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LR STy S LR

ZEPEE O ZIEERE Y LETEH O MESE® MERC ERE©

WefbH s 1128 H3 H  #2H - 112412 H 21 H

W R

AHFEMAEmEER N EASNSEH > A TNEREERE S RESFHE - ETINE - EREH
tREENRRES  BRESE#H TSN HEENERE I RE S EH# > QUUERR 7 AR ST #EENERE
% 6 HERCURBEEIR - (REGEHBIERIR SRV AETEE2BER - SRER > RESFHERDC
M a* {H ~ b* H - L* {H ~ £ 40 B AEER - 40 HiRIGE K& 40 Bl EE 2 B EHR 355 0.996 ~ 0.606 ~ 0.475
0.488 ~ 0.738 Jz 0.590 » HEEFL T2 a* {5 ~ b* {H - L* (B - 2 40 HEeEEE - 40 HiRIE K 40 HikEESHEE
FEE AR o FERRIER T > B2 a* (H8 b* (RS ERAIEAARH (tp = 0.63 > P < 0.01) » {HEL L* [HH &
FIUEARA (rp=-0.35 > P<0.01) - FREIREHE R 40 i EE B EERI SR (rp =-0.06 > P<0.05) - FHILEHE 40
A B BRI (rp = 0.13 » P < 0.01) « Sopf i EAHBA AR - EREEE o* (HE b* [H AR EEH T
R (rg = 0.67) > SCHL L* {E RSB H AR (rg = -0.35) - FEIRRESE 40 MHECAEEERL » 40 BEASE ~ 40 BiES
FoSSEE H AR (rg = 0.03 & g = 0.01 © rg = 0.07) » FRPAERBURNEF EROAK o* Hl(E > HEROELZ b E
IRETRE - T ARIME SR 40 Bl EEBO AN - I RENEE BT 2 2 B — 0 G AR
N IBHEINE - DASOR STEEE I AR -

BRI © KNSR - Sk - AR - R -

i

Erh = AR EESE R (Biliverdin)-IX ~ fE4R 2 FEEE AP AIE I (Protoporphyrin)-IX » FREERR2H
FE S 2 Y SRR -IX AR R D A RE 4% 2% -IX(Kennedya and Vevers, 1976) - HRGE SRR (0 2 EE O T
CRIELEE © 28 (Porphyrin) BARELRZ K HATAY)  BlaNsE — EsrEZEEY)  HiEarE Kin B3 fgs 2 —E
Yy BREFOERZ TEEOR (2% 0 1998) - EREOTAAEANNELE - UAERMENSEEESNTE
(Flock et al., 2007)  Z8[f » EF S REBFEHEENDEEE G ERBHON RSN IIEE » BORBEAERT SN
HETREEIHERREE - B B ERBHONEREFINEAHERNELERAER - NBEHETS T
R ARE - B RtailtE > BPAERE > NERERES TR el EE L WHETSMER L BEE
e LS EFERCREERGFR - KIFSFHESEROEN a* HER  REFFEEROEY a* {2
871 RGPS E O a* 5 7.23 - ERNETFS - RIE 5SS % (Tien Ching silkie chickens » DU T il
TCS) 28 8 RER AL H S FHAELE: - RIS FHREH S #EROEE a* K 12.59 > b* E{K 7.78 (I
%0 2022) - SRR EE DR AT of (HAYE - H/NEREE A E)R  BEINERIE S S 8 M2 #E -
BLEH H 45°P] 5B 8 (LRI silkie white chicken, DU &g SW) K IAA S S8 HEFT A48 2 i & B0 A BN BB &1
B RIESFHECSTEAECEROE  MEROSPEFHEEHES 2 &SR RS e -

ZAER > MG EEE - AR E ARG [ IR BN - SR B EREE R 0.46 £ 0.50 2 fH
(Zhang et al., 2005) » FLAMNEDE S Francesch et al. (1997) H5ENZEFE/E ool & Penedesenca Negra, Prat Lleonada L)
Empordanesa Roja %5 3 f@ZEZ (Layer hens, Gallus gallus domesticus) 5uff » §2 39 BB aEA g E L HE D B

|

(1) EEEEl A s B T e e 56 2775 9% -
(2) EEEEl Em e B e AR AT R4 -

(3) Rl A e B PR (AR AR

(4) EEREl B A BB AT T R R

(5) #EA/EE > E-mail: mytsai@mail.tlri.gov.tw ©



K & B HEER A2 RS BES R 151

0.49 ~ 0.53 )2 0.27 » [NILERBCEA T & E S E R - 315 (2022) 5 > &al0&SE R
R - VIFERRE - WIEEE K 40 Mk EEE A 158 H ~ 1,181 g~ 29.7 g & 97 # > 30 MR EREA (2 a* {HE
b* [EHo7 A Ry 7.23 81 17.67 - Zpg eI RE B RE S E H A9 E Nl ~ PERE ~ Y)EEE K 40 Hik
FEERHOTHI R 189 H ~ 1,247 g~ 29.7 g F 48 1 > 30 MBS EEFRBA D L a* {HHL b* {5751 K -4.99 B 13.96 - [N #EEHY
BERE REGE BSOS F BT CEE - H GO RiESH #E EVEREAESR - R EvER
i~ PIERGE - P)EEE 40 HIRIEE - 40 Bk VY EE K 40 Bk EER T A R 164 H ~ 1,373 g~ 308 g
1,486 g ~ 41.1 g~ 59 14 > 30 MR SR (122 o* {HEL b* {[EIT A By 1.59 B2 17.9 - (NIt - SalpiifE P U ERES
B ER R > EITAMEERRZEESBEE RS > DA SUEEE MR RIES R 2 2% -

M A

KB E E AR (ST sECEHREESET > KB 2 - EEE RS
K& B P B BB ) e R (5 A/ NAH DU BB T~ 109-20 SRAZ RS -
I SEesEE e ke Tk
5 o A &l 043P 55 #E B R T EE R 2B 55 % (silkie chicken, DLNfETE SC) - el A4 IS E 8
Ry AT E RE 94 fEFEETTA BB &8 AR » 14 103 FIEARE S S&TERERZE
GEE > PNHERE 103 4 12 H 01 HITEFTREZ B g BT 1030043688 5700 > A S @EH miE S » IF
Afpt b "EAAGTESEH,  REERESFHNRKE 101 FHEZMTEEES EESTHSERI/IMIA
EEERE Y RESEH 4 €815 > fIENER AT ETEEERERTE -
B REERESTHIHATSH AT THAR TR BHEERKE S TH - KiFSEHETH
R ZEEEEE A o BEEN R K B RHE R o N 0 — 3 EEIFDUPEIRR S E - 4 — 17 Bl e
B S PRERE o (EEERERIZERS 18 Al IR EERIEESE (& 50 cm ~ & 30 cm ~ 5 39 cm ) » BETEEMRERE
TKELEARHE B o (BEERE AN FERY 18 il DA% FEH A ESE (£ 50 cm ~ E 30 cm ~ /549 cm ) » A 18 E: (&) DA
AT ERE R R - KB RHE R - TCS 55 1 — 8 X (G1 — G8) LUNEREf B 5 i F UK S 5 R B (a7
a* (f > R HR T ES O o HEKY 100 SRR EEYE 2 R > A HEHI D2 BRI K E
AdH ik ERL A S T 2 a* HER S ER AR P ER EAE a* HRR2 20 ERHHAESEE &
ONHE > HETTRIEEEIN 30 HESERLBAD a* ([HECEE 2 (ERE A - M(E B 2SS EEEE TR S RLIIFE 600
R e DERPEE > eSS S E R
I FofEsEs Tk
WEREE Ba 2 EEMRE R - DUNEE 255 e T SR EF I ER B o H - A2 E
FECEEIRH R E R a2 FE S 2 a* [HER  BETIGEE 30 Bl ERE @ a* HR R CURHE 2 [EiE A
FEEBLIRLZE - fRAE AR IO EE T — A ($1% 2 2022 ) - GO ~ G1 ¢ G2 #BERFFCHE 2 AN HEBLREEE O Al R 12 EELRE
356~ AN 10 BHELRE 42 € RN 15 LR 75 €& o 5B EIEGRN G3 — G6 BERfE /N 20 EHLR) 100 ST
FCFEZE - G7 NS S5 a E 2RI ATR » sl 14 E8IRE 75 ST A\ TIE(E I HCRE - kB 4= [H fa g
FEROECHE > ETEE N ARKEED - ERZHEERAM L/ NG B8 > SHAERREESEHE A
HEEREEEHTIAFE | - 45T H 2012 — 2021 F R ILETEA E RIESE #D 1,580 EHR] 1,908 & > 451 3,488
€ EERIESEHEROEREER -
I FEEMERENE
RIEEACAE RMERENIER - H 16 EEBEETE 700 g DL b - £88E IR 5E1% - 8k e S PERE SRS > |
&R EESEMITYIEEE - WERSE - WEHE - 40 HIRIEE - 40 HE-FI9EE N 40 B E B S EEME
ME
IV. ERR O HIE
{2 30 FEEULEEFTE 2 HEE =8 - (EA 5 B HIEET (KONICA MINOLTA, CM-2300d, Japan) » JHIH 2%
it SNRERR T > HATHITE Hunter L* {H ~ a* (A K b* {H o L* {HCFREE - 8{H 100 B 2 > 0Ef e
va* [HIURALOSE > IEERF AL - &E RSk b* ERREOE > EERF A SERRE -
V.t R R SRR
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P& EDTA K3 HieRIFERIME - B/& 117 EXIE 55 2 G5 MHHHEAS < BEFARMEE - {8 B 2 BRI 4H
(EasyPure Genomic DNA Extraction Kit) Z£H{[fl115 DNA - JEF FAO(2010) Z:z6(5 FHAY 24 40 ZEffer B AU 85 (040
(ADLO112 ~ ADL0268 ~ ADL0278 ~ MCW0014 ~ MCW0016 ~ MCWO0034 ~ MCW0037 ~ MCWO0067 ~ MCWO0069 -~
MCWO0078 ~ MCWO0081 ~ LEI0234 ~ MCWO0098 ~ MCW0103 ~ MCWO0111 ~ MCWO0183 ~ LEI0192 ~ MCWO0206 ~
MCWO0216 ~ MCW0222 ~ MCW0248 ~ MCW0295 ~ MCWO0330) » #{7T PCR 1% » {1 ABI 3730 (%18 E F B T
fi BB EATEC T > DL Excel Microsatellite Toolkit EHEHUASH#EL T2 RENE /3T -

VL &5t ot

AT RFEUCEE 2013 — 2021 4 7 s B &kt - (1 SAS 45173 11 2%t~ PROC INBREED #2 7 {fi HL 5 {{

INTREEZ AT HAEL 0 {k PROC CORR 737 B2 MR 2 RIEUAHRE - R DA — M4 e =0A2 P (General Linear Model

SEEE (%A VCE 4.2 (Variance Component Estimate) #tf& (Groeneveld, 1996) » {5 F % LIt 2 i B [E =30 FE
{IE1BG Zami il Ry AT » ARFR B R BAZRVE (restricted maximum likelihood, REML) 82 MR Eh P18 A HE 1T 78
28 (CEERBUAEMER ) 2 (HEHE -

RN B

I EEPGARR S & RO B 4o
BEP A BG B LR OB HUREESIN R 1 Y5 E A HE 1,580 B2 EAR) 2 1,980 £ - G1 — G3 [NIER &8s
b BERERLEEURREE (a* {H ) Z(ERS A HEBLIREEE o T A TION o G4 RN 15 & - K75 EREEE - 5k
TEREIEGERE G5 — G8 HEABE AR > BEHL 20 & ~ £F 100 €301 %2 4 [F A B R f fc i > MEfTEIE ~—
R RERZIFR AN N B - FRARRNWARESHEEENFR | - SEIEENREERE - A2
B E RN 5.5 — 24.1% » REZEHI A 15.1 — 82.8% ©

® 1 RIS EHZIERRE
Table 1. Selected populations of Tien Ching silkie chickens

Line/ Incubation date No. of chicks Parents Selection percentage
. Hatched data .
Generations (year/month/day) M F M F M F
SW, SC 13 14
SW x SC/F1 4 2012/09/25
2012/11/05
29 29 7 24 24.1 82.8
2012/12/10
2013/02/04
TCS/GO 2 2013/12/02
139 146 9 22 6.5 15.1
2014/02/13
TCS/G1 1 2015/05/08 63 65 10 42 15.9 64.6
TCS/G2 2 2016/04/22
253 223 14 59 55 26.5
2016/05/19
TCS/G3 2 2017/04/20
292 277 20 89 6.8 32.1
2017/05/11
TCS/G4 1 2018/04/25 236 354 20 81 8.5 229
TCS/G5 1 2019/04/23 155 274 20 90 12.9 32.8
TCS/G6 1 2020/04/21 243 310 20 87 8.2 28.1
TCS/G7 1 2021/05/25 170 230 14 58 8.2 252
Total 1,580 1,908 147 556

" M: male, F: female. SW: LRI silkie white chicken, SC: silkie chicken, TCS: Tien Ching silkie chickens, F1: first filial
generation, Gx: self-fertilizations generation.



IIL.

ZEphe BIBERE OMEDY] MIERE MEE WG 153

AR TR GEER

STERHE S 2 8 REH 212 - RO TRGECF Y E R RE EARIINR 2 - N2
FGECP I E R HEATEL > B0 2013 EHZ SRV - #ERMEMICEEE - WJREFEEM&RH % - Hit
FoREFHATIRACHE - SR 4met » IR R AR SRR S R (% - MCEGH = [FI H Bl R [FI AR ACHE - DUR/ D AT #RBCHERY 5%
4 o EREURH Gl Z AREHBY B G > MEITRAGEERENI - £ GTRAHER 0.125 - B# R
0.127

T2 RESEHEASES TR AR (A (R 2=

Table 2. Mean and standard deviation of inbreeding coefficients in males and females of the Tien Ching silkie chickens after

generations of selection

Generations Male Female

GO 0.000 x 0.000 0.000 x 0.000
Gl 0.000 x 0.000 0.000 x 0.000
G2 0.036 x 0.014 0.036 x0.016
G3 0.063 x 0.025 0.064 x 0.022
G4 0.101 x 0.031 0.104 x 0.031
G5 0.108 x 0.018 0.108 x 0.020
G6 0.120 x 0.023 0.119 x 0.020
G7 0.125 x 0.020 0.127 x 0.021

Mean = standard deviation.

Gx:

III.

self-fertilizations generation.

KiE S B #EEMEE

RIS 16 EELHE IRBLY MR ER 1% - FMEREESEETT R EEMENE - fBasER % 3 KIFSFH#H
57 AR YIEHE: - VERE - YEEE - 40 HERREE - 40 BRI EE K 40 FHEEET R 169
H-~1379¢g~320g~1,575¢g~43.2 g ke 78 #% - LLE AR RIE S F #EEMREE S - WEHIILL G2 R F
FRAGVIZE » DA G4 BREE Ry iR FRaa W)z » G2 Bl G4 fHELE)ZE H I ZEE 25 (P < 0.05) - #IEREDL G2 &
H > G4 o HARAEZEMZELR (P<0.05) - YIEEELL G5 K G6 #E » G3 ffds » QR mEE =4 -
40 HE P EE DL Gl B8 » GO #ES > AR A B MEZ S (P <0.05) - 40 HEASE DL G2 Ry E » G4 Fyix
B HACRTAEEMEER (P <0.05) - 40 Al EERDL GO fie/b > GT Ry % » HIRTEEEEMEER (P<0.05) -
Kt B EMFERBHERGZE o* [HES AT > HitgEAEROEER > M EAHEEERELLT
PR TR RS IREENIFTIER - KIFSE#E G7 EE MR SW Bl (55 % SC MHtte » RIS F
ZWIEE HEE: SW B 11 K » 8 SC 2520 K o KIF 55 H 2 W] Efe EESH L SW I SC 73 515 411 198 g 1 132
g o KIFSE#HE 2 WIEEEEGH SW Bl SC 141 2.3 g « KIFSE#E 2 40 FHiR--EEEFR SW F1 SC 775k
3.8 g k3.1 g RIFSEHEZ 40 FEEHE TS SW A SC 73741 114 g A1 205 g - KIFSEH#E 40 i EE
Fss L SW /D 19 #gdE > oA SC AIRE i 30 #2485 - DL 40 BEEEHIN S - KEEFHAA SW mEEMLE
AT BB ERR I 2 SC - HAEF RIS B S eSS BK SC40 Hfs e B i 1.62 f2 DL I » ZEH IR E
R FEEHUSUR  FEACHI SW B SC 7 40 G ZE o7 7l By 97 #i8A 48 # » BAFREAZ+(L TCS 2 F1 £ 40
TS EE SR 75 1 0 51E 40 Bl E BB FS B R 3.5% > FORME AR 40 il E EHER B SC40 i
FEEER - HAMSCES - 3 2014) ilBpsE R - NS H R EIVIE HER ~ 40 BEASE - 40 HR-FI9EEK
40 EEEHSY IR 185 H ~ 1,158 g~ 39.1 g F 51 #¢ -

552020 4F TCS 2 G6 HY 32 SRR 22 HEE 74 BB UNE RET 52 8 (1 ) Z EEHEEARER B
ZMAWIEHE Ry 168 H » 22 Hl-FHEE fy 31.4 g 2 52 FHMCEER 145 12 0 22 2 74 B EE R 42.1
g HESEIIEER F 54.7% > 22 2 74 FEEE EE (FAEER ) K 203 £ o PRI Z MM BLE A 5N T &
BUGPISEH - ERDURET > BEHBREEE R 170 HE - TTARIE R 156 HEs > FEERHEEIE A
120 — 150 {[& - JTFEMIE Ky 110 £y » EEEREMIE S 47 ¢ JTPEHIE R 40 ¢ - B P& sRATRAEE & 2 SRR
EE > SRR E > WIEHE R 152 HiEG - 2 500 HEEER 160 — 170 £ - &5 50 g - R ELHILEESH
& i Bl P B » R 2 E  YIEHES R 200 HiEs - FEEE 160 1 - ZEE 45 ¢ - PRI I&HER
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B R g 2 SR - R RRE T > g 5% 26 Rk WIERERE 195 Hilk > FEER 150
&> EEEE 54 g o TPEIU AR & 2K S B > ERE2e0 > PEHERE 210 — 230 Hik © FEE
B0y EE S g - THERGEERERCEESSHE  ERURECES > 0O YIEHEE 210
Hif > FREEEE 120 — 160 £ > 25 57 g (TRABR > 2003 ) « KRS H #EC]EE H R LAt b BlS & Hest il Ry
B FEEBE S LSS HmE -

*®3. RFSEHEFHRS I B2 EEIEE

Table 3. Laying performance of Tien Ching silkie chickens in each generation of selection flock

Line/ Generation AFE BWFE EWFE EW40 BW40 EN40
(day) (8) (8) (8) (8) (egg)
SW 158 +14.8 1,181+ 125 20.7+6.5 394133 1,461 % 162 97 23
(N =235) (N =235) (N =235) (N =215) (N =233) (N =235)
SC 189+10.8 1,247 + 140 20.7+28 40.111.6 1,370 + 269 48110
(N=4) (N=4) (N=4) (N=4) (N=4) (N=4)
SW x SC/F1 157 £8.2° 1,366 + 173" 332167 412+3.4° 1,432 £ 190" 75+ 23%
(N =29) (N =29) (N =29) (N =27) (N =29) (N =29)
TCS/GO 164 £12.9%  1,373+172° 30.816.3 41.1+3.5° 1,486 224 59 +22¢
(N = 85) (N = 85) (N =85) (N =78) (N = 85) (N =85)
TCS/G1 162 +13.3 1,447 £ 240° 30.8%5.5 43.6+3.2° 1,682 +352% 71+ 18"
(N =47) (N =47) (N=47) (N =47) (N =47) (N =47)
TCS/G2 159 £ 10.6* 1,496 £ 225° 31.7+7.4 429+34 1,733 £ 306° 77 £20°
(N = 180) (N = 180) (N=179) (N =167) (N =179) (N =179)
TCS/G3 165 £12.9™  1,351+179" 30.615.4 43.4+3.0° 1,625 + 268" 70+ 18
(N=216) (N=216) (N=216) (N =196) (N =216) (N =207)
TCS/G4 171+£17.2° 1,238 + 160° 314£56 427128 1,394 £ 2118 67%21°
(N =278) (N=277) (N =277) (N =228) (N =270) (N =270)
TCS/G5 170 £19.2° 1,301 + 158° 31.7+5.4 433137 1,441 £ 206" 75421
(N=217) (N=179) (N=179) (N =194) (N=214) (N=214)
TCS/G6 168 +14.1° 1,356 + 176™ 31.7+6.8 432+3.1° 1,526 +210% 75+ 18"
(N =284) (N =284) (N =284) (N =252) (N =282) (N =282)
TCS/G7 169 £ 12.4® 1,379 £ 157° 32.0+7.0 432126 1,575+ 217% 78+ 17°
(N =207) (N =207) (N =207) (N =189) (N =201) (N =201)

AFE: Age at the first egg, BWFE: body weight at the first egg, EWFE: egg weight at the first egg, EW40: egg weight at
40 weeks of age, BW40: body weight at 40 weeks of age, EN40: egg number up to 40 weeks of age. SW: LRI silkie white
chicken, SC: silkie chicken, TCS: Tien Ching silkie chickens, F1: first filial generation, Gx: self-fertilizations generation.

N: Sample size, Mean * standard deviation.

*# Means in the same column with different superscripts differ significantly (P < 0.05).

IV.

TR 40 IR TR VEIR 2 BN R ELR AR

BHEEI 30 4B U S5 71 PO 7 2 R = MICEAN R BR L 28 R R R S IS - B SR AU
%4 KIFEHTHEGT BLFE 30 A THIERL 2R L* (5 83.0 » A G0 o* [0/ 8. 71 - FYER3EIY b¥ s
9.07 - HIEERSMEZE BRE R o DRI EE B G7 2 B th R E5 [JERL SW B2 SC k8 - TCS Faen
# % L* (O SW 011 7.50 - LR SCH AT 475 - SEREAHENN - TCS AL E332 8 a* (EL B 1 SW 15
1594 » L SC WE( 3.72  TCS SEHEE 5 (I A (L3 IE a* (450 » WEURR SW 2 (432 o* {1 7.23 BISEF
] BB AL A o (8 PRSI SNBIEEE - TCS ZEREENT bt (EESI SW E(E 8.60
BRI SC I 4.89 < TCS 7 GT R 2 HE L SW BB - BHER SC (IR ARAT - RSB B (X
FEESE R EEIRAT) ) FAIEAEE L (B8 813 - a* (1 -7.87 - b* £ 9.29( 215 - 2018) - TCS HBFI S5
BEEEAEE(ILLR: - BSE SRS B HEY L (675 17 - a* (415 0.84 & b* 5{5 022 -
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T4 EAOKPISEE SW) - SIES T (SC) KIS S5 8 (TCS) EE R 5t AUF 30 B frg 2 Sl tiE

4
Table 4. The color differences of eggshell in various generations of breeding populations of SW, SC, and TCS at 30 weeks
of age
Line/ Generation L* value a* value b* value
SW 75.50 1 3.96" 7.23+2.29% 17.67 £3.35%
(N =104) (N =104) (N=104)
SC 78.25+4.80" -4.99 233" 13.96 £ 6.17"
(N=4) (N=4) (N=4)
SW x SC/F1 75.59 £ 4.39¢ -1.75+6.78° 14.26 + 3.25°¢
(N=12) (N=12) (N=12)
TCS/GO 77.60 £4.07° 1.59 £ 6.43° 17.93 £4.23*
(N=173) (N=173) (N=173)
TCS/G1 76.80 + 6.82% -0.06 £ 5.00° 16.25 £ 4.09°
(N=48) (N =48) (N=48)
TCS/G2 75.66 = 4.25¢ -2.00 £ 6.39° 14.78 + 3.89°¢
(N=176) (N=176) (N=176)
TCS/G3 75.50 £ 3.89¢ -5.90 +3.19¢ 14.01 +3.65°
(N =208) (N =208) (N =208)
TCS/G4 79.42 +3.50° -6.69 £ 2.74% 12.35 £ 3.45¢
(N =259) (N =259) (N =259)
TCS/GS5 79.70 £ 3.78° -7.38+1.59 11.97 £3.07°
(N=207) (N=207) (N=207)
TCS/G6 80.38 £3.62° -8.01+1.47 10.52 +2.94°
(N =276) (N =276) (N =276)
TCS/G7 83.00 + 3.05*% -8.71 £ 1.41% 9.07 £2.69"
(N=197) (N=197) (N=197)

N: Sample size, Mean 1 standard deviation .

