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BPAARSRI L AREFE e O

T U P

Wl H3H - 11456 H 4 H 5 820 1H44E7 H 21 1

W R

HEE (Avena sativa L) BB EE HA T AEE 28k > RZNAHVIEE - AUTFTLIER AT B2 i
%26 B 43 RyBRiiet - o3 BIEA SN BRI - LORFEIZERHE (0 ~ 12 K 24 /NEf ) B BEEDR IR B -
A [ i B e B U R B R L R iy A i e B 2 P - slBRE BTN - (R E 5 > A [Fldh
RZME Mm% 43 BREE ZMEHESE (CP» 9.2%)  EEZ BL4ELE (ADF > 38.0%) ~ frl484E (NDF - 57.0%)
FOKEVERRRKALEP) (WSC - 3.3%) S & - ARRZUH ZH LA Z CP ~ ADF » NDF k& WSC & 885 » 77515
8.5~41.2~61.7 Fz 3.7% - [E&= ARSI » 52905 2 #27 » H WSC &= % > CP ~ ADF & NDF & &fEA[H
Z AR AR - AR ETH > dhk 26 HATEMIPVIGE R 24 /N HIFEARRE 2 T - BARSZA
e & (2.06%) BLURARZ AEE (0.17%) > dbEwFT (56.5) Hiers) © dhF 43 f%@f%ﬁi#\ﬁﬂﬁ“‘éﬂ 24 /Ny H AL BRI
2T BAREZABEE (3.07%) iR 2Pl (0.04%) BT (0.16%) &8 > dEEYsY (83.5) s - RIS
B fEAREI R DAL & 43 R B I SRS %}uit?”“Z%Eﬂ%Ei’Juﬁﬂﬂﬂﬁ Z FER S YR &
INIIFLBE R Ryfe - Mm% 43 (BN A 26 » AI{E R S H sl s 2% -

REdEE © BPRhinE - FLBRE - P - BEENT - ZE

1

#EZE (Avena sativa L.) BN —FAERERHEY) » BZIBISHIRFEUR IR igvigitila - RESS - 28EE
BUREENERE - ATt S & B K EY)E0fE (Suttie and Reynolds, 2004; Sun er al., 2023) - By [ SFFEBSEESE »
BEREELTTEFNGRMEY) - BIFHEIME G 2= 440 A - HEE EIBERFEE > 2000 FRERZZMIE (=
S B > 2020 ) {EIEHAR B HCE BT M F A A O 2R H AR K H st i - RN RZ B EM SR HALER R E - X
A RBHEEBCR TR > BIESRPREE B2 - 280 - LB A4 H R R E GRS - BF
e (G o MBI 2 B 1T » (H A TRl > R A A e B o B 5 5 AR » I [ RS e
R K2 B KA 2 a8 S RAFaVezE - mEE i E T T AR RFE B E(E (Zhao er al., 2018; Xu et al.,
2022) -

R B A E S5 & 2 F 5K ~ pH & E8E ] (pH buffering capacity) ~ R 1 B fH F /K& M B KL &) (water
Soluble CarbohydrateS) SESHEERN TR  HEERR TGRS - BT Rk S RN Y i 2AHA A 5] T 28 4 78 52
(Kung ez al., 2018) - HiAME » Z2HEH (booting stage) £l (heading stage) HUFEPRVER - HEAEZES
R 2 S EEmMEYIH RS - EIRSHZEAE 27K S H pH &ERE 1581 58k RiFE T
FEBZ HBORIINEE ~ Y E R SR FEE B E (R > 2018 5 Maeral, 2023) - BRESR - FHEE
Aoy~ EirE IR Z A RIS - ALY (milk stage) FEMIEATI (carly dough stage) AR A il
TEAYRCEAI (Stirling er al., 2022; Ma et al., 2023) » ZAM » Sl M B R Y 22 520 G P A T i 2 i i
WA E] > TR B SR E (Ma er al., 2022; BREGTE > 2024) »

FrmH AT ZEERA T8 BREHEA R bDfF%T FI ~ BRE R BB 7UGE (Borreani ef al.,

2018; Kung et al., 2018) - ZAFIRIEEFIAMEEVK T &8 - B#RNEKRE mﬁﬁi‘ﬂﬂéﬁﬁ%iﬁzﬂ?&/«,ﬁ/&?

|

(1) EEEEl B A s BB T I T i 5 55 2833 5f -

(2) BT 2B R A Y& R R 2R e s R S sl -
(3) EESEEN A BT R & o AT -

(4) #EA/EE > E-mail: mmchu@mail.tlri.gov.tw °
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AR - kD SRR IR HIRZYYE RS (Kung er al., 2018) < LRIV T ALELARNIEA FHEE ~ AL SOoA< FH RS (sodium
benzoate) T AR ~ BRI KAGIRE (Clostridia) FA T B I &R AEY A5k ¢ ALEEEEAIIRE MR35
AR FEAERBIEE o [#E pH DUIIHIR BRCEY) A Rl B & &2 (Yitbarek and Tamir, 2014) 5 #4EZEH
(cellulase) BLEEERY AR ANR 73 BB VISR BE 73 fiff Ko RS B2 (L 2R A AT R R SE BRIV bROK L &Y - W EHEREiR AL
HEFTTES » (EfEF T8 (Yitbarek and Tamir, 2014) -

HBTHEG N EENS B e EENEARICER C3 BIEY) » K TIRITRESHN S EE B - AWT7ENU
A AP RSP M i % 26 B 43 RyslBatpiel - o3 BIAE AL A B A - S8R TEZ A (0~ 12 J 24
/NI ) B BB AR IR > PRET R [ A B S R BT U A R S E i e E s (R R E RS
HA L IR 2 2% -

MR T A

I ARIEELfE
S R BRENEERBTREE AT (LT R ET AT ) BEE RS 2 ih & 26 81 43 > 53R ik
2478 (late maturity) 510208 (medium maturity) #EZE o SR 2020 4 11 5 19 HEMA &S L&
alBaH - SRR T R FETEEET (completely randomized design, CRD) » DL 2 dn 28/ F RyakBpn B - Fgfdpa s 4 =
0 SEREE A 8 (/NG NEER S mx 3 m > SRR - SUSAM LS AR AL SRS | 354
HEEHLRE (N £ PO, © K,0=20:5 1 10) 500 kg ha {E RRE0E - AHEFEAL » FIF cP#kEs £ R N T RRE TS
B o i #H AR R A 2 7L 2 (milk stage) BRI (dough stage) » /NS BIAIE] 1 m* » i 281 R #E 5
WHEER R M E Bl E > Firadi -
IL. TEASERY BT HIE
AEEZ - B R ZE R R 2 SR EF AT THUE » iDL 60°C iz 2 M BRI RREZYIR - Hazig
HYRR SRR (ERAEFLES 1 mm ) EFTHEAETRHMEEZ AT HIE » 77 #3H B B &% 38 (crude protein, CP)
fifs e 4 4fE (acid detergent fiber, ADF) ~ H14E 484 (neutral detergent fiber, NDF) Kz /KA Mg /KL &%) (water soluble
carbohydrates, WSC) & & ° 737 /5 7A41F © CP E &2 08 AOAC (2019) 2 737% > ADF K NDF {7 HIE £ Vogel
et al. (1999) DL ANKOM™ 48453 # (ANKOM™ fiber analyzer, USA) #E7T - WSC JHI7E DL 80% JEkE 2 HUEE iz
1 JRE AU PR EE SR E S > AEEE (anthrone) 2 EUZMIE (Morris, 1948) o
L Fhraths
I3 AR 2 TR 2 A [E] 22 PRULTR 2 828 llaE 0 ~ 12 2 24 /NP2 > R % 2 FERAHT)
492 — 4 em> FRILUTFI G RAETE IS - EHIRAH © HirE AR o A - HRrEAIRE L%
7 (Lactobacillus plantarum ¥ Lactobacillus casei » $FE 5 5 2 x 10° cfu kg MRIEEE ) - #HEHE AR &5 ZE
REZEVEIBLSN » F445E | kg » SR 3 R > REOR NS B A&FHE - e S ihradiEss -
IV. FiraEHE
HY 20 g BE% 2 HirEEINZE857K 180 mL » FTREEIE % ARG S 51 HIE 75 irie s (E - FIH AisfE i
Jones and Kay (1976) (V57 EMIEF T2 Lk ~ NiE ~ TR EARSE - FlrinE DL Flieg [LFF5374 (Flieg’s score)
Fm 0 Flieg [(REEm AT HALEE - 28 K T B SASFmH e S AL iR B AL iR 48 & 2 B B H 4vth - B =T
{E{&k Woolford (1984) 55 A UINAEETH » 40 73 U NFRRFIFAIL ~ 40 — 60 73 Ky a7 ~ 60 — 80 73 By dF iV
7~ 80 43 DA Ry 3 T (B BV FE T o
V. BIBSET i
R ER B DL SAS 45 s # S (Statistical Analysis System, SAS 9.4, SAS Institute, Cary, NC, USA) #E {75 /5 4y
17 (analysis of variance, ANOVA) » #I3ZERHE =5 » KR SEEE B DG/ N 7= 5 (least significance difference,
LSD) #/TiRE > Lhi & BRI E ~ M B A A B -

L EEEN AT FRH BT
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SEAHEHIEZYVE ~ CP ~ ADF } WSC & 839 25 in % » BRI R i B R L P 2 S IO ~ #5051
FREE > HEHRHE EREH25#E 2 CP » ADF & NDF S8BT (R 1) - hZ ARG
LR SESI TS RBUR (R 2) » SRR A PERGEZ B T 2R &K 5% 26 8243 577
F524.5 81 17.8% ; MIZHAEZH 24 /NG Z REV)AR B > s 26 B 43 S35y 50.0 B2 44.2% o fhF 26 LIMIZAH
88ZMH 12 /N2 CP & B s ~ ADF J NDF 28 EK - 73755 8.0 ~ 41.1 K 61.4% ° % 43 DUKIZHAL 24
/NI CP & fim ~ ADF J; NDF & &l > 43005 9.8 ~ 36.7 F 54.2%  {EAHFEIZEARM T > Wit 4& 2 CP &
EEFFERIH 2 ZRABE - SR S BES R - Mm% 26 L 12/ Z#ZUH CP st
FLEY ¢ gk % 26 2 ADF B NDF S84 F R 2 2 R A B - L% 43 2 ADF 81 NDF S8 R LA
SHROIRY ¢ dng 26 2 WSC 2 EFRZEH 12 /N LUZVHE R A2 HEREA RN 2 RABE > i
%43 Z WSC S 2R LIARIS P PE o FEMFERG T - BEEZ B i - 52VRE gt - E CP -
ADF } NDF S 88 AREE > WSC S ERIIF(K -

L BRI R = AR S T AT Z H2 VRS RM L B il o Z St = R

Table 1. Statistical significances of cultivar, maturity stage and wilting time on dry matter and forage chemical composition

of oats before ensiling

Source of variation DM’ Cp ADF NDF WSC
P>F
Cultivar (C) <0.001 <0.001 <0.001 <0.001 <0.001
Maturity stage (M) <0.001 0.003 <0.001 <0.001 <0.001
Wilted time (W) <0.001 0.062 0.173 0.294 <0.001
CxM <0.001 0.006 0.035 <0.001 <0.001
CxW <0.001 <0.001 0.021 0.006 <0.001
Mx W <0.001 0.001 0.037 0.097 <0.001
CxMxW 0.007 <0.001 0.002 0.057 <0.001

" DM, dry matter; CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; WSC, water soluble
carbohydrates.

IL.

ELa & 51 30 e S e 2 AT AR R B LA Ry 2 8 (R 3 ) » R A 43 EAR S 2 CP & &
(9:2%) » WK ZHZH% (30.1%) ~ ADF (38.0%) ~ NDF (57.0%) 5z WSC (3.3%) & & A [E A 2 o] DU
HZWRE S (38.4%) 0 {H CP ~ ADF ~ NDF k¢ WSC & &AM S > 575k 8.5~ 41.2~ 61.7 52 3.7% - fEE
ZE RGN - 5ZYRBE $291 0 {5 WSC & & 1 > CP ~ ADF J; NDF 2817 A [EZFE AR REE 2R -
NEFHEIE I MR F I S EY 2 8 E

br T 38 2 NEE 2 BN 2R mA T REZES) - #BF T2 pH ~ RN & 2 kan B et ig8E 2
F i Z ~ B ~ BT R 2 R ] 2 A EUTE ~ SR ERER A (R 4) o Rk 26 B 43 2R ERAK 24
NFFEE EFTEAREmERT 0 iRy 55.5 81683 » HEITEBREARS 2 AREE > H4M - N
B 5 T B B3R (% 5) « 28 Wi A FLAHAHRES 12 /NIFDAN Z 0 » S8 F T e (R 20 - H
#lEe 2 Al EIBERK (< 0.07%) » Ll - Wik T e EgdEis - mAEERAEAT » BEZE AR
Eh0 > W AR 2 LB B IS 2 Al S BT 0 BRin & 43 AL PE R WEREE N NS - Hékz &
B~ WEE K T B EH0EE - FEEEZ AT - P2 W AR F I 28 - WK T B 2N
A HHIARSEEENAAYN > RMAAS S FramEs T (£5) -

Pl £ ~ B ~ BRI R AR 2 & ERE R E R EEY SR E 2B (R 6) 0 i
IR F 43 BRE S Z L8k (1.25%) BT 1 (2.63%) 28 HHEAE S E (0.96%) JRig s » K E AR 2 5T
TEREST (34.0) o R [ERCHH 2 I DI RUHE AR S 2 Ak & & (1.48%) ~ BK2 2% (0.58%) ~ A% (0.35%)
T (1.75%) &8 » EEIER S (44.3) « BRI RERFEEE T - BARS 2 AR EE (1.28%) -
K2 ZF (0.96%) ~ NE% (0.41%) F T B (2.26%) & & » HEWERE (39.0) 8% S R 2 B F T
(27.3) - BEZZ EIFMEEN - MEFTRIEER 2 20 - Witk T leaE T > ARSEN > FiraEsEs78
e BEE e -
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3. dhE o BN R R BN AR YRR B R oy 2

Table 3. Effect of cultivar, maturity stage and wilting time on the dry matter content and forage chemical composition of

oats before ensiling

DM’ CP ADF NDF WSC
% % of DM
26 37.2% 7.4° 42.2° 63.1° 3.6"
Cultivar . . . .
43 30.1 9.2° 38.0 57.0 3.3
' Milk 28.8° 8.5 41.2° 61.7° 3.7
Maturity stage b b b b
Dough 38.4° 8.1 39.0 58.3 3.1
0 hr 24.7° 8.0° 39.5° 59.8" 43"
Wilted time 12 hr 35.6° 8.5° 40.6" 59.9° 3.0°
24 hr 40.6" 8.4° 40.2° 60.4* 3.0°

" DM, dry matter; CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; WSC, water soluble
carbohydrates.
* Means in the same column with different superscripts differ significantly (P < 0.05).

T4 dhZ o ENY - R R Z AR RS T Z pH ~ SR MEREIIR & B B rRE G R REE T

Table 4. Statistical significances of cultivar, maturity stage, inoculation and wilting time on pH, volatile fatty acids content

and Flieg’s score of oat silage

Source of variation pH A P B L Score
P>F

Cultivar (C) <0.001 <0.001 0.152 <0.001 <0.001 <0.001
Maturity stage (M) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Inoculation (I) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Wilted time (W) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CxM 0.016 <0.001 0.049 <0.001 <0.001 <0.001
CxlI <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CxW 0.010 <0.001 <0.001 0.726 <0.001 <0.001
MxI <0.001 <0.001 <0.001 0.003 <0.001 <0.001
M x W <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IxW <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CxMxI <0.001 <0.001 0.028 0.471 <0.001 <0.001
CxMxW <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CxIxW <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
MxIxW <0.001 0.001 <0.001 <0.001 <0.001 <0.001
CxMxIxW <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

" A, acetic acid; P, propionic acid; B, butyric acid; L, lactic acid; Score, silage quality of Flieg’s score.

HIZ% 6 BUR » S5l S e 2 Bl B EE ER AP - Mm% 26 J7H > MPVHEIR TSR -
H pH -~ #REFVEREINE & B R S E R B 2 B F R R S AR ] 2 SRS ~ BRI BB R (R T)
FRU M B AR P > dn ks 26 T Z LB (0.87%) ~ PIl% (0.80%) K THE (3.08%) S & s A=
(0.05%) Ff& - dE R AR (19.5) - &0 24 /NEf HEE AL G - A RS 2 AR S E (2.06%) Sl k. Ak
(0.17%) » HAERFIT (56.5) i © ahZ 43 EMFIENT Z pH ~ VAR & 8 K E 5 TR 8IS 2 2H
Tl 2 Rl B S R R ] SXENSSUTE ~ 5 51| SR B (R 8) - REEZ M HIR AR M T in 43 T 2 L (1.05%)
EAPIZ (0.86%) ErE s © AEEEE (0.06%) F(K > SERFII R (K (18.5) - 482 24 /\Ef HIFEAREE > BA
Wm 2 A EE (3.07%) ~ (R 2z (0.04%) 1T Hz (0.16%) & > HianEe¥sr (83.5) f&f&

i

o

L
(o

(51

7NN

=l
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6. fmF o PN I KR RN TR A I pH ~ FER RS & B K Flieg 5V 250 &
Table 6. Effect of cultivar, maturity stage, inoculation and wilting time on pH, volatile fatty acids content and Flieg’s score
of oat silage

pH A’ P B L Score
% of DM
26 5.4% 0.93° 0.59° 2.18° 0.84° 32.3°
Cultivar
43 5.1° 1.25° 0.57° 2.63° 0.96° 34.0°
Milk 5.4° 1.60° 0.81° 3.06° 0.33° 22.0°
Maturity stage
Dough 5.1° 0.58" 0.35° 1.75° 1.48 443
CK 5.4° 1.22° 0.75° 2.55° 0.52° 27.3°
Inoculation
LAB 5.1° 0.96" 0.41° 2.26 1.28° 39.0°
0 hr 5.2° 1.74* 0.73* 3.73° 0.07° 17.4°
Wilted time 12 hr 5.3° 0.88° 0.57* 2.14° 1.10° 34.0°
24 hr 5.3° 0.65° 0.45° 1.34° 1.55° 48.1°

" A, acetic acid; P, propionic acid; B, butyric acid; L, lactic acid; Score, silage quality of Flieg’s score; CK, blank control;
LAB, inoculation of lactic acid bacteria.
* Means in the same column with different superscripts differ significantly (P < 0.05).

S

R 7 RN E G2 FhniE ~ R R R RS B R AU R 2252 %8 (Kim et al., 2006; Coblentz et
al.,2012; Ma et al., 2023) - Hameed et al. (2014) IHFTER » #EAEHH[E 2 BGRHHE - Sfdfs e 2= REnid gkl E
HIR[E » HESRKEN SR HRER B2 eell - Bk Ees - Bte 2 TR B S5 R/ ME g i 722
R BRI EEE - B ER BRI E R E AR S 2 CP a8k HEEEE - Bk
HELEE o HAh BRI HER U - AR mEEEE S SRtEEE R R HE A B A — » @RIy £ 08
PR Ee R RGP A [E - MERCE B A R AR AR M 2SR E (Chapko er al., 1991; David et al., 2010) « A
W7E2Er 26 Bl 43 2 & o) B AL 3 7 N B REEE (maturity group) @ (HRGm# 43 R BUEEHIRS (&
BhE AR ) IHEIBGH T LM & 43 2 8RB (R 2 kE3) -

FEZTERACVEE RN - 2R CP & & 2 HEEIRIK (BRECTE » 2024 5 Maet al., 2023 ) - {EROHIESEH (grouting
stage) Fil * #2482 ADF Bl NDF & 85 2 25 - EFNHEER TE % - ADF Bl NDF & & & RF kL Sl Kk 7K
L&Y EFET S N7 (P RZSE > 2024 5 Stirling et al., 2022; Kiligalp and Tiirk, 2023 ) = Swan Fi Saia 28 WSC &
EATZHEI (boot stage) FIELIg A - TR RIREZ B0 R B2 Mg 0 (BREE > 2021 5 BRKSE » 2024 )
{H Stirling ez al. (2022) L\ Cantara #e 281 Taklg - H WSC & & B 2R T » (EAPHREA T - HiedEhE
E AR R HNm PR - BUR iz R e Gl ki 8 2 R [E] - A5 2ai#28 2 CP ~ ADF ~ NDF k& WSC &
S AAIAS O (£ 3) > HRAE R BT ABHSEHEET - 2807 > Coblentz er al. (2012) DAAR[E B REEYHZR (spring
oat) #E{ Tl  HAMEIRAE A= g ik ADF - NDF RAEZ S EAE » H CP & & - NDF LR KIEADHL
BOTRE > AT A BIAAITAS AR - SR I LA R A 2 S IR T i i & M LB i oy 2 S B A
[A] o $E4h - FEAEERGAT - AT 2al#28 2 ADF 81 NDF & 8308 S T AIHST - CP Bl WSC & EH8E (&
JZ30 0 2024 ; Stirling et al., 2022 ) » HEMIBRSAEEZ Hh > FEIERA - FeBF RG> R - WOHERS 2 Rl fe & R 1
L2 A RSEURE (Kim et al., 2006; Kilicalp and Tiirk, 2023) 32 SR EE 25 2 [N ZR -

ZRANFERIEEEKE - EERIYREHE-N B FET - (HIE SRR LA R T8 - Gomes
et al. (2019) i Liu et al. (2020) WH5E98 » Z R E S (51 #2¢ ADF 81 NDF &&=/ > {H CP 81 WSC & &
W% o PEEZ B I0  RiHR 2R 2 WSC &8 % » BRTETHHTT » {2 CP ~ ADF K NDF & &1~ (5
ZHEGE TS AR (R 2 KR 3) » ARSI ITARE > 4181 Saia #2857 ZMaEasE RAEM (K%
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2018 ) = Rotz and Muck (1994) $5H » Z£JEETE F 8 RY B R 3 &2 B RS B AEY) 2 W AE 22 » T2E WSC
Feefig > EURG TR /KA R WSC > 2 NP0 F BB K RN AT E XU e » 2 EIF R iy WSC & & mTREEER
KEZENRN ; CP - ADF ~ NDF JARE 22 E A W0 [ i B S S /KR R BORE R Il W& E R T 7R el A
HIRESEERENK - M - EEAMAE SN ERS 2 2B THAEE » RNEH b B B EEEN I (Kuter
etal.,2023) ¢

MBREN MER R ZR > BB A AEMERF I SEEYELE 2 258 iz
Y% - WSC & & KA RS pH 48 &85 ) 2 RIRH G1F 2R € H i i i B W E 2 A & (Zhao et al., 2018; Ma et al.,
2022; Stirling et al., 2022) - Fy | SR EEEETE RAF 2 FHT - RARMEY) 2 REYPR B S#E Fy 25% — 35% » BZ%0H
1 (< 25%) ShEE £ 2 0 B IR (Clostridia) (U FLIE 34 R T BRAUHER > MEMIE ARz E IR © RZY)%A
= (> 50%) R e PR 3R > B ER SR EF T pH R 5 T (Kung ef al., 2018) - WSC & EJES T 5%
{50 LI I 3 T 2 ol AL T D P (X A 7 pH. (McDonald et al., 1991) > pH 4 {EAE JJHIFE(EH 250 mEq kg' DM » FiJjf
AR Y3 B FERE 1% 75 T pH AT PR TR (Kung ef al., 2018) o AW Sal #2088 AL BH 2 BT e 1 8RR 40 77
(F£5) HiFrpHEER 5.0 NRE THREERS > CERKE/EE Y TR E19E 4.0% D EHARES 883
R (< 0.1%) > BURAEATE I E SR A AR E 55T > [LEL Xu er al. (2022) DS /KRR T T 2 45 51
FEAEL o BEAN o FLANHMERACSEE 12 B 24 /NIFifE o] 2 5] BT 5 2 B2V #E (R 2) 0 {H WSC & EI4K (< 4%) >
OB HoAtl I - AR 2 pH $E1ETRE JT8L S (Stirling et al., 2022) » #ENI{ESZF] pH & {ERE S8 WSC & &
AT BN SE RN E IS E A E (R S5) -

FBEENER T 2RZY% - WSC &8 K pH S &R ) 2 2285 > BEEFIFIFRER (60 — 90 X ) » BI{#
BRI BEEIRGE > EMEYHIESE T~ Sir o ARSEWE T - 28 - Wik~ TIRKEESE NH-N) &
B FTF > SRR Y E R4 Y (Cheng ef al., 2022; Sun et al., 2023; Wang er al., 2024) - AtEG > F5HrHG i
5{EA > FiroWRE TRER (R 5) WEESNZEFIAAR - BT R E IMEE SR ERATER (Kung et
al., 2018) » {£ pH REEFFZE 4.2 DUT (3R 6 ) tLEELIFRHIR B - N REIFEE T NME S r s
BIFE 2 NZ - BRI AR E SIS S YR SRR & B o E -

TERAPHA T T » #e 2R i £ 26 B 43 R RECFE I 2 RZVIZR 7 Ry 29.4 BL27.0% (£ 2 ) » BT EFIRIFHITZ
HYIREE > HEIERIIABE - Fir2 pH &1 5.0 ~ TEEE 8 3.0% ML EHAR S BEEREK (< 0.3%) » &
HTREor oy il By 21.5 81 22.0 (R 7 )32 8) » BUTVREN ST EAER SR EITHE R R2RR - B2 B
HRHZY AR E 7 BT > BEZR WSC S8 (3= 2 ) » (HE I e 2 B 1 LHEAEE 24 /NS > [
26 H11 43 7Y% 53 HIEE 50.0 81 44.2%  FHHTEE I 53 Sy DA R (R T MFR 8 ) BUREESHMEF I EN
TR T w25 PR i B NN ERES (R 5) . ERYRR S 2 N EE G E i - hed
Kuter et al. (2023) DIZEH 77 FH8 2 R FATFIHZEAHLL o Bb4h > FESRZYPR T - ABREEIRII 0T B e S i 2 A
faa BB Ry > UH R £ 43 &850 12 B 24 /NI H B 2 B TRy 47 A a] 2 79.0 B 83.5 > SOR[E]fh £ i
AYE AR 72 22 v] E 2K B A B RHM B ER R o3 BLW A KT ME RS 2 EAH R [E] (Zhao er al., 2018; Yin et al., 2022)

By THEBIAR L9 B o T AERRARTE ACRRES ~ BRI R sl BRI ST (555 > 2018 5 BR%E 2021 ;
PR KZSE » 2024 ) - (HEINZZSHE SRR B E 9% > RERESREmESSERNE - BRERRIE » &
(R FRAT A A B AH B 9T 2 MR 28 Ry BN E B AE « BRC ST (2024) WEEEUR » Swan B Mount one #e 28 2 F i i E
LA H (boot stage) FyffF: » Saia #HARAILIHHTEHA (heading stage) Z FH T E G fE » {H =2 E 2R BB AR
RV B LME Ry AL PHE AT . 50% © & B S E I E - DIBINE K 2 #5426 £1 43
Rkl - FEE R ERE YRR R - oS RE R EE A aE  nA g
B2 LERREN -
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Abstract

Oat (Avena sativa) is a nutritious forage that can be locally cultivated, and is well accepted by ruminants. In this study,
two newly developed forage oat lines, designed as Line 26 and Line 43, were used as experimental materials. Both lines were
harvested at the milk and dough stages, and subjected to different wilting durations (0, 12, and 24 hours) with or without
lactic acid bacteria inoculation to investigate the effects of harvest maturity stages and ensiling treatments on the chemical
composition and silage quality of oat. The results showed that, in terms of forage quality, line 43 had a higher crude protein
(CP) content (9.2%) and lower levels of acid detergent fiber (ADF, 38.0%), neutral detergent fiber (NDF, 57.0%), and water
soluble carbohydrates (WSC, 3.3%) as compared to line 26. Between the two maturity stages, the milk stage exhibited
higher contents of CP (8.5%), ADF (41.2%), NDF (61.7%), and WSC (3.7%), compared to other maturity stages. As wilting
duration increased, dry matter content increased accordingly, while WSC content decreased. However, CP, ADF, and NDF
did not differ significantly among various wilting durations. Regarding silage quality, Line 26 oats harvested at the dough
stage, wilted for 24 hours and inoculated with lactic acid bacteria had the highest lactic acid content (2.06%) and the lowest
propionic acid content (0.17%), resulting in the highest Flieg’s score (56.5). Similarly, Line 43 oats under the same treatment
conditions exhibited higher lactic acid content (3.07%), and the lowest levels of propionic acid (0.04%) and butyric acid
(0.16%), achieving the highest Flieg’s score (83.5). Based on the results, Line 43 demonstrated superior forage quality
compared to Line 26 at the same maturity stage. For both oat lines tested, the best silage quality of Line 43 was achieved
when harvested at the dough stage, wilted to a higher dry matter content, and inoculated with lactic acid bacteria, with Line

43 consistently outperforming Line 26. These results may serve as a useful reference for optimizing oat ensiling practices.

Key words: Forage quality, Lactic acid bacteria, Maturity stage, Oat silage, Wilt.
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WefFEER: 134510 H 8 H 5 2 HB : 1I4E-8 A1 H

W R

TEEM LR E R ELLP T HE S B OB R 1RSSR R Z 2 — o ARBFFELL 100 AL 4 #EfE R 3 F Ral Ba g
Yoo CEESE 30 ~ 35~ 40 ~ 45~ 50 ~ 55 J 60 BT 2,243 FHfEE(E RIS LN EER o B R MEACRE
PRI 7 1 B T i $14 17 7€ (Komipetitive Alllele-Specific PCR, KASP™) #4f » 2 i HIff £} 6 2 OCX-32 ~ OC-116 -~
OCX-36 ~ PLCZI ~ ITPR2 ~ IAPP ~ ABCC9 ~ KCNJ8 f1 CACNAIC 5 9 (| o] §E Bl 25 %0 5 & ELAHRA MY LR 2 SNP & -
[ SAS &rat oy AR ae 1T 5 R R BV g BRIV RABA I 534 > 6 DA Bonferroni A i SR #EMT 2 EEIGEM IE - shBnss
SREUREL P TR LR EE Y ES 30 ~ 35~ 40 ~ 45 ~ 50 ~ 55 J 60 HEZ 5 EEWLRMT £ 88.1 ~ 90.2 ~ 85.4 ~ 855~
80.7 ~ 72.9 7 68.3% » H %5 55 B 60 #E i FE E M LR EE 50 HESEEZE T % 7.8 81 12.4% (P < 0.05) {355 SNP
WA B IR T2 TR A BB 14 47 BT 30 4y 0 B3 OCX-32 FE A A type T BEZ 2T 5.3% 2 HAMHIE S B EX
(P < 0.05) » GG 22.3% AR A E RS (P < 0.05) - ZA(1 - Hek 8 (EREEREZIEEEMR LR 8 BR
BEGGETREAE KR » AR > FFFERCE SRR IR E R S Bz e EL N SNP BEATHIRABAME 3T - BBe8 OCX-32
R <2 KT SR LR R B TR MR 2 S BRSSP B AR o I s -

RS - &DOPI g - b - (AN - BRHIRBEZ RN - SRS RERE 2T AT HEHR E -

1

TEE LR R AP L # (I 4E B BIEOR SR N R 2 — » WIREFET 0.1% HEEWH LR - ) rEEH A E
FET IS E ZH0RE o WA R R L5 E S FEV AR B AR (Nowaczewski er al., 2022) - Bennett (1992) W52
FRIE P O AR S LR R0 2 - &5 L35 Arbor Acre Jz Hubbard p FH PAIREE 26 [E 2R AR YA [5] 78 B e A A
EWHEEEST A Fs 84% (30 — 35 L ) ~ 85.8% (40 — 45 fHi ) ~ 84.1% (45 — 50 e ) K 75.3% (55 — 56 s )
B BTN RO 2 TSRS (L% (78.4 ~ 82.6 ~ 77.2 2 65.8% » P < 0.05) ° Liao er al. (2013) ifA5t4lifdi& 54
T % (pureline Rhode Island White layer) 25755 ¥ B W LRV AL » S5IRTE B LR B R HAE ST 8
Z1EAHRA (r= 0.3, P <0.05) - 3l H S L2 (S0 90% ) BRI LA (K7L 75% ) FEERIEEE 6.2% (316.60 £ 4.42
vs. 298.23 £ 10.79 pm » P < 0.05) - #74F > pHFH HIAZE (Ross 308 broiler, Aviagen, USA) HEE 25 — 54 HEESH) ZiETEE
M B2 E2E 90.4 — 94.2% (Damaziak ef al., 2021) -

(TR B (EEHAS ) 5 2001 SELHARIRT - BT PR - BT S AR R T R
REHITZER R T 2 MERE A NGRS b 4s SRR AL - B B B ) - B 2 WS T B W B3R 7 A1) By 84.5 Kz 86.1%
(255 > 2001 ) - FRSE (2008) AEE L HEA FEIECH G ZEEZHER - LR RIREIE TR 2 LI - 253R4L
PIEFE - B FE - P EURE A #E i £ (NCHU-DL2) k& el - % (TLRI-B) 2 &2 k5t E WL o3 il &y 62.0 ~ 57.2
75.7 2 68.7% < f1 (2013) A28 1 % #e A8 & o B B L 2 WO T 9T > 45 SEEBURE S #E (Hua-Tung chicken) ~ {5
Fs %t (Hsin-Yi chicken) ~ 7TI% Z (Ju-Chi chicken) ~ 49 %f (Quemoy chicken) ~ #4152 Zf (Nagoya chicken) Kz £ 15 &t
(Shek-Ki chicken) FFEZEMF(ER 457 H By 88.8 ~ 87.6 ~ 88.5 ~ 83.6 ~ 87.4 % 83.1% o 4 uliifigeisfa s » 28 12

|

(1) B E TR & 28 2834 5% -

(2) B E E SR P A A -

(3) MR AT AR AE -

(4) BITLHE KRB A YR B E R A -

(5) BT FERRHE KR E YRR FE A -

(6) #EN/EE > E-mail: lin0429@mail.tlri.gov.tw °
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62.0 — 88.8% FeH AR (LA AHE PG I 1 A 90.4 — 94.2% FEEMH bR BIE - BUREE LM ER LRMERERBUYA
HUEHYZE A

BN 2 MR YRR PR RE UV EE B T . 2 — © Chakraborty et al. (2022) 5 AL REERERE AN A AR ( BV Rfi
ZEFEVER ) ~ 58 (BRI ) R E A (BSE ) SEYiErEse R I B EUUE T IR 15 — 44% ~ 23 — 91% J2 20% -
TR 9 Wl GBI OCX-32 HEIRMSSE A A AR ISR WO RMER AL — (Takahashi et al., 2009) = OCX-32
HL[A exons 1, 2, 4 7 6 Wi 2 BAZE kAL 2 REME (single nucleotide polymorphism, SNP) 7 HJ A2 /&7 &R Rt E 2 [
s o 0 H A E R SRS PR B IR Z 275 ()% (Takahashi et al, 2010) = Mann et al. (2002) $5t OC-116 £5A
AIRETE R B AR R MR B S (2 BE LN 2 — - Dunn et al. (2009) S OC-116 F5[A] exon 4 &5 2 SNP A BHE L BHERRL
JFE ~ BRI ABU ERFE B E ER A TERER IR (P < 0.05) » Cordeiro e al. (2013) 3 OCX-36 F:[A] cDNA 55
211 AL B A — SNP &5 Bk fH B E Y 2 FE G 88 (proline/serine) - i ¥f B 2B HN P18 w (04 & ER B (Staphylococcusaureus
ATCC 6538) [\ AR R RE R E1 A B 72 5247 AE (P < 0.05) © Li et al. (2021) 3 f 2 L [N 4HBE M 7 17 (genome-wide
association study, GWAS) /% 839 € [47fiii (White Leghorn, WL) fIBE 4%k (Dongxiang, DX) 38 F2 (e 2 E 74 RES
PEAEREMYALN - 4SS EEEEEE 1 SR (OBE E1Y voltage-dependent L-type calcium channel subunit alpha- 1 C (CACNAIC) ~
islet amyloid polypeptide (IAPP) ~ inositol 1,4,5-trisphosphate receptor type 2 (ITPR2) ~ I-phosphatidylinositol
4,5-bisphosphate phosphodiesterase zeta-1 (PLCZI) ~ ATP-binding cassette sub-family C member 9 (ABCC9) K1 ATP-
sensitive inward rectifier potassium channel 8 (KCNJ8) %5 6 {[E|{ e R BRIV £ SNP Bh{ly v B2 52 B R ik R £5 45
-

$8 T M AT S B R B B S T 8 R EE (Kompetitive Allele-Specific PCR, KASP™) F1fi2 FH LGC /A 5] (Laboratory
of the Government Chemist, LGC, UK) [ &% 2 ¥r—{{ SNP ERA Rl » T A =i & « REERR ~ {RRA K
FERRL SR S (B WD IEFERE (Seo er al, 2016) » 14 (Zhang er al., 2020) B4 (Astuti et al., 2023)
S5 T RERRBN SIS - KASP™ AP b SR T A IR 5° b5 E1 %549 FAM/HEX-labelled B2
B 3° Ui oy il e Pk 28 R AL 2 5 [ M1 — B S 505 [ 5Pk 2 primer mix - S AR W RS [B] 22 a RS Y W9 R
quancher f{JIf{ & e #E ST master mix - {7 BT PCR {3 52 1 » 751 F BITHF 20 50 1% 2 T & 53 17 6% (StepOnePlus™
Real-time PCR System, Thermo Fisher Scientific, USA) Wz 5 {5 JH & FH %} & PCR FE W #ES 8 Com g » DUAHE R R A
(Semagn et al., 2013)

WIS EAA KASP™ SRR AR » ol SR BT 9 (PSRN SNP BA - 37 ST
R SRR LA » W 57 R ISP R LR (genetic marker) » RSN
(LRI MBOERCR -

M T A

AREAER I BB & e s B A 28 (B A B AH T o B B W LRt B L R 7 B PR A g M BRI M o0 A - 5B
BN REENS > fBEFY 2 - g BN ERREE ERXBEREYE R/ NIEERBEEFHET
(IACUC &g+ 112-34 5% ) -

L sEadhyBlaa e 7y
DLRRIEHIS E R ERE 15 % 600 AT BRRRAIER B3ABAIREE - SSHUBETL 100 7R BR (T REEEWR(L
feodl > HEABRHARINE 30 2 60 8 B ffE R EESE T slbn A S P R Eig S d i EaE 1 -
1L $RIf0 R AR A DNA ZEHUR &6
A9 B e 5B B BT A ARER 19649 0.5 — 1.0 mL + 7 A K,EDTA 5161 % (BD Vacutainer” Blood
Collection Tube, Becton, Dickinson and Company, USA) » JE&1&ALELRHE DNA (genomic DNA, gDNA) ZEH{#F -
L gDNA HuHiZZHy &40 (EasyPure Genomic DNA mini Kit, TransGen Biotech, China) ZZH{ER Efi & &t ¢DNA 7% » &%
SR AR Tris-EDTA 48Reie  FIRTRIE - FEAIAIR 396 C34 (NanoDrop™ 2000 Spectrophotometer,
Thermo Fisher Scientific, USA) JH|TE gDNA JEE » B F& B IZAE OD 260/280 ratios & 1.8 — 2.0 (1 gDNA » i
TR Ry 100 — 150 ng/uL > f#E{F PCR [ZJE 7 54 -
L. SRR FE (SR . KASP™ SRR 772
W2 s 2 AL [ S (7 5e FL [ 2 SNP & FAZ RN » %A% 2 (Dunn ef al., 2009; Takahashi et al., 2010;
Cordeiro et al., 2013; Li et al., 2021) - KASP™ HIZEF|F FAM (- 520 nm ) 5, HEX (- 610 nm ) Z5¢AERC5 [ T 5
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A [FIEEAEE SNP LA A R AR E L - 40 &850 I FAM A HEX BDOEfUR REEOALE - MG IR 20
FAM/HEX BUHUR Bkt - OCX-32 8 PLCZ1 BENIVZOE A NEE - RIS (A) SRR - fnEne (C) 48
GRRBEALE - AC KGRI R4k - OC-116 BERWVSUEERNEE - CCAGMRBER  BHEITE (G) fia R R4l
> CG SR R4k D - OCX-36 LRIV ENEE - Hopingie (T) i afl HEE T > CCHiGRI MBI - TC
G Byl o ITPR2 BRIV RENEE - CCHAGM RS » TT MER BHALE - TC FE& i Kkt - 14PP 5
NI EAENEE - TT MEM BE G > CCAIEI BALE » CT MG Bikth - ABCCY 1 CACNAIC ERHIAL
BEREE - GG HiaiBE®  AA MiEARALE - GA FESAIRALE - KCNJS RIS EREEE » CC 4

ERIGE D AAMERIRALE » AC SRSkt (B 1) -

1 obaeEang

Table 1. The composition of the experimental diets

Ingredient 0 lStstjvgest 4 z dés tviiks 7 imzzs t;rﬂlvgeeeks 9 N mz?avffeks 245;;1?—
ME, kcal/kg 3,127 3,248 3,232 2,823 2,933
Crude protein, % 19.96 18.63 18.22 14.87 17.28
Crude fat, % 7.77 9.31 8.58 3.91 4.90
Crude fiber, % 2.33 2.39 2.40 3.21 2.37
Calcium, % 0.85 0.80 0.72 0.90 2.53
Available phosphorus, % 0.25 0.23 0.23 0.40 0.29
Lysine, % 1.18 1.09 1.02 0.72 1.00
Methionine, % 0.41 0.44 0.44 0.34 0.38

IV. EEEH b S SRR E

BRI 855 (5 FH e FH WALt £ (Super J, Jamesway Incubator Company, Canada) #EfTREERFLIESE > 550 — 18
RWAEIRE Ry 37. 7 CAHENERE 80% > 55 19 — 21 RWHLIRIE 37.2°CHHENRRE 70% > FA565 18 KEFTIREE » YdEs
SRALP] T 2R R HERESS 30 ~ 35~ 40 ~ 45 ~ 50 ~ 55 7 60 MEEGHERLIEBIE 21 ROk - HUURERmESER - i
&~ RIS E TR s Uk o W 21 RECERBEAER R H A il H S Bag Eokt -

V. {BBEELA SNP B EE LR BRI BRI M 0 A

Ry o3 At 100 G241 1 2 REZEAE A [F) 78 HEL (30 ~ 35~ 40 ~ 45 ~ 50 ~ 55 Jz 60 e ) R Z A5 E P LRIV 2=
F o KRAFTER A GMRE G154 (linear mixed model, LMM) #ETT4EET 7047 © FTA ST/ HTEI(ER SAS &iatirifik
#4 (statistics analysis system, SAS 9.4 TSIM6, 2016) (1] PROC MIXED fEFF#ifT » FRETI - YR E BlE 3
JE (fixed effect) » DARTAd A [G]HF T BE S WA LARAVRZ B o T R EE R4 8% 0 Fo BT XL (random effect) » DAf24H]
{EESEIYER T o A4S SR DA/ N J7391E (least squares means, LSMeans) 237 - 3¢ F] Bonferroni jA#ET T E L
BRI AP S — BUSH AR o
{25 RR IR 2 FEPRI Y B 2B 7 B3R 2 AT M50 AT DL SAS 45T #T8ES PROC GLM #EF T— %47 41 2L (general
liner model, GLM) 734 » %5488 S8 5347 (analysis of variance, ANOVA) ZERHE 72 5KAE (P < 0.05) » Al BUER/ V-
JrEELE R FRAH A2 52 0 H 28 Bonferroni A% e SR T 2 B IE ELEL AR IE © BRI A0 T
Yj=utGtey
Y, Rt EARHIEE
n REERSIIME
G, Ry RN B E
e FYTRAERNE
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RETE KB

SRERE  BISRFR SR

e

ML KASP™ Fyffir i B AR AU M52 - R A R b S Mt B B PR B TR A 88 2
2021) © AWFFEEIIEE T KASP™ £ R AG IR i
B y Bl [RIEDE e ] PRSI oy

SR EEEYISERELL SNP 53Tkl Bh B 75 -

L

N

Pt 22 1Y ¢ ZS F18% [ (Chang et al.,
9 {l&lfip BEEL PRI R [FIELRIAY ([ 1) > RIEIAYERIBIREE x Bl
> Chang et al. (2021) i KASP™ J5 K808 Al 858 7 JE — BRAIEG H B R
E%ﬂ’fﬁé (PCR-RFLP) R AE R BeE st B - LRBIAE IR 2 FE AR E AR 100% A  RiL » KASP™

OCX-32 0C-116 OCX-36
AA " cc 2 iEEaeact
2%
e
CG  ar
i AC
CcC :
: G GG : cc: ]
PLCZI ITPR2 IAPP
. CC : T
ac TC Bl
R
cC ’ TT". CcC
ABCC9 KCNJS8 CACNAIC
B e 2R, -
?' GG R e'e L
GA
e : I
AA Y

1. KASP™ SLDRIL RIS 4 O (I3 (st BEDRIR 53 TR -

OCX-32 ~ OC-116 ~ OCX-36 ~ PLCZI ~ ITPR2 ~ IAPP ~ ABCCY ~ KCNJ8 il CACNAIC FRAHLRRILE S HZIERFHIH -
X GUR 7 A FEKPHY HEX ZOEAek (A0E) 0 Y BhEUR TR [EZKFAY FAM 80636k (E) - Bl BB ORI
VRN BRI RN FERSE T FEEC skt (FAMHEX) HYEHEG T - JREOEZE g BIREA -

Fig. 1. The genotyping cluster plots of nine genetic markers by the KASP™ assay.

