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1 MR55E%E
1.1 KR 5RFEE

AT 2018 4 9—11 HEHE KT RS & I &N
AT WRIGEFREE 53 d, WIS A AN ASRE 16~
23 °C, FHXREE 70%~95%.

BRIGI, LEH% 144 LB RN (57.014.4) kg )
=t (PRI K AXKAD) fEAXT R, RH 3x2 W

30 000

R R IRK B (3 MAFEE KGR , 81
WEREE 2 ANER. ETIUTIRE, FFEEEREN
0.75. 1.05. 1.35 m*k, K HEHBEBARE 111tk
BIBENL B 12 A AL, B2 12 ko BANEE KT
L AEENE 4 RN R A R B
H”, BEETIREEHR L 0.5m ik, LE 6 B
b6 NMREEITEMER AT A4, BEAENE 1
Fi7R o
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Fig.1 Layout of the pen arrangement inside the tested barn
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55%SEARH D , BEAS BEIAE N 223 2 SRR 4 MUK ES,
HHRESUOK. @i 5 WAL R Gk AT & Nl XU
TR . R 8:00 A1 16:00 FAT L EAAME ., BT
TG 3E R gt G I N TS, &R 7:00 1 17:00
N LFTHERE P A
1.2 4774

MRRFFEFR B H YR & (ADFD « HISMA 5 S
K& (ADG) . BIE (F/G) MHLF/KE. 5@
P ARE CF5FE: 0.5kg, Meier-Brakenberg, fE[E) X%
R N R AT AR i, ISR R E AR, TS H R E
WK, BRNR BT AR & A R &, RIS
ISR A AR HR R R TR AR B &, TH RS R R
FRNEFERM B YRR, FH Y RENKEAHLR
R FRIE L, RIS S B R OKE E
W CREIE: 107 m?) /-3, Geit a3 e H oK FE R
1.3 1THiER

W A R LTS ARG ARG E ]
BTN, RPN 1d Gl 20 D 3HT
Gt ortr. 1T RGTRT 2 d, BB BEYLPEE 3 ki
K (TATEIRERS) HEATARIC . SiitHAT NFE R dE Sth
KL YOK LR, 4345, f#idwk 1 Por. 1
G4 AN, AREE (6:00-20:00) #EFEEE 30 min [ FT
10 min, A [AJIBE (0:00-6:00, 20:00-24:00) % F4F 60 min
FIRT 5 min FIALAISR R, B 1 HEIIZREIMEE R (4~5
N Gt & AT TR bR R A I K B (ZEit i B R AT
A K SR s R B AT VK o
1.4 HIHIEHR
L4.1 HhREBE

DA BR300 U P58 A Dy i PR R U P R I 0 FR A o 6

WHIE], 43 FIAEAEE PU ) 8:00—9:00+ 11:00—12:00+ 14:00 —
15:00 1 17:00—18:00, {4 MEAL (Fotric220s, L
) DAAERE A7 =R s IR R . S B BENLBIE 6
S R T, PR VGO G IR B AR FE 30~
50 cm, fRAANLE SR H DR HiR R B e 5
B 0, seal 1 RIRENE (72 L) MK

<20 min.

=1 FERBRMT AR

Table 1 Definition of behaviors of marked pigs
H #5417 N Behaviors 1T MR Behavior definitions
22147 13 KR NG . F Skt 7, BFK>3 s
Negative sk H UM L Skppai AR AR A A T A
social R Pkl e .
behavior

b 8 A TR A At A Pl T AT S R

8 UM I R S pA i T s S AR L, 1 )

>3 s,
IR Toy playing & R AN, MR fIn, BK>3s.
A YRR AR SR R RINPEIG ), B

GHEF Lying

K& Feeding 3
XK Drinking W L MEER IR AR P YOK, BHE>3 5.
1.4.2 rERERERE

TR A (]38 £ 8 F H 1) 9:00—10:00 % R 3l 58 B 3R
e I BCR SRR A P A A TR B MR RE A o R YRR B 2
B 4. NS5O 7l € E A BT L
At A EH P 5~10 min, fFRRZE AR HBEEECT, i
ERMERAEAS 2~3 mL G E N, R 5 RIS R R
EEEIIGN B T-20 CHEIP R, MW RISk
vl P 108 22 T A AR ) R S R AT B o R FE AT I
iz B AR IS T KA R IR IR CRIRAR N, 1815
<36 ho A ELISA (Enzyme-Linked ImmunoSorbent
Assay) K B Jot B SR Y R T B, FLAH A
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H AR 7 RE /N T 10%F0 12%
1.4.3 A4

