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B RSAAISE S Y& 2 (Dozier ef al., 2003; Muchlenbein e a/, 2001 ) » FeERET E BaA& AUFR S
(HERIER L B R AE - 2010) » #E & B EAHE L R SRS & & - SFIsE 258 SN FRaE
5y (NRC, 1998) » W05 B 57 HE FEAR I 52 B5E S OB AR » IR B BUSSE 1 - DUEES
i EAE - FERHERE S B RERE (2010) 2 » @3 (AE 5-09) RS E4H7E 100 ppm
J2 500 ppm AT e NRC (1998 ) 58 & 8 S SRV s S B e 2 il fy - #8EE 3 - 10 ke BF 6 f2 100 ppm
10- 20 kg A5 5 52 80 ppm;20 - 50 kg A4 5z 60 ppm; 50-80 kg £ 3.5 F2 50 ppm: 80 - 120 kg & 3 52 50 ppm:
TR RAEARE (2000) FE » AR & 54 & e SR A SRV IR 200 34F 35 F1 120 ppm k¢ 35 #I
100 ppm BAF  $5EEHE (Coffey er al, 1994 5 Apgar ef al., 1995) FI#E (Buff ef al, 2005) HIRUTRIELY
10 - 30% © Veum ef al. (2004) 54 - IE L EZEATIFAYEE 50 ppm ERETPRETE > FTEORIIIREL BT
HI$ 250 ppm 4H > FEE AT R B S o AR 23% Z SHEME o Buff eral (2005) tz5% » (FEE
43 B ANE LRI EE 2,000 ppm BAZEEEE S RIZUEE (Zn-polysaccharide ) 450 ppm > 887 36— 56
HEsHI0R AT - HEHRM SR I IEEE & R NS CEE R 76% - 47é BiieEnss R -
FEE SRR EE R A Y T A R T Rl A By - RIS E PR E S S - A5
F AL RSN B EER RN E & 20HAEE - FeT g S F PRt EAC A sEFI s

SRIME -
FRHELTA

I s\BaEhY) R e

() AWrFEZENPIEERY 2008 5 5 - 8 ARIEST - BEAUAGEE 30.5 £ 2.5 ke HYAERAE 72 BH - R AFEA
W58 36 5 » 12T EAE A - B~ CF1D % 4 AN LEE AR ESHFIFEAR N 2 Gk
B4 - fBEIFEEVIIREE 110 ke 55K -

(i) A dHFEEERE LA RINEACE AV AREEE T - S2IMERELE (2000) HERSIRE @ RI05EE
ERRU AV - (EEfE i S B &y 35 me/ke » $¥& 8RR A K 120 me/ke Kz 100 mg/ke : B
SR C 4HAE LIRS 0E NRC (1998) #E 2 2B E - 1 AlfE AL R IIEAL & B0 AR fate
NIRRT A B R S Y (IS 6 B 4 me/kg Kot 60 B 50 me/kg s D 4H HI R AR EL B AR -

(i) FHEL R (BEE 30 - 70 ke) EAACEIH (HEE 70 - 110 k) HYEBEEE (D 4HEHE) > BLIE
K= REA R LB - a0 1R -

(VEFREE 6 M > & (3.1 mx 1.3 m) EEMRIFEE 3 B - SUniE R Ea /R ER - &4
Spte e SR PT SRR T - BMIER -~ R R NS - mEEESRAT [ EREYE
AN A -

0. EEfE ~ BF/K B E SR
(1) #akRACH
TEFE A REIFIAC S BT AR 4 ZUR 6 RETHE - S pR ARG REHE 500 ke - B EUL BREE

T e
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1. SBREIES - #7 - F o BERSROTE

Table 1. The analyzed value of copper, zinc, nitrogen, phosphorus and potassium in experimental diets

