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Effect of dietary carbohydrate level on growth performance and
body composition of juvenile Amphiprion ocellaris
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Abstract: To investigate the effect of different carbohydrate (CHO) levels in diets on the growth performance, feed efficiency and body
composition of juvenile Amphiprion ocellaris, we fed the fish with 4.4% , 8.4% , 12.2% , 16.1% , 20.5% , 24.5% and 28.4%
CHO. The results show that the weight gain (WG) and special growth ratio (SGR) increased first and then decreased with increasing
carbohydrate level. The regression analysis shows that the WG and SGR reached the maximum when CHO levels were 16.49% and
16.73% , respectively. Moreover, with increasing carbohydrate level, the feed coefficient (FCR) increased first and then showed a de-
clining trend, while the trends of efficiency of protein (PER), protein retention ratio (PRR) and lipid retention ratio (LRR) were just
the opposite. The regression analysis shows that the minimum FCR was at 9.20% CHO level; the maximum PER was at 8. 57% CHO
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level; the maximum PRR was at 10. 97% CHO level; and the maximum LRR was at 14. 12% CHO level. The whole body fish crude fat

content increased with increasing CHO levels first, and then decreased slightly after reaching the maximum value at 20. 5% CHO level.

Based on the second order polynomial regression analysis of growth parameter and CHO level, 16.49% ~16.73% dietary CHO level pro-

vided the maximum growth of juvenile A. ocellaris. Based on the second order polynomial regression analysis of feed efficiency parameters

and CHO level, 8.57% ~14.12% dietary CHO level provided the maximum feed efficiency for juvenile A. ocellaris.

Key words: Amphiprion ocellaris; juvenile; dietary carbohydrate level; growth performance; body composition
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AR, SRR, W26 TR AREK
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XK. BHEG, /NHAY) IR FBE & LUK B iR
PR FA T 85 Y K U8 B B F AR Ry e R
R BEAS (AN AR TR T L5 15 YK B, T T 65 9 K
VLB 8 5 AR R B SR — 8 RETH R 8
MK TR B AGE O, REARNA Tk,
R, B2 5 E F i 4 N\ TSGR /N 1
B WA RAEER X,

TR S X 18 FRIC AU i 2R A K
T FBEORITHMATESTH, BRIR RS
BRRHIRPIRE N o MR R MM = RE R YR
MeEERRIFEZ —, T EH MR R EE N EEEY
BT, (HARFE® @I HAHRFERRER, —K&
FKul, REMEAEMERNAHERERTHREN
Mg gikma . BT, WK mmEERERK
MREAEZE X Z2 T A, R FELE
( Gadus morhua )1, 5 % F f ( Siganus guita-
tus) P T A ( Rachycentron canadum ) (671 g
F 3¢ ( Epinephelus coioides) (8] 372 3 i) ( Caras-
sius auratus gibelio) ¥V B IE B 6% ( Trachinotus ova-
tus) MOV T XN L f RS 26 3R TR SR O T A BF S
R AGE . EAFEA R/NH AN S R E
HelgpE TR SR HLAT 4 08 3% T SR 7 TH G
PRAREZ, (I — LAt R & RPN
FERARE Y, I, R R RS B,
T8 AT AR Rk OB K T X R B XU £ 4 £ AR K M
A R R M2 A E RN ESEE N, L
HIARAT IR BEXUEE fa N\ TR & iR P s WK, R
/NH AN T FRFE HIBC & DRI T & SR AL B m Bk
MELSAKYE, st/ Ha N THRE AR AR,

1 BRI

1.1 EREFSEE T
DI MGy FEEEIR, IPBHE. MaimAn

DA EBEARITR, SR FEREIR, &7
AVEAREARRL, BREE 5 R 4.4% (. 8.4% |
12.2% . 16.1% . 20.5% . 24.5% F1 28.4% ; %
FR W] S iy St 2 A B B R ER (FE K
F40% ~56% , RgliKY 4% ~15%), ¥&mFHE
HAARNIK R THREREN, e LmikEd
KR 35.6% , BEMIKEH 10.1% , I ARFe& 58
IS 2R AR — B R & JEURH B B 2o 7 (0. 2 mm Y
H), /NP RE 5 min BRIRS), FLU/D
RUBURLALGIRL (BRL EA2 1.0 mm) , HIGRBR T 2K
53214 10.0% , HIVELF BmDEHE F - 20 CokAE
PR FRHERI RIS SR LR 1,

