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ABSTRACT

A feeding trial was conducted to evaluate the effect of supplementing MAXIMINERAL(72)®
(MM), a commercial product of Ca, Mg-bentonite, to the broiler diet. One thousand hatched male
broiler chickens(Cobb strain) were randomly assigned to 4 dietary treatments; MM 0% (control),
MM 1%, MM 2%, and MM 2% - tricalciumphosphate (CaP) 0.5%. Each treatment had 5
replicates of 50 birds each. Birds were grown on floor and fed ad ILibitum for 5 wk. Through the
whole period, weight gain and feed intake were not significantly different among treatments.
However, weight gain of MM 2% + CaP 0.5% group was highest and orthogonal contrast showed
that the feed intake during the period of 0~2 wk was significantly(p<0.01) lower in MM
supplemented groups than the control. Feed efficiency (feed /gain) of MM supplemented groups
were significantly better than the control. Feed efficiency of the control was significantly (p<0.
05) higher than MM 1% and MM 2% -+ CaP 0.5% groups but not different from MM 2% group.
Contents of ash, Ca and P of tibia were not significantly different among treatments but that of P
tended to be low in MM 1% and MM 2% groups. There were significant (p<0.01) differences in
plasma alkaline phosphatase (AP) activity among treatments. The highest AP activity was shown
in MM 2% + CaP 0.5% group followed by the control, MM 2% and MM 1% group.

It was concluded that supplemeritation of MM at the level of 1% of broiler diet significantly
improves feed efficiency and adjustment of P level may further improve the performance of the
broiler chickens.
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A Goll A 7)o} 1970:dt) FHEE o] &H 1 Qe
FEAY T AFHAolt}. Bentonite= montmor-
illonitez} 7} ¥+ JEEZE montmorillonite
9] 7|EFZE Rtox(AlLMg):SiOw(OH), - nH0
2 golglth o7l Rty F& Nat, K, Mg,
Ca?* Solth(Merck, 1976). ZAHH itd HEZS
Ae 7|1B2AHo g FAAPEA (silica tetrahedron) <t
2o v A (alumina octahedron) @] o] mx}
A o] 2o)x 9Ed montmorilloniteis GFu|uh
LA o] A7 Mgt (2% Fet*)2 XS
Zlo|t}. Bentonitew dwtdoz 71 #Ao) we} F
I Z e, 2ol A F8 A oL
2 NaZ #8332 9= Na-bentonite(NaB) <} =}
Aol A u#A ol2o =2 Cag T3t e Ca-
bentonite’} U=dl MM2 FAtoll 7171 non-
swelling, low sodium, calcium-magnesium ben-
tonite 2 7| =9] NevadaF2] FrHlA AZ2H & 71
€} (Pigott, 1982). ¥ bentonited} fAE &
oz d8 AMEHT e AHAF zeolited] FF2]
£ CaNayK,(AlO,)6(Si0;) 5 - 24H,O0F bentoniteol]
nlay Sief ghako] Bl Ale] $haFo] 2 ot 34 zeo-
lite] 4% Ethacal?] 3%+ Nawl (AlO,)(Si-
O2)12] + 27TH.02 Na®} Al 2 Si9] ghako] 2t}
(Elliot¢} Edward, Jr., 1991).

ALE 871 24 bentonite(Na Ex= Cadl)E 2.5
% AH8-319H pellete] BEEE Eo]1 (Salmon, 1985)
SAANE] FUro) &S FIANA T (Almquist
5, 1967). {428 Algel NaBE 4.8% F7MA 2.
7%9 71ZALE AEA7 Jen (Hollisterst
Kienholz, 1980) At&AALE A NaBE 2%%F 4%
FENN ZHE diAlEt Hriag o Akgo] {9
BHAl #Sk3L B Rl AR 47 Akt (Oliver,
1989). NaBE vhg4Edo] &3 SAA S d7t
3IRg W AR EE(FA /AR) o) Sk A
AT o|FFEF BERAAME 4P| AU
(Southern %, 1994). Schell 5(1993) < aflatoxin
o] L HH S5 FoJA NaBE 1% H71eba o] ¢}
=9 4&ol A=A Mg?} Nas] 48 A3}
Al71aL serum alkaline phosphatase?] 28 A&
Al#th B3 NaBe] 7o) wod ol 3loiA

