 21
A13%, 2500 r/minf 010 min, HU F 35 W4 &
F o 43 345 B8 e ol A P 0T 9 P bt SR A
J1(T-AOC)FITH — [ (MDA )izt 7] & 1 1 W] B
R4 28 S — 3 606 BE I 5 (1) ODAH 355 JHF ik T -
AOCHIMDA % & . 147 43 3| LA U/mg prot, nmol/
mg prot& i o

1.4 BUESH

S O B AR ME2E KR, SR HISPSS
17.058 3 14 i 47 5. & J5 22 73 #T (One-Way
ANOVA), #ALFRA R 2 5 W%, F HDuncan[t
BT 2 E T, KR P<0.05,

2 4

21 MEEXN-ERMHILEE KRR

T 3288 5, L50ZH FL100ZH () £ A Ak Kk
e ST IR E W 22 5, Yok s R itk
200 mg/kght, Tk R EE E TR (P<0.05), 4t
BRI 35300 me/kght, fa ik 6 R §E
fR(P<0.05); AR AEAETE % 1 TC 1 3 25 5(P>0.05)
(#2).

22 MERMN-EEHILEFENRET

45 . SJEIBY, A& AbF A R LHE TG W E 2
F(P>0.05); 45 M8 Z WAL ko B % & T
XF R4 (P<0.05), 4 KSR M3 2 I 35300
mg/kght, b*{EH THRE; 254 FA K ik a*(H 7E
AFIR o 3 25 S, FESEAT, MR AU N ik
100 mg/kghf, a*{H 3 FFE(P<0.05)(33). 5
AR A, SJEBT I LHEAREA K, pMEA KK

®2 MEHEMNtEMLaEKNE0
Tab.2 Effects of dietary xanthophylls on growth of S. aequifasciata

Lo L50 L100 L200 L300 L400
YJE/g initial fish weight 10.46 +0.24 10.28+0.13 10.19+0.38 10.50+0.34 10.08+0.21 10.25+0.19
AKH/g final fish weight 20.87£1.24° 19.87+1.39® 20.14£1.65° 19.87+1.38% 18.30+1.03" 17.89+0.82°
W EK/% weight gain rate 101.60+8.93" 92.25+5.8" 95.60+6.58" 89.50:3.27° 81.24+4.99" 74.50+6.35"
Tkt % feed conversion ratio 2.90+0.10" 3.01£0.10° 2.90+0.21° 3.40+0.20 3.60+0.20° 3.50+0.30"
TEIEH/%  survival rate 98.33+2.89 100.00+0.00 100.00£0.00  98.33+2.89 96.67+2.89 100.00+0.00
e A AT ME P B B AR B ROR 2 7 B3 (P<0.05)
Notes: values with different superscripts in the same row are significantly different (P<0.05)
#x3 HEZRILERUEKFEHZE
Tab.3 Effects of dietary xanthophylls on body color of S. aequifasciata
L ZE{H  skin color chromatism values
gi%f]gs 47 8
SR L* % a* W b* SELx AN W b
Lo 53.28+1.64 11.49+1.04 11.76+0.76" 51.1942.06 12.11+0.89" 16.18+1.34%
L50 52.73+2.71 11.53+1.00 19.02+0.98° 50.71+1.82 12.06+1.18° 29.09+2.10"
L100 52.50+1.86 11.50+0.61 27.71£1.76° 50.96+1.40 9.00+0.73* 36.30+3.18
L200 52.57+2.36 12.13+0.60 31.36+2.08° 50.62+1.11 8.42+0.69" 44.24+1.27%
L300 51.56+1.22 11.70+0.94 34.24+3.29° 49.56+1.30 8.65+0.82" 46.73+2.50%"
L400 51.94+1.37 12.26+0.64 34.85+1.88° 50.42+1.54 9.15+0.76* 48.82+2.34%

e F B E R BN B AR B RN 22 7 B (P<0.05); #.[F—IRFR/E8 I S48 F T E % 7 (P<0.05). T
Notes: values with different superscripts in the same column are significantly different (P<0.05); #. the significant differences in
the same indicators between the fourth and eighth week (P<0.05). The same below
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MW, a*ERLO. L5044, L100, L200.
L300, L400ZH #4758/ (P<0.05),
23 MBEEMNEFHLEHALATRHERZESE
M EZRIAENF G

SRS JE, A fant B R S AR R
VS I 00 18 0 o, A i 2 3R DA R

Wi P B 2 0 A 1 T B IR (P<0.05), B
KNI 5300 mg/kgh, 4t 58 R & &
W R VIR IR B AT (F4). 48 . 8JARTHY
B R it 25 B e A B 2K ok Y 8 i
= (P<0.05), Jfi i EFLMEMEE), £ihER
S I 2 A 8 J IS 1 Jg JHR i 8 2R i A 4] ) I 2 4
Jin(P<0.05),

R4 HEENLEHUEEAAIHERSENHRRTRENIM

Tab.4 Effects of dietary xanthophylls on xanthophylls content in tissues and xanthophylls retention rate of S. aequifasciata

