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ABSTRACT This study was conducted to investigate the effect of feeding with dietary silicate based complex mineral (SCM)
on the performance of laying hens. SCM at five levels (0%, 0.2%, 0.4%, 0.6% and 0.8%) was added to commercial diets,
and fed to four hundred fifty Hy-Line Brown from fifty four to sixty five weeks of age. Egg production increased as the
addition of dietary SCM to basal diets increased up to 0.6% (P<0.05). Furthermore, Feed intake increased in a manner similar
to that of egg production (P<0.05). However, there was no difference in feed efficiency among the treatments. Eggshell
thickness and breaking strength were significantly higher for the chickens fed with SCM than control from sixty weeks old
to the end of experiment (P<0.05). Similarly, albumen height and Haugh unit were significantly higher for the chickens fed
with SCM compared to those of control group (P<0.05). AST of birds fed SCM showed significantly higher than control
(P<0.05). However, blood neutral fat level tended to increase in SCM treatments. Moreover, bone mineral density increased
with SCM addition up to 0.4% (P<0.05). IL-2 (Interleukin-2) and IL-6 (Interleukin-6) levels appeared to be improved in the
chickens fed with SCM addition diets, although not statistically different from all treatments. The results of this study indicated
that the optimum SCM for improving the performance, egg quality and immunological competence of laying hens from 54

to 65 weeks of age was 0.6%.

(Key words: egg quality, immunological competence, laying hens, performance, silicate complex mineral)

M B
Sl F8 FBA S FAGA SYPBLE
de] FxEo] glon], 3l J54 nlAFrgo] ik EA
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A2 Tog B o] &Elo] gtom, FAlglelA = o]
2gk A Al o] Qe Al Q. 2to] E(zeolite), HIEUC|E
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(bentonite), 118 E(kaolin) & &% (biotite) 5o
FAAE Ak AL 7R AT-ste] ghtk(Safaeikatou-
li et al., 2011; Melegy et al., 2015; Yenice et al., 2015). 7}
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5457 Hy-Line ZA% AHHAl 45055 570 A&+, syt
5o 2 WHRe 18574 wix]ste] 1257 Al E & AAlE)
Atk 2+ ATl 27 2.4 mme Si0y(73.2%)E FA o
2 ALO3(14.8%), Ca0(1.37%) & Fe,05(0.61%) So2 T4
H B335 (Table 1)S 0%, 0.2%, 0.4%, 0.6% 2 0.8% <
TOo 2 AUl wigelA 1, 71 2AlEE S, ti T 9
Fo| 7}FEAE PH 2 Al UA = 2,800 kealkg, ZTH
AL 16% T2 Fo3FthTable 2). AHHAIE A Al
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Table 1. SCM composition

Ingredient %
SiO, 73.200
ALO; 14.800
Fe;03 0.610
CaO 1.370
MgO 0.160
Na,O 4.570
K;0 4.260
Ignition loss 0.880
Calcium 0.600
Potassium 0.190
Mineral Sodium 0.071
c:i;‘:;?in Magnesium 0.020
(%) Iron 0.280
Zinc 0.001
Phosphorus 0.010

Table 2. Basal diet composition

Ingredient %
Corn 67.23
Soybean meal 17.38
Corn gluten meal 4.24
Limestone 9.42
Calcium phosphate 0.94
Salt 0.38
L-Lysine 0.05
DL-Methionine 0.03
Vitamin premix" 0.18
Mineral premix’ 0.15
Total 100.00
ME (kcal/kg) 2,800
CP (%) 16.00
Chemical Lysine (%) 0.74
composition Methionine (%) 0.32
Calcium (%) 3.80
Sodium (%) 0.17
Available phosphate (%) 0.32

