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5 AR My Joi 1) 2 BR 5 HE R sE T Wen S5 AESE
KUY, BRI AN E A &, PR
WL ek, dE T elcst 2 LY BRALRAIE . SR,
KT fa LA &R . L2 A% R A PUFA
A5 UL ) S5 F) 5 T AT Bt DA 3

T A0 R [ R A R B R RO 28, RS
0D o 2 S A A U] e R L PR L TR A
FBACRETE, WU i s 2 2 . SR T IR A
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FRAE G BRIV e B AR o
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1.1 SEEfERt

AR S 5 74 S 06 = i A A A TR — A s
SR, RS DR T S O DL ok AR
A i oAy 32 2 R C B b ARk, 43 i) 1) Bk
Rl iRk iR B M B 2 — &80 (NaH,PO,4-2H,0, AR) Fit
il 6 4SBT kL, 6 4 S IR AR b S B i
M 23CREEINZ). 4.0, 5.6, 7.6, 9.2 F111.0 g/kg.
R 74 S 56 i A 52 T A TE AR SE 5, 6 4 S5 1)
R SO S R4 0.95CR AN . 2.46, 3.96,
5.68. 7.10 i1 8.75 g/kg™, FEAli ] ek 4 Al 12 B FR K
P 1,

1.2 [AFEE

SRS AE V)1 A lh K2 B Wy 8 SR AT BT K A 3
YrEFR s i T . R 4 FYIFEE, %k
BT TR A (256.22 +0.60) g [AfEEELfa 540 JE,
BEMLA 2 18 N PAH , AN MIAE 30 &, 43 5 i e
KR 7K A 55 B SE 56 1Rk 60 d FAl 3R HEL S 18
AR S 06 2 i IR AT R ST A0 A B R AT, B AR
TE PP 4 VK, 25 R K R pH 23 S 4 5 AE
(27£2)°C Fl 7.2+ 0.4, FRFHK A A R85 &
435> 6 mg/L Fl < 0.054 mg/L",

1.3 #H@mEE&E

LA S, AL 12 B A, R
A S0 A R S T R WL R A, RIDFR R
PRI | SR it R R A ZE ML A RE A (ML LA
G 2k AR 1R ML LY TS L),
WA S VR BT AR KA (—80 °C)h AT
FRItet RS, HGHCR A ML ARG CRAET
(il Zemy, T pH, 380105 ZE AR e
[Fl—f645, ME B WLIA EALAR TR o
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Tab.1 Composition and nutrient content of basal diet

JERE HE/ (gke)

Ingredients content
¥ fish meal 40.00
Ft&EH  casein 146.00
B gelatin 66.00
FOREEH  rice gluten meal 153.80
o-JER a-starch 240.00
TR corn starch 162.20
il fish oil 29.00
KEH  soybean oil 9.30
I4EF  cellulose 50.00
YL Z TR Rl vitamin premix ' 10.00
T EIERL  mineral premix > 20.00
i 7ivEEl  monosodium phosphate mixture * 60.00
FALIEAL (50%) choline chloride 10.00
DL-#%E (99%) DL-Met 2.60
L-(W & (99%) L-Trp 0.60
A FEER (30%) ethoxyquin 0.50
&1t 100.00 307.10
BHIKF  nutrient levels 307.10
MEE  crude protein * 307.10
HUIRNS  crude lipid * 55.10
n-3° 10.40
n-6° 9.60
M total phosphorus 2.30
H 3% available phosphorus ° 0.95

W LT RgEERTURRS: 44 RABERES (500, 000 IU/g),
2.10 g; VD; (500, 000 IU/g), 0.40 g; DL-oE & ME RS (50%),
12.58 g; VK;(22.9%), 0.83 g; VB, (1%), 0.94 g; D-AEWE 2%),
0.75 g; M2 (95%), 0.42 g; FHERHRNZZE (98%), 0.09 g; VBN
(95%), 4.31¢g; MR (99%), 4.04 g; WIEE (98%), 19.39 g5 D-IZHR
5 (98%), 3.85g; HIE (80%), 0.73 g; 4EEFB6 (98%), 0.62 g;
MEKEMIHRAE kg 2. BTG WFHREE: MnSO,-H,0
(31.8% Mn), 2.6590 g;: MgSO,4-H,0 (15.0% Mg), 200.0000 g;
FeSO,4-H,0 (30.0% Fe), 12.2500 g; ZnSO4H,O (34.5% Zn), 8.2460
g: CuSO,-5H,0 (25.0% Cu), 0.9560 g; KI(76.9% I), 0.0650 g;
Na,SeO; (44.7% Se), 0.0168 g5 A T RIEMIHFTE k. 3. BT
B TRVRARL IR T (0 B — SN R B A A B L S A
—8, ARG, 4. &R QARG DT 9 & 20 e 1E .
5. n-3Fn-6 & B SCHR[5]. 6. A BBHE I (g e

