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Table 1 Experiment design
WUH AR HoAb 5 Z R K- HAMRKF BRI BEATRKF
Items Lys level/ % Other EAA level Met level/ % Thr level/ % Try level/ %
I 44 Group 1 {K7KF Low-level 0.66 0.58 0.16
Il 41 Group 1I 0.89 tKF Medium-level 0.78 0.68 0.19
M4 Group II 15 7K F High-level 0.90 0.78 0.22
V&4 Group IV {K7KF Low-level 0.66 0.58 0.16
V4 Group V 1.05 17K - Medium-level 0.78 0.68 0.19
VIZH Group VI =i 7K F High-level 0.90 0.78 0.22
VIZH Group VI 7K Low-level 0.66 0.58 0.16
VIIZH Group VII 1.20 7K - Medium-level 0.78 0.68 0.19
IX4f Group IX 1R 7K F High-level 0.90 0.78 0.22
F2 REEAREARREFKE(RFE)

Table 2 Composition and nutrient levels of experimental diets (air-dry basis) %
WH 215 Groups
Items I I} v \Y Al i VIl X
JE Bl Ingredients
T K Corn 65.24  65.59 66.09 6530 66.09 6647 65.72  66.47 66.85
523l Soybean oil 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.34
THH Soybean meal (43% CP) 23.05 2695 2644 23.54 2644 26.06 23.44  26.06 25.68
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WiH 215 Groups
Items 1 | I v A% VI VI Vil IX
T KFEFH Corn protein powder 4.39 1.35 1.33 3.83 1.33 1.31 3.50 1.31 1.29
£ ¥ Limestone 1.26 1.24 1.24 1.26 1.24 1.24 1.25 1.24 1.24
R 255 CaHPO, 1.84 1.82 1.83 1.84 1.83 1.83 1.85 1.83 1.84
F AL NaCl 0.16 0.18 0.18 0.13 0.14 0.14 0.09 0.10 0.10
S /L BB Choline chloride (50% ) 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
£7%" Multi-mineral" 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
%4 Multi-vitamin® 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Wi MR ERFREE Lys - HCI (98%) 0.19 0.09 0.11 0.39 0.32 0.33 0.59 0.52 0.53
EH R Met 0.13 0.27 0.40  0.14 0.28  0.40  0.14 0.28 0.40
{45 R Try 0.01 0.04 0.01 0.05 0.02 0.05
IR MR Thr 0.02 0.12 0.22 0.03 0.12 0.23 0.03 0.13 0.23
kAR 40 NaHCO, 0.04  0.02 0.02 0.07 0.06  0.06  0.11 0.10 0.10
JK PP Washed-out sand 2.91 1.59 1.33 2.70 1.37 1.11 2.51 1.17 0.91
4t Total 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
E 37K F Nutrient levels”
RIEE ME/ (MI/kg) 11.97  11.97 11.97 11.92 11.97 12.01 11.97 12.01  12.01
HEH T CP 18.00 18.17 1825 18.07 18.16 18.28 18.03 18.18  18.29
£5 Ca 0.96  0.96 0.96  0.96 0.96  0.96 0.96 0.96 0.96
AW AP 0.39  0.39 0.39  0.39 0.39  0.39  0.39 0.39 0.39
Al L 2 B2 DLys 0.89 0.89 0.89 1.05 1.05 1.05 1.20 1.20 1.20
AlJH LB 2R DMet 0.66 0.78 0.90 0.66 0.78 0.90 0.66 0.78 0.90
AlH L 95 R DThr 0.58 0.68 0.78 0.58 0.68 0.78 0.58 0.68 0.78
AlJH Ak B2 R DTry 0.16 0.19 0.22 0.16 0.19 0.22 0.16 0.19 0.22

1) 25 R8T a4t Multi-mineral provided the following per kg of diets: Cu 8.00 mg,Zn 75.00 mg,Fe 100.00 mg,

