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CORFLSE T i FA R AT S G AL

TR F 8L 2 e

BISE OO phahE O

WefbH - 1131 522 0 S22 - 1343 5 15 H

W B

At H HIERES TR BEE o PR IR B R I PLF AR AV B ~ ORISR ~ SEERAE SR T BRI E AR
B o BEACF AU RIS EY B o BRAART BT AR AR SR AR B R MR P ] MRS SRR o ACEEERAEAR IR
LABeCO7 AR (& EIRR > FEE 10 ERBRRAATR - DlRhndf i m i s B IR EME Ry 1 TU/mL - StBaiR A 24
BAE 2 EE RV EERR T IR A4 - MR IRATEE 110 KiF  EMREESE 70k 3 4l > 3Bl Ry ftiae] (AR AR I iR
A FRELGRE A AR IR ) ~ PUAERE (HAEFFEIRITAER | mL/ 2R & 13R) B OS2 f AR WA (H
A58 CIRBEIER | mL/ K > 8 7 K)o slBRAT SRBURIE P58 iR DA ZRELSEAEoF fUAR R BRI 26 2 B2 3 4
et > (7 FE MRS AR IR - SEEMAEYIE T - A2 7 HERH RGeS F 1R Eidi R EE B IaaE - B AT
FEEFE ARG EEE - 256 28 RIF MR P RIMBREE - PR EE RSO MR T ot - A ORITERA
G i B EK T 73 EEEE B IR AH B T i AR o fAS I I R H B S © &8 BPll - TRl A48 AR o fAT e
Wk - BAREAHE RS LR MR FEAGREEENER > B8 A FEEEE -

BRI ¢ BEAECFAARE - TR - BERER - AL

i

LRI S 5 28 A =R ARV - T ERBUFEARBIREFTS R - FR =R AN AR BN
HIFLIFAE - AAERRIZ 8 RN AR 1 EITFSE - AL A E SRt R e - TERRFFERERK - EfE
B RF SRS IE R IREFTRE R E » B S SR EFFEISE T (Martin and Henry, 1982) - fill LI ZLF5E %R
E RGN E AR RS - IBPUTEE  BEZEYMERRAMEECAP PR E « KIGRE - ME RS - EEUTH
4 NS B R EAYRTRE (Ruiz er al., 2016)

FF5ERG BT A VIR E TR M AR - &S AR (A B B RIFE A BB IRIB AV I S N BT 5asE A
VIEEEHYEEL » Fy— PP IHEFERYHE(LABTE (Mackie et al., 1999) - [EINFRGE A VIR EEEH 58 5 0 e e D RE B LAY
HERR > $ B RASEAY{E ) (Sommer and Baeckhed, 2013) « ZAMM » 7287 45 (F 48RS B AR VIR BT B A BRAG EL PEEL »
ARRE - Wit > IFEAGZESHERNZNTE - WHERTERE RV ERZE 2 — (Nylund ef al., 2014) - i Fy
THRHFLFFE SRR T > BN HAER 1 — 3 RANGTURIAEZEITE » HIWEAE B E RGBT A gl
84 AF AV E (Shahana er al., 2021)  7£ HRIEIFEEEHUECH T - FERI QY IBEEE Y AR FETIR FLAF5E N > Fybo—
THAEEE )T - HEY Rt e i ZAVE ] (Hung et al., 2019) o ARG ERER FH A4S P AR B (Bacillus coagulans)
HAEAR - ToRHET SRR % (Payot ef al., 1999) » [ERF HEE I YR R A IR EAIERN - BFEORRE
(Bacillus) ~ ZH5 5 (Listeria) ~ &E EKE (Staphylococcus) ~ $EEREE (Streptococcus) ~ B ERE (Enterococcus) FIFE B
(Clostridium) 55 » FI{EHEFFFEMN A RIEREBIGE THAITER (Riazi er al., 2009 5 Wu et al., 2018) < 2R » HRHAELEE
TR BRI R R DI 2L FE TRIE R EAL - MHRBATHIRE /D o RIEL > AT BRSO AR SEAS o BRI TR

|

(1) B TR v £ 28 2783 5% -
() BEANEESATEY e -
(3) #EN/EFE > E-mail: fcliu@mail tlri.gov.tw e
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PEARIR L7 58 DTSR AERATRCR » B ERACH BT R B MRS A RAVERPE -

M A

AR RN B ESBA e SRS ET > sBREY 2 ER - AREE SRS - ERERT

HiReEHE/ NELIESE Y 111-33 SEHEEROEES -

L

1L

III.

sk EREh Y B R T

PR EHM L B DA 2 5 2 ERER AT - RS8B4 110 KEF - BEHY 24 BELESE -
S3RK 3 4H 0 94H 8 BEHE 0 oy i Ry IRAH AR DU FAH B IR SR AS O FUAR BB Ik 4H - ¥ BR4H (CON, control
group)  HTAEFFEGA G T LIRPUAE REEF AR ERERAOK P42 240 (OAA, orally administrated antibiotic group)
WrAAF5E AR (57 gentamicin sulfate 6.25 mg/mL » HrE{CEZBUBERG (A RN FHIE ) » IREGM R R0 A
B INHAERE 1 — 3 KT | RO CARSSS SE FAR E NS I R 4H (OAF, orally administrated fermentation
broth group) » FrAE(FFE IREY 1 mL/day (1 mL & 11U fIEDEMEEL 85% &4yt ) » BB H =8 7 KO -
ZEHABU LI HRIFE R} - 278 ZEIE AR IEAE — 54 (1990) #HEERV S B FREE - HELE I 12% Bl 15%
a8 {BEE By 3,100 B 3,300 keal/kg ~ BB S By 0.45% B 0.70% ~ $5E485515 5 0.8% Bl 0.6% - [HZHA R FE6E
8y 2.2 kg/day - WALHARGERIE R - WAIARIFFE LA HIMSEERER - BEeRBEER B/ ERTE -
[EIHF & DR SEAE 22 — 26 BUERFEHHIRR (10 — 15 ]/ /NI ) » 4EFF RAFAVET&IRT -

BEAETF AR IR R A B R B B S MR A

EEAETF AR R I R OV EIE - 2008 bk (2021) BARSE (2023) 7302 - ERFIAFTER2E B 4 5 R 2 BEAE
TR E R » BEfET MRS £235 50 (No. 110661, MRS broth, Merck company, USA) » JAJE & 37°C BLEE S 4H% 100
rpm/min > £EEFE 48 /N\EE{Z 0 DL 10,000 x g B OULEE BB 0 BEESIE Riazi er al. (2009) DURJEE 777247245 10 £2
HafEl% (v/v) > FFLL 0.45 pm BRI TARROH S - FHRRARTR A4S F AR I EE AT IR 4 COKFEH A -

FE4S S AR B IR (lactosporin, LP) fIIEE 74T » {45 Cintas 55 (1995) 4K FE ASHEHUE (agar diffusion
method) EFT4M7 © LL 1 x 10° CFU /mL 254 B e S iEk E ( BCRC 475% 80243 Micrococcus luteus » B E B ENE A
B LERRMRA A E R RE R L ) BEETE 0.7% HEH5 ~ 6 o/L BEREEEWIR 2.5 o/L HiENE 2 inE
FAE B5RERE  [EI5DL 9 1U/g AEEH#ERE A (Nisin A; No.1414-45-5, Sigma, St Louis, MO, USA) ik IE$F084H -
Nisin A P4 pH2 2 HCLZR[E)% » [B177% Nisin A J2RE Ry 1.8 IU/mL > RETHE TN FRTEAL 27 & 2° (Uit s
W A7 HEL 50 uL/ FULAEAE R E AT A AVARSE b - PR EEE N 37 C B T 18 /N » HIR M EHIE
R E R B Nisin A SRR EI TR - (ESTEME SN RERR o BRE TR R IV EAS S IR B IR RER
HHIEEE » FL e R a RS SN B 1 TU/MmL SBE1% » 1ER0R 4°C /KFEILE AL T3S R ER A -
HIEHHE

DUBEZHAEE 110 RELFFERE AL H IR 2 R8RS B B = R S IR T Ay 8L - (Lo RRFEAVRG L « IR AL P48 5T
g7 SRl AR B P SRS EE - AR LA AERY IS B - [EIRF 08k 56 A2 E H S A L (A8 BE S - it
M AL AR A B R « (EMUR R MIREE Sy - TEAFFE Rl B IS S A0 2R B 6 BEITSE (3 A3 6F) » %
EMmgtEm 3 — 5mL > TR ey S MR EE -

FHREEMEREMNI T 3 RITEFSE 7 HERHL 28 HiElRls » LUHBE BRI TR E RS AL PR R FE 2 (E
feoh > TR REM Y - EEREY T > E S0 Chromagar ECC (No. EF323-25, CHROM agar™ ECC
company, France) /772 » B SCHURTEEEL(E 1 g Bibh > JeliCA 10 mL 0.85% NaClJE &35 4] » #4854 0.85% NaCl
IR (1 mL + 9 mL 0.85% NaCl) £ 1/100,000,000 » 48 225782 8 2t o 43FIHL 1 mL 22 1/10° ~ 1/10° &1 1/10°
Ml (R B ADEA 3 {# 9 om B > B248)F A# & Chromagar (£ 9 mL ) > # U5 E 2 5EE 1% -
JRCETS 3T CEREFELE 24 /NEHE » (RIBEEMRBAT - 7y RIET R EFEF REGIRE (Escherichia coli) ~ KEGIEHEE
(coliform) ~ FERIRIZIER (gram-negative bacteria) FEZHVEE

BB AE FERE o B NS AR AV E R J70% - {5 Hart and Dobb (1988) Eil Marquardt er al. (1999) HYJ77% »
ETEERREIEE T o TR AE HER RS 28 HERGE R » B H 177 09:00 2 11:00 /T —REEIFEEET -
HEFFOEE L 400y B8 "0, RIEERBEME (KTEFE<70% )~ "1, REGEE (K3EE 70 —
5% )~ "2 RPEEAE (KD EETS — 80% ) BL 3 | REEIE (/Kr&E > 80% ) » HEEHH{FHE THIHYEL
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B - WIS DN AERIETR T - EE2 Sun er al. (2022) SUEBRATYI 2702 » sHREAFMT ¢

TR RAEREL
e — X 100%
BN ER (%) = SHEG(TREARTESY x 7 (EIZLRE))

EFRBLESNE TR BRSO 2 B R B T -

IV. Geat o

BRI EE 2 B TEE R - FIF SAS (2005) N EZE Gt iRES - (K—% Z%‘fifﬁ‘ﬁ (general linear model procedure,
GLM) #EATEE 7 34T » A AT R 2 S80I E A (Duncan’s multiple range test) 1T R HRAH I {E ] 2 72 A
ot & P <0.05 RAERLE - [ P<0.01 RERMGEE -

e RN B

B R AL SR ARG EE B A iR

BRI 110 REPFEEBIFENF AR AL Z R R AR IR S - (482 A BB AL HURS EE A 4 JEAIE R
FUFIGHEER > AR 1 FUR - BSENEIIRA - CURDUAE R RAHELF R B RR 2 M PLIARIRY R E - 250 R
25.0 ~ 20.1 81 28.5 kg » FFHGIEREST RV B 3.8 ~ 4.8 81 3.9 mm - BURRE(EIHALIAR - DFERS SRR E SR )
HIETREIEE - SR ABEMNE(L - (FFEOHIRAE - DIRDUA R OB TR BB R 1 > 4 0 L AR
YRGS EE > S J Ry 5.78 ~ 5.67 B 5.83 kg » BRI Fs 95.5 ~ 96.4 1 97.4% » BURHA T2 AR OMRIIER
EASEGE S R IR > T2 B PR BESE R R e e JE [ DL R (T AR EEE B R - E3R RAE BRIFE VT
53 > ATRENAHT ek FHAH [F) anfl BLAE XHU B - HEE R A EREI G RV E BB PUNYYIE - NI RFEHRETE
PEREH{EL (Bloembof ef al., 2008; Koketsu et al., 2017) » FEMFLIFFEEN ST > Rl FLIFAE L H VAR - AWIFERRE
B N R PATUKE 58 - IROLESE RV BB RIS - FERIAE GRS (RIR S i 6 B AT E — 5 (17
Bl Z B GREERE » 1990 )T’%’%Z TEREERH > Rt IR e E AT ERE > FECR
I LI (AR RESIE RS e FI WAL - BUFSEIE R £ & (Laia et al., 2021) ©

1 IRPUERBGHEF AR EE R R B R B R IE S - (PR R SRR &

Table 1. The effects of orally administrated antibiotic and Bacillus coagulans fermentation broth on the body weight and

backfat depth of sows and body weight and survival rate of suckling pigs

Items CON' OAA OAF
Sows
Body weight at 110 days of gestation, kg 250.2+11.9° 23491293 243.5%17.5
Backfat thickness at 110 days of gestation, mm 21.0+1.8 21.8+22 222+1.8
Body weight at weaning day, kg 2252+%329 214.8£36.8 215.0%£22.8
Back fat depth at weaning day, mm 172%1.6 17.0+£3.4 18.3£3.3
Suckling pigs
Body weight at birth, kg 1.50£0.13 1.41£0.06 1.52£0.08
Body weight at weaning, kg 7.28+0.45 7.08+0.71 7.35+£0.98
Weight gain for 28 days, kg 5.78 £0.29 5.67%0.38 5.831£0.53
Number of alive piglet at birth, head 11.0+0.2 11.0+04 11.7£0.6
Number of alive piglet at weaning, head 10.5£0.7 10.6£0.6 11.4%0.6
Survival rate, %* 95.5 96.4 97.4

" Mean * SD.

¥ CON, control group; OAA, orally administrated antibiotic group; OAF, orally administrated fermentation broth group.
“Survival rate = (Number of alive piglet at weaning / Number of alive piglet at birth) x 100%.

