gh=t7etE) ) Al 3578 Al 3%, 303~311 (2008) 303
Korean J. Poult. Sci. Vol. 35, No.3, 303~311 (2008)

A2 Cu-methionine Chelate@}l Cu-soy Proteinatel} NMEHHIO| AIARA - ASEHLH
OlME 2= 2 HAXMAHIN OiXl= g

)
221 7}8)

o
o
e}
%
El
2
jincs
o
i)
=
Rl
offt

Effect of Dietary Supplementation of Cu-methionine Chelate and Cu-soy Proteinate on the
Performance, Small Intestinal Microflora and Immune Response in Laying Hens

I. K. Paik’, C. H. Kim and K. W. Park
Department of Animal Science and Technology, College of Industrial Science, Chung-Ang University

ABSTRACT This study was conducted to investigate the effect of dietary supplementation of Cu-methionine chelate (Cu-Met)
and Cu-soy proteinate (Cu-SP) on the performance, small intestinal microflora and immune response in laying hens. A total of 960
Hy-line Brown® laying hens of 39 wks old were assigned to one of the following 6 dietary treatment: control (C), antibiotic
(Avilamycine 6 ppm), Cu-Met 50 and Cu-Met 100 (50 and 100 ppm Cu as Cu-methionine chelate), Cu-SP 50 and Cu-SP 100 (50
and 100ppm Cu as Cu-soy proteinate). Each treatment was replicated 4 times with forty birds per replication, housed in 2 birds
per cages. Forty birds units were arranged according to randomized block design. Feeding trial lasted 6 wks under 16 hours lighting
regimen. Hen-day and hen-house egg production of groups treated with Antibiotic and Cu supplements tended to be higher than
the control with significant difference (P<0.05) shown between Cu-Me 100 and control. Egg weight was significantly (P<0.05)
heavier in antibiotic and Cu-SP treatments than Cu-Met treatments but they were not significantly different from the control. Eggshell
strength, egg shell thickness, egg yolk color and Haugh unit were not significantly different among treatments. There were no
significant differences in leukocytes and erythrocytes in the chicken blood. But mean corpuscular hemoglobin value (MCH) was
significantly (P<0.05) higher in Cu-SP 100 than antibiotic treatment. The concentrations of serum IgG and IgA were not significantly
different among treatments. Copper concentration in the liver tended to increase as the level of copper supplementation increased,
that of Cu-SP 100 being significantly (P<0.05) higher than those of the control and antibiotic treatment. Concentrations of iron
and zinc of the liver were not significantly influenced by treatments. Populations of Cl. perfringens and Lactobacilli in the small
intestinal content were significantly (P<0.05) influenced by treatments. Population of Cl. perfringens decreased and that of Lac-
tobacilli increased in the copper supplemented groups. The result of this experiment showed that Cu-Met and Cu-SP are comparable
to antibiotic in improving egg production in laying hens. Birds fed diets supplemented with Cu-SP produced heavier eggs than those
fed diets with Cu-Met. There were no significant differences in the performances between 50 ppm and 100 ppm copper supple-
mentation as organic forms.

(Key words : Cu-methionine chelate, Cu-soy proteinate, laying hen, egg production)

M B %718 9F) 2= AgEglon, 2012l 7 E A F3

& A= AW AHE FAE dF otk et FAAE

T s U9 A 27 EAL WA R A A A F A= A FXE HUHAC g A7 BHS

34 EAo] TR AR H1E £ e ngﬂ %5 7} a7 AAlE o] sitt o] F st 1A AR el BE
SHF-TA] A2004-725 0] 2]sle] 53F A 5% ARl T o} ofdd o g Hit Hx]of de] AkgEo] gk

ox _llm

=]
B
H a1, 20073 129 FE & THA] 18E(FEA EA) 95, A7 8] Fele BE AlXolM A7le st w3 54l

