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AT =53

THSMAEFRE AR TY Ve 2 14 (FEHE A 2016-585) o oA SH A

Are FHOE As Y ofd, 78 9 AddyE T FEH FHS FASE s ol
= AA W o]&FEo] - w] wio] A<

Eo TN A mEdF AR e Fed AP #7

o

Feds AW 7139 249 74 ARelw, 4 4, A, A FAAEE, 24 3
cEE ZujA So= AHEEE W 8T YL

A2 JHFH lean genotyped| FF 7IE FFOl Hls| ALRAF T s
ol Ats W FEA FFS molof dohal BuE (R 5, 2001)

As U AREEE BEE ZATHY Aol FUIH FEAEEM, AW ol&FH7] Hi¢
of# & Fefol”] W&ol AR Wi H7tEe AREEel 22 A

e 243 complex® olFo] AuolA F4E7 ol@AY A3

Cu®] A W o] &EL 5~40%(Combs 5, 1966; Apgar} Kornegay, 1996).
Fee] | W o] &E-2 5~37%(Kornegay ¢} Harper, 1997; Houdijk 5, 1999).

- Mn9] A W °]8&E2 10% PIRH(Kornegay$} Harper, 1997).

Mgl Al Y] o] &E-2 15~50%(Partridge, 1978; Dove, 1995).
Ko A W ©]&E-E 5~20%(Mroz 5, 2002).
Zno] A U °]§E-2 5~30%(Houdijk &, 1999; Rincker %, 2005).

53], AF5totd(Zn0O) ] A7 olfFAbEolA AL Azl olgk= ofEstA ol W&ol Alm W
2,500ppme] = FFo T AARHT glon, T H¢E 130ppmOE AHEH I YL
= T TEe ofde AR W bk s=9 AAS FIAE T Aoy 90%
17de] A= vlZEH (Apgaret Kormegay, 1996; Smith &, 1997; Hill 5, 2000; Veum -,

(]



2004; Buff -5, 2005).
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endocytosis (MZW =9) %

route)°] F7FEHA A W F

mucosal absorption (transcellular route

2 paracellular

go] Z7hE & 9lg
Intestinal lumen (pH 6.0) 4 I_____b'____r.._..—---—b“'"" e #D' Intestinal lumen (pH6.0)  nppe 0
i i o z Protein
o “‘""-.,\ .
Endosomal l bl FcRn A. pH-mediated
sorting binding and uptake of
Transeytosis & Degradation NP-Fc by the FcRn
pa'thny thway
B. Trafficking
f  through the FcRn
transcytosis 1
pathway 4
__ _ My
L - i _ - o ﬁ € Emcy(osls and pH-
T = = = — B mediated disseciation of
. b el ?_ . NP-Fc from FcRn
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1-3. AFNE He
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<FHATF7H(EFrro] e 3zl 32) >
O 3APotA(ZnSOy) ZFEO|T AH AF MEs st dE&5UE7] A28 2357 A7
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Melting Mixing | Homogeneous =
‘ ‘ discharge Pallelizing M

19 4, Hot Melt Extrusion 7%

<HEA71# 1 (9w g asiy, oFst))>
O AAel&E T A &= g ZnSO, AP 7

— 7ZnS0y 29 #} =7] A3} 92k aggregation ¢l (A& @ oA SEM, TEM)

— 7ZnSO; =29 aggregation JAE et #H2 pH &4 (AH @ Y54, SEM, TEM)

— Fa vAES] e =32 Y3 antimicrobial test (in vitro) @ (AWM : broth test, disk
diffusion test)

— 7ZnS0.9) o3 Y T AYEE H2029 AE w4, el Fask a9l (AEY
hydrogen peroxide assay)

— ZnSO, WTe ol2skE = St FEA vlE A4 (AW ¢ Z-potential, diffusion
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coefficient)

* Tz \)E 10 - 90%

* A vlE 0 10 - 50%

* AHGAA vlE 0 10 - 30%

* Soluplus H]& @ 10 - 90%

* EDTAGIPEAAD © #4 =09 44 (1 - 10%)

* Z}7ke] HAlE Zehsto] Zn0 #29] ol &3k e fls HA wign] A4

* T FAROA S &5E H7b A (pH 1.2 ¢Fd) W AdF3FA (pH 6.8) FolA9]
n8 £E§& 55 ICP & o83l FFtAst & H7}

O ¢49% ZnSOs AY 587t 5 W o] MNes dedr 280lM Al ddos A3 s
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Steric stabilization Electrostatic stabilization
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O SAHE (FeSO,) ZZol= 2AA A9 7S S8 AE&eUE7] AA" 237 27

— =y O, AR e AEEAgAS ddd 3t A% A 3 9 BEY A A
=, v, e, AddE, o,

<CAEAT/T 1 CFAYEk oA s, ofstl)>
O AACIEE BHS AT EE ARE CuSO, A AL

— CuSO; Eo] 9zt =17 A3 Jx}9] aggregation B¢l (AW @ Qx84 SEM, TEM)
— CuSOy #%9] aggregation A& 918 4] pH B4 (AW : =4, SEM, TEM)
— CuSO; 29| chelated metal ion®] 5°1%% complex®] A& +4 (A¥H : Z—potential)
— CuSO; w9 o]2sg S 3 HgA nvl& A4 (B3P Z-potential, diffusion
coefficient)
* Tz \lE 10 - 90%
* A vlE 0 10 - 50%
* AAEAA BlE 0 10 - 30%
* Soluplus H|#& : 10 - 90%
* EDTAQIPIAAD © H4 w289 24 (1 - 10%)
« 77| HgAlE E3hete] CuSOy w28 o3l S 25t &4 wigin] 24
« 4 ARG §EE B dEAd (pH 1.2 &) W A4 (pH 6.8) Fol4<]
Cull €55 5= ICP 5= ol&sl A=tAs & 37t
— eH3H CuSOs AFE] HAH7F T ol oo ANEE HedT 290l ARk Aoz 294 A5 oA

O AA01&E F= fI% 55 AHRE FeSO, AF 712

— FeSO, w22 JAF A7) AR JAk2] aggregation &1 (AEH @ J%=4], SEM, TEM)

— FeSO, 29 aggregation JAIE 913t 2 pH B4 (AH @ YE+4, SEM, TEM)

— FeSO, 29| chelated metal ion®] 593)i= complex®] A% 4 (A : Z—potential)
A

— FeSO, %9 ol23}s s s A vlEg A4 (H¥H : Z-potential, diffusion
coefficient)
* Tz HlE 10 - 90%
* A °lE 0 10 - 50%
« Adg&dAl vl& 0 10 - 30%
* Soluplus H|+& : 10 - 90%
* EDTAQIPIAAD - H4 w289 24 (1 - 10%)
« 77| HgAlg E3tete] FeSO, w22 o3& S 918t H2 udn] 24
* AT A 855 H7E AdF9d (pH 1.2 ¢Fd) 2 AF3Fd (pH 6.8) FolA9]
Fed| §5% & ICP 5& ol &al AtAlst & H7}
O ¢M3¥ FeSO, AFE 587t 5 ) olde] AEE e 2HelM Al Ado® A3 A 1%

<HEAT7]E 20 st F= g i) >
O A= Wi Al¥ CuSOs8] H7P7F ol 44, d43% 9 AA ol &Eel A= dF A

R

— 7R Al CuSOs2l A% 71 W 71 CuSOsle] vl F3t o]frk=e] aWd 7k & 4

ofN



O Atg U AlE CuS042 H7P7F SA12 A4 A7) 4 A o] g-Fof n|X]
g CuS0,9 A4 7l 2 7] CuSO.9ke) Hlws &3 719 A
* AP A (A, AARAFAE, AFRLTE)

x 9ok 2318 (DM, CP, GE)

rir
of
Ll
Ff
Rl

22
oX
=
o
fols
)
o
ofN

«+ A U Cu % S4GFH 8 )
x gl A2 (CBC)
« A S #F A, WY U AE)

= e
« 2 W GRe FH RSH(ER o], g9 o] B g

O Ak Wi A¥ FeSO,.8 A7k olAk=e] 4374, 471 8L A o§-8ol vA= 9F 241

— /i AIE FeSO,8 A A7k 9 71 FeSO, 819 vluwE &5t ol fAk=e] g 7id &t 4

% /\}ook/\éx_‘(olul&xﬂah o]ol/\]_r:'_}\%_aak A]_JEJ_JQL?-E)

* Gd2 238 (DM, CP, GE)
« 2 W Fe v&= S4GEH € 5)

o\

A9

= 0% H3k(@d, ¥ 2 W e
« 2 Wl g FE WS (FE dol, g9k 2ol B HE)

O A= W A1® FeSOs8 7P 5719 4%, 471 8l A olg-8el niA= 9F A

— 7 Al FeSO,9 A4 A7 9 7] CuSO,8k] Hlws &3t SA412 A 7
* AP A (SA=, AARAAFAZ, AR QTE)
* 9ok 43+ (DM, CP, GE)
« Al WY Fe 5% =4 8 )
« N AE 43 W3k (A, 98 2 vAE)
* 2% U FRO FE HsH(§RE dol, g9 zlo] W H|E)

1o

rx
fol:
i)
o
ofN

=

[3xhAE]
<FHAT7H (rpo] e 3z allof 32) >
O SMFIFHMNSO,) ZF=2ol= ikl Al ks fst G8-§U4E7] AIAE AaF A7

— ey W, AR a9 A ddd T3 A5 A 38 158 45 A7)
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O oMY EAHEF (NagSeOz) F2ol= A A9 s A% 485927 AAH 247 27

- B A, 9 el ARRGAS) DU S 5 W 39 A9 989 L
- B W BY AR 598 nef@ ARRS) P, $5eE E3 v, Wden dud, o,
A 20 BAste] A9 237 w4

(AL A tstd, orstey)>

1
O AAlol&5E F= 2% F= AHEE MnSO, AlF 7

— MnSO; 29 &+ 7] A4 9 =] o3 #5 g (Nf‘ﬂ‘ﬁ Q=4 SEM, TEM)
— MnSO, #%2] aggregation A= 93+ A pH ERA (AT o)Al SEM TEM)
— MnSO, 29| o]&sls e $IsH F-3A vl& e]ﬁhﬁ AEFA), S =4 Z)

« T vlE 10 - 90%
« A% HE 0 10 - 50%
« AHGAYA Bl 0 10 - 30%
* Soluplus H]%& : 10 - 90%
* EDTAGHPEAAD) © H4 218 44 (1 - 10%)
« 21740 HgAE E33te] MnSOy w28 o] 2318 S fIst H4 wgn] 27
« 3T FAFelM Y] 8EF Bk QIFHd (pH 1.2 59 2 Q13 (pH 6.8) sollA 9]
Mné] §%& 5= ICP & ol&3l =gt & 37}
— $JE MnSO; AIBS 4687 5 el o3 AEE FEddT 28elx ARE Ados 294 A% <Y

— NasSe032] 952 A8 selenite?} selenomethionine?] A0 4-E vlw =2 HA vl& 3 (1
CAFEG=mE (ICP) 52 ol&3st] = 24
— NazSeO; #+9 ol2shg S 93t 79 vl& A4 (A¥W : Z-potential, diffusion
coefficient)
« Tl H)E 0 10 - 90%
« A H]E 0 10 - 50%
« AHDdA Bl 0 10 - 30%
* Soluplus H]& : 10 - 90%
«* EDTAGIPIAAD © #4 w299l 44 1 - 10%)
« 717k RAS EFsto] *“iﬂﬁ o) ol 2shks e A HA wign] AA
« 3T Aol M Y] 8EE Bk Q1FHd (pH 1.2 ¢ 2 Q13 (pH 6.8) sollA9]
Sed] §%F 52 ICP 5= 0151’511 JeREAst $ W7t
— M99 NaySeOs A As87 5 3l o] AMEs o 29l Ak Adow A3 5 oI
<Hesd77]3 23 sty =g 78t >
O A= Wl A1E MnSO,8] X717} olAk=2] A7, dalidd @ A o] &l vA& ¥ A
~ 7P A% NS08 4% W 5 /1 nSO,le) it 5 ohihER) 1 K B 4%
% /\]_OC}:}H A (01D1-._xﬂa]: 0101/\]_811\;]% A]— %

=

x 9ok 2314 (DM, CP, GE)




* A Mn 5% =4 GH & %)
+ gl A24(CBC)

O At W A1 MnSO,8] H7P7F SA18 A%, gy L A o] &Eel nx= FF A
— 7iekg AlE MnSO,9) A4 7k @ 71E MnSO,.9k) vluE %3 §A419 A /A &3 A5
« AP A (A, AARAFAE, AMRELTE)
* JdA 4315 (DM, CP, GE)
+ AU Mn 5% 4 8 3)
x Gl AJHCBO)

O A Wi A1¥ NaySe0;0] 7P} olfiAab=2] 4%, I8 9 A ol &5l nlAle & 24t
— 7B AIE NaSe039] A A7l B 71 NapSeOs2k2] WIwE &3t olAk=e] kg 7Wd &3t 35

* AR A (LA, A EGFAE, AR QTE)
* JoFa 43S (DM, CP, GE)
* AU Se v SHAGH d ¥)
* gl A (CBC)
O At= Wl A NapSe0s9] H717F A1) 47, g W A o] &5 v|X= G A}

— EE AE NasSe039 A4 A7l 2 7]F NasSe039+9] Bl 53 S92 A 7 a3 A5
« AP A (TAE, AARAHE, AlERLTE)

* JU*Aa 438 (DM, CP, GE)

« AU Se ¥= FAGH @ 2)

A A7HCBO)

*

2. AT5Y g 2 A%
1Al =

- T IR s R AL AR AR
L (R I/E I S RS SRR R USSR AR
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Section Barrel1  Barrel2 Barrel3 Barrel4 Barrel5 Barrel6 Barrel7 Die

Temp. (°C) - 100 100 110 110 110 110 120

extrudate
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O 7ZnSO, A¥ 24 HA3= st HA7H 57 2 vlE 59 44
— Whey protein AHA|E Eof A A W 300-400 nm AL YAt dAH.

