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AT BT IR IR, SRIEATEE , FAEMEA
Fa o G R 5 YK BT B 5 T U K
Sh ) Al B A e A, vk e A AT, AT
G ERHEA FERCRIR) Tz . s AR, B
IR AT . R R BRI A . Rk,
Hvke e Al b, WA AR AT R S e as A
BE 1 [Epinephelus fuscoguttatus (9)XE. lanceol-
atus (3)] W ALRE S ISR DI RE™, AT b 4
15 J1 8% (Coilia nasus)!'” . 2 ¥k ¢ 0 Bt £ [E.
lanceolatus (3 xE. fuscoguttatus ()" Ak 1
fiyi (Micropeterus salmoides)"™ i JJLIA W75 2 FE R
EFIR AR & i, A lLA R, X&
A3 2ok LA RS T, PR A TDRL AT LA )
UKEEZR 0 Y FRAERCR , EE R,

Wi 1 (Nibea albiflora) J& %57 H (Percifor-
mes) f1 1 48} (Sciaenidae) B 4 fa)E , 4340 T
P 2R N HAS v dal, AR G | ) Jo ff
. EFROE R . Pow R, TR R R I
HEAE K MARFRFE AR Hp, ok
Fe th N TR TC 5 TR AT B Il £ DO A 7 B
FE Iy, SR, BEAE B IR GE R AL R AR
AT, DAVKEE o R, © 2R RE 2 3L
Wi R BTG R . AR, AR HC 2K
B gt FECE SRR WA AR IR
BRI giE R ML 44 R BN n-3 LC-
PUFA™ iz IR iy i B 7 oK i, JFifAT T
by A A BE SR R, IR T R
(Ui S 18 B RO N Ak R R e
FVK B 2% 0 (%) AR SR AE AR AOR , w120 3R W]
Uit £ I T Rk A G 3 5 7 T A7 AR A Rz
WO Wit , FERTIIAESE AL B, AR
E— 20Uk T B A g R Ay, TR T 8 JE
FAFRFH S, B TR LA HITC & 1)L RN oK fif 2%
TR B KPR RE . RDRRH SLP B 3R
JBT 7 T W S MR 22 S, Ay Rl v A BRE R A B
HN TR G R LA e R A0

1 MRS T
1.1 SR ANSLIIEIT

DO 77 B S B A S LT B XL IR K ™= 3%
BEAVEREIEAT, SO A H A FR 5 A VEAE AE
Posde (A Jof FiE 1 Uk . MRS R/ — B0 o I £ 3L
540 B2, BEMLAMECE] 9 M (1.5 mx1.5 mx1.5

m) 1, AP 60 2.

LI A VK EE e gl | T A A R
G FHE AR, B4 3 NPT, Eafmw
LRKTE S (34.60+0.05) g

1.2 SCIgER)

A S B0 FH UK fF 2% £ A H AR 6% (Engraulis
Jjaponicus), THER&FE hKEMAFER, ©H
B TRl A A DR ZH B ) B Al £ T 5 4
BE, IR FCHTLI L AE YR A BRA mA T
TERBEE TR WA 1R 2, IR R A
DR & &t L 3 F3k 4,

*1 BENETRARSEARNEAR

Tab.1 The experimental diet composition
H % TR %
composition content
4} fish meal 45
LIERBEEE  Clostridium autoethanogenum protein 8
Fi¥f  cottonseed meal 10
KIEEEH  fermented soybean meal 10
VENT  starch 3
Mk wheat flour 14
IR — %45 monocalcium phosphate 1.5
K& soybean oil 1
fail  fish oil 4.5
HKEEEAY)  marine fish feed compoud” 1
WEK TRl marine fish feed premix” 2
&l total 100

A D KB E SO E AR . BEmR R P,
Bigesfl. SALTEmN. VCRERRER. Whaok . thEZIImA, diix
VAR R Rl R . 2)ioK ] BORENE 8 7~ M Tl — K™
FHARA T

Notes: 1) there are carnitine hydrochloride, lysine hydrochloride,
antioxidant, mold inhibitor, choline chloride, vitamin C phosphate,
zeolite powder, and Chinese herbal additive in marine fish feed
compound, provided by Zhejiang Hanbei Biological Technology Co.,
Ltd.. 2) marine fish feed premix is purchased from Guangzhou Chengyi
Aquatic Technology Co., Ltd..