" To whom correspondence should be addressed : ikpaik@cau.ac.kr



304 wlel7] 5 Al AbRel Cu-methionine Chelate$} Cu-soy Proteinate 37} &3}

824= cytochrome oxidase, lysyl oxidase, ceruloplasmin, su-
peroxide dismultase 52 22 oj2l7}A] E4Ee] Bz Q1zt
2 ZFg-3kcH(Klasing, 1998). Fisher 5(1973)2 |-412] Cu £
T-22 <F 8 ppm A E=(NRC, 1998)#] 7+ CuSO,; FE] = A&
Al A7 31 g3} 917) W&ol Cu 71522 100~300 ppm
FEe 2 Fs AR Akt Easisith. S
AbEol Cu 125~250 ppm H =S SAHs Jej 2 Algo] H
Fhele] A E -5, Qo(Paik’s, 1999)3} 715250 2
2H = 3aFS 7H4A)7) 31(PestiS} Bakalli, 1996) A8 &8
2 SA S M dvke Bat 2ol Atk(Roof ot
Mahan, 1982; Edmonds 5, 1985; Burnell 5, 1988; Cromwell
5, 1989; Baker &, 1991; ¥i217] &, 1991). &y F7]E)
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o =M AR FFo Aol ErFssH HIlth o=
FEAS AIHE FEAl F5F ol8&°] EoHWedekind
5, 1992; Aoyagi®} Backer, 1993) F-7H|EulE we U}
FTAME 279 BHE e F Q7] i AEEl
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w3 TH Q1 7], 2000; Paik 2001a). <Fe]d 4Fo 2 Cus
o] &gt A& e 7} i FEold e, Paik 5(1999
Cu-sulfate 2.t} Cu-methionine chelate B e 2 SA|| 3+
© o] W Ao R FElg A 2 VIdE 3
ot B39t Cu-soy proteinate= mineral amino acid che-
late©] chelating agent= 717 ©o] AF-&-31= methionineo] 1
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chelate= Cu 100 ppm 3 7}), Cu- SP 50(Cu- soy proteinate
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1) Cu-methionine Chelate(Cu-Met)

Cu-methionine chelate= Paik 5-(1999)2] ¥l ¢]dl D,L-
methioninex} copperE- 2: 1 H]&= ¥H8-A]#A Innobio Co. Ltd.,
Koreaol| A} #Z3F Copamin™(Cugt® 16.5%)= AM&-35l9ich

2) Cu-soy Proteinate (Cu-SP)

Cu-soy proteinate= ©]3H(2005)2] HPHel whe}l of TS
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Table 1. Formula and composition of control diet

Ingredients Percent

Corn (USA No. 3) 57.69
Soybean meal —44% 24.44
Limestone 9.72
Dicalcium phosphate 1.66
Corn gluten 3.36
Animal fat 2.50
Choline - 50% 0.05
L-Lysine - 78% 0.10
D,L-Methionine —98% 0.13
Salt 0.25
Vitamin-mineral premix" 0.10

Total 100.0%
Caluclated composition
ME (kcal/kg) 2,800
Crude protein (%) 18.00
Ca (%) 4.00
Available P (%) 0.40
Lysine (%) 0.90
Met + Cys (%) 0.70

! Contains per kg: vit A, 12,000,000 1U; vit Ds, 3,000,000 1U;
vit E, 15,0001U; vit By, 1,500 mg; vit B, 4,000 mg; vit Bg,
3,000 mg; vit B2, 15,000 mg; Ca-pantothenic acid, 8,000mg;
Folic acid, 500 mg; Oxyzero, 6,000 mg; Niacin, 20,000 mg;
Biotin, 100 mg; I, 1,000mg; Fe, 50,000 mg; Mn, 65,000 mg;
Zn, 65,000 mg; Cu, 9,000 mg; Co, 100 mg; Se, 150 mg.

48070 9] Al AMH st G2 A, 2, 2 A,
S8 Haugh unit 52] ¥4 HAMES AAlsSIoh d2 A=t
2}t A= Texture Analyser(Stable Micro System, UK)<} Dial
Pipe Gauge(Model 7360, Mitutoyo Co, Kwasaki 213, Japen)=
ol g3l St A &2 Color Fan(eggshell;
Samyang Co, Korea, eggyolk; Roche Co, Switzerland)S- ©]-&
3 =33t} Haugh unites s =43 5 HU for-
mula(Eisen 5, 1962)5 o]&3to] Alrtelith
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N
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T &z oalf AT A F Aol A EHS 23
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S WAISISATE 24413 gtel] F - 417](HEMACYTE; OSl,
Oxford Science, Inc)E ©]-83lo] &7 Z/J(Leukocytes, Eryth-
rocytes) S EA161¢13, 1,500 rpm o= 2087 AA Bl g
T IS w2 FEse] IgG, IgA A A7 s B
3FATE 1gG<} IgA 412 27} Chicken IgG 2 IgA ELISA
Quantitation Kit(BETHYL Laboratories, Inc. USA)E ©]-8-3}<]
=78k

