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Table 1 The composmon of basal diets for pigs
Grower Finisher
Ingredients,%
Yellow corn, grd. 75.00 82.00
Soybean meal, 43.5% CP 22.00 16.00
Dicalcium phosphate 1.20 1.00
Limestone, pulverized 0.80 0.80
Salt 0.40 0.40
Vitamin premix® 0.10 0.10
Mineral premix” 0.15 0.15
L-Lysine-HCI, 78% 0.1 0.05
Choline chloride, 50% 0.1 0.1
Calculated value
Crude protein, % 15.50 13.50
Digestible enerev. kcal/ke 3400 3400
Calcium, % 0.72 0.61
Available phosphorus, % 0.35 0.32
Copper, ppm 10.50 6.50
Zinc, ppm 13.70 23.80
Analyzed value
Crude protein, % 15.20 13.90
Calcium, % 0.78 0.65
Total phosphorus, % 0.65 0.61
Copper, ppm 9.80 5.80
Zinc, ppm 11.50 22.50

* Supplied per kilogram of diet: vitamin A, 6000 IU ; vitamin D;, 800 IU ; vitamin E, 20 IU; vitamin K, 4
mg; vitamin B, 4 mg; vitamin Bg 1 mg; vitamin B,,, 20 pg; Niacin, 30 mg; Pantothenate, 16 mg;
Biotin, 0.1 mg; Folic acid, 0.5 mg.

® Supplied per kilogram of diet : Fe (FeSO,), 140 mg ; Mn (MnSO,. H,0), 20 mg ; I (KI), 0.45 mg ; Co
(CoS0y), 0.27 mg ; Se (Na,Se03), 0.27 mg.
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Table 2. Effects of dietary copper 25 ppm and zinc levels on the copper and zinc excretion and
retention for growing pigs (Trial 1)

Dietary zinc levels, ppm

[tems 60 (58)" 120 (120) 180 (176) 250 (247) SEM
Copper intake, mg/day 354 37.1 33.5 36.1 1.12
Fecal copper concentration, ppm 176.2° 192.0%° 180.3% 198.8° 5.68
Copper in urine, mg/day 0.60 0.66 0.82 0.77 0.12
Copper in feces, mg/day 26.10 27.70 28.10 30.70 3.56
Copper excretion, mg/day 26.70 28.40 29.72 31.47 3.56
Copper retention, mg/day 8.70 8.70 4.60 4.63 4.26
Apparent copper dig.~, % 24.67 23.29 16.12 14.95 5.90
Zinc intake, mg/day 119.49 211.8° 280.7° 355.4° 14.12
Fecal zinc concentration, ppm 636.0° 1133¢ 1350° 1783° 54.17
Zinc in urine, mg/day 0.76° 2.98° 4.91% 11.93% 0.13
Zinc in feces, mg/day 94584  163.8° 209.7° 276.7° 15.15
Zinc excretion, mg/day 95.34 166.8° 214.6° 288.7° 15.15
Zinc retention, mg/day 24.06° 44.93° 66.04" 66.66" 21.15
Apparent zinc dig.,% 19.93 21.20 23.58 18.68 7.80

b¢d Means without the same superscripts in the same row differ significantly (P < 0.05).

X Based on dry matter.

“Numbers in parentheses are analyzed value.

Y Apparent digestibility = intake (amount x concentration )-excretion in feces (amountx concentration).
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0 ppm and zinc levels in corn-soybean meal diets on copper and zinc
excretion and retention for growing pigs (Trial 2)*

