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PR GRS EDE A SARRAE
2RO

B O

Wt H3E - 113 4E7 H2 1 5 20 44E3 1L H

W B

AR DL 2 [ 28 fLfE Saia (4vena strigosa Schreb.) 5z Swan (4. sativa L.) FyZs\ME} > 722016 £ 11 H 18 H
TEE BRI T N LA - R 5 2 & 855%5T (randomized complete block design) 4 B8 - DAERGET 5 fdfkss
FIE (fTEE 10 ~ 15~ 20 ~ 25 K2 30 cm ) Ko 5 {EUCHEIH (fdfE % 67 ~ 87~ 98 ~ 112 Jx 126 H ) $f#eRERE ~ (LT
B L2 o8 o #FF Saia HYfHEE H'E (crude protein, CP) 355 & G5 THEIARY ER MK - HH 67 HUHERY 15.2%
BEE (P < 0.05) [% % 126 HY 6.3% 5 KM /K(E&Y) (water soluble carbohydrate, WSC) KBy 3 & & B e fg %
USFERARY AR 12 T B 0 5 BB 484 (acid detergent fiber, ADF) EA 3£ 484 (neutral detergent fiber, NDF) “-35 & & Bl CP
Ve E RIS > &L 126 HUGHER s (7515 64.4 K 40.2% ) - #Z8 Swan B E B K & 28 LE MR
Saia A MH[EHEES - 2 (EHRLFEAY P~ K~ Ca fr Mg 95 & B B e FHAY AEMR TR o 2R Saia BEUFE & &
FE KiEEAL - SURERADL 87 — 98 H AH » 128 Swan WYRZYE B A1 RIGULFE T KIEFE S » MU EUFEHAHE
Ky 126 H o #2F Saia By EIHFEE & KZVEE S GBS SRR EMmEG I - B2 30 cm BEHAY (77515
355 % 8.59 mt ha ) 215 » [fi#EZR Swan Y EHg8Z ) BBl ZE Saia A [EEES > HLL 30 cm FEFHEAY (40.2 & 9.18
mt ha') 5 o W{EFZIEE CP 2B EMRREERgAERENEGE  WSC INE B 2R B > £k
EEIESEHRSNEE MRS E S 2 (H#2877 NDF ~ ADF ~ & P~ K & Ca ‘&M= 5 - 2
18] e 2 TR Y i AR B 7 T B By 30 em > S5 AR Saia HY B E U FERADL 87 — 98 H Fy'H > #e28 Swan HIDL 126 H &y
£

BRdEE  HE - BUEE - BRER - FRE - JUE -

4

B N B S R AREL 26 - BRSO BB His i E - NILRE R AEERYFENEE R » KRR
REBEY)EENTRERTS o #65F (Avena sativa L.) Fy—FARDRHIEEY) > & 2R0RBENRIERE - BNE
FRHBAETIN LA » ZAmMHEAERR 2 oy KBS B - FEBYME S BRI REREN - &2 EEH
@ EHEY) (Sharma and Bhunia, 2001; Coblentz ef al., 2013; Irfan et al., 2016) - [8 N 2235 & 34 2 (2R AL FEAY R B
ARE STl - SR A BT REIREE (%> 2018 5 JE R ZE 0 2020 5 [ KGR 0 2022 ) > AEIREE E Y
28 mOnEZIEREIFYNEE -

AR~ ~ PRSI 3 MO » [TASBRAHE Saia J Swan SB[ RS - #0% Saia 4 5
POk E R  HRENE L ~ el - BEEEROH RS  EEBFEE - BN EMNEE BERIFIR (B
et 2021 ) o #eZR Swan Sy 4T MR PAME AR AR 2 FEACTE MRS © SRR HIRR S ERNESSEEX - FHE
FCERRHEF  BURTR (2022) slBnst S8R 2 (E#e R il R B RIRE A 5K > H I #AdeaR Swan FYE ERIHE - B
BIEE  MElEREEBLEGRMEY) o M F-2H2E Saia HIRZEE BICAHEE Swan BK - (HEFREER > 7{ER
S E AR -

|

(1) BEE & R Tt 7 s 26 2815 5% -
(2) B EE SR FTETRHEYIAE -
(3) #EN/EE > E-mail: muu680@mail.tlri.gov.tw ©



RO T BRI A R A el Sk A B R 232

FEEYEENREARS - (HE 22 miE BB ERERZER R  MASEEIE—EEZERE - £
SMNTAZE RS TE Y MM TR B S LB IS A E S 18R E 2R ES (Sharma and Bhunia, 2001) » [fij#
=R RS B R g ez & (Ifan er al., 2016) - RV E VI TIRIE 552 infl B BRI S R IR0 28 (PR RAR
2019) - AR SR AR E A B OE - KB ARG - (e RS A 0 » MiERE R AR
FEMURPS RS RES - R EYIHI A R (Ranjan er al., 2016) - FtL - (EVIRRES B S St RoBEZ S - Al
FHEYIRAE RPN ERE SIRNERE - SH—JTH » HRNEEEE - AERREEE - 2R AL
EERNEERCR - L E E A E (Lone et al., 2010) -

PER UL RS EYAE TR e - BB G EE(EYIHI RS - WA KRR A P
gf - Coblentz et al. (2013) 5 H K [G] 8 28 SLFEAE B8R B2 5l 40 40 CP ~ ZKIB Mg 7K (B &% (water soluble carbohydrate,
WSC) sididfs & & » (A EUEHIRE ARV R - Liu and Mahmood (2015) 745 & 2R THERF AU R AVE
15 SR E S K - PR E AR - BN SRSINE HEESESR (4R% 0 2018 5 Jif 2 » 2020 5 [ -
2022) -

NIEIHR nfE B A R EAE AR > R ERE S i e SRR A R BB - EE A ERERE - &
HFES B S A RE R R MR 2 MR AR R T s TR R R BNk s - (EREAE FR
AREFEEL  AAMBEINEERHERIHBIV SRS E/D o KL - ARF5ELL Saia 2 Swan 55 2 {[EH 28 s A TR
B o SHEEAE 5 TR A R S (ERERA M AVE B B B ML - DUERREREEN » "HRHERAREEFNHZ

2% -

MRS E
L phfHEE

AR IR Saia Jz Swan Fy2xalimnfd - 0 2016 = 11 A 18 HAE & AEERATET N TiE - S5RHE 58
B ALt o 1IN K Ca & 8551 E 0.098 K 0.054% » 1 P~ K ~ Mg &8 HI % 36.6 ~ 80.5 ~ 49.5 ppm ° #eZ5fE
TR TERE | R > F788 48 > HINTEM 2 BT TRIRE | X - sBBIAReY RO R EE R 1 A
T o HRE R E LUt e 2 E &2 ET (randomized complete block design, RCBD) » 4 E18 » /N N&EHE R 10 m® (Sm
x 2 m) o AP FRFEIE 4t 5 FREREE - 43 B fTHE 10em (2017 )~ 15em (1397) ~20em (1017 )~ 25ecm (8 17)
30 em (617) > BEESEENETETES R 12 g SERRBIEFREESE 755 240 - 156 ~ 120 ~ 96 2 72
kgha' - fififi& A N : 120 mt ha” ~ P,Os : 30 mtha” ~ K,0 : 60 mt ha” = N AEFAEEHEES i - 8 - S92 F 8 Al
1 & H %A - P AR K AEF AR = S5 A -

* 1. SEBRHIREH PR KRR (112016 £ 03/2017)
Table 1. Average monthly temperature and rainfall during the trial period (November 2016 — March 2017)

Growth period Mean temperature Precipitation
T mm
2016.11 23.0 62.0
2016.12 19.8 3.5
2017.01 18.5 0.0
2017.02 17.8 1.5
2017.03 20.8 6.0

I FE&E T
A% 67 H (2017451 H24 H)~87H (2 H13H) 98 H (2 23 H)~112H (3 A 10 H ) & 126 [
(3 A 24 H) #fTHEdE > S/NEYE 02 m® (0.5 m x 0.4 m) DUEFTEEERH - IHUEE 1 kg BL 65°C HEHZ 96 /)N
% JIBEHEZYPRIHRE 02 m® WHZYIE > S EHEG | ke BEfTEEE0EE - MU IR IS B8 R BEnuRz e - AR
B RBESEE o Bzl MG IRIFY 4°C 40 » DLBMEE R Y 3 2 A - I HhEEHA (87 H ) si&IF T &/ NEkE
PRIEEEE 1 1TUE 1| m R R -
L. {BERRL ST 53 HT
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HHEEESEHHT © 2L Kjeldahl J775MIE A 2% (N) (Bremner and Mulvaney, 1982) » Fjf N x 6.25 #Efh
THEOE S E - BeidE - EdsEE = RKIZ Goering and Van Soest (1970) 2 5 ENIE « /KAEMRKIEEYIHK
Morris (1948) F57Af% anthron £ EEME el (starch) @ DL Yoshida et al. (1976) 2 7 5HE{TZEHL @ SeE & 58HZ
HE B 2 EREARE R R IR A 2GR > 2 & DAEEAE g 47 (0 — 500 ppm &j&jE ) & talE
HITE 560 nm 2 W HABMHIEAR 2 I 2 & o ARER - $5 8% © M 1N 5k NH,OAc DA 12 10 EEBIHREL - #i
%230 578E1% > DL Adventec No. 1 JEARZEUE > FELUR I EESHIE (Thomas, 1985) - k& & DASHEELL 874 (Rodriguez
et al., 1994) JHIE -

IV. &Etori

sl By BN R EEEE AT (split-split plot design) » DUSHfE By R Kldk - B Ry l&E - OEHA B/ & - 5B s
BERIE R #UEE (R version 4.0.0, http://www.r-project.org/) #EFT4ET3HT  DASE 55987 (analysis of variance, ANOVA)
T 7B R B R B % S URE A 22 B - BB T mEBREE R FLAR/NEEE Z 2 (least significant
difference test, LSD) HIEZLLIEIRE FHAH AT 22 (DA P < 0.05 FyBHE =2k ) -

L AR ~ BB KU .2 &5 3

HAEHVRE MR TG REUR (R 2) > £l > WHREER - CYER - 52V - FEEL AR
BERRE 2HBEAZR (P < 0.05) - EREERE D > FRERESL > FEHEGIERE 2IRBEER - MUgEnAl
FEFTAREMINE 2R ER - MEEMIEEER - NG - HEER R IEELACERE - BUR 2 (EHES R
HREMIREZRER - EARNEIREE TEA N FERERTIR - MIESYTE] - BE L BT FrA T
RS RSE - BURGERIVAERERAE - EREERFGAMEZR > FRMEESEFAVUTED - Mk
FunfEE IR - B UERAFRSVEZYER - & FEGEEEREFIE HE R RGEAEERY)
SRt e B HARRIE o ol - ROEEE R I 3 (Em B 2 MR AT A ik & B ESE - BUR S E &
B RN > BN EE ARG E B SR - FREEHEE N -

T2 HALTE - BUEEEE - W S BSE AR R IR E 5 i 2 P {ERE
Table 2. Analysis of variance of probabilities of the main effects and their interactions on agronomic traits of row spacing
on different harvest stages

Treatments PH' FWY DMY DMR LSR Tiller
Variety (V) 0.07 * * ok *okk ok
Row (R) K% ko EET] sk kkk 0.78
Harvest (H) ok ok k ok otk _ _
VxR otk * 0.12 0.06 ok 0.11
Vxl—l skskesk skskok sk skksk _ .
RxH sk Kskok skokk skksk — _
VxR xH Hokok wxx k% ek _ o

" PH: plant height; FWY: fresh weight yield; DMY: dry matter yield; DMR: dry matter rate; LSR: leaf/stem ratio.
Significance level: P < 0.05%, P < 0.01**, P <(0.001***,

%3 R E RS LR TV TT AT o FEMTERLSY > fY WSC » NDF ~ ADF ~ P}z Ca & BB B ABE AR
(P <0.05) - FERSEHEH 7 - BRI &8I Hegira g 2RBE AR - MEENERTA L2 &2 E
EWFEAER - MBI LA CP &k WSC S EAERE - BUREIE B G R LAY EA R L fEry
TR RARL - MM BB R A E R - anfEELFERTRY CP ~ WSC ~ NDF ~ ADF - Ca )z Mg H 58 B AR
f& > BUREHE TR E A & B E AR - DU B S R S T o R BUREAE WSC ~ NDF »
P Rty e B 2 A SCRGSUE - BUR 2 (Epa Ay A A E G IRE R A RARDUE SR SR/ & & - fofd
A L R WHEINE 3 (B RIS RSER D - & CP ~ WSC K P & B2 FIRE > BUrE=MlIHaE
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S L2 imiE - FEBER L ERE > JRE—NEARE -

T3 HALTE  BUEEE - W R ESEAE S E B T oA 2 P AR M

Table 3. Analysis of variance of probabilities of the main effects and their interactions on forage quality of row spacing on

different harvest stages

Treatments CpP' WSC NDF ADF Starch P K Ca Mg
Variety (V) 0.67 ok Ak HoE 0.92 * 0.34 ok 0.19
Row (R) Kotk Hokok Hok * 0.27 okok Hokok ok EEE
Harvest (H) skokk sk ok sokok skokk sk ok sokok skokok stk sk ok
VxR A HA 0.61 0.60 0.18 0.64 0.29 0.13 0.30
VxH sokk skokok kokk kokk 0.27 0.33 0.29 sk ok skokok
RxH 0.32 otk * 0.20 otk oAk 0.28 0.06 0.24
VxR xH oAk HoAE 0.44 0.41 0.36 * 0.97 0.93 0.70

' CP: crude protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber.
Significance level: P < 0.05%, P < 0.01**, P <(0.001***,

IL.

1.

RER RS S REHH A [F] e 2 s R 2 MK R e 2 2 P

HAE Saia (VLS E B GRS RISH SIS0 > DL 30 cm FEHEEAY 35.5 mt ha™' BEE (P < 0.05) /=
i 10 Kz 15 cm BRI (5355 27.4 F 28.0 mt ha' ) BIELAK (= 4 ) o (P80 &35 tha fHE#ES - DL 30
cm FEFRAY 8.59 mt ha' 5 « B2 LL 10 % 15 em BRERAY (43515 28.3 2 29.9% ) Sl 20 ~ 25 J% 30 cm IR
(53R ks 24.4 ~ 24.8 J2 25.8% ) - TEfEM % 98 HEHE #EE Saia IVEELLLE AB MRS - 830 5 (B > MG
EAFAEFE R » (EAERREIDL 25 K 30 cm BEER (43R E 797.5 F 738.8 ) #7E «

28 Saia Y Ik E G WEHIRVAER 3G S » 1 94.3 om B3 (P < 0.05) H§ /=% 1432 cm (£ 4) 3 14
i e S AE 98 H UKCFERRF 42.3 mt ha #5 » iDL 126 HEY21.8 mt ha™ 1 SPH#74)7E & DL 98 H UTFERT i =22 9.69
mt ha > {fi{E 67 HUCHERF R (K& 4.13 mt ha'' 5 SPHRZY)RELR S A M EIEES - BUBGUCREBE IR - £ 126 HUK
FERF L 2E 45.9% -

REF R SRR > 28 Swan HYSEIIRR S ELEGS o DL 25 K2 30 om pREEAY 141.2 & 139.8 cm 13 (P < 0.05) 1
AR (£ 4) : EHIREEE ST > DL 30 om FEHEAY 40.2 mt ha' £ > 2L 10 cm FEEEAY 27.3 mt ha' %
5 B2 e A A E S > DL 30 em BEHEAY 9.18 mt ha % > ifiLL 10 cm FRFRAVERKAE £ 7.55 mt
ha! ; TESEHRZISEER o HI EFRAE SRS, - BEE A KM > DL 10 cm BRI 26.1% s > 30 cm FREE
(Y 22.5% FAK ©

JHZE Swan Y SEXRR S erEE dG EE mig S - B 67 HAY 94.3 cm BE3E (P < 0.05) #4=% 126 HAY 143.2 cm
(F4): PIyftEERDL 98 HULHER 43.8 mt ha BEE RS > MLl 67 HAY 23.1 mt ha' BfIK © S0z B e
FZFEHIRIE A TG0 - B 67 HAY 3.55 mt ha' $EHIZE 126 HAY 12.77 mt ha'' ;[ FHE2 YR 0 B9 s B A 1
G2 15.7% £ % 37.1% -

RER RS S WREHH A (R e 2R s (LRl oy 2 5o 2

#eZE Saia 7 CP P& B IFHEEZEE 10 cm 1Y 7.9% H1ZE (P < 0.05) (R HAMEEEE (£ 5 ) 5 /£ WSC P&
87 0 P30 em BRI 3.4% it - H P Bas s EavsEnmaE o - BL 1S cm BT 5.3% e 5 BOSHE
¥t NDF ‘19 & 8 2 52 2881 WSC S 200 - DL 30 ecm FERFRHY 59.4% fAK > 1 10 cm FRFRAY 62.8% %15 5 BT
RO Bl Mg P E B8RRI EEAR - FEEREENE N & E s - Her B s 2T -

#HeZE Saia i1y CP 39 & & G & WHE IRV ZER MK - (5 67 HUGHERY 15.2% 13 (P < 0.05) [F % 126 H
9 6.3% ; UCFERA% NDF Bd ADF s 35 & 881 CP &2 2 WM S - & DL 126 HUWHER & & (7771 5 64.4 K
40.2% ) 3 B & B g EE IR ER MR 0 > BB 67 HUREIFHY 3.8% SEHNZE 126 HIY 7.5%  BEYITE
P~ K~ Ca Jx Mg ‘5 & & B G iEZ THEIHHVIER M EEK -

#HeZE Swan 2 CP & DL 15 ~ 20 2 25 cm BREE (43515 10.8 ~ 11.0 K7 10.5%) 853 (P < 0.05) SR H Tk
B(FRS5): £ WSC &7 » DIEMEEHE 10 cm Y 8.4% = 5 1 NDF ~ ADF KB I & &8 > &
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FREE R Y TR S B B LUTEEE 30 om YRS -

T HEAER RIS # R Y R IR R

Table 4. Effect of row spacing on different harvest stage on the average agronomic characteristics of oats

Variety Treatments  Growth stage PH' FWY DMY DMR LSR Tiller
137 E— FR 110 | p— % no. m"
Saia 131.2 31.3° 7.88" 27.6° 0.26° 715.3°
Swan 134.3 34.8° 8.33 24.3° 0.62° 465.3°
Row
10 cm 134.2 27.4° 7.57° 28.3° 0.26 700.0™
15 cm 128.5 28.0° 7.82° 29.9° 0.30 675.0°
Saia 20 cm 131.5 32.1° 7.78° 24.4° 0.21 665.0°
25 cm 131.6 33.4%° 7.62° 24.8° 0.23 797.5°
30 cm 130.0 35.5° 8.59° 25.8° 0.30 738.8°
10 cm 129.9° 27.3¢ 7.55° 26.1° 0.56* 420.0
15 cm 131.0° 32.8° 8.00™ 23.6° 0.75° 502.5
Swan 20 cm 129.8° 36.2% 8.36" 23.5° 0.57% 516.3
25cm 141.2° 37.8% 8.56" 23.1° 0.55° 435.0
30 cm 139.8° 40.2° 9.18° 22.5° 0.67° 452.5
Harvest
67D Boot 94.3°¢ 26.1° 4.13¢ 16.4¢ - -
87D Head 135.6° 35.4° 6.92¢ 19.7¢ — —
Saia 98D Soft dough 139.7° 42.3° 9.69" 23.5° — —
112D Soft dough 143.1° 30.8° 9.09° 29.3° - —
126D Hard dough 143.2° 21.8° 9.56 45.9° - -
67D Boot 100.4¢ 23.1¢ 3.55°¢ 15.7¢ — —
87D Early head 129.1¢ 34.5¢ 5.97 17.74 — —
Swan 98D Late head 140.7° 43.8" 9.19° 21.9° - -
112D Milk 148.9° 38.5° 10.18" 27.6° - —
126D Soft dough 152.5° 34.4° 12.77° 37.1° - —

' PH: plant height; FWY: fresh weight yield; DMY: dry matter yield; DMR: dry matter rate; LSR: leaf/stem ratio.
“»¢de Means with the same superscripts within a column and category are not significantly different (P < 0.05).

HAE Swan HY CP -PH & B & & S IIRVER MBE K - 1 67 HULHERY 14.8% B (P < 0.05) [#2£ 126
HEYS5.5% (F£5) £ WSC Py e &8 I M@ - 67 HUTERY 2.9% BEfEm 2 126 HAY 10.2% !
NDF K ADF ‘P& 88 WSC P& B 20 RS, - DURAIUERF 67 H (& (73515 57.9 K 34.4%) » Zi%
FLZHT LTt Rk S BN WSC P E B EHAARIBES - DUR e i (K2 3.8% - FEE URESHAVIEIR (T 12
2 7.4% ; BYPTE P~ K~ Ca j Mg ‘P& R B GBS SREMFVER MIEK - BAE 112 K 126 HUYTERFEE]
A -

IV, S ZS A A [F R 2 B R i R
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ML Saia FEFHEIRIUCRER - B DL 30 om RRERHYPHRZY)7E EEEE (P < 0.05) S HAEHE - i 67 HAY 4.47
mt ha AR 126 HY 10.41 mt ha ([& 1) 3 £ CP FHIE RS - (R AT WSO RE HA K AE 14 1 22 i e
& HLL 10 om BRERFERFEREHAET BEE (RN HM R EE £ WSC B8y - RE o HIURERIRILL 15 Jz 20

cm FRHEFRIFEE - 1MLL 25 K 30 em pREEHY & BHERK -

TS, BN FIREE L S SRRy SRt B PR3

Table 5. The average forage quality of oats of row spacing on different harvest stage

Variety  Treatments CP' WSC NDF ADF Starch P K Ca Mg
% DM
Saia 9.8 4.4° 60.5° 37.2° 6.0 1.19° 2.71 0.21° 0.26
Swan 9.9 7.0° 56.6° 33.5° 6.1 1.22° 2.81 0.16° 0.27
Row
10 cm 7.9° 4.5 62.8° 38.2 5.7 1.14 2.6 0.19 0.22°
15 cm 10.0° 5.3° 60.4™ 36.5 5.9 1.15 2.4 0.20 0.25"
Saia 20 cm 10.6° 48" 59.9° 36.9 6.2 1.20 2.7 0.20 0.27®
25 cm 10.2° 3.9° 60.0™ 37.0 6.2 1.24 2.9 0.22 0.28"
30 cm 10.2° 3.4° 59.4° 37.3 6.3 1.20 3.0 0.23 0.28°
10 cm 8.1° 8.4° 58.2 33.7 6.0 1.15° 2.7% 0.13° 0.23°
15 cm 10.8° 7.2° 56.0 32.7 6.3 1.16° 2.4 0.16° 0.26™
Swan 20 cm 11.0° 6.6° 56.1 33.3 5.9 1.26™ 3.1° 0.16° 0.29°
25 cm 10.5° 6.6 55.9 33.4 5.8 1.31° 2.8% 0.17° 0.30°
30 cm 9.0° 6.5 56.6 34.2 6.2 1.23% 3.0" 0.16" 0.28*
Harvest
67D 15.2° 3.9° 51.9° 31.4° 3.8¢ 1.22° 4.3 0.30° 0.32°
87D 11.1° 5.5° 60.0° 35.9° 5.9 1.55° 2.7° 0.18" 0.28"
Saia 98D 8.5¢ 4.1° 62.4° 38.4° 6.3 1.36° 2.5° 0.17° 0.24°
112D 7.7° 4.2° 63.7° 40.0™ 6.7° 0.92¢ 2.0 0.17° 0.23°
126D 6.3 4.1° 64.4 40.2° 7.5 0.88¢ 1.8° 0.21° 0.25°
67D 14.8° 2.9 51.8° 31.3¢ 3.8° 1.22¢ 42" 0.23" 0.35"
87D 11.9° 7.0 55.4° 32.6° 5.9 1.58° 3.0° 0.16° 0.32°
Swan 98D 10.3° 6.3 57.9% 34.4" 5.9 1.41° 2.9° 0.15° 0.28°
112D 6.8 9.0° 59.9° 35.3° 7.0 0.93¢ 2.2° 0.12° 0.21¢
126D 5.5 10.2° 57.8% 33.7% 7.4 0.97¢ 1.7° 0.11° 0.20°

' CP: crude protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber.
* ¢4 Means with different superscripts within a column and category differ significantly (P < 0.05).

S Swan fEAH ERTUCHERT » DL 30 em ERERAYPHRZY)E BEIE (P < 0.05) S HAMEEE - H 67 HHY 4.27
mt ha' FFHEE R 126 HEY 14.23 mt ha' ([# 2 ) 3 CP P& BEREEIFRERTER I - {221 20 cm FRIRI
Bk BEE 17.7% [E 2 6.0% > Fi 98 HUSFERF(E 10.6% - HER B BN HAEE ; [iE WSC Fig& 857
{8 p B AR S RE SRV IE AR TS I 2 & > ZERT 4 RYTE R L 10 om i BRE S8 i (57505 3.7~ 9.8~ 8.7 |

10.0% ) > {HZ 126 HRERF 5 (EERHE 2 FRIEZ R -
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Fig. 1.

