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ABSTRACT

This study was conducted to evaluate effects of biotite powder on growth performance, changes in blood
immune and stress related parameters, and fecal malodor gas emission in growing pigs. 96 pigs[(Landrace
x Yorkshire) x Duroc, average initial body weight of 29.45+1.35kg] were used in 42d growth trial. Dietary
treatments included CON(Basal diet), Solt2(Basal diet+ Biotite 0.2%), Solt4(Basal diet + Biotite 0.4%) and
Solt6(Basal diet + Biotite 0.6%). The pigs were assigned to each treatment based on body weight and each
treatment had 6 replicates of 4 pigs per pen in a randomized complete block design. Nitrogen digestibility
was significantly higher in Solt4 treatment group than in CON and Solt2 treatment groups(Linear effect =
0.016). Gross energy in Solt4 and Solt6 treatment groups was higher than in CON treatment group(Linear
effect = 0.008, Quadratic effect =0.019). There were no significant differences in blood immunological(RBC,
WBC, Lymphocyte and 1gG) and stress related parameters(cortisol, epinephrine and norepinephrine) among
treatment groups. At day 5 and day 10, hydrogen sulfide was reduced in Solt treatment groups compared
to CON treatment group(day 5, Linear effect=0.009, Quadratic effect=0.037; day 10, Linear effect=
0.009). At day 5, acetic acid was significantly reduced in Solt treatments compared to CON treatment
group(Linear effect <0.001, Quadratic effect <0.001). At day 15, acetic acid was significantly decreased in
CON and Solt6 treatment groups compared to Solt2 and Solt4 treatment groups(Quadratic effect= 0.023).
At day 5 and day 10, Solt treatment groups showed decreased total mercaptans compared to CON treatment
group(day 5, Linear effect=0.029, Quadratic effect=0.037; day 10, Linear effect=0.029). For the whole
experimental period, ammonia was significantly reduced in Solt2 and Solt4 treatment groups compared to
CON and Solt6 treatment groups(day 5, Quadratic effect =0.038; day 10, Quadratic effect =0.045; day 15,
Quadratic effect =0.038). In conclusion, biotite decreased fecal malodor gas emission in growing pigs.

(Key words : Biotite, Growth performance, Changes in blood immune, Stress related parameters, Fecal
malodor gas emission, Growing pigs)
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Table 1. Composition of experimental diets
(as-fed basal)

Ingredients %
Corn 55.18
Soybean meal 33.43
Molasses 2.50
Animal fat 5.33
Difluorinated phosphate 1.93
Limestone 0.78
L-lysine-HCI 0.17
Trace mineral premix” 0.10
Vitamin premix® 0.20
Salt 0.20
DL-methionine 0.03
Choline chloride 0.03
Biotite” 0

Chemical composition®

ME, kcal/kg 3,360
Crude protein (%) 20.00
Lysine (%) 1.30
Calcium (%) 0.90
Phosphorus (%) 0.80

Y provided per kg of complete diet: 50 mg Mn, 70
mg Zn, 70 mg Fe, 54 mg Cu, 0.5mg I, 0.5 mg
Co and 0.3 mg Se.

2 Provided per kg of complete diet: 13,000 IU
vitamin A, 1,900 IU vitamin Ds, 54 IU vitamin E,
4.0 mg vitamin Ks, 7.2 mg vitamin B;, 2.6 mg
vitamin Bg, 30 mg pantothenic acid, 52 mg niacin
and 0.1 mg biotic.

% Abbreviated CON, basal diet: Solt2, 0.2% biotite
complex replaced in 0.2% corn; Solt4, 0.4% biotite
complex replaced in 0.4 % corn; Solt6, 0.6% biotite
replaced in 0.6% corn.

