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ABSTRACT

Two experiments were conducted to determine the effects of supplementing different levels of kaolin (Exp. 1) and effects of
age of layers and levels of kaolin (Exp. 2) on the performance, egg and shell quality parameters of laying hens. In Exp.l, 64
laying hens of 58 wks age were randomly allotted to 4 treatments of 16 hens in each. Dietary treatments were basal diet

supplemented with 0.0, 0.2, 0.4 and 0.6% kaolin. In Exp. 2 96

laying hens were divided into 6 groups of 16 hens each in a 2 x

3 factorial arrangement (two different ages, 30 and 58 wk and three levels of kaolin, 0.0, 0.2 and 0.4%). In both the experiment
there were linear decreases in feed intake (P<0.001), improvement in FCR (P<0.05), and egg production (P<0.05), with increasing
dietary kolin level. Supplementation of kaolin had no effect on the egg and shell quality parameters in both experiments. Thus, it
is concluded that kaolin may improve performance, and 0.2% level showed the best laying performance.

(Key words : Kaolin, Laying hens, Egg production, Egg quality)

M 1=
SAHE (ligneous clay)™ Aol F3pAHEORE EajEdA Tt
A¢FEH Fo] Agste] o] Foxl FEZEHolth HAHE]
= HIEYO]E (bentonite), IHE (kaolin), X]2.2}°]E (zeolite)
ol dom 3ot AL HAFT] HlaE = 544 A
ol spehikg sEe qlal AL gz B84l Ao] B4t
= *} | &% A7k Ae A AdeE

3SR (Harms and Damron, 1973; Kurnick and
Reed, 1960), $A4ET} HSE Al HArleld 433 AlRE
Fo] MAE A7 Fobd AW BAEY AXREo] A
v B uE Y (Torii, 1977). E%l 4 §A Algel Hrlst
W AR EHTL Qlo] FFAIRS] YRE AT  glom(Lee,
1975), 3% F7M SAF} e ol &&o] MAEH & FO
T R At HuEIY (Chung et al, 1978; Ha et
al., 2001).

I E (kaolin)= A
T (kaolinite group) FEZ T4

(OH)s01™ A< ?H*-‘LF/MOlE«l AT 17H91 Si4sO10 A

HAEH 1719 ALO4OH), ZHATOR ?L”Q‘ﬂ A
B YRR Uox Sl N )
FolAx glon] THES JZAR 42% WHGOA AR

iAol =) 7} ~7}E]ML (Sibbald et al., 1961), SAAIZA] 2.5~
8.0% F7Fshd ouA B &o] F7heo] AHET}F whA| g 1.5~2.0
kcal?] UAE Ad F3} 22 AFAE B gt} (Qusterhout
et al., 1967). T3t Holzlo| Al 6%2] kaolin ALEE F43lH oF
6% AtREE AR} dvke A7AH7E Lo (Matterson
et al., 1972) *PEHJH o i3k AdoA= kaoling 2.5%, 5.0% 3
7V AleE S W Akghgo] FrleRlar dtolu v
zto] 7} UrEWrX] A 1g H7E Al wiEE T FETE]
0.7%% Zo 59tk ¥ 13l9]t} (Spandorf et al., 1972).
b 2 @?ql*t THE (kaolin)®] 1 Fol7} A7 ]
A A F40] mAE QI sl 2ARE #uk ohe} F
ol whe A7 a3t 2 Az ael tajr e 2Aketaat AAstl
om, A 7154 ARHTHEAMY THAE st 1HE
gAY ) B AlEAd e A 9 o] ks S FAket

7] Slete] AAlskiTh

L
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Table 1. Formula and chemical compositions of the basal diets for laying hens (Exp. 1 and 2)

