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Be 30 27476 1 PR K e 0 B B K % AR (150 Ly
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Tab.1 Formulation and composition of experimental diets
DI D2 D3 D4 D5 D6 D7 D8 D9
(38P/10S)  (38P/20S)  (38P/30S)  (45P/10S)  (45P/20S)  (45P/30S)  (52P/10S)  (52P/20S) (52P/30S)

JE#}/% ingredients
fify  fish meal 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5
BEEE [ casein 30.4 30.4 30.4 38.2 38.2 38.2 46 46 46
/S D
fish oil/soybean oil 5.4 5.4 5.4 52 52 52 5 5 5
KRR
soybean lecithin 2 2 2 2 2 2 2 2 2
FKUEK  corn starch 10 20 30 10 20 30 10 20 30
YA TR A
1.5 %Eﬁ *.J‘ 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
vitamin premix
fl o R TR R
1".%75’? f““ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
mineral premix
SALIEBE  choline chloride 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
R —E45  Ca(H,POy), 14 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
#EFC  vitamin C 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
TR A
'ﬁﬁﬁi W . 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
sodium alginate
WK zeolite powder 17.6 12.6 7.6 13.8 8.8 3.8 10 5 0
AR A dE R
i . s 176 12.6 7.6 13.8 8.8 3.8 10 5 0
microcrystalline cellulose
SAk%C  yttrium oxide 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Bt total 100 100 100 100 100 100 100 100 100
EFRH /% nutrient composition
THB dry matter 92.80 91.29 91.01 91.84 91.66 91.66 91.87 91.28 90.30
HE A crude protein 37.88 38.14 37.79 4526 44.61 44.72 51.65 51.37 51.47
KW crude lipid 9.54 9.49 9.48 9.57 9.52 9.49 9.51 9.53 9.44
JENT  starch 9.86 19.96 30.03 9.89 20.11 30.07 10.03 19.92 29.98
K4y ash 19.76 14.88 10.67 16.32 11.52 7.70 13.11 8.46 4.47
HBE/(KJ/g) gross energy  14.39 15.96 17.66 15.93 17.67 19.31 17.59 19.28 20.90
B /R R/ (mg/KJ

PR (mg/KD) 26.32 23.90 21.40 28.41 25.25 23.16 29.36 26.64 24.63

protein to energy ratio

L BREIRIE R A 23.6 KI/g, Feli39.5 KI/gfBKLEaMI17.2 KI/ghkit 5 2. E&24E (mg /kglihl): 4E4EFRA 10, FEAED 10, 4EER
C 1000, 443K 40, 4E4EFKE 500, 4E42EB, 60, 442 %B, 70, 445K B, 80, 4EAEB, 0.4, MAEE 200, ZER4S 200, AW 2, WIEE
500, MR 8; 3. EALH (mg /kelilkh): FrigiREk 900, CuSO,-5H,0 25, ZnSO4 7H,0 190, MnSO,-4H,0 100, CoSO, 7H,0 50, KI 8,

Na,SeO; 2; 4. 4iA RCHYEE R CL BRI

Notes: 1. the dietary gross energy was calculated as protein: 23.6 KJ/g, lipid: 39.5 KJ/g, carbohydrate: 17.2 KJ/g. 2. vitamin premix (mg /kg diet):
vitamin A 10, vitamin D 10, vitamin C, 1000, vitamin K 40, vitamin E 500, vitamin B; 60, vitamin B, 70, vitamin B¢ 80, vitamin B, 0.4, nicotinic acid
200, calcium pantothenate 200, biotin 2, inositol 500, folicacid 8. 3. mineral premix (mg /kg diet): ferric citrate 900, CuSO,4-5H,0 25, ZnSO,-7H,0 190,
MnSO,-4H,0 100, CoSO,-7H,0 50, KI 8, Na,SeO; 2. 4. vitaminC is in the form of 35% Stay-C