2.
Fig. 2.
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2L Saia FEA FIREEFE RHEHIHRZYE R ~ tHEH FoKSERO K bEYa &R -

Performance of dry matter yield (DMY), crude protein (CP) and water-soluble carbohydrate content (WSC) of oat
Saia of row spacing on different harvest periods. The row spacing treatments for oat planting were 10 cm, 15 cm,
20 cm, 25 cm and 30 cm. Oats were harvested 67 days, 87 days, 98 days, 112 days and 126 days after planting. Bar
indicates standard deviation.
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Performance of dry matter yield (DMY), crude protein (CP) and water-soluble carbohydrate content (WSC) of oat
Swan of row spacing on different harvest periods. The row spacing treatments for oat planting were 10 cm, 15 cm,
20 cm, 25 cm and 30 cm. Oats were harvested 67 days, 87 days, 98 days, 112 days and 126 days after planting. Bar
indicates standard deviation.
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RS S » #eZF Saia B Swan B 7L 30 cm FITHEREE TSR EYES - HBEVEIHER - #fe - 29
FE R RGeS o (H CP & 2 & FEE IR HHIE 1% BB % S KT T F% - 7 WSC ~ NDF ~ ADF KBl &
= IR HHIE R M0 - Y TR 2 EAIBE I ER MK - 28R 2 & 3 941 midE ~ FIEEE K GRERRE
BE MR M BB ZESE - FHEFRE—NE MR A EGREDR EENLE » SUEST& i B2 DL
BEESENIIEEE B EEaUER - DR SRR AR - W AREN S 1ES HE SRS E A -

2 (A ISR R B MR AL S EFRINE ERBE ER (R4 5)  FLEHEEE Saia (UHEREIRE R 5
4R~ TR R AGLTE o MEZE Swan RO - TEE AV ARE - BIAMVEIFSEIEY » SiER e SRR E
#=HL (Coblentz et al., 2013; Liu and Mahmood, 2015) » [ (2021) DA EI V2R Sfd 1 T 22 iy 8@ 2 B5aT - 45
SREUR 2 (BB A S AL & BB LS AT A E » eSS ER Y R i MR R SAE L B E
MREUREHEE & s B E B M8 TR (2022) 9B se s /A ME EIRVEEE -

FLAHAE Saia (EFEIE % 77 HHHAE ( 50% AR ) » MERFAHZE Swan HII{E 96 HihTE (£ 4) » BLEAFREE (2021) HYGER
( Saia /% 80 H » Swan f3 105 H ) 8 HZE5 - BURREREEH PRI E A E > (H 2 miEmihiE e
BOEERE 19 H > BURMMAER MR EE K « 2 ([0 HhiE HE S g RIS E RIS 2 w2 SRR gIgE
REERY 1 — 2 H » {HEFEARK - Naveed er al. (2014) FYeER4E KAV /NS R EEEHAVEH B 1225 5 »
MRS & 119 H o tRbk (2019) DEEEETE SLEL - B EREMAVE S HEERGE R > HER 1 — 2
H - Holliday (1963) 5 HIEAE Sz AR ZEM  (BEEARAFMEY 2 FHfE AR > Naveed er al. (2014) 7Rf5H
{RIB R R A AR S SR D EM o DEEEZNE S - (e RS E s A AR o i Rafiss R
3R - MR AERE (RGN ) B B B BRI E R K

2 (e 2R LAY I SE B EE B B DL 30 om FRAE R EAYE S i s 0 M LAEEEE (10 cm) BYE & &K 0 e -F
HEZYE B A HERE (£ 4) - SFFPBEIMASREEREUR - FHE R E 28 e EE A 5 (Naveed ef al.,
2014; Li er al., 2018) » [LEA{EY 2 HE I B S35 5 18 =75 8 (Acharya et al., 2003) = Li ef al. (2018) HYRFF45 588
R B EETEEREE (480 plants m”) (YA ELLHTIE R (120 K 240 plants m?) f3{K (59 K 56%) » R IIfEY) %
FEREE Tl R I S AR R AVRCR « A ERnv4s REAE Y MAZE AR [E o T ReBafEE 2 1% R & el BT T RIFRE T
1E » B S B ERRA R o 280 Li et al. (2018) JRFEH, » ZEHE A FELE R RECHE Y fefE B I Ry — 2R
W& - (R DMER—ETA -

2 E R mfER CP & E & DL 10 em RV (K > 1ff WSC 39 & &AL 30 cm R H K » £ NDF
ADF ‘P& EH 7 BR##EZE Saia Y NDF ‘S EFEHEMEAZR 2/ HEpEE S NI EE R (£S5) -
Albayrak ef al. (2011) FVERER4S SRR » #EETTIE (17.5 & 35 cm) ¥ FBi =AY CP ~ ADF & NDF & &9 574
il Hunter et al. (2020) JNAMHEAAYAE SR » FETETTEE (15 ~ 30 f 61 cm) Wi A2 HEEZR AT CP &8 o sl 2 (EH#
R CP g & BHIFTRFTAE R E » TRE B EMIN A RREAR » 2 2 (EfEalE A EESS - e EEET
FHEPEK CP & & - 2 {##4 5@ NDF ;& ADF P58 82 BAHE > B EEHEGaE2ERR 0 It
GEIREL Albayrak et al. (2011) FYAR{LL o fEEY)ITTZ S EE0S7 > #2F Saia [k Mg S & DL 25 ¢ 30 em EF S 4N > Hik
EpfiE e o 2R Swan B K &40 > B 2L 10 em JRIEAL(K - Hunter er al. (2020) 7VAARANES R  #EETIEA G5
EEBEPHKNEE -

N {E e 2R R S B A R B DL 67 HUFERF AR » DL 98 HUSFERS 2R i s > 2 1R ka5 B MR B B i
TR (F4) EFEREES U ERMEESS - MR E Sllm © IR B as 5 & 2 3R AE [
B TEMRB B ARZ YR e s o MR R B R SRR B N S g R A A RS (REE > 2018 5 R
2020 ; B > 2022 5 Coblentz et al., 2018) » HRERISFER B S HVEZYIE & » MEZYREE 225 -

2 R Ry CP S aE B 67 HUER s - Z R FEE U HH IR A B3 TS (R 5) > BhELE]
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e S IR AR IAVEE R - R EUCERA g 52 & 2r CP S EMEE (K2 > 2020 ; RS > 2022 ) - WSC ~ Jip -
NDF K ADF )& 2RI 2SS BaiEE AR MEER S - YT E K -~ Ca K Mg EEE&E
FEETEARI AR T8 PR 2 (RS e P 2R S DL 87 HUNHER e > Z IR R FEAK o ek
HIEERR S & B R i R (S A AR 22 52 - (HAER IR AR Y B Ll B 2 — 2y (= 5 ) » Coblentz ef al. (2013)
> REFHAESEEREER U CP ~ WSC Si 4 S & » A FEUEHIE A RBEN 2 BRI - Aiseaysesd
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MK S Bk BAE RS AR - Nadeau(2007) JN5H » /NESEIEVIERITRRBGTE » BB, & Sl
= PR GRS Y E LGN > M NDF & &K -

BININE P RS TE T MR ERIGR A N EE TR - HEBEREE S8R EEE (RS
2018 ;5 Jiff je 2= » 2020 5 [f5E > 2022 5 Liu and Mahmood, 2015 ) » AGAEE/VEEIRIEER - FEE R B E R »
HYIEERE N - {2 CP REEY) TR & EAIME Y T (£ 4~ 5) - #2F Saia 11 98 HIYEII02Y) 7 2 87 HVE
40.2% - HRH LM R UITERE S EIR - ERERIE R 5 - #2F Saia 71 98 HAY-F9 CP & &E#L 87 HHY
KIE T 23.4% > H NDF S EWEE I > BEERLE KIEE(L - # KEFE e #EZ Sala AYULHEIALL 87 —
98 HIyH -

HeZE Swan Y HZY) EE B SR PR BA AR Saia A AH [EHES - RERUCE E E8US > DL 126 HAV B s EL 98 HAY
% 39.0% > {H NDF [ ADF iy>F35 & EAlf AR #EARR U CP 3 & B RIEF(KE 5.5% - [FiFEzE
46.6% > {H WSC & mAINE 1 25.4% » HIEEIRIE &4 (4~ 5) o HIL > #HZE Swan B ARG & B EZ9 R
o B R B A ESR RS EE - S ERE T R EUERA fy 126 H © B R 5R (2021) ¥ HEEE#HEZE Saia f2{F
UCFEHASEGE B 90 — 105 HR A » A2 Swan U ERAMERE By 120 H > BUASERAS AT -

P RS A5 > 2R Saia I EEULTERA Ry 87 — 98 H - HHlE 1 o] DAFEHR » 2% Saia 17 87 HULFERF - DL 30
cm R 7Y EE B (8.09 mt ha') & ¢ fifF 98 H UFHERF » 1L 30 em JREEAY 10.21 mt ha & » WH 112 H K
126 H&AMELER - 76 CP & E55y > 14 87 HUERF DL 30 em fRHEHY 12.0% BHE S HABRE - [1E 98 HUHE
BERILL 15 ~ 20 K2 25 em BRI (5371 By 8.9 ~ 9.7 2 8.9%) fizr= > 30 cm BRI 7.7% K 2 - BEZR 30 cm BRI SR
G R BB HA R - 28T BV B AR E fm (P < 0.05) o At » #2F Saia AYREFETZELL 30 om fy
E o

B S 750 - %2 Swan BV AR B ULFERA By 126 H - FHIE 2 AT LLEEHR » 328 Swan ££ 126 H UL FERF B 28
Saia A HHESEE » B DL 30 cm REEAVEZY)E R (1423 mtha') BEE S ELMER © 45 CP & &5 » DL 15 F2 20 cm
BRI (B Ay 6.0% ) fzrm 0 1 10 K2 30 em FERFRAY (5371 55 5.0 2 5.2% ) £  ZATMEHAEHEE B Z & (crude protein
yield) > 30 cm ¥ (0.75 mt ha™) AYFEREIRI A 17 B NDF J; ADF & &tk st HAatgEsE (£ 5) - w30 cm
B Bk E R R o (HHE EANENEA R - (RIL - #28 Swan AUEEASFEE ML 30 cm AH -

Z2EXR

KA ~ E4PRE - R - BREE S - 2018 - B A E RN 2 Skl E R ~ fE N FEITEREIZE - AT 51 ¢
16-23 -

FRIEEE ~ PREHE © 2019 < FEBFEHALEEE N FhlE 82 22 - hEEEEI RS RE 86 1 1-14 -

S ~ 2% © 2020 - ZIEALEL S SIS A A LR Y 2 W 9% » BSEERHST 53 ¢ 244-252 -

BRFE S ~ Tkor ~ FEERE ~ EAPRK - 2021 - BRGNS BT BB ZRET - AT 54 1 116-125 -

PREENZE ~ GRULER - 2021 - HREREPRHEVIE =22 SR 2 A2 e 1 ISR A ek - S EIHIE 54 ¢ 198-205 -

PRz ~ sREREL o 2022 - ARG SR EYIEH 552 Sl 2 AR e 11 @i (FI 0 e 8 R s B s Al » BAERASE 55 ¢
56-67 °

BRENE ~ RS ~ SORER - 2022 © DUNER - REE RGERE R 2B F H M & A R 80 2 5P AL - B AT 55 ¢ 128-
136 -

Acharya, S. N., Mir, Z., Moyer, J. R., Orshinsky, B. R., and Thomas, J. E. 2003. Effect of row spacing and seeding rate on
forage yield and quality of perennial cereal rye (Secale cereale L.). Can. J. Plant Sci. 83: 363-369.

Albayrak, S., Tirk, M., and Yiiksel, O. 2011. Effect of row spacing and seeding rate on hungarian vetch yield and quality.
Turkish Journal of field crops. 16(1): 54-58.

Bremner, J. M. and C. S. Mulvaney. 1982. Nitrogen-Total. p. 610-613. In: Method of Soil Analysis. Part 2. 2nd edition.

Coblentz, W. K., K. P. Coffey, J. E. Turner, D. A. Scarbrough, J. S. Weyers, K. F. Harrison, Z. B. Johnson, L. B. Daniels, C. F.
Rosenkrans, Jr., D. W. Kellogg, and D. S. Hubbell. 2000. Effect of maturity on degradation kinetics of sod-seeded cereal
grain forage grown in northern Arkansas. J. Dairy Sci. 83: 2499-2511.

Coblentz, W. K., S. E. Nellis, P. C. Hoffman, M. B. Hall, P. J. Weimer, N. M. Esser, and M. G. Bertram. 2013. Unique



[ EIE = 240

interrelationships between fiber composition, water-soluble carbohydrates, and in vitro gas production for fall-grown oat
forages. J. Dairy Sci. 96: 7195-7209.

Coblentz, W. K., M. S. Akins, K. F. Kalscheur, G. E. Brink, and J. S. Cavadini. 2018. Effects of growth stage and growing
degree day accumulation triticale forages: 1. Dry matter yield, nutritive value, and in vitro dry matter disappearance. J.
Dairy Sci. 101: 8965-8985.

David, D. B., J. L. Nornberg, E. B. de Azevedo, G. Briining, J. D. Kessler, and F. R. Skonieski. 2010. Nutritional value of
black and white oat cultivars ensiled in two phenological stages. Rev. Bras. Zootec. 39: 1409-1417.

Goering, H. K. and P. J. Van Soest. 1970. Forage Fiber Analyses (Apparatus, Reagents, Procedures, and Some Application). p.
8-9. Agric. Handbook No. 379. ARS-USDA, Washington, DC., USA.

Gunsaulis, J. L., W. K. Coblentz, R. K. Ogden, R. K. Bacon, K. P. Coffey, D. S. Hubbell III, J. V. Skinner, Jr., M. S. Akins,
J. D. Caldwell, K. S. Lusby, and S. A. Gunter. 2008. Fall growth potential of cereal grain forages in Northern Arkansas.
Agron. J. 100: 1112-1123.

Holliday, R. 1963. The effect of row width on the yield of cereals. Field Crop Abstracts. 16: 71-81.

Hunter, M. C., C. C. Sheaffer, S. W. Culman, W. F. Lazarus, and J. M. Jungers. 2020. Effects of defoliation and row spacing
on intermediate wheatgrass II: Forage yield and economics. Agron. J. 112: 1862-1880.

Irfan, M., M. Ansar, A. Sher, A. Wasaya, and A. Sattar. 2016. Improving forage yield and morphology of oat varieties through
various row spacing and nitrogen application. J. Anim. Plant Sci. 26: 1718-1724.

Liu, K. and K. Mahmood. 2015. Nutrient composition and protein extractability of oat forage harvested at different maturity
stages as compared to grain. J. Agr. Sci. 7: 50-58.

Li, P, Mo, F., Li, D., Ma, B-L., Yan W., and Xiong Y. 2018. Exploring agronomic strategies to improve oat productivity and
control weeds: leaf type, row spacing, and planting density. Can. J. Plant Sci. 98: 1084-1093.

Lone, B. A., B. Hassan, S. Ansur-ul-haq, and M. H. Khan. 2010. Effect of seed rate, row spacing and fertility levels on
relative economics of soybean (glycine max. L.) under temperate conditions. African J. of Agric. Research. 5: 322-324.

Morris, D. L. 1948. Quantitative determination of carbohydrates with dry-wood's anthrone reagent. Science 107: 254-255.

Nadeau, E. 2007. Effects of plant species, stage of maturity and additive on the feeding value of whole-crop cereal silage. J.
Sci. Food Agric. 87: 789-801.

Naveed. K., M. A. Khan., M. S. Baloch., K. Ali., M. A. Nadim., E. A. Khan., S. Shah and M. Arif. 2014. Effect of different
seeding rates on yield attributes of dual-purpose wheat. Sarhad J. Agric. 30: 83-91.

Ranjan, R. D., A. S. Gontia, A. Pal, S. Km Kumar, B. Kumar, K. Bhamini, and N. Kumari. 2016. Morphological and
physiological responses of dual purpose wheat (7riticum aestivum L.) to nitrgen and seed rates. Agricultural Research
Communication Centre 37: 279-89.

Rodriguez, J. B., J. R. Self, and P. N. Sotanpour. 1994. Optical conditions for phosphorus analysis by the ascorbic acid-
molybdenum blue method. Soil Sci. Soc. Amer. J. 58: 866-870.

Sharma, S. K. and S. R. Bhunia. 2001. Response of oat (4vena sativa L.) to cutting management, method of sowing and
nitrogen. Ind. J. Agron. 46: 563-567.

Thomas. G. W. 1985. Exchangeable cation. pp. 1159-1165. In: Page, A. L. (ed.). Method of soil analysis. Part 2. 2nd edition.
American Society of Agronomy Inc., Madision. Wisconsin.

Yoshida, S., D. A. Forno, J. H. Cock, and K. A. Gomez. 1976. Determination of sugar and starch in plant tissue. Laboratory
Manual of Physiological Studies of Rice 3rd Edition, pp. 46-49. International Rice Research Insititute, Los Baiios,
Philippines.



241 Taiwan Livestock Res. 58(4) : 231-241, 2025
DOI @ 10.6991/JTLR.202512_58(4).0001

Effect of Row Spacing and Different Harvest Stages on Oat
(Avena spp.) Yield and Quality

Po-Yu Chen @®

Received: Jul. 2, 2024; Accepted: Jul. 11, 2025

Abstract

This study utilized two oat varieties, Saia (Avena strigosa Schreb.) and Swan (A4. sativa L.), as the experimental
materials. The trial was conducted at the Livestock Research Institute, Ministry of Agriculture, on November 18, 2016,
using artificial planting. A randomized complete block design (RCBD) with four replications was employed to investigate
the effects of five planting densities (row spacings of 10, 15, 20, 25, and 30 cm) and five harvesting stages (67, 87, 98, 112,
and 126 days after planting) on oat yield and chemical composition changes. The crude protein (CP) content of Saia oats
decreased significantly (P < 0.05) following the delay in harvesting stage, , from 15.2% at 67 days to 6.3% at 126 days.
Conversely, the average contents of water-soluble carbohydrates (WSC) and starch increased with delayed harvesting. The
average contents of acid detergent fiber (ADF) and neutral detergent fiber (NDF) showed an opposite trend to CP, reaching
the highest values at 126 days (64.4 and 40.2%, respectively).The changes in the nutritional composition of Swan oats
followed a similar trend to those of Saia oats. The average contents of P, K, Ca, and Mg in both oat varieties decreased
following the delay in the harvesting stage was delayed. For Saia oats, late harvesting significantly deteriorated the quality,
and thus, the optimal harvesting period was determined to be between 87 and 98 days. In contrast, the dry matter yield of
Swan oats increased significantly with later harvesting, making 126 days the recommended harvesting time.The fresh yield
and dry matter yield of Saia oats increased as planting density decreased, with the highest values observed at the 30 cm
spacing (35.5 and 8.59 mt ha™', respectively). The dry matter yield of Swan oats exhibited a similar trend, with the highest
yield also occurring at the 30 cm spacing (40.2 and 9.18 mt ha', respectively). The average CP content of both oat varieties
was higher under lower planting densities, while the WSC content showed the opposite trend, yielding a higher content at
higher planting densities. However, planting density had little impact on the average contents of NDF, ADF, starch, and
mineral elements in both oat varieties. Therefore, the optimal planting density for both oat varieties was determined to
be 30 cm. Additionally, the optimal harvesting period for Saia oats was 87-98 days; while for Swan oats, 126 days was

recommended.

Key words: Oat, Row spacing, Forage yield, Forage quality, Harvest stage.
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1. SEReEELHRL

Table 1. The composition of experimental diet

Ingredients %
Crushed brown rice 16.41
Yellow corn 49.24
Soybean meal 18.00
Wheat bran 10.00
Limestone, pulverized 1.00
Dicalcium phosphate 1.40
Choline 0.20
Molasses 3.00
Salt 0.50
Vitamin premix* 0.10
Mineral premix” 0.15
Total 100.00

Analyzed values

Crude protein, % 14.89

Crude fat, % 3.78

Gross energy, kcal /kg 3,750.00

* Vitamin supplied the following per kilogram of diet: Vitamin A, 6,000 IU; Vitamin D,, 400 IU; Vitamin E, 20 IU; Vitamin
K,, 2 mg; Vitamin B,, 2.6 mg; Vitamin B,, 2 mg; Niacin, 30 mg; Pantothenic acid, 30 mg; Pyridoxine, 3 mg; Vitamin B,,, 0.6
mg; Biotin, 0.2 mg.

" Mineral supplied the following per kilogram of diet: Fe (FeSO, - 7H,0, 20.09% Fe), 80 mg; Cu (CuSO, - 5H,0, 25.45%
Cu), 5 mg; Mn (MnSO, - H,0, 32.49% Mn), 6 mg; Zn (ZnSO,, 80.35% Zn), 45 mg; I (KI), 0.2 mg; Se (NaSeO,, 45.56%
Se), 0.1 mg; Co (CoSO, - H,0, 32% Co), 0.35 mg.

1L AEMEIRAE
() RELL: SEEIBISFAEER S (NPPC, 1991) ZHA M EEE R > DR 5 ator REG AL
(marbling score) » 1 X FHIEMHL > 5 /3 RE &lAE - BERFRATAIAERZED - BlESRTIIAE
WieEs -
(i) BHEE © 5 NPPC 5oy DUsr e RAILE 57 5 BT B E T (firmness score) » B{EBFRAERELERE > 8E
TN A E B E T -
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(i) EVE WG KEBEZFEEER S (NPPC, 1991) JIA B IE R R RAIMNEREST » B8 5 43l o AEEEST (color
score) » 1 7pRAEH » 5 /3REE4L - BUERF R G  BEEFRED - REHZEREE T ER M ARAE]
nnat (sensory evaluation) EEHET T HIE -

(v) EVEmaf K Cardello er al. (1983) JABIE e RAEER - HUEE R/NGELEE » 48 80°CEVKIE 30 71
5 ATHHEZEREEE LERGARA S EFRET LI (RS (tenderness) ~ FBk (flavor) ~ 2741
(juiciness) % 3 THH ST » £% 5 73lEEoy o 1 orde= » 10 5 JriefE ©

T i B K RE AT B R
FREF I AL HUARES: 300 ¢ R A S B TS L ST 10 TEASRHS (fatty acid) & 17 TEK
fig i BEBE (amino acid) &8 » (REREST /3T HEAL ST Il By wt % J mg/100 g I
IV. &storih
KA FE B B Excel (version XYZ; Microsoft Corporation, Redmond, WA, USA) #{TE H - FE7%{#H F SPSS

(version 22.0; IBM Corporation, Armonk, NY, USA) #Ef 745515747 © MERI LB A — %4 L (generalized linear

model) - 4 7l il 2= FL{# F Student's t-test i basl(d o ¥5 DU HEENTEIE#E R 7= (means + standard deviation) &

N E P<0.05 FREAEEER -

BB

MRS RRIAE P G R 2 S B MRS R 2 R AFEMHLA R BEEEE SN2 (P < 0.05) » i ZFEHIEVE A
TTEERE SRR AFE (P < 0.001) < 2RI > FERBAICEUT 8~ MUE - 20 sEk T - R e AR R
ARB T S R RAE RS A FE R LS KB EAUT B 9 A 725 » 188 Xia er al. (2022) HHE v infE YA FT 45 SR —
B o (HELESE (2014) RIS (2012) BYBHZEAE RG] © 255 (2014) F15% (2012) 53 HIMEIE = & FE 48 DA BN = 85 o
Hr ~ MIE 5 A E iR o R AR R A SGTr BE BN LS o MERIEE A RARA - A RE AR E
HE R BIRRED MR E SRR - R R RaE R B A e — DT -

RE AL RSN - F 2 AR 4E SRR 2 BRI IS 12 )11 (Wood et al., 2008) = Smith and
Carpenter (1974) 53R RERA & 8 P54 A 20T 2 R AR o 55 2 s A FHBR M - (ELBEFE pa ek > el A R 1 R 55 22
% o Bl NE T ER R TR R AE R R R KEE ) - TR BB AR HORB L AR AT 3 hI M - (e MBI o=
2T o BEAh - HEHE M S TR IR AE Hh RIS R o ISR G 25+ < Hornstein (1971) $5H1 - AEHABAEHEZ S (L
EEAERIHEALEY) - WAF /I B L&Y R R T s E R -
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fEmE BT MAKHERRIEE R BZEN LG (=% 0 2014 ) » BUREER S R RE N\ 58 8L U 58T
REE Y MEAE SRR -E H% (2012) SR S REESEGT ~ MR T R &Y L BB S BT oy M A
EAR - JINRERIS A& B RFAR - EF S E M EEEAE - WRTEWREREIRR R - BARNEE/KT 5
2 BRI ZHE TG AT R ERYINTE B AT RSTTSE AT 2 Y - O EE BN TR
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BN MR > SNE R S E BRRBRRZE 2 — - SNEUEE BIENEIEIE - Bt - 2 s Rk
AP - RESOIRTI M E E B E (S (TR - S A 2R 2R 5 B - ASRBENRE AT T
fii  SPAEERFB RAEEDE  BEEAERE - BRI EEEEE R E N EIHE B ZFEEERRE A hE o 8
Kim er al. (2018) if9¢ LYD Jz LYW SfEZFEEEFAHLL - H5 (2012) WFFEEEER - BN =FEEEsm T - MO& e &Y E
aetEAE PRI Z A 225 - [EEE » Muhlisin ef al. (2014) W72 EJF 4= ff KNP BRSSO il » DR s & AR s (o
% 2014) - REVE AEIE B MR AR o RERMERTE P G B AR ST M iR E SR (Neethling er al., 2017) » S ABHE
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Table 2. Effect of gender on the meat quality scores of longissimus dorsi muscle in Lanyu pigs

Items Barrows Gilts Gender
Marbling score 1.33£0.35 1.221+0.36 NS
Firmness score 4.61 £0.60 4.17£0.35 *
Sensory meat color score 3.11£0.60 4.2210.36 ok
Tenderness score 3.18£0.23 2.98 £0.49 NS
Juiciness score 326%0.21 3.0710.34 NS
Flavor score 3.40+0.28 3.391£0.20 NS

The data were given as mean t SE.
*P < 0.05, ***P <0.001.
NS, not significant.

R ARG S VS B (E (> SR E L (Dinh et al., 2021) - AERGEE ¥ AE TR R EBEE0EE - MR HBESE &
i R HLAE R REAH Y S 824072 3 Fr » 5l (myristic acid, C14:0) ~ FEfEEE (palmitic acid, C16:0) ~ BER5H (stearic
acid, C18:0) 6 fIAEHAEE (Total saturated fatty acid, SFA) HJELBIFER AFE T &= S 245E » T —+ 1% (benenic acid,
C22:0) BEAIHE % (saturated fatty acid, SFA) HYELBIRE AFERN 2058 - BABEEESR - BN S » Sefiisib
(Total SFA) fEREAFE P EEE =258 - B A 8FINENE (monounsaturated fatty acid, MUFA) tf » &% (oleic acid,
C18:1) WYELBITE MR A B 2 5 » (HEEHE N aEMIASHE (Total MUFA) {FREAFEEL 254 7 R 72 SR B - aolffo
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% (2012) SHEBURBINEERGIT ~ A% e R AYSCE S 2 FE A S 1Y MUFA > Garitano ef al. (2013) if#5¢ LWD =
mm e B S (2014) WE9T S B REAC R AE 2 RERGBRAE R - $935 B 580 PUFA LEAIS AR AFEE - AW5T el 2254
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g3 UFA EEBIRYIS N - SR TR - FERR E =00 T8 RIRRE - [ NEER - R AFERVAEEFIASRE (SFA) 2 &8
FEENTISE 0 BT 2 P REURHRE AT ENLAZEEEIARIEH (Firmness score) FRHZE & A RSV S 23— 20 -
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(45 — 76°C) » M- RELMIBEHHEE B EATKAYERL (0 — 49°C ) » 35 0] RESC 28 A ShAVEE B AT T 842 (Karolyi et al.,
2012) - BN AR S > BERGAVEEE 2 —(ERSEE RN E © Bl AR e SR EL LAY T > IF4E5
B REH] (Soladoye et al., 2015) -
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Table 3. Effect of gender on fatty acids composition of longissimus dorsi muscle in Lanyu pigs

Fatty acids, wt % Barrows Gilts Gender
Cl14:0 1.41+0.14 1.23£0.06 o
C16:0 26.64+1.62 23.50+1.23 o
Cle:1 2.741+0.23 2.59+0.37 NS
C18:0 1428 £ 1.05 1190 1.14 ok
C18:1 4043+ 1.74 42.11%1.39 *
Cl18:2 8.45%1.35 10.96 £0.81 Hrx
C18:3 0.27£0.03 0.19%0.01 ok
C20:0 0.06£0.10 0.08 £0.10 NS
C20:1 0.99%0.13 0.89%£0.12 NS
C22:0 0.07 £0.02 0.14£0.03 ok
Total SFA' 4248+ 1.18 36.84+1.03 Hrx
Total MUFA® 40.02+£2.06 45.75+2.15 NS
Total PUFA’ 8.72£0.93 11.15£0.56 NS
Total USFA* 5333%£1.18 52.66%1.71 NS
MUFA/SFA 0.94%0.57 1.24£0.47 NS

The data were given as mean + SD.

*P <0.05, **P < 0.01, ***P < 0.001.

NS, not significant.

