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Table 1 Composition and nutrient levels of the basal diet ( air-dry basis) %
Ingredients Content Nutrient levels” Content
Corn 61.40 ME/( MJ/kg) 12.38
Soybean meal 25.00 CP 16.57
Limestone 8.80 Ca 3.60
Wheat bran 1.20 AP 0.45
Vegetable oil 0.80 Lys 0.86
NaCl 0.30 Met 0.38
CaHPO, 1.50
Premix " 1.00
Total 100.00
1) The premix provided the following per kg of the diet: Cu ( as copper sulfate) 9 mg Fe ( as fer—

rous sulfate) 50 mg Mn ( as manganese sulfate) 100 mg Zn ( as zinc sulfate) 85 mg I ( as potassium iodide) 90 mg Se ( as so—

dium selenite) 0.3 mg VA 12000 IU VB, 6 mg VB, 7 mg VB;7 mg VB, 0.34 mg VD 4 500 IU VE 20 IU VK 3.2 mg

biotin 5 mg folic acid 1.1 mg niacin 50 mg.
2) o Nutrient levels were all calculated values.
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Table 2 Effects of adding Lactobacillus plantarum in drinking water on performance of laying hens
Time Groups Ajj;‘gghj P Dealy e/ Laying rate/% iZZSZ?fféf
EE N o ol el
st g =+ =+ . 1. . *+U.
The Tst to 15th day P Piaf:zup ’0.(;24 ’ 0._04'5 0.150 0.767
1630 Control group 59.71+0.42" 1.14+0.63 89.72+1.35 1.67+0.59
P o = R v
( P>0.05) ( P<0.05)

(P<0.01) . .

In the same column values with no letter superscripts indicated no significant difference ( P>0.05)

small letter superscripts indicated significant difference ( P<0.05)

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

with different capital letter superscripts indicated extremely

Table 3  Effects of adding Lactobacillus plantarum in drinking water on egg quality of laying hens

Eggshell

Egg-shape Albumen Eggshell E olk

Time Groups gigndexp height/mm Haugh unit  Thickness/ strfr?gth/N g(il}(])r
mm

Control group  1.27+0.05  7.50+0.67 88.13+3.33  0.40+0.04 38.46x4.03  9.47+0.74

Thel st day Test group 1.31+0.04  7.59+0.82 86.25+4.63  0.38+0.03 40.22+8.15  8.73+0.59
P P-alue 0.347 0.229 0.212 0.139 0.461 0.252

Control group  1.34+£0.06  6.76+£0.52 82.21+3.23 0.38+0.04 38.08+8.46  8.77+0.59

ThelSISth day Test group 1.36£0.04  6.90£0.60 82.01+4.04 0.38+0.04 36.90+8.34  8.67x0.49
P P—alue 0.314 0.511 0.884 0.782 0.704 0.739

Control group 1.28+0.05  8.17+0.82 90.13+4.63  0.33+0.03 41.10£5.62  8.80x0.56

Th:(;()th day Test group 1.27+0.03  7.91+0.56 88.71+2.72 0.34x0.12 40.51+5.93  8.47+0.52
P P—alue 0.760 0.304 0.314 0.309 0.782 0.101

while with different
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Table 4  Effects of adding Lactobacillus plantarum in drinking water on egg yolk antibody levels of
laying hens ( expressed as blocking rate) Yo
H5-8 H7 H9
Time Groups NDVAD AIV-H5-8 Ab AIV-HT Ab AIV-HO Ab
Control group 86.81+7.29 92.28+2.43 97.83+0.27 97.08+0.52
Thel st day Test group 84.59+10.67 93.23+0.66 97.41+0.28 95.68+1.91
P P—alue 0.592 0.259 0.253 0.158
s Control group 91.25+5.68 88.40+7.53 97.21+0.42 95.78+3.39
The 15th day Test group 93.13+2.98 90.89+3.95 97.12+0.33 97.41+0.67
P P-alue 0.126 0.366 0.600 0.125
Control group 89.62+4.23 87.48+3.97 96.59+1.20 96.39+1.50"
Th:(;Oth day Test group 92.09+2.35 88.95+2.22 97.11+£0.92 97.46+0.54*
P P—alue 0.129 0.289 0.048
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30 IgA
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Table 5 Effects of adding Lactobacillus plantarum in drinking water on serum
immunoglobulin contents of laying hens pg/mL
M G A
Time Groups IgM IsG IgA
. Control group 738.94+56.75" 1 593.15+168.88" 159.53+24.08"
The Tst day Test group 832.25+79.32* 1 867.90+267.26" 194.61+20.54"
P P—alue 0.007 0.013 0.003
s Control group 773.27+89.23 1 742.12+231.47° 181.88+16.08"
The 15th day Test group 839.90+76.06 2 160.90+222.11" 232.16+9.73"
P P-alue 0.089 0.001 <0.001