Notes: 1. Per kilogram of vitamin premix (g/kg): retinyl acetate (500,000
1U/g), 2.10; cholecalciferol (500,000 IU/g), 0.40; D, L-a-tocopherol
acetate (50%), 12.58; menadione (22.9%), 0.83; cyanocobalamin (1%),
0.94; D-biotin (2%), 0.75; folic acid (95%), 0.42; thiamine nitrate (98%),
0.09; ascorhyl acetate (95%), 4.31; niacin (99%), 4.04; meso-inositol
(98%), 19.39; calcium-D-pantothenate (98%), 3.85; riboflavin (80%),
0.73; pyridoxine hydrochloride (98%), 0.62. All ingredients were diluted
with corn starch to 1 kg. 2. Per kilogram of mineral premix (g/kg):
MnSO,-H,0 (31.8% Mn), 2.659 0; MgSO,-H,0 (15.0% Mg), 200.000 0;
FeS0O,4-H,0 (30.0% Fe), 12.2500; ZnSO4-H,0 (34.5% Zn), 8.2460;
CuSO,-5H,0 (25.0% Cu), 0.956 0; KI (76.9% I), 0.065 0; Na,SeO;
(44.7% Se), 0.0168. All ingredients were diluted with corn starch to 1 kg.
3. Monosodium phosphate mixture: premix was added to obtain graded
levels of phosphorus. 4. Crude protein and crude lipid contents were
measured value. 5. n-3 and n-6 contents were calculated according to
reference [5]. 6. Total phosphorus content was determined according to
the method of the AOAC (2000), the value of available phosphorus was
calculated based on the digestibility of basal diet as determined in the
digestibility trial according to our previous study™!
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14 AAEMBRSFARSH

WL K5y M&EE . HERD MALRR & i, M
WESYI ), Z8E ML . pHIE . NINHZIEARE B
L W& MES BSCERY 0778 . LR R I 2R & i
Z RSO T3k o LR i B 2 5 1R R 2 B
MR O i e 2 BRSO 7 1. LA 2R A% 1 R
(0 5 2 BESCHRY™ Tk
1.5 GERRSETHE(E (taste activity value, TAV) I+ &

K TAV 3 DF U BN 125 2 B R o 2B K )
LA LRER I TTRRY . TVA FEEE G & Rk
JoT A I A (5 2 P B e R (2 L, TAV=12 R4
I3 T B/ R A 53 L
1.6 HIESH

SR SR FH SPSS 18.0 14T BALIK K 7 224y
#T (One-Way ANOVA), 454 Duncan [G X4
PIATZ E L, Bl R P AR E2EROR

2 4

2.1 BXAEKEEAINRNENEFRKS BN

Az I B L PR RE B 1 RIK 43 B e B ARDRH A
RO P HE NG 2 2 52 (P < 0.05), 44aBHA &L
WK 43 B3 2.46 F13.96 g/kg i, WLAKE
IR & AN AT i 4w (P> 0.05) (R2) .
Az A A L PR R ek B DR A A KT 3 T
T BRI (P < 0.05), YA 50l /K - 348 Jin 2]
5.68 g/kg I5F, WLIANG W7 & 2 A FA B 35 A (P>
0.05).

22 BMERKHESNRARSHNEE

AR LAz E . HEE AN B I
P LR i B AR A Al A S 3 o T 2 e AT

(P <0.05), 1R R K23 500 35 ) 3.96 .
5.68 Fl1 3.96 g/kg W, Az R A0 LA 28 & 1 2K
YILVER G B e . FLIRR & AN TR TR R AL
3G T REAR (P < 0.05) (3% 3) o DR R %t
Az L PR B U0 ) RS R L T A 5
RS T m R R, SRR A KT 43
H12h 3.96 1 5.68 g/kg B, A HIE A4 LA 5 D]
MAUE A B L 3Gk B 5/ ME (P < 0.05), FifEZ
Wb o AR B A LA pHoy, T pH o, B RV
R /K- HE T 2 2 42 (P < 0.05), 44aeHA &L
WK EHE N3] 8.75 g/kg i, A K HL A LA pHoy,
KRB KAE (P <0.05), YiapkHa kK 7 18 n 2]
3.96 g/kg i, AERWIF AN pH, o, AR (P>
0.05) BT A= 4 1 2o £ JIL PR 35 M 2R %k 1) 52 T
S8 U) ) LR R L WS AR, Y
B SO K E 3k 3] 5.68 g/kg I, AR B fa L
PR PR I R 7 i3k B KA (P < 0.05),

23 BMEKHAEGIRABERERSEN
A

A U A L PR i R R R S R R R A TR
(aspartic acid, Asp) FIFZ R (glutamic acid, Glu),
TR IR H Z R (glycine, Gly). NZM (alanine,
Ala) M Z M2 (proline, Pro). T B/ T 24 W2 45
FIR (valine, Val), fEZ 2 (methionine, Met), %%
% M2 (leucine, Leu). <N % B2 (phenylalanine,
Phe) Fll % B /2 05 75 2 BE 2 2 2412 (histidine, His)
BRSO STHEINTT R2E 4R  (P < 0.05),
G ARRHA ROE K2 BN E) 3.96. 3.96., 3.96,
5.68. 3.96. 3.96. 3.96H13.96 g/kg fit, A W5
tH LAY Glu, Gly., Pro, Val, Met, Leu. Phe
1 His 75 AN P BE DR A 2508 i) 14 I 42 = (P >
0.05), H. 2.46 g/kg 1R KHA RO 7K - 4 LA Ui 25

®2 BMEKHAEGINAEHAETRIHE

Tab.2 Effect of phosphorus on muscle composition and flesh quality parameters of young grass carp

(wet weight basis, %)

VAR %K F/(g/kg)  available P in the diet

0.95 2.46 3.96 5.68 7.10 8.75
F|AM  protein 18.41+1.18° 19.25+1.01% 19.77+1.12° 19.96+1.46 20.69+0.98" 19.91+0.53"
Heli  lipid 4.82+0.40° 4.3440.30° 3.84+0.28° 3.41+0.27° 3.61£0.20" 3.29+0.27°
/K4 moisture 71.41£2.18" 72.21+1.50® 73.33+1.26™ 74.96+1.39° 73.69+1.07" 74.72+0.94°

