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ABSTRACT

Two experiments were conducted to investigate the effect of germanium biotite (GB) on growth
performance, nutrient digestibility and fecal gas emission in pigs. In Exp 1., a total of one hundred
nursery pigs (initial body weight 13.12 + 0.15kg) were used in a 21 d growth assay. The five treatments
were control (CON, basal diet), GB0.5-200 (basal diet + 0.5% GB, 200mesh), GB1.0-200 (basal diet +
1.0% GB, 200mesh), GB0.5-325 (basal diet + 0.5% GB, 325mesh), GB1.0-325 (basal diet + 1.0% GB,
325mesh). Each treatment had four replicates with five pigs per replicate. ADG, ADFI and gain/feed
were not significantly different among the treatments. Fecal NHs-N concentration of pigs fed the GB325
diet was lower than that of pigs fed the GB200 diet (P=0.01). The GB treatments reduced fecal volatile
fatty acids significantly compared to the CON (propionic acid, P=0.01; butyric acid, P=0.01; acetic acid,
P=0.02). Especially, fecal propionic acid concentration of pigs fed the GB325 diets was lower than that
of pigs fed the GB200 diets (P=0.02). In Exp 2., a total of seventy five pigs (initial body weight 21.18
+0.15kg) were used in a 28 d growth assay. The treatments were same as described for Exp. 1. Each
treatment had five replicates with three pigs per replicate. The GB1.0 treatments significantly increased
the ADG compared to the GBO0.5 treatments (P=0.03). The DM and N digestibility of pigs fed the
GB1.0 diets were higher than that for pigs fed the GBO0.5 diets (P=0.01). Also, the Ca digestibility of
pigs fed the GB diets was higher than that for pigs fed the CON diets (P=0.01). The fecal NHs-N
concentrations for the GB treatments were lower than that for the CON (P=0.01). The GB325 treatments
significantly decreased the fecal NHs-N concentration compared to the GB200 treatments (P=0.03). The
fecal butyric acid concentration for the GB325 treatments was lower than that for the GB200 treatment
(P=0.04). In conclusion, the results obtained from these feeding trials suggest that the dietary GB for
nursery pigs affects fecal noxious gas emission. In growing pigs, dietary GB was effective to improve
ADG and decrease fecal noxious gas emission.

(Key words : Germanium biotite, Feeding levels, Particle size, Growth, Noxious gas emission, Pigs)

| = Qe HFE FEAE AotolE, HEL o)
E, 7t2d 5ol o, o9} T& Als A

Sl Afmdewg REARRN QFHL o o8 el A AT tEe s
Corresponding author : 1. H. Kim, Dept. Animal Resource & Sciences, Dankook Univ. Cheonan 330-714, Korea,

Tel : +82-41-550-3652, Fax : +82-41-553-1618, E-mail : inhokim@dankook.ac.kr

—787—



Lee et al. ; Effects of Germanium Biotite for Pigs

Ao LR F B4 o B Ao A
2 Zol7] 98 A7t B APl
gk e oRe] ATl Aedel =g
FHOR olfold forl, FAAYEU
A Fole A4 2o BYFEEY, S
W bl oA, W m AN WA 5

o] ma7t A= Ao HauHArHKondo &,
1968; Honda & 1976; Ramos &,
England (1975)% AlQEolEE SAE AR
of 5% H7lste] Folsk A}, AApe] Aol
2438k L, Nishimura (1973)%=  7}&5AF R0
Ao etol E HIPA 7HEEY] &F, Faxd
aga A wE AAERE RStk ®
gk Aol ES] Mt HA o 'e 253
AEA g TS Frhe Bl (Pond
o, 1988; Hagedorn -, 1990; Kovar 5 1990)
AATE Feddol doA ke FEA
Al Qeto] EQ] FA T e} G A=A
a3 2 B A4 gk ghaol B3
T @Wol] o]Fojx gout A=ntgs F
SR #a A4 HAFI Holrh
gz F7IE A=vbEe m2ae 99
A 3}(Sandra, 1988), AW F=& HiE A
(Asai, 1980), ™73t A-&(Suzuki, 1986),
A aE 35 %] (Levine®t Kidd, 1986) 2 Hlo] 2]
2 FAA B (Asc 5, 1989) 5 Uvhekdl ofzlzb

g do 2 Lo O A

2o

A2vbES 1886 dol] HAEAoH, F7]ER
ol Al ghA, qtA, T4 2 d3 A VA
&3hy 2] YAUETE TR BEAES
72,621 HlEFLolth AR SRE= AR
b oleel®= FA, A7 S e vy

B A7E A 2 SYE Qo) A=rhs
Sem A7t B P g8 AeE
2 AAmE Dol Atmel Akstel Fol

5o, dgn 28E 2 B fazt

7] 18k

I ME Y

1) AESE & AELA

AAIAl AF 13.12+0.15kge] 39 wFE
[(DurocxYorkshire)xLandrace] A= 10075
Ao, AFFAES 2197 AAIERS]
th Al A= Table 13 Zo] &45 - Ol
v 915e] VlzAlR AZvhE SR A
7F-(CON), thZ&7 Abgo] 200 mesh 72w}
¥ SR 05% H7H(GB0.5-200) % 1.0%
% 7H+(GB1.0-200) L2]ar th= - Aol 325
mesh A2l &% 05% % 7}(GB0.5-
325) ¥ 1.0% #H7F(GB1.0-325)= 571 A€
2 3to] A 49HE whEw supe]d o
o] wijx|EFA ).

