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HE PLATHA R E (25.0:1.59) g U 9 AR Rt &, st 8 JEL B 4 K 250, B 5K B 4 R R XA A &
KR A AR, SIS B] hER (T, KBA(T2). IR (T3)Fr & RH4(T4), FFE &R
BR, E NGRS R —HAE R TR SRR, 8L TR EK, (178 4RI B R E(>80%).
HF R B A K R (1.46 Yo/d) Rt B A 2 (48.62%) I h A UL, ok R A T, BT AL A A
KRFEE R EHEET T HR A KRELP<0.05), BRAFKEANALEEEELES 4 AR
FE1R(<0.80 g/d), T 2 AN I 78 HA [e] BT R 4 An f L 241 5 3R % T 0.80 g/d, ELAES 8 A A B g, FR7d 45 Rt
A B B DR 41 5 (18.62%+1.36%), L g Al DA #1841 5k 15 (10.52%+0.36%) . T #4174 2 1 B By
HLAEBE AR 2.(8.01%+0.42%), R ERKW, mANAM(ER)KTFHhRGLRHAE 22 FHNRE, A
KA R AT A1 R R T R E B 2B AT,

KA #; ER Ea B &e
FESES  S965

£ (Mugil cephalus) A & Bl fi 35 e EE LA
Ffh, HAAKME, WEEE . B A, dntk
SRR, IR ES SR NE, &P EEE
JEIR K b 3 R WRVR 3R %) 3 A A (R 4RSS, 2000,
PRIEAS, 2012). H §i7E 6 19 208 85 (/0 a5,
2011; Z=AJLEE, 2014; X XUFSE, 2014) 58 B4
(FURZE, 2011; RPEICEE, 2014)% 7 T B BB 98 5
2%, AR X8 SR 07 1 A TAE A R G RIERA
(ZLWHEE, 2008), Fifi 75 3T 4F >k FL9H I % EF (Litopen-
aeus vannamei) 5% 5 I 1) 95 3 M3l & (Dastridar et al,
2013; RFEMRAE, 2014; WL A%, 2014), f§-IMNEFR
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CREKIESE, 2014; FKIRAE, 2015), TR T, Xt
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A, B2dHoK 1R, BJESRA YSI 556 Rl Z 24
KA K . 4R pH IR o SER I A K il
$9(19.21-2881)C, #H M 6.5-7.9 mg/L, pH K
7.6-7.9, RN 26.2-31.4, SLEAIIRT, NH,-N<0.02
mg/L, NO,-N<0.001 mg/L,

F1 TWEMEZMFEB TR

Tab.1 Proximate composition of the experimental
diets (% dry matter)

ik FHEE FHAE i K5y

Diets Crude protein(%) Crude lipid(%) Ash(%)
4 Flour 8.71 1.42 0.61
KM Rice bran 13.78 2.61 2.00
¥R} Shrimp feed 36.85 5.22 10.80
8} Fish feed 30.14 2.09 7.32

1.3 XBABRER

SEUG T Rl b PG TR ST TR AL 2 B T A
FEEINFE 7 d, FARAY 08:00 A1 18:00 f & HMHE .
SLEGTTF AR, K MLk 24 h s, ST EE
(25.0+1.59) g MY FIFRE J5 LA 16 A~ fafT
o, BRGEL S B ARARBREDEHAARTE], 43k 4 D Ab B
WM, R (TL) . KR4 (T2) . HFRHH(T3).
fRL41(T4), SE 4 A EE . Wk A K R
VA S RS20 2 B0 5 SRR /0 B /K 28 I 48 A/ N A
PR HRRLR R R AR IR 8 ], S
5 Y [0 45 DL ) 44 R 3 A9 08:00 F11 18:00, #MEJS 1 h
WCAEFRA . ARAE B H (1% 55 1 1 1 o R PR A

