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Effects of different dietary copper sources and levels
on carcass characteristics,meat quality and
fatty acid composition in sheep
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Abstract The effects of different dietary copper (Cu) sources and levels on carcass characteristics, meat quality and
fatty acid composition of sheep were studied to determine the optimum copper source and level in diet in order to
improve the meat quality of sheep. Fifty Dorper x Mongolia wether lambs (approximately 3 months of age; average
BW=(23.8+% 1.6)kg) were randomly assigned to one of five treatments. Treatments consisted of 1) control (no
supplemental Cu), 2) 10 mg/kg (DM) from Cu-lysine. 3) 20 mg/kg (DM) from Cu-lysine, 4) 10 mg/kg (DM) from
tribasic copper chloride (TBCC), 5) 20 mg/kg (DM) from TBCC. Cu supplementation, regardless of sources and
levels, significantly reduced (P<C0.01) backfat and kidney fat in lambs,however there is no difference observed in hot
carcass weight, dressing percentage, longissimus muscle area, meat quality, fatty acid composition of plasma,
longissimus muscle and backfat (P>>0.05). The TBCC copper supplement at 16.74 mg/kg (DM) was recommended in
sheep diet,because there is no difference observed between supplemental Cu-lysine and TBCC at level of 10 and 20
mg/kg(DM) in carcass characteristics, meat quality and fatty acid composition.
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Table 1 Ingredient composition (air-dry basis) and

nutrient levels (DM basis) of diets

HOCEEL A ST 23 5w/ 6 HIRRITC K F
e T 16. 00 wCHE D /% 14. 70
HAE T 5 20. 00 wOP L 4E) /%6 29. 90
E ok 46. 80 w( R HEVE LT 4E) /% 18. 20
ISR 8.00 w5/ % 0.61
Nk 6.00 w( )/ % 0. 39
Fax 0. 60 wBi) /% 0.26
BERR A5 0. 10 i/ (mg/kg) 6. 74
fogoN 0. 50 #/(mg/kg) 1. 20
BUR A 2.00 R e/ (MJ/ k) 11.3
it 100

H:O% ke HH A 8 30 mg; 4 20 mg; M 0.5 mg; 4 0.1
mg; fifi 0.1 mg; VA 1500 IU; VD 250 1U; VE 16 TU, @4 ifEe Mt
A, HA B TR AKOE 2 S AE .
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Table 2 Effects of copper source and level on carcass characteristics and longissimus muscle quality of finishing sheep

ik BEEE (P)
A LR FRE R OB EREERE BERE R 10 me/ke 20 ma/ke
5 H Xof B SEM  xfht 10520 BAMHE BEMRES
10 mg/kg 20 mg/kg 10 mg/kg 20 mg/kg

B BRI MR O mellet 10 ma k20 me

(VR T E R
Ji 14 & / kg 22.99 23.04 22.76 23.09 22. 64 0.48 0.937 0.762 0.983 0. 943
BER/Y 52. 41 52,07 52.16 52.00 52.10 0.24 0.629 0. 870 0.934 0.943
B g%/ % 1.53 0.96 1.16 0.94 1.11 0.08 0.006 0.221 0.932 0. 830
585/ cm 0. 64 0.36 0.34 0. 30 0.37 0.05 0.009 0.816 0.633 0.816
AR UL 1 B/ em? 15. 69 15.32 15. 22 16. 64 16. 26 0.45 0.890  0.828 0. 402 0.510
pH 1 6.67 6.41 6.33 6.61 6.39 0.05 0.070  0.203 0.214 0.703
pH 24 6.01 5.80 5.88 6.07 5.96 0.05 0.557 0.914 0.120 0. 626
KILA AL 3.50 3.75 4,00 3.50 3.75 0.18 0.617 0.576 6.92 0.692
ARG 5.00 5.25 5.25 5.00 5.25 0.08 0.400  0.528 0.376 1.000
PIKF/ % 38.16 38.74 37.16 37.74 38. 36 0.61 0.924 0.752 0.642 0.580
HIKE/ % 73.71 73.77 72.53 72.59 73.43 0.31 0.438 0.782 0. 256 0. 389
w LI / %% 12.59 12. 45 11. 96 12. 40 11. 68 0.30 0.571 0.416 0. 960 0.785

:SEM S ARifEiR . P<<0.05 F/REFBE . P<0.01 FREFHEE.