HJElR] A9l o]&-8o] X3E Ut} (Briggse}t Fox,
1956; Laughland®} Phillips, 1956). Ohba %
(1986)°] FEALE 0.5% E= 1.0%9 MME 3
71el9S o olf ¥ mES] wyo] wa] o3 Abxl
7t gen 2EL AR FAYI S0 FH4
= $A % AE L] s ). Pigott(1982) ©]
FH, Bx, 5% ¢ ol7E A¥3 vl 25t MM
HAAME 2 v AL 9] 5% ol St

¥ A9-e MMe] H77t §A19] A&, AlEES
5 AT A2 BB, Ca 2 P alm 49 al-
kaline phosphatased] P)X+= 938 AEs}7]) Yst
o A&

A Bk
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Table 1. Composition of MAXIMINERAL(72) ®(Mined, Ground and Screened)*
Silicone Dioxide  59.6 % Rubidium(Rb) 42 ppm Cesium(Cs) 2.1 ppm
Aluminum Oxide 22.9 % Chlorine(Cl) 40 ppm Gadolinium(Gd) 2 ppm
Iron(Fe) 4.7 % Lanthanum(La) 33  ppm Holmium(Ho) 2 ppm
Magnesium(Mg) 25 % Nikel (Ni) 30 ppm Dysprosium(Dy) 1.9 ppm
Sulfur(S) 2.0 % Boron(Bo) 10 ppm Uranium(U) 1.8  ppm
Potassium(K) 2.2 % Neodymium(Nd) 21 ppm Todine(I) 1.7 ppm
Sodium(Na) 1.2 % Praseodyminium(Pr) 20  ppm Selenium(Se) 1.6 ppm
Phosphorus(P) 0.1 % Gallium(Ga) 17  ppm Bromine(Br) 1.4 ppm
Calcium(Ca) 22 % Cadmium{(Ca) 17 ppm Eropium(Eu) 1.1 ppm
Titanium(Ti) 0.5 % Scandium(Sc) 10  ppm Tin(Sn) 1 ppm
Strontium(Sr) 01 % Molybdenum(Mo) 13 ppm Antimony(Sb) 0.8 ppm
Barium(Ba) 969 ppm  Arsenic(As) Trace* Ytterbium(Yb) 0.8 ppm
Copper(Cu) 327 ppm  Chromium(Cr) 8.6 ppm Terbium(Tb) 0.58 ppm
Vanadium(V) 156 ppm Cobalt(Co) 7.8 ppm Tungsten(W) 0.43 ppm
Zirconium(Zr) 144 ppm  Lithium(Li) 15 ppm Gold(Au) Trace*
Manganese(Mn) 119 ppm  Niobium(Nb) 6.3 ppm Silver (Ag) 0.36 ppm
Zinc{Zn) 78 ppm Samarium(Sm) 50 ppm Tantalium(Ta) 0.32 ppm
Fluorine(F) 500 ppm  Thorium(Th) 4.5 ppm Thuliam{Tm) 0.24 ppm
Cerium(Ce) 68 ppm Hafmium{(Hf) 3.7 ppm Lutetium(Lu)  0.20 ppm
Indium(In) 0.13 ppm Rhenium(Re) 0.08 ppm Beryllium(Be) 1.0 ppm
Erbium(Er) 1.0 ppm  Thallium(Ti) 1.0 ppm Bismuth (Bi) 0.1 ppm
Germanium(Ge) Trace* Gadolinium(Gd) Trace* Iridium(Ir) Trace*
Rhodium(Rh) Trace* Palladium(Pd) Trace* Ruthenium(Ru) Trace*
Hydrogen(H) —* Carbon(C) —* Nitrogen(N) —*

1Ohba et al. (1986)
*Detected but no quantitative analysis
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Table 2. Formula and composition of the basal diet

