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WEE: DIYIGA AR (17.47+2.56) gty SE A BRI RIF FOXF 5, 03 8 J (1) A= 1 S8, BIF FL7E TpRk v o S A AL 3 7=
T REH (BT TTRR AR B AR O B (o6 S A A K M R L IV AR BR AR AR AR AR . LR AL R T A R
MR o LU0 1 B 3PS5 EU(38%) S IE (6%) 1A kL, LA PAE ¥ B ATk b ks B B 0(FM) 50%(T1).

100%(T2)o 45 R oR: (1)F5 %8 WA A A 4 1 RE7F 25 AR 2 2 8] J0 S8 38 14 22 3 (P>0.05); (2)BE & Tl k) A B
FEITE, ARG R BRI GE S, MR LA F100%H 53 KT X IR ZL(FM, P<0.05); (3)7% 2
B ARALIM 208 B 5 3 T R AL(P<0.05), 7 FLiL 2l 2 T ks, B AUK T B 21100%0 & KT
XT REZH (P<0.05), 17 HAth i 730 26 3 A A0 FE b 4% A B8 240 1) G 2 38 PR 22 7 (P>0.05); (4) B B B AR 0K B 0 S 3
RS AURL AR (5 7K IR 43 25 B T S 8 M B AL (P>0..05), (L FL R I & B — e 52, 50% & AR 41 UM
JIg 17 & B 5 AR T 5 B ZH.(P<0.05); (5) AR K B A 50% 8 2 1 f2 35 PR AIC 7 2E 8 6B 75 AL h Asp Glu.

Gly. Ala. Val. Met. Ile. Leu. Tyr. Phe. TEAA. IDAA. TTAA® & (P<0.05). (6)A'E MBI EA
P T AR BRI B AR, HLS0% B AR AR KT X IR AL(P<0.05). 25 SRR, S E R e B AR %
{481 65 20y 81 DR R 100% FOR) B 1 (FRDRE R 00 B 2 N 10%) 6 AR I AE K L e bn s LI AL e o i e
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TRALEE 5, T i e R 2 A 24T KB A Ak
B — R TE E b 7 R TEE A A B A
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RIFAAL FARFE M (Cyprinus capio Furong), F LA
KRB BEA, A 8(Carassius auratus red var.) N
KRIATIRASEE B MR, J& T B RO AR A A ™
BT FR(GS-02-001-2009)" 2% % il 1 {7 £ iy 35, i
FEEHBAERKR. ARG, HEEREGE D
PESRTEAR S, RS2 RFRE P B E % . H TR 8%
SRR R B R E AT RE RS
RO, (BT R B A E S T
T A WARIE
A SEIGAE T T CAARAE G S8 TG A Ab B
PR PR O EE AR, R AR 5 2 1 )
50%F1100% k5 5 1, 38 1 ] 72 5% 2 S ) A A A
REv EFERST M A B A AL TR AR R A R, 25
B VP PR B R L 5 2 S DAL A () R RICR, DA
WA AEAE G ERBE N P TC 8 T AL AL B 7= 5t OFF R
BOLEZK = rRRE b i 8 SR R 5%

1 MR5RE

1.1 SRR

ASLIG BT JC A AR B = R R R R B
JF66.65%- FHLIE T 13.34%) Hrib B s e A4 SR
HARAR ML, B CHEH66.67%. M
8.22%) Je HoAth 41 e} J5 ) 359 ) T3 e K b A Ak Mk R}
HARAR . LI T 3HER(38%) 55 (6.5%)
(R RE, AR 4 (FM) T RE Xt BEZH, 23 31 LA
R R A SRR EAMS0% (T1HFI100% (T2),
3N EEE, FEANAEIE3FAT . BT TR R 60 H i,
FH /NS PEALIEFE 78 50 R 21, AR CA R SR
HLSZLH200, YT.75 1E & £ A4 PR 2 7)) il i 1.5 mm
FLAT () RORLER RE, KT J5 T-—20 "C UKAE %5 35 1 17
S 56 A R D 5 R AR AR AL A R LR 1, SEIR T R
FERA R 2.
1.2 SR&BREFEER

A SIS T R 28 K R A T AL P ()
KU FRIA R G TTRE, Kt (2.8 mx % 1.6 mx
R1.0 m), S8 1) 7K Y it 4 R 24hadk 47 A ) W 55 X
PLIE SR, BARFFROR K o S0 5% 25 6 ) b V) v £ 25%
BB R A TR Y F M. LIS AR ET
1d, SE56 YLK 240, VIR IR 550 ARAS et
()2 E270 2 [#) E: (17.47+2.56) g], BEAL AL
Z O FIFAE K Ve TR FE I, BESLI AN H A,
ANEF30RE . LI HA A 32 R HE 13.0%—7.0% 4% 1R
kL, HIME470(8:00. 11:00. 15:00117:30), 4=
K sag I HESE56d. SEUG HAM /K IR 825.0—33.0C,
RS N5.30—5.80 mg/L, pHA7.00—7.64, AHEN
0.10—0.20 mg/L, AHEE £50.03—0.05 mg/L, fifk