1L IR AR ZRELSEAE o PR e BRI OB TR L (748 RIS R R
W PSRRI SR RIS A - 12265 8

(=4

e

— 14~ 15 — 21 81 22 — 28 HRH; L ARPTAE R ABEES o fUIR IR
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EOETERARIR (W1%2 2) - BURIHALFFE LIk (gentamicin sulfate) BLEESHZF MR RIS R - SR AREIFH AL
B4 RIS A IRATRSR o RIS TR 2 R BeAE o R IR IR 2 FLAE 2 (lactosporin) IEYIE » 4TI (EHT 4
F5E TR A EAIIER (Casewell et al., 2003; Riazi et al., 2009; Ruiz et al., 2016; Thomson and Friendship, 2019) -
£ Poulsen et al. (2018) 5! - FrAF54 1K 5 mg/day Gentamicin i3 » BAE I PR EYIERE AL
PEEFHE RIS AR AR FE R O AR SE 45 2F fOAR B B B R LA IR AR IR R, - Bh4E SR B AR 4= 2 AE
M o HAM—EESCERIE Y - A AR VB B ) A A AP 2R BT R IR B UGS T RIAVRUR » AR IR e

SRR S L5 PRSIV DS E (21% » 2023; Payot ef al., 1999; Riazil et al., 2009;
R1pam0nt1 etal.,2009) -

® 2. Ofepid RESEESF R W R RO AL 48 s Ry

Table 2. Effect of orally administrated antibiotics and Bacillus coagulans fermentation broth on the Incidence of diarrhea of

suckling piglets
Items CON' OAA OAF
0—7d,% 0£0" 0£0 0£0
8§ —14d,% 11.1+4.1° 42%02° 42+1.3°
15—21d,% 7.5%2.9° 3.4£0.8° 1210.5°
22 —28d,% 0.8+0.1 13104 0£0
" Mean * SD.

¥ Meanings are the same as in table 1.
“® Means in the same row with different superscripts differ significantly (P < 0.05).

L. IR A 2R B AR o PR R R B R R P AR S (R A o

W ALFFE LR P A RS AE F ORI BE RO - 3 7 HRE 28 HER A E(F MY E » WR I PR -
TEFFFE 7 B’@%Hj“ 1 Ak A 4 2 1 A7 B T T 7 S K R A B B B i B AT 1K (3.9 ws. 9.33 x 10° cfu/g) »
RIS rTRE AR P fUAR B B E AL - B MRS h A RIS 25 [ 5 B R A Y e A5 0AR
(Bacillus Spp.) ~ RHTTE (Listeria spp.) ~ BB (Staphylococcus spp.) ~ $EEKES (Streptococcus spp.) ~ FFERE
(Enterococcus spp.) MIREE (Clostridium spp.) ST EL > HEM FEARATEE 188 248 REL I =750V 4 R BE (Payot et
al., 1999; Riazi et al., 2009; Ripamonti et al., 2009; Wu et al., 2018) « {E{FFE55 28 ¢ (AL ) I » S AR(TAEHE (B 4:
YIS H#E AR - IS RER A E 8 Kl » (@A FFEL T URPIAE R SUAGS S R E R IR » W 3 H
AN FLIERE - (FFERG M PR Y0 2o R MR B 2B i BE3R SR EE SRR Burrough et al. (2017) ~ Wu et al. (2018)
J% Florencia et al. (2019) HHESESR o RIL - 1E56 28 Rk - R4 A FAEE[EMESAREZR -

3. Dfebid RELEEE o MR I RO AL (A S E R AR &

Table 3. Effects of orally administrated antibiotics and Bacillus coagulans fermentation broth on fecal bacteria of suckling

pigs
Items CON’ OAA OAF
Day 7
E. coli x 10° cfu/g 9.33+1.10™ 5.15%1.25" 3.91+137°
Other fecal coliform bacteria x 10° cfu/g 0.13£0.05 0.10£0.02 0.08 £0.008
Other Gram negative bacteria x 10° cfu/g 6.45+2.47 5.80+£2.80 497%197
Day 28 (weaning day)
E. coli x 10° cfu/g 6.71 £ 1.87 424 +1.37 4201 1.40
Other fecal coliform bacteria x 10° cfu/g 0.12£0.05 2.0510.01 1.07 £0.003
Other Gram negative bacteria x 10° cfu/g 571£2.54 5.73£2.09 579 £1.55
" Mean * SD.

¥ Meanings are the same as in table 1.
" Means in the same row with different superscripts differ significantly (P < 0.05).
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VI O fish 2R AH BLARGE SF fUR I O AR IR P SR B B A2 2
A58 T b 4 ZRELEEAS o fUA B I RO Bl L IR (48 R oh A9 I BR M B A T 5 I SR o EERYRZ 2

W 4 Fios o SRR 0 (T O AR A FRAA RIS g M 1 PR EL (51 B i S R AH B AR e s o AR R I B4 1y
151 (0.60 vs. 0.41 vs. 0.36%) - LI G2 AIRE NG A Y) B S = 14 2 5] Gentamicin fi/EZRAVFEE » HERLTSH
7 a4 s N ER 42 (Burrough er al., 2017; Wu et al., 2018; Florencia et al., 2019) » {F54%8 5 &% 3% K7 fEHIZ T - g
gt 117K (Basophils) &2 B » & H 5 7 PR & B & 8 pl (46 3% A B BN (Voehringer, 2009) © AR A
Feor gt B MEKE 7Y EES i 0.5 — 1.0% Zf - yBIEH FEE - (728 MU b E R B0 Ll m Bk B M
& ~ IEREEERE 73 LL (Eosinophils) ~ BE 2K 77 LL (Eosinophils) ~ JHRESAHAE T 73 L (Lymphocyte) B B2 BRI
E4rEE (Monocyte) » AR 2 LR iAE R EUAAS SF AR IR R 2 -

T4 Dfepid: REDEEGE o fUF B ROE T AL (AR R T ek By 2 2

Table 4. Effects of orally administrated of antibiotics and Bacillus coagulans fermentation broth on blood cell counts of

suckling pigs
Items CON' OAA OAF
Red blood cell x 10°, cells/uL 6.69 1 0.69" 6.9610.71 7.08 £0.53
Blood platelet x 10°, cells/uL 576.7£157.1 559.1£180.3 573.0 £224.6

White blood cell, cells/uL

13,670 £ 4,668

13,603 £ 3,256

14,877 £ 3,735

Basophils, % 0.41£0.15° 0.60 + 0.22° 0.36+0.24°
Eosinophils, % 1.63£0.76 1.52+0.88 1.38+0.79
Neutrophils, % 31.816.7 30.313.0 30.2 % 6.09
Lymphocyte, % 61.816.6 63.1£53 63.816.3
Monocyte, % 452+ 1.41 4.47+1.67 422+1.67

" Mean £ SD.
¥ Meanings are the same as in table 1.
“® Means in the same row with different superscripts differ significantly (P < 0.05).

R

HrEFAE A 7 RORSES SR RMERER - BARERAFES 2 91 3 18 TRsE% - HBIR Gentamicin §i
A RIS AR ARATRERAR L BURAEAS oF fAT B R BT A R F R A IR 2L 58 TR A RAviEA -
FEFFEREEMA B MIR P HYMEREE - 75 7 Hfiely O R sess F iR E R b IR B R R E AR E
B - &7 AT > LSS D IR BRE S AR BRI R T HUR O IR UAE R - BATRKFSE RS A R LS ARG R
HBHITER -

S |

BRI R A SR P B A AL B e e Re R (e B A E R e AR S0 NE - SR TR
A B EAHRR Bkt 2 W R B AT T - SRS BRIER SRk -

%I:I.

Z2EXR

THIEEZEGHEZET - 1990 - E2EMEERIELE - 58 - (TBIRREZE TR -

BIT5 83 ~ PRAHFE < 2021  JF 546 F(F A4 B R BEAE S AR B AV AR 28 ~ 85 BAMEAR YT - BT 54(3) ¢ 148-
154 -

29588 - MAhE ~ FHM - 2023 - GERRRNIIASS SR E S ATFE AR ER - RMRE TR R E - &
EWIZE 56(3) 1 190-198 -
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Abstract

The purpose of this experiment was to investigate the effects of orally Bacillus coagulans fermentation broth on weight
gain, incidence of diarrhea, fecal bacteria and complete blood count of suckling pigs. The preparation of Bacillus coagulans
fermentation broth used Bacillus coagulans strain inoculated into commercial MRS medium, which underwent fermentation
and was separated by centrifugation process for the supernatant fluid. The supernatant went through rotary evaporation to
reduce the volume as 1/10 (v/v), followed by adding food-grade dextrose syrup to adjust the antimicrobial activity at 1 TU/
mL. The experiment was conducted on 24 heads of the second parity of Landrace gestation sows (110th day of pregnancy),
which were divided into three groups: the control group (newborn piglets not given antibiotics and Bacillus coagulans
fermentation broth), the antibiotic group (newborn piglets given only one administration of oral antibiotics withl mL/dose),
and the orally administrated Bacillus coagulans group (newborn piglets given the fermentation broth with 1 mL/dose/day for
7 consecutive days). The experimental results showed that when suckling pigs were given the oral antibiotics and Bacillus
coagulans fermentation broth at the 2nd and 3rd weeks of age, the incidence of diarrhea in suckling pigs were lower than
that in the control group. In terms of fecal bacteria, orally administrated Bacillus coagulans fermentation broth at 7 days of
age significantly reduced the fecal E. coli counts of piglets compared with the control group. In terms of the complete blood
count and percentage of different white blood cells at the 28" day, only the percentage of alkaliphilic white blood cells in the
oral antibiotic group was significantly higher than that in the control group and the orally administered Bacillus coagulans
fermentation broth. In conclusion, the oral administration of Bacillus coagulans fermentation broth for suckling pigs has the

effect of reducing the incidence of diarrhea and fecal E. coli counts, but the weight gain was not affected by those treatments.

Key words: Bacillus coagulans, Diarrhea, Fermentation broth, Suckling pig.
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Table 1. The composition of experimental diets

Ingredients Percentage
Yellow Corn 18.05
Soybean meal, cp 44% 17.0
Wheat bran 12.0
Alfalfa meal 46.0
Soybean oil 2.0
Molasses 3.0
Dicalcium phosphate 1.0
Salt 0.5
DL- Methionine 0.15
Vitamin premix’ 0.2
Mineral premix’ 0.1
Total 100.00
Analyzed value

Moisture,% 11.7
GE, kcal/kg 3,965.00
ADF,% 14.8
NDF,% 23.8
Crude protein,% 18.9
Crude fiber,% 11.6
Ether extract,% 4.2
Calcium,% 1.2

' Mineral premix composition (g/kg): Fe, 80; Cu, 15; Mn, 80; Zn, 50; I, 0.85; Co, 0.25.

? Vitamin premix provided per kilogram of diet as follows: Vitamin A, 12,000 IU; Vitamin D,, 3,125 IU; Vitamin E, 37.5 IU;
Vitamin K;, 1.5 g; Vitamin B,, 1 g; Vitamin B,, 4.8 g; Vitamin B, 3 g; Vitamin B,,, 0.01 g; Niacin, 25 g; Pantothenic acid,
10 g; Folic acid, 0.5 g; Biotin, 0.2 g.

1. BEDE RSTS84 H
EENmE A ERREALEEES (Microlog EC650, Fourtec, USA) DUSERY/NFF— RV AHZHE & & PURURE
HMESREERB 11 24 A~ B8F R 5210 B > HI5 2 BiE P Marai ef al. (2001) A& R THI - FHYERGE
SRS DR R SR 2 BVBYATEE o THI 5HE/AZ & © THI=db°C - [(0.31 — 0.31 RH) (db°C — 14.4)] -
A db FoREZERERCRE - RH FRAHBNEE 5% - Marai e al. (2001) #5i4 THI J\E’\\ 27.8 FoRIEEIH
AREE > 27.8 — 28.9 FIRICHIZENENIA > 28.9 — 30.0 FREEEVEIARES - K 30.0 FoRIEH B EEEVEAIRRE -
1L AEREREE
fEEBAHE LRI ERIBE T > Ay BI(E 107 — 108 A6 A HE - FRIERIE &R
FEE (I AEA4R)RBEFE (S HE 10 A ) W4 - BEFEE 1 — 2R - B0EH - #E 9 & 7 [EHER LA LMK
AT A AR > 6 ARl LANE K@H@E’J%@%Elﬁa FIFH BB B 2 e > 6E L 1.7 mL
HEOE DGR (B 1) > (ERRTLTERZE 50C » FEARERSRIEEE AR :@é it Jrﬁ/{ﬁztléz% PREN TR
KRR - EEEBHGEKREE %%Eé%)?/&/ﬁ* RAFFEA MRS > TSR E N ETREST -
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Fig. 1. Artificial vagina for rabbit semen collection. One end connects 1.7 mL microcentrifuge tube.
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EM = 488/615 nm ) {F 37°C NH4 5 min ; K2R E AE » BELEAIRET » Liiklg RIS s
TNFIA g Green filter/ Bandpass filter (UV-2A, EX 330-338, DM:400, BA:420) DL CASA #1T45047 @ sTEHFE R
Horth e
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FE By 74.3 £ 4.9% (46.2 — 94.0%) » S5 THI 5 20.3 +2.5 (13.6 — 28.2) ; Z\ZE 7 PHBERE B 29.5 + 5.3°C (20.5 —
36.2°C ) > JEFE R 81.9+7.2% (42.2 — 100.0%) » S+ THI 5 27.6 + 3.6 (20.5 — 33.6) °

T2 FEEREFRENLE  AHERE K THL ZP9E (CPEE R RE )

Table 2. Average temperature, relative humidity and THI in rabbit house during cool season and hot season (mean * SD)

Items Cool season (Nov.-Apr.) Hot season (May-Oct.)
Average temperature (°C) 21.216.7 29.5%£53
Average relative humidity (%) 743149 819172
Average THI' 20.3+2.5° 27.613.6°

" THI = db°C — [(0.31 — 0.31 RH) (db°C — 14.4)], db°C = dry bulb temperature in Celsius and RH = relative humidity
percentage/100.
" Means within the same row without the same superscripts differ significantly (P < 0.05).

