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ofaE] AF A PEEO| Shedst
(Mineral Chelation for the Supplementation of Pharmacological Level
Minerals in Animal Feed)

Ol DI/ Fddigta Al ast

ot
=1
B

I. M

M

Chelation?] of9& 2|20 “chel” 2FE] v o]& dolY claw F WFo|d &
oltt. &, FEdo| ligande] &) TFLZ F3|Ko] AFPsche Lot

ChelationZ A2 7ido] ozt A&l FEo] oA FELY FFU dAlE ¢
&3] w3st7] At AALHA o] FolAE AHY 7]E &5 Ao
Mol Eolgle HEL chelate Hof vk wHF HFo] AL REapjel ofv|iila
chelate Ho} A FThd AtAet AT o AshEz Mt Ayo] FAE Aol A=
ad %l wavEE 9A] chelate®o] 9lom] TheF MgZt chelate Soigix] @i
FEdel dofgd o §lg Aolth

oj¢l ol FEHY chelatione B glojx HUlHoz HFAHQ 38rzEel Ao
. Chelation®] &jv|E 7}5QESe] € Fe QoA T3chd 271 FEHo] & /) T+
3 olAe oluneAtst FTHAFT o] 2AFE T3} heterocyclic ringd FA = AL
T3} o]2{gt chelate A} FEZL T & FHlY FEZ, oS 50 A3leiy <late,
Bop AEAM EAdte AddHY FEAF o A Ao 4 ol4é
o] Et}. w2ty 7tEgYgsto| A= Zn, Fe, Mn, Cu, Ca, Co, Sed} 7+& FEA-L chelation
ste] FEHCEN I FEHY o]&ES Eolu JtEY AMAES FAATE Aol F

23 AR diFEY g 53] %L Q7 F oo A& E o} super normal level,

r.(

_E
8,
i
i
e

5
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super nutritional level X+ pharmacological level2 &%= AFFOE Algdl= FEZ
€ (Cu, Zn 5)2 Wi A 71532 43 AP 9%s € & 9\10“‘1 EEE R
714 HlEE AME A FEZo] EY FAdetA FHHEE chelation? g0l

I Yt Chelated F2do] 7|8 FE2EEY F o]&80] = ]E‘r"\f 71 W&
q| 1960-70‘31111 ol EDTA, NTA, gluconate 5& o83 chelated F8d Aze o]
gt AAGA 2gu 2 2o AgA otk 2 o F opu|wiT AR
MAg o] &g chelates7t ALHU= FA] Aog “chelate”®] o|n|AE H3d}7] H
o}Z metal proteinates 2}3 B3t} 18 3 chelation oJF-o] #AG 0] 78 FEAY
£ olu| At A7l EZA S Metal amino acid complexgti FEt}. AAFCO (1996) ¢
Metal amino acid chelateo] tgt Aol WK FEFdgoz 2y &34 1719 FE3
o3 opn:it 13 27F 7H AHF) EAVL wiHT R AT SFELE B ofvl
Aol Bt FAE 150 223 chelated] FAlE 800 daltonS Z3stA| ojof st Ha
FER TFF opuAte FRE FAoF P Chelated) FFHE TGdsioy EF

o]go] & 7 YaME E 7} 27 B ojof st} (Ashmead, 1982)

L
>~
o

& g

L FEHE oAt} chelateE THE0{o}F dth

2. Aol Z olgd & g AFS TEV] HaME AulA
dojuhes A vlxd A, @7], 848 o] 85k chelation T A.

3. A AXE EFE] YA E chelateA 2x}2Fo] 1000-1500

4 AAY A TERE chelates} ZA WE A
5. A1Z¥ chelate= pH ®3ld] g FF5 S Fojsta] Aol
A2 A,

#A) chelate® FEdo] o 7HA FHE A gJon FoF ol g AUE
T Zold AoFE JAEHIZE mineral chelation, £3&] super nutritional level 3EZ 9

amino acid chelate® A o2 Z47|37} Al a7 st HES) g9dt)
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. Chelation®] D2 #e]

oA A7 AFE vlel o] chelatione ligandgl il E8]-$-& chelating 22 £2
A7t F&3 F 7jol g9 bondE FAstmEA # ) mE 1 oY 1Y VK &
AEAE wee AL etk a9 194 B e Y #4ngE VR Zn +
Cystein chelateo|t}. 18 2¢} 3& 5 B4 glycineo] Cu™9} Adtsly 2709 &1 &
BoF 3tk o] 5L M RHE uie} o]