F1 SWIEREHRIFES (% TR
Tab. 1 Formulation and chemical composition of the experimental
diets (% dry matter)

JiEHngredient M ’Eﬂﬂf?Dlet ™
[ 4y White fish meal 10 5 0
Al ¥ Meat and bone meal 0 5 10
K 5 fASoybean meal 20 20 20
3%HfCanola meal 16 16 16
Fi#f Cottonseed meal 16 16 16
T K& E ¥ Corn gluten meal 10 10 10
UK Wheat middlings 10 10 10
T KGEHR Corn starch 7 7 7.5
13l Fish ol 3.5 35 3
B &5 Ca(H,POy), 2 2 2
A #1 Zeolite powder 2 2 2
[ +-Bentonite 2 2 2
ik K Premix’ 1 1 1
S ALJEFH Choline chloride 0.5 0.5 0.5
1t Total 100 100 100
k221 B Chemical composition
7K 43 Moisture 7.22 6.96 7.30
g i Crude lipid 6.37 6.63 6.30
¥ 25 4 i Crude protein 37.84 38.26 37.88
K5 Ash 11.33 11.20 11.04

v FM. AR R, BRI T1. FonWEmEAR
50% 0k B AELAL T2, s A E B B 100% 0k 8 B4 R)
A1 PURRL ThHTRERE 1% S i f 5 A R A RN 1 T B
FHEMIEARAERA A, T AMET): 4ERALRREE 300 1U;
#E4ED; 100 TU; DL-a-2E B W ZIRER 1.6 g HZ5ME0.5 g; RHERTR
10.5 g; #% 35 20.8 g; THRILIEEF0.6 g; FUE140.0015 g; D-iZ R
5 1.8 g MHERIE2.5 g MR 0.15 g D-AF0.004 g; L-Hrifii
FR-2-TIRTG7 ; WIEE 8 g; Fe 12 g; Cu 0.4 g; Zn 5 g; Mn 2 g; Mg
10 g; Co 0.03 g; 1 0.585 mg; Se 0.01 g; TEHLERIE AWK N
PEY i)

Note: FM means fish meal group; T1 means meat and bone
meal replacement of 50% fish meal protein group; T2 means meat
and bone meal replacement of 100% fish meal protein group;
Premix'; Master 1% premixed feed for herbivorous fish (Qingdao
Master Biotechnology Co., Ltd., the contents of vitamin and
mineral element is not less than the following per kilogram): VA
3001U; VD5 1001U; DL-a-tocopheryl acetate 1.6 g; Menadione 0.5 g;
Thiamine nitrate 0.5 g; VB, 0.8 g; VB4 0.6 g; VB, 0.0015 g;
Calcium pantothenate 1.8 g; Niacinamide 2.5 g; Folic acid 0.15 g;
D-biotin 0.004 g; L-Ascorbate-2-phosphate 7 g; Inositol 8 g; Fe
12 g;Cu0.4g Zn5 g Mn2 g; Mg 10 g; Co 0.03 g; 1 0.585 mg;
Se 0.01 g and zeolite powder was used as a carrier

#70.03—0.04 mg/L.
1.3 H&EERESKN

SZIG A SRR T YLK 24h, 55 R A K Ak =
R FENLEC10 1 FHMS-222 R % 5, B2 5 ik B IfiL,
43 3EGH0.5 mL I BHR A EDTA K2PUEEF] 1) 25
B (&AM A0S mLIHEDTEE 20 . JEPTE I
RE R4 CUKFE L )5, 3000 r/min, 250> 10minfl] &
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Tab. 2 Amino acid profile of the experimental diets (% dry

matter)
L . Tk Diet
R IR Amino acid M 1 P
WRAHIREAA
A E R Phe 2.18 2.14 2.04
HHA R Met 0.79 0.75 0.68
WK Lys 227 213 1.95
J1 2 B Thr 1.54 1.52 1.41
M Leu 3.76 3.58 3.51
A Rlle 1.61 1.52 1.46
SRR Val 2.10 2.04 1.97
DRAREREMIEAA" 1425 13.68 13.02
I FHEHEEFENEAA
22 5 /2 Ser 1.92 1.92 1.79
B Glu 8.11 8.05 7.76
HAMGly 1.87 2.01 2.06
HZ MR Ala 2.37 231 2.28
B L Cys 0.26 0.33 0.31
REE R Asp 372 3.68 3.51
I S M2 Tyr 1.64 1.58 1.50
H 5 BRHis 1.28 1.28 1.24
K& R Arg 2.83 2.92 2.75
[ % #2Pro 2.59 2.63 2.63
e TR B AENEAA" 2659 26.71 25.83
SERE RS AIZDAAY 16,07 16.05 15.61
BEIEFRETAA 40.84 40.39 38.85

:a. SEAAD TR LR S b. ENEAA TR O & LIRS,
c. IDAABEIRTFRAFER M, HOFAER. &R, RI1&
FRMAER; d. STAAZHRR LA T IF]

Note: a. ZEAA is total essential amino acids; b. ZNEAA is
total non-essential amino acids; c. XDAA is total delicious amino
acids, which include Glu, Gly, Asp, Ala; d. XTAA is total amino
acids; the same applies below