I3 AR BEFE AR AL 97 B R B Bk G &
PEAEM R T CELEE AR R-18, B4 56, I
W T-a) o 2> BIAERERE 25 A1 53 d IRBUR R AT RES
RESE M REAS, ARAR RT3 R B ML PRE 3 Sk,
A AR GHEAT R B R AL, 1 Sk B 5 3K 4 31 1
FEA IS (] <2 min, J80/0 RAHO ILRARAR IS . SR
££10 mL MEAEA, EHREESR TEEAREZRHI
YRGB, HoRiEE T 3 500 r/min FE f5
OHLHE L 10 mine ACFR S FIFEARIGE RAF(E-20 CIR
B, A T ANy S R MEVR R SR EE . R ELISA 77
AT LY B SRS SRR 1 G AN PR i R R B
HAH N AN AR S 2R /N T 10% A0 12%.
1.5 BESH

AREFCH, R FE/K MR o B 48 A DL
MERCAGE AL T R, B 2 RER; HR
FabR LA RAMA N GovE sfs, % a3 8 B BN A
S . RIGEIETE SPSS 22.0 BAEHHT S b, @it
BRI 2R T 28 43 W RN — M 2R M BT 4 Sl BF 7 A 7 % RN AR
FIG T B NESE A F= PERE . AT AN A B4R bR 1 52 1 R
MHAZHAEA . I RRUEN: FIIE bR,
P<0.05 ForabH 2 (A2 3 5 3%, P<0.01 AR ZE W53 .

2 EZEREDH
2.1 HEFEIERE

A AN R B B B AL L PR RE R R 2
I

T RBREDH, 1.05 m?Skab B ) ADFI ZLT
0.75 F1 1.35 m?kAb3 (P<0.05) ; ADG #l F/G fEA[A
HEAKE R Z R, A FIRE K, ADG &3
Bhn. F/G B2/, Hib 135 m*2k% A4 ADG 734
b 0.75 A1 1.05 m*SkAb#E 10.0% (P<0.01) F1 7.7%
(P<0.05), F/G N4 HIME 7.3%(P<0.01) 1 2.0%(P<0.05) .
PrE A 355 FE AP RPOKTERERAR Y, W gl
1.05 m*SkAYUKE B R T B4l (P<0.05) . EF]
—AEVE PR A RS BE (A SO AR Y, ORI FEE
FEERE “BuK” AT N BERUKER, (ARG BKAKD ,
Al LRI ZIRAT N, T8 & ORI IR 7%

Xif EL B B4 AN S (A, 0.75 711,05 m? Sk T,
YtH 4 ADFI 735l b2 A2 = 4.8%F1 2.7% (P>0.05)
1M 1.35 m*/Sk A FE BT LA RN 25 (141 ADFIA 24 61T ADG,
LA A (RIS, Hrb 0.75 A1 1.05 mY/
kP Br A ADG 43 ) b2 LA = 5.5% 1 4.4%(P>0.05),
135 m* ST 25 UBCR I BT A s B
—EARHERR,  ELAE 2R A 77 T AR 980N T 5
ok, ¥ BB ES TR 0.75 F11.35 m*/ S35 T4 R K
KIEFERAREEH (P<0.0D) .

FAFEEADL N EER &, B KE, BlE
tefabr EASRIBH BRI EAER (P>0.05) , fEFEKE B
ZHAEREE (P<0.001) » WEDLELE 0.75 1 1.35 m7/3k%

FE/KF B RENS B B ORI FER; [N, AR T38
R aEAREE KR, HAEH SRR ImAR R N e
&, B AR RIERIEZ/KT (595 P=0.586, P=0483),

x2 ARBEMIANEREEEEEFM
Table 2 Effects of stocking density and toys on production
performance of the pigs
4 o SRt OB
BE gy JPOREE S RERE
W Stockine  Average daily by L
? densit /g feed intake  Average daily Feed/Gain
o (o 931) ADFI/  gainADG/  F/G
provision (kg-3%!-d™ (kg‘%’l~d")
0.75 3.35+0.35a* 0.88+0.11a 3.54+0.45a 13.5+6.0a*

H 5 5EK &
Daily water
consumption/

(kg-3"-d™h

BrHEH

Toys 1.05 320£0.37b  0.89+0.06a 3'36*1)0'“*‘ 14.5+4.6a

rou;

group 135 327+0.38ab  0.9240.12a 3.2240.34b 15.0+4.1a*
g 32740.06  0.89+0.02 337+0.13 14306