BRI TSR R AE 2 PR « ARER K THI ZE(EE 2 Frn > Aimn RS mS /ey
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Fig. 2. The changes of temperature, relative humidity and THI in the rabbit house during cool season (A) and hot season (B).
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7 3 i Marai et al. (2001) Erdly THI E{E S R 2 BABIHE R > AT AEUSR T LB E & & THL #1757
T > RIS EREIOETY - BUREZTIFA 0.4% RFE R SRR ESRIENESIE - 1M 99.6% RfEeH R &2 A FEHRY
IR BN 15.6% eEe 2 RERRTIFH BEE AR ~ 10.8% ke 2 REREHYBEE RS ~ 11.2% KB Z R
CRR S MEVEIAIRE o [T 62.4% KRB REIQAEION S > BREEEE K > AIEFRA 37.6% RFEZ %
L AN VELEE

* 3. EEREG R THI AR E SO0 E R i E]
Table 3. THI distribution and definition range of heat stress in rabbit house during cool and hot season

THI distribution
Definition range of heat stress
Cool season (Nov.-Apr.) Hot season (May-Oct.)
Very severe heat stress (THI™ > 30.0) 0% 15.6%
Severe heat stress (28.9 < THI < 30.0) 0% 10.8%
Moderate heat stress (27.8 < THI < 28.9) 0.4% 11.2%
Absence of heat stress (THI < 27.8) 99.6% 62.4%

" THI = db°C — [(0.31 — 0.31 RH) (db°C — 14.4)], db°C = dry bulb temperature in Celsius and RH = relative humidity
percentage/100.

EEESZRET T A RERGEEA RS B N TRR 2 &R (£ 4) BURAETEEAAGE 1,001.3 £ 80.5 g B S B
FEEABEE 777.4 £ 109.0 g (P < 0.05) » 45581 McNitt and Lukefahr (1993) K Roberts and Lukefahr (1992) iff5%
R - BEURAEZREHAN N ERERAE - fEEEHA KA B ERE - MERHAE KL B ER
= (Shehata ef al., 1998) - H Chiericato et al. (1996) ¥5H » EZE SR EE R HIEE D 18% » hPHHIME
(average daily body gain) {EZ{Z=EEEZR(K (Habeeb ef al., 1993) -

T4 ERURRREFZ A REEAREREICR ((HIE £ EERE )

Table 4. Comparison of weaning weight and mounting behavior of male rabbits during cool and hot season (mean * SD)

Items Cool season (Nov.-Apr.) Hot season (May-Oct.)
No. of trials 39 77

Weaning weight (g) 1,001.3 £80.5° 777.4+109.0°
Mounting behavior (%) 100.0 £ 0.0° 85.6+7.6"

“® Means within the same row without the same superscripts differ significantly (P < 0.05).

51 > BB A REEIRIT Ry (MERKETAE ) &t > BN R R ARG A B FIT R > FEAWZES 10 77
SN IR TR B R TRENE - BTERTHER 0 - SFEt4E R - BUTORENIFEETEE 100.0 £ 0.0% FHEEREL
T HEIER 85.6 1 7.6% (P < 0.05) 413 4 FiTs ©

SCEMEH 0 AN SR T R RE S A I A=A S (El-Gaafary, 1994; Daader et al., 1997; Zeidan et al., 1997) »
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Tharwat et al. (1994) S REETRRRIT 40 FEAITHENEE 60 — 65% Ay %R » MERIGEE T 119 — 185 » &%
JEAE 40 773 o

1L R EGEREIR IR EL L

9 ENREAFHDRER TR TR - FREEMRA D EOREGE Rt E R ERE R RS -
B RETEBNS) B TEEE B TATEEAR S - SRET > BRTHTEBOINRE 693 £ 105% - BER
PABE 465 £ 13.6% b (P < 0.05) » HLERIBR < B TR « NIRRT AR REE - OB T
FEE Ry B o s o7 B e i [ 45 71 By 150 — 500 x 10° sperm/mL K7 0.3 — 0.6 mL #Y°F9%i[& (Adams and Singh, 1981;
Lebas et al., 1997) > 22N TUEHE ~ PR ~ i ~ PR TERGRA » ST ST IES R EL Marai ef al.
(1996) 2 Daader et al. (1997) &5 FAIRF » HERREE - 5 T5EE) /£ 7164 P 1A% ) (ransportation)
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Table 5. Compared the semen quality of male rabbits during cool and hot season (mean * SD).

Items Cool season (Nov.-Apr.) Hot season (May-Oct.)
No. of trials 39 77

Semen volume (mL) 1.1£0.2 0.8%£0.2
Semen conc. (10° sperm / mL) 882.3+3424 914.0 + 144.1
Motility (%) 69.31£10.5° 46.5+13.6°
Vitality (%) 6741111 62.618.0
Progressive motility (%) 334194 2441115

a, b Means within the same row without the same superscripts differ significantly (P < 0.05).
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ZRFNRPIET AT EAE T (8 3D ) - SURFIEU) /B P reiahh T Z EFP R E REVETE - &l
Bt B Marai ef al. (2002) 45 HEVEH EIE R R LIRS TR0 — 2L > R BRI A A B A 22 R
.
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3. HFHEGF T ik Z AR FENERAE R EY) R HE BRI R &R -
A RERHARERNE P A SEAFE S S ERAESAE  RAREE T B AFARABHERE T
(RS TRAIRE ~ WS ARREEDNS T BOBR0R > iR 2L s C - RV AR BN T D © BRI ZH D
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Fig. 3. Immunohistochemistry staining of 1 year-aged rabbit testis and epididymis in cool and hot season. There are different
developing stage of spermatocytes, spermatids and spermatozoa within the lumina of seminiferous tubules of cool
season male testis (A), but are decrease in the seminiferous tubules of hot season male testis (B). Epididymis of cool

season buck showing presence of large numbers of sperm (C) which constracts with lack of sperm in epididymis of
hot season buck (D). (Bar = 50 uM).
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Abstract

The purpose of this study was to compare the effects of temperature-humidity index (THI) on the semen production of
New Zealand rabbits, as an indicator heat stress in rabbits. The average THI of rabbit houses in Taiwan Livestock Research
Institute during the cool season from November to April was 20.3 £ 2.5, and the average THI in the hot season from May to
October was 27.6  3.6. Analysis shows that when THI was higher than 27.8, rabbits suffered heat stress during 37.6% of the
time. The weaning weight of male rabbits in cool season was 1,001.3 = 80.5 g, which was significantly higher than that of
777.4£109.0 g in hot season (P < 0.05). Moreover, the frequency of mating behavior in male rabits in cool season was 100.0
* 0.0%, which was significantly higher than the 85.7 £ 7.6% in the hot season (P < 0.05). The examination results of the
semen traits of New Zealand male rabbits in the cool season and hot season showed that there was no significant difference
in the parameters of semen volume, sperm concentration, vitality/mortality rate, and progressive motility, but the sperm
motility during the cool season was 69.3 £ 10.5%, which was significantly better than that in the hot season (46.5 = 13.6%)
(P < 0.05). The comparison of testicular tissue sections showed that continuous high temperature in the environment affected
spermatogenesis in male rabbits. In summary, continuous high temperature decreases sexual desire, testis spermatogenesis

and sperm motility in male rabbits, which could also be the reason for the decrease in male rabbit fertility in the summer.
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1. obaedrEsng

Table 1. The composition of the experimental diets

Items Starter Grower Finisher
0 — 4 weeks old 5 — 8 weeks old 9 — 13 weeks old
Ingredients, %
Yellow corn 55.75 59.72 64.26
Soybean meal (43.5%) 2.00 14.50 14.00
Soybean meal without hull 22.20 — —
Full soybean meal — — 15.70
Full soybean meal without hull 12.50 22.50 —
Fish meal (65%) 2.50 — —
Wheat meal — — 2.80
L-Lysine.HCl 0.03 — 0.01
DL-Methionine 0.13 0.08 0.04
Salt 0.40 0.40 0.40
Soybean oil 1.68 — —
Limestone pulverized 1.33 1.45 1.37
Dicalcium phosphate 1.23 1.10 1.22
Choline-50% 0.05 0.05 —
Premix 0.20 0.20 0.20
Calculate value, %
Crude protein 22.12 19.70 17.61
ME, kcal/kg 3,136.00 3,133.00 3,133.00
Crude fat 6.25 6.24 5.57
Crude fiber 2.69 3.27 3.23
Calcium 0.99 0.93 0.86
Total phosphorus 0.68 0.61 0.58
Available phosphorus 0.46 0.37 0.35
Lysine 1.28 1.05 0.92
Methionine 0.48 0.38 0.32
Analyzed value, %
Crude protein 22.05 18.80 18.10
Crude fat 6.99 6.67 5.78
Crude fiber 2.44 2.39 2.88
Calcium 1.09 1.01 0.95
Total phosphorus 0.64 0.56 0.57
Lysine 1.14 1.06 0.92
Methionine 0.40 0.34 0.28
Feed cost, NT$/kg 22.59 20.57 19.57

" Supplied per kilogram of diet: Vitamin A, 10,000 IU; Vitamin D5, 1,000 IU; Vitamin E, 25 IU; Vitamin K,, 3 mg; Vitamin
B,, 3 mg; Riboflavin B,, 5 mg; Vitamin B, 3 mg; Vitamin B,,, 0.03 mg; Folic acid, 3 mg; Calcium pantothenate, 10 mg;
Niacin, 50 mg; Biotin, 0.1 mg, Iron, 70 mg; Copper, 5 mg; Manganese, 60 mg; Zinc, 60 mg; Selenium, 0.1 mg.

Vi) HILAEE st
KR ZBIANRS 0 — 4COKFEHETTRE R 24 /ISR - R 25 1 2 g A LASSSE AR B BRIR B IS 85°CoKIBHE K
EEY 20 — 30 oy > EHLATUOOREEE 80 CRALL - RALAITIEREYT 1/2 FER] (1.3 em) IZTTBG A/ NZ ABE -
AR AR B R R < FREVE 2 B 2 TIRVE et Ay ik - DL 10 it NEEFTRVE mat - Sramst A& 0 R
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PR R R B — AL T T T o et B BLFE T R (aroma) ~ B ~ R (chewing) ~ EEE (flavor)
K 4EREZ VE (overall acceptability) « FRt577% > 1 £ 7 rFon > HIEE A SEEIFESE -
VL &at o
ERFT IS E R LLARET 73 1T 5247 (statistical analysis system) E4CHIAG (SAS, 2013) #ETHET 047 > (EH—

LSM) e 74 P 5 BEAH ] 22 AV B

L

L R

MR ALP L BB o Mas B P s HEERIIRINR 2 - EBERM IH - N IERE - B
BREE ~ BSER  BHSH - ARES RAIESEE BB E S I LR (P < 0.05) : BEEEZHYES ~ mEl RS LB REE SN L
HE (P <0.05) 5 fERSE T » PEBIELCHE - FFAE R ARAR L P MR E (P > 0.05) 2528 R hbdE - IR R
A5 EL B B S s 22 2 (P < 0.05) » Mignon-Grasteau Jz Beaumont (2000) iz 515t » iS55k R SRS LS
FRARH - E—PHEEE - JlNSEEEIIEN TS HER AR - BEESREFRAET (Baéza er al,
2012) » Lopez et al. (2011) BIFEFIT » ANEERIEEE ~ TEAGEMBESE R REAHE (P < 0.05) » {HYPAZE 1Y
AR (P < 0.05)  fiy A B SR = EiRMERME(L - SERAERZ SN - 1A ARE:
#% - De Marchi et al. (2005) # Mg EATARREE S HVRDIEER -

T2 PP HEAFEIMERZ B RGERL K 25 B EEBIELEL

Table 2. Comparison of male and female birds on the dressing and carcass part and organ ratio in red- feathered Taiwan
Country chickens at 13 weeks of age

Items Male Female SE
Live weight, g 3,396 2,735° 45.08
Carcass weight, g 2,899° 2,254° 36.84
Dressing, % B.W. 85.47" 82.44° 0.44
Head and neck weight,% C.W. 18.38° 16.08" 0.30
Thigh weight,% C.W. 32.47° 30.31° 0.23
Feet weight,% C.W. 5.75° 4.67° 0.07
Breast weight,% C.W. 23.43° 27.04° 0.36
Back weight,% C.W. 9.52° 10.94° 0.17
Wing weight,% C.W. 10.37° 10.88° 0.08
Organ ratio

Heart weight, % B.W. 0.46 0.45 0.01
Liver weight, % B.W. 1.25 1.41 0.05
Spleen weight, % B.W. 0.16 0.17 0.01
Gizzard weight, % B.W. 2.03° 2.60° 0.08
Intestine weight, % B.W. 2.17° 3.20° 0.06
Abdominal fat weight, % B.W. 0.77° 1.80° 0.18
Testis weight, % B.W. 0.81 — 0.06

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
B.W.: Body weight; C. W.: Carcass weight.