Intensity Distribution Intensity Distribution
5 S ® 5 — wm
g =l |E A
5 sz :
g 1 i
E 281 § oS :
| i |3 £
= 5 : 3
3 i :
5 s° 5 =7
o ] 4 ] o
w0 no umo 000 : 10 100 1ma 1oma
D () Ciaveer ()
Blank whey protein Blank whey protein
bath sonication 10 min
Composition Mean diameter (nm) Polydispersity index Zeta potential (mV)
Blank whey protein 70% in DW 41093 £ 621 0.259 + 0.002 -4.43 + 0.47
Blank whey protein 70% in DW bath sonication 10 min 347.47 £ 12.55 0227 +0.014

Data are presented as means +SD (n=3).

— Whey protein¥} ZnSO, #4& &9 #AAHS A% oF 400-500 nm YAH=717F Y- EE}
2 AEeUES wE AEshA] ol v AT AR] Soluplus (SP)E AHEe o] dde
ot

Intensity Distribution Intensity Distribution Intensity Distribution
: 5 s 100 0
g .f |E =i |E mo
%: g £ g |z g
3 El % g: & g:
f g & £: 8 &
< P = s8: |5 EXe
3 ¢ 3 5. 3 :
: I e B g
& ° B 8 =
] 0
w0 no 000 000
mmer(rmn Diarreter (i)
Zn3S0, + whey protein ZnS0O, + whey protein ZnSQO, + whey protein
bath sonication 10 min probe sonication 3 min
Composition IMean diameter (nm) Polydispersity index Zeta potential (mV)
ZnS0. (S AL, 30%) + whey protein (70%) in DW 4591 + 166 0.266 + 0.008
ZnS0a (SMHTH; 30%) + whey protein (70%) in DV, bath sonication 10 min 535.27 + 1488 0266 + 0.01
ZnSCy (S 44TH, 30%) + whey protein (7T0%) in DWW, probe sonication 3 min -~ 431.53 + 27 46 0.243 + 0.004

Data are presented as means +50 (n = 3)



O ZnSO; A wAtele] Sl 54 W7}

— SP9} ZnSO, E#= T AReUENUE ol8al ZnSOs AFe AXSAIL EAbe] AxA|
70-80 nm YAHAA, 1 JERE U T BAMSE 2t Z0® ERiE. wgbA ZnSO, AF
AzAl SPE EAFE ARG

FO1 F02 FO3
g "zl |E 2| |€ s
= £ = £ = 3
g £l |5 T 5|
B E |- HEEE g
=1 05 i - S »s
] 2 = 2 = 21
. 1 -
B == |8 & 5
“m ||;u 0o - ¢ uu; |r; ) wno I uu: 0o 000 R
Diarreter (o) Diarreter (rm) Diareter (rrm)
Formulation Composition Mean diameter (nm) Polydispersity index Zeta potential (mV)
FO1 ZnS04 (30%) + Soluplus (70%) HME sample 1 7470 +1.02 0.12+0.02 025:075
Fo2 ZnS0s (30%) + Soluplus (70%) HME sample 2 73.90 + 0.41 010+ 0.02 075+030
FO3 ZnS0s (30%) + Soluplus (70%) HME sample 3 7550 +0.32 0.11 + 0.01 228+ 074
Data are presented as means +5D (n = 3).
— ZnSO; Al s FAAZ & ARAAZ Aole s} st g SAS e s &
QA F5 FANZ 3L AR A 9ol #71E Ro® Wy
Formulation Composition Mean diameter (nm) Polydispersity index
HIME#1 ZnS04. 8P (30:70) HME sample#1 before freeze-drying 73.90 + 0.1 0.14 + 0.04
HME#2 ZnS04.SP (30:70) HME sample#2 before freeze-drying 7410 £ 0.91 0.10 £ 0.03
HME#3 ZnS04 SP (30:70) HME sample#3 before freeze-drying 7590 + 0.64 0.10 + 0.01
HME#1_FD ZnS0Q4.5P (30:70) HME sample#1 after freeze-drying 74.40 + 040 018 + 0.01
HME#2 FD ZnS04.SP (30:70) HME sample#2 after freeze-drying 7460 + 0.3 011 + 0.01
HME#3 FD ZnS04 SP (30:70) HME sample#3 after freeze-drying 76.00 £ 023 015 + 0.03
Data are presented as means +5D (n =3).
- Jﬂr X Fﬂ“]ﬁ% (transmission electron microscopy, TEM)S £3] ZnSO, A& FAkH Qlx} 7]
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a9 10. FRTFOW) el #4H ZnSO./SP 4AFe] TEM AR

O 7nS0; BAL AEA] SRA B OAF 9%
9 ebgA 5 %7}

i

A pH B4 2 §1gakel fAHON QIR 5

= SINGH 1.2) 2 FAGH 6.8) FAREN 94 2] 59 B 494 @3 gL o)

DW pH 1.2 buffer pH 6.8 buffer
o o ' wm
- I —
- . || =n — i
o ) ~HE n_|
£ £l = aE e £
g =z =l & <
E E - E =gt} E 1
£, .25 == || & =S |
3 HIE ik -
b 2l B Sl b -4
4 S & E D £
E o = I._J £ s G
= |l 8 o =
0 [ o 0 —+ — ﬂ o
10 a0 1m0 1.0 mno wme 10 1w T g
Diarreter (nm) | Diarveter () Diarreter (nm)
Composition Mean diameter (nm) Polydispersity index
ZnS04.5P HME powder 2 (<100 um)in DW 73.80 + 066 007 + 0.02
ZnSCO4.SP HME powder 2 (<100 um)in pH 1.2 buffer 7470 £0.36 0.06 + 0.02
ZnS04.5P HME powder 2 (<100 um}in pH 6.8 buffer 208.60 +17.07 015+ 001

Data are presented as means £3D (n =3).
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O 7ZnSO; A& Zn¥} 7EAFS] 4528 37}
— BAAEFA (X—ray photon spectroscopy; XPS)E o]&3l ZnSO, AlE ZHe 94 £/ 2 3
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— FgoHg—A )M E4 (Fourier—transform infrared, FT—IR) &A1 o] g3a] ZnSO, #|EU
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<AE 1> AR Ul AlY ZnS0,8 H7PF 2k=e] 4%, Adl ol 5 B & F ofd Fkel mAl=
3T 24}

# 1 AR A

Ttem T1 T2 T3 T4 SEM® p-value
Phase 1 (0~14 )’

ADG () 247 257 243 254 4.48 0.744
ADFI () 351 383 363 395 4.25 0.269
GF 0.71 0.67 0.67 0.64 0.01 0.171
Phase 11 (15~28 d)

ADG () 501 538 529 536 5.97 0.080
ADFI (g) 821 821 813 816 4.25 0.895
GF 0.61 0.66 0.65 0.66 0.01 0.136
Overall

ADG (g) 373 398 386 395 4.00 0.122
ADFI () 586 602 588 606 5.84 0.579
GF 0.64 0.66 0.66 0.65 0.01 0.423

Zn content (mg/kg diet) : T1, inorganic, 100; T2, organic, 100; T3, HME 50, 50; T4, HME 75, 75.
Zn content (mg/kg diet) : T1, inorganic, 80; T2, organic, 80; T3, HME 50, 40; T4, HME 75, 60.
3Standard error of means.

— A=) AR Ao QoA A et ddSAH, dAAIEAAFHHE, As gl 94
ZFol= LA TH(p>0.05).

%2 8 Z o uEY Y A okl BE

Item T1 T2 T3 T4 SEM® p-value
Feces Zn (mg/kg) 867.53° 850.33° 443.08° 739.83° 44.05 <0.001
Plasma Zn (mg/L) 1.67 1.71 1.54 1.59 0.03 0.106
Liver Zn (mg/kg) 175.26 184.53° 166.58" 177.68% 2.36 0.037

Zn content (mg/kg diet) : T1, inorganic, 100; T2, organic, 100; T3, HME 50, 50; T4, HME 75, 75.
Zn content (mg/kg diet) : T1, inorganic, 80; T2, organic, 80; T3, HME 50, 40; T4, HME 75, 60.

Standard error of means.
2bMeans within a column with unlike superscripts differ significantly (p<0.05).

- A= AFR W o}l FEVF woldle] wep &
wol A5 (p<0.001). T13} T2¢] s%& T3% 49 &
T3HTH FY8o= H3ha.

- @ orde) s Al fAR1 Aol §lSlE (p>0.05).
- A= 719 o} En= T37F g2 HEProh $ojFow uelon (p<0.05), T49)
T1zke] o149 Abel= (Sl



<A 2> AR W Al ZnSO,8 A7PF §A419] A4, Al ol s 9 1 T ofd Fieel vAe

R
& 3. AYAH

Item Control T1 T2 T3 T4 T5 T6 SEM! p-value
Phase 1 (0~21 d)

Weight gain (g/bird) 693° 731 758% 694° 736% 744% 759* 6.21 0.005
Feed intake (g/bird) 1,045 1,019 1,045 1,022 1,021 1,036 1,032 6.36 0.871
FCR 1.51% 1.40° 1.38° 1.47° 1.39° 1.39° 1.36° 0.01 <0.001
Phase 11(22~35 d)

Weight gain (g/bird) 1,189° 1,227% 1,233 1,196° 1,225% 1,236% 1,231% 3.28 <0.001
Feed intake (g/bird) 1,968 1,974 2,006 1,978 1,980 1,983 1,976 8.99 0.961
FCR 1.66 1.61 1.63 1.65 1.62 1.60 1.60 0.01 0.314
Overall (0~35 d)

Weight gain (g/bird) 1,882° 1,958 1,991° 1,891° 1,960 1,980% 1,990% 7.68 <0.001
Feed intake (g/bird) 2,898 3,012 3,032 2,920 2,960 2,980 2,988 13.66 0.089
FCR 1.54 1.54 1.52 1.54 1.51 1.51 1.50 0.01 0.173

Zn content (mg/kg diet) : control, 0; T1, inorganic, 110; T2, organic, 110; T3, HME 25, 27.5; T4, HME 50, 55; T5, HME 75, 82.5; T6, HME
100, 110.

2PMeans within a column with unlike superscripts differ significantly (p<0.05).

IStandard error of means.

= SAL AR AA oM okl srh S7FEel  whEt %ﬂ%ﬂ golH oz
=7kl 0 (p<0.05), Control A2t T3¢9 FA|Zo] FFoz 7P woka
UmA g2 Ao Sl foldd zkol7F ¢l (p>0.05).

— AR

A

ol o= Agr3te] Fo Al zko)7F yEhA] ok (p>0.05).

— Phase 1(0~21 d)77telM SAZFS] Fe4 el AFo]= Q1ske] Control A2k T3
AR QTES FAoE FA Ve S (p<0.001).

%4 ¥ % ol FE 2 AY opdy B=

Control T1 T2 T3 T4 T5 T6 SEM'  p-value
Excreta Zn (mg/kg)! 169.28°  524.46°  430.07°  183.57°  272.62°  328.94°  4228%°  19.38  <0.001
Plasma Zn (mg/L)! 1.25¢ 2.00% 2.11° 1.66° 1.71% 2.14° 2,13 0.06 <0.001
Liver Zn (mg/kg)? 102.76° 113.73 139.64° 113.19° 117.18° 134.44° 137.30° 2.21 <0.001
Tibia Zn (mg/kg) 14419 183.48*  184.47°  148.40°  161.96°  173.68°  185.28° 2.68 <0.001

Zn content (mg/kg diet) : control, 0; T1, inorganic, 110; T2, organic, 110; T3, HME 25, 27.5; T4, HME 50, 55; T5, HME 75,
82.5; T6, HME 100, 110.

““Means within a column with unlike superscripts differ significantly (p<0.05).

‘Standard error of means.

