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1.1 RIEA
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Table 1 Composition and nutrient levels of basal diets ( DM basis) %
i H 1~21 B 22~42 B 43~84 H %
Items 1 to 21 days of age 22 to 42 days of age 43 to 84 days of age
JE Bl Ingredients
F K Corn 52.46 52.11 56.87
/INZZ K Wheat flour 5.00 8.00 8.00
T KEZEH Corn germ meal 3.00 5.00 5.00
#k 4 Wheat bran 3.00 4.00 4.00
Ak K & Extruded soybean 3.00
K tH Soybean meal 24.76 19.86 15.01
HAFFHI Cottonseed meal 3.00 4.00 4.00
Eil Soybean oil 1.53 2.85 2.99
R 545 CaHPO, 1.65 1.46 1.29
£ %} Limestone 0.97 1.02 1.05
9 R R R Mineral premix " 0.20 0.20 0.20
HerE RWIRAEL Vitamin premix® 0.20 0.20 0.20
LR IR EL IR EL L-lysine - HCI 0.26 0.33 0.37
DL-TE % DL-methionine 0.23 0.23 0.23
L-{A %R L-tryptophan 0.02
L-77 % B2 L-threonine 0.12 0.17 0.20
S LAHAH, Choline chloride 0.15 0.10 0.10
F R Phytase 0.02 0.02 0.02
£ NaCl 0.25 0.25 0.25
WRIR 24 NaHCO, 0.20 0.20 0.20
A11 Total 100.00 100.00 100.00
# 37 /KF Nutrient levels®
e ME/(MJ/kg) 12.02 12.21 12.40
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i H 1~21 A #% 22~42 H % 43 ~84 H %
Items 1 to 21 days of age 22 to 42 days of age 43 to 84 days of age
HLEE 5T CP 20.80 18.80 16.80

45 Ca 0.90 0.85 0.80
HEHE AP 0.39 0.36 0.32
HiZ B2 Lys 1.16 1.08 0.93
EHAMR Met 0.53 0.50 0.48
IR Thr 0.85 0.81 0.77

1) WP oe E TR RN 5 T 578 1l AL #2438t The mineral premix provided the following per kg of diets: Cu ( CuSO, + 5H,0)
10 mg,Fe (FeSO, - H,0) 80 mg,Mn (MnSO, - H,0) 110 mg,Zn (ZnSO, - H,0) 100 mg,I (KI) 0.6 mg, Se ( NaSe,O,)

0.35 mg,

2) 4 R HUR B N & T 58 1A AL 2 4t The vitamin premix provided the following per kg of diets: VA 9 500 IU, VD,
2 000 IU,VE 12 IU, VK 1.0 mg, VB, 1.3 mg, VB, 5.6 mg, 8 niacin 68 mg,Zi# pantothenic acid 10 mg, VB, 2.8 mg, ¥

% biotin 0.10 mg, MR folic acid 0.9 mg, VB,, 0.01 mg,

3) EFEKF A E(E . Nutrient levels were calculated values.

1.2 Rt

AR K VEE 630 H 1 H I 1 RE B N XY (K
) BEPLT R 3 A, BAH T A EE B EE
30 F o HE 4 ] PR 3 At ) R, Bt A 3R 2 7 FE Al AR
KRG 15 mg/kg W H 3L XK 4 BR A K +
20 mg/ kg ZEH1 5 2, FE WK i+ R 1k 77 4 7 SRl
TR I 15 g/ ¢ ARG T +250 g/t FRAEFR . A
YRS I+ TR Ak 390 21 Hp S 0 0 R 40 ORS ik R R B 3R 45
L A R BC e ) K, T A R 6 AR
FH ] — U SR ELAE AR TR 0 T2 454 T A 7= I 4l
FE&R, BN 4 MAERKBBL 1 ~21 HER,
22~42 H % 43 ~63 H Al 64 ~84 H %, it
84 d,
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1.5.3 RIEAE L