Item Kaolin, %
0 0.2 04 0.6
Ingredients (%)
Yellow Corn 59.55 59.35 59.15 58.95
Soybean meal (44%) 23.55 23.55 23.55 23.55
Wheat bran 6.87 6.87 6.87 6.87
DCP 1.75 1.75 1.75 1.75
Limestone 7.65 7.65 7.65 7.65
prL-Methionine (50%) 0.04 0.04 0.04 0.04
L-Lysine (78%) 0.05 0.05 0.05 0.05
Salt 0.30 0.30 0.30 0.30
Mineral premix 0.14 0.14 0.14 0.14
Vitamin premix ” 0.10 0.10 0.10 0.10
Kaolin - 0.20 0.40 0.60
Total 100 100 100 100
Chemical composition, %
ME (kcal/kg) 2,650 2,643 2,636 2,629
CpP 16.50 16.50 16.50 16.50
Ca 3.38 3.38 3.38 3.38
Avail. P 0.45 0.45 0.45 0.45
Lysine 0.87 0.87 0.87 0.87
Methionine 0.29 0.29 0.29 0.29
Met + Cys 0.57 0.57 0.57 0.57

D Supplied per kg diet: 56 mg Fe, 0.07 mg Co, 56 mg Cu, 84 mg Mn, 70 mg Zn, 1.4mg I, 0.2 mg Se.
? Vitamin premix per kg diet: 9000 IU Vit A, 1800IU Vit D, 301U Vit E, 1 mg Vit Ks, 1 mg Vit By, 10mg Vit B,, 4mg Vit B,
0.02 mg Vit Bj,, 12 mg pantothenic acid, 30 mg niacin, 0.2 mg biotin, 0.5 mg folic acid.
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AAISHAT G2 (eggshell strength)9} HH77 (eggshell
thickness), ?3H=0] (yolk height) ¥ W¥130] (albumin height)
Texture Test Systems (T2100C, Food Technology Co.,
USA)9} Dial Pipe Guage (Model 7360, Mitutoyo Co.,
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yolk color)E= Yolk Color Fan (Roche Co., Switzerland)S ©]¢
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17 29 EEAZE SAS(1990)9] General Linear Model

ProcedureE ©]&sto] MRS AA SN, A 12 THES]

N

RIS
1. &2hg, HHE 2 AIRME = o|xl= IF

o

HE 04%9 A 4& 90.11%% hZET9
88.89%¢°l Hlslo] Thi : e o Ao o]
el Aol AAHA| kgl w3 A A7z Fof Hit ¢
A TRE FoHQl Zfol7h YAl 34T (p>0.05). LEfv
AEAFFe AR aHEAITE dizTl Hlste] H%la
(linear, p=0.001; quadratic, p=0.001) AlE2T&% AHE
7H7E Wizl Hlste] s Alew UEt (linear, p=
0.006; quadratic, p=0.004).

oy
il

29 2004 FEo] MR o2 A (307 58F%) ] AbE]
HES 0, 02, 9 04% F5o2 371k F9319S o #
71 TR A o9 A ARkg, 3F 3 99Ak
Hgol mA= gl diet 475 Table 3o Yepdlch Ateg
LHE J7H7F TR vlgte] #9kom (level effect, p=
0.040), 53] 0.2% H7FH7F b AgTur =& AES vE
Witk E3 3053 A= 585 Ao wjsle] Abggol
453 =2 Ao® Yt} (age effect, p=0.001). F5- 58F
B AREAZE 3057 ARl vlste] frejHow FAA v
U (age effect, p=0.006) #7}rel me WMok UepdA] 29
o} (p>0.05). AFRAIFHES 3057% AteA7E 585 AlebAol nlst

N

c

kil
fo mx > K

o] 953 =9%o (age effect, p=0.001), A7}l w}S M3}
T % AM (level effect, p=0.001) FHE, =3 W37} v

A YERIT (interaction effect, p=0.001). W2k AR QT-&
oA T 2 AolE UeiTd, THE H7E 7l
vt} Fglo] /A0 (level effect, p=0.006) 5853 Ateh
AAE 04% Z7HIA 7 Bol =T, 305% A

M= 0.2% H7FrollA 71 Bol A= ek ek 3
d AELTEE Aot SIAR(p>0.05) F=E HFRIL

Folte] R o] AeAgavtel 9= VY (interaction

effect, p=0.001).