SW: LRI silkie white chicken, SC: silkie chicken, TCS: Tien Ching silkie chickens, F1: first filial generation, Gx: self-
fertilizations generation.

“' Means in the same column with different superscripts differ significantly (P < 0.05).

X~Z

Means in the same row with different superscripts differ significantly (P < 0.05).

KIS B AR R (072 € M R AR R TRIUARE ~ B ERBUE AR TIN5 - (R ARG 2 KIg
SR HEEITARED > WD IREGE RS 8 fU(G0 — G7) HBHE R RS MREYIEAETERHS
BERER > B RS EHEROER o* H - b* (E - L* H - £ 40 BiREER - 40 BiiEE K 40 B E
B ZEERITH R 0.996 ~ 0.606 ~ 0.475 ~ 0.488 ~ 0.738 2 0.590 - FE&REAZIFE (2010) frdn P8 R S X
Z % A0 i EER - 40 MR E K 40 PR EE 2B ERTH] R 0.31 ~ 0.84 £ 0.58 - DU (2021) AR #ak
BB E EMERE ST A VCE 6.0.2 SBGHETT 208 T #EVTIR in f— St in & L7 BEEEEMINEE S8R > SEREUR
2E 40 FECEEER - 40 BEEGE X 40 Bl P EE 2B ARG E AR 042 ~ 0.49 K 0.61 > B HERIEMER -
AN ZEE REDUEN B R ENEE S L EER AR aEER S FHRERCEETARSHEH
o HSE o* {5 - FTDUBHSS RS -

FERIUMRBH J51E > B (2 o* (HEL b* A SR IEAR] (rp = 0.6 » P <0.01) » B Aygun (2014) LA
60 Bt R E A ITEER S LRI (rp = 0.41 > P < 0.001) §HRAALL - BUREESH EROAT a* (EH M >
BERR O b ([EIRE NE R OER o* (8 L* (E A P ERAIEARE (rp = -0.35 > P<0.01) > B Aygun (2014)
ItrEE R R m RS AR (rp = -0.85 > P < 0.001) FERAMML > ARER O a* MK - L* BRI ERE
BERE R T b* (H5E LY ([HESERAGAHMR (p = -0.70 > P < 0.01) » B Aygun (2014) 73 isE R B RIS
HHEE (rp =-0.26 > P <0.001) £5FARML » (ARER O b* YK - H L* 5 - sefElse © EREEE L [HEE
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HEE 40 FifEEHE PRERMIEMHR (p = -0.30 - P <0.01) » (AFRER O L* ME S 40 HiREER
e o BEFE 40 AT EET 40 lC EE E P ERAEAE (rp = 0.30 - P < 0.01) » (REXRFSEHE MaALS
BEE > HAHHE 40 iR R - MBI 40 BHIRFTE 2 EE - AEE IS - 40 iz SR 40 HiEER
R RAEZEEAARE (rp = 0.23 > P<0.01) Z&ERATE > HEN A AE N e B ER b R (B ARE -

xS RESEHES 8 (EROELHEEEMHRZEEHR - RAARIELE FHHE

Table 5. Heritability, phenotypic correlation, and genetic correlation of eggshell color and egg production traits in 8

generations of selectively bred Tien Ching silkie chickens

Items a* value b* value L* value EN40 BW40 EW40

a* value 0.996£0.003  0.670 £0.030 -0.345+0.046  0.033+£0.045  0.009 £0.036  0.074 +0.029
b* value 0.630” 0.606+0.034 -0.785+0.028  0.049+0.066 -0.063+0.053  0.085*0.058
L* value -0.353" -0.702" 0.47510.034  0.3211£0.064 -0.092+0.056 -0.214 % 0.062
EN40 -0.063" -0.149” 0.302" 0.48810.043 -0.24410.059 -0.407 £ 0.067
BW40 0.132" 0.076" -0.168™ -0.019 0.738 £0.031  0.461 £0.048
EW40 -0.026 -0.021 -0.052 -0.102 0.299™ 0.590 +0.038

The phenotypic correlations (below the diagonal), heritabilities (on diagonal), and genetic correlations (above the diagonal,

mean * SD).

EN40: Number of eggs laid up to 40 weeks of age.
BW40: Body weight at 40 weeks of age.

EW40: Eggs weights at 40 weeks of age.

" Significant (P < 0.05).

™ Highly significant (P < 0.01).

BEMZ(GEGER > EROEE * HE HRASEEGETMER g =0.67) AREFEROEK a*
EHEE HEROEE HTIGPERERERK  EROEE BEROQER L HELHTEEHEAMH
(rg =-0.35) - RO b* [HBER AL L* s EEEEMHE (g =-0.79) - ERkt2E L* HBAESE 40
A ERURy TP OB E I AHRH (rg = 0.32) - B 40 Ml EE Ry P OB E AR (rg = -0.21) - BEFESE 40 HiREER
140 EECHSE ~ 40 IR EE Ry OB SR (g = -0.24 5 rg = -0.41) > [LEEREIRIFE (2010) 3 Hresel] 55 HE
ZH S R BEEE 40 iR AEE R 40 FiASE - 40 HiREE Ry B {H IEATR f LB & AHRE (g = 0.34
rg = -0.18) A[F > JLAMEABREER YL Francesch er al. (1997) #i545iH 3 MMM EEAE 39 Bl A EBIER KT
JEEIE (AR (rg = -0.20) 4T - 555 MR 40 Wl AG R B 40 Bl ER B &y T S T AHRA (rg = 0.46) - FE&SRELZ
% (2010) a5 H By L IEARRR (rg = 0.46) MH[F » LUK AT (2021) B8+ HEVTH fn F—9fhn & L7 £25 40
i B B 40 i & e 52 0 e B (ARG (rg = 0.63) AH{EL © Francesch et al. (1997) 515 3 M s 2 39
At E ER B B R R R [ P R AR (rg = -0.03 — -0.29) > i 39 i EEHER R RREEPE
R IEAERE (rg = 0.00 — 0.30) » FABIAGERER AL a* (5 - b* (€ - L* [E00laH R HRRALLE -

TEFIUA B8 53 A 45 R B (AR RS RN - EREEE a* (H - b* {5~ L* {H - £ 40 BIREEE - 40
Rl AEE K 40 i B E R (E S BUE EAHRI A — 2 - BEROEE o HERE R M Z IR E
BEOFETE b* {H ~ 40 HHlCHR E - ZAIEMHIREE R (2 L* (H 2 B E AR R SRR - H It A RIS LIRS EAM N
RY B A EER O - NAREAER G AR S > R A RAE SR
o BUNRMAHBINE E R RBRATRE > ROARSHEEHERE - QS SRR ETNY - RIS E
MEBTARRA R AN ERESE R EE BRI R AR AY A NHESE - 178 (BRI R AY R BB A A N RV SR
F& - NEIHYE EARGE AN E Y AR FE A - A B AR MR8 - SNV RS LI E R SR
a* {H IR - E HP - HERCE b HEBR SRS EE MR CRGER R iR 005 DUHERY
ER s o [HHE > EHPHERCEL * HEEBANES > SEEZIMNICRERIR AR L B o D
KIS 8 #e 2 RIAUMRE ~ B ERELE EAER SRR 5 R =T o EHI > ZH—HF5E b* ER L* [EZ%
fH °

V. EREEE o H RetivEE M HEHEESE

o3 GO £ G8 RIFS B #EERCANE a* ([ FRAE - 1 G0 Z 1.59 T2 G7 fy-8.71 » H G7 ERR A
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G7 E A o* (B B EE R SUER S ERE -6.88 ([ 1) - BURERE 8 (RER A o HEHK - fEEH
R E R AR A2 22 SRS -

* 6. KIFSHHEROER o ERAUEMEHERTIUER

Table 6. Cumulative improvement in phenotypic and genetic values of eggshell a* value in Tien Ching sikie chickens to 40

weeks of age

Generation ~ Phenotypic val-ues of ~ Breeding value of eggshell Cumulative improvement Cumulative improvement

eggshell a* value a* value of phenotypic values of genetic values
GO 1.59 3.52 0.00 0.00
Gl -0.06 0.26 -1.65 -3.26
G2 -2.00 0.33 -3.59 -3.19
G3 -5.90 -2.12 -7.49 -5.64
G4 -6.69 -2.68 -8.28 -6.20
G5 -7.38 -3.24 -8.97 -6.76
G6 -8.01 -3.31 -9.60 -6.83
G7 -8.71 -3.36 -10.30 -6.88
9
=id=Breeding value of eggshell a* value
7
== Phenotypic value of eggshell a* value
5
3
(¢
a5
a3 1
=
(€]
= -l
o
*
s 3
3 5

VI

Generation

[ 1. RIESEBEROER o HZRAEHSEEEESCESET
Fig.

1. Cumulative improvement in phenotypic and genetic values of eggshell color a*value in Tien Ching silkie chickens.

s B AR

KIS B i B AR SC T 4E 2R FIIER 7 « H ik MCWO0103 ~ MCWO0216 5z MCW0248 i 2 A%
ARl EY B2 R RAE P A iR (B S B R BEARIAN > HUE 21 i B0 B A L REAIYRIAAY » 2L LEI0192 {gﬁﬁf
EREECE 12 AR R - kil 87 {E¥HBELA (Na, Observed number of alleles) » SEIIRHEEREEA 3.5
EEHERR 1 — 13) ;H;,EEW%‘: 5 & (HE, Expected heterozygosity) 717> 0 ] 0.774 » 15 5 0.42 » BRI RE &
(HO, Observed heterozygosity) 4177~ 0 £ 0.778 » 5 5 0.37 » [ REMRE S &1 0 £]0.735 » SEi5 5 038 »
SHFELREN: - PIC & B %I RAYHEEE - & PIC > 0.5 I} » ZERME RS 256 » 0.50 > PIC >
0.25 » Ryt EZRENE » & PIC < 0.25 B » JRyfE[EZHHEME (Moniem er al., 2019) - {EEEFIHY 24 4R EAEECAH P A

10 H 2R SELEMEEN - A 5 2R P ELEIEEN - 9 4 2FREEZEBIEEN (MRS > 2020 ) - 57 (2007) i
FEHRE 13 B3 7 S8 JE AR 30 {Elff BT IE 2R - Tl 248 (B AN - H B EERE Y
iz %y ADLI36 ~ LEI0094 7 12 {[H » /DAY Fy MCWIS0 7 4 {if 5 P EHEE A Fy 8.26 - 30 {Effdr 2180 B2
REME > HF 17 (#8550 PIC {E4E 0.7 DL E > B ADL201 ~ MCWI47 ~ LEI0166 #2550 Ry i 2 R840 - Hoak 27 {5
MR REESRE > FI PIC S8 0.68 S KIE S #E 0.38 - BURKIE S E SRR - BELE
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Table 7. The microsatellite genetic markers of Tien ching silkie chickens

Microsatellite loci ~ Chromosome Frag-ment Na H; H, PIC
(bp)

MCWO0295 3 87 — 93 3 0.619 0.556 0.543
MCWO0014 6 165 — 177 2 0.198 0.000 0.178
LEI0192 6 254 — 376 13 0.760 0.368 0.728
MCWO111 1 98 — 106 5 0.766 0.615 0.728
MCWO0216 13 144 1 0 0 0
MCWO0183 7 293 — 305 2 0.157 0.171 0.144
MCW0206 2 221 — 229 3 0.666 0.632 0.589
ADLO0112 10 122 — 126 2 0.502 0.487 0.375
MCW0069 E60C04W23 155 — 173 4 0.583 0.590 0.535
ADL0268 1 108 — 112 2 0.467 0.479 0.357
MCWO0067 10 179 — 183 2 0.113 0.120 0.106
MCWO0098 4 255 — 259 3 0.485 0.453 0.378
ADLO0278 8 111 — 123 3 0.474 0.547 0.415
MCW0248 W29 219 1 0 0 0
MCWO0103 3 268 1 0 0 0
MCWO0330 17 266 — 284 3 0.633 0.496 0.556
MCWO0037 3 153 — 155 2 0.050 0.051 0.049
MCW0222 3 218 — 222 3 0.091 0.077 0.087
MCWO0081 5 113 — 133 3 0.554 0.538 0.491
MCW0034 2 217 — 251 7 0.774 0.393 0.735
MCWO0016 3 137 — 153 5 0.658 0.692 0.594
MCWO0078 5 139 — 143 2 0.143 0.137 0.132
LEI0234 2 271 — 315 6 0.748 0.778 0.701
LEI0258 16 262 — 488 6 0.680 0.744 0.638
Mean * standard deviation 35126 0.4210.28 0.371£0.27 0.38%£0.26

Na: Observed number of alleles.

HE: Expected heterozygosity.

HO: Observed heterozygosity.

PIC: Polymorphic information content.

W
ReABRGE REURRIE S8 8 2 RAMHRE ~ B {EREE MR - EFERCEK o HIF > A%

Bb*EE L HZEE - I & 8 REFRREEE o EEN > EEEGERFRMESER -2 ARASER
F o 5N INKIES B # R P EEEL ] - ERCEE SR -

ZENRK

MIEE ~ BB - BUBERE - BUKKS - £500% - I - RO - 2020 - BEATERS S # 2 M 28 SN
I3 e HEEEs 49 () £ 197 -
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Estimation of genetic parameters for eggshell color and laying

traits in Tien Ching silkie chickens o

Ming-Yang Tsai ®® Hsiao-Lung Liu®” Che-Ming Hung ® Cheng-Yung Lin
Der-Yuh Lin © and Yu-Shin Cheng

Received: Aug. 3, 2023; Accepted: Dec. 21, 2023

Abstract

This study used LRI white silkie chickens with high laying performance to cross with commercial silkie chickens with
ten characteristics and blue shell eggs. The appearance, eggshell color and egg production performance were selected and
bred. The silkie chickens with the ten characteristics appearance and blue-shelled eggs was named as Tien Ching silkie
chicken. The multi traits animal model genetic parameters were estimated from egg production performance, eggshell
color and egg traits of 7 generations. The results showed that heritability of a*, b* and L* values of egg shell color and
egg production number, body weight and egg weight at 40 weeks of age were 0.996, 0.606, 0.475, 0.488, 0.738 and 0.590,
respectively. In phenotype correlation, egg shell color in a* and b* values had high positive correlation (rp = 0.63, P < 0.01).
L* value had medium negative correlation (rp =-0.35, P <0.01). Egg production number at 40 weeks of age had low negative
correlation (rp = -0.06, P < 0.05) and body weight at 40 weeks of age had low positive correlation (rp = 0.13, P < 0.01).
Analysis of genetic correlation showed that egg shell color in a* and b* values had high positive correlation (rg = 0.67).
L* value had medium negative correlation (rg = -0.35). Egg production number, body weight and egg weight at 40 weeks of
age had low negative correlation (rg = 0.03; rg = 0.01; rg = 0.07). The results indicated that b* value of egg shell color was
lower by the lower of a* value. Egg production number at 40 weeks of age increased by phenotype estimation. We expected
that egg production selection for several generations can further estimate genetic response of related traits that can be used as

the basis of selection and breeding.

Key words: Tien Ching silkie chickens, Eggshell, heritability, Genetic correlation.
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SEBREVEEED  RIMEMAER - AEBLE 10 85— HI > o3RRS E 2 - 4~ 6 88 (7071 R U5E
2wk ~ 4wk ~ 6wk) HYFEEHIREA (cattle manure digestate) ( A-EZPRFE/KALRRR SRR ) FOB7K ($HHR4H ) 5 4 flpm P
BEE TG A 2 BE /K FE A [E| 52 (Digitaria decumbens Stent.) N2 JEZEEL (Acroceras macrum) $EEHY » B EERZ Y
BREWRERRE - (H 2 T E SRR A% B B E R N EEE EMAY TR R & 8 0.08% 12
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EVIEREFE & - BEEAEEE & 2 B(LS sy E M0 - HeRE T AMERERLSR - Brigind5
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AFERUZEL Y BERG TR 2 B BREE A254 Ry2ulinfE - FE 36 cm x 36 em x 35 cm AYZHK (
FEER 31 £05 kg ) o RN TR > WORL ~ BPRLR SRR By ER ARy 44 ~ 34 F2 22% - HA-IRE
AL > £ pH {H 5.84 ~ FEELFE(H 0.65 mS em™ > £ EE S 0.08%

AeABaPT A SRR AR E B EASRAT E & Z A RUREOKEH R FURE BN Bl 1% 2 BE /K ek
PR - FREERRFCH LA ERERD R HE » BB EMENR | For » B 2 Fo &R (5T S #E
K)o HEMARERARA TR SEEREOM bRHE G R ERT S S T E B T RPN EE - Fit
AGTEIREAE TR ETHTE > AT DA I G AEEs A RAYEIR o RAGERAY A5 HIR0H A B oK HLF
& HEEE SR T BRI R 7 S R Y E TR TR - RS EREARE 7 Ky
Ik LIRS - TEUEERT - HIBBERST > MEZERIT AL NH,-N &% » [fii NO;-N %-F8F -

® 1. PEEHREEZEENE

Table 1. The physical and chemical properties and contents of the cattle manure digestate in this experiment (n = 5)

pH EC’ Total- N NH,N  NO,-N P K Cu Zn
mS cm’ mg L’
6.80 — 8.06 2.30 — 3.18 119 — 483 120 — 210 0 — 5.1 105.0 — 161.2 1775 — 620.5 0.7 — 2.0 10.5 — 425

" electrical conductivity.

L. BTk
AAERIAR E 2018 42 11 H 1 HZE 20204 12 2 H > DAF 10 BFEE—RE K —(EZIX - L5 11 X - JE4E
B EEE R HEA T E% > AR AR AN S o 5B fy 4 TEEEAH o DUSSERE 2 -
4 ~ 6 AT EIREER 3 PR IRAH (77 HILAAEE 2wk ~ 4wk ~ 6wk 01 ) » RBEERDE K (7K BYEEGZHE (K
5% CK) - FEEE—E/NETHE  FHHE 1,200 mL (5 K435 3REE - SRS Barr « &
HEAH Ry e 10 A K 5 2wk BRERAHE e FoiE/K 2 8 » OB ERAE 2 » Ii&E/K 6 1 4wk pREHAH fy )
7K 2 8 > BREAEEROEE 4 8 > R(&EK 48 owk HILEIE/K 2 1 » AR ER0EE 6 1 - 57K 2 18 - sERER
SEL Y ET (completely randomized design) @ & EEHE4H 3 (&) °
HEF SRR IEFE 28 o R DL 65 C LRz 48 /NIf1% - BER/INFS 1 mm K/ N2 - 1 RytE
BB STADR o TRV BN FE 1 20 em &R » FER 100 58 HEE#ET T4 -
1L 53477774
() TEASATEEEE ¢ AEREF H RN K H,0, 0 1 400°C m R iR 2785 % > MifEE 50 mL BRI - RS R
TR KT AE R ot &2 F (Wolf, 1982) » 1k FE &1 K 4 RE EUR FHZ& B8 /K ZEHY (Mills, 1980) » DA 12 10 (£
i 7K) B > % 30 min 7% > L Whatman No. 5 2 JE4REIE (ZEB0UK ) » BEERN /KRG T DLREHT -
(i) 2% - IR E KRR A - M FHZEEAME (Bremner and Keeney, 1965; Jones, 1987) - $#R&EUHE Fy HUAiT 4L
() Z 3R ECEEHUR 2 S mL > FIFHZ& e Es (2% Gerhardt Fgh# ) A 5 mL 2 10 N NaOH Z&8% 5 738# » DA
W& Methyl red & Bromocresol green JE &5~ 4% H,BO, /AR UL » FELL 0.025 N H,SO, € » HiEE
ERMERIER () ZRE - R AE Ry () DR EEAURE S mL JeflA 3 g Z Devard &4
HHH IR AR EVB R S REE (b) » FHRAT SRR EONE J7 747888 » DUAESESREE (o) - SHSHREE (o) I %8
. (a) RyPEREE (b) » #REE (b) SHMERIZHBEREE 2 & - DI FRNG 2 s#R 5 N B RE S 2 FI R iE RS

ZER
(i) HIFEFE - WHEBREITTE - BB UR H,S0, K HyO, Bef# 27575 » AU S mL Fffif LLZE8A N
5 o

(v) 3 pH{H : DUKELE 1 0 1 ZERBIAE - HL 20 g 13800 20 mL Z5E837K - Feo0#8# 1 h > DISEEI#L Satorius
PB-10 pH &1 K 373 BB Ao 2 L pH -

(v) 3EEEE - DL EACNE  BES T BB > DA ZE K s B R L R WK B TR -
E15 g2k - FIFEZE BERETE - WEEERF FHZ% Suntex Sc-170 EEZEEHHIHEEE -
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IV. FHEIE B3R (apparent N recovery rate)

(RIHAHFERCHY SRR - BRI RS HY S & ) / i~ E & (Burns et al., 2002)

V. BB FT S E A A SPSS &t dk#E (IBM SPSS Statistics 28.0) #E1T &L 5347 > DARE F Af 5t 523 (generalized
estimating equations) #E{THRIE » 5 EERHE 72 5 DUR/ NI 72 5k (least significant difference test, LSD) HBgEL#L
BRERSHFIRYAZSE - ALLL P < 0.05 RyBAE 72 FOKAE - HNAUIZE LA AGETHE - R TIBREEME - SIS R
B SPH{EFRR - TR SEM -

R AR AR

L WEER

% 2 B EE R B EE 2 R - RE ST B wk RIS - B 2873 ¢

m? » dwk FEEELIIFY 2,655 ¢ m? 2 > 2wk BEERAIINY 1,727¢ m? FAC (P < 0.05) » BTG AN E S Y

 RFTRRST » TR RARRT - B (2011) R ER SHUME FTRE SEAR 4 (LB K 2 SRR A 45
5 B KRR RAIR B R e -

2. BEFARFEEREE 2 N E 8 T S B R E &

Table 2. The dry matter yields of pangolagrass at different cuttings under different irrigation treatments of cattle manure

digestate
Year 2019 2020
Treatment Month 01 03 05 07 10 12 02 05 07 09 12 SEM Mean
gm”
CK’ 344 359 568 981 942 490 350 240 920 837 390 84 583
2wk 374 400 1,103 3,417 3475 1476 1,104 1,576 1,990 2,621 1,468 320 1,727
4wk 537 1,855 3,272 4,602 4,226 2,059 2,472 2,241 2,758 3,325 1,859 349 2,655
6wk 575 1,854 3,865 4,480 4,516 2,456 2,639 2,997 2,727 3,044 2,454 344 23873
LSD, s 187 176 500 560 765 279 180 259 382 388 260

" no irrigated by cattle manure digestate.
" Fisher’s least significant difference (LSD) test; P < 0.05.

