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Effects of organic copper and zinc supplementation on the growth
performance, blood parameter, nutrient digestibility and fecal
microflora of weaning pigs
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e o 2 dA3E fU1H 78 9 ofdS ARste, o|fAE Alm W H7F oAl A, BAA, 4 ol
4 2 g #Fol vE JFE dotE 1 M5 F 433(28¥%)9] 3¥wEF(Duroc x Yorkshire
x Landrace)9] O|fAE 3655 3597 ARSSith 442 3RHE 08 gEY 355 Aolx|o] Y& vjA|st3itt. A
29 2T, 71 +2](Cu-SP) 100ppm, #7185 °FA(Zn-SP) 100ppm, ¥718 2] ¥ oA Cu+Zn-SP 24zt
100ppm ¥t} Phase 29} A717toll A LGSAFolA CutZn-SP 2|7l A 29} Zn-SP A g2} v|wale] &
9HOZ (p.05) EITH YPANEAAY E ARTHL 794 2ol YERA] gokth @AY HEE, HEL
9 JFh o] 882 AYFt FYAQI Apol= UERHA] (gt} T3, §-2wtQl Jacrobacillus & w718 -8 2 ot
B3 Aol A 2T E 71 ofd X2 et v|wste] f9do2 (p.05) SR, R3Sl E.colive 8
9 ofd AEFEo] t2Fe} Hwate] F9)H0= (p<.05) A4t BHHOZ o|gAE AR F71H 8 &
otdde] EdAlE N4 9 Jg4 o]gEoAE F9Hl Aol YERA] kAT dGSAH Ed B F s
#+59 B4E& MAT 5 Aok AZHct

Abstract This study was conducted to investigate the effects of dietary supplementation of organic
copper (Cu) and zinc (Zn) on the growth performance, blood parameters, nutrient digestibility, and fecal
microflora of weaning pigs. A total of 36 weaning pigs (28d old) were assigned to four treatments; basal,
Cu-SP (100mg/kg Cu supplementation as Cu-soy proteinate), Zn-SP (100mg/kg Zn supplementation as
Zn-soy proteinate), and Cu+Zn-SP (100mg/kg Cu or Zn-soy proteinate, respectively). The results
indicated that ADG was higher (p{.05) in the Cu+Zn-SP treatment group than in the basal and Zn-SP
treatment group during phase 2 and the overall period. ADFI and FCR were not significantly different
between treatments during phase 2 and the overall period. The population of /lacrobacillus significantly
(p<.05) increased in weaning pigs with Cu+Zn-SP treatments when compared to weaning pigs on basal
treatment. The population of E.coli was significantly (p<0.05) different with the Cu and Zn-SP treated
pigs showing the lowest E.coli numbers. In conclusion, we believe that Cu+Zn-SP supplementation has
a beneficial effect on ADG and fecal microflora in weaning pigs.
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A NAZHCR 2AELZ Q5 F4 0 FL ufjQ 4zt
SHA| QA= T glow, FHE 7FEAtY]o] st E 7]
3ol vt 7HEoRRE HidE Bt 22 2 E
Fo o] Hil Sl AXgoltt. olof wet FR= H4t
Hof 93t AL AR st AAFLARS 3lot
FoH, AR W FEE J7F 2525 A SRR
719] 58slz Qs JUA Q7R ofe} FEH
9] g+=F E3F F7stal qlof, @A f71E FEEe] o
St A7t s A AAIFSRE o]Fo] A3 QITHI].
olfAt=ClAY FE9 7L 6ppmOE LA Sl
o m[2], 2= $Z(sub-therapeutic)2& 100~300ppm
o A AR FAbE FHIE F7HA] A £X 8t
7F Hojubtkar B gtk QioH3). ol=dt A4 £41 83t
= 77 B SoAE IAsk, e EEe] o
A AAFO] GRS Pt A SltH4l. ofd2 m
FLELE S AAxRZ Y gl Hnd =2 %
E49 siUR, 7159 A4 AT fA "]
ujgFaole}. o §RRE=oA of9l9] 37 100ppmil2]©]
u, AStotd FEE 2779 20~30H] =2 FFEoE
A7) ol FAT HALe] TAES TAAF| I, B4
A AFEIT THE)L AFR W oS
FO0& Frlele olf= a&R4AEY 484
o, WA, Hf 5 ohgRt AA7] 5ol Hofsi,
SeskE, 183 A9 thAlolA] Fa% g
s}7] wiZoltHsel. sHAEE, FU1H FEdE 15EolA
ARGA] AT 4= Qls HAES BR o EATE A
Holl w2t Ats W Z7eES AlgRtewn JY =5
9] Atgo] E7FsHA EUeH6,71. F71E FEjolAl &
718 FHE 37 Al 5= o-&&°] &oH8], FrIH