499 A% Auge AANHOE TYE P} thETR
o s A vehielnh B8 el A RS ks
of Folshe ARMATE FAAW BES BETS Aot 93
ovf AHoR ARRTEL MK L} e o2 v
Wk 307 Al 5875 AbebAlel] wlste] AlEAiF el W
3 2RHET Yol 94ek Zlo® Ut aHES A =
B e gn 87 B A felel SHEAS FHshe
59 23 ] AR g usn ZEe oR A
5o ssplge] 29 o E= MR Ace A Ao
(Gebesh et al, 1999; Heimann, 1984; Kasi et al., 1995;

wko.
61

Trckova et al., 2004). AT ATANNE THEE Aol A]
o}Z 215 (aflatoxin; Abdel-Wahhab et al., 1999; Phillips,
1999)S WlE3t =4 (enterotoxins; Dominy et al., 2004),
HAA 1S (Hassen et al., 2003), 5% (Katsumata et al.,

2003) ¥ =4 (poison; Knezevich and Tadic, 1994)% 1%t

Table 2. Effects of dietary kaolin supplementation on laying performances and feed intake in laying hens (Exp. 1)

Kaolin, % " p-value”
Item SEM
0 0.2 0.4 0.6 L Q
Egg production, % 88.89 85.83 90.11 85.51 0.89 0.436 0.644
Feed intake, g/day 133 109 114 106 2.75 0.001 0.001
Egg weight, g 62.56 63.94 62.88 60.29 0.83 0.315 0.259
FCR, g/100g egg mass 241 2.00 2.01 2.07 0.05 0.006 0.004

D Standard error of means.
P L: linear; Q: quadratic
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Table 3. Effects of dietary kaolin supplementation on laying performances and feed intake in laying hens (Exp. 2)

30 weeks 58 weeks N p-value”
Items SEM
0% 0.2% 0.4% 0% 0.2% 0.4% A L AXL
Egg production, % 92.03 9444 92.13 74.48 8229 8148 1.65 0.001 0.040  0.185
Feed intake, g/day 126 109 130 117 119 102 2.02 0.001 0.001 0.001
Egg weight, g 5797 58,50 59.16 63.46 62.09 6194 0.71 0.006 0965  0.679
FCR, g/100g egg mass 2.37 1.97 2.39 248 2.35 2.03 0.05 0.471 0.006  0.001
" SEM: Standard error of means.
? A Age, L: Level, AxL: Age x Level.
A PSR BEol g A0 Uekith AAE, SAME  HF 29 A3 IYES] £ Fol UZYES UEAL
o 2.5~8%° IHES F7RIA oA ol&m&o] JdEW  3057E AHAZE 58FE ARl Hlste]  $-ekl o (age
(Ousterhout, 1967) Hole]olAl 6%2 kaolin ALEE Folshd o effect, p=0.001) H7/EdE Aol FAHA FAUTH(evel

6%2] AlRES AXEIL %E}
1972). &gk Akl oigk AelAE kaoling 2.5%, 5.0% #
7hek AlRE Folats o &%gol Z7Y3l5it} (Spandorf et al.,
1972). wghr] £ AFoA Almo7-&3 2kehg AN EAIE YE

HI% It} (Matterson et al.,

AL APES WA A 99T BE0R wEsel
Jops] olgagel AHE Aol % Ao Bud

APAE W AHES g7t dEAS dAFAd nXE 9
of tjgt A7E Table 49} Table 591 UEMITH

AR 19 A¥ aHEY] £ FoE %?—f hazdall
sto] Ae]grgkell fFef ARl Aol & &

5 (yolk weight)= IHE H7FollA F %—f_’r 738
o AXE (haugh unit)e LHE H7F7F 2+
T AEFS Uelou A4
0.05).

o w3tol
Folge LA @it (p>

effect, p>0.05). FHA L (yolk color), 'F&57 (yolk height) 1
3 FEHA(yolk weight) = FHHE f94Ql Aol gllort
(age effect, p=0.025, 0.031 and 0.001) H7krol 9Jgk 2ol
= BEEA 9t} (level effect, p>0 05). o] F7 (albumin
height)™= 58F% AHHAZE 305% AReHAET =A JeRgA|RE
(age effect, p=0.022) XJ7}—|——r°ﬂ ot FAAL FdL e}
A kTl AAE (haugh unit)ollMe 58, THES Wrie#
agla FHE Wyl A ade] ok Ao|rt YA
29T} (p>0.05).

