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M E AR RH L LA L (Rare earth-chitosan chelate, RECC) % #& & it 3% 3 M A% 65 & K M4t Fo B] % L &Y
Hw, AFREM 1 BEHOEZRABO0 R) B ARFERARE2) BN TFHARE. X BHFLE2H, Kk
A3 MBI (FARIR Y 25 CH AR B (KR A(FRIEEL 37 CH s B8 AMH L4 (AR E
2537 CHAmMBAMRLT0.03% RECO, Z#HBK 1 A2 AB. 2 HTHAABFHIRE HER . FoHARHAY
T, SRAWAEE LIRS UG PFHARRETEARNP AR EREZF(P>0.05);m-F3H 0K EH TR
AR F G T HA L HA(P<0.05) i 41 (P<<0.01), A Bt At 20 R LR F MW £ F (P>0.05); xF B 20 HE
MopH 2% 3 TH# £ (P<<0.05);xf RBAMRMT I h 5 A B At LM Z2FHRBFZ(P<0.01), A 2 A
G BTN A RETRES THAEBRMA(P<0.05) fo ki 2L (P<T0.01) . Mk B A fo s LR 2 0 & 2 3 £
F(P>0.05); A mHA-FHAMELEFRTHBAFHLA(P<0.05), . R AEH LA R ALEEREF
(P>0.05); &AM pH T I A AR E Z F(P>0.05); X m it AR R A B E KT 5t B fofb 20
(P<0.0D), #mt 1 A2 AE . RAMMpH B RAHNBEZF S TAELAFHLA(P<0.05);mFTmAH R
FAK T HOm g Ao A £ 40 (P<T0.05), AP A I, M & # gt at Al 69 3 K, RECC T3 & & m i sh 1 a8 B 38 T o9 %
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Effects of rare earth-chitosan chelate on the growth performance and
meat quality of yellow-feathered broilers under heat stress

WANG Juhua', LIU Qi', DONG Jing'. WANG Jiaming', LIU Dandan', ZHOU Jie', XUE Xiuheng®"
(1. College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China;
2. College of Tea & Food Science and Technology, Anhui Agricultural University, Hefei 230036, China)

Abstract To investigate the effects of rare earth-chitosan chelate (RECC) on growth performance and meat quality of
yellow-feathered broilers under heat stress. Ninety one-day-old yellow-feathered broilers were selected for heat stress
test at 29-day-old, and the trial lasted for 2 weeks. The broilers were randomly divided into three groups at 29 day: the
control group (feeding temperature about 25 C + basic diet), the heat stress group (feeding temperature about
37 C + basic diet) and the rare earth group (feeding temperature about 37 C + basic diet + 0.03% RECC) . After
1 and 2 weeks of heat stress, the ratio of average daily food intake and weight gain of broiler were calculated,and the
changes of meat quality were analyzed. The results showed:after 1 week of heat stress, the average daily food intake
displayed no significant difference among three groups (P >0.05) ; the average daily gain in the control group was
significantly higher than those of the heat stress group (P<C0.05) and the rare earth group (P<C0.01) , while there was

no significant difference between the heat stress group and the rare earth group (P>>0.05) ; The leg muscle pH of the
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control group was significantly higher than that of the rare earth group ( P<C0.05) ,and the shear force of the leg muscle
in the control group was significantly different from the heat stress group and the rare earth group (P<C0.01). After 2
weeks of heat stress, the average daily food intake of the control group was significantly higher than those of the heat
stress group and the rare earth group (P<0.01) ,while the average daily food intake showed no significant difference
between the heat stress group and the rare earth group (P>>0.05) ; the daily gain in heat stress group was significantly
lower than the control group and the rare earth group (P<C0.05),but there was no significant difference between the
control group and the rare earth group (P=>0.05) ;there was no significant difference in the pH and the shear force of
leg muscle between different groups (P>>0.05) ; the leg muscle water holding capacity in the heat stress group was
significantly lower than the control group and the rare earth group (P<C0.01). After 1 and 2 weeks of heat stress, the
chest muscle pH and chest muscle water holding capacity of the control group was significantly higher (P<C0.05) than
those of other two groups (P<C0.05) ; while the shear force was significantly lower than those of other two groups. In
conclusion, under the continuous heat stress,RECC could effectively relief the impacts of heat stress on the daily gain,

