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Effects of Dietary Supplementation of Copper-Sulfate and Copper-Soy Proteinate
on the Performance and Small Intestinal Microflora in Laying Hens

Chan Ho Kim', Hwan Ku Kangl, Han Tae Bang”, Ji Hyuk Kim', Jong Hwangbol, Hee Cheol Choi',
In Kee Paik’ and Hong Kil Moon'

"Poultry Science Division, Livestock Resource Development, National Institute of Animal Science, RDA, Senonghwan 330-801, Korea
“Department of Animal Science and Technology, Chung-Ang University, Seoul 156-756, Korea

ABSTRACT The objective of this experimental was to investigate the effect of dietary Cu-sulfate and Cu-soy proteinate on
productive performance and small intestinal microflora. A total 1,000 Hy-Line Brown laying hens (35 weeks old) were
randomly allotted to 1 of 5 dietary treatments: Control, Cu-sulfate 50, 100 (50, 100 ppm Cu supplementation as Cu-sulfate)
and Cu-SP 50, 100 (50, 100 ppm Cu supplementation as Cu-soy proteinate). Each treatment was replicated 4 times with fifty
birds per replication, housed in 2 birds cages. Fifty birds units were arranged according to randomized block design. Feeding
trial lasted 5 weeks under 16L : 8D lighting regimen. Hen day egg production was significantly (P<0.05) higher in Cu treated
groups than control. Feed intake, broken and shell-less egg production was not significantly influenced by treatment. Eggshell
color, eggyolk color, haugh unit, and eggshell thickness were not significantly influenced by treatment. However, eggshell
strength was significantly (P<0.05) greater in Cu treated groups than control. Concentration of copper of liver was significantly
(P<0.05) greater in Cu treated groups than control. Concentration of zinc and iron of liver were not influenced by treatments.
Population of CI. perfrigens and Lactobacilli in the small intestinal content were significantly (P<0.05) influenced by treatments.
Population of CI. perfrigens decreased and that of Lactobacilli increased in the Cu supplement groups. In conclusion, dietary
Cu sulfate and Cu-soy proteinate similarly improves egg production, eggshell strength, and favors intestinal microbial population
of laying hens.

(Key words : Cu-sulfate, Cu-soy proteinate, laying hens, productive laying performance)
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Table 1. Composition and nutrient content of experimental diets

Items Basal

Ingredients (g/kg)

Corn 411.5
Wheat 150.0
Soybean meal 250.0
DDGS' 50.0
Canola meal 20.0
Tallow 5.0
Molasses 5.0
Oyster shell 10.0
Dicalcium phosphate 7.0
Limestone 87.0
Sodium chloride 2.0
Vitamin premix’ 1.5
Mineral premix’ 1.0

Total 1,000.0

Energy and nutrient content

ME, (kcal kg™ 2,706.0
Crude protein (g/kg™) 186.0
Calcium (g/kg™) 38.0
Available P (g/kg™) 33
Lysine (g/kg™) 9.7
Methionine (g/kg™") 3.1
Copper (mg/kg™) 13.3

' Corn distillers dried grains with soluble.

2 Provided per kilogram of the complete diet: vitamin A (from
vitamin A acetate), 12,500 IU; vitamin Dj;, 2,500 IU; vitamin
E (from DL-o-tocopheryl acetate), 20 IU; vitamin K, 2mg;
vitamin B, 2 mg; vitamin B,, 5 mg; vitamin Be, 3 mg; vita-
min By, 18 pg; calcium pantothenate, 8 mg; folic acid, 1 mg;
biotin, 50 pg; niacin, 24 mg.

? Provided per kilogram of complete diet: Fe (as FeSO, - 7TH0),
40 mg; Cu (as CuSOs4-H;0), 8 mg; Zn (as ZnSO, - H0), 60
mg; Mn (as MnSO, - H,O) 90 mg; Mg (MgO) as 1,500 mg.
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forming unit (CFU)S.2 A4t & logloLo 2 FHAelITh

5) 4 &4
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ProcedureZ ©]-8-3l] AR E #4319 o1, Ftest 23, &
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Table 2. Effects of Cu-sulfate and Cu-soy proteinate in diets on laying performance of laying hens'

Dietary treatments®

Items SEM  P-value
Basal Cu-sulfate 50  Cu-sulfate 100  Cu-SP 50  Cu-SP 100
Laying performance
Hen-day egg production (%) 93.49° 95.22° 95.15* 95.06" 95.72* 039 001
Feed intake (g/d/hen) 126.2 123.8 123.6 1243 1239 0.52  0.11
Feed conversion ratio (g/g) 2.03 1.96 1.95 1.95 1.95 0.034  0.08
Egg weight (g) 66.42 66.45 66.92 67.08 66.56 0.67 095
Broken and shell-less eggs (%) 0.08 0.09 0.08 0.07 0.07 0.020 0.93

> Means with the different superscripts differ significantly (P<0.05).

' Data are least square means of 4 replicates per treatment.

? Basal = Basal diet; Cu-sulfate 50 = Basal diet + Cu-sulfate 50 ppm; Cu-sulfate 100 = Basal diet + Cu-sulfate 100 ppm;
Cu-SP 50 = Basal diet + Cu-soy proteinate 50 ppm; Cu-SP 100 = Basal diet + Cu-soy proteinate 100 ppm.