- A Ats U o Tl SISl uwE &
Z 7489 2.1 (p<0.001), Control A& G-} T34 &
T1 Rt} fold oz A Yebs= (p<0.05).

— @ okl FEe] Gl AR Ul okdle] FEsb ZAF wek Fo o ok
ToE FodoE FUFeESl o (p<0.001), T1, T2, T5 % T63He] *fol= Feoldo=



LERLEA] 29k (p>0.05).

— ZF Y okde) FEolAE T27 TIRT 4o % %9k T2, T5 2 T6 3He] Aol

UEREA 929ES (p50.05).
— A7yolw]

ofdel FTEe

A T7r Fedew
k= (p>0.05).

[22Pd &=

O CuSO,s AY 24 HA3= A% A7 =

=

— CuSO, 2%

H R

Ate

wgrom,

Uoetde] sxrb S
7kt (p<0.001). Control A& 7-¢} T37} oA o2 7hd wWoka T1, T2 9 T69
ATt ke #994

3 2%

k=

A7MA Y £35S T £ X327 34§
)
o

Apol =

Fredo=

BEETREY

7K S5 2 g3 24 &

AR BT +
= L RA FH e
&= (mg/mL) d 1 %) E28%, nm)
10 - 5303 £ 1045
1 ) - 5303 + 1045
Physical
CuSOy .
mixture
0.5 - 5886 + 712
1:9 1371 £ 222
Physical .
10 CuS0,:Span80 .y 2:8 1263 £ 247
mixture
3.7 4232 + 440
Physical
10 CuS0O4:Tween80 ) 2:8 485 *+ 40
mixture
Physical
10 CuSOy:poloxamer407 . 2:8 2381 + 173
mixture
Physical
10 CuSO4:Soluplus ) 1:1 128 £ 66
mixture
3 Physical
10 CuS0,4:Brij35 ) 2:8 4701 £ 980
mixture
1 ) 3943 + 197
Physical
0.5 CuSO4:HPMC ) 1:1 7419 + 151
mixture
0.25 7550 + 1776
Physical
1 CuS0O4:PEG8000 ) 1:1 12772 + 3276
mixture
Physical
1 CuSO4PEG2000 . 1:1 8983 + 2310
mixture
1 CuSO4:HPMC Formulation 1:1 1615 £ 260
CuSO4:PEG8000 Formulation 1:1 6222 + 1749
CuSO4:PEG20000 Formulation 1:1 4074 + 587




0.5 CuS04:PEG20000 Formulation 1:1 9785 £ 640
0.25 CuS0O4:PEG20000 Formulation 1:1 5275 L+ 746
1 CuSO4:HPMC:PEG6000 Formulation 2:4:4 2003 £ 346
10 624 + 31
5 677 £ 52
2 548 £ 18
1 CuS04:5pan80:PEG6000 Formulation 20:16:64 755 £ 55
0.5 556 + 33
0.25 707 £ 268
0.1 541 + 29
1 CuS04: Tween80:PEG6000 Formulation 20:16:64 4329 *+ 256
10 CuS0O4: Tween80:PEG6000 Formulation 20:16:64 2454 £+ 402
10 CuS04:Birj35:PEG6000 Formulation 20:16:64 2452 + 250
10 1203 + 50
CuS04:Span80:PEG6000:HPMC Formulation 20:16:32:32
2 1404 £ 83
10 CuS0O4: Tween80:PEG6000:HPMC Formulation 20:16:32:32 1658 = 250
10 CuSO4:Span80:Tween80:PEG6000 Formulation 20:12:4:64 204 £ 25
10 CuS04:Span80:Tween80:PEG6000 Formulation 20:8:8:64 1609 £ 313

¥ 5. CuSO, A8 AW x=17] 548 53 24 43
O CuSO; A AN §1A} 54 7}
— CuSO4/Span 80/Tween 80/PEG6000 = 20/12/4/64 = W& A4FUEIS o84l 4=

A Az o A * 5 A7 54 5-50 mg/mL F% HeelA 150-218
nme] PR e,
& (mg/mL) QA7 (Bt + EFA, nm)

5 151 = 82

10 204 £ 25

25 185 = 10

50 218 = 10

¥ 6. CuSO; E-HUEAY BAtale] w2 9747

— CuSO4/Span 80/Tween 80/PEG6000 =
AFS AZ3IHL Eof] A7 & s

AEHEE vebln SHA7E e 42,

1=y = .
Pz A

)&

3]
5-50 mg/mL WY F-2

2
o my
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Clarreter () '
¥ 17. CuSOy EEe4EAd 2t

— CuSO4/Span 80/Tween 80/PEG6000
S Aepdg(EHdsh =
2 Tween80 ¥ Span802] H|o]&

ABE AxIAL =ol AR

AL ol I HEo] =

= 20/12/4/64 ¥l&

&% (mg/mL) AEFA S (FH+ EFHZE, mV)
10 2.8 £ 04
3 7. CuSOy FEEA4EAY EAtN e wHldlet
— CuSO; % 9 CuSO4Span 80/Tween 80/PEG6000 = 20/12/4/64 H]&2] =3HES E9
AT A A 54 CuSOy w28 A% 5 gm o) A717F ukal, CuSO, £FER]
79 °F 800 nm AEe AAo] 4. CuSO, HE=AF= Aok oF 200 nm ©]ste]

ZF2o|=st A A7) 7FsE

A (CuSOy 2 mg/mL 71) AAAA (HA+ EFHZF, nm)
CuSO, % 6058 £ 1138
CuSO, =%+ 808 £ 216
¥ 8. CuSO, B2 ¥ CuSO, EFE Bt Q1xp4 7



— CuSO; §HEAl® Atele] =271 9l Boks FdAdn)d (TEM) & &8 #2233ty e
olgal ST AR wlswt A=TI7E QL HSLaL(eF 185 nm) ] dAE wEeh

I

% 18. CuSOy4 & A (CuSOs NCs) #AFHS] TEM ARzl

O CuSO; AF wAte] e FAR oA el b4 37t
— AFNPH 1.2)014 CuSOy SEAE AN A7 9 At 54 A7+
SHrelAe #@at ws=dla, AedsE S Tk ke yEREL S A ellA

QA FIY S HAT Zoleta S,

CuSO4 HEA9 At £ Rraxt
AAA 7 (nm) 182 + 112
AL 9] (mV) 0.02 = 0.92

O CuSO; AW Cugl &AL A28 H7}

- FARERAKPS) & o] &3l CuSO4 FEAFUA EH A4 F7 2 3 574 Tween 80,
Span 80, PEG6000, CuSO, ¥ 4 47t 2350} Qu (e C 1s =) Ajaos Cu Y
S 59 YA deFo] vk Aoz wol H A (Tween 80, Span 80, PEG6000) 7} F-7]1 742

el Sl Alow F4.

ol
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— TRk
scanning calorimetry; DSC),

CuSO, #23} CuSO, AP 259

kol w2 s daph g2A et ol

Zl H

.

A g 5l

PN
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Table 15. Effect of dietary Cu concentration and sources on growth performance in broilers

. 2 . p-value
Inorganic (ppm) HME (ppm) Organic (ppm) . o inorganic IME
16 40 80 120 16 40 80 120 40 80 offects  Linear Qut"’ifra Linear Qut"’ifra

Phase 1 (0-14 d)
Weight gain

. 317 324 322 323 320 323 333 329 313 331 1.57 0.114 0.517 0.512 0.088 0.529
(g/bird)
Feed intake
(&/bird) 480 492 492 492 486 493 501 500 481 505 2.08 0.117 0.209 0.296 0.107 0.570
g/bir
FCR 152 152 153 153 1.52 1.53 1.51 1.52 1.54 1.53 0.01 0.978 0.524 0.775 0.835 0.966
Phase 2 (15-35 d)
Weight gain
(g/bird) 1,366 1,372 1,377 1,397 1,366 1,409 1,379 1,377 1,379 1,383 4.64 0.623 0.253 0.715 0.988 0.116
g/bir
Feed intake
(a/bird) 2,213 2214 2,172 2,225 2,185 2,225 2,172 2,202 2,225 2,207  14.56 0.995 0.978 0.608 0.987 0.890
g/bir
FCR 162 161 158 159 1.60 1.58 1.58 1.60 1.61 1.60 0.01 0.986 0.385 0.757 0.974 0.343
Overall (0-35 d)
g%%?é) gain 1,683 1,696 1,699 1,719 1,686 1,731 1,711 1,706 1,692 1,714 4.63 0.353 0.173 0.833 0.516 0.077
Fge/egrg;take 2,693 2,706 2.665 2,717 2671 2,718  2.673 2,703 2707 2,711 1490 0997 0902  0.704 0771 0813
FCR 1.60 160 157  1.58 1.58 1.57 1.56 1.58 1.60 1.58 0.01 0.989 0.460 0.798 0.873 0.376

Standard error of means.
2Hot melt extrusion.
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Table 16. Effects of dietary Cu concentrations and sources on nutrients digestibility (%) in broiler chickens

o b
ok
>
b
4

3 24

M

WA el 8 ARl me Fa JehiR) ske

o

DM GE CP
7to14d 28 to 35 d 7t 14 d 28 to 35 d 7 to 14 d 28 to 35 d
Cu source x Concentration
16 69.49 68.59 70.04 69.42 61.22 60.93
Tnorganic (ppm) 40 71.82 69.32 72.00 70.03 62.18 61.42
80 72.07 73.51 73.19 71.39 62.46 61.87
120 71.27 70.63 71.60 71.26 61.51 61.25
16 71.30 70.58 71.55 69.30 61.38 61.03
HME' (ppm) 40 71.02 70.14 71.18 70.01 60.92 60.73
80 71.92 71.19 70.82 69.49 61.10 60.92
120 71.81 70.77 72.35 71.52 62.25 61.76
Pooled SEM? 0.29 0.70 0.28 0.36 0.28 0.33
Significance of ANOVA
Cu source 0.550 0.913 0.689 0.549 0.456 0.710
Effect of Inorganic level
Linear 0.149 0.449 0.109 0.290 0.686 0.777
Quadratic 0.080 0.552 0.040 0.791 0.155 0.627
Effect of HME level
Linear 0.527 0.748 0.527 0.066 0.575 0.631
Quadratic 0.921 0.994 0.201 0.334 0.469 0.610

"Hot melt extrusion produce Cu sulfate.

Standard error of means .
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Table 17. Effects of dietary Cu concentrations and sources on Cu concentration in liver, serum and excreta in broiler chickens

Serum (ng/dL )

Liver (mg/kg)

Excreta (mg/kg)

14 d 35d
Cu source x Concentration
16 7.6 9.5 1.77 3420 d
Inorganic 40 9.8 9.9 1.78 64.50 ¢
(ppm) 80 10.8 94 1.87 140.30 b
120 9.5 10.3 2.14 162.97 a
16 12.0 12.4 1.93 2693 d
1 40 11.6 12.3 2.01 58.37 ¢
HME" (ppm) ¢ 11.5 10.4 1.84 143.70 b
120 9.2 13.3 1.73 161.53 a
Pooled SEM? 0.50 0.42 0.04 11.46
Significance of ANOVA
Cu source 0.103 0.003 0.858 0.758
Effect of Inorganic level
Linear 0.743 0.586 0.008 <0.001
Quadratic 0.981 0.789 0.169 0.399
Effect of HME level
Linear 0.230 0.911 0.184 <0.001
Quadratic 0.539 0.225 0.435 0.067

'Hot melt extrusion produce Cu sulfate.
*Standard error of means.

abcd Means within a column with unlike superscripts differ significantly (p<0.05).
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Table 18. Effects of dietary Cu concentrations and sources on haematological parameters' in broiler chickens

WBC (10%/ul) RBC (10 6 /ul) Hb (g/dl) HCT (%)
14 d 35d 14 d 35d 14 d 35d 14 d 35d
Cu source x Concentration
16 28.09 22.01 1.93 2.21 9.80 6.73 22.00 28.00
Tnorganic (ppm) 40 26.55 24.41 1.87 2.28 8.90 7.06 21.53 29.04
80 22.25 25.15 1.89 2.32 9.23 7.28 21.07 29.30
120 26.80 25.07 1.81 2.22 8.40 7.25 20.67 28.20
16 23.66 2291 1.84 2.44 9.47 7.48 21.33 30.70
HME® (ppm) 40 26.75 23.50 1.98 2.20 8.70 7.13 22.37 29.03
80 28.00 24.32 1.95 2.18 8.97 7.10 22.03 27.86
120 20.75 25.76 1.88 2.29 9.43 7.26 21.83 28.92
Pooled SEM’ 0.74 0.64 0.02 0.04 0.19 0.12 0.20 0.50
Significance of ANOVA
Cu source 0.458 0.906 0.366 0.814 0.882 0.560 0.164 0.674
Effect of Inorganic level
Linear 0.192 0.379 0.309 0.879 0.183 0.261 0.159 0.880
Quadratic 0.670 0.601 0.881 0.346 0.957 0.591 0.960 0.385
Effect of HME level
Linear 0.411 0.217 0.710 0.450 0.947 0.711 0.630 0.396
Quadratic 0.998 0.801 0.947 0.226 0.286 0.545 0.270 0.435

