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BN Y B © BiaE? BB MERY R 00

WelkFH - 11056 H 8 H » B2 HIH - 1104212 H 28 H

W B

A Rl e - ERH RS RREHP A - B8 E BT R 2 REVHERHESE - fERIG TR
TERVERE(FE > AR H AP R (S e HR A f T HER e RO R AL AL B R AL IR - AT oe i FIBR
B T 4F - BRER5E SR & HAR (total mixed ration, TMR) » [EIRFECERA-ERGI ~ IBAL AR > PRaTIEA B iR}
PRI THER) S KEDRAAALE R IR Z 528 - SEREUR © DIHBIHERHRETT o M HER v T e e
AR AL B AT ESE  BAL A AT AL BT 16% ~ e EMIEFL & (energy corrected milk, ECM) £ 10% ~ FLH5
AT 9% ~ AELEEL) 8% ~ FUFEELY 16% ~ FLHERLY 1% ~ BrEH ELY 8%  MEA5[EFY) & (solid-not-fat, SNF)
&9 13% ~ ZITAERIAGRIEE (polyunsaturated fatty acid, PUFA) JRMELY 8% K FRERASRIIL (free fatty acid, FFA) JRIE4Y
13% ; (B Ll (RALAERREY 4% ~ LEAERL] 4%  BREHHRLY 4% KEINIAGHTEE (saturated fatty acid, SFA) &
FEXY 5% o AT FEaE Ry 5 BhHERHA o] fE B B SR PO b AL AR RV BB SR 5 - I B R 2 AL B R AL oy EE B e T A B
Bk

BRdER © TEHERL - HEnHERE - A& - ARy -

i

Tl EEZ B & ESBATR T AT (DU TBSTRERTIT TRT ) 7 106 455 [ HBhERHE (EfRHaHE ) - Kedlke
HEAEERHE - HECRAETRER B IR R - 2E8EEL - KERETFEELSEAFIS S5 A - MR KRR A &
BN EVE - Wia B E R E S R ERGT - SRR T A B AR I T E SRS BU R R BRI R I RE - TEE
f o B HORHES H IR 2 RO ESE - BUES A\ THERHE LR R vl T TR E VAR EE R > BB AT - 2
109 & » NEESHRITTEA S0 ZAFGEAMRE (ITHRRREZEY © 2020 ) - FEIABEPEReE 8 EM
e > FHEEVTSE BT R PRI B TR AR E R B B A BIREIF R B #HERHE T2 ek - a6
WAIETS - AR a4 ERFEN FEISEE TR E - 4TRG-S R e B R ag 27
PAREE R E THER DU - S R e R - 155 (2020) ZWFZE80R » HERHAS NS & BT RITA R EEE
HIRZEE » 2B SEE HURA A ORI ER T A R [EIHVEFE - HRHEI A IR S E HEIER - e A E i
EG S BERSINFLA B B (BERSEETT 4% 0 P <0.01 ) K289 (EERGHETT 6% » P < 0.01 ) 17 55 - MEFE(RAF F ( B2HSlE
7% » P<0.01 ) BARZEG A 5 E) (BEAGIE(K 4% » P<0.01 ) Iff -

seE R R R ST A Y ETHEEER (Bargo et al., 2002) - FFEAHTEE B ICEGE T2 B » P
RADAFTYEREE @ HEZVEREEZFRE(TR - B - BT @5 3817 %22 (Grant and
Albright, 2000) - DeVries et al. (2003) AR REREAE BRI Z 0 FE S EMER T S ENINF-EREe R - LT
EApRL R HIBE R 5 |4 &8¢ (DeVries and von Keyserlingk, 2005) o 5 #5220 R Al A= (feed manipulation)
S ERAE T ~ BB BRIy T = DA InFL & 1A ¢4 (DeVries and von Keyserlingk, 2005; DeVries ef al., 2005;
Watters ez al., 2013; King et al., 2016) - &5 W5a0 Fy/b &2 & 08 I B E AR N ZLAER 2L & 547 % (Gibson,
1984) » WP RIE AR ~ AEAE - ALEPYF L E SNBSS (25 > 2003) - DESE (1 KEET 1

|

) fTEb e EZ B g BT e B 55 2687 55 -
Q) TR EZ B G & BT T3 AT -
(3) #EN/EFE > E-mail: tpa@mail.tlri.gov.tw °
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RULE) BI S EFE RGN 5 [ ERE > WINFGHAREE » HERAHE —IUARE AR » ENEE
J%4 % pH {H (French and Kennelly, 1990) » 5 it 52l B REESS TN FLFEH & (Gibson, 1984) ~ H[7F{L4&4E (Dhiman ef al.,
2002) kB EERER (Méntysaari et al., 2006) e

ERER N A B E  FEIFFAVER A FAEE - Gibson (1984) WFEHE R MNER G EUE 1 £ 3 K
Bf > HNERBE BN A% - AAEE - AR RAEOEFEIEIN - Shabi e al. (2005) FIRER BHFHE B A
BRI 2 EAHRE > TREFE {4 SRR 7L & < Shabi er al. (1999) HIWFFEER » Lh#E HERET 2 X 4
K EREMEERBYT - 661 4 KA ELR - AEOE - AEHRE - AEE - AEREIAREE SRS - HIE
HAM A EEREE RS  FHERE 1~ 2 K3 RNVEZYEREEAREEZR  HEAEEERCRAEEEE
FL (Hart et al., 2014) » AAMAERKRAIZEARE » E—POTKESEYESNVEZYERBEEER » BURHNVIE
FERBERE D ~ FREHERENE - NI IEAEZYE R & R(RAEZES o Le Liboux and Peyraud (1999) B Shabi e
al. (1999) FIH9EFRR » EaRE HIEEREZCEE 1 TN 2 R - K 4 KIGHE] 6 X G REReasE - H
EHNABANIHZE - SSAWI7EELET TMR & PMR (partial mixed ration) AYsRER4H & » 458U TE 2R G HiE R
mREe HENNSEREEN N » AR - AHE - AEQ KAEEIALR T INEFZEZR (Paddick ef al., 2019) - 55
BB —RERE | K 4 AELLEL - —RERET | ARSI EReREAE » HEEEREAALF 853
= i/D (Phillips and Rind, 2001) « 4 » S5—IAWTFEETUR S BREE2CE (K 11 R) BMRERETRE (5K 6 X)) f8EL -
o BRI B 2 e i i A AL B R TR R AR ] TP (Mattachini er al., 2019) < A FL 2 ELFL TGS
— R ELE R e A FHCOE R AL A R B R AL B I 9T 5 R (Johansen er al., 2018) » B HEZV/ERBEERA R
SyAsghn 1.3 F 1.6 kg » {HiE2H kg ALEA KAHALRD 0.5 K& 1.4 g » BURILEAVY I sE BN FLB T A MR
% °

BB B TR LLER A i DA B B TR e e A A L2 S AL T A 2 - AR BG4
MEEE 4 > WA e R e HIE » sCik PSR - WILAE > NS4 EAE R IR TIIHE -

M A

KEHFEH K 2 BB T o sdT » B2 (A - fE KBRS BB T P E e g B &
B fttAE 2 30 (IACUC No.109 - 7) BAEAEnE AT -
L EYfiEERRE
Aeh BB 4H - W FLA IR TT ~ TR B RS ] B AR A R A B B Ry e ( BE5E > 2020 ) [ —alEg oy
GHAHETT o BB f 2 4H > HERIAHERHERIAE » MBS EEAL 2 (05 1 00 > 16 © 00) - &ifE  BR/K S EEE B Ay
HHERE - WHENREGHF L0530 (2 1/3 &K TN 14 0 00 o 2/3 & » SERIEG HARAHK (525 ) W
1> FrA s - E 0V KR 3% NRC (2001) 32 14-6 > JRFLELY 35 AT AN 3.5%  EEHE 3.0% AKX
4y 90 Rz A A4S BN E TMR » BiE(REERE ~ (F8R » BHAAGERSHEZ/D 5% 2Rt - HER&HER
eI~ SUHAIR B B 2 A A - B mi4H 05 TR 85 e R4 BE% +2 - FIRbR N —&HIERR (05 1 00
14 :00) - R} 4H B AR H Y HRET 06 00 ~ 11 200 ~ 15 2 00 & DA THER} 5 $fft4H (5 A B Al] HETWIN 84
Stallboy feed pusher 5 FhffEfe} 1% » £ Miller-Cushon and DeVries (2017) & Z & FR 2 = (5 A HERH& B TE i 0% -
19:00~20:30~22:00~23:30k1:00Z#HETHEFHER—R > RMECHEARINETREER - SEERTEC
A8 Byttt aH R AH « MAH FRHIRIFUL LR B ~ FaRER%E » EFF e slBnba aa nb AL K B G T 7=
52 o MFLREUR IR T i01% 5 HUIALIBELRRRIGET R « SRR HERIAH R M ALIHE | N E 77 Fs 16.40 £3.03
vs 18.30 £ 1.75 kg/d » MEFEZ R - HE AR - 2 REEHEHEE -
1L AR FL BRI AR R 4R
BB A E 125 BEH TS B 4 o sREREART R 2017 % 2019 4F - RHBRIAHEET 62 BH (HE 2.02 £ 1.19 5
Hiie 48.69 £22.07 ) » #Eft4H RET 63 BH (FGZC 2.11 £ 1.26 5 Hiik 52.42 £ 21.61 ) » iEa A4 &R WA E - B K
TR~ AE TR - & TIRECREER A= - BN HE WG A Tl - HAER AT 2
{8 B TRz AL 1h 5 - A RAGEWE - AR 40 AR - 30 AR > uaER/b 27 A4 &l
TEEEHAETAARE -  2HAEHEH B AT TAEMEE 2 H ARG RIE BB 2L o BLAS AHRH E 4
(MilkoScan TM FT+, Denmark) 73 HIDHIE B4 5 NP ERE 2 AU - RIBEIIE & B EEf5r (ICAR, 2014)
TR R B AR M o A2 FUBEA LS MTRTE Jels 40°C /KB R METTRR R 218 - DUE T BEEHRAT SR
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(Fourier transform infrared spectroscopy, FTIR) [F#H » JHI& AV ALAGHT (%) ~ AEEE (%) ~ Ak (%) ~ BRECQ
(%) ~ FEASIETZ) (%) ~ BERIAEREE (2/100 g milk) ~ “REEFIASAGEL (unsaturated fatty acids, UFA) (g/100 g milk) ~ B
TCAEEAIRERGEE (monounsaturated fatty acids, MUFA) (g/100 g milk) ~ 2670 REEAIASAGEE (2/100 g milk) &% iFEERs b
fiz (mmol/ 100 g milk fat) - {28 EF LAE Wz 52 1SO (international organization for standardization) MR&E/ET T EHIFZ IE °

1. JEMH B e TR R 2 sl b se R & H R B R oy

Table 1. Total mixed ration for cows in the experiment for the effect of feed push-up during nighttime hours using

automated feed pusher

Ingredients (%), Dry matter basis
Corn silage 19.11
Bermuda grass hay 30.09
Alfalfa hay 15.05
Soybean hull, pellet 12.47
Wheat bran 6.09
Corn, ground 10.11
Soybean meal, 44% CP 4.90
Fish meal 0.52
Molasses 0.86
lodized salt 0.21
Sodium bicarbonate 0.14
Limestone 0.30
Premix' 0.15
Total 100.00
CP, % 17.00
NE?, Mcal/kg 1.50

" Each kilogram of premix contained: Vit. A, 10,000,000 IU; Vit. D,, 1,600,000 IU; Vit. E, 70,000 IU; Fe, 50 g; Cu, 10 g; Zn,
40 g;1,0.5 g; Se, 0.1 g; and Co, 0.1 g.
* NE, value was calculated according to NRC (2001).

1.

Iv.

SHHEAEERIEA R (energy corrected milk, ECM, kg/d) = 12.55 x ZLAGH (kg/d) + 7.39 x & ' (kg/d) + 0.2595
x EALE (kg/d) (NRC, 2001) > DI4-FLEEEH{E 0.74 Mcal/kg B RSBt BN FLIFHE (net energy of lactation, NE))
FE R IEAE ARSI AL E O B &R IE - 7] DUARELEAR [E i@ A E 48 2 R E AL E 752 (Tyrrell
and Reid, 1965) -

EHE - THAREPARENRERE (< 2% 2> 8%) A ERERERE (< 2% 2> 6%) & Z Ak K
JEZ A BRI ARELSET - HEEIBRHZMASFI - laR (1 —6fa) ~ WAHE (1 — 18 A) -~ AEK
FLEGTEHRY « (BRI MALA AL A Bk 12 [EH - @R 74 EREEVINA 3 ENEIERTIABEGET - &
GriR{e IR EAET Ry 3,256 EI B KA ER
FELHE

T B ECRCE THIER (AfiTag 1T Tag assy, Afimilk, Kibbutz Afikim, Israel) {F Ry 5t bk - SCok{E 514 &
i HEH OB A R IR WEERHIALE - EERIEAL TR - BIEEBIEER AfiMilk 245 -
Giatorth

SRR S TR T B B AL 2 LB M AL Bk - DS 7R e A E B R AL & R
FL s 2 522 > EFH SAS 9.4 (SAS Institute Inc., Cary, NC) #YJ MIXED 2 27 75047 ¢

Yiam= i+ FP, + PAR+ MIM, + (FP x PAR); + (FP x MIM), + (PAR x MIM); + cow,, + ¢y

YViam 20 7L FLST s R EERG S FP, By H EHERHEAH A E E R+ (1 = N ~Y) ~PAR, BfeKEERTF( =1, 2,

3,4,5+) s MIM, Folb A HBIEERF (k=1 — 12 » HepSE—4R 5 — 35 K » Z1&%E 30 KR—4E ) ; (FP x PAR);
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Ry B B BLR XS E S RUA T 5 (FP < MIM),, Ry B SRR EBLLZL H BE E WA T 5 (PAR x MIM),, Rshia
RELHA A BE E RN T 5 cow,, 55 m BEAEHIFEHIN T (m =1 — 125) ~ N (0, 6’y + €jam FHPBIEIER ~ N (0,
0 y) © FELTR b 636 BRL i — g LA [ 45 R (variance-covariance matrix structure) 58 FE (5 Jul B 51 (autoregressive
model) i fE#% Schwarz 5 (& EHI (Bayesian information criterion, BIC) SF{L I # EORIAVAZE - =B TELL
Bonferroni 3 1 ZE#E(T HENHERHEAE AT ~ BaZC ~ bFL A BURHAT R E FIRVISE S B EEEL - MDA P < 0.05 S 7=
FKEE -

wm R

SEREUR o HERMSH B R MR 2 A (23.04 £0.55 vs. 19.78 £ 0.64 kg/d) Fz ECM (23.51 £ 0.49 vs. 21.26 =
0.58 kg/d) B A HE AT (P < 0.05) - FEGNAIZT AL ELY 16% 5 ECM £ 10% (£ 2) » #ERHERRE I H b AL
BHEHABEER (P<0.05 (F3) AR 1234 K5 DL EAHERSEERHERSH TR &0 5 5 22.71 £ 0.71 vs.
20.00 £ 0.79 ~ 26.72 £ 0.75 vs. 23.85+£0.82 ~ 26.12 £ 0.74 vs. 22.73 £ 0.87 ~ 19.27 £ 0.91 vs. 16.93 + 1.09 fz 20.38 + 1.41
vs. 15.39 £ 1.63 kg/d - (EAHERHE Z FrA AR XATGER P AL & B BIE S ORHERIH - HERHEL S LR [FL AL H 8y
RESSERE (P < 0.001) (= 2) - #ERISHFBAINE 1 — 10 ARPHIAE BREE S HRHERGE (P < 0.05) (£ 4) 1D
FUH 11 — 12 AR AERAERIA R PO A B IR 22 2 - IIHIIE A H BB YA FELB AL RS By B RE B R
FLEGERAE 1 HERHERHERDD AT 1 — ST AR RRBIEAL &7/ 27.32£0.66 vs. 18.34 £0.91 +29.20 £ 0.59
vs. 21.8010.77 ~ 27.26 £ 0.59 vs. 21.55 £ 0.74 ~ 26.15 £ 0.57 vs. 22.31 £0.83 ~ 24.81 £ 0.57 vs. 23.15 1 0.78 > HEARLEHFA WA
FLIIAT 5 {8 F HIRE EREIE AL BRE S O ARMERE (P < 0.05) » gk 6 — 12 FHAEBE 25 -

BIAFLR ST B B R 2 P E > R AR EIRE T B B SE S TE S TR AL o A B NPT EEE RANTR 2 > iR
SHBLURHAERIAHRR 172 UFA B2 MUFA E R 2R HepEARIR - AEOER - AR - BEOR - 5
EPYIE - FEE - AEHEE - AME - BEAR - BEEPYESEEEER - BRI ALENE
4 9% ~ ALEHEEL 8% ~ FLHEELY 16% ~ FLIERL 1% ~ BREHEL 8% MIEAREIPYIEL) 13% @ EESilE(K
FLRERGHREY 4% ~ AEHERL] 4% ~ BREERL 4% MERREZYIRG 1% - lBREAESER - AER - lBEQ
- mAEEIPYIR - AREE - AECEER - JRE - BEQERIFEEPYEIEBESZR (P<0.05) - WA HH
HILRERR - AEAER - R - BESXR - BEEIPYR - JUENE - AEQEE - JEE  BEAENIEE
EYI RIS EREZR (P <0.05) - fERHEZRGHTSCRESUE & 25 e TH H MRg 2= 2 - HERHELN AL H By Rss
JE & H S MEHEABEER (P <0.05) - FBRELLAH BHIS RSB ALENR « LEEER « R - FLHE
B AEHEE AR  BREABNIEEIPYEFEESZR (P<0.05) -
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Table 3. Least squares means (standard errors within brackets) of milk yield, for the effect between feed pusher and parity
1
Parity” IP. kg/d
N Y
1 20.00 (0.79)" 22.71 (0.71)
2 23.85(0.82)" 26.72 (0.75)"
3 22.73 (0.87) 26.12 (0.74)
4 16.93 (1.09)" 19.27 (0.91)"
>5 15.39 (1.63)" 20.38 (1.41)"

" FP: feed pusher; N: w/o feed pusher; Y: w/ feed pusher. Significance of FP effect was tested on the herd-test-date within FP

variance.

* Least squares means with different symbols (', *) within a row were significantly different (P < 0.05).

%= 4.
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Table 4. Least squares means (standard errors within brackets) of milk yield, for the effect between feed pusher and MIM

MIM? ,month
N Y
1 17.18 (0.96)" 26.71 (0.70)"
2 22.06 (0.83) 29.79 (0.64)"
3 22.90 (0.80)" 28.40 (0.65)"
4 21.74 (0.88) 26.37 (0.62)"
5 22.30 (0.84)" 24.93 (0.63)"
6 21.46 (0.82)" 22.76 (0.63)"
7 21.07 (0.94)" 22.66 (0.64)"
8 19.78 (0.88)" 21.58 (0.64)"
9 18.88 (0.95)" 20.54 (0.67)"
10 16.75 (1.01)" 18.74 (0.67)
11 16.76 (1.35) 17.26 (0.73)
12 16.47 (1.52) 16.72 (0.79)
' FP: feed pusher; N: w/o feed pusher; Y: w/ feed pusher. Significance of FP effect was tested on the herd-test-date within FP
variance.
> MIM: month in milk (1-12 months). Least squares means with different symbols (*, ") within a row were significantly
different (P < 0.05).
@ %0 - -+- w/o feed pusher (®) 30 * -+- w/o feed pusher
- —o— w/ feed pusher * * -o— w/ feed pusher
3 o
2025 25
3 5
.Q % ns ns
;‘ 20 ~ ns ns = 2 MS
= N S
15
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
MIM MIM, month
L REEM B SR B EDL AL IS B E R A BN R (2) REERIEAER (b) (VR E - S AIEE:

Fig. 1.

