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E9 FY A5 Mgl wheh £AAEY £F &u Fhea 1FAY &
A H 8Pk el bn gl Aol £E FELol U FAS A olT
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1 A= EEER
1) whgzo] 9ol A=

of &k

IR ESEVR- IR B}
vhEEeRel W77 4% % Foh) ALT, ASTOl vA:

2) $7A AR A=rbESeRe A7 4% 2 Wgug] nAs 9
2. gz ESeEe AAaH 7

D AE UE FA=TES R YR R}

2) $HEA HF FAA b Fene YAE w3}

3. %Y AZvE SLEE o §W ABAAA AT L HYSHQ)

1) rerAel e febA2rky See ArhEs

2) ArgrAlel glol wuE el we el ErbEsgne ArhE

4 Y AZvE ZLEE o§W BFANY T 79

D g Ee] Ne FUArESeR A7hE)

2) WK Ee Qo] B FEel wE gebAl2rhEsene Wrhav

5. 4% A2vE FLEE o8 ABAAY HYH2)

D %87 gl 4 BelsuE A%S YA AT g EvkEsene av
2) Al glol A BeAHE AL AT 9% FAAZE S LR R}

6. 4% A=ZvhE FLEE 48 FAANE L FFUHA A=A
D H%ED glof A 2 2 AN A% FAZESeRe &

1}



2) A= g GA=vE SR A WA 2t

V. d7A2 23 2 &8 did 19

© d7e Tl FEALR] GAAEESEEE o83 AARHFAL] Tl
H3 ATE HS FHEE sto] HAAREAA A= SR AARHMAEA ] B
AT o5 ol &7 dAFEA AR B Ve A At As v 22

Q7% A

o

Faolee AP e 2

. SEAZESER2d B 7|2 A 2 A A7}

D vkg2z0 glo] A=vtgE2Ee 77 4% R 4 ALT, ASTA 7l A
= I

2
BT
L

S 2 AR AZvutE SR H7bgEo] FHEe| wet UP
J < 659 ICRA vl%
Alatgow Aelt2e w2 7] 2AFR(CON), 7] AR 71]‘5'”}15
& 05% #H7Fgk +(GB0.5% A2 F), 7IxA 5 AZreESeE2E 0.1% 37t
T(GB1.0% A= 370 Azlar 3= & 6979 AFAA7|Et =
Fol ol A FHAALE o= de BEEA] ggton ofel ARk QS Al A

obFel o]ato]l WAE R kokth FAHFL Rt GB05% A2, GB1.0% A
g B AlTe Aoy oAl Aol flddth A s E ] o] W o) A
= ASTS ALTOA BF fodoz Zrtets 2SS Ve th(linear quadratic
effect).
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2) SA A8 A=EvtE SR A7 A4 R AgukEd vAE 9%

AT E AR AlEnte SR J7F A AE 2 AW dersal
FEE FE/E FEE7] st A AAGAEEe F
Acre Broiler(%) 293 Wolg]l 24055 FA8AL AFSFAIFL 5577 A3t
ANEAAE SAA7IANEE HZT(Con ; basal diet) 2 dlo] 7| ZAFR ] A=2w
+5 200 mash& 05%% 7kt F-(GB1), AZvtE3S25E 325 mashE 05%3H7s



(GB2), AlZvH3% 200 mash® 10%3H7bek +(GB3) 181 AZvtgISEi
325 mashs 1.0%37tg H(GBAHZE 570 A& stvh. A 495 ghEg 1297
A gk Qlel wxskd Tk AA A1F 71 7HGT) B ke 5iﬂ& ArEAAE 2 AR
g FHQ Aol E HERNA = FUdTHP>0.05). AES] Ast&ddAE AT
g Hel AolE HolA = &UTHEP>0.05). %ﬂ_“élﬂ RBC, WBC, HCT, Hb,
Lymphocyte, Monocyte % Platelet &3Fel oM T AZ2ntgSEEE ARl 7t
7F defshAel Wate] JEFs wAA ZstAvHP>0.05). w5 dEYote HAef
Fo| = GB1.0 A F(GB3% 4)7F GB05 A2 F(GB13} 2)o] H|gtd Feolxo=
A H 7 2 tHP<0.03). Propionic aciddl A= AEZrEISEE H7Fg AHd Tt
)z o Blaske] vre kS W uh(P<0.04). Butyric aciddlE AZvlEEE
A7Fet A7 g2 vlaste] @2 FeS B ATHP<0.04). Acetic acid9]
< R = txT-ef vl st ﬂ]éu}ﬁé%gg— A7rek Aol A WA 3
7FE] 912 (P<0.01), GB1.0 A& +(GB3% 4)7} GBO.5A & +(GB1# 2)Kt} {24 o
2 e AFgS HATHP<0.02). o]/t A9E B uf, AZvESeRe Hrte @
M e Hg e A4S ES] iSRS Aol web hryoeld HaAo 7t
2N} de AoE AlsET

Me oo

2. 4G A=2vtE FLEE & ARHTIAY AL R AASA)

—_
~—

e

ol 5

A AR AZvkE SR HIUPF GAEAL F Bu dERYoel &

&S zAEH] fske] AAEA Y. AFEAIE S 4053 ISA brown #
‘Ei o SFEFE-gFE 95 gl2ALE (CON), 7| Z2AME AZ

2 o rio
2 4w
2l »

=
=~
¥
i
-
Oko

05% (GB0.5), 1.0% (GB1.0) % 15% (GB15) M7I+ & 47 Ag=E
H ATk F 5697 AFEAIR 7ITF ERb, AbgE I F A Ee = A ek
Ql ApolE HolA| Ut 1y WdES A=RvtyE SR HIbEFEo] FUbs
frolA o w2 Haste %S YeEhidt (P<0.02). G247, G 9w
GAF M= A7l Aol & EO]X] R tes S Eiat) 14 3hakell oA =
AZnbg S50 H7beFEo] F7HEe] wet frojA o= t o HER Sl
th (P<0.05). Wl gEYole] dAA4 FEedAs Al=ZrkE Aak teEol =7
Shol whe} oA o R FaAdteE AEe Bt (P<0.01). EF A ol A
7o)l Z7)gke] wiEl U propionic acid (P<0.01), Butyric acid (P<0.05) 1
3l Acetic acid (P<0.04)9] &aFo] freldoz 7Aishs 4SS Yehydeh. 2%
o8 AgA AW Al2vty SR HIbe Bl dEUYolrbae] M AE A
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o @d +39 e FIA=FELE) %17}§r+
Ao wud fie] AgA A AZrESen
8 A GIAS 49 2] A

=
o] Aaud Als (LPD), J—‘%t—“iél PJL(HPD), LPDA};c;oﬂ ﬂlgu}ﬁ—;i%_‘i
1.0% #7138 A8 79(QPD-GB; LPD+1.0% germanium biotite, (5)4]%-1}o] <.
Hl2d)  HPDAMRC AEZrE5$2E 1.0%HPD-GB; HPD+1.0% germanium
biotite) 2 47] A& st A 3wkE, wrEg 12024 ebxl dofuj A sttt &
5647kl AFYFAIE 713F Bk, AtgEE oA = HPD A2 7t feldom FrtsteE 4
TS RYTHP<0.0D). dFT2 AZvESRe] Hrbshd wet fo)doz Faste
S YEMA W (P<0.01), A Ed A= A3 Fo Al Aole vERYA
Fokth (P>0.05). T9 FAE A% A7 AZngSE Hobel weh fo4o
Aacte AES YER A THP<0.02). oﬂ%%‘—, TR dAFAS =43 Ay
A7 194 Aoli= HolA Fgkth GEAFo A= HPDALREE Fod A+
7F LPD AlR5E w98 AT 2o ?%ﬂr P<0.01). = Propionic acid(P<0.01)%}
butyric acid(P<0.03)9l A= IEHH?E%E’_% HA7Lske wel FoFHeoewm FAadE
B YEWSlth Butyric acidel A= HPDA 71 fFolHow Frtste 43

1.9 0w (P<0.02), Acetic aicdoll A= 1811}%?1%51 A7 AT FRE7E A9
B} fFodoz HAstE A4S BATHP<0.01). NHs-NolA = LPD AbRe 4%
Hoh HPD Atz oA AZrtaSE H7F &37F Jed 2o = ®HAth(P<0.05). 4
Aoz et Alsd AZ2vtESRe] H7be Bd g Ak 3AE s
ANA FAEA e MAEHT S Ao AtsH

nt{o

3. & AErtw FXEE o] & AEHTIA Y &H43(2)

&4 U FEAZEITEEY AUV BFE, BIAF £ U ZH=
dF mRE ¥

ANAE GAdAZng SR SAANEY H7bE SA9 s, d9Y 2 &
ZazHE T Augt dFS FstE T sk AASA T Arbor
Acre Broiler(3)®olg]|2 H3} § 297 480FE FAISHA L AMGAIES 5573 4
AlstATh Alg A A= SA A 7AFE(Table 1)E& W2 (Con ; basal diet) 23t <t
AZ2vtE S+ EE 200mesh 1.5(FGB1.5) 2 325mesh 1.5%(CGB15)E #7lste] A=

;.:r}mm}m:



=9 2004 gk o] miA s AAAFE T 7A€
A= WETIE FeAEvkE SRS ke ATl vlske] fojHel 2
HATHP<0.05). A4 Al&7|zt sete] SAl&a AmaTgdel glojA et
FEEEE AME AYT7t AdEE S BAAT FoH Aol HolA
S YR o] EAAE AR AolE HolA FUTHP>0.05).
U AgFAIAE gz 30.27g, CGBLS 28.68g, FGB15 2681go & A Z1he]
oAl 2ol (p>0.05)%= WEbA] kARt 277 AZrkE S Ls W7
TEO O wE AFE Hoh te] 25l FusEE FE2 A=2vkE —?T%DE
A7k Aol A Zdsdse] #adte 4TS BAATHP>0.05) FoHed Aol
T UEA &gtk el ZuxdE FFAME A=rESers HUhe A
T7F LDL-Zd 2u & et ol A el wlel] StAl vebgtAnt A2 aite] Aol &
HolA] QUTHP>0.05). ol Az Huj SAXAZY AZuEILro Hube
A ZUzHE A5l W JbeAd S Bl Jow AtgEn
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2) A2A o A FAzEE ABES YA AT S A=y SR

454 0 B A B

= Wz
o MAE e FEe7] Sekel AASATE 405 ISA brown ZAA 145

FASFH o, AFFAIH S 7ATEe] AG 7 & HUF HAAEAY. S Tut
179 AR (CON; 7]1Z2AFR), W=7 A= ﬂléu} —3—’%—‘%51% 2.0% (GB
200mesh; 7] &AFE+2.0% 200mesh germanium biotite, (57)A]&-vfo] o v ~el) 2.0%

(GB 325mesh; 7] %A}5+2.0% 325mesh germanium biotite) 37} A2 & slo] A3
Ak e Wk oub A ek Qlouj Akl th. AAeEol A= AEmESEEE
A 7F ok = A JERSRAIRE o ARl Apol= HolAl G UTHP>0.05). FAE
ol % GB 325mesh #H7lato] 7 =2 AFS HPoH FoZQl Aol= YEY
Akt (P>0.05). =, dui, S5 G FAE 4 A9 Ay 1te
frol ARl zbol= vERUAl @ dth(P<0.05). @ FAAA A E b Al
w5 325meshs H7Heh A2l 7F txe wlsto] o4

BRI (P<0.05). Al FEA9] ‘)rihﬂ Y zHE FEFS A=
A7k A7 dixzTtek vlalete] v X5 BARE A A&
ANX = AgT-re] FH Aol & EOV\]% 2 ATHP>0.05). ©]7F<]
sto] B o, AEA ALREW AErtE SR HUbe A, Y
F 9 gy Fe s g %S A= AR oA
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1) A=l s FEAZESLEY AL 23
2 AFES A= o] gogE H QAR BE AlEvkE SR o7t s
g Gdda Asks F U feElvte sRd v A= JGES Hrtkslr] fleke] A AlE
Atk 39 wRE A= 10075 FAsEH ow, AlF MAIA] AF2 13.12+0.15kg ]
P59 71zARd A2k S5 F3H7H(CON),
g S5 05% #7FE (GB05-200) 2 1.0% 7k
(GB1.0-200) Z18]az thzT AbEol 325 mesh AZvtE &5 05% H7Ht
(GB0.5-325) ¥ 1.0% #H7F(GB1.0-325)Z 571 A2 stAh. AFFAIE 7I7bssh o
F A, dBAIRAAE, AFRE S A= ATl FoHQl Apo]E HolA
gokrh Ul FEYole] Ao A GB200 A 22k Hllo}cﬂ GB325 A& +7F
oA o w st o (P=0.01), +ll A AW = oA = gz of vl
3te] AlZ2ntE S22 HA77E fodow vA HUE St (propionic acid, P=0.01;
butyric acid, P=0.

01; acetic acid, P=0.02). &3], ¥ W propionic acid &%+ GB200 *]
gl ¢} Hlaste] GB325 A T7F ¥ @2 Aoz YEHti(P= 002). 2ZEXH o2 A
= dojA= A=

Al

v SeRe] 7k Al Gge vNA gomA Ful fal
e Ao

1_.
b2 22 A

2) 4= A GG AZ2vtE FE A= EH

AR A= o] #olrE R dAE uE Asvky SR Fo7 4%

9, FE 238 B FW ek skl vAlE G Frekr] skl Al

stk 39 wFF FAE BFE Ao, Al JHAA AT 21.18+0.15kg ]

Atk AFEAE SeEe-dEa 5o VAR AEvky SRR RIS

(CON), thz= Atz 200 mesh AlZvhE &% 05% H7H+ (GB05-200) 3 1.0%
&

HA7FH(GBLO-200) 18la 2 Aol 325 mesh AlZvtE R 05% H7HF
(GB0.5-325) 2 1.0% #7F-(GBLO-325)% 570 A gl & stk AF%AE 71 7kEek o
G A Z dolE GBLO HElF7F GB0S Al ek Hlaste] fojHor e A
o2 YERGTHP=0.03). AE 9 A4 A23E] dojA e GBLO A F7F GBOS A
Tob vlaste] dAEE Ao e TtHP=001). Z# 23Ed JdolME dzet
Hasle] AZvkE SR H7MF U ¥ Ao® el th(P=001). 2 Y
ol Ha Fiol YoM E tlzTef vaste] AZvtESEE HIMF fFojHow

Sk o (P=0.01), GB200 & Huh GB325 A& 3+7F o $HAl H7hsE L eHP=0.03).



4 butyric acid F%E°] YojAE GB200 A& e vluste] GB325 A&+ #9
Hog o Aoz YEYTHP=004). 22X o2 SAE Jofxe= &S T4
AZIAA U a7t T EE S AR A

’

e o

&9l Rew oA,

2. ¥4 A=EvtE SFXEE o8 FHAIY 5% TH

1 v&Ed g3 gAAZSESEE H7tEadd

AP A2 SR vlSE Alsd H7Ph vlSEe] S, ddaolE&E
9 25 GRUYol Tpaol o]l oWt JFS FErtE THE 7] Aste] AAEA
o AWAIA AlF 88.0+1.35kgdl 39 wFF (Duroc x Yorkshire x Landrace) WS
= 8075 TSI o, AFYAIE S HAZ AAEAT AdTE SFEe-dTe
Y9 1) 7|25 (CON), 2) 200mesh WGB1.0(7] A&+ S YA ZvtHE&
2 1.0%), 3) 325mesh WGBLOUZIZAIE+AZ SAAZntES+X 1.0%), 4)

200mesh WGB2.0(7]| ZALE+11S SAAZnF5ESE 2.0%), 5) 325mesh WGB2.0
(N ZAE+LE GAAZFSEE 20%, (F)MEFutol e~z 57 HeE 3
of A 49k, whEg 4up A 9k QlojujA|stdth. FAIR IS AR TAF S
B dizteh At #Fo4 38 Afol= HolA %%E}(P>094> AEOM) 2
2] AstES gz v ATt BF Srbete AE%S BRATHP<0.01). ZE
(Ca)¥} QUP)O AstEdM= Al=2vtg SEEE = ?ﬂ?ﬂ o =75}
7kt IS BA EHP<001) gruyole] e A9 tixgEo AT
ofo g Aadte AEFS HYow(P<0.01), AZrkE SRS A7E A oA
325 mesh =g +7} Tr«]ZﬂSli #HarsteE AEs E‘E?\E}(P<001)Proplomc aicd,
Butyric acid, Acetic acid®] 3t iz Kot AlZ2ntES

A o frelAer v FEFdS BATP<0.0D). AZvkE SRS A
kg9 g dRYole] Ha9h FHAAGAYAY wES

M2 = & Aoz Ardn

]_
]_

nir

gl EAH o AASA T MAA AT 840+1.05kg°] 39 wFFE (Duroc x
Yorkshire x Landrace) Y& 64F5 FAISEH o1, AFYAS ]

th A|@Ad A= Table 13 #Zo] S-difdt 959 Adwd xx (LP), a1
A AR (HP), LPAIRY AZvEE&EE 1.0% #H71e A8 F2HLP-GB; LP+1.0%
germanium biotite, (F2) A4 B-nlo] Quj2d)), HPAFE 9 AZuFELRE

1.0%(HP-GB; HP+1.0% germanium biotite) = 47} A& & slo] A 495 bR



g o4nkE] A gk ]l of vl x| 8)
o mddn AFRA FAH< s
(P>0.36). AlRE SN E 9% a7 Adga
AHP<0.06). 1E(DM)e A3E&> T4 AR} *
AEgS 1Yo (P<0.01), AZ2vtE S5 H7MA fe
ATHP<0.01). AAMN)9 2382 19%
A9l F7HE B om(P<0.01), Cad} P
g AtEVE AZvtE SR FE7MEY H7RA f9
(P<0.01). ¥R Yol 7k~ Fxe] A G FEAolA A=
A FAATHP>0.29), AR AZ2vtE SEEE H7b mepx
319 tH(P<0.01). Propionic acid®] 2% A Zw}
A oA F7HP<0.02)E Bion, A
B AtHP<0.01). Butyric acidE= AFEW Al
B ATHP<0.01). T3 Aectic acid®= AlZvl&
HATHP<0.01). olde] A= & uj, A=Zvtg
84S ST/, EYote HA 9 A
Ao 2 Atz Eth
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1) v &= glo] A FHZHE =55 A4 A A= SFLEY
a7

B AES AzvtgSeRY HA7r AdE, U Felivks 2 A Fd 2
Ak Theds dolr izl AASATE JNAA AF 80.7£1.38kgg?! 39 i
(Duroc x Yorkshire x Landrace) B]S= 72%5 FAlstA o™, AFFAIE S 5047
AAstATh AEAAE Table 13 o] SF-tiF9 959 7|Z2AE(CON), 7]
ZALEC 200mesh AZvkE ZSEEE 15% 7 AL H(FGB), 7] ARl
325mesh AlZ2vtE SR E 1.5% H7be A2 F(CGB)E 37 A& gtof AT 6
HEE bR 4ute ) b o uf A ATEEAE Y] dESAES BE g2
o} FGB A& 72t} CGBA Y T7F = A YA W, A e 7319 {94l Aol=
EfubA] FTHP>0.05). A YA ASEANAA =DM, N, Ca 2822 P) A& +3+e
o] & el zZpol= YEFA EkTHP>0.05). & HDL-cholesterol $hael]l oA
et et AZvtEIer HUMTrE oy ow Frhe g thP<0.05). ®

i
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LDL+VLDL-cholesterol &#ol = Hgl77ke] {22 }po](P>0.05)= HolA &
GA T AZetEELRE HILE A FoA Fe F
A sked ojME dzT 2 FGBAE T waste] A
A7 CGB A T7E oo Fe AT RATHPK0.05).
L#gt2 CGB Ag7F b Aol Histe] foldom =4 ekt th(P<0.05).
RedE UEHWE axgte A=2ntgSERE H7He A7 dixa9k vlaste] &7
VEREAIRE, o H 1 Apoli= HeolA FATHP>0.05). HU FEl2HE FHAAME
2ulEESTE A7 MNPl z2Tol vs @A JeERgAY, G279l zjo]
A ekkTHP>0.05). ol A= Fgste] B o, vlgE ALgY A=vt

<
Abe 9% 2ezde 3% 2 S 2202 YT JFS v

I

-
o
T

e o rr X
Jot
Mo
td
lo

2) 4= g &t AZ2vtE SEY FAA oA 23

2 ATE A2k S2EE A7 de s4Ed oA A dA HUkE
37 98 A A ek 39 W FF(DurocxYorkahirexLandrace) A& 1205 & A
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SUMMARY

I. Title of the Research Project

Development of feed addtives using wangam germanium biotite for animal

II. Background and Objectives of the Project

Recently, the odorous substance like NH3; and H2S from manure play a crtical
point in livestock industry. Also antibiotics residues in carcass and dairy product
by drug abuse show a serious public health. Therefore, the aim of this study
was to develop environmentally feed addtives in pigs and chickens and functional
animal products.

