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AWFE EFET AR « BVEIREAROE T > S8 Z A BRI - R R R R A A (B ESEME - BENE T
fi R e L RIEAE AR EIRRR RS2 8 > P i & I B B AR - SRR IR E S I E A 3 H e 6 H B i
5610 B > AREEF o WWEEARIAERSE - b~ TR ZABERR - WHREH MR AET IR EE R ALE
el - BHEEEREUR - REAGHER LAV EELE 3 HikHEsE LT ERA#E L7 (P < 0.05) > ¥ 6 HERH
IESE R REEE 7252 - EA1 > AR ARG B SARIPIR AR B SR AH BB B B0 (P < 0.05) » MURZE{EIH HAEM
BEEIRAR 3 (T4) ~ RIEBREH G (1gG6) ~ FZHERF (cortisol) ~ HIMEK (WBC) ~ #j%&j#E (GLU) ~ FREE (BUN) ~ HLELHT
(CRE) ~ #EEH'E (TP) ~ [UEFEKEH (GLO) ~ HEH / EREHMILLE (A/G) ~ NEARLER = EERENS (GGT) ~ HLERWAE
(CPK) R ALF&RR @ (LDH) 55 13 15 » K[E H iR 61 EHBE =R (P < 0.05) - AUTFEplRIZHE T RIS EA [F 23
B N AEEE AR AR BRI R E MR R B LI B A B R M PR T R E A (R B A AR
o HIRE R ERER -

BRI ¢ RS - T BGR - AREE -

i
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WA HERGE B RENRIE R B IIBUEL (Nardone ef al., 2010) - EFEEZFIFEOUON - MIRE G HFEERVAH - 1T
Ry~ 00 ~ (EFERIA E A NG L NS A ESE S RIRZL (Gregory, 2010; Gonzalez et al., 2020; Chauhan et
al., 2021; Podder et al., 2022) °
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L sBaEhyy)

FEATFE(E F%E € 1 i e e s B AR o3 P 2 5 B B B e (o Y/ NG (B k@ 109-06 55 ) -
BB TR R BRI 5 FREER > 2 REF(ILE3H) AT (6 E£9 H) > 22020 £ 2021
FREBE - 56 - 0 (3 AikE 6 At ) S0 10 BHREEGE (AR SLEEWE - SR
AREF 20 B - RGN B EARATRE S FTERGE - D ZEERES (3 Hik) NlkR#EE (6 H
e ) WML o BB PRIE R B 2R ~ RENDEIR - SRR 1 RO lEASER 15.11% KBNS ER
2.47% o (RIAA B F/NIFE T AR A BB HARAE (R SRAZ fr & (TAPS-DLT-2-03) » fEMH[FEIERIRIE T & HESHEFER
HIEEEETR R EE S A REREINE - I H HEEHEOK -

1. SRRk

Table 1. The composition of experimental diets

Ingredients %
Corn 65.65
Soybean meal, 43.5% 18
Wheat bran 10
Limestone 1
Dicalcium phosphate 1.4
Choline 0.2
Molasses 3
Salt 0.5
Vitamin premix* 0.1
Mineral premix” 0.15
Total 100

Analyzed value

Crude protein, % 15.11
Crude fiber, % 2.87
Crude fat, % 2.47
Crude ash, % 6.00
Calcium, % 1.27
Acid detergent fiber, % 3.65
Neutral detergent fiber, % 9.97
Gross energy, kcal’kg 3,796

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

" Mineral supplied the following per kilogram of diet: Fe (FeSO, » 7H,0 > 20.09% Fe), 80 mg; Cu (CuSO, * 5SH,0 » 25.45%
Cu), 5 mg; Mn (MnSO, * H,O » 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.

I SABRT A R R
(i) 72020 — 2021 FEABHMIRT - LB T | E 3 ARTHERE SN 6 % 9 HIVAERESH - JE RS
B~ ORI > TERSEMIALAT DU A MRS RN SR | AR ETRE S BIRCE 1| AR S8
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(AZ Temp. RH USB Data Logger 88162) » 51 3 4 - GCpkasVIREDR M EFE A -30 £ 70°C - HEHEE A
+0.5C - HEPRENEHE L 0.1 2 99.9% » {F 25 CHFAYKETERE fy + 3% o 1eakBaiAfs - k% 10 o gl
FENGEERORERDRE —R > AR EER S L HIRES R - DS THESRESE SR -
FH National Oceanic and Atmospheric Administration (1976) By /75735 THI B » LA EFEHT 2 EVTE
i [ 2 JE FH (Wegner et al., 2014; Wegner et al., 2016; Hortenhuber ef al., 2020) « THI [NETE/A\F40T © THI=
9/5T +32 - 0.55 x (1 = RH) x (9/5T - 26) - {Eia{E/ x0 » THI (AFRREFEE > T AFEF0R (C) » i RH £
AR (%) -

(i) ERGm I R R EE B 2 H o 3 RIAE B 09 000 AR 13 0 00 2 #ETT 1 ZOHE - 48ILETT 4
HIE - DASHE R 58 & 00 ELRG RS IV 2R -l E B RSN - B EEECIRESET » I HEK
&t (MT-B132FA, Geon corporatlon Taiwan) #E{THIE - EOHSEEE K 32 £ 43°C o MR EERATHIE =
B - BIEZnh 1 AR I EAVFE Eat BRRE R BT R AR -

(i) R AR - BRI AE 59 /EJ'UBA/E'§E’J 2 AFIEERY 8 AHETT o fE#EfTIIREREERT > sSABBFEEFEE 12/
I EETEHHEOK o MURERETT R I ATEARARER L 5 Z2 MR - 77318 A & A SEEDE LRI mE
fl&H K2EDTA it HIfyER M E & - R - AR 2 K4E 2405 0 (Taitung, Taiwan) » J84L3ETT 25
TR IR A PR A= AL A B - BLFE DU B R {R AR 2 (thyroxine, T4) ~ =Bl R B 2 (triiodothyronine, T3) ~ G EK
% 5 G (immunoglobulin G, IgG) ~ 7B [ (cortisol) ~ [ [ BK 51 8 (white blood cell count, WBC) ~ 41 [fi Bk &1
% (red blood count, RBC) ~ [f14] 2= (hemoglobin, Hb) ~ [ ¥k A F&EL (hematocrit, Ht) ~ SEH4L M BRAE & (mean
corpuscular volume, MCV) ~ 941 [N BRI 4] 2% & (mean corpuscular hemoglobin, MCH) ~ SEI4T [ EK 4L 2=
JEJE (mean corpuscular hemoglobin concentration, MCHC) ~ [fl/\f (platelet) ~ &R Fij i (glucose Ac, GLU) ~
JRZ & (blood urea nitrogen, BUN) ~ fJLl&[T (creatinine, CRE) ~ 4&H&[E [ (total cholesterol, CHOL) ~ =& H i
fig (triglycerides, TG) ~ 447 [4’E (total protein, TP) ~ (& (albumin, ALB) ~ k& (globulin, GLO) ~ H&EH
/ Bk H EL (albumin /globulin ratio, A/G) ~ g4 5% NS (alkaline phosphatase, ALP) ~ P&k G 28 EE NS (gamma
glutamyl transferase, GGT) ~ HJL[¥% 5 % i (creatine phosphokinase, CPK) ~ # % i & lif# (lactate dehydrogenase,
LDH) «

1L kst
PHEPUCERAY AR EME - MURALE - RS REH BB E SAS Z}E*ﬁ)ﬁ& (SAS, 2014) HETTERET AT © 77
TR AR B A — AR M A2 7 (general linear model procedure, GLM) #E 7588 75 5347 » #5418 F i (F-test) 5EA5 4%
RUSERRIENE - (BN F e/ NEEE 175 F02 (least significant difference test, LSD) » RECEA A R EAH 2 R A= 52
EhEAGEEEN

S/
B
BB

e

L SR TR R, THUE B

#E 2020 % 2021 SEATRERNIN  BHREFS - LR RS @RS SNBEIIRIE < RIERORMIEISB (THD) M7
ESULEIESS T ST AR « PRSI TR 2017 5 2009 75
LAt - BESRAE S e S LIRINEL - {2038 LB VAT - BRI S5 | S E0E - ARS
AR TS E IR - 1 2021 R34 - PR iﬁ&ﬂﬁ*ﬁmﬁ%ﬂ1CJ5§7bE’J7FTHﬁ”ﬁH/m°

F2HUT o RN (R R A R R THI 14 5 s + 2020 46 01 2021 49 52 14135 FE 53 51 5
23.3CHI216C » THI 43515 717 1 69.5 « ABELZ T » Bl = SNBSS TR A THI R BOTEHRS -
LS 2017 5 2019 FEHGRE » SANBEINITEY THI (65 69.0 » Bimm /I RBHOHRE R (WIERRFEE K -

FERNGIRS - P ANBEI TR KA THUSTRE P R AR & RIBLR A - 2020 £:01 2021 4 » FAMBEERT
STSRE S BIEER] 29.6 1 29.8°C » THI FISMHIE 81.9 1 82.5 - 2021 AEAFAN S S EEHE R TS FIRTH 40.9°C A1
THI 89.3 - (RETSETERGEITPEBEIE 20.5°CHI THI 81.6 HIBORIRTE » BSERS MREHE B 1SR -

Ges B - 2020 2021 ESRERIITHORUSHT - FAMBEHERFAMFATRIA THI £5L5 2017 % 2019
AT + BT A R R ORI K SO < SEHI - (RS & BREA THI A1t
e - BTSRRI S BRI ¢ TAESNSE - PANBEITRICR TH BRETHE - LHRAE 2021 6 - BT
P SNBBDRRE BN AR THI B LIS - 806 TN R E S AR BRI - R
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HUFS OV E SN - DIRECRAE S AR B B A4 RIS » WSk SR e EnIe 2 -

2. HEBRHIR (2020 — 2021) Z(REFEE  BERES - FAMIITE ZAEFS) (2017 — 2019) (R AIBEADRR -
MR FORRE TR % (THD) By ENRARE
Table 2. During the trial period (2020-2021), the mean and maximum values of temperature, relative humidity, and

temperature-humidity index (THI) in the nursery, grower, outdoors, and outdoors over the past three years (2017-
2019) during the cool and hot seasons

Temperature (°C) Humidity (%) THI
Season Unit Mean Maximum’ Mean Mean Maximum
Cool season' Nursery
2020 233 29.7 74.7 71.7 80.3
2021 22.5 30.1 75.5 70.6 81.4
Grower
2020 22.4 31.2 78.9 70.7 82.1
2021 21.6 30.9 80.0 69.5 82.1
Outdoors"
2020 22.5 36.2 77.9 70.7 85.1
2021 21.6 335 81.2 69.4 85.1
2017 — 2019 21.6 32.7 73.7 69.0 81.7
Hot season’ Nursery
2020 29.5 36.0 76.3 81.6 86.5
2021 29.5 36.3 77.4 81.6 88.0
Grower
2020 29.5 36.7 79.3 81.9 86.7
2021 29.8 38.6 75.4 81.6 87.9
Outdoors’
2020 29.6 40.9 78.6 81.9 89.6
2021 29.8 41.1 83.0 82.5 90.3
2017-2019 28.8 35.9 77.8 80.7 87.1

' Cool season data collected for Jan. to Mar. of 2020 and 2021.

* Hot season data collected for Jun. to Sep. of 2020 and 2021.

* Maximum: Collecting one set of temperature and humidity data every 10 minutes, and use the maximum value from each
set of data as the basis for determining the "maximum".

* The outdoor weather data for the years 2017 to2019 is provided by the Central Weather Bureau's weather observation data.

PEhE 1 v DU B DU - A RS R B S BlE 2 — R PR R AREL - WA 12 BRE TR
B MAEEAE > SPHREAEEIEE B S REFE R RES - EAE N | BEA R =R o RN EIRETE B 6
B VR T - WGAE 7 11 BT (RES  AHEER > R REE L 5 Bie il I - 7Eh4 12 36
T KB - THI 2R MRS OAF 2 - 75 2R P THI £ B 6 BilE 2 — K V(R - WAEH
12 BhEEly ey MEREE - 39 THI I B 5 Bl 2R REL > 207 | B Exemsh - —ANSRES
BB LT DUBZEE) » SR RS THI EAYE LRI - PYMEES > &P%Eﬁ > fREFES ©

Haeussermann et al. (2007) ~ Botto et al. (2014) Kz Mellado et al. (2018) W5E243H » & THI < 74 iF » FEEER
EPEIRES & 75 < THI < 78 I » FEEFRPNICEEVEUARAE © & 79 < THI < 83 5 » FARE A S EVELERAE 5 1M
THI > 84 BT R R BB EIOIREE - (ERTEATSERIIR - B EBAER THI EEEE I (P < 0.05) -
e 1 BHREUR - BB SRR~ THIEERAE 69.4 2 71.7 i - BFEE 2N EEAIRES - M - oF
35 THI{EERAE 81.6 F1 82.5 2] » FmFE SR AR R It Hr S BV ARV BB IR -
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Fig. 1. Daily average variations of (a) cool-season temperature, (b) hot-season temperature, (c) cool-season humidity, (d) hot-
season humidity, (e) cool-season THI and (f) hot-season THI.
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I BRI R MR R R 2 T

BYgIE B E SR ERR NP - DUEHIREURENURERE LR 3 Frr - SO AR SR
e 2 FATERBE TIPS (IR (Yu et al., 2010; Zheng et al., 2022) = MR ~ BFAE B R T B Z ERGIREE K
BRI AR ITEE R - BURAAE RN B RS > 1£3 K 6 Ak ~ L NP S AMINSE - Higst LEE
3 HERHEAE B HERA#E EE (P <0.05) » ¥ 6 JlkRESERIMETE 2252 - [HI1 > 3 F iR RBAE (£ SR BLHY
HRRE B =T 6 HECHEESE (P < 0.05) « FEMIR AR TTH - FAFHIM 3 K 6 A s SR RIS SRS
(P<0.05) = 3 F e RMESH{E 25 IR B 2 WP R R BRE S 1 6 HEG (P < 0.05)

EHBLEEOR B THI {E B ZRR AT 8] - SR M THI{ER - 3 FiREsEE 6 ARttt AT
YRR R > H 3 F R AYIPHIR R 7 %2 THIERVE (B2 8 - & THUE KDY 74 I > 25 F e RIS H PR R
(R B IR R 788 40 R Z8dE - LB IR a] 3430 - & A iiFE & THI ENIMREREVEER /i > R
BFHAHEN R > HAERS - @E THHEEHE 74 > S5 SRR BRI RN G5 40 X B
R BEAE 7Y B R AN 32 1 R H BRI e

BFHEGE AR A SR E - THEHFREUVNIFEE - HE 3 HiFEE B R AR 2R
B B BURHH S S RBISEA N E o FECRHSE EAEE S s RBIR S LT R rTRE R A TR E N - BRI
Fo A BRISARA B IR U] - B BRI - E AR 3 [F] R B A A R FER R - CHAERE
BT BB ESFl U NFE LU BB

3. HBFETYRRNEGE 2 BRI BIPIRRAR b

Table 3. The changes in rectal temperature and respiratory rate of Lanyu pigs during the cool and hot seasons

Items 1 Season :
Cool Hot
3-month-old (n = 20)
Morning’
Rectal temperature (°C) 38.98 £ 0.36™" 39.84+0.31*"
Respiratory rate (breaths/minute) 27.70 £ 1.04"* 32.80+2.10*"
Afternoon®
Rectal temperature (°C) 39.31+0.37% 39.71+£0.29*
Respiratory rate (breaths/minute) 30.40 £2.13"* 36.60 * 3.49*
6-month-old (n = 20)
Morning
Rectal temperature (°C) 38.72+0.28"° 38.81+0.30°
Respiratory rate (breaths/minute) 2530+0.57°" 29.30£2.13*°
Afternoon
Rectal temperature (°C) 38.49+0.45"° 38.76 £ 0.34"°
Respiratory rate (breaths/minute) 26.70 +1.14° 32.80 £3.73*"

' Cool season data collected for Jan. to Mar. of 2020 and 2021.
* Hot season data collected for Jun. to Sep. of 2020 and 2021.
* 8:00 a.m. measurements: Cool season: Inside barn avg. temp. 22.87°C, humidity 71.98%, THI 70.83. Outside avg. temp.
23.68°C, humidity 67.91%, THI 71.69. Hot season: Inside barn avg. temp. 30.37°C, humidity 72.23%, THI 82.29. Outside
avg. temp. 31.96°C, humidity 68.50%, THI 84.06.
*1:00 p.m. measurements: Cool season: Inside barn avg. temp. 24.20°C, humidity 71.53%, THI 72.81. Outside avg. temp.
25.21°C, humidity 66.65%, THI 73.82. Hot season: Inside barn avg. temp. 31.79°C, humidity 70.40%, THI 84.13. Outside
avg. temp. 33.52°C, humidity 66.00%, THI 85.91.
The data are given as mean * standard deviation.
" Means in the same row with different superscripts differ significantly between seasons (P < 0.05).
® Means in the same column with different superscripts differ significantly between ages at the same time point (P < 0.05).
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1. FEE MR AEE A BE 2 HE

TR WL 58 i EAR T R AR PRAE (L B R IER 4 3R 5 Fion « (E8ARES > 3 HER #5410 T4 ~ BUN ~ CRE -
TP ~ GLO ~ GGT ~ CPK }%, LDH & # % | J} (P < 0.05) » [fij cortisol ~ Hb ~ MCH ~ A/G + ALP HI| & 6 & T [#
(P <0.05) ; 6 HE:HEELFERY 1gG ~ RBC ~ Hb ~ Ht ~ BUN ~ CRE ~ TP ~ GLO ~ GGT } LDH E§# 7} (P < 0.05) >
ifii cortisol ~ WBC ~ GLU ~ A/G HI| & 882 F[% (P < 0.05) ; BZR% i = > 5L (F 20 ZE0% » H T4 - IgG ~ BUN -
CRE ~ TP ~ GLO - GGT ~ CPK J LDH & & = A5 2 (P < 0.05) > [fj cortisol ~ WBC ~ GLU ~ A/G & [ HI &1
FAHEZE (P <0.05) - FI&EIREUR - @S BAHITRESE HIRIES LR EIN 2 M - fEEE T RE &2 s
ERNEE  BECH AR RS -

FEIR B 2 2 AR PR A C Y B 20 R BN B R 2R - B RIS B SE > AR
RBEE G > MY ERAR K2 > & RIS R BRI i e B E B /T - R Ve E R A
& ° Ingram and Slebodzinski (1965) B5¢ 2V IS Ghoongroo [FAFEFE FHRARAVRZEE » 3530 35°C BB RE
R EFE RN CEEEI DURETR R - T s B ARG MR - (558 EReFE dR D 2 A RIETLURE B LUETE
EUmMEREE o BLZ AH{IAVARST » Borah er al. (2020) #3¥ A[EZREIFEACAFE - EEGRRG - B TRCVEERESE > T4
TR [EIRETOR 2K o Macari er al. (1986) REHEIE 12°CRRIRIRAVFE EREE 32 CElia - DU HEIE S IR
HIFE E R B ORIRE » $SRBUNENE X BRI & R B (ORRE S I R ZARE - S EER
om0 T4 AR AVEE R —2 -

ALEE BT AL A AT AR 2 ARG E - EZEARALA R RIALEE ST 2K > Ortega er al. (2023) 5z Mendoza
et al. (2017) &5 - A RIS ERAVFE EE s RIRIREE N S ESUUSIBEETRE B - HpdRH#ENEFE E1E
IR e A A DU T TEGHED S A BT RERY B o ARsERT - RIE A EerY IS £ 2R
ALEERT R A B B -

Mendoza et al. (2017) B35 » FRIAFEEAEVECA (3 K) A/G LEBISLA TIEEY - MEREEAE &
ek (28 K) RIIg{E GLO EFf o ph3RRELAG R4S R —2 - SRR T » BRELEEMAEEEG SR
GGT BFE L7 > i GGT F#: FFENE 8 HIETFEEE (Kataria er al., 2014; Singhal ef al., 2019) » FTEARF SR+
B\ZR 3 HEeM 6 HERTREZERY GOT BN 7 o [hAh » Hao er al .(2014) 251 - FR>AE 5 HAFS LA €1
Ff4E 21 K 30°C & ~ o Himd# CPK fl LDH FEEE T » SR ERSGE R —8 (P <0.05) -

TEEVECEARRE TS - FEEMN R RGO REZEHNG] > B2 1gG WEE T - EAERERAT » soRAI R
T2 AR RIS B AR - #EM s B R e BREE VRS (Morrow-Tesch er al., 1994) « AiBads isdins - 3 A
FHUAFE (2R AT 1eG RS MEIE 25 - (H1E 6 H#eH » 1gG R ANZEZE 7 (P < 0.05) © Sutherland er al. (2006)
B BEFEERNRIAZEAN - Him#E A EERE SEE T - Allah - NFE HEREEGE 2R i E b
TR A EEES -

RE GHE P ~ FRTEER - HUTRIEKR AT MmEk AR B 28 (M AERAE AR A ERL » EAE
B ORFEE - fEAWTFTH - BlESE WBC (EE A NEAESS - JUHAE 6 AiRMIFE EREIHE (P < 0.05) -
Habibu et al. (2018) 5 REEENEIEN » UK HAY MCV H &R A E BRI - Sl EREAKRE - iR
K> BEATMERAVAEFESE /NI R - AsRBRh - iR MCV E2AEH s [HEST EREREE SR
IMAE 3 H#eHESE+H - MCH fE843 R N -

BFHEEAEN MR A B A LS BIYEBE TS - NHERE MBS B A I 1gG FARH# 2%
[fifE - BUN 1 CRE - FF#035 REFE AV A B A AR (L2 B BRI A - TR IREcK 6 AERFES » NERRE T
HURECRHY AR S FESA L - TREE iR A S A RA - B RT4S R A IEET A EE RN - IR S
TEAREIRE R EE -

A

AWTFTEEIR - & RIESA I Gy T EEAEIHERET (79 < THI < 83) M - HAMSEBURHBE R RET
b o ARG RS PO AR A BE LT R HmEEEEE - A > EEFHHE > H cortisol + WBC
GLU ~ A/G F{EFAHEZE 5 T4 ~ IgG ~ BUN ~ CRE ~ TP ~ GLO ~ GGT ~ CPK } LDH A& Y= » it el & > BI{EE
TR E BT RHIRRIESE - Rt ERY-FR A ER s > HAMEEEEAEREABEEL > BUrd
BFHHAMINEHE -
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Abstract

This study aimed to investigate changes in rectal temperature, respiratory rate, and blood physiological and biochemical
values of Lanyu pigs reared under cool and hot seasonal conditions. By measuring these parameters, the impact of seasonal
variations on the physiological state of Lanyu pigs can provide a basis for developing appropriate management strategies.
The experiment involved 10 pigs of 3 and 6 months of age, with an equal number of males and females in each season.
Physiological data were collected during the morning and afternoon, and blood samples were taken for physiological and
biochemical analysis. The results showed that during the hot season, a significant increase in rectal temperature was observed
only in 3-month-old Lanyu pigs in the morning (P < 0.05), with no significant differences in 6-month-old pigs. Additionally,
respiratory rates in both age groups significantly increased in the hot season compared to the cool season, across different
times of day (P < 0.05). The study also found significant seasonal differences (P < 0.05) in 13 blood biochemical parameters,
including thyroxine (T4), immunoglobulin G (IgG), cortisol, white blood cells (WBC), glucose (GLU), blood urea nitrogen
(BUN), creatinine (CRE), total protein (TP), globulin (GLO), albumin/globulin ratio (A/G), gamma-glutamyl transferase
(GGT), creatine phosphokinase (CPK), and lactate dehydrogenase (LDH), across both age groups. The results of this study
offer valuable insights into the physiological responses of Lanyu pigs to seasonal variations, facilitating the development of
optimized management strategies to mitigate climate impacts. This will improve both the health and productivity of Lanyu

pigs, advancing scientific livestock management practices.

Key words: Lanyu pig, Cool season, Hot season, Physiological values.
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Fofeaieitop o2 FEE VO LITi b kR H K
BB AR

B OO S FFOEY HFE— O

WefFEER : I35 11 A 13 5 5 28 11444 H 23

W B

HERE L] (23 2 20K E - KRR ALK EMB D BRI [BREYRE - RIRESER
NILEERERE o AT R AVE R R RELHERE SRR - AR R PR H B G EHE -
W2 N o o] B —AT4LAMEEE (visible and near infrared spectroscopy, vis-NIR) 2 0] 7% 7 & 0 B RE & 2 43 F-IRE) > BIZ]
ELEEE ATV EEE - R A SR IEPVEREE TH - BENIL > AWFRUtsEsk B AIEZEE TS
B REE ~ NEIMEE R MO RS i W R vis-NIR Yeal R E 28 (&7KE - E5R0RE - pH
B BEY - HHRREENESEE)  DEB R ESHEIEIEE Z Bl o MR8 1 5oy o i ah S B i
T ARFEKST (1,450 K 1,900 nm) ~ A EEY) (1,450 K 1,930 nm) B AE (1,170 ~ 1,780 & 2,275 nm) HF &K<
FHERER T HLE/KE K ERRE 2R SR (P <0.01) » JRATARE T A EEAVE R o B RER(LEY
M S ZESEHEAC S H T ACSRAEAEMEE > RIS E vis-NIR Sl A 2 I H BNV R PSS (g o R TTERE S
BRI FCETEERY vis-NIR SRS & B es 22 5 EBL - B AAE I ERlr - Amn RS R ERCE K E
BB -

RS - BEEE ~ MEAEML ~ JRAVE -~ Al EOH] -

4

ARGV AR BALE - Br THEE 20 - BB HISE S KBRS (FEAIER: - 280 - A2EEFT &R IR
JFHG R SRR ELS 50 1E R R BR SR I B B E IR P B S A RS S M A e AR F RS IR ROKSH,
WA A HAE A YRR (Huang e al., 2017) - HEACLE—(E B EYITE R Frie R EPR S L E1E - IERS R AE
AYBRAE R BRI E AL - Mm@ R P AR EVREMIE S - HER S bR 2 SRR - 1hoh - i
HEALPE TR e (EHESE 2 /Koy & BV N > AT m] AR P (VR 2 5 5 A2 e N B IR 2R AR VAR > [RIREIRD T
MBI 2 BB BIGTE (Ashworth er al., 2020) - [NIE > HERC(LEEER G R A2 HE BB B R R LR SRS 2
— (Azim ez al., 2018) © [ T HEREALEEHE 2 8 AR EEEIRINEEAE B BDRIER > DL 70°C DL LS i FF iz 30 778 » DL
EROEIRIRZ Y > DB E IS - FIa0FBI#EE I DR (G H 4Rk 5-08) IR R s bl 4 s B EE

|

HHENEAE RS - LB RAEVHE 2 SraR0 > HETEEEa Rk - Bl - K0as - BEORE -

H - &L ~ EZEE (electrical conductivity, EC) Jzffi T-3 £ 2% (Wu ef al., 2000; Bernal et al., 2009) - #X[fj » {22
KAV BT E S i o SEEER - BERORE RoK 7 AREEHEIES, BT ieix A N B &S - B AR 2 LR
B H R BN EEAVEE AR EMEERSLESEE R RIEME AR - k2T o/ —T4l/Mess
72 (visible and near infrared spectroscopy, vis-NIR) #7 ## 5 & 7] B YER ES (350 — 700 nm) ATl AMERES (700 — 2,500
nm) > FIERE R [EAEE D B RERSRY O-H ~ C-H ~ C=0 J& N-H %573+ IRENFR ZE 4= HYREFEHEZE (energy level transition)

() R EE ST F 26 2824 55 -
(2) BT EEERE (L A4 -

(3) BRI PR TR 4 -

(4) B EE SR FTERHEYAE -

(5) #EN/EE > E-mail: zyhseu@ntu.edu.tw ©
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ZHEEE  (FEFEVERLATEENELT (G #H0RS ) - ATATEETS T 8 M - i M s T ik
HER S E S THS L RIEPVER IR I B A 3 RB ) 2 B A (L2 E M )7 % (Cruz-Conesa et al., 2022) -
Ueno et al. (2008) Z53R 4B ATHEE KELE 2,303 nm AYRFEIER YR 2IREEZE (r=-0.79; P < 0.01) AYEAHRH ; Vergnoux
et al. (2009) IR » T 2ERE/K 5 R R EEHEBEIF MMV I > HoK o & EBAFR/K I T RHEIERT 1,450 nm & 1,900
nm Z IR B EEEHE B R R A DM 28 NZ 5 Rueda er al.(2023) 5 RSB ARLHE B HYRUIEHE - FIEAAel5
AT AR AR A I L &P 2,200 nm HYFFIER UL EH 2.0 T2 0.4 — 0.8 - HEEZHEAVERS » B5
WAL &G Y o Ry — R AL FoK oy o RIAVIRFTEIEUR - vis-NIR SEREEE o] i HERE sz R e 1%
Yok 2 Bb 2 BE -

TR ~ #EA 5 H BN 2SI 2R AR R HIR i » Rl T ek S s AR, f1 TERRIE
R P S 2R B AR | R TT 1A » R BB AR Y 7k 48 58 e P (R IR SOy EE 2R - NI > AR =S
AN [EIHERESS 2 A [E] R R R AR R A AV AE 2 8 K vis-NIR SR E R > 578 ¢ (1) @I EM LA FE S 25
vis-NIR JEEERHE 5 (2) B HEREYTE R A L2 M E R R e BN 5 (3) A 238 v FH A B 3 R B F R PR U7 /A
FETERZES ©

MR T A

B Sl Y4zl
TR H 2B T EACS (A ~ B~ C~ D & E #EHEHEACE ) 3 51 (MR > HPaa4#e
(n = 4) ~ IRNIFEFEA YA AL LR EEER (n = 42) SAZR RIS (n = 5) - FrARGmER 7 AEHEHE (n = 4)
ZIh > EEH 60% MFEFE K 40% BEihE ~ R EE R TR SRR Z SRR - FTiiiE Z A 0 AR ~ T
PR A PR H B 0.425 mm 2 ER4EIBERHIATREE - DI ERREME 1 -
L B E AT
R 2 K B R R SRR BB R A TR B B AE T REOH] - JK > & B LUK 3 B8 (M-7008, RiXEN, New
Taipei City, Taiwan) Z££§t (15 em) 58472 AZEFAREMN]  ERIRELL | L BBE CILEREE 200 g #EEA » A%
H 30 sr8ET% 0 DIE R MG (AR8S500, Smart Sensor, Guangdong Province, China) &Ml - G528 & IS > BAL is
TERE (ppm) - ARIELL N EHE R B BRE (mg/m?)