T SERRHURE AP B AR EZE RN (n=6), R D EAT R EANG FEERORZ R W #E (P < 0.05). FEIF

Notes: Values are means + SD (n = 6), superscripted different letters in the same row are significantly different (P < 0.05). The same below
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*3 BNEKBESANARSHENZNCEE, %)

Tab.3 Effect of phosphorus on muscle composition and flesh quality parameters of young grass carp

TR 2 K F/(g/kg)  available P in the diet

0.95 2.46 3.96 5.68 7.10 8.75
B17] 73/N shear force 1.20+£0.05" 1.13+0.10" 1.07+0.06" 1.08+0.08" 1.15+0.06™ 1.19£0.05
I/ % cooking loss 13.35+1.08° 10.42+0.83° 9.10+0.89° 9.03+0.62° 9.04+0.32° 9.03+0.60"
pHo, 6.90£0.05° 6.91+0.11° 7.02+£0.07" 7.01+0.08" 7.01+0.05" 7.06+0.17°
pHyap 6.29+0.12" 6.30£0.12° 6.46+0.09° 6.45+0.09° 6.45+0.12° 6.48+0.14°
FLER/(mmol/g protein) lactate 2.60+0.17° 1.95+0.16° 1.58+0.07* 1.44+0.11° 1.50+£0.11° 1.48+0.10°
HYUE (B / (U/g protein) cathepsin B 5.03+0.44° 4.47+0.23° 4.17+0.26° 3.68+0.36° 3.78+0.34° 3.61+0.25°
HAUE ABEL /(U/g protein) cathepsin L 2.42+0.18° 2.22+0.14% 1.93+0.18° 1.89+0.15° 1.97+0.17° 2.02+0.19®
¥l =B/ (mg /g tissue) hydroxyproline 0.46+0.04° 0.50+0.04 0.60£0.05° 0.63+0.05° 0.59+0.06° 0.51:0.05°

e SR HURE A B EAR RN (n=6), g D EAT R IRA NG FRERORZ R R #E (P < 0.05). FEIF

Notes: Values are means + SD (n = 6), superscripted different letters in the same row are significantly different (P < 0.05). The same below

His & & 5 HAL & 4H 22 % A 0% (P> 0.05); 417
A K205 0 3.96 F15.68 g/kg I, WLPE
25 Asp Fl Ala & 5t 73 5l iA B KAH, Bl 32 W %
K (P<0.05) (R 4) o AR L PR i 5 Atk
T HE TR 75 Z PR (threonine, Thr) 142 % M2 (serine,
Ser) Fl77 bR /2 00 75 & LR K A PR (arginine, Arg)
ot WD R KT8 i 3 S B AT 4 v Y
FH (P <0.05), kA 8K 53508 5.68.
5.68 1 7.10 g/kg I, JLIAJFES Thr, Ser #l Arg &
AT NE R/ MA, RS E R, R R A
JUL PR e B8 i e /0 T B B R Lys 7 12 B 1 B A R
(R HE T FAIG (P < 0.05), 41REHG R8s K754
F 5.68 g/kg i, A RKIHFL ML Lys & aA
- B Ak AT A B 8 0 T BE AR (P > 0.05). BEAR,
9t 0 R v R O L PR U R A A R
RTOR R . IR ESEER . BRI . BT R
FEPRFE LR & (P < 0.05), YRR Rk KF
Ay RIBEANE] 3.96. 3.96. 2.46. 3.96 F13.96 g/kg I},
AR LR i A B R SRR . TR AR
P I 2 i i R R T 5 AN L T R A 5l 1 34
Jnmi4E e (P> 0.05), HEEHG R K-y 3.96 I,
JUL PR U0 5 A 00 T R B R 1 S B IR KA . WX R
KR LN 7 R FE R e, Tyr FLE TR &
FERR S AT R (P> 0.05),

24 BXMEKAEGINAERZFRSEN
A

g, BRI R AR K L L
R (inosine monophosphate, IMP) & & (P <0.05),

https://www.china-fishery.cn

R R R KR E] 3.96 g/kg B, AR
fMALA IMP & il Bl KE, H5 2.46 gkg 1k}
BB EHZER AL E (P>0.05) (E1) .
2.5 BATAEKEAE&ALA TAV RN

TR AN [] 7K A St AR Ak 1 A A s LA
e B R SR Asp. Glu, FWRZSERR Thr. Ser,
Gly. Ala. Pro, ¥R/ FFEIRR Val, Met, Ile,
Leu, Phe fll Lys, % Ik /2P 0 77 2 2R Arg 1Y)
TVAB/NT 1 (£5) o R ARR KA ki
Rk I A R Y B0 UL PR 5 0 OR /A T 2 R R His 1
WL S BEZ A IR IMP B TAV KT 1, H2YA%L
WK 7.10 F1 3.96 g/kg falkHAT, Az K3 HE4a L
DAL i B e R /b T A IR Hiis 0 AL Y S5 R A 1R
IMP [ TAV 435k 8K AH . BhAh, FRRASRE K
S A Ak 11 A L PR i L R R A
M (fF Wk 22 Jk R AT ok 2 SE)TAV K+ 1, H
TAV Bifi 5 DR 08 K- B 4 5, 44kt
B KRN E] 5.68 g/kg B, A KA LA
SRS R E LR TAV IR B
2.6 WEXTAEKEAE G ARG AR & E A2