As like insufficient resources nation is necessary to develop new technologies
and products for standing on the international competitive power. Therefore, we
should try to apply on efficiently development of natural resources and the added
value products.

For a long time, it has been recognized that waste from animal farms are one
of main causes to induce the environmental pollution. In recent, legislations have
been strictly introduced to limit envirnmental pollution from animal production
systems with the improvement of living standard and increases of public concern
on environmental preservation. In livestock production, it is necessary for
improving growth performance as well as reducing environmental pollution.

In the case of animal products consumer, it is not efficient that the nutrients
which the livestock intakes are not used by insufficiently protein synthesis. In
the view point of producer, as live stock product became commercializing, had
needed more to improve producing portion. With the purpose of evaluating the
efficacy of environmental friendly feed additives and their application to
commercial animal diet formulation, experiments was conducted to evaluate the
effects of addition of antibiotics, probiotics, yeastcultures and enzymes to
livestock diet. It is conducted that their efficacy depends on the growth stage of
livestock but, generally the addition of enzymes and antibiotics to diets have a
positive effect on growth performance and enzyme treatment had an excellent
effect on reduction of nitrogen and phosphorus excretion compared with any
other feed additives.
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Korea livestock feed resources depend on importing from other country. It
necessary to utilize for natural resources that korea is lack in feed resources.

In korea, the consumptiom of meat increased steadily because of the increase
of personal income, and the consumers demand more clean and quality animal
products. And, In the future, the competition will be on the right track with
foreign meat. Therefor, it is necessary to improve the quality of domestic animal
products which will meet the international standard quality. This research was
conducted to determine the effect of dietary germanium biotite on producing of

high quality livestock products and as a substitute for antibiotics in animal.

IM. Research Coverage and Scopes

This study was conducted by a link of the first sub-institution for
developmment of wangam germanium biotite as feed additives, the second
sub-institution for environment-friendly diet and the third sub-institution for
producing on functional livestock products. This study has been conducted for 3

years. The detailed research contents can be summarized as following;

The 1st subject:

1. Fundamental investigation and stability evaluation on wangam

germanium biotite

1) Influence of Germanium Biotite supplementation on growing and ALT
and AST of serum in Mice
This study conducted to investigate the effects of germanium biotite
supplementation on growing, ALT and AST in mice. Thirty six, 6 weeks old
ICR commercial mice, were used in a 6 d growth assay with a 2 d adjustment
period. Dietary treatments were 1) CON(basal diet), 2) GBO0.5(basal diet+0.5%
germanium biotite), 3) GBI1.0(basal diet+1.0% germanium biotite). No death or
abnormal clinical sign were observed through the dosing period. There were no

differences in bady whight change, feed intake or water consumption among the
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different dose groups. Serum biochemical values was tended to increase as

incresing of supplementation germanium biotite in the diets.

2) Effects of Germanium biotite supplementation on growth and response

of immunity in broiler chicks

This study was conducted to investigate the effect of germanium biotite on the
growth performance, blood composition, fecal NHs—-N and volatile fatty acid(VFA)
in broiler chickens. Two hundred forty broiler chickens were randomly allocated
into five treatments with four replicates for five weeks. Dietary treatments
included 1) Control, 2) GBl(basal diet + 200 mesh 0.5%), 3) GB2(basal diet + 325
mesh 0.5%), 4) GB3(basal diet + 200 mesh 1.0%) and 5) GB4(basal diet + 325
mesh 1.0%). For overall period, Weight gain, feed intake and feed conversion
were not significantly different among treatments(P>0.05). Digestibilities of
nutrients were not affected by adding GB(P>0.05). No differences occurred in red
blood cell(RBC), whigh blood cell(WBC), hematocrit(HCT), hemoglobin(Hb),
lymphocyte, monocyte and platelet of blood among the treatments(P>0.05). Fecal
NHs-N concentration of chicks fed GB1.0 diets(GB3 and GB4) was lower(P<0.03)
than chicks fed GBO0.5 diets(GB1 and GB2). Propionic acid and butyric acid in
chicks fed GB diets were lower(P<0.04) than in chicks fed Control diet. GB diets
tendency to reduce acetic acid compared to Control(P<0.01). Also, acetic acid of
chicks fed GBI1.0 diets(GB3 and GB4) was lower(P<0.02) than that of chicks fed
GB0.5 diets(GB1 and GB2). In conclusion, supplemental germanium biotite was
an effective means of decreasing fecal NH3;-N and volatile fatty acid(VFA)

emission.

2. Development and industrialization of as feed additives on wangam

germanium biotite(1)

1) Influence of Dietary Germanium Biotite on Egg Quality and Fecal
Noxious Gas in Laying Hens

This study conducted to investigate the effects of germanium biotite

supplementation on egg quality and fecal noxious gas in laying hens. One

hundred forty four 40-wk-old, ISA Brown layers were used in this experiment.

Dietary treatments were 1) CON(control diet), 2) GBO0.5(control diet+0.5%
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germanium biotite), 3) GB1.0(control diet+1.0% germanium biotite) and  4)
GB1.5(control diet+1.5% germanium biotite).Hen-day egg production and egg shell
breaking strength were not influenced by germanium biotite supplementation.
However, egg weight decrease as the levels of germanium biotite
supplementation increased in the diets(Cubic effect, P<0.02). Eggshell thickness,
yolk color and yolk index were not influenced by germanium biotite
supplementation. Serum triglyceride concentration as dietary germanium biotite
increased (linear effect P<0.02; quadratic effect, P<0.05). Dietary supplementation
of  germanium biotite reduced fecal NH3-N concentration(P<0.01), propionic
acid(P<0.01), butyric acid(P<0.05) and acetic acid(P<0.01) concentration in the
fees. In conclusion, the results of this experiment indicated that dietary
germanium biotite supplementation did not affect egg shell quality, but reduced

fecal NH3-N concentration.

2) Effect of protein level and dietary germanium biotite on egg production,

egg quality and fecal volatile fatty acid in laying hens

This study conducted to investigate the effect of dietary germanium biotite by
protein level in laying hen diets. One hundred forty four, 51 weeks old ISA
brown commercial layer, were used in experiment. Dietary treatments were 1)
low protein diet(LPD), 2) high protein diet(HPD), 3) LPD-GB(LPD + 1.0%
germanium biotite) and 4) HPD-GB(MHPD + 1.0% germanium biotite). Hen-day
egg production tended to be increased as the concentration of protein in diets
increased with significant difference(P<0.01). Egg weight tended to decrease by
increasing of supplementation germanium biotite in the diets(P<0.01). Egg shell
breaking was not influenced by germanium biotite supplementation(P>0.05). Large
band of egg decrease as increasing of supplementation germanium biotite in the
diets(P<0.02). Sharp and middle band of egg were not influenced by germanium
biotite supplementation. Egg yolk index tended to decrease as increasing of
supplementation germanium biotite in the diets(P<0.01). Fecal propionic
acid(P<0.01) and butyric acid(P<0.03) were decrease as the concentration of
germanium biotite in the diet was increased. Also, butyric acid increased as
the concentration of protein in diets increased with significant difference(P<0.02).
Supplementation germanium biotite in the diet reduced the fecal acetic
acid(P<0.01). Fecal NHs-N of hens fed HPD-GB diet was decreased(P<0.05)

compared to that LPD-GB diet. In conclusion, germanium biotite supplementation

15



to layer diets can reduce fecal volatile fatty acid components.

3. Development and industrialization of as feed additives on wangam
germanium biotite(2)

1) Effect of dietary germanium biotite supplementation on growth
performance, blood composition and meat cholesterol in broiler chicken.
This study was conducted to investigate the effect of dietary germanium

biotite supplementation on growth performance, blood composition and meat

cholesterol in broiler chicken. Four hundred eighty broiler chicks were randomly
allocated into three treatments with eight replicates for five weeks. Dietary

treatments included 1) Control, 2) FGB(basal diet + 200 mesh 15%) and 3)

CGB(basal diet + 325 mesh 1.5%). From 0 to lweek, weight gain was higher in

additioning germanium Dbiotite treatments than CON treatment(P>0.05). For

overall period, Weight gain, feed intake and feed conversion were not
significantly different among treatments(P>0.05). Nutrient digestibilities were not
significant difference among the treatments(P<0.05). Abdominal fat weight was
lower in FGB(26.81g) and CGB(28.68g) than CON treatment(30.27). However,
there were not significant difference among the treatments(P>0.05). Cholesterol
contents of leg meat tended to decrease in addition germanium biotite compared
to CON treatment. However, there were not significant difference(P>0.05).

LDL-cholesterol content was lower in dietary germanium biotite treatment than

CON. However, no differences occurred in cholesterol components among the

treatments(P>0.05). The result also suggest the possibility of germanium biotite

to develope functioning meat in diets for brioiler chickens.

2) Effect of dietary germanium biotite on egg production, egg quality and
development of low cholesterol in laying hens

This study conducted to investigate the effect of dietary germanium biotite on
egg production, egg quality and development of low cholesterol in laying hen
diets. One hundred forty four, 40 weeks old ISA brown commercial layer, were
used in experiment. Dietary treatments were 1) CON(basal diet), 2) FGB(basal
diet + 200mesh germanium biotite 2.0%) and 3) CGB(basal diet + 325mesh
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germanium biotite 2.0%). Hen-day egg production tended to be increased as
supplementaion germanium biotite in diets. However, There was not significantly
difference in among treatments(P>0.05). Egg shell breaking and egg shell
thickness were not influenced by germanium biotite supplementation(P>0.05).
Triglyceride in plasma was higher in chickens fed 325mesh Germanium biotite
compared to CON treatment(P<0.05). Total cholesterol of yolk was tended to
decrease as suplementaion germanium biotite in diet was decreased without
significant difference(P>0.05). In conclusion, dietary germanium biotite in laying
hens diet can be used to improve egg production, cholesterol of plasma and

cholesterol of egg yolk.

The 2nd subject:

1. Evaluation of dietary wangam germanium biotite supplementation in diet

1) Effects of feeding levels and particle size of germanium biotite on

nursery pig performance

This experiment was conducted to investigate the effect of germanium biotite
(GB) on growth performance, nutrient digestibility and fecal gas emission in
nursery pigs. 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 + 05% 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 NH3;-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 conclusion, the results obtained from these
feeding trials suggest that the dietary GB for nursery pigs affects fecal noxious

gas emission.
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2) Effects of feeding levels and particle size of germanium biotite on
growing pig performance

This experiment was conducted to investigate the effect of germanium biotite
(GB) on growth performance, nutrient digestibility and fecal gas emission in
growing pigs. A total of seventy five pigs (initial body weight 21.18 £ 0.15kg)
were used in a 28 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 + 05% GB, 32bmesh), GB1.0-325
(basal diet + 1.0% GB, 325mesh). Each treatment had five replicates with three
pigs per replicate. The GB1.0 treatments significantly increased the ADG
compared to the GB0.5 treatments (P=0.03). The DM and N digestibility of pigs
fed the GB1.0 diets were higher than that for pigs fed the GB0.5 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 dietary GB in growing

pigs was effective to improve ADG and decrease fecal noxious gas emission.

2. Evaluation of environment-friendly aspects using of wangam germanium
biotite

1) The effect of dietary germanium biotite supplementation in finishing pig

This study was conducted to determine the effect of dietary germanium biotite
on growth performance, nutrients digestibilities and fecal ammonia gas
concentration in finishing pigs. A total of eighty finishing pigs (initial body
weight 88.0£1.35kg) were used in this experiment. This study was carried out
for 35 days. The treatments included 1) Control (CON; basal diet) 2) 200mesh
WGBL1.0(basal diet + germanium biotite 1.0% 200mesh), 3) 325mesh WGB1.0(basal
diet + germanium biotite 1.0% 325bmesh), 3)200mesh WGB2.0(basal diet +
germanium biotite 2.0% 200mesh) and 5)325mesh WGB2.0(basal diet +
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germanium biotite 1.09%6 325bmesh). There were four pigs per pen and four pens
per treatment. Through the entire experimental period, there was not significant
differences(P>0.94) among the treatments in ADG. As the addition of germanium
biotite in diets, dry mater and nitrogen digestibility were increased significant
differences(P<0.01). Also, calcium and phosphorus digestibility tended to increase
in dietary germanium biotite cpompared to CON treatment(P<0.01). Fecal NH3-N
in pigs fed 325mash germanium biotite treatments was decreased(PP<0.01)
compared to other treatments. Supplementation germanium biotite in the diet
reduced the fecal propionic acid, butyric acid and acetic acid(P<0.01) than CON
treatment. In conclusion, germanium biotite supplementation to finishing pig diets
can iIncrease nutrients digestibilites and reduce fecal volatile fatty acid

components.

2) Effect of dietary germanium biotite in according as protein levels in

finishing pigs

This study was conducted to determine the effect of dietary germanium biotite
according to protein levels on growth performance and fecal ammonia gas
concentration in finishing pigs. A total of sixty four finishing pigs (initial body
weight 84.0+1.05kg) were used in this experiment. This study was carried out
for 35 days. This experiment was carrioutThe treatments included 1) LP(ow
protein diet), 2) HP(high protein diet), 3) LP-GB(low protein diet + 325mash
germanium biotite 1.0%) and 4) HP-GB(high protein diett + 325mash germanium
biotite 1.0%6). There were four pigs per pen and four pens per treatment.
Through the entire experimental period, average daily gain(ADG) tended to
increase in HP-GB treatment. However, there was not significant
differences(P>0.36) among the treatments. Gain/feed increased in HP and HP-GB
compared to LP and LP-GB(P<0.06). As the addition of germanium biotite in
diets, digestibility of dry matter(DM) and nitrogen(N) were increased significant
difference(P<0.01). Also, digestibility of calcium(Ca) and phosphorus(P) were
increased significant difference(P<0.01) as like DM and N. Supplementation
germanium biotite in diet reduced the ammonia emissions in feces(P<0.01).
Supplementation germanium biotite in the diet reduced the fecal propionic acid,
butyric acid and acetic acid(P<0.01) than not contaning germanium biotite

treatment. In conclusion, in deffendent of germanium biotite supplementation to
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finishing pig diets can increase nutrients digestibilites and reduce fecal volatile

fatty acid components.

3. Development of livestock products and environment-friendly diet on

wangam germanium biotite

1) Effect of dietary germanium biotite supplementaion on producing for

low cholesterol pork

This Experiment was conducted to determine the effect of dietary germanium
biotite supplementaion for producing on low cholesterol pork A total of seventy
two finishing pigs (initial body weight 80.7£1.38kg) were used in this experiment.
This study was carried out for 50 days. The treatments included 1) Control
(CON; basal diet) 2) FGB(basal diet + germanium biotite 1.5% 200mesh) and
3) CGB(basal diet + germanium biotite 1.5% 325mesh). There were four pigs per
pen and six pens per treatment. Through the entire experimental period, average
daily gain(ADG) tended to increase in CGB treatment compared to FGB and
CON treatment(P>0.05). Nutrients digestibilities(DM, N, Ca and P) was not
affected to among the treatments(P>0.05). HDL-cholesterol concentration in
plasma of the pig fed germanium biotite(GB) was significantly increased
compared to those in pigs fed CON diet (P<0.05). LDL+VLDL-cholesterol
concentrations in plasma of pigs fed GB diets treatments were higher than pig
fed CON diet. However, there was not significant differences(P>0.05) among the
treatments. Fecal NH3-N in pigs fed 325bmesh germanium biotite treatments(CGB)
was decreased(P<0.05) compared to other treatments. Lx(lightness) value of loin
was higher in CGB than CON and FGB(P<0.05). Although a*(redness) value of
loin was lower in CON than other treatments, there was not significantly
difference among the treatments(P>0.05). Cholesterol of loin was higher in CON
than supplementation GB treatments However, there was not affected by dietary
GB(P>0.05). The result also suggest dietary supplementation of germanium
biotite in finishing pigs was an effective means for improving cholesterol in

plasma and for decreasing cholesterol in meat.
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2) Evaluation of Germanium biotite as a substitute for antibiotics in

growing pig diets

This study was conducted to investigate the effect of germanium biotite(GB)
as a substitute for antibiotics in growing pigs. A total of one hundred twenty
pigs (initial body weight 18.35+0.15kg) were used in a 28 d growth assay. The
four treatments were NC (basal diet without antibiotics), PC(basal diet with
200ppm CTC), NCGB(NC diet + 0.5% 200mesh germanium biotite) and PCGB(PC
diet + 0.5% 200mesh germanium biotite). Each treatment had six eplicates with
five pigs per replicate. Through the entire experimental period, average daily
gain(ADG) tended to increase in addition germanium biotite treatments. However,
there were not significant differences(P<0.11) among the treatments. ADFI was
not sgnificantly differences among the treatments(P<0.55). Gain/feed was lower
in NC treatment compared to other treatments(P<0.05). N digestibility was
significantly differences in dietary germanium biotite supplementation compared to
NC and PC(P<0.05). Ca digestibility was higher in PCGB than other
treatments(P<0.04). RBC component was higher in pigs fed germanium
biotite(NCGB and PCGB) than in pigs not fed germanium biotite(NC and
PC)(P<0.07). Also, lymphocyte contents were higher in NCGB and PCGB than
NC and PC(P<0.10). In conclusion, supplementation of germanium biotite in diet
have possibility as alternative substances of antibiotics in the diet of growing

pigs.
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Aetes Aom dHA vt FriAZvtEe AP FE2HPS S8t o, A
o, 18t Gy, Frixs #dd, 23 59 AYXE 550 vy gEHen,
F71AZnkEe] AdFQ Ge-1329 H$ WIA32E(Suzuki 5, 1986, Aso %,

1985), ¥ 2 AE28(Komuro %, 1986 ; Suzuki ¢} Taguch, 1983), &% &%
Z&(Lee &5, 1991) # +54 F7HHo T, 1990) 59 t¥3s H&& 7IA= Ao=
HuEa itk stAIRE P A 2 (GeO2) S 715882 ol AlA RE, 47533,
ANARS 2N E Fdsles Aoz dH A4 Jdom(Obara 5, 1992 ; Iijima %,
1990), == Al7|E Faet 2HAE doe= Zﬂo X1 = tH(Higuchi
5, 1991 ; Sanai 5, 1991). 7l AIEntFEdAAE o UEUE Aow <
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A7 B3l rhee HA D ARG E vl 23] A AISEA T
6. A2l
RE ZREE SAS(1996)¢] general linear model procedureZ ©]-& 3} (Petersen,

1985) AlzntE&e5e] H7F e g linear ¢t quadratic £3E ZAAst7] 5}

o] ARE-H At

gokom, AsvgS Fojd 7|Qld= AR AlREE A4S BEHA @43

tHTable 1).

Table 1. Effect of germanium biotite supplementation on mortality of mice

Dose No. of Days after administration

Sex ) Final mortality
(%) animal 1 2 3 4 5

CON 12 0 0 0 0 0 0 0/12
0.5% 12 0 0 0 0 0 0 0/12
Male
1.0% 12 0 0 0 0 0 0 0/12
2. T =
A 717 =7, GB0S AHElT 2 GB1.0 AT BF AFo] #AhsAo #
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FAHeE AatE B9 Th(Table 2)

i
i
M

N
D)
)
lo
o)
iy
=2
o
-
N
ox,
>~
=)
2
Pis
2

o
[\l
()
(=)
=
o

Table 2. Effect of germanium biotite supplementation on mean body weight

changes in mice administed oral with germanium biotite for six days

Days after administration

Treatmant 0 2 4 6
CON 28.0 27.8° 255 24.9°
GB0.5 27.2 25.8 252 24.0°
GB1.0 26.8 25.8° 24.9 23.8°

SE 0.6 05 0.2 0.2

« “°* Different alphabet letters are significantly different at P<0.05.