BRI T =
BERE (mg/m’) = BBRURE —
HERY (mg/m’) = FEFURAE (ppm) X (S R ) (=—)

KR T = 17 g/mole
R EER 25°C 0 298.15K
1 atm NEAREAG E S E 0 0.082
2 pH {E f EC H3 B2 5 SRR IR E (2020) A& Z ALRHRER /775 —AFS2904-1 B2 AFS2905-1 > LA
g e (KT8 < 0.45 mm ) MIEEET/KELL 2 10 (whv) EEBLRE » Bo B8 i R LT AR © BE
(total nitrogen, TN) & 825 IEH EAEZE N & Z AURMREE T775—AFS1110-1 - DUKE;EE — BRAUHREE 3 70 i - 75
IR B &2 (Kjeldahl method) 7E & ( EREILEKESE > 2020 ) - 485140 (total organic carbon, TOC) & &2 |
PR LA 48 2N 25 77 7E —TSO 10694 : 1995 » DIZARR /34T (multi N/C 21008, Analytik Jena, Jena, Germany) 7E &
(International Organization for Standardization, 1995) - F#ltMEERIEEEIEMEE NS T AREE S B BREED
ITRVEBIERE ) - B EEmET - REREER - AHEREE N 10% (EIERRAEE » 2020) -
L. vis-NIR SEFEEHBR I KRl
AEEJERZ B > AR e R R RS » FHEURER 9.5 em » [E[E 2 om ZHFERFENL » DIECRER
[EfEg— » FLL NaturaSpec™ Portable Spectroradiometer (Spectral Evolution, MA, USA) [N #5542 YEJ5 (tungsten
halogen light source) 7 #f#T£ET (contact probe) HHEALEHEmMFRH » UTEE 350 — 2,500 nm HYSZRHEEEER} - I
Gh o B EORKHIRE Bt 2R M N E M - FTA TR B A =0 1207 = E 78 vis-NIR 287 R &Rl
i o
ATHFEFE R EEE AR 350 — 1,000 nm ( vis-NIR JZES ) { FIH 5 —HiAGE% (silicon photodiode array)
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A EIHEREAE H $s #E 3 n] RATA MO R S A B MR

EDHIZE > 72 1,000 — 2,500 nm ( NIR 57 E ) s A AR (L 8 #% — i fE (InGaAs photodiode) /& (EHIZS « Y&k 2 (58]
FEAFTEERA 350 — 700 nm ~ 701 — 1,500 nm J% 1,501 — 2,100 nm 43505 2.7 ~ 5.5 F 5.8 nm » [fij G400 A E i
FrrEHT A 1 nm o A0 > FARESSHTRT - FIFH B R (NaturaSpec™ White Reflectance Plate P/N STDWP-0505,
Spectral Evolution, MA, USA) #1725 A 1E » HEMNE 20 [EEAEIE R #ET2E ARIE » HRENRNEEZRS
JTINFR 2% o

FiT A BESE R o 2 Yl 8 B DL R studio version 4.1.0 5 ‘prospectr’ FTEL & 0T el EL > fRIE Y20 BRAETTRIE
H o DAY EDEEERHE (R Core Team, 2024) @ (1) = HEECEE A RICETE  (2) BEEEE - EIRE 404 —
2,451 nm 7 EFIE - DUMRIESGIE (edge effect) 5 (3) fE%E R AESESEIHA (standard normal variate transformation,
SNV) » DIRSTEAHUH -

Geat ot

DU B AR AHRBA (R 53 M7 (Pearson’s correlation coefficient) & € ZESL AV EIME K &K SNV R HR I AR & S 525
Z FEIRARERA (5 - HEEEKEFRE AT © * P<0.05 ~ ** P<0.01 & ***P<0.001 - Fb4h > fy TEEIIEEEYIL

535347 (principal component analysis, PCA) Ft{L 11U S IATc T RS R HLERAE SLRE GBS 2 BN « DI b
455t 57 M7 E5 R I R studio version 4.1.0 #{T (R Core Team, 2024) -

R

HEF LY EMEE

AU EEHEAE LR 0 — 88 RN FHIREFE BT ALAR & > H /Ko &8 M ERRELUER: (wet matter
basis) JHIE > il pH ~ EC {# ~ TOC & & K TN & & HIDAEZES (dry matter basis) 7347 (£ 1)  FiAEMZ KT EE
A 129 — 46.7% » MEFRERIH 1.46 — 69.4 mg/m’ « S N EIHEANES 2 B HT/K 7 R @ RIERE - BEE e
BEREY I T BURHEINEAVEREES o (FEE Rz H 2RSS (Bernal ef al., 2009) - fE4h > ZEZH
Bein pH EREREME 2 g tE (pH 5.1 — 9.5) > HEEZHEE RBUN I > HEAL pH (B & HIRJE TR EA0vEEEs (&
1) e baft pH EVEAE > RPN EERE NI AWER e AR - HE0R MRS - ik > H
5o A E WA YR 2 S L& YRVEE L - (F pH B0 7 > B2 3@ E ittt iy & EE &
2 AT pH ESLENTEE (Azim er al, 2018 5 £ 1) - 55— J7[H » Fianiy EC {H ~ TOC & &M TN & S
s ARSI 2.6 — 15.6 dS/m ~ 16.4 — 94.9% 1 1.03 — 8.22% (£ 1) - HENA/KSESE - KRS K pH E >
P 7 AR B oy B LR AP ss &2 - (R - MEE RS 2 EC {H ~ TOC & &M TN S8 S EE
B o BEA o T L AORME B B R 2 RN AR B-1-6 ~ C-1-6 ~ C-2-6 ~ C-3-9 ~ D-2-5 J¢ D-3-7 &
RS HE B R B R A A-1-5 ZEFDRIAE . C/N EE (C/N ratio) £5 6 — 16 (£ 1) @ A ZHWIFR TRV E
H5E @307 HERE C/N < 20 fZ=4E (Bernal ef al., 2009; Antil et al., 2014; Azim et al., 2018) -

® 1 R ZHEERE R EME (n=51)

Table 1. Composting time and physiochemical properties of chicken manure samples (n = 51)

Sample Composting time Moisture® NH;* pH" EC* TOC™ TN™ C/N*
Day % mg/m’ dS/m % %
A-1-1 0 45.1 13.9 9.2 3.63 272 3.83 7.1
A-1-2 1 44.6 18.5 9.3 538 269 424 6.3
A-1-3 2 15.4 8.5 9.1 4.60 303 3.85 7.9
A-1-4 High temperature drying preprocessed 14.4 14.8 8.9 523 333 4.92 6.8
A-1-5 Granulated manure product 12.9 1.5 8.1 513 26.1 4.34 6.0
B-1-1 0 46.7 69.4 8.8 720 227 221 10.3
B-1-2 10 433 16.6 8.8 566 413 1.72 24.0
B-1-3 20 458 14.7 7.6 793 279 1.58 17.7
B-1-4 30 442 51.6 7.9 727 271 1.67 16.2

B-1-5 40 41.1 16.4 8.4 7.02 238 1.86 12.8
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F 1 HFERSLZHEERERYEEE =51 (4§)

Table 1. Composting time and physiochemical properties of chicken manure samples (n = 51) (continued)

Sample Composting time Moisturea NH,® pH® EC™ TOC™ TN™ C/N*
Day % mg/m’ dS/m % %
B-1-6 High temperature drying preprocessed 452 3.9 8.0 492 352 2.62 13.4
C-1-1 3 45.7 4.7 64 1097 375 5.78 6.5
C-1-2 7 40.5 2.4 6.3 11.97  32.1 5.92 5.4
C-1-3 14 35.1 2.4 6.5 1243 30.2 6.35 4.8
C-1-4 21 37.6 4.2 6.3 14.26 31.3 5.83 5.4
C-1-5 28 41.2 2.4 5.4 12.34 38.7 5.12 7.6
C-1-6 > 28 32.5 2.4 5.2 13.68 36.5 5.01 7.3
C-2-1 9 43.1 4.2 6.5 13.73 32.8 3.77 8.7
C-2-2 17 34.2 2.8 6.1 13.87  35.0 4.07 8.6
C-2-3 34 46.3 3.0 6.0 1556 344 4.04 8.5
C-2-4 48 442 1.7 5.1 13.68 41.6 2.77 15.0
C-2-5 60 43.7 2.6 52 1530 326 5.33 6.1
C-2-6 > 60 40.4 3.3 56 1393 949 8.22 11.5
C-3-1 0 41.8 5.9 6.9 793 346 6.96 5.0
C-3-2 14 335 5.0 6.7 942  36.1 6.14 59
C-3-3 28 383 6.0 6.7 9.00 335 5.45 6.2
C-34 40 45.2 9.5 6.5 12.64  32.1 3.47 9.3
C-3-5 52 453 9.1 6.3 14.04 327 3.36 9.7
C-3-6 64 441 35.2 7.5 12.51 30.9 5.61 5.5
C-3-7 76 43.7 45.2 7.7 13.12 30.4 2.72 11.2
C-3-8 88 41.6 37.1 7.6 10.58 31.1 2.45 12.7
C-3-9 > 88 16.5 10.1 6.3 14.03 28.0 2.99 9.4
D-1-1* 1 43.8 4.3 6.6 2.55 36.6 1.03 35.5
D-2-1 7 46.0 69.4 7.8 7.65 29.1 2.22 13.1
D-2-2 11 459 69.4 7.5 7.79 259 2.44 10.6
D-2-3 20 43.7 69.4 8.0 7.55 27.6 2.35 11.7
D-2-4 27 40.6 15.9 7.8 7.09 247 2.66 9.3
D-2-5 >27 43.8 13.1 9.5 3.81 283 1.73 16.3
D-3-1 3 46.2 69.4 7.8 635  34.1 3.58 9.5
D-3-2 8 45.2 69.4 8.1 648 313 2.68 11.7
D-3-3 15 45.7 69.4 8.2 6.38  38.7 3.75 10.3
D-3-4 22 45.1 69.4 8.3 400 164 2.94 5.6
D-3-5 29 45.8 69.4 8.9 455 327 2.44 134
D-3-6 36 45.9 69.4 9.3 6.19 226 1.78 12.7
D-3-7 > 36 44.8 11.2 8.0 772 21.8 1.54 14.2
E-1-1 0 44.3 2.4 7.1 4.81 32.6 3.26 10.0
E-1-2 7 44.5 6.0 6.9 6.06 31.2 4.08 7.6
E-1-3 14 43.0 2.4 7.1 6.58 314 2.84 11.1
E-1-4 21 443 1.7 6.5 557 440 3.80 11.6
E-1-5 28 439 3.2 6.6 654 324 3.64 8.9
E-1-6 35 41.9 1.5 6.9 6.15 378 3.88 9.7

" Mixed with rice husk.

* wet matter basis.

® dry matter basis.

¢ electrical conductivity.

¢ total organic carbon.

¢ total nitrogen.

" total organic carbon/ total nitrogen.
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#r3E vis-NIR sS4

HE$ 2 vis-NIR S5 LIAE SNV iR LY S 5T R 2 E 1> WP FIFH SNV g H 1% 51 5% 78 55 1) 2 Fr 8l
BARBAREDE RAVRH ISP E 2 B AR 1157 FFI=4H : (1) 1,170 nm ~ 1,780 nm } 2,275 nm ; (2) 1,450 nm
& 1,900 nm ;5 (3) 1,450 nm K7 1,930 nm « 5—4F 1,170 nm f% 1,780 nm FEAF IR » 43R5k Ak d C-H 1Y
5B ] EE— 544 (overtone) > [fij 2,275 nm RIS RERAIE(E &) C-H 55— fEAEAVEH I - = ()N & B B g s h4d
TEE Al 'S (Weyer, 1985; Viscarra Rossel and Behrens, 2010) » 55 —4HA7 7 1,450 nm YR EH /K 2y
O-H 55 — f& S Fr 5= Bk > 1,900 nm HY 87 18 5K 5 7K 53 - O-H {1 4 (stretching) B2 H-O-H & ff (bending) iy & 41
(combination) > [ R = R BHBAAYIR e » Bk HEADAE S P E A 40% Y 7KE (= 15 [8 15 Vergnoux et
al., 2009) - 55 =41 7R EES T AHART - R o IRIREEE(L &Y E — fSEEREALTY 1,450 nm > [fi7E 1,930 nm
B2 BT R 6 Al B b &%) N-H {di4EEL H-N-H & ity & 45 (Weyer, 1985) » BUREEG T 2 EL&WNITF
1 -

AHHFFE TS B 0 B SR 2 IR U B2 B NIR (& EY > HATUROY B RE AL A M b i TE R B A A o
AR - Bl > Koy~ SRR - TOC S EBL TN &8 ([E 1) - 280 » NIR &S 4 %2 i 5 A2 i S A 59 Sl e
4H 7% (Workman and Weyer, 2012) » 75 5 B pif i /K 3 FEL & F AL &Y 2 AR &0 BAH R ST A - #
B2 ERARA SR MR R ol ia s B AT HAR S REAEZER - AR AHRLEgE T
H o BHENERE vis-NIR Sl iR M E MEAE R - DUE— P BF A E R e RN RS i EfE

~

\

/ o

B
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HERES -

Fig. 1. Vis-NIR spectra of chicken manure composts after standard normal variate transformation (a) A poultry farm; (b) B

poultry farm; (c) C poultry farm; (d) D poultry farm; (e) E poultry farm.
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3 vis-NIR 3 F 8T L1470 B4

R AAAIR RS T - EUREREE RS & R LTI (R 2) - CEH R H R SR
FEAR AR BB LA HISE (Huang et al, 2017) - 5377 » ASATRRES pH 5858 TEARRA (r = 0.53,
P<0.001) » 2 TOC 1 TN HIZHLHEE £ (P < 0.05) - HASTR NI SN - ERILIIE B
5 » EINS AT M 5 R 20 — LT RO MR pH I - T Sl LTI S TOC [ - 2477 - B L1
FIFEE HORBRT | S0 pH L7 FNFISRARE R - TN TN B ARSI (Azim et al., 2018) -

T2 HHEVMEME AL SNV FIRREIR 2R B R AR S AR K7 B ARAERR (A3 (r) (n = 51)

Table 2. Pearson’s correlation coefficient (r) for selected chicken manure properties and the reflectance after SNV

preprocess of selected wavelengths (n = 51)

Moisture*  NH,* pH® EC*  TOC™ TN™ 1,170 1,450 1,780 1,900 1,930 2275

nm nm nm nm nm nm
Moisture”
NH; 0.32%
pH" -0.01 0.53%**
EC™ -0.04 -0.30%  -0.74%x*

TOC™ 0.01 -0.30%  -0.44%*%  0.28%

TN™ -0.27 -0.43%%  -0.49%%*  (.46%**  (.S5]***
1,170 nm  0.02 -0.46%** -0.17 -0.30%* 0.07 0.15
1,450 nm  -0.37** -0.50*** -0.15 -0.14 0.05 0.20 0.79%**

1,780 nm  -0.15 -0.45%** -0.09 -0.30%* 0.05 0.04 0.89%** (.95%**

1,900 nm -0.44** -0.48*** -0.12 -0.12 0.02 0.22 0.74%** (.99*** (.9]***

1,930 nm  -0.46*** -0.47%** -0.11 -0.11 0.01 0.22 0.71%** (.98*** (.88*** 1.00%**

2,275 nm -0.21 -0.43*%*  -0.03 -0.30* 0.00 0.03 0.84%** (.97*** (.99%** (.94*** (. 93%**

* wet matter basis.

® dry matter basis.

¢ electrical conductivity.
¢ total organic carbon.

¢ total nitrogen.

IV.

FHAAHTFEAY vis-NIR HEEE R AR FER RV AR 28 - Kt - TR EMEFEK 1Y 1,900 nm ~ ({32
B LG 1,930 nm > DR [SI0S 20 R R AH 53¢ 7 I ERBRAY 1,450 nm 7 £ SN SRBHZE S /K 77 & 2 F 2 R
& 2B EAER (P < 0.01; 3% 2) o BLARET4E SR IT SR Frf 210 2 s A B 2 B A RAE » B B LA AE R T (58
HHEK S EEE - BLERATS B R RESE - GEEKRYER - S5—HH - FEREAEER 1,170 -
1,780 Kz 2,275 nm [ZET3HAEL TOC 2EZEMHRE - HI R EHEE D RERIEIN TR (£ 2)  BEREEHEK
HEREAL KRB E B RRER S » 85 R A R E R R R B AL E M #E - WA KRR S ERE NS
TE'E (Antil et al., 2014) -

B~ vis-NIR R RS2 BHI:

PSR E BRI AR - DIEHE H 2 @ G N B HAVGE SRR (Wu e al, 2000) < (R > AT
FEFIFH PCA S/ B 2588 vis-NIR i MRS A Bi% - Wike EACBEEIE R EE (eigenvalue) KA 1 HY =1
F ko Y E & (loading) HI[EE 3 -

PC1H]fiEFE 50.06% WY RS > ME/KE - fRRBEHREUVK DT - BELEY RARER vis-NIR 7 £ &
SR T R o LR S 91 + 7K 5 LR ORI RS 53 1 L 4 IE 581 B (eigenvector
2) » FEEEEH vis-NIR Jf7 & 7] LM BB 2L - 55— 71 » PC2 IfRRE 23.02% HYE R & » H» pHEAVE
{6 & f51E{E » 1M EC {H ~ TOC & & K& TN &8/ E(E - FEIUIEEAE /8 2 80E A AR E ST IEAE R M
SIS SRV S AERE (P<0.01; 2 2) -
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3. HEH VMBS R AR RSB AT 7 E R R SR PCA 455, (n=51)
Table 3. Results of PCA for selected chicken manure properties and the reflectance after standard normal variate
transformation of selected wavelengths (n = 51)

PCl1 PC2 PC3
Moisture® -0.15 0.08 -0.80
NH;* -0.24 0.31 -0.01
pH® -0.08 0.50 0.22
EC"™ -0.06 -0.51 0.06
TOC™ 0.04 -0.38 -0.25
TN™ 0.10 -0.45 0.13
1,170 nm 0.35 0.07 -0.36
1,450 nm 0.40 0.03 0.04
1,780 nm 0.39 0.12 -0.19
1,900 nm 0.40 0.03 0.13
1,930 nm 0.39 0.03 0.16
2,275 nm 0.39 0.13 -0.10
Eigenvalue 6.01 2.76 1.19
% of variation 50.06 23.02 9.92
% of accumulative variation 50.06 73.08 83.00
* wet matter basis.
® dry matter basis.
¢ electrical conductivity.
¢ total organic carbon.
¢ total nitrogen.
1.0 :
0.5 ® E @® Moisture
i @ NH3
' pll
< ® A iC
S L : * B 10C
N 0.0 frmmmmm el ., B N
e ) € 1,170nm
E ' €9 1.450nm
i A 1,780 nm
i 1,900 nm
-0.5 ! ® 1.930nm
i n ® 2275nm
! [ |
A
-1.0 ; : '
-1.0 -0.5 0.0 0.5 1.0

PC1 (50.1%)

2. PCA Z&filE (n=51) - NH; : &RIRE ¢ BC © @4 5 TOC : AN : TN : HESHE -
Fig. 2. The loading plot of the PCA results (n = 51). NH;: ammonia concentration; EC: electrical conductivity; TOC: total
organic carbon; TN: total nitrogen.

£ L PC1 flI PC2 25 37 48 B4 6 J36 # P 1 o ([ 3) > A-1-5 ~ B-1-5 ~ C-1-6 ~ C-2-6 ~ C-3-9 » D-2-4 ~ D-2-5 ~
D-3-7 ~ E-1-5 J¢ E-1-6 FEHEE RBERAVHEREME LRI FM AL S — KB IURIR - BRE HEAREHIR
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BRITHERM7K S E B R ERIEE (Ueno ef al., 2008; Vergnoux ef al., 2009; Rueda ef al., 2023) - ft4f > A~ B~ D K
E S DU{EHEAD S0 HEAD AR SR i HACR /7 BB > B B AN pH {H (pH 6.5 — 9.5) » A AT E
FEEHEIVE— KBS 2K E CHEESGHIHERAZ R F pH (HHSEYK (pH 5.1 — 7.7) » MEFRE = REF
SR (F 1 E3) - RS EAES > #ERZH pH{E ~ EC{H - TOC &8 TN & 2SS S KB
EFARHAE(L - H55 2 PN & SOV RE S AH B () B HE IR LR P2 28 (Antil et al., 2014) » [RIFEAE ST
PRGNS HEE 2 RS - fR92 PCA S5 REURHVE A B8R L0 B I BR4S Al - PC1 AAFRHEEE A
[ > 1 PC2 AISTRHEAEACIR (& 2 ~ 3 ) » H W8 vis-NIR SEEl RAHE M EG L E 28 7] IARE TR E
R 2 FE . -
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Fig. 3. The score plot of the PCA results (n =51).
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Abstract

Composting is able to eliminate the potential damage on the crops, the environmental quality, and the public health
concern caused by the application of raw chicken manures as fertilizers in fields by reducing their moisture content and
ammonia concentration as well as stabilizing their organic matters. However, the maturity assessment relies on multiple
physical, chemical, and biological laboratory analyses which are insufficient to provide a rapid and objective evaluation of
manure maturity. In comparison, visible and near infrared spectroscopy (vis-NIR) can provide the real-time characterization
of chicken manure by measuring the specific molecular vibrations in its functional groups, and is thus regarded as a
potential scheme for assessing compost maturity. In terms of that, this study collected the vis-NIR spectra and compost
quality parameters from chicken manures with diverse maturities and granular fertilizers from five chicken farms, in order
to clarify the relationships between their spectral features and compost properties. Both Pearson’s correlation analysis and
principal component analysis results indicated that the reflectance from wavelengths representing water (1,450 nm and 1,900
nm), amines (1,450 nm and 1,930 nm), and organic matters (1,170 nm, 1,780 nm, and 2,275 nm) in the manures not only
significantly and negatively correlated with their moisture content and ammonia concentration (P < 0.01), but efficiently
grouped the chicken manures according to their composting days, or says the maturity. This study evidenced that, comparing
to the chicken manures properties depending on the wet chemical analyses in the laboratory and self-reporting from chicken
farms, vis-NIR spectroscopy could provide reliable evaluation standards for evaluating compost maturity. Additionally, in the
future, by applying the wavelength selected by this study in the machine learning algorithm, a maturity screen strategy can be
developed for the chicken manure composts, in order to improve their source control and further achieve the sustainability of

animal husbandry.
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Table 1. The composition of the experimental basal diets

Ingredients (%) Days of age
1 —10 11 — 24 25 — 35

Corn, yellow 52.33 55.28 58.34
Soybean meal, CP 44% 35.50 33.00 30.00
Fish meal, CP 65% 5.00 4.00 3.00
Soybean oil 3.6 4.40 5.60
Limestone, pulverized 1.10 1.05 1.00
Dicalcium phosphate 1.25 1.14 1.05
Vitamin -mineral premix” 0.4 0.4 0.4
Lysine, 65% 0.2 0.15 0.06
DL-Methionine, 99% 0.27 0.22 0.20
Choline chloride, 50% 0.05 0.05 0.05
lodized salt 0.3 0.3 0.3
Total 100.0 100.0 100.0
Calculated Value S .............................................................................................................................................

Crude protein, % 22.32 20.67 18.77

ME, kcal/kg 3,726 4,005 3,917

* Supplied per kg of diet :Vitamin A, 10,000 IU; vitamin D5, 1,000 1U; vitamin E, 25 IU; vitamin K, 3 mg; thiamin, 3 mg;
riboflavin, 5 mg; pyridoxine, 3 mg; vitamin B,,, 0.03 mg; Ca-pantothenate, 10 mg; niacin, 50 mg; biotin, 0.1 mg; and folic
acid, 3 mg; Mn, 60 mg (MnSO,H,0); Zn, 60 mg (ZnO); Cu, 5 mg (Cu,SO, * 5H,0); Fe, 70 mg (FeSO, « 7H,0); Se, 0.1
mg (Na,Se0,); and I, 0.45 mg.

1L faflvE B 8574
() B IR 5 5E CODIS R EEUHE R 55 £ 47 (https://codis.cwa.gov.tw) W5 Kz 5347 2020 2 2021 FF 25
bl & 2 sl e PRI nE R R S 40 8% (GHE B2N890 ) (4% 45 & MR 120.3364°E, 23.0590°N ) « 1 H % 12
I S £ 38 562 ¥ 5 9 (temperature-humidity index, THI) B 1 H {57 62.01 £ 2.45 (5% » B2 4545 15 727
77 80.86 £ 0.44 =1 > ZIRFFE TRE (WE 1) 1 22 APERE R 1791 1.4°C > SFIGHEERE & 805 &
4.8 % Y THI 63.5 £ 22 AARHEBER ZHZE - 6 £ 8 HFHE £ 28.0 £ 0.8°C » SEPIHEIRE &
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Fig. 1. Changes of temperature, relative humidity (RH), and THI value from January to December 2020 and 2021.

(i) ECsRtll o ARESIREDR  JRE K THIH - #ETHET T -
THI = (1.8 x AT + 32) — [(0.55 — 0.0055 x RH) x (1.8 x AT — 26)]
AT = air temperature (°C); RH = relative humidity (%) (Habeeb ef al., 2018) -

(i) FPERRSITRE  EERNIHE2 A BEFR 62 TH BEMNE R FREI0RKTF2E &
AP S EE SR G AR BRI 1 oy s A RE SRS IR 2 2 » AT PR BN IR AE  AR ANB F e B SR R
R AUENEY > GRS HEEEEN #E 8RS H W E SRR ( LT ) RIN4Em S
It RESER AL SR Ry N EE 392 2 - REEE 384 & 0 BARHA AN HE 300 &~ LREE 299 £ o g AR ED
LBk EE S NIREDREBIE SR - NSRRI SO E I TS SRR RO 5 A -
2 (EIFEE > &t 10 TEREEMN > ML 20 SIRBOREEACE -

(v) HSEE 7 35 RelBBIHAE g TR E - MALREDHE - EEREEERNE SR R/ 7 39 & - K1 38
E RN IE - MHE29E -

(v) MIREE: &R 2R ek 2 5 R RHOR BB B A T e B ) B e £ 17 & I 4 B 51 85 (complete blood count,
CBC) » &ML (pack cell volume) ~ 4L[fEk (red blood cell, RBC) ~ 42 (hemoglobin, Hb) ~ 4T [MERZSFE
(mean corpuscular volume, MCV) ~ 41 [ EK[M4] Z & & (mean cell hemoglobin, MCH) ~ 4[ [N EKM4L Z 2 (mean
corpuscular hemoglobin concentration, MCHC) ~ [H[fEE (white blood cell, WBC) ~ FLIEEEL (heterophils) ~ JHfEEL
(lymphocytes) ~ BEFZEK (monocytes) ~ FEREEER (eosinphils) ~ EE[g4ER (basophils) ~ [f/)MK (platelet, PLT) Kz
@ 2R (fibrinogen) o JHEEIESTERMUIKE2RER 2 FEE K By /N3 30 & ~ BRFE 29 & ERANHE 27 & - B13f
29 & .

o) MORAABME @ 72 35 Hilk - Bt & AR 15 €& > 3R 3 mL > I ASHFZEIUsNE (BD
Vacutainer® Lithium Heparin) » 8% 3% ( 3,000 rpm » 10 min » 4°C ) _Ff@ 4 2 EFE Embupr i A
EheEpPmE T IR A ERN o MR AEALENE 22 [@HE - B RFIHR LTS (aspartate aminotransferase,
AST) ~ NH# B0 (alanine aminotransferase, ALT) ~ ik E& 1 (alkaline phosphatase, ALP) ~ 4475 /5 (total
protein, TP) ~ |4 & [ (albumin, Alb) - Bk & [ (globulin, Glb) ~ & [ BKE HEL{E (A/G) ~ 48 JE4] £ (total
bilirubin, TBIL) ~ /g Z 4% (blood urea nitrogen, BUN) ~HJLEZT (creatinine, Cre) ~ [fif# (glucose, Glu) ~ [l $ (sodium,
Na) ~ [M#F (potassium, K) ~ [ (uric acid, UA) ~ =B& H g (triglyceride, TG) ~ 42 [E i (total cholesterol,
TC) ~ AILIE 40 (creatine kinase, CK) ~ 5 (calcium, Ca) ~ & (phosphate, P) ~ [EfE 7B 2 (glucocorticoid) ~ f7%
FREH A (immunoglobulin A, Ig A) ~ BRI [ G (immunoglobulin G, Ig G) - HHEE 7S 2 ~ e EkEH
A~ IEERE N G ([ pEFEE4H (Shanghai Coon Koon Biotech Co., Ltd., China) chicken glucocorticoid (GC) ~
chicken immunoglobulin A (Ig A) K chicken immunoglobulin G (Ig G) ELISA kit #E{ Tl 245 & e ik [ 3 e
& o RRBEGET - FIETEAIMRAE L ERNZ 2 » AFEBIRRHEE T 30 & -

1L &eEtor
ST EUEE R - A SAS E4EHUG (SAS, 2014) » DL— 4R M IEUREFF (general linear model procedure,
GLM) #1785 55747 » FFLAIG LA Student-Newman-Keuls’test (SNK test) - [hii 7= FEEE M (P < 0.05) > #iELIgE
*SD For o
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o AFHEAE - RE - THI DR A RNEMTERCRE « WP RRD RS ESE R » 158 2 FR - AR5
GRFR  BBEORENRES(CHAONBNAEMEENEREEEAFEZZE  Fil2ERE  EENAE
(31.50 £ 2.29°C) BLJRFE (73.65 + 7.78%) B = AR ZR B (25.05 + 2.59°C) IR (54.10 £ 11.02%) (P < 0.05) »
H THI (Temperature-Humidity Index) $5&7RAEZTR T 84.10 + 2.29 FAZE S AR IR 72.24 + 3.44 (P < 0.05) » £
TRENRERIG I (] AR AR AR UK Y AR BRBR T o (3 PAEEAE R [FIZRERAO M A R St B B 72 52 > BRI R
[& (41.77 £ 0.69°C) BiZ S 5= (41.36 £ 0.58°C) (P < 0.05) » JHFAWER M K ER S #0R - & REDORE
FFEE - FE R T SRETRE A ECEY - BRI E S L [EASEREL Yahav er al. (2005) ST 0 E HINEEREEEN
ErREE Y HE RS S - BAE O AHIEAEREE S YR (73.65 £ 7.78 vs. 54.10 £ 11.02)
(P <0.05) » FZZHE HMITRITIR AR AR HEZE ZEHAEL (Geraert et al., 1996) < ENEENME R K AR EBIREE 47
2 EEpgBHARETE  BERORHSE (1,788 £373 g) BIZEIORZ (1,977 1277 g) » TR EIRIBE T
HIAEEHY A RZEHH] > 2 TR B EUR IR T ERHR & 2V TE > R AR S HIEEEVE AT » Gl EERDN
FELLBR/ DR324 (de Basilio er al., 2001)  Teeter and Belay (1996) H35 i » #AELA G (K5 & oy EakHES 2% » 2
HAEEMERE TR -

EEER [E MR A EEH RO S ~ FPIRAERR R 5 HERRSE - 032 3 For ARG REUR - MEREHA
R ERAV A AR AE e A RIERE A B E e RIRE T (BR ) » A HEAI LIS 8 M5 S AN AR
RIFHAT B HRENAERMEREE TR - £ PR EARENEEEARTE - SRR A I B R
J& (41.72 £ 0.69°C) BIZ =R 2R (41.33 £0.54°C) (P < 0.05) » REFERIMFERER S th S BUAH [EREES (PR © 4181 £
0.69°C ; J5iZE : 41.37 £ 0.61°C ) » {EEURIRAFT » A A AU SRETREARE - BEECRAS © LI - A%k
TR A (71.83 £ 15.83 2K/ 7348 ) BAE =052 (68.98 £ 13.84 20/ 538# ) (P < 0.05) » FHZ NPT
EDLES EURIRE o WP IE B R 28 S5 » 1B 2 —TEAE SR N LAY BV A ME S SREE (Geraert
et al., 1996) - £ 5 FMRRSE T 1H - AW EEREEREIN > HRISE (1,867 £ 204 g) FE S AR (1,650 + 295 g)
(P <0.05)  [MAFEAIEETRGE (2,083 + 298 ) MEZEAGE (1,921 395 g) Wi R HIIRAE 2R - RN EEEHIR
BE MRS B AR E TR EIPFRAERREEZRE S - M A sE R AR E N A% 2 BVEOH SR

W& HE R EERIERE - SS9 Sahin er al. (2001) FIBTE—E0 > FHFEIEL - BEO S EBREEETRHRIEN S
B > P B ARG - BB EEN S MIRE S L R AN e i A SRR R R b

(de Basilio er al, 2001) » it T HEARRERFEAE B TAL B FIAAIISIA - ABERIRHEEEBVSUOIRE T IV T2
FEHL - Ali er al. (2020) $5H1 > MBI R TR G R SERTAGEE T IOMSEHEIR T BRE  NHIEHERS
S R R B IS0 A 8 -

5~ BEHE L A AR (L R

S~ B AR (LT > 02 4 B - G RER DR AR R LBEET - IS - GBS -
AEE - AEA/BRECL - RV - EER - SRR - 8 SRS I ENEEERR RS
(P<0.05) - TIAHRZ M » SR M A ~ PRCRARARGERS - ST - SP R TS S THI B RN (P
<0.05)

HE O E A GRS E o AR RS - BESTOAE I BRES K KPS R %
Tt o BITRLANEAT TR TR BAT A -

RIS BT o BIBLE B B A R (L - SR BRI ISR BT
RSB TR - FEThAE - BREDAUSIRI R T S A B (L - FERVE > 3 VBT L BRI
GRS IR i TR BRI TR SN A B - NIRRT R — R A B (s
vy o B EAERLPLEBE DISL AR - R AURETT IS & 7 (Geraert ef al., 1996) - B\ EEE 5 &
PRI - MRS RN E - BIHAEF B - BRI RIS - BRI o T s BB R st L7t -
de Basilio er al. (2001) thi5t: » BELOE SRS  EMPSMEREEE L7 - B E NI EES
B HEAMEES / REQLEEESIRE o B TRREUER G T - S ARANERAR - AES
TSR SR EL R B S SRR K S A SR M I B (Teeter and Belay, 1996) -
TEBSUATE T > A B TR TSR LU IR - S AKS » fETTS B OaR S -
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—SERHEA MBEQRE BT - BEFR B AR TEIRRS - GHEEER M =R H AR ACEEE SRR E -
g P I e — TR S AT D RE RIS B (U AV B 25 LT T il BT 24 AR S S MRS NI 8 (Geraert et
al., 1996) o NI SRR > (LM B R AEMEEIRT K = H MBS ¥UETTS - Sahin er al. (2001) f5H1 > 1£
EURGRIET - BRI E EEBIE I - SUANTFEE R o BT 0 WK T AV - §5 BRI S
W SR BIEG N EARE P B L AR - EX S HEE SRR - BT ERIER Y EEThEE - HEARE T
G b > CHEIRIBRARAE BT TR 2 N A EIR B R B S FEAI/K 3 ¥ A B (Teeter and Belay,
1996) - b4 - BAERIHIE G R ESSHIRUCNERE - BEEHRET S - BEEAVIR T EEEEE - EAFML > 5
FH WHEMR T AYMEE - PRERREREES (ALT) ~ SHEALR P BUEAEES - MENRER B BT E EORIRIR
T REAREAEEAVERRK > fEM e EEEH £ FH (gluconeogenesis) (Yahav ef al., 2005) » fE5h - JHZFHY
ALT B{H#S > FIAe SCW I SR BRI S AT i SR A0 S PR DRIPL T R RE 5 54 U E T T ) - JEHEALZRAY
e R RN RS - SEEHIAL M BRBRAAT B )5 PRI RE R Ry B » MR A $RAE RS (b th BLERITR
FEATE - RS R R ] RE B o S A N R AR A P R K Oy SREIAYZZ AR (de Basilio et al, 2001) < HFE5H
IR T RER A E R BE S » Bl Sahin ef al. (2001) A [F - BERAYE 22— B _ERREE Ay
BRET RS - BRI E ~ SEFRFIMBEALLIMETIRE ~ DU SBER'E - BRI S E S BAEIRE
FERFRBEER T - & LIRERELNEEREHREHE K - EELNAEXHBIEHES > ItER
RIS T (4045C ) EMBT PSR ERRERE RS - & 35 Hilk 0 NEEAE 31 fl 36 CHIFAE IR
BN 7 RN o HmAE R AR A ZORAE B SR 21 CRYSIIRA - HIEEURENT S » BEEERRE
AR FERE N (Khan er al., 2023) > EAAWTZEEERARS - ZH#E—PERaTIRIA - 1550 S ik (LIt 2 PR 22
RICHIEZIEE - ERHEIE MR Rz - BERRRH 2= R - it SRS 2 R AL ERE - €
DR IR RS B o TR E AR PIE - SR B (RS A B R e R

o

T4 ORHER - BEMRAEREST

Table 4. Analysis of blood biochemical parameters of broiler in the cool and warm seasons

Parameters

Unit

Cool season

Warm season

(n = 60) (n = 60)
GLU mg/d 248 * 40° 204 +28°
BUN mg/d 2.13+1.53 247+1.17
CREA mg/dL 0.06 £ 0.09° 0.32+0.32°
UA mg/dL 5.02%1.96 462+1.21
AST U/L 236193 242+ 129
ALT U/L 13.00 £ 5.25° 7.1214.16°
TBIL mg/dL 0.10 £ 0.05 0.07 £0.04°
TP g/dL 24810.41° 2.7210.26"
ALB g/dL 1.11%0.16° 1.30£0.21°
GLO g/dL 1.37+0.28 1.42£0.18
A/G 0.83 £0.09° 0.9410.21°
TC mg/dL 109 £23° 122+17°
TG mg/dL 76.40 +24.23° 102.50 £ 33.26
Na meq/L 144 £ 4° 149 £ 2°

K meq/L 5.90 * 1.25° 5.30+0.96"
Ca mg/dL 9.29+1.54° 11.22 % 0.80°
P mg/dL 721+1.24° 7.81+1.18°
AMY U/L 5821278 583 245
Glucocorticoid ng/mL 1.48 £1.29° 0.36 £0.25°

#

GLU: glucose, BUN: blood urea nitrogen, CREA: creatinine, UA: uric acid, CPK: creatine phospho-Kinase, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, TBIL: total bilirubin, TP: total protein, ALB: Albumin, GLB: Globulin,
A/G: ALB/GLB, Alk-P: alkaline phosphatase, TC: total cholesterol, TG: triglyceride, Na: Sodium, K: Potassium, Ca:
Calcium, P: Phosphate, AMY: amylase.

