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Abstract

This study was conducted to evaluate the effects of different copper sources (inorganic and
organic) on the growth performance, fecal copper excretion, intestinal morphology, and
health in growing pigs. A total of 40 growing pigs (30.22 + 1.92 kg) were randomly assigned
to 5 dietary treatments: a basal control diet (CON), 4 experimental diets supplemented with
either copper sulfate (CuSQ,), Cu-glycine complex (CuGly), Cu-amino acid complex (CuAA), or
Cu-hydroxy-4-methylthio butanoate chelate complex (CuHMB) at 100 ppm, respectively. At
the end of the study (28 days), fecal and blood samples were collected, and the pigs were
slaughtered to determine the intestinal morphology. During the 28 days of the experimental
period, pigs fed the inorganic and organic copper showed a higher average daily gain (p <
0.01) and gain feed ratio (p < 0.01). There were no differences in mineral concentrations of
the serum; however, the copper concentration of the feces was lower (p < 0.01) in the CuAA
and CuHMB groups. The intestinal morphology and blood profiles did not significantly differ
between the groups. In conclusion, the organic copper sources (CuAA and CuHMB) can be
used as a growth promoter to replace the CuSO, without any negative effects on health in
growing pigs and to reduce fecal copper excretion.
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Introduction

Tels S Boll S XA B4 nFgEE E delA] lokShurson et al,
1990). o] FAH=CA| FolA] &l F7Iohe 344Q! aatE HojF]lon o]zigh axt
2 Q13]] = AtE U] H7F= kAl Qlth(Lee et al., 2001; Liao etal,, 2018). SFATH AlE W] &2 4>

Korean Journal of Agricultural Science 48(3) September 2021 447

PISSN : 2466-2402
eISSN © 24662410



Effects of different copper sources (inorganic and organic) on the growth performance, fecal excretion, intestinal morphology, and health in growing pigs

o] 72) W7He 1 U] 78] MBS S7hA1Z Bk ohz 7o) o= QIg BT 4 2 9le) 3H8ol
HHASHCH(Lee et al., 2016; Liao et al,, 2017). 0| 213t 2H4 24|12 Z0]7] Qo L8] H7} 425 WA 2o A4
ol-&&o] Frl A {718 L2l & Aok o] th(Liao etal., 2017).

AR 7 Bol AME == 2] FEi= F7TEIQ FakE](CuSO,)elHh SHAITE, F-& ALl 2 AR &= A
Azl S0} o FHof| A= phytic acid= CuSO49]‘ Aetsto] AU 2] S5 A5k ]% e
Al 4= JTH(Liu et al., 2014). §HHO|, 5718 F-2]+= phytic acid®} 2T FAISHA] ol 2]o] g4 U 4517} &

4> AKLiu et al, 2014). ¥7 of2}, {76l 12]= 7718 FLe]of] vlsh A o] 8-&o] AtiA o= —‘EOP AUl =
o] 2w 2o 2 A v &= 4= TtHHuang et al., 2010a; Zhao et al., 2014; Espinosa and Stein, 2021).

o124 724l ofal 57 elleh 7] 72} & o) fakEol A FolAl g Alo] Z7Hoki Ak-gol Zhaet
342191 a3tE HojZd AW Carpenter et al.,, 2019; Lin et al., 2020), 3-4JH] 8- 717} S9tojl = q-7]elje} F7]ef -
=917} 4750l v 2] G o] A th(Huang et al., 2010a; 2010b; Zhao et al., 2014; Coble et al., 2018). T=3F AR LY
2 9] CuSO, AFE-2 Aol A1 R 349] 1 Aol & HAaAl7| AL oyl Aeteh 2| 7o) Haks d oA ¢
(Fry etal,, 2012; Liao etal, 2017). SFAIRE 7|6l F2]9] A4 51 a3, 72 & viEF 4 B =ix] o] 474l b
2| &= o gko|| st A= ofA] EE5L 1 A0l g% 7AZo] u| gk Alo|c}

weha] 2 A= S4dE ARl Cuso,2t Al £59] 5-7]8] FL2](Cu-glycine complex [CuGly], Cu-amino acid
complex [CuAA] 2 Cu-hydroxy-4-methylthio butanoate chelate complex [CuHMB])E- &7} 4! Fofsto] &, & W
2] viE2, A el 2 E o Aalel 242 El HiAl ol nlA| = YRS 7ot At = e
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Materials and Methods

