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HE RN EPRAGRERH BEIERE.
A am o1 A0 AL B 3 A 78 AR B9 32 0

Zoil R W OEZHE OAF & XEE SEUKT £ Rl
O RE R EEBE AR BRI A el R SR EASRE F AT EREASRE R
B A E R S E ST RS )R # A TR A S TREARBITE L )M 510640)

W E., ARBRFEMRZMBRRY T E R NS EEIRE EFRE AR ILAREALS
AREG e, RIL540 R 28 HEE B XA Z A A MLy A 3A(FHL6 NEL, HNMETH 30
R) . SRR RS A F AR R RIS 5 A 4R A R B AR P R m 10 mg/kg AR #R
B Fe 10 mg/kg A KA FAM, RIEH 35d, RIBLERE , HFATHLL 2 ABFITEFR
A ERE ) 5 RAARIL AR IR I L A A AR R3S R A AT RS 20 AR H T 56.25% A=
21.15% (P<0.05) ; 53 A F 4400 WA R R AR HIE 3 T 56.25% (P<0.05) , 2) 5 3t
MRALABIL  MAR IR R AR AILE A AL E 5 A3 3 T 16.40% = 21.18% ( P<0.05) , A&
AR A IILESR 5T 19.48% (P<0.05) , 3) 5 AT 400  MAGIR B 20 P 38 & 55 )5 45 min 4
MR E e E (a” ) AR S T 11.21% (P<0.05) , = E (L") MaF% E (b )MA» KK T 3.87%
#218.95% ( P<0.05) , 3t £ £ LA WA B E )5 45 min LA &6 b {AKAK T 16.77% ( P<0.05) ;
L RAZHAR MAGIRIAGA A EF)E 45 min LA &6 L AEEAIK T 3.74% ( P<0.05) ,
4) 55 2 B 28 Fe A £ K LAAR G MR B2 B 40 ) A L B P Bk H Bk T B4k 4 B ( GSH-Px) 7 4
FRET 15.57% %7 32.03% (P<0.01) . W T AERBRH LIRS HE R ETIR I B EHR
B K E W SR R AR Z LA L RACRE A 69 4E R B B E R AR T AT R BKAE
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NP 2006 4E1 A1 H BRBEmAR LT
PR FAR A KA AE AR b i R TR R b
T 2017 4F 6 H KA (4= 1 18 il sh 4 I 40 T8 i 251 7
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3492.66 Ji ¢ MHGSRECY B A R
s A HLER WIS 2 0E 55 B DU iE R DU
PR EE L H AT, BN O T MG
WY e 3 & L 7 v (0 00 FH IR i oA DL 36, A 5
Lo IR I el S D CR G i e sy |
10 mg/kg AT B2 HC4) mT 12 =5 25 B0 TR W 1) A K
A (CBE AR & ), (HF A XS 2% B 48 2 B 2 v
A i B AT E AL S FR AR I R R i N AR A, T
W, AR G0 3 3 7 AR S IR AR 4 U w5
XiF PR S BT A SE RS L A SR UL A Tk
FEARAGRE 0, 5 7E R AT A7 4R B A AR AR R Y
NS R A

1 MBE5FZ*
1.1 e

RS2 B oh T AR 10 AR AR R A DR BB R

*1

Table 1

FRA R4 F 2 At T Fr it il R KR
AR, Heod B i 50.00% | B B S 2
2.48% A HLIR & & 2 2.38% (1.30% ¥y B 1R I
1.08% %518 ) .
1.2 RIGiEt

TR 5 HCIA B A i HLAE R Y 28 H % PR KA
HOP NG 540 H e IR EREHL />R 3 41, 4l 6
NEEBAER 30 HAg, Horboo B4R RS
AT A R B T oK -SRI SRl R R, 50 4 4y
SIAERLAE R P RN 10 me/kg AYAT BE KR (P4
E4) M 10 mg/kg B A 4G B2 B (M A B B
ZH) . FEABIAH S8 NRC (1994 ) I1-454 30 F £l
AT AR H P A RS AT XY FR T ) (NY/T 33—
2004 ) SEATHCH], I BOR R, g 35 d, K
Bl iRl R 2H B S B TRk LR 1

