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", Phe 1 M#RE57E
. 6 8
(Ctenopharyngodon idella)™® fif'(Catla catla)™ 11 REER
(Chanos chanos Forsskal)®”’ (Cara-
ssius auratus gibelio)!'” (Megalobrama am- ( o
blycephala)!'" SRR ) :
, , (
(20 g) Phe )
1.57%"%, Santiago 151, Millamena !® ,
(0.013~1 g) Phe ( 1), Phe
1.05%( Tyr 0.5%) s 0%( ), 0.20%, 0.40%, 0.60%, 0.80%
1.00%(L- ) 80
) , 1 s )
1l , 2 mm ,60°C
> 5 mm
Phe s -20°C
60 d, Phe 0.78%, 0.95%, 1.09%,
) 1.34%, 1.51% 1.72%,
Phe ) 2.59%, 3.16%, 3.62%, 4.45%, 5.02%
5.71% 2
Fz1 LWANEAREEEZEEFKFERFERDm)
Tab.1 Composition and nutrient levels of test diets (air-dry basis) %
/% dietary phenylalanine level
item 0.78 0.95 1.09 1.34 1.51 1.72
composition
fish meal 2.00 2.00 2.00 2.00 2.00 2.00
gelatin 3.00 3.00 3.00 3.00 3.00 3.00
peanut 8.00 8.00 8.00 8.00 8.00 8.00
soybean meal 21.00 21.00 21.00 21.00 21.00 21.00
amino acid mixture 12.37 12.37 12.37 12.37 12.37 12.37
dextrin 38.00 38.00 38.00 38.00 38.00 38.00
soybean oil 3.00 3.00 3.00 3.00 3.00 3.00
corn oil 3.00 3.00 3.00 3.00 3.00 3.00
choline chloride 0.25 0.25 0.25 0.25 0.25 0.25
" vitamin premix" 1.00 1.00 1.00 1.00 1.00 1.00
? mineral premix” 4.00 4.00 4.00 4.00 4.00 4.00
antiseptic 0.10 0.10 0.10 0.10 0.10 0.10
BHT 0.01 0.01 0.01 0.01 0.01 0.01
bentonite 2.00 2.00 2.00 2.00 2.00 2.00
microcrystalline 1.27 1.27 1.27 1.27 1.27 1.27
L- L-Gly 1.00 0.80 0.60 0.40 0.20 0
L- L-Phe 0 0.20 0.40 0.60 0.80 1.00
total 100.00 100.00 100.00 100.00 100.00 100.00

(fF4L to be continued)
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(2% 1 Tab. 1 continued)

/% dietary phenylalanine level

item 0.78 0.95 1.09 1.34 1.51 1.72

proximate composition

/(MJ - kg™") gross energy 17.96 18.18 17.89 17.92 17.86 18.03
crude protein 30.01 30.05 30.31 30.38 30.16 30.70
crude lipid 7.15 7.33 7.11 7.09 7.11 7.09
ash 6.70 6.70 6.79 6.77 6.64 6.69
D kg : A, 5000 IU; Ds, 2000 IU; E, 60 mg; C, 120 mg; Ks, 5 mg;
B, 5 mg; B>, 20 mg; Bs, 10 mg; , 120 mg; , 10 mg; , 1 mg; , 0.1 mg; , 400 mg. D
kg : Ca(H,POy),, 26000 mg; Ca(CH;CHOHCOO),, 6540 mg; FeSO,, 42.5 mg; MgS0,, 1340 mg; NaH,PO,, 1744 mg;

NacCl, 870 mg; AlICl;, 3 mg; KIO;, 2.5 mg; KCI, 1500 mg; CuCl,, 2 mg; MnSOy, 16 mg; CoCl,, 20 mg; ZnSO,, 60 mg.

Note: " The premix provided the following per kg of diets: vitamin A, 5000 IU; vitamin Ds, 2000 IU; vitamin E, 60 mg; vitamin C, 120 mg;
vitamin K3, 5 mg; vitamin B,, 5 mg; vitamin B,, 20 mg; vitamin Bs, 10 mg; nicotinic acid, 120 mg; calcium pantothenate, 10 mg; folic acid, 1 mg;
biotin, 0.1 mg; inositol 400 mg. » The premix provided the following per kg of diets: Ca(H,PQy),, 26000 mg; Ca(CH;CHOHCOO),, 6540 mg;
FeSO4, 42.5 mg; MgSO,, 1340 mg; NaH,PO,, 1744 mg; NaCl, 870 mg; AICl;, 3 mg; KIO;, 2.5 mg; KCI, 1500 mg; CuCl,, 2 mg; MnSO4, 16 mg;
CoCly, 20 mg; ZnSOy4, 60 mg.

