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16:00) , #5015 3% , A 3R K (27 £1) °C |, 13 Ji] 46
B UK 3 UK, B UK i BAOK R 173, Ff
B S 4 60 d
1.2 SLIGfR#Y

SEE R Ry A A DR, LA SL S R
5, SRR TR AR R RE B 1 R AR R S

TEERL IR TR TR SRR AR R,
AR TN BB . 6 Lo Bk T M
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Tab.1 Composition and nutrient level of the experimental daily diet ( air-dry basis)

i H Ttems L1 L2 L3 14 L5 L6
faH/ (g - kg™') Fish meal 30 80 80 80 80 80
TH/ (g - kg™") Soybean meal 220 220 220 220 220 220
SHHI/ (g - kg™') Rapeseed meal 100 100 100 100 100 100
R/ (g - kg’l ) Cottonseed meal 100 100 100 100 100 100
¥/ (g - kg™") Wheat flour 240 240 240 240 240 240
KB/ (g - kg™') Rice bran 80 80 80 80 80 80
#4: %/ (g - kg™') Cellulose 150 120 90 60 30
A ZHERL (g - kg™!) Vitamin premix! 2 2 2
W EER (g - kg™') Mineral premix® 5 5 5 5 5
S ALIHGE/ (g - kg™') Choline chloride 3 3 3 3 3
iR 445/ (g - kg™') Ca(H,PO,), 16 16 16 16 16 16
HF% 2/ (g - kg™") Astaxanthin 4 4 4 4 4 4
T/ (g - kg™') Soybean oil 0 30 60 90 120 150
4T Total 1 000 1 000 1 000 1 000 1 000 1 000

K- Nutrient levels®

HEHT/ % CP 26.87 26.82 26.85 26.80 26.80 26.83

Lg% EE 2.93 5.90 8.89 11.91 14.93 17.91
T 1L 4t RHURRT 500 g $RHE.4E4F A L1100 000 TU; 4E4E 2 D3,320 000 1U; 48,7 800 mg; 442 E,2 500 mg; 4E4E% B1,1 000
mg; B &K 8 me; 4EH: % B2,2 000 mg; 4E4: % B6,1 000 mg; MR ,400 mg; 4k 2 B12,125 me; 44 & C,18 000 mg; i, 1 000 mg; #f (K)
1 1% AL 4.5 % s BBRR 400 mes KAy, <10 % ., 2. 5 YR HUR G T 5S40t 5% 40,0 g 4%.7. 0 g: 4,200, 0 me; 5%,3.0 g3 4.2.0
g:%£,25.0 g;M,30.0 mg;44,10.0 g;fifi,10. 0 mg; ZRAK NI A8} . 3. E IRy Ll
Note: 1. The vitamin premix provides the following per 500 g of the diet: vitamin A, 1 100 000 IU; vitamin D3, 320 000 IU; nicotinic acid,
7 800 mg; vitamin E, 2 500 mg; vitamin B1,1 000 mg; biotin,8 mg; vitamin B2, 2 000 mg; vitamin B6,1 000 mg; folic acid, 400 mg; vitamin
B12, 125 mg; vitamin C,18 000 mg; enzyme,1 000 mg; K, 1.1 % ; NaCl, 4.5 % ; methionine, 400 mg; moisture, <10 %. 2. Mineral
premix provides the following per 1 kg of the diet: P, 40.0 g; Fe, 7.0 g; Cu, 200.0 mg; Zn, 3.0 g; Mn, 2.0 g; Mg, 25.0 g; I, 30.0 mg;

Co, 10.0 mg; Se, 10.0 mg; the carrier is zeolite powder. 3. Nutrient levels are measured values

