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Effect of Dietary Supplementation with Copper Sulfate or Tribasic
Copper Chloride on Broiler Performance, Relative Copper Bioavailability,
and Oxidation Stability of Vitamin E in Feed

LIN Yuexia, LU Lin, LUO Xu-gang’ , WANG Zhi-yue,LIU Bin
(Institute o f Animal Science ,Chinese Academy of Agricultural
Sciences,Beijing 100094, China)

Abstract: An experiment was conducted using a total of 420 1-d-old Arbor Acres commercial male
chicks to compare Cu sulfate and tribasic Cu chloride (TBCC) as sources of supplemental Cu for
broilers. Chicks were randomly allotted to 1 of 7 treatments for 6 replicates of 10 birds each, and
were fed the basal corn-soybean meal diet (11.45 mg/kg Cu) supplemented with either 0, 150,
300, or 450 mg/kg Cu from Cu sulfate or TBCC for 21 d. Chicks fed 450 mg/kg Cu as Cu sulfate
had lower (P<C0.01) average daily feed intake and average daily gain than those consuming other
diets. Feeding supplemental Cu increased linearly (P<C0.000 1) liver Cu concentrations regard-
less of Cu source. The slopes of regressions of log;, liver Cu on different independent variables
used in regressions differ (P<C0. 05) between the two Cu sources. Linear regression over nonzero
dietary levels of log;, transformed liver Cu concentration on added Cu intake resulted in a slope ra-
tio estimate of 109. 0+ 3. 4 (with a 95% confidence interval from 102. 2 to 115. 8)for bioavailabili-
ty of Cu from TBCC compared to 100 for that in Cu sulfate. When the feeds were stored at room
temperature for 10 days or 21 days, the vitamin E content in the feed fortified with 300 mg/kg Cu
as TBCC was higher (P<C0. 01) than that in the feed added with 300 mg/kg Cu as CuSO,. The
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vitamin E contents in liver and plasma of broilers given TBCC were also higher (P<C0. 01) than

those of birds fed Cu sulfate. The results from this study indicate that TBCC is a safer product

and more available to broilers than Cu sulfate, and it is chemically less active than Cu sulfate in

promoting the oxidation of vitamin E in feed.
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Table 1 Composition and nutrients levels of the basal diet

JEUEl Ingredient H 4 & i Composition/ %

K Corn 53.3
M Soybean meal 35
i} Fish meal 4
HYh Plant oil 4.24
WL 545 Dicalcium phosphate 1.4
£1 ¥} Ground limestone 1.22
124 Salt 0.3
D,L-#E4 R D,L-Methionine 0.21
WR KL Vitamin-mineral premix” 0.33
41t Total 100

B 35K Nutrients levels

R e ME/(MJ/ke) 12.73
H&ER Ccpr - 22. 4
5 Ca* * 1.04
AEAEFR# Nonphytate phosphorus 0.49
AR Lysine 1.25
H 4 B &R Methionine+ Cystine 0.99
Hi Cu/(mg/kg) * * 11. 45

* BT I AR AN . VA 12 500 TU.VD; 4 250 1U. VE 161U, VK;
2.0 mg.VB; 1.0 mg. VB, 8.5 mg,VBs 2.0 mg. VBiz 10 pg. 12 R4S
10. 0 mg, MAR 32.5 mg,EHFK 158 pg MR 1. 0 mg, A 700 mg,
HLEALT 0. 06 mg, Cu(CuSO; + 5H20) 8 mg,Fe(FeSO, « 7TH.0)
80 mg,Zn(ZnSO, + 7H20)80 mg, Mn(MnSO, + H,0) 100 mg, Il
BEA) 0. 35 mg. Se(WMERRHN) 0.2 mg, Z4Eh AR H AL,