= 7}x Hele] o]2AE = ionic bond$t FHAFOE Ho] JEd THALE F

7FA dipeptide-like chelateE =& A

o

Ligand7} 43 Z2E8S chelateE V57| HaiXe A4 & B& 34 + s 27H
oldel Aage YaE 7M1 glofof shed YwHor EAFo] Fu Mt A
Ata, A4 #% (39 1.3F) o] o9 £33

Chelate= 5781} 67}3)o] 714 &3td] dwbd o8 5749 chelate7} 71 A 3ol 7}
F 23 ligand2E FAAZHN 119 d7] 258 7 AR op|eilEe] AR o
aFd &3 o)E FolA 7 32 ligande glycine (NH.LH,COOH) ojth. 5402
of 53] zslEo] Qe o xAte
imidazole ringg Zt3 91 cystem groupS- thiol groupg 7FA| 1L 3lo] olge] 547 AY
sl ZAog 4 7] wEolth st FE0]2g JHAL FAE chelated] HPA2
chelate ring®} <At osir Q&g Wil AAGEANE chelate ring XA BETE
hged dE Bo] heme 1709 HEE vl /i gz S chelate® vl A}
o). X3 ligande] F 7 ol AAFY 947} 9l multidentate chelatew &
oj#ito]l A4 47} RoUF bidentate chelate Xt} ©f& QHg3}c}. sFA| T 74}?4_ S efoll A
E RE chelate7} 718 QtAE Zoznt whEo] A& AL opth T Hute 943}
L o] &8 EFAF|E integral proteine bidentate chelateZH F&0]&3} T E +4

rir

histidine®} cysteing & 4 =4 histidineS

gt @9 FEolLo] Feld F5E o dipeptide-like bt chelate FAFE of
= Bt} EZ3 bidentate chelateo]th o] A& F 79 olmjAitoz 5 J}9] bidentate I
98 gYsy el 1 BHA wed BEoleRE Ue 42 a9 §49
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t}. Chelate®] ¥A}3ko| dipeptide-like o}n|xAt chelate BT}t & Z$-oles RagA gae
59 7 98 Aol

ZFEdol AAFH FE229 334 Fyd wat FHLGE T FrIe 71Fel g
At oo FEHo] FEAFEY T2 Hool o]2W Fo|2oz BAHFF 93t
olFHn <k ALl o ojFHTt. ko] FEFo] dipeptide-like oFr| kAt
chelate Fej2 FFHA F4F5FY AL g3 F471 HAW o] 2FsgdE g

S
?Fh
s—cC NE— CH ST Ch H
ek / / \ /
Zn Zn Zn C
\ N\ N\ "
NH, — CH— COO 0— Cx o— C H

O

Fig. 1. Cystein amino acid chelates of zinc.

Fig. 2. The formation of a diepetide-like chelate of Cu.
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+ integral protein chelate®] QA4 (stability constant)E W 3}A]ZIt). Integral protein}
N 2T otZo] EAlste Wl (carrier protein)7tollE F&o] o] tidk Aol