®2 EmEBPRERAMS T

Tab. 2 Analyzed amino acid composition of the basal diet % % dry matter
- - . - . 30%‘ ( )
amino acid fish meal-ge1atirf)-r:evallcliji1 r?lZal-soybean meal l/lr/(;vrlndii(iut;z amount ;?oig:f; muscle AA in basal diet(measured value)

Met 0.20 0.78 0.98 0.93
Lys 0.88 1.68 2.56 2.44
Thr 0.55 0.80 1.35 1.25
Try 0.18 0.19 0.37 ND*
Arg 1.40 0.40 1.80 1.73

Ile 0.63 0.74 1.37 1.23
Leu 1.08 1.42 2.50 2.46
Val 0.68 0.56 1.24 1.22
His 0.38 0.32 0.69 0.67

Phe 0.74 0.00 1.23 0.78
Cys 0.22 0.07 0.28 0.32
Gly 1.32 0.41 1.73 2.64
Tyr 0.47 0.49 0.96 1.02
Ser 0.80 0.40 1.20 1.15
Pro 1.12 0.00 1.09 1.10
Ala 0.88 0.94 1.82 1.75

Asp 1.77 1.20 2.97 2.86
Glu 2.82 1.98 4.80 4.66

*

Note: “Try was not detected.

12 AW ESRFERE [
, (52.70+1.80) ¢], 18 (1.0 mx1.0 mx
(3%NacCl ), 1.5m) , 15 , 6
(4.0 mx4.0 mx1.5 m); 3 , 6 , 60 d
15 d, ; 1

: 24 h, 270 24~32°C, pH 6.5~7.0, 4mg/L,
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0.05 mg/L 2 ( N , No ; Wi (8),
8:00; 16:00), , W (2), W (&)t
7000 m?, (d); F (g); P
3 m, 3 kW , (%), Py (%),
, 1: 00 4: 00, 2h Po (%), W
, , 4 mg/L (), Wy (g), L (cm)
105°C ,

, 24 h;
3 ,
3 , 30 mg/L
(MS-222) , ,
, 4C  2h 3000 r/min
15 min, ,
; —40°C
; (4°C)
(4°C, 4000 r/min)15 min,
-40°C

14 fEHRME
, (weight gain rate)
(specific growth rate) (feed
conversion ratio) (protein efficiency rate)
(protein deposition rate)
(survival rate) (condition factor)
(hepatosomatic index) (viscerosomatic index)
(WGR, %) (W,  Wp)x100/Wp;
(SGR, % -d "= (InW; InWp)x 100/t
(FCR)=F/(W, W)
(PER, %)=(W, Wo)/FxP
(PDR, %)
=100x(WxP;  WyxPg)/FxP
(CF, g/em®)=Wx100/L°
(HSI, %)=W;x100/W

(VSL, %)=W,x100/W

B
> >

(Parr-6200)

) L-8900
( GB/T 5009.124—
2003)
(Sysmex, CHEMIX-
800) (AST)
(ALT) (TG) (T-CHO)
(GLU)
Na'-K'-ATP
15 #HiEaE
+ (X £SD) ,
SPSS 18.0 One-Way ANOVA
Tukey’s
,  P<0.05 ,
2 ERE5HH

21 ARAREBRKEXNETEFEEEKRM
REFNIA LR B A A RN

3 , Phe
(FBW)

(FCR)
(PDR) (CF)
(VSI)(P<0.05) Phe
, WGR SGR PER PDR

1.34%
,WGR SGR PER PDR ,
(P<0.05) Phe ,
FCR , 1.34%

(WGR)
(PER)
(HSI)

(SGR)
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5
, (P<0.05) (P>0.05),
Phe (1.72% ) (P<0.05); 1.09%
CF HSI VSI , 0.95% 1.34% 1.51%
Phe ; (P>0.05),
1.34% , 095% 1.09% 1.51% (P<0.05)

