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Fig. 1. Average weekly egg production rate during the early laying period (19 ~ 39 wks of age) in laying hens under the wet
pad laying hen housing system with all in all out production mode or by non-open high floor housing system with

multiple age mode.
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Fig. 2. Average weekly egg production rate during the early laying period (46 ~ 76 wks of age) in laying hens under the wet

pad laying hen housing system with all in all out production mode or by non-open high floor housing system with
multiple age mode.
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Fig. 3. Average weekly mortality rate during the early laying period (19 ~ 39 wks of age) in laying hens under the wet

pad laying hen housing system with all in all out production mode or by non-open high floor housing system with
multiple age mode.
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Fig. 4. Average weekly mortality rate during the early laying period (46 ~ 76 wks of age) in laying hens under the wet

pad laying hen housing system with all in all out production mode or by non-open high floor housing system with
multiple age mode.

M all in/ all out
B multiple age

Avg. wks mortality rate (%)
(=]
(=)
S

120

F 26.74
Prob > F <.0001

3 100 M

o

£

= 80

k|

3

2 60

(=¥

o0

on

L)

2 40

5

2 Il i/ all

< 2 =o=2all 1n/ all out
—e—multiple age

0

19 21 23 25 27 29 31 33 35 37 39 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

5. EEEAEEPHEUKBERE S RS D SR G S R = it A e i R (U I e JR i A 2 PR (119 — 76
e ) -

Fig. 5. Egg production of laying hens during the first laying period (19 ~ 76 wks of age) under the wet pad laying hen
housing system with all in all out production mode or by non-open high floor housing system with multiple age mode.
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Fig. 6. Mortality of laying hens during the first laying period (19 ~ 76 wks of age) under the wet pad laying hen housing
system with all in all out production mode or by non-open high floor housing system with multiple age mode.
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Effects of all-in-all-out mode of wet-pad laying hen housing

system on egg production and mortality

in laying hens "

Yieng-How Chen ®  Shu-Yin Wang *  Reuben Wang Zheng-Wen Chen
Yi-Chieh Chen ® and Ping-Hung Lin ©©
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Abstract

The aim of this study was to investigate the effects of all-in-all-out mode of wet pad laying hen housing system on egg
production and mortality in laying hens. Two housing systems, wet pad housing system with all-in-all-out production mode
and non-open housing system with the batch feeding mode, underwent separate feeding in an individual chicken houses in
the same farm in southern Taiwan. The data on weekly egg production rates and mortality during the first laying cycle (19
~ 80 weeks old) were compared. The results showed that the weekly egg production and mortality rate of wet pad housing
system (all-in-all-out) were significantly better than non-open housing system (P < 0.001). During the whole trial period, the
wet pad housing system had a significantly improved weekly egg production rate up by 30.56%, as compared with non-open
housing system (P < 0.001), despite no differences (P > 0.05) in the mean weekly mortality. In summary, the wet pad housing
system with all-in-all-out production mode has better egg production rate and lower mortality rate than those of the non-open

housing system, particularly in the late stage of laying period, suggesting beneficial outcomes for the egg industry.

Key words: Wet pad housing system, All-in-all-out, Laying hens.
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BRI AR S AN IE R AT | EU R A R R F R B BB ARSI 2 R T AR AR
PRME RS Ay SR e > WA = BBt i S O - H B R bR [ R AR A A AR R AR
& > DIFRZE I T (AR R mT T - SUBREE BN - IFRI(E 1% - &ERTtk | RIRZ 3 (HEEBEZYIR N7
50 — 58% ZfH]  ARECHEME R 2 WAL E B REOR > R E A SRR R B - RESER—CEEORIMM —
PEREPHZE T (CK-D) ~ kR 1 K — &P P2 A T R-D ~ PR 1 R — P EEE A (R-HI) REZE 2 0
Mo G5IREUR 0 AT 1 R —FEREE R-HD HE BRI EHEE - 6 | R —2BREE R-) Z 3 /N
FREEMEE > (EEBEEENZE - (i 4 (8 H B8 2 EANErmE o TERAEE > M ENERNRE R
SFAEA TR ENR > HRZVR e BRI RS (588 2 ) o BN IR BUR -FRZ B AT BRI 251 > SfFEAE
BIEIRVEZYAR A R NI - AUTFTEE IR 2R B M2 2 (88 3) » BUREZYIER 50% Z FaZ5 1k
OB RS 33% & > HE MBS R > Flrsfr 2R EE DR EIN ) - SEATERGER - E IR A
FREENRZ 1% - S REIERIE 2V 40 — 60% FifE - HEFHEAES 2 X > HEiraEelEnigss @ #
A BIN B TS AiRE -

BRI ¢ MRR - fREFME ~ REE - EIENT

i

BIFEHZE LU B 5 R RS » B REEMEO HREEZERHEE - HRXBERZSEEGCENEARE - EanEE
EEDRTT o HIr B IR B B IRFICE BN A BER R ERE RN RAR GRS THZE T8
F 5 Rz A TR B A R AR R B R AT TR TR RRE AR TRE AV RS - A L (Rotz and Muck,
1994; Ohmomo ez al., 2002) - ¥R R BUEZ B ZREREEINT = > PRz B s Re Bz B A FE BRUESRID - 1 o] DU
RAFEPERE ~ 4EFrm e - by RIEFWEEZE I o] DRSO - INESSREF S o W& AR L EaEnss
R PEZETEERAREENE N > R ERANEE AR - HEO R E s ERZ
Bt RIS M SR (85 > 2018 5 [ > 2019 ) » 58 R 2P0 75 e B b 1 v B s A [ 5 1 1 RS 0
BRRIK -

FEFHTIIE7KERE AT 40 — 60% [ > MBS E/KRNHFIr LS RE RS - AEEIRE - MEY
FHIY R FE A T AH S (Muck, 2013) > R [EIEFE - Bl 2VE B FL A Rt i R R S A s B AR > FF R HZY)
-~ FKBAMERKALEY) KRR 4% TR ) SV L g B B R A M &S - T R 2 /E (Miiller, 2009;
Schenck and Miiller, 2014)  &KFRM 2 # (& 5L H /OB MR KA L EVE RDEMEYVE itk » RIRBIEKEARE -
S B ESEE -

HIPRIE OSSR BRERSY » MEFEYERER - HEEENAESER - SR =R
(Fisher et al. 1999; Burns ez al. 2001; F55 > 2018 ; F25 > 2019) » HZE[E5LTE - [FEkBVE St &R H 8/ b aeE
PERYAR[E] (Burritt ef al. 2005; Fisher er al. 2005; 5% » 2018a) » JEELH AW EESHR » (HESRINNF IR R 25
(1) TR 3 2 B G B BRI T 34555 2648 Bk -

Q) TTEbe R EZ B g S EaB g 7 -
(3) #EN/E# > E-mail: chencsg@mail.tlri.gov.tw °
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EHRS TS (Miiller and Udén, 2007; Gerlach er al,, 2014) » BV 23T S B 558575 IR 7] S5 TRR 0 R B e
O (B > 2018b 5 5 2019) > LIBFRSATIIE b » SHARA MR R A -

e R A T E ATAEIRAE - — BRI DA B B R - R A DU s R B R - (A
RN A B R B L I T2 BB S AR A B B R B S - AT A% - S
S5 TRZRAIR AT RS MBS E A TREIRE - DRUE » S22 BB AR S T IS 5 2 T S B A I B —
5 LR RATRIRE - AT B R A R A T B MR - AHISE DA B
PR » LB E % R AR S B RN R AR 8 i S B 3 S SR g
MR R RS MO SRR PREE SMOMRE  B 6 B S B AR B R T
PR AR T - DTS B S .

MR T A

L bR A

() =581 Stk kB & ERBAT NG 7 FTECEE - 72 105 4E 6 B 21 H EA#ET 5 AEEERAE] » T
T —RENENEE > 22 HIREEHAR B BETR 24 mm > 23 HEEFETR 17.5 mm 5 23 H _EF RS kg i 17
3 {EBEE BN - 3 (HEH T B2 s EE RN (R\-L, Lactobacillus plantarum, Lactobacillus casei
PEfE R 2 x 10° cfu/kg fresh material) ~ P EHE (R -HI) FAEHE (R) o #7208 ol E 2 2R sEEH
R I A FEE R T (S IRENE K ) B IR G - P E A TR 5 mL EIREK o SEEECRE
V] IWERTEETEKER R 53.9% » ZEE6 10~ 10 6 BFHEE 4 2 FHEBFHAEESR 490 kg - 24 H
Fe 25 H BAFHEST 2 IR EIFE R Ry > e ERAEI BEERIEE - #ERTHUE 2 & 7K1
Ky 42.8% Jz 40.3% - 24 HI[EIRFHETT S5 2 ABRCEXE] > &1 H 2 HIEEZE Y 25 H A8 i 5 A = T B
(CK-D) » AN FRERRATTERAESE - MR AN iR KOMPR =~ S IR - HlE sl R gz 1 - 2t
HE Fray SRR IART O B EUROAIER 4 EiZE R R R - BEER 2 E A% SHE 38 > SEHZE
BRORGETELE DN FEE HE—EHE Z BEA S HER 10 kg » 330 kg BRAEE 4°C /25 E AL H)
YiBaH -

® 1 5lE | RatEs 2 BB SRR AR R S SRR Bk

Table 1. The meteorological data during the process of pangolagrass haylage making for experiment 1 and 2

Date Precipitation Sunshine hours ~ Cloud amount Sunshine rate  Relative humidity =~ Temperature
mm hr. ten points % % (¢

6/21 0 12.2 3.9 12.2 72 29.6

6/22 24 9.7 6.0 9.7 73 28.4

6/23 18 6.5 7.8 6.5 74 28.0

6/24 0 7.5 5.6 7.5 75 28.9

6/25 4 7.5 5.0 7.5 74 29.5

(i) X5 2« 5B 2 PRz B AMORIOR EEER 1 GEFHH 4 A o Hrp CK-I K R-TARTTE 4 (@ H 1% EREHEL 2
B AL (CK-I-1 ~ CK-1-2 Kz Ry-I-1 ~ Ry-1-2) 73 AT EUER H#E 775 Hy e oo e Bt -

() X5 3 BRI EH & E R IE R TPTICEE > 72 106 425 A 4 H BT NS AITRIE —X > 3
G ARG > w2/ KEEHE N N ETRBERE (RS /KR 65.2% ) » (RE/KFEENTH B
THEATIBIEM A (ERTE /KRN 50.5% ) » HEIEFE AR A B BIERN o AR BORETE  R HE R
o BLYFEH 0.5 N\ ERE SR - AR E S RS EE R (L. plantarum, L. casei » P& 2 x 10° cfu/kg fresh
material) » ARIEFEFE ] H 2K - DLHR AR MidiVario 85-100 (Agronic Co.) #E{THH L » BERFEIEIE 4 2 -
B 2 [ B & FHE 38 > GENSEERESETHIFGE SN FEE HE—EH 2 BEE A
Bt 10 kg > 31 30 kg )BREE 4°C A E S ERA o WUMEEHASE L ~ LI~ H ~ HI 73[R REZY5% —
B REZYIR — 85 - SRR — HIE SRR — e -

IL S8 KFE B T
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BB - AT S ERARA BB AT £ B U - B2V By 80°C T HkEZ 48 /NI Z BZEFERLE o HERZ IR
an L N F53 4T MEE 1 E (Crude protein, CP) & &k AOAC (1984) 2 J3 A MIE + [ E4E4E (Acid-detergent
fiber, ADF) ~ di 454 (Neutral-detergent fiber, NDF) HI[{{¢HZ van Soest et al. (1991) 2 J7 iM% » H—E L EE
% -

FHrEHE © B (E Fy 20 g FrEE AR inzK 180 mL - FTRF#EE S DA S HE 2 E - Ak ~ THRKD
% 2 HE LLUAAE @A R (K Jones and Kay (1976) V7 5#E(T « FTEEST (Fleig’s score) KA TR AL - Lz
Tz S48l 2 S B E bR HET AN - DIRHE E Rkl 2 2 EE S 5157 40 DUN BB ~ 40 — 60 77 Fy
AIFEZ ~ 60 — 80 71 BIFHVERT ~ 80 rLA B AR EHE RIENT - B EE K -

EUEZERY

Rt =R T o UEE S FTEEE > 10 — 12 FE23hanRd /A 4 58 » 2 HIFEEER 1.5 x 3 m’
B R aal S A T o SalBe 2 Al 4 R EHEIER > 12 5 R EalBafy o {68 2 R IReeHE HicE 4 [HER 30
cm ~ %€ 20 cm [BJEEARE - GAREA 3 HIICE 150 g (H25 ) ZPUIESHERL o BIPER A BT HERIE - Diks
I BERENFE - FH 13 © 30 FAEREER - SO8EAT 20 788 2 B PR B A (B 8508t — 2R ) K 0.5 7]\
BE ~ 1/NEF ~ L5 /NEF ~ 2 /08N ~ 3/NIEZ 8RB & B H 16 1 30 sl B hRE a - T4 TiEk
300 g~ HHEERZE 300 g D ESHMBE 2R EE - FH LT 9 1 00 J5Z=600HE - 13 1 30 FhAsAeRE 5 -
Giat ot

BB UCERERLLL SAS g (SAS, 2002) 2 GLM  Procedure #E{T8 /5534 » TAUE R ERLEE » & T0E
P RlEE R - DA N SEEE MERIE A (LSD, Least-Significant difference) JHBgaa B fETHY 72 SR80 14

wm R

PRI AR B BB s

EKFE (HZVFR) B EE SN EERE - AR IR T HET H RS RHETEUE DUBIE 27KE > #iR
B 1~ 2~ 3 RAORIAY H TR PR 55 5l By 46.1% ~ 57.2% K2 59.7% » SREEHFELIE 2 S 3RA0 53 7 By
51 — 58% (R,-HL, R,, R,-I) ~ 77.2% (R,-1) §1 77.5% (R,-1) (2 2) » 56 2 ~ 3 KAVESYPREFFalIn S » H 280
B E A RCKAVRZY) 38 5L (R 2) - #EMIEE 2 ~ 3 RAVEZYIZRETHIAS YRR P RE Fy » HREIFTHISRY K73 2 5
o ETE R ERR R - MR AN & HE O T BUBREARY KRR » EREE 1 REEAEEFRE R
A R ELEE O TR V7K > BT REER /D o ARG ERIMPR TR EE 2 ~ 3 RAMEL (R-T ~ Ry-1) A EERIIAE » BrA
BB MR AN AN EAGE KRB ER T2 — o Mk /KRS 2R E R E IS U e A &K
72 ABRE/K RIS » BUK oAy EE DU DL S AR 3 S8 i PR & s B e a5 ey 5 T R Y TR -

2. AFEFREGEE MEEF AT pH ~ S2PPR KSR S B (SR 1)

Table 2. The pH values, dry matter contents and volatile fatty acids of different treatments of pangolagrass haylage in

experiment 1

Treatment pH Dry matter content ~ Acetic acid  Propionic acid  Butyric acid Lactic acid
% % DM

CK-T' 421%0.15 353%2.0 0.47£0.01 0.03£0.04 0.13£0.01 3.00%1.11
R,-1 4.6310.20 51.2%55 0.2210.02 0.00 £ 0.00 0.11£0.03 1.52+0.89
R,-HI 4.72%0.16 50.6%+1.8 0.32%0.13 0.03£0.04 0.09 £0.00 1.40 £ 0.64
R, 45110.63 583%7.1 0.26£0.10 0.04£0.04 0.221£0.30 1.46 £0.35
R,-1 5.15%£0.24 772%5.0 0.19£0.01 0.01%0.01 0.10%£0.01 0.30£0.33
R,-1 4.990.04 77552 0.33£0.02 0.01£0.02 0.10£0.01 0.14£0.11
LSD;,, 0.35 5.2 0.12 0.01 0.08 0.85

" CK-I: Wilting for one day and baling with inoculant.
R,-I, R)-1, R;-1: Wetted by rain for 1, 2 and 3 days after sun exposure and baling with inoculant, respectively.
R,, R|-HI: Wetted by rain for one day after sun exposure and baling without and with half concentration of inoculant,

respectively.
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*

OB MITEIIE Y CK-14E 1 H 220/ > 82905 353% > [NEaKRgs - HAKEHERE SRS > pH &
& o &ERRIM 1 RI2Z 3 fEla PR (R,-I ~ R\-HI ~ R) BZ¥RSHY 51 — 58% Zf] » =FHZMHI LM ~ ALK - RERE
BARAEE > BEF CKIZFE - Hf R, Z pH BT R & 8B EETA (CV = 14.0% B 136%) » HEATRET
R H A (CV = 27.5%) » BURRE R B 2 F SRR EEEGE © R-1 > R-HI BELEHH - (8REfE
AZERIRY R AT ERRERIEER © Ry~ Ry-THZVRI ARy 77.2% ke 77.5% > 2/KEMBK > FERREIE > (£ 0.6% &
0.58% > FRFEFII 57 Ry 40 F2 30 » A SE sl (£ 2> &3) -

3. MEEEE SRR E E 0ot - SUEMEEIRRE S E RS (BB 1)

Table 3. The volatile fatty acid equivalent percentages, total volatile fatty acids and Fleig’s scores of different treatments of

pangolagrass haylage in experiment 1

Treatment Acetic acid Butyric acid Lactic acid Total volatile fatty acid  Fleig’s score
% TVFA % DM

CK-T' 189%55 351208 76.6 7.7 3.631£0.71 86.512.1
R;-I 18.6 6.1 6.612.7 749183 1.85+0.45 823139
R,-HI 241109 5124 69414 1.8410.64 82535
R, 18.0£5.4 10.1£13.0 69.9120.3 1.98£0.53 72.7120.0
R,-1 45.8+20.8 174+104 36.1£30.2 0.60£0.22 40.0+36.8
R;-1 67.1+11.1 135122 17.4%10.6 0.58£0.16 30.0£8.5
LSD;,, 12.3 4.3 18.4 0.62 12.5

* As shown in Table 2.