ST R R PR X AR | 12k DG 2 R by A, B9 25 i
L PR AR L WS AR, D R R R
FEEL,

TIEA B AR A (g/kg) = RIEAE
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IS B Ad ] Excel 2019 #4790 25 11 & kb 31
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S Hl R SPSS 24.0 i#F AT 5 7 2 4 Hr
(one-way ANOVA) , Jf H] Duncan [ 17 £ &
P, P<0.05 o8 22 5 1 35 25 R ISP Y (E A4 (A
HEREIR

2 & R
2.1 ERFMEYREBHMBUFIEAEGTKEANTL
KRN

R 2 il g, A (1 ~84 HilR) , 55X
YA LE , Bo Az R 2H R RS i+ 2 A 790 2L R 2 A XS
KE W FR S (P<0.05) ;{H2, 44 2 6 ADFI,
ADG 1 F/G L #2257 (P>0.05), 1~21 H#,
5t R Al AN Al ZALAE L, A 0 R il + R A R ALk

HE A X K T B RRAIK (P<0.05) 3 SXFBRA A G, BT
A K4 ADFI 1 % 275 ( P<0.05) ; 540 R A A
o, KK W+ R 1k 7 4 ADG W % [k (P <
0.05) ;%42 [0 F/G LR #H 257 (P>0.05) , 22~
42 By, 5 IEALAH L, P Az 22 4 RO D0 RS Tl + 1R
TEFNAH F/G 5 2 AR (P<0.05) 5 4% 40 22 1] K |
ADG F1 ADFI G # 2 5% (P>0.05), 43~63 H
W%, SRR AU L, R PORS T+ TR k55 4 RR B IR
XA H M ADFIL 1 2 [ 1IN (P <0.05) ; % 244 Z [A]
ADG M1 F/G Ll % %% (P>0.05), 64~84 H
%, 5 R L, Bt AR 2R A1 RO P0KS Tl + R 16 )
ZHRRE P XS R B 35 4 (P <0.05) 5 45 41 22 1]
ADFI ADG #1 F/G i #&2: % (P>0.05) ,

®2 ARASINAEY R ERL T A S AR E RIS A KRR R0

Table 2 Effects of dietary plant essential oil and acidifier combination on growth performance of Mahuang broilers

popiiEa:) A REA FE PRSI+ TR £b 77 21
i H ' PIE AR R PH
| Control Antibiotics Plant essential oil S];M Poval
tems -value
group group and acidifier group
1~84 Hi% 1 to 84 days of age
#) & Initial BW/g 46.81 46.79 46.81 0.23 1.000
K& Final BW/g 2 544.75" 2 576.42° 2 563.13" 17.65 <0.001
F¥HREE ADFl/g 86.71 87.56 85.08 1.22 0.743
P HMEE ADG/g 28.93 29.77 29.03 0.35 0.498
REH F/G 3.00 2.94 2.93 0.03 0.240
1~21 Hi% 1 to 21 days of age
#JE# Initial BW/g 46.81 46.79 46.81 0.23 1.000
KT Final BW/g 505.35° 516.52° 496.17° 4.16 0.014
¥ H R B = ADFl/g 36.45" 38.38" 36.54™ 0.33 0.014
S H B H ADG/ g 21.72° 22.65 21.87° 0.18 0.021
BEL F/G 1.68 1.70 1.71 0.01 0.152
22~42 H#% 22 to 42 days of age
Y H Initial BW/g 505.35" 516.52" 496.17¢ 4.35 0.009
A& Final BW/ 1 140.46 1 166.64 1 140.96 45.22 0.492
g
P H R h: ADFl/g 72.13 75.85 78.85 3.81 0.509
P HEE ADG/g 25.72 30.15 31.46 1.91 0.380
BlEH F/G 2.64° 2.57° 2.55° 0.04 0.017
43~63 H#? 43 to 63 days of age
)T Initial BW/g 1 140.46 1 166.64 1 140.96 45.22 0.492
KT Final BW/g 1 875.98° 1 928.24° 1872.41° 31.78 0.002
FHH R i ADFl/g 119.69° 125.19° 118.73° 2.84 0.001
FHHMEE ADG/ ¢ 34.65 36.25 34.51 1.74 0.641
BEL F/G 3.47 3.46 3.47 0.12 0.822
64~84 H#¥ 64 to 84 days of age
HJH Initial BW/g 1 875.98° 1 928.24" 1872.41° 31.78 0.002
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X 20 BiAERA  AHYRH+ER A 20 s