I LA
P T - e A R BB PAY B B SRR 3 - LRI B » (5B L8 R a (R (P
< 0.05) SRR » (H7E b (B L ERIRIAGEREE (P > 0.05) %5 ; EAVAJE » A8 L (HEEE (P < 0.05) &8
7+ {EAE @ B b (RIS A BEEEER (P < 0.05) - Hillebrand ef al. (1996) 2 HIFERET: » BB AN I EITE
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PR EN R BTG ' AR 2 AR & & - Solberg e al. (1968) F5if » PRS2 LA HHIALZEH (myoglobin)
BAHLIM4T & H (myohemoglobin) 2§24 - Musundire ef al. (2017) 154 > 2 ER#E (Numida meleagris L.) REHEMIAGHA
ViR B2 BRI AR S - Hill and Dansky (1951) 157 - HlABICELERS S & 2 RGEMER - 28R
LR RERS > flalimtE - it - EEH (EERS - REE%F) pHE - JIELEEZRE - fBiE
B2 AR ZEEEBREZEAR (BRIRS ) RIFTEFE S (Hillebrand et al., 1996; Alcalde and Negueruela,
2001)

F 3. PP ZEA [F A - R A R 5 R LB B ELER
Table 3. Comparison of male and female birds on the breast skin and muscle color in red-feathered Taiwan Country
chickens at 13 weeks of age

Items Male Female SE
Breast skin
L value 76.11° 73.96° 0.26
a value 1.32° 0.35° 0.23
b value 9.16 8.81 0.09
Breast muscle
L value 62.54° 59.76° 0.48
a value 0.46" 1.07° 0.17
b value 5.10° 7.65° 0.29

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

ML HLAZHRL
P 68 P FH 41 - SR A R R AL Z WIL AL AEL R ER S > IR R 4 - SUBREEREUR > FERIA T T - BEEEALE A
AR & BEAHN AS BEES (P <0.05) » /Ko RELESEMERIRMEBEIEZRE - MERRRTTE > A%
Ky G REE (P <0.05) BrRIEES - A EM 2 A& 0 E AR & BRI 2% - Fennell and Scanes
(1992) $57% - MeMERAEHEE ATHIGIREHT 2 B 5 - RS REAG AL -

BT DR N il G ik IS N A 13
Table 4. Comparison of male and female birds on the muscle compositions in red-feathered Taiwan country chickens at 13
weeks of age

Items Male Female SE

Breast muscle, %

Moisture 74.11 74.17 0.04

Protein 24.80 24.70 0.09

Fat 0.60° 1.19* 0.09
Thigh muscle, %

Moisture 75.39° 7423 0.12

Protein 21.18 21.46 0.12

Fat 2.33 3.02 0.17

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

IV, SHGPIPIRIER Y 2
% 5 FUTRME IS FAAUT L B IPIER PR > G5 - SSRGS BT - REIES R KL AT

%L - Musundire ez al. (2017) BFES5HY - PRI EREAGH LT MBIV IE AR E - BERANITEEE R 2 -
PRI BRRE AT 25 - PR EHR S 5 LB AN AL A I EE BRI EL R - LR rry B A5 A s B PR B 1) DA R
(Bernacki et al., 2012)  Seideman (1986) $5t1 > ALAYIHEMEIRZALAAH 2 28 > EEBAEIHBRES 2 &
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B - WizeiEl - MRS EE - M E S SRR RN RIS - HiRE T B A pH E - SR R RKEE
77 (Le Bihan-Duval et al., 1999; Berri et al., 2001) » AGUERAAHRIRVEER » /X #Ede B B AR OKRE T RCBERERE -

RS, PP HEA R R L HERy AR R 2 R

Table 5. Comparison of male and female birds on the physical properties in the breast muscles in red-feathered Taiwan
country chickens at 13 weeks of age

Items Male Female SE
Drip loss atd 2, % 0.20° 0.35° 0.02
Drip loss atd 14, % 2.99 3.22 0.25
Cooking loss, % 22.97 23.72 0.76
Firmness, kg 4.07 3.70 0.35
Toughness, kgsec 6.24 6.19 0.20

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

V. FIANLARE SheE R R 2 2

M I 5 FH AT 3P) 2 ARV E S a2 B2 HIIA SR 6 o sERAE R EE T - BN E il B (aroma) ~ B
1~ L (chewing) ~ B (flavor) K #8257 14 (overall acceptability) 55 » 4RI ST 25 o BRI RIE S
THESAREES > ANERASRETEEHAE N RERAEANAKTFEEREER - ARBELHE
ZEEAERFE DL 8 ARG IHAH AR R F RS M L &Y 2 38 £ 0T — 2P B GA B E R S R S 81535k - A
YRR AR 2 2 AR ~ MERIFIRERAI 22 » NENEE &8N A2 (Badza et al., 2022) - BEE (2000)
USCAE e - DUEVE et A A& 28 5 N8 - BERE S R gE 2 B 22 Al HAE R OIA S B
FEL <

T 6. B P AR L HHYIARNE el

Table 6. Comparison of male and female birds on the muscle sensory panel score in red-feathered Taiwan country chickens
at 13 weeks of age

Items Male Female SE
Aroma 4.35 4.36 0.16
Colorness 3.90 4.03 0.12
Chewing 3.78 3.92 0.11
Flavor 3.80 4.21 0.15
Overall acceptability 4.45 4.51 0.14
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Abstract

The experiment was conducted to compare the meat traits of male and female commercial red feather native chickens.
The experiment selected 288 healthy chicks with similar body weight, which were randomly assigned into groups by sex,
allocated into 8 repeats of 18 chickens per repeat. All chickens were provided with the same starter (0-4 weeks of age),
grower (5-8 weeks of age) and finisher (9-13 weeks of age) diets. Feed and water were provided and feeding was ad libitum
for 13-week experimental period. At 13 weeks of age, 16 male and female chickens each were weighed alive and then
butchered to collect the meat traits of chicken. The results showed that the carcass weight, carcass yield, head and neck part,
thigh and feet in male chickens were significantly (P < 0.05) higher than the female chickens. With regards to organs, the
abdominal fat, gizzards, and intestines of female chickens were significantly higher (P < 0.05) than those of male chickens.

However, there was no significant difference in the percentage of hearts, liver, and spleen by sex.

Compared with female chickens, male chickens had a significantly higher (P < 0.05) L and a value in the breast skin.
However, there was no difference in the b value in the breast skin. The fat content in the breast meat of female chicken
was significantly higher than that of male chickens (P < 0.05) while the water and protein content of breast meat showed
no significant difference by sex. With regards to drip loss, the drip loss in the breast of female chickens was significantly
higher (P < 0.05) than those male chickens. Nonetheless, there was no significant difference in the cooking loss in breast
muscles, hardness, resilience, and sensory analysis between the male and female chicken. In conclusion, the sex of chicken
significantly affected the carcass weight, carcass yield, and ratio of cut parts, but did not have significant impact on the

muscle hardness and sensory analysis.

Key words: Carcass traits, Native chicken, Sex.
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Table 1. Ingredients and nutrient composition of the total mixed ration for lactating cows in exercise ground trial

Ingredients Percentage, % DM
Corn silage 30.48
Pangolagrass hay 9.17
Alfalfa hay 12.89
Brewer's grain, wet 10.19
Wheat bran 5.22
Corn, gorund 14.30
Soybean meal, 43% CP 6.92
Soybean oil 1.76
Fish meal, 60% CP 481
Salt 0.28
Calcium phosphate 0.88
Limestone 1.12
Sodium bicarbonate 1.64
Premix' 0.33
Total 100.00
Composition, % of DM

CP, % 16.6
NDF, % 34.1
ADF, % 19.4
Crude fat, % 5.2
Ca, % 1.2
P, % 0.6

" Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. E, 70,000 IU; Vit. D,, 1,600,000 IU; Fe, 50 g; Cu, 10 g; Zn,
40 ¢g;1,0.5g; Se, 0.1 g; Co, 0.1 g.
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Fig. 1. Daily temperature and humidiry index changes in cowshed (indoor) and exercise ground (16:00 to 04:00 the next day)
during May-August in 2023 (means * SD).
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YRS, PRSI0 1.75 R/ 53 o BEED Sy th el REBLA RS THI AYEEEREE AR o MR B EERET VBT
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Fig. 2. Effect of offering exercise ground at night on locomotion score, milk production, dry matter intake, respiration rates,

and body temperature of Holstein lactating cows under hot season (THI = 74.5) in 2023.
TVB: Cows in tunnel ventilation barn; TVB + EG: Cows in tunnel ventilation barn and exercise ground.

%2 RyEnm TR R T (THL By 74.5 £ 2.3) SR{UCR I EEH S Ba ROL AL AL 2 8 - slBRAVALAE R ~ L&
HER ~ AR ~ SRR EPY)R KGR E E ALAr B A 2R SN S - TRACE (2022) AL TR
TR > HATR SRR A AR - (B A BRI R SIS AL R AL AR R A 3
INETEES » HakEatg 30 ~ 60 ~ 90 Kz 120 K43 AN 12.7 ~ 21.9 ~ 21.3 J 15.2% - HEEREAGR K5H (2022) 45 58AMHK -
AREEAN R A BRI =R 5 2 7 F {3 RS o SR (BERESROR IS IIARE - BEZRNTFTHE By
WAL R IIE N =N A B VHYAL B (B R (Goldberg ef al., 1992) » %ﬁﬁﬁﬁ%gﬁﬁl#ﬁ(ﬁ?%k G E



274 AW e R SIS H E RD AL T & LN ATREUTE i

RV > SRIATREA RN EEERN -

* 2. AFHIER AR SNSRI AL A ALy 2

Table 2. Effect of offering exercise ground at night on milk composition of Holstein lactating cows under hot season (THI =

74.5) in 2023
Dietary treatments

Item Tunnel ven-tilation barn TVB+ Exer-cise ground SEM P-value

30 days after trial
Milk fat, % 3.63 3.74 0.14 0.57
Milk protein, % 3.06 3.01 0.03 0.78
Milk lactose, % 4.83 4.80 0.02 0.41
Somatic cell count, 10*/mL 17.2 194 1.64 0.44
Mastitis, % 12.5% (1/8) 0% (0/8)

60 days after trial
Milk fat, % 3.72 3.75 0.13 0.87
Milk protein, % 3.16 3.11 0.03 0.72
Milk lactose, % 4.87 4.82 0.03 0.58
Somatic cell count, 10*/mL 20.5 24.8 245 0.28
Mastitis, % 12.5% (1/8) 0% (0/8)

90 days after trial
Milk fat, % 3.68 3.64 0.15 0.57
Milk protein, % 3.1 3.08 0.04 0.84
Milk lactose, % 4.85 4.82 0.03 0.54
Somatic cell count, 10*/mL 23.9 28.9 2.89 0.30
Mastitis, % 12.5% (1/8) 12.5% (1/8)

120 days after trial
Milk fat, % 3.72 3.77 0.16 0.48
Milk protein, % 3.18 3.21 0.03 0.87
Milk lactose, % 4.87 4.89 0.03 0.57
Somatic cell count, 10*/mL 25.7 29.6 2.75 0.57
Mastitis, % 25% (2/8) 25% (2/8)

SR TECT (THI &Y 74.5) SR AL e S5 5 (o B AL MR A LB 2 2B R 3 - sERas SR S BURH 7 R
A TR M EEE S RN & 228 M GOT ~ GPT ~ AP ~ CPK } LDH 5 E M EARE - Stojevi ef al. (2005) F5H
{EFRAAE 2 GPT 81 GOT B{EH 737l Fy 44.91 + 6.93 £ 20.08 + 3.74 - AgEniisHA4-EHY GOT K GPT #{H 7y
A1 68.1 — 72.8 Jz 24.3 — 26.8 B¢ Stojevi et al. (2005) Frall V48 fys - BURAZBIETHE - MHBE 2R o] MR E
TEH AR T AR G2 S HIFRE (Kaneko et al., 1997) « MR IER AHFEN T - Saan i 2 H g ELa T ApasE
BAR G mmdaE sz m S - ERERREN TOEE - TR dIiEay 2SN JRE B a T Y
g ZE NS I (Li er al., 2001) « ARERERIIUE AEACEMHITRE - TR R AN E R E U R A & S 5 HOR R
FEFERUESE RN 72 > BT 73 — 76 #ilE > RILAEHRA R EVE A | o #EAARS SRV g AR BN S  2 4H i f
B AR ([HEAHERA B AL ST 30 ~ 60 ~ 90 K 120 K SR BIIE4H © Abeni et al. (2007) 5 HEE &
et AP JEMEREE - Wi HAF S (LR N IEERHY & UK - RIRERE(LECEBER(LIEA - Rt AP 2
BN B YRR B A S e —IRASEEE & - S BENEaIF g VIR & - T AP JEMEMRE R B EaRHR 2 B R+
A (Kunkel et al, 1953) < LDH FsfFAE4HAE - HRBE (Lol ~ BB - WILIA RALIER » & — g b Gt am s th i
Z o BNEFE g ETE - LDH Bie s » S MK IEREEF < 1,500 1U/dL (Schmid and von Forstner, 1986) »
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AeBEmigHAY LDH B 1,500 TU/L - WFgEtfsd - SR EA N i LDH » 5 i e R E 2B AR
TEfAEVEF (glycolysis) #3458 (Min et al., 2016) °

*® 3. AFIERIR NG R MR 2 &

Table 3. Effect of offering exercise ground at night on blood chemistry of Holstein lactating cows under hot season (THI =