AHIZEGDL CK-T ~ Ry-T ~ Ry-HI HEFTR 01 Mt Bl B I 5 (TLLA (B IMEtBR 1 ) » GEA02 4« 71 S
SRR BB CK-1~ R BT 08 RHI» 7500 5 6 — 10 5747 SE5RR - bLO.S /NEHR & 8 7
2 CK RyLs RHI - 8750 SR G5 B B 548 ¢~ 63.4 ¢+ 253 ¢ % 13.0 ¢ - HRTHI 2 2 7
i L/NIFER B RSN - A SN - HRATATIISEEE | A LS NI R HI AR RS
B EE AR (R 4) - 3/ NEHRASIIR | AT — 2 REEY (R,-HD) SOBCIESRAT > B4
(CK-1) AR 40— RO L B (R 1) IO FERIEIE - (EEoRE et -

F 4. BEFEFE G ER AR R R 2 2 i (58 1)
Table 4. Bouts and dry matter intake of rain wetted haylage, control haylage and hay of pangolagrass in experiment 1
Treatment . Bout ‘ Dry matter intake (g/goat)
I —5min 6 — 10 min 0.5 hr 1 hr 1.5 hr 2 hr 3 hr

Haylage

CK-T' 1.6 1.7% 54.8° 108.8° 137.3 137.3 146.8°

R,-I 1.8° 2.0° 63.4° 104.0° 112.3° 123.1% 126.6°

R,-HI 1.0 0.9 25.3° 69.9° 125.1° 125.1° 138.1°
Hay 0.5 0.3° 13.0° 51.9° 70.2° 70.2° 90.7¢
ab,

¢ Means in the same column with different superscripts show significant differences among treatments (P < 0.05).

" As shown in Table 2.

Ry — IR IR EOMPR 1% LR A T S R IR R 2 B - AR 4 (8 3 1% CK-1 ~ R -1 ZFHERI{E
R L BT A A B oA R O M5 - INRRRERZYI R R > HB R ARAGESR » Ri-1 Z pH 8
Eim CK1» RENLFRHARE S ATERE - B IARE 2R EEERER (R5) - BENS - &
PO H B (8 H B AR AT (R 2~ £ 3) -

LLUCK-T » Ry-1 SR B RZ B R T 2 8 s UBRaS AR 6 - A 5 /- BB BN 6 — 10 ST ERTERE X
Bt 4 [ E I EERERARE AR - AT 30 rERa R R-1E CK-TAYRIE - Al L/NRFZER 3 /N ZER&
EHLIR-TRAEE S CKTHRE > BUR R-1HVREEE K AR E MR CK-1 (HEEH R-1 (Y fREIL
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T CKCL» TR & LR - BB R A2 R - P
RS R EHE BE E— R -

RS, FEF 4 (EAREE AN Z pH ~ S2VIR ARSI 2 E (558 2)
Table 5. The pH values, dry matter contents and volatile fatty acids of pangolagrass haylage after storing for 4 months in
experiment 2

Treatment pH Dry matter content  Acetic acid Propionic acid Butyric acid  Lactic acid  Fleig’s score
% % DM

CK-T' 4.10° 35.0° 0.46" 0.0 0.13 3.79° 88"

R,-I 4.68" 59.0" 0.19° 0.0 0.11 0.99 80°

“® Means in the same column with different superscripts show significant differences between treatments (P < 0.05).
" As shown in Table 2.

T 6. fHF 4 (EAHRBREEFLLZEITFHEER A FRBHIRIHRE RE R e R Z R (5858 2)

Table 6. Bouts and dry matter intakes of pangolagrass haylage after storing for 4 months in experiment 2

Bout Dry matter intake (g/goat)
Treatment : B
1 —5min 6 — 10 min 0.5 hr 1 hr 1.5 hr 2 hr 3 hr
CKI-1" 0.9 1.1 30.3° 71.3° 89.6° 101.2° 110.5°
CKI-2 1.2 1.1 34.0° 61.3° 79.1° 90.4° 104.3°
R,-I-1 1.2 0.8 69.3" 115.3 114.4* 123.3° 142.5"
R,-I-2 1.1 1.5 66.8° 111.9° 117.9° 131.6° 148.3°

“® Means in the same column with different superscripts show significant differences between treatments (P < 0.05).
" As shown in Table 2.

I SCYRE A MR 2
AN FE4E LA I PR AR R = R EEZ PR AR (H R RTRZYIR 34.8% K 49.5% ) » 53 Bl LAFETEREAR et
{THEREHA G » L8 4 flipa 2 - (U5 L~ LI~ H ~ HI » FEEMRFZYIAR 375 33.3% ~ 33.2% ~ 47.3% ~ 56.8% > pH LA
PRSI AR S © L ZLME RS > L1 ZARERS - REEE | BREREES © #EE 2 F a2 90 L
Fo L ZEMEFE61.0(RT) -

R 7. FERZVZREEER AR S F a2 T 2 pH ~ 52V - SRR 2 B R ITREY (S8R 3)
Table 7. The pH values, dry matter contents, volatile fatty acids and Fleig’s scores of pangolagrass haylage with different
dry matter contents and inoculant treatments in experiment 3

Treatment Inoculation Dry matter content Acetic acid Propionic acid Butyric acid Lacticacid pH  Fleig’s score

% % DM
L no 33.3° 1.79° 0.15 0.28" 2.79° 4.44° 61.0°
LI yes 33.2° 0.91° 0.01° 0.05°¢ 5.54° 3.92° 95.0°
H no 473 0.67" 0.03° 0.12° 3.55° 447 87.0°
HI yes 56.8" 0.32° 0.00° 0.01° 2.97° 417" 98.0°

"¢ Means in the same column with different superscripts show significant differences among treatments (P < 0.05).
" L, LI: Low dry matter content without or with inoculant, respectively.
H, HI: High dry matter content without or with inoculant, respectively.

bt 4 FEAEZE AT O ESUERGE R AR 8 « A 5 Sy PR B KB 6 — 10 Sr#EHR & KB LIS RZY) R &
EEPMREZYIERSE - MEHZPIZRE Z A0 30 R E R ~ Al /NG REE BERZYIREN 2 — 35 > 3 /N2
BEIAMAER | BEBCREERERE 2R - BUREZYIR 50% foh 2B B S 25 I 2 3 CERTE B
33% % - HEUFREE SRR - FEREZYRZT - Flrato 2RO g8 -
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8. AR R T A S SR F AV RTEI SR B B IR B B 2 i (55 3)
Table 8. Bouts and dry matter intakes of pangolagrass haylage with different dry matter contents and inoculant treatments in
experiment 3

Bout Dry matter intake (g/goat)
Treatment - ;
1 — 5min 6 — 10 min 0.5 hr 1 hr 3 hr
L 0.6° 0.6° 23.5° 30.3° 61.8°
LI 0.4° 0.6° 16.4° 27.4° 65.4°
H 2.4 1.1° 75.2° 85.9° 108.7°
HI 1.5® 2.8° 66.9° 89.3° 110.5°

" Means in the same column with different superscripts show significant differences among treatments (P < 0.05).
" As shown in Table 7.

S

PR P 8 B R PRz A AT N RE R A RE AR EE 7 =0 (HALEE S L&HE HEEAIRN - AN FTEAE R i g HA
Ay T T B T e AR RERE - 588 1 th &Rtk 1 K2 3 (EREHE (R,-1 ~ R\-HI ~ R)) #2¥3%00 s ~ ST BT
H g gt (R,-1) 2238 MBSO E IR (CK-D) fHE - 3 RS = R B2 R - B (2019) 45 (R E SRz
FrEOENME SR ERZEOAESRE I EREZES . EAENNEREZESEIVETS — 10 2#EFFRETE LTS
255 AT 0.5 /NIFHFZYR B B B ERZEER 3 1% - FEFEE 2 E I E s EREEHET - B ENE
B o NI EEE N S7/KR R EERE 2 T &M & o] A BERHE B3 -

MRS 2 ~ 3 RIVIR A G E A Eiz M - S/KRBERANESFTEE - SYEEHMNRRERS B 4EM
BV RME > HIL BRI EERZEAE - nTSHR AR E i asY - EEEEE K 2 2RMETMERE - DUE
5 ReFnVEETLE - WEHREEENK » FirdEseyEbmEE R o mHvE i EE S/KRG E B R KT -
FEA - XIBIESG A LRGSR R 2 /KRR S S B2 FEM LU E BRI - 5l 1 BielEs 2 #a ol s
HZA AT HE MR i A AOMPR E IR4E - B ATHAEZY R & & S A AR & T RS Rz VR s Fr e - 580 3 U4
— LA TRV MR B S N TRy SR A I - DL EIRBURE Y SR HIR E -

SRR BT S TEBEE » A H M AR ELE T8 1% (Dumont and Petit, 1995; Forbes, 1995; Miiller and
Udén, 2007; Ginane er al. 2011) » [E& 453 PR IR G E P iZ 5 iy n] S ER R B n s M - 223 > Py
T P e O g i R [ P A L M Rt 2 D ME R85 - ZAMERE i A PkE - (RN P 2R EERVEZ B R ER Ry e 5 B
HIREan » A EEBEEEEIIEG—  HEZRA A RS AR R P25 i ay P S AL B R A A A (BT E ) 2
5~ LRPBn ~ BEEAE ~ SEARFIRGE (R > 2019 ) BLEZYIZEHE S RE - £ HRiEHE 2 N RIEEHR S
FEZEITIAE - MARIEE A RCR B, N R SRRV B o AR A MR AT B AT AR > —
REAMNEES  REfTEE PR EASE B 5 EUTENRE 55— Rz E R A2 Sk 07
o MRyt R iB R n S o BRI A AR ST Frak i I R R o

LSRRGS R BRI BRI T SRR E R YR 40 — 60% #ilE 0 HER HEAEE 2
Ko HEFSEEOMSE « SBERIEBIN SIS EmEE -

ZEXR

TAPRE - B s HERR - 2018 - BRSBTS A AT E OV - ST 51 ¢ 286-292 -

FAPRE ~ BIfE7 ~ R - BEEA - 2019  R[EFAET B EETE 2 (LEEME LT - BT 52 1 146-152 -

BREEA - EAPRE - 3R - 2018a o WEEIIMELGRES | L (LSERRIONE - AHEE - AR MR KL a Y eh il 5 iy 4
W% 2 [ JE - BAENTSE 510 185-192 -

BRFES ~ LAPRE - 3R - ZRIRAT - 2018b - AR IIMERRET © 1L B - SZ0RE BRELLE I E O - F
BEEE 47 1 197207 ¢

BFE S - TAPRE  FEREL - 2019 - SRR R T BRE & HBA B ORI - PEgat 48 © 47-57 -
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BRiGSS ~ |5 TRAE - OFE -~ LEoT - 2R - A5 H - WG - BIEE - iRl - BEEE - R - 20E
T~ EAPRE BRI - BREFE ~ IREFER 0 2019 o NINFLER BAE U7 B PN I ST A [ e m A e R AR
B3 E I BUR - PEEsE48 1 1-15 -
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Abstract

Whether pangolagrass being exposed to sudden rain during the hay-processing period is suitable for making haylage
is one practical issue. This study investigated the fermentation quality of pangolagrass haylage after pangolsgrass hay is
exposed to rain during the wet season. Three sets of feeding experiment was conducted to evaluate the palatability of goat.
The purpose of these experiments was to determine the feasibility of replacing with haylage after the pangolagrass was
exposed to rain during hay making. After two months of storage, the test results shows that pangolagrass haylages for this
study, having been exposed to the rain for one day with three treatments, had the dry matter contents between 50 ~ 58%.
The fermentation qualities of those with inoculation were good, while the quality of that without inoculation showed quality
variation. The results of palatability test 1 showed that the palatability of the treatment of haylage inoculation without being
rained (CK-1), haylage full inoculation with one-day raining (R;-I), and haylage hall-inoculation with one-day raining
(R,-HI), and dry hay were compared. The results suggested that the palatability of haylage hall-inoculation with one-day
raining (R,-HI) was equivalent to that without rained while the three-hour feed intake of full inoculation with one-day raining
(R,-I) was slightly lowered, but nonetheless significantly better than dry hay. The results of silage quality analysis between 4
months storage and 2 months storage showed no significant differences. The goats’ preference for one day rain was not poor
compared with that of controlled group. Moreover, the dry intake content was significantly higher (Test 2). There was also
significant dry content variation apart from the rain between the controlled group without raining and the rained haylage. This
study continued to explore the effect of dry matter content on palatability (Test 3), and the results showed that the palatability
of pangolagrass haylage with a dry matter content of 50% was significantly better than that of 33%, and it was unrelated
to inoculation. The difference in silage scores also had a small effect on palatability. It is concluded that when the grass is
exposed to rain during the withering process and if the dry matter content could be controlled within the range of 40 ~ 60%,
in addition to storing in the field for no more than 2 days, the haylage quality and palatability would be good. Moreover,

inoculation can help stabilization of haylage fermentation.
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A5E § R ALER G B KB AL T T B B 25 B PR E UK S B E B L 2 28 - 30 BHEHT
FRHAERP =4 (R EIREH Ry HBRET 4 ATHUMRL > 39 iR/ DAL B2 7 BlEErL - fmEd 1 His
H e 8 ATHUAIFL » 39 HEEE R/ AL B2 7 BiREkyl © I 2 K HaRed 8 ATHUMRL - 60 H X
AR E 10 BREEAL o SURGTREUT > A 2 BHFFRE 8~ 9 Kk 10 Bl 2 PG E B EE S H IR Bl
HiZH 1 (P < 0.05) - {HEERAEE = 4HRF AR E AR 2R - —EFHIIRSEE - faRs =R HhERE S
BB BB I DT A2 NI IRBIRTRIE © PREREURENIBE B - FLER A R AR DI Bt 8 ~ 3 e &
TRERE H SR IEFauE E A 2R e 5 RS (glutamic oxaloacetic transaminase, GOT) KA i P
W EiH TG (glutamic pyruvic transaminase, GPT) Ji /S 8 B1 (7B NS Gt o A [EIEEAL RIS B ~ pa 2 1
P 2 BHPAFEEALATZ g HEE T AR 0.77 ~ 0.78 k2 0.95 231 3 ARAFLERA 2 51 Ro i 275 3,583 ~ 6,566 2 9,380
TT ° &F LA - A PLERET R AL TR B RN S B iR 2 MR S BEE BN K (EAIE S B B AL
ZVHIRGE ~ BEALATP Y 0 B AL Z 25 -

REde © BEALERES - BHF4F - BE - IRS2HE -
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FHREEREEERNAE 2 - 3487 BAFCHABRESAERS - GRE AW TGS [T
5B EA BEE 2 TRIBSLHIHRE - IR S 2 a8 ST - N TR —fMPUKIRERA - 22 FEEK
AT aefEE P ERHE OHRE Ar O T > (F B AGHBEHER AT > 493 HRESGETRM - BT+
TACHAZ A& > BLUEAE UL ARIBS AR 2 —IHIEA - (UL Z 81 R (XA L (milk replacer) » {58 2
P FLR S RGN 4 A R ELRY) B Fda A A e i o ARG E - A SRR S HE (B
C EENERAHAESEEALZEN - BRI (R > 2006) -

B EFFRAER S HiRD A THARMBERTRAAL > AHARF R 22800 - (HARMAFREZ
Tz —RAE > FHBEEL R 4 ATF - FAERAL —RAENEE - TR-IMEERAL TR BRI PEEER
BAEEIVETIAS 1 A7 AEFEEA KIS B OE 2 ARG FHEEF P ReRREHE | AT’
BT - FARAERAAESENFAES I LIEEFEM - EME— - = =FFHeERCKIATESREE -
itk 2 BEERTR I A e T 5 PR R > A RDECL R 2 S8 (F A 2 AL G SRS HIE (short-chain fatty acids,
SCFAs) » HEIRFARTEVEE (2% » 1980 ) » (FAER ARG K - EREIEELEETT 4 2 8 Bk
EHERBFR SR EER - HOMERERRERED I AEH 0.99 2k 1.06 4T (%% > 2000) ©

FREHA - A ZE MR R > AR (R AE R AV o NI - BUSMNGE I (A B e B AT
TR TR AL PR HTELRG © 1970 2 1980 F-4X > Ry (T E g kA s Bk (7 F B AL A TR - DURMBIF AR ER
EALE (AR ) BE 1990 Fil - e E & My Haa Byt i - B O HReEALEs - Hi
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RIS PG B & (Kertz ef al., 2017) o (HITFREPEMVHENRYEDK - ER A RE A SN N ERE Y 20%
A 7 R FL & F EEUFA- R E B BhER 67 240 2 AR hn OSSN ) T - E#YT RN AR ELERIA AR
(Borderas et al., 2009) - = # & 2 8EaHE 7 =74~ H B EERHEA (Jasper and Weary, 2002; Drackley, 2008) » {HAI AT §E L
AP A e LS S [ HE e MR A e P R B 2 R D H DA — s AL 7 = 5 B L IR 52 (Sweeney e al., 2010) -

AWFE B AR A [E] 8 AL SRS E A R R4 & RS MR S BE B b 22 LhicR [EI U FLERET
&= AR R R RN (REANERESE -

M A

KRB TEREZ E g R Ea BT o elgfaiET  SBE 2 EH - fEEE kERAS - 1K
BT Ty FrE e E R N ST 107-1 SREFEE BT E -
L sEaEhy) s e
AERENY) Ry 2018 £ 6 H 2 2019 4 6 HE AR Z far i R4 2551 30 5 - R Rfaaa I AE IS
RN R R PRERMER R BRGNP B 8 BF 30 3 K T 3 B 30 47 ©
L. &Es 7 ABUHETRH

() FAERMTAtIEE MBS ERSE: - RPN AR 12 /NEN - DA THALE TRERA 2 9L 4 AF > W
fEE N A SEMIER RN ZED 7T H - MR AR RER - 85 8 HEB R4S BT AR R Z
s o

(i) SAERSYAH © BHTA4- R B2 F I ARFE 59 e = 413 2% Khan er al. (2007) BEZLARBS33E » 431 1y 4 0
(control) : g HERET 4 AFHUHI » 39 HEGELVSHIED 10% HLEF 7 Alicwsl - FEH4H 1 (T1) : FHERE
8 AFHRAE > 39 HEGEELMS HIFE/D 10% &% 7 HleHEdL - FEE4H 2 (T2) « T HEE 8 AFHUHA > 60
HEGEELIFH D 10% A 2% 10 B 0 E T F&RESHEAHALEZ 50% AR )T = AFERL
125 5k - SHEAE 1 AFRR/KF > DUKAEET AT - sUBHHRIEEE R - i28 foKEER - BHF4F
PRERIZREEE - WRAEE/KBIftK - SHEETRE > FERHREMRZE 10 B8 BikE -