1.2 IBaiMFEEE

SLEethch B KAE A A, 3 BRI A A A
LOBEEENANRHEITER, MR EER
(0.21 £0.01)g, SEH 47 MAELFEA, HAEA
W3 AT, BFAT40 B, 1840 B, LT
FAEERY AR AT 7 d BIFR, FIEFBREFFHE

SEIG B R FEMLECA K IR A6 (120 L) H 4778
FoKFAFE (W 2 Lomin ™), H M 4 K (08:00,
11:00, 14:00, 17:00), RAMWEHRRE, DA
SRR HRIE, BREEH 30 min J5IERE. 5
e ] K3 (27.0 £0.5)C, p(DO) >6.0 mg-L~",
p(NH, -N) <0.2 mg-L™", pH 7.8 ~8.0, JtH
JE 121 : 12D, 2 Ak 56 d.

1.3 HRRESHHT

FRPE LI FF IR TTE 60 B (YLK 24 h) 1E A7)
TRIR LTI ERE A o SEIR S5 R 5 R B /K AR S R f
(YU 24 h) Bk, BFATREPLE 10 BB A T4
K. KEREMAIEEEANE, ERemarefAT
WERE ST (B R— AR, n=3),

K43 E AT 105 CHEAR TR ME RS HEE
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RO BER IR B K 20 0 g P S48 o0 R e 2k (550
C); BEMEF 3, 5- RS EK IR Y: .
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Tab.1 Formulation and nutrient composition of experimental diets
BB TAHR4s5 Diet No.
ingredient T1 |V i} T4 TS5 T6 T7

414} fish meal 36 36 36 36 36 36 36
K soybean meal 11.4 11.4 11.4 11.4 11.4 11.4 11.4
NP B2 R beer yeast 5 5 5 5 5 5 5
WL #y shrimp head 5 5 5 5 5 5 5
FKFEH com starch 4 8 12 16 20 24 28
2By gluten 5 5 5 5 5 5 5
BR#ENE phosphatidylcholine 2 2 2 2 2 2 2
£ 3 fish oil 2 2 2 2 2 2 2
E.7H soybean oil 2 2 2 2 2 2 2
Bk |45 Ca(H,PO,),H,0 1 1 1 1 1 1 1
Ve BEFRER Ve-phosphate 0.1 0.1 0.1 0.1 0.1 0.1 0.1
AH[E B cholesterol 0.4 0.4 0.4 0.4 0.4 0.4 0.4
B4 Y4 &K vitamins premix 1 1 1 1 1 1 1
AT Y E mineral premix 1 1 1 1 1 1 1
LB, choline chloride (50% ) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
T 4F 4 microcrystalline cellulose 24 20 16 12 8 4 0
41T total 100 100 100 100 100 100 100
BFEWSr/ % proximate composition