RS GR EEEE - ns o fEERRE RS *P<0.05
Least squares means of milk yield (a) and ECM (b) for the interaction between effect of using feed pusher during
nighttime or not and the effect of months in milk (MIM). Significance of the differences between least squares means

of using feed pusher during nighttime or not within each class of MIM is reported above the line. ns, not significant;
*P < 0.05.
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Fig. 2. Least squares means of milk fat (a), milk protein (b), lactose (c), solid-not-fat (d), and casein (e) concentration and
yield for the interaction between effect of using feed pusher during nighttime or not and the effect of month in milk

(MIM). Significance of the differences between least squares means of using feed pusher during nighttime or not
within each class of MIM is reported above the line. ns, not significant; *P < 0.05.
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R EF B B hg S R EDL AL R E N A A R ARG ~ AAEAE - AN - EAFERY KIS E H R ilE
ENE/NE I EAE 2 o R BRI AHAZLAE I RN FLEA 7 — 11 A EBEEER (P <0.05) > ALAEH%E Y
BBy (3.94 + 0.07 vs. 423 £0.13 % ~ 4.03 £0.07 vs. 4.36 £ 0.12 % ~ 4.03 = 0.08 vs. 4.48 = 0.13% ~ 4.08 £ 0.08 vs. 4.48 *
0.14 % ~ 4.06 = 0.09 vs. 4.64 = 0.19 %) > Héx H{n 2 ALAERRAIMEEE 2 2 iR ERIERIAE R ZLAERN &7 A FL
Hi1 — 4 BABEZE (P <0.05) ARSI RSB E (1.13 £0.03 vs. 0.73 £ 0.04 kg/d ~1.20 £0.03 vs. 0.87 £ 0.03 kg/d ~1.08
+0.03 vs. 0.82 +0.03 kg/d ~ 1.04 £ 0.02 vs. 0.88 + 0.04 kg/d) » EEx (1 FLISH SR 25 5 o Hellal B HERI4am
AEERPMAIA 1~ 69 BEEZE (P<0.05) 0 43805 (3.21 £0.04 vs. 3.77 £ 0.057 % ~ 3.36 £ 0.04 vs. 3.51 £ 0.05
% ~ 3.5310.04 vs. 3.78 £ 0.05%) > HEgH {2 AEARMEEE AR MHERHSURERAEN A E A EFVULAIE 1 —
4 BEBEEZER (P<0.05)  AEEEHE (0.86 £ 0.02 vs. 0.65 +0.03 kg/d ~ 0.89 +0.02 vs. 0.70 + 0.02 kg/d ~ 0.88 +
0.02 vs. 0.72 £0.02 kg/d ~ 0.85 £ 0.02 vs. 0.75 + 0.03 kg/d) » HH (> AE N SMIBEE SR  fellalEkhl4am A
TERFNAHEA 1~ 89 11 BEREEE (P<0.05) » AFERSTRIE (4.6910.03 vs. 4451 0.04 % ~ 4.71 £0.03 vs. 4.65
+0.04 % ~ 4.72 £ 0.03 vs. 4.64 +0.04% ~ 4.68 £ 0.03 vs. 4.42 + 0.06%) > Eff B {5y A ERMEEZ S F | ikl gk
HERIHAT ARV | — 4 BEEZ25 (P<0.05)  ZUEESHE (1.27 £0.04 vs. 0.79 £ 0.05 kg/d ~ 1.45 +0.03
vs. 1.08 £ 0.04 kg/d ~ 1.38 +0.03vs. 1.12 +0.04 kg/d ~ 1.29 £0.03 vs. 1.10 = 0.04 kg/d) » Efp B (5> A S M SR -
HERHH LR HERH RS B YR ORI 1~ 9 AR ERE (P <0.05) » MEASEZY% 57515 (8.59 £ 0.04 vs. 8.96
+0.06 % > 8.95 1 0.04 vs. 9.13 £ 0.06%) > Hak A {7 2 MARETZY PR EETE 2 2 ¢ MHERH SR HERE AR E Y
EVSLIAEl — 4 BEEZE (P<0.05) » ERSE Y S5 55 (2.32 £ 0.06 vs. 1.60 +0.08 kg/d ~ 2.56 0.054 vs. 1.94
+0.07 kg/d ~ 2.46 £0.05 vs. 2.01 £ 0.07 kg/d ~ 2.33 £0.05 vs. 2.01 £ 0.08 kg/d) - ik B 55> S E ) S MEEE S H -
HERHH LR HERHES 8 AR FULFLI 1~ 6 ~ 10 HAEEE 2R (P <0.05)  BEE A %577 5 (2.43 £0.03 vs. 2.86 £ 0.05
% ~ 2.63 £ 0.03 vs. 2.76 £ 0.04 % ~ 2.86 + 0.03 vs. 3.02 + 0.05 %) » E H () 2 BaE ( RMBEZ S F il Bk HE
BIAAESE LA 1 — 4 BABEZZF (P<0.05) > BREH 8515 (0.65 £ 0.02 vs. 0.49 +0.02 kg/d ~ 0.69 £ 0.01
vs. 0.53 £0.02 kg/d ~ 0.68 £ 0.01 vs. 0.56 = 0.02 kg/d ~ 0.67 + 0.01 vs. 0.58 + 0.02 kg/d) » Eefp B (15 2 F&E [ SMEEE %
oo

BRIP4 T T A0 2 TORE T THRY - BAZCI SFA - PUFA J FFA RS 225 (P < 0.05) -
SRS TAF PUFA JILFEY 8% F FFA JREXY 13% ; SFA JIFEEERI(RLT 5% © S5 R HLEHGJ04e R -4
7 SFA ~ UFA ~ MUFA ~ PUFA J FFA JRHEES 5L (P < 0.05) : PO S THER I IO RUA T el
BRARIRE 2 5 - (R M THER UL VAR SFA « MUFA J PUFA JREATRE R (P < 0.05) - HEkt
SELAFI S BRI EL PUFA(P < 0.05) B FRA(P < 0.05) RIS -

7 &

A ERGE REUT R MO AL ERE S FORHERIAE (P < 0.05) - RIZFES (2020) SeRThZeBURE A B ekt
PAETT I EIHER r] B TR T AL AR I PR e ke ] > o — IR BEAG PR | ER] © 1f7 Grrinter ef al. (2019) BFFERIFR
o THERNEIYIT RENSE R HBZNEYT REASEHERN - ReBRRaiFRN 25 SRR - it
H EhHERHR R S B ER B R B L & P B 7 8 > I8 Gibson (1984) HFFFEAE AL - 5EiE &
RIENIEREIEE | — 3 K> A BMEREEN B - (HIREE T HIAE R AE R AR B B SRR
(Méntysaari et al., 2006) » ZBFFEAE RBUREE HAER} 5 KHEE REICH n] DAILRI S [ &R & AR & H A aRe 12K
FHAGH 2 KPENREeEE - 5HERE S KAV EERSIRERE L St > FEEE AR AIELERE 1 X
AR/ > S e s Y BR BRI AR R 1T A Ry i D/ B R IR IRF R T A5 B FL (X » Munksgaard er al. (2005) RoR¥H4-&
AACEE > el T BE R i B DR A BRI R & BATRCR - 1 Mattachini ez al. (2019) BRIy Ry HHEFTERET 6 X
B 11 2K > & HERE 6 K (32.15 kg/d) FYFLEEHYERET 11 27X (31.32 kg/d) - Ronil 28R EF R EEE B E A AR ] B2
TV o EBY A S EART ] B B 2 R ARRE - B EARF TR DN S R AL BB o (B AR BB e s s (R R
S RAAREFEHEELR (FF > 2020) - WAETR R REIS B - Hoh ST R VSR SRS R -
TS A S A — 2 S BRI R A B e T AL & HEN SR BB LR R B S B3] 2 IEAHRA  Shabi er al. (2005) 7R
FONK BRI HEAE 2 LR > TR HCE R EREMIET AL E - HE2 DeVries ef al. (2005) 58 B{EAEAFEA AT
ERRNMEEZYEREEEN - HIEBDEIIEERR RO R S ER BB S A BNER - HEZEE
FeBUREE REARBA B RV R H AR - Aol REUr - ABBRBIURMEBESRIER - Bkl
BERRHERIAE - £ Hart et al. (2014) FURPZET ARG REEA BIGABEEZR > HREE D inEES



227 J&FH B EE A T IR I R AL A LR S ALl oy < 2

BRI E  KESNABEZSINVIES - WHEEA EERERRAAE ] » RAARARENIAZR - K
FEFNARWESS - HERAVIESREREER - tRREFETENE - (HEReYERaestb&ESD - Alinsd
RN B EANAESNVIES  HERESAE LA RE - HIILERE—ERE - #ERHE R ERE A B3
FER o ApEEHERIAHRY ECM S ARAERIAE » b FUIH ~ ECM BEHERIVRA(G 3R » HERIAH BURHERIAE T FLEA
1 — 5{EHHY ECM FEEZER » BURELAL S EEHETHERIREA R 4 ECM B0 5 BEZATLAE SLELEN 77 Al A B
FERITSE (Dhiman et al., 2002; Méntysaari et al., 2006; Hart et al., 2014) Mz » {H A e 5135 B FAK R EELAS S 7
SENERETE - SREEHEAENR(G - SERIR RN IREAE > SRGARER  ¥ERTEAEE
2%~ SAERBYYITER « SPVE IR AR AR  UFLIIRBAT (Hart ef al, 2014) -

BRI AH BURHERI4HFR T 72 UFA B MUFA FE S ME 2540 - Hap eI AR - A E0ER - IR
MEEAR -~ MAEEIY% - AAEE - AENER - IHE - REAE - BEEPYESAREER (P<0.05) It
£ Gibson (1984) FHEARIWIFTHEL - BUREEAEREIAR A ger InFLAER & - ILIERRAEA R - HRUIFE A
HIPLAE SR AL FLEA SR 6 R BT e - At RIS B R TR E s B AL Sy iy Hoop—{#[A - < Mntysaari
et al. (2006) AT ER i H aREE 1 REL 5 2R - HILEAR - AREHRE - AR - &0 & - AAEHERAEES
e 72 52 5 {H Shabi et al. (1999) HYBHFTER - bhE s H B8R 2 20K 4 R BREIME[EIRVEY) T 865 4 VA EEE -
FLEAE -~ AR - AERE - AR AARESRS  EREAREEEL - I E s eI 4E R Al 2 al e
FER A HEHR B LR [ R4 EEEE M0 RE (Dhiman et al., 2002; Mintysaari et al., 2006) » 7£ Shabi et al. (1999) Eil Phillips
and Rind (2001) t#EIZZEFFPIAAN - BEAFLE AR IMEAT 2N S R e AR m AL B Ve BRI B E
HEREAE T 2 &AHR - Gibson (1984) 20 R BLEETEmbg INERETHE - tREERIA HrEEERST A E KA EN
8 - —TRERENALA PMR FYIRST (Paddick er al., 2019) BIUR » {E&4HARZYVE R ERGHBEZEZRAVRLT » 7§
AR -~ A2 - AEERAEOESMEEER » S ERENTR & BB AREING A 25 o Rl A K
EREH A E - AEHBERRAEHAERAEERE - Hartet al. (2014) S#HUNA H B A B HBEETE > lBEW
FLHBOE A E 20 N - ML E SRR - R ARl - ZUTFE/RhE e HEReT 1~ 2 & 3 K
W E A B ES RN HERERILEREAE A E RSN 2R AR B E » HIIEAIEH
& - AR R b AL iR > KR S L & 2 IEHRE - B2 Il EIRER AR R T (Kaufman
etal.,2017) > JLELARHIREIZZRINVBEAFERT -

IFLIE B SO LA RE B E N L TP ARG R A AR B K 0 I HAZ BIEERE ~ FLBR AR R MEY SR
& (biohydrogenation) Kz BEHSHHFIFH 5 2 BB R THIY 228 (Kay ef al., 2005; Stoop et al., 2009; Gross et al., 2011) o AztE
Bl 5| 2 E A e EL B2 IR RS ~ AR~ AL H B AHRB S B B2 2 - BN E R AVIIHE 5 E
AREREEFHEIIAS > LA B ARG (BRI TEAE ) DIeiksEE & i - F8RER 7 R aE P RERE
BE{CHERR I (non-esterified fatty acid, NEFA) #E A MR EIRT% #E A FLAR R AT P4 A A - SRR EF KRB R4
o3 % R S A R I T & 1 AL AR e ZBEHES A #2 (LS (acetyl coenzyme A carboxylase) j&1E » S22 AR HTREAVHT A
YEH (de novo synthesis) » [F{EF 5 45 SRS B% 725 E LL B (Gross er al., 2011) » PRI AFTHAFLF SFA BRI AR B 7
HEHIEG 7 fHE R PR 4E 2 FFA B¢ (Palmquist ez al., 1993)  BEZAA R BOEID > IR BB AR A I HYIRAR
B BN BRI 73 A G B T3 (Gross et al., 2011) » SFA GFEZ N3 H EIGNI$E S (Vrankovié et al.,
2017) » AEEIFE(ERAFLH UFA BYELRI « BRAh - R BRGNS B EHREINVE 228 (Pifieyraa ef al., 2018) »
NV E e T ZEIMIBEE R KR 5185 s » HEEANLA R EERKENSD » FHEIBRIL VAL S
FFA SRS E R H S » (HEE AT RE R 2 RO i i i & T 2 (H 1568 & & A R EER A (Wathes
et al., 2007) - ARIH5E PEI L ER R AR ZLH SFA Kz FFA BRI B HERIHR s » e AT Ze 88 3R 48 4F
PR SRR B 8 - BURTTRE R HERIAHAY 7L 8 R IR T B AR A8 S O B R B BT IRRE - KRR TE
A] D BRI ARRHC 5 SRR TR o T HBRIAH PUFA SR i eI EfERIAH S - RIATRE F A IR M e TR 15
FERBEN AR S WE AR - SRR S e S AR R e 2 - [ A/ NG G & #L f PUFA
EE - WESRIEREEREA A4 A A SN A e oo E (@A A BE ZE E0978 )7 (Kala et al.,
2018) °

w A

AW FeERE e E BHERHR I R I THER S DDA AL B R AR B2 RS - GEREURDIE B
TR REHER P T M R A LB ALY EE B AL FLIARAT 4 [ H e 2 ZLiET 8 ~ ALEREE - M
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R FE T Z R
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Effect of feed push-up during nighttime hours using automated

feed pusher on milk yield and milk components

of Holstein cows "
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Abstract

Poor feed ingestion during summer daytime can be improved by feed push-ups using an automated feed pusher at
nighttime. This could stabilize the feeding management, compared with the conventional manual push-ups. In this study,
we aimed to assess the effects of feed push-up during nighttime hours using an automated feed pusher on milk yield and
milk components of dairy cattle. Lactating Holstein cows were housed in semi-open free stalls and fed with total mixed
ration (TMR). Parity and lactating records were also collected. The feed push-up during nighttime hours significantly
increased milk yield (overall 16%), energy corrected milk (ECM) (overall 10%), milk fat yield (overall 9%), lactoprotein
(8%), lactose yield (overall 16%), lactose concentration (overall 1%), casein yield (overall 8%), solid-not-fat (SNF) yield
(overall 13%), polyunsaturated fatty acid (PUFA) concentration (overall 8%), and free fatty acid (FFA) concentration (overall
13%). However, we also observed minor decrease in milk fat concentration (overall 4%), milk protein (overall 4%), casein
concentration (overall 4%), SNF concentration (overall 1%), and saturated fatty acid concentration (overall 5%) using
automated feed pusher in nighttime. We believe that an automated feed pusher is beneficial for commercial dairy farms, with
the advantage of improving milk yield and milk quality.

Key words: Nighttime feed push-up, Automated feed pusher, Milk yield, Milk component.
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RS Bk AR £ & ARk 2 Ao O
STJSL ™0 HRAE e ©

WefFEHER: 1098 H 13 H s 2 HM : 1114E1 H3H

W R

ENEREEER R R EEE R SR RELEIEL  BARIGIFAEEA SR MACTK AES - &
BEEHEG ARG S B IR KR 4 2 258 - AIRSeSeE R/ N ERS (10 L) Tt =N kR N B e %
K o GEREBUR  BHBREAK 3 I LU INE R FEREAERR A, (K JJIE ISR HRT = 5 X ) BF& (HRT =3 K ) AR TR »
i FRA% G K 2 60 [E B8 (SS) ~ A {LFE & & (BOD) R LE TR A& (COD) 43 Bl AyBk & ( HRT 5 X ) 19 110.0 ~ 60.2 Jz
476.0 mg/L Fr 474, ( HRT 3 K ) (9 89.0 ~ 29.0 K 201.0 mg/L » R4y R E3E 94.5 ~ 93.7 K 80.4% F195.2 ~ 97.0
91.8% o St/ NSRS T SE R S = B AR AR (ARUEETE 600 L) #EfTEARRE/KERIIST - SRR
SZME (HRT 3 K ) Z{&HET > BEE/K SS ~ BOD K COD 43515 89.4 ~ 39.0 7 134.0 mg/L » HEFRRFI B 92.4 -
94.5 J2 96.0% - W3¢ 4k FyliE B /K4S HRT = K Z it =R B0% - ol UM /KA « pRIRI% /KR Z A= )8 H 50
CFU/mL /K& /K& &2 E#E - NEaEREDUE -

REsHEE - BIEREK - e - R -

1

BN RS AE 7 R SGRICETE » I8R5 MBS B B A e e o Rl Hay B R R & R B
RIS SRR R RIS 5% - [ISH (2005) WIZEASREET - W6 FI PATHRMSLR 25 466
12 g B EMEE A A {EFE4A & (biochemical oxygen demand, BOD) 30 g/ €/ H ~ JA[F 65,000 mg/L ; {LEEEH
i (chemical oxygen demand, COD) 77 g/ &/ H ~ BE 166,000 mg/L ; & FE RS (suspended solids, SS) 32 ¢/ &/ H -
JEFE 70,000 mg/L - (HEFINE IS S 2O ~ AEEE RIS > A = EEEEEERE 2 ERE > A
1/3 R B &SHEE R B AR RN « —fACHZEELY 30 ecm > K LLUERR 1 mm 7L B & TENR 8% i 0 R A 5786
EEHE - EHPRER TR EEICOKE N EE 2R - B/ BISSEEOHONK 2 X SEiEES
BEKE 9 L &KEIRTEIEEEMEREVT IR > DERIEE T UBREREE 3 2 5 K KE T BEKEBE&TEM5
JeiEF AR 1 2 1.5 RETAERORKELE « 2155 (1999) f5 e & A& A A BEEE R R BB/ E 2 158
FHEEM/KE 36 L /c45 - H BOD Bl COD R 737l F 900 B 1,900 mg/L » JREF AT EIR T #ES B PR ES
e -

HEENESPRRK Z BOD ~ COD J SS R[5 A K5 21 — 167 ~ 51 — 975 J: 26 — 1,305 mg/L » Al 45 F A
SEBSIEAEMAMER  [HRE SIS ERCKEM KRR > BKh e 258498 & SIS EK
i > &8 TR UR FRIG BV r] ZE RO /KARZE (B - 2005 ) - EHEE S T A MUHSEf B 1% - SNFERBERLK
MRS K ERSE) - sSSP BE/KRA R B4R IS S IR 2 A RS - B/KEERE
T RIB K 2 /K ETAE R R - AREKEES B A AEYEE T (B - 2011) » RtEaEIEREK
PRI TR S TRE - Bt - AUt BT S e R IGRE K 2 /K BRI - Wi BRI ET R /KR H s Es - BT AHR
At EESF -

|

() TTEbE S Z B G E A BT e i 2555 2688 5F -
Q) TElE#Z B g EmEA R EE Y -

Q) TRt R B G w BT T fT «

(4) #E/EE > E-mail: chjiang@tlri.gov.tw °
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L tEE
BIFE 0.5 B 1 2 - BIrABRE SR g it 1 46 -
1L /NRURF RS G
() Bk
KB TElt R A Z BT ER A LEEEIEYS (LU RREA LS ) #1T > [/ 6 Atz &6
26 381 & HEBIHRI DISE 2 EC A R ERET - G A A 105 45 5 2 11 H - BE/KpE B g HIHARS Ko 54 9
211 H - EEIUKREHAE 3 TEERAKEFT 53,0000 H » -FHEHEHHKEER 780L -
(i) sBRJ7E © DUSEAE TR E S Al
1RGSR © HIEA[RZKITIE R (hydraulic retention time, HRT) ¥ /K B 2 UR < 27K L 1 mm £
HERHEFRIEEEME - (FRAREE 10 L 2 B U NURE B R 3 Tl - MR H 7R
LR E# 2.00 ~ 1.00 2 0.67 L FE/K LABHERREFEHE HRT 5 ~ 10 fz 15 K% » W53 BIEREL 8 L #1T/K'E ke
M o EACTERE AT 4 HTEHIZHE >~ BOD ~ COD & SS #{H i E LR -
2. M EEEs - DIRR S EMA RN - (EHAREE R 90 L 2858 3 BT EU 7 EHIE » Bk E
HNG g% 25405 R & (sludge volume 30, SV30) Kz fEEf# X754 & (dissolved oxygen, DO) » jEEE/KLL 1
mm |, B &4 EFRIE TSRS - TS B HRT 7351 5 1~ 2 & 3 RETTHFEEEN 7T HIER 8 L K
AETTRON o AU ERECE R EETT 4 It REHTZ - HIfS 2 BOD ~ COD k. SS #{H FHE ARRE -
L KRR RE G b
() sEEAk
A 17 A2 RALSEE DRSNS 426 & - SERIAR LLSE 2 B0 S RHaRE - FE/KpREE R A HIHH
[k 106 72 8 £ 11 H - §E&EHEE 3 K Mk FH/KEFE R 42850/ H » SFYEHMKE R 10.06 L -
(i) =EETTA
P EE B E KIS AT AR A 3 B - MEASRE & My 1,000 L » ARGFREARR By 600 L » SUEGHAR AR
REZEERRARETEESESIE - BIEHEENNG S S 405)EZ SV30 REHIFEA > DO B - 7R
KL T mm L H ER4EERRIEEF M E R - SMERE I RIDHETOE/K T DLHRT 3505 1.5~ 2 f 3 K53 &
TFEMRIFREEE > W57 BIEREE 8 L BE/KEEITRH] - L aiCP BRAS SR 41T 4 it REH R HfS SS ~ BOD K COD
ZHEF R ERRE
V. RIS & d E A RO K & 5
() Bk
PR M EMMIE R 1 5 REEIES KEEE | HRENES - WESETIESEEER - &
BB 2 BRBUK R N KK 8 LA ThaH] -
(i) ZKE A
T I H B4 pH {H ~ ZHE&E ~ SS ~ BOD ~ COD - 485k K445,
V. M

PREZ UG AIEE K EMHIETERSS S | BEKE MR E LS R AR K iR A AR B 1% 2 BEBUKE &
100 mL » 51 3 SR 7 BE/KEE R » T BT - B2 EREE 2 b B a2 B v O T T UCE Wil AelsTE H DA
KRG IR BB R KGR E Ao 704 — B 2R 2 (R % (NIEA E237.52B) SR KGR E 2 CFU (Colony-forming
unit) > 55 DL S $E L E (polymerase chain reaction, PCR) f@fl/K 2 S VPP E (Salmonella spp.) ~ LK,
FREH (Pasteruella multocida) J 38 B ARE (Riemerella anatipestifer) 2 %% °

VL. 53#7 7774
(i) COD LUEPHALURME % (NIEA W517.52B) 73#ft (1TEIbeits (RS » 2009a ) -
(i) BOD PUAEIEA /KBRS S (NIEA W510.55B) 515 (TTHFEEIRIRES » 2011 ) -
(i) SS DA/K R &EAAREIRG AR RS A 77725 © 103 — 105°CHZMEE (NIEA W210.58A) 73 (1TEEEREReES
2013) -
(v) E&%&%)}%ﬁ“ DAEE A (NIEA W424.52A) 731t (1TEBEEREE(Re€% » 2009b) -
(v) HEEfE DI EHE (NIEA W203.51B) 734 (1TEbeEis (&R - 2001) -
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(Vi) &L LR HEAE TR PTA (NIEA W427.53B) 73t (1TEBEREIREE > 2010) -
i) HHE LUK ERNE (NIEA W423.52C) 3 (1TEBEREEIRER > 2004) -
VIL 451534
A B B R S ET 97 1T R 4 (SAS, 2014) HEAT 45T 53 A7 > F F — % 42 PE 2 =072 F¥ (General linear model
procedure, GLM) #4787 734 » 28I 2R H B DU/ NV )7 P9 {E 7% (Least squares means, LSMEANS) 55
PEN LA A2 5 » AR 7= KR fy P < 0.05 -

e

L /NSRS
{5 /NS R R T 6 ) 4 1 28 2006 381 B 2 8K » 4% 1 mm ER AL H G IE B S E %
FEHIHERUK 2 SS ~ BOD R COD 2 53 Al 1,983 + 967 2 2,460 mg/L (£ 1) -

#* 1. DL10 L/NURARIE R P ) e il 58K — HRT B B0 2 5228
Table 1. Effect HRT on the performance of wastewater treatment by the 10 L tank

Item Ss' BOD' cop' H'

(mg/L) (mg/L) (mg/L) (pH)

Anaerobic treatment
Raw wastewater 1,983* 967" 2,460° 7.1
HRT, 5 days 110° 60.2° 476 7.0
HRT, 10 days 78.4° 43.4° 330° 7.3
HRT, 15 days 118° 78.9° 427 7.3
Pooled SEM 117 90.7 257 0.1
Anaerobic treatment removal efficiency, %
HRT, 5 days 94.5 93.7 80.4 —
HRT, 10 days 96.0 95.5 86.4 -
HRT, 15 days 93.3 91.2 79.5 -
Pooled SEM 1.9 1.8 3.6
Aerobic treatment
Raw wastewater 1,983" 967" 2,460" 7.1°
HRT, 1.5 day 347° 376° 1,090% 7.5°
HRT, 2 days 116° 44 8° 342° 8.0°
HRT, 3 days 89.0° 29.0° 201° 8.0°
Pooled SEM 127 117 300 0.1
Acrobic treatment removal efficiency, %

HRT, 1.5 day 84.4° 58.1 52.0 —
HRT, 2 days 93.9* 95.1 85.4 —
HRT, 3 days 95.2" 97.0 91.8 -
Pooled SEM 1.9 9.2 9.3 —
N=4.