5 H o U MR P
Control Antibiotics Plant essential oil

Items L SEM P-value
group group and acidifier group

KE Final BW/g 2 544.75° 2 576.42° 2 563.13" 17.65 <0.001

P HRER ADFU/g 128.12 128.36 126.79 1.08 0.247

F¥IH T ADG/g 31.47 32.89 33.08 0.97 0.052

BIE L F/G 4.08 3.90 3.85 0.07 0.058

)T 20 R AR AN [ 7B 378 28 5 .35 (P<0.05) |, AR T BB T BERR 28 5 AN 35 (P>0.05) . FR A,

In the same row, values with different letter superscripts mean significant difference ( P<0.05) , while with the same letter or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

2.2 (RARAMEYBHRMEBLFAEGSTRKERNIS
RE B BN

H 2 3 AT 1,21 HIRET, 5XF 4 AH L, )
K T+ 2 Ak 00 4 RR B PR Tk IR AR 4R A e
( P<0.05) ;75 41 2 [i] )5 0k Fi 5Fn e g 48 %500C I 2%

ZE5(P>0.05) , 42 HIEE, 5504 R4UH L, 4
YR I+ T T 390 A PR B A RS Tk TR 4R B B E T
(P<0.05) ; #5 2H 2 [a] JJ5 Ik Fi5 %50RN e g 48 2070 I 2%
Z53(P>0.05) .

x3 ARKMEMEHMNBREFASYREABRERERHHZME

Table 3 Effects of dietary plant essential oil and acidifier combination on

immune organ indices of Mahuang broilers g/kg
5 X R ZH ?ﬁi%%ﬂ iER7E Rl +@§§'ﬂ:?ﬂJ'éﬂ Yy P
Control Antibiotics Plant essential oil
Items SEM P-value
group group and acidifier group
21 Hi# 21 days of age
JIELAEF8 0 Spleen index 1.76 1.98 1.64 0.11 0.657
i i 45 %0 Thymus index 5.66 5.03 5.47 0.18 0.325
B G FEFE %L Bursa of Fabricius index 2.64° 3.57* 3.27° 0.12 0.002
42 H % 42 days of age
AW +8 44 Spleen index 1.67 1.44 1.80 0.05 0.102
J AR FE %% Thymus index 3.95 4.47 4.30 0.14 0.119
B R HEFE %L Bursa of Fabricius index 2.15® 1.97° 2.82* 0.09 0.005

2.3 EARFMEMBBNBAAAEKERL
2y 2 oA !

4 MK A5, 21 H# e, 5% R4 4
LU, FEL R il R TR b 791 4 PR B AR 25 i e s TR
AR (P<0.05) , V/C H 5% T+ (P<0.05)
42 H SIS, 50 AT RN AR 2 4R LU, AR 00KS T A0
i Ak 35 4 IR ¥ TR RS 25 i e as UR B S R AR (P<
0.05) ,V/C i . #F T+ & (P<0.05) .
2.4 ERFEMEDBBNBAAAEKERL
F61 AL P o JBR 9 %2 Wi

M % 5 I, 63 H R ES, 5 X FEAL A Lt 49

W H A 1 4 790 2 PR B 1A RS il UL BY 1T S 2 R AR
(P<0.05) ; 5 X B AP RAUH L, ARG ol A
TR A ) 2 RR TS P X9 i JUL 24 h BEBEE (b ) B T+
& (P<0.05) , 84 H&H], 5 X B4 Fdr A= 2 41
Fb , A RS T R 1 390 4R TR X M AL 2 S R
2 FFEAR(P<0.05)
2.5 (EARKRMEDRBHNBUFAEGTHREARNL
R AL P & JER B 5