I35 % 7 & /(mg/kg)  xanthophylls content

R UURE/%

5 J I skin 44 whole fish xanthophylls retention rate
groups *
B4 8 8 8

LO 9.87+0.97* 11.15+0.55" 2.52+0.25° —

L50 45.89+4.02° 55.5243.59" 24.96+1.86" 34.21+1.01¢
L100 53.10+5.19° 70.70+5.52% 26.4442.23° 29.4042.63°
L200 70.58+4.79° 94.77+6.30% 55.934+3.35° 24.71+1.87°
L300 70.58+4.79° 120.91+7.35% 106.99+4.73¢ 17.63£0.69"
L400 115.38+9.51°¢ 141.89+9.41f 112.63+8.03¢ 16.87+0.99*

e — R
Notes:—. no measurement

160

140  »=0.2966x+30.593
120 + R>=0.9399
100

o SB4JA

B 3 3K 5/ (mg/kg)
xanthophyll content in skin
[N
(e

80 r the fourth week
I = 558
40 1=0.2282x+23.629 the eighth week
R>=0.9416
20
0 1 1 1 1 J
0 100 200 300 400 500

T} 3 2 N/ (mg/kg)
additional xanthophyll in diets

1 HEMEZRSIESANMERIMEZEH
E)3EZE

Fig. 1 Regress line of supplemental xanthophylll in

diets and xanthophyll contents in skin of S. aequifasciata

24 MEZRNEEHWLERFET-AOCFIMDA
2ENEN

MR IR 18300 mg/kght, BRI
0 FFIET-AOC T £ 1. 25 19 I (P<0.05)(£5). Tkt
o R A IEMD A & G R 3
(P>0.05).

3 TR

3.1 MEZEMtEMUaEKaIFnm

TEBC A 1R IR I 50~300 mg/kght #5238, %)
SRR ORI E R, HE I N300 mg/ke
I, AR R B E T R A R TS
IR25%(CEZETA S N & 100 mg/kg)it, BT 4 i)

®5 MEARN-CEMUEFET-AOCKIMDAS £ KR
Tab.5 Effects of dietary xanthophylls on T-AOC and MDA content in liver of S. aequifasciata

1EbR  index L0 L50 L100 L200 L300 L400
T-AOC/(U/mg prot) 18.13+0.44° 16.38+0.90° 17.68+0.62° 17.95+1.04° 23.48+2.14° 31.5442.93°
MDA/(nmol/mg prot) ~ 0.62+0.11 0.69+0.14 0.96+0.20 0.95+0.12 0.90+0.14 0.85+0.07

e FATRCF S T AR bR B RN 22 57 B (P<0.05)

Notes: values with different superscripts in the same row are significantly different (£<0.05)

http://www.scxuebao.cn
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AR FEARR W, W R ERL; M nE
iK40%( I N £ 160 mg/kg), AR R B
FIEET, ORI A A ML AT A A
W55 T R 3 G RDRE R A B TE AL IR RE ) . 4 fa
B B 5 o600 mg/kg K AR A g B (DA I g b 1
R IOMREL60 dfi , e 1K R B REAL, 1Rk
FEREAK, XAREE W T m & = AR R R
PRI IS T 4 0l B TR R Y IR IS D AHE
FH, M E RN K300 me/kgld AT, £
RPN 0 1 3R I AR, DR R A Y R
(FR2), FWI S n iy o R AR T AR A K
PERE, J& &5 07 45 48 $2 B rb %) b B 43 A G
Bl THIEMAESRE FEEATHRE, A1F
Fit—AH5T .

32 MEEMNtEEHUEaRE RELDITHHE
ZE2ENEW

TEA g a2 rh, WR 2R R B R 0 A I
RIZ A E MR, B N RTERATIR
AR EAFBIE . HE300 mg/kght 2 3K 1
BHEIME 4 108, 4 fa kR p*{E I 2 1 nte);
21 1R IR 50 mg/kght B K B4R R, 1k
ECFARCEN N ERUR TR = A N S T
St el ARG -LR AN, AR IG ]
WEM, CREIIRRMB LA, HR4JE
25 I B 2R AN TN 2EL 1 A 3 1 JER b+ (0 B iR I B3R 5%
BN IR W T (R, K4), BEME R
TR, R ko R R A A e G
MR N 75300 mg/kght, B RK b*fE B TR E
Mk ERS®E EFH G, RUa6aR
H - A I f0 4y £0 R AR I v R A R R 2
B, XA E AL AR E L T
H LR A o A R R TR AT AT PR R