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

Pooled SEM: pooled standard error of means.

' SS: suspended solids; BOD: biochemical oxygen demand; COD: chemical oxygen demand.



IL.

JLJksL SHRFE MO 234

HUgEEA 3 B/ N E T AREREERE (AERE 10 L) ZEK » GEGH ISR EHREEK 2 ~ 15
0.67 L » DLoy RS SRR E R HRT 5 ~ 10 2 15 K » HUGSTHEERE ERREETHR N - slipdE R
K[E HRT EF %K SS JERES R A RERE 5 KA 110.0 mg/L ~ 10 KA 78.4 mg/L K 15 KA 117.0 mg/L » E SS
LA R By 94.5 ~ 96.0 K7 93.3% ; EF{%EE/K > BOD 43Rl R 5 Ay 60.2 mg/L ~ 10 KfY 43.4 mg/L K 15
FKH 78.9 mg/L » F[HEEAY R B 93.7 ~ 95.5 2 91.2% ; FRFH{%EE/K COD 43 Rl B g 5 Kf 476.0 mg/L ~ 10 K
19 330.0 mg/L Fz 15 R 427.0 mg/L » EFEZ43RI 5 80.4 ~ 86.4 K2 79.5% (2 1) - Hr 15 KpgF4H > SS ~ BOD
J& COD {H &ft#% 10 REEHAHM S » TMERURUKIEREZ N - HEIEERRFIEGET INEEZE =R R PR &
T RBAR 7 SRAZFTEL - RITEEIRIR fREE R (2019) BRHEUR - BHCEIFE BMEYIRUR/KIELEZ SS ~ BOD K
COD 435I B 150 ~ 80 Kz 600 mg/L » AzEgLL 10 L /NYEREIERIE R % > e K& nl 5 S -

AR T NS R~ S e B AR R K B 1| mm L H #ETER T HER - (EFH 34
% 90 L E/KE EFERAEE - KupoEE7ElER - BHALRERR 2/3 - 12 50 1/3 58K E - 77 hs g
HRT 1.5 ~ 2 }¢ 3 R ZEHERCE - G55 8R > 3 78 HRT R 1% SS JRFE 57 7l B rE 1.5 KA 346.5 mg/L ~ 2 Ky
116.3 mg/L F 3 KA 89.0 mg/L » L[ HI43 5l Ky 84.4 ~ 93.9 % 95.2% ; BOD J5T » 4RI FsREiE 1.5 Ky 376.0
mg/L ~2 K 44.8 mg/L K 3 Kf729.0 mg/L » £ 58.1 ~95.1 K2 97.0%: COD J5H » 55 Rl B 1.5 KA 1,089.3
mg/L ~ 2 K 342.0 mg/L K 3 KHY200.7 mg/L » FBEZ )k 52.0 ~ 85.4 K 91.8% (1) - HAZRisH » = A
J&7K (COD &t 4,000 mg/L) F{RREA#EE/K (COD &4 1,000 mg/L) 43 51| DARRSE S i S8 R B Ry &5 78 (Chan et
al., 2009) » AGHZEH| /NS AL 7 ERaE I - DASF SR BRED AT H BUNS 3 R AT 2 BE /KRR B Rk - Bt
sABREESRARAT( o Chan er al. (2009) JMEH T EEVIRIBUR /K 2 /KB R » TEREAEYREE KK - TS
YRR T R m ]S AR 2 RN R A A YRR B Ry (Grady et al., 1999) » HHEY N BIRE R A S Eie
HEERGER (R 1) DUFEEHSE HRT 2 KA B E U7 U5 EE HRT 10 RABMLZ BRERRCE - REAHZEEE
SRS R B i R A TERE
RIS RS A

REIHERIRE R 17 H e 0 R =6 426 EEM 2 BEK > &8 1 mm B HENERIEEEMER - ol
JFEE7K SS ~ BOD Jz COD ZJREETHI Ry 1,994 ~ 726 J2 1,445 mg/L (% 2 ) - WEELSEFRIEEZME R 2K - fit
TOENIFEFa I (ARUAETE 600 L) » Mol R 1~ 2 & 3 K » PREEEEHUKIZA 2458 » &% HRT 2 SV30 Bi
DO B 43 HIEFY 250 mL/L K 6 mg/L - 455 &R » N [E HRT &850 SS Z B EES3 I B ¥ 1 Ky 405.0 mg/L ~ 2
K 153.5 mg/L Fr 3 KA 89.4 mg/L » ERE4y I By 74.3 ~ 88.9 K 92.4% » BOD 7 JEAREE43 Bl By pa R 1 KHY 103.7
mg/L ~ 2 KfJ 54.0 mg/L 3 Kf9 39.0 mg/L - LR34 R 5 85.0 ~ 92.5 K7 94.5% » COD RSy Rl By pE B 1 K
(7 294.5 mg/L ~ 2 KfJ 184.5 mg/L K 3 KfY 134.0 mg/L » F[R43 R K 79.1 ~ 87.1 2 90.6% (72 2) - &ATE a0
3 Kt > SS ~ BOD K, COD JEFERIA7F & HEUKIZAE -

DN SRR AEH 90 L B KAE TIR SRR - W H o il B R 2/3 ~ 172 K 1/3 fE R8N EE/K 2155t HRT
1.5~ 2 % 3 R4S » K[E HRT ¥ SS FEF5RZ 4R s 84.4 % 952% ; BOD =% 58.1 & 97% ; COD 2%
PR Ry 52.0 2 91.8% » FHEA DIARUARR 600 L KBUREEITIR AR 3 - /NEVB R RUAF S5 RURE HRT JAERE 2 K
B3 R1% 2 SS ~ BOD J; COD EFRFLERAFIT (£ 3) - BURMEFEIRE T /NS RAERIRE {4838 HRT %
V2 R R TS E] RAFRRL o ATHFCH R BEARIRE 4H > 265 B #5 %7K BOD/COD EL{E&Y £ 0.5 (726/1,445
mg/L) » Ei Tchobanoglous ez al. (2003) 5 )5& 7K BOD/COD LL{E > 0.5 % & A Va2 i FT4s AT IE » B8R DL
MIOEMTIREETIF AR SEARUER NI ERE 2 S B IEEEK - (IBHE (2011) pisEisd » BINA®
A ZEFESEREK > COD ~ BOD J SS 95 1,127 ~ 551 F 459 mg/L » JE&7K BOD/COD FL{E4Y 5y 0.49 - 71 FET4E
YRR KEALIUEMETRAE/K I ME IR 24 h EHI% - BERE/KZPEUK SS ~ COD K BOD 2 ARz
94.8 ~ 98.9 F2 90.9% » MifFEIEE BUR/KIEAE - WEEEERKEZR T LER - E0E - MR R EMAEEY R
¥ I TSP KRS HEAN RS B M e B2 SS R s » RILERIENREIERCRSS » HRT EHE 2 K
DA BTS2 R Ml A ER 2 BOD/COD EL{EEE 0.5 0 JRFFEHEE 2011) sEa/ERH 2 KDL E#

{2 &fam o
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2. DL1,000 L RENERIRE iR S A i 58K — HRT HERESR 2 22
Table 2. Effects of HRT on the performance of wastewater treatment by the 1,000 L tank

Item Ss! BOD' CoD' H Conductivity
(mg/L) (mg/L) (mg/L) (pH) (umho/cm at 25°C )
Aerobic treatment
Raw wastewater 1,994 726" 1,445° 6.7 4,480"
HRT, 1 day 405 104° 295° 7.6 1,440°
HRT, 2 days 154 54.0° 185° 7.8 1,375
HRT, 3 days 89.4 39.0° 134° 7.9 1,485
Pooled SEM 544.7 43.1 67.2 0.1 340.8
Aerobic treatment removal efficiency, %
HRT, 1 day 74.3 85.0 79.1 — —
HRT, 2 days 88.9 92.5 87.1 — —
HRT, 3 days 92.4 94.5 90.6 — —
Pooled SEM 7.5 3.7 3.9 — —
N=4.

" Means within items in the same column and category with the different superscripts differ significantly (P < 0.05).
Pooled SEM: pooled standard error of means.
' SS: suspended solids; BOD: biochemical oxygen demand; COD: chemical oxygen demand.

# 3. /NT(10L) FoRAS (1,000 L) BRI RE4T 4 i B AP R /K Z e B MERE BT
Table 3. Comparisons of removal efficiency of pollutants from the teated geese wastewater by aerobic mode with small (10 L)
and large (1,000 L) tank

Item Tank Removal efficiency (%)

SS BOD COD
Small 84.4 58.1 52.0
HRT, 1 day Large 74.3 85.0 79.1
Pooled SEM 7.5 14.8 14.3

______ Small 939  9s1  gsa
HRT, 2 day Large 88.9 92.5 87.1
Pooled SEM 34 1.3 4.2

""" Small 952 90" o8
HRT, 3 day Large 92.4 94.5° 90.6
Pooled SEM 3.5 0.5 0.6

SS: suspended solids; BOD: biochemical oxygen demand; COD: chemical oxygen demand.
“® Means within items in the same column with the different superscripts differ significantly (P < 0.05).
Pooled SEM: pooled standard error of means.

L. REFEIES/KE R AEYRE

R R B 2 e B R RUK'E - AFHER 105 £ 106 R EFHEE (25 ) KEMK (15) #ilEZ
REEIEGETKERE - (IR FERMEZ A BIEHEE 10.5 Jik 0 E SRS 2,000 & > 5S8R RoKEE
ERIEE o GBI 500 £ > EAEUKIKELY 17,600 L - $EZ LUt N KM ZEERR - & H K S R
12,600 L - itk 2 BE/K BT 2 & N EIOE — BFPER > P& H KR (SRVORST K HE ) A 150 L -
I iE B BG5S 15 Ml 0SNG 2,500 & - SR 2 MORBHRGEUIGS - iEaihim Atdis - SREss
Bt > E/KESET 18,000 L G HBUK 2 KEARS - PHEHAKER 144 L - EbitlE C E#IS5HIEE
3 ik 2 2 S TEHE 2,000 & - JEEAIRE R KBS RIGS - 8B ER Ry 500 B > FEZLUM N ACHEERR - K
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ERHMETF 7,000 L > 405t 2 J5KEER ESNAERIER - FHEHRKER 3.5 L - AalBirilikE A~ C
S 2 BE/KHL B S50kt 2 /K 8 Lt T/KE Wl > 5 RBUR > SHNERERAE - BEHAKE R
TR 2 /KBS RS A T 722 52 » SRl RETHESHETK . SS £ 543 — 5,260 mg/L » BOD 5 256 — 1,140 mg/L K
COD £ 842 — 2,470 mg/L (& 4) > Hrt C B2 /KBE(R > NILATEREZ BRI HAL 2 SRR
25 - REERGHOKAM ~ BOKRIREFERRIMEE - BKRYE EMIRREL AR CLGEE ENE 2 5
7K SS ~ BOD J COD JEfEnfiE 13,758 £ 7,273 ~ 6,032 + 3,017 % 22,501 + 11,904 mg/L ( E5F > 1999 ) » —f&IE
K55 K& REK 2 SS FRIE B AN It 2 R A AUREGER & LHEF 2 - el ] hO M T RS/ iR B AT o [T 7 e
FOEFRPIEREE DI -

® 4. BUSEKOKE KED GG R

Table 4. Water qualities and microbes in goose wastewater

Item Goose farm' Large tank'
A B C
WC’ (L) 15.00 14.40 7.00 10.06
SS’ (mg/L) 543 555 5,260 1,994
BOD’ (mg/L) 256 425 1,140 726
COD’ (mg/L) 842 723 2,470 1,445
H' (pH) 7.90 7.30 6.50 6.70
Conductivity 1,650 1,140 2,360 4,480
(umho/cm at 25°C )
TP’ (mg/L) 4.32 1.49 3.08 —
TN’ (mg/L) 124 52.40 113 —
E.coli (CFU/mL) — 1.8x10° 6.6 x 10° 23x10°
Salmonella spp. — ND* ND ND
Pasteruella multocida — ND ND ND
Riemerella anatipestifer — ND ND ND

' Farms A and B located in Chiayi area; Farm C located in Yunlin area; Large tank: wastewater of indoor goose house stored
in the large tank with aerobic mode.

> WC: Water consumption (goose/day).

* SS: suspended solids; BOD: biochemical oxygen demand; COD: chemical oxygen demand; TP: total phosphorus; TN: total
nitrogen.

* ND: not detected.

RIS KR 2 Y& & 7RI B ~ C BIEHEVK/K Bk /KeE » 55 B At FH 2 KRELEF
LIRS RRE R R /KR AT KGR R EME YN - 455780 > 38 B ~ C 552 BE/K R KA AR
il 2 PR ER KR & KRB AR 1.8 x 10° ~ 6.6 x 10° 2 2.3 x 10° CFU/mL » #n&H B G R HEKS
A= EEAHRER - B Abulreesh er al. (2004) A& By A NGBS HDG A0 2 S RS EIMHE 2 455w - BEEKETZ
Salmonella spp. ~ P. multocida }¢ R. anatipestifer %% PCR g Hl&5 555 Fobatt AR RERNIGE N 2 HE
KB K A RIE] Salmonella spp. ~ P. multocida J. R. anatipestifer /K& FIRIRE » MK T 2 KIGHEE R
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Abstract

In view of the severe economic losses caused by the highly pathogenic avian influenza epidemic in the goose industry,
the shift fromof feeding model from outdoor rearing to indoor rearing has become the inexorable trend. Tounderstand the
differences of wastewater treatment system between traditional otudoor-rearing and indoor-rearing lab-scale tanks, operated
in anaerobic and aerobic modes, , were used in current study to compare their performances for treatnment of wastewaters
collected from indoor and outdoor geese-rearing operations. Different hydraulic retention time (HRT) for testing wastewater
in the lab-scale tanks was adopted for the study. Results showed that with the anaerobic mode operated at a HRT of 5
days, treated wastewater with SS 110.0, BOD 60.2, and COD 476.0 mg/L, corresponding to removal rate of 94.5, 93.7,
80.4%, respectively, was obtained. With the aerobic mode operated at a HRT of 3 days, effluent wastewater with SS 89.0,
BOD 29.0, and COD 201.0 mg/L and rate of 94.5, 93.7, 80.4%, respectively, was obtained. Wastewater treated by a full-
scale tank operated in acrobic mode with a HRT of 3 days had SS, BOD, and COD values of 89.4, 39.0, 134.0 mg/L and
removal efficiencies of 92.4, 94.5, 90.6%, respectively. This study concludes that geese-rearing wastewater can be treated by
a fed-batch operation mode with a HRT of 3 days for the wastewater in the tank. The reuse of the treated wastewater is not

recommended because the microbal contents in the waster exceed the standard of waterpool usage of 50 CFU/mL.

Key words: Goose wastewater, Indoor rearing, Treatment model.
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Fo R R NEBINEATUAERE ha S L RICER - AREFBF AR - Asll 5 EM RS
o S E - DU AR e R IR ST - S AR AE RV e T - SUBRILER AT 48 BH 32 — 35 Hilk
Z LYD =5 - RIERIBIEGEE 4 JRREA - f9pRE 6 B1E - FEE 2 B (ARSF) - SRR S 20%
HEHE L 3,400 keal/kg HIH{EAE - 8 - WELSR S B3 H By 140 mg/kg ~ 0.15 mg/kg B2 20 mg/kg - — (i B 4H &K 77
AlE 2 e~ lEhh > SUBRILETT 4 3 - SUBRGEIREUR - (EEREI (AR ~ IR I B8 2 (R - SR e -
FHRERE ~ FME - R R B ARG B E 2 2 - SOMEFFIIRMIR - TR Z e BRI 2 - 1E
IERNE » R 2 (EANETRE > AR EEREE T IgA ~ IFN-y » TNF-a BI{EHEAK pBD-2 JRIES R S i $HIRAH (P <
0.05) - [fERAT 2 {Er s i A fE B IR PR > FIRBE 2 52 - &R RARAREEUT - GRET 2 (ElhEaHE - BN ARIEUGE
AR ERIERE - (HATETT IgA ~ IFN-y ~ TNF-a B HEIR pBD-2 R - ABIRRTHF RIS -

R PIEREAR ~ BRYITER - 758 - T -

4

o~ BB ERYE - A ENZAVERITE o K T HEVIHILFAEEEE N - BEMPFETER 3
KEFF 100 — 200 mg §7 (Almond e al., 2017) - NiHEWTTIEH - BE W ETFEA LR > EEEWHALITFET
A A R EARS I A KT SE - SOE B AL S TR A - BEUFFERIAE RIERE NFE (Perri ef al., 2015) > §5%
SUEMARMNTFNEED St EAMEEEMIVME - KBTEREEZ B GRHIEZLZ 2 (1990) £ National
Research Council (NRC) (2012) » #ERE{F5EHY SRR 22 & fy 80 — 150 mg/kg » fEBFEEDR RV ETHE & 140 mgy
kg » DUBRATFHE S A GREEIMEE M - EEETT > 8% NRC (2012) NS EHEEREE R 0.2 — 0.15 mgke - MEINE
FaeA R AV IETT & 5 0.15 mg/kg (TEEEZEGHREBZEE > 1990) - HEHIELY) " Bl EEE
{EB# , (glutathione peroxidase) HIRY ST » Wli¥ 54 & B A PRGN R E BT A LAYIER (Rotruck ef al., 1973; Gelderman and
Clapper, 2013) = 554 » {35 NRC (2012) BT Z B FRIBEE T (1990) HEMHEHAVEEE /2 — 4 mgy
kg [EEFEEIRIPERVIETHE R 20 mgkg « $EAEFRKILEY) - Bl REABEEHOEN @ ife#Ema s
BB nnssh fetE S YR EES (superoxide dismutase, SOD) JEEFIE %24 5 (Kerkaert ef al., 2019) -

FHEPEE AL TR BN A RIREL - g E M - FNTRECREE T - ERIER - REREENSE
[ RZE [ RH (Blecha and Charley, 1990; Pluske et al., 1997; Yin et al., 2010; Yao et al., 2012) - ${ [ ERK (antimicrobial
peptides, AMPs) & 478 £ (%) ) Ja K1 %% (innate immunity) #Y—#& 73 - B R X 5 MRI R MR 4H R A L B
HIYEH (Zasloff, 2002; Brogden ez al., 2005) - {ERFALHF YRR - # RAVPTEREICE DUERK (cathelicidin) B!
2 (defensins) {iAHH o Cathelicidin HTEFERR—fEHT 12 — 80 (Bl AEEAHRY » = SREEE - KoM FIH Rk 15
THeEN - Ryt IERERINERK - W EAR/KYE (hydrophilicity) BLgR/K 4 (hydrophobicity) Rt » FEAAER H 1M

|

) TTEbE R EZ B g BT I B 55 2689 55 -
Q) TTBIEREZ g FERRATEE -
(3) #EN/EFE > E-mail: fcliu@mail tlri.gov.tw e
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FREA B EEANAE & (Zanetti, 2004) - &€ cathelicidin 47 ¢ 3 8 - E 43 % & HEfE B (proline-rich) Y cathelicidin ( %1 PR-
39 ~ Prophenin 1 B2 2 ) ~ ‘5 disulfide bond fffK ( 4 disulfide-rich protegrins 1 — 5 ) DL S #EH & arginine/histidine #J AMP
(Sang and Blecha, 2009) - H o ARIHTE ML PR-39 BH5E45H » PR-39 735 EVEART - (B2 (G4H AV ADR +
B 4 R AR S T B DD R A B A R Y g - 1 B AT DATE4HE DNA BiE B Gk T B A R AR AR Y 5 %
MR LI A AR P9 Y AR B AR 38 (E S (Boman et al., 1993; Li et al., 2000; Bao et al., 2001) ©

