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Wl H - 111 4E 6 H 23 1 5 20 L1411 J 18 H

W B

AR PR S B 2E (Gallus gallus domesticus) > HEITINE R EEEEMEREEE S - BEEERSHHE - fRIRESE
Rt FHELE - BESFHNERAEESN I BEFaEEZRESFHE - BEH A - HERN 16
B ETHEINRBRG ER T - B DRV EESE - VERE - 2 40 Bl EER - 40 B -PHYEE K 40 H
REGE - SN 16 iR R R A VIR EDL - FIAGE AR FHEREe R - SUBES 11 (A4S
FRE N HE 1,528 BIREHE 2,237 48 - 55 11 {HX (G11) R &i2R - NHEELRIAE 16 i -PIIRGE T AR 1,667 g B 1,253
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FIWELE EEE 49 €2 (1% > 2011 ) » AR BRREAIRITE % 40.5 ¢ » L 16 MRS 19 1,485 £ 260 g » SMTHIRRTTR
B (R 1996) -

1997 44 EMEREMRTE T » B/ BB LR 2 E 4991 % 30.8 B 30.9 g + 12 JIRREEE A5 1,119 g 1917 g~ 16
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AeEpit Ema A SR e T SBEY 2 (EH - e EE Kallp N B4 & A sl B P B Rl ) G aE R (o
F/NHDAE AT 104-20 SREFEERZAE -
L EEFRE
& HH B T e LR S R0 EF] (Mrode, 2000; Cheng ef al., 2009) » 55T DLl 8 5 T 2 UETTER - K
bR B SR R R - W E FHEE T B MR 2 ST E - B 2005 RSB HE
DUNGEE e s )20 0 (R EEfE R 18 ﬁﬁéu{éi{lﬁﬂlﬁ% (50 cm~ 230 cm ~ /5539 em ) » HETEE
PEREME o (EERE AR 18 Al LA F{ERIAHERE (£ 50 em ~ 25 30 ecm ~ 15 49 em ) - PREHRIEFREARS
B2 EEMERERE » FIH RS BRI GRER » TR MR Z= THHIE (best linear unbiased prediction,
BLUP)  &atorth (2155 » 2012 ) » BERF 2 40 HitE EH S EGER S 2 EES S ~ RREE - W5 2 [F
[EIRERCHE - EEfTEIE T —(C -
IL A= RMEREME B MR T 28
G7 & Gl fRZ B ZEWFB1% > 7 16 BEHIERE - WEESEH /MR E > EREHEEARIHE - &
EE 8% EH - &0 B - ZEEENESE#OEINURE EATEREREHE - YUK - A%
GRS E T i UG AR EIRREDL B (BB EER 1) » FIAEEAR FREEEEE -
1. %E MEREHIE
BRFEAS A RMERENER » H 16 FEHSEEFR 2 700 g DL I » BERGE i 2 IRt (SR EnE1)
FEREESEETYVIEESE - YERE - YIEHE - £ 40 L*L‘? RS EE ~ 40 Hi I EE FE 40 B EEHREE
EVEREME © 5900 Gl ML RAGE FE S BI 2 52 1AG - (T 52 1Bl FI9EE K 52 Bk EEBRIE -
IV. ER O HE
BEF G11 (AR 40 LR E 2 #E5 —=F0 > &1 109 {53 Yl 13t (Konica Minolta, CM-2300d,
Japan) /EJE% il 2 SNRER AR - TG L E ~ a* [H R b* - L* EFRTE - BE 100 1 A
H o OFf e a* [EFRALEOE  IRERREL - BE A% b* EAFREOE  IEER - BERRE -
V. & A - ERE B'if B EERL R M E
HEFH G11 A EEZE 40 HEEHY 106 #78& » ETHIE
HE 4% (Egg shape index) © DUFFER R EMIEEE > Rl - DETHREGE - SPEE = [ 5 (mm) / &
ifili (mm) ] x 100 (Islam and Dutta, 2010) °

LGRS (Eggshell strength) © DL H B2 8758 5EMI7E 25 (SV-200H, ALGOL, Japan) > e k8% B R ke/

2
cme e

ERE S (Eggshell thickness) i EHZ 1% HYER ( AR ) {8 H H B2 ES (Mitutoyo 547-361 Absolute) | E
Z 0 TEERYF ~ Rl ~ FRIE R S H—/ R M = BEE S {E 0 HI % 0.01 mm (Nordskog and Farnsworth,
1953) -

VL 4tat3 4T
SEERHE F SAS 485t 48 2 — A% 4 M =UFE 7 (general linear model procedure, GLM) #1758 75 57 fft
(SAS, 2011) » ifi LA student-newman-keuls test (SNK) EE#EA G H A 7 SIS E M Z B EEE N - A E KE R P <
0.05 - 55{HH SAS 419747 %47~ PROC INBREED 12 {ti EAF A BLEE 2 AT HIAREY -

LR
L EEERHE B TR
Akt UNGREE 2GEEH 3 ?ﬁc 40 M e SR (R 2 S T (R (E S 2005 — 2016 ARt
IR EHEN 1,528 62,237 & > 531 3,765 EtHERE - (RMERE 40 BitEEH . 5EED K

HRF > G2 B G3 FHITEER 2 40 i JX%%?&%MEZ{I’%“ 12 %~ B 60 & - R =[RRSI EACHE T A
TR ERIACHE - 55 R K ETEREE G4 — G8 JE A - BEHLL 1S & ~ B 75 & - 2014 SFERES RS
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1% - MO R EERE - GO BERULL 23 & ~ £ 36 &5 G10 BEHUY 11 & ~ £ 47 ST A RO EBIECHE - 7t G11
PRARBERL Y 15 & ~ Bb 75 BRI > BETERIE N JRNEEVBERZFIRFM N2 B8 > HIR
ARAHTAHE AR | BN SR - AR B 3 5.5 — 22.7% 2 - PR 14.1% » BEEY
BERH T 73 14.2 — 82.5% [ > SFEg Ry 48.35%

STERSSE HE 11 B 2% > SRS IR GR P E AR RS - JINFR2 - [T
FUAECPIEE RNl > R 1995 522 2005 £ 2 #RFEE D > HERAEMICEEE > IR Em&E
& > NI R PHATIRICHE - B4t - LRI SRR S R (5 > e <= [F] A B~ (R A ACHE > DR D AT
FCRERYEEE - SERBURINEE Gl RZ A REHYEEERG L - AMEDRGBRE&EEI > 25 11 kL
iy 0.154 £0.043 > REFfERS 0.156 £0.043 -

* 1. BOSEHE S UELIEE
Table 1. Selected populations of black velvet silky chicken by generation

Generation Year of hatching No. of chick Selection parents Selection percentage
M F M F M F

GO 12 45

Gl 2005 59 144 11 24 18.6 16.7
G2 2006 47 78 10 41 21.3 52.6
G3 2007 93 221 10 39 10.8 17.6
G4 2008 66 132 15 65 22.7 49.2
G5 2009 109 241 15 59 13.8 24.5
G6 2010 129 297 15 68 11.6 22.9
G7 2012 204 369 15 68 7.4 18.4
G8 2013 187 465 15 66 8.0 14.2
G9 2014 416 117 23 36 5.5 30.8
G10 2015 37 57 11 47 29.7 82.5
Gl11 2016 181 113 15 67 8.3 59.3
Total 1,528 2,237 167 625

" M: Male, F: Female.

*®2 BEOSEHSERZITEGR
Table 2. Inbreeding coefficient of black velvet silky chicken by generation

Generation Male Female
Gl 0 0

G2 0.027 £0.052 0.024 £0.050
G3 0.031+0.030 0.029 £0.033
G4 0.056 £0.033 0.056 £0.034
G5 0.060 +0.024 0.064 £0.022
Go6 0.092 £0.030 0.095£0.030
G7 0.113£0.032 0.110 £0.028
G8 0.140 £ 0.022 0.138£0.024
G9 0.151+0.017 0.151 £0.021
G10 0.149 £0.056 0.163 £0.036
Gl11 0.154£0.043 0.156 £0.043

Mean * Standard Deviation.
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7 G1 2 G11 ZFEER > K&t TieE 2 PEGER - IR 3 - i A EHEAR RS 5 2 10 i
BREE > NEEDL G11 (961 £ 137 g) i EE > G1 (685 1 129 g) 54K 5 RFZEHILL G9 (793 + 110 g) ¥ EE > G1 (547 £ 105 g) &%
BE - G1 % G6 A 20 FHIBESE > AN ZEDL G6 (1,824 £ 214 ¢) £5 > G1 (1,480 * 204 g) 7% ; REZERILL G6 (1,378 £
226 g) fivE » G1 (1,103 £ 165 g) ixiK - G7 B NEcE TR T F5E - 20 HEHSEIEATN 16 HiHE » G7 £ Gl
16 JEsEeEE > NHEDL G (1,686 £217 g) £25 » G7 (1,481 £202 g) £2#% ; RFgEtELL G9 (1,299 + 132 g) fEE » G7
(1,102 £ 153 g) £7#K - 5 G11 25 16 FHEe A FEERI RS EE 77 A1 By 1,667 + 194 g Bl 1,253 + 150 g » FHEREARRT (&
FDKEEAE] ) BPSFHE 16 MBI FI988E 1,032 g #E ($I5% > 2018) -

T3 BESEHEEFTES 1 UE 115 10 ~ 16 7120 ARG E
Table 3. Body weight at 10,16 and 20-wk-age of black velvet silky chicken in G1-G11 selection flock

. Body weight of male (g) Body weight of female (g)
Generation
10 wks 16 wks 20 wks 10 wks 16 wks 20 wks
Gl 6851129 1,480 + 204 547+ 105 B 1,103 £ 165
(n=159) (n=59) (n=138) (n=144)
1,595+ 170 1,191 + 147
G2 — — —
(n=44) (n=77)
G 775+ 116 B 1,740 £ 205 6591105 B 1,336 £ 165
(n=57) (n=93) (n=125) (n=221)
Ga 728 £ 137 B 1,660 £ 215 587+ 109 B 1,250 = 198
(n=66) (n=63) (n=130) (n=127)
G5 708 + 140 1,780 £ 234 591+ 110 B 1,323+ 192
(n=106) (n=105) (n=238) (n=237)
882 + 143 1,824+ 214 719+ 119 1,378 £ 226
ae (n=112) (n = 86) (n = 266) B (n=261)
745+ 149 1,481 £ 202 598+ 118 1,102+ 153
a7 (n=178) (n=152) B (n=328) (n=323) B
861178 1,614 + 245 6811139 1,173+ 156
G (n=172) (n=164) B (n=436) (n=432) B
69 875+ 151 1,686 217 B 793+110 1,299 + 132 -
(n=409) (n=416) (n=115) (n=117)
1,520 £ 205 1,204 170
G10 - - — -
(n=37) (n=157)
Gl 961 + 137 1,667 + 194 B 778+ 93 1,253+ 150 B
(n = 180) (n=181) (n=112) (n=112)

n: Sample size, mean * standard deviation.

IIL.

e s MR HIE

2 2005 — 2016 £ ( G1 2 G11 ) HLEEARGLS F 2R #E 1,963 & LFE > (RAIEEENMRE - 211 R
FEEMREER - GRVINR 4 - Gl BEEEZ PHIWIENE R 142210 1 > WIEREER 1,596 £190 g - WIEEER
29715.6 g 40 SRS B 2,111 £ 261 g 40 HIGEE B 45.1 £3.6 g 2 40 I EEEUE 102 £ 21 #7 - fhfgth:
REBRASFHEEEEER - YEDBILL Gl MR FHIGHIE - Pl G2 B REiibiiawE > Gl B G2 1
bl HIHZEE 25 (P < 0.05) « WIERED Gl frE » Gl Ry » HAREABEEMERER (P <0.05) - 7))
FEEED G3 WE > Gl g HARARBEEZESR (P < 0.05) - 40 B PHEED G3 WE > G9 ff - tH{Lfk]
HREMEAESR (P <0.05) - 40 HEASEDLL Gl BigE » Gl RS - tURTABEMER (P<0.05) - 40 BikEE
DL Gl i/l > Gl Ry HARIARETEZSR (P < 0.05) - HEER G111 # Gl 2 40 i EBIE I 45%
HEE EE T O R A SRR -
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Fig. 1. Cumulative improvement in phenotypic and genetic values of egg production in black velvet silky chicken to 40
weeks of age.

Accumulative improvement of egg production (No. of

eggs) of phenotypic value at 40 weeks of age
S

IV. ERR S - EP R - SRR BERE EHE
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V. EFEFAME
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Table 5. Eggshell color and eggshell quality of black velvet silky chicken in 40-wks of G11

Items N Mean * standard deviation Range
Eggshell color

L* value 109 769145 583 — 86.4

a* value 109 7.0+24 14 —13.1

b* value 109 19.6+3.9 7.41 —27.8
Egg length, mm 106 49.7+2.1 43.9 — 56.1
Egg width, mm 106 373%15 327 — 412
Egg shape coefficient, % 106 75.1+£3.7 624 — 87.2
Eggshell strength, kg/cm’ 106 3.40£0.80 1.0 — 6.1
Eggshell thickness, mm 106 0.33£0.03 0.20 — 0.40
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Breeding and promotion of Black Velvet Silky chicken
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Abstract

In this experiment, appearance and egg production performance of black velvet silky chickens (Gallus gallus
domesticus) were selected to breed the high egg production silky chicken strain for industrial production of eggs of black
silky chickens. Black silky chickens were pedigree selected and bred in a small population. The birds had individual wing
tags and kept reproducing new generations of high egg production silky chickens. The egg weight and body weight at the
first egg, and the number of eggs laid, the average egg weight and body weight at 40 weeks of age were collected. The body
weight of males over the average weight of the population at 16 weeks of age was required. A total of 1,528 males and 2,237
females were tested for 11 generations. In generation 11 (G11), the results showed that the average body weight of males and
females at 16 weeks of age was 1,667 and 1,253 g, respectively. The results of egg production performance showed that the
age, egg weight and body weight at the first egg were 142 days, 29.7 g and 1,596 g, respectively. The body weight, average
egg weight and egg number at 40 weeks of age were 2,111 g, 45.1 g and 102, respectively. In G11, at 40 weeks of age, the
phenotypic cumulative value of egg production number was 32. Breeding value was increased from 0.26 of G1 to 24.2 of
G11. The estimated improvement of cumulative genetic value of egg production number in G11 of 40 weeks of age was 23.9.
The eggshell color L* value, a* value and b* average values were 76.9, 7.0 and 19.6, respectively. Egg shape index, eggshell
strength and eggshell thickness were 75.1%, 3.4 kg/cm’ and 0.33 mm, respectively. The black velvet silky chickens can
provide for the improvement of laying performance of silky chickens in the industry.

Key words: Egg production performance, Selection and breeding, Silky chicken.
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LS (Duck, Anas platyrhynchos) St RRER 40 2 50 05 [ ERAERIT TR R E R g m s - R
TR - REZFERFEETE > R RE 110 Fay BRHS o RTINS BEASRE: - RErE/ - B
BLRBER FOR I RS 52 B - BoMRiIg2 & e T E EEN - SoAbT5e BRI R th i 2 B s
S 0 T R H B ARSI R (5 o ARTFEE R A 5 et b4k 11 dHERE 5 & S IRAy s 255
HELToH > EREUR - FHISEIGE R RREN REILFERG & SOBAREH R RIS KIS B G (2
ISHV G AR ES X G E - HERNEE ORI - ARCOEERBANBATL ARSI E - AR AT
TEREER A N ERIHBERATIE R - (B FIREECHA SR B R K - BURILIREE B R E M i TR 2 - 35
GRS REUR - FHISHRE LIS E SRR - HHEHEMASE (%) - BEREILES - SARP RIS
S o AR A T IGER W BRI IL 5 Wit 21 pairwise For 73 ARy 0.1582 K2 0.1873 » S FEIT infd G R (8.2 pairwise
Fgr > {HEREHHGRA (468 )z STRUCTURE S3#fr4i iR - WIS B IR LIS 2oV 8 OB RE ) Ry b B -
RER AT FUEI IR HE RERIE RARE - UEHIETRNISEEEN - SEESH TS RIR T i tam
MR R ARG - B2 -

BRI - EEREN:  EEERE iR~ IS -
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FRERANE LA £ ZEVE (mule duck, Anas platyrhynchos x Cairina moschata) 55 K5% » €T ANRE & 8 Bk - EHELIE
E 2,450 & » HADIAFIBERNUNS SR LIS AT ERIFESC £ ZE (Cheng ef al., 2009) - FEFE RBIERAE ERFHIIE
o g3 RAIFFH#ET —RATLRE - NMEATIRAFEEEIE » SHEFIEN G ERIEESE » EEERE - EE
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IRIER S EIE S MRS 4H4% (Food and Agriculture Organization of the United Nations, FAO) i » &5 & HERLL
PERER IR L - Rt B ORI N R E R (BRI 2 2 8 B DUy s BRa IR A H 458 (FAO, 2012) -
HrEg IRt MR REAEANEZEYERGE - SN2 ERTE - SEERES - ZEMEREaEY
B AR AR (Liu and Cordes, 2004; Tamaki, 2007; Gemayel et al., 2010) » 55 ZFERREIE ~ JEE#EZE - #
B~ R S NE & EEER 5T (Magpantay et al., 2019; Zhang et al., 2019; Pham et al., 2021; Veeramani et al., 2021;
Zhang et al., 2021) > Lai et al. (2020) JREREEHTHIE RIS 250 - WEHHIRBINSTEE T O - ST AHEEE
B BEBER - USSP SRR - MRS R SR RO BRI SR
B EHEFEZYE (Tu et al., 2018; Palinkas-Bodzsar et al., 2020) °

AT E 8 R e R i EAT SO L S 2 A A B BT I T AR H B R RV E IS S Rl % » fit12
S TN R SRR HE - DAL i Aok EaE -

M A

L SHEaE

AW5E 2 (LB HE G A B R o P IR 56 12 (0 (B L201 f &5 29 X » M & f6f CH ) » B
11 R EREH RGN | A1 3230 A 30 £« 53E Lai er al. (2020) Fi{ A 682 7> B 3 P i fi
RRTARIETINE f % > 2y STk 11 & {EES (BPA K BPB) #E{TAL R o AiaEZ e s e ffE ( %)
[ 2 B Bl % > ARelBg i AR BIR ST T R R A A 2 I R ES 15 /K (GWT > N = 30) - HFHRESE
—5%55 27 £ (L102 » N = 40) (5555 » 2016 ) ~ FEFEE TG 17 L (GBT » N = 30) (3R - 2018 ) ~ ZHGATS
BT SIS IER R B E L& HHREE 7 48 (L401 » N = 118) (TTHbt R Z B G &HEHBRAT » 2015) ~ &R E
FHIEE 16 A (BM » N =30) Kk HEFEEF 1 5758 23 /(WM » N=50) (585 » 2021 ) FFHEEFVARAIERL » &
TERERE RARRFR 1 -

® 1. AWeslERis EEE AR

Table 1. Number and source of experimental animals in this study

Population' No. of drake No. of duck Genotype source

CH 30 30 This study

BPA 6 5 Sampled from Lai et al. (2020), genotyped in this study
BPB 7 4 Sampled from Lai et al. (2020), genotyped in this study
GWT 15 15 Chang et al. (2016)

L102 20 20 Chang et al. (2016)

GBT 15 15 Chang et al. (2018)

L401 59 59 TLRI (2015)

BM 15 15 Chang et al. (2021)

WM 25 25 Chang et al. (2021)

' CH: Chihsin duck; BPA and BPB: Pekin duck introduced from the industrial farms; GWT: germplasm-conserved white
Tsaiya duck; L102: Ilan White Tsaiya TLRI NO.1; GBT: germplasm-conserved brown Tsaiya duck; L401: Wujie White
Duck; BM: Wujie Black Muscovy; WM: White Muscovy LRI 1.

RUHFEH S 2 s Sgi E R T T » B2 H - B R ERANSGKIEEE T ERSEREZE

A (BEREEIFE 106002 57 ) 7 s EERA T -
IL fof st

AWFZE E R e SHEFAR R B F I » fi¢ Gentra Puregene Blood Kit (QIAGEN, Netherlands) :BHZE 5
TRAIZ:75 Bush er al. (2005) FA%EFHAZEELAI & DUAETTAR4H DNA 2 ZEHY » g R4H DNA B A -20°C friFH
)EH o

ABHFEHI ) Z (o i AT (B2 B 45 TSNS (Hsiao er al., 2008) » HREEFY G K MG S R A B B %
HEMEE AR 2 0 B R APT001 ~ APT004 ~ APT008 ~ APT010 ~ APT012 ~ APT017 ~ APT020 ~ APT025 ~ APT026 ~
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APT032 Jz APTO33 S5 11 4 (i 1~2 37 R Z J40h8 ) - BB K40 DNA #1{T PCR » H [ fELH
BEFE Ry 10 uL > HhEE& 50 ng fEARELR4H DNA ~ IEZ5]F% 0.2 uM ~ 1 X PCR buffer ~ 1.5 mM MgCL, ~ 0.2 mM
dNTP F7 0.375 U Tag DNA polymerase (TAKARA Co., Japan) o 7 FE{& {4 By 94°C 851 10 4748 - PR T UG
B2 30 K 0 BLRE 94 CEME 20 B ~ 60°C & 30 Fb )z 72°CIEff 30 b - B &L 72°C iEfd 10 4388 - PCR &% »
DA TBE % &7 #4155 1% A EERAS 1T K MERLAEY) - PCR ZE V)£ F B AL [RIREEE i (GeneScan 500 Liz size
standard) JE & BIFF A R 0 R BN SR R IRIRE B BT 52 10y (National Center for Genome Medicine) 4% ABI 3730 &
51|73 M (Applied Biosystems, USA) 7347 ¥ PCR EY) 7 BER/N » BUSM R 468E 1% » FFLA Peak Scanner v1.0
software (Applied Biosystems, USA) A T H[E 5 i B 2 ZERAY -

®2. 11 SIS RS [TF81 ~ SREmfE AT EIS A e Re R

Table 2. Primer sequences, annealing temperature and orthologous microsatellites in the duck genome scaffold of the 11
Tsaiya duck-derived microsatellite markers

Locus' Primer sequences (5'—3") Ta (°C)’ Chr.’ Duck genome scaffold no.*

F: GTCCCACTGGTTTGCTGTCC
APTO001 60 V4 1,509
R: ACTACGCATGGCAGTGAGGTT

F: GGGCAGGAAAATCTCCTGAAT
APT004 60 3 192
R: TCTCAGTGGCTGAGCGGTC

F: CAAAGAAATCCTAGAACATCATTCAAAT
APTO008 60 1 358
R: TCTTCTGGCTTTTCACCTTAGTTTAGTA

F: CACTCAGGCTTTTAGGTCCATTAATA
APTO10 60 2 1,199
R: CATCTGAGAATGCACTTACTGTCAAA

F: TTGAGCCTCAGGTTCTAAACTCCTA
APTO012 60 2 5
R: TCATAACATTTCAGACCAGTTTTCAGA

F: TGGATGGACAGACGGGTGA
APTO17 60 1 481
R: TGGAAGTTTTGATTTCTAGTGCTTACA

F: TTCCAAGTTTGTCATGCCAATAGA
APTO020 60 1 197
R: CTGACCATGTTAGGGCGTTTTAG

F: TCCTAAGAAACGTTGCTTCATAGACC
APTO025 60 2 121
R: GAGTTAAGCTTCATCACTCTGTGACTG

F: CCCTGAAAGGCTGTTTTATATATCCA
APTO026 60 7 477
R: ATGTAAATAAAGTAGCCTTGCACGGT

F: TCACTTTCTTGACTCTCCTTGGTTT
APTO032 60 2 45
R: TGACTTGAATTCTGTTCAGGATAAATG

F: CTTCACCCTACCTCATAAGGAACTG
APTO033 60 Z 14
R: ATTCCAAATCTGCAAGGTGAGTATTA

' Hsiao et al. (2008), developed from Tsaiya duck.

? Annealing temperature.

* The location on the duck chromosome.

* The orthologous microsatellites in the duck genome scaffold.