“ Calculated values.
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Table 2. Effect of dietary biotite powder on growth performance in growing pigs

Items CONY Solt2? Solt4” Solt6” SE? _ Pvalue® _
Linear Quadratic
Initial BW, kg 29.40 29.40 29.55 29.45 0.09 0.470 0.533
Final BW, kg 52.40 52.04 51.83 49.99 1.53 0.285 0.631
ADG, kg 0.605 0.596 0.586 0.541 0.04 0.256 0.673
ADFI, kg 1.615 1.529 1.570 1505  0.04 0.181 0.766
GIF 0.374 0.387 0.375 0.359 0.02 0.620 0.558

Y Abbreviated CON, basal diet ; Solt2, 0.2% biotite complex replaced in 0.2% corn; Solt4, 0.4% biotite complex
replaced in 0.4 % corn; Solt6, 0.6% biotite replaced in 0.6% corn.

2 Pooled standard error.

9 Refers to the P-value of the corresponding effect of dose of the biotite.
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Table 3. Effects of dietary biotite powder on apparent digestibility in growing pigs

Item CON"”  solt2?  Solt4”  Solte”  SE? : P-velue” :
Linear Quadratic
DM, % 79.01 78.48 78.99 79.65 0.34 0.128 0.098
N, % 80.21°  80.13° 8213  81.39® 049 0.016 0.510
GE, keal/kg 80.19°  81.08"  81.92°  81.23° 0.31 0.008 0.019

Y Abbreviated CON, basal diet ; Solt2, 0.2% biotite complex replaced in 0.2% corn; Solt4, 0.4% biotite complex
replaced in 0.4 % corn; Solt6, 0.6% biotite replaced in 0.6% corn.

2 pooled standard error.

% Refers to the P-value of the corresponding effect of dose of the biotite.
® Means in the same row with difference superscripts differ(P<0.05).
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Table 4. Effects of dietary biotite powder on blood immunological parameters in growing
pigs

P-value®

Item CON" Solt2"” Solta” Solt6” SE? . .
Linear Quadratic

RBC, x10%ut

Initial 6.92 7.02 6.48 6.72 0.19 0.219 0.733

Final 7.46 7.24 0.75 6.94 0.22 0.100 0.808

Difference 0.54 0.22 0.56 0.22 0.21 0.527 0.951
WBC, x10%/ul

Initial 14.03 13.74 13.63 14.19 0.86 0.920 0.630

Final 22.16 16.81 15.56 16.44 3.07 0.200 0.327

Difference 8.14 3.07 1.92 2.25 3.01 0.182 0.385
Lymphocyte, %

Initial 59.55 51.88 59.17 56.60 3.99 0.931 0.533

Final 56.42 58.37 57.97 52.83 2.78 0.385 0.223

Difference —3.13 6.48 -1.20 —-3.77 5.61 0.708 0.295
1gG, mg/dL

Initial 330.17 362.17 333.67 293.67 20.35 0.150 0.097

Final 768.50 672.00 830.33 748.00 36.75 0.564 0.849

Difference 438.33 309.83 496.67 454.33 43.08 0.242 0.333

Y Abbreviated CON, basal diet ; Solt2, 0.2% biotite complex replaced in 0.2% corn; Solt4, 0.4% biotite complex
replaced in 0.4 % corn; Solt6, 0.6% biotite replaced in 0.6% corn.

2 pooled standard error.

¥ Refers to the P-value of the corresponding effect of dose of the biotite.

Table 5. Effects of dietary biotite powder on blood stress hormone concentration in growing
pigs

P-value®

Item CON”  solt2”  Solt4”  Solt6”  SE? . .
Linear  Quadratic

Cortisol, ug/dL

Initial 3.18 3.90 2.58 3.70 0.66  0.938 0.766

Final 2.75 3.03 2.67 1.93 055  0.274 0.374

Difference —0.43 —0.87 0.08 —1.77 082 0421 0.404
Epinephrine, pg/mL

Initial 53.85 54.67 62.73 66.25 954  0.305 0.889

Final 56.77 49.27 38.88 44.07 1402 0104 0.262

Difference 2.92 —540 —23.85 —2218 16.09  0.051 0.366
Norepinephrine, pg/mL

Initial 288.62 347.22 307.23  263.77 70.79  0.722 0.482

Final 673.17 40192  405.88 32197 15298  0.145 0.549

Difference 384.55 54.70 98.65 58.20 156.92  0.202 0.371

Y Abbreviated CON, basal diet ; Solt2, 0.2% biotite complex replaced in 0.2% corn; Solt4, 0.4% biotite complex
replaced in 0.4 % corn; Solt6, 0.6% biotite replaced in 0.6% corn.