* % SPHT{E

* Provided per kilogram of diet; vitamin A (as all-trans retinol ace-
tate), 12 500 1U; cholecalciferol, 4 250 IU; vitamin E (as all-rac-a-
tocopherol acetate) , 16IU; vitamin K (as menadione sodium bisul-
fate), 2.0 mg; thiamin (as thiamin mononitrate), 1. 0 mg; ribofla-
vin, 8.5 mg; vitamin Bg, 2.0 mg; vitamin Biz, 10 pg; pantothenic
acid calcium, 10. 0 mg; niacin, 32. 5 mg; biotin, 158 ug; folic acid,
1.0 mg; choline (as choline chloride), 700 mg; antioxidunt 0. 06
mg; Cu(CuSO « 5H20),8 mg; Fe (FeSO; « 7TH20), 80 mg;Zn (Zn-
SO, » 7TH,0), 80mg; Mn(MnSO, « H,0),100 mg; I (Caly), 0.35
mg; Se (Na;SeO;) . 0.2 mg. The multiple vitamin did not contain
an antioxidant.

% % Determined by analysis.

TapRE 3% R A HNO, A1 HCLO, {878
b R JEHE ICAP-9000 %5 &5 14 & 59 63 AL E 43 Hr
Hr Cu Yoo xR & 4 AR E W e iR &
(R B 2 AW TR 5 B A 7 ) 0 2 f) L | o 3
FFEEH VE & &,



2 bR 2 e G AR P AT B 2 2 A R DR TR A 2E 0 4 A R R B A TR 143

1.3 HESH

Bdi H SAS B 1) GLM 3510 32 58 2 B ALK
VAT O 22 53 AL LA LSD 3 K ) 25 A0 3P 2 H ] Y
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2 ZERE5iTie
2.1 EFEBRPHERERBESHEELE

AN CuSO, JEAN TBCC e AR Hp 520 4 e )3 4y
WA 25.4% F156. 7%, WA CuSO, ¥ 450 mg/kg
Cu Ml TBCC 8 450 mg/kg Cu ZH 184 v 4 He Jig 75
SR N 3.52% M1 2. 16 %, BB TBCC 7 fa i

FFRIR A BE L CuSO, « 5H,O 4, % J& K i TBCC
tt CuSO, « 5H, O Fki /N Hif sh P 4,
2.2 HKMERELLE

ARKERIELERLE 2, HE2 70, Cu i F
I Cu ZKSF X AT XS H SR £ 5 A H 3 8 A 2% 5
(P<<0.01), HAER W H ¥4 J5 i Cu I AE N Cu
JKZ [ AE BAE (P<<0. 05), #i0 CuSO, J5 450
mg/kg Cu 4RSI H 2R & & 1 H 3% 5 #0 5 EK
FHESAABYA, B TBCC Y8 1) 4% &b ¥ 241 A F
X HRE R A EAR S RO ZR AR E P
>0.10), Cu JE. &I Cu KFLA Je —F HAEXT A
£ 21 d FREHR I R 2 (P>>0. 05),

F2 WIEFMGEKER 0~21 B ERAFBEKERNZ M

Table 2 Effects of dietary Cu source and level on growth performance of 21 day-old broilers

#In Cu K

Cu & . KB H 3 FERL /MG H
Cu source Added Cu level ADFI /g ADG/g F/G/(g/g)
/ (mg/kg)
%t B Control 0 45, 8¢ 34,14 1. 34
CuSO, * 5H,0 150 45, 87¢ 33.8% 1. 35%
CuSO, *« 5H,0 300 44, 1* 33,34 1. 33"
CuSO, « 5H,0 450 40. 4" 29. 3" 1. 38°¢
TBCC 150 47.4°¢ 34. 9% 1. 36%
TBCC 300 46. 14¢ 34. 7% 1. 33"
TBCC 450 44, 61 33.44 1.33°
A PR UEDR Pooled SE 0. 84 0. 64 0.01
Cu i Cu source CuSO, * 5H,0 44. 0% 32.6% 1.35
TBCC 46, 0" 34, 3" 1. 34
LA IRUEDR Pooled SE 0. 42 0.32 0.01
0 45. 8% 34,14 1. 34"
WA Cu 7K Added Cu level 150 16.67 a4 47 1367
300 45,14 34. 0" 1.33"
450 42. 5% 31.3% 1. 36°
A PRUETR Pooled SE 0.59 0.45 0.01
P-value
Cu ¥ Source 0.002 4 0.000 8 0.182 8
Cu 7K Level 0.000 1 0.000 1 0.0515
Cu i X Cu 7K Source X level 0.121 0.018 3 0.128 4