Dietary zinc levels, ppm

[tems 60 (54)*  120(113) 180 (167) 250 (241) SEM
Copper intake, mg/day 64.17 62.59 69.79 65.19 1.05
Fecal copper concentration, ppm 363.3% 350.6° 367.3% 391.5° 12.1
Copper in urine, mg/day 0.54 0.81 0.51 0.33 0.018
Copper in feces, mg/day 50.24 54.26 55.65 62.67 3.94
Copper excretion, mg/day 50.78 55.07 56.16 63.00 3.94
Copper retention, mg/day 13.33 7.52 13.62 7.16 4.16
Apparent copper dig., % * 20.7 12.03 18.99 11.37 6.30
Zinc intake, mg/day 75.97¢ 144.6° 220.6 336.6" 12.13
Fecal zinc concentration, ppm 459¢ 832° 1233 1833* 71.33
Zinc in urine, mg/day 0.33¢ 0.68" 0.60° 0.71° 0.014
Zinc in feces, mg/day 52.79¢ 127.6° 187.5° 293.5° 12.55
Zinc excretion, mg/day 63.36° 128.3¢ 188.1° 294.2° 12.55
Zinc retention, mg/day 12.28¢ 16.26° 32.52° 42.36° 14.73
Apparent zinc dig., % 16.17% 11.30° 14.71* 11.05° 2.30

0¢d Means without the same superscripts in the same row differ significantly (P < 0.05).

*Based on dry matter.

Numbers in parentheses are analyzed value.
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Table 4. Eftects of dietary copper 25 ppm and zinc levels on the copper and zinc excretion and retention
for finishing pigs (Trial 3)*

Dietary zinc levels, ppm

Items 50 (54)"  100(107) 150 (149) 250 (260) SEM
Copper intake, mg/day 50.81 56.72 53.29 54.40 1.97
Fecal copper concentration, ppm 324.8 343.6 329.0 352.9 15.18
Copper in urine, mg/day 0.227 0.451 0.293 0.325 0.14
Copper in feces, mg/day 43.32 49.25 46.25 44.01 2.30
Copper excretion, mg/day 43.54 50.11 46.54 44.34 2.35
Copper retention, mg/day 7.26 6.61 6.74 10.05 0.05
Apparent copper dig., % * 14.29 11.11 12.72 17.12 2.88
Zinc intake, mg/day 109.8¢ 213.7¢ 299.2° 521.0° 1.36
Fecal zinc concentration, ppm 368¢ 1021° 1185° 2244 47.09
Zinc in urine, mg/day 0.892° 1.444° 1.597° 3.063° 0.32
Zinc in feces, mg/day 95.93¢ 187.1°¢ 266.0° 456.2° 19.08
Zinc excretion, mg/day 96.83¢ 188.7¢ 267.4° 459.3" 19.14
Zinc retention, mg/day 13.02¢ 25.06° 31.83 61.71° 19.23
Apparent zinc dig., % 11.71 11.73 10.75 11.79 5.6

ab¢.d \eans without the same superscripts in the same row differ significantly (P < 0.05).

X Based on dry matter.

“Numbers in parentheses are analyzed value.

Y Apparent digestibility = intake (amount x concentration )-excretion in feces (amount x concentration).
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Table 5. Ef[‘ects of dietary copp er 50 ppm zinc levels on copper and zinc excretion and retention for
finishing pigs (Trial 4)*

'_rT |

Dietary zinc levels, ppm

[tems 50 (51)* 100 (117) 150 (165) 250 (254) SEM
Copper intake, mg/day 81.22 77.96 78.62 75.45 2.30
Fecal copper concentration, ppm 221.67° 242.8° 232.9° 267.7° 6.29
Copper in urine, mg/day 0.126 0.126 0.113 0.09 0.02
Copper in feces, mg/day 67.101 63.37 67.46 62.21 5.01
Copper excretion, mg/day 67.22 63.50 70.57 62.3 5.01
Copper retention, mg/day 14.00 14.46 11.04 13.15 5.35
Apparent copper dig., % * 16.90 18.56 14.04 17.43 6.6
Zinc intake, mg/day 87.46¢ 206.0° 288.9° 447.2° 2.95
Fecal zinc concentration, ppm 4929 1016° 1333 2516 74.50
Zinc in urine, mg/day 0.68° 1.047% 1.44% 3.92° 0.98
Zinc in feces, mg/day 76.49° 189.6° 254.3° 397.8° 25.55
Zinc excretion, mg/day 77.17° 190.6° 255.8° 401.7° 26.20
Zinc retention, mg/day 10.29° 15.33° 33.09" 4554°  25.52
Apparent zinc dig., % 12.10 7.30 11.5 12.1 7.5

0¢d Means without the same superscripts in the same row differ significantly (P < 0.05).
X Based on dry matter.
“Numbers in parentheses are analyzed value.