Ingredients, %

Calculated analysis

Corn 57.12
Corn gluten meal 7.00
Soybean meal 27.20
Fish meal (60%) 1.90
Anima] fat 3.00
Ca-phosphate(18%) 1.33
Limestone 1.46
L-lysine-HC1(78%) 0.16
DL-methionine(50%) 0.19
Salt 0.25
Mineral premix! 0.20
Vitamin B complex! 0.15
Vitamin AD;E! 0.04
Total 100.00

ME, kcal /kg 3100
Crude protein, % 22.0
Lysine, % 1.20
Methionine-cystine, % 0.87
Ca, % 0.97
Available P, % 0.44

! Mineral and vitamin supplements provide following amounts of micronutrients per kg of diet: vit. A, 16,000
10; vit. Dy, 3,200 1U; vit, E, 50.4 IU; vit. K3, 7.5 mg; vit. By, 3.0 mg; vit. B, 4.5 mg; vit. B, 7.5 mg:
Ca-pantothenate, 22.5 mg: niacin, 60 mg; vit. By, 0.045 mg; choline-Cl, 500 mg:; biotin 0.11 mg; folacin, 0.63
mg: Mn, 70 mg: Zn, 50 mg; Fe, 80 mg; Cu, 10 mg: I, 0.5 mg; Se, 0.2 mg; Co, 0.4 mg: ethoxyquin, 125 mg.

£ A zTe MM Hrb-E3te] vl as or-
thogonal contrast®, 281 H#X71e] 2ol D-
uncan’s Multiple Range Test(Steel® Torrie,
1980) & g3kt

R AU EE

5519 A AMFAIFA A Dol mEak, FRHE
a2 EEbEEE (AL /Z4) 2 Table 3004 2
uie} Atk SAF AR ] ol Z 22zt
o #Fe8 zel7t giey FAFe MM 2% +
CaP 0.5% 77} 718 =3ta, ExRnnd s 0~252]
ArEA ] lojM MM Hrbrge] tl&Te) H|st
o f95A(P<0.01) HAr} AR E&L 27|t
2] Azt 9% (0~25 P<0.01, 718} 712 P<
0.05) ol& Jehled, 53 iz s MM
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ot 55 271t AR &S floid MM 1%+e
1.442 MM 2% + CaP 0.5%7-9 1.43% #4131
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FI) AR 28U MM 2279 AR 58S 1.46
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line phophatase 28 &3 3 Z 3= Table 4%} 2
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Skch,

MMeo] 23] Q= Ca, Mg-bentonitee] i}y ]
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Table 3. Performances of male broiler chickens fed experimental diets for 5 wks

Treatment
ftem Control ~ MM!1%  MM'2% MM 27" SEM
CaP? 0.5%
Weight gain, g /bird
0~1 wk 63.3 62.1 63.2 63.1 - 1.65
0~2 wk 246.5 242.4 246.7 248.4 4.35
0~3 wk 568.6 558.9 565.7 565.1 7.23
0~4 wk 982.9 975.0 982.4 988.3 10.48
0~5 wk 1448.8 1451.2 1449.9 1496.8 24.91
Feed intake, g /bird
0~1 wk 92.7 84.4 89.0 85.0 3.40
0~2 wk* 355.9 298.3 310.7 295.1 10.37
0~3 wk 775.5 742.9 741.0 728.9 18.89
0~4 wk 1402.9 1359.1 1370.2 1377.8 20.95
0~5 wk 2234.5 2189.0 2207.5 2259.0 37.23
Feed /gain*
0~1 wks 1.47° 1.35° 1.41%° 1.35° 0.03
0~2 wks 1.404 1.278¢ 1.313 1.24¢ 0.02
0~3 wks 1.39* 1.32° 1.32° 1.28° 0.02
0~4 wks 1.42% 1.36° 1.37° 1.35° 0.02
0~5 wks 1.49° 1.44° 1.46%° 1.43° 0.02
Mortality, % 3.6 2.3 2.82 2.4 -
0~5 wks

1 MAXMINERAL(72)®, 2 Tricalciumphosphate,

A~C Means in the same row with same superscripts are not differ (P>0.01).

