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9-11
° 1
" ltems Content
’ AP 0.27
Lys 0.80
Met 0.45
1) The premix provided the
? following per kg of the diet: VA 11 000 IU VD, 3 000 IU
VE 121U VK3 mg VB, 2 mg VB, 6 mg VB,3 mg VB,
0.012 mg biotin 0.04 mg folic acid 0.6 mg
niacin 20 mg pantothenic acid 10 mg
ethoxyquin 0.4 mg Cu 10 mg 1 0.35 mg Fe 65 mg Mn
120 mg Se 0.25 mg Zn 65 mg.
2) o The nutrient levels were calcu—
° lated values.
1 1.2
1.1 Sigma-Aldrich (
. 70 M5250) 10%
60 3 4 16: 00
5 &
20 mg/( kg * d) I 10%
50 mg/( kg + d) o o
(23+2) C 1.3
(6510) % 16L :8D 1.3.1
o 7 d
28 do o N N
N N o 10
1 ( ) -80 C
Table 1 Composition and nutrient levels of the .
basal diet ( air-dry basis) % 10 1.7.14.21.28 16: 00
ftems Content 3000 r/min 15 min
Ingredients -20 °C .
Corn 62.6
Soybean meal 25.2
Corn gluten meal 0.5
Limestone 9.3 -80 °C
CaHPO, 0.9 °
NaCl 0.3 1.3.2
DL- DL-Met 0.1 (g)=( -
Cholli)ne chloride 0.1 )/ ;
Tol:;fmlx 10(1):8 (%) = 100x / !
Nutrient levels? - / °
ME/( MJ/kg) 10.91 1.3.3
Cp 15.98 (
Ca 3.63 NFN385)




5 3
o 1.3.6
N N 3 PBS 6 ~8 min
o o ELISA MT
( EFR-01 ROS \T-AOC  SOD
) o
1.3.7
1 o : (PF): >
N N 10 mm (SYF): 8~ 10 mm;
o (LWF) :6~8 mm; (MWF) :4~6 mm;
(%) = 100x / ; (SWF): 2 ~4 mm,; (PE): <
(%) = 100x / o 2mm " .
. : 1.4
(EA-01 ) SPSS 23.0 one-way ANOVA
Duncan
° “ + ”
1.3.4 P<0.05 P<0.01
( ELISA) o
(MT) . (ROS) . (Ig) o
A IgG . IgM (T-AO0C)
(SOD) ( FSH) . 2
(LH) 2.1
¢ 2 1~7
1.3.5 (P>
1 g 0.05) 8~ 14 I
9 mL ( PBS) I (P<0.05)
5000 r/min 10 min I (P<0.01), 15~21
o ELISA MT 2228 1.1
ROS \T-AOC  SOD (P<0.01)
o ( P<0.01) ,
2
Table 2 Effects of exogenous melatonin on performance of laying hens during later laying period
| I
. Experimental Experimental P
Time Indexes Control group o 1 o 1 Pvalue
Average daily feed intake/g  113.82+2.61 114.02+3.30 116.11+2.46 0.377
1~7 Average egg weight/g 57.86+3.93 58.42+1.93 59.49+2.94 0.516
Days 1 to 7 Laying rate/% 60.23+3.72 62.14+4.98 57.26+8.09 0.546
Feed/egg 3.28+0.05 3.18+0.12 3.35+£0.12 0.113
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2
| II
. Experimental Experimental P
Time Indexes Control group P~alue
group [ group [l
Average daily feed intake/g  115.33+2.19 113.73+3.36 115.39+2.08 0.585
8~14 Average egg weight/g 64.53+8.70 59.42+4.01 60.55+3.72 0.204
Days 8 to 14 Laying rate/% 60.05+4.08" 67.15+5.36" 59.28+5.34" 0.024
Feed/egg 3.08+0.22* 2.57+0.15"" 3.18+0.15*  0.002
Average daily feed intake/g 116.32+2.84 115.56+4.09 117.26+2.06 0.749
15~21 Average egg weight/g 60.04+0.88 60.99+6.51 62.28+2.44 0.116
Days 15 to 21 Laying rate/% 59.28+4.49" 66.43+3.78" 65.48+3.45%  0.006
Feed/egg 3.14+0.19* 2.63+0.19"" 2.67+0.13""  0.002
Average daily feed intake/g  114.32+4.50 112.76+2.68 113.58+3.03 0.822
22~28 Average egg weight/g 63.12+1.86 62.72+0.44 64.40+1.46 0.701
Days 22 to 28 Laying rate/% 60.01+3.88"" 65.11+4.49™ 65.41+2.89*  0.001
Feed/egg 3.22+0.11" 2.73+0.19"" 2.65+0.17""  0.001
( P<0.05) ( P<0.01)

(P>0.05) . .

