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ABSTRACT

In Exp. 1, this study was conducted to determine the effect of dietary germanium biotite on growth
performance and nutrient digestibility in nursery pigs. A total of sixty crossbred pigs (initial body
weight 15.09+0.18kg) were used in this experiment. This study was carried out for 28 days. The five
treatments were control (CON; basal diet), GBO0.1 (basal diet + germanium biotite 0.1%), GB0.3 (basal
diet + germanium biotite 0.3%), GB0.6 (basal diet + germanium biotite 0.6%) and GB1.0 (basal diet +
germanium biotite 1.0%). For overall period, ADG and Gain/feed were not significantly different among
the treatments. In Exp. 2, a study was conducted to evaluate the effect of germanium biotite as a
substitute for antibiotics in growing pigs. A total of fifty five crossbred pigs (initial body weight 32.47
+0.9kg) were used in this experiment. The three treatments were negative control (NC: basal diet
without antibiotic), positive control (PC: basal diet + 200ppm CTC) and GBO0.3 (basal diet + germanium
biotite 0.3%). Pigs fed PC (17%, 385 vs 451 g/d) and GBO0.3 (14%, 385 vs 438 g/d) diets grew
faster(P<0.05) than pigs fed NC diet. Pigs fed PC and GBO0.3 diets resulted higher(P<0.05) ADFI than
pigs fed CON diet. However, pigs fed GBO0.3 diet had improved gain/feed compared to pigs fed NC
diet(P<0.05). Apparent digestibility of DM and N by pigs fed PC and GB0.3 diets were greater(P<0.05)
than those by pigs fed NC diet. In Exp. 3, a study was conducted to determine the effect of dietary
germanium biotite on growth performance, plasma characteristics, backfat thickness and fecal ammonia
gas concentration in finishing pigs. A total of seventy-two finishing pigs (initial body weight 78.56+
1.32kg) were used in this experiment. The treatments included 1) Control (CON; basal diet) 2) GBI1.0
(basal diet + germanium biotite 1.0%), 3) GB3.0 (basal diet + germanium biotite 3.0%). Pigs fed GB1.0
diet grew faster than pigs fed CON diet and GB0.3 diet (P<0.05). Also, pigs fed CON diet showed
higher(p<0.05) ADFI than pigs fed GB3.0 diet. Pigs fed GB diets had improved gain/feed compared to
pigs fed CON diet(P<0.05). Total and VLDL concentrations in plasma of pigs fed GB diets treatments
were significantly decreased compared to those in pig fed CON diet(P<0.05). However, HDL-cholesterol
concentration in plasma of the pig was significantly increased compared to those in pigs fed CON diet
(P<0.05). Pigs fed CON diet exerted higher(P<0.05) backfat thickness than pigs fed GB1.0 (5.4%, 27.19
vs 25.71mm) and GB3.0 (16.1%, 27.19 vs 22.81mm) diets. Feces from CON treatment were higher in
fecal ammonia gas concentration than faces from pigs fed GBI1.0 (64.1%, 17.00 vs 6.10mg/kg)

Corresponding author : Dr. I. H. Kim, Dept. Animal Resource & Science, Dankook Univ. Cheonan, 330-714,
Korea, Tel : +82-41-550-3652, Fax : +82-41-553-1618 E-mail : inhokim@dankook.ac.kr

—355—



Kwon et al. ;

and GB3.0 (61.8%, 17.00 vs 6.50mg/kg) treatments(P<0.05). In conclusion,

Germanium Biotite for Pigs

the results suggest that the

dietary addition of germanium biotite into diets for nursery pigs did not affect growth performance. The
results also suggest the possibility of germanium biotite to replace antibiotic in diets for growing pigs. In
finishing pigs, dietary supplementation of germanium biotite was an effective means for improving growth
performance and for decreasing Total-and LDL+VLDL-plasma cholesterols, backfat and fecal ammonia gas

concentration.
(Key words :

I. M =

A 20325 (germanium  biotite)i= 36ppm
9 Azugs 6t g BdEA, AF
7 G S AErEe] AW &3 W
A3} 24 (Suzuki 5, 1986), virus ZAXF
(Asc &, 1989), AtAFHS7 (Levine®t Kidd,
1986), E43} (Sandra, 1988), QEIS|E 4]
%E (Aso 5, 1982) 1)1 A 234 W&

A (Asai, 1980) & tFEE ofe]AHgo] w9
Ak A2vhEr S Edlels AlZnkg o]9]
&= mFgFEAT FA A7) So| %}y
01 o, R AFHEEA (i A RE) A

F (Ll Agom FRE oFFoRA 4

(ﬁﬁh R R ER
[¢]

)
Al AR HARD FA7E o] Fo]A] AL %_U%,
olo] w2 A=A et ATt AFyH
AT} (Vanbelle, 1989). Z<toll= YA thAl&
drA 7F5e AW W9rsS 24sr7I=
4o oigk A5 @] s 9)
(Kim “s, 1999; Bae &, 1999; Sohn &, 2000).