Items Group A Group B Group C Group D SE
Grower (n=4)
Cu, mg/kg 38.8° 28.9% 25.6° 13.2° 4.1
Zn, mg/kg 110.5° 74.4° 743 27.8° 6.3
N, % 2.74 2.73 2.75 2.73 0.06
P, % 0.67 0.65 0.70 0.67 0.05
K, % 0.92 0.85 0.72 0.79 0.13
Finisher (n=6)
Cu, mg/kg 39.4° 26.1% 25.4° 14.1° 3.5
Zn, mg/kg 107.9° 63.5° 67.7° 28.9° 7.4
N, % 2.42 2.40 2.40 2.41 0.05
P, % 0.64 0.59 0.61 0.64 0.04
K, % 0.71 0.58 0.76 0.58 0.15

! Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in grower
and finisher period by adding CuSO, and ZnSO,, respectively. Groups B and C were fed the basal diet
with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and 4 mg Cu/kg and 50
mg Zn/kg in grower and finisher period by adding CuSO, and ZnSO, or Cu-proteinate or Zn-proteinate,
respectively. No addition of Cu and Zn in experimental period of group D.

% Dry matter basis.

2 b.¢ Within the same row without the same superscript are significantly different (P < 0.05).

(i) FEFEREFHAK

1. AERHARIE S — SR ARS8 7 3635 0.55 m x 1.3 m AYSEEIITHT » 157K R A4 g > s 7
B 0.05 mx 1.3 m FLIR - DAFEWEREERF G0 - FHE— - B=MEA B DA TIEEREE
—R > (RIEERIERAR 57 RIHE B T e -

2. ABERAMEHE o RaABRHAR (BUBEEE 7 BREERIRE ARG K SE— T T RESH
AR ERMS—X > FEEBER 55 + 1CHIRVETEERER (CHANNEL DV-1202H) #tg22-3 X >
USRI IR R o BETREHE DIRE S T A#8 HTILS - WAHE T EEFER -

3. EFEUTEE FE(EHE S E AR S WFE AR K -

I e RS2 R E

(1) S4HWEE 5 RILURAERIBR K - 28hk (1998) SR ELLR K% (R 2) 0 #EfT 56 K
(2008/9/11 - 2008/11/6 ) HIMEREIERCALEEEE - W FHERCLERFEES 20 R ES 35 RAETTHIME K
i % G
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2. HEME(ERURC TR

Table 2. The adjustment of pig feces-on-litter composition before composting

Items Group A Group B Group C Group D Rice hull
Before adjustment
Fecal weight, kg 152.40 114.80 113.50 139.85 —
Moisture, % 41.67 22.31 19.23 19.87 8.35
Added
Rice hull, kg 23.65 23.25 23.30 23.30 —
Water, kg 140.00 155.20 168.45 172.50 —
After adjustment
Litter weight, kg 316.05 293.25 305.25 335.65 —
Dry matter weight’, kg 110.57 110.50 113.02 133.41 —
Moisture, % 65.01 62.32 62.97 60.25 —

! Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in grower
and finisher period by adding CuSO, and ZnSO,, respectively. Groups B and C were fed the basal diet
with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and 4 mg Cu/kg and 50
mg Zn/kg in grower and finisher period by adding CuSO,4 and ZnSO, or Cu-proteinate or Zn-proteinate,
respectively. No addition of Cu and Zn in experimental period of group D.

? Estimated value, Dry matter weight= fecal dry matter + rice hull dry matter.