" Sample size, Means 1 standard deviation.

" Means within the same row with different superscripts differ significantly (P < 0.05).
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Table 5. Analysis of blood biochemical parameters of broiler male and female in the cool and warm seasons

PRETERBER A 5 AR B E - MR b RS 2 s 2

Seasons Cool Warm
Parameters Unit Male Female Male Female
(n=30) (n=30) (n=30) (n=30)
GLU mg/d 25741 238136 204 +25 204.1+31.5
BUN mg/d 1.80+1.27 2.46£1.70 2.40%1.19 25+1.2
CREA mg/dL 0.04 £0.06 0.07£0.10 0.321£0.32 0.3210.31
UA mg/dL 525%12.17 478+ 1.70 4.63+1.34 4611.1
AST U/L 244 + 106 229179 240+ 132 2433+ 127.3
ALT U/L 13.53+5.74 12.46+4.70 7.3614.42 6.86£3.94
TBIL mg/dL 0.10£0.06 0.09 £0.03 0.06 £0.04 0.06 £0.03
TP g/dL 2.29+0.38" 2.66 +0.40° 2.68 £0.25 2.810.3
ALB g/dL 1.03+0.15° 1.18 £ 0.10° 1.26 £0.20 1.3£0.2
GLO g/dL 1.25+0.23 1.4710.30° 1.4210.19 14102
ALB/GLO 0.83+£0.07 0.82+0.10 0.9110.21 1.0+0.2
TC mg/dL 110+ 28 109+ 18 119+ 18 1246154
TG mg/dL 82.17+£23.92 70.63 +23.51 105.57 £ 36.63 99.37 +29.81
Na meq/L 14513 143t4 149 £20 14931 1.7
K meq/L 5771142 6.02£1.05 5.40£1.08 5.121£0.80
Ca mg/dL 9.0411.54 9.521+1.50 11.351+0.85 11.08£0.72
P mg/dL 7.02+1.03 7.39+1.40 8.02+1.15 7.59+1.18
AMY U/L 536 +248 627 302 576+ 150 591+316
Glucocorticoid ng/mL 1.36 £ 1.17 1.59+1.40 0.3610.22 0.3610.26

" GLU: glucose, BUN: blood urea nitrogen, CREA: creatinine, UA: Uric acid, CPK: creatine phospho-kinase, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, TBIL: total bilirubin, TP: total protein, ALB: albumin, GLB: globulin,
A/G: ALB/GLB, Alk-P:Alkaline phosphatase, TC: total cholesterol, TG: triglyceride, Na: Sodium, K: Potassium, Ca:
Calcium, P: Phosphate, AMY: amylase.

" Sample size, Means 1 standard deviation.

" Means within the same row and same season with different superscripts differ significantly (P < 0.05).
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B~ FEEER /MEERECPIE IR EE T A F 7 HBUEAERIRF RyE (P < 0.05) » MM > i i ate
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BR ~ UEBK ~ BIRZER - DR MEER R RIEER OMEEREEPIBIE SRS > FNEE R RIEERE T - FENRE R
ORISR IH S EHGRZUHOE - B IMERE H 3G I0 - 85 R B G 5 N SRR R R B — R M R 1 SR
BR ~ BEAZERRIYE i BREVIE N - RORFR & R SAE BUA RS E - SRR OHREBREEBTE — B ARV EaTE
T HLUSEREE AR NI BRI  BURFKEAERE MRS IAYHE S E (Maxwell and Robertson,
1998) - Sahin et al. (2001) it » FERAGIAIRETT - LB RIE LA GHONEE - BT 5[5 e difsgn - Sy
AT REE S ey m R R = a 5 Ay A BRI R b » M/ MRATREERE T A (IgA) (ERGRENIN - 2
Eo ST mR R R R B R B A R - WO MR B E AR S E1E RV EE R Ty - HIE I TRE R R AR E
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Table 6. Analysis of hematological parameters of broiler in the cool and warm seasons

Cool season

Warm season

Parameters Unit (n = 59) (n = 56)
PCV % 30.25+2.48° 28.18 £2.81°
RBC x 10%/uL 2.45%0.26" 2221018
Hb g/dL 11.2£0.88° 10.37£0.91°
MCV fL 124 £ 11.00 127 +7.00
MCH pg 46 £4.00 46.72%1.65
MCHC g/dL 37.12 £2.44 36.9112.03
WBC x 10°/uL 1477527 18.35+3.93°
Heterophils /uL 2,913 +1,657 6,954 3,635
Lymphocytes /uL 9,964 £ 5,678 8,619 2,879
Monocytes /uL 809 £571° 1,500 £ 1,181°
Eosinophils /uL 5451492 4371472
PLT x 10°/uL 13.46 £20.37° 26.04 £19.38°
Fibrinogen g/dL 0.27+0.19° 0.18%0.16°
H/L 0.46 £ 0.66° 1.22+2.18"
Ig G pg/mL 26.87 £ 14.75° 11.37 1 6.80°
IgA pg/mL 227 £112° 285 £ 159°

" PCV: packed cell volume, RBC: red blood cell, Hb: hemoglobin, MCV: mean corpuscular volume MCH: mean cell
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, WBC: white blood cell, PLT: Platelte, H/L: Heterophils/
Lymphocytes, Ig G: Immunoglobulin G, Ig A: Immunoglobulin A.

" Sample size, Means 1 standard deviation.

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

FIFIER E BB ST » 405 7 F » SRR AR L MR RN B PR BB A B 1o s (P < 0.09) » T
FEPMLIIRIAT % & R G SHERERRA AT (P < 0.05) - MEBMIMFE: - AMHONE
BB AT R (P < 005) AR MEIERIEH K EBFVRR AR P < 0.05)  ERE BN R
ROGRE VR B EE R AR - RS BRE (RIS AV A 1T LR RN TR R T 8
TERFHETARAIHIN » ISR (BRI AEABAERA KA (Gous and Morris, 2005) « HEEEHERRAEI
FI T A 4 5 K2 RS %7 BRI TR (Maxwell and Burns., 1985) - fEE » FEEEAVMALE » ALMIZK R
MATZKEBTETI AR ERPERRGET © BRERER(L AR - HH 8
AP » TR R % (AL B AHERF D 4 FRAVEBATIK 5 485 (Sahin et al., 2001) » iP5
BRHEAEI FOYEBEIE - B M AL IBRASR B R TS RACE » (LT A B e
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Table 7. Analysis of hematological parameters of broiler male and female in the cool and warm seasons

Seasons Cool Warm
Parameters Unit Male Female Male Female
(n=30) (n=29) (n=27) (n=29)
PCV % 30.1+£2.69 3041227 27.31+3.30° 28.98 £2.00°
RBC x 10%/uL 2.38%0.22° 2.51+0.28° 2.1510.19° 2.27%0.15°
Hb g/dL 11.1£0.97 11.2£0.78 10.07 £0.96 10.64 £0.77°
MCV fL 126.6 £9.75 121.7+11.11 126.4+7.86 127.2+5.86
MCH pg 47279 449%4.02° 46.67 * 1.64 46.75%1.68
MCHC g/dL 3729126 36.931£2.27 37.04+£2.37 36.78 £ 1.68
WBC x 10°/uL 15.58+5.25 13.92+523 18.6714.14 18.04+3.76
Heterophils /uL 3,137+ 1,533 2,680 1,773 7,238 £4,058 6,689 13,242
Lymphocytes /uL 10,622 £ 6,197 9,282 15,104 8,499 2,703 8,730 £ 3,077
Monocytes /uL 8501610 765 1534 1,277 £ 840 1,706 £ 1,411
Eosinophils /uL 389 +281° 705 £ 605" 542 £ 535 339.5 +387
PLT x 10°/uL 10.1£13.6 16.93 +25.36 28.96+24.18 23.31£13.37
Fibrinogen g/dL 0.26+0.21 0.28%0.14 0.17£0.17 0.19%0.14
H/L 0.53£0.79 0.4%0.49 1.03£0.78 1.371£2.94
Ig G pg/mL 32.52+10.71° 21.21+16.17° 1057 12.22£6.59

IgA pg/mL 206.32£92.84 24691+ 127.38 296.8 £ 188.63 274.16 £ 123.9

" PCV: packed cell volume, RBC: red blood cell, Hb: hemoglobin, MCV: mean corpuscular volume MCH: mean cell
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, WBC: white blood cell, PLT: Platelte, H/L: Heterophils/
Lymphocytes, Ig G: Immunoglobulin G, Ig A: Immunoglobulin A.

" Sample size, Means 1 standard deviation.

" Means within the same row and same season with different superscripts differ significantly (P < 0.05).
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Abstract

This study investigated the physiological parameters, blood biochemistry, and hematological changes in broilers
across different seasons to understand the impact of extreme climate on their production performance. This experiment
used 1-day-old male and female broiler chickens of the Ross 308 breed. Separately, 25 males and 25 females were used in
the cool season of 2020, 15 males and 15 females in the hot season of 2020, and 15 males and 15 females each in both the
cool and hot seasons of 2021. This comprised a total of 4 batches, summing to 140 birds. They were reared in a non-open
(or closed) chicken house for an experimental period of 35 days. The results showed significant differences in temperature,
humidity, and THI between the cool and hot seasons (P < 0.05). The cloacal temperatures of broilers during the cool and
hot seasons differ significantly as 41.36 * 0.58°C vs. 41.77 £ 0.69°C, respectively (P < 0.05). The body weight at age of 35
days during the hot season was significantly lower (1,788 £ 373 g) than that in the cool season (1,977 £ 277 g) (P < 0.05).
Blood biochemistry analysis revealed that levels of creatinine, creatine kinase, total protein, albumin, albumin/globulin ratio,
alkaline phosphatase, total cholesterol, triglycerides, sodium, calcium, and phosphorus were significantly higher in the hot
season than those in the cool season (P < 0.05). Conversely, birds grown in the cool season had higher blood glucose, alanine
aminotransferase, total bilirubin, potassium, and glucocorticoid levels than those reared under cool season compared to
the hot season (P < 0.05). Hematological analysis showed that white blood cell count, eosinophil, monocyte, basophil, and
platelets number, eosinophil/lymphocyte ratio, and immunoglobulin A levels were significantly higher in the hot season (P
< 0.05), whereas hematocrit, red blood cell count, hemoglobin, fibrinogen, and immunoglobulin G levels were significantly
higher in the cool season (P < 0.05). This study demonstrates that extreme climate has a potential impact on the health
and production performance of broiler chickens. Future management practices should be adjusted according to seasonal

variations to enhance production efficiency and health status in broilers.

Key words: Broiler, Blood biochemistry, Hematology.
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HREFEEEEEINERENER » LY Pig QTLdb Zfl e (https://www.animalgenome.org/cgi-bin/QTLdb/SS/
index) B fy563% » {IKiE 2025 4 1 H 20 HVEEUR - BRIESHA 56,615 {HEE M IRAAHE (quantitative trait locus,
QTL) &&H > HrpER A B MR (reproduction trait classes) FHEARY QTL A 7,338 il » ARSI (trait types) Fy/E
¥R (litter traits) & 577 2,628 {[E QTL - (i f45iRk Fs—+-(L%L (offspring number) £ QTL Al 1,908 {[ - fE5CHTHII# 2
BEESCHTT T - 15 S(E B E R IR B tE R R A EATEC - TS Sl & R L = 524 - 41 OPN
(E 2> 1999 ) SW373 ~ SWI1301 fz SW1514 ( B 2 > 2006 ) ; KS140 ~ KS141 ~ KS148 ~ KS168 ~ S188 ~ KS192 ~
SW61 F SW1843 (B2 » 2013 ) ; MP35 ~ SW1129 ~ SW2406 K SWI1881 ( B4 » 2014 ) = Liu et al. (2011) 5 A [
5% (Large White) NR4A1 (nuclear receptor subfamily 4, group A, member 1) ZLRZE 5 {EAN & T (intron) HY A% H s %
HEM: (single nucleotide polymorphism, SNP) (A/G) 4z {185 (total number of piglets born, TNB) FIJE{F#L (number of
piglets born alive, NBA) 45 BEZEHYFHE 1 » NRAA1 F: R 0] GE B HEINAH BE L RIAYFE IR (Liu ef al., 2011) - Kumchoo
and Mekchay (2015) 73 HTEEEHTAE LA H 44 NR4A1 B2 GNB2L1 (guanine nucleotide binding protein beta polypeptide 2
like-1) ELRIAY B RIFEE (M RAY AR RETE » 3530 NRAAT-AA RIEESR T RIFE R WIS S P MG TNB ~ NBA ~ BELE
{F8 (number of piglets weaned alive, NWA) ~ B 7, % & (litter weight at weaning, LWW) 5883 55 GG % ; GNB2LI1-

CC BIR A58 BIFE PR ) 2 AN oAt G 2R 2 H A T B (litter weight at birth) 21 57> CT B2 TT A - Pang ef al. (2019)
Z W52 2 30 ESR (estrogen receptor) ~ FSHP (follicle stimulating hormone b subunit) ~ CTNNALI (catenin alpha like 1)
Je miR-27a BLUR (5 E AT IR RE A BE - Ho o1 FSHP B A & 52 24k U % B 78 {7 8 (Scaramuzzi et al., 2011) - 5545
EXOC4 (exocyst complex component 4) EL[R ¥ A\ JHEAF Y25 FHipk B Ax ELEE 52 » Horf—({[& SNP rs81471943 (C/T)
fr A BRI intron » BAFE EZIEMEIRARRE » &8 A& 7iFE 2 EXOC4 R A% » 453 CC BUAIE SuibFE 2 NBA -
BEA A5 E (number of piglets weaned, NW) 2 LWW =~ CT B TT E[RA (He et al., 2021) ©

KiFeet ¥ FE P EUHRR 281550 NR4A1 ~ EXOC4 K FSHp - FIIFHEZE L1542 DNA BLE FEFEER} - #1THEE
P - DAL bl (Sl i 2B RS FE T B EARNE B 2 RN - S R R E EREC - el TR
BRI RSE - DUBV BE R AR EE B 200 -

M A

I FEFE RS
fcaa 8@ EE Y > U 301 TERFEMUAR T - EEENHT (Landrace, L) 54 161 - 4y &
(Yorkshire, Y) %% 123 §8 K #1: /& 52 (Duroc, D) %% 17 58 - FI| B pg 2 #% [i% 25 B & 4H (EasyPure” Genomic DNA Kit,
TransGen Biotech, China) #£{T DNA 73 EE4i(L - HERER - MREECE TIFZ% - (f DNA JRE K 50 ng/ul -
IL A EEECERE M
SERIANICHET - #E1T NR4AL ~ EXOC4 Fr FSHB ERAUFER o FrEH 2 5 FE 551505
5’-TTCCTCTGGGTCACAACG -3’ + 5’-CTCACAGAGTCAATGCCG-3’ (Liu et al., 2011) ;
5’-ACAGCCTCGGCTCAACCTTA-3’ + 5>-TGCTTTTACGAAGGGGGACA-3’ (He et al., 2021) ;
5’-CCTTTAAGACAGTCAATGGC-3’ + 5>-ACTGGTCTATTCATCCTCTC-3’ (Liu et al., 2009) -
DA E 3 FeiE AR RO A R A 73 2 PCR [ FEAH AT B By 50 ng #554f DNA ~ 0.25 mM dNTPs ~ &:{[E5[F 0.5 uM ~
| x [ZFE4EENR K 0.5 U ( BE{ir ) Taq 2247 (TaKaRa Taq™ DNA Polymerase, TaKaRa Bio Inc., Japan) » 7 JE4% B
520 uL - FIJFH PCR 2% (SureCycler 8800, Agilent, USA) #/T1E (Y DNA F E¥fiEiiE » PCR [ FERME © F—
1L > 94°C ~ 5 min ;55 B (EERRANE 35 70 » 94°C ~ 30 s » 58 (NR4AL ~ EXOC4) B 54°C (FSHB) ~ 30 s » 72°C ~
45 s 5 FEIWRER 0 72°C ~ 5 min o Hrp FSHB ERA A 1] - E#HEHL PCR ZEYHEI TR K r# - BT DNA
{E&77 A1\ (500 bp ~ 220 bp) > DL FIE R o 55 NR4AL 81 EXOC4 AR R Hil Il 75 ZKE L PCR 2 ) #E17 (Rl
fifi 2 UIEIVERT » Fivfsi FH 2 FRAIEG 23 1 B Ddel 81 Mbil (Thermo) » 7 JEAHACATR @ 10 pL PCR EY) ~ 1 x [ LR TET
&~ 10 U [RA&(EE 8K - ELERSTE & 15 ul » /£ 37°CYEMH 2.5 h 7% » HL 10 pL 17 3% ( NR4A1 ERAI3 47 )
8¢ 1.5% ( EXOC4 ELRAI 1t ) BRI AG &7k 73 i (Mupid-2plus, Advance, Japan) - B LIZ B - W DAG 7
73 (Alphalmager™, Alpha Innotech, USA) fEHVEE K #4617 - DAFITRERN AL A -

I 78 (AR AR R AL B (B BE M oA
FTUCSE AY BE B i ~ 4950 B R 08 TE B 58 BB B B Bk » 403R 1 B > 5T 301 B ~ 1,015 EER » 25

W
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55 (20232) 3T RESE B SEEC AR B4R 2 (8 2 AHRATE - FEFH SAS (Statistical Analysis System) EAGAG 2 —fik
MRS (general linear model, GLM) B/ N7 -457% (least square means) #E{ T & mmfdBlE A& (WE ~ 2 &
R ~ 2R ) B9 BBILAT » PAELEL S ALRAIRIIE (SAS, 2013) -

W S Yy A K]

Table 1. Distribution of sow breeds and parities

Number of sows

Parity Landrace Yorkshire Duroc
1 161 123 17
2 114 100 15
3 88 83 7
4 69 65 7
5 39 38 3
6 28 21 1
7 18 8 1
8 6 0 0
9 2 0 0
10 1 0 0

L

BB

NRAA 1 LR R SFA B e (- SO B 1R 20 A7

[ Liu et al. (2011) $#5] NR4A1 FERAIAYT774 » #E1T 301 BERIFERERAIAYEE R - K PCR EYHETTIRHIEG
Ddel fEF » 128 bp a3 A BHEELA 5 93 bp B 35 bp —figir (A3 B ¥HEAXA - [H 35 bp R /E—fEAVERERE
FE K E BN S SR EE K RS SRS AIE S 1 {18 128 bp (AT E Fy AA ERIRY 5 575 93 bp Bl 128 bp {5k
e by AG ZRRAY & 1 [ 93 bp ffRFF BN & 128 bp R4 #E K GG ARRAL ([ 1) - #nl&5 a2k 2 fs » Bihe
Hr (L) ~ &9 E (Y) KAETE (D) B5E AA ~ AG 2 GG ZEERINTH 57EL » (RS anfE 53 Al Fs L 29.2 ~ 50.9 ~ 19.9%
vs. Y 1 455~44.7~9.8% vs. D : 41.2 ~ 58.8 ~ 0.0% > A il G B RNAVERR S LES BB L 0.55 vs. 0.45
Y :0.68 vs. 0.32; D 1 0.71 vs. 0.29 - 3% Fe54fE GG BRI R R Rt HInTEE BV DT - (I8 112 FERR5eETE
Tl 46 {EFS TEFERVAS SREUR GG AR Ry 19.6% (E% » 2023b )  Liu er al. (2011) 7347 271 BEA H%E NR4AL
FERA o Hoo AA BERA G 46.9% - AG ZERA S 24.0% > GG FEFERBIR K 29.1% > 55 A B1 G $HEFE RS R
5 0.58 §10.41 ; Kumchoo and Mekchay (2015) 4347 273 BEA [ 5551 242 THESEH 5% NRAA1 ELAH - AA ELpRH
e TS HI By 44% vs. 69% > AG EERITE 37% vs. 28% > GG BRI 19% vs. 3% > 53 A B ELRAE R 00 S fl o3 Bl B3 0.62
vs. 0.83 > G EHERRAERARSIEST R Ky 0.38 vs. 0.17 o KRFFEH&EE RFENT A Bl G $HEARSER 7 PEEEL Liu
et al. (2011) Kz Kumchoo and Mekchay (2015) K [5G/ MHT4S5AHER » A/G ER{E T AR 2.1 vs. 1.4 vs. 1.6 5 BAMFE
Bl Kumchoo and Mekchay (2015) gEEERmITRI5E A 81 G BHERRFERILEAAR - 737005 1.3 vs. 4.9 ¢
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2. HFERIFE NRAAT BRRIBIEAR
Table 2. NR4AI1 genotype frequency of purebred sows

NR4A1 genotype percentage, % Allele frequency
Breed Number of sows
AA AG GG A G
Landrace 161 29.2 50.9 19.9 0.55 0.45
Yorkshire 123 45.5 44.7 9.8 0.68 0.32
Duroc 17 41.2 58.8 0.0 0.71 0.29
Total 301 36.5 48.8 14.6 0.61 0.39

=

12 345 67 89101112131415

- " % . L S
e ey v _._A.-_"'f e % A p—

L) s - i P =

1. L PCR-RFLP/Ddel %§ 55 NR4A1 FLRAY -
M : DNA K /NEERE  AAZLRIA] Lanes 1 ~3+-5-6~7-9~10~12~13; AGHAAI : Lanes 2~ 4~ 11 ~
15 ; GG E R : Lanes 8, 14 ©

Fig. 1. NR4A1 genotyping by PCR-RFLP/Ddel.
M: DNA size ladder; AA genotype: Lanes 1, 2, 4, 5, 6, 7, 8; AG genotype: Lanes 2, 4, 11, 15; GG genotype: Lanes 8,
14.

FH% 3 BURAL R BLAEEE P O RA T S 45 R BEERITRISE fy AG 81 GG B[RRI » FE&faRIva i+ &
HEFECIIFF B ST AA BERA (P <0.001) » ZHEFREIRATERZE 37 K 13.28 £0.22 55 ~ 13.45 £ 0.33 5
12.04 £ 0.30 55 ; F5LUEE 2 Ba 2 R ERA R AVAEZE (FRURELES - [FIEH AG 81 GG B RAIRFE ~ SEE (F R IR T B
B AA EREL (P < 0.001) 44 TEUKFE B 14.04 £ 0.26 T8 ~ 13.83 + 0.38 TE & 11.94 + 0.36 T8 » FHILHESR G ¥
TR EFEN S  BAE A BHEER - BIELTTE RSN > AG EEEITE 2 ERERRIVEET
B S GG B[R (P <0.05) « Liu e al. (2011) 734 R AFEELEER &R £ (DIV) £}5E NRAAT FLRAVBAFE (T
FOEIRAERAME: - SET TSR IR e - EEREra A& (DIV) 854 - AG ERAILE GG AR %4 7
1.805 GEH{FFE (P < 0.05) - fEXHFEFTARGKF » GG EFAILL AA BERAIGZ 5 0.877 BETF5E - HUEE TR
% 0.780 H (P < 0.05) - (R » 58/ NR4A1 FlE{FEE B HE = RF54 A 809 28 FH 78 550 © Kumchoo and Mekchay
(2015) 53t 242 BHEE G ITLISE NRAATD B » GEREURAFIER AA B AB (ARif5E 2 AG ERA) ERE
5t 97% » HEEEFE -~ TEFEUEEALE (WERRSN ) BEE S GG BRI (P < 0.05) < 7£ 273 SR HFEMN 1T
> SHERRIBAE (TR ~ JEFEUREEALE (VIERRSD ) BB AR - SR AR R TSNS
sttt 23 AG Bl GG Ry A FIEA AL - 78 Kumchoo and Mekchay (2015) RIS HEE i HT54 AA B AG Ry /A H|
BN BURTHSCEE R E 2 R Fy AG BAFERA > HEZE B AR TS RER GG RAFIERAE - H
Kumchoo and Mekchay (2015) AIEE Ry AA BAFIEERA » HERMERITH A BB (50 G ) $MEERIER =R E
Ko BN RERFEGET it AR 23 AG A FIERA > M Liu ef al. (2011) Alf5H AG 81 GG
Ry BRI AR o IR S8l ESR/PCR-Pvull EERIAEAZE (TR AT 45 IR - DA 9T 52 Ry i B SnfE i K 58 Kol
HEHZeEE B B R A R EHE LA (Short et al., 1997; Yurina ef al., 2021; Wu ez al., 2023) » (G LA A BF5
FIEHEFEA (Goliasova and Wolf, 2004; Pang et al., 2019) » DL_ERFZE53 MY ZE B4 0T RE 2R B i R BRI A E
RANE UL BHCEAREF -
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F 3. GUTERIRE NRAAL BRI B4R (B FHRAME AT
Table 3. Association analysis between NR4A1 genotypes and TNB of purebred sows

Litter size (least square means + SE)

Breed Parity No. of litters
AA AG GG

First 161 12.23+0.49 11.52£0.37 12.44+0.59
Landrace Second to last 365 11.94 £0.36" 14.04 £ 0.26" 13.83+0.38"

All 526 12.04 £ 0.30° 13.28 £0.22% 13.45+0.33"
............................ F1rst1231302i0511367ir051 1400i109
Yorkshire Second to last 315 14.06 £ 0.34® 14.37 £ 0.33" 12.63+£0.73°

All 438 13.77£0.28 14.18 £0.28 13.02 £ 0.61
............................ F1rst17857i104770i087 e
Duroc Second to last 34 9.3010.77 8.96 £ 0.50 —

All 51 9.00£0.62 8.59+0.44 —

“* Means within the same row without the same superscripts differ (P < 0.05).
*® Means within the same row without the same superscripts differ (P < 0.001).
“-” No animal.

1. EXOC4 E:RAYSHA B LA 2 (RO R M 0 A
{4 He et al. (2021) #3222 J775HE1T SNP 1581471943 (C/T) ERBU 3 H7 » Bk ATE&ESA0E 2 fos - EH—
{lél 539 bp R fy TT ARAY 5 H 539 bp ~ 396 bp f¢ 143 bp iRy # Ky CT ELAAY 5 H 396 bp Bl 143 bp R
CC HRA » ZRILEESEL He er al. (2021) Fipift CC FREIE: 565 bp £l 75 bp {54+ CT E RIS 640 bp ~ 565 bp
2 75 bp ={RA 5 TT ERAIE H 640 bp (FRATHIERAEEE » 4801 He et al. (2021) frift 2 5(F%f » F]H UCSC In-
Silico PCR 44 H (https://genome.ucsc.edu/cgi-bin/hgPer) 5&E: NS FEFHETT M » 455827 539 bp 2 DNA 51 H
EZ > A KPR HIEE Mbil 73H71% » Fife 2 & REUARBTZEAEET » IR He e al. (2021) By 3 algEA R -

M12 345678 910111213

bp

539

>00 396

143
100

2. L PCR-RFLP/Mbil 7§ R EXOC4 ELRAY -
M : DNA A /[MERE ; CCELRAY : Lanes 1 ~3+4-~5-7~8-9~1012; CT XA : Lanes2 ~ 6 ~ 11 ; TT A
AU . Lane 13 ©

Fig. 2. EXOC4 genotyping by PCR-RFLP/Mbil.
M: DNA size ladder; CC genotype: Lanes 1, 3,4, 5,7, 8,9, 10, 12; CT genotype: Lanes 2, 6, 11; TT genotype: Lane
13.

AT EXOCA FL NI A 45 BT > BB f44% CC ~ CT J TT ENAIST R F 61.5 ~ 34.2 [z 4.4% » 458
HERFE 2Ry CCEINAL - [ CC B CT ENERIEMIE sa R IT A Ry 70.6 B 23.5% (R 4 ) - ETE - 3 (@5
T C B T BHEA N PSR R 0.88 B 0.12 « AHIEEAHIE e CE RIS, 2 2R S S i AR 2 (T B R A
EIFHBAME A% S BUR > CT ZLNRIRE 7 EEfFBEE ST CC ENAL (P < 0.05) » Yo MifE sy Arad R -
BRI M2 R - He ef al. (2021) 5347 994 BAMR SE BFE AL N AU B ZE (F S M IRARRR 1R - 3830 CC HAAIEA
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A HHEARHINBA ~ NW s LWW > H C SHEELRSEAR 5 Bl T BHEEAN Ry o sABHFE0ER Ayl SNP (C/T) B2
ArFY I RLED T IE 2T SNP -1781G/A #Hi§H - [ff SNP -1781G/A nRE &2 2B LAY 1~ P53 » ELK1
/= MZF1 By > HEIMT RS Se BE5E EXOCA B RNHYRIR - RAARHIFert8 e R A E E/ & 17
BH ~ S1HG > MR ER AR EE TR T RE ML AR

F 4 GTEREE EXOC4 ZENAUARAR
Table 4. EXOC4 genotype frequency of purebred sows

EXOC4 genotype percentage, % Allele frequency
Breed Number of sows
CcC CT TT C T

Landrace 161 61.5 342 43 0.79 0.21
Yorkshire 123 100.0 0.0 0.0 1.00 0.00
Duroc 17 70.6 23.5 59 0.82 0.18
Total 301 71.7 19.6 2.7 0.88 0.12
5. iR EXOCA AR BLME FE 7 3 HHER T o0

Table 5. Association analysis between NR4A1 genotypes and TNB of purebred sows

Litter size (least square means + SE)

Breed Parity No. of litters o T T

First 161 11.67 +0.34 12.3540.45 12.00 +1.27
Landrace Second to last 365 13.391£0.25 13.4510.29 1480+ 1.15

All 526 12.83 £0.21 13.16 £ 0.25 13.65 +0.87
............................ T
Yorkshire Second to last 315 14.07£0.23 — —

All 438 13.88+0.19 — —
............................ i
Duroc Second to last 34 8.6710.50° 10.86 £ 0.87 8.3310.94®

All 51 8.36+0.43 10.18 £ 0.74* 8.1410.93*

“® Means within the same row without the same superscripts differ (P < 0.05).
“-” No animal.

I1. FSHP kAR B (- SOt R M A

FSHB AR 7E 77 (5275 Liu er al. (2009) 883% 2 7574 » oI E 48 PCR EYE K EIMNIRT 75 F 8K
INEETTHER > £ E—1{6 500 bp {577 E Fy AA ELRA > BB ELRIA By {8 & {6k 220 bp {677 - i AB RRARIEH
220 bp B2 500 bp {7 (& 3 ) » 1 {E {772 52 280 bp RPN SZEERIERE 1 (retroposon) HY5 fiEFTEL (Zhao
et al., 1998) o AW RS RIGERBUR - B ~ &U5eE A& RIFE AA ~ AB & BB ARAIRH Sy EE
R ELFEST B L 3.7~ 36.0~ 60.3% vs. Y : 2.4~ 41.5~56.1% vs. D : 0.0% ~ 5.9 ~ 94.1% - A il B B E K1Y
BER A & i TE Sy B B 0.03 vs. 0.97 5 0.22 vs. 0.78 3 0.23vs. 0.77 (2 6 ) o 53 Wi4SE BT T A5 TH AA FLH
B R R A Rk e B 5 &0 > 8B 111 ERH5eaT SR 371 {EFD8 84S R BT AA B RA A 8.1%
(2% > 2022 ) © Liu et al. (2009) 5347 36 LY 5T & 5% FSHB ZLR A » AA ~ AB &z BB B[R A H 57 EE o7 A1 By 5.6
16.7 K2 77.8% > [fiEH 37 BEK AFEAIEL AR 34T » il 2 BRI B 43 bR A3 il s 8.1 ~ 13.5 K2 78.4% » &Yne H BIRH
5% A B B S EELRWVIZAEAT > 73515 13.9 vs. 14.9% 5 86.1 vs. 85.1% ©

F 7 BUR > EHT 3 B E RFEET 1,015 FaRAEE (FEE R FSHR AR AR M:1% > W& Wi
HHEVEZR o INMELIEE BIE 2 I6 AR T B AL R A bl - BB RN G (T8 14.12 £ 0.25 TH
B AA BRI 13.36 £ 1.19 55  Li et al. (2002) ¢ 11 {EJFEEFET 408 faRAY A a8 - AA ELRAYHY TNB
Bl NBA $#581E =Y BB ARA > H AA BRAI T RN R EIA 55 » R AR PR EN T HRNE Y
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— ° Pang et al. (2019) 731f7 432 BIE EFIEIRE RV R BFERE - (E3GT 1,587 HRBnkith - AA ZLRTY 42 5
AB B[R 368 i > BB BN 1,177 i - 8838 BB ENAIEAR-FHYREF#Z 11.22 £ 0.09 BHEE S AA ZRRAY
Z9.8710.61 5 » JLAIRELAMITELTSCE AN AT - BUR BB Ry FIRVERRIAL -

6. AUfEALAELISE FSHP ARAMHR
Table 6. FSHf genotype frequency of purebred sows

FSHp genotype percentage, % Allele frequency
Breed Number of sows
AA AB BB A B
Landrace 161 3.7 36.0 60.3 0.22 0.78
Yorkshire 123 2.4 41.5 56.1 0.23 0.77
Duroc 17 0.0 5.9 94.1 0.03 0.97
Total 301 3.0 36.5 60.5 0.21 0.79

M12 3456 78 910111213

bp bp

500 500

200 220

3. R[] FSHB E:RA PCR ZEYHIEREE SRS EE K i
M : DNA A/VEERE 3 AA BRI Lanes 2 ~ 135 AB Z [N : Lanes1~3-6~8~10 ~ 12 ; BB Z[X#! : Lanes 4 ~
5~7~9~11-

Fig. 3. Agarose gel electrophoresis image for PCR products of different FSHf genotypes.
M: DNA size ladder; AA genotype: Lanes 2, 13; AB genotype: Lanes 1, 3, 6, 8, 10, 12; BB genotype: Lanes 4, 5, 7, 9,
11.

