S FR#3 2020,32(9) 14116-4122
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2020.09.020

RAFZFENRAFBREBERKMERE. . RE
1S L T e 1Y %2 i

Ml ook & Be AT
(PSRRI B IR 22 Bt PRI 010018)

W OE. AAREEMRARTEMNNIFE LA KRR LREFREADERG Y H, KR
A R AMAGEIT IR 192 R 1 B ZHE B m(AA) BAFE AL A 2 AN, 5 3 A R 5
FH(LSD B) e 4w BEHEM(HSD 4) , HH 12 A EL , BAFHL 8 A, KAKREEH
10 R/m*, SFFFEH 20 RA/m*, KB E21d, ARBFLE 1 RLEXRFBWBIKE,
F% 21 xM4E &4, EFH AN ECADG) . F¥ B LR 3 (ADFI) o4 €1 (F/G) ; 5 M5
AMNEHRAGEIC] R ST B & A TS R A AL LR AR RLE AR E
FHEE BN AR A EREARE T A R BERHK, £R AWM. 1)LSD 4 A 1F% ADG
#= ADFI # 2 % & T HSD 20 ( P<0.01) ;2)LSD 28 A 45 o 75 it B AL B 7E A R % 3 T HSD
20 (P<0.01) , foi& B3 BALAE A A & T HSD L é9 A H(P=0.09) , M fo iF & A4 S 2 F1K
F HSD 28 ( P<0.05) ;3)LSD 28 AT fn ik G a5 -10 253K G A 5 2% 5 T HSD
21 (P<0.05) , ek amie%-2 4 F A& T HSD g4 H (P=0.08), LA vA LR TG
B EFREMHT, 5 20 R/m” 94 R E AR, 10 R/m® 694 I F 3 AT 40 (1 ~

21 H#E) WA K EAH

XEEIR . PIARFE, AT, A KA, 2 AL

hE 4 %S .5831.4 X EAFRINAD A
S A 3% R S A PR RE PR R
E N R VIR 56, AR 55 B ) 4 ) 3% B 28 T K a5 R
E) L7/ N eI O R o 11 B o NI S 0 S 3 U I =
Fe B o PR & 2K A KU R e LI IR
J U AR S S A TR S s L 2 0 AR 11 BE
R R AT R, AT Y A KM R e
e B W UM G, Y IR A F] 8 B
10 H/m?iF, 7T LB 1E B T A 47 25 0] 32 FR 1 S 20
PAF RS A B AT B 58 R 01, w50 1) 37 2% B
AT SR AT I A B R 25 (18,75 H/m?) | il as
WA 5 B W B+ & % M 2 %
(15.6 H/m*) 7 i HL7E 2 & Y0 2% T

75 H#1:2020-03-20
EL£WMB . NZ N ABRKXRFEEA” TR HE (CYYC5047)

M EHE 1006-267X(2020)09-4116-07

15 H/m* B, 3R 2 7= A 7 5 A A0 38, DA T S 3K
FET R T Y DL K I 45 SR Y R i R A
Fixt K& KRR & J IR B & B 2 A
AN E . A5 E LA R K
PEBE AR A iy 50 25 3 S D7 T ES S, TR RS 38 R Y
Tl g B 14 H/m* Y gk, X T BE BE 4R I
FPXS AR P BE , A 25 T8 2 A AT XS G0 % AT 4R
PRI R 114 38 ‘L1 77 % B A i DL 41

WF 5 22 B, Bl 25 1 % % I 18 i (10,15 F01
20 H/m?) | AT XS [C2E T DL R 2 [ 4 45 4 i
REEARR , T 4 L4 35 %5 2 = F 20 H/m® B 2 S 808
ARG = A P A IR A R A T 5 R A X
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Y G 3 T RE 7 AR — E I A S R, DT BH A%
shi AR K, 3K A e TR AR B R et
Feddes %5 ifF 5% 2 W 1) 7% 2% B2 ok v 23 5 RS TR A58
A PR D e, DT 5 350 PR AT 0 5 T T A
PRI AT | I Ab 7E AR R JHOIR A5 X BE A 5
45 HL A 3 WY ) 57 8 B T PR A RS A 5 RN B 4R Ak D) e
Sxpea WA W R, 20 P 3R R — g
=, TIREZ W /N oy + 2 IR 1 5T, B P 2%
aRE VAT 1 i DA B R A T agn . M)
PIALF RECRAS B R AR F A E -6
(TL-6) 1 41 B A 2 -1 (TL-1) B9 5 ol &5 3%
Z 7100 IR e A0 i TR Y ek B e 22 2 AL R S
JERGE, JE FEHWA R KRRAE, MK 22
o LT BR kA [ FR 3 R Y S Ak A 3 Mok
HedpIEH B EmE ), T, AR B ER
o) % 5% 6 RAT XS AR PR R HILAAR T g AT 41k
DIBERIRE ), & 7E R PR AT S 1 fi B 5 G 4 (L B =
.

