HavauAalaNdaUszanSAmnsHanLazaun Wiy TulAlY

(Effect of calcium on production efficiency and egg quality in laying hens)
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- nswanly (Egg production)

Tunuwes An et al. (2016) Mvhmsliunadesiluemnsfissiu 3.5, 3.8, 4.1, 4.4 wag 4.7% wui
mslfuradeuiinandnlymifulunnsedu (Table 1) uwilusuues S. Jiang et al. (2013) viinsdnwn
NATDITEAUNS I ULAzWAAT Ui s2RU Control = 11.50, Middle = 12.68, High = 13.37MJ/kg,
Low = 2.62% Control = 3.7 Way High = 4.4% aua1au naunuInsuanlylasudndnaainsedu
uAadBLLarnday uilinuanauanssszrinsngueniunguitldunaai@engs (4.4%) uazndaanugy
(13.37MJ/kg) Beiinarilvinandnldsniign enafarsanlsimnlsifionswdsnugenisudnldquiiou
arlulldSunansenuaine msiiduaaden 4.4% (Table 2) Fedaudafusuves Wang et al. (2021)
finuiseduunadeyluemsiinandaldiunnduudlifauuansistussninngy (Table 3) uaglu
91uwes Cufadar et al. (2011); Keshavarz and Nakajima (1993) finuiissauspadesluaimslifiaa
wanssfulunsdnly adoradesnannisliomnsndanuiigannvhlilituewnslétiosasieiili
Ie5uansovnsliiflomeiioznanlydsilvinandnldana



Table 1 Effect of graded levels of dietary calcium on production performance in the aged laying

hens'?
ltem Egg production (%) Egg weight (¢/egg)
Level of Ca (%)

3.5 75.1 60.4

3.8 76.0 60.3

4.1 75.2 61.0

4.4 75.0 60.8

a7 79.1 61.2

SEM 1.43 0.64

p-value
Linear 0.134 0.223
Quadratic 0.197 0.486

SEM, standard error of the means.

! Data are least square of mean of 10 replicate with 5 cages with 2 birds per cage.
2 Mean values from the overall experimental period.

Source: An et al. (2016)

- Uuinly (Egg weight)
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Table 2 Changes in egg production and egg weight with dietary energy and calcium level.

[tems Energy Ca Factor P SEM

Low Control High Mean

Egg production Control  89.6™  88.1™ 88.3"  88.7° Energy <0.0001 1.3
Middle 89.8"  89.6™ 87.2"  88.8° Ca 0.0003 1.3
High 90.2"  90.2™ 726" 84.9° Ca x energy <0.0001 2.1
Mean 89.8" 89.6" 82.7

Egg Weight (g) Control  55.0 56.0 56.6 55.9° Energy 0.02 0.6
Middle 570 581 59.6  582°  Ca NS 0.6
High 57.4 54.6 58.3 56.8*° Ca x energy NS 0.7
Mean 56.5 56.2 58.2

b east square means within a column with different letters differ at P<0.05., *YLeast square meanswithin a row with
different letters differ at P < 0.05., ™"Least square means with in interaction with different letters differ at P< 0.05.
Source: S. Jiang et al. (2013)



Table 3 Effects of dietary Bacillus subtilis supplementation and dietary Ca levels on

performance of laying hens (72-79 wk of age).!

ltems Egg production (%) Ege weight (g)
Ca level (%)  B. subtilis (CFU/kg)
3.5 0 87.88 65.39
2X10° 89.86 65.83
4 0 88.82 66.08
2X10° 89.52 66.24
4.5 0 89.95 66.16
2X10° 89.12 66.22
SEM 0.37 0.11

Means of main effects
Ca level (%)

3.5 88.87 65.61
4 89.17 66.16
45 89.53 66.19
B. subtilis
(CFU/ke)
0 88.88 65.85
2X10° 89.5 66.1
P-value
Ca level 0.718 0.051
B. subtilis level 0.356 0.275
Ca level X B. subtilis level 0.330 0.757

abMeans assigned different superscripts within a factor of analysis (Ca level, B. subtilis level, and their interactions)
differ, P,0.05., 'Data are the mean of 8 replicates with 12 birds each.
Source: Wang et al. (2021)
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- Anundeussvaaudanld (Eggshell strength)