M3 BB EEALEC10 5 f g, W&, FRas 5%
BB E . M A, DU B 2 i 2
ZURNE B WA IR AT, B85 % 280 CUKAH RAF £
F o HoAhszoe 8 @2 are i, £RAEEET
—20°C ORI 6

KAV AR A KR A = AR

J 3 K (Survival rate, SR, %)=2 K a5/ ¥I4h
1 Hx100%;

8 % (Feeding rate, FR, %BW/d)=1a X% A\ T
Vs [$MRR B (R4 1A EE A+ R A )/ 2]

14 7 K (Weight gain rate, WGR, %)=(Z& Rk -
W96 BT A6 7K X< 100%;

8 42K R (Specific growth rate, SGR, %/d)=
[(InZ$ R AR E—Ind)4a 14 5 )/ 1A 7% K H < 100%;

2 % 18K 2% (Absolute growth rate, AGR, g/d)=
(LR A A J )/ ) 7 R 4

1 #} 22 % (Feed conversion ratio, FCR)=$5¢ L
B/ AR E — YR E);

JIEL3# F£ (Condition factor, CF, g/cm’)=(14 = /{4
)% 100%;

JH JE T 45 £ (Hepatosomatic index, HSI, %)=/
BT B/ B X 100%;

N I #8 £ (Viscerosomatic index, VSI, %)= I
/AR EE x100%;

e HE#(Lipid index, %)=/1 5 5 I 1y & /44
Hx100%;

W18 % (Intestine index, %)=% F/A E x100%;

JRLEFi #(Spleen index, %o)=HL T # /14 B x100%
14 H@mo

EURE B A5 ot P Ak - B 5% 2 A0 6 525 <5 95 0 UL
WA, FHZH 2 H R MR 1 DA A4 1850 53

B IR IE: SR kS VE SR S S
B AOAC(2003) bt J5 ¥EEAT M 5E , 40 BTl 7 2K
FAE R FH25(105°C); & BTl E R LK E BiE
DSE 5 B 10700 5 R F 28 Bl vk I 1 5 2K 3 I 5E >R
S48 PR (550°C); &R I 72 >R FH R /K fi#
2, BURERR0.5 g, FH6 mol/LIf 52 F110°C T /K fif
22hid 8 7E 2% 2550 mL, HX0.5 mL 3L 75 - il /F e
s, i FH 4 ] Sykam 22 7] S-433D B S LR 43 Hr A
JEFE il 28 FE IR 2H R A L AF)

I A B AE AR AR e - TR 2R 7 2 I (Alla-
nine amino transtcrase, ALT). K[ J4& % & 74 2
(Aspartic amino transtcrase, AST). H /#H =[5 (Tri-
glyceride, TG). HH[& EE(Cholesterol, CHOL). =%
J¥ 5 & 1 (High-density lipoprotein cholesterol, HDL-
) &% F g & 1 (Low-density lipoprotein choles-
terol, LDL-c). A%k [ (Total protein, TP). HEH
(Albumin, ALB). Bk H(Globulin, GLO). HEH/
K& A (Albumin/Globulin, A/G). IfL¥#(Glucose,
GLU), K 3= H D1 ve 2 2 /R FF AUS8004: H 21 A4k
SHTACGIAT I, AP ALTAIASTAS A FH _E i
BAAE B 22 B 22 PR 7] 557 &, HDL-cHMILDL-
oA WU {58 FH 9T A )RR A e AR A B A ] R
CHOL. TGAMGLUA A iR A 24 TR
A PR 7R &, TP ALBRIGLOAS I F &
A Ab i A R A A R 2wl &

I A= BEFRFR: 40 (White blood cell, WBC)+
2141 g (Red blood cell, RBC). Ifi £ £ [ (Hemo-
globin, HGB). ZL4f i k. %5 (Hematocrit, HCT). 4L
20 B V- 24K FY (Mean corpuscular volume, MCV).
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2141 B ~F- 2 1M1 4155 1 & & (Mean corpuscular hemo-
globin, MCH). £ 4l ffg “F ¥ Ifi. 41 & ¥ % (Mean
corpuscular hemoglobin concentration, MCHC). IfiL
/N E(Platelet, PLT). £L4H 143 77 %5 & (Red cell
volume distribution width, RDW-CV). IfiL/MNR 534
T JiF (Platelet distribution width, PDW). ~F¥ 11/
B /A% (Mean platelet volume, MPV). K4 Ifl /MR
Lt # (Platelet-large cell ratio, P-LCR). Il /M A
(Platelet ocrit, PCT), ¥ FH H A 7 #% 36 FE 4= B 8h 41 iy
AT