2 pooled standard error.

9 Refers to the P-value of the corresponding effect of dose of the biotite

® Means in the same row with difference superscripts differ(P<0.05).
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Table 6. Effects of dietary biotite powder on fecal malodor gas emissions in growing pigs

Item, ppm CONY  Solt?? Soltd’  Sole?  SE? P-value”
Linear Quadratic
H,S
day 5 750°  0.00° 000" 0.0 153 0.009 0.037
day 10 0.50°  0.00° 0.00° 0.00 0.10 0.009 0.067
day 15 5.00 200 211 2.95 2,50 0.213 0.343
Acetic acid
day 5 075  0.00° 0.00° 0.00 0.05 <0.001 <0.001
day 10 050 025 038 013 0.26 0.412 1.000
day 15 0.00° 275% 225  0.00" 0.91 0.905 0.023
Mercaptan
day 5 1.85* 015" 025" 038 0.37 0.029 0.037
day 10 400° 113" 105"  1.00° 0.78 0.029 0.104
day 15 4.00 1.33 1.93 1.90 0.67 0.090 0.080
Ammonia
day 5 250° 150 150°  3.50° 0.62 0.304 0.038
day 10 1.00°  050° 050° 163 0.35 0.261 0.045
day 15 250°  150° 1.50° 350° 061 0.304 0.038

Y Abbreviated CON, basal diet ; Solt2, 0.2% biotite complex replaced in 0.2% corn; Solt4, 0.4% biotite complex
replaced in 0.4 % corn; Solt6, 0.6% biotite replaced in 0.6% corn.

2 pooled standard error.

% Refers to the P-value of the corresponding effect of dose of the biotite

® Means in the same row with difference superscripts differ(P<0.05).

—327—



Jang et al. ; Biotite for Growing Pig

Quadratic effect = 0.037; day 10, Linear effect =
0.029). day 1504+ A3t oAU Ao
= UEh A 9t

R Yo Ammonia)= day 5, day 10 2 day
1590141 Solt22} Solt4 *]2]-7} CONZ} Solt6 =]
gt Hla] FejHoR FAsHgitHday 5,
Quadratic effect =0.038; day 10, Quadratic effect
=0.045; day 15, Quadratic effect=0.038). ¥ &
(2003)2] AGolA HFE] AZvbE SR
wolAl EWl Yol ks ghko]l dixTtd
H3f 62~64% A% FHAIUla H kgl om,
o] F(2003)¢] Aol A A=2rbE &
oA 2 Il Ak w7 #5914
o= ZFagal skqltt gk 5(1975)9] Aol
M Ak BEA(zeolite)o] H7E S
TR o e AsHES AT §f
9 om Watanabe 5(1971)¢] ATFolAM = 14F

o|N

o FEde] FA oFF A '3t vehit
= Bt itk wEbA, 2 ARl E
ofF =do] vzl Hlsl Solt 7} A2 +7F
FrolAow Fadte] SR FolAl B o
B froAl JS vERson, ofEA

day 103} 2}3}522a9b wgtel day 15014 <]
A1 zfolE YERA] kAR CON A 2] -]

ne ke A% ehle] S B 3
AR Sk @ dael 93 vAs
Aoz AR

e, SYE Fem 2w Folx 47
B3} F15Q1 Aolvh QA A4l A3t
2 uge W dYs astgol dei Hem
wore) Aaph e aisteh ST, B
Folrke FF 2ol FeHoR IS v)A

Ao ey,

V. Ab A

B oATE BAY EreAgle A9
o o8] o]Folzl Zlolu, olo] A=

kO

OF
=

V.

