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Table I. The composition of experimental diets (kg)

Ingredients Grower Finisher
Yellow corn (CP 7.5% ) 670.0 690.0
Soybean meal (CP 43.5% ) 190.0 196.0
Fish meal (CP 60% ) 30.0 +
‘Wheat bran 60.0 60.0
Molasses 20.0 20.0
Limestone 6.0 10.0
Dicalcium phosphate 13.0 14.0
Choline chloride (50%) 1.0 1.0
Salt 5.0 4.0
Vitamin premix " 1.0 1.0
Mineral premix 40" 40"
Total 1.000 1,000

x

Vitamin premix provided per kilogram of diet as following: Vitamin A, 6,000 1U; Vitamin D3, 800 IU;
Vitamin Bz, 0.02 mg; Vitamin E, 20 IU; Vitamin K3, 4 mg; Riboflavin, 4 mg; Pantothenic acid, 16 mg;
Niacin, 30 mg; Pyridoxine, lmg; Folic acid, 0.5mg; Biotin, 0.1mg.

Mineral premix provided per kilogram of diet as following: Fe, 140 mg; Mn, 20 mg; Zn, 70 mg; I, 0.45 mg
; No addition of Cu in A diet, B, C and D were added 35 mg Cu as copper sulfate, Cu-proteinate and Cu-
7 PGA, respectively.

" Mineral premix provided per kilogram of diet as follows: Fe, 140 mg; Mn, 20 mg; Zn. 70 mg; 1, 0.45 mg ;

No addition of Cu in A diet, B and C were added 35 mg and 5 mg Cu as copper sulfate, respectively, D diet

was added 5 mg Cu as Cu-proteinate.
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Table 2. The composition of experimental diets

Growing period Finishing period
Items
A* B C D A B £ D
Calculated value
CP', % 15.5 15.5 15.5 15.5 14.0 14.0 14.0 14.0
DE, kcal/kg 3267 3267 3267 3267 3268 3268 3268 3268
Copper?, mg/kg 16.0 51.0 51.0 51.0 9.6 44.6 14.6 14.6
Zinc?, mg/kg 103.5 103.5 103.5 103.5 101.7 101.7 101.7 101.7
Analyzed value
DM. % 88.2 88.2 88.4 87.9 87.2 87.3 87.6 87.4
CP, % 15.3 15:2 15.3 154 14.2 14.1 14.0 14.1
Copper®, mg/kg 15.7 58.5 56.9 46.2 16.0 59.7 28.0 273
Zinc*, mg/kg 124.0 115.0 126.8 116.0 111.8 117.2 119.5 125.8

* Growing period: No addition of Cu in A diet, B, C and D were fed basal diet with 35 mg Cu/kg by adding
of CuSOq, Cu-proteinate or 7 -PGA-Cu, respectively; Finishing period: No addition of Cu in A diet, B and
C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CuSQy, respectively, D diet was added 5 mg
Cu/kg as Cu-proteinate.

CP: crude protein (N X 6.25); DE: digestible energy; DM: dry matter.

The levels of copper and zinc in basal diets (diets DM basis) for growing or finishing period were 16.0 and
33.5 mg/kg, and 9.6 and 31.7 mg/kg. respectively.

Dry matter basis.

¥

BRI R A S ERHEERERCEE - JINE 3 - ZHHFEEE S RIAN SRR
FIST » B DA (WS IN v -PGA BUSAUER ) SMERIAIE | kg LLE - b8 D §12 ADFI S (P
< 0.05) SICfh —fH Ry D IETTRACR - BHFEER 130 HBRFHIEEE 70 kg DL BN BRAEST IS IH
ikl - GUERRSHIRFRR D MNP EITEE 100 kg o H15E LSRRG ADG ~ ADFI K G/F
RIAHEE « NRC (1998) figH » A RACHIHHEE (I 20-120 kg) & H S HAE 7.42-9.23 mg i
MASER A SIERIA DU R — KSR R o AR (% 1) - o RINEE &S e
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Table 3. Effect of adding various forms of copper to diet on growth performance of pigs

Groups A* B C D SE

Growing period (BW 41.1-64.9 kg)

ADG', kg/d 1.00 1.04 1.04 0.99 0.04
ADFI', kg/d 2.50° 2.49° 2.53° 2.38° 0.04
G/F', kg/kg 0.40 0.42 0.41 0.42 0.02

Finishing period (BW 72.7-100.0 kg)

ADG, kg/d 0.99 0.94 0.95 0.92 0.04
ADFI, kg/d 3.23 3.07 3.24 3.12 0.08
G/F, kg/kg 0.31 0.31 0.30 0.30 0.01