(2), LRFES A K (cm), ch#ERE (), P
Ry R AR L
1.6 BUESIH S

AT 520 K000 141 DAV 35 {6 467 1 22 (mean+SD)
FoR, SRHAISPSS17.048 R AF i A5 XA F 7 2243
Mr(Two-Way ANOVA), #HFHEREZES, WX
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TIPS ) B 1 BT GE 3 7K S % ARk A JRE A K BRI AR GR35 Al 0 14 6 5 i 749

100%, e} 25 11 5T FGE A 7K 7 B i 5% e ks A
B AR KRB (F62), TE38%E KT, A5
1 1) WGRFH € 53 7K 1) 4 15 17 5. 3% 1 FH(P<0.05),
M AE45%3E F R KT, WGREH R R E # 7K - 1Y
T TR RS, 52%E A FKF R, WGR
Bl U A 7K O T R T 2 W T R #5(P<0.05) .
Hrp52P/30S41 WGRH B AK F45P/20S . 45P/30S.
52P/10SH152P/20S4H (P<0.05), {BABH] &5 T
38%E 1R 454, Hid38P/10S4H fi2 /)N (P<0.05).
TERRA R U K- T, FE. PERIJ B 1R R E
3 K 1 T s 10 BH 5238 0 (P<0.05), 45P/30S Al
52P/30SHIFE . 3 & T A #4541, 38P/30S414k1%

T 5 KPER(P<0.05); DFIN| S B 5 T [ i
(P<0.05), 38P/10SAl138P/20S4H i & 1= T Hifth 45 4H
(P<0.05), TMi52P/30S41DFIft/IN, H W EM T H
-2 (P<0.05). Ji4b, Kkl BREE ) S HE
RIEATEFHr(E ), EB EZ Rk
£ R (Y=-0.092X+4.627, R=0.918, P<0.001),
TEAR% A A PR E B T 42 i BHE 8
K, $£#E TPER, FE, HSI. VSI(P<0.05), Tfij
FEAL T DFI(P<0.05), WGRI 5642 &5 5 AR
(P<0.05), TEAF RARHER KPR T, #2
R A BKF, #2157 WGR. FE(P<0.05),
1M 44 T PER . DFI(P<0.05); falkhaE (5 7K %

*2 ARPTEEERMESKENRTAEEEKIERENTE

Tab. 2 Effect of different dietary protein and starch levels on the growth performance of E. coioides

WERKTOG SORATR MWW KM MEEm  BRAE RAEEE  OCF I B
protein level  starch level IAW FAW WGR FE PER DFI HSI VSI
38 10 (D1) 6.72£0.03  31.63+0.69° 370.70£10.72°  0.69£0.03°  1.87+0.03°  3.28+0.07°  2.53+0.25 7.98+0.25
20 (D2) 6.7240.03  33.60£1.17°  400.35:16.87°  0.71£0.04°  1.94+0.06°  3.26+0.07°  2.46+0.32 8.48+0.41
30 (D3) 6.7240.06  35.60£1.17°  429.52+14.43°  0.80£0.03°  2.17+0.05°  2.97+0.08"  2.97+0.04 8.65+0.40
45 10 (D4) 6.75£0.06  38.93£0.71" 476.82+11.65° 0.81£0.03°  1.85+0.05°  3.05+0.09°  2.73+0.09 7.96:+0.31
20 (D5) 6.7740.04  41.92£1.14°  518.73£14.93"  0.83£0.02°  1.90+0.03°  3.04+0.08"  2.52+0.15 8.45+0.42
30 (D6) 6.73£0.06  40.88£1.16° 507.60+20.38"  0.88+0.04"  2.05+0.07°  2.80+0.09°  2.91+0.13 8.49+0.27
52 10 (D7) 6.76£0.06  42.32+£0.80° 526.18£17.51"  0.83£0.02°  1.64+0.03  3.06+0.07°  2.65+0.18 8.14+0.31
20 (D8) 6.74+0.05  41.62£1.44° 517.22420.19"  0.844£0.03°  1.69+0.05'  2.98+0.06"  2.65£0.22 8.31+0.27
30 (D9) 6.74+0.06  37.95+0.73" 463.18+6.19°  0.92+0.03"  1.84+0.05°  2.64+0.08'  2.71£0.19 8.60+0.21
Two-Way ANOVA
BHEAFUKT protein level <0.001 <0.001 <0.001 <0.001 <0.001 0.734 0.903
YERKF  starch level 0.028 0.033 <0.001 <0.001 <0.001 0.007 0.006
EAFUCHGEEACT <0.001 <0.001 0.212 0.304 0.431 0.275 0.868