v AT

rr

5
=

T g FA=el A

M

L

Mo

Wb, welpa dastd A x, 94 ) 2Eq
2w D B ks el wAe 9%
< TrEetaAt AAsIIth A3 & [(Landrace
x Yorkshire) x Duroc] 3¢) n3E SAE 9655
SAlEA e, AlE JiAIAle] AlFS 2945+
1.35kgo @ AFFAIES 4297 AAIEGITE Al
AN FAES EWY 454 1) CON
(Basal diet), 2) Solt2(Basal diet + Solto-B 0.2%),
3) Solt4(Basal diet + Solto-B 0.4%) = 4) Solté
(Basal diet + Solto-B 0.6%)% 4727 2z} 6
= b qleaiA] shgith A AshEol
A& solt4 *2]5-7F CON} solt2 2]l H]
d freldoz =4 YeR ATt (Linear effect =
0.016). & oluxell A= Solt42} Solte = 2] 7+
CON Azl mla] frolao=m A Yehl
TH(Linear effect =0.008, Quadratic effect =0.019).
W B ~Eg 2 e A G A= ARt
o] o7} ATt #algAi= 5 day9l 10 day
oA thztell wlsl Solt A7t freHom
2 SIS day, Linear effect = 0.009,
Quadractic effect =0.037; 10 day, Linear effect =
0.009). ©MAEAFE= 5 dayollA thzTroll nE)
Solt A&7} Freld o 7AE &k tHLinear
effect <0.001, Quadractic effect < 0.001). 15 day
ol X% CONZ} Solt6 x&]77} Solt2<} Solt4
drel  wlE feldew skt
(Quadractic effect =0.023). X%k 5 day<} 10
dayollA] CON =]2]=*ell Hlal Solt 2|77} fr
o7 ZAE S5 day, Linear effec=
0.029, Quadractic effect =0.037; 10 day, Linear
effect =0.029). Y=Y o}+= 5 day, 10 day 2 15
dayoll 4] Solt29} Solt4 = 2]+7} CONI} Solt6
Aol Hlel el o® AT day,
Quadractic effect =0.038; 10day, Quadractic effect
= 0.045; 15day, Quadractic effect = 0.038). A&
Ho g, FAEY SR T woAl Fu

7k el folHel 1ag e

EdEnS=+

V.2l & = ¢

1. AOAC. 1995. Official Method of Analysis. 16th
Edition. Association of Official Analytical Chemists,

—328—



Jang et al. ; Biotite for Growing Pig

Washington, D. C., US.A.
. Amon, M. M., Dobeic, R. W, Sneath, V. R,
Phillips, T. H., Misselbrook and Pain, B. F. 1997.
A farm-scale study on the use of clinoptilolite
zeolite and de-odorase for reducing odour and
ammonia emissions from broiler houses. Biores.
Tec. 61:229-237.

. Chen, Y. J, Kwon, O. S, Min, B. J.,, Shon, K.
S., Cho, J. H. and Kim, I. H. 2005. The effects
of dietary Biotite V supplementation on growth
performance, nutrients digestibility and fecal
noxious gas content in finishing pigs. Asian-Aust.
J. Anim. Sci. 18:1147-1152.

. Coffey, M. T. and Pilkington, D. W. 1989. Effect
of feeding zeolite-A on the performance and
carcass quality of swine. J. Anim. Sci. 67
(Suppl.2):36(Abstr.).

D. C. 1975. Effect

incidence and Severity scouring and

. England, of zeolite on
level of
performance of pigs during suckling and early
postweaning. Rep. 17th Swine Day, Spec. Rep.
447, Agr. Exp. Sta., Oregon State Univ., 30-33.

. Hagedorn, T. K., Ingram. D. R., Kovar, S. J,
Achee, V. N., Barnes, D. G. and Laurent, S. M.
1990. Influence of sodium zeolite-A on perfor-

mance, bone condition and liver lipid content of

white leghorn hens. Poult. Sci. 69 (Suppl. 1):
169(Abstr).

. Harms, R. H. and Darmron, R. H. 1973. The
influence of various dietary follers on the

utilization of energy by poultry. Poult. Sci. 52:
2034.