FH) 5 dry matter 90.20 90. 24 90. 78 89. 66 89.73 90. 14 90. 46

#EH crude protein 36.12 35.63 35.48 36.19 35.35 36.21 35. 46

BEHf crude fat 9.80 9.72 9.43 10. 11 9.67 9.62 9.83

R4y ash 10. 01 10. 11 10. 60 9.84 10. 83 10. 03 10. 06

fE{E/MJ -kg ™' gross energy 13.15 13. 69 14.20 15.30 15.68 16.56 17. 14

$ii digestible carbohydrate 4.41 8.37 12.23 16. 08 20.48 24.50 28.42

W) EAHER(mg B IUkg™): 4EAZ A 900000 IU; 47 D250 000 TU; 4EAFK K, 60 IU; 4E4F ES0IU; 44K B, 320 mg;
#EEE B, 1090 mg; 4EH4EK Bs 2 000 mg; 4EHEK B 500 mg; 4EH4EK By, 116 mg; 44K C5 000 mg; HHAR 40 mg; MRS mg; R
520 mg; JLEE 150 mg; 49K 0.2 mg; 2) TALIRAW[6-(100 g) ~']: BURREE 3. 05 H AL 0.7; BULH 0.015; FAREE 0. 14;
BilR4E 0.03; SUIL4R 0.05; 44k4h 0.005; BRARTLAK 0. 15; BEFR S50 45.0; &1L4528.0, (kAR REAMLL 23.64 MI-kg™!, iR
LA 39. 54 MJ kg1, BELL 17. 15 MJ kg "'+,

Note: 1) vitamin premix (mg or IU~kg'l ) : vitamin A 900 000 IU, vitamin D 250 000 IU, vitamin K; 60 IU, vitamin E 50 IU, vitamin B; 320

mg, vitamin B, 1 090 mg, vitamin B5 2 000 mg, vitamin Bg 500 mg, vitamin B;, 116 mg, vitamin C 5 000 mg, niacin 40 mg, folic acid 5
mg, calcium pantothenate 20 mg, phaseomannite 150 mg, biotin 0.2 mg; 2) mineral premix[ g+ (100 g) ~']: MgSO, -7H,0 3.0; KCl
0.7; KI0.015; ZnSO,-7H,0 0.14; MnSO,+4H,0 0.03; CuCl, 0.05; CoCl, -6H,0 0.005; FeSO,-7H,0 0.15; KH,PO,-H,0 45.0;
CaCl, 28. 0. The dietary energy was calculated as protein; 23.64 MJ-kg~!, lipid: 39.54 MJ-kg~!, carbohydrate: 17.15 MJ-kg~'.

1.4 ZirshAE

BI%E (SR, % ) =100 x N,/N,

WA (WG, % ) =100 x (W, - W,)/W,

¥ E 42 K F (SGR,%+-d ™) =100 x (InW, -

InW,) /¢

HEAR(FR, %) =100 xIF/[ (W, +W, +W,) x

/2]

FRRZL(FCR) =1F/ (W, - W)

BEHBRBCR(PER) = (W, - W,)/TP
RES#BE (CF,% ) = (W,/L,)° x 100
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A8 % (HSL, % ) = FFi&/W, x 100

HEARSE R (VSI, % ) = WRERT R/ W, x 100

BEHBRTIRF(PRR, % ) = 100 x (fafkH H¥Y
£/1P)

BIFUTA A (LRR, % ) = 100 x ( fa {4 i 5 1
£/1L)

KN, WL RBIE AR (R); N, B
B masE(B); W, ALRERETE (g);
Wy LB AR ()5 W, BERIET- AR
H(g); L AELBEHRMAAEKK (em); IF HFEAMRE
B (g); IPARARBAR(g), ILARHEA
#(g), ¢t HERAREI(D),

SEEGEE R SPSS 19. 0 A HAT IR R T 24
Br, ¢HiE)2: %32 ) Duncan’s 2 L4, P <
0.05 &R B FE, LI WG, SGR., FCR. PER.
PRR 1 LRR M8 AR#E4T W f £ [/ 09 4 47,
Excel 2010 £H&],

2 SR 50

2.1 EREEKEX ERFERF AR
FEFRTE I ], HR B OUAE M 4 £ R R,
BEMARKEY, HEAEREHREE, LK
HEBIE R LR EZF (P >0.05), fFEHEKF
XPHAKPEmMILER2, BEERKTM 4. 4% 1M
% 16. 1% , WG F1 SGR 4z #is fin; ik KM
16.1% % 28.4% , WG i1 SGR 2 FR&#a# ., K

