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W P ELA IR R EEAERTY ) R
R TR TR 0.202% (6 & R 7T B E P 1~ 21
H b 51 9 S ) B R 5 5k (ADFD) ' (5 % iR
Bz s E A SEEE R DL AR W
BT BRSO AR K R RE AR i b, (0 R X K
BERD TR e MpiEEEWEA R
FR R, BFFE WoR AR 62 iR
PEm T RAT XS I W S e sk 1 (1g) G Fl IgA &
T, DLW Y M BRI Rk LGB 4R RO
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FLIR M St | P 2 1R P 2 I R P ol 1 Tl ) 9 e
B T AR MV P H v =R A i AR ORI
WL R, F K 0.21% ~ 0.25% 1) {4, 12 K V- BE %
W WA AR FHEED ) AR TeEREES
A RS TR D g Ah ik B oAb A= 2= D fig, IR
ZGE R IR R, IR W A A TR A SN
RIXG R A A 3 — 2 A ey A5
B FERF ST T oK — SR AL R o 0 € B R X TR X
AR ERR I AR AL AR AR | S B AR A K A
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1 #MRlER*
1.1 RIiEt

IR A N Z A 0w, R 1 B R R E
AHIT 0 T 2 4R 25 0 ( AA) AR RS 720 2 BERLSY
ho i, dH e MEE  HANEE 20 K, X R4
MESLRR R A, B FR K S B O R FRARE Y (NY/T
33—2004 ) BT 2 R 7K - ) F Al 4 A, 6 Al 4]
A N B SRR 1, Hodb 78 1~21 HiB A
22~ 42 H % Al ) R 8 2 B 1Y oK F 4 il ok
0.26% Fl1 0.23% , i 56 20 43 ) 75 F ik 1) ke o &5 Ab
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®1 ERARARREFKT (RTEM)

Table 1 Composition and nutrient levels of
basal diets ( air-dry basis) %
1~21 HiE 22~42 HA
I H e .
1 to 21 22 to 42
Items

days of age days of age

JEB} Ingredients

FEK Corn 60.0 65.0
EtH Soybean meal 30.0 23.5
114} Fish meal 2.0 3.5
il Soybean oil 3.0 4.0
iRkl Premix" 5.0 5.0
A1 Total 100.0 100.0

35K Nutrient levels”

R4 BE ME/ (MI/kg) 12.22 12.97
MEHA T CP 21.50 20.00
£5 Ca 1.00 0.90
B AP 0.45 0.40
FEZ B Met 0.46 0.45
#i R Lys 1.15 1.00
ERR -+ AR Met+Cys 0.91 0.76
B Trp 0.23 0.20

1) TR R A 4 T 5 4 K $2 41 The premix provided the
following per kg of diets: VA 10 000 IU, VB, 1.96 mg, VB,
5.76 mg, VB, 3.92 mg, VB,, 0.02 mg, VD, 2 000 IU, VE
15 mg, VK, 63.8 mg, =¥ % biotin 0.50 mg, 7R folic acid
0.98 mg, D—Z i D-pantothenic acid 11.76 mg, {2 nicotin-
ic acid 39.2 mg,Cu (as copper sulfate) 0.80 mg,Fe (as fer-
rous sulfate) 8 mg, Mn (as manganese sulfate) 10 mg, Zn
(as zinc sulfate) 7.52 mg,I (as potassium iodide) 0.04 mg,
Se (as sodium selenite) 0.04 mg,

2) FE R I E {8, A 57K RS, Trp was
a measured value, while the other nutrient levels were calcu-

lated values.

1.2 AFEE

YRR TE L AR A8 Al B 27 B K 8 w5 BT ik
e T R, R 42 d, R M E 5, B4
51 ERROCI 24 h, B 5 R E B 1~2 h LR
AP BRI ] e XS R B RN ROK, #i BRUE
HRET HEAT EE
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1.3 MEIIRSH*
1.3.1 AR

T2 56 30 10 X0 2% 4% 4 3K 50 X ) A K i R
oL, L SR B O

R E 20 RAIE 41 K 21,00 FFEREE 6,56 2
K 09.00 DL K K HAFRE, T 4% 41 ADFI,
¥ H 4 HE (ADG) MUkl E . (F/G, ADFI/ADG) ,
1.3.2 & T bR

RIS 21 KA 42 K, BAHZ BEHLIEEL 2
HR A, R E 5 &8 8 Ik R i, # &, & O
(3 000 r/min, 10 min) , il & MLE, T -20 CIRAF
R, K i v o IgA (TgG L IgM & & BT A L
AEJI(T-AOC) , N [ (MDA ) & i S 4% bt H ki
ALY ( GSH-Px ) | #8 & fk ) E fL 1§ ( SOD ) i
P R A B LR A R A,
1.3.3 L E IR