Overall period (BW 41.1-100.0 kg)

ADG, kg/d 0.96 0.92 0.95 0.93 0.04
ADFI, kg/d 2.60 2.54 2.60 2.49 0.05
G F. kg/kg 0.37 0.36 037 0.37 0.02

Growing period: No addition of Cu in A diet, B, C and D were fed basal diet with 35 mg Cu/kg by adding
of CuSQa, Cu-proteinate or 7 -PGA-Cu, respectively; Finishing period: No addition of Cu in A diet, B and
C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CuSQ,, respectively, D diet was added 5
mg Cu/kg as Cu-proteinate.

ADG: average daily gain; ADFI: average daily feed intake; G/F: gain/feed.

" Means within the same row without the same superscript are significantly different (P <0.05).
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(2001) fEHHASHE 100 kg MUFE LG HIE KPR ZHRMEERY 1.54- 1.66 kg K¢ 3.26 L » ARGERIEE AL
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DL 0.84 APU fiGt.z) - MESEAGES VOEIA AT A - Bl 0 B 5 5 i S Dt AL i 1 R U
Z[EIEF 5 SRR R RBE . R o A RS GERE Y BT v Sl R B At 2 R - D RE3E
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TREE 75 HL 1 1 e H Sk R S ot ik 2 B e (6 o SR P A ] 3% - LBERSF (1992) J¢ Creech et al.
(2004) BFFFEHEHY » S0 {5E 5 0% 5 25 e R e o SR I TO B (R0 A SUPERE - R ERUIRHE P SEEE R S ey 8
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Table 4. Effect of adding various forms of copper to diet on feces and urine excretion of pigs

Groups A* B & D SE
IBW' kg 63.4 66.3 65.8 63.9 2.9
DMI', g/d 1764 1720 1761 1697 25
Fecal
Excretion, g/d 812 732 873 736 58
Moisture, % 69.03 69.01 68.99 68.62 1.08
DM!, g/d 250 225 271 231 16
Copper (DM), mg/kg 56.7 168.4" 155.0° 129.0° 6.2
Copper
Intake, mg/d 28.2° 102.8* 104.2° 88.8" 1.4
r'ecal, my/d 14.2¢ 37.8*° 42.0° 30.1° 2.7
Digestibility, % 49.70° 63.2° 59,74 66.18" 3.32
Urinary excretion, L/d 4.81 4.78 3.21 3.85 1.10

* Growing period: No addition of Cu in A diet, B, C and D were fed basal diet with 35 mg Cu/kg by adding
of CuSOy4, Cu-proteinate or 7 -PGA-Cu, respectively; Finishing period: No addition of Cu in A diet, B and
C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CuSQs, respectively, D diet was added 5
mg Cu/kg as Cu-proteinale.

IBW: initial body weight; DMI: dry matter intake: DM: dry matter.

> Means within the same row without the same superseript are significantly different (P < 0.05).
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e F bl aR B e SR R PR R L L W > AT IR PEAR « RS RER T SR09 B 240 - SRR h 2
&~ SRR - ALIMER R MATSE & BT (R 5) » M1 A M (CGREESMERIOE ) 137 o o 8 JE 2 B I
fits =HASIARAT - SRS DA — KSR R SE SRURHAY B - AN B S i
S~ HEED ~ ALIMER B IMAL IR 6L o B #HA C #HFE SR 2 SN I REH TY LAY ER 35 F0 5
mg/kg + #8347 i b Sy 58.5 KT 28.0 merkg (38 2) o (T BAHEE I o 0% S 5 E B
B C ke (F25) » Ul Veum er al. (2004) TFFEZ 459 + ML b oz S0 FEE 5 5 Al it vy i 5 0k (0
vs. 250 ppm) MhNifIdes « % (1992) fEIOk—FECE (% 3.56 ppm (9§1) o HIASMNR
e CA98E 0 + 5~ 10 ~ 30 Jz 50 mg/kg FREAGR AR » TRIEEUM 5 o < 6 i SR it o
5 3 B i S B S 2 G LA Creech er al. (2004) fERBELRY 59-109 kg (54 S 674 o 5351
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wRim 25 (HEEEAI) 5 (CHEEEAUEC) T 5 mg/kg (CHHETULC) AUE - S5 MLEIR DN 25 me/kg [N

FAFEAE R T A o S 1 S A et A R R o IR ERS AR« ANEABE S I

A 200-300 pg/dL » 8 Lillie ef al. (1977) ¥4 » FEELFIS T 10-100 kg BF > 18 ch i g e i
A 1.27-1.41 ppm (I 127-141 g g/dL) [R5 00 -
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Table 5. Effect of adding various forms of copper to diet on blood trait of pigs