Fz3 ANEARRKENTIEGERMERE. FARAAMESZERNZN
Tab. 3 Effectsof dietary phenylalanine levels on growth performance, feed utilization and morphometry
indexes of GIFT, Oreochromis niloticus n=3; X+SD
/% dietary phenylalanine level
item 0.78 0.95 1.09 1.34 1.51 1.72
/g IBW 53.56+1.05 52.22+1.39 53.33+0.67 52.44+0.77 52.45+0.39 52.67+0.67
/g FBW 221.43+1.94° 220.37+1.41° 226.75+1.60°  226.04+1.09"  212.17+1.88° 207.30+1.44¢
/% WGR 313.65+1.17° 322.05+1.74° 328.2242.10°  330.85+2.20°  314.67+1.27° 293.67+2.47°
/(%-d™") SGR 2.53+0.01° 2.57£0.01° 2.60+0.01* 2.61£0.01° 2.53+0.02° 2.45+0.01¢
FCR 1.37+0.01¢ 1.33+0.01° 1.25+0.01° 1.26+0.01° 1.35+0.02¢ 1.42+0.01¢
/% PER 2.43+0.02° 2.50+0.02° 2.65+0.01° 2.66+0.01° 2.46+0.03° 2.34+0.02¢
/% PDR 38.44+0.10° 39.99+0.10° 40.88+0.17* 40.91+0.17° 39.27+0.32° 38.50+0.28¢
/[g:em]CF 3.53+0.23" 3.83+0.27° 3.97+0.25° 3.68+0.32% 3.75+0.18™ 3.48+0.32°
/% HST 1.88+0.58™ 1.99+0.59"° 2.38+0.53"™ 2.49+0.64° 2.0240.43° 1.75+0.36°
/% VSI 9.70+0.84 9.69+1.30™ 10.75+1.10° 10.07+1.54° 9.66+0.93% 8.68+1.11°
(P>0.05, Tukey’s (P<0.05).

Notes: Values in the same line sharing the same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and

values with different letters are significantly different (P<0.05).

Phe
WGR(Y;) FCR(Y;)

X,
PER(Y;)

( 1— 3 :
Y, = —120.81X*+282.73%+164.94 (R=0.9523),
X=1.17; Y,=0.6529X*-1.5756X +

340 -

335 |
L
® 330 |
£325 |
;“320 L
315 |
o
2310 |
305 |
™300 |
qw295 |

290 | .
285 e ’/ .
0.7 08 09 1.0 1.1 12 13 14 15 16 17 18
TN R R F/%

dietary phenylalanine level

Y, =—120.81X%+ 282.73X+ 164.94
* R2=09523
*

1

Fig. 1 The relationship between weight gain rate and dietary
phenylalanine levels of GIFT, Oreochromis niloticus

2.2048(R*=0.95), X=1.21;
Y5=1.2277X*+2.9688X+0.8507 (R*=0.9367),

X=1.21

Y= 0.6529X2-1.5756X+ 2.2048
R*=0.95

E138 + e

*

22 Knax=1.21

20 L L L L . !‘/. L L L 1 )
07 08 09 10 1.1 12 13 14 15 16 1.7 18
PR N AR %

dietary phenylalanine level

— e e e
[N
-]

2

Fig. 2 The relationship between feed conversion ratio and
dietary phenylalanine levels of GIFT, Oreochromis niloticus

22 WFEHRARABRKFENFTE T EEMEMN S H
MASERSENZIT

4 , Phe
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(P<0.05), 2 270 Yy =1.2277X,+ 2.9688X+ 0.8507
£ 265t . * R2=0.9367
(P>0.05) 3 . s
2 2.60
Phe s =
© 255 r .
. 1.34% : = :
g 250
. 1.09% &
R 245+ o
> ’ Phe § 240 ¢
(P>0.05) % 235 |
23 AREWEBAENEESFanEEe S, . W %
- 07 08 09 10 1.1 12 13 14 15 1.6 1.7 1.8
= 485
TRARRIRT PR AT %
6 s Phe dietary phenylalanine level
(ALT) , (TG) 3
Fig. 3 The relationship between protein efficiency rate and
(T-CHO) (GLU) (P<0.05) dietary phenylalanine levels of GIFT, Oreochromis niloticus

x4 ARFRIBRKTENTEELE ALK T
Tab. 4 Effect of dietary phenylalanine levels on body and muscle composition
of GIFT, Oreochromis niloticus n=3; X+SD; %

