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(Labeo rohita)
(Salmo salar L.)

(Bidayanus bidayanus)
(Chanos chanos)

(Paralichthys olivaceus) (Pagrus
major) (Penaeus monodon)
(Dicentrachus labrax) (Sparus aurata)
(Oncorhynchus mykiss) [:2-%

(Carassius auratus gibelio)

20 80

, (Cyprinus carpio var.

singuonensis) (Carassius au-

ratus gibelio Bloch)

[20]
[21]
1
1.1
( ) (
) 7
( 38%, 17.8 kJ/g) ( 1)
(L-Phe)
[22]
0.00% 0.20% 0.40% 0.60% 0.80% 1.00%
1.20%( ),
0.73% 0.89% 1.09% 1.26% 1.33%
1.58% 1.67% , (
) :

F1 THEMEANEAREFEHK( OTE)
Tab. 1 Formulation and chemical composition of the basal diet
(in dry matter)

Ingredient Content (%)
Indigenous casein 14.00
Gelatin 2.00
1
Amino acid mif(ture (inclading histidine) 25.00
Fish oil 4.50
Soybean oil 4.50
Corn starch 20.00
Dextrin 10.00
2Vitamin premix 0.45
*Mineral premix 5.0
Carboxymethyl cellulose 3.00
Choline chloride 0.11
DMPT 0.25
Cellulose 11.19
Chemical composition
Dry matter 93.95
Crude protein 36.01
Crude lipid 6.45
Ash 5.32
Energy (kJ/g) 20.03
c 1. : , 1.72%; , 0.65%);
, 1.18%; , 2.24%; , 2.19%; , 0.44%;
, 1.34%; , 1.17%; , 1.05%; , 0.52%;
, 0.34%; , 3.43%; , 1.53%; ,
3.63%; , 1.96%; , 0.86%; 2. (mg/kg
): By, 20; B, 20; B, 20; Bz,
0.020; , 5; , 50; , 100; , 100; , 0.1;
, 645.2; C, 100; A, 110; D, 20;

E, 50; K, 10; 3. (mg/kg ): ,
500; , 4575.0; , 12500.0; ,
16000.0; , 6850.0; , 1250.0; ,
1750.0; , 111.0; , 61.4; , 15.5; ,
19.02; ,178.33; , 6253.33

Note: 1. Amino acid mixture: Arg, 1.72%; His, 0.65%; lle,
1.18%; Leu, 2.24%; Lys, 2.19%; Met, 0.44%; Thr, 1.34%; Trp,
1.17%; Var, 1.05%; Tyr, 0.52%; Cys, 0.34%; Asp, 3.43%; Gly,
1.53%; Glu, 3.63%; Ala, 1.96%; Ser, 0.86%; 2. Vitamin premix
(mg/kg diet): thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanoco-
balamine, 0.020; folic acid, 5; calciumpatotheniate, 50; inositol,
100; niacin, 100; biotin, 0.1; Starch, 645.2; ascorbic acid, 100;
Vitamin A, 110; Vitamin D, 20; Vitamin E, 50; Vitamin K, 10;
3. Mineral premix (mg/kg diet): NaCl, 500; MgSO,:7H,0, 4575.0;
NaH,PO,-2H,0, 12500.0; KH,PO,, 16000.0; Ca(H,PO4).-H,0,
68500, FeSOA, 12500, CeHlocaOG'SHzo, 17500, ZnSO4-7HzO,
111.0; MnS0O4-4H,0, 61.4; CuS0O,-5H,0, 15.5; CoSO,-6H,0, 19.02;
Kl, 178.33; Starch, 6253.33
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F2 ZTRANMMLESEBREM(NTE)
Tab. 2 Essential amino acid composition of the experimental diet(dry matter)
Ingredient 1 Diet1 2 Diet 2 3 Diet3 4 Diet 4 5 Diet 5 6 Diet 6 7 Diet 7
Arg 2.137 2.108 2.057 2.112 1.925 2.065 2.095
His 0.940 0.905 0.900 0.917 0.825 0.873 0.878
lle 1.688 1.704 1.628 1.664 1.544 1.650 1.672
Leu 3.206 3.162 3.106 3.178 2.856 3.108 2.962
Lys 2.704 2.662 2.635 2.688 2.433 2.597 2.603
Met 0.684 0.660 0.653 0.661 0.603 0.660 0.582
Phe 0.727 0.894 1.093 1.259 1.333 1.575 1.672
Thr 1.539 1.512 1.500 1.525 1.396 1.490 1.502
“Trp — — — — — — —
Val 1.753 1.746 1.692 1.728 1.587 1.713 1.693
“Tyr 1.175 1.086 1.071 1.045 0.920 0.979 1.037
“Cys 0.214 0.245 0.246 0.203 0.233 0.255 0.296
No-te: Trp: Nc-)t detected; "I'yr and Cys: semi-ess.ential amino acid
: (CMC) (4, 6.7—7.2 mg/L 0.1 mg/L
, 0.01 mg/L;
6 mol/L NaOH pH (231, : 24h,
3—4 mm 60°C : 3 ., 7 ;
, -17C 3 ,
1.2 (3.19+0.03) g 3 )
15 , , —4°C
) , 1h (8:00 16:00)
, ( )
14
( 36%) 10d 55d , 24h
) 6
(9:00 16:00), 28C , , —4°C ,
3 )
1.3 )
2007 8 22 10 17 6 )
21 3000 r/min 15min
(40 cmx70 cm, 120 L) , -20°C
200 mL/min , pH : ,
, 26—30°C -20°C (GPT)
6.7—7.0; (GOT)
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GOP-PAP  CHOD-PAP
(GOD-POD)
: GPT GOT
AOAC [25]. 105°C