(i) FEERENE © 75 SR AR HEAR A Fhu O BERC BB FE ST (Thermometer, Chuan instrument Co., Tainan,
Taiwan) » £ H 4 08:30 - 09:00 LA TEC$RRRE -
(iil ) FRESHHEI L BT R SERCERR LA S - FREBE 55 + ICHEVEIEERMHIE (CHANNEL
DV-1202H) 2-3 X > &CspitizieEE - BERRHE IR M RS A#10 H 42 > FER TREFER
T o
(iv) MHEEZER (relative seed germination, RSG) JHITE © 2% Tiquia ef al. (1996) Kz Tiquia (2010) =~
T3k DIGEERHEE (Chinese cabbage) K ETE (alfalfa) FENTF - JHIE S 40 HERE A HURATE IRAHAY
RSG » HETTEMOT -
1. EUGEEZIHE O SRR AR © S 4 B8 0 B S ¢ BUBRSE/ INEERR T > LA 50 mL HYZ4 6%
K (ACRELI 75 - 80°C ) > R 1% » BRE 3 /NI -
2. BEREMAEAH 90 nm FLACRAYIEAR » A 100 FEFET -
3. HU4HAEIEIR R 8 mL AR - SHG4EIIA 8 mL Z&88/K » R 25 CEURFMAFRE 5 K »
TR -
4. BN P RSG (%) =pRIRAH T3 2R BB IR E 93 2R 8 x 100% -
V. i HE KT
(1) 6AkE ~ BRI © oo idi - 87 - & - B ETRVRE -
(i) BRAHZK © 3 R SRR
(iii) EMBEIHT © fKBE AOAC (1990) FatilE -
(iv) 8 ~ SRR - fREE AOAC (1990) Firaft » HEEZAVEAKE ~ P Rkl kR n - &R1E (OR1b
&% * NEYTECH-2-525 ) 1% » DURT- I U 5t425 ( Atomic absorption spectrophotometer Z8100, Hitachi )
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HITE -
V. &GiEtsrt
FIFS SAS it ot EEa G — & M =02 7 ( General linear model procedure ) #1758 75 73 A
(SAS, 2002) © EAtEFIFE{E ST I USRI Ral i BT » L least squares mean fili 12 g BRAH AY %
/NG TTIIGE B S > DR AT AN IEEE Z FLA (Tukey's honest significant difference, HSD ) »
L & e PR AR 0 72 M -

SRR S

AAERFE EANE - B ROEACAYEE - 8% - 81 - SRS 8 > LIRS o G R - £ - 9 -
SN ESTER - AR 1 - SR - SNBSS mEEER > M aEs
BEZRIIEAVRS IR S - B AR IEERERER K 13 R (ERERVIIART ) » TEERER » SR
75 0.38£0.31 mg/L » SRS g (<0.01 mg/L) »

s EI A B A A — T EREE S RV B (AR fn— 2 HooaBese 7 ERFE S RIFE
FEREAAC S HAETNE - B RIBETIRERE T - SRR SR E P - 5 - & - BRI ESITGE
R RIAFE 3 - FEELE RPEMETBMER - DIEAESHIRE » RHEM S mEEER - N
ERIASIE SR - SAHMNE - B SEI9ME0T (£ 1) 1 B AFEEFERIFNR 2 IHEES
FHVRE R A M EE (P<0.05) - CA4FEERERIFMAE S HARE P ST R S NEE =
A4 > L8 Dove (1995) :BE - MRS ERIF (P=0.07) & (P<0.01) WYETEE IEAHR 2~ 455848
7o #E (2012) $5H - AR A A ER IR B BmEE MR B 411 C 4R - 2R A
FHR BB M BT E RS LRUL - BEET SRS - A RENRET - Nt &
ECAE A > A 4H%EE FE [ AN ST Y R AR i A = 4H Ry T B 4HA0 C 4BFE S I
HYEITREAEAT - Hie D A (P<0.01) - AaEp B 4R C 4HENR T AR IR S E B &
BIKATERAIEE - HORINES A2 08 NRC (1998) HUSEAIEFREEE - Mifamd: REASKHESHA - B 44F0 C
4H7EE SR AN S RIS B AT o PLEEEMERE (Buff er al, 2005; Veum er al, 2004) 5 - AR
HAANSEE R LR R et B = R (e 2 SR UVA TS » HEANA AT Buff e al (2005) #1 Veum er al.