7. STERIFE FSHP AR A B {3 AHRRME T
Table 7. Association analysis between FSHf genotypes and TNB of purebred sows

Litter size (least square means + SE)

Breed Parity No. of litters A B 5B

First 161 12.50 + 1.37 11.62£0.44 12.05+0.34
Landrace Second to last 365 13.82+1.09 13.15+0.30 13.66 £ 0.25

All 526 13.35+0.87 12.72£0.25 13.14£0.21
............................ Flrst123143312171273i053 13g7i045
Yorkshire Second to last 315 13.00 + 1.42 13.94 +0.35 14.22+£0.30

All 438 13.36 £ 1.19 13.60 £ 0.29 14.12+0.25
............................ Flrst177800i279 8061070
Duroc Second to last 34 — 9.06 £ 0.41 —

All 51 — 8.00 £2.55 8.7410.36

“-” No animal.
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:%n aff

AW TR B BOE RHEEFE BT DNA HET T 85 A NR4AL ~ EXOC4 k2 FSHB Z5¥{h - 3537 E NR4AL-
GG =t AG ZEAN R RIFE Y RGP 4E (FREE S 1 AA ZERAL (P < 0.001) - SSIELYCE BFEH i HF
PROJERIHMETEL T > AG ERNAIFI-FIREFE#EE S GG AREL (P <0.05) - 28 GG ZRNALA FM %5
FEf o EXOC4 Byt » U033 CT AN 2 A8 e BATE TT BNAF# S KRG P48 E F# (P < 0.05) »
METCESA{ER CC ERAL - 287 FSHP HY 7o - MR SEFR AL N R BLaR e (P v B AHREME » AR SuAE IR S8
H AA FERAD © 475 2 o (7885 50 NRAAL 81 EXOC4 &850 114 - R ELTE F FA R BEFE B s (F 8 MR FE T
Z7ET]

AWTFORRESEERAEE S (113 2R -2.1.5- & -L1 81 113 [ -2.1.4- & -01) > sBR iR R S 2 5 E5815 2 S0FF
saseE) o LR

FAEE AN EE S - 2022 - 2021 EZEEFEGETTFM - £ 9 H - Zbm -

BCE - £ - ERE - MOEE - Bk - IR RRAESE - 2023a o SRS (FUHIRBEREEC miR-27a HTIEZ 2L
it o BEWIZE 57 1 91-97 -

B - RS =8 K - SIS RS - BRIB(E ~ MEE - 1215 - 2023b - fEAE(E BMIRERRIER
KHER - R EERAT 112 FERGETEM T HRE -

BUCE - RRME - Bk - BHES - IR - B0 B A - 1285 - 3FEE - 2022 - FESEE RIEIRERI B
HIEM - TEIRRZ g e EslarT 11 FEREGET Sl -

BUCE ~ RFEE - RS ~ BISRMR - SREAET < 1999 « RIS HE BT AT ER 8 - hEgsE28
33-39 o

BUCEE - wEkEE ~ KIS - R - SRFBEE - 2013 - FE5 8 SR RSN B A B (AR AT A RS E (- MERE 2 AR
PSR - BETE 46 1 21-32

BUCE - E5EFE ~ Rk - R - SRFEE - 2014 - FEEE 6 SRALCAGHE B RO B A R AE A (- MRE ZAHRATE
WHSE - EEMTST 47 ¢ 71-82 -

BIE - EEREE ~ K~ BERZE - REFTT - RFHEE - 2006 o DISEE SR RS MY T8 B O R N SR
FRA LR AE RIFEFE(FIERE - B AENTST 39 + 99-110
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Abstract

The purpose of this study was to identify candidate genetic markers NR4A1, EXOC4, and FSHf associated with litter
size in purebred sows from Taiwanese pig farms. An association analysis was then conducted between genotypes and litter
size data to assess the applicability of these candidate genetic markers in pig breeding. A total of 301 sows were genotyped
for the three candidate genetic markers, followed by an association analysis between genotypes and litter size at birth. The
results showed that for Landrace sows, individuals with the NR4A1-AG and GG genotypes had significantly higher average
litter sizes per parity compared to those with the AA genotype (P < 0.001). The average litter sizes for AG, GG, and AA
genotypes were 13.28 £ 0.22, 13.45 + 0.33, and 12.04 £ 0.30 piglets, respectively. When excluding first parity data, the
average litter size per parity for AG and GG genotypes remained significantly higher than that of the AA genotype (P <0.001).
For Yorkshire sows, analysis of litter size excluding first parity data revealed that the AG genotype had a significantly higher
average litter size than the GG genotype (P < 0.05). For Duroc sows, an association analysis between EXOC4 genotype and
litter size across second to last parity and overall parity showed that CT genotype sows had significantly higher average litter
sizes than those with the CC genotype (P < 0.05). However, no significant correlation was found between FSHf} genotype
and litter size traits in any of the three breeds. In summary, the candidate markers NR4A1 and EXOC#4 after evaluation show

potential for future application in genetic selection for improving litter size in pig breeding.

Key words: Litter size, Candidate marker, Sow.
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BETREERAFHE S ERAFPE S B F R

FREC BOE S O

WefkFH - 113410 H 8 B+ #2 M - 11445 H 20 H

W B

AW5E G AEBRET DIAG R 2F AR B TLRI 211-1 BT K& 2 R [EZK 7 BEIRE S EE R - DA EK 38 BEe 2
RNEMEVIRNIIAREE EE R KT DS A A RMREEEE - KEMRNIIERZR T hHE%E
Koy E &Ry 50% K 60% » #ETT 48 /NIF[EREZEEE - 455 EUR 60% /Kop4H 2 BHE# ~ pH (B M E A0 2 Z S E 50%
4 Hrh TR AR AH BN S SR GE DL 60% 7K or4H 2 ST R T Y ETEI ISR - DL 1 HilRE TA%E 160 & >
BEWATICHY 4 40 > o Al R BHIEAE (0%) - SEEEEEY) 53 RILL 0.5% 4H ~ 1% 4H K 2% 43 F 2 U RE oKk - &40 40
& ZH 4 EE > FEE 10E > HBHE 35 Hig > SABIHEIE & RERE - B IEMERE - SRE~HAR
2 HAEERE b A K T3 EEY) (The product of Bacillus subtilis TLRI 211-1 fermented soybean meal, FSMP) 7 f& 1 &5 2
EETN A (P < 0.05) > fARHEHAZRAIDL 1% K2 2% FSMP 41813 S i B H8E4H (P < 0.05) ¢ ERERS MR » FSMP
7 XA B RS EEEE S IR AE MR AL E S R B - FSMP 1% 8 2% 4RV IR R 22 SRS B E & R EHig4H
(P < 0.05) » HHPREEEEBEZ R EHEAHE (P < 0.05) » i FSMP 0.5% 40 E 0% AR (B AE 2 S IEMUR A L E P B IR
R AR o 47 b ARWTFTHERE DU B2 AR B R A E AR S B 0.5% A Eaigh » S5 PO 2 o A= BB 4
EHARE RN ERERER -

REPEE - HINEE - SRERTEY - £ RMRE -

i

ERAPIAZRZILANIIRE R G > RimAER - 548 XA R B IEN RZNERIAIIY) - HEREEaREE
EFEDEF A% (Houshmand et al., 2012) - 2542 E EH 1970 4L » BIE B OrEEE#E AR RETRIR P A (Abd -
Talib et al., 2013) » ZFHIFRE & (Bacillus spp.) Z NAfEF (endospore) » AEapfH LS A2 BT S - 15 F 5 Ik B
SR BRI A (FAGBE RS 112 1 (% » 2007; Sharp et al., 1989 ) » (AT B8 ELAETERRIN 24 - kS
ST (Bacillus subrilis) BESZ A0 1 2KBRBET » TIEE A2 POT FHERURSSHL ~ 65 pH{E ~ NBREEON (LG 2 (5 -
G A o 2o fERE & ~ ZhEE 1 (mucin) ~ FEELRE KBRS (3T > 2003) - FEEHNECOES ~ Bl TRV RE (5
2007) °

RS AR B ERET T H A EE - BURER AT SR E R LY (Hosoi et al., 1999) » 3l AT4EA# T IFT (Maruta et al., 1996) ~

RGO B R g Rl (Jiraphocakul et al., 1990) o fEEZEFIRRE PBO e REARINY) » A0 H A ZERG Y B 16
FHEHR (Teo and Tan, 2006) » LIAFTE &2 Bacillus subtilis TLRI 211-1 EFREZSE - Pk IRINEIR 0.1% AL
= H WHEE MR A ERCRIA T (production efficiency factor, PEF) (%255 » 2022 ) » JRA[ TR = EH#E 2 G fHAE
o R RETRIT B (Tsai et al., 2023) -

[HE|HESE# (solid-state fermentation, SSF) i i & # T E W) 4 BAFE /D B HH7K (free water) S 2= AVERSIYE | o &
EKTERL 40 2 80% > MAEEBIMAEYSEREATEE 2R EUR - BRI Ry v 1735l 4 e &8 A T E
B an Y #A1E (Singhania er al., 2009) - N EIREEEEAVIRIERGE - SER S - BHREVIRGELLRA ZEETS

|

(1) EEEEN A BT b e i 56 2827 9if -

(2) B e rEY = B -

(3) SRl B A s B AT B E4H -

(4) #EA/EZE > E-mail: borling@mail.tlri.gov.tw °
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SRS » HEIAS B TR BB ELAT (%% (Raimbault, 1998) - [EIAS BHBBAR MR IR OAE (7505 + A
R Eh& &R Ay FEQE - MK EAF/ Ny FEAE K OTF AR 2 & 0 e K2 mattEE
HE&E @ THEEOEHER LR (Chen et al., 2009; Medeiros, 2015; Zheng et al., 2017) - Kiers et al. (2003) 47
AL Rhizopus microspores Lu573 K Bacillus subtilis LUB83 #E{T K TSR EE I » fREICR 5561 Bl e 5 L Asty & -
R e LB « SESTITET + AT HIAE) (fermented soybean meal product, FSMP) o]/ Py 1
I fpRlEa2 (Wang ef al., 2012; Li et al., 2014; Soumeh ez al., 2019) ; A HIF 8T » SBA TIEY A FET A
RS K S IR AE Wda R - B TUEE - iR B B EEMEAR (L et al., 2014; Chachaj et al., 2019; Soumeh et al., 2019;
Wu et al., 2020) ; ZVINVA R [EIVEE BN EE R EAAEY N 2 B A e K ASHY B (Wang et al., 2012; Jazi et al.,
2019) -

BT LA B T B2 2 AP AAR B B DR - IR R [E/K o0 K Gk H TS RE S BE (% A S EE A MR - 2
R 2 35T R SR EY AR I G - ST A AR AR RMERE ~ B Rtk o2 -

MR T A

L FHE SRR S S T R R Y S i
DIASFT E fif 2 RS EE AR TLRI 211-1 (Bacillus subtilis TLRI 211-1) » BHEE AR B R TLRI 211-1 $B2f#
J* TSB 5%/ (Tryptic Soy Broth, Merck”®) » Wi B> 37°C By 24 /NS4 > SRLENR B 1 x 10° CFU/mL -
DAK GHAME Ry T R AR 27K R 50 2 60% o 8¢RI E A 35 2 A Je bl 125°C ~ 1.21 kg/em® K5 20 4758
SREAAN - (ERBEEE PIIA 10% fEFEFRAREER (10° CFU/ML) » §> 37°C TIPS 3B 48 /NEf - SFE5ERK
%L 65 CHZBESFE R » (KD EE R 12% LUT » SRR AUE @ BT — My S EEEAH B T - pH {E 7T
Mt 1 g GEDRHEL 9 mL VKB ZIR & 1% T LAERE » 1% LA pH meter (digital pH meter, Goodly, Taiwan) F M|
JE pH M « EEHT - BT 1 g B EYHE I mL A BB KB REREAGRTFIIMEZEE S RESRBN TSA
(tryptic Soy Agar, merck, Germany) ~ PDA (Potato Dextrose Agar, NEOGEN, USA) k. MRSA (Methicillin-resistant
Staphylococcus aureus, merck, Garmany) #% » 53 BIIESE 24 ~ 72 Fz 24 /NEF B A HEFHE -
1L sEaEh) ez 7
B R eS il S E A s BT (LA Nt al A ) B ERE Y I e A/ N 8 (4R5k 109-34) 0 3T
B FTEhy S A #E2iETT - DL 1 Hil (ROSS 308 fh% ) HIAHE 160 & (B4 42+ 1 g) » SYECHEHIEAE (22
H4H ) Bz IHaH - BRIEAHDL 60% /K73 #Ef T [EIRE S5 I 2~ 5B X SOREY) 7 BILL 0.5 ~ 1 84 2% HUfCEafE o R &M
FHAEE FEEI10E - ARRF EERE 35 HEAH - 6k REUKI R - #EEaEm R RE s (0 —
21 H#%) RAERE (22 — 35 HilR ) » 2B oL NRC (1994) 2B HEEREC - 1K AOAC (2000) 7> HrHEH
B S aEES R R TR 3 k4
UL EtEsilE = H
BRI S 35 HERHT » AR EMEN 2 SR RIM—K - BEAIRIRIT 6 mL - sXER45 RG2S A ER
Yo FREERSE - I - 18R - IHEE - IREWEE - REEBNSY) -
() ERMAR - #ESRHI 1~ 21 & 35 HEGHETREE @ Wik 21 & 35 HERISCHREEREESE TR > WEHE
HEEMWEE - gaRHER B RE KA ERCRIR T (Production efficiency factor, PEF) (Rehman et al., 2017) °
PEF = HH (%) x iRéOERRE (k) / (B HE (d) x BRHEHA ) x 100
(i) B Rl St U DETRHEE R INE N -
(i) FERGMEIR © BRERAS TR - R PRHIAHE 8 & » ARFEE  NERMRETESEWNER SR  WERHULME - #
fig ~ BEHE ~ BRE ~ WEEGE (/NG + K05 ) fEE » StREREEEH oL -
FERGEHIE © MPRIBAEEL R S ~ BRCE -
J& =24 (Dressing, %) = ( BHAGEH / JEAGEH ) x 100 -
HEREEE (%) = (HEHGHE / JERSE ) x 100 -
HEREE (%) = (LaEEH /JEIEE ) x 100 ©
(v) MRAEARMAR © Ralipsl iy - SR 8 EQNHMIREE S » AREFEFRE 1 /NFRE AR O > DL
3,000 x g > HELy 10 7788 - HUMIEAAF -20°C Fifs o LUK AL A& (Hitachi 7150, Japan) 534717 H 4514
T B e e i ol (glutamate oxaloacetate transaminase, GOT) ~ P4 a4 %S (glutamic phosphate transaminase,
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GPT) ~ [ 14 %% i 1§ (alkaline phosphatase, ALP) &% AJl i ik i 1§ (creatine kinase, CK) 7 J& 1 » DL Kz % &
(glucose, Glu) ~ fE[E]lE (cholesterol, CHOL) ~ =% H il (triglycerides, TG) ~ 4825 4’4 (total protein, TP) ~ [
A (albumin, ALB) ~ 2kZE 4 (globulin, GLO) ~ [ Z % (blood urea nitrogen, BUN) ~ HJLEL[T (creatinine, CREA)
Fe RIS (uric acid, UA) 22 -
V. 45t
ERFT R 2 ER - MR AT Z:48 (SAS, 2002) » DL— & M UR2 7 (general linear model procedure,
GLM) #1788 ot - S HEEME B E 2= 2 E (Tukey honestly significant difference test) LL#EE 540
PEEER Y BN A REEMERT R P<0.05 -

*® 1. FESEEK Z K EAASERYEREIR

Table 1. Physiological characterizations of FSMP fermented with different water content

FSMP water content, %

UFSMP SEM
50 60
pH
Initial — 6.32 6.33 0.04
Fermentation — 8.12° 8.18" 0.01
Dry — 6.23° 6.33° 0.02
Bacillus-like, log cfu/g
Initial — 6.70 6.78 0.05
Fermentation — 8.30° 8.80° 0.03
Dry — 7.51° 7.65° 0.04
Nutrient composition, %
Water content 10.70 11.00 10.90 0.13
Crude protein 42.85° 44.52° 44.58" 0.21
Ca 0.27 0.28 0.28 0.01
P 0.52 0.52 0.51 0.01

FSMP = fermented soybean meal product.

UFSMP = unfermented soybean meal.

Data are the means of 4 batches of FSMP; each batch was tested in triplicates (n = 3).
“® Means in the same row with different superscripts differ (P < 0.05).

*2. FEKTEEZIREMEFYINERRAER

Table 2. Amino acid composition analysis of the FSMP supplement of different water content

Water content, %

UFSMP SEM
50 60

Total amino acid 43.23° 45.09° 45.63° 0.15
Total essential amino acid 18.29° 22.25° 21.21° 0.10
Arginine 2.93 2.84 2.86 0.01
Histidine 1.07 1.31 1.27 0.01
Isoleucine 1.90 2.32 2.23 0.01
Leucine 3.32 4.05 391 0.02
Lysine 2.68° 3.07" 2.95° 0.01
Methionine 0.50° 0.89" 0.92" 0.01
Phenylalanine 2.09 2.62° 2.48" 0.02
Threonine 1.63 1.84 1.81 0.01
Valine 2.17° 2.86" 2.78" 0.01
Total nonessential amino acid 24.94 22.84 24.42 0.02

Cysteine 0.59 0.83 0.91 0.01
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#2. AEKTERZIRGAFTRYINERRAENR (8)

Table 2. Amino acid composition analysis of the FSMP supplement of different water content (continued)

Water content, %

UFSMP SEM
50 60

Aspatic acid 4.62° 527 5.17° 0.03
Serine 1.97 1.96 2.02 0.01
Glutamic acid 7.17° 8.85° 8.51° 0.06
Proline 2.66 2.64 2.64 0.01
Alanine 2.59 1.89 1.88 0.01
Glycine 2.09 1.80 1.81 0.01
Tyrosine 1.57 1.28 1.54 0.04

FSMP = fermented soybean meal product.
UFSMP = unfermented soybean meal product.
Data are the means of 3 batches of FSMP; each batch was tested in triplicatens (n = 3).

3. AWZE (1 — 21 Hi) FEBEEHELHR

Table 3. The composition of experimental basal diets in 1-21 days of age of broilers

FSMP, %

Ingredient, % Control

0.5 1 2
Yellow corn, grain 47.5 47.5 47.5 47.5
Soybean meal, 44% CP 38.5 38 37.5 36.5
Fish meal, 65% CP 5 5 5 5
Soybean oil 5.5 5.5 5.5 5.5
Dicalcium phosphate 1.2 1.2 1.2 1.2
Limestone, pulverized 1.2 1.2 1.2 1.2
FSMP, 44.5% CP — 0.5 1 2
Salts 0.3 0.3 0.3 0.3
DL-Methionine 0.2 0.2 0.2 0.2
Choline chloride, 50% 0.2 0.2 0.2 0.2
Vitamin premix' 0.2 0.2 0.2 0.2
Mineral premix’ 0.2 0.2 0.2 0.2
Total 100 100 100 100
Calculated value
CP, % 23 23 23 23
ME, kcal/kg 3,150 3,150 3,150 3,150
Calcium, % 0.96 0.96 0.96 0.96
Available phosphorus, % 0.48 0.48 0.48 0.48
Analyzed value, %
Crude protein 23.12 23.20 23.22 23.18
Calcium 0.95 0.96 0.91 0.94
Total phosphorus 0.68 0.66 0.66 0.67

FSMP = fermented soybean meal product.

' Supplied per kilogram of diet: vitamin A, 3,000 TU; vitamin D,, 400 TU; vitamin E, 10 TU; vitamin K,, 1 mg; vitamin B,, 3.6
mg; vitamin B,, 5.4 mg; vitamin By, 7.0 mg; Ca-pantothenate, 20.0 mg; niacin, 70 mg; biotin, 0.3 mg; folic acid, 1.1 mg;
and vitamin B,,, 0.02 mg.

* Supplied per kilogram of diet: Cu (CuSO, - 5H,0, 25.45% Cu), 8 mg; Fe (FeSO, - 7H,0, 20.09% Fe), 80 mg; Mn
(MnSO, - H,0, 32.49% Mn), 60 mg; Zn (ZnO, 80.35% Zn), 40 mg; and Se (Na,SeO,, 45.7% Se), 0.15 mg.
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T4 HAEE (22 — 35 Hg) EEEEIRAR

Table 4. The composition of experimental basal diets in 22-35 days of age of broilers

FSMP, %

Ingredient, % Control

0.5 1 2
Yellow corn, grain 50 50 50 50
Soybean meal, 44% CP 36 355 35 34
Fish meal, 65% CP 5 5 5 5
Soybean oil 5.5 5.5 5.5 5.5
Dicalcium phosphate 1.2 1.2 1.2 1.2
Limestone, pulverized 1.2 1.2 1.2 1.2
FSMP, 44.5% CP — 0.5 1 2
Salts 0.3 0.3 0.3 0.3
DL-Methionine 0.2 0.2 0.2 0.2
Choline chloride, 50% 0.2 0.2 0.2 0.2
Vitamin premix' 0.2 0.2 0.2 0.2
Mineral premix’ 0.2 0.2 0.2 0.2
Total 100 100 100 100
Calculated value
CP, % 21 21 21 21
ME, kcal/kg 3,120 3,120 3,120 3,120
Calcium, % 0.87 0.87 0.87 0.87
Available phosphorus, % 0.43 0.43 0.43 0.43
Analyzed value, %
Crude protein 21.12 21.23 21.24 21.22
Calcium 0.89 0.88 0.89 0.90
Total phosphorus 0.63 0.65 0.63 0.64

FSMP = fermented soybean meal product.

! Supplied per kilogram of diet: vitamin A, 3,000 IU; vitamin D,, 400 IU; vitamin E, 10 IU; vitamin K, 1 mg; vitamin B,, 3.6
mg; vitamin B,, 5.4 mg; vitamin By, 7.0 mg; Ca-pantothenate, 20.0 mg; niacin, 70 mg; biotin, 0.3 mg; folic acid, 1.1 mg;
and vitamin B,,, 0.02 mg.

* Supplied per kilogram of diet: Cu (CuSO, - 5H,0, 25.45% Cu), 8 mg; Fe (FeSO, - 7H,0, 20.09% Fe), 80 mg; Mn

L

IIL.

(MnSO, - H,0, 32.49% Mn), 60 mg; Zn (ZnO, 80.35% Zn), 40 mg; and Se (Na,Se0,, 45.7% Se), 0.15 mg.

FEREEET

GRS R A ) — R o i

DI B BB RN B. subtilis TLRI 211-1 > H: 50 5 60% & /KR EE ) 2 YIHL MR AIFE 1 Bk » FEEEE
TR BRI BB R 1T 48 /NI 38 I - DL 60% & 7K 4H 2 pH K¢ Bacillus like B #8151 2 7K 2 50% 2H
(P < 0.05) » [FIR5 A5 B EE YA I 1% (T B = A 2 7K 2R 50% 4H (P < 0.05) - FSMP 4F#H 2 (1B #83 = 7> UFSMP 41
(P < 0.05)  fili B ZF AR i O] A FH A E h il T - [EIRE DAEYE TP SR EE A ) (0EEZ ~ HERRREH)
(Singhania er al., 2009) - & HE5 I EFR o gk &5 B [ pH (B _EFt > ®I%0 B. subtilis TLRI 211-1 ELAI A &
Bl R EURZ BB M IEB RS HENESE -
[ R8RS B e ER R AR 1k

il L2 FEARE O [ RE S I K M AR IR A B 4H 1 4032 2 P © A B. subtilis TLRI 211-1 #4872 50 ~ 60% &
KFEZ Kk » ETERESEEE - RElBviaall 70% S/K 5 ETERR SRR - SPUKS ST NEEE T 785
[ Es B - BTN R SRR o UK GO S IR i) 2 SR A B 0 TR 8 7KEE 50 K 60% FREE T ARy
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45.09 ¢ 45.63% » FHZE SR G0 2 Sl Bl & 43.23% (P < 0.05) - [EIRESEFESEY) 2 KITL b ~ ZhREBE ~

Ffifels ~ RN RERR - Bl ~ SRR S Pl & B R EEPIEE S K - HEWR S TFEN A ERED
B T E RS A g E AR TR 2 i Ry T ENEEE - BRSO ERE (Teng ef al., 2012;
Rayaprolu et al., 2013) ; [thEd Teng et al. (2012) K B. subtilis LR A TIE BE 3582 L ik oy MR 3T - [EIFEE R
B. subtilis TLRI 211-1 BIR O] 53 K EHT » WA S E B AHEY) - HLLE7KE 60% BFEREER (£ 1)

HIEOE RAEEREIG S (32 2) BB & /K3 50% S514H - {28 DL3ERE/K 5y 60% 2 KRG fHEE Iyl T
EhalEs < gakbA Y -

1L A RMERE

DIzsEE R GRS R R R EE O REEREE CZE  5FR S - R SRR THMEY A&
21— 21 HEA A RN - (Er] DIZEER 0 22 — 35 HERMASISE (P < 0.05) » fakHE#2{E 2% §J FSMP
MHAEREZR (P<0.05) - fAERH (1 — 35 Hiy) > fafE(E SRR TEY) o] SRS sy E > WLl 1 K 2%
{5 FH & mfE— P e el R K PEF (AR ESERHET ) (P<0.05) -

At DU B A AR B (Bosubtilis TLRI 211-1) A0S 60% /K53 2 K AAHETTE RE 8 1% - HEBRYEH
7.65 log cfu/g F#L > KHEEHE 44.58% > [FIHF BRIV AR LLR] - CHDGEN TR AR - BIEN T ARG S
EWN > BEELET A GAER4S R —EL (Teng er al., 2012) - KA SEIA% nI[EfER 3 FERE » I/
FTEHERIMASEE R SE e AEHZAMEAEEE > EMUGE A AR = KR % (Wang
etal.,2012; Li et al., 2014; Soumeh et al., 2019) - T LAARFTEEFZ Bacillus subtilis TLRI 211-1 HEFEA AT » WA
60% 7Kor EFTIEIRE S IR 1% B 1% A REEER PRI A (R A R 2 IR -

xS DS AEHEYEERT R EME A RERaE RERMIRZ 228

Table 5. Effects of replacing soybean meal with FSMP on feed intake and growth performance of broilers

FSMP, %
Items Control SEM
0.5 1 2
1 to 21 days of age
Weight gain, g/bird 865 879 879 867 9.8
Feed intake, g/bird 1,219 1,142 1,107 1,109 17
Feed conversion ratio, feed intake/weight gain 1.41 1.30 1.26 1.28 0.08
22 to 35 days of age
Weight gain, g/bird 1,262° 1,338 1,389° 1,383" 26
Feed intake, g/bird 2,082 2,234 2,224 2,143 31
Feed conversion ratio, feed intake/weight gain 1.65" 1.67° 1.60" 1.55° 0.02
1 to 35 days of age
Weight gain, g/bird 2,128° 2,217° 2,268" 2,250° 40
Feed intake, g/bird 3,301 3,376 3,331 3,252 44
Feed conversion ratio, feed intake/weight gain 1.55°% 1.52% 1.46° 1.44° 0.08
Survival rate, % 97.5 100 97.5 97.5 2.9
PEF’ 382° 416" 430° 432° 18

FSMP = fermented soybean meal product.

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

" Production efficiency factor, PEF = (Survival rate (%) x BW (kg)) / (age (d) x feed conversion ratio) x 100.
n=4.

IV. IR
Dlgg e R SR L CERE R S B AR AR IR Z 8 - A1k 6 - fEVERGE T > EfE T (E A
ZF AR B S RS WA ) AT B E R A (P < 0.05) » FERE AR R AAHEIGES - SRR THEYER 1% e
& Be 2 A EHHE S BB = P B IR AE (P < 0.05) > BRI AH A IR RE 22 2 (P > 0.05) > MEPRH At pm BEAHAREL
WA R BB E 2R > IR ENS IR - SR B R8s KAR IR 18 S A G RN I o AR B R
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SREIE I BT IR AL (P < 0.05) » FASBRER SR A8 B2 /B » RILHR R4 ¥ {1t B IR A
AT BT AR i B » SRR EHIGAE (P < 0.05) - 07 AR iR ST SR B A T e
BHE  ETIEE AN EE -

6. DI A SREYEEE TR EAaE 0 AEB R IR

Table 6. The effect of replacing soybean meal with FSMP on carcass characteristics of broilers

FSMP, %
Items Control SEM
0.5 1 2

Carcass weight, g 1,883° 2,141° 2,086" 2,107* 39.7
as percentage of live BW

Dressing' 83.4 82.5 83.4 83.2 0.21

Heart 0.57 0.58 0.55 0.56 0.018

Liver 1.95 1.84 1.64 1.76 0.047

Abdominal fat 0.34° 0.45" 0.57° 0.47" 0.028

Proventriculus and gizzard 2.91° 2.25° 2.24° 2.14 0.069

Intestine 3.92° 3.39° 3.27° 3.41° 0.072

FSMP = fermented soybean meal product.

“® Means in the same row with different superscripts differ (P < 0.05).
" Dressing = (carcass weight / body weight) x 100.

n=_8.

V. IR MR
LIS R A YRR A S AR IR Z 28 > 1R 7 - DLSE i K REPIEH 2% Fredie
FEFEEE S P ERE N & BEE RN BIRAE (P < 0.05)  (HEEESHEEATHEY | X 2% RETREESE
R = e o (o FH S B R RAEE D) 0.5% 4L (P < 0.05) » I PRI = EHIEEE (R BT IREE K2 0.5% &1 (P < 0.05) -

® 7. DIBREASREYEUEE TR TS 35 N8 WEURAELE 2

Table 7. Effects of replacing soybean meal with FSMP on serum biochemical characteristics of broilers

Items' Control 0.5% 1% 2% SEM
GOT, U/L 252 272 259 280 18.9
GPT, U/L 10.4 12.0 113 12.0 0.89
CK, U/L 1,786 1,651 1,445 1,364 208
ALP, U/L 1,217 1,429 1,740 1,631 110
Glu, mg/dL 263 273 274 261 3.34
CHOL, g/dL 108 104 111 101 2.83
TG, mg/dL 58.5 53.6 54.0 48.7 1.81
TP, g/dL 3.28 3.00 3.31 2.77 0.087
ALB, g/dL 1.45 1.33 1.51 131 0.035
GLO, g/dL 1.83° 1.66™ 1.80® 1.46° 0.058
BUN, mg/dL 1.00° 1.13% 1.63° 1.67° 0.098
CREA, mg/dL 0.015 0.011 0.020 0.012 0.01
UA, mg/dL 6.35° 6.20°" 3.58" 4.56° 0.53

FSMP = fermented soybean meal product.

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

" GOT = glutamate oxaloacetate transaminase; GPT = glutamic phosphate transaminase; CK = creatine kinase; ALP =
alkaline phosphatase; GLU = glucose; CHOL = cholesterol; TG = triglycerides; TP = total protein; ALB = albumin; GLO =
globulin; BUN = blood urea nitrogen; CREA = creatinine; UA = uric acid.

n=_8.
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GOT ~ GPT ~ CK 4 Bl 2 i B AL A B i 0 BBt ( (9% > 1997 ) = Z55t8R 1L B. subtilis TLRI 211-1
BRI A TR (T E AR B AR TR P 3 A BEALRT GOT ~ GPT R CKOB M R » B
(2022) LA B. subtilis TLRI 211-1 EHERANF SRR B2 1 AT L B 8 36 ARG (BE S FZGHET B, subrilis
TLRI211-1 B B LS5 AR T [ P BT 35 25 e K T 2 WA -

PRI ~ FRZE R\ BERT BB TRE TS 2 ETEHEHE (Abdelhalim ef l., 2020) « FR2 EUE P (1 AHIAE
BHTEY) » GG PSS & RIS - JRI%HI T (Ekpenyong and Daniel, 2015; Adewole ef al., 2021) - H i 5%
W B BR A P R B AR A RS B SR BARE R EE AR MSERRSa BRI
{8+ ELDABSBE A TEHATER) | e 2% 4IRS o AT AREH SR IS e ) NG S EE e Bk LRI (401 2 0 [
I AT AR BB EE IR I 1B B e 5 2 R (Lee et al., 2024) » T PR & RS -

A

DURGEZF AR B TLRI 211-1 7500& 60% /Ko R ERIHEITEIRE S, - S5 0Y) b Al 8 1Ga e i U A R A i
o AR 60% /K733 2 SR 1% FREaiE PtV OR SR > iIE 0 AHBE E -~ G HeR R A EERCR A
T BURDAAHT B Bt B2 fOREE TLRI 211-1 £ 60% /K53 K MFTS ERE S BV vTE R B A EEE LR 09

ZEXR

EKIE ~ SRR ~ K2 - 1997 - REEERIURAE(LEE - TLF-HIARE » 2R -

PORHE ~ BOH -~ TREE - Al - SubR - MRFEEE - 2022 - BRI S AR TLRI 211-1 $ 5 AR R
RE ~ B MEIR SR AL (E Z 528 - BAENTTE 54 1 292-299 -

FON - 2007 - gAY - EEEEZARAE - Zr -

FTTCE) - 2003 © FURHHTHEE L — e NS s o EPESE 142 53-59
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Abstract

This study aimed to explore the effects of solid-state fermentation of soybean meal inoculation with Bacillus subtilis
TLRI 211-1 under different moisture conditions. The study then evaluated the impact of using the fermented soybean meal
product (FAMP), with optimal moisture content, at different levels to the diet on the growth performance of broiler chickens.
The moisture content of the soybean meal was adjusted to 50%, and 60% after inoculation, followed by 48 hours of solid-
state fermentation. The results showed that the 60% moisture group had superior bacterial count, pH value, and crude protein
content compared to the other groups, with higher levels of essential amino acids. Therefore, the fermented soybean meal
product from the 60% moisture group was selected for subsequent animal trials. In the animal trial, 160 one-day-old broiler
chickens were evenly distributed into four groups: a control group (0%), and three experimental groups replacing feed
soybean meal with 0.5%, 1%, and 2% of the FSMP in the diet, with each group consisting of 40 chickens, divided into four
replicates of 10 chickens each. The trial period lasted until the chickens were 35 days old, during which growth performance,
carcass traits, and blood parameters were measured. The results indicated that body weight gain was significantly higher in
all groups fed with the FSMP compared to the control group (P < 0.05), and with feed efficiency were significantly improved
in the 1% and 2% FSMP groups (P < 0.05). Additionally, there was a significant increase in blood urea nitrogen and a
decrease in uric acid levels (P < 0.05). In conclusion, this study recommends using 1% of Bacillus subtilis FSMP in the diet,

as it is beneficial for improving the growth performance of broiler chickens.