Contains per kg: vitamin A, 5,500 IU; vitamin D; 1,100 ICU;
vitamin E, 11 mg; vitamin By, 0.0066 mg; vitamin Ks, 1.1 mg;
riboflavin, 4.4 mg; pantothenic acid, 11 mg (calcium pantothe-
nate: 1.96 mg); choline, 190.96 mg; folic acid, 0.55 mg; pyridoxine,
2.2 mg; biotin, 0.11 mg; thiamine, 2.2 mg; ethoxyquin, 125 mg.
2 Contains per kg; Cu, 10 mg; Fe, 60 mg; I, 0.46 mg; Mn, 120
mg; Zn, 100 mg.
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2 S AHEE FE F AT 1070
o] AT FHste] 2AlEITE WA & 0.5 goll methanol
7} benzene 4:12 T3 &S FHrtele] 5x Bt E3et
St} Z12] 3L acetyl chloride 200 pLE 3715} heating block
oAl 100CE 1A1ZE ¥H-8-A17]3L 6% potassium carbonate ¥}
hexane= 2H7} 2 mL F7Fste] REgAIZITE A4E21(3,000
pm, 4T, 15 )E sto] APake gt A4kE-S —20Ce
B33t A A& 3t} Flame ionization detector (FID)
HPH O 2 100 mx 0.25 mmx 0.2 yime] A2 AF&-sl 1 &
2 AlE7IAE 3k 2™, split ratio= 30:1% 1] GC-MSD
(6890N-5973, Agilent, US)E ©]-8-3td 3 U] At 24

& sk

ARG A A FR F AT G A 1052
st gaelA AL 7 AE2]71(3000 tpm, 4T, 1032)E
AHgEte] PSR, A4 Aake 48 Auto-
matic Biochemical Analyser, Thermo Scientitic, Konelab 20,
Finland) & °o]-&3le] £33}t

6) ol o [L-21} IL-6 &

AFAA " W) Wl o] RNAE AFFIE $8 F RNAiso
plus(Takara, Japan)E °©]-83l] E2]3l%.om, 2% RNAS]
%2 BioSpec-nano(Shimadzu, Kyoto, Japan)E ©]-83t] 57
B3It RNA 500ngS 65CollA 583 7F9 171 ], Rever-
Tra Ace® qPCR RT kit(Toyobo, Japan)S ©]-&3lo] cDNAZ
Ao, Al EFRRI IL-27} IL-69] FTiAQ] 34t &
22 =3 317] ¢)ske], SYBR green PCR kit(TOPreal gPCR

2X Premix, enzynomics)E A 2|3+ ¥ CFX Connect Real-Time
System(Bio-rad) 7171& ©]8-3t] PCR& A8t #4319
TH(Table 3).

3. SAIXz

3149 dlo]ElE SAS(Statistical Analysis System, 9.2 Ver-
sion, Cary, NC, 2002)2] General Linear Model(GLM)=- ©]-&-
skl EAskl o, 2] 71t ¢k Duncan(1955)°] o534
A e Bold 005 $EOR BAA Aol 2 TS,

ALEAAT 9 AFR T8 PR P Table 49
Wk 0.6% H7F Fol oAl AFHE-E 90.56% 241 o
87.74%¢ll Wlste] AAS] w=A YERE LW (P<0.05), ¢
FaEE A BAAT s SR st 1Y 4
e STl AEE Btk AlEAA RS B H0t
Feo] Eoklel wEtA Skeke AEFe BloH, 0.8%
7h ol el A 128.79 g2 thE A el Fol| H]ste] w9 &
7V A THP<0.05). AFRLT-E-S RE 2871t BAA
ko] 7F 1A T). Jeon et al.(2005)3} Kim et al.(2005)2 43¢
A FEAe] AR AR 2ed Askse dE
om, Atge] 7157 3ol B3t slohar Stk Son(2005)
2 T SAle] Mgk BdE A Alsed Arte S
Wl 04% HAFTolA A& Al aTEo] ST
1 3} 2™, Kermanshahi et al.(2011)-2 AF&A ol TFAME &
FTEE H7F FoAAld 2Tl vlete] AehEo] 74l
Atk & AT A= olefgt AT Bt AR A B
Rom, Al Al Ak FAle] BEE 0.6% A
7} FEollA AitsE S Ss e R ATl 2]
doh= A A BEAS AARHTHAIR oS- &
oetA 2835kl Ao AbRE AT

i)

Table 3. Primer used for the quantitative real-time PCR

Cytokines Primer sequence
Forward 5’-GCTAATGACTACAGCTTATGGAGCA-3’
2 Reverse  5°-TGGGTCTCAGTTGGTGTGTAGAG-3’
L Forward 5°-AAATCCCTCCTCGCCAATCT-3’

Reverse 5’-CCCTCACGGTCTTCTCCATAAA-3
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Table 4. Effect of feeding SCM on performance of laying hens

Treatment (%) Egg production (%)

Egg weight (g)