An et al. (2016) ‘W‘U’J"]ﬂ%’mLL“Z?QLLN?J@QLU%@ﬂIﬂJ'Lﬁﬂ%ﬂiUﬂﬂi%ﬁU‘U@ﬂﬂ’]iLﬂ%M (Table 4) Fsaonndas
AUIUVDY Roland (1987) ﬁwudﬁmqmﬁuwwmlﬂ%Lﬁwﬁmﬁmé’umqLﬁaszéﬁ’mmat,%mqqrm 4.35
n3u/u usluswes S. Jiang et al. (2013) wuinngudifiupaidons (2.629%) fanuuduswesudenly
anasdlowfisudiunguaiuny (3.7%) uaznguiiiiunaidengs (4.4%) (Table 5) Tuymenduiu Wang et al.
(2021) wuiAsudauswouUdenltlifinansevuiiony 75 dUawi usfieny 79 dUavinuudiussves
Waenliuduitsesu 4, 4.5% (Table 6) ﬁgﬂﬁa’lﬁlL‘(ﬂuLWTwm’iazamLﬂaL%EJ&JLW@EI%NLU%@HM?{ﬂﬂWlJ
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Table 4 Effect of graded levels of dietary calcium on egg and eggshell qualities in aged laying

hens!?

ltem Eggshell strenght® Eggshell thickness®

Level of Ca (%)

3.5 2.25 34.8

3.8 2.31 35.1

4.1 2.37 35.1

4.4 2.37 36.6

4.7 2.46 36.0

SEM 0.05 0.52

p-value

Linear 0.003 0.006
Quadratic 0.994 0.890

SEM, standard error of the means; TSS, Technical Services and Supplies Ltd., York, England., ! Data are least square of
mean of 10 replicate with 5 cages with 2 birds per cage. , 2 Mean values from the 76 or 78 to 80 weeks of age. °
Egeshell strength measurement is expressed as kg/cm2., © Eggshell thickness measurement is expressed as 0.01 mm.
Source: An et al. (2016)

- AunIvadanly (Thickness)
An et al. (2016) wuharumumesUdentiiudududunsdunnszduresmsliunaifoy (Table 4)
usiluaues S. Jiang et al. (2013) wuinguiiuaai@ous (2.62%) isilddenusaanitngumuay
(3.79%) usiliiumnsinsnnguiidineaiBengs (4.4%) (Table 5) uagluauues Wang et al. (2021) fiwuin
sefuunaBond 4.0% Wutuilefloufusedu 3.5% (Table 6) eraifunauanueadeliifiosnovdo
fiissnousliannsagadululfauldviedluidlfies wazilolisulilinnudesnisuna@euasiiy
wntudesnazdoniuaaifounlidmiumsaaddoninezmnanngfuuaueadesluemis
iniulvagvilfiAasadede awviiliauinfuresenmsanas ewnsitminunnduuasilnvuy
viindusiias uenaniueadenilifudiluasdifssusduiniuiignfuinlilusenisueaden
duduiifggniunisoonmisya Inliengosasivszansamlunnfusnueadendssanm 55%

waziilolnenguindudszansnmlunisiniiuurailennasanasndauszuna 40% (Usenins. 2560)



Table 5 Changes in eggshell thickness and breaking strength with dietary energy and calcium

level.
ltems Energy Ca Factor P SEM
Low Control High Mean
Shell thickness (mm) Control  0.384 0.385 0.385 0.385  Energy NS 0.002
Middle  0.385 0.396 0.383 0.388 Ca 0.004  0.002
High 0.386 0.395 0.383 0.388 Ca x energy NS 0.003
Mean 0.385” 0.392% 0.384Y
Shell broken strength (N) Control  38.1 37.6 37.8 37.8 Energy NS 5.7
Middle 36.9 42.9 38.4 39.4 Ca 0.01 5.6
High 34.3 43.1 41.3 39.5 Ca x energy Ns 9.7
Mean 36.47 41.2 39.2%Y
*Y¥ Least square means within a row with different letters differ at P < 0.05.
Source: S. Jiang et al. (2013)
Table 6 Effects of Bacillus subtilis supplementation and dietary Ca levels on
breaking strength and thickness of eggshell.!
Breaking Thickness
strength (N) (X 0.01 mm)
ltems 75 wk 79 wk 75 wk 79 wk
Ca level (%) B. subtilis (CFU/kg)
3.5 0 39.36 37.31 42.48 42.61
2x10° 38.84 38.22 42.27 43.25
4 0 38.92 37.93 42.67 43.43
2X10° 39.52 38.92 43.02 44.08
4.5 0 39.33 37.69 43.11 43.30
2X10° 39.46 38.24 42.82 43.56
SEM 0.34 0.18 0.13 0.11
Means of main effects
Ca level (%)
3.5 39.10 37.76 42.38 43.01°
a 39.22 38.42 42.85 43.70°
4.5 39.40 37.96 42.96 43.42*°
B. subtilis (CFU/kg)
0 39.21 37.64° 42.75 43.17°
2X10° 39.27 38.46° 42.70 43.57°
P-value
Ca level 0913 0.231 0.191 0.033
B. subtilis level 0.903 0.013 0.879 0.047
Ca level X B. subtilis level 0.821 0.862 0.530 0.632

3bMeans assigned different superscripts within a factor of analysis (Ca level, B. subtilis
level, and their interactions) differ, P, 0.05.

Data are the mean of 8 replicates with 18 eggs each.

Source: Wang et al. (2021)
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