Key words: Broilers, Fermented soybean products, Growth performance.
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4 & ¥t (Leucaena leucocephala) 57 & 34 B md2

Ti Fprflr 27 O

205 @ Rajendra Adak @ [EEEE ) SeEH7E @O

WelbH - 11453 F 11 1 5 20 11445 H 23

W B

SREEN (Leucaena leucocephala) A RS TR - IREDEENE B A RE 08 RHME > HEER i S WA
ReEyrmEteE e eE - BElERER - 280 - REeaHEYEBMENE 2500 (mimosine) (17 PRAIH A -
AFFE AR ER IR (BHIREHMRI ~ R0 2 x 10° cfw/kg FLEEEH ~ 7RI 5% MEZEEL 2 x 10° cfukg ALBEE ) K A[H
FHHPIFRE (30 ~ 73 2 120 K ) #ETIREEFE R - HREAIIEE EE ITI RETE N F S ~ S e E E
¥y 3,4- EEFCELLENE (3,4-dihydroxypyridine, 3,4-DHP) ~ 2,3- EERCRLIHIE (2,3-dihydroxypyridine, 2,3-DHP) & & 2 #24 o
SERAEREDR » RIIEE E A L FH A TE T 30 K& pH £ 4.5 HIFaE0ER] 97.7 4y 2B B/KHE | BIIRLHEERINFL
FREASH T 73 R1& pH ¥Ry 5.2 » FRFaEsr o3 AllES] 92.7 B4 95.3 73 » K BrHH vh DURIINEE B AL BR B 75 iy 2 39 i
B o AARRY pH (4.4) ~ 852 A& & (6.34%) BLEHTEEY (95.6) @ HIRAHBUE R INFLEE R A i S G
Witk & EEF T R LI e 2 2R > BEEE IS - W2 pHE TR - ZBRABREENN > EHE5
el s R - IR R & & &5 - 3,4-DHP F; 2,3-DHP & & » Hh D&z iRl 2,3-DHP HY[%1E
BREEE (P < 0.05) o INANFEHE Hr DU 22 B AL B B B P PR SR » 2255 ) ~ 3,4-DHP ¢ 2,3-DHP & &7 &
0.3~ 0.8 52 0.16% » N EITIFEEN &= L Y & 8 8 RN EE - ARSI RGBT A BRI
MEEE LA g B Y 7 B R T S s i B P R 35 1 - ERIR R - FirmE &R - 3,4-DHP K
2,3-DHP & & A FHEF T REERMEE) - "ERREMNHZ2% -

RrgiEE - HRTIERE - FURELE - SREE - W - B -

i

SREEX (Leucaena leucocephala) [& 1> SRR EEVBARAMEY) » [FENRTIFEM - HINAEEIESERERE - A&
IR HFAERE J58 - ILAE 2 BREZ 731 (Shelton and Brewbaker, 1994) » XN EMEEIRZ N - S &EEE - M
FEE - EYE HBE O - BORST B B I S IR S Y A 2 TRV E SR R (Akingbade et al., 2004;
Giang et al., 2016) °

AR EEEAS  HREAHEYEBEN S FEE W (mimosine) > MR BN L2 (R
fill - HRBHYINE > SESWNBEEZEASRE - BEAR - BE TR - FARBEKR - AEEZ AN ZEER
(Blaney, 2005; Vijayakumar and Srinivasan, 2018) - 72 L3 14 UERK H NP LB IR G B - & 2 Sl B Y
3,4-dihydroxypyridine (3,4-DHP) } 2,3-dihydroxypyridine (2,3-DHP) 52 B SIS0 - & HUACHS Fee g 00
T IR #2  (tyrosine decarboxylase) B[ ENA (tyrosinase) ¥ 2% » HEHERS FBLAHRE E L E &AL ~ UG
R IIREEEE (Negi et al., 2014) © ZR[f > Jones (1981) WIZEHUR - DIER G ERE] & RER BLE BRI SE B RS R
EERR P ENERER - HERKE R R S R a2 A ANV SR I MEE (Synergistes jonesii) TR
EERMmAH IR EY) » ORI S 2 MY LU =R 14 - ATEEM(EERET 100% SRS ERETE MR IR EEE
A (Jones and Megarrity, 1986) -

|

(1) A EE SR FTIT2e 26 2828 55 -

(2) B L L 4R IR -

(3) BT RS LR 2 -

4) BEAEESATREE AT -

(5) #EN/EFE > E-mail: mmchu@mail.tlri.gov.tw °



55 SREHEN (Leucaena leucocephala) $& R [EIFH SR FRAE il Al F 2 W58

EORIFEE AT AR IR EEHTES - HPTRAar s - BT HHESEaniRal - sr2 s Asm
AR HEN AT - WEZRE ~ RIERFERTE o 18 1,000°C TRZERE A [E(K 9.45 — 14.52% SEFWE R - 1E
70% R T HETT 1,000°C HYANEN R E AT BAE K 50% &7 5 R e & (Akbar and Gupta, 1985) - 5 £ 60°C T HZf
24 /N AR LLEDRIRIEIER T 72 /N - AR 60°C REZKE 48 /NEF - AIRFE A RS B 4.4% [% £ 0.2% (Chanchay
and Poosaran, 2009) - iZLJAMRE AR B S AR WS & - HEFEASAGREAERE - BBFIFNITH - K
SREEIEEEL 20% SRR &% 7T (1 & iR & 8 D 90% » FiTE IR 2 E| B 4754 (Angthong ef al., 2007) °
BEAh - SRE B BT 5 A2 7 RS IIRERE ~ REMEBLAL IR R B - FIR W& 0 Bl m] (& AR iR & 2 /) 49 B
48% » IMAAER AR SR - BIERAYZEE - WIS T BES & (Chen et al., 2014) » BURFHERELA PR T HREE
HirwE - AR EREERERSE - 280 - bR IEY A S AR - SREEURE AN ZR (mimosinase) FE
fie & A2 5w Fy 3,4-DHP B 2,3-DHP (Negi e al., 2014) - Fiyas S EKE K R #HERY 3,4-DHP B 2,3-DHP &8 » XF
I REE S EREEFEmEEE A ERSE - HATE SRS -

BB LN T Om R AR ~ A R TIERIARIRTRR K - BEISNS HESR S ECETTIEMN - B sy A R BT
VERETT  SREEUR ISR a B ARYINE - 1SR BRSNS VISR 250 B o B T ) A RREER IR
{8 - RERREUEME SR IR GBI E R R TR o (HA1E M BB B B S8 ple B 1405 v st st UM Y 85
o B A EHEEAEE - £% (2010) f5HREECR L EAREZE R IFEARE S - BEAEE AR AR TR
BEER - B RIETE( TR TR TSR TR E AT E & TSRS ERIAI M » A2 LURIIREE -
FRLE YR FOETHL - ST RN BB SRR S EE I E - SaER A EFEHY 2N
B ERIRGEIERN K BEYE&RN2F -

MFERTTE

L Bkt
IREEEEARN 2024 42 1 H 9 HEE BEH S ERBPATEE T RE (FFRBRINESE ) - BRERGEE
PREREEE T BEHUERS 5 mm DT 2 FRMEARE R EFTHF 23R - 16 - ERERSBBIR > QUM RAE
MNHEE 2 /NI THE RS Z9 M LERAH B oy T S s kB -
IL. tERSERHM LB EH R T
FHRFATZ B &S HUR % DL 60°C HtiZ - BIMERET R - M2V ERC (ER4EFLEE | mm ) ST
tERG S RHM LEREH R T - o PE H Bl & FH & HE (crude protein, CP) ~ B&5E4H4E (acid detergent fiber, ADF) iz H%
%4 (neutral detergent fiber, NDF) & © 37 5,540 : CP EE 208 AOAC (2019) 2 /5% » ADF Kz NDF AH|
TES% Vogel et al. (1999) LL ANKOM™ 484 il T -
1. FHhratha
PREEES 2 /NEREEIR VI 24T 2 om > o3 B DUT 7 UETTH el - IRAE - FHTEF (TN » FifE
4H ¢ IR 0RE LB E B (Lactobacillus plantarum 81 Lactobacillus casei » BFE 8 F 2 x 10° cfu/kg #1}Hif
)~ IRIIWEEE (5% e ) Bipe ARG ET (FEEE R 2 x 10° ofw/kg FPRMIEER ) RS WEEH - EE B R
HIE LIS RIS R - MR AR AR BN B2 EBNSN - GR4HE | kg > SHEEM 3 H5E - =R M7
AIFEHT 30 ~ 73 J& 120 KI&FAES - HIEF el E -
IV. HHraE HIE
HY 20 g B & 2 F IT R S0 28 67K 180 mL - FT 14268 8 1% DA MG i & 5 R E A ki (E - F A R @i i
fi< Jones and Kay (1976) N 77/ AMIEF Ir 2 2 ~ Nk ~ TR EIAMRESE - 58 DL Flieg [KFE3TARTR »
Flieg [KEFo A E R AL ~ L0 & T B S APl E AR e Bl AL IR A & 2 B B B obh > M = TEEUE R
Woolford (1984) Z5 A IAEF & -
V. &7 (mimosine) ke H A2 2L HUELHE
275 Wu et al. (2012) 50 B3 J7 % B9 %8 K DL D 07 UM & & 25 5 i B 5 3 1 3.4- 8 B R I ug
(3,4-dihydroxypyridine, 3,4-DHP) ~ 2,3- #& £ FL L IFE (2,3-dihydroxypyridine, 2,3-DHP) & & - FEEUH] E 3R & #1043
PHEEAH R FgR K 1 g A 20 mL 0.1IN EERE /KA » ARE 1 7 8EEREIZIE R 10 778 > BOLEEE 24 /)N
B FEEHREY 1 mL DL O.IN BERS /KR ORITZE 5 mL » 5 0.22 pm (R4 25 (polyvinylidene fluoride, PVDF)

X]
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TR - RO PAS RO A E T (high performance liquid chromatography, HPLC) #2 Fic yt — ik fa 51 =z Hl 25
(Photodiode array detector, PDA) 4343 25505 ~ 3,4-DHP [ 2,3-DHP & & - AT fEfE FENME 0.1% (v/v) BEE 7K
IR ¢ ZHE (acetonitrile) = 90 10 » 3 E T By Agilent HC-C18 (4.6 x 250 mm, 5 um) » &7 # 5 1.0 mL/min >
SR AR L R AR 98% 2 A iE e 25 i (L-mimosine from Koa hoale seeds, CAS:10182-48-6, Sigma-Aldrich) ~ 4fi
f& 99% 2 3,4-DHP (CAS:10182-48-6, Combi-Blocks) K 4fi & 98% 2 2,3-DHP (CAS:16867-04-2, Combi-Blocks) °
SrRILUR R 290 ~ 280 Kz 310 nm 7 EFHIE & 225005 (retention time: 5.60 min) ~ 3,4-DHP(retention time: 6.48 min)
¢ 2,3-DHP(retention time: 9.56 min) & & °

VI 8B4t ot
SERB DL SAS 4EETHES (Statistical Analysis System, SAS 9.4, SAS Institute, Cary, NC, USA) #1788 5 74T
(analysis of variance, ANOVA) » 1ZEEE A= » Z RIS EF D/ NEZE Z=FL (least significance difference, LSD)
BEITIRE » RS B IE 2 MR S R -

RN B

L FlrZs&BEY e EWnE

FITATZ SREEEY) AR A TFRY B2 RA0TR | > R PRI BG4 HAERRACHEE 2 /NF R HETT
BT RILEZYRiE S (41.4%) > CP ~ ADF 2 NDF & &5 5k 21.7 ~ 35.8 % 45.4% - Garcia et al. (1996) WF5E8H
o SREEEER Z CP EUHARMES BT R 24.0 — 34.4% B1 18.0 — 20.4% > WEmmEEE 2 EEEK ¥
R &l CP~ ADF Fz NDF & &47 5 10.0 — 30.1% ~ 34.1 — 36.1% K 32.0 — 42.0% - $EEE B
Pl ZEAE R~ SERE AR PVEERN R E - EFIIIMHEE - R F 2k CP S EREEE
5o EIRGEER FRAE RPN AE LR LRSS - H ADF 81 NDF &2 i/ 825 (Casanova-Lugo ef al.,
2014) - AGAERIR S EHEN T2 AR IRE - (HEES BISEIATANTT - #EH AR ERMERERTEIL A/ VETE
HE > FHPRRPVEE S HE i B -

® L REEEMATZ 82V RS bR R

Table 1. Dry matter content and forage chemical composition of pre-ensiled Leucaena leucocephala

DM’ CcP ADF NDF
% % of DM
41.4+0.2°F 217102 358412 454+0.1

" DM, dry matter content; CP, crude protein; ADF, acid detergent fiber; NDF neutral detergent fiber.
* Values are means * standard error.

PRE B - B R BAE S EREEZAREEYMEN - HEA&KES - HEI8%EHRE S (buffering
capacity) 58 H /K& MR /K{ B &%) (water soluble carbohydrates, WSC) &8 & Z Rt » R 5 BEEEIEY 5 HT (Du
et al., 2023) o DUAREIAIIEEE (M2 ~ AR EBURIIET ) BFRFERE (30 ~ 73 & 120 K ) #ETIR S EE et
B> ATz pH ~ TS E R B R I 2 2N IR B EL A i i 2 AR E 2 2 - N pH AR & 8
MR E 2 FRIIEE R ~ BT B ERUERZE (R 2) - HXRGEZ S InaE R8N (£ 3)  HIRENE
7 30 RigBAEMHl - pH B T e S B i s > o7 Al ks 5.6 81 0.15% » FIFaEr (K (77.0) < NI E AR FHRE
fr o =fESE MRS pH BT B & BRI - FHFEEo i aEE 92.0 DL 2 (BB S - I8 s &R
Z BRIRY TR 30 K2 SR A sE B AR ENE IS o AR Chen ef al. (2014) FH{EL - SREEHAL B EE
R RIS ~ ALBRE ~ REMEEALBE R AR - AR ER o fE5 8T 7 RN > INIIRENE ~ REVEELFL
feB <~ pH 81 % Al e ERENIH SN ERIEERMIFRRESE - e SN IMESZ R R
EINIIABE R - NIORENE ~ REMEELAL LR ALY 15 R1gH pH BER MRS 2 28NS E - EENINAE
BRI F TS 30 2 60 RIEHEHREEA TRE - REFITINAEPIBVEEEEE R (Wang et al., 2019) » FiFZ
pH ~ L% ~ 1% ~ ALBEE S KBGEE (coliform bacteria) & &35 & 2 BN B AT IR 2 1] 3 38078 R A2 JRNAK
JESZEE » ININALIA B ELEENE 2 R AT A iy 7 RIZBNTT 2% pH 4.0 DU H S A LM E B AL - (BRABREEEZER S
EIVEEFITSE - SGFEASERBET AT FTaE R » B AL R B AN DI o] PR R (e HE PG T < LB 5B - TR 50T
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EINAERCALEE ~ (K pH AR A YIS - 2 EE REIT S - TRANE 20 - AR T IREA AN S
(TanERVE IR AR -

2. ARINIEHEE S I S R S S A B EE Y B B R B 5 AT

Table 2. Analysis of variance of the effects of different additives and ensiling times on the fermentation products and quality

of Leucaena leucocephala silage

Mean square

Source DF pH A P B L Score

Additive treatment (A) 2 0.41° 0.43 0.02 0.00 7.29° 72.44"
Ensiling time (E) 2 2.13" 0.03" 0.00 0.00 50.53° 213.78
AXE 4 0.06° 0.04 0.02 0.02° 0.53 130.56"
Error 18 0.01 0.01 0.01 0.00 0.39 25.22

" A, acetic acid; P, propionic acid; B, butyric acid; L, lactic acid; Score, silage quality of Flieg’s score.
" significance at 1% levels.

T3 NINEEEPIRGECRFE I E 2 #FEY 2 B E e

Table 3. Effect of additive treatment on fermentation products and quality of Leucaena leucocephala silage at different

ensiling times

Ensiling time CK’ L LM
pH

30d 0.98 + 0.04™ 1.03 £ 0.08** 0.76 £ 0.02°"

73 d 0.89 +0.03" 0.88 £0.03" 0.75 £ 0.03"
120d 0.89 £ 0.02* 0.87+0.01" 0.81 £0.04"

Butyric acid (% of DM)

30d 0.1510.02* 0.14 £ 0.06™ 0.03 £ 0.02°®

73d 0.08 £ 0.03* 0.00 = 0.00™® 0.04 £ 0.02*8
120d 0.04 +0.02"* 0.02+0.01" 0.04 £ 0.01**

Flieg’s score

30d 77.0 £ 0.6 83.3£2.0" 97.7+2.3*%
73d 92.7+3.84 953 +2.1* 92.0+3.1*
120d 88.3 £3.8% 88.7 + 4.5 97.0+2.1*

" CK, without any addition; L, addition of lactic acid bacteria; LM, addition of lactic acid bacteria and molasses.
¥ Values are means * standard error. Values within each column (in lowercase letter) and within each row (in uppercase letter)
with different superscripts differ significantly (P < 0.05).

FE BRI (B S R A B SR A B E > B8 ($4)  FEENEZ 28 - ik
THE R R A5 (RIS S B B E SR RIS & (6.34%) BEw » NI EF s
(95.6) B B R B I BB R ILBA R =~ 9 - 2R » MR IITLIS B~ P I SR R T S A R e &
SER ABEER ol WSC & RS IRSBE I E 2 M EREE - Duer al (2023) 354} » FHF R EAE
HEZYIEEy 30 — 40% » FEHHEE YT (T TLBR R T TR S TR A S A I T - SR
BT (< 25% DM) » 25 5 B AR RIAE-£ L7 2 DAMS IR B (Clostridia) 5 1 T RE 4582 » ROBFR €15 i 1
B 4 S (NHL-N) » RTT R S A BB E » K > ZI sl (> 50% DM) » FLBAH @Rk 535
R4 BRI ke A R B A A pH - A58 I A B ATYIISE (41.4% » % 1) - (H%
WASE A A RN TLRS ~ 2B - TR T BA & BISBURINILES M~ P A R (R 4) B F T
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ST R e B R RN IR E LA B R B - BURIRG BRI R 2 WSC - A RSB E B Z BT -

TR IR (E R ERER RGBS ISR EY s BRaE P8 (R4) > ARE TREESAZE
FFfE R > HEHT 120 REAABERE ZAR S E (4.62%) > IR EE (0.82%) FBEEE @ BEEIFFD
ZRBA BB R IWERBIREEEE S FHH{L (Angthong et al., 2007) - SREEIEH B 20% SRR G 1%
21~ 51~ 81 )z 111 RERT > bR 81 REWF Z AR S ERGSIh  pH ~ 288 ~ T e R AL Be & B4 A A F I KRB
FEREE AR BB E T RAFELH - 28000 » Chen er al. (2014) 55 - SREBEORIIFERER AR E & F
fr > ZpaiE ” pH BUFEEFVEREIIE & BAE 7 KNS bR - 30 KI& S 2 pH BUHEE VAR & B (FHH 1R
JE > BURENR SN RSB L R EY) & BRSBTS BIEFEN S I (<30 K ) - AIRFE—5 0T
7SI

F 4 AERIEHEBEFTGFRESRESERE T S EY & 8510 E 2o B8
Table 4. Comparisons of the effects of different additive treatments and ensiling times on the fermentation products and
quality of Leucaena leucocephala silage

pH A’ (%) P (%) B (%) L (%) Score

Additive treatment

CK 53%0.1% 0.51£0.10° 0.05%£0.02° 0.08£0.02° 2.07£0.27° 86.0+2.8"
L 53+%0.1° 0.62£0.08 0.08%0.04° 0.06%0.03 242+0.28 89.1+23"
LM 44+0.1° 0.57£0.05° 0.07£0.05* 0.05%£0.02° 6.34£042° 95.6%1.5°
Ensiling time

30d 52+%0.2° 0.42+0.05° 0.09+0.04° 0.07+0.02° 289075 87.8%3.1°
73 d 50%0.1° 0.47%0.02° 0.07£0.01* 0.04£0.02° 332%0.62° 93.3%1.6"
120d 4.8+0.1° 0.82%£0.06° 0.10£0.05* 0.07£0.03* 4.62£0.76" 89.6 2.7

T A, acetic acid; P, propionic acid; B, butyric acid; L, lactic acid; Score, silage quality of Flieg’s score; CK, without any
addition; L, addition of lactic acid bacteria; LM, addition of lactic acid bacteria and molasses.
¥ Values are means * standard error. Values in the same column with different superscripts differ significantly (P < 0.05).

. SZEARELAHYIEE 2L
REEFITR 2 &5 SiRB Y 3,4-DHP S B2 R IEE 2 TRERE > L 3,4-DHP 2282 F
NN R B IR ] 2 SRS - (BN B L IR ] 2,3-DHP s B R R 2 R (R 5) - B
SRS NE Z Sy AT SERBUR (R 6 ) - HIRHBE RN A B E A 30 XEHrZ 3.4-DHP S & > 775 Fy 0.98% B
1.03% ° IRPIHE AR EL AL B R pr B 2 3,4-DHP & » BAE R AR Eiae - HHES8AE 30 ~ 73 &2 120 RZAEFH
el P IGHEREE AE 5 > Sl B 0.76 ~ 0.75 f2 0.81% » SCHHIREH R BRI BL F e BE4H 2 3,4-DHP & &1 DUIF
Ji 73 B 120 REFEARFFR 30 K

xS AEIRIEEEF PGSR G 8 & 250 - 3,4-DHP & 2,3-DHP 88 7 &7 01
Table 5. Analysis of variance of the effects of additive treatments and ensiling times on mimosine, 3,4-DHP and 2,3-DHP
content of Leucaena leucocephala silage

Mean square

Source DF mimosine 3,4-DHP 2,3-DHP
Additive treatment (A) 2 0.0010° 0.0325" 0.0029
Ensiling time (E) 2 0.0090 0.0193 0.0002
AxE 4 0.0010 0.0442™ 0.0016
Error 18 0.0000 0.0043 0.0026

"™ significance at 5% and 1% levels, respectively.
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6. INIEEE N REGECREF IR Z 3,4-DHP S B2
Table 6. Effect of additive treatments on 3,4-DHP content in Leucaena leucocephala silage at different ensiling times

Ensiling time CK' L LM
% of DM
30d 0.98 £ 0.04* 1.03 £ 0.08* 0.76 £ 0.02°
73 d 0.89 £ 0.03* 0.88 £0.03" 0.7510.03
120d 0.89 £ 0.02* 0.87£0.01" 0.81 £0.04%

" CK, without any addition; L, addition of lactic acid bacteria; LM, addition of lactic acid bacteria and molasses.
* Values are means * standard error. Values within each column (in lowercase letter) and within each row (in uppercase letter)
with different superscripts differ significantly (P < 0.05).

Chen et al. (2014) 54 > SREEST RN RE ~ LERE -~ FEWEILRE RSN - THEFIFEET NI
W~ REARELZLBE B 2 5 IRl & 25 Rl & B RN ORI BRI LR - ChisE [E5 s 2 BT pH B¥,
fe s NIIRENE - REAEELFLIR B . pH B K > W& 2 A& E/NEE SN N IIEYE N INARREE - 0
Hirgi g (2R pH AR e E ) FUNEREEER S E - NEEAPEE LB fEZ S
HeZR e B R m itk H 8= » e REAH R~ 3,4-DHP &8 R EFTEEY pH ~ ARS8 RET
e EAHE (R 3~ F4KEK6) -

Rl Il 2 sSREE & 2 g - 3,4-DHP J2 2,3-DHP &8 575l F5 1.6 ~ 1.01 }2 0.29% (£ 7 ) » &7 5l
& BRI AT A (1.6 — 10%, Yanuartono er al., 2019) - $REE Y &EFE & &2 3| mid - KA A s
BERERZECE <R ERKETFHHNESEMER &S (1.6 — 10.0%) » R Z (3.2 — 5.0%) » ERRHEE
(0.1 — 2.3%) » MHEIEAL X DLAhHEE 2~ & &85 (Yanuartono et al., 2019; Honda and Borthakur, 2024) » &S kG &
BHREFER - SR - PEERKE > HibaEZ 5 2R0 E2IER Bl stz gt AB5E - ttoh - &
ZEE G IR SR IE TR ~ 525 - KRR S EENIRNHEETEY) - RS AR A SR - FRE R 3H4P
(3 hydroxy-4-pyridone) =, 3,4-DHP B 2,3-DHP » A $g 71 $R & 808 A W) Bl IR A= Vi i B 2 ifk > S 3,4-DHP B
2,3-DHP 5] 5 3H4P 7 [5] 57 LR (isomer) » 157 b ] T A B A A28 2 25 F i~ S AR EA[F i (Negi et al., 2014;
Honda and Borthakur, 2024) » AR A& REUR (R 7) » IREEHERG P LIS 5 R 3,4-DHP &8I
2,3-DHP & E#FE LK -

# 7. AEUNINEHEESITFEHIRGE S 2255 - 3,4-DHP K 2,3-DHP S &7 8 7 th#
Table 7. Comparisons of the effects of different additive treatments and ensiling times on mimosine, 3,4-DHP and 2,3-DHP
content in Leucaena leucocephala silage

mimosine 3,4-DHP 2,3-DHP
% of DM

Before ensiling 1.6 1.01 0.29
Additive treat-ment
cK' 0.5+0.1% 0.92 £0.05° 0.17£0.02°
L 0.310.0° 0.92 £0.03" 0.17£0.01°
LM 0.310.0° 0.80 £0.03 0.16£0.01°
Ensiling time

30d 0.4£0.1° 0.92 £0.04° 0.19£0.02°

73d 0.4£0.1° 0.85%0.04° 0.16 £0.02°
120d 0.4£0.0° 0.86 £0.03" 0.16 £0.01°

" CK, without any addition; L, addition of lactic acid bacteria; LM, addition of lactic acid bacteria and molasses.
* Values are means * standard error. Values in the same column with different superscripts differ significantly (P < 0.05).

SREBREHUARIOREE - FERE - AARBEREN - W BE T E B RS A S & (Angthong ef al.,
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2007; Chen et al., 2014) » ARAER&ERERE A NFREZE SN - 3,4-DHP [ 2,3-DHP & & » Hp ¥ &ae
W E 2,3-DHP HYRFIEC REE (R 7) - SEE DURIIEE AL IR~ SR Firg 2 22550 - 3,4-DHP
J2 2,3-DHP & 84755 0.3 ~ 0.83 2 0.16% > HBEE(RN IR EHERNINARE S > ERIARE Y & &S
EIMEFERII - {2 3,4-DHP 1 2,3-DHP & 8. 4F Wi fi i I g5 72 52 > IhEE Chen et al. (2014) BFFE455EAH
Bl SR AR > OS2 S B IR K 48%  (ERINAMEHRIIY 2E 52 285 BIFRE
30.7 i 25.5% -

KBS = FEE AT 2 22 50 - 3,4-DHP J 2,3-DHP S &N Eira] - HEIFHEEEHN =558
B IR SR 0 Sy EI R 0.4% ~ 0.85% — 0.92% K% 0.16% — 0.19% » 45 ELEL Angthong ef al. (2007) #H[H]
AR SN S B SRS B 1.79% » #FF 21~ 51~ 81 K 111 K& B 0.13 ~ 0.14 ~ 0.16 % 0.12% >
Hrti R 2R > MR REEFEREE 91.06 — 93.30%  ZA0f » Chen ez al. (2014) FFEEER > HEEFHEHFHFRT T
DI rasi B (R pH ~ AR - K48 - AR T REE ) 2 aER e 2 BE R > HEaEE MK
Z RS HEE N 0 NETEREIRER > SEEREENGEESITREE RN T - mER 2GR
BUR (R 7)) EEFENNEHEBEEIFIFEER T - 225051 2,3-DHP & 2f# (K% > 3,4-DHP &2 TF(H
FERE RIS HAM W E - HEHIF5 3B v A 3% (N2 22 50% - 3,4-DHP J 2,3-DHP & & > {H 3,4-DHP 2 [F#fi# 1l &%
gy 3,4-DHP 2 e EMA K - ERE TR~ 3,4-DHP S8 N -

W A

AR LU EDR IR (SN - B - A BUTLRRR ) RPN (30 - 73 % 120 K ) ME(TSR S
B o TS BT R AT 30 KRB R (8 B FISVE - TRAE BT H A 20 - 3.4-DHP J% 2,3-DHP &
SRR L R S A S T3 T A U 50 S B L) & B - SABRE L R SR ]
FEESR A2 2550 - 3.4-DHP % 23-DHP &1 » S SRERES TS/ EBLE 2508, + 34-DHP 2 2,3-DHP &
BRI R R 20 -

ZEXR

TS - GRZED ~ 1552 - 2010 - AHIREEUETEERIIFARAERE Z A{THIIS - BEVIZE 39 1 199-209 -

Akbar, M. A., and P. C. Gupta. 1985. Proximate composition and tannin and mineral contents of various plant parts of
subabul (Leucaena leucocephala). Indian J. Anim. Sci. 55: 808-812.

Akingbade, A. A., I. V. Nsahlai, and C. D. Morris. 2004. Reproductive performance, colostrum and milk constituents of
mimosine-adapted South African Nguni goats on Leucaena leucocephala-grass or natural pastures. Small Rumin. Res.
52:253-260.

Angthong, W., B. Cheva-Isarakul, S. Promma, and B. Cheva-Isarkul. 2007. Beta-carotene, mimosine and quality of leucaena
silage kept at different duration. Kasetsart J. Nat. Sci. 41: 282-287.

A. O.A. C. 2019. Official Methods of Analysis. 21st ed. Assoc. Offic. Anal. Chem., Arlingmt, VA.

Blaney, B. J. 2005. Plant and fungal toxins as contaminants of feed and meat. In: Improving the safety of fresh meat.
Woodhead Publishing. pp. 77-101.

Casanova-Lugo, F., J. Petit-Aldana, F. J. Solorio-Sanchez, D. Parsons, and L. Ramirez-Avilés. 2014. Forage yield and quality
of Leucaena leucocephala and Guazuma ulmifolia in mixed and pure fodder banks systems in Yucatan, Mexico. Agrofo.
Syst. 88:29-39.

Chanchay N., and N. Poosaran. 2009. The reduction of mimosine and tannin contents in leaves of Leucaena leucocephala.
As. J. Food and Ag-Ind. Special Issue: S137-S144.

Chen, X. Z., F. Feng,Q. H.Liu,and J. G. Zhang. 2014. Degrading mimosine and tannins of Leucaena leucocephala by
ensiling. Appl. Mech. Mater. 618: 349-353.

Du, Z., F. Yang, J. Fang, S. Yamasaki, T. Oya, D. Nguluve, H. Kumagai, and Y. Cai. 2023. Silage preparation and sustainable
livestock production of natural woody plant. Front. Plant Sci. 14: 1253178.

Giang, N. T. T., M. Wanapat, K. Phesatcha, and S. Kang. 2016. Level of Leucaena leucocephala silage feeding on intake,



61 SREHEN (Leucaena leucocephala) $& R [EIFH SR FRAE il Al F 2 W58

rumen fermentation, and nutrient digestibility in dairy steers. Trop. Anim. Health Prod. 48: 1057-1064.

Garcia, G. W., T. U. Ferguson, F. A. Neckles, and K. A. E. Archibald. 1996. The nutritive value and forage productivity of
Leucaena leucocephala. Anim. Feed Sci. Tech. 60: 29-41.

Honda, M. D. H., and D. Borthakur. 2024. Mimosine concentration in giant leucaena (Leucaena leucocephala subsp.
glabrata) fluctuates with age and plant part. Trop. Grassl. -Forrajes trop. 12: 11-23.

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

Jones, R. J. 1981. Does ruminal metabolism of mimosine explain the absence of leucaena toxicity in Hawaii ?. Aust. Vet. J.
57:55-56.

Jones, R. J. and R. G. Megarrity. 1986. Successful transfer of DHP-degrading bacteria from Hawaiian goats to Australian
ruminants to overcome the toxicity of Leucaena. Aust. Vet. J. 63: 259-262.

Negi, V. S., J. P. Bingham, Q. X. Li, and D. Borthakur. 2014. A carbon-nitrogen lyase from Leucaena leucocephala catalyzes
the first step of mimosine degradation. Plant Physiol. 164: 922-934 .

Shelton, H. M. and J. L. Brewbaker. 1994. Leucaena leucocephala — the most widely used forage tree legume. In: Gutteridge,
R. C,, Shelton, H. M. (eds.), Forage tree legumes in tropical agriculture. CAB Intl. pp. 15-29. Oxon, UK.