improve feed utilization rate and alleviate the damage of heat stress on the muscle water holding capacity and therefore

maintain meat guality.
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RN R B W 32 B A B AR R Y g ot
e U FBE SRR 7 2 Y R AR S M I A R R R
ST EEREEM A N E R KR A
fRE L H AR B EL R B R IR A 2 K Y
BHFEZ " A= TR, 32 B3O U5 LA
PUEALRE I T R, & 5 8UR S )5 B fe m P A
JOE il TS B T 7 AR K T RABRORITE ) (Pale, soft
and exudative, PSE) #E R, [ it 2% fif U W 5 8
Xof A A R R PR) JB it JBT %) 5% i) EL A R R R S R

fi + 7¢ BE M B & #h (Rare earth-chitosan
chelate , RECC) /2 i i - i iR £k F1 5¢ W% e 28 ¢ ik T
NI R A — AT B ARDEL S AR A 2R B AR R
PEFS . X8 28/ 4 s i i iF 58 ¥ % 8, RECC
A B R DR R AR B S W AR N AR K AR
P14 B IC 1 o AL AR P R 094 955 R B s 2
AEUUHRAE L RECC A Al B3 A7 44 19 A8 K %0 58 o
e s X ER G B 5 3% B RECC n] DU #F 8 09 37 AR
B R R PR E R H RECC X4 38 A XS 1) 5%
W 0 A 12 T8 5 PRI AS BIF 5 40 LA 2 3R PR RS Sy BE 5 R
G TE R A G B DR s i RECC L I 5 P A -
Yy H B4 kL LA BT Y AR 4R 3E TR 98 RECC
X HR T R PR A A K B A B TR T Y 5 s D Sy
S5 R ) 5% v G2 ik TA) X BN R A S AR R

1 #H5RFE

L1 R
T AR 7 W I B i o ECDUHE % [ RS R4
A BR 2w AL s A RS S B R Al R e

yellow feather broiler; rare earth-chitosan chelate; heat stress; growth performance; meat quality

BHHTRS B =45%,

W HEP ARG H AL EE SR RA AR
BT L B R A Y R AT, B 1
H 0% 19 2 2P A (90 FD W FpnfE i 72 &2 29 H
W 1t N O 5 U B AL A3 O 3 A B X IR A
R IR E 2 25 °C —+ L ath H O L #4004 ) 572 1R
FEYY 37 °C 4+ Fml H AR LK + 41 O 57 75 B 24
37 C+HEml H AR +0.03% RECC), B4 30 H, T
AR 7 d ARG 2 JF
1.2 HEuARRAFEE

R A JE Al iR R 2 % NRC(1998) it il , 5 il
)RR 4 B S8 SR K WL AR 1L 18 0 ) & 2 [l R
AR K I T 4 K R — At ] 2 3% T 0 B 5 4 56 3 1)
Fie B R P AT SR T R .

1.3 RWFHZE
1.3.1 A KM e

PRI A AR 25 1 R V5B 7 RS 14 KiE
J o O3 ) S AR i R XSGR R I 0 S A 2 XY B R 45 k)
HOURR R R R TR RS H R &
(ADFD F-3 H#8F (ADG) KR E I (F/G) .,
1.3.2 BFERHBXE

G3 AE BRI 55 7 R AE 14 K T4 B AL %
15 HAGHEAT B S AR AR 12 h {6 RS I AR T
FU KR I o BB 2 B2 S SR S R A A e SR LA T
i AL PR RE 2K RE s A 0 L R IL AT T A UL P
pH . BT Y) 77 FNA 8, £ 21 SR 42 807 A 7]