MEEE. TR,

xSV 0 0 R A R X S AR A 10 FH 20 mg/ kg &b FE 4 A T
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Table 3 Effects of copper sources and levels on fatty acid composition of plasma of finishing sheep
i 3 WA MELLEL (P)

w R / ERNE R ERIER SRR R SRR R 10 mefke 20 ma/ ke

(g/dg) 10 mg/kg 20 mg/kg 10 mg/kg 20 mg/kg SEM MR 10520 BEERES MERES

0 kil mg/kg 10 mg/kg 20 mg/kg

A R HARM e EAm A o o

B A A
C14.0 0. 82 0. 89 0. 87 0. 84 0. 86 0.03 0. 545 0.976 0. 609 0. 846
Cl4:1 0. 24 0.27 0. 26 0. 26 0.29 0.01 0. 336 0. 687 0.732 0.490
C16:0 18.58 18. 14 18.19 18. 00 17.74 0.17 0. 240 0.798 0. 807 0. 447
C16:1 0. 88 0. 85 0. 96 0.93 0.91 0.05 0. 824 0. 730 0. 680 0.775
C18:0 24. 46 24.08 23.16 22.96 23.22 0.42 0. 337 0. 745 0.441 0. 969
C18:1 17. 29 17.67 17.63 17. 34 17.70 0. 31 0.742 0. 838 0.768 0.951
C18:2 18.91 18.70 18. 44 19. 04 18.43 0.24 0.706 0. 469 0.695 0.990
CLA 0. 90 0.93 0.91 0.96 0.95 0.08 0.872 0.970 0.925 0. 890
C18:3 1. 18 1.25 1.14 1. 10 1.08 0.05 0.733 0.522 0.323 0.699
C20:3 0. 50 0. 45 0. 37 0. 47 0. 46 0.02 0.277 0. 395 0.770 0.242
C20:4 2. 87 2.16 2.23 2.60 2.42 0. 14 0.161 0. 866 0. 330 0.675
C20:5 0.52 0.43 0.46 0.47 0.45 0.02 0.278 0. 884 0.599 0.872
SFA 43. 85 43.12 42,23 41. 81 41. 82 0.41 0.136 0. 639 0.327 0. 754
MUFA 18. 41 18.79 18. 85 18.52 18. 90 0. 34 0.715 0. 801 0. 827 0.972
PUFA 24. 88 23.92 23.55 24. 64 23.79 0. 35 0. 348 0.479 0. 556 0. 847
USFA 43. 29 42.71 42.41 43.16 42. 68 0.48 0. 684 0.748 0.796 0.872
USFA : SFA 0.99 0.99 1.01 1.03 1.02 0.02 0.539 0. 946 0.453 0.773

T8 CLA Sy EH0 il R s SEA S (A 1 82 s MUF A Sy SR AN I B2 s PUFA S 22 AR U7 R s USFA S ARSI 8R . TR

R4 FREIEFMKFEEE S FE R KRS ERE M R0

Table 4 Effects of copper sources and levels on fatty acid composition of longissimus muscle of sheep

4b BE M (P
SR 10 mg/kg 20 mg/kg
wU IR / R R R AR EREAR ERIE R+
o 1 SEM IR 10520 WEMES BEmRRES
(g/dg) 10 mg/kg 20 mg/kg 10 mg/kg 20 mg/kg
O mmmm pEmE MG RSk S melke 10 mefke 20 me/ke
i 5 B i i 52 IR 4 B 7 IR i : -
TENC R T S
Cl14.0 2.12 2.11 2.51 2.01 2.02 0.10 0.863 0. 365 0.729 0.135
Cl4:1 0.10 0.09 0.11 0.08 0.09 0.01 0.793 0.099 0.769 0.153
C16:0 22.77 23.43 24.93 24.01 24.51 0. 36 0.116 0.218 0.611 0.711
C16:1 1.41 1.45 1.71 1. 39 1.52 0.05 0.427 0. 106 0.723 0. 254
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ik B WEE R (P)
A 10 mg/kg 20 mg/kg
wlg i) / SERH R ERE R JERL PR SRRl R+
xR SEM xR 10520 BEABRES BERES
(g/dg) 10 mg/kg 20 mg/kg 10 mg/kg 20 mg/kg