Vijayakumar, S. and P. Srinivasan. 2018. Clinical management of spontaneous Leucaena leucocephala (Subabul) poisoning
in non descriptive goat. Int. J .Curr. Microbiol. App. Sci. 7: 1148-1151.

Vogel, K. P., J. F. Pedersen, S. D. Masterson, and J. J. Toy. 1999. Evaluation of a filter bag system for NDF, ADF, and
IVDMD forage analysis. Crop Sci. 39: 276-279.

Wang, Y., X. Chen, C. Wang, L. He, W. Zhou, F. Yang, and Q. Zhang. 2019. The bacterial community and fermentation
quality of mulberry (Morus alba) leaf silage with or without Lactobacillus casei and sucrose. Bioresour. Technol. 293:
122059.

Woolford, M. K. 1984. Factors affecting silage in and out of the silo. In: M. K. (eds.), The silage fermentation. Marcel
Dekker, Inc. pp. 133-155. New York, USA.

Wu, C. M., H. M. Yuan, G. Jia, G., Z. S. Wang, and X. Q. Wu. 2012. Determination of mimosine and 2,3-dihydroxypyridine
in Leucaena leucocephala by reversed phase high-performance liquid chromatography. Appl. Mech. Mater. 140: 296-
301.

Yanuartono, Y., S. Indarjulianto, A. Nururrozi, S. Raharjo, and H. Purnamaningsih. 2019. Brief review: the negative impact
of mimosin in L. leucocephala in ruminant animals and processing methods to reduce poisoning effects on ruminant
livestock. J. Livest. Sci. Prod. 3: 199-213.



Taiwan Livestock Res. 59(1) : 54-62, 2026 62
DOI : 10.6991/JTLR.202603_59(1).0006

Study on Leucaena leucocephala with different ensiling

treatments for silage use "

Pi-Chain Liu® Rajendra Adak ¥ Chien-Te Chen © and Ming-Hung Chu @®

Received: Mar. 11, 2025; Accepted: May 23, 2025

Abstract

Leucaena leucocephala (leucaena) is characterized by rapid growth, strong environmental adaptability, and high
regenerative capacity. Its leaves, tender branches, and pods are highly palatable and rich in nutrients, making it a suitable
forage resource for ruminants. However, its utilization is limited due to the presence of mimosine, a toxic compound to
animals. This study aimed to investigate the effects of different additive treatments (no additives (CK), 2 x 10° cfu/kg
lactic acid bacteria (LAB), and 5% molasses with 2 x 10° cfu/kg LAB) and ensiling duration (30, 73, and 120 days) on the
silage quality of leucaena, and the contents of mimosine and its toxic metabolites, 3,4-dihydroxypyridine (3,4-DHP) and
2,3-dihydroxypyridine (2,3-DHP). The results showed that silage with molasses and LAB reached a pH of 4.5 and achieved
a Flieg’s score of 97.7, indicating excellent quality after 30 days of ensiling. In contrast, CK or with only LAB required 73
days of storage to reach a pH of 5.2, with corresponding Flieg’s scores of 92.7 and 95.3, respectively. Among all treatments,
the silage containing molasses and LAB exhibited the best silage quality, with a lower pH (4.4), higher lactic acid content
(6.34%), and a higher silage score (95.6). There were no significant differences in volatile fatty acid content or silage score
between CK and only LAB treatment. As ensiling time increased, the pH of CK and only LAB treatment silage decreased,
while acetic acid and lactic acid contents increased; however, these changes did not significantly affect the silage score.
Ensiling effectively reduce the contents of mimosine, 3,4-DHP, and 2,3-DHP in leucaena, with the most significant reductions
observed in mimosine and 2,3-DHP (P < 0.05). The greatest degradation was achieved with molasses and LAB treatment,
resulting in final concentration of mimosine, 3,4-DHP, and 2,3-DHP of 0.3, 0.8, and 0.16%, respectively. Furthermore,
ensiling time had no significant effect on the residual content of mimosine and its metabolites. In conclusion, the results of
this study indicated that the silage quality of leucaena can be significantly improved and its toxicity effectively reduced by
addition of molasses and lactic acid bacteria. Once fermentation stabilizes, further ensiling does not substantially alter silage

quality or the concentrations of mimosine, 3,4-DHP, and 2,3-DHP, which can serve as a reference for use.

Key words: Ensiling time, Lactic acid bacteria, Leucaena leucocephala, Molasses, Silage.
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WelbH s 1142 H 19 H S22 HM - 11445 523 H
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A ER IR = RS (temperature-humidity index, THI : Kt 72) #HMERHEAE R E ~ 018 B- SHZEEI 2
Tef B AL A AL RS MR 2 RO - (EF 21 BHERERPRIEFL PS5 SRV R AL 2 i =4 - ST Il (A
7E) ~ IEH 1 4 (RIS MAETE 500 TU 4EE38 E 81 6 mg i ) ~ DUREHE 2 4 (R EGHHESMH TS 500 TU 43R
E ~ 6 mg fifiE2 600 mg B- EHZEEZ ) - SUBRII R 30 REFESS 1 2 20 RAEIEMIELSS 21 K2 30 REREY - GHRE
0 akBEARE] THI S35 Ky 74.6 £ 2.8 « i THI MFedEER E ~ 18 p- SHZEE R WA ERE R - EAESLAR
o FLUROTERSY > MHCHEAER E - E B- SHER A R ECA IR N FLAE AR (P = 0.19 - 80 2.5%) Kok D AS4IAE 2 B35k
(P=0.15> J5/V 8.1%) MR MEARE 73 - WS 4EE 2R E ~ W8 B- &H 2 &) 2 A i 3 IR 8 I e H K8 S LB
(P=0.15) BIRFISE(LAEST (P = 0.13) Z B, - &7 LATAC > & THI MI7E4EEZ E ~ il B- SH 8 R (R AL ARAIAE
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BRI © LA~ SHERRMEALE R~ SRR
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R A P AR R ERERREEE N A 2 L SRS ZEMEIMELI=FEFE 62 I AMEHR
Amri CEREARR 28C ) HEtHERE ((F K RH 80% ) 23RS « [FEENRERET » 55 EEEREE
4erm THI SR EEVEGE - B IS B R IS R P &0 2 FE A MR —TEPKER - Chase (2006) HIIHFEEEE » B
a3 R SRR 25°C B THI KA 72 B4R 6 5 A BVESH IR 52 - Loven (1988) B Ganaie et al. (2013) 1945 » BFEAE
i AT A H HEE R (LA (oxidative stress) » FELUR N RENY) R B HIRE TGS S (reactive
oxygen species, ROS) ELzESE L0 T & 20 4HAEEEM: (cytotoxicity) (Bernabucci ef al., 2002) » [N - BfY{FEEREE T
W RIS EYE (endogenous antioxidants) FYJE/D (Pandey er al., 2012) » Rt sEHi & LY E TTRE R R D
SALBIEE I T30 o 4R E Tl A AR E B A LI HIFHER (chain blocker) » [l & —fEE 2B X 2R
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(9. BE R B4 (Dairy Herd Improvement, DHI) FSHIFLAS S » HiSE 21 SERRHRIRIE LIS 36 > FIMAE
FLA > HARAHREEFFELERAAE 200,000 cells/mL DL | > HEAEEERIEAR (FLF 4L ~ BE - 20 - A ERFESE)
7y 3 4HAgAH 7 BH - RS EE 4 FHIRE AR 3 G A4 H O AR AIL{ICHE NRC (2021) HERE 4 T RIEEL
LAHELEAIE (Staples, 2007; Das et al., 2016) DURE THEAZ ZEVE ~ TR/ E B A RF R R - MEHEH HEHIE
SHAVAHEIERE F - FEM S aEiRPR IR R A - EFEEEE | 4HRIRERETHERS M 7T 500 TU 4E4E % E (50%
dl-o-tocopherol acetate, Sigma-Aldrich Production GmbH, Switzerland) B2 6 mg i ( 75 8 R i Be 28 &l o a2 5
0.1%, Zinpro” Availa® Zn, zinpro corporation, US ) ( FRFH 1 4H ) ~ LUK FEH 2 40 B K EEEZES M 78 500 TU 442
E ~ 6 mg fififil 600 mg B- SHEEE 2= (Rovimix® [B-Carotene containing 10% B-carotene; DSM Nutrition Products France,
Village-Neuf, France) - %0840 ~ FEHE | 4HEARRIE 2 4H A EA &5 7/ 25.91 6.5 ~ 26.2 £ 6.8 B 25.6 £ 8.7kg ; A
KA HIE1.9209~20+0.8 &2 1.8+ 1.1 f& WA KE T BB 204 £ 24 ~ 194 £ 30 81210 £ 26 K - sREHHA & 30
K Hopgi] 21 KR EERR - 55 22 2 30 RAPRERRA - 584 & HFE (total mixed ration, TMR) 40l E03E B iz
B HIERE - FITEROR - B~ MR R LA FORBUR Sk R = 2R - B HBCE TR > Rl B 7 1 00 i
B3 82030 ic#l 2/3 & - HERHAR 1 - S H B /KE a2 #e0K RS T g -

# 1. SEFRE L e RG B Z R BB T

Table 1. Ingredients and nutrient composition of the total mixed ration for lactating cows in trial

Ingredients Percentage, % DM
Corn silage 15.49
Bermuda hay 16.38
Alfalfa hay 14.15
Brewer's grain, wet 5.44
Wheat bran 4.78
Corn, ground 23.92
Soybean meal, 43% CP 8.68
Soybean oil 2.47
Fish meal, 60% CP 391
Salt 0.27
Calcium phosphate 1.18
Limestone 1.18
Sodium bicarbonate 1.45
Premix' 0.30
Total 100.00

Composition, % of DM
Crude protein, % 17.1




65 AR TR TR 4EA R E - B - SHEE R SRR R TS KA LA O LM RE BLITR MR > s 2
# 1. JBfRrrseeRa R EEN T (8)

Table 1. Ingredients and nutrient composition of the total mixed ration for lactating cows in trial (continued)
Ingredients Percentage, % DM
Neutral detergent fiber, % 332

Acid detergent fiber, % 18.0

Calcium, % 1.3

Phosphorus, % 0.7

Net energy of lactation’, Mcal/kg 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.
* Net energy of lactation value is calculated according to NRC (2001).
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2.ABNMARMT BFHBAWR > SRl EEE4 30 EHTNA 3 1 45 HEMECSHER 4 ENAE - Itk
BRAAHFEAES 29 B 30 RAERE(E R EAEM K » JRGERIF&H - TrA&EE  22RENEER
FTAEEE 5T DHI ZUBERER 0 o DA IhAE B AL BS54 T3 (MilkoScan™ FT+, Denmark) » 434 7L
2o AMER - AEQERE - BEBEEYE - GERYER - RESUKABHIEE - Saliabneis #mn
REAHAEECAR 50 & /mL » HIBELTAIINEL 55 32 5:U5& (California mastitis test, CMT) b7, » %5 CMT 2
TGS E - AIHE R RFE -

3. MR AABE I HTRE © PREtBabiiatess 30 X - sl F & Frealk 3 /N NFETLIR sl tREE
KEAMREREEMIR 10 mL - FEFE1RLL 3,000 x g Bl 15 778# 4°C (Cheng ef al., 2016) HUFIMIE L -40°C
TOREE > DU AL A (Hitachi 7070, Japan) 73478 S LY {LES (superoxide dismutase, SOD) ~ Zzff
HK#EE(LE (glutathione peroxidase, GSH-Px) ~ 444158 {EAE /T (total antioxidant capacity, TAC) ~ BkFzliE 5
Z IR (glutamic oxaloacetic transaminase, GOT) ~ ZA[# % PN laRSE S (glutamic pyruvate transaminase,
GPT) ~ LE&EtENE 50 (creatine phosphokinase, CPK) ~ #Lli&H7i G l§ (lactate dehydrogenase, LDH) % g P4t fi%
I (alkaline phosphatase, ALP) Z534f7 ©

IV. 455747

URIETEE - EAE - YERER - AR RURIEIRECFEERT - ST ER LET oI AR E

AEHRAG (SAS, 2002) HETTEEET T » M fHE I —fe&R MR (general linear model, GLM) #7776 / fEEEFRFIERT CRD
(completely randomized design) 45514747 © & P < 0.05 » AFRZAAMAHFEEZLR > FHLEvNEJ7HE (least squares
mean) A ELEL £ 4H S IE T 22 J 2 B

e RN B

sVER R A (24 /NI ) 2 5P THI BLAE 1 - AR RAYFES THL B 74.6 £ 2.8 > GUERIHR T H
SBLIRF [ ATAIAS AY THL &K 72 - FpAllE B 5 BE 2 1% THL gLz EF 2 N 2 B> 8RB N EfRK R L 4
b o HOHIE AU SR EA5R RS (2024) ATHIFSHY THI (76.4 £ 2.8) S5 FUAHIL » /& B @ N S VEUA RS (THI /1t 72
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£ 78) - & THI KR 72 B > FEGEAGIARS - EIPE T EREE T REEAE A RRMEEZ 10 (Chase,
2006) - BURNEEREIEFFEINT IR FIERE S S IRl S0 2 R#HVEREE > Shiao ef al. (2011) f5HIEEPIEIIE L
SR AT AT 4% 0 (BIE R RHIEIR e IS kA A BERIIRAE - NILRS RS 6 £ 10 A BRE A EEE R
YRR -

Temperature humidity index
g
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Fig. 1. Daily temperature and humidiry index changes in cowshed during June-July in 2024 (means £ SD).

& THI MM E TR B HIL AL MR IR BT 2 - SEREUR - AN ERER - AR
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2% SZPVE SRR 2.1% EALE - 5K (2016) FEEAEHHE (THI P9 K 81.95 T 3.3) JA 1] B A FL A~ B b il e 4
A B Bl > SERFIMACRER R - EABBULANCRELE 2R - Guerra ef al. (2012) RITE(EA 20 B3
H (Ayrshire) )AL AR5y 2 4HHETTEUER - 3l R IRAE (A7 ) BREE #EAH Ry i 7E 300 TU 44222 E 81 0.3 ppm il > &5
RIGHEEARBRREARZEPE > (AR 4Ed R E Sl FREIRT I ETLE - de Ondarza et al. (2009) {5 T BB AL
NEFRFIEMTE 425 mg B- SHEE R R BTN ARP EFEFL R - (B2 Arechiga ef al. (1998) SR EVEIH T AL 5
REFFAMTE 400 mg B- SAEE RN FREWINER > IEEfR IS IIEAL R T REREN K B- tHRE R ] LIE S FLAR
A DTSR EARRETE I 4Ry LA _E A7 (alveolar epithelial cells) HYLJAE

*2. AEIIETLELRE - e p- SRS R B RIL A AT L
Table 2. Effect of vitamin E, selenium, and B-carotene supplementation on lactation performance of Holstein lactating cows
during the hot season

Dietary treatments

Items Control Vit E + Se Vit E + Se + p-Caroten P-value
Dry matter intake, kg 18.9 19.2 19.3 0.65
Body weight, kg 634 648 639 0.53
Milk production, kg 23.7 23.9 24.2 0.64
Milk efficiency (milk/intake) 1.25 1.24 1.25 0.58
Milk composition

Fat, % 3.60 3.63 3.69 0.19
Protein, % 3.23 3.22 3.26 0.92
Lactose, % 4.84 4.84 4.89 0.67
Solid of non-fat, % 8.87 8.91 8.96 0.68
Somatic cell counts, 10,000/mL 28.4 26.9 26.1 0.15
Mastitis, % 42% (3/7) 28% (2/7) 14% (1/7)

" Dietary treatments were no trace element included with top dress (Control), 500 TU Vitamin E and 6 mg Selenium included
with top dress (Vit E + Se) or 500 IU Vitamin E, 6 mg Selenium and 600 mg B-Carotene included with top dress (Vit E + Se
+ B-Carotene).
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FLETE S SR AR E B BN R B AL Sy 0 HRAERELTREE (2016) PAEAARHEART I /o442 2 E BAa4S
AL (HEAR B A4 R E - P B- SHEEE RESH IR IFLAEEE (P = 0.19 » B4 2.5%) Ko/ AadifnE
HEA (P =0.15 » JF/V 8.1%) g% » B AR 44 R E BlfEi 42 &R E - il - SHEEE R A o0 Al ) 14%
e 28% (454 7 BEE A IRAR S84 3 UE - 44 B B IS A 2 DEDARHEAE R E ~ flEE B- SHEEE R A 15H) 1Y
FLE 3K %4 - de Ondarza er al. (2009) SR EFAMIT 425 mg B- SHEEE R AW NN HULALFE COBFAKEL 0 2 200 K )
FLAERAVEEES - AP EHERNGHS AT RE R R Rl 70 B- SHEEE 23 B AW S LAF M (rumen biohydrogenation) 3if:
IS Fr R 10 RS (trans-10 isomers) FYIZ K » HET D FLAEHIIIHITE T - BCE A TTRER R Rl 71 B- SHEE
B2 S SR DR E A IEHAE (Hino e al., 1993) » Kumar ez al. (2020) ] 12 SHFESOBAL A7 2 SHEFEY
HZH (Al 7e ) BlEEReE R R ETERE T 500 mg B- SHZEE & HalBRiad 30 X » 45 R &M - HEEEH RW T
= AR R ARSI S (P = 0.17) » B T SRV B A FLASAAEE (P < 0.05) » (EERIATEA- 6
KRNI B- SHEEE R » PlEEIE ARSIk E A L in'E ¢« Oliveira e al. (2015) A& EMAA- TR 1.2
g B- HHEEE £ » SERIBH AR 20 S EEFIRVESS - fERTEH L TTRE RN f B- SHEEE R FI1E Rt
FALHIERA - AT p- SAZEE R v e B e BE ST R - Michal er al. (1994) 53R 7E 300 mg =,
600 mg B- SHZEE 2 AR M B- SHEEE RRE - (H 2 7E 600 mg B- B ZEE X AT IS BRAY G 5 (lymphocyte
proliferation) » fEEHEH B- HHZEE] 2 1] AE /B HE = MR AR B A g AR ) T A 20 58 i 1 1 75 S Al 24 1) P fER
EIEEREAR - AR M EEEH 4 EARFEENMW IS » Hp iR sgmes 11 REm2RE 1
GHEA ~ 4eE R E BRRAHRIZE R elBR1% 18 R34 1 51 - M4EER E - el p- SHZE & Z4H A plialiaie s 18 K
BLEE 25 RE 2 & 5530 1 BRI 3L 2 BH o (H2 A Ee KRB 30 K Hitlba S W R ETEEAL - WA
BB R R G R a4 R E - ihE p- SHEEE RS AV B A el - RRPTRE R A=AV
Bty ] AR [FT ER (L pR BR A #E — 2D $R%5T - Figueiredo et al. (2024) 5= PIBE SR B 5 15 il N TAX KR 1% Z K5 1F FHAYAR
TR FHARRRESE A - M {RZAE = © Arechiga er al. (1998) HIBFFT#R 45 A R EFHHH 7€ 400 mg B- HHEE
BIE = BRI - Lotthammer (1979) $5Hi#H 7T - SHEE & 0] LI & T =2 E B BLFEIN - ALFE(R 0N S FEfE
BLRHIRRESE T R AR - A E R B- SHEEE R TR A AN B- SHEEE R T E BN EHE L KRR A
(Schweigert, 2003) - A EIHTT (Young et al., 1995) f5H » B- SHZEEZE AT s RS 4R =T 7 1 H (M4 (side-chain
cleavage enzymes) 2 Z50E M » T (RIS 2L A T At BEURH ] B & RICEARE Hr & 89 F i (nondisulfide) B2 R7 B A2 EE
(adrenodoxin) $2 LAY EE + DAL (E AT - 18 MIRERERE B- SHEEE) 2 1T DAORGE HE A e (IS 2Ll o 2 8 H BV 15

ERAAME R A4 R E Al e 4t AR 2R E - WihE p- SHZEE R E I B R B R LIRBHISZ IR 3 s « 45
REUR  NEZM YRR E BSR4 R E - 18 B- SHEEE R R ¥ GOT ~ GPT ~ AP ~ CPK f¢ LDH E/E
HIELZE - 7% (2016) fEERHR] (THI S5 5 81.95 + 3.3) AL AL A Gai@ P #li se4E 4= & E Bt R ¥ GOT »
AP ~ LDH J CPK FEABEFE - (HiZ GPT A F44 R E BlAVRE A R/ DRSS (k> 17% > P=0.18) » [
ARakbpri A 2R E Bl A4 4K E - fE B- SHEEEZR AT RIR/D 7 Ko 5% o GPT {E{ER AL K 218 B RE4H A%
o e BT RERARE o T GPT JRE & SRV NI BT R G 5 E FE (Kauppinen, 1984) o ZATIEEEMAAFE (Ul
FLEA 90 R ZEINFLIASGEH ) Z 1 GOT B GPT #{E 57 7l Fy 44.91 £ 6.93 £ 20.08 £ 3.74 TU/L - ffi Asdbs =404 &/
GOT K. GPT ${E 5 64.6 & 66.4 J 24.4 % 26.3 TU/L &#5 Stojevi et al. (2005) Frift 946 By » B 0] BEH 2 24
SOAHS - PLE(LIRREEE Y - 4R R E Bl 44 E E - WlEE - SHEEE R R I SOD & & - (HEM A
4E/EE E -~ IilE B- dHEEE R IRAH A tR S GSH-Px (P = 0.15) i#82% - B ZEAH (B %47 (enzymatic antioxidants) A]
A NE MR AL TR ECEHEE + - WAEERI S b P h 3 2 RAE ZAY/FE A (Suresh er al., 2009) - 5
ATAVIR SRR - BVEOE T G (E ALY TAC A1 SOD /K RS EE (LB S8V /il (Megahed et al., 2008; Safa et
al., 2008) - AsEBHV4E REURGEAE R E - W8l p- S E R FE X e R 2 M A seE A EIER - (15 TAC A Ayt
[ (P =0.13) » (Nt » AstBasd-ZLAS AR B D AT RE 22 B e 4 4R 2 E ~ 1B B- SHEE & R H SRS N E LEE
JHEFERA -

7 4 B A E T R W AL EOB R ARG - ARSI MR AE R E - AN B- SHEEE R
FREHBEATHF 0.6 7T ~ 0.03 TTLAUK 2.16 JT @ RBLF 44 R E BN 2 205 ME R ARSI H =1 0.63 7T
M R4 R E ~ AL B- SHZEE R 2 BHIME R A B4R 2% 2.79 7T - I HISTHETRIEE 77 71 ¥ 2 298.6
JC ~ 303.4 7T F 304.9 7T - g H A AFIEREDR B % 2 M1 - BOMBATRAEAE R E ~ AT - SHEEE R A0
HALE I 1.5% 2 FHULZS
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F3. AFHRIRHTYELER E i B- SHEEE R A AR AL E 2 R
Table 3. Effect of vitamin E, selenium, and B-carotene supplementation on blood biochemical values of Holstein lactating
cows during the hot season

Dietary treatments’

Items Control Vit E + Se Vit E + Se + -Caroten P-value
Glutamic-oxal acteic transminase (IU/L) 66.4 65.2 64.6 0.54
Glutamate-pyruvate transiniase (IU/L) 26.3 24.4 24.9 0.42
Alkaline phosphatase (IU/L) 30.5 29.0 28.6 0.45
Lactate dehydrogenase (IU/L) 667 658 629 0.35
Creatine phosphokinase (IU/L) 165 149 150 0.52
Superoxide dismutase (U/mL) 454 45.1 44.5 0.35
Glutathione peroxidase (U/L) 294 312 325 0.15
Total antioxidant capacity (UM ) 643 669 690 0.13

" Dietary treatments were no element included with top dress (Control), 500 IU Vitamin E and 6 mg Selenium included with
top dress (Vit E + Se) or 500 IU Vitamin E, 6 mg Selenium and 600 mg B-Carotene included with top dress (Vit E + Se +
B-Carotene). Top dress vehicle was 300 g of dried concentrate.

T4 AEIERTLEER E -~ i B- SREE R BB Z B s
Table 4. Evaluation of economic benefit of dietary additional supplementation vitamin E, selenium, and B-carotene for
Holstein lactating cows

Dietary treatments”

Items Control Vit E + Se Vit E + Se + B-Caroten
Diet price, NT$/kg DM 15.8 15.8 15.8

Diet fee, NT$/cow/day 298.6 303.4 304.9

Milk price, NT$/kg 30.6 30.6 30.6

Milk income, NT$/cow/day 725.2 731.3 740.5

IOFC, NT$/cow/day’ 426.6 427.9 435.4

I0FC, % (100%) (100%) (102.0%)

" Dietary treatments were no element included with top dress (Control), 500 TU Vitamin E and 6 mg Selenium included with
top dress (Vit E + Se) or 500 IU Vitamin E, 6 mg Selenium and 600 mg B-Carotene included with top dress (Vit E + Se +
B-Carotene). Top dress vehicle was 300 g of dried concentrate.

" IOFC: income over feed cost.

=A
= =
SRHIRE (THI 2 74.6 £ 2.8) SMALA-S4EINE7E 500 TU 4462 E ~ 6 mg TS 600 mg - SHEEATZ A R B8

FYVERREE - EALEBEILARCR - BREARTHIELIRER SR D AL A 2 @555 - Aels 2 &R AT HE (ISR 2L
FHEFEEEMT LSS -

2EXR

TRIZEE ~ S5 BTEREL - BUEIY - MEFEHE - 2577 - £ - 2016 - fElEFRII4EA 2R B Blaf S 2R B TR
A MFLBMIR IR 508 - ZERE S H 17 © 318-329 -
TRIEEE ~ SUMkER © 2024 - SRR ZIRIGE T IRV EESISENL A FIIERIL AL TE B LU RE R A (B E
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Effects of vitamin E, selenium and -carotene supplementation
on lactation performance and blood parameters of Holstein
lactating cows with subclinical mastitis under high temperature

humidity index "
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Abstract

The purpose of this study was to evaluate the effects of dietary supplementation of vitamin E, selenium and B-carotene
on milking performance and blood biochemical response of Holstein lactating cows with subclinical mastitis under high
temperature-humidity index (THI greater than 72). A total of 21 Holstein lactating cows were assigned into three groups
according to their body weight, milk yield, parity and days in milk. Cows received diets containing 0 (control), and 500 TU
vitamin E, 0.3 ppm selenium, and 500 IU vitamin E, 0.3 ppm selenium and 600 mg p-carotene daily for 30 days. The average
THI during the hot season was 74.2 = 1.2. Dry matter intake, milk yield, and lactation efficiency were not affected among
treatments under high THI. Compared to the control, milk fat increased by 2.5% (p = 0.19) and decreased milk somatic cell
count (SCC) by 8.1% (P = 0.15) with vitamin E, Se, and B-carotene supplementation. Compared to the control group, blood
glutathione peroxidase (p = 0.15) and total antioxidant capacity (p = 0.13) were trendily increased by vitamin E, Se, and
B-carotene supplementation. In summary, adding vitamin E, Se and B-carotene to dairy cows tended to increase antioxidant
capacity, resulting in a decrease in SCC under high THI. Therefore, dairy farmers can use it as a reference to supplement

nutrition during the hot season.

Key words: Holstein lactating cow, Subclinical mastitis, Temperature humidity index.
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FEEMECY GiEREY &R BEmEY R © 2me©

WefFEER: 113429 420 0 5 2B 11456 H2 H

W R

AT B R BRET 45 B ) i Pl f PR R BR324 [ LR BRI » P28 R R EEE - pH B K 2B R SRy &
b+ 353 i 38 2 AR P 5 A L1 2o 4 R AU AH R 1 » UB&E% A CIDR” (&8 il A EfT S R AL > 28 9 RALAUES
PGF2a (5.3 mg/0.5 mL) B PMSG 500 TU » 55 11 K44 CIDR® - [ CIDR” #[4: (0 h) #£ » 45 6 h & [2 i EEE -
pH ERORE » FFEZE 60 h - 77A 40 h #EFT N THOME © S580R » SERP TR ERREENRH 0 h iz T
AR 24 hZEARES - H 18 — 30 h BAMEEZ R AR BEZTF (P < 0.05) - REEZFAR 24 h 2 {KE - HE®BELEFE 40 h
&I N o YIEFJTIH - E%ﬁi%?@??fﬁ%ﬁiﬂ’] LSS i =5 o [ pH E 7 - &EFZZFER 0h
%IZF BI040 hiZ S & - FERGD T - HEHES pH [HEZ SRS o REZFANN 24 h T2 7> 40 h 2
Sl SCHR T % - WIEEARESFA 40 h EH pH EEE S NEAT  Herif i =% - RERE m  &F
BEFER 6 — 2 W RPRESY B » W SR IEE2SE (P <0.05) 0 42 h 1205 EFA4A % » 48 — 60 h AfHI &
&I (P < 0.05) REEEE o RIFEHFRF 24 h BGSE BT d07° 40 h 18885 NI A B EEENEE R - YE
FI7HE - PR 0 h R EEEE S OREEZZE (P <0.05) - 7Y 30 — 40 h HREEE TS - Horpjit 30 h FEEZ(KL (P
<0.05) KT © 2 40 — 60 h FHERFAE S ARAE - (£ 40 f2 42 h IS (P < 0.05) RIFEEE - $H4h - HERAE ST
R > PR pH {8 > fE] 2 EAERA (r=0.60) » [0S BT S R 2 EAHRE (r=-0.50 % -0.70) - pH {HELEEE LR
SRR - HZZERNETE - BIBMEE A& - PTTEEREUR - [REEEY - pH (ERORE 2 BbRe AR Wit
FATIRRE - AT F Ry e 35 15 RS TEDHIBF ORISR Ay B B2 FE AR - i s A LIERER R -

BRI - PTEFRRRLE ~ AR ~ F2ERhREEY - [2ERE pH E ~ [2ER -

1

(L2 A T42H5 (artificial insemination, AT) JE &4k T —TE B S AL » BIHE B - PRmrimIRI g
IR SR, - FETFLLE A TSR ase T AT S RS Hl - SIS HIRAFALE (Dhara of
al., 2023) ~ FEVEFEIHHLFIHEIIRLT (Alexander er al., 2010) FiRFF A\ THZBERERELE (Ahanger ef al., 2024) % » HFIA
TR R LA B R TR B ML B\ TR b R I (55 A TR BRI 55032 (Lim et
al., 2014; Ahmed et al., 2017; Murtaza et al., 2020) » E iDL BRI BHET A TRAEIEZE R - H2EF]
FRPARR BT A 08 - B AR R BB LA - TR - ATIEi = — s (SR - BRRrEsnae )
SHAT MBSO ITEIHIR - AN THOR 4 R BB (R ks - Fet RS bkt 3 TR BT RIS
I B » A TS A B A o

— T 2 T e B R A M T B o AT MR S S I R S 5 - TEHEIIRT - |
AR REBA 0 (LB B (Zaid, 2011) » SH{ER SSIBIEIR DR SRR - AT
BT RO BN )RR P B8 2 91 (Redden ef al., 1993) = JE4b + ME B2 (estradiol, Ey) /K ~ Faiidifatfshia
S MBS 7 BT PR (A B 3 TR A B (Mayor ef al., 2006) ; TE515H] SO EIMBHZIOLE - 1E4
() A EE SR FTIT 20 26 2830 5% -
() B E AT & T A
3) A EmER I rEEC 2N -

(4) PR El B A s B s (AR B4 -
(5) #EA/EZE > E-mail: tckang@mail.tlri.gov.tw ©

|
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FAT R elAM B B LT DLE BEE s B RIS - 281 » 4R-R8CH & HIRAFER IS (silent heat) FR 52 > RIS 1FHIHEDN
WE o THEZENVIET - RS EEREEE —EEHER - SRR e - HESRAT » &
AR - Rt L B IR B 22457 (Santos-Jimenez et al., 2022) < fEAAHIBHFT R EEFEL - f2E R E L
feE R RS B S BTSSR g A EE NS > TEFE0NAT 2 — 3 X [ REg IR T & lREihirn
HEEWHIGZE B TEHEIVATLY 25 h ZE RS E - B, BEMIN—E > SR\EE LSS LEfeE FrAKE
TEREIIAERE > (E2 B RS GO b Sesr S HERAEBEUNATLY 23 h - HEONAT » JRESIRG N % > 288 FH
Ka[Ft - GBS TIEE (luteinizing hormone, LH) & HHfHY) & © M2 BRI R A B EAE#HE R % - HEEH
NP R AR LB RS ER (progesterone, P,) SR [BIF[E2 o (R A{E Ry HIET 2 IEHIFERE (Higaki ef al.,
2018) o FAMIEE RAE /KA ST Rt i g - FE 2815 HAR] > F22E 880 (vaginal electric resistance, VER) HHBHEAK
B P, MR E, FhE[E » HEEHITE VER [F 2 R RIS TS - BUTE S Y2525 » f5# VER JH& RIZE R
T F# (Purohit et al., 2020) - £ —{Ef2ELREREAURIE ~ pH {H R E[H (resistance, RES) 1926 2RO EIT5E LR E RS
TS 1 BT (capra hircus) By R HETHE > 455358 BN E RS @& E L7 - pH EEE T
iMEERH (BB B ) AIBRSAIR(R - =IRFEIEEAEID S L A A&ttt TR E NV AR © B —RA(EVAMELL - 1
R S0 75 AR LA BB S HEFRAR A R D SR RN BE T EHE AE 22 LAY 32 (Olegario er al., 2020) < {EFFZ5T
PR HNEYEREEEGEEREKR - B—IEREDHE S BEERA  WERAMAEN B 5REEN e, 7o
M > TIRAEHIRIME - FEAFFIFZFERT2ERUIIZSE: 15 /8 2 0#8E (vaginal temperature, VT) B EE S (vaginal
conductivity, VC) » & AESLAT 3 K[E—FF B FIIELLE: > S RIETEEE VT (oVT) EEELEE (VOr) @ fF
Ry AR - BEOT/A TR e AR [E S EGER 2 % > FURNE(LEE - EE RIS BN B e
P (Higaki et al., 2019) 5 AWM FERIEURE 2B RS H 5 2 — 3 REGPIEERE BJF > 04 C H4EFRF 3 h DA
b BIHIE Fodd s o B0 T RRAEAER + AL USRI > B TAREDRERIER(EE 2 Eim A EME (Kyle ef al.,
1998) ; 7 Rathi ZFifZEH - PG R REI L Ff2 B R S B EHE LY T % > B2 H b A Z#EEE - BRoE
17538 25 BE IR B RO SR AR IR 2 BB EA HR 4R - A REXEMEHE S 1B > MIE(TIFEEE—HIE (Meena et al., 2003) ©

BB AR R A S5 EE - BRI R FERNFZE b EZAHREAI 20 3 i Bk AR r ARG 22 s (L A DU E S5 15 HA R
(Vidal et al., 2013) - B[IF| &5 HHA S PR b B ik B A& ke LU= 25 A H s B EA R sestin b - H9eF
5 20 GEIRAELLI: > #8EE 45 — 55 7 0 3 — 4 iR HEE BT 19 — 22 X FrAILIFIEREARE - £ 1 #
TEEIE R T - Uk kR fIf2iE pH E - 45 REUR2E A 1 EAN S EREE A ZEERE &
SIEH B R AHREAYER B 5 R K S) (Sitaresmil er al., 2019) < fh4h - ZAFEWIEGEIHIANYE S pH EHE = RTE
HAPEEL 2 & ee P2 iE pH B A F Ry LL=EHe G (=T [EIfE R (Sitaresmil er al., 2019)  SEELLISEN S IFAEIH A
[EIRE A P i pH (B 88 LB M 22 R K7 B B INVA AH B © 38158 (estrus) 28 pH EAIMERE S Eixm » s EREA
(diestrus) [&#8 pH {EHIMES 2 & & R (K (Widayati et al., 2018) o [EY) - BB RS fF 4 15 HAN SHEPS ER Bl A B 7=
F 5 (£ 1ERTHA (proestrus) #4255 = RSV 7B IF (Widayati er al., 2018) -

AHFeEE CIDR® #ER14 REEI2EAR AR - pH (H KB 2 8 E - S LLEHEEREN AT
FB 1R AR 2 MHBAVEREAS » ARG A TR e 2 FIET (5 - HAREE— PRI N TIOE N3 -

M A

L BB © BT R IREA
SRERFTIEF 7 2 13 BRI RIFR AR A R 45 B » | RIS 026 20 O - S S (T B BABIM AR % - 16
BRI TR RS B OSEARTIEES T ERIYTSR A A EEFE - FENR  sinys
1110 - SHEHIRTRHRE 11161 — 2 AR 9 — 12 F - SASERIETHEYE 5 REERR 1.8 — 20 kg i
BIELE 3 0 7 « HPRIIOR R RS & A BRP A RIE B FLoE 28 ERL R ST+ BT RLL S 8 ¢ 2 5 HEDRHA R
PSR P 4 A P S5 - SRR B T 21,94 1+ SHAK 12080 1 - R RORRIERANE | P
7T—\‘o
11 ZRBERE RN
SR 2 ISR R U EDRIE - (R I 04 5% (- TR B RS 4084 6 (TES-1361C, TES Electrical
Electronic Corp., Taipe, Taiwan) #EFTREM » W67 2 h ZRiERCs M A -
L LSRR A TH2R
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ZeiE[EIHA{LFEFE [ F§ CIDR®(Controlled internal drug release, CIDR", EAZI-breed, Rydalmere, Australia) $£70 %2
FE M5 M R 2 (pregnant mare's serum gonadotropin, PMSG, Prospec—Tany, Israel) K Hii%1fE 2 F2o (prostaglandin
F2a, PGF20, analogue cloprostenol, Estrumate, Merck animal healthy Intervet Inc., USA.) #£7T - CIDR" 1 A &8 Bs
0K % 9 RALALES PGF20 (5.3 mg/0.5 mL) & PMSG 500 IU » &5 11 K#%[s: CIDR™ » H DL CIDR” f4 A% fe
TEFE Pyl 2 55 0 h - Hig CIDR® #Ex1% 12 h BRI ERN - Wtk A FI8 BB R EIINE R - Bt
T&HE 24 h ST A TH2HE - FeatBirh S B S n0ig e rT LR SRS RS - 500 CIDR® REERIERIETE » HIKUBiEbRE
40 h o [RIL > AHFFEHREE 2 N TRABEEIHILL CIDR® B2BR145E 40 h 45— T -

® 1. BRAORERRER

Table 1. Monthly variations in temperature and humidity

Month Temperature (°C) Humidity (%)
January 21.2+1.1 82.7£3.2
February 233+1.9 72.11£7.1
March 239127 702+13.4
April 258127 80.0+ 144
May 299125 96.1£8.6
June 30417 9541103
July 31.5+2.1 95.4%10.3
August 28.811.8 98.4110.3
September 28.1+3.7 89.713.2
October 26.1%1.5 84.7+2.38
November 2281 1.1 80.7+3.2
December 19.1f£1.6 78.7+£3.2
Means * SE.