A KB B LA TR B e R R R R
(palmitic acid, C16: 0), hfJEHR (stearic acid, C18:
0). — 1+ kM (behenic acid, C22:0), —+ =FHk
fiR (tricosoic acid, C23:0). iHFR (oleic acid, C18:1
n9c) A FIPE R (saturated fatty acid, SFA) & i
Wi G} A A5 7K ST 1 2 T 3 PR AR (P < 0.05),
YA B3 3.96, 3.96, 3.96, 2.46, 2.46

R E K224 F 7/ sponsored by China Society of Fisheries
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Tab. 4 Effect of phosphorus on muscle free amino acid contents of young grass carp (mg/100g)
A, TARE 2K F/(g/kg)  available P in the diet
amino acid 0.95 2.46 3.96 5.68 7.10 8.75
R IEER  umami amino acid, UAA
REHME  Asp 2.44+0.23" 2.70+£0.29" 3.6140.21° 3.30+0.23° 3.16£0.29° 3.05+0.14°
BHE®  Glu 3.08+0.16" 4.24+0.30° 5.29+0.31° 5.53+0.31° 5.32:+0.40° 5.58+0.46°
FHBRZJEER  sweetness amino acid, SAA
HEE  Thre 18.65+1.80°  18.18+1.48°  16.76+1.29"  14.05£1.23"  14.96£1.30°  16.71+1.05"
2B Ser 8.91+0.62° 7.09+0.60° 5.82£0.51°  4.97+0.36" 6.65+0.54° 9.47+0.63°
HA®R Gly 38.91+£3.35"°  42.16+3.89°  47.22+4.75°  47.83+4.56°  48.53+2.58"  49.30+4.62"
WER Ala 36.43+3.40°  42.36+3.86"  49.78+4.15°  53.00£1.90°  4531+2.67°  42.86+3.09"
JZE Pro 10.01£0.74*  10.64+1.04°  12.03+1.16°  11.88+1.28"  12.78+0.53"  12.01+1.27°
T LR bitterness amino acid, BAA
AR Val* 16.82£0.48"  21.73+0.97°  23.90+1.87°  26.93+3.01'  26.89+1.00°  27.48+1.47°
HEM  Met* 11.7142.16°  21.4042.03°  26.87+3.48°  26.32+2.36°  26.10£3.91°  26.56+4.03°
FER  Tle* 19.56£1.45°  20.54+2.03*  20.06+£1.59°  21.38+1.54"  21.35:1.30°  20.74+1.90°
SEM  Leu* 15.69+0.82"  18.84+1.78"  24.4242.43°  25.05£2.20°  2537+1.71°  25.15+2.34°
F&a e Tyr 25.0442.18°  25.82+2.46"  23.9242.23"  23.27+1.88°  24.14+2.40°  23.91+1.60"
RN Phe* 20.10£1.32°  25.59+2.46"  31.25£1.95°  30.79+1.61°  31.04+£2.15°  31.17+1.28°
R Lys* 37.7243.54°  35.03+3.30°  27.17+2.04°  19.46+1.22°  19.62+1.59"  20.85+2.08"
HEER His** 150.54+13.34" 158.18+10.93" 166.52+9.37° 168.74+8.03" 169.95+14.20" 168.59+£10.25"
HER  Arg+* 22.49+1.18°  20.56+1.62° 19.05£1.87°  14.33+1.39"  1227£1.20"  12.92+1.26"
SUAAs 5.52+0.30° 6.95+0.46° 8.9+0.29° 8.83+0.37° 8.48+0.56° 8.63+0.50°
YSAAs 112.9+4.67"  120.44+7.45°  131.6+4.67° 131.72+3.08° 128.22+2.91° 130.34+4.52°
YBAAs 319.67+15.89" 347.68+16.99" 363.17+11.99" 356.26+11.48" 356.73£16.10° 357.38+8.95
SEREIR  flavor amino acid(UAAs+SAAs)  118.43+4.68"  127.38+7.5° 140.544.71°  140.55+3.13°  136.7+2.46° 138.97+4.61°

YEAAs* 140.25+3.50°
YHEAAs** 173.04+13.21°
D AAsHEE 438.10+11.93°

161.31+8.14°
178.74+11.20°
475.07+18.01°

170.44+4.20°
185.5749.93"
503.67+15.16°

163.98+6.40"
183.07+8.28"
496.82+8.67°

165.33£5.07"
182.23+13.93"
493.43+16.63°

168.66+5.11"
181.51+10.19°
496.35+10.91°

e FRTEER, LB TEEAER, REARERY. TR

Notes: *essential amino acid (EAA), **semi-essential amino acid (HEAA), ***total amino acid (AA)™. The same below

N
o o

‘T‘ be ab ab

[T e
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N W
oS o

10+

WAL Z/(mg/100g)
MP
S

246 396 568 7.10 8.75
VAR 20/ (g/kg)
available P in the diet
1 Bxt4KHRE&JBAEER IMP) S 20N
SIS KR P AR HE 22 R OR (n=6), BT AT R AR A F NS 7
RERIRZEF B (P<0.05)