The genotyping results of OCX-32, OC-116, OCX-36, PLCZ1, ITPR2, IAPP, ABCCY9, KCNJ8, and CACNAIC genes are
listed sequentially. The X-axis illustrated the different levels of fluorophores HEX marked red, and the Y-axis showed

the different levels of fluorophores FAM marked blue. The genotyped samples marked blue and red color are different
homozygotes; those marked green (FAM/HEX) are heterozygous. Black is the control sample.

AT 100 SAT°0) + HEREREZERYES 30 ~ 35 ~ 40 ~ 45~ 50 ~ 55 [ 60 Ml - $L5f 2,243 M5 - S\ HRIE
TR ~ 5 E - FIHEE TIERHEE P IE - SERRRORH R S FEBIR R0 3 - SRR E
99 FEMENF IR - 2,144 IR - 136 FFIRH L L& ~ 92 MENG IR L P b 2R - 11 FRBREEMGROR Y - DU 1,905 B8
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BN S R R4 8% -

K IEE e 2 E L 2 MR R AT&S BN (= 4 ) » 100 LD ZER R ZEAEE 30 ~ 35~ 40 »
45 ~ 50 ~ 55 K¢ 60 A e 52t T 25 WA 2 2 & MR AR B BUE AR I 0 7l B 88.1 - 90.2 ~ 85.4 ~ 85.5 ~ 80.7 ~ 72.9 J
68.3% ° 55 30 ~ 35 ~ 40 ~ 45 ~ 50 MAE 2N LR fAAE KEE T 55 55 K 60 Bl G EE G M i L2248
B 30 - 50 M HIEHG - 2K AR L AR 7 SRR 7 SRR /KR (P < 0.05) » 3l H 2 55 Bl 60 8 e K5 AR SR LR
B 50 EES B TR 7.8 (80.7 — 72.9%) B 12.4% (80.7 — 68.3%)  fHELZ Y Hubbard Flex B Ross 308 5 FH A1 & >
55 — 60 V49 87.4 6L 88.4% THFHEEM L (Damaziak er al., 2021) » FEBATPIL AV FEEW LR0VHEE
AYZER o

AR 100 E AL+ FERE LR 2,144 JHS2ME T B W03 8l O (I Be AR R 7 — MR R MR U IR AV 45 SRR 5 P
T o OCX-32 BEER 2 AA FERBIEAZE S0 805 50 Al 2 E R (L3 (P < 0.05) » i#E BB R AIEF- 28.4% (91.6 —
63.2%) THEEWH LR - HREEA A TEERIVEAR DR Atype (AA Bi AB FLRAY ) [fif BB LRI EEL B type » Al
OCX-32 FEH| A type ATEE4ETFE 30 ~ 40 . 50 L Z S EERYEZIE 17.0 (91.0 — 74.0%) ~ 14.0 (87.8 — 73.8%) &
21.1% (84.3 — 63.2%) - Damaziak et al. (2021) W525347 2 {lE75 FH A ZfE A7 ( 8 {[E Hubbard Flex ZEEEERT 5 22 {lE Ross
308 BEEHERE ) 55 25 — 60 FAESTHEEN B4 8% ( 7,839,250 $H Hubbard Flex f&EZ4E 5 57,167,060 $8 Ross 308 fEHLE ) » fHIR
RAMTERTECERAY | (EALPI - #EEE SRR 2,243 FAMEEE - (hFR 20040 - 2t g B W L 408 e -
REHU S B RE AR I (EAT R AT 4 3R -

48 F [ S T R SERH ST (U.S Department of Agriculture - Agricultural Research Service, USDA-ARS) & {H & fE £
2% Dr. Hans H. Cheng FAZE R NIIN A B 4] 577 (University of California-Davis, UC Davis) 85} £, Prof. Huaijun
Zhou s Egta & » SR IR AUWEE R R IER &Y > B R MR S Nl 1% - FEAE T o SRR IR LR IR T Ay R i
PRI o {RAB ST T R AL HESE 30 ~ 35 - 40 ~ 45~ 50 ~ 55 J% 60 g lIfE B EHE » #E— D377 BEE A SNP B
IR M REFRFRAVAE REUR > OCX-32 B:A A type ALLEIZEFETT 5.3% (88.8 — 83.5%) Mg 2 A5 R
WA LA B T 22.3% AR E He 48 ZE 2R 8 ((21.9 - 17.9) / 17.9 x 100%) -

OCX-32 & H'E FEAIN BRI MBI FA K& (cuticle layer) » BRRIFR A4 HYEE 108 Ha UV E Rim Ay K2 4R A
gyl ERINVERIREIFE @A SR E - REOIRTIERT - EREEBERP A ERmEY - HEAF
48 1 F S EAYTHEE (Gautron et al., 2001; Mik's'1k et al., 2007; Le Roy et al., 2021) - Berrang et al. (1999) if%2F5H &
R S VR R E b4 - HOBE LUTEENE YRRV EMEE S - MW AR RS B TR E R
LK oy - i — B ERENVMIEHEERE  GEIOHLR TSR E55, - Xing ef al. (2007) HHFTHEH
OCX-32 B4 A E " A IH] T #2 I (bovine carboxypeptidase) Bifili F S HUAR R (Bacillus subtilis) H4: = > i
A OCX-32 EAE BB EE SR RE - MM ERMNPIEEE - &76 DHifes - 5 HRm oCX-32 EAE
AP R R B R AT ST 38 T OCX-32 RN Bl W5 T EE I BRI -

Uemoto ef al. (2009) W5e45 5t 38 ¥ » OCX-32 F5[A] exon 2, 3, and 4 [&15, 7 SNP O] ZHE 8228 169 — 280 HisE
ZELEA (egg production ratio) ~ FEFFE B EE b {H (yellowness) k& T ABFSE 4 FER (frequency of meat spots of eggs) °
Isfandiari ez al. (2020) AYWFFEIRENEE OCX-32 FLPR B e S PR IR AU BRI HGG 14 - R dia i OCX-32 B4 (A exon 3 (&5 2
SNP ] BHE &Y E Hiliy (P = 0.02) o _HliHT ARFZE 3R OCX-32 FL[K SNP Bz EE S AR R4 - SRS
FiT 43 OCX-32 FER exon 6 57 SNP (rs312935827) 4= HT oI S A o HEC 0 S0 B S5 AT L » SR
S OCX-32 HPRE R BB LA AR Y — - (AR TREEE SR S TR -

KERERET I &t > HR# OC-116 ~ OCX-36 ~ PLCZI ~ ITPR2 ~ IAPP ~ ABCC9 ~ KCNJ8 F; CACNAIC % 8 {l {3
R R B 2 HR AT B B B W LR AV BAREME o3 i - 383R SNP B R A B ERIBMEFE - Sl AR sess R
B A B2 el Enas A SAH A BT R R ST Frigag iy 9 ({5 e N SNP JF H 2K 2 (White Leghorn) ~ /%55
&L (Rhode Island Red) ~ #&E1 8% m % (ISA brown strain) Sz HAT%E (Dongxiang, DX) % 4 {li K [FEI RS - & HESR
FTRE R A A Els B R B R [EAY iR 520 EECZER AR R B I, s —REANE
EVER AR — A0 1 HE BRI -

w A

H AT T4 SR EA ] —(H 2 AP - #2 R E (bR 2 OCX-32 (L[N SNP Bh o ARAAFR ZE AT ERY
Wit E - DIFIBRRE OCX-32 ZERISHIP) - 22 bl S e bR B A R M ARAY s AR
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Abstract

Hatchability of fertilized eggs is one of the key factors affecting the market supply and economic efficiency of red-
feather country chicken. This study used 100 red-feather country chicken hens as the experimental animals, recording data
from 2,243 hatching eggs at 30, 35, 40, 45, 50, 55, and 60 weeks of age as the source for hatchability of fertilized eggs.
Using Kompetitive Allele-Specific PCR (KASP™) technology, genotype databases were established for nine candidate genes
affecting eggshell thickness, including OCX-32, OC-116, OCX-36, PLCZI, ITPR2, [APP, ABCCY9, KCNJ8, and CACNAIC
genes. Statistical analysis was used to perform association analyses between genotypes and performance data, and Bonferroni
correction was applied for multiple comparisons. The research results showed that the hatchability of fertilized eggs from
red-feather country breeding hens at 30, 35, 40, 45, 50, 55, and 60 weeks of age were 88.1, 90.2, 85.4, 85.5, 80.7, 72.9,
and 68.3%, respectively. Additionally, the hatchability at 55 and 60 weeks of age significantly decreased by 7.8 and 12.4%,
compared to 50 weeks. The association analyses between candidate genes and trait performance showed that the A type of
the OCX-32 gene significantly increased the hatchability counted during the tested weeks by 5.3% and improved the number
of eggs laid during the tested weeks by 22.3% (P < 0.05). However, the effects of the other eight candidate genes on the
hatchability of fertilized eggs did not reach statistical significance (P > 0.05). In the future, we will continue to expand the
collection of trait data from the breeding population and conduct association analyses with candidate genes to verify the
effect of the OCX-32 gene on the hatchability of fertilized eggs and reproductive traits, thereby improving the accuracy of

genetic marker analysis.
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4EFF log, IBC 2 H (5.03 £ 0.07 log, IBC/mL) » HEG{H BT IRAA iz 2252 o 32 2 BUR > 25°C NP 4HEIRFES 0 K
K 1 KE log, JBC{EH 2 S, 43 il B 0.007 K 0.021 » $5{E 55 0.014 5 7£ 25°C AZ 40 S, ¥918 & 0.131 ;5 |fij 25°C BR
HAERIF 0 — 7 K2 S, 39{E 5 0.042 -
L PA 37°C ORI EHIE ORI 4= 2L log, IBC HYsZ2EE
#5PL 3T COR{FE NP ~ AZ Jz BR Z4IF » FC 45588 0UR (£ 1 K& 1C) » NP37 — 0 TL4AEEE 0 K log, IBC
B FFF > jfif AZ B BR AT DA4ERRES 0 K log, IBC (AZ37 — 0 81 BR37 — 0 43 B & 4.79 + 0.06 £l 4.46 £ 0.03
log, JBC/mL) o E {717 1 1% > AZ 481 log, JBC (AZ37 — 1) BHLEEEEFEF} (6.79 £ 0.021 log, JBC/mL) ; ifii BR 4H
H9 log,IBC 7£ FC HYER /T8 log,IBC {E{RfF 2 RNFREE ZR - EWRMTEERZE (£ 2) B8R 3TC NP AHE 0
K S F50.069 ; 37°C AZ4HEE 0 — 2 K S, $5{E 55 0.046 ; 37°C BR4H 0 — 2 K27 S, $5{H £y 0.049 o
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LA BRI R AT R AR 0 — 7 K5 FOSS BactoScan FC W MBI G A BB B (e~ 2
1B o EABALRATI (A)4C ~ (B)25C R (C)37CF 0 — 7 RAVE RIS RA BEEAL -

Effect of different temperature and preservatives for 0-7 storage days on logarithm of individual bacterial count
(log,(IBC) of raw milk by FOSS BactoScan FC. Logarithm of individual bacterial count (log,,IBC) changes in raw
milk samples stored at 4°C (A), 25°C (B) and 37°C (C) for 0-7 days. " p < 0.05 is determined by two-way ANOVA
followed by Tukey post-hoc test. NP4 = Raw milk stored at 4°C without preservative; AZ4 = Raw milk stored at
4°C with 0.33% Azidiol (sodium azide + chloramphenicol); BR4 = Raw milk stored at 4°C with 0.40% Bronopol
(2 bromo 2 nitro 1,3 propanediol); NP25 = Raw milk stored at 25°C without preservative; AZ25 = Raw milk stored at
25°C with 0.33% Azidiol; BR25 = Raw milk stored at 25°C with 0.40% Bronopol; NP37 = Raw milk stored at 37°C
without preservative; AZ37 = Raw milk stored at 37°C with 0.33 % Azidiol; BR37 = Raw milk stored at 37°C with
0.40% Bronopol.



L

IIL.

1.

[HIAfE 150Ak: EREE [HEMEE RAE 138
= =A
=7 =

DL 4°C R FEHIE PR R 42 log,IBC HYFZEE

RIEFR | KlE 1A G558 87R - AZ 81 BR BRI Y 4°C (R7F 7 K (AZ4 — 7 B4 BR4 — 7) 1% » H log, IBC &1
IR AH M RIE 72 5 © Barcina er al. (1987) 5 > ARIRNIIHNE (RIFH] 2 2B AEAWIEGET Ky 40,000 IBC/mL (47 5.60
log, JBC/mL) » B& = A A EG TS 4.75 log, JBC/mL - Folchini ef al. (2023) 71EE3 » ¥4 5 10,000 CFU/mL (1Y
BEARTE 4CIRIN AZ OrAF 14 Rk » HAZAREEILEFFE 4.70 log, IBC/mL » BIAGESIHAT - SN - WIHGHEER
= (70,800 CFU/mL) 2 BRAECAH[E] R B - FLAE AR 80 5.68 log [BC/mL » [HHAEEn iR A2 = Hr AH7TEl
ZZT]BE B I AE AR TR B R AV - i NP BRI = > Folchini er al. (2023) #i5tH » NP £ 4°C MMERE4EFF log, IBC
ZBRF 1R 53 RIBREIEEE BFA - AAMARET - NP 4HREE 7 K2 log, IBC BiZE 0 RIEFZEAZRE - BURSGSHR
BT N SCRREZSEEA A [E] » 2R TTRE AT R W)46 IBC B (4.75 log, IBC/mL) Bifr{F&IF 2 IR E AR - 7
W AZ > FHEARSTE (Martins et al., 2009; Sierra et al., 2009; Folchini et al., 2023) ¥i5H, - Rimiia4a4: HEE K
AZ TJ7E 4AC FIRBEMRGFEAZRED TR » BIRGEEIZZ45 R —2 - 22 BR > Grozdanovska et al. (2015) {4 FC
Talp i > 4CORTE 10 K1%& CFU/mL Ji&K/D&Y 45% » Wentz et al. (2018) JNEIZLEIFE OrZHF AR 0 - IBC HIEH N
MBI S > BUARZEEI 2245 AT o 2810 > Martins ef al. (2009) 5 » BR E¥J#G484E FH#UE (< 10° CFU/mL) Bf &
BEMEFEE R EREAEREEE (> 10° CFU/ML) BERIATREE AR - NIbHENA RGPS A A
HIWIARAE A R T BEREE T > BEF A FC fabaid R i BR 414 A48 FEEE TR 2 IS > BR BYRCR AT RE
GZUGHAERBEE - &7EIE - BLLACHRFAER  RINAZ 5 BR FEEARIEE 7 KN log,IBC » B
VEIIE Repe sttt i 2 B PRI A -
DL 25°C RIS [EH B PrA 7 A 4= 2L log,JBC HYFZEE

FC 455887 (2 1 2@ 1B ) » NP ~ AZ & BR =4H7E 25C 1% 0 K (NP25 — 0 ~ AZ25 — 0 81 BR25 — 0) »
B HAAH log, IBC MR 752 - ZA80M > E DL 25 CORERES 2 RIG - AZ 4HHY log, JBC FHIZE SN HHG4H 5 R
70 BR B&HANAIACRIEEES 3 KE log, IBC FA#A#E S/ NP4 — 0 © Martins er al. (2009) 45581 » {1 FC inks
AN AZ G 25°C MORFE 2 H Z AR IBC BN > EARSEREFBEFE{L 5551 » Souza er al. (2012) f5iH >
1E20°C FLABR{REFAEA 1 — 3 R RE22 FC #4285 IBC 1y & 5 Mi1E Grozdanovska er al. (2015) 45525 >
1£ 20°C NLA BR fRfF 3 HEAAA B G HE S NVILAE 2800 » 1E Cassoli et al. (2010a) WF5E45H, » £ 24 C A
BR {RIFAEFEAR 3 R E G EEF(K IBC NS & - [FEFEMNEERTE Martins ef al. (2009) E¥JBEERE S E
1K (< 10° CFU/mL) HYEEAEF BR #ETTHR1THE - SAE B ES 4 RBREEEIN » WA BR (RIFVHG
A HEEBEE (> 10° CFU/ML) FIREARRS - @{ERTFEE 2 REEZWIN - MA M NS - BR 7 25CHY
EAR RS A 22 G5 A E » HEM AT RE A s ER P FH AV AR 2 WA IBC S B24T i Martins er al.
(2009) HAfT{EE F > WIAA%E A H S BB (< 10° CFU /mL) AVEEA -
DA 37°C RIS [EH B PR A 4= 2L log,JBC Y24

DL 3T CHRTF NP ~ AZ . BR =4HHF » FC fg HI45 27K > NP log, JBC A5E 0 KRELEEZE I - il AZ 1]
DUAES 0 R4EFRF log [BC IFERE © EIR{F 1 Ki& > AZ 41 log JBC (AZ37 — 1) fasa#IEEF, + M BR 4Hj% FC
TaER 45 REUR log, IBC TEOR{T 2 RINVHEBHEIEML - 1F Matczuk et al. (2012) FYBFFEFEH » 7 40°C {17 BR &%
figg » ARG AEEEY) » AR R BB R A A2 Y 0 B BR R4 R JRACHY 80% - [RIHE BR A BE & R Ry e it PR A7 1T 2
FORIFRE ST % » (RIIL - SR ARalBanst R - i 37°C A BR fr{F 2 KoK log, IBC B4/ » (HZAIRTE 3 KB
A FEAE L IRSNE FVERE » WEEIREL Y EE Bt sREE IR REUE I - DR TTREE 22 BR URLTT -
AL - R LGSR B - B D s R R4 FLEL BRI AR S iR SR 72 37T CHF » AZ BERRINES 0 K58 IBC
Tl o 1f BR RIEERINEE 2 RA5ERK IBC fily -

IV. R EHRIE B TR 5L log, IBC Y S, &

S, mEE MR » HERBEHERE TREBEIIEER - AU EHE &SR —EMEAE S AVFERE (Slezak et al.,
2011) « (Itk > S, fEAEER P 1E Ry fom FC BT AABRAZ ERRBAEERFEBIREE - & 2 BR A ERE
it P BN R AR OR AT 0 — 7 K2 log, IBC S, » 455 &R 4C T NP ~ AZE BR 2 S, 4351 £ 0.027 ~ 0.039 52 0.058 ;
25C NP~ AZH1BR 2 S, 4371 5 0.014 ~ 0.131 J7 0.042 ; 37°C F NP ~ AZ B1 BR 2 S, 43 71 B 0.069 ~ 0.046 %
0.049 - fR % Sierra e al. (2009) FY45 5 5ET< > 4C T NP ~ AZ B2 BR 2 S, 5 0.015 ~ 0.021 £ 0.014 - [ A%
/15 100 — 10° CF/mL i {# A FC #%E3 » £ S, 5 0.031 (Ninane ef al., 2000) < 75 S, > 0.031 HIj#EHI AT fEBLEE A A
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B8y KR (Slezak et al., 2011) » (Rt » AWHFZE > S, (EE S5 Sierra et al. (2009) B Ninane et al. (2000) Hff
FRAES  HEMITRE B i WG A S B - BRARERBEIRERETE - REBEAHBER - AZ 2 S ER
25°C# 37 Cra > AT RE R A s AZ AR CRFIN LR T 4 MBI g B Ir e R 0 - BRI 0 =
7 HZH FRERTEL o MR 37 CORTFE » AZ (EREMRFIDHIE 0 22 2 H 2B » IAEE 3 HIRREIEEEIRIE (00
JE 5 1f BR Y S, RIVETE 25 & 37°C MAMELZ EE > 27 BR IIR{FIZE M I REi A & 2 B RS2
Sierra et al. (2009) Zi5E{#H AZ J BR 5l 2 (r{FREE 4 — 10C » H S, B < 0.031 » &M AZ T ErR iR
71 AFLHHY IBC mIRE IS i H IR BIE RON 39 4] > iSRRG M FC #E TR IBC B HIRECATEE 2
GER -
V. AZ i BR {EIER&H] S HR R A= 52

AZ FEUE BT BME RSB ARE IR EHIEEH - AZ AESHIHEIAHE AL g8 » SR 24t c &1k
1% (cytochrome c oxidase) HY &M » TR DA E Y =i BEHR £ (adenosine triphosphate, ATP) &15% (Roy and Rhim,
2020) - EEE THEEENESLZE THE > WEEHIHIHEIAE R - B AZ R[FE > BRAHIEEH EZ2EELNE
B AHRERERY e RN - WF9ESREH - BR RS0 ZE B A ARG 5 (35 S L IE - EEEREN YA R R Ay -
A A3 EE) (Shepherd et al., 1988; Sarwono et al., 2019) - BR #5:5E B &SAIPIFERE )1 - THEHH
RO PI AR E R SRR R - HAER SIS BR 3L IR T B A BRI (Zhang ef al., 2006) < AZ [
BARMEZ BRI E - 9T - AZ (E=00 THVIRERRA G 2 BB S REE M - ATREE— P83,
AN B MEFIR{ERCEE: (Wentz ef al., 2018) » #£ 37 CHIME(E T » Narenkumar et al. (2018) DUEIR S AI/K Al » &%
HfE 5 — 25 ppm #Y BR B[IATHA 21 RARUEHIH] 2 EEAEYIRE - #ifrT HEAE - (HHEESAE ML > 3% BR AJ5E
TR HEE AR E T EARFAMNINEEE ST - $EFAESIRTT > Cassoli ef al. (2010b) LL# 24 ~ 7 B4 0°C =f&
PRI N AL L [FEERS A0 BR VA ZLERGRAE 7 KA » H IBC 4A4%{K1A NP 5 AZ R 5 1 AZ FRIREE
bt N T2 R > IBC RfiiZ H Bt -

A

A BREE BRI I E (R NP K H] AZ 81 BR iR EE (RFH] > 124~ 25 & 37TC MRFE 0 — 7 RIAGIE
i FC #EfT IBC fnli - SHEEIE R B NE 2 28 - SURGEREUR > 1Y 4CIR{F NP 9 4R log, IBC 7 K - [fif#
FI AZ B2 BR Jit 4°CORTFAEFLBA log IBC 1£ 7 RN B HEFEE1L + 2 25°C {R{F NP {2 5] 4EFF log  IBC 0 K > (fii LA
25°C AZ frfF 1 KELBR {RfF 2 KH log, IBC L IR MEIE 25 © 0 37C (R{F NP SE/AREE log, IBC » 37°C &
I AZ fR1F 0 K2 BR {17 2 KH log  IBC BISS IAH SRR 72 5 - &7 EATall A ALBRan (e K 8RR TP 2 O FEfR
JE 0 AE 4C T AZ 81 BR fr{FILEL FC fafR M RRIE log,IBCT K & 575 THPAAE TI5l Btk i e s 48 A h A SR Y
PG i BR EITORE AT DAERTH log, IBC 49 2 K » HATER Hiba |72 5 LI a AE W Be H 2 AR E ¥ -

H

E!‘ﬂ

AWTFUR ST Z BT 5edlsr (113 2R — 2.1.2 —&F — 01(3)] » HdtEsFr A= - FFEERRE
NEFe SR 2 B o fEEERGLUERSERE - FRELEEE -

ann
~
C

ZEXR

TEJNE ~ HEAEE ~ FEIRSLC ~ RIEE - 2024 - BREREIEL - B A BB AREBERAANTL - £ALEROKEHEZE
2 o ZEFERSE 57 ¢ 46-56 -

EEZEES o 1999 o F Rz U TS 2 Tl A= FLER N Bz s HE BEEE - https://www.angrin.tlri.gov.tw/cow/dhi36/dhi36p9.htm °

A LEATED » 2019 © (bl LB o 4% K (5 FAPE &35 - https://www.fda.gov.tw/TC/siteListContent.aspx?sid=10992
&id=30804 -
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Effects of different preservatives and storage conditions on
the stability of individual colony counts tested by automatic
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Abstract

In Taiwan, raw milk is classified into four categories based on somatic cell counts and total bacterial counts (TBC).
If milk TBC of a dairy farmer exceeds 300,000 CFU/mL three times within a month and consecutively over two months
annually, the dairy plant could terminate the milk supply agreement with the dairy farmer. Since TBC directly affects the
financial benefits of the dairy plants and farmers, establishing a reliable proficiency testing for raw milk samples is crucial
for fair pricing and maintaining mutual trust between dairy farmers and processors. This study evaluated the effects of
two preservatives, azidiol (AZ) and bronopol (BR), at three storage temperatures (4, 25 and 37°C) over seven (0-7) days
to determine the optimal preservation conditions, thereby assuring the stability of the TBC analysis. The study merely
analyzed the preservation of samples and did not apply to food additives. Raw milk samples were analyzed by the FOSS
BactoScan FC (FC) to obtain individual bacterial counts (IBC), which were logarithmically transformed (log,,IBC), at
different preservation periods. Results showed that samples without preservatives stored at 4°C maintained stable log,,IBC
for seven days, which values did not show significant difference when compared to the control group. Both AZ and BR
effectively stabilized log,,IBC under refrigeration at 4°C for seven days, which values did not show significant difference
when compared to the control group. At 25°C, AZ merely maintained the stability of log,,IBC for about one day, while BR
preserved stability for two days. At 37°C, AZ was only effective on the first day, whereas BR maintained stability for two
days. The TBC of both AZ BR significantly increased. In conclusion, under consistent refrigeration at 4°C, both AZ and
BR are suitable for preserving raw milk samples analyzed by FC. If there is a risk of temperature change during sample
transportation, BR is recommended for maintaining sample stability. However, it is recommended to test the samples soon
possible before the scheduled proficiency testing date indicated by the proficiency testing provider, thereby to ensure accurate

and reliable log,,IBC results.
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CK (8 » A0 ) ~ CCK ORNIIP#rERe - 5 ghkg 5 “PHTELSR  INIIFLEE 2 E52 » 0.02 g/g) ~ T (BERERGERA »
&P E I > Lactobacillus plantarum, L. casei » 2 x 10° cfu/kg) ~ CI ( [FIRFRNNIE o 5ohie K BAEpg £ 57 > LLEIE
A7) ~ LA ORINELEE > 0.1 gikg ) » FiF 458 H - SBBER - HENSAMEZYR > BRIETEZEHRELE 2N
2 MARMBENRIEANEMAE S EEEYET » AFITEHEIRFENE S R 4315 384% 8293 - 1 K& CI
R FHTEEST (Flieg’s score) £y "B R | HaR 3 I 2 BN > 15 44.2% 8295 T > 1 R CLEH Z FHilriE
PRk TER ) HEREM A T UIEET | AR 26 TERZYIFR 415 )2 50.0% 0 FrA AR Fir a8 REraE Tl
2 Db Hor LA BRE RS C1- CCK BHE 555 f TER | - RS > NINER 0.5% fw Bt H iy
Eeff R BFEFIHNIEROTETYE » tHHREARREYI R EBIERBZEI 2% - AL 40% 82Y)3 0] /e Fyse
BB F IS B YRR -

RRgiER - BEERLR - Skl - Hily - #ELE -

i

AW (biochar) & AEY)HE (biomass) [EREAIREE T SRR (pyrolysis) FYEIREEY) o EVIE FHIRE &) (4
e PR NEZRES) Eeh § 0 REBRESEPRSERERENIUREERE  EYREA S
Ve~ S LR A KR REVR T RE ST - FIAE)S 448 KBk R B 555 5 11 7 S8 fEBH R (Chen et al., 2010; Agyarko-
Mintah et al., 2017) » [E]E} 2 LU AT E BRI IERT - (B0 H AP ey T Y E 81T - s
HIPR/K ~ iR BLE 451 - S99 harRR RV AEYI R EEIRE R SE(L - ST T A FEEFL L > Y- 580%lE (carbon
sequestration) Z %Y » AR P IRBRTE L — o R - STAFEAE 4R 2 BRI LR E M HE T YR AV FERATH 5T EL
&R PR R - FREEIRAPERIE RERE 4 - B4 EE % T{LFH (Lehannes and Joseph, 2009; Schmidt, 2012;
Windeatt et al., 2014; Purakayastha et al., 2015; Oliveira et al., 2017; Ayeneshet and Temesgen, 2025) » [L4) » W55k
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BB BB RS S EAEAE Y — » SR T » SIS E S G R AR R IR
W BT TS A RS RRIT » S BRAT R G (DA T AR 5 AT ) FIFT (17 B S e e T 2
(b > A AEERLRE (LU FATIELS » PB ) - BLR 0T HE P HAK S ST B IR B » B L U 72 25
Wt S EAEGKRIER ( F5F > 2018¢ 5 T » 2018d ; 2=F » 2019 ; 5 > 2021 ) -

FA B R E TR R RS > EBHOR SRR - EIAHEZE  R EEE HRO - B

BB FE 1979 AERIE A LB A AR FITE AR 1 3% - oM a R BRI (B > 1984) - I
@’nm%wgﬁm%m%w 8% % B/ NEBORI R L% B BN P 2 (5 > 2013 5 5 5 2018a 3 T2 »
2018b 5 JE% 5 2018 ; B » 2021 ) - 2015 4 B 53 T 9L 5 8 KL PR BRER 20 & (FHE (T 451308 2 18 4 F Quaker
International Oat Nursery (QION) 3 A 71 {H#E4S 2 » AABA Fi% 43 % 26 HISCE AL » S0 BRI A ELM
Ml FL RIS - 5% 43 R - BrpavE  BEH S - SRS A 26 KEEE > BIGEVE - B Esss
Y - bk -

ARETFE LR SRR R 2 43 J 26 MEFTIRIIEL AT ISR - — TR I A L 2 R B S > 53
IR SRR BRI R - (e s .

M A

L At
() HeZEanE 26~ 4352 109 £F 11 H 19 HFEER & ARl - 5URin g 43 0605 2 A 23 B (HFEH) k3
H 3 H () Wk > fZa 26 ATRY 3 A 9 B (AFEHT ) & 3 H 17 B (HIZ ) ke - R R Ry I
2 [ 23 HUREZMBHE Y B =105 » — iRV ILEVET B IR ER - 55 AR IR 2= 19 J 24 /1N
‘MR XETEIEHE -3 A3 H >3 H9HK3 H 17 HIHEZMRIERS T B =10 > —(nidlit]
BB T AR - S5 Ao AR BITAZE T 24 J2 48 /NI 1% DIMH EIY 5 U TR P B - S R B A
HUBEIE SR RAERG BB AR (R 1) »

1. FirslBRATEHEEZY) R S BB AR

Table 1. Dry matter content and chemical compositions of forage used in ensiling experiments

Line HZ:;ZSt Maturity Wilting D:ty Crude protein Neutraé;i:rtergent Acid ggzrgent \Z:rtgroﬁgiil;t‘ie Starch
h % % dry base
43 2/23 Head 0 17.8 9.4 60.4 39.8 52 3.9
43 2/23 Head 16 24.7 9.5 59.3 39.2 3.5 6.5
43 2/23 Head 24 28.4 9.6 59.3 39.2 3.4 6.0
43 3/3 Dough 0 27.0 7.7 54.7 36.1 29 16.1
43 3/3 Dough 24 384 9.1 53.9 37.1 2.7 13.0
43 3/3 Dough 48 44.2 9.8 54.2 36.7 2.1 17.5
26 3/9 Head 0 24.5 7.4 62.0 41.6 4.8 3.6
26 3/9 Head 24 37.8 7.2 64.9 44.9 2.1 32
26 3/9 Head 48 39.8 7.6 64.5 42.5 33 4.2
26 3/17  Dough 0 29.4 7.4 62.2 40.6 4.2 8.1
26 3/17  Dough 24 41.6 8.0 61.4 41.1 3.6 7.3
26 3/17  Dough 48 50.0 6.8 63.6 42.4 3.3 9.7

(i) Fpe - BT4E  FER R E N ENS EEGZ R  DEfTRETII (B2 TR » Rbi = RE (HTT,
highest treatment temperature) 4 400 — 500°C > [RALHFEIZY 10 /NF o BERRAVECAGTMA0TR 2 - B A A1E L
£ PR By < 1 mm ISR 0 & 100 g B AIA 20 mL 10% AR S1945 (AR INE A 2% ) » IR0



145

R [E| B E Y NI S e A B o R SLTE VB T 2 e

FLWe 7 B DU TP SR B R DGR S RN R T - R85 -

(i) AEVIPRFFIEIAT ¢ ELFE pH E - BEEE (electrical conductivity, EC) JR&HRC & & (B ~ &~ Bk ~ §7 - §5 ~ £ -
il ~ FEFIK I ) © pH Je BC RyFfe / & 87K (1/1) Z2HU% 2 JHHE © b DLAERR 77 M7 I 7E (Analytik Jena Multi
EA 4000 » 78B4 ) - & ~ Bk ~ #7 - 85 $% - 8 - SFEFIRE O ITEAHRREE & H0, » 12 400°C &R R EE
B WREE BRIMENIKFET - Ho &K EHE BAEMRSE - BELSHEDAZ BB DI OLEETIIE »
0~ §5 ~ $E -~ g~ $ERIDUE OB EE 45 ( Hitachi ZA3300 » H &) JHI%E (Enders and Lehmann, 2012) » JK 47 By
600°C T 6 h HYSE{FEELL

* 2. BEEAYRAVHBRE

Table 2. The compositions and properties of pangolagrass biochar

*

pH EC C N P K Ca Mg Cu Zn Ash

mScm’ % mgkg" ------ %
Mean 9.6 5.0 64.2 1.7 2.0 3.8 0.2 0.4 15.7 8.7 12.9
Max. 9.9 7.5 73.0 2.3 2.3 4.8 0.3 0.5 20.8 10.8 14.1
Min. 8.7 2.9 54.2 1.0 1.5 2.7 0.1 0.3 10.8 7.5 12.1
CV. (%) 54 38.9 20.0 11.3 20.4 19.7 9.3 24.5 14.6 9.0 5.0

" CV. (coefficient of variation), n = 13.
" EC: Electrical conductivity.

IIL.

III.

Iv.

slEE AR AH B A

i s B AR R AT 2 B HUEE - 7 80°C HtaZIR BNy » L& 7T < #H&EH'E (crude protein, CP) & &
fXHE AOAC (1984) 2 J57AMI%E + BB a4 (aciddetergent fiber, ADF) ~ Hii4fi4f (neutraldetergent fiber, NDF) Hij{f¢
& van Soest (1991) J77EDUESSEHAIE (Ankom 2000) ;5 7K MERE/K(EEY) (water soluble carbohydrates, WSC) & &
HITE R LA 80% HYJEHE S 80°C T2 HUUZR » & 70°C HEFE h EFRIENE - & 02 HUR I E & ik Morris (1948) J57% »
£X anthrone 2 AJA#ETT 5 BADHVHIE © JolL 80% HYERETS 80°C TEEHFRZE WSC » TEEZEHUK » B itiz 12
MBS INEUKE - 8% EfELL anthrone 20EHIESE - B—EmEE 2 ] -
Hirm i

B2 H 23 HUGHE Z #HkHE LA R B 46 - HAIgH - FHTEE - MORMKEE BT 5 903 - 3 hlH#ETT T 5
B CK (B AN ~ CCK (RN FLRR » 5 ghe) ~ T (MR E A &l & o0 it R stk
Lactobacillus plantarum, L. casei > 2 x 10° cfu/kg) ~ CI ( [SIFF7 1Sy Sip K g £ 58 EEFIERT ) ~ LA OFR
AL - 0.1 g/kg ) - MEMRIEHURE G4 » DEZEREEFT &8 1 kg - SIPRENRER T IF 45 @H%
EPRRES 2 28 HIERZY)ER - pH (B R &M #HE S EREfR 2 & - e HE ST (Flieg’s score) MEZVIEIEL
>__Zf_§ o
HrmE T

HZWVIZE R 70°C T HkeZ 48 /NI 2 HZSFEELE - pH (E Ry 20 g Frfe A IrRhinzE /K 180 mL » FTHE 8 1% DA
FEEtMIEZE - g - THE - NEE & Sl 2 M€ DLRAE @R (K Jones and Kay (1976) Y7 7A#ETT » BFRTHILH T
FEHUR ST > EHURLL 0.05 N tetrabutyl ammonium hydroxide (TBAH) &% pH £ 8 » 70°C it
TIAEENELEME > Ak TBAH JEE & » A& benzyl bromide B 28 4 FSiHE K FE » LB 52 > FLL
S HFHJE AT (Shimadzu, GC-2014, Japan) 73 f1 & & © BHIEE 120 — 180°C » K WAHE T (5025 (Flame ionization
detector, FID) )i [& 250°C » E 1 2E 3.8 ml/min - #77 FHE Ry E R » DA HEE (Crotonic acid) fyANREAE i o fF
frith AL ~ TR A E 550 5HE 2 ~ Wi ~ TR AU EEE &2 830t ETay - i 3 1HEE
IIPRASEN R Flieg’s score » 557 40 LUNFoR TR FAM, ~ 40 — 60 73/ " al82 , ~ 60 — 80 73/ "4 | WY
7~ 80 7y DA Rodsls TE R ) IEHT - HINEZEEEFIr2REL » iYL RABEUFRiR 28R
EHE -
it

s ERAE SR DL SAS #1HS (2002) 2 GLM procedure #ETT 8 J7 73 Afr » £ U FE RNV ~ S HAR TS K5 I i
B B TRES BEER > DIEREIZ (Duncan’s test) JHIER & B AV 722 BBV « —ih e 3 HHET T 0T -
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B S 43 BTSRRI N 17.8 — 44.2% » KEMERKILEVEENIN 2.1 — 52% (% 1) -

SRR ¢ A AT IR ERIRR T i R AR & B B AR IR Ry B s - SRS T I
Z AR RS S TR B © pVE S T i A B IPR N & E 2B IR RN E

S E RS

R 3 BIEERBUR > BREZVVERKSL - HEVES pHAE ~ Firer ~ ZB% - PR~ TR - 7L - 48
BIRFNRIR LR EERE - BRI EINT - ZHEENIER pH BERARESEIN - HHA S ERE
fREE © 2=

4

[SPEEN

4

{ B DM

A B R B AL RSE PR 2V B IR A B S  HAth S IR B R B s © IRAVE ~ Z R R E TR

B2 PRUELLEANR 4 - BA L > fhk 43 FEBIRUTE R B Ir LR BB N B R R R © At

Z HEET

RBSEEENERET  SETRIEAIDIH IR 2 RS - @RI P R IR R S IR e = %

VAR

HAAURIOE R B A A 3 AL EE = B AVRCR -

T3 EAVE - ZEEE IR R 43 Firm B R BT R

Table 3. Analysis of variance for the silage qualities of oat line 43 silage in different maturities, wilting levels and ensiling

treatments

Source DF* : Mean square”

pH Score A P B L TA DM loss
Maturity (M) 1 1.78" 8,988.5"  21.04" 3.117 58.4" 23.8" 83.0" 99.2
Wilting (W) 2 0.06 3,713.8" 437" 0.05 16.6™ 8.8" 11.87 111.9°
Treatment (T) 4  0.327 932.2" 0.27" 0.40" 0.4 2.9 0.2 112.9"
M x W 2 1.017 1966.0” 1.98" 1.07" 11.97 58" 8.9" 269.9”
MxT 4 027" 823.7" 0.55" 0.03 1.0" 23" 1.77 2.4
WxT 8  0.09 229.7" 0.22" 0.11" 0.9" 1.0” 02" 62.3
Error 38 0.03 43.7 0.07 0.02 0.2 0.2 0.4 29.7

" DF: degree of freedom.
" Significant at 5% level, ~ Significant at 1% level.

* Score: Flieg’s score, A: acetic acid content, P: propionic acid content, B: butyric acid content, L: lactic acid content, TA:

total acid content, DM loss: dry matter loss.

F4 AERGVE - ZEEERETEHEEEE G R 43 FirmE 28
Table 4. The effects of different maturities, wilting levels and ensiling treatments on silage quality of oat line 43

Item pH Score” A P B L TA DM loss
% dry base

Head 5.4° 17.5° 1.97* 0.89" 4.05° 0.09" 7.00* 6.12
Dough 5.0° 43.6" 0.70° 0.40° 1.95° 1.43° 4.48° 8.87
No wilting 5.1 16.8° 1.83 0.66 4.00* 0.04° 6.51° 10.5°
Low wilting 5.2 34.3° 0.94° 0.62 2.32° 1.14* 5.02° 6.6
High wilting 5.2 44.9° 1.03° 0.57 237 1.31° 5.30° 5.7°
CK’ 5.3° 21.8° 1.62* 0.85° 3.11° 0.35°¢ 5.92° 10.8%
CCK 5.3 25.8™ 1.42° 0.80°" 2.92° 0.40" 5.55° 8.3%¢
I 5.0° 39.3* 1.20° 0.48" 2.88° 1.27° 5.83" 3.3
CI 5.0° 39.7° 1.17° 0.42° 2.98 1.26" 5.85 5.9
LA 5.2° 31.0° 0.68° 0.51° 235 0.77° 431° 12.5°

* The same as table 2.
"¢ Means with different superscripts in the same column and section are significantly different (P < 0.05).
": CK: control, CCK: balanced PB, I: inoculant, CI: inoculant + balanced PB, LA: lactic acid.
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AL i 1 26 AN [FIUCRES B 22 RF TR BT ATEZYIR AL 24.5 — 50.0% - KFMEMEBOK &S B 2.1 —
4.8% (F 1) HEHOWER (F5) > FAREURAE B BB IR RNWER > HETA BRI B
& AR Bk pH ESN - HALS BN RIS EHREE © FIrmE AR Il s ik & B R B
BN AR o SCRCSUE T T PARRNE B A R B R 0 Bk pH {ES » B S TR E IR R B
EOREEE RSB T E E S RSUE - A BIE R S RSB R pHE ~ LBk ~ SRS E )
HiEK 470 - R 6 GERBUR - BIGUEZ BIrRIBE ENER R 2 ZRRETET mEERE ER

HI#FE Bl R D RS E iR - HAURIEE 2 Ak S B9 it s E 2 A EE -

5. PGAE - ZEEE G TR R R 26 HiT I ER B BT ok
Table 5. Analysis of variance for the silage qualities of oat line 26 silage in different maturities, wilting and levels ensiling
treatments

Source DF* : Mean square

pH Score A P B L TA DM loss
Maturity M) 1 3267  11,42647  10.82" 4.14" 292" 31.47 26.3" 4,154.0"
Wilting (W) 2 056 2,872.1" 4.46" 0.59" 27.6" 6.3" 34.77 406.3"
Treatment (T) 4  0.11 610.9 0.04 0.12" 0.2 0.6 1.0” 52
Mx W 2 1.02 2,414.8" 1.197 0.23" 1.1° 49" 44" 473.9"
MxT 4 0.03 579.8 0.05 0.01 0.5 0.7 0.2 18.4
WxT 8 0.2 1,854.7 021" 0.31 0.4 1.3 0.9” 43.5"
Error 38 0.04 5,384.0 0.03 0.79 0.2 0.7 0.2 10.5

"DF: degree of freedom.

": Significant at 5% level, : Significant at 1% level.
" The same as table 2.

6. AEIPGENE - ZEREE SGF IR R 26 FliymE 2 %
Table 6. The effects of different maturities, wilting levels and ensiling treatments on silage quality of oat line 26
Item pH Score” A P B L TA DM loss
% dry base
Head 5.6° 21.4° 1.38° 0.85° 2.88° 0.27° 537 22.4
Dough 5.1° 49.0° 0.53° 0.32° 1.48° 1.72° 4.05° 5.7°
No wilting 5.3 21.6 1.41° 0.75* 3.48" 0.35° 5.99* 13.1°
Low wilting 53 40.0° 0.97° 0.59" 1.87° 1.35° 4.78° 19.0°
High wilting 5.4 44.1° 0.47° 0.41° 1.19° 1.29° 3.36° 10.1¢
CK’ 5.47° 31.3 0.92* 0.72° 2.17 0.65 4.46 12.9
CCK 536" 37.4 0.89" 0.61° 1.95 1.14 459 14.6
I 531" 31.7 0.93* 0.49° 2.23 0.89 4.53° 14.2
CI 523 36.4 0.98* 0.49° 222 1.13 4.81° 14.3
LA 5.26° 39.3 1.05° 0.62° 233 1.19 517 14.3

" The same as table 2.
"¢ Means with different superscripts in the same column and section are significantly different (P < 0.05).
" The same as table 4.