REEREALER 2 H RS, RIS, 42 5k
TV I BT | O | DG | e R | 2 TR 9 A5 2% T
FREE, THEAS A E 85

21 HIR B E(g/e) =BT (g)/

RAGIEE (g) ;
42 HIRA B8 (g/kg) = av B H (g)/
ARG (kg) o

1.3.4 MpiBHLIEE

B3 = mE PB4 em A, [F
ET A%Z BWEE T, 24 h J5, 23t whok B R

WK~ HOEE ) B A B L DL 5
VB D) -, 6 BLIRACKE 4T (HE) e (1, %
I W . B T 0 0 7 B R T 4R
BRE/BREERE(V/C),
1.4 HFEFEITHN

T B FH T 49 8 + 4% fE 25 %o, SAS
9.1 3G MR 1 ANOVA i B2 JEA7 B H 5y 2
53 #r , i 3d Duncan [Q % #E4T 2 8 AL, P<0.05
2SI,

2 & R
2.1 fRARESEKEXABEKEENZE
% 2 A, T AR 0 2 R K - %F 1~ 21 H i
22~42 HiEF 1~42 HIBRYH) F/G, LA 22 ~42
HIAH 1~42 HIR NS A ADFI ADG WA % %
(P>0.05), 5 X M40 A1 He, % 0.03% F
0.12% (0 Z R B EREE T 21 H RS KREA 1~
21 H A NS H) ADFI ADG ( P<0.05) , %1 0.09%
OEMR B ERM T 1~21 HIBA MK ADG (P<
0.05) , FEREAEAR IR 0.06% F1 0.15% (0,5 FR %
1~21 H#A A ADFI, ADG ¥4 & 3 5% i ( P>
0.05) , BLAb, B 2 1R €6 0 1R S i 7K 7 B 34,
1~21 HIR WX Ay ADFI(P=0.057) il ADG(P=
0.096) & "R M Tt TR IS i €5 220 R %
42 H & RS R E WA B 3500 (P>0.05)

x2 ARBRERKENABERERNR M

Table 2 Effects of dietary tryptophan levels on growth performance of broilers

o & 5 K OF P {8 P-value
EEES Control Tryptophan level/ % Lha 25 —%
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic
1 H i {kE 46.54 46.21 46.79 46.38 46.67 46.73 0.083  0.685 0.912
BW at 1 day of age/g +0.73 +0.56 +0.52 +0.87 +0.07 +2.27
21 Hik ks 734.38 677.02 719.57 705.40 657.87  750.78
BW at 21 days of age/g  +23.83" +18.14 =+11.31" =+17.13*° +25.94° +9.38" <0001 0.955 0.125
42 A RE 2.52 2.41 0.41 2.45 2.40 2.42 0870 0393 0.570
BW at 42 days of age/kg +0.13 +0.04 +0.09 +0.13 +0.09 +0.22
1~21 Hi%¥ 1 to 21 days of age
T HREE 44.86 40.77 43.29 41.72 39.44 43.09
ADFL/(g/d) +1.37° +0.78*  +0.86®  +1.58™  +0.57¢ +1.00® <0001 0.1510.057
SEH H 33.40 30.03 32.02 31.37 29.09 32.81 0,001 0462 0.0
ADG/(g/d) +1.07° +0.84°  0.55®  +0.83"  x1.25¢ +1.00"
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L3R 2
X B 2E ey e P ff P-value
IH C(;;;;;ol Tryptophan level/ % \ e
Items At 3 &t Sk
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic

BHEE 1.34 1.36 1.35 1.33 1.36 1.31

0.543  0.292 0.387
F/G +0.01 +0.01 +0.02 +0.02 +0.07 +0.02
22~42 H# 22 to 42 days of age
5 H R ) ) ) 32. 35.1: )
T H R 134.56 131.40 132.59 132.97 135.13 128.91 0076 0361 0.668
ADFI/(g/d) +5.97 +3.97 +3.31 +12.41 +14.93 +12.89
S H B 84.89 82.67 80.69 83.25 82.85 79.49

0.888  0.360 0.667
ADG/(g/d) +4.87 +2.32 +3.95 +5.88 +3.54 +10.62
B L 1.59 1.59 1.64 1.60 1.64 1.63

0.962  0.508 0.785
F/G +0.02 +0.03 +0.03 +0.04 +0.23 +0.06
1~42 Hi% 1 to 42 days of age
-3 H Rk : : : : : :
T H R 89.71 86.08 87.94 87.34 87.29 86.00 0050 0491 0.785
ADFI/(g/d) +3.13 +2.05 +1.49 +6.59 +7.63 +6.30
S H B 59.14 56.35 56.36 57.31 55.97 56.15

0.766  0.258 0.435
ADG/(g/d) +2.67 +0.99 +2.10 +3.04 +2.18 +4.97
B L 1.52 1.53 1.56 1.52 1.56 1.53