V. 2k H

VI

NI % 45 K DA R 6 5 (SSD-500, Aloka, Japan) fit & B f5 %6 #% (Transrectal probe, linear type, 3.5

MHz, Aloka, Japan) » &€FH T-ETE AT B2 BIAG S0 (e 2 FEE: -

FREREREEE - pH E A IERENE

() AbtrErri2ERREER - pH (E K2 E RIS E T TR ARA F 2 =& —llgs (TES-1381)
AEFTHIE - pH [EAVAEHTE R 0.001 » KEHEEZET] £ 0.01 < HE LAV EE 0.001 pS/em ] 0.01 mS/cm
o IR £ 2% B + 5% FS < SREAVENTEE £ 0.1°CEC 0.1°F » TERRIRE (C) EAVREIER & £0.5°C »
FHEERE (F) LGS AL 09T -

(i) FIERLREE N E Z AR 3% A e B/KFUETIIE - RIER 2 TRHELDAC E ¥ LR EIE K
(Chlorhexidine diacetate solution, Nolvosa) j&B 1 2 » ZLAE/KIZHE 2 ZOETEE o 2 1% BT AE
EheES (REFEED) ETHE - SHEIVHERIIFIRIER ERRIERITAFREHHR T —BEE)
Y -

(i) *FEFEEFERCEE - BRI M e R I 2R BE DL CIDR® B ER1EFIGIIE (0 h) - 2 1%EF 6 h IE—
R FHENE 60 h - W N TR TEF R (40 h) B fii—ZCHIE -

(v) FEAEFERENEIEFEZFRFERLLSE » WiES BYIE (VL VIET ) REE (1 EM E) &5 -

eatotr
A\ 2 PR PR P 158359 DL SAS (Statistical Analysis System, 2012) EHE#EE 7 T-test 3T 85 5347 (analysis

of variance, ANOVA) » £ PB4 EAE F BT R 2 3 RAEEMELL P < 0.05 3 FLE R EN: -

A FH 53 A7 (55 P R % 5 22 A e £ B (Pearson correlation coefficient) A€ 5 A7 & 8 82 85 80 U2 J&€ 15 8
(temperature humidity index, THI) - fEJAERIERA (% - K2 B ARAH B (R B A 2N 2 i (8 A S B R O SR AR BRI
HEEGE N -1 21 20 - EREL 1 > BB AAC2TMEE B8R -1 > ore2afie
EREE 08 oA IEHRM: -
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AHWTFE LB H Y Rybfad &8 KA E P BN BEE R 2 B R B bia BRI - P2 iE b eE S ~ pH H K2 En e
AL WIS LR AR AR S AR BT AR RA 1 - slBe 2 BB REILAZF L CIDR® # AR EEFE 0K - 59
KHLAESS PGF2a (5.3 mg/0.5 mL) F PMSG 500 IU » 55 11 K%k CIDR" « [ E HeEE - pH {5 K2R ER
I§fE E CIDR® #F% (0 h) %A > S0 6 h —2 > HEDHIE % 60 h > it N THHF (40 h) ZEIMNE HI—ZCHIE - AHF5T
IR R N 12K, 45 REVEE R K2 - EHZEEFGE 45 86 0 7 27 BHEZE > BBUREZ - (EH.Z4)
FEEEET 20 56 - 8 B AR - 12 R4
LAY 17 A Ry 22 AT (polyestrous) » F{lESFFEIILT Ky 18 22 22 K » SPIIEYEy 21 K - SH B A 53 Ky DA
N PU{E EEEPE L - S5 AT (proestrus) ~ F 1 (estrus) $ 15 & 1] (metestrus) J 1B (diestrus) o &8P AL &
FEEETT R 2RI > BB b S ERE A 3 Ko AT Ry YT (Rahman et al., 2008; Neely, 2018) o AL E FFE LA
CIDR" F&E& 156 0 h > W FFEETIIZ] 60 h #2455 « R (8 FRTHRSEHE(TIRRE - 1€ CIDR” BRI MR Y P, &
FETIE - & B ARV ERTA 3 S E S E KPR - thabRsi S EI LR B Hy - S8 I - ot RIS
B E R ASRIEI - — RIS > SIEIIRFERFREIZY 24 — 48 h (YR AHTFEBEDNIRFEIRS 18 22 54 h ) » b — ke S
BRETEE - T RECAIEEEHBIREZIT R st AFRER - ZEHTAE - REEE - RIFHERE - 5
PRICUFRE SIS - fatk LH mfEL > 55PN - PRONEE BRI 12 — 24 h N34 -
I [2ERREERE
FEAWTFE P2 B E B 2 GRBUR - Pt R ESIE » A mARKESHS > [REMREEE
FAEC#RBH YA (0 h) B & BB (AR @R N B i s (KEEERE 1> PIEFRE2) - &KERPEER 0h 20k
FESALAE(ERS IR RN > N ESET B BRI R R R E A2 R - MR ROR AR E RS S
FEH 0 h fEZD T AR 18 h [ R (B - RIRZEAIRL 24 h 2 (KR > HBZE5EAE 18 — 30 h Zf2iE%,
WEERIIHRE RIS (P < 0.05) - AR 18 h [ ERREHREGGY BT > 1t 36 h (R ET
G4 MEEEENGR  REAEAE 18 — 40 h RpdERFECTARAY_EFHE(E - TH 40 h 18620 T E 2 Bl
R o AL 36 h 1RHYEED TIEEIR S » 1 48 F 60 h BN AR o TR4SE TRV (EEDAAME | - 84
FHIPZERIREEEIRCEI AR (B 1) - YIERZERRP SR EENEY 60 h th2(E@SS0 > B
W Z R 2SR - RERIREEE R 0 il HEREE N &M R - ESRER » BEEE
40 h > REZEFNL 36 h BRI REME IR LI 4ERF BIBOMISE R (8 2 ) - AW RBEEIREE SRR e At
NFERTNRE - A S50% HFEEEETIE 18 — 30 h @R - A TIRKEE 45 RAVE SRR Aa W RS - 1
—ER IR LRI Ry s o A PRI R BRI B R R B AR R BRI - G T 2ERCE - i
b—82(EE P, RIZ[EFHE (Higaki et al., 2018) : 55— WFeth &3 A 2 im EH R 15 AR A 8B5S T RIS
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—4$— Pregnant, n=27
+\ -4- Non-pregnant, n=18
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1. BB iR B S A R bR By 2 L -

Fig. 1. The variation in vaginal mucus conductivity of pregnant and non-pregnant multiparous goats during estrus
synchronization treatment.

" Data are expressed as mean * standard error.
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204 —4— Pregnant, n=8
. -4- Non-pregnant, n=12
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& 2. REELREAEY)E IR BRI RN SIS FE I bR R Z EE

Fig. 2. The variation in vaginal mucus conductivity of pregnant and non-pregnant primiparous goats during estrus

synchronization treatment.

*
Data are expressed as mean T standard error.

1L

(Meena et al., 2003) = FEARWIZEHEE » {£ CIDR” (0 h) - B HHY P, SR A#(E CIDR” FiTkei 2 P, MifEH
R E =R B ERREE T RN &8 B P, & - By Ws » HEEAE 18 — 30 h TEEFHEHY)
HG B SV P S IE SHRON » ER2 ARG R B P, B SN M EE B EL Higaki er al. (2018) BHFERVEESRAHIE - Nain
et al. (2020) BAFEHEL - i’%ﬁ’;Lﬁ B A IEE IR b - REE R Z R B E R SR N - £ IRE
AR M 4SRRI A FT L B R B LB TT - BLIL > Aboul-Ela er al. (1983) £ K2 18R [F) 25 fir B it &
BB RE - HEEIEE F” R M A GO - MAASE e BE A i+ B SO A - A AL
BERE Eﬁ‘éﬂ*ﬂﬂifﬁﬁﬂ@EZ%%BT@E%’E%#&Z o AHFERT 2 B AL A B A E M R B A A RYK
Hybz B > R A]RE R B s MR ZR /K T 20 A R AT S 5 s (Higaki et al. al., 2018; Purohit
etal., 2020) °

F2ERR pH E

MERAERIR2 BRI pH (E R R (S A (ER RS B SR EE (P < 0.05) » Hrfr > &EEER
R RN pH B H 0 h 228 E7F - £ 40 h Z SR 230 MEE 2 NEGSH - MEERBEZFAE 24 h
FRaGEET AT (18 3) > BT LUREERECILE et 52 - R GIEED T2 pH (HEMERERN R E IR

