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B EF X Tl FE%E K ZF & (Scophthatmus
maximusL.)Zh &4 K. IR K
LA S ERRRR

12 2 gu g 12 1,20 ey 12 12

ko B i Z B BT T g

(1. PEBABEEVRET P EBARE Y FE AT B ESHEEEARER MBS TSR E
HFl 2660715 2. PEEFERAYE  JLE 100049)

WE TEEHRAERAFEAHT, %K E H(145.08+0.56) g K Z #F(Scophthatmus maximus L.)
o, HAT 4 MR E A KT (41%. 46%. 50%F0 55%, B 1 . 11, AV 4) 6y 3 F & 523 74 d,
HREAEREMA I U REAZG YLK, RRAHBRNANAERNY ., £REF: (1) &
neREZTNRGHMEARESLSEA T ARER, . VAN EEZREESTTI. 14
18.48%—65.95% (P<0.01), III. VA8 & &2 3 2 7; #R 2 ZN AL TR, O, VA2 7 H8E K
F 141 25.64%. 28.21% (P<0.01), Il I, VAL EFZF; 2) LheRLHEEEAREA
AKFEEAX, HHMAREAKRTFRSE, LThed A EE RN R TRAAS, AREGSE
It 50%m, HMEEE A, AAHHEENLERTEYE, IELSEHEEREH A5, 68 h
HHMEE, FRAEK, DA ERET, FRHEE h EAHHEATE, NVAREESTH
fin 3 41 17.95%-35.07% (P<0.01); B8 G 8 h &AHFHX 1 dNF 2 AFE, NAREZEST
[ %41 31.27% (P<0.01), %% T 1L 4 14.25% (P<0.05); (3) 17 Fi % WA FE B A B 4L FE 4 & LA 4
EFE, LEHH T 65mg/100mg, HMEAREAGEFFGEHGAY, Hd, I, VALHNA
AERKRE. LEALARLSE, TREBREAXREGE, AET 1. 114, € 4 4HZRTFEE
(P>0.05); AREESET NN LRBNNAELRARLALEEY ., L2, AREAKTHLE,
THBERELEKER, 2R ERFAAH; B, B KTNAAELR LA, ©EUEE
BmHAAERRE, AREKA, KEFYEFARETE A RATH 45%-50%.
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2005; A=A, 2001 BRVOWESE, 2004; R4,
2016; Z& B 4, 2004; 4 Bk %%, 2015; Gonzalez-
Rodriguez et al, 2014); 1 H B A5 A2 M2 WK EE |
AR | 2 A HE R R A HE M Z [0 7 O R A —
S i gy £ 28 ST 0 R A DL R B (™ R T A, 2016,
Kaushik, 1980; Jobling, 1981; Kikuchi et al, 1991;
Dosdat et al, 1995a, b), [HETHMEHEFFZIE
M) Tolb FR 8 2 A K | U AR S LA 2 B R AR R
WE 58 b A /b a8 R0 N AS 8 BH B, T X R 3% 6T
(Scophthatmus maximus L.)i%J7 TRIFFT S R 5 UL

TE A TR X T 7K ] R AR B R R I R R K
S HFGECF 5E T 55, 2005; 5, 2004; 25054,
2010a. b)EEAN L, ARWFFEAE Tk ARG P K 57 FE AR
KT, WS A& B REE AR JAHE
ik L e WL R 28 S i R 22 B 52 i R AR AR, o Tk Ak
TR 7K A0 SR T () A 288 IR P R LR AR

1 HREH®
1.1 SRISGITAEE

S TFIRATXT LR AR E 24 h, PR/
[(145.08+0.56) g] . fatFR . I& Sy 4F iy K 6E 4, BEAL
SYEET 12 D 85 cm x 55 cm x 45 cm FRAAFA T, BAS
12 &, 1M 4 B[R] R IR AT 4 1 R (R 45 £ 4
SRR R KA A 41%.46% .50%F11 55%,
LT 10, TTANIVAERR), SRR 3 A~ ER .