0.963  0.491 0.784
F/G +0.02 +0.02 +0.03 +0.04 +0.19 +0.03

FATEER B AR R B e P R R 22 R AN B3 (P>0.05) , ANF/NE FREF R ZEF B E (P<0.05) . FEF,

In the same row, values with the same or no letter superscripts mean no significant difference ( P>0.05) , while with differ-

ent small letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 FARBEBAENABEEIEHRNSZN
i35 3 FIAL, fDRR 8 B R /K 7 X 21 H i A
(A3 TC 4 4 50, DL IE i %, DL K 42 H % TR XS 1 g
R AEE5 JH WE 4 %5 Q4 4 5 M AE F8 Sk A 18
FR(P>0.05) , 54 LA EL, 21 H B AR
AR 18 B E 0.12% (LB RN N . E T+ T
24.68% ( P<0.05) ,1H 0.15% {02 B2 48 N 41 5 35 f#

ik 7 18.70% ( P<0.05) , H.Fifi 5 e 42 {0 20 R 8 i 7K
SRR, 21 H Y IR XS Y R R e R R4
FTHE (P<0.05) , XA L, B in 0.12% 1
0.15% {62 R B & FRAK T 21 H i P32 19 JiTF 10 45 %
(P<0.05) , H.Bl & R 2 BRI K38, 21
H i PR RS 1 O i 250 2 8 R — R il 46 I 2 R IR
(P<0.05) .

x3 ARBIRKTENABHRBE R W

Table 3 Effects of dietary tryptophan levels on organ indexes of broilers

SHIRg & K P {H P-value
H C t( 1 Tryptophan level/ % \ N
Items ontro Qb ¥ £ Kk
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic
21 H#& 21 days of age
T i 35 %% 3.85 3.59 4.43 3.85 4.80 3.13 <0001 0.987 0.042
Thymus index/(g/g) +0.42*  +0.63°  +0.67™  +0.50™  +0.66° +0.40° ' ' '
FF R 35 % 28.04 28.84 28.08 27.20 24.90 23.13 <0.001 <0.001 <0.001
Liver index/(g/g) +1.39° +2.74° +3.69* +2.17"  +1.66"*  +1.78° ' ' '
3 Hr ek
kB . 2.62 2.39 2.97 2.40 2.28 2.50
Bursa of Fabricius ) ) ) 0.156  0.320 0.597
+0.52"  +0.40° +0.12° +0.50" +0.54° +0.62%

index/(g/g)
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%ot HR 20 R KT P {8 P-value
H C(;;;;;ol Tryptophan level/ % \ e
Homs GhE g K
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic
PR
LA a_é'éﬂz 0.76 0.78 0.91 0.75 0.81 0.82 0514 0.668 0.755
Spleen index/(g/g) +0.23 +0.21 +0.17 +0.15 +0.07 +0.11
H % 42 days of age

i 5% 3.73 3.40 3.67 3.13 3.61 3.65
W’%E'%_I ) 0.480  0.832 0.507
Thymus index/ ( g/kg) +0.91 +0.46 +0.61 +0.36 +0.48 +0.54

g% 18.1 18.50 20.20 19.22 18.4 18.70
PR 2 8.13 8.5( 0.2( o 8.43 8.1 0320 0.776  0.830
Liver index/( g/kg) +1.44 +1.89 +2.91 +1.50 +1.58 +1.85
3 b= 2=%,3
IR IR . 2.15 2.00 1.84 2.23 2.06 1.91
Bursa of Fabricius b b b . b b 0.123  0.446 0.750
. +0.11 +0.25 +0.27 +0.20 +0.35 +0.38
index/ ( g/kg)
PR )
E+Eﬂ”:%a§5t 1.36 1.21 1.28 117 1.08 1.20 0561 0141 0.257
Spleen index/ ( g/kg) +0.47 +0.29 +0.19 +0.33 +0.14 +0.25
23 ARBRBAKTENABMFRAEALERN  § SOD i T-AOC ¥ 2L (P<0.05) 1= zﬁz

Egul‘]
i 2 4 RIN DR 8 2 B2 S 7K F- X 21 A 42
% R XS I %5 H GSH-Px i ¥ | T-AOC, LI} 21 H
1 P I 3 P MDA & ¥ A 3 (P>
0.05), 5 X M4 A e, @ 0.03% . 0. 06% .
0.12% .0.15% {6 & R ffi 21 H & P XS 1L 7% # SOD
WERE T T 32.38% ~41.62% ( P<0.05) . Bf
AR €8 2R VS K ST B 35 0, 21 H % PR i 3

x4 AREEBAKEXNHBMLE

M2k (P<0.05) & Tt & , 1 L MDA % it 2
2 (P<0.05) Fl Wk i £k ( P<0. 05)5%5&1&

5% RELAH E , B 0.06% Fl1 0.09% (6 7R 5
42 H I XS 1M 7 b SOD i M WE THE (P <
0.05) , 1fij Ifil 7 H* MDA & & A BEAR (P =
0.054) . FEE 1A R 6 Z R TS I KF- 34 n, 42 H
W4 PRI XS Il 35 H SOD i Mk &= ki 4 i & = (P<
0.05) .