2 A= SN FEARAIACA AAE o SEATR US| (IACUC) &9 H8& =45t
15l gk T:}(No 2020-1849).

A T2 AT 3022 £ 1.92 kg §9E 4075 SAISIATE M7= & 571 A7 ler A3d 8%
2@FHE 9 15 A2 este] o] uix|skit. A g 2= tiRTH(CON), F71H *2]7L(CuS0,)2} Al7H
9] -§-71eff 2] 2]7-(Cu-glycine complex [CuGly], Cu-amino acid complex [CuAA] % Cu-hydroxy-4-methylthio butanoate
chelate complex [CuUHMB])&°| Ut} A& 7]7H2 Z 455901 APl o Jof Al 44 9 tiFd 52
SRS EZNIAS, 2017) FLL 277 o/ vt ALz S =3 &7 FAIRE ol st} ot 77| 8ot
f718) T2 2T 2 AIESS 100 ppm 27 ot} Folstoick. Al AHRS] AR % BSFA 2L Table |
3} e,

ZAES U TAY

=} 21 9] WA A Z(initial body weight, IBW)2} & & 4| Z(final body weight, FBW)2 Z45}0] U224 ZHaverage
daily gain, ADG), ¥ GAF= 4 F] HH(average daily feed intake, ADFI) 2! AFR G S (gain : feed)S ARSI AJE nf
A2 228 days) D2 737 0 = RE A Fsto] ) FEo| Bkttt xiFH e A2 Agatet Bl = 24
of o] gE|ler & Ul 2] dS 57517 Yol &2 AFH 6t 1 &, =55 okl 3ge] g2 o] Bl &
Z1o| 2 243517 9Jsl A= A3 2 W88 #|A 5 10% buffered formalin©ll 2] A Z{ct.

al
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Table 1. Chemical composition of the experimental diets (as-fed basis).

Item Ratio (%)

Ingredient
Com 64.60
Soybean meal, 45% 20.50
Wheat bran 8.90
Soybean oil 2.00
Molasses 1.50
Limestone 0.75
Tricalcium phosphate 0.55
L-lysine 040
Salt 030
Vitamin-mineral premix” 0.50

Calculated composition
Metabolizable energy (kcal-kg™") 3,300
Crude protein 16.00
Crude fat 4.80
Lysine 1.01
Methionine + cysteine 048
Calcium 0.53
Phosphorus 0.46
Ash 447

“ Supplied per kg of diet: Vit A, 5,000,000 IU; Vit D,, 1,000,000 IU; Vit E, 1,000 mg; Vit B,, 150 mg; Vit B,, 300 mg; Vit B,, 1,500 mg; niacin
amide, 1,500 mg; DL~calcium pantothenate, 1,000 mg; folic acid, 200 mg; Vit H, 10 mg; choline chloride, 2,000 mg; Mn, 3,800 mg; Zn, 1,500
mg; Fe, 4,000 mg; Cu, 500 mg; I, 250 mg; Co, 100 mg; Mg, 200 mg.

M

ol LY 3BT Y £ 1) 72| 24

AME Y FEL B4 FE2 o] He A, Fe], & 9 Zhgolal Bo] 49 otk B4 g =A% et
Zn} Hhg = .9 0]8-5}10] [CPS-7510 (Shimadzu, Tokyo, Japan) Q.2 3%l or 7]7] AA ke ofx} Zt)
=1.0 L'min”, RF power = 0.8 kW.

IHH 3 22 MES g D ol o2 552 A2 $ 5 um T2 rotary microtome (Leica RM 2245, Leica
Microsystems, Tokyo, Japan)= AH-8-ot0] Zehdl S f-2] Seto]=of A A|ZTh 1 & &2to] =& hematoxylin and

sing A2 51T FAYo] H &2to] == AIH L (NanoZoomer Digital Pathology System, Hamamatsu Co., Bridgewater,
NJ, USA% o] 8af - AFIS A7MsIITh ZF X 2] 3700] §H-E U= AEH5to] Imagel software (National
Institute of Health, Bethesda, MD, USA)S AF8-5}F0] 8- Z0|(villus height), 22} Z10](crypt depth) 2 -8-2 L H](villus
width)E S/t

ol Ay}el 22 of7| ol AT Ao = HE DS A6l 152 5 HAE2](1,800 X g) 513
o RelH @S MEL FEO| &1 & 242 23l -80°Col| .t 5hlct. AY3}Fsf #4942 47| (Catalyst Dx,
IDEXX Labs Inc., Westbrook, USA)S- A8-5}0] BA1519] om B4 2o th-oa} 2ok 285 @ A(glucose), 2|0}
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El(creatine), & 2.2 42 A (blood urea nitrogen, BUN), & THl(total protein), 2551 (albumin), = == (globulin), alanine

aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamy] transferase (GGT) % =2 A E{|E(cholesterol).