Daily egg mass (g) Feed intake (g) Feed conversion

0 87.74° 65.29 57.28 126.64° 2210
0.2 88.28" 65.53 57.83 127.01° 2.200
0.4 88.73%° 64.46 57.20 126.37° 2210
0.6 90.56" 64.53 58.43 127.75% 2.190
0.8 89.96® 64.90 58.39 128.79° 2210

SEM 0.32 0.29 0.16 0.22 0.006
P value 0.02 0.16 0.23 0.05 0.710

"7 Value with the same letters in the row are significantly different at 5% level.

v X]= Y&E Table 5
AT 5EEEAE 04%, 0.6% 2 0.8%
FATAA 2T 2 02%Fd T} HlmAlo] fejFoz
2718k 2™ (P<0.05), £3] 0.6% HoIT-olA 3.75 kg/em’ 2
th 2791 3.34 kg/em®ol] H]EFo] 0.41 kg/em®] @A 3 2}o]
7} ER1E AT A= EEEAE 0.67 0.8% H7F
ATl ThE A2l Tol| Hste] oA oz st ThP<
0.05). Fl 19} SHUE E3dEA HIbETo] Skt
we} =4 Yehuges AE8S 2oH, 063 0.8% HtEe
oAl 2 Azl vlste] A3 57 THP<0.05).
Fendri et al.(2012)& AHHA] Atso 14t BE4 1.0% #

Table 5. Effect of feeding SCM on egg quality at 65 weeks of

age

Treatment .Shell S hell Albl.lmen Haugh
%) breaking strength thickness height unit

(kg/em’) (mm) (mm)

0 3.34° 0.307° 7.97° 86.80°

0.2 3.50® 0.306° 8.23% 88.95%

0.4 3.63° 0.309° 825%  88.51%

0.6 3.75° 0.323% 8.82%  91.70®
0.8 3.71° 0.328* 9.10° 93.86"
SEM 0.04 0.002 0.10 0.58
P value 0.02 <0.01 <0.01 <0.01

7 Value with the same letters in the row are significantly di-
fferent at 5% level.

7Rl A il vt A vERs o n, H7keEe] S7F
ug} G =) Srbek Tk ST Mizrak et al.(2014)
2 Si09F MgO $419] BEZ 153 3% H7kpsold A4
T7b = veRgton, shzteke] WA vlgo] Yolxltta st
ATE Yenice et al.(2015)% T4t FEZ 1.0% Fol oA
Aol dzto] QA ATk ST o83t o] o] A
HuEs AR AlRo FEEE A 49 EE49ER
= 74 0.6~0.8% H7F FolTellAl Al FHo] A
B AT Aol B FEA dA8kch

i
A
fr

3. =k XA

TAE BEgEAe] Fo7t Al G| Ak mlx|
= 92 Table 69 YERAATLE. 8 U X w4k Linoleic
acid(C18:1 n-9), Palmitic acid(C16:0), Linoleic acid(C18:2 n-
6) ¥ Stearic acid(C18:0) =02 ko] 7HAdhe= 7o
t}. Stearic acid(C18:0)2} Arachidonic acid(C20:4 n-6)+= 0.8
% A7l A e} Hlmste] feld o g STkt P<
0.05). ¥bHS] Linoleic acid(C18:1 n-9)¢} a-Linolenic acid
(C18:3 n-3)= 0.8% oI 7-ollAl 22t 38.08%2F 0.05%= HA]
3] AABtATHP<0.05). ©]of whet B BRI HMUFA)
I G5B ZA UEFA(PUFA)S ZE2 2] 71 Fofd5ol
uhel fo)A o7 748 3(P<0.05), AA| B3| 3t
2 0.8% T TN 60.68% 2 TR 64.29%9} H]
slo] BAA o R 7HAastATHP<0.05). 121 P& d3ke] UFA/
SFAE 0.8% Tl oA 1.54% t27-2] 1.80°] H]3l] &
AZ 2ol & KB om(P<0.05) E3pA| WAL Frake Batas
Aol FogEe] T wet Frlkehe AEe Bthr<
0.05). ©]F 9] AFHTAA Son(2005)S Si0, T4 FE
A R 7 golAldd] G&AE gkl A 2te] 7 ¢l
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Table 6. Effect of feeding SCM on fatty acid composition of egg yolk in laying hens at 65 weeks of age