Alde] F45 B8] g8l Al B A, 3
W4, Haugh unit 5] 57 352 Table 3°]
S e T AUHEC] 2T} Blust
o] F2A 2 2(P<0.05) Bt 5.1% S715F3 Tk Lim and Paik
(2003)2 Cu-methionine chelateE 2FHAl A& W A7} Fol
A W Aot SRt Raske o, Mely] $(2008)2
Cu-SP 7} Al &2 A=rt A8 S7hghcta Bashsd
t}. Lysyl oxidase= T8l & Tdt= E4E de] 34

°1 collagen®] §4dell #+d3}H(Underwood, 1997), collagen
Fzpeta} dzho] e JFE Fedl, TE 2jAle

Zhake] collagenol] Aol YA 743} dztol] o] o] A

Th(Klasing, 1988). &2t 57, 2b4, d&A Haugh unit
AT bl ztel= giith

ol g ro e

3. 2+ i Mineral(Cu, Fe and Zn) &2t
Cu-sulfate®} Cu-SP7} ZHH Cu, Fe 2 Zn ol n|X &=

Table 3. Effects of Cu-sulfate and Cu-soy proteinate in diets on eggshell quality of laying hens'

Dietary treatments’

Items SEM  P-value
Basal  Cu-sulfate 50  Cu-sulfate 100  Cu-SP 50 Cu-SP 100
Eggshell quality
Eggshell strength (kg/cm ?) 3.77° 3.90° 4.01° 3.95° 3.99* 0.042  <0.01
Eggshell thickness (um) 396.0 412.5 420.0 407.5 403.0 6.47 0.15
Eggshell color
L* 53.14 54.08 53.09 54.20 53.20 0.42 0.20
a* 15.89 15.83 14.90 14.89 15.34 0.34 0.12
b* 20.81 20.51 2041 20.81 2041 0.09 0.36
Egg yolk color 8.07 8.18 7.98 8.10 8.00 0.06 0.23
Haugh units 88.03 87.02 85.90 87.32 87.27 1.02 0.68

> Means with the different superscripts differ significantly (P<0.05).

' Data are least square means of 4 replicates per treatment.

? Basal = Basal diet; Cu-sulfate 50 = Basal diet + Cu-sulfate 50 ppm; Cu-sulfate 100 = Basal diet + Cu-sulfate 100 ppm;
Cu-SP 50 = Basal diet + Cu-soy proteinate 50 ppm; Cu-SP 100 = Basal diet + Cu-soy proteinate 100 ppm.
? Hunter values for lightness (L*), redness (a*) and yellowness (b*).
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ozt B skl 2 A¥-& Cu-sulfate®} Cu-soy proteinate(Cu-SP)7| A+gh
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Cu-sulfate®} Cu-SPA 7}l WE ) YR B4 25= Al(Hy-Line Brown) 1,00055 A3l AF 2t 4 A o]
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B
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Table 4. Effects of Cu-sulfate and Cu-soy proteinate on Fe, Cu and Zn content of liver'

59 507825 78 AelA 2570) G oz o] ujA]

Dietary treatments® (ppm, DM basis, Fat free)

Items SEM P-value
Basal Cu-sulfate 50 Cu-sulfate 100 Cu-SP 50 Cu-SP 100

Fe 430.5 410.8 4253 393.4 397.6 57.25 0.86

Liver Cu 15.7° 21.7° 26.6" 23.2° 29.1° 0.89 <0.01

Zn 72.1 85.6 83.5 82.5 78.5 6.15 0.75

> Means with the different superscripts differ significantly (P<0.05).
' Data are least square means of 4 replicates per treatment.

2 Basal = Basal diet; Cu-sulfate 50 = Basal diet + Cu-sulfate 50 ppm; Cu-sulfate 100 = Basal diet + Cu-sulfate 100 ppm;

Cu-SP 50 = Basal diet + Cu-soy proteinate 50 ppm; Cu-SP 100 = Basal diet + Cu-soy proteinate 100 ppm.

Table 5. Effects of Cu-sulfate and Cu-soy proteinate on microbial population in the small intestinal content of laying hens'

Dietary treatments

Items SEM P-value
Basal Cu-sulfate 50 Cu-sulfate 100 Cu-SP 50 Cu-SP 100
- cfu logi/g -
Lactobacillus 7.54° 9.53° 8.16° 9.42° 8.49° 0.083 0.04
Escherichia coli 5.37 4.98 4.72 435 5.22 0.476 0.76
Clostridium perfringens 291° 2.54° 2.34° 1.88° 2.47° 0.213 0.03

*> Means with the different superscripts differ significantly (P<0.05).
! Data are least square means of 4 replicates per treatment.

? Basal = Basal diet; Cu-sulfate 50 = Basal diet + Cu-sulfate 50 ppm; Cu-sulfate 100 = Basal diet + Cu-sulfate 100 ppm;

Cu-SP 50 = Basal diet + Cu-soy proteinate 50 ppm; Cu-SP 100 = Basal diet + Cu-soy proteinate 100 ppm.
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