LR SR MR 4 A B B R K ((RIIRE AL )

Composition and nutrient levels of basal diets ( as-fed basis) %

i H Items

28~42 Hi% 28 to 42 days of age

43~63 H#% 43 to 63 days of age

J5 Bl Ingredients

E K Corn 65.00
201 Soybean meal 23.40
EXKFEEH Com gluten meal 4.00
T Soybean oil 3.00
iR Lys 0.18
TEZ R Met 0.09
%) Limestone 1.12
R A 45 CaHPO, 1.74
£k NaCl 0.27
WA Zeolite 0.20
FER Premix"” 1.00
&7t Total 100.00
E 27K F Nutrient levels?

FLEE BT CP 19.21
5 Ca 0.90
S TP 0.64
AR AP 0.40
AR Lys 0.95
TE R R Met 0.48
fRIHAE ME/(MJ/kg) 12.55

69.20
18.50
4.00
2.82
0.15
0.13
1.11
1.60
0.27
1.22
1.00
100.00

17.49
0.81
0.57
0.34
0.85
0.40

12.97

DHUE R N T So A AR At The premix provided the following per kg of diets: D—iZ 2 D-pantothenic acid 10.9 mg, %%
nicotinic acid 30 mg, "% folic acid 0.95 mg, 4= % biotin 0.16 mg, VA 8 000 IU, VD 2 800 U, VE 19 mg, VK, 3.32 mg, VB,
1.7 mg, VB, 8.2 mg, VB, 2.78 mg,VB,, 0.015 mg,Mn (as manganese sulfate) 82 mg,Zn (as zinc sulfate) 68 mg,Fe (as fer-

rous sulfate) 81 mg,Cu (as copper sulfate) 9 mg,I (as potassium iodide) 0.50 mg,Se (as sodium selenite) 0.27 mg,
2 B R SR, HiA i, CP was a measured value, while the others were calculated values.
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1.3 AFEE

TR FRRE T 2018 4F 2—3 H B KA K IFH
B SR A I BT I A AT, A R G R
FH 4 JZ AR AR SR, BB CR & FAROK, 5
[ SR I SR 6 IR, AN A 7R AN G IR Al e R
TR I3 A8 P R O 5 R P R A 7 ] 5 N A ge . 1 1
[B] 30 SR A K AR B, I A 50 0 14 f IR I
1.4 HmRiE&E

T 63 Hi, ilXg s A& 12 h 5, 45
HREALTER 2 N AR 820 BRI, PR
B U () SEFTTG T, SRS SR KR I ZXBE , B 25 o)
BIn, IC KB, 5 ) UK UL R UL
JE 25 FH T PRXG ) A e s b 00 TR 3 A%
PIE#S B, TSI MBLE g A | ¥ 38 R JHF U 1) o 5t
S 05 1o AL 00 R0 o Jo AL S A8 45
1.5 #ilFEHR
1.5.1 #REHH

HCRAL I | B A 9 E A R O S35 % AT 1 &5
SR RNR TS5 | I FH DR 400+ 1f /K 5 B i, 35
WEIEH

WEEE(%)= (&EE/IEAE) X100,
1.5.2 JE=E1ERE

J SEVEREAH SCHE AR 000 22 T 1k 2 B3R [ AR
Il FRE NY/T 823—2004( K & HE = PEfE 4 Tl A
ERERGEI ),
1.5.3  WLAHTAIIE IR

IR A W LB R, 10 A5 R B (IR RUT & 1)
() 4 C A ERIKM R, FEVKIB X TR, R )5
4 T4 F,4 000 r/min B0 20 min, B 1§ 70 %
TRAFT =20 CURFARFI, F BRI R0 & vl WY I L
AR A AR BE 1 (T-AOC) | R 48 Ak W) 1 Ak il
(T-SOD) F14% It H Ak ik % 1k ¥ Wl ( GSH-Px ) i 7
DL i (MDA) F it 3R G 3 B R At
AW TARBFIE I,
1.5.4 AR