LA ENBABEAR KRG R 1T, HiK
10%, HEK 45 MER, YI5E 10 d, 1ERLK 64 d, 5
KT (15.5 0.5)°C, ¥4 9-10 mg/L, FhHEF 2241,
JKEEA0£2) em, JEJEWI L @ D=11: 13, SCER MR 7
W 1, R 2 K(07:00 1 17:00)BHIE, K
B 0.5 h 5, BEERIHITIE, S0 5% T A IR ok 28
ARV HPRE, MW & 4B . & BLAE f B i By
AREE, idsk. SEEREEIRAT, YLk 24 h, KHFRE,

1.2 HERMERNE
PR P

1 B (%) = - 100
HE) THWE
FEAEKE%/d) =

WERATE - T
ST
R = e

PR PP
13 =EHAMENE

131 KHRE T RHEM 2 R 24 h #2820

R1 REFLRARARREIEZEERFHAIE
Tab.1 Ingredients and composition of experimental
diets for turbot (%)

2 5] Groups
I 11 111 v
Fih A7 F; Peruvian fishmeal 45.00 52.00 59.00 66.00

JERLH A% Ingredients

I ¥} Wheat flour 33.44 27.06 25.06 31.34
A M 49 Refined fish oil 8.00 8.00 8.00 8.00
T KFEFH Corn gluten powder  9.00  9.00  9.00 9.00
K= H] Soybean meal 6.00 6.00 6.00 6.00
IM3REE A

Dried-animal blood cells 150 150 150 1.50
Ki4r 7 Binder 1.50 1.50 1.50 1.50
&2 &Y E Compound vitamin  0.50  0.50 0.50 0.50
e A —

i ;;’%igﬁlimelemem 050 050 050 0.50
41t Total 100 100 100 100
B FEM & i Nutrients

T¥ 5t Dry matter 93.47 93.39 93.53 93.85
L Crude protein 40.86 46.22 49.89 55.36
[ Total phosphorus 1.71 1.83 196 2.10
LT 4E Crude fiber 03 04 04 04
MBS Crude lipid 12.88 12.92 12.93 13.12
FL K4y Crude ash 8.69 991 10.77 11.75

TE: R E IR 34 0 S

Note: Values in the table were experimentally measured
WA, RERE 3 h BORE 1k, A 3 A,
g A 523 i) IS S AR K o 0 S S T O
M, LA 07:00 Sy s HORE (R ATHURE ), BRI R]G
07:00, 10:00, 13:00. 16:00, 19:00. 22:00, 01:00
F104:00, &% % (Total ammonia nitrogen, TAN)JI &
R AR PR vk

132 Hwdt g AR T A HES

OC,dt +adt = OC,dt +VdC, = [cl. -G +g] dt = %dck

B FR A 3 h

dlc+%_c
s (o F 30
e

C+—-C,
o

dt =

0 o
a=—E | Ca=Ca=(G - Ce ¥
1-e 7V

&

(0] 7 1
— 0| Cs = Cia— (G =Ce T Ixop
l-e ¥
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A, o MEAHM R (mgkg g FHFE
Ahh; O HFHE(L/M); ¢ R 2 YIBURE I a] ] B Ot A
R 3h); VRFRFKEEF(L); Cio Cra AHIE 2 IR
HORE I K H K AR BE (mg/L) s Civ Cis NHTE
2 WHRFERT AK DK 2 AR B (mg/L) s B A fifk S
(kg); P A H TR (g)=Ta kA B 8 H
i, MAMRYE Dosdat 45 (1995a)H 8 85 A1
WK RGeS AT AL, HEAFEA R IMA RS,
HA N M A RS BRI K SRR

14 BEIASERARNE

141 WUPIHE SRR BAT AL 2T BAELIR 6 %
PR AT A S5 £, DKIEADTE , A6 £0 R 19 TV A )
TEEITHNA R, Kbk, HERIURZH6, |’
G345, 60°CHET EiEE, THRM PR EZIREN
et 40 B
142 MEFk B 0.1 g ZEATAb BRAF O RES, , B
LbER 3 ANEA, FRMRERR GB/T 18654.10-2008——3%
PAE AP IREE 10 F5 . <HLPAE 37 o il >
W) 2 R SR H sh o B 3G 5 o
15 Hitotr

SCIHCE ] SPSS 16.0 Gei T #4817 B R 3y 22

43HT(One-way ANOVA), 4225 g i} (P<0.05), i
17 Duncan’s ZH i, IR LI HAbR 2
(Mean£SD)ZE /R .