WILIAL 5T 4 5 1 SR SE E FTC A A FIMSS -
PROM G # A3CH6: JM, >K F BRIE AR K (EL4£6.35 mm),
X LRI HEAT 2 % R 48 12047 o 1 22 T 35 AT (TP AR X
WSz FHrp R e An L FE s e . BEAE . RH
P FEME. RIEMAFE M, %S08 FE NS
BR[13]. HX € 28 S 0] 28 DL 1 5 30 Sk 350 ) LR B
BB 10 mmx10 mmx5 mmA 7, &R A 3 4
SPATRE A AT, BT 6 T AT I
Eig KB AME TG, BCFSE . TPARKEE S
FONMSLTEE: 1 mm/s; BIEFLREE: 50%; H/NE 77
0.1 N; PR R4 (A1 [A1Re: 5so HERAEH ZE: 200 pps.
1.5 Zitoth

K HISPSS18. 0 it AT Gi it 7 A SEI H ¥
AT T S, T B E, AT BN R
77 2453 HT(One-way ANOVA), FDuncan’s% 1 L #5
RA 7E & S 2 8] 22 5 1R S 25 1, P<0.05% A 22

ST
2 4R

2.1 HEKFAERF A

SIS g RANR 3PN, R B ) 2R R
WEER, AN EKE, FFEAKRENIEERES
RO A TG B 2 M 22 2 (P>0.05) . AR KBEE &
LG 0 2B b 3, HT2 K B E KT
FM#1(P<0.05), TIZH 5FM4]. T2HE R RN EE
(P>0.05). TRl R EbEAE B AR EL G N 2z Tt
%, HT24 0 R ZE0E 2 K TFM4(P<0.05),
TIZH5FMAH . T2 2% 7 A B3 (P>0.05), F<2 M
A PR A 2625 b B2 1)1 Y 3 1 22 ¢ (P>0.05)
22 EEE

FER AT ARTR bR AN 47 o BEAE TRE A A
Ry B B T R, T A A ) P S R R Ok %A,
HT24H B E K FFMAMTIZH (P<0.05), TIH S
FM#H 2 3R 53 (P>0.05) . &b FH 4 [1) 5% 2 i i)
MM NETE . FFRATFE S, JRHe%. Wted. W
R, BEAEFEEOL B3 M 22 7(P>0.05).

R"3 EREMERENIRE R E S KRR F B
Tab. 3 Effects of the replacement of fish meal with meat and
bone meal on the growth and feed utilization of juvenile Furong

crucian carp
FkHADiet

S5 Ind

febrindex FM Tl ™
EILGIUNE
IBW () 17.03£0.06  17.03+0.10  17.02+0.05
25 NUN
FBW (2) 48.32+0.13  47.54+£2.54  47.19+1.37
AR K a al
ORI 11.8120.71°  11.7240.77°  11.56£0.69"
Length (cm)
3¢ 2L
FR (% BW/d) 1.90+0.07 1.98+0.04 2.00+0.03
xR
AGR (2/d) 0.56+0.01 0.54+0.05 0.54+0.03
HEAKE
SGR (%/d) 1.860.00 1.83+0.10 1.82+0.05
WHERWGR (%)  173.4448.59  159.47+5.79  160.21+6.77
TRl ZHFCR 1.15£0.06°  1.25£0.05°  1.26+0.05
G SR (%) 94.4445.09  90.00+6.67  91.11+5.09

T R R IMERHE R, FATEUE AN R AR g
Y BRI % 5 .25 (P<0.05); T

Note: Data presented are means£=SD. Values in the same row
with different superscript letters are significantly different
(P<0.05); the same applies below

T4 BEATHEREMNIXEFRE Y S E RO
Tab. 4 Effects of the replacement of fish meal with meat and
bone meal on the biological parameters of juvenile Furong crucian
carp

& biIndex Tl Diet
FM Tl T2
B33 2 CF (g/em’) 2.93£0.32° 2.94£037"  3.05+0.35"
MIEFEHVST (%) 6.62+0.96  6.36+0.84  6.55+0.96
JHIRREFE 2 HST (%) 1.44£0.24  1.39+0.29  1.52+0.35
JEFEHLLL (%) 0.64+0.43  0.60£0.36  0.60+0.39
Tatadul (%) 1794024  1.72£0.34  1.69+0.23
JAARELILR (cm/cm) 2.43£0.33  2.35+0.45 2.40+0.31
PRI FE ST (%) 0.23£0.07  0.20+0.07  0.22+0.08

23 [iRER

SIS FAnSR SFOR, TR AE R SR e R R
H, S SR i M 21 88 A B R R (P<0.05),
AR [A B AL 22 AR B 2 (P>0.05) o 2 2 S A i)
WA AES . IS8, 29pEbE. a4
YHMT AR, P A, P Ak
B M/RE B AN A TE B S I/ INBR 43 A B
B SEIINRAARFR  RIY I/ bE ERA IfL/NR R
FOUE B R FR2H [ JE 5 35 14 22 5 (P>0.05) o
24 IMFE%EWK

SIS EERANR 6T, T 5% A i 3 45 T AR A
Bl 1Ak R R S B BT 2 R RS, 9B
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Tab. 5 Effects of the replacement of fish meal with meat and
bone meal on the blood physiological indices of juvenile Furong
crucian carp