1.3 AFEE

S 00 1 ] i BEAAR H 1Y) 3%~5% %M, B
27K (7: 00 Fl 16: 00), FFHLI/KIE R 27+
2) °C, Kk pH Jy 7.8~8.0, #hEF N 28~29, &
fif48>5.5 mg/L,
1.4 SCIGEUAE

RGN, BRI 24, Gt
AR A B BOR R FR T, T2 5
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=2 EAREFRSENE (FEEIREL)
Tab. 2 The measured diet nutritional composition (dry weight/wet weight) %
D% L HBC A TR DIk ek DREEIR
component special formulated feed commercial formulated feed chilled trash fish
/K4 moisture 10.45 10.97 75.40
HMEM  crude protein 51.52 (45.70) 52.41 (46.66) 71.37 (17.56)
BT crude lipid 7.43 (6.65) 8.01 (7.13) 5.68 (1.40)
K4y ash 12.84 (11.50) 12.91 (11.50) 16.23 (3.99)
W ESNAERESE.
Notes: Wet weight contents are in parentheses.
®3 ANSERIEINE x4 AREHERSEINE
Tab. 3 The amino acid contents in diets % Tab.4  The fatty acid contents in diets %
LHEEGE fERAEE Kifem LHEAME  WEREGER oK a R
SgE| special commercial chilled TiH special commercial chilled
item formulated formulated trash item formulated formulated trash
feed feed fish feed feed fish

JREM  Thr 2.00 2.02 311 Ciz:0 0.15 / 0.36
WiEmm  Val 226 237 352 c13:0 0.09 / 0.13
R C14:0 7.19 1.58 12.19

ZFR  Met

) e 1.12 1.01 2.13 Cl4:1 / ) 026

IR Tle 2.03 1.95 3.08 C15:0 0.65 0.18 0.89
AR Leu 341 3.60 5.44 C16:0 20.05 14.94 29.11
K]—j’iﬁ@&? Phe 223 2.39 2.98 Cl6:1 7.65 2.39 7.53
MR His 1.21 1.20 2.32 CI7:0 047 0-14 1.20
B C17:1 1.02 0.17 0.39

&R L . . )

R s 347 339 >89 C18:0 4.00 4.46 6.81
Wiz Arg 3.05 3.26 4.13 C18:1n-9t 0.13 0.15 0.13
DLTAER EAA 20.73 21.19 32.59 C18:1n-9¢ 18.96 23.84 22.23
23R Ser 2.00 227 291 C18:2n-6t 0.10 0.23 0.12
KEM Gl 728 758 9.90 C18:2n-6¢ 11.20 39.02 0.30
HEE Gl C20:0 0.11 0.41 1.39

= Y 264 367 380 C18:3n-6 0.26 0.54 3.80

AR Ala 2.76 2.99 444 C20:1n-9 0.42 035 043
FRE R Tyr 1.60 1.61 2.47 C18:3n-3 1.82 447 0.55
KITEEM  Asp 453 4.89 6.84 C20:2 0.18 033 022
U FHERLR NEAA 20.81 23.01 3035 €20:3n°6 0.14 0-25 0-24
SRR A C22:1n-9 0.09 0.06 0.10
R FLBZ  TDA. . R .

A 1721 19.13 24.98 C20:4n-6 0.96 0.41 0.78

o RS

AHR  total AA 41.54 44.20 62.94 222 0.07 0.14 0.40

. - e o C20:5n-3 12.75 2.60 3.42

iﬁ%o MRS R 56 Bl HLER 5 %E‘fﬁﬁ@, T C24:1n-9 / / 0.18
THLT—20 °C 134, HTHLAEFRS . |3t DPA 124 0.36 0.57
MRRBR I O BEISE . LA B A AT 4% 2o 1030 295 026