Mn 100.00 mg,Se 0.15 mg,I 0.35 mg,

2) £ 4k K 4 T 5 i@ A 2 fit Multi-vitamin provided the following per kg of diets: VA 12 500 IU, VD, 2 500 IU, VK,
2.65 mg, VB, 2.00 mg, VB, 6.00 mg, VB, 0.025 mg, VE 30 1U, 4 #J & biotin 0.032 5 mg, i folic acid 1.25 mg,Zi# pan-

tothenic acid 12.00 mg, #Hf& nicotinic acid 50.00 mg,

3) B FRIKE M1 E . Nutrient levels were calculated values.
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Table 3 Effects of lysine and other essential amino acids on growth performance of yellow-feather broilers

oA FHAME  PERAE B b
Items ADG/(g/d) ADFI/(g/d) F/G
I 4 Group 1 17.46 30.59 1.74
I 44 Group Il 17.42 30.36 1.74
M4 Group I 17.43 30.09 1.71
V4 Group IV 17.76 30.23 1.70
V4 Group V 18.05 30.71 1.70
VI4H] Group VI 18.10 29.82 1.68
VIZH Group VI 17.71 30.77 1.72
V41 Group VII 17.83 30.82 1.72
IX4H Group IX 17.68 30.22 1.70
SEM 0.07 0.10 0.01
F W Main effects

0.89 17.44° 30.35 1.73°
BEmOKT 1.05 17.97° 30.26 1.69°
Lys level/ %

1.20 17.74° 30.60 1.72°
SEM 0.12 0.17 0.01
T T er—— L 17.64 30.53 1.72
Other EAA lovel M 17.71 30.63 1.72

H 17.74 30.04 1.70

SEM 0.12 0.17 0.01
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i PHHME  OFMHERER  HE
Items ADG/ (g/d) ADFI/( g/d) F/G
P HHEPR Lys 0.014 0.337 0.018
Povalue HiAl T2 H R Other EAA 0.757 0.054 0.086

A R < oA 0h 75 S SE R Lysxother EAA 0.863 0.766 0.747

L {K7KF- (0.66% HZ R +0.58% J1 AR +0.16% (A& ) ;M : HKF (0.78% HATR+0.68% 5 R +0.19% (L AR ) s H:
57K (0.90% AR +0.78% SF AR +0.22% GATR) o 7518 8 b A [R)/ING FhE R 22 53 3% (P<0.05) , A [ BG 7 8F
FRERAEE(P>0.05) ., FZEIFE,

L. low-level (0.66% methionine+0.58% threonine+0.16% tryptophan); M: medium-level (0.78% methionine+0.68%
threonine+0.19% tryptophan) ; H: high-level (0.90% methionine+0.78% threonine+0.22% tryptophan). In the same column,
values with different small letter superscripts mean significant difference ( P<0.05), while with the same or no letter superscripts
mean no significant difference ( P>0.05). The same as below.
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Table 4 Effects of lysine and other essential amino acids on serum biochemical indexes of yellow-feather broilers

AT v HoAtb b 75 B AL R K P20 ( P<0.05)

. BEO O ORR OWEN PSm
Loms TP/ UA/ CHO/ TG/ HDL/
(g/L) ( pmol/L) (wmol/L) ( pmol/L) (pmol/L)
I 41 Group I 29.55° 15.24 4.76 0.37 3.11
I 40 Group 1l 28.29° 11.99 4.77 0.33 3.17
M4 Group I 29.71° 14.73 4.42 0.41 2.93
V4 Group IV 28.43° 13.35 4.69 0.37 2.92
V4 Group V 30.34" 11.58 4.68 0.33 3.02
VIZH Group VI 27.23°¢ 12.65 4.17 0.40 2.71
VIZH Group VI 31.15° 15.98 4.74 0.37 3.14
VII#H Group VII 30.79° 17.58 4.52 0.35 2.86
X4 Group IX 31.39° 13.65 4.66 0.38 2.97
SEM 0.26 0.44 0.05 0.01 0.03
RN Main effects
b b «

B 0.89 29.180 13.ggc 4.65 o.§7 3.07
Lys level/% 1.05 28.66 12.53 4.51 0.37 2.88

1.20 31.11° 15.73" 4.64 0.36 2.99
SEM 0.44 0.77 0.08 0.01 0.05
AT L 29.71 14.85 4.73° 0.37° 3.06"
LR K - M 29.81 13.71 4.66 0.34° 3.01°

Other EAA level H 29.44 13.68 4.41° 0.40" 2.87°
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Itéms TP/ UA/ CHO/ TG/ ;DL ,

/L /L /L /L
(g/L) (wmol/L)  (pmol/L)  (umol/L) (pmol/L)
SEM 0.45 0.77 0.08 0.01 0.05