(i) FFERE  RAARBRERERES - =0 A S TSRV R LR E - WEFER -20C 5 fBYaREE
HGE 3 W% DL S5TCHEEZ 48 /NI EVRHSEZYE 1% - ik AOAC (2000) JEHETTRZYVE ~ MHED'E ~
FHRERGEE 34T o FLMETHT ks CNS 3445 L infeflA — FUME 2 BIE #EAT © fikiZ van Soest ef al. (1991) J37557
Fr I 5 4 4t (acid detergent fiber, ADF) Kz tfj5E 464t (neutral detergent fiber, NDF) o /3 M7 45 BB » B 58S
FRZFHEE B Ry 13.67% ~ fHAGHR By 2.54% ~ BRICARAE 24.51% Ko @4 52.90% 5 (LA FLEZE (maxmilk
CMR 26, New Zealand) {25 15 Fy 25.40% ~ fHASHG £y 23.80% Kz FLifE £y 41.80% » AT LI EE R
2134 70 BERZE (ERBEMN TR > BoE%REE ) MEBE K 19.90% - tHHEHG & 5.90% Khix/K{b&
)k 58.80% (£ 1) -

T 1 AR ARSI G R & B sy

Table 1. Analyzed nutrition compositions used in different weaning strategy

Analyzed items Milk replacer Bermuda grass hay Starter
DM, % 99.00 88.00 90.00
Crude protein, % 25.40 13.67 19.90
Crude fat, % 23.80 2.54 5.90
ADF, % — 24.51 —
NDF, % — 52.90 —
Carbohydrate', % 49.52 — 58.80
Lactose, % 41.80 — —
GE’, Mcal/kg 5.28 — 4.13

' Carbohydrate (%) = 100 % — moisture % — ash % — fat % — protein %.
* GE: gross energy.
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(v) BHFFMEEmEREE © IR B4 T ¢ 30 BB TR R bR - IEIF R /D 2= 12 /DL E > B4
SEEFHRERIMAY 5 =71 > PRERR A HAEE 10 Blg Rk - FE5F | ] - MR SERER - DIBE O (Hettich”
Universal 320R) 7 1,500 x g ~ 4°C ~ 15 sy gL BB MEFRR -20°C « UMK (B3 HTEE (Fuji NX-
500, Japan) & HI#&jH# (glucose, GLU, mg/dL) ~ ZANENE & 2 G HZE (glutamic oxaloacetic transaminase, GOT,
U/L) ~ %k e PN [ 1% 42 o i (glutamic pyruvic transaminase, GPT, U/L) ~ = [i% H JHi s (triglycerides, TG, mg/
dL) ~FR Z % (blood urea nitrogen, BUN, mg/dL) ~$# (sodium, Na, mg/dL) ~$¥ (potassium, K, mg/dL) % A (chloride,
Cl, mg/dL) % -

1ML #5153
AT EEEERL > FIH SAS EHEHES (SAS, 2002) » DL—fE&R MEBIUFE 7 (general linear model, GLM) 47
Mr > 2 5% B2 FKAE - LU/ N J739ME (least square means) LR £ B0 FEAH R HY A2 52414 -

e RN B

LTS - P4 ERETL R AT HETL AT BB 8% — 15% (Vasseur ef al,, 2010) « (4 3 JEBSHT 2 B T ok
B BEMRRER 2 FIE A LRSS - AL R O RT2RE BR8N
HUR » IR 10 EfE R B AL 77 5 TG R RN TR (Sweeney et al., 2010) o —ZCBEAL 7t G B T4
SRR T RO LI T BB 2 (Nielsen er al., 2008) » MHEAABERL 7 2 8RR D BEFLS0E » b o (R MOt
IR iR B (Khan e al., 2007a) - A SUEREHIRAL T2 ERAT R AL RLV BB T 10% » TIALEIAE | Rk
FRH 2 FI R 20% ¢ BEFLISTEIRISY o 7 G B 10 S + HRHERL E BT 10 F BIAGHEFT WS L Tt - 3t
BT o T4 B (L - A0 | BT - SALEHTAR A TR 5 363 AT+ B S G4 TS
IEE RIS L7 (P < 0.05) « Forjr > 8 — 10 IEBMRAREIAN 2 = RHFH THOR EHCE S\ B IB4L BB FIAT 1 (P <
0.05) » SITEHBETLE 10 BEHIHT A ETIRERE - T Q011) UL ILHET ARS8 TR BRI 4 Baiss
SRET » S PUBEAS B AL 3.81% « FUIE T 3.17% RILKETAS 4.69% » (P4t THIME 7 404 /4
o HPHR R R TR LT 7 4 TR T § M AR E R 65.1 A - BB BT
BRI (2011) BRI (FABHE - BB P FAIERINE BTN - EAERE TS 8 i FIapmE
IR TR SBR (AT ELAT & 2 B A 53 B AT R B - Al BR i ISR B | (4 - 1) 8
BEPLA M 5 IR 73.3 25 FFEE 74.8 5 FF o ARG SEMCE 2S5 (SRR > PR 2 BHTARR 8 IR HI A
82.6 /5 FFEEE B ELMIIA (P < 0.05) » SREIENESRM AT 175t + BHF- R LI Iy 2 ST A T
(%:2) - AHRIBFZEUIG ) » B2 FLAR AT RATHETLI A 2 FLAR AR EL7 2 MR ALV A (Miller-Cushon and
DeVries, 2015) = Khan ef al. (2007a) 38R (5 2= 5 + BE4-FL b B M + B8 (1 R FUA & 163 0 B 3.80% » 3.39% J2
470% » BHIF At A (5 1 BRETAB TR 20% 49 » %5 30 BB 10% TR Y fHT4:  HPLBEEESENE
B R 10% 4R AL BHTLE - ELR 7 BBORE LIS - RORFRAIR Y SHTA IO EA R 14.5 AT « AsiBhi
K% FREETLNS (SRR | IR R R AR LT 7 RS
5(67.9 vs. 68.3 kg) » TTASBASUER(E P B A WER  ELEPTE BRI E L 39 I BBIAAATH - Hoof - g
SRR | BT 7 IS S TR M (1 DA SR | AN A SR T2 T e (e
K SR T REE SRR e LA SR PR (SR FLARETR » HPRmpAL SR aRe T —
TR -

flk# NRC (2001) ZORHEET » (748 FLAT T F I 0 07 AL EEI R R LB BT &L BRK  SURSE
Soberon ef al. (2012) 19eHis: - S5 EIRE SEHCR 623 FEITAAEFLAT T4 TR 2 0.66 AT » ELFRENT 1 AFF
BT F M TR R R A — AR K LR L1 AT - ASBA = BHTA-BEALAT 2 49 F 5 5
0.7+ 0.78 B 0.95 257 (%23 ) » fBH LultstBRes it » 300 = GLIHFA- R DR FIBRFLARNS e T o0 » (EBRTLAT 228
BHERITEEAE BT - Ho o SIRKIBURIEA | BHFA-E 05 IR 4 & 8 AFFAITL - BERLATZ (2L
SYRIRHTEENE 3,283 F 6,566 TT. » {87 MU BETLI 2 TATHETE (67.9 vs. 68.3 ke) B1FIHITE (0.77 vs. 0.78 ke) AFHYT -
RPILL 39 FEEIRERIETLTAE 7 BT - 67 4 AFHRAITL BHFA IR 8 ATHERES - pa
41 RPRERA 2 BHTAST B AT (ORFLE - (BETLIRIS B 7 B 10 M8 - BELAT AP TLRA S B R B
6,566 K. 9,380 7T. - BERBACH » 10 EHAHETL > EHTA A FLR AR + IEELER 10 M0 = 4 > B TR v LISl R E I 2
42 BHFAETIIRRE R 104 0T B SN HIREBURTA] | BHFATHIME (P < 0.05) (F£2) - LU IIEERLAT
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HMEMEEEE > L TRTAEH 8 AFHUHABE EIH 10 Bieskrl - rIESEE FE AR E (104 kg)
FeseALRT HI%EE (0.95 kg) » A8 1 AT EEAATFHEE » AligmEH AR RES R REAEL 1,114 2T (Soberon
et al., 2012) - FRIBAH 2 FHECHARERA | FERH AL 77 > SN EWE 2,814 7¢ » {ELL_EHRZE U ARG BE R
4 2 2 BHFA N —Re R EAL SRR AT 1 $254Y 189 AT » ELTH 2N 4,914 7T ( FLEFILUFT 2 26 it
B AR R - BREE RSB IR AT &L (EIS TR AR A EE AL AT 0T SRS B S (U RS A
RS

1507 e Control
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S 1004 * T2
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Calf age (weeks)
1. FEEEARS S = AT E e E 2 8L (CE9E =) -

Fig. 1. Average body weight for three group female calves at every weeks of the experiment (mean + SD).

* 2. AFBEEAL RS A - BEALR AL R PR B R T e AR

Table 2. Average body weight and blood glucose concentration for three group female calves at birth, weaning and post-
weaning of the experiment

Item Treatment SEM P
Control T1 T2
Milk replacer, (L/day/cow) 4 8 8
Weaning days 49 49 70
Body weight (kg)
At birth 354 36.4 37.3 5.5 0.73
At 8 weeks 73.3° 74.8° 82.6" 8.57 0.04
At 10 weeks 90.0° 84.0° 104.0° 10.3 0.01
Glucose, mg/dL
At birth 162 193 163 58 0.36
At 7 weeks 95.6 95.4 112.3 22.7 0.15
At 10 weeks+ 97.7 93.3 96.1 18.8 0.95

" Means with different superscripts within rows differ (P < 0.05).

*® 3. AFEEEAL RS = BB LT P H g B B O LA

Table 3. Average daily weight gain and milk replacer cost for three group female calves before weaning of the experiment

Treatment
Item Control T1 T2
Daily weight gain (kg/d) 0.77 0.78 0.95
Milk replacer cost (NTD) 3,583 6,566 9,380

IR Ry 2 BB R S A Ppge 2 ARSI - MUREY &R Ry o d P B PR B e R i e AR IR (L R
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W RME BB IR DR s L 2 275 (A% > 1996 ) « (PR HAEEBEFALAT A R B &R - s GLU
K TG ZREGEEl ke - (AEE TR S IS F M - RGeS rEisRER A E A KU - B LU
{E RsRE B Z EZA (Stanley et al., 2002) - =4HEHF AT V4 GLU JRELIE 2 Frr » =42 ff s
=5 BT GLU RE B EiRa e InmA e EReaveish - B R AREER (P <0.05)
Khan et al. (2007a) sAB&EREUR - [ GLU REMBF g IImEEE T (P < 0.01) - 7 | Ml H el 8 &
FHEL 4 AFHAALZ TR T GLU JRE SRRy 87.3 81 82.4 mg/dL ; Bf7L1% 7 MleH & H 8RET 8 AFHHL 4 AFHFALZ
Ry GLU R ST Ry 69.5 81 79.2 mg/dL » HAREZE - AsliRBiad « mHd | R 2 2 8450 1
Al 2 P T GLU JREES B Ry 156 ~ 172 K 135 mg/dL  ¥HHGAH R BHAH | Z BP0 BERL (R 7 i 2 i
GLU 57 Fy 100 J2 107 mg/dL > pr#a 2 2 BHFA- AL % 10 #lk 2fnd GLU JRERIE 106 mg/dL (F£2) ©
Bms - A= B EE- MY GLU RS & et Bl sUBRa R - alRE B e SR st 2 B AR DA
AR AR -

300
e Control
3200- : :';
33
LR PR
0 | I I 1 1 I 1 1 | I

1 2 3 4 5 6 7 8 9 10

Calf age (weeks)

2. AFEBEAL RS AR RN IR aERE 2 8(E (CPYE ) -

Fig. 2. Average glucose concentrate for three group female calves at every weeks of the experiment (mean £ SD).

ZHBFFSERMRSBERE ZE(E - 1R 4 Frr - Z8E8HFFS AR M T BUN REHIEER - 20
[ BUN JRIEFERHF Bl A LT3 - HARBE 24 + BUN REMAEEZSR (P <0.01) - HEHH
B R ST R E A 7 AR - BIRAH ~ B 1 KRR HAH 2 Ry BUN RS Al s 11.0 mg/dL ~ 10.5
mg/dL 7 8.6 mg/dL - =4HfEG A5 - (HEIRAHEERHAH | Z i BUN JRIERS S HEELH 2 - (AR EZ
BRI R R (B2 ) - 1R 3 EERR-FEEHFEEHREEQ R 0.27 A7 - 5 BP9 5 H e
BEOR 0.67 AT (FF 0 2000 ) - ¥4 10 HEIRFEIERRRER T HZE - 230 HiRlFR 0.35 A (7487
fER G E IR R R E 3 Bk AHEBGI - BE A AURIE R EE R R AR a W - (EHA)
S B A - LRI 2 B- FEAL TR (B-ketone) fz BUN RIS EIZMHEAN > 1 GLU KR RE R Rl &
ZH T (Khan er al., 2007b) - AsAERE IRAHEL R FEAH | RHFAFE 39 HERHE - 22/ DU ZLERE S0 7 HHleHk
Fo B P EERECH BN R E R R E - (BN EAGERGE AR, - YR FLERET R AV D B 2
PREEMEN > NEHEREE 2 (54ERF 8 ATHUMH ALEREI R Z B/ BUN JREES -

BEETEMHGIRILZ T » TG BF(ERAPHE - ALARELREHGAINE T - (HERE R ILE R & i - WekEIRRRR T 2
TG RIS # 5 R Ro ARk K E R > BEESEFTRREEA (8% > 1996 ) » Z4ARHF/F& ik T TG R 2R -
A EHEfR ST TG RERAREE =R (P<0.01) - {Hp B A EUEERRHENL S RFE A - Khan et al. (2007a) slRas R
fEth > 30 HERATEREI BT T A B 2 B - Hifnh TG RE R EH IR S (P < 0.05) - 30 H#felia H R
g 8 ANTHEL 4 AT FLZ B TG R ARy 34.6 B2 31.6 mg/dL + BEFL1Z 50 HiRlFAE H ERET 8 ATHEL 4 10
THEAZEHFARMmT TG R Ky 27.7 81 28.8 mg/dL - AGKERSAHEHTF1Y 7 BleHE AL Hifl o TG R BE b
AEEFYE o T (2011) Basd REUT  (F/RHAERM S TG RER 142 mg/dL Rl - HI&E 3 QR 2RSS 2
79.1 mg/dL g ERIENR - (70 A2 8 BERE - M TG RAEHE R 142 — 79.1 mg/dL - 1 B - 2 B - 4 8

¢~ 6 BHEL 8 SRR (PRI TS TG JEE ARy 65.8 ~ 53.7 ~ 20.9 ~ 12.6 ¢ 16.3 mg/dL - b ittaERas 5 o
Atk 6 HliREL 8 PR BIAGER T IR Bpn Bl 1 ME RS > HerBEAL AT S TG RE BiiAsllas - 26
B FEIBE AL RS BRaa AR - BREE DS - MEE RS IR, - Ha g s AR E 4
BB o G PABEPE Ry 2 EEACK > NItERE M ST TG 2R S rLAT (K (Stanley ef al., 2002)
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Abstract

The purpose of this study was to investigate the effect of different weaning strategies on the body weight and blood
parameters of Holstein female calves. The 30 female calves were divided into three treatment groups, the control (milk
replacer 4 L per day from birth to 39 d and gradually reduced until weaning on 49 d), T1 (milk replacer 8 L per day from
birth to 39 d and gradually reduced until weaning on 49 d), and T2 (milk replacer 8 L per day from birth to 60 d and
gradually reduced until weaning on 70 d). The average weight of claves in the T2 on 8, 9 and 10 weeks were significantly
(P < 0.05) higher than that of control and T1. Nonetheless, the weight of female calves in the three groups at other weekly
age did not show significant difference. The concentrations of GLU and TG in blood decreased gradually as the calves aged.
In contrast, the concentrations of BUN, GOT and GPT in blood were increased as the calves aged. Blood Na, K, and Cl in
the blood were all in normal concentration ranges regardless the treatment groups between three groups. The average daily
weight gain was 0.77, 0.78 and 0.95 kg and the cost of milk replacer until weaning was 3,583, 6,566 and 9,380 NTD for the
control, T1, and T2, respectively. The daily intake of milk replacer and the time of weaning have influences on average body

weight at weaning and cost of milk replacer until weaning, but not on biochemical parameters in the blood.
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Abstract

The purpose of this experiment was to study the effect of source and level of dietary fiber on growth performance,
backfat thickness and blood profiles of Lanyu pig. A total of 24 Lanyu pigs (initially 9 kg body weight and 11 weeks of age),
half castrated and half female, were randomly assigned to three treatments and provided diets: 1) USDA 1160 diet referred
to the United States miniature pig formula (USDA 1160) containing 5% alfalfa; 2) WB 10 diet containing 10% wheat bran
(WB) and 3) WB 20 diet containing 20% wheat bran, for 12-week feeding trial. The trial incorporated protein and digestion
design, with the three groups having the crude fiber content of USDA 1160, WB 10 and WB 20 as 3.56, 3.23 and 3.95%,
respectively. All the pigs were weighed every three weeks for the measurement of growth performance. At the initiation, the
sixth week and the 12" week -end of the experiment, backfat thickness and blood biochemical parameters were measured.
Results showed that there was no difference on growth performance and increment of backfat thickness amongst treatments.
For the blood profiles, pigs in the WB 20 group had higher (P < 0.05) creatinine and lower (P < 0.05) triglyceride (TG) than
the USDA 1160 group at the end of the experiment. In addition, pigs in the WB 10 group also had lower (P < 0.05) TG than
the USDA 1160 group at the end of the experiment. Total protein (TP), blood urine nitrogen (BUN), glucose and cholesterol
were not different amongst treatments. In summary, Lanyu pigs fed diet with 10 or 20% wheat bran could maintain normal

growth without over deposition of backfat, which indicated wheat bran could be a fiber source for Lanyu pigs.