Ve 3 N SFA 32.70 21.72 52.09
PFA IR B 05 HAYI Mg, 5%

. {ﬁ{ﬁ :'Jr% 5 EF] ’ ‘}Eﬁjﬁﬂ )JH;\ i MUFA 28.28 26.97 31.25
—Wﬁ%}tpilr%%’ﬁz}\y—lP*%J%ﬁ‘;&%ﬁ]%{bﬁﬁ%}u{@, n-6 PUFA 137 121 4.82
ﬁ?ﬁ,\‘\%QAﬁJ%{Afiﬁ /\’fﬁﬂﬁ%ﬂiﬁﬁi‘ﬂgmﬁo n-3 PUFA 26.11 10.39 10.80

n-3/n-6 PUFA 19.12 8.61 2.24
o 2|'|| f—]
15 sEARGE n-3 LC-PUFA 2429 591 10.26
05 R (SR, %)=(Z K )2 B0 /) I 11 2 e “PRRRKH
;%I)X 100%: Notes: "/" means not detected.
b
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B2 (WGR, %)=& RIKHE-PIRIKE)
WIR B X 100%:;

FEEE K (SGR, %/d)=(In &K AKTE-In ¥)
TR R EE )/ FR 5 R E<100%;

Tkt 22 8 (FCR)=1RHE FE =L /(LR AR T )
IR AHE);

AR (PER, %)= (LR K E W tH K
)/ F A F*100%

AL (HSI, %)=l E /A H x100%;

WEAREL (VSI, %)= Ik 8 /A H x100%

NI E (CF, g/em’)=MRE/fA1x100
1.6 AAEMEFRRDNE

K Ay & B R R 105 °C fH IR 4L T ¥ (GB
5009.3—2010) %, A A &R AP ER
% (GB 5009.5—2010) & , HLAG Wi & 2 % H
FICH L B (GB 5009.6—2003) W 5, KA &
R G P Be s (GB 5009.4—2010) 15E .

1.7 BLPAEEELFIAS BRI E

IR 5% E AR (GB/T 5009.124—2003)
iR KA 3 D 2 (A FE 1R A 814 B4, Biochrom
30, W), JRWIRR & iR IRIERR (GB/T 22223—
2008) M 5E (SAHMIEIL, Agilent 6890, J[H),

1.8 AlALLETH

IUH 4% PFA (Z R H ) IR IALIAL,
TETEDRES OB BE K 5 F A s a3, U0 R e R
AKG-PHEL (HE) Ytk ge (o, SRS 2 Bl
WA ALY 25220 IE

FIIH CaseViewer #4525 2H WL IR £F 4 )+
12 (WA 7 1000 5 1 JLET S A % 6 320 L )
AT S = R FE R 0 d R A AR (AT )

DN %) WL AT 24 3 48K 1 4 6 9 30 3t ) S A7 4 =2 [
BB A /M) AEA T A, AR R A (] T AR A
I3 (T FR=0.25xmux K A8 <A AR ) T80 A A i A
TE CaseViewer F MR HR 1A 0.15 mm® N
WLIR AR A%, IF45 5% 1 mm® AL ZF 4k
O O =] 2 2 o

1.9 HIFESH

S T A3 0 SR T SPSS 19.0 i 4T B
K& )5 2 70 F (One-Way ANOVA), 4% 73
# (P<0.05) B}, #F47 Duncan [CZ & ILH . £l
FHAF- B {512 (meantSD) 1B 2K R
2 gEH
2.1 HAKMHEE

e s [, ZHZEFERITRFE =R,
L A AR ) B I 3 R | R AR KR
MEARSCR R e, HEREMBHKZ,
VK 2 fa 2] G 2 B Al TS DRk 4 EE k£ AR
B Qe A A V) &=/ £ O e I S A ERE DR N
b AR A e S 35 v T ok e s g T B A
AL 1) A 6 2 e ok e AR fa 2l (& 1)

22 AAENREFRRS

BT AR, L I A AR T I
LA IS I & o ok e A B RS
TalRE A, 7K A& 5 ) i S5 IR T vk &f 2 £r 2 Fn T
BERCS R, SABREAMKYSRLEE
25 (K 2),

23 RS ERFMERERS =

AL LR RN IR T R 5 R ot SR 3R 0, oK

Zefa ] W ILA TP R E R . ETR . e E R

x5 ke, TERAEMRETRESFR AR S S KL R EARF RHRm

Tab.5 Effects of chilled trash fish, commercial formulated feed and special formulated feed on

growth performance and feed utilization of N. albiflora

TiH & A R T A kL DKEEZ i 2

item special formulated feed commercial formulated feed chilled trash fish
1% /% SR 91.1142.55 91.11+4.81 82.78+5.09
WEEK/% WGR 211.52+1.62° 187.33+4.74° 149.97+6.30°
FEEAEKR/(%/d) SGR 2.03+0.01° 1.88+0.03° 1.64+0.05°
EAFMKZEY% PER 160.92+5.38° 144.37+3.39° 67.04+2.98"
TRl #% FC 1.37+0.05° 1.48+0.03" 8.52+0.35"

Vs [FATE B AR A R RO 2 R 8 3 (P<0.05), R IFl.