2 #£R
21 HEKMHgE

Wk 2 iR, S0 A 386 T R BE T AR 25 /KT
M, Hd, IO, VA E RS EEES T 1
H 61.25%F1 65.95% (P<0.01), 2l & T 114
18.48%7F1 21.93% (P<0.05), II. IV A JCEE %
Sy FRERBOWAI S, T, VB4 5 A B KT 1

2H 25.64%F1 28.21% (P<0.01), II. II. IV=4Hn] %
FREES.

22 SEHEH S RN AHE

SEA 3 3 RN R T 2240 Hr A FRE | A8 AL ARAE AT
1, REEOEE AR R B A, RS HE
MRZW T, 2 6(F)-8(Miyh ik HEM =g, 5 38
BEAG, DABLEIMEDRER . MeAh, KEEOEE AHEM RS
FREFKTFRIEME, BEW3h 5, VAHRER
B3 T 1140 44.78% (P<0.05); £ 6 h 5, &4k
R K SN, DA TV 4 HE S 3 T oAl 3 41

R2 AREAKEXNLEEEREENRM

Tab.2 Effects of the dietary protein level on the growth performance of juvenile turbot

A3 Treatments

i H Items

I I I v
14T # Weight gain rate (%) 21.91+0.84° 29.82+0.41¢ 35.33+1.32° 36.36+1.13¢
FEsE A K # Specific growth rate (%/d) 32.01+1.12° 42.15+0.52° 48.76+1.51° 49.94+1.32°
1A 228X Feed conversion rate 1.17+0.11° 0.94+0.01%° 0.87+0.01* 0.84+0.01*

W FARMHIE T REROR 2 BN L (P>0.05), HIAPTHERIR 2 5 .35 (P<0.05), NG TFEERR 27 B3#(P<0.01),
Note: Data in the same row with same superscript were not significantly different (P>0.05), adjacent letters and non-adjacent
letters indicated significant difference (P<0.05) and highly significant difference (P<0.01) respectively. The same as below

#3 MMEAKENLES 24 h SRHM RHRID
Tab.3 Effects of the dietary protein level on the ammonia excretion rate of juvenile turbot during 24 h
continuous monitoring (ug N-kg™' Weight-g™' Protein intake-h™")

AbFH Treatments

i H Items

I I v
07:00 5.43+0.15° 5.35+0.45° 4.38+0.69° 4.48+0.20°
10:00 5.81+0.19%° 4.69+0.48° 5.49+0.11%° 6.79+0.11°
13:00 8.27+0.25% 9.25+0.52% 9.47+0.16" 11.17+0.42°
16:00 7.87+0.09% 7.2040.55" 7.3540.55" 7.38+0.60°
19:00 5.01+0.17° 6.64+0.49° 7.254+0.53¢ 7.54+0.15¢
22:00 3.69+0.47" 4.91+0.47 5.01+0.33* 5.9240.71¢
01:00 9.53+0.70% 10.95+0.17%° 11.13+£0.31% 12.51+0.53¢
04:00 5.64+0.44° 5.44+0.30° 5.78+0.67" 5.4240.61°
S-21{H Mean 6.41 6.80 6.98 7.65
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35.07%. 20.76%% 17.95% (P<0.01), ITT1ZH Ak 5
FET 14 14.51% (P<0.05); MitkM)s 2h, J5 34
HEM R0 B T 1 41 (P<0.01), M5 8 h, &4
HEME RIS R g, RS TV AL HEM R A 2 2 T
2l 31.27% (P<0.01), 3 & T 114 14.25% (P<0.05),
HMAZEFARE; FFREME 11 h, 084 TK
AR TR E 25, HE R H BT, 4B
R ZEHT 24 h V-2 2 ZHE 0 R MR KPR A
B2 AT O, BEARDRR AR & BB, RS 6T 2 A HE
RERGI R AT RS, R E A &t 50%
I, S0 20 AR R 2RI

