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M SR B (15 H/m*) ™l AR B &
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K,

Van Reenen %" W53 45 t sh 17 ol S e
HAEFF T IE R . Ysh P WL AL T 673 1Y
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Mp A R AR AR SR R AR R R T
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a—1i 2 R (alpha-lipoic acid, LA) J&—#f K 4f
OF 72 A IS N S v i 2B Y (D o TR NG A= R e 07
R Akt A8 v Z W 2 G W 1l 1 7R ALK 2ok A
e Rt R EEEEMS . FE, LA TS T
ARG IR B R AREMBR, W5 488
B FEATE A BRI A BRI AL 38 A] LA
A — e MU AR (4R R C AR E S
PO RS ) AR (HJE A 56 LA KT R 1A 5
EEME AT mERRE D, Hi, A&
TR Uh 52 28 AN [ 19 1) 55 285 B, O 7 v ) R 9 R AR
T AMAE] LA 38 5 X R XS A= BN 3 AT R s
KB SRR PR T BT, TR0 R 57 2 BE RN LA XA
XA BN, AT R R B RS S i e S 2
Ak PR ) 57 5 B 4R A B S AR I, by A X6 S PR fe
FRIH 0) AT ek 2 SR PR IR B

1 #MRlEFRZE
1.1 Rt

R PEE 1 H &K 5 (AA) W AT XS
3000 H, f I E AR FE WOl A BR A " PR AL #5751
TR IE R SR, T 21 B EY B Pk
FRERBE R4 AR AT B RS 1 530 H, B ALY
B3 AN A, % R R R R R IR % RS 41 (ND 41,
15 H/m?, il W RE Al 4m) AR ) | 3 30 2H Oy o ) 5 %5

ZH(HD 21,18 H/m?* 1) i 3 Al o] A ) A0 vy ] 77 2%
JE+LA 4 (HD+LA 41,18 H/m” 78 3Ll i M 7F 7
300 mg/kg LA) , %41 6 4> % &, ND HD A
HD+LA A& 5 WAF G H 53518 75,90 Fl
90 H g 3 i, RN EFFR L UER
NN FRFEAER 2.46 m T8 2.02 m 5 0.60 m ¥
FEIGE N , 4 2 Z [0 FH AR B T

FET AR R R R ok - Gk AR A R, 2 B R [
BT FEFRUEY (NY/T 33—2004) PIATXS 8 Fe ik
Be il , JCLH B B E FR K WL 1, R 3R 7R T R
ARG i 7 58 FE M R4 T
1.2 (AFEE

FREH R R R L% 4 ) URORL Y 5 =X
HEAT o I IR AT RS B B R ROK SR 23 h
ANTOGRE 1 h FRREAL B, e I OE 5 Rl 4n) 55 4 21
05 AT R A RE AR TS A WA K, 3 A
rh AR RO 23K 36 4 B, 0 SRS B AR KRB T
T, — BRI FET XS ) J i b 3 b 5o R &
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Table 1 Composition and nutrient levels of

basal diets ( air-dry basis) %

H#% Days of age

i H Items

1~21 22~42
J5UB} Ingredients

K Corn 57.30 61.60
=M1 Soybean meal 37.80 33.50
529l Soybean oil 1.90 2.50
i NaCl 0.30 0.30
1%} Limestone 1.65 1.29
S ALJETH Choline chloride 0.10 0.10
WM A 45 CaHPO, 0.44 0.35
e ZFHURHL Vitamin premix” 0.02 0.02
BT R R R

Trace-mineral premix” 0-20 0-20
L35 ® L-Lys 0.08 0.02
DL-ER R DL-Met 0.19 0.10
Fi MR Phytase 0.02 0.02
&1t Total 100.00 100.00
EF27KF Nutrient levels®

R iHE ME/(MI/kg) 12.57 12.99
HE AT CP 21.50 20.05
45 Ca 1.02 0.91
MW TP 0.65 0.56
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H % Days of age

15 H Items

1~21 22~42
Hs AP 0.46 0.41
i Lys 1.15 1.00
EZ R Met 0.52 0.42
BEEBR+F AR Met+Cys 0.85 0.77
FEMR Thr 0.88 0.81
R Try 0.29 0.27

1) 4 A= R TR BN B T 50 AR 48 it 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, =¥ ZE biotin 0.032 5 mg,
IR folic acid 1.25 mg, D-JZ R D-pantothenic acid 12 mg,
JMER niacin 50 mg,

2) Wi T R FUR A B T 5 4] B2 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)4’%%1@!3?{1?[‘%@,ﬁ%ﬁ?i?ﬂ”ﬁo ME was a calcu-

lated value, while the others were measured values.