(2004) & DAEier e s Ay A SR A S AR R B S (R A/ RS A S A LR R - 10 Buff er 2/ (2005) 7E
EAME RIS LRI $E 2,000 pom LS EERRZE A AIAYEE (Zn-polysaccharide ) 450 ppm FHELHES - 1
Veum et al( 2004 )R &g T IR B BRI =AY 250 ppm BLAINE B'E % &R =0AY$H 0~50 K 100 ppm
FHEEHE « B bl 2 St s A Sy (L e & B PR B A A e By =+ EUS LRUR R (RAE AR - 2540
A RIAE R E SR & B0 i R iRz E sy 2 &Y 3.0 - 3.8 f8F1 7.6 - 153 15 - AEE
ARy 1.6 - 2.2 f&H1 4.5-10.1 & > TR RN 2 EEE G P i R FER ISR EEE (P<
0.05) & °
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% 3. G IIAR LR RO I R SR P S M h s s g
Table 3. Effect of adding different chemical forms and levels of copper and zinc to diets on fecal copper

and zinc concentrations of growing-finisher pigs'

Items Group A Group B Group C Group D SE
Grower (n=6)
Cu, mg/kg 149" 93¥ 78" 487 5
Zn mg/kg 837 684Y 6127 427* 23
N, % 1.11° 1.48° 1.43° 1.21° 0.06
P, % 2.33 245 2.39 243 0.04
K, % 2.83 3.03 3.01 3.05 0.06
Finisher (n=6)
Cu, mg/kg 86" 45Y 39¥ 26” 3
Zn, mg/kg 595 345 303Y 294 24
N, % 1.21 1.20 1.11 1.14 0.09
P, % 1.96 2.14 1.97 1.91 0.07
K, % 2.77° 2.86% 3.02° 2.83% 0.05
Overall
Cu, mg/kg 121 71 61% 39¥ 4
Zn, mg/kg 729* 533Y 4757 368" 25
N, % 1.16° 1.35°% 1.29% 1.19% 0.05
P, % 2.17 231 221 2.20 0.05
K, % 2.81° 2.95% 3.01° 2.95% 0.04

! Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in

grower and finisher period by adding CuSO, and ZnSO,, respectively. Groups B and C were fed
the basal diet with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and
4 mg Cu/kg and 50 mg Zn/kg in grower and finisher period by adding CuSO, and ZnSO, or
Cu-proteinate or Zn-proteinate, respectively. No addition of Cu and Zn in experimental period of
group D.

2 Dry matter basis.

2b.¢ Within the same date without the same superscript are significantly different (P < 0.05).

®¥ % Means within the same row without the same superscript are highly significantly different

(P<0.01).
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Fig. 1. Effect of adding different chemical forms and levels of copper to diets on fecal copper

concentration (dry matter basis) of growing-finishing pigs'.

Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in

grower and finisher period by adding CuSO, and ZnSO,, respectively. Groups B and C were fed

the basal diet with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and

4 mg Cu/kg and 50 mg Zn/kg in grower and finisher period by adding CuSO, and ZnSO, or

Cu-proteinate or Zn-proteinate, respectively. No addition of Cu and Zn in experimental period of

group D.

&% ¢ Data were LSM + SE and within the same date without the same superscript are

significantly different (P < 0.05).
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Fig. 2. Effect of adding different chemical forms and levels of zinc to diets on fecal zinc concentration (dry
matter basis) of growing-finishing pigs.
Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in
grower and finisher period by adding CuSO, and ZnSOy, respectively. Groups B and C were fed the
basal diet with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and 4 mg
Cu/kg and 50 mg Zn/kg in grower and finisher period by adding CuSO,4 and ZnSO, or Cu-proteinate
or Zn-proteinate, respectively. No addition of Cu and Zn in experimental period of group D.
%5 Data were LSM = SE and within the same date without the same superscript are significantly

different (P <0.05).