IIL.

SRATTIL » 2 AR SN EIR R B + DR R A I S RAMNRT - KRR
LI » AR - R A A AR R -
SRR T B

HZ% 1 A LA T A BRSO R IR B ghai B oA 1/KE MK b &PrE BAVaEEA % -
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T MRV REBAEE R 2 28k ~ T g ~ A S BLIRFIET O HEFEY - NRmARREERIIR
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Fig. 1. Variations between dry matter content and fermentation acid production, and between dry matter content and Flieg’s
scores in oat lines 43 and 26 under different ensiling treatments. CK: control, CCK: balanced PB, I: inoculant, CI:

inoculant + balanced PB, LA: lactic acid.
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Abstract

This study investigated the use of forage oat as the ensiling material to evaluate the effects of adding pangolagrass-
derived biochar (hereinafter referred to as PB) on silage quality. The objective was to assess the feasibility of PB as a silage
additive and to explore its potential multifunctional benefits in both animal feed and environmental applications. Two forage
oat lines, Line 43 and Line 26, developed by the Southern Region Branch of the Livestock Research Institute (hereinafter
referred to as SBLRI), were used as experimental materials. A total of six ensiling trials were conducted for each line, using
laboratory-scale vacuum bag silage. Five ensiling treatments were tested: CK (Control, no additive); CCK (Addition of
balanced PB at 5 g/kg fresh weight; balanced PB: lactic acid—supplemented PB at 0.02 g/g); I (Inoculation with a commercial
silage inoculant, transferred strain from SBLRI; Lactobacillus plantarum, L. casei, at 2x108 cfu/kg); CI (Combined treatment
of balanced PB and inoculant (same proportions as above); LA (Addition of lactic acid, 0.1 g/kg fresh weight). The silages
were stored for 4.5 months. The results showed that, compared to the effects of oat line and dry matter (DM) content, the
addition of PB was not a major factor affecting silage fermentation quality. Significant differences were observed between
the two lines. Under low DM content, all treatments exhibited poor fermentation quality. For Line 43 at 38.4% DM, silage
quality of Flieg’s score for treatments I and CI reached “good” level, while the other three treatments were rated as “poor.” At
44.2% DM, treatments I and CI again received “good” rating, whereas the remaining treatments were considered “acceptable”.
For Line 26, at both 41.5% and 50.0% DM, all treatments were rated “acceptable” or better. In particular, treatment LA
as well as some CI and CCK treatments achieved “good” ratings. Overall, the addition of PB at 0.5% of fresh weight did
not have adverse effect on silage fermentation, suggesting its potential feasibility as a silage additive. These results may
provide a useful reference for the development of biochar applications in animal husbandry. Furthermore, a DM content of

approximately 40% may represent a critical threshold affecting the fermentation quality of oat silage.

Key words: Pangolagrass biochar, Forage oat, Ensiling, Fermentation quality.
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SRR AIA B4R - WS R ERAE EFTiE M 2 R R B R EehE T NV S T~ BE RAE R MR TR -

TRER R E A EIRIUE I E - R TRE - FREEEENIR > MRERECENETHEER -
Thorn (2010) {5t > MEFVIMRZESE AT IR A REWIENEZREE - EaHS B E R EIRUR E A Eh )
FEREMERHIRE A TR - MRSESBAIEEEREVREINGVERESR > EAERERNVERESFKIE
(Zdravko et al., 2006) - ¥R 4 R P& B MREE S HE A B S SCE 5 (525 E > 20184, 2018b, 2019 ) » _EHLHFEH
IR RS B b B B B P/ NS (U555 > 2013) ReBFERRV/ RIS (Ellegaard Gottingen minipigs, 2016) #E{TELEE » 45
REURARZBUIR AT ALERET - (B RIS FIEPS BV MRS 2 AN A R &R U S - NIEETEE BE IR
B IE R B RAHE EREiR R -

RIE > AB5E LI S B B FITEA# ETKE Labdiet 5082 RKIGHEEEE - DI E REPR R IC R 5 S 2 HERsa
TEFERDE T B B - DA LT E st - A SREIL T B AR B EIE RS L& DT IR RE - DUIVREE 2 28
FHE SR R A B /N B A B A MR RE R,

M A

L sAEpEhy el s
{3 16 G-I HEG 405 K225 » B T By 2 4 > 1540 8 5 - —4HEREA RSN s 2E B B AE S5 Kl Laboratory
Mini-Pig Grower Diet 5082 (Labdiet 5082) » gtk /@ tHEHE 17% ~ (CEHEE 2,570 keal/kg ~ BiefzlE 0.85% -
FHARAE 11.4% » A T4970.3 7T » S5 —4HERET 2% Labdiet 5082 & & & - MBI REEHFERHC 8 et s
TEFERE » oy etHE R E 17% ~ {UHEE 2,570 keal/kg ~ BERERL 0.87% ~ FHAEAE 8.06% ~ FAT4Y 16 JT @ 5FAIFR 1
Fiw o (EH aE 4w AT AR A SIIRE 2 54 S IR (4ECRE] ) ETRIERIME - BHRIINGEE
gt 5 =St 0 8167 18 K (REERAY 5 RFEERPEERNE - NS ERIFEAETTH A - (RAG B FERR
RIFEEERE 7 A0 o FoiE4Y 1 {8 B2 S E DS SR E B & 2 TS SR IS 2 10 DAE
ARG > 546 B BRI Ry~ BRI B PN ] B BB B 2 0 iR (&G R o> = R ERET - FofE KA - & H
BRET S RS EEHY 2% - HFLIAM - AIGE TR > FrasEE B ELIER R 2 80K < (RURy B ZABCIE R EH R15E K HATFE4S
RS - (H S Rfr5s 6 EEEARAE R akEs - Pz 8B et B R &y i (255 1E ) Hig
B e R/ NEFE EE R ([EREFIRS - &Hal#hs 113-05) -
L AERMHIRAE
A 7 5 R T (08 B (Body Weight, BW) Rt » iRV I3 (Average Daily
Gain, ADG) ~ “‘FHiR-& & (Average Daily Feed Intake, ADFI) K faFEICE (Feed Efficiency, FE) » FANCHERT ( 5EaEH
£) ez (1922 100 ) FUHSLET (IPLES 4 8 ) U2 A5 315 % (Sono-Grader, RENCO Corporation, U.S.)
HIESTUR (B5—80) ~ Befehh (R ) R et (S =R ) ~ =RiE /2 (backfat, BF)
ML (R A AR B ERE
R ERFERCHER (AERBRLR ) ~ B4 (1142 100 K ) S LHA (LR 4 ) - BT iR A B AL (E 34T (Czech
et al., 2020)  fFFHRFE LT RIMERFARER I » 06 RF MR U SR & PLsER EDTA - K, Z REEERIME - SHUEEH] Na
heparin 2 ZREETHER M K & (R SER 2 sS=ORERIMAE o > MR S T IR ARAE A B R AR AL ARIE © sk sn A4
HEhIR 7178 (Sysmex XT-2000iV, Sysmex Corporation, Japen) fa IR (E ¢ A6 B IMEKETEL (white blood count,
WBC) ~ 4[ [l Bk 51 %5 (red blood count, RBC) ~ [l /Nl (platelet, PLT) ~ SE#5 [ B 25 %5 (mean corpuscular volume,
MCV) ~ mEREREEE (hematocrit, HCT) ~ S5 ERIMAL Z & (mean corpuscular haemoglobin, MCH) ~ S35 fi BR fi
4L Z 2 (mean corpuscular hemoglobin concentration, MCHC) &% (4] 2 (hemoglobin, HGB) 2 8 1H - B LI HE)
4 (b2 (Automatic Biochemical Analyzer, Hitachi 7020, Japan) 477 & 4 {E{H » B E4ELE H (total protein, TP)
%% HE (glucose, GLU) ~ £ Z % (blood urea nitrogen, BUN) ~ A% %% (creatine kinase, CK) ~ PLE& T (creatinine,
CREAT) - 44 & B (cholesterol, CHOL) ~ =% H i (triglyceride, TG) ~ $5 (calcium, Ca) ~ 44 (phosphorus,
P) ~ i (copper, Cu) ~ $¥ (zinc, Zn) ~ # (iron, Fe) ~ &2 (estrogen, E2) X &fa 2 (progesterone, P4) 25 14 I -
IV. ZIEMERENIE
BIE Rt W R S8 AR RS - SR8 TEIFE TR FL 6 BRELE T RS E Bl AL LG T R B K
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Table 1. The composition of experimental diets

Diet Innovation diet Labdiet 5082

Primary Ingredients
Corn grain, soybean meal, wheat bran, Ground oats, wheat middlings, dehydrated
limestone, choline-Cl, molasses, salt, alfalfa alfalfa meal, dehulled soybean meal, dried
pellet, vitamin premix®, mineral premixb, beet pulp, calcium carbonate, cane molasses,
Phytase. salt, DL-methionine, dicalcium phosphate,

monocalcium phosphate, cholecalciferol,
folic acid, choline chloride, pyridoxine
hydrochloride, vitamin A acetate.

Calculated value

Metabolizable energy, kcal/kg 2,570.00 2,570.00
Gross energy, kcal/kg 3,849.00 3,890.00
Analyzed value
Crude protein, % 17.01 17.00
Crude fiber, % 8.06 111.40
Crude fat, % 4.05 5.10
ADF*, % 10.61 13.90
NDF, % 20.91 26.60
Lysine, % 0.87 0.85
Threonine, % 0.63 0.62
Methionine, % 0.18 0.35
Calcium,% 1.13 1.00
Phosphorus, % 0.60 0.75
Copper, ppm 18.00 19.00
Price, NTD/kg" 16.00 70.30

* Vitamin supplied the following per kilogram of premix: Vitamin A, 6000 IU; Vitamin D5, 400 1U; Vitamin E, 20 IU;
Vitamin K;, 2 mg; Vitamin B,, 2.6 mg; Vitamin B,, 2 mg; Niacin, 30 mg; Panto-thenic acid, 30 mg; Pyridoxine, 3 mg;
Vitamin B,,, 0.6 mg; Biotin, 0.2 mg.

® Mineral supplied the following per kilogram of premix: 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.

¢ Acid detergent fiber, d Neutral detergent fiber, ¢ New Taiwan dollar.

V. Gt ot
Wee Z SEREORLL SAS SiatHis (SAS, 2014) HEITBILEA - faE 74T -

RN B

L 5Bkl el Labdiet 5082 BfFFIESE & R IEREZ 28

A BR A ZFEERR | R > RIMEAE UGS B 2 2R - RS IC eI L i E A E A
'~ R B RS E RIS - S 2 A G ERCER R HEEEE] 11% - [HErM bR Az
F > 2R R B e R RHICE R B Ry Folak 2 RAE S M E B 22 R E A B de e
2 AR E R Bt > (EA IR E ) 2 JFORME R R = B e oA > el (el st B i shafdlisc ok
lBRAE E A RAMEE - DUt ERREI WA R AR SR E L ZE R HREI T ETEEER
Ko HEREZ SSRGS A RAEANAR - EREAERERR - ERFREE RG]
SRLREREOR - ORI EE RIS 20 2 33 & - JRIEHEIE Ry 62 £ 78% ¢
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Bk Labdiet 5082 $f LSS B A S B AR RIEREMVAE R WFR 2 Fn « (E56 2420 — 49K~ 49 — 112
K~0— 112 K> 57#:1% ADG ~ ADF2 ~ FE B2 8 - B (EHA Mg ESEWE 1 Fs - 5578 0 &
Bt Labdiet 5082 Firidipi Y AS B8 (1 » W4H I MERAE 22 52 - McPherson er al. (2004) W9t 3207 » FEZE 8 2209
f& > FERR SARVRR EE BN IN > 90% HIRG A REB A RSB - SAWRETR - /INUFERR R A G IS
RIS EE - (R RIFE YIS S I DA 2R AR HAN G A BB A 2 > HEEREUR - 842 0 2 45 RS E M
2111 A > 45 5] 110 KEIREH1 20.42 /A7 (Qian et al., 2018) » AZEtErstEpfl4H 51 Labdiet 5082 41327 0 1] 49
K ADG 4371 By 0.24 F2 0.32 23T » 49 F] 112 KHAIR 0.38 2 033 A f7 » BEdiE 258 » fESbERAK
B S ERASE RAR L SIS RS RS E LB S T EE - HaZAse/RIA > BRI (75 £ 110 R)
BIFERS R (T AR > H RS B8R NEIE ) ~ AR N5 - Kummer (2008) fViAZEHEH -
ZPHAM GRS E R R UL IS IR - W R R R E AL B NE TR E AR - SESEEEN
LR 3 Fon > R EWIMA ~ 4758 100 R FLEE 4 8 - P EHE RN NS KEEEFEE E o WS
fEEE 2R o AR R IR I E - slEkl4HEd Labdiet 5082 414351 5 0.058 £ 0.061 mm » Z 81
JeHTIRSE—E > RIS Er e [ fE e 2 B 2 #E T T B4 111 (Young and Aherne, 2005) < K% 8 RIFE (T 1 AR &
WehnAERs - AR ALEAA LA IR LN A EILT > EIL - 5% (109 X)) HHEER B A EEAVRE EGEH
TEH » 2 BERIFE W) AL E FL & (Thongkhuy et al., 2020)  {H 534 FiiEr B2 S 48 5 0] 55 € B ERFE #EE (Peltoniemi
et al., 2016; Oliviero et al., 2010) » RIL/T M FTRIFE IR EEHEHAT -

2. A FEEREACR S A B e A R M RE R
Table 2. Effects of the innovation diet and Labdiet 5082 on the growth performance of Lanyu pigs during reproductive stage

Innovation diet Labdiet 5082

No. of sows 8 8
Initial BW, kg 57.00 £ 14.31 55.25+8.81
Pregnancy 0-49" day

Pregnancy 49" day BW, kg 68.88 £15.20 70.75+£13.18

ADG, kg 0.24 £0.02 0.321+0.14

ADFI, kg 1.21£0.31 1.25+0.20

Gain/Feed 0.201£0.03 0.2510.10
Pregnancy 49-112" day

Pregnancy 112" day BW, kg 89.88 £20.12 89.13£15.09

ADG, kg 0.38£0.09 0.331£0.10

ADFI, kg 1.541£0.34 1.53+0.24

Gain/Feed 0.24£0.03 0.21£0.07
Pregnancy 0-112" day

ADG, kg 0.29 £ 0.05 0.30£0.06

ADFI, kg 1.40%0.32 1.4110.22

Gain/Feed 0.2110.02 0.2110.02
Farrowing to weaning

Sow farrowing BW, kg 76.00 £ 18.85 75.00 £7.70

Sow weaning BW, kg 68.38 +24.82 70.63 +5.12

ADG, kg -0.22+0.26 -0.131£0.22

ADFI, kg 1.87 £ 1.11 1.86£2.35

Gain/Feed -0.11+£0.08 -0.08 £0.14

Data are presented as the mean + SD.
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Fig. 1. Changes in body weight of Lanyu pigs during the reproductive stage.
3. A[EIEEHEACE S A e R 2
Table 3. Effects of the innovation diet and Labdiet 5082 on thickness of backfat in Lanyu pigs
Innovation diet Labdiet 5082
No. of sows 8 8
Initial BF, mm 21.9%93 18.819.1
pregnancy 100" day BF, mm 255189 242149
Average dialy BF gain, mm 0.06 £ 0.05 0.06£0.04
birth 4" wk BF, mm 21.2%115 19.9+5.3
Farrowing to 4" wk BF loss, mm 4350 35114

Data are presented as the mean * SD.

1L

Costermans et al. (2020) i8] » L BARIREES AL AHRE BRI AL EE A B 2 1EAMHRE © e AE/E A%
B A e R 2 IEAERE - BERGARER PR B 2 v R R (i 3m 70 1000 B BG AH 4Rl 2% 12 J2 IR
AR AR ) - ERE LR MNEY) - DUESE S TFINE - AR LR i is R sier
REEFE O NFE - B RSS2 BLH B8 Byl Bariel 4H =77 Labdiet 5082 4H - B neliwllaH5E E e FE % B igre =
FRIHE /NG -

R H] (107 R ) HREERAVE MBS BN « BIERBIISEES RN AVARRIME - FEE e
Hi IS P S 7 B D B FE AR L P AR HU R AT AE & GE (A ERFEE2E (Mun et al., 2023) » De Rensis et al. (2005) Fi5Ef5H; -
IR FLHA T AR 1R 26 B BRI AR B 12 34 (B TEPE 2 IEAHRE - (HIRALEAR AR RV IBIE T IR e E i R5E R 5 IR - I
BRI IE 2 B0 HWRIFEIV BRIV 2R E S - B0 BB R S T BIE R RE A AL AR B RSy
7 P A RS RS DU (R S AV B E 22 8 (Authement and Knauer 2023) -

RS R A B AR E

sERRHE Labdiet 5082 Y pEREFE MR 4= B AV 2403 4 PR > FERCRERS - 22 o4l IR By il 5 2
g2 {HAE 7L > Labdiet 5082 4H1Y MCV {H 813 = 2 5l fH4H (P < 0.05) » MCV IV (LR R o] SR Ry 4 AR &
B12 S EERE G = EEGE S - SO R RS EORK > S A 100 DL (Maner ef al., 2024) - #AREE
RAT(RGET ol ikt hfny & AR - k2| i 8 Bk 88 & EREE L Labdiet 5082 /) (&
Bkl By 268 ppm : Labdiet 5082 £ 380 ppm) > # A AERI ML B2 A4 72 5 MCHC J PLT RIZ st Bft 4 883 A
Labdiet 5082 (P < 0.05) » MCHC {F Fs$5120 i AR EEL MCV ML - FIRER ReB i B BBl TR - (HJRA TTRER
Fy7Kor mAzBE MCV 1YJK/V > {2728 MCHC HYREE 7 (Berda-Haddad ez al., 2017) » King (2000) Wf5ef5H, > 2=
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FLEHEFEERERIEMARE > TRE RSB Y AR VBT B e S TR 22 52 > (H/A EL Labdiet 5082 4H
ZHEEES (P = 0.31) > NMEERIFEEIL BRI > /KM R 2 i LR 52 o PLT 3425 v REIR e % S FE B2 %
HYk = 2 (Brissot ef al., 2021) » 1281 bt MCV Z= SV iE R F RIAELL » 0] gt 5] PR BR a0t 2 8 & E Y 22 51 2
B SR S R A BT P B R A B E AR R s > (H BB B Zdravko er al. (2006) Z 45540, » HELGR =
(2018a) AT AT~ FEFET - WikE S BGRERINVEREE  SUERKRE ZHE  BoH 2 @ENZE) -

TEMURAEALEE 3202 S B » AEBZAEs BLMIEE (P) KalBaitt4H & KJ) Labdiet 5082 44 (P < 0.05) -
I ARER P AEMR P HVRE S b SOl TR AR HUE 24 ERA (% (Sands et al., 2001) » H7ERZ G} B HRE
#Z o MR P AIEIR IR G 2 - (HAREPRIE T Y AT R BEAAZE SR K > All/2 343 Labdiet 5082 HAY MIIERE &
EBiRE 0 HPREA TR RN Fabar h A RNIIERRES - AU 8Ur st s htE igse o] 55 sk nr F A > B
b B R D SR B R I S R Y —FE B (Selle and Ravindran, 2008; Lei et al., 2013; Rosenfelder-Kuon
et al., 2020; Velayudhan et al., 2021) > [RIEE T GRHRREE(EE > (F15-Ea00R Aok o] DUSE 7853 I A1 A B e Ui »
HAHFEZRIA e ME B R S s TR R AR (Walk er al., 2013) » Rl {EEAGI HE S A MUERERE - B4R
Ry(E SO HEIFEE % - PR E(EREE R ~ GRHFERIR FIRVAC R FH DUR A NIV IR E R B S » AT RE
s B MR R ERHVEUE » RGBS (51 - EB2HE - sl5pki4H BUN 812 )t Labdiet 5082
4H (P < 0.05) » MAEHIITE (Cu) BIZE (KL Labdiet 5082 4H (P < 0.05) - (i = BUN HYRE AT {F Ry fiaict 25 1 EIRAR
DUR S FIFHZRAVFE1E (Whang er al., 2003) » 1fif BUN & & & i e vh & 0 B S EMS MBS 00 (Semeniuk
and Grela., 2011) » [ E PRz ERRAH BORKE & 2 B 215 E H R E BRI HER SRS EYeYFH KA
1= AR EE PERE NG R B (R B 28 (Marin-Garcia er al., 2020) » /D EHEM - FHEE D E B LAV AH -
I #* BUN [#{& (Marin-Garcia et al., 2022) ° [ {F 7% & 54 & Gl 00 75 Fae B 4H B - FRTfE CRiE R % (Lysine,
Lys) ~ Hfifi#% (Methionine, Met) sz ¢ T f#¢fi% (Threonine, Thr) & FE/E » TEEIRIE T A 883 » RITEETDRAS
FE{PAHY Lys k& Thr » {H1E Met | » 5540 A Labdiet 5082 #y—F » &4 iR rTaE 2 A Fyat Bt A {E Y IR
BHATEL » By Tkt Aot - B0V E T FoK ~ B RETE » 5% =R Met #U8K > [T Met #2
S Yk RIS /) (Fanatico, 2010) » H)Z A #EITHRIME 7 » BT RER ML B EE Skl & B FI SR - &
R 2 E BRI o (R EpRI4H 5221 BUN B3 5 Labdiet 5082 4H » 1€ Cu FYEL5y » BERIEE /ARSI » RifdE
BARHE Cu Y E & EIGRIHEER - (HRE) A SR S 8 A S A1 ] (Persson et al., 1998) » 45 &1 K 2%
HIEZUT > Newton et al. (1983) f5H - Gl & 20% HY%k R RFEEURREE - $FA188 2 WULE » ol Re R Rtk
SR 1% 28K BB P E R ERE (Garcia-Estepa et al., 1999) » (R8T @i #rm i - Sz it
5 HRF AT EH R i - e R SN E R R IR G A » R E TR
ERDL T fFE E IR M CRUE Y © LA R A H A B S 22 5L - h45 SR E Zdravko er al. (2006) FH{L > H.
ERSEUE R T S BRI » MIE/ NS MR AL E S EREE 2 N (Yeom ef al., 2012) » B RHIEHF 43
ST AR MR (LA » BT DAt sbt e = EsE - A & B B R BRI SE R4 (L EFRER -
SKERIEIEE Labdiet 5082 S MIBGEERIMEI Y B

LIFEEIEMEREERINFE 6 AR - RN IE GRHE RREAE ~ BRI - EREEFE - BATEFE - BEALE - B
R HAERENEEAE D EREE SR o HhHA SR WidHA R 25 > (2 Labdiet 5082 4H. 7 4=
ETFEUE Ryel Bkt 4HRY 83% o (AR B AEFFSETHYEIY - F 2R AT REE R Ry Lo R IRAE 15 Wl o7 s & 5 4
BRAFFEINET - HEVEDFEERS®E  BETEE - RIBEENE  GEHEEMERZ SR - ARG
B Ry W EE RIS o Labdiet 5082 4HMIEFA 84 FaltiEI » NILEEHATEFEEYEL - 559ME Labdiet 5082 41 H
R L B B AT S e FLBR A /D2 - B FLAS B - AT RE B IR Read B SH I RIFE (R RS B8 R BT HE 2
JERYEFER F o EEE Labdiet 5082 4HZ5 A%, - RIL H [ LIGHEIE 2 BRGRE E R EA LT (ERi& TS
8% 5 (Costermans et al., 2020) » 5541 King (2000) iH5TH5H - 7 FL & BLEE(F 8 EIRERAY (EAHRE - (RIheZory
B AR A E e A ER - RIS T 2R H A (P U i AL BT e % - (H 2B AL
BNV SRS -
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6. N [EIEIHEACR S LSS B IE AR R 2
Table 6. Effects of the innovation diet and Labdiet 5082 on reproductive performance of Lanyu pigs

Items Innovation diet Labdiet 5082
No. of sows 8 8
Number of total pigs born 8.00 £ 6.69 8.6713.01
Number of pigs born alive 7.00 £ 6.69 5.8314.97
Litter number at weaning 6.67+5.89 5.5714.50
Percent weaned, % 88.67 £ 40.53 91.50 +30.09
Piglets weight, kg

Birth 0.57%0.35 0.61%0.50

Weaning at 6 wk 6.01 £1.31 54511.94

Data are presented as the mean £ SD.
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Abstract

This study aimed to innovate a diet for the reproductive stage of Lanyu sows in replacement of Labdiet 5082 and to
analyze related growth performance, blood hematological and biochemical values, and reproductive performance. The
experiment involved 16 gilts reared for 405 days in average, randomly divided into two groups fed with test diet and
Labdiet 5082 respectively. The metabolizable energy (ME), crude protein and crude fat of both diets were similar but other
compositions somewhat differed. The trial covered the entire reproductive process, from mating to weaning. The results
showed no significant differences in growth or reproductive performance between the two groups in the entire experiment
stage. In terms of blood hematological values, the mean corpuscular volume was significantly higher in the Labdiet 5082
group than in the test diet group during lactation, whereas the mean corpuscular hemoglobin concentration and platelet were
significantly higher in the test diet group than in the Labdiet 5082 group, possibly due to differences in iron ions in the feed,
which was still within the normal range (test diet 268ppm; Labdiet 5082 380 ppm). In the blood biochemical study, the test
diet group showed significantly higher inorganic phosphorus before pregnancy and significantly higher blood urea nitrogen
levels during pregnancy. Whereas, Labdiet 5082 showed significantly higher copper levels, likely due to differences in amino
acid composition and the form of copper in the diets. Neither group showed significant difference in reproductive traits. In
conclusion, the self-formulated minipig diet can be used to replace the Laboratory Mini-Pig Breeder Diet 5082 (Labdiet
5082), with a cost approximately 4.4 times lower per kilogram, without having significant difference in weight, feed intake,
and backfat thickness, blood parameters, or reproductive performance, indicating that the test feed meets the nutritional

requirement of Lanyu sows at reproductive stage.

Key words: Lanyu Pig, Physiological value, Reproductive performance.
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Table 1. The composition of experimental diets

Items CP=15% CP=13%

Ingredients,%
Yellow corn 72.22 77.6
Soybean meal (42%) 14.45 12.28
Soybean flour 8.30 4.30
Calcium carbonate 1.49 1.51
Salt 0.50 0.50
Dicalcium phosphate 1.53 1.58
Mineral premix' 0.30 0.30
Vitamin premix’ 0.20 0.20
Choline chloride (50%) 0.20 0.20
Amino acid premix’ 0.81 1.53
Total 100 100

Calculated value, %
Crude protein 15 13
Crude fat 4.46 391
Linoleic Acid 2.42 2.12
Crude fiber 2.49 2.29
Ash 1.80 1.71
Methionine + Cystine 0.62 0.62
Methionine 0.46 0.49
Lysine 0.94 0.94
Arginine 1.10 1.10
Threonine 0.75 0.75
Isoleucine 0.68 0.68
Valine 0.77 0.77
Tryptophan 0.19 0.19
Metabolizable energy, kcal’kg 3,050 3,050

' Mineral premix supplied per kilogram of diet: Cu (CuSO, * 5SH,0), 6 mg; Fe (FeSO, * 7H,0), 50 mg; Mn (MnSO, * H,0),
40 mg; Zn (ZnO), 60 mg; Se (NaSeO;), 0.075 mg.

* Vitamin premix supplied per kilogram of diet: Vitamin A, 12,000 IU; Vitamin D,, 3,125 IU; Vitamin E, 37.5 IU; Vitamin
K,, 6.25 mg; Vitamin B,, 3.75 mg; Vitamin B,, 12.5 mg; Vitamin B¢, 10.0 mg; Vitamin B,, 0.05 mg; Ca-pantothenate, 18.8
mg; Niacin, 50 mg; Biotin, 0.06 mg; Folic acid, 1.25 mg.

> Amino acid premix composition: Methionine, Lysine, Arginine, Threonine, Isoleucine, Valine, and Tryptophan. The
proportion is due to undisclosed business secrets.
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) SRR T RS AT A R VEREE A A FI 2% (Apajalahti and Vienola, 2016) - (K2 A B EIEATETE TR
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Ebig » Hl E M RSCREE RS > R BRI - B0 3 5 6 Bl g - 668 & i 7o IR HIM: i BB Yy gl
(CP = 16%) » HARFRIILHIL (CP = 20%) AAH{EL - Emmert et al. (2000) S85E 1 % 3 #8 i A AEAR A (X 25 (1 6]
& (CP = 18% LUT ) » FEARMTE B IR EL RS | Rl - HEReE &N - S RAHE O SR R I PR A i 2
KT Relg - QIR e ERIRUE I A RVEREEE - NILE HEaIRE 0 EIREE - FRORRIERRLL B - 08
DA G AR T E R E 2 A e AIEGREERMERENZHE - FolBEREUr - B AR 12 —
20 Hie-FH H SR B A BRI B (R 2> P<0.05)  ZAES 20 i EifeEAIZE R AR
F o MR BT SEAETT o E R CP 28 H 15% 2 13%  HEE M ARER MR -8
R RFEE - HERHF FRCRABERA 712 — 20 Bi-FHEHERE R - sl 86.7 ¢ EE RN IR Y
94.1 g > HIptrEbic b ia e S BhaH A BTRHEHECR 7T A Ry 5.0 K 4.6 > IERURSUBRAH STRHEHRREE I E - IR
1 Harn et al. (2019) PRI EAEEETE T CP &8 2% WVEIBE TS - ABHERERRETT 2GRN - EREEE
oy - SRS 20 Wik 2 iEEENMEEQSE - EWEE P HRe 28 I EAERE 2R > BURnkE
{KEFHE CP 2% S BRI RVEREFEMHEAIR - HLHL Oluwabiyi er al. (2022) WHIFEIY B RIHEE HEF (KIS CP
a8 AGPERMEE - REENFREHRES R ZERMTT > HALE Heo ef al. (2023) Hi7Ef# (AL
Higdey CP 2GR E - SRINENSIELE - EFZEE HERRIEMTT - Mo - SN
RBPEOEEEE(LELARMERE FAVER > HEN AR S BFRRKERAM - AHEE AN NmAE - £
AILPAIH A bRt R P B S RE B B B B R AR IR M s R AR O N FoR B < B RERT - RERE AR
LB DI AR > EMBEE S R HCR - MHEINS - BEEEE RGBT R EA —EAVIREZ R K
Sh o INVAREFRE R U ARKEESE - WHESHAREHENERBERAHIRE - &a bl > AR EsER L
R RAREA (12 2 20 A8 ) GIEPEEL > KR CP 2 EH 15% [RZE 13% » W&k AR eah e » ol {i1a5
CERMENZHE > HASERTTEIRA R -

*2 BEEEXHHFEERRIEBIESE BN ERIEEZFE

Table 2. Effect of reduced dietary crude protein during the late rearing period on growth performance of crossbred native

chickens
Sex Male Female
Items CP=15% CP=13% CP=15% CP=13%
Body weight,g
12 week old 1,208 £ 185 1,142+ 162 965+ 123 932+ 168
20 week old 2,291+ 236 2,219+ 160 1,924+ 133 1,855 +252
12 — 20 week old
Average daily gain, g/day/bird 19.3+3.0 19.2%2.5 17.1£23 16.5£2.8
Average Feed intake, g/day/bird 94.1£8.2° 86.714.2° 84.6 2.6 832145
Feed conversion ratio, feed/gain 5.0%0.9° 46%0.6° 5.0%0.8 52+1.2

“® Means of the same row within gender with the different superscript differ significantly (P < 0.05).
Values are mean * SD.
n=45.

L [EEARRIEEHEDE S EHEFERRERII 228

SRR CP & B WIS > AENE s WAL EE RN KEN: - 618 CP (K 2% H - #EFH IR 22
BEERWFR 3 R - Belloir et al. (2017) BIeis H PURBR AR YR RERHENE &8 - HIEEHARASE
e CP 2Bt 19% HEE 17% - FHVF RGN > ARV #HESAIRT B EERE > HAgEReE
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ARMAEHERE - 1 Attia ef al. (2020) LUEFNIIEREREFIBERZ LN 15% fHE O afEaRe 28 2 49 HERIYA
# o BAEHIRLH (CP = 18%) tEiE SR RE O AR ERENE - KIEIENAKI G teAmf B > HE
FFE SRR R - SSAVITEEMH - 7Y 1 2 33 HERAYA AEEETRE /e IR AR - AT DUR IR CP (K 2%
DLE - A B HARIERE - H o FEIRFRC D S HERAIZE SR (Aderibigbe et al, 2024) - AR EEEHESD S
FbE 2% 1% > A~ BREEFEEP SR E 555 TR 4.7 & 5.2% > BURHBN SR HRCEA TR - BRI
MFF - 15N - B ARBEEE ZFUKFEREFEVIRN: > NENZ e A HRIREEEDEL - AR =
MK IT AL » AN FEAER - A EEABRHEE KD &8 70.8% BZ{RNBIRAHAY 73.4% - JllEzE 3.5% » BR#E
RERAHEE K &8 75.3% AR B ERAEAY 77.6% » TR £y 3.0% » IR SA BRI R & S8 EERE - IE6
EIREE AERIE - AEL Alfonso-Avila er al. (2022) BIFEAER—EL - &FE DA ELER - EF (K CP 2B NMEABIINR
TEEHE ISR > [FIR ek DS s R BRI PR -

*3. FERENE L HERGIERHES B EWRELRZEE

Table 3. Effect of reduced dietary crude protein during the late rearing period on feces characteristics of crossbred native

chickens
Sex Male Female
Item CP=15% CP=13% CP=15% CP=13%
Moisture, % 73.4+45° 70.8 £4.7° 77.6%2.3 75.314.6
Nitrogen, % 6.78£0.9 6.4610.7 6.6710.3 632113
Ash*, % 20.1£2.4 20325 16.4+3.8° 18.7+2.4°
Reduction (Compared with the CP = 15%)
Moisture reduction, % 3.5 3.0
Nitrogen reduction, % 4.7 52

“® Means of the same row within gender with the different superscript differ significantly (P < 0.05).
Values are mean + SD.

Ash as dry matter bass.

n=>6.

ML P4 1% BHEIE 2 B 1R ST A N,O HEj 2 52488

N,O BEERE=ZSRERE > REBEEEFAZCENZE > B HMEFRENEA 50 — 80% T #HEMH
(Tamminga, 1992) » TifEFR &t > HEHAVLLE THHEE 70% S LURBEIIZRHEE - PR G & 755 /K i Tusas - B
R (NH;) (Koerkamp, 1994) o ZERERHUA G i AR D ERVHEM - 52 18 2 41% BYE[ES K AR K E M E
FEALEYINEAHRE R » B2 A E SR A E (Patterson, 2001) « AEtER{ciE IPCC Tier 2 J77AEH 4
RARIAZFEHEAL F N,O SR ELERAER 4 Fir - BEREBIEIE CP S2H 15% SHlEE 13% 8 > (55 -
HESL(FE A NLO BEIE » DARFEER DI 2 89T/ D 23.7% » TIPCC (2021) B5 /S WEFd 5 45 H NLO Y4 BkEE
{B7ESAE (Global Warming Potentia, GWP) % 273 » B[l 1 /AFEHY N,O FHE A 273 A FEHY COLe » WFSe BT B HH
(56 H) > &N~ BEELEEHITIRD 0.013 ATE Rz 0.22 A58 N,O HERGE > HHETRIEDE) 0.0036 227 K 0.060
AT COge © K45 2023 8RBT FMaiat &Rl - 2023 FEEH O AILIER R 10,956 HE (B - 2024)
Hrh LT L FEERER (L 56% 0 49 6,135 B > FERHE(T 5% MEEEN A BRI HE L6 > & - DHEFEY
TFER T & 11 3 Kz 184 NH COLe © [ —&E SR BRI E 0 6 SRR bR R e 83 dh - NG B HCE R
EREINEEEER -



171 SO AR AR B sl L AR RIBHAZE RAMEAESDR % RARHEK

T4 RFEESGER - #E RGN E 0 B R MG FEERL NO JHET &

Table 4. Estimated impact of reduced dietary crude protein during the late rearing period on N,O emissions from fecal
composting of crossbred native chicken

Sex Male Female

Item CP=15% CP=13% CP=15% CP=13%
Annual N,O emissions from ma-nure management, kg N,O 8.85x10*+ 872x10*+ 928x10*+ 7.08x10*+
head x 56 days™ 1.53x 10 0.69 x 10 1.84%x 10"  1.82x10™

Annual N,O emissions from ma-nure management, kg N,O
head x 56 days" (5% promotion)’

Reduction (Compared with the CP = 15%), %

Annual N,O emissions from ma-nure management reduction,
kg N,O head x 56 days™

Annual N,O emissions from ma-nure management reduction,
kg N,O head x 56 days (5% promo-tion)

2,716 468  2,675+212 28461563 2,171+557

1.5 23.7

1.5 23.7

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

Values are mean + SD.

N,O emissions from composting are estimated based on IPCC Tier 2:

(Daily fecal mass x fecal nitrogen content % / 1,000 x feces-urine management system N,O-N conversion rate ) x 56 days
+ (Daily fecal mass x fecal nitrogen content % x feces-urine management system N loss factor / 100 x 0.01 x 48 / 28 ) x 56
days.

5% promotion: based on the estimated total supply of 61.35 million red-feather native chickens in Taiwan in 2023, a 5%
utilization rate corresponds to approximately 3.07 million birds.

n=~6.
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Abstract

This study aimed to evaluate the effects of low crude protein (CP) diets on the growth performance and greenhouse
gas emissions of crossbred native chickens during the late rearing period. A total of 180 twelve-week-old crossbred native
chickens were selected and divided by sex into control (CP = 15%) and experimental (CP = 13%) groups. Diets were
comprised of maize and soy meal, and formulated with equal metabolizable energy. The experimental diet was supplemented
with essential amino acids to compensate for the reduced CP content in conformance with nutrition compositions specified in
the native chicken manual. Chickens were fed and watered ad libitum from 12 to 20 weeks of age. Body weight, feed intake,
feed conversion ratio (FCR), and fecal composition were recorded, with estimation of nitrous oxide (N,O) emissions. Results
indicated that reducing dietary CP by 2% did not significantly affect market body weight at 20 weeks. Results showed that
reducing 2% crude protein in feeds did not affect the market weight of native chickens at 20 weeks while the male chickens
showed a significantly improved FCR (P < 0.05).The female chickens did not show significant difference in the average
daily food intake and weight change, in spite of the slightly light weight. In the low CP group, nitrogen content in the excreta
of male and female chickens decreased by 4.7 and 5.2%, respectively, compared to the control group.Moisture content
was also down by 3.5% in males and 3.0% in females, indicating that reducing dietary CP levels can enhance nitrogen
utilization efficiency and improve litter moisture conditions. Reducing dietary CP from 15 to 13% resulted in a 23.7%
reduction in N,O emissions during composting of manure from female native chickens. During the late rearing period, N,O
emissions were estimated to be reduced by 0.013 g and 0.22 g for each male and female chickens, respectively—equivalent
to 0.0036 kg and 0.060 kg of CO,-equivalent (CO,e). In conclusion, a 2% reduction in dietary CP, with appropriate amino
acid supplementation, can maintain growth performance in native chickens, improve feed efficiency, and reduce nitrogen
excretion and greenhouse gas emissions. These findings demonstrate practical applicability and policy relevance, providing a

scientific basis for promoting low-carbon livestock production and updating national feed standards in Taiwan.

Key words: Native chicken, Low crude protein diet, Growth performance and Nitrogen emissions.
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A& (X) » ApHHEE AR E 2 ISP IEELEOB oI T o AWSTEAE TMR EERCA BRI A TR HEtHE T
Papis e S

11, S8 E R ARR

REFTE R E 2023 73 =RER RS 2 s i a AL st - e 2 BHRHER HEEELENET 24
B TR R[] H B AR 2 U B AT AU ST E S R R A B AR A T T 0 AR A T —
FULE - HRBEAERABRGECENEE » v ey HEEHEER SN TE - EREsisRSE B
B EEREEARAE - PSSCERA ~ SEEHEH - & Clf) FEREIREAR - AJIRCER ~ st - EREEH
A - IR - BN E SRR A SRR R AR S S T LS B -

() ¥oGHE - BEMLEREE S SN A4HET 100 — 110 56 > 55—554%7 210 — 220 55 » s H8 ABOGI0E
AL 1,200 BT 5 ([HATEREE 240 R B — SR IS TMR HARE 240 2 55055 » AL 849 55 — 6558 » 3%
HEARARL) 180 BT - WA RIREB AT (1) EITITERASTE - SEHEM T HAIGEE Z B BhaRaass M
BEFy 3.5 TAR » 8 2 M HER Ry 500 SHLU AR » B EnfEE 500 582 1,000 55 - 57t 1 — 2 &
H BhaR e < (BR - SRS ERPOS RS E K 60 ~ 100 ~ 200 ~ 300 ~ 500 ~ 1,000 BEAE{TEEAL -

(i) FEEH @ RE 107 FEM 2B G EEBCRIEFTERE X R ENE (BESRE » 2018 ) - BEEFFIE
HEF 0.79%
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(i) #EFEEHEM - KRFHEMET - ALBERAS —F 2 EBHEN HHEE R 10% (7T 1931) - SiRE
2006 £F ASABE &} - 85 [T fliat EIZ IR - TR R RS G RA S RETRHY 100% o HFR R
HAEEE AR SUE D - AT LIEHEEIE 2 BERER - BENERE 2R G AR - RS E
ANBJRRHFAL > —& (EH 500 BHLL AR ) B i g BB B ALY Ry &1 100,000 — 180,000 T
ERCE R G 3 ERIEE Fy 240,000 7T > S Alat RAEEEE (CR) Fy 15 81 20% - HEE50H TMR BRE 2400105
FHIEWIRE - (PG EARME Z EIRAEE S 4T 36,000 TT / 515 CR Ky 20% » A AR FIRFEOE T
Al o _EICHEERASY Ry AR e E SR RCA T 2 2RI > ABF7E CR FlE Ky 15 2 45% -

(v) AETRPLANTEH © EEAEIE R 4.29 TWD kW/h (KEFHED > 2024 ) > REHTTHEMIETAVIAGTE -
SO B AT EEOE & 28 TWD/L » RSEL A TE RS ERE & 200 TWD/A | AWt EMRIBECSS £ 5L
IR A BRI - (ARG OB IE R A LD S S e - TMR HEHER S (FCE 1,200 kg JRELLY
740 — 60 775# ) ~ AR ELIDALEE > — i REREIRI X BEIERERAHTAL 1 — 2/ NI T A ED
fF - BER B ghatesfg s » ——RERE =LA L - ReEmfE R4 - B RABIEZE - AIFRRIIA
THHVITHF (4HY) 200 — 250 kg B EHZFAYF 15 — 30 778 ) - SEAIRIRIEASE A TMR fESEA A

iz Y —EE o ARBHSTH - B EIERE AR THRE R B — RGN FEHKAET 2 3B F1H/AL
1 — 2 /N Ef TR SRR EN(F - AR EH B BhERaR R (e B 5 (AR AR AT 240 2 T RIE A 5] = R A AL 1T
i 0 1 CTHE RS Ry — REREAR 2 ARER B © BEaRed 24 2 TTHEES — REREE M2 A-EHKEL
B2 - 38

) AFEESH  RREESFE A EEREUR » 2024 FIRIRELEELE 5.9 BEMAL - LEEL 45 &
NHEAERL (RSEED > 2024 ) » DUSTEIE R By 305 RopFLREGTE > P9 HAEE 25 kg / §H > TRLRZY/EER
BEL R 17.5ke » 3% TMR 82908 By 50% » S0E4- 55 & TMR 35 kg / H (GREE) -

(vi) EARHEFER @ HEIZEE 3% » HEE 24 6% (1A 2023 4F 3 ARSI ) -

oi) FLEWL - HEEREFE VB REETE B EREE IIALEL) 2.1 — 7.6% (Bava et al., 2012) » A5E
HUECSEEME - TRAS E BhERER R 200 hn 5% EALE -

IV. #Z B 3575 P78 (differential break-even point, DBEP) 1 35 Bl Jf: 235 iiF

7= PR Pk (differential break-even point, DBEP) s A2 LEEGWE /7 28 AR A2 > 2ACHEk
(5 ZEAR > Ak 2 AR BIERY 7% (Lanen ef al., 2008; Kinney and Raiborn, 2011) » AR5 B AE R —44
GIBE T » & B B AR 2 B R AR BR A S ARV BA SR RO OERHIE T BB R B 2 e LU 5 B
ZERESHIEE R A > WA H AL BT RS S SR E VB BN AT - NEEAHTZEER 2 R R P
i > DUT RS X o TE 28 R F AR A A T R AL A TMR EERETE (kg / ) ©

V. TR B LR

EHEIENS B> X - RIELE B BhEREE 28t 2 IS BT (C,y) BUEIERET 20 Z BALRA (Co) + FE AR

B<X - FLLHEH SR BAL A (Copy) ©

wm R

TR I FRE AR AT B2 SR 25 Sl M 705 - $HER RN AL A= 5HE (60 ~ 100 ~ 200 ~ 300 ~ 500 ~ 1,000
UH ) 155 i H B E LA A e B E A S0l TMR 6RE6 247 (58 | TE 2 THCE ) AVEERARER o AR
L ARGERSELEL

A ELEGE R s B 2 2 B E) BB LERE AR50y R U B A S I E E AR > 395 1,132,140 7T
(#TEEE D 1,080,000 + F 2. 152,140 ) » 255 FMEATER A &7 HVEERCA > Siam 1 1802 10> B 169,821 7T (7
BE# D 162,000 + FE 17,821) - BB T HENME AR SH E ARG ISR TT B SRR E - SHEAR
J7H c BiEHEEEHE - RN T EEEERE T EE SN EE AR - CHEEBKAYEETEHENT - fla

1E 60 BEFAME T » a2 (1 1) WS EIRCA Ry 229,500 T (4EEEEIEE R 36,000 + JHIEE F 84,000 + AT L
109,500) » {4247 (2 1) B 469,000 T ( 4EEEFE R 36,000 + JHpk}E: F 168,000 + A T& L 292,000 ) » i &

B 2 G Fy 287,320 JT ( 4EEEHEE R 180,000 + E5EF F 34,320 + A T.% L 73,000 ) « 281 » FEEFIBRA - HE)
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EE B LB TMR 6T ST I A B R B
FARIVEBIRAREA I BB A (LEE 2 THCE ) (VEBIRAZISE | > EEEEAEL T (401,000 54)

£ R 180,000 + EE&F F 34,320 + A T % L 73,000) FE&aEHISEN 12 872,180 7T (1,000 FH - 4EEEHE R 400,000
+ E# F 180,180 + A T2 L 292,000) » SYHEAHEHELE 2548/ - 1A FEHUE NAVERRECR EE - BEREERFR

BREARE ~ EE A (K~ - SEER) - ESEGHEE - Agap TR A JEHIEER - Fla : 60 5E4-
—REREIRIR > FHEIFE 2.0 — 3.00F > fURHEFES © VIS CEFERBIERE ) ~ fikh - TMR 8 H0RS - 24
Bl BHRABSE 2 — 3B S HTIFLUINE 4 — 9 /N\EF - ATREFE 2 A ;1,000 BEAIBIEERI B EME 8>
HENERELH (1 — 26 0 FEA 35 m) > 7H | ZA BRI FEEEESE - &SRS IS 500 GEE - 4
HARFEAEENBIE H TR 12 /N - fERE BN N ET AT - BRI AL &5 H TR
il o AHESH > EAE AR RACESOH B TR - BB AR R S EORIE S I LHAEREM A T AEL T
(411,000 BEETRE ) » 8 KB T (B4R S 400 N TELRRL T IRV HAE - #5HE 1 558 3R i 6 A A G 2=

>=

X 10,000

Operating Costs (TWD)

o 11T | A

60 100 200 300 500 1000 60 100 200 300 500 1000 60 100 200 300 500 1000

Automated Traditional feeding Traditional feeding
feeding system system (1 worker) system (2 workers)

Herd size (head)

L A EIEE AR B BRI R S S B E A BRA LR -

Fig. 1. Comparison of fixed and variable costs between automated and traditional feeding systems at different herd sizes.