G A0 VORI B AR DS BB I B R B i O IR
o R IR N300 me/kght #E, 1085 1]
Fm g R Ral1" AR R S50
mg/kg B R RHRE 5, AR A A8 Ha E D
ETHEY, RYUHEE (Salmo salar)" 5 £ ARk 2L i
WEMBE, R aEARZ M, {H 5 H M0
(Pelteobagrus fulvidraco) % £ ¥ 24.2 mg/kgh I 1%
FAAR90 dfi, PRI B2 R o 0 2 AR BEE
TR E R S M E R Z I, KB A
FIHT BB R R a* (B W 25 AR, X AT RE A A 2 (R R
ORI PR G ERKA G, RSLkh, 46

http://www.scxuebao.cn

£ I £ 7 Bk a0 R AR, (HFRAE 8)H
B, 208 R RN A 100 me/kels , 2 ka*(E
W REAR . KW LR ML A B i R e
RELEE, AT R A kR B R AN A Y
kL, MTRESHE R IRRAENEL, FEET
M, EFAORMTREGSW, AT
— 5

ARSI, B GRDRE i B ER A R B
S RVIPR B E R, XAEEHMTH
BRI IE™, FLRE PR AT B8 AE = TS 0 2 (3001
400 mg/kg) T, LR MR EAR T 6 i B 2 9
LR R 2, 5 v i 3 38 S i £ 44
AP RE T B I (AR P OB BRI A G

33 MHEZXNEE#HWBRFET-AOCFIMDA

SETHZME

3R 1 43 T 450 T A 5wk A A R
(~OH)FI KL BE wl st , WFFE KB, KRM R
4 32 B A3 A K (lutein) %o 88 480 B 25 1 1 b 3
FAE AW, AR BB E A E YR
P AR SR B BT AR T AR B GRDRE A S
240 mg/kg ) # K Al 4R 0LV B A AL P L
L (SOD)IEPE, FEMEMDAS &5 J7 5459 1)
U R R R RN A A S RN I 2R
A5 7 S5 S48 e SODFIMDA & 2 19 5% T s 17
HD-F IS BUNR AR G, R iE
o AR PISODTE 1, M i 2% fifk S8 f g 9 5 45 1)
A, YRR INEIA300 mg/kghf,
IET-AOCH. 3458 , A mH #4581 L& il
o JIF B PRI RE o EL B R B R Al £
JFAEMDA & 70 8 & %W, Hininger25 " A9 B 5T
LN SRR AR SRR IR AL
T Y e A R I 3R - R A AU T 40 AR i T
REAN 23 7= 1 f TR T

4 #Eig

FEA S SN, Ak e i - 2 2 ) 4
R R TR N A = TR R o i
W, MR R B PTAERE T, S A Y
RSB AR KR, Rl ik
1) I 3 22 0 i 21 R 200~300 mg/kg

SE K
(1] TN, i Tet, 9625, 45, G 6 300 3 1% K
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Effect of dietary xanthophyll on the growth and body color of
discus fish (Symphysodon aequifasciata)

SONG Xuelu', LI Xiaogin *, CHEN Zaizhong', WANG Lei ',
HUAN Dianyu', LENG Xiangjun "***
(1. College of Fisheries and Life Science of Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Aquaculture,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China;
4. Shanghai Collaborative Innovation Center for Aquatic Animal Genetics and Breeding, Shanghai 201306, China)

Abstract: To assess the effects of dietary xanthophyll on the growth and body color of discus fish (Symphysodon
sp.), xanthophyll was added into the basal diet (beef heart hamburg) with the levels of 0, 50, 100, 200, 300 and 400
mg/kg, respectively. The six experimental diets were fed to discus fish with an initial body weight of (10.3+£0.3) g
for 8 weeks. The results showed that the supplementation of 50-200 mg/kg xanthophyll had no significant effects
on the weight gain rate, but the feed coefficient ratio significantly increased and the weight gain rate significantly
decreased when the xanthophyll supplementation reached 200 or 300 mg/kg respectively. After 4 or 8 weeks’
feeding, the skin lightness (L*) showed no significant differences among groups, but the skin yellowness (b*)
increased with the increase of dietary xanthophyll. The b* value and xanthophyll content in skin of all xanthophyll-
supplemented groups in the 8" week were higher than those in the 4" week. The b* values in the 4™ week and 8"
week, and the xanthophyll content in whole fish in the 8" week remained relatively stable when the xanthophyll
supplementation reached 300 mg/kg. In the 4" week, the skin redness (a*) showed no significant difference among
groups, but in the 8" week, the a* values significantly decreased when the xanthophyll supplementation reached
100 mg/kg. The hepatic total antioxidant capacity was significantly strengthened by the supplementation of 300 or
400 mg/kg xanthophyll. The above results showed that dietary xanthophyll could effectively improve the
yellowness of the skin and strengthen the hepatic total antioxidant capacity of discus fish, but the high inclusion of
xanthophyll reduced the growth of the fish. The supplementation level of xanthophyll was suggested to be
200-300 mg/kg.

Key words: Symphysodon aequifasciata; xanthophyll; body color; growth

Corresponding author: LENG Xiangjun. E-mail: xjleng@shou.edu.cn

Funding projects: Shanghai Municipal Agricultural Commission (2015-19)

http://www.scxuebao.cn