REIR, HAS) DU 45 41 f AR B8 N Jr Sl 2k 1 5
ZI XA LT o™ b7 fH, IFFAT S50
o DR 7 7K P X6 R 2R R S e 8
FHEARASHE , 8 AR R TH A7k 7348 . SEERss
e, BRLFEALER 6 e fa, fel It 18 Mty
ISE W0 o oy # B AR T B T 7 S 2 0y
Z ) X3
1.4.3 XHAF M F4EHT

R MR E LS FE
BOONYARATPALIN 2550y 5 58 N2 4
R AT

S=(AxKxV)/(ExG) (4)

(), S HEIE PR TR (mg - kg™ 4 K
WO FE AR s K A8 2010 000) 5 V oA 48 B AR R
(mL) ,E AWOEERE(2 500) ;6 AR (g) o
1.4.4 o iFF8AFHHT

I3 AR AL bR ok FH ) B R st & AR ) TR
WF5E T % S H [ ( T-CHO) 28 &5 L 25 M5 7 IR
(NEFA) il & SR (TBA) X & S H
(TP) & il & A Tl A2

1.5 HEBxitEHH

SCUSRE P Excel 2019 4b 3R 241 “ means +
SD” K7, 45 R 1] Statistica 6. 0 AT AH MR,
R HEAIN 28 75 22 53 Bt (one-way ANOVA) fif fi% 2%
PR 58, A & /D B #F 22 7 1 (least significant
difference, LSD) #1720 [A] 2 5 F AL, .35 22 5w K
SEH P <0.05, 3 A Origin 9. 1 /E&

2 HRESMW

2.1 (ARBERG7K 33 i B HE fa 4 KM RERY MR

1 2 AT, BE & ) RE R D5 8 oK F- 1
15, MBS R £ PR AR BT it \SGR \WGR ¥ 567
Ja FFE7E Lo 41 BTtk s, AR AR I K
SEA 11,91 % (LA 2H) Ik, 1fin 805 348 £ %) oA 1A B £
SGR F1 WGR ik #| & K, 43 %l & 40. 86 g,
0.63% - d~'F15.22 % ¥R EE T HAMA(P <
0.05), HSI [ L2 ZH4b, HoAth 20 Y4 kit & fR)kHIR
MK T T e i e, £ AR A s
(P<0.05),
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2.2 ARBERKENDBEAaKREERL .
a’ b HF 0

HIZR 3 AL, ek b M 71X it 86 G £ v
FORSEEMER LTI R F M (P >0.05) {H
XFTRELEEN o EMFR B AMERN b7 HA %
Wil o WA BRI K T R, R R R R Y
o {HEBSEIE RGNS, 14 4 o fHEOR,
HEFST LI L2 1315 M 16(P<0.05),
BHIRITAS AKX 0" (RIS o™ 2R, %
PRELJEI RGNS, 13 41 b7 fHiRoR, B3
T LLL2 L5 M6 41(P<0.05),514 4
FMER(P>0.05),
2.3 {ARBERAK EX MBHE BB AP EPE b
ZSEMRm

MNP T mT AL, il AR 05 7 SFXoF i 55 S £ 55
Fr B IRFIRBEE P SIS bR A
S (P <0.05) , Fifi % 1 N 197 7K F- 14 7 e , 8%
Fr KA EE R S b R i BT
RS, Horp LS i R rh 2R b
ROHEERT L1213 14 4 (P <0.05) ,fH
L6 Aol & P22 57 (P >0.05) 5 IR A
LA W% MR, B s T LL
12 15 Ff1 16 (P <0.05),{H5 13 4HJu &M

F2 {ARBERAK R E K AR

ZE5(P>0.05) . REEH 14 41K E b RE
R, HAE /T HARLL (P <0.05)

2.4 {RARBERG K T3 i B HE & i 7E A& LR AR Y
=)