interaction of protein and starch

W A S AN A B AR R R OR 7 5 3 (P<0.05), R IF)

Notes: Values with different superscripts in each column indicate significant difference (P<0.05), the same below

351 y=0.092x+4.627
30 1 R0918 N
08325 |
2220t
=
owia 1.5 ¢
- O
HE 1.0}
0.5+
0 . . . .
0 5 10 15 20 25
H 58 %/(%/d)

daily feeding intake rate

1 #MEANEHBREE5RANDENXR
Fig. 1 Relationship between daily feeding intake rates

and gross energy values in diets

HSI. VSI&A I (P>0.05)(%2),
22 KRG

TR =5 e S Wi R i v N B RN N M e
B BRI BRI NG a1 Y
M (#3). 5 HABY LE, 45P/20S., 45P/30S .
52P/10S. 52P/20SH152P/30S4H fa f& 7K 43 & & 5
i, faiREE P B As G & & B s 7R T A Rk
2o, 38P/10SAL kK /& f e, Mtk B
JFFIAS 7 & & f Ik (P<0.05); 38P/30S. 45P/20S.
45P/30S. 52P/20SH152P/30S4H HFHE R . HFHE & &
B3 T H AN (P<0.05), LI N iE R E
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Tab. 3 Effect of different dietary protein and starch levels on whole-body composition,
liver glycogen and lipid contents of E.coioides %
HE K TERKP Ko HEA FELI 07 K5y JHRE IR g
protein level starch level moisture crude protein crude lipid ash liver glycogen liver lipid

38 10 (D1) 73.13£0.68° 15.72+0.21¢ 5.27+0.10° 4.38+0.19 64.93+5.46° 8.89+0.59"

20 (D2) 72.43+0.59™ 16.20+0.17° 5.56+0.11¢ 4.47+0.13 66.90+4.80° 9.02+0.48"

30 (D3) 72.06+0.55° 16.42+0.20™ 5.82:+0.10° 437£0.15 86.72+6.41" 11.44+0.53*
45 10 (D4) 71.73+0.24° 16.68+0.18" 6.23+0.07° 4.40+0.13 69.13+3.36° 9.07x0.71°

20 (DS) 70.27+0.37 17.35+0.22° 6.65£0.11" 4.41%0.11 88.11+4.37° 11.25+0.58"

30 (D6) 70.04+0.61° 17.26+0.27° 6.64+0.07° 4.50+0.14 106.55+3.67° 11.23+0.50"
52 10 (D7) 70.34£0.45° 17.2540.26" 6.57+0.10° 4.33+0.12 85.83+4.42° 9.73+0.71°

20 (D8) 70.43+0.51¢ 17.20+0.22° 6.59+0.10° 4.39+0.11 110.03£3.09° 10.99+0.81"

30 (D9) 70.18+0.45° 17.2240.19* 6.62+0.10° 4.38+0.19 111.56+5.69° 11.05+0.46"
Two-Way ANOVA
HHEBUKT  protein level <0.001 <0.001 <0.001 0.590 <0.001 0.021
VEM KT starch level 0.002 0.001 <0.001 0.724 <0.001 <0.001

B ST S ST

iﬁr;teﬁr;:t;frifﬁfeﬁ:id starch 0.098 0.031 0.001 0.849 0.001 0.010
TR AT, kSR TR, T 3 Wi

fHARE A, IG & & R IR & &= bl
ZHEIN(P<0.05), 4Rk S EZES AL
(P>0.05).

