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W OE. ARBRSEMEIARE LN TR T R Fi (LA) X K 5k 354 4745 &
BHA AN, R BERIRIL BT AR EAULA 1530 R 21 B TR B m(AA) IS A
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AT A A KRR G 81 B b R E AR (P<0.05) , M AR K IR R VA BAR K Ao S\ BN BT ) & b B
FHZH(P<0.05), 3) 5 ND AL ZAATEREZERABLRETERETAR €2 FH &
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ABAG AL T EE RERSAELE L (P<0.05), B LR SAREEREAY
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B IR A (15 H/m®) ™ WA B &
I, ) SR B 3 RO R T PR RS AR I B K, HL i
FRE LSRN T XS FEAE 2= AR R A R 8 3 T
O G IR A R R R TR R RS L T
Bhzs 6], 1 R 9 47 S 5 H T 2l 25 1) K/ 25 U
PSS

Van Reenen 257 #F 5535 i sh ¥ 47 hy vl 52 ke 14
HAAEAE R ETIE R YR T &7 35 1Y
WG SR IEH W AR FRAT R, 2 AL A A
AR 22 SN2 B s W AT, B, XS AT
R DA PRI X fit B R AR RAR A8 B AT SEdE A, FE AR
Mp Az R e AR SR e R AR A
2, 38 R 5 2 ) FR i ke ok | K i TRl AT R B AT
R RBUE AR S IEE s AT A A B
SRR R T 2 AR SR s R AT
o Bl R IR B R I, R XS A8 B ok B D
AR HEATIN BIFE B AT W SENE 3, B, 3R AT
I, v ) 57 2 B 23 5 e TR XS B TR R AT O, AT 5
RIMRIRE S, 2 S RBEHRETRIE .

a—Hi % R (alpha-lipoic acid, LA ) J&—Fl K 4
IR , 3 T e R AR D Bk A Hh A Ak
1R Akt A% v Z B 52 5 W 0l R 1, ZE ALK 2k 1A
fem Rt R EEEERY . R, LA T LS
HARGEGIRBERAREMBR, BTUS 48
BT E A BRI B AT B 8 R LA
AR —Le NI R (4R R C AR E A
EH R AE ) FRAE 1 ER A 36 LA X T A G 1A 77
R RVE B R B O AR s B, I, A
TR L5 A8 AN [ 1% f) 55 %85 B, O 7 8 ) 7 9 B 4%
PR %M LA 380 52 X (R RS A BN AT R 2 R
R B SRR T 0T, PR ) 55 % BE AT LA X R
XA N P AT R RS B RS, S i S Y
Ak PR X0 ) 7 45 3L PR S A Hi A 1R X S R g R
FRBH ) AT Rk & SR PR IR I

1 #MR5FZ*
1.1 RIiEt

I HC 1 B Z IR 50 (AA) RAT XS
3 000 H, iR B R F B0l A BR A w4 41, 4 37 51
TR IEH HW AR 37, JF T 21 H & B M o Bk Hie fekt
SR R G AR FE AT B AT RS 1 530 H B ALY
B3 A2, N BRZH Ol R AR R 8 RS 4 (ND 4
15 H/m? il Wil An) ) |, X0 20 R s 1) % 9

41 (HD 41,18 H/m?, fr) M JL At ] K2 ) 13 1) 77 2%
FE+LA 41 (HD+LA 4,18 H/m® , 75 KL fill 15k 75 78
Jin 300 mg/kg LA), &4 6 4~ #H &, ND HD fI
HD+LA #5455 WA EH 53518 75,90 F
90 H Xk 3 JH, RAM LR UER
KA FRFEAE R 2.46 m T8 2.02 m & 0.60 m Y
FEIEIE T , 45 B 2 8] SRR B IT

Al ) R R FH K — R A A AR, = IR
EARFEARIE) (NY/T 33—2004) RATXS H 32555k
el , F2H B R B FR KT WA 1, R 3R e T R
B} B it EC IR A S A T
1.2 AFEE

FRH R B R PR e JURLRL Y 5 =X
HEAT o X5 ] AT A R OR B VROK SR 23 h
NTOERE 1 h JEWE AL P e B OE Rl o) 57 45 B
O5 AT H R RE | AR50 A B Ao XK, a6 i A
Hh R RO A 56 309 AR B, G SR XS AR K RIBE T
T, — H EBA ST XS ) R b 3 3 b 7o 4k &
FHIE ) PRI