Key words: Backfat thickness, Crude fiber, Growth performance, Lanyu pigs.
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Introduction

The selection of miniature pigs is mainly used for biomedical research. Such pigs should be smaller size, slower growth
rate and less body fat. Lanyu pig is the native small-ear miniature pig, which has been bred and selected by Taitung Animal
Propagation Station and accredited by the Association for Assessment and Accreditation of Laboratory Animal Care in
1999 and is available as biomedical research animals (Wu et al., 2017). Lanyu pig, fed with commercial diet, was for meat
production. That resulted in a fatty status in terms of thicker backfat (Lee ef al., 2003). Previous studies are shown that the
more dietary crude protein level the Lanyu pigs fed, the higher growth performance (Chen et al., 2017; Liu and Lin, 2019)
and thicker backfat deposition (Lee et al., 2003). Since the biomedical characteristic and nutrition requirement of miniature
pigs are different from the commercial pigs which are for meat production. Therefore, the nutrient requirement for miniature
pigs is necessary to be established.

Studies revealed that it is not necessary to supply a high concentrate of nutrients in terms of lysine, crude protein and
metabolizable energy for Lanyu pigs between 8 and 25 kg live weight (Liao and Liu, 2016; Chen ef al., 2017; Liu and Lin,
2019). Fiber is used for the dilution of energy in pig diet (Jarrett and Ashworth, 2018). The utilization efficiency of dietary
crude fiber varied between breed of pigs (Lee, 2006) and the type of fiber from cereal grain (Gunness et al., 2016). The
addition of fiber results in a decrease in total energy intake which might decrease the deposition of body fat (Gunness et al.,
2016). An early study carried out by Lee ef al. (2003) found that fed Lanyu pigs between 30 and 50 kg live weight with 1 kg
of feed and fresh Napiergrass (Pennisetum purpureum) ad libitum achieved the same growth and feed utilization efficiency
compared with their counterparts fed the feed ad libitum. The finding indicated that the Lanyu pigs could utilize rough feed
such as high fiber diet.

The USDA 1160 feed formula is used for miniature pigs and has been found suitable for Lanyu pigs (Liu and Lin, 2019).
The formula of USDA 1160 feed contains 5% alfalfa meal (Bhathena et al., 1996), in which the crude fiber, acid detergent
fiber and neutral detergent fiber of alfalfa meal are 27.4, 30.6 and 37.1%, respectively. Besides, wheat bran is the by-product
of wheat processing to make flour. The crude fiber, acid detergent fiber and neutral detergent fiber of wheat bran are 9.1,
12.0 and 38.4%, respectively (Livestock Research Institute, 2011). As the utilization of nutrient would be affected by either
the source or the form of crude fiber (Shi and Noblet, 1993; Dégen et al., 2007; Wilfart et al., 2007), therefore, the purpose
of this study was to study the effect of dietary fiber sources (i.e., alfalfa and wheat bran) and levels on growth performance,
backfat thickness and blood profiles of Lanyu pigs.

Materials and Methods

Animals used in this study and the procedures were according to the Guide for Care and Use of Agricultural Animal of

Livestock Research Institute, Council of Agriculture (Affidavit of Approval of Animal Use Protocol no. 107-34).
I. Experimental diet

The experimental diets were formulated with corn-soybean meal and two sources of crude fiber based on iso-crude
protein (CP), lysine and iso-digestible energy (DE) basis. The USDA 1160 group was formulated and referred to the
American miniature pig formula (USDA 1160), containing 5% alfalfa meal (Bhathena et al., 1996). The other two diets
contained 10 or 20% WB, which was represented by WB 10 and WB 20, respectively. Feed composition and the nutrient
values were listed in Table 1.

II. Animals and experiment design

The BW of Lanyu pigs used in this study was approximately 9 kg and the age was approximately 11 weeks (WK-0)
at the initiation of the study. The experiment was a completely randomized design. A total of 24 Lanyu pigs, half castrated
male and half female, from Taitung Animal Propagation Station were assigned into three treatments with four replicates.
Each replicate (pen) raised one castrated male and one female pig which were balanced for initial BW. The pigs were

raised in wired-floor pens of 1.26 x 1.05 m at conventional open pig house.

The experiment was carried out when the pigs were from 11 to 23 weeks old of age and from 9 to 24 kg live weight.
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All the pigs were weighed at the initiation, every three weeks, and the end of this experiment. Feed was provided daily
according to the live weight of pigs by the recommendation of Lorentsen (2011). Each pig was provided diet 450, 500,
550, and 600 g daily at the start of experiment (WK-0) to WK-3, WK-4 to WK-6, WK-7 to WK-9 and WK-10 to WK-12,
respectively. The water was provided ad libitum throughout the experiment. Feed intake of the pen was recorded every
three weeks and the growth performance in terms of average daily weight gain, average feed intake and feed efficiency
was calculated. At the initiation, sixth week (WK-6) and end of the experiment (WK-12), the backfat thickness of pigs
were taken at the first rib, last rib and last lumbar by A-mode ultrasonic instrument (The PREG-ALERT PRO", USA).
Besides, the blood samples were collected from jugular vein for blood profiles analysis including total protein (TP), blood
urea nitrogen (BUN), creatinine, glucose, triglyceride (TG) and cholesterol, and immunoglobulin (Ig) contents including
Ig A, Ig Gand Ig M.

Table 1. The compositions of experimental diets

Ingredients, % Treatment’
USDA 1160 WB 10 WB 20

Yellow corn, ground 73.90 68.80 58.80
Soybean meal, 43% CP 17.90 17.50 15.20
Alfalfa meal 5.00 - -
Wheat bran — 10.00 20.00
Limestone, pulverized 0.35 0.35 0.35
Dicalcium phosphate 2.10 2.10 2.10
Salt 0.50 0.50 0.50
Soybean oil — 0.50 2.80
Vitamin premix* 0.10 0.10 0.10
Mineral premix® 0.15 0.15 0.15
Total 100.00 100.00 100.00
Calculated values

Crude protein, % 14.58 14.51 14.50

Lysine, % 0.74 0.74 0.71

Crude fiber, % 3.53 3.16 3.76

ADF*, % 4.19 3.73 4.58

NDF*, % 9.27 10.84 13.69

DE, kcal/kg 3,218 3,214 3,206
Analyzed values

Crude protein, % 14.28 14.43 14.50

Lysine, % 0.75 0.73 0.76

Crude fiber, % 3.56 3.23 3.95

¥ USDA 1160 referred to the American miniature pig formula (USDA 1160); WB 10 and WB 20 contained 10 and 20% wheat
bran, respectively.

* Vitamin premix provided per kilogram of diet: Vitamin A, 6,000 IU; Vitamin D,, 400 IU; Vitamin E, 40 IU; Vitamin K, 2
mg; Vitamin B, 2 mg; Vitamin B,, 6 mg; Vitamin B, 3 mg; Vitamin B,,, 0.03 mg; Niacin, 30 mg; Pantothenic acid, 30 mg;
Folic acid, 0.6 mg; and Biotin, 0.2 mg.

® Mineral premix provided per kilogram of diet: Fe, 80 ppm; Cu, 5 ppm; Mn, 6 ppm; Zn, 45 ppm; I, 0.2 ppm; Se, 0.1 ppm;
and Co, 0.35 ppm.

¢ ADF: acid detergent fiber; NDF: neutral detergent fiber.

III. Statistical analysis

Data were subjected to statistical analysis in a randomized complete block design using the General Linear Model
procedures (SAS, 2008) and the significant differences among treatments were detected by Tukey’s Multiple Range
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Test. Variability in the data is expressed as the standard error (SE) and probability level of p < 0.05 was considered to be
statistically significant.

Results and Discussions

I.  Growth performance and the change of backfat thickness

There were no difference on growth performance and the change of backfat thickness of Lanyu pigs amongst
treatments (Table 2). From the growth curve of Lanyu pigs in present study, it indicated that Lanyu pigs fed 10 or 20%
dietary wheat bran performed similar growth to those fed 5% dietary alfalfa (USDA 1160) (Fig. 1).

Growth of pigs is influenced by genotype, environment and feeds (Bastianelli and Sauvant, 1997). Previous study
showed that Lanyu pigs fed diet with 16% crude protein had higher weight gain and feed efficiency than pigs fed diet
with 13% crude protein (Chen et al., 2017). Liu and Lin (2019) also found that Lanyu pigs fed with USDA 1160 feed
(14.4% CP, 0.77% lysine) and increased 10% nutrient concentration of USDA 1160 feed (15.7% CP, 0.87% lysine) had
higher weight gain than the pigs fed with diet decreased 10% nutrient concentration of USDA 1160 feed (13.1% CP, 0.67%
lysine). However, regarding biomedical purpose, the feeding of laboratory pigs needs to maintain the health and physical
condition and avoids rapid growth and excessive accumulation of body fat. Indeed, Liu and Lin (2019) found that Lanyu
pigs for biomedical use between 8 and 25 kg live weight, could be fed with USDA 1160 diet or even decreased 10%
nutrient concentration of USDA 1160 feed. That would meet the nutrients requirement for normal growth. The dietary
crude protein and lysine were 14.4 and 0.77%, respectively (Liu and Lin, 2019). The dietary crude protein and lysine in
present study were around 14.4 and 0.75%, respectively, which is close to the level of USDA 1160 feed (Liu and Lin,
2019).

Table 2. Effects of dietary crude fiber on growth performance and backfat thickness of Lanyu pigs

Hens Treatment’
USDA 1160 WB 10 WB 20

No. of pigs 8 8 8
Initial BW, kg 9.13£0.43 9.19+0.40 9.191£0.40
BW at WK-12, kg 2455+ 1.15 23.69+1.08 23.60+1.08
Daily WG, kg 0.184£0.012 0.173£0.011 0.172£0.011
Daily feed intake, kg 0.520 £ 0.004 0.517 £0.004 0.515£0.004
Feed efficiency, G/F 0.349 £ 0.006 0.334 £ 0.005 0.333 £ 0.005
Backfat thickness (three point average), mm

Initial 7.57%0.36 7.2910.34 7.2510.34

WK-12 13.24+0.63 13.50 £ 0.59 13.46+0.59

Increment 5.67%0.50 0.2110.47 6.211£0.47

¥ USDA 1160 referred to the American miniature pig formula (USDA 1160); WB 10 and WB 20 contained 10 and 20% wheat
bran in diet, respectively. No significant difference was found amongst treatments (P > 0.05).
BW, body weight; WG, weight gain.

In present study, the increment of the backfat thickness ranged from 5.67 to 6.21 mm, and the changes in the three
groups were similar. The backfat thickness in present study was dramatically lower than the finding of 33.4 mm by Lee
et al. (2003), in which the Lanyu pigs fed with commercial diet containing 17.5% crude protein that is 20.7% higher than
the dietary protein in present study. The different results of backfat parameters between Lee et al. (2003) and the present
study might be due to the dietary protein level. One of the functions of fiber is dilution of energy in pig diet (Jarrett and
Ashworth, 2018). The addition of fiber results in a decrease in total energy intake. Though the crude fiber content of WB
20 and WB 10 was 11% higher and 9% lower than that of USDA 1160, respectively in present study, the DE content was

equal amongst treatments. The energy intake would not be different amongst treatments due to the daily intake was not
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different significantly. In addition, the main fiber source of USDA 1160 came from alfalfa while the main crude fiber of
WB 10 and WB 20 came from wheat bran. Fiber from different cereal grain could affect the nutrient digestibility and
metabolism (Dégen et al., 2007) and hence affect the body composition of pigs. The backfat parameters in the present
study showed that the backfat thickness was neither affected by the content nor the source of crude fiber mainly due to
the equal DE level amongst treatments. Therefore, the Lanyu pigs could consume about 4% crude fiber and the dietary

fiber from either alfalfa or wheat bran did not increase backfat accumulation.

30.00 -

25.00 -
_ 20m —e—USDA 1160
2
< 15.00 - WB10
2
[=1]

10.00 - --a--WB20

5.00 /

0.00 -

Birth 6 11 14 17 20 23
Age (week)

Fig. 1. Growth curve of Lanyu pigs from birth to 23 weeks of age.

IL.

Experiment started at 11 weeks old for 12 weeks. Data was shown as mean  sd. USDA 1160 referred to the American
miniature pig formula (USDA 1160); WB 10 and WB 20 contained 10 and 20% wheat bran in diet, respectively. No
significant difference was found amongst treatments (P > 0.05).

From the result of growth and backfat thickness, Lanyu pigs fed 10 or 20% dictary wheat bran were able to
grow slower compared with the pigs fed the high nutrient commercial feed (Lee et al., 2003). Fortin and Elliot (1985)
demonstrated that there is a strong correlation between backfat thickness and the fatty status of pigs. A reduction in
backfat thickness was accompanied by a decrease in the fat content of the subcutaneous fat depot and to a lesser extent of
the perinephric-retroperitoneal fat depot (Fortin and Elliot, 1985). Furthermore, Lanyu pigs fed diet with 10 or 20% wheat
bran would not accelerate the accumulation of backfat, which implied the body condition might not be too fatty. This
finding is important, from biomedical application point of view; un-fatty pigs would be beneficial to the manipulation of
experiment, particularly for the surgical operation. Based on the finding of Chen et al. (2017), Liu and Lin (2019) and
the present study, 14% dietary crude protein and 0.7% lysine can meet the requirement and 10 or 20% dietary wheat bran

could be suitable for Lanyu pigs under 25 kg of live weight.
Blood biochemical parameters

The effects of fiber on blood biochemical parameters of Lanyu pigs are shown in Table 3. The pigs in WB 20 group
had significantly (P < 0.05) higher creatinine than USDA 1160 group at WK-12. The WB 20 group had significantly
lower triglyceride than USDA 1160 group (P < 0.05) at WK-6 and WK-12, while WB 10 group also had significantly
lower triglyceride than USDA 1160 group (P < 0.05) at WK-12 of the experiment.

Previous reports have provided the hematological and blood biochemical parameters of Lanyu pig (Wu and Chang,
2018a, b; Liu and Lin, 2019). Such parameters are important references for biomedical research. However, the blood
biochemical parameters might be affected by diet and age of animals. The blood biochemical values in present study
were similar to the finding by Liu and Lin (2019) with the exception of TG. The averaged triglyceride in present study
was lower than the finding by Liu and Lin (2019). There was no extra addition of oil to diet in Liu and Lin (2019). By
contrast, soybean oil was added to WB 10 and WB 20 diets in present study. The different result of blood triglyceride
between present study and Liu and Lin (2019) might be due to the reduction of fat digestibility by wheat bran.
Consequently the lower fat digestibility resulted in lower blood TG. Reduction in lipid digestibility has been reported to
be dependent on the type of fiber (Shi and Noblet, 1993; Dégen et al., 2007; Wilfart et al., 2007). Wilfart ez al. (2007)
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also found that growing pigs fed cereal-based diets containing 20% or 40% wheat bran decreased lipid digestibility. The
WB 10 and WB 20 groups kept similar TG level during the 12 weeks feeding trial and had lower plasma triglyceride
implied wheat bran affected the fat metabolism. The lower blood triglyceride concentration indicated the reduced/delayed

digestion and absorption of fat and hence caused less backfat thickness accumulation as a result.

Table 3. Effects of dietary crude fiber on blood biochemical parameters of Lanyu pigs

Treatment®
Items P-value
USDA 1160 WB 10 WB 20
No. of pigs 8 8 8
Total protein, g/dL
Initial 6.08£0.24 6.281+0.24 6.2310.24 NS
WK-6 6.811£0.17 6.8810.16 6.95%0.16 NS
WK-12 7.47+0.26 7.20%0.24 7.45%0.24 NS
BUN, mg/dL
Initial 9.50£0.55 9.71£0.55 9.381+0.55 NS
WK-6 8.89+£0.99 8.74+0.93 8.71£0.93 NS
WK-12 9.8911.00 8.73 £0.94 11.44£0.94 NS
Creatinine, mg/dL
Initial 1.23£0.05 1.29£0.05 1.35%0.05 NS
WK-6 1.4710.06 1.5510.06 1.5410.06 NS
WK- 12 1.4910.07° 1.61£0.07° 1.70 £ 0.07° *
Glucose, mg /dL
Initial 102.5£5.7 107.5+5.7 94.0%0.7 NS
WK-6 1247+ 11.8 150.8+11.0 1263+ 11.0 NS
WK- 12 125.7£10.7 122.9+10.0 132.9£10.0 NS
Triglyceride, mg/dL
Initial 28.13+2.97 27.25%2.97 25.00£2.97 NS
WK-6 28.86 £2.08" 26.25%1.95° 20.63 £1.95 *
WK-12 48.86 £ 6.52° 28.75£6.10° 28.25%6.10° *
Cholesterol, mg/dL
Initial 86.50 £ 3.37 90.25+£3.37 90.38 £3.37 NS
WK-6 93.57+3.05 97.38 £2.86 93.13£2.86 NS
WK-12 86.5714.12 96.13£3.86 89.25+3.86 NS

Y USDA 1160 referred to the American miniature pig formula (USDA 1160); WB 10 and WB 20 contained 10% and 20%
wheat bran in diet, respectively.
“® Means in the same row with the different superscripts differ (P < 0.05).

The significant higher creatinine in both wheat bran groups indicated that the metabolism of protein affected by
wheat bran might be different from the effect of alfalfa. In terms of energy metabolism, growth-finishing pigs fed a lower-
energy diet caused higher levels of creatinine in the blood due to decomposition of muscle protein (Hong et al., 2016).
Though the DE level in present study was equal amongst treatments, the dietary NDF level in WB 20 was higher than
USDA 1160 (Table 1). Schulze er al. (1994) demonstrated that an increase in the dietary fiber content in terms of NDF
leads to a decreased apparent ileal protein digestibility. As the protein digestibility might be decreased by wheat bran in
present study that lead to the decomposition of muscle protein then caused higher blood creatinine.

Wu and Chang (2018b) investigated the blood biochemical parameters at three and six months old of Lanyu pigs.
The content of TP, BUN and creatinine in both ages were similar to the results of present study. However, the blood

glucose of Lanyu pigs at 3 months old was lower than the value at WK-6, which aged about 17 weeks old of the pigs in
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present study, but similar to the ones at WK-12, which aged about 23 weeks old. The blood glucose of Lanyu pigs at 6
months old in the study of Wu and Chang (2018b) was also lower than the value of the pigs in present study. In addition,
the TG and cholesterol of Lanyu pigs at 3 months old in the study of Wu and Chang (2018b) was similar to the pigs in
present study, while both were higher at the age of 6 months old than those in present study. Compared with the blood
biochemical parameters of Gottingen minipigs investigated by Ellegaard Gottingen Minipigs (2020), Lanyu pigs in
present study had higher blood glucose, TP, BUN and creatinine and lower TG and cholesterol than Géttingen minipigs.
The difference of blood biochemical parameters amongst Wu and Chang (2018b), Ellegaard Goéttingen Minipigs (2020)
and the results in present study indicated that the blood biochemical parameters are affected by age (Humann-Ziehank
and Ganter, 2012).