Notes: In the same row, values with different lowercase letters superscripts mean significant difference (P<0.05), the same below.
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4 8 2.5 ¢ b
b b ab a
5 % T a T T
< 3 b b 3 6 T o 5 20 ¢
o E o E E 251
o T R SE 15
2%, a 2Ey -
& 5 T ® 1) i = 1.0 |
= 2 =3 235 !
< 15} B ©
% 1+t 2 2t == 51 05 L
= > :
0 : : : 0 : : 0 : - -
1 2 3 1 2 3 1 2 3
AR 2H 51 ENEEER AR 2H 51
different diets different diets different diets
(a) (b) (©

1 kiERe, TEESEANEERESREMNREEHESFIRFHNZT
L EHB AR, 2. TERAERA, 3. KEERAaH, 7 BT ARFRERZERZE (P<0.05), TH.
Fig. 1 Effects of chilled trash fish, commercial formulated feed and special formulated feed on
morphology index of N. albiflora
1. special formulated feed, 2. commercial formulated feed, 3. chilled trash fish, the different letters above the columns mean significant differences

(P<0.05), the same below.

80 . b b 25 ¢
60 | I ==
° o § 2 15 F
%ém- i)
28 IR
N g EE E
L Q
20 5|
0 : : : 0 : : :
1 2 3 1 2 3
ASTFI2H 5] NEIEER
different diets different diets
(a) (b)
15 ¢ 15 ¢
T
b
c© 10 1.0
SE L 2 S
= a P —a
iz 3 T R g
@ E X
¥ o 5 0.5
0 - - . 0 - - .
1 2 3 1 2 3
ENGEEL NGEER
different diets different diets
(©) (d)

2 ks, HEEARRNREREARRNREENAESK TS
Fig. 2 Effects of chilled trash fish, commercial formulated feed and special formulated feed on

the composition in whole body and muscle of N. albiflora
ANEMR ., HAR ., BEARIEEARSELZE  EES TRSMAEL ko).
T ECE DRI o DKCEE Ak 2 B0 A LA e JUUPA iR W R 5 45 R R W, fE LC-PUFA
AR S BERE SR BN IR Ay Ahh, Uk R 2 AR AR DU IR R (ARA) FI
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*6 kirZré ., HEESEMNEERESEHT
B RISk e a4 0pAT)
Tab. 6 Effects of chilled trash fish,
commercial formulated feed and special formulated feed

on muscle amino acids composition of N. albiflora

*=7 kiEké, HEESEMEERESEB
B4k & AL P AR B B 4E AR B 20T
Tab.7 Effects of chilled trash fish,
commercial formulated feed and special formulated feed