HIZ% 4 Al 0, GH [E B (TCHO) A1 & H
('TP) &5 B RDRHIR W 45 2 4 16 Jon 52 5 1 7
Ja TR S, 1S 41 TCHO & &, B35
FHAUAZ (P <0.05) , TCHO 1 TP 544 01k
B (12 ~16) 3 & TR BRZE (L) (P <0.05)
SUEVHER (TBA) M L3 2T B Bl i 195 7K ~F- ) 384 i
RIS THE R R B, 14 41 TBA 5 Bk |
m L, B2 T A (P <0.05) o (K%
HEE AR ERE(LDL-C) By 5 2 5 PRI I 7K F £ 1
FHSE, LS 419 LDL-C & & fe e, H 2 ¥ T Ll
E 14 K4 (P<0.05) ,HY L6 #2557 (P >
0.05) o A[RIALA T 25 Jig 7 R ( NEFA) (4935 6
AR AL (A 41 (12 2 16) ¥ 351K
TR (L1 ) (P <0.05)

3 itig

3.1 {ARIAERAZK T3 i B HE & A K 1 BE RSN
PR fr R IE AR R M A T M E2E
FRZ—, WRHEEMRERORI . fEmEH i

sEAl)

Tab.2 Influence of dietary lipid level on growth performance

2H 5] Group L1(2.93% ) 12(5.90% ) 13(8.89% ) 14(11.91% ) 15(14.94% ) 16(17.92% )
VAT /¢ Initial weight 27.97+0.92  27.97+0.92 27.97+0.92 27.97+0.92 27.97+0.92 27.97 +0.92
KR T /¢ Finial weight 31.50 +0.91*  34.53£0.61" 39.11+0.77' 40.86 +0.99° 36.30 +0.60° 39.05 0. 68
EEE K/ (% - d7') SGR 0.22£0.02"  0.35+0.02" 0.55+0.01" 0.63+0.04° 0.44+0.03° 0.56+0.03¢
WHE /% WGR 4.07£0.06"  4.40£0.06" 4.96+0.05! 5.22+0.13° 4.64+0.07°  4.99 +0.08"
AL/ % HSI 1.61+0.03"  1.40 +0.02° 1.75 +0.03° 1.81+0.01¢ 1.86+0.01° 1.97 +0.01"

T F A7 R _EFR 7R R 2 LSD SR 7E 0. 05 /K P25 3R i3, AR bR 71 3R 275 B 125 &

Note : Different superscript letters in the same line indicate that the difference between the treats is significant at the 0. 05 probability level through

LSD test, and the same superscript letters mean no significant difference

®3 ARBEHAKFEXNERL o b EHNRIE

Tab.3 Influence of dietary lipid levels on value of L*, a*, and b~ in body surface

ZH 5 Group L1(2.93%) 12(5.90% ) 13(8.89% ) 14(11.91%) 15(14.94% ) 16(17.92% )
B L* 59.72 +1.34 60.41 +1.85 60.55 +1.66 60.09 +0.95 60.39 £1.24 60.30 +£0.27
FARCR =N 16.74 £1.32° 16.96 +1.83* 22.73 +1.75" 25.71 +£1.15° 22.71 £1.41° 21.56 £0.95"
HafE b 20.92 +1.19° 21.04 +3.08° 30.24 +1.27°¢ 29.55+1.91° 25.18 +1.35" 25.48 +1.28"

T e Al — AT R AR R 28 LSD BRI TE 0. 05 /KT 25 R B, AR FARF B 3R A7 B34 =

Note ; Different superscript letters in the same line indicate that the difference between the treats is significant at the 0. 05 probability level through

LSD test,and the same superscript letters mean no significant difference
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Fig.1 Influence of dietary lipid levels on cartenoid content in scale, skin and tail fin

of Vieja synspila @ x Amphilophus citrinellus &
AR RER R 4 LSD A 30 E 0. 05 KF B R AR AR F IR B E5

Note ; Different letters in the same group columns indicate that the difference between the treats is significant at the 0. 05 probability level

through LSD test, and the same letters mean no significant difference

F4  ARIBERK T X B RS & & T 7 A& R AR AR50

Tab.4 Influences of dietary lipid levels on biochemical indices of serum of Vieja synspila ? x Amphilophus citrinellus