Fig. 1 Effect of phosphorus on muscle inosine mono-

0.95

phosphate (IMP) contents of young grass carp

Values are means + SD (n = 6), superscripted different letters are signi-
ficantly different (P < 0.05)
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F13.96 g/kg i}, HoE AN FHEEASWE KT E R
(P>0.05) (£ 6) o A A I fa L DA 3% 25 Ak ] i
Fi (palmitoleic acid, C16:1). IR (linolelaidic
acid, C18:2n6t), o-WJ}RFR (o-linolenic, C18: 3 n-
3). y-_ Bk =#MR (y-eicosatrienoic acid, C20: 3 n-
6). TR HIHER (eicosapentaenoic acid, C20: 5 n-
3, EPA)., 1 " Wk/NJMR (docosahexaenoic acid,
C22: 6 n-3, DHA) DL S S (A F G G 2 (unsat-
urated fatty acid, UFA)., Z A HIENIIER (polyun-
saturated fatty acid, PUFA). n-3PUFAs. n-6
PUFAs 7% £ Ml n-3/n-6 PUFAs L {f bl % 17 K} A 5%
BEACERE By, SRR R 7K SF- 43 500 38 fin
F2.46, 2.46, 3.96, 3.96. 5.68. 3.96., 3.96. 3.96,
3.96. 3.96 il 5.68 ke I, Ho Ay k7R P B i
RO K- B RN T 2 2 B (P> 0.05),
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1962 KoE R 46 £
x5 BXEKEEE AN RERIEMEE (TAV) FFN
Tab.S Effect of phosphorus on muscle TAV of young grass carp
VAR R WA/ (mg/100 @) FARH 2K F/(g/kg)  available P in the diet

taste compounds taste characteristics threshold 0.95 2.46 396 568 710 8.75
REAMR  Asp fR/4+  umami 100 0.02 0.03 0.04 0.03 0.03 0.03
BEE  Glu R+ umami 30 0.10 0.14 0.18 0.19 0.18 0.19
JIEE  Thr Hok/+  sweetness 260 0.08 0.07 0.06 0.05 0.06 0.07
25 Ser Eiik/+  sweetness 150 0.06 0.05 0.04 0.03 0.05 0.06
H&R Gly FHWR/A+  sweetness 130 0.30 0.33 0.36 0.37 0.38 0.38
WEK  Ala Hek/+  sweetness 60 0.61 0.71 0.83 0.88 0.75 0.71
Jii %R Pro fk/+  sweetness 300 0.03 0.03 0.04 0.04 0.04 0.04
HERR  Val Fik/—  bitterness 40 0.42 0.54 0.60 0.67 0.67 0.69
HEB  Met Filk/—  bitterness 30 0.39 0.71 0.90 0.88 0.87 0.89
FREAR e Filk/~  bitterness 90 0.22 0.23 0.22 0.24 0.24 0.23
SR Leu iR/~ bitterness 190 0.08 0.10 0.13 0.14 0.13 0.13
FEEIR  Tyr TR/~ bitterness

KA Phe Filk/—  bitterness 90 0.22 0.29 0.35 0.34 0.34 0.35
#aEm  Lys TR/~ bitterness 50 0.76 0.70 0.54 0.39 0.39 0.42
HE R His TR/~ bitterness 20 7.53 791 8.33 8.44 8.50 8.43
HaER  Arg TR/~ bitterness 50 0.45 0.41 0.38 0.29 0.25 0.26
WIAFER IMP fifk/+  umami 25 1.97 223 2.69 2.62 2.29 2.31
Y ERE SR [ESaTilNaS 1.20£0.06"  1.35£0.09°  1.55+0.07*  1.60£0.03°  1.48+0.03°  1.48+0.06°

flavor amino acid umami + sweetness

3 Wie

31 BMEKHESNAENEFRSEHBRM
ARSI

BEZ Hae S RIS BT . IR AL,
52 6 30 ) %) 28 1 R g 7 ) AR LA R
R % i NSRRI GO oy T N
SLEe il EAKEA SR T AR R LA
HLEE FURIK o3 & 5, BRAR T UL RORLAG D5 & &
XSTER M K E AT (Cyprinus car-
pio) FIBFFEZE RS 20, AR, 5ol
MM, Wiz HEaLNIEN & & WER S,
51 B 8% (Melanogrammus aeglefinus) F1R P 4R
fifi (Bidyanus bidyanus) I FBFFE 45 R —2 T
JULPR R s 25 P52 o LA 6535 KUK ), it 22 1 R
iR 2 S BB LN R EE TR, BTN EROT 7
ST S 4 1 1< NP R = e e s RS R
it ATP SRS B TR TG Ak, #Fmi e i 2RI
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PRI NSRLA B-SA A A

JULPA B E T FH BT D) 1k e e ™, kst , 35 4]
Ty £ LA BORE B AR G R P AR SR A
W, T ECEA RO AR T AR A AR L BT
Uy, BEMTSE TP BE . Moreno 45T AR,
LA BCRE 5 M D B I A O, TR I 2 R
i ] [ S Rt LY R IR O i AR SRS
KB, B EAKCEA S T AR R A LA
FEMRAETR & . AR IR SCMALP il T 5 —
TARR, HEEW NI RS . 2R E R,
LA 220K T3 RN T HZE B Rk i, 288 Bk
SHLARK RO KRS AL, S5
KA RO AR T A R R AR LA 2 R R R
fw TR FOKTr . LA ZR K g ]
RE 5 H U G MR OB A 56 ARTTEIAN,
HAEHMEB L LZY T AU 4 A MK
HEHBFEM, WTBIR T LA 4E s i m e 5
PETT S B LA K )RR, RS, i
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Fo BWEKHMEGNANEERRSENZME
Tab. 6 Effect of phosphorus on muscle free fatty acid of young grass carp (%)