III. Blood immunoglobulins

The blood IgG, IgM and IgA of Lanyu pigs ranged 7.2 ~ 16.0, 2.5 ~ 5.3 and 0.7 ~ 1.3 mg/mL, respectively and
no significant difference was observed amongst treatments (Table 4). Immunoglobulins are the antibody formed when
white blood cells are exposed to an antigen and could be the indicator of health status (Le Dividich and Herpin, 2005).
Immunoglobulins might be affected by diet, feeding condition, seasons and stressor in environment (Chu and Song,
2013). Chu and Song (2013) demonstrated that IgM was the first antibody formed when white blood cells were initially
exposed to an antigen. When exposed to an antigen for a second time, the pigs build very high levels of antibodies,
mostly in the class of IgG. White blood cells switch from synthesizing IgM to IgG after continued antigen exposure.
Serum IgG is the major constituent of blood immunoglobulin and plays a major role in defending against antigens.
Bode et al. (2010) reviewed the serum IgG, IgM and IgA of minipigs ranged 17 ~ 29, 1.0 ~ 5.0 and 0.5 ~ 5.0 mg/mL,
respectively while the serum IgG, IgM and IgA of man ranged 8 ~ 16, 0.5 ~ 2.0 and 1.5 ~ 4.0 mg/mL, respectively. The
blood IgG, IgM and IgA of Lanyu pigs in present study were similar to the investigation of minipigs by Bode et al. (2010)
which indicated that the health status of both studies was similar. In addition, concentration of serum IgG increased over
time as the immune system matures (Chu and Song, 2013). The IgG level of Lanyu pigs across the three treatments in

present study also consistently increased over time from 11 to 23 weeks old of age.

Table 4. Effects of dietary crude fiber on blood immunoglobulin of Lanyu pigs

ltems Treatment’
USDA 1160 WB 10 WB 20
No. of pigs 8 8 8
IgG, mg/mL
Initial 7.3210.84 7.39%0.84 7.1510.84
WK-6 11.44%0.93 12.54£0.87 11.92£0.87
WK-12 14.05+1.65 13.88+1.54 16.04 = 1.54
IgM, mg/mL
Initial 2.50%£0.15 2.50%0.15 2.57%0.15
WK-6 2851042 3.17%0.39 3.82+£0.39
WK-12 5261091 2.94%0.85 3.63%0.85
IgA, mg/mL
Initial 0.75%0.15 0.80%0.15 0.74%0.15
WK-6 1.17£0.16 1.23£0.15 1.29%0.15
WK-12 1.28£0.18 1.00£0.14 0.99%0.14

¥ USDA 1160 referred to the American miniature pig formula (USDA 1160); WB 10 and WB 20 contained 10 and 20% wheat
bran in diet, respectively. No significant difference was found amongst treatments (P > 0.05).

Regarding of the effect of diet on immunoglobulin, the concentration of blood IgA, IgG and IgM in gestating
and lactating sows was not affected by the amount of dietary protein intake (Haye et al., 1981). Cuaron et al. (1984)
demonstrated that the amount of blood immunoglobulin might be derived from the dietary limiting amino acids rather
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than the amount of dietary protein intake. The first-limiting amino acid is the essential amino acid that first becomes
deficient in the diet. Lysine is typically the first-limiting amino acid in pig diets. In previous studies, Chen et al. (2017),
and Liu and Lin (2019) demonstrated that 14% dietary crude protein and 0.7% dietary lysine would meet the requirement
of Lanyu pigs under 25 kg of live weight. In present study, the dietary crude protein and lysine level was 14% and 0.75%,
respectively across the three treatment diets. As no differences were observed in feed intake amongst treatments, which

meant the intake of lysine was not different.

Beside the effect of dietary protein, the main effect of dietary fiber is on the intestinal microbiota, intestinal health,
digestive tract and nutrient digestibility (Jarrett and Ashworth, 2018), but not on blood immunoglobulins (Yan et al.,
2017; Fan et al., 2020). Yan et al. (2017) found that the blood IgA and IgG in weaning pigs were not affected by dietary
fiber in terms of sugar beet pulp. Fan et al. (2020) also found that serum immunoglobulins did not change with increasing
levels of dietary crude fiber in terms of defatted rice bran. The results in present study also showed that neither sources
nor levels of dietary fiber had effects on blood immunoglobulins.

Conclusions

The results in present experiment showed that the USDA 1160 diet is suitable for Lanyu pigs and diet containing 10 or
20% wheat bran could maintain normal growth and less accumulation of backfat of Lanyu pigs between 9 and 24 kg live
weight. In conclusion, wheat bran could be a fiber source of ingredient for Lanyu pigs.
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JIE 4EH% 1230 (B 4H » Closy, =73 — 533 ) e 12159 (LB #H » Closy, = 93 — 412)) 5 SE5LEUR » Jiff
FT7R[E BEFV Sk R AH AT ST T iR S P B Pigs T EREE 2 E (£ 1) - b SBopaL B P TR
FIERME (WESEKE ) SR ERiEIES E DA SR B - EFBRET (3 — 95%) M > INEEE =

>=
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1L MifT e Al iR PRI DiRS B

sTEERI SR T RT& 2 BEFV fORIGUES I E B &% (B 1) > &5REUR A @RS —BEm T 3
& H ~ 6 {8 H REE R s itidT 6 H1& > PileJ(EESGEST AT BT 2.48 ~ 2.68 [z 1.37 f% : {fi B 4025 —FiliE i
fﬂ@4ﬂﬁ FRIEE % 4 8 0 KB =REE T 4 (8 H 1% > SuRe D EEH TR £ 4.22 ~ 3.96 & 1.87

B B AN AFERS B Z Ui (E B HE R BB AR A 4H (P < 0.05) < E{EHEEA- ST A% Z BEFV ot
%DBm%%jJﬁij:?+ﬁ%§& GERBEUT AT R 2 25— 1% 3 18 H ~ 6 {8 F ke FRRREE s 6 (A 1% - ule 18
WIHEF TR ) 3.49 ~ 3.47 ke 1.53 &% © MiltiAT ZAR 25— B etk 4 (8 H - L8 B 1R 4 8 H k5 =R
5 4 (8 Atk - JURSTIEESET AT BT 3.21 ~ 3.16 K 1.67 1% : BURIEH] A [E BEFV iR 2 e g B (8 A4 A

FIFg B fife BB R - SEREUR > R SRR Z Diie B ETHEE > A 2H (98%) SESIEND
FINIE L EEPIEE R B A (72%) (P < 0.01) > [MEAE 2 EER] B 4H (31%) AUBHZ{KRY A 45 (54%) (P < 0.05) -
{HEIREZEER] A 4H (43%) 81 B 21 (41%) AR E2 2 (8 2) -

F 1. FEFTH 2R N E R Bl 2 BEFV Hife B R
Table 1. The result of F and 2. brands BEFV antibody titer on different vaccination program

BEFV Bejfore.: 3/4 mon.ths post I* 6/4 months post 2™ 6/4 month§ post 2M/3H
antibody titer Group vaccination vaccination vaccination vaccination
(2018/2) (2018/5/2018/6) (2018/8/2018/10) (2019/2)
A 1:209 1: 466 1:437 1:427
(Clyy, = 133 — 285)  (Clygy, =255 — 678)  (Clyy, =170 — 703)  (Clyy, = 174 — 679)
FH brand
B : 100 1 380 1:356 1:230
(Clyy, =21 — 179)  (Clyg, = 116 — 644)  (Cly, =100 — 612)  (Clyy,=73 — 533)
A : 168 : 570 1:521 1 205
(Clyy, =82 — 253)  (Cl,y, 247 ~893)  (Cly, =108 — 934)  (Clyy, 137 — 549)
Z, brand
B 1:156 1:419 1:544 1:159

(Clyy, =79 — 232)  (Clyy,, =200 — 639)  (Cl,y,, =297 — 790)  (Cl,g, =93 — 412)

4- =0 Three times vaccinated
‘O Two times vaccinated

Elevated antibody titer ratio

mmm#

Before vaccination 3/4 months post 1st vaccination 6/4 months post 1st/2nd vaccination 6/4 months post 2nd/3rd vaccination

& 1. im TEARTELE ] 12 4 8K [F 05 R 2 M0F HAIGTEs I8 BB 8 i AR - A4 ¢ JidT
Al ~ HEFTES 1 EE & 3 A ~ 6 88 KT 5 2 Bl 6 [ H 1% B 4H © MifT Al » Hif] s —BlEE g 4
ﬁ‘%:%& 1% 4 I8 H Kot 156 =Fil e 4 5 1% o * ForaZ RS 2 PR HfEE#EE 25 (P<0.05) -
Fig. 1. Elevated BEF virus NA following vaccination with inactivated BEF vaccine on 4 sampling periods: Before
vaccination, 3 or 4 months after 1¥ vaccination, 6 or 4 months after 1* or 2™ vaccination, and 6 or 4 months after 2™
or 3" vaccination, in 2 vaccination treatment group: A (two times vaccinated per year) and B (three times vaccinated
per year) , respectively. *Significant differences at specific time period (P < 0.05).
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2. ARATEARTELE S 2 B (A 4H) S5 3 I (B 4H) JidT 6 (8 H (A 4H) 504 [ H (B 4H) 22 i+ ibt
BG D BN EA (FEFTRTE B S 1) ReISER (HEFT A& b8 < 8 ) ZELBl - A 4 : BFMT T
25 B4 - EEEHEFTER 3 K o N (REREREAI A A EE 2R (P<0.05) -

Fig. 2. Percentage of the non-responding (elevated NA titer = 1) and weakly responding (elevated NA titer < 8) cattle in 2
vaccination treatment groups with an inactivated bovine ephemeral fever vaccine: NA titers were measured 6 or 4
month after 2" or 3" vaccination in 2 vaccination treatment group: A (two times vaccinated per year) and B (three

times vaccinated per year), respectively. Different letters represent groups which are statistically different from each
other (P <0.05).

& &R

AR FEERET A [F] ooy B 2 S e it TR R A [E) s e RSB 2 B (T T 4 BEF (ra )1 2 528 - AR HT A 7E4E
S MBS EE RV RIREEER 11 32 15 » Jilg vl fre& - SR HEFsMiE 3 S (Vanselow er al., 1995 5 T >
2013) - IAGERAE REUR - ST T HH 202N BEF J8(a5 % v Bk o 1 Se e I By m 2 FHR T ERe€ 1 2 T
o SBINEURGEREFT 3 75 BEF &5 - SREMERF 28 BEFV Hil8 I(E » RS B HE R A  Lhf - ARt
BH 7 (RS o FENITT 2 K BEF i 2 21 > 1A5E TR % 6 {8 A Hie S {E bR B e T RiRE
&Y 1.5 £5 - Igef ARt e S0 (R ST » I AR S thG 2 M fE4- © ElY BEF ISR E &S 2 FEF » BT
3 — 4 FIFE LB BER(R. BEF #9552 (morbility) (P < 0.05) » {EEFEHT 2 Fil#E Had k2 AIBUR T T4HAIAHE -
HYr#tEs (challenge study) 455 B8R L i 2 (R ME HIRNEERFT 3 B2 4HA1 - FAEHEFT 2 2 41
tra& )7 (Della-Porta and Snowdon, 1979)  Ting et al. (2014) tHFE4EFEUR » ZEARITEG UG EFEZ BT T
fEisEE) » BIATHITAERAET - ftsm iR s R il o slBedd RTINS — i R 2 4 — 6 @ A% » HAf
pife FE R SRR T (HEFHT 3 T 2 &P RbiRe I EEEE S rids 2 B -

T THAR G I A R S FE A= B - (HER 55 S AR 2 LN R s - BA RS T1ebiie (E
IR 8 5 28% o HIRRFIREE Y oK B i T i 1% < 4 & i 2 AR 12 & HR Sy PRI Eae - Bblas
SREEN MBI R385 Wl R & A T A VE (L i E A4 2 I B AS A 58 2 B2EE PR 2 BEF B IrE 1A R
(Della-Porta and Snowdon, 1979) < 41[EAE AR5 s HAt58,R7 55 (Rhabdovirus) —4¢ » AHARME /Rt 2 (R 18—
32 (Della-Porta and Snowdon, 1979) - H A 5Tt EEEZE R L BEFV RIE(LEH E A 2 AR RER _FIREIT 50%
(Wang et al., 2001) » [FEEE OB R NS bEE AL B (Dar et al., 2013; Elnekave et al., 2013) - {H#E %
REReERLY 50% » & & BEF HiNT AW A BEAE R &AHFE - U S LR ETTIE Z A=
BT ABSE IR TR 1% Y BEF 285 R a2 N4 1.27 — 1.76 kg HIFL & (Aziz-Boaron et al., 2014) -

R B BT (R BT 4 TR 1Y BEF S e i R BEE 2 5 (P < 0.05) > Behfie i JEZFA L)
T2 (17%) TR AR (3%) (Sadoff and Wittes, 2007) - [T ASABRMERT HEA-LLBI T4 31 — 54% » BT
FIREHIN BRF R B R A i e 2 RIS 118 EEUE TR BT AP IRS E5 - o] REEL A
RZAR - ABE R HERDILAE AP I EEEE - (HEEREURWIE S ED AL AR R T s AR
S PEEE R AIHUAS I (E EAHE RO A R R » R — U R A B R R A T TR R R AR T 77
M 5 AEBAHICEUN E BT B BUAF KRR T RS (bRE i AE £ 2 2 2 MIH & 2 (Interleukin 2) » {EAS &k
Z ¥ AT B BYRT SRS 2 R SE (Meuer et al., 1989) o {RG &R M (immunogenicity) k5 % 5k Mt A+ FE i 2
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FE R ERE R 0 A 30% LB e R R FAYSZESE A RS 52 » 5 RL Toll £252 88 (Toll-like receptor) 5
CD46 Fz TLR8 ZjR a5 =z H]52 88 (viral pattern recognition receptor) [T {2 K FE (Clifford et al., 2012) - [t
Hb o FEFEEEE T EUR DU A AR 2 eSO IR (immune memory response) & S (E S HAM TR AV SR I SIE - 22
TN 17 F 525 909 (heterologous immunity) (Welsh and Selin, 2002) » A [EI4- 8- g 2 SR A LL B 2% 52 AT E IR
H A E RS R [EHYEE (homologous) Kz 525 (heterologous) Sy R 2 » PRI & H IR (DR [ A0 g iy 4 &2 S A L1 B
I 55 e S B2 FE AN (Samina et al., 1998) ;5 FFEGECK ~ BhMEAS FTRE 4 &S Bl HA R 55 - RIS
BEFV $iJRE LRI RIESIE » E7 e R e A 2 EE I S i AR (Aziz-Boaron et al., 2014) 5 ZRMA
B R B R e B 28 SEREUTODIL A TR E AT T iR & FE Behiae )18 B8 28R
B TIREHN RS VR - H A BB I - FEFERE TS RS R E Y R e R R
ZWH5E - HHE BEF ZEE ORI FEERKR » 5 T ENEREAE 2 BN RS N AR EEER
{H5E2 % BEF et & N RHT A R N B b A s s Y B B B 25 - Ib4h > BRI 2 A7EE
FE A RMERS T B R 2 e )5 > BT o] DUE— D& i (e Al (K BEF &Rk 2 85k -

W A

FHHYME R ~ Vo R SR S AR B KSR R R Bt T BE 2 TP - FE T s R Mt 2 (A BRI 22 DN & 0%
4 > A5 [5% BEF i - AR R vl (F R AR E] BEF & s e @il 2 2545 > it BEF LR AN FHIAZERL
RAERAOEIRA - bR TR ERA AR b R s e B - ASBRE REURIL AL BEFV il EE
B BN T R TARR > NI H AT AR T R s BE st - e E PR 5 HERSuErT&mE oo - |
BRI LA FORFLARE R/ VR 6 [l A flisRit ] | Bl B R ERADURIRE DR - RIES 4 (8 7 #i5eit
17 UR > EEEENTT 3 AL -

BB

APFORTTH b R EZ B R EET SR AR R ME A RRT AR I E 258 ) (107 &2
F-2.1.2- % -L19) - W &R0 BEF SUssJ(ERM > BEELURFSER - R HE -

ZEXR
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Abstract

Bovine ephemeral fever (BEF) is an important viral disease of cattle. The protection of BEF in Taiwan mainly relies
on inactivated vaccine to upgrade the vaccination protection of all cattle in times of the seasoning outbreak of BEF. To
elevate the overall BEF protection of cattle, two treatment cattle groups were vaccinated with different BEF virus vaccine
strains and different doses. A group (two times vaccinated per year) and B group (three times vaccinated per year). BEF
virus neutralizing antibodies (NA) following vaccination with inactivated BEF vaccine were tested, and calculating the
elevated NA before and after vaccinated of each group. The proportions of non-responder and weak-responder cattle were
also identified. The results showed that the overall cattle herd BEFNA titers are not significantly different between A and B
treatment groups at each time periods (P > 0.05). Also, herd vaccinated with different BEF virus vaccine strains showed no
significant differences in BEFNA titers (P > 0.05). The results indicated that the administration of cattle with different BEFV
vaccine does not have significant impact on the antibody titers at different stage. However, significant differences were found
between the elevated BEFNA titers of A and B treatment groups at each time periods (P > 0.05). The elevated BEFNA titers
of A treatment group were 2.48, 2.68, and 1.37 times than the titer before vaccination, 3 and 6 months post 1* vaccination,
and 6months post 2™ vaccination, respectively. While the elevated BEFNA titers of B treatment group were 4.22, 3.96, and
1.87 times than the titer before vaccination, 4 months post 1¥ vaccination, 4 months post 2™ vaccination and 4 months post 3™
vaccination, respectively. This study indicates that the vaccination program of 3 inactivated vaccine doses per year will yield
higher protection effect from the neutralizing antibody titers than just 2 vaccine doses. Vaccines are expected to prolong the
shelf life of milking cows and their production performance in addition to reducing economic loses, which can be taken into
consideration for designing the BEF vaccination program. It may be recommended that initial vaccination will be performed
twice at the age of 4 to 6 month (4 weeks apart) and then repeated every 6-month period (March and August in the north
hemisphere). To achieve better protection of BEF, cattle should be vaccinated with inactivated vaccine every 4-month period,

namely to reach 3 doses per year for optimal performance.