AL IEIRH R

Table 4 Effects of dietary tryptophan levels on antioxidant indices in serum of broilers

- o & 5 KO P {8 P-value
2 i Tryptophan level/%
Ltems Control yptop 0 LhE W TR
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic

21 H# 21 days of age
o~ R 112.09 109.58  111.58  110.71 105.69  106.68
TR AL 0.928 0.279 0.309
GSH-Px/(U/mL) +4.19 £17.13 %1557  +15.26 +9.02 +10.18

EAL Y 214.63  284.13  290.95  253.41 303.96  294.21
RS : ! ] . ] . 0.022  0.004 <0.001
SOD/(U/mL) +£20.74°  £41.21°  +52.00° +17.05 £41.27°  £47.22
SPEfLRE 6.82 6.84 6.27 5.84 6.51 5.52
B 0.263  0.047 0.013
T-AOC/(U/mL) +.38 £0.91 £1.04 £1.23 +1.56 +0.10
[ 7.03 7.03 6.59 6.98 6.09 6.01 0166 0.015 0.004
MDA/ ( mmol/L) £0.74 £1.22 £1.01 £0.73 £0.84 +0.60
42 H#% 42 days of age
B H T R A e 100.40 99.44 95.85  106.87 99.89 110.00 0829 0358 0.555
GSH-Px/(U/mL) +27.16 +25.57 +15.39  +22.85 +17.53 +24.78 ’ e
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Lk 4
ey 0 E WK P {H P-value
H Control Tryptophan level/ % \ .
oms ontro VIS I S
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic
ALYk 1514.74 1746.10 1866.50 1825.71 1508.51 1 480.07
BR D ALR o . : . ] L0015 0.353 <0.001
SOD/( pg/mL) +333.83° +221.80" £176.16° 210.27° +128.49"° +564.31
MB AR 242.36  279.38 208.64  292.11 241.36  236.81
LA ; A . . ) \ 0.662  0.162  0.351
T-AOC/(U/mL) +£53.41°  £35.49"  £28.19° +33.64°  %20.56"  +90.29
N 7.53 5.61 7.10 6.74 6.42 6.00
054 0.1 .
MDA/ ( mmol/L) +£0.93  +0.99 £1.12 £1.32 +1.40 +1.46 0.0540.1600.376
2.4 fRMBRERKFEX ARG MEREERNZ I X IMLE o IgA & i (P<0.05) . S5XTHRAAH L, 3

H 2% 5 Al AR €0 2 R K P R 21 H % PR X
& IgG . IgM & &, LA S 42 H % R XS 1L 3
IgA IgM &R BA B E 50 (P>0.05) , 5%
AL, BN 0.09% & R W & T+ T 21 HiIg A

x5 ARBIRKFENAGMFREER

1 0.03% 6 & R 3 AR T 42 H & R I35
IgG & (P<0.05) , {H [ % T AR {6 & BR s in 7K SF
FYIE I, 1M T 1gG &5 R B & & (P<
0.05) .

A

Table 5 Effects of dietary tryptophan levels on immune indexes in serum of broilers

. ey 0 S W K - P {H P-value
N Tryptophan level/ % .
Ttems Control yptop 0 Kb g o bk —%
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic

21 H#® 21 days of age

JEBK . . . . . .
HRIEFREA G 17.18 17.71 18.87 18.30 18.79 20.44 0.682 0106 0.268
IgG/(pg/mL) +3.19 +3.81 +4.15 +3.88 +4.72 +4.35

PEE 9 A 62.82 62.56 65.51 83.30 67.54 62.67
AR EH , , , \ A , 0.029  0.487 0.127
IgA/( pg/mL) +8.75 +12.58 +12.90 +2.63 +9.97 +14.01
HREBKE N M 405.23 389 76 396.17  371.95 399 gs 437 09 0679 0449 0.970
IgM/ (ng/mL) +80.20 +43.66 +108.67  +77.69 +83.39 +69.13
42 H % 42 days of age

REEK G 18.73 14.36 16.89 19.88 19.16 21.81
RRBEREH . . e " " o 0.011  0.208 0.014
1gG/ ( pg/mL) +2.84 +1.23 +3.02 +4.29 +4.98 +3.06
GREBREH A 73.34 74.08 60.61 71.44 69.37 72.51 0319 0.829 0.341
IgA/(pg/mL) £10.75  +2.09 +5.50 +8.29 £17.10 %1775

EE M 410.10 425.09 362.92 385.10 409.51 448.17
RIERE . 0.581 0.648 0.298
IgM/ (ng/mL) +87.15 +100.45  +21.69 +94.12 +61.20 +84.39
2.5 {ARESEKTERAEGERSHEE RN A Y 19 i VH & 2% B % (P<0.05) ,

Hi 2% 6 A, GRS R K - X 21 H il XS
#+ 48 VH . CD V/C UL M =5 g flal i v/C
WA BERW(P>0.05) , 5XTRAMEL, & n
0.09% .0.12% ,0.15% (o2 2 . 3G 1 21 H i
W25 i VH Fl CD (P <0.05), % /il 0.06% .
0.09% .0.12% .0.15% {8 % 12 . F I 17 21 H g
WXSZE M CD(P<0.05) , SRR, 0.03% (4