4) 2 Wi Cu, Fe & zZn &=t &

gl QH g MAZHEE S AH S
Az & #A E4lste] Cu, Fe B Zn 3 g Al 2
2 o]g3lth Cu, Fe ¥ Zn 332 AOAC(1990) Wigell &
slo] dry digestiono. = A *2]& g+ 3 ICP(Inductively Cou-
pled Plasma Spectrometer; Perkinelmer, Optima 5300DV, USA)
£ ol gl ZHaIsch
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A HEAF| 3 5712 & B 7] (Gaspack System, BBL Mi-
crobiology System, Becton Dickinson & Co., Cockeysville, MD
2130, USA) o = w&Fstitt. A= vi=] 2l vjeF 271 Lac-
tobacilli =MRS agar(Lactobacilli selective agar, DIFCO, USA)
o 3714 oA 484131 v Fat3aL E. coli= MacConkey
agar(Escherichia coli selective agar, DIFCO, USA)el| 3714
Z7100| 4 24A17F 18] 31 Cl. perfringens= TSC agar (Tryptose
sulfite cycloserine agar, Scharlau, EU)oll &7]2 o= 2443}t
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Aol Lol Akze] BA Al fl5k] 7t whE
G TS SAS®(1996) GLM(General Linear Model)
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Table 2. Performance of laying hens fed experimental diets for 6 wks
Treatment"
Parameter SEM
Control Antibiotic Cu-Met 50 Cu-Met 100  Cu-SP 50 Cu-SP 100
Performance
Hen-day egg production (%) 88.6° 90.4® 90.2® 91.2° 90.3" 90.2% 0.48
Hen-house egg production (%) 88.6° 89.8" 90.1* 90.9° 90.3* 89.6® 0.54
Egg weight (g) 63.9" 64.4° 63.0° 63.1° 64.2° 64.3° 0.27
Broken & soft egg (%) 0.18 0.12 0.09 0.11 0.25 0.04 0.058
Feed intake (g/day) 114.6 116.6 114.2 115.0 116.1 116.4 0.75
Feed conversion
(feed /100 g egg mese) 2.03 2.00 2.01 2.00 2.00 2.00 0.035
Egg quality
Egg shell strength (kg) 3.38 3.52 3.61 3.53 3.54 3.47 0.012
Eggshell thickness (mm) 0.345 0.352 0.350 0.356 0.350 0.349 0.0028
Eggshell color 12.0 12.3 12.0 12.3 125 125 0.15
Egg yolk color 9.40 9.53 9.39 9.44 9.39 941 0.102
Haugh unit 92.8 92.6 91.9 91.9 93.2 93.9 0.64

! Control: control diet, Antibiotic: control diet + avilamycine 6 ppm, Cu-Met 50: Cu 50 ppm as Cu-methionine chelate, Cu-Met 100: Cu 100
ppm as Cu-methionine chelate, Cu-SP 50: Cu 50 ppm as Cu-soy proteinate, Cu-SP 100: Cu 100 ppm as Cu-soy proteinate.
> Means with the different superscripts differ significantly (P<0.05).
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2] Zkoll Folgh Apol7t gllet. w2t A= Tl 3 Al
7o)l dETEY e 7] 3lo] Cu-Met 50 22+
7} 3612 7F =%ka, tiE77) 3382 M wisko, &
o)A Q] Aol HolA] gkttt Lim¥} Paik(2003)2 Cu-MetS
A ALEW A7 FolAl b ATt ST AL Hast
At Lysyl oxidase= 72l & Srote Sa= dzete] 5
73321 collagene] Aol el she (Underwood, 1977), colla-
gena At Grhe] el gk S|, 7 ABA
= w2 collagenel] Aol A 43} dztel] o]/dol
A Z1cKKlasing, 1998). F2+ 7| HA] Cu H7FHEF A
A 77 izl vlel T el et 24
9l Aol ALk F2HAL Cu-SPe}F Al 7Sl ol
ETHEY =2 Aol Aoy A3t fo4 Abeol= 8l
ATk w2 2P| bl DA eIt frel A kel |1