P WM Lys 0.012 0.028 0.439 0.977 0.058
Povalue HA A7 ZILRR Other EAA 0.845 0.483 0.025 0.017 0.050
WA R < Ho A WA 75 Z BE R Lysxother EAA  0.046 0.162 0.211 0.896 0.150
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M) ( P>0.05) , HoAth 075 2 35 8 X 55 50 PR X 11 g fit
B BB (P<0.05) , 26 P Ky vh ol b 55 4
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Table 5 Effects of lysine and other essential amino acids on organ indexes of yellow-feather broilers g/kg
3 =P
i H T S T S 1 S e
Items Thymus index Liver index Spleen index Fabricius index
I 41 Group 1 3.12 27.40 1.19 3.56"
I 41 Group Il 3.23 27.53 1.22 3.39"
41 Group II 2.92 27.67 1.24 3.47°
V4 Group IV 2.72 26.83 1.15 3.49°
V4 Group V 3.39 26.27 1.37 3.06°
VI4H Group VI 2.90 26.88 1.17 3.27°
VIZH Group VI 3.10 27.81 1.11 3.23"
V£ Group VI 3.20 26.79 1.09 4.01*
X4 Group IX 2.56 26.80 1.11 3.39°
SEM 0.06 0.21 0.03 0.06
ERW Main effects
P 0.89 3.09 27.54 1.22 3.47
Lys level % 1.05 3.00 26.66 1.23 3.27
1.20 2.95 27.13 1.10 3.54
SEM 0.10 0.36 0.04 0.10
HAbLE L 2.98° 27.35 1.15 3.43
IR M 3.27° 26.86 1.23 3.49
Other EAA level H 2.79° 27.11 1.17 3.38
SEM 0.10 0.37 0.04 0.10
#iE MR Lys 0.569 0.320 0.085 0.147
P1H H AT ZILER Other EAA 0.004 0.678 0.494 0.716

P-value 1 R > A b 5 E SR

0.227 0.850 0.490 0.016
Lysxother EAA
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ZUEBRIFZ 0 WL 6, 1 200 F0 A 75 2 B R
A HAE X 8 3P R 25 i B s VR A 2 5
(P<0.05) , %F 25 Jij 4% 6 & B2 V/C T i 35 52 iRl
(P>0.05) , Mz AT B RN ok & A D
E N (P<0.05) , 23 -R0.89 % #5154 12 7K - 2H 1Y

SHATEHEREST 1.05% 8 Z R K V4 (P<
0.05),5 1.20% i H MR /KFHERARE (P>
0.05) , Hofth w5 75 220 3 R X 35 5P A Y 19 25 B B s
TR V/C A BE R (P<0.05) , R B RHAD
Wb S B R 7K T A 1Y) 2 P B s R B i AR T
fon HA A T5 R K4 (P<0.05) 1] V/C 3
T e A T R K41 (P<0.05)
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Table 6 Effects of lysine and other essential amino acids on jejunum morphology of yellow-feather broilers

gE| YT Be s IR B/ R IR
Items Villous height/pm Crypt depth/pum v/C
I 41 Group 1 756.60 95.47° 7.46
T4 Group Tl 716.01 89.69° 6.94
M2H Group I 815.53 117.13° 7.28
V& Group IV 705.17 87.43°¢ 8.52
V4 Group V 623.32 110.88* 7.01
VIZH Group VI 668.76 85.45° 7.34
VIZH Group VI 681.45 86.81°¢ 8.40
VIIH Group VIl 781.72 105.80* 7.19
X4 Group IX 711.93 105.46™ 6.91
SEM 11.93 1.35 0.12
RN Main effects
. 0.89 762.71° 100.76 7.22
ﬁiﬁié J;z 1.05 665.75" 94..59 7.62
1.20 725.03" 99.36 7.50
SEM 20.16 2.40 0.20
L 714.41 89.90° 8.12*
HoAth b 5 R HE R KT
Other EAA level M 707.02 102.12° 7.04°
H 732.07 102.68° 7.18°
SEM 20.92 2.31 0.20
iR Lys 0.009 0.177 0.383
ﬁ_{ilue HAb A T5 MR Other EAA 0.687 0.001 0.001
W TR < H AT Z LR Lysxother EAA 0.056 <0.001 0.356
i o A1 KT I (R, £ 0 1 0
3 it it A S Z B M R Em, EZAREIZXEE

