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Effects of different levels of copper sources on performance,
antioxidant capacity and copper metabolism of dairy cows

LIU Xiangsheng' . JI Fei® , NING Lili' . ZHAO Guogi'”
(1. College of Animal Science and Technology. Yangzhou University, Yangzhou 225009, China;
2. Zinpro Corporation, Eden Prairie, MN 55344, USA)

Abstract The aim of the experiment was to study the effects of different levels of copper sources on performance,
antioxidant capacity and copper metabolism of dairy cows. A two factor experimental design was used, including two
copper sources (copper sulfate, 1: 1 complex of copper lysine and copper glutamic acid) and the different
supplemental levels of copper sources were 0, 3.5 and 7.0 mg/kg. respectively. Two copper sources shared the
control group, and the supplemental amount was based on copper element. 80 healthy Holstein cows with similar
parity, lactation days and milk yield were randomly divided into 5 groups with 16 cows in each group. The pre-test
period lasted for 2 weeks, and the trial period lasted for 12 weeks. DMI was measured every 2 weeks, milk yield and
milk composition were measured weekly, serum antioxidant index were measured every 4 weeks, and copper
metabolism test was conducted in the last 3 days of the trial period. The results showed that DMI and milk yield of 3.5

and 7.0 mg/kg copper groups were significantly higher than those in control group (P <C0.05). There was no
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significant difference in DMI and milk yield between 3.5 and 7.0 mg/kg copper groups (P>>0.05), and there was no
significant difference in DMI and milk yield between two copper sources (P>>0.05); Milk fat rate in 3.5 and 7.0 mg/kg
copper groups was significantly lower than that in control group (P<C0.05), and there was no significant effect of
different levels of copper sources on milk protein rate, lactose rate and total solids (P>>0.05) ; CER activity in 3.5 and
7.0 mg/kg copper groups was significantly higher than that in control group (P<C0.05), CER and SOD activities in
7.0 mg/kg copper group were significantly higher than those in 3.5 mg/kg copper group. and there was no significant
difference in CER and SOD activities between two copper sources (P=>0.05) ; Fecal copper and copper deposition rate
in 3.5 and 7.0 mg/kg copper groups were significantly higher than those in control group (P<C0.05) ; Fecal copper and
copper deposition rate in 7.0 mg/kg copper group were significantly higher than those in 3.5 mg/kg copper group (P<<
0.05), and copper deposition rate in 1 : 1 complex of copper lysine and copper glutamic acid group was significantly
higher than that in copper sulfate group (P<C0.05). In conclusion, diet supplemented with copper can improve milk
yield and antioxidant capacity of dairy cows. 1 : 1 complex of copper lysine and copper glutamic acid has higher

copper deposition rate than copper sulfate. From the perspective of performance and environmental protection, diet

supplemented with 3.5 mg/kg 1 : 1 complex of copper lysine and copper glutamic acid has the best effect.
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Table 1 Basic diet composition and nutrient level

(dry matter basis)

JERE F/ %
Ingredient Content
E K Corn 22.21
K. Soybean hull 1.72
%4k K & Extruded soybean 3.87
5. M1 Soybean meal 9. 34
M Rapeseed meal 2. 80
HHSEH1 Beet pulp 3.50
i #F Cottonseed 2.80
% Molasses 1.62
T KL AT Y DDGS 3.97
WL %5 CaHPO, 0.32
£ 8} Stone powder 0.23
Tk NaCl 0. 64
/NIRAT NaHCO; 1.21
AALEE MgO 0.45
BB Premix 1.14
H 75 T # Alfalfa hay 14. 04
ME H Oat hay 1.95
INF TN Wheat silage 9.29
FE KT Corn silage 18. 90
4t Total 100
EFAT Gt
Nutrient level Content
FERERE/ (M]/kg) Net energy for lactation 6.53
ML H 5/ % Crude protein 16. 76
rh e A7 4/ % Neutral detergent fiber 36. 35
FRPE PR 21 4/ % Acid detergent fiber 19.95
HUK Sy /% Ash 7.32
/% Ca 0. 87
w/% P 0. 44
1/ (mg/kg) Cu 15.06

E: O/ TRBURE & A 44K A 1100 000 1U, 4EE K D;
270 000 1U, 44 % E 6 000 mg,Mn 2 700 mg,Zn 12 080 mg,
Se 70 mg,1 160 mg, Co 36 mg.
Q7= s A A, AR 24 o SEIEL
Note: @ Each kilogram of premix contains: Vitamin A 1 100 000
IU., Vitamin Ds; 270 000 IU, Vitamin E 6 000 mg, Mn
2 700 mg, Zn 12 080 mg, Se 70 mg, 1 160 mg, Co
36 mg. @ Net energy for lactation was a calculated

value, while the others were measured values.