1 MRlEFRZE
1.1 R 5T

AR 55 DL 25 [ [ 538 R P 2 (NCC) 2005 4F
il 7 AR IR e A IS TR TR PR 1 e R
BN 32 kg/m® NARHE R A S e BEALE T, Jhik
B 192 Kz 25 m (AA) RAFXS (1 H i) FEML A
ARAE FR % B 41 (LSD 4, fl 3R % )% R 10 H/m?)
FIwE I S5 % P2 41 (HSD 41, Wl 3R % 20 H/m?*)
BAI1240EE , BIER 8 1, FFIHIK &
Y1) A AR IR R 22 3R B 3 (P>0.05) . iR HIN
21 d,
1.2 AFEE

PR A 1) 23 30 P9 56 iy ARl R 2% 3 56 X 42
HEAT o 50 0 PN T4 8 P O ERITR B JF
F AR K, IR AR 1 JE Y TR R E T 32 ~
34 C SRIGHEEEIL3 T, i 1~3 KEK 23 h
TGRS 4~ 21 KRB RIERE 10 h OGRE, & AR
TR S AE 50% ~60% , & N & THIE N 5.1~
6.2 mg/m’, KGEZ N 0.5 m/s, B KWL 503G
AR ERER O, I BN TS 26 1 k. 56 0 1] 4
PR URR P B 28, 40 0 1 1 H S o 4 0 FH 3 ek e
T S SR 57 U P U S5 i MR R AT 50 38 + A
PEX R ERFEET LA 14 HiIR YUK LIRS,
FRE [ Al A7 Mk b o 3 4R] 57 bR EY (NY/T

33—2004 ) B il = K — 50k AU (14 B bR I Al ) AR,
R ICE SRR L 1, ) SR B AT A
KB FRK

x1 EEARAMREFKF(KTEM)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

Ui H Items
JEK} Ingredients

£ Content

FE K Corn 52.50
=M1 Soybean meal 40.00
5.7l Soybean oil 3.00
R %55 CaHPO, 1.90
1%} Limestone 1.08
14k NaCl 0.37
fi &R Lysine 0.05
%R Methionine 0.19
iRkl Premix" 0.80
JIBF% Choline 0.11
41t Total 100.00
# 37 /KF Nutrient levels”

R4 6E ME/ (MIJ/kg) 12.42
#1445 Crude protein 21.77
£5 Calcium 1.00
%W Available phosphorus 0.44
FH &R Lysine 1.34
%R Methionine 0.55
A+ MR Methionine+cystine 0.95

1) TR AL R 4 T 58 /A A 42 Premix provided the fol-
lowing per kilogram of the diet: VA 9 000 IU, VD, 3 000 IU,
VE 26 mg, VK, 1.20 mg, VB, 3.00 mg, VB, 8.00 mg, VB,
4.40 mg,VB,, 0.012 mg, Ml nicotinic acid 45 mg, "fi§ fo-
lic acid 0.75 mg, 4= ¥ & biotin 0.20 mg, I i choline
1 100 mg,iZ R 4% calcium pantothenate 15 mg, Fe 100 mg,
Cu 10 mg,Zn 108 mg,Mn 120 mg,I 1.5 mg, Se 0.35 mg,

2)HEH ﬁﬁjﬁifﬂ“ﬁ, HA AT HE, Crude protein
was a measured value, while the others were calculated

values.

1.3 HRXESERNE

IR 1 Kid® 1 H i AR o ih IR &
T4 21 KX ARG 217 AR 458, 115 F
¥JH M H (ADG) 73 H R i (ADFI) FRHE L
(F/G) ., iRIZ R, NEAEEREILER 1 2
X PRI X S % o, BOCHC TG | e e ok Q4
Hn B NE BRI A B