®1 EfiARAMRERKE(TORER)
Table 1 Composition and nutrient levels of

basal diets ( air-dry basis) %

H i Days of age
JiH Items

1~21 22~42
JE L Ingredients

E K Corn 57.30 61.60
M1 Soybean meal 37.80 33.50
.l Soybean oil 1.90 2.50
£k NaCl 0.30 0.30
18} Limestone 1.65 1.29
SZALAEHE Choline chloride 0.10 0.10
R A 45 CaHPO, 0.44 0.35
Y rE F R AL Vitamin premix” 0.02 0.02
e T &R Rk

Trace-mineral premix” 0-20 0-20
L-#i% 8. L-Lys 0.08 0.02
DL-E R DL-Met 0.19 0.10
MiFR % Phytase 0.02 0.02
&1t Total 100.00 100.00
B35 /KF Nutrient levels”

R4 BE ME/(MI/kg) 12.57 12.99
MFE A CP 21.50 20.05
5 Ca 1.02 0.91
Mk TP 0.65 0.56
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H#% Days of age
i H Ttems

1~21 22~42
B AP 0.46 0.41
AR Lys 1.15 1.00
E R R Met 0.52 0.42
ERAR+F AR Met+Cys 0.85 0.77
FRE MR Thr 0.88 0.81
{6 R Try 0.29 0.27

1) 4 A= R TR R N B T 5 M M 48 Vitamin premix
provided the following per kilogram of diets; VA 12 000 IU,
VD, 2 000 IU, VE 20.75 mg, VK, 2.65 mg, VB, 2 mg, VB,
5 mg,VB, 2 mg,VB,, 0.025 mg, =¥ Z& biotin 0.032 5 mg,
P2 folic acid 1.25 mg, D—Z i D-pantothenic acid 12 mg,
JHER niacin 50 mg,

2) ik TR BUR B 55 T 5 i) B2 1 Trace-mineral
premix provided the following per kilogram of diets: Mn
100 mg, I 0.35 mg, Se 0.15 mg, Zn 75 mg, Cu 8 mg, Fe
80 mg,Co 0.2 mg,

3)AUBHBE NI BAE, Ry SEM{E . ME was a calcu-

lated value, while the others were measured values.

1.3 MEisREHE
1.3.1  MLVEES 1 i B 0 AR A

T 42 HIRZEE 12 h 5, B EE L 2 H
X % I kR 1ML, 3 000 r/min 2.0 15 min,

IV 533 )5 T =80 CHRAE, M2 I v 45 |
i H k52 R 2 ( parathyroid hormone , PTH) il JZ Jiit
filil ( corticosterone, CORT) & & LA B B 1 % g i
(alkaline phosphatase , ALP) if Ji B i fiff 11 481k i
( NADPH-oxidase , NOX ) . 7 'Z 14 48 {1k Jiff ( xanthine
oxidase , XO ) . 5. % % fk E# ( monoamine oxidase,
MAO) &g %tk %) i ( myeloperoxidase , MPO ) Jif
PE, RS PRISR F pE a2 AR ) TR B 5T BT A
77 BRI G I W 2 R A R BRI 5 AT
1.3.2 A7 R#datnill e

SR HARBORE L A T WAL AR
BRI 4 R ERAS, TG 3 d AR L
H bR HE S 44k 4 h, B 68 A7 U0 AT o 52
I 2245 (Observer XT, Noldus, fif 22 ) % H 539 19
TG SAT R CRE VROK s B 345 ) fR B AT N
(KRB RN AR AT ) FZAT N7 b, it &
HERE S AT R A A RIR F L], B 0 % 3
AR T NS, IR A AP 1 A&
Bt i T —AEE, AT AR E X
SRy BALASE B[] YT R AR AT R IR B, AT A B ]
Vo E SCRZAT Ry A A2 IF ] 7 AT R & A s ] i A
Gyt SRR DT SRR B AR i R
PIXSAT R 2 AT 0 2 e S, HARDLER 2,

R2 ABITHAEMNREENX

Table 2 Behavior of categories and their definition of broilers

174 412% Behavior of categories

1785 X Behavior of definition

KB Feeding
XK Drinking
57, Standing
i3 Combing
fifiJ# Stretching
7E 31 Walking
UM Lying

(ALY SR TSI Mg ik !