2540 0.75 3.19+0.33ab* 0.84+0.08b 3.55+0.36a 18.1+5.7a*

No toy 1.05 3.1240.35b  0.85+0.10b 3.36+0.29b 12.9+2.6b
group 1.35 3.2740.33a  0.90+0.06a 3.29+0.25b 18.0+6.1a*
R3] 3.19+0.06 0.87+0.03  3.40+0.11 16.3+2.4
SEHAEH (PAED
Interacting effects 0.586 0.483 0.887 <0.001
(P values)

E: R RS T AFAREEE R EE (P<0.05) 5 “*” FoR{E
TR EACE FHR A S AABEEEREE (P<0.05) : TR,

Note: Different letters indicate significant differences (P<0.05) in the same
column within the same group. “*” indicates that the index is significantly
influenced by toy provision (P<0.05) at the stocking density level, the same as.

2.2 174

FERE 20 d N A SRAT NI L anse 3 o th
TR (<05%) 5 NETLEE, CRHIEA “HAh”
ATRTHREAT . GEARERN], B AEEAE %I B LA RN
KEATNANE, STHHAMS AT NRUIEAR. JrE
b, BEAEIFREABUE R, HE IR, R, R
K BRI AN, AR AER 2 B th el A
ARG INES . EEdT, GHEMITOK KRR
TAR BRI AN, SRR AN ARG S I AR R o

R3 AFBEEMITEINE 20 REEBITARHKEEHIRF NG
Table 3  Effects of stocking density and toys on behaviors
duration percentage of the pigs on 20" day after grouping
iR FFREE

fohr
Wi socking  aE ke KK mm e
Toy density  Lying/% Feeding/% N & Playing/% Other/%

provision J(m? 3k &

Bl 0.75  83.6+1.5a 5.4+0.8b* 0.8+0.2a 3.6+0.9a 6.6+1.1a*
Toys 1.05  77.8£1.4ab 6.840.7ab 0.6+0.la 5.8+0.6a 9.0+1.6a
group 1.35  75.0+£3.5b* 9.0£1.3a* 1.2+04a 6.2+1.4a 8.6+1.3a
24 0.75  79.5+1.2a 8.2+1.2a* 0.3+0.1b — 12.0+1.5a*
No toy 1.05 83.1+1.2a 6.5+0.6ab 0.6+0.1ab — 9.8+0.8a
groUP 135 84.2+1.8a% 4.7+0.7b* 1.2+0.4a — 9.9+1.1a
AR (P
Interacting effects 0.018 0.003 0.662 — 0.118
(P values)

W AT FREAT R A G G S B
Note: “Behaviors duration percentage” refers to the percentage of the total
observation time budget in some behavior.

T R PRI L L B TR B IR B AR s BN . R
BTN R HEAEREE (435 P=0.018, P=0.003) ,
TEARIKAN “ HoAh” 47 AR I H B R AL BAEA (P>0.05) .
WEIT AT R ERIN 0.75 m%/ S KPR A R E
1.35 m*/ Sk PR 2RE s K
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2.3 HIRHEHR
2.3.1 HRERBE
BREE 49 RO CAIRESPERATR) , ANFALE A& R A
TN TR (B2) , (EARTEFREEKE 2 Ak
T EZRYIE: FER A, B AR ]
THi, FEAZ 0.75 m?/ S AR A H AR 23 T R (P<0.01),
VTR BRI . 1.05 1 1.35 m®/Sk %
FER, BURAIRIZS AL RARFRIBREAA 2 : 0.75 mY/3ok
R, SRR RRERREM S T A, HERARE
(P>0.05) , BrRBERERRIR R BORA ] &
395
—s—GiHA, EREE
Toys group, Stocking
density 0.75 m?-3k!
— i, (RFRE S
Toys group, Stocking
density 1.05 m*- 3k
—a—Bi A, EAREY
Toys group, Stocking
density 1.35 m?- !
- . =AM, HFREE
No toys group, Stocking
density 0.75 m?-Js°!
....... FHE, EFRELE
No toys group, Stocking
density 1.05 m?-3k!
- = FOA, RN
365 No toys group, Stocking

14 21 28 35 42 49 density 1.35 m? 3!
W 215 [AMeasuring time/d

B2 TEAEHARERE T A

Fig.2 The change of body surface temperature of the pigs
2.3.2 rERRIFEFIRE

BRI 18] 25 A JH A AR B2 Joit A EE R 2 B
H U RAR R (B 3) o BrR AR R “BaRA” A2k,
Horb 1,05 m’/SAbHITE 37 d J5 2 R RS A, %k
PR ST B P A B A AR B AR, Hodk 0.75 m/3k %
FEm T A A, K5 37 d BRI —E
M ETE, ZJ5 2 RS, Hb 135 mY3k% 5K
ETHREERCR . [F IR AN, DA A A
ZVE) R R P 2 AN 2 (P>0.05) o BERTT S, AN
Qb3 2 1) MR 1 I A B AR AL A AN ] O

