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Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items 1 Content

JEB} Ingredients

EK Corn 59.06
/NFZ %) Wheat bran 3.87
K5 i Soybean oil 1.50
. H1 Soybean meal (43% CP) 15.24
FEKEHAH Corn gluten meal (60% CP) 5.00
FK T K H AT ) Corn DDGS 5.00
A KRR ) Limestone ( granular) 6.10
£k (CRPIR) Limestone ( powder) 2.50
W £ 45 CaHPO, 0.94
2 NaCl 0.25
/N34T NaHCO, 0.10
L MR R+ L-Lys - HCI 0.16
DL-H %R DL-Met 0.01
SALBBAK Choline chloride 0.10
A4 ZHUR AL Vitamin premix " 0.02
W IR AL Mineral premix” 0.15
&t Total 100.00
77K F Nutrient levels®

fRISHRE ME/ (MJ/kg) 11.30
ML F 5 CP 16.00
5 Ca 3.70
S TP 0.60
A RWE AP 0.36
A Ak #5i %% Digestible Lys 0.65
A {1k 2K &% Digestible Met 0.33
]Ik 2K e & R Digestible Cys 0.23

1) 4 A4 & WO B 5 T e AR $2 4t Vitamin premix
provided the following per kilogram of the diet: VA 9 950 IU,
VB, 37.7 mg, VB, 12 mg, D—i{Z i D-pantothenate 18.2 mg,
VB, 7.55 mg, VB,, 0.5 mg, VD, 5 000 IU, VE 70 IU, VK,
4.47 mg, 4 ¥ & biotin 4 mg, VC 19.5 mg, 8 R nicotinic
acid 70.35 mg,

2) W) ot IR R O B T v 1R AR 4 {1 Mineral premix
provided the following per kilogram of the diet;Cu ( as copper
sulfate) 9.6 mg,Fe (as ferrous sulfate) 64 mg,Mn (as man-
ganese sulfate) 121.5 mg,Zn (as zinc sulfate) 57 mg,I (as
potassium iodide ) 0.60 mg, Se ( as sodium selenite )
0.36 mg,

3)EFR KV i B {E, Nutrient levels were calculated

values.
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Table 2 Grading standard for translucent eggs

P43 Score & K Picture ik Description
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{RON Y 2 S22 ) R B T R 2 T
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1.4 HiEshiE

IR I B I K ] SAS 9.0 # 1 GLM 2 ¥ k47
AT, 2R FH Tukey A6 56 b 55 AS W) 41 1] 1) 22 5+
g5 HSEE A SEM KR, UL P<0.05 MR T
FKF,

2 #R595W
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I BA2 Y 1 ~4 AP H R 2 B EREFK
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5 20 FLA B B T3 H SR & i FURHER Eb 55 0 AR 4 A
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o 5 B B 0
2.2.1 CHHLEE N

HH 2 4 AT, 5 X0 AL L, PEO 415 4 JH 2R
TR B E R E (P<0.05) ik 45 8 R e &
JE ) 2R R (P<0.05) o XS RRELAR L, HYD 4
I BAL 55 4 S EE (LT) A 53 AR
(P<0.05) , ¥ F (b* ) H B FHE (P<0.05) ;HYD
24 .PEO ZH Il BA2 #4155 16 A E R P L™ 5%
FEAK(P<0.05) ,HYD 41%( 16 JE BT Hi b™ (AL
EHE (P<0.05) ;3 56 4H 4% i Bt 8 e 2l (0 40
(D" )VEHS XA L TE % 2257 (P>0.05), 5
X HRZHAH H , PEO 2 Fl BAL 4046 4 A L 45 50
FIEAL(P<0.05) ,PEO 41 .BA1 41l BA2 4155 16
JEAR 1 v B RN QA B S B R (P<0.05) o 5 X
HRAAAR L, 1 20 55 4 J8 25 8 00 40 1) b 4 v ( P<
0.05) ;{HFESE 8 J& I}, {U PEO 41 Y 2K % i (0 55 X}
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Table 3 Effects of HyD, essential oil and benzoic acid on performance of laying hens