HATEIEL 4wk ~ 6wk BEFHAH AES L7 B S R A 45 AR e R - T S B s » 1F 2019 427 F 31
H (535015 4,602 ~ 4,482 ¢ m™ ) 2 10 A 9 H (53715 4,226 ~ 4,516 g m™ ) ZEFfE14F4A TIE - BESAE 2020 4£
IR EAA AT ET] - HE R R RS 68% (% 2) - 1BEF (2002) F5HH » FEHHIE > 5 [E 55 LUE KA Rk -
EAFFREN  BESEEEEE - AT A—HEEFE8FEEINEEEREMERE - EEEREEE
T FHEERTAEERSBIEELITE - 7k (2002) H5H - SIS EHEAT > 5 o i A B 7R I s R AR
EAEIME - B RS E LR SR EYaRE 2% BERIEEEHEY T RSiife
FIRINVE B 2 5 - Rt - B E SRR E B R 2 RERZE A N2 BRI R
B VR R R [ B B R Y

BB T i B G R AR B E i B O TR S (F23) » DL awk 19 1,462 g m” S5,
& 0 6wk 71,324 g m? 2 > 2wk 9 1,223 g m” FFICZ (P < 0.05) » ARG A IS It & 2B S 5147
R > dwk i 6wk JEERARAES S A R 108 45 1 FY 419 K 422 ¢ m? BN > £E 2019 4E 10 A 9 [T
B (SR B 2,439 2 2,420 g m” ) (R HIZMT N > HEISAEE B (R - SRTEZREE owk PR HIAR AYR7 B2 BRI
ZIEFEIEEA > 2 2020 425 A 6 HUSHERF R 93.0 g m™ > ZIAEMRAIZHIET L - 4£2020 422 AR 5 AJE
ZEEE 6wk ERFEAHAY NH, -N &85 207 & 233 ppm ( [E 4 ) » BE & H 4wk JEHAHAT (59515 170 K2 163 ppm) »
BEUREMEN A NH,-N A& ZREAVE S > Britto and Kronzucker(2002) 5 HiE )88 N5 &7 # = Y NH, -N R
BelREEAHRE hEREER S -

I 4R EIR I
T4 RS SRR E R R B R R R A MR E B A Z R BRI > NS ZRIE S
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WEE M E AR INMmEE s - HATLL owk IR B I B s (P < 0.05) - |ENRWE R B EHEY) EREEA
W - FF2 Ut HEiE > EEtCEFRETENERRWE (ERET > 20115 F% - 2017) - ETHE
HEGEEE SRR INfies (ES > 2017 ; Shahin e al, 2013 ) - BEEAVRERERLZY)ER (£2)
BB - e (R 3) AHRNGER  BURaRZrHEE MR EEZENSIZYER -
It WA EREEE R B TEE r AR SR E R - R R AR L2 S AC LI I E B R A
HIE - B (1989) 5 - FEEFRIRAY NH,-N (L8 SR T AU 75% (LEREAE - SOEE 5 AT S 7T 2
BERILEEEENE -

%3 RN EREE N E R T S EIXAR Y E R
Table 3. The dry matter yields of nilegrass at different cuttings under different irrigation treatments of cattle manure

digestate
Year 2019 2020
Treatment Month 01 03 05 07 10 12 02 05 07 09 12 SEM Mean
gm”
CK 270 177 312 682 589 358 242 300 524 5849 3693 50 401
2wk 407 931 1,599 1,687 1,824 1,212 855 1,022 1,308 1,421.2 1,192.4 124 1,223
4wk 419 1,256 1,821 2,147 2,439 1,406 709 1,304 1,490 1,620.1 1,466.6 173 1,462
6wk 422 1,322 2,020 2,198 2,420 1,574 545 93 - — — 311 1,324
LSD s 147 308 273 311 320 233 164 209 246 190 213

" no irrigated by cattle manure digestate.
™ Fisher’s least significant difference (LSD) test; P < 0.05.

x4 BESEAEPGHREE Z N E R T S HIE R R R

Table 4. The nitrogen uptakes of pangolagrass at different cuttings under different irrigation treatments of cattle manure

digestate
Year 2019 2020
Treatment Month 01 03 05 07 10 12 02 05 07 09 12 SEM Mean
gm”
CK 2.3 3.0 4.8 7.4 6.3 4.0 32 1.7 5.1 3.9 29 05 4.1
2wk 2.5 44 107 200 27.1 101 128 100 132 129 12.1 2.0 12.3
4wk 3.9 193 36.1 403 48.1 21.1 247 206 299 272 245 3.6 269
6wk 40 245 522 476 653 344 332 338 414 368 38.0 4.7 37.4
LSDy s 1.7 1.9 11.0 53 8.9 1.9 3.8 2.0 9.0 6.4 4.0

" no irrigated by cattle manure digestate.
™ Fisher’s least significant difference (LSD) test; P < 0.05.

xS JRERANSERAEZ N E R TS EEH R R

Table 5. The nitrogen uptakes of nilegrass at different cuttings under different irrigation treatments of cattle manure

digestate
Year 2019 2020
Treatment Month 01 03 05 07 10 12 02 05 07 09 12 SEM Mean
gm”
CK 2.1 1.8 2.6 7.0 4.5 3.6 2.4 2.1 3.6 3.8 34 04 33
2wk 4.3 106 162 19.1 19.6 13.0 157 94 162 163 17.0 1.4 14.3
4wk 42 208 205 296 373 245 155 218 236 275 314 26 233
6wk 42 28.1 342 40.7 499 364 9.9 2.2 — — — 64 257
LSD s 2.5 7.9 5.7 5.7 6.3 4.8 4.3 2.2 5.8 1.9 2.6

" no irrigated by cattle manure digestate.
" Fisher’s least significant difference (LSD) test; P < 0.05.
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ERBEEEE

% 6 BEEFEESERDEZ N ERE R R RBIECE - BEEGTIEER 18.4 — 29.7% - 1§
FeF (2004) (I BRSGEFBET: » S4B HE T HERE AP o » 0 b L ERARHT AE 126 > R U T A
10 — 38% - JERR S HE A5 BT EAHIT P ECE A 192 — 27.9% » GREEHOEREK BN ITIRD » 118
SRR S (2011) &55AEL - Ree 55 (1993) HUBHZE s fa ) - ATEHURIEIE TR 1.5% I » HEAFIES
{BRERAKNERRAR - A HAEHE 7 1338 1% 00 A 45 8 — B R 70 i R BB (LA E FH A BE R FEYIPR A > S E 28 5RT
2 REEEET R 0 — 17.1% » ZBBUEA ZFPHEI 2 203 — 34.1% (£ 7) » B RET (2000) (9FEERITIE
Hskbath 2EDEER - FEERFEYE - BUCETERE - MR - (EYEEY A ERACH SR B DL
K > L 15 — 25% (Wagger et al., 1985; Muller and Sundan, 1989) » &I EHENEIR/ N 30% (Kirchman, 1989;
Ree et al., 1993) » Aatbs S 4R 5 AR 3 E T EICRIVE AR YRR -

BEEAEF SRR HE A FNE R THYRREECR

Table 6. The apparent N recovery rate of pangolagrass at different cuttings under different irrigation treatments of cattle

manure digestate

Year 2019 2020
Treatment Month 01 03 05 07 10 12 02 05 07 09 12 SEM Mean
%
2wk 0.5 2.4 7.7 155 253 243 251 251 251 254 257 3.0 184
4wk 25 139 254 319 385 365 361 352 356 357 355 35 297
6wk 1.7 120 244 287 352 346 341 340 344 343 345 34 280
F 7. BESATEERAEZ N ERER THYERE B
Table 7. The apparent N recovery rate of nilegrass at different cuttings under different irrigation treatments of cattle manure
digestate
Year 2019 2020
Treatment Month 01 03 05 07 10 12 02 05 07 09 12 SEM Mean
%
2wk 70 171 255 285 322 317 331 318 326 333 341 26 279
4wk 33 164 203 240 294 299 28,6 288 29.1 298 31.1 25 246
6wk 0.0 0.1 207 243 289 297 266 233 — — — 43 192

Iv.

[ K5 (2011) FATE 4B S EFE 5 AR EE (MHE B4AEEAEE 400 ~ 600 ~ 800 J% 1,200 kg E2 ) A FRE
[EES A 50.6 — 101.9% > BHEEE ARSI F9E - S RE A SR EENEERE R R ZHELE
HEREFTE - ERET (2011) F5H > FHEEK S EZ LI NH, -N K NO,-N (Y RIE{FLE - At UE YIS R UL
FEEDR - EHEERINE » EYE R RRUL - NO-N R F A » WolsEEH T/KAY54F & - HEERE KB
HETIBEER RN 03 — 0.4% ([8 3 ~ 4) » MREUCERS RA 29.7% K& 27.9% » Rl a8 EZAmmE
TR > BRI P TR+ [ B R K AT B TSR -
WS E

B 1 2 Fff B e BB EAE G AR EE 2 A EE 2 S HAE RS NO,-N S8 22 - FENAEERE
EHERIHERERETEANINO,-N 28 > 4wk K 6wk FRHHAHAY NO, -N & & HIFE 2 #8415 30 A i
RGN A fE e FEAZRURRE (20194 12 H 18 H ) Bf 2 FA = 3,681 ppm - (i % FEE RS HE =i H ZR U (2020
FSH6HZE H 23 H) B FREKE 1,000 ppm DUF © 2wk FEHEAHAY NOy-N & &EI97E 1,000 ppm A > HEZRTE
B R AT EREE  HHMERNEERD - [ EEE ] DIASINIAHE - RERERIEE
P NO,-N Y2 7& » LEE S (2007) stEatHLL - [EAE ST NO,-N S B g EE AN ImiEs » H4ZFE NO,-N
1Y R E R A > MESE (2008) NN E A EABRES S -

HEEYREAR/DEE NO-N KEREIVRS  AAMERHRZRET » WiiHEENEE  SER/ER
RAFCRAS - HEARE - EREYEEZIHEES NO,-N BiF - 35 (2013) ifse&E R » B
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BN HSE - EIEBEEER i E RRUB SRV - e H S 8 K arRAE (e EAE AR Y BB R (K - ISR
e A o R [ S A A [RIER BT MERE A NOy-N By RIS AE10L - [NIE » #5AY NOy-N S &34 1,000 ppm
ERET ) I HE & A A NO;-N th 53 52 (Takahashi et al., 1998) © Lenz et al. (2019) 585 B A B RHEVIEA BN
AEEE B BRI M 5825 NOy-N S B AVIRE - B F AN EAEHRILE - A8 > ASERTEER 4wk
Ko owk HYAFS5HIREERREEAH - B 2020 SEEF4Hh - NO-N S EEHBETHFEN - Wit - REFREIES
REMEMFSHREE - NEER S HREERE R 2 B EE - BEEAIZRR 6wk g AL L FH
NO,-N & E&ili# 1,000 ppm 8 - HEREFFGEEAE - NO,-N HHEHVERME - EHBURE TR R E SR &
EAHEE - BN NO-N YRR > FrER L TEIER DRSS ERHEERE - NEERZ
S EREERER I 4 BEREHE - ASBRGERER - ARG EREEERS FAENER - ER0E MEk
I BEA J e i et 2 LA e 311 L E SRR B I R G 2 NOS-N &2 & -

2000 -
»CK
. -0-2wk
5'500 i 4wk
& 6wk
5
21000 A
£
E
)
«
£ 500
4
0
01 03 05 07 10 12 02 05 07 09 12
2020
1. EARAE 2 NEfEEHEEFHBREE a2 22 - (n =3 ZEEHAY SEM 7355 4.0 - 4.0 ~ 33.4 -

169.7) -

Fig. 1. The effects of irrigation treatments of cattle manure digestate on the content of nitrate nitrogen in pangolagrass plant. (n
= 3. The SEM values of each treatment are 4.0, 4.0, 33.4, 169.7).
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Fig. 2. The effects of irrigation treatments of cattle manure digestate on the content of nitrate nitrogen in nilegrass plant.
(n=3. The SEM values of each treatment are 0.5, 100.0, 362.3, 490.1).
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V. TENHEEEE

B P REE R P Y L 3 R BB o AL A I BRI P A E P AR Y 7K E B 7K+ IR R E B e RS2
Rl & - BEREK S —HAUMMZKENR - BEFSERBENEEME - (EYIEREEEEI/K o EIR AT
EGAERFRIVEIR (ERET > 2011 ) o #2[E 50 K JE g R a8 2 RV HEASS AR a /8% - BE/KAHRY 114K
EEEEARNN(E 3 - 4)  FE Rusan er al. (2007) HystBasi FAHML - REVEREKSiEs it T g gy -
B K F (2009) 15 HEFE 3 IR B K E SRS > 08 IR E S BiS > A AHEEEE - BE
BN RS H AR RN F RS B Fy 320 — 480 kg ha' o [ 525 S B B AH P Bt FE A 4455 RO R LR
EZE 0 2wk ~ 4wk ~ 6wk FHE A 1,930 ~ 3,860 ~ 5,790 kg/year - [Nt » 4wk Kz 6wk & 3 4H 54 Jith FH #4355 820
AR ARRIEE R E R e TIRAEE S EH 0.08% 7 HHRE 2 0.4% K 0.3% o B3 [EFIHY 85
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ZEeBYGEERERENNI > CEE e o DL owk IEAANN S (5 Ri % (18 3) » MEEEEHAY 4wk &
BRAH NG 3.75 4% (1@ 4 ) » FRET (2009) stBasE RBUR - EFFEIREDKHER B - HoEtey HIREE &
EtlE > SLEATREIRMEL - B (2015) 5 RN A2 U AEN L BEE - AMERARER
T BEE LR & =R EADREE R - SR PRy S -

05 H
04 A
S
= 03 1
g‘: ->-CK
& -0-2wk
; 02 1 4wk
E 6wk
0.1 A
0.0

10 01 03 05 07 10 12 02 05 07 09 12
2018 2019 2020

3. BMEFEMEE S EREER Z HIREREEEL - (n=3 > ZRHHY SEM 737 £ 0.01 ~ 0.02 ~ 0.03 ~ 0.01) °

Fig. 3. The changes of Total-N in pangolagrass pasture soil under irrigation treatments of cattle manure digestate. (n = 3. The
SEM values of each treatment are 0.01, 0.02, 0.03, 0.01).
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Fig. 4. The changes of Total-N in nilegrass pasture soil under irrigation treatments of cattle manure digestate. (n = 3. The
SEM values of each treatment are 0.02, 0.02, 0.02, 0.01).

w5 (2021) fE N ER BB K E TR E AR - QREE 25 i B R B ] RE S BRI A VA Y S A
BT 2011) f5H - VSR K 8 2L NH, -N k2 NO,-N Ay RUETFAE - A MBS SRR E R
{EHERG R ANE - P BB > RS DL NOy-N BIRRI K » AIRE I TOKAYSES « ZRE KT (2011) JREE
HEEKHEE A EH - H @2 RKH R SRR/ NA 4 mg L MAREGEIZE - Fried ef al. (1976) DL
it 3 ERE RV S AR PR I B B 5 Z R - A TR S R RE Y - A A KB E R R - =%
(2021) R EE S BE R B 1% 2 485 B8/ K LR HO R [T AL St - 48 3 AR IS SR IR M IR R T /KO K E Rl o i By
FEEPEEZR > SESREEN - NI - RACHEE T EE e s+ fE2 Ky SRS - DUHIE
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MR © 2002 - BEHEHEAREIA EEY 2 ARG - EREEFEN BIGT7TEER 40 © 68-77 -
EREE ~ JESE - §E{0 - 2015 - FIFEERIERIE T A EAVHEAL S &+ E g T S OS2 810 - SifEEE
N RIGHIT R 26 1 27-46 ©
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Effects of irrigation with cattle manure digestate on the forage

yields and N uptake efficiency for pangolagrass and nilegrass ‘"
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Abstract

Livestock manure digestate, generated from the livestock wastes through the anaerobic fermentation, are rich in
nutrients like organic compost, which can be used for crop growth. This experiment used cattle manure digestate as irrigating
source, and the treatments were pastures of pangolagrass (Digitaria decumbens Stent.) or nilegrass (Acroceras macrum)
that continuous irrigated by cattle manure digestate for 2, 4, and 6 weeks (respectively coded as 2wk, 4wk, and 6wk),
while those irrigated by clean water were as control. The application effects of cattle manure digestate on forage yields and
nitrogen uptakes for the pastures were discussed. After 2-year continuous irrigation, the total nitrogen content of the soil in
both pangolagrass pasture and nilegrass pasture increased effectively from 0.08% to 0.4% and 0.3%, respectively. The hay
yield of pangolagrass and nilegrass increased as the irrigation of cattle manure digestate increased, showing that the cattle
manure digestate was indeed beneficial to crop growth. Furthermore, the changing tendencies of the total nitrogen yield
for both pangolagrass pasture and nilegrass pasture were similar to that of hay yield, indicating that increasing the input of
cattle manure digestate might supply much more nitrogen which enhanced forage yield effectively. The average apparent N
recovery rates of nilegrass ranged from 20.3-34.1%, slightly higher than those of pangolagrass (18.4-29.7%), and they would
decrease as the irrigation of cattle manure digestate increased. The more irrigation of cattle manure digestate would cause
the higher plant NO;-N content of nilegrass, which might reach the level of toxicity. Accordingly, the application of cattle
manure digestate on nilegrass pasture should be limited to 2 weeks each time. As to pangolagrass, the plant NO,-N contents
of both 2wk and 4wk treatments were below 1,000 ppm, except that of the 6wk treatment in winter. Therefore, it is suggested
that the application of cattle manure digestate on the pangolagrass pasture need to be reduced in cold season, while the

application of cattle manure digestate on nilegrass pasture need to be limited to 4 weeks every time.

Key words: Pangolagrass (Digitaria decumbens Stent.), Nilegrass (Acroceras macrun ), Livestock manure digestate,
Yield, Nitrogen uptake efficiency.
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Table 1. Commonly seen foodborne microorganisms in meat products

Items Microbial species References
Bolognese sausage Enterobacteriaceae Jiménez-Colmenero et al., 1997
Chicken and turkey meat Pseudomonas spp., Salmonella spp., and Staphylococcus Li et al., 2020

aureus
Pork Campylobacter spp. and Salmonella spp. Lietal., 2020

Ready-to-eat meat products Lactobacillus spp. and L. monocytogenes Lietal., 2020
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Table 2. Organic acid salts commonly used to inhibit foodborne microorganisms in meat products

Items Microbial species References
Citric acid E. coli and L. monocytogenes Casco et al., 2015; Bushell et al.,
2019; Ben-Braick and Smaoui, 2021
Lactic acid E. coli, L. monocytogenes, Salmonella spp., S. aureus, Total plate  Brewer ef al., 1995
counts
Sodium acetate L. monocytogenes, Mold, Total plate counts, and Yeast Barmpalia et al., 2004; Barmpalia
etal., 2005
Sodium lactate E. coli, Enterobacteriaceae, Lactobacillus spp., L. monocytogenes, Brewer et al., 1995; Bedie et al.,
Psychrotrophic bacteria, Salmonella spp. 2001; Lin and Lin, 2002; Hwang ef al.,
2011
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Table 3. Main bioactive compounds and antimicrobial species of plant-derived extracts and essential oils

Plant source Bioactive compounds Antimicrobial species  References
Green tea extract  Epicatechin, epigallocatechin, epicatechin gallate, and E. coli, Alirezalu et al., 2017
epigallocatechin gallate L. monocytogenes
Olive leaf extract Oleuropein, oleuroside, demethyloleuropein, S. aureus, S. enterica,  Liuetal., 2017,
ligstroside, and verbascoside L. monocytogenes and  Cordery et al., 2018;
S. enteritidis Alirezalu et al., 2020
Onion and Allylsulfide, diallilsusfide, catechins, and gallic acid L. monocytogenes, Alirezalu et al., 2020;
Garlic extract S. enteritidis, E. coli, Stupar et al., 2022
E. faecalis, and Molds
Lemongrass Citral, geranial, neral, myrcene, and limonene E. coli, Boeira et al., 2018;
(Essential oil) L. monocytogenes, Kieling et al., 2019

L. plantarum, and
Staphylococcus spp.

Sage Thujone, camphor, eucalyptol, and viridiflorol S. aureus, E. coli, Soji¢ et al., 2018;
(Essential oil) B. subtilis, Durovi¢ et al., 2022
P. aeruginosa, and
A. niger
Thyme Thymol, carvacrol, p-cymene, linalool, terpinen-4-ol L. monocytogenes, Cutillas et al., 2018;
(Essential oil) S. aureus, E. coli, gojic’ etal., 2018;
S. typhimurium Sojié et al., 2020
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PFEMBHIE M AE YT E B it b - B2 - Y2 MR BV RESY) » E— P EARE - f(bEREL -
SR AR T © s=BREE R R (AR PR 2R I 2R B 1 - [EISH 28 o] LA RE & AUHH - DNA ~ 2B
B 5 RNA GREEABETER © % - HAMEYZEEA Yy @ a8 i A DNA BLGIRZRE & s i EE - 2
MR IR ARG TE - SEARFCEL R S M B E By LY E AR - BER IR 8 i &S A SR 2
(Beya et al., 2021) o FHAELAEYIRNIYHNETER - HEYZE T DU A A e R 80 52 A S L Y Gl 7 HARR =i
AR ER -

PES » S B A R I T B A M v R A I R 0 R SRS AT WS
EAEA T E R A RIFA - SRS SRS =X I A YA & (RS 1 (BT EE ) - BT e RsZ A I Es
B DA B E RS EAR © ANERIIEAYFLEE L (nisin) ~ FHEZERE (polylysine) B¢5% | 2 f# (chitosan) J&
EHEYIFERGE S SRS REUR > 0.2% FHEEAMD 1% % T BHEESDE SHEY WIS » TAERHIH YL
EECRUE 0.5 — 1 85H ) DU I R B Y A4 & CRUYE 1.5 HEUE ) < B WifdsH & =t BEiE R i E - HARR (B
B A EL G FARRAE & 30%) - & T BRI ER (F FI SR IR A 58T S0 I v vy 1 BB (T Y T AR B AR M T L B A
o+~ BoeBZ BAEEEN » DUREDB G RAVE G BHNE] o SRR i i Y R s & M A
F o DISIEIA)4E & (Alirezalu et al., 2019) -

ER 1% MR ZIYPE SRR TRG T - S MBI R SR i (CRUEEY 1 {E¥EE ) (Boeira et
al., 2018) - [Ef » NI R AL HUY) o] AE = B AR R A Y RE IR - 2 il al B A AR e M B A &) PR &
VPR ORISR R EFAE (Kieling er al., 2019) - MEEEZHWYIRHNEEA - EEIEMR > SR - R0l
FIERS R4y (Beya et al., 2021)

2 FEE )26 HURE Bl & AEE (cinnamon) ~ B (sage) ~ 2K7E T (rosemary) ~ ZE8 (basil) ~ F E 7 (thyme)
T (clove) ~ AEZE (nutmeg) ~ SH#{af (peppermint) ~ 4= B K7 =5 X E0kE i (lavender essential oils) B &M 5l 43
& T/ Z (vanillin) ~ F fF 17 (carvacrol) ~ B EE (citral) ~ AIfEEE (cinnamaldehyde) ~ 75 f& ¢ (linalool) ~ 75 7 [
(carvone) ~ T &} (eugenol) ~ B H F ) (thymol) I f& 45 17 (limonene) » #530 fy =Z&¥)'8E (Pateiro et al., 2021;
Singh et al., 2022) » Hrt— A SR B aos 1Y) - GIIESEEN - &%) - TF - 5 - 5 BEKEH (Coimbra
et al., 2022) - Rt » 2 LAY AT (E Y & an 026 - HEAN - AR MR Y B A IR {F A (Pateiro ef al.,
2021)  FEYIREHAY 2R ZhE) (terpenes) ~ ZEPAKE (phenylpropane) ~ B ~ B ~ BE 5 - (HIEE BN T @ &E
B BEENSGESE T4 (Pateiro et al., 2021; Singh et al., 2022) -

TG A E TR AR > & BT 7E (Sharma er al., 2022) - 5F ARG B A EEZWHIH G T E R F
R BIRNZR AR T A R E AR ~ Jbd ~ 1S5 R ARAE (Alirezalu er al., 2020) - EREFIEH R E Y
EFR TR A G - SRSk (viridiflorol) & %2 H} (epirosmanol) » EICZMHIAEE ~ KR - BEBLAERS
B ~ EVTIE RS (Sojic et al., 2018) « [LAL  SELMEYINE TS S CEERE - KEIEHE - SRR R R
B AN A R (Durovic er al., 2022) »
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TEYIREHP2A SEMER T » TEZ B 6B RS © KET 20 — 60 FEA[E] R 53 A 5
BEY > HBEESR S R0WES =R A T EERYE - A > Eks T ER a4 YrE R
=Y R TLAGEE R @ AR T 22 (8 (F A BEEETIRE > A EEAE YRS HATHIIE R4 (Kachur and Suntres,
2020) - (AL FEYIREHEVIEE R N EER RN R E RS > T 2R @B A VIR R [E A I fE R AR e - s
B LR BYENSUKEM EEREEMEE  CYEIUFRASIE(EBEE R EEE AN YE
HURENME ~ BEME SRS AL - A% EYINEHE S L EZEHAEN ATP A9FES: - BT EIEMREE 'R
SLEEE A E Y DNA SRIVEZHESE - B8RS EMEETREYISET (Pateiro er al., 2021) ©

HEEEHE R AMIER > HelfEMAEY A HERHIHEIER (Coimbra ef al., 2022) - B BEEHE
FHIRRS S E B - TSR (Sojié ef al., 2020) B MBI - SO EHRE - KISEE D
PR EAREIHIHIE A (Coimbra er al., 2022) - FF2MH5C 3 B BB bE 5 R BT HNHI A ISR B B 2 R B 2E
R HEAR (Cutillas er al., 2018) - H EREE T BA BFITEER - Moy EA b S EEINE S
(Lorenzo et al., 2019) - B T ¥ 2FE8MAEY) ~ BERFFE I B A EBEERSN  SEEYEHE A SIIREY)
BTSN - AR ARG > DURESE A LEE IR (Coimbra et al., 2022) -

TEHEEEEEH > ETEES HE EREE A REEREE 2 — - #F2W5eis B R EEYE R
HUREVME  TERFEATHIEFIR > ABERERERASE | FHEEEWHESMERIEER
] 7 S EEFHAPR (Sharma et al., 2020) ©

B ] BLSE AR BN > RSy R BT I LS RES o (T TR RIS R E e w e E Rk E A Rl -
AERAEREUR > EREEYZEIY) & = A E KA TIHIER (Martucci er al., 2015) o S L &R EHE VG
SHEEEAEI T AR T > ATIEDOPIRE - KEGIRE - S OEERE - ZUiFE KB EN A £ (Hygreeva
etal.,2014) -