14 E&%ET‘“\E] Feeding
in the morning (07:00)

M B MR [] Feeding
in the evening (17:00

0.
SN

—_
(=]

H
(3]
-

rate (ug N-kg™' W.g! Prot intake-h!)

07:00 10:00 13:00 16:00 19:00 22:00 01:00 04:00
BURER (] Time

& B % Ammonia nitrogen excretion

K1 ERREEACE SR A 24 h ZA
HEM A AR AL SRR 1 52 )
Fig.1 The change features of ammonia excretion rate with
dietary protein levels day and night (24 h)

7.8¢
7.6
74r
721
7.0
6.8
6.6
6.4

rate/(ug N-kg! W-g! Prot intake-h™)

6.2 | L |
40% 45% 50% 55%
TERRZE 1 27K 7 Dietary protein level

SRR AR E Average ammonia excretion

P2 GRDHR AR 1 K 0] S 36 £ 2 A 5 B4 2
Fig.2 Effects of the dietary protein level on the ammonia
excretion rate of juvenile turbot

23 BENRNEEZERERRR

AN 4 FizR, ATRHI R Y 17 bR IR, TEA
AR N S EEE, BRE¥ET 65 mg/100 mg,
H B 1 BKCF B T s g na g, Hodr,
I, IVAHTEIRTENL A B EER(TAA) . T 2 R
(EAA), b JEEEEZFEERR (Flavor amino acid, FAA)&

W, WEEE T T 4L, WL, IVE4LE 2200500,
0 4 21 0] %5 Wi 48 45 25 5 A W 25 (P>0.05)

B3 e W s T A ) b B A K32 BF LY
1 EAA. FAA FiHA{l NEAA 5 TAA E 4.
P 3 T UL, 7 IR 2 1 By TR AS A7 78 N 2 — it
AR , U B AR AR K IR AN BEXT LA 24 5L R 1
B A 7 A S R

3 iTig

31 AREAKENAEFHEEREARAME
A

AR /i K 868 B s kB, SLE
iR R Rk Rl i D) | P A N = e h SE ) !
PU(AEHLE 2010a; Li ef al, 2011), ABFFELs R, B
TR H & 41%35 2 50% , SE5 fa 14 14 5 % il i
kR B B 02 2 T 55%ZH B 50%2H S 5 i 7
AR MERETR bR FIF T E AR, AR S AR DR Hif
W25 R 6 4 —3

TR AR 1 e Lt 2R 2 AR, XN e
TEZFhFRFH O W8 TP AR LINE S (Lee Gallagher et al,
1987; Kaushik et al, 1991; Ballestrazzi et al, 1994;
Chakraborty ez al, 1998), AU TEITAEFH I T Tl
IR FRFEA T P H S E 5, X2
i5(Cynoglossus semilaevis)(ZEHE 55, 2010a), KZFHE(Li
et al, 201 1) A 2 5 2 AT . ARG AE LA
WEFE B SR L, HE—25 25 UE R fooky & (18 R AR AR X
REEWFZ A HM R, 25 R WoR, SEI 2 A HE
REEMEASEXRBEY), RS A B0
INETE GBS, mEEASEEET 50%)5H,
FURHEM AR SO Ty, BEARAE S B A R
“FEICAFIE (Li et al, 2011), HIIESE, 7ETOLALTEER
IKFEFESEMET , MR H & it 50%, KEEEY)
0 28 AR X K FREE 5 LR B 2, i E R
B8 R AN W, R AT dep et R o AE R A
o WOZAE A B B RS BORLER S B 45%-50%