BRI, PER 2% LR TREMBSE, &
(B IFENE K- 8. 4% R BH4H 5 i FCR BEMEK 7
HMBRETHEE LA GESE, AEEREREKTE
8. 4% fakteH . FR [ {RDEIE K 7 3 hn 2 5% i 1
P, EREKE 24.5% BB, WS EKE
28.4% B T [%, BEBUIAR T, PRR B K
RIS EL EAE TR EE, EEEEKTF
8. 4% kL ; BEE WE/K P3N, LRR 2 %ET
M B T RER B, EEFEREKT 16. 1% 1h
BHE . X WG 5HKF#ATREIE A8, 542K
FFEy = —0.305 92° + 10.087x + 84.303 (R* =
0.6797), % x=16.49 B}, WCHEK(E1); %I
SGR 5H/K-F#ATEH 434, B R FR y =
-0.002 22> +0.073 6x +1. 152 7(R* =0.692 8) ,
My =16.73 Bf, SGR & K; X} FCR 54K
frEF 0, BH kBB y =0.003x" -
0.0552x+3.028 2(R*=0.8315), %4 x=9.20
if, FCR &/ 2); Xt PER 58K F#17H 14
O3HT, 1B TR y = -0.000 74 +0.012x +
0.959 3(R*=0.794 6), 4 x =8.57 i}, PER &
K; X PRR 5K F#E47 BT, B8 K7
By = -0.017 35> +0.379 7x + 14 (R* =
0.721 1), 4 x =10.97 B, PRR £ k; % LRR
WK FE#HATEIR S0, BE KRBy
-0.0135%" + 0.381 3x + 15.414 (R’
0.2256), Y4 x=14.12 i}, LRR HKk,

F2 AREKENREIEEERKSESENZI(FEHE £ iRER)
Tab.2 Effect of CHO levels in diets on growth performance of juvenile A. ocellaris (X’ +SE)

=t ¥iK¥-/% carbohydrate level
indicator 4.4 8.4 12.2 16.1 20.5 24.5 28.4
JEIERR/ % SR 96.67+2.20  97.50 +1.44 97.50 +1.44 97.50+1.44  97.50 £2.50 95.00 +1.44 95.00 +1.44
B/ g+ ! initial weight 0.20 +0.01 0.21 +0.01 0.21 +0.01 0.22 +0.01 0.21 +0.01 0.21 £0.01 0.21 +0.01
KTt/ g2 ~! final weight 0.47 +0.022 0.52+0.01%  0.56+0.01¢¢  0.60+0.01¢ 0.57 £0.01¢d  0.54 £0. 032 0.49 +0. 01
WER/% WG 126.11 +6.532  143.69 +4.36%> 158.09 £7.31b¢ 170.19 +8.88¢  164.48 +9.51b 149,47 +9.762>  121.76 7. 90*
EEKSE/ % SGR 1.46 £0.05%  1.59 £0.03%¢ 1,69 0. 05¢ 1.77 0. 06¢ 1.73 £0. 06¢ 1.63 £0. 07" 1. 42 £0. 06*
BWER/% FR 3.99 +0. 162 4,00 =0. 20# 4.51+0.14#> 4,76 £0.25> 507 £0.13¢  5.45+0.154 5.21 0. 17
kLR %L FCR 2.90+0.112> 2,67 +0.10# 2.87+0.132>  2.90+0.07®>  3.16 £0. 10> 3.59 +0.17¢ 3.87 +0.12¢
M FAE PER 0.97 £0.04b 1,05 £0. 04¢ 0.98£0.05b  0.97£0.03b  0.89+0.03>  0.79 £0.042 0.73 +0. 02#
M RUTR%E/% PRR 14.76 £0.18bd 16,66 £1.349  16.52+1.019  15.40+0.39¢4  13.97 +0.59>  12.67 +0.392>  11.14 +0. 382
JEWFULAR#/ % LRR 17.86 +0.78%>  16.08 +1.592>  17.64 +0.312> 18.74+0.73>  18.62+1.10> 16.03 £1.142>  15.29 +0. 67

HE: BRI L ERICCF B s 2 % (P <0.05), TR,

Note: The data within the same line with different letters indicate significant difference at the level of 0. 05. The same case in the following ta-

bles.