=3

53 *gzﬂﬂd%ﬂg setHon FAAFoENA
RLE I fuM & TP, &l A
%‘%‘8}% Al st Aol &zl
< %Eﬂw v Eo] WAZ3A Aol Y&
ile] Holx|ar 9}

Tl A= oln] 2 FE Kaolinite, Zeolite,

Bentonite, Vermiculite 52 T2+ (Silicate) 7

Germanium biotite, Growth performance, Antibiotic, Cholesterol, Fecal ammonia gas, Pigs)

EAES At w9, A A4S el g
AMEE O] gtom, FAMgolME 715 S
A, A3k 2 AR S N, S e
0 2 W SAA 52 Asel eos
ggra 9y 1 FAAE zeolite?] M7t
et g 253 AW B4 fEld 9
S FU= X3 (Pond 5, 1988; Hagedorn G,

1990; Kovar 5 1990)% SIth Ho] So]A
71(2000)8 FEAES H]&E Az H7} F
oAl AT} thEAdelA iz ek vlal
sto] e-getqivkar Bk uf 9l

ATE A2 °¥5Ahﬂﬁ £
7taE ety flste] A=A AlZwnt
“;gog,] z47]_7]_ Hx}‘*eﬂoﬂ u] ]L oﬂﬁol:—g__
ZAVelaL, SAEAME AZvESene] I
A AZT 225 HSEd A s A=
SR Fort s, I FuzHE
e5F Wal, AN A gl B Yol
7hes FF sl mxE 9IS Hrkehr] ¢

so] A 3halc

W

I Az 3 2
1. AIE 1

(1) AEs=E 2 AEEA

3% W3F [(DurocxYorkshire)xLandrace] A}

= 60T TAB o, AENAIAIL AT
15.09i0.18kg°]};\‘jr. APEAIES 28U7F 214

SFATE.
ANEAAA= Table 13 o] 44— d5F4)
Aol TzANRC AEvkESER FR7H

(CON; basal diet), 7]ZAL=O] AZnE3en
0.1% (GBO0.1), 0.3% (GB0.3), 0.6% (GBO0.6), 1.0%
A7 (GBLO)E 570 A& 3kl A2d 3%k

—356—



Kwon et al. ; Germanium Biotite for Pigs

Table 1. Formula and chemical composition of experimental diet for Exp. 1

(as-fed basis)

Ingredients (%) CON GB0.1" GB03"”  GB06”  GBI1.0"
Corn 54.67 54.46 54.06 53.45 52.62
Soybean meal (CP 47.5%) 24.83 24.85 24.89 24.96 25.06
Wheat 10.00 10.00 10.00 10.00 10.00
Animal fat 4.54 4.63 4.79 5.04 5.37
Molasses 2.50 2.50 2.50 2.50 2.50
Dicalcium phosphate 1.82 1.82 1.83 1.83 1.84
Germanium biotite — 0.10 0.30 0.60 1.00
Salt 0.25 0.25 0.25 0.25 0.25
Limestone 0.93 0.93 0.92 0.91 0.90
Vitamin premixz) 0.12 0.12 0.12 0.12 0.12
Trace mineral premix” 0.10 0.10 0.10 0.10 0.10
L-lysine -+ HCI 0.09 0.09 0.09 0.09 0.09
Antibiotic” 0.10 0.10 0.10 0.10 0.10
Antioxidant (Ethoxyquin 25%) 0.05 0.05 0.05 0.05 0.05

Chemical composition’

ME (kcal/kg) 3,350 3,350 3,350 3,350 3,350

Crude protein (%) 19.00 19.00 19.00 19.00 19.00
Lysine (%) 1.00 1.00 1.00 1.00 1.00
Methionine (%) 0.28 0.28 0.28 0.28 0.28
Calcium (%) 0.80 0.80 0.80 0.80 0.80
Phosphorus (%) 0.70 0.70 0.70 0.70 0.70

" Abbreviated GBO0.1, added 0.1% of germanium biotite; GBO0.3, added 0.3% of germanium biotite; GBO.6,
added 0.6% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

? Provided per kg of complete diet :

20,000 TU of vitamin A; 4,000 IU of vitamin Dj;; 80 IU of vitamin E;

16 mg of vitamin Ks; 4 mg of thiamine; 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 and 0.08 mg of biotin.