- T kL H Diet
AbRindex M TI T2
4
5‘65'35%WBC 745.54+88.61 787.97+86.42 767.44-79.90
4T 4 IRBC
10°1) 1474032 1912030  1.83+0.09
@%EE'HGB 71.00£20.51° 102.3348.50° 101.33£7.02°
o7 A e o
({,ﬂﬂﬁthﬁHCT 025£0.07 0314003  0.30+0.06
AR IR S
MOV (L) 170.17433.46 165.27430.13 165.80+36.07
SFHMAaEAE
48.0046.32  55.10413.97 55.33+4.37

MCH (pg)
S8 AT B R
MCHC (gL 284.67424.13 332.67+45.62 342.00£56.40
f]ll(;g;{%PLT 68.00425.91 34.00429.55 52.67+40.80
LY B4 AT T
RDW-CV (%) 22038974 22434950 19304820
/N 53 AT i P
PDW (%) 8004131 807142  9.03+1.62
P /N AR AR
MPV (L) 7574100  8271.64  8.33£0.75
KA /IR EE R
P-LCR (%) 11.8746.59 15434849  16.87+5.27

AR
MMRIEBPCT 0 004010 0024002 0.050.04

(o)

* 6 BAEHEREHMXETERENL & MBS WIRIREIF
Tab. 6 Effects of the replacement of fish meal with meat and
bone meal on the serum biochemical indices of juvenile Furong

crucian carp
~ Tkl ZH Diet

FE#FrIndex ™ 1 g
MEATP (gL)  25.17+1.37  23.70+1.13  23.23+3.06
HEHALB (g/L)  9.27+0.32 9.13+0.23 9.07+1.01
BREEGLO (g/L) 15.90+1.04  14.57+1.02  14.17+2.05
HERELA/G 0.58+0.02 0.63+0.04 0.64:+0.03
BN ENE
ALT (UIL) 6.00+1.00 6.33+2.31 8.00+2.00
B E AN a ab b

+ =+ =+

AST (UIL) 189.00+£22.91° 134.33+35.16" 110.33+30.89
BH/BE b b a
ALT/AST 0.03+0.01 0.05+0.01 0.08+0.02
Tl ek e R
AKP (U/L) 25.67+11.68  33.33+15.04 20.33+6.66
B
GLU (mmol/L) 9.30+1.48 8.13+1.51 9.96+3.57
Hih =g
TG (mmol/L) 1.04+1.42 0.91+0.19 0.98+0.13
I
CHOL (mmol/L) 4.07+0.24 4.22+0.44 4.3140.48
mEEREA
HDL-c (mmol/L) 2.76+0.14 2.95+0.30 2.94+0.43
R&EREE A
LDL-c (mmol/L) 1.74+0.12 1.85+0.37 1.93+0.33

3R =3
PRAREEEIRER T )0 03 0.18+0.04 0.20+0.03

VLDL-c (mmol/L)

FELATIE B 100%, 78 F i 2 B 2 & 0 3 K T X g
H(P>0.05), MTIHSFMA. T2HERALE
(P>0.05). L5 4 P % 2 i/ 45 5 o g 1) LU AR AE
FM. TIUFIT2 = AbER2H A &8 i #a s, HT24
B Em TFMA4LMTI41(P<0.05), T14H 5FM4] % 7
ANEFEP>0.05), FEMENMBEHEH. BREA.
SEH. B, BNEEN. BRI,
EfE. HIh =B, S HERE. =% AR A A
B, R R i A AT P L A % B i B e L
FE/EFM. TIMT2 = AP R HW A B EE R
(P>0.05).
25 BHAENAERESEERERR

VA RN 7HR, 2E 86 LK
3 UK 43 F BAE S LA W3 22 7:(P>0.05); i
FEAFRSEFM. Tl. T2ARIREEAEE, HE
FEANEZE (P>0.05); AR & EFMA 23 = T T14
(P<0.05), T22H 5EMAIT1 2 [A] % F AN 2.3 (P>0.05)..

HMRARER AR IE 8FR, TIHMRKRAR
R, RER. HE®R. NaR. 4R, ER
R, FREAR. 2R, MER. KAHNEAREE
K TFFM4L(P<0.05), TIHKARAR. HEAR. HE
R, EER. =2R. MEARZEETT241
(P<0.05); T24H I H 2= R & 2 I T-FM4H(P<0.05),
HARERY S5FMAR A 5 3E Z 5 (P>0.05),
TEAA. IDAA. STAARIIANTI<T2<FM, HT1&
F/NTFFM(P<0.05), T2 5T1 X T2 5FME4 % F A .
F(P>0.05); FM. T1. T2="MAbFH 4 8] K752
R, 2% M. MER. HER. BER. BE
MR IR A B2 2 7(P>0.05).
2.6 FAafF

W 9 N, FM. T1FIT2 = Ab B 4H S 56 4 L
PIPRIRE R . RSNt MEL OB AN N SRR W B
PEZ2 F(P>0.05), T TURIT2 ZARLELIVL A IR 1k 3 3%
i TFMZL(P<0.05). T141%5 6 14 53 K FFM4
(P<0.05), 5T22 % 7 A .3 (P>0.05), T22H %5 Bt

RT BAEHEREMI KEEE L& T L FLERAIFN
(% LURET)