6 AT A, 63 HIEH, 5% MALHH L, H
8 R0 R Ak 570 2H bR A R R UL BT 8 ) B 3 R AR
(P<0.05) ; 5 X B AR LE , Bo A 2 41K v PR XS R AL
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pH,, , & (P<0.05) ; 5P 4 RAM I, MY
R TR A 570 AL JRR 5 1R X 5 UL A 45 % I 3 B AIG
(P<0.05), 84 H &, 5% B ALAH LL , #6900k i
IR Ak 28 JRR 25 PR XS R LB 1T ) 28 45 2K Fi24 h

TERE (LY ) (HY) B E AR (P<0.05) ,45 min Z1 )%
(a™ YE pH 5 i B35 TH 55 (P<0.05) s S5HTAER A
AH LL, AELDORS T R0 R Ak 590 45 JRK 35 PR XS BE AL 45 min
L {H 8 & TH (P<0.05) ,

x4 ARBMEMEMANBUTASTKRERBZHEEHZ N
Table 4 Effects of dietary plant essential oil and acidifier combination on jejunal morphology of Mahuang broilers
o XF B 2H ?EEE?ZE LERZ/E Rl +E§.ﬂ:?ﬂéﬂ WlkER P
Control  Antibiotics Plant essential oil
Items SEM P-value
group group and acidifier group
21 H# 21 days of age
B EE Villus height/mm 1.08 1.06 1.21 0.02 0.084
s iR B Crypt depth/mm 0.29° 0.25% 0.20° 0.01 <0.001
WEEE/ BB Villus height/crypt depth 3.72° 4.23" 6.05" 0.25 <0.001
42 H ¥4 42 days of age
B JE Villus height/mm 1.28 1.28 1.34 0.02 0.127
B R Crypt depth/mm 0.31° 0.32° 0.25° 0.01 0.008
Y% /B ESVRE Villus height/crypt depth 4.12° 4.00° 5.36" 0.12 0.002

21 H# 21 day of age

Control group

E1

Antibiotics group

AR R

Plant essential oil and acidifier group

TRV % 1IN AR 490 45 e 0 BR L 3R 28 & X R B P TS = B L A O S

Fig.1 Effects of dietary plant essential oil and acidifier combination on jejunal morphology of Mahuang broilers (40X)

x5 (AMRKMEYE 0 AR LT A & XA E R IG5 AL A & R R R
Table 5 Effects of dietary plant essential oil and acidifier combination on meat quality in breast muscle of Mahuang broilers

X R ZH PUERA YR+ IR A s

5iH o M - 1107 2 S ¥
Control Antibiotics Plant essential oil

Items . SEM P-value
group group and acidifier group

63 H % 63 days of age

B4 41 Shear force/N 56.64" 36.38" 43.53" 1.98 0.004
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8RS
Xt E 2] RN R T+ R AL 5T 21 N
5 UERA  AORRCAE  eeonn
Control Antibiotics Plant essential oil
Items o SEM P-value
group group and acidifier group
) R LT 36.07 35.96 37.98 0.45 0.452
45 min A B
) L1 a 3.28 3.63 3.68 0.15 0.209
Color at 45 min
W b* 15.10 13.92 15.85 0.29 0.331
=R LT 38.76 36.96 38.84 0.40 0.231
24 h WA ST 2 1.78 3.47 2.52 0.35 0.085
Colorat24h Z xa} . D, s v O . h
WHE b 12.38° 12.13° 15.17° 0.19 <0.001
PH,5 min 5.41 5.42 5.34 0.07 0.179
pH,,, 4.99 4.82 4.88 0.08 0.167
/K45 Drip loss/% 10.20 7.81 10.34 0.65 0.206
ZEZ WK Cooking loss/ % 17.49 15.26 12.37 0.49 0.241
84 H% 84 days of age
374 /) Shear force/N 29.88 29.29 27.83 1.09 0.657
TR LT 41.58 40.77 40.29 0.35 0.245
45 min R .
. LI a 3.93 3.99 4.20 0.71 0.735
Color at 45 min )
HE b 14.52 14.09 14.05 0.36 0.714
TR LT 36.55 34.93 35.85 0.11 0.292
20 h G g;;; ' 3.10 2.61 3.08 0.21 0.562
Color at 24 h = a» ’ ’ ’ ’ '
HE DL 13.27 13.00 13.78 0.35 0.412
PH.5 min 5.65 5.70 5.85 0.08 0.074
pH,, , 5.21 5.32 5.36 0.02 0.124
/K148 Drip loss/% 6.55 7.26 4.58 0.32 0.757
ZEH I Cooking loss/ % 15.81° 15.52° 10.62° 0.08 0.004