54 mg/kg 10 mg/kg 20 mg/kg

A R WA et AL
0 I B BARR A SR W U

C18:0 16. 18 16. 62 15.35 16. 37 15. 26 0. 35 0. 764 0.163 0. 829 0.937
C18:1 40. 07 41. 36 41,82 40. 69 40. 75 0. 36 0.268 0. 765 0.582 0. 386
C18:2 6.00 5.73 5.71 5.90 5.91 0.12 0.570 0. 985 0. 694 0. 645
CLA 1. 15 1.13 1. 06 1. 04 0.99 0.04 0.414 0.592 0.556 0.627
C18:3 0.62 0. 61 0.59 0. 60 0.59 0.01 0.168 0.452 0. 649 0.823
C20:3 0.42 0.41 0. 33 0. 36 0. 35 0.02 0.161 0. 243 0. 266 0.602
C20:4 2.29 2.16 1. 89 2.03 2.15 0.08 0.248 0. 686 0. 604 0.322
C20:5 0.37 0. 26 0. 27 0. 26 0.37 0.02 0.114 0. 186 0.998 0.165
SFA 41.07 42.17 42. 04 42.38 41.79 0. 35 0.293 0.678 0.861 0. 837
MUFA 41.58 42.90 43. 64 42.16 42,36 0. 39 0. 250 0. 601 0.567 0.323
PUFA 10. 87 10. 30 9.85 10. 17 10. 36 0.21 0.213 0.789 0. 861 0. 469
USFA 52.45 53.19 53.50 52.34 52.72 0.32 0.572 0. 655 0. 435 0.477
USFA : SFA 1.28 1.26 1.28 1.24 1. 26 0.02 0. 691 0.621 0.658 0. 809

RS ARMEEMKFXEE S FES BB H LRSI ER H R H R

Table 5 Effects of copper sources and levels on fatty acid composition of backfat of finishing sheep

Qb s BEM L (P
10 mg/kg 20 mg/kg
w g Wi / JERN PR BEREFURR RN AR RRE AR C C
! %1 18 ' ' ' ' SEM 10520 BUARHEY BUEARE
(g/dg) 10 mg/kg 20 mg/kg 10 mg/kg 20 mg/kg
0 5 5 mg/kg 10 mg/kg 20 mg/kg

BARE  BEmE MR Wk L
” . g g WAL Wt AL

C14:0 3.28 3.11 3. 43 2.89 2.98 0.09 0. 440 0.315 0. 445 0.126
Cl4:1 0.22 0.22 0.28 0.19 0. 20 0.03 0.978 0. 608 0.736 0. 389
C16:0 25.06 23.83 23.35 23.62 22.52 0.38 0. 080 0. 354 0.861 0. 484
C16:1 2.81 2.79 2.87 2.69 2.23 0.22 0.791 0.731 0. 900 0.418
C18:0 15. 44 15. 14 14. 22 14.75 15. 28 0.76 0.784 0.917 0. 886 0.698
C18:1 38. 86 38.29 39.98 41.27 41. 64 0.59 0. 330 0.429 0.118 0.368
C18:2 2.09 2.15 2.37 2.39 2.55 0.13 0.453 0. 564 0.610 0.705
CLA 0.99 1.02 1. 20 1.16 1. 08 0.06 0. 386 0.702 0.436 0.520
C18:3 0.33 0. 34 0. 36 0. 35 0. 39 0.02 0.714 0. 606 0.942 0.715
C20:3 0.03 0. 04 0. 04 0. 04 0.02 0.01 0.775 0. 605 0.923 0.276
C20:4 0.09 0.08 0. 07 0.09 0.08 0.01 0. 459 0. 639 0.679 0.667
C20:5 ND ND ND ND ND ND ND ND ND ND