"WBC: white blood cell; RBC: red blood cell; Hb : hemoglobin; HCT: hematocrit.
*Hot melt extrusion produce Cu sulfate.
3Standard error of means.
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Table 19. Effect of dietary Cu concentrations and sources on small intestinal morphology in broiler chickens (d35)
Duodenum (gm) Jejunum (zm) Ileum (¢m)
holols Crypt depth  VH/CD hoiobt Séii?ﬁ VH/CD A Séii?ﬁ VH/CD
Cu source X Concentration
16 1,083 155 6.97 976 139 7.01 632 115 5.49
Inorganic (ppm) 40 1,068 153 6.97 971 136 7.13 678 123 5.51
80 1,090 154 7.10 969 139 6.97 656 120 5.46
120 1,071 152 7.03 1,024 146 7.01 629 116 5.40
16 1,083 154 7.05 984 140 7.02 633 121 5.22
HME! (ppm) 40 1,121 160 7.02 996 141 7.04 662 123 5.40
80 1,124 155 7.28 1,008 143 7.03 634 123 5.17
120 1,075 151 7.12 1,026 146 7.05 630 118 5.35
Pooled SEM? 12.51 1.64 0.07 10.32 6.23 0.05 5.21 1.35 0.06
Significance of ANOVA
Cu source 0.381 0.461 0.751 0.785 0.508 0.651 0.646 0.889 0.675
Effect of Inorganic level
Linear 0.513 0.548 0.584 0.794 0.788 0.529 0.663 0.787 0.691
Quadratic 0.684 0.684 0.875 0.502 0.568 0.851 0.827 0.524 0.626
Effect of HME level
Linear 0.623 0.897 0.808 0.817 0.824 0.543 0.582 0.838 0.759
Quadratic 0.868 0.675 0.887 0.689 0.662 0.898 0.735 0.790 0.616

"Hot melt extrusion produce Cu sulfate.
’Standard error of means.



O A Ak Wi AlE CuSO,8 A7 §A12] A vlEel vAls 4 4

- AU vdE A Ay s Aakdsel et AR W el A7 FE B AVl whE avke UEhbA] ot

Table 20. Effect of dietary Cu concentration and sources on Cu concentration on gut microbiota! in broiler chickens

Duodenum Jejunum Cecum
TB LS CS E TB LS CS E TB LS CS E
Cu source X Concentration
16 8.92 9.02 7.20 6.84 8.81 8.54 7.01 6.50 9.32 9.20 7.32 6.98
Inorganic (ppm) 40 8.51 9.21 7.02 6.77 8.65 8.64 6.98 6.51 9.24 9.34 7.25 6.87
80 8.62 9.14 6.94 6.68 8.47 8.74 6.97 6.46 9.33 9.38 7.34 6.85
120 8.88 9.32 6.84 6.75 8.75 8.75 6.87 6.56 9.29 9.34 7.20 6.80
16 8.95 8.87 7.10 6.74 3.84 8.45 6.98 6.44 9.26 9.28 7.30 6.88
HME? (ppm) 40 9.01 9.21 6.95 6.66 8.67 8.64 6.87 6.46 9.28 9.30 7.27 6.80
80 8.81 9.18 6.89 6.62 8.61 8.64 6.88 6.55 9.25 9.31 7.23 6.85
120 8.61 9.30 6.82 6.68 8.77 8.78 6.70 6.45 9.33 9.29 7.20 6.83
Pooled SEM? 0.05 0.06 0.04 0.05 0.05 0.06 0.05 0.06 0.05 0.06 0.07 0.06
Significance of ANOVA
Cu source 0.738 0.896 0.844 0.665 0.551 0.566 0.597 0.619 0.686 0.790 0.777 0.812
Effect of Inorganic level
Linear 0.674 0.698 0.739 0.890 0.567 0.884 0.509 0.525 0.544 0.841 0.621 0.538
Quadratic 0.772 0.566 0.898 0.754 0.849 0.542 0.562 0.599 0.848 0.695 0.616 0.805
Effect of HME level
Linear 0.803 0.626 0.634 0.778 0.693 0.623 0.552 0.761 0.546 0.861 0.722 0.897
Quadratic 0.667 0.707 0.794 0.537 0.5561 0.630 0.638 0.524 0.608 0.795 0.510 0.588

}TBI Total anaerobic bacteria; LS: Lactobacillus spp.; CS: Clostridium spp.; E: E. coli.
“Hot melt extrusion produce Cu sulfate.
3Standard error of means.
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Table 21. Effect of dietary Cu concentration and sources on growth performance in weanling pigs

Inorganic (ppm) HME (ppm)? Organic (ppm) )

ftem 6 125 6 65 125 125 SEM p-value
Phase 1 (0—14 d)

ADG (g) 251" 2520 256° 295 3167 278% 6.45 0.006
ADFI (g) 363 362° 377% 418% 4482 3942 8.58 0.012
FCR 1.45 1.44 1.47 1.42 1.42 1.42 0.01 0.285
Phase 2 (15—28 d)

ADG (g) 447° 464 4592 4832 4852 468% 3.94 0.029
ADFI (g) 685 682 689 697 695 683 4.31 0.902
FCR 1.54 1.47 1.50 1.44 1.44 1.46 0.01 0.327
Overall (0—28 d)

ADG (g) 349P 358 357 3892 399 373% 7.97 <0.001
ADFI (g) 524 522 533 558 571 539 11.56 0.074
FCR 1.50 1.46 1.49 1.43 1.43 1.44 0.01 0.181

'Standard error of means.
“Hot melt extrusion.
®Values with different superscripts of the row significantly differ (p<0.05).
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Table 22. Effect of dietary Cu concentration and sources on complete blood count (CBC)® and Cu concentration of plasma in

weanling pigs

Inorganic (ppm) HME (ppm)~ Organic (ppm) .

ltem 6 125 6 65 125 125 SEM p-value
Phase 1 (d 14)

WBC (102 /ub) 20.96 14.98 18.75 19.01 23.15 19.71 0.88 0.158
RBC (1076/p1l) 5.80 5.95 5.87 6.01 6.29 5.93 0.09 0.707
Hb (g/dD) 10.60 10.45 10.65 11.27 10.57 10.87 0.14 0.641
HCT (%) 47.33 45.15 46.13 49.30 47.02 46.85 0.31 0.629
Phase 2 (d 28)

WBC (103 /ul) 23.49 24.17 21.53 23.90 21.98 27.28 0.70 0.808
RBC (1076/ub) 6.07 6.49 5.85 6.34 5.92 5.96 0.08 0.158
Hb (g/dl) 11.12 11.38 10.63 11.70 10.38 10.87 0.15 0.102
HCT (%) 48.32 49.38 43.83 50.52 45.90 46.82 0.70 0.056
Cu concentration in plasma

Phase 1 (d 14) 168.48> 176.03% 170.40° 183.03* 199.23% 191.58% 3.26 0.018
Phase 2 (d 28) 166.43> 174.33% 166.98> 174.68* 188.53% 179.60% 2.26 0.025

IStandard error of means.

“Hot melt extrusion.

SWBC: white blood cell; RBC: red blood cell: Hb: hemoglobin; HCT: hematocrit.
PValues with different superscripts of the row significantly differ (p<0.05).
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Table 23. Effect of dietary Cu concentration and sources on nutrients digestibility (%) in weanling pigs

Inorganic (ppm) HME! (ppm) Organic (ppm) )
SEM p—value
6 125 6 65 125 125
Phase 1 (0—14 d)
DM 79.86"° 80.66° 80.51° 81.79% 84.77% 82.16% 0.50 0.027
GE 83.61% 83.72% 82.77" 83.96% 86.44% 84.39% 0.36 0.046
Cp 74.33 74.97 74.16 74.92 75.15 74.67 0.45 0.993
Phase 2 (21-28 d)
DM 78.37 78.14 78.74 80.87 84.68 81.72 0.78 0.079
GE 79.27° 81.42% 80.35% 80.50% 84.08° 83.45° 0.51 0.010
CPp 73.67 74.17 73.96 74.10 74.67 74.35 0.29 0.967

"Hot melt extrusion produce Cu sulfate.
*Standard error of means.

®Means within a column with unlike superscripts differ significantly (p<0.05).
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Table 24. Effect of dietary Cu concentration and sources on small intestinal morphology in weanling pigs

Inorganic (ppm) HME'(ppm) Organic (ppm)
SEM? p-value
6 125 6 65 125 125
Duodenum
Villus height (um) 433¢ 445°¢ 434° 548° 532% 454" 11.75 0.002
Cryp depth (um) 270 289 272 330 322 281 10.29 0.394
VH:CD 1.62 1.67 1.70 1.77 1.72 1.66 0.08 0.997
Jejunum
Villus height (um) 318° 342° 424° 478° 485 416° 11.93 <0.001
Cryp depth (um) 202° 206° 244 262° 288° 258° 6.74 <0.001
VH:CD 1.59 1.67 1.75 1.86 1.69 1.64 0.04 0.472
Tleum
Villus height (um) 339 340 345 382 354 358 5.35 0.180
Cryp depth (um) 222 226 217 237 219 230 4.20 0.801
VH:CD 1.54 1.52 1.60 1.64 1.63 1.57 0.03 0.911

'Hot melt extrusion produce Cu sulfate.
*Standard error of means.
®edMeans within a column with unlike superscripts differ significantly (p<0.05).
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Table 25. Effect of dietary Cu concentration and sources on Cu concentration on gut microbiota in weanling pigs

Inorganic (ppm) HME (ppm)? Organic (ppm)
M! p—value
6 125 6 65 125 125
Ileum
Total anaerobic bacteria 8.91 8.64 8.81 8.73 8.82 8.74 0.04 0.485
Lactobacillus spp. 8.69 8.89 8.65 8.86 8.92 9.04 0.05 0.113
Clostridium spp. 6.75 6.66 6.85 6.74 6.73 6.79 0.04 0.815
E. coli 7.25° 6.81" 7.19° 7.04% 6.79" 6.69¢ 0.05 <0.001
Cecum
Total anaerobic bacteria 9.07 9.06 9.10 8.91 9.02 9.02 0.02 0.167
Lactobacrilus spp. 8.87" 9.04% 8.86" 8.91% 9.14% 9.08% 0.03 0.007
Clostridium spp. 7.08% 6.87" 7.13% 6.85" 6.78°¢ 6.84b° 0.03 0.003
E. coli 7.32 7.00 7.34 7.15 6.86 7.04 0.04 <0.001
Colon
Total anaerobic bacteria 9.17 9.11 9.14 9.17 9.12 9.15 0.01 0.802
Lactobacillus spp. 9.05° 9.23% 9.03° 9.25% 9.27¢% 9.21 0.02 0.001
Clostridium spp. 7.11 7.06 7.10 7.15 7.02 7.07 0.02 0.657
E. coli 7.34° 7.14° 7.36° 7.16° 7.03° 7.08° 0.03 <0.001

'Standard error of means.
Hot melt extrusion produce Cu sulfate.
a~d\Means within a column with unlike superscripts differ significantly (p<0.05).
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Table 26. Effect of dietary Fe concentration and sources on growth performance in broilers

. B Organic P—value
Inorganic (ppm) HME (ppm) ;
(ppm) SEM! Inorganic HME
5 10 20 30 5 10 20 30 20 Linear Quadratic Linear Quadratic

Phase 1 (0—14d)
Weight gain ~ ~

- 354 362 350 354 352 346 356 357 363 1.77 0.564 0.343 0.281 0.448
(g/bird)
Feed intake _ _ _ __

) 543 567 546 545 540 530 547 552 558 2.44 0.553 0.018 0.136 0.358
(g/bird)
FCR 1.53 1.56 1.56 1.54 1.54 1.53 1.54 1.55 1.54 0.01 0.812 0.497 0.708 0.935
Phase 2 (15—35d)
Weight gain

- 1,352 1,346 1,355 1,333 1,346 1,340 1,351 1,354 1,356 9.39 0.696 0.898 0.816 0.980
(g/bird)
Feed intake

) 2,178 2,192 2,183 2,179 2,172 2,200 2,160 2,209 2,255 14.99 0.985 0.974 0.731 0.732
(g/bird)
FCR 1.61 1.63 1.61 1.63 1.62 1.64 1.60 1.63 1.66 0.01 0.622 0.715 0.943 0.305
Overall (0—35d)
Weight = gain 1,707 1,708 1,686 1,682 1,697 1,659 1,700 1,762 1,719 11.57 0.484 0.950 0.222 0.471
(g/bird)
?ge/eb?rg)ltake 2,721 2,759 2,729 2718 2,712 2,730 2,707 2,761 2,812 15.93 0.866 0.832 0.316 0.814
FCR 1.59 1.62 1.62 1.62 1.60 1.65 1.59 1.57 1.64 0.01 0.364 0.364 0.250 0.193