£ 2

EA| BA]-2 SAS version 9.4 (SAS, 20092 AF&510] GLM proceduresS ©]-8-3 £-415191 0 ™ Al & k] (experimental
unit) 2 7} FAFES o]-&okqlrh gk 2 X 2]t Yt{t x}o| & H| w5} alA} Tukey’s multiple comparison test (SAS,
2009)E- o]-&5FAth AHgH w2 standard error of the means (SEM)Z 37|51 21 -3-2)4 HA-2 95% -2 4=
o2 Rasiict

Results and Discussion

|71eiet F7 8 2] H7HAREo] 8E Xolo] f-Fol| thal A2 ThE o] Ho] L@ 11 lTh(Pluske et al., 2002;
Huang et al., 2010a; 2010b; Zhao et al., 2014; Liao et al., 2018). =310f| w2 -3-7 e 7} 7| eljo]] v|sl Ad4-E0l T £2
H 11 of7F 220l o] uwhE A o] 882 Apo] whZol2al AR StaL UTh(Fry et al, 2012; Liu et al.,, 2014; Zhao
etal, 2014). F-7|ef L2]2] ¢ opn|ic Aty Zhe oh2 E2 3} Ze|o] E(chelate) 28-S S3l 2] e S5t +
%2 34d5A] Eltk(Yenice et al, 2015). Z&|0| B §-7|ef Fal7} 27|e] ejot i Az 2 e 5 44 &
2 £ Q)T Tobe A5hS SIA| HTh(Yenice et al,, 2015). whahA] o]2{gt &k {7 ef7} F7]efjo] v]a) X
4= 2 7hoj] 2%51= Zlo] G7HA o] th(Zhao et al., 2014). & Ao A CuSO,2F THE 37 1E] ] 2te] A& Afo]
2 Z3K(Table 2), 237 H= F716] F2let 5718 te] A2l B A7 d SHollA 3784 Ql EatE BTt
CuSO,#] 2|72t CuHMBA] 2] Lol 4 2] FBWZ t Lol Hlal 3-2]24 0 2 =3k m(p = 0.020), ADGS] 7% F71El
o} -§71ef 2] 2] == o2 7Lof] H]3l U THp =0.001). CuSO, = 715t 2] 2] Fol| A ADFIZ} THE: 2] 2] 50| H] 3]
EAITHp < 0.001), gain : feedS 57T A2t CuSO, A 2] 12} thHE |78l A 2]t 7] xfol+= GIqict. wheka] F7]
Efet-R71el 2] H7He thz Aol vls) g0l S7 et 382Q A BAX|TE FrIejet /7 H 2ke] 8%
=71 &3} 2fol= QIgict. o] A utollA F7ejet R7]E] 2] & o] fAk=clAl FolstS u ADG % ADFI
7t S7Fst o f71ef7E B2 efol] H|8l o 2 ADGR ADFIZ S H oS3 Th(Carpenter et al., 2019). T=3F 873
7] Z7)0]] 276l 2] FoIA] ADG7}24% Z7F5F. 2™ 160 mg-kg' 2] CuSO,2F CuHMB Foi Al 750l 374 %]
ol §7}2 Ko TH(Zhao et al., 2014; Coble et al,, 2018). SHA| Tk o] AL AT A = G-7]efel F7 el 22|77+
/37E Atol= Ho|zl 99 tHZhao etal., 2014).

mop >
:

i

Table 2. Effect of different copper (Cu) sources on growth performance in growing pigs (n = 8-treatment™).

Jtem Dictary treatment SEM p-value
CON CuSO, CuGly CuAA CuHMB

IBW (kg) 29.08 30.85 30.50 29.83 30.83 0.78 0.460

FBW (kg) 44.26b 4845a 47.93ab 4741ab 48.53a 0.96 0.020

ADG (g) 542.26b 628.57a 622.62a 627.68a 632.14a 1552 0.001

ADFI (g) 1,878.46bc 1,901.55a 1,857.76d 1,882.22b 1,867.39cd 340 <0.001

Gain : feed 0.28b 0.33a 0.33a 0.33a 0.33a 0.008 0.001

SEM, standard error of the means; IBW, initial body weight, FBW, final body weight; ADG, average daily gain; ADFI, average daily feed

intake.