R 6 (RIARININAR Y4 it A0 ER AL U 4B & XF AR B P XG BB AL P R R Y R0

Table 6 Effects of dietary plant essential oil and acidifier combination on meat quality in leg muscle of Mahuang broilers

. Xif N8 4 PrAERA YRR ¥iE PG
Control Antibiotics Plant essential oil FRUEIR
Items P-value
group group and acidifier group SEM
63 H## 63 days of age
3747 J7 Shear force/N 24.72° 19.53° 20.30° 0.97 0.009
45 min J 65 ELREL" 36.45 34.83 35.08 0.69 0.083
. ZIFF a” 8.08 6.02 7.43 0.51 0.148
Color at 45 min R b 16.91 14.34 15.66 0.43 0.398
2t h G EREF LT 34.89 32.06 31.60 0.48 0.260
LI a” 5.80 6.50 7.84 0.49 0.122
Color at 24 h W b" 12.59 14.52 17.79 0.39 0.074
PHus min 6.02 5.91 5.94 0.03 0.845
PHay 5.68" 5.89" 5.82% 0.05 0.039
i 7K 9 Drip loss/ % 9.48° 15.48° 9.38" 0.78 0.025
7K Cooking loss/ % 13.65 16.51 11.66 0.53 0.129

84 H % 84 days of age
554]] 71 Shear force/N 28.16" 23.14° 23.61° 0.29 0.029
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il s
Control Antibiotics Plant essential oil PR UE TR
Items o P-value
group group and acidifier group SEM
LT 38.78° 32.71° 37.05° 0.89 0.035
45 min R {4 e i .
. AN 7.58 10.62* 10.04° 0.91 0.009
Color at 45 min .
W b 15.89 18.87 16.97 0.41 0.113
ZELT 45.15* .20 .94° 0.93 <0.001
24 h SelE 5.15 38.20 33.9
AN 6.97 7.57 10.31 0.39 0.051
Color at 24 h .
b 13.66 13.08 16.14 0.61 0.513
PH 5 in 6.12° 6.45" 6.56" 0.04 0.011
pH,,, 6.03 6.39 6.23 0.04 0.082
/K4 Drip loss/% 5.35 5.20 4.75 0.39 0.541
ZEE MK Cooking loss/ % 19.43° 8.24" 11.20" 1.10 <0.001

3 4T
3.1 EARFMEYREHNBUFIEAEGREANL
A KRR

% R 2 — b 55 A HILIR , 30 AT DG T 2R Rk
RS AER MERE B R D, HRE S5 18 9F A — 3L,
Pl AR GE R AR IR N 6 g/kg K H ER AR
RAA 5 P A AR IS AT (21 ~ 42 H i) Ak 56 42 1)
(21~63 H#%) # ADG 1 ADFIL; & L& WFos %
B, AR AR 0 500 F1 250 mg/kg 8% 2K H R 7E 5
HH(22~41 H#E) X P PR AE KRR AE FHRCR A
2 KU IR AR R R R R A K B R
PR 0 RS A K PERE = A Kk 22 5%, MW
KL= a4 — BT SO U™ dh, BA Y
KB W J7 . Tiihonen %1% fil Giannenas %5:11°
IR, B B AE B A Pk R 9 97 5 2R 45 5l
FAOEF S B 15 00T, REAS 42 P A X9 AR
KA RE ) B2 T, 3 3 W] 1) 57 20 55 W] BB 52 el AF )
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Effects of Dietary Plant Essential Oil and Acidifier Combination on Growth
Performance, Intestinal Health and Meat Quality of Mahuang Broilers

ZENG Ziyou'” GOU Qingbi’* GU Changsong'® HUANG Lirong"® LI Bin"? MU Yuyun'
TAN Quan® LI Peng® FU Xiangkui’ ZHU Zhengpeng'*™*