Age ALEgE AZrESeRe A2
vhE 36 ppm, SiO; 61.90%, AlO; 23.19%,
Na,O 3.36%, Fe,O; 3.97% 3SHr3k ZS AL&
&kl Th

(2) AEAIR & ArRE|

iz AR 3,340keal THALOlUIAIkg, 21.00%
Zehul A, 125% 2olxl, 0.80% ZH4F, 0.70% <)
S FHEE StHTable 1). A EAIRE 7HF

gejz Folsigon ANl g ol 8slel
AFANES HGrh AT % AzAAFE

ARERA] FYse] APEAY, JPAE

=
AHF AbREES A

[

(3) IYL 238 5F

FEER astES S48 A AE F=
7 FAEZA 4HSAE (Cr03)E 0.2%
A7rekatt AFol H7bE APAE Jol 5
o Fof Zp7te] EelA 3utE]d E ARE
g v o R QAHF F ol T3
of e AlEE skglen, og e W
o= 7} AT 4] & Al=RE AFAE
b AFHI e 60T Ax7|AM 7243
AZAIZ) T Wiley mill2 22, &) o] &



Lee et al. ; Effects of Germanium Biotite for Pigs

Table 1. Basal diet composition for Exp. 1 (as-fed basis)

Ingredient, % CON GB0.5Y GB1.0Y
Corn 55.26 54.22 53.17
Soybean meal (CP 44%) 33.43 33.56 33.70
Animal fat 5.33 5.75 6.16
Molasses 2.50 2.50 2.50
Dicalcium phosphate 1.93 1.93 1.94
Limestone 0.78 0.77 0.76
Germanium biotite - 0.50 1.00
Salt 0.20 0.20 0.20
L-Lysine - ClI 0.17 0.16 0.16
DL-Methionine 0.03 0.04 0.04
Vitamin premix/trace mineral premixz) 0.22 0.22 0.22
Antibiotic® 0.10 0.10 0.10
Antioxidant (Ethoxyquin 25%) 0.05 0.05 0.05
Chemical composition®
ME, kcal/kg 3,340 3,340 3,340
Crude protein, % 21.00 21.00 21.00
Lysine, % 1.25 1.25 1.25
Methionine, % 0.35 0.35 0.35
Calcium, % 0.80 0.80 0.80
Phophorus, % 0.70 0.70 0.70

Y Abbreviated GBO0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

2 Provided per kg of complete diet : 20,000 U of vitamin A; 4,000 IU of vitamin Ds; 80 IU of vitamin E; 16
mg of vitamin Ksz; 4 mg of thiamin; 20 mg of riboflavin; 6 mg of pyridoxine; 0.08 mg of vitamin By; 120 mg
of niacin; 50 mg of Ca-pantothenate; 2 mg of folic acid; 0.08 mg of biotin; 140 mg of Cu; 179 mg of Zn;
12.5 mg of Mn; 0.5 mg of I; 0.25 mg of Co and 0.4 mg of Se.

* Provided by 50mg carbadox per kg of complete diet.
% Calculated values.
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Table 2. Basal diet composition for Exp.2 (as-fed basis)

Ingredient, % CON GB0.5Y GB1.0Y
Corn 64.15 63.82 63.26
Soybean meal (CP 44%) 25.63 2551 25.47
Animal fat 4.67 4.64 476
Molasses 2.50 2.50 2.50
Dicalcium phosphate 1.55 1.54 1.54
Limestone 0.81 0.80 0.78
Germanium biotite - 0.50 1.00
Salt 0.20 0.20 0.20
L-Lysine -+ Cl 0.12 0.12 0.12
Vitamin premix/trace mineral premixz) 0.22 0.22 0.22
Antibiotic? 0.10 0.10 0.10
Antioxidant (Ethoxyquin 25%) 0.05 0.05 0.05
Chemical composition®
ME, kcal/kg 3,320 3,320 3,320
Crude protein, % 18.00 18.00 18.00
Lysine, % 1.00 1.00 1.00
Methionine, % 0.28 0.28 0.28
Calcium, % 0.70 0.70 0.70
Phophorus, % 0.60 0.60 0.60

Y Abbreviated GBO.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

2 provided per kg of complete diet : 20,000 U of vitamin A; 4,000 IU of vitamin Ds; 80 IU of vitamin E; 16
mg of vitamin Ks; 4 mg of thiamin; 20 mg of riboflavin; 6 mg of pyridoxine; 0.08 mg of vitamin Bi; 120 mg
of niacin; 50 mg of Ca-pantothenate; 2 mg of folic acid; 0.08 mg of biotin; 140 mg of Cu; 179 mg of Zn;
12.5 mg of Mn; 0.5 mg of I; 0.25 mg of Co and 0.4 mg of Se.