“ CON, control diet; CuGly, Cu-glycine complex; CuAA, Cu-amino acid complex; CuHMB, Cu-hydroxy-4-methylthio butanoate chelate

complex.

a-d: Values with different superscripts in the same row are significantly different (p < 0.05).

Korean Journal of Agricultural Science 48(3) September 2021 450



Effects of different copper sources (inorganic and organic) on the growth performance, fecal excretion, intestinal morphology, and health in growing pigs

B A3ATo| A ol f njue] HE2 =5 Ail(Table 3), A, F2], & 2 Zhg s = 22|77k 2jo] 71 9
At SHA|EE, o] At Awte]| ofshH {7 |ef7F 77 Eljof] Hlsf| Agkgo] =il 4433t ol vl Aujol] £2o] &
= i W 2] SeFo| of %t Th(Liu etal,, 2014). SHA| T o] A Ao oJ8hH 650 g-t'2] F7 el F-2](CuSO,)
9} 640 gt'2] 718l TL2](N-carbamylglutamate chelate, NCG-Cu)Z ©|-3-A=0|A] Foigt A} & 22| n& ol
W 2] gk diz2Tto] H]sl x}o] 7} QIATH(Liao et al., 2017). T=3F 170 ppme] 77 1€ 7£2](Cu amino-chelate2} Cu-
lysine)2} 77| €l 7-2](CuSO,)E o-F-AR= Ab=ell 7H 3 Fofet Zxf ol U 12 ko] A= 2ol 7} gl Th(Lee
etal, 2001). TEbA] 2 ArA ol A FH W te] o] A ef4t7t 2to) 7t gl o] f= 8] 37t sert ol A
AT o] u]] Wk 7] F-2)e] £ o] wEo]aka FHEITHLee etal, 2001; Liao etal., 2018). €Y Uf 7-2]
St g tmre] B ) 7o) e ok f71e) 72 M 5o u)sh §2)H 02 WA uhEE QITH Table 3
p <0.001). CuSO A 2|2} 7718l 2] A2+ A2HE vl awsh BH CuSO,A2]++2] 2] HiE& CuGly=| 2|2}
2ko| 7k QARAA T Y 2] 5718l 2] 2]54(CuAA 2F CuHMB)el| HIsH =3t Thp < 0.001). ©] 4 A-AT}o) ofsh {7
B 2] Zd7HARS-2 F71E] Fte]of vl & 2] BiE o] Weker gy H o SHoflx A olgkal B E ot
(Huang et al., 2010a; 2010b). EE3F 0] A-A ol A Folf U 2] ghfo] x]2|t1t 2ol 7} QIRIAI T, F7 elel §-7]
g L2l S 205t uf] 7hout Aol A Le] Eefo] 2715k A o 2 Hol 8-7]E] FLe]l= Ao &-Fo| ol MU
of| £2jo] & &= Z 0 = W TH(Liao etal., 2017).

Table 3. Effects of different copper (Cu) sources on mineral concentrations (mg:L") of serum and feces in
growing pigs (n = 8treatment?).

Dietary treatment”

ltem CON CuSO, CuGly CuAA CuHMB SEM p-value
Serum
Fe 205 113 1.30 1.04 0.88 0.4 0.394
Cu 0.77 0.88 0.67 078 078 0.07 0.400
S 868.13 858.63 836.08 836.59 875.63 19.62 0.503
Ca 14835 147.98 150.20 14534 15032 331 0.823
Feces
Cu 48.53d 186.71a 169.50ab 11427c 140.36bc 737 <0001

SEM, standard error of the means.

“ CON, control diet; CuGly, Cu-glycine complex; CuAA, Cu-amino acid complex; CuHMB, Cu-hydroxy-4-methylthio butanoate chelate
complex.

a - d: Values with different superscripts in the same row are significantly different (p <0.05).