0.12% (TR % M ZH A XS [ i VH , CD ¥ 12 3% 1
M (P<0.05) . B2 1 K €6 20 BR VS N 7K T 14 38
21 Hi RS+ — 48 CD 24N (P<0.05) Fl—
RIZE (P<0.05) B F AL, T =48 V/C. 5 W
VH %5 CD . [l i7 CD #2281 ( P<0.05) Fl 3%
4k (P<0.05) BT . [ VH Bl b (s
TR MK T 2 M T m E #5 (P=0.050) .
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Table 6 Effects of dietary tryptophan levels on intestinal tissue morphology of 21-day-old broilers
= R Ay P H P- l
- 31 gl S K ffL P-value
> Tryptophan level/ % .
Homs Control yptop ¢ Ab & TR
group 0.03 0.06 0.09 012 0.15 Treatment Linear Quadratic
HEFE 124893 113646 1163.26 1255.77 1256.69 1 262.33
AT A 0.572  0.341 0.445
VH/pm  +208.26 +184.03 £175.52  +131.98 +114.87 +204.23
FassiR e 150.02  141.68 135.97 138.96 130.30 126.14
—i 0.100  0.003 0.014
IJ)F d*ﬁ% CD/um  +15.28* +25.28™ £19.48™  +14.38® +12.70° +10.93"
uoaenum
HEmE/
Qﬁ,{%’}% 8.78 9.18 9.26 9.10 9.91 10.17 0567 0.012 0.041
‘“‘sz +1.46 *1.75 *1.70 +1.13 +1.92 +1.50 ’ ’ ’
WEERE  676.39 767.31 735.01 943.42 1001.82  848.78
AL ] o . . - . <0.001 0.001 0.001
VH/pm  £51.91°  =119.315" £107.60" +162.89" +194.83" +156.86
VB VR 86.40 92.31 106.97 115.29 122.78 102.13
=W s IR g o abe w . hed <0.001  0.002 <0.001
o CD/pm #1524  £11.86  +7.96 £15.20"  £22.79°  +18.34
ejunum
WEmE/
thi’?f’: 8.03 7.69 8.22 8.23 8.25 8.40
Fet s R B 0.947 0.398 0.698
v/C +1.42 *1.17 +1.36 +1.31 +1.65 +1.42
WEERE  549.79  454.51 476.25 565.92 663.34  526.69
AERE \ . N o N o 0.000  0.050 0.145
VH/pm  #42.42°  £75.30°  £62.25 +83.38"  x133.29° +78.19
VASTVRIE 108.82 99.16 101.24 114.32 125.62 114.44
[fl 5 IR RE N ) - . ’ L 0.003  0.008 0.024
0 CD/pm  #12.16% +11.24° +13.86 £12.86™ +13.77°  +13.30
cum
HEmE/
AERE, 4.58 4.79 5.01 5.55 4.67
o IR i 0.301  0.829 0.973
v/C +0.87 £0.57 +0.94 +0.94 +0.95 +0.89

B2 7 )0 FRD AR 0 R S K S X 42
2By VH.CD \V/C %A i Z

WS+ 38 s
0 (P>0.05), {HZS

H %

S 7 VH FIl V/C B AR v (e

%E&ﬁjnﬂ(iﬁg{jiﬁuﬁﬁ%@z‘iﬁ%F&ﬁE(P<

HIRART 42 H

WA R VH V/C(P<0.05)

Wi ) P 8 R R R K S B T, Bl VH R4k v
BAR S (P=0.051) , 1 V/C 24P (P<0.05) F
TIRINZR (P<0.05) B EREAR, FERERRE T

0.05) , I 5 Z W 2 BARAY B # (P>0.05) o ﬁ'ﬁLﬁ AMRXT 42 HIE R % CD %A 8% 5 W (P>
xR A L {ﬁ%hn 0.03% .0.06% .0.15% {4 % IR’ 0.05)
R7 AHREBEEBKEX 2 BRABFEALESHZN
Table 7 Effects of dietary tryptophan levels on intestinal tissue morphology of 42-day-old broilers
I ARk P {& P-value
A Co;;;ol Tryptophan level/ % o
Items phriy 4 —K
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic
WEEE 1 602.4 1 31 1 575.6( 1 92 1772, 1 551.
HERE 602.46 1 603.3 575.60 690.9 772.07 1 551.57 0325  0.870 0.973
VH/pm +229.41 £204.76  +£286.60 +200.30 +174.16  +£153.52
R E  143.64  143.11 134.54 147.15  146.01 150.79
—¥5 .694 .32 A
il CD/pm +19.69 +26.60 +21.21 +14.52 +18.04 +15.65 0.69 0.328 0.409
Duodenum
WEEE/
iﬁ%’},ﬁ 11.28 11.52 12.53 11.54 12.30 10.38 0.987 0601 0.148
TR 180 *2.27 *2.15 +1.45 +1.89 +1.42 ' ’ '

v/C
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Ttems ontro hE & K
group 0.03 0.06 0.09 0.12 0.15 Treatment Linear Quadratic
2B 1343.93 1331.26 122201 122415 1261.28 1081.27
AT ) ) 0.181  0.015 0.052
VH/pm  £227.87 £234.73 *214.11  %217.80 +120.03 +158.25
R iR 124.78  129.14 121.52 125.35 114.55 125.03
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Jejunum —
2 Sy =V
: 10.84 10.38 10.07 9.83 9.41 9.23
SR IR B 0.390 .02 )
BRI +1.74 +1.22 +1.58 +1.85 +1.44 *1.71 390 0.020°0.068
v/C
WEEmE  927.98 742.05  675.82  816.69  740.47 669.44
AEAE . . . N . . 0.023  0.051 0.136
VH/um  £146.86° +107.61%* =x116.55" =%132.49® =%135.60™ +108.55
FasiREE  112.35  110.89 111.44 111.93 108.74 114.34
) .92 .903
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eum
A = s =
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v/C
filh, HOR A 9 & B RS — o F2 B L I WAL
3 1w it PERGVIRAS . VIR AE R S 8 AH G & 1 ry PR