RIS AT, SN EE AL 2 Rk E
P2 R R 5 0, 52 e v 4R B 2 il g
WL, 285 51 BB ARG i 41 22 46 0 0 I 3 pHL, PR 62 | T
KA R RO

pH : &5 i ILRE & T )8 25 45 min A pH it
(HI8424 % Jt5T Hanna {85 B 5 R A BRA A

PEFE 3 AATEALE I H: pH, 24 h J5 (4 C F8F7)
P pH

WA, T B 525 45 min F1 24 h 4391 FH (5, 254X
(CR-410 %I SEREL /A H], HA) TEE T 3 4
AN 0 57 0 R A M LR Y S B (L) (2D B
(a” ) FIEERE (b" ) A,

KB K xTExEZ 8 4 cmx3 cmX2 cm
{14 B JUL PR B R K T B, i SR, SRR gk 42 ) 4F
— Ui B B AEMR AT, 4 C T AETE, 24 h S E
P KRMMNZRKSHREFAKGE, RHUT
INFOT R K IR

TARIR (%)= [ CR/KRTE-HKGEH)/

7K ] %100,

R . ELOR A AL IR 5 BRSSP R S Y R 1k
e FH B % Y (Instron 4411 Y S 745 BN A, 36
) 0
1.6 HIEFITOH

TR E AR B A RE LR YT E L AR AR A
J5 1 5 SR 04 DA PR — X AN K Ch SR B, R
SPSS 18.0 Gt it # A4 v 8 K+ J7 22 53 BT (one-way
ANOVA) Jr kit 17 1t 43 #r, 24 P<0.05 B fE
Duncan [RiEE1T 2 & WK . T $E 5 %R
NEHE PR UETR, P<0.01 BRERWEFH, P<
0.058 /R ERBE P>0.05 FREFRNLE,

2 #R595W
2.1 ARBMEBRIINEPABREREN
=AU

i 2 T, 50k B A A A R AL AR L, A A
PEIUY) 4 1R X NELIE H8 B BB & T 56.25% (P <
0.05) ;5 %F HEZH AH Eb, AH A7 $12 BP0 24 1A XS T 10k 4
Kb 7 21.15% (P<0.05) ;2% 2H [] A XS i i 454X
L QR FE H0Y T 8 3 22 5% (P>0.05)
2.2 EARARMAEFRIY X E P NGB E R
=AU

M1 2% 3 RIS %0 HR 4L Eb , RHEAR 4R B0 41 1A
X5 JR UL 5 R0 M L 53 S48 = T 16.40% Fl 21.18%
(P<0.05) , i AERKHARGKARIEE R T 19.48%
(P<0.05) , 4B NRG B SR g5 4 b
RN R TR E 257 (P>0.05) ,
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R2 ERAMEFBRIMNEFAGEEHRLHRI

Table 2 Effects of dietary citrus extract on organ indices of yellow-feather broilers %
WUH X R4 AR Rt S B 4 P{H
Items Control group Antibiotic group Citrus extract group P-value
JELAEFE %L Spleen index 0.16£0.01° 0.16+0.02° 0.25+0.03" 0.036
i B 45 %% Thymus index 0.63+0.08 0.63+0.07 0.56+0.06 0.769
R #EH5 %0 Bursa of Fabricius index 0.06+0.01 0.08+0.01 0.08+0.02 0.630
JHEFE %K Liver index 2.60+0.12° 2.79+0.12" 3.15+0.14° 0.035