In the same row values with different small letter superscripts mean significant difference ( P<0.05) with different capital
letter superscripts mean significant difference ( P<0.01)

ence ( P>0.05) . The same as below.

while with the same or no letter superscripts mean no significant differ—

2.2
( P<0.05) ,
3 I SN ]I >

3

Table 3  Effects of exogenous melatonin on the number of follicles of laying hens during later laying period

I I
ltems Control Experimental Experimental g
P-—value
group group | group I
Preovulatory follicle 4.0 5.0 5.5
Small-yellow follicle 5.0 8.0 8.5
Large-white follicle 7.67+1.44" 10.17£2.02° 10.33+£2.77* 0.049
Middle-white follicle 16.83+1.94 14.66+3.88 16.33+3.38 0.538
Small-white follicle 17.17+2.64 18.33+5.47 18.17+2.79 0.631
Primary follicle 32.83+9.81 34.67+12.27 35.83+14.05 0.912

o

The data of preovulatory follicle and small-ellow follicle were not a normal distribution so they are expressed by median.

2.3 2.4
4 1~7 I
I (P<0.05); 5 7
22~28 Il .1
(P<0.01) I
0.05) ; 21 I

15~21

(P>0.05) , (P<



5 N 5
I (P<0.01); 28 0.01) ; 28 I.1
[.1 ( P<0.05) . 28
(P<0.01) . 14.21 I i (P<
| (P< 0.01) | (P<0.05) .
4
Table 4 Effects of exogenous melatonin on egg quality of laying hens during later laying period
I I
Time Indexes Control group Experimental Expegimental P—alue
group | group I
Egg-shape index 1.34+0.02 1.33+0.01 1.34+0.01 0.926
Eggshell thickness/mm 0.34+0.02 0.34+0.02 0.35+0.02 0.969
Egg yolk relative weight/% 28.09+2.31 29.92+1.52 25.27+£1.57 0.148
1~7 Eggshell relative weight/% 12.52+1.19 12.29+1.33 13.49+1.88 0.508
Days 1 to 7 Egg weight/g 59.15+3.86 61.12+1.31 64.67+2.61 0.057
Albumen height/mm 5.10+0.60" 4.92+0.78" 6.85+1.36" 0.038
Haugh unit 67.60+8.76 67.22+7.71 81.60+8.03 0.057
Eggshell strength/N 40.49+4.43 34.55+2.86 36.93+8.70 0.394
Egg-shape index 1.29+0.07 1.36+0.08 1.31+0.05 0.123
Eggshell thickness/mm 0.30+0.03" 0.32+0.04" 0.36+0.05* 0.031
Egg yolk relative weight/% 26.14+2.53 27.10+1.39 26.62+3.48 0.764
8~14 Eggshell relative weight/% 12.55+1.52 12.95+£1.22 13.62+0.99 0.256
Days 8 to 14 Egg weight/g 59.16+2.87 55.69+4.95 59.27+4.47 0.175
Albumen height/mm 5.15+1.57 4.85+1.07 4.40+1.74 0.607
Haugh unit 59.11+28.78 65.06+16.81 57.46+11.15 0.736
Eggshell strength/N 28.39+7.01 32.65+6.96 35.41+11.14 0.279
Egg-shape index 1.33+0.01 1.37+0.02 1.34+0.02 0.185
Eggshell thickness/mm 0.32+0.01 0.35+0.06 0.35+0.03 0.574
Egg yolk relative weight/% 31.87+0.52 30.91+3.07 35.48+0.61 0.167