14 EEREFE@IH

SEESTFRAE, BEHLEL 10 BAE AMWItARE, T—20°C
PRAF FAE AR A AL AL o BT o SEBR 25 AT, K LR
24 hJ5E FERREE , AFGLER 3 J £ P AR 4 fa AR AL LA 2 o

SIS R R R 4 L AR 1 L ORI D ALK 4 S IR
AOAC(1984) [ 7 L AT E : FEMHE 105 CHEAR T

P 5 MR R H FOSS 2 A4 (2300 Kjeltec Analyzer
Unit) W %€ 5 A AE 107 R H 2 [CHl £ 1 (Soxtec system
HT6, Tecator, Hoganas, Sweden) T E ; JKAMTE A
P S50°CHAE Sh, FREENE ., FEIRAR:

FETE # (Survival rate) (%)=100xZ K 5256 0 50 &/
W5 S 3 0 B3 o

TARICR (Feed efficiency, FE) (%)=100x(Z&FK K
H AR ) A B

FFE 4 KR (Specific growth rate, SGR) (%/d)=100x
[In(Z AR 5 )—In(W) 1h 14 E0 ) )/592 50 KA

B (Feed intake, Fl) (%/d)=100x4F & 7k T
HO QAR E PR R E < S50 KA

H 5 £ i (Daily food intake, DFI) (g/d)=(#% 1 -
B VH )/ 38 R

1.5 HESH

K H SPSS 20.0 3 {4F 47 Edi ab AN SE 1547 o
AN TR b B S4B R 2R 5 22 9341 (One-Way ANOVA), Fif:
#id Duncan HEXTZER, UL P<0.05 fEhEREEK
o H A FUBORE AN R | RDRCR S5 ) 6 A R
A7 B AE 5% 5 30 I T A 7 4 35 P A BT

2 #R

2.1 H£RkEARMA

ST RN, R (TR RN 100%, T
RHA(T3) R Z, A (THRAR(80%). 4% 2H RS a R
A RE 2R, HEBLL(TL), KB4 (T2) 14 E
A R DR A% 3 34t AR T RO 2H (T3) Stk 2
(T4) (P<0.05). #iRiMis, MFRHH(T)AE KGR,
MR (T D2 (R 2).

S S I T S I B = 1 T DBy € D50 M N [ B L
S 114 g o - A (LA TR P o) 20) H e e AR A AL 2 S
B . SCIWIEAEE, HORYAL(T ) RCKRRELL(T2) ¥ H

R 2 R4 FREE R T8 & & 4 TN R LR A B9 20 P2 AR )
Tab.2 Growth and feed utilization of M. cephalus fed with four diets (Mean+SD)

K A8 4R Growth index

Kb FEZH Treatments

Tl T2 T3 T4
AR Final body weight(g) 27.45£2.17° 26.76+4.34° 54.35+5.92° 42.81+8.01°
£ % Survival rate(%) 80.00+16.33" 85.00+10.00°° 95.00+10.00% 100.00+0.00°
F7 2 A KR SGR(%/d) 0.23+0.06" 0.24+0.16" 1.46+0.14° 0.79+0.14°
BEE Fl (%/d) 1.53+0.44 1.45+0.24 1.47+0.12 1.58+0.14
AR FE(%) 7.54+1.73% 11.89+0.99° 48.62+5.84° 24.01+£2.79°

T R R R AR BRI R RN 22 57 W35 (P < 0.05)

Note: Different superscripts within each row represent significant differences (P <0.05)