© W2 7 #2iAE AAEY anE 42 A

7] HEe] olE J=29 ofrlicAl AF|o]E(chelate)
T+ ZEEYo]E(proteinate)?] olgol gt ¥H4lo]
ZS7HE A ATHOL AA 2Fo] 7H & &5 £ U=
FEIQL ohviAtdt A EAL Hefo| =t 2 {7157
Zdo]d At FEAL gitFo g Ao 5 ol
=o[10], WAEE 8] 2 ofde ¥ A AF £
Aell11], o= I3t FHFE A 4= k. %
EZ oAt Zeo]EQ] ZUHo|EA|(chelating agent)Z
de] ARREE of|iARl HjX]edo] 71Fo] 117te]7]
o], & AFoAe AxuE Fe A ZHolE
]

O
=
Az tiFEke AMgste] f71H FEde TS

»
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Tl 2]

H =]
= 'J_‘OH %

54 o ligend £A1Z ©l&
oft}. & Aol f71H 8] E ofAd
Azste] olfAbE AR Y H7F FolAl ol fAEY]

d, BN, UYL o8& 2 & Y HBE 4T
o wA= P Lot HAstglch

2. Mz U gy
2.1 |7I8f 72|, ool Mz A 3F

L= £) N
TE}E

718 2] 9 ofd2 [12]9] ®Ho] wet of
Alcalase 2.41(Novozymes, Denmark)Z pHS8.0, 60T
oA kRSt soy digestE HE FF 1:1 Hl[ER
Azttt AzE /718 +21(Cu-SP) € 715 ofA
(Zn-SP)9] 729} ofdo] =S Z47F 20% R 18% SAct.

22 A8 S Y AR AA
oF 4533 (28¥%)2] 3 WAE ol fARE 36HHTAE
7.31£0.01kg/ s HHF 95 37 AE=APIK

(120Lx70Wx70H, cm)ell 354 Q)= =5ttt 74
AE vHEERI2 519ty & AE7|712 phase 1(0-179)
I} phase 2(18-358)=E w0l T 35U7t ABSIGAT: Al
Hof| AREE 7|2ARRE NRC[2]0] 71&810] EsliE 9%
& FEE AU 28I Seich Aol ARS8
ATz ti2, f71E F2(Cu-SP)100mg/kg, F71¢0
o}A(Zn-SP) 100mg/kg, H718] = & ofd =3
(Cu+Zn-SP) ZZt 2] 100mg/kg, ok 100mg/kg) %
o} AJE7I7E B8t AR B2 AR AdFISHA stleH, At
P A ol Fsto] A

2.3 ZAEE

2.3.1 AfUMA

A%52792 Phase 13} Phase 2 AE7HAIC SR E
£ ARl At oH, ARAHTS 57851 st
ASE Al AAEFo|7]0A Az BAE &40t
o] & AlegoigolA JAISHATE. AFFAIRCA fojzl
AlAEY Asd ARAHDTS oldste dTEAT
(ADG, average daily gain), ¥LARAFZHADFI,
average daily feed intake) 18|11 AR QFTHF:G,
body weight gain to feed intake ratio)}& A3t
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2.3.2 gy M

AIFAE T8 AT BE AT 95K HE
WogHE FN 5m|¥ EDTAZ} AZH vatutainer
tubeE Ool&std AT T ZA GAEAYY
(HEMAVET HV950FS, Drew Scientific., USA)Z =
a1 4 JEH4E SHs51h

¢

Table 1. Chemical composition of the experimental

diet

Ingredient, Unit Amount
Corn, US, No.3 % 64.35
Soybean meal % 23.57
Corn gluten % 6.00
Tallow % 2.81
Tricalcium phosphate % 1.55
Limstone % 0.53
Lysine-HCl (99%) % 0.63
D,L Methionine-99% % 0.01
Salt % 0.27
Hog premix” % 0.30
Total % 100.00
Calculated composition
MEn kcal/kg 3,260
Crude protein % 23.00
Calcium % 0.80
Lysine % 1.35
Methionine + Cysteine % 0.76
Avaiable phosphorus % 0.40