IR SR 676 R M /N 7 R 25 5 R I 3 (P>0.05) | R IFL/NE R 4 7 25 5 1 3 ( P<0.05) , R K 5

BN ZE S W AE (P<0.01) . TR,

In the same row, values with no letter or the same small letter superscripts mean no significant difference ( P>0.05) , while

with different small letter superscripts mean significant difference ( P<0.05) , and with different capital letter superscripts mean ex-

tremely significant difference ( P<0.01). The same as below.

x3 ARAMHBRI Y E T AGEE SRR

Table 3 Effects of dietary citrus extract on slaughter performance of yellow-feather broilers %

WA Xf HRZH i RHA A% B B 20 PH

Items Control group Antibiotic group Citrus extract group P-value
J& £ Dressing percentage 89.13+0.81 88.91+0.24 88.77+0.40 0.895
5B R Semi-net rate 91.26+0.20 89.84+0.96 89.91+0.79 0.325
41t/ #€ Full-net rate 82.17+0.52 80.87+1.25 80.53+1.16 0.509
JiE L Leg muscle rate 12.68+0.50" 13.80£0.53® 14.76£0.47* 0.040
ML Breast meat rate 9.96+0.75" 11.90+0.46* 12.07+0.53* 0.044
I JE* Abdominal fat rate 3.68+0.28 4.09+0.23 3.93+0.40 0.656

2.3 (ARAMHBERIYIE P AL AT
LA L S FE PR BT 2 M

M2 4 TN, S50 REAL AR HE , A A B B 4 I
XYIE G 45 min AL a” S T 11.21% (P<
0.05) ,L " fEHI b {3 5IFEAR T 3.87% 1 18.95%
(P<0.05) ; i Z A B 5 )5 45 min L b*

IR T 16.77% (P<0.05) . S04 Z 4046 L,
R AT 4R U 2 TR RS )8 2 05 45 min UL L {EL AR
T 3.74% (P<0.05) , £ 4l1H] N JE 545 45 min
g L pH JC . 3% 22 5 (P>0.05) , & 5% )5 24 h fg L
pH | A €8 3 7K 45 2% A0 R ¥ 6 W3 25 R (P>
0.05) .

R4 AR R X E A IG A @B R

Table 4 Effects of dietary citrus extract on meat quality of yellow-feather broilers

s Xif B2 b RN A% £ 4 20 PE
Items Control group Antibiotic group Citrus extract group P-value
PHy: i 6.04£0.06 6.10x0.05 6.02x0.10 0.738
pH,, , 5.63£0.02 5.61x0.01 5.62+0.02 0.783
45 min 52 LS ., 58.13x0.76" 58.05+0.55" 55.88+0.33" 0.022
24 h 52 Ly, 59.74£1.05 58.99+0.40 59.81+1.39 0.683
45 min ZLJ¥ a5 . 12.04+0.47" 12.85+0.07* 13.39+0.35" 0.043
24 h 2LF a,,, 9.90+0.49 10.01£0.40 10.82+0.33 0.256
45 min #EJE b, 22.48+1.29° 18.71+1.20° 18.22+0.75" 0.031
24 h ¥ ¥ b,,, 22.79+1.08 22.18+0.53 20.15£0.87 0.108
/K4 Drip loss/% 3.12+0.28 3.21+0.24 2.80%0.15 0.454
547 J1 Shear force/N 21.50+1.23 18.43+0.52 18.52+1.72 0.157
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M 5 AT, S5 Al fbr A= KA A L, #HAG
PEECH H N LA GSH-Px WGP Sl w1
15.57% F132.03% ( P<0.01) . 4% 21 [a] P9 39 AL (A

T-AOCHI T-SOD %4 DA 2 MDA & £ 7 i % 2
S (P>0.05),

x5 ARKMHBRIABIARSLERAZIE

Table 5 Effects of dietary citrus extract on muscle antioxidant indices of yellow-feather broilers