T ZR5riG 7 (E S8 SR B HA IR B i (R4S 1 2 IR &R s T oA
%tbiﬁfé%ﬁlﬁ% ~ RIS R HA NS B 2 3B R » AGHSEFI A Cervus 3.0 #ifE (Kalinowski er al., 2007) £t
EHTAAEE RIS R BB ARNE H (Number of alleles N,) ~ BUHI (Observed heterozygosity, H,) BAHA S B/8&
& (Expected heterozygosity, Hg) (Nei, 1978) K 2% He 1 2 & & (Polymorphic information content, PIC) (Botstein ef
al 1980) » i 2L POPGENE 1.32 #f& (Yeh et al., 1997) sTEAERNACEEREH (Number of effective alleles, N,) ~ #E
{TUE -1 (Hardy-Weinberg equilibrium) £ %2 (Guo and Thompson, 1992) 5 {& %5 Wright’s F-statistics 2 i5=EE N 4T
5@{,%%( (Within-population inbreeding coefficient, Fg) °
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JEREE 73 M7 8 73 LL STRUCTURE 2.3 815 (Pritchard er al., 2000) #E 17 BF 8 o3 A6 2 e o0 - HETHE B4R
f5545¢ 5,000 ZX 1% 500,000 ZX °] GEHY 77 BF L K (K =2 % 10) » ([ K {f 5= 2 5 E 20 2X > i #] F STRUCTURE
HARVESTER v0.6.91 25, (Earl and vonHoldt, 2012) { Evanno ;% (Evanno et al., 2005) {55 f# K {8 ( 58EE) »
A L CLUMPAK 1.1 (Kopelman et al., 2015) 4i%% STRUCTURE (4558 » 2 LI ET - S{#HEF PHYLIP &
HHRHG (Felsenstein, 2002) ST RUZEFHE (FEEEE (Nei, 1972) - DUPATIHPE L (Neighbor-joining, NJ) 4 S B (A ff
(Saitou and Nei, 1987) » il AL E 17 (bootstrap method) #E7T 1,000 ZXEAHUAR - DUBRES 2= 37 MG B ELA G o el
(%) B2 8E%E{% > LU FSTAT 2.9.3 (Goudet, 2001) {{¢ Weir and Cockerham (1984) Fiili (i B et pairwise Fy,
ARG R AR RGBT 7 BAZSE -

e
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FIFH 11 4HfE B AEC I R IR 8 B RS AR 3 AR o AEHIS 0 HIBUHIE] 34 (@505 AN - Br Z 44
g LAY APTOO1 %825 SEME DAL » 4 4H i 2 AL B R E (0.25 = PIC < 0.5) ZREME > 6 HIEEC B S S 2 ek
(PIC = 0.5) » HRFR T APTO01 DAYhZ 10 4H (¥ ff S ARECIE o] AT A 47 - $1IBR APTO01 2250 > [t
JEEEFIN, B33 (8 (2 2 58 ) AR SN, 2.5 (1.9 £ 3.6 ) © Hy /1172 0.350 2 0.661 » S35 5y
0.509; Hy 7172 0.464 5 0.726 » S5 4 0.593 « 75 11 4HAEC o+ {75 APTO33 Rkl 6 7 - £ Pham er al. (2013)
DL FreeNA #¢f& (Chapuis and Estoup, 2007) gl 11 4B 8 EAE L AV AT AL A (null allele) - 587 APTO033 itk
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Table 3. Genetic variations of Chihsin duck with the 11 Tsaiya duck-derived microsatellite markers

Locus Fragment (bp) N,' N/ H,’ H.' PIC® F

APTO001 178 1 1.0 0.000 0.000 0.000 NA

APT004 294 — 314 3 2.0 0.377 0.512 0.404 0.264
APTO008 180 — 192 3 29 0.661 0.658 0.578 -0.005
APTO10 204 — 220 3 29 0.610 0.661 0.581 0.077
APTO12 193 — 209 5 2.9 0.526 0.660 0.594 0.203
APTO17 173 — 193 4 3.6 0.633 0.726 0.669 0.128
APT020 169 — 197 3 2.1 0.533 0.528 0.424 -0.009
APTO025 109 — 121 2 1.9 0.350 0.464 0.354 0.246
APTO026 130 — 138 3 1.9 0.400 0.475 0.381 0.158
APT032 195 — 267 4 24 0.650 0.595 0.519 -0.092
APT033" 234 — 266 3 2.8 0.350 0.652 0.571 0.463
Average 3.1 24 0.463 0.539 0.461 0.143
SD 1.0 0.7 0.196 0.199 0.184 0.162

' Number of alleles.

* Number of effective alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

® Wright’s fixation index, within population inbreeding estimate.

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
NA: not available.
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BRI RS (CH) ~ FlJF 5 3285 15 0 (GWT) ~ B A EE 5t (L102) ~

FHE SRS 17 fR(GBT) ~ AEEHIRE 74X (L401) ~ AEROEFRE 16 U (BM) » HEFISES 1 55 23

R WM) R (i ECRE AR 5HS (BPA Jz BPB) 2 3578 {58 5

Table 6. The average of genetic variations of Chihsin duck (CH), germplasm-conserved white Tsaiya duck (GWT), Ilan
White Tsaiya TLRI NO.1 (L102), germplasm-conserved brown Tsaiya duck (GBT), Wujie White Duck (L401),
Wujie Black Muscovy (BM), White Muscovy LRI 1 (WM), Pekin duck introduced from the industrial farms (BPA
and BPB) with the 11 Tsaiya duck-derived microsatellite markers

Population” N, N, N, H,' H. PIC® dHWE’ F

CH 60 3.1 2.4 0.463 0.539 0.461 1 0.143+0.162
BPA 11 3.8 2.8 0.504 0.604 0.548 0 0.205 +0.295
BPB 11 3.9 2.9 0.603 0.659 0.563 0 0.094 +0.213
GWT 30 3.6 2.4 0.497 0.557 0.479 1 0.114%0.215
L102 40 2.5 1.9 0.377 0.443 0.370 2 0.140 + 0.268
GBT 30 4.5 2.7 0.500 0.588 0.531 0 0.165 +0.302
L401 118 4.1 2.4 0.492 0.503 0.450 6 0.090 £ 0.330
BM 30 3.0 2.1 0.340 0.420 0.370 1 0.214 % 0.208
WM 50 2.4 1.6 0.294 0.315 0.263 0 0.06210.174

" CH, BPA, and BPB were genotyped in this study, while BPA and BPB were sampled in Lai et al. (2020); GWT and L102
were genotyped in Chang ef al. (2016, in Chinese); GBT was genotyped in Chang ef al. (2018, in Chinese); L401 was

genotyped in TLRI (2015, in Chinese); BM and WM were genotyped in Chang ef al. (2021, in Chinese).

" Sample size.

2 Number of alleles.

* Number of effective alleles.

* Observed heterozygosity.

* Expected heterozygosity.

® Polymorphic information content.

7 Number of markers departed from Hardy-Weinberg equilibrium.

* Wright’s fixation indice, within population inbreeding estimate and standard deviations.

MR B EEE AL PR BN 2 1 {HFE#E (Nei’s distance, Nei, 1972) Il 4& 5 kA4 B % f (B 1) » & BM &
WM FHHEE% 54 MEF (outgroup) » &5 SREURERRITEZFIEHAHL(E (bootstrap value) f5 99 » NS (WT J2 L102) Hii#t
B 5 92 » 7y RIEEIBIL 7y 4N » HE 7 S 2 B & R 70 » R AR S - [HEE E T E TS
B R AR WS i 9T F2RIE 1401 > B2 Wi {lE B 318 on & IR A B IS iR e A s 2 18
PRk - AEIS LM ( &) BRI - RS FIRE LS (TRREZ S g E e > 2021 ) > L401 A
EEAZHIEATS L201 i A BE IR R e SR EEBET MR (THREZ g EER
BRAT > 2015) 254 s HEFEIRATERE 50 A H 2 EZ SIS H &1 H BB PR e R s EEAsH B &1
A% VA RIE] 42 FEIG AR & 5 HEI L IR B IE SR L 5 2 5008 - AT RE R B /3 R4t (555 > 2016) -
DA BRI 5 M4l SR B S TEAH RIS ol ( £ ) SR SOHG R

2 %75 STRUCTURE &7 % 43 #r LA CLUMPAK 1.1 % #3558 ([ 7 45 5% > 4% Evanno ;£ {5 & (Evanno ef al.,
2005) B K(H Fy 2 - K =21 - (El&@ 0 HZ ISR fE 16 0 K = 3 05 » Al 93t 3208 (GBT ~ GWT K L102) » {H
H— PRV R ARAEE 5 K = 45 > 73 1650 (CH ~ BPA f BPB) » 8 Z8 BPA J¢ BPB Rl — &7 B 55
K =58 FHSERMEIEEIS S 2R EHE > GBT B3R F 7Bt 2 - AliE > REIEEREL GBT 52 [H
—BF5E - BPA K BPB {5 AREETLEREE © K = 6 1 - REJILHEIEE I —8FSE » 55 GWT e —H70 7 2 [E—8F
> 55H K = 6 DIFFRIEREE 20 KA —BEER 2 KE @ MmO OSSR TR aL A 7y 2B ITEHE -
{EL Lai et al. (2020) FY&ESE » FEELTATIRREEIIF AL 230G - L RELSENS » R E RS AR » WEHES (R
% 2021) R HESES (R 0 2016 ) T » Ban 0 R R EREEE -

MR 2 ERE B ITaS AR 7 R » R9E Wright (1965) il » & HEEF T EFREUVINGY 0.05 4P 455
B3 9112 0.05 2 0.25 FEREHFE ML AT 0.25 BRESE ML « AW 2 ZIEEFR I 2 T - Fra4H &R
BHEZ L o NEmAREN Fo (K5 0.0248 (/W ERHEILTNE BPA B2 BPB ) » 5 5y 0.2314 (GWT B2 L102) ;
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T B Y Fop {5 0.2026 2 0.2253 ( L401 BART ECRETIESINE ) » 2= B 0.3794 (CH B L102) © Lai et al. (2020)
wrgeh - BISFEM A SN S B#EE L BEEIE M AR Fog 771 5 0.092 2 0.167 » (1 E3EIGRT R Fo
5 0.240 » BUARASE 0.2314 AHEFEIT 5 Lai et al. (2020) At A7 E0 oy RE LIS BLHE (208 A TR Fo
4347 5 0.190 Z 0.247 » B[ (3208 2 Fop 5347 B 0.257 8 0.286 © [ 445 AL 5HEEL GBT 7 Fy £ 0.2243
J20.2455 » LB ERGAIE 0.2391 2 0.3302 > JREE Lai et al. (2020) FYWFFEAFHATEES o MASE X ZEETHIZE
PG EL ORGSR IS HY For fy 0.3187 » AR 1 (32 NG S 2R Fgr RIS By 0.3146 K2 0.3794 » AHE R IE NS
BUEEENS - AR Fo mH—L2 » EEFEBIISRIADUNERETEIAR - S/MEEERERE - Ik
TE SRR B NETERY For 8820 BRI/ BRI E B A BT R 20 RIP AN 73 52 » BA S STRUCTURE 455885 4=
IS EIE RS o B [E— B ERAVIE N o &L BRI R MR AR - BB AR Fo © 0.092 2 0.240 >

& 1.

Fig. 1.

Muscovy duck gg |BM
WM
100 —GBT
65 9y ———— GWT
L102
L401
57
BPA
L BPB
CH
o

S (CH) ~ FJFE A @IS 15 fUGWT) ~ ERaIsEE 9t (L102) ~ FFE IS5 17 f (GBT) ~ 7i
&EENGES 7 42(L401) ~ HESEROEIRE 16 L (BM) ~ G EFIGEH 1 5756 23 L (WM) Rt R (E RS L
715 (BPA K BPB) ZJH4KRH(RRE - 5350 EBUIE RyiZ 70 <2 B ZHILE (Bootstrap value) °

The phylogenetic tree of Chihsin duck (CH), germplasm-conserved white Tsaiya duck (GWT), Ilan White Tsaiya
TLRI NO.1 (L102), germplasm-conserved brown Tsaiya duck (GBT), Wujie White Duck (L401), Wujie Black
Muscovy (BM), White Muscovy LRI 1 (WM), Pekin duck introduced from the industrial farms (BPA and BPB). The
numbers on the branches are bootstrap values.

FIFE 11 A 2 AR AT Z0S (CH) ~ IR B 3R 15 A (GWT) ~ B AISEE 5t (L102) - TR
BENSEE 17 {C(GBT) ~ &S ENSES 7 X (L401) R {E R AZLILENS (BPA K BPB) 23 B8 (¥
ah k) SRR S REE b (P <0.05)

Table 7. Fq; value based on 11 Brown Tsaiya microsatellite markers for Chihsin duck (CH), germplasm-conserved white

Tsaiya duck (GWT), Ilan White Tsaiya TLRI NO.1 (L102), germplasm-conserved brown Tsaiya duck (GBT),
Wujie White Duck (L401), Pekin duck introduced from the industrial farms (BPA and BPB), all the F; values are
significant differentiation (P < 0.05)

Population GWT L102 GBT L401 BPA BPB

CH 0.3146 0.3794 0.3187 0.2484 0.1582 0.1873
GWT 0.2314 0.2596 0.3278 0.2500 0.2391
L102 0.3082 0.3067 0.3262 0.3302
GBT 0.2870 0.2243 0.2455
L401 0.2026 0.2253
BPA 0.0248




i BEE BUER S15M 18

s fE AT E 0.190 % 0.330 - [ AT FE th 2 IS ER M R LIS St 2y For 73 51Rs 0.1582 K2 0.1873 > BERFAT E4l
rlE AR For » (B4R &R A8 . STRUCTURE 73 #7455 » ZRHT IR BT R A 1L il AV B (B2 S
FEAT Ryt 22 -

K =1(20)

K=2(20)

K =3 (10)

K =4(20)

K =5(20)

K=6(13)

K=7(16)

K=28(13)

K=19(14)

K =10 (12)

e <) AR LA \A0 e WM oohep?

2. S (CH) ~ FEF E @R 15 A (GWT) ~ BRI AIREE—5% (L102) ~ EFEE 85 17 4 (GBT) ~ 1L
SHESE 70 (@L401) ~ AEEREFINE 16 X (BM) ~ O EH&ENEL 1 985 23 K (WM) SR fiE R R AL
1 (BPA & BPB) bl STRUCTURE HCBBHE(TSYBE/MT 4500 + i ST o RIBELIET 7T B3 B (K) 3%
Ry 2 210 > R IRV RRAE 95% B {E T 100 X HE4E R 2 RE S A EBE e ARZ A F R
& HesligE R R —EES -

Fig. 2. STRUCTURE clustering of Chihsin duck (CH), germplasm-conserved white Tsaiya duck (GWT), Ilan White Tsaiya
TLRI NO.1 (L102), germplasm-conserved brown Tsaiya duck (GBT), Wujie White Duck (L401), Wujie Black
Muscovy (BM), White Muscovy LRI 1 (WM), Pekin duck introduced from the industrial farms (BPA and BPB). K:

possible number of subpopulation; Q: proportional membership of ducks to genetic clusters. Colors correspond to
different genetic clusters. Each vertical bar represents a single individual.

REERTIEE R - AT RIS B EE RGN RER LA R R B R > P AGE
BEHIER - EEIETE RN - AT S i S SR E RE AR LS R SRR AR &R (5 -
HRZETIS IR R L RIS A RS (TRIRREZ ARG ES SR > 2021 ) > FREFEMAN S HISAE - J/Ra]#
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Abstract

Pekin duck was first introduced into the Livestock Research Institute in Taiwan in the 1950s and 1960s and continuously
selected for feather color, weight, and duration of fertility. The novel line was named Chihsin Duck (CH) in 2021. However,
because CH are a closed population with a small population size, their allele frequencies and genetic diversity were easily
affected by selection and breeding strategies, and should be monitored regularly. Therefore, the purposes of this study were
to establish the genetic variation information of CH and to investigate the phylogeny with other duck species. In this study, a
total of 11 microsatellite markers selected from the brown Tsaiya duck were used for analysis. The results showed the genetic
variations in CH were slightly lower than that of the industrial Pekin duck lines (BPs). The average number of alleles in CH
was slightly lower than that of germplasm-persevered Tsaiya ducks and the synthetic line between Pekin duck and brown
Tsaiya duck, but higher than the selected white Tsaiya duck. The number of effective alleles was roughly in the same level
as that of the aforementioned lines. It may be due to the small population of CH and the long-term selection, resulting in
the aforementioned results. However, the values of within-population inbreeding coefficient in different markers were very
different, so there should be no serious inbreeding depression in CH at present. The results of the phylogenetic tree showed
that CH hed the shortest genetic distance with BPs, but it did not form any robust branch between CH with any other breeds
(lines), including the BPs. In this study, the pairwise Fs; of CH and BPs were 0.1582 and 0.1873, respectively, which were
close to the pairwise F; at the lowest breed level. However, the genetic differentiation relationship between CH and BPs
should still be close to the line level based on the results of the phylogenetic tree and STRUCTURE. In the future, the genetic
variation results analyzed in this study would be used as a reference to regular genetic monitoring. In addition, the results of

genetic structure analysis could also be applied to mating and breeding programs when this line was promoted to industry.

Key words: Genetic polymorphism, Genetic structure, Microsatellite markers, Pekin duck.
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Abstract

Napier grass (Pennisetum purpureum) cultivated in the tropical and subtropical regions are renowned for its vigorous
growth, high nutritive contents and palatability. The aim of the study was to determine the effects of cutting growth stages
and stay heights on silage quality of Napier grass cv. TS3 (NP cv.TS3), that was a dwarf plant type of Napier grass and
named in 2009. The 3 x 2 factorial design by completely randomized design (CRD) with 3 replications of each treatment was
conducted at the Livestock Research Institute, Council of Agriculture, Executive Yuan, Taiwan, R.O.C. Treatments applied
were cutting growth stages at the 30, 60 or 90 days and stay heights with 10 and 20 cm. The results showed that crude protein
(CP) contents of silage decreased as the cutting growth stages were extended from 30 to 90 days. The contents of neutral
detergent fiber (NDF), hemicellulose (HC) and water soluble carbohydrate (WSC) decreased, too. However, the contents of
minerals and acid detergent fiber (ADF) increased during ensiling. No significant difference (P > 0.05) was found on the pH
values of silages among cutting growth stages. The lactic acid content of silage cut at 60 days interval was higher than that of
cut at 30 days (P < 0.05). There was no significant difference among cutting growth days on the Flieg’s scores. The cutting at
60 days and the stay height with 10 cm might be the most optimum for producing high forage yield with high quality for NP
cv. TS3.

Key words: Cutting stage, Pennisetum purpureum, Silage quality, Stay height.

Introduction

Elephant grass bears the name Napier grass (Pennisetum purpureum) to pay tribute to Colonel Napier of Rhodesia
currently known in Zimbabwe who carried out remarkable work to notify the Rhodesian agricultural department on the
nutritive value of the grass (Singh et al., 2013).

Napier grass grows around the tropical and subtropical regions in the world. It is often used as forage by cut and
carry system and grazing (Wijitphan et al., 2009). The plant species and the harvested growth stage were two principal
management factors that could have significant impact on the herbage chemical contents, which could affect the silage
fermentation characteristics, dry matter recovery and aerobic stability (McEniry ef al., 2013). High quality silage was
dependent on the quality of the source material used for ensiling which guarantee optimal nutrient concentration (Khalili ez
al., 2005; Fan et al., 2018; Fan et al., 2019). Silage quality would be affected by harvest stage, while prolonging the primary
growth harvest would cause negative consequences on dry matter intake (Kuoppala et al., 2008). Herbage harvested at an
carly stage tended to be more difficult to ensile for the greater demand of lower pH values by fermentation acids. Extended
harvest date inevitably causes a marked increase on dry matter content of the silage. However, it could cause a decrease in
the crude protein and NH;-N contents (Woodard ef al., 1991; Perculija et al., 2011; Bijeliae et al., 2015). Cheng and Chen (1997)
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stated that harvest dates of 60 to 70 days produced adequate dry matter to make better quality silage without any additives.
Santos et al. (2013) also recommended harvesting the elephant grass at a cutting interval of 50 to 60 days to guarantee

adequate moisture content.

Grass with inadequate content of water soluble carbohydrate (WSC) required for fermentation would affect the contents
of acetate and butyrate production when on ensiling (Yokota ef al., 1992). It was required that WSC content of the source
material before ensiling should be at least 30 to 50 g/kg DM for successful ensiling (Weinberg, 2008). High WSC content
helped enhance ensiling characteristics (Amer et al., 2012). The optimal harvest period for Pennisetum spp. as recommended
by several authors might be 6 to 7 weeks for more higher DM and WSC contents (Manyawu et al., 2003). WSC was noted to
be higher when the grass was harvested at 6 weeks growth stage (Hoglind et al., 2005). Another principal determinant factor
for ensiling quality was low pH value in silage (Yang ef al., 2004; Shen et al., 2012; Xie et al., 2012). The level of pH value

in silage below 4.2 was considered to be ideal for effective silage preservation (Sebolai ef al., 2012; Santos et al., 2013).

The objective of the trial was to determine the effects of cutting growth stages and stay heights left after cutting on
silage quality of new Napier grass cultivar cv. TS3, which was selected for high ratio of leaf and stem (Fig. 1). The pH value

and Flieg’s score (Sebolai et al., 2012) were used to evaluate silage quality.
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Fig. 1. The Pennisetum purpureum NP cv. TS3 grown at Livestock Research Institute in Tainan city, Taiwan.

Materials and Methods

Field experiment was carried out at the forage crop experimental farm of Livestock Research Institute, Council of
Agriculture, Executive Yuan, Tainan, Taiwan, R.O.C. from 2016 to 2018. The experimental field was carried out weed
control at first, followed by adding a layer of fresh loamy soil along with organic fertilizer which was uniformly spread over

the surface of the soil.
I. Experimental design

The experiment was a 3 x 2 factorial design arranged by complete randomized design (CRD) with 3 replications,
given a total of 18 plots. Each plot was an area of 100 x 120 cm’. The NP cv. TS3, characterized for having prolific
tillering capability and quick regrowth, with a potential height reaching to 100 cm, was used for the experiment. The
treatments were cutting growth stages at 30, 60 and 90 days and staying at heights with 10 and 20 cm for four cuts in one
year (Fig. 2).

II. Preparation of ensiling material

The grass harvested were chopped to a length of approximately 2 cm, 2 kg chopped materials were loaded into
polyethylene bags for vacuum sealing, subsequently. The vacuum sealed bags were then laid upright at room temperature

for fermentation for 60 days.
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Fig. 2. The NP cv. TS3 harvested stay heights with (A) 10 cm and (B) 20 cm.

MI. Silage chemical analysis

After ensiling for 60 days, the bags were opened and weighed. The nutritive compositions of the dry matter of the
silage were analyzed, such as crude protein (CP) analytic method by AOAC (1984) and neutral detergent fiber (NDF),
acid detergent fiber (ADF), WSC and ash contents by the analytic methods developed by Goering and Van Soest (1970).

IV. pH, lactic acid and Flieg’s score

The pH of silage-water was measured by pH meter. The Flieg’s scores were evaluated by the contents of volatile
fatty acids, including lactic acid, acetic acid, propionic acid and butyric acids, and were determined by the high
performance liquid chromatography (HPLC) method by Jones and Kay (1976). Flieg’s scores were calculated according
to the method designed by McCullough (1979).

Statistical analysis

Statistical analysis was conducted using the statistical product and service solution (SPSS 23). The results were
expressed as mean * SE. The data were tested by t-test. The analysis of variance (ANOVA) was through the medium
of the Duncan Multiple Comparison Test. Results with P < 0.05 were considered statistically significant. All tests were

carried out for the most part at least in triplicate.

Results and Discussion

1. Evaluation of crude protein contents after ensiled 60 days

Borreani ef al. (2008) indicated that the microbiological and nutritional quality in silage were due to factors relating
to harvest stage, ensiling technology and the management practices. Results from a comprehensive evaluation of the
effect of the cutting growth stages at 30, 60 and 90 days on the CP contents of the silage quality of the NP cv. TS3, it
showed a decreasing trend as the harvest dates increased (Table 1). The change in the CP content during ensiling was
more pronounced at the cutting interval of 90 days. The CP content of the after ensiling material at cutting intervals of
90 days was near the content stated by Maria et al. (2010) for the proper functioning of the rumen, where the minimal
content of crude protein required for the good operation of the rumen was 7%. The negative effects of having less than
the required amount could affect the ruminal fermentation and consequently the nutrient intake and digestibility. The
contents of CP were less changed after ensiling when cut at the 60 days cutting interval growth stage in comparison to
those of the 30 and 90 days. The loss was less when cut at stay height 20 cm for the 60 and 90 days cutting growth stages,
while that for the 30 days was greater. Fijatkowska et al. (2015) explained that the content of crude protein was not so
much affected during ensiling in contrast to carbohydrate; in which it was transformed into more highly degradable
soluble non-protein compounds. Thus, it could result in lowering the efficiency of the microbial protein synthesis at the
level of the rumen. The dry matter content and the pH value of the ensiled materials were noted to be the most important

factors to affect proteolysis. Spitaleri et al. (1995) observed that the content of crude protein and neutral detergent fiber
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were affected to a greater degree by plant maturity than by moisture content on ensiling. This coincided partially with the
results from the NP cv. TS3 in the sense that, the more immature grass with higher moisture level had a higher percentage

of CP loss compared to the more prolonged growth stages at 60 and 90 days cutting intervals.

II. Evaluation of the contents of fiber and WSC after ensiled 60 days

1L

In relation to the fiber contests were a decreasing trend in both NDF and HC contents while for those of ADF were
an increasing trend. As mentioned before, it was noted that both NDF and HC had losses during the ensiling process,
however, ADF content increased. Previous research found that the ash content often increased after the ensiling process.
Rime et al. (1997) attributed this as a result of proportionally larger losses of the other chemical components than that
of the ADF. The Table 1 showed that the HC content from 30 to 90 days cutting intervals with stay high of 10 and 20 cm
after ensiling loss. However, that of silage NDF content at 90 days with stem height 20 cm increased and both 10 and 20
cm had greater loss on 30 and 60 days silages. For the ADF content, there were significant differences between 10 and 20
cm for the 30 to 90 days cutting interval of silage. Also, Khalili et al. (2005) observed that there was lower NDF content
in first-cut growth silage in comparison to the regrowth silage. In support, Perculija ef al. (2011) stated that early harvest
gives rise to higher DM and NDF digestibility of the silage. When the forage grew older, their silage had an increase
in cell wall carbohydrate, higher ADF content and lower CP content. Alstrup et al. (2016) stated that the more lignified
stem is associated with greater level of NDF concentration in the silage. These mentioned all coincided with the results

obtained during the ensilage process of the NP cv. TS3.