1.3 MEIRSH*
1.3.1 IS B 2 o SN A A i

T 42 HIRZEg 12 h J5 , B RN 2 2
X R MR kR 1L, 3 000 r/min 2.0 15 min,

U, 53345 T =80 CH RAE, M I 4%
i H R 52 B & ( parathyroid hormone , PTH) il J7 [
fifi ( corticosterone, CORT ) % & LA M fish ' W IR i
(alkaline phosphatase , ALP) . ifs J5i A5 it 11 421k i
( NADPH-oxidase , NOX) . ¥ IZ 14 4 1L lif ( xanthine
oxidase , XO) . 5. i % 4k [ ( monoamine oxidase,
MAO) #5813 E AL ¥ 1 ( myeloperoxidase , MPO ) {%
PR, LiRTE PRI R F g at AR W) TR B 5T BT A
7R S I W0 2D R A A FRE R A AT
1.3.2  frlysadebnilE

K E AR EBURE LY A I BE AL A W
BHRIC 4 HEARS, TilEkfs 3 d i B G L
HARA H %2240 4% 4 ho B fiff A7 B A7 ol W %€
AT 2245 (Observer XT, Noldus, faf 2% ) X H #5339 19
WENAT R CRE OK 337 e 35 MR EAT
(RE BN A 55 ) 247 M it A7 70 b, Geit 5
HERXESAT R A A IR A L], B 0 sk 3
AP L NS, HROWE LA 1 A&
B Gat e i T N A EE, AT AR E X
Ry BRI R P I AR AT R B, AT R s TE]
oo SCAZAT R e HE ] o S AT Ry e A I TR) 1Y)
Iy, SR PT T AT RUR IR A [ 7
PIXSAT R 2 AT 3 S A S, BARLER 2,

R2 ABITAHXINREENX

Table 2 Behavior of categories and their definition of broilers

17 °M4335 Behavior of categories

1787 X Behavior of definition

R Feeding
ok Drinking
Yl 37 Standing
Fi## Combing
fHiJ& Stretching
7E 3 Walking
B\h Lying

(7T ORE 8855300, MR b SR £

JH BRI PR K W

XUBR ST, IFORE BLDIRZS  BeA R B 58 SO i A AT
R WA P11 AP B S A, BB R B E SO B AT
PR Ta) —TAT A 1 SO AR (28 ) A 1 AR MR R 3l
A4t LUIE #1912 20 S 900758 sl o, LB R B E SCrP 9 AT 0
i A ., EL ST ORAE WIS Sl sk A1 (R BT, B0 R B E SO P Y AT

1.3.3 B L B IR AR

W 42 H iR 45 B K i A HUE S5 BCZE DN
JRE B, e i K E BRI SR L
T 8 BE K 4y & i, IF B 4K [ (bone
weight rate, BWR) . /INC G BR-E L 3CE I8 1 .
WL Z S5 (B B, e IR i B o, ST IR L
FRERR R RO 4 BE RN BLAR . SR KAk (GB/T
6438—2007 ) M 7& & K or & 1, £ DU SR 40
2% A5 7 ¥ (GB/T 6436—2002) W5 B 45 & &,

G366 B (GB/T 6437—2002) I %E 5 1 75
K = A5 55 ( TMS-Pro, Food Texture Analy-
zer ,FTC, [ ) #a & o8 B, B % B My Y &
1ok € 111531 B )2 45 45 12 ( Model 922010,
Norland Medical Systems Inc., 3 [E ) & ,
1.4 BEFIT 590