(1. Sichuan TEK-MAX Biotechnology Co., Ltd., Chengdu 610000, China; 2. Sichuan Tequ Agriculture and Animal
Husbandry Technology Group Co., Ltd., Chengdu 610207, China; 3. School of Life Science and Engineering,
Southwest University of Science and Technology, Mianyang 621000, China; 4. Novus International
Trading ( Shanghai) Co., Ltd., Shanghai 200080, China; 5. Heilongjiang Academy of
Agricultural Sciences, Harbin 150086, China)

Abstract; The objective of this study was to investigate the effects of dietary plant essential oil and acidifier
combination on growth performance, immune organ index, intestinal health and meat quality of Mahuang
broilers. A total of 630 Mahuang female broilers of one-day-old were randomly divided into 3 groups with 7
replicates in each group and 30 broilers in each replicate. Broilers in the control group were fed a basal diet,
those in the antibiotics group were fed the basal diet supplemented with 15 mg/kg bacitracin methylene disalicy-
late+20 mg/kg avilamycin, and those in the plant essential oil+acidifier group (EOA group) were fed the bas-
al diet supplemented with 15 g/t plant essential 0il+250 g/t acidifier, respectively. The trail lasted for 84 days
and was divided into four growth stages which were 1 to 21 days of age, 22 to 42 days of age, 43 to 63 days
of age and 64 to 84 days of age. The results showed as follows: 1) during the whole trial period (1 to 84 days
of age) , the final body weight of broilers in EOA group was significantly higher than that in the control group
(P<0.05). From 1 to 21 days of age, the final body weight of broilers in EOA group was significantly lower
than that in the control group and the antibiotics group ( P<0.05) , and the average daily weight gain was sig-
nificantly lower than that in the antibiotics group ( P<0.05). From 22 to 42 days of age, compared with the
control group, the feed to gain ratio in EOA group was significantly decreased ( P<0.05). From 43 to 63 days
of age, the final body weight and the average daily feed intake of broilers in EOA group were significantly low-
er than that in the antibiotics group ( P<0.05). 2) At 21 days of age, the bursa of Fabricius index of broilers
in EOA group was significantly higher than that in the control group ( P<0.05). At 42 days of age, the bursa
of Fabricius index of broilers in EOA group was significantly higher than that in the antibiotics group ( P<
0.05). 3) At 21 and 42 days of age, compared with the control group, the crypt depth in jejunum of broilers
in EOA group was significantly decreased and the villus height to crypt depth ratio ( V/C) was significantly in-
creased ( P<0.05). In addition, at 42 days of age, the crypt depth and V/C in jejunum of broilers in EOA
group were significantly better than those in the antibiotics group ( P<0.05). 4) At 63 days of age, compared
with the control group, the shear force in breast muscle of broilers in EOA group was significantly decreased
(P<0.05), and the yellowness in breast muscle at 24 h after slaughter was significantly increased ( P<0.05).
At 84 days of age, the cooking loss in breast muscle of broilers in EOA group was significantly lower than that
in the other two groups ( P<0.05). At 63 days of age, compared with the control group, the shear force in leg
muscle of broilers in EOA group was significantly decreased ( P<0.05), and the drip loss in leg muscle was

significantly lower than that in the antibiotics group ( P<0.05). At 84 days of age, compared with the control
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group, the shear force, lightness at 24 h after slaughter and cooking loss in leg muscle of broilers in EOA
group were significantly decreased ( P<0.05) , the redness and pH at 45 min after slaughter in leg muscle were
significantly ( P<0.05), and the lightness at 45 min after slaughter in leg muscle was significantly increased
compared with the antibiotics group ( P<0.05). In summary, dietary plant essential oil and acidifier combina-
tion can improve the growth performance, immune organ index, jejunal morphology and meat quality of
Mahuang broilers. [ Chinese Journal of Animal Nutrition, 2021, 33(6) :3237-3249 |

Key words: Mahuang broilers; plant essential oil; acidifier; growth performance; intestinal health; meat qual-
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