7 FIRE ) H A A B 2 L Y ek R A7 AR 2 5l - (50 R AR A A B 220 B 2 5 A A S 2R T R s T AU
FIER - EINFEE S EE AR EFE MR BB EHLE EE T A SRR & RMEMEY 4 & (/£ 2T
EL8CT » S AllEIE 1.23 B 2.63 ¥1#H ) - TENITE A FEIFEFRE T > JAZE 0 RELEE 28 RAVEETF KRBT RIEIE 0.57
B 0.06 {E¥E{E (Gouveia er al., 2016) - B[ HEZEE R HYAH & o e A S (R Enh R B s I 50 - 15
BIENFE > N S an iE IR B AR S RO I B S R R AT RRSAR S - PR F A AR E AR - AN
RERAE R - EFEE YR EAE S O] {5 D T B S A R S - G SRR SR L2 2 10T RATSRES 2 — (Ozaki
etal,2021) »

TESEFE A P DA SEGHAUR (0.1 27 0.5%) 1A HART el IR RS Y 4 & CRUK 2.1 57 3.1 BE8(E ) Bif5
RE (JBE 1.05 ¢ 1.85 BHE{HE ) - 281 > EEEYIEHEARBECEIEER © 1boh > BEEREHE Kz
B AHEIE P S RS - i EA SR B2 = /5 B (Zhang et al., 2016) -

KSR RN PFE A B RG(E R 0.78 B 1.56% FE32M5H - &5 REURI A=Y B A BHEGERCR © K
it B BT 1 5 S P S A A B S B DH AU Y (CORER 0.2 3,0.5 S61 88508 ) > 6 LU P B B ol AL (Sojic
et al., 2019) = $b4h > (AR AR E A CF G T MEYSE - IR H o] & B2 a3 A EF/ BN
AR - R T RV AR M BEL A RE B A & (RUE 0.54 HEUE ) - BBz ARG B BT B B RVHIH 4=
E7HE8 (Khorsandi et al., 2019) -

B BB W 2E(E (microencapsulation) JII AL AVELE » HA 4 fE AR A A it 2o R AR P AR R AT
5 > (EiSTEgTH - (ERIMEYEH > SR s B B b BRI B R T IR E I E (BB T
115 — 1.79 H¥E > MBE(LEHEKR 2.19 — 3 $8H ) - SAFEE (HIRADRK 1.11 — 1.82 HE(E » 2
BEAEME IR 1.58 — 1.99 HHUH ) ~ e (A A ERE (HIRALRIR 1.07 — 2 B8UE » (B (B HI(K4.13 — 4.69
HEUE ) RARRE ((BHIRAHRUR 0.72 — 1.26 H¥UE - FUIBFLE AL 1.44 — 2.04 HEH ) - 14N fEE TR
(i FH B A LB BRI SR R W S R B R A B R EEE - B E iR B L ORGEAE Y A
o ARELESS > ETTERMEYIEHIEROE AR « SN EEEREYE RS A SR > RS H
I E /R E % (Ghaderi-Ghahfarokhi er al., 2016) « [t4) - FEEFFHE L ARENPTEE S » BRIEERE
Sepy 8 ] RETR B2 (Ghasemi et al., 2020) - (R AT —TAWFSEH > (AR RERINE — B8 O 7E R B Z LIS
S FEE R A B BN A YR S B A BHEEAHE /F A (Radiinz er al., 2020) -

B LS Hshem - B R LAY T A RANFI A G S OEERE - KIBRE - 2R O
REAR o S —TEZET - sF 6 T R E SR BB RS U e R Ay (RIBREE ~ DFIRE - &
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AR E N B ERE ) E48 A B A Y A RANHIZIRL (Jayari er al., 2018) - {f KR H B & H
(0.01 — 0.05%) » SR BT 1 L DR B 2 A 5 S 2 RATFINE F (LYIRUE 0.5 (BB EUE ) - AL CE AT SR (3%)
W B EEHE A MAEYE EA TR (UK 4 — 7 EEEEER a0 - fhoh - HEEH (0.075 —
0.15 pL/g) RIITAFE AR - 253 AR HAEE A B A BEE TR AR R (BIE 0.47 — 1.48 HWH(H ) ~ ALBEE (K
1K 0.33 — 0.56 $1#{H ) ISR TE (K 0.32 — 0.82 ##{H ) » BB HEHIEE I T AR SMED 2
ZMEAER (Sojié et al., 2020) -

PR B 3L T oA B 3 R i VB RCR, - AE s i gErh - (RIS TR T &5 (3.05
mg/g) DLEE G R S RE A A < 5 AT PR (R 0.86 #E(E ) VAR » MR I(LT A A R
B EEAVINE/E ] (Radiinz er al., 2019) - BREFFIMEAERFEATEETHROEN - BRERERHEIFIK
~ RIGRRE K R AR - ER bR AR A B &R A Y - R4 - RS AN 1E
F F R A EER  (Sojié et al., 2018) -

PR I A i e T 2 M S Fe (b A 2R A R IR Z TR, - B LT SefE A AR 7 o
ARSI R YR - e 2 I IR VIR B R R B L s - SR RS B AL RINEIER (%
& 1.19 — 2 B8 () ~ ALREE (FURIK 1 — 2 98E ) ~ KEBRE (EYIEHEECR 1.15 — 1.79 BE{E - M2 &t
FEYIREIRIE 3.23 — 3.86 HWHIH ) ~ &= OHEIRE (EYIRHIRIK 2.12 — 2.62 WHUE - (B ELEYIREHIR
1. 3.99 — 4.59 () DR BRI EEIE 4 (FEYDRHIRIE 1.62 — 1.92 H8{E - fEBRE(LHEYIE K 2.96 —
3.16 HHE ) - b5k AR HHIH SR YA RBCRE BLAIE AR (0.05 B¢ 0.10%) - i HisB #(LE Yk
SINEIF FH B (£ (Ghaderi-Ghahfarokhi et al., 2017) - 2% 3 S| A Y)ZE FUY)ELE VIR Ay 1 ZOE MR R oy EHIHH T &R
MY -

A
WEEHEEHRFEEEEE  FEEERME - REsUEERIIYE R RS - NILE R - etk

A RE NS FRORIE NN © BF ST seE I (i - DURMRE A FN IR E R & - 280 > s -

R B i B AN I B T B S E YRR A R - (I RAATE B2 f = B IR A e e MR AR T
B AP ERE MBI T - BEIRIELESRARVIESR ME - BEINIIEYIH A sEE I T AR
I EVE P E A AR o (ERIMINER A DU R R E AR E IR - ARSI C B BATE
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Abstract

The purpose of this review was to summarize applications of some important natural bacterial inhibitors that had the
potential to be used in clean labeled meat products to enhance the preservation technology. Livestock products were nutrient—
rich foods. However, it also provided a suitable environment for microbial growth. Increasing consumer demand for safe
and high quality products had made it increasingly important to develop new clean labeled meat products that were low in
fat, salt, and food additives. However, reducing the amount of salt and nitrite in products that inhibit microbial growth might
result in reduced stability and safety of clean labeled meat products, thus posing a significant risk to consumer health. In
order to avoid the proliferation of food—borne microorganisms in the storage process of clean labeled products, this review
presented a comprehensive study of natural antibacterial substances such as organic acids, organic salts, plant extracts,
and essential oils to enhance the preservation technology of clean labeled meat products. In conclusion, the use of natural

bacteriostatic agents can enhance the shelf life of clean labeled meat products and has potential for use in meat processing.
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Fig. 1. Geographical location of dairy goat farms in Taiwan (2018).

TYN: Taoyuan City; HSC: Hsinchu City; ZMI: Miaoli County; TXG: Taichung City; NTC: Nantou County; CHW: Changhua
County; YUN: Yunlin County; CHY: Chiayi County; TNN: Tainan City; KHH: Kaohsiung City; PIF: Pingtung County; ILA:
Yilan County; TTT: Taitung County; PEH: Penghu County.
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*® 1. ZREAFG ALETEEERE

Table 1. The heads of various breeds in the investigated dairy goat farms

Breeds Buck Doe Kid Virgin goat Wether Total, head %
Alpine 600 15,244 3,601 6,100 2,834 28,379 71.3
Saanen 148 3,572 749 1,264 540 6,273 15.8
Toggenburg 10 94 23 65 8 200 0.5
Lamanchu 2 98 20 31 0 151 0.4
Nubian 34 442 220 194 295 1,185 3.0
Hybrid 59 1,639 730 642 508 3,578 9.0
Total, head 853 21,089 5,343 8,296 4,185 39,766

% 2.2 53.0 13.4 20.9 10.5

Buck: billy goat, male goat; Doe: nanny goat, female goat; Kid: immature goat, small goat; Virgin goat: nulliparous female
goat; Wether: castrated male goat.
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Fig. 2. The birth rate of goat kids in different seasons in the investigated dairy goat farms. a,bSuperscripts above the open
columns without a common letter differ (P < 0.05).
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Table 2. Feeding methods of goat kids in the investigated dairy goat farms

{RomAE 18.4% Ry H K (£ 2) © Zhou
B2 > PRI ATHR (b R e AT B (o P (SR S R

Survey question Response Percentage (number) of farms, %
What are the common diseases that cause death in kids? Diarrhea 55.2
Pneumonia 19.0
Bloat 17.9
Quardriplegia 7.9
What is the average age at death during the kid period? 0 — 7 days 53.6
8 — 15 days 22.5
16 — 30 days 15.6
Over 30 days 8.3
Does the kid barn have insulation equipment? Yes 86.9
No 13.1
What types of kid insulation equipment are used? Heat lamps 72.9
Heat box 18.4
Heat pad 8.0
Others 0.7
When did kids start feeding with starter? Less than 7 days 11.1
8 — 14 days 36.2
15 — 21 days 339
22 — 28 days 14.1
Over 28 days 4.7
When are kids weaned on average? Less than 2 months 9.5
2 — 3 months 71.2
Over 3 months 19.3
Will kids have disbudding? Yes 88.5
What is the average age for kids to be disbudding? Less than 14 days 23.0
15 — 21 days 47.1
22 — 30 days 23.0
Over 30 days 6.9
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2023 ) « ARZHFHEATIHH 91.6% AFHEEHHTEEE - H 49.3% AF5HETTER - Het M
PEREELSEEIEN - ERIEREL 3 2 6 ([H A R o BIYH 6.5% A5 ERHAREM 6 (HLLE (F3) 0 B
FEUNEEES AR R
AL IR BT F AR

AP ZHEAFGT - FLFIEH 200 FELL MG 85.3% (% 3) © Pulina et al. (2018) f5HAR] ~ FAF] -
P S Al 2 ULLUFEIS R 2 B i/ NRITESS, > LR 0R T A 36 22 190 §H » 2785 5 2 3755 -
WHLER D AF L EAFEALNTF  AIRAEBAFSGIE T AFEETEBEILAR 62.8% (BRI AR
) e HRFERRF R AL SHEERS @ FTEALSTFIEITFESRA - BERFRFASEEZEIR
A REFEANEEE - EMMIREDLA T B - MR AT SO AFEE R IRE N EEE -

ARZHEZAFE » HFEEFIGEIKEERLL 3 2 4 5l 2 Lhfl 46.5% Ry (£ 3) 0 ALFEF9%4
KRB AR T 4 SRR BER 2 F B LB S 2 67.9% « ~SFIIALFAEE 3 2 4 FREER 2 B85 S (48.5%) -
Mekkawy et al. (2009) 5§ HF EEEZSMERBEHUESEEHUL A » 1 Castaiieda-Bustos et al. (2017) FFFEEURIEEIR
LA ESa EEER R T2 EH - BEZERFESIRZR - AL Alpine fiff 1 » RN EFRAHREHE
AR - NIRRT S B RGBS E M B - THER - AAEER - LEQEESE -
FLAERT B 3th ~ AEABEH L - E—IeEEFR IR a2 R RS - (ERIUEREE 2 5
28 (Castafieda-Bustos et al., 2017) » LIRS =& A FE S -

(iii) JHFLE

Ferro et al. (2017) EEBR L&A L= fd 2 AL & - PN AL &5 5 By Alpine B Saanen - 43 51| 5 2.66
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F12.55 kg/d - FEHM > Saanen ~EHMHA & By 2.23 kg/d (Zamuner ef al., 2020) = Y Panzutil et al. (2018) F5H 7>
EEIEEE . Alpine L HEFUMAENTN 2.62 2 2.97 kg - ZiHE 2 AL FEH 60.7% FHEEIBATINIL
EHE 2 kg LLE (£ 3) « MBEREE N FEBERMTO T HIKE - 28 I1F 39.3% 35S - HiEgH
I A RN 2 kg » AKAIESHE « 28 K EEHRIERNE - DU HFEEBENAMERE - 5
Gh > TERE R B A ARG e - H Saanen {E A FEULFLIBEL ZMABHEEZE » DUBATH 833.1 g/d &%
1= (Ibrahim and Tajuddin, 2021) » ZF/REDLALE LA RE R FUE 2 FRE N WHY > P OMAEZF
GEEE—P SIS N FE R G RN AT ARG ERZEN -

RHEI TG FALERR

Table 3. Goat milk product information in the investigated dairy goat farms

Survey question Response Percentage (number) of farms, %

Will goat's hoof be trimmed? Yes 91.6
Where are the manpower sources for dairy goat hoof trimming? Farm owner 49.3
contract out 50.7

How often are the hoof trimming? Less than 3 months 4.8
3 — 6 months 88.7

Over 6 months 6.5

How many dairy goats are raised? Less than 100 head 43.4
101 — 200 head 41.9

201 — 300 head 12.4

301 — 400 head 2.3

How long do dairy goats average stay on farm? Less than 3 years 21.4
3 — 4 years 46.5

4 — 5 years 19.9

Over 5 years 12.2

How many parities can lactating goats have on average? Less than 3 9.1
3—4 48.5

4 —35 28.8

Over 5 13.6

How much milk yield does each dairy goat produce on average Less than 1 kg 2.2
per day? 1 —2kg 37.1
2 —3kg 59.9

Over 3 kg 0.8

Average number of lactating months per dairy goat per year? Less than 6 months 5.2
6 — 8 months 48.2

8 — 10 months 36.3

10 — 12 months 8.1

Over 12 months 2.2

Alpine 2 Saanen JRFLREAHIL > 73731 Fy 248 1250 K (Ferro et al., 2017) » [ .Z Saanen JhFL KE
K 233 K (Zamuner ez al., 2020) - FHEFFEAFEEVIGELHE > A 89.7% $O5AF 10 & H (300 K ) »
BRI S EF AR G AR TRCRE R FZ 7L -

(v) & H AL EL ~ Bfi] he AL B B 20

Salama et al. (2003) FSERTIEER I | K2 WA BLLERIAL 2 KT 18% + (B GEALALSY
MIRLB R AEE - ATGEE 2 JEH2H S BEH AN 2% WESFIE LF 0620 + 1 #8
TE 17530 £ 10 CRORREETR ) - BEA ORI E H AL KBURA 3 3 KT BB MDA (Wilde ef al.
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1987) » (HEBERAR &3R5 - HADEBRELENIDALFE AR & BTl 2 2R » DT AL HRER
JEEE R (Panzuti et al., 2018; Zamuner ez al., 2020)  ARIFHER 85.2% AF5 2 FAIH AU (&
FEREUR)

IV, SR

(@)

B £ iR oAl

AR EHHTAFE T LFE T 56.3 5% 0 5/ 27 5% 0 K 81 3% « & LR LL 55 % 65 55
45.4% Fyfe % (8 3 ) - 108 FEEESEATET HE (RSEHD » 2020b ) f5 I EZEIEH R ADIFERTN 35 2 64 55
71.2% £ % o EEEERBARIEHEEGEFIADL - Chamdi (2004) SHEHEEKMEFSET A ZFRIER R 15
£ 55 b 72.9% > S5 pkPA B 27.13% - MEEZ T - EEFSREANFIREERERZEE - BUROSGE
WA _REEERA S ZHE > Wik > @ bEREEHEN - EFRABERABFEEMHKE
TR
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Fig. 3. Age distribution of owners in the investigated dairy goat farms.

(i) &EZMERIEET

RERUR 8% FHAR AN HEREHE > F5EREHE A 89.1% KEN (BRRER) - HNEE
TESE R 25 I - AR ] BRI EM: » NI HRSEMA R Aa S m it E TS - 2% (2011) f5HR
AP TIEEEE MG 81.1% - 108 SERESEEMAET AR (EFEED - 20200 ) JREUREY ERSE AL B
5 74% > BB AR -

(i) TAEATT

AR ZHEAFSZ P TIEABOT AR 3.03 2 1.1 (F4) > FIBA AT RIEE 96.4 + 41.8 4 -
Mena et al. (2017) SHEPEIL & 2 AN - HoEs VIO B oy 372 £ 58 51 - P95 TIE ABUR 1.7
+0.2 > HASEH AT A6 210 £ 24 U5 - Pulina ef al. (2018) FRHVABIFIEHEAFE 2 TAEABU 1.5 A
IO ATT G 222 R - ZEERFSEBUERE A - B H 2R T - 25 TIF%RE
DRI BT A ) B R A P E sk B B R S Z R Ry /b - ARZREZ A FE5ER 29.5%
AEHET > TIEATHARKE D BEIERE (7194%) (£ 4) - BRFNEHTESRIE TREAR - =
R FERL S ] DR AL 50 E TAE A IR B0 s — ke 25 -

F4 ZHEAFGZERS TR

Table 4. Labor status in the investigated dairy goat farms (mean * SD)

Farms Total labors Employees Family workforce Goats managed
(person) (person) (%) (heads/person)

Milk 3.03% 1.1 1.4%£0.9 79.4 96.4%41.8
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V. FEEE
() FEERERTE - T - Bk Rt

ATGREFSGT 95.6% B HERAME > HEES 44% (BRREUR ) - IWERBURZEATERT
IEFESEFETTRERE  NERTIAEM 2SS T » FEhEAVEMHHEEEARS B EHRER

IR » B TR S -

xS ZREAFGZESIRNN

Table 5. Goat house information in Taiwan in the investigated dairy goat farms

Survey question Item Results
Which orientation does the largest side East-West 48.2%
of the goat barn face? South-North 46.8%
East North-West South 2.9%
West North-East North. 2.1%
What is the average age of a goat barn? Barn year 23.6 £ 1.39 year
How many does average structural size Roof height 5.82%1.39m
of the goat barn? Heel height 481+141m
Barn length 5221269 m
Barn width 16.0£82m
High-bed height 1.381£0.56 m
What type of roof materials in goat Corrugated steel sheet plus heat insulation foam 41.3%
Corrugated steel sheet 28.8%
Asbestos roof 26.3%
Other 3.6%
What type of high-bed materials used Wood 52.0%
in goat barn? Stainless steel 44.9%
Galvanized iron mesh 2.5%
Cement 0.6%
What type of feed trough materials Stainless steel 80.4%
used in goat barn? Polyvinyl Chloride 12.1%
Iron 4.9%
Cement 2.6%
What type of cooling equipment in goat Fan 74.5%
Fan plus spray 16.9%
None 8.6%
What type of manure removal methods? Manually 54.7%
Manure sifting net 36.8%
Manure scraper 8.5%

AR ZHEAFS 2 FERMER 48.2% RERIGE (RS ) > HEREE 1SRRI H RS FE -
g7 (2018) f5 &SRR DURPE M R - ErsEREZE R E NN AW » SRS RSN FR B R
A MBS o NIE - PR S  RE R A RS e SRR AR

RAFGFESRRAEBEGERORES For > AFHZPRER R 23.6 £ 139 F - FH RS FIIHE
(BER X H) B 835 m* (AREREUR ) © Toussaint (1997) 45! » & NET# 2 FRERF FEATHR RV ZMR
0.5 m* > BEFLATHFERAIE 0.3 m® o A0SR DIARIR A 2 40 ) 8 DA RS W B T R R Ry 289 B8 > WG DAER
EEE 13 R r SR EEE > SEFEZEEERTR 093 n'  BREEE SR ENES
HEE - 500 REFFENARHZEAER > B8EEREER 3 m - EARZHE ZAF5 T EHE
REREE > FIRPIEER 1382056 m » FEHEIAFYEER 5821 1.39 m - EHEAFEE - HE
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FEAIFAR RIS EH A PIIER » TS PR - 1 Q018) BRI S A RIS R 2.5 5
45m > BIEEEEZAIRE V4 ARHEESBAESEG4E S m el BEEEAERRGE 18 %
19 » RTS8 -

(i) FHEE ~ FREEREE

ZHREAFEGT > FERERKFESHELE R 20.9%  SEFAREER N Y F55 24.5% R ETESEEHE
JREEHE (ERERBUR ) » FRREIEMER 70.1% BEALRIAME (£ 5) - Hh 41.3% FESFORMUEEFEEHLUE
MREREEIREL - ZSEFRIOR - BFARRER T HER MEGH - B4 - & 2B
DUIRAR S 93.4% £ (BREREBUR ) > WRARITA I 5 R i e EL AR e (R e (R

ZAREFEGT > FRMEDAGREHELGIRE (52.0%) > 44.9% (R GHHRBER (R S) - FRIRF
PR 35 FH AR B A B B P Ry AR U B R B D () (R 3 P A sl 2 oy HL 7 R 1 P B Sl (B
B FTEIGHEE A B o Chiang ef al. (2020) SRFUEFRBEHONEIR 2 F 535 GE AR MR R SRR A
A EHPHB A RFPHARGZRER - DI IIE R SP 8 - AERAPE SN B AR B TRAYE ~ AR5 Hs ~ HEERL
AR MEAFSOEREERR > EHAAREM RS FS KT A HEAT  PGRA SRS REE S
HUAROREH (Awang et al., 2020) » 5 (2017) 15 g B A IR PR I B FRIR LA G B E 2 B AL I BRI Z 7L
FESE ~ AL EE -

A 92.8% ZFHEAFE Z N REm AR (BRREUR ) » ALF5E A s i1 '8 2 e/ b fl &=
(80.4%) » IRy 12.1% (ERPERLN (PVC) BIFE (£ 5) - AR REAEEAFLERATSS © (HH
B IR MU E R aafE A B AR -

(i) R A

AR ZRMEZAFLH 74.5% LSRR TE R RO - Hd T 16.9% W8 HF REREHE (£
5) » Koluman and Daskiran (2011) 5t - {rFF & bk i B EENPIERISN > TR A K S Ae e s
Bge o B IIESE R - WIFERRE TSR ERE - FRRHREEL - BRI Y 35T - 8
71 L o 208\ A E e s B R4 2 £ 2 TR A B B A 15%

(v) FEEFRRSEMS - 7=

AR ZHREIFHER 45.3% ERMMKAEESRRM (R S) - LRSI FEREA KAR -

VI FEHLC 8k
() FEMEmEHRG

AR E Z ALFHH 82.5% BILFEERMEAIESR (R 6 ) P LHEMALRS - HZIEX - &
™ » BRSNS - (HEA A S SRR g 2 Bk -

# 6. ZHEAFE LT
Table 6. Goat record in Taiwan in the investigated dairy goat farms
Survey question Item Percentage (number) of farms, %
How to establish goat individual identification? Ear tag 49.6
Ear notch 16.5
Collar 12.2
banding 1.4
Ear tattoo 43
None 15.8
What types of management records in dairy goat farms? Reproduction 29.5
Feeding 223
Cost 24.5
Therapy 583
Disinfection 89.9

(ii) HNEHLCSR

FEERRR BN A - RN 5 EEE RS - N EE B E B
F > R RS 38 fE ATl /A (Olivier er al., 2005) » ZAMIAZEHEEAE] 30% FHMEFHITHNEIE - 687 -
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A
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Abstract

The goat industry should develop knowledge in raising and professional management gradually, which could provide
reference in Taiwan. A total of 139 goat farms with a feeding scale of more than 100 heads were surveyed. The number
of farms surveyed and goat raised accounted for 53.7% and 92.9% of the domestic total farms and dairy goat population
respectively. 71.3% of raised goat breeds were Alpine goats. The number of kids born in spring and autumn was significantly
higher than that in summer and winter. There was no significant difference in the survival rate of goat kid born in different
seasons, which averaged above 80%. Mortality of goat kid was the highest within 7 days after birth as compared with other
stages. The most common causes of death for goat kids were diarrhea and pneumonia. Only 47.3% of farms gave creep feed
to goat kids within 14 days of age. Age at weaning was 3.0 £ 1.1 months in 71.2% of farms. 88.5% of farms were dehorned
the goat kids, and 93.1% of them were done within 30 days of age. The heads of lactating goat was the majority (85.3%)
raised below 200. 67.9% of goat who were culled under the fourth parity. On average, lactating goats were culled within 3-4
parity (46.5%). Between 55 to 65 years old of owners was most distributed, accounting for 45.4%. 89.1% of main managers
were male. The average number of workers per farm was 3.03 = 1.1, one labor managed 96.4 * 41.8 heads of goats. The
property rights of farms were 95.6% with self-owned assets. The average barn year of goat farm was 23.6 * 1.39 years,
area of goat barn and height of high-bed was 835 m2 and 1.38 £ 0.56 m, respectively. Only 45.3% of goat farms were used
mechanical manure removal equipment. 82.5% of farms have established individual identification for goats, but only less
than 30% of farms actually implement reproduction, feeding, and cost records. In short, Taiwan’s dairy goat industry has
basic concepts in feeding management. However, it will need promote in the early weaning of kids, the productive life of
the does, milk yield and the efficiency of worker use in the future. In addition, management records should be implemented
as a reference for breeding, operating efficiency, and disease management. The survey of dairy goat farms could be used as

primary information to provide references for future industry development and related research.