FH BRI LR K

XUBB 35 37, FF AR5 B ARES  BeA R P g HAB AT
R E P AP B ) S A, BB R B SO B AT A
PR IR — T 0 1 SO i (2 i) A0 1 AR MR A HE A 3)
b4t LUE 3 5912 0 A8 s o, HLBOA R B E SCP g HAl AT
e A b, SR AR AE R R AN 3 oSk A ) R ELR 0T, B R B SO i H AR A T8

1.3.3 HHEERRNE

W 42 H ISR AR T bR LS A0S U 52 | BUZE DN
Jea e, M i KR B R SR L
W ES 8K 4y & i, IR F B E 4R (bone
weight rate, BWR) . /NG Gl BR & LA CE BE T .
LR ZH S5 (B 9, I R i e o, T B IR L
FEpr R RO = B M B 42, SRR AL (GB/T
6438—2007) W& B K53 & ik, £ WV £ 18 — 40
28T E B (GB/T 6436—2002) 1l 5E B 45 & & |

36 EE ¥ (GB/T 6437—2002) I 5E B W &
K H = 52 i % ( TMS-Pro, Food Texture Analy-
zer,FTC, ) Bl BoR ., BHEMT WK
R E 1T SAL T2 4935 ( Model 922010,
Norland Medical Systems Inc., 3% ) 2,
1.4 BESITE S

TR R I SPSS 20.0 AR F k17 B E
#5 #1 (one-way ANOVA) | 4 [0] /7 7& It & 22 5
i}, FiE1T Duncan [CiEHEAT 2 5 AL, PL P<0.05
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YRR 56 25 TR A0 I 35 PR B vfiE B L P
fE+prifER” L AR,

2 HERESWH
21 (AFZEMLANABODFSE. BEESEH0
R #36 FR B 82 Ml

P& 3 A 0, 4% 4] (8] 1% ®E L PTH & & LA &
XO FIMAO iG M 2Z R AR E (P>0.05) . HD 411

THAS A ALP PS5 ND 4 AH b B 3% T [ (P<
0.05) , 1M HD+LA #H Ifil ¥ 5 % & F1 ALP i& P 5
HD 4 M kb & % L F+(P<0.05), HD 4] 1%
CORT % L) & NOX il MPO i 1 . 2 & T ND
H(P<0.05), 5 HD 414 b, HD+LA 4 ffi ¥&
CORT %L}z NOX Hl MPO I 1 i #F MK ( P<
0.05) , Ifil ¥ XO Fl MAO 7if 1 B A T REA e, H
EZRANEE(P>0.05),

®3 AFTEMLAXNABMES. HESERMBERNZIG

Table 3 Effects of stocking density and LA on serum Ca and P contents and stress indexes of broilers

=] 2[5 Groups

Items ND HD HD+LA

45 Ca/( mmol/L) 3.31+0.21° 2.97+0.14" 3.40+0.19"
# P/(mmol/L) 2.40+0.08 2.29+0.11 2.33+0.06
TEBERR B ALP/(U/L) 201.03+6.12° 173.10+4.64" 192.81+3.14°
FOR 3% IR % PTH/ (ng/mL) 81.51£3.06 78.44%3.47 79.88+2.52
R 5B CORT/(ng/mL) 2.46+0.13" 3.39+0.19° 2.79+0.08"
W JE R g 1T 4 AL NOX/[ U/ (min - mL) ] 0.55+0.02° 0.84+0.04° 0.64+0.01°
fiat S LY MPO/(U/mL) 0.33+0.02° 0.45+0.04° 0.38+0.02"
F A4 AL X0/ (U/mL) 14.15+0.82 14.89+0.86 14.43+0.21

H A A MAO/(U/mL) 2.31+0.11 2.40+0.31 2.38+0.17

[FATER JE AR B R R R R 22 R A B (P>0.05) ,ANF/NG FRER2ZEF B (P<0.05), FHEF,

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

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

2.2 AFEZBERM LA X ABITH IS0

1% 4 W] 1, 25 4 18] 3 57 Al R AR 22 5 AN
W (P>0.05), % T ND 4 ,HD H1iTE Fi
W RE NI I ETEK (P<0.05) , AR KA IR i 2

T (P<0.05) ., 5 HD 2HAH I, HD+LA 4H R 4
W FH 5 (P<0.05) , AROK IR B 35 A (P<
0.05) , M #MKAEN LT HERRNEFH (P>
0.05) .

x4 AFTEM LA XRIBITATURE N
Table 4 Effects of stocking density and LA on behavior frequency of broilers