39.0

385

38.0

375

k7235 ¥ Body surrface temperature/ C

(=]

—8— A, WREE
Toys group, Stocking
density 0.75 m?- 3!
—e— G R, AT
Toys group, Stocking
density 1.05 m?-3k"
—— G R, EFREE
Toys group, Stocking
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— e PN, EFREE
No toys group, Stocking
density 0.75 m* 3!
““““ EEE, WFEEE
No toys group, Stocking
density 1.05 m?-3k-!
-_ - P, FEFREE
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el
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W Y30 7 S R
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Fig.3 The change of salivary cortisol concentration of the pigs
2.3.3 @FEA I
AR R LTS AR FRFR PR A HE B (Cortisol) + 4
JEEREE G (1gG) MAMEAMA T (H4fNR-18. A

YA 2-6 FIBHREAFE R F-a, 439 RIFR IL-18, TL-6,
TNF-a) , 25 F153 d MyEAEFEFRU0ER 4 Fiw.

R4 TRELIEERMBERIERELER
Table 4 Comparing of the pigs’ physiological indexes among
different treatments

1AF: KEL Days of feeding/d

sy BoRigE POREE

Physiological ~ Toy Stock.ing
: e density/ 25 53
indexes  provision 2
(m*-3k™)
0.75 109.17+4.66a 93.47+4.12a
7! 1.05 98.28+5.04a 97.99+4.52a
&ﬁﬁ@% 1.35 104.41+3.09a 97.40+2.11a*
Cortisol
/(ng-mL") 0.75 94.56+5.08a 102.43+5.29a
=H 1.05 93.32+5.89a 96.44+3.01ab
1.35 106.12+1.38a 84.29+5.30b*
0.75 9.98+0.46a 9.89+0.52a
GIERRE A 1.05 9.72+0.39a 8.84+0.41a*
HG 1.35 9.30+0.43a 9.060.36a
Immunoglo
bulin G 0.75 10.22+0.51a 10.27+0.65a
/mg'mL")  zZ=xp 1.05 10.45+0.73a 10.60+0.53a*
1.35 9.33+0.45a 9.465+0.38a
0.75 17.53+1.04a 17.74+0.59
TE -+ -+ *
A It H 1.05 16.66+0.88ab 15.59+0.62b
%1p 1.35 14.88+0.32b 16.83+0.66ab
Interleukigl— 0.75 17.79+1.08a 18.52+0.65a
18/(ng-L"
plng L) TH 1.05 18.07+1.47a 18.74+0.68a*
1.35 15.78+0.91a 17.37+0.60a
0.75 53.23+3.93a 50.3542.22a
LA + + *
famg Yot 1.05 51.02+2.79a 43.45+1.83b
2.6 1.35 45.16+0.68a 46.63+2.61ab
Interleukin- 0.75 54.11£3.43a 51.60+3.01a
6/(ngL’y
TH 1.05 56.29+5.30a 53.5242.76a*
1.35 4532+1.71a 49.19+2.36a
0.75 102.14+6.14a 107.3242.91a
JiR R T -
b1 1.05 96.59+5.15 97.19+3.17a*
E =" a a
Tumor 1.35 86.90+1.82a 101.47+4.45a
necrosis 0.75 103.79+6.21a 110.65+1.40a
factor-a N
Jing L™ 2 1.05 104.75+8.07a 112.45+4.662*

1.35 91.78+5.28a

XFF R REE, 5 25 R AT EH &R
KPR E AR EER. 53 d, FAHLFE
WP B A % 2 BE R TR iR T 3 K, 0.75 m?/ Sk b EE B B v T
1.35 m*/ S A FR (P<0.05) 5 Fo B 20 41w 37 55 B b B 2
AR E LB 2% (P>0.05) . [A, #%EKFt
o E A A 2 A R R OR SR E R AR
(P>0.05) .

KT 1gG, SACEE 2 Yl 1) 1gG W BESA 0 0 3 22 5
HIEW BN ARAFEFREELE S, TRAS
TAHMHZ M2 G IRKELREEER, HTEAH 1gG K
FERYEESUE ES T RO, Hd 1.05 m*sk417E 53 d
AT EA R 19.9% (P<0.05) , bt E A% R
PRI PR T A 4.