it R FOEL - yynran  nER S
) Average egg Breaking egg

Items Laying rate/% . ADFI/ g F/E/%

weight/g rate/ %
5 1~4 8 Weeks 1 to 4
%I B#ZH Control group 94.34 63.12° 112.81° 1.91° 0.54
HYD 41 HYD group 94.12 63.29* 111.36% 1.87% 0.97
PEO 41 PEO group 94.46 63.03" 110.59° 1.85° 0.54
BA1 %4 BAI group 94,99 62.98" 109.62™ 1.84° 0.72
BA2 2 BA2 group 94.11 62.13" 108.29¢ 1.84° 0.59
SEM 0.73 0.28 0.89 0.02 0.16
P {f P-value 0.75 <0.01 <0.01 0.04 0.06
% 5~8 )& Weeks 5 to 8
Xt B2H Control group 93.78 63.24 117.91%° 1.97 0.73
HYD #{ HYD group 93.37 62.94 114.37° 1.94 0.71
PEO 4| PEO group 93.58 63.58 118.86™ 1.99 0.62
BA1 44 BA1 group 94.44 63.99 121.04° 2.01 0.75
BA2 24 BA2 group 93.37 63.22 115.60" 1.97 0.46
SEM 0.78 0.39 2.07 0.03 0.15
P {f P-value 0.64 0.10 0.02 0.24 0.34
% 9~12 J& Weeks 9 to 12
X} HEZH Control group 93.61 64.12° 117.73% 1.93 2.63*
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Items Laying rate/ % . ge ceg ADFl/ g F/E/% & cgg
weight/g rate/ %
HYD 4 HYD group 91.77 63.81° 115.63" 1.98 0.81°
PEO £ PEO group 93.86 64.44% 115.95%® 1.92 0.65"
BA1 44 BA1 group 94.04 64.68° 119.15° 1.95 0.81°
BA2 41 BA2 group 93.03 63.80" 114.59" 1.93 0.56"
SEM 0.99 0.32 1.55 0.03 0.17
P {H P-value 0.47 0.04 0.04 0.27 0.03
% 13~16 J& Weeks 13 to 16
Xt 82H Control group 92.36 64.92° 120.42 2.01 2.71°
HYD 41 HYD group 91.33 64.63% 117.28 1.99 0.73
PEO 4 PEO group 92.55 65.10° 120.21 2.02 0.61°
BA1 4 BA1 group 93.56 64.96" 120.90 2.01 0.72°
BA2 4] BA2 group 93.91 63.99" 118.18 1.99 0.49"
SEM 0.94 0.35 2.10 0.04 0.17
P {f P-value 0.06 0.03 0.36 0.95 0.05
%5 1~16 J& Weeks 1 to 16
X+ #841 Control group 93.37 63.86" 116.75 1.95 1.63*
HYD 4| HYD group 92.21 63.60" 114.59 1.94 0.76"
PEO 4 PEO group 93.47 63.97° 116.30 1.95 0.63"
BA1 4] BA1 group 94.03 64.16" 117.64 1.94 0.81°
BA2 2 BA2 group 93.60 63.33" 114.14 1.92 0.72°
SEM 0.70 0.28 1.33 0.02 0.10
P {H P-value 0.14 0.04 0.06 0.79 0.05

[F) 5 K IR AR A [R/ING TR R OR 22 57 3% (P<0.05) . FER[A,

Values in the same column with different letter superscripts mean significant different ( P<0.05). The same as below.