Groups A* B 5 D SE

Cu, 12 g/dL 249" 301° 198" 239% 35

Fe, u g/dL 121 130 127 11 9

Ferritin, ng/mL 21 23 20 22 3

RBC, x 105y L 7.1 7.2 6.9 7.0 0.2
Hemoglobin, g/dL 12.7 13.4 12.8 12.8 0.3
Z

Growing period: No addition of Cu in A diet, B, C and D were fed basal diet with 35 mg Cu/kg by adding
of CuSO., Cu-proteinate or v -PGA-Cu, respectively; Finishing period: No addition of Cu in A dict, B and
C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CuSOa, respectively, D dict was added 5
mg Cukg as Cu-proteinate.

" Means within the same row without the same superscript are significantly different (P <0.05).

A RAABRRE R R - JIAFRAIEIUE FAT CHE (AT AR 7 }“JWL'F‘-{‘

TREMGERBE » R AR 6 - FiglE= A - ESEE ~ BiE - JEf - 15hE)Y ?l"'?‘"‘**hf’\]
?‘*”EHHHE"\ ' %JL@%HF%W*EL v BURIERL K — KT T B IR B ‘“”Ei’f/i (" }J 0-35 mg/
kg 18 SRR EIMEIR - thEL Ward ef al. (1991) J¢ Myer ef al. (1992) $51H - falfhi ch &

fit (0 vs. 250 ppm) EN A i vl b e Y

gal AR I [E kﬁzéﬁl'ﬁL%?fﬂ’ LS R e R T 0 HICh TR ~ R A e e
Z SR R % » Bl Luo and Dove (1996) 7t T8 [ R R 2 8] F BIAY 007 2 5 20 - &4
Eiliig %‘ZW&]JLri&miﬁfﬁﬁ‘hﬁfﬁﬁffﬂﬂ * B OAHHE T~ TR N R o 1 gl AT T S g S R
A1 D ffl - D #H 5 C #F4%& » Luo and Dove (1996) ¥ {R %%l fil [ &/ MA NG AE S 7Y LU 8 1S
K 250 ppm » FEFITRAN 250 ppm FE A G TR ~ (B gV Ik - 0 e P A 3 S BN 15 ppm L
Foi © de Lima et al. (1981) QI LAEHS MR ITIRAEE S 2U 0098 0 K 250 ppm falfht » AL 56 S
SEAFEAR R 250 ppm 7 I K o 1 S 3 EE SR A AP R D0 A R 2 RS G - P A B 2 S SRAT
7£ i Prince ef al. (1984) $HH » FE L ERUREEIMNARIMNET - (EHETE 93 kg WFRESE - FLIFREE P #d08s
HERs 32 ppm » RIBEASGKERRT RAHEL - M8 P F RS ~ GEA IR - 8] phlE 2 2 i m ek
Haoh - SRR EIRE AR BOR AR SRR 35 ma/kg IM B AH o+ LR 5
BHEA LB IGHR Joi (P < 0.05) « AGAESEAE 1 FE E 100 kg [FF1E 52 H)(Ti ot s S T T
7 6.7-10.2 ppm ~ EEEHIA T 15.9-21.2 ppm [8] ¢ 5 Luo and Dove (1996) WF7edaH + (575 45 il fit 6
S 15 vs. 250 ppr A3 AR T, Cp SR Y L “’1 0.88 vs. 0.90 ppm - [fij [k - G140 FEE HIEEHEG
0.08 ppm ZFERAGEEC S - Lillie ef al. (1977) 458{1) » SIHEEI LR R — ARk B 20R - R
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SRR SR - FEFEEREE 100 kg BERESE » HFEE - BBATE s 2 L0 S8 EE o bl By 26.0
33.9 1 1.5 ppm » FERAGRES 5 S AHT -
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Table 6. Effect of adding various forms of copper to diet on carcass characteristics of pigs

Groups A" B C D SE
Number of pigs 6 6 6 6

Slaughter age, day 165.5 166.4 166.4 - 165.1 1.6
Slaughter weight, kg 108.0 107.7 105.7 106.4 1.5
Carcass weight, kg 89.1 89.7 87.6 87.9 1.10
Carcass length, cm 100.0 100.3 9R .4 99.1 0.9
Backfat thickness, mm 224 22.6 23.1 26.2 1.6
Percentage lean, % 51.78 50.79 52.67 51.98 0.60
Percentage fat, % 12.67 13.82 13.49 13.02 0.84