]

d
=

z
t}. Integral protein chelate®] SHAA 7} vrolx™ F40] & integral proteing W
carrier protein® 2 HAX ) ojwje] F&o] AL L WM7F dold Al
o] ARL A 37HEE st Atk ol ek @A) chelationd A
F&ol e LA LY 7|ARR olFsid o5/ dside of g MH
A Fa gk AUAEY VAR mEdH £E W} vjsd HHoR #E T
gale] Yoz Eol7bx olFslA @rh H dipeptide-like chelated] 52 ¢
ol &3} #AHE& AXR ¥ dipeptide”t FE = A vlxd PR F s o]
1] Atolo] $JASte ‘W E Kol HUMER F gtk opneAb 127h dhe
FNY dEg F40]29 wFo] A5y el HgAe] Hojith F7HHS Tk
7} Slo] AEee E3sby] ¢ejdEs Eafako] 1,5000]384¢] dipeptide-like ©}n|=At chelate
ojoo} &t} Dipeptide-like o}m]:At chelate:= Zje] @il AR e ol = AT
o] 7ot o= BAjUe] fol&o] EAsY] HEQd Aoy oA ujol 44 pH

W 2 )
2 1
s

i

[¢)

& o

2

o

w2

e
Mo 2
rir

o /)

Fig. 3. X-ray diffraction showing a diepeptide-like amino acid chelate.

- 43 -



U2 LT AH PR MHH

2
o,
B
o3t

dt}. Dipeptide-like o}7] =4t chelate®] &7 AUE dojue &
& AA2E AYAo|t}. Dipeptide-like oAt chelate7} AT Toalw
Axete] ZA)3HE tripeptide$] glutathione®] gamma-glutamyl linkageol] £ojA A ¥ =&
FHsHA Hed o7)d #HEe 249 FEE 39 404 BE uie) 2

ChelateE AEWellM EWale camiers oFF WAHA Fa §l7] feo] HHAEY
ZNAFEMA G o] FE AHFstely &4t g Ao] ofdrt Bt oful:=it ligand =5
g F&olo] oA AL pH7l WstEHE 7|AFA ot oy dojr}= egas
49 AL chelated] AFATE FFE A g3 A2 B, oud o] AT
% pHe #W3lo] o8] #o]Ath Dipeptide-like o}u]=At chelate7} 7FrEREAHH Fhte)
ligandt AAS T F&o| &L Tdolu Al chelate® Fo} Pog F49 FFo| Erh

F&oj o] AF-FA &7t HH 7] 459 peripheral proteinol] 23] chelateFo] T} &

(glutathion) ADP + Pi

DIPEPTIDE o= -
Y y -glu-cysH gly\ ATP
lGsH SYN‘I‘HTASE |

y -GLUTAMYL TRANSPEPTIDASE

\ gl ycme
/ cysH-gly
7 -gl-AA [PEPTIDASE | 7 ~8lu-cysH
[

7 -GLUTAMYL CYCLOTRANSFERASE cystem o~ ADP + Pi

| 7 -GLU-CYSH SYNTHETASE

DIPEPTIDE 5-o0 line glutan‘::te

. [5-OXOPROLINASE LW

ATP ADP + Pi

Fig. 4. The proposed membrane transport of a dipeptide-like chelate.
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o]23} 7to] Ao Z o]%a A Hrl RS Deix] RO chelatel} HEHOZ s}
B3¢l chelate (G o}u]icAl chelate):= 7] A% M XY Q= glutathioned} Asle &
ol Zol Hroz o|Fdte HoR Fo{7HA drh oA HEF o[ 2FF 7
chelate &4712+S dH) w32 chelate &7} ion S5 BT A£3510 chelate S4A]d &
AU o] pHY 9al &3 (phosphate, oxalic acid, phytic acid, 54 5)o <& dFS A A
Hong 8o Fr} (Ashmead 5, 1985., Ashmead®} Zunino, 1993)

IV. Cu chelate

Cue AW ZFFEAZH cytochrome oxidase, lysyl oxidase, ceruloplasmin, superoxide

dismultase 53 £& o2 7HA FRRAEY HXIAE F&dth 53] 728 %L

Table 1. Weight gain, feed intake and feed conversion of male broiler chickens
fed diets supplemented with different Cu sources