' Total SFA: Total saturated fatty acid (C14:0 + C16:0 + C18:0 + C20:0 + C22:0).

* Total MUFA: Total monounsaturated fatty acid (C16:1 + C18:1 + C20:1).

* Total PUFA: Total polyunsaturated fatty acid (C18:2 + C18:3).

* Total USFA: Total unsaturated fatty acid (C16:1 + C18:1 + C20:1 + C18:2 + C18:3).

ELHERAEAE AL DA Hp e BB 4R BT R I MR RIRTRY 22 545 2R (R 4) 80U - B0 B e (e 3R B3R M R REIRY
I fEEES - H FEEE (Glycine) K ffiff% (Proline) 71 R AFEEUE RS » RFTMERL (Aspartic acid) ~ 5% (Glutamic
acid) ~ ERZE% (Cystine) ~ 4% % (Serine) i 0% (Tryptophan) 7£ 254 RIlIE = - 28T » BERSARET A& BN & i
Rz RN o BRI A = R - B ARG ILRARAVE B EE - HRENEEZEZE Ma ef al., 2020) - [t
Ah - Xia ZE A (2022) BIWF5EHEH > Duroc 5518 2254 HL A h 4H % (Histidine) & & &7 RE A% - 1 H e STERANE =
SR MERIE SR o B PEIE LS Celta X1 %%f8@ (Franco and Lorenzo, 2013) » DKz B PN BT EEFR T ~ H& 5T R 4Y
SEEFETEAIITSE (5 0 1997 5 52 > 2012) » BURHIA TRV E R & 8RN ZMERRE > BARGEREE R —E - AWt
e AT RS A i R R R A RS2 B B RS R EAE A Y SR EEE AR AN E o WIS AESGE
R o RV T FERE i R A, - B S B R SO T HER - ARSI AR B F A I B L e B A
BORL > (&M eI E—ERRE_ R PEHIRIOE B BERG R - [EEEE SRR TEEE » e uEEmn  REEE
BEEHORWE BAVAM &S -

A

Gier LAl - RS A FERLAEEE ~ BERIEL C14:0 ~ C16:0 ~ C18:0 ~ C18:3 J SFA ELBIBEZE LGS - LHEH)
BB REEFsT - BERGEL C18:1 ~ C18:2 f C22:0 HIBIEH RN FE S - HLNT AR G & - MhIE AR - A5
ST VRS EAE A B R A BTG - BB RS B R ARSI LR (2% -
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Table 4. Effect of gender on free amino acids composition of longissimus dorsi muscle in Lanyu pigs

Amino acids, mg/100 g Barrows Gilts Gender
Aspartic acid 1,650.1 £ 145.4 1,716.4 £90.7 NS
Glutamic acid 2,654.8 £218.9 2,767.0£162.3 NS
Cystine 197.1+8.0 201.7+5.7 NS
Serine 62321653 654.0 £36.0 NS
Histidine 722.9%£79.3 781.361.1 NS
Glycine 962.3 +326.0 857.6 +142.5 NS
Threonine 730.6 £54.9 765.6 £33.9 NS
Arginine 1,135.8£155.3 1,150.0 £ 81.4 NS
Alanine 1,027.7 £ 169.8 1,020.2 +78.2 NS
Tyrosine 431.3174.0 470.6 £75.7 NS
Valine 866.5£70.1 905.4 £48.0 NS
Methionine 292.1+51.5 284.3+26.2 NS
Phenylalanine 71241483 745.4 1 36.1 NS
Isoleucine 847.1+44.1 881.4+458 NS
Leucine 1,363.4 £ 101.5 1,428.1+71.5 NS
Lysine 1,429.2£94.0 1,523.0£78.9 NS
Proline 523.4+103.7 48121733 NS
Tryptophan 140.1£19.8 155.6%19.7 NS

The data were given as mean * SD.
*P <0.05, **P < 0.01, ***P <0.001.
NS, not significant.
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Abstract

The current study evaluated the effects of sex on meat quality traits, fatty acid composition, and amino acid composition
in Lanyu pigs. Eighteen healthy Lanyu pigs (averaged weight, 13 £ 0.9 kg) were classified into barrows (n = 9) and gilts (n = 9).
During the 16-week experimental period, each pig received a daily diet comprising 1 kg of broken brown rice-corn-soybean
meal access to water ad libitum. After the experiment, the pigs were slaughtered and various carcass characteristics were
measured. The results showed that no differences were observed in meat quality scores for marbling, tenderness, juiciness,
or flavor between sex. Meat color score was higher in gilts than in barrows (P < 0.001), whereas firmness score was higher
in barrows than in gilts (P < 0.05). A between-sex comparison of fatty acid composition in muscles revealed that the contents
of myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), alpha-linolenic acid (C18:3), and total saturated fatty
acids were higher in barrows than in gilts (P < 0.01). In contrast, the contents of oleic acid (C18:1), linoleic acid (C18:2), and
behenic acid (C22:0) were higher in gilts than in barrows (P < 0.01). However, no difference was noted in the content of total

amino acids in the longissimus dorsi muscle between the sex of Lanyu pigs.

Key words: Amino acid, Fatty acid, Lanyu Pig, Meat quality traits.
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Table 1. The compositions of basal diet for goat kids

Item %
Dehydrated alfalfa pellet 13.05
Skim milk powder 522
Soybean hull 5.22
Corn, ground 49.60
Soybean meal, CP 43% 13.05
Soybean oil 1.30
Fish meal, CP 65% 3.91
Whey powder 5.22
Molasses 1.30
Salt 0.26
Limestone, pulverized 1.04
Dicalcium phosphate 0.52
Vitamin premix® 0.18
Mineral premix® 0.13
Total 100
Calculated value

ME, kcal/kg 2,870
Analyzed value, %

Crude protein 17.15
Crude fiber 5.79
Calcium 1.51
Total phosphorus 0.56

* Vitamin premix included 0.18% of vitamins. Each gram of vitamin premix contained 10,000 IU of vitamin A, 2,000 IU of

vitamin D;, and 55 IU of vitamin E.

® Mineral premix included 0.13% of mineral. Each kilogram of mineral premix contained 16 gm of Cu, 15 gm of Mn, 0.2 g

of Co, 53 gofZn, 1 gof I, and 0.5 g of Se.

(i) FUERIHMSE 4 ~ 8 K55 12 I > F2H 10 BAFEERIL - frE & AR 10 mL > JE I e 5K E B
(IgG ~ IgA ~ IgM) &85 (i > 2022) > 5501 3,000 g EEEEE L 10 min (&1G 20K > HFR -20C 4 5 EH

fg o 28 0% (1996) J57% » DUMUR AL 734 f% (Hitachi 7150, Japan) St o #5451 (glucose) ~ KT Hzlk
HEHRZE (glutamic oxaloacetic transaminase, GOT) ~ FNRZEEERZE (glutamic pyruvic transaminase, GPT) ~ [k
&l (alkaline phosphatase, ALP) ~ 4475 [’ (total protein, TP) ~ [4%& [ (albumin, ALB) ~ BRZ& [ (globulin) ~
fR Z % (urea nitrogen) ~ AL BT (creatinine, CREA) ~ %% s [E i (total cholesterol) ~ = % HJH g (triglyceride,
TG) ~ =% E 5% H (high-density lipoprotein, HDL) ~ {55 [& H5 2 [ (low-density lipoprotein, LDL) - & E5i 55
12 1% Lee et al. (2013) Ji7EMETIEALST » BIEFEM H 3% (Lh (glutathione peroxidase, GPx) ~ HiLE LY
(antioxidant) ~ %Ll (catalase, CAT) ~ HE(LY)I(LEE (superoxide dismutase, SOD) S (AL 22 BE S FE
44778 (thiobarbituric acid reactive substances, TBARS) o

(v) RERETIE S BT © GETHHED - MY - $5 RS 21 AOAC (2019) J77AHElT
IV. 4ist5r4r

SERFTIS BUE B RHR A SAS EHEHAE (SAS, 2014) H#EFT o34 > DAERL Ropm 2 - o ] — e 155K (general
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linear model procedure, GLM) #E{T8 775347 » FELAGINFJ7#5{E (least square mean, LSM) {75t & i HE ] 72
SFLELE o [0 VR Ry
Yij = p+ Ti + &ij
Yij = PR BZE 5 p = EME S Ti = GEE AV EERE ;5 elj = B Rt A VSR
% o
slBR EAL DA 4 TEETR IR E AR DA T AT - (PR IRIGSE R BEGEET o (e 20 (EREAL A - (8 R REHTEhE:
4 TEfANERE 2 EIHYEE - WRBEZF R EEE - AL P <0.05 AFREZEE -

BT

L ZESRIEYYE'R T T RiElE

HEHRIEY)V S8R o ITEREUR > SR EY —REB|i I Eme i E O E ~ B - T
HE 55 e BITRE AR EYIG S > HRIERRER D T EGRMI (R 2) - MWEEEEEYITIES]
ISR > SR DAREEN L&Y ~ IR0 K DPPH BRRR (BFRE HER ) - Ll st bR E VI fat Rl EY)
1= ST RS SRR Y I BRREMERR T A0FR 2 SEHRIEY) < i T ERR OMERE R 17.3% (5258 ) (FE%
2022 ) - Hsieh et al. (2021) Hi7EBUREfeE R B2 HERIEY MHEQE SRR R 17.21 & 22.42% > A5ER &
fgERIEY) HEQ B S BI KR SURE - BIEY TREZEELE  BRNIIER T © WEEHRIEYD
PRREMER T o G SR SRR A Bt R AE VAR 2 MR RG RS = Y e T HERIEEY) (2.5% vs. 1.8%) 5 SREPIEY) ~ =WiJY) ke 48
w8 D EsHERIEYESS AR R E e BRI USSR EY AR RS EEERIEYI Y
IIMTE > BRI EBIE AR 2O (P < 0.05) » Hego A HRAIESET EARFEIEER - Lee et al. (2016) f5i
TR E S SN 1.65 mg > ZAERE 1.25 mg > HEHMLEY) S mg > BRE 0.58 mg - AGERGEHEE
PIRERER ST o3 AT (BB HAE AR

R 2. EEIEYYEE T RIRER T ST (E
Table 2. The nutrient analyzed value and bioactive compound for stalk residue of Pleurotus eryngii and stalk residue of
Flammulina velutipes'

Items PESR FVSR
Moisture, % 11.79 7.29
Crude protein, % 15.05£0.11° 14.58 + 0.44
Calcium, % 0.55%0.03 0.29 £ 0.06
Phosphorus, % 0.40£0.02 0.87£0.05
Acid-detergent fiber, % 29.53+1.15 23.09+£1.73
Neutral-detergent fiber, % 40.80 £ 1.12° 33.53+1.15°
Crude polysaccharide (mg/g DW") 2.510.13 1.8 £0.06
Total phenolics (mg/g DW") 4510.12 5.8%0.18
Crude triterpenoid (mg/g DW") 0.9 £0.60 1.9£0.29
Flavonoid (mg/g DW") 3210.28 441023
Ergothioneine (mg/g DW") 1.18%£0.14 0.50+0.12
Adenosine (mg/g DW") 0.410.05 0.310.06
Ferrous ion chelating power, % 60 £2.89 75%2.96
DPPH radical scavenging activity (mg/mL) 47+3.18 541231

“® Means with different superscripts in the same row differ significantly (P < 0.05).
" PESR: stalk residue of Pleurotus eryngii; FVSR: stalk residue of Flammulina velutipes.

n=4.
" mean * SE.
DW': dry weight.
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Hsich er al. (2021) W5e4E FEUR A fdk K #1452 DPPH 53751 By 34 J% 28% » T ANsish SR 7 sk 2l A 7
E#tHiGEIEY).Z DPPH 53505 47 K 54% - AetBasE R hSerl Hsieh e al. (2021) Z & fifgdd Ko G5 HsbTFeas R
PRI % e SRR P ST EE S 157 Bl B 70 K2 79% - RIS S A BREE IR - BAGi S - &et kRl EY) B E faaiaE
P EATIELTI ZREENE -

A RMERE

RIS EY S FFERZPENR 3 (FEREEEREARFE 0 —4H -5 -89 — 1274
SREIHIYLL 1.5% EEhE R 1.5% et RlEYIm A fEe 2% (P < 0.1) » (EREBEZRE - 12 0 — 8 B
SadtAr] - sy e DS IR AR RAYEES (P < 0.1) - [ECREERIE A - FESER HIAIRE 9 — 12 488 - 70
SRR E Y AR e PN B IR IR S (o E (P < 0.05) » &7 0 — 12 BB = I = > IRIIMREE 1.5%
LRI EY) e P B S P IR P I (P < 0.05) + HEESRZ 0 — 448 ~ 5 — 8 K 9 — 12 AR -
7= A RHEH R A 2 40 2 S SREAEAT © BREE 9 — 12 BEIRIIRITE S 1.5% LEHE R Y pE FAH B B = 7 =F Y
H - JEERMARSREENE HREEREGT LZBEER - &% (2002) WHFTfE AREE MR R AR
F > GHERPL 0.5 kg ~ 1.0 kg BUEE BRI FAEHIFLT RABECERE R (R B ERZE) (& 10 18 - &5
REURS — THERT — 10 B AFFEPIBHYE - FRREE R ERHAAE > 577 £ 0.108 — 0.246 kg ~0.411 —
0.683 kg ~ 3.17 — 9.34 ; {FR}=F47 A8 0.120 — 0.234 kg ~ 0.411 — 0.683 kg ~ 2.23 — 8.16 » {FFEEA A M -
REFFEOERE - 28 - mEEMEPE £ R HEAHAEN > HBERIIET
RHIEFHI R - U e APEE B BT EE - Lee eral. (2013) 837NN 1 — 2% HJHRIEYI A2
= NN EE 0 S (2022) BEFEEEER 0 IR0 0.5% &2 5FOK K 0.5% A fifrgh aRee + # 16 H8 i HIRELE S HEE S E I
D B R R

3. ERRNEEEREVH T FREERERMEZZE

Table 3. Supplementation of mushroom stalk residue on feed intake and growth performances of goat kids

Items Control 3% PESR! 3% FVSR' 1.5% PESR + 1.5% FVSR
0 — 4 weeks’

Feed intake, g/d/head 278 +51.61° 298 £42.53 291 £39.35 291 £59.96
Body weight gain, g /d/head 142 £9.50 1591£7.32 161 £8.34 166 1 12.67
Feed conversion ratio (Feed/gain) 1.95£0.17 1.88+0.12 1.81£0.10 1.72£0.06
5 — 8 weeks

Feed intake, g /d/head 5121£51.84 484 £96.28 490 £ 103.1 5801 96.97
Body weight gain, g/d/head 148 £5.43 167 £7.63 156 £ 11.68 166 £ 10.76
Feed conversion ratio (Feed/gain) 3351043 2.88£0.55 3.28+0.63 34810.51
9 — 12 weeks

Feed intake, g/d/head 694 + 68.97 731+97.59 770 £107.3 820+ 71.41
Body weight gain, g/d/head 149°+ 8.58 158 +7.51 178 +7.96 1874+ 12.50
Feed conversion ratio (Feed/gain) 4.5010.28 4.7110.37 4.6810.26 44310.24
0 — 12 weeks

Start BW, kg/head 6.81+0.28 6.891£0.28 6.97+0.35 6.76 £ 0.35
Finish BW, kg/head 19.08° £ 1.48 2033+ 1.13  20.83"+1.38 2130+ 1.09
Feed intake, g/d/head 453 £57.25 478 £97.87 451 £81.18 521%£72.52
Body weight gain, g/d/head 146" £ 14.45 160™ +15.78 165" +18.07 173"+ 31.64
Feed conversion ratio (Feed/gain) 3.101£0.05 2.9810.10 2.78 £0.05 3.01£0.07

“® Means with different superscripts in the same row differ significantly (P < 0.05).
' PESR: stalk residue of Pleurotus eryngii; FVSR: stalk residue of Flammulina velutipes.

>* The feed intake consisted of 1,000 mL of milk replacer (prepared with 150 grams of milk powder) daily from 0 to 4

weeks.
n=>5.
" mean * SD.
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JE%E (2020) USRI ARG FLILERP A AL VERE R IR 2 R BUR 3% st SHRIEY) K 2% i
WHRIEY BRSNS (P < 0.1) - EFEANGR KA &G RANEH IRAH I IR % - Soon (2014) {5 FH#EE] %
LLI=F (Korean black goats) fY5¢ % & H i (total mixed ration, TMR) 77 jl4 5w V) AL T i Eeallly - GERAUR
TMR & 10 — 15% GHHEEVIRCRIR IR 5% SR EYIHIEF SN E « Y8 R EREVHER - W
7S o I SR B EE VU R SO B AU U SR B JFOR A - FEASUBRG R th BTN BR G S R E Y G e A fE =

[P OR > EARDIRHER LRI -

T4 RN EYE T FRERR S

Table 4. Supplementation of mushroom stalk residue on fecal index of goat kids

Items Control 3% PESR' 3% FVSR! 1.5% PESR + 1.5% FVSR  SEM
4 weeks 1.87 1.32 1.39 1.39 0.18
8 weeks 1.54 1.10 1.23 1.12 0.11
12 weeks 1.56° 1.42% 1.18° 1.08° 0.12
" Means with different superscripts in the same row differ significantly (P < 0.05).
' PESR: stalk residue of Pleurotus eryngii; FVSR: stalk residue of Flammulina velutipes.
n=>3.
xS ERMEERIEYHEFELREEEA B Z0E
Table 5. Supplementation of mushroom stalk residue on the immune response of goat kids
Items Control 3% PESR' 3% FVSR! 1.5% PESR + 1.5% FVSR SEM
IgA, pg/mL
4 weeks 43.6 36.2 32.7 36.5 5.95
8 weeks 37.6 45.9 51.7 46.5 6.04
12 weeks 26.6° 49.4° 38.7° 30.4 3.47
Mean 40.8 43.8 39.2 39.8 3.27
IgM, pg/mL
4 weeks 1,832° 1,879 2,311° 2,398° 114
8 weeks 1,766 1,758 1,818 1,756 127
12 weeks 1,473 1,531 1,535 1,560 18.8
Mean 1,387 1,506 1,466 1,571 110
IgG, pg/mL
4 weeks 1,535 1,430 1,189 1,420 217
8 weeks 3,933 4,590 4,489 4,297 791
12 weeks 6,884 8,602 7,554 6,656 534
Mean 4,084 4,874 4,374 3,857 446

“® Means with different superscripts in the same row differ significantly (P < 0.05).
' PESR: stalk residue of Pleurotus eryngii; FVSR: stalk residue of Flammulina velutipes.
n=10.

FEFFRERRETH - SRR LS E H A E FEE BRI > 120 — 4 B 5 — 8 BRHFFEHE(E

S IR A SR 23 (P < 0.1) » (BAESGT B REZRIBE 25 H 9 — 12 BEuBRIRAI LRI 3% et 4k
BIEED) K WRELESHRIEEY) 5 1.5% J BRAH BB A PR (RS (E HE 8 (P < 0.05) > BURR IS R EY SUR S
GEAARIEED) O] S N RIEAR - Hsieh et al. (2021) 5535 H AZERR B 4558 m] f2 = A HEAERS R = B T IR AE P ETETE AT
THZEFHERIEY) © Guo er al. (2018a) DIA[E ELBIE fggh R T = dnE S P56 (F RyE9} (mushroom
bed) K HHIFR & > SR E RN sk RIEYIRG - nIiEEmALE 0 EEARRIGERIEY) & Ris > MR
FART RN - [FR Al (e 22 o s b a2 8 - sdBa i s slEY tLpiis - AR
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* 6. GRANIGEERIEYYE 12 Bir fiRiistYa B2 28
Table 6. Supplementation of mushrooms stalk residue on the blood antioxidant enzyme activities of goat kids during 12
weeks period

Items Control 3% PESR' 3% FVSR' 1.5% PESR + 1.5% FVSR SEM
Antioxidant, mM/mL 2.42 2.97 2.76 2.75 0.36
GPx, nmol/min/mL 51.44 51.50 52.10 52.46 5.20
CAT, nmol/min/mL 15.62° 18.45% 18.68% 2425 2.78
SOD, U/mL 37.41 38.88 38.28 38.71 4.62
TBARS, pM/mL 13.05 12.68 12.78 12.20 3.28

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

' PESR: stalk residue of Pleurotus eryngii, FVSR: stalk residue of Flammulina velutipes.

* GPx: glutathione peroxidase; CAT: catalase; SOD: superoxide dismutase; TBARS: thiobarbituric acid reactive substances.
n=10.

Mahfuz er al. (2019) LLH A% T & S8t ahREY).Z 35 Mkt EsERass - IR0 1% 50 2% Estiba]zE
Pye] BT S O N EE I P EAE H IR S EYIES « BRI eV LIS AR L EMEFEELTIHER - ARG RE
NMFFEREESGEERIEY) Z E r RS M T IR LIRS i FesR—2 -

FFRMRAEETTE > PEBRIASE 4 B 5 8 B - IRI14ESEIZEY) G B B AH 0 A 2 BRI &
2 [HEfrriReslaia e 12 85 - QDI IRE AR (P < 0.05) - iR A a9 E &2 RIEH
(L (PR GOT ~ GPT ~ ikl - SEH ~ BREH - REENAE & BN SR 2 SRS
A BSR4 BREE 8 B2 HEH & E LU 3% w3t thE Y KT 1.5% SRl EYR &4
ERER 25 (P <0.05) - HEA/EVEGEQESE 2 EHEEIE - Huang er al. (2015) HI5Etha3H > EHEH
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® 7. ERNIGEEEYS T RIRE LEZ P E

Table 7. Supplemenation of mushrooms stalk residue on the blood characteristics of goat kids

Items Control 3% PESR! 3% FVSR! 1.5% PESR + 1.5% FVSR SEM
Glucose, mg/dL

4 weeks 90 92 89 95 0.12

8 weeks 82 87 82 86 1.85

12 weeks 76" 80" 79% 84° 1.89

Mean 83 87 83 89 2.33
Glutamic oxaloacetic transaminase, U/L

4 weeks 71 74 78 72 3.02

8 weeks 76 75 82 3.97

12 weeks 81 84 83 82 5.89

Mean 79 79 76 81 2.63
Glutamic pyruvic transaminase, U/L

4 weeks 16.5 17.0 17.0 16.2 1.04

8 weeks 18.5 20.5 18.1 20.8 1.12

12 weeks 17.7 19.6 18.1 18.8 0.81

Mean 19.03 19.03 17.74 17.56 0.63
Alkaline phosphatase, U/L

4 weeks 366 364 438 500 120

8 weeks 363 639 301 439 128

12 weeks 381 434 349 489 195

Mean 370 426 362 506 89.87
Total protein, g/dL

4 weeks 5.56 5.35 5.32 3.56 0.19

8 weeks 6.21 6.06 6.28 6.07 0.20

12 weeks 6.37 6.16 6.31 6.38 0.19

Mean 6.04 5.85 5.97 5.99 0.14
Albumin, g/dL

4 weeks 2.85° 3.02% 3.08% 3.23° 0.08

8 weeks 3.02° 3.00° 3.81° 3.42° 0.10

12 weeks 3.37 3.43 3.46 3.64 0.09

Mean 3.18 3.07 3.18 3.12 0.06
Globulin, g/dL

4 weeks 2.40 2.50 2.24 2.33 0.16

8 weeks 3.16 3.05 3.27 2.84 0.22

12 weeks 2.94 2.79 2.83 2.75 0.16

Mean 2.86 2.78 2.78 2.57 0.12
Urea nitrogen, mg/dL

4 weeks 11.50 11.81 10.45 11.61 1.02

8 weeks 17.58 15.01 15.40 16.41 1.30
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Table 7. Supplemenation of mushrooms stalk residue on the blood characteristics of goat kids (continued)
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Items Control 3% PESR' 3% FVSR' 1.5% PESR + 1.5% FVSR SEM
12 weeks 19.80 18.30 16.43 18.08 1.48
Mean 15.81 15.54 14.09 14.80 0.87

Creatinine, mg/dL
4 weeks 0.65 0.68 0.62 0.62 0.02
8 weeks 0.68 0.66 0.66 0.65 0.03
12 weeks 0.74 0.73 0.68 0.75 0.02
Mean 0.69 0.68 0.65 0.67 0.02

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

" PESR: stalk residue of Pleurotus eryngii; FVSR: stalk residue of Flammulina velutipes.

n=10.

8. EERNIEE R EY ST R E 2 8

Table 8. Supplementation of mushroom stalk residue on the blood lipid contents of goat kids

Items Control 3% PESR' 3% FVSR' 1.5% PESR + 1.5% FVSR SEM

Total cholesterol, mg/dL
4 weeks 104 95.10 87.00 106 12.65
8 weeks 84.55° 65.50" 68.11° 73.80% 5.88
12 weeks 83.37° 69.80" 87.78" 74.50% 5.15
Mean 84.16 76.80 70.96 81.84 5.45

Triglyceride, mg/dL
4 weeks 36.00 33.70 40.55 38.55 6.32
8 weeks 36.40 36.30 42.66 32.90 5.12
12 weeks 28.30 27.40 26.89 26.38 3.11
Mean 33.56 32.46 38.03 32.84 3.17

High-density lipoprotein, mg/dL
4 weeks 53.00 54.90 53.48 59.08 5.74
8 weeks 40.65° 43.74% 45.04" 51.56" 3.10
12 weeks 38.71° 46.43" 43.68" 50.27° 2.89
Mean 44.64° 46.40® 49.51% 53.37° 2.52

Low-density lipoprotein, mg/dL
4 weeks 40.06 33.46 24.95 39.87 7.13
8 weeks 21.21 17.75 17.65 25.83 2.99
12 weeks 21.31 20.64 17.68 23.82 2.14
Mean 27.53 23.95 19.10 26.65 3.03

LDL/HDL ratio
4 weeks 0.69 0.60 0.57 0.60 0.07
8 weeks 0.47 0.44 0.41 0.48 0.04
12 weeks 0.43 0.46 0.43 0.52 0.03
Mean 0.53 0.49 0.47 0.55 0.03

" Means with different superscripts in the same row differ significantly (P < 0.05).
" PESR: stalk residue of Pleurotus eryngii; FVSR: stalk residue of Flammulina velutipes.

n=10.
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Abstract

This study was aimed to evaluate the effect of adding mushroom by-product to the daily diets for goat kids on growth
performance, fecal index, and blood antioxidant, and thereby improve the reuse of agricultural by-product. Forty 4-wk-old
Alpine or Saanen hybrid kids were randomly assigned to 4 diet treatment groups, with each treatment group replicating (row)
in 5 and 2 goat kits per row. The diet control group included the basal corn-soybean meal (comparison group), including
4 diets added with dried and pulverized 3% Pleurotus Eryngii by-product, and 3% Flammulina enoki by-product, 1.5%
Pleurotus Eryngii by-product, and 1.5% Flammulina enoki by-product. The experiment lasted 12 weeks. For the first 0-4
week, kids (5-8 week of age) received 1,000mL of milk replacer (150 g reconstituted milk) daily, adopting concentrated
feed and water ad libitum.The experiment conducted tests on the growth performance, fecal index, blood traits, and lipid
metabolism in blood of goat kids. The results showed that the total polyphenol compounds (TPC), reducing power and free
radical scavenging capacity (DPPH) scavenging rate of Flammulina enoki by-product were higher than those of Pleurotus
Eryngii by-product. The treatment group fed the diet of 1.5% Pleurotus Eryngii by-product and 1.5% of Flammulina enoki
by-product during the 0-12 week period showed significantly higher weight gain than those from the control group (P <
0.05). However, there is no significant difference in feed intake and feed conversion rate among the treatment groups during
the 0-4, 5-8, and 9-12-week periods. During the 9 and 12 wk, kids fed 3% Flammulina enoki by-product and mixture diet
of 1.5% each of the two by-products showed significant decrease in the fecal index than that of the control group (P < 0.05).
The treatment group fed diet adding mushroom by-products showed significantly higher content of IgM concentration in
blood at the 4" and 12" week than the control group (P < 0.05). In sum of the above, supplementing 1.5% each of the two
mushroom types to the diet of treatment groups will result in optimal effect in weight gain while the mushroom by-product

could improve the health and growth performance in kids.