Tab. 7 Effects of fish meal replaced by meat and bone meal on
dorsal muscle chemical composition of juvenile Furong crucian
carp (% wet matter)

2220 B 1k} 2 Diet
Chemical composition FM T1 T2
7K 4> Moisture 80.91+0.07 81.18+0.04 80.10+0.53
FELAE W5 Crude lipid 0.74+0.03"  0.52+£0.07°  0.6+0.06"
HHEE 1 fi Crude protein 18.18+0.29 17.50+0.34 17.31+0.21
K4y Ash 1.11£0.01  1.10+0.02  1.10+0.02
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Tab. 8 Effects offish meal replaced by meat and bone meal on
amino acid profile of dorsal muscle of juvenile Furong crucian
carp (% wet matter)

kA Diet

5 Amino acid

S IR Amino aci ™ - s

R AW Asp 1.94+0.03" 1.7740.07°  1.90+0.09"
AR Thr 0.83£0.01  0.79£0.02  0.84+0.08
22 5 R Ser 0.76£0.01  0.7120.02  0.77+0.07
BHEFGlu 3.01£0.04°  2.77+0.08°  2.95+0.11°
HERGI 0.9140.03*  0.78+0.02°  0.85+0.04°

y

HERAla 1.14£0.02°  1.01£0.03°  1.10£0.05"
R Cys 0.09+0.01  0.08+0.03  0.12+0.02
#iE W Val 0.93£0.02"  0.84+0.02"  0.91£0.06"
EH B Met 0.55£0.01°  0.50+0.01°  0.54+0.02°
Rl 0.81£0.01°  0.74£0.03°  0.80+0.04™
=R MLeu 1.53£0.02"  1.41£0.05° 1.51%0.06"
B &R Tyr 0.65£0.02°  0.58+0.02°  0.63+0.03"
JE A FPhe 0.83£0.02°  0.75+0.03°  0.81+0.05"
H 5 iR His 0.624£0.02  0.59+0.03  0.62+0.04
R IRLys 1.83+0.07  1.76£0.04  1.83+0.09
FEE B Arg 1.0940.06  1.01£0.04  1.07+0.07
Jif 2 2 Pro 0.58+0.02  0.52+0.04  0.57+0.05
TEAA® 7.31£0.12°  6.76+0.16°  7.24+0.38"
TDAA" 7.00£0.09"  6.33£0.20°  6.80+0.29"
STAA 18.10£0.30" 16.59+0.39° 17.81+0.94"

R BEARTHEREMIXEFERE LS BRI RIF M
Tab. 9 Effects of fish meal replaced by meat and bone meal on
muscle texture characteristics of juvenile Furong crucian carp

- A IDiel
AbRIndex M T1 ™
i F¥ Hardness 25.15£9.58 19.80£5.46 21.39+2.61

1.54+0.22°  2.02+0.17" 1.97+0.29"
10.89£3.09  9.26+2.35 10.60+1.00
16.7245.44 18.84+5.85 20.98+4.20
0.10+£0.04° 0.18+0.05" 0.15+0.04"
0.36£0.05 0.38+0.05 0.39+0.06

# 1% Springiness

Ji% %&b P Gumminess
N g 14 Chewiness

Zhi Bt 14 Adhesiveness
P % M:Cohesiveness

PERFMAL A it i, (22 7 A2 (P>0.05).
3 it
31 BAEBMEBEREMTRZTEME KRR
B

AT FC R BT (R R B K R AR A e 9 BT
WAL TN FEWATE G 5= 5o BT JE A 8
YoSBNVEAL YL R0, 77 & O FE SRR Esh e
iAW A TR ERFE) (GB 16548-2006)F1 7€ H 7]