Y Apparent digestibility = intake (amount x concentration) — excretion in feces (amountx concentration).
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Table 6. Effects of dfetary zinc levels on serum copper, zinc, iron, magnesium contents for growing pigs
(Trial 1 and Trial 2)

Dietary zinc levels, ppm

Items » SEM
60 (54) 120 (113) 180 (167) 250 (241)

Copper, mg/L 0.90 1.00 0.89 0.91 0.043

Zinc, mg/L 2.29° 2.66° 2.38% 2.43% 0.194

Iron, mg/L 0.91 1.10 0.81 0.83 0.102

Magnesium, mg/L 13.65° 14.55° 13.28° 13.20° 0.283

b Means without the same superscripts in the same row differ significantly (P < 0.05).
“Numbers in parentheses are analyzed value.
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Table 7. Effects of dfetary zinc levels on serum copper, zing, iron, magnesmm contents for finishing
pigs (Trial. 3 and Trial 4)

Dietary zinc levels, ppm

ltems 50(51)° 100 (117) 150 (165) 250 (254) SEM
Copper, mg/L 0.81° 1.00° 0.88% 0.91% 0.042
Zinc, mg/L 1.50° 3.00°  2.39%® 2.58% 0.304
Iron, mg/L 0.69 0.70 0.82 0.97 0.056
Magnesium, mg/L 13.25° 13.50°  13.05% 12.15° 0.342

b Means without the same superscripts in the same row differ significantly (P < 0.05).
“Numbers in parentheses are analyzed value.
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Abstract

The purpose of these trials were to determine dietary zinc level effect on copper and zinc retention
and excretion in pigs. This experiment included four trials, each included 24 crossbred barrows with 12
pigs in each replicate. The basal diets for growers contained 25 ppm Cu in Trial 1 and 50 ppm Cu in Trial
2. The grower basal diets were supplemented with ZnO, 60, 120, 180 and 250 ppm Zn, respectively. The
finisher basal diet contained 25 ppm Cu in Trial 3 and 50 ppm Cu in Trial 4. The finisher diets contained
50 ~ 100 ~ 150 and 250 ppm Zn, respectively. The pigs were adapted to metabolic cages during the pretest
period. Feces and urine samples were taken for 5 days with excretion, retention and Cu and Zn digestibility
measured. The results indicated that dietary Cu levels did not affect the urinary and fecal Cu
concentrations, Cu excretion, and apparent digestibility in growing pigs. The increase in dietary Zn levels
significantly (P < 0.05) increased the urinary and fecal Zn content, Zn fecal concentration and Zn retention,
but did not affect Zn digestibility during the growing period. The dietary Cu levels for finishing pigs
showed no effect on urinary and fecal Cu, Cu and Zn excretion. The increase in dietary Zn elevated the
urinary and fecal Zn concentration, excretion and retention of Zn (P < 0.05). It was concluded that
increased Zn in the diet significantly increased (P < 0.05) Zn excretion, shown in the linear and quadratic
regression responses. The maximal level for Zn in manure for the China National standard is 800 ppm, it is

suggested that Zn in growing and finishing diets be under 125 and 95 ppm , respectively.

Key words : Pig, Zinc, Copper, Excretion.

(1) Contribution No 1204 from Livestock Research Institute (LRI), Council of Agriculture (COA),
Executive Yuan.

(2) Nutrition Division, COA-LRI, Hsinhua 712, Tainan, Taiwan, R.O.C.

(3) Corresponding author.