74.5) in 2023
Dietary treatments
Item Tunnel ven-tilation barn ~ TVB+ Exer-cise ground SEM P-value
30 days after trial
Glutamic-oxal acteic transaminase (IU/L) 68.1 70.2 3.51 0.54
Glutamate-pyruvate transiniase (IU/L) 24.3 26.1 1.54 0.57
Alkaline phosphatase (IU/L) 45.2 43.1 1.64 0.45
Creatine phosphokinase (IU/L) 142 164 323 0.62
Lactate dehydrogenase (IU/L) 675 692 33.2 0.49
60 days after trial
Glutamic-oxal acteic transaminase (IU/L) 69.4 72.4 3.89 0.45
Glutamate-pyruvate transiniase (IU/L) 25.4 26.8 1.98 0.76
Alkaline phosphatase (IU/L) 46.3 44.5 1.78 0.42
Creatine phosphokinase (IU/L) 154 178 38.1 0.73
Lactate dehydrogenase (IU/L) 664 687 31.8 0.54
90 days after trial
Glutamic-oxal acteic transaminase (IU/L) 70.5 72.8 4.78 0.59
Glutamate-pyruvate transiniase (IU/L) 25.6 26.8 1.89 0.63
Alkaline phosphatase (IU/L) 45.2 443 1.87 0.51
Creatine phosphokinase (IU/L) 167 187 30.6 0.78
Lactate dehydrogenase (IU/L) 673 681 342 0.87
120 days after trial
Glutamic-oxal acteic transaminase (IU/L) 68.4 68.6 2.45 0.89
Glutamate-pyruvate transiniase (IU/L) 24.6 24.8 1.32 0.91
Alkaline phosphatase (IU/L) 44.1 42.7 1.64 0.65
Creatine phosphokinase (IU/L) 146 178 38.3 0.52
Lactate dehydrogenase (IU/L) 650 664 354 0.86

W A

ORI ECT (THI £ 74.5) 48 120 Kt EEEN G- STy BrA R B2, - B268 30 £ 90 XA
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Effect of exercise ground at night on milk performance and

cows locomotion score of early lactation Holstein

dairy under hot season ‘"
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Abstract

The purpose of this study was to evaluate the effects of exercise ground at night on locomotion score and milking
performance of Holstein lactating cows under high temperature-humidity environment. A total of 16 Holstein lactating cows
were assigned into two groups according to their milk yield, parity, days in milk, and body weight. This experiment is divided
into control group (indoor housing all day) and treatment group (indoor housing during the day and exercise ground at night)
for 120 days. The environmental parameters of the cowshed (temperature, humidity), locomotion score, feed intake, body
temperature, respiratory times and lactation performance (milk production and milk composition) were measured. The results
showed that during the same period (16:00 to 04:00 the next day), the ventilation tunnel barn's average temperature and
humidity index was 74.2 + 2.4 units, while the average temperature and humidity index of the night exercise was 74.9 + 2.5.
Providing exercise at night for 120 days tended to retard locomotion scores (2.44 vs. 2.19). After 30 to 90 days of exercise
at night, the cattle's dry matter intake and milk production tended to decrease, and their body temperature and respiratory
rate increased. However, there was no significant difference after 120 days. Milk composition and blood properties were not
significantly affected by treatment. From the above results, it is trendy to exercise ground at night under a high temperature-
humidity environment, which could help improve cow's hoof health. However, whether lactating cows were kept in exercise
at night during the hot season must also consider the local climate conditions and whether the exercise provides fans and

sprays. Cooling facilities were provided to provide a more comfortable feeding environment for cattle.

Key words: Holstein lactating cows, Milking performance, Locomotion score, Temperature Humidity Index (THI).
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Abstract

The application of artificial intelligence (Al) in livestock farming is drawing increasing attention, especially in fields of
improving production efficiency, monitoring animal health, individual identification, and enhancing feeding techniques. This
article focuses on research conducted between 2014 and 2023, exploring the facets of Al discussions in livestock farming,
the subjects of study, and the technologies employed. Using the Web of Science database, the research collected and screened
30 articles as the primary research papers. In the realm of livestock farming applications, the discussed aspects included
animal behaviors, individual identification, feeding assistance, health monitoring, breeding and reproduction, and counting.
The research subjects primarily comprise economically and nutritionally valuable animals worldwide, including cattle, pigs,
and sheep. Moreover, the research employed deep-learning techniques more than those using machine-learning techniques.
The advanced technology, Al, is poised to optimize the management and production processes in livestock farming, making

substantial contributions to the future development of the industry.
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AWtFeZ QY RAEI R IE SIS MR IS 0B L5 (Thermal-humidity index, THI) ~ $§EMIEREIR E K
BREER > WEEEr 1 HZE 5 AR S AISHERMEZR - AptlaliER2bib il 2022 4 H IR R EC I RRHIR
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R e 12 /NRE 2 UAE 3 F - EEEIEIRE AL 12 AF1 1 A > B—F R HIRREEAR - 28 & EiL
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HERUE 2 (Follicle-stimulating hormone, FSH) 15545 2 (Luteinizing hormone, LH) AY43# » FSH F1 LH 38 38 (& {5
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RENETEZ I RE R E > FEHESE N — SRR — MR R A o] 652 F5 tH PRL A R B e B HE41
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T HE FE [ AT TR A B FE ON SRR > FTRE B BUE A MERE(R T o (AR MR TEER IR IR M SR LAY K ZEE (Chen
caerulescens atlantica L.) » HYN S EFINH R FE 2T MR IE & E9E = R ST = e = (van Oudenhove et al., 2014) »

SEHERA ~ 2 RN R BRI R S AR ER (Umeda et al., 1992; Penfold et al., 2000) © ZFEAE =06
RRERREESEST > EEOCPILS E SRS OB EHE TR > B RSl g 81 R
(Karaca et al., 2002) - SEFEEMEIEASENPULZ TNV EZEMERARE e NEEAE TARNETEHNZES
Ty HAZ WERE T BB EE 2 TRV ETE ) B R = W 2R — 222 (Mellor, 2001) < Nguyen (2019) 5 HitE 175 1)
HZEEREBIRA - FEIC4HRE (Leydig cells) PR ZRAYES) JHEEE S - RILEVGE 20 T4l E )X (Ohashi et al.,
1995) -
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S B ERZHIEE » HEARIT% D E - BIRABESAEYZ S BRI XSS RSERFAIER
EHE - Ai5E S EIERRC S S BRI T UREE SO A THI(E - SEEHIAND RS M ASE BRI /i H I & -
THIEHSENEE - FAE - AREFPEEERLE 222 -

MR T A

L slEREny)Eeate
{5/ 2022 £ 1 Him 40 Bife 2 DS N6 46 & > GFEFBRIRIM ~ BEELY 230 ArHKRSHEIERI
ERIES - BRI R 1,056 403 x 710 25y SREZDEI R B 2R - HIEUKE B - SEekHEE » &6
BEEETARE 4 ELRFGEYIEL - GRERSINE L -

* 1. ASBROZE S S EREHRL

Table 1. The diet composition of White Roman ganders in this experiment

Item composition

Ingredients (kg/ton)
Yellow corn, ground 30.00
Soybean meal (44% CP) 20.00
Brown rice 30.00
Wheat bran 6.00
Alfalfa meal 7.00
Molasses 4.00
Calcium carbonate 0.50
Dicalcium phosphate 1.50
Salt 0.30
Choline chloride (50% purity) 0.10
DL-Methionine 0.15
Lysine 0.10
Vitamin premix’' 0.20
Mineral premix’ 0.15
Total 100.00

Calaulated values
Crude protein, % 15.00
ME, kcal/kg 2,557.00

! Supplied per kilogram of diet: vitamin A 10,000 IU, vitamin C 2,000 IU, vitamin E 20 IU, vitamin B, 1 mg, vitamin B, 4.8
mg, vitamin B 3 mg, vitamin B,, 0.01 mg, Biotin 0.2 mg, vitamin K, 1.5 mg, D-calcium pantothenate 10 mg, Folic acid 0.5
mg, Nicotinic acid 25 mg.

* Supplied per kilogram of diet: Mn (Mn,0,) 80 mg, Zn (ZnSO, « H,0) 50 mg, Cu (CuSO, * 5H,0) 15.0 mg, Fe (FeSO,) 80
mg, I (KIO,) 0.85 mg, Co (CoCO;) 0.25 mg.
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#E o BRERHIFH S ¥ 6.17 £ 3.71 A TEEEIREE 6 H ) 1.37 £ 0.55 A58 » FRASEREL Ali e al. (2015) B
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Fig. 1. The annual variation of photoperiod in Changhua Beidou area (A) and temperature humidity index (B) under the
indoor-house system.
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Fig. 2. The annual variation of cloacal temperature (A), body weight (B), testicular weight (C) and testicular diameter of
White Roman ganders under the indoor-house system.
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Fig. 3. The variation of semen volume (A), concentration (B) and sperm motility (C) of White Roman ganders during the
breeding season.
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Fig. 4. The correlation between the length of photoperiod and testicular weight (A), semen volume (B), semen concentration
(C), and sperm motility (D) of White Roman ganders (** P < 0.01).
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Fig. 5. The correlation between THI and testicular weight (A), semen volume (B), semen concentration (C), and sperm
motility (D) of White Roman ganders (** P <0.01).
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Fig. 6. The correlation between semen concentration (A) and spermatozoa viability (B) under CASA and iSperm” analysis.
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Seasonal variations of testis development and semen quality

of adult White Roman ganders
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Abstract

The aim of this study was to examine the temperature-humidity index (THI), cloacal temperature and body weight
of geese under indoor-house system in respect to their correlation with semen quality of White Romanian ganders during
breeding seasons between January and May. The length of photoperiod and temperature and humidity in the indoor-house
system in Beidou District, Changhua City, Taiwan in 2022 were recorded to calculate the THI, while the cloacal temperature,
body weight, testicular weight, testicular length and width of adult White Roman ganders were collected every month. The
results showed that the length of photoperiod was more than 13 hours between May and August, and less than 11 hours in
January and December. The THI in the indoor-house system was higher in July and August, and the cloacal temperature of
White Roman ganders was higher in September but still within a normal body temperature range of ganders. There were no
significant differences in the body weight of ganders in different months. However, the ganders showed the heaviest testicular
weight in February and lightest in July. Gander semen was collected between January and May to analyze semen volume,
sperm concentration and sperm motility. The results showed that the largest semen volume was collected from February
while sperm motility was lower in January. In addition, the correlation among the photoperiod and THI were compared
with the testicular weight and sperm properties was compared, indicating a highly significantly negative correlation with the
photoperiod, THI and testicular weight (r = -0.74, -0.88, p < 0.01). The present study demonstrated the annual variation of
testis development and semen quality of White Roman ganders and can provide references for further academic studies and
applications for the industry.
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EHEDR 3 x 2 /N T-5ET > Bl =& H & & (crude protein, CP) » 735l 5 14.5~ 16.0 ~ 17.5% ; R _HAHESE
(metabolizable energy, ME) » 43 Hll k5 2,700 kcal/kg ~ 2,900 kcal/kg ; FFpEHH40 24 €% (FEH -"FEE » FEES &)
It 6 FEHEAH - 3 144 & 5 TEREHS 30 MR aAE T - s 6 A - BRI R e R - B MERE - B EHl
OB e FER - R8T fEPAREAE KEEEEH 30 — 35S AREAOG TS FHEE - EIHEMAE
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hen /day °
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BB TG ENE R G HE S — > EM5 LB - 28 eSS > RILFEMEFR KRR
BHEE > X RSB0 - REMSEESENG - R4 R ERE G A FEE 0 2 RS - B
2 E A R 4s o (AR LR BB ey IE R EUR N K HEERERER VI E S S HEEMRE - Kt
H 2005 FREEEFEE AT (AREEHT ) BT/ NEH 2GRS > 40 Bl EEE 104 FUlESE 44 HOHZ 60
MR - Al R R EEEAVSOE A ERI R (F1 0 2020 ) A6 2014 4 12 H 1 HERER DS PSEETmRE
50 0 2017 fERERAYR T ER O AMEE H R M EER  REHEOE (P TR ORALER I AR HHE
EHEEFEEECHIRHERL MBS TSR AR E S IE R - WA B VIR — iﬁﬁ%%ﬁ
DA EAR OGS FHAEERE ST WM RAEEI - BAT&EsAT KB 1L R R HET /N S
B EHI BB ET 2 FSE (E) > 2003 5 5 0 2004 5 5E 5 2005 5 FKZE 5 2008 5 2009 ; 2010 ; 2011 ) > BT
ﬁﬁFE%Z SEBEEWMEANEE - BN EES LR E e fl E SR P HE S (crude protein) ~ X3

AE (metabolizable energy) ( MRz {R » 1994 ) i H & A E B AEFR & (MR > 1997 ) 5 SHMERG R fEZE sl EHE
zm%%&&a%&%a&mw~$%mmw@ iz 0 (Arbor Acres) 53575 5658 > s TR > AlfRHLEEE
2% o MyjtEA CHERER - EEHRARE > EESENT 15 — 19%  AEESE/1 2,800 — 2,950
keal/kg » {HH GRS AR BAERY: - EUEETAMEREE S » BB AED R T RAVME - AER A E B8EE
T EFRLE S IR bR > 2 E P E8 /) (Pearson and Herron, 1982; Wilson et al.,1983; Spratt and
Leeson, 1987) - (Kt » Aita IR EEEE QB REES EHRBEEE » DR TG R T2 EES T ETHE
MR R O S E R R M TR R R E R ECEFTEE » IR A -
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(4) #E/E¥E > E-mail: cmhung@mail.tlri.gov.tw °
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Al Ea rEE S E RS ET > SREY 2 - SRS - KEFEannEihsyig
& K /N DA B SR T 111-20 SR04 -
L SEEhyelstinsts
A H R AT AN & B4 P S5 - sl 3 x 2 /A F&at - Bl =M EEERERE
48 (CP)» 23Rk 145~ 16.0 ~ 17.5% : K —fE(CHEES R (ME) » 4755 2,700 keal/kg ~ 2,900 keal/kg ; sEfHad
TRAH R R B R T BB B T E IR | o - Féfiﬂﬂ 24 EH (R —EE 0 FEE S &) It 6 JEH
a1 144 & o [FHEHG 30 BElHs AR TR - SUEHE 6 8