Key words: Bovine ephemeral fever, Vaccination program, Neutralizing antibody titers.
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AR B HTE PR T A MR P LB A BRSO 8 o SR 75 200 € » 1% 78 — 80
HES TR S B Btk » UL BRI A5 B ABEA 0% (HIIRAE ) ~ 0.5 - 1.5 3¢ 3.0% FERF 2 53748 » Az
B S ST 4°C TIRE » IR 7 REREIPUEFT & B B ST RIS - & R R AL B A RO R LS
TR BB 1.5% . 3.0% I AT IR - TS BIREE 0.5 K 0.9 log cfulg 484 ERIEH 0.6
J 1.1 log cfu/g M ABHTEIREE » BB RRUMENAR £ A ELUFAOIMEIRUR (P < 0.05) - SR 2 AESFENE (L) (I 0.5%
YLYES T KBy 412435 WEHAAR (43.7 4 1.9 — 47.8 +2.6) {641 - HERHIBINS IR S ARISIREE R  SUIRTT
55 7 REGPISHINE pH A 6.00 — 617 IREFE SR - B A (LR E RIER B AR R A RIERE 7 KU
PISTRIER 0.4 B2 12.5% » R FURHASETRR 24T » SR EBOAR 3.0% DIFHAE « Rk EREE STER
BRGEF » BIA R AN - (ARG B TLERAN 1.5% MEL R RET 2 £ s 4 &
HOR R S BV R R 5 -

BT ¢ NG~ LB - Bp - IS -

i

FEFEYIGE T E GHTRE  (ERAIA A SRR EDR - BT ES A R HAHRE S S P 82
FPRIFEMEMAEY 52, - WPPIIRE S (Salmonella spp.) #REE & (Campylobacter spp.) (£ » 2005 ) » FHYE S04
PIEERME - AR BIR RS NN LN T ZHREX (Escudero-Gilete er al., 2007) « FTHAK » BUNE IR ESE
R AR Il R EL2EF AR EEMNTERE RIS - TEAED LSRR Z e ERER(K
IM4ERH B (E9E (Tompkin, 1994; Mead, 2000) -

I B R AT Y E e 5 - 1R$% Paulsen and Smulders (2003) W9t#iE i - Rl b ERSE
HIfHAEY) > TEFA RIS RE TR A E 1.2 — 3.5 log CFU/g » JEF ELEAFT#{K 0.3 — 3.0 log CFU/g - JEFHZE
A AT 3.0 — 6.0 log cfu/g » DL UV BEEF 5= ] FE{K 2.0 — 3.0 log cfu/g » FEFEESR 5= - RITEIE T E » &Y (K 6.0
log cfu/g © Pipek et al. (2005) Hre5fat » (HHALBRGE S AR HIE L RERGZR M » oJfE(K pH {H - B/ PFREFEY) 3.0 log
cfu/g - BE (2011) DI R R RIS G A1 2R iR 00 DA AR B 25 B AS 1 i Rm HE » mIE RE AR IR R K
WA BT -

JEF A DR RERRA TR T AR BRSNS 2 B E MR B AL 2 » IR GRAS
Y& (generally recognized as safe; 21CER184.1061) » "] EL BRI ET 2 B anH » 414 AR 26 55 £ 72 JE FH L IB% e 7
B IS U B R S o EAE R )M BB B0 B B (Davidson, 2002) « ¥LEL 7R 35 B & m %) & Bl /5 (Food and Drug
Administration, FDA) ##t A (E iR - TIERZIEYER L (BRIKEBERTAS  FHE <5%) » DURATEES - 45 (H
e REET 5 HE 2.0 — 2.8% ) (USDA-FSIS, 2010) - ZLHN (2.5 — 5.0%) R ETHIHIEF 2 AE S S 09 A S AR B
(Carnobacterium botulinum) > AR ZFTIFRE (Car: sporogenes) » ZEHTHFE (Listeria monocytogenes) ¢ FAME L EY)
(Shelef and Yang, 1991; Unda et al., 1991; Meng and Genigeorgis, 1993 - {45515 7T f—7d GRAS #/& (21CER184.1033) »
TEFF RS N ol E R B ~ &P RN T8 b B e ZE S5 B R 8Y B #Y (USDA-FSIS, 2010) ©
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AEABERR T SRR LR TS A s E s BN - AT & R 7K St B R R IR A 1 R /K e
FTHIE Z (M8 (K value) PELIPRES » A RE RIS AR I EEE - (IR SE(E RIS AL E DR IR Tt 58 2

M A

WS & AR S aas
AeABEE RN A EZ B EEFINA (78 — 80 O ) JERGFIYEE K 3.0 kg 3£ 200 & - REMBITHELR
ERASEEESVIRETEEXEEAES  BELES - un - 2E - IRE - B AN - BB - B
BEL ~ AKATER=USAIZT 5 — 10 7 - RS AT A 28 & - BENA MmN B K EER T OR
FE#E TCRUN (QIFERF 1.0 — LS /NEF ) » FEHUH R o D)= #E T U NSRE A - T2 AL S R als - 12 H
B IR AR R T AE I EAL - HURAITRAG POEFIFE EE 1% PR DAFLER RO (CORE4Y 0 — 3°C 5 FURRE 88% & H
B amimARAE 210 28 ) B85 0.0 - 0.5~ 1.55(3.0% » 737128 2 738 EUH (n = 50) » FHLUR
ARG mNEE L RTINS UIE (20f 12 — 15C ) 55 10 778 » [(FREEEZEETEZZ LS -
FrA BB A AR 4ACHA - R U250 0205 7T REEEE 6 | 73 E pH{E ~ 22 &L E ~ BUJE (shear
force) ~ [AIf ~ JEHESFMEEEIELAE A (volatile basic nitrogen, VBN) ~ & {EEZR{E (thiobarbituric acid reactive substances,
TBARS) ~ 484 B - AHIRBABURBEE - EVE Pt BRINGS 2 FEURIRIT Y -
VA I DAPES
() #E{E (K value)
1. LU {I¢ Watabe er al. (1989) 2 ZEHY 7724 » BUERG Al 5 ¢ A 6% perchloric acid (PCA) 25 mL » 2 4°C
TLUSER (PH-91 » SMT #z0& 11 » Japan) L 10,000 rpm $58 3 min » KHIE R 4°C T 2L 3,000 x g @
0a 10 7358 » B EJg 20 mL 2L 1 N NaOH 3% pH {E % pH 6.5 — 6.8 » /K% 30 778 {% DL 0.45 um FEiE R
% FLUESKESZSE 50 mL > EHA -80°C Mg -
2. R BB 7 T S0 HE A T3 DL S SR AEL G A7 #% (high performance liquid chromatography,
HPLC, pump L-7100, Column oven L-7300, Diode array detector, L7450A, Hitachi, Japan) #7534 » 7 BEE
B Sulpelco LC-18 column (USA) ; #&h#H & 0.05 M K,HPO, » i B 1.0 mL/min ; £ 50F A& A 10 pL -
RIBC AR AR i WIRRNENS A% =15 % (adenosine triphosphate, ATP) ~ BRI A% W% (adenosine
diphosphate, ADP) ~ RN % £ B ik fi& (adenosine monophosphate, AMP) ~ [ #i£ (inosine monophosphate,
IMP) ~ HLE (inosine, HXR) K X e5lElS (hypoxanthine, Hx) (Sigma, USA) 5 - ¥ 58 & 10 pL > FTEAEEE
Z MR EARR S IR 0 oy p RS R ATP AHRR L&Y HUE EELE B i - fR9% ATP R EMER L&Y
& 5B H K value (Saito ef al., 1959) » SHEAZAT ¢
K value (%) = [(HxR + Hx) / (ATP + ADP + AMP + IMP + HxR + Hx)] x 100
(ii) pH1{H
B2 4°C T Z B A EUE [CDR % - R &@ RIS R AL TR E B $8 2 A0 E @ EH
W EERE pH HIZE 25 (pH meter PH 400, Spectrum, U.S.A) 8 AL LE - FRRIEBURTRER - SC80R A K pH
-
(i) 15
] 2724 (Color and Color difference Meter TC-1, Tokyo Denshoku Co., Japan) 7€ fEHq A U H 2 =& EH
(Hunter L value) ~ 4[5 {E (Hunter a value) k7 &5 {H (Hunter b value) ©

fic Wal et al. (1993) FE#E(THIE - #5eBABHAE MRS A HZ208rh DL 80°C /KA IEN 40 min » HIERF 2

HO R EBE BRI LR AER 2 H % -
(v) EUIE

B i 2 A 228 D) 80°C /KA SN 40 min » AAIEZEE% - IEEBGEERVRE - H - 55
3x1x 1 em ZEITHS » WAV E E (TA-XT-plus, Stable Micro Systems, UK) JHIEFIVIME - A IELHE
Fi HDP/BS 1J) 71 HDP/90 5 E. » jé- 5 R WS A (R A3 E A B SFm » JIE 2872 By 5.0 mm/sec > N EEEEHE 5.0
mm > 2478 HBETRECEELE E (Firmness) FI#]E (Toughness) ©

Vi) SEALRERE
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R Bl RS A A S

£:7% Faustman and Cassens (1991) ~Z J77HEERME - EVUIRFISH0E S 10 g A 20% trichloroacetic acid
(TCA) 25 mL J 20 mL Z&8E/K » DUSE % (PH-91 » SMT £ &t > Japan) A 10,000 rpm 4’& 2 min - F LA
4°C > 6,000 x g &, 20 min ¢ % 4% Advantec No.1 JE4K#E - HUE R 4 mL fJI A 4 mL 0.02 M thiobarbituric
Acid - JEFI& /K IIZEL 35 min o SRS AN1R » DLorE s (U-2900, HITACHI, JAPAN) jA/R £ 532 nm |
HIEHIEE » TBARS (HAVETE AT Ay x 7.8 ¢
(i) FEESMEEIRRE A
e EE RREE] 22 fEE4E CNS 1451, N6029 5% (1997) /2 itk - SRR (Conway’s) flE HEHUE
MIEZ -
o) f2 2Rkl
e s REJE] 22 4E CNS 10890 5777724 (1991) HIE © BRinds S ECHF LA 25 g B2 0.9% e AR FE B
7K 225 mL JE&1% - DL 5 #% (Stomacher, Lab. Blender 400, England) 358 1 478 - #@JE% > & 50w L 0.9%
B A B B K TAE 10 (SRR - I HUE E RS R ol | mL DUEEDEMETT DU Aol o 484 S
F Plate count agar (Himedia, India) B} 37 CIFERRTE 48 /N\E} o KIGIEEEEEL (Coliform) {£ ] 3M Petrifilm
Coliform Count Plate (Petrilfilm EC) B> 35°C 53 &fa 55 24 /i » BT % 4R s -
x) BB mET
A S B E T 2 R A 2 2= EAEEBH A - SR 4C T IREEE 2 RIFEUH - KPR 45T se 3 Nshg A
DL 80°C /K s n#h 40 min (R HUH » FRRBVIANE ~ H > @A 3x 1 x 1 em Z &8 - BETEE &Y - 57 7
SRS EEEE > SR - B - F - IREVR AR > HER S EE e 7 A 0 RSk - JEEE
HABEZMERE | — 7 07 ilRFE - IERAEE - A EE - HA S8 A EEH AR - HMEE - S8
JEEEE BB 1 — 7 AR JEER - 3R~ TRk - B - BHROR  REIEFE R TIRENL — 7
o AlAER © IRE R - TR BETERIR ~ T - BHTRERY) - BRI RIEE B -
x) &atoth
BRI R R T T ST EARHIE - GRS IR H BT 3 EEMIE - REFTS S H Sigmaplot (2010)
Uit Bl RS (Version 12.0, Systat Software, Inc., CA) L One-way ANOVA #EFT8 545047 » A6 LLBRE = 255
7% (Duncan’s new multiple range test) FEEE S5 4H I > 2= AT (P < 0.05) -

e RN B

A E AL A R e HENG PA  pH B R EsE oA

R EE ISR AR R Z pH [EZEAFE 1 FoR » I B RISH Al B8 S EEERE A F
AR RAENSH AR - B BRI CURARIABRYZE T 2RI S i BRAH WS Hig PR A R pH (B I SR 2=
S BAE AR 0 REF B pH EESS > /15 pH 6.29 — 6.36 fif] » 55 2 RE[[E £ pH 6.00 » FEE (r{FHFH
HIRE A SRR B b - SEFRRBZE A EUREABIEIR 0.5 — 3.0% (w/w) » $H SR ABEA Ry pH {EIR
k8  Ali et al. (2007) fafll 45 Ml 2RISR E SR - fEF 1% 24 /NN > IREIAETR 15 77882 pH
FrH pH 6.5 — 6.6 ] » 24 /NFF&[F 2 pH 6.0 — 6.1 fi] - 2255 (2019) S04 [Fp A 13816 ~ JLiSRILT i & HSHg
AZ pH ESTHY 6.07 — 6.14 [ » BUAGKERGSSARAT -

—FROH B HIE A SRR 2 DR I U Ry B S K - PR Hunter L~ a ~ b (EE Ry A S B HYFS
R RERLIGOESNEZ > LEFRIRE » HEBRAFRMIASE - BUNRBIRES ; a (HIRERBLL - S{E/BK
FTilsR b EIEEBARME - BEBKRMEE - 2 74 > ZEH 4 2 Hunter L (HEE RFRBIERTH
WENOHYEIES - EORIFER 7 RIF - (EIRIEFLERIATR 3.0% pa B K ¥ R4 Hunter L {E 577 F5 47.8 £ 2.6 1 454 +
1.6 > BEZ SN 0.5% BRIHAH > 41.2 3.5 F7 1.5% JEHEHAH > 43.7 £ 1.9 (P <0.05) ; {RF 0 — 5 KHAM » S B>
AR E 7252 © Hunter a {HE b [EHVSCRISERANNE - HLAER ATREELRUSEZS2ATRE - Hunter b {E T HI{EEIRF
52 R JREAEEER 3.0% sUBRAH B IR 3 5l Ky 7.8 £ 0.6 K 7.1 £ 0.9 » BEEHT 0.5% R FHE4H (6.6 £ 1.1) }2 1.5%
B ERAH (5.9 £0.9) Byi (P < 0.05) - HAMKEAN S FRAH I SAE A2 52 - fEAG T - IRIEABER 3.0% B
B iR A A O R EHYE2E > AR Gonzdlez-Fandos et al. (2009) {E FHSEIORE By 3.0% I > A&
A QAR R BN EHER - ARTAE - KEUIEABRER 0.5% K 1.5% i ERAHAY A e flIes 2R - AR
BRaH - AN gE AR EREREE -
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® L OREARIREARE RS AT 2R R L pH (E2(E

Table 1. The pH value of duck breast meat soaked with different concentration of lactic acid solution during chilled storage

Concentration of

Storage days’

lactic acid solution 0 2 5 7

0.0% 6.29°£0.07 5.99°+0.05 5.97°0.05 6.17°+0.24
0.5% 6.33'10.14 6.13"+0.20 5.97°+0.03 6.01°+0.10
1.5% 6.36°£0.11 6.08"£0.10 5.97°+0.18 6.04°+0.03
3.0% 6.31°10.14 6.07°10.07 5.97°£0.01 6.00° 1 0.17

" Mean * standard deviation (n = 6).
" Means within the same row bearing different superscripts differ (P < 0.05).

T2 REARREAMEREIS AR 2R F I ZAE L ~ a b EE(E

Table 2. The Hunter L, a, b values of duck breast meat soaked with different concentration of lactic acid solution during

chilled storage

Concentration of

Storage days’

lactic acid solution 0 2 5 7

L 0.0% 38.2°+4.38 45739 475156 45.4**+ 1.6
0.5% 42.4°+2.0 474°+538 474°+22 412"%+35
1.5% 40.6"+3.7 455119 466"t 1.8 437" £ 1.9
3.0% 429°+47 49.3'+33 46.9°t2.8 4784 +2.6

a 0.0% 14.6*+1.9 123126 11.2°+2.7 13.3*£0.9
0.5% 121"+ 1.1 11.5°£2.2 13.6""%+ 1.4 16.1** £ 1.1
1.5% 154"+ 1.6 12.5°£0.7 124"+ 1.1 14.9** £ 0.6
3.0% 134+ 12 11.7°£ 1.9 143**£15 11.8"%£22

b 0.0% 52°40.9 7.1%*%£0.9 6.1"+2.0 58°10.8
0.5% 47°10.7 6.6 1.1 6.8°11.9 59105
1.5% 52107 5.9°%0.9 6.010.8 55%1.0
3.0% 54°%1.1 7.8*4 0.6 53°10.7 6.1°% 1.1

" Mean * standard deviation (n = 6).
“® Means within the same row bearing different superscripts differ (P < 0.05).

A Means within the same column and same color items bearing different superscripts differ (P < 0.05).

IL.

A E A A R e EE NS A 2R R BT

VEAERR RS FOME BRI > A SRR EE mAE L E RS BT - AAMIIEE 2 KBRS
BB FEAE D] TR BEH B F IO - SEREAH 2 RB R EREEIR IR 3 for - Al IRE R
AMEIR 0.5 B 1.5% pr B RFSE 0 RZZAERES L 33.9 — 38.7% © AR EABIE IR 3.0% pma 2 7%
BREEERTFRBEERARIESS > 775155 39.6 £2.6% (50K )~ 42.7£23% (552K) - 449£2.3% (55
K) F 476 £5.6% (57 K)  MHBcHAEHEHMEZAERE N B  ALBAR 1.5% mEHENRESE 2 K
ke > ZRFRE Ry 39.0 1 1.0% > S BIIGE (35.2 1 1.8%) ANZIMALELA I 0.5% & (35.1 £4.0%) (P < 0.05) » EAK
BRI E 25 - NN BARORIE S 1.5% PLER - Al S AR N A RS Z 78 F S H - Carballo et
al. (2017) WHFEREURFE £ RESE T, 45 S #EFTAIGHY pH HEVRE - HEr i RAAVE/KEEER S - WHE ZHEAHEE -
EHLERTE (2013) St A FI G B HE S aaea T L HISHY A i 2 SUBREE R ELHE - H RIS ZA R E TR
37.1 — 41.0% (10 it ) 50 32.1 — 39.7% ( 12 #ife ) » BLAGUERE IR ~ IRIEAMIER 0.5% K 1.5% FrHHAA&E R
AT - BN BZEZAFRERAGEEE (R 2) ZHAVE (% - &5 Y Galobart and Moran (2004) @ fII%E & A
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Table 3. The rate of cooking loss (%) of duck breast meat soaked with different concentration of lactic acid solution during
chilled storage

Concentration of Storage days

lactic acid solution 0 2 5 7
0.0% 339113 3526+ 1.8 36.2°+3.7 33.5°+4.5
0.5% 38.7%5.1 35.1944.0 35.9°%1.3 403" %23
1.5% 36.1+£2.9 39.0°% 1.0 38.8°£3.5 37.8%°+1.2
3.0% 39.6+4.38 427 %23 449123 47.6"+5.6

" Mean  standard deviation (n = 6).
*5¢Means within the same column bearing different superscripts differ (P < 0.05).