1.3.3 LA & KA A0 Z
S FREC 15 g Mg JBRILA T 50 mL &0,
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Table 1

Composition and nutrient levels of

the basal diet (DM basis)

i H H: K] Development stage
[tem 0~214d 22~42 d
JFUEL/ % Material
E % Corn 62.5 65.5
T H1 Soybean meal 21.0 18.0
%k J2 Bran 3.0 3.0
i1}y Fish meal 3.0 3.0
E k[ Corn protein powder 5.0 5.0
B+ #; Yeast powder 2.0 2.0
R 245 CaHPO, 1.2 1.2
£1 4 Limestone powder 1.0 1.0
A AL NaCl 0.3 0.3
PR A Premixture 1.0 1.0
At Total 100 100

E £ 7K F Nutritional level

M 4 5 Crude protein =>=21.0 =15.0
HLEF 4k Coarse fiber <5.0 <7.0
MK 5> Coarse ash <8.0 <8.0
45 Calcium 0.60~1.30 0.50~1.30
B Total phosphorus =0. 60 >=0. 40

H & iz Methionine 0.30~0.90 0.25~0.90

T TR T vl AR AR it 4 A R A 8 000 TU, 44 K D3
1228 TU, 44 & E 15 1U, 4k 4 & K3 3. 0 mg, 4k & Bl
1.3 mg, 44 % By 3.1 mg, 44 &K Bs 1. 2 mg. iZ R 45
13. 4 mg, @ALEHL 500 me, EH R 0. 11 mg, AR 25 mg,
IR 0. 68 mg. 44 % By 0. 03 mg, £k 120 mg. 4 10 mg, §F
130 mg. 4% 100 mg.fl 0.3 mg.ffi 0.3 mg.

Note: Per kg premix provides;: VA 8 000 1U,VD3 1 228 IU,VE

15 IU, VK3 3. 0 mg. VBl 1. 3 mg, VB, 3. 1 mg., VB;
1. 2 mg, calcium pantothenate 13. 4 mg, choline chloride
500 mg,biotin 0. 11 mg,niacin 25 mg,folic acid 0. 68 mg,
VBi; 0. 03 mg, Fe 120 mg, Cu 10 mg, Zn 130 mg, Mn
100 mg,1 0.3 mg and Se 0. 3 mg.

e W1, A 22.5 mL #i# 9 0. 6 mol/L NaCl
WL IR G 1 ming FEAEGTE 4 C R UKAE P iCE
15 min J5,LL 6 000 r/min,4 CE.L» 15 min, FF b
HWRE S 1E 80 “CRE th A 20 min, JLVE R Ry 25 74
UKL, FR i T IC Sk W2 LI R & R/ % =

(W2/W1) X100, i i fe ¢ 7= 22 i 1% 0 7 AL PR e 7K
fig 1ot
1.3.4 A pH A&

13 g M BRAL T A1 AR L im A 10 £S5 IR R
WZE K ,6 000 r/min 23 1 min, A PHS-3E # pH
TR E A IR A pHL B FEA D & 3 W iHECE
HIMH .

1.3.5 LA Ahnz

YSUH fiF TG S5 I B 07 S LS 6 B L B AL PR 45 1 Bk
(58 1 em, J& 0.5 cm) , FALPA SR AL (C-LM2 20 i
SEBTYI 7, B A REA E 3 W O (8, DL A i
(NDFEIR,

1.3.6 A&z

F Chroma meter CR- 400 B (@ 224 (H A) #&
6 JUL LR LK) B (L) ELFE (o ) TN (D7)
1.3.7 #EHFT M

BPE >k A SPSS 21. 0 K fF ) One-way
ANOVA Jr kb 17 35918 25 5 8 3% v o0 b7 08 29
CSEME £ AR MEIRTE R, P<<0.01 H2EFRE
F.P<<0.05 HZERBE.M P>0.05 K 2&ERA
e