50 wool B o R %3645
2.4r F3 BRAMARERMNEESEE VAR
. ;3: Tl T2 T3 -o-T4 CEHI (LR 2)
E‘) 1.8} Tab.3 The body composition of M. cephalus
" E 1.6 fed with four diets (Mean+SD)
. s L4r . G
gﬁg £ 12} *E.EE *E.EEIHE 7‘}—‘(6} 7J<ﬁ
= 2 10 Treatments Crude Crude Ash(%) Moisture
ﬁ 0.8+ protein(%) lipid(%) (%)
= 0.6
Z o4l Tl 16.48+1.09°  8.01+0.42° 4.39+0.75* 70.99+0.52
o I S T2 18.62+136% 6.82+0.11° 4.83£0.70° 65.56+8.70
' 1 2nd  3rd 4th 5th 6th 7th 8th
stosnd e Am o ot o TR T3 17.32:0.71% 10.52£036° 3.43£0.23° 70.65+6.10
JE % Number of weeks
. - o T4 18.08+1.51°  7.77+1.03° 4.43+0.20° 68.7142.
AT HRORE 4 A R R SOSHLSL TTTELOY 443020 6871207
Fig.] The weekly average daily food intake (DFI) of e R FESVEIE G AR AR S CFE R RN 2E T B

M. cephalus fed with four diets

BRI, KRIKCH(1.28+0.01), (1.54+0.01) g/d,
UG JE 4 B B RS, 5 4 LU AT
0.80 g/d. SZAHLL, URRIE(T3) Rk (T4)RY 35
Hig a5 m T 0.80 g/d. SLER AT R4 (T3)
PR H R e R, (R shie ik, wifaRtgl(T4)
BRARE ; 5B 6 LR BRI (T4) 0 JE 34 B 45 £ i Tk
Fhim, 265 8 AR T Ik 1.76 g/d.
22 HEWAERK

H 3% 3 AT, AFEERHEERAM T, &
B DLURDRY 2H (TR A (16.48%) , 1 LA KA ZH (T2) 5%
11 (18.62%) (P < 0.05); HHLAR M 3 2 W LK BE A (T2)
15%(6.82%), HFEHH(T3)H E5(10.52%) (P < 0.05); HFEH
H(T3) KA 12 o F AR T I AL (P < 0.05), KB4
(T2)0) 5 2 3 T HARZL(P < 0.05); £ ZH /K43 & i
SRR, EREARE,

3 it
3.1 AERAREHE IR ES £ KB 0
LR IN N (Vayan et al, 1988; 2 i 4,

(P <0.05)
Note: Different superscripts within each column represent
significant differences (P<0.05)

2004; ABARAHZE, 2005), KA RMAEE , FEtk
SRAE A KR b B 37 U 5 A 3G T S A, Ho R
PRIV A KRR S . AN RIFREE AR T (GR 4),
BRI R T (CE RS, 20115 BRUMSCAE, 2007), Y
FRIE R AR A, AR AR K R R I 5 -
FMR IR ICE P (FLHE, 201175 R DEEE, 2014), T
I UL LGN X R 3 55 S A, B ) o A % R O R A
AN, AR A K RIS T R SR 2

5 ERBHEA L, ASZE0 Hha N IR AT R
S RTRAE 2L 1) B A A BRI, AR v T B S5
(2007) L IR Z5 L, (AR B 5 A KR (1.46 %/d)
D53 1 SCHR R o ARk 2 B 1 A ORI S B -
TR 7% 3l I 1 55 (LA ) R 5 0 SRy 3 B W ok TR ) AH i
(FLHE, 2011, SZgGuRRLS frokb 2 R il & 4Rk, (FIR
RHAHLER (1 BORLAR I 7 1 b A S0 B0 21 f e, DO
Fig i 2t e s HAARDRH A B A5 LA L, PR A KR b
FH R e f o

TR A9 v g R HL S A BB R TR R 2
B, T RZE ' i B9 1E F G S I AR S R Y

F 4 BEKIBERAE LR

Tab.4 Growth performance of M. cephalus compared with references

TR IR GRUNGES LR JRLE R R R 27 SCHR
Stocking density (ind/m?) Initial body weight (g) Final body weight (g) Survival rate (%) SGR (%/d) Reference
13.3 150 450 - 0.55 FEHMAEQ01)
60 220.6 240.3 - 0.15 &I SC45(2007)
1 100-150 420 80.30 >1.0 fLiko1n)"
0.07-0.24 300 500 62.00—65.67 0.91 KK (2014)
12 67.8 123 - 0.85 Lupatsch %$(2003)
1.5 0.55 39.50-95.71 76.4-83.2 2.84-3.44  Biswas %(2012)
41.7 25.0 26.76-54.35 80-100 0.23-1.46 A