(ES-315, TOMY KOGYO CO., Japan)120°C
30min, 70°C

(Kjeltec Auto Analyzer 2300, FOSS Company,
USA);
1043, Tecator, Extraction Unit, Hoganas, Sweden);

(Soxtec system HT

(Hubei Yingshan Country Jianli
Stove Construction Yard, China)550C ;
Phillipson (Phillipson microbomb

calorimeter, Gentry Instruments Inc., Aiken, South
Carolina, U.S.A)

(GB/T 5009. 124-2003) , 6 mol/L
HClI  110C 24h L8800-
(
)
1.5
(Weight gain, WG)
(Specific growth rate, SGR) (Feed
conversion efficiency, FE) (Protein

efficiency ratio, PER) (Feeding rate, FR)
(Protein retention efficiency, PRE)
(Energy retention efficiency, ERE)
(Condition factor, CF)

index, HSI)

(Hepatosomatic
(WG, %) = 100 x( - )/
(SGR, %/d)=100x[In —In

I
(FE, %)=100%( - )/

(PER, %)= |/
(FR, %/kg-d)=100x I1(
+ )21/
(PRE, %)=100x( /

(ERE, %) = 100 x

(CF)=100x [/ 3

(H1S)=100x /
Statistica 6.0

(One-way ANOVA),

Duncan’s  Fisher LSD (P<0.05)
2
2.1
3 :
(WG) (SGR)
(FR) (FE) (P<0.05),
(CF) (HSI)
(P>0.05) , WG SGR
FE ,
1.09% 194.50%
1.96%/d 37.74%; FR 4.76%/kg-d
, (PER)
(PRE) (ERE) ,
1.09% :
2.2
4
(P<0.05),
(P>0.05)
0.73% ;
1.33% 1.58% ,
(P>0.05)
5
(P<0.05), (P>0.05);
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(P<0.05), 0.73% :
(P>0.05) ,
1.26% , 1.33% , 0.89%
(P<0.05) ,
1.26%  1.58% , 1.26%

£3 FREBMKFWNRERMEL & EKFEHF BRI (EEAREIR)
Tab. 3 Effect of dietary phenylalanine levels on growth and feed utilization of juvenile gibel carp (mean + S.E.)

(% ) Dietary phenylalanine levels (% dry matter)
0.73 0.89 1.09 1.26 1.33 1.58 1.67
IBW (q) 3.22+0.00° 3.18+0.00*° 3.21+0.01% 3.18+0.02%° 3.16+0.01° 3.17+0.01% 3.17+0.02%
8.91+0.14% 8.85+0.16% 9.44+0.33° 9.17+0.20® 8.96+0.11%° 8.66+0.23% 8.82+0.21%
FBW (g)
WG (%) 176.79+4.51®  177.76+5.15® 194.50+11.30° 187.95+4.68%  183.36+2.64®  172.91+7.76%°  177.88+5.28%
0
1.85+0.03* 1.86+0.03% 1.96+0.07° 1.92+0.03* 1.89+0.02% 1.82+0.05° 1.86+0.03%
SGR (%/d)
5.11+0.08% 5.15+0.06° 4.76+0.17° 5.05+0.10% 5.13+0.12° 5.35+0.03" 5.08+0.19%