¥ 2 o]lg¥Hu = AST ALTEA (Zimmerman, 1981)2 Al =Zw}
FERO HUlFEFEo] E71go uiet d Ay AST(linear effect, P<0.01 ; quadratic
effect, P<0.03)2} ALT(linear effect, P<0.02)7} #9#&og Z7l8= 2SS UeR
Atk o= A BEU-GE A=A AFFoIs A3t 5, 2001)eF dolgh A
S HAY

>

BN
pot
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Fig 1. Effects of germanium biotite supplementation on the ALT in mice.

Linear effect of increasing levels of germanium biotite.
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Fig 2. Effects of germanium biotite supplementation on the AST in mice.

Linear, Qudratic effect of increasing levels of germanium biotite.
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QA7 AN A, 4LHTE TAFAAE 237 AE 1A &5, o FHH
AR FRANA obk 48 A5e LD ANaRev, Ane B Af2 4

Ae drk §A4 d7)AFsE(Table 1)E iz 7 (Control ; basal diet)= 3}

SR ((F)MErtol e wlx~H) 200 meshE 05% H7Fst
(GB 05~200), AlZv}E S5 200 mesh® 1.0% 713k +(GB 1.0~200), A=v}
H X 325 meshE 05% #7Fet 7-(GB 05~325) Z28la AZvls S5 325
meshE 1.0% #7138k FH(GB 1.0~325)% 57} HEE st o, Ay 49rE wiE o
12574 b slol A skt

Mo

(1) A%, ARHAY 2 ARLTS
AFe AAA 17, 3% ae3 FrA AGTEE AFL FH5 T4
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1%, 3% 191 249 AnFolgon iy
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STE2 A 7Y AEAAGES SAFLE U
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ALSEAE TR 109 Alse ajdE B8 dEAFAHeR AAF s 60T Ax7]
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Table 1. Basal diet composition

Ingredients 2%
Corn 46.31
Soybean meal 36.04
Wheat bran 10.00
Soybean oil 4.32
Dicalcium phosphate 1.16
Limestone 1.40
Salt 0.40
DL-methionine(98%) 0.16
Vitamin premix’ 0.10
Trace mineral premix” 0.10
Total 100.00
Chemical composition®
ME, kcal/kg 3,200
Ca, % 0.92
Available P, % 0.32
Crude protein, % 21.00
Lysine, % 1.18
Methionine, % 0.50
Met+cys, % 0.83

! Provided the following per kg of diet: vitamin A, 16,250IU: vitamin Ds, 3,250IU: vitamin E, 8IU:
vitamin Ks, 4mg: vitamin Bg, 10mg: vitamin Bis, 12p¢g: Ca—pantothenic acid, 40mg: Niacin, 50mg: Choline
chloride, 180mg and Folic acid, 0.6mg.

% Provided the following per kg of diet: Mn, 120mg: Zn, 90mg: Fe, 40mg: Cu, dmg: I, 1.5mg and Se, 0.1
mg.

* Calculated value.

(4) B FEvlohs Aa W FuA AP FE 57
ARERA 2 ATl FAF AREe wAn Be ARG F, FAAL]
(PVTFDI0A)E o] §3te] A%A71F, ¥4 Yoel Az %

= =A% Chaney 2} Marbach(1962)¢] o upz} A

B glebad Aukale] sw =48 AR 58 FH3dle] 10NH, SO, 25mlyt SFHF=
ke & #3715 SRk fF 9] phenolphthalein 2~3%&S& 3 7tg
0.IN NaOHZ #H7}8tit). o] 89S rotary evaporator(HEIDOLPH)ES o] &3}
ZAZl %o phosphoric acid 1mE 7}t &3 A]1 71 %o ethyl ether 5Sml S F 7}
sto] 3] wwkek & x5} NaCl 2mE H7bete] & EAIAHY Fo] E8¥d
ether &< #3}°] 045um membrane filterE o]&3fe] o]ydt & A|FEL NS gas

chromatography (Hewlett Packard 6890 Plus, USA)ol +=¢ 3

o
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4. FAAY

EE 28X SAS(1996)¢ GLM procedureE o]g&3dte] Hyzte] HFS
orthogonal contrastas ©]-&3te] 1) i+ vs GBH7F, 2) 200 mesh vs 325
mesh, 3)05% vs 1.0%=2 &&l3lo] FolAds AAsAtt

A3 4 1%
1. TAH, ARAAF €L A58 7&

Asrkg SR AFRW H7P7F A9 SAE, AARAAE, AHRa &l A
T 9% Table 201 yetdllth, A AFFA Q7R 5577 SAE, ARAAHF B
SAAY AolE YERA &k HH.(P>0.05)
ole g ArAy= 3 MA98Y)el THAHE F= A zeolited] FEE HIFAIF

F zeolite 2% A 2ol A kARt A2 Fo4d2 A
ow, ©](1975), W S(1983)% A=Yl zeoliteg H7HAOl AdEIN AlmE &l 4T
& HAA Fdvs Hast A3 F¥Fe yEhllt 22y Onagi(1966), 4 5
(1978) Willis 5(1982) 2 & 5(1983)¢] zeolite H7FAlel SA| ol Als & &0
d Hdve Raustes e 43s Bth

2. 35 R F¥%L o8&

A ARl AzshE FeRel Azl wE Jgi asgd wAe JFe
Table 30 ehilglth olpa ARd Ax Age ATdel FAL Aol7t
gelom. Bt 9o £HEE BAY FFE HAAT B1990)°] zeolite 15%7
sk Cadl FEW AR AE 01§80l I/ 4TS ngvh: Adste v
AFe tehih oled At ARel 49 32 A2vhE SRS Wrisel
Al WAL GFl B AT BOE O BAFEL AT
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Table 2. Effects of dietary

germanium biotite on growth performance in broiler

chickens
Particle size Contrast’
Item 200mesh 300mesh
Con GBO5' GB1.0' GBOS' GB1.0' SE 1 2 3
Week 0 to 1
Weight gain(g) 10051 10538 106.00 105.06 103.31 2.39 0.12 0.54 0.82
Feed intake(g) 11703 111.95 11813 121.73 116.73 534 0.99 0.45 0.91
Feed/gain 1.16 1.06 1.11 1.16 1.13  0.08 0.21 0.27 0.76
Week 1 to 3
Weight gain(g) 525.16 539.67 524.02 539.77 52166 924 057 0.91 0.90
Feed intake(g) 476.00 468.08 486.13 460.00 47853 20.32 09 0.39 0.71
Feed/gain 09«1  0.87 0.93 0.85 092 004 084 0.37 059
Week 3 to 5
Weight gain(g) 811.12 824.66 849.38 862.06 &852.02 20.42 0.14 0.35 0.73
Feed intake(g) 1273.20 1270.85 1298.63 1287.83 1251.63 33.00 0.92 0.66 0.9
Feed/gain 1.57 1.54 1.53 1.49 147 0.02 0.78 0.04 0.26
Week 0 to 5
Weight gain(g) 1436.79 1469.71 1479.40 1506.89 1476.99 23.06 0.66 0.57 0.75
Feed intake(g) 1866.23 1850.88 1902.89 1869.56 1846.89 37.34 0.98 0.84 0.77
Feed/gain 1.30 1.26 1.29 1.24 1.25 0.02 048 054 0.99

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

2Probability for contrast: 1)CON vs others ;

2) 200 mesh vs 325 mesh; and 3) 0.5% vs 1.0%

Table 3. Effects of dietary germanium biotite on nutrient digestibility in broiler

chicks
Particle size Contrast®
Ttem 200mesh 300mesh

Con GB05' GBLO' GB05' GB1O' SE 1 2 3
Dry matter 7256 7117 7089 7480 7469 176 0.87 091 0.06
Nitrogen 61.05 6091 6236 6150 6292 433 086 0.75 0.90
Calcium 4708 4668 4728  49.05 4792 205 0.78 090 0.48
Phosphorus 3073 3876 4173 39.09  40.16 467 097 067 0.90

! Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite
*Probability for contrast: 1)CON vs others ; 2) 200 mesh vs 325 mesh; and 3) 0.5% vs 1.0%
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3. @34 RBC, WBC, HCT, Hb, Lymphocyte, Monocyte 2 Platelet 3%

Azvkg SR Atsd 7k wE dF W RBC, WBC, HCT, Hb,
Lymphocyte, Monocyte % Platelet ¥ 32 Table 49 =313t RBC2 WBCE
Ztzb 252~2.58(x10%/mi) 9k 314.19~335.0(x10%/mn) o2 A ] Pkl f-2] 23l xpo] 7}
AT HCTE 265~26.83(%)= A2 73] o4l Aol At 2(1986)+
NA FHF bR &R HIAE 2T vl {40 FUHE BEAtha )
AR 2 Qe A Hbi: 873~950(g/d0)EA A&l F7kel xte]E molA ergih,
Brij¢} Rawnsley(1990) &He] 4429l dlmZ=w e 750~13.18g/dgta s
od 2 AgelMs BEAYd FAE YEhd Ze® Hv Lymphocyte 3
monocytei= A3k oAl Aol= glolew Platelete] #H= L BIFS
BAT olyg A=z | kA A d3Ad FE 2 germanium biotite 7hEoll A
gHe] Wale] uAE FgFo] HAJAN AFAIAE] o] EFsmZ o] F o
AT FFo W Eojof & Aot

-

2o
rot

Table 4. Effects of dietary germanium biotite on blood in broiler chicks

Particle size Contrast?
Item 200mesh 300mesh
Con GB05' GB1.0' GBO05! GBO1.0! SE 1 2 3
RBC?(x10°%/mr) 255 258 2.54 2.54 2.52 0.07 092 067 0.67
WBC* (x10°/mr) 335.0 323.21 314.19 32884 33281 1787 0.68 047 0.88
HCT 5% 2669 2675  26.88 26.5 2663 082 10 075 087
Hb 6(g/de) 932 873 9.05 9.35 9.50 051 081 0.27 0.62
Lymphocyte(%) 85.10 8238 86.75  84.38 8.25 193 086 089 0.17
Monocyte(%) 6.0 5.88 5.96 6.61 6.84 1.67 085 066 093

Platelet(x10°/mn) 424 558 4.88 5.38 425 083 048 06 0.25

!Abbreviated GB0.5, added 0.5% of germanium biotite ; GB1.0, added 1.0%. of germanium biotite
*Probability for contrast : 1) con vs others ; 2) 200 mesh vs 325 mesh; and 3) 0.5% vs1.0%
SRBC(red blood cell), * WHC(whigh blood cell), HCT (hematocrit), HB(hemoglobin
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(P<0.01), GBL.0 #2l7"&= GBOSAH g7 Ett fFo4 oz v YEhuth(p<0.02).

B ATl dade AR At BE A (zeolite)?] Wb FEo] =RS W o
N Asks RAEMGE T, 1975) FE4 2R HE AT ¢ ATeE B
(Kiling &, 19749)¢F 543 Z3FS naom, F=dAtgd H7kgk 4
WA S A THE Bal(Watanabe 5, 1971)9F frAbgh 4 &S

aseR 2 Adde Ay, A Fedd ek Al=vkE 3
W gryobd da Bs A= eSS & AeR Atrd

Table 5. Effects of dietary germanium biotite on NHs-N and volatile fatty acids

concentrations of feces in broiler chicks
Particle size

2

Ttem(PPM) 200mesh 300mesh Contrast
Con GB05' GB1.0' GB05' GB10' SE 1 2 3
NH;-N 23763 22593 18793 23040 20451 1253 0.09 0.41 0.03

Propionic acid 9.30 7.83 5.84 6.59 4.25 3.35 0.04 069 0.54
Butyric acid 17496 11608 11087 11930 113.01 865 0.04 0.77 0.52
Acetic acid 2193 17981 14551 18132 153.06 1217 0.01 0.72 0.02

! Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite
*Probability for contrast: 1)CON vs others ; 2) 200 mesh vs 325 mesh; and 3) 0.5% vs 1.0%

2 8 of
w A AR AEvkESeRe] HA7PE SA9 dFe 2 A W r)eel
olm JFE FrkE skl SAstel AAEdY AAEAEe B
Acre Broiler($) 297 Wole] 24075 A8 AFFA A2 5573 HAISA
7ML RS

AgddA = SAHA HZT(Con ; basal diet) & 3}o] 7| xALE AZvlES
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FE TAS O, AFFAIF S 2193 AAeAT A A A= Table 13 2ol &=
F -7 959 VxA R AZ2vkE S22 FH7F(CON), a7 Aol 200
mesh AIZ2vkE &% 05% FH7F(GB05-2000 2 1.0% #7F+(GB1.0-200) 1211
= Atz 325 mesh AZvtE 2 05% H7FH(GB05- 325) 2 1.0% H7F+
(GB1.0-325)% 571 A2 st Aeld 49ks wkag supe]y ehd o] v x|kl o).

2 A Ee AMEE A= S
Na;O 3.36%, Fe;O3 3.97% i3 3& AL&3 )

(2) APAE B A

o AbRE 3340keal tAMIUA kg, 21.00% 2T, 1.25% kel 0.80% 2,
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(Hewlett Packard 6890 Plus, USA)o| F<3sle] 32 <] Hkak

off

=8 439

(5) spshEA =

AbRe] ubg R HAER E£3E Cre AOAC (1995)9] ofs) B4 aglt)

BE AR E SAS (1996)2] GLM procedureE ©|-&3Fo] ] 2|7ke] HS orthogohal
contrastsE ©]-83Fe] 1) dlx=7 vs GB 71, 2) 200 mesh vs 325 mesh, 3) 0.5% vs
1.0%= Zelste]l oS A8k

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

Ingredient, % CON GB0.5" GB1.0"
Corn 55.26 54.22 53.17
Soybean meal (CP 449%) 33.43 33.56 33.70
Animal fat 533 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 - HCI 0.17 0.16 0.16
DL-Methionine 0.03 0.04 0.04
Vitamin premix/trace mineral premiXQ) 0.22 0.22 0.22
Antibiotic” 0.10 0.10 0.10
Antioxidant (Ethoxyquin 25%) 0.05 0.05 0.05
Chemical composition4)
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

U Abbreviated GB0.5, added 0.5% of germanium biotite; GBL.0, added 1.09% of germanium biotite.

? Provided per kg of complete diet : 20,000 IU 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 B, 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; 125 mg of Mn; 05 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. Effect of dietary germanium biotite on growth performance and nutrient
digestibility in nursery pigs

325 mesh 200 mesh Probability (P=)"
Item CON GB05 GBLO GB05 GBLO SE’
2 2 2 2 1 2 3
Growth performance
ADG, g 457 476 446 468 473 10 048 040 029
ADFL, g 843 83 872 89 873 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 50.88 0.86 065 0.8 012
Phosphorus 3961 4097 4093 3924 4183 1.00 033 069 023

}One hundred pigs with an average initial body weight of 13.15 + 0.15kg.
% Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

% Standard error.
4 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 3. Effect of dietary germanium biotite on fecal NH;-N and volatile fatty acids
concentrations in nursery pigs

200 mesh 325 mesh - Probability (P=)"
GB0.5> GB1.0° GB0.5* GBL.0 1 2 3

Item CON

NH3;-N

Volatile fatty acids 580.17 575.40 509.41 423.67 329.19 49.17 006 0.01 0.14
Propionic acid 21545 163.83 13891 66.22 51.67 30.09 0.01 0.02 052
Butyric acid 366.75 170.04 140.80 125.06 75.80 3578 0.01 0.15 0.28
Acetic acid 6151 4645 2383 2361 11.79 1056 0.02 0.14 0.14

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

% Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite.

3 Standard error.
 Probability for contrast : 1) CON vs others ; 2) 200 mesh vs 325 mesh; and 3) 05% vs 1.0%

ojFlate] AlZnbE SR PR Uol 7hx B & w3 AF AdE BY, AF
MAl F 60Fe =43 EHEo] 0% ¢ Aoz YElYt} (data not shown). ©] & 3h
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!

o] 57t A
B7rst7] flske]l A Als)
A %2 13.12+0.15kg ] )
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Sl ARSI BREAMREA AL e HeE Fedds AldelE, Wl
EUelE, 7ked Sol flew, o|sh e ALR Al ols] AAEolu LA
A o] A mids $ 84 od 249 2 s g AT

A, AW EE= xS BA 9 @97t e AeE BuEHdoHKondo 5, 1968;
Honda 5 1976; Ramos %, 1996). England (1975)& A2 &oEE SAE ARl 5%
A7rete] Folst A AdApe] wAyo] 7+A43)%) a1, Nishimura (1973)% 7FEARE ] Al
QEfelE HIMAl 7tEEe g3, FEEE a3 da dE AaanE B

gk AlegtolEe] HIbe HA e 9] &3 ANEAG fEd dFS T
I (Pond %, 1988; Hagedorn %, 1990; Kovar % 1990)% Itk FE=od ko] glo] A

A FEEQ AletolEe] dFH Ao} GHARZAY g3 E Fu P
of ZHAao] @t A& wol o]FoA gtoy A=ZvtES FHI SR B AT
= AF3S Holgh Al dHF FUlE] AZvkEe 3= NG 3H(Sandra, 198%),

AW a5 WE 52 (Asai, 1980), W73t #-8&(Suzuki, 1986), At&da5%
(Levine®} Kidd, 1986) % Hlo]l#i 2 ZAX=(Asc &, 1989) & thst oFg]=&-o] 3l
o] 9 Al

B oo AE3 A ErlEE 2 E(Germanium biotite)= 36ppme] AERtES -
(HEFFFAETTA 7I=Ad T4 £4)eAL v S Rot AZnEISeis A=
kg o]lfle = FA, HVA T 2 vEgEde] xEH] vt

AT s o] A2vteSeRE H7F &3 FHs] 98 dvkee 2
PYA=E Gelsto] Atz H7bste] HoAA AFsE, I¢a 4L3tE 2 W Falvt
2= FheFel W= GFES Hrtetr] flste]l AAEsiTh

4. A5 R 8y

(D Alds= 3 AIQAEA

7H AAl A= 2118 £ 0.15ke <] 3¢ X&% [(Durocx Yorkshire)xLandrace] S = 755
S FAER o, AFGAIE 2 2893 AAE Y AlF A Al E Table 13 o] S5
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- 5o VAR AEvkE SR FHZF(CON), WET ARRe] 200
mesh Al2vkg S5 05% H7FH(GB0.5-200) 2 1.0% 3 7F(GB1.0-200) 2] i t
Z7 Absol 325 mesh AZvHr &R 05% H7F(GB05-325) % 1.0% H7F-
(GBLO-325)% 57 A 2]& Aed Bt&%, bl 5U}EW g9 HHX] sttt

= Algel AHEE AErkE s
Na;O 3.36%, Fex03 3.97% 33k A& Ab&3titt.