Key words: Mushroom by-product, Growth performance, Goat kids.
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TS 7 FiERE B H S KRS mER I > P EEI A 8 B AR S E L NG cv. TS 3 8 - A EAEF A
FHA R - B EUR L RATRZRR A AT ER ERL - R R E -

AERIZE HAY > #E T NG cv. TS 2EENG cov. TS 3 Z A - EEH H P &ERY » oyBE M B (E(E (Relative
feed value, RFV) {# ~ ZALEMNFAEE ST EEEHTmA

|

() R EE ST F 26 2818 55 -
() B E AR P EYIAH -

(3) A EmE R B PTRE E T o

4) R EE AT R E AT -

(5) #ENMEFE > E-mail: trli@mail.tlri.gov.tw ©
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M A

s H

L 3

ey O
IREEGES/\IE (NG cv. TS 8) JFin & A5 R 2504 - tHH NG cv. TS 3 MING cv. TS 2 Z &S » B

AR 1 AR

F 1. IREFIAZ 2504 ZEEE A
Table 1. Procedures for breeding of Napier grass line 2504
Executive item Conduct period ~ Tested location Description
Pollination 2005.12 Tainan NGcev. TS3xNGcv. TS 2
2009.11
F1 observation 2009.03 — Tainan 375 seedling lines
2009.11 Agronomic trait evaluation
Preliminary advanced yield trial 2009.12 — Tainan 17 lines comparison, NG cv. TS 7 as control
2010.11
Intermediate advanced yield trial ~ 2010.12 — Tainan 8 lines comparison, NG cv. TS 3 as control
2012.11
Regional yield trial 2012.11 — Tainan, Pingtung, 4 lines comparison, NG cv. TS 3 and NG cv. TS 7
2014.12 Taitung, Hualien as control
Silage and animal feeding trial 2009.12 — Tainan Line 2504 and NG cv. TS 2 comparison for Albain
for goat 2011.12 goat
DNA finger printing analysis 2016.04 Tainan Line 2504 and 7 cultivars

L A s
() 1&% EHMREER

(i)

(iii)

(v)

NG cv. TS 2 FING cv. TS 3 FAHE LU BRCE L 1% » 2008 4F 12 HTEE 375 MRE AW R
E BB M EY AR (Z T EE ) - fTHREES 100 x 80 cm » 2009 4 3 H % 2009 4 11 A% 8 #H34
B —REEMRLE 52X -
BIES GRENE (Y

FEREBEIR T & P IR AR 17 i E » BEBTHE NG cv. TS 7 B¥E IR mAE - EfTEREGL
B » 2009 £F 12 FfEMEH & E R BRPTEEHEYAER M > /NEmE 12 m® > S/NEREE R 1.5 m > BV
FHERA R > TRREE RS 100 x 80 cm - FHRSER 5 2@ H#3%3T (Completely randomized design, CRD) » —Ei# -
B 2010 4 3 Hitfy 8 AR AMRIZESE » KA 1 4L 5 EHEE -
G ERENG Y

e s A CHE 1120 ~ 1224 ~ 2002 ~ 2102 ~ 2112 ~ 2405 ~ 2406 K 2504 Z£ 8 {[f » DIFRA NG cv. TS 3
Ry R ELAE - 47 Rk 2 4HEER - 2010 4F 12 HfEME A & sl rr e E sl i - slbestat i R e
SRS (Randomized completely block design, RCBD) » =& » /NE[HFE 16 m” » {7HEEE R 100 x 80
cm o & 8 FERENR - EE - DUREBRSIT T > B 2011 4 3 HE A 2 445 10 FHE -
& I

TR (i) slBmdtion 2 BECAMR S ~ BEobR S ~ BFERE B 2R E R BN HIRGE NG ov. TS 3 - HELHRS
FEIL 200 em - DURHE HE & EBIE IR GE NG ov. TS 3 fHAT 24 A& EGENES - BEHY 2002 ~ 2102 ~ 2406
12504 55 4 {fHZ50H % » LANG cv. TS 3 fING cv. TS 7 {E S8 - 52 2012 4 11 H Rl EEEHE
BB R EYAHEERH (ZE L& ) - EESFIFRSE (FFREAH ) - RESEFRGE (23R
SAEERE AN ) AIfEE SR (FEERS 20 ) 55 4 [Er iR T @ se5a i - #8f RCBD > =[&%E » FEEE 6 /NE - /)
EE T 24 m® > DIEESEH BRI TRREE B 150 x 60 cm - £ 10 A — R EEEMER - EEREERTT
fr > 2013 48 3 HEEZE 2014 4F 12 5 RE3EET 10 ZGEEAE -

ML B EE R MR A
() FIEEHTE

LIRS — e T

=

=

BURMET > MEACR B RUEIR | AR - (ERERES 1 9% (20-5-10) » 94



265

(i)

JREEEL (Pennisetum purpureum) S & 5.\ 32 5

HiFH N 600 ke/ha ~ P,0, 150 ke/ha 1 K,0 300 kg/ha 5
R
AR LA 8 25 10 BE5ERL - AFB /NG EHERREE 10 £ - FABEHETE S om pRETT - EREMEREE S
HiZ (2015) » SHEIHEA -
1. F =5 BESERR S (The toppest leaf collar height, PHA) @ HERILEE —BEHER (EHER 1 om %) B4
i -

2. #EREE (Leaf tip height, PHB) © H A FETEDL Y ST -

3. ¥7% (Stem diameter, SD) : DJEIfE F#EE —Eif ff 2 HE - EHER LR E - g2 -

4, BEXLZWILE (Leaf to stem dry matter ratio, L/S) @ BEEAEC /T BHFEALEE - DL 65 ClZ 2R E > HEHEYE K
EL1E -

5. fifEFE & (Fresh weight, FW) @ /N& NEFFAHE & » B S mt/ha -

6. iZ 5 7 & (Dried weight, DW) @ #5n DAL 65 C iz R M EET RV » RS REES 2 » BUHBES
mt/ha °

7. 43 EEE] (Tiller number per clone, TN) : &/NE&#EE 10 PRk S EEE -

8. Eif] =¥ (Internode length per tiller, IN) : By A R EEET 2 48R FE T DL EEE S -

IV, —fplior o3« AERREL 65 CIHEZIRIER 2 4 CORTF - RAETT N HI AT

(@)
(i)

(iif)

()

FHEE (Crude protein, CP) Z&MY5347 © LA Kjeldahl JEHIE R S &% » FI3LL 6.25 Z H 7% (AOAC, 1990) -
i A 4afE (Acid detergent fiber, ADF) ~ 5484 (neutral detergent fiber, NDF) &5 © 22118 van Soest et al. (1991)
JiE o DLEAE T ES ANKOM 200 #7T (ANKOM Technology Corp., Fairport, NY) o J# 7 ARKE 2 (Acid detergent
lignin, ADL) 3|5 HIERE R ARAE A 50 mL 2 BEFREE > A 2% = H,SO, 25 mL S{BRERREIR » = (ol i
JOA 72% H,SO, 2 mL G#EHEI EY) - 48 3 /NK; » FEE (0 TR EE 2 IR T E 2 fh R EE - DL 90C 2
BUKFHAGHNE 5 K MRS FHEEZ 24 /NF > IRARZERESTHI2ANE > FFERGTERAIRNEEZSE -
HEMEEEEYCER (Relative feed value, RFV) (I AHE @ Manitoba Forage Council, 1995) » AT »
RFV% = {[ 88.9 — (0.779 x ADF%)] x (120 / NDE%)} / 1.29
KB MER /KB &%) (Water soluble carbohydrate, WSC) * K HI & 5eHZ B E & 2 MRS R ATE R E 4 - 1%
MIAZEEE/KLL 100°C B %2000 EE 2 100 mL - (& HUEEZXEUR IR Paleg (1959) ZEEEIERIE - Lot
2l (Spectrophotometer, U-2900, Hitachi, Japan) 5% 87 £ 560 nm ¥ A TR MER K E &Y & & 2 H]
oo
Wity (Starch) By = 2 AILL Yoshida er al. (1976) J7/A#EfTAEHL » ZEHURAIIA S A » DIEEAE fg E 40487
Y FEET (Spectrophotometer, U-2100, Hitachi, Japan) JH[%E 532 nm 2 GAH -

V. DNA f5&U53#r

(@)

(i)

Salinid (%)

FNGev. TS1>NGev. TS2-NGcev. TS3 NGcv. TS4 - NGcev. TS5~ NGev. TS6 ~ NG ev. TS 7 ~ 5
22504 JrHAt 2 A 10 ffd (R ©
I3

SHEME (2012) J77% - RATRGE 75 B &[] (Inter-Simple Sequence Repeat, ISSR) DNA 73/ » £in
FEEH DNA - H{H UBC ISSR Set No. 9, No 801- 900 - £ 100 405 [ T-F Es#%#E1ZzC (John Hobbs, NAPs Unit,
University of British Columbia, Vanconver, Canada) - 2% ??'J f A ZE 22 PCR RZ FE {5 F VG R 7 JE 28 (GeneAmp
PCR System 9700, PE Applied Biosystems, USA) £ 3 f&E %5 & (annealing) JB E#1T - KIERH A £ 94°C 2 47
5 5 94°C 1 7788 ~ 60°C 30 70 ~ 72°C 173 30 b » &R 10 2 FIEEREEEORE TE 1°C 5 94°C 30 #) ~ 55°C
20 ) ~ 72°C 30 ) > HAEER 36 X 5 72°C 4 o 0 NIEGSHFIREYILL ACIRTT « B IEAVAERSTE R 10 pul >
HE & 20 ng JREE DNA » 2.0 mM MgCl, > ISSR 5[F 0.4 uM » dNTPs £ 0.2 mM > 0.6 U Taq DNA 4T
(Yeastern Biotech Co., Ltd) - PCR [z JE{&#zE 2 ZEWYIEL 5 uL A 5 uL 22 TBE buffer » Ffj[IA 2 uL 2 Loading
dye » #EFEFE £y 12 uL > DL 1.5% BAEFEES (Agarose gel) i 1X TBE buffer » DL 100 V ZEERHETTEE 7k 77 EfE4Y 60 43
§ > {1 100 base pair DNA ladder {F f #2250 o Bk 58 B1% » KB R BN 0.1 pg/mL 2 8L §E (Ethidium
bromide) H144 1 20 7758 - FFLAZARH/KIRSY 5 775 - FHINE UV light FHEIZEE R 4558 - W HHECSRFAE -

VL. &t

SR FT 1S BRI DL SAS E4EHEE 9.0 (Statistical analysis system) #E{T48 51 47 #7 (SAS, 2002) - 2% 55 B8 45 fi1
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(Analysis of variance, ANOVA) » Z53ERAZE 7 5L/ (P < 0.05) » LU/ NEE M7= (Least significance difference,
LSD) > thEr el A S TEFAEIE H 2 P EMEZ REENE -

FE R EBEY i
I EERREEN
IREE R EUE VU TTEE (2n = 4x = 28) (Martel ef al., 1997; Dowling et al., 2014) > SFHHEEN LM EHRE &b
L B (1995) fEH A ABRMEERNMEERE Z R > SR SE » AR EREAIEEE > HmMfEmERs » fEs
FEREEHLEZ LA - BTHEREFNEERENLE - HEMHEFLEBREEZEHE - BEIRE
o AT KRB E T3 o B (1992) HEEBREEEL S <A A146 ~ ERRSREUEMINE R ‘Mott” % 2 THAESC2H
& THERERE M Z 7301 & 7768 (2n = 3x = 21) » FIHELN 191 Famt AIRERGEE—9% © ik 7768 R
20164644 B NG cv. TS 6 (FRZ 22016 ) - “Mott’ 5 Hanna (1986) = ZE 1Y 5 &1 5 £ ‘Merkeron® H 3255 5 (2n
=4x = 28) > {5 (1992) FFH Mott” B HEE S it Z 7728 J 7734 5 » s 7734 J6jit 2009 fFap 44 fy NG
cv. TS 3 > fha 7728 1A 2016 4Ed44 5 NG ev. TS 7 ( 225 > 2019) o
K h TESHRAEE MmEB ZIRER A EASERBATN 1986 Fa544 2 NG cv. TS 2 fufd L
CEsA HiE R - EEEERE > RN > BFEREE 275 mtha 0 B HRTRERSTIERE 2 W
T8 o NG cv. TS 3 BRpA » Bl » Gifis ~ TEERYIths > HERBEEN S BEsEts KERA 58 0%E
18 R AR E4Y 228 mt/ha  JEGEIR SRR 375 ([ - BEAREHSN 2007 2 2009 £ 8 A
T—EEAMS ~ RS - DEENERREFEEMEIRGEE » HFRRHENR 2 - SRR B=8F &
SEMES THE > SEHEESRE 60 cm DU (40.5%) 5% » HZ s 61 — 120 cm (34.4%) > 121 cm DL 5 22.9% -
BRE T  SEHEES 1R 100 cm DL (18.4%) ~ 101 — 200 cm (47.7%) LA 200 cm LA (33.8%) © 4yEES]
JIH - =B I Ry 30 £ DUT (70.4%) ~ 31 — 60 £ (27.1%) DAK 60 £ 2L F (1.3%) - Eif&EITH » =
BHFEE R B S em DU (33.8%) ~ 5 — 10 cm (46.4%) DL 10 cm DL_E (19.7%) -

2. RERGEGEE NG ERE St Mes o FEakke - FERMkE ~ DBEBIIEIHE &M (FE 8 H)
Table 2. Distribution frequency of the toppest leaf collar height, top leaf tip height, tillers number per clone and internode of
the F1 of Napier grass Taishiu No. 3 and Taishiu No. 2 (Eight weeks of regeneration)

The toppest leaf collar height (cm)

0— 30 31 — 60 61 — 90 91 — 120 121 — 150 151 — 180 181 — 210 Total
no. (%)
65 87 74 55 45 40 9 375
(17.3)' (23.2) (19.7) 14.7) (12.0) (10.7) 0.2)
Top leaf tip height (cm)
0 — 50 51 — 100 101 — 150 151 — 200 201 —250 251 — 300 301 — 350
no. (%)
20 49 96 83 65 56 6 375
(5.3) (13.1) (25.6) (22.1) (17.3) (14.9) (1.6)
Tiller number per clone
1—15 16 — 30 31 — 45 46 — 60 61 — 75 76 — 90 91 — 105
no. (%)
113 151 83 19 4 0 1 375
(30.1) (40.3) (22.1) (5.0) (1.0) 0.0 (0.3)

Internode (cm)
0—25 26 —5.0 51 —175 7.6 —10.0 10.1 — 125 126 — 150 151 —17.0

no. (%)
73 54 65 109 63 7 4 375
(19.4) (14.4) (17.3) (29.1) (16.8) (1.9) (1.0)

" Numbers in parentheses are percentages.
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JREEEL (Pennisetum purpureum) S & 5.\ 32 5

AERERAE SRR NG cv. TS 3 fFARBRMER > BIEEERI NG cv. TS 2 F%2 » &5 73R il JESEREA -« hgerl
I EER > BT BEMEST « h RIS SRR - HAZR S 2 TEER S 01 120 cm DU 74.9% > {HHEHE# 210
cm o RIBILRETEHE - BEEEAESEKSPE 61 — 120 cm ~ LRSS 101 — 200 em ~ Sy EEMEREER]
FEEERE /N 10 om S8 M > FR 38 5L 208 BE 1001 ~ 1004 ~ 1120 ~ 1122 ~ 1224 ~ 1306 ~ 1523 ~ 1524 ~ 1915
2002 ~ 2102 ~ 2112 ~ 2405 ~ 2406 ~ 2420 ~ 2423 F1 2504 5 17 {5 % 1 m AL it ER > F -
S GREN S sy

IREFR RS S B R E MR 2 > Teacenco and Lance (1992) fEHIRRE & 2 SR EE ~ TEEEE - A6
B DRER RRIESE > Bofios SR A P IR R AR bt b 2 s IR B MRTEE - A5k
1001 ~ 1004 ~ 1120 ~ 1122 ~ 1224 ~ 1306 ~ 1523 ~ 1524 ~ 1915 ~ 2002 ~ 2102 ~ 2112 ~ 2405 ~ 2406 ~ 2420 ~ 2423 I
2504 % 17 {H¥Tih 2880 A3 10 7 R MR E SRR A4S R 3 - TEEMRE HH » fhg 1001 & 2112 B4
E IR o TEARMRE 0 S 4 1001 ~ 1004 Fz 2112 B3 S A SR - B9 H > & 1224 ~ 2405~ 2406
2420 ~ 2423 [ 2504 B IATE A REE A - ERIRTEE HHE o DL £ 1001 F1 1004 B35 R 5 EHE S fE - HeRf
HIE SR - MEEFEB I 0 fhdk 1915 (R EIIE AR - g 2112 ~ 2423} 2504 EHEE S A HIIEHE - Hepm 4l
VAR R > DU 2112 IS RUCHE 116.0 mt ha' £25 > 5% 2504 2 101.6 mt ha 27 - ARIEFHELE
B BEHEAKSELK S EHEEEHEET > HEESWM 4 M4 1120 ~ 1224 - 2002 ~ 2102 ~ 2112 ~
2405 ~ 2406 12504 % 8 {ifl i % > 448 P4t A LGB -

*®3. REELAVREEER . REER R ERRIE (HE8H)

Table 3. The agronomic characteristics of different lines of preliminary comparative experiments on Napier grass (Eight

weeks of regeneration)

TLCI TLT SD IN Yield

Line cm mm cm mt/ha/time
1001 91.8 +15.0™ 184.5%16.1° 15.4 + 3.0 8.611.0° 64.7 = 25.4%%
1004 87.2+21.2% 184.1 £25.2% 14.7 £2.3% 82109 63.0+11.1%%*
1120 60.6 = 7.6* 150.8 £ 20.0% 14.9 £ 0.5% 3.8+ 1.5 67.6 1 1.6™%
1122 66.5+11.2°% 144.3 7.5 14.1+1.2° 4.8+ 0.3 57.0 1 0.6%
1224 53.1+7.5¢ 133.1+4.9¢ 18.6 £ 2.5 23104 79.0 £ 25,9
1306 76.2 + 6.4 167.6 £ 6.1 16.1 + 2400t 5.310.7%% 72.0 £ 12.7"%
1523 66.51+3.3% 151.6 % 11.9% 15.7 + 210 2.9+ 1.4 60.9 +3.9°%
1524 62.8+5.6% 133.1+17.6 152 1.5 3.2+ 0.4 64.1 £2.6™*
1915 57.716.2% 131.6 £ 10.2¢ 132+ 1.7 4.5+ 0.5 472+8.5°
2002 71.2 £ 5.8%% 152.9+17.8" 152+ 1.1°%f 3.3+0.3% 65.8 + 7.4
2102 77.7 % 6.2 159.2 1.8 14.8 £ 2.0% 48+1.1% 73.1 £ 29 30
2112 101.1+5.4° 198.6 1 6.5° 15.5 + 1.0 6.5t 1.1" 116.0 £ 38.1°
2405 59.0 +4.6% 144.9 + 14.8% 20.8 +3.1% 2.3+0.0% 86.1 2.6
2406 59.6 + 8.5 1445+ 16.8 19.3 £ 3.3% 2.7+0.1¢ 94.9 + 9 6"
2420 62.5115.0° 141.3+9.3% 19.6 + 4.8 3.610.6% 70.0 £ 22.7"%
2423 81.7 £21.9% 168.8 +25.0"* 17.4 + 2.8 49+ 1.6 99.2 + 1.0
2504 66.9 + 14.0° 148.6 £ 10.7¢ 18.6 £ 5.2 3.8+0.9 101.6 £23.1*
NGcv TS 7 61.614.7% 138.8 £ 10.9% 12.8+0.4 4.7+ 0.5%% 57.6 1 5.4%
' TLC: the toppest leaf collar height; TLT: top leaf tip height; SD: stem diameter; NL: node length per tiller; Yield: means of

5 cutting.
2 Mean * SD.
a,b,c,d,e

ML g im 2 bt e

Means within the same column without the same superscript letters are significantly different (P < 0.05).

3L EA 1120 ~ 1224 ~ 2002 ~ 2102 ~ 2112 ~ 2405 ~ 2406 12504 % 8 & > 43 p —(EzERaH & > (1) 1120 -
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1224 ~ 2405 ~ 2406 F1 2504 : (2) 1120 ~ 1224 ~ 2002 ~ 2102 /12112 > £LL NG cv. TS 3 B0 57 -
B (1) 2 BB E SR EGERNF 4 - EHBEELNSTTH > FrA 23 & s B R GE NG

ov. TS 3+ HEBAEHR - #(

T

JiHH > FRinE 2504 Fh o Hofkdh 2 B B IR Sl 72 BAE (P < 0.05) > Hrrfihz

\

1120 4l - AR 2 RZWIEE T - S50 A B B IRl - PRinZ 1120 81 > HEkin & S B R i A E =
o RN EERTHE > Frih g 1224 B RS - FrAgslnheNHReEEAREER - K
F1LLL 2 2504 fr o AEAERRE BB T (£ 5 ) MHERE S B HIRLTE (14.7%) fE 0 % 2504 (13.2%)
RZ > AT mHGHRHRGEAREEE - KR K EEYEETE > Dbz 1120 fEEah % 2504 53

D}k&

L o [k

b
2t

\|

e S BLH BRI AR - RIS B > DI RER(E > BErA 2 mamEE S
BEEGEDImZ 1120 (6.8%) fi » fnds 2504 SLHERin S IR A 2 R RS 2 52 -

T4 REETRLALEGERIS (1) ZREMREERESER (F4E8H)

Table 4. The agronomic characteristics of different lines of intermediate comparative experiments (1) on Napier grass (Eight

weeks of regeneration)

TLC' TLT SD L/S FY DY
Line cm mm e mt/ha/y ----------------
1120 71.9+54” 1849+ 11.3 14.4£2.0° 1.02£0.2% 180.3 + 14.7° 39.0£2.1°
1224 51.7+52° 141.1+12.1° 18.6%1.3° 1.00%0.1° 150.8 £ 12.0° 295+ 1.1°
2405 71.8%9.6° 178.3 £10.8® 18.4+1.2° 0.87%0.5¢ 210.8 £15.0° 37.3+2.5°
2406 75.1+8.2" 18224 11.0° 182+1.0° 0.80+ 0.5 219.8410.2° 41.0£1.0°
2504 78.9+7.3° 1729+ 6.2° 159+ 1.5 0.88%0.3° 285.0 + 8.2 482%1.9°
NG cv.TS 3 413+5.5¢ 108.2 £3.4¢ 16.6+1.2° 1.13£0.7 146.7 £ 12.3¢ 26.5+3.4°

" TLC: the toppest leaf collar height; TLT: top leaf tip height; SD: stem diameter; L/S: ratio of leaf and stem dried weight;
FY: total fresh yield per year; DY: total dried yield per year.

? Mean t SD.

"¢ Means within the same column without the same superscript letters are significantly different (P < 0.05).

TS, IRRET SR LR (1) Z ARG I TaER (L8 )

Table 5. The chemical content of different lines of intermediate comparative (1) experiments on Napier grass (Eight weeks

of regeneration)
CP' WSC NDF ADF ADL

Line %

1120 11.8£0.7¢ 3.8+ 02° 63.9%1.6° 36.5+0.8" 6.810.9"
1224 13.1+0.9 3.5+0.3% 60.7+1.2° 33.010.5° 51+1.0°
2405 1254 0.6 2910.5% 62.1%1.6° 350+ 1.3° 5340.8°
2406 12.840.5 2.910.6" 62.6%1.8" 352+1.3° 55%0.7°
2504 13240.8" 25+04° 60.5+1.3° 354+1.1° 6.0+ 1.1%
NG cv. TS 3 1474 0.9 2.810.7° 569+ 1.1° 31.4+1.0° 54108

" CP: crude protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid

detergent lignin.
> Mean * SD.

"4 Means within the same column without the same superscript are significantly different (P < 0.05).

SBRA S (2) Z R E SR A R ATR 6 - HEHBEBELPRS JTH - Plink 2112 s > BLHER AL A

AEEER  MHREREZ -

HLTTHE > Phing 1224 5ol > BLEER G R A BIE 2R - TR BEAEYELE

T DS % 1224 517 - IRETRGAES) - BT AT E R « RS ERTE - LIS 2102 5% - e
%2002 b » BLELERGAMABE LR - GHERAE - SR 120 B - BG4 1224 RHBHEY MAEE2
o BB RS AE (R 7) MEQHEAR - DHBLMRS - SLRSAMAREER OIS
E R - B ST AR - PR T - DR SRS - BT AR - Bk
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G ETE > DIHIRMER(E > FRink 1224 5h - BHERGARAREER - SnAZRENER G BER

syl EEERHEE (1) A (2) BEF R FELRRE SN BT NG ov. TS 3 HEELMRS/NR 200 cm > SEEZE
BN EEESNERMSE  DOHEAESERFEIHRMEZ mA o NEGEm Sl T 2GR > #
t 2002 ~ 2102 ~ 2406 Fl 2504 55 4 {5 8 KA s o i B IR il A AT R th B A A & > BT TR ISRE R -

F 6. MEFETRMALLESERAE 2) ZREMIN R EEREGER (FE-H)
Table 6. The agronomic characteristics of different lines of intermediate comparative experiments (2) on Napier grass (Eight
weeks of regeneration)

TLC! TLT SD L/S FY DY
Line cm mm e mt/ha/y ----------------
1120 75.616.0” 1940+12.5° 143+ 1.8¢ 1.00+0.3 287.0+14.3° 53.3+8.2°
1224 472+59° 13571108 198+ 1.6° 1.15£0.6° 204.0 +15.8° 345+9.8°
2405 80.6+4.5  177.5+11.1° 16.1 £1.1% 0.87+0.7° 3102 % 14.6" 52.4+8.0°
2406 826158  180.3+142"  165%1.2% 0.85+0.6° 3162+ 10.2° 50.0+7.9°
2504 101.0+7.8  215.1%10.7° 14.6 £ 1.7 0.85+0.6° 287.0+15.0° 50.5+£9.2°
NG cv.TS 3 429449 109.7+42° 15.5+1.8™ 1.12£0.5° 207.6 % 15.1° 37.9+7.0°

' TLC: the toppest leaf collar height; TLT: top leaf tip height; SD: stem diameter; L/S: ratio of leaf and stem dried weight;
FY: total fresh yield per year; DY: total dried yield per year.

* Mean * SD.