2.3 BFRERERAANE B R ISER

JIFREFFHL . LPL. FAS. GOT. GPTifi:)
Wil 5 1 AR 5 R R KT 1 B o T S T
(P<0.05), H.52P/30SZH A fe KBS 1 (R 4). 7EA
FIEEATUKTRT, FETER /K85, HL. LPL,
FASH % P34 35 B 01(P<0.05) ;5 JEH /K- I 10%
W 20%0f, GPT. GOTIF M & & 1 i (P<0.05),
MM 20%48 Z30%0}, GPT. GOTIE 4 hin A i
i (P>0.05),
2.4 BTRRBEGIES

bl A B A0 oA I O 1 AN 32 T
BRI 52, T A2 RDREGE R 7K P 1Y 5 e
B . (BRPFK)(%5), HHEHGK, PK. G6PDFIME
T M 357 i U oy 7K - B B o T R 2 T 5 (P<0.05),
i PEPCK I G6Pase i P U] i 3 T [ (P<0.05), A~
[v) B 1A J5 G Ay 7K S X 45 JHF A 15 i 3 P T
A HAEH (P>0.05).
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R RY, HEAFEBIEMAKTEHELT,
TR 1 5K - A 38%3E ZE 45%hT, Y H R
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R o I A AR AR B e, RS R AR R,
HUAERBR R —"Y, AR LI, BER R
B K0 T R RCR R T, R
JE AR N BT B, B R 5 M 38% 3 &=
45%0, A RH AR R K T AR A BSOR BRI, i
2] RE R 1 TN 45%3 FE52% 0, FRDBLSCR K iR
H/NFERERARSCERER, FHik, WNAK#EE .
TR A (R A B, 45% M iRDR R
Bk FRbr AR Al K EAEN . B XK
AU 5 Y BT A BE 008 B R KA B KA
21%, HULgE R -3, ALmd, Em10%.
20% . 30%TEM AR, 20%7E B iR R K4S T i
PN OB e P S T @ Y SR SR W & ]
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Tab. 4 Effect of different dietary protein and starch levels on liver metabolic enzyme activities related to lipid and protein

metabolism in E. coioides

BAFKF%  FERKTF% JFF I Bt/ JIE 2 1 i Al iy itivasdn LAl B BT

protein leve! starch leve g prot g prot g prot g prot g prot
in level h level (u/ ) HL (u/ ) LPL U/, ) FAS (/ ) GPT (U/ ) GOT

38 10 (D1) 60.40+1.65° 53.79+2.27 32.0542.27° 43.87+2.71° 160.64+6.68"
20 (D2) 62.03+3.82° 55.68+3.86 34.5042.25° 48.60+1.35° 183.42+4.62°
30 (D3) 74.87£2.40° 58.17+2.28"™ 40.50+1.68° 49.19+2.44° 184.60+7.11°
45 10 (D4) 63.49+4.96° 53.96+3.12 33.4241.93° 53.30+1.99° 189.70+3.48°
20 (DS) 66.1144.42° 63.23+2.76™ 45.95£1.70° 58.02+2.43 209.22+6.14°
30 (D6) 81.29+3.85™ 65.92+2.86™ 46.30£2.13° 58.42£1.19° 212.16£5.47°
52 10 (D7) 66.01+4.45° 59.25+3.90™ 40.37£1.10° 63.82£1.71° 217.2246.35"
20 (D8) 80.11+4.19" 63.4443.93" 45.18+2.51° 64.79+2.91* 221.20+£7.53*
30 (D9) 84.29+4.82" 71.2345.20° 46.44+0.82" 66.96%1.59" 226.02+5.35"