() ABAE D AR

=7 AFEE 3320kcal tiAblUA]/kg, 18.00% =Wkl d  1.00% =holal, 0.70% Z+,
060% A& FHEZ FGthTable . A@AEE AT Folstgon 447
o718 olgetel AfHANES FAth AF L ALAAFE ABFLA Z4 3]
VGFAY, INHEHAY, ARLLS AL

288 %

3 &S SAHY] A8 AlE T35 7d-h FAERZA AEAE (Cr0s)

02% Z7bstdvt. AFo] A7k Al AR 5o 59 Foll Zhzhe] =wel A 3vte
55 v AP R ZH-HS} T, olF EFsto 179 AR on,

g WHow 7t ﬂ\'ﬂ?” 78] & AN8E AMASAT AHAT £ 60T

o A 72A17F AZEAIZ F Wiley mill2 #2f, 4] o]&3}9ch

(4) sFsHEA B SAIAE

ANFFEZA 7t Xﬁﬂ:rloﬂfﬂ Tdg AlFE L
o] g3l AZXAIZL F, A o] &3}
Chaney$} Marbach (1962)-4 ol upe} A ]0}051‘7}

Tl A A = A4 AR 5g2 Fde] 10N H.SOs 25mly}t S#5S
H7rek 5 5715 FFetth &9l phenolphthalein 2~3% &5 %713
0IN NaOHE #H7tstsdeh. o] 845 rotary evaporatorg ©o]-&3ate] HxAZ F,
phosphoric acid Iml& %718t &3JA1Z] $-of ethyl ether 5mlE % 7}s -’Fﬂ A=
& % %3} NaCl 2mls #7bste] & 2A AT So] 229 ether T2 3
0.45m membrane filterE ©]&3sto] o F AFPLAS gas chromatography
(Hewlett Packard 6890 Plus, USA)el Fjate] 384 At =& 435ttt

BE 273+E SAS (199%6)9] GLM procedure= ]%3}04 A 7re] Hit &
orthogohal contrastsZ ©]&3to] 1) HZ7 vs GB 7, 2) 200 mesh vs 325

mesh, 3) 05% vs 1.0%2 &3] F9AS AAsA T}

o,
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Table 1. Basal diet composition (as—fed basis)

Ingredient, % CON GB0.5" GB1.0"
Corn 64.15 63.82 63.26
Soybean meal (CP 44%) 25.63 2551 25.47
Animal fat 4.67 4.64 4.76
Molasses 2.50 2.50 2.50
Dicalcium phosphate 1.55 1.4 1.4
Limestone 0.81 0.80 0.78
Germanium biotite - 0.50 1.00
Salt 0.20 0.20 0.20
L-Lysine - HCI 0.12 0.12 0.12
Vitamin premix/trace mineral premix’ 0.22 0.22 0.22
Antibiotic” 0.10 0.10 0.10
Antioxidant (Ethoxyquin 25%6) 0.05 0.05 0.05
Chemical composition4)
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

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

? Provided per kg of complete diet : 20,000 IU 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 Bz 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; 125 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.

o A% % 1@

1 dF5AE AARAAE % AREE

Azvts SR F997F 49 dGSAFE, dGAEHATF D AA5Z g m
A= FEE Table 20 YEFHSAT AFSAIE 713Hset dESAHS B GB325 A
27 GB200 A F-eF vlaste] =2 43S yehdden (P=0.08), GBO5 A&+
GBLO A8+ Hth fFodoz ¢ =2 oz el thP=0.03). dTALEAH Fol
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geide tzTsh wastel AZvky SR WATL Ee TS use

U
(P=0.06), ALEF &l QlojAl Helke] oAl o2 molx egirh A B
(2003 3%kgol FAECNA A= E S FAA RAEAES FretA. A9
ZAG D APAAATN dolA FAA AT waste] AZeE SR
03% H7Fzkell Fo) A2l Aol2 molx el EE, B FE 741_8. iy 2om
2 10% A Ae A5 dzTe} wastel AFgo] 7% F4E ASE RS
ok # 520030 Rad Akl B ALGA P AWE /) EE o] % w, A ZehE
ZeRE JEA/RGE SAE D WKE A7 AFgo FoH9 dF nA
= o Ardr

Table 2. Effect of dietary germanium biotite on growth performance and nutrient
digestibility in growing pigs
200 mesh 325 mesh

Probability (P=)*

3

Item > > B >
GB0.5" GB1.0" GB0.5" GB1.0 1 2 3
Growth performance
ADG, g 726 738 754 744 840 20 011 0.08 0.03
ADH], g 969 995 996 1008 1028 20 0.06 018 051
Gain/feed 075 074 076 074 082 003 061 039 011
Nutrient digestibility, %
Dry matter 77.74 7372 7519 7351 7490 028 0.01 0.40 0.01
Nitrogen 71.70 70.64 72.66 69.66 71.74 050 039 0.08 0.01
Calcium 4787 5152 5440 5228 5476 1.70 0.01 0.75 015
Phosphorus 4739 4886 4579 49.52 46.67 1.89 0.87 0.70 015

Seventy five pigs with an average initial body weight of 21.18 + 0.15kg.

> Abbreviated GB0.5, added 0.5% of germanium biotite; GBL.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%

2. 9E& 28k

Azvkg FEEE Fol3 A dg A=, 24, Zg, I 43185 Table 2
of Yebdt A= Ashadl lojA= Tt} l &to] Azvba S A7 #2
Aoz v H7FE Ao K P=0.01), GBLO A277F GBS Al €]k Blaste] A= o
A AstEo] FoAow =UTHP=001D. Za Ast&ol o= dHx-oF Hlust
o AZvts S5 HJ7F7F ¢ =2 A2 YERT(P=001). d 5(2003)> SA=
ANA FAA FHIF AbRO AE2vkEs SEEE 03% JPE Bg, A Hbe
Hlasto]l A& Bl A £5kgo] FAast o o]l Aol HolA GFrhal B
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g B, NSFE AGANE GETG vastel A=rE S8R AT A
1 3

=
2 Asbgo] B H2 ZoR HAsgh

3 Fd EYoety dAa B A A vk 54

4= ARYW AZvEEERe H7hh W dRYold) A4 H g A
Fkol mAE= 9GS Table 39 YeblATh Ul FRYole] A4 Fxe oA =
2ot Hwale] A Zn) ooz yokom(P=0.01), 200mesh

A

T7F o A 7 ATHP=0.03).

Wl propionic acidell AoIA = A Fzbell Fol Al xtolE HolA ktort Fu

butyric acid %ol oA 200mesh ¥ U= 325mesh A2 F7F frolzog v

Ao 2 Y th(P=0.04). T3+ H acetic acid FE°] UM% 200mesh HT}=

325mesh A&7k v A YeEhHATHP=0.07). A=ZvhE S5 EW a7t
3)

2 A g AbeAle] Al A fASE A3E e aba Al Al A2
SEEE 05 10, 1.5% w3 A5, 2l dxEYol 7t~ 2 3ayg Ak wE71
2449 a5 YepH A4S oS Raskdoi(e] 5, 2003b). ol# s A= qf
A FEE Zt= 1f9 AE F 23 23 (Klingd Quarles, 1974)°] 23k A o
2 HaEy AZntgSREe] U ek A Gl digh FUEEQ A+ 2
83k o7 Als T

Table 3. Effect of dietary germanium biotite on fecal NHz-N and volatile fatty acids
concentrations in growing pigs
200 mesh 325 mesh ,  Probability (P= )
GB0.5° GBL.0° GB0.5° GBL(? 1 2 3
NH;-N 951.68 673.15 643.04 573.30 341.20 7837 0.01 0.03 013
Volatile fatty acids
Propionic acid ~ 277.96 261.56 248.88 232.59 126.94 45.11 0.26 013 023
Butyric acid 361.73 346.61 341.84 304.76 158.48 4490 0.18 0.04 0.13
Acetic acid 9529 8597 8045 7194 4015 1296 011 0.07 0.19

!Seventy five pigs with an average initial body weight of 21.18 + 0.15kg,

2 Abbreviated GB0.5, 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%

Item
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L GYR 23HE D B FAkE BEel WAL 92 G sl AN
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7§7]'?L(GB1.O—200) ayan YT /\}‘501] 325 mesh HIEU}H

(GB0.5-325) 3 1.0% % 7F(GB1.0-325)% 57F A= stk ALSAIE 713bEet, o
FEA Foll A= GBLO HE 7 GB0S Aok nHlalgte] folHqos ke 3

o2 YERGTHP=0.03). A& 9 A4 A3HE] dojAE= GBLO A7 GBOS A
T} vl aLs}o] f‘@wﬂ—t— Aoz YetHP=001). 24 Adteo] dolxe dxz+9
skl AZubE SR H7M7F o 22 3oz YERGTHP=001). +U Y
ole] A Fol glojAE xR Hlaste] AZutEISer H7b T oA oR
gk o i (P=0.01), GB200 A&7 Bt} GB325 X277 o YA 3 7bE 2 tHP=0.03).
B butyric acid F%=ol dolAE GB200 A g et Hlwste] GB325 A2 1-7F 9
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Hol Ul FAEol iR 52 VQstEHUEA ThEAIS A BT I
A= 7hEEn=E Qg 74 9 ESed A7 T st FSExe A
o] Hlste] mE e AAN, aFEe] Fr]Eo] FfEH| s H S FIY
st 59 F4d ostE s, WA A= o3 Aste 29 H FHETF L
4 T FAE (&3, 2000). olH g AL Ao WAE st v
SAbgol AR AL HIMAIY HaAdS Eﬂ% 7w ol ghrh. olel gk ol &
st sl = tgo® EAetE A FEE FolAl zeolite, bentonite 3 kaolin
T2 7SS AFR HIHAIEA ol & EH AT (o] F 3 5, 996)

Tk F=4< sodium zeolites AF&AlY FoAE B¢ FzAE WA A =4

Zol7t F7FetH  (Rolans &, 1985, Miles &, 1986; Fery 5, 1992), Y=ALR

clinoptilolite 71'&2] zeoliteE 6% H7} wolstd S uf AW A L FHAr&o] d A3
Zastatta - th(Torii, 1974). o] 9ol % FAtd BEAS Abzo] H7ME AU
GH7 FAEJdgn 3G tH(Watanabe 5, 1971). GEAIEO F4tE FEA Al E 9
A2vtE SR HA7be Zul2dE Ast 48 9 FA8A dAEd 28 9 9
Tyol 7k w4 2gS zhes Aow 4R vl (B, 2001). Y= Lol

of #3 A= w®ol

407 ISA Brown @47 1452 A@ol Agstgon, AFA P 7979 A
£717 ¥, 5627 AN AT

Table 19} Zo] S45-t 7 9159 AbZ (CON; B&TAR), 2T A A
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2ok 5K (germanium  biotite, (F)ABHlo] W 2~E)E  05% (GB0.5), 1.0%
(GB1.0) % 15% (GB1O)® 470 A& &t A2 6wtE, vkad 6ube]¥ 2bd <
o vl 2] 3} A Tk

CARAEE VHFEHE BEo] ARANES e, 22 AsHT
715 ol&dto]l Afrmol AHE ¢ U=F st F AT L 174 7Fo]
B zdsksi Algel AHgE AlE2vkE SR S5l Al=vkEo] 36ppm o
el e FEAERA, S = A Al A

325mesh®] Z7|2 &34

Table 1. Diet composition(as—fed basis)

Ingredients %
Corn 50.40
Wheat grain 10.00
Soybean meal(CP 46%) 18.70
Corn gluten meal 2.00
Wheat bran 5.00
Animal fat 4.40
Limestone 7.50
Tricalcium phosphate(P 18%) 1.40
Salt 0.30
DL-methionine(50%) 0.10
Vitamin premix’ 0.10
Mineral premix” 0.10

. ... 3
Chemical composition

Metabolic energy, kcal/kg 2,904

Crude protein, % 15.45
Crude fiber, % 1.80
Lysine, % 0.70
Methionine, % 0.32
Calcium, % 3.25
Phosphorus, % 0.61

Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000 IU vitamin D;, 10,000mg vitamin
E, 2000 mg vitamin K; 50 mg biotin, 500 mg folic acid, 35,000 mg mniacin, 10,000 mg
Ca-Pantothenate, 1,000 mg vitamin Bs, 5000 mg vitamin By 1,000 mg vitamin B; and 15 mg
vitamin Bio.

2Provided per kg of premix: 25,000 mg Cu, 40,000mg Fe, 60,000 mg Zn, 80,000 mg Mn, 1,500 mg
I, 300 mg Co and 150 mg Se.

*Calculated values.
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A e AGAE 10F M Aete] AP TEAR FAR5E AFERZ
. Bt HE e AT AdS A4S o §3te] ZQstgch
Z

of MlEgR

A= 3473 %A (Ozaki MFG. Co., Ltd., Japan)Z& o]&3le] =A4sgon Fzt
A= Dial pipe gauge (Ozaki MFG. Co., Ltd.,, Japan)Z o|&3le] dz}¢o] Euhi
i agla FURE =A O}C’i‘jr W3S Yolk colour fan (Roche, Switzerland)
S o] &3te]l AT GFASFE Ozakirle] Al 2E o] §3lo] tHako] Ho]ef
A& 43t Sauter 5 (1951)¢] Wl oate] WF8o] =olE Wie] A Ao
o] dEAFE AAtst Ao

3. %W dEYoty A F FAY AL T 53

AMPTEA A4 Aol FdE 71t widd 25 AYT 10 25 A F
g =, 3

SAANZT|E o] &ste] Az F, FA el ol &t #ul dEYoly A
A FE %L Chaney® Marbach (1962)9] ®WrHo| wha} A A & At}
3 AWt wxE ZA487] flete] AR 5g& FHstel 10N HaSO4
S Z N phenolphthalein 2-3%%
3| S E o] fste Hdx
ethyl ether 5mlE 7}8to] =3 i
A ZT Fo] 2 HW HEFS F
sl 0.45um membrane filterE ©]-83to] o #g & A& HE gas chromatography
(Hewlett Packard 6890 Plus, USA)l U3t th. Gas chromatography®] #4271
2 Table 20 YEFHTH

4. 84 ZY2HE ZA

A 100 Al F s A AN HAE A FHEE 4TNA 2,000xg= 20

B7E %fufﬂo}o% dAs BEAsr. Eyd @3S 44 v AU (Allain 5,

1974)0l 2lste] F Ze|2HE, HDL FU~HE 9 AR T35 72t A
7

¢k(Boehringer Mannheim Co., Germany)oll ¥F3AlA =% AJ3}st £ 7] (Hitachi
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747, Hitachi, Japan)E ©°]&3to] ZAHEAu. LDL+VLDL ZFH2HE FTEts
Naoyuki®} Yoshiharu (1995)¢] WHel ule} H 718} o

5. SAAE

EE 25+ SAS (1996)9] GLM= o] 839 (Petersen, 1985) A Zwu}
A7} 5o e linear, quadratic 28] 3L cubic &3E #AAs A}

o
ot
Ho
td
1o,

Areksol A= Ag kel Aol 7t %i A2, dFel QoA E A=k SR
Whsdel F7htel wel feldom gast AFE VERIATHCubic effet,
P<O02). WABEANAL Az —2%5194 AbeEol 05%d W AE ko
ol H el Aol 7
A H7tE A ou fFo]A zpol= gldtH(Table 3). O]L sodium zeoliteE + ©] GP }a}
A A5 ‘irziél N Adole] F7tE 7FAH 2t Hil(Roland &, 1985;
, 1992)¢} AFoldl AFfolt}. zeolite: UaA FEHAR ol

9 TUAZITE ik ey 22 Ak

F=d Azvks SR Vde gl B Ay Adr FAs] off
E Ao w xfo]7F gl tH(Table 4).

Table 2. Effects of germenium biolite on the hen-day egg production, egg

o,

2

lN

shell weight and egg shell breaking strength in laying hens

3

Ttem CON GB05' GBL0O' GB15' SE’ lcongaSt -
Hen-day egg production, % 88.26 8364 89.86 89.77 120 NS' NS NS
Egg weight, g/egg 62.06 6246 60.03 61.74 067 NS NS 0.02

Egg shell breaking strength,
9 349 377 338 335 016 NS NS NS
kg/cm
"Abbreviated: GBO0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of
germanium biotite; GB1.5, added 1.5% of germanium biotite.

*Pooled standard error
*Contrasts were: 1) linear; 2) quadratic; 3) cubic
4 NS: not significant(P>0.05)
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Table 3. Effects of germanium biotite on the egg shell thickness in laying hens

Contrast®
Item CON GB05' GBL1.0' GB15' SE* 1 2 3
Large band, mm 043 049 044 044 001 NS' NS NS
Sharp end, mm 043 044 044 044 001 NS NS NS
Middle, mm 043 045 044 044 001 NS NS NS

! Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite;
GB1.5, added 1.5% of germanium biotite.
*Pooled standard error.

YContrasts were: 1) linear; 2) quadratic; 3) cubic.
NS: not significant (P>0.05).

Table 4. Effects of germanium biotite on the yolk color and yolk index in

laying hens

Contrast®
Item CON GB05' GBL1.0' GB15' SE* 1 2 3
Yolk color unit 503 583 549 604 023 NS* NS NS
Egg yolk index 039 038 040 040 001 NS NS NS

"Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite;
GB1.5, added 1.5% of germanium biotite.

*Pooled standard error.

*Contrasts were: 1) linear; 2) quadratic; 3) cubic.

*NS: not significant (P>0.05).

2. Z2H28E TF A

]
S

Table 5914 &4 Total, HDL, LDL+VLDL Z#2HE g3 A2 +3F #
A Aole molA @ity 2y WA FAAATR dolAE AZnE Few
o ArhsEol FAhel we feldew Frleh: AR UEhiithinear effect,

P<0.02; quadratic effect, P<0.05)

o 1o

3. fa7t: BE %A}

AZvtE SR H7brEEol F7hsdd wel 2y dRYotej A R Ay
2o (linear effect. P<0.01)(Fig.l), 74t FEAS Atgd #H7FsE A% FAH
o #AEH7F dAThE B (Watanabe 5, 1971)8 YEAIE W AlZ2nty S2
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T
o}, Fig 24%-H Fig 477}le A ﬂlEU}L —3_77—%519] by
A= 4Es YetidT A2vkE SR HIbeEEol gl whet
W propionic acid (linear effect, P<0.01), butyric acid (linear effect, P<0.05) L&
acetic acid (linear effect, P<0.01 ; Cubic effect, P<0.04)¢] & &o] Fojzo =
s A4S YeEtHAL 7Sl A zeoliteE 5o & Ao fald A,
7k~ wlE S WAsE E¥H(Ramos 5, 1996)7F AT Haiek {4 }O}Oﬂu} ]
er-t— 2bAA FEA] ol2ud Y FAALN #Ho] HUAS AR AlnH
43 o SeRE At H7betH bRy olrpe]
] % PH—J A AN A v&e] d3E VA S AoE AR
A9l germanium biotiteo] W3 AF7}

ofof & Zojt}.
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Table 5. Effects of germanium biotite on the cholesterol concentrations of

plasma in laying hens

Contrast’
Item CON GBO05' GB1.0' GBL5" SE* 1 2 3
Plasma lipids(mg/mL)
Total cholesterol 134 138 133 127 38 NS' NS NS
Triglyceride 1303 1467 1487 1498 5713 0.02 0.05 NS
HDL-cholesterol 13 14 12 13 084 NS NS NS

LDL+VLDL-cholesterol 122 124 121 114 3.53 NS NS NS
" Abbreviated GB0.5, added 0.5% of germanium biotite; GB1.0, added 1.0% of germanium biotite;
GB1.5, added 1.5% of germanium biotite.

*Pooled standard error.

*Contrasts were: 1) linear; 2) quadratic; 3) cubic.
NS: not significant (P>0.05).
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Fig 1. Effects of germanium biotite on the fecal NH3-N concentration in laying

hens. “Linear effect of increasing levels of germanium biotite (P<0.01).
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Fig 2. Effects of germanium biotite on the fecal propionic acid concentration in
laying hens. “Linear effect of increasing levels of germanium biotite
(P<0.01).
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Fig 3. Effects of germanium biotite on the fecal butyric acid concentration in
laying hens. “Linear effect of increasing levels of germanium biotite
(P<0.05).
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Fig 4. Effects of germanium biotite on the fecal acetic acid concentration in
laying hens. “Linear effect of increasing levels of germanium

biotite (P<0.01). "Cubic effect of increasing levels of germanium biotite

(P<0.04).
% 8
B oA AdA AR Azrks Sene bt UAsg % Ry guel g
ol WAL Gge 2467 ekl AASAT AGAH L 4052 ISA brown &
A7 14452ol g3tglom], SEE-UTE §F GEAR (CON), 7|2Abael A2
i

o
-

0.5% (GB0.5), 1.0% (GB1.0) ¥ 15% (GB15) H7IT % 470 AH=E
5 (e}

FAE F 5627ke] AFAIE Y17 ok, g dAGEeI AL Aeizke] £
oAl AolE WolA gtk et BEL AZvky Semel Whrwel
of Wt foHoE Ahdtt AFE Ui (P<002. HZEA, HFA R o
FAFANAE Ao Trrol Aol molA Tt . WA FAAL TP YoM
Azvky Zemel szl S8 met 40w Fhsks 4FS tehig
o (P<005). ®U) grEvobd) Ak BEAAE Ak Seme PrheFel 37

Paste A% walth (P<O0D. EF AZolEgere] A

= Oa H
Z7Fstol welt EU propionic acid (P<0.01), Butyric acid (P<0.05) L%
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515% ISA brown ZAZA 144575 FASAoH, AFFA RS 747 A-$7]%¢F
&, 5647t A A s

Al @A A= Table 13 o] Sa-tF3k 959 Ay Alg (LPD), ek
ALE(HPD), LPDAR  AZvtE

LPD+1.0% germanium biotite, (F)A]&vlo] e wWj2~Hd)) HPDAlE ] AZ2vlHSEEES
1.0%(HPD-GB; HPD+1.0% germanium biotite) = 47] 2] & &lo] g 3ykE b
B2 120k A dojuj Attt B AJgAIR e HUtE AZvESEEE S
2o AlZvkFo] 36ppm THEOl A FEAZA, FH =2 oA Bt A B
T EH7IE o]l &3te] 325meshe] AV E st Al o] &3t
2. NEALE € ALFHEE

AdragE SFEE-gFd 959 A5 24 NRC (1994) AMYEFS 7|22 31
2,904kcal ME/kg, 15.45% CP, 0.70% lysine, 3.25% Ca, 0.36% Available P& 3IfE
5 3tk (Table 1). Al AIEE 7HF JEHZ AFANNES sfdon, 52 A5+
T71E o] &ete] AFRol HE F JEFE T F ASAIES dd 17470
=E 2
3. ZAE S 9 ury

1) A3EE 2 dF

S-S AFFAE 73k WY AlRS A AHEFHE FARSE AIS TS
2 Yol ME g7 FAFIoH dFe AT fEte =4 T HidFow
EA S T

Fol Hetd AgS AREste] dAA == G EA (Ozaki MFG. Co,,



Ltd., Japan)&

15

Table 1. Diet composition(as—fed basis)

ol g3te] =43}

Rnom, WFEAE
Co., Ltd., Japan)E °]-&3te] Wzto] Eubi, o e a3
38 Yolk colour fan(Roche, Switzerland)<
G5 E Ozakirbe] Zed sz dake] ols)

Dial pipe gauge(Ozaki MFG.
TETE SASAY &
o] &35l H3te] A%
A

1=

W olstel WEe wolE U HAOE vl

s 43
Sauter 5(1951)

e,

Ingredients LPD HPD
Corn 50.20 46.14
Wheat grain 10.00 11.00
SBM(CP46%) 18.70 19.80
Corn gluten meal 2.00 4.00
Wheat bran 5.00 5.00
Animal fat 4.50 455
Limestone 7.50 7.50
Tricalcium phosphate(P18%) 1.40 1.40
Salt 0.30 0.30
DL-methionine 0.15 0.11
Lysine, % 0.05
Vitamin premix’ 0.10 0.10
Mineral premix” 0.10 0.10

Chemical composition®
Metabolic energy, kcal’kg 2901.00 2900.00
CP, % 16.00 17.50
Lysine, % 0.80 0.80
Methionine, % 0.43 0.43
Calcium, % 3.23 3.23
Phosphorus, % 0.61 0.61

"Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000 IU vitamin Ds, 10,000mg vitamin E,

2,000 mg vitamin Ks,
Ca-Pantothenate, 1,000 mg vitamin Bg,

vitamin Bia.
*Provided per kg of premix: 25,000 mg Cu, 40,000mg Fe, 60,000 mg Zn, 80,000 mg Mn, 1,500 mg

L

300 mg Co and 150 mg Se.