Treatments "’
Item SEM
Control CuS04-250 | Cu-Met-125 | Cu-Met-250
Weight gain (g/bird)
0 ~ 3wk 5749 581.4 618.5 609.8 14.9
4 ~ 5§ 730.5 704.0 746.6 747.5 18.2
0~ 5 1305.3* 1285.4° 1365.1° 1357.4° 23.2
Feed intake (g/bird)
0 ~ 3 wk 834.4 819.9 863.7 858.0 17.8
4 ~ 5 1292.2 1259.5 1310.9 1319.6 30.7
0 ~5 2126.5 2079.4 2174.5 2177.6 41.6
Feed/Gain '
0 ~ 3 wk 1.46 - 141 1.40 1.41 0.02
4 ~ 5 1.77 1.79 1.76 1.77 0.03
0 ~5 1.63 1.62 1.59 1.60 0.01

" CuS04-250 ; 250ppm of supplementary copper in the form CuSOj4 - SH,O
Cu-Met-125 ; 125ppm of supplementary copper in form of Cu-methionine chelate
Cu-Met-250 ; 250ppm of supplementary copper in form of Cu-methionine chelate
™" Values within same row with different superscripts differ at P<0.05
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279 ur 84
=, 1991)¢} =4#] (Roof9} Mahan, 1982; Edmonds %, 1985; Cromwell 5, 1989)2] Al &
€3 4F 80 AAEHATE B Burt ok 7o A Ede A fa vdE
29 AAsy] HEI Aoz delA YrKFuller =, 1960; Vogt 5, 1981; Burnell 5
1988). 12} Al PlAE w3l miXe JF¥HoEE Fd aHE HA¥E T gtk

Hir

& 220 125~250 ppme FJA] $7 (Chois} Paik, 1989; Baker

Table 2. Influence of dietary Cu sources on the plasma total cholesterol, high
density lipoprotein(HDL)-cholesterol, breast muscle chole- sterol, plasma
triglycerides, blood reduced glutathione (GSH), liver fat, abdominal fat
pad, gizzard erosion index and Cu in the liver, breast muscle and feces
of broiler chickens

Variabl Treatments "’ SEM

aniable Control | CuS04-250 | Cu-Met-125| Cu-Met-250
Plasma total cholesterol b a ab b

(mg/100ml) 151.5 126.8 138.7 146.3 5.50
Plasma HDL cholesterol

(mg/100mI) 90.5 105.5 104.1 105.0 5.15
Breast muscle cholesterol

(ing/100g wet tissue) 44.8 48.8 39.6 39.5 3.86
Plasma triglycerides

(mg/100ml) 78.8 62.1 58.0 81.1 9.02
GSH, mg/100ml blood 92.6° 75.9° 92.1° 90.2° 3.10
Liver fat (%, DM) 162 13.3 112 14.7 1.79
Abdominal fat pad a a b ab

% body wt) 2.03 1.73' 2.32 2.08 0.14
Gizzard erosion index 1.00° 3.10° 1.50™ 2.20° 0.26

e Cu, mgkg, DM = e eeeeeseenes

Liver 19.3 36.3° 15.2° 22.3° 3.95
Breast muscle } 2.25° 2.29° 227 2.97° 0.09
Feces 155.0° 808.7¢ 358.7° 543.3¢ 16.24

Y CuS04-250 ; 250ppm of supplementary copper in the form CuSO, - 5H,O

Cu-Met-125 ; 125ppm of supplementary copper in form of Cu-methionine chelate

Cu Met-250 ; 250ppm of supplementary copper in form of Cu-methionine chelate
¢ Values wnthm same row with different superscripts differ at P<0.05
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Table 3. Effects of supplementary copper chelates

Experiment | Animals soirfceCS?dpplrenvel Difference from the control, %
Cu (ppm) Gain feed intake | feed/gain