SFA 43.77 42.08 41.01 41. 26 40. 77 0.90 0.324 0.726 0.794 0. 940
MUFA 41. 89 41,29 43.12 44,14 44. 06 0. 68 0. 486 0.588 0.221 0.678
PUFA 3.53 3.63 4.04 4.02 4.12 0.17 0.373 0.539 0.507 0.899
USFA 45.42 44.92 47.16 48.16 48.18 0. 64 0.296 0.428 0.120 0.611
USFA : SFA 1. 05 1.09 1.15 1.19 1.19 0.03 0.242 0.719 0.399 0.769

T ND g oRAGIE]



76 hoE ko R e R

2010 4F 25 15 %

RN i . 4

3.1 HAR AR R X 48 = B 4 45 A A0 B AR SRR Y 22 i

ARG 25 A0 T 40 2 5 I o SR 1R L R
AR LT AL A B 03X Al Engle 1 Spears™ ' £ P
b ERBFSE 4R —5. H2& . Engle %7 A N4 B
TR B ARG T AR A R i ) s R R IR L T AR A
B, Solaiman &5 45 1L 3 U8 4R 38 i T B SE R
RN A0 A = L R UL T AEURD R W A G B
Wi, A A5 45 V4 135 IR 2F 2 B el 28 5 0 4 38 T
AR LT AR . A0 4 4 26 V5 0 25 R A T 15 B A
Jii7 PR & i P T A A 3 T B I AL 4R 0 i A
R KR L EH AR AR RN R
45 —3., {HJ&, Engle Fl Spears™ 45 75 ]34 /K il
TS IR S B A B A R 07 JEE B . i A RS —
SO JE R AT B Bl 5 A [ R R n A ZK S A
5 H R A [ i s

AR 5 25 SR e W L S IR 0T 4 2 K B A 8 B0
AR X A — 2 A B TR N A B B g 45 R —
FOTT ER L R BT A R S a3 R B
HHAREAR T WL 2k 7K %6, Solaiman %™ 7E 5 K kL H
B 2 1 24 R ER N 100 1 200 mag w5 4 - 5535 19
THERENUKS &5 BT LN IR & & fA
B 25 AN TR] 5 R AT R T S 0 Y 5 R A [ B
oL N T B O S I s s 28 1 B VO = I ]
T8 BUAS AN — B0 B U0 e A N T R L BR T s
T S 4 b AN ) A L 38 AT RE A Sh 8 A ) A K By
B IR A G, i AE B ) 1R TN BE R e — 2L il 7
TP 0 T 5 o 2 g A A (H R AR A 4 RN T
WIEEA L EIF ARGV RN E N Z —. HWIT4
27 F R KA HE B NRC (1985) bR D L s 9y
B A= 72 KT i) 3% 07 20 LA RO 7R I SR B R A AR
RASA , H 3 357 T SR bl 22 B o H 2 5l B A s
= HETRA — AU B 458 . X R AT R ) —
Hi.
3.2 BERBFEMAESFALATERBRARNTH

AR IS HEFE T O X 45 26 13 A4 2 b g
R AL R E A 8 TE R 2R BT T 2RI
BREIMERNAR BB HHELRWETTE R A
AR 2 A U el AU S R X UL PR B 2 4 R IR
JUf P2 L4 TG 8 2 R ) L ik 5 AR S O T 4 SR A
. G X L P R D R 7 R A R e 1Y it B AT g
S HA A B L 2 2 2 o R L R

A g AR S TR BT UL PR 22 AN A AR 7 R
(C18:2 Il C18:3) &5 Hk o i 1) T+ ¢ AER A 1 I 107 R &5
Rk U A R AN — B i IR T RE R 3
Fofr R PRS0 K LA e HOAR AL SO R & s . |
BT » A7 R %8 LA 3 9y I 2 i i 1R 2 ) R i) i R
WARE

TR

7E B AP E N 10 F1 20 mg/kg (DM) #i 4 B2 4
i S A 49 2 1R 77 4 S R A Tl
& ABAN 5 0 R R B 5 3 R JUIL T AR A A
PRPEAR AN e 200 5 1A ot SO LA % it UL PR 0 0 2
U i 107 AR 4 A

ST HAT T S bk S A i I A A T A
R A » DL ke S S o G P B A D 0 S R AR 3 B
PR 4 o H O PR A S RS i 10 me/ke
(DM,