The WSC content of NP cv. TS3 at cutting growth stages 30, 60 and 90 days and the stay heights are 10 and 20 cm.
Table 1 showed that except for the treatment of 30 days cutting interval with 10 cm stay height, the WSC contents of
silage were lower than those of forage, which meant WSC was consumed at the ensiling process. Interestingly, the 60
days cutting interval with both 10 and 20 cm stay height had the greatest amount of loss in WSC contents, followed by
the treatments of 90 days cutting interval. The least WSC content loss was experienced by the cutting interval of 30 days
during the ensilage process. It was assumed that due to higher moisture content at the cutting interval of 30 days, the
silage material would have acidified at a much shorter duration than the forage of lower moisture content. Forage suitable
for ensiling might carry an adequate amount of fermentable substrates in the form of water soluble carbohydrate (Yokota
et al., 1992; Kung, 2010; Shen et al., 2012). In support of the mentioned that Yitbarek and Tamir (2014) stated, ensiling
was considered a very complex process which was based on many factors including natural microbial phase, harvesting

conditions and the sugar content of the forage.
Evaluation of the content of mineral after ensiled 60 days

In relation to the alteration of the ash content during the ensilage process, it was noted that there was gain for all
of the variables with the exception of phosphorus at the cutting interval of 90 days cut at 20 cm (Table 1). The gain for
the ash variables were seen more so on the 10 cm cutting height for the 60 and 90 days cutting interval, whereas for the
cutting interval at 30 days it was not as defined. The general trend observed for the cutting interval, was higher gain in
potassium during the ensilage process, while calcium was the least that gained. Kuoppala et al. (2008) noted that the
increase in the ash content is due to an increase in the DM during the ensiling process. According to Weinberg (2008)
two of the main components of forage that have effect on the buffering capacity of the forage material were the ash and

protein contents, which when high, can result in high buffering capacity.

I'V. Evaluation of the pH value after ensiled 60 days

The pH value plays a very pivotal role during the ensilage process, a rapid descent not only helps to inactivate the
undesirable microorganism but also facilitates in the protection from degradation of valuable nutrients. The average
pH value can fluctuate between 3.8 and 4; this depends on the cutting interval of the forage and the content of water
soluble carbohydrates that affect the buffering capacity (Woodard ez al., 1991; Santos et al., 2013). A fluctuation
trend was observed in the pH values of the NP cv. TS3 at the various cutting growth stages, which did not reach to be
significantly different. Close assessment of the pH values revealed that the lowest value was at a cutting interval of 60
days followed by the 90 days (Fig. 3). The result showed in having the one with the highest pH value (Table 2). There
was no significant difference between the cutting growth stages and heights in spite of the aforementioned. Woodard and

Prine (1991) obtained pH values that fell between the range of 3.8 and 4.4 from the Napier grass silage. It was found
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that the correlation was connected to the harvest time and the genotype of the forage. The mentioned was consistent

with the pH results of the NP cv. TS3, with the exception of the cutting interval at the 30 days cut with 10 cm. Bijeli¢

et al. (2015) found that low dry matter content accompanied by high pH value and high butyric acid, in addition to low

lactic and acetic acid contents resulted in poor fermentation silage. In addition, Yitbarek and Tamir (2014) stated that

clostridia was very sensitive to water availability, therefore, in order to develop and proliferate it requires wet conditions.

The mentioned proven contrast to the results obtained at the 30 days cutting interval of the NP cv. TS3 which although

had the lower dry matter content among the cutting growth stages tested negative for the presence of butyric acid. One

of the problems that high DM can pose according to the above mentioned authors at the hour of ensiling is inadequate

compaction of the forage material which can lead to an extended aerobic period, also, oxidative losses and the formation

of mold. Also, Liu et al. (2016) mentioned that forage of moderate moisture content has better fermentation quality than

that of high and low moisture content.
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Fig. 3. Evaluation of the contents of volatile fatty acids and pH values of the NP cv. TS3 harvested growth stages 30, 60 and

90 days and stay heights with 10 and 20 cm.

Table 2. The silage quality of NP cv. TS3 harvested at different growth stages and stay heights

GS* SH pH Acetate Butyrate Lactate Flieg’s score

day cm %

30 10 4501028 1.75a"£0.17 0.00 £0.00 0.28b%0.15 51.50¢c£0.50
20 4.40%0.27 1.25ab+0.36 0.00 £0.00 0.47ab*0.13  53.92¢*1.99

60 10 4.0210.14 1.13ab £ 0.47 0.00 £0.00 1.042£0.20 67.00a13.02
20 4.15%0.13 0.94ab £ 0.10 0.00 £0.00 0.82ab*0.13  61.25ab*2.74

90 10 426%0.09 0.88b10.03 0.00 £0.00 0.63abx0.12  58.83b*1.30
20 4291028 0.80b*0.05 031031 0.61ab*0.30 57.25b £1.55

# As shown in Table 1.
" Mean = standard error.

“*¢ Means in the same column with different superscripts are significantly different (P < 0.05).

V. Evaluation of the contents of volatile fatty acids and Flieg’s score after ensiled 60 days

In relation to the VFA (volatile fatty acids) of the NP cv. TS3, with respect to acetic acid, there was no significant

difference between the cutting growth stages with the exception of the cutting interval at 30 days cut with 10 cm and that

of the 90 days harvest cut with 10 and 20 cm (Fig. 3). The trend observed was one that decreased as the cutting interval

of the NP cv. TS3 was delayed. The cutting interval that had the higher acetic acid value was at 30 days followed by the



29

ARIEH e e R E e mE = I E 2 o

60 days. The cutting height that had the lower acetic acid value fell 10 cm with the exception of the cutting interval at 30
days.

Results obtained on the NP cv. TS3 coincided with the findings of Woodard et al. (1991) who stated that immature
grass has the tendency to carry a negative correlation with silage quality; this was as a result of high buffering capacity,
low conservation and increase in the concentrations of acetate. The immature Pennisetum species had higher pH value
than that of the mature during ensilaging; in addition, lactic acid and acetic acid were both the principal fermentation
components. Also, Yokota et al. (1992) mentioned that lactic acid was the principal preservative acid in the silage, which
was followed by acetic acid. Muck (1988) mentioned that having a concentration of < 1% butyric acid was deemed
favorable. However, it was elucidated that high moisture content of > 79% and pH of > 4.5 created ideal conditions for
fermentation. According to the results obtained on the NP ¢v.TS3, in spite that the silage material from the cutting interval
of 30 days had pH value that well exceeded the 4.5 benchmark for clostridium growth and proliferation, the results
showed that the 0% butyric acid was an indication of the non-presence of clostridium. The fact that the fermentation
of the silage material of the NP cv. TS3 was carried out in polyethylene vacuum sealed mini bags, this could have
facilitated a more extensive fermentation. Cherney et al. (2004) mentioned that when the effluent cannot escape from the
vacuum-packed mini-silos, it can account for higher acids; the effluent production could then lead to a more extensive
fermentation. Dry matter recovery was a measure of the effectiveness of the ensiling process (Spitaleri et al., 1995).
Bolsen et al. (1996) justified the absence of clostridium in forage that carries less than 65% moisture; due to having
adequate amount of sugars that helped in reducing the pH to a level that was below 4.6 - 4.8, at which point clostridia
growth was inhibited. The cutting interval at 30 days of the NP cv. TS3 having higher moisture content in comparison
to the older cutting growth stages at 60 and 90 days, at the cutting interval with 20 cm, recorded relatively high WSC of
4.14%, which contributed to the lower pH value of 4.40 in comparison to the much higher pH value of 4.55 at the cutting
interval with 10 cm (Tables 1 and 2).

Lactic acid, the most beneficial in the ensilage process similar to the acetic acid, did not show a well-defined
trend throughout the ensilage process, at the different cutting growth stages of the NP cv. TS3. It followed more of a
fluctuation path, where the lower value was seen at the cutting interval of 30 days and that of the higher value with the
cutting interval of 60 days (Fig. 3). There was no significant difference between cutting growth stages, with the exception
between the 30 days interval with the cutting height of 10 cm and that of the 60 days with the cutting height of 10 cm.
Good quality silage is achieved when lactic acid is the predominant acid produced, as it is deemed the most efficient
fermentation acid and will lower the pH value of the silage the fastest. The more rapid the fermentation process can
complete, more nutrients will be retained in the silage (Schroeder, 2004). Also, Oladosu et al. (2016) mentioned that
rapid descent of the pH value impedes the growth of Clostridia and enterobacteria. The cutting height that carried a
slightly higher lactic acid value was that of 10 cm with the exception of the cutting interval of 30 days. Lactic acid is the
primary acid produced as a result of lactic acid bacteria degrading water soluble carbohydrate in an anaerobic condition.
Continued production of lactic acid which lowers the pH value will eventually stop the growth of all bacteria (Kung,
2010; Muck, 2010; Bijeli¢ et al., 2015). In addition, Ferriera et al. (2013) stated that this will result in minimal losses in
dry matter and protein and give rise to higher nutritive digestibility values. According to Amer et al. (2012) lactic acid
concentration was higher in forage of high WSC. This is consistent with results obtained on the NP cv. TS3, except that it
was at the cutting interval of 60 days that the lactic content was much higher than that at 90 days. Muck (2010) elucidated
that the two key processes required to preserve the forage in the silo was the creation of an anaerobic environment and
the fermentation of sugars by lactic acid bacteria to lactic acid and other products. On the contrary, grass with inadequate
amount of WSC required for fermentation leads to the production of acetate and butyrate (Yokota and Ohshima, 1991;
Yokota et al., 1992).

Flieg’s score pivotal in the ensilage process of forage through the rating of its value it can then give an indication on
the quality of the forage. The analysis on the Flieg’s score of the silage material of NP cv. TS3 showed a similar trend to
acetic and lactic acids, it followed more of a fluctuation path with the highest recorded value falling at the cutting interval
of 60 days and the lowest at the 90 days interval cut with 20 cm (Fig. 4). That being said, its values between the stay
heights with 10 and 20 cm did not show any significant difference.
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Fig. 4. Evaluation of the pH values and Flieg’s scores of the NP cv.TS3 harvested growth stages 30, 60 and 90 days and stay
heights with 10 and 20 cm.

Conclusion

There was significant difference on the Flieg’s scores among different cutting growth stages and stay heights. The grass
cut at 60 days with stay height 10 cm had the highest Flieg’s score 67.00 £ 3.02, followed by 90 days with stay heights 10
or 20 cm, then that cut at 30 days with 10 cm stay heights was the lowest Flieg’s score 51.50 £ 0.50 (Table 2). The results
above might suggest that the cutting growth stages at 60 days with stay height 10 cm was considered the most optimum for
producing high forage yield and high silage quality of the NP cv. TS3.

References

Alstrup, L., K. Seegaar, and M. R. Weisbjerg. 2016. Effects of maturity and harvest season of grass-clover silage of forage-
to-concentrate ratio on milk production of dairy cows. J. Dairy Sci. 99: 328-334.

Amer, S., F. Hassanat, R. Berthiaume, P. Seguin, and A. F. Mustafa. 2012. Effects of water soluble carbohydrate content on
ensiling characteristics, chemical composition and in vitro gas production of forage millet and forage sorghum silages.
Anim. Feed Sci. Technol. 177: 23-29.

A. O. A. C. 1984. Official Methods of analysis of the association of official analytical chemist. 14 ed. Washington DC. pp.
125-142

Bijeli¢, Z., Z. Tomié, D. Ruzi¢-Musli¢, V. Krnjaja, V. Mandié, M. Petric¢evié¢, and V. Caro-Petrovi¢. 2015. Silage fermentation
characteristics of grass legume mixtures harvested at two different maturity stages. Biotechnol. Anim. Husbandry 31:
303-311.

Bolsen, K. K., G. Ashbell, and Z. G. Weinberg. 1996. Silage fermentation and silage additives review. Asian J. Appl. Sci. 9:
483-493.

Borreani, G., T. F. Bernardes, and E. Tabacco. 2008. Aerobic deterioration influences the fermentative, microbiological and
nutritional quality of maize and sorghum silages on farm in high quality milk and cheese production chains. R. Bras.
Zootec. 37: 68-77.

Cherney, D. J. R., J. H. Cherney, and W. J. Cox. 2004. Fermentation characteristics of corn forage ensiled in mini silos. J.
Dairy Sci. 87: 4238-4246.

Cheng, Y. K. and C. S. Chen. 1997. Breeding to improve yield and quality in Napier grass. Taiwan Livestock Research
Institute, Heng-Chun Branch, Kenting, Pintung, Taiwan, ROC, 1: 11-12.

Fan, G. J., T. R. Li, T. F. Shiao, and C. F. Lee. 2018. The feeding value of NP cv.TS3 and NP c¢v.TS7 for lactating goats. J.
Taiwan Livestock Res. 51: 8-15.



31 ARIEH e e R E e mE = I E 2 o

Fan, G. J., B. L. Shin, T. R. Li, T. F. Shiao, T. T. Lee, and C. F. Lee. 2019. Evaluation of the feeding values of Napier grass
cv. TS8 for lactating dairy goats. J. Taiwan Livestock Res. 52: 256-263.

Ferreira, D. J., A. M. Zanine, E. M. Santos, R. P. Lana, W. L. Silva, A. L. Souza, and O. G. Pereira. 2013. Fermentation and
nutritive value of elephantgrass silage inoculated with Streptococcus bovis. Arch. Anim. Sci. 60:110-124.

Fijatkowska, M., B. Pysera, K. Lipinski, and D. Strusinska. 2015. Changes of nitrogen compounds during ensiling of high
protein herbages: A Review. Ann. Anim. Sci. 15: §9-305.

Goering, H. K. and P. J. Van Soest. 1970. Forage fiber analyses. (apparatus, reagents, procedures, and some applications).
Agriculture Handbook No: 379. United States Department of Agriculture, pp. 1-20.

Hoglind, M., H. M. Hanslin, and M. V. Oijen. 2005. Timothy regrowth, tillering and leaf area dynamics following spring
harvest at two growth stages. Field Crops Res. 93: 51-63.

Jones, D. W. and J. J. Kay. 1976. Determination of volatile fatty acid C1-C6 and lactic acid in silage juice. J. Sci. Food Agric.
27:1005-1014

Khalili, H., J. Sairanen, J. Nousiainen, and P. Huhtanen. 2005. Effects of silage made from primary or regrowth grass and
protein supplementation on dairy cow performance. Livest. Prod. Sci. 96: 269-278.

Kung, L. Jr. 2010. Understanding the biology of silage preservation to maximize quality and protect the environment. Proc.
California Alfalfa and Forage Symposium, Visalia, California, pp. 41-54.

Kuoppala, K., M. Rinne, J. Nousiainen, and P. Huhtanen. 2008. The Effect of cutting time of grass silage in primary growth
and regrowth and the interactions between silage quality and concentrate level on milk production of dairy cows. Livest.
Sci. 116: 171-182.

Liu, S., X. Ge, Z. Liu, and Y. Li. 2016. Effect of harvest date on Arundo donax L. (giant reed) composition, ensilage
performance and enzymatic digestibility. Bioresource Technol. 205: 97-103.

Manyawu, G. J., C. Chakoma, S. Sibanda, C. Mutisi, and I. C. Chakoma. 2003. The effect of harvesting interval on herbage
yield and nutritive value of Napier grass and hybrid Pennisetums. Asian-Austral. J. Anim. Sci. 16: 996-1002.

Maria, M., T. Régo, J. Neuman, M. Neiva, A. C. do Régo, M. J. D. Candido, M. S. de Sousa-Carneiro, and R. N. B. Lébo.
2010. Chemical and bromatological characteristics of elephant grass silages containing a mango by-product. R. Bras.
Zootec. 39: 81-87.

McCullough, M. E. 1979. Silage: some general consideration. In: Mc Cullough, M. E. Fermentation of silage. National Feed
Ingredient Association, lowa, USA.

McEniry, J., C. King, and P. O’ Kiely. 2013. Silage fermentation characteristics of three common grassland species in
response to advancing stage of maturity and additive application. Grass and Forage Sci. 69: 393-404.

Muck, R. E. 1988. Factors influencing silage quality and their implications for management. J. Dairy Sci. 71: 2992-3002.

Muck, R. E. 2010. Silage microbiology and its control through additives. R. Bras. Zootec. 39: 183-191.

Oladosu, Y., M. Y. Rafii, N. Abdullah, U. Magaji, G. Hussin, A. Ramli, and G. Miah. 2016. Fermentation quality and
additives: a case of rice straw silage. BioMed. Res. International pp. 1-14.

Perculija, G., M. Vranic, H. Kutnjak, and J. Leto. 2011. In sacco dry matter and NDF degradability of grass silage harvested
at three stages of Maturity. Anim. Sci. Biotechnol. 68: 58-62.

Rime, M., S. Jaakkola, and P. Huhtanen. 1997. Grass maturity effects on cattle fed silage based diets. 1. organic matter
digestion, rumen fermentation and nitrogen utilization. Anim. Feed Sci. Technol. 67: 1-17.

Santos, R. J. C., M. A. Lira, A. Guim, M. V. F. Santos, J. Carlos, B. D. Junior, and A. C. L. Mello. 2013. Elephant grass
clones for silage production. Sci. Agric. 70: 6-11.

Schroeder, J. W. 2004. Silage fermentation and preservation. Angus J. 56: 1-9.

Sebolai, T. M., A. A. Aganga, M. Nsinamwa, and J. C. Moreki. 2012. Effects of different silage preservatives on silage
quality of Pennisetum purpureum harvested at different harvesting periods. Online J. Anim. Feed Res. 2: 139-144.

Shen, C., X. Shang, X. Chen, Z. Dong, and J. Zhang. 2012. Growth, chemical components and ensiling characteristics of
kinggrass at different cuttings. African J. Biotechnol. 11: 12749-12755.

Singh, B. P., H. P. Singh, and E. Obeng. 2013. Elephant grass. 2013. In Biofuel Crops: Production, Physiology and Genetics
(ed. B. P. Singh), Centre for Agriculture and Bioscience International, pp. 271-291.

Spitaleri, R. E., L. E. Sollenberger, C. R. Staples, and S. C. Schank. 1995. Harvest management effects on ensiling
characteristics and silage nutritive value of seeded Pennisetum hexaploid hybrids. Post-harvest Biol. Technol. 5: 353-



MR TRE B 258 32

362.

Weinberg, Z. G. 2008. Preservation of forage crops by solid state lactic acid fermentation ensiling. Springer; New York. pp.
443-467.

Wijitphan, S., P. Lorwilai, and C. Arkaseang. 2009. Effects of stay heights on productivity and quality of king Napier grass
(Pennisetum purpureum cv. King Grass) under irrigation. Pakistan J. Nutri. 8: 1244-1250.

Woodard, K. R. and G. M. Prine. 1991. Forage yield and nutritive value of elephant grass as affected by harvest frequency
and genotype. Agron. J. 83: 541-546.

Woodard, K. R., G. M. Prine, and D. B. Bates. 1991. Silage characteristics of elephantgrass as affected by harvest frequency
and genotype, Agron. J. 83: 547-551.

Xie, Z. L., T. F. Zhang, X. Z. Chen, G. D. Li, and J. G. Zhang. 2012. Effects of maturity stages on the nutritive composition
and silage quality of whole crop wheat. Asian-Austral. J. Anim. Sci. 25: 1374-1380.

Yang, C. M. J,, S. C. Huang, T. Chang, Y. H. Cheng, and C. T. Chang. 2004. Fermentation acids, acrobic fungal growth, and
intake of Napier grass ensiled with nonfiber carbohydrates. J. Dairy Sci. 87: 630-636.

Yitbarek, M. B. and B. Tamir. 2014. Silage additives: review. Open J. Appl. Sci. 4: 258-274.

Yokota, H. T. and M. Ohshima. 1991. Effect of environmental temperature and addition of molasses on the quality of Napier
grass (Pennisetum purpureum schum.) silage. Asian-Austral. J. Anim. Sci. 4: 377-382.

Yokota, H., T. Okajima, and M. Ohshima. 1992. Nutritive value of Napier grass (Pennisetum purpureum Schum.) silage
ensiled with molasses by goats. Asian-Austral. J. Anim. Sci. 5: 33-37.



33 Taiwan Livestock Res. 56(1) : 23-33, 2023
DOI : 10.6991/JTLR.202301_56(1).0003

AL FHREAYRET BT 25
TR LR M

ARIENE @ TR 3) B A1 ©) =R @)5)

WefFEEE: LILAES H23 5 #2H - 1124E 1 H S5 H

W R

SRR EL (Pennisetum purpureum) 1F E0s BATE BV & 2 A4 BB ~ B2 343 B MRy B S B 5 - A3,
BHNE R RERGE R AR ENFAEFH A EEEEHEFrLE 2P E - AN TERREEZESR
FEENERAT T » B 3 x 2 IR T T2 i Lt (completely randomized design, CRD) ° J&z ¥ [K - FEE]HA 30 ~ 60 ~
90 KK MG =S Ry 10 J2 20 257 o s Bpds SR80 - B EIEAH 30 X~ 60 RIERZ 90 K » Hirfg ZMHEHE (crude
protein, CP) & &g 7 FE(K » dr5e48i4E (neutral detergent fiber, NDF) ~ 24842 (hemicellulose, HC) B/ AMRR KL &
%) (water soluble carbohydrate, WSC) & & 7J/8E ~ [ - BEY)E FIIE 484 (acid detergent fiber, ADF) AII{F & E?%A*

fEf o GERETR 30 ~ 60 ~ 90 %%U,EEIK%Z;L%E?@ pH {H (P > 0.05) » FFR AR ZERILL 60 KEHIES - ifi 30
KRy (S HEREA R (P <0.05) » FHro ’*’*ET-% (Flieg’s score) LLEIH 60 KM= 10 207 Ry i’ﬂﬁﬂ 30 K
P 10 2207 R (& - AL 5%% T HuERDUER 60 REVEIM M EEEE 10 A7y ZHrfEhhe s 2 &

et E e
BRI © HIH - IREE - BirhhE - HEEE -

() TR R Z By rE B PT H FE 5 5 2729 5% -
() TR T B G T BT R EYAH -

(3) BHTLIF BRHS A B B S R t’F‘”n °

(4) BTL G RS R SR R B

(5) #E/E# > E-mail: hhwu@mail.npust.edu.tw °



BEEENTIE 56(1) © 34-45,2023 34
DOI @ 10.6991/JITLR.202301_56(1).0004

PL R R SN AT R AR R IR S IR 2
SR = X el )

BEEY WHRC WTEC HREEY RO

Wt H3E - 1IT4E8 H 8 H s At 112 1 13 H

W B

ABH5E 2 HEERF R EARUE Fr 07 PRS2 e /K B B S i S M B U 5 e P A R 2o B 1 #E DA
EEM TR AR E R 2 =2 » WHIDUEAI A - sBattme 4 1 - EFEIEEEEREE 2 (BUEME5e B 1 {ERR
AU DURAERERREE | (EVEME5ekkim - (B ZEBREZ T ERAN 4 5 m P Z 4% DNA » H
BRI A E 2T 16S rRNA FENSE R V3 — V4 FBAIEFE » W DU & 2 T Bt st > 415 2%
Bt o raS SRR - YIS DRME TR 8 R PR E 2,205 f - JEME TR 1,682 —
1,854 & - jEM S ek e A SRS 2 F P9 B Bacteroidetes B Proteobacteria » [BRE)S ) ete Bl B Bacteroidetes Hi
Patescibacteria ° {{IEE{E5FEEENL (operational taxonomic unit, OTU) 7344558 » HELAT 10 ZHVEEA Denitratisoma
Ferruginibacter ~ DMERG64 ~ Bacterium enrichment culture clone R4-41B ~ Smithella ~ Limnobacter ~ Ignavibacterium -
Nitrosomonas ~ Christensenellaceae R7 group [z Arcobacter » ELH R EHEMESEZ EE » LU EIGEEAER - b -
PCoA (principal coordinates analysis) ~ NMDS (non-metric multidimensional scaling) ~ PLS-DA (partial least squares
discriminant analysis) 5z t-SNE (t-distributed stochastic neighbor embedding) 73 #745 S 887~ » 4 FEAE L] & 47 Ay 3 KEE -
RIEAE PR EE 2 A 2 (85 1 BF ~ IREM S 1 BF » TUEFREZFEELAIR S 1B - &iME 2 » DAL
TP T AR - BERTe 2 HIERAHEY - AIES EEAVESM R EE N - IR R BB 2 -

RESEEE  JEMTIE - RSN - BEKEREE -

1

B N B HUBE KR 8% = B B BIEDR i ~ IREVE B R AR 2 > BAEUR K Re S SRR IR AR E
FUEE > IR R B B R (LEE S & (chemical oxygen demand, COD) ~ 4= {LZE 4 & (biochemical oxygen
demand, BOD) Zf&+[EfS (suspended solid, SS) HYHHE & fEZH 77 IR KA 600 vs. 450 ~ 80 vs. 80 fz 150 vs. 150 mg/L »
B PR R UE R e LSS (1TEiERIRIRaEE - 2014 ) - [RIBIFERDUR - BFI5E/KE R =B =UR B H
IEFE#E - @RS HORUK B AT S BHESE (2055 > 2008 ) - EH L - EAREY I 1R EREKHHE
THREERAEYE  ROBK IR #E % (Amanatidou er al., 2015) » H B—fELOR AT THYER(E 520 (Wagner
and Loy, 2002; Rajasulochana and Preethy, 2016) -