1.3.2 FmERAALRYME

g R peR L R S E Il B i N e S IR B N E
Wi, FeCrea X (0. 4+ 15 X AIRF) "I 4%
PRUEFL (4% FCM) . 28 7= W5 4t 2 KR AE W R, B
AR 4+ 3 2 3 AV HLBIEE 50 ml A B T 4
ZNA W RS T R Ay $ES) . il MILKO
SCAN 605 £ 42 I 434X (FOSS, F+ 2 ) W 2 FL g
HOFLE MR LR S E IR
1.3.3 sk mAALI4RM E

EIEE 0.4.8 1 12 A FRMES 3 h, Al FHE
23R L AE AR W AR R AR EB UE AT R kR L, R
30 min J& 3 000 r/min.4 “C &> 15 min, il & i 35
R T —80 CrkAi P A7, & 1 (CER) B #
A ALY AL (SOD) A48 e H K i %0 Ak 9 38 5 fifg
(GSH-Px) 2 B 7] & vl B B, i1 70 & 0 A
THAY TRAH.
1.4 HIEAESSITHH

B 8 FH Excel 2016 & B, ff f] SPSS 25. 0 H
One-Way ANOVA BFF X 5 AN 17 80K £ Jr 2
A3 AT . SPSS 25. 0 GLM 2 7 k47 WUH &
2531 . R A Duncan [k 4T 22 5 HL A2 25 S LA F
IR bR 22 %R . P<<0. 05 #2270 #,0.05<
P<C0. 10 FRA ¥,

2 HERESH

2.1 AEK IR IR XS 90 4 A 7=t B B 52 1

M1 2% 2 A0, X B AL T 4 R B B E K T
AEREH (P<0. 05) , X B4 = W B A 0T HiAy
AR I 2H B #a # (0. 05<<P<C0. 10) , 4 % 45 1 3L F1 47
HHG AL AR A A A TC 3 22 5 (P>>0..05) . 4l 7K P Xf
T4 R RN R A 3 B (P <20, 05) , 4
KR 3.5 A 7.0 mg/kg 4T 9 iR £ & F 7= 1
0 S T X R4 (P<<0. 05) , Hil 7K F- X% 4 % bR HEFL
I Rk 5 Ak T8 i 2 5 i (P=>0. 05) , 4 T T 9
JFOR B PR AR 4 Y6 b v LA R R AR O
M (P>>0.05), 4 TYHEREE. =UhE,
4 %6 o o LRV ERDR} A Ak 236 TG A VR RN AR K - 1 528 TAR
JH(P=>0.05), &5 LB, AHE T X B4, 4 n
3.5 F1 7.0 mg/kg By CuSO, 8¢ LGC ¥r] £ 5454
14 400 5 SR £ R 7= 0 L H 2 R R G 8 4R
Jo SR B R 0 A R M AN
2.2 ARk SR T 4 LA 4 1Y 20

B8 3 Al A Al ZL AR R AL A R LR
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Table 2 Effects of different levels of copper sources on performance of dairy cows