X EE IL-18 IL-6 A1 TNF-o0 304, &3 3 Fhgi Al
T AE DA (AP R A, B
o) % 2 A FEAIR E 98 M A i DR 9 B T v R TL-18

107.18+3.96a
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MIL-6, BrEAH 25 8153 d, 0.75 m*Sk4 IL-18 WK E
43 HIEE 1.35 F11.05 m*/3k & 17.8%F1 13.8% (P<0.05) ;
53 d H1, 0.75 m%/Sk41 1L-6 WAL 1.05 m%/ Sk b
15.9% (P<0.05) o %f b &1 37 % BK- A L Bt A 3
Pl PR 7R, R IRLAE [ — 1) 3% %5 K F R 2 A
IL-18. IL-6 #1 TNF-a ¥ m T A4, HhfE
1.05 m*3k/KF, ZHE4 53 d ) IL-15. IL-6 A1 TNF-a
W FE 2y I L Be B 2 7 20.2% (P<0.01) « 23.2% (P<0.05) <
15.7% (P<0.05) o Ut B 3G K4 7% i AR g it Be B A R
TR KPR
2.4 WESH

AR 4 X 56 30 1) ] 7% BAS $8 N FNAE T 3 15 A% B
BAFRAE PR RS (R 5, FEARERSLE R
A7 P A= I AR AR P2 A o R ARSI A% 13.87 Jt/kg (2018
11 AAREEREFT SR, AR R R R
JfE B MAL R AT 5 TAREECAR 3.58 Ji/kg GREEAEH
R+ BLEEA 25.00 70/E (BrE4 4 B/F%,
IH% 20%) -

x5 TELCEE LR

Table 5 Comparing of production benefits among different

treatments
B A IR A AFTRE
TBbR Stocking density with Stocking density without
Indexes toy/(mz'j\'l) toy/(mz' ‘l'l)
0.75 1.05 1.35 0.75 1.05 1.35
FRNEFER
Feed intake/ 177.29 169.65 173.52 169.12 16525 173.47
(kg-3k™
A

Slaughter 103.75 103.91 105.55 101.31 102.26 104.91
weight/(kg- k™)
TR FE B
Feed 236.08 161.68 128.51 22520 15749 128.48
intake/(kg-m™)
Y ECE N
Slaughter 138.15  99.03 78.17 13490  97.46 77.70
weight/(kg-m™)
LR
Benefit per
pig/(E-3k)
LR DATIRAY V6t
Benefit per
area/(JG'm”)
T ASKEAE PR AR S P AR RS T, AR A U o 5
THFEFIETH A o
Note: The production benefit here refers that the earnings of pigs minus the costs

of feed consumption and toys under the same conditions of other production
costs.

802.65 832.22 841.11 799.72  826.75 834.08

1069.31 793.07 622.49 1064.85 787.96 617.74

B3 R AR T Ak A B P A T AR P 39 KT O T
hn, 5 BA BB AR A% S B R R R, BREH RS A XN B
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7.03 Jo/3k .

3 ¥
3.1 AFBEESENEEANEZmE
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FEVRNE AR RGN, PR K, TR
HEgrhE R LR R R AL BB AT, SR RHR
oo FEREBUAFMT, WIRE XA I KRR
B3, Hr 1,05 m* SRR E N T 54 2 KT
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frit— BT B ALE AT RN KA B R % A
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BFgeal A —8, v B PUH S R AR . B
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o A 2R A T A ) SR T AR A, R R B A 3 B L AL
SR 2 0AE, T RS S 0 E E N ) A 7 R R A
BMORAAEEES . A FRBEARRRE (20d) , BEFEIER
U, RPr R @R KB 80, (H AR B R
KB O NEE 7%0h N DR EA RT3 & i
R, (R R, FAF A R b R R T R 9
I 76 0.75 A1 1.35 m* Sk EAKE R, #EDCE TR
EIRE TR R, AR08 REUK SR 47 AR
KR [FI, AS[E % KCE ik B e R e e
FEAT R ILFE M B 5, w5 % B P85 mT 3G g R A R b
PROBI S b DRI 57 SR 52 3 1 I 2R 25 5 F AT N, 1%
BRI R S USRI, —E RN R
WA, PLITE A AR, D g E
BT PAR A E R AP R R, A RO A T (g A
FEFIKF. Van de Weerd Z5 88 R B & FE RS 20Kk
PR T B 2 1) 4 MRHERS . S5 AR, N
B LR B RS PN 11 25 18] o A %6 A2 R4 A R 4 ZE R
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FESG R, BRI AE PR i, (H A IR A KR
e cha N E G O N 1 R A 7 TR = AT < R 2 A X 0 8
R FWATARA, REBARZE S, w2,
AR K, RIPAEF A 1.05~1.35 m?/ Sk ks
FEVO R, B ARG AE KO AR R AL R B e, BEA
FROE N KT N, g i, SRS AR e Ak A 1
i, REEBCESH T R E BRI RTHERKT B —
SEPREIERCR o RREENT 50 F1 110 kg 45 F5E 1 Be /N o5 b
FRI3 54 0.55 A1 0.65 m?/Sk, AR AT\ ARAERT B IERY
BHEF I 2 BV FEILE 0.8~ 1.2 m23kUY, i3 T R,
D) 7% 25 B VUL TR R A [ N MR A . B2 AR PR AR AR R
Hl, RIEAEAEFE L AT AR AR R R X Bk
NFEG, REHFREAR, 7E4 5 R 7T Ao Ko 2
REREAEmHAR, WA IAEARS, W N8 TH,
X AR A 7S A BB