2 % x #

(1] . ot o0 2 1Y BIF 5 3 Je B JHC X 3l Wy 4t e 1) 52
Wi [ ] ik o 3R 5 SRR FE 5 2007, 24(5) 1 58-61

[2] Engle T E, Spears J] W, Xi L, et al. Dietary copper
effects on lipid metabolism and circulating cate-
cholamine concentrations in finishing steers[J]. ] Anim
Sci,2000,78(10) :2737-2744

[3] Engle T E,Spears ] W. Dietary copper effects on lipid
metabolism, performance, and ruminal fermentation in
finishing steers[ J]. J Anim Sci,2000,78(9) :2452-2458

[4] Solaiman S G, Shoemaker C E, Jones W R, et al. The
effects of high levels of supplemental copper on the se-
rum lipid profile,carcass traits,and carcass composition
of goat kids[J].J Anim Sci,2006,84(1):171-177

[5] Engle T E,Spears ] W, Armstrong T A.,et al. Effects
of dietary copper source and concentration on carcass
characteristics and lipid and cholesterol metabolism in
growing and finishing steers[J]. J Anim Sci, 2000, 78
(4):1053-1059

[6] Engle T E,Fellner V,Spears ] W. Copper status, ser-
um cholesterol, and milk fatty acid profile in Holstein
cows fed varying concentrations of copper[]J]. ] Dairy
Sci,2001,84(10) :2308-2313

[7] Johnson L R,Engle T E. The effect of copper source
and concentration on lipid metabolism in growing and

finishing Angus steers[ J]. Asian-Aust J Anim Sci,



%6l

T 5« AN ) 0 5 0 A S X B 7 4 2 R AR PR i SR I I 1 L 1Y 5 77

(8]

[9]

[10]

[11]

[12]

[13]

[14]

2003,16(8):1131-1136
Engle T E,Spears ] W. Performance, carcass character-
istics, and lipid metabolism in growing and finishing
Simmental steers fed varying concentrations of copper
[J].J Anim Sci,2001,79(11):2920-2925
5 IE A AN () 5 435 T ST 68 B 28 AR B IR & 1 R Y
ST E R A 200036 (3) - 14-16
Arnold W, Anke M, Groppel B. Die Artspezifitact des
Spurenelementgehaltes von Tier und Mensch [ M ].
Anke Ed M, Guertler H. Verlag Media Touristik,
Gersdorf, Germany: Mineralstoffe und Spurenele-
mente in der Ernaehrung,1993:196-210
SRR RS TR S IR e RO TR R )
AL AR Tl 1999,20(7) 1 11-12
TR RGN TR E R . R AT BB [ 4
A 7K S X 445 B AR KORDRHIE f e T a2 [T . o
B Rl K 2 2% iz, 2004,9(3) : 31-35
TR BRI LAE R AE. R AT HOBRER st
S TR X 4 = A B R T Ak RE T i s e L .
Hr [E & 4 A% 5 2005,41(9) :17-20
NRC. Nutrient Requirements of Sheep[ M ]. Washing-

[15]

[16]

[17]

[18]

[19]

ton D C:National Academy Press,1985:10-47

Zhang Yu-zhi, Kong Xiang-hao,Zhu Xiao-ping. et al.
Effect of forage to concentrate ratio and monensin
supplementation on cis-9, trans-11 conjugated linoleic
acid and trans-11 octadecenoic acid concentrations of
ruminal contents and plasma in sheep[J]. Asian-Aust
J Anim Sci,2006,19(5) :699-704

TRA AR, 5 L S NS Al RGN H
MRS B K S 5% LT 1. v B Al K 2 % 4, 2004, 9
(3):36-40

Mullis L. A,Spears ] W,McCraw R L. Estimated cop-
per requirements of Angus and Simmental heifers[]].
J Anim Sci,2003,81(4) :865-873

X B, TR % A s T R X A R AR M Re IR
PRI IR P b oty BT 52 W) B8 F 5 LD . k22 - pu )1 Rl
K, 2004

Lee S H,Engle T E,Hossner K L. Effects of dietary
copper on the expression of lipogenic genes and meta-
bolic hormones in steers[J]. ] Anim Sci,2002,80(7):
1999-2005