1) ALUE. FLANE O I 5 i £ 90 57 HORS SR B B AR W IR 3 OIS T R IR R S L2 A8 3, 2010, 2772
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Fefuh, DTS2 iz B8 X8 3% 00 28 T AR e (v AR AT,
2013), P, TR AN IE AR 3SR A T
KRR I 5 155 (16%—18%) HL 22 M ARG, 2
T e TR 1 B AR IR (B B4R 55, 2006), HA
[7] £ 28X AR ) T AL SR AR 22K . IR 48 (2011) 4R
18 fifi £t (Lateolabrax japonicas) Xt >k Bl 1 G & 25 Ui 14
ER 5 HmBmHY, ik 98%; I A# L% (2012)H)
18 7 ff1 (Mylopharyngodon  piceus) X} K 4 i) KL 7 5
SRR R R, A 78.93%. T HIA Al
KM R 2R SR I B AN 2, R A K R
Bk R H AR R T R CR 25 015, 2012), PRt o 241 filf
Y H B R (8 1), EAE Dy B—HRHE
) TR A9 IR L BB (AN Y i (R A D e 2 1, X LAl
JR PR AR A P B, SR A R WY R 24 H B i
TN RE, A A0 A B G I T L A AR (R
FEORHR ) , TRDRSCR AR R RIS, 3% 5 R M 3 55(2012)
HE AT Y 1R W A% 5 (Vicia faba Linn.) XJ B 5 X R
(Ictalurus punctatus)A: K f4) 52 0 25 S AL

3.2 AEAFHZ IR R H B A R0

PR S5 (B I SC %5, 2007) %, TEREJR Y 5 Y
FIH 7, SRR MR, OO BT, iR A
o ik, KA SRR ER SRR EEES
(P>0.05), {HUFRHE ARG (10.52%) W) 8 3 5 1
KA (6.82%) (P < 0.05),

0 2T B B AR 1 TR 1 AR TR s $Betb 4
KB BR AR A Y, S IR R R AR R BRI A
T G 9 4 B iy 4 43 e A4 5538 f3 (Mohanty et all,
1996), 18 HE5F(2005) K, s IRROK LA P (K
HF K (23%) A HE K 1T B A& (Micropterus salmoides)
LA B DT TCRR o R B A5 (201 4) 3 o 34 ARG FH &2
T A R 1K F, 8B A T f.(Mylopharyngodon
piceus) 4 i 17 1 3 T+ 5 (P < 0.05), KHltt, AL
o, BEEHLIR G & BN 1.42%R0 TRy, TRy 4 )
PAHLAR & 1 o 25 5 TR (P < 0.05)

UL, B0 A KR bR A — 2 5 ik F A
M A2 IEAHSC . Biswas Z7(2012) A0 2 41t 3 73 7 i,
g rp, A i B - B R 25 A A H(FF) 1 4 A KR B
KA8hr 2 5 THE R AL F(FR) . WAL FE(FD), (Hi%
2 1) o (AOR R 1 RIORELIR U 7 s 38K B — A B (FR
I FD), H (KT FR 41 (P <0.05),