Key words: Production and marketing, Goat facilities, Goat worker, Dairy goat breed, Feeding and management.
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Table 1. The composition of experimental diets

Ingredients Starting period Growing period
Yellow Corn, ground 29.20 30.00
Soybean meal, 44% 27.90 20.00
Brown rice 29.20 30.00
Wheat bran - 6.00
Alfalfa meal 2.00 7.00
Soybean oil 3.00 —
Molasses 1.00 4.00
Fish meal, 65% 5.00 —
Calcium carbonate 0.70 0.50
Dicalcium phosphate 1.00 1.50
Salt 0.30 0.30
Choline chloride, 50% 0.10 0.10
DL-methionine 0.15 0.15
L-lysine 0.05 0.10
Vitamin premix’ 0.25 0.20
Mineral premix’ 0.15 0.15

Total 100.00 100.00

Calculated value
Crude protein, % 20.24 15.00
ME?, kecal/kg 2,914.00 2,557.00
Crude fiber, % 3.11 6.87
Calcium, % 0.89 0.78
Non-phytate phosphorus, % 0.45 0.41

" Supplied per kilogram of diet: vitamin A 10,000 IU, vitamin D, 2,000 IU, vitamin E 20 IU, vitamin B, 1 mg, vitamin B, 4.8
mg, vitamin B, 3 mg, vitamin B,, 0.01 mg, biotin 0.2 mg, vitamin K, 1.5 mg, D-calcium pantothenate 10 mg, folic acid 0.5
mg, nicotinic acid 25 mg.

* Supplied per kilogram of diet: Mn (Mn,0,) 80 mg, Zn (ZnSO, * H,0) 50 mg, Cu (CuSO, * 5H,0) 15.0 mg, Fe (FeSO,) 80
mg, I (KIO,) 0.85 mg, Co (CoCO;) 0.25 mg.

> ME: Metabolizable energy.
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Table 2. Evaluation of crude earnings of feeding geese under the forestlands

Items Male (n = 22) Female (n = 28)
Body weight of birth, g 90 85
Marking body weight (12 weeks of age), g 5,990 4,980
Gain weight, g 5,900 4,895
Feed intake, g/250 birds 17,640

Feed conversion ratio, feed/gain 3.24

Feed cost, NT$/250 birds 78,963

Gain weight cost, NT$/250 birds 117,884

Crude earnings, NT$/250 birds 38,291

L MFERIRAREHRE -

Fig. 1. Investigation of environmental ecology under the forestlands.
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Fig. 2. Feeding geese under the forestlands.
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Fig. 3. Vegetation cover changes in different month.
FF: Feeding geese under the forestlands, NF: Not feeding geese under the forestlands.
23 AEMHTEY YR SR
Table 3. Investigation results of plant species in different forestlands
July August September October
Species FF' NF’ FF NF FF NF FF NF
Aspleniaceae
Asplenium nidus \Y% \Y% A% A% A% A% \Y A%
Athyriaceae
Deparia petersenii \% \% v \Y
Davalliaceae
Davallia griffithiana v A% v \Y
Dennstaedtiaceae
Microlepia strigose v A% \Y A%
Polypodiaceae
Lemmaphyllum microphyllum v A% \Y \Y
Drynaria coronans \% \% \% \%
Pteridaceae
Pteris fauriei A%
Thelypteridaceae
Christella dentata A% v
Amaranthaceae
Amaranthus lividus \Y
Anacardiaceae
Mangifera indica \Y v v A%
Caricaceae
Carica papaya A% \% \% \%
Compositae (Asteraceae)
Bidens pilosa var. radiata A% A% \% \%
Mikania micrantha \Y% \Y A% v v v \Y \Y
Conyza canadensis \Y A% A% A% A%
Youngia japonica v
Pterocypsela indica A% A% \% A%
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3. AFEMHEYYRER AR (5)

Table 3. Investigation results of plant species in different forestlands (continued)

PN EIGHERIR AE AE R Rk s B

Species

September

October

FF'

FF

NF

FF

NF

Convolvulaceae
Ipomoea obscura

Euphorbiaceae
Macaranga tanarius
Bischofia javanica
Chamaesyce hirta
Glochidion philippicum

Hamamelidaceae
Liquidambar formosana

Lauraceae

Cinnamomum osmophloeum

Cinnamomum camphora
Labiatae

Clinopodium gracile
Leguminosae (Fabaceae)

Leucaena leucocephala
Lythraceae

Lagerstroemia subcostata
Magnoliaceae

Michelia compressa
Meliaceae

Swietenia macrophylla
Moraceae

Morus australis

Broussonetia papyrifera

Artocarpus incises
Myrsinaceae

Ardisia squamulosa
Oleaceae

Fraxinus griffithii
Oxalidaceae

Oxalis corymbose

Oxalis corniculate
Passifloraceae

Passiflora suberosa
Phytolaccaceae

Phytolacca americana
Piperaceae

Piper betle
Pittosporaceae

Pittosporum pentandrum
Ranunculaceae

Clematis grata

v

A%
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3. AFEMHIEYIYRERE AR (51)

Table 3. Investigation results of plant species in different forestlands (continued)

July August September October
Species FF' NF’ FF NF FF NF FF NF
Rosaceae
Rubus rosifolius A% A% A% \Y%
Eriobotrya japonica \% \% Vv v

Rubiaceae
Coffea arabica A% A% A% v
Paederia foetida \% \Y \% \% \% \% Vv v
Sapindaceae
Koelreuteria henryi v v A% A%
Euphoria longana A% \% \%
Ulmaceae
Trema orientalis v A% A% A%
Zelkova serrata A% A% \% \Y \% \% \'% \%
Rutaceae
Zanthoxylum ailanthoides v v A%

Solanaceae

<
<
<
<

Brugmansia suaveolens

Lycopersicon esculentum var. cerasiforme
Solanum capsicoides

Solanum torvum

Solanum diphyllum

Solanum nigrum

< < < < <
<
<
< <
<< < <
<
<
<

Verbenaceae

Lantana camara

<
<
<
<

Vitaceae
Vitis thunbergii
Ampelopsis brevipedunculata var. hancei A" A% v v
Araceae
Alocasia odora \Y \Y A% A% \Y \% \% \%
Cyperaceae
Cyperus rotundus v v v v A% v v A%
Kyllinga brevifolia
Gramineae (Poaceac) v

<

Panicum maximum

Miscanthus floridulus

Imperata cylindrica var. major A%
Oplismenus hirtellus v
Paspalum conjugatum

Setaria verticillata

< < < < <
<< < <<

Saccharum spontaneum Vv
Digitaria setigera \%
Liliaceae \ v

Asparagus cochinchinensis v v v

< <

Musaceae
Musa sapientum \Y \% \% \%
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3. AFEMHEYYRER AR (5)

Table 3. Investigation results of plant species in different forestlands (continued)

July August September October
Species FF' NF’ FF NF FF NF FF NF
Palmae (Areacaceae)
Calamus quiquesetinervius v A" \Y \%
Areca catechu \% A% \% \% \% \% v Vv
Zingiberaceae
Alpinia zerumbet \% \% \Y \Y

Investigation spec

iesmarked "V | .

' FF: Feeding geese under the forestlands.

® NF: Not feeding geese under the forestlands.

(ii) NEMHERE ARV EGERINR 4 > BB ALBS AT 275 €00
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AR REURA S —FYEE 7 H B ERAEE - B IEMuay B ZEEMAE 8 A/ 075~ 9 AT EE
0.57 ~ 10 FZER(K 0.40 - FHEMI;AY B LMY 9 H IV T B aa b Iapk 4R 18 - HE 10 B TR R
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Table 4. Investigation results of species of birds and animals in different forestlands

=7

e

July August September October

Species FF' NF’ FF NF FF NF FF NF
Caprimulgidae

Caprimulgus affinis stictomus v
Corvidae

Dendrocitta formosae formosae A% \Y
Pycnonotidae

Hypsipetes leucocephalus nigerrimus v v v v \Y

Pycnonotus taivanus A% \Y \% A% \% \% \% \'%
Zosteropidae

Zosterops simplex v \% v v Vv A% v
Passeridae

Passer montanus v A" \% A" \% \% \% \%
Sturnidae

Acridotheres javanicus \Y \Y \Y \Y
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Table 4. Investigation results of species of birds and animals in different forestlands (continued)

HTER

TR TR

Species

July

August

September

October

FF'

NF?

FF

NF

FF

NF

FF

NF

Cisticolidae

Prinia inornata flavirostris
Monarchidae

Hypothymis azurea
Leiothrichidae

Garrulax taewanus
Timaliidae

Pomatorhinus musicus
Dicruridae

Dicrurus aeneus

Dicrurus macrocercus harterti
Sylviidae

Sinosuthora webbiana bulomacha
Laniidae

Lanius cristatus
Hirundinidae

Hirundo rustica
Megalaimidae

Psilopogon nuchalis
Columbidae

Streptopelia tranquebarica

Streptopelia chinensis chinensis
Phasianidae

Bambusicola sonorivox
Ardeidae

Bubulcus ibis

Gorsachius melanolophus

Egretta garzetta garzetta
Rallidae

Rallina eurizonoides
Accipitridae

Accipiter soloensis
Sciuridae

Callosciurus erythraeus thaiwanensis

A%

v

v

v

Investigation species marked " V | .

' FF: Feeding geese under the forestlands.
* NF: Not feeding geese under the forestlands.

(i) A FEIAR R S e T YR B RN R 5 WU e IR & E] 109 €70
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Fig. 4. The monthly species and total number (A) birds and animals (B) reptile and amphibians.
FF: Feeding geese under the forestlands, NF: Not feeding geese under the forestlands.

TN: Total number, SN: Species number.

TS, AFEMHERIEE TR R SR

Table 5. Investigation results of species of reptile and amphibians in different forestlands

July August September October
Species FF' NF’ FF NF FF NF FF NF
Bufonidae
Duttaphrynus melanostictus A% A% v A%
Rhacophoridae
Zhangixalus moltrechti A% A" v A%
Polypedates braueri v A% A" A% A% v \%

Buergeria otai A%
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S, AFEMHERIZIE R ELS R ()

Table 5. Investigation results of species of reptile and amphibians in different forestlands (continued)

July August September October
Species FF' NF’ FF NF FF NF FF NF
Dicroglossidae
Fejervarya limnocharis v v v v
Microhylidae
Microhyla fissipes v v v v
Microhyla heymonsi v
Agamidae
Diploderma swinhonis v v v v v
Gekkonidae
Gekko hokouensis v v
Hemidactylus frenatus v v v v
Hemidactylus bowringii Vv v v
Investigation species marked "V | .
" FF: Feeding geese under the forestlands.
? NF: Not feeding geese under the forestlands.
(A) a-diversity
3.00
e—e—o [T
2.50
Z
‘7 2.00
5]
>
Z
& 150
1.00
0.50
0.00
July August September October
(B) B-diversity
0.80
0.70
0.60
2
=050
g
S 0.40
&
0.30
o—e—o [T
0.20
——+ \F
0.10
0.00
August September October

5. BRIMFUEZYIEEAEL (A) o ZEEM (B) p ZEENE -
Fig. 5. The monthly species of birds and mammals (A) a-diversity (B) B-diversity.
FF: Feeding geese under the forestlands, NF: Not feeding geese under the forestlands.
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6. WIREETE VIR H E1L (A) o ZEEM: (B) p ZAEME -
Fig. 6. The monthly species of reptile and amphibians (A) a-diversity (B) B-diversity.
FF: Feeding geese under the forestlands, NF: Not feeding geese under the forestlands.
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AR R N ERBAHAE 7 HEEERT - WIREEIE SIS MR 2 IR g pH (H - 48E R - B - 8 -
FREFTEIA ISR o M EISHIRE IR 2 e S ASR 6 > MR T EIBEIRR 1% pH H - 485 - #F
PEEIgE S B HEEE R (P < 0.001) - BRI 2 AT - 0 - & - SHIEEERE - HNSEEX > KAW
KZMEIER > B A B KERME  ECHAEFERNREBEEEZE BRI T ERNEEEE AN S RE
HART A B0 LR MBS 2 - SR o] DU R S AR RE AR AR (LG 1 il L 38R ) (Hendrickson et al.,
2008) - ZEAEBYIE(E R TIER AR S (WE - B 3F) > EAEYEZ EEREA > BUAREIN AR ST
DIR HER KR4S T (Watson et al., 2005) « SEYIZEL(E o] DR LEVIA RV A Y] - BEZRMEITE » BV EIH
HHERIYFE K (Russelle et al., 2007) - T BEYHENAE > EpH HEESHWEYAERRSEFEERE
RZ - H5F (2004) SHEEE IS LLHEEREZ - KT R ERR - 2 Y B L B Lhi e i (AR [EHE K
NEFREFR T T3 E pH HEEEEER - AEELERETE (2004) 4558 AF > B3 pH (EEE o] sEEL 3 (F
2 [SEETAR o 595k (2008) f5 - B R A BB (HE 2 1IEMHR > 9 Bl B SIEHE Y & 2717 2.88 —
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2.97% ZF’aﬁ)ﬁZ?ﬂéﬁEﬁﬁ’\ 115 — 118 ppm Z[#] - &% (1997) f5tH > REIF N A 2F FH B~ 04 0 £ SR HISF K
e NG SR AHEEA S RAER > SR RARE R BFERED
w;& FSYRET « BH (2012) TEAHARISARTTE 120 m’ [0 6 — 8 2Pl 86 H - HIL(F I m LIRIRERE - Wl
I8k 39 SSREF TR SR > HHBIEAEESE - R Z AIENE TR e sEREE > A EEER
BHIHRER AR RA IEUE - B B I U - RICE ASEHY 1% EC EXEua #AT T - EEATE
T & s NSRRI 28 0y A e (HEESRTTIR B ZRER AR - it (2014) 5 HifRAH SRECE - #ERER &
ME R ERR > HIRUYEaAWRE EYE - TROREEEANREM ZRA - BREIEL R HGEZR
5 - 25 (2021) f5H > RIADVEFEEKHEECE M il BE G o 138 pH E R HIR P & 8 > APHEIAH
ISR - MR M EIGRE pH H ~ TIPS EREE - EFERIR#E P ERET - Massaccesi et al. (2019) 511
IS ENBACEENR R E IR PR SR o PAREES - B R i & BB E S ERCER M RERM
L > FHERTRTRE IR IR R kit AR W - SR o AV 7S pl IR h B 5 B (K -

* 6. MMEIBHEREHIRIER 8
Table 6. Effects of soil properties of feeding geese under the forestlands

Feeding period
Item
July August September P-value

n 20 20 20
pH 7.78 £0.33° 7.3910.31° 7.46£0.22° <0.001
EC', ps/cm 341.66 +84.19 403.70 £ 122.04 400.63 £ 120.92 0.144
TOC', % 7711482 10.36 + 5.46 8.6013.77 0.206

N', % 0.110.05 0.19 £ 0.04° 0.17 £ 0.03* <0.001
Ca, % 0.19£0.02° 0.22+0.02° 0.23+0.02° <0.001
K, ppm 56.18 £ 15.86° 45.40 £ 11.09° 100.95 +22.02° <0.001
P, ppm 95.87 £ 58.24 120.92 £79.72 86.96  36.58 0.196
Zn, ppm 7711482 10.36 = 5.46 8.60£3.77 0.206
Cu, ppm 422+ 1.40° 2.95%0.88 2.70 £0.64° <0.001
Mg, ppm 101.30 £33.02 117.60 £ 38.78 117.90 £20.50 0.175
Mean = S.D.

" Means without the same superscript in the same row differ significantly (P < 0.001).
" EC: electronic conduction, TOC: total organic carbon, TN: total nitrogen.

i L 1 5
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MM EIEHRIFAER K T2 5 -

Ao o
AFERETEGRERFE B G 10 FEHFNRE S KSR S0t - BRI SE RS oS

U
ZECETR o EAG G  TTIRSL B R RS B (ARG RO R AR SRS L IE N BRYIEY » (i
i B TAEAIHASERT - FrILEE -

ZEXR
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Abstract

The aim of study was to investigate the effects of geese feeding under the forestlands for environmental ecology, soil
properties and crude earnings. Our study was taken place in an artificial forest where a total of two hundred and fifty white
Roman geese were grazed and located at Guangfu township, Hualien county. The results showed that there has no obvious
impact on birds, mammals, amphibians and reptiles for geese feeding under the forestlands in environmental ecology, but
the vegetation coverage under the forest is significantly reduced, from 100% to 50%, and the vegetation coverage reduced
to 25% after the end of geese feeding. The B-diversity index of the geese feeding forestland decreased gradually from 0.879
to 0.831, and the degree of decrease was -0.048, which indicated that geese feeding under the forest would cause the decline
of plant biodiversity. In soil properties, the pH, total nitrogen, K, Ca and Cu of soil were significantly different (P < 0.001),
indicating that the geese feeding under the forestlands can increase soil fertility, thereby becoming part of the nutrient cycle
on the farm. Whereas there were no significant difference in, electrical conductivity, P, Zn, and Mg. Average body weight
of geese is 5.40 kg and the feed conversion rate is 3.24 at 12 weeks of age. The crude earnings are 160 dollars per goose.
In conclusion, the geese feeding under the forestlands in summer, it should be properly planned for their space to avoid

environmental and ecological impacts.

Key words: Environmental ecology, Soil properties, Geese feeding under the forestlands.
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AR HES F TR

B Y SRR

WefbH s 11294 H26 0 20 13F 1 H 15 H

W B

ARHFFELL 3 e 28 5 f Saia (Avena strigosa Schreb.) ~ Swan (4. sativa L.) 5z Mount one (4. sativa L.) FyZ:5\64
o HE RS 2@ %EakET (randomized complete block design) 4 Bl » DITRET A FEUFEHTBREER ~ (LAY
(L~ BIFE O ER Y PR - HE I TEIARGUCRE - 527 B iH 9,130 kg ha' BEZHE I #EUHIT 19,300 kg
ha' ; BZYRWAAHERESS » AN 13.1% KISFEF E8EUEAN 37.8% - #Z8HH % ('S (crude protein, CP) & &
FHZ2FEEARY 17.6% [ ZHEEEARY 9.6% » /KA MERRK(E&Y) (water soluble carbohydrate) & & HI| [ 4.4% F} 2 9.5% o
Hr5eaE 4 (neutral detergent fiber, NDF) Kz i /5e 484 (acid detergent fiber, ADF) & & B A FEHZE R &S 95 59.6%
J236.4% o MEARE RSy DLAAERAUCHE S 18 > nlERI(EAVEESR - HE kY CP ~ NDF K ADF & &43 5k 13.3
46.1 J2 32.4% » BUNEE R o AN IEZEIHEEE Y H (L3 (In vitro dry matter digestibility) koA ¥ 63 H{H
(relative feed value) FH L HAMUTHER] Fy(B - B8 Swan 5z Mount one FYF 8L E DIZZAERA Ko - 1 o -7
2% Saia RIFMEEAREUERY B ITRISE T 85 - SIS UORERR Ry 5788 -

BEfEGE - A A RE - Bl WA -

i

HRBIEY) (Avena spp.) G E RN ATIRENRERE  TEEGUNVET » Q&S EERFEEH &
HEE '8 (crude protein, CP) k&4t & &% /B - o] B0  BUEEEC 7 Y £ oRF Ikl - B —HEE ek EY)
(Coblentz et al., 2013) o [ N2 W FH & 26 (R il py BB MR RS - FRIEE H a2 80K REEE
(4555 2018 5 L ZE » 2020 5 [ YEE - 2022) «

ZE T - AEAHIEA BT 2 B R AR AR SO EN 2 EAFRTiOEAE REEIZE > BEEgRHt
JERZEAG: - FHTE PR IRERT - BREHE AN SN EYEE - BIYMARGERER - BRI E &5y
8 (David et al., 2010; Wallsten et al., 2010) - Berto and Miihlbach (1997) 5H » A & H RS IR B (EUTEHA 22
BARM  MEHEMAEAESEROHERES - A > HIEREEFEKSEES - KESE IS ETAMRK(EE
Va2 RSN SEEFITRIERES - Bt E EHEEMEYER - ERE HEONIIEEE = (K55 > 2018 ;
Khan et al., 2006 ) » DME#ERRF PRI RRE A RDIRSSE © 2801 > Z 8 LSRN SRR g8 ineE
FERA KR s A R

Coblentz et al. (2013) W5 45 SR EUR > N [E # A SEE I8 (L2 R 53 40 CP ~ KA MEIR /KB &4 (water soluble
carbohydrate, WSC) B84t =& » (T [FEUEIHH A #EEIYZ 2RI - Liu and Mahmood (2015) 745 Hy & e 28U FERS
MRS RS - BB S B EEE - M2k E E 2 K - 45 (2018) 1945 A A HHE I, > #2F Saia i
i 5 ARG - GRS IR YR R EE GRS - AR B AREZ O Rk TR - &% (2018) 7R
e AR EEI R Bt R F iy A S U s A ORI FLER E I RE LR R AFFH T © Hill er al.(2001) )
BRIV ERE M - SRR DI S b 7 -

AP EEBSI R EUEIRE R EF IS ~ (2R B BRI E » DHERSEFA -

|

(1) e & R B P e R 75 58 2780 9% -

(2) BEEE E R B Pra RHEY4H -

3) BEANEENSATEELCE -

(4) #EN/EE > E-mail: muu680@mail.tlri.gov.tw ©
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i

PHRHEE
Ak B DL ZE Saia (4. strigosa Schreb.) ~ Swan (4. sativa L.) ~ Mount one (4. sativa L.) % 3 {[f 5L f# By 25,5

0 22017 4F 12 A 05 HIEfTEREEZ By (HEEN EESRPT > s EsT ) ETEE - HEEE

DABE I 52 42 1 B2 2% 21 (randomized complete block design, RCBD) » PUEE# » /&I fEF 10 m® (2 m x 5 m) » {5&#E

FEAETTEE 20 cm > $BE S Sy 120 kg ha' o JifE&E /% N © 120 kg ha” ~ P,O; : 30 kg ha” ~ K,O : 60 kg ha™ o ALK

PERFE A& - SSFEANTERE 1 EH R o WA R SR AR = 5 A

P& Tk
TE e 2 iy 22 FHH (booting stage) ~ $HiFEHH (heading stage) ~ L2 (milk stage) Kz #EH (soft dough stage) #E

FTUCHE > AE/NEUEE] 1 m® (5 m x 0.2 m) DUEEER - BUEHRZRMIIE 3 — 5 cm > HL 2 kg $5 A PVC HELs

W I EZE SRS - 60 RIRHUL F IR > SHEBLRE (pH {E) ~ FLEZ (lactic acid) ~ ZF% (acetic acid) B ] % (butyric

acid) FHIHEZEFEIFE & & - B 5 IR HZAR TN 65°C THtEZ 96 /NIF1% » HIE HEZWE W T EEZYE » W7

TRFRZ AR R PRAF Y 4°C 20 - UL i 2 F -

e dnoapayiiy

(i) Z®wp S HH&E A E (crude protein, CP) & & HY 73 #7 LA Kjeldahl 75 7% M %€ 18 #& 4= % (N) (Bremner and
Mulvaney, 1982) » FKf N x 6.25 #i{ffHE A E & & » BLE44E (acid detergent fiber, ADF) ~ H4H4E (neutral
detergent fiber, NDF) & & BI|{{¢f& Goering and Van Soest (1970) 2 75725017 - /KA /K{EEY) (water soluble
carbohydrate, WSC) {f¢ Morris (1948) 7774+ anthron £ ()2017E  J&i5 (starch) @ DL Yoshida et al. (1976) 275
TEHELTRERL  Se I B SRz B B AR A U U I A 268 > 2R DIEEE e E S (0 —
500 ppm #j&jHE ) £85I EEESHIE 560 nm 2 R SEAEHIEEAR > iy & & -