21t} Haugh units Cu-SP A7 #E°] =& ¥k Cu-Met 3
7HrEC] B Aol AT

= A3 5 T X9 AT B4 AR Table
30 2.oFalith Melvin(1984)ell €]aha 71ellA A3 Leu-
kocytes<} Erythrocytes] %7 39|+ white blood cell(WBC) 1
2~30 K/ L, heterophil(HE) 3~6 K/ L, lymphocytes(LY) 7~
15 K/ L, monocyte(MO) 0.2~2.0 K/ 2L, eosinophil(EO) 0.0~
1.0 K/ 1L, basophil(BA) 0.0~0.3 K/ L, red blood cell(RBC) 2.
5~3.5 K/ 1L, hemoglobin(Hb) 7.0~13.0 M/ L, hematocrit(HCT)
22.0~35.0 g/dl, mean corpuscular volume(MCV) 90~140 fl,
mean corpuscular hemoglobin(MCH) 25~37 pg, mean corpu-
scular hemoglobin concentration(MCHC) 21~39 g/dLe]2}aL 3}

Table 3. The level of leukocytes, erythrocytes, 1gG and IgA in blood of laying hens fed experimental diets

Treatments
Parameter SEM
Control Antibiotic  Cu-Met 50 Cu-Met 100 Cu-SP 50  Cu-SP 100

WBC (K/ L) 16.0 15.2 14.2 16.9 17.7 141 2.73

HE (K/ L) 4.12 4.05 2.88 4.35 4.56 3.58 1.200

LY (K/xL) 9.26 8.22 6.77 10.03 10.46 7.07 1.325

Leukocytes' SI (HELY) 0.41 053 0.49 0.40 0.43 0.52 0.125
MO (K/ L) 1.87 1.80 1.35 1.90 1.92 135 0.351

EO (K/ L) 0.48 0.52 0.29 0.50 0.57 0.35 0.206

BA (K/xL) 0.14 0.16 0.09 0.12 0.19 0.11 0.087

RBC (K/ £L) 2.85 2.87 241 2.65 3.49 2.81 0.499

Hb (M/ zL) 121 113 111 117 118 113 0.55

, HCT (g/dL) 276 26.9 23.1 256 2338 237 2.20

Erythrocytes

MCV (f) 96.8 93.4 92.7 96.4 95.4 96.2 1.76

MCH (pg) 423" 415° 418" 443" 8.7 456" 1.22

MCHC (g/dL) 438 443 448 45.7 451 48.0 157
I9gG (mg/mL) 8.21 8.74 7.86 7.60 853 7.93 0530

IgA (mg/mL) 2.96 3.00 291 3.02 291 2.92 0.052

! Leukocytes: WBC; white blood cell, HE; heterophil, LY; lymphocytes, MO;monocyte, EO; eosinophil, BA; basophil, SI; (hetero-
phil/lymphocytes).

2 Erythrocytes: RBC; red blood cell, Hb; hemoglobin, HCT; hematocrit, MCV; mean corpuscular volume, MCH; mean corpuscular
hemoglobin, MCHC; mean corpuscular hemoglobin concentration.

Control: control diet, Antibiotic: control diet + avilamycine 6 ppm, Cu-Met 50: Cu 50 ppm as Cu-methionine chelate, Cu-Met 100: Cu

100 ppm as Cu-methionine chelate, Cu-SP 50: Cu 50 ppm as Cu-soy proteinate, Cu-SP 100: Cu 100 ppm as Cu-soy proteinate.