TR B/

FE R/ A%k iESL/

. o o G R
DMI Milk yield 4% FCM
215 Group
X} HE 4 Control Group 21.76+£1.73 b 30.16£5.35 a 31.23%4.90 a 1.4340.17 a
3.5 mg/kg CuSO, 23.35%+0.66 a 32.80%1.53 a 32.77+£1.88 a 1.404+0.06 a
7.0 mg/kg CuSO, 23.3740.67 a 33.4441.45 a 33.0641.62 a 1.4140.07 a
3.5 mg/kg LGC 23.3441.01 a 33.6742.80 a 33.18%3.25 a 1.4240.13 a
7.0 mg/kg LGC 23.0341.16 a 32.74£4.79 a 32.49%4.48 a 1.4140.16 a
il Y8 E RN Main effect of Cu source
CuSO, 22.83+1.35 a 32.13£3.55 a 32.35+3.21 a 1.4240.11 a
LGC 22.714+1.49 a 32.19+4.63 a 32.3044.27 a 1.4240.15 a
i 7K S RO Main effect of Cu level
0 mg/kg Cu 21.764+1.73 b 30.16£5.35 b 31.23£4.90 a 1.434+0.17 a
3.5 mg/kg Cu 23.35+0.83 a 33.24+2.24 a 32.77+2.60 a 1.4140.10 a
7.0 mg/kg Cu 23.20%£0.94 a 33.09%£3.50 a 32.97+3.32 a 1.4140.12 a
P {H P-value
15 Group <<0.001 0. 055 0.532 0.971
# P Cu source 0.653 0.943 0.947 0.875
7K Cu level <<0. 001 0.003 0.137 0.780
HPE X4 7K - Cu source X Cu level 0. 829 0.732 0.872 0.938

T« 7 BB S5 AR 7 B A 7 R 22 5 W35 (P<C0. 05) , JIT AR 3= B AH [F] 3R 28 5 R | 3 (P>>0. 05), T 3E I,

Note: Different letters in the same column mean significant difference among the treatments (P<C0. 05), same letters in the same

column mean no significant difference between treatments (P>>0, 05). The same below.

A B 22 R B3 (P=>0. 05) , Hil/K X 7LAE %
BB FEF 0 (P<<0. 05), 8l 7/KFH 3.5 1 7. 0 mg/kg
ZH 7L A R T X IR 4 (P<<0. 05) . 4 /K - X 7L 8
F 23 FUBE A B ) 6 83 52 i (P>>0. 05) , 4
PEXTFL R FLE H R LR M B EIE Y T 0 %
M (P=>0.05), 4 EZFLIER FLE AR R AR
[ %y JC il Y AV KT 1 28 HAE R (P>>0. 05) 64
SRR, BT XA, W 3.5 Al 7.0 mg/kg 1Y
CuSO, 5 LGC 23 Bk 75 4 LG 2, A 5] 7K SF- 4 5 XF
W2 LR PR FLR SRR S W B3 /)
2.3 AEKFHEEIT RN EE BN

Hi 35 4 AT %0, % 2 CER 35 M 1 28 T H A %
IRl (P<<0. 05) X 4] SOD F1 GSH-Px i 14 &

FEMTFEHIM 7.0 meg/kg B CuSO, Al LGC 41 (P<<
0.05), /KX CER,SOD 1 GSH-Px f ¥4 &
FH R (P<C0.05) , H/KFH 3.5 F 7.0 mg/kg 4
CER i 1 2 2 % T X B4 (P <<0. 05) ., 4 K F N
7.0 mg/kg 41 CER #1 SOD it . & & T 3. 5 mg/ke
ZH(P<<0.05)  Hil /K F K 7. 0 mg/kg 44 GSH-Px i
PR m T X BR 4 (P<<0.05), 4d¥E % CER,SOD
M GSH-Px % PEJC i & 5 (P>>0. 05) ., £ 41 [H]
CER.SOD F1 GSH-Px {if 4 Jc # I F1 4 7K F- 1) 3¢ B
TEH(P>0.05), ME5REN BEE CuSO, F1 LGC
IR, P54 CER,SOD Ml GSH-Px i
Bz $2 &, H 2 R X5 4 CER. SOD #
GSH-Px 16 52 M3/
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Table 3 Effects of different levels of copper sources on milk composition of dairy cows

i H M=/ % HEEE/ % FLER/ % BEIEY /%
Ttems Milk fat rate Milk protein rate Lactose rate Total soild