B HAR & A5 E S IS RIER ST - RiAE 1 RIE 2 - B eAERRTIR 258 A EIAT AT -
HIEYYETURR S 7 me/ke BRI 70 me/ke ¥ (B EMEREAI) » H557I0 0.4 ke/ton HIBIEH
(CuSO:+ SH0) - &t HeAEHEEAE 110 meke DL - AL > TEsUBRFIMEES (55 0 38) S4HsEER
{58 e R B = 2 300 mevke BAE (I 1)~ BR THESNERER O MR S AN SRRV - B LA
AHFHEEEAVIRERAE S (P<0.05) MHEAM =24 - ifi B 4HM1 C 4H5% &4 RINEFAVIRERZ S0
D& > {HAEEMEE B ~ C ~ D $HE(FRISTRE A2 R -
FEFEVHRM T - SRR (55 0 ) SAFEEIEPFRRE BAHLT - /152 509 - 627 mg/ke
M ([ 2) - B C S RIERAF S 2R A HBE /E (K1) - HA-B-C=4#E
alBEE 1 BEAIEE 2 Ak SR A R SR - 1 B 400 C AL S IHaTRAs & BRER D 4
Foim > (ZAERCE I B ~ C » D Z4AVAF E S E R (FRY SR 2 R S MAE - NRC (1998) f5H > &
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EUREH (CuSO:- SHO) ~ itlk#E (ZnSO:- 7TH0) FIEAE#E (ZnO) HYAMIATAHIA (bioavailability )
5371 By 100% ~ 100% 52 50-80% : Veum eral. (2004) f5Hi - IEE HEZE S RIZCHIHT 50 ppm EREIOREFE
AU B FAYHE 250 ppm SHIE YU R &1 - B 23% Z HAPEMEE - Buff e al (2005)

AT - FEERE T RN B UATEE 2,000 ppm ELZMERS S #ERUSNAYEE (Zn-polysaccharide ) 450
ppm - B8R 36 - 56 HERHIRESE - Herr Bt BaRaR 12 I E S s R R D S b e A UAH R R
T6% - BT - BEGHE SRR A S UHY AR 2 AE P AT A IR AT E] 100% (NRC, 1998) - (iR H
REEN > M 2R -

65.0

60.0

55.0

50.0

Temperature, ‘C
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Fig. 3. The temperature change during composting period.
Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in
grower and finisher period by adding CuSO,4 and ZnSO,, respectively. Groups B and C were fed the
basal diet with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and 4 mg
Cu/kg and 50 mg Zn/kg in grower and finisher period by adding CuSO, and ZnSO, or Cu-proteinate or

Zn-proteinate, respectively. No addition of Cu and Zn in experimental period of group D.
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W SE 2 4H B BRI ] < SR RIRAE A RO AL & - SRR RUBRGE R 2 5hk (1998) - fOAE
EHVF KRR - SREOKT REREEL - EITHERC ERTZ R sRE (R 2) - HERD(EERHOHER
Wl > o3 IR HERL(ESE 20 KRS 35 RILHETT 2 JURlHE - IR 4R BAVRE S LoRpAE 3 - A
DABSRE R L Ry 0120 FI e HEREIPVE Z F5AR - HERC(EIAREILL B (e s BRI n S 2 64 Ciers > A i
TR 56.5°C el > MIFESE 45 - 56 RERRER SN —8  HUES 56 RESFHERL L -

% A GERRRIIAR LR RN R S S S B L AR s R
Table 4. Effect of adding different chemical forms and levels of copper and zinc to diets on RSG of after

litter composting'

Items Control Group A  GroupB  GroupC  Group D SE
Chinese cabbage
No. of germination, plant 94.8 19.0 17.8 15.5 18.5 3.1
RSG*, % — 20.1 18.7 16.4 19.5 33
Alfalfa
No. of germination, plant 93.0 91.3 91.8 92.5 91.8 1.3
RSG, % — 98.1 98.7 99.5 98.7 1.4

! Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in grower and
finisher period by adding CuSO, and ZnSO,, respectively. Groups B and C were fed the basal diet with two
chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and 4 mg Cu/kg and 50 mg Zn/kg in
grower and finisher period by adding CuSO,4 and ZnSO, or Cu-proteinate or Zn-proteinate, respectively. No
addition of Cu and Zn in experimental period of group D.

* RSG: number of seeds germinated in litter extract/number of seeds germinated in control x 100.