e i) 2 b TR D TSR DAL JER U] AN A A S A G
a5 b, B AN SR B, AR A TG A F AL i
MG, HAE R DA &2 2R 88— BTt
W AR A A W R BRI PR 4T TE AL
ARER, BTSRRI . B AT B B
FFE A DA bR R, HAY % e fhr (B0
W MEE. mEBUREEEER. HMRE 2 A
HO AR5 75 5 700 H ) R I0 45 45 N 1 . Routt
AU 1 7AN TR R A B8 ) SRR AT T
Rril, W22 ik Ab R 5 P2 R IEREAR T . 2 R A
25 i FF B AV T R e e koK. i Rl
ORI, B EIRHEIIA IR DL HH(TY-FCW-
268 BEA ROR KRR T R EE . DA AE RIm
By BWEHRE SRR V01T QB A g, A
M K. HIn L, £ EERARE S, JE
FE LT FERE B R TR B =, BT A 1R 28 S ek,
JRESE N A ARG E R A B R L3N I B 5
HRAS B 6 FH A DR 45 28 e 5 TR O B O R
THEIREE — R0 0 A FE A i, A R A
A DA A FR AR o5 A AR K b . AR 4R R A )
FH Bk S RE R 1B 251 (GB/T 20193—2006)H1 A
WAL AR E5/(%) AR R 20 B e - — ](=50), —
P (=45), =H(=40); I /(%) bR AER] 7 Bl E -
—I(<33), “H(<38), = (<43)). ALE ik
FH BRI R J5ORHCER 71 )5066.65%, FH R i 13.34%,
IK533.25%, FK45318.25%)H ALK LBl izt v T 4L A
B0 IR DR LA, AT L B R R A T A
PR N5 E IR R B R TR SR
KRR, W E Ry B AR 5 5 6 ) 1R )
50%—100% Uk (Fky 2 B 10% ) I, 22 il 455 7
AR LENE AR TR A AR L 2 A R B
A, AN, B f R L, R T B
RE A8 H R 33%—100% 08 (0K 5 5 12%) 11
ARt A A4 K. Moutinho5" 5%t 45 LI (Sparus
aurata) Wt LR, R B AR FEIS0% Ak & A
(FaR B 8 57.4%) 5 FLAE KA W3 M, T 24 8 AR
100%Fk) B A, HA KRR ZRFE. A
N, FEAN R BRI R, B R & AR 1 A
Jont A KM RE RS 22 S 0K, B S T e S )
HH R A ) 4] E B AR oG, LR AT B SR AT i
PR B S B 954 96 . Nengas25! ™V s26 R I, LA
B AR R B AR AR R A, R R ) P
FERR PIAS R 2 1 29 4 L 8 (Sparus aurata) K K13
TR . RS, B AR R I ZH 1A kL 7E 0 75
IR S BN LB 38 AR B, AT BRI % 5256 1
RIHE B RE FFMME . HIR, SRIET A F K
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=AU % . E5ET In R T REX TR
) 1 7 K B B A

TEASI0 A, 2 25 S AT ) 21 25 B o DR R A
Bk A Er G m 20 BB, LR EE R
100%, HAHWE R EZERTXHA, X5
MoutinhoZ!" % 42 Sk (Sparus aurata)¥R & AR,
G S B AL AR R B A DR AR B AR AR B
Eb A1) B4 48 Jon i B ARG, HL75% B AC 8 K T R 4,
M50% S MRERAEE. AEMEAKEERA
B B AT 50% 88 8 1) At Hopa ksl #5
77 AR 2 S, TR K B AR AR T 5%—100%
i D2 AR R AR S T SRR =y A
Bk B B R A B s R TR R BT e S A SR
BB R L A R R 56 . W& R BT
fifi(Lateolabrax japonicus)¥f T 4L H4y B 4592.30%
(2R R ML TH AL 2 F183.96% 11 RE &R ML TH AL 2,
X T & ¥, 8 E AT RE & IR WTH AR 50 0
77.39%H167.94%. [FIFE, TP 251 a7 g R,
FHRE T RERNTYR. AR, BE.
R R A R RS SRR B AR
WER TGS PRI, R 1
1520% AL, T JFURE I R AR 20 D 7 R ) £ 28
R RS E R R I
32 HAEMBEREMIIEFEEMmAEERE N
fetRsZ M AT

IMAT 8 H 1) 3 ZL D Re L da fa A A7 580, Hak
W H AW pH i — oK. S5 %05 R
LT RE . FEAR LG ) PR B AR R
B, Ae 3 B E 5% 2% M i vy i 21 B KR,
(LTS RS 17 B = v o B N N 2 A
LLE EK TR, —J7 A R T A R T R
TSI IRAR, EARIE AR S E R PR =
B SR PUNRE 775 o — T A R T R H % I
AR EAR TS BN AR 75 2K .

TEASLEG A, JE 72 B 1 35 A S TRE A F 7 &
HETINT 235 BRI, My ALTTE &AL B A G .35 2
Fo ARSI S (R T 45 5L AR 9T 45 S
A, RIE K B AR e TRl R} 1 2k, B IS AS T
TR R S T R R PR, ALT/E &4
BEEF, BREREP A R ARE, ks T
ASTHIALT & &b 5 P& B A A0k LA i 7 v i
O PG, MR A R A B AST) A N2
(ALT) 2 i 25 P JIE 4530 72 2 1) 1 AR 45 4520
ASTHIALT EE A0 T AR A & Fhai s, 4
JH-4 52 B R A0 T, Sl L R AL T F+ 5, 24
AR A BE = I, FFE R AST A B H . 4

PR AS T A AL T S5 175 14 il ) K B s i s HL A 1L 37
W BT, T R R S A 2 A0 R
R38R, 7T LA A LR R AR AR 2R
K 2 SR P P D R A I B A o
33 HARNEMBEREMI FEHE TS
B SN BV