4 2 it

D) AFREESEIEERE R, REMK., @k
R, FRERa e g e RESAT N, DLRRRIRE .
I35 R FREER L . A4 Z=-18 A AR -6 IR EEE

A FRFEAR I (P<0.05) , Y RWFEIMAEE & e

A FVERE S RERITAR R KT 5ET T
2) BrABCE BN G IR NAT 2 R,

A R PARKIR SRR AT N (P<0.01) + BG AN 5 FE 2R

B A BUREN K, IR ZIBAT R A, R R

KRG 1gG AR PEAM R FIRE, $RTHHLR K-

(P<0.05) , HAHTHG0m R o A R T B AR

B, SR IR A EEAE LA FE KR SENR B AT N b

HAZHAEH (P<0.05) ; Sf&gtFRMt, R4t AT

Z = e 7.03 0k AR R
3) 5 1.05 F1 1.35 m*/ SkACPAHEE, 0.75 m?/3k (e 2

FEIREEN B NS A = A AR B e BN, AR

e R MR EARFKT . BIESETE 1.35 m*/ kK rh H A=

PERE . ERARFAKCFA BRI, WEDEAR TR

ITRFRIE: BEENIMARI T, DWRTEZE TR TT

AN, 1.05~1.35 m?/k 177 2 BV Bl 70 R 95 6 RS A

PAVERE S ST AR R ST T RCR AR

(& £ X #]

[1] Beauchamp G. Group-size effects on vigilance: A search for
mechanisms[J]. Behav Process, 2003, 63(3): 111-121.

[2] OhHK, Choi H B, Ju W S, et al. Effects of space allocation
on growth performance and immune system in weaning
pigs[J]. Livest Sci, 2010, 132(1/3): 113-118.

[3] Lee J H, Choi H L, Heo Y J, et al. Effect of floor space
allowance on pig productivity across stages of growth: A
field-scale analysis[J]. Asian Australas J Anim Sci, 2016,
29(7): 739-746.

[4] Hemsworth P H, Rice M, Nash J, et al. Effects of group size
and floor space allowance on grouped sows: Aggression,
stress, skin injuries, and reproductive performance[J]. J] Anim
Sci, 2013, 91(10): 4953-4964.

[S] Vermeer H M, Greef D K H, Houwers H W J, et al. Space
allowance and pen size affect welfare indicators and
performance of growing pigs under comfort class
conditions[J]. Livest Sci, 2014, 159(1): 79-86.

[6] Nannoni E, Martelli G, Rubini G, et al. Effects of increased
space allowance on animal welfare, meat and ham quality of
heavy pigs slaughtered at 160kg[J]. Plos One, 2019, 14(2):
1-14.

(71 &%, B, £, & RIOWARCE A BB BiEE i
TR EE VAN [T]. Bk =ik, 2016, 37(3): 273-281.
Li Yi, Li Qian, Wang Jiang, et al. Evaluation of pork meat
freshness using surface desorption atmospheric pressure
chemical ionization mass spectrometry[J]. J Chin Mass
Spectrom Soc, 2016, 37(3): 273-281. (in Chinese with

English abstract)
[8] Nicolau C, Maria F 1 F, Marina G, et al. Effect of
environmental enrichment and herbal

compounds-supplemented diet on pig carcass, meat quality

traits, and consumers' acceptability and preference[J].



512 W

ZRIRAE AR BEAGL R B LA A ERE . AT AR PR bR S

197

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(20]

Animals, 2018, 8(7): 1-12.