9 Provided by 50mg carbadox per kg of complete diet.
“ Calculated values.
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Table 3. Effect of dietary germanium biotite on growth performance and nutrient digestibility in
nursery pigs (Exp. 1)”

325 mesh 200 mesh Probability (P=)"
Item CON SE?
GB05” GB1.0” GB0.5” GB1.0? 1 2 3
Growth performance
Average daily gain, g 457 476 446 468 473 10 048 040 0.29
Average daily feed intake, g 843 853 872 869 873 20 030 069 059
Gain/feed 054 056 051 054 054 002 09 060 033
Nutrient digestibility, %
Dry matter 7251 7204 7190 7150 7119 043 010 084 061
Nitrogen 7101 7300 7022 7037 7157 053 062 037 052
Calcium 50.18 4959 50.03 4842 5088 086 065 08 0.12
Phosphorus 39.61 4097 4093 3924 4183 100 033 069 0.23

Y One hundred pigs with an average initial body weight of 13.15 + 0.15kg.

2 Abbreviated GBO0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.
% standard error.

“ Probability for contrast : 1) CON vs others ; 2) 200 mesh vs 325 mesh; and 3) 0.5% vs 1.0%.
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Table 4. Effect of dietary germanium biotite on
in nursery pigs (Exp. 1)"
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fecal NHs-N and volatile fatty acids concentrations

ar- —_\4)
325 mesh 3 Probability (P=)

GB0.5? GB1.0” 1 2 3

| CON 200 mesh
|{
em GBO5? GBL.0?
NHz-N 580.17 575.40 509.41
Volatile fatty acids
Propionic acid 215.45 163.83 138.91
Butyric acid 366.75 170.04 140.80
Acetic acid 6151 4645 23.83

423.67 329.19 49.17 006 001 014
66.22 51.67 3009 001 0.02 052
12506 7580 3578 001 015 028
2361 11.79 1056 002 014 014

Y One hundred pigs with an average initial body weight of 13.15 + 0.15kg.
2 Abbreviated GBO.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

% standard error.
“ Probability for contrast : 1) CON vs others ;

2) 200 mesh vs 325 mesh; and 3) 0.5% vs 1.0%.
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Table 5. Effect of dietary germanium biotite on growth performance and nutrient digestibility in

growing pigs (Exp. 2)”

200 mesh 325 mesh 3 Probability (P= )4)
Item N 2 2 2 2 SE
GB0.5” GB1.0” GB0.5” GB1.0 1 2 3

Growth performance

Average daily gain, g 726 738 754 744 840 20 0.11 0.08 0.03

Average daily feed intake, g 969 995 996 1008 1028 20 006 018 051

Gain/feed 075 0.74 0.76 074 082 003 061 039 011
Nutrient digestibility, %

Dry matter 77.74 7372 75.19 7351 7490 028 0.01 040 001

Nitrogen 7170 7064 72.66 69.66 7174 050 039 008 001

Calcium 4787 5152 54.40 5228 5476 170 001 075 015

Phosphorus 47.39 48.86 45.79 4952 46.67 189 087 070 0.15

Y Seventy five pigs with an average initial

body weight of 21.18 +0.15kg.

2 Abbreviated GBO.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

9 Standard error.
“ Probability for contrast : 1) CON vs others ;

2) 200 mesh vs 325 mesh; and 3) 0.5% vs 1.0%.
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Table 6. Effect of dietary germanium biotite on fecal NHs-N and volatile fatty acids concentrations

in growing pigs (Exp. 2)”

. _\4)
325 mesh S Probability (P=)
GB0.5” GB1.0” 1 2 3

200 mesh

Item CON 5 5

GB05” GB1.0”

NH;-N 951.68 673.15 643.04
Volatile fatty acids

Propionic acid 277.96 26156 248.88

Butyric acid 361.73 346.61 341.84

Acetic acid 9529 8597 80.45

573.30 34120 7837 001 003 013

232.59 126.94
304.76 158.48
7194 40.15

4511 026 013 0.23
4490 018 004 013
1296 011 007 019

Y Seventy five pigs with an average initial body weight of 21.18 +0.15kg.
2 Abbreviated GBO0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

¥ Standard error.

K Probability for contrast : 1) CON vs others ;
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