1L

M.

IV.

TESERASI AT

FEPRARBAL A (Copp) JTTHT » HIFY B ENRERHT S EE RA - TEEE AN (40 60 B ) B - H TMR JRAGEL
fZpA (1.84 TWD/kg) BEE =M E A4 (1 T2 0.50 TWD/kg 5 2 T < 0.83 TWD/kg) » 281 » P& & BB BRI
K> BB Z A0 HY B ] TE B A R A B ] B 38 T e A 2 o0 8 > (S HL IR AR BE A B ARV T [ - B - £ 500
SRR BB RS R A BALRLA (0.24 TWD/kg) EL SR EUE # 4 %40 (1 T2 0.24 TWD/g : 2 T. < 049
TWD/kg) ° [ 2 EEBEA IR VR A ERA - 5RBUR © /NS (60 — 100 87 ) 1 - HEN S AEHY B AL
AERATNEFL ARG & e EHEE 200 BHLL ER - BN RV AL B R AR T > i ESE 2 THCE
FYERAZ P8 TMR {ESEEA (HE) 0.75 7T /kg 5 {4482 1 0.84 7T /kg ) ¢ BIFEEE] 500 AR - RIERFMELRE 1 TR
EHVEALALE TMR {EXERA (58 0.32 7T /kg © & 1 T.0.36 7T /kg) °
HRSNE AL

AL (revy,) T HENEELERE R MBHAVAES - AWTFTTRME TR0 5% WEALE - E R kg ARER
EIEAIALEN LR 1.0 JC /kg » BIERERIAGTRR - HEIZRLRHY TMRIFEAL A (C,y) BE R E TR R
A o AEEAE AR F] 200 BEULAL R - FERLBAEE 2 -0.44 TWD/kg - £ 1,000 S A- R 5 [ 2
-0.79 TWD/kg (3% 2 ) » B IE MBI B s AT KAV RS M s 200 BEIAFL I RS 58 R84 o 2 B RER ad Y
AR - ptie R{EFR H BhEREE T ATERY AL E U CAA S HEREIRA » A RRERE nEERAER] - i RAHE AR
Wizt g - HELZ T - B ARGIRRET AR > HEBRALRACRES R R A B A -

FEFR L T RIRL AT
P2 RGBT B IR R R R AR A S AR ST R A & (BRSO X)) » fRR R 2 Bdsat & -
EFE N AR SR (X) B8R AR - B4 68 2 150 & ke / 2 - EERE - EERERERET 8GR BT
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B SIS - B BRI A B RGO FHAIRA (C) KB BN EA SRR B R A (Cory) © [ 3 5347
I Bh BB AR AT 24K (1 T) {EARIEE 200 BERAFLAF MU A28 S804 0TS - G5 LT  ME A0S FUT AR AR B (BE
TR X ) By 861,014 kg » (R FAOEISFARETR (B = 2,555,000 kg/year » 3 2) o HE— LL#pAHF » A
S BT A BB AL (Cg -0.44) (I A BRAT 25 2 B A (Co 0.30) » BT BAE AR SR AL IE
SRR B4 -

2.5
on
=
=
S 2.0
D
2o
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£g
k3]
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8 -
= ., LO
Qﬂ - v v .
M8 o. [Iraditional feeding system
=20 (1 worker)
= 0.5 it ;
= - ..e.. Iraditional feeding system
-~
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0.0 = Automated feeding system

60 100 200 300 500 1000
Herd size (head)

2. HBEEGERE RS BRI TV A E 2 TMR (ERERALLEL

Fig. 2. Comparison of unit milk production operating costs between automated and traditional feeding systems across
different herd sizes.
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= O -

c | Tttt
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3. BEEEEGERE 2 (1 1) (R 200 SUNFLARE T Y2 S8 o P B SR S AR 3 AT -

Fig. 3. Scale economy analysis and differential break-even point between automated and traditional feeding systems under
the scenario of 200 lactating cows (1 worker).
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R E ST RS » 2024 FIEFREE T 545 B F o HLEIELY 1.8 BEIHAA (B > 2024 )
B PRy 108 BUBALA: o SHEA [FERE S A R S BN R - FRETERIESIN » ZIHRCA R 7B F BRI
ER BRI GS © AWTFE LT SRR M SR Ry o AT > B34 60 ~ 100 ~ 200 ~ 300 ~ 500 A1 1,000
IAFLAERR - AEE—HUSEE T IR T TMR FERETE (ke /) ) (E BT BRI - HAEMREAEZ
IRIBTHRAV TG H R R E (S H R TMR 35 kg BAGHE ) M EHEERRE (—4F 365 K ) (RS LI
ERETR - BEIFIRHER (BB 3% AN 6% ) PRI ANERER - BEOITA R THYR
AREEE > AT SRS ERPE BRI T - EA HEEERE ARG BREAERA NG LR G RG> DU R et
& EEZBNZE T R -
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G B BB AP I R gk
AUFFEEEREDT » BB A NE R B T EEE AR 7 B SUR DL SR B AR 2 5 - T R
% TMR ER{ BREARCASHYRA S 1IN - fE5m 2 B B sUE SR 240 - BEE AL e B BARE 60 B I 1,000 55 -
JFUABRALAA (Corig) S 23 [ ERIES - M H EEASINEIE A G & > FHFIERSEE S EH e v E - 5
FEEIAECE 200 BHLL L - HA BRI T Re 58 21K E E A SIE (C.y, -0.44 TWD/kg) » 55558 7 MIRLOR
B AL > W R RIHE RIS TR MR8 AL e e 7y B - $ KRS (1300 88 ) FORAIHES (1500 55 ) 1
= HERSHFERBEA AT RN EE AL R EI NS R AL (412 1) » BUnHAES AR & T~ BAEOms
F7 - BN BB ERISEAE A R BT B B B E B A M — PR R B A - B 2 e T
firFL 82 TMR {ESERCA ) o3 - FRHEIR R EBELEA F S B AV A E 2 R WRE(ERAST R J7 (e
FRET - &G EREAVEAR > WEERE RSV R AL BIFRRA S 250 NEEES - Rt T AR AR e
XA TR R o A2/ NS (40 60 B5) 1B T - HENMEEREIRFHIRA SN EHSH AL - LR FRNBHEBEERE
BT PR > T EBECAETE A e DRSO - 28010 > BB AZE 500 BILLEEf - HEI{E LSRR
fr ALERARRE N > dAE 500 BHF CBLELG 2G50 E - 1£ 1,000 BHEFE 2R EG R - BURHAE T RIIE
BN BERASE RS o ERAGERFEADBCE MIRAZ RN - FEAHFEEERE T - EEMATA
UM AL B ABE SN —2TA - B3R 200 DE8S - B AL EEERACT SN AR L5 BrA
TEREZEER LG T IR AR - 28000 FRAKEEGEE (41500 BEELE ) B - EHERRE S TA > B
B HTE e @ s g ARG > FEVMEAARLSET R - NIEER Z SR A TER HE A EESR - '
PRECASHIRE R ) NN ESHRLALA ~ S2AL A SR (/R EEBIRIR - R BOARGERE - HOBALA R EZE UK
TR WU B B e S R B R (Y S e R £
RAG I 2 5
FRAGEREHY 2 BUE R B HAE AN R N A TRIRAVRAGE - (ERAEREE - ARV A B & (E
TERAS (FTEEE ~ MR ) MR ((EHEAEE - MRS ~ 55778 ) (BRAJE > 1989 ) - [@ | 2R EEEARS
EEERA ~ RBERARERRME DU ERAGREERA - @B e ARSI - SFeAyseE 1 H
2 HILAGHEEE © H BERET SN S [ AR - AE(REE AR T e B AN S - (H RS AR R
R FLIE]E A = e SR - BRI RAVESRR - BRI BT AR T A B AR A
F 500 BHLAE > FREGL RS | T B EERET RS AT A8 EEZ B A G Bahpl A N TE AR > H
RATRAE S AR T IR E A e IR 2557 - [ | 3R T ARSI 2 - RIREGTHEE A B BASE BIT
ERA TR T E BRI -
(i) ALpA
N TLRRAS By P TeR BB 2R AT 72 VR 2 — - ARE e W e B AR b N I A2 -
E B Z 40 ey EEPREAE T Hos R EIE A - B A BB E A4 AT RE R T & T RO SR U B 2 Y
EUEiEE > WSO ARE « HEEE S - B SCERAE S B AR AR — By o 1 S
AR SEEESHVEBEAR - FRIES IR - [ 1 BUR - S ARSHYE B A G i & AR T
&L HE 2 TRCEMNES AL - HEFRAHEEN | TERCENES AR - SRR BN T H5MY
ANLRA - EEGERRE SRR H E R IR IR G BB E B A R E A TRACE - DAMITRERE R
B> NEES (60 BEURALA ) BRFELE TMR H > —REREIH K - ROBER T > FHPIEERRR 2 —
3WF > BIRAESE R 2 — 38 HH THFAUBIINE 4 — 9/NEF 5 cpRIBES (200 BB FLA ) — K ERE R
R~ ROTBEENT » AURR S/NEF - ERABIEER 2 — 38 > B H TREMINE 12 — 15 /N\EF - fLiFEE
SERATATAE - Bk TR RS R ECER 2R IER - AR BB RENGL TR P EEMRE -
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W95 » TEESIEA LT - WINER AR A LA BRI’ 2.1 £ 7.6% - BRI FEEE » ALE AL 5% 0 &
HAEM SRR "T/ kg, FonE kg GRAZLE R IR 2ROV M FLULES - 7E HATE kg 2 FLES R
28 TS T (HE S ke &R TTEHSMENZS 1.05 TTAVE AL G - BB RGBTV AERGS (tevy,) HHAR F
NEAEFEERE - HAENE(L AT kg TMR NUEEE » BEIRSHVFEALRAE (C,p) KNIEFEE > £2E R
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It > #HENELR EIRNIEEH EIR B Bt RV E IS R ER - B EEERA - e B ARG - &
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Abstract

Following the shortage in labor force and promotion of energy-saving and carbon-reduction policies, automated feeding
systems eventually become the key options for dairy farms. This study aimed to compare the economic impact of automated
feeding systems (automated electric TMR) and traditional diesel feeding systems (tractor- or truck-mounted TMR) on dairy
farm operational costs. As the underlying cost factors are subject to change with economic conditions and social environment,
the cost estimates presented should be regarded as dynamic rather than absolute values. Two analytical approaches were
employed: operating cost analysis and differential break-even analysis. The unit of comparison was defined as the “cost per
kilogram of TMR,” with annual feed amount used as the scale variable. Cost components included fixed costs (including
depreciation, interest, equipment installation costs, and barn renovation costs) and variable costs (including maintenance/
repaid, fuel/electricity, labor, number of operators, operating hours, and number of cows used). Data were collected from the
investigation on three dairy farms in 2023, incorporating actual cost records on equipment installation costs, barn renovation,
maintenance, energy, and labor expenditures. Results showed that while the automated feeding system incurred higher fixed
costs due to equipment and infrastructure renovation, its variable costs became relatively lower. Additionally, the system’s
capacity to deliver multiple small meals per day contributed to an estimated 5% increase in milk yield (assuming each dairy
cow produces 25 KG per day in average, increasing 5% of milk production). Using differential break-even analysis, the
study calculated the critical annual feed amount at which the total yearly costs of both systems become equivalent. The
results showed that, when the actual feed amount reached or exceeded this threshold, the net unit cost of the automated
system (adjusted for milk yield gains)was significantly lower than the original unit cost of the traditional feeding system.
When the number of lactating cows exceeds 200, the automated feeding system offers advantages in saving labor hours and
improving milk yield. These findings suggest that for dairy farms operating at or above this scale, the net unit cost of the
automated feeding system, when accounting for increased milk production, becomes lower than that of the traditional feeding
system. The purpose of this study was to evaluate the operational costs of imported automated feeding systems versus

traditional feeding equipment.

Key words: Scale economy analysis, Operational cost, Automated, Differential break-even analysis.
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38.5°C & 5% CO, Z Z= RANEF AR TS » AR KE/ RS I ESE A (215 > 2024) -
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W /KSR TR (BYERIEEEE 08212 5% - el - 28 ) I THERE - BIERE
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B 12 /NI R R -
(i) HHETFATE R 107717 TCIDy, / mL > HY 500 pL $EECH A S g M T s > IER 38.5CHEM
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% o
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| EYEfEE 539 bp DNA F E% (Zadori et al., 1995) -
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H. 50% CPE HIFFFEREAE EIDy, HYR(H -
BEH 10 — 12 HiK@&/ MRsbiieiz i MD IERIRIRIGE © ARt ER DS EE N REME - WH
WRRG S T E R A T - PO TN ~ T8 FEIUBRE M » DL 26 Glinch 215 - SREEEE
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L ISRERHERREE S R ER -

Fig. 1. Schematic diagram of injection of virus solution into the allantoic cavity of duck embryo eggs.

EID,, FYRUEETHE 5= (Calculation of the index):

Index = (% infected at dilution immediately above 50%) — 50% / (% infected at dilution immediately above 50%) — (%
infected at dilution immediately below 50%).

Index = (77% — 50%) + (77% — 42%).

Index =27 +35=10.77.

The index is then applied to the dilution that produces the percentage of infection immediate above 50%. Results suggested
the optimal value is 10™ dilution. The index of 0.77 is applied to this dilution.

In this working analysis the dilution that provided the 50% infection of eggs or 1 EIDs, is 10™*".

The reciprocal of this dilution is the amount virus contained in the 0.1 mL of the original suspension
=10*" EIDy,/ 0.1 mL

=10>" EID,,/ mL

VIL (0% A
1 8 U B 1% BR R IR DA 358 xg e 0 5 o3 88 AE 1T UK o7 i o 5 I E DL 56 °C &K 30 o §5 A 1T 5 S
(decomplement) FEFH{% (Gough and Spackma, 1982) » 100 pL [ 2L MEM #48 2 {Z#5kE » S/K&E/ IR TR B R
Ky 100 TCIDy, FEENIAMREZIME - B 37C K IE 60 776% » FFiIA 0.2 mL #HE iPSC A - #8fE ~ 4HpEE 37C
EEEE 6 Hik » DIHEEEIERIA 0.5% 45 Rkt » ZFLAMRS IR AR B RUE - RIZ RS RER
BHFIEEN 2R « St EEULEA R RIge ) 2 Mk B hiae 2 M -

e

L K& /NREEHY b FE R = B Aol

CPE $50Y/2 3 Y5 [EAVTE T AIREAERAIZAEE L » & A CPE BLFRANREAVERR S 4E -~ (8
SAFE ~ BR7E - TERKBRDE ~ BE - SRS WEEE - NEEEIHEE A ENE TR g EE N EEEDN
CPE - ‘At g R B (B g 4 AE - A S G 280778 T AIREAYIZRE - Wi9E A EnT LA 48 CPE HhiHE
TESR  WhAPRSRPUREEEY S ETROHIRIEREE - Kt CPE Bl > g F I 2 s s 0 BB T DU
ST -

MD-iPSC L DMEM + 2% FCS 5% 12 /N R K&/ NE S » IR EREE 48 — 72 /N AT 5 <2 KL
TR A RS (BINE U 4 R % 2 CPE BUFETTHUIRER (& 2) -

K&/ INE 3 Ry e — TR A4 AU DNA 85 > FREE K/ NG Ky 5,100 (ks (Zadori et al., 1994) < A
{E B i8S & (open reading frame, ORF) » /£#2H ORF fJE45HEZE (4 (non-structural proteins, NS) » #5321y ORF
B 4ERETR [ (viral protein, VP) BYEEHEIE © A A 3 M X ELEREE T 5515 VPL ~ VP2 ~ Bl VP3 (Zadori ef al.,



PR3 BREAE TTUkaL R 190

1995) 1 2 fEIE4EREE H NS1 FINS2 (Smith er al., 1999) © /K& N 3L R 1% 17 E A AR AL g i 7 =URHE LY
BRI (Daeffler er al., 2003) » ZA1% PR VAT AT AVAAE » S4B AR EMEIE FFISHASE T » NS1 fE/KE
/N B R BB AE iy EE A (5 (Berns, 1990) » AR #E 4 1F H 124 NS1 5548 (Herrero et al., 2004) » NS1 &
—TEZThREE N - AE/KE/ MR T REARE th AEEA 4R T (Moffatt er al., 1998; Mengyu et al., 2015) -

Saleh and Khodier (2020) PLJE E 6 355 1 58 &L 44 45 /[N 77 3 (goose parvovirus, GPV) #9 i & 77 i ! GPV 45
B R ECLEIS AR RG 4 RR AR - YRR IR 72 /NS T 22 B 27 SR AL Y A R Y AR 538 B 4 /N 2 CPE B4R 5
F] 96 — 120 /N » B2 {[E B (monolayer) 4HAE R/ INm 5 HY EL S 25 A dHRE R (B - baltry RS2 %8 £ CPE
Y B ] B 4 AR Y RE Y B A A E B N B L BIAEULB P © Zhang er al. (2019) FIJ I ] 42 %6 % 8 S 73 47 (indirect
immunofluorescence assay, IFA) ;£#:{T GPV £ DFEs #& 2Ll 2245 » GPV fEJEiHL1E 24 — 48 /NI ] 22 2 &l
B » A8 /NI EE R AR B AE 96 I FE RSl - 12 120 /)N BHE RS R CBINRE -

E RO 225 CPE BEETAVER S » ERFRITRFHAE S &R — ORI Y -80°C » S EER > 4R LA -80°C
R 3TC AR B HENT 3 REUFELHRLB AR R TR 1% > DL 805 xg 1Y 4°C NHEfTHEL 20 7388 HEL - B
EHEWHERNZ FER - BLLEEREENN FER - B TR R R O - SR — 2R
K&/ NiEE = & ATl MD-iPSC TR SRR YIS a2 -

1 1 7H Sy £

2. JKE/INAFRAHE - A M0 AEEKS/MES - A RIS - B © 4K/ Ve ksE
48 — T2 /NEf o AT ARSI E P Rk 2 R R B4 (ANETERATR ) SFANRR R (E A (CPE) AR -
Scale bar = 100 pm -

Fig. 2. Detection of waterfowl parvovirus infection. A: Cells without infection with waterfowl parvovirus. B: After infected
with waterfowl parvovirus 48—72 hours, the cells showed cytopathic effects (CPE), including cell detachment leading
to vacuole formation, as well as cell rounding and shrinkage (as indicated by arrows). Scale bar =100 pm.

[EU /K& /IR B B R AT TR BE ZEEY - FF DL PCR =0 E TR 45 SR BE R IR & [ Ua Ay 4MpE s 227
PP IE > mT At —EL 9T By 539 bp #Y DNA ] B¢ - 455556 E MD-1PSC /K& /N s R % 5 1] 4R
AT S > HPETE SR B A S M o] PR AL ATRE - HERE MD-iPSC dHREE T 1E R/K &/ N 318 140
A o BEAh - AW [ER A AR A #E T /K& Ve B R/ ERY 8 4H MD-iPSC 4fiff PCR el £ 2 ME R EZ
g BURARE R MD-iPSC 4Rk B parvovirus free ([& 3 ) °

M 1 2 3 4 P N

<+ 539bp

3. DUREHSHEH S ERR M EOK S/ Vi 3 RAIANAE © M 100 bp DNA ladder marker © 1 @ DUKE/INEHE R Z
AR - 2 R 3 ¢ DIUKE/IMA SRR B RS LA R A SRR © 4 < SRR Z 4HHE - P ¢ B ERRAH o N
PRSI -

Fig. 3. Polymerase chain reaction (PCR) analysis of waterfowl parvovirus-infected cells. M: 100 bp DNA ladder marker.
1: Cells infected with waterfowl parvovirus. 2 and 3: Cells infected with waterfowl parvovirus recovered from cell

supernatants of infected cells. 4: Cells without infection with waterfowl parvovirus. P: Positive control. N: Negative
control.
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II. EID;, (50% Embryo infective dose) fg M

B 1 RHE AR BN E S A E RS ENE ] B ER SR DRI 107 — 10° > F4HIE
0.1 mL BEEFI/KE/ NRET S FBIBIRE (10 — 12 Hid ) FREER S » P EER 7 KT E S AR
SEEILT - SRR 107 — 107 fURERA R 50% AUES (£ 1) » HEZT 2RI IRIRIE Tl L
HaEHMmER (& 4 ) > Saleh and Khodier (2020) #F2/REFHLIAVAE R © f Reed and Muench A5 & H EID;, £
107 EID,, / mL o

4. HER& EIDs, BEARIERHIZE - (A) 19 Hiie MD FHWSIRARIE R EHIR4H - (B) BRRGTE/K &4/ INEFRERMEE 7 K
IR S BB AIEY N HIML » Scale bar =1 cm ©

Fig. 4. Determination of embryo infection dose (EIDy,). (A) A control 19-day-old MD muscovy duck embryo. (B) A
waterfowl parvovirus infected embryos showed stunting and subcutaneous hemorrhage at 7 dpi. Scale bar = 1 cm.

% 1. MD iPSC WIJEZ K&/ MR EHERT EIDy, 534
Table. 1. EIDs, analysis of waterfowl parvovirus replicated by MD-iPSC

Check of eggs infected Accumulated numbers )

Dilution of inoculum ooted footed Total Percentage infected (% )
infected  notin-fected oot motinected o (A4p) A/(A+B)x100%

(A) (B)

10" 5 0 16 0 16 100 (16/16)

107 4 1 11 1 12 91 (11/12)

107 4 1 7 2 9 77 (7/9)

10 3 2 3 4 7 42 (3/7)

107 0 5 0 9 9 0 (0/9)

10° 0 5 0 14 14 0 (0/14)

L R ERA LTS bR

i Al EIC S 1077 EIDy, / mL AR SRR ARAERE 0.02% tR BT 5L 3 X » HECREIULIK S
PR EM: > IR BT R o R B bn R s AT AR T T R I, - 4558 MD-iPSC B 275 k1%
R R A ZZEA CPE 1VIRR » 2 BifE R 25 (bR 3R 2 4l A BHE CPE iV 2884 (1B 5 ) » B
DU EERE 0.02% REMET 2B 3 K » o DAEEREHURE M A B -

IV. BT AEAIE s

20 & 64 A AIVKE/ INEEIVEFIE 7 RIS 1 R EHAT ~ fHEER AT ERE 14 RAETER
5B - R 3 UM - A EMREEEUE S E > 1077 EID;, / mL K&/ MNEEIRES F A AR L
B 5 — 7R L E e RIS A (F Ry ¥R s 22 2 4liHe A CPE 3% - Bn e RinyHE &Mk th ik
PURSFAE (1B 6 ) » ABHZE 2L MD-iPSC #45E 2 /K &/ N 25 S b Pt T R » INE—RRIER 14 RELE
R R 14 ROUEFHITIRE JIE T A Ry 4 — 128 584 32 — 512 f% > {EREFINIUER Mg vifs
SSIME T 5T e e N PBS AU R4 MED RS HiAn (£ 2) -
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BREEA (2014) BF9E4E L - DABIER/KE MRS S B HBEIEIT 2 HilReR 9 HERifIEs > ek 14 HZ
PR JEBUREF T SE E i I EN R 2 - HERISH e s A DURR S RS TETT - DRI H ATE A AR Y
KSR TG T i i R R PR (R RN  FEMET 2 - REE A TR R BENS - BENS DATHIZK
B/INEEE R -

5. KB/ NEBEE LI, - A GIFRRERR S (R K Mg » o] RANRSEC MRS R 2R
SEE S (AFTERATR ) F4EAR SR (CPE) RYER A - B & dlBERAE G (LR 2 K&/ Vi - diE&
JARIEIEHS © Scale bar =100 pm °

Fig. 5. Post-inactivation infection assay of waterfowl parvovirus. (A) Cells infected with active virus displayed cytopathic

effects (CPE), including cell detachment leading to vacuole formation, as well as cell rounding and shrinkage (as
indicated by arrows). (B) Cells infected with inactivated virus maintained a normal morphology. Scale bar =100 pum.

Goug and Spackman (1982) 5t} - DURZ K&/ MA S L e BTG BEISHETT - 28001k 14 Higlln &
P BT - FE A (2005) HEFEBURA IR E A A /K& MR R R B LI s - BERIE RIS E T S e T
B3 ATEE 800 {5 LA | o AWTFE IABAET T /K& MR TR TE R TE L B AR (F R DU FHERC R R - 41T MD §§
EREER - £ 1 ROpEik 14 RINTEZEEIGUGHY LI - REL 8w 32 LA L - HAESEM5RIER % 14 R
HphaJE 2 32 — 512 6% > {B4RIE 1 — 8 M1 1 — 13 HHiess | R U/NiE ETT 4 £ 5 565 2 ROBERE
FETRE] 32 1% HEHIATREBL(E RS HY S S B A -

Dilution of serum antibody

No. Control

1-5

6. [MEKE/ NMEEEDTAG PGSR - BHIRAH © R B RIULEE Z 75 - Scale bar =100 pm -

Fig. 6. Neutralization test of serum against waterfowl parvovirus antibody. Control group: serum collected before
immunization. Scale bar = 100 um.
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® 2. METKS/INRBEDERIE T

Table. 2. Analysis of serum waterfowl parvovirus antibody titers

Antibody titer
No. Before im — munization 14 days after the 1¥ immunization 14 days after the 2™ immunization
1 —1 — 64 256
1—2 — 64 128
1—3 — 128 512
1—4 — 32 128
1—5 — 128 256
1—6 — 64 512
1—7 — 32 128
1 —38 — 4 32
1—-9 — 64 128
1 —10 — 32 128
1 —11 — 64 512
1—12 — 64 128
1 —13 — 4 32
1 — 14 — 16 64
1—15 — 32 128
2 —1 — — —
2 -2 — — —
2—-3 — — —
2 —4 — — —
2-—5 — — —

No. 1-1 ~ 1-15: The waterfowl parvoviruses were propagated in cells, inactivated with formalin, and mixed with an adjuvant
for immunization. No. 2-1 ~ 2-5 : Control geese were injected with virus-free adjuvant.

H A e b sy A )7 N R 2R Ry Wi T - IRRG S SRS B AR - AL AR & R AR RIS T A 7
T AAFAEE R g - P E & B @S A - S8 FRAVEIR rTRE IR R - T 2 B e R A e Bl
HLE - AR 2 N - AAEET BRI Fy B AT BRI G B 38 SR AT A SR B 8 FR il s - 37 2 B P v i e L R R
FHOREAMIGENAEYES - FHLETTERE B sEE G o DUREIEE KB diErERiir e s
FR RIRRGEE R AV RE T - WAL E4HREM Madin-Darby canine kidney(MDCK) 4fiifIE2 African green monkey
kidney epithelial(Vero) 4fiffd » ELEE 2 EF R EE(EREUE HIVAEE (Liv et al., 2009 ; Ehrlich ef al., 2012) -

BEPRTA H0 o B FT i A S S 2 A MR 4R (induced pluripotent stem cells, iPSCs) A& i “E 2 (Shittu
et al., 2016 : Liou et al., 2019) » 7E LASJRFEER4HAE (40 EB66 4HRENE ) BEDE Ryl i Bl B A0 2 H B SE B Y
£ (Olivier et al., 2010) » {H HFi7 o] A RE L 22 < &8 iPSC ARtk - HAHRBRE R (g i e e s
e 75— AT EARA S - DURTT A E R A B A AR E I -

FEFTHPKE N B e A E )T T2 MD FHISMREFE RREREREE - AMBENEREE
HAERFEREE - INIFEERE S S EMEMRERNE 2 M8 - BB mEEmiiE - AHFRIET HIRHE
% HE MR AHRE R (MD-iPSC) » g8 8 H AT Ry/KE&/ N5 2 18 L4000 - SRR R - sz Mk vl 2R pm &
MR R - HATE A 2 R REi s B R MD-iPSC HYEE ] o #E—0 dsZ Ak B I AR R o 45
FUE LR EDA I RIE e R% - TS MD S5 ET a8 - SR BUR TS RIFIVPDRESIE - & Lifish
R » MD-iPSC TJ{E ByrK&/ NE# e L4000 - W E/E e s EEEa 28] -

ZEXR

MIEH ~ SBSCE - EUIRE ~ 207217~ ZFRE - 2005 © ZKE /N33 BUEYE B R B MR SOR & NS (B s Z Bin b
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Abstract

Currently, the waterfowl parvovirus vaccines of Taiwan are produced by using muscovy duck embryonated eggs. When
a nationwide endemic situation occurs, a large amount of clean fertilized duck eggs will be in critical demand. However,
in the outbreak of avian influenza, the muscovy duck will also be under attack while the source of embryonated eggs will
be affected. Therefore, an alternative matrix for vaccine production becomes a top priority. The purposes of this study was
to establish muscovy duck induced pluripotent stem cell (MD-iPSC) line, followed by evaluating the potential of this cell
line for vaccine productions. The results showed that muscovy duck iPSC (MD-iPSC) presented positive reaction via the
polymerase chain reaction, after waterfowl parvovirus contracted infection and retrieved cells. It was confirmed that MD-
iPSC could become the host cell of waterfowl parvovirus. The titers of retrieved cells for analysis was105.77 EID, / mL,
whereas the virus suspension was inactivated with formalin and administered via intramuscular injection into 64-week-old
geese without waterfowl parvovirus for immunogenicity testing. Following two immunizations, the serum antibody titers
ranged from 32 to 512 times, indicating the potential for MD-iPSC cell line to act as host cell for waterfowl parvovirus and

production of vaccines against waterfowl parvovirus.

Key words: Muscovy duck, Induced pluripotent stem cells, Vaccine.
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23%  EARVFAILURE S etr oKW EN R EE > IREEERCYERBEERE - DERIORERT
EAFRAREE -

|

(1) Rl Fm A s B AT b ST e 2 5 2841 51f -
(2) Rl e B e FE A4

(3) EEEEN Em A B Al

(4) I =B R EIYRI R A -

(5) EEEEl E AR TREI AT R = -

(6) #EA/EZE » E-mail: mpcheng@tlri.gov.tw ©
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ERAE R B ALV FOBAL R > ROMER R RIERIRE S - EHERATER - SR AN
WAL RHIEASER > HEKEWUMERTEOENESE - HMEREHNABRE VMR - w8z DA K
A RIEERNVATHEOER KERS  —REP T RESDATEAR  ST2RE GRS E D BEE - 2800
HEENEQ BRI E I TR B E S EREAIIE > BERETIEEE ST (Kebreab ef al., 2001; Steinfeld et
al., 2006) - BIFEfE I RETRITAVSEL E SR - 1 EER S ERPCRIVE 0B AR - AUHST - B EEM
F o A DIEOR SIS A BRAVREARE - SRCRE A E e AT = e R S - [FR n] A R0 B R
(Schmidt, 2017) - fE[#(REIIEE OB & £ > WRIEEHAS BRI - Rl 2 RAHIE - oK baYRifE
Wit BE R - IR EH B EERILA B RRRHIRER -

Eckard et al. (2010) f5HHEMVIETE - GRIEREE - R HIREEIER - HREH - HIREHEENN - A 8K
B - B - LB BRI e s AR B AERARCR o] DI R A A ALY PR R © fEmERhnE (1
IR R PR KA &) - B DA ) AT BE R - RINRERG (AT~ SRR ) IR A A AR 10% —
25% : s FH4E & B EE (condensed tannins, CT) "I HEEEE - (HHEE AT REREIN(L + (SR Y) 5T ERE H
P[zetil e B S5 - RIBUR S TPV ZBEE - DA SREL LR o [ERERTREI Y AR RK - Agle et al. (2010) fz Groof
and Wu (2005) B5Ef5H - BEEEREAVREEIIR > O (EZERNRR) THRS RGN - B AHRTHEE
FA R - [FERSEATSIERESE 2R - fJHEERPEAZDRERY - B REREETH - mEA
B HETEMESY  (BRE S EERNEAR I VRS FGEHIPERCEE (Hristov ef al., 2015; Rendén-Huerta ef al.,
2018) = FyfE 2030 FFAITECD 30% KR 2 RAGHRIE (81 2020 SEAREE ) - (ETRBHRENZ A EEBAY A REM: - W5
DAgspRHAC T H s R AL A 2 ERRAHRL - BUEASE - SRHBLRIEYIELE] (F25 ) By 45+ 45 10 - R[] I8 B ORI fig
EHEEELEER] (35%) ZAC7 » CLEEREIE O B (S ETEHZE 15 ~ 16 ~ 17 50 18 > P flisf[R e E 0 BB E
MREBICR Z 8 > FRFIER AR tEfA AEE S BEEERGEE T - WA T ZERE G E K FER
i SREGHRIE - WAL B SRR S RER R I PR > HE MR ViR

MR T A

| O e Lo (R

BRI ST B IS R P AL A8 (498 113-17 ) T o s e B S -
SEALEIRE S I 5 NRC (2021) FLABHRERE H 28 ke UL BT RE TR 2R 4 IR
(total mixed ration, TMR) + AT - SHIHRRIFEPIECHY (#45) 2545 : 45 : 10 - FHSFAER (TR ke 20
BIRALBFLFRE 1.69 Mcal ) [E7E 8 5 AR E O B(5E ' EELE] (35%) ZFc)7 - Ehl el & 1 E (L EaiEns B
15~ 16 ~ 17 57 18% Z bk FE= FEEblg - W LL 17% 1F B3 HRH - ARGEEa 113 43 A2 6 H#ET » FZEHAY
EHEERFR R R ~ ) - BERE LU [FEREAESERN TR HFEFE XN EMNEHAE - TFEE
VEMEMININE - BEER SR SRS 5% - Bo)y RERER TR -

¥ 16 TETEA (PR 30.63 + 4.64 kg ~ UL FEL 116.75 £ 36.00 K FHIHE 7R 1.50 £ 0.63 fa ) fhE
FLEEWIT T R 4 41 AENEEEEAE - 4 4 TEEE - SEE S22 R oK - 4S5 HER
A 1 2O B 7 2 30 — 81 30 Z2 A #EFT - RIRHY 7 ¢ 00 Ui 8E - HERAREE 4 A6 B S AR B F R AR T -
FHSH EF 4030 BT 3 30 9L 0 DL 4 x 4 fir T 7kl - BElEe 21 H#ETT - BB GRIE 258
H - YEREE (B SIREEMEE ) - AERARS (AEE - AEOFE - IR - BREERYZE - 42
B AL RERE ) W AE RS THZY)E (dry matter, DM) ~ #HZE H'E (crude protein, CP) ~ H15t4
4 (neutral detergent fiber, NDF) 5z i /Je 484k (acid detergent fiber, ADF) & & - il 14 25 15 HEE4EN
ZEIEMEE > MRS EEWRE 4 EFEPHE 2 H > RRGEESESEEREHR > DASIEAL
N E SR HEFEAN - BREREEZEETRERZYR - (RN 20 CEIE P ARG It —Ae sy - SHEPEHY)4E
HZYVE EBEERHLR o FRRANERRIBUEN R 14 255 15 H B4 9 1 00 54 » #ETEHIFERE 2 H&
150 mL 1A 5 mL 50% Z B EE[; 1- EdE S » Rallses 16 255 17 HAEE BN 8 ¢ 00 S4H#E AT F 2
BRI S /e F iR R B H CECsrEE 8K - UWEER M2 28 FEIRIFE - DU SRR 1% ~ 4 E 20
PREME - HEHRKE - FF 2 HIEZ R ESRARIRER 20CERIEF » (2@ TR EHEERE - WikE
FERTET BIIbREDRIE % 2 MU Es » F R EEE SO R s S G IR

1L HIEHEHE
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(i) ETRRAHE © NEXEERSE 14 HE > OSBRSS 17 ~ 19 R 21 RIR%E 3 KEPRHEHK} » Jell -20Cirfy - BR4E
FIRLL 55 CHLRZ 48 /N - BVFHSHZPVE R - EIHEFREY 3 [HE2ER& R T S R LUR SRR 1 R
& 1 mm Wiley mill FEII{Z{k AOAC (2000) 53 & E4HAL ST ©
(i) PREE  FHEIHRSH AV R R E - HlBRES 17 2 21 REgi& 5 HEERE TMR G Kb H

o ST R OR R R AN A KR R Z R B N AREFTRE R B & R R e
BHHVRZVVE IR B E -

STERETEE

(iv) SBFLIERE © SUBRBIMART 2 HBSRERR AR L SR R AR, - (R LHIMEAE RS - PtBR2E 18
2 21 [ 4 DB RS 19 HE 21 % 3 B REGE L FFReEsam  na
FEEE TR - EHEERIIE TR 3 (AL BAFILES P TURR - S EBIS IR S SR
% (MilkScan™ FT', Foss, Denmark) 4947 —f7LHt 5> » EUEALASS - LB MBS - UIE% - LAER R

AFREEE -

* 1 AEEHEGE

B R A s AL A < BRI RRIC U7 S AR ST (% » B2k )

Table 1. Diet formulations and compositions for feeding experiments with different protein content fed to lactating cows or
goats (% of DM basis)

Ingredients CP 15 CP 16 CP 17 CP 18
(-2%) (-1%) (control) (+1%)
Corn silage 15.54 15.42 15.49 15.49
Bermudagrass grass 16.43 16.31 16.38 16.37
Alfalfa hay 14.19 14.09 14.15 14.15
Brewer grain, Wet 5.46 5.42 5.44 5.44
Wheat bran 4.79 4.76 4.78 4.78
Corn, ground 28.63 26.55 24.32 21.97
Soybean meal, 43% CP 4.70 7.24 8.68 10.30
Soybean oil 2.69 2.46 2.47 2.41
Fish meal, 60% CP 3.19 3.41 3.91 4.39
Salt 0.27 0.26 0.27 0.27
Limestone 1.18 1.17 1.18 1.34
Dicalcium phosphate 1.18 1.17 1.18 1.34
Sodium phosphate 1.45 1.44 1.45 1.45
Premix’ 0.30 0.30 0.30 0.30
Composition’, % of DM
CP, % 15.0 16.1 17.1 17.9
UIP, % of CP 35.0 35.0 35.0 35.0
NDF, % 33.1 33.1 332 333
ADF, % 17.6 17.7 17.9 18.0
Ca, % 1.2 1.2 1.3 1.4
P, % 0.6 0.6 0.7 0.7
Nel’, Mcal/kg 1.69 1.69 1.69 1.69

' Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. E, 70,000 IU; Vit. D, 1,600,000 IU; Fe, 50 g; Cu, 10 g; Zn,

40 ¢;1,0.5¢g; Se, 0.1 g; Co, 0.1 g.

> DM: dry matter; CP: crude protein; UIP: undegradable intake protein; NDF: neutral detergent fiber; ADF: acid detergent

fiber; Ca: calcium; P: phosphate; Nel: net energy for lactation.

* NEI value is calculated according to NRC (2021).