3.3 ARARRRAERFEX PRI FHEN

oG JEE )RS U SR 3 I SR S A LR WY
g AR, i i O B K BBE I (Su et al,

2011), T B VH 2 X6 MR b 8 AL ) 2k IR, b
JESHB AR A Y S B2 43 i i DO TR, B Ak K i,
SHUKFOEAL MRS %, 1999). Bl I550 1% S A
B, XTURt 3 (R S P A RS 0, SRS W A AR
PR . A B U R Z IR E (44.81%),
i AT BB K X IR 28 B OS2 B 1 (6.49%) . TR
(5.06%) . JEMifEHE(4.09%) (Soyinka et al, 2008), &
FRBEEUT, 8 0] LA 78 20 A FH 5% B8 19 fUkH(Lupatsch et al,
2003)FIHFRH A K R 45, 2014), W2 A BEK, B
T RICR o 8 RER W 55 UME &8, YW 1%
Yt PR E LR ILAh, s LLE R TR
B b 5 v 1 DR SR TR G A3 A b FEAR R AR R R R, D
W 2 Hi A= K (Tawwab et al, 2005; Biswas et al, 2012).
TEA-UR YR IR rp TR IR TF 4R FT LA DR B XS 2
il )l TR AT, R R VLR K T AP A LA R A (A
K <5 em)APB R 3R 7 A R (5 E I, 2011),
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T RAT T 80%. B HAT Fm LRI 3ZRE 71, B SC
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IEF AR, SCIR L SR TR LT, RN T M
Ak, EEARER L AadE s SXRAE
)M LEAAFAE 2 22 5 (P > 0.05), ASZIRTT 28 d 4%
Ab B2 S S 45 B B B o, A TSR A
PRI GBI, THURY LRI KA A 178 i A K B AR
N AR IR H Ko PRI, 7E 37 B AR A RS
KRR AR ARSI, SRH 5 TR X R 3 =
)53 LA D SR PR, 6 1 Y 1T DA I il A K O R 4
HASIEA, 4eipxtirm R4 K, #Rmasiiis.
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Effects of Four Types of Diet on the Growth and Body
Composition of Mugil cephalus

GUO Yongjian, LUO Zhaolin, YIN Xiaoli, LI Junwei, ZHU Changbo(b, XIE Xiaoyong

(Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture; Key Laboratory of
Fishery Ecology and Environment, Guangdong Province; South China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Guangzhou 510300)

Abstract Grey mullet (Mugil cephalus) grazes on plant detritus and microflora and is an omnivorous
fish species of ecological importance in both mono- and poly-culture due to its unique feeding habit.

However, little is known about the effects of different diets on the growth and body composition of M.

cephalus. To address this question we carried out an 8-week feeding experiment on M. cephalus with
initial weight of (25.0£1.59) g. The experimental subjects were fed with four groups of diets that were
flour (T1), rice bran (T2), shrimp feed (T3) and fish feed (T4). The results showed that the specific growth
rate (SGR) and the feed efficiency (FE) in T1 and T2 were significantly lower than those in T3 and T4 (P

<0.05). The SGR and FE in T3 were 1.46 %/d and 48.62% respectively which were 2-fold of those in T4.

Fish fed with a single diet of either flour or rice bran barely grew in size but had higher survival rates (>

80%). The weekly average daily food intake (DFI) of T1 and T2 decreased to below 0.80 g/d after 4
weeks, whereas the weekly average DFls of T3 and T4 were above 0.80 g/d and obviously increased in
the 8th week during the experiment. The whole body crude protein was the highest in T2 (18.62%=+1.36%),
and crude lipid was the highest in T3 (10.52%+0.36%). There was apparent accumulation of crude lipid in
T1 (8.01%=0.42%), which indicated that the higher carbohydrates (flour) level could enhance the lipid
accumulation in the whole body of the fish. Moreover, the level of whole body crude protein could be
well maintained when the formula feeds were replaced with rice bran. Flour or rice bran alone may not be
sufficient to support the rapid growth of M. cephalus because of the lack of balanced proteins; however,
they might help promote the survival rate at early rearing stage. Therefore a partial diet replacement with
flour or rice bran in shrimp ponds could be a useful trial.

Key words Mugil cephalus; Diet; Protein; Lipid; Feeding
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