2 HFREHSW

2.1 AREHEEEE RECC 3t P38 4 K a8 B 5210

TEARI I 1 A 2 A S, RECC X P38 A= K M fig
WA LS 2, PN 1 R L3 A H R A
BLEE ) TC B 25 R (P>>0. 05) 5 X B 203 H
B 3w T O 4L (P<<0. 05) Ml + 41 (P<<
0. 01), 1 #4 7 34 4 AR + 41 =z 1\) G W 3 1k 25 =
(P>0.05), N 2 JAJ5 . X B2 XS 7 34 H SR
iR EE TR (P<<0. 05) fIfs + 40 (P<<
0.0L), M #A N P ffl L2 T FEE 2 R (P>
0. 05) 1M FA L B2 724 H 1 1 0 35K T X B4 7
T+ (P<<0. 05) , X} M4 5 F 4 20 Z 8] Jg b 25 1 22
5 (P>>0.05) ;5 #8020 AH Eb o 38 in B 1 576 47 fiie 25
GG TRELL.
2.2 AR[EHE A E RECC 3t A G AL 57k 8E N

sEA

RECC X} I LA 47 7K fig 77 8 52 i 38 23 it AL 0
PRI e 28 = ok o . R 1 () BT 7R, #4031
2 JEJG % BEZH i WL die 2K 77 R I 35 1 R T BN
ZHNFR 22 (CP<<0. 01) 5 Ty #4380 20 R0 A 1+ 41 i
FMEZEF(P>0.05), WiE 1(b)FiR . % 1
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Table 2 Effects of RECC on growth performance of broilers under different heat stress times

e HR 3 B 1]/ XF HE2H N2 i 21

Item Heat stress time Control group Heat stress group Rare earth group
VUG IR TE /g 0 727.44+92. 38 738.53491.98 741.11+£113. 90
Initial weight
EHHRERE/g 1 94.29+58. 15 85.81+42.31 88.37+57.86
ADFI 2 125.52440.24 Aa  104.60+17.06 b 123.19+38.41B b
Sy H M/ g 1 39.45+1.60 Aa 33.3941.97 b 32.61+=1.24B b
ADG 2 46.6612.93 a 37.90+1.90 b 45.29+2.43 a
BHE L 1 2. 2.57 2.71
F/G 2 2.69 2.76 2.72

AT B AR R /NG F iR OR 22 5% B 3 (P<T0. 05) R [R RS FhE Z M RIR 22 Rk B (P<C0. 0D, F 3 Jal. BlEEN

XS H TR E S 0P R B,

Note: Values with different small letters within same row mean significant differences (P<C0. 05), while with different

capital letters mean an extremely significant differences (P<C0. 01). The same as in Table 3. F/G,the ratio of average

daily food intalce and weight gain.

A o » o
5 & & 8

NS
=]

WL 0%
Final yield of pectoral muscle

]

I} )/

Time

X % 182 Control group PN B H Heat stress group @2 i 1+ 24H Rare earth group

}
120"
=100
s 2
5 80
L
X2 60
P e
=% 40
B
iz 20
0
HsF (/)&
Time

* RN 2E WA (P<0.05) 5 % FKR2EHM . EH (P<0.01), TR,
* P<C0.05 and %% P<C0.01. The same below.

1 ANEEAH A E RECC 3t B AL Fn bR AL 3 7k 89 220

Fig. 1 Effect of RECC on water holding capacity of pectoral and leg muscles under different heat stress times

J& A AR LR 28 7= 2234 T 1 3 25 S (P=>0. 05) 51
RO 2 SRS BRI B A R UL e 2% 7 R G AR T
HEZH AN I3 4 (P<<0. 01D,
2.3 RPN E RECC X AEALA pH &Y %0
TEASTA] A BN st 1] ) RECC X AW LA pH
M2 an il 2 Bros . AN 1R JE . X5 BR 4 L
pH 3 = TN A AR 41 (P<<0. 01) , i #45
A 575 120 2Z R AR DL 25 M 22 % (P=>0. 05) 5 #4
L 2 JE e % R B L pH 5 A8 A A A
A S B (P<<0.05) (& 2(a)), & 2(b)
Fion I 1 JE S e A BRL pH S 2 AR T 0 IR