RIS HHE R H] SPSS 20.0 B F 34T B £ )7
2243 M1 (one-way ANOVA) , 1R H £ R
A}, #5347 Duncan [RiE 1T 2 & L, DL P<0.05
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YRR Y5 25 TR 30 o 5 PR A v, B L P Y
{HbRiER” BIE RN,

2 GBREHW
21 AFEZEMLAXNABOES. BESEM
Vg€t 0pA |

H e 3 AT, 25 411 i v B PTH & & DL )
XO fIMAO iEPE2E A H 3 (P>0.05) , HD 4l

TS & A ALP 1615 ND ZHAH L B3 F I (P<
0.05) , 1M HD+LA 41 1fi 35 5 7% & 1 ALP & 5
HD #H AH It W # F 7 (P<0.05), HD 4 I i
CORT Ll K NOX il MPO i ¥ i 3 & T ND
H(P<0.05), 5 HD 4 #H ., HD+LA 4 Ifi &
CORT %L J NOX Fl MPO 1% M i 3 A% ( P<
0.05) , Ifil ¥ XO Al MAO Ji M B A FREA#H H
ZRARE(P>0.05),

®3 AFTEM LA XABMES . BSER NSRRI

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

WiH 215 Groups

Items ND HD HD+LA

4% 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
W PEM R EE ALP/(U/L) 201.03+6.12° 173.10+4.64° 192.81+3.14"
FHR 38 1% PTH/ (ng/mL) 81.51+3.06 78.44+3.47 79.88+2.52
Sz JF i CORT/ (ng/mL) 2.46+0.13" 3.39+0.19" 2.79+0.08°
W JE R G 1T 484K NOX/[ U/ (min » mL) ] 0.55+0.02° 0.84+0.04° 0.64+0.01°
B E ALY MPO/ (U/mL) 0.33+0.02° 0.45+0.04° 0.38+0.02°
5 I 4A AL X0/ (U/mL) 14.15+0.82 14.89+0.86 14.43+0.21
i S AL MAO/(U/mL) 2.31+0.11 2.40+0.31 2.38+0.17

(17 B A A TG 7 B B ] 7 B R R 22 528 .3 (P>0.05) , A RNE B3R 7R 22 53 .35 (P<0.05) . TR,
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 {AFZFEF LA X ABITHHNE

P 4 BT HT, 2% 2L Ta) il S AR 001 UK 2% 532 AN
B3 (P>0.05), #HET ND 41,HD 4 K17 E M
R SRR (P<0.05) , TR K AR R B 2%

T+ (P<0.05) . 5 HD 4147, HD+LA 40 R &4
W T (P<0.05) , BROK SR B REAK (P<
0.05) MM K A LT HERAEE (P>
0.05) .

®4 EFEEM LA XABITAHHURHZNE
Table 4 Effects of stocking density and LA on behavior frequency of broilers

=] 2H 5 Groups

Items ND HD HD+LA
¥l 37 Standing 4.79+0.38 5.06+0.21 4.87+0.46
ffi & Stretching 1.97+0.09 1.88+0.19 1.92+0.27
177E 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"
K& 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"

FH % 5 A, 45 41 8] o <7 R e ) o Ll 22
FARE(P>0.05) , HHE T ND 4 ,HD H17E .
W R E] LSRR (P<0.05) |, TR K Al
P\ B TE] 5 b & i (P<0.05) . 5 HDZH A

Lt ,HD+LA 4R & B[] 5 L i 2 T+ 5 (P<0.05) ,
PUEMS [E] 5 F 235 T B (P<0.05) 4758  FE Rk
KB ] & HeA A T AR H 252 R B3 (P>0.05)
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Table 5 Effects of stocking density and LA on behavior time proportion of broilers

i H ZH 51 Groups

Items ND HD HD+LA

¥l 37, Standing 25.69+1.02 24.89+1.23 25.07+1.62
i Stretching 0.45+0.04 0.39+0.03 0.41+0.01
177E 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"
k7K Drinking 5.17+0.33° 6.82+0.25" 6.31£0.48"
WU Resting 40.58+1.09* 43.66+0.78" 41.41+1.01°

2.3 RFEFEMLAXNABEREZ TN
H# 6 nI %0, 5 ND 41 Mt , HD 488 HA% .

Jde CEAR L B SR DL RS B K A AL )