Two-Way ANOVA

HEHEKF  proteinlevel  <0.001 <0.001 <0.001 <0.001 <0.001
VEMKF starch level <0.001 <0.001 <0.001 0.001 <0.001
B A K JE R KT

interaction of protein and starch 0.063 0-180 0.002 0.545 0.085

&S5 AR ARREIERBRAES KT E AR
Tab.5 Effect of different dietary protein and starch levels on liver metabolic enzyme activities related to
glucose metabolism in E. coioides

BRI RE T &I B -0-BRIR I 6 B -6- BRI

EAPUKT%  WWART%  EEEE IR BERRRMRME RN/ fity/ Jlie Bt/ 3¢ R A
protein level starch level ~ (U/g prot) GK  (U/g prot) PK  (U/g prot) PFK (U/g prot) (U/g prot) (U/mg prot)  (U/g prot) ME
PEPCK Go6Pase G6PD

38 10(D1) 37.47+3.13° 26.21+1.52° 30.06+1.66 62.7243.75° 261.03+6.90"  10.26+0.38° 1.27+0.07*
20(D2) 45.55+4.00"  29.77+1.87°  30.47+1.07 56.17£3.27°  243.08+9.05™  11.12+0.42" 1.33+0.06%
30(D3) 50.49+3.36" 34424283 31.45+1.45 46.60£3.66*  223.93+10.31“ 11.80£0.30°  1.43+0.06™

45 10(D4) 38.29+3.46° 26.27+2.54° 29.81+1.56 61.03£3.75®  254.58+5.14™  10.37+0.58° 1.33+0.04
20(D5) 46.90£3.19"  30.13£1.44°  31.13+1.35 54.82+3.73°  241.54£5.98™  11.20+£0.58" 1.37+0.05>
30(D6) 52.41+4.08" 36.16+2.37° 31.57+1.20 44.46+3.61° 219.57£7.60°  11.94+£0.32"  1.48+0.04™

52 10(D7) 40.23£2.09  26.46£2.45°  31.28+1.51 59.23£4.36®  252.40+4.56™ 10.51£0.43°  1.36+0.05"
20(D8) 46.87+2.31"  30.71£1.08°  32.05+0.26 52.79+£3.66% 235344629  11.48£0.41"  1.44+0.05"°
30(D9) 51.74+2.72° 38.31+2.00° 31.72+0.82 43.78+3.20° 214.7145.35°  12.31£0.20" 1.52+0.06

Two-Way ANOVA

FEHFKF  protein level 0.484 0.251 0.220 0.205 0.059 0.179 0.003

VERIKFE starch level <0.001 <0.001 0.157 <0.001 <0.001 <0.001 <0.001
JTTE7 ‘»X,‘r‘ﬂ'\7 N7

FRRAPGAY 0.966 0.637 0.851 0.998 0.978 0.983 0.971

interaction of protein and starch

A BE AR R, X A5 R S Fernandez KA T /b B 1A SV b RE B 4 AR T B R
FEWIR SR — 2, FRTPIEERBOKEEY PR, B R b e g R AR R
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A Sy K 45P/20S . 45P/30S4H 1 & R 5 52P/
10S. 52P/20SHH —F, VLH 4 1apkL & 1 B K H
52%0% 245%, TER KT 10%3 2£20%330%
B, VEM TS A BRSOV I, H L45P/208
A NEE. E38%EHFKFET, REWHE
R RDRFRICR ORI R 1 T RLCR i R B R KT
T i B R, L DA e v T A K S ARRE AL Y
B ik, (A BAKF45% . 52%F 1 5 i
B, B2 D34 — D5 A, BAR M k2
J5T 7K - (38%) I B A Il T AF 7 A BiE 10 6] UE # 1) )
Mo REmL, RERER, 30%3E 8 k4
HSIH 5 55 T-20%F1 10%3E ¥y fal k2, 7T A 530%
T B S oy 7K O S8 2 IR DR B o i R G
(23). 0 IS H A 1 B A R R U 2 A T
T RYRE R, ARSI R, AR R b 1R
FHEE BT T FIE B KT B 3 nmi REAIG, X 5
T ) R R o B R 1 R K F RN BE R K B T
177 AR S I AR B (1) AT & B R BE Q0 S
BERVZRZNLECR, KRR A BEM
1445 B 32 IR RE B A i R Y