!Standard error of means.
’Hot melt extrusion.
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Table 27. Effect of dietary Cu concentration and sources on complete blood count (CBC)® and Fe concentration of plasma in broilers

71289 %) oM =

719k v =

I o ( ) HME ( )2 Organic P—value
forsame tppm ppi (ppm) SEM Inorganic HME
1 ) Quadrati ) Quadrati
5 10 20 30 5 10 20 30 20 Linear Linear
c c
Phase 1 (d 14)
WBC (10% /put) 16.63 16.90 17.13 17.85 16.8 17.3 17.7 18.5 17.8 0.21 0.172 0.709 0.149 0.895
RBC (10%/p0) 2.16> 2.24% 2333 234 2.28% 2'§Od 2.35%  2.41% 2.36% 0.01 0.001 0.229 0.028 0.590
Hb (g/dD) 7.80 7.60 7.63 7.57 7.9 7.4 7.5 7.4 8.0 0.07 0.436 0.723 0.330 0.510
HCT (%) 34.57 33.23 33.47 33.93 32.1 32.3 30.0 32.5 33.0 0.44 0.725 0.405 0.848 0.459
Phase 2 (d 28)
WBC (10° /ut) 23.11 24.40 21.69 23.83 25.7 21.3 26.7 23.9 21.8 0.55 0.944 0.802 0.998 0.643
RBC (10%/u0) 2.26" 2.328> 238 2.43% 2.26° 2‘§6a 2.43%  2.45% 2.39% 0.01 0.006 0.980 0.003 0.338
Hb (g/dl) 7.20 6.94 7.22 7.16 7.2 7.1 7.5 7.2 7.2 0.07 0.883 0.681 0.779 0.655
HCT (%) 29.34 29.02 30.66 29.30 30.2 28.9 31.1 29.2 29.5 0.28 0.721 0.586 0.878 0.732
Fe concentration in plasma (ug/dl)
Phase 1 620 69 77 81 67 71%® 80 847 78 1.80 0.022 0.944 0.001 0.605
Phase 2 79P 87 98 101° 82 90 98 102? 96 1.86 0.003 0.681 0.001 0.512

'Standard error of means.
“Hot melt extrusion.
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(p>0.05).

Table 28. Effect of dietary Fe concentrations and sources on nutrients digestibility (%) in broiler chickens

FeS (ppm) HME! —FeS (ppm) ‘ P—valuse
Item SEM?
5 10 20 30 5 10 20 Source Level S X L
Phase 1
DM 74.42 74.27 74.67  74.48 74.61 75777 74.15 7491 0.26 0.490 0.878 0.658
CP 63.76 65.25 66.12 66.94 66.68 66.79 65.84 67.80 0.38 0.091 0.212 0.452
GE 75.31 75.29 75.21  74.99 74.83 75.75 74.72 75.52 0.23 0.993 0.890 0.840
Phase 2
DM 66.29 66.21 68.78  66.17 64.67 66.72 64.83 66.53 0.48 0.248 0.802 0.362
CP 58.58 60.45 60.94  59.01 56.35 58.87 59.79 61.20 0.67 0.633 0.480 0.698
GE 69.49 70.02 71.95  69.45 67.87 70.08 68.41 70.09 0.49 0.296 0.714 0.496

1Hot melt extrusion produce Fe sulfate.

?Standard error of means.
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Table 29. Effect of dietary Fe concentrations and sources on small intestinal morphology in broiler chickens (d35)

ltem FeS (ppm) HME!'-FeS (ppm) SEM? P—valuse
5 10 20 30 5 10 20 30 Source Level S X L
Duodenum
Villus height (g m) 1,240 1,211 1,249 1,214 1,240 1,284 1,262 1,231 13.84 0.384 0.876 0.823
Crypt depth (gm) 176 172 176 171 176 181 177 173 1.92 0.480 0.871 0.863
VH/CD 7.06 7.05 7.09 7.09 7.06 7.10 7.12 7.11 0.08 0.769  0.997 0.999
Jejunum
Villus height (g m) 1,107 1,101 1,088 1,161 1,127 1,141 1,143 1,175 12.16 0.209 0.382 0.930
Crypt depth (zm) 158 156 156 164 159 162 161 165 1.72 0.376  0.551 0.948
VH/CD 7.03 7.07 6.98 7.08 7.09 7.06 7.11 7.12 0.08 0.725 0.998 0.996
Ileum
Villus height (g m) 717 761 744 713 725 743 726 722 5.30 0.660  0.099 0.631
Crypt depth (zm) 132 138 135 132 136 139 139 135 1.67 0.398 0.692 0.989
VH/CD 5.41 5.50 5.49 5.40 5.32 5.33 5.21 5.34 0.06 0.328 0.976  0.947

"Hot melt extrusion produce Fe sulfate.
“Standard error of means.
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Table 30. Effect of dietary Fe concentration and sources on growth performance in weanling pigs

Inorganic (ppm) HME (ppm)~ Organic (ppm) .

ltem 100 50 75 100 100 SEM p-value
Phase 1 (0—14d)

ADG (g) 282 264 274 302 283 6.16 0.407
ADFI (g) 392 363 381 415 373 7.69 0.260
FCR 1.39 1.38 1.39 1.38 1.32 0.01 0.402
Phase 2 (15—28d)

ADG (g) 414 396° 4112 431% 426% 4.20 0.049
ADFI (g) 715 698 717 721 729 3.81 0.117
FCR 1.73 1.77 1.75 1.67 0.58 0.01 0.297
Overall (0—28d)

ADG (g) 373 355 378 392 379 777 0.088
ADFI (g) 554 530 549 568 551 4.01 0.051
FCR 1.49 1.50 1.45 1.45 1.45 0.01 0.716

!Standard error of means.
’Hot melt extrusion.
®Values with different superscripts of the row significantly differ (p<0.05).
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Table 31. Effect of dietary Cu concentration and sources on complete blood count (CBC)® and Fe concentration of plasma

in weanling pigs

Inorganic 5 .
ltem (opm) HME (ppm) Organic (ppm) ¢ n P—value
100 50 75 100

Phase 1 (d 14)

WBC (102 /ub) 21.21 19.22 21.44 21.90 21.45 0.45 0.370
RBC (10%/u0) 6.422 6.22° 6.40? 6.53% 6.422 0.02 0.003
Hb (g/dl) 11.52 11.42 11.54 11.86 11.78 0.06 0.122
HCT (%) 43.82 43.08 42.84 46.82 44,73 0.68 0.409
Phase 2 (d 28)

WBC (103 /ub) 22.59 21.33 22.21 23.54 22.62 1.89 0.392
RBC (10%/u0) 6.46% 6.26° 6.50% 6.73% 6.50% 0.04 0.003
Hb (g/dD 11.50 11.28 11.58 11.75 11.60 0.05 0.090
HCT (%) 48.43 48.00 47.38 50.27 47.90 0.55 0.549
Fe concentration in plasma (ug/dl)

Phase 1 103 92P 102% 108 1067 1.79 0.027
Phase 2 184 176° 181 203° 181 3.02 0.028

'Standard error of means.
’Hot melt extrusion.
®Values with different superscripts of the row significantly differ (p<0.05).
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Table 32. Effect of dietary Fe concentration and sources on apparent total tract digestibility (%) of nutrients in weanling pigs

Inorganic (ppm) HME (ppm)! Organic (ppm)
ftem 100 50 75 100 100 SEM®  p—value
Phase 1 (d 14)
DM 80.67 81.09 82.02 82.41 81.75 0.37 0.615
GE 80.20 76.15 77.28 78.71 77.43 0.25 0.703
CP 77.64 79.85 80.81 81.31 80.73 0.51 0.414
Phase I (d 28)
DM 81.04 80.36 81.26 81.86 81.18 0.31 0.725
GE 75.50% 74.82° 75.63% 77.06% 75.51% 0.33 0.048
CP 81.17% 79.16° 81.32% 81.99* 81.11% 0.25 0.042

"Hot melt extrusion.
?Standard error of means.
dbValues with different superscripts of the row significantly differ (p<0.05).
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Table 33. Effect of dietary Fe concentration and sources on small intestinal morphology of weanling pigs (d 28)

Inorganic (ppm) HME (ppm)' Organic (ppm) )
[tem SEM p—value
100 50 75 100 100
Duodenum
Villus height (zm) 449 430° 436 459% 4447 3.30 0.025
Crypt depth (z£m) 237 233 231 223 229 3.76 0.856
VH/CD 1.87 1.86 1.86 2.06 1.95 0.04 0.481
Jejunum
Villus height (z£m) 357 344° 359 371% 364 3.11 0.045
Crypt depth (zm) 237 233 223 226 211 4.65 0.515
VH/CD 1.51 1.49 1.61 1.64 1.73 0.04 0.282
[leum
Villus height (zm) 239 229 247 253 238 3.83 0.347
Crypt depth (zm) 142 140 146 141 142 1.66 0.455
VH/CD 1.64 1.65 1.69 1.79 1.75 0.02 0.335

"Hot melt extrusion.
’Standard error of means.
®Values with different superscripts of the row significantly differ (p<0.05).
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Table 36. Effect of dietary Mn concentration and sources on growth performance in weanling pigs

p—value®
Inorganic (ppm) HME' (ppm) Organic (ppm) . . Inorgani
[tem Control SEM? Main Inorganic HME c
effects el
20 40 20 40 20 L Q L Q T
Phase 1 ( 0—14 d)
ADG (g) 287.43 277.57 285.29 282.00 290.29 294.71 5.71 0.583 0.920 0.636 0.907 0.748 0.765
ADFT (g) 375.07 371.62 383.71 378.21 394.43 393.86 7.37 0.841 0.973 0.785 0.786 0.472 0.970
G:F 1.31 1.34 1.35 1.34 1.36 1.35 0.006  0.181 0.697 0.503 0.811 0.449 0.381
Phase 2 (15—-28 d)
ADG (g) 473.57 459.57 465.14  459.29 477.86 474.43 10.01  0.937 0.827 0.769 0.918 0.649 0.813
ADFI (g) 697.38 692.33 701.45 705.43 727.07 727.29 14.61 0.974 0.719 0.841 0.857 0.645 0.673
G:F 1.48 1.51 1.51 1.54 1.52 1.53 0.006  0.137 0.335 0.452 0.630 0.902 0.258
Overall ( 0—28 d)
ADG (g) 368.27 368.60 375.21 370.67 384.14 384.62 4.89 0.931 0.713 0.847 0.378 0.718 0.646
ADFI (g) 536.22 531.97 54258 541.82 560.75 560.57 7.91 0.715 0.731 0.766 0.751 0.414 0.629
G:F 1.46 1.44 1.44 1.46 1.46 1.45 0.005 0.056 0.027 0.726 0.175 0.138 0.950

"Hot melt extrusion.

’Standard error of means.

*L : Linear, Q : Quadratic .

®Values with different superscripts of the row significantly differ (p<0.05).
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(p>0.05).

Table 37. Effect of dietary Mn concentration and sources on nutrient digestibility in weanling pigs

p—value®
Inorganic (ppm) HME' (ppm) Organic (ppm)
[tem Control SEM? Main — Inorganic HME Inorganic
effects VS.
20 40 20 40 20 L o L o HME
Phase 1 (d 14)
DM 83.39 83.86 84.12 83.58 83.89 84.64 0.32 0.776 0.495 0.908 0.686 0.952 0.765
CP 73.51 73.54 75.86 73.59 74.76 74.91 0.47 0.489 0.159 0.417 0.504 0.735 0.668
GE 83.93 84.04 83.34 83.29 83.93 84.92 0.27 0.327 0.519 0.616 0.994 0.494 0.910
Phase 2 ( d 28)
DM 83.20 82.67 82.90 82.10 82.96 82.82 0.19 0.286 0.726 0.605 0.749 0.156 0.553
CPp 72.57 72.31 73.89 73.07 73.60 73.09 0.32 0.276 0.368 0.468 0.399 0.989 0.742
GE 82.18 81.60 82.06 81.19 82.42 81.19 0.20 0.225 0.893 0.519 0.781 0.124 0.947

'Hot melt extrusion.

Standard error of means.
8 @ Linear, Q : Quadratic .
®Values with different superscripts of the row significantly differ (p<0.05).



O AR W AY MnSO,8 7Pk ol A=2] Al W Mn %ol vA& 93 A

— A Wl Mn &% 4 43%Z B9 Phase 1914 Feces ¥ Serum 4] A3 Mn 7% %2 dHlof weal {931 ZFo]7F YR (p<0.05).
A B FecesolA] Controle] 111mg/kgl® 7F& A YeEFES ™ Inorganic 40ppm 425mg/kg, HME 40ppm 354mg/kg %
Organic 20ppm 389mg/kge] 7F& =4 vebd. HME 20ppme©] 228mg/kg® 2 Organic 20ppm 389mg/kgR.t}h A e =1 o]
T T80 UM Aow F5¥.