FEK R B 2 JEME T E B H S E Y - AEELY 1 — 15% (AEYIE T /3 BERSE & (Amann et al., 1995) < &F
2 HIRH ST ERET A (5] B /KA B0 & i 75 /K B T3 B /K 2 PR B R B S M5 JE A R AR R » 3 DARR fge A ) (s AR 1R B
%77 (Qin et al., 2018; Zhang et al., 2018; Zhang et al., 2019; Zhang et al., 2021) - BJ{E Bifat& M5 e P A= v) 2o514:
Y= ELRR S EEESE 5 7E (van Veen, 1973) ~ 16S rRNA FL[RE# Sanger B ( JE S > 2015; Liaw ef al., 2010 ) ~ 16S
rRNA EL AR Fl B 5 (255 0 2009 ) ~ 16S rRNA 5 & 5 H [ i — SRS B RS B8 0K (polymerase chain reaction-
denaturing gradient gel electrophoresis, PCR-DGGE) (Zhou et al., 2010; Chen et al., 2013) ~ 16S tRNA FL[K| = 558 BRI

|

() TR R B G am e e f s 2730 55 -
) TR Z B w4 BEAH -

) TR EZ B G E AR -

@ TEIREHEZ B GEmEA R S -

5) TR EZ By AR R = -

(6) #EA/EZ » E-mail: mpcheng@mail.tlri.gov.tw °



35

DA 7 5 2oy i e K i B E M5 e - B 2o i b

V3 — V4 (the V3—V4 hypervariable regions of the 16S rRNA gene) (Isazadeh et al., 2016; Zhang et al., 2018; Zhang et al.,
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B & B KR B S IR A5 ek itk - BRI T i 1T pH BURENIE < V&M 5REE M AST -
AS2 F; AS3 7 pH BHEFE > 43RIE 7.94 ~ 20°C 5 7.59 ~ 30°C : 7.70 ~ 30°C - [HFESSElE S AS4 2 pH BLEREH Ay
7.07 ~ 29°C < JEMEITIRHY pH & s R S MIAH R ENE » 78 pH 6.5-8.5 BV T » (A WrA R E5
JeV)H)EYE (Painter and Loveless, 1983) » S5AIRAZEIEH » 72 pH 7.5 ARRE N » UEWIA BBV A RRBLZE B R
# (Yavuz and Celebi, 2000) = FHH#EGR > AWFSCATEREREM 5 2 ARV MR RIFIVIRAE -

TR AP Alpha ZEEVESIHT

RS F e A alpha ZZEEMEFS T (R 1) FERFEEEEE TS - AS3 7 4 EE T
SEI9ME 1,812.0 £29.1 - Hige S ERE > HIUR AS2 2 3 EHE /3T F9(E 1,770.7 £ 46.8 » £RE& s AS1 2
4 EESHTEEE 1,700.5 £ 19.1 5 BERESSEE T AS4 2~ 4 EEOITYIEY 8B L EEE 2,204.5 £ 17.8 » #855&
75 © {£ Shannon 82 Simpson fEEAVELEL - HEMEE LT 2 EBESIK > 77 HKF & AS4 (8.70 £ 0.02
vs. 0.9906 + 0.0004) ~ AS2 (8.00 + 0.04 vs. 0.9897 + 0.0003) ~ AS3 (7.86 + 0.02 vs. 0.9887 £ 0.0003) ~ AS1 (7.66 £ 0.11
vs. 0.9834 1 0.0021) » ZA[HAAYAEREFE AN Chaol B ACE 7 bhg » HEE RS 2 I HIE S > Rl RiiR
[ By AS4 (2,435.1 £26.8 vs. 2,411.8 £29.8) ~ AS3 (2,265.2 £32.4 vs. 2,271.8 £22.8) ~ AS2 (2,202.3 % 105.5 vs. 2,182.3
*83.2) ~ ASI (2,094.9 £ 41.8 vs. 2,082.7 £ 31.1) » L4} > &£ &k 53 BT 2 Good’s Coverage -5 {H 4 % 99.22 —
99.45% > FHILEURIE 7 43 Wi 78 25 % I A B AR it b Z IR 93 BT T 51 (Good, 1953; Singleton ef al., 2001) © Shi
et al. (2021) SHE 3 TFES RS KR &0 EM 5 RIS B S fy 1,777.0 + 34.8 » BURBZEAHAT > MAERRESTE
Fran VY S = S Ky 1,887.6 + 35.66 » RIKAAISE oA Arte 2 Bl 5 SSERESLE M) 5E kR i 2 Shannon $5
BT REUE 73 il Ry 5.37 B4 5.24 > JMERSARWTEATES 2 S i 8{E 7.53 — 8.73 = Yan et al. (2021) 73 A& 43558 7K
TR 24019 11 {E;5e i > 3837 Chao ~ Ace ~ Shannon K Simpson 588 {8 & & 77 51 By 786.90 — 1,394.97 ~
702.67 — 1,427.56 ~ 4.063 — 5.024 K, 0.0147 — 0.0947 » C{EAARFFE M-S -

= 1. RENTRE S ERE 5 BEEETT alpha 685574

Table 1. Estimates of alpha diversity for operational taxonomic units (OTUs) for different sludge samples

Group  Sample Species richness Shannon Simpson Chaol ACE Good’s coverage
AS1 AS1.1 1,703 7.5276 0.9804 2,128.5939  2,095.3928 0.9929
AS1.2 1,726 7.7563 0.9846 2,133.2468  2,113.6133 0.9929
AS1.3 1,682 7.6229 0.9833 2,064.3790  2,081.3319 0.9930
AS1.4 1,691 7.7376 0.9852 2,053.5677  2,040.4517 0.9934
AS2 AS2.1 1,756 8.0157 0.9896 2,193.0270  2,161.0179 0.9929
AS2.2 1,733 7.9882 0.9894 2,101.8140  2,111.7683 0.9932
AS2.3 1,823 8.0657 0.9900 2,312.1181  2,274.1229 0.9922
AS3 AS3.1 1,809 7.8862 0.9890 2,229.6753  2,253.7284 0.9923
AS3.2 1,793 7.8488 0.9887 2,292.0615  2,267.3517 0.9920
AS3.3 1,854 7.8469 0.9882 2,245.8576  2,304.9256 0.9922
AS3.4 1,792 7.8745 0.9888 2,293.3840  2,261.1941 0.9921
AS4 AS4.1 2,199 8.6933 0.9905 2,416.2333  2,409.0380 0.9945
AS4.2 2,225 8.6907 0.9904 2,463.9200  2,449.0421 0.9942
AS4.3 2,183 8.7037 0.9904 2,408.6818  2,376.0762 0.9947

AS4.4 2,211 8.7292 0.9912 2,451.6653 2,413.0165 0.9944
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Fig. 1. OTUs distribution among 4 sludge samples.
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Fig. 2. Comparison of beta diversity of 4 sludge samples by unweighted and weighted UniFrac methods. A: unweighted
UniFrac; B: weighted UniFrac. The circles mean outliers.
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Patescibacteria J. Chloroflexi > B %8 75 JE 09 1B 2% B 9 Rl & Bacteroidetes ~ Patescibacteria ~ Firmicutes J%
Proteobacteria (& 6 ) - 1F-15RE /KR 248 2230 - BLpE R T RE AV E B E T By Proteobacteria ~ Bacteroidetes
J¢ Firmicutes (Yan et al., 2021) o {555 B KR Z 45 JEMET e & A WVEZE PRI B Proteobacteria ~
Chlorolipid ~ Bacteroidetes ~ Spirochetes ¢ Firmicutes (Shi et al., 2021) » S5 AWt EFE RS /KR FLEAE B E Y
By Firmicutes ~ Bacteroidetes ~ Proteobacteria . Actinobacteria (Da Silva et al., 2015) < Kumar et al. (2020) 57 M1 5%
FA A YA > SSPRAE AR 14 BYEE > FEEEEST > EiF ﬁﬁ*ﬁZﬁiﬁ%&ﬁZﬁT BL Firmicutes 5
76.2% EBEMEFY o By Bacteroidetes (14.4%) K. Proteobacteria (4.9%) » {H4%## 14 EEEF% » Firmicutes 5 EBT
& 0 1M1 Bacteroidetes 5 ELRINHTE ©
KA FE 8 Sy A B A 75 ek i OTUs » (5 ELET 10 Z4HY 1 B Denitratisoma ~ Ferruginibacter ~ DMER64

Bacterium enrichment culture clone R4-41B ~ Smithella ~ Limnobacter ~ Ignavibacterium ~ Nitrosomonas
Christensenellaceae R7 group [z Arcobacter (& 7) > JRZ)EESIE AS1 HI{EEAEEH Denitratisoma ~ Arcobacter ~
Ignavibacterium ~ Limnobacter J% Ferruginibacter > #\ 2= 75 1k 75 JJg AS2 Bl AS3 {B 24 & |& Jy Ferruginibacter ~
Limnobacter ~ Denitratisoma ~ Nitrosomonas J Bacterium enrichment culture clone R4-41B » 2 7 Bk & )5 JE (&
%EZ} i & RI] & DMERG64 ~ Smithella ~ Bacterium enrichment culture clone R4-41B Kz Christensenellaceae R7 group °

E e AR i TR (B B RS oy B R AHRE - R ERR A I » EF Denitratisoma ~ Ferruginibacter ~
Limnobacter ~ Arcobacter . Ignavibacterium Fy{TE i85 > Nitrosomonas FHAEE  SAEBRES TR Smithella
R B ER ALY E LT - DMER64 #E Al BBk 2 KE R g » 18 H e (b 82 fr 473 /5 B8 22 1Y 4 0 (Arthur ef al.,
2022) - ‘E LB AT R YtE G e T A A S PR TS > MBI ER ORI RIS YRE o 40 AST 2
$R B Fy Arcobacter Bl Denitratisoma ; AS2 B AS3 BHSEEH B Fy Ferruginibacter ; AS4 RS & Rl By Smithella B
DMERG64 ([ 8 ) o 5541 » A HA A BUR S FF R ARV BT © R > BH05 = B U /K g B R it A1 FH 26 1 f i’i
VIR fRE 59 > e D BE KPS « SSFEHH S B & DNA E P ir Bl A Y&l - vl B K i
R EE R AR YIRS o AN BRSO KR TR TR KB AR RIS IR Y > TS IEE AR (B E SR RS KR
o WA EERKEE BB TERVETEIER - A][f#{REE/KH 2 COD - 845 iA kD T8 BE /K B BRI R B 4 15 R
HASAEYRRENM (855 > 2020 ) - SSAEERES - AT R REEE RN E A E R 2 — (Liaw ef
al., 2010; Kimura and Kamagata, 2016) °
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Fig. 6. Distribution of taxonomic affiliation at phylum level of sludge samples.
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Abstract

The purpose of this study was to explore the bacterial diversity in activated and anaerobic sludge in livestock wastewater
treatment facilities by next-generation sequencing, so as to understand the differences in bacterial community composition
in different activated sludges, and to extend the utilization. Four sludge samples were collected, including 2 aerobic and
1 anaerobic samples collected in the hot season and 1 aerobic sample collected in the cool season. The microbial DNA in
the four sludge samples was directly extracted by the method of ceramic bead shaking, and then the V3-V4 hypervariable
regions of the 16S rRNA gene sequence was revealed by the next-generation sequencing method, and the bacterial diversity
in the samples was analyzed by bioinformatics tools. The analysis results showed that the anaerobic sludge samples had the
highest species abundance, with an average of 2,205 species, and the activated sludge samples ranged from 1,682 to 1,854
species. The bacteria in the activated sludge samples were Bacteroidetes and Proteobacteria with a higher proportion; the
anaerobic sludge samples were Bacteroidetes and Patescibacteria. Based on the OTU analysis of 4 sludge samples, top 10
genera with higher frequency included Denitratisoma, Ferruginibacter, DMERG64, Bacterium enrichment culture clone R4-
41B, Smithella, Limnobacter, Ignavibacterium, Nitrosomonas, Christensenellaceae R7 group, and Arcobacter. Besides,
the results of PCoA (principal component analysis), NMDS (non-metric multidimensional scaling), PLS-DA (partial least
squares discriminant analysis), and t-SNE (t-distributed stochastic neighbor embedding) analyses showed that the 4 samples
could be divided into 3 groups, namely 2 acrobic samples collected in the hot season as the same group, the other one
group of anaerobic sample, and another group of an aerobic sample collected in the cool season. In summary, revealing the
microbial composition of sludge samples collected from the hot and cool seasons by next-generation sequencing analysis
is an important approach, and the important information of dominant bacteria obtained in this study can be a reference for

further research or applications.

Key words: Activated sludge, Bacterial diversity, Wastewater treatment.

(1) Contribution No. 2730 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Physiology Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.

(3) Livestock Management Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.

(4) Breeding and Genetics Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.

(5) Deputy Director General Office, COA-LRI, Tainan 71246, Taiwan, R. O. C.

(6) Corresponding author, E-mail: mpcheng@mail.tlri.gov.tw.



BEEENTIE 56(1) © 46-54,2023 46
DOI @ 10.6991/JTLR.202301_56(1).0005

PR Y s A gt R s ot v E s BRR

i .,‘x)’ Aing 3 iS5 éé:rg (1)
& ;_é_ L -

T~

7[%1’5@% 2 é%*ﬁ% @34

Wtk H - 114E 6 H IS | 5 20 1124 1 H 13 1

W B

AWFE ETELLERE AL L8 - REMER A RMERE - MURMER - BRSMR R R 2 25 DU S 2
T o BEH 288 S fEER HASE T AR SR - QMRS ERML « REEIT 4 > FRTE 8 B - HEE 18
& BRI 13 8 - SRR EHHE Z S8 (0 — 4 8k ) ~ ERIN (5 — 8 i) KAUEM (9 — 13 iR ) &1
MREUK - (e B iR o 45 REUT o BIALH LR 8 K 13 HEk 2 B E B H Y B K & H e R R 2
TR TR Ry (P < 0.05) » HACE U Gl R e L 2 Ry (P < 0.05) - T HBE T SRAB R R - 2
Foidi (P < 0.05) o P FIALTI T HEA RS 4 e M4 R 51 e | BT R P SR R 1 2 fyres (P < 0.05) » T 13 ¢
Z A = W H B R R R 2 Ry (P < 0.05) » BAAL P L EEAEER 5 — 8~ 9 — 13 ) 0 — 13 Ml 2 &k
PREABER N TR (P <0.05) 9 — 13 & 0 — 13 Al 2 B ABEERR - #5/0 (P<0.05) - HO0— 13
Bl s PR 1 8 5% (P < 0.05)  SREAALY LA 2 ERE - BRENBEREERELHER
= (P < 0.05)  PFIALP - #ERERE 2 ARASLE BRI A 358 Fys (P < 0.05) « &% BASIREUR - s AP L2
ONFEEEEE] 12 — 13 8% ML BAEET] 8 — 9 Ml bl "IERERE E ARG -

RRgEaE  BREMAR - LE - MR ERRGE

4

BHEEEEEETNEWERZ —  NHEESE 0] 57 By H A EE (broiler) BLA (5[4 % (country chicken) o 2022
FEEEEFEMEL 761 57T 0 HHEEEHET 4091% - ZE L HAFNEE R A EERFREGHEESEVIE 2R
M FRZBENEEEEE REWR - LHETHRERZ WEEZE K BRPRE - IFERFEBAEER ZEK o (KIBTTE
PrREZ B Y 2022 FFREFFHREENZ2EE CAHILERZEEL S 110,030 AW » FEELY 249 (87T < 417
+ %t (red-feathered Taiwan Country chicken) fa&H4Y 12 FHGEREEL] 2.94 kg HFEMHUGS (ZEA K ) £ 210.10
IT SN E AZERY 100.08 JT ( BEEEAZY 5 0 B8 EE 2.14 kg) F1EE P+ ik (black-feathered Taiwan Country chicken) Y
176.06 7T (GAEHA%Y 15 78 » #85 2.25 kg ) ({TBUREEZET » 2021 ) » PRIFLATP 1 8 5 8 5 s 2 P B e 2R
Z_‘ o

HALEZEE - B EEEE - AR FE - M4 E RS A E 2 28 (Mikulski et al., 2011;
Poltowicz and Doktor, 2012; Comert et al., 2016; Cygan-Szczegielniak et al., 2019; Galvez et al., 2020) » 7l /&1 & &
RPN R 2 e A R BG MRV EE BN R (Cygan-Szezegielniak et al., 2019) © tL51 » &R & B R B R
FEREMEARFIAE 28 (Comert et al., 2016; Cygan-Szczegielniak et al., 2019; Goo et al., 2019; Tumova et al., 2021) > ##
HARHEARENERE K HSE - iE g B8RRI LA SE Z HB MR (Maiorano et al., 2012; Cygan-
Szczegielniak et al., 2019) °

Ry TG NELF AEEE R T REREREA - BEENEHETESNE » EIp HALP LR R 2l
AREENERT - BEEEREEEEMEIRT O BEO R T BRS04 &SRB BRI

|

() TTE e e Z B B A BT I Je E s 55 2731 55 -
Q) fTEbtREZ E g T RS -

(3) BT FE AR KA Y& R R T -

(4) #E/EE > E-mail: hlli@mail tlri.gov.tw °



47 MRS HIAL P R R R AR ~ UL - BRI G 2 8

B Mok 250 1 A HE AR R SEHr AT AR 2 R A0S ASERFE G0 (Lilburn, 1994) ~ (57 (Olkowski,
2007) ~ BIEMERE(K% (Sarabia Fragoso et al., 2013) K Gy IHAEX 5 (Cheema ef al., 2003) ZERHE o AR B E%EST K
Chi s FHALPI L3R B A 2 A R MERE - MUREL BRI e A FE RS - FRE ISR R 2R e R BIRIEAH 22
j,% o

MFERTTE

KB TRt R EZ B g e E Al s fEE L ESH ST - BRI A - e EERBAE - &
T E e E Y NE DR B 101007 SRR -
L sEREh st ineg:
A BB R 40P - 2 (2B YRR AIRAE » E2E4LE (B)) » SEEERPHLRL ~ RIS BEE
FE EUE ) AT RAG BT 2 B 288 & » (MR o3 By, - R Ko BF - 2E4H - 94H 8 1 - T 18 & (409 x 192 cm > 2.3
& /m’) o SAEFHARTER B 206 RSP 6T - WAL A 2 S8 (0 — 4 8 - &G 22.12% > {R#HEE 3,136 keal/
kg) ~AERHA (S — 8k HEH 19.7% - UEHHEE 3,133 keal/kg) RATE (9 — 13 88 - fHEH 17.61% - fUHHHE 3,133
keal/kg) afgHK - BEEEE B R - iR St ER 1 -
L AERMREE
() RREHERERNE @ HABHAENE 4 BE - 8 Bl & 13 BiRTrE—R > Wil EREeE KT EaRHER
oo [ERHRAGE (g) + #RHEE (9)] -
(i) FEIETHR © PNl 4 B St U SR Wat RS TS -
(i) &M
HEEREEKPIEES 1114 11 A 11 Bt 2BHEREEEH LS TETE - 400
e E B Ry 80.83 Tt /kg o LRI T REBEREEE S 22 JT / & o TS AP L 2 A P B AR A 7 Al K 5 B B
22.59 5T /kg ~ BRI 20.57 7T /ke RBEEH 19.57 7¢ /kg -
FEH G = [HEERE @ x BAWEHE] — R — SRR HES -
L A B E
sREREART A 4 ~ 8 K 13 BlCEITERIM - R ERE mL A 50 uL A heparin-Li 1,000 IU/mL 7 0.15 M
NaCl & > (EBRAFARERIL > PRINSEAIZEE L 30 778 (1,500 x g » 5°C ) » FFMAE I ELATAFRY -20°C SRR MR
HIE © HIEMAEFREE (uric acid) ~ BJLELHT (creatinine) ~ =F& H MG (triglyceride) fz 48 &l (total cholesterol) j&
[& » {E HEEIE4SH (Wako, Japan) » PUTTL& H 873416 (Hitachi 7050, Japan) JHIE 2~
IV. BHRGIEIR
AMEBBET 1% - B R 12 /NEE  ETEHZHENE - NERESR (EREemARAE ) EITH
ERE S MIRBERERMRIMHARA ST EREREE - BELES - un - IRE - BUNEAE R AR
% » HEITBRSE MAEREEHIE -
() EREENE @ BHELES - i - BRI AR BREIILAHE -
(i) BEslliE © Bk % = BHGE / JERSE x 100 -
(i) FEHSELGILHIE - HEREEE / JERGEE x 100 (HERETE B Ta EAL s ~ FERF AW TEHE 2 A5l ) -
V. SRR
Koy ~ MHEEE - HAERT B A4 =~ A ik 2 B B B AR — Bl B A 1 1T 0 i (1T BB SR Bl A
Tlife  1986) © §5 ~ i ~ Bkl 2 73 Mk AOAC (2000) #ETT734fT
VL #eat ot
SRR UG H 0T 2448 (Statistical Analysis System) Z55H0H (SAS, 2013) HEFHEF5HT » (T —fizist
MERE S FEF (General Linear Model Procedure, GLM) #7788 755347 » DU/ NE 7739 {H (Least Squares Mean, LSM)
HIE AL £ PR AR 2 A B -
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1. obaedrEsng

Table 1. The composition of the experimental diets

Items Starter Grower Finisher
0 — 4 weeks old 5 — 8 weeks old 9 — 13 weeks old
Ingredients, %
Yellow corn 55.75 59.72 64.26
Soybean meal (43.5%) 2.00 14.50 14.00
Soybean meal without hull 22.20 — —
Full soybean meal — — 15.70
Full soybean meal without hull 12.50 22.50 —
Fish meal (65%) 2.50 — —
Wheat meal — — 2.80
L-Lysine.HCI 0.03 — 0.01
DL-Methionine 0.13 0.08 0.04
Salt 0.40 0.40 0.40
Soybean oil 1.68 — —
Limestone pulverized 1.33 1.45 1.37
Dicalcium phosphate 1.23 1.10 1.22
Choline-50% 0.05 0.05 —
Premix’ 0.20 0.20 0.20
Calculate value, %
Crude protein 22.12 19.70 17.61
ME, kcal/kg 3,136 3,133 3,133
Crude fat 6.25 6.24 5.57
Crude fiber 2.69 3.27 3.23
Calcium 0.99 0.93 0.86
Total phosphorus 0.68 0.61 0.58
Available phosphorus 0.46 0.37 0.35
Lysine 1.28 1.05 0.92
Methionine 0.48 0.38 0.32
Analyzed value, %
Crude protein 22.05 18.80 18.10
Crude fat 6.99 6.67 5.78
Crude fiber 2.44 2.39 2.88
Calcium 1.09 1.01 0.95
Total phosphorus 0.64 0.56 0.57
Lysine 1.14 1.06 0.92
Methionine 0.40 0.34 0.28
Feed cost, NT$/kg 22.59 20.57 19.57

Supplied per kilogram of diet: Vitamin A, 10,000 IU; Vitamin D,, 1,000 IU; Vitamin E, 25 IU; Vitamin K;, 3 mg;
Vitamin B,, 3 mg; Riboflavin B,, 5 mg; Vitamin B, 3 mg; Vitamin B,,, 0.03 mg; Folic acid, 3 mg; Calcium pantothenate, 10
mg; Niacin, 50 mg; Biotin, 0.1 mg, Iron, 70 mg; Copper, 5 mg; Manganese, 60 mg; Zinc, 60 mg; Selenium, 0.1 mg.

e RN B

AW AR R EER e AL P L3R FPE R 2 AR RE - AT LEEERIEIR A ES G 2 25 > L
a2 bk -
L A RMERE
R FHALP B A R RIS A RIEREZ 2 > FIPRINR 2 - &EREUR » B R8T 8 & 13 ik 2%
EHEEER T EE R (P <0.05) » HAMERE (0 — 4 BERERIM ) Sea=fl (0 — 13 e ) 2 P H g E R & H adkHR
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BEINEETR T Fys (P < 0.05) « S5 AL L3 A #EIE 5 B 2 Gapie gt IR e R 1 2 Ry (P < 0.05) »
ISR TR ABEZE TR T2 Fymr (P < 0.05) « sesfa - MERIRE S 222 £ 8 (Maiorano ef al., 2017; Cygan-
Szczegielniak et al., 2019) - Brewer et al. (2012) 1 Zuidhof et al. (2014) #HphfgH » NAHE 2 & HIg S RFAZEE -
A ERAE R AT - B (2005) p7EfEH - AP R 2 13 — 14 8l Bl > ABIREERSEE 7Y T2 3.0
Bi12.6 kg DL | o HEERHEHCRA TR By 2.42 — 2.56 81 2.63 — 2.85 ] o A ERsS SRR - ARHEESE 13 HE
RS E ST A Ry 3.4 B 2.8 kg o H AR AR A 53 HI fy 2.78 81 3.09 > (RIAE RS 2 B (2005) W9T 2 &5 E - H
B RS F 1 # A RACRE DM 7 et (R 0 1998 5 2w 0 1985) R 2 - 5934 (1992) &5 (1997)
et o AP R 12 HE B EES R - AIPTREZ BB MR s B T BrRAGHERE RGN - SERRRERRr & (o
BADRHBHAAR S » 15 AT RE R 28 RICAT P T 2 1% HA d RHEH R R R BN W RT AR IR « A ERss RN - R R4LP
TEERIHERS 13 BECIF A = HMs (23 ) RABRER (R 4) I EL A% fysr (P < 0.05) - Burke and Henry (1997)
fa o BEEERVIFHAS EZ EA/NEE BN - RSB B RSN R AE A R > TTRERI LIS RRAL
PILFEAE 12 B ATAVEDRHEH R FRIEE o A TSR U REFER L e 2 R - iR A8 i e K BT
PERCARFTFIREHIARE (28 > 1992 ) © 55 Leitner et al. (1989) $ye5faH » Wtk FETRGIRFIAHAR 7 LAY 0 s S BV
PRV SE - RRAIEE T A1 B MEEAHRAAY S M R R S FE S L A A - SO SE U R B I AE R 2= 2 T RE 2 HH
TP Tt P R 2 2 RS Rl R AT Y B4 SR B A B AE T - 1225 (2001) F5 Y > 2001 A4 E P F - ERVAS SRETT
P FHAL P 3 AN FERY B BCRAE 85.1 — 95.9% 2fff » RERERIITE 86.8 — 99.1% » BIAGERAMHLIAVESE S -

F2. PEAADPEEES - RERMEREZEEED (0 — 13 4HHR )

Table 2. Comparison of male and female birds on the growth performances in red feather native chickens during 0 to 13

weeks of age

Items Male Female SE
Live body weight, g
Chick weight 39.5 39.8 0.06
4 week old 551.5 527.1 8.30
8 week old 1,844.0° 1,612.7° 40.24
13 week old 3,454.4° 2,798.4° 59.37
Gain weight, g/day/bird
0 — 4 week old 19.0 18.0 0.54
5 — 8 week old 46.2° 38.8° 1.04
0 — 8 week old 32.8° 28.6° 0.73
9 — 13 week old 46.0° 33.9 1.11
0 — 13 week old 37.9° 30.7° 0.66
Feed intake, g/day/bird
0 — 4 week old 46.8 45.0 0.75
5 — 8 week old 99.4° 83.9° 1.49
0 — 8 week old 73.6" 64.8 1.01
9 — 13 week old 153.2¢ 139.6° 1.42
0 — 13 week old 104.5° 93.9° 1.56
Feed conversion ratio, feed/gain
0 — 4 week old 2.49 2.52 0.07
5 — 8 week old 2.18 2.17 0.05
0 — 8 week old 2.26 2.28 0.05
9 — 13 week old 3.39° 4.17° 0.19
0 — 13 week old 2.78 3.09 0.09
Mortality, %
0 — 4 week old 0.7 0.7 0.49
5 — 8 week old 0.7 0.0 0.39
0 — 8 week old 1.4 0.7 0.64
9 — 13 week old 3.5 0.0 0.82
0 — 13 week old 4.9 0.7° 0.92
a, b

Means within the same row without the same superscripts are significantly different (P < 0.05).
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23, EMACP L #EA FEM R 2 MR A B EZ ERE (0 — 13 i )
Table 3. Comparison of male and female birds on the blood characteristics in red feather native chickens during 0 to 13
weeks of age

Items Male Female SE
Uric acid, mg/dL
4 week old 7.04 6.07 0.28
8 week old 4.13 3.83 0.18
13 week old 433 4.78 0.17
Total cholesterol, mg/dL
4 week old 216.35" 191.00° 3.07
8 week old 190.46 182.49 3.56
13 week old 160.87 168.10 2.98
Triglyceride, mg/dL
4 week old 58.62 51.34 2.57
8 week old 26.05 27.25 1.48
13 week old 22.84° 30.54° 1.25
Creatinine, mg/dL
4 week old 0.38° 0.35° 0.01
8 week old 0.35 0.32 0.01
13 week old 0.36 0.34 0.01

" Means within the same row without the same superscripts are significantly different (P < 0.05).