L S AR 2 5

VS

BT AHMEEHENRER > WM IPCC (2006) J57% - #BECWEZIREER ~ BRI TER > B
FREEFHL (MY / B/ 1) stEISH ERGIEE © KIRATl 2 e ERRAL - BEREH LS - o T E R E
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PRIEZHE Z 8L - RIS EERSY) (volatile solids, VS » RyA-BR AR 550°C MEZEHVAYE - THEER
LRV BLER R - FRPEREILEY) - YAV E K FTAEEEY) ) M REE B E £ 2 TS
{CEEEBHNE @ 5THE& B 4 4R SEREERE ( Z8thikEE /57 ) » CEEURIRAER -
() B5EERGEIERE (kg/ B0/ ) = (YEREEREI (M /55 / H ) x Ym + 100 X 365 ) + 55.65 ©
MJ : EHEEH (megajoule, MJ) » 1 FEELER BEH 1 4811 ER G 07 % E) 1 SR EFERVRER
Ym=6.5 (%) > $Fe BRIt 2 BETEAFHEA » #ETHEE EF IR FEHRESEE -
(i) FERFEGEFEHRE (kg/ B/ F ) = HERUAE (ke / 81/ F ) x BP8E -
1. &S EF = VS x 365 x [ EREAFGEEE R B, x 0.67 kg/m’ x T ( FEFREEIE Z4% el R T MCF +
100 x HPRFEIHZEEMS ) ] «
2. FEEEVEMEEGY) VS = [ 48AE x (1 - JEME2 = 100) + ( FRAE % x #8AE )] x [(1 - KT %) + 18.45] -
3. MPRECK L & B, = &5 IPCC (2006) 5 4 #5565 10 53R 10A-4 -
4. PR 2458 e A T MCF = #238 IPCC (2006) 25 4 55 10 F3R 10.17 #13% 10A-4 - fRAH 25C N2
L HEALE B (composting-intensive windrow) ~ /A8 577 (liquid) ~ 1 X FREFE (anaerobic digester) {4
R T (aerobic treatment) ©
5. BRI R LB MS (%) = RS & sl Bn P IR R A MR R ARG LL OIS R - DUBEY A
s ERUE EIR T HE R G HERCA LR R LR B Ry 5% FEtRINE RS R EE G Ry 62.71% ~ FEEEHE
Lol Ry 24.93% » W H R TGRS B R RS 3L 7.36% ©
(i) FERE(CEEEFIENE (kg N,O /58 /) = FEREHER (kg N,O / 55/ 4F ) + FAHE R HEHRT (kg N,O /5H/ 4F)
+ ISR R (kg NO /80 / ) » EIHHE ZHHRERH = EFHENE (kg N/ 5/ F ) x HEREU%E EF
(kg N,O-N/kg N) » {§E|E(Lii FREEFHEE (kg N,O-N/ §H / 4 ) » FELL 44/28 AR sk & bEn EAEFEIT
= (kgN,O/ 55/ ) - FIHE Z MESEHESIR LT 712
1. fAbEn ST BRI E = EUFEHERCRE Nex (kg N/ B/ 4 ) x HFREZEE L4 LB MS (%) x BERUHEL EF, x
44/28 -
(1) AFEHBICR Nex = HEHRHIUE (kg N/ B/ H ) x (1 - HEEBLLH! (%)) x 365 -
) HEHRHE = S0AE B (MI /58 / H ) + 18.45 x (CP% = 100 + 6.25) -
Q) HEEMELLG = [ 28 (kg/ 8/ H ) x (FLEHE % + 100) + 6.38] + { fGHEE (kg / H ) x [268 — (7.03 x 4=
EFEE(MI/ H )+ BB E (kg/ H)) + (1,000 x 6.25)]} -
(4) A RIFHE = 22.02 x (HEEE (kg) x BEHA(REL C x BFEEER 0.75 (kg) ) x HIEE 1.097 (kg / H ) » Hf &k
ZHEHRE C f5 0.8 -
2. fAban S EE IR = ST RN E (kg N/ 5/ 5 ) x PEi5%L EF, x 44/28 -
(1) TS IR R = EUFFEICE Nex (kg N /53 / 4 ) x ZEFREEH Z45ELEI MS (%) x (EPREH 24
LA NH; A1 NOx 25 HJLE ] FracGasMS (%) + 100) -
3. A/LEE SR MR = SR E BRI E (kg N/ BH /47 ) x FEUAEL EF, x 44/28 -
(1) EFER R = EUFEFRNCE Nex (kg N/ 53 / ) x BEFRERHE L6 ELBI MS (%) x ( EPREH 24
1L NH, Ff1 NOx &7 HYEE] FracleachMS (%) + 100) -
IV. &t ot
BT S BUE E R ER ] SAS E4LHEG (SAS, 2014) #ETT 04 » DAGARE R FR - [ — &R M5 (general
linear model procedure, GLM) #7875 5787 » B DI/ NEEE M 722 544 (Fisher’s least significant difference test, LSD)
TR RE I 22 LR AGERLL P < 0.05 RyiHE A5 /KAE -

wm R

L BEEFERHESESEERaE AR E
fREAAFIERE A E 2 BB A TR ERAR S ZEEBNR 2 KR 3 SRR > BEERETHESSE
W > AERZYYE R e ERHEERTE R R (49 20.19 — 20.65 kg/ BH /K ) > (HRREHGUHE QB ERAEERTT (H
3.16 kg / BH / REFEHNZE 3.63 kg /B / K ) (P < 0.05) - 21 HAVASaIHEREA R e E 0 E & DA
HPE] > SRR RS AR EARMEREEL > EHARABEER B EAEES > EAPHITL
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A5 (P = 0.0597) ~ FUKES (P = 0.0972) FAmASETZYIZE (P = 0.0609) & @ EZfaiati e n 8 &80 hnim £ 7t
B o BReE s IHE 0 E EET - FEFEFL PR E (Milk urea nitrogen, MUN) FYBIEHEST » fi 12.67 mg/dL F+ £ 14.44
mg/dL (P =0.0129) - KOS HAEAIFE 5 > T kg AR E RV EME (fk 113 48 3 H4r 2 S aakERHE S ER

SFEESHEAFER TG TS EEE ) - StREREHTZYEREE TEHWENECE - WAL ESRTE
B (RE] 1114 06 H 08 HAS 2 Al LR RS £ FURHE ALERU S G HE SRS B2 ) B AL E e
1 kg FLE (UEFHE ) BRI E85EE H AR » WEtEHIFRERE 2SS » 45 RBURIE KA
e EAE S EHN AL ERE N g2 R e -

1L [ReiEHE O E & S HERIH B LR &

R E O E S BEHNA S EERIREIR ZZENR 2 fBGERE R HREAEAENNERES
SFLRE R R R AL 2B B AHEL & - CP 15% 401 0.84 kg / T/ KB CP 18% 41 1.20 kg / 3/ K (P <
0.01) - FRIGIVEEFEHAV R E N EZ GRS I = HEH & - (B R EIAH R S 2 1 » SE(FE Py TR a4 5
B eGP SR A I R 2 5 - (REERAH LR T - 2B EBRAH LREEHED S
EREEMEE N (P<0.01) o BZYVEH LRI CP 15% 4H1Y 72.62% R[] CP 18% 4HAY 64.28% - ifitHE A A L
ZHIE 73.36% %] 66.90% o

1. PRI E QE 2 2R = RSP 2

fAlEE N E 2 BN FREINE Z AR 4 0 10855 B PR E R = RASHEROTH - (EHECRE R
ZHIBERAANT  WEC AR EFRA R ERR & B ESEETE - FLLIPCC ARG 1Y GWP BT TAEFE &k
H o GEREUR  (EAA LR E RV EUE | CP 15%4H (5,338 kg CO,e / 5/ 4F ) 82 CP 17% ( 5,556 kg CO,e / HH /)
= CP 18% 4H ( 5,515 kg CO,e / B8 / 4 ) 53 RIF/V T 218 (15,556 kg kg CO,e / §8 / 4F— 5,338 kg CO,e / §H / 4F ) Bl
177 kg CO,e / 58 / 4F (5,515 kg CO,e / TH / 4F-— 5,338 kg CO,e / §E / 4F ) » 495V 3.92 — 3.21% (218 kg CO,e/5,556
kg CO,e x 100% — 177 kg CO,e /5,515 kg CO,e x100%) » HaiHEi S pE B 72 S A MRS - AR
SLPR B B P B AR Y FR e Bl R L BRI B39 2803 N (CH, > P = 0.0048 ; N,O » P = 0.0272) - 1B/ T4
A BIBRHECE CP 17% 4H K CP 15% 40 0.56 kg CO,e ( 5,556 kg CO,e / 365 H /27.29 kg Wb HA. & ) & 0.54 kg
CO,e (5,338 kg CO,e /365 H /27.07 kg WhHALE ) -

& &

Barros et al. (2017) ShA -T2 B 648 CP AR =& 162 g/kg DM (16.2%) J5/V E h5 & 144 g/kg DM (14.4%)
B FEREZYERREE (24.2 81 23.8 kg) AUKNFLE (31.8 B 31.4 kg) FrEERES4ERT RS S HY/KAEE - [HIFE 2 131 g/kg
DM (13.1%) J 118 g/kg DM (11.8%) B » iR &8 N EALE EHAE T © Hynes e al. (2016) HFZ2 i 6dkE CP Hy 181 g/
kg DM (18.1%) [% % 141 g/kg DM (14.1%) 5 » FLAFVEZY/EERE & (20.7 kg) FIFEFLE (25.8 ke) WA ZEE(K > &£
TN{ar DA FALAAE 25 — 30 kg AR ALE T > 8RS CP & Efifa il &S e S SRR R R - I 4EFF R
WA EVERE - HINVE S MEYEAANE B TR AES » [HEEE CP 2B EAEREFEETiEA
RIEEHE CP MR T E NSRS BB EANERA > BedE 20 AMREERRE > S
FHVRE - NS S 09F RS (Hynes ef al., 2016; Barros et al., 2017) < Sinclair e al. (2014) #i57 5, » R
FUA R PHE R ERE S 14% (F25) aIghnEdHHe (N capture) 3 LUK D EAYBEL - Law et al. (2009) 5
TR CP G A RMEAER R » S8 RPEEIE CP BN FiE - BRI A PSR CP fFeake T iy a
&= EEEN CP MEMAHERAELE > RMEEREAREL » FEEIVFHRE (Castillo ef al. 2000) ;
Bach er al. (2005) tHFCEUNE S IR ZHMER R EREYIFIRNE - SR ERELAHEENEE - BRANRE
R 2R T EUR - 4R E NEEI - > RS EN IS S A niEiasd » o DN BB EHE
HEEE > THETHERESEEEERNENELT - HNMEANE S MAEYFIHARIVEIRSS - Bk e b
MREE HE R S e s iR A & BEESGY IR 2 a8 (REEE HIE (CP < 14%) & W 9 5 A%
EAELLAITHER SN ARCRIA » FEEN e S RERE O BWFIA - RERMEYE S AR T R &R a A E T
REFEK > FEE (B LIRS g aE 0 B B R R LB RILLR > SRR S SR E B L IER 500 v SEREnThK(E
&Y DRSS N E SR R E A AR o AR R OB AA-ETE T CP & &l R B4 S E
REeENEARE  HECPAMAEERSHNELENRENHER > 78 DIlNEER - GHEEERFI CP &
EAGHAFNEEEEENRERTE -
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Table 5. Effect of different dietary protein levels on the economic benefits of lactating cows

CP 15 CP 16 CP 17 CP 18

(-2%) (-1%) (control) (+1%)
Dry matter price of feed, NT$/kg 16.18 16.67 17.24 17.87
Daily feed cost per cow, NT$ 334 338 355 361
Milk price per kg, NT$/kg 32.37 32.37 32.37 32.56
Daily milk revenue, NT$ 876 845 883 907
Gross income after feed cost, NT$ 542 507 528 547
Gross income increases or decrease compared to the control group, % 2.57 -3.89 — 341

B SR — R R  BR R T @K B AR A R S SR
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T3 6 o 48 SR A LR AT (Montes e al., 2013) » S5 ATHE PRI PTPAME VA & 8 » ILIRE RIS
SRIEAREE BRG] AR ER RO - AR RSN (B C E L 5 IR BB (Calsamiglia ef l,
2010) « #ATTi1E de Melo Coelho et al. (2022) BRI » RANGTE AR FVERL KD SRR B B - HAE
(REE RN PRSI AR RE HERITTAR 3 EIRIR » (—) I R AR 1 R P AT
EAE SRR R E M E EIER - BRI ETE R Z F LU D SRR © (0 SRR
AN BHBIRERES  BEH S ERELEERE  MIRENER § (5) SR E R IERE O R T AR
e S E NSRS » WAIEILEE BRI - R SR (8 & & T SELLI S A RBRRCR - Castillo ef al
(2000) FY SRR EIRAF RS s » FLA-SH RO FTRCRIE » 49 72% MR R BB R ERR R AR
4 400 g/d » EHERETDURRIAANN LRIy b E R R TR RIRE A2 4HE T - i HIE CP & &
i 200 g/kg DM [£ZE 150 g/kg DM » R/ 21% HISEEHIIER 6% HIFREHERL - TEABAH LA AU AT E R R
IR TR CP TRV » R A HEINES: - 1 180 ghkg DM 2 150 ghkg DM 53/ 30% (3R
12.6% HIFR BRI (%2 ) » AR R B AR SO AT A S BER RS s AT A2 2L - (1 465 gt
SRR -

Hristov et al. (2022) F5E45 tHERRLRINY) ATE M 2R S HREERBIER MU YIRS - VB, () IOFIFTRIE - %
G P A R s O T2 B (ARSI ) PRI PG - T SRR = BEAb » 3553 TR R )
R AR - B T RELL T (TR S SR (PR R R R LA B R AR
FREASYHL » Niu ef al. (2016) BH5 BRI EETE b CP &R B PIHREELE - (DIREBRIT CP RN IR
FIFIE EBEBR R S TR AL - IR S RS+ SR AR I 5 WAt S IR
B HUBEREEATRIPAY CP AEFTR04 (RAL IR (Gerber ef al., 2013) « {EASKBRIPHEZ: THABRHRICR | 108
FRAHT 2 FAR S (P > 0.05) (% 4) » {EF & TEL R o SR B A B T S PR E A o PR B (L L e 1
B (VBRI S T (43515 P = 0.0048 B P = 0.0272 ) « 247 » EMSH A FF e bR (Y 2 T ST BRI - AR
St REE VAR - RTHEIA CO, & BANSETE - PRI Y 2 BRI RS « WIS R R 1
W1 (GFROBEATIVE ) Hhit - TR (R A EE ( BESEY R T Ay HE A LR K R A 8 ) P B -
Bt B I PR B T » BB ARSI /7 » JLA5 oSO8k (Yan e al., 2007; Gerber ef al., 2013; Schils
et al., 2013) {17 - TREI R B HCE K A IAREIZ - HE7ATE F A 70 5 5008 2 (S ARR CP RS L
SV I S R R R SO T P R T R B P TRK (LI A T - TR
B B TR R ERRRK (£ 4% (BRI NDF ) RIS - #5382 (Abbas ef al., 2020) R/ RAIREH (Aschenbach et
al., 2010) » $Lop + SRAETT DL NIARYE S R YO - T 42765 NDF AR - 2RI G SR A0 G2 (Flin,
2004; Abbas, e al,, 2020) » B ER 4 {3H B UMAERRIBR KL & PO RIS B L8R R S B TR ) T BRI 22 (Hiristov



205 g A FIHE O B S B R RL AL TR 2

et al., 2013; Zhang et al., 2024) - fHELZ T > ok o] AT S AN BRSSOt o i e A AL I AR BT 2
B TS SER bR F QR IH N GEPER (Mohammed et al., 2010) - &S eV EIEAIS (e LRGS0 - &
ER B GRME PR T (Moss ef al., 2000; Li e al., 2018) - [Nt - 8 HIFRELERR KB SR SRR EE T 5 AT
RS A Y R PE GRS » 280 > S E YRR K B S TR 8 ORI AR ' 8 3 AV LB (Benchaar
et al., 2001) - [ 58N Y)E R i e A2 Y F e 4 BB B S (B D fie ey PR e BAH BB - SE(E A AR AV HI ¢ B4R/ ]N (Benchaar and
Hassanat, 2019) > [fif{E CP HREAYBRDERARMS 2 IS AL D S BRI S HAR S BE 2 ) i T 54 T B R P2 A Y
BRFETE (Gerber et al., 2013) > [FFAEIE(R CP AR » 51 EHCEEAERT - JREAERO Kb ayryEERIgm
DRt e (B e e 2 1 B T A PR R PRI (R AR E » B a BRI Ry AL AR 4 90 RN Z R HIFEEL > Ik
PEEL AL B ETROREE AL BIPHETRE ZWIH > TR RN E B EAISE: - BA—EZ AREFERE
e R AR - SR ER HEE L FIR - AREISAIEERELE R RS G A Z=R - AlRe B8Rk
HEREAMSS HERAEPER - (B4R T % B e S f iR Rt i R 2B R > ERZCR RARIHIUE
bz 2 o {50 FH Y S e i == SR G RO R R B A LAt e 8 R e T PR B 1R 88 ] TR E ERVEES oy
e

TEEA B RCATTIE » AR HYE 0B R i e AR E B ET 7y - R D E & 8 T DI
A TEIRIA  FERHERTZET SR T T R (RETE CP AT LUR D SR RS - RIE ATRE R (LAY B B RA
AR AR B B A R T HE M o AR W o A P th U B & 0 B & B R i H AVl
TEBETREEZ B > BN ABFEE EAVAE R RESARSE (& Z TIPRER E 1 AR U B IR A 2 S AT
PIEEE T s B IR AITTAYMOE - & SRR PSRN R = RAETHI - SSRPEBU SRS A MRERIRE - AHRER
BRI ENN BRI RS - RV T ES B EM A EER - (R ER RSNV - BiFaR
PREGRAITIV AL — » AR (R E SRR K BB B ) -

W Em

SRR O B O E AR VR R R S HRIGERTE ) - (R B M R LA, -
FETL IR OR AR (B _E CP 15% 4 ( 5,338 ke COLe /58 / 4F ) 8 CP 17% 5 CP 18% 453 §I3i/0 T 218 2 177 ke
COLe / B/ 4F + §9FD 3.92 — 321% » BEOAKEREHEN RGeS 250 + (B {E SR A FE A1) PR e B e (L
ORI ZIE TR (P<0.05) » BE 67 £ B ArRRATIRE: 1 5 Bk 3 ARSI TL A R o 6 L R L S
S A A A 2 A -

ZEXR

THFEERIEIRES - 2022 - PERBIEZOM = RAHHUEMH#E - 111 4 8 A » (THHIRRERES -

BHETT ~ WA BEDR - BIF5M 0 2000 © f % RAS E RONE RORE R - REGEYF IR CREEER D) - &
FEAE IR R DR = RS A B & o /T VEERERE / BRE R S (R ZEst & -

Abbas, W., J. T. Howard, H. A. Paz, K. E. Hales, J. E. Wells, L. A. Kuehn, G. E. Erickson, M. L. Spangler. 2020. Influence of
host genetics in shaping the rumen bacterial community in beef cattle. Sci. Rep. 10: 15101.

Agle, M., A. N. Hristov, S. Zaman, C. Schneider, P. Ndegwa, and V. K. Vaddella. 2010. The effects of ruminally degraded
protein on rumen fermentation and ammonia losses from manure in dairy cows. J. Dairy Sci. 93: 1625-1637.

Aneja, V. P, J. Blunden, K. James, W. H. Schlesinger, R. Knighton, W. Gilliam, G. Jennings, D. Niyogi, and S. Cole. 2008.
Ammonia assessment from agriculture: US status and needs. J. Environ. Qual. 37: 515-520.

Aschenbach, J. R., N. B. Kristensen, S. S. Donkin, H. M. Hammon, and G. B. Penner. 2010. Gluconeogenesis in dairy cows:
the secret of making sweet milk from sour dough. IUBMB Life 62: 869¢77.

Association of Official Analytical Chemists (AOAC). 2000. Official Methods of Analysis. 17th ed. AOAC, Arlington, VA.

Bach, A., S. Calsamiglia, and M. D. Stern. 2005. Nitrogen metabolism in the rumen. J. Dairy sci. 88: E9-E21.

Barros, T., M. A. Quaassdorff, M. J. Aguerre, J. O. Colmenero, S. J. Bertics, P. M. Crump, and M. A. Wattiaux. 2017. Effects
of dietary crude protein concentration on late-lactation dairy cow performance and indicators of nitrogen utilization. J.
Dairy Sci. 100: 5434-5448.



SERME SRIEE EnUG BER HRE AT AR BN 206

Benchaar, C., C. Pomar, and J. Chiquette. 2001. Evaluation of dietary strategies to reduce methane production in ruminants:
a modelling approach. Can. J. Anim. Sci. 81(4): 563-574.

Benchaar, C. and F. Hassanat. 2019. Methane emissions of stored manure from dairy cows fed conventional or brown midrib
corn silage. J. Dairy Sci. 102: 10632-10638.

Calsamiglia, S., A. Ferret, C. K. Reynolds, N. B. Kristensen, and A. M. Van Vuuren. 2010. Strategies for optimizing nitrogen
use by ruminants. Animal 4: 1184-1196.

Castillo, A. R., E. Kebreab, D. E. Beever, and J. France. 2000. A review of efficiency of nitrogen utilisation in lactating dairy
cows and its relationship with environmental pollution. J. Anim. Feed Sci. 9: 1-32.

de Melo Coelho, L., L. de Figueiredo Brito, J. D. Messana, A. da Silva Cardoso, G. M. Carvalho, R. de Nazaré Santos Torres,
and T. T. Berchielli. 2022. Effects of rumen undegradable protein sources on nitrous oxide, methane and ammonia
emission from the manure of feedlot-finished cattle. Scientific Reports 12: 9166.

Eckard, R. J., C. Grainger, and C. A. M. de Klein. 2010. Options for the abatement of methane and nitrous oxide from
ruminant production: A review. Livest. Sci. 130: 47-56.

Flint, H. J. 2004. Polysaccharide breakdown by anaerobic microorganisms inhabiting the mammalian gut. Adv. Appl.
Microbiol. 56: 89-120.

Food and Agriculture Organization of the United Nations (FAO). 2023. Pathways towards lower emissions — A global
assessment of the greenhouse gas emissions and mitigation options from livestock agrifood systems.

Gerber, P. J., H. Steinfeld, B. Henderson, A. Mottet, C. Opio, J. Dijkman, A. Falcucci, and G. Tempio. 2013. Tackling
climate change through livestock: a global assessment of emissions and mitigation opportunities. Food and Agriculture
Organization (FAO). Rome, Italy.

Groff, E. B. and Z. Wu. 2005. Milk production and nitrogen excretion of dairy cows fed different amounts of protein and
varying proportions of alfalfa and corn silage. J. Dairy Sci. 88: 3619-3632.

Hristov, A. N., A. Melgar, D. Wasson, and C. Arndt. 2022. Symposium review: Effective nutritional strategies to mitigate
enteric methane in dairy cattle. J. Dairy Sci. 105: 8543-8557.

Hristov, A. N., J. Oh, C. Lee, R. Meinen, F. Montes, and T. Ott. 2013. Mitigation of greenhouse gas emissions in livestock
production - A review of technical options for nonCO, emissions. FAO Animal Production and Health Paper No. 177.
Rome, Italy.

Hristov, A. N., K. Heyler, E. Schurman, K. Griswold, P. Topper, M. Hile, V. Ishler, E. Wheeler, and S. Dinh. 2015. Case
study: Reducing dietary protein decreased the ammonia-emitting potential of manure from commercial dairy farms. The
Professional Animal Scientis 31: 68-79.

Hynes, D. N., S. Stergiadis, A. Gordon, and T. Yan. 2016. Effects of crude protein level in concentrate supplements on animal
performance and nitrogen utilization of lactating dairy cows fed fresh-cut perennial grass. J. Dairy Sci. 99: 8111-8120.

Intergovernmental Panel on Climate Change (IPCC). 2006. Guidelines for national greenhouse gas inventories.

Kebreab, E., J. France, D. E. Beever, and A. R. Castillo. 2001. Nitrogen pollution by dairy cows and its mitigation by dietary
manipulation. Nutr. Cycl. Agroecosys. 60: 275-285.

Law, R. A., F. J. Young, D. C. Patterson, D. J. Kilpatrick, A. R. G. Wylie, and C. S. Mayne. 2009. Effect of dietary protein
content on animal production and blood metabolites of dairy cows during lactation. J. Dairy Sci. 92: 1001-1012.

Li, Z., N. Liu, Y. Cao, C. Jin, F. Li, C. Cai, and J. Yao. 2018. Effects of fumaric acid supplementation on methane production
and rumen fermentation in goats fed diets varying in forage and concentrate particle size. J. Anim. Sci. Biotechnol. 9:
21.

Mohammed, R., J. J. Kennelly, J. K. G. Kramer, K. A. Beauchemin, C. S. Stanton, and J. J. Murphy. 2010. Effect of grain
type and processing method on rumen fermentation and milk rumenic acid production. Animal 4: 1425-1444.

Montes, F., R. Meinen, C. Dell, A. Rotz, A. N. Hristov, J. Oh, G. Waghorn, P. J. Gerber, B. Henderson, H. P. S. Makkar, and
J. Dijkstra. 2013. Mitigation of methane and nitrous oxide emissions from animal operations: II. A review of manure
management mitigation options. J. Anim. Sci. 91: 5070-5094.

Moss, A., J. P. Jouany, and J. Newbold. 2000. Methane production by ruminants: its contribution to global warming. Ann
Zootech (Paris) 49: 231-253.

National Research Council (NRC). 2001. Nutrient Requirements of Dairy Cattle. 7th ed. The National Academies Press.
Washington, USA.



207 g A FIHE O B S B R RL AL TR 2

National Research Council (NRC). 2021. Nutrient Requirements of Dairy Cattle, 8th ed. National Academy Press.
Washington, D. C.

Niu, M., J. A. D. R. N. Appuhamy, A. B. Leytem, R. S. Dungan, and E. Kebreab. 2016. Effect of dietary crude protein and
forage contents on enteric methane emissions and nitrogen excretion from dairy cows simultaneously. Anim. Prod. Sci.
56:312-321.

Rendon-Huerta, J. A., J. M. Pinos-Rodriguez, and E. Kebreab. 2018. Animal nutrition strategies to reduce greenhouse gas
emissions in dairy cattle. Acta Universitaria 28(5): 34-41.

Schils, R. L. M., J. Eriksen, S. F. Ledgard, T. V. Vellinga, P. J. Kuikman, J. Luo, S. O. Petersen, and G. L. Velthof. 2013.
Strategies to mitigate nitrous oxide emissions from herbivore production systems. Animal 7: 29-40.

Schmidt, A. 2017. Modelling economic incentives to reduce nitrogen surpluses of Swiss agriculture in the agent-based model
SWISSland. PhD Diss. ETH, Zurich.

Sinclair, K. D., P. C. Garnsworthy, G. E. Mann, and L. A. Sinclair. 2014. Reducing dietary protein in dairy cow diets:
Implications for nitrogen utilization, milk production, welfare and fertility. Animal 8: 262-274.

Statistical Analysis System (SAS) Institute. 2014. SAS/STAT User’s Guide. SAS Institute, Cary, NC.

Steinfeld H., P. Gerber, T. D. Wassenaar, V. Castel, M. Rosales, and C. de Haan. 2006. Livestock’s long shadow:
Environmental issues and options. Food and Agriculture Organization of the United Nations.

Yan, T., J. P. Frost, T. W. J. Keady, R. E. Agnew, and C. S. Mayne. 2007. Prediction of nitrogen excretion in feces and urine
of beef cattle offered diets containing grass silage. J. Anim. Sci. 85: 1982-1989.

Zhang, C., X. Jiang, S. Wu, J. Zhang, Y. Wang, Z. Li, and J. Yao. 2024. Dietary fat and carbohydrate-balancing the lactation
performance and methane emissions in the dairy cow industry: A meta-analysis. Anim. Nutr. 17: 347-357.



Taiwan Livestock Res. 59(2) : 197-208, 2026 208
DOI @ 10.6991/JITLR.202606_59(2).0009

The effect of different crude protein levels in feed on

greenhouse gas emissions in Holstein Lactating Cows "

Geng-Jen Fan ®  Chun-Ta Chang ®  Jing-You Lai ® Jia-Rong Lee ” Hu-Wen Hung ¥  Yi-Hui
Hsich @ Jih-Tay Hsu ¥ and Mei-Ping Cheng @

Received: Apr. 9, 2025; Accepted: Sep. 19, 2025

Abstract

This study evaluated the effects of reducing dietary crude protein (CP) concentration in lactating Holstein cows on
production performance, nitrogen (N) excretion, and greenhouse gas (GHG) emissions. Sixteen cows with an average daily
milk yield of 30.63 kg were assigned to four groups based on milk yield and fed diets containing 15%, 16%, 17%, or 18%
CP. All diets were formulated to be isoenergetic (NE1 = 1.69 Mcal/kg) with fixed proportions of concentrate, forage, and
by-products (45:45:10). A 4 x 4 Latin square design was used, with each period lasting 21 days (14 days of adaptation and
7 days of data collection). Cows were group-housed and had ad libitum access to feed and water to compare the effects of
different diets on milk yield, milk composition, nitrogen excretion, and GHG emissions. The results showed that reducing
dietary CP concentration had no negative effects on dry matter intake or milk yield (P > 0.05). Milk yield for the 15%, 16%,
17%, and 18% CP groups was 27.07, 26.09, 27.29, and 27.87 kg/day, respectively. Lower CP diets significantly reduced milk
urea nitrogen concentration and fecal N excretion (P < 0.05). Based on the methodology of the Intergovernmental Panel on
Climate Change, total carbon emissions in the 15% CP group (5,338 kg CO2e/head/year) were lower than those in the 17%
(5,556 kg CO2e/head/year) and 18% (5,515 kg CO2e/head/year) groups, representing reductions of 218 and 177 kg CO2e/
head/year (approximately 3.92%—3.21%), although the differences were not statistically significant. However, methane (P
= (0.0048) and nitrous oxide (P = 0.0272) emissions from manure management were significantly reduced. In conclusion,
feeding lactating Holstein cows a diet containing 15% CP maintained milk yield while minimizing nitrogen losses in
feces and urine and reducing GHG emissions. Therefore, low-protein feeding strategies represent a practical approach for

environmental protection and sustainable dairy production.
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> DAPAS BFUSHE « AR T B2 RIS E A B E SRR Z I TR ) -

B« KEE - BEEE - REURME -

i

K5 (Crotalaria juncea L.) Fs— A B IIBIEVEGRHEY) » [REBHIE » FH RS HEREESIEY)
ARG R EY E iR - DLENFE ~ B2 ~ Safnd ~ BRI - Ao e R e B S Ry KPS ik £ 22 4= A& B (Eberle and
Shortnacy, 2021; Garzon et al., 2021) » KIGHIEFs ERHEY) - ARESEEEITEIEIEH » f2t T —E SR - REAERE
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FHELT WK IS AEIE % (Days after planting, DAP) 30 H ~ 45 H 5z 60 H (DAP30 ~ 45 J 60) 77 HilEREEEE A

BEzHBIAM A3 H2THES H23 H  IEAI R 12 HZE 11 A 11 H - BN 2 R E R R ERERTY

1 REERNEZFETI EEEESEAT Z BERSE - S HEERERERNE 1 - HIESEETIHEA

AR AR o KPS T3 5 AN RILAEIDUEREB LA Z 8 2% R RINREE RN - Rt

G+ BAE BRI s B AR I Sy MET T B AT ~ FRE - SRS EH TAE -

II. BE MR

(i) EELLFRE (Plant height of leaf tip) © RAEIRIES A FI5HIE - I HEZER JHE - SEHE3E -

(ii) fefEEE S (Fresh yield, FY) @ Y 2.5 m x | m Z BB REIE > U TIEN Z bl 2 FRME » 2 12iK%)
BRI R AR S E R > FFEIREEE S FEER > HRAEZHEEEREAEAHER - Hif
HERMEBEEEE G -

(i) FZ¥)EEE (Dry matter yield, DY) : SHESEffEEERLL 65 CHFZ RN E » BRI HAETZYE B WA E K AE
HZVIE R o 82Y) 7 B P A R I S [ 5 B A -

(iv) §Z¥7% (Dry matter) : 48579/ S HIEEFE FE & 2 LL{E (DY/FY) o 8297)%2 [E)5 5 B R P53 o B 1 (51 525 i o
& o

L MRS E BT AT 774
BBV B ST R HTT 65°C 221 » WM I THERS BB /0 i » MERS & BT WA 5 i e

SRS ST B AT

(i) CP: bl Kjeldahl method 5 (Bremner and Mulvaney, 1982; A.0.A.C., 1990) -

(i) ZAEMERRZKALEY) (Water soluble carbohydrate, WSC) * RHE SR A AZEEH /K LA 100°C ##H& 2 AL E & 2
100 mL » {& B &= 25 BUR (I Paleg (1959) Z LLEEMNE > PLAT e %EEEE (Double beam spectrophotometer.
U-2900. Hitachi High-Tech, Tokyo, Japan) %7 & 560 nm ¥ A #T WSC & & 2 HIE -

* 1. 3Epare tEE e
Table 1. Soil physic and chemical properties before the trial

Season pH EC! OM N AP EK ECa EMg  Soil texture
uS/em % ppm

Spring 5.9 722.5 7.95 0.24 19.4 270.5 1100.0 4393 Clay

Fall 52 50.0 4.05 0.09 33 32.8 800.0 135.8 Clay

" EC: Electrical conductivity; OM: Organic matter; TN: Total nitrogen; AP: Available phosphorus; EK: Exchangeable
potassium; ECa: Exchangeable calcium; EMg: Exchangeable magnesium.
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Fig. 1. Precipitation and temperature during the spring (A) and fall (B) trials.

(i) Jfs (Starch) @ DA Yoshida er al. (1976) 2 J77E#EATAHL » FHERSE AR BEEEURI A 2 @K > 2 1% DEAE
i AR AT LR EOHIE 560 nm I EMEREAZ Bl 2=

(ivy NDF -~ ADF K7 [if 7t 7K ‘& 2 (Acid detergent lignin, ADL) : DL & 4 47 #77 28 (Fiber analyzer. A200. ANKOM
Technology, Macedon, NY, USA) #Ef7H[E °

IV. L3R 3T

R EEE AT SRR 2R 30 ecm DU N g 48 U\Qﬁﬁﬁééi?ﬁL AR E R R pH (- EEE

{8 (Electrical conductivity, EC) ~ A1 (Organic matter, OM) ~ 4845 » R ARMRE ~ M40 ~ 45 - 85515 -

(1) +EEEH - DUFEEEEEST (Bouyoucos hydrometer) #:7 j:i%ﬁ SHEZ S3HT e

(i) T pHE @ K BELMAEFERZAMEK (LBEKEEF A1 1) WES 30 578 - 2% LIgE B pH &f
(Laboratory pH/mV/Temp. meter. SP-2100. SUNTEX INSTRUMENTS, New Taipei City, Taiwan) Jli| 7€ + 1 pH
B -

(i) EC : DL Z FE = (Microprocessor benchtop conductivity/resistivity meter. SC-2300. SUNTEX INSTRUMENTS,
New Taipei City, Taiwan) /EJinL%EELfE“ +KEEA 1

(iv) OM : SEHIERE L A& & > HIE A IEH Adrian (1973) 2 EZK L)% (Dry-ashing method) > FF]
Fi OM (%) = (100 — KKy & & ) x 100% K2 OM & & -

(v) 484 : DL Kjeldahl method (A.O.A.C., 1990) I 12444 -

M) AR ¢ DL Bray-1 method (Bray and Kurtz, 1945) £ B 1 B2 5 04 &k > 310 DL 43 Y6 % & 51 (Double beam
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spectrophotometer. U-2900. Hitachi High-Tech, Tokyo, Japan) #EfTHE -
o) SHAPESR ~ 5 ke 8E ¢ DL RS I ORI AR IR T B - B DAE TR IBOEEE R (Polarized Zeeman atomic
absorption spectrophotometer. Z-8230. Hitachi High-Tech, Tokyo, Japan) #E{TH7E °
ARl
SEHERL DL SPSS #rAS (SPSS 2011, SPSS Statistics for Windows, Version 20.0. SPSS, Chicago, IL, USA) #E{T47%
stort - BRSNS [EfEfEE (f SR ) M 3 (EfEiE H #mkE R E R (Fixed effects) #E1T R85 70
17 (Two-Way ANOVA test) » W7 2L LSD test #E{ 77 ZELE -

RN B

HIE

B 3 AR > ST RE R 4 £ 5 A - BEMREE 2 ZB2EE NN 2 SGRERKGM
LS - KRS EER - SFEEERETZYEEZ RIGREEE 2 PR ERE 2R > ArAREMEIR
HEHBEETEEHR R E > K2 KIGREEE NKAEE H ST PTA I R BT A TE E [ i 2R
LI (W15 2 ) - KEGMIEERMES ~ KIGMEFEE S - HFEEE NEZYER S D His » BESHR A
K B4H > My EE R M YIEER T e A K B4 D ARSI EIRAE (£ 3 ) - MEE Z EEEMA
AHAM A R > TR B R E R 2 AR T HAUAN KIGME E 2 2% > DD 4H#EE S
AHA4H o Jaramillo ef al. (2010) ZE5 AFEMIAE 17 2 39 kg/ha > #& & FHyE Y E S EEEE 75 > Eberle and
Shortnacy (2021) FRESFRIEERE S0 ME T > IBEEUAZERGMAEYEE » WHEITEA RIBREER > K
PR AR ZE BRI N RE R B 2 AL FELLHHIAEYIE R - AT > A~ B & C =41 7 s B A

AR FEBRERSURZ L - i E fFEEEINE D 4 60 kg/ha I} > HFHEERAS BABENE -

® 2. BEKGM S G SRS S 2 8T et

Table 2. Significance of ANOVA on sunn hemp and pangolagrass agronomic traits in spring cultiva-tion

. o PHL' FY
Fixed source of variation Total DM Total DY
Pangolagrass Sunn hemp Pangolagrass Sunn hemp Total
Seeding rate (SR) 0.095° 0.006 0.428 0.002 <0.001 0.231 0.029
Growth days (GS) 0.005 <0.001 0.007 <0.001 0.040 0.037 <0.001
SR x GS 0.499 0.255 0.979 0.592 0.897 0.607 0.455

' PHL: Plant height of leaf tip; FY: Fresh yield; DM: Dry matter; DY: Dry matter yield.
* Probability value for the significance of the F test.

* 3. KEGREEERERGmAS - KgMGEER - @FEEEREYEEZ

Table 3. The effect of sunn hemp seeding rate on sunn hemp PHL, sunn hemp FY, total FY, and total DY1 in spring

cultivation
Seeding rate Sunn hemp PHL Sunn hemp FY Total FY Total DY
kg/ha cm t/ha/cut t/ha/cut
A. 10 125.4° 6.1° 20.6° 4.0°
B. 20 124.0° 5.4° 18.3° 3.5°
C.40 136.6" 8.3 216 4.4°
D. 60 140.5° 11.6° 27.9° 5.6
CK. Pangolagrass 18.5° 42°

' PHL: Plant height of leaf tip; FY: Fresh yield; DY: Dry matter yield.
" Means in the same column with different superscripts differ significantly (P < 0.05).
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PG e g [ SR AR e i T

BEAh - FrA R MRS (E B e E TR A By I A B E 12T (4 ) - DAPAS [ DAP6O . i3 [&] & i g
E#E =Y DAP30 - [fi{£ DAP4S k2 DAP60 7 [l e 72 2 - BURE [ 57 B 1E DAP4S RN R4 - K5
i E AL DAPAS K2 DAP60 -2 725 BB » BURNKIGIME BAE DAPAS Z{& A LEECRHIAGER -

* 4. TEEHBERERGM R E E RS 8

Table 4. The effect of growth days on sunn hemp and pangolagrass agronomic traits in spring cultivation

, PHL! FY
DAP DM Total DY
Pangolagrass ~ Sunn hemp Pangolagrass ~ Sunn hemp Total
cm t/ha/cut % t/ha/cut
30 60.0° 88.2° 10.1° 3.7° 13.0° 17.2° 2.1°
45 65.0" 141.1° 16.8° 7.5 22.8° 20.7" 4.7°
60 69.4° 165.6" 18.5° 12.3 28.3° 22.0° 6.2°

' PHL: Plant height of leaf tip; FY: Fresh yield; DM: Dry matter; DY: Dry matter yield.
> DAP: Days after planting.
“*¢ Means in the same column with different superscripts differ significantly (P < 0.05).

SRS » CP - WSC ~ J8) « NDF % ADF &2 KIS EFER > 2 & BIE - CP - B - NDF -
ADF F; ADL & RS H 4 W8 s BERE - KRR R BB & Brh 2 S e 2 FEE
4TI E FIE S B (5 ) - FPARERALY CP « WSC J% NDF &1t & SU I B R ] - CP & RIEE
EITAEIIAL - ] WSC B NDF 28BS (SR S84 - e HIfeliE 25 ; ADF 225 B 4I8E SR C - D
RRALRCITEAE (3 6 ) - SR E{ERR IR RIAY 2 B0 R » E B R S R B R IR ] DR
SR AR » CP & Rl 5 SRR} - WSC &% NDF 2 RIZ(S - ADF 2 RANGMEE(L -
NDF J ADF & B—f 53 BT EY) > 57 @ B RM (£ 2 & FB % (Waghorn and Clark, 2004) » [RIHLRAE A
i SRS BN R DB BIPIR G R » AMEERIIIESS (LR - CP & RBSSTE H B TS + NDF -
ADF } ADL & & BB S 01 H BOR IITTRTEHEF (£ 7) - Garzon er al. (2021) $HEHR [F S EAPR IR (T8
B+ KRR CP & RR R EITT A% » (B/E DAP60 B2 5 13 % 15% » FAEBITCIHE 10 3 12% -
AREBLEE SRR ST » CP & RSB F BB DT WIS - Mansoer er al. (1997) 2 BB AT
NDF J. ADF & R S5 S A H e PR T - BUAHIZE > SE AT » LSRR e — R (P S A E e
TR A EARTUATT - KRBT R R R & 1 o S e S HEE % 8 R KRS E
B R IR 2 e B - by A DAP30 IEREE 75 + (E4F DAP45 K DAP60 IF & LUK RIREHETE
B> C D WA » Hrp D GIEE S A - B WAL EIEAL © FrA K R > R A e B Tt
WS ITTRE - Hoop C ~ D MIAL IR E 2 A -

5. BIFGRE Y B ITEEE
Table 5. Significance of ANOVA on forage quality in spring cultivation

Fixed source of variation CP' WSC Starch NDF ADF ADL
Seeding rate (SR) <0.001° 0.003 <0.001 <0.001 0.012 0.560
Growth days (GS) <0.001 0.973 <0.001 <0.001 <0.001 <0.001
SR x GS 0.420 0.082 0.027 0.131 0.077 0.571

' CP: Crude protein; WSC: Water soluble carbohydrate; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid
detergent lignin.
* Probability value for the significance of the F test.

IIL.

PKAE

RRAERY 9 A rpfiffe > slBRiEfTiAR A 9 2 11 H - FrA R &R AR H 2 KIS REE 2 i N 8 28
B R KSR B S B e F B S S 7 B Sz ] SR B A R - HaR R (R 9) - &
10 2R KGMIEEEEH RSN 28 > BEFELRG I C UBERE  WIREBERS - KEMEL
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o KB EEE - SRR MY ER SRR MR E N I EE 2T > Hoh D 4 R S A 2
HEBBRERS G®EVEENDHRERE RS - BEEERRS - KIGMERNERS - KGMEEER - 48
ff S B MRV B S S e H ORI B g f27T (3R 11)  KFZ ke & R fefE H B is [ SR s B R
MR 2 BOR 12 RFRE SRR RS - Fra e E A 2 5 ] S e i 7 8 S B (R i > B
HA SIS 0 BoE I iErT - Hera Bl B 2L - F2W)oRAE DAP30 Iy Z B BRAHRI DL D 4 BB
B¢ff > 7£ DAP45 Jz DAP60 I Z pr B H A ISR E = 2 - B st 0 B A e B A B B R R %
TRTE R PR TR AR YRR R R A H B e -

Fo6. KpmEEEREFHERE - KEMERK(EEY) - s Mg tdGE e 2 e
Table 6. The effect of sunn hemp seeding rate on CP, WSC, NDF, and ADF1 content in spring cultivation

Seeding rate CP WSC NDF ADF
kg/ha %

A. 10 14.7° 2.0° 60.9° 35.1°
B. 20 15.7° 2.4 58.2° 33.6°
C. 40 14.0° 2.3° 59.8° 36.6°
D. 60 14.4° 1.9° 59.7° 36.8°
CK. Pangolagrass 10.3° 2.8 68.4 36.4°

' CP: Crude protein; WSC: Water soluble carbohydrate; NDF: Neutral detergent fiber; ADF: Acid detergent fiber.
" Means in the same column with different superscripts differ significantly (P < 0.05).

F7. EHEOBSEEHEAE - P  RABERRINERSEZZE
Table 7. The effect of growth days on CP, NDF, ADF, and ADL1 content in spring cultivation

DAP? CcP NDF ADF ADL
%

30 17.7¢ 58.0° 31.7° 3.8°

45 13.9° 60.2° 34.2° 5.4°

60 9.8° 66.0° 41.3° 8.1°

' CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin.
*> DAP: Days after planting.

a,b,c

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

8. KIS S AR H B R R S B 28

Table 8. Effects of sunn hemp seeding rate and growth days on starch content in spring cultivation

Seeding rate ™ D:;_PI p
kg/ha %

A. 10 6.7 5.9 5.2
B. 20 6.6" 6.0"* 5.3%
C. 40 8.2 5.2 4.0""
D. 60 6.8 4.4® 2.9%
CK. Pangolagrass 8.9 7.0 8.4

" DAP: Days after planting.
“"¢ Means in the same column with different superscripts differ significantly (P < 0.05).
A Means in the same row with different superscripts differ significantly (P < 0.05).
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R 9. RRIEKFGM A E R IR & 2 5 B Tk

Table 9. Significance of ANOVA on sunn hemp and pangolagrass agronomic traits in fall cultivation

PHL' FY
Fixed source of variation Total DM Total DY
Pangolagrass Sunn hemp Pangolagrass Sunn hemp Total
Seeding rate (SR) <0.0012 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Growth days (GS) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SR x GS 0.351 0.401 <0.001 0.381 0.394 <0.001 0.285

' PHL: Plant height of leaf tip; FY: Fresh yield; DM: Dry matter; DY: Dry matter yield.
* Probability value for the significance of the F test.