5B E (defensins) —f%HH 15 — 20 {ERERREAHRE - BLFE 6 — S {EMEHTL - BimaE IRk - BEATREDT
M ~ ERESNEFRREER - EAisay) (FEIR ) fENFE S ER E RS - B5ERE T HEER 5% AR (paneth
cell) FEKIA » B FFERG 1B 2 AR R AE 38 S BN » IEE B AV RTSEY)4C B & B VI BIRCA E RV RE (R K 2R
i - DRESUR ARVEIR < 8 R8I R iR aT 2R A B- EEE 1 (B-definsin 1, pBD-1) B 2 (pBD-2)
(Shi et al., 1999; Sang and Blecha, 2009) » HHHIEIEIL pBD-2 AR B s R E & 7T > AT Hig = R EN
E5GENGENEEE (Veldhuizen er al., 2006) « (RItE - Aa{EpiE IR = GtEss - SRt = & - MG R
BE ~ MURMEIR ~ RIEEREN - OIMBKEE BT - 4Hl0ME - PR-39 B pBD-2 2 B E -

MFEET A

ARBR TR EEZ S EaAirE sl & g7  SBE o - el kEBAE - &5E
BB E e e NE DL E B 106-22 SRR -
L BRSNS AR i
sERER 32 — 35 Hilk LYD = i@ FEsc 74 48 B - (IS B B Il o0 pPU iz 3 - 45 2 BHBH—H - 2L 24 B (&
REY) > SEE 6 HYE - FUET R A 0.5 m AFERHE 30 kg B EAVETRHE o SERIARTRT& - 12t
FEITEREIOK - dEFRFEOR 28 — 30°C 0 WiiC & EREREEICR - DR ESNIZE R E o sERiET 408 -
B EREE - SHHRAH P ARG = 20% fHEE E B B 3,400 keal/kg FIUH{LAE » 88 - WEERLER 72750 K 140 mg/kg ~ 0.15 mg/
kg 81 20.0 mg/kg ; FriH4H AR 77 BIHE S B IR AH MR TP e A B B & - B 2 B8 (R 1) -
L. HEHE
AR SRR ENGE R E - SRS ERMERE - o hlfEstEaiiG HEGE K H - 77 plEREE 48
FEEBR AR RS 5 mL (EREERITEE R 4 — 6 /NI ~ SHERAFAREE BREE - (A& EDTA (9 10 mL £RI%E ) 5347
MR MR ~ SRR ~ HIMBREE B R E - RN ERE - PR-39 Bl pBD-2 SR -
() AR

gy Al e ERER LA HELGE TR H - BREEMURA W fho iR 2 48 0 - SEREEET - =B H s - R
PRZ BRI AT E IR & & - e &y Hitach 75 4E{L7r M8 (Hitach 7170, Japan) 3l AR 4L {EELH
SHT4EEE F{E (No. 993-52901) ~ 4HBEFEEE (No. 21.862.1175) ~ =& H s (No. 21.862.1705) LI BILEEHT (No.
277-10501) & & (Wako Chemical Com., Japan) °

(i) feyEERkEH ~ PR-39 ~ pBD-2 & & 731f

MR &S MMER 73 #rf& (Sysmex XN-1000, Japan) JHI7E H EKEE - BEEEME A MMEK - WEilgtd o fmEk ~ 6k
Bk ~ BAZBREL S BERE P M T 3R 43 L -

7% e R 2 (B E R & &0 » DL Multiskan™ FC Microplate Photometer 4347 (Thermo Fisher
Scientific Inc., USA) Eil Bethyl Laboratories 7\ 5|42 2 Pig IgA 2 Gk )% (enzyme-linked immunosorbent
assay, ELISA) Z4H (No. E101-102) - Pig IgM ELISA 41 (No. E101-117) ~ Pig IgG ELISA £4H (No. E101-104)
LKz Porcine ELISA PR-39 (BlueGene, China) f{1 Porcine ELISA pBD-2 (ABclonal, USA) Zpg3¢E4H » UEE
450 nm SHISEEE - WEc &R - SFRMEEEmAY IgA ~ 1gM ~ IgG ~ PR-39 B pBD-2 JRJE -

(i) HHAEDEE A

PA Merck Millipore Milliplex 5 {DI i 22 Gz W i 0% » F1FH DL ag B i o2 2 $i &5 [ 3 AR (= M (Pereira et al,
2012) © KoM DRGSR AR SR b FEHUR 4L BB ATIMEE AR » RSB B4R (color —
code) o BFEEFEA [FIBH 4R IB PR TE E B HE M E & O HIbies - PRk m P AU RN R E &
H o PHEBESEAEY)Z (biotin) FYEHIHTAS(EH - 1% 1A SAPE (streptavidin phycoerythrin) & 418G S JE -
Ll Luminex 200 #Uf#% 2% (Luminex Corporation, USA) » {54} 4 Z (Interleukin, IL)-1 (IL-1B) ~ IL-2 ~ IL-4 -
IL-6 ~ IL-8 ~ IL10 ~ IL-12 ~ Interferon-y (IFN-y) £ Tumor Necrosis Factor-a (TNF-a) & & °
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Bl SE ~ SITEE R > I SAS (2005) FYELEMR TS » fik—ME&R MERE S (general linear model procedure,
GLM) #EFTEE 5534 » M LB BTG 2 88801 252 (Duncan’s multiple range test) 17T RE FRAH A (E [ > 2= R EEE M
ST E P <0.05 FAREE 0 M P <0.01 2= R -

1 BBRirsE 2 e kRaH Rk

Table 1. The feed formulation for piglets experiment

Tesatass - o & BSR4 RIERE « MURMSIREL TR e 2 52 2

Items Dietary mineral treatment
Ingredients, kg Control diet Fe (x2) Se (x2) Mn ( x 2)
Yellow corn, CP 7.5% 620.0 620.0 620.0 620.0
Soybean meal, CP 43.5% 257.5 256.8 257.5 257.5
Limestone (pulverized) 8 8 8 8
Dicalcium phosphate 16 16 16 16
Fish meal, CP 65% 50 50 50 50
Skimmed milk 20 20 20 20
Whey powder 20 20 20 20
Choline-Cl, 50% 1 1 1 1
Salt (iodized) 5 5 5 5
Vitamin premix” 1 1 1 1
Mineral premix” 1.5 1.5 1.5 1.5
FeSO, « 7TH,0 0 0.7 0 0
Na,SeO; 0.0003 0 0.0006 0
MnSO, « H,0 0 0 0 0.06
Total 1,000 1,000 1,000 1,000
Calculated value
Crude protein, % 20.1 20.1 20.2 20.2
Digestible energy kcal/kg 3,439 3,439 3,448 3,448
Lysine, % 1.14 1.14 1.10 1.10
Iron, mg/kg 140 280 140 140
Selenium, mg/kg 0.15 0.15 0.3 0.15
Manganese, mg/kg 20 20 20 40
Analyzed value
Crude protein, % 20.0 20.2 19.9 20.4
Lysine, % 1.10 10.8 1.05 1.09
Calcium, % 0.85 0.86 0.83 0.84
Total phosphorus, % 0.63 0.65 0.64 0.63
Iron, mg/kg 140.4 280.5 140.3 140.6
Selenium, mg/kg 0.15 0.15 0.3 0.15
Manganese, mg/kg 20.1 20.1 20.2 40.3

* Supplied per kg of diet: Vitamin A, 6,000 IU; Vitamin D,, 800 IU; Vitamin E, 20 IU; Vitamin K;, 4 mg; Vitamin B,, 2 mg;
Vitamin B,, 4 mg; Vitamin B, 1 mg; Vitamin B,,, 0.02 mg; Niacin, 30 mg; Calcium pantothenate, 16 mg; Folic acid, 0.6

mg; Biotin, 0.01 mg.

® Supplied per kg of diet: Fe, 140 mg; Cu, 7 mg; Mn, 20 mg; Zn, 120 mg; Se, 0.15 mg; Cobalt (+2) sulfate heptahydrate 0.5

L

mg; I, 0.45 mg.
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FHENASEE - HIYE - SRE SRR TTH - SRR A EERE - HESURIE T > 8% - i sn E 0K
YraaartE R - o3 BIEFE SR MAIEKIP AL ~ #Ua 404k A RELVE RS  5 DUL ey BT S EREJIHRE - (HEE
LCHEYE TR R E N A BMEREEFE/N (Cao et al., 2014; Estienne et al., 2019; Kerkaert et al., 2019) » KiFF27R
BBLAER S o I > 6067 2 E 20V  hEEREaE - DA NEE TR E R IREMNIIER -

2. ARG - ANELGE IR BE 2 (R ERH TR ERY R
Table 2. Effect of feeding Fe, Se or Mn or double amount on body weight of LYD piglets

Dietary mineral treatment

Period Control diet' Fe (x2) Se (x2) Mn ( x 2)
n 12 12 12 12

Initial, kg 103£2.2 10.1£1.8 10.1+1.7 102%1.6
8"-d, kg 12.1+24 124%19 12.8+2.7 127122
14"-d, kg 159+2.7 16.0£2.1 16.5+£3.0 162126
22"d, kg 19.5+3.1 19.7+2.6 20.6 £3.6 19.8+2.4
28"-d, kg 23.613.5 2331238 248%23 24.0+1.8

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg; Initial at the age 32 - 35 days for 4 weeks; body weight at each
stage is not affected by the source and amount of mineral-added (P > 0.05).
" Mean * SD.

3. EREUE - WNERSE T H BB 2 R EIE A LRI E
Table 3. Effect of feeding Fe, Se or Mn or double amount on growth performance of LYD piglets

Dietary mineral treatment

Items Control diet' Fe (x2) Se (x2) Mn ( x 2)
ADG, kg’
n 12 12 12 12
1™ wk 0.35%0.12" 0.3410.11 0.37£0.11 0.36+0.12
2" wk 0.4510.10 0.4910.10 0.54 £ 0.06 0.50£0.09
3" wk 0.51£0.08 0.53£0.13 0.59£0.07 0.52%0.10
4" wk 0.61%0.11 0.56 £0.20 0.60£0.18 0.58£0.15
Whole period 0.47%0.07 0.49 £0.08 0.53£0.08 0.50£0.10
ADFI, kg’
n 6 6 6 6
1™ wk 0.5210.16 0.47+0.09 0.53+0.14 0.48 £0.08
2" wk 0.79%0.14 0.67%0.10 0.80%0.14 0.65%0.10
3" wk 0.98£0.13 0.84£0.08 0.99£0.13 0.85%0.08
4" wk 1.21£0.16 1.12£0.13 1.16£0.24 1.09 £0.15
Whole period 0.89+0.13 0.77 £0.09 0.90%0.13 0.78 £0.09
FC (Feed/gain)’
n 6 6 6 6
¥ wk 1.49£0.38 1.34£0.32 1.43+0.37 1.33£0.39
2" wk 1.76 £0.53 1.37£0.37 1.46 £0.29 1.30£0.42
3" wk 1.88£0.49 1.66 £ 0.38 1.66 £0.31 1.63£0.29
4" wk 1.98£0.42 1.93£1.90 1.93£0.55 1.88+0.44
Whole period 1.8810.44 1.59+£0.26 1.66 £0.41 1.59+£0.39

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg; Growth performance at each stage is not affected by the source
and amount of mineral-added (P > 0.05).
" Mean * SD.

* ADG: average daily gain; ADFI: average daily feed intake; FC: feed conversion rate.
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1L FFERT IR MR

BRET(FAEE - WhELER IS 850 2 [ ERVETEEH TR MURAVAEE D ~ MARERE - =R H hls - SERE i el
ALBRET RS - S MERE R - MR 4 Fon - (RBAREE AT S EYIER T (2011) BUR > AlakiniRr:
INERABESE | 81 28 K > BIHMRMIRFRGIEEIRY & B2 FES 5N - HEpIE R MR AR - S5/MURR
REE = FEH BRI 28 REHEE 1 REUR 2 15 » BEIRSRAIRENSE 28 RFEER B EE S FTE (Gowanlock ef
al., 2013) » 5540 > MURARHEE RS R R - L2267 « IR HEER BN E - AR - &
e B R R A R R - ERETEE S S e B MR AEAVETRHIC YT - A RERE M (E S MR R 2 B H
frEHIEE (Costa et al., 1994) o HIFTALITR ARG SREEUR - EREVFSAEK - IHELRIEH B 1Es 2 (S EAVH -

sk e - A E

T4 EREIHE - DNELEEIEE B EL 2 A EEREH AR IR
Table 4. Effect of feeding Fe, Se or Mn or double amount on blood traits of LYD piglets

FREZEES - REE - =B H S - SEEIRR L BRR TR E S MR IR -

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn ( x 2)
Day 1
n 12 12 12 12
Total protein, g/dL’ 5.80£0.26" 4.36 £ 0.64 4.6810.17 5.58+0.42
Blood urea nitrogen, mg/dL 4.6511.03 4.88£0.88 5.23+0.60 52310.84
Triglyceride, mg/dL 2475+ 3.77 26.40 +8.74 23.83+7.08 25.87 £ 8.60
Total cholesterol, mg/dL 108.75 £20.89 98.20 £ 16.12 95.831£7.93 96.67 £ 15.57
Creatinine, mg/dL 1.6210.17 1.92+0.11 1.35£0.08 1.191£0.07
Day 28
n 12 12 12 12
Total protein, g/dL 4.381£0.36 5.28+0.27 5.05+0.41 5251021
Blood urea nitrogen, mg/dL 8.90 £2.37 9.671£0.99 9.78£2.26 9.85+1.52
Triglyceride, mg/dL 48.51£8.32 4543 +£7.59 48.67+9.15 49.871£12.79
Total cholesterol, mg/dL 79.75£5.27 82.60£5.27 91.00 £ 19.67 93.50£6.79
Creatinine, mg/dL 1.72£0.15 1.4310.16 1.53£0.18 1.42%0.14

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.

* Reference values: total protein 3.5 - 6.0 g/dL, blood urea nitrogen 10 - 30 mg/dL, triglyceride 20 - 52 mg/dL, total
cholesterol 28 - 48 mg/dL and creatinine 1.0 - 2.7 mg/dL. Data source: application manual of livestock and poultry Animals
for biomedical industry (2011).

" Mean * SD.

ML {F5&0Y 3 Bk = B S EE T

EREAFS 2 (5 E AV e DU IR B AR (44 R A I EK 73 #5513 (differential count, DC) HYSZ&H
RS FUR - IBAERERAESESYIEM T (2011) BUR - HE5H25 1 8128 REF > JE 2758 0 MR EEE 5
IMERST AT E - AR H E R E - R MBREES | 8 28 RIgAREHEE (FIRREE ) - IR AT ERER
IMASRATENEAEIEM > (A MEREE RS - Weijenberg ef al. (1996) SUEMEH » (MBS & G MU ES)EL
BEIEFRIN - BRI R S - 2565 28 K - #RE 2 (SNEERE - £ 0 MPRBEBTE A eRE I F 3 - s e
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MEEARHEZANIEA - HE0 MPREELLHIRLH(K (Spallholz ef al., 1990) » 5541 - fEM&ERMEAIMBK ~ FEREMEH M
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Table 5. Effect of feeding Fe, Se or Mn or double amount of on cell count and differential count of white blood

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn ( x 2)

Day 1
n 12 12 12 12
White blood cell count, cells/ul’ 19,240+ 2222 20,409 £ 165.4 21,280 £ 405.6 21,877 £496.2
Basophils, % 1.08 £0.52 1.24+1.62 1.19+£0.49 0.98 £0.56
Eosinophils, % 1.16 £0.52 0.99+0.77 1.06 £ 0.44 1.2710.52
Lymphocytes, % 55.3914.21 53441542 57.22 £8.26 59.98 £ 12.56
Monocytes, % 538%1.37 590%1.10 57211.24 5431135
Neutrophil Segmented, % 48.30+4.23 45.60£3.21 42.67110.25 49.35+7.29

Day 28
n 12 12 12 12
White blood cell count, cells/ulL 21,289 £326.2° 20,299 +375.6™ 18,140 + 706.0° 20,717 £395.2%
Basophils, % 0.84+0.52 1.14+1.26 0.79£0.29 0.83+0.49
Eosinophils, % 1.06 £ 0.81 0.93+£0.37 0.96 +0.64 0.7910.41
Lymphocytes, % 52.49 £3.61 50.64 £4.52 54.03 £10.44 58.96 £ 13.72
Monocytes, % 4591273 4901 1.00 54610.24 5431146
Neutrophil Seg, % 41.031£5.02 42.1014.71 48.76 £ 11.20 44,01 +3.38

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.

* Reference values: white blood cell count 11 - 22 x 10’ cells/uL, basophils 0 - 1.3%, eosinophils 0 - 7.7%, lymphocytes 38.1
- 73.1 %, monocytes 0 - 15% and neutrophil Segmented 40 - 70%. Data source: application manual of livestock and poultry
Animals for biomedical industry (2011).

" Mean £ SD.

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

IV. (FFER RIS B EE H B R & &

BRAA(TFE EHIRAH S 2 2 20V - W AR BT S MUK T R PR H AR E & BV 2403 6 Fk « 1F
55 28 RIF - BEE 2 EGEAAE - (FAE MUK Bk O TgA JRIE S iR B HGAH S 2 i edataig (P < 0.05) « 71 I1gG
Bl IgM JRIE - HaHENZ A EIE 25 - 1F Blodgett er al. (1986) SCRATETH » DUMHIEIARE B 6R Gal e 7L (754 ¥ TR 1eG
B [gMORTE » TG HEERIRTHER © R #31E Gelderman and Clapper (2013) SZERT5 H > 82672 0.3 mg/kg ffiéd
KR TR =T R AE B 2L 48 MR R e BREE 1 TgA ~ TgG B IgMORFERIIE R » LB G2 T e IR 2L (58 32 B RIFE ) AL
BATHURS R E RO RE R B PR S M A DRSS FTEL - TE4HRESERR - BREaNT 2 (A EEL S IR
EeE IFN-y 81 TNF-o 2 > {HE EaRE 2 f% 2 SEhfiie i e Rt - R ABEER - WERER - 6§
Bl (75 2 fERmEaRE - AJREASH TNF-o B LRSS %t (van Heugten er al., 1994) » JRA[REELHHEDE T- dHEFIE 247
F4fiAE (NK 4R ) $2 5 IFN-y FE AR & #EMEE AR Un IR ML el E S EH - (58 %)) (Schroder
et al., 2004) © F4N > FE IL-1B ~ IL-2 ~ IL-4 ~ IL-6 ~ IL-8 ~ IL-10 Bl IL-12 S54M s 22 8 > DUSH GRRRAHTT 2 A
FEER o MR UTREN IR - SR B F ekl - i RS ER R BN RN R ARG BT
IMETZEIZR ~ s 4HaRAY 4E RV F A8 B DU E(LEERAEA (Cao et al., 2014; Estienne et al., 2019 ; Kerkaert
et al., 2019) - DL F&SSREUR » (£ 2 EhlEE1E A SHET IFN-y B TNF-o S5 R HRBIRY IR - 110 2 /%2 88508 6
K S FFERY IL-1B ~ IL-2 ~ IL-4 IL-6 ~ IL-8 ~ IL-10 B IL-12 A0S E S A8 -
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Table 6. Effects of feeding Fe, Se or Mn or double amount of on the concentration of immunoglobulins and cytokines

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn (x 2)
Day 1
n 12 12 12 12
Immunoglobulin
IgG, x 10° ng/mL 4.60%1.07 5.60 £ 1.28 6.04 % 1.30 5.76 £0.62
IgA, x 10° ng/mL 2.6610.76 2.48+0.12 2.54%0.58 2.47%0.82
IgM, x 10° ng/mL 1.08 £0.48 1.12£0.26 1.35+0.47 1.33+£0.58
Cytokine
IFN-y, pg/mL 0.53£0.07 1.38£0.25 0.33£0.04 1.29£0.31
IL-1B, pg/mL 0.07£0.01 0.12£0.07 0.32£0.05 0.28£0.05
IL-2, pg/mL 0.02 £0.001 0.050.01 0.28+£0.07 0.21£0.05
IL-4, pg/mL 0.10£0.06 0.29£0.04 1.04+0.24 0.73£0.01
IL-6, pg/mL 0.02 £0.008 0.03 £0.001 0.23£0.06 0.11£0.03
IL-8, pg/mL 0.16£0.01 0.33£0.02 0.23£0.02 0.46 £0.03
IL-10, pg/mL 0.05£0.01 0.11 £0.02 0.420.01 0.33+£0.08
IL-12, pg/mL 0.55%0.03 0.55%0.02 0.68 £ 0.05 0.68+0.03
TNF-a, pg/mL 0.009 = 0.0005 0.02 £0.002 0.001 £ 0.0005 0.009 £0.0003
Day 28
n 12 12 12 12
Immunoglobulin
IgG, x 10° ng/mL 8.80 £ 1.40 7.88 £ 1.42 8.9711.27 9.49%1.02
IgA, x 10° ng/mL 3.94+0.54° 3.97+0.35° 6.58 £ 0.98" 3.85+0.82°
IgM, x 10° ng/mL 2.6610.72 2.15%£0.59 2441043 2.50%0.61
Cytokine
IFN-y, pg/mL 0.66 £0.01° 2.721£0.51° 5.81%0.86" 1.54£0.31°
IL-1B, pg/mL 0.62£0.06 0.37%0.04 0.43£0.03 0.77£0.08
IL-2, pg/mL 0.59£0.05 0.38+£0.04 0.3110.03 0.85+0.09
IL-4, pg/mL 1.70£0.12 0.94+0.12 0.9610.01 2.49+%0.33
IL-6, pg/mL 0.27£0.03 0.21£0.02 0.15%0.01 0.37£0.05
IL-8, pg/mL 0.321£0.02 0.32£0.01 0.26£0.01 0.33£0.02
IL-10, pg/mL 1.03£0.09 0.66 £0.07 0.610.06 1.34+0.15
IL-12, pg/mL 0.43£0.02 0.75£0.03 0.88+£0.03 0.7210.05
TNF-a, pg/mL 0.05£0.01° 0.09 £0.01° 0.22£0.03° 0.09 £0.01°

' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.
" Mean * SD.
“® Means in the same row with different superscripts differ significantly (P < 0.05).