WiH 215 Groups

Items ND HD HD+LA
¥} 37, Standing 4.79+0.38 5.06+0.21 4.87+0.46
i} Stretching 1.97+0.09 1.88+0.19 1.92+0.27
f75E Walking 7.17+0.96" 6.15+0.31° 6.31+0.57°
Fi#¥ Combing 4.55+0.22" 3.31+0.78" 3.98+0.45"
KA Feeding 7.26+0.58° 5.67+0.84" 6.99+0.59°
k7K Drinking 5.42+0.41° 7.74%0.50° 5.91+0.63"

HH 2% 5 A0, 4% 4 8] 3 <7 R R ] O b 22
SARE(P>0.05), M T ND 41,HD 417E .
B R IR E R R (P<0.05) , TR K Al
B\ BN ] M 23 TR (P<0.05) . 5 HD 4 AH

Ee, HD+LA 4R & 1] 4 b i 3 T+ & (P<0.05) ,
PP [E] A7 6 2 2 T R (P<0.05) 4758 (Fi# AR
K] & el A s B 22 R A B3 (P>0.05)



240 B OR ¥ 33 &
{RFREEM LA XJ R X817 A4 B iE & b #9250
Table 5 Effects of stocking density and LA on behavior time proportion of broilers
=] 2[5 Groups
Items ND HD HD+LA
%37 Standing 25.69+1.02 24.89+1.23 25.07x1.62
fHJ& Stretching 0.45%0.04 0.39+0.03 0.41+0.01
117 Walking 5.97+0.74° 4.11+0.62° 5.25+0.44"
Fi## Combing 0.83+0.07" 0.61+0.02° 0.70+0.04*
K& Feeding 23.49+1.22° 20.52+0.69" 22.55+0.88"
XK Drinking 5.17+0.33° 6.82+0.25" 6.31+0.48"
UM Resting 40.58+1.09" 43.66+0.78" 41.41+1.01°

23 PRAFEZEMLAXNALTREL SN

%6 M, 5 ND 240t , HD 42 B EHiz .
B OFRE B SR LS B K )
/é\

J5t
Y B ERN(P<0.05) (URH K BT B ¥

N

Nini R

234k (P>0.05) . 5 HD ¢HAH I ,HD+LA 4% &
R DLURES A B 5 TH R (P<0.05) R
HIRL UL T Yk MK oy & & F BT H 2=
SR (P>0.05)

K6 HAXEZTEMNLANABREBELRSIEFENZI

Table 6 Effects of stocking density and LA on tibia development indexes of broilers

WA ZH %] Groups
Items ND HD HD+LA
4524 Ca content/ % 17.58+0.61° 16.03+0.41° 17.37+0.60°
Wi & & P content/ % 7.42+0.14° 6.73+0.09° 7.19+0.13°
JK 4y Ash content/% 47.56+1.45" 45.71+0.82* 47.19+1.29"
K Length/mm 97.24+2.11 96.55+1.47 06.29+2.08
g
‘H 1% Diameter/mm 9.17+0.21° 8.46+0.12" 8.37+0.09°
JfifE Weight/g 12.88+1.23° 11.39+1.57* 12.64+1.02°
BRI BWR/ (g/kg) 4.99£0.11° 4.75+0.22° 4.89+0.13™
%% Density/ (g/cm®) 0.21+0.01° 0.15+0.00° 0.17+0.02°
¥ Eh & & Mineral content/( g/cm) 1.89+0.17° 1.51+0.10* 1.74+0.09™

W% Strength/N

434.36+13.89"

388.75+9.77"

401.13+7.34"

H & 7 A] 1, 5 ND 4iAf kb, HD 4R J A%
Fii B R DS RS B R
FEAR (P<0.05) , s i & it KBRS R L TG o 2
AL (P>0.05) . 5 HD 44, HD+LA 4 58 %
JE R RIS i 3 R (P<0.05)  RB HAR
B AR M kg a LA HER
ANEZE(P>0.05),

3 3 8

3.1 (AFZFEM LA X ABMEREREME
TSR — BB TR R, Al

TAB SRR A TR RN 2 AN 5, 38 AR ] 5

JEE R L Ry, N AR e R AR R B T ARG i
i, R RS DA i 5 PR A A R A DT T IR T R 2
SRR, R0 1A AR R, T B B kAR B R
TEASSLI 3 AT T 58 P B, R 1Al R o 2 B 3L
PIRS A I PERE T B, 3 AT RE R 1h T 38 N 97l 30 055
o S IR B R BE B 5 W g A R 4 PR
23 s P & B R B R AR S AR B
EFHURN . M Ah, B 58 K B 1) 37 % B 4L Y
RG24 H AR B R W R R Of I AR AR TR
(GBS N IR o e R N AP LR S 7
B ELHE 4R RRE P, 5 250A X9 B Bl IR, SRR
FEAR