RIS A5 RS (21 H %) RS E A FEALRER 1
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SR AT R Ik R i DA o) 8 L9 o K SR R 1Y I VR
FESAEZ R N #5530 min, 1 200xg .0 15 min J5
B2, B F-80 CrkH & R A7, T
S LY HH G 33 AT 48 A6 A DG il K 0 5 19 3 2 B B
i, A T S PTELE ) (T-AOC) |4
L5 AL (SOD) | i % Ak &L i ( CAT) 4 e H
Jikad A ALY B ( GSH-Px) 36 14 LA S TN i (MDA)
R PR AL AR AR R & (o R TR
WS T ) 05 5 IR fe 28 4 bR ——0 28 BR 3R
(Ig)G.IgM 1 IgA M HA AR (IL) -1, IL-2,
IL-4 IL-6 IL-10  IL-17 , T #L & —y (IFN-y) 5 ¥
AR HF-B(TGF-B) & & AL &6 7Pt S AL 45
FRUNiE M4 (ROS) Hl 832 3L 4 % 1F (8-OHdG)
R SR N T A AR R A R R RIE & 1 il
I A 22 W BPHU 5 ( ELISA ) 30500 & AT I 7 0

RS AR & N U R ER AT
1.4 Zitoh

I8 A FH Excel 2007 271 R FH SAS 9.0
A — B R PEA R (GLM) 8217 ¢ K2 560, P<0.05 K
Z5WE, P<0.01 HZERWEE,0.05<P<0.10
ATt 3 B e 2 SR D S RN Y A B o R
(SEM) 7K .

2 BR55H
2.1 AFZTENAFBEKEENIIE

i) 75 8 3 %o RS AR K M B s ) L 3% 2, 1R
FNTH, LSD 4 AT XS /) ADG I ADFI #% i 3% &
T HSD 4 ( P<0.01) ,2 ZHZ B A7 F/G F TS
BB EZEF(P>0.05),

K2 AREEMAFBEREENZE

Table 2 Effects of stocking density on growth performance of broilers

s Rl 57 % FE 40 = R A R A (& b o152 P1H

Items LSD group HSD group SEM P-value
P HE ADG/(g/d) 30.51* 25.61° 0.52 <0.01
- H R &R ADFI/(g/d) 42.67% 38.78"° 0.62 <0.01
BEH F/G 1.52 1.40 0.02 0.44
G R Survival rate/ % 100.00 97.91 0.99 0.15

AT B B ARA R RS TR IR 22 R B 3 (P<0.01) , ANF/NG FRERIR 25 53 B3 (P<0.05) , EFRERR ZE R AL

#H(P>0.05), &M,

In the same row, values with different capital letter superscripts mean extremely significant difference ( P<0.01), and with

different small letter superscripts mean significant difference ( P<0.05), while with no letter superscripts mean no significant

difference ( P>0.05). The same as below.

22 AFRFENAFBEERERBNZ N
Tl 37 L X DA A X B 5 i A KRG S T DL

23, F AT, 2 4 2 () PR A A L | R A R 2
FFHIN T 27 (P>0.05) .

®3 ARBEMNAFSEERERHNZN

Table 3 Effects of stocking density on immune organ indices of broilers g/kg
SgE| IR R R4 i IR B A K br R P{H
Items LSD group HSD group SEM P-value
JIELAEF8 0 Spleen index 0.78 0.73 0.03 0.23
J I35 %0 Thymus index 2.16 1.90 0.16 0.27
15 R #EH8 4L Bursa of Fabricius index 2.50 2.40 0.14 0.62

2.3 HRAEZENAFBHRELIIEEAZMN
1) 372 X6 A WS BT B AL D RE A 52 I L 36 4.
FH AT, LSD H AT XS MLy CAT 3G PEMW 52 =

T HSD 41 ( P<0.01) ,LSD #1 N {f X Ifl 3§ T-AOC
HE T HSD 4 #as(P=0.09) ,1fii LSD 4 A {1
XY L iE ROS & w3 Ik F HSD 41( P<0.01) ,2
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ZH 22 [ PR RS 1L 3 At A5 0 S A 46 s TG 8 3 22

(P>0.05) .

x4 AFTENAFBRENLIIENZ T

Table 4 Effects of stocking density on antioxidant function of broilers

gE| R im 7 %% BE AR o A 3R BIE bR A PiA
Items LSD group HSD group SEM P-value
A H Rt ALY GSH-Px/(U/mL) 1592 1 604 170 0.96
i AL &l CAT/(U/mL) 2.324 1.69" 1.10 <0.01
ALY B LB SOD/(U/mL) 212 223 10.39 0.58
MyiE e 1 T-AOC/(mmol/L) 0.63 0.60 0.000 8 0.09
N % MDA/ (nmol/mL) 0.19 0.22 0.002 0.10
P4 ROS/ (ng/mL) 112° 130* 2.30 <0.01
8RR F A S 8-OHAG/ (ng/mL) 4.21 4.58 0.23 0.32