70 R S = $13 %
200 s
* *
160 | *
s . . 4r *
M oo 120F
i = = 3
Hm 80 | 2 -
L y=-0.3059x"+10.087x+84.303 B B *
2 1 P
40 F R'=0.6797 Y 2 r y=0.003x"-0.055 2x+3.028 2
L L 1 L 1 ) R*=0.8315
0 10 20 30 L
FEIK /%
carbohydrate level L L L L L g
0 5 10 15 20 25 30
B 1 AR K S X HR B X 4E £ 4 58 T SR A0 R TR FEIKF- /%

Fig. 1 Relationship of weight gain (WG) of juvenile
A. ocellari with dietary CHO levels

2.2 fERMEKEITER S B RNE

TR KXo HR B fh 4l £ A A e LR 3
ANEHKEX St oK 3 RUK 3 TC R 2
HLE FFERKT- 4. 4% Bt B35 R TREKE 12. 2% fRkt
4, HRERK AN REESR; SaliahitehE
IK-8. 4% B A%, Z G BEMEAKSEIE N &, 708
IR 20. 5% KRN E R KT, 24. 5% F1 28. 4% KK
HIEAH TR, BAMZERFARE; FAEWEAKEXTIREE
XUAE £ 4 0 AW BE O B 3 s AIRBE 4 (4.4% F
8. 4% ) AR B T HAMM A4 FHAfs 3R
P AR (R 4) .

carbohydrate level

B2 RRDRE KT X HRPE XA 1 4 £ AR 2R R i
Fig. 2 Effect of CHO levels in diets on feed conversion
rate (FCR) of juvenile A. ocellari

3 TWhg

B2 R XSS (IR B (R B BRI B, 42
R TPRERE K R T A R A A 2 1, (B
Ay A RABRAR . —BokdE, WEN
BIXFERMF S R T REENE A
2, 4R, EERRKR AR A KRR
FARHEVER " B RR Y, IR %)
i WG H1 SGR BER B K P34 i &2 BB 2 ¥ b7t

x3 ARMEXKEXRERFEE LD GEHSHM(EHE RER)
Tab.3 Effect of CHO levels in diets on whole body composition of juvenile A. ocellaris ()_( +SE)

NG ¥i7KF-/% carbohydrate level
body composition 4.4 8.4 12.2 16.1 20.5 24.5 28.4
7K 43 moisture 74.89 £0.59  74.72+0.35 73.54+0.41 74.60£0.36 74.35+0.69  75.010.35  74.52 +0.63
ML i protein 14.08 £0.23*  14.47 £0.43*® 15.14 £0.17® 14.66 +0.31*® 14.49 £0.29® 14.70 £0.26® 14.15 0. 34%®
MBS lipid 4.66£0.18"  4.16£0.17*  4.64 £0.11>  4.90£0.05* 5.160.12°  5.03 £0.13> 5,04 £0.09"
K4y ash 4.77+0.10  4.910.14  4.54£0.14  4.6320.04  4.740.11  4.67+0.12  4.69£0.16

F4 AREKENRENBEELHEIRHE. BEBEMAEERNZE(FEHE £ RER)
Tab.4 Effect of CHO levels in diets on condition factor (CF), hepatosomatic index (HSI), viscerosomatic
index (VSI) of juvenile A. ocellaris (X +SE)

