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Effects of stocking density on the growth performance, slaughter
characteristics , and antioxidant capacity of caged
yellow-feathered broilers

LIU Le' ,ZHUANG Chuandong”, CHEN Ketian' ,SHEN Dan' ,MAO Huihua®,
TANG Qian’,LI Yansen', LI Chunmei'”

(1.Research Center for Livestock Environmental Control and Smart Production, College of Animal Science and Technology,
Nanjing Agricultural University ,Nanjing 210014, China;2.Wen’s Foodstuffs Group Co.,Ltd., Yunfu 527400, China;
3.College of Animal Science and Food Engineering, Jinling Institute of Technology, Nanjing 210038, China)

Abstract . [ Objectives | This experiment aimed to investigate the impact of different stocking densities on the growth performance,
welfare index ,slaughter characteristics,and antioxidant capacity of caged yellow-feathered broilers. [ Methods] The experiment selected
405 28-day-old yellow-feathered broiler roosters ( Local Chicken No. 2) and randomly divided them into five groups with different
stocking densities; M18,M21,M23,M26,and M29, corresponding to densities of 18,21,23,26, and 29 birds-m™ , respectively , with nine
replicates per group. The broilers were housed in three-tier stacked cages( cage dimensions:0.70 m X 0.55 m X 0.45 m) ,and the trial
duration was 35 days. [ Results] At 42 and 63 days of age,no significant differences were observed in body weight, average daily feed
intake( ADFT) , or average daily gain ( ADG ) between the M18 and M21 groups (P>0.05). In contrast, the M29 group exhibited
significantly lower ADFI,ADG ,and final body weight compared to the M18 and M21 groups( P<0.05). The gait score of the M18 group
was significantly lower than that of the other groups(P<0.05). No significant differences were found in feather score or chest cyst score

among the groups (P>0.05). Compared with the M18 and M21 groups, the breast muscle yield of the M26 and M29 groups were
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significantly lower( P<0.05). There were no significant differences in slaughter rate,eviscerated yield ,abdominal fat percentage ,or leg
muscle yield among the groups(P>0.05). Serum and breast muscle activities of catalase( CAT)and glutathione peroxidase ( GSH-Px)in
the M29 group significantly decreased,while malondialdehyde ( MDA ) content significantly increased compared with the M18 and M21
groups( P<0.05). Compared with the M18 group, the mRNA expression levels of CAT, GSH-Px,heme oxygenase 1( HMOX1) , and
NAD(P)H:quinone oxidoreductase 1( NQOI)in the breast muscle of the M29 group significantly decreased, whereas nuclear factor-
erythroid 2-related factor 2( Nrf2) mRNA expression significantly increased in the M21 group(P<0.05). No significant differences were
observed in superoxide dismutase ( SOD) mRNA expression among the groups (P>0.05). [ Conclusions ] For three-tier cage-reared
yellow-feathered broiler roosters,a stocking density of 18—21 birds per square meter was considered optimal. At this density,the birds
had good mobility and maintain superior growth performance,slaughter performance,and antioxidant capacity.

Keywords : cage density ;yellow-feathered broilers ; growth performance ;slaughter performance ;antioxidant capacity
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Table 1 Nutritional components and levels of the base diet( air dry) %
5iH 28~42 Hir  43~63 Hil% WiH 28~42 Hir  43~63 Hil%
Ttoms 28 to 42 days 43 to 63 days Ttems 28 to 42 days 43 to 63 days
of age of age of age of age
JERHZH AY Ingredients composition E IR A Nutrient composition?
EK Corn 60.63 63.49 MAE AT Crude protein 17.50 16.00
THH Soybean meal 8.70 5.66 MBS Crude ether extract 5.05 6.50
SEFHA Rapeseed meal 12.00 12.00 HMEF4E Crude fiber 3.57 3.24
ZELEATHI Sunflower meal 5.00 4.00 K4 Crude ash 5.07 4.70
PIEH; Feather meal 1.50 1.50 5 Calcium 0.75 0.70
1 ¥} Limestone 1.11 1.10 S Total phosphorus 0.59 0.55
BEIR A SS CaHPO, 0.90 0.75 H %W Available phosphorous 0.26 0.23
F KM Corn oil 2.71 4.15 # Natrium 0.16 0.16
H R Lys 0.63 0.61 fRi4#fiE Metabolizable energy® * 12 761.20 13 305.12
HHER Met 0.26 0.18
FNEFR Thr 0.14 0.14
KA R Arg 0.03 0.04
R Val 0.04 0.03
SALALGE Choline chloride 0.05 0.04
SALHA NaCl 0.30 0.31
BURA} Premix") 6.00 6.00