1 4] 2SO AT < A I RN RO S LY H b A7 o S B R BRI 241

R7T RAHEZTEMLATABRBEZTIEFRHEN

Table 7 Effects of stocking density and LA on thighbone development indexes of broilers

=] 2[5 Groups

Items ND HD HD+LA
F5-4 & Ca content/% 15.68+0.32" 14.84+0.14° 15.45+0.22°
W& & P content/ % 7.07+0.14 7.12+0.09 7.11+0.13
JK4Y Ash content/ % 46.87+0.78° 44.49+0.63" 45.92+0.35%
K Length/mm 72.66%1.02 72.58+2.17 71.67+1.34
H4% Diameter/mm 10.72+0.16" 9.75+0.27° 10.06x0.26"
JFi i Weight/g 10.37+0.87" 9.31+0.55° 9.71+0.29"
B L BWR/ (g/kg) 3.99+0.10 3.89+0.14 3.85+0.07
5 Density/(g/cm®) 0.15+0.01° 0.12+0.01° 0.14+0.02°
#¥)Eh & £ Mineral content/ ( g/cm) 1.20+0.08° 0.81+0.10° 0.93+0.04°

R JE Strength/N

343.44+20.05"

307.28+18.81" 338.19+25.49"

A, 5 R IR AR L ) 5
BERRAC T MGG &, FEPNRRT A X e E
WFFE s A5 0 AR fBL A 235 SR, B ] 5 %8 B 2 0 1
TS & W2 R, I R R AT BR O R A
BRI YR B T M, S EOL A A
D FIREL, X 5 A S = A O 4 R R — 3k
AN, Ozbey %511 XF BRI AT X (Alectoris graeca) i)
7T H A & 30 0] 57 25 5 XTIV B % A
M, 3 ] fiE A2 T 7E R i SR B AT, IR A
LS R N TR [E1I i DO A N A U R =i 7 s
R A W A A B o, HE R 2 = A AR
(CO,) , filf ¥ 5 FR EU AR 2§ ¥ (HCO; ) ¥ & T
R, % pH F, ABOHL MW 45 & & TR, 24
PEAENTRT Van Goor %5 T4 HY ARG Ak A
MO L HCO; k¥ B peA, =51
WS B, A6 N B, PR RS By Ak A g L it 38
M CO, HEH B3 L 1 HCO; e B W 35 %
I, ML pH T &7, ™ 55 A B O e B AE
ARG A & A A IME S o E 25, XAl
A FH T 000 9 v 55 AR 1 A AR TR O — A I
TR EE D E IS A B A MM E T8 3
T LAETE , 0 I 08 B R 43 LA TC AL R i JE X
FAAE, I AZ L pH 2B AL I A K,

AT, ALP 2 R 4 i B 2 %) b 25 1, 2
BIE BG A v 0h SR AR R 7R S A B i
iR ARG Y AR R B, 5 H LR 9
FEREAA LY, e e % % B 0 2 AR T I ALP W
I PR RS 7E e 1) 55 5% B SRR AE N T B2 )k
JIN T B0 52 R A PR 3R AR A PRI X e AR VIR, X T g

SR R A0 M 1 T M T R T T
AEEREAC I S A Y, XE R 3 i S 1 L
KeFe 8 e WL B B Ky i AE HD 20
ETREAY G, SR, HATA S SR X R E
M8 ALP 3% 1 52w i IF 5% 4820, 1 V1) 1) 5 ) B He
ML A T i — 22T

FEAR S5 22 {40 A B 5 e, FRATT R B v e 77
5B X TR X I 9 R AR AL 4 B AL T (SOD) (45 e H
Jkad AL P ( GSH-Px ) 36 4 DL & 7 [ (MDA )
S B E R AR B A 5 R
FRIXE T, L7 CORT 5 i 2 B0 T #a #4, X vl e &
P T v 1 35 2 B S R AN 8 (L AR B 2 ) (5%
M), 10 5] PR R 2% 2 WA, N7 38 e R 4 A, AT 3
Mg CORT & &t Fh iy, iX 5 A 5206 % 2 1if 1) i
REE M A, =AM ™ 15, CORT J& B ¥ i
AR, B SR SR B A 5 5 R R XS R A T, 51
it CORT %5 M A5 AR B AE . SR 1M, 2 #5551 iF
gE4e 1R SR % BT XS I CORT & &% A
ERW, WX R E SRR E AR T
UG o BT AE B A SR (10,14 H/m®) #K
fRPr 2, A B 5 204 7T %0, HD + LA 41 il ¥
CORT & AHES T HD 41 5 2 MK, 13X U6 A 78 A XS
TR TP A I LA W] DLAE — R B 2% PR T A o
B RE L 5 R B R