5¥5 ¥i7KF-/% carbohydrate level
indicator 4.4 8.4 12.2 16.1 20.5 24.5 28.4
AW BE/ % CF 2.3+0.4 2.5+0.4 2.4£0.3 2.6+0.4 2.3+0.6 2.2+0.5 2.4£0.3
i AN 6.95+0.43*  7.88£0.75° 9.17 £0.83>  9.47 £0.71> 10.07 £0.65>  9.47 +0.62> 10.21 +0. 58"
FF 88/ % HSI 3.11£0.19*  3.52£0.36*  3.70 +0.17% 4.21+0.22°  3.99 £0.38% 4.13+0.27%  4.03 £0.32%
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JET RS, BHEKT (28.4%) k4 WG I
SGR B K T Hli K- (12.2% ~20.5% ) fkH ,
ViR I 5 FBE AT X IR BE AR ta &)y fa A KA & 1Y
MEER. XA SHaEtaXnEEa" | Bf
Ui fa ( Nibea japonica )™ . # #& 4 ( Sparus la-
tus) "V RIS X WG I SCR M #EAT
BIHS BT, 15 28K 16.49% ~ 16.73% B 4E
KR, ABdERmE, (RTREEREEN RS
F BB KT (20.83% ) ), BRI T A AR K
AR BE & X R W (Ictalurus punctatus) (17.55% ~
18% )™, e F P9 £ P M K £ 26 H A B 4h 0
(12.2% ~12.7% )", BT &2 5140, HE
7] BB 5 W £ 2 E A A B — AR, WIL-
SON ' S1F B 1% 7K 4 8 24 o i B0 ) PR 280 3R 7 T8k
tEfE, BARERY, FikE (Dicentrarchus la-
brax ) XHE 92 WL TH 1k 52 B & 5% 78 T BE 1) FH v T 1
P ME, FRENEKENE A, H
BEEKPREMENS, MEHFMYMH
18.0% ~21.1%'", HAMGHtastal 12.2% ~
12.7% "), s 2 8%

s R F W, PER F1 PRR BAHBIA A1k
EH, EUEKT 8. 4% A kHH FCR £&{K, {H PER
A1 PRR & ; 1R KE#E o 8.4% J5, FCR
BN, PER F1 PRR #4°F [, 56 B HR BEXU4E f
gt A —E R EE bR MR T 9 29 88 2 T AE;
SGR A H BLFE R K 16. 1% 7k 4H, 36 BB X
EHWTAERENAR, YBKFET8.4% )5
AR R R E LR T FR B35, X A5 A%
FEAMPL, BP FCR A1 FR A ARDRPIE K 73 in i
B BEFSIE S X R A A R B R A
5V 4% ( Labeo rohita) ™', 2278 B 4k ( Oreochro-
mis niloticus x O. aureus) "' | 45 3% 5 948 ( Piarac-
tus brachypomus VB R R % #H fm ( Pelteobagrus
vachelli ) ) F#yi ( Lateolabrax japonicus) '™ %, i %t
FEEHVARWRNA B AR EE A K3E 67
( Scophthalmus maximus Linnaeus ) F1 7 & ( Paralich-
thys olivaceus) ™ %, FFLL, %hifa A FIFE W4 EA
FIRL BRI AT R, XF FCR, PER Fil PRR 5
HKFFEAT A 4387, 3K H SRR K F 9. 20% B
FCR 5 /]N; BEKF 8.57% Bf PER & & ; ¥EKF
10.97% R} PRR £ 75 . K, M PER. PRR #1 FCR
KA, R BERUHE M4 o R i O R &
8.57% ~10.97%

AR AR 0 95 B S TL Bt BB AN 7% £ i
12, HAuEFA A BT IEM G BRAEN 2 1%
7, WRIEN G REET IR, RUZaXHER FHEE T
B ZSR AR BN, IRBENAE 4 fa 4t
FELAE 1 o 12 3 5Bt e A K S 3 finmi Pk v, FERE K
- 20. 5% B 35 B B w K P A K 7 24.5% F
28.4% BHEA TR, HARZERARRE ., HHRER
WEKOE 380, R BRI, TR
IKF-aot s B AR N B i RN R FR G . e foRLAg
HIAs A S g E T LRR FERE K 535 hn i34 o,
%f LRR 5 $% /K F 3 47 | 3 40 Hr, 15 B K F
14.12% Bt LRR ix B & K18 ; BEERAKEMA R,
SR SRR E, B LRR 2 FRFE&ES,
HEZRRE FCR By, 2055 HiEL A AEn]
B R OB AL R IR R 6 TR, ST ArE
TR K 5% ~25% 4> £ fig Bl 1t B 7K - 14
A ER ;s & B 3k M (0. niloticus ) 1 4E K -
10% 34 2 45% Y, o4 fa g i o 2 72 3 16 ke
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