L1 12 14 L5 L6
(2.93%) (5.90% ) (8.89% ) (11.91%) (14.94% ) (17.92% )
IR . b . . d c
(mmol + 1) TCHO 4.52 £0.37 6.04 £0.54 6.9 £0.61 7.22 £0.47 8.14 £0. 16 7.06 £0.25
WY | | N | . ]
(g ml ") TP 3206.88 £116.46" 4 139.30 £179.16° 4 128.76 +125.63™ 4 272.42 +61.04° 4 (90.07 +181.63> 3 928.52 +105.83"
R . . . ) ) ,
iy 2.03+3.18 21.51 £3.19 63.58 £2.01 76.77 £2.98 43.33+1.88 44.33 £3.75
(pmol - L™") TBA
BRAFRL [ e,
ﬂz&iﬁEEE%]E}L.M 1.99 +0.13* 2.14 £0.12" 2.50 +0.06° 2.66 £0.03¢ 3.62 +0.05° 3.61 £0.11°
(mmol + L") LDL-C
e
BT 0.740 £0.042¢ 0.600 £0.035¢ 0.530 £0.028" 0.620 £0.019° 0.470 £0.024* 0.640 £0.041°

(mmol - L™") NEFA

T F R — 17 ) _ LR R R 2 LSD MR TE 0. 05 /KF- 25 3R i3, AR EAR T 1 m 7270 B 12 5

Note; Different superscript letters in the same line indicate that the difference between the treats is significant at the 0. 05 probability level through

LSD test, and the same superscript letters mean no significant difference

N DT 602 5, T LA 8500 19 2048 1 T, A A
MR RREREIR R R A . AR SEE R A R
KR 11,91 % B (14 41) , 1 %5 R £ 1Y 45 0E
AR AR TN B AR Oy d ey, 3 W I B R £ 2R R
REdcfE . WFE B, TDBHIE W7 7K P2k 6. 88% I,
ARG i ( Myxocyprinus asiaticus ) ) SGR Fl WGR £z
o HEE I 35 R 1T 7K PR 6. 62% ~ 7. 02% 5 45

BHIRINT K- 9. 4 % I, iR /K B4 ( Hephaestus
Juliginosus) "' 1) SGR S5 , A K HE B CF 5
B 7K F- A 10. 68 % B, 55 W 1 ( Siganus
guttatus) 4f111"° [y SGR Fl WGR £ ; 2 I SGR
IR AR, 40 g Lo FLHE ) 458 £ ( Rachycentron
canadum) IR TR &M 13.97% ~ 14. 16% ,
500 g 7o A7 MM B9 EE fa O 13, 18% ~
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13.47% ") LB fa AR RN S AR B Bex
T R B R A, AL, 78 2. 93% ~
11.91% B9 A5 W5 78 /K- P, I %5 8 #7 f) SGR A1
WGR B (Rl BRI K1Y T 2 8 I =, HAFAE
RS, WIE — & PRI 7 K 735 BLA, i
SO RG £ Y AF K 1 B BE TR 7 7K P 18 T i T T
B, 5 g | B IR B U ( Pelteobagrus
vachelli )" 1 5 & 4 ) ( Carassius  auratus
gibelio) """ S (R 75 45 R B IEA — B, FFAE
AR AR Y 32237 BT A0 S B SR A A A
B A HORT LA S e 7 5 ek A5 v £ 2 T £ A
RS EARSL IS, B R IR D5 K P09 T
I 55 £ HST 5 b e, #1107 7K F-
A A PP G A I A F 3 % IR R0
A bt R B BRI ORR AT B4 L 3
o222 45, X 5 B8 B R 1 ( Oreochromis
aureus x 0. niloticus ) 4107 | |4 H fh.( Onychostoma
sima) Ll R4 58 4y i ( Takifugu rubripes) 4f]
102 R 2 SRR
3.2 fARBERKENMBHEEaFERBEEL .
a’ b KR