2b Means in the same row with same superscripts are not differ (P>0.05).
* Feed intake : Control vs MM groups: F=10.39(P<0.01) for 0~2 wks.
= Feed /gain : Control vs MM groups; Differ significantly (P <0.01) at all periods.

of 2 A TA B§ Ro=E Rolw, MM A+
E 7271 B s EgHdRER FFEL
2ZMe] F84o] AE® W UH(Pigott, 1982:
Ohba, 1986). & Age] Aujo] oahd 1 & 2%
MMe] #rhe FA&olu AR AR = 9FE v
A ggroyr AgEge AdstA AMAAHG
Southern 5(1994)0] SAZ AAIF AlgelAE
NaBE 0.5% A7HA tEgEgdo| 2 7ol
Me AEEeLS MY FEAFETY U1
F2d BEpxE dgo] gArh Sellers &
(1980) 0] A SAAIFN M NaB 2.5% EE 5.
0%% 712A1E WPl o A, AR,

AREE SO g Gl giich. Oliver(1989)
7t AEA R AA Al 9shE NaBE A4 2.
0% 3o A 712 g R E dASNNE o A
ANAE, S, ARAHF L £ FEHF F71
B3 Alg Egol /RAE T Al At Zastch

FALFEAELS 7139 FEZA] 9L 7
Xed 289 S(1991) ) Aol o5t AR
A4 zeoliteZ 1.5% H7H8I0S o Pl o]&-&°]
oJstAl ATt ¥ Aol Ao ok A
P9l #e MM 1% MM 2% 7ol e A
& RYT B3 4 AP 2L RolEkA AN
om 8% Pe] 3% MM 2% 7oA f23H 4
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Table 4. Concentration of ash, Ca and P of tibia and alkaline phosphatase activity of plasma of broiler

chicks
Treatments
Item MM?! 2%+
Control MM! 1% MM! 2% CaP? 0.5% SEM
%, fat_free DM teseereesronennornesssrsonscaressnsses
Tibia Ash 50.99 52.36 50.49 51.01 0.34
Tibia Ca 22.07 22.89 21.88 22.82 0.51
Tibia P 12.37 11.40 11.55 12.34 1.18
Alkaline phosphatase 683.348 534.0¢ 576.98¢ 801.7 35.2

! MAXIMINERAL(72)®, 2 Tricalciumphosphate

A~C Means with different superscripts differ significantly (P <0.01).

HRed (Azke] vaEAIE) AikAEe FoleE
o) o] 385U} AU AP F orthophosphoric
monoester phosphorylase(EC 3.1.3.1)¢] #&se
AN A 22T F2 W, I 1L FFoRRE &
isoenzymeE 9] #f00|cH(Garlich, 1974). AP= ¢
Zelgoll #3 9g 7k AlZ %l phosphatidy-
linositol glycanoZ AA@F o i, IgGel olF3}
F9o] 2o Wt Ate] o)Fo Fe-E 3= A
oz 48 A o}, oA Cao] &3 ALRE Fo3)
A 7 AP/t F718hed) ol ol Hahyz 54
d Aol APl 93 Aoz FztgEr), HAkR)
Na-zeolite A(NaZA)E Folad AP&EHo] 743}
3 (Watkins$} Southern, 1991) &% Po| %afo]
FA=E Qo (Watkins®} Southern, 1992). Edwards
(1988) & 714 ©j35l4 zeolite} phytated] F52
22 &A% 3l Cadt 43HA AF3oha phytate
o] thst phytase] Z4-& AAl&A Hu A= oz
Po] o] &g dg2 YT 39w Hussein 5
(1989) # Rossi 5(1990)2 Al3} Po] A5z o &
of Po] o]ggoe] Astdttn sigith. Elliot# Ed-
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Sdle ¥ P} Zgste] B840 Flnz Po| o]4&
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7 Sio] o] Fag 9TE 3 Ao wojd
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3 #Hate Po] IHFES 2d8hd B} ]
I 71l = Y& Aotk
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