R R B UL AE 3R B4 1) AR
S EN A R =i INA R T 57 N Eow N M At SR
R BE A A A 7K T X 2 2 SRR I D7 2
Em, H50% 5 RAENAMEN SERE KT A
FreH, A U E AR SR RA BE ., K
L, At R, B AR R AR AR
W E & H e fmKsy . HERRZERARE, T
i iZ ¥ T % . MoutinhoZs! i3, 43k Wd(Sparus
aurata) R E R B AA50% L 75% 1tk 2 1 5
Bz B AeEmKy Ko HEARZERANRE,
JE W5 & B ENAE 75 % B AR I 25 PR AR . 0 285 i i
() A4 14 R -5 AR T U i 107 BR 281G Ok, sh At Mg
JO 8 )L I 7 TR v, DAt A AL, P
B R B AR S5 T ) LR T R ) A b o, T
PR e VLR T D R B v PRI A A PRI I
FFYIBR WA, BEah, AR R IR, b %
BRI SERE R B R AR AEUR K P15 T, 5 2 S
Wi b TR R SR R A S R —
(R RRa% . AT St 2qb), £0HE o i rp DA 2
R 5 R AR R ] Sk 5 e L PR R R Ak R
R AT N TR R R A A
AEM G E I TR A0 A 2 5 6 )7
WUa BN FE RS & TR, —THHE T &
AL LA B 2 B R & 2 T B, AR S i
VR FE R 4 B AR G5 53— J7 T8I, S5 Bk vh ]
REBAN T ZHRE. BB B LA I
T BRI S5, 120 1 2 FE R T A e, AT f A 2
EREE T,

SR THI 43 172 (Texture Profile Analysis, TPA)
F2 8 I SO AL ASCABE DL N 10 s PR L g 3 4 SR AR 5 £ i
ARV, ZOTIER AR IEE. SRRl
SERE Lo TR R DT AL A S B PR JOT L A ) 1 R OT
FBe, I B 4 B, B % % LI 15 21 £8P 5
P A LA B B A e 1 S B e e . A RS RH
ML BRME. BIREMMBE N TR R R R
AR TR, BRI 5 T4 08 LA A BB AR 1A
PRI — 2 A O, R i B SRR & &
S IEAE, MR B R A SR E S
B AU, R A S v, 5 A T A
T 52 FEAIC, TG B PRI S 2 BT rT e 5



92 KR R

44 %

FUUKEL T 7 ALK 2R 19 4 3 M O — e AR BE I R BT
J o TPAJRKRIE—EFREE bRt 7 LA i 5 5k
i B = SR S ISR 0% N R et S
FE 25 4F . Mithchell™ i 75 38 B Lk A 0L 2 P
FE AT g, BB, RO I, A R 7R 9 I
FEASZIG oh, 5% AR AR fK 3 1 T S A
D FUL PR e e % B BRI, 0 B R B AR R
—EFRRE LN T A T A, YT T Y
R

4 ZHip

TEARSEIG AT, CATCHE A AL 7= 5 5% A B f
B AR S 2 L5 40y £ ) ) op O B 1, B AR K
RETE & A H2H 7] J0 0 3% 22 5%, ikl RETE100%
BACLH B3 v T A s i v b 4T B B
BEERAEE S TR, Ml h AR &
I S ARk R AR R A B 8 o i 2 PR, IR
HoAt A FE AR AE & A B AV A 5638 22 5 LA 4L
R JT T, 50% AR L AHE i 7 25 2 6l 3 0K 0 HEE
H, HENRAER . AEafR. HER. HER.
HER. BEER. RAER. RER. AR,
FNRR S BT E T XTI, AR 5w, &
ARELLPA F 5 A B e 2 B 2 v T R AL . 4%
A DA b 2 2 A 25 TR AR I O, Mk RN
10%H, S FEAE A K w25 2 2 L ) 2y #61 7)
B 100% K & H .
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Abstract: An 8-week growth experiment was conducted to investigate the effect of dietary replacement of fish meal
protein with meat and bone meal (MBM) on growth performance, feed utilization, blood physiological and biochemi-
cal indices, muscle chemical composition and texture characteristics in juvenile Furong crucian carp (Furong carp$ x
red crucian carpd) [initial body weight of (17.47+2.56) g]. Three isonitrogenous (crude protein: 38%) and isolipidic
(Crude lipid: 6.5%) diets were formulated with 0, 50% and 100% dietary fish meal protein replaced by MBM (desig-
nated FM, T1 and T2). The results showed that, no significant differences were found in weight gain rate (WGR), spe-
cific growth rate (SGR) and feeding rate (FR) among the FM, T1 and T2 groups (P>0.05), while the feed conversion ra-
tio (FCR) of the FM group was significantly higher than that of the T2 group (P<0.05). There was no significant diffe-
rence in blood physiological and serum biochemical indices, except for the hemoglobin (HGB) and aspartic amino
transferase (AST). The HGB content in the T1 and T2 groups, was significantly higher than that in the FM group
(P<0.05). On the other hand, AST showed a downward trend with the increasing proportion of dictary MBM, and the
AST of the T2 group was significantly higher than that of the FM group. The crude lipid content of the dorsal muscle in
the T1 group was significantly lower than that in the FM group. Meanwhile, with the replacement of dietary fish meal
with MBM, the Asp, Glu, Gly, Ala, Val, Met, Ile, Leu, Tyr, Phe, XEAA, X DAA and XTAA contents of dorsal muscle
were decreased, while the elasticity and adhesion of dorsal muscle were increased. In summary, MBM is an acceptable
alternative animal protein source for Furong crucian carp, and 100% dietary fish meal could be replaced by MBM
without significantly adverse effects on the growth of Furong crucian carp.
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