/% dietary phenylalanine level

item 0.78 0.95 1.09 1.34 1.51 1.72
whole fish
moisture 69.26+0.71 69.61+0.59 69.88+0.66 68.82+0.44 68.99+1.46 69.28+0.32
crude protein 15.32+0.68 16.30£0.66 15.48+0.79 16.02+0.78 15.62+0.98 15.75+0.39
crude lipid 9.41x0.85" 9.46+0.40° 9.69+0.48" 11.2420.97° 11.1740.23° 10.23+0.78%
ash 3.10+0.22° 4.25+0.35° 3.50+0.17% 4.02+0.56" 3.58+0.37% 3.78+0.33%
muscle
moisture 76.54+0.27 76.62+0.99 76.27+0.21 76.38+0.49 76.22+0.49 76.44+0.35
crude protein 19.43+0.34 19.03+0.68 20.23+1.35 19.55+1.22 19.36+0.65 19.54+1.33
crude lipid 1.54£0.15 1.43+0.34 1.81£0.29 1.54+0.37 1.92+0.10 1.45+0.45
ash 1.29£0.04% 1.3240.08" 1.21£0.05" 1.29+0.08% 1.37£0.09" 1.41£0.17°
(P>0.05, Tukey’s ) (P<0.05).

Notes: Values in the same line sharing the same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and
values with different letters are significantly different (P<0.05).

*5 ARERABRKENEESFIEENATER D S(THR)RN
Tab.5 Effect of dietary phenylalanine levels on amino acid composition (dry matter)
of GIFT, Oreochromis niloticus n=3; X+SD; %

/% dietary phenylalanine level

amino acid 0.78 0.95 1.09 1.34 1.51 1.72
Met 2.50+0.04 2.44+0.07 2.47+0.07 2.42+0.08 2.43+0.08 2.42+0.14
Lys 7.70+0.12 7.50+0.25 7.67+0.21 7.49+0.20 7.59+0.28 7.60+0.50
Thr 3.84+0.07 3.75+0.09 3.80+0.08 3.71+£0.08 3.75+0.08 3.70+0.15
Arg 5.05+0.06 4.97+0.09 4.9540.11 4.89+0.11 4.98+0.10 4.97+0.26
Ile 3.89+0.05 3.81£0.13 3.87+£0.08 3.78+0.14 3.83+0.12 3.87+0.24
Leu 6.67+0.12 6.51+0.23 6.61=0.18 6.46+0.22 6.54+0.24 6.59+0.38
Val 3.99+0.04 3.93x0.12 3.97+0.07 3.92+0.09 3.98+0.18 3.95+0.25
His 2.28+0.04 2.18+0.05 2.23+0.09 2.41+0.25 2.28+0.10 2.30+0.17
Phe 3.61+0.07 3.51+0.11 3.58+0.12 3.50+0.13 3.50+0.10 3.56+0.17

(f¥%E to be continued)
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(8% 5 Tab. 5 continued)

/% dietary phenylalanine level

amino acid 0.78 0.95 1.09 1.34 1.51 1.72
Tyr 2.70+0.03 2.66+0.04 2.68+0.03 2.67+0.03 2.66+0.04 2.68+0.01
Cys 0.82+0.01 0.80+0.03 0.81+0.02 0.800.01 0.810.03 0.810.04
Gly 4.81+0.06 4.87+0.08 4.7840.16 4.77+0.08 4.89+0.12 4.88+0.28
Ser 3.34+0.04 3.2940.05 3.34+0.08 3.24+0.09 3.29+0.10 3.24+0.14
Pro 2.81£0.26 2.75+0.06 2.590.09 2.62+0.03 2.76+0.12 2.79+0.17
Ala 5.06+0.05 5.01£0.12 5.04+0.14 4.92+0.11 5.03+0.13 4.97+0.23

Asp 8.77+0.14 8.5420.28 8.70£0.25 8.470.27 8.57+0.27 8.48+0.45
Glu 12.38+0.22 12.06+0.38 12.24+0.35 11.93+0.32 12.19+0.44 12.07+0.60
SEAA 80.22+1.24 78.69+1.86 79.34+2.02 78.00+1.71 79.3342.27 78.88+4.01

YTAA 39.53+0.56 38.60+1.13 39.16+0.97 38.5740.87 38.87+1.19 38.96+2.24

Note: Try was not detected.