ZH (P<C0. 05) s M AE LI 2 J8 5, & A IR R AL pH

¥R EZEF(P>0.05),

2.4 AEHE A E RECC 3t A X3 AL B BT ] 71 89
Eguru]

TEAS ] (R B 385 Bt 1] Ji5 - RECC X P 38 fifa AL 55 47
FBYSEIR AN 3Ca) s IR B 1 A 2 JE S SR 4
Mg LS ) 3 ¥4 8 3 AT PO B AR R (P <<
0.01), RECC %fpaxs g WL5y 4 Jy 5 5% me 40 &1 3 (b)
FEw s O 1 JEL e ko R A IR LB 1T g S K A
7 ZE R - 2H (P<<0. 01) 5 i B0 38K 2 J& e BE UL
BY Y 7 45 4R ¥ TE B 2 25 % (P=>0.05)



108 S R EE I N A N i 4 2019 4F 3 24 %

B fLpH

pH of the pectoral muscle
R LpH
pH of the leg muscle

I i)/ I )/ Jed
Time Time
S X E2H Control group PRV B 4H Heat stress group 22 #i+4H Rare earth group

2 AREHEHAE RECC XA ALF0BR AL pH &) 2215

Fig. 2 Effect of RECC on pH of pectoral and leg muscle under different heat stress times

30 (a) *k 40 - (b)

g dedke *

£ B 1 &)

;~ Lenene] (752 2 30F
<E o0f = <%
=1 2 =2
o faN |
B o gy
EE | e =i
E= fusuon] E.é E

E . qc\)o 10F

c e e

£ o i

0 oot o 0
1 2
P i)/ ] I [/ )]
Time Time
9 X EZH Control group EZBHY i 2H Heat stress group 2 Fi +-4H Rare earth group

3 AR E RECC X By AL F0 BR AL ST ¥ h 89 52 1R

Fig. 3 Effect of RECC on shearing force of pectoral and leg muscles under different heat stress times

2.5 A EE RECC %3 P9 33 A AL #0 AR AL A RN 3 Fros  JAN 1 s A AL L
BRI a’ Fb" Z A3 J0 8 122 5 (P=>0. 05) ; B ARV 3

AN TR FR N ] RECC S P X% fieg AL 0 BE JUL Y AR T AL ABRIVL 6" 21K T X B ZH b (P<<0. 05)

3 AREIFARE AT E RECC X #4 5z # A %8 g AL F0 B8 AL P9 € %2 0

Table 3 Effect of RECC on the color of pectorale and leg muscles under different heat stress times

Bl Pectorale muscle BEAL Leg muscle

fisf 8] /

SR = RORICEEN PN AR i T 41 RORIEAEN PN A i T 41
Meat color Time Control Heat stress Rare earth Control Heat stress Rare earth
group group group group group group
= 1 40.3340. 41 40.4240.42 40.4340. 67 45.9240. 70 48.244+1. 54 46.8340. 86
L’ 2 44.4840.98 42.4840.98 42.5840.61 47.5840.67 47.2740. 64 47.0540. 47
ap 1 15.95+1.35 15.5840.72 15.38+0. 60 18.38+0.61 16.98+1. 30 18.03+0.81
a’ 2 13.79+1.23 14.01+£0. 35 14.50+0. 43 17.99+0. 66 17.84+0.15 18.32+0. 69
) 1 23.99+1.01 23.3641.40 23.20£0. 84 29.47+£0.94a 26.7£1.17 b 25.88+£0.43 b
b” 2 24.2141. 44 24.50=£0. 66 24.68=+1.33 27.18+£0.35 27.7441.45 28.69+1.36
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BH L H o Z A0 B EEEF (P>0.05); #
N2 JEE S WL BEL L a® A1 6" 2 [a] 3
T FE 22 R (P>0.05),