Giuliotti L, Benvenuti M N, Giannarelli A, et al. Effect of
different environment enrichments on behaviour and
social interactions in growing pigs[J]. Animals, 2019, 9(3):
1-9.

Klaaborg J, Kristensen A R, Brandt P, et al. The effect of pen
environment on pen-mate directed behaviour prior to feeding
in finisher pigs with intact tails[J]. Livest Sci, 2019, 219:
35-39.

hEE R EE R R . B . GB/T
17824.1—2008[S]. Jbxt: A BHOLARHELFIAZE 2,
2008.

Barnett J L, Cronin G M, Mccallum T H, et al. Effects of pen
size/shape and design on aggression when grouping
unfamiliar adult pigs[J]. Appl Anim Behav Sci, 1993, 36(2/3):
111-122.

Zhou B, Yang X J, Zhao R Q, et al. Effects of tail docking
and teeth clipping on the physiological responses, wounds,
behavior, growth, and backfat depth of pigs[J]. J Anim Sci,
2013, 91(10): 4908-4916.

Zhang Z F, Li J, Park J C, et al. Effect of vitamin levels and
different stocking densities on performance, nutrient
digestibility, and blood characteristics of growing pigs[J].
Asian Australas J Anim Sci, 2013, 26(2): 241-246.

Moser R L, Cornelius S G, Jr P J, et al. Response of
growing-finishing pigs to decreasing floor space allowance
and(or) virginiamycin in diet[J]. J Anim Sci, 1985, 61(2):
337-342.

Schmolke S A, Li Y Z, Gonyou H W, et al. Effect of group
size on performance of growing-finishing pigs[J]. J Anim Sci,
2003, 81(4): 874-878.

Kim K H, Kim K S, Kim J E, et al. The effect of optimal
space allowance on growth performance and physiological
responses of pigs at different stages of growth[J]. Animal,
2017, 11(3): 478-485.

L, FEk, RME. RANRATRFAM T RTRE XA
KRR AT RS I RIF ST ERE[T]. BhE IR 54, 2019,
31(1): 57-62.

Zhou Kai, Liu Chunlong, Wu Xin. Research progress of
effects of stocking density on growth performance and health
of pigs under intensive production model[J]. Chin J Anim
Nutr, 2019, 31(1): 57-62. (in Chinese with English abstract)
Jang J C, Jin X H, Hong J S, et al. Effects of different space
allowances on growth performance, blood profile and pork
quality in a
Asian-Australasian J Anim Sci, 2017, 30(12): 1796-1802.
LiY Z, Wang C Y, Huang S W, et al. Space allowance

determination by considering its

grow-to-finish ~ production  system[J].

coeffect with toy

provision on production performance, behavior and

[21]

[24]

[27]

physiology for grouped growing pigs[J]. Livest Sci, 2021,
243: 1-8.

FuL L, Li H Z, Liang T T, et al. Stocking density affects
welfare indicators of growing pigs of different group sizes
after regrouping[J]. Appl Anim Behav Sci, 2016, 174:
42-50.

Scollo A, Gottardo F, Contiero B, et al. Does stocking
density modify affective state in pigs as assessed by cognitive
bias, behavioural and physiological parameters[J]. Appl
Anim Behav Sci, 2014, 153: 26-35.

Luo L, Van Dixhoorn I D E, Reimert I, et al. Effect of
enriched housing on levels of natural (auto-)antibodies in
pigs co-infected with porcine reproductive and respiratory
syndrome (PRRSV)
pleuropneumoniae[J]. Vet Res, 2017, 48(1): 1-10.

G, MRS, R, & FEIFE N RE A R
Ko B A IR B 2 ma 0], Aol TFE 4%, 2007, 23(8):
187-192.

Xi Lei, Shi Zhengxiang, Li Baoming, et al. Effects of

virus and Actinobacillus

environmental enrichment on performance and carcass traits
of finishing pigs[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2007,
23(8): 187-192. (in Chinese with English abstract)

B, e, IR, S MBS I E IR
JRJETT M. FEERRE, 2017, 53(8): 109-113.
Li Wei, Long Dingbiao, Liu Zuohua, et al. Analysis of the
present state and development direction of environmental
enrichment in the piggery[J]. Chin J Anim Sci, 2017, 53(8):
109-113. (in Chinese with English abstract)

Van de Weerd H A, Day J E L. A review of environmental
enrichment for pigs housed in intensive housing systems[J].
Appl Anim Behav Sci, 2009, 116(1): 1-20.