15~21 Eggshell relative weight/% 13.52+0.35 12.69+0.65 14.07+0.34 0.129
Days 15 to 21 Egg weight/g 62.85+0.92 60.64+0.92 65.38+12.16 0.190
Albumen height/mm 3.93+0.23 4.38+0.06 4.71+1.49 0.705
Haugh unit 59.87+3.05 60.64+0.92 65.38+12.16 0.737
Eggshell strength/N 30.48+2.34 39.87+1.51 36.54+0.97 0.802
Egg-shape index 1.34+0.02 1.34+0.01 1.35+0.01 0.954
Eggshell thickness/mm 0.35+0.05 0.36+0.01 0.36+0.05 0.978
Egg yolk relative weight/% 28.06+2.84 28.85+1.22 24.95+0.23 0.218
22~28 Eggshell relative weight/% 13.46+0.32 12.69+1.52 12.86+1.77 0.848
Days 22 to 28 Egg weight/g 59.05+1.20 58.15+4.17 64.95+2.33 0.155
Albumen height/mm 4.84+1.98 4.99+0.21 5.58+1.41 0.675
Haugh unit 67.38+2.35 64.53+3.02 73.61+9.56 0.409
Eggshell strength/N 29.07+4.23 32.09+7.62 34.08+1.78 0.659
2.5 ( P<0.05) ; 28 I
T-AOC I (P<
6 14.21 i 0.01) . 14 I T-AOC
T-AOC (P<0.01) I I (P<0.01); 21
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I T-AOC I ( P<0.05) . 28 | T-AOC
( P<0.01) : 28 I T-AOC I (P<0.01).
(P<0.01) I
5 .
Table 5 Effects of exogenous melatonin on melatonin contents in serum egg yolk and ovary of
laying hens during later laying period pg/mL
I Il
) Experimental Experimental P
[tems Time Control group group | aroup 1l P—alue
1 Dayl 13.68+0.97 14.18+1.85 15.03x1.75 0.145
7 Day7 13.74+1.63"" 17.44£2.18* 19.11+2.15 0.001
Serum 14 Day 14 18.13£2.10 17.54+2.02 20.63+2.53 0.067
21  Day 21 17.83+1.90"" 19.05+1.10" 21.98+2.77* 0.001
28  Day 28 19.07+1.31"" 21.90+2.16* 25.93+2.02*° 0.001
1 Dayl 8.18+0.97 8.23+1.85 8.63x1.75 0.256
7  Day7 8.76+0.45 8.54+0.66 8.52+1.20 0.904
Fe yolk 14 Day 14 7.27+1.80"" 7.89+1.03"" 11.28+0.56™ 0.003
21 Day 21 8.83+0.53" 8.60+0.79" 11.28+0.45" 0.001
28  Day 28 9.47+0.05" 10.98+0.95" 11.17+0.63" 0.028
Ovary 28  Day 28 20.37+1.95™ 22.80+1.44"% 26.06+1.89* 0.001
714 21 Il SOD 2.6
I (P<0.01);
28 II SOD 7 IgA
( P<0.01) | SOD 1 (P>0.05); 7
(P<0.05) . 21 1 [.1 ( P<0.05) ;
SOD I (p< 14 I I
0.01) : 73 ( P<0.01) ; 21 28 [.1
(P<0.01) [ ( P<0.01) IgG
(P<0.05) . 28 SOD 7 I
( P<0.01) I ( P<0.01) ; 14 I
(P<0.05) . (P<0.01) I (P<0.05);
21 28 I.1
7 I ROS
( P<0.01) . IgM
(P<0.01) I 21 i (P<0.01)
( P<0.05) ; 14 21 I ( P<0.05) "
| ROS ( P<0.05) ; 28 I ( P<0.05) .
I ROS I 2.7
( P<0.01) . 14 I.1
ROS (P<0.05); 8 14 21 1.1
21 .0 ROS FSH (P<0.01)
(P<0.01) , 28 I.1 28 I FSH
ROS (P<0.01) ( P<0.01) [ (P<0.05).
I I (P<0.01), LH 21 28
.1 (P<0.01)
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Table 6  Effects of exogenous melatonin on antioxidant indexes in serum