215 Group

X #E4H Control Group 4.28+0.50 a 3.52+0.19 a 5.124+0.21 a 13.39£0.63 a
3.5 mg/kg CuSO, 3.9940.23 a 3.46+0.17 a 5.1440.15 a 13.21+0.43 a
7.0 mg/kg CuSO, 3.924+0.17 a 3.454+0.16 a 5.1440.10 a 13.334+0.57 a
3.5 mg/kg LGC 3.9240.63 a 3.35£0.28 a 5.21£0.12 a 12.95+0.78 a
7.0 mg/kg LGC 3.9940.63 a 3.447+0.23 a 5.1740.11 a 13.07+0.76 a
YR E W Main effect of Cu source
CuSO, 4,07£0.36 a 4840.17 a 5.14+0.15 a 13.3140.54 a
LGC 4.0640.60 a 3.43£0.24 a 5.1740.15 a 13.14+0.74 a
A K FE %W Main effect of Cu level
0 mg/kg Cu 4.2840.50 a 3.52+0.19 a 5.12+0.21 a 13.3940.63 a
3.5 mg/kg Cu 3.96+0.46 b 3.40%0.23 a 5.1840.14 a 13.08+0.63 a
7.0 mg/kg Cu 3.96+0.46 b 3.447+0.20 a 5.154+0.11 a 13.2040.67 a
P {H P-value
20 5] Group 0.197 0. 260 0.428 0.289
8 Cu source 0.996 0.311 0. 289 0.183
B 7K F Cu level 0.011 0.095 0.349 0. 154
Hil P X i 7K F Cu source X Cu level 0. 856 0.477 0.670 0. 637
x4 ANEKEERENDFRAUE NG
Table 4 Effects of different levels of copper sources on antioxidant capacity of dairy cows
miH i/ AL B, AT R A A G/
Items (U/L) CER (U/mL) SOD (U/mL) GSH-Px
5] Group
Xt B8 2 Control Group 15.32+£2.77 b 164.91+6.88 ¢ 90.98+6.96 c
3.5 mg/kg CuSO, 17.59+1.39 a 167.98+5.57 be 93.1544. 20 be
7.0 mg/kg CuSO, 18.58+1.96 a 171.3845.98 ab 96.76+7.06 ab
3.5 mg/kg LGC 17.85+1.26 a 167.82+7.96 be 95.42+5,78 abc
7.0 mg/kg LGC 18.94+1.28 a 175.184+7.00 a 98.7249.76 a
HYR EROW Main effect of Cu source
CuS0O, 17.17£2.49 a 168.0946.60 a 93.63%6.54 a
LGC 17.3742.42 a 169.3048.37 a 95.0448.17 a
il 7K F- FE 8% Main effect of Cu level
0 mg/kg Cu 15.324+2.77 ¢ 164.91+6.88 b 90.98+6.96 b
3.5 mg/kg Cu 17.72+1.32 b 167.90+6.76 b 94,29+5.10 ab
7.0 mg/kg Cu 18.7611.64 a 173.2846.69 a 97.74+8.44 a
P {f P-value
45 Group <<0. 001 0. 001 0.024
¥ Cu source 0.618 0.381 0.325
#K - Cu level <0. 001 <0. 001 0.001
i I X 4 7K P Cu source X Cu level 0.935 0.416 0.780
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H2R 5 ), % B 2H 2 4 d ik (P<<0. 05) , % i
7.0 mg/kg [ CuSO, ZHZEH & 5 TUIN 7. 0 mg/kg
(1) LGC 4, 25 21 8] PR A G 8. 35 22 5 (P=>0. 05) , iis il
7.0 mg/kg 1 LGC 41T 1 AR OB R fi g (P<<
0.05), Hil 7K P X4 R 2 o FE4 A DT AR I AT AR 3
A W E 0 (P<0. 05) 407K K 3.5 mg/kg 4 4%
T A DT AU B R T IR (P<<
0.05) HiZKF-R 7.0 mg/kg 45 R £ & FEH DL

R FNAR DURUR 3% /T 3. 5 me/kg 41 (P<<0. 05) ,
B A X DR AR TG B 3 RS (P=>0. 05) 4 TR X 34
A TURR i AR DA AT 2 3 52 0 (P<<0. 05) , LGC 4
ZEH B LT CuSO, 41 (P<<0.05), LGC 4Tt &
FARVURR W % /T CuSO, 41 (P<C0.05), 4% 4 [a]
) R £t 3 i R DR R G 4 15 R KT 1 232 AR
(P=0.05) » LA ik RV 0 B AR 45 201 1) 77 18 58 BLAf:
F(P<<0.05), tb&a5 R AEAR R KP4 A &
LGC 21 i 8 URR i AR DU 55 T CuSO, 4.