“»¢4 Means within the same column without the same superscript letters are significantly different (P < 0.05).

R IRBERR AL (2) ZAERERT TSR (4 8 )

Table 7. The chemical content of different lines of intermediate comparative (2) experiments on Napier grass (Eight weeks

of regeneration)

Cp* WSC NDF ADF ADL
Line %
1120 11.5+0.8" 26104 652+ 1.8" 38.610.6" 7.0%1.1
1224 12.510.6° 30105 61.0 % 1.9° 34.010.7° 59+13
2002 11.5+0.7" 34104 643+ 1.7" 36.9+1.2° 7.0%1.0
2102 12.1+0.9 3.0103 62.611.0™ 36.7+1.2° 73+1.2
2112 10.6+1.2° 29104 66.8%1.9° 39.5+1.1° 72%1.1
NG cv. TS 3 13.7+1.1° 28104 58.0 £ 1.0° 32.5+1.0° 6.310.9

&CP: crude protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid
detergent lignin.
"¢ Means within the same column without the same superscript letters are significantly different (P < 0.05).

IV. &Ik

IREEEITESIEA A 8 H » AYES HIEHERE - 2FEGE AR NS @ s #m & m 4 10 B2 E
BRAE - HLEEERIFR e A 10 ARE AT - GFa2r -~ R - 2RAEES 4 ity ARzl
GEIR > HEA 10 B BEMR R EERFNR 8 - TEEMS I > DA AT 2002 5 ° NG cv. TS 3 £%
MihZ 2504 IE{HEL NG cv. TS 7 )8 G REE =R - TEAMETHHE » fhid 2002 ~ 2102 12406 81 NG cv. TS 7 2 [H]
RHEBEAR > fh£ 2504 2 > DANG cev. TS 3 %% - ZEERRE M > DAitg 2002 4% > NG ev. TS 7 7 >
NG cv. TS 3 4 Mm% 2504 K2 » HAEBEEZSR o RAIDITZ 2406 Sofl o BLH R M A AR A2 A - FEHEE
ZHEZYILL ST > DANG cv. TS 3 g > BLHAM S A ABE AR - SEEEETH  Dldh g 2002 5 2102
2406 12504 )9 HRE 25 > BING cv. TS 7 J&u NG cv. TS 3 [A#E AR - i EEHHE > A4 2002 Fs
BINGcev. TS 7 e NG ev. TS 3 HHEIEERE - BB TH (F9) > HEABEZEL NG ev. TS 3 &8s @ Hin
Z 2504 9 FBE AR BHGGAAREER - KAMRAKILEYEEITH » D& 2102 s 0 B £ 2002
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J2 2406 1A BT > M NG cv. TS 3 815124 2504 9 ABEZS » DANG cv. TS 7 i « kS ET
[ > PANG cv. TS 3 F{RELi Z 2504 9 F B E =R » BEARMAHBEER - FRIGHHEHE > DANG ev. TS 3
0 fhiZa 2504 UK > B L AR A BIE R o DI REZEJ7H » DANG cv. TS 3 1K » 28 A =
oo Bl S E A 0 NG ev. TS 7 ¢ 0 Blin % 2002 J7 2102 [Ejfiedis 2% - A= EE 7 E > LANG cv. TS 3
BE 0 % 2504 X7 o NG ev. TS 7 151K -

* 8 EEHRS SR R RE R EE Y (54 105 )

Table 8. Means of agronomic traits and forage yield of tested entries from different locations. (Ten weeks of regeneration)

TLC' TLT NL SD L/S FY DY
Line cm mm e mt/haly -------------
2002 87.6+t12.8% 171.0+t13.7* 83+1.2° 13.1£2.6° 0.90%022" 219.1+57.3* 387+11.0°
2102 86.2+15.0" 168.8+16.8  82+1.6° 128425 0.93+0.23" 194.0%50.7° 37.1+104"
2406 8031125 168.1+134  6.0%0.7 152+32° 0.97+0.26° 193.2%46.8° 31.0+7.9"
2504 71.8% 72  149.0%+133"  59+%0.9° 13.5+2.7° 093%0.17° 208.7+6.7°  364+132"

NGev. TS7 77.8+111.5% 159.9+16.0° 75%1.5° 114129 1.03£0.21° 162.8+37.1® 29.6+5.7"
NG cv.TS3 454+53° 105.8 £ 8.1° 3.6+0.5 11.9+1.8  158+036° 149.8+39.0° 24.1% 5.4°

" TLC: the toppest leaf collar height; TLT: top leaf tip height; NL: node length per tiller: SD: stem diameter; L/S: ratio of leaf
and stem dried weight; FY: total fresh yield per year; DY: total dried yield per year.

? Mean * SD.

¢ &¢ Means within the same column without the same superscript letters are significantly different (P < 0.05).

%9, EEERSSHM AR ZERNO Y (L 108)

Table 9. Means of chemical content of tested entries from different areas. (Ten weeks of regeneration)

CP! wsC NDF ADF ADL Starch RFV

Line %

2002 10.7+1.7% 69+1.8° 613428 346+09*° 69+1.1 5811.0° 942+49°
2102 11.0+1.8* 7.1%£2.0° 61.1£29" 344+0.7° 6.710.6 5810.8°  949%5.0°
2406 11.0£1.6* 63+£1.9™ 616125 348+1.1° 6.6*1.1 5340.8° 93.5+4.7¢
2504 120£2.0° 59+1.9* 593+34 335+20° 6.6%1.6 55+0.8™  99.1+8.0°
NG cv.TS 7 108+1.7° 54+16  626%1.1° 350%1.1° 69%1.0 6.0t14  91.7+25°
NG cv.TS 3 123+1.7°  6.0+24* 586%1.0° 31.7f13° 64106 54%0.6™ 102.3+52°

' CP: crude protein; WSC: water soluble carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid
detergent lignin; RFV: relative feed value.

* Mean £ SD.

wbede Means within the same column without the same superscript letters are significantly different (P < 0.05).

I - T RO S R B R B A A IR A (58 5 2003 1 4 5 2015 ) - SR EE B
B AREL R > EOMITE R T © MRV P 2 BT - S B BB (e
BERIE(E (58, 1992 ) o BEREHHAVIREE IR BN Y — » A0S BELE RSy BT W B+ B PT IS
FERVHCE T (SR > 2002 ) - dELBERE L BB (E (A EAE I - M A LD S > RS E
FE R o MRS BYYIEAE R (Tudsri e al, 2002) « JREEZKEMRK(LEYE RE BEHEER
T KRS BRI M ARG EOAEE R R AR S AFER K S S
B 2 R (T 2000) » RIS 5 26 BT S AR L e A R -

% (2012) F5 BRI NG ov. TS 3 BERELLR WAL SIIRE R - UER - 4% ASMRIETL R
b BEEE R NG ov. TS 2 41 (P < 0.05) - FEAL4HTTE - SRR « SLEER « SUBRSEEY - NG ov. TS 3
U ES R NG ov. TS 2 41 (P < 0.05)  Fi%a 2504 3 ELBIANI A B R B EEAO(EEE > 203 NG ov. TS 2 55
AL R AR 2 BB » HER NG ov. TS 3 28 RS (E 2 Bk - FIREEEELLIGRHT NG ov. TS 3 L NG ov. TS 7 f 7]
DR LU BRI R AL R RN o NG ov. TS 3 T S BB (BRI AL » NG ov. TS 7 B
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HUE TR ALAT IS, - REE R & o] AR b AL SRR h REFAV R - B RIFNeEEE (i
2018 ) © SUEE (2019) 5 H fm & 2504 T] DUEUR BT HLFLESRIAOR » a7/ Vi oM E m eEsE &% - Had
BEEMNBEFORFIHRHEEEE -

Gier bt 2l AT L & 2504 2Rk S Ry SR~ BERCEZYILLNEE NG ev. TS 7 MHIT - 8 B ARERUL -
10 EERYT—2% > DU{E S S B 7E 8 208.7 mt/ha > EEEIAS NG cv. TS 3 27 149.8 mt/ha 411 39.3% » %f
Tk e NG cv. TS 7 BEEELY 28.2% » HZYVEEE Ky 36.4 mt/ha » EEFIA NG cv. TS 3 B9 51.0% - CLEHE AR EfE
NG cv. TS 7 4L 23.0% > fHEAE 2 EEHA NG cv. TS 3 ZEAK (12.0 vs. 12.3%) ~ et E S B
HANG ov. TS 3 5 (770 E 33.5 vs. 31.7% » 59.3 vs. 58.6%) » FH¥TEAE(EHEBR A NG cv. TS 3 MHHT > £ 99.1%
vs. 102.3% > EFA NG cv. TS 7 22 91.7% o e I8 B 7 B 55 2 A B G L FE NG ev. TS 3 MING cv. TS 7 0 HEER
FEEPING cv. TS 3Ll BN EMmEEN » fhk 2504 BEMR L EBER SR EEBEGE > EAEAR
R s 2 BT -
DNA f5&57 17

il Z 2 DNA DLISSR 5[ F43frz 4558 (8 1) & > 4% 100 45 [ FEREErk - I #810 FI #4811 5[+-1]

[ 57 H & A ] 2 22 52 o #810 7E 2,000 bp 2 600 bp Bf - 43 H&alinid / 22 AFE > JoHIE #811 2 1,000 bp
500 bp JRA[EAZEE 4 NG cv. TS 1 % NG cv. TS 7 Biih 2 2504 2 K[H] -

M T1L TS2 TS3 TS4 TSS TS6 M

UVPS5412 primer810 557 33cycle UVPS5413 primer810 55°C 33cycle

PO

UVPS5409 811 55°C 33cycle
5 primer 2 A UVPS410 primer811

I JHEREGEE 2K mA& 2504 ~ W4 -~ W8 2 DNA [E5LEE: » A 2 5[+ 8105 B : 5[+ 811 -

Fig. 1. Comparison of DNA maps of Napier grass cv.TS1- TS7 and line 2504, W4 and W8. A: primer#810, B: primer#811.
(TS1: NGev. TS1; TS 2: NGev. TS2; TS 3: NGev. TS3; TS 4: NGev.TS4; TS 5: NGev. TSS; TS6: NGev.TS6; TS 7: NG cv. TS 7)
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Abstract

Napier grass (NG, Pennisetum purpureum) line 2504 was a superior line selected from a hybrid descendant of Taishiu
No. 3 (NG cv. TS 3) and Taishiu No.2 (NG cv. TS 2) through progeny selection, strain comparison and regional trials.
The agronomic traits of line 2504 include straight leaves, none or very little hair in the leaf blade and leaf sheath, , which
distinguishes them from existing Napier grass cultivars in plant characteristics. Regional test results show that at 10 weeks
of regeneration, the height of leaf collar and leaf apex for the agronomic traits of line 2504 were 71.8 and 149.0 cm,
respectively. The stem diameter was 13.5 mm, dry leaf and stem ratio 0.93 and the number of tillers was medium. In terms
of forage yields, the average fresh yield was 208.7 mt/ha/y, up 39.3% compared with the parent NG cv. TS 3, and up 28.2%
compared with the control cultivar NG cv. TS 7. The dry matter yield was 36.4 mt/ha, which was higher than both NG cv.
TS 3 and NG cv. TS 7. In terms of nutrient composition, the contents of crude protein, acid detergent fiber, neutral detergent
fiber, and relative feed value of the forage were 12.0, 33.5, 59.3 and 99.1%, respectively. The above contents were all better
than the control cultivar NG cv. TS 7 and with significant difference. Apart from the Phenotypic traits, the adoption of Inter-
Simple Sequence Repeat (ISSR) could also distinguish line 2504 from the existing seven varieties of Napier grass in Taiwan.

Therefore, line 2504 became a new cultivar named as Napier grass Taishiu No.8 (NG cv. TS 8) on October 21, 2018.

Key words: Napier grass (Pennisetum purpureum), NG cv. TS 8, Relative feed value.
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o AT F L X D E R 2 MR (1)

FEEEEDY EikREY BEC fhEE Y s © MWEEY S

WeEEEA : T34 10 5 11 5 5 #2814 4 H9H

W R

KWEFE T2 HEY BB R AR FEEREEEY » HERE - BE57 - aERMUORE 2 (L
o sl A 1290 3 — 4 B2 fRFERAT - DA 2 R GRERRD 2 RZARET2FEERRE - &
BpsSREUR - FEREAE 12 HEF s (0.96 £ 0.22 mL) » 4 H{& (0.43 £ 0.06 mL) ; K5& 70 8 HEALAE] 1 HI94E
Frlem®h - mE 2 A6 HEEiM &R - 78 6 HIFEAK (50.71 £ 2.66%) 5 #5F1F/&EH 8 A7 (72.17 £ 1.96%) FHth
EFF A 11 H (90.20 £0.86%) ZEF Sl 200 M 0 2 5 H EFIEARES (58.57 £ 1.07%) 5 F5FREEDR > 3 H (91.63
x 10° spermatozoa/mL) 1 5 H (89.20 x 10° spermatozoa/mL) B T B ws = » Hofd H {0 2 k5 - s HI AR (K o i
— TR EFEE (temperature-humidity index, THI) ERRE I & MR = BABE L5 3 - THI BUE a3 - B+05
TILLRAEREE 2 EAHRR - ST RE ZHEAERY (0.140) 5 Ml 2 FEVERRE IR IR R AT LIEEER - 5 THI
B - BPEE B EEM B A EE Z BHeE o AW R o] DR AL MR R Sv Bl aa 8 25 1 = i = R R T
o EOREIRER SRR PRRUE FEFE il 2 25 -

REISEGE © PR AT ~ BEREE ~ JRURETER -

i

TEENYIEIEsT T - BRIRR R A TERE NN E— R ERI T EE Y — Rl RURBDE SRSk
BT ETEMERE 2 5248 (Pretorius, 1969) o fER[EIMNE « MR LEAVEYF - £TEEET T FEERGMEIL > =2
FEELEL H IR R ~ BRBDRE LU S IR UITHER (Roca er al., 1992) » (AL » T gl B 2 6 1 B L IR T
B JERBI R - HINES BV EIERCR ERIE S (Belkadi er al, 2017) - DIARFEILFEH/ NI BEVINS © =
B b g EE NN - BREENETIET - 40 > 7 Merino AN&RFIVIHZEEUR - IR EEEER T RE
ARAE > MAERKERHE - (RS LA g BE 2 E 4 558 /7 (Ibrahim, 1997) < {F Ouled Djellal A4R=FHYNIFEHE
- BREREAEROUE FREEZWNI > AR TR2E R & Belkadi e al, 2017) « FRELZ AN - R [EFEEEHY
F o Al e AL E & R ABAIIHSE - BUR 7B IR B ORI REE) IR R ET %2 2 (Ibrahim, 1997) -
LIFEAY A AR ZE R » S8 0B FI R ERY R R B R B E R - 22— B0 AR R 7Y Murciano-
Granadina [[[FF- 8 fy8878 (Roca et al., 1992; Aguiar et al., 2013) - LEREEPHEZFEANG I FEATRIMIN > FRZFEF
ERKEEE AR LR Y T - SRR B R I TR (R ERETE &R SR 2828 (Aguiar et al., 2013) - [E91 - ZEEE T
BN FEHIEBL GG T ORERS] - CM A ERETT (Aguiar ef al., 2013)  FFRE EFMEST HYREIEEL
INZ B HARZR - WD IR R B =2 SR R SR BN 2 (Al-Anazi e al., 2017) - B5EEHY - FIREIAZRET (WEZF ) UL
FEHEREERYD - WS HEE TR - MAEEEZRE (9 — 12 7)) MRGESER - ErEEnE T
& - EEDEEMS [F RN b UIAERH (Maquivar ef al., 2021) © [FRF - SREELATEIREG TG T4 HE
T SERI > TCH A BV Bl 5 th & (Pretorius, 1969; Belkadi et al., 2017) - 42AGIIE » A Ean A& A E)
YIEBIEFRIA LA =5 - Murciano-Granadina [[[=E7F B2 g i B R ORFHE n] #E2 # BN - BIEAE AR TERE JT i
ERAYAZ - HEFEE LR EEE 4 5 #[E N (Roca ef al., 1992) -
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R BVEE T HYB A RE 2 BIA E A BB - W FEE TR - BiiFEREL - DRI EERE
(Serradilla er al., 2018) - [t4h » EURE B EFINEERIE T4 » P IREEEETERES) (Ali er al., 2023) « BFEEAE
MG BB T - SRS AEROME (LH) JREFRK - S22HEA1524232 (Danso er al., 2024) (Rt » BIEABCREE EVE
ARSI B (Vinet ef al., 2023) - 241 > FEiEEHEAVEEEER > FIrEER A e - SEARCEER
itk o WSZ R A ESHE (Ibrahim, 1997; Aguiar er al., 2013) » JEHEIE A LIS E ARSI BHERE G - 5L
SR T CE R E RV E AR o R RV B AN B R NMERER S AR TERIIR  IEREER A AR AR RN
3R (Belkadi et al., 2017) -

SEITT 2 BUSEIRIESS B (Temperature-Humidity Index, THI) » 42 £ IS 67 AF 8600 A0 (6 BA 543 (heat
stress) 28 2 4 H RENEEIHEMYINY A TE MR E AL BN S » & THI EBRE S E8Ya AL TEIIEE - FREHE
WA o Nt TR EE T - EEEIREDR SRR » SRECEE YRR - B - K R sicE
B e o DUBCDEEa B AETEMERE C AR E o A EEA A BERERAFEET2FEEERRE - L8kE
RAHRAMIR - S8 THI (EAETTERS » DUBRARIT R FE R AR E & H (9 2 BB DU HL B THI R 2 AHRA M -

M A

L gy ess
AEBEA 12 58 3 £ 4 B FREFRATE - AFEENEACRIESET  (OEH » WEHEATTTEREE
ZEg R EABITNE P EREY IE A/ NAFEE R (EalEIFE 107005 ) -
IL SRR
W RS 2 X BIERERIRI R 2 K < BRREGEHA AN LIR2E (artilicial vagina) 7% » FREER]
FeTLAHES - MERPE BN 2 /KFLIEA 45°CORIK - [EERFEE N g M 23R4 2/3 Z 8 - HAR N REL
WA ZE R AR B A B E AR ST 5 BRAEIF I RF2 B N RERTE R 2 R RS T iRE 2 e (K-Y #0E
Johnson and Johnson medical, Limited Gargrave, Skipton, BD23 3RX. U. K.) - A TG HER(ERS » A\ FREIREER
[EHf - R ATEREEARIZEN - EESERAEEIE 0 Hig o RHEREE Z $EP R T AR E R E
KEE (15 mL B 0E ) N SERORREREE < FrEREE 2R EI RIS A 3T CIRUR/KIE S - SEHEfTHIEE -
FETRE ~ #5757 (motility) K828 (movement characteristics) 474 °
IIL. B ~ RIS R R R IS5 8 (temperature-humidity index, THI) 5L
THI /A5% : THI= (1.8 x T+ 32) — (0.55 — 0.0055 x H) x (1.8 x T — 26) ( T Ffif¥ > H f5)8fE ) (Bohmanova et al.,
2007) - {# B RS (EHIET (Fourier Technologies, FORTEC Microlite III Temperature & RH, Australia) #E{T{EH] » 75
FEAEHIERE -40°C I +80°C » BEHUE 0.1°C » AEKEE Sy £ 0.5°C < JREENIEE 0 F] 100% HENEE » FTEUE S 0.1%
DR - B Ry + 3% tHENRE - SlBe NIRRT E R N ECst— K - R HHEEIAC 8% 25 00 2 122 2 BR A
A HH B
IV. BEFiEH 9T
KT8 1 KA B 2 8 M (5 FH S RSB IE T 7047 224 (computer assisted sperm analysis, CASA) #7734 ©
V. WFIEEERTS
{&F RS 725 5 &40 LIVE/DEAD sperm viability kit (Invitrogen, L7011, California, USA) Ei EasyBuffer (EB,
IMV ref.022162, Frence) 5F{fifE 717 6% o LIVE/DEAD sperm viability kit @055 SYBR-14 B PI (propidium iodide)
R R AVERZ G S AR - TR A DNA gkt o JyE 3 SYBR-14 K m] ZRAELHRERE >~ /N3 » T PT R4l
PR T 2RV o VERYREFH AR E S - PLEDEE ARS 4R - HAT#E SYBR-14 Zypkiékh 5 [ 2 50
TFRNREAR BGRHRR A 7T AGE 2 Bk > RBE PLASDUE AU T4l - PL Z 41 (i 98 8 Ky SYBR-
14 > ¥ SYBR-14 7 &kt0 7 E MM EHALE - By SR EEHEE PI) FrAitiE T 2REEELH (SYBR-
14+) ARSI T - sHEPERGEE F 300 {#FE 2 /5E T8 -
VL &t
K7 SR ERAH G R ~ V5] - FER - RERETBEIERES S ZF [ Statistical Analysis System
Enterprise Guide 7.1 (SAS EG 7.1) #1788 ZL #5317 (analysis of variance, ANOVA) » F DLE S %8818 475714 (Duncan’s
multiple range test) Al & R ER [ 2 254 - A PB4 R 22 5214 DL P < 0.05 Fo -
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ARREE 77 5 FH B2 P AR A 22 AH B8 (4.8 (Pearson correlation coefficient) 2 534t £ (i 52 S5 SR R L H5 5 (THI) 2
[EHIERIERA (% - K7 B AR BE R B AN 2 R (B S B A AR MEAH BRI R - HBE R E Y -1 2 1 Zf - Bk
B 1> FORWBBE AT EEMN - ERER -1 I RTE2EMEE - ERER 0 > FoRIAGRIEHE
P e

R AR AR

ZEEFFSRLR > R HEE 107 FEAEHEIBE 281k - | AIEERIEL R 21.2°C » JRE R 82.7% »
THI £ 69 - MBS - JREFURE 28 B LHAREZERE > I I5A8E I - 5 B fEs] 29.9C
HITElEE > JRFE i EE 96.1% » THI ZF( 85.2 - #E ARKAZHiR » JREFDREZM NE - THAE 12 Ay > FORTNER
19.1°C » JRFERRZE 78.7% » THI [B[J4 % 65.4 o

#1107 & AR R K THI E#1k

Table 1. Monthly variations in temperature, humidity, and THI values

Month Temperature (°C) Humidity (%) THI
January 2121 1.1 82.7+3.2 69.0
February 233+1.9 72.1%+7.1 71.5
March 239127 7021134 72.2
April 258127 80.0+ 14.4 76.2
May 299125 96.1£8.6 85.2
June 30417 954103 85.9
July 31521 9541103 87.9
August 2881 1.8 98.4+10.3 83.6
September 28.1+3.7 89.7132 81.2
October 26115 847128 77.2
November 228+ 1.1 80.7%£3.2 71.4
December 19.1£1.6 787132 65.4
Means * SE.

THI: temperature-humidity index.

—fIME - & THI A 72 FHE R R g W8 £ BHEIRY BVE0E (Briigemann et al., 2008) » [fifE 5 Ay @ 84%5
BOET| 7 85 - BUREREE S [EENYIR Z B8 - BRERIEIRLL S i B B A F 28 - tH9T4EH - & THI i
70 f > LLEERY 2 R BRAAEAE T % - 1 THIAE 70 3G 0% 84 I » LLIFEAYZ 523 & i 55% BEF% % 10% (Danso ef al.,
2024) - RBH T = THI RIS WL 2 BIHAE B E R E - AEBFIPEET - BZRMINEUE K - F5E
FBR S RRE T G5 e gEE T - SEZENMEGRHEEHERIE B8 T —R
HIfERE (Danso er al., 2024) - b4 » 15 THI S 28005 T 2 A BUBIE - FHERVEVEIA S EEEE RS S - 7EmmHNH]
EFHVAER - Sl HER R g EEUE T HENR » E— PR EZPHE (Carabaio ef al., 2017) < H5—THIFSE
f5tt > & THLERE TSR R AL E B EE K - LSRG g 2 2 S LRIV ERS - 7EmiaEE
HHAE o MAS T EhEE S LUK DNA S8t & » i — D R(RZ 22 Th3 (Al et al., 2023) - S5—5E 7RG, - EIRER
UREEEEE] 35°CHF - B THISRALAG A2 L VE M 4 (reactive oxygen species, ROS) » &8 ERE T 4HAHE 2 i Eh ME3g ho DAUR B
fkt DNA B3 - il BT 4RO efs T dim A 52 8RS » Bz Bitiad st 2o 7% » W H
B S etE TR B A SZIERE T - (BN A RE g s B RV RN 52 B (Houston er al., 2018) < 71 A\ e 2E45 T 20E0H
ATSBA IR - A 3 (B ATSUBANIN - B TR - TN ) o DURIE AT ASHE THOLL BB T » B T
17t 1 {E HBSE 2 38.33 x 10° spermatozoa/mL » 2 {[& H [% % 33.79 x 10° spermatozoa/mL » &5 3 {[i H [# % 28.99 x 10°
spermatozoa/mL ; KEFZEENFE SIINME 3 {E H NEEFFK - 36 B[R A MmPkEERS N > K57 DNA {55 VB8 BidE
HHITP - BT DNA F EXFREusBs i - ees EREAE A th B OIS - 55 3 (08 0 R e B R
F1] 79.33% - [EIRHETHAEAETINE D - fEF IRBVEERI 3 A% - KEr 28 (I FRE G E R )
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WAEZ IEF K ABRE T E R UK ENE - IR 2WIE (Zhang et al., 2015) -

AWFRGERER (R2) BRELEFSATAEEER - feEHHEE 12 H (096 £0.22 mL) > Mg EEH
W4 H (043 10.06 mL) - 9 HZE 1 AWK E S B - KW 7 I EE RS ERa T B A E eV EEE T - M
EEFNER > BREZWRD > EREIFEETE » IIEAE TAERBE BT M - B ER0 5 EHIRAE
11 H (90.20 £ 0.86%) » [ fARAE AIHFRAE 5 H (58.57 £ 1.07%) - £ 8 ABf4G » BEZR THIEy =% 80 - ZAMH A5+
SETRRE 6 A¥SA BT (P < 0.05)  fEREIRINEIRE 4 ARGZE T > AL 5 HEZFIREDE - &
6 — 7 A EF - fELIREE R > EEIIRIFRIEE 2 (6 A 21 2 22 9% ) ZERGR K - ZI&FGEEE
FEIRIFEYAIFATAE LB E > H R i IR o FARASRATE(L - BT ZE LIRS TN
BUMEERE FOEAL » (ESTEAR-FAYBFZEEE B - 0 HIRHART (PKAAREN ) GRIMIA R AR /R - DN
JEBIFIA RS ER AR R REBUR 2R (gonadotropin-releasing hormone, GnRH) ~ &G &2 (luteinizing hormone,
LH) ~ JEEHE 2 (follicle-stimulating hormone, FSH) ~ S2[&[fii (testosterone) Y43 » FEFHE 145 & S 41T B (Maquivar
et al., 2021) « SRFEHEIAT] DIEEIY)AGIE R EE - M 2R A FAVE(L - (B2 N AELE LT - B
CAT LU EE SR A EGRE - BIRBZ SR - MR EEEFERMUR B EEN T ERRN > REHAE
P (HEPERTEE > HAEREFR - [E—4ERE S8 (Sur er al,, 2024) ~ 4§7F (Zhu et al., 2024) kS ez
FLENW) (R - NB) E24a M MEURIDRE S L2 AT A o (BT H e ERE R
W92 e EAE SR e ZR A M A B BT By T 08 S A% 00 A €2 (Mlichel and Kervezee, 2023) « §5 TEEAE 3 H (91.63 x 10°
spermatorzoa/mL) {1 5 H (89.20 x 10° spermatorzoa/mL) ZF 5 > Mi{EEAh A (3 A EEAE - (HEEERIIE I
E RV TA S IIRES - (ARG REIZT - T5 THNIRE R HIRER  AERRAE HEER0EST - HER
[& FANERE SRS > B S eiE hRES RMEANREMERS - BRI ARA EEEEE MRS E - BT
SENTE T AEER 0 15 8 ARGEER > WEXZE (9 R) EFSiE - BEEERGHE TR - LHE 6 AT
EERARE (50.71 £ 2.66%) - EFREEIE(LEIE T AEERE > FileERHBEESBE T B THEhg
ZEH -

*2. MEARRLFESHOERSE T
Table 2. Analysis of semen quality of Alpine goats by month

Month Volume n Viability Concentration Motility

(mL) (%) (10%/mL) (%)
January 0.68 £ 0.07* 9 78.44£291° 49.06 +3.98° 62.03 £0.57*
February 0.51 £0.05° 8 78.88 +3.54° 61.04 = 7.20% 57.36 = 1.80°*
March 0.45 +0.04° 8 71.00 £2.13° 91.63 £ 14.70° 53.67 £0.94%
April 0.43 +0.06° 7 61.43 £ 0.90° 75.52 £ 12.13% 52.98 +1.79%
May 0.48 +0.08° 7 58.57 £ 1.07° 89.20+1.18° 52.98 £ 0.99%
June 0.57+0.07" 5 60.00 £ 0.00° 73.93 £ 5.69% 50.71 £ 2.66°
July 0.66 = 0.06™ 6 60.67 £ 1.23° 49.10+5.16° 56.50 £ 0.90%
August 0.92+0.17° 6 72.17 £ 1.96™ 50.78 + 8.70° 63.07+0.97°
September 0.9510.05° 6 87.73 £ 1.19¢ 77.19 £ 3.25% 64.08 £ 2.48°
October 0.61 £0.07" 6 87.33+3.18¢ 52.00%7.01° 62.58 +0.87™
November 0.62 +0.04® 8 90.20 * 0.86° 45.62 + 6.23° 61.34 £2.80™
December 0.96 £ 0.22° 8 87.75 + 0.84° 52.74 £ 5.54¢ 60.06 + 2.00™
Means * SE.