Calculated values.

3) T dEYole) Aa L HEAY X

ABFEA 7 AGTAA FA A

TAAZRVIE o]&ste] x4l

50 mg biotin,

rﬁ

500 mg folic acid, 35,000 mg niacin, 10,000 mg
5000 mg vitamin Bp, 1,000 mg vitamin B; and 15 mg



A% F% =48 Chaney® Marbach (1962)2] Wwio] whe} A A&+
Ul B AAke] vk 542 AR 5g& FH sk 10N HeSO4 25m1JJr T
= H7I3 B 2715 7399 5 d9 phenolphthalein 2-3%&& 713 &,

0.IN NaOHEZ #H7}&ttl. o] £9S rotary evaporatorE o] &3] AXAI7 &
phosphoric acid ImlE& #7}tste] &3]A171 $ol ethyl ether bmlE FH7lste] 3]
bk & 323k NaCl 2mlg H7bste] S5 ZEAHTE Fo] 2851 ether T+
3Fe] 0.45um membrane filterE o] &3} 3l 3 A8 89S gas chromatography
(Hewlett Packard 6890 Plus, USA)dl =43ttt Gas chromato- graphy$ +24%
A2 Table 29+ 2t}

%

Table 2. Operating condition for gas chromatography

Item Operating condition
Instrument Hewlett Packard 6890 Plus
Detector FID
Columm HP-INNOWax

0.25m*x30mx*0.25mm ID
Injection port 260°C

Detection port 270C

Carrier gas Ns
4) FAAE
PFE AEE SAS1996)9] GLM procedureE o]g3le] Aty HrS

orthogonal contrastsE ]3] 1) LPD vs HPD, 2) -GB vs +GB, 3)
Interaction(LPD vs HPDx -GB vs +GB)2 & &Il o045 A48

Table 3= Al2vty SR H7P7F AdSEd dF 9 G0 T vA= 9
Yehhler. Aggol A HPD A7t fFoFew &
(P<001) 5ol oAM= AlEmvkE S HUEstel wet f9o

< WER A THP<0.01). ol gt A= o] (1975)7F AbgkAlel zeoliteE
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g F7h B fdaddni nus fAser, daAd Az
Atk o] 5(2003)¢] H el frAkskith

Table 3. Effects of dietary gemanium-biotite on hen-day egg production, egg
weight and egg shell breaking strength in laying hens

I LPD! HPD' - Contrast’

e ~GB +GB -GB +GB 1 2 3
Hen-day egg production, % 84.38 84.79 88.75 88.33 1.34 0.01 1.00 0.76
Egg weight, g 64.20 63.34 66.61 6293 0.66 0.13 0.01 0.03

Egg shell breaking strength, kg/err 351 344 369 350 0.14 0.39 0.34 0.66

ILPD, low protein diet; HPD, high protein diet.
*Pooled standard.
*Contrast were: 1)LPD vs HPD; 2)-GB vs +GB; 3) Interaction.

2. A9ER 4

ol e A ggtel #Fol Al Aol yEhuA @dth Table 4 Al=vhE
HA7W7F Gz Aol m A= Ydepldth 9y FAE S43 A A=2w)
7ol wet FojHor st AES YEMATHP<0.02). AT, &
of WAFAE FA8T Ay AT 94 Aol Holx {Uunt o=
sodium zeolites wogt AbebA| o] A9 A A Aol FUHE AR
= ®H 1 (Roland 5, 1985; Miles %5, 1986; Fery %, 1992)¢+= zfo]lE ®Hit}. Ak
A AL AZ2vbr SR H7bh GaA gl @A e vA = %S Table 50
UER AT G Aol A= HPD ALRE wold AE]l77F LPD AlRE wold A g
TR fFoJH R AR o (P<0.01), AtRY GBE H7tetd dEAS FAH

om Fashs Ao Utk (P<0.01)
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Table 4. Effects of dietary germanium biotite on egg shell thickness in laying

hens
LPD' HPD' 9 Contrast’
Item SE
-GB +GB -GB +GB 1 2 3
Large band, mm 0.44 0.42 0.44 043 0.01 044 002 044
Sharp end, mm 0.44 0.42 0.44 043 0.01 047 011 0.37
Middle, mm 0.44 0.43 0.44 044 001 048 008 048

'LPD, low protein diet; HPD, high protein diet.
*Pooled standard.
*Contrast were: 1)LPD vs HPD; 2)-GB vs +GB; 3) Interaction.

Table 5. Effects of dietary germanium biotite on yolk color and egg yolk index
laying hens

LPD' HPD' ) Contrast’
Ttem SE
-GB  +GB -GB +GB 1 2 3
Yolk color unit 625 643 742 741 023 001 071  0.70
Egg yolk index 046 043 042 041 001 001 001 016

ILPD, low protein diet; HPD, high protein diet.
*Pooled standard.
*Contrast were: 1)LPD vs HPD; 2)-GB vs +GB; 3) Interaction.

3. 2% Yoty A4 0 HBAARLY 54

Table 62> AF&A AL Al2vtg &R HA7P7F &5 A4 2 hRyolg
A el mAl= S YE AT Propionic acidl A= Al2vte &ERE H
Zhehel wel feldow A= A4S YERN A THP<0.01). Butyric acidol A&
HPD AIES 398 Ao 77t fodoz Zrlsls A4S 1Bom(P<0.02), A
T AZrE3SE H7HA LHDSF HPD 2% foHor #Aaste 43S Bt
(P<0.03). Acetic acidol%= LHD<} HPD AHzl+ ZF AZ2vESERs 3 7pshd
wel fo]dgow TIAhdeE A4S EAT(P<0.01). NHs-NolA+= LPD Al&9 4%
Bt HPD AlzdA AZvsgdeE #H7F 2371 et Ao 2 HATHP<0.05). 9]
= e AEES /\}Eoﬂ A7bek B A AR ATV A FHATE B
(Watanabe &, 1971)9} SE=A8Y AZ2vfES&EE HI7FA #U dEYol 7F2=9]
(A 2001) &3, ﬁ‘}\ A FE4 Scoria 3% wAA FAA AL, 1999),
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Table 6. Effects of dietary germanium biotite addition on the NH3;-N and

volatile acids concentration of feces in laying hens

LPD! HPD! ) Contrast®
Item SE
-GB +GB -GB +GB 1 2 3
Propionic acid(ppm) 1525 11.85 1678 1372 088 010 0.01 0.01
Butyric acid(ppm) 1423 1083 1637 1451 092 0.02 003 043
Acetic acid(ppm) 191.37 17477 18856 1490 782 0.12 0.01 0.19
NHs-N(ppm) 211.71 210.23 238.22 20833 576 0.08 033 0.05

'LPD, low protein diet; HPD, high protein diet.
*Pooled standard.
*Contrast were: 1)LPD vs HPD; 2)-GB vs +GB; 3) Interaction.(LPD vs HPDx-GB vs +GB)

Gl gFEo] AR AR AE2vkE SRl H7bb A,
FAAE &l mA= TS A7) Astel AAlasin AL
51F%® ISA Brown ZM7A 14458 FAstGom, HETte SEF-dF
el Adwd AR (LPD), ad¥jd AFS(HPD), LPDAFR O] Al E2vkg & &5
1.0% #7+& AHel7-¢HLPD-GB; LPD+1.0% germanium biotite, (5)4]&-1}e] <.
Hj2~d), HPDARC Al2vka5e2s 1.0%HPD-GB; HPD+1.0% germanium
biotite) 2 47] A e]& skl Aeg 30k, whEg 12vpe] ) bl JeujA St ATk F
567kl AFFAIE 717 Fh AtgkgelAE HPD At foHdow FrkskE A
&S HATHP<0.01). FF& AZntESne] st wel o) o Fadhs
B L‘rEMPiODMP<001 Ao M= AR Rt el H el Aol yEhA|

il

_I[oiv

etk (P>005). BV FAS Z4% A% A=rbESer grtel wet folHe
G s 492 BP0, AUY, FHEe BARAE 240 A5
AT fo A Aol wolx ghgkeh, WAAFNAE HPDARE HoId Ael T

7} LPD AR E T3 A FRY $3h(P<0.01). 5 Propionic acid(P<0.01)<}
butyric acid(P<0.03)ol A= A2ntEEeRES H71std wg f95o=wm 7Fistes
S Yell ol Butyric acidolAE HPDA E] 17} Aoz F713ts AEFS
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19 o1 (P<0.02), Acetic aicdl%E AZntE3Lr H7F A7 F217F e+
Bt fo9dor #aste AEFES BITHP<0.01). NHs-NelA = LPD Al&59 A%
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& 7leNER AR S AAES AEe A fuM e SAdAE
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Al &go] FAld Zasith dA vt Asdne deloEies Wy %
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SAHORIAE o2l A FEALEE okt £ QAT 2 FAA ok
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mineral)©] 1t} —orﬂ”rﬁ‘r*”— BT ORE AEA EYom FAE glom o]
4ol AEFE(clay mineral) GA thdst F/H7F ATHE T, 1993). Huldl A=
oln] Q@ HFE Kaolinite, Zeolite, Bentonite, Vermiculite 52| T4t (Silicate) %
E3gEo] 7]'*]* 4] AAE ol &sto] dRt w4, 74, #HAE ol 2 A
Hol gton, FAHAAE 7hEe] HEH3], 4A5E U AlREE N, 29 T8
x4 9 FA ‘44 FHAA TE& st FE
zeolite®] H7b= #H A9} Ho =53 AW 54
5, 1988; Hagedorn &, 1990; Kovar & 1990)%

B8 A Al (silicate) o] &3l @E%’% 2}
exchange capacity)©] =i, &°] AHAsAS o v F F7] 4 o]
|AS NSk, du Fallvbae F& 2 AW WA Fo] gt 1A H o ko,
AR HELES W4H (Water Holding Capacity) 3 ko] 2 2] 3} o}
High FAgoll Al APA ] ARAGOE H7b Hof AL o] k) Egh AEF
X% JFZE(diatomaceous earth), H“‘:E(kaolin) Wl £ 1} o] E (bentonite), AHAWE
(acid caly), ©Z(talc) & ¥ gto] E(perite)s 6352 Fevtetol A A FH7ME2A A
Auo] e BE8AAFELAELHAH &, 1999).

Ho B0l A 520000 FEAE(llite)o] HISE HrMFde SUAHE
(p<0.05)¢F v573 (p<0.05)el A thx7-¢F Bluste] ¢ttt Basil, = &
(200D %= AAGFAA HEZFES 77 Ao v 5o]% W
Ao F Atmyria Bad up glrh

AzvbE S = A=ZvkEeoe] 36ppme ot o, olooe WMEw F
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5 FASIAeH, AFSAIE S 3593 HAAEA T Al A A= Table 19 2o
F-tFE 91579 1) 712AFE (CON), 2) 200mesh WGB1.0(7] 2AE+318 F<HAl
M ES$R 1.0%), 3) 325mesh WGBLO(7]| AL E+A % YotA 2395 1.0%),
4) 200mesh WGB2.0(7]|ZAIE+11E SAAZ2rE3Z3 SR 20%), 5 325mesh
WGB2.0(7] AL S +318 SAAZnE SR 2.0%, (F)A 5ol ~e)z 57 X
25 sto] AT 4nkE) whET 4npe A gk ]l o) wl x| 5 Sl T

WAAl A Z 88.0+1.35kge]l 39 =% (Duroc x Yorkshire x Landrace) H]&&
|
[e]

v 4 &

2 NQAE 2 AFR

APARE AEFHR Felsgon wATeNE olFdtel ARANES HY
q:‘

A=}
oo AE R ARAAFES AFFRAN A LT, AFARHAL, A=
&< A
B AGAZY AUbE AZnESERE S8R AZulFo] 36ppm HHH ol 9l
E-ogéiﬁ Fd w2t 2 gl A ABd FOR7)E ogake] 200mesh,
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Table 1. Basal diet composotion for finishing pigs.

Ingredients %
Corn 76.23
Soybean meal(47.5) 18.59
Molasses 2.50
Tallow 0.81
DCP 0.56
Limestone 0.80
Salt 0.20
Vitamin premix’ 0.12
Mineral prernix2 0.10
Antioxidant 0.05
Lysine 0.04

Total 100.00

Chemical composition3

ME(cal/g) 3,365

Crude protein(%) 15.40
Lysine(%) 0.76
Calcium(%) 0.60
Phosphorus(%) 0.50

"Provided per Kg of complete diet : 4,800 IU vitamin A, 960 IU vitamin D3, 20 IU vitamin E, 2.4 mg
vitamin K, 4.6 mg vitamin Bp, 1.2 mg vitamin Bs, 13 mg pantothenic acid, 23.5 mg niacin and 0.02

mg biotin.

*Provided per Kg of complete diet

mg Co and 0.35 mg Se.
Calculated values.
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(Cr:09)= 02% #H7FetAvh. A8 AR v 59 & &5 AMAsA L, AHATT £ 6
0Ce Azx7elA 7247 A% A2 F Wiley mill2 24 2 246 o] &3t}

(2) 2 gEUete Ax B AWY AP FE 53

ANEFEA 2 A FollA sd3 AZbEet vidd S A 10v 258 A
At & sAARVE ol&sld A=A F B4 o] &t Ul SR olE
Ai F% =L Chaney$t Marbach (1962)¢] o] whgl 24 A&t}

i T

W 3EA Agate] = 542 AR 5g5 Fdte] 10N H.SOs 25mlst <
[ex]

& H7te §, FE71E SREAH. = d phenolphthalein 2-3%-&S H7FgH

0.IN NaOHEZ #H7}stdth. o] £9L rotary evaporatorE o|-&3te] AZXAZl T,

phosphoric acid 1mlE #7F3te] &3]A 71 o ethyl ether 5mlE F7fste] 3] u
29 3
o =

ek % 23} NaCl 2mlE H7bete] S5 ZAZT Fo] e =W ether
3lo] 0.45¢m membrane filterE ©]-&3te] o 73k & A|F L WS gas chromatography
(Hewlett Packard 6890 Plus, USA)o| =43t}

4. 3AAH

Atz o] AW HAER E3E Cre AOAC (1995)° ols #2133
RE AEE SAS (1996)¢ GLM procedureE o]&3ste] Aty HF S
orthogohal contrastsE ©|-&3l] 1) W=+ vs GBH7F, 2) 200 mesh vs 325
mesh, 3) 1.0% vs 2.0%= #gl3to] Fo3S AAsAH

o A3 9 1%
1. 9354 %, AIZHAS L A58 S

ANArEE g v Sl gigh ddEAE AAEAAT 2 AR EE&S Table 2
NA H= ‘ﬂ}g‘r 2o FAE7INY] dIFSAFS
¢l Zpol= HolA ZFShH(P>0.94). HFH A= vl e Atk {Fo] Al A
ol HolA goth(P>0.20). AFRAFFS] A EE At FoA4<d Aol=
YERHA] %o (P>0.29), AR E &AM E dxT ek A3k BlaA]l {3 <
7t HaE flATHP>056). dAEE vl 2 HIbeFol AR fFo] Al Aol
HolA 4 ATHP>0.06). F5(200008 AlFelA scoria®t zeoliteE ZH2f 3% w3
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AGNN AFFAFE thaTol vistel frelHel AolE mArks Avsh FAR
A% Beth Kondo 5(1969)dl Wl &Eo] Agetel =g 5% A7he 9 AREe
of ANHAGE Aol 27 Aold AFHE R,

Table 2. Effect of dietary germanium biotite on growth performance in
finishing pigs’

200 mesh 325 mesh SE Contrast’
Item CON GBLO° GB20° GBLO® GB2.0° 1 2 3
ADG, kg 0.714  0.690 0.712 0710 0730 0.02 094 020 024
ADFI, kg 2812 2920 2.891 2773 2893 005 029 035 015
Gain/Feed 0.253  0.247 0.252 0258 0252 0.01 056 069 0.06
! Eighty pigs with an average initial body weight of 88.0+0.05kg.
“Abbreviated GB1.0, added 1.0% of germanium biotite ; GB2.0, added 2.0% of germanium biotite.
% Standard error.

" Probability for contrast : 1) CON vs others ; 2) 200 mesh vs 325 mesh; and 3)1.0% vs 2.0%

2. %L 25&

FEFA 43S Table 33 #Zoh

A=DOM)e &3ta2 txzo H& A7t 25 Skskes %S He

(P<0.01), 325 mesh ¥t} 200mesh”} #odoz ZFrists A4S HATHP<0.01)
AN 28tee A7t dzTEd fFolHor Srbete 4TS Edon

(P<0.01), 200mesh A&7} Fo A o2 S 7ha 3 vh(P<0.01). (Ca)el 45 A=
v SREE A BRE AU dExTRY FUbskE AEE R ATHP<0.01).
JAP) = dixzTok v fFoHoR Friete AFES HAom(P<0.01),
200mesh A 277} 325mesh A FHT Fo4<Q F7HE EATHP<0.02). ¥ %
(2000b) H] 5= AF= U scorias 3% H7EgE AFFAI oA, U] AEFFE Qlo] A
= AT fFelAdQl AolE RolA LRAINE U A el ojA & scoria
A7FE7 diEeh vlaste] fojH oz vl ZAE AT Baiste] B OAFFAI Y 3
H=et A e Bt

i)
=
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Table 3. Effect of dietary germanium biotite on nutrient digestibility in
finishing pigs'

200 mesh 325 mesh SE Contrast’

Item, % CON GB10° GB2.0° GBL0O° GB2.0° 1 2 3

Dry matter 6865 71.84  70.38 7004 7104 016 0.01 001 0.19
Nitrogen 6143 6766  65.70 6051 6244 06 001 001 099
Calcium 2321 4680  43.85 4177 4613 077 001 010 0.38
Phosphorus 2273 4204  33.61 3272 3655 118 0.01 0.02 0.07

! Eighty pigs with an average initial body weight of 88.0+0.05kg.

*Abbreviated GBL1.0, added 1.0% of germanium biotite ; GB2.0, added 2.0% of germanium biotite.
% Standard error.