#6 ARERIRKTHNEEFTFEMBENIETFNZMm

Tab. 6 Effect of dietary phenylalanine levels on serum biochemical parameters of GIFT, Oreochromis niloticus

n=3; X+SD; %
/% dietary phenylalanine level
item 0.78 0.95 1.09 1.34 1.51 1.72

/(U-L™") AST 98.25+5.99 99.25+6.19  101.25+9.45 96.75+2.87 96.25+2.78 99.25+1.01
/(U-L™") ALT 21.5049.06®  17.25£4.50®  12.00+3.32° 15.50£2.94™  23.50+9.38"  27.75+7.97°
/(mmol-L™") T-CHO 3.89+0.37° 3.98+1.11° 5.27£0.66" 4.26£0.49" 4.38+0.70" 4.52+0.97"
/(mmol-L™") GLU 3.13+1.01° 2.42+1.06° 5.13+0.72° 4.98+1.88° 3.43+0.85% 3.01+0.75°
/(mmol-L™") TG 2.71+0.31° 3.79+2.38% 6.59+1.20° 3.41+1.87% 3.70+1.39% 2.47+1.21°

: (P>0.05, Tukey’s ); (P<0.05).
Notes: Values in the same line sharing the same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and
values with different letters are significantly different (P<0.05).

1.09% , 24 MAMFRIEBRKFEX T IEE R ELEEFE
(P<0.05); 4 B 2 i
, 1.09% , Phe
(P<0.05); (7 Phe ,  Na-K'-
(P>0.05) ATP

x7 ABRERERKENSETEETHIELEELHF N
Tab. 7 Effect of dietary phenylalanine levels on digestive enzyme activitiesin the
intestine of GIFT, Oreochromis niloticus n=3; X+SD; %

/% dietary phenylalanine level

item 0.78 0.95 1.09 1.34 1.51 1.72

Na'-K*-ATP /(U'mg™)
intestinal Na"-K"-ATPase
/(U-mg™') intestinal protease  6.16+0.62" 11.68+5.18% 19.07+9.83% 16.25£5.42%°  24.55+18.47*  22.90+6.94*

1.01£0.32° 1.5240.26™ 1.21£0.43" 1.41+£0.49™ 1.44+£0.31% 1.71£0.19°

/(U-g™") intestinal lipase 83.56+5.55°  113.04+13.82° 178.88+16.38"* 221.01+13.07° 236.60+£17.49* 213.08+18.74*
/(U-mg') intestinal amylase  0.18+0.06 0.26+0.05 0.24+0.05 0.20+0.09 0.23+0.02 0.21+0.04
(P>0.05, Tukey’s ); (P<0.05).

Notes: Values in the same line sharing the same superscript letter are not significantly different determined by Tukey’s test (P>0.05), and
values with different letters are significantly different (P<0.05).
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, (P>0.05)
Phe 1.72% ,  Na'-K'-ATP
(P<0.05);
1.51%
(P<0.05),
298.53%  183.15%
3 itig

31 AMEREBRAKFXNETEFTFEEKIERE
A E B R AR R

Phe
[3]
Phe (Oncorhynchus mykiss)!'”!
(Bidyanus bidyanus)'®! ,
Phe ,
[6] [11]
Phe
Phe )
Phe
, (10] Phe
[19]
, Phe
, Phe

1.17%~1.21%( 3.89%~4.02%)
(0.013~1 g) Phe
(1.05%)1"!,

20%2%,

Phe ;

[191(1.09%) 110.93%-~
[61(1.04%) (21 salmo salar)
fifil(1ctalurus punctatus)® (0.6%),

fil" (Barbus capito)**(1.70%)
(Bidyanus bidyanus)!'*1(2.20%) (241 (1.27%);

(Acipenser transmontanus) (1.19%)*!
(Oncorhynchus mykiss) (1.16%)""!
Phe

1.00%)
(0.77%)