32 (AREAKTENRENY S SRS RHHEE
P

X E W E AR S BOLHEE B BT, W
PR 4-10 h HBUHRI (S, I 2 8]V 2 Y
PEHEM K, 8] % e [H) 32 B A A i L KR AT ) L
SR (Brett et al, 1975; Engin et al, 2001; Leung et al,
1999a,1999b) . I ZFEHT AR 2058 H 2 & B : Dosdat
5(1996)ik £ RZZ0F | B (Dicentrarchus labrax) . H.
84 (Sparus auratus). ¥ (Salmo trutta fario)FNiT il
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Tab.4 Effects of different dietary protein level on the amino acid composition and contents in turbot’s muscle (mg/100 mg)

A K Qb P Treatments
Dietary protein level I I I \Y
s @SR EAA
INE R Thr 2.77 2.87 3.22 3.29
HEIR Val 4.06 4.16 431 4.38
HAER Met 3.82 3.53 4.01 3.80
LA e 3.20 3.24 3.52 3.57
TR Leu 5.00 5.29 5.64 5.70
RN R Phe 1.99 2.10 232 2.44
AR Lys 5.84 6.03 6.68 6.70
%R His 1.42 1.48 1.62 1.62
AR Arg 3.88 3.76 4.38 4.45
T E IR NEAA
KA Asp 6.43 6.37 7.3215 7.60
*RE M Glu 9.88 9.54 11.36 11.60
*HZ W Gly 2.97 3.03 3.03 3.28
*NRIR Ala 3.68 3.62 4.07 422
2 R Ser 2.57 2.69 2.93 3.04
LA Cys 2.77 2.57 2.92 2.71
B4 &R Tyr 2.68 2.71 2.99 2.96
Jifi 2 B8 Pro 2.14 2.25 2.25 2.45
DT EIR EAA 31.98+3.39% 32.46+1.78 35.68+1.44% 35.9442.04%
fER MR FAA 22.96+1.37* 22.56+3.36" 25.77+1.40° 26.70+1.28"
SR SR TAA 65.11+£7.77° 65.24+1.30° 72.5441.99% 73.80+3.70°

*, EBRZAFEAR *: Flavor amino acids

] 80 r
Em70}
5s
g8 60 [ HfdenFHEER
§ 350 i Other NEAA
g 40 BEVREELIR FAA
}g 530 - ] WA EAA
=200 |
et
g 210k

0

I I I
TR 1 /K S Dietary protein level

P03 GRDR R I TOK P S0 A LA E R R & e 2 L i) R

Fig.3 Contents and proportions of turbot’s muscle amino acids in different treatments

B g Lo A 40 TAA 1 EE

Percentages in the figure were proportions that accounted for TAA

(Oncorhynchus mykiss) 5 o i 2 A HE R 7 Fl Gelineau (1998 s th K B, LK Al B)G
[F], ZBLX 5 Fh a2 A AR AR AR Sy 15 6-10 h 2> BRI e, J5 HEE AR B 8T 111 9% , 11-15 h
B 10 g R MEREJE 3-5 h BRI A0, 100 g JEREEILEEIKF ; BMULRAE Kikuchi(1995)%) 4 6
) £ HE I 5 04 DU) 43R 8% & )5 5-8 hi; Merino 4$(2007) (Paralichthys olivaceus) . Engin (2001)%} & ffi (Anguilla
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australis australis), Porter ZE(1987)% EH4 . Almedras
(1994)%} fifi 1 (Lateolabrax japonicas) W5 8% HRIE .