FR (%/kg-d)

33.38+0.88° 33.23+0.84% 37.74+2.48° 34.9120.46® 33.96£0.91% 31.48+0.68° 33.78+1.65%

FE (%)

PER 0.91+0.02* 0.92+0.02° 1.04+0.07° 0.97+0.01% 0.94+0.03% 0.88+0.02° 0.95+0.05®
PRE (%) 15.02+0.70%® 14.05+0.85° 16.5420.71° 14.82+£0.52*  14.70+0.65% 13.82+0.45° 14.53+0.75®
ERE (%) 10.96+0.70% 10.20£0.41° 12.07+0.76" 10.83£0.31®  10.46+0.20® 10.12+0.33° 10.96+0.74*

oF 1.46+0.03 1.47+0.03 1.45+0.02 1.48+0.02 1.4620.02 1.49+0.02 1.45+0.01

Hs| 6.550.18 6.82+0.31 6.060.20 6.86+0.35 6.56+0.41 7.28+0.96 6.1120.10

(P<0.05);

Note: *Means within the same row followed by different letters are significantly different from each other (P<0.05); IBW: Initial body
weight; The same as follows

F 4 FREBERKEXEERELEARNZ IS EAREIR)
Tab. 4 Effect of dietary phenylalanine levels on body composition of juvenile gibel carp (meantS.E.)

(% ) Dietary phenylalanine levels (% dry matter)
Wet weight Initial 0.73 0.89 1.09 1.26 1.33 1.58 1.67

78.17£2.62  73.42+0.84  74.69+0.35 73.89£0.41 74.23+0.08  74.41+0.55  73.89+0.50  74.27+0.57
Water (%)

. 13.69+1.62  15.47+0.45 14.82+0.37 15.27+0.35 14.89+0.23  15.08+0.41  15.20+0.41 15.01+0.26
Protein (%)

o 4.10+0.49 5.92+0.17 5.57+0.21 5.72+0.12 5.49+0.19 5.42+0.12 5.85+0.16 5.48+0.22
Lipid (%)

Ash (%) 3.29+0.38 3.52+0.13° 3.27£0.11® 3.37£0.07% 3.38£0.05® 3.26+0.04° 3.24+0.08° 3.36+0.05®
S (]

4.82+0.59 5.80+0.25 5.53+0.08 5.72+0.01 5.59+0.11 5.56+0.10 5.71+0.16 5.75+0.10
Energy (kJ/g)
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Tab. 5 Effect of dietary phenylalanine levels on serum sugar, total cholesterol, triglyceride, albumin and liver GPT, GOT of
juvenile gibel carp (meantS.E.)
(% )
Dietary phenylalanine levels (% dry matter)
0.73 0.89 1.09 1.26 1.33 1.58 1.67

Serum

3.94+0.28%° 3.22+0.24®  4.27+0.18"  4.59+0.74°  2.97+0.29°  4.35+0.29°  3.67+0.55*°
Glucos (mmol/L)

7.88+0.16° 7.10+0.08®  7.19+0.51*®  6.50+0.19°  6.86+0.15®°  6.50+0.64° 6.83+0.34%
Total cholesterol (mmol/L)

. . 6.55+0.33% 6.08+0.53*  7.16+1.16®  6.55+0.12*°  8.20+0.67°  7.75+0.63* 6.78+0.43%
Triglyceride (mmol/L)

. 22.09+1.41 24.26+1.31 23.23+1.41  22.20+0.39  24.60+0.36 21.17+3.01 22.31+0.24
Albumin (g/L)

Liver

. 5.10+0.35° 4.36+0.22®  4.05+0.23"°  3.44+0.23°  4.04+0.34®  3.59+0.80° 3.73+0.49%
Lipid (% dry matter)

836.30+180.44 670.17+82.25 732.33+72.75 996.38+192.54 863.08+73.38 881.81+73.38 797.43+224.50
GPT (U/mgprot)
782.17+74.66 895.18+153.55 765.38+70.53 836.08+177.39 778.81+26.08 1068.58+204.90 768.12+122.69
GOT (U/mgprot)
2.3 _ _ 3
(Polynomial regression)
3.1
=0.4612x — 2.0339x* + 2.7891x + 0.7045 ’
y 1.09%,
R?=0.6309 n=7 P<0.05
1, 1.04%
, 1.09% ,
3.02% ,
— 7 =
S 2.00 3
2
ek 190 B |
%8 m '
W E180f i
HE i 3=0.4612x'-2.0339x°+2.789 1x+0.7045 '
Hegh R=0.6309r=7 P<0.05 ,
o ¢
g 160} L Y=1.00 , ,
2 = ¥
{;"- 130 L L L 1
70,00 0.50 1.00 1.50 2.00
TR K (%o T )
Dietary phenylalanine levels (% dry matter) (
1