% 10, KFGRETE R B RGN B R F R IR 22

Table 10. The effect of sunn hemp seeding rate on sunn hemp and pangolagrass agronomic traits in fall cultivation

Seeding rate PHL Y Total DY
Pangolagrass ~ Sunn hemp Sunn hemp Total

kg/ha cm t/ha/cut

A. 10 31.8" 100.8° 3.2¢ 3.7 0.9¢
B. 20 32.0% 106.3% 5.4° 5.9° 1.4°
C.40 31.4° 111.6® 6.5° 6.9° 1.6°
D. 60 33.6" 115.5° 7.7 8.2 2.0°
CK. Pangolagrass 36.9° 8.3" 2.6

' PHL: Plant height of leaf tip; FY: Fresh yield; DY: Dry matter yield.
%<4 Means in the same column with different superscripts differ significantly (P < 0.05).

11 T HBEERFGRRR E R F R IR 22

Table 11. The effect of growth days on sunn hemp and pangolagrass agronomic traits in fall cultivation

, PHL' FY
DAP Total DY
Pangolagrass ~ Sunn hemp Sunn hemp Total
cm t/ha/cut
30 29.2¢ 59.5¢ 3.2° 4.1° 0.9
45 36.8° 129.6° 6.7" 7.4° 1.9
60 33.4° 136.5° 7.3* 8.3 2.3°

' PHL: Plant height of leaf tip; FY: Fresh yield; DY: Dry matter yield.
> DAP: Days after planting.
“*¢ Means in the same column with different superscripts differ significantly (P < 0.05).

PIF R BEAH T R [ S P A A EER AR 6] S B R (KR IR (R 12) » NERKIE e 2 R
EFEAUANKIGMESR > LD Himm A dHER(K (£ 10) - FEivES R E FE R B ARE TS (Vicente-
Chandler et al., 1961) » FEAFES » BIE RAKIEAESUERI TRV EIR T Fy 26.4 J2 26.5C » BRAHER 175
Kz 461 mm - BEVHFROR K RRRE - IFZ RIERAF O EERIEZE - BRI R & AT RE NI E R (A [ 5
AREEZIRFIAT - BEHARERT 228 sBOHRRE - HIR - %08 - ARORES - SIEETREEY
BREES AR RAKERESAEREIEZRFIAT - SIMFE KRR 2 I8y 72 B AR IR i
BREEERNNERLZ —  HFEZ13E EC{ER 722.5 pS/em - [fifk{F.Z 15 EC {EHE S 50.0 pS/em (£ 1) - £k
fEstbale 2 T IRPBERE RER © 150 - FESBR I IIH N KSR 3828 A - INILA M UL
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FHER  MHEHRRERE - FREATH - R R UATORN - T RS E TR E 5 &
BERMOFRY — - BT AL BERT 24 B BRI T R R EIRE TR (2009) DUBE SR
BT E Y IZEHET: - (FR M (TR - B4 BT BN SR P 5 9 L @ BT - TRk
B - BRI B TR SR A E R WER R T - AR LB T - Bt
SEUHE 0. 3 M TR R A R R A 2252 - (R ATAZEch AR FRE R BRUL Y » B 2 A8 R B AP A R o -
ok RIS SRR Y SIAL - TIEE RIS ATR RILTY - Bk IER A TR E S RS AR S
fF -

12, KGR R S N SOk (R [ S B B R YR 2
Table 12. Effects of sunn hemp seeding rate and growth days on pangolagrass FY and DM in fall cultivation

Seeding rate : Pangolagrass FY DM

DAP30 DAP45 DAP60 DAP30 DAP45 DAP60
kg/ha t/ha/cut %
A. 10 0.4> 0.6™ 0.7% 21.6™ 23.4 25.6™
B. 20 0.3" 0.5" 0.6™ 19.3%" 23.2% 25.6"
C. 40 0.4™ 0.3" 0.3" 19.8"¢ 23.3% 26.2%
D. 60 0.3" 0.4 0.5" 17.9< 24.1"° 27.2"
CK. Pangolagrass 6.1 9.3 10.5* 30.4* 33.6" 29,7

" FY: Fresh yield; DM: Dry matter.

> DAP: Days after planting.

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

RGBT - FrASITEE 2 KRG E R fEE H 8 8 S A8 RIGMEER A EE H 8T
WSC ~ Bty s¢ ADF ] 2 ERBHE RGN » HERIESCRL (% 13) - FrAREI4H CP & ADL & & B S N H iR
4H - 71 NDF & 28RN HIEE - R AmaEE 25 (£ 14) - 32 15 2FfEE H % CP - NDF K ADL
EBREZPE  FIEWR Y CP B A BRI T4 15 & 20% 2 [ - BEEERdBERE > CP &8 » HElERE
Z CP ZEME (Lier al, 1996) - ELE(EIF—EL - CP & EFEETEME H B Inm#Z#(KX - NDF & EEEEEH
B ST - ADL & & A% DAP4S [ 2HE{K Y DAP30 & DAP60 - K5t & ksl H & WSC -
Wty e ADL & 8 2 52 803 16 - WSC Rty & 2 B Ry IRAH#E A FrA l BRAH - H R BHAH 7 R fe i =2 7=
5 ZpR AR EIfENE H S RE H i 2 5L - FrA KIS MRETEEEE4 ~ ADF &8 &S HE8gm
MmfEFt - HAE DAP45S 5 B ~ C k& D =4HEZE S A 4HRCEIGRAH - 7 DAP6O I AT A fE B4R S = A G4 - 15
KRBT E EHUEA KPS R REFRRACE . ADF & & - A SURY > 72 DAPSS B KI5~ ADF & 8245 46
% 50% 2 [ (Mansoer et al, 1997; Lepcha et al., 2019) » fEARHZT 40 CK 4145 [E 5 4E DAP60 f 2 ADF & &
By 38.2% » BE/N KPS ADF & 2T S EE -

13, PIESklE 2 BT i
Table 13. Significance of ANOVA on forage quality in fall cultivation

Fixed source of variation CP' WSC Starch NDF ADF ADL

Seeding rate (SR) <0.001° <0.001 <0.001 <0.001 <0.001 0.010
Growth days (GS) <0.001 <0.001 0.002 <0.001 <0.001 <0.001
SR x GS 0.138 0.011 0.007 0.174 0.032 0.067

' CP: Crude protein; WSC: Water soluble carbohydrate; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid
detergent lignin.
* Probability value for the significance of the F test.
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* 14, REGEEEEIEHEDE « g AR E RSB P E
Table 14. The effect of sunn hemp seeding rate on CP, NDF, and ADL1 content in fall cultivation

Seeding rate CP NDF ADL
kg/ha %

A. 10 17.7° 47.6° 9.3
B. 20 17.6° 47.7° 9.6"
C. 40 17.7° 47.6" 10.1°
D. 60 16.7° 49.0° 10.4°
CK. Pangolagrass 6.7° 63.5° 8.1°

' CP: Crude protein; NDF: Neutral detergent fiber; ADL: Acid detergent lignin.
" Means in the same column with different superscripts differ significantly (P < 0.05).

* 15 EEHBHEKEHESE - PREENRANERGEZZE
Table 15. The effect of growth days on CP, NDF, and ADL' content in fall cultivation

DAP? CcP NDF ADL
%

30 16.8° 46.4° 10.0°

45 15.1° 51.4° 7.6°

60 13.9¢ 55.5° 10.9°

' CP: Crude protein; NDF: Neutral detergent fiber; ADL: Acid detergent lignin.
*> DAP: Days after planting.
"¢ Means in the same column with different superscripts differ significantly (P < 0.05).

16, KGR KR 0 BEKE OB ERAK L EY) - Bl MR ER G R 2 8

Table 16. Effects of sunn hemp seeding rate and growth days on WSC, starch, and ADF1 content in fall cultivation

Seeding rate : WSC Starch ADF

DAP30 DAP45 DAP60  DAP30 DAP45 DAP60  DAP30 DAP45 DAP60
kg/ha %
A. 10 3.2 3.4 2.5% 1.3% 0.7" 0.6™ 33.6% 357 41.9"
B. 20 3.5" 3.2 23" 0.8™ 0.5" 0.6™ 340" 406" 433"
C. 40 3.5" 2.8"° 22" 0.5" 0.5" 0.5" 351 401" 44.6™
D. 60 2.9% 2.9% 2.2% 0.4> 0.3" 0.5" 359 424 452"
CK. Pangolagrass 5.6 7.7 5.6 3.9 24" 2.0 351" 347" 382

' WSC: Water soluble carbohydrate; ADF: Acid detergent fiber.

> DAP: Days after planting.

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

w
RAEREE R IEHRA S S B F KRR - BB SR RS B LL 60 kg/ha Z KIZMIETE EiE R AT - It

WHEARS ER > HFR 7 ADF SR =241 > 2 CP » WSC ~ NDF J ADL & & SLH A F5 & Ebadl S 22
BL ) TEAE HBOTEFERY DAPAS BFUCHE - HeZ¥)E B #E (K DAP6O > {H CP ~ NDF J ADF & & & DAP60 Fyf%
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i S EHE TR ORI R S B R B - RARRERE S BEANE BN 2R - EERIETZAE
BRI HTT

ZENR

T4PRE ~ [Hi52 T ~ BUS7E - 2009 » K5k (Crotalaria juncea L.) 2 EHTFHEITSE o AT 42  309-318 -
ﬁﬂl_b? ° 2011 - II_J%?W;KI%WTY CAEBED T RREEBIEF I B OLAESR ZER - B ZEREAEY)
FEREBYIR SRR % w240 -

Et%ﬂmi PRI~ FRIEH - FFIRE - 2009 o SRR E RS EAEE EM 2 28 - PERBHESE G E T 30 51-
61 -

EESEED - 2024 o fESELRETEHE (112 4 ) - https://agrstat.moa.gov.tw/sdweb/public/book/Book.aspx °
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Abstract

Sunn hemp (Crotalaria juncea L.) is a high-yield legume crop with high crude protein (CP) content, widely utilized
as green manure, fiber, and forage in most countries. The animal husbandry in Taiwan has long relied on imported legume
crops. The development of domestic legume forage crops will likely improve its self-sufficiency rate and reduce animal
feeding costs. This study aimed to establish a mixed intercropping system of sunn hemp and pangolagrass (Digitaria
decumbens Stent.) through the analysis of the optimal sunn hemp seeding rates and harvest times to provide a new option for
domestic legume forage crop. The trials were conducted in Xinhua, Tainan City, using four sunn hemp seeding rates (10, 20, 40,
and 60 kg/ha) as treatments for comparison with a neighboring pure pangolagrass field as the control. Trials were conducted
in both spring and fall, and harvested on Day 30, Day 45, and Day 60 after planting (DAP30, 45 and 60). Additionally, the
agronomic traits and forage quality were evaluated. Results showed that a sunn hemp seeding rate of 60 kg/ha produced the
highest yield. Compared with the control, this treatment also exhibited significant improvement on CP content and neutral
detergent fiber (NDF) content, resulting in superior forage quality. Regarding the growth days, harvesting at DAP45 achieved
a balance between yield and forage quality, avoiding excessi declines in CP and excess increases in NDF and acid detergent
fiber (ADF).In conclusion, we recommend a mixed intercropping strategy of sunn hemp and pangolagrass using a sunn hemp
seeding rate of 60 kg/ha, in addition to harvesting at DAP45. This study demonstrates the feasibility and potential of sunn

hemp as a domestic legume forage crop in Taiwan.

Key words: Sunn hemp, Pangolagrass, Mixed intercropping.
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FE % AR 6% ¢ EREMEE & SRR B Fin Y

SR BEEGERC R0 SmME©

WefbH s 113411 520 B #2H - 114510 5 13 H

W B

EHG A A AR GV RHE IR SV E M - Nt B B3 TR MR RIR R A SR a8
FAHIBKEL - FTAEYIE AR AT AR R (USSR B B M - Aol R B BT RAVIER - B EiEEk
WiEhE e (transglutaminase, TG) ~ FLEBEALET Z47% (lactoperoxidase system, LPOS) S /A E I (lysozyme, LY) &£ » A D)
I EAEMERE - TG M LE L ECRER » 125 & D HEAUE IR IR RE R G B /KA R B ERE - LPOS ALY f
RANPLEE - ReEHaEFREREIERE  SASCERE IR - SEEEREEE R THER - 1Tt
TG HHBFEMERERZE: § A SRS HAANIIE] > FIIHUE AL (ascorbic acid, AA) ~ [EIE H [ & [ ZXHY (chickpea
albumin extract, CPAE) } o — 4 FE% » fE R MBI HREEHEGEE - NegE o FEREAR et
Wo% - BHEEREE T MR R R A T e S R B R AV ERE 1T - BRI E 2 275 -

R - BRI - B R -

i

By B AR BAUHCT ERRE Y BEMRHF RS HE > FIRED54, - BIRME - — RS
VIRIEL ~ (LEYVYEZ AR R BRIRSE - FEE B TSRO IR SRy DU RAUA S AT R
BB TTE > R AUHE B MG L E LG R S BRI BN R E - |l T ERRNY EEPE
—EREIRR - LU OB EEE RS - Bl AR AR R R R AR R S8 Y] (Kumar ef al,
2022; Khandeparkar et al., 2024) - —fgf = » & H'HE WS REHHE A AEGRAVIREE - £ EAEERE T HERAR
SREFERELE R > (HHR HREOKIE - $KZECRRI BRI FI#SS (Devi ef al., 2024) - EEHB&HANES'E 2 FH L
FART DA AP ~ ARERRORE R #E T T {26 (Cruz-Diaza et al., 2019) - W] & F GLEAE Bdn{REE 7 AT A E G
REMEREERRmmE - RRATEN (BENEER - BREAOKRER) ) IA R BT EIEEHYERE (Cissé
et al., 2012) - FECREEITAVIAVIFORT - (efE oKl LYl fRey & F BRI R — R PEEK - BB Z (R (F Aot
BAHEEIERERRINY)Z — - AL - AWTFELL TR AR ) R T EER ) (R R R BTSN R o (IR
EERI R > RS EERRERNEEZER > DU HERTEEE

|

BEHBX

BanEEN EH R EN G R iy B B2 e > FRHET T E ) R RN - AL - PRy aiehkE R
1 BAFRIRHRRME - REARII LK) ~ E5R - ZR(LRBEDERE - [RE TSR RMHENNT - BA BFHIRE: -
DU ~ B R EAETDRE - AR - BRI Ry Al et e B A Y e it - B2 B - Rk
AT R r] et - AR 227 e s E Ry n] B PR AR e e Wl e ZE g (edible coatings) T H] G4 #ifH (edible
films) AYfiTEBAHL - AlFE S HEERE - AL > FEER A &I EEE (edible packages) 2K F RIS MfEZE in (Ribeiro et al.,

(1) B E SRR e £ 25 2843 5% -
() BENEENSATEEMTA
(3) #EN/EE > E-mail: wit@mail.tlri.gov.tw ©
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2024) - AR AEES HWEEAER @ 1 EEREN L B R AR L R & SMATHERALHERE (Suhag ef al,
2020) o A FEIEEAA AR T AT B AR ARSI RE R Mt 2 A AR - B E A Ay o] & AR AR L T AR BRI
AR ] & AR R IIThRE MRSy - MEEEE ~ S ~ 5~ R » YRR - FUEEIE - DI HIsE
Fitk (Li et al., 2024) - ZiEA] & ADEFZEEARAKCEY) - IBE -~ 8 E0EREEEYE B EER IR
Ji% (Ribeiro et al., 2024) - BEEEHEHVEG A MEF B MEL DIPRAVIRERCR - LR AN BRI AR
(Suhag et al., 2020)  AHEASCRRETHY o] & R Z B AIR 1 O

SRR AL BT

| !

SRR BB (transglutaminase, TG) 72 H AR HEZFE - EFFEIER T ALEMIAHER - 312 e g1 &
AEYIAIRE - TG WEENKE ~ 255 ~ GRIEH S RAERAEY)4HE | (Kieliszek and Misiewicz, 2014) /5T
ST TG LAY » AN TG R S — 8112 AylEE R alifb sk - 3% R LT B B > S
EE 0 B TG VSN TR ZE58E - BB CARHALENYISRE PR TG BHEIR[E - BB #E & RIS
B (Ando er al., 1989) &2 » (AEYIAIRHY TG (mTG) 28 oI Ry s S M P Y £ 2 ACN - BEE AR TRERUlg Y38
f&& - AEEEHIEN: - TREVERER (Zhang et al., 2023) - mTG b =TER FESAY (i) BRAAEAS S IE (acyletransfer
reaction) © [EFLEEFS 7 FE 28 4= FF y-carboxamide group BXiE H 45 & 2ARERZ (protein-bound glutamine) ( AL (LAS ) B
— WM (BRFEs2HG ) 28 > (i) 22 0B AT S (cross-linking reaction) & Wk 286 2 & HE S G HREHIEN e &
$:[E] (e-amino group of protein-bound lysine) I » &R+ PIA / B0 RIRY ST - #EMEELEES - i) i

fhEF (deamidation) : WISAEEYIEENE RBRE 2 S - mTG ALUEAL glutamyl residues HIHRERRZEF - (/K
TERERE RS SMALEO S » B E O P e 2 22 E - S A 7T RE %4 (Velazquez-Domingues
etal.,2023) -
I {5 FH PRI S 0 & o FH i &

TG 5 1998 F#EH E B & mEE Y S F 5 (FDA) 28 AN\ Sl Z 2 ¥)E (generally recognized as safe, GRAS)
(Romeih and Walker, 2017) » #%/E2 JEFI A B ol LREEk - T 224F R Ry (e 2R V8 7y T-FEVAC IR e » 0=
EAENGEIRENE - mTG N ERIEREHEHER 45 £ 55C » I HRBMEYIN A E IS S0 HEHE
pH4.0 2 9.0 Z IfRFFEE - MIEANAREEOREE » RECBIRIER pH R4S AL (Zhang et al., 2023) -
AR SR AE &S 1% - A 75°C HnEL 10 2 15 53 §8(F By TG 27 iz B (Jiang ef al., 2020; Ahammed et al.,
2021) o EFL B EATTHE - THEFHEMSIINTE T - EEROKEES)  TEA T AR i L KM AR
Rt - BB SR D KRR © AN - T R S SRR FE BRI LR BE ) (Akin et l., 2019;
Zhang et al., 2019; Ziamo and Zareba, 2020) - TG JEE LR ASRAIEE /1 » T8/ BB ot N oA B
(Kieliszek and Misiewicz, 2014) « BURHAEFEZEELE LA M T EMPEZIEN - ETEEET > KT
THEE S » FETEISR = AR S SRR & s & MR 20 E AR A R B AL R AT Y B Pk (Kieliszek and Misiewicz,
2014) -

1L TG > & FELEAIER
() HEHErER MERE

E B B AV RRNES: - BREE SO KRR - TR IERERI/K M T A
WHELR R » FBUE R ERE - I r e B E B g MREF T -

Jiang et al. (2016) F5E LI [EIRSTELL BV R4EFLE & H (whey protein concentrates, WPC) B1#% FHEL L4 T
X (carboxymethylated chitosan, CMC) B & HE » 45BN - BHSfELL WPC : CMC = 75 @ 25 8% > mTG
HUEETRTTEM R - WEIRFETH AL (thermal properties) » ¥ZEERFZEAR N » BUR mTG AR E
WPC — CMC & & AR ERE -

Jiang et al. (2020) %5 ¥ J¢ & TG /R0 WPC o (i AL ATk 1% F R & #& B AL 58 T 22 % (carboxymethyl
chitosan, CMCS) #% TG HHERIIY WPC — CMCS 7R H » SHEATET 2R R A H 21% 177+ 2 35% ;& TG
NI EIR &Y WPC — CMCS 3R 1T L (WPC — CMCS — TG) » HERRH-&REE T - #EHH]
FEIR CMCS I TG fiE(E WPC A JE - iE48 TG Hasasw B mi b AE - (HHIE R St 3doiiats - st
{SEFR A - BN TR KR S M - (AR SR R R TP 4 R AR BT RE 1 -
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Ahammed ez al. (2021) B4 FORBEAE H BLIABE SRR - % 1% TG RH T » TG BT HE S EbUAL
[ J7 (tensile stress, TS) ~ ErZL{ifi £ (elongation at break, EAB) FI#5EC f58 (Young’s Modulus, YM) S5 4
A > BIXCBAEE 2 IEAHRE » BN INKIRSE KR AN (FE ALK 98% RIAA/K - B UK B
BRI 2 R R TG U E L ERY o IEHEREREERS -

(i) pEHpE K2 RIH R M

B R BE R HK TR R EEE AT E 8D - Marquez et al. (2017) 77 #EFL/EEEH (Whey protein
isolate, WPI) B[ [|FUfE ~ RBEGHEEGEE » A1 TG 1% > FERNHEEEERDI R - BRERAEEG®R
[l HETT 10 RSB 2L - S5 REUR - NI TG B & R EIEFETF 6 RNRERPIREEEL » 10 RIZRIRH K
o AR 0 RN TG EHE REE 6 RigREREEIIEAEER S o Hhid Jianga er al. (2016) -
Ahammed et al. (2021) ~Seiwert et al. (2021) BF5E45H—2 » &K TG FEHE - [F{E WPC — CMCHE &1 ~ RE T —
WPI 18 & S B — FORBEA A @ G R 2 /K78 021552 (water vapor permeability) o B TG ] % 1#H E
HEE & A& EECHE 2 /K& RHRME: -

(i) S TR TG Hys22

Wr9EEUR > B (ultrasound, US) THERFE n] A3 ei B 8 0 E 456 > (FHA S 28] TG /EH > #Eifihy
SRR o Ahmadi er al. (2017) 56E M REHEIILEE QAR 2.5 4788 - BIE R ORENTT BTEE (fow
behavior index, n) ; {EIZHEE R F TR TG EEE(E)GH 2 » HEE US BRI kR fnAYbE S0 -
ERUR US WE B 4ERINRHETEE » (LRI T 7.5 /38y - BEEE TR - mReE s Hh
PHESESS S 45V R © B4 > AUBEE O T HEHEEE N  [(THEBS S WEERIEN - AMEEHENMER
SRS HVRER A - i ] REFE (KA 0B AV E B (E(E (Phillips and Williams, 2011) © #8557 FHEE B AE 6 70 HUA
BB [(ENESETE S ZHERER - EFEAERRE ErTDUZ S S e ARV -

% ~ W s B S LB R 7 A TR Z R G S M R - A & O B R B2 A B R T
T 2B BRERE > RS LAY EAEN > RIS MAESERARAKH R AR EEAE
SRR MERE (Wittaya, 2012) © Wang and Xiong (2021) FIJFH KAy — S LFIEEEE (oxidized ferulic acid, OFA)
H14E (LB %% (oxidized tannic acid, OTA) 705 & HHF (LS » 45 5REUR OFA ST SRR
(5.0%) THEE T REATAL R RIS ECEE > (HAF 2.5 Fl 5.0% AL TI9Ee S T EAVIERE 4 © OTA 7£ 2.5 I
5.0% HYRIE T IEERR S T ARSI - (E R BFENEREYE - 81 » TG E AR IASBERIRTTE
T > BESE E B EEAYMERE - TR EREIE I FR 2 H S MR 1 - H B BT R A g sy - B AR
s EREeHREL -

3B Ll
N

FLIBELEE 45 (lactoperoxidase system, LPOS) &—fE{FAEI A4 ~ JRIR SR PRV RIATIEIE R4 > 240
HE=FTFTETE (1) ABE(LES (lactoperoxidase, LPO) ~ (I) #& £ L& (hydrogen peroxide, H,0,) I () fifi &%
(thiocyanate, SCN') = LPO f{L SCN™ (V&L » 1E H,0, VBB T » A E( LAY G FEEIR (hypothiocyanite,
OSCN) IR & & (hypothiocyanous acid, HOSCN) » & £6E AL & )17 i A LM AR Py s 1 B AR R 711 HY S B
(sulfhydryl, SH) » Ex4CEEAHFEFE T (Yousefi ef al., 2022) - LPOS BB Ui HE&EE - o A& S asE (Mohamed
etal.,2013) -

{53 FE PRI B T & e FH #a

LPOS B Pt » HH AT /28 GRAS » HILE #1F K KRN & bR EE T 5T (Elliot ef al.,
2004) - EPEFL i 2R (International Dairy Federation) 54 1E 6k = /2 s Y IF ML T » ] LPOS {F K FLORTF
HHE5 7581 (IDF, 1988; Seifu ef al., 2005) » &y~ LPOS A &S BIFR AL 244 MR ] - DU EEA st =
RN Z FEFEE - LPO 7E 78°CNEL 15 sec N5 &2 2K0E » 78 pH 3 2 5 B MR TEMEE M7 » £ pH 3 B
e E M (de Wit and Hooydonk, 1996; Kussendrager and van Hooijdonk, 2000) - fRIZEEIIE & fAHZE 5@ (Codex
Alimentarius Commission, CAC) BYFE - Frftd: AL R I4Y 10 mg 1Y SCN™ A[4NFEM:HE(E LPOS (Yousefi ef al.,
2022) = LPOS {Et& & & I AE /2 B B L B B S 24 g A e AT 78 R AR R 2 — (Yousefi er al., 2018) =
J/* OSCN™ HYAE picid i AZ BRI SCNT R » FRAHE A LA EAY SCN /40 » Golmohamadi ez al. (2016) %245 Hi ]
LA AHEEOREE B E IR RIEYIE R SCN ZHUIRE - AR %5 GRAS 2 LPOS < LPOS fF & i LEHHY
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—

ERML R RE FIE 224

FTERERRANTIE LY - ARNERE SRR - EAMLESE - FEIEA LG S0ER 21 TRGETE
R CREEF 2R (Seifu et al., 2005) - fF&8EEA BULLJ5TE » LPOS S Sl Eifd it pl s 2 - HAEM KA L E ~ e
FEHE BB BUVERY EEFLI% R (Basaga and Dik, 1994) ; [l LPOS FrFH A ESE Y E 5] B IR 5T At ALAEHE
FE SR A R LR BB ERY A FLJR > DL LPOS JRER = FL B E e =] 2 Bl o0 FRFE FE (I - A B RS L=
FEEDRAUENE - KSR S A EKE R/ (Zall ef al., 1983; Seifu et al., 2004) < EAIGRJTIH > AR VFE K
RREA AL A LIRS (Befo er al., 2024) - /& LPOS &M F - PIREATHRZE MBI - o BBk - FEsaE
Z PR - T LPOS &h& s » mlmttp e i 2 28 > ARMOMAE B ZRNAEERA ~ A R0 5 &% KRl
HIRZ -

LPOS > & R B4 FEH

B P E A PUERIMHEL - PrEY o & R 2 AR o R R o] DAPESIER R & e R EE & (Yousefi ef al.,
2022) = 3 3 5[} LPOS A& B Z HTE R -

ZLIANSEEE 2 LOPS B A BB S EPIETE © Min er al. (2005) THFTETUR > 1 4 81 10°C HY %76
BT > &F LPOS BYFL/E & A B vl A RS2 B E B R~ TR B AE (Listeria monocytogenes) £ > &
F#{E 1.5 log CFU/em’ AUHIIEESCER: « MHELZ T » PRSP ERUR F B > 22 4.2 log CFU/em” » 57 {ARS
BHEHKTEMER S » (£ OSCN', HOSCN F &L EY A B E TR ERN o A - gk b &A% SH
L&Y 59LE[bEYISE » (K LPOS HIEAHE © Rostami ef al. (2017) iHFE4E AR - fififa 7 1 16 KA
il > FLEEH — LPOS ZEf@4h & MAP HEN E— U EH &G - BA B EEE [ [ERA FLICE (Shewanella
putrefaciens) R AR BEHIE (Pseudomonas fluorescens) HYAEE B S RO R AT A I /745 PRI 7 log CFU/
g | #EsESE M ELE (total volatile basic nitrogen, TVB-N) {H f{& ° Ehsani ef al. (2019) W52 F & LPOS =X B EE
%M (sage essential oil, SEO) [y 3 Tl o] AL Wl fisifst - 26 T E - SRRl IR > ¥SH0RE (4 £27C) MEF
20 RIVECELE Y SYEE  GSREURNEH LPOS £ | M - A R(KMMEEE > M50 SRR a3
RETHBSHERE - [E/MEH LPOS 5 SEO 5% T R HEEHE A RIFIVEE R - #—PHEER o — L5
(a-tocopherol) A FEEZZE LPOS AYHTEH A4S « Shokri and Ehsani (2017) if7288 <27 LPOS (2.5%) FIR[EEE o —
EEEE (1.5 F1 3%) 1S5 & 1 B &5 (whey protein coating solution, WPS) « {F 4°C /4y HA i ¥ i 2 5 /& 1A
(16 X)) ZHIIE4ETEE] (total viable counts, TVC) K& /45 (psychrotrophic bacteria) 88 BAE (KA AR LPOS 4
Al (P < 0.05) » [fi LPOS + WPS gt 4 C {7 NV A F % TVC ~ BB E - a8t B R &S LI
HIRER = AN » [FEFEH - &F o — £ FE (1.5 § 3%) GFEERERIPIERR » RIB AR SE R o — 4
B fEE 22 LPOS MIFTEXUEER » 280 » T H S 5e a0 LPOS Fll o — 4= B g 2 RAIHE & AF FtskH] -

BT EBHNFEERNESRE (NH,)  AHEZemrHEEER  PREEREESY) (Ardean ef al.,
2021) » EJRA[BLEAM BT Y B 4E S IIHTERUER - Mohamed et al. (2013) PRETAERERY 2 T TARRE (0.5 ~ 1
J2 1.5%) BAFL A LER 245 (LPOS) V&S & » A 18R R A RIRCR » 45 5REUR 1 1 1.5% wiw 95 T 2k
&5 LPOS f1 / Skttt Xanthomonas campestris pv. mangifera indica HIHNHIZER & BB HAY 2% T B EEE DK
JEFE (0.5%) HY#& T W o 55 Cissé et al. (2012) #4fH28 T H [ — LPOS &1 » PLE SR RS AT FIF IR
2> 15 25°C NEWEIENL 5 KiF - PiERCEREE - OSCN™ B Ol EEREE RENINE 25 CEFESHE @ /b
B2 e R R ST S s 0 > (5 TS AVENRER T > MR S A AR REL - BEU IEEYIR AR

Yousefi ez al. (2018) 7L E A RIENEEE LPOS WS B R g B HEAg A 7 (REHANVRZE > 450K 4 fl 6% 1Y
LPOS R HELRIRIRE R (Pseudomonas aeruginosa) HXUEITIE R @ BVE SHE S 6% LPOS RIGHIRE T fe s EL R
& LPOS WYl R g s BrA BIE 25 (P < 0.05) - BUREEE LOPS BN KN A R IR RS RV E Rt B A (EH Ay
7

Gie HItZIASTAE S > LPOS JEH N B ALY » BIRE REFNRANEE ) INAREERNESE
H o~ EAKEEE I REEER - TGP B LPOS &4t EMES(EEY) (41 OSCN™ ~ HOSCN) #Hi4:Yiy
HHIVER - 281 » LPOS BYPIE IR 2 B IHN Z 8 SIS SHL&ayFFIEA ~ BFEEHEH R - I
it P R BRI (20 o- A2 E B ) HYFETLME - (RlEL - BEZR LPOS 1 By & a4 R RN E R AT HY E B ) &
72 RSP HELRERRE - BRIRR A ROE MR IS A E A TR AR B H g A M
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P 2RI B BSOS R e bR s B S
Sty =
A EEE
148

B EEG (ysozyme, LY) By RN - il R AREEREES > 22—/ NEUKgRE - 75 5 AR P i AT - %7
AR AT ) ~ N~ B4R 5 S (Amara er al., 2016) « TR0 Ry /2 — T = 0REFZ - fEEIZHY pH
#ENEA SR ENE (Amara er al., 2016) o E YIRS F] Lo ol 2 i e S IF I 205 PRV DL T (Wu er
al., 2019) - ‘B S HIF AN E A A BE AR I & h By N- ZERHEEERE (nacetyl muramic acid) F1 N- 7 i &5 % W
(N-acetyl glucosamine) i B 1 — 4 BEF§# » 5l [P MR 2 ARV PLE S (Amara ef al., 2016) < & LY i
7. W VUREERE (ethylenediaminetetraacetic acid, EDTA) 454 1% » EDTA @5 S5 S I M B AV AME » S8 bt
B #i[# (Kandemir er al., 2005) o #T#&4F2K » B4 fERT /D0 T SoAERAAY B R M5 H i B EE > PiE B2
— (&5 AT SRAVLEIE R R DU AR (S /D S HIHT R BRI & fn R A B0 S B AR PR 4 & (Boyact et
al., 2016) o {E Fs—TERIAGFAE H A PIEVEMERIEER » LY JNEINIIEEEEADR R - BSR4 (Kandemir er al.,
2005; Datta et al., 2008) » 2% 4 HI|H & FEEERN LY AU TERCE -

s FHRR il R i T & e A

EE B mEEY)E H R E B LY B ATWREENE NI (Kaewprachu et al., 2015) o 775 B AF R &
30 — 60°C ~ pH 4 — 7 F[E[E BA BFHIRENE (Yao er al., 2022) - 241 » 25 AEEETE - HEEEME AT RE &
i o BZEHEH - DURZRAVRES N Bl S R B it - B Z20E ME O BB ilm (B Y 23 22 70% Zff 5 Bh4h
SRR A AR o TRE IR EREVEMERREM: - 1Y 21 K& - JEMEIRA RN 35% (Kandemir ef al., 2005) « LY
B LPOS HyE&MHE N HA B R R & - RILATF RSN HE IS - RIS IS SRR
HEREHIERES] - AT ZEBAIMLLES - B - MRSV LS )7 U E A E B 2 W98 H 254
0 (Wu et al., 2019) » 5540 » RESEBGFIEBUE SRIGEH - AT sR B SR (P2 I HTESUR (Padgett ef al., 1998) -
EESS ~ 8 - 88 - 8 - T E 2GRV R - FIREE R PRI EE - EEHIHEHIESER (Boland e
al., 2004) - fEE I LIEM T HE » LY BlEBEE S v]{E RIS EIEL A LEIE i &5 (Hashemi er al., 2018) © K44
TIRANB IR R Dt B e NS R 8 W R & & (Xu er al., 2019) - 40 IAEES - ABEE R
81 EDTA HY4H & 7] AR fl s M B A mLd 2 BEIH R € - B PiERIR A SRR - s RS
s A Y E R I, AR A HIEUE I TE (Gill and Holley, 2000) <
LY AR B4R EH

Yiiceer and Caner (2020) W 9545 R HFUAREG — %8 T H (LY — C) g EARSEREEIVRIR - fEE&R
EHA - H B R R i B SR A A AR T A RV A E B E 0 (B LY — C 2R J@ - Kaewprachu er al.
(2015) WHEAE 2 R (4°C > 7 R) » EEEFER A R ZE — LY JREHBE G (catechin-lysozyme gelatin
film, CLGF) P35 B (B L8 > PVC) B E @ GRBURIE I 2 S EE - B REEEMEY
1A R 81 = 7 CLGF &1 4% (P < 0.05) s CLGF 451y TBARS B&75 54 i1 > [f & ¥ 8 fs iy TBARS Ry 8535 54 il
(P<0.05) » BUREREBED LY Bfgmi B R ARG 2 78

FLIE B 0] DUS TIAE B FR - A B ERER T - 1 LY VEAEAE F 0T B 1 2 Bt 5] 2 Y 2L B i s 2 -
D'Incecco et al. (2016) iff5% Grana Padano cheeses (GPC) 1 #a tHHVETE © Lactobacillus helveticus, Lb. delbrueckii
M1 Lb. rhamnosus » FOIFRERGESBEAT R IIECA AN LY BUERVE S 2 AV 52 - S REURIFRE I AR = 8 1E
INIIECR AR LY #Y GPC 7 [HfEEHZ 2= 52 (P = 0.48) » HURE M /KLU R ZRZMETT 5 2T B — 5 E 6 (CL)
T T %0 — #8022 (CN) 222 ¥f Halloumi cheese Y RVE MHE AR B2 8 1MAE 3°C iy 7 35 RHAM 2 18
2 J& ¥4~ Halloumi cheese )38 7% 10 F1 15% EE/K 2 Y B &G A EZEZR » B CLFI CN T 10 F1
15% B@/K AR A il A= ) LA MG R - s/ KOA RV E 2 2 0] DAE 15% £ % 10% (Mehyar e al.,
2017) -

Boyaci et al. (2016) 555 - @il LAOE(DHEEGIE DAL » $55%80 > & pH (HIERE] 5.5 DUNEF » LY A
RN - BEE pH EAE 5.5 ZMFE(RE] 3.0 - R LY 2 ERIREBOEZIE NN - Wei er al. (2017) 9T 38 BB M
(ascorbic acid, AA) FRIIERE /NG 3.1 mgem™ B LY FERUHRBZER(K 33.7% (P < 0.05) » A8 H14aEH LY
%29.8 £ 89.3% (P < 0.05) » HHTEEMERE AA RERYBEIIMBE5E - Giigbilmez er al. (2007) 1F T KRB /A 8 HHHE
A JERS & H £ H 0 (chickpea albumin extract, CPAE) » 45 BEBURICESS rai{bny LY £ EKE EHRE Ry
Srffi o WEEEE LY FERCEREE 1.5 51 3.5 £ » FEEHUAR CPAE JRHIIERE - Fabra et al. (2013) W72 2885 & & H A
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FoRBEEET > ARIILY » £F 10 B 25 CIRIR T HReiRiE ety #m (385 ) - (Hian LY 28FEY
FemBE YRR LY TEERSEASEER » 2HNES TERGHE ' MR iy iEsy - DLWt
7~ LY TE8fE s g h R iz R R 2 BIEEREAORIIVEAY - CPAE K AA SEEAAIIYIEER ~ pH
FOREEREGRMA » TS SREATE LY B - ARt il s iR LR -

BB TENAT ~ LR EACZETIE™R - (HERRE B S S G B A 5 e B g,
DRI = fE [ 88 $ R AR 7 I 5] (Farshidi er al., 2018) o JTAEA IR ZANIEH ~ Akl R E R EES
HEERORIR - SRS S B 7 H A 1 1 L BB SR 8 I (Catarino et al., 2017; Ehsani et al., 2019; Venkatachalam and
Lekjing, 2020) > TJgesZ ZEr im @k o LPOS 81 LY #ANRE Ry &Y/ B si& /N > sE4ui A ol & HELETHE
o R BRI M & R S - FREHE AR AIIER -

HithBE=nN oA RAEKZER

EHERBE RS IKEAN S SE 0 E T 2 P RS E - S (6B i DUE B b2 SR s A Y AL By 75
FIT ST - SRS LB RS ERE S (S E B sl - B > TG £ E 1 E A7 I E F AR Z T T RIEE
"] o JEAN > /NZEE (small laccase, SLAC) fltl132 85 (LA (horseradish peroxidase, HRP) S5 & (L& R B thAE R EE A
BAYIHMES I E RS > BRSNS bR AEEMERE T B A R - (R R A B 2 e e AT
BABENITFTRCR - DIR I S mAy A -

Yang and Zhao (2022) #7E4EH{E H,0, FYFF{E T » HRP I LR L& H/E HIBS R IR A » (e E Al - &

HEHEELEE (glucose oxidase) ATLUE(L D- #j&fERYE(L - B H0, FIEj&HERE - HRP ~ &% fEELEE K D- #aiEad
FRH =T ARSI RERA BRI B Sl > SERE = T ARG R — AR A TS © (1) —24 - HRP ~ fi&iEE (b
Al D- g EFER I A B S EZE T > BENERGHE — ER N E TR AR CNEL B () WA - &
EEELEN D- R INAE O B2 E P ETHEREE(LR - i HRP JIZIMEARS P TE B - %

BEIME - —ALLRP A AR EE 0B - K HRP ¥ H,0, IV R E S -

Zhou et al. (2020) £ SLAC HFLF iR 0 — RIBE GBIV E » 458 HUR - SLAC HYIIA S R4S &S &2
AR » AEDRERY SLAC HREBH 2 B EZE - 280 > {(H/ 4 U/100 mL J2[ERY SLAC » FERYEBHEELF -
1 6 U/100 mL JRERY SLAC B ERVACHRUR - SR 2 57K & ~ /KARFERFOAA MK » BUR SLAC {£ WPI-
REE G AR RS /KENR SRR EEMAE

Tarhan and Sen (2022) LB ZASS M: BB (alcalase enzyme) ¥ &7 B E EFS M (marjoram essential oil) I &
(thyme) ZEHUJHV LB MIR TR H B 4S8 - BB IR A LD - B 2K R BRI Y R R 1S B ~ R
REFEEMR S B R KRESERE T HEEAMNEERD » BlKEEr K RS B R B
SRR (EHARREEM T BA AR - NI > EEE R EERSREUT - ESRETE M Ha AP iReE - A
S BN M RE R ek e E R FEE Y B AT -

A

& EEEZ ER R &L - REFIREAEBIIREES - AR Z FE W > 556 Apeel Sciences
A FEIFA LA YRR A Bt g - FEH P K RS L RESEY - MRS R (REFH] - WE AR
Costco 8 Kroger T ARIZE BRI E © S50 Mori A FIFTHTE 2 S48 0 Bl - RIERIR AR i ~ SUSELER
R BRERBGEKTERBEILIFRA ¢ 9B Notpla /XS] 75 R E SUE ] & AR » (F R E S S m/KlL i B ##
B - TR CEA TSR LER - GENEEEEARALEY - BB - MREOESEEYES
Yy - EAEDIRE MR T R I DR T R an AR TE A MR RE - B R WUEZ (B RIE R Tt & AUE AR RERV R I 2 — » 1E
AT ERe R - REFR I R AR R T T R B RE MERE 2 VB ) » TG ~ LPOS e LY FERRM NG R L e YE 8 27
Bl > 280 HAE TR ERER 2 A EE AR » Rl KA - EAVTFTA BB RIEYIE RZERCCR - 5T &K E
B A BV sEESERTTERRIIERR  EATRE - &AM S - ERERBI R 3 BlThRE f2
It AN ERAE T R R EER > e B inirERV R E RS -
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Abstract

The use of petroleum-based polymer materials in traditional packaging poses significant environmental pollution
concerns. As a result, the food packaging industry is faced with the challenge in developing materials that are both
environmentally friendly and economically viable. Biodegradability and renewable properties of alternatives packaging
materials are becoming increasingly important. The paper reviews the application of enzymes in edible packaging, including
transglutaminase (TG), the lactoperoxidase system (LPOS), and lysozyme (LY), which could improve the packaging
performance. TG catalyzes protein cross-linking, enhancing the mechanical properties of protein films and improving water
vapor permeability. Both LPOS and LY are natural antimicrobial agents that exhibit strong antimicrobial properties in edible
packaging, in order to extend the shelf life of food. Furthermore, the combination of TG and high-intensity ultrasound
pretreatment can significantly enhance the impact on film performance. The paper also analyzes the synergistic effects
or influence of other additives, such as ascorbic acid (AA), chickpea albumin extract (CPAE), and a-tocopherol, on food
packaging. In summary, this review highlights recent research on the application of enzymes in food packaging, providing
insights to the potential of enzymes in edible packaging and extension of shelf life, and offering valuable references for future

studies.
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(B Rtz (C16 ¢ 0) Stk (C16 ¢ 1) 5 THEUAIRRHI s #lE Ry TuHElg (C1S < 0) ~ +ERERE (C17 1 0)
BERERL (C18 & 0) ~ JHIf% (C18 : 1) ~ S/l (C18  2) ~ ZRedfiiififig (C18 = 3) ~ fE4:Hk (C20 © 0) ~ e
fil (C20 = 2) ~ gl (C22 : 0) FoARIERE (C24 2 0)
(i) Fatty Acid Origin fi5 i i 70 f5 40 Bz © FLAE B o] (50 A B AL 20w » DA 2L R AR jiE ¢ g specific Fatty
Acids/100 g Milk 2 DI4ERERS A ELRE © g specific Fatty Acids/100 g Total Fatty Acids ° [ffj HFgRABEfE4H {5 FH 2 B2
{ir DAL R BERE - 2 R HLE A RE B BRI BR Ay AL 58 2 0l © TSR AT A o A FLHERD IR AT - BT
YRR A HOIC B B AR AT S (fatty acid methyl ester) (ISO 15885 | IDF 184 : 2002) - A5/l 73 ArsiaH Bifir
BEARAT -
g de novo Fatty Acid/100 g Total Fatty Acids = (g de novo Fatty Acid/100 g Milk) / total Fat% x 0.95
L HR 4 (peNDF) 734
() HUH: 500 g fifl PR & 2 TMR KR 5nf% - (A S5 B Z N N T2 AR ST 4 H Ay B0 AT TMR Rz 73 B A (forage and
TMR particle size separator) (Heinrichs and Kononoff, 2002) °
(i) S ENERIEFFHRFIERE - (R R (M7l ) BUERJEES « 242 T/EE (4 mm) ~ T/EER (8 mm) ~ 1%
Ry bR (19 mm) - % TMR BRSEEHA L - 00 AT BB A A (G Ho g ) oy B L -
(i) DA 1.1 B9FE% (BEE 60 #hET 66 '~ ) FEREINET - FEER S T - FEEREMREAEL 17 A0 - ENEE 1/4 B -
PN T - EHTEVER 4 BUPER S > HoTEEE (AR 8 ) - HatER 40 T -
(v) DAEFRPFENLHT—EREAER (o) » sTRAEARE -
(v) MIAAFGEHE peNDF » (/] 4 mm ffi§515 peNDF - K i = {E &5 JIE—#E - 24{&3€LL TMR ) NDF & &
(Mertens, 1999; Kmicikewycz et al., 2015) » /AFERAAAT ¢
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peNDF (%) = (% > 19 mm + %8 mm + %4 mm) x NDF (%DM) / 100

1 =AML AR SRR 2 G P e E oy fhETHE

Table 1. The dietary composition and estimated nutrient values for milking cows at the three selected dairy farms during the

experiment

Farm A

Major ingredient

concentrate', oat hay, alfalfa, pangola hay

Chemical component

Crude protein (%)’ 16.40
Ether extract (%) 4.02
Neutral detergent fiber (%) 29.80
Dry matter intake (kg/day) 21.71
Farm B

Major ingredient

concentrate, oat hay, alfalfa

Chemical component

Crude protein (%) 16.20
Ether extract (%) 2.86
Neutral detergent fiber (%) 33.55
Dry matter intake (kg/day) 21.99
Farm C

Major ingredient

concentrate, oat hay, alfalfa, pangola hay

Chemical component

Crude protein (%) 15.30
Ether extract (%) 3.71
Neutral detergent fiber (%) 37.56
Dry matter intake 22.16

' Concentrate: commercial milking cow concentrate and soybean hull.
? Percentage of dry matter.