TR A

M 3% 5 Al A0, 5 X RERZHAH [, HYD 41 1 PEO
ZH W AR 1 7 24 43 Y B I (A (EBRAIG, AR R I B 2R
KA FGAR ) L 4 431 5 4 I BE B ) e 49 o B AR,
[FIAE 7 25 SR 7 2R W R A B vk B, BAL 4 R
BA2 21 I 5 2 1 7 34 3 Y I T X BRAH T H BAL
I 2 43 4 53 A5 43 A BA2 41 5 43I 528 1Y e 4]
AR T X HR4H
23 fAMKMHD EYBEHMFERENED
7 18 2 2SR 22

6 a0, 55X 40 AH Lt ,HYD 41 \PEO 4
I BAL HEXN + 48 ok B & BN (P<

2.2.2

0.05) ,HYD 4] fl BA1 XS+ — 48 I e s IR
i E N (P<0.05) ,PEO #HEXN+ 35 V/C (8
BERN(P<0.05) , PEO 4 /& X 25 i 48 & 75 B
BEET XA (P<0.05) , H Ay as g #nl i e &
S HEN TR EET(P>0.05),
2.4 fAMRARI HyD Y& RE R BB
BRENF G

M 3% 7 AL, 5 X RERZHAH L, HYD 41l PEO
2H B 18 B iR I W 2 R R (P<0.05)  H IR K
oy EEFIBE AR B EESR(P>0.05), AN, 5
X HEZHAH B )RR 8 i 2 FE R % 2 X R i o R 4
B B0 (P>0.05)
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Table 5 Effects of HyD, essential oil and benzoic acid on the incidence of translucent eggs of laying hens

21 5] P43 Score SEH 4
Groups 0 1 2 3 4 5 Average score
X} B2 Control group 45% 5% 20% 10% 5% 15% 1.70
HYD 1 HYD group 50% 10% 20% 15% 0 5% 1.20
PEO #H PEO group 50% 0 30% 15% 0 5% 1.30
BA1 41 BAI group 40% 25% 15% 15% 0 5% 1.25
BA2 2 BA2 group 45% 5% 25% 20% 5% 0 1.35

R 6 (AR HyD 5450 F1 X R ER X J 38 718 i SR &2 1

Table 6 Effects of HyD, essential oil and benzoic acid on intestinal morphology of laying hens

+ =3 Duodenum ZS /% Jejunum Bl % lleum
B H WERE BRESEE SESE SESE RBERE AEsE dEmE RERE dEmE/
ftems Villus  Crypt  BSRE  Vilus  Crypt  BEEE Villes  Crypt SR

height/wm depth/pm Vv/C height/wm depth/pm Vv/C height/wm depth/pm Vv/C

OmiEEs
XA 756.81°  141.46° 5.44°  1142.71  178.71 6.57 1202.31  196.08 6.17
Control group
HYD %
. 832.46°  154.74° 5.53"  1106.36° 211.14 5.35 1290.57  202.23 6.59

HYD group
PEO 4 , b , . .

900.06" 142.45 6.57" 1233.84"  201.11 6.31 1478.62  216.56 7.00
PEO group
BA1 A b : .

892.46" 162.83" 5.58 1125.68°  221.53 5.41 1173.56  204.90 5.90
BA1 group
BA2 gﬂ d b b b

704.44 141.84 5.18 1 191.25" 164.11 7.43 1 343.21 233.30 5.93
BA2 group
SEM 25.80 5.49 0.20 29.75 73.37 0.82 249.03 51.09 0.87
P1H

<0.01 <0.01 <0.01 <0.01 0.32 0.25 0.54 0.67 0.17
P-value

x7 {AMREHMHyD EYERMERBRNEBESRENZ N
Table 7 Effects of HyD, essential oil and benzoic acid on tibia quality of laying hens

it H JI B Koy i 15 55 0/ 3Eg i
Items Tibia strength/kgf Ash content/ % Ca content/ % P content/ %
Xt W& Control group 16.78" 51.76 18.86 7.21
HYD 4| HYD group 17.80" 53.49 19.68 7.08
PEO 41 PEO group 18.20* 51.76 18.86 7.52
BA1 4] BAI group 17.05% 51.37 18.92 7.85
BA2 2 BA2 group 17.21% 52.41 19.21 7.41
SEM 0.24 1.03 0.51 0.54
P {E P-value 0.04 0.16 0.30 0.38