Control group
30

Test
The 30th day oSt group

P P—alue

822.51+£66.69"
884.70£58.27"
0.040

2 003.75+225.49"
2 283.10+206.59*
0.011

205.47+13.86"°
231.86+17.57"
0.002
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Table 6 Effects of adding Lactobacillus plantarum in drinking water on serum
cytokines and slgA contents of laying hens
-y -2 A
Time Groups IFN-y/( pg/mL) IL2/( pg/mL) sIgA /( ng/mL)
. Control group 50.79+6.26 134.78+12.10" 1 469.27+172.68"
The 1st day Test group 54.08+5.82 156.95+24.67° 1 770.59+249.29*
P P-alue 0.239 0.024 0.006
Control group 49.02+4.22" 142.03+26.10 1 598.78+199.85"
ThelSISth day Test group 62.02+4.61* 161.46+21.71 1 847.08+260.95"
P P—alue <0.001 0.087 0.028
Control group 60.28+3.93" 185.37+£24.62 1 827.19+120.91"
Th:golh day Test group 68.91+4.40" 186.37+21.41 2 087.20+186.59"
P P-value <0.001 0.929 0.002
2.4 IFN -y
sIgA ( P<0.01) IFN -y
2.4.1 (P<0.05);
IFN 15 30
7 IFN -y (P>0.05) o
7 IFN—-y
Table 7 Effects of adding Lactobacillus plantarum in drinking water on IFN—+y content in intestinal
mucosa of various intestine segments of laying hens pglg
Time Groups Duodenum Jejunum Ileum Cecum
1 Control group ~ 454.35+98.95"  457.35+55.01"  370.68+76.22" 350.55+67.27"
The 1st day Test group 563.27+75.39"  541.59+86.38"  492.85+50.10" 487.87+60.44"
P P—alue 0.013 0.020 0.001 <0.001
s Control group 667.74+61.25 628.80+56.59 552.74+49.33 584.50+52.13
The 15th day Test group 656.30+43.84 623.27+82.36 581.16+38.05 539.14+43.91
P P—alue 0.638 0.863 0.166 0.052

Control grou
30 group

Tes
The 30th day est group

P P-alue

700.59+62.31
705.83+17.29
0.844

666.60+81.39
633.93+44.29
0.284

602.61+44.24
620.24+58.95
0.460

590.78+38.33
608.86+34.80
0.284
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Table 8 Effects of adding Lactobacillus plantarum in drinking water on 1.2 content in intestinal
mucosa of various intestine segments of laying hens pglg
Time Groups Duodenum Jejunum [leum Cecum

1 634.82+205.54"
2 100.07+293.61"
0.001
1 589.92+219.24

2 228.39+295.51 1 827.02+234.92" 1 860.14+211.23"
2 490.16+314.19 2 290.83+280.45" 2 127.14+237.97"
0.071 0.001 0.016
2 049.21+£222.54 1 683.96+215.32" 1489.51+145.17