3 it

3.1 RECC Xt # 57 8 P9 38 & K 1 58 19 %2

s 1 5 W EE & £ (RECC) 2 D) 52 B A I 7
BRI RR 1, 2 0 R R 0 F Ak 2% T 20T T B
F18y — T AL eRL A in 7 o H [ I R 5T
(Mt vk i S AR H I R . W TR R BF s R
i 0T LA 3 B v sh W B AR e R AR L e B D
BliiX 2 ANICEAEM b b TR ER A e B R T
FHARL Ca¥" Mg Fe' & BB TMWIEH,
i Ca® EAMARIH PR EFEEZMIEM. 8T
5 Ca®" PEJR M ZE AL, ALK TG T Ca®'
G500 A A HE — BB TR Y TR PE 4R
R T AL A 1 s T FIORT AR AR g 2 o R 3
2% firk AN Y SR o ) B A AT DA el AR 2 R R ) 3R
I 45 M o FL R A= 8205 . Ping %5V ST 45 KW, —
70 i 0 il 25— AT DA 40 T Y 2R K B SR AT AR
K. M RECC o] KL sh ¥ i A4 K v BE 8 9%
WA L B e R G A AR AL T A A PR AE
S BRI FE W, RECC A L i 25 42 & 1% 1 %
1B B R ARORE LY S R
WESE , RECC W] DA fmy A (9 3 85 2R 2 1 BT R0 L B
AR R s RECC o ml R 8 I 44 sl 1f
FIA AL A i RECC 78 & K fF 58 E B E P T
XY, TR HE T R B, RECC 1] D2 &
X7 JE R 7 B R R LR, OV IR &
A AL & AE Uk R ZE AL, R RN H
W R AR R P R, Sohail %
WFFE W L0 vk P 07 B 42 d [ W8 0K 3 3 A1
BHE B R Deng P AR EH L RE® T
R AR AT A RE 2 PN IR Mol 2B K PR il 3 BUAR R A R
I 7 AR B B R R AR IR . AR o 45 2R
SR, 55X B AH LU, B AN 0 e 2, IO P A
H 3% 8 AR £ 0 2 BR AR R LU T i L4
SRR W E PR H I E IR A B 225, R
G E LT ION 4], R W RECC 75 17 M A 29
BF AT L 7R AR 38 TR X ) A K P e L B i R
I E
3.2 RECC 3t #4 57 #1938 P & JR 9 %2 i

FR AT DA 2 o HL A 7 A AR AR A R

H LN 2 UL RE S R . RECC (1 72 % e
XoF JFF IOk 2 200 g I Aok A A AT — 2 5% W ] DLV BR AL
NS SN B R EUR IRl =R /N i A ORE
PER B AL A 14 B 5 2o 480 Ak K SF B T
T B | R O T O R A o AR P i A
U R K LR A LA pH R AL, A
WEIR 45 A MR | Bl RO AR 2L o 20 I A i L7 K
8 1 oE— 2B B AIG A £ 40 i M LR K BE Ty fae , A
RECC HA 45 Mg L35 K B8 07 0 4E s i 8 1 A
Xof R TLARE 7K A8 1 TG 5 M s BRI 2 JE S S PRV A 7R
AR N, F2 0] RECC 7] L 45 45 5 LR 7k
REJT . FRIIAT DL 5 LR 85 U1 0y, S BUE
Sak Je PR S5 RE 1Y) 32 4 L 5 e PR B g i, RECC X 4
Jof 85 B B U0 7 38 JF e s R .

RO B BRI T LA pHL I in RECC
AL pH Pk & 3] 6 B2 7K SF- L A 8%k 35 LA
WL, A, RECC A & 2 538 0 300 L ) &5 7K
JIMTE 0, BT RECC 75 $1% 387 T8 19 5F 58 1R
A HEDX AT S RECC BB 48 42 1F sh 4t g A4 K A
R ARSI . v LA P Y i 3 A N B A B
VIEEP S

4 & it

Dk s in RECC ] LA 2082 i H 4 5
TRDREA TR e PR L 38 ) 28 DR K

2)RECC n] DAk B2 5 7 38 % WL $5 7K T 1 45
A G A
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