DProvides per kg diet: vitamin A(from vitamin A acetate),
10,000IU; vitamin Ds, 2,000IU; vitamin E (from DL-&
-tocopheryl acetate), 67IU; vitamin K3, 3,000mg; vitamin By,
2,000mg; vitamin Bz, 10,000mg; vitamin Be, 5,000mg; vitamin
Bi2, 30,000mg: pantothenic acid, 30,000mg: niacin, 25mg:
folic acid, 2,500 mg: Zn (as ZnSO4H;0), 52.5mg: Mn (as
MnSO«H20), 52.5mg; Fe (as FeSO47H,0), 52.5mg: Cu (as
CuSO4H;0), 52.5mg

Jon

A

fon

2.3.3 A58 &8 9 3}

AARS AvkeS FAKSH] fIsto] AFSAIE 45
o) AbelaE-S AkgU 0.4% H7Fste] 397 312 2
3 EZ Fste] 60T AxR7INA 7242 RS
E2f5to] FAGHIE ALt 29 2482 AOACI13]
of &olo] AAlsto], AlRS} & F ASEHEY v E &
o] $Jeto] HNOs@F HCIZ 4] 51o] ICP(Inductively
Coupled Plasma Spectrometer, JY-Ultima-2,
France}& °©]-&sto] Z7g513ltt. Al 29| dutdE
9] Askg2 MO E thgo A4t oste] 4k

soict.

Gopz 4318 = 100x({1-(N2Z] LSS
o x BB ok W) / (@EC) As2E @
o x ARE] FU4 T %)

QL

Ol

2.3.4 2 D|ME At

AFFAE 8 A ALK B AlolA] EE AF st
EAZ7A] 50T Basleh. AT £ 1gS Evtd
15ml Alg3ol g1 Eetd F75 ImLe 375k 3
A(107) AI7F 107°~10"7H] BAIH o= 3|43t
Al 579 B3t A wjxlo] 34H sample 1ml¥
ZA711L 8712 (Gaspak System, BBL Microbiology
System, Becton Dickinson & Co., Cockeysville,
MD, USA) = Z7]3 0= uigsiaiet. A=uiz] 5l bl
PR Table 20 Uehdvtel 2o, wig & nj&E
9] & ZF 9] colony-forming unit(cfu)o.2 AA

3 Jogloo® 3hAksYIT

Table 2. Mdeia and culturing condition of

microorganism
X X Selective Incubating Incubation
Microorganism - .
agar condition time (h)
Lactobacilli MRS” Aerobic 48
E.coli MacConke? Aerobic 24
Cl.perfringens TSC? Gaspak system 24

YLactobacilli selective agar (DIFICO, USA)
2E.coli selective agar (DIFICO, USA)
3)Tryptose sulfite cycloserine agar (Scharlau, EU)

2.4 SAHZEA

2t A2 2 34 50l it AmE2 SASl4] &
A #Z]1Z(SAS Institute Inc., Cary, NC, USA)E °|&
Sto] t-test= Aot om, Ao B dFSAE,
IFEHE, AlmlTE, SR, YL o8 2 &
Y odE E49 §94L2 Duncan’s multiple

range-testE 183}l 5% S04 Al

3. 1

—

3597 ARJAIR AT= Table 301 Q0oFst3ith
Phase 1914 = 4354, YBA=AFT, | A=l
TFFollAE oA Aele HEhA] okt SEAI,
Phase 29} A7|7tollA AFSAIZNA F718 21 2
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ofdl =34 AT 7ot 718 okl Azt
Ulzsfe] $E102 (005) . ARG o
AR AFHE §IAQl Fol LrehtA oot