on muscle fatty acids composition of N. albiflora

B A TR AL T B RC A TR o 2% 20

FHESRA WERRAEA kifmg

i H special commercial chilled TiH special commercial chilled
item formulated formulated trash item formulated formulated trash
feed feed fish feed feed fish
FEER Thr 3.48+0.12° 3.64£0.12°  3.88+0.16 C16:0 24.360.76° 19.82+1.15°  24.03+1.15°
iR Val 3.76£0.12° 3.88+0.13°  4.150.16° cle:1 9.79+0.19° 6.07+0.82° 13.40+0.98°
FEEER Met 2.45+0.17 2494022  2.65+0.21 C17:0 0.35£0.01° 0.19£0.03° 0.61£0.13°
AR e 3.40+0.38" 3.65£0.15°  3.95+0.17° C17:1 0.73+0.10° 0.21£0.02° 0.38+0.04"
ZHIR  Leu 6.28+0.22° 6.44+026°  6.94+0.27° C18:0 6.41+0.80° 6.110.40 5.23+0.65"
KNEM  Phe 3.50+0.11° 3.63+0.13°  3.830.13° Cl18:1n-9 23.58+1.16" 26.31£1.35"  22.80+1.79°
HEB His 1.62+0.07° 1.65£0.09°  1.79+0.10° C18:2n-6 8.90+0.92° 27.00+1.93¢ 2.34+0.71°
WEER  Lys 7.43+0.26" 7.60£0.31°  8.24+0.33 C18:3n-3 1.1620.15° 3.06+0.31° 0.77+0.11°*
AR Arg 4.69+0.16" 4.86+0.15"  5.21x0.21° €202 0.16+0.02° 0.34£0.32°  0.99:0.48"
GERR Tip 0.57+0.09® 0.49+0.06° 0.64+0.07° C22:0 0.10+£0.01* 0.16+0.01° 0.11+0.03*
WEENE EAA 37.1741.18° 18344149 41.3040.17" C20:3n-6 0.77+0.02° 0.15+0.10° 0.44+0.43°
YRR Ser 3.9620.20" 3402017 3.5840.13° C22:1n-9 0.09+0.04 0.05+0.02 0.08+0.05
. a a b
BEM Gl 1235£0.71°  12.59£0.085" 13.77£0.49" €20:3n-3 0.07+0.02 0.07£0.02  0.10+0.02
. b a c
HE® Gly 446£0.38" 45050330 3.7940.14° C20:4n-6 (ARA) 0.65+0.04 0.4620.02 0.760.08
. c a b
WA Al 4.6740.29" 4912021 5.14£0.18" C20:5n-3 (EPA) 8.11:0.62 2.57+0.13 5.25+0.53
. b a b
ME i Tyr 2.83+0.08" 290:0.11°  3.1320.15° C24:1n-9 0.28+0.01 0.15+0.06 0.36+0.16
4 ke s :6n- 6.43+0.27° 3.16+0.18° 12.87+1.44°
KITEZEE  Asp 8.15+0.30° 8.39+0.38"  8.97+0.31° C22:6n-3 (DHA)
" 37.02+0.84° 28.98+1.11°  37.36+0.16"
M=  Cys 0.62+0.07° 0.54+0.06°  0.810.07° SFA
e s MUFA 34.96+1.07° 33.36+2.02°  37.50+1.93°
R SERE  DAA 29.64+1.58" 30.40£1.62"  31.68+1.06°
s g . . n-6 PUFA 1.60+0.08" 0.71£0.08" 1.46+0.43
M FHERR NEAA  36.37+1.88° 37.25+1.93®  39.19+1.31
e . n-3 PUFA 16.88+1.02° 9.34+0.45* 19.8442.02°
SRR total AA 73.54+3.04° 75.59+3.40"  80.49+2.98
n-3/n-6 PUFA 10.54+0.72° 13.27+1.19°  14.38+3.46"
DHA ¥ &8 3 & TR A 1Rkt . B & ek 4l n-3 LC-PUFA 15.72£0.90° 6.28:031°  19.07+1.97°

B Gk £a UL IR P IV IR R (C18:2n-6) A9 75 1 i 3
B, VKEEZfn 2 B E wAR (R 7).

2.4 AABLEYH R
U ALN LR G S PR M, HES R,

50 um , 1 50 um

B RA MM Z 0 . GEit o4 2R 380, okt
A t0 21 UL 2 5 B 35 TR A R .
PR AT Y, e HTC A ARk 2 2 4t 00 JULTA] g 1y
BOHAB P2 21

2 [ 50 pm 1B

Ehr HEENRERTA

LEMT AR, 2 WS A A, 3.0kEE R ma.