— A Y Mn F% %4 235 B9 Phase 29014 Feces, Liver @ Serum A& A3 H A4 02 Cotrol w0 dAH oz A e
(p<0.05). Feces ¥4 A3} Phase 13 fAF3 A32 yeld. Liver 435 X Control w¢] 5.37mg/kgl = 7}F&4 wow HME
40ppm©®] 7.47mg/kg® 7} A yEbdE. Serum A3E HW Control 2.3mg/kg 9 Inorganic 20pm©] 2.7mg/kg® 7P @A o
W, HME 40ppme®] 5.7mg/kg®} Organic 20ppm®] 5.1mg/kg® 7}& =A e,

Table 38. Effect of dietary Mn concentration and sources on Mn concentration of feed, feces and liver in weanling pigs

Inorganic (ppm) HME! (ppm) Organic p-value” :
Item Control (ppm) __ gp\p2 i/fla”tl Inorganic HME I“Oi iamc
effects :
20 40 20 40 20 L Q@ L Q o
Phase 1 (d 14)
Feed (mg/kg) 11 32 53 31 52 52 15.83
Feces (mg/kg) 111¢ 288P 425% 228° 3b54* 389 32.06 <0.001 0.001 0.155 0.002 0.717 0.272
Serum (ng/mL) 4.0° 4.8 6.5 5.58%  7.33 7.1% 0.35 0.017 0.022 0.558 0.005 0.842 0.344
Phase 2 (d 28)
Feed (mg/kg) 11 31 51 32 52 51 15.65
Feces (mg/kg) 1384 318° 461° 263  418% 441% 34.48 <0.001 0.001 0.189 0.002 0.227 0.453
Liver (mg/kg) 5.37° 5.80° 6.17° 5.83> 7.47°2 6.57% 0.19 0.004 0.138 0.937 0.001 0.097 0.190
Serum (ng/mL) 2.3° 2.7° 4.5 3.5 572 5.1% 0.26 <0.001 0.002 0.089 0.001 0.197 0.098

'Hot melt extrusion.

2Standard error of means.

’L @ Linear, Q : Quadratic.

abedyalues with different superscripts of the row significantly differ (p<0.05).
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Table 39. Effect of dietary Mn concentration and sources on complete blood composition in weanling pigs

Inorganic (ppm) HME' (ppm) Organic p-value’
Item Control o SEM? Main Inorganic HME Inorganic
20 40 20 40 20 effects VS
L Q L Q HME
Phase 1 ( d 14)
WBC (10°/ul) 23.0 23.6 22.3 22.1 25.2 22.9 0.43 0.353 0915 0.547 0445 0571  0.732
RBC (1076 /ul) 6.2 5.8 6.3 6.0 6.3 6.6 0.10 0364 0.775 0.131 0931 0432 0.813
Hb (g/dl) 10.8 10.0 10.1 10.3 10.6 10.5 0.15 0.644 0.061 0.132 0.704 0472  0.402
HCT (%) 43.1 394 39.0 39.9 41.4 40.9 0.59 0.401  0.015 0.213 0.523 0334 0.376
Phase 2 ( d 28)
WBC (10%/ul) 15.3 14.6 15.4 15.3 15.5 15.9 0.25 0.790 0906 0.167 0.824 0.898 0.518
RBC (1076 /ul) 6.0 6.5 6.6 6.1 6.4 6.5 0.10 0.500 0.202 0.519 0360 0.815 0.162
Hb (g/dl) 11.5 12.1 11.6 11.2 11.4 11.9 0.18 0.701  0.830 0.323 0.866 0.627  0.252
HCT (%) 40.1 43.0 41.2 39.5 423 46.4 1.02 0.448 0.787 0.521 0.597 0.648  0.590

"Hot melt extrusion.

“Standard error of means.

L : Linear, Q : Quadratic.

®Values with different superscripts of the row significantly differ (p<0.05).
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Table 40. Effect of dietary Mn concentration and sources on growth performance in Obroilers

Organic p—value”
. 1
Inorganic (ppm) HME' (ppm) (ppm) Inorganic HME Inorganic
Item Control SEM? vs
60 120 200 60 120 200 120 L Q L Q HME

Phase 1 (0—14 d)
Weight gain (g/bird ) 348.8 362.2 366.4 370.8 359.6 368.6 369.8 360.6 3.34 0.090 0.612 0.228 0.363 0.965
Feed intake (g/bird ) 541.4 548.8 545.8 555.6 541.4 540.8 550.8 546.4 6.64 0.723 0.962 0.785 0.904 0.697

FCR 1.56 1.52 1.50 1.51 1.51 1.48 1.50 1.52 0.03 0.677 0.822 0.537 0.568 0.822
Phase 2 (15—35 d)

Weight gain (g/bird) 1,359 1,424 1,419 1,433 1,432 1,430 1,445 1,418 13.54 0.075 0.324 0.275 0.616 0.679

Feed intake (g/bird ) 2,281 2,289 2,275 2,303 2,308 2,287 2,313 2,296 12.99 0.804 0.820 0.689 0.985 0.649

FCR 1.68 1.61 1.60 1.61 1.61 1.60 1.60 1.64 0.02 0.170 0.275 0.443 0.485 0.987

Overall (0—35 d)
Weight gain (g/bird ) 1,708 1,787 1,785 1,804 1,791 1,798 1,815 1,778 14.48 0.035 0.293 0.206 0.515 0.719
Feed intake (g/bird ) 2,822 2,838 2,820 2,858 2,849 2,827 2,864 2,842 15.81 0.712 0.838 0.641 0.955 0.829
FCR 1.66 1.59 1.58 1.59 1.59 1.58 1.58 1.61 0.01 0.171 0.276 0.281 0.417 0.908

'Hot melt extrusion.
’Standard error of means.
L : Linear, Q : Quadratic.
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Table 41. Effect of dietary Mn concentration and sources on complete blood composition in broilers

Inorganic (ppm) HME! (ppm) Organic ] pvalue
(ppm) ‘ Inorganic HME Inorganic
Item Control SEM?
60 120 200 60 120 200 120 L Q L Q HV;E
Phase 1 (d 14)
DM 72.89 71.8572.3772.48 72.5172.9772.51 72.25 0.241 0.824 0.430 0.718 0.645 0.429
Cp 60.46 60.3361.14 60.89 59.8361.9063.03 62.67 0.387 0.651 0.952 0.076 0.298 0.354
GE 77.67 76.7176.6676.93 76.8877.1476.55 76.54 0.208 0.405 0.312 0.597 0.842 0.851
Phase 2 (d 35)
DM 73.68 73.4873.5373.63 73.7973.7773.45 73.34 0.245 0.978 0.840 0.638 0.958 0.828
CP 65.56  64.8265.87 65.29 64.1366.2363.70 65.98 0.328 0.953 0.924 0.491 0.928 0.421
GE 75.44  74.9075.1075.11 74.6675.0675.09 74.66 0.271 0.820 0.733 0.995 0.347 0.869

"Hot melt extrusion.
’Standard error of means.
%, ! Linear, Q : Quadratic.
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— &A A Y Mn T% ¥4 A3E ¥ Phase 1904 Feces % Serum &4 A¥E AW, Feces ¥4 A¥ Control®] 158mg/kgl &
7 weto ™, Inorganic 200ppme] 779mg/kg®E 7HE =A WERE (p<0.05). Serum 4 A} Controle] 6.0mg/kg, Inorganic
60ppm©°] 6.5mg/kg, Inorganic 120ppm©°| 6.8mg/kg, HME 60ppm¢] 6.66mg/kg® 7} @A VeSS ™ (p<0.05), HME 200ppm©]
10.1mg/kg® 7F& =4 YERSE (p<0.05).

- A A Y Mn FE ¥4 A¥YE HW Phase 2914 Feces® W4 A3}oA Inorganic 120ppm©] 534mg/kg, HME 120ppm©]
470mg/kg % Organic 120ppm©°] 513mg/kg® HME 120ppm A& 77} 7} @A el o (p<0.05), ol= 480 =719 7oz

==x]
1=

T

Table 42. Effect of dietary Mn concentration and sources on Mn concentration of feed, feces, tibia and liver in broilers

1 Organic p—value®
Item Control rorsene feom e e (ppm) SEM? Inorganic HME Inoi/gse.mic
60 120 200 60 120 200 120 L Q L Q HME
Phase 1 (d 14)
Feed (mg/kg) 14 76 136 216 76 138 216 134 13.78 0.001 0.311 0.001 0.211 0.967
Feces (mg/kg) 158f 347°¢ 489°¢ 779 328° 432¢ 725° 478° 49.60 0.003 0.002 0.001 0.002 0.636
Serum (ng/mL) 6.0° 6.5° 6.8° 7.6% 6.66" 7.4% 10.1° 8.9% 0.32 0.006 0.251 0.039 0.725 0.171
Phase 2 (d 35)
Feed (mg/kg) 13 74 133 128 75 135 215 135 13.74 0.001 0.005 0.001 0.005 0.994
Feces (mg/kg) 189¢ 378° 534° 815% 360° 4701 758P 513°¢ 49.97 0.001 0.019 0.001 0.001 0.684
Tibia (mg/kg) 1.90¢ 3.00% 3.83° 5.50P 3.60°¢ 4.13% 7.33% 3.97¢ 0.34 0.002 0.480 0.002 0.020 0.234
Liver (mg/kg) 7.73° 8.33¢ 9.73%  10.77° 8.80™  9.97%¢ 11.07° 9.83%¢ 0.27 0.001 0.626 0.002 0.977 0.587
Serum (ng/mL) 3.3° 3.4° 3.5° 5.1% 3.6° 3.9° 7.2°% 4.0° 0.28 0.011 0.083 0.004 0.074 0.194

'Hot melt extrusion.

Standard error of means.

’L @ Linear, Q : Quadratic.

abedelyalues with different superscripts of the row significantly differ (P<0.05).
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Table 43. Effect of dietary Mn concentration and sources on complete blood composition in broilers

Inorganic (ppm) HME'! (ppm) Organic P—valued I :
Item Control (ppm) gy Inorganic HIME noigsamc
60 120 200 60 120 200 120 L Q L Q HIME
Phase 1 (d 14)
WBC (10° /ul) 11.5 104 12.2 16.2 13.0 18.3 16.0 15.4 0.72 0.050 0.347 0.104 0.232 0.079
RBC (1076 /ub) 2.2 2.0 2.3 2.0 2.2 1.9 2.0 1.9 0.05 0.092 0.496 0.258 0.863 0.843
Hb (g/dD 8.1 8.2 8.0 7.9 8.0 8.3 8.2 8.1 0.10 0.514 0.867 0.724 0.959 0.471
HCT (%) 31.1 31.6 30.4 30.8 32.4 32.6 31.4 31.4 0.38 0.597 0.943 0.867 0.379 0.215
Phase 2 (d 35)
WBC (10® /ul) 19.1 199 240 194 20.0 249 22.3 22.9 0.11 0.641 0.279 0.199 0.488 0.516
RBC (1076 /ub) 2.3 2.6 2.4 2.5 2.5 2.4 2.4 2.3 0.03 0.355 0.200 0.359 0.327 0.387
Hb (g/dD 7.5 8.2 8.0 8.0 8.2 7.8 7.9 7.8 0.09 0.369 0.237 0.374 0.244  0.645
HCT (%) 28.8 31.9 30.2 30.9 30.9 30.0 30.2 29.3 0.31 0.288 0.231 0.409 0.289 0.336

'Hot melt extrusion.
’Standard error of means.
8 : Linear, Q @ Quadratic.
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Table 44. Effect of dietary Se concentration and sources on growth performance in weanling pigs

Inorganic (ppm) HME?® (ppm) Organic (ppm) | 3

Item Control 0.3 0.3 0.3 SEM p—value
Phase 1 (0—14d)

ADG (g) 275.8P 292.0% 310.8? 310.1% 5.03 0.025
ADFI (g) 401.3° 441.5% 448.02 427.6% 6.32 0.021
FCR 1.45 1.44 1.42 1.44 0.18 0.945
Phase 2

(15—28d)

ADG (g) 431.4° 459.0%° 496.1° 490.6% 8.46 0.010
ADFI (g) 680.6° 712.0%° 759.82 748.77 10.7 0.021
FCR 1.57 1.55 1.53 1.52 0.02 0.841
Overall (0—28d)

ADG (g) 353.6° 375.5% 403.52 400.3% 6.23 0.004
ADFI (g) 540.9° 565.9%" 600.6% 598.3? 8.08 0.011
FCR 1.53 1.51 1.48 1.49 0.01 0.859

'Standard error of means.
’Hot melt extrusion.
®Values with different superscripts of the row significantly differ (p<0.05).
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Table 45. Effect of dietary Se concentration and sources on digestibility nutrients in weanling pigs

Inorganic (ppm) HME? (ppm) Organic (ppm)
Item Control SEM! p—value
0.3 0.3 0.3
Phase 1 (0—14d)
DM 77.57 76.18 77.70 78.23 0.36 0.247
Cp 63.64 62.57 65.21 64.93 0.60 0.416
GE 76.88 74.97 77.21 77.71 0.43 0.114
Phase 2 (15—28d)
DM 73.93 74.75 74.70 75.08 0.43 0.838
CP 69.06 69.44 69.73 69.38 0.44 0.970
GE 70.91 72.00 72.72 72.12 0.53 0.716

'Standard error of means.
Hot melt extrusion.
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— oA "N Qg 2 Al Ul Se v 4 A Sell FHll e {2241 ztol= Seleniumoll A WERE (p<0.05). Controls Al$letal v A A2l
£ ®y HMES OragnicH277F Y802 #35(p<0.05). ©] d3E ww HMEA 277} Inorganic AE]7Ht S480] %2 2oz Yehts
(p<0.05).