L A [E RS R R SR P 2 S8 (K value) 53477

1E ATP fpfg a2 » TV E K—EE - H Hx A1 HxR WES X TR CTAEYEENELE - 2R
K {& (Saito er al., 1959) » K HAUVNE R A o FLIEA AN HIE EEEE - B ARSNIPE TR K E1E
5% PAN o (ERAE AR HY B REAE K (HLYFEAE 20% LAT (22 0 2011) « 558K (R 4)  IREABIER 1.5% ik
B PRFES 2 REF - KB Ry 10.50% » BE(R B IR (12.02%) o &R 2 RTE 0 — 2 R 2 KE(K
A 20% 0 EIEMRF 2 Kk K HZE FFF > 555 KB 26.49% ( 0.5% FEHE4H ) ~ 20.74% ( 1.5% FEFR4H ) K 23.68%
(3.0% FREEAH ) > 5 7 REFIELE ~ FHELAFLIR AR 0.5 ~ 1.5 J2 3.0% 2 50 Bn4H K {H 57 511 B 18.75 ~ 30.85 ~ 24.99 J%
28.16% - 2% (2011) ;A EpsE SRR A A B R K ERE M 60% 0F - A/ TN - LA ERGE RN - B
SER LRI P PLER S P HE T T 4R 2 08 2 RINAY B SESS » AT ATP BRI A g 2 S AR > 1
gH Ry B EEE R K {E (P < 0.05) » A AYEELR (umami) BLEERZ &SN (monosodium L-glutamate, MSG) ~ fLJ%
H (inosine monophosphate, IMP) }7 B IS 12 B i % (guanosine monophosphate, GMP) 255575 (Mega, 1983;
Kato et al., 1989) « [AIH1 Y ATP s f#iate » ATP iR 57fi# £y ADP ~ AMP > % A L AR eI - ATP B
ItE Hh B EER A BRI Ry AMP - AMP BEIREELRY)E - (HEL MSG AMHTRIEH - A2 SRR (Lioe er al,
2010) - (R - AMP [tk » Pt A PGSR - SEEERIR TR E RN LEE el -
DIAEERGE R BT - ABEIN T HIRH RS S ER A IR E - DAEWISE » P eAREEEHTESES
MmO > RSB E S EIRTE 7 REARIA > MRS E G A s EoAt Al EE - P33R K (A E R
HIEE(L - IRES R AR S el Ba s - BEF T EME BT i E 2% -

R4 REIFIERENSH AR 2 R I 2 K [HE1E

Table 4. The K value (%) of duck breast meat soaked with different concentration of lactic acid solution during chilled
storage

Concentration of Storage days’

lactic acid solution 0 2 5 7

0.0% 14.94°*" +2 47 12.02° £3.21 15.58*£0.33 18.75*¢ £0.36

0.5% 11.98°% +2.38 14.92° + 4.09 26.49*£9.16 30.85**+9.98

1.5% 14.07°" £ 0.81 10.50°+ 1.60 2074 £1.54 24.99*" +1.36

3.0% 20.53**+5.01 11.69°+1.53 23.68"*% £ 0.11 28.16"*+0.06

As footnote as Table 2.

IV. N [EI LR R e IS e PR 4 e R S bR i (E 2 b
TR (el 0T IR Al 22 R 2 B G S L (autoxidation) B4R VI 2R 2 EAL - (ERER# A B EALIEA -
TE RPN [ (malonaldehyde, MDA) 2% 7. 4/ (acetal) SEEALWIEY) 2 &8 (Z K48 > 1976 ; Caldironi and Bazan,
1982 ) » EtL &g (LY rI B 2-thiobarituric acid [ fEAERRAL )8 - 7] FH L AHAT CL FELE o A i R BE AT R HORE S R
A 2 HIETEAE - AERSE R N eRIRE e 225 - B - % - BESERZMTE > W MEBERZE
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HEFINAEALAYTER] (Ockerman, 1981) o % 25 M5 A 2 SALREMUBEAS R ANFR 5 - & R4 2 TBARS FEE (%
FREGER AN INES > ERFE 0 K AR EARMAR 3.0% K 1.5% 2 TBARS 437l 5 0.30 £ 0.03
& 0.26 £ 0.02 mg malonaldehyde/kg B HE4H (0.14 £ 0.03) A5 @ (REEE 7 K 3.0% K& 1.5% EHH4H” TBARS
2351 F5 0.33 £0.05 K2 0.41 £ 0.01 mg/kg {HEEZE S 0.5% FRFE4H (0.23 £ 0.03 mg/kg) Kz ¥HHE4H (0.22 £ 0.02 mg/kg) (P
<0.05) » 2RI ORAT 7 RHEAR » 0.5% FEEEAH B IR AA M 2 2 - DIARERGE RIS - RBIARSR 1.5 & 3.0%
PLFEr s i bz A AETT - AR L ISR A (R1FHARE Y TBARS S840 (£ > 2011 ) ERHEUR » 55 0 RIFHIE
4~ TBARS {E##4T 1.0 mg malonaldehyde/kg » 7 = A AN B 1 25 i P 25 R BRAE A SR /%0 4°C T IRAF 7 K
WHIEEREIE - eIl ISl AR MEEEE (U5 » 2000 ) FTEL - IASERGE RN S - REIARARK 1.5
e 3.0% {PLFEr g i ERe R ny 7T - {HHE TBARS Mgl E A CRAFFARIEEERA 1.0 mg/kg » TERSIAIGE o] B #iE
Vq o

5. RIBARE RS AT 2 ORI 2 S EREHL{E (TBARS value) 81k
Table 5. The TBARS (mg malonaldehyde/kg) of duck breast meat soaked with different concentration of lactic acid solution
during chilled storage

Concentration of Storage days

lactic acid solution 0 2 3 7
0.0% 0.21°£0.02 0.27**+0.03 0.32*%10.03 0.30*® £0.02
0.5% 0.22°+0.03 022"+ 0.01 0.32*%%0.05 0.35*® £ 0.02
1.5% 0.22°£0.04 0.26*+0.02 0.37**£0.06 0.34**® 4 0.03
3.0% 0.25°£0.02 0.25**+0.05 0.37**%0.03 0.38"* £0.01
As footnote as Table 2.
V. AR R R NS P4 e AR S M B R RE R b
A [E] PR 7 7 e PR WS i P P 8 MR B R AR RS SR 036 6 - HIRAH BRI ILAN 0.5 ~ 1.5% s{ER4l > VBN
& EEERFEREERMIE BIGIN  ARESE 7 RAE TIEIBIE < 12 3.0% FE i 4H AR RE > B2 a8

Bepa BT VBN & BRI EZE - 258 R /2w & antl B SRR - (R THERBIBR R
#E (1997) CNS 1451 %R SR BA R - SNE mE MV 15 mg/100 g LU » 3 (2011) DIFLEL ~ 65
B ~ HaRg ~ SRS A AR ST RE RIS AR > TR &R B 2 e T BT S R
Bl E ARG S5 - T IR AT 55 3 REERER A MO S RH B H 22 BT A 412 VBN #8& 12 10.00 mg/
100 g > HEEE SR HALEEL (P < 0.05) « HATGERIRFIHEAGERGH - DUREARER 3.0% i
0 KJHIf% VBN {5 10.36 + 0.28 mg/100 g 75 - 1 0.5% FREHAH(R{FSS 7 K2 VBN {E 1 7.56 + 0.28 mg/100 g
& > FrA R BB P e YRR s [ N - G R A8 B A B B > A4 SR B3 (2011) AHADL - AEASUER TR g%
B> DS EERE T B K E TS REUR - K E A NEIRVEEERTS S RIFEH SN —RESEIE
A (2R 7 KA > VBN IERREREE DI - BUR K ([E#RER W R R I H s B R 2
b o —EPUAR > EEEREA(E DL pH BRGNS/ MBS (F Rypr L A HE - ABan R D EE ] VBN LLOMYY
ik FBHETAE AT o ZADIASERGEREUT - A NN TERE A VBN DA TREEHYHIET > EREE
EHLARS AT - KBS RIS SRR L — -

6. IRMIBIERENSHG AT 2 el R S MR B R AR 5 (VBN) B2 (b
Table 6. The changes of volatile basic nitrogen (VBN) of duck breast meat soaked with different concentration of lactic acid
solution during chilled storage

Concentration of Storage days

lactic acid solution 0 2 5 7

0.0% 8.59"% +0.58 9.33"£0.32 9.52"+0.28 8.12"% £0.56
0.5% 8.59*% £0.65 8.77"10.32 9.15*£0.32 7.56™% +0.28
1.5% 821"+ 1.44 8.49"°10.43 849"+ 1.13 7.65"% 1 0.43
3.0% 10.36** £ 0.28 9.24°+0.28 10.08"+£0.24 9.61**+0.16

As footnote as Table 2.
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VL A [E LR R NG H A2 e P A2 P 2 224 B

A R - 4 A A RGBS AT 7 R 8  SBRGEIREET: - SR E R IS
TR IR S A TaE 0 K » )28 0.5 ~ 1.5 K2 3.0% prF4H 48 4 589 7l B 3.40 £ 0.06 ~ 3.07 £ 0.05 k7 2.47 £ 0.07
log cfu/g + FEEEHHAAE (3.79 £ 0.01 log cfwg) » ¥ EVAMAREIIATEIRCR (P < 0.05) : J2HE5 2 Hit§ » HHHEAH - 1.5%
Fe 3.0% FREHaH4A 4 EE R By 4.17 £ 0.02 ~ 2.27 £ 0.19 Kz 2.21 £ 0.25 log cfu/g > ?[Ui?ﬁl%%ﬁjéﬁﬁ% (P <0.05) >
ZA7T 0.5% FEEHAL (3.79 £ 0.01 log cfig) BUEIRAIRI RIS 2 5 (P> 0.05) : SHUAFESE TR B RABEN 1.5%
2 3.0% FEERALEE SARBE N BITEAT > 57T 53 BIRE(ES 0.5 2 0.9 log cfu/g K48 L FIMER 0.6 E& 1.1 log cfu/g LI FGA
BP RN - BT MR ERAR B 2 ELAP IR (P < 0.05) = Dorn et al. (1989) 38R F LA 1% ABRAIE
F 15 4B BV ITERCR. - AT 2% FLERAHRHIE MG 5 53 BT FIRERIEACR - Van der Marel ef al.
(1988) ESI T 1% B 2% FLIAAREIA 1AL FB S 0T (G40 2 B AR » ST AR A e FET R SR S
5 - Hwang and Beuchat (1995) HI#H{5F 0.5% PSR E A AT 8 FIMRINILEAE LY 1.0 log cfug -
55 (2011) 3RBRE B AR B I (F FITEES O RERILREE » OO ARESEIIR A fER > BURRERGS
AR, o FLACSABR L B A R 2 57 o I REER T T -

T 7. RMEIABE RS AR 2R R A E R

Table 7. The changes of total plate count (TPC, unit: log cfu/g) of duck breast meat soaked with different concentration of
lactic acid solution during chilled storage

Concentration of Storage days’

lactic acid solution 0 2 3 7
0.0% 3.79** £ 0.01 4.17%4£0.02 3.93*410.12 3.79°£0.01
0.5% 3.40™" £0.06 3.79** £0.01 3.99**£0.10 3.64°10.11
1.5% 3.07°710.05 227%¢£0.19 2.71°£0.09 3.20"+0.15
3.0% 2.47"¢10.07 2.21°°£0.25 3.01%°£0.14 2.88°%£0.18
As footnote as Table 2.

8. RBIBIE RN AR 2 e R AR 2 AR R R (L

Table 8. The changes of coliform count (unit: log cfu/g) of duck breast meat soaked with different concentration of lactic
acid solution during chilled storage

Concentration of Storage days

lactic acid solution 0 2 5 7

0.0% 1.90°* £ 0.01 2.40™* +0.02 2.93**+0.01 2.78** +0.04
0.5% 1.83%*+0.02 2254 0.01 2.76** £ 0.11 241" 10.14
1.5% 1.64** +0.01 1.41*%+0.14 1.30** £ 1.13 2.154+0.55
3.0% 1.45"%£0.01 1.34*% £ 0.06 2.08* £ 0.21 1.60** £ 1.35

As footnote as Table 7.

VIL A [F ?LFE%%@AQF@ EENSHYA Z BUE ana T o i

fam RO A ([ fE R R EE G HEENE
*EE% ’ 5%’9]@:@7( '
RAE 1 Fros o BEUMERERGE R FE 9
K k*za&j%észﬂﬂ kg\

JBUE dn P A g JEl A ER ) - @BAﬂiuﬂ%ﬁﬁiﬁﬁﬁﬁﬁ{%Eﬁﬁﬁ

\\\\\\\\

éHZ a@?fﬁ%ﬁﬁ Pﬁﬁ.ﬁn‘%‘%

T 72 T PR AF2R
%7 9%7% 751 £ 1.15kg > FSZE.nnH:IEE chn s Ry BX

S

EAFEmI e Z i o BIUMERY AN B R E IR
2 REFTIRVE mnabalbe - &5
FTR Ea/@?mﬁ@/& 3.0% R EH Z BT V) {H %
PP TR R (P <
= (P <0.05) %%ﬁ*%ﬁﬁmlil@ﬁﬁiﬂz HerS
R A @%&i T%xf‘?iﬁé’iiﬁﬁ”ﬁﬂﬁﬂ
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Fig. 1. Results of sensory evaluation of duck breast meat soaked with different concentrations of lactic acid solutions.

R 9. REIABBRESIGAR 2R ZBTUME (ke) E1E

Table 9. The shear value (kg) of duck breast meat soaked with different concentration of lactic acid solution during chilled

storage
Concentration of Storage days’
lactic acid solution 0 2 5 7
0.0% 5441123 4.45°10.70 526%1.24 4.57°+1.09
0.5% 5.86°11.35 457" £1.00 6.09°+1.89 462" £1.05
1.5% 5.68%1.75 598+ 1.10 5.99%1.44 4.94°+1.39
3.0% 6.80"° £ 1.24 6.52*"+1.71 457°+1.27 751" £ 1.15

As footnote as Table 2.
¥
FEAER I - BERIIAIKIRME 1.5 & 3.0% AMARER » n[ AR EEE - KIGEREE > WHER
756 2 R EHEMAIME R R SR © AR SR ISR (3.0%) RE R EEEUFEiEEEE/b & ATP
BRI E P AR R s B LR (B S K ERHIGE SR - F% - S5 RIRBIARRAR 1.5% i - 2R EERE

2575 > WA EUE - pH{H ~ FVE LTSRS E - & AT - S PURIEA MO A Rpa B A S - RIS A > DUR
J& 1.5% Fy'H > H RGN R A RAVSER - A S e R s /A Bhas -

Ao ol

AR ETH I REZ B s A i T EE R R ARA G &FZESZSFRTE (104 B -1.4.2-
& -L1(7)) &EE SR RGBS AR T B E > FrbEG -

ZENRK

EEREI B ZARLE - 1991 « BAiAEY) 2 feleTiiE — LB fzlk (CNS No.10890) - fTEbe# 4% » £ZILii > &

= °
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P BRI - 1997 « 4 FERT % — BEIC IAURIEECE (ONS 1451 N6029) - SUREH e ipBal 28

P55~ FHLLE - 1976 - BhnorATERER (ZB/NHR) - FEEELARTE o 2

REFE - 2011 - JGARELREA A R AR ECROR B P 2 B - BIIEEEE R R MBI A M - 2RE
RERE2

JEFE(Z © 2000 - BB LR E ZHTE o BT R S A SR ST LR s 0 BT > 20 -

BEEEES - 2011 - MR PRI R B e B 22 B AR E 2 ISR R i 2 5B - BN AR FYIRIEE A 5w

BIEFT - 2005 - BRIBHHERRREABEY RNE 2528 - BT EAREEESHITAELR S > 20 &2
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Abstract

This experiment aimed to investigate the effect of the preserving quality from soaking the breast meat of domestic mule
duck in lactic acid solution. Two hundreds of local mule duck were selected for commercial slaughtering at 78 ~ 80 days
old in this experiment. Four groups of deboned duck breast meats were immersed lactic acid solution for 2 minutes with 0
(control), 0.5, 1.5 or 3.0%, respectively. Then, the meats were vacuum packaged when the surface of duck breast meat was
dry, and stored at 4°C during 7 days for further analysis. The results showed that total plate count of the meats soaking lactic
acid solution with 1.5 and 3.0% at the 7th days during storage were decreased 0.5 and 0.9 log cfu/g compared to the control,
respectively. Also, coli form numbers of these two treatments were lower than the numbers of the control as 0.6 and 1.1 log
cfu/g (P < 0.05). It showed that these two treatments have good effect on the inhibition of microorganism. The Hunter L
value of meats color in 0.5% treatment was 41.2 £ 3.5, which was lower compared with the other treatments and the control
(43.7 £ 1.9 ~ 47.8 £ 2.6). There was no significant difference between the groups during the other testing time. The pH value
of meats during storage was between 6.00 ~ 6.17. There were no different whether soaking lactic acid solution or not (P > 0.05).
During the storage of 7 days, the TBARS and VBN contents of all treatments were lower than 0.4% and 12.5%, respectively.
In summary, the meat quality of all the treatment was corresponding to the limit of the regulation. However, the meat
color, cooking loss and the sensory evaluation of the 3.0% treatment showed the bad influence on the quality of duck meat.
According to the results of this study, soaking the breast meat of the duck in lactic acid solution with 1.5% for 2 minutes will

inhibit bacterial breeding and benefit the maintenance of fresh meat quality.