CuSOs4, 200 3.8 -0.2 -0.4

1 Broilers SQM-Cu, 63.5 2.6 0.6 -3.5

SQM-Cu, 127 3.5 -0.2 -4.0

SQM-Cu, 191 3.8 1.7 -2.0

5 CuSOq, 200 6.4 4.0 -3.1

pigs SQM-Cu, 200 4.1 0.9 -3.5

SA-Cu, 127 7.5 3.1 -4.8

3 CuSO4, 200 -0.9 -0.6 0.0

Broilers | Met-Cu, 200 2.5 -0.5 -33

SA-Cu, 200 1.1 -0.3 -1.6

CuSO,, 200 0.3 -2.0 -2.2

4 Broilers Met-Cu, 200 2.1 -0.5 -2.2

FM-Cu, 200 0.2 -1.4 -1.7

CuSOs, 200 -7.0 -5.3 1.9

Rats Met-Cu, 200 -7.5 -3.7 3.8

FM-Cu, 200 -6.3 -3.0 3.4

CuSOs, 200 43 -1.4 -5.7

5 Broilers Met-Cu, 200 6.3 3.1 -3.2

Met-Cu-Zn-Fe, 200 2.2 0.0 -1.9

FM-Cu, 200 2.0 1.2 -0.6

6 CuSOq, 200 7.5 -59 -3.8

Pigs Met-Cu, 100 10.1 0.4 -1.9

Met-Cu, 200 8.2 9.6 0.0

7 CuSOq, 200 5.5 2.6 -4.6

Pigs Met-Cu, 200 17.8 -7.2 -9.8

FM-Cu, 200 0.0 -16.4 -4.6

8 CuSOq, 200 -1.5 -2.2 -0.6

Broilers | Met-Cu, 125 4.6 2.3 -2.5

Met-Cu, 200 4.0 2.4 -1.8

Footnotes: CuSOy; CuSOs4 5H;0, SQM-Cu; sequestered mineral copper, Met-Cu; Methionine-Cu
chelate, SA-Cu; sodium alginate-Cu complex, FM-Cu; fish meal digest-Cu complex,
Met-Cu-Zn-Fe; methionine-Cu-Zn-Fe complex.

- 47 -



U oE

AH- FREO| =it

SAE TEUE BFFAN $A9 heA B cholesterolst BF FHA
= B (Bakalli 5, 1995; Pesti®} Bakalli, 1996; Konjufca &, 1997)7} 4l
cholesterol = 7+
ol Ao AFAoA s
2te] Ao A= Cu chelateS
9] AL-E Cu-electrodeE Al-83}9 chelation =S 7HHH o2 AT
¥ 5 6). 5% AAG AFNEY AFe 39 2%

A

A g

a?

rL »
>
12 o

J

2 7
AL
9} 7

24, 159

9Ith= B (Pesti®} Bakalli, 1998)% SUSith. o]
SAANG AE4E 5H ¥ 1 229
Azste] AEAEES

Oll
i
2

ry

=

PN
e

_>cL

43315 =1l methionine-Cu chelate
ARG (2
g upo} 2o 7Y Hrt

%= %%—Z_ of ztol7h 1o} HAAA 7HE FRE A7} ANT FANME B
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Fig. 5. Amount of dissolved copper in different pH solution.

49.5

12.6

M Cu concentration

{0 Cu++ concentration

Fig. 6. Concentration of copper and copper ion from methionine- Cu chelate at
different pH solution determined by ICP emission spectroscopy or Cu-

electrode.

- 48 -

T3 methionine-Cud]



Ag AREHE AU AN 3 JeEgsd Met-Cu 100~125 ppm (Cu?]E)ol
4} CuSOs 200 ppm AZHCuZ|E)ET ¥ £ 2748 2o FHoh