TN g cigo 191 cigo OIS CIS2 CISS G008 G0y g pa) et U
0 039 2593 277 939 4355 1435 0.10° 030 299 023 46.62° 17.67° 6429° 3571° 1.80°
0.2 036 2686 286 1045 4068 1440 0.11* 027° 3.66° 035 43.81° 18.52" 6233° 37.67° 1.65°
0.4 040 2728 3.03 10.15™ 4024° 1478 0.14* 029 343" 026 43.56° 18.61™ 62.17° 37.83® 1.66°
0.6 037 2736 272 1092° 3933 1483 0.07° 027° 383" 031  4231™ 19.04 61.35° 38.65® 1.59™
0.8 034 2717 235 11.80° 38.08° 1482 0.05 026" 455 058 4068 20.00" 60.68° 39.32° 1.54°
SEM 001 019 008 017 038 024 001 001 011 005 040 024 029 029 0.02

Pvalue 011 011 007 <001 <001 094 001 003 <00l 021 <001 004 <001 <001 <0.01

#7¢ Value with the

same letters in the row are significantly different at 5% level.

D Monounsaturated fatty acid, ? Polyunsaturated fatty acid, ® Unsaturated fatty acid, ¥ Saturated fatty acid.

ATk SFAAI T Fendri et al.(2012)2 2HetAldl| 42k 3=
2% ol Al s 2R Fhego] vrolxl o, MUFA
<} PUFARES S7HEAThaL sl B8k H3g=dol
A Z749] zpol 2 Qlste] AW A hAbe Alge] A
gl = JFE ke AFEI(Van, 1997)% UATH
olfg A AFHI= & AFATe} FEA o8 A=
AeE Belet, olgld e wod FEHEY TR, '
o] Fol whet A thAbe Ao thEA S wR h
o] 7]91gH(Pond et al., 1988; Hagedorn et al., 1990; Kovar
et al., 1990).

4. 452, SAHE, 2FEL2L, AST, ALT,
2 SR

T FEHEL] Fort akeAle] 4 A3l rlAE 9
g2 Table 79 YERNQITE d5Nlz e 2H &S B33
=49 Ayl W Aol 7t vEhA] AR 759
25 FE49] 0.8% H7HH279.55 mg/dL)olA] th27+257.33
mg/dL) 2 02% H7F1(249.24 mg/dL)S$}t ¥lwsle] BA14
© 72 =7 YEPSTHP<0.05). ASTE E33E2e] ks
o] Z7Fglel wheh A Yehds 43S BRI A el 11t
o] BAA Aol= FRISA] ki, ALT, HDL-Z 2H| &,
“ AT X273t A Aol= Th FEAEE 0.6~
0.8% A7} £l A 2,294~2,358 mg/dLEA] 0~0.4% H7}
A 2,779~3,037 mg/dLol] H]Ete] ZHayE ¢S B
AR A 2] P2 BAA 2ol glieh o) AR Lot-
follahian et al.(2004)3} Safaeikatouli et al.(2011)°] T4t <]

Table 7. Effect of feeding SCM on blood composition of laying hens at 65 weeks of age

Treatment ALB" CHOL? Glucose AST? ALTY HDLY Protein TG®

(%) (gdL) (mg/dL) (mg/dL) (IU/L) (IUL) (mg/dL) (gdL) (mg/dL)

0 2.14 177.20 257.33¢ 161.58 -0.77 15.01 6.31 2,808.00

0.2 2.07 169.77 249.24° 166.57 0.33 16.93 6.32 2,779.00
0.4 221 193.52 258.82™ 174.80 0.85 17.97 6.78 3,037.00
0.6 2.08 206.97 270.69° 187.34 0.46 13.76 6.27 2,358.00
0.8 2.06 180.95 279.55° 194.54 0.69 13.60 6.28 2,294.00
SEM 0.02 545 2.54 4.96 0.20 0.72 0.08 115.62
P value 0.12 0.21 0.01 0.18 0.07 0.21 0.22 0.14

*7¢ Value with the same letters in the row are significantly different at 5% level.
D" Albumin, ? Cholesterol, ® Aspartate amino transferase, ¥ Alanine amino transaminase, > High density lipoprotein cholesterol, ® Trigly-

cerides.
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Fig. 1. Effect of feeding SCM on bone mineral density of la-
ying hens at 65 weeks of age.
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in blood of laying hens at 65 weeks of age.
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