Key words: Mule duck, Lactic acid, Breast meat, Meat quality.
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Table 1. The composition of diets for mule ducks during 3 ~ 12 weeks of age used in the composite floors trial

Ingredients 3 — 12 weeks
Yellow corn 66.30
Soybean meal, 44% CP 20.60
Wheat bran 8.71
Soybean oil 1.10
Pulverized limestone 1.44
Dicalcium phosphate 0.90
lodized salt 0.30
L-Lysine « HCI, 99% 0.13
DL-Methionine, 98% 0.02
Vit-premix* 0.30
Min-premix® 0.20
Total 100

Calculated values

CP, % 15.40
ME, kcal/kg 2,890

Ca, % 0.72
Available P, % 0.36
Lysine, % 0.90
Methionine + Cystine, % 0.57

* Supplied per kilogram of diet: vitamin A, 24,000 IU; vitamin D, 5,000 IU; vitamin E, 50 IU; vitamin K, 6 mg; thiamin, 6
mg; riboflavin, 18 mg; pyridoxine, 14 mg; vitamin B,,, 0.06 mg; Ca-pantothenate, 30 mg; niacin, 120 mg; biotin (1.0%), 0.12
mg; folic acid, 2 mg.

" Supplied per kilogram of diet: Mn (MnSO,), 100 mg; Zn (ZnSO, « H,0), 90 mg; Cu (CuSO, * 5H,0), 8 mg; Se (Na,Se0;),
0.2 mg; Fe (FeSO,), 100 mg; I (KIO,), 0.5 mg; Co (CoCO,), 0.1 mg.
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Fig. 1. Four floor treatments in the mule duck experiment (half stainless mesh floor with half rice hull litter (A), with half
plastic floor (B), with half wooden slats floor (C), and with half non-slip rubber floor (D)).
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Fig. 2. Changes in temperature and relative humidity at 9:00 A.M. in the duck house environment during the experiment
period (3 ~ 12 weeks of age).
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Table 2. External foot pad scoring system for use in turkey slaughter plants

Score Description of foot pad

0

No external signs of foot pad dermatitis. The skin of the foot pad feels soft to the touch and no swelling or
necrosis is evident.

1 The pad feels harder and denser than a non affected foot. The central part of the pad is raised, reticulate scales
are separated and small black necrotic areas may be present.

2 Marked swelling of the foot pad. Reticulate scales are black, forming scale shaped necrotic areas. The scales
around the outside of the black areas may have turned white. The area of necrosis is less than one quarter of the
total area of the foot pad.

3 Swelling is evident and the total foot pad size is enlarged. Reticulate scales are pronounced, increased in
number and separated from each other.

4 As score 3, The amount of necrosis extends to the foot pad, but with less than half the foot pad covered by
necrotic cells.

5 As score 4, but with more than half the foot pad covered by necrotic cells.
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Table 3. The effects of composite floors on the growth performance of the two-way crossbred mule duck

Floor treatments (Half stainless mesh floor with)

Item rice hull litter plastic floor wooden slats floor non-slip rubber floor
WK-of-age Body weight, g/ bird
3 532*8 5297 5326 5235
7 2,266 +32° 2,160 + 22 2,246 £ 25% 2,150 +24°
10 2,999 * 48 3,057 £28% 3,110 £ 39° 2,924 37"
12 3,242 £ 39° 3,283 £30° 3,269 £37° 3,105+ 37°
Body weight gain, g/bird
3—7 1,734 £ 135 1,631 17 1,714 £ 35 1,627 £53
7 — 10 733172 897 £27 8645 774 %32
10 — 12 243176 22616 160 £ 42 18133
3—-12 2,710+ 134 2,754+ 33 2,738+ 72 2,582+ 57
Feed consumption, g/bird/day
3—7 151+£7 1473 153£2 1425
7 —10 16916 173+£7 171 %1 174%3
10 — 12 18817 1815 18014 1923
3—-12 1656 163%1 165%1 16411
Feed conversion ratio, feed/gain
3—7 2.4510.08 2.5210.02 2.51£0.05 2.45%0.04
7—10 4911044 3.98%0.17 4.16£0.02 4.7510.28
10 — 12 13.30+£4.02 1232+ 1.04 17.75+3.80 15751242
3—-12 3.85%10.10 3.731£0.06 3.80%0.10 4.01£0.08

"¢ Means in the same row without a common superscript differ (P < 0.05).

Means t+ SE.
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Table 4. The effects of composite floors on the growth performance of the two-way crossbred mule duck

Floor treatments (Half stainless mesh floor with)

Item rice hull litter plastic floor wooden slats floor non-slip rubber floor

WK-of-age Length of 8" primary feather, cm

7 5.510.26 5.910.20 6.410.30 6.410.30

10 17.7£0.52 18.2+0.48 17.1£0.64 17.7£0.52

12 22.210.32° 22.6£0.24° 22.21031° 20.810.33
Footpad damage, Score

7 0.03 £0.02° 0.65%0.11° 0.67%£0.12° 1.32£0.14°

10 0.15+0.05° 1.12+0.14° 0.98 £0.14° 2451+0.21°

12 0.40+0.10° 1.70£0.17° 1.68£0.16° 2.55£0.19°

"¢ Means in the same row without a common superscript differ (P < 0.05).

Means * SE.
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Table 5. The effects of composite floors on the carcass traits of the two-way crossbred mule duck

Floor treatments (Half stainless mesh floor with)

Item rice hull litter plastic floor wooden slats floor non-slip rubber floor
Body weight, g 3,289+ 68 3,293+ 69 3314144 3,239 £ 65
Carcass weight, g 2,689 £ 49 2,693 163 2,714 40 2,639 35
Dressing percentage, % 81.7+t04 81.8+04 81.91+0.2 814104
Breast weight, g 595140 617117 588 £30 584 121

Means * SE (n = 6 group).
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The effects of composite floors on the growth performance

and carcass traits of two-way crossbred mule duck
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Abstract

The purpose of this study was to investigate the effects of composite floors on mule ducks' growth performances,
carcass traits, primarily feather length and foot pad damage condition to evaluate the feasibility of rearing mule ducks in
a raised floor duck house. A total of 240 two-way crossbred mule ducklings aged 3 weeks were allocated randomly into 4
treatment groups and fed on four different composite floors; namely half stainless mesh floor with half rice hull, half stainless
mesh floor with half plastic floor, half stainless mesh floor with half wooden slats floor, and half stainless mesh floor with
half non-slip rubber floor. Each of the treatment group repeats 3 times, with 20 ducks repeated, consisting 50% each of male
and female duck, all treatments given the same diets. Ducks individual body weight, feed consumption was determined for
calculating feed intake, body weight gain, feed conversion ratio at 3, 7, 10 and 12 weeks of age and the 8" primary feather
length and footpad damage scores at 7, 10 and 12 weeks of age. One male and one female duck from each replicate were
sacrificed at 12 weeks of age for carcass traits determination. The results showed that average body weight at 12 weeks of
age was in the range of 3,105 ~ 3,283 g. The average body weight of ducks raised on the non-slip rubber floor group was
3,105 g and was significantly lighter than the other three groups (P < 0.05). The average primarily feather length at 12 weeks
of age was in the range of 20.8 ~ 22.6 cm. The primarily feather length of ducks raised on the non-slip rubber floor group
was significantly shorter than the other three groups (P < 0.05). The foot pad damage score at 12 weeks of age of ducks
raised on the rice hull treatment was 0.4, significantly better than the other three groups (P < 0.05). According to the results
of this experiment, it is recommended to apply the half stainless mesh floor with half rice hull in the duck house when ducks’
live body weight, feed conversion ratio, primarily feather length, footpad damage and breast meat weight were taken into

consideration concurrently.

Key words: Carcass traits, Composite floors, Growth performance, Mule duck.
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Table 1. Basic information of respondent poultry farmers

Items Options Count | Valid percent (%)
Male 87 81.3
Gender
Female 20 18.7
Full time 85 81.7
Occupation Part time 19 18.3
Missing value 3 -
Yes 88 82.2
Breadwinner
No 19 17.8
Yes 61 57.0
Second generation of farmer
No 46 43.0
) ) Yes 10 9.3
Agricultural academic background
No 97 90.7
Elementary school and below 5 4.7
Junior high school 14 13.1
Education Senior high school 51 47.6
College / University 32 29.9
Graduate School 5 4.7
Less than 3 years 6 5.8
3 — 4 years 21 20.2
Years of farming 5 — 9years 17 16.3
10 — 14 years 8 7.7
15 years or more 52 50.0
None 16 15.1
1 54 51.0
2 -3 28 26.4
Agricultural experience
4 1 0.9
5 7 6.6
Missing value 1 —
Enjoy country life 12 11.4
For self or family health purpose 4 3.8
o ) Invest in environmental protection and green industry 1 1.0
Reasons for engaging in agriculture
Part-time farmer 15 14.3
Build up a business career as professional farmer 73 69.5
Missing value 2 -

I 2 bR TR AR T - < 0.5 ABFE S 263% 0 205 — < 1 AEE(S 274% 2 1 — <5 Al
Bl 36.8% 0 2 5 (B 9.5% » BT A FIFEHEE 2 S LS 2 R TS AR
BB BUSRE  DUREEA AR SRR L A R A - B2 2 R E R ELHATE
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Table 2. Financial status of respondent poultry farmers

Items Options Count | Valid percent (%)
Others 3 2.8
Own funds 50 46.7
Sources of funds Peasant association loan 38 35.5
Agricultural treasury loan 6 5.6
Non-Agricultural financial institutions loan 10 9.4
Less than 1 million 19 22.9
1.00 — 1.99 million 16 19.3
Working capital 2.00 — 4.99 million 18 21.7
5.00 — 9.99 million 10 12.0
10 million or more 20 24.1
Missing value 24
Less than 1 million 30 42.2
1.00 — 1.99 million 12 16.9
Jimergeney moncy 2.00 — 4.99 million 17 23.9
5.00 — 9.99 million 6 8.5
10 million or more 6 8.5
Missing value 36 —
None 0 0.0
< 0.5 hectare 25 26.3
Land area > 0.5 or < 1 hectare 26 27.4
> 1 or <5 hectares 35 36.8
> 5 hectares 9 9.5
Missing value 12 —
None 9 11.0
< 0.5 hectare 23 28.1
> 0.5 or < 1 hectare 17 20.7
Owned land > 1 or <5 hectares 27 329
> 5 hectares 6 7.3
Total (with owned land) 73 89.0
Missing value 25 —
None 60 72.3
< 0.5 hectare 10 12.05
>0.5 or <1 hectare 3 3.6
Leased land > 1 or <5 hectares 10 12.05
> 5 hectares 0 0.0
Total (with leased land) 23 27.7

Missing value 24 —
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Table 3. Cross analysis of basic information of respondent poultry farmers and sources of funds
Own funds Peasant  |Others (Agricultural| Total | Pearson’s
Sources of funds association | treasury loan and Chi-square
loan others) test
Items Count| % |Count| % |Count % Count| P-value
Male 40 | 46.0 | 31 |356| 16 18.4 87
Gender 0.922
Female 10 | 50.0 7 |35.0 3 15.0 20
Full time 32 |37.7| 37 (435 16 18.8 85
Occupation - 0.001**
Part time 16 | 84.2 1 5.3 2 10.5 19
Yes 41 |46.6 | 33 | 375 14 15.9 88
Breadwinner 0.471
No 9 (474 5 [263 5 26.3 19
Second generation Yes 30 1492 21 (344 10 16.4 61 0.828
of farmer No 20 |435( 17 [370] 9 19.5 46 |
Agricultural academic | Yes 5 |50.0 3 |30.0 2 20.0 10
0.927
background No 45 | 464 | 35 [36.1 | 17 17.5 97
Junior high school and below 9 1474 51263 5 26.3 19
Education Senior high school 23 | 45.1 | 21 [41.2 7 13.7 51 0.672
College and above 18 [48.7] 12 | 324 7 18.9 37
Less than 4 years 18 | 66.7 4 1148 5 18.5 27
Years of farming 5 — 9 years 6 353 52.9 2 11.8 17 0.076
10 years or more 25 | 417 24 |40.0 | 11 18.3 60
None 5 [31.2 7 | 43.8 4 25.0 16
Agricultural 1 31 |574| 15 [278] 8 14.8 54 | 0.289
experiences
>2 14 | 389 | 15 |[41.7 7 19.4 36
Enjoy country life, health 13 | 76.5 1 5.9 3 17.6 17
purpose or environmental
Reasons for engaging protection 0.015*
in agriculture Part-time farmer 8 [533 3 |20.0 4 26.7 15 ’
Build up a business career 28 [ 384 33 [452] 12 16.4 73
as professional farmer
35 and below 5 1357 7 | 50.0 2 14.3 14
36 — 45 7 |43.8 5 [31.2 4 25.0 16
Age 0.922
46 — 55 15 |1 50.0] 10 |33.3 5 16.7 30
56 and above 19 | 475] 14 | 35.0 7 17.5 40
< 1 million 12 | 63.1 31.6 1 5.3 19
1.00 — 1.99 million 11 | 6838 4 1250 1 6.2 16
Working capital — 0.003**
2.00 — 4.99 million 11 |6l1.1 16.7 4 22.2 18
> 5.00 million 5 (166 17 |56.7 8 26.7 30
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Table 3. Cross analysis of basic information of respondent poultry farmers and sources of funds (continued)

Own funds Peasant |Others (Agricultural| Total | Pearson’s
Sources of funds association | treasury loan and Chi-square
loan others) test

Items Count| % |Count| % |Count % Count| P-value

<1 million 17 | 567 10 | 33.3 3 10.0 30 0.035*

1.00 — 1.99 million 10 | 83.3 2 116.7 0 0.0 12
Emergency money —

2.00 — 4.99 million 7 |41.2 4 1235 6 353 17

>5.00 million 3 |25.0 5 |41.7 4 333 12

< 0.5 hectare 9 |36.0 9 | 36.0 7 28.0 25 0.148
Land area >0.5 — <1 hectare 10 | 385] 13 |50.0 3 11.5 26

> 1 hectares 25 | 568 11 |25.0 8 18.2 44

None 5 | 556 2 1222 2 22.2 9 0.131

< 0.5 hectare 6 [26.1]| 10 |43.5 7 304 23
Owned land

>0.5 — <1 hectare 7 |41.2 9 | 529 1 5.9 17

> 1 hectares 19 | 57.6 8 |24.2 6 18.2 33

None 25 | 417 23 | 383 | 12 20.0 60 0.238
Leased land <1 hectare 5 | 385 5 | 385 3 23.0 13

> 1 hectares 8 180.0 1 ]10.0 1 10.0 10

Note: Pearson’s Chi-square test P-values indicate statistical significance (* P < 0.05 and ** P < 0.01). Total amount of each
item did not reach 107 means missing values were included, and the sample was excluded in the cross-analysis.
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Fig. 1. Age distribution of respondent poultry farmers.
# 4. REBEERRBFRZEBIZE SN
Table 4. Risk tolerance distribution of self-assessment in respondent poultry farmers
Self-assessment risk tolerance Count Valid percent (%)
Score 1 0 0.0
Score 2 3 3.1
Score 3 6 6.2
Score 4 1 1.0
Score 5 25 25.8
Score 6 23 23.7
Score 7 8 8.2
Score 8 19 19.6
Score 9 5 5.2
Score 10 7 7.2
Missing value 10 —
Total 107 100.0

RS FRAEFRRSERZEFREZ BRI Z R

Table 5. Risk tolerance score of self-assessment in each age bracket respondent poultry farmers

Risk tolerance of age bracket

Self-assessment risk tolerance

Ave. Std. Count
Low (Senior group, > age 56) 6.0 2.0 37
Mid (Midlife group, age 46 — 55) 6.6 1.8 27
Mid — high (Youth group, < age 35) 5.8 1.9 12
High (Adulthood group, age 36 — 45) 7.1 2.1 15
Missing value — — 16
Total 6.3 2.0 107
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Table 6. Analysis of variance (ANOVA) of risk tolerance of age bracket and self-assessed risk tolerance score

One-way ANOVA Sum of squares df Mean square F Sig.
Between Groups 18.241 3 6.080 1.566 203
Within Groups 337.869 87 3.884 — —
Total 356.110 90 — — —
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Abstract

The study investigated the agricultural background, reasons for engaging in agriculture, financial status, and risk self-
assessment to explore the composition, characteristic and investment behavior of poultry farmers in Taiwan, in addition to
analyzing the composition structure of poultry industries and the property traits and investment behaviors of those engaged,
as the references of management strategy and self-risk checking for poultry industry. Among the 107 valid questionnaires,
81.3% respondents were male, 81.7% were full-time poultry farmers and 82.2% was the breadwinner of a family. The main
source of operational funds consists of 35.5% loan from farmers' association and 46.7% using own funds. The cross-analysis
shows a significant correlation between the sources of funding in poultry farmers and the availability of full-time, amount
of working capital, emergency money and reasons for engaging in agriculture. In particular, 84.2% were part-timers, 60 ~
70% have working capital under NTD 5 million and 50 ~ 80% of non-business operators use own funds to invest in poultry
industry. About 80% of working capital exceeds NTD 5 million and 60.3% of developing professional career farmers have
borrowed loans. The results indicated that full-timers with professional poultry farmers as their career goal might have
higher working capital, ability and motivation to repay loans than part-timers. Thus the results suggest that there could be a
significant correlation between the difference in occupancy, working capital and reasons for engaging in agriculture with the
sources of fund. The investigation revealed that most poultry farmers did not have a relevant academic background but held
actual experiences. In particular, 57.0% of respondents were second generation of farmer and only 9.3% of them graduated
with an agriculture related diploma. About 74.0% had more than 5-year farming experiences, while 84.9% had at least one
agriculture-related job before. With regards to the investigation on the risk self-assessment of the respondents, score 1 to 10
represents the level of self-assessment risk tolerance level. The average of poultry farmers were 6.3 * 2.0 while the high risk
tolerance group (age 36 ~ 45) received a score 7.1 £ 2.1, distinguished by the age risk tolerance, indicating a higher trend

than other groups.

Key words: Poultry industry, Reasons for engaging in agriculture, Financial status, Risk self-assessment.
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