1. SRRk

Table 1. Composition of experimental diets

CP, %/ME, kcal/kg

Ingredients, % 14.5/2,700  14.5/2,900  16.0/2,700  16.0/2,900  17.5/2,700  17.5/2,900
Yellow corn, ground 50.98 60.77 48.21 56.34 44.36 50.48
Soybean meal, 44% 18.5 22 24 26 29 31
Wheat bran 12.9 0 10.4 0 9 0
Pulverized limestone 10 10 10 9.9 10 9.9
Dicalcium phosphate 2 2.1 1.9 2.1 1.9 2.1
lodized salt 0.3 0.3 0.3 0.3 0.3 0.3
Choline chloride, 60% 0.07 0.04 0.05 0.02 0.03 0.02
Vitamin premix' 0.2 0.2 0.2 0.2 0.2 0.2
Mineral premix’ 0.1 0.1 0.1 0.1 0.1 0.1
Soybean oil 4.1 3.7 43 4.5 4.8 5.6
L-Lysine, 78.8% 0.28 0.24 0.12 0.11 0 0
L-Threonine, 98.5% 0.17 0.15 0.1 0.09 0.03 0.02
DL-Methionine, 99% 0.37 0.36 0.32 0.32 0.28 0.28
L-Tryptophan, 98% 0.03 0.04 0 0.02 0 0
Total 100 100 100 100 100 100

Calculated value
Cost’, NT$/kg 14.99 15.55 15.25 16.00 15.74 16.66
ME, kcal/kg 2,700 2,904 2,702 2,904 2,700 2,905
CP, % 14.5 14.8 16.1 16 17.6 17.6
Met + cys, % 0.86 0.87 0.86 0.86 0.86 0.87
Calcium, % 431 4.32 4.3 4.29 431 431
Non-phytate phos-phorus, % 0.52 0.51 0.5 0.51 0.5 0.51

Analyzed value
Crude protein, % 14.71 14.12 15.56 15.83 17.46 17.23
Crude fat, % 6.16 6.24 7.04 6.66 6.83 7.41
Crude fiber, % 3.08 2.01 2.94 2.3 3.13 2.27
Calcium, % 4.57 5.4 5.17 4.69 4.61 4.62
Phosphorus, % 0.71 0.66 0.63 0.66 0.69 0.66

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

* Supplied per kilogram of diet: Cu (CuSO, * 5H,0, 25.45% Cu), 8 mg; Fe (FeSO, » 7H,0, 20.09% Fe), 80 mg; Mn
(MnSO, - H,0, 32.49% Mn), 60 mg; Zn (ZnO, 80.35% Zn), 40 mg; Se (NaSeO;, 45.56% Se), 0.15 mg.

* Price of the experimental diets was calculated according to the ingredient price of LRI feed mill in Sep. 2022.
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1L shBREhY) . e Bt B 1

HE BRI IR N (E A EERE T - BRGEDE 16.7% ~ (UHHEE 2,851 kealkg Z EEEATHIER -

S res > SR (11 F4 H 21 HE 6 A 2 H ) Fofim B RECRIR 77 5 K 32.5CEL 23.2°C - P94

RS Ky 82.6% 5 HZAHIRRENE 12 /NEF 48 73 2 13 /NIF 27 o » SeHETEEIE DI RERE RAEIN A BRI 5% IFRLG

BLRE (EH 13 /NIREE ) > SENEIN 30 SrEEE A H 15 /NEF 30 4788 eI o PaBRAT —BEMEEFAER  EEEK
FEEEMEITOM - BT R 6 2 50 - SR (30 — 35 8l ) K REPRERER » ERINER LA HET
R WK ENRAEERE N ES - MigHRa IS EER (8 &) REMRR HAE X - &
6 K AWITHIFNEE 2 ~ 4 BREERE 55 3~ 5 BT NI > 12 ss “REEEEE S X #ti b

=&

ERaREe P IERECSST AL R utant i

L HETE H 87k

(@)

(i)

(iif)

EEEMERE ¢

L oyl el BB s sl Bnss R EE(EpI RS B - BB L = SRR E - FtGAITIEE -

2. EHERHR B & (feed intake, g/bird/day) = (FAHEFEERFE—HAGHREE (9)/8&)/7T K

3. ‘PR (average egg weight, g) = (G EEEREE BHEE (9/8&)/7 X

4. £ HZEER (hen day egg production rate,%) = [( AL ER TR ZE—HAEEEH /8 &) /7 K 1x 100

5. & HFEER (hen day egg mass, g) = (EZHEEZA /100 ) x “PIHEE (g)

6. FHELL (feed /ege) = EHWEE (9 / EHEEE ()

EEME 7y RINEE 31 ~ 33 ARl it GHEBEESEHIVENIER 24 /NEPRUHIEES - 1T

EEHIE ©

L R EHE - DIER R EHE 28 ( EEE IR JIHIE 28 Model-HT-8116, FHK, Japan ) » #E4T 2R HIE

2. EREEEMIGE © BT B 2 ERRATIE A% - AFREREE - 3 A ES ~ Rl B 7R 8 4, (equatorial area) £
Y —$REERL » DAEPKImESHY SRR SR (FHK, Japan) &5 &EREE (mm) (Nordskog and Farnsworth,
1953) «

3. E\EfEE - LE TR R (Mitutoyo, Japan) JIE #E 2 MR ER  WatBEREE (ENER/ EK) x
100 -

4. dENEFBOILER R - #5H 16 GEAEIEE 2 HINESBGILES (Roche Yolk Color Fan) DAEL 2 #
BEE » (T 1 — 16 28 55y o

5. G EAL ¢ ¢ Silversides and Villeneuve (1994) 22 A\ EHEZ K B (7 (Haugh Unit, HU) » B[l HU = 100 x log
(H-17xW*+757) b H BEEEE (mm) > W A2EE (g)

NG EREBLMALR RIS 32 fe 34 eI T A TS - B RmEE R Z 20 EAHFUFR 1 1 8

DPBS 1 {%#7F£/% (Dulbecco’s Phosphate Buffered Saline, Gibco®) JE&1% - FERFZEREELL 0.03 — 0.04 mL

TERRER G > BOfE 144 &R 1 R (FL 28R ) - KRN TIAE 24 /N2 - WEEEEEN 15Ch

JEEEHTT > FHE T AN IRE1REE 8 RAWE 1 R (32 AR ) » Wik - /3 RlECsk R A =~ W LS -

L 3ZKER - A A 7 KRR ERRRE - BIEARERMER S - REMEE 5 & H HEE -

SZHEER (%) = (ZHEER + B L4 EH ) x 100

2. WHER © DL 21 R WU LR 25 RE -

(1) SZHEEWH LR (%) = (FEFEH +~ 25 EE ) x 100
(2) ABFEMEER (%) = (#EZEE + fLIF b4 &S ) x 100

IV. 455747

(@)

(i)

(iif)

()

EEEEMERE © BBaRT 1 48 (29 Hle ) RekERai R (35 MR ) BT EHNE » DUNERESL - ERENA
e ES LT EE 8 & Ralip il - Talipiiit 24 EREREA - HtWEHREE - V&R - EHESE
- EHEER - RELEHEE > HUESERH—HBEL - Talbadtt 3 [E8Er -

EEME © ERGEEAE - EREE - EPEE - ERESFHOLLEESE - ZREA > UEEES & »
Falbasi It 24 & > LUERE R E Rel bR AL -

SRR RBIELR ¢ REES 32 K 34 PRI ST N T < WEL48 B3 - 2GS - BEZEE > DIgEE R —
BB AL o NIRRT T2 HEER ~ A ER LR - AWERLE - Talbasi It 3 [l -

BB AT E R LASRET 70 1T 247 (SAS, 1996) EHEHRAS » EATHET 047 » (EH — MR RR P 1T 8T 70
1 > DL Student-Newman-Keuls Test (SNK) EE# i B 4H S5 {E > 7= BLERE M -
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I ReE#(L
gk R [E 0B RaE E o B H AT (29 iR ) BEadi R (35 iR ) ER ST EFHBEE(L ¥
BER (R 2) B 0 sERAT (29 Hile ) BBE - Sl mEE =R > RonEBiEnEiAEE 5 {229 — 35
FtRSE (LA LL CP/ME = 16.0/2,900 4H (85 + 39 g) B S A HANAH (P < 0.05) » &% 5 LA 10 It /egg BB &
FFFECESEFA] (NTS$/bird) » 3920 CP/ME = 16.0/2,900 4HEF A7 S 453 « 1 16.0/2,700 4HAS S 1L (38 £ 54 g) 8
FRRHAMAE (P <0.05) » RAEREGE -

*2. AEEHEEDEEER S EHHERAT (29 B ) BEERETR (35 B ) 0S4 NS EHRE o pE
Table 2. Effects of different dietary protein and energy levels on body weight of LRI White Silky Chickens at start (29-wks
old) and end (35-wks old) of experiment

CP, %/ME, kcal/kg

Items 14.5/2,700  14.5/2,900  16.0/2,700  16.0/2,900  17.5/2,700  17.5/2,900
Body weight at 29-wks old, g 1,299t 146 13461170 13351168 1,333+166 1,3351148 1,390 £ 156
Body weight at 35-wks old, g 1,373 £154 1,402+190 1,373£216 1,418+187 1,388+ 141 1452+ 147
Change of body weight, g 74 £32° 56 £ 29" 38+ 54° 85 £39° 53+£24% 62%37™
N =24

Mean * SD.

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

1L BT MERE

R A EEOEREESELE 30 — 35 BRER A TS T EEHEA MR 2 SR (W13 ) #
o IEEHEEZIM » BLCP/ME = 16.0/2,900 4H (90.7 + 3.6%) i » 8l 17.5/2,700 40 fit @375 40 » B3
EREHANAE (P < 0.05) - BiYHLESEAIR » AR EDBEREEERE T - ERLEBFHEEEERY
=R I (Bagheri et al., 2020) » H & H 40 BB 8t 14.5/2,700 ~ 14.5/2,900 K 16.0/2,700 41 » HiF & = HEH
16/2,900 2HAH - (HE HEERAFHER(K (P < 0.05) s 2N T SEEIHENER 17.52,900 2 » HEHZE
AR 16/2,900 4H{R 7 R - HEH R 2= B R oo 2V HIIE - B 580 » EE O BRSNS
BUgENID - B IIRRZIAH RSV A R E (Olgun ef al, 2021) - FHMEEHERBEERNTFERN T
HEEYR  HEEOEREERNE  IHEERZZEIHE - EENETENESRTZUE  AE6E
ENAGHNESE > HAREEREEENTESER > AIEERTEEERIENY MES (Waldroup ef al., 1976;
Pearson and Herron, 1982; Wilson and Harms, 1984; Spratt and Leeson, 1987) - DIZEZFEE 1.5 kg M= » HEEXR
70% B > FR 2 ARIHEEREEE 264 keal > EEEREES 2 90% B > S ARG TIZE 289 keal (NRC, 1994) -

TEEEEJTH - Salbadi i 252 o [h455L81 Pearson and Herron (1982) sl HiRHAEL'E 16.5 —
27.0 Ave SRR EAEEINL © {HEL Waldroup er al. (1976) f5fEHEIELE /MY 14 — 20 A5 » HE
MEERBEEOEBRNENINME AR bR ER A& P S E#EEH . E0E T KEREAE - 5k
Pearson and Herron (1982) 5555 H (U AEREEUE /177> 270 — 385 keal [ » & EFERE EFEEUE IS I Z RSN -
AR EERE T ET - FRHEMMZEERBEEERITANA » vl AR EE s =R
ZIRA - FEHmEEITH - SolbasHF M 25 - 4550 Pesti and Fletcher (1984) 571§ : fif@&EH'E
SEANZEGRHRE R WEHE - fEEEREERR CRELL ) - EHEEEF T » Sy meE=
B oo

TR AW R R BN 5T T & SRR I 4 52 - B4 L8 Wilson and Harms (1984)
f551 ¢ 5 F B E RIS 18.6 — 23 /A% Spratt and Leeson (1987) #4578 : 5 FSRETE A 19 125 /A%
FRAHBEE EHRIL 325 — 450 keal 1 + TR BPZHIoR R AR - ZREIHR COBRINTEE R - 5
BE - T R KM E® (McDaniel et al., 1981; Robbins et al., 1986) -

FEtligEaREE  REERR - tEERELEERNARE - EASNARCSRESH S BT

EESMREZ ORI E 2 - IIEEEIEIZNTEZ B8 (NRC, 1994) HitEmMsE 2 EAERHETRZER > 7
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7l B 15% £ 2,900 kealkg : Y H W-36 SCREUIERE 2 FHEE B H SUUHRERZE > Al K 15 — 16% 812,822 —
2,910 keal/kg (50 W-36 SCELUEREEE T IR > 2016 ) - ZEREERT 308 (ROSS 308) B AA+ SCEHAfHEE
ZHEAEEHETREE - 515 13 — 15% 912,800 keal/kg (ZEHT 308 SCRIAUTEA A& & B4 - 2016 1 &
PR + SRR AR B > 2016 ) - NS H#MZEBMIRLA S > BEBRFEFESH LB IRE (TR
k> 1989 )  EwmalAT TSR BN IREDIRE B R ERETE B E 15.5 g ~ fUHIAE 270 keal AIfSREHEZ BIEMAE
(PREER - 1997 ) © NRC (1994) A TR SRR 15 g EHE R 350 — 450 keal Z (UHIAE © AHTE B
AR 195 g EH'E > FROEHAERE 165 g EHE - HIRATRBR L &5 04PN H #ELL EHfEE I
/N o ATREBURA H EAC R HE (DWDW) 2 FREE FIEH 2 70% (Waldroup and Hazen, 1976) HYf5ZIIIL -

%3, FREERECERER SR 30 — 35 BE e 4TS B ik EnEEie Y pe
Table 3. Effects of different dietary protein and energy levels on egg production and reproductive performance of LRI White

Silky Chickens during 30 — 35 weeks of age

CP, %/ME, kcal/kg

Items 14.5/2,700  14.5/2,900  16.0/2,700  16.0/2,900 17.5/2,700  17.5/2,900
Feed/egg 251£0.18 2371017 245%£0.06 231%£0.10 2341002 23%0.14
Hen day egg pro-duction rate, % 83.7+2.0° 842108 839+16° 907136 875+t18° 854%29°
Average egg weight, g 37510.6 389+12 384%0.6 383%0.5 38.0%f1.1 38.8%1.0
Hen day egg mass, g 31406 32712 322%0.7 333%18 333107 33.1%£02
Feed in-take/bird/day, g 78.714.5 774135 789124 803133 777121 762149
Infertility rate, % 72.0+8.7 657X 153 657%f55 7071140 71.0£3.0 713%104
Hatchability of incubated eggs, % 627%85 5131199 537%115 6701104 68.0t44 61.7£10.6
Hatchability of fertilized eggs, % 86.7t40 76.7X11.0 813%11.7 953+50 953%f25 863%f29
N=3.