FEFHEA LIRS RIS B AE o] LUK A Y =8 (phytotoxic metals) 2 MEEBIATEE (Tiquia et
al, 1997; Tiquia, 2010) » fi P #5 FH 3 550 2R HERR AT IE 2V E (Ros et al., 2006; Miaomiao ef al., 2009;
Tiquia, 2010) ° KB DIBSEE RIS HIETEALRAVE % - BRI HE R EEEirETiER 82
F (RSG) HIE » EFRINE 4 - EERHEE K ETEHY RSC S4HR BAHAT - 45BRHEE(E 16-20% © E7E
HY RSG B2 98%2L I = Kim er al. (2008) BEFH&EBKHEE FoK B B THERD R AV S » SR ok
SEBRHEEAY RSG 18 0 - 40.0% » K EZEANEEE 104.0 - 164.4% » BLAS BG4S AT TEAE YIFERFHY RSG 5
ERZEERAEL s Kim eral (2008) 38 Fs PEELEEERH8E R A 1 SR S e AT o 9 808 e SN <2 FE A TR -
PR iR R LRI R SEBGER LAV & T HEREA LRI Y LB SRV 5 - e
AR B 1 S A R A AR AT RE S 1.21 - 1.41 £% > SFRVRS RS 1.04 - 113 £ - Hsu and Lo (2001)
fatt o ST LABAE T - BEEFE S A R A SR ST LATHR & 2.7 f% 5 Tiquia
(2010) HIRAZE > HERLIZIR (530 - 660 wg/g) FIFE (650 - 930 1 g/g) HIRLE ST HIGHEHEREALAT (57
420-550 wg/g Re#¥ 530 - 660 wglg) $25 1.20 - 1.26 f%F1 1.23 - 1.41 &% - FLEBUfEALEARI AR EFIA
B (Parkinson e al., 2004; Tiquia, 2010 ) $53fif » LA E R 57 2E 4E NHs ~ NO»-N H1 NH.-N Ziffi 2%#% ( Bernal
etal,2009) - BEREYYE TTRAVREEFCRGEMAHEEES (Miaomiao e al, 2009) A
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5. FERMENLATR AT 2 B(E

Table 5. The compositions change during composting process of pig feces-on-litter'”

Items Group A Group B Group C Group D
Before composting
Moisture, % 60.66 64.65 65.75 64.95
Ash, % 28.17 23.77 23.57 24.45
Cu, mg/kg 103 54 46 34
Zn, mg/kg 721 439 390 278
N, % 3.02 2.80 2.92 2.89
P, % 2.54 2.74 2.38 2.80
K, % 242 2.69 2.63 2.23
After composting
Moisture, % 40.96 38.71 41.54 41.96
Ash, % 35.48 33.15 31.49 32.36
Cu, mg/kg 125 70 57 48
Zn, mg/kg 785 470 406 315
N, % 221 2.33 227 2.25
P, % 3.48 3.59 3.49 3.49
K, % 2.97 3.10 291 2.67

! Group A was fed the basal diet with copper at 35 mg/kg and zinc at 120 mg/kg and 100 mg/kg in
grower and finisher period by adding CuSO, and ZnSO,, respectively. Groups B and C were fed the
basal diet with two chemical forms of copper and zinc i.e., 6 mg Cu/kg and 60 mg Zn/kg and 4 mg
Cu/kg and 50 mg Zn/kg in grower and finisher period by adding CuSO,4 and ZnSO,4 or Cu-proteinate or
Zn-proteinate, respectively. No addition of Cu and Zn in experimental period of group D.

2 Dry matter basis, except content of moisture.

KHEACA LR TR » A AHHEREAYEE (125 me/ke) FI$E (785 mgkg) AYRAESEHAB S Y HAL =4 » M
SHEMIE (2.21-2.33%) ~ B (3.48 - 3.59% » #% P.Os By 7.97 - 8.22%) K#F (2.67-3.10% > #H K.0
Ky 3.22-3.74% ) HIFRFEEAHAT - AL R BTG B RS (2010) #UE > @3 (fmE 5-09) 2
AL EEHE R LR (S0%LLE) » #7 k¥ & BFRHIAE 100 ppm K 500 ppm BAT > % 1.0%LL L ~ 4.0%
IR > 28R (P0s) 1.0%EAE ~ 6.0%LLT » £FEAEST (KO0) 0.5%LALE ~ 5.0%LLT » AstEgERed A 4H
FE VTR (R IKIREI AR (2000) SEFISFRERERI > MR HAE T ~ SRIBHRE > 195
MESEFOEL (H 5-09) ZAHE - A HFFE R (EAEHERCERATHECIRIN 23.65 ke AURLRE - HEAD(LEETE
& HH ~ PR EBIAS N ESEEL (MmE 5-09) ZH#E - ME (221%) f8f (2.77%) &iEH
aR[EZER] > AIRFFARI NG MRS B - S RHRE > ERFaESEEL (mE 5-09)
ZHE - ARHRGERHS - AN > B~ CHI D F=4HEAC P sdAIsE & 8 - IR e m S il (RE 5 -
09) ZHiH -