¢ &¢ Means in the same column with different superscripts differ significantly (P < 0.05).
THI: temperature-humidity index.

HR 1 Rk 2 AR T AN > REIPEEERITIN R (DR ~ DR K THI ) SRR IR &2 B AR - HAT 52
SRR SR RIS YRR MINE LR B > CHEAERVE A e BV it - THI BR &Y
FIHMERE B RER > & THUEE 72 15 > BV S ST - SHKEENEERERESE AP E (Al ef al,
2023) 5 el EFEN L FAAERK SRR R EEAVE 52 9 Leboeuf et al. (2004) AYRZESERTEH - FREIME H IR
AyEs(E - THER HIRAYZE > BSEAVESERE AR E AR AHNERE - Mz iEses 1Ot AFERR
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e BRI ER] > BUABIFE RS E] > KR TS DB SRS VA R — 2 - BAEIAER T AR AR &L
AT E AR R > Serradilla er al. (2018) $5H1 - FHENYENREHIHISZ ARV IEFE DIRE - M2 TR - HEL
BT REMEE TR - AWt - IRREIR T FEERAUE TS ZAERESORAYSEF (Leboeuf et al., 2004) ©
Houston et al. (2018) AYTFERUT » SRR AT LU/ DI T2 LT - (MiiemE FEENES  fEenniEt -
TEZRFELZEIRG - DB HETRET) - AT - BERERVE TE DA ERET - BEZHZERIEE
SAHEEIEE -

BR(E AR S THIAYMEBATE AT (%3 ) > B/ E (volume) 8 THI AYAHRATE R -0.093 » BURNIE 2 IHYEAH
BEPEARAR + 770K (viability) B THI HUAHRBEMERES - & -0.6 > BURMEEE THI EJ} - /SR ARGRHIEAMERE © T
R (concentration) B THI HYFHREETE Fy 0.140 - BEUR Ry IEAHEE 5 A5 1057 (motility) B THI #YAHEEE B -0.265 » HUR
THI _EFHBUES) A T EAHRE - $8452KF - THI $HE T ER DUEERA R &M - bERieie
TR B ERYN (R 3) -

% 3. THI BERIERRmE HAVHE R

Table 3. Correlation coefficients between THI and various semen quality parameters

Variable THI Correlation P-value
Month 0.022 >0.05
Volume -0.092 >0.05
Viability -0.632 <0.001
Concentration 0.139 >0.05
Motility -0.265 <0.05

THI: temperature-humidity index.

AT ST T AR R A E AT RS — R 2RI T SRR R B R BER S LM 23
W R - REEKEEE (Rl 12 A) BREiE > MEEE (4 H) &K B TE 8 EEREKEERE
il 0 7Y 6 Ak 5 AiliEEeFm(l - M B rREAEES (3 H 5 ) s > HEF A RIEERIEK - &
—HHIHBEME TR - JRRETEE (THD) B T a3 R & AHERE (r=-0.633 » P <0.0001) - BUREDR SR
Bt TR R R A A B EEAIIRITE A ¢ THI B 1S AR MR 2 et B (r = -0.265 > P = 0.026) - {HNE
B 0.3 BN AHBI S » B E8AIR - ERREIREEE T REN 8 THI SRS EHEM: - BURHZ g Al aE
FEZCBEIERNITILATHE - GEME - MEFRAOFERGEE 2 TS LB RS EYE > S
IREEHVENEA I TR ER O EAH] s S - BT H IRIRAERIA BRI EIR S E - ISR - WEEE
BB\ THRAFIEM T - FERFRIREERS THI 612 FonBVE IR - DURGRARIAE AFEIEMRE 2 AE g #i
FETH SRR I EE -
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Seasonal variation in semen quality of Alpine bucks

throughout the year
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Abstract

The primary objective of this study was to examine the seasonal changes in semen volume, sperm motility, viability,
and concentration of Alpine bucks throughout the year in the annual semen collection process. Twelve 3-4-year-old Alpine
bucks were used in the experiment, with semen collected twice a week and with at least two days of interval in between the
collections throughout the year. The results show that semen volume was the highest in December (0.96 £ 0.22 mL) and the
lowest in April (0.43 = 0.06 mL). Sperm motility remained high from August to January and remained low from February to
June, reaching its lowest point in June (50.71 £ 2.66%).Viability started increasing in August (72.17 £ 1.96%), and peaked
in November (90.20 £ 0.86%) before gradually declining, which reached its lowest point in May (58.57 * 1.07%). Sperm
concentration was higher in March (91.63 x 10° spermatozoa/mL) and May (89.20 x 10° spermatozoa/mL), with relatively
lower sperm concentrations in other months. Further analysis of the correlation between the temperature-humidity index (THI)
and various semen characteristics revealed a negative correlation between THI and sperm viability, motility rate, sperm
activity, and semen volume. THI was positively correlated only with sperm concentration (0.140). The semen characteristics
observed in this annual collection suggested that high THI values had significantly negative impact on sperm motility. These
results can provide a reference for other related studies and breeders in adopting appropriate measures during the hot and

humid seasons.

Key words: Alpine bucks, Semen quality, Temperature-humidity index.
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4 F 1 AL BX m) Fe pF A okl 2ok ok 2 oo (D)
L EAUALKRD LR TR
B WO SRS BRI RO

WefbH s 113496 H25 H : #2HM - 114F4 5 15 H

W B

AT 57 BRI EIRE ~ K B0 R R ER =UEDR B R R R BT - B LIRS RERZ R B
SEEIRRLTALNRNE - TS « BMEEREFRRIS ) (K54 ~ R AERRESILY)) FHAR KRS 37T -
SERBUR R EISE /K EZUER 7 Btk B A wUE RO B (R 2 A SEE RR DT A AP AR 3.8 mm LA B 57 5]
F5 94.3 ~ 71.8 B1 43.9% - HEMERAS Y 3,974 — 4,195 kealkg Z [ » B UNRIRIA Z 7T - 3 MO 2 42
FECTA WAL 2 C (35.1 — 42.7%) ~ H (5.39 — 6.08%) ~ O (30.8 — 36%) ~ N (1.37 — 2.37%) #1 S (0.23 — 0.51%) - ¥R
B HHFR BT SO, ~ NOx FRLIRI S A (E 14 (E #E 57 1 7 (204 — 283 mg/Nm’) ~ (617 — 701 mg/Nm’) &
(1,564 — 3,873 mg/Nm’) - {& SO, FF& AR B ZE RITHYIPERAERE « BURTITUER - RATFE I RELTAE AR R
/N INDIERBIR ST ~ BOERERSTIN © PABERERIPRBER A 720 2 R RIS HYIRE -

R © A3 [ERREEEYICTAARL ~ [EIROTEE - BVE -

i

FHRIREEKEEREAREEK » S8R - PEEE - KEZE > MEYELL#E (Rico et al., 2007) » HIEHIE
KBS (224 ~ hELA - VR ) RIE > HEEWEE 2 1L - Zhang er al. (2019) FREIFENE RIEH AR E
FEMEAE ~ SEREAL ~ BREUHML » AR EMEE R - BANFFEIER T =0EE DUS/KE B - AN B SR
e EEE KT DAZK B = SRt =X [ 47 Bt R [T ) B RS o i - ST AR LR A% (DI B R 3 © i I DA
JB& 7K BB 2 4 e BRI HE I BCE IR LR - &Y il )7 N s B E YR o BLKI 7R » Hjorth et al. (2010) $5H » 1%
Tk DR o e s it B 2 i FE R S B - [EDR S % = [ET PR R/ NS oy Bl SR - I B 78 A [ET0R oo Bt i =X - ke
O~ ERAEEC ~ IR R U R ERAE LSRR - BURET Y ik 7 SN s TR 57 BRI« Burton (2007) F1 FH#5
R ~ BL ~ AR SR AR EH U EDR S 0 B EEK TP AU EY) -

FHA T BV A LEREZR ) - HBIFERE IR T KIS0 » 2K - BIFE R R (EAS IR - BRI FREEM (&£
Y& - biomass ) 4 FEHIEEOREIR H a2 FIE W - B EMRIEB R ERECTAAR - TESE - EIREILE - 2@t
A~ FEEERIRL - HERZ T LA = RAS R X o RS (2001) SRR BRI BRI SRS - BT AR T ALAYERE
BEZEYITAERRRE (refuse derived fuel, RDF) i » 7~ ERRE] 90 4 & 52 A B & 200 kg/hr 2 RDF-5 7 e BRI B g T
W WESERE TTEEY) N — R ERBEEY (BRIPE) BT S MHB R iT T se BRI - B E(E
UL HEEE F A FNIE 7L — 24 /L1 (biochemical conversion) » 55— fi /2 £ 22 ## (L. (thermochemical
conversion) (Yuan ef al., 2017) o B/E{LEE(LAEEL - BVLERE L EA B S HURCE ~ BT AN K2 e IR FT A 5 2 A i
B E(EAVEE ST o BB L u] i — 4l 5y F PR EE (combustion) ~ $i{E (gasification) fl1Z4fi# (pyrolysis) (Cao ef al.,
2014) - AH[E LY EAEERE (biomass energy) » F #F E R ER EEREREIEA - Bhargava er al. (2004) i7EE1E
Rt F L - S BRI P A B8 70 & 52t -2 2Rk © Tsai and Liu (2015) iAFEHE HI/KAFEE - W43 R4 FH 2 2
fE57 70 5 19.6 ~ 19.3 2 18.5 MI/kg » 27K 80% DL I o BININVARMF-EE YY) » BpOEMERER > HiE FEmes
EMERE L EE (F5E 0 2014 ) o ERECTARNEIEBRTT  RoRiREEEYEIRY ~ 4328 - B2 ~ JRANIIE R E
FRIHHEFE o Rico et. al. (2007) f5H » A EEYISHBEZR HA/N » &Kiazkeis o] 5 BETROREEHRE RS LT R

|

(1) B E TP e 2 28 2820 5% -
() BENEENSATEELE -
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FESL o A3 (raw cow dung) BURY 2 FERIAHAE I LA 2 SR 6% 2E ¥E (agricultural residue biomass) FHRHAR} »
SEREEZ AR M ~ AR & 2 AR (Szymajda ef al., 2021) ©

KRB AR E 2 (mechanical scraper, MS) ~ /KB F &7 7 BEH% (waterwheel solid- separator, WSS) FA#} i
FEDR T #ER (inclined screen separator, ISS) %7 UG 2 4 HE Y - EBLERELTAELARL - HIRE(I4-FE &P L
Ry AT FAEREE » [FP BB Fr BRI 22 /0544 - 8L ~ REY AL 544y » DU T g8 [E]
REPTA AR A R A 2 -

MR T A

L EREREAH
PREENE 1 4H ([E 1) > HAAREFERIZE ~ #ORH0 ~ PR ~ JEEIFT - oK REHEE E > 485 E 405 cm > A
JEE N 50 em ffIAVEEIMT - BrKfE MBS E N EL S 43 Bl K 70 B2 152.5 cm Jz 30 i 300.5 cm > FEHEEE E
JHIF 65.5 cm 5% AL 10 cm RHSEREELT -

Unit: mm
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| Gassampling
port

Exhaust
pipe

7 Hot water outlet

/

A40X)

y _ Feed
i — (500 =— inlet
! _>Combustion
chamber

Movable
’ [L door
H<— Waterinlet

Ash residue
Le Footrest

— S0

1 AR R ELE -
Fig. 1. A schematic diagram of combustion furnace.
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1L EEEAR
() AHEETEYAOR © slEE Y B E A4S IR EERE R~ 4 ZE[E ) (mechanical scraper solid, MS’s) ~
AR 2 7K 88K B 2 ] 57 B AP 5 A BRI 2 4P B [E 24 (waterwheel solid- separator solid, WSS’s) B14%7K
B SR R P DA ER =S o TR a5 AR 2 4R & [EJ2) (inclined screen separator solid, 1SS’s) (& 2 )
( RVERF=CENR 7 Bt 2 oy B E RS R 888 — Rk 2 [ERS > EIRIRAFBIRE — ik 2 [E8S - (RIS R %R
INKEMIBR ST R ) o TR EAEK Sy ~ RSy - B - YR - SR -

2. ANEEIRE Z AR ETPYEREERE (a. SRR ~ b, /KEZEDR > HER - . RIEFEDR T HER ) -
Fig. 2. Sampling points of cow manure solids with different separation types. (a. Mechanical scraper, b. Waterwheel solid-
liquid separator, c. Inclined screen separator).

(i) FHEERECTAARIES © FF R 3 A-FEEY) - ft-EEin B E NI - DUKIGRERZRE
BAETEEEHSEEY  dE A 3.8 mm LT ~3.8—10~10 — 13~ 13 — 20 ~ 20 — 24 &7 24 mm [/,
b EERFEERECTANR  HRR A E I EE0F 1 For o 1SS 2 435 [ RELT A AR AR E /N » R
74 3.8 mm LN 56.1% » (R 5 RGEI TR B nTRe A HIAE M - HoF &R (DFAA-15, WONDERFUL
Machine Industrial Co., Taiwan) #1747 > EHEE R 6 mm » &5 16 — 19 mm 22 ERECTAELRE - [EFE
TTEE RN E B R R TR TR ~ 43258 ~ BZKE ~ JRETRIIE R e B SR HEAE - (B ES 2 MS K WSS 5
Hete 2 A HEPY R T REIR - Al e L eSS i et -

L A3 [ETZY) ~ ERELTARRRIR M B R A g AT

(i) 7K7F (moisture) fe&LI 4 (Kjeldahl nitrogen, KN) &8 @ {KRERIEHD /A2 2 fl )74 (NIEA R203.02C) HIE K>
% ; DANIEAR410.21C J77E el E S E ©

(i) H1#'HE (organic matter, OM) ZE(EHE © I/ EMER » I Nolan e al. (2011) J37% » AHE (%) = (1 -
Koy ) x 100 fEE > -

(i) K77 (ash) ~ #i (Cu) Z§¥ (Zn) &8 - BEmE/KREREL - AL (MF-40L, Channel, Taiwan)
£ 550 — 650°CIRE FIRALEY 6 /NIF « FREmAL ~ /24l ~ MEFE » Si8kIK 2 &% » A 3 N #VEEf% 10 mL >
DI A EEHIS0CE IR ETIEME - BMELLISFIBABIET €& DUFE F BRI EE 6
(Spectrophotometer Z8100, Hitachi, Japan) JH| & #il Kz §¢ 2 & ©

(v) [ERELTANSRIEME (calorific value) 734 © [ AIABEEELRET7A (NIEA R214.01C) DUE TR P HIEAH 3 fE#[E RS
TR PREEVE -

(v) GERECTAEYIEEAENZERITHY) - DIEREEVA S JAMETEREE  KOiR544Y) (particulate pollutant) DAIBERE
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R AR R HE R > HI%E 7774 (NIEA A101.77C) » 4 LFf (sulfur oxides, SOX expressed as SO,)
DIFEnE i — S8 bhn B Bl J70% — JEBUMELLIMDEE ~ RIMEE ~ 8 tE (NIEA A413.76C) » E 4L
) (nitrogen oxides, NOx expressed as NO,) £k FHHEIE #E tH & & ALY B #ikell 77 74 — @RS /7 fr 04 (NIEA
A411.75C) ©

® L RSB 2 AR ERRIT AR AT

Table 1. Particle size distribution of solid-derived fuel from cow dung with different separation types

Mechanical scraper Waterwheel solid-liquid separator Inclined screen separator

Mesh Percentage Cumulative percentage Percentage Cumulative percentage Percentage Cumulative percentage
(mm) (%)

Above 24 19.2 19.2 10.5 10.5 0.0 0.0

20 — 24 10.5 29.7 8.2 18.7 0.0 0.0

13 — 20 25.7 554 13.4 32.1 7.1 7.1

10 — 13 20.4 75.8 13.0 45.1 6.6 13.7

3.8 —10 18.5 943 26.7 71.8 30.2 43.9

Below 3.8 5.7 100.0 28.2 100.0 56.1 100.0

IV. PREEREE RS
TATBBEERIR R R (2013) T ARIGFTE B 5AIRZE RITAYHE I & g E L ) ZstBARK - fima
T
(i) HoiRo5HY)
HERCE: (kg/h) = EEHNEME (mg/Nm®) x #2558E5H & (Nm’/min) x 60 min/h x 10° (kg/mg) — A5 1
(i) —HE LR EEIEY)
el & (kg/h) = ERINERE (ppm) x 7 T8 + 22.4 x {7554 &E (Nm’/min) x 60 min/h x 10° (kg/mg) — /A 2
V. Gt ot
R (B S BRI ARG 2 E IR 5 AR - FIIF SAS 45 S (SAS, 2012) » TR » DA—fk4pid

Multiple Range Test) FL# A [E] 7B R 2 72 BETE M -

e RN

L AREEY) 7 aeRRE 2 G4 R 5y
AT 57 B RS 2L (MS) ~ ZKEE 57 BfE(% BRI ER 1% (WSS) Bt =X oy e P &K ER (ISS) AT &I
YrERSe (I8 2 ) Mior i - $8K5r ~ Beor ~ ARRE -~ R~ AAEEETRE o &SR 0FE 2 s o HfoKoyr ~ oy~ 48
FR SRR DL MS’s B3 57 WSS’s B2 1SS’s (P < 0.05) » MS’s ~ WSS’s il ISS’s 7 /K43 K e 43 Bl 43 il B 86.5 ~
83.8 B 83.2 K7 16.2% ~ 6.12 B 5.32% - MS’s ~ WSS’s B ISS’s 7 484, ~ ¢ 9{E 47 Al By 2.39 F1 1.64 B 1.50% -
86.8 1 53.5 B 44.3 ppm - - FH[ETEYAHE DL MS’s BIERY WSS’s B ISS’s 2 53t {E (P < 0.05) » “F¥{E 577
Fy 83.8 F193.9 €1 94.7% ; $i& B FHES R 19.6 F1 14.2 K 13.2 ppm » fEFHZE A E o RIS MS’s ~ WSS’s
B ISS’s Z7K3 Ry 83.2 22 86.5% » [EPYIa KREITHIGEEZ B & A BT (2010) HEEHIBALFKEZH
AEFFEKEIT R Fy 85.3 J 83.6% HHAT » # S ¥ RRTE 57 11l Fs 46 Sz 252 ppm © Shen et al. (2015) ifF78 43 i K2
FEHRIE 970 s 56.2 2 66.4 ppm Jz 133 2 157 ppm > FAEF{(DIHFE4ER » HI@N AT o PRITATRE R R B Aa
B A S YA &R (MS) SR KRRE (WSS R ISS) Z#y -
IL [ERELTARARHRE 1T
() PrEEEEME T
1 MS’s ~ WSS’s 81 1SS’s > A& [EIRELTAEINE » 77K ~ Boy ~ ToEREVE ST » Wt E R R E oL
GESRANFR 3 - MS’s ~ WSS’s B ISS’s Z [ERELTAE MR 2 K53 ~ I3 K ol AP~ 39 1E 53 i1l By 14.2 ~ 17.1 J2 68.7%
F116.0 ~ 15.5 F 68.5 £ 13.0 ~ 10.4 JZ 76.6% ° ISS’s Y[ AV E4T & B8 S 1S MS’s F1 WSS’s « MS’s ~ WSS’s Eil
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I1SS’s 7 ZE 43 71 4,042 (16.92) ~ 3,974 (16.64) K7 4,195 (17.56) keal (M) /kg ° [BEHERTA AR EBEES AR (C) ~ & (H)
FIE (O) » AT 3 FEACE 2 A FEIRENTA AR C (35.1 — 42.7%) ~ H (5.39 — 6.08%) 1S (0.23 — 0.51%)
Bl A{IEAMA X B S8R (Wang et al., 2020; Maj et al., 2021; Szymajda et al., 2021; Maj et al., 2022; Gadhi et al.,
2024) - 1SS’s 1Y C &I MS’s F1 WSS’s © i ENVE ZMEEN HEHEY/ B 2MEN IERFZE - SENS
HiFE BB FESR(LR CO, » BMEFIR S R EEENW BRI - B4 IE A BRI EVER: TR aeREF
(Szymajda et al., 2021) o 2R [E[EEESUR 2 45 20E > 40 Font-Palma (2019) fi5H » HA [E] fnfeE B AR 2 43269
= #E (higher heating value, HHV) £ 8.7 — 18.7 MJ/kg : Maj et al. (2022) J &5 R [E] S fl B 5 > -2 1 i 2l
Hi[E{E 13.41 — 19.04 MJ/kg - Szymajda ez al. (2021) 4B BB FRRPARH(EZLE (lower heating value, LHV)
Ry 16.34 Ml/kg » BUAE RS 3 4HIERENTARARL 2 2ME (16.34 — 17.56 MI/kg) T » [ H & B3 7 Fopgop » HAMh
rLfE > 2 S EVEEE (11.95 — 17.61 MI/kg) BUEEVE (11.08 — 16.34 MI/kg) - Huang et al. (2019) 7 TH%% » &
PR Z mEME R Ry 14.3 K 17.9 Ml/kg » MAWSE 3 4HEIRECTAERNE 2 2VE (47 4,000 kealkg ) HE » B~
AR EMERECTARR . BVE - BRI Z o171 « INEE RS E05E (75 £ 25, w © w%) I8
M AT NS SR - DT EE YR E I R Be R 2 51l (Gadhi ez al., 2024) 5 T Anwar ef al. (2024) HIlE
FEAF RN B LB 2 Bofth B2 SEAE VA (agricultural phytomass) - B4 : JEAE ~ HREAE ~ 218 ~ GRS
> Y E S 4EEE (gross calorific value, GCV) » 4li4~3E GCV (3,066 kcal/kg) $¥£F1F1 3,600 kcal/kg - JE &R
ZEZYIER ST (volatile matter content) H % 60 FEFFE] 68% > FKATE 19 5/ By 1% -

R 2. AFRERIE Z A REERIER

Table 2. Composition of cow dung solids with different separation types

Moisture Ash oM’ KN* Ccu Zn"

Treatment
% % % % ppm ppm
Mechanical scraper 86.5° 16.2° 83.8" 2.39° 19.6 86.8"
Waterwheel solid-liquid separator 83.8" 6.12° 93.9* 1.64° 14.2° 53.5
Inclined screen separator 83.2° 5.32° 94.7* 1.50° 13.2° 443

KN: Kjeldahl nitrogen.

" Calculated by OM (organic matter) = (100% — ash) (Nolan et al., 2011).

" Dry basis.