* Growing period: No addition of Cu in A diet, B, C and D were fed basal dict with 35 mg Cu/kg by adding
of CuSOy, Cu-proteinate or 3 -PGA-Cu, respectively; Finishing period: No addition of Cu in A diet, B and
C were fed basal diet with 35 mg and 5 mg Cwkg by adding of CuSOy, respectively. D diet was added 5 mg
Cu/kg as Cu-proteinate.

e 7. GBI IR 2 S B S S SRR B i b & i 2

Table 7. Effect of dictary supplementation with various forms of copper on viscera, Longissimus dorsi
muscle and bile copper concentration for pigs

Groups A* B G D SE

———————————————————————— mg/kg dry matter

Liver 27.0 27.8 32 g2 2.0
Pancreas 9.1% 10.2° 8.1 6.7° 1.0
Spleen 20.5" 2128 15.9" 18.4% 1.6
Kidney ¥15 441 36.2 45.8 35
Bile 4.2 i Ko 3.9 0.9
Longissimus dorsi muscle 1.0 1.0 0.9 0.9 0.3

Growing period: No addition of Cu in A diet. B. C and D were fed basal diet with 35 mg Cu/’kg by adding
of CuSOa, Cu-proteinate or y -PGA-Cu, respectively: Finishing period: No addition of Cu in A diet. B and
C were fed basal diet with 35 mg and 5 mg Cu/kg by adding of CuSOy. respectively, D diet was added 5
mg Cu/kg as Cu-proteinate.

Y Means within the same row without the same superscript are significantly different (P <0.05).
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AGA B TE B s A AR A S (RRERE - OB S® K v -PGA §i]) - B ER
GATHE AR - EEREOE AR P av & B 0 M NRC (1998) ¥l H 20-120 kg 5% 52 i) #3275 22 4k
(4-3 mg/kg diet) -+ FFEIHEOLAL (28.2 mg/day ) JREEHEERL (7.42-9.23 mg/day) % » HAEEN
E ~ M MEAR AN R e MK F B I At = AR - VR AR RO 5SS AR 0ok — KR R R
BN AT R ISR S A R K .

\

ZE

R IS AHE — A S A - 2000 - BT RBRHE ISR -

EME RIS - 1988 - SEAFEEIEFENFN Sk -

GAEEREAT - 1993 - FEWIRAEBALME TEREE - TFMEIIA > p. B - 5@EEERBAHE
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Abstract

The purpose of this study was to investigate the effect of dietary supplementation with different forms
or levels of copper on the growth. carcass quality and lean meat composition of growing-finishing pigs. A
total of 48 LD (Landrace ¥ X Duroc [ ) pigs, half barrows and half gilts, were assigned to four dietary
treatments when their body weights were 41.3 % 1.3 kg. Group A (without extra Cu added) was control which
was provided with the basal diet during growing-finishing stage. In the growing period, pigs in the groups B,
C and D were fed basal diet (CP 15.5% and DE 3,250 kcal/kg) with 35 mg copper/kg by adding CuSO4, Cu-
proteinate or 7 -PGA-Cu, respectively. The pigs in groups B and C were fed basal diet (CP 14% and DE 3,250
keal/kg) with two levels of copper i.e. 35 mg/kg and 5 mg/kg from CuSO4, and in group D was provided 5
mg/kg trom Cu-proteinate during the finishing period. In this study, the pigs were fed ad libitum of diet and
water. The feeding trial was terminated when the body weight of pigs reached 100 kg. Half of the pigs were
randomly chosen and slaughtered. The growth performance, carcass characteristics and copper concentration
of dict, feees, liver, pancreas, spleen, kidney, bile, Longissimus dorsi muscle and blood serum were measured.
The result showed that the different forms of copper compounds did not affect the growth performance,
carcass characteristics, fecal and urinary copper excretion of the pigs. The pigs of group A had lower (P <
0.05) daily Cu intake, Cu excrction and Cu concentration in feces than the other groups. Besides, the Cu
concentration of liver ranged from 27-33 mg/kg, and no difference was observed among the treatments.
Group B pigs had significantly higher (P < 0.05) Cu concentration in pancreas, spleen, bile and blood serum.
In conclusion. pigs fed corn-soybean meal-based dicts added different forms or levels of Cu did not affect the
growth pertormance and carcass characteristics. However, the Cu concentration in feces and the excretion of

(v inereased when daily Cu intake was increased.

Key words : Growing-finishing pigs, Copper, Fecal and urinary excretion.
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