1) BT 5w B RCP i BURAHR AR E IR T 44 A 1000 TU, 4E4: 3 B, 2.0 mg, 4E4: % B, 6.4 mg, 44 K Bg 2.0 mg, 44
By, 0.012 mg, 4i/E % D, 3 000 1U, 4E4: £ E 16 1U, 4i4E 2 K 2.0 mg, A% 0.1 mg, 1R 1.0 mg, IZ R4S 10.0 mg, JE WEBENE 26.0 mg,
JHAK 700 mg, B 0.15 mg, i 0.15 mg, #i 8 mg, 5¥ 60 mg, 4 80 mg, 2k 80 mg, 2) & FEKF-HHy « J AL, 11505 B2 B0 AR
53 AR RE A I 2 [EbR , AR S8, 3) A BE A ALh k) kg™ o

Note : 1) Premix provides the followings for per kilogram of diet:vitamin A 1 000 IU,vitamin B, 2.0 mg,vitamin B, 6.4 mg, vitamin B4 2.0 mg,

vitamin B, 0.012 mg, vitamin D; 3 000 IU, vitamin E 16 IU,vitamin K 2.0 mg,biotin 0.1 mg, folic acid 1.0 mg, calcium pantothenate 10.0
mg, nicotinamide 26.0 mg, choline 700 mg,I 0.15 mg,Se 0.15 mg,Cu 8 mg,Zn 60 mg,Mn 80 mg and Fe 80 mg. 2) Nutrient levels with *
are calculated values,the calculation method refers to the national standard for the determination of apparent metabolizable energy in the

experiment material section,and the rest are measured values. 3) The unit of metabolic energy is kJ-kg™'.

152 BRIVESER AT 1 K (62 Hil%) , WE AR & F A P REAL Bk E 6 X8 (5t 270

FOXMERS ARSI TIPS, B A (135 H) MM BT, 2% Gamer 517 1Y

AASTVESM bR Mahmoud %5 (1 SPIBIPAIHRME L K B AE ) 1 g B PP A3 bafis , AR SET SR I3 2,
®2 HYEFIERTESIRE

Table 2 Animal welfare indicators scoring criteria

5338 Score AV Gait score FEVES Feather score N2 i P43 Breast cyst score
0 AEME IEH AT 5E PE R R, s TCHR
1 B AL PIBZ BN (BT R R B R FURTEI L <1 cm?
2 A RSB AR BT AR BT 9 em? PRI > 1~4 em?
3 AT A s ZURIE T A AT & WEHERL T 9 cm’ AR >4 ~9 cm?
4 JEATE WG BURMIRL>9 cm?

1.53 BEEMaENE 50 HEEaEEE 12 b MEE I EZ MR 3 2,38 135 1 B SR
H RS E T T U N R R SO T R T B . B S H R FZARME(NY /T 823—2004 K& 4=
PR RE A AR TR B AT vk ) e IR B e s AR iR, PR B R = Bk
Hx100% ; e A8 = 4V i i/ 16 8 x 100% ; 1@ 1558 = (JEERAS 7 = + LS SR 1D 8) / (42 b o+ T s
) x100% ; H L2 = g UL E/ 42 4 it B X 100% 5 R L6 = R L E/ 42 1 i B X 100% 5 #% B 18 40 = #8 B 8/
TEHE

1.5.4 MFRFLIERUE  BORTEHEAFIHG WU 5 R HE 600 e P % (MDA) & i, Bk
REJT (T-AOC) Flit 8 Ak & ( CAT) | B AL W B AL T (T-SOD ) 48 e H ik ik 48 AL 0 il ( GSH-Px ) i M
ARG S [ R e AR TR ST T, BRI A AR 4 R UG T T

1.5.5 KAMSAEXEEREMNE 1)RNA #FHCFREZ 100 mg FEA il ] FreeZol Reagent i35 &
(R711-02, VEMERE | B 5T ) He Ui I A5 32 UM JUURE 5 19 3 RNA, FH 80366 8 31 ( Thermo , 6 ) #6:91 RNA
W (Dygy/ Dogy 9 1.8~2.0) i [} RNase-free H,0 #4J— L4 , {ff RNA B % 500 ng-pL™' ., 2) S Al
FH R 585 & ABSeript I RT Master Mix for gPCR with gDNA Remover ( RK20249 , ABclonal , 57X ) , 4% I8
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UL HEAT RNA J5% 5% 5, 15 20 77 9 cDNA, - 4% T -20 C, 1 TJ5%¢ RT-PCR, 3) RT-PCR: ¥ 2x
Universal SYBR Green Fast qPCR Mix( RK21203, ABclonal , &YX ) 10 L, 1E ] S [M1 514 (10 wmol - L") 4%
0.4 wL,cDNA 2 pL,RNase-free H,0 7.2 pL Bl 20 wL S 2 T 96 £l PCR i, 250 Jo i F 52 585
fit QuantStudio™ PCR X% (ABT, 3 [{) 4T qPCR Fxill, 2 1 45 55 LARY B-actin B[ g g 2, JH] 272
TRV TR ) 2 R AL B AR S PR ) R X R KT IR AR AR SESE R i B 1 ¥ i AR TR TR (1
) ARA RGN, 5P L3 3,
%3 RT-PCR 3|¥1F %!
Table 3 Sequences of RT-PCR primers