2.5 {AMRKEMHD EWREBENERBNTEG UG MAE LU & & & B E W (P<0.05) , IfiL
iRt an: oA TH A5 S A E I (P<0.05) ;T BAL 4171 BA2
2 8 nlJ, 5XF R4 A0 b, HYD 41 f1 PEO HEMNIMIGERIPEENSSELEEER (P>
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0.05) . #4LEXY ML ME — i | 52 T2 A

R A S T R E 22 R (P>0.05)

R 8 EAMEI HyD 48 45 5 0 2 B B8 % S 36 1 55 46 45 Y 22 1

Table 8 Effects of HyD, essential oil and benzoic acid on serum indices of laying hens

Wi [ WEZBE fEOMiER ST HLE W J J5 i 22l 5 wh
Ltems E2/ FSH/ TTE/ HME CORT/ PROG/ Ca/ P/
(pmol/L) (U/L) (nmol/L) AMH/(pg/mL) (ng/L) (pmol/L)  (mmol/L) (mmol/L)
%tBE4H Control group  77.32  6.64° 178.09 274.14 459.78  1857.99 3.25" 1.80
HYD Z4 HYD group 75.91 8.97" 185.03 271.13 427.93 1 905.43 3.71° 1.71
PEO 4 PEO group 74.24 9.24* 187.21 268.11 435.55 1 872.25 3.64" 1.72
BA1 41 BA1 group 76.77 7.57° 177.54 278.27 478.25 1 831.07 3.29° 1.89
BA2 41 BA2 group 75.68  7.99° 176.29 274.25 469.64  1891.21 3.32° 1.92
SEM 0.08 0.37 7.52 9.81 39.87 51.12 0.09 0.11
P {H P-value 0.57 <0.01 0.17 0.32 0.87 0.69 0.01 0.74

3 i

HyD % Z & A r= e s iy i 5 £, B If
ANG: — . Keshavarz!"™"" i} 38 75 5 X A B H
HyD BC4EA: & D, KAEUGE B A 7= PE6E, =
B I ) A0 B 5T Kk BRAE AR AR N 3405 pe/kg
HyD Fil 1 380 TU/kg 44 &K D, B}, e A 203 & A
R A PR RE A B R, R AR g & B
TEPIRG LR K RN 18 we/kg HyD A LUHE 5 4 %5
KB, JF i R R AR X AT RE 5 Al ]
b HyD Fi4iA:= % D, 0y LLBiA 3¢, A<l 50 L il
TR 4E A= R D, % &8 5 000 TU/kg, AR 4
NRC (1994) FFk [E ( FE XS FRbr ) , XE A m T
ENIEH A KA YEd: £ D, 58, SEBANE I
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B RN R AR AT 3R I A AR
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chi 2 B SR AR IN 1.2% K P IR B E e T
KPR RE . BRASSE TR ST K B, d R P s
1.5 g/kg WAL e 0 25 PR G R R L, A il 56
GEILFW], 55X AL AR L, R A 1 000 mg/kg

R R B SRR T BEXS AR 1 ~4 JE T3 H R B
BHE L A MR N 2 000 mg/kg R A b 5
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XAETE WA 5T A i R T, 24 70% B A5 U5 T4 H , H:
ARVESIR T 85 B S B I TR AR 8 S W 2R
A A PR RE AR AL R AR 45 R R 1]
HLVR I HyD A1 HyD -+ 90K 1l BE %t 3% 2 5 2R XS
(14 Bt R i B (A R e 0 2 Y R o R XS R i R
A W, Swiatkiewicz 25 BIF T 2 WA 1A
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HyD $25 7 42 H & XS IR B & A R, XUt
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ARG 3 7 SRR WA TR B
KA I HAR T E A RS AL, Y
RS T AT LA 3 5 8 P 3 6 ) o G R A B A
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HyD-+AE Y4 i 5 2 35 85X+ 48 9 & &
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Effects of 25-Hydroxyvitamin D,, Plant Essential Oil and Benzoic Acid on
Performance, Egg Quality and Intestinal Morphology of Laying Hens