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

(i) ZER53W5 T

AU 7 E B A B E RE T A AR - AR BEIE (1B 1) BT PAEE - o HPERE E i &L
(SO, ~ FEEAULY) (NO,) FALIRITAY) (particulate pollutant) FEFURIE © MS’s ~ WSS’s Bl ISS’s S~ [ REL)T
ARk > HEEREEF SO, ~ NO, SRR/ HMENIE - 45 6% O, IIEJREE » 477k 204 ~ 701 K 2,590
mg/Nm® ~ 283 ~ 639 & 1,564 mg/Nm® 2 230 ~ 617 & 3,873 mg/Nm® (3= 4 ) » Hf SO, HECEE L Szymajda
et al. (2021) Z F5E T (244.38 mg/Nm’) » 7F NO, (255.92 mg/Nm’) HIliE Hi#F % » mJRERA R A4 H g >~
HEABERNFS  FEREFERFEEQE (2R IME S  Astbadrs 3 EERRITA R 2 8 (1.37 — 2.37%)
s (£ 3) > FAVREERG E A d sy NOX » [ AE FEMDZREL (woody pellets) {5 IR K o ARHFE 2 MRS 44
Y ~ SO, J¢ NO, JRIERIEME » i SO, FF&EREEHAD (2023) A2 [E 8 75 4R 22 05 F+ V) B ZE (300 ppm or
785 mg/Nm®) 4 » NO, Rk 541 (500 ppm or 614 mg/Nm®) % 50 mg/Nm® HERUTEHE o Al bid Fa
TR HERREEERSCTARAR » Bheg s IR > MR INEEZE RO AR o Park er al. (2013) Kz Begum
et al. (2009) Z WFFEHE HA- SRR K i ik AR ERRE (RTH ~ 43 KR ERE Y ) (ERRE 5 - PR AE g E
AERLGIRY) ~ S AR SIY) (VOCs) A MRS - Akl 3 A ELTAENRHAEE > SO, B NO, HEiE 5
A 0.022 — 0.028 kg/h 2 0.097 — 0.12 kg/h » (LR A © KRk 5449) 2L 1SS’s 0.44 kg/h s > WSS’s 0.17
kg/h £7{K © Dolzynska et al. (2020) 5t > NO, HE &R T G AR PR S E0NINmiEs - ZZRMeE - i
BETEAR ~ PRBEREFIFT(E AR R A IR G 52 2 NO, JE K o o] #E ST A BRI AN ~ IR B
AT~ BEERREERCR B AR 7 RIS NO, JEK © Qian er al. (2019) H2HH ZE 3B EBLR ZARUREE - 1470
ZERRERRAILEIZE 4.51 VBRIV SO, 71 NO, IVHEIR » 22X & FEERIR AR ILIAA T RE R ForkiE
LEIPNRHE L Ry BERE AV R B i » BRI DHEK « DUFHEBERE EYER S RBROEARL - REEEEHSIA
L ELZRM: (Roy et al., 2010; Anwar et al., 2024) -
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MS ~ WSS 7 gtk k2 1SS 53 Btk 2 BTV B2 A SLEIRENT AN - RIAERR: 3.8 mm DLE# - 5355 94.3 »
71.8 ~ 43.9% > R MS’s B WSS’s FE R [ERENTA AR AT AEFTIONEE - /- SE e S 3 TRIEIRE DT MM Z BME Y 3,974
% 4,195 kealkg > MHEFEERATR ZEVE » A E2R BB Z 2WE > BB ABIFIA Z o171k - AbtstER 24
SEEREOTARNEL - SNBEER T HERE B Y SO, ~ NO, RALIRTTAPIFBURE » B SO, [ e il A& E )5
FIRZE RITIYIPEAELES N » NO, RALIRIGIYPT S R BEBURLE o ARACATHE AR OTAERNERRIAT N ~ IR I0EHBh L
73 ~ BUEKERSIEIR ~ PR R AR BRR i E 5 R -

SENRK

THlREEZ B G EERERIT - 2010 - FSHEIKENHN) - (TBETREZ B GERRITEEE 141 5% -

TEERR ReEE - 2013 < ARG FTEE /SRR ZE RO AV EST BT AN E - PERE 112 43 H 29 H7E
PRI R E IR B 22 55 1020024943 SRAEELE -

BUR AT B R IR ZERT - 2004 © BEEEVIEME RN 505 — PABESEZL-REHE (NIEA R214.01C) - HHEERE] 93 4 11 H 19
HIZZ M 0930084869 5N -

BRIS B R BRI ZE 0% - 2004 - FEEEY) T HIC A& BaNJ57% (NIEA R410.21C) - FEERE] 93 £ 12 A 22 HIRF R
FEE 0930094520 HE/ S e

BRI BN B R ER W FE R © 2009 o SHEREEY)/K o3 MIGE J774 — IFENIE 7% (NIEA R203.02C) - HHEERE] 98 45 H 11
HEZE T 25 0980040837A SR/ -

BRI BN B SR BRI ZE B © 2016 - HERUE E T S ALY B Bl J50% — RIS 0L (NIEA A411.75C) - HhEERE
105 1 A 4 HEEZfFEE 1040109638 57/, -

BRI B B SR BRI 52 5 © 2021  HERUE 1 FORLIRD S ABRAR R ELR I 2RI 757 (NIEA A101.77C) » FEERE] 110
F12 A 3 HEERHTE 1101006430 57035 -
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A413.76C) - thEERE 112 48 12 H 18 HIEBEHZF 7 1125105687 5% -
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1121064054D 5E5ELE -
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Abstract

In this study, the solids of cow dung (CD) were collected from the mechanical scraper (MS), waterwheel solid-liquid
separator (WSS), and inclined screen separator (ISS) of a dairy farm, which produced into CD solid derived fuels using
solar drying. The particle size, calorific value, and combustion pollutants (particulate pollutant, sulfur oxides, nitrogen
oxides) from the fuels were analyzed for the traits and composition. The results showed that the percentages of particle size
over 3.8 mm after the solid-liquid separation were 94.3, 71.8 and 43.9%, respectively, for MS, WSS and ISS of cow dung
derived fuels. The calorific values of the fuels were between 3,974-4,195 kcal/kg, which were feasible for utilization as the
alternative fuel. These 3 solid-derived fuels of CD included C (35.1-42.7%), H (5.39-6.08%), O (30.8-36%), N (1.37-2.37%),
and S (0.23-0.51%). After combustion, the corrected concentration ranges of SO,, NO,, and particulate pollutants in the
exhaust pipe were (204-283 mg/Nm’), (617-701 mg/Nm’), and (1,564-3,873 mg/Nm’), respectively. Only SO, complied with
the air pollutant emission standards of Taiwan. Therefore, this research suggests that in the future, means by adjusting the
size of derived fuel particles, adding auxiliary ingredients, air supply, furnace geometry, combustion temperature, and type of

combustion technology could be adopted to improve and reduce the air-pollutant concentration.

Key words: Cow dung, Refuse-derived fuels, Solid-liquid separation, Calorific value.
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FIEHEGS S B R T SPpE 2A0 Rd VE

5 H, %R (1)
'\,ﬁ!/'%

PRARDS @ FFEE Y BEEMR® ForE

WefbH - 113496 H 14 B S22 0 - 11444 H 21 H

W B

KEt 5 EEHER - il KEE SRS AR E L EE S B BT EIRET - BUE AR
2008-2009 FEfH - $1¥f 22 HE RIHAFETHI T @B E 2 R IE R i R E g4 (TY) RHETS
W2 R (YX) o #EH TR 0T af AR IR (b E 2 B RARIFE % > HILE R T4 H
ERRER BB S 57.2%  HEESAH =ZER T2 R 2 SEAOR BE A o iR B M ah L B
REFFE LG ERBURTEREERRNIET - 12 THA RIS Z £ (P < 0.05) - {HFE RS LEHEN A&
H# (Glucose, Glu) ~ $5 (Calcium, Ca) ~ #E5H7 € § (Lactate Dehydrogenase, LDH) ~ i {4t 5 (Alkaline Phosphatase,
ALP) ; 7B - B R SHY 5 (EMR A LIS B R A 2 2 H AR AR SRR © E3RE
H (Globulin, Glo) —JHH » &iifd 2278 s A= bb HA -SSR B (E # D TE SR AR A SR R 58 17 - mIRE RERiR
JEMEENREA  BNEESR > 2REMRERMESR 2 TH & 11 HSEEBREER BB RS K
P AT A B AR 2 SR RN R CETE N EH S b A 2 TR A BN E L BN E - MEGEMEARE
B E H et - REER B AR 2 2 BB E BUHA R Z s BRI B RUE © T A4 AR R R B TE MR By i
WAEACEE SRR > (EIMR AL E R EE HARAH LS [ 35 384 (Bos taurus) 48 2 AT E A4~ R FIREEA SR
HIR 2 -

REsHEE - B~ MRA(BE - R - B -

4

AA4-HYE B IR G R IR A B 6 R 2 47 > MBS A FIE » BRI E A R E BT SR 2 NJIRRA K
THFHZCRE » B S (Bazer ef al., 2019) ; ZEIIABYHEF KPR EE > BUCERBAGFRIRE TR
HIHEE 25 (Cooke ef al., 2023) DL R G AR 7 A 2 M) o] i SR F B A BB =X - 2810 > (8 IR (4K
EINAREE AR BIEO W FEE 2 BRI B2 (Howden er al., 2008) » A FE R L E S0 E
HEFIFEE (Mclvor et al., 2011) » HECER| FTRGEATRE LR (Dixon et al.,, 2011) « ZEEF BEERE AL A4
mnfd 0 FESER B P EIRRES | AZBEIUHRE - f B LB PR =S AR (Bos indicus) ~ EiEid
(Bos taurus) BT (Bos banteng) 2 %% (Cai et al., 2006; Li et al., 2007) - JAEZE S HZRRAE M & » BFE
TFHVERBEEIEN: » AMEMEL ~ MitEEdy (3R > 1997 ) ~ it (575 > 2009 ) - HiFEME ARty & troeisd
HR G2 T2 AL Y UNAHREE (Kesorner al., 2017) < ZAMAHELAEIRE i FH 205 A4 mid - HASAUE /)N (Yao and
Peng, 2020) ~ 4 EEENE - LUz LTRGBS RTR A o i AT R R M B S R M 2R - 7R BV I 6 2 BRI FE M
#1272 (Ibellier al., 2012; Ayres et al., 2015) » 35 BRI B A I TREAT » 1] Ry 22 B A4 2 L PR — (R A R R AR 4R
& o KA CE R R EA S LAy — IR (R RE - TR T fEEae NI b 2 BSR4 (Yang et al., 2022) > [Hit
BaER LT IR 2 TADTEL AR =~ 142 (Mateier al., 2010; Qayyum et al., 2016) » {EFZEIERTH R T
fEZEY)) ~ SRINY) (Kim et al., 2012; Xuan ef al., 2018) 5 Efth pa B 8h4) 4L FEHY B2 28 (Mirzardet al., 2018; Zhang et al.,
2021) - HRAIRAANZ B A4 IR AL E 2 SO D BIRERIH AT Fe e & EIR RS R [E S = - Sofd ~ R

|

(1) BEE & R Tt 7o s 26 2821 5% -
() BEAEESFTREE AT -
(3) #ENIEFE > E-mail: 0979193091 @tlri.gov.tw °
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R FMRELEPE - NIRRT S ERTEEER - i - FEE RN A FIRECEEE 2 FE - F
Ry TR EH S 2 HBEEIE - Ty EEEAZBUE -

MR T A

ARETTEIRER A 2008 — 2009 /] » PR TEIEREZ B G & E s e T ETRA I TR E
AR -
L BB f el s
1 — 2R BRCAA 22 85 0 FElE) 14 BH ¢ 2 BHERE WA (TY) » Heg /hEE B i g 2 50 (YX) i’
P8 EH - 3FATY » Herk YX o B4 EEIHF2EMLY 5.3 F AR - B HETE (FaE0 Hig B
BE)&IH 40% fFER CHE RS EL 14% ) ~ 28% B E50BH ~ 16% 5 [ERZE R 16% BRI
AEREN T EAE RREE RO MA RSB EMEARRE - BEotmEESAE 2 — 3 34 - iESe
HEHRE @ FEREEFLDBEEL T -
1L HIEHEE
A-BEIR 2008 47 H 2 2009 4 5 AR - & H BRI 1 2R - EISIEAECEA- BT 0 HISEAR 2 e 1 A HERAE BIEEM (&
BN~ HEACEE A Rt ) » SZMREE AR R - RS 30 SR AETTERIM o FRIM&SRIR BRI 28 4°C
ZERGEFER T > MURER (1) 2455 B FIH 2 B EfR Bk 53 #7# (Medonic CAS530) #E1T43H7 © MIUE S IHS
(ii — v) e B8 biabsiE (Auto Dry Chemistry Analyzer, SPOTCHEM SP-4410) 4347 » fasHPEH AT ¢
() Mk
4LIMEK (red blood cell, RBC) ~ S EKAFE (mean corpuscular volume, MCV) ~ 4375 E 5 (red blood cell
volume distribution width, RDW) ~ [f[ Bk 25 #& (hematocrit, HCT) ~ [fl /N (thrombocyte) ~ [ /Nl & F& (mean
platelet volume, MPV) ~ [ Ek (white blood cell, WBC) ~ [f14[ 2 (hemoglobin, Hb) ~ 54T [N ERIMAL 2B S
(mean corpus-cular hemoglobin, MCH) ~ 4L [N ER 4] ZZ 2 (mean corpuscular hemoglobin concen-tration,
MCHC) ~ J#EEE (lymphocytes, LYM) ~ FEfi7ER (granulocyte,) -
(i) MRHE REFR R AEIEAL R
A e B% 65 55 % (Alanine aminotransferase, ALT) ~ [ 14 T} % i (alkaline phosphatase, ALP) ~ & [i% i 53,
fif} (Aspartate aminotransferase, AST) ~ #. & Hii & [i# (lactate dehydro-genase, LDH) ~ 44 & 4] 2= (total bilirubin,
T-Bil) -
(i) FEERAEE
A (glucose, Glu) ~ Z&HE[E IS (total cholesterol, T-Cho) °
v) 25mE
R Z % (blood urea nitrogen, BUN) ~ 4475 [ (total protein, T-Pro) ~ [HZ& 4 (albumin, Alb) ~ BKZE [ (globin,
Glo) ~ H ER EL (concentration of albumin / concentration of globin, A/G) ~ FJIli& lif- (creatinine, Cre) ~ F& i (uric
acid, UA) »
(v) EEEYE
#5 (calcium, Ca) ~ fif (inorganic phosphorus, IP) ~ £ (Magnesium, Mg) °
I S5 T S B A ST 5 Y ER B
S hsoRYE B et B [E] i s B 2 H S TR R A AR T SRV ER B > WD E bR
s 2 PR HH B d [ A AN 8
e PR, _ ZEEEB SRR E A
% U BRI IR E R E 4tk T

RS SR AR A
LA

7 B B A H SRR IE R #EE /b =

IV. it
sl SIHER » I R 4aT#0Es  #E7T £ 553 73 MT (Principal components analysis, PCA) DL i [F]
R HRR MR A LESERNEREE - TSR (ANOVA) » EEEERET ~ BRI R g & 0 E ]
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Hr R EEEEN & P<0.05 REREE > ifi P<0.01 FxBEEE - IL > BB BERE MR A (bt
#i1[& (Hosh et al., 1994;Cornell University College of Veterinary Medicine, 2017) 5155 5 (B G 4ESE A S K HAFAH
J FRAH I EL] ©

e

R UE

F RS54 (Principal Component Analysis, PCA) 455 BERE— (23.5%) FIZE . (19.2) ks> BRkiERE 74
Ry 42.8% > (W 1 — 3 ) BUr » EHE TSR T Ao 2 P&l - SAER AR > KPR R MR 41k
EFEH TR 1 F1 2 ZEEEHE A BN EES SR ENE& £ 2 2/ > 2RI E0R -5 — 6 - ATIHEEH
FEIH MR LB ER—EEVEE > (R EEEEERT AR G 0 FYRIHE « IR A At
WAEAE Z BRARIFIEF 20 » NI —R = RO SOAMERRRY B R S 2 57.2% » (HE 0] DUE H 1 Bl s
R R B R, » IR B A B PR A R A M A Ry (A 3 T

PCA - Biplot

rearing system
® extensive

A intensive

Dim2 (19.2%)

Dim1 (23.6%)

1. EHEEIRE LE 2B FRr o rE -
Fig. 1. Principal component analysis (PCA) biplot of the targeted blood parameters of beef rearing system for the first two

principal components.

FL S BIPE MR AR (B 2R & E] (Hosh et al., 1994; Cornell University College of Veterinary Medicine, 2017) ( 411
F 1) BapsEE = YIE A Glu ~ ALP ~ Cre ~ IP ~ LDH ~ T-Bil » Hr i A IEEE L Doornenbal 5 (1988)
HIERE L% - 23FR T LDH B2 S M E S LS - HERVUTHEE HEE B SRS - ArY 58 S AILITE 2 Bk
% - NIEEHERT 1 — 2 BRAHYERREHLAE TR B - Ml - B RSB MH BRI 2R (41 LDH ~ CK ) AL
B S HEEFEA (Radostits e al. 2007. 2008; Kaneko et al.) » I EAFFTFISCHAERT R > AIZREES
FEETHE (Smith 2015) - FELT R ZRDhREfat 2 — » (EAHZE P B B R s R iR 72 5 - (2 4EsE
BIEFEEA 38.05% - HHIEHEZZFH 550 nm BOGEAMERIRE - (HEFER R MATE 2oL E - HELH
EREALER ZNE [ BEZE(E AIAH A (A 5 (0.90) (R Bk 2 MR AEAESE (> 0.96) - S BIZAEMEERS #2—58 (Hoshi ez
al., 1994) - MREBATAMSE - BEALET S G EREE R ALP % (Lorenz ef al., 2001) » {HLUARKTSE 2 BEAL ZME
SUEHEFT AT > B ARG BB 0.10 71 0.14 - RILHREISIEALZES 251 - R BEBS >
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JFRREZ MAT R -

PCA - Biplot

s

) : breed
~N 1
2 1 ® TY
AT 1
~ : A YX
= 1
e !
1
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1
-10- :
]
'
1
|
1
|

-5.0 -2.5 0.0 25 5.0
Dim1 (23.6%)

2. s SR AALE Z 5282 F R 7Tl -
Fig. 2. Principal component analysis (PCA) biplot of the targeted blood parameters of breed for the first two principal

components.
PCA - Biplot
= ;
1
: Glo
Alb : ’
R = L s e e, T * > GPT/ACT =77~
—~ s J4*, A GOT/AST*
Q v | season
g . : T-Bll S it
< ar : A hot
a |
1
]
]
1
-10- :
1
I
1
I
¢ I
1 1 ' 1 '
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Dim1 (23.6%)
3. FHEHRALEZ R Z ZRooiE -

Fig. 3. Principal component analysis (PCA) biplot of the targeted blood parameters of season for the first two principal
components.
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Table 1. The amount of value beyond the Standard range and the percentage of it in each system
Serum component Standard rangel Exceed, % - Below, % -
total Feedlot Grazing total Feedlot Grazing
AST, IU/L 54 — 135 9 (4.00) 7 (5.11) 2 (2.28) 20 (8.89) 15 (8.76) 8(9.1)
ALT, IU/L 16 — 59 0 (0.00) 0 (0.00) 0 (0.00) 27 (12.00) 18 (12.41) 10 (11.37)
ALP, IU/L 45.6 — 1214 183 (81.34) 113 (82.49) 70 (79.55) 1(0.45) 1(0.73) 0 (0.00)
LDH, IU/L 725 — 1,122 204 (90.67) 116 (84.68) 88 (100.00) 1(0.45) 1(0.73) 0 (0.00)
T-Bil, mg/dl 0.29 — 0.47 72(33.97) 38(28.79) 34(42.50) 35(16.51) 22(17.43) 12 (15.00)
Glu, mg/dl 57 —179 116 (54.72) 84 (63.64) 32 (40.00) 13 (6.14) 11 (2.28) 11 (12.50)
T-Cho, mg/dl 749 — 2122 0 (0.00) 0 (0.00) 0 (0.00) 43 (19.12)  21(15.33) 22 (25.00)
BUN, mg/dl 7—19 32 (14.23) 16 (11.68) 16 (18.19) 2 (0.89) 2 (1.46) 0 (0.00)
Cre, mg/dl 04— 0.9 203 (90.23) 116 (84.68) 87 (98.87) 2 (0.89) 1(0.73) 1(1.14)
T-Pro, g/dl 6.7 — 8.8 1 (0.45) 1(0.73) 0 (0.00) 19 (8.45) 18 (13.14) 1(1.14)
Alb, g/dl 33 —43 5(2.23) 4(2.92) 1(1.14) 54 (24.00) 20 (14.60) 34 (38.64)
Glo, g/dl 28 —54 3(1.34) 0 (0.00) 3 (4.55) 14 (1.78) 13 (27.01) 1(10.23)
A/G 0.6 — 1.6 6(2.67) 6 (4.38) 0 (0.00) 5(2.23) 0 (0.00) 5(5.69)
Ca, mg/dl 8.9 — 10.9 39 (17.34) 16 (11.68) 23 (26.14) 7 (3.12) 6 (3.65) 2(2.28)
IP, mg/dl 41 —173 96 (42.67) 66 (48.18) 30 (34.10) 1(0.45) 0(0.73) 0 (0.00)
Mg, mg/dl 1.6 — 2.5 17 (7.56) 7(5.11) 10 (11.37) 3(1.34) 2 (0.73) 2 (2.28)

AST = glutamate oxaloacetate transaminase; ALT = glutamate pyruvate transaminase; ALP = alkaline phosphatase; LDH =
lactate dehydrogenase; T-Bil = total bilirubin; Glu = glucose; T-Cho = total cho-lesterol; BUN = blood urea nitrogen; Cre =
creatinine; T-Pro = total protein; Alb = albumin; Glo = globulin; A/G = albumin/globulin ratio; Ca = calcium; IP = inorganic
phosphorus; Mg = magnesium.

Standard range': the stand range of ALP and T-Bil are from Kitasato University, the others are from Cornell university (2017).
Values outside parentheses indicate the number of animals exceeding (or below) the standard range; values in parentheses
indicate the corresponding percentage within each group. For example, in the “Exceed — total” column, IP is shown as
96 (42.67), meaning that 96 animals exceeded the normal range of IP, accounting for 42.67% of the total. In the “Exceed
— Feedlot” column, 66 (48.18) indi-cates that 61 YX animals exceeded the normal range, corresponding to 41.5% of the
Feedlot group.

IL.

III.

R RIS R 5 3

MIRELERHETE S 2008 -7 — 10 H » SUNMEEERRE T (ANOVA) » MAEME SRS F - 5E (11 -4 1)
W= #75 Glu ~ T-Cho ~ T-Bil ~ ALP ~ BUN ~ Glo f1 LDH » #4Z (5 — 10 B ) #¥#: 5 %7 ALP - BUN -
Alb ~ A/G ~ Ca~ IP Jz Mg (4152 2) - {EHF[E Y IAUERTEN Sy - BEE I MRS A AR A B ARG RT o3 s 4 H
() FERGREHERZIM _EF © T-Cho ~ T-Bil ~ T-pro ~ Glo
(i) BEEFRAHER T T © Alb ~ A/G ~ TP
(i) NAE#H) © AST ~ ALT ~ ALP ~ Cre
(ivy ¥ : Glu~ Mg~ BUN ~ Ca ~ LDH
bR

MR S RoHTE B P = 2 > BUnSEMmIRkavEE K LB fE e - YX BE RN TY B5F
AST -~ Cre ~ Alb ~ A/G #1LDH ; BaE# K5 Glo Ml Ca » HERERAE 25 » {138 3 Fyr o AST RyHFIhsEfaiE
— FiEERHEG A iS5 5 & 8 ACT —#E71 5 (Saber et al., 2008; Ganguly ez al., 2015) » & /&H KR
EEERESGA - HIEF ACT K Glo —#EFE » Rt AST BN EHHE NGRS 2 B LRERA LB
(Berian, 2019) ; LDH &2 Bl g 7 Y ¥ BE% 2= (Liao er al., 2018) 5 Alb ~ A/G FIFHESAERI EOEHS
Cre ZEY)RE AN AL ATIEEL S (Y EY) - RE F 2SI a2 & - HLARHEEER (Yang et al, 2022) - {H1S
FEE Ca B IEFEHEENILLE] (£ 4) 0 TY (28.9%) 2 YX (13.6%) Wif ; #ERELEIS R R 0 K 4% » SR
By IP & EfMEEE 75 BB AR 50% K 41.5% » BE i e 22 280 b $5RE YRR -
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Table 2. Effects of season on blood biochemical values
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se€ason

Serum component CSOI }iOt

n=83 n=91
AST, IU/L 79.25 £26.19 75.15£23.87
ALT, IU/L 21.83 £6.66 21.29+7.03
ALP, IU/L 203.35 % 54.38" 233.49+101.08"
LDH, IU/L 2,329.10 £ 521.03" 2,151.851527.47°
T-Bil, mg/dl 0.52 £ 0.23" 0.35%0.21°
Glu, mg/dl 90.30 +21.75 82.39+22.97°
T-Cho, mg/dl 96.42 +20.6" 82.58 £ 18.21°
BUN, mg/dl 13.59 £2.93 18.08 + 8.74°
Cre, mg/dl 2.0910.54 1.97%0.41
T-Pro, g/dl 743108 7.36£0.59
Alb, g/dl 3.37%0.39° 3.6410.41°
Glo, g/dl 4.06 +0.73* 3.72+0.85°
A/G 0.86+0.19° 1.06 £0.37°
Ca, mg/dl 10.22 £1.09° 10.59 +0.58°
IP, mg/dl 7.07%1.01° 7.8611.07°
Mg, mg/dl 2.09%0.37° 2.5210.22°

AST = glutamate oxaloacetate transaminase; ALT = glutamate pyruvate transaminase; ALP = alkaline phosphatase; LDH =
lactate dehydrogenase; T-Bil = total bilirubin; Glu = glucose; T-Cho = total cho-lesterol; BUN = blood urea nitrogen; Cre =
creatinine; T-Pro = total protein; Alb = albumin; Glo = globulin; A/G = albumin/globulin ratio; Ca = calcium; IP = inorganic
phosphorus; Mg = magnesium.

Mean £ SD.

“® Means with the different superscriptin the same row differ significantly (P < 0.05).

IV, B AR E
() Mfre
TEMRER 2 S RoHE E o BE LYM B o EgE e kg ass o HepfmdiZ 25 (0%
3) Do A ERE N > SR, LA EN g MBS o iR KRR LR B 3 B s 66 K2
62% > 1£ LYM FE LR 6] K0 o3 7l By 59 K 75% 5 TS R B A EL 3 Rl 6] Ko i 43 7l By 14 Je 3% > B
TR 2 TR IR R RE  (EER IS LB R A B8 KA -
(i) MRHH AR R AEEa R
IR S 2 — R A R 2haE - Hrp » WS 2 SRS 25 hE OB AR RER
PEAEAE BRCRERAYA (He et al., 2018) B0 ARHEGSALAEEG MR EE EES - LDH S8R IE - H
DfeftsEE - HIb AL B FSHIEE SRR S tiEE LI S B E IR S (Kaneko ef al., 2008) - @R IEES
TERCAVE S £ 2 A AR TR A B 4ESS > S Em &R PEE & (Doormenbaler al., 1988) - At
TRIE FACERR » AutFTH ElEE4-1E AST & ALP B m il K #E L fl i 2% 2 RN AR E L IE K
FRBRHIT B Rl it - FLFF R AT R R PR B 26 o (At T B PEH K - BlEA4- 2 LDH B s - H 2 M8
(P <0.001) - {HFE#EEE TR REEFTRYI 2 BEEEE ELp] (S 11221U/L ) - EfE4-R /0 (R 84% 5 TR
100% ) » Fy7e HRZ A4S FIRE - ST LU 2,500 515 - [ (40.15%) AL (6.82%) » BAZARE 6
2Pt e AR (E B S A AR - BB T S R AR ] ¢ F54R = & 2,500 TU/L » R YX FI TY ZiEH L
B4R B 34 K 7.7% » BUfZEHE By 1,122 TU/L BEFTAE45EE (88 vs. 94%) FHZ « FE4) o #R#E Doornenbal %5 (1988)
(BB RE R R4~ LDH {E 5y 1,369.1 1 144.5 TU/L » At B8 1,369 TU/L EH{54ERELLEI s 89.78% - 1F
KEFREWER THAREE RAAEE RN —AHES > T TY MpdF i DriitiEr -
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Table 3. Effects of beef management system and breed on blood biochemical value

Beef management system

Serum component Feedlot Grazing TY YX
n=104 n=70 n=45 n=123
AST, IU/L 82.40 +28.61° 69.87 + 16.58" 69.91+22.13° 79.84 +25.61°
ALT, IU/L 20.79 £5.88 22.64+791 20.6%5.78 21.91+7.17
ALP, TU/L 232.1 £85.19° 199.7 £ 7537 225.84+82.6 215.95+82.75
LDH, IU/L 2,422.62 % 604.57° 1,982.93 +228.50 2,027.22 +421.05° 2,317.05 + 546.10°
T-Bil, mg/dl 0.4310.28 0.45%0.16 0.4410.15 0.44 £ 0.26
Glu, mg/dl 93.33 +23.09" 76.46 +18.03° 82.42 26.40 87.72+21.07
T-Cho, mg/dl 91.48 +20.76 86.53+20.11 89.36 = 17.94 89.44 +21.53
BUN, mg/dl 1531+7.21 16.64 + 6.44 16.2 % 6.45 1574 £7.09
Cre, mg/dl 2.0910.53 1.9510.40 1.7940.33° 2.12%0.50°
T-Pro, g/dl 7.20£0.73° 7.67 £0.55° 7.56 £ 0.46 7.33%0.76
Alb, g/dl 3.58 1 0.45° 3.4110.35° 3.410.36° 3.5510.43"
Glo, g/dl 3.62+0.74° 426%0.75° 4.16 £ 0.65° 3.79 £0.84°
A/G 1.05+0.32° 0.84 £0.25" 0.86 £ 0.24° 1+0.33°
Ca, mg/dl 10.22+0.97° 10.71 £0.63° 10.71 £0.5° 10.31£0.97°
IP, mg/dl 7.65 £ 1.09° 722+ 1.10° 7.67 £ 1.11 7.39%1.10
Mg, mg/dl 2.13£0.38 2.31+0.37° 2.24%0.29 221042

AST = glutamate oxaloacetate transaminase; ALT = glutamate pyruvate transaminase; ALP = alkaline phosphatase; LDH =
lactate dehydrogenase; T-Bil = total bilirubin; Glu = glucose; T-Cho = total cho-lesterol; BUN = blood urea nitrogen; Cre =
creatinine; T-Pro = total protein; Alb = albumin; Glo = globulin; A/G = albumin/globulin ratio; Ca = calcium; IP = inorganic
phosphorus; Mg = magnesium.