F4. B LA EVE ARG VIR R A2 A s 2 PEER
Table 4. Comparison of male and female birds on the carcass traits and yield earnings in red feather native chickens at 13
weeks of age

Items Male Female SE
Carcass traits
Live weight, g 3,396" 2,735° 45.08
Carcass weight, g 2,899° 2,254 36.84
Dressing, % B.W. 85.47" 82.44° 0.44
Abdominal fat weight, % B.W. 0.77° 1.80° 0.18
Feed cost, NT$ / birds
0 — 4 week old 29.60 28.46 0.84
5 — 8 week old 57.25° 48.32° 1.56
9 — 13 week old 104.93° 95.62° 1.10
0 — 13 week old 191.79* 172.41° 1.95
Gain weight cost, NT$ / birds
0 — 4 week old 56.25 56.93 0.76
5 — 8 week old 44.84 44.64 0.83
9 — 13 week old 66.34° 81.61° 1.69
0 — 13 week old 58.13 64.61° 0.82
Earnings, NTS$ / birds
at 8 week olds 38.67° 30.17° 2.95
at 13 week olds 62.56" 29.46° 3.28

" Means within the same row without the same superscripts are significantly different (P < 0.05).
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MRS HIAL P R R R AR ~ UL - BRI G 2 8

P ARG BT 0 FEARAT LB O — 13 S TR R » AT AR 9 — 13
S SRR - A B i -
iR AL

% 3 B FIALT) B R R 122 B2 A 2 L - 7 IR e i PRS- R I B s e
SRS B - PEFRALTIH B A BEAE 4 S SO IR R BT & RS L B B (P < 0.05) > REFIAI-L 2k
INBIERS 13 MBI LA = I TS B e - 2 (5 (P < 0.05) » 58 e N = 2 o i D
BB £ (carbamoyl phosphate synthetase) » #0A A FLEIIAL SRR » T AR S HURE BAS IS UL &)
9 TR EEY) (Karasawa, 1984) » R0 4R L e 0 0 52 8 64 2 (0 B8 RIS 22 458 - Bogin (1992) 511 -
) RS R R o (L0 T R R M R T - A BR O A AR AT I L B - FREERY 13
ARG ECAIAE PR I - SN B LRI P 3 S B8 - Kececd and Col (2011) HFSEdSH » + ELELA M
(Phasianus colchicus) ELp B (48 B il = B L % MU PRI /K PR I B » A3 B > e AT 1 2
7 ~ FHEE 4 I MU RS B = W R 7 8 B (AR ) R 13 8l (UEH ) > afEs R ulge
BRI ATRE B A AN - TG FIALT T BRI 13 a0 EL = i B A T 25 (P < 0.05) » Heftim]
HE SR+ B B R 55 RS L S BT MR » O T pAIN T Pl o =i b e e v -
R MR

RIFATTI B2 A ~ R+ BB SRR B RS R Ll » SR 4 - SEHMET > B AT L B A BT 13 8
FEERLE - FERE N B SRR E A (P < 0.05) » TEAERABEE TR+ B B IE (P < 0.05) - ARiZEsR
$125% (2001) & Lopez ef al. (2011) FZEHSHY » /A B eh o FEAS i S8 o > S5 SLART o AERBAS ST - O
BB AL PA PO B 7 2 AR » Tumova and Chodova (2018) $5H1 » BEEIHSH A Mhds BVAI4: - FHAZERE T
BB G2 4F L B B T4 AT > Van der Klein er al. (2017) 54 » FHABERE IS REEEIIA NEEE T - BIHEES
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% 4 FIRRE AT+ B 4 B s 2 R - REFIACTI BB 5 — 829 — 13 /2.0 — 13 ME#2 6
ERAR RS R B (P < 0.05) > T 9 — 13 % 0 — 13 88 2 A/ W R AR Z 8 R B (. (P < 0.05) - [
B o e AL BN B 6 > U B em PR AL+ B B (P < 0.05) > (e e AT H B AN BT %
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1992 ) « A ETEMIIR SIS - ZETEIIERL Y I > (% B I PR R BB R T (e
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e o
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Abstract

An experiment was carried out to compare growth performances, blood characteristics, carcass traits and compare
yield earnings of male and female chickens for commercial red feather native chicken. To recommend the suitable market
age for chickens. Two hundred and eighty-eight healthy commercial red feather native chickens at 0-day were used as
experimental animals, with similar body weight, were selected and randomly assigned to either male or female groups, which
were allocated into 8 repeats with 18 chickens in each pen (409 X 192 cm). All chickens were provided with the same starter
(0-4 weeks of age), grower (5-8 weeks of age) and finisher (9-13 weeks of age) diets. Feed and water were provided and
feeding was ad libitum for 13 weeks experimental period. The results showed that average gain weight and feed intake in
male chickens was significantly greater than those female chickens in the finisher period (P < 0.05). Compared with female
chickens, male chickens had a significantly lower feed conversion ratio in finishers (P < 0.05). In addition, the mortality
was significantly higher (P < 0.05) in male chickens in all during all periods whereas the female chickens had significantly
lower concentration of plasma total cholesterol and creatinine in the starter period (P < 0.05). Also, the plasma triglyceride
concentration in finishers was significantly higher (P < 0.05) in female chickens than those male chickens in finisher period.
The feed cost in the grower, finisher and full period in male chickens were significantly greater (P < 0.05). Whereas the
female chickens had significantly higher per kilogram gain weight cost in the finisher and full period (P < 0.05). In addition,
the earnings were significantly (P < 0.05) greater in male chickens in 13 weeks. In addition, the percentages of live weight,
carcass weight and dressing were significantly higher (P < 0.05) in male chickens than those female chickens, but the
percentages of abdominal fat weight was significantly higher in female chickens than those male chickens (P < 0.05). In
conclusion, commercial red-feather male native chickens are raised for 12-13 weeks; female native chickens can be raised to

the market for 8 weeks, which can achieve the best production benefits.
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F X RS e U LR A 2Ty g

FEE Y MOCR Y BRIz MR BRSO

Wb E - ML ES H6 H s 2 112427 1H

W B
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FEBERENEERMBAAASE 2 FEA R - AR 6 M H - EFEmAEE I e ffl
& 8 W 2 LR TE L - FE AP RIZE 6 A/SA 10 - IEEBEE 2 B - (FAREZEIRE
HYREFENE ~ B3l - R S S U PRy S S N AU B S R B - (R T A S & 408
(L& 2 AN i R HER TR (diarrhea) BRE2 - RIS EEE R G5 3500 » ERESEEE SR IEA (520 2002 ) -
TRAE R 2007 R EY)ERE DI AR (USDA, 2008) f5H » 1E35EIA 57% B FAFRER 2B TRIARE -
TE R R A AT IR T (53.4%) 2B NRIARE (Hur er al, 2013)  {EHREEEF (74 2 Ky 280,000 515 » {EAE
2006 FAFASE T HHBARVAOE IR AL LY R 1,000 F 57T (Dsterds er al., 2007) » AL » 74 T2 — M5 E B E &0
B IR SRR R ATHERN ER 2 — » HEFFEAGE AL RIIATAT 30 K » AZr4 MR- 2 B
B (7> 1987) -

EHEREANBEREAREYIRANRE S 3 — BB e E - BEEGMAE LIS HMORE R (RN
%) BEHEBANZEE - B ESEEH 2SR SR ARG T ZMH 2 —  $8UEr Erediih g 26l
SRAIERIE ~ PE5R A0 F P BRI TNF-o SF4HRISER (Hirayama ez al., 2017) » LIAEEZR (endotoxin) RIS ELEAHAET -
A peiIvE a5 B =48« (1) SR IEME &S5 T (reactive oxygen species, ROS) @ #1—%& L5 (nitric oxide, NO) » (2)

EECTAEY) - GRS/ MRS R 3 R U118 =% (leukotrienes) ~ Fif5|fE 2 (prostaglandins) fz & 5E L&
(thromboxan) § (3) EEH'E * MW 2 HZ (interleukin, IL » 41 IL-1 ~ TL-6 ~ TIL-8) ~ JEEIESLIA T~ -a (tumor necrosis

|

() TTBbE S Z B g E R BT e i 55 2732 5% -
Q) TR EHEZ B G EmER BT T «

(3) (S B IR AR LI R AR R SR B R -
(4) #EA/EE > E-mail: jychen@mail.tlri.gov.tw ©
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factor-a, TNF-a)) sz {8 2% -y (interferon-y, IFN-y) » H tf TL-1 ~ IL-6 Fz TNF-o & {E & 3% 4R $ Z (pro-inflammatory
cytokines) » {E ML K R IEFHEEZE AT » B =EMMRE Gy nmE mEN - NmMEET - - 28 BER
K [ (inflammatory response) » &% % S JE > T HEEHERE - TP ETIMUE L EVEARAL DA A B 26 A (i 2% 32 AR
% o RS 2% (lipopolysaccharide, LPS) & 55 B [C P2 M B ( WIRRGIRE ) AN F 2Ry - 2 —THANHEE
A RS e FEf o3 (20 TNF-a ~ IL-1 f2 IL-6 55 sF sz AR ZU R S IE - FTLUE A LPS #EfTRSINE
ARG K S 2 DA -

N TUEREI Y IR R B ERYEE A - SRR ERESE SRR AR - Bk
DHTAE A A R & AT E RV FEERE - 1R 22 (phytogenics) ELOR{EAYDNAY » Hrh E 4R HY Hr SEELE A s A8 e
VIR PR B R OR M - A — THEAYFES (Sun ef al,, 2013) » FTAREAFF SIS N P2 HEIY)(EFEIRATD)
ROERE - IEE ~ Gft - HE - REREEE M REETE BB FRERIAINY) » WA 2R ®E R s %
JEEME o BB FRE MRS B s A R MERE (55 0 2009 ) © Abdallah er al. (2019) W5EF5H > {4 5EE (traditional
Chinese herbal medicine, TCHM) BlIFEY)&H KEHVEYIEMEALEGY) - FIE RERUAIIYIR T B - B8~
PR E RS R AR - s [EAYRLE 3 R FE - B E  WEE G E ARG B % - IR B8 - 513
PRI HHEREEPRIEAR o SURIE B AP REMERTHEER » 55 REMR (175 > 2013 ) » AREZ R E 3 R 008
TEEEEE - S HIFREL ~ JBAK - B4Rl (G3%Em) faii =S AREE 220 ARSI MRS (B X
B 0 2004 ) © Li et al. (2004) JMEHE S 2 5B Z N S BRI R REER Y — - BREMAREL - 232108
KCHE MBS SRS K (ulcerative colitis, UC) KIS » UC f&—HE RAEMER - AR - 188 kAR M (Guo
et al., 2017) < Jeon et al. (2020) 1E N Fsif #4505 % 2/ NEBRI N 45 T EMZ BT » 45 R RF RV N AE RS
HIREGRY - DURANHIE R HBDM R s - S8 H SR R AR X/ N B R 2R - HINES
EREGE T D - RPN E SR - NIt AT 855 R SRS RIS 2 5K » DI
[ FH s 2 EAR AN IS ek rp A FEE T R 24 RIS 2 TR

MR T A

L 4HREdiEs REM: 2 #8s Nl E T B

() FEmEEEUTE © i S S5 BRI E RS AIRAE (BET) » fodmt - &5~ Bt
Hwang Chyn (Huang Qin) ~ 20K / ik 77 @ =2 o A4 L BR ~ J5850554% ¢ Ger Gen (Ge Gen) ~ 4H% / 547 ¢
B o HES BRI STE 60C » 488 — 10 h [dtez » FDADTEEHE#ET - AN 160 H (96 pm)
WEH K EEF 5% DU « FERUHZIRME ST A 2 #5551 BOE R 100 mg iR f46E7K 10 mL » 2 25°C » 150
rpm % 2h 1% > € 5,000 rpm &L 5 min > YTH BB AR RN Ayea S e ER/KRERIFR (I RROREIEAR
SERETR Ry 100% ) » FRALETTIRE 2 AHRHIE - (ERETTIIREMER 7 AT -

(i) HHPEAE =0 (viability of cells) : 2t EG P FH 22 E M 40 i (mouse BALB/c macrophage RAW 264.7 » BCRC
60001) A & im TE R BT - B 37°C ~ 5% S bk 2 96 FLET BB AR E 24 h» FFL
B A 100 uL % & )& ° BX 9 B Dulbecco’s modified Eagle’s medium (DMEM, Gibco/BRL) A & & 10% fetal
bovine serum (FBS, Gibco/BRL) J 50 pg/mL gentamicin (Gibco/BRL) > &, A& 50,000 cells £ £ i [E] )&
FEHY s S BB MR K ZER (% 2.5~ 5 J 10% » = R R AT B IE R Z 100% /KZR FRHREM &)
] F 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenylthiazolium bromide (MTT assay) 2K f& Al 41 FE 47 /& & (Kao et
al., 2001) » 3 ARSI 2 5 8CE MR K FR 2 1A & /E ¥ B34 « B HY 10 pL MTT (5 mg/mL, Sigma-Aldrich,
St. Louis, MO) JI AZIEZE RN » 4838 4h ~ 37 CHYESE » BN AZE =/Y 0.04 N HC1 £ 7% fi# MTT formazan
(1-(4,5-dimethylthiazol-2-yl1)-3,5-diphenyl formazan, Thiazolyl blue formazan) » 335 E /LM £ 570 nm AV{ER{EE
TR EE - IR S B E R E FIAVAIAL . formazan W SE(E E R £y 100% -

(i) —FAEE (NO) 73 #7 + EERANAEAE 10.0 ug/mL 4HE 5251 (Escherichia coli serotype O111:B4; Sigma-Aldrich,
Cat. No. L4391) {E F§ 24 h 1% » | i Griess reaction 75 7% (Yeh et al., 2007) - f@ ] #£ 4 fE 55 & % *F NO /Y
JETE o HUEZE K 100 pul/well > fi1 A S5 & ¥ F BC B 1Y Griess 58 Bl [ HH Griess A & ] (0.1% N-(1-Naphthtl)
ethylenediamine) B Griess B 7 (1% Sulfanilamide/5% H,PO,) ZELLFE & » Sigma-Aldrich] » #YEFE 10 47
7% FAEZ RS 5717% (SpectraMax M2 Microplate Reader, Molecular Devices) JH &7 £ 550 nm YK SGAE ©
DArfE 2 100 uL AHREES B E (F 22 O EHIE4H » RN S ECE R 2 4R E (R BTG4 -

(iv) IL-6 Fz TNF-a 53477 4% A8 RAAH AL SR S IR0 » /3 i s S B EFR/KFOR (2.5 ~ 5 & 10%) 1£52F] 10.0



57

1L

IIL.

B BRI TS SOE M RA B F2 TR Z s B

ug/mL LPS 55 (LAY EWEAIR R S 2 R P » LA ELISA 7752008 1L-6 B TNF-a 8 % AP T 4 o 8L
(Yoon et al., 2009) - A\ EsH% > Mouse IL-6 ELISA Max Deluxe Set B Mouse TNF-o, ELISA Max Deluxe Set
eI E4HEE B BioLegend /2 F] (San Diego, California) » {ii FHEEHTES =HEA G T » I TR ZH4S
ISR T E0 T 0 B —4bifeE45 S Horseradish Peroxidase [ 25 » 753 3,3',5,5"-Tetramethylbenzidine &
thi% » DUBEEE R IR i EHEI TR & 450 nm WRWOEHIE » DUBE > 100 pL 4HREEEIR & 1E 22 R4 -
ANNESHER Z A EFHIRE  BESFEE LN E bR - EFEL AT IL-6 2 TNF-a 2%
}E o
BhRe e K e T
AR 204 G BETE IR EZ R G B AT Ty FrEsd-2 - 55 8 Al /oG HASEMAT
(474 kg ) CETALZ TR (72048 20 §H > @55 Rt - ITHERRINO0 g (HIRAH > n=10) 5 5 g H5E
Bk (=5F5 B =1:1) (&4 > n=10) - AERE LMD EFHRIPESH PR - sietstikas
ZtkeBe A 30 K o sERA-a 7 B E R [E— A 2 R A (0l R 7T m - B S m ks 1.5 m) » fREE
B E AR IR - SRR DB FOR A AR ( RSB TR - REKEH - TEE - Bl —55 - IR
8y ~ 4R RTHER R BYITHRRE ) (2 — 4 kg/day/head) » DLR B F R E R EZFEUKANTE R - slBp AR EC sk
FAEFRPHEZ FE {578 (fecal consistency score) » HiEE 1 — 557 » HIERRE R/KEE 177 ~ 8K 2 77 K
IEHFE(E 3 77 ~ F{EHEZNE 4 77 ~ FL{EEZEELESE 5 77 (Cockeroft, 2015) o (4R R MERE 73 M7 Kol B — R ELEER
GERfe—K 0 TN B 10 R e R IR T A E 2 8 E - LA EER BRI AR EE - NElEp—
REIEERGE e — K T 3 R TS RIM B £ LE T (EFESREIEES 75% EEEEUEER -
18 SREFUE R B E 2 BRI (R E st ) - 384 9 mL RN ERIMEN » 5 10 /381% » &0 2,000
x g~ 155388 > SrBEIUE N MERS - WERTERY -20°CHY/KFE - BRI EITIUE A B E A fREEH > Dl
E A& (VITROS Chemistry System DT60 and DTSC, Johnson & Johnson Inc., USA) #R 48 (i Fi s BH 5 72 #21F -
TR el R i (aspartate aminotransferase, AST) ~ PYH# B4 (alanine aminotransferase, ALT) ~ FJLE&HT
(creatinine) ~ FRE% (uric acid) B[ #1 FR Z & (blood urea nitrogen, BUN) JEE » DAL AakE R II= 2 E R0 E{F4
2 FFEAE TRE R R - AP 2 B3 i@ T e R T B g & S T T oy Fn g pa i i s
{8 F3/I\4H (Institutional Animal Care and Use Committee, IACUC) 7 %1% ( [BEE4mTE © &5 107-3) -

Gty
(e sRBRRT S B » DUBLPR T2 07 00T » (R4 MRS (general linear model procedure, GLM) -

LTS T MT - BLABE 2 %8811 % (Duncan’s new multiple rang test) Ll & 4H P (E [ 2 75 FEEE M (SAS,
2003) -

e

Ay MR
I A G4 MRS 38 3% 32 SRR 2 D OB MENES - S5 KEOR R BRI /KZER AL 2.5 ~ 5 Fe 10% =

TR EDRE » #1758 R R FEMRA 2 AU R A R ETE MR - ot 22 RFEH Ergdifatkis et - =&

2 SR AR 2 AE R E ML - BFE NO ~ IL-6 F TNF-o > 455REUR ¢

() BEEM/KEIRE T ZEIHE LPS JE{Lry ENRAfark - HAME SR ITaE S8R - S5 /KERAE AN
ZINNDRE (2.5 ~ 5 & 10%) S EREARAE 2 a2 a2 2 (B 1) « WHPE RIS - min2.5 -5 &
10% 7 s /KZR B BE A NO Je IL-6 A pk & (& 2 f 3 ) - HAURID 10% s=5/KE%KAHE NO Bl 1L-6
AR Ay Al s 52.2 ([E 2 ) K 18.4 ([&] 3 ) » FHEA LPS IE ¥ I 4R fREHE R/ D 47.8 & 81.6% W4 E (P <
0.001) o 7%} TNF-o 2 4= A N2 BER ([8 4)  BhaS SR B K E (2012) #RE5FE{EL - Gong er al. (2018) i
FeEEfa - EEF AP EIELEY) - BHIHESE RAW264.7 ERRAIAN - 2 RIEANIE - =S
12K A E R AR AR (NR8383) G EIMHLL 2 Hids RIFA - SEEZHIWIREHIHI NO ~ SEEM —F LR &R
fiff (INOS) Fz#Z A T-7E1E B 4P « #8551 (nuclear factor kappa-light-chain-enhancer of activated B cells >
NF-kB) SEHVREI 5 F2FR G itk 2 TR (Chen et al., 2017) ©

(i) B /KEREZEIME LPS JE{LAVENE4RRE - HAMEEERIITEREUR - B KEERE AN E
ZONIRE (2.5 ~ 5 J 10%) HEREAHAE SRS 22 (8 5 ) - AR RIEMW @ - & ]S E K
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LPS 535 dIAE.Z IL-6 Z 2ERlE - 7RI 10% S fR/KFNRET AL 2 IL-6 A2 pkE Ky 75.9% (8 7 ) > HHER LPS

IR HRAH IR D 24.1% HYZERE (P < 0.05) © # NO ([E 6 ) F TNF-o (& 8 ) Z A& AHEAIHIER -
S EIRZEPER

FRRAIIES EREEEETTEEREE - BHReEMEEZPENR | - sBsSRER - SHEH
R TR0 Sg EE R 30 KX > sl & H IR R B NEZFREE A F 3.70 £ 0.52 52 0.77 £ 0.18 kg
HIIRAHA R 3.58 £0.48 12 0.70 £0.19 kg » W4HIREIEEFYFAE - FEEHINETTH - 55845 0.82 £0.10 kg 5 #f
BR&HAN R 0.73 £ 0.19 kg > WIRHAEAH 2 BAFAE - AEFFRERNZ ZES BT > sURHEE B 32 1
0.4 > HIEESENEIEA 2.1 £ 0.6 (P < 0.05) - BURsERF &2 MRtEREY ) « ARt eieM =S SR E
st REBHEE S ¢ EHBERBSRAEBE RIS BRI - BEREREFF TRIFYSE4 S - Heller and
Chigerwe (2017) KSR EFRHUFA TRIEVBHEI © L ik (rotavirus) KIehikf#E (coronavirus) B S RGHEE
WS 5 2. 2B ~ o3 ub RARENRE © 3. OBbEH R ¢ IBEEENI - IRERRREEERK - THRAVEER
FEEERFARRAEE T Vi > — EBREAReUE - §HRERERAESS - #757 58 ~ BK -~ i
BR ~ (CHITERRIUE fe B EIEERTENE ((R02) ML - &/t - SR ~ PEEBESHEAEY R - BAMR
BEVTTEREE - THERREE - GEEE > GREE - KIBRE - &ERKE RO M MK E F A B
IR > mEb o S AAAYENREE T (B REE © 2004 ) - S S HVSEEE(E ) ISt iRER - PRATAIIE(F A (Saralamma
et al, 2017) > Hr& 2 wlL &Y= - MHRASSRENERSREEEZNEYENYE - 55 5E
AHIHIE E B EDIRE (5 - 2004) - FEERITH > TEESEFEYE : KEER - KER - BiRE - BIRE -
7T —AHER - EREF - BIRER L EEIE (A5 2004) o (MEAFRLK) 15U BIRWH > ¥ - £0H
g~ BREN -~ g KB - BB ERREVE KISE BA o 1RE 2013) EF SR N ERR 2 RS - 5345
HEMRATBELE/ N BER ZIEH - &7 E > AR A FARRZ MR8 MR REEE S ERAN S 2%
SRETEMER TR -

il

IL.