Iv.

Bt — AR o

() Ko3orf : FERIACHMEZ A s E - iy BERAFTSLIREE 2 — 3 kg TMR (JREH ) TFEL2 kg TMR
&AL ACH S TMR (R Z80E - KB 2 TMR BRanfUE R 65 C BRI 48 /N - 48 /NEF{& - HUHIBUA
RIFHUREZENECEE » BIAEHRE TMR ZHDKr &8 -

(i) HEEE - MHAEHG ~ TR - BRSMAE R 0T © FFRZIRI& 2 TMR BESLETTIERY - IR PR
R kARSI - FEEREBRPTE R EER T LT 1T (AOAC, 2012) -

(i) FREAEMEROKIEEY) (NFC) 5HEAZ 1 100 — MHEEE % — AT % — k84 % - oy % -

Heat ot
AFERFTUCEEERHE F4RE T 3 ATHcAE (SAS, 2002) i ANOVA 2 FPiEf T8 /5 734 - FLL Tukey SR AREHETT

ZELEE - DIP<0.05 R BAREEZR -

AL AL P RS TE

=(EAAGH B E RO L AR 2 P A R B BERANZE 2 R © A~ B K C b AL AR
MAFLR B By 255 K £ 146 X (FEAE(RZE ) ~ 183 £ 126 K Je 192 £ 134 K+ B @b AL RBUKF &y 732 ~ 595 K¢
878 K o 1fif A ~ B J¢ C A B PRy 2.26 £ 1.25 8 ~ 2.19 £ 1.1 fa 52 2.02 + 1.13 f& 5 F-EER RIAK
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RFPFy2h 8 ~ 55 5 KR 6 I - A SSHHEN AL A5 - HERIMAFROLA KRB PR B -

® 2. AT PR A R A RS

Table 2. The description of the average days in milk and lactation numbers of lactating cows on dairy farms

Item A (n=1,434) B (n=910) C(n=2,574)
Average days in milk 255+ 146 183+ 126 192+ 134
Maximum days in milk 732 595 878
Average lactation numbers 226%1.25 2.19%£1.10 2.02£1.13
Maximum lactation numbers 8 5 6

' Standard deviation, SD.

1. FLA-ERBR A TMR — AR5k s3 4T

JEERHhE = #2452 TMR —fEE 5 s &S SR 4055 3 Fow » = (@745 TMR ZEZY)E SR S EE =
o A~B R CH2 TMR HIZEAE G ERF R 15.68  15.61 % 13.98% » C ¥ TMR 1% A8 & BEE RN
/5 (P < 0.05) > f] A B B35 TMR fHEHE & EMEE 22 - A~ B & C % TMR MAEH & &7 F 4.38 -
2.91 }23.96% > B 35 TMR KA & 2EZ RPN HAMRNE (P < 0.05) > ] A B C 352 TMR fHASHG & & M8 7=
5L o A~ B K C# TMR F/ L4 2 BT f 15.69 ~ 16.96 J2 23.31% > C 35 TMR [ EaiE & B8 = N HA M
5 (P <0.05) > ifif A B2 B 5 TMR [ 84 2 EMAEZE - A~ B & C 5 TMR 842 B10KF & 27.77 »
33.03 J%2 37.51% > C 35 TMR Hc @i & &5 S i HARIE (P < 0.05) » [ A 35 TMR e & 8RN E
L5 (P < 0.05) © A ~ B )2 C 5 TMR JE4E4ETER KL &Y & B By 44.56 ~ 40.22 K2 37.31% » A 35 TMR JE
WK bEYEE2EE SN EMRE (P < 0.05) - 11 C 55 TMR JEEAEMERK(LEY & E8E (RN EM TS
(P <0.05) o fb—fER T A4S SR DL TMR KR i iy MR AT EHE R A4 55 HEEIME RS R e @i e &4l ik
B 5 g HWZGERHERE R R e/ b &iBk > C HRANE H iR TMR SR FT# A &0HE) 2 kg BHEAE R
4.6%( HZEL ) INERZEN S AR 0 A S TMR AR M A SN S - B eiai s i 77 - HREEE
HiA4 S -

3. AP R G R R T E
Table 3. The dictary chemical composition of the diets of dairy farms

Item A(n=12) B(n=12) Cn=12) P-value
DM, % 53.79 £3.54 5425+ 1.77 54.81%1.73 0.63
CP, % of DM 15.68 + 1.39° 15.61 £ 1.68" 13.98 £ 1.04° <0.05
Ether extract, % of DM 4.38 +0.66" 2911057 3.96 +0.75° <0.05
ADF, % of DM 15.69 +1.55 16.96 £ 1.86 23.31 £2.03° <0.05
NDF, % of DM 27.77 £ 2.63° 33.03£2.31° 37.51£3.02° <0.05
Ash, % of DM 7.61+0.61° 8.24 1 0.75 7.2410.35° <0.05
NFC', % of DM 44.56 £2.24° 40.22+3.37° 37.31%1.94° <0.05

"¢ Means within a row with different superscripts differ.
' Non-fiber carbohydrates, NFC =100 — (%NDF + %CP + %Fat + %Ash).

L A5 TMR S5RPRIREHIR o B R
ALER il = (& FLF55.2 TMR FI RN VY B i 1 T S0P RIERDR 7 B SR 402 4 B > A~ B ke C 55 TMR
AR A S B Ry 21.22 ~ 23.38 2 18.91% > C £ TMR 5y fofdise & B KN HALRT S (P < 0.05) »
7 B £ TMR A3 b & B8 E S R H M (P <0.05) -
IV. AAGHEAL P E AL B R AL & IR
ARG Z AR I ITERME S Br > A~ B R C ISR Ry 4.23 ~ 3.89 K 3.82% » A 547
AR B S P HAL RS (P < 0.05) > 1f B B2 C SARAL AR REMEIE AR - A~ B K CHBARELERRY
F53.24 ~ 3.22 }7 3.06% - CIGHEFA HE L ERBZ R EMFIES (P < 0.05) » 1 A Bl B 54 A H & 1 H A [H R
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EAES - A B ) C GBI GRS SRR & BRI Ry 23.38 ~ 25.73 ¢ 23.54% > B S5HE L H & R BUAE
Hiil 5 SR RER & BRI S R HALRTE (P < 0.05) - 17 A & C 3588 & RURRRTEE S ¥8HEH & B R =5 -
A~ B} C LR ETIRERINE S SERERT & BT B 32.88 ~ 34.29 1 29.85% » B SHEFLR & RUAE TN S 4 A5
SEEESN CH5 (P <0.05)  HE A S BEMEE R - A - B i C SR AL THRAIREHIRE S e 2 £
Fy5 38.36 ~ 34.67 [ 42.02% > C A8 AL T ARG R 5 SaAER 2 B &5 A & B 55 (P < 0.05) » B 540 A THH
RAREHII 5 48HE R & ERIBEE R (K (P < 0.05) -

T4 FAEHZ TMR (5 FHEN VY B 2 FRL O i oAt s diest e

Table 4. The particle distribution and physically effective neutral detergent fiber calculation values for TMR on dairy farms

using a Penn State Particle Separator

Item A(n=12) B(n=12) Cn=12) P-value
peNDF', % as fed 21.22£1.30° 23.38 +1.49° 18.91 £ 0.80° <0.05
19-mm sieve, % as fed 23.5414.88 42.33 1+ 9.64° 24.67 £ 5.66" <0.05
8-mm sieve, % as fed 2494 £ 4.11° 17.93£5.16° 17.39£2.18° <0.05
4-mm sieve, % as fed 20.24 £ 1.86" 15.44 £3.10° 19.17 £ 1.53" <0.05
Pan’, % as fed 31.28+4.21° 2430+ 4.81° 38.77+2.58° <0.05

"¢ Means within a row with different superscripts differ.
' peNDF = physically effective NDF.
* Bottom Pan (< 4 mm).

=5,

AFGZ BAFIRER ~ EEABERL=HAENRSE

Table 5. Average fat, true protein percentage, and three types of milk fatty acids content of bulk tank milk in dairy farms

during the experimental period

Item A(n=12) B(n=12) Cn=12) P-value

Fat, % 423%0.15° 3.8910.16° 3.8210.90° <0.05

True protein, % 3.2410.07° 3.2240.13° 3.06%0.76° <0.05
Fatty acids (g/100 g of FA)

De novo FA' 23.38 £1.30° 25.73 £ 1.46° 23.54+1.74° <0.05

Mixed FA’ 32.88 % 1.16° 3429+ 1.41° 29.85+1.30° <0.05

Preformed FA’ 38.36+2.34° 34.67 £2.89° 42.02 £2.83° <0.05

"¢ Means within a row with different superscripts differ.

"'C4:0,C6:0,C8:0,C10:0, C12:0, Cl4:0andCl14 : 1.

*Cl6and C16 : 1.

C15:0,C17:0, C18:0, C18: 1, C18:2, C18:3, C20:0, C20:2, C22: 0and C24 : 0.

V. SRR B TS AL R AR TSR

Ju bt e = (& P A5 2 5 A AR o I3 & R AR 6 Ao > A~ B R C55{E B4 H P E AL EIRIF K
24.77 ~ 27.52 }; 2821 kg/d - CEHPHEABBE SN A (P <0.05) - {HEL B SHEHEZR - A~ B K CH{H
B AR PRI By 4.56 ~ 4.06 [ 3.99% - A SZHERIHRBIE S MRS (P < 0.05) » 1 B 82 C 5.2 Bi{H[H
mEEER - A B R CHERIFARELERMRTR 333 ~ 3.29 k& 3.21% » CIHHEHEREE RN HMMRE
(P <0.05) - ifi A Bl BISHEHERUEMBEER - A~ B R C5fERIA- 7L & A HENE S S8 RERT & 2 P K
F 5y 23.00 ~ 26.01 k7 23.69% - B S5 & B AU AR RTIE 5 S8 AERN & ERE SR HAHES (P < 0.05) ¢ C 5 {ERI4- A3
G RAURERTEE S HERE R & B RN HARTE (P < 0.05) © A ~ B . C S5{Eil4- 7R & RAEHIEE S 48RERT & &1
IR Ry 32.82 ~ 34.87 J2 30.25% > B 5 5IF AR S RIAERIEE S AR & BEE SN A K C 5 (P <0.05)
C 52 BEFERNEARTE (P < 0.05) - A ~ B K C S5 AL IHRIIASHGRE 5 S8HET & BP9 Ry 37.90 »
34.26 % 41.88% > C {74 FL BRI AR ML S AR & BB S A & B 55 (P < 0.05) : B 52 B{EBZE(ER
HAFAE (P <0.05) °
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# 6. FAGZERTI PR - EEOBRN AR S E
Table 6. Average fat, true protein percentage, and three types of milk fatty acids content of individual cow’s milk in dairy
farms during the experimental period

Item A (n=1,434) B (n=910) C(n=2,574) P-value
Milk yield, kg/d 24.77 +8.55" 27.52 £ 7.60" 28.21 +8.35° <0.05
Fat, % 4.56£0.84° 4.06£0.78 3.9910.78° <0.05
True protein, % 3.33+0.45° 3.29+0.41° 3211045 <0.05
Fatty acids (g/100 g of FA)
De novo FA' 23.00 £2.58° 26.01£3.07° 23.69 £3.55 <0.05
Mixed FA® 32.82+2.39° 34.87+3.13° 30.25+2.76° <0.05
Preformed FA® 37.90 + 4.61° 3426 1 5.84° 41.88 536" <0.05

“*¢ Means within a row with different superscripts differ.
'C4:0,C6:0,C8:0,C10:0,C12:0,C14:0andCl14 : 1.

>Cl6and C16 : 1.

*C15:0,C17:0,C18:0,C18:1,C18:2,CI8:3,C20:0,C20 :2,C22 : 0and C24 : 0.

¥ &

HEALE oy > A GRS (4.23%) - FAH G &S 2 NFC (44.56%) BLfHAGHT (4.38%) AR - fRHEAA
=RE EMLEA BN FLAEN Z Gk (Allen, 1997) © [F]F » A B AR Z b FLR Bl R B At /555 - bFL
KIEAE G T HARENRE AWRER A GRS AR (Stanton ef al., 1992) « 554 » B Bl
C 552 FLAEHHZREL A 55K (3.89 B 3.82%) » bR T BUMFLABFEILE SOBARE AR » Lo sE RN R REE T
EFTEL - Hp C HfakE R 2 NFC f 37.31% » AR ESHEE 2R 18.91% » HEAEZ =(EAF S s > W8T
FLAEHRBRAVIRS - C 52 @b AL B OB ALFREZ 20% (EALESN 35 kg ) » BFESEFT RKEHEIMET
4 kg /NERZEL o DR 3 BB I 4 kg /INEREZRAE Rt HERE - CHr S Elb AT HEEYEREE R
25.76 kg (4 kg x 90% DM) » ‘S HU RS B4 14.14% (4 kg x 90% x 4.6%) ~ FHHSHZY 3.98% (4 kg x 90% x 0.5%)
J% NDF Y 38.78% (4 kg x 90% x 35.2%) » C S it/ NEFRZEA e st HE A E - HHASH B4R LS - 2R NDF
SR 38.78% > 1=t NRC (2001) 5% 2 NDF &8 (25 — 33%) » /N FHE R (A iR BB - (H g
FERERRERE - FEHENESEHSENAFMENARE - KIBFE 1 Z@EAF SR ZYERE S8
L HENHER B &2 RIERER S B mINZ 8 A K - AFEEE 2 ERREESREHSTHEIER
Mz EZYVEREeERMAER KR 1 ZHEER L = (A S5 HHEEN 2 EEEEE - A - B kK CHFEEH
FHHE T E PR R EUE 77 71 By 0.87 ~ 0.63 2 0.82 kg/d - A 55 HARRSHL#RHUE s 0.87 ke/d » B S0t B B C 85 » HEL

BRI R =5 e (4.23%) (R 5) o [HEFLHEHT T DATH B RY RS A e 09 o BLER S (38.36%) » T RE B2 258 F 2 AE R
FRFZEAR - A 81 B 58 2 HE N E R MEE 25 (3.24 81 3.22%) » AJRE AR {E A 4%~ TMR fHEH
BERHTAR (15.68 5 15.61%) » [FEFFHRHE Clark er al. (1992) » HE & HE R B E (M E V)& O 72 42 R R L 7]
FAMEZEUIARRE > ARSI EC )7 9 5 A [ % 45 H & (rumen degradable protein, RDP) Eijg7 5 R ] [#fi# &5 [ E (rumen
undegradable protein, RUP) fEfECEGIFHLL » AR IR EAE L GRHGE » EMEA T HEORTMEHE EZR - CH
TMR FHEHEEZE(E 13.98% » B4 2 BEAERI R =(EA 555K (3.06%) @ R 7 alseiitdiEh & E it ES
K fEREERE (Santos et al., 1998) » GalfE-R s~ peNDF & & 20 — 23% (Mertens, 2002) A] 53T HE S pH {H (Allen,
1997) » s hnFLHAERA K& HE & (Caccamo ef al., 2014) -

7 £ R R E AR B LB AR T Z B T e & SRS - B2 BRI B0 pH R E I
2o fRIEFR 5 GERIEH B B ¥ E R AE I G FLAERE Z BRI (25.73%) By ={EA A s 0 H B % TMR
Z NDF J peNDF #Z 5> A ¢ C 35 (P < 0.05) » £ 4 BURHAIIE R - nlpE g irike - (5 B&5&EH
BREA SRR BRI AR RS - A B PR R BRI T B - LA B 4 SRR B 1Ty MR R & i AE
Bl & (Allen, 1997) = ZA1T » C £ TMR 2 NDF B2 ADF & & » {2 peNDF #{E (18.91%) » 3t BH 7] A Bl &
VlEE SR L S E AR R AR > BEUEEREANRE - (5 a A AR R LL K (23.54%)
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(Beauchemin and Rode, 1997) - #tjsEaf » C Seafgais NDF S {EFHIZRK - peNDF (RAZE AR B S - [F
B NDF 25 RBl Z A 4 & MM so BRI S CALRERTBEAHRY - A 352 BE B T iEME (23.38%) » H TMR 4Hks
NFC Bl SifsHi a8 @ geth R ItaE R - (Bl pes [RER S REIE N - HIHEr &R AU AEHIRE &5k » Fukumori er al. (2021)
fatt > JEE pH (HEAL P & EUASAGE (2 /100 g FA) EIEMER - 5550 » =(#F445 TMR  peNDF & &M EAH
BIEAR > HHGRABO R EE - B SARARHE HAHZEE (oat hay) » HACEMER (L&Y & & REEL A K C
SARATHE H#He R R [ 5 (pangola hay) R[A] « (Rt » &G @ RARR A FIHE S ERK SR » IF REEHE
FLAEHT B B LR 1 T R SRR HIER -

THELRI S5 F ARG Ry i R B R SRS A B SRS RS B B - C 548 preformed Akl 5 FLAERT 2 LB R
={EFLA A E (42.02%) » HHEPHEA ERE SR HAMERALSS - Z8MH TMR drfi & HE B NFC & 841K
(13.98 2 37.31%) » AR AR 2B/ EK » HpmE A2 B0 B8 nTsese K - RSS2 P2 (Drackley,
1999; Drackley ez al., 2001) o C 358 > 455 H W ZC TMR &5 & il #H 76 B FALY 2 kg /NEREZE S S AL AL A8 - BE T
ZR R AN I AR R BT - A SEE AL FHEIRYAS RGBS o5 FLASH 2 LRI R AR (38.36%) - H TR 2 2 &S
(4.38%) » (AERAFAENFRECK B GfE M EAGAERTE & (Grummer, 1991) - fiI_EEHE 2 NFC 2815 (44.56%) » f2fit e
HRE B I R ACHER B EEN 8 - B 35 2 BUEE T REE (34.67%) » {BH G TR & B (K (2.91%) » "IHEHL B &5
AR TMR fFEAEEL - SRS RE RRIEARE - PR aaiE P i s ialT & EaE 0 hi Al F A RS HEE RS (Gallardo and
Teixeira, 2023) - Jg &R AERL LAY E B 14 [F] 05 2 21 H M 2 HE (Rl 2R ) Bl 5 sl g s & » B0
E R A THEL R RS A BE 1T SRR < IFLISES ~ BaX - iZVBERa & - Al RF B 5 R i e M & M O
EETIAEHIBEHILER] (Van Dang er al., 2020) » A Es T - A BE R A TR G A HERIR 8 2 25 - AJgERiE R
AEHIBE— &0 K E A AR AR ARG - 55— 805 R EREK B e sk RS R UL - M A 2LV B E OR S T (EHS
USRS - (R = (A AR BE R -

WA = M A5 7 s B BATE 48 L ELE 1) A AL 2 AL &5 R B (3= 5 813k 6 ) - d8FL Bl A ALk o A2 FLAE AT
o HEEHER - HEAIEN N 2 SZ 2R EA -3 B e AR ELR &AL & 8 2 IR R AN
BMEEEAETEPIAE - (ERASEIZAEHIERY - B2 Woolpert er al. (2016) $5 H 48 AL B I 71 A4 FLE 73 7T FZ(E £y
AT EBREEE 2 - BME 2 - A% TMR ZHHEDE - AR R NFC &8 @ S8 FLBE 4 AP 20U
iR KA BEEESR » BEESHNHMALASE (P < 0.05) « HEHIFAEF N EHE TMR &S5 R fos it - RDP/RUP
SHECFHr ~ BeHARIRER UL » DASAR R P AL B S A B Bl AR (R R X G AF A RE - B IRALAF BRI 70 %
1&4V5E 8 (&l H A AOBARN » HREARFT R TE » IUERKAELEREH 2 T (Stanton er al., 1992) - 4-5f
FRURFLAT 10 A HAE R A & 8 B s O G B ROR SRR B - BB 1AL BARY IS n4E 3§ FH S A AT
BE o B2 TR/ 1.30 — 1.50 (/100 g milk) - [T & R SOR SRR HIBERE 2 71 73 Bl R 7t 0.90 — 0.91
(/100 g milk) fz 1.48 — 1.60 (g/100 g milk) (Barbano ez al., 2017) - Galf@Hc 7 Bl B 4H BTt FLARR R A B
HEOER  ffEE BN R RSN 4T 0.1 — 1% - (HEEEEAE T ERLY 0.1 — 0.4% (Park and Kim,
2014) - ffgE$ NFC B A S H0HBATE Y - RSB ALAER R KA E BRI EIHES - BEIY NFC 28 glF
AR BR - R BRI A A M PR TR - AR IR EAE LY 0.2 — 0.3% » —fEHRaE
PYEH NFC & 8495 32 — 38% » A[f{E LA THEIRMENEREE - A% TMR 11 NFC &8 5 44.56% (H2¥)
E ) Hir G B ARG I o AR AR I & B A R A FL A5 (P < 0.05) - Hh&E R AR B Ga)E th NFC & 852 24
FER - BERIFEEERELAR - B35 TMR 2GRS 8 (23.38%) » S4B L BLE ) A0 & i HE
WilE 5 4ERER & & - BRI S A AL S (P < 0.05) o HE45IRET Woolpert er al. (2017) &fisw—2 » =¥ & HE
il 7. F45 (HDN) » Hr G p ARG BE & 8 Fy 26.18 £ 0.94 g/100 g of FA ¥ & ARG, (LDN) » Hogh & plc Al

BRI & & s 24.19 1 1.22 g/100 g of FA - 5{ER45 S5 HDN S5 H &A@ - peNDF (528 & & &3 =Y LDN &5
(26.8% vs. 21.4%) (P < 0.01) - C 5t ¥F S AEFL A1 TMR ERETATHT 2 kg /NRHZE - $EHELE S &K 4.6%) » H
AR Ry B AR B TH B2 AG ER & peNDF HFTHI%5 © 3 4 &R » C 55 TMR Z peNDF &K (18.91%) - fi s R4
B4R S pH ~ (RSB ZBEAE R - [FIN > 3R S BUB W RURILAHI R B & A AR I B R R B (RAE R B T
W - HEW C Bt AR S iR HR R AR TR - FEfaAkE T peNDF &8 - WA BEHBEEFHZENTE -
# & HY AR peNDF & & B8 RHIRIROR 340 » Rl bEFL 8 R AL 4EE - A fE R @i M B a2k
& ¥ (Caccamo et al., 2014) -
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AL AARE TMR ZHEAE ~ MR K NFC S RBES - AR ERI A T AR A RESE
RS - BFHEEOLA KRB RERRDNF —HFE - 60T NFC 285 > GRBEMENTER &
R LFREARY A > HE T (E L o S R BRI S SR HE 2 & T - AL R RS T 2 A EOS HY peNDF > HAR Y
B A AU S R AU AR R R S SRR & B G RS o ALAEIRRAH R A 1F Rl AL A G B e B e i JE AR
1 AR T RIFIEHE - LABEA RIS H SRR AR PR AR AL A b s - PR H R S
B Bl -

B B & AL e P E R ALSE R A inte B = FC - BhaBRke iR R oA -

SENRK
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Abstract

This study aimed to investigate the association among milk fat percentage, whey protein percentage, and the
composition of three types of milk fatty acids (de novo, mixed, and preformed) with the nutritional composition of dairy
cow rations. In addition, the study evaluated the feasibility of using milk fatty acid composition as indicators for nutritional
monitoring in lactating dairy cows. Three dairy farms (Farms A, B, and C) located in Taoyuan and participating in the
Dairy Herd Improvement (DHI) program were selected for this study. Data were collected once a month over a continuous
12-month period. The results showed that the total milk fat percentages for Farms A, B, and C were 4.23%, 3.89%, and
3.82%, respectively. In particular, Farm A showed a significantly higher milk fat percentage than Farms B and C (P < 0.05),
while no significant difference was shown between Farms B and C. The whey protein percentages of three farms were
3.24%, 3.22%, and 3.06%, respectively, with Farm C being significantly lower than the others (P < 0.05). Regarding milk
fatty acid composition, the proportion of de novo fatty acids (de novo FA) was highest in Farm B (25.73%), which was
significantly higher than those of Farms A (23.38%) and C (23.54%) (P < 0.05). The proportion of mixed fatty acids (mixed
FA) was also highest in Farm B (34.29%), and significantly higher than that of Farm C (29.85%) (P < 0.05). In contrast, the
proportion of preformed fatty acids (performed FA) was highest in Farm C (42.02%), and significantly higher than those of
Farms A (38.36%) and B (34.67%) (P < 0.05).Overall, the total milk samples and individual samples of milk fat percentage,
whey protein percentage, and preformed fatty acid content were consistent in terms of significant difference. Nonetheless,
the greater variance (standard deviation, SD) between de novo and mixed fatty acids in individual samples led to slightly
different significance order of individual milk samples. These findings suggested that both total milk and individual milk
samples were feasible for use in nutritional monitoring of dairy herds. Analysis of the total mixed ration (TMR) composition
revealed a positive association between the levels of crude protein, crude fat, and non-fiber carbohydrates (NFC) in the
diet, milk fat and whey protein percentages in total milk and individual milk samples. However, it is notwithstanding to
take consideration of herd structure factors such as the impact of days in milk and parity may on milk composition and
performance, when interpreting such data. Additionally, high dietary NFC content could inhibit fiber digestibility, reduce
acetate production, and result in a lower proportion of de novo fatty acids in milk. In contrast, rations with higher levels of
physically effective neutral detergent fiber (peNDF) were associated with a significantly higher proportion of de novo fatty
acids in milk fat (P < 0.05), which may help enhance overall milk fat content. The results of this study suggest that the fatty
acid composition of milk holds the potential as a nutritional monitoring indicator for lactating dairy cows. It is recommended
to conduct long-term monitoring to evaluate changes in fatty acid profiles across different seasons or before and after the
dietary adjustments, in order to clarify their relationship with feed nutritional composition further. A systematic approach to
monitoring milk fatty acids can support precise ration formulation and herd health management, thereby enhancing feeding

efficiency in dairy farm operations.

Key words: Lactating cow, Milk fatty acid, Ration, Nutritional monitoring.
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REBBEEFYCEKERRE  RNAE BT ESE A BN RATAERER  BEEZERRELK
UL o AW5E H Y B IR ERE e iE i At A AR E (Lactobacillus plantarum) B15ZFE AR (Lactobacillus casei) ¥
HFENEERFZYEREE - WABRIART 22 - S Rh T J7t88ET - K 9 TS EEEE LT 225y 3 (EE
FHAH - 47 R Rk [ERZ EL4H (PGH) ~ #2 [EERN Lactobacillus plantarum 51 Lactobacillus casei 40 (PKT) J [ e 17 5
4H (BMH) - 5B K 21 X > B2 7 KellplH - bR 3 (HEH - A5 H FrnaRe syl - s Res
PKT 4 iZ2V/EReE#E SN EM & AFLEE Lk (HHE - AEAE - 20 - BEEERY - B4l
B - BERE A PIRER ) KRR T SR R A2 2 o EAE AL AIEO et LG it > (B8
B3R > Huge AR E LS dipaE s BT - &5 bRl > PRI AE R IR S A FEE R 2 iZYERE R
WEATNEZREGHENZYEREE N ERE -

BEgEE - I - HEYIARR - isARR -

4

RIpBE R EEEOKERBTEEE Z — » FilEEVE 2T EIZE (Das et al., 2016)  LIFERFRERIME I
HEAGEEE A2 2 ZA M [& (thermoneutral zone) &5y 12 — 24°C - EIRBUAE M SEE » & R4 Fria A E - m B EhaH
B A PRACHITRT - ABVEUOIRAE (Marai and Habeeb, 2010) - ZAEUAE 2B LR MIREE ~ A FHELFIE (L2 8 (Ocak
et al., 2010; Phulia et al., 2010; Alam et al., 2011; Gupta and Monda, 2021) - [EFGt &% ~ 4K - 4 FE - EHEES
Bl g MRS (FFEEESAR » E2 6T (Rashamol er al., 2018) -

|

BB ne BV BV I i > ATEERAR SR AR S o (SR B R R AR o NI - BREGE TR
JR B INEER R AT  FF2 T Fethss T B e LRI = S R B S bRE ST ARTADG EVEE (Xue et al., 2022;

Qiu et al., 2023) - FBEE R ERCIHIER - BEWRR B E R EERREE Y — (Fijan, 2014) - CHEZERREE
EARZ 38 2 BRI (Maragkoudakis et al., 2010) - FLEEE v I0E HGIREE - IR @R G EEUMBRCER » BHA]
RS A A TS R DL OB T DS E R (Kim et al, 2020) - 55—J518 » A P05 LA B E AR N by
gy A bENE - nUERRE A - AP R G A LR JIRE ST (Wu er al., 2014; Chen et al., 2020) © Lactobacillus
plantarum ¥2 Lactobacillus casei Bz EL. FAALBE RN A1 » JRAIE B2 BREER S B2 pH EHIB N AT - B HIE Rt
EE| RN NG S IIEZIE

4% [F] Ly B P P SR P A T AR R (2R > 1999 £E ) 0 {RIE 112 SRR EREIEEUR - SN B EREE
T2 2,667 /NEH » 7 87 200,166 A (2SR H » 2024 ) - HHEZEE KN ITHEE B R KR ARME
(Wang et al., 2024) o % [ FLEH B R R R BN FI5 8 B 2 RPOR » EMETATEZEE 1 {525 - WHEFHEH
INIae 4 R S M S R P R AT A KR EEAA - AR B 69 R BRI U B R R 1 220

(1) EEEE B s\ BT I e 5 55 2845 5% -
(2) A B s TR & o T
(3) #EN/E# > E-mail: ppncc@mail.tlri.gov.tw °
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A SEETFRESURIN Lactobacillus plantarum ¥ Lactobacillus casei > HRaTH HIR & 2B LNFLIERE 2 R0 2 -

M A

L ALRRE 2R B AR AR
AR ES TR Sy T EE - LRI A SR IR B IR A S T4 E 2 B
Y o EpEELINA B Lactobacillus plantarum ¥1 Lactobacillus casei » FrE4%87F > B #05 1 x 10° CFU/g - &
FEEA R ERET 0.8 AN TEIRE - 254 GRS SE AT A% > BETEFEERIHEY 8 x 10" CFU (Stella et al.,
2007; Salvedia et al., 2015) °
IL. BhY) R

BT B 2017 458 5 11 - S BE(H B 260 RO AE S BR T P B ) BT P B B B2~ R
PR BRI AR (1 217 AL 120) < SBIREIR TS B 33 8°C > BEFKR
1132.0 mm (RS 2025 ) - HESBBERARR - Mot BUBLT S ERRTHE S FERDY EHE
i (LRI TACUC : 106001) »

SERLTLE R 9 B 2 5 3 B2 SRS - TS 60 £ 10 K > FURRLETAIR 15% 02 ke -
TAIME S 55+ 5.0 ke o ARG T TIERERET 9B 3 AT - SEETEA 3 IR HSEH
20K T REER SBT3 A - 0 ERRAS TS RS 6 - AR 5 R B I 85
(PGH) #8755 F R II5 4 B4 (PKT) » EFFERES755 FLARAL (BMH)  LLIERYEEE B4R 8 2 00 R4 4 00
EFTABE - Gl DURAT T =BT - TR BT G e 2R - ORI TLLS B R A R 10% 2 (36
8 o RLREETAD > SeRATE RGO AT o TR R R - SRS
AOAC (2005) THAREASy &k » SBLLSY ACHITASR Gt - S B RAFSRICHR NRC Q007) 2 - SRR 701
1R © BB A LB R 53 HIFAL—

F 1. FEnF T2 HigsHk
Table 1. Composition of diets for dairy goats

Ingredients (of DM basis %) Treatments
Composition PGH PKT BMH
Forage'
Pangola hay 50 50 —
Bermuda hay — — 50
Concentrate
Probiotics’ (CFU/g) — 10° —
Corn 36.6 36.6 36.6
Soybean meal 10.25 10.25 10.25
Calcium carbonate 0.95 0.95 0.95
Soybean oil 1.5 1.5 1.5
Salt 0.25 0.25 0.25
Vitamin premix* 0.25 0.25 0.25
Mineral premix’ 0.20 0.20 0.20

PGH: pangola hay; PKT: pangola hay + probiotic, BMH: Bermuda hay.

" The forage is provided for ad libitum.

* Concentrates are offered on a restricted basis. Each goat is fed 0.8 kg of feed daily.

* Probiotic: Lactobacillus plantarum + Lactobacillus casei.

* Vitamin premix contained per kg: 7,000,000 IU vitamin A, 200,000 vitamin D, 55,000 vitamin E.
* Mineral premix contained per kg: 12.0 g Cu, 5 g Mn, 0.12 g Co, 16 g Zn, 1,200 mg I, 300 mg Se.
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1. =EHLE S Bl 7
sRERHASE 14 KBS 21 RUEIT O TR TE 2 A - FHEELH 50 mL 5 - fEF 4 CHFEARHLEE
A ERBEAFE RSB - oMIHE BARESR - E0ER - IR - SEEPY) - SERY) - fe4H
V. R AEAL AT
FEMRE AL RIS 21 Kb LASERFARER (7 U 2R S st i 2 B 08 - 1E 2,500 x g @i 20
SRS @ K EEEFER 20 CETTRE T - MEF T 8 & (glucose) ~ FKRZE & (urea nitrogen, BUN) ~ R
(uric acid, UA) ~ K94 Rzl B ELfEf4 0 (aspartate aminotransferase, AST) Jz PNz lic#E Rz (alanine aminotransferase,
ALT) ~ 447519 (total protein) ~ [42& [ (albumin) ~ EEZE [ (globulin) ~ E[E[E (cholesterol) ~ =& H JHES (triglyceride)
FH S b R S BRI (55 Hitachi 7150 1374+ H7 B 1 (Hlitachi, Tokyo, Japan) -
V. giatoth
ERFT S EUE A SAS BEEHEGHETTAET 01T (SAS, 2018) » { Hl—f&R M ZUFZ 7 (General linear model
procedure, GLM) #E{T8 5001 » LA/ NE T {EE (Least square means, LSMEANS) 5HEf7 g HL 72 S EE
P o

RRRER

gafE NI Lactobacillus plantarum ¥ Lactobacillus casei W] BEE S NN AEZ BZVE & & (B 1 ) - Paengkoum
and Yong (2009) 7EZ=EH5EH5H » GAKREANINFLIE B EREE A L [ =F B SXLLan <R L=E4K 8 % » m e HEHEZ
YrEatk & & - Khattab er al. (2020) i5EE5EI5 KR REFE (Barki sheep) 72040 AT 1 {8 H 250 461% 3 {8 A 78 ALAT
2GS TmAER > TEZ RS EYERE R o VAR ETUA eI M ~ 8 B3REBE 55 i R
32 (passage rate) (Melakua et al., 2005) o FLBZ 7] BE /2 275 15 1 1188 B S5 e DD RS S4B 4 B L i B ECE S i gz P/ E R
& & (Direkvandi ef al., 2021; Nasr and Abd-Alhalim, 2024) -

1640 a
1620
1600
1580
1560
1540
1520
1500

Dry matter intake, g

PGH PKT BMH
Treatment

1. GEERINEAE (Lactobacillus plantarum ¥ Lactobacillus casei) ¥ H FIZY/E R &8 2 %L
Fig. 1. Effect of dictary supplementation with probiotics (Lactobacillus plantarum and Lactobacillus casei) on dry matter

intake in lactating goat.
PGH: pangola hay; PKT: pangola hay + probiotic; BMH: Bermuda hay.

fREa A [ElaE NI E E L E B IR Sy 2 2 B0FE 2 i o GAREIANIN Lactobacillus plantarum ¥ Lactobacillus
casei BIE T E VWA BRI o 4SBT ET AW —21 (Griger-reverdin et al., 1996; Salvedia et al., 2017,
Khattab et al., 2020) - ZRIIHA 22 H1 AHFTHGIKE TR 4 I 3e 2L =F 2 L FL & (Stella er al., 2007; Salvedia et
al., 2015; Ma et al., 2019) - wxEE R E AT DA ETEIUANZERNZE » GRS (EE - BEIRRAISE
i)~ B CORE -~ RESUHEIRR ) - EEMEE (44 - BBRELE ) - R R EYH m A E 2 SIE (Salvedia et
al., 2015) - HAi#sE ERE AT NI E 2 SFAIEHI K N5 (Kritas ef al., 2006) « FAHFTETUR S 4 E M ALLLTEZ
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FLEERABERA  HFTAIEES AEENE - ARUIEEAZ AREE e A Er A EERREETE -

G }EN 1 Lactobacillus plantarum ¥ Lactobacillus casei ¥15\5g=F& ~ A 0605 ~ AEH'E ~ A0 ~ EASERY) -
HEERS R AL P R Z R R o hAS R B AT S AH[E] (Fayaz ef al., 2019; Khattab ef al., 2020) » 2R A FF
RSB PN L H AR I ZS 48 B v e 8 Ho AL ik 7> (Maragkoudakis et al., 2010; Salvedia et al., 2015; Kholif et al.,
2017) - Salvedia et al. (2015) f5H Hl@HH 7 as B B vl 2= ARG ~ SEASETEY) ~ AMEAERE - Ma er al. (2019) WH5TET
IS SN ERGEIE S AR EE B EEE U THEIEEE - WE P EE M CR N T E e LT
Z FLEEEER o Stella er al. (2007) $5H S iEEL A KERC 7 H AL ST R BT SE A A 25 AR BN ©

= 2. tfENIAE (Lactobacillus plantarum 1 Lactobacillus casei) ¥ E AL E EHA LK 77 2 5028
Table 2. Effect of dietary supplementation with probiotics (Lactobacillus plantarum and Lactobacillus casei) on milk yield
and composition in lactating goat

PGH PKT BMH SEM
Milk yield, kg 1.095 1.0775 1.16 0.182
Fat, % 5.86 5.46 4.98 0.62
Protein, % 4.08 432 4.19 0.24
Lactose, % 4.20 3.97 4.02 0.20
Solids not fat, % 8.99 8.99 8.90 0.21
Total solids, % 14.85 14.77 14.23 0.75
SCC, 1 x 10*/mL 227 138 272 97
MUN, mg/dL 23.68 24.02 24.92 1.49

PGH: pangola hay; PKT: pangola hay + probiotic, BMH: Bermuda hay.
SCC: Somatic cell count; MUN: milk urea N.

HEZRGE AT EEARRINN Lactobacillus plantarum %3 Lactobacillus casei S FLILIEFL - AS AA SRS Z 2= 52 - HIE
sER BRI REA PR R AL - HE4HAEE 2 B /7 - Salvedia and Supangco (2017) BR 6 FE B EEPR 1 FL 5 X 33 ELER B AE
FEAC AL EAE 8 A 2 PR » sl Bnah A R n] B E TR (K AL AS Al RS - Jarczak et al. (2014) 7R R REMTSTSEH » FL
FHEEARET 1 BAZIBALIASE 240 KIPRIERE A B o FTEE TR RIS - 4w ] se HEYHE 2 205 4 1d
el WEE R EAER A E NG DA R RIEAEIEN » B EASIEZEC G - LSRG EE == M1
Blf5RE FRESNEZ ARG S o HIRPRISAR - AN I FEURMEEEN I - mAE T DUEE "4l
W | KPP HERERRNERE REE AR - BEEEYE - DHIHHEEMEME L& Ryan ef al., 1999; Vandana
etal.,2013) °

gk N0 Lactobacillus plantarum B Lactobacillus casei ¥t 5-FE MK~ @& - S4EHE ~ RES - RELA
BE R EHLNE - WRBE S N =B H B e 2 8 (R 3) » ERT ARAE R —8 > BEF PR IEE fEE
A (Stella et al., 2007) » LERBBEEENN Lactobacillus plantarum ¥ Lactobacillus casei WA & 522K L Z ik 2 5L %
gL N S B 2 B S5 TR D RE 4515 - Paengkoum and Yong (2009) & K ERAZ2 A8 E 23 LE TR LT (Anglo Nubian) FHE Y
5x 10" 2 x 10” 2 S. cerevisie ¥l Lactobacillus acidophilus JG& GEEEWNMKTRZE 28 > Stella et al. (2007) 15
H AR EL AR AC 7 AL s B ] BE RN ES AR RN > TR IR S B R B H] -

w W

= EBECRBEEE > MEURERF T E P EEARKE RIEN - 68T IRI1 Lactobacillus plantarum ¥4
Lactobacillus casei FIEEE RN BTN 2 iZE R BB RS 8 - S EFARIOAL
TSR
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2= 3. #ENImAE (Lactobacillus plantarum ¥ Lactobacillus casei) B FLEMIE R 77 2 5228
Table 3. Effect of dietary supplementation with probiotics (Lactobacillus plantarum and Lactobacillus casei) on serum
parameters in lactating goat

PGH PKT BMH SEM
GLU, mg/dl 48.2 47.2 453 4.70
BUN, mg/dl 13.2 13.2 14.4 1.86
UA, mg/dl 0.09 0.08 0.08 0.03
AST, U/L 73.4 74.9 82.7 9.35
ALT, U/L 16.1 14.6 17.1 1.98
TP, g/dl 6.26 6.08 5.86 0.55
ALB, g/dl 3.01 2.94 2.97 0.29
GLO, g/dl 3.24 3.13 2.89 0.30
CHOL, mg/dl 73.6 78.4 72.9 9.09
TG, mg/dl 13.8 12.0 11.3 2.32

GLU: glucose. BUN: urea nitrogen. UA: uric acid. AST: aspartate aminotransferase. ALT: alanine aminotransferase. TP: total
protein. ALB: albumin. GLO: globulin. CHOL: cholesterol. TG: triacylglycerol.

SLENR

LR R © 2025 © SRR GRS - https://www.cwa.gov.tw e

BESEET 0 2024 o EEEELETAEER (112 42 ) o https://agrstat.moa.gov.tw/sdweb/public/book/Book.aspx °

HT IR WS o 1999 - A RO SO IR AL R (L - BEERSE 31 ¢ 353-364 -

Alam, M. M., M. A. Hashem, M. M. Rahman, M. M. Hossain, M. R. Haque, Z. Sobhan, and M. S. Islam. 2011. Effect of heat
stress on behavior, physiological and blood parameters of goat. Progress. Agric. 22: 37-45.

AOAC. 2005. Official Methods of Analysis. 18th edn. Association of Official Analytical Chemists. Arlington, VA, USA.

Chen, K., Y. Liu, Y. Cheng, Q. Yan, C. Zhou, Z. He, J. Zeng, J. He, and Z. Tan. 2020. Supplementation of Lactobacillus
plantarum or Macleaya cordata extract alleviates oxidative damage induced by weaning in the lower gut of young
goats. Animals. 10: 548.

Das, R, L. Sailo, N. Verma, P. Bharti, J. Saikia, and K. R. Imtiwati. 2016. Impact of heat stress on health and performance of
dairy animals: a review. Vet. World. 9: 260-268.

Direkvandi, E., T. Mohammadabadi, M. Dashtizadeh, O. Alqaisi, and A. Z. M. Salem. 2021. Lactobacillus plantarum as
feed additive to improvement in vitro ruminal biofermentation and digestibility of some tropical tree leaves. J. Appl.
Microbiol. 131: 2739-2747.