118 A& B AR A RIC S AL T s E B o

SH R

AEvRHE R o H R © 2010 » (TEIRESEE B GRS
http://www.afa.gov.tw/laws_index.asp?CatID=228 » FHEERE 99 £ 7 A 29 HEIE » 100
4 H 20 Tk -

FRHATE - 1998 - (8 BB IMEACEUE - GBE T ERBATIUEFEE RIS KRR &
a LR 0 pp.23-32 - BEE T EASRATRED -

B R SRATAE — FC & BEPR} - 2000 o &R ES AR S ARED

ERREH - BIEg8 - FEK -~ R~ BSOS BT © 2012 o R [ERIFUE S RO B 2 e A R A
B R R ERIEIR E - BETTT45(1) 1 75-88 ¢

Apgar, G. A., E. T. Kornegay, M. D. Lindemann and D. R. Notter. 1995. Evaluation of copper sulfate and a
copper lysine complex as growth promoters for weanling swine. J. Anim. Sci. 73(9): 2640-2646.

AOAC. 1990. Official Methods of Analysis. 15™ ed. Association of Official Analytical Chemists, Arlington,
VA.

Buff, C. E., D. W. Bollinger, M. R. Ellersieck, W. A. Brommelsiek and T. L. Veum. 2005. Comparison of
growth performance and zinc absorption, retention, and excretion in weanling pigs fed diets
supplemented with zinc-polysaccharide or zinc oxide. J. Anim. Sci. 83(10): 2380-2386.

Bernal, M. P, J. A. Alburguergue and R. Moral. 2009. Composting of animal manures and chemical criteria
for compost maturity assessment. A review. Bioresour. Technol. 100(22): 5444-5453.

Coffey, R. D., G. L. Cromwell and H. J. Monegue. 1994. Efficacy of a copper-lysine complex as a growth
promotant for weanling pigs. J. Anim. Sci. 72(11): 2880-2886.

Dove, C. R. 1995. The effect of copper level on nutrient utilization of weanling pigs. J. Anim. Sci. 73(1): 166
-171.

Dozier, W. A. 3rd, A. J. Davis, M. E. Freeman and T. L. Ward. 2003. Early growth and environmental
implications of dietary zinc and copper concentrations and sources of broiler chicks. Br. Poult. Sci. 44(5):
726-731.

Hsu, J. H. and S. L. Lo. 2001. Effect of composting on characterization and leaching of copper, manganese,
and zinc from swine manure. Environ. Pollut. 114(1): 119-127.

Kim, K. Y., H. W. Kim, S. K. Han, E. J. Hwang, C. Y. Lee and H. S. Shin. 2008. Effect of granular porous
media on the composting of swine manure. Waste Manag. 28(11): 2336-2343.

Miaomiao, H., L. Wenhong, L. Xinqiang, W. Donglei and T. Guangming. 2009. Effect of composting process
on phytotoxicity and speciation of copper, zinc and lead in sewage sludge and swine manure. Waste
Manag. 29(2): 590-597.

Muehlenbein, E. L., D. R. Brink, G. H. Deutscher, M. P. Carlson and A. B. Johnson. 2001. Effects of
inorganic and organic copper supplemented to first-calf cows on cow reproduction and calf health and
performance. J. Anim. Sci. 79(7): 1650-1659.

NRC. 1998. Nutrient Requirements of Swine. (10lh ed.) National Academic Press, Inc., NY, USA.