\

* 1. ERANIES SIREEEF LT E - B ZEReEREE B E
Table 1. Effects of adding Scutellaria baicalensis Georgi and Pueraria lobate (Willd.) Ohwi in diet on body weight, intake
of concentrate and hay, and fecal consistency score of Holstein female 8-wk-old calves

Items Control Treatment'
No. 10 10
Initial weight, kg/head 74.6+8.1° 74.1£8.5
Final weight, kg/head 96.51+14.9 98.71+10.5
Body weight gain, kg/head 21.9%11.1 243%5.1
Daily gain, kg/head 0.7+0.2 0.8+0.1
Daily concentrate intake, kg/head 36105 37205
Daily hay intake, kg/head 0.7+0.2 0.8+0.2
Average fecal consistency score 2.110.6" 32+04°
*Mean * SD.

' Calves received diets with 5 g Scutellaria baicalensis Georgi and Pueraria lobate (Willd.) Ohwi powder administration (the
ratio = 1:1) for 30 days.
“® Means with the different superscript differ (P < 0.05).

BAlKRAN 5 2 E AR S (e A - 20 B A (b lIiE 2 S2 8035 2 » 455K » TEIMUE LIS FFEAE (AST »
ALT -~ creatinine ~ uric acid 5z BUN) IhgE 1 > 8 4H AST ~ ALT - creatinine ~ uric acid 52 BUN s E& A vs. 50 5@ 1%
ZEER R Ry 42.8 £ 11.5 vs. 43.1 £10.1 U/L ~ 37.3 £103 vs. 37.0£9.2 U/L ~ 0.9+ 0.1 vs. 0.8 £ 0.1mg/dL ~ 1.0 £ 0.3
vs. 1.1 03 mg/dL 2 6.2 £ 1.4 vs. 5.8 £ 1.2 mg/dL ; 5EH%H AST ~ ALT - creatinine ~ uric acid 5z BUN z{E&i1 vs. 555
%7 P EMR P Ry 4291 10.8 v5. 40.2£9.5U/L ~ 4431122 v5. 40.1 £8.6 U/L ~ 0.8 £0.1 vs. 0.7£0.1 mg/dL ~ 1.2+ 0.4
vs. 12203 mg/dL K 5.9+ 1.6 vs. 5.2 £ 1.2 mg/dL - [W4HRIHESTET -2 7252 (P> 0.05) » fEsBRATEL& W4H 45 AST -
ALT - creatinine ~ uric acid 2 BUN {H B {EIEH (HEEEN (2L > 1987 ) BUnEle =S ERH T EEN SIS 5iE
B LI E IR R R -
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2. EREANIES SRR 2 2 0 A bieliE 2 2 2
Table 2. The effects of addition of Scutellaria baicalensis Georgi and Pueraria lobate (Willd.) Ohwi on the clinical blood

biochemical values of dairy calves

Control (n =10) Treatment (n = 10) .

Item Normal range
Before After Before After

AST (U/L) 42.8%11.57 43.11£10.1 4291108 402%9.5 21 — 100
ALT (U/L) 37.3+£10.3 37.01£9.2 4431122 40.1£8.6 —
Creatinine (mg/dL) 09%0.1 0.81+0.1 0.8+0.1 0.7%0.1 <15
Uric acid (mg/dL) 1.0£0.3 1.1£0.3 12104 1.2£0.3 <35
BUN (mg/dL) 62114 58+1.2 59+1.6 5212 29 —89

" AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen.
™ The data are given as mean * SD.

VKA o 1987 - BRESETBROBT IR -

W A

£ LPS 3B N RAW 264.7 EBFATAE - JRA0 2.5 ~ 5 88 10% 2 s Z /K ER & BEE A NO K IL-6 FYEAE - i
ER/KZERAE 5 K 10% BB NREMIH] IL-6 FYELE - SRR 5 2 S R B ar e f A7 204 9 28 R i BB B ThRE
e e HFANES EMIT A BRIV 8 BT RANCEREE X T EE A
TR BEatBaZE - DISEE e -

] 1.

Fig. 1.
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Control Scutellaria baicalensis Georgi

ZLLPS (10.0 pg/mL) FE AT ERAHRAEIR B 5 21 /KK (2.5 ~ 5 B 10%) FL[EHEE 24 /NEHE AR S50
=

=

Basal @ 72 [ ¥#JHR4H -

LPS : 75/ LPS {EAR I St /K280 2 4R & TR BG4 -

LPS +Q : LPS B Quercentin ( ##f7 22 ) FLEI(EA - Rbiss kG TEEIEH -

LPS + Scutellariae baicalensis Georgi * LPS Bl ZHy/KE5E (2.5 ~ 5 2% 10%) 1F > 50E54H -

The macrophage cells were treated by LPS (10.0 ug/mL) and Scutellaria baicalensis Georgi (SB) extract with various
concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the cell viability.

Basal was the blank control group.

LPS was the cells with LPS but no SB extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.
LPS + Scutellaria baicalensis Georgi: the treatment group of LPS and SB extract (2.5, 5 or 10%).
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NO Production
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Control

&L LPS (10.0 ng/mL) pRIEAY EWFARREPREL 2 251 KAOR (2.5 ~ 5 87 10%) HLEIRSE 24 /NF{Z E NO A2 kY2
Ei- I

Basal @ 22 [ ¥4 -

LPS : 711 LPS BRI S 7K SR AHIAR & (RS A -

LPS +Q © LPS i Quercentin (##f7 2 ) SLEITEA - Rpisd sk IEEIRAH -

LPS + Scutellariae baicalensis Georgi : LPS BlE 25 /KF0 (2.5 ~ 5 3% 10%) 1E 2 slbgh -

The macrophage cells were treated by LPS (10.0 pg/mL) and Scutellaria baicalensis Georgi (SB) extract with
various concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of NO.

Basal was the blank control group.

LPS was the cells with LPS but no SB extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.

LPS + Scutellaria baicalensis Georgi: the treatment group of LPS and SB extract (2.5, 5 or 10%).
*P<0.05, ** P<0.01, *** P<0.001.

IL-6 Production
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& LPS (10.0 pg/mL) i #EAY ENEAHHEPRELE 2 /K AR (2.5 ~ 5 2 10%) HLEEFE 24 /NRFRE IL — 6 AEkHY
B .

b

Basal @ 7% [ HG4H -

LPS @ 70 LPS {EARRNIT S /K E0R 2 4R S R4 -

LPS +Q : LPS B Quercentin ( 72 ) HLEI(EA - Rbiss kTR -

LPS + Scutellariae baicalensis Georgi : LPS BiEZ5f)/KZE0% (2.5 ~ 5 8 10%) 1/ 2 5EsgH -

The macrophage cells were treated by LPS (10.0 ug/mL) and Scutellaria baicalensis Georgi (SB) extract with various
concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of IL-6.

Basal was the blank control group.

LPS was the cells with LPS but no SB extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.

LPS + Scutellaria baicalensis Georgi: the treatment group of LPS and SB extract (2.5, 5 or 10%).
*** P <0.001.
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Basal @ 7% [ #fHG4H -

LPS : 3R LPS (BRI S8 K300 4150 (P L -

LPS +Q : LPS B Quercentin ( 72 ) HLEIEA - Rbiss kTR -

LPS + Scutellariae baicalensis Georgi : LPS BIE 25,7 /KEEE (2.5 ~ 5 Fe 10%) 1E R 2 slBagH -

The macrophage cells were treated by LPS (10.0 ug/mL) and Scutellaria baicalensis Georgi (SB) extract with various
concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of TNF-a..

Basal was the blank control group.

LPS was the cells with LPS but no SB extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.
LPS + Scutellaria baicalensis Georgi: the treatment group of LPS and SB extract (2.5, 5 or 10%).

NO Production
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40 LPS (10.0 pg/mL) FEIRA EEATRBERELE U KSR (2.5 ~ 5 3% 10%) H:EI 554 24 /NI HATHE B 2RI
HI A

e

Basal : 72 [ ¥#HR4H -

LPS @ /0 LPS {E AR /K E0R 2 46 S TF a4 -

LPS +Q : LPS B Quercentin ( {72 ) HLEIEA - Fbiss kG MEEIGH -

LPS + Pueraria lobate (Willd.) Ohwi : LPS BIEFE/KZK (2.5 ~ 5 87 10%) {EF 2 stER4H -

The macrophage cells were treated by LPS (10.0 ug/mL) and Pueraria lobate (Willd.) Ohwi (PL) extract with various
concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of cell viability.

Basal was the blank control group.

LPS was the cells with LPS but no PL extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.
LPS + Pueraria lobate (Willd.) Ohwi: the treatment group of LPS and PL extract (2.5, 5 or 10%).
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The macrophage cells were treated by LPS (10.0 ng/mL) and Pueraria lobate (Willd.) Ohwi (PL) extract with various
concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of NO.

Basal was the blank control group.

LPS was the cells with LPS but no PL extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.

LPS + Pueraria lobate (Willd.) Ohwi: the treatment group of LPS and PL extract (2.5, 5 or 10%).
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The macrophage cells were treated by LPS (10.0 ng/mL) and Pueraria lobate (Willd.) Ohwi (PL) extract with various
concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of IL-6.

Basal was the blank control group.

LPS was the cells with LPS but no PL extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.

LPS + Pueraria lobate (Willd.) Ohwi: the treatment group of LPS and PL extract (2.5, 5 or 10%).
*P<0.05.
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Fig. 8. The macrophage cells were treated by LPS (10.0 pg/mL) and Pueraria lobate (Willd.) Ohwi (PL) extract with various

concentrations 2.5%, 5% and 10% for 24 hours to measure the effect on the amounts of TNF-a..

Basal was the blank control group.

LPS was the cells with LPS but no PL extract added as the control group.

LPS + Q (Quercentin): an anti-inflammatory positive control group.

LPS + Pueraria lobate (Willd.) Ohwi: the treatment group of LPS and PL extract (2.5, 5 or 10%).

* P <0.05.
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Abstract

The purpose of this study was to evaluate the effects of Scutellaria baicalensis Georgi (SB) and Pueraria lobate
(Willd.) Ohwi (PL) on anti-inflammatory activity of cells and on the incidence of calf diarrhea. The in vitro test of cell anti-
inflammatory activity was to detect on macrophage cell line (mouse BALB/c macrophage RAW 264.7) treated by the water
extracts of SB and PL. The results showed that the 10% SB water extract administration on cells could inhibit the production
of nitric oxide (NO) and interleukin-6 (IL-6) by 47.8% and 81.6%, respectively. The tumor necrosis factor-o. (TNF-a)) was
not affected. The 10% PL water extract administration inhibited the production of IL-6 by 24.1% and had no inhibitory effect
on NO and TNF-a production. MTT assay showed that 10% concentration of SB and PL water extract administration had
no significant effect on the survival rate of macrophages. A total of 20 calves (Holstein heifer) were randomly divided into
two groups. Calves received diets with 0 (control group) or 5 g SB and PL powder administration (the ratio = 1:1) (treatment
group) for 30 days. At start and end of the experiment, the hay intake, concentrate intake, body weight, fecal consistency
score and the blood biochemical parameters were analyzed. The results showed that calves fed with SB and PL powder had
a significantly (P<0.05) increased fecal consistency score (3.2 £ 0.4 vs. 2.1 £ 0.6) compared to the control group. However,
the hay intake, concentrate intake, body weight, aspartate aminotransferase, alanine aminotransferase, creatinine, uric acid
and blood urea nitrogen showed no significant difference between control group and treatment group. In conclusion, the
10% concentration of SR and PL water extract administration can inhibit the production of cell inflammatory cytokines. The

results suggested the SB and PL could be good dietary supplements to lower the incidence of diarrhea for dairy calves.

Key words: Cytokines, Diarrhea, Holstein heifer calf, Pueraria lobate (Willd.) Ohwi, Scutellaria baicalensis Georgi.
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SR AR S SR RK B - G R R SRR A TE DA R ST
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BRS¢ AR - BERE - KRR -

i
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Fir (LATT i et A ) R LB a8 BRIy = 7 W8S & B FEIG E = BB K i R - 1 & I A 2 B =LA
B 5 T - FEERI/KER KGR ATTEINEEFUWCERZRRE T » fUKE RSB ERKESEES - &%
(2016 > 2018a) AEFTEHIME ~ H 5 MR E S 2 R EISE 3 A [EIH 45 HE5E & R /K 2B K& TILE - 4553
FEE RN PR BRI S - SRR i B A S A AV ET KRR -

=ERARHEEMERSERGHEGRES  HRAFR - Rtk MMENTLE KR - BN RZEEHTE
&g (Intergovernmental Panel on Climate Change, IPCC) #3515 H » HR G R0 E = EIEE B — S kK> 25 f% -
BRI REEBE > MHAVNREERY —  GZEHREMMUF - IR = RAS P E T E AR
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55 — 80% ° Rasi et al. (2007) Jz Harasimowicz et al. (2007) f5H » /BREH 55 — 65% CH, ~ 30 — 45% CO, fifi =
L& (H,S) K/K5R > #YE (calorific value) 7F 4,800 — 6,900 keal/m® » {TEIFEIEHE(RAET (2019) A5 EFEEE KT
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20 H K2 30 H - 4558 HRT 20 H4HAY _F7B% COD ~ 444 (total nitrogen, TN) ~ ##85% (ammonium nitrogen, NH,'-N) £
4&1gk (total phosphorus, TP) JE[E By #3Zthlz HRT 30 H4H &5 > HRT 30 HAHAVAR ~ HiM A biRkESR - DUCE
HITEAFERISTRE Bk HRT 20 H4H Fsrsr (P < 0.05) < &5 (2018b) F5i » FREFEZEE HRT # & (HRT 20 H vs. HRT 30
H)» EE&KH COD EEHIL - HEHERERER/) (HRT 20 H vs. HRT 30 H =5.78 vs. 4.84 L/d ; P <0.05) » [H:Ei
BHEAEAERVAR @ MIEMERTJEE R EEAVHEIUT - HRT SEEESEAFSRE K B E T -
Kelba BRNEE R RO S TR B E R e B E - DU KR RPN 2 A EERE » KA RE
BrEtENSRKRERERANFE S - et S RIER - REVKEMNR - HREENERIINE 2 -

MR T A
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akEBEN Y SR
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64 THEE A S A KRB R R ERASE & > PR 8 (B xH=4mx23m = 92 m"/ fll) - Efd
8 UH » SR L TR A R A AN > SUEAETEA 1.15 m” (R - R R EFK BT R RS
HENRC (1998) BV ARG SIS SRR EERE (R 1) » [FHEFIEREL 120 kg &R AR
5 -

* 1 HEREIRELERK

Table 1. The compositions of experimental diet (as fed basis)

Item Growing period Finishing period

Ingredients %
Corn meal, CP 7.8% 64.25 73.32
Soybean meal, CP 43.8% 26.30 19.00
Wheat bran 3.00 3.00
Limestone, pulverized 1.20 1.00
Dicalcium phosphate 1.30 1.00
Choline chloride, 50% 0.10 0.08
Molasses 2.00 2.00
Salt 0.40 0.40
Soybean oil 1.20 —
Vitamin premix' 0.10 0.10
Mineral premix’ 0.15 0.10
Total 100.00 100.00

Calculated value
Digestible energy, kcal/kg 3,410 3,369.00
Crude protein, % 17.09 15.16
Cu, mg/kg 15.8 11.5
Zn, mg/kg 98.0 85.9

! Vitamin premix provided per kilogram of diet as following: Vitamin A, 6000 TU; Vitamin D,, 800 IU; Vitamin B,,, 0.02 mg;
Vitamin E, 20 [U; Vitamin K, 4 mg; Vitamin B, 4 mg; Pantothenic acid, 16 mg; Niacin, 30 mg; Pyridoxine, 1 mg; Folic
acid, 0.5 mg; Biotin, 0.1 mg.

* Mineral premix provided per kilogram of diet as follows: Fe (FeSO, + 7H,0), 140 mg; Cu (CuSO, * 5H,0), 7 mg; Mn
(MnSO,), 20 mg; Zn (ZnO), 70 mg; I (KI), 0.45 mg.

(i) FEENTRBEIIANEEE - MRS 2 BEE 1 R DR & FHIeEE 100 ke 1% - ABKE 1 X
LR R - sTRARVERE - WA BRI SRR G5 -

(i) FEFEEENEACBHMESN FEEZEM R ERNE & ER A EREY IR R /N
FEFE (FaB 7 108 —245%) -
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solids, VS) ~ TN ~ TP ~ #f (potassium, K) ~ §i (copper, Cu) K §¥ (zinc, Zn) J2E 54T -
IV. ZZ R R PR EE © FEENE S IR E R AR ORI R » 3 A PREESE & R R - FEEEIRE 100 cm JiE 7 7K Bl
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V. JBREEMKT I ¢ RABEREENEERER 3 R > WEREBRSTERS 1
VL o3t 77
(i) pH{H ~ EC k& COD ¥ : 7l TE e IRIR (R E N5 2 NIEA W424.53A ({TEeIRIRREZ IR G
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B e
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KPR = KB EURE + /KPS 0B + K el EURE - K REE - hi RS A
KRB ZME - 77 RIS IET B R R Z R A Ea T NIEA W419.51A (2006a) ~ NIEA W418.53C (2019b)
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(v) #8H% @ SHTEPERRREE & 2 NIEA W423.52C27.53B ({TE IR IReEZ IR ERAT - 2010 ) 757457
Mrz e

(v) 1~ SR EE ¢ 2FERE (2020) 57k 0 B/KEEE 50 mL B0 A 3 N AYEEES 10 mL » DISEIEEE S 350°CE
BUETTRE % - DUR TR AL (Spectrophotometer Z8100, Hitachi, Japan) 73472 -

v ZEREEEm - AL AkesE (ofll#iE 0.2 — 20 ppm ; SEBHE LB TSEMRE L - tiER)If - HA)
HIE BRRE

o) JHFRER ¢ BE— 09 1 00 ZEEFAG AT E ST (Shinagawa Corporation, Japan) st #f8%% @ FH " ~ = -~ U[FE
B RTHE ARERS 1 K -

o) JHFRRT ARG LR — BAVEEHIES (Thermo Fisher Scientific, Inc, USA) 3 #r/ERH I ke — 4
(bR E L E R -

VIL &Etor i

B EERMRE  BRER - WERESE KBRM T ML Excel 2019 3R SE51{E « HAh /3 &R

SAS #iat o M EHEEEG Y — A 4R MERE ZUR2 7 (General linear model procedure) #E 17 8% J5 73 #f1 (SAS, 2002) » LA

LSMEANS &t Al 51£5 R B AH Y 5/ N 07 P39 SR i 7E > P DAET B I8 20 B 80N E 74 (Duncan’s New

Multiple Range Test) > 1% E i EEAH Y 22 S EHE M (P <0.05) -
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R B R AR
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HHENE i e s k3,410 B2 3,369 keal/kg ~17.09 i1 15.16% ~ 15.8 B 11.5 mg/kg K7 98.0 £ 85.9 mg/kg i (7=
1) JH{LREEUHE L E & 8T G NRC (1998) #HEEERSEE 20 — 100 kg FEEHVEBFE R » I 2 EMENEIR
EEERESHCA R (2010) #E - A RIAFEINE T 1R 25 1 110 ppm B2 25 #1100 ppm HYE SRS - slbail
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2.20 kg/head/day Jz 0.33 (#£55 > 2018a ) » AukEnsE 18 B K G RPUCRELER S (2016) BAERE (2018a) Er{E - #F %
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Table 2. The growth performance of experimental pigs

Items Mean SD
Age, day

Initial 87.7 5.6

End of growing period 141.7 5.6

End of finishing period 195.1 7.8
Body weight, kg

Initial 22.6 5.1

End of growing period 65.5 9.8

End of finishing period 119.1 7.0
Gain, kg/day

Growing period 0.78 0.12

Finishing period 1.01 0.13

Overall 0.90 0.08
Intake, kg/d

Growing period 1.72 0.15

Finishing period 2.80 0.40

Overall 2.24 0.19
Feed efficiency, gain/intake

Growing period 0.46 0.08

Finishing period 0.36 0.06

Overall 0.40 0.04
11 SpaH P /K E Ry

S B B PR R (o A 4 e B USSR R R TR Y U8R - PSR EN B SR B R it R E R B AR R B K
B AEEERSRER - BREARK - [HEEK - BRER FBR KR IR AR R R e T KE A - 3t
8 IR o KA » EEIEME S R Ay pH {E 7.69 ~ EC 6.57 mS/cm ~ COD 838 mg/L ~ TS 2,410 mg/L ~ VS 840
mg/L ~ TN 224 mg/L ~ TP 186 mg/L ~ K 360 mg/L ~ Cu 0.16 mg/L f1 Zn 0.27 mg/L ( ¥ 3 ) - [REE/KZIEKEBE S
BEWRRE R FER s (P < 0.05) » [fiERE R E COD ~ TS ~ VS ~ TN & TP HYEFRE - RISl Fy 86.84
77.27 ~ 85.34 ~ 81.80 Jz 85.04% (FRHAKREIR ) « Aukbafy T RN A AR SEFI S EEE Y - EaliRiHr A
e « SREE L EREM AR B /KL HE 2 r 8 HIRR T /K E 73 i » 3 Cu M1 Zn JRE (16.55 F11
26.07 mg/L) & FHE ML EE/K (2.03 A1 17.81 mg/L) Fyis (P < 0.05) » BUREE VL AMAME ARG F Cufl Zn H &R
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Table 3. Water qualities of pig wastewater at different treatment stage

Items Water A' Water B Water C Water D SE
pH value 7.69° 7.25¢ 7.61° 7.47° 0.05
EC, mS/cm 6.57° 9.57" 10.4° 10.1° 0.41
mg/L
COD 838° 21,000 2,790° 12,900° 704
TS 2,410¢ 20,100 4,570° 12,100 609
'S 840° 13,500° 1,980° 7,620° 436
TN 224¢ 3,600° 662° 1,530 78
TP 186° 2,000 303¢ 1,420 70
K 360° 1,100 785 1,090 20
Cu 0.16° 2.03° 0.28° 16.6" 0.45
Zn 0.27¢ 17.8° 1.03¢ 26.1° 0.81

' The Water A, Water B, Water C, and Water D were the manure ditch flushing water, raw wastewater, anaerobic supernatant
and anaerobic tank mixture, respectively.
»"¢4 Means with in same row without the same superscripts differ (P < 0.05).

II.

FhE B PREMERT ~ REFIERE ZEhER

SR E AL B HAEFE SR E R B SO R S 15 0 s RIDLEseRIE (Ail#iE 0.2 — 20 ppm ) » JHIESE
e P RIEEE I 1 A RS E /KB (P1) ~ F8556 2 WELEE 3 Ml 2 BRItz (P2) ~ &N BN (P3) KFE
FZYMNEELG (P4) 55 4 [EESVEFURTE (7 4 ) » &F005ERT P3 IEREEIE /L P1 ~ P2 & P4 £ (P < 0.05)
k% P3 A1 P4 HYERERIEL P1 f P2 Fyrsy (P < 0.05) » fEHUSRAT ~ RAVELERTTIHET - FEPRIFEERT P2 (0.53 vs.
0.25 ppm) 1 P3 (2.36 vs. 0.77 ppm) Y& RS B FE % Bysr (P < 0.05) » 1ff P1 A1 P4 Y EUREEEUE ik
R e o MEE AR - W g MIKEZ A F (Sociaal Economische Raad, SER) #i7E » 8 T{E&E
J& 20 ppm EREE NHYSREEIGHE A8 8 /NEF - £E 50 ppm BEE = HYE N R EENG M 5848 15 73§ - Donham
et al. (1989) 5% - T/E ANBNEEFBEILHM 7 ppm 2 ZUREIREE T  Reynolds er al. (1996) W5t - #5 TAEA
BRE 7 fFVREIRME Ry 7.5 ppm ; Wathes (1998) i SV & IR R EURE N 20 ppm © 585 (1997) FHE[EH
WEESERIR P & FURERRY S ppm - MTEFERERESE (2007) NS5 EH05 A D RREREVAER 1 ppm -
A KRR A TER EDE S EURBER - DISEPR eSS & N B (P3) IYEURE 2.36 ppm s
HEZHTHUEFSE (Donham et al., 1989; Reynolds et al., 1996; Wathes, 1998) 55K, » [fij P4 BEAREmFgf5emi ~ 1% (0.66
vs. 0.62 ppm) » EFE{ TEBEERIE (RAEE (2007) A5HY 1 ppm FURER{E F (K -

T4 FEEMEATRERRE L

Table 4. Comparison of ammonia concentration (ppm) before and after flushing in pig house

Items Before flushing After flushing SE
Pl 0.18° 0.10° 0.05
P2 0.53™ 0.25"” 0.06
P3 236" 0.77% 0.33
P4 0.66° 0.62° 0.08
SE 0.24 0.08

' P1, P2, P3 and P4 were the wet-pad side, the 2™ to 3™ pen, fan side in the house and fan side outside the house, respectively.
“® Means with in same column without the same superscripts differ (P < 0.05).
*Y Means with in same row without the same superscripts differ (P < 0.05).
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IV. JHRE & R Ly o3

B SREM AR R - AR PSR R~ RILBORIE > S7HIF 3,380 + 189 L/d - 62.0 +2.18% & 25.6 +
151% (%5) > (SFHGI70 R MBAIEMR - PHE (LR FILTE 338 £ 19 200 R 86 Liday » S35
8 64 5 - (SEHSTIRAIER - PHR AL RAIR 528 - 327 & 13.5 Liday - §85 (2018b) 55 EATER
AR F AR S L RURRIIRE > Kk 11 1 (whw) LEBINA S K SRR K » (R KBS ik A
SEEUBRE S - ATV SR 8 20 KR 30 K - SER BTN 60.5 — 62.7% ] » BUARBAFIF4E
B (62.0 £ 2.18 %) FHIT »

5. EHIURREERER KHBEOY

Table 5. The production and composition for the biogas from of the experimental vertical anaerobic tank

Items Mean SD
Growing- finishing pig, head 64
Vertical anaerobic tank volume, m’ 10
Biogas production, L/d 3,380 189
Biogas compositions, %
Methane 62.0 2.18
Carbon dioxide 25.6 1.51
Production', L/m*/d
Biogas 338 19
Methane 209 —
Carbon dioxide 86 —
Production®, L/pig/d
Biogas 52.8 2.95
Methane 32.7 —
Carbon dioxide 13.5 —

" Estimated value, Production = biogas production + 10; Methane production = methane concentration in biogas + 10;
Carbon dioxide production = carbon dioxide concentration in biogas + 10.