V. IR pBD-2 1 PR-39 &8
EREA 5~ LA IR B eIE &4 2 e B A8 MR U MK pBD-2 B PR-39 &8 Z L EUNIR 7 Fy
oo FESS 1R - BRETHE - EELERIE R B 2 (HAMRAAR - FARMIIRDUEMEIK pBD-2 #21 PR-39 &8 » )4
ARIEAR - (HEAE5 28 KT - (FFEERET 2 (0GR - PUENEIL pBD-2 & BEE S IR 2 (S afE (P
<0.05)  MHLEMEAL PR-39 &8 - AISEIRHEICAREER - IR REREAWE AR 2ZI1EMA (Cao
et al., 2014) > E KRN S E Ry 0.3 mg/kg IF > FEFHDUEMEAR pBD-2 & > AEELESHUE LK PR-39 S EAY(E
I (EEEETIRAHIE & 15.5% - W EFIRHE KL - (LR A RENPUE LK PR-39 2 EVEARE L - &S
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R B BLRSHE BEHERR - BT 2 4HERATRR T - AT ST BE RN AR N ERHIRAE (C2A =2 G4E) T I
PR-39 FIHEHERK (Bao et al,, 2001) - f LAEERBUR - SREFSH 2 [ENEIEE AT DML pBD-2 REHI(E
> AHEEFIETHIE LR PR-39 SEHIIER - 8167 2 (228 - NSERELARERIIER -

7. BREUE - IRNELEAE R B 2 B ATREEHTAE MUK pBD-2 B PR-39 & &
Table 7. Effect of feeding Fe, Se or Mn or double amount of on the concentration of pBD-2 and PR-39

B8
s

Dietary mineral treatment

Traits Control diet' Fe (x2) Se (x2) Mn ( x 2)
Day |
n 12 12 12 12
pBD-2, pg/mL 241.75+61.95 207.50 £ 73.86 268.14 £32.98 182.93 £56.56
PR-39, pg/mL 164.65 £ 45.03 174.88 £ 33.88 199.86 +39.83 183.23 £56.84
Day 28
n 12 12 12 12
pBD-2, pg/mL 195.09 £ 68.34° 205.16 £ 64.24° 399.86 £39.41° 259.52 +35.72%
PR-39, pg/mL 168.90 £ 22.37 178.67 £ 23.99 199.78 £42.26 186.85 £ 31.52
' Control diet: Fe, 140 mg/kg; Se, 0.15 mg/kg; Mn, 20 mg/kg.
" Mean £ SD.
“® Means in the same row with different superscripts differ significantly (P < 0.05).

W Em
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R R - QDA - SR ERTIL > BRETFAE S 0.3 me/kg WEIIE - B SRS ATMUMIR MR IR Bl
FERIE TR -
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W
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Abstract

The purpose of this experiment was to provide double amount of iron (Fe), selenium (Se) or manganese (Mn) in
weaning pig diet to stimulate the growth and innate immunity. The experiment used 48 LYD crossbred piglets, aged 32 -
35 days. The pigs were divided into 24 pens by gender (half male and half female) and bodyweight, with 6 replicates per
each treatment. The control diet contained 20% crude protein, 3,400 kcal/kg digestible energy, 140 mg/kg iron, 0.15 mg/
kg selenium and 20 mg/kg manganese. Three treatment diets contained double amount of iron, selenium or manganese,
respectively. The experiment was implemented for 4 weeks. The results showed that feeding piglets with double amount of
dietary iron, selenium or manganese had no effect on the daily weight gain, feed intake and feed conversion rate. Moreover,
there was no difference found on blood traits of pigs. The concentrations of immunoglobulin, IgA, IFN-y, TNF-a and the
antimicrobial peptide pBD-2 (immune-related traits) of piglets fed with double amount of Se were remarkably higher than
those fed with controlled diet. However, piglets fed with double amount of dietary Fe or Mn did not have a significant effect
on the immune response when compared with feeding with controlled diet. In conclusion, the provision of double amount
of Se in diet did not improve the growth performance of piglets but increased the IgA, IFN-y, TNF-a concentration and the
antibacterial peptide pBD-2 contents.
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Fig. 1. Elevation view of hay barn reformed in this study. Left side: reformed space. Right side: original space as control.

On the left side, the corrugated steel sheet under the roof and the floor below were provided with holes to facilitate
ventilation.
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Fig. 2. Plan view of the arrangement of hay bales. The hay bales were laid and stacked on left and right sides of the barn
symmetrically in the same way. Three hay bales were vertically stacked from bottom, middle, to top. A The position
of the detector shown.
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Fig. 3. The daily maximum, minimum air temperatures and dew point during the experimental period.
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Fig. 4. The daily mean and minimum relative humidity and precipitation during the experimental period.
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Fig. 5. The continuous records of wind speed in the reformed and control barns for 48 hours.
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Table 1. The paired t-test of microclimate data between reformed and control barns for ten different periods

Item N "Difference Stand deviation t-value Pr>t
Wind speed, m/sec 10 0.038 0.016 2.27 0.049
Temperature, C 10 -1.160 0.207 -5.59 0.0003
Relative humidity, % 10 3.074 0.453 6.78 <.0001

" Difference = reformed — control.
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ABNGER - USEFRA R REEAREATSER (£ 2) > THAKRGE 15T - FAEREERRE RS
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Table 2. Comparison of the “difference of microclimate data between reformed and control barns in rainy/non-rainy day and
day/night time

Effect Wind speed, m/sec Temperature, ‘C Relative humidity, %

Rainy day 0.039 -0.95 0.66

Non-rainy day 0.037 -1.37 0.49

Day time 0.012° -1.56 3.92°

Night time 0.078" -0.55° 1.81°

“* Means with different superscripts are significantly different at 5%.
" As shown in Tablel.

1L FZF A E S
DIFEEE (B BB ) oy s e (B B TE) MRTET70as R - EEF ERE —BESENHE
PIREEKE  SBAETREE S FERE RIS | EHIREE o WRRREE  E5
ZMEER (L TREVEELENR 3> MEEE I EENE B PHAE 0.55 kg HIRERE 7 FEAEE
0.94 kg » FAZSREERAZ/KAE | ZI&WH ZMIHERF AR 1 kg HYZ2HE - HEFANE > IR FEFEPHEHEE 0.11 kg » HiR
R ELRIAIREER 1.39 kg » 22 RINERAE /KA (R 3) -
*® 3. BRI aEGE 2 EEE(E
Table 3. The changes of round bale weight from beginning to the end of the storage experiment
Main effect Time of storage (weeks)
1 2 3 4 5 6
Layer kg/bale
Upper 0.33 0.58 0.58 0.75 0.83° 1.00°
Middle 0.25 0.50 0.50 0.75 0.75° 0.82°
Lower 0.00 0.42 0.25 0.33 -0.17° 0.33
Barn
Control 0.94° 1.28° 1.17° 1.39° L.1r° 1.39°
Reformed -0.55° -0.28° -0.28° -0.17° -0.17° 0.11°

a,b

Means with different superscripts in the same main effect are significantly different at 5%.
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Table 4. Comparison of nutrient components at the beginning (May 1*) and the end (Jun 12") of the storage experiment

CP' NDF' ADF'

Bale t th t th t th

May 1° Jun 12 May 1° Jun 12 May 1° Jun 127

%

Upper of control barn 9.7 9.0 68.1 69.0 36.4° 37.9*
Lower of control 9.7 10.2 69.5 70.2 38.4° 39.6"
Upper of reform 9.5 9.3 72.3 70.3 40.3 39.1
Lower of reform 8.6 8.6 71.0 72.3 41.2 41.5

“* Means with different superscripts in the same component at the same location between May 1% and Jun 12" are
significantly different at 5% level by t-test.
" CP: crude protern; NDF: neutral detergent fiber; ADF: acid detergent fiber.

Mg s = B PERE AR IS > CEEEFEIRTAR B2 N H A#E (Rotz and Muck, 1994; 5& > 2000 ;
Rhein, 2002) ; FERT A H > REAHIEHEHE S 208 LA —8 0 BB SEENEQE M EREKNIERK
(255 > 1986 ; Neres ef al., 2014 ) -

BRECT AATIN - A BRIAES 42 REZE KIS 2 A MOETHZ A RRN Y NE B E S 7y - $HEEA
JREHVEZE > WIRH MR RS S R EET  EHAR AR HAREE - 2R ERIR - SR
HIR o 2R EVE R I RAH B IR WAH I A AR PERE Y AR IEESN TEEE  TREUER
GHEIHIRAH = R A EE (R 5) - EHA N ER R RS0 - [HHRAKR SR BIEEAwET
I EREEGRO T o HETR FEEE - e (R ) V@A AR RIVEEEAREE - AAREURIGEE ~ B IR
LRI - R UKSREESS (SRR N ARSIV K ) BB DEBTHIRIIRR

xS WFEEBRAE R R R A - eSS G R E R KSR SRR
Table 5. Comparison of the sensory score and observed appearance of mold spot of the hays at upper and lower locations
for control and reformed barns at the end of storage experiment

Bale Sensory score Mold spot
Mean £ SD

Upper of control barn 2.28+0.78" -

Lower of control 1.671£0.72° +

Upper of reform 2.53+0.65° -

Lower of reform 1.83£0.81° -

“® Means with different superscripts in the same column are significantly different at 5% level by t-test.
+, - © appearance or absence of mold spot.
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Abstract

The high temperature and humidity in summer are unfavorable for the storage of hay in Taiwan. This study aimed to use
the existing hay barn reformed as a low-input storage improvement case by adopting the principles of physical environment
control and strengthening the natural ventilation and moisture removal capacity. After completing the renovation of the
facility, the unmodified half of the barn was used as the control. The round hay bales were placed in the barn for six weeks
to compare the weight and quality of the hay during the rainy season. This transformation included the facade and floor
structures, combined with the stacking of bales to become a ventilation funnel to improve the wind-driven ventilation and
buoyancy-driven ventilation. Comparing the micro-climate difference between the two barns, the reformed barn increased
the wind speed of the ventilation funnel between the bale stacks and increased the wind speed more at night. The reformed
barn also decreased the temperature and increased the relative humidity. For the results of measuring the baled weights for
6 consecutive weeks, the bales of the reformed barn lost 0.55 kg per bale in average in the first week, while the weight of
the bales of the control barn increased by 0.94 kg per bale, which reached a significant difference. At the sixth week, the hay
bales of the reformed barn increased 0.11 kg per bale in average, while those of the control barn increased 1.39 kg per bale,
and the difference was significant. In terms of nutrient content, there was no difference in the contents of neutral detergent
fiber and crude protein before and after the survey period, while the acid-washed fiber content of the hay bales in the control
barn had a significant difference before and after the storage experiment. According to the observation of the bottom of hay
bales, mold spots appeared on the bottom of bales in the control barn, but not in the reformed barn. The upper layer of bale
had the highest hay smell score in the reformed barn. It was not significantly different from that the upper of the control
barn. No difference was observed for the scores of lower layers of bales between reformed and control barns. This study
empirically demonstrate that the reformed barn had better moisture removal effect than that of the control barn during the

rainy season, and had positive effect on the storage quality of hay.

Key words: Hay barn, Buoyancy-driven ventilation, Hay quality.
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EEIEIREEE I - 455 TNEEHE » BIRNINE 2.5 — 10% I » MEEA RMGREI BT - E2RERRNENA - fHEte]
M1 ST /KRR vl FE A PIEk aaERH I T -

Ak 75T Gurav and Jadhav (2012) ~ Sobucki et al. (2019) Jz Sun et al. (2021) 43 FIFSREE TP EEL ()
F RyE—hREUR ) T EfE Chryseobacterium sp. RBT ~ Bacillus pumilus YL J% Bacillus sp. CL18 BERAET T2 /KA
K g% DL S Ko 0o )7 SEBRFE BRI < 0 BITERCPIBR S BKR - FFILERNREE - NEREHERS
HHHARHEREE BT - SIEYRSE RS A A EIRER -

FRe4 FEREFH 7T > Schommer er al. (2020) FAZE5EEE - PR IR [E B AR FE Y 2040 45 R 330 PIBHF
F (TIBLEEIRE ) €68 B. sp. CLI8 WAES TR I % - W[ LURT RS © Yusuf er al. (2019) FREUUT AR
EHAFHEEEIGREEY T AR  SRFEREEE - TIEk & AE Y TH R 1% T {2 A g 0 i B e
& o PIBLKIBMAEY R RE % IR R AR N RDAEE D - RS B SR A Y
o e gEFRT I EE & (Yusuf et al., 2019; Schommer et al., 2020) o

I KREEY) I TH > Bezus et al. (2021) SRRV & KGEY T REEATIELEE BT » Hita(bd
M B S P o it E AR R IR IR SR A B IR B R P B R R B A (PR R ME—IREVUR ) LA Pedobacter sp.
3.14.7 #ETTEEE - MR LI E D PR S - SR B R EKEEY) A BIF ABTS (2,20-azino-bis-(3-
ethylbenzothiazoline)-6-sulfonic acid) H FHESHERZR ~ NO FIEME K Fe' BIFAE T > HARBREEL S
jj o
FEZKf#

FA L flo B R R T 4BV B AR P - B A TR T A E - PR P AR HRE -
Pfeuti et al. (2020) FAPIF4 B0 200% 7K ~ 0.5% 1 & % 2 (Savinase® 16 L » Sigma-Aldrich Inc.) 2 2% gofifi
FEENIRHETTIR G » MBI 55°C TR 24 hr EITIE ZKE o /KER1E DABURE NN ZE 90 C 46T 5 min - {HEEZE
FIEME BRI T AR I 2 - &ESREETH » PR SRR R KR 1% 0 BHEECE I A R R AR Al R e
Bz B B8 - Jeampakdee et al. (2020) & 0.5 g Py ~ 10 mL AYREEE EF 45 #07% (2% 20 mmol » pH 7.2 ) K 1 —
5% A% 2 (alcalase ~ flavourzyme J% neutrase » brenntag) JEE7£7> 150 rpm ~ 50°C /Kfi# 4 hr - /KiF52 812D, 80 —
90°C hn#k 15 min DAH (REEZR0EME: - B f% DABE O S8 7 =0 0B « 45 5REUR » IANI 5% neutrase T E4EHY
W2 KR rEY) - FIF L DPPH (2,2-diphenyl-1-picrylhydrazyl) &2 ABTS HHESERRA - BARATUEALE @
28T -
=%

AF T T B LA /K AR ~ gk g B At B 22 07 SRR P 6 £ 1 Y R 8 S AR o T K AR L A &R
H ~ FERREH AL BE 558 - Veerapandiana er al. (2020) KP4 L 6 N HC 1T — P& EElE /K f# (LA 70°C Ak
24 hr > FELL 130°CZR 24 hr ) » /KER52E7% DL 5 N NaOH ZRE( T Al o KRR LR ek - miriiss
TbE ROtRz > BIEUSPIR/KERE D - WS B &N I JERNMEY S » IEREEEER - fEas/KiE i m
Fagbemi et al. (2020) &1y B s P75 (1.78% NaOH A 1.78% NaHSO;) Ji & 1% > & £ i B 2525 i oK fig
(87°C » 111 min) » /KfESE S S A1 L2 M HCI HHf1 27 o B 7K fif 7K 35 ff7 1% (regenerated cellulose tubes * MWCO
3500 — 500 Da » Z&#E/KZEMNT 72 hr - RHAK 3 ) 2328 - BlEHPIEKEED -
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Iv.

A ERIEY) 2 BRI R

A R AR E SRR - AR - SEEIREE P ENSEE > Ak Khumalo ef al. (2020)
(o BRI A A B A CER B HE T LB K R < 1F 15 @ 2RIt R R G /KRS (0.2 — 0.4 M NaHSO, ~0.035 —
0.07 M SDS (sodium dodecyl sulphate) }z 1.5 M urea) #E{TJIZA/KfE (50 — 90°C » 2 — 4 hr) - NaHSO, 1 i/ &k
FRAVIZER 5 SDS TI{E R SR EDGMER - et BB FEE /KRR § urea BEMG NIVARRIS - B e KR A2 Ry
EOEEAEE > FERESREEETRKE o /Kgse 2% DO ABEH T N ERRFEE - MR EHEREENE
TEZEE/K BT 5 K REIT/2HEZE - B PIERIIAED - EATERNEYE - 8 - KB - 8
BR8] -

5 i e R 7K i

P DL R = B T 28 (2.7 — 3.5 kg/em® ZE R FE E 30 — 60 min) 7] 503 B IE R % TE (Davis et al.,
1961) « B (2005) AW FE4E FIRIEH > ZERBE ST 3.2 — 3.4 kg/em® ~ HE 115°C ~ 7% 60 min AV LI £ A
e FERGIME HEVH LR « FIH BRIl - "lREPIR/K R B TR R 1 - BUE K& B E &R R (Papadopoulos,
1985) = FEEIMAE IR RCASTT S AN A FESKAYERAE » FERGITEBI NSNS R E e -

B T AEEEREDR 2 1 Nurdiawati er al. (2017) REPIBRE R BAORS OREELGI1 2 5) A G B K B
(autoclave reactor, MMJ-500, Japan) 1T S0k = BA7Kf# (180°C » 30 min) » /KER{LIE LAEE XL - /KR EH 3.4%
E 13.6% R Rl - Mk te T E /R ARAERE  Nurdiawati er al. (2019) JREUABILUT AR PR BKES CRALR
Bl 1 3) TR = B K (160°C ~ 6.1 kg/em® 5 180°C ~ 9.2 kg/em® > 30 min) = j 3] 5 /K fif i 81 52 4 el
KR (SRS A R E Y E ) RSB - &5 RS a{E#EEE R (Pogostemon cablin) K%k (Vigna
radiata) AR M E R ©

BE MBI

Befefe B B IR PI B S EEER - T2 APE (40 52 BPIE -~ PESESURED ) RSt » MR

HEFRE - BHAARRETSS & - BUFHESGR o HATERRF T FE R AT T

L

1L

1.

BEEMHRIEL IR

Adediran et al. (2020) FEPIERER (1 — 5%) ~ KRJE (1 — 5%) ~ AR5 (75 — 80%) HIZKIE (20%) HEITIEGTZ
LL 0.2 kpa FEJJEAEL 5 min o GEIREEH - EXIBAIREEEGIZES] 3 ¢ 2 [ > ErZYEEL (modulus of ruptures) FI58 M5
% (modulus of elasticity) FI BL4F - Dalhat er al. (2020) SRR 5E T HIMRHHRRNT 0.15% B PR @ 45558 E
] IR R T A PUEREE (rutting resistance) ~ FRE MEATEDRRAVEURE - HIEFEINAERC )V PIBHY E VIIE g -
ZEFHEHR 2 BER  Saravanan and Prakash (2018) 44t (°P1E ~ SERAIEE NI ) EG & DA B AR s Y
RN - RAEAEAE 115 CHIEN 24 hr BREKI3 % - AR F0G IR [E B BR R (E R Y - 4553830 » i
FEMVERAE R A LB R 12.5% TPIE ~ 37.5% =iAl 50.0% R - i 2B & 185°C ~ 15 Bar 2 3 min  [If;
Wi RAEMRHTE 98 (flexural strength) SFRIREE « H LSRRI AL - PIEEEEIVE MRS &% > TTRER
HEEYERMIRATRR - HREZZEA VB EE T FHE BN R - HE RS ESIRERE ST -

IAMALIEFTABIFERCR B P SCE B MEAR - Taghiyari er al. (2020) FHIREERIAS (urea-formaldehyde resin) A1y
IR (wollastonite gel » Mehrabadi Manufacturing Company » & & REEEE 10%) JR&1% » DIEE T EF
PIE — AREEAEAE - AR (163 kg/em® > 175°C ~ 6 min) BB G « 281 > AR EHCTIE &2 EE] 10%
YRR (KR RR ~ WNERRNE ~ Mtk Ros MR E ) rE A A% © Taghiyari et al. (2021) FIJ B4 490
EREERIAE (epoxy resin) BUWEE GADRINEI » lEE LB EHIRERBIIEHER 5% 122 15% I » #[% (hardness)
M E RS H A EEE - BN PEmEE T - & R R TR B8R MNa &t - i E s
YIRS R B2 RIS B0 S S ot ¥ s e TH H eSOk E 2 S22 -
BUEEM R R

FH TR A ELAPIREEE Y - BRI PP B SRS+ S 8 b HE BB AR - Ouakarrouch et al
(2020) LLAE B E IR - IR TER (0 — 5%) F17K CRIIE RADEHEYT 60%) SR ERIARE » RERERE
24 hr ERY > [T FLL 60CHARE 2 K o G5 - JRE MBI EVE (thermal conductivity) FIZEEATA (thermal
diffusivity) 43 FI[FE{E T4 30.2% 1 18% - Babalola et al. (2020) {5 FARE S ~ HIH ~ PIEH &E2E 1 (bentonite)
BUERREVMR SR » TR BRI AT SRR A -
AR

&1 48 TR L BR (B S M FR G M A A R AT - DU B R AR 2 A R AR e AR FE Y ELRE o 1 1 F AE &5 RO 4
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RO TR BIT » A BB AT - Kakonke er al. (2020) 6 316 DKL A1 (fluffer) BHEERAR4E - T 141
50+ 50 HILL BB RALER & - LTI (carding machine) BUEK LB 44k 1% - PRI TBURAE S OF - SXERST T
(needle-punched machine) R4 » BIFIRLIE — HARAEATR S8 > IETTIE B IRa IR -

BRI

BRI 2V BB LR - 2R EEMERE TR R 5=l - AYEE(L B ERCR (syn-
gas) ~ £V (bio-oil) FIZEYfE (biocarbon) FYZEFE o 1BV EA FER A AR ~ BEAER - Hl#Eh=s - & - ik
Bk R MTEIEY BT o BERERFIL RO IE R B EEEY) - RV EHAEYIRER -