" Probability for contrast : 1) CON vs others ; 2) 200 mesh vs 325 mesh; and 3)1.0% vs 2.0%

3. 2% Ryl A2 2 HERHARNY 37

2% obmyols da 2 FHWAA RS 24 Table 49 7).
b ujote] Azl AE
o

W7 ET A7 FoHor Hastes 4%s B
H(P<0.01), AlZrbE SEE H7FgE Aol A 325 mesh A&7 #94
Haeke s BATHP<0.01). E=3 A3t A7k vlaeA Al2vkg 5
2 29 #A7be ATt odoz A8 tHP<0.01). Propionic aicd® & 7}
TR 7489 21 (P<0.01), AFEW 200mesh 2.t} 325 meshE #H7FA 94
¢ FAE YERHATHP<0.03). T3 ALEW AZrtE SEE 1% H7MET 2%F
7EA ZAaEE AEE UE I tHP<0.01). Butyric acidE thEFob A8 -7k n)
WAl Al2vtg SEEE H7Me BE ATt fFojH e r sl o (P<0.01), A
sy Alzvts SR 2%E 7S AT fFYHem A ATHEP<0.0D).
15 s A7 A7 g2 EY Y H R Haste
2oty SR 2%E 27 AT 1%E HUhg
AP FHh fFolH oz Fastes AEdFS HATHP<0.03). Watanabe 5 (1971)2
ANBEE F74 A A AR LEZH7E dAHUdT L BRusth o]e
?§ FEA (zeolite)®] 7V Fo& TS W 7HEE W ofH o 2#HAE AT
& B33 A (Kling® Quarles, 1974)3 dx
OVJQ ANE Eﬂﬂi & oo, 7113‘3}% SRS AR H7beH, Asteo 3
o
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Table 4. Effect of dietary germanium biotite on NH3-N and volatile acids
in finishing pig’

200 mesh 325 mesh SE Contrast’
Item, ppm CON GB1.0° GB20* GB10* GB2.0* 1 2 3
NH;-N 72553 69429 680.16  593.11 557.11 556 0.01 0.01 0.01

Propioni acid  6873.75 5986.42 5583.52  5629.75 5279.45 120.49 0.01 0.03 0.01
Butyric aicd 24703 222805 2167.08 229426 197984 69.79 0.01 0.41 0.03
Acetic acid 49376 450997 422066  4300.57 4043.53 104.48 0.01 0.10 0.03

! Eighty pigs with an average initial body weight of 88.0+0.05kg.

“Abbreviated GB1.0, added 1.0% of germanium biotite ; GB2.0, added 2.0% of germanium biotite.
% Standard error.

" Probability for contrast : 1) CON vs others ; 2) 200 mesh vs 325 mesh; and 3)1.0% vs 2.0%

2 o
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FE TAEA oM, AFGAIE S 35U AAE AT Al@ A A= Table 13 #2o] %
F-dFE $1Fe Auwd A (LP), e d AR (HP), LPAIEC Al2vksE
s 1.0% FH7Fs 2%j/]—_rLfl‘r(LP*GB LP+1.0% germanium biotite, (F)A]&-H}o ]

2d) HPAIR O AZ2vESEEE 1.0%HP-GB; HP+1.0% germanium biotite) 2
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AEAE E AR
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ANFEFRZA 2 AgFolA 5L Abst e & A8 1072578 A
SANZXIIE ol &sto] AxA 5, 4
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g A ate] = —f—?é% A& 5g& FHstel 10N H.SOs4 25mld F+
T8 TSI 5 d9l phenolphthalein 2-3%-&& % 7}3
0.IN NaOHE #H7}3tdtt. o] £9L rotary evaporator® ©o|-&3te] AZXAZl F,
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3te] 0.45um membrane filterg ©]-&3to] o gk § Alg & M-S gas chromatography
(Hewlett Packard 6890 Plus, USA)el| +<%]3Fit}.

Table 1. Basal diet composition (as—fed basis)

Ingredient HP LP
Corn 59.93 67.45
Soybean meal 23.75 18.14
Rice bran 5.00 5.00
Molasses 4.00 5.00
Animal fat 2.61 2.00
Rapeseed meal 2.00 -
Defl. phosphorus 1.16 1.12
Calcium carbonate 0.44 0.68
L-lysine(78%) 0.34 0.20
Mineral premix 0.25 0.15
Salt 0.15 0.15
Vitamin premix 0.10 0.05
L—-threonine(98%) 0.09 0.02
DL-Methionine(98%) 0.10 -
Choline chloride(60%) 0.08 0.04

Chemical composition
ME, kcal/kg 3,447 3,365
Crude protein, % 17.72 14.80
Lysine, % 1.02 0.89
Calcium, % 0.70 0.70
Phosphorus(%) 0.59 0.60

1Supplied per kg diet : 220mg Cu, 175mg Fe, 191mg Zn, 89mg Mn, 0.3mg I, 0.5mg Co, 0.4mg Se.
2Supplied per kg diet : 4,000IU vitamin A, 800IU vitamin D3, 17IU vitamin E, 2mg vitamin K,
4mg vitamin B2, 1lmg vitamin B6, 16uxg vitamin B12, 11mg pantothenic acid, 20mg niacin, 0.02mg
biotin.

3Calculated values

4. EAAY

AtE el AN R RAERZ TFHE Cre AOAC (1995) of&l #4138}t

EE AEE SAS199)e] GLM procedureE  o]-&3te] A 7te] HAS
orthogonal contrasts® ©]&3}e] 1) LP vs HP, 2) -GB vs +GB, 3) Interaction® &
wEste] fFods HAs AT
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Table 2. Effects of dietary germanium biotite on growth performance in
finishing pigs

LP! HP! Contrast’
Item SE
-GB +GB -GB +GB 1 2 3
ADG, kg 0.682 0.700 0.706 0.709 002 036 065 0.77
ADFI, kg 2915 2.881 2.800 2.739 007 012 054 086
Gain/Feed 0.234 0.241 0.252 0.260 001 006 037 1.00

LP, low protein diet; HP, high protein diet.
“Contrast were: 1)LP vs HP 2)-GB vs +GB; 3) Interaction(LP vs HP x -GB vs +GB).

AN A2st&S 1dYaR AR AlE2vy SEREE

Rom(P<0.01), Ca®t P &sh&o] AAMAME AGFh AtmrRT 1dGn ALR7L
Azvkg SR FHZIEG HJ7EA F94Q S7HE BAtH(P<0.01). 4 &
FAEANA FAA FHIE AR AZvtE SEE 03% #UME A9, A Wt

o

112



ToF vluste] e 2 Ah xgkgo] 7
3 Bkl e vSE AY

7 A8 % A4 AhstkEo] T
Y scorias 3% 7t AFEA ot &

1 zbolE HolA XUAR, Ful HA FEFel dojx = scoria H7F7E O
Hlaske] feold oz v ZAEATEL B st ole A A FEE S Al
of H7tstd AsES SUHAE ASE Atz Hh

Table 3. Effect of dietary germanium biotite on nutrient digestibility in
finishing pigs

Ttem (%) LP! HP' SE Contrast®
-GB +GB -GB +GB 1 2 3
DM 63.91 67.80 66.15 70.18 0.36 0.01 0.01 0.85
N 56.90 66.70 63.49 68.28 0.51 0.01 0.01 0.01
Ca 33.72 40.38 35.28 43.78 1.10 0.05 0.01 0.43
P 27.55 36.79 21.87 40.64 1.38 0.16 0.01 0.23

ILP, low protein diet; HP, high protein diet.
“Contrast were: 1)LP vs HP 2)-GB vs +GB; 3) Interaction(LP vs HP x -GB vs +GB).

3. 8% gEUcte dx @ HBAAYNY 53

Frfo} 7 G Fdan FEAAAE FoAQl AolE HolA gkokrt
(P>0.29). 3tAIRF ALY Al2vhE SEE M7 Fodoz fastes 4FS B
S tHP<0.01). Propionic acid® A$¢ AZvlE SRS B AHAJIA ndUdi ALE
Al ARl F7HP<0.02)E BEAo W AZvky SRE HUbshd foAQl A E
1 tHP<0.01). Butyric acide AFEW AlZntE SLRE H7MA] foHe A Es
HATHP<0.01). T3, Aectic acid= Al2vtE SEEE H7FA 9940 42 B
S THP<0.01). ol TFAFE FEH(zeolite)o] H7F & SI/MIAZFES W A &
shg MAEHE 5, 19759 29 2380 E I4T & AddvhE Hi(Kiling

A
T, 19749 % AT =3 FEAAE HIMS A SAM AT AT A Y
= R I (Watanabe &, 1971)9} #-A}SH Aoz Alg ),

)
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Table 4. Effect of dietary germanium biotite on NHs-N and volatile acids

in finishing pigs

LP! HP! Contrast?
Item(ppm) SE
-GB +GB -GB +GB 1 2 3
NH;-N 688.13 685.89 703.8 652.27 776 029 0.01 0.02

Propionic acid 5488.55 5374770  6514.25 516948 124.88 0.02 0.01 0.01
Butyric acid 224291 216879 279379 183944 8597 025 001 0.01

Acetic acid 402779 405944 490940 353431 80.31 0.07 0.01 001

'LP, low protein diet; HP, high protein diet.
“Contrast were: 1)LP vs HP 2)-GB vs +GB; 3) Interaction(LP vs HP x -GB vs +GB).

Ade wud FEs AznEene WA A% 4% L $Pede A
fe) =] =

3t T H o= AASA. JhAA] AS 84.0+1.05kgel 3¥ nEEF  (Duroc X
Yorkshire x Landrace) B]$%= 64 FAEA oW, AFSAE L 35U AAFEA

T=

. AgA A= Table 13 %}ol SEF-dFE e Audd Al (LP), aw
A AFE(HP), LPAIEC AlZ2rHES2RE 1.0% #H7Fe A2 5-2H1LP-GB; LP+1.0%
germanium  biotite, () A &vfo] e w2~ ), HPAFE AZvESE
1.0%(HP-GB; HP+1.0% germanium biotite) & 471 A& 3slo] 23 47k
9 o4nt]A ebd 9l ol 2] & ok ZNWVM AFFA TS B AgUds A}g,ﬂ_
o 29 Fh AFRANA FAHRJ] FHE BAou folH Fhe HeolA &t
(P>0.36). AtRE &M= 1P ds ALET} Xi FdL APRERT FoHA FHE B

B‘r(P<OO6) A DM 2882 uFdsr ALEZ AGSR AR EY Z7hee
AEgS BIom(P<0.0D), A2k SR HIMA fFodoz Frhste AEgs B

J}m J
T o
Az mlm

Oﬂr/}(P<001) AN 23t&S G dRh AR AlZ2vtyw SRS H7HA +9
A FT7HE BAoH(P<0.01), Cax} PO &st&d AAMAE AL AlRRT a1
FEE AEVE AlEvtE SR FHVIEY HJVPA 949 S B
(P<0.01). ¥R Yo} 7k~ Fwxe] A5 FYa FEatold s Fo% <l Aol& Ko
A FIARHP>0.29), AFR ABvhE SEEE 7l wEbM s foldoew A
34 THP<0.01). Propionic acid®] A% AZntE SSRE T HVIA 19 %A AR
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ol FeoHel FTIHP<0.02)E HAo AZvty SRS Hrishd {9l 7
28 ®BYrHP<0.01). Butyric acidE A& AlZvlE S&RE H7MA] 949 7
22 BYHP<0.01). ®38 Aectic acid®e AZ2vtE S&RE HIFA Fo2e 74
£ HIAHP<0.01). o]de Az B u, AZvE SR Hrte AFHT Al
o] 84S FT7HAIM, dEYolEl Ha 9 XA wjAd g AaaHuh 9l

rr

Aow Atme.
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TAEREES 1 FF7F 40997FA 7 d o (Scheideler, 1990) ©] FAA =
bentonite, zeolite, kaolin 5& AFE 9 H7/MAEA o] &5 glvh(o] %, 1996). L =
zeolite®] H7h= # At Ho] <53 AW S FFd FFE o dt= B
(Pond %, 1988; Hagedorn %, 1990; Kovar 5 1990)% ¢lt}.

FEAde] Arsd #H7E &3l g A7 AdE BW, &3 919972 &4 AR
W 03% kA H7E7F s B SRS AL B AR GUYLE BEAoR 9
&3 g ot B ey AAAS Z2te v sHbAER] scoriag 4 - H
F= AR AU esA ZASHC Wi Aege EdEc] fodew =
HastAoH(E &, 2000). =gk 7h5e] AW dwst
A9 #H A2 aflatoxicosis® mycotoxicoses A Hol gk A 5 (Smith, 1984,
Colvin &, 1989; Schell &, 1993)¢} ol detAr®E 2 A& 237 AS AA
3} tH(Phillips, 1988; Kubena &, 1990; Huff 5, 1992).
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AN&dA = SAAZIALE(Table 1)& &7 (Con ; basal diet)23to] SAZvtg
S W E 200mesh 1.5(FGB) ¥ 325mesh 15%(CGB)E H7}ste] Alzskdch. A g

9 8UE, WEY 2054 S1 9ol WA s,

2. AMEEE
Arbor Acre Broiler(3) ®Holgl= HAA AMSEH oW Al 22 AFAAE
A=

3. e
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(1) SAZF, ARAHAEF 2 A7

AtEAH FS At TR A TS AASe FEkda
5o ABAATS TAFOR Yo FIdnh TAHS F
S ste] F3tTh

o

(2) AES o]E& R FFE o8&
AFEAE TR 109 AR widdE £S5 AEAFAM R AF
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Table 1. Basal diet composotion for broiler chickens

Ingredients %
Corn 46.31
Soybean meal 36.04
Wheat bran 10.00
Soybean oil 4.32
Dicalcium phosphate 1.16
Limestone 1.40
Commom salt 0.40
DL-methionine 0.16
Vitamin premix1 0.10
Mineral prernix2 0.10
Total 100.00
Chemical composition5
ME(cal/g) 3,200
Crude protein(%) 21.00
Lysine(%) 1.179
Methionine(%) 0.501
Met+cys(%) 0.831

Provided the following per kg of diet: vitamin A, 16,250IU: vitamin Ds, 3,250IU: vitamin E, 8IU:
vitamin Kz, 4mg: vitamin B, 10mg: vitamin Bip, 12mg: Ca-pantothenic acid, 4000mg: Niacin, 50mg: Choline
chloride, 180mg: Folic acid, 0.6mg.

2 Provided the following per kg of diet: Mn, 120mg: Zn, 90mg: Fe, 40mg: Cu, 5mg: I, 1.5mg: Se, 0.1mg.

*Calculated value.

(3) A

AFE AE FE F AETE dYR 1078 AFH F 24 ol &t old F
AHZ1E o] &sto] wmheld 2.0ml <) 7 of A Xﬁ?ﬂo}"j ANE FA 4TS W
B o3& 147 ool 2,000xg(4C)ell A 303 AAlEelstel dH& AH s
TH(Hodges, 1970). GtAIZvtg SR A7 @] FAded mAEs 43S 79
., 1974)° - ofs) Total
cholesterol ¥%% T. chol KittBOEHRINGER MANNHEIM, Germany)E,
HDL-cholesterol &%+ HDL-C kittBOEHRINGER MANNHEIM, Germany)& ©]
&3l Triglyceride 3% T.G kit(BOEHRINGER MANNHEIM, Germany)ol
BEEAIA AbE Ashet A 7I(HITACHI 747, HITACHL, Japan)& o] &34 =43}
AT

ol

3t7]  $138le] Enzymatic calorimetric method(Allain
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(4) 530 AF £ S SH2EHE TFF
EAEA e Al AEE 1074 ATol FARE HAE A, =akete] B A
S ZHsHE FF S4S Hd o5S
Fo2dHE 24E 9T AHe F5L Folch 5(1957)¢ WS wsion, F54
ol
AR

= %
AdWe] FZU2HE S Sale 5(1984)¢] Aol ofste] A st

4. FAAE
B A Fo| A dojd AR E SAS(1988)2] General Linear Model procedures ©]-&
Duncan’s multiple range test(Duncan, 1955)% X #]3sle] Hit7ke] fFoXdS #HAs

AT,

o2

GAAZvE SR Algd Hrld wE FAE, AIRAAYT 2 ARLTES
Table 204 H= uiel Zvh AAIAIFEH 7L7H4] 8] SA M= =77 &

2t SERE 7 Aggtel Hlste] FolAd HAE BEATHP<0.05). HE=FH
200mesh A 2wt S 5o H|ste] 325meshe] FAAZntESE FoId A
T7F =4 7 HATHP<0.05). AN AR HZF G AR TFEAdAAE 94 A
o= YWERA @Skth(P>0.05). A Al@A7IE Fere] FAE I AAm Tl ol A
FAAEvE SRS H7HE AT MAdEe AEFS BERAAT {4 Aol
HolA gFSkth(P>0.05). =¥ wW(1989)2 At 3EZHS zeolited] H7PAIFAA F
Aol AF A= zeolite 2% FH7bol ARl HETRET Ygtow 4599 F3t
SAH A= HE=T7F zeolite 2%H 7R 794 (p<0.0D) o= FAYTaL K aLst
WML, zeolite 2% 3 7holl W] ¢ ARAF ol EAARE FoldE fIAT
(p>0.01)3L skt th. T8 Onagi(1966), A 5 (1978) Willis 5(1982) 2 & 5(1983)2]

Aol M= zeolite H7HA SAl ol AR E & FFH AT Haslt
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Table2. Effects of germanium biotite addition on growth performnce in broiler

chickens
Ttem Con FGB1.5' CGB15' SE”
0-7 days
Weight gain(g) 73 81" 86 2
Feed intake(g) 104 106 114 3
Feed/gain 1.42 1.31 1.33 0.44
7-21 days
Weight gain(g) 525 524 538 14
Feed intake(g) 751 750 757 24
Feed/gain 1.43 1.43 1.41 0.06
21-35days
Weight gain(g) 893 912 910 29
Feed intake(g) 1685 1707 1634 108
Feed/gain 1.89 1.87 1.80 0.09
0-35 days
Weight gain(g) 1491 1517 1534 35
Feed intake(g) 2540 2563 2505 119
Feed/gain 1.70 1.69 1.63 0.05

!Abbreviated CON, basal dietContro,FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh
germanium biotite.

*Pooled standard error.

ab,c

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

2. 85 AEH 249 o8& 2 €

T A= 2 Ao o]&E&E Table 304 He vk o] tixz+ 80.94%,
FCB1.57} 81.10%, CGBL5%= 82.06%% # < =9 o]&&& Az 73te o]z}
AATH(P>0.05). Ao o] §&o A 68~T7T1%= A7t AFol= flATH(p>0.05).
T T qFE A AR FoAQl Aol HolA FUAT(P>0.05) HETE

O AR ERE A AYTAM BE SEFFel dast: 4TS B
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7(1990)9] Al g A= zeolite 1.5% % 71} Cael 59 H77F AEol &89 F7138)
= A4S Hdve Ayt Aoldk A3E Btk SR v 3A EEQ A=ZvkE
=

v AR Qs B FETES FaATa AuAe a9 s 3o

Table3. Effects of dietary germaniumbiotite supplementationaddition on nutrient

digestibility in broiler chickens

Item Con FGBL5' CGBL5' SE?
DM(%) 80.94 81.10 82.06 0.42
N(%) 6341 68.93 71.27 0.85
Fecal moisture(%) 75.11 71.27 69.93 2.26

! Abbreviated CON, basal dietControl;FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh
germanium biotite.

*Pooled standard error.

3. B4W A 2 §¢ ZH2HE FF
Table 4= AZ2vESERe] A7 540 AW 2 Al§e ZHUsdHE ol o
& YGEFUATE =AF S

B30 AgFEACAE R 30.27g, CGB15 28.68g, FGB15 268lge2 A 23t
o] oAl Aol (p>0.05)F WERFAl kARt g2t AEZntESERE Hrte
A Froh R = FEgS 1k

FA9 s ZelzHE FFd A E AT {FoA Ae]= Kol
A FUAR, AZvEESEE H7IE A TN ZFHUiEHE 3
HATHP>0.05). Al dvrq oz Ko vs] Aol A7) wfito] sto] wuwlsir},
WY Leghorng Al &S 89 17|17 GetEth Fi3) wuido] B A <f

grol @M WrHQS B, 1984). ASS RE A%y WKow Rhsid F2 iy,
5 : o
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Table 4. Effects of dietary germaniumbiotite supplementationaddition on

abdominal fat and leg meat cholesterol in broiler chickens

Ttem Con FGB15'  CGB1.5' SE?
Abdominal fat weight(g) 30.27 28.68 26.81 1.44
Leg meat cholesterol(mg/d?) 125.65 121.10 110.20 5.26

! Abbreviated CON, basal diet;FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 32bmesh
germanium biotite.