* Estimated value, Production = biogas production + 64; Methane production = methane concentration in biogas + 64;
Carbon dioxide production = carbon dioxide concentration in biogas + 64.

TEEL /AR E & (specific biogas yield) Kz ELF 27 & (specific methane yield) 757 » COD ~ TS Al VS BYELHRE
=457 AR 319 £ 50 mL/g COD/day ~ 333 £ 51 mL/g TS/day J% 498 * 85 mL/g VS/day » LA fEE= I fy 198 + 33 mL/
g COD/day ~ 206 + 32mL/g TS/day ¥ 309 + 54 mL/g VS/day ( 3= 6 ) » Z3t (i FHYEEE/K TS 284 20,000 mg/L
(%3) tHERES KIEHGIE R 333 f 206 mL/g TS/day » BiEESE (2016) {EFH TS &5 2.0% HYHEHIE SRENT
FRECHAL - EBERILLERESR (335 mL/g TS/day) KELF GRS (226 mL/g TS/day) &55LAHYT » 1 VS AYLLIERE
B R EE e B s 498 2 309 mL/g VS/day » W AIFESE (2016) sERFTS-AYLLIERE & (471 mL/g VS/day) fELH
B R (317 mL/g VS/day) fH3T - {HiZ Bonmati er al. (2001) 1£ 8 Bgras DI A& S /KIZEHIRRERDREAE 35°C THRIERT
1S5 EL A GEE & 403 mL/g VS/day » DL Kz Chae ef al. (2008) AYIF5E 437 mL/g VS/day B -

A5 COD HYLL FREE & & 198 mL/g COD/day » EEZ(SE (1995) /547 COD &YRJFEA: 0.21 L H e 2 4558
FHAT > MEEZ McCarty er al. (1969) F&HYE/ATE COD &yn]EA 0.35 L 2 MEm(E f/) - S5 RER B e &
s » IPCC & T (HEFRES » #2407 Van’t Hoff — Arrhenius J7,43 DUF S R EEE iR & (Dong ef
al., 2006) > #X Habtewold et al. (2018) f5iH} - BE/KE e EEE VA RAVEE) il e 2 2 E i e SRR Z -
I8 LA ENRE X g 2 B RS PRS2 2 > HERS A RSt i 70 A 2L (Rennie ef al., 2018) -
[t IPCC (Gavrilova et al., 2019) s ez &FR TREIZ A1 A G E S - Wi JE R R B RS RS A R PR iR
(storage emptying frequency) 49 A% & - L7 MNEEZK R o7 A 6f e B e B A I 2 FR e (B &%) (Batstone et al., 2002)
R WEPERGEENEZERNE - FlNZR S T B E &% McCarty ef al. (1969) 2 HAVHERE
ZRNFER -
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Table 6. Specific biogas yield and specific methane yield of the experimental vertical anaerobic tank

Items Mean SD
Biogas production, L/d 3,380 189
Methane concentration, % 62.0 2.2
Influent, L/d 515 10
Specific biogas yield', mL/g/d

COD 319 50

TS 333 51

VS 498 85
Specific methane yield*, mL/g/d

COD 198 33

TS 206 32

VS 309 54

' Specific biogas yield = biogas production (mL/day) + inflow wastewater (L/day) + COD, TS, VS concentrations of inflow
wastewater (mg/L) x 0.001 (unit conversion).

* Specific methane yield = biogas production (mL/day) x methane concentration (%) + influent (L/day) + COD, TS, VS
concentrations of inflow wastewater (mg/L) x 0.001 (unit conversion).

W A

L {ERREME R o AT aE R - A FeR S S B i F B K Ry > BURHIAIEEE BN U A
HERBIL -

1L CEECE RIS RTBR(% - S8 N B I MR RIRE B - FEEeRisE S (FE55 2 MBE 3 2
PEFEIRIAT R ) ARy R R S R R R o

ML 2 AR PRSI T DU &R LA - B RS e EEEEN - S RiBE - M aREEsE S e E s
BEEPR - DIER LIF A BBz R mE -

W

=Rk

TEIRREZBS - 2021 - 405 T Ehia B - hEERE] 110 4 12 A 30 HEIEAE -

ITEERIEORES - 2007 » ZE @544 P A HI AR — [E B 5 JYIR 22 205 A B - hEERE] 96 429 A 11 HITER
RN RFEEIRE 2T 0960068131 5FS{EIE -

TR (RGEE - 2018 - F3E fu5/K F/KERG/K 5 aBUERL - FEERE 107 4 12 A 26 HEEIE -

TBBEREIRER - 2019 o JBUR/KEELE - hEERE] 108 4 4 H 29 HEIE -

TR R IR O BRI AR BB P - 2000 - /KR B8R FOHIE 7504 — BEE A (NIEA W203.51B) - FEE[RE 89 4F 11 H
23 HIRERTE 70017 580

TR ERIR (R B IR IR B AT - 2004 o /KP4 E il 7574 (NIEA W423.52C) » thEE[RE] 93 4F 8 A 9 HIRFR T
0930057400 BE/\ 4

ITEER R E S IRIRARERPT - 2006a - /KBS IR EE SR HITT 74 — 3 e FER T A (NIEA W419.51A) o HhEERE] 95 4
8 H 8 HEEZHT5E 0950062980 /N5 o

TR ERIR (R B IR AR R AT - 2006b © /KR gL &l 7574 (NIEA W451.51A) - E2RE] 95 4 3 H 31 HEF %
55 0950025578 BELNE

TBPBREIRESF IR - 2010 « /KAl 7704 — 73 0L Rt /44 Z A (NIEA W427.53B) - HHEER[E] 99
19 [ 15 [IBEHTE 0990084224 BE/NE o

17 B Be B8 B O o8 55 BB B A B P < 2013 o /K 400 R 1 98 R B8 F [ 8 A R 5 & — 103 ~ 105 °C §Z /8 (NIEA
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W210.58A) - FEERER 102 4 1 A 15 HIEBZERFE 1020004998 5704 -

TR RS R B IR ARER T - 2018 - /KPLEER A BN JT7E — HEZEEST (NIEA W515.55A) - EEREY 107 4 11
H 22 HIREFZMFEE 1070007386 5% ©

TEbi R reg B IR IR ST - 2019a - /K2 S FREFEE ( pH (H ) HIE J774 — BEfiE (NIEA W424.53A) -
EEER 108 42 1 A 22 HEEZEFTFE 1080000393 FE/ 4 o

TR R E RS BRI - 2019b « /K of ap i BE B FUbR M /575 — EL 0% (NIEA W418.54C) - IEEECEY 108 4 7
H 30 HERZHARTES 1080004541 5RANH -

TR~ HEDA ~ BB - SREEH - 1997 - BRESIERIRIRRB A EI o L E AR 53) 1 122 -

BRI G ER (285 ~ REH) - 2010 - LUEHEL 99 4 5 H 18 HEHZAET S5 09920050420 5745 -

FIRALE ~ TURE ~ G UUIS - 1995 - BRI BRI N MERHEMEROKZSRERBBTENZE - T E G
24(2) : 191-204 -

AEBEF ~ R RHT ~ BROKRF ~ s5t8 48 ~ AR5 ~ VBA R - 2016 - HEE RSN L 2 E R E BTG - BEMMET]
25(1) + 1-11 »

FRRHT ~ 455050 ~ K - SRR - ARl ~ FEANE - 2016 o HIm&SIH A FHE L RMBEEFESHKE ~ BOKE

ZRCE o BIEMTE 49(1) 1 26-34 -
ARHT ~ SSFHY ~ SRE - AEEES - RRAREE - 2018a o Mt ASIER IR G RIEREBIFE S ROKE FUKE Z 508 -
FEEHSE 51(1) 1 75-83 ©
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Effects of growing-finishing pigs in water-pad cooling pig
house on growth performance and water quality

of wastewater treatment "
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Abstract

The purpose of this study was to investigate the effects of raising growing-finishing pigs in a water-pad cooling pig
house with manure ditch on the growth performance of pigs, biogas production and effluent quality after anaerobic treatment
of wastewater. During the experiment, 64 LD pigs with an average body weight of 23 kg grew to 120 kg, and both diet and
drinking water were given ad libitum. The manure ditch was washed twice a week with the anaerobic treated wastewater and
the raw wastewater produced was stored in a water storage tank. The raw wastewater was automatically controlled into a
10 m’ vertical anaerobic reactor at a rate of 500 L/day. While the anaerobic treatment system was stabilized, the flushing water
for manure ditch, raw wastewater, anaerobic treated wastewater and the mixture in the anaerobic reactor were collected every
2 weeks to analyze the water quality. The biogas production and compositions were also determined. During the finishing
stage of pigs, the gas samples of manure ditch before and after flushing were collected to detect the ammonia concentration,
and the sampling sites included wet-pad side (P1), the 2™ to 3" pen (P2), fan side in the house (P3), and fan side outside the
house (P4), The results showed that the weight gain, feed intake and feed efficiency of pigs were 0.90 kg/day/head, 2.24 kg/
day/head and 0.40, respectively, during the experiment period. The ammonia concentrations of P2 before and after flushing
were 0.53 and 0.25 ppm, and those of P3 were 2.36 and 0.77 ppm. The ammonia concentrations of gas samples after flushing
were lower than those before flushing (P < 0.05). The average biogas production rate during the experimental period was 3,380
L/day. The concentrations of methane and carbon dioxide in the biogas were 62.0% and 25.6%, respectively. The results of
analysis of the mixture of anaerobic reactor showed the copper and zinc concentrations were significantly higher than those
of the raw wastewater. In conclusion, it is recommended to flush the manure ditch regularly and remove the sludge in the

anaerobic reactor for the maintenance of the air quality in the pig house and reduction of copper and zinc accumulation.

Key words: Manure ditch type, Pig farm, Water-pad cooling pig house.

(1) Contribution No. 2733 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Livestock Management Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
(3) Corresponding author, E-mail: tmsu@mail.tlri.gov.tw.



BEENTEE 56(1) ¢ 76-87, 2023 76
DOI @ 10.6991/JTLR.202301_56(1).0008

FREARRRLRE T FHBALES =R

A2 g Pt 73 0

q‘l 4

3 2)(3)(4 -5 (20
@{%()( )(4) M‘ﬁ?ﬁ()()

WefFEEE: LILAE9 H 16 H s B2 HW - 11242 H4 H

W B

DR R E RS R B A R RE /KR B O e~ 777 AE » R KA B LI B A 4 2 e HE U E T &
Pl BB PCE AR EN I RE RERERE - £2E8 1 5HEE) > HERZ —2E X0V H %
ENENSHRSFHEERA - WL - ARt AR T BT ECE RIS T Ta MY - BRI IEEEGITAR
JRA > St AR T Y S e R E S R IR St TE » Wt R LB s PCE 2 FEE
FHERU AR (LSRR E & » COe TR ) « AHFRBL=FBFEENOGEMF - BUTEREE AT I BR I & Bl N
clean development mechanism (CDM) J57A52¢ AMS IILH. k& HAEFERS T2 0% ) AL BERUEGE - 2EHE50I5EE
K EA "SR EESS - EEE Ry 14,000 £ 4,280 t CO,e/year « pHl&H0I55E & F e UG (LA &bk
i COe Fon) » B0 ~ TR~ SR 305 £ 93.1 ~ 352 £ 169 ~ 122 £ 34.5 kg CO,e/head/year » AHFZEHEH LA
FREU R /KEE2RE % & ( Chemical oxygen demand, COD ) #fi# = 80% F1 LV & ( COD 1B Bz Fg /K & Y i i
Fr FFEE0EE) 70 100 — 300 g/day/head —IAMRM: - 1F R HIETEFE S RS /KERIEIE 2 & A H T HMEZ A - K
WFoRaE SR B2 E5E & e BRI AR A 1 (8 s &y 346 £ 32.2 kg CO,e/head/year -

RRdE « B EIEDK IR EREIEIREZ - AR - JER - B -

4

EWNEEHREEETEEN IR > SEAESFEEE 1 TERIIHEY - 288 ELEEAE 33% DI
(ITEPERR e B K E REA a ) - BEZAEES » AT BFEENCEEA MRS K BB R M A SRS R > Fy
TREEYERER  EREREE Y > BUNZIIEHES) T EHEREREAA o B | AR EREE
TERAENE R AES A (R EEEEEYEANAEEAETEAR DR ERE E RS IURKEE » BUR
TKAE Fo B 2 KBRS A ((TBPRRREE KEREN b ) - BEREECERKEBREZETERNER
SEWEMA > N B A AE TR E IR BRSBTS EA - DIRRE/KE REM 5| gL
THIIIASE (&% » 2014 ) BUR > BLEAEAE 9,000 BH 2 BAEEHH A 90 kW 1Us8 B BB > WIRBE AR ERETH
B BRI 1 SR E E (t CO.e) - STREERE] 550 HUHEF G R E ] A 2 s
FHEEAE T 5,500,000 t COLe HYRREER > H42E] CO, HEEM 2% (TEFEREIREZSKEREMb) - 52 »
WR S EBFEE PRSI T AR - BB ESEERE T 151 12.8.2 : EREEYIERTFIA | 792030 F£H
TR TR,

HEREZ SR BN HREE  (H2ERE AR B EEHGIE 535 (THRIRREZES > 2019 ) - 2EE&EHES
36,609 5 (1TEIGREZRE T > 2020 ) > HEEREEIILLHIRE] 0.8% B8 TR T AKBIEFEE 258 - HHH/N
RIS E R R A A = 8% - S/ NUEFEEN S - 5B AR U AR A A LR fifest - Q<3
FHEAH - WBELEEUR > 1Y (1) FEMESHERGTA B REERANTEAT LS RIS LB - Mgk
e R S RIS Al > SUA (2) FERRECERE IRER » RIEETERERIE M 4EETRT - A Q) EANEEEA T

|

() TTE e Z B B A BRI Fe E 55 2734 55 -
Q) BT SRS L AREBRIR TIREE 4, -

(3) BT S R B R AE TR R BRI 3 R e s

(4) #EN/EE > E-mail: lien.sam@nuk.edu.tw ©



77 B EPCE R = R B EE SHE B T AR U R B S

TERE - (I ERBEARRZRITHIAN S (& 0 2008 5 ZRAEF » 2009 ) 5 55— FTREIR R R A %S 10 — 20 kW
Z/NEEREE R o

TTE e R IR (R fy T BB B N & T A 2 B OB = RS E R ENY 104 4 12 B AE: WA= fismELEH
WA ) (AR ) (FREER=E R EHEIZERE &0 ((THFRRIRES » 20222 ) - IRIBEERE
REFNEERNEEZEZAMENR - HRIZEWRIREZITEEIEE 38 il - B EYCEERFNHE UR=ZERAE
R - B AR AR E AR ERE - PR EIEEECEEAREIMIBINIA - S nEYCEE E R
TBRAFHEER RSB ENGR - RERRREFHEEITRE RBIRREEfES > M2 h NREHE , - (IR
REBAMZIERELITESE  BREYCER K EBREZETHEAN BREFENFA AT A —RIERE R - HRNEZE
FHEETEBHLARI TR AT L B Z AR BB R E X > BT AN NE TR HEYCEEM S BN g » (28
FEEPCEE R EA B - (H R E BT A I E R GEE - Rt > BHF) 109 £ A5 — (MBS HCEEREE
HA IR EZE CEEREHARREEITEE » 2020 ; EEREES MR/ EREETE » 2020) » 7>
BIEUSEEAE 12,912 LUK, 14,630 t CO,e KB ENTREME > B2EEE N AERABREREHEL | & B5FE
PEE AR E A R E SR E G -

BN HIR A E S T R R LA & B e e & A R S8 % (clean development mechanism, CDM) fift
BRI /EE: - FylfEfr CDM BHZEMER G - WEGFR RN - EETTHER - BHIMERVEEBESE - £ UNFCCC %
N2 CDM #h{7HZE€r (Executive board, EB) 717 HY 4R BES I 757422 (baseline and monitoring methodologies) |
DAL B0 {T CDM BLZE ) (CDM project activity) Bf » {E 8 8% (register) HZEBIESE (validation) 2 #55( < 241
BT 20 FERYE S IRIER - IRZAIIHFT A5 H - CDM FZENBHE R Rl E RGBS - Rl 2 eIt
(additionality) FyZmsg L » A RAFEEE (Hayashi ef al, 2010) < 41fa[fEi{; CDM HZENFISEAMA - FEEREE
FOR o B X REREIR B AR 52 B4 (environmental integrity) » EUEK 7 CDM $TEIE & (EB) 4T 10 F 2K E HAERE
(Hayashi et al., 2010) °

FytEORE B R E T IRIE TR M - CDM Y7 A e A B E AV 20 N T - HA - SN E R e R
s (stringency) FYEEEE—IR - ZA[ - AMIOVERYER L 28 T8 > BCRMERE RN EGE TR AN R ER AT
1 > #EK T H#EE) CDM HY[E#E (Hayashi et al., 2010) - ZEAE{LFLLR)E (standardized baselines) & CDM 77 A2 i B[R
TR » sARIBEIHE ~ ZE B AT FEM: - DUNE CDM AyHESE) - Pl iy et - S Er s 52 bRk
WA R BEIENTE K - FEIFFIAE4ERE 2 400V B DRI EHIRIT e B MRV E0K « I - B ESUA S
HIPREGR © B R T AV B (E BN & R EE S HY (S AR AL (under-crediting) » [EIF » SOHME S S {5 (S5 F
(over-crediting) » 7&K IRIESE LAY 48 (Schneider et al., 2012) »

FEAERLGRHaat IR A LS ¢ (1) #RESL#E (performance standard) ~ (2) [EE 14 (homogeneous group) B Z KA
FEE - (3) ARV flr% (UNDP, 2013) o 55 —fd 7 @ Ehae A DU A B 28 AR pE AL AE - BT AR HEU A8 > Bl ER
TIHERUAE » BB RS AN - £ SRR EE R ZFERE - FH " EEE L EAEE g - &0 - 3BIR
TR T - BE B EE FaHEEE R SR F - (2ERT 20% % (Lee et al., 2005) & FATAEFLRHENL
{48 o BRI o2 R A L 4 g A2 (-2 B B s (5 BIf (Specific CO, emissions in residential buildings in Republic
of Korea (version 01.0), 2020) - 55 =f& [F @ #5+5 il R & F] FHURE ZE 1% 14k 1774 (performance penetration approach) »
EFEYMNIERTE ER T > 167 LLIERFES] (CDM Executive Board, 2011; Hermwille ef al., 2013; UNDP, 2013) - 3%
TG T A T B ARG ENGE > 52 > EREHENTE L RGN GRS THRE
(default value) > HEHEFAHFE TS » (EFTFREMAVEIRENNIEZHFEE (I - FEEE - HpRkE - /KiaHE
T~ AR S ) - (HeEt R SRS -

FEEH R BRI AR B 2 TR IJTAEETEA - IPCC B %R = RASHE R & 45 51 (IPCC Guidelines for National
Greenhouse Gas Inventories) (IPCC, 2006; 2019) ~ CDM J57£2 (CDM methodology, 2019) DL K AR &= =002 (Su and
Chen, 2018) % - {{xi% IPCC 155 > FEEAVHHEN O SN S BRI EREBUEFEE ZJH > S8 ITEE
53 Ry 777% 1 (Tier 1) ~ 7374 2 (Tier 2) f17774 3 (Tier 3) =(E@&RAVETE T4 © Tier 1 ZELAVEET 774 » FHIESH] - R
FE R S R BRI A BT - B E R TS RIES TR R e E - DIEE RG] BuilE « SR R
22 — 24 1% At Z BEUAECR 5 kg CHy/head/year (IPCC, 2006; TTEFEERER (RaES - 2022b) - [fij Tier 2 RIZE o H
ZERA T 7R ESE (W EEEFEREERY S8 ) stEHEGE > LU B R = RETHE - Tier 3 Al
T A ok BHYE BB T U7 /AL IPCC 155 [#fit 2 TR St RERRK » Al DURBIZR R E 7 AR S A HE
MY T AR EALHERA T - Tier 3 HYE R EEEZ HIBIFEEIE E L - DIHECR G EHEZCAHYEREMERT / B0fETHEE (IPCC,
2006;2019) - CDM FY 522 RIZER A/ NS R 057422 T AMS — TILH BE/K R B > FR e Rl R % | 28 19.0 kit (CDM
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methodology, 2019) - FI| i 5 & 54 & PR 2 FLIR &L KR H A4t ia B > B R UM (LB [ 7L E2 75 S & (chemical
oxygen demand , COD) [FllifEEA: FRGEAVIERE » 5T RORIETT FGE Y E AR FFIT R (baseline emission, BE) » DLURETT
eSS R B P A Y B 2 S B HRRCR (project emission, PE) » Wi AV {E N Rz B SR L 2 e & - AE[EIhg
BRHEAARTEE R = R RTRE (LS bR EEFR L) - FBHULE R E B R > Tt R R
{bbik & B R B 2 FEERT R HeBUARE - (BRI B EANA RIS e85 L 2 BOKEME R - Ay riES
ZHE > PR RGBT E - M HERRRE TR PR RE L 2 R B —E)57% -
Wi S B R BRI Tt EAE R Y e R A2 (Su and Chen, 2018) -

A ZELIBIN = 5258 AR B THER AR 1000 SHDA_E 2 BAE G HI IR RIS - DURCURUE S 2 Bis R Akutt - 5
EEAR LB ENCREOK R 2 BT Wiakat r AR BB R A s L B 7B I P R Y 2 5
TH - BiteEEEHEEESBRMEEAEER - A2 REEEGIERZFA . et —E TN A L85 s
PR ERBIR S RV EEE R AR U7 0R SR Horp - AW ZE s Il & B/ NI CDM J77452 AMS.IILH. KRR
FREAFE T E > A LA E PR R BOl IR RS -

MR T A

L SRR
AWFT AR E IS LR AT 28 BT IR T A B B HE AR i XRERTTE SRR EZESE
EEERFTIY 2017 ERITEFES A REBEGI T (B E R EBE BT > 2017) Frttav Bz T B o
T = SR s ARl AR 43 A1) By 28,000 5B / H (20,000 FE LA F ) ~ 3,200 58 / H (3,000 SEBL ) K 2,200 58 / H
(2,000 BHEA b)) Z BREEYOHN RN ~ BEKRERCR SOBRA BT - 55 AHFEN I B B
HIZERtat EMIICRCR - ETHEE R BeBEUARE T (#F > 2010 5 2011 ) - AWATEEBEIT AR ER » HEME
FAEE 1,000 SHEA RN ESE S 2 /K54 et iat 5T ol g S (TR R R/ K5 A tER AR &S
SEE 0 2022) 0 SHEEFESURIE H KGR E - B HEAREH/KELUEFES/K COD gaHEFE IR =R AR
BT TSR - I TEIANFE E R COD Hf L& -
11 FHEF A BLERAR 73T
BT BRI T B R B BUKE SRR T R A BFEE A 1,000 BHLL 2 &HCEH - DIEE
FESTE R AT BB E NG - AR HFHE =REFEE > AR EAL - Bk - B > COD KEREMRER/REER
—R > BREREE ST B R ER it R K ~ BREVEHRZK BURUK « ZKEEEREE 77745275 NIEA W109.53B S350 /K
BRERTTE » DA A =0 R 2 [BIE FBh PR Kes M - DLERER SR 70 RlIERHUE & 2 BEIR 7B K ~ R RTK
FIBUR K Z{EER AR R 2 7K » ZKEREREUR DA PP AMPE 2 B iR F - RIS 2 B s AR 2 Fa R
W% (FBEERERFT 0 2021 ) - BT COD KRS S HAREETR 24 /NIEN MR R - S EEOH BRI BLCHHHEH VASS0
TEEAIFE G R R mv. 1.5% & £.5.10.3% © B4 2021 FFEAE R A S B 974,831.5m® ¢
0L (LR RS
7K1 COD 47 #1{# A HACH COD Digestion Vials #7743 17 > #F 2 mL 7KEE I A COD #& th » L 150°C i
M2 NEF 0 FFLL O EEE Y 620 nm N HEEFTRIE 0 43 0% % ET {5 HACH DR900 Multiparameter Portable
Colorimeter » {&HI#IE A 20 — 15,000 mg/L °
IV. CDM /NEfE J7 745 AMS.IILH. FE/KpE B B e S e i R 22
AR A BEFEEHCE T EA . CDM /NRURE 77742 T AMS — NILH BE/KpRHE 2 e R m U EZE | 5
19.0 i)z (CDM methodology, 2019) 1T 8 %= ERS I EFE 2 (5 5H - AT HEERN = MEBF E 10— A 2 [E
BT HERIFK ~ BRE R /K B JBUR /K COD Bid - 15 HOR =5 ARGk B 5H S BilAE & R e FEIUAR B - ARIATTRKIER
FHEETUE R EIR T BEA Y (FEEIR ) 18 » IRREEEEEYIE A R/KE R - SR 5 R E I &5 JeRT
MR M % RS BN AR IR B T o [F0F - AR H O BREBE B ENES » AUEERSE
CRAPUGEA R - IR BB A5 AR AR PR B KR B A SRS B R B A B IS R BRI
& o ik FAUBFEESEE TR AR 2 T E 71220 (CDM methodology, 2019) fij{b A 521 — 3 » H
W BEEHIFTES  BREFHEENHER 1 R 0 ER (URE Y FEAVEPEEE - BE, (URE Y FRHERTZ
BEGHERE - PE, RFF Y FREHENEZEEHERE -
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B N R R T T R e e
ER, = BE, — PE, c1rrssssesteeeteeeetettmsssssossssssssssss s (1)
BE, = BE,,., cument s  BE o dischargey ++++++++++11110500000555550 0000103105051 )
PE, = PE,.,, fschusgey ---r++++++++++++1+1441413113111111111110000 0055555 3)