TR B K F/(g/kg)  available P in the diet

M

free fatty acid 0.95 2.46 3.96 5.68 7.10 8.75
PR myristic acid (C14:0) 2.00£0.05° 1.93+0.09°  1.87+0.06' 1.88+0.01° 1.87£0.09" 1.89+£0.07"
+FiBkE  pentadecanoic acid (C15: 0) 0.18£0.00" 0.18+0.01°  0.17+0.01° 0.1740.01° 0.17£0.01"  0.17+0.01°

KiHAER  palmitic acid (C16: 0)

22.58+0.73° 21.48+0.45° 20.43+£0.54" 19.96+0.16" 19.49+£0.51* 19.55+0.38"

+-LR%ER  paturic acid (C17: 0) 0.13£0.01*  0.13+0.01°  0.12+0.01°  0.12+0.01*  0.12+0.01*  0.12+0.01°
WENGHR  stearic acid (C18: 0) 3.85£0.08°  3.58+0.23"™  3.36+0.16" 3.23+0.13" 3.42+0.11° 3.50+£0.21°
fE4:8  arachidic acid (C20: 0) 0.13+0.01°  0.13£0.01°  0.14+0.00"  0.14+0.01°  0.14+0.01°  0.14+0.00°
ZF—#kHR Heneicosanoic acid (C21:0) 0.05+0.00"  0.05+0.00"°  0.05+£0.00°  0.05+0.00"  0.05+0.00"  0.05+0.00°
~+—H behenic acid (C22: 0) 0.58+0.03°  0.50+0.06"  0.46+0.03" 0.42+0.03"  0.42+0.02"  0.42+0.04"
Z+=HkR  tricosoic acid (C23: 0) 0.90+0.09°  0.82+0.06™  0.74+0.07*  0.75+0.07°  0.74+0.05°  0.74+0.07"
@%%ﬂm myristoleic acid 0.1140.00°  0.10£0.01*  0.10+0.00°  0.10£0.01*° 0.10+0.01*  0.09+0.01°
FERIHER  palmitoleic acid (C16: 1) 8.11£0.23*  8.49+0.07" 8.89+0.51" 8.94+0.62" 8.96+0.46"  8.90+0.20°
+-LJ#ER  heptadecenoic acid (C17: 1) 0.18+0.02°  0.19+0.01°  0.19+0.01°  0.20+0.01*°  0.20£0.01*  0.20+0.00"
SHMER  elaidic acid (C18:1 n9t) 0.19+0.02°  0.20+0.01°  0.22+0.01°  0.22+0.00°  0.22+0.01*  0.21£0.01°

MR oleic acid (C18:1 n9c)

38.13+1.22° 37.21+0.59" 36.08+0.79" 36.18+0.59" 36.35+1.46" 36.34+0.81°

P44 arachidonic acid (C20:1 n9) 1.31£0.14  1.33+0.06"  1.36+0.03° 1.35£0.01°  1.34+0.03"  1.38+0.02°
- ZHRIER (C22: 1n-9)docosenoic acid 0.04£0.01"  0.05+0.00°  0.05£0.01*  0.050.01°  0.05£0.00°  0.05+0.00"
Z+DURRMEGER  nervonic acid (C24: 1n-9) 0.03+0.00°  0.03£0.00°  0.03£0.00*  0.03+0.00°  0.03+0.00°  0.03+0.00°
TiHER  linoleic acid (C18:2 néc) 0.02£0.00"  0.02+0.00°  0.03£0.00"  0.03+0.00"  0.03£0.00°  0.03+0.00"
IR linolelaidic acid (C18:2 n6t) 8.84:£0.01°  9.30+0.27" 10.02£0.30"  9.94:0.23" 10.01£0.54"  9.96:0.64"
ZARR IR decosahedaenoic acid (C20: 2) 0.39£0.01°  0.39+0.01°  0.39£0.02" 0.41+0.02"  0.41£0.01°  0.40+0.02"
TR CHEER docosadienoic acid (C22: 2) 0.21£0.02°  0.23+£0.02°  0.23+0.02°  0.25+0.02° 0.25+0.01°  0.25+0.02°
y-E ik & y-linolenic (C18: 3 n-6) 0.13£0.00°  0.12+0.00"  0.12+0.02"  0.13£0.01*  0.13+0.01°  0.12+0.01°
-V kiR o-linolenic (C18: 3 n-3) 0.62£0.04"  0.70+0.06"  0.78£0.05" 0.82+0.02° 0.81£0.05°  0.79£0.03°
Y- =B =JHR y-eicosatrienoic acid (C20: 3 n-6) 0.39+0.00°  0.43+0.02"  0.48+0.01* 0.50+0.03* 0.50+£0.05°  0.48+0.06™
a- ik = 4R a-eicosatrienoic acid (C20: 3 n-3) 0.05+0.01°  0.05£0.00"  0.05+0.00"  0.06+0.00°  0.06+0.00°  0.06=0.01°
R FMGER  eicosapentaenoic acid(EPA, C20: 5 n-3) 1.06£0.03*  1.23£0.05°  1.28+0.04°  1.45£0.02° 1.42+0.02° 1.424+0.06°