3 Provided per kg of complete diet :
of Co and 0.4 mg of Se.

* Provided by 50mg carbadox per kg of complete diet.

% Calculated values.

& dbET 4ulE]d
Algo] AHgd AEZnEIens
36ppm, SiO, 61.90%, ALOs 23.19%, Na,O 3.36
%, Fe03 3.97% 313k 2oz EA% At}

140 mg of Cu; 179 mg of Zn; 12.5 mg of Mn; 0.5 mg of [; 0.25 mg
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ME/kg, 19.00% CP, 1.00% lysine, 0.80% Ca,
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Table 2. Formula and chemical composition of experimental diet for Exp. 2
(as-fed basis)

Ingredients (%) NC pc" GB0.3"
Corn 66.00 65.79 65.39
Soybean meal (CP 47.5%) 23.96 23.98 24.03
Animal fat 4.24 432 4.48
Molasses 3.00 3.00 3.00
Dicalcium phosphate 1.26 1.27 1.27
Salt 0.25 0.25 0.25
Limestone 1.01 1.01 1.00
Vitamin premix” 0.12 0.12 0.12
Trace mineral premix’’ 0.10 0.10 0.10
Germanium biotite — — 0.30
Chlortetracycline - 0.10 -
Antioxidant (Ethoxyquin 25%) 0.05 0.05 0.05
L-lysine - HCI 0.01 0.01 0.01

Chemical composition”

ME (kcal/kg) 3,350 3,350 3,350

Crude protein (%) 18.00 18.00 18.00
Lysine (%) 0.90 0.90 0.90
Methionine (%) 0.28 0.28 0.28
Calcium (%) 0.70 0.70 0.70
Phosphorus (%) 0.60 0.60 0.60

" Abbreviated NC, negative control added no antibiotic; PC, positive control added antibiotic; GB0.3, added
0.3% of germanium biotite.

? Provided per kg of complete diet : 4,800 IU vitamin A, 960 IU vitamin Ds;, 20 IU vitamin E, 2.4 mg
vitamin K, 4.6 mg vitamin B,, 1.2 mg vitamin B, 13 mg pantothenic acid, 23.5 mg niacin and 0.02 mg
biotin.

3 Provided per kg of complete diet : 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.

# Calculated values.
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Table 3. Formula and chemical composition of experimental diet for Exp. 3
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(as-fed basis)

Ingredients (%) CON GB1.0" GB3.0"
Corn 75.15 74.03 69.89
Soybean meal (CP 44%) 16.35 16.30 16.81
Animal fat 3.09 3.29 4.95
Molasses 3.00 3.00 3.00
Germanium biotite — 1.00 3.00
Dicalcium phosphate 0.78 0.78 0.82
Salt 0.25 0.25 0.25
Limestone 1.06 1.03 0.97
Vitamin premix2) 0.12 0.12 0.12
Trace mineral premix’ 0.10 0.10 0.10
Antioxidant (Ethoxyquin 25%) 0.05 0.05 0.05
L-lysine + HCI 0.05 0.05 0.04

Chemical composition”

ME (kcal/kg) 3,300 3,300 3,300

Crude protein (%) 14.00 14.00 14.00
Lysine (%) 0.70 0.70 0.70
Methionine (%) 0.23 0.23 0.23
Calcium (%) 0.60 0.60 0.60
Phosphorus (%) 0.50 0.50 0.50

" Provided per kg of complete diet :

20,000 TU of vitamin A; 4,000 IU of vitamin Ds;; 80 IU of vitamin E; 16
mg of vitamin K3; 4 mg of thiamine; 20 mg of riboflavin; 6 mg of pyridoxine; 0.08 mg of vitamin Biy; 120

mg of niacin; 50 mg of Ca-pantothenate; 2 mg of folic acid and 0.08 mg of biotin.
220 mg Cu, 175mg Fe, 191 mg Zn, 89 mg Mn, 0.32 mg I, 0.5 mg Co

? Provided per kg of complete diet :

and 0.35 mg Se.
¥ Calculated values.