WiH X} B4 AERHA A 4 B 20 P1{A
Items Control group Antibiotic group  Citrus extract group  P-value
Ry el T-AOC/(U/mg prot) 0.15+0.01 0.12+0.02 0.17+0.02 0.149
S ALY AL T-SOD/ ( U/mg prot) 20.47+1.59 18.51+0.98 20.82+1.32 0.431
e H B E ALY GSH-Px/ (U/mg prot) 43.66+1.84"° 38.22+1.74"° 50.46+1.94" 0.001
N - MDA/ (nmol/mg prot) 0.29+0.04 0.32+0.03 0.28+0.04 0.718

3 % 18
3.1 AREMEFREMNEPABRE RN
00

SR NERY A S ILE BIEAE R A 5
SEMHLIR I e T RE L BT R WL, PR XY I
AR W] e an B A H RO, JLE BBOR Bl
TR HLRE AR T, ZEAR IR, 5 X B AH
TRARL AN AT A7 B2 BB S 5 4 s B 5P1 PR X8 1 AL i
SSORI T AIE 48 %5, 33k 2 W ARDRR 8 0 A AR 4 O LA
SR LR B DI RE AR T . BT AT 5T S BR, 2
FAL S By A HLIR B A B9 14 B B B0 B AR
FHETT R A S  FE LIR T RGP B
BEH) pH., 2% K sl 300 a9 A2 B0 T, fe 2E A 45 R AE
ol N R B BB, OF AN W5 A 55 5, AR PR
Yy ORI e BE S e i B R AR Ok R kT 4 R
BLUR I S0 7, 42 w0 A A e K 710 AR e
JIv A T A A A7 B BB S R R 2 A W A L
R, PR, e A e AR K A T R il T
A& W A HLIR B9 B0 | DU 25 M ek 3 i 18
NI DIRE TR B, BFFERI, & & 59 A4 Kk
AE S LA KO AL REA G A
ARG B B B i PR XS ) 4 B K F- | T AT AL IR W]
5 AR S P, 1R B XA SR R
g1 33 TE o TE A 0 4 BTSSR A A 4
WOyl i v TP ARG Y AR PR BE  RIER R P Y
RIS 2 H O R E
3.2 ARAMEBRIEMNEFABEESER
00

J& SR BE T BV M S ke H gl ) A Al B R AT
PR B LA S A R B W AR RE Y T B AR

J& S RN 4 ¥ i R 43 0 7E 80% Fl 60% LA 1, | 3%
N PR B P AR R R AR AR R, 3 A4l
(1) JB 5 R 0 42 1 i SRR AE 80% LA I, R BT A ik
XS HA R A eE, AR RER, S5
X REZHAH LU, 7RG S A A7 2 e o] e 2 42 = I
X H LR AR LR, BF 5T R W, B2 L &9
A LB v 42 JF ALK X & [ B A A R T
R0 R A B U 1 R DR 0 390 2 5 T RS
{14 B JUL 23 IR AL 3, H D PR M AR 2 B v 1
Fi Ak A A BLIR 4R = 1 A XS LA X 2] P 5 1
TURL, AT 1 T PR XS 1) 8 S 1 i, (R FL LR
BLHIE A R it — 2B 0T
33 EMRFAMHBRERND =PI RAB A MR
ISR =Rt -t A

LI pH A 5| 28 7K J7 FIRE 45 48 s 2 A Ik
BB E OPE R 28 A RO, DL e B T 2 1T
PRI, P L7 {E Y = AR5 UL A B0 4R LA
FARER TR AR S A, — Ok UL, L (A
5, a " (BT, DAL o R i T ARG 4 R
R KRS A A AR R AR T RS S TS
45 min B BIAIL a” (H, I 0. F BRAK T B 54 )5 45 min
Fe AL L " {ECRT b * (L, 2 B RH A7 B2 H0 LA i v A
e e, AT AE ST R, A RS LA Y
LA AL BE 2 YA ¢, Pk 9 5 mT S5 L i
YRR ZE A A Bl T Ao ST T A48 S ) 45 5%, 4
o5 0 0 1% 5 e e el 0 UL PR R T AR 1 8 S B
A L7 (8, 42 @ A @ a™ {5, oF i 238 A
R ASRIG 5k B AR EE R A A7
Wi S 4 8 T XS LA o GSH-Px 13 | F
M T R P RILRE J1 . Bk, A 560 25 51
W R A7 5 B4 T B A 0k R v A 1) Bt AR Ak
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T, BB v AR B4 P it B {EL LA T AL i 5 2k
— R,