HhE B E AR (P<0.05) (U H K TG 2 3%

A3k (P>0.05) ., 5 HD At ,HD+LA 4128 ik
S B R E TR (P<0.05) IR HHE
BRI T Y K oy & LR (02
SRR E(P>0.05),

xo6 WMFATEMNLAXNABRETLBFERHZME

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

WiH 2H 5 Groups

Items ND HD HD+LA
FE 1 Ca content/ % 17.58+0.61° 16.03+0.41° 17.37+0.60°
B & P content/% 7.42+0.14° 6.73+0.09° 7.19+0.13"
K43 Ash content/ % 47.56x1.45° 45.71+0.82° 47.19+1.29"
K ¥ Length/mm 97.24+2.11 96.55+1.47 96.29+2.08
E 4 Diameter/mm 9.17+0.21° 8.46+0.12° 8.37+0.09°
i 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”) 0.21x0.01° 0.15+0.00" 0.17+0.02*
¥y EL & Mineral content/( g/cm) 1.89+0.17° 1.51+0.10" 1.74+0.09®

5 Strength/N

434.36+13.89"

388.75+9.77" 401.13+7.34"

7 nI%0, 5 ND 4UM He, HD 48 B4R
e B R E DL RS R Gy A ) AR o
FEAK (P<0.05) , i i & i SR L T i 3
Ak (P>0.05) . 5 HD 44, HD+LA 21 %8 %
JE R RS i 0 T (P<0.05)  ReE HAR
it UK Ky Fw- ik & A LA R HER
A (P>0.05)

RIS i S

3.1 RAFEZEM LA XF @A 8 Mm% SR 20
TSR — R B RO ER E A, el

T BRI RN 2 U AR 25, 38 ARG T 3R %

JERCR R, AR ERFER S T RS
i, B XY R BT e R AR R T T2
RN , 5% 0 1 XS B e, S B Bl 43 T B
FEAS S = /i A 9 v R R R R S 3 B
WASA K PERE TR, X T RE R T E N IR E AR
5y 32 e )AL TR FE R B ) 52 v 5 R AR % 25 PR A
23S BN s A R B BRI IR XS AR B Y
RN BeAh, BF 58 38 K PR s A 5% 25 3 41 1A
REGSF-2 H S5 R W RN I e 0 A A TR
IR E AR EE T AERKRNRGERL S T
AR A5 R 9, 5 2R RS AL Bl IR M, B B R
AR
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Table 7 Effects of stocking density and LA on thighbone development indexes of broilers

i H 2H 51 Groups

Items ND HD HD+LA
4545 Ca content/ % 15.68+0.32° 14.84+0.14° 15.45+0.22°
W& H P content/ % 7.07£0.14 7.12+0.09 7.11+0.13
JK43 Ash content/ % 46.87+0.78" 44.49+0.63" 45.92+0.35™
£ JF Length/mm 72.66+1.02 72.58+2.17 71.67=1.34
H 4% Diameter/mm 10.72+0.16° 9.75+0.27° 10.06+0.26*
i Weight/g 10.37+0.87° 9.31+0.55° 9.71£0.29%
Bkt 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° 0.14x0.02°
W9 Eh & Mineral content/( g/cm) 1.20+0.08° 0.81+0.10° 0.93+0.04"

B JE Strength/N

343.44+20.05"

307.28+18.81" 338.19+25.49"

ABFE 5 R LR SR % A L v R %
BERRACT MGG S, RPN X 3
WF AL A5 L0 AE R0 % 45 5, B ey ) 7% % B 4
TS & i 2T B O T8 R AT e O e A R
WA IR B B E N, S EOLE A 2
TR, 3 5 AR 2 86 5 R A AT G R Y A — S,
AN, Ozbey %51 SRR AT XY ( Alectoris graeca ) F)
5T bt 30 ) R R RE T I A A R
WA, 3k P RE 2 BT 7E () 5 2 R R AT, XS AR
LS5 S a7 N TR (51 DO s N 7S R 2
EX QR CRR R | B | V2l A = W R
(CO,) , i 1LV ik B2 AR 2§ 1 (HCO; ) Mk B2~
K, W pH T, DASCHOM VS 45 & &8 TR, £ 4
PRAENRT Van Goor 451 BF ST 4R Y, ARG bk 4R
PEAE T L HCO; e & AL, =&/
5T B, A6 AN BT PR RS By Al A g S i 38
M CO, HER B £ MK T HCO; e BE W 35 B
%, M pH F1&7 , ™ 2 B o B I A B L AE
ARG A A A 2 T Bt T 25 R, X ]
e FH T 1009 85 R 19 AF A B SR — A, IR
MRS EE D EAS S EASME 453
T AT, 100 I ¥ 09 B3 R 43 LA TC AL 6 i E =X
FEAE, G AZ Y pH AR AR 52 AN K,