Fig. 1 Effect of dietary phenylalanine level on SGR of juvenile
gibel carp 1.04%
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1.04% ,
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1.0%
, , 2.13%, 1.0%
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Dicentrachus labrax 2.6%!#! Sparus aurata
2.9%[8 Paralichthys olivaceus 3.8%!° 3.2
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5.0%[% Oncorhynchus tshawytscha ,
5.1%!%"! Chanas chanas 5.22%" B2 (1)
Acipenser transmontanus 5.3%!®] Labeo : :
rohita 5.40%(Phel.22%+Tyr1.0%)/5.55%(Phe3.05%+ , @)
Tyr2.50%)! Oreochromis nilotica ,
5.5%! Cirrhinus mrigala 5.68% ,
Bidayanus bidayanus 5.65% [ Anguilla ,
japonica 5.80%™" Salmo salar 5.8%!* [7.13,28] ,
Oncorhynchus keta 6.3%!"! Cyprinus 1.04%, ,
carpio 6.5%!% Catla catla 6.2%!" ;
, 2.6%—6.5% , ,
=, : @
(
)
( ) : ,
( ) :
Baker*! , ,
’ [33] ,
Khan  Abidi®”
, (PER) (PRE)
1.0% 1.22%, (ERE) (P<0.05) PER PRE ERE
2.50% , 3.05%
) 2.2%, , 1.09%
2% , ,
1.2%; ) )
2.5%, 1% ,

1.3%%8 ,
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DIETARY PHENYLALANINE REQUIREMENT OF JUVENILE GIBEL CARP

MA Zhi-Ying'?, ZHU Xiao-Ming*, XIE Shou-Qi*, YANG Yun-Xia' and HAN Dong*

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049)

Abstract: A 55d growth trial was conducted to quantify the phenylalanine requirement of juvenile gibel carp
(3.19+0.03)g by feeding isonitrogenous (380 g/kg crude protein) and isocaloric(17.80 kJ/g gross energy)test diets, which
contained casein and gelatin as intact protein with graded phenylalanine levels (0.58%, 0.78%, 0.98%, 1.18%, 1.38%,
1.58% and 1.78% of dry matter, respectively), and constant tyrosine level in each diet. L-crystalline amino acids (CAA)
were supplemented corresponding to the amino acid pattern found in the muscle protein of gibel carp except for
phenylalanine. Nonessential amino acids (except tyrosine and cystine) were supplemented to make diets isonitrogenous.
The measured dietary phenylalanine levels were 0.73%, 0.89%, 1.09%, 1.26%, 1.33%, 1.58% and 1.67%, respectively.
Thirty fish were randomly stocked in 130L indoor polyvinyl quadrate tank(water volume 120L; water flow speed
200mL/min)and fed experimental diets at satiation by hand in continuous one hour at 9:00 and 16:00 twice a day. Weight
gain (WG) (194.50%), specific growth rate (SGR) (1.96%) and feed conversion efficiency (FE) (37.74%) were signifi-
cantly (P<0.05) higher in fish fed the diet containing 1.09% phenylalanine (P<0.05) than the other treatments. Protein
efficiency ratio (PER), protein retention efficiency (PER) and energy retention efficiency (ERE) were also significantly
higher at 1.09% dietary phenylalanine level (P<0.05). With the increase of dietary phenylalanine level, whole body ash
content decreased gradually; serum glucose and triglyceride contents increased significantly (P<0.05) and then showed a
downward trend, in contrary, the contents of liver lipid and serum cholesterol were observed the opposite trend. How-
ever, no significant differences were found in condition factor(CF), hepatosomatic index (HIS), the contents of whole
body moisture, protein, lipid and energy, serum albumin content and liver transaminases (GPT and GOT) among differ-
ent treatments (P>0.05). Based on the polynomial regression analysis of SGR and FE data, it is recommended that the
diet for juvenile gibel carp should contain phenylalanine at 1.09% of dry diet respectively, corresponding to 30.2 g/kg
dietary protein for optimum growth and efficient feed utilization with tyrosine fixed at 1.04% of dry diet.
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