Fayaz, A., R. A. Patoo, M. T. Banday, S. Rasool, and S. Adil. 2019. Effect of extra-concentrate and probiotics
supplementation in periparturient goat on its milk composition and somatic cell count. Indian J. Anim. Prod. Mgmt. 35:
19-22.

Fijan, S. 2014. Microorganisms with claimed probiotic properties: an overview of recent literature. Int. J. Env. Res. Pub. He.
11: 4745-4767.

Griger-reverdin, S., N. Bazault, D. Sauvant, and G. Bertin. 1996. Effects of a probiotic yeast in lactating ruminants:
interaction with dietary nitrogen level. Anim. Feed Sci. Tech. 63: 149-162.

Gupta, M. and T. Monda. 2021. Heat stress and thermoregulatory responses of goats: a review. Biol. Rhythm Res. 52: 407-
433.

Jarczak, J., E. Kosciuczuk, M. Ostrowska, P. Lisowski, N. Strzatkowska, A. J6zwik, J. Krzyzewski, L. Zwierzchowski,
D. Stoniewska, and E. Bagnicka. 2014. The effects of diet supplementation with yeast on the expression of selected

immune system genes in the milk somatic cells of dairy goats. Anim. Sci. Pap. Rep. 32: 41-53.



HIRIHE TARR RIS 250

Khattab, I. M., A. M. Abdel-Wahed, A. S. Khattab, U. Y. Anele, A. El-Keredy, and M. Zaher. 2020. Effect of dietary
probiotics supplementation on intake and production performance of ewes fed atriplex hay-based diet. Livest. Sci. 237:
104065.

Kholif, A. E., M. M. Abdo, U. Y. Anele, M. M. El-Sayed, and T. A. Morsy. 2017. Saccharomyces cerevisiae does not work
synergistically with exogenous enzymes to enhance feed utilization, ruminal fermentation. Livest. Sci. 206: 17-23.

Kim, H., J. S. Kim, Y. G. Kim, Y. Jeong, J. E. Kim, N.-S Pack, and C. H. Kang. 2020. Antioxidant and probiotic properties of
Lactobacilli and Bifidobacteria of human origins. Biotechnol. Bioproc. E. 25: 421-430.

Kritas, S. K., A. Govaris, G. Christodoulopoulos,and A. R. Burriel. 2006. Effect of Bacillus licheniformis and Bacillus
subtilis supplementation of ewe's feed on sheep milk production and young lamb mortality. J. Vet. Med. Ser. 53: 170-
173.

Ma, D., Y. Zhao, S. Yu, H. Zhang, M. Cheng, H. Cao, Q. Li, and L. Min. 2019. CircRNA as CeRNA mediated by microRNA
may be involved in goat lactation. Small Rumin. Res. 171: 63-72.

Maragkoudakis, P. A., K. C. Mountzouris, C. Rosu, G. Zoumpopoulou, K. Papadimitriou, E. Dalaka, A. Hadjipetrou, G.
Theofanous, G. P. Strozzi, and N. Carlini. 2010. Feed supplementation of Lactobacillus plantarum PCA 236 modulates
gut microbiota and milk fatty acid composition in dairy goats-a preliminary study. Int. J. Food Microbiol. 141: 109-116.

Marai, I. F. M. and A. A. M. Habeeb. 2010. Buffalo's biological functions as affected by heat stress-A review. Livest. Sci.
127: 89-109.

Melakua, S., K. J. Petersb, A.Tegegnec. 2005. Intake, digestibility and passage rate in Menz sheep fed tef (Eragrostis tef)
straw supplemented with dried leaves of selected multipurpose trees, their mixtures or wheat bran. Small Ruminant Res.
56: 139-149.

Nasr, N. M and L. R. Abd-Alhalim. 2024. Characterization and identification of Lactobacillus rhamnosus and Enterococcus
durans as probiotic potential isolated from selected dairy products in Egypt. J. Umm Al-Qura Univ. Appl. Sci. 10: 168-
177.

National Research Council (NRC). 2007. Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids and New World
Camelids. National Research Council, National Academy of Science, Washington, DC.

Ocak, S., M. K. Davran, and O. Giiney. 2010. Small ruminant production in turkey: highlighting in goat production. Trop.
Anim. Health Pro. 42: 155-159.

Paengkoum, P. and H. Yong. 2009. Supplementation of probiotics on feed intake, digestibility and conjugated linoleic acid
contents in plasma and meat of growing goats. Agric. J. 4: 231-241.

Phulia, S. K., R. C. Upadhyay, S. K. Jindal, and R. P. Misra. 2010. Alteration in surface body temperature and physiological
responses in Sirohi goats during day time in summer season. Indian J. Anim. Sci. 80: 340.

Qiu, Y., H. Zhao, X. He, F. Zhu, F. Zhang, B. Liu, and Q. Liu. 2023. Effects of fermented feed of pennisetum giganteum
on growth performance, oxidative stress, immunity and gastrointestinal microflora of Boer goats under thermal stress.
Front. Microbiol. 13: 1030262.

Rashamol, V. P., V. Sejian, M. Bagath, G. Krishnan, and R. Bhatta. 2018. Physiological adaptability of livestock to heat
stress: an updated review. J. Anim. Behav. Biometeorol. 6: 62-71.

Ryan, M. P., R. W. Jack, M. Josten, H. G. Sahl, G. Jung, R. P. Ross, and C. Hill. 1999. Extensive post-translational
modification, including serine top-alanine conversion in the two-component antibiotic lacticin 3147. J. Biol. Chem. 274:
37544-37550.

Salvedia, C. B., E. P. Supangco, R. S. A. Vega, F. B. Elegado, and A. A. Rayos. 2015. Effect of probiotic feeding on milk
yield and components of crossbred dairy goats. Philipp. J. Vet. Anim. Sci. 41: 21-30.

Salvedia, C. B. and E. P. Supangco. 2017. Influence of orally fed probiotics on the performance of crossbred lactating dairy
goats. Am. J. Agric. Sci. 4: 69-73.

SAS. 2018. SAS/ STAT® Version 9.2th ed. SAS Institute Inc., Cary, NC. USA.

Stella, A.V., R. Paratte, L. Valnegri, G. Cigalino, G. Soncini, E. Chevaux, V. Dellorto, and G. Savoini. 2007. Effect of
administration of live Saccharomyces cerevisiae on milk production, milk composition, blood metabolites, and fecal
flora in early lactating dairy goats. Small Rum. Res. 67: 7-13.

Vandana, R., Y. Brijesh, and G. P. Lakhani. 2013. Application of probiotic and prebiotic in animals production: a review.
Environ. Ecol. 31: 873-876.



251 Higf e LR N BRI E R e R AR RN 28

Wang, S. H. H. H. Liao, C. X. Lee, H. M. Chen, L. Y. Chen, S. T. Chuang, J. T. Hsu. 2024. The effect of different forages on
rumen microbiota and milk production performance in Holstein dairy cows. Czech J. Anim. Sci. 69: 356-366.

Wu, D., M. Z. Sun, C. Zhang, and Y. Xin. 2014. Antioxidant properties of lactobacillus and its protecting effects to oxidative
stress caco-2 cells. J. Anim. Plant Sci. 24: 1766-1771.

Xue, L. G., D. Wang, F. Y. Zhang, and L. Y. Cai. 2022. Prophylactic feeding of Clostridium butyricum and Saccharomyces
cerevisiae were advantageous in resisting the adverse effects of heat stress on rumen fermentation and growth

performance of goats. Animals. 12: 2455.



Taiwan Livestock Res. 59(2) : 245-252, 2026 252
DOI @ 10.6991/JTLR.202606_59(2).0013

Effect of dietary supplementation with probiotics on dry

matter intake, milk yield and composition of dairy

goats under the hot season in Taiwan "

Min-Chein Cheng ¥ Su-Min Wang ® and Chao-Chih Pan @ ©

Received: Dec. 18, 2024; Accepted: Nov. 4, 2025

Abstract

Climate change has significant impacts on the sustainable development of animal husbandry. Elevated temperatures
can induce heat stress in goats, thereby reducing the production efficiency of dairy goats and adversely affecting farmers'
economic income. The objective of this project was to investigate the effects of dietary supplementation with Lactobacillus
plantarum and Lactobacillus casei on dry matter intake, milk yield, and composition in dairy goats during the hot season in
Taiwan. The experiment was designed as a Latin square and involved nine Nubian dairy goats that were randomly assigned
to three treatment groups, namely hay (PGH), hay supplemented with Lactobacillus plantarum and Lactobacillus casei (PKT),
and Bermuda grass (BMH). The trial lasted for 21 days, including a 7-day testing period, and was repeated three times. The
dairy goats were fed and milked twice daily. The results indicated that the dry matter intake of the PKT treatment group
was significantly higher than that of the other groups. However, no significant effects were observed on milk yield, milk
components (milk fat, milk protein, lactose, non-fat solids, total solids, and urea nitrogen in milk), and blood components.
The somatic cell count of goat milk did not show significant effect statistically. However, the data suggested that probiotics
may have the potential to reduce the somatic cell count. In summary, incorporating probiotics into the feed can enhance the
dry matter intake of dairy goats during the summer, which effectively improves the inadequacy of dry matter intake for dairy

goats due to heat stress.
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% e
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EndS PR IARIELL » Z 1R AMERE 105 CHAEE S /NEF > HUHIR A RZIE S - WIE 2 20 RIRTPE -



255 BRI P BOR & PIBH — Kb on WAL & 1% B RS MR K AR R IR AL 2 52 28

1. obaedrEsng

Table 1. Composition of experiment diets (as-fed basis)

Ingredient, % 3% FM T5FR %

0 2.5 5
Corn grain 76.44 73.84 74.95 75.71
Soybean meal, 44% 17.96 22.84 18.98 15.50
Fish meal (Peru), 65% 3.00 0.00 0.00 0.00
TSFP 0.00 0.00 2.50 5.00
Limestone (36%) 0.85 0.90 0.90 0.90
Dicalcium phosphate 0.64 1.00 1.04 1.05
Soybean oil 0.56 0.82 0.98 1.14
Salt 0.25 0.25 0.25 0.25
Choline chloride 50% 0.10 0.10 0.10 0.10
Vitamin premix* 0.10 0.10 0.10 0.10
Mineral premix” 0.10 0.10 0.10 0.10
L-Lys * HCI (78%) 0.00 0.02 0.07 0.11
DL-Met 0.00 0.03 0.03 0.04
Total 100.0 100.0 100.0 100.0
Analyzed composition, %
CP 15.39 15.56 15.57 15.52
Ca 0.63 0.66 0.67 0.67
Total P 0.49 0.51 0.51 0.52
Lys 0.81 0.85 0.85 0.84
Met 0.30 0.31 0.32 0.32

* Supplied 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; Pantothenic acid, 30 mg; Niacin, 30 mg; Pyridoxine, 3 mg; Vitamin B,,, 0.04 mg; Folic acid, 0.6mg;
Biotin, 0.2 mg.

® Supplied per kilogram of diet: Supplied per kilogram of diet: Fe (FeSO, + 7H,0) 80 mg; Cu (CuSO, * 5H,0), 5 mg; Mn
(MnSO,), 6 mg; Zn (Zn0O), 45 mg; I (KI), 0.2 mg; Se (NaSeO,), 0.1 mg; Co (CoSO, + H,0), 0.35 mg.

*2. CPREURG SR EMEEMEIR

Table 2. Physicochemical characteristics of two-stage fermented feather meal-soybean meal

Item Initial First stage Second stage After dried

pH value 5.76 £0.01 7.60£0.01 6.131£0.01 5.971£0.04
Total bacteria analysis, log CFU/g feed 1.02£0.04 8.141£0.07 8.53£0.06 7.52£0.01
Lactic acid, mg/g feed 2.53+0.19 12.19£0.22
Fe, ppm 100.03 £ 10.4 — — 412.03 £38.6
Dry matter, % — — — 94.6 £0.21
Crude ash, %/DM — — — 4.6310.11
Crude protein, %/DM — — — 57.210.92
Gross energy, kcal’kg/DM — — — 3,156 + 148
Calcium, %/DM — — — 0.25+0.01
Total phosphorus, %/DM — — — 0.5410.01

Means * SE (n = 3).
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mr e 22 2 i S BRI 1,500 ppm $JE (B D$5FIEAMITZRSS & ) - URTFIRIOEEEEE (Analyst, PERKIN
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0 4 R B BRIV SRR 5 FRoREE MRS o RGN IR 10 4 > 1 /RETHER
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im0 e 10 g BYZK 0 A 50 mL g CVETEE - FHEVERE ZE8E%E 1 min > DL 2,000 xg 7> 15°C T kL 10
min {&Ef FER o IFEH N o R EE o (KM (%) = B ORI B R / R AR mEE x 100) -

5. 7K B3 (Drip loss) : {f¢ Honikel (1998) 754407 » DL T (JRIAAE - AR AE ) / [F4AE | x 100 » &
EHEEAER T T
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6. 7% & 2L (Cooking loss) : {{< Florene et al. (1994) 2 75 /5ME6f >~ > DL T (JRIGAE - AAE ) / JHIRE | x

100 - EEHIIEHA T RFER ©

CIEECR G R EMBIL A Z B VIR Z 8

Table 3. Effect of diets supplemented with Two-stage fermented feather meal-soybean meal on carcass cutability

characteristics in finishing pigs

TSFP, %

Item 3% FM n 5 . SEM
Period, 9 WK (Trial)
Initial weight, kg 78.17 78.44 78.13 78.15 0.65
Finish weight, kg 111.24° 111.90° 115.58" 118.79* 1.20
Empty body
Slaughter weight, kg 108.03° 108.17° 110.43* 113.14° 1.89
Hot carcass weight, kg 92.57° 93.08" 94.9* 97.23" 1.71
Dressing, % 85.68 86.08 85.93 85.97 0.10
Carcass lengthc, cm 100.23 100.68 101.25 102.65 1.12
Back fat thickness, cm
First rib 2.90 2.92 2.72 2.70 0.21
Last rib 221 2.15 2.19 2.10 0.15
Last lumba 2.59 2.52 2.52 2.51 0.16
Average 2.57 2.53 2.48 2.44 0.11
10st rib 2.01 1.93 1.91 0.23
Lean meat, % 49.74 49.76 49.49 50.06 0.08
Fat, % 15.99 14.75 15.10 14.35 0.12
Bone, % 15.31% 16.41° 15.50" 14.99 0.05

The data were given as mean (n = 6).
“® Means with the different superscripts differed significantly (P < 0.05).

i) RBREE s RALZ AR R T

L BESApa e - SREEAMERE 25 10 — 11 BiEEE RRIL > SRR RAEIE - UIK 2 em TZIET P A

BE > (&AM (Butcher Boy, TCA-12) ~ Ji# 3/16 N 2 &efly » &t ~ IR GEREREIAE

AR KL AR 2 RE R R > DA REIE B 12 (KB &R 5 (2006) 2275 Sukhija and Palmquist (1988) J5

% ZESAERER R - AR E A AL -

CEHEMBEEEE - RS S5 g A -70°C A HAS T 24 /NIR 1% 0 B AS HES @ (Yamato, Neocool, Japan) Hf

4% 24 — 48 /NIFRZ IR 0 ££ 0.2 g B AMEEEVE H » JIA 2 mL 2 Benzene K 3 mL 2 Methanolic HCI » &
R 70°C ZABRET » ZK0s 2 /NI R L > AR =M © TIA 6% 2 K,CO, 5 mL > FEfjIA Benzene 2 mL Ji&
& R1BE N EE L% (Ultracentrifuge CR5B2, HITACHI, JAPAN) » [ 1,500 xg B0y 5 47 §% - B E &
A1 g 2 fe/Kui e o F i & 2 & MR > B 0.45 pm JEFEJEMEE (MILLIPORE Cat No. SLHV 013) ##)E{% &
-40°C Z R AR -

RN EREUE © A HUEE AL Z B 5n | pL 159 2 FAHE 68 (Hitachi G-5000) tf 3 A fi i g 4R

B e B. @A AT ot (A) B AL - A E > K 2mx2mmID » # S 100/120 chromosorb
WAW - & fH 10% SP 2330 - (B) K #5 % BE JJ : N, (1.2 kef/em’) < (C) % H 8 © K & i 7 i60H 28 (flame
ionization detector, FID) (D) ;3 A [ (injector) SR : 240°C - (E) f@ 2% (detector) JE 5 : 250°C - (F) #4A
JRE 2 160°C - HERF 8 38 o (G) FIRERE 1 2°C / min o (H) fRECRE © 210°C » 4ERF 15 775 -

- BRI AHRER ] PEAK-ABC JE T8 77 i B K BB TR AU S o A e B - 0 ARG G FEE i (Sigma, AOSC

No.6) -7 HHfilik A Hs & B LB AR A -
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V. Gt

IL.

BRI B0k - FIFI4EET 731 247 (SAS, 2002) » PA—f4R 1402 (General Linear Model Procedure) #
TTEIT T %48 Tukey ZELEEGE (Tukey test) MGt &4 P E 2 2 2 BEME: -

R

CIEEOR G S on s B MR R By

AEERPT 2 E R & I s B BIEIR - YR 2 BoR o AE pH {EJ51E » B. subtilis natto 7' HAT pH
PR (Wu et al., 2013) © B. subtilis natto BIEHRE B E il HEYIVES (20 © S50 ) - SEin
G E e (Allagheny er al., 1996) » HhEIAGAERSE — I EE 3R % pH (B 5.76 L7128 7.30 455 AHAT - £UEE
P P 28 W% pH fE 0] TIE 2 6.13 - fERBUTH > SO 2 &R 88y 1.02 log CFU/g feed » 1R85 — &3
FEIL M BT > 5 8.14 log CFU/g feed » 55 P ER a8 1% - 2% 8.53 log CFU/g feed « E4%38 65°C H2 15
Zi& > pH {E NEZE 5.97 > FEBANCREFAE 7.52 log CFU/g feed - MAEER T 2 HAN - #FEMNZ AR S
E Az 12.33 mg/g feed - WiAEEFLEEK - HAUREENL - $SH2R L RIRAEERERR L © B. coagulans 112 (L12) HATH
TALZHEST - REPTHE R AR ASRAEE ~ ORI RS TS MIER 2 IET « S ITaE R » 2 WOPEE - ieE
94.6% ~ K57 4.63% ~ fHEHE 57.2% ~ 4E5E 3,156 kcal/kg/DM ~ §5 0.25% Kz 44k 0.54%

FHIRRE subtilis var. natto N21 (Bac) FZ DU RIEYIEE A T - WIERHHPIE - Rt EEFHTE#ES
I H o fiREE J198 2 B. amyloliquefaciens Dal6 (Dal6) ~ B. sp. Dal5 (Dal5) ~ B. Providencia rettgeri strain Da6 (Da6)
K. B. aryabhattai Da2 (Da2) F545& B. subtilis var. natto N21 (Bac) » [l B RRE el KIHEY > — TS,
Btk o N21 Wik E 2o A KTk - REO MR 5 FERIOR — KEf bk EaEE 8 En 2
EIR > mIRER > T EEE R N T EE BEAR (Chen et al., 2009; Yeh ez al., 2018)  FLEPRILIESHE AEEFT
i i Da2 » Da6 - Dal F Dal6 SUURKEII 2 B FERETIFRARIEHATIIE + LA 557 (I R 5T
F 7 HETT © Peng et al. (2019) LA B. licheniformis BBE11-1 J Stenotrophomonas. maltophilia BBE11-1 55 5 =(#2
PP ARRCR - RS ERGE FAR (L (Huang er al, 2021) » ISR T AJSEZRRPPEEE RS E
74% » R DUR S RRE RN — KRS EE R 2 55— P B SRR A B R S DB PR -

FIH Kocuriarosea LPB3 ¥ 2Pl T 251 - 45 BURFEE{Z P 2 Lys ~ Met ~ His ~ Ala ~ Cys » Tyr »
Thr 7 Glu fgE & & FFF - AREER N LR INEIE (Bertsch ef al., 2005) » 1fij Lei et al. (2011) L B. subtilis var.
natto N21 J¢ 8. cerevisiae Y10 FFEEZ S F2 LIy - 4808 " FEEL S5 IE 2 12 352 R0k} pH B A][#{K 2 5.46 - H N21
BT 24 107 CFU/g feed - [fif Y10 R[%E 10° CFU/g feed » HRRPR REGESE—ISELE MRS EE 1% - BERRE I AT A
B E HE MR R ~ FOR 0 ST RIETEALEA (Ammonification) - K& EHVVE LS D RAEA A
IR — PSR 2 1% - Gl pH (BT S - [FIRF R — PR RSB s B & Bt - MEE PRI AR RS
TERREEREE T - BRI A RIER G ER - RMER SRS b pH B N - MR EAAIEN - AR EE
SIITEMLIEESE o Bacillus sp. F2 B. coagulans EFF T T{EF L AE ST (Gandhi, 1994; Sanders et al., 2001) » AJHKE S
S = BE BB pH B (Palop e al., 1999) - FE{EIR ( 55°C ) BHZERER S 2 S SF AR M R R By ) - ([HEEFL G HA
[#{EZ 7.52 log CFU/g © B. coagulans L12 (L12) &—fEEAM 2 F > HIEX AT B. coagulans > HA FEZFfHRE
HY RS s R MR IR P
IE=f - VanTIE S{URIN

TR G EME IS B VIRMEIR Z 28 13 3 iR o IR0 5% TSFP 4H H B =E G & K
J& HG BB B BE L 3% Fak4H K2 0% TSFP 4H S (P < 0.05) » [MARA0 5% TSFP 4H HF A% L | #13&9¢ 0% TSFP 4H1K
(P<0.05) - [F5ER - FHREE - MR KAERTHE » NS4HMEIIHEES o Chen ef al. (2009) fi5 HH & S B R
& A BEDIE AT {5 R o o AR B L R U NI T - TSR 50 Ry B Ui ASERB&IARTIN 5% TSFP 4H - HB 3% ity
U BREEITE IR  fEARsT DEE A R (HEER(K 5.3% AR E L ARG ILEIR % » AREARIIHEER
&

1L FE1RALA pH EEAL ~ BUE S Rk

“fEERR e EEESMHEREREIZ pH &6 - lNEFo N —fAHR 2 228 MR4FR - F6EE
52 1% 45 min (Postmortem 45 min) ~ 24 /)\i% (Postmortem 24 min) > H | /A pH & & #{ /& (Tenderness) ~ 2% 1 14
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(Juiciness) ~ JE (Flavor) 7 BVE 257 BERLIA—REAHRE (/K57 ~ MHEE ~ IR RK ST ) @ RS4RI iR 52 -

HLABEHG (Intramuscular fat) & &S EAREZ BAME > HABEREENLARER & & 2 1EMHE > Wood
et al. (1996) {5 H5E= B AL HIAEG M BAIRE G = & > B8 ER ~ 200 s 2 1EAERE - F8ERE 1%
AL G 2 AP e T i A R AR S R AL - BN LA B2 pH EHER K - FEEB =R
45 min Z AJLIA pH 1B & F A TERIZKEE A (PSE, pale soft exudative pork) 7 284 f% » 185 FBE5£1% 45 min 7 pH {H
AR 5.8 1 » fxATRERY 24 hr {1 %y PSE (A (Smith and Wilson, 1978) - [t4h » AL pH 2Bk - 54&
AILABYIES pHE& R 7.4 » IEFFER{EESE 1R 6 — 8 /NEFHY pH {HEY £y 5.6 — 5.7 > [MESE1% 24 /NEFHY pH {HEY
Ry 5.3 — 5.7 (Fk 2001 ) AiEgEER 2 HRRAILZ pH EHEE &1 5.8 - RNERR PSE A - 281 @ AL
AT BSER 24 /N 2 BRI pH (E1E R At 58 A i B B Ry 28 > (H ] B SE1% 45 min 2 pH {E{E Ry BN
Z H (Wal et al., 1983) - RLIAl pH {E7REE 2648 A i B A S MHRAME » #aiy pH EBHLABUS - 2 HEfRR
B e E A IEAERE - BREfH R E ZEE KBS (Van Laack ef al., 2001) -

®4. RBERSHFEMHSERETRRILZ pH B(E - ERFY AR 8

Table 4. Effect of diets supplemented with two-stage fermented feather meal-soybean meal on postmortem pH, sensory

score characteristics and proximate composition of Longssimus dorsi muscle

TSFP, %
Item 3% FM SEM
0 2.5 5
Longissimus pH
Postmortem 45 min 5.88 5.94 6.15 6.10 0.23
Postmortem 24 h 5.59 5.60 5.75 5.75 0.21

Chemical compositions, %

Moisture 73.42 72.48 72.47 72.76 0.40
Crude protein 23.35 23.52 23.32 23.11 0.28
Crude fat 2.76 2.74 2.62 2.58 0.17
Ash 1.17 1.16 1.15 1.16 0.03
Sensory score

Sensory tenderness score” 6.58 6.56 6.56 6.53 0.19
Sensory juiciness score” 5.94 5.78 5.89 5.80 0.21
Sensory flavor score” 2.96 2.83 2.89 2.88 0.14

The data were given as mean (n = 6).
Sensory (tenderness, juiciness and flavor) score”: 1-10 scale.

Iv.

xRl BRI E R

CIRErR R E L E R R R NG 28 13RS Fon o lEE RS TSFPNIIE » sedg il
R 4LEE (Redness, a) » DU 5% TSFP 4H 8527 3% FURY4H K 0% TSFP 4055 (P < 0.05) < Miltenburg ez al.
(1992) 57 » L AEEZHLA S8 IMALE (hematin) &2 22 Z AR - MALEE (aH) I ZEZE AR - #4510
EntR s TSFP OIS » HALGEH Ny F 2N ZEFEE TSFP 2 /3 #i8/E & & 412.03 ppm ( AFFFEER £y 100.03
ppm ZE ) AR (R2FR) c BEEILZ LE - b{E ~ fRoKM: -~ KRS - Z8E8KE - REMN KAEIRAEE
A& PR B AR 2 2L -

A EFEETRERNN 0.02% 25421 ( £ 1 x 10° cfu/g B. coagulance, 5 x 10° cfu/g B. lichenformis , and 1 x 10° cfu/g
B. subtilis ) » HALA pH & ~ FEIR MRS - BREEREy ~ ZEKRE - (KM R E IR EE A 725 (Balasubramanian
et al., 2016) » BLAGEEA HHLIEE R - Apple er al. (2003) 5 (A4 ERE & HH R FORIIPIEN 2 6% » BHERTE
REAE - NEPALEE Mo CE R R EEARGERRE S BRI B 2 mmae by 4L 6% - dafgiasin
0.2% 25285 ( /0% 1.0 x 10" viable spores/g of B. subtilis endospores J% 1.0 x 10° viable spores/g of C. butyricum
endospores) T ETNAILIAZ 4% (Meng et al. 2010) » Yan and Kim (2011) ZWFFEFgH, » #jk) B E LG R 3%
FEie NI AR EFEERE T (ORI0 3% ) » EALAZ SLEE R = C R T IR (RN & Hre B Rl =
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5 BUAGER A EIAEER - Szabo er al. (2001) PR HAZE & fakE R B & 0B ACHE 2 7888 3 - Al 4H B R T
H(FEOREE ) ZBRE - ERNE - lBIE - B5EE% 4 /N 5 24 /N2 5 e &HL (Longissimus dorsi muscle) 22
B Soe Bl - MdHMmEE =R Aallpss R HAA M - SUraledit s s & 2 E R E AR - Katt
S MEERRREE - B NE RN EF e -

*5 CIERERESHEEMHERRILZQRERNEN Y R
Table 5. Effect of diets supplemented with two-stage fermented feather meal-soybean meal on meat color and meat quality
score of Longssimus dorsi muscle

Item 3% FM T5TR % SEM
0 2.5 5
Meat color
L ( lightness) 50.14 50.00 49.44 49.10 0.79
a ( redness) 2.82° 2.78" 3.13* 3.24° 0.16
b (yellowness) 5.89 5.74 5.89 6.00 0.23
Muscle meat quality score'
Color score at 0 min 3.00 2.90 3.20 3.25 0.17
Color score at 20 min 3.25 3.15 3.30 34 0.25
Marbling score at 0 min 3.15 3.00 3.35 3.35 0.31
Marbling score at 20 min 3.20 3.15 3.70 3.70 0.37
Firmness score 3.60 3.58 3.67 3.70 0.2
LM area’, cm’ 38.31 38.16 39.56 40.57 1.69
WHC’, % 49.21 49.01 50.36 51.27 1.53
Drip loss, % 28.78 28.65 26.62 25.93 1.58
Cook loss, % 19.30 19.13 19.62 19.46 1.57

The data were given as mean (n = 6).

“® Means with the different superscripts differed significantly (P < 0.05).

Lightness = measure of lightness to darkness (larger number indicates a lighter color); redness = measure of redness (larger

number indicates a more intense red color) and yellowness = measure of yellowness (larger number indicates more yellow

color).

" Muscle meat quality score: Color score: 1 represents pale, 6 represents dark; Marbling: 1 represents rare, 10 represents
plenty ; Firmness score: 1 represents soft, 5 represents firm. (National Pork Producers Council, 1991).

* LM area = Longissimus muscle area at the 10th rib.

* WHC = water-holding capacity.

EARE RN 0.2% 254ET (2704 1.0 x 10" viable spores/g of B. subtilis endospores 1.0 x 10° viable spores/g
of Clostridium butyricum endospores) Wi R FZZHL A 2 froK M ~ BHUR ~ ZZERE ~ ECEE ) KRR - EH
NEAEEES (Meat color score) Kz KFEA4TEFSr (Marbling score) RIIEEZE /11 Meng et al., 2010) - Ellis ef al. (1996)
J Le Dividich et al. (1987) #5 HREIR IR 2 S INEUA & 2 (L - A ASEI T A it s 2 'Rma s
[f#g 0 » 1 Santos and Gomez (1983) fi5 754 RAE H 54 H#E BV HUR SfaystEe T - BRI i =
FEH o PGSR S BB AR A -

V. FiRAILZHLARERLBEEAHR

TIBEDR G E M R R AL AERBR AR 2 W13k 6 PR - BERIAERGEE T 0 N0 2.5 K 5% TSFP
¢l AT RERE (Myristic acid 5 C,,,) K EEFIRERE (Saturated fatty acid, SFA) & &8 EHT 3% FEH4H(E (P < 0.05) -
INI0 5% TSFP 20 7 #7fEE (Palmitic acid ;5 C,qo) &8 @ FIZEHMPEEAH K (P < 0.05) < N AIRSAS B 5
NI 5% TSFP 4H 2 il (Oleic acid 5 Cg,) K EEAEEFIHEHES (Monounsaturated fatty acid, MUFA) & & 88 E 7 3%
ke S (P < 0.05) © 5% TSFP 40 >~ N e FI S H S (Unsaturated fatty acid, USFA) & & BH 388 3% 0 40 K 0%
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TSFP 4H J 15 (P < 0.05) © 3% Futy4H 2 8IS A% (SFA) / R e A HE il (USFA) LL B #E H; 5% TSFP 41 Ry
(P<0.05) -

T IRECROHBFEMBE RRILZAENMRER 8

Table 6. Effect of diets supplemented with Two-stage fermented feather meal-soybean meal on the fatty acid composition of

Longssimus dorsi muscle

TSFP, %

Item 3% FM 5 = : SEM
SFA

Ciuo 2.53° 2.29® 2.22° 2.16° 0.14
Croo 25.61° 24.71° 24.80" 23.29° 0.65
Ciso 14.94 14.46 14.17 14.43 0.47
Caoo 1.12 1.09 1.05 1.06 0.07
Cao 0.64 0.64 0.62 0.66 0.04
MUFA

Cie: 5.56 5.86 6.26 6.22 0.60
Cie 36.37° 37.15% 37.14%° 38.23° 0.85
Coo 1.33 1.35 1.37 1.33 0.05
PUFA

Ciso 11.38 11.84 12.04 12.22 1.13
Ciss 0.53 0.61 0.39 0.35 0.21
SFA' 44.83" 43.19® 42.80° 41.66 0.97
MUFA’ 43.26° 44.36" 44.77° 45.78" 1.07
PUFA’ 11.91 12.45 12.43 12.57 1.27
USFA* 55.17° 56.81% 57.20% 58.34° 0.96
SFA/USFA’ 0.81° 0.76" 0.78% 0.71° 0.03
Todine Value (IV)° 58.70 60.67 60.84 61.9 1.83

The data were given as mean (n = 6).

“® Means with the different superscript differed significantly (P < 0.05).

' SFA : saturated fatty acid (C,, o+ Cs0t Cigt CaooT Cano)-

> MUFA : monounsaturated fatty acid (C,¢,+ C 5, Cap)-

* PUFA : polyunsaturated fatty acid (C,g,+ Cg.)-

* USFA : unsaturated fatty acid (C,q.,+ C 5.1+ Cr07C 15 + Cigs)-

* SFA/USFA : saturated fatty acid (C,, o+ C5 Cigot Caoot Cano) / unsaturated fatty acid (C,,,, + C g+ Coo7Cogot Crgs)-

% Todine Value (IV) = C ¢, X 0.95 + C,g; X 0.86+ Cyq, X 1.732+ C 5 X 2.616 + Cyy, x 0.785 + C,,., x 0.723 (A.O.C.S, 1998).

FH% 6 7 45 5 8E T TSFP 4HBERRE Cup ~ Cieo K2 SFA B C,q, ~ MUFA ~ USFA £ & © Yan and Kim (2011)
f5 B AR B 58 GAE TN N 3% &%) K208 0 &8 S, boulardii 35T 1% 2 B %) 208 - HHLARERL I 2 FRfE g - i8Sk
(Stearic acid ; Cy,) ~ {G4EEE (Arachidic acid ; C,,) Sz SFA &&= EZEER(K » HEEZE I IIXEEHES (Linoleic acid 3
Ciso) ~ ZANBIFIASHLE (Polyunsaturated fatty acid, PUFA) K PUFA/SFA LULAH - 2 EEU0 S, 2R BES HO A%
HRR LA 2 R EE OB RN 6ERI G IR & & - BT PR Foa% 55 2 20 TR BB RSONS HG 18 S e 1 s B e M e
V)< EE R JOEME (Endo er al., 1999) o Fltss R B BUAGERIE NG IR TSFP 2 455 (L « HH4h - RERSEE -HAVEHD
HITEL BE N BRI 7 B S0 7 PRV Bk 22 TEAHRH - 25 BRI R B Il 22 Z2 AHRH (Fisher ef al., 2000) o AEXERE YR
B dna PR R Y R A G - BUREE IR IS EDR &4 TSFP REYaReE - N2 B8 2k -
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ﬁﬂ*itfjmﬂﬂ 5% TSFP 4HHU( 3% S B A e e RALZ AL R A BRI R & & - B (RAEAIAER R =
IR HIEE NI PSR & %W E s BYIERET - A2 BN 2 JaR -

il

SENRK

PRSI - 2001 AL ZRBE B i - FERE LR - 20 -

ERROH ~ BIZEET  OOEROH - 2844 - BESESC - [EAHE - 2006 - K[ LR E R S S iR BV LR S - A
O S RERIEAR RN 528 - BEERTSE 39 ¢ 111-119 -
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Abstract

This study investigated the effects of dietary supplementation with a two-stage fermented feather meal-soybean meal
product (TSFP) on carcass traits and fatty acid composition in finishing pigs. TSFP was produced by mixing Bacillus
subtilis var. natto N21, B. amyloliquefaciens Dal6 (Dal6), B. sp. Dal5 (Dal5), Providencia rettgeri strain Da6 (Da6), and
B. aryabhattai Da2 (Da2), followed by two-stage fermentation: acrobic fermentation for 2 days. The microbial solution of
B. coagulans 112 (L12)to the two-stage fermentation was added and mixed well, which underwent anaerobic fermentation
for 5 days under room temperature. The mixture was then oven-dried and prepared into TSFP. Eighty hybrid finishers (Duroc
x KHAPS) (average body weight 78.2 £ 0.15 kg) were selected and randomly assigned to four dietary treatments: 3% fish
meal, 0, 2.5, and 5% TSFP, with five replicates per group and four pigs per replicate. The feeding trial lasted 9 weeks with
ad libitum access to feed and water. Results showed that the 5% TSFP group had significantly higher meat redness than the 3%
fish meal and 0% TSFP groups (P < 0.05). C,,, and SFA of saturated fatty acids for subcutanecous fat were significantly lower
in the 2.5% and 5% TSFP groups, when compared to the 3% fish meal group (P < 0.05). The C,4, content of 5% TSFP group
was significantly lower than other treatment groups (P < 0.05). With regards to unsaturated fatty acids, the 5% TSFP group
showed significantly higher levels of C,5,; and monounsaturated fatty acids (MUFA) than that of 3% fish meal (P < 0.05). The
total unsaturated fatty acids (USFA) of 5% TSFP were significantly higher than those of 3% fish meal and 0% TSFP groups
(P < 0.05). No significant differences were observed among groups in dressing percentage, back fat thickness, lean meat
percentage, postmortem pH, chemical composition of muscles, physical traits, or sensory scores. In conclusion, 5% TSFP can
effectively replace 3% fish meal by improving meat color, enhancing unsaturated fatty acid profiles, and reducing saturated

fatty acid content.

Key words: Carcass traits, Fatty acid composition, Fermented feather meal, Finishing pigs.
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Fig. 1. Dense seeding drill and seedling growth under different cultivation modes. Panels A—D show: (A) dense seeding drill;

(B) oat row seeding (mode Oat); (C) mixed cropping, broadcast sowing alfalfa- drill sowing oat (mode AO-d); and (D)
mixed cropping, broadcast sowing alfalfa- broadcast sowing oat (mode AO-b).
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Table 1. Fresh and dry matter yields and legume proportion of three cultivation modes at 70, 80, and 90 days after sowing

in Experiment 1

Days Mode” Fresh yield Dry yield Legume ratio
Oat Alfalfa Oat Alfalfa Total
mt/ha %
70 Oat 47.6" — 5.6° — 5.6" —
AO-d 42.9° 7.6° 5.6° 1.0° 6.6" 15.2
AO-b 22.2° 12.1° 2.9° 2.1° 5.0° 42.0
80 Oat 42.7° - 8.2" - 8.2° -
AO-d 35.3° 32° 7.3° 0.8 8.1° 9.9
AO-b 13.6° 6.2 2.8 1.9° 4.7° 40.4
90 Oat 45.4° - 9.1° - 9.1° -
AO-d 24.4° 2.7° 6.2° 0.8 7.0° 11.4
AO-b 11.0° 5.7° 3.3° 2.3° 5.6° 41.1

" Oat, oat-monoculture; AO-d, mixed cropping, broadcast sowing alfalfa- drill sowing oat; AO-b, mixed cropping, broadcast
sowing alfalfa- broadcast sowing oat.
"¢ Means in the same column within the same section with different superscripts are significantly different at 5%.
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B EE)N ~ EER{K (Undersander, 2007) » Z5fshHe 22 AR LA - S9REREEAR B MU B BAVECREIEY) » 0% E
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Table 2. Dry matter yield of four cultivation modes in Experiment 2

Fertilizer Mode” 1* harvest (12/13) 2" harvest (1/23) Total
Oat Alfalfa Oat Alfalfa
mt/ha

Chemical Alfa 1.2° 2.5° 3.7°
Oat 4.4 3.0° 7.4%

AO-d 4.3 0.4° 2.0° 1.7° 8.4

AO-b 3.1° 0.2° 2.2° 1.2° 6.7°

Organic Alfa 1.7° 2.2° 3.9
Oat 4.7° 3.2° 7.9

AO-d 4.7 0.3 3.5° 0.8 9.2°

AO-b 3.3° 0.1° 2.0° 0.6° 6.0°

" Alfa, alfalfa-monoculture; Oat, oat-monoculture; AO-d, mixed cropping, broadcast sowing alfalfa - drill sowing oat; AO-b,
mixed cropping, broadcast sowing alfalfa - broadcast sowing oat.
“*¢ Means in the same column within the same section with different superscripts are significantly different at 5%.
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Table 3. Weed coverage percentage of four cultivation modes in Experiment 2

Fertilizer Mode" Date

12/27 1/10 1/23 2/22 3/8 4/11
%

Chemical Alfa 24.3° 38.7° 22.1° 30.8° 13.5° 14.4°
Oat 27.1° 20.1° 7.2° 20.5% 42.6" 45.7°
AO-d 18.2% 183 9.4° 12.9° 5.2° 3.9
AO-b 10.6" 8.5 5.8" 10.3° 6.2° 6.8"
Organic Alfa 39.9° 25.0° 17.8" 237 2.7 6.1°
Oat 21.2° 7.1° 17.5* 8.2° 4.6 34.3
AO-d 12.5¢ 6.3° 4.5° 4.1° 2.7 0.0°
AO-b 8.0° 3.7° 1.3° 1.2° 0.4 0.4°

" the same as table 2.
"¢ Means in the same column within the same section with different superscripts are significantly different at 5%.
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Fig. 2. Temporal changes in weed coverage under two mixed cropping modes in Experiment 2. Mode codes are the same as
in Table 2. Upper panel: chemical fertilizer treatment; lower panel: organic fertilizer treatment.
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Fig. 3. Weed coverage survey under three cultivation modes in local trials.
F4. WITERMFEEEREEAZYES
Table 4. Dry matter yield of three cultivation modes in local trials
Cut 1 (1/23) Cut 2 (3/1) Cut 3 (4/25) Sum of three cuts
Alfalfa Oat Alfalfa Oat Alfalfa Oat Alfalfa Oat Total
mt/ha
Alfa 1.07° — 2.52° — 2.86 — 6.45 — 6.45°
AO-d 0.06" 6.72 3.40° 1.52 2.76 — 6.22 8.24 14.45°
Oat — 7.08 — 1.68 — — — 8.76 8.76"

“® Means in the same column with different superscripts are significantly different at 5%.
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Fig. 4. Changes in moisture content of pure oat (Oat) and oat—alfalfa mixture (AO) after harvesting with disc and flail
mower-conditioners.

RS MEMARE - HEEERECERL R EERNENE A [F 2 AR EE KR = R 2 HER
Table 5. Comparison of moisture content differences among pure oat and oat-alfalfa mixture under different wilting
durations after harvesting with disc and flail mower-conditioners

8h 32h 56 h 72 h 76 h 124 h 148 h
%
Mode
Oat 55.3° 42.0° 35.5° 34.0° 29.5° 37.4° 30.2°
AO 46.2° 31.0° 26.2° 26.1° 54.5° 27.0° 19.5°
Mower
Disc 51.2° 39.0° 32.5° 30.9° 57.5° 34.3° 27.7°
Flail 50.4° 33.9° 28.2° 29.1° 56.5" 30.1° 22.0°

" Means in the same column within the same section with different superscripts are significantly different at 5%.
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Abstract

This study aimed to develop production techniques and cultivation modes for oats and alfalfa under domestic conditions
via four experiments. In Experiment 1, an improved dense-seeding drill was evaluated and three cultivation modes compared,
namely sole oat (O), oat—alfalfa mixed sowing with drill seeding of oats and broadcast seeding of alfalfa (AO-d), and oat—
alfalfa mixed sowing with both species broadcast (AO-b). Results showed that AO-d AO-d (oat drill seeding) had better
plant distribution uniformity and stability due to mechanical row sowing, resulting in higher total yield and overall yield
performance than AO-b (oat broadcast). However, due to more intense interspecific and intraspecific competition, AO-b had a
larger difference in oat yield when compared to monoculture. Nonetheless, its alfalfa content was higher and reached to 40%.
In Experiment 2, yields and weed dynamics across successive harvests were investigated, with sole alfalfa added as a control.
The mixed modes initially reduced early alfalfa yield but the presence of oats compensated for this loss and enhanced weed
suppression. In particular, AO-d exhibited the most stable performance. In Experiment 3, sole oats, sole alfalfa, and alfalfa-
oat cultivation were conducted locally. Sole oats achieved higher yield at the first harvest but showed poor regrowth and
increased weed proportion in subsequent cuts. Sole alfalfa exhibited even weaker weed suppression. In comparison, mixed
systems produced an oat-dominated first harvest followed by two to three harvests of alfalfa, achieving higher annual yield
and better weed control. In Experiment 4, the effects of disc-type and flail-type mowers for sole oats and alfalfa-oat mixed
system on field wilting rates was analyzed. The results showed that the flail-type mower-conditioner and mixed cropping
(AO) significantly accelerated the drying rate. However, the four treatments did not reach the safe moisture content in 72
hours after field wilting. This suggested that the wilting speed in the field was slow under the climate of Taiwan and even the
optimal treatment could not reach the safe moisture content in 72 hours after wilting. This result indicated that supplemental
artificial drying was mandatory. In summary, the oat—alfalfa annual mixed-cropping system enables year-round production
planning on limited land, providing high-quality temperate hay while maintaining a balance among conservation farming,

land-use efficiency, and economic returns.

Key words: Alfalfa, Oat, Mixed cropping, Artificial drying.
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