[26]

Phe
7] Phe

32 ANAREBAKENETETEEEAMN

A1

Phe
Khan [ fif! (Catla catla)
R Phe
Phe
R Phe , Phe
[10]
(Labeo rohita)!” ,
s Phe
5]
Phe s
, Phe
( ) 2]

33 AMAREBRAKENFTEFFEMBFTEN
it A

[28]

(ALT) (TG)
(GLU) Phe
(ALT)

(T-CHO)
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’ [29] Na®
Phe ALT , Na'-K"-ATP
Phe [38]
Phe , Na'-K'-ATP Phe
, Phe
, ALT Na'-K'-ATP
BN; Phe
AST N
4 Z5ig
Phe , GLU
1.09% , Phe Phe
(1] GLU .
’ 5 N Phe
T-CHO TG GLU 1.17%~1.21%, 3.89%~
) Phe 4.02%
GLU B Zhou P2
SZ 0k
(Rachycentron canadum)
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Dietary phenylalanine requirement of the GIFT strain of Nile tilapia,
Oreochromis niloticus, reared in freshwater
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Abstract: Phenylalanine (Phe) is one of the essential amino acids for fish. It is an essential component of proteins
that participate in many important physiological and metabolic processes, including growth and development. A
deficiency or excess of phenylalanine in the diet can significantly affect the growth performance and/or feed utili-
zation of farmed fish. Therefore, it is necessary to ensure that dietary levels of Phe meet, but do not exceed, the
requirements of the fish. The GIFT strain of Oreochromis niloticus (Nile tilapia) is becoming an important and
economically valuable farmed freshwater species. The aim of this study was to determine the optimal dietary Phe
requirement of the GIFT strain by evaluating its growth performance, feed utilization, body composition, muscle
amino acid composition, and digestive enzyme activities in a 60-day growth experiment. Triplicate groups of ex-
perimental tilapia (initial body weight, 52.70 £ 1.80 g) were cultured in freshwater in 15 floating net cages (1.0 m x 1.0 m x
1.5 m). Six isonitrogenous (30.10% crude protein) and isocaloric (17.73 MJ/kg gross energy) diets were formu-
lated with protein sources including fish meal, gelatin, peanut meal, soybean meal, casein, and crystalline amino
acids. The measured Phe levels in the experimental diets were 0.78%, 0.95%, 1.09%, 1.34%, 1.51%, and 1.72%.
The dietary amino acid pattern, except for Phe, was adapted to the muscle amino acid pattern of the GIFT strain.
The results showed that with increasing dietary Phe levels, the weight gain rate, specific growth rate, protein effi-
ciency ratio, and protein deposition efficiency increased significantly (P<0.05) with the highest values in the
1.34% Phe group. The feed conversion ratio decreased significantly (P<0.05) with increasing dietary Phe levels,
and showed the lowest value in the 1.09% Phe group. The hepatosomatic index, viscerosomatic index, and condi-
tion factor of the GIFT strain all increased significantly (P<0.05) as dietary Phe levels increased from 0.78% to
1.34%, but decreased when dietary Phe levels exceeded 1.34%. The highest whole body crude lipid and whole
body ash contents were in the 1.34% dietary Phe group. There were no significant differences (P>0.05) among the
six groups in whole body moisture content, whole body crude protein content, muscle moisture content, muscle
crude protein content, muscle crude lipid content, and muscle amino acids contents. The muscle ash content of the
group fed 0.98% dietary Phe was significantly (P<0.05) lower than that of the group fed 1.72% dietary Phe, but
was not significantly different (P>0.05) from those of the other groups. The serum chemistry analysis showed that
dietary Phe significantly affected the glucose, total cholesterol, triglyceride, and alanine aminotransferase contents
(P<0.05), but not the aspartate aminotransferase content (P>0.05). The dietary Phe levels also significantly af-
fected the activities of intestinal protease, intestinal lipase, and Na'-K'-ATPase (P<0.05), but not intestinal amy-
lase activity. The quadratic regression analyses of weight gain rate, feed conversion ratio, and protein efficiency
ratio showed that the optimum dietary Phe requirement of GIFT is 1.17%—1.21% of the diet or 3.89%—4.02% of
dietary proteins.
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