3.1 RRBREKEXABERKERNZIE
YR B e H IR A & HE T 5 R
SRR, TSN A gE & B, AR AR
HER TN 0.06% ~0.09% & R 7] 35 #2750~ 3 JA
1% AA RAFXS IR, [R] I AR RE B i, (HB A
GE R PR, FHE Al ] R v S e 2 R X IR A R
AR PR RER A W R R T RS A
N FERR R RS A R WA FRAR T 21 HIRA
XA H  ADFIL, ADG , {HX} 42 H # KXY p94k
AN 22 ~42 H ¥ 1~42 H i ADFI,ADG . F/G
fr1~21 HRAH F/G %A B ERm, X0l fE e
O BRAE RN AR = 4 s—F @l (5-HT) BITEH .
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O REAG . 33X 7] B8 2 1RDRL H s Jin v K 7 19 8 3
1%, 5 Wil Al R 43 v P S R B W U A
5,

4 &

e FE A AR R b 68 20 R 7K OF R 5 2 I AR K
FIAE LT, B0 0.06% ~ 0.09% {6 % R X A A 5 3
RIS EIREU R s EE
WA s, (R AT DL & A I i Y 4R fE e
ARCR )

SE K :

[1] KIMS W,MATEO R D,YIN Y L, et al.Functional a-
mino acids and fatty acids for enhancing production
performance of sows and piglets [ J ]. Asian-Australa-
sian Journal of Animal Sciences, 2007,20(2) :295—
306.

[2] WANGSIJ,LIJY,WANG H,et al. A review on ti-
betan swine ( a)-carcass, meat quality, basic nutrition
component, amino acids, fatty acids, inosine mono-
phosphate and muscle fiber[ J].Agricultural Science &
Technology,2013,14(10) :1369-1374,1391.

[ 3] LAM D D,GARFIELD A S,MARSTON O J,et al.
Brain serotonin system in the coordination of food in-
take and body weight[ J ].Pharmacology Biochemistry
and Behavior,2010,97(1) :84-91.

[ 4] MONTIJ M.Serotonin control of sleep-wake behavior
[ J].Sleep Medicine Reviews,2011,15(4) :269—-281.



5554 o oE R o R 33 &

[ 5] BENTLEY P J. The chemical structure, polymor- TEREA LN [T]. 3198 3 2%, 2018, 30
phism, and evolution of hormones|[ M |//Comparative (12) :4813-4820.
vertebrate endocrinology. Cambridge ; Cambridge Uni- JING H S, XU M, YANG G Q. Sources, metabolic
versity Press,1998.65—-176. pathways and application of tryptophan in poultry[ J].

[ 6] GERSHON M D. Serotonin and the motility of the Chinese Journal of Animal Nutrition, 2018,30(12) .
gastrointestinal tract [ J ]. Gastroenterology, 1968, 54 4813-4820. (in Chinese)

(3) .453-456. [16] &k, H AR 2 IR /K S X 85 %8 A= 7= M Bk 5 8 5 s

[ 7] HUETHER G.Melatonin synthesis in the gastrointesti- oM M AL BRI T [ Dt 2 18 SC AT L # T
nal tract and the impact of nutritional factors on circu- K2£,2010.
lating melatonin[ J].Annals of the New York Acade- ZHOU B.Research on the effects of dietary tryptophan
my of Sciences,1994,719.146—158. levels on the production performance and egg quality

[ 8] BUBENIK G A. Gastrointestinal melatonin; localiza- in laying hens and approach to the mechanism[ D].
tion, function, and clinical relevance [ J ]. Digestive Master > s Thesis. Hangzhou: Zhejiang University,
Diseases and Sciences,2002,47(10) ;:2336—2348. 2010. (in Chinese)

[ 9] Rl HMR @RS MR BAR RN A A KT e [17] Sl 555% RS 45 AR (0 2 R /K -F- X 5156
AR LT BT D] AR 2 (e S0 v v PRI A 7 PR RE TS Ak D BE B 1L 75 AR A 48 Am 1 52
JeAfe iRl K24, 2010. W[ J]. 38 E SRR ,2011,23(12) . 2177-2182.
HAN X F A.Study on the interaction between trypto- MA Y E,ZHAN X A,ZHU Q M, et al.Dietary trypto-
phan and niacin of early Pekin ducklings [ D ]. phan level affects performance, antioxidant function
Master’ s Thesis. Yangling ; Northwest A&F Universi- and serum biochemical indices of yellow-feathered
ty,2010. (in Chinese) broiler breeders[ J].Chinese Journal of Animal Nutri-

[10] BIRKL P,KJAER J B,SZKOTNICKI W, et al. Acute tion,2011,23(12) :2177-2182. (in Chinese)
tryptophan depletion : the first method validation in an [18] RSPz, IMEE i % . AR S WIE N 1S 5+
avian species ( Gallus gallus domesticus) [ J].Poultry R FE[J] . 5 & W E AR ,2010,40(4) 48—
Science ,2017,96(9) :3021-3025. 49.