A [EI SRR FH R B (5 A P 72 52 - Rangaraj et al. (2020) P10 7 iR & RIREE (argon gas) 1 > DA77 5
5CHIFRAZRAE 600°C T AL 2 hr > & PIE 5 IE R A Bt R o Hastuti ef al. (2020) 7REEE &M 2 FEAT
BHIRPPIET 215°C N EVAE 15 hr o PR EZZIREE T ANEAE 450°C 4655 1 hr BI5E 5P E 8 - Rahmani-Sania et al.
(2020) HEFPIE T AR §5 $ 57 JTE 223117 3 A &R (nitrogen gas, 150 mL/min) #1755 — S ESHNZN (215°C » 24 hr) » A
FERIEEEF 2 650°C HETTE P EEINEN 2 hr > WHRFECFE /K53 A4 L © Li er al. (2020) EAEHET R EDRE
(1300 71 600°C ) EAALfFEPIE 30 min $PBRER ZFE - &R  REASEERK - LR ERE T
PleF A EFRATE - 1E5h > XOE8ES 731 (X-ray diffraction analysis) 253 » O & ATEAVER i B A B Z YIRS AR
(amorphous) » [ EE & VBRI A 26V 25 (graphite) &8 » R [EIZGYR R & B HLER -

b BMEami i

AEMA AR E(LEYE - EPIBEANGSHEECEREE M ERME - B2 - BEEER R AN
& Emie A ERE -

Suna et al. (2020) & 8 g PIEWEF IZ AFIHEE AR (400 mL 7K + 2 mL BE% ) » ZEZLL 60°CHIEN 24 hr - [fi{&iE
TR BRI IR o WA IR E P B E A G E o WOBUE N B B RE AL T = H T Cr (VD) B
T 27 % B o Chakraborty et al. (2020) 1 4 ¢ 21 & 1 H 5 A 100 mL (1Y 2% NaOH & 8 H (N & 4.0 mL 2, — Ji#
(ethylenediamine)) » 74208 N KM 2 hr FF DLZEEH/KE B RZ )G 2 © NaOH Kz 2 o & ¥ P15 85 1 WY RS (hydroxyl
group) Jz &% (carboxyl group) #E{TER - #EM =B @ a1 - EBALEMETTH - (LB T/NVE B ERR -
Rangaraj et al. (2020) [ 7 g PIERERH 72 A 50 mL /1Y 0.5 M BEFE§E/7K-&%) (Zince acetate hexahydrate) 7% L)L 180°C
HOEL 12 hr > (PR EFEPIEEQEESY) > MR FERERT 600°C #AZE 2 hr - BpF(LEPIERESY) > FEFAR
PR BB RPN o Hastuti er al. (2020) DUFE{DUR BRI B 2 P B SR BV BE AR R} - FFGEE B SRl v FEF A &R
AR o ALEMEERRITIT A 2 PR E T 25N > Yang e al. (2013) KPR B 40% HEE K2 10% NaHSO, 75K
SERETERE 3 hr > [(EPIBREAFE L -SONa & > FEIEA /KA N - A EANE SR Z o171
ZIERHRE FER (B E thi%ii)

AR ARG ~ EEPDRH T - BAAER T S AL B EMRL T - &OE&R G E A 28 AR AR S B RV A » Li er
al. (2020) F|FHEGREF AT E M B LN B R R - FH LRGSR iT45 & 5 7L (poly lactic acid, PLA) » #4fEHA]
A=) fp oy A RS BRI I L RS BEDR) © Yang er al. (2013) f2PIE Mt 7Kfi (40% NaOH 5% » 95 CH#EL 2 hr)
& ELT(LERE A (40% HIEE K2 10% NaHSO, /AR &8 - [P BE A H#EE -SONa BEREE ) » MRER(E T RTE
FR&E G E G ITRNEIE B R ZV R EM KL > IR G RERZER B A EERIRE KSR /KERRER - Siriorn and
Jatuphorn (2020) DU EE/K iz ffir (NaHSO, ~ SDS Jz urea) 1B 7 7Kl fs FAEE H 2 1% > P45 G PLA ~ —& {8k (TiO,)
FEE+ (clay) MR - DLEES452%# (electrospinning set, comprised of Gamma high voltage power supply and Syringe
pump) B HAGURELEE SR > DB AEIYE#E)E2S - Rahmani-Sania er al. (2020) 118 DU G A iR 2 708K
EITLEEET - MR HEE B ACPI B - 1B AR I 2 BB THYBR 54K - Hastuti er al. (2020) K Rangaraj et
al. (2020) 47 FIfsE FH 75 /KEGlE 75 (Zine acetate hexahydrate, 0.5 M) K& & LA (KOH, 5 M) $PE1EH #E1Tb
B > MRS HASFEEPIBERESHE » nT3ESEE A SRR o LIiCCiéE & 2 > gl
SRt EE E e R AR » H B PIEREEY O R -

0

HEPNELUINZBIEDBF BRI

AL FFEHIT OS> PR LUINRIEY) o] FEF Y SR aRH R ~ BEZOKIREY) - ZEHIBIRE O M A4
B EmMRIBE S - R IEEEIEYNE S EEE - TSR S B RERG (BMER ) BUER A Bl S
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dn 0 MG FE R R BCEEYIER S (Zier er al., 2004) - HFA EECGELAGE S B AT IR EL R B RIEY) - 2 HAlthERIEYE

MEEE T - MAEREZR/KEEY T - AR AT DUEITEORA « P B RTEfIny o e A - nTelE 2 EE

B EE AR MERYE o BRI B AN hI{E & (Kristinsson and Rasco, 2000; Slizyte ez al., 2009) » Fi T LUk

FEElE Z /KA 240 » IEHEIEY)hE & 2 BIREH ~ 05 2 (chondroitin sulfate) ~ 3R [% (hyaluronic acid) B

e TR YR (A0 : RS ) o PRILEF 26 SORRIE LR Al bl VA ELFE P BB - DU e ia L FH 07 =X I L AL i

T2ZRHE ~ EEONEIR H Ko irés R -

FAB#EPELIINZBIEMEEERE AR R

I BEZEH

IR 5T 070 T 2 e = B R B R A B et Rt o (o P URHES S S5 - e e PR - Wi -

BE ~ I~ WOBEEES - RN RORTE - B AR o FURHRBRIE BT B L BV ERZ P - MIEVRELY
F5 140°C > JIEREFFE L 45 — 60 min > BEJ] 3.5 — 4.0 kg/em” o JIEVKE R A A1 208 - FFLIEHAE B H ES 1
RS o RS T AC AR L) (3,000 rpm > 60 min) SrEEHAG o 1S RS A A BARE K 3B B 1% - DAHEEZ (80°C - 6 hr) B(E
22z (4 hr) I35 HERRZERIK Y « FESAVEZERYIRE R S R IR HEA TR S 73T (2 mm ER4Y ) » 08 & AR
DR @ENE S - BV 8 Y ERAREE 71 (Awachat et al., 2011) ©

I EEHEREE RKEMTIH

SRR 2 B Rt EE Y aa et et - R E T B 2 DL—&EEsy (Ko ~ MKy ~ fHE S ~ fERERG -

FHARAE ~ MEEHTY)) ~ $50E 5 8 N EVE [y E (Costa er al., 2008; Awachat er al., 2011) - 3l 558 aF 4 B 2 H B M
R~ =B R - R IRFAMEE - pHE - DPIRE - ifQEEL 255 S FEY) (2-thiobarbituric acid reacting
substances, TBARS assay) 55 {r {7 145088 (Costa et al., 2008) - MHRBH SRR AT E AR 1 - FEAN - HOREIEYI I LT
Bf > KL EY) ~ Half s BB BV & 7 A Uk~ BiBE (mercaptans) ~ [ (amines) ~ [§ (aldehydes) =i HAff &
RY)E (Cheremisinoff, 1993) » Rt Kruger ez al. (2009) & 52 &5 Bl 2 Vel ich Uit S/ F A AR Y BE SR 1T )2 SR U EE
T 1% LATRZE [E A8 25 HI (headspace solid phase microextraction) fili iR AG i - FLURAHEMTEE / E sl inHles (gas
chromatograph/mass spectrometric detector, GC/MSD) 73R a5 T o FERFZE ] F i Pk SRR 1Y BE R iR B R Bl 2
BEGRRF 2% -

*® 1 #EPEISNZBIEYIEQE R Z 5 e

Table 1. The compositions of protein materials made from chicken by-product

Composition Costa et al. (2008) Awachat et al. (2011)
Types of by-products Viscera Head, feet, viscera, liver, gizzard, feathers
Gross energy, kcal’kg 5,098 6,060
Moisture, % 5.53 7.73
Crude protein, % 60.7 60.6

Crude fat, % 27.1 20.3

Crude ash, % 4.34 14.8

Crude fiber, % 0.78 No detection
Carbohydrate, % 1.54 No detection
Calcium, % 0.21 3.01
Phosphorus, % 1.10 1.64
Pepsin digestibility, % 82.4 No detection
Acidity, mg NaOH/g 9.40 No detection

pH 6.32 No detection
TBARS assay, mg MA/kg 1.57 No detection

Aflatoxin, ppb
Salmonella, CFU/g

2 mm sieve retention values, %

No detection

0
0.28

0
No detection

No detection
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MARHEPELIN BIEMSREEERKEEY

L

1L

BUFRZLRE
BB SE 775 T AN B ERE B DN 2 BIEY 2 BE 2K EY) » WISEED ~ B ~ Bekes ~ 0% ~ K258 ~ Bhas -

BEGLATPEEE J7 1 > M DAEE L (2,500 g > 15 min) 55 H i Bk R 11 42 1% P #1772 227K i (Wongngam et al. 2020;

Nikhita and Sachindra, 2021) ; F7J& DL HREZEER /K1% - FELANERRRRE - (2 07K 8 Bk s P TIRE 22 /K

(Onuh et al., 2014; Onuh et al., 2015) ; EAREIEYLE % » II/KGHEEITE » mEinEvEz (85 — 100C » 5 — 20

min) » R AE HEITEEZL/Kf# (Cheng er al., 2008; Taheri et al. 2013) - B /KIS » ({5 FH B 2P R AV EREE 20K

FHEE pH {H SORFE - RN ABEZFG/KEEE « 2R INEG IR Z S E (95 — 100°C > 10 — 20 min) » 3 DAEE

OB R RE T U B 7K B =Y (Taheri et al. 2013; Onuh et al., 2015; Nikhita and Sachindra, 2021) °
R ERIRE ~ BERTES - BERAEELA A ELEH BN E REE - BTN E SR EC L2 B 2 R 3 %

A P2 B o %M ER % 2% /K% 5 1| > Nikhita and Sachindra (2021) L 2.5% Alcalase ~ 60 °C #E {7 % 25 /K fi# » 1M

Wongngam et al. (2020) HI[L 4% Alcalase ~ 51.1°C ~ pH 9.6 E iz {2 /KRG H: - # 57 LL 3% Alcalase ~ pH 8.0

55 CHEfTIEZ KR > BDL 1% HEEES ~ pH 2.0 ~ 37CHETE PSR # % » P 1% FREARS ~ pH 7.5 ~ 37C

HEITEE FEEE i (Onuh et al., 2014; Onuh et al., 2015) - Taheri et al. (2013) (gt HES 0.07 Ulg » 12 52°CF

BRI o S AT SRS EIZEDY) - Cheng et al. (2008) AIl53 7l PA Alcalase (pH 8.0 » 50°C ) ~ H & HEF (pH 3.0 »

37°C ) EIREEN (pH 8.0 » 37°C ) » FFEEFZREEE 1 @ 50 BUMRM: T #E1T 5 INEERR S IR Z K% - Bl (2011) 7R

FHAB AR e 22 PR BRPR 4 AR B 35 R R B 7K g ZEY) < 1] Jamdar and Harikumar (2008) FYBUFRES RREIE - (5 A BHY

HENN (B - B2~ B8 ) R&EGHAHS > DIERZIE%E pH H 2 2.8 1% » TEARNIIEEZAVARN N L S5 CHaRisE - #

AR B R EEZ TR

EHENEHEE KER T
B 38 18 LA il 7R e E BRSRAVHIE TR H » E R IEEIE 2 275 - F RAVNEH BB a6 - TaME

HE&E - FEILE 8 KoK (degree of hydrolysis, DH) » #& LRl K flRIF I 2205 M2 B OrF BAF ~ FAMEED

B R ENER] Sy fi s FE HBERL (Cheng et al., 2008; Jamdar and Harikumar, 2008; Taheri et al., 2013) = FlJf _Eult 5 45F

i /KRR - A — 2 K EYIHT— MRk oy ~ BRI R E R > DU e SRR B AV B S

oo Bt% o MRRESCRAIR E s FE R B 0T I RIRRS -

() FAZAEETEE - Jamdar and Harikumar (2008) 4535 % & N /K g AUl AR 2H R & B 8 E - BARS
fAR S R B R E A E AR 2T « A E B E R JFUR 75 24T &8 pH ([E R T BEA RIFNAE
(solubility) » #ET/KAEEYIAE pH 1 — 12 HARERE R - 058 B A MRS B nl 25 93% DL I < Taheri ef al. (2013)
B KRR EEY) 2 R4S NI Y RIS RS -

(i) Bkl - Balti ef al. (2010) $5H » SR EERIEY TS EA K R miEH - A CHISRB AR 2 &S] -
[t4h > Taheri et al. (2013) JREHE U (LA M PR ) SR & (BEECFIRRED ) RIEVIHKEEY ETS RS -
£ 7K 1% (water holding capacity) ~ Wz i & (oil absorption capacity) ~ #.{b 4 (emulsifying properties) ~ #E /7 4
(foaming properties) fz (0 EIH B 2 5FAd » WFFC4E R 3 T 0 B EY) 2 /K g Vel 65 R s & Bl E Y By
o RIS FJERT 24 > I EE N SHERIEYES - e s -

(i) PEREVEESD ¢ BN 255 SRR A2 CooDI BT T PR (2011) Esl Rt B B RIEY) 2 HERE MR i > WEEEER
FERRE 2 B ZOKMEYE & L- R (L-Arg) - EARS HICEIEIREE M2 78T > BUNE HERR BB £
KIREVE AR ER ZEAEE - WHEEE - BRLERIEZEEREE 228 - SRR AR
TE BN E B 2K E YR LR EFt > AR ECRERD)ES « 11 Cheng et al. (2008) /& | HRE T #ERR
BIEYIFERI A HREEMEE 2 7B ) HIE HERR 5 B2 2 /KR 2 DTS bRE 1 R I B UL 4 Z HEHA R (angiotensin I
converting enzyme, ACE) fIfVE 4 » 45583837 » {01 F Alcalase [ 227K fi# 2 DH FRIH#:H 2 A B AR & 1 1
> HHEOKMREYFRIH T =W ACE flIGDEM: o BT #5240 Bl R H i B 2K Y N i B A
P b ACE fIHDEMERVREE o #— S DIEYAnsa s - a3 = s 3 P iV 2K EY) - Sl EH
VS AR B Wi 4EEE (Onuh et al., 2015; Wongngam et al., 2020) - H_EAICORRRT R - #EERIEY)IE R /KiE
EVIEAR e B 2 78T -

MAMENELIIMNZBIEYZIRBRER

L

Wi

#HEREYFRR R E S HISURES > WHN ~ FRos RS - ERIEYZEHIBIFE QR © Bl
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*2. HEEEVZEIIBIFEESR - AR 2 HU 2 EhEL
Table. 2. The collagen extraction technology of chicken by-products: Comparison of sample preparation and extraction
methods
Reference Sample preparation Extraction

Feet

Zhou et al., 2016

Samples were soaked in a solution of 20% NaCl
in 0.05 M Tris-HCI (pH 7.5) at a ratio of 1:20. The
mixture was cen-trifuged at 10,000 g for 20 min
and the precipitate was washed repeatedly with
distilled water to remove fats and bubbles.

1. The salt soluble collagen: pretreated samples
were soaked in a salt solution (0.45 M NaCl in
0.05 M Tris-HCI, pH 7.5) at a ratio of 1:80 for
48 h.

. The acid soluble collagen: undissolved matter
from salt soluble collagen extraction was soaked
in 0.5 M acetic acid at a ratio of 1:80 for 48 h.

. The pepsin soluble collagen: Undissolved
matter from acid soluble collagen extraction was
soaked in 0.5 M acetic acid (pH 2) containing
0.1% pepsin (4,500 units/mg) at a ratio of 1:80
for 48 h.

Araujo et al., 2021

Samples were soaked in a 0.5 M acetic acid
solution for 24 h in the ratio of 1:10.

Pretreated samples were homogenized for 10 min
at 5,000 g. In hy-drolysis, 1% pepsin was used for
12 h at 4°C with continuous agitation.

Araujo et al., 2019

Samples were soaked in a 0.3 M acetic acid
solution for 24 h in the ratio of 1:10.

Pretreated samples were homogenized for 10 min
at 5,000 g. In hy-drolysis, 1% pepsin was used for
12 h at 4°C with continuous agitation.

Potti and Fahad,
2017

Samples were soaked in a 0.1 N NaOH solution
for 24 h to remove non collagenous substance and
to make the tissue very loose.

Pretreated samples were soaked in 0.5 M acetic
acid at a ratio of 1:20 for 48 h at 25°C.

Sternal cartilage

Akram and Zhang,
2019

1. Samples were soaked in a solution of 20% NaCl
in 0.05 M Tris-HCI (pH 7.5) at a ratio of 1:20 to
remove the noncollagenous substances, and then
washed with distilled water to remove bubbles
and fats.

. Cartilage pieces were soaked in a 0.5 M Na,CO,
solu-tion at a ratio of 1:10 to remove pigments.

. Cartilage pieces was soaked in a 0.3 M EDTA
disodi-um salt (pH 7.4) solution at a ratio of 1:10
for 24 h to de-mineralize the cartilage pieces.

Pretreated samples were soaked in a 0.5 M acetic
acid at a ratio of 1:6. The pH was adjusted at 2.8
with formic acid and then stirred for 96 h at 4 °C.

Skin

Zeng et al., 2013

1. Samples were soaked in a 5% NaCl solution for
12 h in the ratio of 1:10 to reduce noncollagen
proteins.

. The soaked skin samples were washed with
distilled water, and then soaked in a 6% Na,CO,
solution for 24 h in the ratio of 1:10 to remove
the fat.

Pretreated samples were mixed with 1000 volumes
of distilled water and 1 g compound enzyme
(papain: trypsin: flavourzyme = 1: 1: 1) and then
allowed to hydrolyze at 50°C for 3 h.

REUR R (AT - IR - S ISR S R BT - T R N B - B

B

g TR e

ERTHETR AR o MEASESURATATRE A AR > HERAREER T AR

& > {40 ¢ DL NaOH 750 AR BB JE & (1 (Potti and Fahad, 2017) ; L) Na,CO, & EDTA disodium salt ;582

(ERAL e

et al., 2013) - BEERF IR ERIZ HIBE ST

TR - BB R

AV ZR R REY)E (Akram and Zhang, 2019): A NaCl k& Na,CO, 75 /R A PR HITRRZ IR & 0 R AT (Zeng

AVEZEAL » Zhou et al. (2016) FRaTEEIAM: ~ BEH
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P Z AR AU B R E O N 28 SR EHRBREOERDBEZAEERNRE » A RA
M A2 - (R E AR & B ZEHUIH T 7 126 Ry B R e S B s M BUAR - B R MR R e i R ol
BERErYELEIEA T - BIREH DS FA (018 - BB RIErT o ig - HE S n RS ERIE 3.4 % » LEERSE
(BTN EFR (Zhou ef al., 2016) » 4} » Akram and Zhang (2019) S5F#A 2 =3 (ultrasound-treated) A 3#E—25 ¢
TR i AR E A ER > RS ARG © Rk e 8% - DUInEEEErey 7= fEAEC
W G LUENTR M BERRE 7y SRR IR E TR R A SE R AV EUAR - BB E A TR FERZ - iEE RS
HEZ R T A BERZ Rk oy - HA o e R IR B R AR O DRE R e VB 07 7% - B AR PR REZR AN BEE =
FER  FIIRT B A SR ECE (Zong et al, 2013) -

EHYHIETH H K ER J71A]

ERHEZE AT > BRERERE EEAHEIRE - AL (BREHZHEZE / JFRE ) x 100
HEASERFNHBREQNLEIES - 22N BIERESGHE BT (K3~ 8Ky ~ HED - sl
) Bebe Bl oA - DAL & Sy Bk - R REA 2 & BRI -+ AR SR N
T e R BE K 4747 (sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS PAGE) 1] FH i B ELZE B R &
Rk e BELASEEE i 7 [T RY BB UK ER T (band) fir' 8 » FEILHIE Ry (mTAERR I O S SIS o (7 B BES AT S (Fourier
transform infrared spectroscopy, FTIR) ~ [B] — %5553 #7 (circular dichroism spectroscopy) ~ &1~ JJ 24l $4% (atomic

force microscopy) f¢fi i 8 - Hi{u#% (scanning electron microscopy) Al 7> 73 B i 45 H 45## (Zhou er al., 2016;
Potti and Fahad, 2017; Akram and Zhang, 2019)

RSB EAEREE T E > FEREESERTE - #lEfFEESBWHIEEE - %?éﬁ*ﬁﬁﬁ“ NS
gk - G EEM R 2T FREILLRAKME ~ KM ~ AR - AN - TORME R EE R - FHEEE
— A FEDREAVR E S (AR R 5E M ) AT H2E{H{E (Zeng et al., 2013; Zhou et al., 2016; Akram and
Zhang, 2019) - fEAEBSHORHER J71E > 1R (2007) S+ ¥HEFE A BURDHIE 2% - pH ~ UM ~ FAEME KB Bk
WHIEDT UV ~ i bR RS RIRRE ) - DIZREEEER N BN 2 EE - S&REr > BFHEZBREARH PEI%’E
BIFRE O B AR ENRECEET - ARBRE DRSS HE LS o EIELUSE /Ko 28 HCHE R E B R
EHHEFERRYE > SRSRBIFEE O EFEEER KR E KR - HILATA > BEEREY EA FER Nk 2 8
77 = Araujo et al. (2019; 2021) K ZERIIER & H E MRS E A B RS 2 Bds > RILAERVE sl ~ —R%E Sy ~ HERp
Mg ~ (0% R 1RSI T (texture profile analysis) » 45 S EURIB R & A 7] LU ES o hAE B A2 2 F G E - BARK
Ty EHE e SR 7 -