Ats W 2Hest 2] 71 ARS-2 2 e S7HER ofy et A W AStAE A S 56| L. CuSO, (225
mgkg)E O] A=l FoIA] Aol A%} F7gdol| A -§ 1] Zo|7F AT ATHFry etal., 2012). ¥HHO 1 H T} &
(200 ppm)= FoloH Aol AT g7de] g1 Ao 7t F7Fstal 8-} Zl o] i= 745 THZhao et al., 2007). B oP
F71E) o= 81 FEHE DI A 435 2 54 7)5 3t 7]ofdt 4 i’ler(Chabaev etal,, 2020). SFA|TH & A
Aol A g1 2ol 9 22} Zlol= A g7t 2ol 7t gL S H(Table 4), ©]= -2 3100 ppm)°l] &Js &2}7} 2]
2 7oz woE

AR W =2 ] FFo & Qlsf Auioll IHEstA| F2o] EH Tholut Aol ke A E)aL o2 et Y
ol stel B8 B3] & 4> lthHyder et al.,, 2013). £3], ALT= 7HH| 27} < 2 =
E20|th(Liao et al., 2017). -2 §F2] CuSO,E of-FAR=CA| Foist 7 Y W ALT 217} S7F AT 37| Ef

ool
o
E d
i)
2
=
o
ok
a3
=
olo
olr
Fr
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T S7F5HA] 8 tHLiao etal., 2018). 53t o] At A kol A CuSO,= 7718l -2oll H]sH &l W] creatine, total
protein % albuminT%| & 72X {78 FL2)= G2 T4 FUTE 1 B2 =2 9h7o] AL2] H7F B X%
2191 Frof= x| 9] 77}of| S22 4= QA THLiao et al,, 2017). & AZA ol A X 2] 17 Y Astst 2| B E v]wsh
A1t 5-2]2 Q1 Zto] 7} gl A THTable 5). whehA] 2 A-Lol| A ARS-H 2] 71 (100 ppm) =2 2] 247 ol #7424
o] JFFS 7] 2] A] UL ot 2 9t

- Oo AT =

Table 4. Effects of different copper (Cu) sources on intestinal morphology in growing pigs (n = 8-treatment™).
Dietary treatment”

ftem CON CuSO, CuGly CuAA CuHMB SEM p-value
Villus height (VH, pm) 102.84 10245 112.79 113.45 11030 7.66 0.744
Crypt depth (CD, um) 54.77 45.98 51.68 52.56 56.79 432 0491
VH:CD 1.87 229 230 223 205 020 0521
Villus width (um) 32.14 3042 25.76 3045 2930 229 0401

SEM, standard error of the means.
“ CON, control diet; CuGly, Cu-glycine complex; CuAA, Cu-amino acid complex; CuHMB, Cu-hydroxy-4-methylthio butanoate chelate
complex.

Table 5. Effects of different copper (Cu) sources on serum parameters in growing pigs (n = 8-treatment™).

Hem Dietary treatment” SEM o
-value
CON CusO, CuGly CuAA CuHMB =

Glucose (mg-dL") 79.00 75.25 83.00 81.87 82.87 2.84 0273
Creatine (mg-dL") 0.94 0.88 0.93 0.93 0.90 0.05 0.920
BUN (mg-dL") 5.63 7.00 6.38 6.38 6.63 0.49 0.396
Total protein (g-dL™) 6.24 6.33 6.13 6.21 6.19 0.10 0.716
Albumin (g-dL") 3.20 3.14 3.14 3.19 3.16 0.06 0.941
Globulin (g-dL™) 3.04 3.19 2.99 6.85 3.03 1.75 0444
ALT (U'L']) 57.30 54.60 56.40 59.10 51.50 3.39 0.582
ALP(U-L" 156.38 180.13 187.75 170.75 165.25 14.47 0.582
GGT (U-L" 24.00 16.60 16.90 18.50 20.60 3.97 0.669
Cholesterol (mg-dL™") 62.50 64.60 57.80 67.00 63.10 375 0.520
SEM, standard error of the means; BUN, blood urea nitrogen; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-
glutamyl transferase.
“ CON, control diet; CuGly, Cu-glycine complex; CuAA, Cu-amino acid complex; CuHMB, Cu-hydroxy-4-methylthio butanoate chelate
complex.
Conclusion

F71e](CuS0,)%} 77| Ef(CuGly, CuAA L CuHMB) 85 &/3= At= W 100 ppm H7F L FAA] QFSHF
A At a0 F7ISII) ohA|Rh f7|ejet Fo1E) 2] 5 Ztololl whE aah= glllth @ Ul 1] Sk
el 77 Aol ol gkt §71e) 7212 H7He el TE(CuAASt CullMBIOIA 20 2 jZ = 72
o] CuSO,A 2| H T A QU EEgh &2 Ao|A] §/d&= Atgmol X7He F71eiet {718 2] S & *5-4
2740l B929] Aol g1om 8718l T2l (CuAASt CuHMB)E AHEHE Zlo] B2 ZHloly 7] ulE

o) 719 = 912 Zlolnh
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