Table 4. Leukocyte in blood of weaning pigs fed
experimental diets

frems | Basal | Cu-SP | 7Zn-SP | Cu+Zn-SP | SEM

Leukocytes K/l
Table 3. Effect of dietary Cu or Zn-soy proteinate WBC 19.02 1953 17.68 19.23 1.204
supplementation on productive performance NE 7.12 6.64 6.71 6.90 0.615
LY 10.96 12.01 9.70 10.37 0.597
ltems | Basal’ | Cu-SP | Zn-SP |Cu+Zn-SP| SEM _ .
MO 0.59 0.65 0.50 0.50 0.062
Phase 1 (0 to 17d)
p " EO 0.17 0.21 0.19 0.23 0.044
ADG, 249.0 262.0 265. 277. 19.
& ? > 779 1199 BA 002 | 002 | 003 0.03 0.010
ADFI, 452. 476. 480.0 03. 16.24
& °27 76> 2033 ) "Basal = Basal diet: Cu-SP = basal diet + 100 mg/kg proteinate
FCR 1.82 1.82 1.81 1.81 0.135 ; Zn-SP = basal diet + 100 mg/kg Zn-soy proteinate; Cu+Zn-SP
Phase 2 (18 to 35d) = basal diet + 100 mg/kg Cu soy proteinate + 100 mg/kg Zn soy
b b b . proteinate.
ADG, g 328.2 334.9 3141 347.9 21.29 2)Leukocytesi WBC; White blood cell, NE: Heterophil, LY
ADFI, g 823.4 831.0 816.3 799.4 26.28 Lymphocyte, MO: Monocyte, EO: Eosinophil, BA: basophil
FCR 2.51 2.48 2.60 2.30 0.158
Overall (0 to 35d) Table 5. Erythrocyte in blood of weaning pigs fed
ADG, g | 288.6" | 298.4% | 289.8° | 312.9° | 16.07 experimental diets
ADFI, g 638.1 653.8 648.2 651.4 15.35
Cu+Zn-S
FCR 2.21 2.19 2.24 208 | 0.145 lrems Basal | Cu-SP | Zn-SP p SEM
“PMeans with different letters in the same line are significantly RBC, M/ul 6.28 6.80 6.59 6.43 0.523
different (p<0.05).
UBasal = Basal diet; Cu-SP = basal diet + 100 mg/kg proteinate Hb, g/dL 11.40 10.96 11.00 1092 0.392
; Zn-SP = basal diet + 100 mg/kg Zn-soy proteinate; Cu+Zn-SP HCT, % 34.52 34.40 33.04 32.32 1.185
= basal diet + 100 mg/kg Cu soy proteinate + 100 mg/kg Zn soy MCV, fL 50.04 50.64 50.42 50.16 1.351
proteinate.
MCH, pg | 1648 | 1697 | 1682 | 1676 | 0.625
MCHC, g/dL 33.32 32.66 33.06 32.04 0.580

o718 Fejzo] 1a], ofd W 7], o B3t Hr}

7t AN AF WET L HET X0 A= FIFS
Table 4, 5°] Q9Fslich.
WL 22| TSI 27 GSA| k= Aoz

LR WYRG FY 954 SRR A0 oA
557, FUY BEF A1) BRI P

3 Aol 2T 37} 4] BHE BT, 7143
2ot Wby Tl wheA] FAlEE BA W B4k
Toh s, SAE W8S Holk BYT 5 BE ¥

BollA] Hel 77k §O1Ael Fol UehkA] elglet.
87 Ao PAE LE A4E AT, A2y, 4
7 84, BFAUT 84, BF 4T DAY 5L
WET A0 TR AR §2149 Kol
U eioleh ol 9AHECA T8 9 ofel o] ThE
BoIRA AR )4t Holth, & AT Avo] et
el 7bo] W2 olo] ofgt QAT ool 25 4
= QA ZEsolof & oItk
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YBasal = Basal diet; Cu-SP = basal diet + 100 mg/kg proteinate
; Zn-SP = basal diet + 100 mg/kg Zn-soy proteinate; Cu+Zn-SP
= basal diet + 100 mg/kg Cu soy proteinate + 100 mg/kg Zn soy
proteinate.

YErythrocytes: RBC; Red blood cell, Hb; hemoglobin, HCT;
Hematocrit, MCV; Mean corpuscular volume, MCH;, Mean
corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin
concentration.

Eikis

K

A3} Table 6o R°Fs13ith
BE GRolA fo4Q Fo|

Table 6. Nutrient digestibility of experimental diet

ltems Basal | Cu-SP | Zn-SP Cu+§n'5 SEM
DM, % 824 | 832 | 832 | 85 | 065

C. Protein, % 78.5 79.3 79.9 79.2 0.73
C. fat, % 613 | 606 | 593 | 599 | 226
C.Ash % | 527 | 513 | 526 | 533 | 4.66
NFE 89.6 | 89.0 | 8.6 | 8.6 | 076

UBasal = Basal diet; Cu-SP = basal diet + 100 mg/kg proteinate
; Zn-SP = basal diet + 100 mg/kg Zn-soy proteinate; Cu+Zn-SP
= basal diet + 100 mg/kg Cu soy proteinate + 100 mg/kg Zn soy
proteinate.
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Table 7. Microbial population in the feces of
weanling pigs

frems | Basal | Cu-SP | Zn-SP |Cu+Zn-SP| SEM

- cfu, logio/g -
Lactobacillus 7.5 8.1* 7.8% 8.1* 7.26
E.Coli 54° | 450 | 43 45° | 426
Cl.prefrignes 2.7 5.8 2.4 2.5 2.13

“PMeans with different letters in the same line are significantly
different (p<0.05).