IR K S FE R R YT o
b AELRY i AR S e 1 1 (A R 2L €0 0 BT (5 1 A R
JE o ARSE B R IR 7 KSF T e L
b EFIZEEH S b RS R A B Ak,
XL A A S MR RS PR S RE
TEAHORIE AR 18 G 52 = T BHIR 10 K-, 72— Y
PRt I S £ A AR 6 21 A I AR R . AR S
B K IN, F IR @™ BN b HL ) R S 1 43 i) ey 2R
TE 14 A L3 41, Z 5 BT R, B BH 3 e i R D5 35
BB THRMY N RARIL, x5 RS 3k
BT 44 ( Labidochromis caeruleus ) FlAE 15 256124 it
FRAH ( Cyprinus carpio ) PIWFFTZE R —3(,
3.3 fERIBERAK X MESES AR P RPE MR
RENRIE

AT RS AR RSTS84 = )
BRI KT RT B S A2k il S8 085 - B D 2 6
FOERRT ZEUURL, PhI 2245 BT R, A ) i
JIG W7 7K S X i 0K 65 52 e o A AR Bl &5 R
BARBOSA 45 Rt AE A S5 HEAR 5 22 (0 e o,
JIR 7 7K AP v ) T B 97 v ) R R B A A
IR R DU, R 6 HGE 2k

RIS K FAE 5. 60 % ~14.20 % I, F i e

R SR 8 b R A B T S R
TORRISSEN 7l CHRISTIANSEN " ff 57 ¢ 1], i %
AT SRR IR T AR TR BRE R R MTH AR
SN, A UERI AR T AT LA e 2 S0 R 2R A ISR
FIF, TS e € S A (0, AR SEg o, g 7 K1
1. 91% ), K fik rp B2 8 D3R & i 1 25
fIR(P <0.05) , BEH 2 4altek i 107 5 J i o — 2
R MWK PRI, HIFEREERN
400 mg « kg~ BNV B 11,91 % B, i
SR £ P RETTURRTY (0 3R Sk B A, B ek W ic i A
HIRIHE NREARTURTIRN, SR AT,
AR PGS 0B IRER AL, S8 N RAE RS h i
Bk TRmELT 1 A1 Xt 1 388 3 A €0 B BT 5T v R
B, YURE RN TE 30 ~900 mg - kg™, fg
TR DR TR, A SR A R S HAR L
3.4 (ARIBERAZK F X ME A L K TR 22 M

MY TP 25 2 S e £ A e ARt 2
FIBT Y E AR, TP B ZEF %8 5 358 5T
sk 2 M Z R DIRE | REAS ST A ) g
R, EHom B AE f (0. niloticus )DO] | R
( Elopichthys bambusa ) %0 25 TIF 53 45 S F 0
BEE PRI WK T, L P B TP B & i 5t
TR AR i B RS A TP & 0 b
THE TR (B &R0 4 M TP 15 TR
Wi i L XS RRZH, 2 ADRE g 7 45 oK -F- oKk 1
11.91 % (LA 20) i}, i SSRE ol g i TP &5 i
T R, 33 T R85 8 1 M A G, LWy i3
( Polyodon spathula ) ) TP & &3 ¥ b 5 I8 4
(11.64% ) %5 o TARNG4L(3.01% ) ™, X B
SNy 7 — 5 Y A AR R A K S T
DMk RE W o) 2 5 8 WA, AR ARDRL 1D 7K -3k
R TGt TR i AR R R