[11] DUARTE K F, JUNQUEIRA O M, DA SILVA FI- CHEN S Y,SUN Z X,XU H T.The nutritional me-
LARDI R, et al.Digestible tryptophan requirements for tabolism of tryptophan in animals[ J ].Chinese Qighai
broilers from 22 to 42 days old[ J |.Revista Brasileira Journal of Animal and Veterinary Sciences, 2010, 40
de Zootecnia,2013,42(10) .728-733. (4) :48-49.(in Chinese)

[12]  ENS s @R 0~ 3 Jil ALK Ak [19]  SKEET (e AR E R HRIVE I T] . R
FEPRAYFZNA [ D ] A 2 7 38 S I R I AR Al % ,2011,1(1) .8-11.

K2,2011. ZHANG H Y,FU W L. The roles of tryptophan in
WANG P.Effects of dietary tryptophan on growth and swine nutrition[ J].Feed Review,2011(1) :8-11.(in
biochemical indexes of 0 to 3 weeks AA broilers[ D] . Chinese )

Master’ s Thesis. Harbin; Northeast Agricultural Uni- [20] X 4. @ AR XF 0~ 4 J5 08 25 49 A= K Mg &
versity,2011in Chinese) MR AT AR P RZ W [ D ] A 24 67 18 30 WG IR 35

[13] HARDEN J L,LEWIS S M,LISH S R et al.The tryp- ARAegl K2 ,2013.
tophan metabolism enzyme L-kynureninase is a novel LIU X T.Effect of levels of tryptophan on growth and
inflammatory factor in psoriasis and other inflammato- blood biochemistry indexes of 0 to 4 week-old duck-
ry diseases [ J]. The Journal of Allergy and Clinical lings[ D ].Master’ s Thesis. Harbin; Northeast Agricul-
Immunology,2016,137(6) :1830—1840. tural University,2013.(in Chinese)

[14] DAVOUDI P, DANESHYAR M. Effect of different [21] LACY M P,VAN KREY H P,SKEWES P A, et al.
levels of tryptophane on performance, carcass charac- Intraperitoneal injections of tryptophan inhibit food in-
teristics and blood parameters of broiler chickens un- take in the fowl [ J].Poultry Science, 1986, 65 (4) :
der heat stress condition[ J ].Journal of Veterinary Re- 786-788.
search,2017,72(2) :157-164. [22] Z=FkM, BRIA 2 85, BROMAL. (0 2 R R 45 & & P K

[15]  SEFERN, AR AR A HT . E R BRI AU kA S I e ik [ 1], 3h ¥ 8 7 5 4z, 2021, 33 (2)



10

IRFFHEAE AR (8 PR K X IS A PR BE LT A AL T AR (4 B 15 B i B AL U S B2 R

5555

[23]

[24]

[25]

[26]

658—668.

LI Q F,OU YANG J X,LI G H.Research progress on
role of tryptophan in conuteracting heat stress in live-
stock and poultry[ J |.Chinese Journal of Animal Nu-
trition, 2021 ,33(2) :658—668. (in Chinese)

IRAT, B, XER 12~ 17 AR &2 EW ARG
B EAAOTFE[T] AR, 2011,32(20) :6-9.
ZHANG K,WANG A,LIU Y J.Research on adequate
requirement of tryptophan of 12 to 17 weeks Jinding
ducks[ J].Feed Industry,2011,32(20) :6—9.(in Chi-
nese)

R, OO BRI R, 55 (2R i AU S AR
e RN RT3 37 2 4k, 2020, 32
(3):1019-1024.

ZHU Y Z,MA W F,CHEN X C,et al.Tryptophan ca-
tabolism and its application in pig diets[ J]. Chinese
Journal of Animal Nutrition, 2020, 32 (3): 1019 —
1024. (in Chinese)

WU G.Amino acids; metabolism, functions, and nu-
trition[ J ] . Amino Acids,2009,37(1) :1-17.

RS A RN R 2 2R 1 A R P L o ) 52
W[ D] A2 Ae S M N K2 2012,

WEI Z Y.Effect of dietary tryptophan levels on tissue
protein metabolism and its manipulating mechanism in

goslings[ D ].Ph.D. Thesis. Yangzhou ; Yangzhou Uni-

[27]

[28]

[29]

[30]

versity,2012. (in Chinese)

EMADI M,JAHANSHIRI F, KAVEH K, et al. Nutri-
tion and immunity ; the effects of the combination of
arginine and tryptophan on growth performance, ser-
um parameters and immune response in broiler chick-
ens challenged with infectious bursal disease vaccine
[J].Avian Pathology,2011,40(1) :63—-72.
KOOPMANS S J,GUZIK A C,VAN DER MEULEN
J, et al.Effects of supplemental L-tryptophan on sero-
tonin, cortisol, intestinal integrity, and behavior in
weanling piglets[ J].Journal of Animal Science,2006,
84(4) :963-971.