IRHEE T, A, QL YEF ¥ ofdd 22 AEde ¢
o Fojdowz ARE3 = 9] (Abrahams, 1997; Hunter and De
Kleine, 1984; Hunter, 1973; Johns and Duquette, 1991;
Kreulen and Jager, 1984; Vermeer, 1966) 42-%2 /X a3E
708 4 ok AR HEFEY WY FEwEREelE
(clinoptilolite) S AFgAlol Folald (50 g/kg) W2te] Zw=rh QX
Ha AlEagy Ago] EolXIth(Olver, 1997). 3
(zeolite)s S719] Abiel 7kl 5 &Fnlwit ofdld] v

Table 4. Effects of dietary kaolin supplementation on egg and eggshell qualities in laying hens (Exp. 1)

Kaolin, % " p-valuez)
Item SEM
0 0.2 0.4 0.6 L Q

Eggshell strength, % 3.15 2.88 291 2.97 0.11 0.637 0.492
Eggshell weight, g 6.37 6.05 6.15 6.08 0.78 0.286 0.436
Eggshell thickness, mm 34.75 34.88 39.92 35.58 1.21 0.498 0.374
York color 7.25 6.50 7.08 6.56 0.18 0.368 0.751
York height, mm 16.28 16.32 16.12 15.76 0.11 0.107 0.381
York weight, g 14.74 15.90 15.61 15.47 0.23 0.364 0.173
Albumin height, mm 6.11 7.59 6.89 6.60 0.28 0.755 0.129
Albumin weight, g 41.46 41.99 41.12 38.77 0.75 0.212 0.359
Haugh unit 75.04 85.37 81.31 80.26 1.98 0.516 0.169

" Standard error of means.
L linear; Q: quadratic.
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Table 5. Effects of dietary kaolin supplementation on egg and eggshell qualities in laying hens (Exp. 2)

30-weeks 58-weeks " p-value ?

Items SEM

0% 02%  0.4% 0%  02% 04% A L AxL
Eggshell strength, % 350 344 336 264 285 228 0.11 0.001  0.122  0.328
Eggshell weight, g 5.71 5.85 5.83 6.02 620 5.89 0.07 0.095 0.530 0.647
Eggshell thickness, mm 33.83 3429 36.63 31.71  32.83 31.38 0.47 0.001 0347 0.078
York color 5.73 5.75 6.25 6.56  6.63  6.50 0.14 0.025 0.760 0.574
York height, mm 1546 1512 1513 16.45 1625 16.02 0.22 0.031 0.761 0974
York weight, g 1446 1390 14.17 1589 1554 15.85 0.22 0.001  0.525  0.949
Albumin height, mm 6.06 591 7.50 819 685 735 0.24 0.022  0.104 0.085
Albumin weight, g 37.80 39.01 38.14 4155 39.64 40.20 0.72 0.175 0962 0.708
Haugh unit 77.13 7694  87.26 88.82 82.00 83.85 1.40 0.072  0.129  0.051

Y SEM: Standard error of means.
2 A: Age, L: Level, AxL: Age x Level.

7 mobd vizke] Fas 29 g AMsH: A0E vehgrh
(Rabon et al., 1995). L&} £ Ag9] Iz
e EEA skt

Hol NE e e 438 Fol (48 2)7F AdAe AA,
Wz 9 WEAe vxe 9 2AlE] Y AAE]

A8 19ME 5858 Ae & 64542 o&dto] THE 0.0, 0.2,
04 2 0.6% FolT= TR Ay 204 F /A 73

?.
(303} 585 )ﬂ AL Al 714 0
HES 2x3 adiAyor AAlEldck F A9 A¥, 1¥HE
£ Arksto] @Al dolahd AlmA el 4 ak
7 Abghgo] AdEE e #EE & Ak ey HER

Aol sl Aoz s, W 0
4% 7]. A o]—E]—:ﬂ_ -"]’ ?_FE E]'
%Aw WA, AR E S
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