(i) FFmE T ¢ BlsENE (5 20 g FHPRHINZK 180 mL » FTHEMEE % LAREZ RIS 51 (pH/Ton meter, SP-2500,
SUNTEX Company, Taiwan) I & #& 8 1& A& © FLBE - LB ~ B KT Be 2 0E DA s R R AH JE A 45 (high
performance liquid chromatograph, HPLC; Diode Array Detector, L-2450, HITACHI, Japan) {{¢ Jones and Kay (1976)
BT EHEST ©

(i) FHHTWmETETT (Flieg’s score) * DUFRPRI AL - BEle & T BERY & & » 5T G PTIE AL - BSBE - NBREL T
Be% A THEE 2 S8 0tk R E 7 EEK Flieg [ HF RPRIREIL BLAHRGET 7 FMET TR 7 - Sf=iF 3 TH
AR B EITF L E TSy > 40 S DA N FRRFIFALRL ~ 40 — 60 7y ARl ~ 60 — 80 4y BufE ~ 80 3L BB
{8 & (Woolford, 1984) -

(v) BVERZVYEIHEE (in vitro dry matter digestibility, IVDMD) : fg {42084 K (2007) 2 J570% -

(v) MH%EEEEE(E (relative feed value, RFV) Z5HE 5= ¢
RFV = (120/NDF) x (88.9 — 0.779 x ADF) / 1.29 (Undersander and Moore, 2002)

SREGFRE RIS R #0EE (R version 4.0.0, http://www.r-project.org/) #4553 < DL 7 53HT (analysis of variance,

ANOVA) fig 7E A [FE U FEHHHY 2= BRI E 1 - B8 )T o th 2B E = R LU/ 72 BV (least significant

difference test, LSD) JHIERLLE R FIAARIAVZAE S (DL P <0.05 Rf 2 ELKAE ) -

FEREIET I E

FEEIR

A B AR Saia ~ Swan ~ Mount one 55 3 {l&l i Ry 2 alinfdE » H ot Saia fyrp B2 - SCTEGHAY mnfE - i
Swan £ Mount one B E@HEZY - FOMHEETRY 54 - Swan HY R KRR AEEL Mount one 82 S5 fH{LL » B Saia [y
an R Ry AN [E] © 1F 2018 £F 2 H 06 HUTFERS Saia Fy42fEHH - Swan B Mount one &jiz 2 &85 25 R HIARUHE
1£ 2 H 22 Hf Saia CL&SFAHFHAET] Swan B2 Mount one RI[fE A 22488 5 1£ 3 H 06 HIFF Saia T2 AFLAHA - 1
Swan £ Mount one HIZE A$HFEHABH4AREAE © 78 3 H 21 HEF » Saia ELE N Swan B2 Mount one HIfZE A FL
ARG ES 5 7E 4 H 02 HIF > Saia Tl A ZUH[T Swan Bl Mount one RI] S8 #HH o AGAERY Swan 8 Saia 55 2
(&l mAEAY A4 R R BB S (2021) 12 R AN G S BRdE A [E] - AERRA I R RS, - SR Ay &R
(EIREAEAR -
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ENEILEG S e S S 2

IR (YA 1 i 7 B D Z F 2 il (53 BBy 69,704 Kz 67,646 kg ha! ) Bz (P < 0.05) » 2 & FtHEE
TERRECAVER IO TR (£ 1) 5 PR EEN A E AR ESS - M UGEE s - 288805 9,130 kg
ha' - F i FEHEA R BEE S 0 12,077 kg ha! » EEEUHZERE S B 19,300 kg ha' > BEE 111% ; FIHEZYREE
Rz EE B 2 FHEEES - HERBEAEZY Rt S o SPIEZYRAEZ2ERA (13.1%) ZEHFERH (18.6%) BFbgnE
WAK - (HHEAFLAHE LB TR 2 30.5% » MAEEAH R S £y 37.8% o MR B MR Fe R B N AR 9T
EHEHEEE (RS > 2018 5 i 2 0 2020)  WHRSGER RSV E BN R E 25 -

3 &l AR R ZRAE AR (93 A Fs 13.0% ~ 13.6% J2 12.7% ) E2 i KA (P < 0.05) » [ E#HIEHR 57 B3
HIZE 31.6% ~ 47.8% K% 33.9% » AL Swan KRG ARE 251% (% 1) - BoWE St A M [E#855 > Saia 7 Swan &
TR RS (577 R 20,961 K 21,163 kg ha' ) - St EEEE B A 2FRAH 35S > Saia F Swan B Z2fEHA (4>
A5 82,990 2 70,229 kg ha! ) USFERF R = o 2 1R AIZHT % - Mount one k=2 BRI (1K 66,563 K
20,177 kg ha™ ) E¥H&#4}S Swan - [LELJE K25 (2020) BFZE4E AR ML > BURA GG S SR TRt g
HRTER -

T 1 A EHE TR RO~ IR TR

Table 1. The agronomic performance of oats at different harvested dates

Variety Growth stage Fresh weight yield Dry matter yield Dry matter content
kg ha'!
Growth stage” Boot 69,704 9,130° 13.1¢
Head 67,646 12,077° 18.6°
Milk 61,320 18,686 30.5°
Soft dough 52,403° 19,300° 37.8"
Saia Boot 82,990° 10,774° 13.0°
Head 76,417 10,758° 14.1¢
Milk 58,000 16,370 28.2°
Soft dough 66,396 20,961° 31.6°
Swan Boot 70,229° 9,532¢ 13.6
Head 64,073 13,061° 21.3¢
Milk 59,396" 19,512° 32.9°
Soft dough 44,292°¢ 21,163 47.8°
Mount one Boot 55,892° 7,083¢ 12.7
Head 62,449 12,412° 20.3°
Milk 66,563" 20,177 30.3°
Soft dough 46,521° 15,777° 33.9°

" Average value of 3 varieties at the same growth stage
¢4 Means with the same letter within the same column of the growth stage of the variety are not significantly different at 5%

IL.

level.

BihiE

RS CP & B g HEIANIE & M B K tHZAERARY 17.6% [E 28T 9.6% (P < 0.05) » [#
W 45% (22 2) 5 g WSC S &AM EE » fH4.0% et E 9.7% » BEIEE 116% 5 T EHakn o 80y
S LEEEAEL WSC S 8H[E - i1 3.0% FrtEhnZE 7.1% - HlEE 2 137% ; P19 NDF K V14 ADF & & Sr 22 F
BREFERAR > 931 By 50.3% F2 30.4% » {EHFEHAZER IR » 9751 61.6% f 37.4% » Z1&HE2 T -

2R Saia 7R 22AEHARY CP & & s/ 22.7% (P < 0.05) > (B HAUIE RS £ (A% 10.0% » [l ZE 56% (=
2): WSC & EHIEIHRMREE - 2 R 3.6% » TiAEHEHAURERF i =772 8.5% » PMIEZE 136% ; MR
EEE Bl WSC EHHIEEES » [ 2.1% W AI1ZE 5.2% - Swan k2 Mount one ff CP & & (5% {1 B Saia 5[5
B H DL FEHAUG RS R » 0 Al B 13.4% K2 16.7% 5 AT WSC & &t 2 A MEE(L - # R Ema A
R Ak 8.3% K 11.7% o SRR S5 B B &y IR i A [ A AR 22 52 (EAE R [FUHEHARTRY 211
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Table 2. The forage quality of oats at different harvested dates

Variety Growth stage Cp’ WSC NDF ADF SA
%DM

Growth stage™ Boot 17.6" 4.4° 50.3¢ 30.4° 3.0°
Head 12.6° 5.1° 59.6" 36.4° 4.0°

Milk 11.0° 8.1° 56.5° 34.2° 4.8°

Soft dough 9.6 9.5° 57.0° 34.7° 7.1°

Saia Boot 22.7° 3.6" 45.4° 26.6° 2.1°
Head 13.2° 3.0° 57.7° 36.0° 3.1°

Milk 11.3% 3.7° 63.7" 38.8° 4.8

Soft dough 10.0° 8.5" 59.4° 36.4° 5.2°

Swan Boot 13.4 5.4° 54.7° 33.1% 3.7
Head 12.9* 6.5" 58.5° 34.9° 4.9°

Milk 10.7° 9.3* 52.5" 31.3° 52°

Soft dough 8.8 8.3 54.4° 31.9° 8.4

Mount one Boot 16.7° 4.0° 50.7¢ 31.5° 3.3°
Head 11.9° 5.8° 62.5° 38.4° 3.9

Milk 10.9% 11.3° 53.5°¢ 32.4¢ 4.4°

Soft dough 10.0° 11.7° 57.2° 35.7° 7.5

" CP: crude protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; SA: starch.
" DM: dry matter.

Average value of 3 varieties at the same growth stage.

“*¢4 Means with the same letter within the same column of the growth stage of the variety are not significantly different at 5%

1.

level.

R (2018) 45 H M AR R FA BRI BE 2RSS L e B e s+ (H i B Al E AR - i e 2 (2020) A ARV 4E
R NEMHEHA & 52 228 CP & B HYEL - Jacobs e al. (2009) JRFEHY » FEZHCERIRAVE G AN - 82 A
EHAN - H LA R ELHIBE (metabolizable energy) #1 CP & & T AR - AligeZrny CP & &g I eIk
MemAE TIEEES (F£2) » LEEEIMITZ4S54H]E] (Coblentz et al., 2000; Gunsaulis et al., 2008; David ef al., 2010;
Liu and Mahmood, 2015) - CP & & B4 5 S 28 P 7 B Y527 — - Mustafa and Seguin (2003) $5 H W FEH
R CP 2RV BN ERAK(EEYIRZE: LB ZE4E R AH[E] - Nadeau (2007) iHFE45 SR AR » /NEOH
TEVIEHFE R R B L2 R O B L2 ek & E RIS HIAT NDF 2 8K - HLEUE S A2 E L BlEs S im S
EHY - BREE (2021) f5H » #ZRHY ADF ~ NDF &2 HtERTA S & DIHAY#ES - Sl IR =R - 2 1RiERR
HrBky R MR - ATREEAIRAERE MR A L&Y St RS AR - ARUTIE A AE EIBES - R R b
& Bl NDF &2 HI[%(K - Coblentz er al.(2013) #5H{7E(K NDF #e 28 fnfEfy WSC & & ¥4 fIH 7 fEfEE IEAH
[#  Coblentz et al.(2018) JRfi5HHI#ZEHY WSC S BN B e 2R [HE - FE1R T IEIEfE P SRR - M
I ECGHE SRR E - AR AHEERES - WG 3 (B 2R mfERy WSC & &l

AranE

HASAEA FEIRY RS 1T R 5l > A 60 H IR IRV BERRR /R s B a0 3 B 4 - HASF MY
‘9 CP & B LIZPFEHAU R B E i =i 22 13.3% (P < 0.05) » 28ME-E& IRETAERR T I - AEHCHRIIURE T A (B Ry
9.9% - [EIEEE 26% ; P9 WSC S 2HLV1Y CP S B 2HMAESS - i 1.4% ZWHes £ 3.1% - Pk e &
WAMHEESS - DRI Y 5.7% BE s - P39 pH EEP IR R (KR 4.1 » Z 1R BEE eI
ERMBETRSE 4.9 ¢ PRI S EEFRUER BE R R 1.2%  MfEALPIIBERZTIRS R 1.7% ¢ P
AR S BN SRR &S - M E S8 » FER R BE R Ry 1.7% ARG i (R
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0.8% o {EFIIF R85 > DAZREIANY 73 B - MR EEE BB I PR » BUnaie 2t RIS Y e
BRE o

EEEMEER S E Y (F3) 0 3 E#HZSEN CP 2 88{LE 8 HBEWHEESENS > B IZEHE
(73R Fs 11.3% ~ 15.4% J¢ 13.1%) Fyie (P < 0.05) 5 [fi{E WSC &2 &7 RIEL CP & E 2B &R - H 3 (i miE
HUFBEA R — B - HEUTRE & Efks B DA (43515 5.2% ~ 1.6% F2 2.4% ) Fofe © IEF o E by (F£4)
3 {[E L AERY pH B B DLZAEER (5351 K 4.1% ~ 4.4% J2 3.9% ) ixf 5 Al S EWAEZAEE (53515 1.9% ~ 1.3%
1.9% ) A EH & & 5 £33 - Swan &z Mount one H#{KAVEEE & & (1.2% 2 0.9%) » {H Saia Y& & 152
1.5% o At » Swan K Mount one {EZZAEEHAE S 1Y FIFRESYT (76 F 84) » 1fif Saia & £ 58 » {H Saia {EHhfEIH K 7L
FHAAY LI BARERELL 5] (lactic acid / acetic acid) 2% 1.5 fz 1.4 B > FHFATER S| 75 K 72 o fH_EACA]H] - #E
HEFCEEANELE A ER - (HDARE R o 8K -

T3 MR FEEN Z B RMEE Y

Table 3. The chemical composition of silages of oats at different harvested dates

*

Variety Growth stage CP WSC NDF ADF SA
% DM"”

Growth stage™ Boot 13.3 1.4 46.1° 32.4¢ 3.7°
Head 10.1° 1.7° 55.1° 37.0° 5.6"

Milk 9.8" 2.4° 55.9° 34.8° 4.2°

Soft dough 9.9 3.1° 54.4° 32.2° 5.7°

Saia Boot 15.4° 1.4 43.8° 31.0° 3.5
Head 11.5° 1.2° 51.3¢ 36.7° 4.3

Milk 10.7° 1.2° 58.0° 37.7° 5.6"

Soft dough 9.1°¢ 1.6" 66.3" 42.8° 2.8

Swan Boot 11.3 1.4¢ 48.4° 33.4° 4.0°
Head 8.8 2.4° 56.5° 36.8° 6.6"

Milk 8.9° 3.4° 54.9° 32.1°¢ 3.8°

Soft dough 9.8° 5.2° 48.1° 25.9¢ 7.7

Mount one Boot 13.1° 1.4° 46.1° 32.9° 3.7°
Head 10.0° 1.5° 57.5° 37.4 5.9

Milk 9.9° 2.4° 54.8° 34.8° 3.3°

Soft dough 10.7° 2.4° 48.9° 27.8° 6.6"

" CP: crude protein; WSC: water soluble carbohydrate ; NDF: neutral detergent fiber; ADF: acid detergent fiber; SA: starch.
" DM: dry matter.

™" Average value of 3 varieties at the same growth stage.

*¢4 Means with the same letter within the same column of the growth stage of the variety are not significantly different at 5%

level.

BISMNAITFEEUR - 8RR NEJEIE A B S TE T - BRI E B RIS B R U Y A i3
TERFEY AR P& B (Filya, 2003) - Kung and Shaver (2001) §5 HAEAZHV(EERRY » A5 /KCR ~ WSC & B siFRH &
BENISE - GBS Er (ALEREEEE ) HYRKRL - Zhang (2002) f5 HZ BB Iy S B SN R > ALERERI WSC
2 2 RN ER - B e e R EEGIRFISEEATE - Wan ef al. (2007) HIBTFEEEREUR - EHE /KRS
PRS0 - HEGEIRE 2 H A S RE Rk - Aifstiaist - WSC Z 2Bt Yrs i) R aE B2k
o HEEBE MAEYERS RS AR EMMEEE R - BETERPZERK - Birtpkdey WSC 41K
TABEEEE 3% (49 FoRZWIEY 9% ) » HS TR Byl ik — % » H— VBT RIEZY R £ 25 — 30% BB HE AR (1
K& 0 2001 ) © fiRigRia - A ERHAERVRZY)AE K WSC & & 35 SRR A S0l G BUE B IR o 2R A i
GERBUR (£ 4) > pH EEEE RUTEIHAT AR ABEEZR - (HEEYR K WSC SERBMI A K (BRRE
) o M A BBRERELEBIET oy - RIS BLHER] ~ 5292 & WSC B 2R AR (ErRER ) - (B2 FEHTE
PR 1.5 BURHASH FUTRE G HEERH TS0 - L8 Berto and Miihlbach (1997) HY&ESAH[ -
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F4. FEIEAEHERR Z F i B Y BT oy
Table 4. The fermentation profile of silages of oats at different harvested dates
Variety Growth stage pH Lactic acid  Acetic acid Butyric acid Flieg’s score
% DM’
Growth stage™ Boot 4.1° L7 1.2° N.D. 73
Head 4.3 1.1° 1.4° N.D. 66
Milk 4.2° 1.1° 1.7° N.D. 59
Soft dough 4.9° 0.8° 1.3° N.D. 56
Saia Boot 4.4° 1.3° 1.5° N.D. 58
Head 4.3 1.2° 0.8° N.D. 75
Milk 4.4° 1.3* 1.0° N.D. 72
Soft dough 53" 0.6" 0.9° N.D. 59
Swan Boot 4.1° 1.9° 1.2° N.D. 76
Head 4.4* 1.6® 1.2° N.D. 74
Milk 4.4* 1.0™ 2.5° N.D. 51
Soft dough 4.8 0.7° 1.3° N.D. 54
Mount one Boot 3.9 1.9° 0.9° N.D. 84
Head 4.2° 0.4° 2.1° N.D. 50
Milk 3.7 0.9° 1.6° N.D. 54
Soft dough 4.4® 1.0° 1.8° N.D. 54

"DM: dry matter
" Average value of 3 varieties at the same growth stage
* ¢4 Means with the same letter within the same column of the growth stage of the variety are not significantly different at 5%

Iv.

level.

AGAERAY G BG H I AT LA AR (LB LB 3R (3R 2 fe 3) » -4 WSC & 8 AF 4 AYUHEHH =~ -85
FHILT 69% - B WSC ZFR LAY TR TEREE AR 2 — > [LE Zhang(2002) AYBFFE4EIRAHIE » ZATMHGRIL
FERVH S k] pH ERERSIFER (R 4 ) » AIREBLAERZYIZR T 37.8% AR (£ 1) < A5 (2018) 51 93
KU BHRLF %  FHEENYRE WSC &8 » HERAER 21 ina AL H s iR s
119 K5 > Bn BE ISR RN A ME—FERZ - #24F Saia K Mount one FTY CP & & F2AEIARFEL
FITRIEE 32% J& 21% - SAREURE A 1R R KR 2 4/ )N - 1f WSC & ERVIRA RS 2B &R - B0
A 81% & 80% o ARSI i EI T PRI SRR EURE - HESMYEREIE - HEFIrEEL WSC H
HEURF CP » 4 S iRy &2 (E(E (Gunsaulis et al., 2008; David et al., 2010; Liu and Mahmood, 2015) » 455
BEARIHZEARL <

Cherney and Cherney (2003) 5 tHERAIARYE CP & & & i FE IR ETRE SR - (i pH (EERZR NI - MR
HHTRHNE BT B2 Y 2 [ AR - AR B Saia F2HEIHAY CP &8 S5 22.7% (£ 2) » MFIRHIE
BE R 154% (£ 3) » JHIEEE 32% » LA REEARSILLL /5 0.9 (R 4) « {H7E Saia #Y CP ZEFEE 13.2% I » F,
FREARERECEIE S 2 1.5 0 BARIE Ry 13% » BURHRH CP & B E G ¥ H IR ERR /SR -

Coblentz et al. (2018) 45 {4 B B HAR LB AL WRHUTRENE R 5 IR i R 3AE - ZAMT A EBHY Swan K¢
Mount one {EZEIAAE A TS (F 4 ) > i Saia AIFEHMEEAZRIAE(E > [HEL Berto and Miihlbach (1997) Y
GESRE AR o BEPAREEE 2RI RO R R S B = Y CP HRZK - 2RI BEES A A e Al B s A s
HAHERY -

SH B RAR S B A

TE#AEFATRIAY IVDMD #i5) (3 5 ) » Saia ~ Swan Jz Mount one & /> Z2FEH ( 7375 83 ~ 81 2 79% ) Uk
s (P < 0.05) > ZABEETHEHHIEIR HERAE [NE - Coblentz et al. (2018) HYBHFEHR S EUR - FEE UEHARYELS -
H/NEREY IVDMD gl > N - e E RS AR B U e Ry A R F IR R B A =09 IVDMD - [EEBUAT S
5455 —2L - Mustafa and Seguin (2003) $i5 #2587 42 [ /% (slowly degradable fraction) 24718 2 [ fif A4 & i
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i

E RGN ERTRE AT T - Kilicalp and Tiirk (2023) AYRFE4SE R - EMMBERTUTREHI B TR ES A ER IR
BE - MERHATZETEFTYRERT - Mobashar er al. (2018) RIIfE HiHE &GP EY)AY RN HE IS BB AE
BT > CAREAERYRERELE T s S B IIARE - Al BRIy CP & 82208 (13.3%) #
EH AR (P < 0.05) (% 3) Il NDF k& ADF & & (777 Fs 46.1 f 32.4% ) FURCHAMCREIA(K - AR -
HEAE AT R B IR - SRR R B -

Waldo and Jorgensen (1981) f5t{ » =i/ E A FL A EA S HURRAUE ~ JHLRAF AR - McCartney and
Vaage (1994) s8RV HIEOR EERUAN HERNEREEE > AR - #ENR/NES/ NEAEYEEN B
PRI HEER Ry G A B T ER » ASUBRAVHESE TR P RFV DI R T i By 129 (P < 0.05) > [
FEFHRESA R AL e (R - {2 R 102 F2 103 > [ERCEHSE 2 113 (R 5) » P& Kilicalp and Tiirk (2023)
ML - FLHE HHEEAE TEATHY NDF & ADF S 8RR (K - NILFERITCATUHERY RFV &5 (EAEHFEIIRHE
DI - ARt A HEREIES - HEAE 2T G A RKHY NDF )z ADF Z8RHE (R2)-

Saia HY RFV fEZ2FEIAUCFERG B (P < 0.05) Fy 138 > {EFE-EUCHEIRVAEIR ITI[E(K - EHEIHE R 78 - [iE
HEA3% (R 5) © [fii Swan Jz Mount one (Y RFV FEZ2FEHT (7351 R 121 Je 128 ) USHER EF AR EERTRIR - AR
N AEAERREIDGRT T 133 K 128 > JEIRERHL Saia £ FA[F] - Swan &z Mount one fJ RFV B (i FEHFERT
Befi o [ Ry 18 2 24% > E5/INJjY Saia - [EEE Kilicalp and Tirk (2023) HYBFFE&ERAHIL > BRZASHAERY RFV 350
GEFAGE R E -

RS S FEUHER 2 F IR IVDMD K RFV 3
Table 5. The IVDMD and RFV of silages of oats at different harvested dates

Variety Growth stage IVDMD' RFV
kg ha

Growth stage™ Boot 81° 129*
Head 69" 102°¢

Milk 64° 103°

Soft dough 62° 113°

Saia Boot 83" 138*
Head 70° 109°

Milk 61° 95¢

Soft dough 50¢ 78¢

Swan Boot 81° 121°
Head 69" 99¢

Milk 64° 108°

Soft dough 69" 133

Mount one Boot 79° 128°
Head 68" 97°

Milk 66° 105°

Soft dough 68" 128"

"IVDMD: in vitro dry matter digestibility; RFV: relative feed value.

" DM: dry matter.

™" Average value of 3 varieties at the same growth stage.

¢4 Means with the same letter within the same column of the growth stage of the variety are not significantly different at 5%

level.