Heh, Yo/, w55 B TRE R A KR A
KAERE S MG AL s, PO AT RE S b B FE A [].
FEFRFAR, 2019, 31(8): 3551-3560.

Xiao Kequan, Fan Xiaoya, Gao Fengxian, et al. Effects of
stocking density on growth performance and serum
biochemical, immune, antioxidant and stress indices of
growing pigs in summer[J]. Chin J Anim Nutr, 2019, 31(8):
3551-3560. (in Chinese with English abstract)

MR, 2w, MR, S5 AR TR R IR A
LA RPEREAMUMIS A0 PTL. R BOEE bR
FISERLI]. BIP0E TR, 2020, 32(1): 109-119.

Xiao Kequan, Qu Shengfu, Gao Fengxian, et al. Effects of
stocking density on rearing environment and growth
performance and serum biochemical, immume, antioxidant
and stress indices of growing pigs in winter[J]. Chin J Anim
Nutr, 2020, 32(1): 109-119. (in Chinese with English

abstract)



198 Ak TR (http://www.tcsae.org) 2021 4F

Effects of stocking density and toy provision on production performance,
behavior and physiological indexes of finishing pigs

1,2,3%

Li Yongzhen'?, Wang Chaoyuan®%**, Huang Shiwei'*>*, Liu Zuohua*, Wang Hao"

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2. Key Laboratory of
Agricultural Engineering in Structure and Environment, Ministry of Agriculture and Rural Affairs, Beijing 100083, China; 3. Beijing
Engineering Research Center on Animal Healthy Environment, Beijing 100083, China; 4. Chongqing Academy of Animal Sciences,
Chongqing 402460, China)

Abstract: Stocking density and toy provision are the major measures widely-used to improve environmental enrichment for
pig welfare farming. However, the specific interaction of stocking density and toy provision is still lacking. In this study, a 3x2
arrangement (three stocking density levels x with /without toys) was designed to explore the interaction of stocking density
and toys on the production performance, behavior, and physiology indexes of finishing pigs, thereby determining a proper
stocking density for the production with/without toy provision in China. A field experiment was conducted in a
growing-finishing pig house in Chongqing City from September to November 2018. Stocking density was set at three levels of
0.75, 1.05, and 1.35 m*/pig. A total of 144 finishing pigs with an initial average body weight of 57.0+4.4kg were also
randomly assigned into 12 pens with 12 pigs in each pen. Four chewing toys were suspended in each pen for the toy provision
group. The results showed that the average daily gain (ADG) of finishing pigs with a 1.35 m*/pig stocking density was 10.0%
and 7.7% higher than that of 0.75 m?*pig and 1.05 m*/pig (P<0.05) in the groups without toy settings, whereas, the F/G
(feed/gain) was 7.3% and 2.0% lower, respectively (P<0.05). Meanwhile, the average daily feed intake (ADFI) of pigs housed
in 1.05 m*/pig was lower than that of two stocking densities (P<0.05). Pigs spent less time on lying and drinking with the
increase of stocking density, while more time on feeding and other behaviors when the groups stabilized (P<0.05). There was a
significant increase in the surface temperature of the pig body, serum cortisol, and inflammatory cytokines concentrations
(P<0.05). Toy provision inside pens enhanced the behavior diversity, while effectively decreased the water consumption and
abnormal behaviors (P<0.01), where there was a significant decrease in the serum IgG and inflammatory cytokines
concentration (P<0.05). The IL-1p, IL-6 and TNF-a concentrations of pigs housed in 1.05 m*/pig with toy provision at the 53
day were 20.2% (P<0.01), 23.2% (P<0.05) and 15.7% (P<0.05) higher than those without toys, respectively. Moreover, pigs
with toy provision gained more weight and feed intake, especially at lower space allowance environment (0.75 m?/pig).
Consequently, a significant correlation was observed in the stocking density and toy provision on water consumption, lying,
and feeding behaviors (P<0.05), indicating that the space occupation of toys inside the pen played an essential role to improve
the welfare of finishing pigs. A relatively lower stocking density was beneficial to the weight gain, feed conversion, welfare,
and health level of finishing pigs. Consequently, toy provision can meet the behavior expression needs of pigs, while greatly
reduce the abnormal behaviors and stress levels in barren and crowded environments. In addition, it is relatively limited for
better welfare finishing pig via enriching the pen environment and the space allowance in the commercial farming level.
Therefore, stocking densities between 1.05 and 1.35 m?/pig with toy provision can achieve better performance on the
production, welfare, and efficiency under the various conditions for finishing pigs.

Keywords: stocking density; environmental enrichment; finishing pigs; production performance; behavior; physiology
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