* Means with the different superscripts differ significantly (P<0.05).
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o}, 2 A@edA= Cu-Met 3 FrL*O] o)zl B8] 1gG
Foo] i wdroy FAA foak= gl
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4. 72+ Lt Mineral &2t
£ A4 7F W Cu, Fe B Zn k2 Table 491 2.0Fs)
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O F UlZT 12.8 ppmel Blwste] FoHo g =
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AR
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>
N
il

Hof 3ok o= Felo] Hol ol S7kehd 1t o] +
2] ghefo] Z713h=s B2 Hai(Bradley 5, 1983; Underwood
5 1977; Shurson ‘&, 1990; Baker ‘&, 1991; Ward 5, 1991;
woly] = 1991)9} Ax|stdeh. 7+ W) Trele] dake Tele]

ZAgFo] 91} ou:] 7o 7<47].

VL%

FF = Cu-SP H7F-E°] Cu-Met HA7MHHERET =&
73gko] At Al cust d3 2Hgo] 733t Feo} Zn2)
dFell= o4 ztol7t glith e AFAEd 95k
(Bradely 5, 1983; DoveQ} Haydon, 1991) A& W Fa]& H
7VelH dwrte] & ﬁxﬂoi Qlate] 7te] A kol
raste A9Ee] Baud vt 9l

A7k 570l ¥94F B

3T

B.
bA 9] 27 ] A Ee] B8 = Table 59 2.oFs}
3t} Cl. perfringens<} LactobaC|II|-4 F= A7t el
o|7} AATE HAMI Aol A<l Cl. perfringense] 4
= FAA 9 Cu H7HEol EHZ?LOH vl A aL, 53] Cu-
Met 1003} Cu-SP 50 A 2] grol| A= thztell Hls) frol 2 e
2 Atk E. coli 7= Fol4 ztol= fIAAIRE izl B]
& A B Cu H7HEo] A2 Agke] Ut olee A
HEL T 7P AW el midETES A W
Folgta B3 Ay A=) gcHBumell 5, 1988). A <)
T2 Lactobacilli =& Cu H7}-E0] tiz7v A -2}
H w3l wf Bokeh o2 g Ad= 71 Fel7h A
o vla fEldk Ju S 25t e AlAKET

~ o
=

¥ 232 Cu-methionine chelate(Cu-Met)2} Cu-soy protei-
nate(Cu-SP)7} At&tA| o] A A A7) n s = 2

Table 4. Effect of supplemental Cu sources on Fe, Cu and Zn content of liver

Treatments® (ppm, DM basis, Fat free)

Parameter SEM
Control Antibiotic Cu-Met 50 Cu-Met 100 Cu-SP 50 Cu-SP 100

Fe 440.6 397.6 368.3 4231 452.3 3934 57.36

Liver Cu 12.8° 18.4 205™ 25.6™ 22.9° 28.0° 3.44

Zn 72.1 81.2 71.0 78.9 779 76.0 6.14

! Control: control diet, Antibiotic: control diet + avilamycine 6 ppm, Cu-Met 50: Cu 50 ppm as Cu-methionine chelate, Cu-Met 100: Cu
100 ppm as Cu-methionine chelate, Cu-SP 50: Cu 50 ppm as Cu-soy proteinate, Cu-SP 100: Cu 100 ppm as Cu-soy proteinate.

47 Means with the different superscripts differ significantly (P<0.05).
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Table 5. Microbial population in the small intestinal content of laying hens at 44wks of age

Treatments® (cfu, logio/g)

Parameter SEM
Control Antibiotic Cu-Met 50 Cu-Met 100 Cu-SP 50 Cu-SP 100

Cl. perfringens 2,98 2.85% 2,62 234" 243 258" 2.185

E. coli 5.68 5.43 523 4.90 5.36 5.20 4,995

Lactobacilli 7.64° 7.71° 7.97° 8.12° 8.34° 8.02" 7.264

! Control: control diet, Antibiotic: control diet + avilamycine 6 ppm, Cu-Met 50: Cu 50 ppm as Cu-methionine chelate, Cu-Met 100: Cu
100 ppm as Cu-methionine chelate, Cu-SP 50: Cu 50 ppm as Cu-soy proteinate, Cu-SP 100: Cu 100 ppm as Cu-soy proteinate.
47 Means with the different superscripts differ significantly (P<0.05).
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