T TRONHEER  docosahexaenoic acid(DHA, C22: 6 n-3)
WATNEIG  SFAs

AEARITE  UFAs

AR MUFAs

ZAMLRENIE  PUFAs

9.75+0.69° 11.13£0.74" 12.36£0.34° 12.64+0.74° 12.7240.39° 12.73%0.16°
30.4240.93° 28.80+£0.14° 27.34+£0.49" 26.73+0.08" 26.42+0.58" 26.57+0.30"
69.58+0.93" 71.20£0.14° 72.66+£0.49° 73.27+£0.08° 73.58+0.58° 73.43+0.30°
48.11£1.51" 47.59+0.71° 46.91+1.16" 47.06+0.85" 47.25+£1.05" 47.20+1.00°
21.48+0.66" 23.61x0.61° 25.75£0.74° 26.21£0.80° 26.33£0.51° 26.23£0.73°

>n-3 11.49+£0.67" 13.12+0.84° 14.48+0.42° 14.97+0.77° 15.01£0.35° 14.99+0.17°
> n-6 9.38+0.02°  9.88+0.25° 10.65+0.31" 10.59+0.25" 10.67+0.53" 10.58+0.60"
PUFA/SFA 0.71£0.01°  0.82+0.02°  0.94+0.02° 0.98+0.03'  1.00£0.01¢  0.99+0.02°
n-3/n-6 1.2240.07°  1.33+0.12°  1.36+0.02" 1.41+0.08" 1.41+0.08" 1.42+0.08"

P A RO R AR 1 A K0 £ L PR 12U 1 il
B HI L {1k, pH ZR MMM ST — S
B, pH T IS B AR i £ L P 2H 21 e i i
A, RN E A REEE L, i/
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WLRK 3 A7 25 1), s L K 233 2k B A
YA, TEEKPA R AR T A R R A L
WILR & &, A2UEAM B M L EME, &5 7L
P pHy F1 pHypo HLPA pH YR B AT BE 5 U I
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1964 KopE OE R 46 45

PEAT TR S S EEFLR MR BA K. AR
WH5Eihh, BB DAL FLIR & & S5 LA pH
BHAMRKR . ALEETR TR, EEACFARL
BRREAR T A KR LA FLIR A R, X W] BE 5
Z 5Re A T ATP AR, ST T LA
240 0 1) T AT R A AT

32 BWEKHEGANAXNKYIRERLESE
OEA )

AU 2 0 LA BT ) — TR AR b,
B ER 0 LR KR AR ) BT A AR R B e,
58 1 R P RO 8 R M 00 R i 4 B i
B SRR 0 PR IR R M R T R R ) BT R
BRATARS BT, A B i A SR A R, AR 2
FERR () RORFRIE , RO AR | SRR YIRS
AR R AR, AR h, WS EAKH
ROBEASA S = T A R L IR S SR A T
IR R, W T AR RS R A,
77 LA B8 i 1 A A o UL A e e R I A
R & i, MAh, SR AR T
AR R R R BRI SR 2 SR
1Y Val, Met, Ile. Leu, Phe, Lys A AIKFFT
LT IR . WA TR 2 LA o) — 2k
FERVEUER LS, Retl S eER R . AL+
857 A Ph IRl B R AR FHUY . IMP 2 A L E
BERRAZ TR 2 —CY, ARSI, 3l EOK A AL
B T AR R LA IMP S LA A R
1 #E = B B3 2 IR 11 (adenosine triphosphate, ATP)
M. BeEiE, WU ATP S iEf AN T 3 (1) f
fift, IMP i ATP ) G5B fif 7= ) 2 — "9 Sug-
iura SECYBEST R, BRI R IR 2 ATP 1924
IXULZE LSRN | B n] REiE i Rk LA ATP AR AL,
PEmiEE e T AL IMP & &, 55—, ke
Ry I3 7 £ UL DA Y 2 R AN AR T A Rk
YIRS i, 3R 5 SR I Ok (B A
KB I, ARSI BT T SR R SO £ UL PR
BRI TTEREE , 3R ] TAV SR #EATIEA, TAV>1,
Ut B2 22 R SRS AR ol 1 S A R A o Tk,
ARLIGEE R TR, BARER His 1 IMP 4b, 454031
YL RTA  B E ER 1 & s IR T R (e, A
TR A 0 £ L PRI 2 2 R R TAV fE7E i 50
e o 3 TP A RO B o T A A S JUL PR i
BERR SR Asp. Glu, FIBRZILER Thr, Ser. Gly.
Ala, Pro, WIR/MLTTZ AR Val, Met, Ile. Leu.
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Phe il Lys LA X IMP 1) TAV, SZ8iE— 007 T
A0 L PR U G A R T OR S R S SE R 1Y EL TAV,
b B IR G EE R Y M TAV>1, H. 5.68 g/kg A &
KLY E TAV i o SR B 5 R LR
34 g At S R 1) e A RN IR AR S B0 25 SRR B
T KA w1 AR K ) A LA U S Hiis
) TAV, His /& —FpEZ 5 REIR, #iAh
5 PR IE R A DG, R LAt XUBR 49y ot 2 A7
B AT 3G A0 TR ) SRR AICR, TR LR I AR E
AR R, Ea LA B 5 A B ) His™
XELE BLUEIA B AT BB A 4R v A UL P R R S
FR R IR &, BN, FE
HRIE R . 55—, IR A SRR 5 R A
TR AT LA ST AR, S XU, LT DA
AR AR R R ERT R SIS HiE U
B R IR 5 H A XU ) 5 1 AR AT T £ 1A 1) AL
B, W Glu 5 5"-AZ R AT LAY R P T £ A Y fef gk
XSG BT R BRI B R R A R A
WRAZ IR & e, B £ LA H e ok 2 35 1R 0 2t R
AT R IMP BB RIVEFH