V. Zn chelate

Zn carbonic anhydrase®] FAAFE T FE 9ojA BFF Fgin)

rlr

710} 4hd
% o8 7FA] metalloenzymes (alcohol dehydrogenases, carboxy peptidase, alkaline
phosphatase, thimidine kinase, RNA9} DNA polymerase 5)0]% S0 ¢lou thilzyl g
T3E A FgdTE Aol WAL Zno] APL ZH$ol= parakeratosis, A FA| A,
4014, AEsAY, AREAS, $EEY, Foold Fo| fUsY Zne F/EH
FABE 4, AadM AT A, footrote] X7 59 anst givke Buk Qo
At M E FH-A A8 349l acrodermatitis enteropathica (AE)E Zn thAbo] A

o o) wAsE 402 ARy, AYYRZ, WA 4uHT Ay S8 o2

rlo

\
N /C—O'
= s g
z X - - ZnH/
\N COOH /
/
0—C N
Picolinic acid \

Zn-Dipicolinate

Fig. 7. Formation of Zn-Dipicolinate.
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t}. o] wEel Zn thatel] tig A7t EdsiA A= gt A A & HHAE
o} HAdol = EAgFo] 2L Zn-binding ligand7} HAEH =6 Evans (1980) o] 9]
tryptophan®] thAHZZ Q] picolinic acid (23 7)8}3 ¥t

0|52 7Zn9 Z4&L picolinic acidd 7}&&] 2#Ued picolinic acid®] 7}8-&
2 A0 9] tryptophan 2 pyridoxine®] &k} plcolmlc acid¢} A3 4 9= 7Zn oj9le A
o] 9] ko] 2 ki 3t} Krieger (1980)= Zn-picolinate chelateZ Ap-&3te] Z
A9Z A2 N2 & Yk 23 Hurley$} Lonnerdal (1982)& ¢16¢ Eolgl
Brlgo] A& Zn-binding ligand:= picolinate”} oFUe} citrate 3 Jackson S (1986)e] <]
3 A AoA HARE BExgko] $74 Zn-binding ligandE metallothionein®} §-A}5}
Atz 34} w3k Hurley$}t Lonnerdal (1982)2 #Adolu AA o] picolinic acide] &
A7t JEAHER AAA 1A picolinic acid7} FHAIA Zn Fol A2AHA I
griie & 5 oL stk

Fang 5 (1982)0] H=2 AAIE Aol 93l ZnChLE histidine} 7o) A% o] FAgE
A4 histidineg F93x && HEY 74 8, AA, vANAY Zn FE7F €53 =
otk & T in vitro A8 (Ashmead 5, 1985)0 M E #9] A% RES Hosie Ao
oA wFPE o Znd FF Fejo] BE FFES HH 19 83 At 7oA BE
ule} 70| Zn-chelate (dipeptide-like)= Zn-carbonate, Zn-sulfate == Zn-oxide Bt} &+&
2 4 vt Moreng 5 (1988)°] <ol&tH A@Ale] Al
AMRE o FH7F dz2Tol wiste] Adso]l folstl

rlo

Jav]

r1r

fr

o] €53 %< AL

N
7
g
=,
3
5
tlo
rh
of!
o M
_\;_'._l_
Ho
lﬂ

‘i ZN CHELATE (181 ppn)

Zn CHARBONATE (87 ppm)
Zn SULFATE (84 pp)

Zn OXIDE (66 ppm,

30 0 80 2
SECONDS

Fig. 8. Intestinal uptake of zinc.
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(P<0.05) A=Y & AdsE g2 vsld 13%7) =9tk 33 Hill S (1986,
1987)0ll &5t Ao SAu]S7]o] Zn-methionine®]Y} Zn-methionine + picolinic acid 3
7V ZnS0s FRY FAFY ALRAH G| FletE ATl Yo BAH £93)
7h Aslen Ao AL Aeverted gu) 2B AAIG in vitro Aol 5t ZnCl,
Zn-methionine, Zn-lysine ol Zn &0 AolE Holx ¥tow picolinic acidE
7htE Qskel Znd F47h ZAH o9 2 A YA HdEE gE Age
A3Ed} doldtdl 471 AEREF A5 FTFH 2 FTY Aold 7|9F Ao B
Xt Beck (1982)7 #HZA AAIG tAA g Ao oJstH EFE W Zn chelate
(dipeptide-like) H <7+ Zn-hydrolyzed protein chelate FoJ 7Rt} Zne] E480| 124 =
9k ZnCl Fo] TRl 146H] =vh w3 Vohras} Kratzer (1964)0] <l&tw o] A4
& Zn-chelate®] QFA A4 (stability constant)o] 93] 9§88 wk=d] A7} 158 Lol A
3450l M 34 (27 9).