He#ENELIIN BIEYIFEFR SR

L

ZEHVER R 2R RO PR I

WU 2 R B PR IR v B2 FE R B ~ B4 EE - (Ll ~ B i KB B PR fiE (Uebelhart e al. 2004; Volpi, 2009;
Srisantisaeng et al., 2013) - [ ZE & F FEAH (WZERITE ) B Si0E R - #EE BRI - SBEZHUE A7
HEIEYMTIN{EE (Kogan et al., 2007; Collins and Birkinshaw, 2012; Srichamroen et al., 2013) - IJL[:.%‘B%;‘U%)(:
S DL#RE 4H 4% (Srichamroen et al., 2013; Shen et al., 2019b) ~ A 2 7= 5 Bl E i (Nakano et al., 2012) 57 2\
(Widyaningsih et al., 2016) ZRZEEV#CE 2% » WiEkaT#Em 26 B PRI 2~ 7] 7714 (Rosa et al., 2012; Srisantisaeng et al.,
2013; Oliveira et al., 2017)

TERCE RAAHUTHE » mf/KEZEE (100°C HOEN 2.5 hr) ~ (LEEREEY (6% pH E 2 4.5 ) KIFR 7 ZEHUE A
ZEHUH A 25 (Widyaningsih ef al., 2016) © {HEEZ g2 HURERERR /D - H B A REERIGHC A2 - R H ATDALE B
“E YR (Nakano ef al., 2012; Shen ef al., 2019a; 2019b) = Shen ez al. (2019b) #E— 35 [ Fi 255 =5 BE (120°C -
L5 hr) #FERGECE R LA FE AR (REAMRANNELR ) - 455RE8E TS ZEERRCE © M

ZEHUB PRI T > BEIAAR FEISCR R 2252 - (HIRDABE R 73 AR 25 HUE Fs & (Rosa et al., 2012; Srisantisaeng et al.,
2013; Oliveira et al., 2017) - HEE4CEANY)% - 2 REIERE T — FESER (21 0 viv) T LLEBRESRS K2 7K 4> (Rosa
et al., 2012; Srisantisaeng et al., 2013) > [{ZHEE T AR & pH HAEITEEZR 7% o #0052 IR RIRIVEE 7y iR
% » DAB2 @115t H5 (anionic resin) W[ ~ F5 208 ~ Bl 00 B0 0B FHRUlT (20 = MBS B (trichloroacetic acid)
L8 ) 43 Bl H 48 (Srichamroen et al., 2013; Srisantisaeng et al., 2013; Widyaningsih et al., 2016; Oliveira et al.,
2017) » EEIB’\E;[LPE@’X F Y PRI B S A TR L (uronic acid) HY45HE » PRIH WA FHIIESZ E (carbazole reaction) JH|
EEEE & o Em MG ZEHEEEE: (Nakano et al., 2012; Rosa et al., 2012; Srichamroen et al., 2013; Srisantisaeng et
al., 2013; Widyan1ngs1h etal.,2016) -
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A - B0y SURVE SR 16 S S ) Ry LR WO A S LR R B2 )i By BBV (Maher and Bressler,
2007; Fernandez et al., 2009; Wisniewski et al., 2010) » T ZEE & K AN B E 2 lBsRVEEY) » NIL Idris et al.
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Abstract

The purpose of this study was to investigate the reutilization technology of chicken by-product in two parts: feathers and
other by-products. Commonly used feather reutilization technologies include hydrolysis technology, composites technology,
pyrolysis technology and chemical modification technology. The hydrolysis technology can decompose feather protein into
biological nutrients or as raw materials for other products. The composite material technology combines feathers with other
materials to change the property of the material, including the physical, thermal insulator and fiber properties. The pyrolysis
technology is the thermochemical conversion of feathers into synthesis gas, bio-oil and bio-carbon (feather carbon). Feather
carbon can be applied to the adsorption of pollution and electrochemical materials. The chemical modification technology
uses chemical substances to change the structure or functional groups of feather proteins, thereby changing the absorptive,
electrochemical, or solubility properties. With regard to the research and application of other by-products, high-temperature
and high-pressure processing technology can process a large amount of by-products and then can be applied to feed
materials. Enzyme hydrolysis technology can retain more nutrients or functional substances, and hence adding value and
more applicability in these products. In terms of extraction and purification research, there are abundant sources of literature
on collagen extraction, , which can be adopted by researchers and industry practitioners. Moreover, chondroitin sulfate and
hyaluronic acid extraction, bio-oil production and meat processing technologies add more diversity to the potential value
of by-products. In the future, we should properly adopt the various reutilization technologies to improve the reutilization
rate of chicken by-products and increase the added-value of products, thereby to prolong the sustainable development in the

ecological environment and industrial operations.
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BB RS R S R AR FIREATA fia 5 Est03
Z_F-v FiLE AN LT (1)

wFE ECE O

Wl H - 11055 H24 B #2H - LHTETH 19H

W B

ATFIE H H B ST T 15 e 2 5 DR B SR T 5 T SRR L R ese03 MEFTJC8E0H ~ 36 ~ &b R 5y
#r o DAHA{EL 1% SR 90 BATE A  est03 BERE 762 bp » O] HEEE By & 253 (i e iy ESES » 4> 7 K/N4Y B 28.8 kDa »
T 5 Est03 o 10 SRR HEIN est03 JOSEHE Y FFAE S pPALT |- > SN F2 3018 £ ARSHEES (Escherichia coli BL21
(DE3)) tf - P #R4E IPTG A R RIVENE Q' E % - B VIR R R LR AARE RS 5 A E Ho 46
(LB - SRS 35E - Est03 WA 2 B ARG B4 - THH RS () EMEE SN A
(P<0.001) » {EEFESERTEIRZAE 35 — S0C BABHEEM: - BB & 45°C » ERiEME 12.15 unit/mg » k /K, 5
1.58 x 107 s+ uM™" « Est03 £ pH 6.5 % pH 9.0 ] » & fEEL A pH (EAEEEY: » A pH 8.0 BEE MRS © B
[ > Est03 7F 1 FIEEL AR ~ AHOAE] - ST R/ EEMERERE T S B RN - &M > Est03 B EE
SERVAEALEE - HIREE b RS MEFT N AR IR S 3 -

S EMDSIE SRR - S BT -

4

V(LR (biocatalysts) FTHURELAMLEYE - EARE - BOBEELEY - SRR 8RR BN fER
FRME - (R IRESER TS R AEYIRE R 2 F5 KB i (Berini et al., 2017) - fi#H5ES (lipolytic enzymes) /&% @ 71T
1Y o/ B /KfRES - FFAEE) ~ RIS - L5 SRS (esterases, EC3.1.1.1) K A5Hflf (lipases, EC3.1.1.3) (Arpigny
and Jaeger, 1999) - AEFHEE 7] 78 % 5 0] & Bk F /K C, DL AV E ## = & H HES (long-chain triglycerides) 5 & & fi i
(carboxylesterase) Rl o] &5k S7K i C,o LU 2 56 8 — % H RS (Verger, 1997) o (UM YIEEZ B AR EZ 12/ E 5
— VAR ARATE R 2 IS EM: » UEYARIR 2 fERENE 452 R L3 ARl > AiE4 b 22 SLE 88 4 7 (Straathof
et al., 2002) K& T2 (Raveendran ef al., 2018) e

Ji& 7K R B RS FH P PR B BR R K T KBy B A 1Y) - BA SRR S (enzymatic activities) (Molina-Mufioz
et al., 2010) « BB EEFERE KRS DL= e RS /K R B 2 G e TP AR - 3 Al By &8 77 (solid-liquid separation) ~ JBR
ML (anaerobic digestion) f 4148 ML (acrobic digestion) » H A #F &S M FIERES AR B AY) - FEHE
Wi 2 B A I ERUR 7K 2 (B35 & & (chemical oxygen demand, COD) K 4:#7)35 45 & (biological oxygen demand,
BOD) - HIEM TR FIMAEY B EESFEENEYEREE » (HRREEEESIES 85 — 99% Z flA: i
TEBCEEDUETTESE (Amann et al., 1995) o R H B FH A YIH T T A YR R R 880 ~ B 4H B4 b A2 P 1T
HIJTIA]

ARG 2 3 e - (] 25 ) ARl (metagenomics libraries) £5¢ it 7] K & i BEEL K] (gene pool) Hf 2 77
BN R B R T AR AR 2RISR Z A4 (Uchiyama er al., 2009) « {EJeRiRYWTZE S - EHEEEETEE
ARHZLHY DNA > 3947 5.1 kb Z B BHEATNYBERE A4 » W E T4 KGR E (Escherichia coli) ZH1 >
DI RN © 1247 3,818 {[Efk Z (clones) H » BIUR 12 kR EA =T Be H HES (tributyrin) S35 - 7548 DNA &

|

() TTEb e Z B B A B AT iR Je E s 55 2692 55 -
Q) TEbtREZE g T EAR T2 -

Q) TTBIREEZ B & EnnPT R -

(4) #EN/EE > E-mail: liawrb@mail.tlri.gov.tw ©
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Frea 3 o3 A S 3R T 16 (i TEOH Ry g HE B R A B i BEIREAE (open reading frames, ORFs) o HH f Rl 51| B A &
HE & RHE L 4 S A E S R RE 5 (28 — 55%) o Hrr Lipo3 DLZ& 3 4225747 (phylogenetic analysis) #REH fy
FRHEERES 712207 (family V) (Liaw ef al., 2010) - 55 A RGEFERGEG 7] {E5F 2 Hh R (mesophilic) ~ &8 (psychrophilic) ~ I
24 (thermophilic) 2<% (salt tolerance) 4HE (Arpigny and Jaeger, 1999) th#v | » EA G002 EHE—ME R » i
15 LeAN R B N Y S (Privé et al., 2013) ~ +1% (Chen et al., 2013; Pereira et al., 2015; Istvan et al., 2018) ~ [
WSS (Sumby et al., 2013) K788 0 (Peng et al., 2011; Zhang et al., 2017; Yang et al., 2018) - K[ » AWFFEHE
Lipo3 ORF #EfTEENE » Wi LR N an$4 Ky est03 » BEITRIA ~ &L RFFEINT - DA L H BBl 0y AE R A= L1
'8 o IHATTFER AR EZE -

MR T A

L est03 BalfR R IR HEHE
WRAB S A & M5 e A 26 I AL IR R B 15 LR & K 22 ASLO3 (Liaw er al., 2010) » #EfTHERY Lipo3 ORF

ZREYE o A IR B est03 o 3551 %] EstO3F7 ¢ 5°-CCAAGCTTTGATGGATATTTTTTCGAATGA-3" B
EstO3R7 : 5°-CCCTCGAGTTAAACTAAAAATTCCATGGTC-3’ » fHK}HE 47 7l K R I i HindIIl B Xhol ¥ &% B 4>
PIFF%1 - PCR 401K 47448855 £ 50 pL > & miliQ 7K 40.5 uL ~ 10 x PfuUltra 11 reaction buffer (Stratagene, USA) 5.0
uL ~ dNTP mix (25 mM each dNTP, TaKaRa, Japan) 0.5 pL ~ ff DNA (pASLO3 ~ 100 ng/uL) 1.0 uL ~ Est03F7 (10
uM) 1.0 pL ~ EstO3R7 (10 pM) 1.0 uL ~ PfuUltra 11 fusion HS DNA polymerase (Stratagene, USA) 1.0 uL » PCR {¢%
R THENE 94°C ~ 5 min ; {EIRIEME 35 KOEER © 84 95C ~30s > & 58°C ~30s» ZER 72°C ~ 15 s> (RIER
72°C ~ 10 min = PCR [Z JERSRAEHTELIN 7 B 4lifbig - &CSRGIEG HindIIl 81 Xhol {ER] » FHESHYEE HindIIl B Xhol
FR I F I #EBE - (pPAL7, BioRad, USA) » BEJE A5 L 4HME Escherichia coli DHSa (ECOS™ X, Yeastern Biotech
Co., Ltd., Taiwan) - [Pk EEHEIF PR (transformant) }> LB %34 (Luria-Bertani (LB) broth, Difco, USA) » 35°C ~
150 rpm @RI EE - FIHZEEGEEISH (QIAprep Spin Miniprep Kit, Qiagen, Germany) (it 2 #EJ77% - HETH
#% DNA srifeatifb > K1 F Sanger 7272 » DL DNA €%/ (ABI 3730 DNA Sequencer, Applied Biosystems, USA) &
e » FELARAS Vector NTI Advance 11.5.0 (Invitrogen, USA) JRIHEALES 5 - DIMERD ISR B4R E B AR BR 75
TERENE -

IL. Est03 F5E§ 5>+

F]FHEES Vector NTI Advance 11.5.0 (Invitrogen, USA) #:1T Est03 fslifsr 7047 > & pl {H ~ 0T = ~ kg
¢S > A7 F| B National Center for Biotechnology Information (NCBI) 4@8uE > 2, BLASTP (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) » #E1T Est03 ALl Fr [ BE A EORHEREEL ¥ AT - DIFRHIAEITHYE 0 B B 2 -

I1. Est03 Bl Baii{h

48T Fr e AT RESE 2 e 1| IEHER EE 4H /T 8% pPAL7-est03 BT 1> 222615 T 4HAf E. coli BL21 (DE3) (ECOS™
21 (DE3), Yeastern Biotech Co., Ltd., Taiwan) 9 » F LUK &= FRIRNENG Est03 o PRiEEETEHRE —F %7 3 mL &7 50
pg/mL ZZLEPEAR (ampicillin, Amresco, USA) LB jRRESEF &AL » 35°C ~ 150 rpm fRZFEEMAK - B H TS E
" (1% > viv) B 100 mL LB jRAERE & T > 35°C ~ 150 rpm JRZHSE o &R ODgp o EHEELY 0.6 BF > fIA
Isopropyl B-D-1-thiogalactopyranoside (IPTG, 0.25 mM) 3% Z& sl AL R ZREH, > W E% EEEEHLE 18°C ~ 150 rpm > JE
Bt 24 h - BEELK 1% > DIBE V% (himac CR-30NX, Eppendorf Himac Technologies Co., Ltd., Japan) g & 5,000
x g~ 15 min ~ 4CHELMERAFDIUTEERR » ILIRFAE -80°C /2 HfET -

By B 2 B RS 1 DU R 2R B 45/ E4H (Profinity eXact Expression and Purification Starter Kit, Bio-Rad,
USA) T4 o BERBEAT » LS mL 4 EZEEGR T (BugBuster” Protein Extraction Reagent, Merck, USA)
[BAE2RERE » P00 MESRIEM 10 min - 2L 10,000 x g ~ 4CHEC) 30 min - B EJERIIRFIR 4C - BHLE
SERCEAERE BRI E R B A MERSES (Profinity eXact™ Purification Resin, Bio-Rad, USA) 784384 » ifF
i 4 CHSRESE 20 min > L 1,000 x g @0 30 s » (KA HR (lowthrough) B F A 4°C « DASREDF K (100 mM
sodium phosphate, pH 7.2) 55 R &G1&HE L - HUFERR » EEILPER - [FRERETE _JOFRK « BT % E
& (elution buffer) W LS R AR & » E =00 NMERIEH £/ 30 min » F&HLO S EI S EEAYESES Est03 25T
K

V. Est03 [ 2 40E
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(60 P D B e B 4L (Amicon”® Ultra-15, Millipore, Ireland) » 2% 528/ M#% (himac CR-30NX, Eppendorf Himac

Technologies Co., Ltd., Japan) FEZ35 8 B 4°C > DL 5,000 x g B0y 40 min » iZREHRGENR » B4{LEEE > 5E
Y HT 100 mM sodium phosphate B4 55 50 mM pH 8.0 Tris-buffer » BE#AZ £ 99.97% » AR BEEEZR T 4% -

V. EHEREMNEE SDS-PAGE 43#T
EOEMLEAETARE - DRIES Y ~ R ~ JBER ~ 5 TIOBER ~ TR R B EROR
AN (concentrated elution sample) » FATZ U HTY 5B (vertical mini-gel apparatus, Bio-Rad, Canada) DL 4 —
12% 2+ e R R S PR MRl i 5B BE K (sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS-PAGE)
WEREOEE R - FARFE T[T H T 2150 (Bio-Rad, Canada) BilfE 44 (0 4% %775 (Bio-Rad, Canada) - 4

(B2 8RS B8 E4H (Qubit” protein assay kit, Life Technologies, USA) 5 8% Y (Qubit” Fluorometer, Life
Technologies, USA) #{TEE °

VL ZEH 55

PUR [E > 28 B iR E R 28BN ( p-nitrophenyl acetate » C2 78 ) ~ ¥ HHE RN BERS ( p-nitrophenyl
propionate, C3 578 ) ~ ¥ 1% & % T & 5 ( p-nitrophenyl butyrate, C4 57’8 ) ~ ¥ ¥ £ & /& % 5 ( p-nitrophenyl
valerate, C5 %2'8 ) R8N ELR 25 ( p-nitrophenyl caprylate, C8 52’8 ) liglif > 2B EH M08 - IBZEEIN L
fi# (acetonitrile) &1 > {;%/E:E*Z&,%‘J#ﬁy 50 mM ° DL 40°CEEEE 5 min - HIEHISEE (412 nm) o AR EDMEURET
B S REIEZE Q4 RERTREZEIERE M2 KRE - BEGE N H 8 iz A M B8 (p-nitrophenyl
esters, pNPL) EVE 2 JEMIAIE %a FEHIE Bl i boK R IR 2 M B4 (p-nitrophenyl, pNP) 7 & AR E S 1 -
%ﬁﬁ Z 0 PL2 pL ZEAIAE S NEEE 2 & #A7R (50 mM Tri-buffer, pH 8.0) 1 » 4% AGRA Ry 150 pl » UK

RS S min > SERASTYESERETA (412 nm) JTE o DA EDRE Z S 45E) (4-nitrophenol) Z 53 5E ot (H g Bin &
% JEMEERAL (U) B R ERIE FRAFE T min B 1 pmol 7Y pNP -

VIL B ZEh 185

Est03 HYEEZR B T2 51T » ARAE 45°C R4 EAK (50 mM Tri-buffer, pH 8.0) 1120 100 — 400 pM [T
FLMeNE (C2) Ry 2 EHEITIIE - (-5 Michaelis-Menten J7f22( » A Lineweaver-Burk (|8 {EE]Z - 73 RKZ
TS BT IR AR BB LR B R B K IR (V) ~ RREFRBLIZE A ZORIE 8 (K,,) R (k)
S8 -
VIL i k2 pH O #f% Est03 JE 1 5228

Ry T fi# Est03 JEME 2 f RS - AFERERE B4R ENA R (50 mM Tri-buffer, pH 8.0) > DU ER Z MBS 1F
F2E (1 uM) > 435107~ 25 — 55°CHER 5 min o pH ¥4 Est03 FEZ0E MRV B0 T - 2B 5 A EA FERgig(E
2 4R{EME 100 mM sodium citrate buffer (pH 5.0) ~ 100 mM sodium phosphate buffer (pH 6.0 ~ 7.0 ~ 8.0) ~ 100 mM
Tris-HCI buffer (pH 8.0 ~ 9.0) ~ 100 mM Glycine-HCI (pH 10.0) tf » i 40°C T&AEA 5 min » DUF 348 nm ( JLf
TR EAE BN B R R R Bl 2 Bzl (2R TR R ) ORI R (G AR & 1 -

IX. @~ ARAEIELY  EDEMERIE T Est03 JEME 2 28

PNP R g A e e @ il ~ A A B S MRS A Bl E e 2 28 (LB S A&
YA (50 mM Tri-buffer, pH 8.0) FHEFFERE - 775K 1 mM 2 BEHEET ~ 1% (v/v B w/v) Z ST HEVEMR R 10%
K 20% (vIv) AR o 2B 40°C NEA 5 min » FHRIBRDR 704 VI 2 9778 ME Est03 JEME » LIRS Lk
(BEEYE 2 K Ry IRl (U5 100% ) -

X. Gatormn

FB R A DA R T8 B 7 HT (One-way analysis of variance, ANOVA) Kz Tukey’s Test #E{TEEZ 4 0HT © 45
HLIFEg{E + #2472 (Standard Deviation, SD) F7s » P < 0.05 1 HBIE 725 o 47 W8S fy Prism6, Graphpad
Software, San Diego, (http://www.graphpad.com) ©

TN

7=
=1
s

\
><p

s

R B R AR

L est03 FERICEIEEL )Y T 5747

JERIBEE - PEETE T AR B T 15 2 AR AT S PEAYPR 2 ASLO3 BLELEE4H B #E pASLO3 > &XHf DNA Sz AL ie fy
S MR & H — (87§ & Lipo3 #Y ORF - B Iy =T B H MBS HE M - &BEJE R - EAEhf It Lipo3 X
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BETE NI EES (PPALT) | > W EE a1 $4 Ky est03 FEIR o EEER R 762 bp » TG Ky 5 253 {8 o B ik 1Y BE B6
Est03 » & H'E 771 R/N&Y Ky 28.8 kDa » pl fy 5.87 « H1 Est03 i L% 7 51 B2 NCBI & LE 4 IR - PR3 8
I = =0 B8 57 B By )R B freshwater metagenome 4 Bacteroidia bacterium Y o / B 7K fi# i (accession number:
MBL0912272.1) » bh¥f 478 331 » HISZAH 2e-111 » £ [F [ By 58.33% 5 =3 &y Flavobacterium sp. FPG59 fy o /
B 7K fi# 1 (accession number: WP_086452924.1) » EL¥f 4538 273 » HHE{H 9¢-89 » FHEIE s 49.40% 5 E=5E& K
Flavobacterium sediminis 1 o / P 7Kfi#H# (accession number: WP_109569374.1) » CL¥4745 270 » HAZZ{H 2e-87 » #H
G Ry 49.80% » A= B Ry P HIFEAL T ARAVER 2L - WREERF T -
Est03 FiEEg4iqL

PRI LES > TR REOEEHFEBED o EE AL > EHAAVEEZE & M rEst03 (recombinant
Est03) #& H1 HC e Bkl £ 75 (e BRBE AR A PR 4 (profinity eXact tag) W IR i (bAgtHE - HAAhESE 0 A BT
BRI BEAVE BE i AR B # R i DUB TR T TEDIE 1R » (5 Est03 w2 U B A PR AR ST i Ry I
JAFE Est03 - f SDS-PAGE Lane 1 81 Lane 2 ([ 1 ) Lhifgn] 7 - EEREAMERELE >~ tEst03 Bl T =49 5 36 kDa »
Lanes2 {925 40 fE Y% 22 26 [ tEst03 A JA lane 6 (Y Est03 » fF&fE 2 Est03 73 & & (495 28 kDa) » I B15EHi]
WFE TN AR R 5 L2t 2 oy T E &9 5 30 kDa Z F#{8UE T (Hausmann er al., 2010) - &5 FHEE O 8 R 4G5S
B WERMEEAR  ROREERS 2 TE > THIESEQERZREE - HEtBEARBRENERERS
HIRHERT Ry 51.2 pg/mL > JRAERIEE Sy 120 pg/mL -

kDa M 1 2 3 4 5 6

140
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25

15

1. DL SDS-PAGE 77#fr.2 Est03 &i{LIEH -

EIER RS 4 — 12% BR _F#ETTEKHT - Lane M By HE A/IMEZEC » Lane 1 A8 2 pPALT7 F3R
EES AR E B 'E > Lane 2 BAUAFMINE RS > Lane 3 R K > Lanes 4 — 5 FyE /R » Lane 6 £
EAE# 2 Est03 BT - BEFTHETE ) B A A S AR B U R 4l EAE S Est03 -

Fig. 1. The Est03 purification was profiled with SDS-PAGE.