:/H\:I:Ij BEWW treatment, y ﬁrg7j<réii/%ﬁ\£ﬁzﬁ£%§lzﬁgi BEww discharge, y /—Eﬁjﬁfi?§g§7ﬁ ( ﬁii)t[[{.7j< ) EP?E‘B%EEZ%‘T/%%
B A2 Z FR AR TR ~ PEoaischaree, y MPRFRIR Z JBE/K (HURUK ) tha Il 2 Atk 28 2 HaSghPEE - A
BEFFI BAVET B ITAD I T -

BE,.,. teamenty = Q wwy X OWPeyy X By o X CODyponiy X Meopri X UF g, X MCF L caiment BLiceeseseseseseseseseneieieieieeieieeeas 4)
BE,\, discharge,y = Q wwy X GWPei1y X B vy X CODigoparge iy X UF g X MCF L iccnarge i ieeeesesesessesssnsessmsisinssisinisisisiiseeis (5)
ot

way =Y 5 BEKIEEE (m')
Py = FERBRIR(L7BES (15EH 25)

By, = 1Y 4+ BEKE A FBedIRE /1 ( J7755 %8 » 0.25 kg CH/kg COD )
CODjponiy = 1Y Y 4 EARPEEE T BREEKEEE 245 "1 2 #E COD JEFZ (ton/m’)
Neonsi = COD KRR
MCEF.,,,, reatmentpi= FRTRIERT + PREHFREVH L& ROl - fRET7 A2 4551 > HLO0.8
UFy, = BN MR ER T (FRIBJ77A5824455( > HL 0.89)

COD gipurgeiy = 1Y Y 4 FRERIEBE T BREBEAKIEE L4 "1, 2 UK COD R (ton/m”)
MCEF,,,, dischargesr, = FFRERIER T+ RFERCEERE ~ o)) 1[S00 » iRIEHEESES] > HL 0.1
PE,,, gictarge.y = Q sy X GWP s X By e X CODygscnrgerty X UF s X MCFE g ppieeeeeeeesssssennnnessssseessssessnnnsessesseessesnnns (6)
Hepo
Q iy =AY 4 BEKPRIEE (m’)
GWP .y, = e BRI LVEE: (BEH 25)
By =Y 0 BEKEAREEE S ( J77527H5% (8 > 0.25 Kg CH,/Kg COD )
UFy, = AR E MR ER T (HRIBJ77E584E5( > HL1.21)
COD, gischargerry = 1 Y £F » FREBEKIEEE 2478 2 U COD JEFE (ton/m?’)
MCF ., dischargepss = EWERSIER T + RBERCEESE ~ HIECHE - REEHAZSE5] > HLO.1

HARSR A T A G T R E G R 8
AFFUR LA A B AR 2% - AIAERZERME - 27 Sudl Chen DR ES G120 (PV
= nRT) #E{ TREFEEFES Z FGEHF E 5 (Suand Chen, 2018) » DIFIfE Z AR - st ETREAA0T -
PXBx—-x103L/ . _ kg
F e HER (48 (kg CO,e/year/head) = e | X MW, X 10 3 =X GWPehg oo, (7)
Hr o

:0.0821 L « atm/mol *« K
1298 K
GWPy, : 25

e RN

MBS UG RK R LR E A
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AWFEr It EEAL « B BRI ERE B EEOGET O - B(L5EEE R 46,000 51/ H
BV NEEETA 2 BESe R 2 BRI B » EMIG R R R 20,000 51/ H ; MRS EEENf 4,200 51/ H -
=FRWSEERREE AR B ERFHIETRE - R | HAVITER 110 F£E2=HEGRE T Z/KE COD &
J& > DAE R BB A A /NS T 7A5E AMS.IILH. B3 /K B 2 FR e SRl 28 - ETTHUG REK S bR E B E
HUETE > POGRF (R 2 — S EhREHBESE 1 FoR - [EEIME > B ESHEKEREAR A bREHRE
&> HIREFE Fy 14,000 t COyelyear » EMES Z B AL Ky 7,050 t COyelyear - FEERE Z B AL AN Ky 512 t
CO,elyear » FEHF N R RN BEALSH K BEEEEE =T REH -

(a) (b)
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e 4,200 BE / H o

Fig. 1. The GHG emission reduction potential estimated by the conversion of wastewater quality in the course of 2021. (a)
Changhua farm 46,000 head/day, (b) Yunlin farm 20,000 head/day, and (¢) Pingtung farm 4,200 head/day.

1. PUBROKEMET/KE COD R
Tablel. The inflow and effluent COD concentrations of wastewater in anaerobic digesters for three pig farms

COD (mg/L) .
) — — COD Removal efficiency
Sampling time ~ Raw water after solid-liquid  Anaerobic digester effluent ((A-B)/A) x 100
separation (A) (B)
1* treatment plant Wastewater flowrate = 503.4 CMD (m’/day)
2021/02 12,450 955 92.3%
2021/05 13,940 1,091 92.2%
2021/08 7,190 600 91.7%
Changhua farm 2021/10 11,900 606 94.9%
2" treatment plant Wastewater flowrate = 400 CMD (m’/day)
2021/02 10,100 857 91.5%
2021/05 7,760 1,215 84.3%
2021/08 3,220 412 87.2%

2021/10 8,480 454 94.6%
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1. POGROKEHEETT/KE COD R ()
Tablel. The inflow and effluent COD concentrations of wastewater in anaerobic digesters for three pig farms (continued)

COD (mg/L) )
L — — COD Removal efficiency
Sampling time ~ Raw water aftfar solid-liquid  Anaerobic digester effluent ((A-B)/A) x 100
separation (A) (B)
Wastewater flowrate = 351.05 CMD (m*/day)
2021/04 14,350 1,990 86.1%
Yunlin farm 2021/06 6,890 1,200 82.6%
2021/09 21,320 1,194 94.4%
2021/10 12,550 1,155 90.8%
Wastewater flowrate = 84 CMD (m*/day)
2021/03 4,270 798 81.3%
Pingtung farm 2021/06 5,680 368 93.5%
2021/09 4,030 495 87.7%
2021/10 3,200 422 86.6%

SHERUG B EFEATE A F R E (LS tiRE ERoR ) - LEHENSEEHEEI ESYCs TS —
FHYFPGERERRE - A HAE E PR R - #(E - TAk - BRI 505 305 £93.1 ~ 352 £ 169 Jz 122 +34.5 kg
CO,e/head/year o #E—25 7iAfT & HOGHIMIE ~ FRGERCE 2H1E BIAE & e R RUA B B (4 - 28 2 Ao EH05 M
R HESGHRGEREHEBAINS - 52 BEEHHEERA - HOHRBER G EE TR - 5—J7H
BT BEIRIF/K COD {HALE B B ROK EIRHRSERHI £ - FRER SR 77 8RR /KHY COD {E BB 55 W%
& > AR ALK B = SRR R R S (RN S - DIAWITE SRS Z SR M S > #48 ~ EMf R
H e K B E R — A bhRE 2R R 15.514.7 ~ 20.1£9.6 7 6.1 1.7 t CO,e/year/CMD
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2. BHEEYOSFISEBUR = RS R B KR & e HR R B Bl (5 -

Fig. 2. The GHG emission reduction and the methane emission factor in association with pig numbers.

DI RARTT TR SR S - PRt —(E o] AR e i GBSV ECE TR - AHLZEN: - At
FEBPBUFABE N - WERBINEFESI /KSR aE it S (KRS ) - BRH P RIEAREES - o] DU
&t DL 5 387K COD fH Ry BERERY CDM J57ASE - o] F AR FR Ge R (R BOA SRR FIHE 50 - (8 3 R AT 5E
AFHUEEEA 33 S80S 1,000 BHLL B2 —ESH/KilEtE &R - STREEEMEERES 2 COD {H (g/head/
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day) > ZPR#EE LV (limit value) Y5 FEATF ¢
LV st cop i @headday) = (Q X CODLY 5 P oottt sssse st sss sttt esssssesenes (8)
Hrpo

Q= HEAKEIH/KE (CMD)

COD, = [FEE/K/KE{LE R EE (mg/L)

P = FE A B TAEY (head)
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3. LUKHGETEEREIREEFHAEERESZ COD {H (LV £ » ghead/day) -
Fig. 3. The daily COD value per pig (LV value) in Taiwan estimated by the data of the water pollution control measure plans
(Limit value (LV), g/head/day).

PR H i S ER =BG R R EN 85 S - BRINS 0 A 24 MBS LV ER 100 —
300 g/head/day - #85 ~ » {EIRKERE JIVEEAS F - EEEFE R RAEHERAY COD {E7 s 100 — 300 g fEZ G HAY &L
- DEEATHIENS » BRI E R KEEE 58 R FHEEERESL 30 AFHEKE » COD &y
250 g > SS 5y 150 g (15 » 2004 ) » B EAICHI /KIS E BRI BT ERY LV (H 2 458 —20 - #a{F R HErEsE
STy COD Bk 2 & AL T i Al -

2 FRAWIFRBEIGRE Z 8% - &5 2 KIEER AT iTte < Bl - FERHRESOESE RS
BT (2017) FRER At SO EIT 7900 AFELL CDM J5 A /TR E ~ STEH LV - COD EBpRE
DALL# i R I 585 e HE U A B RN JR A - S5 RBURFTAPCSHEREM H 7K COD R ERF & AT 80%
DIE > #21E85 ~ ARG ~ 28,000 TEFIS K 3,200 GEATES S TEEE AR B R ARE - (HE LV E B /7 100 — 300 g/
head/day © 73 A4S REURH] » & LV {E1E 100 — 300 g/head/day » R [EHUI5E 2 BB JERUAREAHAT (346 £ 32.2 ke
CO,e/head/year) » B2 Su Jz Chen (2018) 7 R EFNT - BUEAEZEN T » 22 2 Ay e HEUA BRI AE 2= 2 827
kg CO,e/head/year » {H{% % & LV {E 1F 100 — 300 g/head/day [ HER (48 - B E A4 22 B 32.2 kg CO,e/head/
year » UK » LV {H AI1E s R CHEBUABHY A SCHIESEIE - 1RV EEEAE €72 4/ COD EfF$HR(R (LV = 85.9
g/head/day) » BR[ER T #E% F7K COD EIR(EAR > B LS > IEENEEEIET - FEEREZELBREN
FEEIR > s LV HBREF » E— PSRN - BEKRKE EHEE v i ia R R RA N - 55—
JiTHE 0 2,200 SEE5 LV HEE S (LV = 1,470 g/head/day) - FIl B2 EE /K & = DL H COD HEE B S AR -
DEEALHIRINS - B E THERELL 250 g COD (15 0 2004 ) - 405 & HRFAT 6 %1y COD FEiE
BT 2 AV EE/KHERCE - R > DL 2,200 BEEUSV R AT S < B HEUGBUE B R G - R RERE B85S
H LV AEAR SR 100 — 300 g/head/day I » firfs 2 FCHERUAEFR HFERR « BURWTFTHERR R RIS E 2,200 TEAS;
Firie < B HERUA S (BF AR B EE M - 2017) -
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2. EALEOS - EMEDS - FRERECS KEMAUEHT LV E
Table 2. LV values of Changhua farm, Yunlin farm, Pingtung farm and others

Maximum Maximum daily Wastewater COD of raw water ~ COD

daily Pig wastewater  produced per after solid-liquid removal M c?thane LV
. . . emission factor
Farm numbers flowrate pig per day separation efficiency
P Q (Q/P) COD, o
(head/day)  (CMD)  (L/ead/day)  (mg/L) (%) (kg CO,c/head /year) (g/head/day)

Changhua ¢ 400 503.4 19.4 11,370 94.9 331 220
(first)
Changhua 20,000 400 20 7,390 89.4 272 148
(second)
Yunlin 20,000 351.05 17.6 13,778 88.5 352 242
Pingtung 4,200 84 20 4,295 87.3 1227 85.9
28,000 head” 28,000 737 26.3 8,438 95.0 342 222
3,200 head” 3,200 162.3 50.7 5,388 86.6 383 273
2,200 head” 2,200 149.3 67.9 21,679 96.9 2,310" 1,470

" The source of raw data (A practical handbook of swine biogas power generation, 2017)
" Abnormal value based on the LV test.

L B FEtRITA S8 & R U AR SRR 2 Bl (4

AWTFEA I A R AT A RS 2 58 & MG PEIUREL © 574 — R CDM YIRS - TR AR RTT
s 7 HARRAE TR U fTET 5 (Su and Chen, 2018) © 3% 3 ZeBANTIE B THREE 2 =I5 B HOSESUM 2 B
15 o /R CDM J77AEE AMS.IILH. » DIEFE &AL K COD EHIRER BTS2 58 & DA &R
346 £ 32.2 kg CO,e/head/year ( EAIA LV EPFRARIE R e 288 ) B ERZEEUHERE TR ENS
ZFEE REHRRAREO T 178 £ 293 kg CO,e/head/year [ = Su Jz Chen (2018) Bt5E 2 B 1L g — PR Y E 54
B 0 FEERUELT Y 9,800 — 18,000 BHZ [ © =85 COD VP ERERER s 77%  “FHHGEHERUAER 14.4 kg
CH,/head/year ( LL GWPy,, {HH 25 #E S bt E & 2 A EUR 360 kg CO.e/head/year ) - 3T 2021 FZ0R
FRAPERUE M E: (ITBEREREE - 2022b ) FRASE SRR E FF e 2 FRR A% > $-A IPCC $55( (2006)
HGEHR I R B E {H 5 kg CHy/head/year (IPCC, 2006) » #25f S bk & & 2 PR AHE R 125 kg COe/head/
year o [J* IPCC 55 ST TR A (G EHZ LURFAT 40% Ay & SLPRE P S R U BLEHE(S (IPCC, 2006) » #5 2

R 3. AEETRITESNT 25 E PR R

Table 3. Analysis of the methane emission factor with different calculation methods

Calculation methods Methane emission factor
(kg CO,e/head/year) Methane S £ dat
. ources of raw data
CDM Methodology Ideal gas purity (%)
Pig numbers AMS-IILH. equation
46,000 head/day .
(Changhua) 305 284 81.2  This work
28,000 head/da 340 N B A practical handbook of swine biogas
’ y power generation, 2017

20,009 head/day 350 - - This work
(Yunlin)
4,200 head/day . B B .
(Pingtung) 122 This work
3.200 head/da 183 178 557 A practical handbook of swine biogas

’ y ' power generation, 2017
2200 head/day 310" 293 502 A practical handbook of swine biogas

power generation, 2017

* Abnormal value based on the LV test.
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BT 100% FRARA VR KEHEGET - FEHERUAE T 2 313 kg CO,e/head/year » BLAIHSLATF4EF K Su
A1 Chen (2018) AYRFFE45 SEAHYT

4 Ry RWFR o7 s 2 58 & I HEUGE - 5 REBUR > CDM J5 AR S 2 &5 DLLV EHRR 2 H E
% » BPOH 2 FEEREHERUAEL (346 £ 32.2 kg CO,e/head/year) Bl Su Jz Chen (2018) 2 EHEAE L) - T AEFEH
REMEERE RIS 2 &R Ry HRESARMAEH 2EENHESE > FRPCSM ZER4
FESEEA/N » R 2R YR - 28I (B EEIVE » BT HEETEE 2,200 BHIVEESM = » &350 LV HE
o B CDM J7 AR EH R E A B = IFE € e BEIUAE (2,310 kg CO,e/head/year) » {H 75 28 B (5 H R E AV
fli » AT FHE S BRIV GEE (293 kg CO,e/head/year) - BiR DLE A AR I FA T2 2 A S 75
% B0 ISR T DL LV {EE R HIE CDM 7 EE s EAE A RUER IS - BRIL > ARiATeied DURRE
MR ZK COD #5ERZ = 80% A1 LV (B4 100 — 300 g/head/day —IH{FRM: - 1F BafliEsE R /KOR = RAGHERUE
SERENTHIERRDE -

- CDM Methodology
600 T % This work
. References

Ideal gas equation

500 % This work (with measured methane purity)
[ | References (with measured methane purity)
400
r o 360 kgCO,e/year/head (Su and Chen, 2018)
. 2 °
300 1 m 8

Methane emission factor (kgCO,e/head/year)

200
|
125 kgCO,e/year/head (IPCC, 2006)
100
0
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Pig numbers (head/day)
4. DIAREDT AT B ERUSEEN0S 2 58 E e R B LR -

Fig. 4. Comparison of methane emission factors determined by different methods in association with pig numbers.

I R 85453 AR S FU R = RS R E A R 7 A5 7 TR
AHRFCARBRTIHSTH T SRR TTES » R RGITER 2 ERHBERE - B EIOGRTO5E
EZFEHRIR > SHTEEE HIRE IR E N = BB K B R i 3 > SR DU — T 7 s TR s A EE A Y
AR HRENEERE B ER BN KEE AR - B T A SR | Uk THEHE |, - HEtEHE
WA
TR RS EAEE (1COLe)/ year = FEE{FEUEE] (head) x FEE I E (tCOe/head/year) .......c.coceeeeeenn. ©)

Hep o At 2 5EE R R ARBRARIE AIIEAT S I A4S R > SRTHE(E (default value) ELRERCTE Fy 0.346 t
CO,e/headlyear - BHETHE B AL 2 BREER - DUE—TPzUEBURESEE A (B0 © ERaPAEE - fRORE
WAL ~ S ELETINRL ~ 358 ) > BRI AT AR ETHE SRR - AR RTE S O TE R 245
R SO IR R TR Z (R R > R R R AR T AR I TR = R R E S S 2 BT
W% o JRRG TYIFTAE LR DT AT > Wk RiER 4 Fos -
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Table 4. A checklist of the proposed domestic standardized baseline methodology for biogas destruction or reuse in the pig
husbandry in Taiwan

Check item Criteria Inspection method

Comply with the effluent Check the official water pollution control fee documents and
standards for pig husbandry  related water quality testing reports for the past year.

LV (g/head/day) = (Q x COD,) ~ P

Q = Maximum daily wastewater flowrate (CMD)

COD, = Chemical oxygen demand of raw wastewater (mg/L)
P = Daily maximum pig numbers (head)

Quality of discharge water

LV value 100 = LV = 300

COD removal efficiency (E) E = 80% Check the certificated water quality testing reports in the past
of anaerobic digesters - ’ year.

Proof of purchase, installation and use of biogas destruction

Biogas destruction or reuse  Installation of required or reuse equipment (such as combustion towers, insulation
equipment equipment lamps, household fuel gas use, and electric generators, etc.)
shall be provided.

A water flow meter shall be installed at the discharge
Installation of the water flow point, and the flow rate shall be monitored and recorded
meter at the discharge point  once a month. Check the certificated wastewater discharge
documents in the past year.

Wastewater flowrate

The front-end pipeline of the biogas destruction or reuse
equipment shall be equipped with a gas flow meter. The flow
rate shall be monitored and recorded once a month. Proof of
purchase and installation of the gas flow meter and the flow
meter calibration document of the past year shall be provided.

Installation of gas flow meter
in the front-end pipeline of
biogas destruction or reuse
equipment

Biogas flowrate

AR (87 = SR BB S 53 SRR SR - T34 & BB B e 2 51 5 R KA
W DI BRI (A1 (4 TR RE) ~ BEETRLR MU RIE IR - SRR - 40
BB (40— R - AR ) % - Bl AOICTRHE R - BOSAE - (RTINS o
SRR R BSR4 P HE L (e » AR ERFIHRL 2 TR - HIRHBE L AT A
P - AT URIEILAERY - SRR P TR L BRI - TR B B R T 0
2yt -

w A

AWCE M = FEFEEW S S EPITIRESNT > DETEZEAR L1054 IHERUGE - BUTHIR Ly 4 F
HUEE » SERK 4 TUKBREREL M - BALBEM B /K2 B A S /bikiEi By - JHEEE F 14,000 + 4,280 t COLe/
year » EMIG 7 IR EZAE By 7,050 £ 3,380 t CO,e/year » B 7 i EEHEE I By 512 + 145 t CO,e/year » B R5GE
USRI R E R RS - PSSR GE (LS8R EERR) » 1L - M FRRZGT I
305 £93.1 ~ 352 + 169 K 122 * 34.5 kg CO,e/head/year - 1EHEZHEMNFHSE | - ABFFELUBREM /K COD R
= 80% A1 LV fEF1J* 100 — 300 g/head/day —TEMEMF » 1F Fy HIETESE S EE/KAH R EESE 2 G S 7T FMEZJHAT - AR
W B TTER 2 BB BRI BE Bk - bhf AR B 2 s Bl 77 APTS 2 58 E R De B 58 > e o] A
REELGR AR EE AR T 5E G BRI ARy 346 £ 32.2 kg CO,e/head/year » 455 EL Su k2 Chen (2018) $2Hi 2 FH
PEBERUARECER AT - 280 > AR Z BEEAIR - A E a9t 75 BAE R SCRM LR - SO AR R ] —2
FHERENME ~ BO5EIRE - BT NERZE - SHE B EGRE OS2 58 & B HERU R B v T -

e o

K FEE TR e (R T 109 R MIBE = A A R B R R B R bt se s et & L AriBh st
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o ARG TR 2B AMETHERREREFIER - S P AT 2 mEa - BHER I B R E m R
TR REEATEE -

ZENR

L o 2022 o EEEFHCERIIRMERE LA )T AR 2 S B AT « (TR (REE 109 F R =
RAS R B S R B B st et E R RS -

FOETE ~ AR - 2009  JHFAFHEM S EF] - BLAEFE 31(1) : 47-54

TR HAREEEGTEE (WA 10) - 2020 -

R RS =R KIS RSB E (A 9) - 2020 -

BUSARERFT - 2021 - FEFURKEREE J774 (NIEA W109.53B) -

THEEEZEE - 2019 < JHRAA (%8 ) HEEMERFERIREETM -

TEPEEEZ B - 2020 - EERE] 109 4 5 A JEEFETHEFH E®E -

TR IRER - 20222 - FERE REHIREENTE -

TR ER RGES - 2022b - 2021 i REYE 200 = RAGHRIUA s -

TEERIRRE S KA REM a - BHUEK -

TR REZ K EREM b - BHEKENEE -

TR RE B K5 AR AR E A TEE - 2022 - 0] / R / E T EERHEA TS -

TR ReE E S8R = RAGHR B &2 - 2022 - AMS.IILH. BE/KpR B 2 R [a R % -

FREAH - 2008 © PHEFHCERE YR 2 AR TIMENMT 48 - BIBRIERGHA 37 : 3-8

FRTHA © 2010 - BECSGERAEIRELE B ZBGRHE - (TEETREZE G 99 FREMEGETEWTEHE -

BREH < 2011 - BFEER = RAS R RIS W Tl - TR REZ B 100 FRERRGHEWRTT S -

FROHA © 2014 - SRAEESESEITEUE - (TR SRR B G BEERGR A LM -

BRI AREEENITM - 2017 - (TR EEZ S GEEARAT -

P& - 2004 o ZEEHNE/KG5ALAER © http:/mail.tku.edu.tw/shgau/ FFFEEE 5 / FEE S HHY 2 / REA0R | 28
KT EPEE N htm
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Abstract

The Taiwan EPA has launched the greenhouse gas (GHG) offset projects to facilitate the reduction of GHG emissions.
However, it is difficult to promote the GHG offset project for biogas recovery destruction and/or reuse in the pig husbandry.
One of the reasons is cost-intensive and time-consuming during the project development. Thus, the study was aimed at
investigating the GHG reduction potential of the domestic pig husbandry and developing a simple evaluation guideline
of the GHG reduction potential based on the principles of the standardized baseline methodology. The domestic methane
emission factor based on the manure management was evaluated using the UN small-scale clean development mechanism
(CDM) methodology AMS.III.H. and the ideal gas equation, respectively. Experiments were conducted in three pig farms
located in Changhua, Yunlin, and Pingtung. It was found that the Changhua pig farm had the highest potential of the GHG
emission reduction, which was estimated to be 14,000 * 4280 t CO,e/year. The methane emission factor of Changhua,
Yunlin, and Pingtung was determined to be 305 £ 93.1, 352 £ 169, and 122 * 34.5 kg CO,e/head/year, respectively. The
overall COD removal efficiency of anaerobic digesters must be greater than 80% and a LV value (the product of COD values
and wastewater flow rates) must be in the range of 100-300 g/head/day were proposed as the essential criteria to justify the
availability of the data of the piggery wastewater. As a result, the domestic methane emission factor was recommended to be
346 £ 32.2 kg CO,e/head/year, which is consistent with that determined by Su and Chen (2018) where the factor was 14.4
kgCH,/head/year, corresponding to 360 kg CO,e/head/year.

Key words: Piggery wastewater, Greenhouse gas (GHG) offset project, Methane emission factor, Biogas, Standardized

baselines.
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