24 FAXEBEXNAFBEEINRNIN
) 37 2 B AT XS S e DO BE R 52 ) L2 5, i
FEAT A1, LSD 4H AT ML TL-10 Fl IgA & & W 3

T HSD 41 ( P<0.05) ,LSD 2H PIAT 4 i 75 IL-2
T T HSD 4B (P=0.08) 1M 2 212 [H]
RS HLAth 45 1 35 SR e e b TG .35 25 53 (P>0.05)

®5 EATENAFIBEREERZIE

Table 5 Effects of stocking density on immune function of broilers

WiH i %% B iR A BIE bR EDGR P1{H
Items LSD group HSD group SEM P-value
F 4% -1 IL-1/( pg/mL) 35 35 2.30 0.95
4 4 -2 IL-2/(pg/mL) 30 28 0.57 0.08
4l 2 -4 TL-4/ ( pg/mL) 16 15 0.28 0.31
F 4/ Z -6 IL-6/(pg/mL) 3.57 3.57 0.17 0.98
AN A2 -10 IL-10/( pg/mL) 6.67° 5.60° 0.23 0.02
FAIEA~Z-17 IL-17/( pg/mL) 9.80 9.92 0.75 0.91
T4 %~ INF-y/(pg/mL) 28.48 29.22 0.42 0.23
A4 KA K ~B TGF-B/(pg/mL) 121.99 125.41 3.46 0.57
GEERE I A 1gA/ (pug/mL) 28.05" 25.06" 0.73 0.03
HIERRE M G 1gG/ (ng/mL) 248.78 248.16 6.93 0.96
FPEERE T M IgM/ ( pg/mL) 67.17 65.60 1.15 0.60

3 i 8

I G T 5% 285 B8 X PR AT A K B Y A 5%
GERARAAN . AW SE B AR FR% E (5.10 15
20 H/m?) % A {F %% ADG 5 ADFI W A & % %
w5 R B AR R R (22 ~
28 H/k2) 2 BRI A1 X Y SR £ 3% 3l , M T BEL v
K HREARS N B/GH ) AR5 45 1 5
A58 A0 AL, X 1 PR AT A9 R B % R AR 5
(20 H/m?) B K T A 4F %% ADG I ADFI, {H X}
F/GTC R, 1EAR B b o 1] 552 2% B B AR A

AR PERER EE R AT aE 2 F LR LA,
1) o 1) 97 % B B ) R AR S RRAR S N &= AR
PR A PR R, S O AT A R
b 2) Fa R B A B N A AR R, I
LA S £ 23 8] R X FRARG , I T R AIG 2E K
fiE™ ;3) Guardia %" LR AR B X 4, B 5T
TE W gE A E (17 H/m®) MR W 3F %
(12 H/m?) % Ho A £ M 68 F g 18 B R 0 52 0, B
LR B i 21 TR AT X6 1) kL% AL 3R F1 ADG £
FEaTEwEA, MAZEESEE—-ERE i
S/ N T8 B AR R X R s RS AR K
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K, HEEYLEGA A fRiE— 058, A, DFoe &
B MR SR R T 15 H/m?® i S R AT 39 [ 3T
NS (I NI A = = I S
(20 H/m®) A i S5 BRAIK A AT 1 TG 5

BRIFENREREA . S5 ENIA
o T LA fie KA A1 Bl G 08 0 1 FR A AL ;
FR2Z 0 v AR G 328 0 B ) D B 5 DA B & A 1 vk
IR, PRSI A 45 G () 2 B B T e e 28
R AR RPIR S B G i B LB A s 55 0, AR
LR T SN S B o - Bl W b Sk A < )
TG 2 (S ) 3 150 I 7 AT XS R o T A 1
i) % TR MG AN 23 5% FL A 0 3R Gk il 35

Mahmoud 2" HF 5 2 WA 45 v 1 3 55 18 B [
fIRRATAG  KAPERE P BB B T e M1 7E 4 i L 20 20
4 Bk 207 T AALRI 3, HLARAL T 15 % /Y
A HUIRZS R 41 e i A BRAC IS S 42 ROS, Tfif ROS
20T LUE S 2 I e LA S AR RS 1 B
By ARBFIEFEW,HSD 4 (20 H/m?) BRATFS I
5 ROS W&tk i = F LSD 41 (10 H/m?)
A5 e R N S T EUR AT RS HLR T-AOC
REAIG, 9K 50 %% 1 41 B ) 2 B S8 AR 488 405 B 4 it 4
Yo 20 B 7 AR B ROS IR NS 520 T80
128 57 P F — kB ( NF-kB ) 3 %12 | [] i 1, 7] 38 7%
Kelch FEI A SN B AH CHR 1 -1 -8 B T B2 MC
A ¥ 2—$i E Ak 5 JC 1+ ( Keapl-Nrf2-ARE) {55 5
B T e ELA BT AN S s 0 An
(A5 0 | 3 5 AN i B A I R L Nirf2-
ARE 15538 4 ] 38 1 8 3 7R WiE b A TR e Y O
T IE AT LR BT B AL D RE L A W oY R
B, ) 57 2 5 6 00 A A X 1L 3 e GSH-Px . SOD
TR LA R 1L 7 o MDA Al 8-OHAG 5 & 44 6 8 3%
SO ER I ) 7 9% R B R T IR A X R I v
CAT IEYEFT T-AOC, 1X 5 /5 8 A A 5 25 SR AH
— 3, {H ARG PR P9 P R AR 3 PR RE 75 i 4L Nrf2-ARE
I IS T EEAR L IRAMESE