MR HAS Sl Swan 2 Mount one fEZ2FEIUEFRA RIS HIEE R E RS - R ITr R A HRERI MY 7L AR
B ERI0Y) - B ATHECRS IR SRR EERYF I anE - BT ERYE IR HE A R EA S LR R B Y A &
(BfE - RAGHEE MM Saia RITERITERIRT BRI B TR Eb R - bR SRR 578 - IR > Swan f Mount
one HYF TR ELIZZRE Ryt - 1] Saia AICAHIFESIE . -
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Abstract

3 varieties of oat (Avena spp.), Saia (Avena strigosa Schreb.), Swan and Mount one (Avena sativa L.), were used for field
experiment by the randomized complete block design with 4 repetitions to explore the effects of different harvest periods on
forage yield, changes of chemical composition, silage quality and dry matter digestibility. Oats began to be harvested in the
boot growth period, and the dry matter yield increased as the harvest period got later, which were 9,130 kg ha™ at the initial
harvest to 19,300 kg ha™ at soft dough stage (P < 0.05). The dry matter rate showed the similar tendency, which increased
from 13.1% at the boot growth period to 37.8% at the soft dough period. The content of crude protein (CP) of oats decreased
from 17.6% at the boot growth period to 9.6% at the soft dough period, while the content of water soluble carbohydrate (WSC)
increased from 4.4% to 9.5%. The content of neutral detergent fiber (NDF) and acid detergent fiber (ADF) reached the
highest in the heading stage, which were 59.6% and 36.4%, respectively. The Flieg’s scores of silage quality for oats reached
the best grade when harvested at the booting stage. Furthermore, the forage quality for oats harvested at the booting stage
were good as their contents of CP, NDF and ADF were 13.3, 46.1 and 32.4% respectively. In addition, the /n vitro dry matter
digestibility and relative feed value performance for oats harvested at the booting stage were also much better than that were
harvested after heading stage. Based on the results above, Swan and Mount one harvested at the booting stage could get

better silage quality and Saia harvested at the heading stage.
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—RE A A PR AR - RV eI AR RE BRI R T Omega-3 AEHiEL (-3 FEHIEE 5 n-3 AERAE% ) BXE - Omega-3
R R T AR o- SHERE (a-linolenic acid, ALA, C18:3 cis9, cis12, cis15) ~ — -7 %M (eicosapentaenoic acid, EPA,
C20:5) Fr — -+ _H Nf% M8 (docosahexaenoic acid, DHA, C22:6) =7f » B fy A\ BE VL EBASHHES - & =& C18:3, n-3 f5H
EEAVIE /) » salikf ol Ry HAUER « BEPA FEE IS R - B IMRIEER K Ufe P - DHA RSB BIRGHES - 17
TIREE 3 I R R AU R S FE - EPA B DHA Fy/K h ERARRSRESART &R - R R ER R - TEAREW

|

(1) EESER B R B P s 5 26 2781 9% -

Q) BENEEATREESEE -

(3) BEAEEERFTRK -

(4) #EN/EE > E-mail: m3802@mail.tlri.gov.tw ©
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flky o Liu er al. (2016) {E =0 meakE a5 PUFA » 835 0T DU R (RN B AV BDARSITAR TS AR R B 3% K ESE > HLDA
SREER (fOl ) BUEEHEY DHA/EPA SRREARY - B 1970 FE(CHREA - RIWFTEEEE n-6 HafRlE vl 14 RoRiF IR &
(prostaglandin) BA{EAEVUNEREL (arachidonic acid) 5588 KA+ - RILFI R HERSANZE X > 1 n-3 BEAHEZAIFAEE R ]
P28 R R > BLEELA n-6/n-3 PEBIURETAS T - (HEEERYIAZE 830 PUFA NU2 2588476 5% - HRRIHIETEEZ )
A — » William (2018) /2 2 HHT VTSR L - Omega-3 Index (wt%) » 5 ABG4LIMEKR Y EPA+DHA &
s,

ARG IR G TEED A RIS A BSR40 C18:0 Bl C18:1 o] AR KAE[E EE (Parthasarathy er al., 1990) - FLH
HHFLEHEE (conjugated linoleic acid, CLA) ~ fI4%#5H5HS (sphingomyelin) ~ | fi& (butyric acid) ~ s (ether lipids)
B- EHZEEZ (B-carotene) ~ 4E/EZE A BIEAZ D HVEPUERUR (Parodi, 1999) « RZZEIYINIFLELAE H AR CLA &
S EAVAE (Khanal and Olson, 2004) » &A% (C18:2) AYILHE i » 2R 5 e S Laaie R S e fIHEG i
Al Ry 4% C18:0 Hy Y (Kepler and Tove, 1967; Enjalbert et al., 2017) « CLA HYHTIE S5 AT 2 BB IS K4l
FatkisE B R E > A FORINEIEERERY 0.1% > ELETHIH| 3 BRI AL S AERE (Schut er al., 1997) » HAMEER i AL FE
DUAERE ~ BUBEPRIA ~ HUC B E B0 5 R THAE SR (Aydin, 2005) - CLA t BATREIAASRITEE - tHFEERE
B85 Y CLA R 52% WY FLAEER - 6 H & h7E B S-S R AERAE AL 77 (Chouinard et al., 1999) - Baumgard et al. (2002)
fEH - CLA Z{EY)H trans10, cis12 L= o gE&K (R EL 2L HG & B R R AR B M F ZLAS S B TR - 55
SNEREY) C18:1, trans9 & —R5RAV LG & BAIHIREREZ (Gama et al., 2008) -

HIRERE RRE L Ry Y 2.5 % > MV S 8 5 2 e RDHEN T8 - BEsES FEET KeHAEReE
= NEVEERS T  EERNUHEAS B AN S-S FHERES  ERFEYaEFHIENERR=EE S5 — 7% - #
B HBEH S AR AR ER I ALE YRy FLAAE AL - BEE AT EERHE - Noakes er al.(1996) DACREERE FH 48 1Y S H
B M (C18:1 s ) HURE C16:0 B C14:0 fy VR » o DURFEL ZLE ST RE IR IZ 8 RIS 5 70% FE(EE] 51% »
BRI BN PREE DR - LHEEEEAE N (low density lipoprotein, LDL) 5 {E1LI=F i Hh 28 150 ik
KW B ILARIH AR ~ M sERI S RE I R K n-6/n-3 BEHBEALLHI » W40 CLA 81 C18:3 & & (Kholif er
al., 2018) 3 FELLIFFEIRE TR 1.5% ~ 3% B 4.5% KM LURTHF I EBEE - Silva er al. (2020) HE K HATR
oA PR FIRER R R - L H B EE @R IE(ERY C12:0 ~ C14:0 K C16:0 - fFrifseiliiEfad » AL
FHIIE PRI 4.16% HIEE FUMBLILIRUHCRE &) > FRo8@iYEsE R » (AT DA ZLASAL B BRI - (SRR
CLA cis9, trans11 ~ C18:1, trans11 7 DHA & & » RIEA @mNEHE & 5 (Thanh ef al., 2023) -

A BT > Rl b AL FaaiE P REINAN IR M ~ FBUHBEE RO BDL AL E A EERE - Aoy B ALBER IR
SR F2 8 DI T i RS AN s B A AL B SR P A T

MR T A

KahaBEN EER i a T BE 2 - R BN S EERE T E R e
/NGB AR SRE T 97032 SRHFEIMEAEE
L atBapzd
EEIE B REMERGRENE 2 RS 3 18 > 3 BRI ZEETRERZ R 3% o VURRERAH I B B R ARTIHASHYEIEAE - IR0
3% K (& 55.3% (Y C18:2 » KE AT IRIH ) 45 ~ RHN 3% U (& 21.5% i C22:6 » DHA ) 41 KRN 3%
SEfEEH (2 60.7% /Y C18:3 » J& n-3 f5HJfE » 3567 Barlean organic high lignan flax oil ) 4H -
IL OpFLILFa e el
AR BT R FERDIAFLLLIE 20 §H » BFaERT AR E R FLE ~ FLROT AL T HERAREAERY - MR &Rt i rY SRR
K} - sERBIART SR IR E ~ A& - AN - WAL REERE I B % 60.9 £10.7 kg ~ 2,482 £ 614 g ~ 3.07
10.42% ~ 79 £ 10 KE12.0 £ 0.9 B - “FEMRAEFODFLREEWT A 4 R - s saH1E R - 75—
KR8 KeaEAE - SABEHILEERE 4 X > DURNELE 1 KeEaE—4HAI A N R4 E w5 1 ) - i
AERHVAT 14 R EFEHEEN » Z1RETRAHEREREE AT ~ [Eh-FERaFIRPREE - FLERCHE - AR EN
D%
SRES GRS R S R LB 60 ke - 49 H AR5 2.5 ke HESWIERE S 2.0 ke JEHE » fi NRC (2007) 21
SEYEETREEE TR - RN AE H M 3.2 kg I TMR ( #L& 26.5 kg ) ~ 300 g HFEIRRE
B~ 150 g HRLERZE - 250 g BTEHZE e 400 g BT (BREE ) » OIS = AR S H T 7T 60 g
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fig > AGHF 60 g RS SRTTEL 400 g BBUB DR G122 H (EHERER) - BIE&akE eIt ERFEER
AL EAEITHFLGRE R - B S F R R 2% - B HGAH A eI = B A R T BB 7 7l R i)
& (dry matter, DM) 47.2% ~ 48 0] ;8{L &2 47 (total digestible nutrients, TDN) 68.6% -~ fH%& [1'& (crude protein, CP)
17.0% ~ [ 5 48 4% (acid detergent fiber, ADF) 26.9% ~ d1e4 4 (neutral detergent fiber, NDF) 42.7% ~ fHHgH/j (ether
extract, EE)2.86% - 4 0.84% J Bk 0.44% (&55:) (F= 1) -

F 1. WEFERACRERIS 2 B a7 e g i s
Table 1. Formula and calculated nutrient compositions of basal diet fed to lactating Alpine dairy goats in dietary fat
supplementation trial'

Diet formula Calculated compositions
Ingredient ( g/day/g((?;t?r:sltged basis) (%%113/? E;};is) Nutrient ﬁinﬁﬁtififﬁ
TMR for lactating cow’ 3,200 62.1 DM 47.2
Napiergrass fresh cut 300 2.7 CP 17.0
Bermudagrass hay 150 6.6 EE 2.86
Alfalfa hay 250 11.1 NEI 1.56 Mcal/kg
Grain mixture’ 400 17.4 NDF 42.7
ADF 26.9
Ca 0.84
P 0.44

' Basal diet was formulated to support 2.5 kg daily milk yield with 2.0 kg of dry matter intake.

> TMR: total mixed ration. The TMR for lactating cow included corn silage 22, fresh cut napiergrass 5, pangolagrass hay 1,
alfalfa hay 2, alfalfa pellet 1, soybean hull pellet 2, silage from wet brewer’s grains and corn meal (10:1 w/w) 11, wheat
bran 0.8, and grain mixture 5 kg/cow/day (as fed basis). Dry matter (DM), crude protein (CP), net energy for lactation (NEI),
and neutral detergent fiber (NDF) of TMR were 39.4%, 16.0%, 1.60 Mcal/kg, and 45.5% (DM basis), respectively.

? Grain mixture was constituted from corn meal 40, soybean meal 37, wheat bran 13, molasses 3, salt 0.5, limestone 1.6,
di-calcium phosphate 1.0, sodium bicarbonate 2.0, magnesium oxide 1.2, and vitamin and mineral premix 0.7 kg per 100 kg
amount (as fed basis). This mixture had 23.7% of CP and 77.1% of total digestible nutrients (TDN) (DM basis).

L ShFLLLE R B
FEE T » RPIERZEN TS NE PR 2 E R A - BE T R e 5 BhakoKm -
FEH R T F R - BHORIA B 7 00 BITRA3 1 30 55, - RS 3 WERMAEE » BFREL
BEEA S BIL R A 8 1 30 (Y 25% ~ R4 2 1 30 /Y 50% KR 9 1 00 Y 25% - a2 E IR & F B H AR
B > FERH EARRLYRBAT 1 HAHREEERN S — 10%  DIETR - B TrFEUR B &Rk
BREE > FIFPHOLALAS TMR (B H 43 3 gt ) A EPREE ( B4Rt ) - BREE (MM SNE 825 (1R
R ) BRI TR R S ARAT -
IV. B 5 M bt
DAWR BE g =5 e 7 Y P B FE R R AL P BREADN AL IR AE ~ RO ~ SEmikFm4E K oM 4R EfE -
HAEEHA 10 X > AT 8 KIENE » B KEERER S NEY) » NERE pH ~ #HEMEASHGEL (volatile fatty acid,
VFA) BR84S (NH;-N) R H#L -
V. HIEHEE
() AUEERILEENE
1 BSE  NWIGRERR R4S S H > R B W H B 10 ¢ 30 BRETR AT -
2. flfEAH AR © NI RENEREE 9 HAL » $R4E 3 B THFIRSRL - JelL 20CHRfF > sBRESH 1% DL 55°C HEEZ 48 /)N
Bf > BFHSHZE R > BEIAERIY 3 ([EFZE R M A ERE DUR &R 1 (ERE S > 48 1 mm Wiley mill
JEEAH 7% ¢ AOAC (2000) 43477 CP Eil EE %5 » 52£2% Goering and Van Soest (1970) 753443 #7 NDF K ADF -
SEHZMEIHEER (in vitro dry matter digestibility, IVDMD) K% J¢ 7 (2007) {E1ETT/EHETT -
. EE  BHEISHMERNFEARIREEHEE T ReRE - NelBaRig 5 HERE =B e KR H @& H =
BRI > ST A RIRF R P EEE  BREE » WARETIERZY)E (L 8 R E R > s EE R
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FE S5 HVPIZERE R -

4.0 E - SEEREART 3 H > HER S E R EEAEWREE R IR A - /E AT ESBEIAEERE - 1
B8 15 HEEE 18 H » #AEY HAE[E R FErNBRFLE - 1Y 16 HE| 18 H 4 = HR(E R EEN -
TR RHALELLS (492 1 1) BREMR—HAE - EAILE A= - LeEEhZIhRETLK
535315 (MilkScan™ FT', Foss, Denmark) 53T —f&ALE 7 - AIEFLAGE ~ AEAE ~ AW - ALLERY L
HFREEF -

(i) ML © RITETE S S R FFREZ A N GRS TR - #E TR K 48 /NIRRT S NS EREE -
PRARHSFE] Sy £4F 8 0 00 (0 h > EREFAT ) ~ 9230 (1.5h) ~ 11200 (3 h) ~ N4 1:00(5h) ~3: 00 (&LETRT > 7h)
4:30(85h)~6:00(10h)~ 7R 730 (11.5h) ~ 9 : 30 (F2EHAT » 13.5h) ~ 11: 00 (15 h) ~ fEELEE 0 : 30
(16.5h) ~3:00 (19 h) k2 530 (21.5 h) » = 13 {EERFERRL - W EIRRETZE - 7P BRIHE2EGE
(2021) -

(i) =FEFLASHHEE 30T © EELFLERRE 2L HL 1 {7 > FFUHE 3 HALBEZH 1386 > DL -20°C )2 IR 1F LAH BE R I 57
7 o AT RIRR IR B KB NI 22 37°C 1% » 227 Chouinard et al. (1999) J77% » DLIEC KT (hexane) f 52 Y g
(isopropanol) 5 #E7T FLASH ML A HU L FH AL g 3 - P AR K @ k00128 (flame ionization detector, FID) /Y
FRAHEHTHEE (Varian CP-3800) 734 AL ASHIBR4H AL » RERGEEAEAE L ELFE C4 — C24 Hailk i =7 CLA HEHilE
(cis9, trans11 ~ trans10, cis12 J% trans9, trans11) » 234 /5752505 (2016) -

VL &iztortf

N B B Ry DU B FE 5 MY 58 4 1% 5 5T (Completely randomized design (CRD) with covariance

analysis) #5704 > DUMBRFEE(ERGIEREZE R  HErMIRERMEIIT L CRD 45t 5 slBaFriS&RLL SAS 4t

sTEAS (2005) H#EFT—fe&RMEEZN (General Linear Model, GLM) 734t » 588 U7 73 M B 72 5OKEE - B LUR /N

J7¥91H (least squares means, LSM) Lh#RERHHAHRARYZZ 52 - AWEAERLL P < 0.05 Ly i3 72 52 /K4 -

e RN B

L G R
s Bg AT e 2 B T (IR ) B BT RN 1 g HR BB TSRS R 2
R4 > R R E st S B A E 17% BELBRFLIFEE 1.56 Mcal/kg » A BT TMR ~ HFERER - HEE
RZEL ~ EfER R HBZEUE L EIE AR IE b ALE TMR - BAIEHR R H B HE AT - B ERE S e B BT
B R E TR - BT S e S S e A T SR E 60 kg FLE 2.5 kg IMFLFERRK - 27 NRC (2007)
et o3 o BRI FLIFRE Ry 6.3 Mealkg » SERAHERSNANN 60 g MAEAEE N REFIEIE S 0.378 Meal JAFLIF

P
HE °

2. [IHAFRAFRENRIIEER Z SRR S8 AR (% > H25 )

Table 2. Nutrient compositions of diet ingredients fed to lactating Alpine dairy goats in dietary fat supplementation trial (%,

dry matter basis)

Ingredients DM' CP EE ADF NDF IVDMD
Grain mixture w/o oil added’ 91.0 23.8 1.48 9.0 18.4 —
Grain mixture w soybean oil 92.5 21.1 16.6 6.6 15.6 —
Grain mixture w fish oil 92.7 20.7 16.7 6.7 16.1 —
Grain mixture w flaxseed oil 933 20.7 15.5 7.8 19.0 —
TMR for lactating cow’ 37.5 18.7 343 28.1 50.6 -
Napiergrass, fresh cut 10.9 12.3 2.54 429 69.4 60.0
Bermudagrass hay 90.9 9.7 1.65 36.0 82.8 48.1
Alfalfa hay 86.1 20.6 2.29 31.1 44.0 63.6

' DM: dry matter, CP: crude protein, EE: ether extract, ADF: acid detergent fiber, NDF: neutral detergent fiber, IVDMD: in
vitro dry matter digestibility.
? w/o: without, w: with, TMR: total mixed ration.
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AFLVERE

ZTARRRETE MBS R I AL AL RE S - BN R 3 - BB R T BRI EEH FUNRER Y
PRREEREA > ARBEERHP - MEBRETERER | Bk - B HEHYEREELPE L SD &
TR > RFP o7 B R R AR $IRAHAY 1,656 + 344 ~ IRAIIKEOMAHRY 1,636 £ 229 ~ JRANFUHAHRY 1,443 £ 382 &
ANIIEERRFTHAHAYT 1,754 £ 336 g - FURMHR B ERVEERHMMHE HA - PHREEERIE LB RERET
12.6% > SHRAT AT AR RS (P < 0.10) » FHEREEIEINRHE RN 106% - KGRI ZEFE
RE  AMBHRFERREERLA > SHRBEMREFE ZRKE - HIRERCYERCEHREE - HEH
"R AT e 2R BT R T =AM RIS ETREHIEE B3T3 By 3.67 ~ 4.16 Jz 3.42% - FURAHARINEER]
ATRE (R ©

T3 RN IIEEE MR B RN LS AL R 2

Table 3. Effects of supplementation of functional fat in diets on the milking performance of Alpine dairy goats

Items' Control Soybean oil 3% Fish oil 3% Flaxseed oil 3% P-value
No. 10 10 9 10

DM intake, g/d 1,656 1,636 1,447 1,754 0.25
BW change, g/d -123 91 -131 -75 0.58
Milk production, g/d 2,294 2,362 2,220 2,409 0.48
Milk efficiency 1.37 1.45 1.50 1.40 0.71
Milk fat, % 3.34° 3.71° 3.00° 3.57% <.001
Milk protein, % 2.78 2.85 2.80 2.79 0.42
Milk lactose, % 423 431 433 432 0.12
Milk total solid, % 11.05° 11.56° 10.83° 11.39* <.001
MUN, mg/dL 29.4 25.8 26.4 27.5 0.18

The least squares means (LSM) are listed.
' DM: dry matter, BW: body weight, Unit for milk efficiency: Milk/DMI; and MUN: milk urea nitrogen.
"¢ LSM with different superscripts differed significantly (P < 0.001).

BRI B BT MR ST 22 - Kitessa er al. (2001) {5 FHSLAYER SUMECR (ReERVER U ER A LU=
( Fol S ETERZYVE 3%) 0 SEF AR ORGE FUHIFR T ERE R 5 Donovan er al. (2000) $5HTERDAALAFRAL 0 ~ 1~ 25
3% BN > BEVVEREE TRy 28.8 ~ 28.5 ~ 23.4 [ 20.4 kg SRR 2% KFRIFHAAEIE G R B Rl
HiZHYEALR 5 Lacasse er al. (2002) t$5 HEREI R IBRBECREN FUl > SREEMFIETAESZE 25% DL E -

=& B AGIE R EURAE AT AR BE A LE AL E - ANINAE ~ RE0MAH - feomaH B nn Rkl AR fic i
L& 2,294 (100%) ~ 2,362 (103%) ~ 2,220 (97%) K 2,409 g (104%) » 463744 2,321 g/ [/ 58 » [EIH5 1 R g228 [
B ORARCE - AEAERE MR  BEF ARGk EAREEIFE (P <0.01) » VURMAANILAERS
Al By 3.34 (100%) ~ 3.71 (111%) ~ 3.00 (90%) K 3.57% (107%) » fEHEBEEIHIFLAS & A > K MBS
B SRRt AR E A SR R o RURMHARIRAVFFE M — P R R A LA ETYRE - a(E
ZH(UAHFEH R RERI - B R RE R R T FHRBEEMEET] 2 kg SEERY 81% el HPK
oA BT RO R A T R B Ry R AT M IR AR B fROmAH D 35% HYREE (-83 vs. -127 @) ©

Cattaneo et al. (2006) #5H » 15 FLUIEHY IR R NI (R0 fUH S BEE M (R ALAE % - A MR RAVHE
[ ; Kitessa et al. (2001) EREAR &K GALIREZHER TRIER B E > WFEATAE - AEOBENABENES -
El-Nor and Khattab (2012) 7EfgEFRIFH ~ ZXEHOHEEAA S - SFAPWIERT - E0EFEEEPYERE S
HFFEIHS ; Nifez de Gonzalez er al. (2020) 5 HFLILFEE SUHA RHY SEN E FHE X JEHVAE R - SR SURE
o EREFENIIACREN SRR IR SR E R - AR LANT - EEYME RSN E SRR 23R IE R
5 o Martinez-Marin et al. (2011) A FLILEEAYEEBEEINE T 43 BRI S HER S5 TEMOH ~ 8 S ER Wk &
HEUH 48 g » &5 RNIDHAERR TR B8R e R0 - SRRSO A ILE - @2 S sE fk i Rl (2
EFEFLAES » S ERAE FEBLUAR TV GOMAH R ao ok oHAH— 21 © Ali e al. (2019) Ak 72 LU =F G & 4 78 no ik
KoM HEEE 10 ~ 20 530 mL 1% » HLECEEAMRE RN 28 HAEENRNINHES I 14.6 ~ 18.8
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26.0% » FEHG A 19.8% » 86 30 mL SEfEKFH ARV ALIRRE - s &R AT ER i i hAH 5 1 4%
FLEHARE -
1L 87 5 JH1E

BRI T WU S R AR AT (HE PR A EE RIS o SRR R R (G 4ERE
B > WIS E R — T TR B2 FMEAE T (£ 4) - BEHCERGEREUR - HIERNIIERE
5 pH BRIEFEAHNT IR R EEROA MR S NH,-N BYEE S - 45/ N —HNELIEE © (RS VFA J5
A > FURIVR RS AR E » NIIECHRER C2 ~ 8541 C3 K C4 IYSEELELFI - {# C2/C3 LLFIFF(E » Bl
ARG R FERE T - B2 B8 BN BB R - SHES AR INIE B BHEEATHNHE] T 17.8% HY4E VFA 4 A% (93.7 vs.
77.1 mM) > Z RS N KA EEYIN 5 fEZ B2 ARAGTENUH AR B S @4 o R0 i O o B FE R 8
(Enjalbert ef al., 2017) » F.Hf Devendra and Lewis (1974) AR5 2 2 A HHI 404 RV EER » H—AgE2Y)
M RS havhiE e AS S R R RIS S QB o7 R A SR AL (adhesion) 5 ZATT Al er al. (2019)
WEFTHE S DI RR Ol o) (i = 1Y VFA RSB & ¢ SURERY VFA $1EE AL ILEERY L & (Kholif ef al., 2015;
Morsy et al., 2015) - AZERERRILHASHAEER RS VFA (UE4L » (1580 VFA IREEE 250D » HEHLHAS
BT RE A VFA JEREEAVIEL - (A B H s AN IR R B ARV -

4. GRRRIRAE RS R A LR L e

Table 4. Effects of supplementation of functional fat in diets on the ruminal digestion of dry goat'

Items Control Soybean oil 3% Fish oil 3% Flaxseed oil 3%
Ruminal pH
Diurnal wei. avg.” 6.29 6.35 6.52 6.46
Highest 6.72 6.58 6.67 6.78
Lowest 6.01 6.11 6.32 6.19
Ruminal NH;-N, mg/dL
Diurnal wei. avg. 23.9 24.7 19.9 21.0
Highest 37.5 334 26.8 254
Lowest 15.8 17.4 14.9 16.6
Ruminal VFA
C2/C3 3.96 4.30 2.96 3.71
C2, mM, wei. avg. 67.8 56.8 50.9 52.1
C2, molar% 73.0 73.1 65.5 69.9
C3, mM, wei. avg. 17.1 13.2 17.2 14.0
C3, molar% 18.1 16.9 21.6 18.6
C4, mM, wei. avg. 5.93 5.58 7.75 6.16
C4, molar% 6.37 7.23 10.16 8.45
Total VFA, mM, wei. avg. 93.7 78.1 78.4 74.9

' Due to health problem, only one Saanen goat finished the experiment. Observed data were provided for reference, not
statistical analyzed.