Table 46. Effect of dietary Se concentration and sources on blood profiles in weanling pigs
Inorganic 5 )
, ) HME? (ppm) Organic (ppm)
Item Control ppm SEM! p—value
0.30 0.30 0.30
Phase 1 (d 14)

Selenium (ng/mL) 87.9° 99.5° 115.9° 113.72 3.37 0.002

WBC (103 /ub) 22.9 21.3 22.1 21.6 0.89 0.940

RBC (107%/u0) 6.4 6.6 6.2 6.0 0.09 0.203

Phase 2 (d 28)

Selenium (ng/mL) 92.3b 99.0° 128.5% 121.9° 3.96 0.001

WBC (10® /ul) 16.3 17.2 16.5 15.4 0.74 0.891

RBC (1075/u0) 5.9 6.0 6.3 6.5 0.21 0.809

'Standard error of means.
Hot melt extrusion.



O Atg W AlE NaSe0z9] #H717}F o]f-2h=2] 8 % glutathione peroxidase &0 X+ G A}

— O]fFAH= & = glutathione peroxidase 5% 4] A3} Phase 13 Phase 2 E5FolA F24<l xpo]7b YeERHTHPp<0.05). HMES} OrganicA&+7}
Inorganic®] B3} =2 2102 YERSTHP<0.05).

Table 47. Effect of dietary Se concentration and sources on complete Glutathione peroxidase activity in weanling pigs (d 14)

Inorganic HME? Organic
Item Control (ppm) (ppm) (ppm) SEM! p—value
0.30 0.30 0.30
Phase 1 (d 14)
Glutathione Peroxidase Activity (mU/mL) 0.374"° 0.426% 0.535% 0.5272 0.02 0.029
Phase 2 (d 28)
Glutathione Peroxidase Activity (mU/mL) 0.461°¢ 0.549P¢ 0.819? 0.742% 0.04 0.021

'Standard error of means.

“Hot melt extrusion.
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Table 48. Effect of dietary Se concentration and sources on growth performance in broilers

Inorganic (ppm) HME? (ppm) Organic (ppm) p-value’
Inorganic HME? Organic ; N )
Mail’] norgani norgani
Item Control SEM' c ¢ HME
0.15 0.30 0.45 0.15 0.30 0.45 0.15 0.30 0.45 effects s " Vs.
L L L ) ) i
Q Q Q HME Organic Organic
Phase 1 (0-14 d)
Weight
gain 323.5 3339 3427 3470 3492 3643  366.9 3499 366.1 3682  3.56 0.001  0.087 0.759 0.001 0.175 0.007 0286  0.020 0.119 878
(g/bird)
Feed
intake 520.8 529.5 533.6 5485 5353 5583 5475 536.6 5377 5474 533 0223 0.388 0.890 0.076 0.894 0.213 0.832  0.290 0.381 245
(g/bird)
FCR 1.61 1.59 1.56 1.58 1.54 1.53 1.55 1.53 1.47 1.50 0.15 0.036  0.605 0.613 0419 0431 0.153 0369 0316 0.397 376
Phase 2 (15-35 d)
Weight
gain 1,349 1,346 1,320 1,302 1,384 1,397 1,423 1,335 1,338 1,460 2400 0345 0.690 0936 0459 0951 0296 0344 0.243 0.423 0.681
(g/bird)
Feed
intake 2,197 2,210 2,140 2214 2,215 2319 2,295 2,151 2270 2344 3002 0242 0970 0.774 0379 0.833 0.150 0.483  0.303 0.405 0.786
(g/bird)
FCR 1.63 1.64 1.62 1.70 1.60 1.66 1.61 1.62 1.70 1.63 0.02 0.866  0.687 0.779 0.889 0.830 0.937 0.819 0.526 0.738 0.777
Overall (0-35 d)
Weight
gain 1,673 1,680 1,663 1,649 1,773 1,761 1,790 1,685 1,704 1,828 2428 0.153 0834 0911 0253 0.828 0.124 0418 0.159 0.423 0.700
(g/bird)
Feed
intake 2,718 2,739 2,673 2,763 2,750 2,887 2,862 2,687 2,808 2,891 3217 0.194 0894 0.768 0254 0.826 0.115 0.521 0258 0.405 0.678
(g/bird)
FCR 1.62 1.63 1.61 1.68 1.59 1.63 1.60 1.60 1.65 1.59 0.02 0.620 0.750 0.752 0.814 0.947 0.826 0.881  0.477 0.741 0.932

'Standard error of means.
’Hot melt extrusion.
5L : Linear, Q : Quadratic.
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Table 49. Effect of dietary Se concentration and sources on growth performance in broilers

Inorganic (ppm) HME? (ppm) Organic (ppm) Main p-value’
Item Control SEIM effect Inorganic HME? Organic Inorganic  Inorganic ~ HME
0.15 030 045 0.15 030 045 0.15 030 045 ] L Q L Q L Q H‘;E Or;:‘mc Or;'mc
Phase 1
DM 76.72 75.08 7645 75.56 76.32  76.70  76.06 76.04 75.84 76.67 0.19 0.668 0.441 0.539 0579 0.848 0909 0.264 0.186 0.339 0.731
CP 64.68 6320 6490 6436 6521 64.01 63.99 63.82 63.82 64.84 0.21 0.646  0.824 0.539 0373 0.728 0.895 0273  0.637 0.991 0.661
GE 79.43 7796 78.65 78.46 78.86  79.13 7897 79.01  78.01  78.86 0.30 0992 0.675 0.593 0.810 0.839 0.580 0.566 0427 0.747 0.627
Phase 2
DM 72.76 74.06 74.10 73.32 74.65 7244 73.85 7491 73.09 73.62 0.28 0.801 0.696 0300 0.832 0.827 0.866 0.426 0.801 0.948 0.765
CP 64.13 63.48  62.65 63.03 65.57 64.01 63.51 63.20 63.20 62.86 0.38 0.664 0.464 0.678 0.562 0.467 0.610 0.869 0.126 0.960 0.241
GE 76.46 78.16 7740  76.60 76.72  76.54  75.87 78.34 78.34  75.60 0.29 0.182 0933 0.185 0.640 0.619 0264 0347 0.147 0.297 0.837

'Standard error of means.
’Hot melt extrusion.
3L : Linear, Q : Quadratic.



O A& Y Al NaxSeOs9] H717F SA19] &l A4 2 Al Wl Se %ol vlx= G AL
Phase 194 Selernium %41 2% HME 0.45ppm°] 155.8ng/mLE 7} =4 el o™ (p<0.05), Controle] 37.2ng/mLE 7F8 WA velstch
(p<0.05). Zt A&+ 0.45ppm F+C.2 ¥rbd HME 0.453 877} 7F =3t} o)= %"FEO] SHes 752 T e

— Phase 29]4] Selernium %4 23} Control®} Inorganic 0.15ppmeolA 7Fd wko Dﬂ( .05), 1 2] A&7+ Control® Inorganic 0.15ppmel H]3H
= YRS (p<0.05).

Table 50. Effect of dietary Se concentration and sources on growth performance in broilers

3
. . -value’
Inorganic (ppm) HME? (ppm) Organic (ppm) P
Main
Item Control SEM!' - Inorganic HME? Organic Inorganic Inorganic HME
e eCts VS. VS. VS,
0.15 0.30 0.45 0.15 0.30 0.45 0.15 0.30 0.45 L Q L Q L Q HME Organic Organic
Phase 1 (d 14)
Selenium 37.24 99.1% 107.5" 114.1% 110.0" 110.3" 155.8" 85.0° 105.6™ 120.4° 451 0.002 0.002 0.001 0.001 0.190 0.002 0.002 0.042 0.534 0.029
(ng/mL)
W B C b b b b b
10.0° 14.2% 14.2% 14.4% 15.8%¢ 17.2%¢ 21.0" 16.1° 16.5% 21.6° 1.92 0.002 0.121 0.296 0.002 0.416 0.001 0.729 0.012 0.017 0.931
(10%/12)
R B C
. 2.4 24 2.5 23 2.4 24 25 25 24 24 0.02 0.691 0.193 0.989 0.459 0.953 0.929 0.247 0.530 0.881 0.624
(10"°/n0)
Phase 2 (d 35)
Selenium 27.9° 99.0° 126.3 130.6° 122.5° 135.5° 138.6" 118.0™ 129.6° 138.9° 4.79 0.004 0.002 0.001 0.002 0.001 0.001 0.003 0.030 0.088 0.586
(ng/mL)
W B C
(105 18.5 17.7 20.1 232 21.6 20.1 27.1 18.5 232 232 0.93 0.131 0.206 0.500 0.066 0.491 0212 0.989 0.274 0.608 0.610
1!
R B C
(10°0) 2.19 2.30 2.34 229 2.43 2.19 2.34 2.43 226 232 0.02 0.394 0.350 0.310 0.617 0.597 0.508 0.229 0.896 0.654 0.802
il

'Standard error of means.
’Hot melt extrusion.
L : Linear, Q : Quadratic.



O AFE W A¥ NagSeO;2] A7 4412l & % glutathione peroxidase &=° "|X|&= Hdk FA}
— &4 & = glutathione peroxidase % #4 ZA¥ Phase 13} Phase 2 EFolA #2A<¢l xpo]7} vFebstH(p<0.05). Phase 19141& HME 0.45ppm
A T7} 7P =4 YERE o H (p<0.05), Control A&7} 7Hd WA YERTH(p<0.05). Phase 223 % Phase 1 23g} st A o7 UeptkS,

Table 51. Effect of dietary Se concentration and sources on growth performance in broilers

-value®
Inorganic (ppm) HME? (ppm) Organic (ppm) p-value
Item Control SEM' Main Inorganic HME? Organic InOTgan Inofgan HME
effects ic ic N
0.15 0.30 0.45 0.15 0.30 0.45 0.15 0.30 0.45 vs. Vs. ’
L Q L Q L Q Organic

HME Organic

Phase 1 (d 14)

Glutathione Peroxidase Activity (mU/mL)

Plasma 0.295° 0.323"  0.444®  0.539® 0533 0.736®  0.905" 0.594  0.686°  0.731°  0.04 0.001 0.027  0.665  0.001 0749  0.054  0.404 0.005 0.032 0.649
Phase 2 (d 35)

Glutathione Peroxidase Activity (mU/mL)

Plasma 0.214° 0.370°  0.511°  0.459° 0.473°  0.612°  1.452° 0.451°  0.624°  0.655®  0.07 0.024  0.002  0.063  0.005 0267 0.095  0.589 0.061 0.289 0.254

'Standard error of means.
’Hot melt extrusion.