RS AEKE R E X4 66 A 80

Table 5 Effects of different levels of copper sources on copper metabolism of dairy cows
5 H iR/ FE4 / FRA / YRR AL/ PR/ %
Hems (mg/d) (mg/d) (mg/d) (mg/d) Cu Deposition
Cu intake Fecal Cu Urinary Cu Cu deposition rate
21 5 Group
% H4H Control Group  295.97+25.03 ¢ 275.664+24.97d  2.61+£0.89 a 17.69=+4.40 d 6.01+1.56 ¢
3.5 mg/kg CuSO, 414.29414.55 b 382.27419.44 ¢ 2.76+0.75 a 29.2646.95 ¢ 7.10£1.77 ¢
7.0 mg/kg CuSO, 503.70£20.21 a 461.81£26.85 a 2.86+0.78 a 39.034+10.10 b 7.80%+2.12 ¢
3.5 mg/kg LGC 402.64445.68 b 359.40£41.39 ¢ 2.7940.62 a 40.45+£7.95b  10.0441.60 b
7.0 mg/kg LGC 480.50+28.92a 413.99£22.09b 2.934+0.38 a 63.58413.30 a 13.17%2.30 a
e U = RO
Main effect of Cu source
CuS0O, 404.65489.06 a 373.25+81.20 a 2.7440.78 a 28.66+11.45b 6.97£1.90 b
LGC 393.04483.97 a 349.68+65.09 b 2.7840.65 a 40.57+21.10 a 9.74+3.48 a
i 7P 32 B0
Main effect of Cu level
0 mg/kg Cu 295.97425.03 ¢ 275.66+24.97 ¢ 2.6140.89 a 17.6944.40 ¢ 6.014+1.56 c
3.5 mg/kg Cu 408.47+33.30 b 370.84+33.40 b 2.7840.67 a 34.85+9.25 b 8.57+2.23 b
7.0 mg/kg Cu 492.10426.92 a 437.90434.26 a 2.9040.59 a 51.31417.05a 10.48+3.50 a
P 1l P-value
ZH 5 Group <0.001 <0. 001 0.919 <0.001 <0.001
PR Cu source 0.162 0. 00 0. 869 <0. 001 <C0.001
/K- Cu level <C0. 001 <0. 001 0.558 <0. 001 <C0. 001
] Y < 4 K F 0.515 0. 060 0. 990 0. 001 0. 001

Cu source X Cu level
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Hansen 251 78 ) K b 38 I00A 7] 7K SF CuSO,
sCH Z R (5 F 10 mg/kg) A AL T AR Us I 4 21 )
EEAF T YRR E & (DMD L HA KR 5
10 mg/kg 411H DMI ) 25 558/, X 5 A F 57 25 1
— B0, #b T AT LA 55 52 Bl R AR ) 6 T R
AT R AR 2T AR A e D0, 48 T TR
AL R P2 T DMI, {H R [ 4 7K F % DMI
RE M /0N o SR T AN 4 0l 260 BiF 5 2 B DR iR
IR X 7% 2 DMI 52 i 558 /0N, 7F 5% 285 28 11 25 5 ] g
52 Sl AR AR N 2 X A ) B = R AT
PR S B 5T 2 B W IR W] K SF CuSO, (6,
10 F112 mg/keg) W] LASE &5 5 28 7= W5 5 A0 4 %6 Ar o 3L
(4% FCM) , I =W 8 A 4 % FCM 58 i &2 2
TEAH G 2, b TR 4 AT DL HE 7% 2 S G A R s SR
J5 (14 3 BUOM T 2 25 PP 0% A 4 %6 FCML, AR i 5% 9 4
FE AT B R L W R T 4% FCM,
I EEAN 3.5 A1 7.0 mg/kg 4 /K F 0 2 5 A 535,
X T fiE 5K S AR B AR R R K.
NRC(200D) L E K TE H 650 kg, =K 40 kg BT
AT HAE R 15,6 mg/ kg, ASHIFSE B il ) 4 A
&N 15,06 mg/kg, BN 3. 5 mg/kg i J5 W4 1 72
W — R HR N 7.0 mg/kg Hi X 7745 0
FETHRORA R A5 586 25 0T 5% (8] B 2 W 05 4 4 1Y
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M 4% FCM (52 m 5/ i 56 25 R 1 25 Sk vl g 5
TR0 A AR A R R 2R RN D TR AR R S G B AR AR
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3.2 AREKFEEIT A Z KSR
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WF5E . A58 6 5 BIE 5T 3 B KT X 5 4 R R 4
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