ARSI PR, AE 38%F145% 4 Fa) Rl 2 1 5 K
SER, 10%3E 3 ) ek 4 £ A 28 11 5 AR A 2 ek B
BALTF20% . 30%VE M iR RAL . 78R — > RDRHE
KT, 38%: 1 5 /K 11l ek 2 f A 2 1 5
TR B 5 AR 2 W A T 45% 1 52% 8 (1 R
4, Uk B 38% R RL AR (1 T K AR T b £ B £
TR 5 AR D AR . 78S 25 SR ARDREE B 7K
F SRR UK RS R, R B SR
JIg 17 B 2t B 5 DR R 1T K T R E B KT Y
IO G, AR K e B 2 R A . %
5 ChenZPHy 45 R —20

GPTHIGOT & M H 5 2 1) W b Sk il . 384
T Rk 1 K S fiE 4 58 VD I B (Diplodus
sargus) TR PR EGAGIE M, ARSTI R B,
Il R R KT 2 RE AR i GPTRIGOTIY
W PET S, UL MR B R, T2
REMHATEARA K. ALWA LN, [
UK, AP GPTHIGOTHG M #esi, i
T 6 3 M3 7K - HE 20% L) _E I5F GPT RGO T 4 7K F
BACARK, Ik, fEEHE B KCOE X GPTHIGOT
{14 5 e 528 T ARDRHGE #3 7K T

HLFLPLZ: 5 i85 Wi 09 53 fif, TIFASI 2 5 g
5 B A B . RSP R, R B B
(Oreochromis niloticus)FF " HLFILPLG P AL — &
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10 N B )R B K Ak S K P B 4R s T T e
ASZES KB, BFFPHL . LPLFIFASITS M I 25 ) Rl
TER KB B R B AR S [
I UL ¢ 3 42 5 ) kL BT K P TR R T
HL. LPLAIFAS{E 4, H45P/30S. 52P/20S,
52P/30SHA K} 41 fa Y AFHL . LPLAIFASTE P #B 45
e, 2 WA Rk 2R B KT FE A K CF AT TR
I A 2E A 7 0 53 i S R PR I E HL
LPLFIFAS 1 Ji 75 3 fiff w5 B R, 3 TG 35 T iR
FIW G D A= A, A i DT AR R
i I3 140 5 S0 2R 3 A T g s 114 e fige ok %