Parkinson, R., P. Gibbs, S. Burchett and T. Misselbrook. 2004. Effect of turning regime and seasonal weather
conditions on nitrogen and phosphorus losses during aerobic composting of cattle manure. Bioresour.
Technol. 91 (2): 171-178.



FRRHT B30 FER I BSRS FERE 119

Ros, M., C. Garcia and T. Hernandez. 2006. A full-scale study of treatment of pig slurry by composting:
kinetic changes in chemical and microbial properties. Waste Manag. 26(10): 1108-1118.

SAS. 2002. SAS procedure guide for personal computers. Version 6" Ed. SAS Institute Inc. Cary, NC. U.S.A.

Tiquia, S. M. 2010. Reduction of compost phytotoxicity during the process of decomposition. Chemosphere.
79(5): 506-512.

Tiquia, S. M., N. F. Y. Tam and 1. J. Hodgkiss. 1996. Effects of composting on phytotoxicity of spent
pig-manure sawdust litter. Environ. Pollut. 93(3): 249-256.

Tiquia, S. M., N. F. Y. Tam and I. J. Hodgkiss. 1997. Composting of spent pig litter at different seasonal
temperatures in subtropical climate. Environ. Pollut. 98(1): 97-104.

Tiquia, S. M., T. L. Richard and M. S. Honeyman. 2000. Effect of windrow turning and seasonal
temperatures on composting of hog manure from hoop structures. Environ. Technol. 21(9): 1037-1046.

Veum, T. L., M. S. Carlson, C. W. Wu, D. W. Bollinger and M. R. Ellersieck. 2004. Copper proteinate in
weanling pig diets for enhancing growth performance and reducing fecal copper excretion compared

with copper sulfate. J. Anim. Sci. 82(4): 1062-1070.



120 Taiwan Livestock Res. 45(2) : 107-120, 2012

Effects of different levels of copper and zinc
in growing-finishing pigs diet on the copper
and zinc concentrations in feces and
compost(l)

Tein-Ming Su ®® Shine-Ming Liou ® Herng-Fu Lee
Ting-Hsun Hsiao ® Chung-Wen Liao™ and Meeng-Ter Koh"

Received: Jun. 29, 2011 ; Accepted: Dec. 19, 2011

Abstract

The purpose of this study was to investigate the effect of dietary supplementation with different chemical
forms and levels of copper (Cu) and zinc (Zn) on the Cu and Zn content in feces and compost of
growing-finishing pigs. A total of seventy-two LYD pigs, half barrows and half gilts, were assigned to four
dietary treatments when their body weights were 30.5 = 2.5 kg. Pigs in group A was control which was
provided with the basal diet with 35 mg Cu/kg by adding the CuSO,4 and 120 mg or 100 mg Zn/kg by adding
ZnSO, during growing or finishing stage. The pigs of groups B and C were fed basal diet with 6 and 4 mg
Cu/kg and 60 and 50 mg Zn/kg by adding sulfuric and proteinate forms during growing or finishing stage,
respectively. Group D were provided with the basal diet without extra Cu and Zn supplementation during
growing-finishing stage. Dietary sample of each manipulation was collected during experimental period.
Fecal sample of each pen was collected weekly and the concentration of Cu, Zn, nitrogen (N), phosphorus (P)
and potassium (K) was analyzed. The feces of each pen were collected, weighed and stored every 2--3 days.
The collected feces were used for composting subsequently at the end of feeding trial. After composting, the
Cu, Zn, N, P and K concentration of compost were measured. The result showed that the fecal Cu and Zn
concentrations based on dry matter basis at the growing stage increased approximately 3.0 to 3.8-fold and 7.6
to 15.3-fold, and the finisher stage increased by approximately 1.6 to 2.2-fold and 4.5 to 10.1-fold than the
dietary Cu and Zn levels, respectively. The Cu and Zn concentrations increased approximately 1.21 to
1.41-fold and 1.04 to 1.13-fold in the final compost when compared with the feces-on-litter levels before
composting. Besides, the Cu and Zn concentrations in the feces and compost increased when dietary Cu and
Zn addition were increased.

Key words: Compost, Copper, Feces, Growing-finishing pig, Zinc.
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