=
[=]
wwa
160 E=
=
= =
2 1zo0- w
£~
=1 - -
= 80 =
QA [ ]
== 40 =
=
L &
T j 1 LI T T L) T ]
2 4 5] & 10 1z 14 16 18 20

Stability Constants for Zn

Fig. 9. The relative growth of chicks fed chelating compounds with a range of
zinc stability constants (From Vohra and Kratzer, 1964).

2 9}*1 o] f A= AR 2,000~3,000 ppm E= 1 o]AH9] ZnE oxide FEIE F
At olwaEe] 4AECl Fdvte ARt d8] Ad BuHY (R 4). AR 4
T oA Zn-methionine chelate$} ZnOE v]w AH3 272 B¥W ¥ 5 6 2 73 2}

u 5(2000)9l 23t o]frAL=C A ZnOL 2,000~3,000ppm(Zn]E) FAA AREL
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Table 4. The effect of zinc oxide supplementation on starter pig perfor- mance(13

to 41 days)
Level of ZnO(ppm
Period Parameter (ppm)
165 100 2000 3000 4000
Daily gain 155 168 177 176 202
Day 0 to 14 ‘y gain (8)
Gain/feed 0.70 0.76 0.77 0.76 0.83
Daily gain 315 328 356 345 325
Day 14 to 28 -y gein (8)
Gain/feed 0.53 0.53 0.54 0.54 0.46
Daily gain 237 250 265 260 260
Day 0 to 28 .y gam (8)
Gain/feed 0.58 0.59 0.60 0.59 0.56

Smith et al(1995).

Table 5. Alkaline phosphatase (APase) activity and 1gG concentration in serum of
weanling pigs fed experimental diets.(Exp 1)

Treatment " B P-value
Item ZnO Met-Zn SEM ? Source
Source Level X
100 | 200 100 | 200 Level
APase
activity 130.1 | 152.4 { 145.7 | 160.4 | 12.31 0.76 0.35 0.15
(units/1)
IgG
concentration| 12.3 | 129 157 163 1.53 0.05 0.99 0.72
(mg/ml)

D Z-100 ; 100 ppm of zinc from ZnO, Zn0-200; 200 ppm of zinc from ZnO, Met-Zn-100; 100 ppm of
zinc from methionine-Zn chelate, Met-Zn-200; 200 ppm of zinc from methionine-Zn chelate.

» standard error of mean.

g o dF Ig6 5 22U sk & SolA BY Met-Zn F9TE
ZnO oo wlg] IgG FFo] FostA =4tk ¥F Alkaline phosphatase %< Zn
FE] FNEFE FASA FHHNAHE 6). & 79 4F 19 2F}E HA Met-Zn 100
200ppm(Zn 7}#)TE ZnO 100ppm(Zn 7]F)7-o] Hl&) FA&o] w1 4F 29 2
B ZnO 1,000~2,000ppmT-E= hEZTZn0, 100ppmT)ET} 10% o] FA&o] =

r_{

o4
rir

X
]
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Table 6. Alkaline phosphatase (APase) activity and IgG concentration in serum of
weanling pigs fed experimental diets. (Exp 2)

Treatment " P-value
Item ZnO Met-Zn SEM? Source
Source | Level X
100 | 1000 | 2000 100 | 1000 | 2000 Level

APase

activity  [222.9%|233.1%{252.9%*|221.8%|231.8"|340.3*| 12.31 | 0.11 0.01 0.06
(units/I)

IgG conc.

7.7 7.0 8.0 7.3 6.4 6.3 0.72 | 0.16 | 057 | 0.63
(mg/ml)

" Z-100, 1000, 2000; 100, 1000, 2000 ppm of zinc from ZnO, respectively, and Zn-Met-100, 1000, 2000;
100, 1000, 2000 ppm of zinc from methionine-Zn chelate, respectively.