WF 7 # W, 78 21 H §wF, UL % A 3%
(24 H/m*) AT SN FK & 8] 1 43} B4 S
X A ARG L AT A i 4R 1 ROS X Fif
{5570 THEBT NF-«B i %% | 1% 4% 3 % 6 - 1
PEVE, AR O S B e B T R 4 e g A G
R R W Re IR AR & -, 1 4o IL-1 1 IL-6
(R 7= A 5 R, X P 3 R RT DAY 5 R S 405,

2Bl T4 Wh ek (R 3G 0, S SR HLAR S B S X
TISH 80 2 W 1 & A, I AR 4L AR
2R, 21 H#&mF, HSD 20 1 LSD 44 A A7 3% i %5
HIL-1 5 IL-6 R RS EZER, 1M
LSD 4H AAFXY L35 H IL-10 5 IgA 1Y & i 20 i 35
f5 T HSD 40, BRI FRATT AR 00 1) 5 8 B AE AT X
B A A T I AR 3 RN PR B A, (AR ) 57 %
A ok H A AL 3R E T LR B BT R BE S BR
NF-kBfF 538} Z A1, 53 A 73 243 TR I A &
fiti (MAPK) . — % 1k & ( NO) F1 Keapl-Nrf2-ARE
S [ G th A SR BT 56 Tk S i 5 3 I
Tl 53w i) 55 4 B 08 BARBL AT 75 i — 2R 52

4 &

FER BV 35 55T 255 7 9% B8 0 AR K M
e LIS % | G AN B A AL T RE Y 52 e IR 4R 5 2
FE(10 H/m?) B3R &% i (20 H/m?) BAH T
PRSI (1~21 HIB) AR K,

SE K
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Effects of Stocking Density on Early Growth Performance, Immune and
Antioxidant Function of Broilers

XING Yuanyuan XU Yuanqing JIN Xiao SHI Binlin "
(College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract; The study was conducted to investigate the effects of stocking density on early growth performance,
immune and antioxidant function of broilers. A total of 192 Arbor Acres ( AA) broilers (1 day of age) were
randomly divided into two groups, named the low stocking density group (LSD group) and the high stocking
density group (HSD group), with 12 replicates in each group and 8 chickens in each replicate. The low stock-
ing density was 10 birds/m” and the high stocking density was 20 birds/m”. The experiment lasted for 21 days.
The initial weight of broilers was recorded on day 1, and broilers were weighed and fed on day 21. Then the
average daily gain (ADG) , average daily feed intake ( ADFI) and feed to gain ratio (F/G) were calculated.
On day 21, one chicken in each replicate was randomly selected and blood was collected from the wing vein to
prepare the serum samples for measuring the immune and antioxidant function indices, then the live weight of
selected broilers was weighed and broilers were slaughtered, the spleen, thymus and bursa were taken and
weighed and the immune organ index was calculated. The results showed as follows: 1) the ADG and ADFI of
broilers in the LSD group were extremely significantly higher than those in the HSD group ( P<0.01); 2) the
serum catalase activity of broilers in the LSD group was extremely significantly higher than that in the HSD
group (P<0.01), the serum total antioxidant capacity of broilers in the LSD group tended to be higher than
that in the HSD group (P =0.09), while the serum reactive oxygen species content of broilers in the LSD
group was extremely significantly lower than that in the HSD group (P<0.01) ; 3) the serum contents of inter-
leukin-10 and immunoglobulin A of broilers in the LSD group were significantly higher than those in the HSD
group ( P<0.05), and the serum interleukin-2 content of broilers in the LSD group tended to be higher than
that in the HSD group ( P=0.08). In conclusion, compared to 20 birds/m”, 10 birds/m” is a more favorable
stocking density for early growth of broilers (1 to 21 days of age) under the condition of net rearing.|[ Chinese
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