Total cholesterol &%+ T. chol Kit 7}shSA e}
(Boehringer ~Mannheim, Germany)E, HDL-
cholesterol &%+ HDL-C kit (Boehringer (5) ELH LZLIO} JtAasE U SKE S
Mannheim, Germany)& ©]-83}3It}. Triglyceride =3
%% T. G kit (Boehringer Mannheim, B odRUol 7o w4 Aoy
Germany)oll WHSAIA s skt BAY] AFo] fARE HSES AT sekey AE
(HITACHI 747, HITACHI, Japan)E ©]-83lo]  FEA & 250g% AZF AFste] L€ =
=4339tk LDL+VLDL Zd2HE Fhe 28 H2y(WI5xH30ecm)ol 9al 7kao] &
Naoyuki®} Yoshiharu (1995)¢] Wel wel s o] §le=s Wa § 24A1%F Hel 4330tk
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Table 4. Effects of dietary germanium biotite on growth performance in nursery pigs (Exp.

1)"

Item CON GB0.1? GB0.3” GB0.6” GB1.0” SE”
0~14 days

ADG (g) 425 432 459 437 454 25
ADFI (g) 914 860 906 963 932 45
Gain/feed 0.47 0.50 0.51 0.45 0.49 0.02
14~28 days

ADG (g) 556 539 590 637 551 31
ADFI (g) 1,302° 1,240 1,284° 1,532° 1,213 56
Gain/feed 0.43 0.44 0.46 0.42 0.45 0.03
0~28 days

ADG (g) 491 486 524 537 502 24
ADFI (g) 1,108* 1,050 1,095% 1,248" 1,073" 56
Gain/feed 0.44 0.46 0.48 0.43 0.47 0.02

" Sixty pigs with an average initial body weight of 15.09+0.18kg (SD).
? Abbreviated GBO0.1, added 0.1% of germanium biotite; GB0.3, added 0.3% of germanium biotite; GBO.6,
added 0.6% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

) Pooled standard error.

® Means in the same row with different superscripts differ (P<0.05).
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Table 5. Effects of dietary germanium biotite on nutrient digestibility in nursery pigs (Exp. 1)"

Item (%) CON GB0.1” GB0.3” GB0.6” GB1.0” SE”
Dry matter 68.34 69.69 70.12 67.78 63.97 291
Nitrogen 65.15 67.09 67.50 56.84 62.58 3.36

D Sixty pigs with an average initial body weight of 15.09+0.18kg (SD).

2 Abbreviated GBO0.1, added 0.1% of germanium biotite; GBO0.3, added 0.3% of germanium biotite; GBO.6,
added 0.6% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

? Pooled standard error.

Table 6. Effects of dietary germanium biotite on growth performance in growing pigs (Exp.

2)"
Item NC? pc? GB0.3” SE”
ADG (g) 385° 451° 438° 27
ADFI (g) 1,191° 1,371° 1,318 18
Gain/feed 0.32° 0.33" 0.33* 0.02

" Fifty four pigs with an average initial body weight of 32.47+0.90kg (SD).

Y Abbreviated NC, negative control added no antibiotic; PC, positive control added antibiotic; GBO0.3, added
0.3% of germanium biotite.

? Pooled standard error.

® Means in the same row with different superscripts differ (P<0.05).
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Table 7. Effects of dietary germanium biotite on nutrient digestibility in growing pigs (Exp.

2)"
Item (%) NC? PC’ GB0.3* SE’
Dry matter 77.01° 88.44° 86.02° 2.06
Nitrogen 76.20 88.03° 84.87° 291

D Fifty four pigs with an average initial body weight of 32.47+0.90kg (SD).
Y Abbreviated NC, negative control added no antibiotic; PC, positive control added antibiotic; GB0.3, added

0.3% of germanium biotite.
» Pooled standard error.

® Means in the same row with different superscripts differ (P<0.05).
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Table 8. Effects of dietary germanium biotite on growth performance in finishing pigs (Exp.