PR 6 NERENTFHME, F—FERARKEFEFABHEFHREEP<0. 0, ARE/NGFEH(a. b)) HZEHF B FH(P<0.05, T

eq0|

Each value represents the mean of 6 cages. Means with different capital letter superscripts(A,B) within the same column differ very significantly

(P<C0.01), means with different small letter superscripts(a,b)within the same column differ significantly (P<C0. 05),The same below

Miles %5 % 1 73 51| 76 1) # H 78 in CuSO, Y8 1
TBCC 5 Cu 400 mg/ kg, AT {4 504 A 2 B 22
SR FED R CuSO, PR Cu 450 mg/kg KK
RIS H R & &1 i TBCC 8 Cu 450 mg/
kg AREARPIAFAS H R &Y, DL EGE 5 AR5
gER—3,

2.3 BFCuiREMM TBCC AT EMFEFIHE
H 2 3 H] UL, Cu Y8 BN Cu ZKSF LA B — % B AE

X RS I HE Cu ¥ 3 5% i A 18 38 (P<<0. 000 1), A
FFRG T Cu ¥R B 25 1Rl AR Cu 7K S 9 32 755 12 35 38
(P<C0.000 1),

2 log, AL G AR & 8 5 Cu A= K P
() 22 0L Mk 1) 5 R L3R 4, th 36 4 T I, log,, #51k
Jei B AR 5 2 43 ) 5 A A AT LR A i L VR T AR
A SN HE A 0 20 4 1 UE 501 g
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Table 3 Effects of dietary Cu source and level on concentrations of VE in plasma and livers,

and liver Cu contents of 21 day-old broilers

Cu i i Cu KF Ji4 i VE & & i3 VE
. Added Cu level Liver Cu Liver VE Plasma VE
Cu source
/(mg/kg) /(mg/kg) /(ug /g) /(pg /mL)
X} #8 Control 0 5. 6% 35. 740 8. 470
CuSO, * 5H,0 150 5. 94 32.6% 7,788
CuSO, * 5H;0 300 10. 9% 36. 8" 7.5"
CuSO, * 5H,0 450 28. 6 35, 5AB 7. 978
TBCC 150 5. 5% 39. 8" 9.7¢
TBCC 300 14. 8" 38. 3% 8. 9"
TBCC 450 49, 7% 52.0°¢ 9.1
£ A FRUER Pooled SE 0.94 1.56 0.2
Cu Ji Cu source CuSO, *« 5H,0 12. 7% 35. 24 7.94
TBCC 18. 9% 41.5" 9.0"
A PR Pooled SE 0.47 0.78 0.1
0 5.64 35. 74 8. 4
WA Cu 7K Added Cu level 150 o7 56.2° 8.7
300 12. 9% 37.5% 8.2"
450 39.2¢ 43.8" 8. 5%
4 bR DR Pooled SE 0.67 1.1 0.14
P-value
Cu ¥ Source 0.000 1 0.000 1 0.000 1
Cu 7K°F Level 0. 000 1 0. 000 1 0.066 7
Cu 5 X Cu 7K ¥ Source X level 0.000 1 0.000 1 0.000 1
x S A 5 it D SO B Logao Fe AL ME L 43 BT R i 24 2 S R
GLM of logio transformed liver Cu concentration. Fresh basis by analyses
T4 logBUEHMRACuEES CuBEANERKENESTL R
Table 4 Multiple linear regressions of log;, transformed liver Cu concentration (y)
on various independent variables over non-zero levels
LA S R B L SE (X107 . P 1A XS 24 4y 2 A
Independent variable Intercept Slope®=SE (X107%) ' P-Value H#® RBV/ %
%Mﬁﬁu/{<¥§‘z)\a 0.269 2 6.30+0.32 Sulf‘ ‘ 0,946 1 0.000 1 100. 0°
Added Cu intake /(pg/d) 6.87+0.29 TBCC 109. 0*
1?»%@1‘]’%@%/\? . 0,233 1 6.34+0.32 Sulf‘ ‘ 0. 944 0 0,000 1 100. 0°
Calculated total Cu intake/ (pg/d) 6.87+0.30 TBCC 108. 4°
?ﬁﬂﬁ*ﬁﬁ%/\i Analyzed total 0. 200 5 6.69+0.37 ’S‘ulf‘ ] 0. 935 9 0. 000 1 100. 0
Cu intake/ (pg/d) 7.152+0. 33 TBCC 106. 9"
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BT A CuSO, R % 5 & AL i I 1) Al rp
() VE &4 A4 2, AW 58 AR 48 50 N 19 iz 3610 B 42 0
FEFLA R R 0 VE & 82 DL 53 B 44 Y i 3% A0 AT o
VE &#K% iRk b VE B8 ke ek, % mir
IE VE & IL3k 3. ikl VE =k 5. K3 F