? standard error of mean.
A Values with different superscripts in the same row are significantly different(P <0.01).

Table 7. Effects of supplementary zinc oxide and chelates in weanling pigs

Source and level Difference from the control (ZnO, 100 ppm), %
Experiment
of Zn, ppm Gain Feed intake Feed/gain
ZnO, 200 8.3 9.6 0.5
1 Met-Zn, 100 3.0 3.0 0.5
Met-Zn, 200 18.8 15.1 -3.8
ZnO, 1000 10.0 9.2 -14
ZnO, 2000 11.0 12.8 1.4
2 Met-Zn, 100 15.6 15.9 0.0
Met-Zn, 1000 6.5 12.2 7.6
Met-Zn, 2000 -2.0 9.4 11.7

Footnotes: Met-Zn; methionine-Zn chelate. |

9rth Met-Zn 100ppm 7= tZ7-o] vld] 15.6%< ZA¢ ¥ a3/ dg9ou Met-Zn
1,000ppm3%} 2,000ppm o2 FEE FolW darst Jepyith
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Table 8. Result of laying performance of hens fed mineral-methionine chelate diets
for 8 wks (96~103 wks of age)

Treatments*
Zn-Met
Zn-Met + SEM
Control | Zn-Met | Cu-Met + Mn-Met
Mn-Met +
Cu-Met
Hen-day e .
v ege 69.97°| 67.13° | 7257 | 6837%| 7167 | 2702
production (%)
Hen-housed egg be d a de ab
) o 68.80 65.61 72.57 67.48 70.82 2.821
production (%)

Egg weight (g) 7027 | 7077 | 69.33° | 69.72%| 70.04™| 0.717
Feedintake 1279 | 1273% | 1202* | 1269° | 1304* | 2.965
(g/hen/day) . : 1 . . . . «
Feed conversion ratio 5 60 577° 5 58" 5 68 2 60% | 9.103
(g/100g egg mass) ' ' ' ‘ ‘ '

* Mineral-methionine chelate was supplemented at the level of 100ppm of each mineral.
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Table 9. Result of eggshell quality of hens fed mineral-methionine chelate diets
for 8 wks (96 ~103 wks of age)

Treatments*
Zn-Met
Zn-Met + SEM
Control | Zn-Met | Cu-Met + Mn-Met
Mn-Met +
Cu-Met
Albumin hight (mm) 6.305 6.259 6375 | 6296 | 6.382 0.172
Haugh unit 74.96 97.05 75.46 | 74.63 | 75.77 28.448
Specific gravity 1.0845°| 1.0851°) 1.0864*| 1.0847°| 1.0851°| 1.136
Eggshell strength
g8 ) g 0.540° | 0.546™ | 0.573*| 0.562*| 0.562*| 0.018
(kg/cm?)
Eggshell thickness (mm) 0.366 0.375 0374 | 0376 | 0369 | 0.010
Soft egg production (%) 0.59* 0.78" 031° 1.07° 0.60® | 0.495

Broken egg production (%)| 3.81° 476 | 471 | 6.90° 5.59® | 4.465
* Mineral-methionine chelate was supplemented at the level of 100ppm of each mineral.

Table 10. Result of IgG, gizzard erosion index and mineral contents in liver of
hens fed mineral-methionine chelate diets for 8wks (96~103 wks of

age)
Treatments*
Zn-Met
Zn-Met + SEM
Control | Zn-Met | Cu-Met + Mn-Met
Mn-Met +
Cu-Met
I1gG (g/ml) 253 20.8 32.0 24.0 22.7 4.054

Gizzard erosion index 0.30¢ 0.50 1.25° 0.90* 1.35° 0.353
Mineral contents in liver

Zinc 99.50 104.53 96.41 95.06 82.80 | 12.0514
Manganese 10.25 10.11 10.29 10.32 11.29 1.3690
Copper 12.57 12.32 14.86 12.75 14.11 4.1583

* Mineral-methionine chelate was supplemented at the level of 100ppm of each mineral.
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