PUFA J& 55— Z2 (1) KR AT iR P it ™, A5
IO AE A K B A LA SR Y 27 A R,
L MR T R (SFA)9 R, BN M AR 7 R
(MUFA)8 #1, PUFA 10 Ff', $3HHER (C16: 0) Flif
% (C18: 1 n9c) ¥ 1 3 il 7 A 4 ) £ UL 1) Ui 5
SFA 1 MUFA 5 lh iy, SPER Mgt bt
R R —F™ ) Alasalvar ™ AR, EKEER (Cl6:
0) FIH AR (C18:1) 43 il & fa 2 JLPA rf 2 2 /) SFA
I MUFA, BLHAX 2 Flis 5 2 v] fig 2 58 il A fa
FEA I R ESR . BLAh, WLAH PUFA 5 SFA
() BRI, LA S R AT, RO T4 ML 3
WONZE I FH A 25 19 PUFA/SFA 5 T 0.4597,
ARELIGLE R LB, 18 H KA B FEAR T 5 fa L
RIS SFA & i, ¥4 in T I 2 MUFA fil PUFA
&, YEM$EE T PUFA/SFA FCAE, Ui B #E ] ok
A0 UL IR U R R AL R EE A . 5 — T
PUFA H1 1Y o-WBRIR . — 13k TR R A1 — + bk
NKERSE n-3 PUFAs 2 5 AR A= Py sy . 85
RIE R GRIE N . AW ARG LT, HEH
n-3/n-6 PUFAs HCAEAE 7 iA O I 0 . PUss A4
AT HABRAERY, ARLIWEERE R, 1§
KA RO = T AR IR LA ES ALA
EPA F1DHAn-3 PUFAs &, 91T n-3/n-6 PUFASs
Fe(E . #idd LN PUFA &Rl RE SH e gt T
KB NE 7R 1 A B S A, TS AE T LA g
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Bl, % B AR A LA B SR W B AR . SRR BN AR U TR AL A 5 M 1965

B SFA 5%, Tocher™ i\ Ky, AR (Cl6: 0) Al
R (18: 1) 252 RKEEIRNIR (C> 18) M4E
AR A AR, ARSI A R R, 1EEKF
A RS T A R A LA BRI R (C16:0) Fli
R (C18:1) &% & o o BKER (C18: 3n) j& EPA Al
DHA A= UM RTARY) BT, 3& FOK-F- A 80 s 1
WLA H o-F BRER (C18: 3n) Y& HE, KW EPA FiI
DHA & & 75 T BE 5 T 19 o- 2 R R A7 — 2 16
#, YEFMLEA RRE— 200 E .

4 i

RS RY], 8 EACE A SR T A
Fifh (254.56~898.23 ) LA AR I G & = . LA B
JE . FRK I pH (., 540 L PR g R A
HR . PUFA &f, R4 s LA o,

(& 7 WA A UL SE PR s A2 B Al 32 )
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Effect of dietary phosphorus on physicochemical properties, composition of free
amino acid, flavor nucleotide and free fatty acid in muscle of
grass carp (Ctenopharyngodon idella)

HU Kai ’, CHENKang', FENG Lin"**, JIANG Weidan **, LIU Yang **, ZHOU Xiaoqiu "**'

(1. Animal Nutrition Institute, Sichuan Agricultural University, Chengdu 611130, China;
2. Department of Animal and Veterinary Science, Chengdu Agricultural College, Chengdu 611130, China,
3. Fish Nutrition and Safety Production, University Key Laboratory of Sichuan Province,
Sichuan Agricultural University, Chengdu 611130, China;
4. Key Laboratory of Animal Disease-Resistance Nutrition, Ministry of Education, Ministry of Agriculture and Rural Affairs, Key
Laboratory of Sichuan Province, Chengdu 611130, China)

Abstract: To assess the effect of dietary phosphorus on physicochemical properties, composition of free amino
acid (AA), flavor nucleotide and free fatty acid in muscle of grass carp, a 60 d growth trial by feeding graded levels
of available phosphorus (0.95-8.75 g/kg diet) was conducted. Results demonstrated that optimal available phos-
phorus levels increased the protein and hydroxyproline contents and pH value, while decreased the contents of
lipid and lactate, cooking loss, shear force, and cathepsin activity to improve fish muscle physicochemical charac-
teristics. In addition, optimal available phosphorus levels increased the contents of total essential amino acids
(EAAs), umami taste AAs, sweet taste AAs and inosine monophosphate (IMP) contents enhancing fish muscle fla-
vor. In addition, when the available phosphorus level in the feed was increased to 3.96 and 5.68 g/kg, the taste
activity value (TAV) of IMP and total taste amino acids (UAAs+SAAs) reached the maximum values in fish
muscle, respectively. And optimal available phosphorus levels increased muscle total polyunsaturated fatty acids
(PUFAs) contents and the fatty acid ratio of PUFAs/saturated fatty acids (SFAs), and n-3/n-6. In conclusion,
appropriate available phosphorus supplementation improved flesh quality, which might be in part attributed to the
enhancement of tenderness, water holding capacity and pH, and increase of flavor amino acid, nucleotide and

PUFAs contents in muscle of fish.
Key words: Ctenopharyngodon idella; phosphorus; muscle; amino acid; flavor nucleotide; fatty acid
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