Mean = SD.

“® Means with the different superscript in the same row differ significantly (P < 0.05).

(i) RIS

TERBENINTREE & > EMBBERTEL . 21 NI REEE AR » BIE & =R HOHAE R HAh A
B BEGKEERE  WMASEERN TEMEYESEKERNRENIESEEEES - MREAMRIPED
1 (Kaneko er al., 2008) o [b7h - B {545 A Hp I RS ERE & BRIV EERE R (C18:0) LLBlEzm » I B EEE
BTSN A SR (C14:0) MIEAEEE (C16:0) FYELFIELE (Daley er al., 2010) °

BT - R i S AR L R % - A2 SR (P < 0.001) ; (AR REE RE M2 SR 8
o RPN EEEE AL BIER ) (FEEE - 15.33% 5 BUHR ¢ 25% ) > SR Pl BAHE = oy i BN 1T o9 2 AT iR
JEREE [ TEAE 85 L -

v) &8¥4E

YT Ry LR 7 %% 3 K EErEE s BUN (Hammond, 1997) ~ T-Pro (Zaitsev et al., 2020) ~ Glo » [#{& A/G
(Kaneko et al., 2008) » s {if B E N =1 Glo BERE HA EIFAVRFINEE « FBEM %)) (Garcia-Martinez
et al., 2013) » (KGR RS R E EL &R S BUN (Mirzardet al., 2018) ~ 1 T-Pro (Zaitsev et al., 2020) {H[%
& Alb (Xuan er al., 2018) » [RIZ 5817 £ 234 BUN JEERR IS0 IRELURE AT » H Kim er al. (2012) 325
Alb BALARERADE - SRERLATEAR - IUF T2 Alb th & > 327 - (R BEaEEREEE RN
[ (Smuts et al., 2019) - 41F 3 Fiw » FEEEAAE Alb ~ A/G EEEEERS - M4~ T-Pro ~ Glo BAE S °
227~ FEI ) R URGRE B A TE S E A ] (2158 1) > BRSNS » BUN GBS S 10% H-ams
5% > HAWIE BB AR 3% » (HR A2 B E ERPMEAELLFIEE (38.6%) i i B4 (14.6%)
HEMR A R @misih = SRISEHE R S B e EE - SHHENERIA T - HitRESENEAE Y
fE{EFIFT LA BUN EREET S » 5590 - FEREE A T » R ER KPR LB o Bl By 1 R 27% > 1E 27%
B S E s 80k 2008 £ 8 HRVFTEREA » 1B RS E A HITE B A Ha 3w > FrlURE



MEDT LR BER 298
A -
* 4 BUIEE SRR AEA R S S HIEL A
Table 4. The amount of value beyond the Standard range and the percentage of it in each breed
! Exceed, % Below, %
Serum component Standard range
total YX TY total YX TY
AST, IU/L 54 — 135 9 (4.00) 7(4.77) 1(1.93) 20 (9.14) 14 (9.53) 5(9.62)
ALT, IU/L 16 — 59 0(0.00) 0 (0.00) 0 (0.00) 27(12.33) 18 (12.25) 8 (15.39)
ALP, IU/L 45.6 — 121.4 183 (81.34) 120 (81.64) 47 (90.39) 1 (0.46) 1 (0.69) 0 (0.00)
LDH, IU/L 725 — 1,122 202 (89.78) 129 (87.76) 48 (92.31) 1 (0.46) 1 (0.00) 0 (0.00)
T-Bil, mg/dl 0.29 — 0.47 72(33.97) 44 (31.66) 17(35.42) 35(17.00) 25(17.99) 6 (12.50)
Glu, mg/dl 57 —179 116 (54.72)  79(56.84)  19(39.59) 13(6.32) 5(3.60) 8 (14.59)
T-Cho, mg/dl 749 — 2122 0 (0.00) 0(0.00) 0 (0.00) 43 (19.64)  31(21.09) 9(17.31)
BUN, mg/dl 7—19 32 (14.23)  21(14.29) 10(19.24) 2(0.92) 1 (0.69) 0 (0.00)
Cre, mg/dl 04 —09 203 (90.23) 130(88.44) 48 (92.31) 2(0.92) 1 (0.69) 1(1.93)
T-Pro, g/dl 6.7 — 8.8 1 (0.45) 0(0.00) 1(1.93) 19 (8.68) 16 (10.89) 0 (0.00)
Alb, g/dl 33 —43 5(2.23) 5(3.41) 0 (0.00) 54 (24.66) 27 (18.37) 18 (34.62)
Glo, g/dl 28 — 54 3(1.34) 3(2.05) 0(1.93) 12 (5.48) 9(6.13) 1(1.93)
A/G 0.6 — 1.6 6(2.67) 6 (4.09) 0 (0.00) 5(2.29) 5(3.41) 0 (0.00)
Ca, mg/dl 8.9 — 10.9 39(17.34)  20(13.61)  15(28.85) 7 (3.20) 6 (4.09) 0 (0.00)
IP, mg/dl 41 —-173 96 (42.67) 61 (41.5) 26 (50.00) 1 (0.46) 1 (0.69) 0 (0.00)
Mg, mg/dl 1.6 — 2.5 0 (0.00) 0(0.00) 0 (0.00) 16 (7.31) 9 (7.49) 4 (7.70)

AST = glutamate oxaloacetate transaminase; ALT = glutamate pyruvate transaminase; ALP = alkaline phosphatase; LDH =
lactate dehydrogenase; T-Bil = total bilirubin; Glu = glucose; T-Cho = total choles-terol; BUN = blood urea nitrogen; Cre =
creatinine; T-Pro = total protein; Alb = albumin; Glo = globulin; A/G = albumin/globulin ratio; Ca = calcium; IP = inorganic
phosphorus; Mg = magnesium.

Standard range': the stand range of ALP and T-Bil are from Kitasato University, the others are from Cornell university (2017).
Values outside parentheses indicate the number of animals exceeding (or below) the standard range; values in parentheses
indicate the corresponding percentage within each group. For example, in the “Exceed — total” column, IP is shown as 96
(42.67), meaning that 96 animals exceeded the normal range of IP, accounting for 42.67% of the total. In the “Exceed — YX”
column, 61 (41.5) indicates that 61 YX animals exceeded the normal range, corresponding to 41.5% of the YX group.
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Table 5. Effects of beef management system and breed on hematology values

Beef management system

Feedlot Grazing TY YX

n=>56 n=232 n=20 n=60
RBC, 10%ul 7.28+1.41 7311128 7.51%1.37 7.09 £ 1.39
MCV, fl 41.61 £2.87 42.04+3.27 40.65 £ 2.06 42.28%3.28
RDW, % 16.67+5.76 1624 +5.52 15.01 £5.20 16.64 +5.89
HCT, % 30.29 £ 6.24 30.56 £ 4.97 30.58 £5.99 107.56 £ 603.35
PLT, 10°/ul 312.50 £ 96.11 314.00 £ 98.22 1,227.63 £2,221.33 1,141.05 £ 1,897.35
MPV, fl 9.94+5.55 9.56 % 5.56 10.32+5.88 9.92+5.83
WBC, 10°/ul 1538 +2.42 15.19+2.31 16.09 £ 2.23 15.03+2.39
HGB, g/dl 11.97+1.3 11.79 £1.25 1223+ 1.18 11.73 £1.34
MCH, pg 17.02+3.21 16.58 £ 2.88 16.77£3.19 17.09 +3.21
MCHC, g/dl 41.08 +8.38 39.55 1 6.96 41.35%8.00 40.62 + 8.36
LYM, 10*/ul 7.95+1.79° 8.53+1.29° 8.1+1.31 7.9+%1.24
Granulocyte, 10°/ul 5.2611.82° 449+136" 5691 1.71 4.96 +1.61
LYM, % 52.06 £ 8.81 5473 £11.35 49.23110.40 52.58 £8.19
Seg, % 34.06 £ 8.93° 29.34+5.78" 3523 17.56 32.79 £7.63

RBC = red blood cell; MCV = mean corpuscular volume; RDW = red blood cell distribution width; HCT = hematocrit;
PLT = platelet; MPV = mean platelet volume; WBC = white blood cell; HGB = hemoglobin; MCH = mean corpuscular
hemoglobin; MCHC = mean corpuscular hemoglobin concen-tration; LYM = lymphocyte; Granulocyte = granulocyte; Seg =
segmented neutrophil.

Mean + SD.

“® Means with the different superscript in the same row differ significantly (P < 0.05).

AR E B N ALATIBERR B (SR EY) - RE T EZ SR E « EIRE JRERENFE (Yang
etal.,2022) - —fiGIM = » BESAFRESEDMPUANEE IR - AEEAYITEZ ITEREUR - EEE
WARB LA REE AR -

(v) EEEYE

s S ERS > EFBAIKZ > MEEAE5 T (De Boer er al., 1981) - SERIMIES « B ~ #FEHT
(Stewart et al., 2017) > [NBLARRE T R EAYBBTE S FYRCE  MFSRIR Z HIEE R - AR R IR
TS REE - TREER ISR & H#T & B eI ME R D - By DUR BB AR
B > (BRI A R RE A Rt HU A Btk 8 1= T IV SR R UL

W A

BB TR AR =N T2 > EEERE RN T RHEHEB o B =N TS RARE - Bk
ANOVA Sifr&S R b B SR LE ] - S RBURNER RS RATSUES » JHFBEESEA Glu » T-Cho » T-Bil »
ALP ~ BUN ~ Glo #1 LDH (P < 0.05) » Z\FEEHZ 1§54 H ALP ~» BUN ~ Alb ~ A/G ~ Ca ~ IP }z Mg (P < 0.05) - {H[iE
iR E B EEAY /&y Glu ~ Ca ~ LDH ~ ALP 5 fESAFEES - YX AYFLEIMIRAE(EFEEE (AST ~ Cre ~ Alb ~ A/G Rl
LDH (P < 0.05) B #= ; TY Z Glo {RFMEREEVEIT /DR YX - g Y AHEAE AR Eae ) - iTRE REER
BEEMERIRA &g o EEEABIET SRS EEIEEEER > HIFNZ AR E BlEA AR > gt
A > AEEASEER TS - BERNERE AR NIE H AR 2 50% il P&z -

2EXR

TR o hEIEA 0 1997 o AEEH 32(1) © 18-19 ¢
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Abstract

This study analyzed the effects of rearing system, breed, and weather conditions on the blood biochemical values of 22
stocker cattle—purebred Taiwanese yellow cattle (TY) and crossbreeds with Bos taurus lineage (YX). Data were obtained
from routine health assessments conducted between 2008 and 2009. Principal component analysis indicated that substantial
variation (57.2%) was unex-plained by the first two components, implying multiple sources of variability. Nevertheless,
rearing system was identified as the primary variable from the three factors affecting blood biochemical val-ues. Analysis of
variance revealed significant (p < 0.05) seasonal differences in the 12 blood biochem-ical parameters, with glucose (Glu),
calcium (Ca), lactate dehydrogenase (LDH), and alkaline phos-phatase levels (ALP) being sensitive to temperature and
humidity. Crossbred cattle had significantly higher levels of five blood biochemical parameters, highlighting traits typical of
temperate breeds with more nutrients from intake and faster growth speed. Additionally, the lower frequency of substandard
globulin (Glo) values in TY explained their enhanced immune capacity, and likely the reason for better environmental
adaptation.Significant differences between rearing systems were found in 13 blood pa-rameters of hematology (2 parameters)
and serum (11 parameters), attributable to inadequate nutrient availability in grazing systems and stable supplies of forage
and concentrate feeds in housing systems throughout the year, according to literature review and arguments, reflecting the
difference of sources of intake had more effect on the stocker cattle than the breed. In summary, the growth and breeding
performance of cattle are closely related to the blood biochemical parameters. Moreover, adjustments in feed composition
could influence the physiological functions of beef cattle more significantly than the introduction of temperate breeds (Bos

Taurus).
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F 1. ZEHEAEEER (n=220)
Table 1. Characteristics of respondents (n = 220)

Characteristics Number of valid cases %
Gender male 110 50.00
female 110 50.00
=30 127 57.73
31 — 40 45 20.45
Age 41 — 50 20 9.09
51 — 60 23 10.45
= o6l 5 2.27
Senior high school/Senior vocational high school 44 20.00
Education Junior college/University 116 52.73
= Graduate school 60 27.27
= NT $ 30,000 99 45.00
NTS$ 30,001 — 50,000 76 34.45
Average monthly income NT$ 50,001 — 70,000 30 13.64
NT$ 70,001 — 90,000 10 4.55
= NT$ 90,001 5 2.27
Northern Taiwan 72 32.73
Living area Central Taiwan 55 25.00
Southern Taiwan 82 37.27
Eastern Taiwan 11 5.00

1L E B AR R BRI %

HEEHENEA SR BOR Z 3R 2 - R ECHBYRI IR E A TR S E &€ 39.09% - H
t TAERERE - TEEL K TIEEEE ) BIELEI AR 11.82 - 16.82 B 10.45% o TAEAHRAECRAVIE IR B
FEBE=r2— EEECH " RESYREETARCEEYIRINE | ARTIRARIEE S R 28.59% - 52

P IRERCOE B A R E YRR AR AR Ry 25.91% - TR R " IREIFRA BEOR BRI E
fLfE Ry o AFTIRAREHE Ry 26.82% © 1 2007 FFENEEZ B & HAEMERUT - 68% B E REUHEEHHC
B N RS EOR B P B IRA FTiE % (European Commission, 2007) « RLERH K22 (2022) AR ESERAAML > BUR
RERTHIH B B S H R BERTT Hsg A JE -
L ¥R EPIEA a2 R

SHEE Y EARR R Y M 3 - A 85% NN EE R RELORIRES - i T EEE
By TEEL K TIFERE S BILEBI R 22.73 ~ 39.09 B2 23.18% o fEARE I © SR AEIYIEMIE SR E
HHEE 80.45% » Hef TVHEEEIE ) ~ THE, & TIEREFEE ) AYEEHIS AR 20.45 ~ 40.00 £220.00% : [F]
ERERmIEIIERHENEEER 8045%  TAREE ) ~ "HE, 8 "IREEE ) #ILLBoy R 24.09 -
35.91 J2 20.45% ; SRR A EYIENEEADHEE A 79.09% 08 R A Y EA RG] & e T 2 i
anEHHEEH 80.91% -

EERLESE 2T 0 WA E R BYIEA & Ao 2 5058 - 2 BREUH R B B HEEN A 7 SRR Hy
fBE (% > 2022) - HAIEA EITFERAA SR A Z SRR > BUREiEf A A mE HiE
1% L HA—E R ARERE - MEEZEERUANHEBEGEE - MEEGESAHEENI > BE
H e moaar LB E - BR TR RMIEER 25 - IR A] B A TS5 R -
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IV. EhPrEREiEm s
WEZE 4 s > F 73.19% HPHEERE " BUFASRSREHEEBIYES] - SRS E SR IRRrEE ,
[FIlFA 67.27% HUHEERRE " BUSBEHETEYIEN - SENEEERIRRENE , - BIRR 3 iERKE
BURKE P HHE R FERECEYRER - CREESEERE - R THEESEYEN - HetctEn
B B IER AR E -
V. ERNZER

Wz 5 Fm 0 81.82% HYHE S RIEA LI &% 8/ M & 2 LA [E MR E i 5 68.63% HHEEILER
AL Sl =% E Eh YR A R T ELR (5] SRR 5 80.91% YT HE E AR AL i & =% B RS LR [F A - 45
SHAESRETT - i 80% HYUME BB E AL Gl O B d 2 BER » LLEIEMEEN ARG « HEE
EEREEFYIEA LS AR —  FERBEARFIE B2 2R (de Graaf et al., 2016) » ZA0f
REA BRI AR S - (SRS s & S NS E L (RN EE DUER BB EAVIRL T » HEEEY)
KB mE— RPREL - (S EERE » fR45 Appleby (2005) HYRHFE » RI{H 2 LAy B IEIE - 2% e
FEGEBEYEN - WaEiEEEUR -

VL SRR E Him 2 B ERS

W 6 FR » DHEFHNEYIEF AZAmE WTIP 2455 — 15% DIN » 51 65.81% « (A 12.27% HE
EREBRELICE - & HEm— R EE AL B 20% I - FHEIEEAHEETIH 21.82% - ZEHEEREYIEF]
REFEAHI WTP H 64.4% 7511 5 — 10% LA (K2R - 2022 ) » BEEF 2 it L BB A58 A K - IS
EELBIRTEESNEEE - & ABIMUE » AR E A S 87.73% JHE HHEE (T AEIMERS - LLAEEEE 2016 F#H;
4 (European Commission, 2016) {75 59% ;& EHFEE (R EE HETFE -

T 6. ZIEHNBYAEN A E AR ER (n=220)

Table 6. The willingness-to-pay of respondents for animal-welfare milk (n = 220)

I'd like to pay more than... Number %

0% 27 12.27
5% 55 25.00
10% 54 24.45
15% 36 16.36
20% 26 11.82
= 25% 22 10.00

VI 18T 2 R T
KPR EE R RTF TR EAEEN 2 BB E S 0 5 74.5% (£ 7) - Z2EEHFIETHEYEFHRE R
(SHEBFEN ) AU > B AP MBSMNMIMESE - FEESYEAEZELE GRS FRAE > 5
BUAVEREE B BT BRI > MBS g R L RS - BB E IR E (Department for
Environment, Food and Rural Affairs, 2022) » RS 0] GE R AN FIHEE BN A S5 ©

®7. ZIEHRBYAENREEIEE (R
Table 7. The animal welfare labeling those respondents preferred (n=220)

I prefer--- Number %
With no levels 56 25.45
With different levels 164 74.55
VIL FEREE M3

RoEES T HEYEH FARRBCR R, T HREYEN SRR EEE, T IYHER SR
ZE ) - THRERERERLYE ) - T RENEENRERE ) & T IR EER ) STHEESES WTP T
MERATEIMT (28 ) » ATLISERR T " EhEfEigi 2 28 ) & T BRIBIRE B ) Z24h 0 HitRZR B WTP
HEAE AR -
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"B YR A AR BRI, R TR E YR A R
"R BRI IEMR - IS T B EYER
2~ TR ERRERE ) K T B E R AR ) Ut FAREE IEAR o HSBHR G BHIEREE

0.10 — 0.39 [ » E{EFEAHR -

SR B M A R L R

1%

SR ETN, - TRENFERLLE K

Tona tre L BB | ML T IR B R

HoeiaE WTP ZRGELRZEFE » NS - LEEE - BEHE - FiR - GEENERZEE (K
4% 5 2022; Clark et al., 2016; de Graaf et al., 2016; Clark et al., 2017 ) » JAARFIE R T ERIEEE S(E | B WTP 4

S AHE
X SHEEHVERE T

ARHEMRIOSE S " HEYIEF AR R, T EREYHEN R R
Mgk s 8 ) = [ERHEEZ 19080k WTP T RSB ITRET RN - &&= Hf

WTP IR BRI RIBETE 0%, -

FS%J N FIO%J N

T15%, ~ T20%

>N VAR

BEEEM, - TEYHE

G T =25% o kTR

T 65432k 15 DIRIRRGEET AT - 1R BN 18 BB LR 5t e o i = (RS &
F IR AR ECR B AE T W EIYEA R R R
BRZR, ~ "IVEIEE mr ) ~ TEREER ) BWTP 2258 - SIRE9 -

HEM, - TEYNE

sl ~ T

®9. ZHEHRBVEN AL B - BE - THIHEE - ERER - B EREEAE RV ER T (n=220)
Table 9. Respondents’ segmentation based on understanding, importance, expected influence, purchasing determinants,
demographic features, and willingness-to-pay for animal welfare and milk after clustering analysis (n = 220)

Cluster 1 Cluster 2 Cluster 3
Statement Active Potential Conservative
(n=73) (n=43) n=99)

Understanding"® 5.28" 1.98¢ 3.37°
Importance™® 6.20" 5.62° 5.03¢
Influence™* 4.77 5.03 5.24
Purchasing determinants**

Food safety 6.26" 5.54° 5.31°

Label 5.85° 4.79° 4.73

Price 5.70 5.50 5.43
WTP* 4.44 3.96° 2.00°
Animal welfare labeling (%)°

With no levels 19.20 25.00 30.30

With different levels 80.80 75.00 69.70
Gender (%)

Male 45.20 52.10 52.50

Female 54.80 47.90 47.50
Age (%)

= 30 50.70 64.60 59.60

31 — 40 21.90 14.60 22.20

41 — 50 16.40 10.40 3.00

51 — 60 6.80 8.30 14.10

= 61 4.10 2.10 1.00
Education level (%)

Senior high school/Senior vocational high school 26.00° 0.00° 25.30°

Junior college/University 46.60 64.60 51.50

= Graduate school 27.40 35.40 23.20
Living area (%)

Northern Taiwan 26.00° 54.20° 27.30°
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#9. ZEHEHEREYEN AL Z B ~ BV - TR R - IBEINER - BIHER RS RIIYERE T (n = 220)
(%)

Table 9. Respondents’ segmentation based on understanding, importance, expected influence, purchasing determinants,

demographic features, and willingness-to-pay for animal welfare and milk after clustering analysis (n = 220)

(continued)
Cluster 1 Cluster 2 Cluster 3
Statement Active Potential Conservative
(n=73) (n=48) (n=99)
Central Taiwan 26.00 25.00 24.20
Southern Taiwan 41.10° 18.80° 43.40°
Eastern Taiwan 6.80 2.10 5.10
Average monthly income (%)
= NT$ 30,000 35.60 43.80 52.50
NT$ 30,001 — 50,000 37.00 33.30 33.30
NT$ 50,001 — 70,000 19.20 12.50 10.10
NT$ 70,001 — 90,000 5.50 8.30 2.00
= NT$ 90,001 2.70 2.10 2.00

' The mean of the respondents' understanding of animal welfare and related policies.

* The mean of the importance of animal welfare labeling to respondents.

* The mean of the influence that respondents believe animal welfare will have.

* The mean of purchasing determinants while consider purchasing milk.

* The mean of willingness-to-pay.

% The animal welfare labeling those respondents preferred.

“We use 7 point likert scale to sum the values of each selected option and create a score for each respondent.
a strongly disagree, “2” indicates disagree, “3” indicates somewhat disagree, “4” indicates neither agree nor disagree, “5”
indicates somewhat agree, “6” indicates agree, and “7” indicates strongly agree.

$ The average score of WTP. “1” means 0%, “2”” means 5%, “3” means 10%, “4” means 15%, “5” means 20%, “6” means >
25%.

" Analysis of variance.

# Chi-squared test.

“*¢ Means in the same row without the same superscripts differ significantly (P < 0.05).

“1”

indicates

TR SR EIVR R AWHSURERE 1 - 2 K3 svilansafy T EMADHEE |, ~ TBADEES | K TR
HEE | - (ESEEEHEEY T HEYIEN RAHRBECRE IR, T HREEFIEIEE B - TR
B EEaLLS, - TRBSFENEEE,  WIP - IEREREFEEEFEER -

DU 3ty A 2S5 WTP VLR - R BB SRR SR FADH & E N E 2 R > AU g
Z0) WTP £200HA 15 — 20% 0 75 52.78% » MBEEE T 25% LA FHYATT 23.29% + JE SIS E 2 WTP £rh A 10 —
15% > 7 56.25% » MEEERT 25% LA ERIANA 10.42% 5 (RSFEDHE SR 27.27% RN ERZCHEEEEENE
it BEEZAT 5 — 10% B AH 72.72% » 18 A2 SRS 15% ML EREHR - 3R 9 7] REMmADHE & T
WTP i 8 > BN E A R AEREECR R AR S e > XA R A HE SR e S
FEnHF LM R (R B S E g E B e M & M -

T EDEEERR T EEE A R AERRECR 2 IR R A 0 1 WTP 19578 - sREEEfIEE A HE
TR DB E AL B RS Te MEENREETERE - B BIAHE SRS MR
SRS - SBE B RERR R E EHERE » JRE 54.2% BN JEERILES -

MERSFRDHEERR T BB E ik R AERECR 2~ I ERR & 2 40 - (£ WTP 1958 - RREEEf A =
EHEMENRE DU S E I 2 B e AR S E e = (B ER (A -

A

AHERZIEES R T EBADNEE , ~ TBNEUSEE ) kT RTEDNEE > EERADNEEENEYE
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of certification labels and the price willing

to pay for related dairy products
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Abstract

Economic animals are correlated to life’s essentials, while the farm animals' welfare is an important issue. The support
from consumers is crucial to improving farm animal welfare. This questionnaire analyzed the consumer awareness of animal
welfare, importance of certification labels, and willingness to pay for related dairy products through the investigation on
the basic information of Taiwanese consumers, their understanding of animal welfare and related policies, the importance
of animal certification labels, impact on animal welfare, price willing to pay for animal-welfare friendly dairy products,
purchase factors, and preference in animal welfare certification labels. The study compiled data from 220 valid questionnaires
collected in 2020, which results indicated that despite low policy awareness, most consumers agreed on the importance of
protecting economic animals and animal welfare labeling. They also expressed a preference for animal welfare labeling on
dairy products. Moreover, the majority of respondents were under the age of 30 (57.73%) and between the ages of 31 and
40 (20.45%). There were 65.81% respondents willing to pay 5-15% more for animal-welfare friendly dairy products while
21.82% respondents willing to pay 20% or higher price for average milk. In this survey, respondents were categorized into
three groups: active consumers, potential consumers, and conservative consumers. Active consumers showed the highest
willingness to pay for animal-friendly dairy products, with the strongest awareness of animal welfare and related policies,
and highly agreeing on the importance of farm animal welfare labeling. They also prioritized food safety and certification
labels when purchasing, making them prime marketing targets for animal welfare-friendly dairy products. Additionally,
potential consumers, with the second highest willingness to pay, are predominantly situated in northern Taiwan and with the
majority having educational background in at least junior college, representing the secondary marketing target for animal

welfare-friendly dairy products.
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