3)"
Item CON GB1.0° GB3.0° SE’
ADG (g) 708" 757 715 36
ADFI (g) 3,108° 2,789% 2,620° 99
Gain/feed 0.23 0.27" 0.27° 0.02

D Seventy two pigs with an average initial body weight of 78.65+1.32kg.
2 Abbreviated GB1.0, added 1.0% of germanium biotite; GB3.0, added 3.0% of germanium biotite.

¥ Pooled standard error.

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

7VehRs Aol Al £ d%¢S v Ao=w
=K =

2 EEne] JA7Ph o
3 &0 mx]= 43S Table 99 e
U] QA AR = A Az}l glolA
v AT FelAd AolgE Holx| gt
o & T (2000b) H]EE AR scoria®
3% 7S AFEAIF A, B AE el 9l
oM = AT FoA Ae]E HolA| &
A Ff] A4 ghako] 9lojA= scoria A
V7Y 2o vlasle] fedez v 2
AP AT B aste] 2 ARFAE R Adolek 4

o= HERRSIH.

N
=
DEEIREH

Z Total-cholesterol,

Aerhsenel Hrt @

Triglyceride, HDLY}

LDL+VLDL-cholesterol2] ¢+ Table 100 1
BRIt} Total-cholesterol 5 W3l= o)z
o wlaste] AlZvbEIER H7b7F o4
o7 7H4Eth(P<0.05). 53, LDL+VLDL-
cholesterol & W3lE tjzx+-9} H|WEle] A
A S i M A i e RS AR ot Dol 5
(P<0.05). z2iv} g7l HDL-chole- sterol &
of oAM= thx7tet Blaste] Al =uhE S
2 A7 o)A o g2 SksiTh (P<0.05).
4) SXY T L 2 ZLOF ItA T
HSE AlSY A2 ERe] 3H7Pt 5
FU Yol 7k e mA|
Table 119 YERHRATE SAL F7
Moi A= tjzx7t¢k vlalste] GBL.O A2
7} 54% (27.19 vs 25.71mm)<] #AAE HSlaL
GB3.0 AHZ7+= o9k Hlusle]  16.1%
(27.19 vs 2281mm)E F24<Q1 s HIT

Table 9. Effects of dietary germanium biotite on nutrient digestibility in finishing pigs (Exp.

3)"
Ttem, % CON GB1.0” GB3.0” SE?
Dry mater 70.99 71.26 70.53 1.42
Nitrogen 64.31 67.65 67.92 1.73

D Seventy two pigs with an average initial body weight of 78.65+1.32kg.
? Abbreviated GBI1.0, added 1.0% of germanium biotite; GB3.0, added 3.0% of germanium biotite.

% Pooled standard error.
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Table 10. Effects of dietary germanium biotite on plasma cholesterol and TG in finishing

pigs (Exp. 3)"
Item CON GB1.0” GB3.0” SE”
Total cholesterol (mg/dL)
0 day 97.80 110.60 113.20 2.75
50 days 99.33 100.00 99.00 3.59
Difference 1.53° —10.60" —14.20° 3.77

HDL-cholesterol (mg/dL)

0 day 41.60 44.50 4325 0.32
50 days 42.80 50.33 50.00 0.27
Difference 1.20° 5.83° 6.75° 0.55

LDL~+VLDL-cholesterol (mg/dL)

0 day 56.20 66.10 69.95 2.89
50 days 56.53 49.67 49.00 3.79
Difference 0.33° —16.43" —20.95" 2.77

Triglyceride (mg/dL)

0 day 48.60 47.80 42.00 3.17
50 days 35.25 35.50 30.00 2.14
Difference —13.35 —12.30 —12.00 5.44

D Seventy two pigs with an average initial body weight of 78.65+1.32kg.
? Abbreviated GB1.0, added 1.0% of germanium biotite; GB3.0, added 3.0% of germanium biotite.
% Pooled standard error.

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

Table 11. Effects of dietary germanium biotite on backfat thickness and fecal ammonia gas
concentration in finishing pigs (Exp. 3)"

Item CON GB1.0? GB3.0” SE?

Backfat thickness (mm) 27.19* 25.71% 22.81° 1.14

Fecal ammonia gas concentration (mg/kg)

17.00° 6.10° 6.50" 0.61

" Seventy two pigs with an average initial body weight of 78.65+1.32kg.

Y Abbreviated GB1.0, added 1.0% of germanium biotite; GB3.0, added 3.0% of germanium biotite.
? Pooled standard error.

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

—365—



Kwon et al. ; Germanium Biotite for Pigs
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