WERE R . WA 5 =R BRIA I 2 o W A b
R R, TE4ERR IR B AR 8 1k h k4%
HZAE IR, PROFIPFRR M I A 4 722 114 O B R ikt
fitg o XU EERT I BESE I SR 21 11 (Erythroculter
ilishaeformis) W F ¢ 4 B, JH-JUE T il 9% H GKORN
PR 1 Bl ) e sk 7K Ak 5 2 i 39 484 0 T T e
AR —3, AR, Joiw ik E R
KRR, bl A BE A GKRIPKI P 4 b 1)
HHUE A K- 1 B2 E TR, (E B REE A K P DA
20%TH 2 30%0 —FH BIE R AN R, X 5F
W fiti (Dicentrarchus labrax) R0 45 RP7AH WL, R 0H
20% ) 3E F3 7K F- 1T e A A B £ 70 C s A
AR FBRA . PRI M 5 kK AL G P K F 1 ¢
ZHATIE A . ShiauSE P "HE5R AL, BgH
Ak ff1 (Oreochromis niloticusx O. aureus)& N PFKi%
P B I AR 2K - 8 T v T B R G e, (TR O BT
PEKF 1 Fifi & #3 7K 1 ) B 8 i B2 %o o i £
(Pelteobagrus fulvidraco)H K22 #F (Scophthalmus
maximus)1 & , HFIEPFKANE YA Z i KL &9
TP 5 e B34 A S g 25 Rk — P SRR T XA
gE i Al UL, O [A] 4 2R PFKGE M X i K AL A 10 1)
BURMEAFFE R R 22 5 0 RBYRUEL, BRKF
oK AL A AL Rbal A B 0 GKRITPKIE M 19 F+
w5, WEREMRAE IR . PEPCKAIGOPase /2 Ml 57 2F
AR O PR A, AT B0 P AT e A X
BEACH Y . BF9E B, TS 21 60 JiF PEPCKIG
M. B (Cyprinus carpio)G6Pasedih M4 Bl 1) &k 7K 1k
B YK 38 iy B AR, AT Y S e 4
R B, [EHF, 5 E K P R
T G6Paselfi Pk, X 18I = A ik KAk & 9 FER 11 5
K- Fya] s AR o A SEg R, B
T REGE #3 K42 2 1 T Hh GePDFIMETT 4 19 4
. B, R EE R A BE 06T UE R Y E— 2D
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Effects of different dietary protein and starch levels on the growth and liver
metabolism of grouper (Epinephelus coioides)

HUANG Yan, LlJian, WANG Xuexi, WANGKun, YE Jidan"

(Xiamen Key Laboratory for Feed Quality Testing and Safety Evaluation,
Fisheries College of Jimei University, Xiamen 361021, China)

Abstract: A 3x3 factorial experiment was designed to determine the interactive effects of dietary protein and
starch levels on growth performance of grouper (Epinephelus coioides). Nine diets were formulated to contain
three levels of crude protein (P) (38%, 45% and 52%) and three levels of starch (S) (10%, 20% and 30%). Fish
were fed the diets twice daily over a 56-day study period. Fish fed 38% crude protein and 10% starch diet
(38P/10S diet) had significantly lower weight gain rate than those fed other diets, and fish receiving 52P/10S diet
achieved highest weight gain rate among the test diets, but comparable to fish receiving diets 45P/20S, 45P/30S
and 52P/20S. Increasing dietary crude protein and starch levels led to increased feed efficiency, whole-body
protein and lipid liver glycogen content and liver lipid contents, and reduced daily feeding rate and whole-body
moisture content. Increasing dietary protein level decreased protein efficiency ratio, but increasing dietary starch
level increased hepatosomatic index, protein efficiency ratio and viscerasomatic index. Dietary protein and starch
levels did not affect whole-body ash content. Hepatic lipase, lipoprotein lipase, fatty acid synthetase, glutamic-
oxalacetic and glutamic-pyruvic transaminase activities increased with the increase in dietary protein or starch
level. Increasing dietary protein level resulted in lowered liver glucose-6-phosphatase activity, and elevated liver
malic enzyme activity, but did not affect liver activities of glucokinase, pyruvate kinase, phosphofructokinase,
phosphoenolpyruvate carboxykinase and glucose-6-phosphate dehydrogenase. Increasing dietary starch level led to
increased liver activities of glucokinase, pyruvate kinase, phosphofructokinase, glucose-6-phosphate
dehydrogenase and malic enzyme, but reduced activities of phosphoenolpyruvate carboxylase kinase and glucose-
6-phosphatase. These results indicate that the growth and liver metabolism of grouper were affected by both
dietary protein and starch levels, in which the enzyme activity related to glucose metabolism responds to dietary
starch level more sensitively than dietary protein level. The diet containing 45% protein and 20% starch is suitable

for the optimal growth of this fish species.
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