AWFFAE N E PTG K R -7, FRAEA K
Z2 0 S A HE M S e B AE B B )5 6-8 h, 5 Dosdat 5§
(1995) 75 i /K S FH A 2T A5 H B 222 6 HE 1 i e S
(FREJT 6 h)FEAAAA , X 7] 5 5 1R K5 77 22 IR 2H sk
SCE R E AN A R A, R RN, HER 2K
AF, 2 ECHRM B 2 YR e 0, B AR AR — A
HAR B, A5 RS Engin 55200 1) HF5E 45
— 3, XU IIE P K SR FE A O R AR 2 AR
MR, LA R R R LE RO, R, Bl
R, FIRTIRAHERR 5 — R 3 B W 8 AR SS
TR A AR e A AR, A R EOE A
A, SCgn i Rl Qe H A2, B g s BiA
()M o B SR 2 b Ak B AR 21 7K SR FH R 7K B4k
EHRALA MERTE S5, I 2 R =
A 2 R BN R SR K i, LAV A Mg gk
Hfr

33 AMEBERKFEXNKREZEAANIERR RN

RN SR & & A B A2 i N R
M), FRDRR B AKX S A e, (B 1 2 (Ogata
et al, 1994; BRI, 1994), WF5E A, MK E A
AR T B FRT K, AL P 2 B iR % e il 2R
FBUKF T i T, X AT B T K 28R 2 1 o
IR T e 200w 1 AR B, A DR
R, WO R ZE A BUKF 2 5 i R S
T T RET, R LR 2R & e TR, It
2 5 1 A BRI A 8 1 BT AR 200 2, il B R
R E A2 H3Y I (Gonzalez-Rodriguez et al, 2014;
Ogata et al, 1994; YR ILSE, 1994) ARAFFREE R BIR,
B TR AR 2 K3, S5 LA o EAA (FAA
TAA FEMARM, HESAEE; FB, MHEE
KR T 50%0, BEhn#aLZz , U AR 52 50 1R 2
505 TR 4 O 0 2 S e 0 3 1 B 2o, O R TR
i DR AR KOS R AT B N, A B
=, RS, K, A 38 i m R ok & H S
AR HE R GE LN AR R B A LS

AN, AR R, WAR ok 8 KR
S K EZ 64y 0 LA 2 SRR 1 L R LR, X — s 5
A AIRE —F(ZEE B4, 2014; Gunasekera et al,
1995), [AEf, REMR LI, MUNLNHL, a2k
At 28 05 R 40 8 LU A5 AS A7 ARk A A (32 1 B 45,
2012; Alam et al, 2002; Li et al, 2015; Harlioglu et al,
2012; Gunasekera et al, 1996). %MK (Garcia-

garrido et al, 2013; Hussy et al, 2004)Z5 {5200, X i
P TR R ZH R . $5E MR K SF I  HE X o 1A 2 35 i 4 1l L 491
T RV 2 R

4 NG5

ARSZIGHE T AL B AT K IR R e rh i AT, il
T LR AR B 1 B AR AR KSR A A K | R A HE
LR 2 B R AR B S e RO R AR S, 15 LA
T

(1) FARE /KT 50%, XFREEEELhfmd: K
PERE I TC o RN, 202 I 25 4 i 4 R
B E BT B A A R <SR TR AR IE
Wt R A A KRR RN, K2 6F4) o 1R K ih B AR
F B KSR 45%-50%

(2) Tk ARTE PR K 57 58 K 22 61 4 f0 2 A A 2
PUOH & A7 T AR AR, HEM S I R RS
6-8 h, FLHGIFHEM G B W38 0 worE A A HE I g
HA AT 25 FE B I R SR A K G IR &, LADRAR A= P i 4 i
BB o

(3) e R EE L 10 8 1 U L R T,
B AR AR B A i, WA L AR S LR
B, (AR AR M IR N b
B IRTC B R o PR, 4 P e 458 in ) f i B
B i RSSO L PR A S 1R A SR i e AR LA g L 461
XELLSEEE