MPO 7£ 3l ¥y 1 ] w] FL i A AL SRR S 1
FEAR AR AE A0 PN SR AE S N R AR AR R 3 R
EE e MR AR 45 R & B, HD 4 1
1 MPO &7 i 3 5 T ND 44 #1 HD+LA 4H , X i
AH o ) 9 2 8 2 o0 TR XS A A Ak g 8, 0 T e
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S 33 &

5 MPO [t THm . [FIEE, A BF5EHE 24 MPO 5
KFE R MPO 454 3 H #0221k I, i 32tk 5 d
RZ A B AR, J8 S PE W &, ml in e A <TH AR
PR ]SS IS A 09 NOX ) | x5 A i 56
il 3 NOX % 4 76 HD 21 %5 &5 1 25 SR M — 3,
PRI, F 0 LA AT 38 5 488 s e Ak P e R i SR Ak
PEREZE R A AL IR JFOR &S AU BRI PR R T R
JEE JUT 5 G 14 SR 38, 18 T 4R P MIPO) 3% 4 11
FE .

3.2 (AFZFEF LA X ABITHHI N

B RIAT R A R st R R R PR 5 e
BTGB, A2 3l W A~ 1 55 Hir Ak 1 A AL e HL
WSS H T LT R £ E
JEE AR 7R A R P Sl B A A — AN 3 B
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Effects of Stocking Density and Alpha-Lipoic Acid on Serum Indexes,
Behavior and Bone Development of Broilers

LI Wenjia XU Bin® MA Huihui WEI Fengxian WANG Linyi FU Chen
WANG Gaili SUN Quanyou LI Shaoyu™
(Institute of Animal Husbandry and Veterinary Science, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China)

Abstract; This experiment was conducted to investigate the effects of dietary supplemented with alpha-lipoic
acid (LA) on the serum indexes, behavior and bone development of broilers under high stocking density con-
dition. In the experiment, a total of 1 530 Arbor Acres AA ()broilers at the age of 21 days with good health
and similar body weight were selected and randomly divided into three groups, they were normal stocking den-
sity group ( ND group, 15 birds/m”, basal diet) , high stocking density group (18 bird/m®, basal diet) and
high stocking density+LA group ( HD+LA group, 18 birds/m?”, basal diet+300 mg/kg LA) , and each group
had 6 replicates. The experimental period was 3 weeks. The results showed as follows: 1) the serum calcium
content and alkaline phosphatase ( ALP) activity of broilers were significantly decreased ( P<0.05), and the
corticosterone ( CORT) content, NADPH-oxidase (NOX) and myeloperoxidase ( MPO) activities were sig-
nificantly increased ( P<0.05) in HD group compared with the ND group. 2) Compared with the ND group,
the walking, combing and feeding frequencies and time proportions of broiler’ s walking, feeding and combing
were significantly decreased ( P<0.05), and the frequency and time proportion of drinking were significantly
increased in HD group ( P<0.05). 3) High stocking density significantly lowered the diameter, weight, densi-
ty, strength and the contents of calcium, phosphorus, ash and mineral of tibia and thighbone compared with
the ND group ( P<0.05). 4) Compared with the HD group, the serum calcium content and ALP activity of
broilers were significantly increased ( P<0.05) , and the content of CORT and the activities of NOX and MPO
were significantly decreased in the HD+LA group ( P<0.05) ; the feeding frequency and time proportion of
broilers were significantly increased ( P<0.05) , and the drinking frequency and lying time proportion were sig-
nificantly decreased in the HD+LA group ( P<0.05) ; the tibia weight and Ca and P content and the thighbone
density , strength and calcium content of broilers were significantly increased in the HD+LA group ( P<0.05).
In conclusion, high stocking density leads to oxidative stress, modifies the behavior and lowers the bone quality
of broilers. Dietary addition of alpha-lipoic acid can alleviate the damage to broilers caused by high stocking
density to a certain extent.[ Chinese Journal of Animal Nutrition, 2021, 33(1) :236-247 ]

Key words: stocking density; alpha-lipoic acid; broilers; bone development; behavior
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