Mean * SD.

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

1.

EE S

AR A EEABEREESEY 30 — 35 BAREAO& TS FHELE 2R EGER (WF 4) B 0 (25K
BB R S, CP/ME = 14.5/2,700 4 (6.3 + 0.6) ~ 14.5/2,900 41 (6.1 * 0.5) £ 16.0/2,900 4 (6.3 * 0.6) 5
ES R HEHAMLE (P < 0.05) ; AJRER AviE 3 dHEs R ETRRAHRR (05R 1) W EREERHMAL A5 - FoRPIVES
ZWBESEBG - TEHENESBEO I EREFBEIEEE (Roche yolk color fan score) Y 7 — 12 4k
e EEEENN T — 9 BEALEE=EINT 9 — 12 4 (1 > 2007 ) - ZEEHIEER S F BRI E5HEE
2 (carotinoids) » [T JEEHZEE MRS HAH L O] 75 BiHZEE 2 (carotene) FIEEEZ (xanthophyll) - i HYEZEREDL
BEERES (5R 0 19865 {5 0 2014 ) » FERETFERESHBOILORE 9 — 12 NE=EBE > Al EERS
BEVESA 18 — 35 mg/kg o ARV R ELY 50 — 60% > HIgAR YIS S 847 10 — 13 mg/kg » #
Al AR S B R oKk %ER K (corn gluten meal) B2 E 751 (alfalfa meal) 5 1R & B s 2 GRHERE » SR ETR IR
I 22 (EK (marigold powder) BB (chili powder) BCEFLHY)EYVE HER (1 > 2007 ) o {EEREE R ERR
SR T - Sl E R - EREEEER R EIIBEEN R ARG - SR E g2
BT - EES RS R EIRIAC TR Z 2 (Bar ef al., 1999; Anderson et al., 2004; Khajali ez al., 2008) - [HE&EZE5H
FE4E L Hy-Line W36 ZEZEH 32 MBS By 4.16 kg/om’® Fy7= (EH W-36 7 i QAR HEf B -1 - 2020 ) » {H
FFE—MCEEE 0.26 — 0.36 mm HYERLEE (EE > 2001) -

EEEEDTH - SR EE AR - EPEEGERIL—RERIEE 72 — 76 1VHiE A& > ATl
il AP FHNEPIL— R HEEE - BRI E2HE - FiRERNE > —fRME > eELEZE
PABER A &S - HigE s 2 SR hnm e/ - Q&L E 2 SRR ZFEERE - M
LM RE SR BT R E T R 2 B R P B R EERTV AR (78 0 2007 )  EZER B T » S el nsiE i
BAE A o LA RELHIEE 2 SZICEAL 80 — 90 fyim > Tl AeELAE SR DUE H Wit e AR - £74 Hy-Line
W36 SEHEZ AL 32 T £y 93.2 24558 (V5 W-36 p i CERE AT R EH T » 2020 ) - —fAES R BT 2
79 DL EEF B A 4R - 61 — 78 E—4%K » 60 DL N HIFI A 4K (United States Department of Agriculture, 2000) - %
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Ein B IR G AT S IO e - e R SR TR B S & - i - % - BRECTT ~ R
B IR IEFTs 22 (& > 2014; Roberts, 2004; Khajali ef al., 2008 ) »

F 4. AEEEEDEHEEEEY 30 — 35 BREN OGNS T HENE 2 E
Table 4. Effects of different dietary protein and energy levels on egg quality of LRI White Silky Chickens during 30 — 35
weeks of age

CP, %/ME, kcal/kg

Items 14.5/2,700  14.5/2,900  16.0/2,700  16.0/2,900  17.5/2,700  17.5/2,900
Egg weight, g 37617 388+%29 387%23 385%*23 388+53 387%29
Egg shell thickness, mm 0.323 £0.025 0.335%0.026 0.322+0.025 0.326 £0.020 0.322 £ 0.026 0.324 +0.029
Egg shell breaking strength, kg/cm® 2.542 +0.495 2.730 £ 0.667 2.610 + 0.574 2.570 £ 0.500 2.748 £ 0.587 2.580 * 0.469
Egg shape in-dex"” 782126  779+22 77.6%18 78.0*15 772123 779124
Score of yolk color” 63106 61105 55%06° 63106 55107 57104
Haugh unit 91.1£7.8 940166 926*47 93.0+60 91.8+64 933158
N =24.

Mean * SD.

" Means in the same row with different superscripts differ significantly (P < 0.05).
) Egg shape index = (width/length) x 100.
@ Formerly Roche Yolk Color Fan is 16 scales color index to distinguish the yolk color density.

1V. égg;‘j@&?fzé

tlR PR EESEREESEN 30 — 35 BitEl OGNS EBAE N 28 (WK S ) Bor > BL10 T/

egg BAr EEFH S EHEFH (NTS$/bird) » #5910 CP/ME = 16.0/2,900 4F5EF 55 - f5 8 R RERE ST BF A B 327.0

TR 839.3 7T « #1480 7T /kg BAMT EEFF] (NT$/bird) » HILL CP/ME = 17.5/2,700 4HMEF = » SEFERFEES R
SFFI B 60.5 7T ©

x5 FEEEECHMEESEY 30 — 35 BiEAO KPS F O Um 22
Table 5. Effects of different dietary protein and energy levels on economic benefit of LRI White Silky Chickens during 30 —
35 weeks of age

CP, %/ME, kcal/kg

Items 14.5/2,700 14.5/2,900 16.0/2,700 16.0/2,900 17.5/2,700 17.5/2,900
Feed cost # , NT$/bird"” 49.5 50.5 50.5 54.0 51.4 53.3
Egg income per bird® (as NT$ 80/kg egg), NT$/bird ~ 105.5 109.9 108.2 111.9 111.9 111.2
Egg income per bird”(as NT$ 10/ egg), NT$/bird 351.5 353.6 352.4 380.9 367.5 358.7
Hatched chick income™, NT$/bird 771.5 635.0 662.3 893.3 874.7 774.6
Net income per bird® (as NT$ 80/kg egg), NT$/bird ~ 56.0 59.3 57.7 57.9 60.5 57.9
Net income per bird® (as NT$ 10/ egg), NT$/bird 302.0 303.1 301.8 327.0 316.1 305.4
Net income of hatched chick'”, NT$/bird 721.9 584.4 611.8 839.3 823.3 721.3

) Feed cost (NT$/bird) = [30 — 35 wks feed intake per day per bird (g) x 7 d x 6 w] = 1,000 x feed cost (NT$/kg).

@ Egg income per bird (as NT$ 80/kg egg) = [30 — 35 wks daily egg production amount per bird (g) x 7 d x 6 w] + 1,000 x
egg price (NTS 80/kg).

® Egg income per bird (as NT$ 10/egg) = [30 — 35 wks hen-day egg production rate (%) x 7 d x 6 w] x egg price (NT$ 10/
egg).

“ Hatched chick income = [30 — 35 wks hen-day egg production rate (%) x 7 d x 6 w] x hatchability of incubated eggs (%)
(NTS$ 100/kg) + 100 x chick price (NT$ 35/bird).

© Net income per bird (as NT$ 80/kg egg) = [Egg income as NT$80/kg (NT$/bird)] — feed cost (NT$/bird).

© Net income per bird (as NT$ 10/ egg) = [Egg income as NT$10/egg (NT$/bird)] — feed cost (NT$/bird).

7 Net income of hatched chicks (NT$/bird) = [hatched chick income (NT$/bird)] — feed cost (NT$/bird).

* Price of the experimental diets was calculated according to the ingredient price of LRI feed mill in Sep. 2022.
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Abstract

This project aimed to investigate the different dietary protein and energy levels on the reproductive performance of
LRI white silky chicken. The experiment was conducted with factorial and completely randomized design to determine the
minimum energy and protein requirements for the best reproduction performance of LRI white silky chicken, thereby to
reduce the production cost of chicks. A 3 x 2 factorial design was adopted on the LRI white silky chicken of the experiment,
namely three types of crude proteins (CP) (14.5, 16.0 and 17.5%) and two types of metabolizable energy (ME) (2,700 and
2,900 kcal/kg respectively) were used. There were 144 birds for 6 treatments of fed ad libitum. Each treatment included
three replicates of 24 birds each. Each replicate comprised 8 birds. The experiment was conducted for 6 weeks at 30 weeks
of age. Egg production, reproductive performance, egg quality and economic benefit were collected during the experimental
period. The results showed that the optimal CP/ME combination of different proteins and energy level on the egg production,
reproduction performance, egg quality, and economic benefits in the experiment of 30 — 35 weeks old birds was CP 16.0% +
ME 2,900 kcal/kg group. The daily intake of CP and ME was 13 g/hen/day and 235 kcal/hen/day, respectively.

Key words: Silkie chickens, Nutritional requirement, Egg production performance, Reproduction performance.
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AH7E HEAH — B/ Saat ZRATEMES - W PAREM T &TEMI5E 2 BKIE R ZEIOK - BRERE A
WrEs o BEETARNERE AR ~ PRI KT 3 (EFEER A ) BRI EE (hydrogen sulfide, H,S)
EhpRZ 8 - RAEMES B 2,000 AT B OB - B ] ORI AEBR KSR - ERELUREFHE
il - SeE EME AR o sl AR S BUOR K ARG ER - SR ERIE AR (RERER ) HE i
50 ~ 100 ~ 150 A1 200 L/min - 5 10 73 §E4CH/KERTR/ AR T HS JRIE ~ Pk pH EERES - EHHR HS R
Bl UK pH EZ BRI NS (R 50 - s8R — Z &5 REBUR > 120 80 om ~ ~SPIHERTSER/K pH {H 7.76 — 7.96 ~
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FAAREDEREAT (100 £2 150 L/min) #)i.2 H,S KERFIGEE S HYFE R (P < 0.05) » =185 2 MR Bl REioK
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i

BEYOG 2 KRS HERYEE RMEY)  KRRREYFEEEME - EEBAHNHEEEZEY) (da Silva e
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Fig. 1. Schematics of the experimental system.
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RN H,.S EE - HERm H.S JEE
St (RR) = et 1 P PRRAT TS R g
SRR H,S JRIE

P39 H,S-S EYLAERIREE — i (SO,"-S) R AiBE I HFE /AT

WA sulfate JEME — #E57R7 sulfate &
(H,S-S) transfer to (S0,7-S) = —————————— % 100%
HE R H,S RS — HERnG H,S RS

V. Gt

AERGT AR LIAIE + R RO - SRR R AT A S B 25 HHE SPSS (55 25 Rt ) MET TR

R URIE ~ BN Z BB T (one-way ANOVA) B [T R 3T (two-way ANOVA) » 3578 BIZFIFTER -
FILL LSD TR ME T FIE A - BRE/KERT Ry P<0.05 -

e RN

L REIEREARRG SR

ERAE 80 om I o BEE SABRIHEIAETT - FEPZEROK pH EAERY) 20 S E FEEIRTR (1B 2) - Z1& ThEmEE

RITET T s G B —TRE(E (49 100 7388 ) » R EDNERE AERES BT - BETRESRI I (50 — 200 LPM) - 1
PWZEHoK pH E FREAVE(EEIARL > SEREPZEROK pH R & — e - (B RA R - ARhzE
FIRRE(EAVREES » (EAEERERA 200 LPM B (R 1) > pH TR (pH declined) RURERE & Y HAUE RIERA (P <
0.05)  SERIARIEFUK B FUOKE B EIEEE 2R CREI) » (€ pH E1E SRR g GBS K MBI -
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Dl ROt B K B R ER PR LS 2%

SEMR KPS pH BT RE A R R - R ESA T B o SRAR R A R (R ) FRseioK g - i HyS 8 CO,
JEREEESRAS > TR pH (B % sl R EBHRRIR T (CREIR ) - Hf H,S 82 CO, iiatbarf sy il
FoKe > BHRER L HS R R IR - HERRRRR AIEE (L - SUBR-PI9ia R H,S SFRE
&U1E 2,520 + 100 ppm - EHlBRHEITIF > H,S -PIYRFRFRELEANE 3 Fror > £ 50 B2 100 LPM f HZ R T 8
{EIEERY ) - BT A ARG INE] 200 LPM B - KERRTIRELERER - FrAslie s AR S g ET T
Pk - mi&IR R —TREE -

820 r

8.00 g —&=50 LPM =0=100 LPM =0-150 LPM =@~200 LPM
7.80

6.60 1 1 1 1 1 1 1 1 1 J
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Time (min)

2. AEDHFREAEARFORE 80 em K - $IEH0K pH (EFEIFH 2 81 -
Fig. 2. Time variations of waswater pH with different gas injection rates of liquid depth 80 cm.
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Fig 3. Time variations of H,S removal rate with different gas injection rate of liquid depth 80 cm.