Plate Histological examination of muscle tissue structure of N. albiflora

1. special formulated feed diet, 2. commercial formulated feed diet, 3. chilled trash fish diet.
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*8 kirZxe, HTEESEMNREARSANNRGEENALKRE, ERE HEERARINTHEZEHNZIT

Tab. 8 Effects of chilled trash fish, commercial formulated feed and special formulated feed on

muscle fiber long diameter, short diameter, cross-sectional and density of N. albiflora

TiH L HECA T kLA TR A R VKA 2H

item special formulated feed commercial formulated feed chilled trash fish
KA42/um  long diameter 123.2245.44 124.20+10.83 102.10+5.00
f4%/um  short diameter 70.15+3.58 72.67+2.80 74.85+3.90
BRI AY/um’  cross sectional area 6 889.75+630.49 7 057.08+566.33 5814.06£142.21
WLEF 4% % /(n/mm®)  density of muscle fiber 222.37+5.88" 186.79+6.67° 286.86+17.65"

3 vhe

3.1 FHARMNREEE KMEENZNT

ARk BT R R T B 2 T AR
EEBERE, Y HSERD, EHREP
DU 5 KPS i BE A iR 2 19l ) 2
F ik (SEINAE 51.52%) 42005 B0 20 1Y 2 7 oK
54%U, T K fif £ 20 2R 1 BT R (71.37%) i
T 54%. PRt TGS iRl 2 7R B A £ H A
R A K AR 1 B ANCRE T T RO ¥ 8 2
ToKEE A, RUTUKEE S 0 21 8 ITRRIAIR,
W TR A AR DY, JRREAR T R AR K
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Effects of chilled trash fish and formulated feed on growth performance,
feed utilization and muscle nutrient quality of yellow drum (Nibea albiflora)

WANG Ligai', YAO Gaohua’, MA Shipeng’, LIHaidong’, CHEN Ruiyi ',
TAN Peng ', HU Weihua', XU Dongdong "
1. Zhejiang Provincial Key Lab of Mariculture & Enhancement,
Zhejiang Marine Fisheries Resarch Institute, Zhoushan 316000, China;

2. Zhejiang Fisheries Techonology Extension Center, Hangzhou 310012, China;
3. College of Fisheries, Zhejiang Ocean University, Zhoushan 316000, China

Abstract: Nibea albiflora is an important cage-cultured fish in the East China Sea. An 8-week feeding trial was conducted to
evaluate the effects of a special formulated feed and chilled trash fish on the growth performance, feed utilization, and muscle
nutrient quality of juvenile N. albiflora. A total of 540 healthy yellow drum with an initial body weight of (34.60+0.05) g were
randomly divided into three groups, with three replicates per group. The groups were fed either special formulated feed, com-
mercial formulated feed, or chilled trash fish throughout the trial. Results indicated that the weight gain rate (WGR), specific
growth rate (SGR), and protein efficiency rate (PER) of fish fed special formulated feed were 211.52%, 2.03%/d, and 160.92%,
respectively. These values were significantly higher than those of fish fed the chilled trash fish diet (149.97%, 1,64%/d,
67.04%) and the commercial formulated diet (187.33%, 1.88%/d, 144.37%) (P<0.05). The feed conversion rate (FCR) of fish
fed chilled trash fish was significantly higher than that of fish fed formulated feed (P<0.05). Fish fed formulated feed exhibited
significantly higher hepatosomatic index (HSI) and viscerosomatic index (VSI) compared to those fed chilled trash fish
(P<0.05). The muscle lipid content of fish fed the special formulated feed was significantly higher than that of fish fed commer-
cial formulated feed and chilled trash fish, while the muscle moisture content was significantly lower (P<0.05). The total amino
acid (TAA), essential amino acid (EAA), arachidonic acid (ARA), and docosahexaenoic acid (DHA) contents of fish fed chilled
trash fish were significantly higher than that of fish fed formulated feed (P<0.05). Histological staining of muscle tissue with
H.E revealed that muscle fibers of fish fed formulated feed and chilled trash fish were irregular polygons with clear texture and
tight arrangement. However, the muscle fiber density of fish fed chilled trash fish was significantly higher than that of fish fed
formulated feed (P<0.05). In conclusion, the growth performance and feed utilization of fish fed the special formulated feed
were superior to that of fish fed chilled trash fish. However, the muscle amino acid and long-chain polyunsaturated fatty acid
(LC-PUFA) contents of fish fed chilled trash fish were higher than that of fish fed the special formulated feed. This study

provides a theoretical basis for the efficient and healthy culture of N. albiflora and the optimization of its formulated feed.
Key words: Nibea albiflora; special formulated feed; chilled trash fish; growth performance; muscle nutrient quality
Corresponding author: XU Dongdong. E-mail: xudong0580@163.com
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