ovary of laying hens during later laying period

egg yolk and

1 I
. Experimental Experimental r
Items Sample Time Control group P—value
group | group [l
1  Dayl 6.13+0.86 5.96+0.47 6.89+0.81 0.097
7  Day7 6.14£0.54 6.89+0.52 7.06+0.82 0.057
Serum 14  Day 14 6.53+0.79"" 7.3420.45" 7.96+0.26" 0.002
21  Day 21 6.74+0.57"" 7.86+1.09" 8.48+0.28" 0.003
28  Day 28 7.66+0.62"" 8.11x0.40" 9.32+0.48™ 0.001
TAOC/ 1 Dayl 3.13+0.86 3.96+0.87 3.89+0.81 0.458
(U/mL) 7  Day7 3.11£0.49 3.10£0.43 3.31+0.49 0.788
Egg yolk 14  Day 14 3.41+0.19" 2.96+0.22° 3.88+0.26™ 0.001
21  Day 21 3.66+0.22"P" 3.31+0.10™ 3.81+0.14* 0.005
28  Day 28 3.41£0.55™ 3.77£0.19*™ 4.43+0.01* 0.006
Ovary 28  Day 28 9.04+0.53° 10.48+0.60"" 12.03+0.55" 0.001
1 Dayl 2.96+0.36 2.91+0.37 3.06+0.29 0.747
7  Day7 2.91£0.23" 3.08+0.39" 3.58+0.20" 0.003
Serum 14  Day 14 3.29+0.27" 3.12+0.32™ 3.84+0.25" 0.001
21  Day 21 3.44+0.21" 3.59+0.37™ 4.08+0.22* 0.003
28  Day 28 3.40+0.32% 3.95+0.42*" 4.55+0.32™ 0.001
oD/ 1 Dayl 1.1620.15 1.21+0.17 1.56+0.19 0.147
(ng/mL) 7  Day7 1.150.07 1.27+0.15 1.23+0.13 0.384
Egg yolk 14  Day 14 1.16+0.21" 1.34+0.19" 1.58+0.11° 0.024
21 Day 21 1.37+0.08"" 1.37+0.08"" 1.65+0.17* 0.005
28  Day 28 1.37£0.06" 1.68+0.08*" 1.79£0.02* 0.001
Ovary 28  Day 28 3.68+0.26"" 3.99+0.15™ 4.55+0.16™ 0.001
1 Dayl 219.81+25.51 212.95+26.69 193.67+19.26 0.183
7  Day7 213.53+20.34"  187.55£15.31*""  179.53%19.05" 0.001
Serum 14  Day 14 194.83+24.25° 186.81£16.99* 164.64+12.81" 0.035
21  Day 21 191.85+18.81° 172.54+21.60" 158.92+14.28" 0.024
28  Day 28 181.77+14.65*  173.33£20.42*"  133.62x26.52" 0.003
ROS/ 1 Dayl 139.81+5.58 122.95+26.69 123.67+19.26 0.153
(1U/mL) 7  Day7 130.43£5.67 132.27£12.67 122.57+14.99 0.494
Egg yolk 14  Day 14 147.38+8.22° 123.30+22.97" 114.71:7.94'i 0.031
21  Day 21 145.17+3.97* 99.97+2.27™ 85.23+2.84%" 0.001
28  Day 28 144.43+1.98* 106.60+3.68" 97.76+11.63" 0.001
Ovary 28  Day 28 287.47+6.48* 223.93+23.88" 192.66+2.92 0.001
8 mm) o
3 14 .
3.1 o
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15
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2 o Jia® .
550 (10 mg)
. 16 ROS 21
3 mg
2
17
7
Table 7 Effects of exogenous melatonin on immunoglobulin contents in serum of
laying hens during later laying period pg/mL
I I »
E i tal E i tal
ltems Time Control group xpepmeona prenmenta P—~alue
group | group [I
Day 1 111.70+4.41 111.21+£20.43 107.53+9.85 0.891
\ 7  Day7 109.45+10.19" 130.59+5.52" 135.38+15.80" 0.023
TeA 14  Day 14 109.86+7.38 136.64+5.52" 160.05+1.66** 0.001
g
21  Day 21 102.16+4.50™ 195.89+13.34" 202.10+5.55" 0.001
28  Day 28 101.19+10.03" 213.09+5.52* 216.66+5.06* 0.001
1 Dayl 1 143.32+17.65 1 176.21+40.89 1151.67+112.43 0.788
c 7  Day7 1 118.32+£54.77%" 1 277.04+18.11** 1 353.22+83.18* 0.001
4G 14  Day 14 1 117.86+102.23"" 1 360.62+43.93% 1 510.03+67.13* <0.001
21 Day 21 1 118.32+46.01"  1911.81+176.79* 1 830.15+51.07* <0.001
28  Day 28 1 070.50+56.48"" 1 894.80+251.44" 1932.22+184.65*"  <0.001
Day 1 442.04+24.49 434.20+31.96 439.14+35.06 0.936
\ 7  Day7 442.39+26.58 451.01+51.86 489.77+32.17 0.517
oM 14  Day 14 441.35+32.50 507.60+91.35 550.14+24.09 0.063
g
21  Day 21 439.89+18.06™" 548.48+50.65" 670.28+27.02* 0.003
28  Day 28 438.49+29.48" 596.74+24.80" 651.34+51.79* 0.036
8
Table 8 Effects of exogenous melatonin on reproductive hormones contents in serum of
laying hens during later laying period mlU/mL
| II p
Experi 1 Experi 1
ltems Time Control group Xperimenta Xperimenta P—alue
group | group I
1 Dayl 8.46+1.64 8.43+1.27 8.11+0.83 0.915
7  Day7 8.21+1.30 9.74+1.26 10.26+1.25 0.113
FSH 14  Day 14 8.71+1.37"™ 13.23+0.62** 13.94+0.64" <0.001
21  Day 21 8.96+0.71% 14.17+1.17* 15.19+0.96* <0.001
28  Day 28 8.51+1.39"™ 13.04+1.63"" 15.63£1.90* 0.001
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8
I I
Experimental Experimental P
ltems Time Control group P P—alue
group | group I
1 Day 1 8.55x1.13 8.42+0.78 8.30+0.40 0.917
7 Day7 9.05+0.20 9.2120.41 10.82+1.88 0.063
LH 14 Day 14 8.58+1.56 10.20+0.82 10.83+1.88 0.098
21 Day 21 8.30+0.63"" 12.89+0.51" 13.28+1.64* <0.001
28  Day 28 8.05+0.96"" 12.01+1.47* 13.75+0.49* <0.001
3.2 s
ROS
o 3.4
2 30
3.3 IgA . IgG . IgM o
28
ROS o
- ROS . 2- 1
23
SOD. SOD o
% 50D 32 33
.« T-AOC o
_ _ 34
2 . 10 mg/kg
N SOD T-AOC. Ozturk o
» 10 mg/kg 7d
SOD o Kim % o
(715 g/kg) 14 d T- 3.5
AOC SOD o - -
21
E
4 . 14 .
2 . ROS FSH
o 2 LH 3 .
Jia 7 360 10 mg
FSH LH