. Herman, J. P., Figueiredo, H., Mueller, N. K,
Ulrich-Lai, Y., Ostrander, M. M., Choi, D. C.
and Cullinan, W. E. 2003. Central mechanisms of
stress integration: hierarchial circuity controlling
hypothalamuo-pituitary-adrenocortical - responsiveness.
Frontiers in Neuroendocrinology 24:151-180.
Kobayashi, M., Fukumoto, T.,
Pollard, R. B. and Suzuki, F.

2-Carboxyethylgermanium

. lkemoto, K,
Morimatsu, M.,
1996.
synthetic

sesquioxide, a

prganogermanium compound, as an

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

-329—

inducer of contrasuppressor T cells. Experientia.
52, 159-166.

Kovar, S. J., Ingram, D. R., Hagedom, T. K,
Achee, V. N., Barnes, D. G. and Laurent, S. M.
1990. performance as influenced by
sodium zeolite A. Poult. Sci. 69(Suppl. 1): 174
(Abstr).

Lee, W. B., Kim, I. H., Hong, J. W., Kwon, O.
S., Min, B. J, Shon, K. S. and Jung, Y. K.
2003. Effects of feeding levels and particle size

Broiler

of germanium biotite on pig performance. J.
Anim. Sci & Technol(Kor.). 45:787-796.
Mumpton, F. A. and Fishman, P. H. 1977. The
application of natural zeolites in animal science. J.
Anim. Sci. 45:1188.

Nishimura, T. 1973. Properties and Utilization of
zeolote. J. Clay Sic. Japan. 13:23.

Peterson, R. G. 1985. Design and analysis of
experiments. Marcel dekkor. New Yolk.

Pond, W. G., Yen, J. T. and Varel, V. H. 1988.
Response of growing swine to dietary copper and
clinoptilolite Nutr.
37:795.

Xia, M. S, Hu, C. H. and Xu, Z. R. 2004.
Effects of

growth performance, digestive enzyme activities,

supplementation. Rep. Int.

copper-bearing  montmorillonite  on

and intestinal microflora and morphology of male
broilers. Poult. Sci. 83:1868-1875.

Watanabe, S., Yanaka, Y. and Juroda, A. 1971.
Report on the experimental use of zeolite tuff as
dirtary supplement for cattle. Rep. Okayama
Prefecture Feder. Agr. Coop. Ass. April. pp.18.
ARAA, oo, FH4, 2= 20000 FEAR
(Mite) Z7F Fol7k HSEe] S48 mAE= 9
gk 3R EAk2] 358} 3] %], 20(2):152-158.
p

A7, Az, FES, THE, H3d, 4358,

2001. siAol Qo A el WAtEE e 7t
ek gl £ vAEe] Wl vAe 4
o gk4=2] 85] 7). 41(1):37-42

Ao, ARNE, 5%, oldd, AAd, WHE,
ol = 2003 o fAHE, FAE H W
<ol ol Az SR 5o g3 s



Jang et al. ; Biotite for Growing Pig

B2 783 %], 45:355-368. =
AIBALAEE 1976. AR Y 3. 25 %9

y W -1, = 1, 7077 ,

S, X, 2dE, $Rlaf. 2000, AFEF Al olg7], WL 2000 HEFEHE HIPt dhg-
T A E%(Scoria)o] A sl T Foxe] W& W A7) se HAE ¥ FE
A= 43 s EAA S]], 42(4):467-476. 2+ 7}8+3) 4. 42(6):871.

L2 1986 R R EAURRRVE HH 9 26. 3A4F, FFIf, AES. 1975, Zeoliteo] AlES}
43 Fodel wX= Gk Aozt At of #& AT, 1. ST e Zeolite HolE
SHl = gol] ¥ A FFHAakers] A, 17(5):595-599.

A, A, 55, A, MHE, E4%, (HFY9Ar:2008. 1. 24. / YA 2008. 5. 12/
g9, 2003, Al Qo] Al2whE SR A& A=} : 2008. 5. 27)
7L A g A mA= 4F St

—330—