GONG Haojie DING Xuemei BAI Shiping ZENG Qiufeng ZHANG Keying
SHEN Pan WANG Jianping *
(Sichuan Key Laboratory of Animal Disease Resistance Nutrition, Key Laboratory of Animal Disease-Resistance
Nutrition and Feed, Ministry of Agriculture and Rural Affairs, Key Laboratory of Animal
Disease-Resistance Nutrition, Ministry of Education, Animal Nutrition Institute ,

Sichuan Agricultural University, Chengdu 611130, China)

Abstract; The experiment was conducted to study the effects of 25-hydroxyvitamin D,( HyD) , plant essential
oil and benzoic acid on performance, egg quality and intestinal morphology of laying hens. Using a single-fac-
tor design, a total of 1 200 Lohmann Pink-eggshell layers during late-laying phase (45-week-old) were ran-
domly allotted into 5 groups with 10 replicates for each group and 24 chickens for each replicate. Chicks in the
control group were fed a corn-soybean meal basal diet, while those in the experimental groups were fed the
basal diet supplemented with 0.069 mg/kg HyD (HYD group), 0.069 mg/kg HyD+150 mg/kg plant essen-
tial oil (PEO group), 1 000 mg/kg benzoic acid ( BA1 group) and 2 000 mg/kg benzoic acid ( BA2 group) ,
respectively. The pre-trial period was 4 weeks and the trial period was 16 weeks. The results showed as fol-
lows: 1) compared with the control group, the average daily feed intake of laying hens from 1 to 4 weeks in
PEO group, BA1 group and BA2 group was significantly decreased ( P<0.05) , and the feed-to-egg ratio was
also significantly decreased ( P<0.05). The average egg weight of laying hens from 1 to 4 weeks and 13 to 16
weeks in BA2 group was significantly decreased ( P<0.05). 2) Compared with the control group, the egg
shell thickness in PEO group was significantly increased at week 4 ( P<0.05), the egg shell thickness in the
experimental groups was significantly increased at week 8 ( P<0.05) , and the albumen height and Haugh unit
in PEO group, BA1 group and BA2 group were significantly increased at week 16 (P<0.05). 3) Compared
with the control group, the breaking egg rate and the incidence of translucent eggs in the experimental groups
were decreased. 4) Compared with the control group, the villus height in duodenum of layers in HYD group,
PEO group and BA1 group was significantly increased ( P<0.05) , the villus height to crypt depth ratio in duo-
denum of layers in PEO group was significantly increased ( P<0.05) , and the villus height in jejunum of layers
in PEO group was significantly increased ( P<0.05). 5) Compared with the control group, the tibia strength of
layers in HYD group and PEO group was significantly improved ( P<0.05). 6) Compared with the control
group, the serum contents of follicle-stimulating hormone and calcium of layers in HYD group and PEO group
were significantly increased ( P<0.05). The results indicate that dietary HyD or dietary HyD and plant essential
oil can improve the performance, egg and tibia quality and intestinal morphology of laying hens during late lay-
ing period, while dietary HyD, HyD+plant essential oil and low dose of benzoic acid can reduce the breaking
egg rate and the incidence of translucent eggs, but the high dose of benzoic acid can reduce the feed intake of
laying hens in the first 4 weeks, thus affecting the egg production performance.[ Chinese Journal of Animal
Nutrition, 2020, 32(6) :2638-2649 ]

Key words: laying hens; performance; egg quality; intestinal morphology; tibia quality; 25-hydroxyvitamin

D, ; benzoic acid
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