*Pooled standard error.

4. @AY Total cholesterol, Triglyceride, HDL3} LDL-cholesterol
Table 594  H+= npe} o]  FAHUY  Total cholesterol, Triglyceride,
HDL-cholesterol?} LDL-cholesterole] YWEFH AT Total cholesterol®] A2 5
2 136~141mg/dd= =Fol7F §1TH(p>0.05). Triglyceridedl A+ CGB1.52] 77} 26.00
mg/de = thZ+(23.00mg/de) 2t FGB1.5A] 2] 7-(22.83mg/de)oll HlsjA °Ft =2 Aas
BAAW Folx ol zol= HolX & th(p>0.05). HDL-cholesterol= CGB1.54 2]+
7} FGB15$F tizoll HlsiA okt =& AFS JErHAA T A2k f9 42l
2FolE= Holx &dtHp>0.05). LDL-cholesterolol % thx¢F A F7tolE 9
2 Q1 Zpol= HolA & dtH(p>0.05).
olde] Auw Fistel £ wf, S AR A=ntESERe Hte 44E

ul
= =
Fa olgEed F2 FFS VAH, A FHzEEdE TS vEH Jow o
Pl

Table 5. Effects of germanium biotite addition on serum cholesterol,

triglyceride, HDL-cholesterol and LDL-cholesterol contents in broiler

chickens
Ttem Con FGBL5' CGBL5' SE”
Total cholesterol(mg/d¢) 140.25 136.00 140.60 10.51
Triglyceride(mg/de) 23.00 22.83 26.00 4.24
HDL-cholesterol(mg/de) 105.00 101.33 107.20 7.82
LDL-cholesterol(mg/d¢) 30.65 30.10 28.20 3.36
!Abbreviated CON, basal diet;FGBL1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh germanium

biotite.

*Pooled standard error.

123



. 8 ¢

B AES GAAZnmESRY SAXEY HUE SA9 4GS, A0 F &
W FelzdHE el oudt 9FS FerkE 7Yeshy] 9skd NA]%‘}QM Arbor
Acre Broiler(3)Holg]2 H3 & 298 48042 FAetG L AMUYAIH S 557 4
Alatth A EAAE §AA A E(Table 1) W2 (Con ; basal diet)Z3}e] ¢t
AZvEEEEE 200mesh 1.5(FGB1.5) 2 325mesh 15%(CGB15)E A 7Fste] A=
sttt A 8WkE, whEg 20544 oA o] wix|Ekdct. MAIAIFE T 7HA 9
AFl e Azt SAAZES SRS A71e A ol vste] fodad 7
BATHP<0.05). AA AIF7IzE Sk TAEH AR QT oA A
SRS HAUbe At AAEE AESE BIAA T FoHQd Holi= HolA]
THP>0.05). FFa o] &&AAE HeF3he AolE Holx| ZUTHP>0.05). &
W AEACdAE HET 30.27g, CGB1.5 28.68g, FGB15 2681go. & A &3t
Feol Aol 2ol (p>0.05)+= UrEMZl SAAT 2T AZnESEEE Wb
TR R e AT Bt vE 25 FH2HE S AIEUH%% °E%
H7bek A2l el A E’—aﬂ*Eﬂiol adhe AEFE BIATHP>0.05) FHQ 2ol
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A e

d7b Asizrel uwhek AulAEw Wsa Ak 3 @ By F2 %d/\

= A AL, oAl < Be de A4 sk AldiZE H3AY 7k
2 AzkelA =i da AT} o}x]

_,_4

o

g2 A AAdeR FAA AFEA
3 olelal wael was ogehs] A%

o8] st Walo] WLslR E3= Ao] Aol Bl kAo HFAES A

TR IA FAA P ek shsbEsbEe] mARtoR f71aAL A,

A Al &

A okA|, 71EF AFRAHTEAIS] A7 A LE L vk ol d AFRH A Zhe-dl gbA|
QAR FEARQD sodium zeoliteE Ab&AC] w4 A A A A =
Adol7} &7k (Rolans %, 1985; Miles 5, 1986; Fery 5, 1992), Torii (1974)2

4
k=ALgEo clinoptilolite AlE2 zeoliteZ 6% A7} Folatd S Ay 2L A}
go]l dAs] it Hastdtt olQele ik FE=HE Abmel WM A
- SAM HZAEH (Watanabe 5, 1971)9F 74 EWSFEE#H] Hax B
(Honda & 1976)7} At Aa4As Zte= thaAd A EQ] scorias 5495
Atge M7t 2 A TA AGH 3 &0 FYHoR =SS HusArHY
2000). ol# gt F4td FEAH F zeolite?] H7IE HAS o 45
83 9FgS Frta = ®i(Pond %, 1988; Hagedorn %, 1990; Kovar

o
o

it

W
DY
o%
A
oX

o Mo ot & of

& TR, PR o]

o, WA} 2-8(Suzuki 5, 1986)
2 virus #FEXE(Asc T, 1989) 2 T3 E5 A (Levine®t Kidd, 1986), & A3}
(Sandra, 1988), QEI & Hu] §E(Aso =, 1982) 5 vhoFat okl gee Ay
vhES 36ppm FHFSbaL lTh webd B A &%ﬁ] At AlZebE S 3
b7 G5 9 FW ek el A= s rHsk] flstel AAsk

9.

Hm
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4. A8 R By

ANEEE R AFAA

4077 ISA brown ZMA 144FE FTAStR oW, AFFAIES 7d3ke] 87|zt
<, 35U AAsHA T

A FAA = Table 13 o] Sa-tF4d 959 AR (CON; 7| 2AMR), tHE
ALY AZrE SRS 20% (GB 200mesh; 7] %A}E+2.0% 200mesh germanium
biotite, (F)A&Ewnfolon2®l) 20% (GB 325mesh; 7]ZA}5+2.0% 325mesh
germanium biotite) 37] H S o] A 49-E ubEg 12upE]d A 9l o) uf X

sttt

2. NBAE 2 GBI

AN A gE SFEF-gFe 9579 Alg24 NRC (1994) AMYEFS 7]
2,904kcal ME/kg, 15.45% CP, 0.70% lysine, 3.25% Ca, 0.61% PZ
(Table 1). AldAIRE 71 FHZ ATS gsle] dA3 %E% T35,

S [e)

o ABFFIE ol gl AREol M & UARF Agrh T AFALE A 17

=

Nzbel HlE= zdsT

B AGARA A7bE A2vkEEers &R A2vkEo] 36ppm FHE ol 3
B oBEARA, 9 =4 24 A AR FORG7E olgskel 200
325mesh®] A7 2 B 5t0] A Fo o] &3ttt
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Table 1. Diet composition(as—fed basis)

Ingredients %
Corn 50.40
Wheat grain 10.00
Soybean meal(CP 46%) 18.70
Corn gluten meal 2.00
Wheat bran 5.00
Animal fat 4.40
Limestone 7.50
Tricalcium phosphate(P 18%) 1.40
Salt 0.30
DL-methionine(50%) 0.10
Vitamin premix’ 0.10
Mineral prernix2 0.10

Chemical composition3
Metabolic energy, kcal/kg 2,904
Crude protein, % 15.45
Crude fiber, % 1.80
Lysine, % 0.70
Methionine, % 0.32
Calcium, % 3.25
Phosphorus, % 0.61

'Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000 IU vitamin Ds,
10,000mg vitamin E, 2,000 mg vitamin Ks 50 mg biotin, 500 mg folic acid,
35,000 mg niacin, 10,000 mg Ca-Pantothenate, 1,000 mg vitamin Bg 5,000 mg

vitamin By, 1,000 mg vitamin B; and 15 mg vitamin Bio.

*Provided per kg of premix: 25,000 mg Cu, 40,000mg Fe, 60,000 mg Zn, 80,000

mg Mn, 1,500 mg I, 300 mg Co and 150 mg Se.

*Calculated values.

2) ¥47E 4 345

4 o

A EE A EA (Ozaki MFG. Co., Ltd, Japan)& ©]-&3F3 o
Dial pipe gauge (Ozaki MFG. Co., Ltd., Japan)Z o] &3t dzeo =

a9 FRE S

ofN
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3) G2 R FFAF

gl AH= Ad 107 H AFFEA dAHAA P fHke] 4Tl A
2,000xg= 203F ATt S A o] &3ttt

Edd 3L enzymatic colorimetric method (Allain %, 1974)] ¢lslo] & =¥
= T. chol AAMA¢F (Boehringer Mannheim Co., Germany)°l] HDL
FE = HDL-C #HAFAeF (Boehringer Mannheim Co., Germany)el|, %

>«
T,

fu
1o
off
k1

= T.G. AAHA ¢k (Boehringer Mannheim Co., Germany)oll k-3
AN A A% Azst BA7] (Hitachi 747, Hitachi, Japan)E o] &3te] =A3s%ith
LDL+VLDL Z#~E% ¥%+ Naoyuki®t Yoshiharu (1995)¢] ®wiol whe} 373}
Atk

5 ¢33y ZH2HE T§F
G FelzdHE RS S48 fste] Al HAIAISE FRA AHETtE 15
Mol AlFHE AP/ 5, Zzhe] Aol A 2g9 &S FHEke] 33% KOH 0.6mlet
EtOH 9.4ml 28] 1. Internal standard 5a—cholestanes(Sigma Co., USA) 1ml& 7}
ste T5ColA 1AIZHEF Wb AT kgl EuW Wwst ¥ FFS bml,
hexane 10ml& Y1 &3l WHXA7| 3L, AZHE Na2SO42 & 3 & o33k
A

A& -gdS Gas Chromatography(HP 6890 Plus, USA)el Fate] #4]3}3]t}.

Table 2. Operating condition for gas chromatography

Item Operating condition
Instrument Hewlett Packard 6890 Plus
Detector FID
Columm HP-INNOWax

0.25pm>x30mx0.25mm 1D
Injection port 260C

Detection port 270TC

Carrier gas No
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4. FAAY

B oAlg o RE 2gE SAS (1996)¢ GLM procedureZE ©]-&, Duncan’s multiple
range test (Duncan, 1955)% #g]sle] H7kel FoAlS #AAsS

Table 3& AlZvkE 2% H7P7F Abehgst we 8w ee] vAs s
UER It Abekgel M= AlgrkE S s doheh AR rh oft w Al UEbs A
frelAel Aol ®olAl FUTHP>0.05). FFol oA = dxz77t A=Zvtg SR
=AM AT B AR o]l Aol UEhA et (P>0.05).

ElH% GB 32%mesh H7beol 7bg B AL Aol fol4el Aol v
WAkt (P>0.05). ol AlSetolEE 3% oldt Wb Abwge] F7ksh WF
WA HAgrhs ol(1975)8 A@T AR Astelth Ed o H(2003)9] 4@}

Table 3. Effects of germanium biotite on the hen-day egg production, egg
weight and egg shell breaking strength in laying hens

Item CON'  200mesh' 325mesh’ SE*
Hen-day egg production, % 89.26 89.47 89.74 0.18
Egg weight, g 62.38 60.03 61.38 0.42
Egg shell breakingstrength, kg/cm’ 3.53 3.58 3.62 0.11

'Abbreviated CON, basal diet; 200mesh, added 2.0% of germanium biotite; 300mesh, added 2.0% of
germanium biotite.

*Pooled standard error.

Table 48 AZntE3ere] HA7p7b Gz nxs 38 HolFu drt &
SR R FgRe UAEAE 2% A3 Ao foH9 2ol e
A B ATHP<0.05 2 @ Ao 4% d4d a2

). ©]+ sodium zeoliteZ
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Aol T7HE JIA 2= B (Roland 5, 1985, Miles &, 1986; Fery &, 1992)
oF Aolgt AyE e AT

Table 4. Effects of germanium biotite on the egg shell thickness in laying hens

Item CON! 200mesh' 325mesh' SE?
Large band, mm 0.45 0.45 0.44 0.01
Sharp end, mm 0.44 0.44 0.44 0.01
Middle, mm 0.44 0.45 0.44 0.01

"Abbreviated CON, basal diet; 200mesh, added 2.0% of germanium biotite; 300mesh, added 2.0% of
germanium biotite.

*Pooled standard error.

3. 4&4, dFAF

AEA AARW AZvESe e HI7PE G& gl d A e mA s gk
Table 50 WERUIATE T&A 9 Gda o] 9lo] A F3ke] BAHCRE {9
2po]l & HolA] gkth (P>0.05). ©] 5(2003)8] Aol metma A7 S Foldk A
g7 Agd AlRE Fold AgFE fFoAor HAastd e (P<0.01), A=
U AZ2vESeRs #Htstd 4457 BAF R 7HAP<00DETE B s
Uha Aolst 235 1

ol

2o
ro o

ol

Table 5. Effects of germanium biotite on the yolk color and egg yolk index in
laying hens

Item CON 200mesh 325mesh SE*
Yolk color unit 5.88 5.80 5.99 0.22
Egg yolk index 0.38 0.37 0.39 0.01

! Abbreviated 200mash, added 2.0% of germanium biotite; 300mash, added 2.0% of germanium biotite.
*Pooled standard error.

4. 8 ZY2HE FF ZA}
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BE ATF Aol wERARE A o] fFoARl AolE oA ekoktt
(P>0.05). 18y FZU FAANEE L dojAe= ﬂléﬂ}ﬁ—i%ﬁl 325meshs %7}
s A7k dzTol vste] fojHor Frtshe A
T 9E AEUd AZvESeR
ok Bad A (2001 B}

Table 6. Effects of germanium biotite on the cholesterol concentrations of
plasma in laying hens

Item CON' 200mesh'  325mesh’ SE’
Plasma lipids(mg/ml)

Total cholesterol 128 127 121 3.68
Triglyceride 1287 1481* 1492° 7.11
HDL-cholesterol 11 10 11 0.78
LDL+VLDL-cholesterol 119 118 111 3.35

"Abbreviated CON, basal diet; 200mesh, added 2.0% of germanium biotite; 300mesh, added 2.09 of
germanium biotite.

*Pooled standard error.

“PNeans in the same row with different superscripts differ(p<0.05).

5. G 2A2HE FF
e

d3g ZeHa"HE Table 7014 H= uvpe} Z2oh Ald F3A19] Gl F
A2HE FFE AZMEEERE B AT RS Maste] e £AE
BAAT, AAASE FRAG Aol A Aol Fo1HQ Ho]E HolAE g
A THP>0.05)

Table 7. Effects of germanium biotite on the cholesterol concentrations of
plasma in laying hens

Item, mg/100g CON! 200mesh'  325mesh’ SE?
Initial 1587 1562 1553 30
Final 1408 1379 1371 24
difference -179 -183 -182 35

"Abbreviated CON, basal diet; 200mesh, added 2.0% of germanium biotite; 300mesh, added 2.0% of
germanium biotite.

*Pooled standard error.
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AR S, AFFA] & , 35U AT Sea-tiFut
A9 AR (CON;  71Z2AMR), T AFRW Al=nt TE 20% (GB
200mesh; 7] &AF5+2.0% 200mesh germanium biotite, (F5)A]&-nv}o] w8l 2.0%
(GB 325mesh; 7] %A}5+2.0% 325mesh germanium biotite) 37} A2 & slo] A3
AkE . dkEw guke] A 9kl ojufA| et qith. At Eol M= AEntE SR E LS
A 7E ok E=A JERSAIRE o ARl Apol= HolAl FUTHP>0.05). FAE
ol % GB 325mesh #7ato] 7} =2 74

A gkt (P>0.05). =, dai, 59 7t
frol ARl zbol= YERUAl S th(P<0.05). W FAAA A
w5 32meshs H7Heh A2l 7F ol vlsto] o4 o
UERI T (P<0.05). A1 F5A19 &y ZH2HE TF2 AZvaES

o
o
Mo
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_O,

A Aok hET sk vwstel e £AE BAW, AANAG F5
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1. AIdEE 2 AIQAEA

MAIA AF 80.7+1.38kge! 391 L FEF (Duroc x Yorkshire x Landrace) B|S&
72 PR o, AFFAI RS 5093 AAle itk Al A A= Table 13 2ol &
Stk $159] 71 ZAFE(CON), 7| ZAEC 200mesh Al2vhE SRS 1.5%
A7Fet A8 H(FGB), 7l ZAF=9] 325mesh Al2vtE SEEE 15% H7FeE A+
(CGB)® 370 A& st A 3wk, vhEd 8upa ¥ b o) o wh %] 5} Sl vt

ol

=

—r

2. A@ALR 2 ALGHEE

APARE ARFUE Feldaom wAFoINE olgdte] AFAYES
oo AF % ARMAZES ABEEA FHs AYFAY, APABHAY, AR
282 AN

® AgARd H7hE AZvES SR S re] A=rhre] 36ppm FAHol 9
E HBARA, B = A4 P4 ABE F R471E ol8ske] 200meshst

325mesh®] ZL7] & HE3to] Ao o] 8319t}

Gha 2388 2437 A A¥ Fr Tl EAEBRA
(CrO)& 020% A7bskch. aBAR Hel 59 F B2 AAsew, A
0Ce HAzx7]oll A 72412 A% A7l 5 Wiley millZ &3, 4] o] &3}
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Table 1. Basal diet composition (as—fed basis)

Ingredient %
Corn 59.93
Soybean meal 23.75
Rice bran 5.00
Molasses 4.00
Animal fat 2.61
Rapeseed meal 2.00
Defl. phosphorus 1.16
Calcium carbonate 0.44
L-lysine(78%) 0.34
Mineral premix 0.25
Salt 0.15
Vitamin premix 0.10
L-threonine(98%) 0.09
DL-Methionine(98%) 0.10
Choline chloride(60%6) 0.08

Chemical composition
ME, kcal/kg 3,447
Crude protein, % 1772
Lysine, % 1.02
Calcium, % 0.70
Phosphorus(%) 0.59

1Supplied per kg diet : 220mg Cu, 175mg Fe, 191mg Zn, 8mg Mn, 0.3mg I, 0.bmg Co, 0.4mg Se.
2Supplied per kg diet @ 4,000IU vitamin A, 800IU vitamin D3, 171U vitamin E, 2mg vitamin K,
4mg vitamin B2, 1lmg vitamin B6, 164g vitamin B12, 11mg pantothenic acid, 20mg niacin, 0.02mg
biotin.

3Calculated values

(2) dHEH

A= AFFAR NAIASE FEAC A9 (Jugular vein)oll Al 2 FH 312
v gl afFH3le] 4TolH dAS SuAzl F 200 x g2 3087 AR 3 &
TS BHe o]&3tt. Total cholesterol Tt T. Chol Kit(Boehringer
Mannheim, Germany)&, HDL-cholesterol T+ HDL-C kit(Boehringer
Mannheim, Germany)E ©]&3}%th. Triglyceride %% T.G kit(Boehringer
Mannheim, Germany)oll WH§-A1A A& Askst 4] 7](HITACHI 747. HITACHI,
Japan)& ¢]&3tel  FAEth. LDL+VLDL Zd#2zHE $%E% Naoyuki®
yoshiharu(1995)¢] ol whe} 3 7}s} 3

s
1=
o
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SAW F74 &4 & Digital backfat indicator(Rence lean—meter, USA)E o] &3}

(4) Bl grwujole] A R R APt vE F4
AAETEA ZF A FelA sde Azbeet sidd 28 AFHSt 5, sAARVE
ol EH AN = ézé%

ol g3t HAx A F, BAo) o]t BuUl gEYo}
Chaney ¢} Marbach (1962)¢] Hso wha} A Asl$dc).

Ul A A % FAHS AR 5g& FHske] 10N HeSOs 25mldt 5
E HUek & 5718 SHFSRY. FE Y phenolphthalein 2-3W&S ?,37}
0.IN NaOHE #H7lstsith o] 89L rotary evaporatorE o|&3sle] AxX A7
phosphoric acid ImlE #7}ste] &3fA| 7] Fof ethyl ether bmlE H7}ste] 4
Wk gk § ¥3t NaCl 2mlE @7}0}&1 T< AT =
3ted 0.45¢m membrane filterE ©]-§3}e] o
(Hewlett Packard 6890 Plus, USA)o| =43t t).