EHRIE ARSI Ry 50 ~ 100 ~ 150 71200 LPM 1 » f4% H,S “PHEFRARR 5375 F 81.3 ~ 80.9 ~ 77.5 B4
64.1% (= 1) HEEFREAR 200 LPM Ff - HAFRRBIZRHATREAR (P < 0.05) > 5l PHmés H,S RE R
507 + 72 ppm - pH B H,S KERRERAME TE@E551 - Hm B NERBN — TR E - 555455 41 Baspinar et al.
(2011) ~ Lien et al. (2014) F1 Ou et al. (2020a) FHAHFE.ZHEIE ¢ 7K pH {E IR ECPREE INHE R 2 E R AR G (K
H,S KFR# (Ou et al,, 2020a) - RHR T ERE CO, [FRFREEF/KS » 2 pH ERFE AR - SR8 EFR pH
SR B HRE AR (WA RE AR ) - FIHBABIIETT HS KRR -

ENERaESEE Y
R 2 BUR R A FIRIEZRE 90 B 100 em > FHFCE SR — 4 SUER AR Z P4 H,S RFRREGER - lEER R
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AN (B 50 LPM 4b ) » 5 H,S BERFRZE(LIFIE - A MHEEIRELEES - BRI 100 cm 5812 5772 80 cm
(P < 0.05) » FLREE RN RN 2 R - R TRRE T2 HS B - SEIE 50 LPM K55
4200 LPM (P < 0.05) » 17 LB B0RHE » BFIEE AT 2 HLS s SRS » BRIl -
ERRBETEE o BRI - SRR E B 2 B g g hn (& 4 ) - PIEERERZEZET (200 LPM) » /7 H
RIE 73 A1 Ry 80 ~ 90 1 100 cm B » Fe#%FH9/HER H,S PRI HIE 64.1 ~ 66.8 B2 68.6% » FE & €5 34 i b
Tr(E S ) - 2 ElEtEE — 2 ERUKELGEF/KOKE BT o (RER ) - EREHER &SI - BMEE pH HEH
FEEZ EEES(E (P < 0.05) » FARIAE 90 vs. 100 cm B » 7R ELES R pH 53 Al By (7.94 £ 0.04 vs. 7.47 £ 0.11) vs. (7.72
+0.08 vs. 7.23 £0.10) - ¥EREHFR ZIARIIEER CREH) TREHE—HE - BIFER H,S RS
HESR (P <0.05) o s\ER4SE B R Chou et al. (2010) ~ Lien et al. (2014) & Ou et al. (2020a) 2 W22 BA fH[E] > 8%
G > RS ATRE R HE (PR (Chou er al., 2010) 173 FERZR(E Fy 50 LPM B » %€ 100 em 7 K FRIZSAMERL
80 B2 90 cm » ] R 2 R AR K pH E T RERERCK » M E0ER H,S A% » B0 IR E Vilhs
é’lEZWQ%#EEK/J\W&Z*%KEE% o FEEER4E REURERK pH B TR NG 2 B ARE - (H2 W Ik
I (BT ERIEE AR Z R ) - FEZ A BN H,S R - HUZIRFHVSER A 1 B HE R (R R

.

1 R 80 em A[ENEFE AEREEMOK pH EBEUHR T H,S RE %

Table 1. Effect of pH of washwater and H,S concentration of biogas with various biogas injection rates at liquid depth 80

cm

Item (s) Gas injection rate L/min (LPM)
50 100 150 200

Initial pH 7.88£0.13 7.79%0.19 7.96£0.15 7.76 £0.07
Final pH 7.31£0.04 7.25%0.09 7.28£0.07 6.9310.14
pH decline 0.56 £0.14 0.54%0.12° 0.68+0.17° 0.83 £0.07°
Initial H,S Conc. (ppm) 2,437149 2,593t 12 2,530£96 2,410% 101
Final H,S Conc. (ppm) 456 = 60 499 7 567 88 880178
H,S removal rate (%) 81.3+2.3° 80.91+0.9° 77.514.2° 64.111.5°
Mean * SD.

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

2. NENR A EERIE A EERY H,S EfrR 2 8

Table 2. Effect of different liquid depths and gas injection rates on H,S removal rate

Liquid depth Gas injection rate L/min (LPM)
(cm) 50 100 150 200
80 81.3 +2.3%™* 80.9 £ 0.9%* 77.5 £ 4.2%* 64.1 1 1.5%"®
90 84.0 £ 3.8%™" 76.6 £ 1.0%"" 72.6 £0.1%™" 67.2 £ 2.0%™¢
100 77.0 £ 1.5%* 76.9 £ 2.3%"* 71.8 +1.9%"" 68.6 1 2.8%" "
Mean * SD.

“® Means within the same column without the same superscripts are significantly different (P < 0.05).
A8 ¢ Means within the same row without the same superscripts are significantly different (P < 0.05).

L. A [E] 7 7 =
ARBRAEIRAIFR 3 Fvw » EVEREEE Sy 100 LPM I - 2907 7 H,S EERES (81.1%) HHZE =i IR (E (76.6%)
(P <0.05) > HEEEFRAREEMIIZE 150 LPM B - (H4ERFFEIRE Y SEREE R (75.0 vs. 72.7%) H 2B 2 5
(P <0.05) » SRR - (H EEEERNG 2 pH [ERtA 2R - il H—BRG7 Rk pH B S S H,S EFRFIR
HEATE EMEE _H 2 - Rl 80R - H,S ZERFEA T AR 100 LPM B8 572 150 LPM (P
<0.05) © Almenglo et al. (2016) Z B 4SRRI /KBUER S FIBCE 2 #20F - ¥ H,S RERFFE TR - BUAGA
ERaEIRAHE -
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8.00 =©=830cm =A=90cm =E=100cm

6.60 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90
Time (min)
[l 4. REIRAAEHREAZSR 200 LPM I » $5H#0K pH EFEIRFH 2 1L -
Fig 4. Time variations of washwater pH with different liquid depths of gas injection rate 200 LPM.
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[l S A ERAAEERE A 200 LPM I » #f H,S KFRREER H 2 241k -
Fig 5. Time variations of H,S removal rate with different liquid depths of gas injection rate at 200 LPM.

3. AEPERKER T H,S BRRK Z 28 (K2 90 cm)
Table 3. Effect of the washwater pH and the H,S in biogas with different washwater influent ways at liquid depth 90 cm

Liquid influent way Co-current Counter-current

Gas injection rate L/min (LPM) 100 150 100 150
Initial pH 7.8510.04 8.03£0.24 7.87%0.1 7.7210.06
Final pH 7.02£0.02 7.2610.28 7.05%£0.24 6.6810.11
pH decline 0.83£0.06 0.77 £0.05 0.83%0.15 1.04£0.05
Initial H,S conc. (ppm) 2,337t 101 2,370t 61 2,327 167 2,340 £ 99
Final H,S conc. (ppm) 550%23 663+ 18 44719 585121
H,S removal rate (%) 76.6 £ 1.0 72.6 1 0.1°* 81.110.7*° 76.5+1.6""
Mean £ SD.

" Means within the same column (Liquid influent way) without the same superscripts are significantly different (P < 0.05).
*® Means within the same column (Gas injection rate) without the same superscripts are significantly different (P < 0.05).
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PERIKKE s R
F 4 Ry BB SR KB K A aE SR - HKBE R B RESIMEE S - & pH BEEEREE S
Aot (P<0.05) > 535 ks 7.83 £0.13 vs. 7.38 £ 0.16 > 250 2 MoK g pH H NFE 2 1EFE £y 0.45 - pH HIJEA
H,S B2 CO, /B /KHEHTIEC T FE » TFREMESE IR 1> Ou er al. (2020a) FAEAFZE4ESRETHEHEN - HlKigmeE
GEE T EEENRECERS CO, Frs [ERY » & pH AYREE A ER AT CO, #R UL EZER/K S » B K H,S
ZERRRE  ABRERKZ pH B TT4ERIE 6 — 9 INEIEIN (FFEBUR/KEEAE ) o KBRRAR 2 P ik
RS RENAR KR 2 LR &R LERTAER - KEcaHESE CORE - T8 - ERKORE-F)
SPEAREIEREFEFREEET (50 — 200 LPM) 2 iR L& — i (H,S-S) Z FH9E i & (mass transfer rate) 5771 £
119.6 + 12.9 ~ 227.4 £ 32.6 ~ 342.2 £ 40.9 }% 393.0 £ 15.5 mg/min » JAE T H,S /BFAART » #4552 H,S A # &1L
R REEE (SO,”) » BECH IO KR BRSNS _EFHE MR 7= 7 (£ 4) < 15 H,S-S B Lk i iz 5 — i (SO,”-S)
ZHECREAE 51.3 1 19.6% » #057 AAE Sl R EEY) - 40 ¢ SERREREE (SO5”) ~ W UHiAEEE (S,0,7) (Fortuny er
al.,2011) -

PEROKZ 48 (1,856 mg — CaCOy/L) B EN/K (4950 — 550 ) BHEZOK (&9 24.8 ) > B BAFELTAIAE

HESR BRI SRBE T ES R

S 2 P RBFR O Z SR IR 5 For - BRFAZ H,S SIRE/KERIRERE RSN - Hbr
RIS ZTRIE > A0 e CEbR R ERTE » HBLER LR T - SSREUT > AL ESEIRK R
M > DASEARSRUKIE TR b @R 0k - HeREREO IR B (E - AR B ERFRZEE -

4. =EE R IR BRI E 31
Table 4. Influent and effluent washwater qualities of all experiments

Liquid source Influent Effluent
COD (mg/L) 1,018+ 199 990 + 181
SS (mg/L) 366 £ 166 3241160
TS (mg/L) 2,659 1322 2,644 £ 315
VS (mg/L) 1,296 £213 1,283 £203
EC (us/cm) 3.46%0.74 3.58£0.79
pH 7.83£0.13° 7.38£0.16"
Sulfate (mg/L) 272 £ 66 273169
Talk (mg-CaCO,/L) 1,856 + 153 —
Mean * SD.

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

5. efbatls 2 R O EEHER AR BURE
Table 5. Inlet and outlet biogas component and concentration of all experiments

Gas source Inlet Outlet

CH, (%) 61.1+19 623119
CO, (%) 308+ 1.4 29.1+1.6
0, (%) 0.61+0.1 0.610.0
H,S (ppm) 2,520 £ 100° 507 £72°

Note: the whole dates include every gas injection rates (50 — 200 LPM) and liquid depths (80 — 100 cm).
Mean * SD.

“® Means within the same column without the same superscripts are significantly different (P < 0.05).

w W

FEHEREHRIE AR TR KR T SR AE S R SR A oK pH B TR » 0 A sE e

7J
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A H,S RFRAR o (EIRRUKR 2 P ERRU L EURE B (590 £ 144 ppm) » &EASEHOK -PRABRERRIE - BP9
B R BRI R I - BUREEHUA T /K b Z i b S IR B - B ERPHI1E (51.3 £ 19.6%) - “PHIBEHK 248
3% (1,856 mg-CaCOy/L) » H BAFEEFAIRES] - sl P I AKE - BEIOKER &N (Fr T pHAE ) > BAE
BT MEEY) RESHER A - BURIDAZ Al TR E MRS -

ae o

ReABK R EREGETE (106 21} -2.4.1- & -L2(5)) £CEME) - sUBRHEHRFEEE AR AN S L8 -
JE&7K o3 B 1L UL R SRR 52 TRE T Se i R BB E B = R 1A - Fyatas -
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Abstract

The research aimed to use a wet scrubber of simple design and the wastewater containing activated sludge from the
aeration basin as the washing water to aerate biogas into the scrubber. The study analyzed the effect of different biogas
injection rate, ullage depth inside the tank, and water inlet method (same or reverse direction) on the removal rate of
hydrogen sulfide (H,S) in biogas. The wet scrubber is a 2,000-L black plastic tank with a handmade biogas injection pipe
placed on the bottom of the scrubber. The air inflow is controlled by flowmeter, with the ullage depth set up inside the tank.
During the experiment period, the washing water was withdrawn into the tank and overflow discharged. The biogas injection
rate of the experiment (also known as gas injection rate) was 50 L, 100 L, 150 L, and 200 L per minute (LPM). The H,S
concentration in biogas, the pH value of washing water, and the inflow were recorded every 10 minutes before and after
washing. The experiment would be halted once the H,S concentration in discharged gas and the pH value in overflow water
stabilized in variation. The trail 1 results indicated that under the conditions of ullage depth of 80 cm, average inlet/outlet
washing water with pH between 7.76 - 7.96, and the average H,S concentration in inlet biogas of 2,520 £ 100 ppm, the final
average pH value of the washing water fell within 6.95 and 7.31. Under the gas infection between 50-200 LPM, the average
H,S removal rates were 81.3 - 64.1%, with significant differences (p < 0.05). In trail 2, the final average H,S removal rates
were 64.1 - 68.6% for ullage depths between 80 - 100 cm and gas injection rate at 200 LPM, without significant difference.
Trail 3 was conducted on the reflux and parallel of water and gas inlet, while the H,S removal rates of the reflux under the
different gas injection rates (100 and 150 LPM) were significantly higher than those of the same flow (p < 0.05) There was
no significant difference in the water quality of inflow and overflow washing water for the three trials. Only the pH of inflow
was significantly higher than the overflow waster. Hence, the result indicated that using the wastewater from the aeration
basin as washing water was feasible while the H,S removal rate and pH value of washing water reduce as the gas injection
rate increases. Moreover, the gas injection rate of increase in ullage depth could defer the reduction in pH value and boost the

H,S removal rate.

Key words: Biogas, Hydrogen sulfide, Wet scrubber.
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