AT SR AT, ALP J2 18 B 20 B2 i s s 1, A2
BT Bt FE v B 0 i AR R, R B RS A FDE
AR SCEE R AIRE & B, 5w M IR
B AH L, e o R S RN T M ALP 3,
) PR XS HE (R ) 5 % B AR TR AR X B 2 TR Bk
N I B0 3% PR A TR 2R ol PR RS R A U, X T g

S5CH: R 20 M %) 35 P LT R ST S T
MEEBEACI S A w1 . X5 3 i s & 5
K% 8 hIRE B WEL B Bk K> A HD 41
FETEAWI G, SR, HRTA R FREEXNEE
M4 ALP 3% 1 52 i i BiF 55 45820, it U0 1) 52 ) % G
PLIA T i — 20T,

PEA S50 = 1 BT B 5T o, 3RATT kB e ) 5
5 TR X I T R AR AR B AL il (SOD) | 4 Bt H
Jiad E AL P ( GSH-Px ) 36 4 DL S 7 % (MDA)
TRAREFERWY ) A P, b5 6 3R
(3G I, T CORT & it £ 3 I ey #a 3 ixX W] &
P T e 1 95 2 B S IR AN 38 (L AR 2 ) (5%
M), 00 ) PR RS 2% e ERCER I TR R R o DT 5 3L
I35 H CORT & &t , iX 5 A< 5256 = 22 i i iF
FEE AT A =AM 15, CORT J&: i 3 i
TR AR, $ R I R % B A ) o R RN R AR L 5
i CORT 25 Il Y 48 B B BCAE . SR, 22 5 25 2 A
gE4e 1R SR % BT R XS I CORT & &% A i
ERW, B ERWEHETREH T EE
SRR R IR 1O B 3R A B (10,14 H/m?) 8
fRpr sk, h A 056 Zds v %0, HD + LA 41 ifn ¥
CORT % f A% T HD 41 i & FRAG , 3 16 W 7 A
TR PR LA W DAAE — R B 2R R R T e R
R = 5 | R B RN

MPO 7 8l 9y 1A P v] Fil i S Ak SR B 1
FEAR IR Y AR A M N 4 E SN AR Ak R 3
EE e MR AR 45 R & B, HD 4 1M
1 MPO 15 1 1. 2 % T ND 41l HD+LA 40 , 3% i
A o ) 5% 2 2 o ARG e A Ak I 3, 2 6
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% MPO W& PE T+, RIS, A RFSEHE 1, 2% MPO 5
RILTE ) MPO 45 2 H BE W SZ 4K I, i 52 1k 5T
RZ AR E AR, 5 2 W2 &, Rl D4 ST A
PR | [ O EAE A i NOX T 3t 5 AR 56
P NOX 7 P 76 HD 20 %5 i3 1) 45 S A0 — 3%,
PR, #E0 LA AT 3 3ok 4 v b S A vk e A i 41k
PR BB A4 S A0 SRR A A RRUE Wl R R R
JE T 15 180 S L R, 2F T A A P MPO 3 4 1)
PAN =8
3.2 (AFZFEM LA X AT A

SYIIAT R R S R s A RIS KA BE 52 &2
GRS , 2SR 5 T AL A PLEL TE AL
W RS o S A T b T W F B A s
JEE AR 77 i R A B R TR E — A A/ B3 B0 9
W AEAE IR BE LB 45 IE R AT N A AN B 2 X
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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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