KIM C J,KOVACS-NOLAN J A, YANG C,et al.L-
tryptophan exhibits therapeutic function in a porcine
model of dextran sodium sulfate (DSS)-induced coli-
tis[ J].Journal of Nutritional Biochemistry, 2010, 21
(6) :468-475.

RSN, ThfE, EaRie, S a5 ThRe O
TESI A= I [ 0] R & A 541, 2020, 41
(7):73-78.

ZHANG W J,MA J,WANG Z Y, et al. Metabolism
and function of tryptophan and its application in ani-
mal production[ J].Acta Ecologae Animalis Domasti-
¢i, 2020,41(7) :73=78.(in Chinese)

Effects of Dietary Tryptophan Levels on Growth Performance,

Serum Biochemical Indices, Organ Indexes and Intestinal

Morphology of Broilers

FU Chunyan' DONG Yilei' YAN Peipei'
ZHU Yingbo® WEI Xiangfa'

WANG Wenbin'
LIU Ruiting'

YAN Lei’ HUANG He?
SHI Tianhong' LIU Xuelan'"

(1. Poultry Institute, Shandong Academy of Agricultural Sciences, Jinan 250023, China; 2. Shandong New Hope
Liuhe Group Co., Ltd., Qingdao 266100, China; 3. Dongying Blue Sea
Ecological Aquaculture Company, Dongying 257100, China)

Abstract; This experiment was conducted to investigate the effects of tryptophan, as functional amino acids,

on growth performance, serum biochemical indices, organ indexes, and intestinal morphology of broilers. A

single factor and six addition levels of trial was designed. A total of 360 one-day-old male Arbor Acres broilers

were randomly divided into 6 groups with 6 replicates per group and 20 birds per replicate. Broilers in the con-

trol group were fed a basal diet ( the tryptophan level was 0.23% at 1 to 21 days of age and 0.20% at 22 to 42

days of age), and others in the 5 experimental groups were fed the basal diet supplemented with 0.03% ,
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0.06% , 0.09% , 0.12% and 0.15% tryptophan, respectively. The chickens were free to feed and drink. And
the experiment lasted for 42 days. The results showed as follows: 1) compared with the control group, 0.03%
and 0.12% tryptophan supplementation significantly reduced the body weight of broilers at 21 days of age ( P<
0.05) , while 0.03%, 0.09% and 0.12% tryptophan supplementation significantly decreased the average daily
feed intake ( ADFI) , the average daily gain (ADG) and the feed to gain ratio (F/G) of broiler from 1 to 21
days of age (P<0.05). The supplementation of tryptophan in basal diets has no significant influence on the
body weight of broilers at 42 days of age, and the ADFI, ADG, and feed/gain (F/G) of broilers at 22 to 42
days of age, or 1 to 42 days of age, as well as the F/G of broilers at 1 to 21 days of age ( P>0.05). 2) Com-
pared with control group, 0.12% tryptophan supplementation significantly increased the thymus index ( P<
0.05) , but significantly decreased the liver index of broilers at 21 days of age (P<0.05). 0.15% tryptophan
supplementation significantly decreased the thymus index and liver index of broilers at 21 days of age (P<
0.05). The thymus index significantly increased quadratically with the supplementation of tryptophan ( P <
0.05) , while the liver index was significantly decreased linearly and quadratically ( P<0.05). The supplemen-
tation of tryptophan in basal diet had no influence on the organ indexes of broilers at 42 days of age ( P>0.05).
3) Compared with the control group, the basal diet supplemented with 0.06% tryptophan significantly in-
creased the activity of superoxide dismutase ( SOD) in serum of broilers at 21 and 42 days of age ( P<0.05).
Furthermore , the serum SOD activity significantly increased linearly and quadratically ( P<0.05) with the sup-
plementation of tryptophan. 4) 0.09% tryptophan significantly increased the serum immunoglobulin A content
in broilers at 21 days of age ( P<0.05).5) Compared with the control group, the basal diet supplemented with
0.12% and 0.15% tryptophan significantly decreased the duodenum villus height ( VH) of broilers at 21 days
of age (P<0.05) , and significantly increased the jejunum ileum VH and crypt depth (CD, P<0.05). For the
broilers at 42 days of age, tryptophan supplementation in the basal diet had no significant influence on the de-
velopment of duodenum and jejunum ( P>0.05), but the jejunum VH and villus height/crypt depth (V/C)
decreased linearly ( P<0.05), as well as that of ileum. In conclusion, tryptophan supplementation in basal diet
has no significant influence on the growth performance, organ indexes and the development of jejunum and ile-
um of broilers in later growth stage, but can increase the serum antioxidant and immune ability of broilers.
[ Chinese Journal of Animal Nutrition, 2021, 33(10) :5545-5556 ]

Key words: tryptophan; broilers; growth performance; immune and antioxidant functions; organ indexes; in-

testinal morphology
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