* —4— Pregnant, n=27
-4- Non-pregnant, n=18

7.2

7.01

6.81

pH

6.6

/ \
/ \
6.41 /’+\\ /’* \\\
+ ~~~~~~~~~ y \
6.21

oh 6h 12h 18 h 24h 30h 36h  40hAl _ 42h 48 h 54 h 60 h
Time (h)

3. BRBURRACEFEIRERIE pH ER 15 FHY LR BN 2 21t -

Fig. 3. The variation in vaginal mucus pH value of pregnant and non-pregnant multiparous goats during estrus

synchronization treatment.

*
Data are expressed as mean * standard error.
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FESLAHBAMERYBHTT 3 IR - R8BI - 2 pH BN R S B8 Mixs » RSB PEE2 ] - (28 pH
ERIMERER S BRI (Widayati ef al., 2018) » HAMBTFE IR pH (£ 3B I 7 HR O AR AT
(Polat et al., 2015) » PELEFGERBLANIFEAE S K IEEL (0 — 42 h) pH {EFT EHIZHY S AVBEAHE - M EHZ
RIS BEHRONEF (60 h) BRAGRRAVESRIRHTT & » IESh - MG pH ELUHIET PN AT Fe 8838 -
HRONE HAVE2E pH ERE(R 3 E M B IEY pH (H - (et EES - F24E pH (ERVBEEFREPRNAVRE - B

B R PRI KA pH (SRR » 30 pH (SAOW SN 3 UV (Polak and Willian, 1981) « 452
L STRREATIF S 2 4 B FTRRI 1 pHL (81 P LA HIB R A TR AR R HR O B - 2877 - AWIZ b th 838 - w0
WZRBR IR pH L » BT 12 40 h RMZEBEE T UZEE (P < 0.05) S » AR FIISTIE: 0% 22
o FLYIFERZEETTEE (42 b) RUBSHR R (40 h) % (B 4)  HESCR DL pH B0 AIAE B 25 M RO
RS RTS -

- —4— Pregnant, n=8
' * -4- Non-pregnant, n=12
7.0
6.8
= o
o
6.6
6.4
6.2
oh 6h 2h 18h 24h 30h 36h  40hAl _ 42h 28h 54h 60 h
Time (h)

4. [RAPEURBZAPIEFIZERIR pH EH S5 E bEERy 2 24k -

Fig. 4. The variation in vaginal mucus pH value of pregnant and non-pregnant primiparous goats during estrus

synchronization treatment.

*
Data are expressed as mean * standard error.

M. [2IERE

MEMPEIRERER 0 — 42 h BE BBESNARMEEE (P < 0.05) » {H 42 h R IR SEIE 48 —
60 h R AIBEZ ORI > HEE RN FIZEREH 6 hBinded Lot - 55142 hEia T (&S ) -
E—&ESUAEL Higaki er al. (2018) fEAL/FHINTFTEEIR - S¢IE IR RS GHARE EF (CAWTSE 12 h — 42 h) > fe
A HFRAEFEONATLY 23 h (AHFSE 42 h BYBHEER ) > HRONAT - RSl MR Z SRR - Mt —8{E
LH =iz S{LAHE - &ERBRZFAVIR RS ETHFHEECE (24 h) > WHRAETHSE] 40 h 8508 % (42 h) &

o AT AIE R A -

FEWIEFITHE > PIERZEEEELE (0 h) FRREEIERE SRR (P <0.05) - HAREEZ0N BhEy MEELRE
ZEERERE R HAR > 0 30 h IRpRZR R &R 28R T & > WA RORERZE (P < 0.05) © MRERZEfRE
JRIEAE 24 h Bta SR Bt R AR Y LT AIESHE (30 h) - HH 30 — 40 h Td% Bt > A5 40 — 60 h 4
FHEEFEE EENER - 5240 — 42 h (Y AN THABE TR RS ) RS R S R R4 (P < 0.05) ([&]6) »
YIEFERBEREIE(L > FaRmRAPHEE > EEERMIRAE 30 h DL - BERENEET - YERZERRZT

54 HINATREAFAEHAN R T2 B8 - Wang et al. (2020) 53 A 42 EHARR ER G0 0.3°C - WS 1545 H
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Fig. 5. The variation in vaginal temperature of pregnant and non-pregnant multiparous goats during estrus synchronization
treatment.

Data are expressed as mean * standard error.
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Fig. 6. The variation in vaginal temperature of pregnant and non-pregnant primiparous goats during estrus synchronization
treatment.

Data are expressed as mean T standard error.
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The variation in vaginal mucus electrical conductivity, pH,
and vaginal temperature during estrus synchronization

in multiparous and primiparous Alpine goats
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Abstract

This study aimed to measure variations in the electrical conductivity, pH, and temperature of vaginal mucus in
primiparous and multiparous Alpine does during synchronized estrus to establish a quantifiable standard that aids in
accurately determining the optimal timing for artificial insemination and thereby enhances fertilization success rates. The
conductivity of the vaginal mucus peaked at the onset of estrus and declined as signs of estrus became more apparent. In
multiparous doe, conductivity dipped to its lowest at 18 hours and slightly recovered thereafter, while in primiparous does,
it reached its lowest point between 36 to 40 hours. Significant differences in conductivity were observed between pregnant
and non-pregnant multiparous and primiparous does (P < 0.05), especially between 18 to 36 hours. The pH of the vaginal
mucus peaked between 40 to 42 hours, with changes in pregnant multiparous does being more gradual; significant differences
in pH were evident at most time points (P < 0.05), particularly at 54 and 60 hours. For primiparous does, differences in
pH between pregnant and non-pregnant does were significant after 30 hours (P < 0.05), especially at 30, 36, and 40 hours.
Regarding temperature, it gradually increased in pregnant multiparous does from 0 to 42 hours, peaked, and then declined,
while in primiparous does, it began to rise after 30 hours and remained elevated from 42 to 60 hours. Significant temperature
differences were observed between pregnant and non-pregnant doe at specific times (P < 0.05). Successful pregnancy post-
artificial insemination in multiparous and primiparous does was associated with vaginal mucus conductivity of 307 £ 25 mS/
cm vs. 323 31 mS/cm, pH values of 7.12 £ 0.36 vs. 7.16 £ 0.32, and vaginal temperatures of 39.13 £ 0.33 °C vs. 39.05 £ 0.23
°C, respectively. Observations of variations in vaginal mucus conductivity, pH, and temperature (lower in pregnant than non-
pregnant does) can serve as references for the optimal timing of artificial insemination, thus potentially increasing success

rates.

Key words: Alpine goat, Artificial insemination, Vaginal mucus conductivity, Vaginal mucus pH, Vaginal temperature.
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Table 1. Changes of Temperature-Humidity Index (THI) at the site of feeding trial during cool and hot seasons from 2020 to

2021

Month Average Temperature (°C) Relative Humidity (%) THI'

Year 2020

Jan. 20.9 70 67.70

Feb. 21.8 69 68.98

Jun. 30.3 75 82.61

Jul. 30.5 76 83.09

Aug. 29.1 82 81.77

Year 2021

Jan. 18.3 69 63.76

Feb. 20.8 72 67.68

Jun. 28.2 84 80.58

Jul. 29.1 81 81.62

Aug. 28.4 86 81.19

" THI = (1.8 x AT + 32) — [(0.55 — 0.0055 x RH) x (1.8 x AT — 26) » AT = Average Temperature (°C) > RH = Relative
Humidity (%).
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1.9 B182.8 + 2.1 (P < 0.05) » ZAMAHE R ERHBUA A BRI 2 52 THI B FY 63 — 69 [ » iM%
geaCikEEE /b THI{E K 76.0 £ 4.6 - [EIRFSH%E SN2 THL(E R 76.1 £ 1.9 BURHES N IRBIEL RS MRET[FBE
B BAFIAMHERBE - (R REE BN A ERSE 243 THI E% 7L 80 — 83 [H - JVEE M #RasaT
FREEESN THI{E Ry 84.3 £ 4.1 > i [FERHHAZES 2 THLE R 82.8 £ 2.1 - BUREI B HEER - MEABHE K hla
TTRARPZE#E S PR - S SR R OR SR HE S IR SR THI RO N - SRFTIRET e A - A IR
MNP S o (BB EABERUR - 5 - PR - ERIRTH R 414 2 04C R 41.6 £ 0.5C - %k
ERRIERHE > BV - BGRR S ETR BT R R 39.1 + 6.4 % 38.8 £ 6.4 0 > JRUERMETE - BUREIEEEL
FHESES THI 22 82.8 (RERTEERIAEIAHP ) - Eolt#EE 9 A M E VIR AR IR K R AR TR
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Table 2. THI value of the poultry house, cloacal temperature and respiration rate of TLKT-09 chickens under cool and hot

seasons

Season” THI THI Cloacal Temperature, °C Respiration rate, time/min
in door out door (n=160) (n=60)

Cool 76.1£1.9* 76.0 £4.6" 414104 39.1+6.4

Hot 82.8+2.1° 84.3+4.1° 41.6%0.5 38.8+6.4

“® Means in the same column with different superscripts differ significantly (P < 0.05).
" Cool season: Jan. - Feb.; Hot season: Jun. - Aug.
Values are mean £ SD.

IL %~ BAFEESEHER L HEST I R AR bEEE

KB - AFEHEALTHSE 9 RnARZMBRELEEERINE 3 - SRBURLAEEET B
EEEHIE (8 > 2007 ; Weiss and Wardrop, 2010 ) - AERZEE MR 2 fhE - FLEEET ~ FREE - 4ERE4TEE - lmlikik
el el = H MRS SR ~ AR ABEER (P <0.05) » BURNBEHEN - R 2 M TE S Bl
AR B 4EFIIE T - B—EAEIERE ] » 28 MR A A LA AT LA R it RS PO AT S R P A S A B 7
FE - WH9ete > SRR T RES RS EAVEUOA I IE > SFRBA N ERRE S » F TIEASIE T HFFEER
Ko HEGEBEEHAER  BHNEREEM I EREAOR (WHLAEAE ) Bo ek - EmEBUniER
[ |-Ft (Garriga et al., 2006; Mujahid, 2011)  ZAjf st ER 22 5 FRIS A MUIE LR 269.0 + 11.7 mg/dL [ L2
IMKERRE 234.0 + 26.6 mg/dL 15 » BARTAHFTEE AN » HEOMGY R 2R S B R SN AR SRR - SRelEP
IEE B CAH R MR (R MR S i - AR #ES0Y S THIE > "JRea st SR B E T » Db
K/ DI B IR S B (P < 0.05) « ZAMENE A (e SR ENRE A SEWINERE g
0 EEEAHELE ThEE(E FIAVEREDT » A 0 B IR TP A PR B B LR BT RS TS (Nazifi er al., 2011) > ZRMIA
SRR & A EARG 2 AILER IS 0.20 £ 0.07 mg/dL BEPRFZERE 10.60 + 3.68 mg/dL ¥LEZREE 7 AILERT R 0.10
+0.03 mg/dL BEFREERE 7.00 + 2.21 mg/dL BAE# s (P < 0.05) » {Hakbazk® > fPE R R ~ B 2 f fite
B WM RE N B ENEIENE R E - RISRBNERIRE TR e 4 EELRIE > 558
FRE SRR E - (e [FI RS 2 R - T BRI AR EE > BVEa e = A
IR B EREEAIALELET RS _E7F (Qaid and Al-Garadi, 2021) » JE4T 2 MATZ 73 A T 245 EY) » =g+
HYEE SR ST » T 27 M & R RS ST R AR S AR B HF BB Z BE (Sticova and Jirsa, 2013) o SAER#E & BRIF (0%
HEREAL 2R 0.70 £ 0.30 mg/dL B3 S5 ZREG 2 0.11 £ 0.0.5 mg/dL (P < 0.05) - $ IR =5 A G ARGl
FRENAV BT FTEL o WnMEREREEE > o i A ALE RV AlRE b EAEDIRV AR B DhRE MR e 2 BANE - (HERE AL
i MR R A AT B2 R IS HIER AT g7 (Fernandez and Kidney, 2007) o sEg#E & N EAGRIG 2 MU R MR BEEA TG
SEME 766.0 £ 95.1 TU/L BEE SR E0E > 465.0 £ 264.0 TU/L (P < 0.05) > [LIBTCEL b ilt [ 548 BEAT 255 A 45
R—20 NEE S A I i ERET I BT AT R - SRS YRR 2 MU =R HOHERE 1,110 £ 122
mg/dL =R BRI 2 fF =M HMBRE 918 + 129 mg/dL - ShIFEL Bt iR /i as R —2 MR R E
R ER e B IEE » M EASEE I (L6 s =i H h B R e s el - BEEm S - MRE (e
FEREALHSE I RO AEECAERMIRE T » R ENEH TSR ERF AR E - BRE—E
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Table 3. Blood biochemical parameters of TLKT-09 chickens under cool and hot seasonal conditions

*
Cool season

T
Hot season

ftems (n = 60) (n = 60)
Glucose, mg/dL 269.0+11.7° 234.0+26.6°
Blood urea nitrogen, mg/dL 1.8010.27 2.0010.31
Creatinine, mg/dL 0.10 £ 0.03* 0.2010.07°
Uric acid, mg/dL 7.00+2.21° 10.60 £ 3.68"
Creatine kinase, IU/L 5,652+ 3,574 3,657 £ 2,538
Aspartate aminotransferase, U/L 245.0+52.5 295.0 £ 80.1
Alanine aminotransferase, U/L 5.60£1.89 7.21 £2.87
Total bilirubin, mg/dL 0.11 £0.05° 0.70 £ 0.30°
Total protein, g/dL 5.60%1.22 530%1.15
Albumin, g/dL 1.90 £0.31 1.80£0.28
Globulin, g/dL 3.70£0.94 3.50£0.91
A/G ( Albumin/ Globulin) 0.50 £ 0.06 0.50£0.08
Alkaline phosphatase, IU/L 465.0 £264.0" 766.0 +95.1°
Total cholesterol, mg/dL 112.0£45.7 130.0 £ 40.6
Triglyceride, mg/dL 1,110+ 122° 918 £ 129°
Sodium, meq/L 156.0+2.52 154.0 £ 3.66
Potassium, meq/L 3.60 £ 0.40 4.00+0.87
Calcium, mg/dL 18.20+6.76 16.40 +8.72
Phosphate, mg/dL 4.10£0.87 3.80£0.87
Amylase, U/L 363.0 £98.20 442.0£260.0
Glucocorticoids, ng/mL 15932 17.5+11.3

" Means in the same row with different superscripts differ significantly (P < 0.05).
" Cool season: Jan. - Feb.; Hot season: Jun. - Aug.

Values are mean £ SD.

L 5t~ AFBES EHE L ST 9 AR

KBpion - AEHER L HSE 9 LA Z MRS ITEERTINTE 4 « G5 RBUREDIS R 22 B 5 AR R
ZEEBH IEFEHEN (% - 2007 ; Weiss and Wardrop, 2010 ) - 5Eg#E & 2 ALMBRAAELL ~ LIRS ~ P40
BRASTE ~ SPIAEIMAT 2 ~ FImBk - BEAZAHRE - BEERtERR - MV EE 1gG FEENY - SAERTAREEZA -
EREE E N EGR  ALIMERAFEEE 41.90 + 8.46% ~ ~FIIALIMBKAGTR 157.00 £ 6.01 fL ~ SEIFHHAEIMAT 2R 56.70 £ 5.51 pg
MR SRR 2 4L MERBFELE 37.10 £ 7.50% ~ SEHI4LIMERESFE 130.00 + 6.78 fL ~ SEHI4HAEIMAL 2 49.70 £ 3.47
pg (P < 0.05)  TIEAER BT e > 4T MEREL 2.70 £ 0.51 10%pL BEEEEHARZRRE > 2,90 + 0.51 10%/uL (P < 0.05) ©
PE4S SR BT M BRAE ZAEA R Y S FE— 2L (Aengwanich et al., 2002) - NGO EEHEE /KM AN » &
RITLROREE » (EALIMBRATEEL#IZ 7T (Chinrasri and Aengwanich, 2007) - SEZRALIMERE N - (HPHELLIMERES
TREE IR AT ZAEE G0 - AR Ry AR B MBS FE » DABRT AL M BRAVHE ERE V1K B 4H AR BT E VR K - it
—HRREUREVEGE T - E AR A AL M BKAE R M R a8 - DR A A BRI - B
IR HF#EY B EK - 1EER A MR BARRRE T o B MRV EUE R RE S i a8 15 =58 i1 <2 #S (pattern recognition
receptors) Wk lmatlat - ALK B A TR 2IRPURIEE S - 8BB4 Z (chemokines) » Wi 7 4 B2 4H 4%
A5 E S E (Chiu and Bharat, 2016) = ZA[M 2GR alER#EE 2 O B AR AYBEAZ 4IRS 1,528 £ 821 pL BAZ{KL
R B ANAEE 2,069 + 1,401 L - #ERIECRIRENIES [REn 2R 2 & BRAZ BRI ey E A EUENZE - IEEF
HHA R E N RRZEATEL o HEAh - Maxwell er al. (1992) 8537 AR B #2872 v 8 2 B0VE0E0F - [ ImBkhiy
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Table 4. Hematological parameters of TLKT-09 chickens under cool and hot seasons.

Items

Cool season

Hot season

(n=60) (n=60)

Packed cell volume, % 37.10 £ 7.50° 41.90 t 8.46
Red blood cell, x 10° /uL 2.90£0.51° 2.70+0.51°
Hemoglobin, g/dL 14.30 £3.28 15.10+2.93
Mean corpuscular volume, fL 130.00 £ 6.78" 157.00 £ 6.01°
MCH (Mean corpuscular hemoglobin), pg/cell 49.70 £ 3.47* 56.70 £ 5.51°
MCHC (Mean corpuscular hemoglobin concentration), g/dL 38.30+1.72 36.10+3.16
White blood cell, x 10° /uL 15.10£0.39° 13.30 £0.53
Heterophils, /uL 4,989 £ 2,361 4,962 12,746
Lymphocytes, /uL 7,267 £ 2,383 5,755 3,082
Monocytes, /pL 2,069 £ 1,401° 1,528 £ 821°
Eosinophils, /uL 439+ 312 601 £ 258
Basophils, /uL 346 + 161° 420+ 114°
Platelte, x 10° /uL 15.7+6.1° 19.0£10.2°
Total protein, g/dL 6.20+1.59 6.10-1.14
Fibrinogen, g/dL 0.4010.27 0.50+0.22
Immunoglobulin G, pg/mL 10.3+£6.7° 29.7%15.7°
Immunoglobulin A, pg/mL 216 £ 139 2821185

“® Means in the same row with different superscripts differ significantly (P < 0.05).
" Cool season: Jan. - Feb.; Hot season: Jun. - Aug.
Values are mean £ SD.

Soleimani et al. (2011) i< B A PY oo Jid + 2 ~ — At 2 R ps FHREERI R HY 26° C BT T - Mo i HoAeoi ~ 1
B I P DA R SR UEER B S ERAVEE (] > BETR R s SR BRY 36 CERET TP A 3 /NIF - &55REEUT > PRI # R
+ (A% 7 EI R DL s IS ER BUM IR LRI MR f R B+ A R AR P s B IS ARAY e Eh i
/N> BURH ERERENN 2 - AURBRSE O ANET (182 F) REGE (6~ TH 8 J ) ZRILEE
FESEE) YA TR E - SERBURHADN » M VE R - RIEERBUREIREC I SR R R B 2L > BIE
FEE e B (THY) 22 82.8 HYERIET - % in R i iR e ry A B 2 BB e S - BURH B BRI EVENE
e

A
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Abstract

This study aimed to investigate the effects of seasonal thermal conditions on the physiological and hematological
parameters of the native strain of chickens TLKT-09 in TLRI. The experiment was conducted during the cool (January -
February) and hot (June - August) seasons in 2020 and 2021. A total of 120 birds, including 15 males and 15 females aged
18 to 37 weeks per year, were used. Cloacal temperature and respiratory rate (breaths per minute) were recorded at 10:00
a.m. and 2:00 p.m. during the trial. Blood samples were collected in the final week of each season for biochemical and
hematological analyses. Environmental temperature and humidity were monitored to calculate the Temperature-Humidity
Index (THI). Results showed that the average THI values during the cool and hot seasons were 76.1 £ 1.9 and 82.8 £ 2.1,
respectively. Cloacal temperatures were 41.4 = 0.4°C and 41.6 + 0.5°C, while respiratory rates were 39.1 + 6.4 and 38.8 £ 6.4
time/min in the cool and hot seasons, respectively; no significant seasonal differences were observed in these physiological
indicators. However, blood biochemical analysis showed significantly higher levels of glucose, creatinine, uric acid, total
bilirubin, and potassium in chickens during the hot season, indicating increased metabolic loading and electrolyte imbalance
under heat stress. In addition, hematological parameters such as mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), basophil percentage, platelet count, and immunoglobulin G (IgG) were significantly elevated in the
hot season, suggesting physiological adaptation via enhanced oxygen transport and immune function in response to heat
stress. All measured biochemical and hematological values remained within the normal range for chickens. The absence of
significant changes in cloacal temperature and respiratory rate, even under a high THI of 82.8, indicates that TLKT-09 native

chicken possesses considerable thermotolerance.
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Ferndndez et al. (2011) 42t » IRRFEEVATI AT EINE » H— BATHORIBIIG E R R A RORRE
& 0 H R RIEEIE - BSSE 2B - AR RS TR 2 - SR BRI B B
IO - SERSIORTIYICHE - F SR S A BT R T - WA T P RS M » 5T
B » B B A RO 72 1 R R S L 5 (L 1Y RS /7 (Chang et al., 2023) -

G Dl R o (R I S BT S B RE IR » A0 fa SR LA TE 2 R AR P 1 (R B B A
B RHRE 5 IS o AT ABER I 2 R IR iRl 53 B SR (TAS AT - 1201 2t eech » eI
TR T (S MBI RIS AR - iR B 17T 1728 (Gorjanc and Hickey, 2018; Meuwissen et al., 2020) -
REFS2 BT AR (S0 S AT 2 R LS IR 2 B 1 AR ST+ S B (B O (el » Ry (A
Yy IR R HE RIS R AR S 2GR » LUTHE & kA B -

M T A

L EaEh)

Al B 2 BEaEhY) By R 57 BT B i e 0 5208 50 BR300 i e S U G oL AU RTIGRT (26 12 fR) ~ 1B IBET
FEFR o EATGER AR OIS S EIRUTm £ 78 2 155 R R EHR G £ 56 22 89 REL: 380 E(HAS » EEIGEH AT
RIS S HOG AR R B A E T E WL - PRSI S [BIRIE DA - EfEGE NS m AR 4 A
109 BRI Z 26 22 61 REHE: 240 E(EES - S5 BIERIREEAAREHIE R 7 ESE 0 BEECHEAEZE S
R 2 BENS 200 & FOE AR 21 165 & Hlim A G & U0 BRIk EE QTS 10 & R AHE 20 €75 - 55
EHSEHTRAST (Chang et al., 2023) 15 2 15 0306 S a2 2 R H I M AR L 2V 2~ 4~ 55 6~ 7 e 8 (RETT
EEHgL -

ARWTTH e Z B e Bs i & 7y FrhdT » B2 (5 H ~ 68 R EBAN B GBS ER BT HE 2 T E R
B HE R /N (B E BT 112-07 5%) REERBATRE D ERE Y I R /N (Bl TS
113-05 5% ) %A 7 sl BgAE AIEST -

AE1E BTSN YY) 2 SEFIREREE BT EE MR - K Gentra Puregene Blood Kit (QIAGEN, Netherlands) 7B
FE/RAE 275 (Bush er al., 2005) F%E F A 22 HUAY 15 DUETT BRI 4H DNA 2 Z2HY - Frf5 AL R4 DNA B A -20C %
HHECRAFH -

1L foife B s AR A ]

AHFE M 18 2 AR R (R B 2 B 1 T3NS (Hsiao er al, 2008) » PR BBCEEZ REMEEWFR 1 GE
APTO001 ~ APT004 ~ APT008 ~ APT010 ~ APT012 ~ APT017 ~ APT020 ~ APT025 ~ APT026 ~ APT032 k. APTO033
FAL N H (RSB 1237 R Z53EEe ) - BEAEREI YA R DNA #1717 PCR » H [ ELERSHE S 10 uL -
H P& 50 ng AR ELRI4H DNA ~ TEZ5]F4 0.2 uM ~ 1X PCR buffer ~ 1.5 mM MgCl, ~ 0.2 mM dNTP }; 0.375
U Tag DNA polymerase (TAKARA Co., Japan) « [ZJE{FR{: 5y 94°C E14 10 7388 - 21T DU NEE 30 X E1E
94°C M 20 b ~ 60°C g 30 #0 Je 72°C FEAf 30 #b » Hi& FELL 72°C ZEf 10 734 - PCR [JE1% » DL TBE &K
BUH 1% THSERIEAC HEf TR KR EY) - AR | = 5h i sl B 2 a A A I rp LT T - 48 ABI 3500 F7 %)
it DL GeneMapper sEHUAATEC R BEAVIN » FEDAA TEEHI T3 AY -

T 18 5 S B (TR T AT

Ry PR EE S T N8 = B U 2 DR [F SRES BC T (R Y IR B R L RE M L BTE - AR BfTEERER R 2
Nt E R E B HE R » LA RS EH (Number of alleles, N,) ~ A3 £ K #H (Number of effective
alleles, N,) (Kimura and Crow, 1964) ~ # | (Observed heterozygosity, H,) Bl H % & & (Expected heterozygosity,
H;) (Nei, 1978) ~ ZHeMEENE & & (Polymorphic information content, PIC) (Botstein et al., 1980) F Wright’s F-statistics
7 HEEE T AX {58 (Wright’s F-statistics) 75 F Cervus 3.0 i #% (Kalinowski et al., 2007) $1 % /i 1& AT 15 A& (R AU
Bl T 15 8 S 7 (Hardy-Weinberg equilibrium) £ 72 (Guo and Thompson, 1992) « J& £ 47 #7 45 47 {55 A FSTAT
2.9.3(Goudet, 2001) {{< (Weir and Cockerham, 1984) Ffr L {if S B W WY < [ < R B 73 1B 45 % (among population
genetic differentiation, Fg;) » PLaFAGIREEH 70 (BARRE < WA FH4RETHES R /Y adegenet B #ETIRRTE T IREAE AT
(Principal coordinate analysis) i[fi4g[& (Jombart and Ahmed, 2011) -

IV. Bl i T RN AU
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AT FEAE SR VU TR A f e 2 B N A HE AT PO ARG A O AR 7 3 > 55— T U7 AU R 18 0 2ENG = B 380in
G12 (JErTiREt ) EIRICER K (Efe RN BkEE L 2 E T RERE - NA | 5URAISRAE#H F DNA
A REER LGSR R RIS RS IR - S — DL 11 BRI TR - ORIy By 11 EANSRIE » WK
Fal PR 2 - FENES - HACES 11 A8 44 ) o BN ARIUR & (8 B EUE TR > FAAME 2E
SO BITE SRR N R A RS — (B SO RN WRERREE e R - (HIRE IR - SEEAISIRE 3 2 4
B EFITEME R A EEIR - IR ERZ aRIERI(ERE - FIERESEEL 308 (H TUEEREERNAL - Rl aE
TGN RIS R R 72 > AialofiAE s 100 2 -

* 1. FISMEEARCSENZS [T~ RERE KA O RS dm st

Table 1. Primer sequences, annealing temperatures, and chromosome locations of the microsatellite markers in Tsaiya

ducks

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

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

APT004 F: GGGCAGGAAAATCTCCTGAAT 60 3 192
R: TCTCAGTGGCTGAGCGGTC

APT008 F: CAAAGAAATCCTAGAACATCATTCAAAT 60 1 358
R: TCTTCTGGCTTTTCACCTTAGTTTAGTA

APTO010 F: CACTCAGGCTTTTAGGTCCATTAATA 60 2 1,199
R: CATCTGAGAATGCACTTACTGTCAAA

APTO012 F: TTGAGCCTCAGGTTCTAAACTCCTA 60 2 5
R: TCATAACATTTCAGACCAGTTTTCAGA

APTO17 F: TGGATGGACAGACGGGTGA 60 1 481
R: TGGAAGTTTTGATTTCTAGTGCTTACA

APT020 F: TTCCAAGTTTGTCATGCCAATAGA 60 1 197
R: CTGACCATGTTAGGGCGTTTTAG

APTO025 F: TCCTAAGAAACGTTGCTTCATAGACC 60 2 121
R: GAGTTAAGCTTCATCACTCTGTGACTG

APTO026 F: CCCTGAAAGGCTGTTTTATATATCCA 60 7 477
R: ATGTAAATAAAGTAGCCTTGCACGGT

APTO032 F: TCACTTTCTTGACTCTCCTTGGTTT 60 2 45
R: TGACTTGAATTCTGTTCAGGATAAATG

APTO033 F: CTTCACCCTACCTCATAAGGAACTG 60 Z 14

R: ATTCCAAATCTGCAAGGTGAGTATTA

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

? Annealing temperature.

* Location on the duck chromosome.

* Orthologous microsatellites in the duck genome scaffold.

B =FE TR A IR e K Bl i/ NP B B A T RO » R FC & B S ECAERAZ 7R ARG Ry B AL
EELTECTEIRAE - AUTFTER WP B RIS i E BC i  H /e DAGRETEEE R /Y poppr Ef: (Kamvar ef al., 2014) 515
Prevosti's distance (Prevosti et al., 1975) » [HiE SRR 5 82888 RO RS » HELEERS OB AN EZRNEE
RS T BN 7S SR S FLAEL ] 2 A A S AR TR AT  HEE KL DA K-means % (Hartigan and Wong,
1979) AW ELEEIS 47 A1 o7 By 11 B - PR E &4 58~ Nei's distance (Nei, 1978) » R ERHE AT Z L 4 €D
SRS - Rt LIS E AR 2 - BEATS R PRE B EIERERT 6 (8 5 RBR NV RIS 73 B AR 77
B HEEEAEC T BRI 2R IE NS WACEEIERE AN B FECE SIS B ERE - (S IERERE
4 BRSPS —TE )7 =R 4 100 4H 308 i+ AR A -

S UUfdE T =R A CHERS 73 Bl 2 Bosk 11 {8938 - BIR S H {(E RS R R R B o3 B T i 8 (R EE e B B A B
SRR FHREE T - =R AR - RSB AR 100 4H 308 {EF-RERTY -

PREE— T AARIE TR AR R T AR SURSBUERICO R - S BT AR > HAE
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BT B E RIS R a4 T U AL - TR EE 2 TERE - S F B TEER
RZFUG RS 2 AP B R - DEFEA RS AS S 2 R E -

- FENSPsERCE RS

BN AIERABHER - AWM DR B A T IR TR B RER Y B O I E B ER AR
BEZREN > E5EEFRE T &S SR EEEEERFICE IS - S0 @ OIS S 6 80m R TH
IISEARHSIREL AL 577 Ry 12 (BB - SRS NS BERT S (R R ARy 4 [EEHS R > S Bk
1 ERHG - BUBBEEICAER - WN[E] B At e e 28 100 4H AR B R IS EE R -

SRR RASIR - BN S8 Z PR 12 2% 43 B (B 27 J2 39% ) » $ IR A AR 9 /% 38
BE (BEPICR 35 Je 62% ) » HIREL A NS LRI TEER & - H5I5R 4 EHBUREEREE A ER - EmRHES
RS EEE - BERES T 9 HANSIEE - F@un%i_ﬁsﬁf@é@ﬂ@ ERESETAH S 8 S BTG 200 € - IR
n % 165 & > Qﬁﬁuné&%?ﬁﬂPﬁ%‘ﬂLT&?ﬁﬁ% A 10 EEEHE 20 BTS2 > 1B RTREE -
{RBIRRE S BHE & U TELE - DR 2 R RO RS LB -

RN B

e NS = B0 S BT ot SR TR AR S (B AT

e NG = B0 2 S L IR S S AT IR (G12) 7Y 11 $HRIS IR 2 AR B B Ry R 2 B3R 3 -
W it e BB R 57 (B2 BN > 6880 R B W IR AN S B N AT S B RN B A Ry 3 27 ({8 3 &
8 il - PHEEFRERNEEE 5.2 [ECEER  FIARBCIE AR 5 R 2.6 F 2.7 HABCCEENR - Sil8ims
BB EE Ry 0.532 ﬁiﬁﬁﬂwﬁz S R 0.601 - ¥ Rt i 1A PR B E Ky 0.518 > P A &
F50.582 » SEIRUI AR ZREMERE S 89 0.529 > WIRE A S EMENE S E-P9RI R 0.527 » WA 11
HiRE RS T - BR T R E‘E\-mf ZREME (PIC>0.5) -

*2. FISWMEEARCSENNEORISSESUm AR 12 RZEEER (N=233)

Table 2. Genetic variation at the microsatellite markers in the 12th generation of the Better Feed Efficiency Brown Tsaiya

(BFEBT) line (N = 233)

Locus Fra(%g‘)em N, N H,’ H,* PIC F
APTOO1" 178 — 206 6 24 0275 0.591 0.509 0.536
APT004 286 — 314 7 33 0.648 0.698 0.658 0.071
APT008" 168 — 192 7 27 0.639 0.636 0.574 -0.005
APTO10 180 — 208 7 2.0 0.511 0.495 0.431 -0.033
APTO12 177 — 205 6 33 0.717 0.694 0.633 20.032
APTO17 173 — 185 4 2.6 0.541 0.615 0.545 0.120
APT020 177 — 201 5 2.9 0.639 0.650 0.584 0.016
APT025" 105 — 121 5 23 0.433 0.561 0.468 0.227
APT026 130 — 146 4 3.8 0.798 0.736 0.688 -0.084
APT032 207 — 259 3 1.8 0.408 0.434 0.342 0.061
APT033" 258 — 266 3 2.0 0.240 0.505 0.390 0.524
Average 52 26 0.532 0.601 0.529 0.127
15 0.6 0.178 0.095 0.112 0.216

' Number of alleles.

? Effective number of alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

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

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
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3. SR RS S AR IR RS 12 (U (R (N = 145)
Table 3.  Genetic variation at the microsatellite markers in the 12th generation of the control Brown Tsaiya line (N = 145)

Fragment

Locus (bp) N,' N, H,’ H.' PIC’ F

APTO001" 178 — 206 7 2.4 0.255 0.588 0.502 0.566
APT004 290 — 314 5 2.2 0.586 0.537 0.479 -0.092
APTO008 172 — 196 7 4.6 0.676 0.783 0.752 0.137
APTO10 188 — 212 5 32 0.703 0.690 0.634 -0.019
APTO12 177 — 209 8 33 0.731 0.696 0.642 -0.050
APTO17 173 — 189 5 1.6 0.303 0.384 0.361 0.210
APT020 177 — 201 5 3.4 0.717 0.703 0.650 -0.021
APTO025 105 — 117 4 2.7 0.352 0.623 0.561 0.436
APT026 130 — 146 5 2.7 0.717 0.625 0.581 -0.148
APT032 207 — 259 3 1.7 0.379 0.399 0.322 0.048
APT033" 258 — 266 3 1.6 0.283 0.378 0.314 0.252
Average 52 2.7 0.518 0.582 0.527 0.120
SD 1.6 0.9 0.201 0.141 0.146 0.227

' Number of alleles.

? Effective number of alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

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

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.

HBc i o B TR S B 5 A8 12 FRESEATHE R (Chang er al., 2023) (AR » I % A
BN 8 R LU ERERE - MR 12 (IHEAR S TR R (S » PR AR B e AT A
B SR HE DRI R 2 BB - BLA A T B SR B R A » TR S B BT A2 (4 BB
SR AT » BT e A R T L B (T MM T 28+ W T R M S R 2
e -

L FER AR R (R 2 0 T (R 2 5

TG DDA SR (RIS A T T AT AT M 2 5206 6L 8 ST AT (G12) ch e
BSATER  BUSIURE R FIRCE R D TR WAL SE M R - 53505
(i) FREBEEIS 2 T FRATHEAA -

(i) FRRA S (S R NG 58 R T -
(i) RN (S R RN 58 T -
(v) EHEE S BOREIE S AR5 BE - HORMIBACY -

PR — R E RIS E IR At EE R E L T (U Kt =REXEEEEISHEFELE TR S
B 100 fEIEREE - EHEREAE 308 EHEE - SRBURIR 4 -

LR PUREEACHE S > BEAVA RO AR BRI IR Rl A i - (HER P BHE EEEREAE
FAK - ZREMER S EAETIERE T S HLT > 558 ARG E NS iTae B U e AR
RSO RS EEE AR - BIECE - AEVERDT A ESEHE R EPEER - BRI EE
HEEEEAE S BB B RISERIANE - BUnHREREHSRRERTET] - 14 BRZGANSTHE#HER
YRR (e 22 B P HAth 1) T HR SO RN B R A RCOE AR BRI AT S p e B R ([ e R R E
JE > A SR ECRERE KA EF) - [MAE R EAE PR = R/ Ny B (PR A A S T (5
REVZEREA > BURER T BREBYN  W(THEIS R 258 (TR EREEER - ANREER - R
SER I PR R > B (R B AR (R B TR R MO 0 -



96

TRIGH

"SUONBIASD PIEPUE)S puE djewnsa Surpsaiqur uonendod urgim o1pur uonexy s ySLp |,
JuRIu0d uoneuLIofur orydiowLod

“K115034201919Y pajoadxy .

"K115034201030Y POAISSqQ) |

"SO[3[[E JO JOqUUNU JANIIPH

"SA[3[[E JO Joquuny .

‘Sunidspgo oreway 4 pue ofew ¢ 9onpoid 0} paurejol sem d[ewd} uIPaaIq Yoes ‘suorye[nwis [[e JoJ ‘(yoes suonendod

001) Sunew 0} Jouid s19pa31q Jo UONIA[As pajeadar paajoaur suonenuls Jaylo (e ‘suone[ndod oo ur Apoaxrp Jupew pajeadar yorym ‘uonenuls paseq-oa13ipad oy o 1deoxy |

SC00F 1200- 6000F8IS0 OI0O0O*88S0 LIOOFTI090 900+8SC 6I'0F8CTY Sunew Wopuel pue FULISN]O WOPULY
J0uB)SIp O1}oUT

610076000  6000F SISO  6000F98S0 €I100FT8S0  90°0F8ST SI'OFI9I'y I91SN[O-INNUI OFRIIAL WNWIUIW UO PIseq SUNBW pue 10padiq Funodfes pareadoy
J0UBISIP O1JAUIT

0200 F 160°0-  LOO0FTTSO  LOOOFI6S0  €I00F9¥90 SOOFI9T 6I'0F6EF IOISNO-IIUI OTLIOAL WNWIXBUW UO PISeq Funew pue 19padiq Sundofas pajeaday
ITO0OF 1000  C000+TCS0 €000+ 1650 9000F0650 <COO0FS9T T00FLTY Sunew pajeadar 92131pad [emoe UO paseq
Sl oI JH CH N N  UOIB[NWIS UI SIIZ31ens Sunejy

Sa1393e1s Sunew JUSISYIP Jopun dul] [ A oY JO (S[enpraipur g0¢) SurLidSho paje[nuwiIs Ul UOIIBLIBA O1JOUST OFBIJAY

¥ 919BL
HEE ALY 5 80¢ HhHMH W MHEEEDE v



97

T RO A G ISR R B O R T

L. B EEGRE AN R EHEE T2 B R

T SENG = B S00 B S HC T B L 2 (R R TR (SIR iz CIR) HYBE BRI HIAIFR 5 B3R 6 - BTG S
AR R BN E 55 (AR SRR S S SRR 2 F 8 (8 THERRES 5.0 HE%
C ARAEFERE S 17 2 408 - SPHEERERERR 2.7 ARG ER - BUARE L/ 0431 F)
0.843 » S 1y 0.617 5 HAL ELETRE A1 0.403 51 0.747 » 4515 0.600 o S HELES E & &/ 0.322 51 0.714 »
£ 85 0.537 o T H IR S (B B IR L BUIE 56 (BRI » S ERIERT &3 AN 2 2 8 i gk
REEE 5.1 A RER » ARREEREI N 1.6 2 5.1 {# > SPHEERREER 3.0 [HERECE AR - BUIRE
FEFTHA 0.333 1] 0.839 » SR 55 0.642 5 HHEE FUETRE /M 0.387 51 0.804 » P45 0.627 « S5 HEMSE &8 /1 0.312
£]0.778 » P4 0.572

xS, FISMEEARSENN GRS S MU A BRI B HE R (N =153)

Table 5.  Genetic variation at the microsatellite markers in the recovered BFEBT population (N = 153)

Fragment

Locus (bp) N,' N/ H,’ H.' PIC’ F

APT001" 178 — 206 7 4.0 0.562 0.747 0.714 0.248
APT004 290 — 314 6 2.2 0.569 0.556 0.521 -0.024
APT008" 184 — 196 4 2.6 0.582 0.615 0.546 0.054
APTO10 192 — 212 4 2.0 0.556 0.496 0.419 -0.119
APTO12 177 — 205 7 3.5 0.843 0.716 0.663 -0.178
APTO017 169 — 189 6 2.6 0.660 0.611 0.550 -0.080
APT020 173 — 201 8 33 0.810 0.698 0.644 -0.161
APT025° 101 — 121 4 23 0.569 0.570 0.488 0.002
APT026 130 — 146 4 3.4 0.758 0.704 0.648 -0.077
APT032 207 — 259 2 1.7 0.451 0.403 0.322 -0.120
APTO033" 258 — 270 3 1.9 0.431 0.481 0.391 0.103
Average 5.0 2.7 0.617 0.600 0.537 -0.032
SD 1.9 0.8 0.136 0.111 0.125 0.128

! Number of alleles.

? Effective number of alleles.
® Observed heterozygosity.
* Expected heterozygosity.

* Polymorphic information content.
® Wright’s fixation index, within population inbreeding estimate.

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.

BRLPEHIGREE KRR 2~ 4~ 5~ 6~ 7 J& 8 X (Chang er al., 2023) AHEL » Wi ZHVSCEELREHEE - ARCL
AR BB B2 E S A IR RIS s ST - SO 12 AV - I E IR R & B 2R A
(RS - FEEHIER L BRI R A A B R R 2 RE MRS S A RT2 (X A RO A R B R AR - 8
TNME BRI RS AR MR R -

BRIV E S RERAFR 7R GRS OIS S 60 R R IR G A S B R A R A SRR F £
Ko BB HIEEE AR PREERENS > WS EIE L 336 EFRARA 2 EHE R > HLEE 100 THCFIIE M AEE (R
72 o ERBUR S R R AE BB URy 4.76 £ 0.10 » HRTE RS 2.58 £0.04 > U HE B BE
& 43 71 K 0.590 £ 0.011 B 0.584 £ 0.006 » ZEEMEEHE & & K 0.521 £ 0.006 o [ 18 i A0 BL R B 5.40 £
0.06 » HRSEERNELFy 3.01 +0.05 o 3% /5h S Y BUHI 228 [ BAIHASE SV T 53 71 By 0.644 + 0.010 1 0.631 + 0.005 »
ZREMERE A E R 0.575£0.005 -

EEEIREE R SAT AU S 8 S e T (A S T BN G12 RAEEREE » LHEPIX
B R NBOHREE > B eRT EA A 5 1508 i 2 AR - QRIS S PO B R RSB ATt A - WS A
AP R AR T R B R S EUG R RT » IEERTE 12 fURBEREES TR -
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V. BERERE TR EHER

R EOSNG = B R F S IR i 2 (BB IR 71X (S2R B C2R) 222 IR AR 10 24 20 B > HAE SR HI4N
R ER Y OIS ER A EEGESENE] 38 8N > SEARNEREOEERE 2 £S5 - P
PFRNEE S 3.5 B HER - ARCSERERNE N 1.4 £ 32 # - PHEFRRNELR 2.3 HASEEN - #
HISVEES L 0.167 £ 0.900 - 555 0.527 5 HHSESVEE /1AL 0.260 £ 0.692 » S 5 0.507 - ZREMERE S ET
12 0.226 £1] 0.642 » -5 By 0.454 o [ H3 0 in S (R B HREE T (UL BUHIE] 38 (E-08 &N SRR & OB EN
B2 25 H > P9BERNES 3.5 8 ERN » ARCTEERNEI R 1.5 £ 2.7 - PHEEREAER 2.1 {#
ARAEFEN - BUNEEES Y 0.267 £ 0.633 » 55 B 0.436 ¢ MBS/ 0.320 5] 0.623 > P49 % 0.515 »
SHEEMEEE S B2 0.269 5] 0.564 » 95 0.451 »

HE— DR ATREE - BRGHAEER TP EERERENR 10 - iPEEEERE T (S2R & C2R)
FER T R FIINBRMEE GRS (SIR & CIR) » LIS E N BUR D R - HERIELIE T o] e BLkE A {58
TESHEGEE > QNS BEEEYE  RERBE R TAERE > EARRRRPIREEFRARR -

HPNMEERE R E RS 5[0] > FEIRGR RIESAREA A GRS - 2% TR ERZ > HimA
$5FR 4 EHBRBEREE D AREAS - REMERETH 9 BN ¢ S BB R RECE IR PR F > =6
S8ah B IR AR A B R PR B AR E S SR AR AENS - 1T W dh R R BIE R RE A IR e E EE SR & A REV AN
KIS ANBEEAEER TIEEP - EEEISPER AR ZIR - WFTE AT > SRR RCOE 2
DRI P R RE S Ry B EEN T > T RE R A ol B PR AR R 28 R A (R SR (K » SRS L s BB A SR P B ] A
US> AAMEEHE RS S RN (Zhang er al., 2018; Pocrnic ef al., 2023) - SUANTFE/RE T B HE R
N BUERTREHE R SSRGS A 2 5 > nI R B DR P © IS B2 IRE AR - 1Al > BE T U RE
FolFREEER /T E#E > & Malomane er al. (2021) HEFESHY - BEARU DI 15 WAREZEREG MR (HIER AR
o RS T RE T S IR (B ISR R S B - QAR ZE 8 & T B U T AR A i e 2 #
BEAE > BIRIRSeAT (RIER P ERES - TR RAE C B W B IR T AV B R SRR -

6. FISME R SR B IR i AR BB REE B R (N =287)

Table 6.  Genetic variation at the microsatellite markers in the recovered control population (N = 87)

Locus Fr‘t%r;)e“t N, N2 H,' H,* PIC? Fi
APT001" 178 — 206 7 5.1 0.701 0.804 0.778 0.128
APT004 290 — 314 6 2.5 0.586 0.605 0.566 0.031
APT008" 184 — 196 4 3.2 0.828 0.684 0.620 -0.209
APTO010 192 — 212 4 2.8 0.621 0.642 0.572 0.033
APTO012 177 — 205 7 4.4 0.839 0.775 0.740 -0.083
APTO17 169 — 189 4 1.9 0.333 0.480 0.430 0.305
APTO020 173 — 201 8 3.6 0.701 0.722 0.682 0.029
APT025" 101 — 121 5 2.6 0.563 0.609 0.545 0.076
APTO026 130 — 146 5 2.9 0.770 0.659 0.609 -0.168
APTO032 207 — 259 2 1.6 0.425 0.387 0.312 -0.100
APT033" 258 — 270 4 2.1 0.690 0.531 0.434 -0.298
Average 5.1 3.0 0.642 0.627 0.572 -0.023
SD 1.8 1.1 0.159 0.125 0.139 0.170
' Number of alleles.

* Effective number of alleles.
* Observed heterozygosity.
* Expected heterozygosity.

* Polymorphic information content.
® Wright’s fixation index, within population inbreeding estimate.
" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
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* 8. 11 IR B ARG e OIS S E i R R EIREE T U PR A R (N =30)

Table 8.  Actual genetic variation at 11 microsatellite markers in the recovered offspring of the BFEBT line (N = 30)

100

Locus Fragment N, N/ H,’ H,* PIC® F
(bp)
APT001" 178 — 206 3 2.3 0.167 0.566 0.499 0.706
APT004 290 — 314 5 2.3 0.433 0.556 0.525 0.220
APTO008 184 — 196 3 1.9 0.667 0.462 0.404 -0.444
APTO10 192 — 212 3 14 0.267 0.263 0.241 -0.015
APTO12 185 — 205 4 3.1 0.867 0.675 0.619 -0.284
APTO17 173 — 189 5 3.0 0.667 0.669 0.609 0.004
APTO020 177 — 201 4 2.8 0.733 0.638 0.565 -0.149
APT025 105 — 117 3 2.1 0.633 0.530 0.440 -0.194
APT026 130 — 146 4 32 0.900 0.692 0.642 -0.301
APTO032 207 — 259 2 14 0.267 0.262 0.228 -0.017
APT033" 258 — 266 2 1.4 0.200 0.260 0.226 0.232
Average 3.5 2.3 0.527 0.507 0.454 -0.022
SD 1.0 0.7 0.270 0.172 0.160 0.320
' Number of alleles.
? Effective number of alleles.
* Observed heterozygosity.
* Expected heterozygosity.
* Polymorphic information content.
° Wright’s fixation index, within population inbreeding estimate.
" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
9. 1 4NN B H IR AR E SRR B R (N =30)
Table 9.  Genetic variation at 11 microsatellite markers in the recovered offspring of the control line (N = 30)
Locus Fra(%gent N, N H,’ H,* PIC F
APT001" 178 — 206 3 2.2 0.333 0.551 0.485 0.395
APTO004 290 — 306 5 1.9 0.433 0.476 0.422 0.089
APTO008" 184 — 196 4 2.7 0.633 0.623 0.560 -0.017
APTO10 192 — 212 3 2.1 0.433 0.515 0.434 0.159
APTO12 185 — 205 4 2.6 0.467 0.618 0.548 0.245
APTO17 177 — 185 3 1.9 0.300 0.466 0.403 0.356
APTO020 177 — 197 4 2.6 0.600 0.616 0.564 0.026
APT025 105 — 117 3 22 0.567 0.551 0.485 -0.028
APT026 130 — 146 4 1.9 0.500 0.469 0.429 -0.065
APTO032 207 — 259 2 1.5 0.267 0.320 0.269 0.167
APT033" 258 — 270 3 1.8 0.267 0.455 0.366 0.414
Average 35 2.1 0.436 0.515 0.451 0.158
SD 0.8 0.4 0.132 0.091 0.090 0.175

' Number of alleles.

* Effective number of alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

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

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
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% 10. 1HOFISSERR R (S) KEHRMEAR (O FE 24567812 - [E&EREE (SIR & CIR) RIEEE

BETR (S2R J C2R) Z il

Table 10. Average genetic variation in generations 2, 4, 5, 6, 7, 8, and 12 of the BFEBT (S) and control (C) lines, and in the

recovered (S1R and C1R) and recovered offspring (S2R and C2R) populations

é;“rfef; don N' N, N H,' H’ PIC dHWE’ F

S2 17 3.8 2.5 0.529 0.578 0.499 0 0.090 % 0.321
S84 26 4.1 2.4 0.517 0.584 0.507 0 0.13140.252
S5 31 4.0 2.7 0.478 0.618 0.543 0 0.242 % 0.441
S6 50 4.1 2.7 0.531 0.609 0.538 2 0.134%0.207
7 48 4.1 2.4 0.496 0.574 0.503 1 0.137£0.208
S8 48 3.5 2.5 0.517 0.580 0.497 2 0.123%0.272
S12 233 5.2 2.6 0.532 0.601 0.529 4 0.127%0.216
SIR 153 5.0 2.7 0.617 0.600 0.537 4 -0.032 +0.128
S2R 30 3.5 2.3 0.527 0.507 0.454 1 -0.022 +0.320
e o e e R e S R Sl
C4 24 3.9 2.9 0.527 0.640 0.561 0 0.173%0.333
Cs 29 3.9 2.9 0.473 0.650 0.577 1 0.285 % 0.446
C6 46 3.9 3.0 0.550 0.636 0.567 2 0.141£0.225
c7 48 3.9 2.6 0.561 0.595 0.530 0 0.084 % 0.208
Cs 48 3.9 2.5 0.504 0.572 0.512 2 0.106 % 0.252
CI12 145 52 2.7 0.518 0.582 0.527 4 0.120%0.227
CIR 87 5.1 3.0 0.642 0.627 0.572 4 -0.023 +0.170
C2R 30 3.5 2.1 0.436 0.515 0.451 2 0.158%0.411

'Sample size; *Number of alleles; Effective number of alleles; ‘Observed heterozygosity; “Expected heterozygosity;

*Polymorphic information content; 'Number of markers departed from Hardy-Weinberg equilibrium; *Wright’s fixation

indice, within population inbreeding estimate and standard deviations.

"S12, SIR, S2R, C12, CIR and C2R were conducted in this study, the other populations were conducted in the before studies
(Chang et al., 2023).
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Fig. 1. Principal coordinate analysis (PCoA) based on 11 microsatellite markers for generations 2, 4, 6, 7, 8, and 12 of the

BFEBT (S) and control (C) lines, and for the recovered (SIR and C1R) and recovered offspring (S2R and C2R)
populations. Dim1 and Dim2 represent the percentage of genetic variation explained by the first and second principal
coordinates, respectively.
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Abstract

Eastern Region Branch, Taiwan Livestock Research Institute previously established a Brown Tsaiya duck line, Better
Feed Efficiency Brown Tsaiya (BFEBT), with improved residual feed consumption (RFC) through selection. In 2022, all
duck populations, including the above line, were culled due to an avian influenza outbreak. In 2023, BFEBT and its control
population without pedigree were reintroduced via technology transfer commercial breeding farm. To ensure the phylogeny
and genetic diversity of the reintroduced poplations and their descendants, this study applied 11 microsatellite markers to
simulate different mating strategies based on the pre-outbreak population (S12 and C12). Among the four strategies, the
method based on maximizing average inter-cluster genetic distance was found to be the most effective in maintaining genetic
diversity. This method was further applied in the reproduction of the recovered populations (S1R and C1R) to their offspring
(S2R and C2R), followed by analysis of cross-generational genetic analysis. The results showed that the genetic diversity of
the SIR and C1R was comparable to that of the S12 and C12, while a decreasing trend in genetic variation was observed in
S2R and C2R. This may be attributed to additional selection criteria, limited numbers of candidate breeders, and reproductive
constraints during the breeding period. Population structure analysis also indicated that, within the same line, the S2R and
C2R showed no significant or only mild differentiation from their parental (S1R and C1R) or pre-outbreak populations (S12
and C12), respectively. In contrast, comparisons between lines of the same generation (e.g., S2R vs. C2R) revealed increasing
differentiation, likely due to the resumption of selection post-recovery. In conclusion, this study proposes a feasible mating
strategy applicable to pedigree-unknown populations. The approach will be applied to other recovered lines and accompanied
by continued intergenerational genetic monitoring to maintain genetic diversity and population stability, ensuring sustainable

utilization and conservation of valuable genetic resources.
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