27

28

29

LH

LH
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32

FSH

3.6

T-AOC

37

31

D 50 mg/( kg * d) 2

@ 50 mg/( kg * d) 2
.SOD
ROS o
@ 50 mg/( kg * d) 2
FSH

LH o
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Effects of Exogenous Melatonin on Performance Serum Indexes and
Melatonin Content of Laying Hens

During Later Laying Period

HAO Erying HUANG Chenxuan SUN Haozheng WANG Dehe ZHOU Rongyan

HUANG Renlu CHEN Hui’
( College of Animal Science and Technology Hebei Agriculiural University Baoding 071000 China)

Abstract: To investigate the effects of different concentrations of exogenous melatonin on performance me—
latonin content and serum indexes of laying hens during later laying period 60 healthy Dawu Jinfeng laying
hens with similar healthy body weight were randomly divided into 3 groups each group had 4 repetitions and
each had 5 repetitions. The control group was intraperitoneally injected normal saline. The test group [ was in—
jected intraperitoneally with 20 mg/( kg * d) melatonin and the test group I was intraperitoneally injected
with 50 mg/( kg * d) melatonin. The illumination condition was 16L :8D the test period included a 7-d pre—
test period and a 28-d trial period. The results showed as follows: 1) compared with the control group the me-
latonin treatment significantly increased the laying rate at d 15 to 21 and d 22 to 28 ( P<0.01) and significant—
ly increased the number of large white follicles ( P<0.05) but had no significant effect on egg quality ( P>
0.05) . 2) Compared with the control group the melatonin treatment significantly increased the melatonin con—
tents in the serum and yolk at d 21 and 28 ( P<0.05 or P<0.01); at d 28 the 50 mg/( kg * d) melatonin
treatment significantly increased the melatonin contnet in the ovaries ( P<0.01) . 3) Compared with the control
group atd 21 and 28 50 mg/( kg ¢ d) melatonin significantly increased the superoxide dismutase ( SOD) ac—
tivity and total antioxidant capacity ( T-AOC) ( P<0.01) and significantly reduced the content of oxygen free
radicals ( ROS) ( P<0.01); at d 28 50 mg/( kg * d) melatonin significantly increased the activity of SOD
and T-AOC ( P<0.01) and significantly reduced the content of ROS in the ovary ( P<0.01) . 4) Compared
with the control group at d 21 and 28 50 mg/( kg * d) melatonin significantly increased the serum immuno-
globulin (Ig) A IgG and IgM contents ( P<0.01) . 5) Compared with the control group melatonin treatment
significantly increased the follicle-stimulating hormone ( FSH) and luteotropin ( LH) contents in serum at d 21
and 28 ( P<0.01) . Exogenous melatonin treatment significantly improves the laying rate of laying hens in the
later laying period improves the body’ s antioxidant performance immune performance and reproductive
hormone levels. It provided a theoretical basis for exogenous melatonin supplementation to improve egg produc—

tion during the end of laying. Chinese Journal of Animal Nutrition 2020 32(5)

Key words: melatonin; later laying period; laying rate; antioxidant index; number of follicles
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