3 HEBRMEMALTEERYEPABEK
4 BE B 2 M1
BAMRER SN TIEFERMA T A
Rk AEFRLR , NMEAS SHUANE A RS R,
17 ELXS ML A B E 1 At A 2 T2 R S A S
P A 7 IR 18 TR AN T X 4R e A G A K
JE R b AL R A R O R S
R A R At a0 T 2 RE TR B TS R A O B Y

oK — TR B AR AR 5 — PR M B R R, 7 TR R R A
AR W S YR F/G B SRR B
PIZEET ) IR RR IR I PR XS b T IR 22—,
X A X8 B AP BE DR B AR R AE LA E Y
W N AN BT R AR T A A R B Z 2
U] PRI XS ) R 8 SR o TR 2 S 3 R A
BHE AR T Kb 78 At E R RT3 B A XY
LR R PERE ™ L AW ST A SRR W, R R A
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Effects of Lysine and Other Essential Amino Acids on Growth Performance,
Serum Biochemical Indexes, Organ Indexes and Intestinal Morphology of
Medium-Speed Yellow-Feather Broilers during 1 to 18 Days of Age

SHI Shourong'* LIU Yonggiang' ZHANG Shan' ZHU Peiji’
(1. Poultry Institute, Chinese Academy of Agricultural Sciences, Yangzhou 225125, China; 2. Lihua Livestock Company of
Jiangsu Province, Changzhou 213100, China)

Abstract: The aim of this experiment was to study the effects of lysine and other essential amino acids on
growth performance, serum biochemical indexes, organ indexes and intestinal morphology of medium-speed
yellow-feather broilers during 1 to 18 days of age. A total of 810 one-day-old male medium-speed yellow-feath-
er broilers were randomly divided into 9 groups with 6 replicates per group and 15 broilers per replicate, and
fed with 9 different amino acid levels of diets. Three lysine levels (0.89%, 1.05% and 1.20% ) and three other
essential amino acids levels (low-level: 0.66% methionine+0.58% threonine+0.16% tryptophan; medium-lev-
el: 0.78% methionine+0.68% threonine+0.19% tryptophan; high-level: 0.90% methionine+0.78% threonine
+0.22% tryptophan) were designed. The experimental period was 18 days. The results showed as follows: 1)
the average daily gain of 1.05% and 1.20% lysine level groups was significantly higher than that of 0.89% ly-
sine level group ( P<0.05), and the ratio of feed to gain of 1.05% lysine level group was significantly lower
than that of 0.89% and 1.20% lysine level groups ( P<0.05). 2) The interaction of lysine and other essential
amino acids had significant effect on serum total protein ( TP) content ( P<0.05). The contents of TP and uric
acid in serum of 1.05% lysine level group were significantly lower than those of 0.89% and 1.20% lysine level
groups ( P<0.05) ; the contents of cholesterol and high density lipoprotein in serum of low and medium other
essential amino acids level groups were significantly higher than those of high other essential amino acids level
group (P<0.05), and the serum triglyceride content of low and medium other essential amino acids level
groups was significantly lower than those of high other essential amino acids level group ( P<0.05). 3) The in-
teraction of lysine and other essential amino acids had significant effect on bursa of Fabricius index ( P<0.05) ,
which was highest when lysine level was 1.20% , methionine 0.78% level was, threonine level was 0.68% and
tryptophan level was 0.19%. The thymus index of medium other essential amino acids level group was signifi-
cantly higher than that of low and high other essential amino acids level groups ( P<0.05). 4) The interaction
of lysine and other essential amino acids had significant effect on jejunum crypt depth ( P<0.05). The jejunum
villus height of 0.89% lysine level group was significantly higher than that of 1.05% lysine level group ( P<
0.05) . The jejunum crypt depth of low other essential amino acids level group was significantly lower than that
of medium and high other essential amino acids level groups ( P<0.05) , and the villus height/crypt depth was
significantly higher than that of medium and high other essential amino acids level groups ( P<0.05). In con-
clusion, when the dietary levels of lysine, methionine, threonine and tryptophan are 1.05% , 0.78% , 0.68%
and 0.19% , respectively, the growth performance and serum biochemical indexes of medium-speed yellow-
feather broilers during 1 to 18 days of age are the best under this experimental conditions. [ Chinese Journal of
Animal Nutrition, 2021, 33(2) :779-791]
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