IfiF TCHO 5 #4288 FRAR DU VI G HK, % H
TR IR R EER AL, TCHO & it}
RN A IR s ARG R , R 7B % R g0 xt
AR I RLRE B N Y L ARSI 45 R BRI v
TCHO 5 TP AH{L, BT HE 5 T FEny 2 b E s,
AR IRZL (LL 2H) B TCHO & i 251K T HAt 2%
% g W iR 56 2H, X 5 5 B fil ( Sebastiscus
marmoratus ) B /R 55 B 7] 48 #) ( Carassius auratus
gibelio) ™" [ 4yt K 11 BB ( Micropterus
salmoides) " fYRFFT LS FILA—B, EA T HRIE NG
DTAINEITE 8% ~11% o ASZHarp  falkHig T



14

08 [ 5 55« AR R A 7 0t S £ R IR 7 R AR A PR RE LML 375 2R AL R AR 1) 2 73

TR /INT 14.94% (15 20) B, i 55 9 £a 1 3 v
TCHO 52757 , HI A RE A 1 S RS £ Wi i) A s
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Effects of dietary lipid level on astaxanthin absorbtion, growth
performance and serum biochemical indices of
Vieja synspila © x Amphilophus citrinellus &

WU Guoqiang' , CHEN Xudong”, WANG Xuejie' , MU Xidong',
LIU Chao', LIU Yi', HU Yinchang', SONG Hongmei'
(1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of
Leisure Fisheries, Ministry of Agriculture and Rural Areas, Guangdong Modern Leisure Fisheries Engineering

Technology Research Center ,Guangzhou 510380, China; 2. College of Fisheries and Life Scrience
Shanghai Ocean University ,Shanghai 201306, China )

Abstract ; This study was conducted to study the effects of dietary lipid level on astaxanthin absorption effect,
growth performance and serum biochemical indexes of Vieja synspila @ x Amphilophus citrinellus & . A total
of 540 individuals with the average body weight of (28.84 +4.84) ¢ were randomly divided into 6 groups
with 3 replicates per group and 30 fish per replicate. Fish in the 6 groups were fed with experimental diets
containing 0 ( control ) ,3% ,6% ,9% ,12% ,15% ( measured lipid levels were 2. 93% ,5.90% ,8. 89% ,
11.91% ,14.94% ,17.92% respectively ) for 60 days, respectively. Results showed that; 1) Adding proper
amount of fat to the diet could improve the utilization rate of astaxanthin in blood parrot fish. When the fat
level was 11.91% , the content of carotenoid and a* value of body surface red in the skin of test fish were
significantly higher than those of other test groups( P <0.05). 2) Proper fat level could improve the growth
performance of blood parrot fish. The weight gain rate( WGR) and specific growth rate (SGR) of blood parrot
fish first increased and then decreased with the increase of fat content in feed, while the hepato-body ratio
(HSI) continued to increase. When the fat content was 11.91% , GWR and SGR were significantly higher
than those of other groups (P <0.05). With the increase of fat level, free fatty acid ( NEFA) gradually
decreased, total serum cholesterol ( TCHO), total protein ( TP) and total bile acid (TBA) content first
increased and then decreased, and low-density lipoprotein cholesterol ( LDL-C) gradually increased. When
the fat level was 14.94% . NEFA and TCHO reached the lowest and highest values respectively, which were
significantly different from other groups (P < 0. 05), and LDL-C reached the highest value and was
significantly higher than that of the previous groups (P <0.05). When the fat level was 11.91% , TP and
TBA were the highest and significantly higher than those of the other groups (P < 0.05). It could be
concluded that appropriate amount of feed fat could promote the growth of blood parroot fish, improve its
astaxanthin absorption efficiency and fish immunity, but too high level can cause liver damage. Under the
conditions of this experiment, combining the utilization rate, serum biochemical indexes and growth
performance of astaxanthin, the appropriate fat level Vieja synspila @ x Amphilophus citrinellus & coloring
feed ( 4 %o astaxanthin) was 11.91%-14.94% .

Keywords: Vieja synspila @ x Amphilophus citrinellus & ; dietary lipied level; body color; serum

biochemical indexes; growth performance