| Control group

Test
The 1st day ot grotp

P P—alue

Control group

15

The 15th d Test group 1 925.23+234.87 1 907.24+215.48" 1 567.89+169.03 1 555.93+181.54
e da
Y P P—alue 0.241 0.032 0.281 0.710
30 Control group 2 232.58+276.32 2 245.80+265.00 1911.13+191.09 1 916.16+196.07
Test group 2 185.42+217.88 2 070.84+313.56 1916.71+205.43 1 799.15+£195.86
The 30th day
P P—alue 0.677 0.194 0.951 0.198
2.4.3 ( P<0.05) slgA
slgA ( P<0.01); 15
9 1 30
. slgA slgA (P>0.05)
9 sIgA
Table 9  Effects of adding Lactobacillus plantarum in drinking water on sIgA content in intestinal
mucosa of various intestine segments of laying hens nelg
Time Groups Duodenum Jejunum Ileum Cecum
1 Control group 28.91+3.02" 25.01+3.46" 19.66+2.08" 17.07£2.79"
Test group 32.25+2.89° 28.65+3.59° 22.70+1.75* 21.14+1.98*
The 1st day
P P—alue 0.021 0.035 0.002 0.001
5 Control group 25.55+2.31 23.90+1.98 17.32+1.34 14.46+1.20
Test group 25.10+2.16 22.51+2.07 16.66+1.63 14.15+1.33
The 15th day
P P—alue 0.588 0.143 0.335 0.591
30 Control group 30.56+2.23 26.49+2.93 21.49+1.42 19.67+1.56
N Test group 29.10+2.52 28.11+2.03 21.31+1.50 18.84+0.97
The 30th day
P P-alue 0.187 0.167 0.787 0.174
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Effects of Adding Lactobacillus plantarum in Drinking Water on
Performance Egg Quality Serum and Intestinal Mucosal
Immune Indices of Laying Hens

SUN Haozheng' XI Jianzhong® ZHU Yahao' CHEN Xiangyu' HAO Erying'
HUANG Chenxuan' CHEN Hui'"
( 1. Animal Science and Technology College Hebei Agricultural University Baoding 071000 China; 2. Graduate School
Hebei Agricultural University Baoding 071000 China)

Abstract: The purpose of this experiment was to investigate the effects of adding Lactobacillus plantarum in
drinking water on performance egg quality serum and intestinal mucosal immune indices of laying hens. A to—
tal of 400 Hy-ine grey hens with good health and similar performance and at the age of 44 weeks were used

and divided into control group and test group each group had 5 replicates with 40 hens per replicate. At the
start of the experiment the test group was added with Lactobacillus plantarum in drinking water ( = 1.67 X
10" CFU/L)  and the drinking water finished within 2 h. The control group was given normal water. After
24 h of adding Lactobacillus plantarum samples were started to collect. The sampling period lasted for 30 d.
The results showed as follows: 1) compared with the control group adding Lactobacillus plantarum in drink—
ing water could significantly increase average egg weight on the 1st to 15th day and the 16th to 30th day ( P<
0.05) and significantly reduce the death rate of laying hens on the st to 15th day ( P<0.05). 2) Adding
Lactobacillus plantarum in drinking water had no significant effect on egg quality ( P>0.05) but it had an
effect on raising egg yolk antibody levels. The egg yolk avian influenza H9 virus antibody level in the test
group was significantly higher than that in the control group on the 30th day ( P<0.05) . 3) Compared with the
control group adding Lactobacillus plantarum in drinking water could significantly or extremely significantly
increase the serum immunoglobulin A (IgA) (the 1st 15th and 30th day) immunoglobulin G (IgG) ( the
Ist 15th and 30th day) immunoglobulin M (IgM) ( the 1st and 30th day) interferon—y ( IFN—y) ( the 15th
and 30th day) interleukin2 ( IL-2) (the Ist day) and secretory immunoglobulin A ( slgA) contents ( the
Ist 15th and 30th day) ( P<0.05 or P<0.01) . 4) The contents of IFN—y il-2 ( jejunum ileum and cecum)

and sIgA in intestinal mucosa of each intestinal segment in the test group were significantly or extremely signifi-
cantly higher than those in the control group on the 1st day after adding Lactobacillus plantarum ( P<0.05 or
P<0.01) and the content of 1.2 in jejunal mucosa in the test group was significantly higher than that of the
control group on the 15th day after adding Lactobacillus plantarum ( P<0.05) . It can be seen that adding Lac-

tobacillus plantarum in drinking water can increase the egg weight and improve the immune performance of

laying hens. Chinese Journal of Animal Nutrition 2020 32(6)

Key words: drinking water; Lactobacillus plantarum; laying hen; egg weight; egg quality; egg yolk antibod-

y; immune indices
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