L : Linear, Q : Quadratic.
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T &
FEed ARt 9 71 AU ol 8E S A% vEREE AlE Vs
—7]1& FEA AR dib] AR 50% ol A 2 7S ARE Y e A Un,
fHzeyx | Cu Fe, Mn, Se)
—71& F=4d Als diu] A o] &F S50%°1CE A4 AL wiEH 50%v| e R A
7y (Zn, Cu, Fe, Mn, Se)
- 7VE AtR U FEA A Ve g (A QD dXd7E)
— Al &E P AT ZnSOy AW ME W TrFelA vX = 9F 4
e | A o] G5 TS 18 CuSOy A 7Nt W 7Sl Al v|X = o9&
A — A &E FdS A% FeSO, AW 7 U 7HFolA vx= 93 77
— AAO] &E S 9% MnSO, AF /I 9 ThSelA nA = J3F 79
— A& E P AT NaSeOs AE /M U 7FolA vA= 9F 7%

O A8 ALHE 3 g

7h 1P =
@ W 53
- FHAF7| B R Do zZelof )
[ ZnSOs AE 271 A 4 7% I5
O Aol &5 s st 55 AFEE ZnSO, A% 7= JE
O Aol &5 7 2 Akl Fast F5ouA Hase st H49 A357F wjg A
- FFa77IH 1¢ddgty oAy gt &okett) ¢
O Aol g5 s At 55 AFRE ZnSO, AF 7& 7
- A7 2¢3ddstn %U"g‘ﬁﬁrﬁlﬁﬁ)
O AFE Wi AE ZnS0,8] 3717t ol fab=e] 4%, Al mldEel mix&= 93 A
O A= Y Zﬂﬁé ZnS0,8) A7y §A19) 3%, A midEe] vA= 9F A
@ 71 g 2 e
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o}&S 93k &4 vlele] & AA 180 ~ 120T (F87 o)t £x A%)
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19 40, AEEA4E] AAT (7E BAE)

! HOT MELT EXTRUSION PROCESS

Feeding
Polymer and AP

]
Cooling =4
& o

¥ r £ g F 'y ] ‘
Melting Mixing Homogeneous =
‘ ‘ discharge Pelletizing
1% 41. Hot melt extrusion 7Fs 37

- JFa77IH 1¢Hddigty oA e, okt ¢
O Aol g5 s At 5= Ab=EE ZnSO, AP 7

o ZnSOy w22 Ak A7) A3} AAH] aggregation 1 (AW YA, SEM, TEM)

o ZnSOy 29 aggregation A4S 9%t 4 pH &4 (AW : =4, SEM, TEM)

o fal MAEY ¢y =4S 93 antimicrobial test (n vitro) : (A& : broth test, disk
diffusion test)

o 7ZnS0,9] o]23} ¥ F AEE H.0.0 A 4, 8ol Tagk 22l (U3 : hydrogen
peroxide assay)




19, Disk diffusion test®l «]3} BTl

o ZnSO, %9 o] 23k S st FHA & 24 (AW 1 Z-potential, diffusion coefficient)
« T vlE 0 10~90%
* A H]E 0 10~50%
* AAEAA v&  10~30%
* Soluplus H]& : 10~90%
* EDTAQGEPEAAD © 34 w29 24 (1~10%)
x Z}7}0] HYAE E3bsto] ZnSO, #29] o] &3k S 91 4 wign] A7
« 218 o/‘}"”"ﬂ’ﬂJ SEF B7h A5 (pH 1.2 &FH) 2 A9 (pH 6.8) FelA<] Zn]
$EF 52 ICP 55 ol&dl AgiAst & 37t

Steric stabilization Electrostatic stabilization

¥ 43, FEA #2499 dakE SHste] Z-oUAE SHste AL
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- JEdId 2t e e ¢
O A W A9 ZnS0,9 A7b7F ol Akl A4, A vl viAls 4F 24t
o JiE AlY ZnS0,8 A A7l 9 71 ZnS0.8ke] HIwE FE olfAk=g] A 7k &3t A
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[] CuSOy, FeSO, A8 4A 2 7]% 85
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O AAlo] &5 & 9 Aol dasdt Fwolu] Hasts 21 H2 9 Aak wid A7)

1O ATE o4, okt -

a7
O AAel8-5 &= 918 CusSO, AF 7T
O BAl &5 Fd= 9% FeSO, AIF 7N




- A7 23 gty FEAY L) ¢
O AR W AR CuS049) A7} oAl 4%, i 9 AA o] 88l w|A=
O Ak dl AlE CuS0.8] H77F A9 4%, A7) 9 AA) o] g8 X 9T A
O AFE Ul AlY FeS0,8] A71F ol fAk=2] %, A7 2 A o] &&oll vA= 9F A
O At W AlE FeS0,2 77t &A419 A%, 7] 9 A o] &8 v+ I A
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[J CuSOy, Colloidal dispersion A& ¢S $3 L9427 AlAE A7 AA
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o A& 9 £3F AE 5AS 1 AEFY WY, & o
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o A&FUE7] 23w WME HAS ; FEEEEVIY FEdUAE HAE sta vFEEA
BAol &5 =Y T U= HAg A7 AA
o Y% v‘i—ﬁﬂl Fe S WAAAR, FAAAF, BAAIF, olFAAR, IARAAR §

o oeﬂ%%‘?ié% Hﬁ} =4 npEle] o= A4 1 80 ~ 120T (&84 o9 &£x AA)

[] FeSO, Colloidal dispersion #|% 7H”L° sk "é%%?}%ﬂ A|2E AR/ A
o F=AY} WA A 183 AHEAA S ddst £ A& A TS AS 94EE AaF A
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- FEAT71R 1C3ddgty oAy e, okst) ¢
O Aol &8 S A 55 AFEE CuSO, AF 7
o CuSO, Ho] 9=} =7] AA ¥ JAFe] aggregation &¢l (A& : 94 SEM, TEM)
o CuSO; 9| aggregation JAIE 9 A pH &4 (A : =54, SEM, TEM)
o CuSO; #9] chelated metal ion®] £¢1%)E complex?] A& ¥4 (A8H : Z—potential)
o CuSO, #29 o] 23ks s 93t ¥4 vj& 24 (H¥H : Z-potential, diffusion coefficient)

x il HlE 0 10~90%

* AR B)E : 10~50%

« AAL/3A vl& 0 10~30%

* Soluplus ¥]& : 10~90%

* EDTAGFFAAD © H4 5209 A4 (1~10%)

« 24210 BYA S E3lslo] CuSO, B2 o] &3ks S 913k 7 wighi] A7)

« T ALl e §EF Bk e (pH 1.2 &%) 2 e (pH 6.8) FelA 9] Cufl

$EE 52 ICP 5= ol &3 AgFAst & 37t

o & BN FH F=d W FEL AP A Fol & A3 A el Ot 54 5 Bt
o I CuSOs AR 35H7F 5 W o] NEE AedT 290N ARE Adow A A5 %
O Aol g5 s Hst 55 ALEE FeSO, Al 7t

o FeSQO, 29 dxt 717] A4 AL aggregation &l (AdY : =X, SEM, TEM)

o FeSO, w'%2] aggregation SJAIE 91t 27 pH &4 (A3H : &4, SEM, TEM)

o FeSO; %9 chelated metal ion®] E°J3+= compleX/] Ao B4 (A8Y : Z—potential)

o FeSO, %9 o8& s flst H-3A vl& A4 (A¥H : Z-potential, diffusion coefficient)

* T BlE 0 10~90%

* AW HE 0 10~50%




* AAEEA v 10~30%
* Soluplus ¥]& : 10~90%
* EDTAGFFAAD © H4 29 A4 (1~10%)
x 21719 HgAlE £3h8to] FeSOy w29 o]2she 3 91t F4] uign] A4
x oAY GAtNoA 9] 855 H7k AFYN (pH 1.2 ¢59) @D aFFN (pH 6.8) Sol4<] Fed
$EE 52 ICP 55 ol &3l AaEAst & 37}
o & BN H F=d 9 FEL AP A Fol & A3 At el dist 54 5 Bt
o I FeSO, A& 2] F5B7F & Ul olde] AEE FEAT 280X Al Aow 294 AT o1%
- A7 23 ddgty SEAYYE) ¢
O AR W AlE CuS042] A7} ol A=e] 373, A 9 A o] &&ol wxl= 9% A
o e AlF CuSO.8 AW k= 4 71&E CuSO&ﬂ H|E &8t olfAK=S] AAVE T mat S
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* W AE 7F W (&, B 2 2 o v
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o e AF CuS0,8 AW H7rEE W 71E CuS0,8He] HluE 3t SA19 A A a3 A5
* AP A (SA, AARAFAT, AR E)
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* 2 Jl FRO Fe W (FE Zol, g9 o] W HE)
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o 7k AlF FeS0,2 A7 A7k 2 71 FeSO, 8k HlwE 3t o]fak=e] A A a3 A5
% /\]_o]:/HZ% (o]u‘r ;q]ak 0101/\]_ /}j_z&%k, }\]__‘EJ__Q_?—-%)
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* A WY Fe % SAG € 2
x gl AJ4H(CBC)
« v AE AF ‘%}(i’f} W9y e AE)
w« ok U gR Fe W (§E o], ¢ Zo] W 8
O AFE U AlY FeS0.8) A7PF §A19) 84, 371 2 A o] &-&ol vAl= & A
o A AE FeS0,9 A4 H7EE 9 7] CuS0,9e Hlus £3F 719 WA A 53 A5
* AP A (SA, AR, AR E)
* JUda 42348 (DM, CP, GE)
* A U Fe 5% =4 4 %)
* W AE 7F HIH(2, W 2 o vAE)
* o Ul FRe FH W (R dol, g9 o] W HE)
t}. 3ahd =
O M =
= FIAT7|H (o] Aol Lol )




[] MnSOy, NasSeOs #1& A 2 7)< 2
O A5 TS 93 55 AFEE MnSO,, NasSeOs; A 7% FH AF
O Aol 45 3 9 Ak 3t L5ouA] H4sts §8 H49 ~AafF ad A4

|

1(3ddstn oAy s, ofsid)
S 43k MnSO, A 7
5 S 98 NaySeOs AlF 7t

JEREEEEER LR

0 A ) A% MnSO,8 H7b7h oA 97, AN B A o Tl v 9T 24}
O Ak ) A% MnSO:8 A7k 749 4%, Fobg 2 A ol g8 vAE 9% 24}

O MK 1) A3 NaySeO:8] 77t OlRAHES] 4%, B 2 4] ol g8 nlX: 9T 24}
0 MK W A% NaySeO:€] 7P 5719 473, Qg 2 4] o) g8l v|: 9% 24}

@ M g 2 He
— FHAFT| B (o] Aol 3o 3)
[J MnSO, Colloidal dispersion A& /WS 9et dLGUE7] AL 2357 A
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o FEdy WA, A Te|a AUSGA L] A3 T8I AF A FHE S1F gEd Ao A

o F=d 4l AR 54E wed AR P, Seek £ 24, dARE, AdddE, ¢b,
A3} 215 BAste] HA9 A wid A7

o AE&HHEVl 2w wE HAHs . d&EAEVIY TEuAE Has st vREEdl

o #AT A FHe AT HAAARF, SAAAF, BAAAF, olFAAR, AIWAIAR

o AEFUES st T vpde] 2% A4 1 80 ~ 120T (84 o) &% 4%)
[] NasSeO3 Colloidal dispersion A& 7§ i
o FEAY kA AR TE|a AHEAA ] FLd
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o AEFRES P B4 wile] L8 A 80 ~ 120T (854 ol £ A7)

- FEA71H 1C3ddgty oAy Het, okst) ¢
O Aol g5 s AAst 5= AFEE MnSO, AF 7
o MnSO, 2] ezt 77 AA 3} YA}9] aggregation ¢l (A3 : &4, SEM, TEM)
o MnSO, 29| aggregation &AE $3st & pH &4 (A8Y : 4574, SEM, TEM)
o MnSOs %9 o]23sk& s 98t F-3A) nj& 24 (A8
« T vlE 0 10~90%
* A W& 10~50%
« A3 vl 0 10~30%
* Soluplus H]& : 10~90%
* EDTAGHPEAAD + H4 5299 244 (1~10%)
x Z}7te] BYAE Este] MnSO, w29 ol=shE s flsh 24 wijgn] A4

Z—potential, diffusion coefficient)




* 4T FAdoIM e 458 H7E A9 (pH 1.2 59 9 AFdd pH 6.8) 5ol Mn

o §38 52 ICP 5% o183 FFLAT F P}
o BE RN B $EA 2L PBA AYY AT Fol F A3 Wl et 54 5 97}
° QAT MaSO, ARe) A5k 5 ) obdel A T 28 Al AROR A3 UE I

O Aol 85 s Y3 55 AFEE NaSeOs Al 7
o NapSe032] 9452 M® selenite?} selenomethionine?] A#|o]&E v 2 F
AgrZet=n} (ICP) & ol&3to] A7 4
o NapSeO; 29 o]3s S 3t F3HA v& B4 (U : Z-potential, diffusion
coefficient)
* gl wlE 0 10~90%
* A8 HE 0 10~50%
« A3 vl 0 10~30%
* Soluplus H]& : 10~90%
* EDTA(*@PHLX AD A sERS AY (1~10%)
x Z}7ke] RYAE Este] Al 22 o3k S fIs HA wiEn] A
« 218 %A}"”"HH—J SEE 78 A5 (pH 1.2 &5d) 2 A3 (pH 6.8) solA2] Sed]
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- gEdyIe 2dddsta =R He) ¢
O AFE Wl AlE MnSO,8] H7P7F oAbl A, i B A o] &8l vAle 9% 2AL

o 7k A MnSO,2 A4 7l 2 71 MnSO, 2k HlwE &3 o fA=2] A 7V a3 H5
* A A (AGSAZL, dAAE]FH]H, AR T8)
x 9ok 238 (DM, CP, GE)

* A W Mn % =3 & 8 5)

O Al Wl AlE MnSO49] A7 $A19] 3%, Ay 2 A o] &8l nX= 93 24
o A AE MnS0.9 A4 H7EE 9 7)1 MnS0,949) HlwE 3t SA19 B AN a3 A%
* AFF A (T, AFRAAY, AMRQTE)
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