UBasal = Basal diet; Cu-SP = basal diet + 100 mg/kg proteinate
; Zn-SP = basal diet + 100 mg/kg Zn-soy proteinate; Cu+Zn-SP
= basal diet + 100 mg/kg Cu soy proteinate + 100 mg/kg Zn soy
proteinate.

ol A= Y t|YE 4 FIR= Table 7004
okt FAdR Jactobacillus®}t G321 E.coli
ol Azt FA (p<.05) Ael7F U
Lactobacillus= 37181 2] € ot EA7} =4
oH] 7P =tew, tiR e 7.8% S7F silth
E.colfiz f718) oFd 7127t 4.30cfu/g 22 YR
9} Blw3le] 19.9% AA3I)

4, 1%

olfFAENM ] 7kl QR A7 A avks
astas 249 F71ek AUl #3f vdE 452 oA
SF7] mZolta dHA eH4,15-16], FEIE ol
=2l 2] FAstHE W SAFOl FEEA=H,
ol Tt BT EE Y| F 22 4F 22 A
Ael e 71 Wzolztal 23t JAcH4]. SAA
2 4 ofle #7IH FHA oAt ZdFolER
100ppm H7et%e o Aibdo] Folaos et
AL BaRkEr 9o H([17], Ayl fHAktE] FElE oAt
<= 9 SO AFA dESAIF, A= AFHES D
TS UAA ZRITAL Baste] B AFEeE AR
A HolFEQIoH18]. olfAkE AlrUl Atetorel FH
Z 2,000ppm otAZ 7t F9A QGSAT, A= A
FHgoll oA Aole WEA] gRokttal Hugh) gl
TH19]. ]9k ofde] &3t Jole do= 7MY =
> e HolFdled, ol A= W w2 & ofd
FFE 19 o]8E2 A= AFAREo] W7 o
ol A WollA ol 8571 42 JH=Z 53 ok et
AL EHA ATH20]. wEbA, 2 Ate] ¢ ligandss
o] F&0l2g Boslal glonz, AgE-g g5
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718 P9 29} o] ol-8-&o] 7] wiEo] &
Zhgo| WA |E= Zog Pzt

ol fAt=elA e E ofd F7te mE FHFY
i3t A2 34k Hoth & A A3 VRt A7
Tt ME Aoz 5 A% A AEEC d AoR
A2+t

SA AR e FeEEANE, E-HRed 4
fo]E el-tFu-Z 2 Yol E)] & 4 &
Al AR H7HA] YYeA o8& AL Aort v
ERbA] ofokttal B ughH21] 9lem, E3h o|fAME
Aol A olE MM 215 U 2T A5Hgo
Al Zpol7h UeptA] gttt B rstof[22], 2 A4 2
et FAsE T B ulE 452 ol9AFECIA
o} o}do] H7Pt AU f3f n|BE 452 JAIRT
= 2o XS] [23]= 2] ZEolE HIMA &
W et clostridium 2 E.coli®] w75 TAAA
o, §+t?l bifidobacterium R Lactobacillus®]
e STHPIE A%E BolFQitta Haght Q.
2 dFaxe A71H 22 ofdo] A fEE 4

£ A7 4718 7 2 obdlz} 2o W7t o]
SAEY] AFEH, B, AL o18L L B o
B2 FEe) WAL G TS e ANstect
A7 71 T2 % ofel BAMe AR, Boly
A9 GFh o §ROIAE FoIHe Aol A
Qptek. SHAR f71E) Tl 9 ofele] B3t Hlo] uf
o QgEAge] 7HsAoR, B mAES folde
Zolston, SalEe AT web olgAE
g 718 T 9 ofele] B3 WM AR U
B 09 250 $4L ASE Tt 98 A

Apsiy.
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