HL 7 TBCC P8 Cu 450 mg/kg A X 1 AT H VE &
B R E T HAL A 4H (P<<0. 01, %N TBCC 4%
MG VE & 538 T3 i AE R K1 CusOo,
PRAH (P<<0. 01) s FFAE AN b VE & 845 R 40,
TBCC F WAk R VE 8L B IR B KT Cu-
SO, , Bl TBCC WAk VE 89 & b fa e v 848 T



2 bR 2 e G AR P AT B 2 2 A R DR TR A 2E 0 4 A R R B A TR 145

CuSO, W4k N 5 0] IL, % Cu 300 mg/kg 19
TBCC 45k % BAR A 10 F1 21 d MK VE &
YR E R TAM Cu 300 mg/kg 1 CuSO, 4,3
B FE NP kL R VE 948046 7 T TBCC #7614 B &5
T CuSO, « 5H,0,

£5 UAREMBERRXETM300mg/keg A FH AR XEE
#h VE 2 EWM N

Table 5 VE concentrations (mg/kg) in feeds (fresh basis)

supplemented with 300mg/kg Cu as two sources at

different time

iR Copper Source 10 days 21 days
CuS0O, « 5H, O 28. 14 21,74
TBCC 31.38 29.78

P-value 0.000 1 0.000 1

A B34 8 10 A 1 SR i B9 F {8

Each value represents the mean of 10 samples

2.5 EYREH(RAFK2)

MFE 2 W, HRE I TBCC 8 Cu 450mg/kg
s X f SR 2 e D H 3 0 R L34 B 2
SR 450mg/kg Cu B9 CuSO, ¥ 41X X [ %
BEMHMES S BAMEYEFTHRP<
0. 05) . BAHA PRI XS H KR w4 i s 71 4 A9 8 TBCC I8
t CuSO, WFHE %4,

Fo6 BWRRETIEFRE
Table 6 Mortality of chicks by treatment

Cu BIK BET- 39 H %k / 2 Death of chicks
Supplemental Cu level/(mg/kg) CuSO, « 5H,0O TBCC
0 0 0
150 1 0
300 0 1
450 0 1

ARG HFET- RN 0. 7% (WL 6), 5HE 3
JRWEFET- R E AR —3, Ensminger B R 738 4
AR BET 3 AT R 2% AR eI 3
HIGAET., TBCC A ST 2 H L T A ST XS 41 41
TS AR & BURG AE L AN 2 IE W R 59 4 FE T, X — 45
EAHEUL TBCC S ag L E 7716 %,

AT WAE R s e kB Cu TR AY U IN5F, TBCC Ay
AW I AR T CuSO, .

A Kk 8 5 18 B B AE T CuSO, « 5H,0, %8 TBCC
() A WA T T CuSO, L 78 48 42 71 2 15 N X A
R = e fe %, B TBCC X4 ki VE B9 48 1k Bk
PEB AT CuSO, - 5H, 0, Wik, TBCC Al 54
FRF CuSO, M7 fa R Tl Fh A ) ) 4 07 FH w35t
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