N BRT GIE/popdl FEHIRAN bp

Gene Accession No. Primer pairs sequence(5'—3") Products size

Nif2 NM_205117.1 CAGGCCGTCTTGAAGCTCATCTC/CTTGCCTCTCCTGCGTATATCTCG 179
HMOX1 NM_205344.1 ACGTCGTTGGCAAGAAGCATCC/TTGAACTTGGTGGCGTTGGAGAC 181
NQOI NM_001277621.1 TCGCCGAGCAGAAGAAGATTGAAG/GGTGGTGAGTGACAGCATGGC 191

SOD NM_205064.2 GGTGACCTCGGCAATGTGACTG/AATGATGCAGTGTGGTCCGGTAAG 93

CAT NM_001031215.2 CACGTATTCAGGCACTGCTGGAC/ACGAGAAGTGGCTTGCGTGTATG 86
GSH-Px NM_001277853.2 AAGTGCTGCTGGTGGTCAACG/GTTGGTGGCGTTCTCCTGGTG 155
B-actin NM_205518.2 TTGGTTTGTCAAGCAAGCGG/CCCCCACATACTGGCACTTT 100

1.6 FEHITSHH

K Excel 2010 #4347 BT ISR AL ] | 5% 1 SPSS 25.0 #4347 - Y48 14 8. 2 77 2293 BT ( one-way
ANOVA) 4118 2% 5 H Duncan’s $E 17T ZH L, G5 R VUEIE bR iR (2 £SE) R, I GraphPad
Prism 9.5 B AF 2 A

2 HBR5HH

2.1 ARAFZENEPABEKEENTM
H1 3¢ 4 A0 5 M18 ZH 1% XS AH L, M29 ZH XS 42 H AR E B 2 44K (P<0.05) ; M26 H1 M29 2H 1) 63
Hi XS IR 43~63 H I HRE & 43~63 HIR I 28~63 H V-3 H 1 F 4 g 3 %K ( P<0.05) .
AR, 5 M18 M21 ZHAHLL , M29 2 63 H i 1AE Al 28 ~63 H V34 H R & -3 H B H 1 B ERK (P<
0.05) . FfiE 1R FR% B3 57,43 ~63 H iR A FHs i34 (0.05<P<0.10) .
4 FRAFZFEMEPABEREEENEM(n=9)

Table 4 Effects of different stocking densities on growth performance of yellow-feathered broilers

i § L/ H LA Density group
ltems Stage/day-old M8 M21 M23 M26 M29
/g 28 573.30+4.21 568.80+5.25 564.61+4.94 566.00+5.54 562.61+3.71
Body weight 42 1 108.36+9.39"  1099.95+8.45% 1 098.79+£7.20" 1 089.00+7.77* 1 079.39+7.41"
63 2 086.88+14.67* 2 056.39+12.48" 2 024.90+13.02 2 021.85+9.34* 2 002.32+9.51°
EHHRER/ (g-d ") 28~42 83.12+4.82 83.11+4.85 80.93+3.87 82.03+3.43 81.31+3.22
Average daily feed 43~63 123.20+4.40° 121.81+3.95% 120.15+4.03" 118.76+2.47° 119.00+2.90°
intake ( ADFI) 28~63 106.70+4.21° 105.88+3.88° 104.00+3.50" 103.64+2.51" 103.48+2.73"
I HE/(g-d") 28~42 38.03+2.25 37.94%1.76 37.19£2.37 37.62+1.95 37.4422.74
Average daily 43~63 48.93+4.50° 47.82+3.83% 46.98+4.18" 46.40+2.97" 46.15+2.99"
gain( ADG) 28~63 44.4422.27° 43.75+2.02% 42.95+2.32" 42.79+1.52" 42.56+1.02°
BEE L 28~42 2.19+0.19 2.20+0.16 2.18+0.16 2.19+0.14 2.19+0.22
Feed/gain 43~63 2.53£0.17 2.56+0.15 2.57+0.18 2.57+0.15 2.59+0.14
(F/G) 28~63 2.40+0.07 2.42+0.07 2.42+0.08 2.42+0.07 2.43+0.04