* Data were expressed as 24-hr diurnal weighed average (wei. avg.). C2: acetic acid, C3: propionic acid, C4: butyric acid,
Total VFA: sum of individual volatile fatty acids (VFA).

IV. gt ~ AR S LA AL BRAE AR
B B i Z BRI RRAH TR R 5 - =TEIMAR A HEFIRHIRERI R AH AL - R EmA AR R T A 55.3% HY
CI8:2 > FUMAER HAF =/ C22:6 DHA &8 > (SHAEHIELHY 21.5% - sdjiff i AIlE H AT S n-3 AEHBRHIAER -
C18:3 Zr L AEHIE Y 60.7% - $ R BIEHA &AL 25% 1Y C16:0 EFIAGHNE - (H1E R BRIAS AL BE4H B 5
AR > SR EEE C18:2 B C18:3 fEHNL > B EH Fy C18:1 8 C18:2 A5HHME 445  FUH R Ea ks
A ST n-3 BERGEEELS] - BHREURTEIHAY n-3 LEFIRIfRA -
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5. PeIEFFNALFHE AT IS < G HR JFURHE R IR AR ( SEHEHEIZ %)

Table 5. Fatty acid compositions of diet ingredients fed to Alpine dairy goats in dietary fat supplementation trial (% of total

fatty acids)

Fatty acid Napiergrass fresh cut Bermudagrass hay Alfalfa hay Grain mixture Soybean oil Fish oil Flaxseed oil

C14:0 0 3.62 5.59 430 0.06 5.54 0.03
C16:0 28.6 28.9 24.5 22.8 10.8 22.8 5.35
Cl6:1 1.32 0 0 0 0.08 7.11 0.09
C18:0 2.50 4.02 4.01 426 3.96 2.89 3.05
Cc18:1' 5.30 5.16 1.58 26.2 23.0 31.0 15.9
C18:2! 18.0 17.6 17.7 35.5 55.3 1.78 14.5
C18:3' 34.8 24.6 34.1 2.54 5.75 0.80 60.7
C20:5 0 0.60 0 0 0 1.74 0
C22:6 1.62 2.33 1.28 0 0 21.5 0
SAFA? 38.9 49.7 453 35.8 15.7 33.6 8.80
MUFA? 6.61 5.16 1.58 26.2 23.1 39.5 16.0
PUFA’ 54.5 45.1 53.1 38.1 61.2 26.9 75.2
CLA? 0 0 0 0 0.07 0.72 0
n-6/n-3 0.50 0.64 0.50 14.11 9.63 0.09 0.24

"' C18:1, cis 9; C18:2, cis 9, 12; C18:3, cis 9, 12, 15.
> SAFA: saturated fatty acid, MUFA: mono-unsaturated fatty acid, PUFA: poly-unsaturated fatty acid. CLA: conjugated
linoleic acid. n-6/n-3: ratio of omega 6 to omega 3 fatty acid.

= FEMRE MRS IR I S FLARRH R AL R 2 225403 6 AR o EIIA S AH N E FLABRHBR A R A28 AR/ -
{15 29 TE(E IR 26 TE0 i SI4H R = 52 - BLIRAH b0 » = FUHRARAVRII T DAARE(K 6% FZLASHE
BEFIFE (69.6 vs. 65.5%) ~ HA1 60% 25 R EFIFSHHTE (4.18 vs. 6.72%) Bl 2.68 f21 CLA (1.39 vs. 3.73%) ; K&
SHELEE R H BT DA R = B R ERIHS RS 11.6% (26.2 vs. 29.3%) A Sl Es iR NI E A Ui = E AL |
7 n-3 B5HilE (n-6/n-3 6.20 vs. 2.35) » R HBR RIS EEAS AR R 1S 2 A B -

FEOH BT FLHEH R Y s BB U oS MRS N — B - AR T - SUMBEER N 4.1 %19 C18:2, cis9,
trans11 Y5 CLA (¥HHE4H 1.16 vs. 4.89% ) » KB naiik &G 2.1 /% - nofikrm4H S 3E 11 2.3 f%#Y C18:3 (0.41
vs. 0.96%) HEkfill > FURAIIH AL b &AM E(HBEEE ST EPA 81 DHA JEfS © BHEEAFIRYITH - by
i1 C6:0 F C14:0 HAG & REAIFIAEATBERE 14% (25.9 vs. 29.6%) » {H A BLan Roff JH 4H AT (R 12.3% (25.9 vs.
22.7%) » [FIHSFFE(E 15% 1Y C16:0 H5HHEE (28.6 vs. 24.3%) 3 FUHIRIITEEZETE(E C18:0 ~ C18:1, cis9 Bl C18:2, cis9,
cis12 HEHAfE &R » AR OH B nRAHAH ol 34 0 28% 1Y C18:0 (10.2 vs. 13.1%) » {H AR GIHANIIH R n-6 ASHTE
CLpEEE R S - &Fa LR - ARG oM SR SR I S AR R AR (E R B A - SR
NI EFLAG R BE A e & AR -

A fOmAH LA R AV B (R AR B EEZE S HY C18:1, trans9 ( 2.21 vs. 9.34% » HEfi14.2 {5 ) BEH
B o fE'S > C18:2 B C18:3 g (bpk By C18:0 1yiafEdh » C18:1, trans9 ;£ H F1ZEY) 2 — (Enjalbert ef al., 2017) »
HeMIA T ERERAY C18:1, trans9 A FE 2 i O P = 2 31% fY C18:1, cis9 AEAHEEIE LI 2K » Gama et al. (2008)
ST A A PR B O S HEAYFLAE R IRK » 81 C18:1 trans BUSCHGHIE (€5 AE C10 SRLL NI E ) fRE B & AHRE
RILE C18:1, trans9 e S A TIHIALAS A HGRE

Kitessa et al. (2001) fREFfA fECH S ZE £ E & n-3 BYFEFL (0.3 — 0.5% EPA 1 1.01 — 1.12% DHA) - 2%
SEAECHETE T ERRR T I C18:0 JBfE » WREE HIN R H S N e RIAE IR (B 5 A SE 2L =R HmEs - A1 =&
HE4AY)E b C18:1 & C18:0 FrE{ - Cattaneo er al. (2006) 78 & #UR » (E G SR SOl AT R kD 232
HIEEAIRERG I & & - WIS TR aaRIRERE = & - BB —20 > {H AL-Sultan (2007) i5281 > BAkEHH
FEASZ Rt UM P RGBS - (AR B NG BRAH R -

Martinez-Marin et al. (2011) 8268 E B S5 f0MHH ~ H 2O e Rl - AT e AIRER IR 2 & - #L
A n-6/n-3 B Hfl& LL GRS SE R RSN PR R > PRS2 ORE g DOm0 - FoRaefik ol oI s 34 n-3
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AYEEHI - I ZEAERF R AT - Z &SRB SR R V) MR VES R 10— 2 - Ali et al. (2019) FELLIFERE T
ANIIEERRRT O - (EENIRERGEE P38 13.7% - N ENIRG I REHY R E P80 1 28.3% > Hort C18:1 ~ C18:2 fl
C18:3 HYREERE NN - &7 ATGUEREHRE S UMES R BB AL LISEan ik i AT DAE R — T & B R - [
LAY R 5 R BEAIRE R B RIS - S I=E AL AR AN 2 A BRI AR AL IE - $25 n-3 FERDEE - WA B R B BB BRI
SRS B H R BB RN B IR -

6. GRS IITERE MR R I R P IR =E PR REAH R 2 5228 ((WEHENIL %)
Table 6. Effects of supplementation of functional fat in diets on milk fatty acid profiles of Alpine dairy goats (% of total

fatty acids)

Fatty acid Control Soybean oil 3% Fish oil 3% Flaxseed oil 3% Sig.
C4:0 2.99* 3.00" 2.75° 3.31° *

C6:0 2.41° 2.33° 2.56" 2.41° *

C8:0 2.57° 2.44° 3.04° 2.44° ok
C10:0 8.13° 7.39% 9.66" 7.15°¢ ok
Cl12:0 3.07° 2.63¢ 3.73° 2.55¢ ok
Cl14:0 9.67° 8.04° 10.58" 7.98° ok
C16:0 28.6" 25.0° 30.0° 23.5° ok
Cl18:0 10.2° 12.2° 3.27¢ 13.9* ok
Cl18:1,t9', n-9 221° 557 9.34° 4.45° ok
C18:1,¢9', n-9 23.2° 23.0° 14.5° 24.2° Tk
C18:2,¢9,12, n-6 2.38° 2.55° 1.65° 2.14 ok
C18:3,¢9,12,15,n-3 0.41° 0.36° 0.55° 0.96 ok
C18:2, c9t11 (CLA) 1.16° 2.87° 4.89 2.05°¢ Hokk
C18:2,t10c12 (CLA), n-6 0 0 0 0.01 NS
C18:2,t9t11 (CLA) 0° 0° 0.0007° 0.025" *

C20:5 (EPA), n-3 0° 0° 0.069* 0° ok
C22:6 (DHA), n-3 0.021° 0.024° 0.57* 0.012° ok
Saturated fatty acid 69.6" 64.6° 67.0° 64.9" ok
SAFA' < C14:0 28.9° 25.9¢ 32.4° 25.8° ok
MUFA' 26.2° 29.2° 25.0° 29.3° ok
PUFA' 4.18° 6.17° 8.10° 5.88" kK
SAFA/USAFA' 2.32° 1.83¢ 2.06° 1.86° ok
CLA' 1.39° 3.24° 523" 2.72° ok
n-6/n-3' 6.20° 7.69° 1.77¢ 2.94° ok

" SAFA: saturated fatty acid, MUFA: mono-unsaturated fatty acid, PUFA: poly-unsaturated fatty acid, USAFA: unsaturated
fatty acid, CLA: conjugated linoleic acid, n-6/n-3: ratio of omega 6 to omega 3 fatty acid, c: cis, and t: trans.

Sig. : Significance. *: P <0.05, **: P <0.01, ***: P<0.001, and NS: P> 0.05.

4 1 SM with different superscripts differed significantly (P < 0.05).

AR PR SR EHI55 - RV TIEEIR heEH R iR B A AR i e - KR
FOREAYF EERIAENI . 2R B MAYHAER  LRERSEGE THE - B MEYRE A S LR E
1T A ERIHEAIRESC H cis BIFUEEERL trans RIS - B8 G LR EUAIARHTEE Y (Enjalbert ef al., 2017) » &
Rk Baiy =FmAE B R OA R IR E - DUECHFTE Y DHA 515 EHERVR BRI FATHNELE > K
it A {% 3.84% > Kitessa ef al. (2001) 5 HiEE T EPA 1 DHA % 2|2, HYEL Bl Ry 3.5 2 7.6% » &KUY
TTIRGEPEHE > RIS S AR - Chilliard ef al. (2001) A5 > N AR B ERATE(LIER - ffE T #OREY
EPA 81 DHA HEREVERAGRH B 2 Pl T VBRI RAY » S (85 Sl o] DLE R EL = AL AR ERAH RV B (L Ry s > EAlE
A EEAIREAIEZLL C18:1 ~ C18:2 J C18:3 Ry X > (HIEFA T EE(LRHLL C18:0 B2 C18:1 fyE (£ 5~ % 6) > Itk
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Abstract

To enrich the fatty acid profiles of goat milk for health, three functional fats, soybean oil (contains 55.3% C18:2),
fish oil (21.5% C22:6, DHA), or flaxseed oil (60.7% C18:3, n-3) were added into diets at 3% dry matter level to study
their effects on milking performance, rumen digestion, and milk fatty acids profiles of Alpine dairy goats. A total of 20
head lactating goats were evenly assigned into four groups after the covariate period and raised individually 18 days. And
reassigned to repeat once. Two rumen-cannulated dry goats were sequentially fed these four diets for 10 days each. Rumen
content was continuously sampled during the last two days. Results indicated the daily dry matter intake (total average 1.63
kg) and milk yield (2.33 kg) of goats among four groups were similar, not affected by three dietary fats with their specific
characteristics. However, the high variation in acceptance of fish oil diet of goats was observed. Meanwhile, percentages
of milk fat were influenced. They were 3.34 (100%), 3.71 (111%), 3.00 (90%) and 3.57% (107%), respectively for control,
soybean oil, fish oil, and flaxseed oil groups (P < .001). Fish oil inhibited milk fat synthesis, while soybean oil stimulated.
Due to health problem, only one rumen-cannulated goat provided the ruminal digestion data. Supplementation of fat to diets
obviously suppressed the production of volatile fatty acids (VFA) in the rumen. The total VFA of control and fat-added
groups were 93.7 and 77.1 mM. For the enrichment of fatty acids profiles of goat milk, it was found addition of fats in diets
could decreased the saturation level of fatty acids from 69.9 in control group to 65.5% in fat-added groups; increased the
polyunsaturated fatty acids level from 4.18 to 6.72%; and conjugated linoleic acids level from 1.39 to 3.73%, respectively.
Addition of fish oil and flaxseed oil also significantly promoted the level of n-3 fatty acids, n6/n3 ratio decreased from 6.20
to 2.36. It is suggested flaxseed oil supplemented diet is palatable to lactating Alpine goats and supports well performance.

Its addition could improve the milk fatty acid profiles to fit modern health expectation.

Key words: Alpine dairy goat, Fish oil, flaxseed oil, Fatty acids of milk.
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Fig. 1. Diagram of round bale dryer (lower) composed by six units of stand (upper), heater, and pressurized fan.
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A EEMFEERL 150 cm ~ 15 50 cm ~ £ 0.4 cm > E {7 B ELA R [E H0aEE o SMNER B BB R EITERIER
11 FHFERZR B

DAREE 57 it 26 AR Bt 2 S [ R b el > BEREIREIRE 2 — 10 A > R nT sEAVHL R A B % e Bl
B/KE > FHERHBEEEGRA R — © LB HEZERER R H0H 6 2 60 hs ;5 ii. s e ; il fTa% - 77
HILL Lely RP245 (% 123 cm ~ H& 110 cm ) ~ Kuhn FB3135 (& 122 cm ~ EH&X 120 cm ) —Jighdf T et iR e -
W ELRTHUEE M E B 27K 3 (80 CHERZ 48 /NEF ) » SR EL IR S AL/ HIFEE » PERD HAET TR - AHR[EFaZkE
MIEASE ST 14 LR > B 6 (ERZE AL - Hrp Dl Lely RP245 # AR 61 9 #£2X > DL Kuhn FB3135 # AU 61, 5 4t
R PHRTZVHAE/KET 46 — 18% (= 1) » slBaiRT A 1111 HE 12444 H -
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Table 1. Weight of bale, operation time, consumed diesel oil, and moisture for the 14 tested batches of round bales

Batch no. Baler brand Air diversion Initial wt./bale End wt./bale Time Disel/set Initial moisture End moisture

kg kg h L % %
1 Lely Yes 41331122 2825%15.6 195 90.8 37.0 87129
2 Kuhn Yes 3247%57 2956163 4.3 19.5 18.9 10.6 0.6
3 Lely Yes 488.8£23.5 2045%203 374 193.0 61.0 72145
4 Kuhn Yes 4414%6.2 3184168 240 73.5 35.6 10.8+1.8
5 Kuhn Yes 4622146  330.8%f15.6 325 95.1 35.0 10.0£3.5
6 Kuhn Yes 3755t14  3260%105 9.5 31.7 21.5 9.710.4
7 Lely Yes 3085194  264.1t47 8.3 27.4 25.4 124+2.1
8 Kuhn Yes 3934194  292.7%21.7 233 72.8 32.1 85%1.6
9 Lely Yes 313565  257.8%14.6 7.0 37.5 26.2 10,0+ 1.1
10 Lely Yes 349.1£8.0 2456163 17.0 88.6 34.5 6.1%£3.1
11 Lely No 3215195 2823172 216 93.7 30.2 203125
12 Lely No 350.0+9.1 2928%7.6 203 97.3 23.9 9.1%1.5
13 Lely No 3205135 256.0%f13.0 193 79.3 22.3 8.0x1.2
14 Lely No 34381159 313.6*163 10.0 45.8 16.0 7.710.4

1L (Bl ARG
SR 6 (ERZEE > DR E F H B R 2 S e TS - MG BVECE 3% 2 50°C ~ JEl & 220 m’/min
14 4t2rp > 5 11 #ETOCRERGEZERIRAR SN - HaR DIEME: 3 (FLIR TG165) {8 i F A & Hi i 2R S R9 5
1% > MESDSERHZ R P T DARAT < DL Lely 58 2 Hor 4 #ETCOR(EAEREEE (no diversion, Nd) » Har i HE
TRAEE (B 1) > DUEIRERAEE R « s RIS HEEZAT ~ (REUSOHIE 27K% - GACSREH R FE & PRz IR - 4
TTHZBAAEH -
IV. &Ets3 i
() 4HREIZESEEERES © DAFT RSB BA AR 14 #6200 fy 3 4H ¢ Lely 4H ( Lely FTEIMEAZ ) ~ Kuhn 44 ( Kuhn
FTEIMEA E7 ) o Nd #H ( no diversion » Lely T EIMEELT ) - DL SAS (SAS, 2002) #E{T B8 J7 754 »
T BB ER > 4H[HE S E9{E F-test DL SAS 2 GLM (general linear model) #:17 > DL ZEMES (Duncan’s
test) » [LER R FR I Y 2= FRE M -
(i) FZRROGHEBFEN R - AR /KENBIGERET  HATl 3 SHE RIS HIEEST - DL Excel #UEGHETTFE 2 BRI
f] ~ 7535 7K 2 BlnZ s KA 2 B 78 28 /K E M0V R 1 B A7 SOl h4R © 41 DA Lely 46 K& Kuhn 2553
AEITHZRI ] ~ 2638/ K 8Bl FHERTIIA & /KM 2 BR - EER T KSR -
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K 16.0 55 61.0% ; FIAFUZMERERTM 4.3 2 37.4 hs » &5 (6 () E0f0 2 FEHIR 195 193.0 L - #abff il
£ 204.5 £20.3 £ 330.8 £ 15.6 kg ; 2B S /KRERE 11 fE 5 20.3% » HERIGIE 6.1 — 12.4% 2 [H] » J&EBEEZ IR
S AHIEZ 14 $URBPHEL B S0 SRR » R TR TR T R e -

L 4Rt R
Fi1 Kuhn #8047 (0. 605 Lely T8 EEA 10 om » Kuhn #7547 8 @zt S8 292.7 — 3308 kg »
R Lely 22 204.5 — 313.6 kg » [T N BA8 BIA » 75 b TR L R T M A P e 85 - RO 2 28
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#2 ORZHEZFEERAR KE - GREER - B/NEHE - SRSCR AT R 2 RN R
Table 2. Water evaporated, bale density, diesel oil consumed per hour, drying efficiency, and diesel oil per kg hay for the
three groups of batches

Group Batch no. Water evap./bale Bale den-sity Disel/hr/bale Wa-ter/hr/bale Water/ Disel Disel / hay kg
L kg/m’ L L L L
Lely 1 130.8£8.7 241.8 0.79 6.7 8.5 0.054
3 28431 14.6 226.1 0.86 7.6 8.8 0.157
7 435175 175.1 0.55 53 9.5 0.017
9 55.714.1 220.7 0.89 7.9 8.9 0.024
10 103.5£10.2 210.3 0.86 6.1 7.1 0.060
mean 214.8 0.79* 6.7 8.6
Kuhn 2 29.1£1.3 229.1 0.76 7.9 8.9 0.011
4 123.0+6.9 237.9 0.53 5.1 9.7 0.038
5 131.4%12.6 234.5 0.48 4.0 8.4 0.048
6 49.5%1.7 212.6 0.55 52 9.5 0.016
8 100.7+7.2 210.5 0.52 43 8.3 0.041
mean 224.9 0.57° 5.3° 9.0°
No diversion 11 39.2%3.0 241.5 0.72 1.8 2.5 0.055
12 572176 250.6 0.79 2.8 3.6 0.055
13 654156 219.8 0.69 3.4 4.9 0.052
14 302125 268.5 0.76 3.0 4.0 0.024
mean 245.0 0.74° 2.8 3.8°

RV RN ~ E7KE - BEERMEFEETHRN T HUMAE - BB (R 1 14 #EIONED B Lely 41
Kuhn 4} Nd 41 - H.ot Nd 40359 Lely #AYFTFT 61 - B4R WER 2 - HBEARB ZKEFEEE
B~ BN ZEBOKE > Lely 895 6.7 L B =it Kuhn 42 53 L st Nd 412 2.8 L » RoREALEE
FOKITHRE R > B E SRR A A B E 2 » B/ ZHFEE I Lely 4H (0.79 Li/bale) B2 Nd 41
(0.74 L/bale) Z2FAREE > (HERE S Kuhn 2 (0.57 L/bale) » ForE/ N ZHFEE MR S BB EAR - AR
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/NI FE S K B 7TH (18 2 T ) » Lely 4045 H4H 7555 /K & 43.10 L/h » Kuhn 4H 26.70 L/h » Nd 45 318
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Fig. 2. The linear regression of diesel oil on operation time (upper) and evaporated water on operation time (lower). 4 Lely
H Kuhn A Nd.
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Fig. 3. The linear regression of evaporated water on consumed diesel oil. 4 Lely [ll Kuhn A Nd.
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Fig. 4. The linear regression of operation time on initial moisture (upper) and consumed diesel oil on initial moisture (lower).

@ Lely l Kuhn.



BizeA BIEZE FERE THR SER 239

IV. B 5E IRHZ IR P R iR ] RORE T A HE (S
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BEI% - WA EMHBFEN R FoK Sy ZE BN ARy 2 R -
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FEEH ST THRITER 0T » GERANFR 4 0 R 53505 % 0.89 K 0.95 » FoRHFIIA S KR RER TS - Hiz
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Table 3. The estimates of multiple regression of diesel oil consumed and evaporated water on operation time and bale

weight

Dependent Variable R-Square Parameter Estimate Standard Error

Intercept 130.59 29.21

Disel oil 0.96 h 3.81 0.37

wt -0.45 0.09

Intercept 1,068.92 410.39

Water 0.90 h 34.90 5.31

wt -3.67 1.35

F4 DR E KRR REAESRAT RESE - #E 12% S/KR TR R S R B R T

e
Table 4. The estimates of multiple regression of operation time to 12% moisture and diesel oil consumed on initial moisture
and bale weight
Dependent Variable R-Square Parameter Estimate Standard Error
Intercept -47.73 14.28
H 0.89 moisture 0.968 0.13
wt 0.11 0.039
Intercept -70.08 43.57
Disel oil 0.95 moisture 3.90 0.40
wt 0.02 0.12
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Fig. 5. The predicted diesel oil consumed per bale (upper) and operation time by different initial moisture for the different

initial bale weights (lower).
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Abstract

In this study, 14 batches of 6 round bales of pangolagrass (Digitaria decumbens Stent.) were used as materials to
evaluate the drying performance of the new hay dryer, and to investigate the relationships between the moisture content,
weight and their drying efficiency. Oil consumption and time required for the completion of drying the bales of different
conditions were further estimated. The test batches had a wide range of variation, with initial weight ranged from 308.5kg
to 488.8kg, initial moisture content ranged from 16.0 to 61.0%, and the required drying time ranged from 4.3 to 37.4 hours.
The 14 batches were divided into Lely group, Kuhn group and non-diversion (Nd) group according to baler and air diversion.
The results of regression analysis showed that the fuel consumption per hour of the batch, the evaporated water per hour
and the removed water per liter of diesel oil in the Lely group were 5.03, 43.1 and 8.56 liters, respectively. While in Kuhn
group were 3.04, 26.7 and 8.80 liters, respectively. The fuel consumption and evaporated water volume had a good linear
relationship with time in both the Lely group and the Kuhn group. While fuel consumption and water evaporated in Lely
group were faster than those in Kuhn group, and the water that can be removed per liter of diesel oil were near. The Nd
group was inefficient and the relationships between factors were unpredictable. Then, the data of Lely group and Kuhn group
were combined, and the drying time and bale weight were used as independent variables to conduct a multiple regression
analysis on the fuel consumption and evaporated water. The R” of the regressions were 0.96 and 0.90 respectively, which
could be used to estimate the drying time and diesel oil required for bales of variable conditions. Taking bales with an 30%
initial moisture content and an initial weight of 340kg as an example, it takes 8.8 hours to dry to 12% of moisture, and each
bale consumes 6.7 liters of diesel oil. Considering the energy consumed, bales with initial moisture content below 40% are

suggested for this drying system.
Key words: Hay, Drying, Round bale, Moisture content.
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