4 % it

i b T Ik, e AR ST ORI

10 mg/ kg A $2 B9y o] $2 5 35 5P A 9 19 8 S
Ae, TR ML G 1, E A R I, 42 S LA LA

fefE

JIKFE

, HOC R RO T 10 mg/kg #F B
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Effects of Citrus Extract on Organ Indices, Slaughter Performance, Meat
Quality and Muscle Antioxidant Indices of Yellow-Feather Broilers

LI Zhenming YU Miao CUI Yiyan RONG Ting LIU Zhichang MA Xianyong®~ WANG Gang"
( Guangdong Engineering Technology Research Center of Animal Meat Quality and Safety Control and Evaluation
Guangdong Public Laboratory of Animal Breeding and Nutrition, State Key Laboratory of Livestock and
Poultry Breeding, Key Laboratory of Animal Nutrition and Feed Science in South China, Ministry of
Agriculture , Institute of Animal Science, Guangdong Academy of

Agricultural Sciences, Guangzhou 510640, China)

Abstract: This present study was aimed to investigate the effects of citrus extract on organ indices, slaughter
performance, meat quality and muscle antioxidant indices of yellow-feather broilers. A total of 540 twenty-
eight-day-old fast-growing yellow-feather broilers were randomly divided into three groups (6 replicates per
group and 30 broilers per replicate ). Broilers in the control group were fed a basal diet without antibiotics,
while those in the experimental groups were fed the basal diets supplemented with 10 mg/kg citrus extract and
10 mg/kg bacitracin zinc, respectively. The experiment was lasted for 63 days. At the end of the experiment,
two broilers in each replicate were selected for slaughtering and sampling. The results showed as follows: 1)
the indices of spleen and liver of broilers in citrus extract group were increased by 56.25% and 21.15%, re-
spectively, compared with the control group ( P<0.05). The spleen index of broilers in citrus extract group
was increased by 56.25% compared with the antibiotic group ( P<0.05). 2) The leg muscle rate and breast
muscle rate of broilers in citrus extract group were increased by 16.40% and 21.18% , respectively ( P<0.05) ,
while the breast muscle rate of broilers in antibiotic group was increased by 19.48% compared with the control
group ( P<0.05). 3) In the citrus extract group, the redness (a” ) value in breast muscle of broilers was in-
creased by 11.21% ( P<0.05) , while the lightness (L") value and yellowness (b" ) value in breast muscle of
broilers was decreased by 3.87% and 18.95% ( P<0.05), respectively, at 45 min after slaughter compared
with the control group. In the antibiotic group, the b” value in breast muscle of broilers was decreased by
16.77% at 45 min after slaughter compared with the control group ( P<0.05). In the citrus extract group, the
L™ value in breast muscle of broilers was decreased by 3.74% at 45 min after slaughter compared with the anti-
biotic group ( P<0.05). 4) The glutathione peroxidase ( GSH-Px) activity in breast muscle of broilers in citrus
extract group was increased by 15.57% and 32.03% , respectively, compared with the control group and the
antibiotic group ( P<0.01). Therefore, citrus extract can improve the organ indices, slaughter performance,
meat quality and muscle antioxidant capacity of broilers, and its improvement effect is better than that of baci-
tracin zinc. [ Chinese Journal of Animal Nutrition, 2019, 31(8) :3794-3800 ]
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