T« VTR (R R R AR ) 3R b B2 ) BAT 535022 53 (P<0.05) , M18 M21 M23  M26  M29 £ A R 3 485 HE 43 31 b AP Jr oK 18,21
23.26.29 1, T,
Note ; Different subscript letters within the same row indicate significant differences( P < 0.05) among treatment groups. The broiler stocking densities

for groups M18,M21,M23,M26,and M29 are 18,21,23,26,and 29 birds per square meter, respectively. The same below.
22 AREAFRZEENEPIRBEAN TSN
FH 5 AT M29 2H PAXS I A0 280143 3 i T A4S 4H ( P<0.05) o 45 ZH R A B B 3F 40 a2 b - 53
T EEF(P>0.05) , 252 R 5 K A R BHE 70% LA L
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Table 5 Effects of different stocking densities on welfare level of yellow-feathered broilers

LiH 2% 1 26 | Density group

Ttems M18 M21 M23 M26 M29
EZTF4) Gait score 1.04£0.13¢ 1.46+0.12" 1.42+0.13" 1.61+0.11" 2.23+0.053%
SPEPES) Feather score 1.17+0.11 1.33+0.19 1.25+0.18 1.33+0.14 1.42+0.23
a2 I3/ Breast cyst score 1.17+0.15 1.28+0.15 1.13+0.14 1.32+0.15 1.25+0.15
JHij 35 Jih % = %R/ % Breast cyst incidence 73 77 71 75 70

23 ARARZEMNEPABEZMHENTMN
H3 6 A1 5 M18 20 M21 A PIRSAH 1L, M26 411 M29 20 A XS ) L3 B 4 1 B ( P<0.05) ., Ik4h,
BB B3R R R BRILRTC W E 25 % (P>0.05)
*6 AEAFZZENENAGEEMENMM

Table 6 Effects of different stocking densities on slaughter performance of yellow-feathered broilers %

i H 2 B4 Density group

Items M18 M21 M23 M26 M29
J& 5% Slaughter rate 91.04+0.22 90.61+0.21 90.56+0.22 90.91+0.24 90.67+0.23
VR Eviscerated yield 77.65+0.77 76.82+0.51 77.26+£0.34 78.29+0.39 77.91+£0.36
R HE* Abdominal fat percentage 2.97+0.22 3.18+0.20 2.84+0.16 2.89+0.20 3.02+0.22
KL Breast muscle yield 12.65+0.22° 12.60+0.19* 12.34+0.25% 11.85+0.28" 11.87+0.27"
BRI Leg muscle yield 17.35+0.43 17.38+0.22 16.82+0.47 16.94+0.50 17.36+0.49

24 ARAFZENEPRBREIBEHIZ M
28 7 0] DL . A [a) i) 37 985 B 8 ) PR RS Co IR 8 5 PRI e B A 0 vk IR A8 B8 oA 7= A I 35 5 i)
(P>0.05) .
K7 ARAFZEXNEVABHEEIEHNHIT

Table 7 Effects of different stocking densities on organ index of yellow-feathered broilers g-kg™!
SyE| S Density group
Ttems M18 M21 M23 M26 M29
DEFEEL Cardiac index 5.23+0.20 5.45+0.18 5.38+0.16 5.61+0.22 5.33+0.16
FFIEFEEL Liver index 19.63+0.59 19.84+1.11 19.68+0.60 19.50+0.45 19.88+0.41
MELEFE #L Spleen index 1.68+0.83 1.81+0.10 1.55+0.12 1.64+0.13 1.69+0.09
[R5 %0 Bursa index 0.39+0.08 0.43+0.08 0.46+0.06 0.49+0.05 0.50+0.05

25 ARRAFEZEMNHEPABMBFRENLEANZIE
1 AT M18 M21 M23 4L I3 H MDA & & W F KT M26 . M29 41 (P<0.05) ;5 M18 4L,
M29 21 Jfil 75 7 T-SOD .GSH-Px . CAT 7 7 i 3 F 4 ( P<0.05) ; -4 [H] T-AOC TC i &2 R (P>0.05) .
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Fig.1 Effects of different stocking densities on serum antioxidant parameters in yellow-feathered broilers
RGP FR A PR ] 22 57 3 (P<0.05) , F[A], Different lowercase letters indicate significant differences among treatment
groups( P<0.05). The same below.
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Fig. 2 The effect of different stocking densities on antioxidant parameters in the pectoral muscle of
yellow-feathered broilers
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Fig. 3 The effect of different stocking densities on the mRNA expression levels of antioxidant-related genes
in the pectoral muscle of yellow-feathered broilers
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