2o O q
il
Job Aot Ly

’

El

]
¥ ether =%

o
o] 73k & Ag % S gas chromatography

A

4. TAAY

Atge] AR ZAER 39 Cre AOAC (1995)¢] o3 #4359t}

HEE 23 E SAS1996)9] General Linear Model ProcedureZ o]-&3dfo] EAMEA
S A A8F9l AL, Ducan’s multiple range test(Duncan, 1955)% =] @] &}o] H# 7o &
gA4ds HASE

o 23 ¢ nF
1. 43 FAF, AEAFAF 2L A28 8

wolgh vl K=o e dGSAZE, AARAdAYE 2 AR S-S Table 2
of ok FAEVIY dIFALFES B tlE2T9 FGB A TRt
CGBA 7t =A YerwAR, A3 A Aol YERYA Fskth
(P>0.05). A5 A HZFH Als E&AE A7 oAl Aoli= HolA 29k
(P>0.05). & & (2000b) M= AFEU scoriag 3% F7bsko]l wofgh AFEAI R
A, A A el dolA = scoria A T7F T Hlaste] foA o R Eokow,
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AR Q& A E scoria HE T FYHoR B
(1968) % v 5= ALz zeoliteE 5% H7Fst S A9 A=
tha Bk A 5(2003)2 GBe H7bel od A EolA = diE2Fof vl ulsko
EARE AAR A A Fl A GB3.0A 2l tixTtoll Blste] Wgttka shlth A
FAC Al = FGB A 277k tz7oll wlste] vrA| 371 AtHP<0.05).

ArE e, Kondo

s
&0l 6%4 = A=A

fo FN

ON
S

0

>%$

Table 2. Effect of dietary germanium biotite on growth performance and
backfat thickness in finishing pigs'

Item CON' FGB® CGB? SE’
ADG, kg 0.725 0.711 0.737 0.026
ADFI, kg 2.815 2.773 2.922 0.044
Gain/Feed 0.254 0.247 0.263 0.012
Backfat thickness(mm) 27.49 25.01° 25.81" 0.83

!Abbreviated CON, basal dietControFGB, 0.15% 200mesh germanium biotite;CGB, 325mesh
germanium biotite.

*Pooled standard error.
2. 9&&2 &23&

H] 5= A}E"ﬂ Asrkg SR H7PF 9 28ked vA= &S Table
of et d&Ee] 2stsdAMes AsrtaSeis %7}?‘5 Al T7F =4 yE
AR e A<l X}OlL Bolx SFUTHP>0.05). da, Zg % Ao AdteolA=
HET7F GBE7FFRY AR o4l Zpol= YERAA kaD}(P>OOS) a5
(200002 Hls = AFRUW A=2vtESEEE 3% J7FE AMGA-RNA, 2 dE 3
of elAM= Azl o]l AtolE HolA &trka Baudvh ¢F & (2000b)
< H5E AFRW scoria® 3% H7FE AFFAIRCNAM, B AE2FFC o= A
gl 3tell frelH Rl zkolE HolA ehgkARt, ol A el slolA = scoria H7F
T7F ek Blaste] FojA o Yl 2AME AT Balste] & AbAI A A
ol A& EhlA
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Table 3. Effect of dietary germanium biotite on nutrient digestibility in finishing
-1
p1gs

Item CON! FGB’ CGB? SE*
Dry matter 69.87 70.85 70.96 0.39
Nitrogen 66.23 65.92 65.69 0.51
Calcium 45.06 44.95 44.87 057
Phosphorus 32.73 32.54 32.42 0.85

!Abbreviated CON, basal dietContro,FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh
germanium biotite.

*Pooled standard error.

3. 89 &4

HSE AR AZ2vtsS29 77 @4 Total cholesterol, Triglyceride,
HDL¥ LDL+VLDL-cholesterol®] & &2 Table o YEINATE. Total cholesterol
S FGB A2 77F & A5l B8l E3AIRE 7242l zol= HolA %98
tHP>0.05). 13} &Y HDL-cholesterol 3FaFol] gloj A= thzF9F vlwsle] A
2rtE SR H7H7F foHer S7eklvh(P<0.05). =3 LDL+VLDL-cholesterol
S A7) §2 QA ZFo](P>0.05)F HolA RUAT AZrEIEEEE
A7 e AgFeA e AFEFs Bt A8% Ao T djlo] He 1AW

oot ek

=& FAStE 8 =29 Total cholesterol, LDL-cholesterol®] &7 3tk
7 &% 7 3}¢lx19] HDL-cholesterol®] Hl &< ZAS= AL w1 =83},

Table 4. Effects of germanium biotite on the cholesterol concentrations of
plasma in finishing pig’

Item CON' FGB® CGB’ SE’
Plasma lipids(mg/ml)
Total cholesterol 99.33 102.63 97.38 3.56
Triglyceride 35.25 35.50 29.89 2.14
HDL-cholesterol 42.80° 50.33" 48.28" 0.84
LDL+VLDL-cholesterol 49.48 42.57 41.75 3.53

"Abbreviated CON, basal dietContro;FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh
germanium biotite.

*Pooled standard error.

"Means in the same row with different superscripts differ(p<0.05).
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o AgS HYHP<0.05). W propionic acid®} acetic acid F Xl
Zholl o]l ARl ZpolE HolA A THP>0.05), butyric acid &%=l
CGB Ag 77 dz7¢F Hluwste] fFojAom v W 7hE I ohHP<0.05).
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Table 5. Effects of germanium biotite on NHs—N and volatile fatty acids of

feces in finishing pig’

Item CON' FGB® CGB’ SE’
NH;-N 714.83" 696.39" 623.15" 6.36
Propioni acid 6873.75 6786.42 6629.75 120.49
Butyric aicd 2470.3" 2358.05" 2196.62" 38.29
Acetic acid 46376 4629.27 4556.77 64.28

!Abbreviated CON, basal dietContro,FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh
germanium biotite.
*Pooled standard error.

*™Means in the same row with different superscripts differ(p<0.05).

5. 349 &4, pH 2 ZH2HETF

AZvtESeRE 398 #HA9 §4, T4 S4 pH ¥ FazHETTFS
Table 6914 K= wpel o} B7]E yebll= Lxgk2 CGB A g7 th& A g7l
Hsle] fFo]d oz A e THP<0.05). RedE YEIWE axft2 AZvsS&s
E H7bst At gxzTe vluste] = yYERSE AR 980 Aol HolX]
2 tH(P>0.05). Yellow(b*)#t2 FGB A&7} & A5 Hlste] =4 #H7}
HATHP<0.05). %9 Az 2|7 AFo MEA] 1aA o w A&shs s omM,

-
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A5 AvE XU F A axoth AL S4420 myoglobino] AFA 9ol g
SO R e Ao W= SN A {7 B 4 S2AYY] g48F,
AFeE, vAES] A%, pH 5ol Wt vham 53] S48 2baete] vhg =
of &4 ol &4 wgle s 2 AFE vAE Aoz d4#A dtH(Lawrie,
1985). 9 pHZA 2 553~5630 % A7k Fo] %<l Ao]& HolA & Fshtt
(P>0.05). =% F° pH Zstet £& vt 24dwd 2 2ANF duldo] Ay
< oplEtH frElEE §59 ddd 93-S vtta B &9l t) Laakonen 5 (1970)
S =59 pHYE A, 53, A9, <559 2 73t wef Aolrp drka Bk vl
Atk At o =% 2K pHiE 24417 ool pH 70014 ¢F pH 5475.87}

s WA UERAR, F1H9 Aol EhtA WaiTHP005). S Fd2AE @
o) at FRaSe] FUA Agel Ud Biel AFHn Y ARl T
_]

J B0 B Abstele malt

Table 6. Effects of germanium biotite on L*—, a*—, bx—value, pH and cholesterol

contents in loin muscle

Item CON! FGB? CGB* SE®

Color
Lx 41.9° 41.3 45.8* 0.73
a* 6.9 11.1 11.0 1.55
b 3.4° 5.2 3.4° 0.42
pH 553 557 5.63 0.04
Cholesterol(mg/ml) 515 46.5 50.3 6.64

"Abbreviated CON, basal dietContro,FGB1.5, 0.15% 200mesh germanium biotite;CGB1.5, 325mesh
germanium biotite.
*Pooled standard error.

*™Means in the same row with different superscripts differ(p<0.05).
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A 7hs A S dotr izt AAEAT. JAA Al 80.7£1.38kggdl 3¥ wFE
(Duroc % Yorkshire x Landrace) B+ 7275 FAISIA oM, AFGAIHS 5047
AA st AIEAAE Table 13 o] SF-tiF9 959 7]Z2A=(CON), 7]
ZALEO 200mesh A2vhE F2EE 15% FH7Me AT (FGB), 7]1ZARE
325mesh AZrbg SRS 15% FH7Fe A 77(CGB)E 371 A& st A2 6
HhE bR 4qupE] A b dojuf XSt EAIE ke dESA TS A 2T
¢} FGB A 272t CGBA & 7-7F = A Yeput A e, A e 4719 {9 %]l Aol=
BRubAl FeH(P>0.05). dFA 25E =DM, N, Ca 223 P) A3+
o141 Aol yrERFAl ek th(P>0.05). @] HDL-cholesterol 3ol $lo]A]
z=7-eF vlaste] A2vtg SR J7b7 folH w2 FrsktHP<0.05). ®
LDL+VLDL-cholesterol oAz A 27+3te] F92Z <0 zHe](P>0.05)= Ho]A|
UAT AZehEISeEE HIIS Ay FAA Fe FEFS BEAT Full dEYolH
Aa wkol oAM= tix7 2 FCGAHE -9 Hluste] Al=Zng SR 325mesh
A7FQl CGB A7 Fodom ve A3dFS BATHP<0.05). B71E vEdes
Lxgt> CGB Ag+7F & Ag ol Hlgte] fFoAoz =4 e th(P<0.05).
RedE& Yetll = axgte Al2vtaS&RE H7He A 77 dix79F vlaste] =7
UERE AR o491 Apol= HolA] dthHP>0.05). U FEIZHE FEolAe
Zutg SRS JUHE AdF7 szl v BA dErg AT, {920 Apol

YUERA] U TH(P>0.05). ©]’de] AAE FFste & w, ¥lS=E AlsW A=v}
HA7be @4 2dzdHE 39 2 S SU2HE R GFS 1A
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Aetgith ARAAE Table 13 o] S55-thFu 9159 7| z2Al g0l A
B 47FE(NC | basal diet), 7] Z2Abgel A W7AEPO), 71 2A Rl AZnbE &
S5 05%(NCGB), 3AA AFAEA AZntE S8 05%H 7 (PCGB)Z 47
Aels AzD 6w, wug svleld Aol WA s

Table 1. Basal diet composition (as—fed basis)

Ingredients %
Corn 64.25
Soybean meal (CP 44%) 25.63
Animal fat 467
Mbolasses 2.50
Dicalcium phosphate 1.55
Limestone 0.81
Germanium biotite -
Salt 0.20
L-Lysine - HCI 0.12
Vitamin premix/trace mineral premix’ 0.22
Antibiotic” -
Antioxidant (Ethoxyquin 25%) 0.05
Chemical compositiong)

ME, kcal/kg 3,320
Crude protein, % 18.00
Lysine, % 1.00
Methionine, % 0.28
Calcium, % 0.70
Phophorus, % 0.60

Y Provided per kg of complete diet : 20,000 IU 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 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; 125 mg of Mn; 0.5 mg of [; 0.25 mg of Co and 0.4 mg of Se.

iz) Provided by 50mg carbadox per kg of complete diet.

¥ Calculated values.

2. AR B AN

ABARE AR U ARANES dgom B AEFFE ol §3tol
Aol We & YRS AATh AF UL ARHAFE ABAAAG FrAG 5
Astel AYFAY, APABAAY, AREES AT
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2) &3ts 54

BEr 23ES S48 3 A F5 7dH BAIEEA A AE(Cr203)E
0.2% #H7}stqch A=A R %04 59 F RS AFHe g, AMHI B 60T A
Z7)ol A 72X AZRAIZ 3 Wiley mill2 4, #2440 o] &3t}
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W~ QHI
f
o
™

T3 A2 454 vrEld 40mly Ao A A Ps
o] W] B ths 1A7F ool 2,000xg(4T)ol A 303+ ¢
A& AF sk tHHodges, 1970). AE2vkE S o] Hrbol uhe =}
b= A4Ed A4 71 (ADVID120, Bayer, USA)E ©] 43t RBC,
WBC, lymphocyte, monocyte, hemoglobin Z2] 3L platelet countE =43} t}.

2
Eiay

fh o>
{
2
o
2y
Y,
>~

4, 3stEA 2 FAAE
Atge] durd By ZAERE 5389 Cr& AOAC1994)] &) &2 3t).

EE EE SAS1996)¢ GLM procedureE o]g&3stod  AHygzre HEE
orthogonal contrastZ ©]&3}le] 1) NC vs PC, 2) NC vs NCGB 8] i 3)PC vs

PCGB= #8te] rolde AAs At

o 23 € nF

L d33A %, ARHAZ R AIRE S

AFAERE Foldt AEel g d9F

A EE vkeh gu F AV dESAge EW AEvkE SREE WU
]_

Booem 53 PCGB Ag+7

AT 7F dzTek Haste] =2 FIFS NC, PC
AR S7bets S BAAT FoAQl Aeol= yEuA & keH(P>0.11).
APRAF FA M = A grREe] Fo] A9l Apol= WolA eEtH(P>0.55). AbR & &l
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M= NC A 77 & A5l vlste] w2 43S B At (P<0.05). Kondo &

(1968)- clinoptilolite 7Al&<] zeoliteE FA4= 2 W S= Atz 717 5%% 7

ALEA RO A, dFTAFS 25-29% St AR EE S FA=e A9 35%, A

Tl 6%7F MAEATa BRaustdoh =g, A T (2000)2 SA4= Ab

U Y AP AELS S0ppm H7ER S ul dFTA o] FAE AT W s}

Atk =S F 5 (20000)2 S = ARl scoria®t zeoliteE 7F7b 3% H7bg /\}Ok
S

Aol thz7¢ Bl adte] scoria®} zeoliteE 7} A ] -9

24

A SA &l F

L

Table 2. Effect of germanium biotite supplementation on growth performance in

nursery pigs

Contrast
Item NC PC NCGB* PCGB* SE° 1 2 3
Average daily gain, g 644 677 662 707 24 011 032 0.77
Average daily feed intake, g 1301 1279 1281 1271 26 055 0.60 0.81
Gain/feed 0495 0529 0517 0556 0.017 0.05 0.17 091

"Pigs with an average intial body weight of 18.35+0.15.

2Added 0.5% of germanium biotite.

*Standard error.

"Probability for contrast : 1) NC vs PC ; 2) NC vs NCGB ; 3) Pc vs PCGB

&) glojA PCet PCGB7F the A tEdl Hl&l A YeEbdA R 222 Ao
T Holx ZATHP<0.25). A& 2sh&o] dojA = AZvESeRE H7ket A
T7F GBE H7bshA @& A F-¢h vlaste] =& A4S BAtHP<0.05). Ca &
kgl oAM= PCGB Al 7F fod oz Frsts A4S BAthP<0.04). P
2shgol M= PCHE 7 M =S A5 UE ztol= flAdth
(P>0.05). ¥ 5 (2000b)> SA= ALEY scoriag 1%9F 3% H7FsE AFSA F ol A,
scoriags 3% H7Fst A F7F dx2Tef vt AdE 2 g Aslgo] F7hs)
ASS Bausdy w3 3 5 (1975)% SAE AR zeoliteE 4.0%7HA] %17]%
S oA H®oket A gz vlE] AskE AAAEA At Bk

5(2003) % HA4Ee AlFolA g AEF HAh Aggl oA NC x%ﬂ?%}

o]g Ao e AL A 4238 Table 39 2o A& 423}
H]
A

=
32
o
T
Ho
1o,
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Hlastol PC A2 7-¢F GB0.3 el 77k fref 4 ez #9kthan(P<0.05) skl

Table 3. Effect of germanium biotite on nutrient digestibility in nursery pigs

Contrast”

Item NC PC  NCGB* PCGB* SE° 1 2 3
DM(%) 7511 7742 7583 7174 035 0.32 025 024
N(%) 6720 7064 6959 7170 023 0.56 005 004
Ca(%) 5139 5238 5129 5327 159 0.08 005 004
P(%) 4561 4783 4651 4738  1.79 0.11 027 022

'Pigs with an average intial body weight of 18.35+0.15.

*Added 05% of germanium biotite.

*Standard error.

*Probability for contrast : 1) NC vs PC ; 2) NC vs NCGB ; 3) Pc vs PCGB

3. 834 RBC, WBC, HCT, Hb, Lymphocyte, Monocyte @ Neutrophil Seg
oF

AZvtESEEe A5 7o wE @34 RBC, WBC, HCT, Hb, Lymphocyte
9 Monocyte 32 Table 404 Hi= vie} 2t RBCE AZ2vtgSEE H7hs
A7 NCe PC Agl7tell Hste] A dEsth(P<0.07). WBCE 1842~
22.36(x10°/m) 22 NC Ha 77k 7 & $32 deudothP<0.19) ol %<l
Z}ol= Ho|x] ¢oktd Lymphocytedl A+ NC £+ PC Bt} AZnE3Rs H7}
g NCGBeF PCGB A&7k =7 %7F 5 A vH(P<0.10). Monocytes= # 2] 7-3ke]
o] HQl ztolE HolA &= ANk NCGB Al +7F 7Hd =& A5 Yepydony
oAl Aol flATHP<O01D). ol Az & o SA4= AR A=veSE

=
BE RE, U AfE ¥ A5l 22 gL AN FAA A Abs
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Table 4. Effects of germanium biotite addition on serum components in nursery

pigs'

Contrast”

Item NC PC  NCGB® PCGB® SE’ 1 2 3
RBC(x10%/mrt) 6.35 6.49 6.55 6.85 025 009 0.07 0.07
WBC(x10%/nrt) 22.36 21.58 19.32 18.42 332 014 019 0.17
HCT(%) 34.26 34.00 36.75 39.67 203 014 012 0.15
Hb(g/de) 10.23 10.44 10.87 11.13 146 013 016 0.16
Lymphocyte(%5) 50.92 52.41 53.59 54.24 3.27 008 010 0.12
Monocyte(%) 5.01 5.27 552 6.32 08 0.09 011 0.08
1Pigs with an average intial body weight of 18.35+0.15.
2Added 05% of germanium biotite.
3Standard error.

*Probability for contrast : 1) NC vs PC ; 2) NC vs NCGB ; 3) Pc vs PCGB

g 4 o

2 odATE A2k S2EE AGA7 e S Ed oA FAA A ﬁﬂ%
7] 98] AASEA Y. 39 2 FF(DurocxYorkahirexLandrace) A& 12055 3 A
st om ARNAIAl S 183540.15kgel At SFF -t 9jFe) 7] }f}ﬁfﬂ]
FAA FH7F(NC ;5 basal diet), 712AFRd A H7FHPC), 71 2AMR A=

g SR 05%(NCGB), 44 HAFEALgd AzZng S 05/?*7}?(PCGB)
2 4] AP E A 69bE vbE supgjA A d o] wix| AT Al g 7|7k ¢
FSAHEHS 2E AZ2vE S$EE

e AY T hETe vwse] ke 4P
% Bgom 58 PCGB el 77k NC, PCA# TR S7kehe 43 RAAW &
o1AQl Aol b GTHP>011). ARHA AN A Prre] foHe 3
ol molA g m<P>055> AR EZEANE NC 477 e A5 v

%

o v AIS HYTHP<0.05). i &stgdd JoJME AZnEISEEE H7t
A2 77 GBE %‘iﬂ'%ﬂ %2> ATt vlaste & AFEFS HATHP<0.05). Ca
askgol glojA= PCGB Ad77F foldez Frtstes 4% B ATHP<0.04).
RBCE= Al2vta3eRE H7Hs Az +7F NCe PC 74ﬂ:rL°ﬂ Hlato] =A e
tH(P<0.07). Lymphocyteel A= NC T+ PC Ht} AZ2vgSeRE H713k NCGB
o} PCGB A&l +7F =4 H7F HAHP<0.10). o] 2342 B u 4= ALsy

AevEsent 448, 992 238 9 Urlse F& 93 v FAA

M‘

=

A7 7heE Aew 0474{“:}.
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