(Larimichthys crocea)
,2016,37(3): 126-133

. ,2016, 37(5): 74-82

ZEF IR, AL, BUN, % ORRIEA RS BRI APk
SRAL PR B SR BRSP4, 2014, 38(9):
1476-1485

ZEBR, TOEEE, R, AF. EPAEIMOK SRR N B R
FIESE TR, K25, 2010a, 34(11): 1719-1727

20, B, WH, & KT EYE IR R S TS SRR
Bl OEFERLE, 2004, 28(3): 7678

ZH, BOIR, T 5. SR RH FLAA X IR A 2 5
ARERTER. PEUKRIE 20100, 17(1): 78-87

ZEZA, BN, BOTRL & T EELN 0B RIS, Wi
VLI 2B 2R (F SR FFER), 2001, 20(S1): 6-10

, 2004, 28(4): 425-430

, 1994(5): 10-12



40 ook B

E %37 %

(Scophthalmus maximus L.)
, 2015, 36(3):

85-92

W, IR, PMIE, AF. EDRLZH RO AR AR 4 AR AR L
WAFEER . SRR M. IFEEl, 2012, 34(1):
51-56

Fril, B, BE, F ICEY M E AR AN E R
HFSE. RN, 2005, 29(9): 65-70

Alam MS, Teshima S, Yaniharto D, et al. Influence of different
dietary amino acid patterns on growth and body composition
of juvenile Japanese flounder, Paralichthys olivaceus.
Aquaculture, 2002, 210(1-4): 359-369

Almedras JME. Ammonia excretion rates of the sea bass,
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Aquaculture-Bamidgeh, 1994, 46(2): 76-82
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1975, 32(12): 24792486
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23
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Effects of the Protein Level on the Growth, Ammonia-Nitrogen Excretion, and
Amino Acid Accumulation in the Muscle of Industrially-Cultured Juvenile
Turbot (Scophthatmus maximusL.)

ZHANG Jing'?, GAO Tingting"?, LI Yong'?", ZHAO Ningning'?, MA Jun'?

(Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, National & Local Joint
Engineering Laboratory for Ecological Mariculture, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071;
2. University of Chinese Academy of Sciences, Beijing 100049)

Abstract A study was conducted to investigate the effects of the dietary protein level on the growth,
ammonia-nitrogen excretion, and amino acid accumulation in the muscle of juvenile turbot (Scophthatmus
maximus L.) in a recirculating aquaculture system. One hundred and forty-four healthy juveniles with
initial body weight of (145.08+0.56) g were randomly divided into four groups each of which had three
replicates of 12 fish. Groups [ —IV were fed with diets containing 41%, 46%, 50%, and 55% protein
respectively. The fishmeal content was the only variable in the diet. The results were shown as follows: (1)
As the protein level went up, the weight gain rate (WGR) increased first rapidly and then slowly, while
feed conversion rate (FCR) showed a reversed trend. The WGRs of Groups Il and IV were significantly
higher than that of Groups I and II by 18.48%65.95%, and compared to Group [ the FCRs of
Groups III and IV were lower by 25.64% and 28.21% respectively (P<0.01). (2) Ammonia excretion
rate (AER) of juveniles cyclically varied between day and night, and there were two peaks appearing 6—8
h post feeding. There was a positive correlation between AER and the dietary protein level. The AER of
Group IV was significantly higher than that of other groups by 17.95%-35.07% (6 h post feeding in the
morning, P<0.01) and 14.25%-31.27% (8 h post feeding in the evening, P<0.05). The AER of juveniles
increased sharply when the dietary protein level was above 50%. (3) The content of 17 amino acids in
muscle was higher than 65 mg/100mg in each group, and it rose along with the increase in the dietary
protein level (P>0.05). The contents of total amino acids, essential amino acids, and flavor amino acids in
the muscle of Groups III, IV were not significantly higher than those of other groups (P>0.05). There
was no difference in the amino acid composition between groups (P>0.05). The results indicated that the
growth performance of juveniles might not be improved when the dietary protein level was above 50% at
which level the AER was markedly increased, and that the content and composition of amino acids in the
muscle might not be altered by the dietary protein level. Therefore, the optimal protein level of juvenile
turbots may be 45%—50%.

Key words Protein; Growth; Ammonia nitrogen excretion; Muscle amino acids; Turbot

(Scophthatmus maximus L.); Recirculating aquaculture systems
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