Samples were run on a gradient (4 - 12%) gel under denaturing conditions. Lane M, protein molecular mass ladder;
lane 1, total soluble cell protein of cells only transforming expression vector pPAL7 ; lane 2, total soluble cell protein
of cells with regenerating ESTO03; lane 3, flowthrough; lanes 4 - 5, washed fractions; lane 6, elution of tag-free Est03;
lane 6, purified and concentrated Est03 in 50 mM Tris/HCI buffer(pH 8). The arrows indicate the Profinity eXact
tagged Est03 and tag-free Est03, respectively.

L 28 H VR R E) 1B

Est03 HYEE Z0E M i8R HoK R 2 EE M E IR R ECR 20 Rs - W ESRNIER: - AR T ls - ¥
TR T i S B AR iR B S C2 — C8 MR R B (18] 2 ) » 588 H KBk (esterase)  HH » Est03 ¥#f
1A C2 Z B E R ZEBE B = H 1 LB Ay 12.15 unit/mg » (B (V,,) £ 6.44 x 1071 pMs™ ~ £
EEEIRI TS (K,,) B 98.17 uM ~ k., B 1.55x 107" s » keat/Km J 1.58 x 107 s™ « uM™ $f C2 /KBS M EEE = 17
Hofh G g A R 2 'E o IR MEEARE 2L EE 1 Est8 AR HENLE R AE ML ZE AR N > B = AR 2
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'EiIE o RIEEEIR BN AR JRE RS 2 U5 EE S (Pereira er al., 2017) -

*kk

100+

Relative activity (%)
3
[]

Substrate
2. [l Est03 ZEH M aER -
Est03 81 C2 2B ¥ H B Z el S T 2 B E fy 100% - *** Est03 #f C2 sZEEME#E (P < 0.001) =t
HAt 2B s -
Fig. 2. The substrate specificity of the purified esterase Est03.

The relative activity of Est03 in reaction buffer with the substrate p-nitrophenyl acetate, C2 was defined as 100%.

*** The C2 substrate specificity of Est03 are statistically significant (P < 0.001) higher than other substrates in the
experiment.

IV. JRESL pH BRI

ENZEHE - MsUERGE R > DS EIE ZBRBR1F Ry 2 B o — P B R R AT o el 20 — S5°CH
Est03 [ ZUKARIF 2R LIGFRETESE - T MRS Est03 B Z0E M 2 P& WA ZE MR =HY 45°CE R 100%
GEIREEUT Bst03 Ryl RES - 7£ 45 ClF B A RGN - (B1E 20 CHFRHENEMESTY 49% - 1 SOCRARENEMEA)
A 84% > MR HUEMEA S N E ([8 3 ) - HURAMAYEVRE MR RE R FT Est03 B R EAGEY - I HAERbsT
BTG EHHE A (Manco et al., 2001) o LR MY 2 #EERRVRHE: - (82 EESEUREEEN -

_ 100~
2
2 80-
2
S 60+
()
2
T 407
2

20~

1 1 1 1 1 1 || 1
D RS P P PP
Temp., °C
3. EREFHIFSHS Est03 SEM: > BL4E o
FER[EEEEELE pH 8.0 321E T » DUR[EEFEHIE Est03 2 B Z5E M » A6 DL 45°C MG > B 2255 Mk 8 A0
100% ° FRAVEFR IR FyIEAEFE o

Fig. 3. The effect of temperature on the activity of esterase Est03.

Enzyme activity was measured at various temperatures at pH 8.0 under standard assay conditions. The relative
activity obtained at 45°C was taken as 100%. Error bars indicate standard deviations.
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FFPEOIFEEUR  JRE AN AYEEEG(E pH 8.0 — 9.0 HIAVEENR T AEEAEMERIT (Peng er al., 2011;
Pereira et al., 2015)  [EAh - KREPTEE AR IRERRGAE pH 8.0 — 9.5 IEARSHVENE - i/ b BUE A MmA iR E Tk
(pH 10.0 — 12.0) (Yang et al., 2018) - Est03 £ [F] B MR (EFVER = HEIEHEON - RS H B R NI4E - A [F)4k 1
AR E B IS MRS REEF TR B - 41 pH 8.0 T sodium phosphate buffer B2 Tris-HCI buffer #28 B 205 1 H 7y LR
S > B ARAREEES - Est03 ££ pH 6.5 % pH 9.0 A AN 50% ZARENEN: - {HS pH 10.0 SN EIER S
P o GEELBEIR pH 8.0 (Tris-HCI buffer) fY Est03 JE 1 (B 1 HAM pH {H -

-o— sodium citrate buffer

2 1004 (pH 5.0)

g’ - sodium phosphate buffer
'g' (pH6.0~ 7.0~ 8.0)

.g 50- =+~ Tris-HCI buffer

% (pH8.0 ~ 9.0)

(14

pH

4. pH {H¥ITERS Est03 S 2 f2E -
Est03 1FA[5] pH 4k 2 BEZ0E 1M > DURIE 348 nm 2 5EE 28 AT Tris-HCI buffer pH 8.0 FY{E FH {5
IS 2 BEZRIETEE 1y 100% o SRR R IEEAEE % R pHS.0 T 2GR (P < 0.05) /NP EHHR4H (Tris-HCL
buffer pH8.0) °

Fig. 4. The effect of pH on the activity of esterase Est03.
The enzyme activity was measured at absorbance 348 nm in various pH buffers. The value obtained at Tris-HC1 pH
8.0 buffer was taken as 100%. Error bars indicate standard deviations. * pH 5.0 are statistically significant (P < 0.05)
difference from control (Tris-HCL buffer pHS.0).

V. EHET - SRR AR 2 R
HFEHHEY R REIEEY 2 R FRIENEEFAE T Wi ERE RS2 F 722 Bofill ef al,
2010) - (At AUEEEE(S Est03 722 | mM 2 K [E <G @i T ERIVEE (R 1) - £ K FERET »
Est03 2 MRS IRAAAMHEL » WG EREENER] - AN - £ NS FET > AAEEERTE S 14% » FNUEAS A
FIEFRRSE S MM Ni°° HIf] (Peng et al., 2011; Chen et al., 2013; Pereira et al., 2015; Zhang et al., 2017; Istvan et al.,
2018) » FHFZAY - Est03 f£ Ca®" Jz Mg™ fFAEMIEI T B ZIEMESTRIEAR - 43 IR 9% F 1% -

# 1. AEMEEVE EUE TR Est03 ARSI ZIE TR &
Table 1. The effect of various compounds on the stability of Est03

Compound Relative activity® (%)
Cation (1 mM)
CaCl, 91.36 £0.09
MgCl, 89.02+0.03
KCl 102.80 £ 0.06
NiSO, 114.25+0.12
Surfactant (1%)
Tween 20 167.76 £ 0.10
Tween 40 62.51+0.08
Tween 80 107.69 £ 1.04
Triton X-100 82.421+0.39
SDS -

¥ The relative activity of Est03 in reaction buffer without any cation or surfactant was defined as 100%. All values are
statistically significant difference from control (P < 0.001).
" Not detectable.
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FrHEPERIA0 Tween-20 & # FHAE ALALEI DA 5852 8 2 ALY - 028 2 LM « 78 1% (v/v 2 wiv)
ZORFETT - BUNE S DS PR Tween-40 ¥ 72 FE 25 A HIHIRUR - ) 62.51% 5 SDS i 2 K KTEM: 5 ZAMMAE
Tween-20 {74E [ » ST & Eg HERE 2SR 67.76% » HAES 7L IR AEEG IR 2 522 (Zhang et al., 2017; Yang et
al., 2018) B2 2] (Chen et al., 2013; Istvan et al., 2018) - FEEEM = » Est03 2 G MBI E /A ED SR R,
TEAIA] o

R ESET  BREREEARSEIRIEN » AAMEARE PR EHEEAR SR E BA = EHH
(Krieger et al., 2004) - B2 Ry EAHEL » F71° 10 — 20% ARSI 2 5K B ek &1 (Verger et al., 1997) »
BEFR /D R 2 A A AR o BE5R R (Kamal ef al., 2013) « [RtL » AEER T R [EFEE 10 K2 20% (v/
V) AHRRAE B3[BT LURE HE M - Est03 2 & MELE 10% Dimethyl sulfoxide (DMSO) (129.3%) ~ 20% DMSO
(145.51%) B i858 - HoAt 55 7L R IRl 22 2 TE VAT DMSO R 8 (Zhang er al., 2017) » B0A 58 KRGS # (Tehigvintsev
et al., 2015) = 1£ 10% Z.fi% (81.05%) Fz 20% Z.[F (58.35%) FHIHIEEZ0E 1M » 10% EFEEE (19.83%) K 10% FfH
(35.97%) {HEEZEMEANE TIE » 1MAE 20% PR (5.74%) 745 © » B EEAHE 90% JEE: - 20% SEPNEEAI R 2
Ko o

R 2. AWOSEILTENS Est03 RRERE 2 E
Table 2. The effect of organic solvents on the stability of esterase Est03

Relative activity' (%)

Solvent

10 20
Ethanol 81.05£0.18 58.35%£0.15
Isopropanol 19.83 £0.09 -
Acetone 35.97%0.08 5.74%0.05
DMSO 129.30+0.18 145.51£0.12

¥ The relative activity of Est03 in reaction buffer without organic solvent was defined as 100%.
All values are statistically significant difference from control (P <0.001).
" Not detectable.
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Abstract

The purpose of this research was to perform sub-cloning, expression, purification, and characterization of the novel
esterase gene est03 selected from the activated sludge metagenome for subsequent research and application. The est03 gene
is 762 bp in length and can be translated into an esterase, namely Est03, which contains 253 amino acids with a molecular
mass of about 28.8 kDa. The est03 gene was sub-cloned on the expression vector pPAL7 and transformed into the expression
host Escherichia coli BL21 (DE3). After the transformant was induced by IPTG to express a large number of target proteins,
the expressed esterase was purified and excised using the purification kit to become a purified enzyme with the same amino
acid sequence of the original esterase. It was found that Est03 had a higher preference for short-chain fatty acid substrates,
and particularly the two-carbon substrate (C2) activity was significantly higher than others (P < 0.001). The temperature test
showed that the esterase expressed higher activity between 35 - 50°C, with the optimal temperature of 45°C. The specific
activity and k /K, of Est03 was 12.15 unit/mg and 1.58 x 10° s + uM"', respectively. Est03 had greater than 50% activity
between pH 6.5 and pH 9.0, with the highest activity at pH 8.0. At the same time, Est03 was active in common types and
concentrations of organic solvents, metal ions, and surfactants. In summary, Est03 has noteworthy biochemical properties

and the potential for development in the applications of the biotechnology industry
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Fig. 1. The map of three irrigation areas (A10, A13 and A14) and groundwater monitoring wells.
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IR 2 (upstream 2) J2 i (downstream) 55 3 CIREHIH: ([@ 1) ~ ZEEST AR 112~ 51 K 78 m iR 2 # T
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* 1 sl =FIEEFEKZKEDT (n=12 K/ )

Table 1. Characteristics of irrigation water during three-year experimental period (n = 12/year)

Items 2015 2016 2017 Average SEM
n 12 12 12 36 12
pH 7.5 7.8 7.6 7.7 0.1
EC', mS/cm 472" 3.86° 3.78° 4.1 0.23
mg/L

Total-N, mg/L 881° 480° 868" 721 65
NH, -N, mg/L 489° 282° 238° 339 63
NO,-N, mg/L 146 122 151 141 23
Total-P, mg/L 105 74 126 103 14
Cu, mg/L 3.48° 242" 2.19° 2.35 0.40
Zn, mg/L 247 2.34° 3.76° 3.07 0.34

" EC: electrical conductivity.

“* Means in the same row with different superscripts are significantly different (P < 0.05).
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Fig. 2. Irrigation amount in three irrigation areas (A10, A13 and A14) during the irrigation period (2015 to 2017).
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3. HERHIME 2015 2 2017 4F ) G HERE (BRI © SCRE RS s - Zr e BIRELAmS, ) -
Fig. 3. Monthly rainfall during the irrigation period (2015 to 2017) (Source: Central Weather Bureau, Ministry of
Transportation and Communications - Hutoupi Observatory).

It iy SR B

AR DL 2014 345 RAF Ry SHEBH R =4 2 GEFUETERE: - SBRINIRT AL0 & 15 pH (7495
5.2 Hrfr 2017 SEREEEN 2014 427 B ERHA - EC {f BUAREE & SEREE (L - T4 51 135 pS/em J 267 me/
kg o THESETE > ISR 2016 fFEEE S 2014 F 2 5 5H - 55 6.86 mg/kg » 2016 Bl 2017 F4:5%
EREE LI (F2)-

A13 BRI - 5% pH (-9 5 5.1 SEEAE (L - EC {H-F9 5 117 uS/em > it 2016 % 2017 FEEE(K
PER{E - SE0F59 R 243 me/kg » L2017 SR RIEBE SR - TIRESBIHE - 2SR Ui
(L Ry 5.92 mg/kg  EEEA R4 25.4 mg/kg o 1A 2016 J 2017 EREE SN RE (£3) -
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2. BABOKE A0 @R ER S TR PR (n=12 K/ 5)

Table 2. Effects of irrigation water on the soil of Pangolagrass pasture in the A10 area (n = 12/year)

Items pH EC' TP’ TCu’ TZn*
puS/cm mg/kg
2014° 5.4 152 302 6.16° 25.0°
2015 5.4° 133 322 6.38" 27.5°
2016 5.3° 120 304 7.92° 44.0"
2017 5.1° 146 218 6.27" 425"
Average’ 5.2 135 267 6.86 38.1
SEM 0.1 17 39 0.55 1.1

" EC: electrical conductivity; > TP: total phosphorus; > TCu: total copper; * TZn: total zinc; ° Background value; ® Average:
from 2015 to 2017.

“* Means in the same column with different superscripts are significantly different (P < 0.05).

3. BABOKE A3 @B ER S TR P (n=12 K/ )

Table 3. Effects of irrigation water on the soil of Pangolagrass pasture in the A13 area (n = 12/year)

Items pH EC' TP’ TCu’ TZn'
puS/cm mg/kg
2014° 52 171° 310° 5.59 24.0°
2015 4.9 160° 321° 5.53 17.1°
2016 5.0 115° 257 6.99 30.7°
2017 5.1 114° 197° 5.24 29.9°
Average’ 5.1 117 243 5.92 25.4
SEM 0.1 10 25 0.69 2.6

" EC: electrical conductivity; > TP: total phosphorus; * TCu: total copper; * TZn: total zinc; ° Background value; ® Average:
from 2015 to 2017.

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

A14 EAERIAR - 138 pH {E 395 6.6 > 72 2015 K2 2016 L8 S E 5E » 2017 R T FE 2Bl S E i
FE . o BEC {H 55 5 206 pS/em » > 2015 K 2017 EFE SR 5 1E - 481519 5 344 mg/kg » 2016 2 2017
FEHEFERNSRE TEESETH - 2fE 895 8.25 mgkg » 1A 2015 & 2016 FFHE SN EFHE 5 2§
a8k 38.8 mg/kg A 2015 FEHEEBEE SN ERE (F4) -

T4 BABOKE Al4 @R ER S PR P (n=12 K/ 5)

Table 4. Effects of irrigation water on the soil of Pangolagrass pasture in the A14 area (n = 12/year)

Items pH EC' TP’ TCu’ TZn*
puS/cm mg/kg
2014° 5.9° 192 399° 5.11¢ 21.9¢
2015 6.7 229° 380® 8.33%® 32.9°
2016 6.5 166° 337" 9.85° 48.7"
2017 6.0° 214° 322° 7.11% 41.6°
Average’ 6.6 206 344 8.25 38.8
SEM 0.2 16 17 0.61 1.7

" EC: electrical conductivity; *TP: total phosphorus; *“TCu: total copper; “TZn: total zinc; *Background value; ‘Average: from
2015 to 2017.

“*¢4 Means in the same column with different superscripts are significantly different (P < 0.05).
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2015 2 2017 BRI - HEERE 3 DI FKEDREEITRON > oY Bk B 1~ R 2 BURIR - &IH
WA S 7 - SAGAIEIELZ pH {8+ B35 | MR 7.4 - FoebbL201S WIRGES ~ 2017 W IR » S8
S o B 2 ROV RENI BB (L > PRI R 7.0 F 7.8 - EC{EJTH > b 1 B SR ] e
S 7 3 2 K TR HIEE 2015 W B i BHE - EURRETE - RIS NH, -N JEREE 5 0.61
mg/L - NO;-N R ER AR T BRI B i (b > ¥39 5 0.12 mg/L - 48REJTH » 395 0.18 mg/L > H
$12016 — 2017 D B =B 5= {H (2014 D) » ERBEAHT > N IFRENT R K S RIE 559 73 71l 7 0.02 mg/L K 0.02
mg/L - SABRIIH S B L -

& &

R KR A BB (% - K AVE S DU EIP AR (NH,-N K2 NO;-N) f74E » Horp U NH,-N (Y RIRE i
% (B REF > 2009 ) » AGEREE /K NH,-N B FHRAELY 370 mg/L - Ji 2 L3%84% - [ NH,-N f7 1R - LR &
EEAYRH G > BT NH,-N B L3 prm by - #3488 (L 1F I (nitrification) 72§ #5p% NO,-N $2 bt E(EVI R - 570
NH,-N GHEHEK - 28R NO-N#F &8 » RHEIRATIHT - 2 NO,-N R L b NH,-N B 5 B8 Foths (4
F 2011 ) > AfE—ERFEING T B Z R > BESEYE BRSNS - TRa] RENS AT KA & 2 iR M5 24
R IK (BERET > 2009 )  NOy-N HOZJiE E rlsENEACHI & ~ FER R ~ T - HERIFEHE - (YRS
PEEFERNRMAER Bolan et al.,, 1991) - AEERHE 3 FEEREUR - #tt MK T2 NOS-N IR - W RBURE G
RS A B LT s

R /Kt 7] AE & 2408 12 5% pH {H - Schipper et al. (1996) SRR E /K Efes 1% pH H - Hulpei
JEE/K TS R R Z P BT A8 5 R SR TR EL > TR T REBLEE /K T/ fiEER (nutrient cycle) FYUE AR o 1L
EREKT > LRHIBEAFE A (denitrification) S IEE - A EZEE (nitrate) HYJEFH AT BEEL 5 1A (EP) UL (Bolan et al.,
1991) - E TS T B B B Bl NH,-N I - &2 AR T DU R 7P > SR IREE T ST SUB IR P
4 (Bolan et al., 1991) » LR EHE B & (5 8% pH B L7} - 2000 I BE /K i 2850 3% pH {EHY BT T > {H3 3% pH {E 1y
PR A ErScE IRV A PITIAE (biological functioning) (Schipper et al., 1996) = AWFEEEHL » i F FE/KIZHY
1% pH (EA TS - ATREAREA YIS R NH, N P LS f2 2 2 Gk T2 (Mohammad and Mazahreh,
2003) - A5G AL0 E:fL 2017 4 pH EHBE T > A13 &L 2015 SR8 T - B3 EmBerEaiE - i Ald ERl
1% 2015 SRR BT - (BAEMIRIEEE -

Ry T ARG ERR E L S i 2 IR Y RAAEE - DUNIE T 3Rag A iRy EC E¥RoR » LB ECHS#H > Fon
FA AR > a0 - §5 -~ 8 SEFRE T2 ES > B HIEEI ) S - Mohammad and Mazahreh (2003) $5 t i 5
K& & i 1% EC ERE I - 138 EC EAVEIIARNEEK P AT S SR HRIS HEE BEY) (total dissolved solids) FTEL
Steinich e al. (1998) ZH7E/Rf5H EC {EEHL+-3RE /88 (EARH - Am8a 3 & 1% EC (EAE B BKIIEN T - #EAH
IR RIS - B 3 5ERE L EC H L 2016 £ (K - HELIEBLE FRE MR E M IIFTEL - AR HEEH
f] > TRy RIS - HBERNTEBREZ B (2020) BHEER/KHEERE(E R HE A R o] s Ha
Bl ( Pt E 2P A FIEF AT ) 2 = RE 800 uS/em -

Tt 3 At 2 BN 2016 4E 5 2017 SR N ZHE3Y - H#EM 2016 £ 27 [RE AT RER 2 EFERIEES (3,059
mm) BRI E A RUKRURFTEL > 2017 R4 NIEFRIEPRERSN  TRA]RE 2 & R B 58 A R U AT el -
B (1995) slBafath - FEEEPR gkl Ry KO5 2 HHE > ARIEEE R MIARISN - BAIHAE LR E 2 E IR
REK > BUGHM K ZE AN G o BERET (2009) (5 €48 Rk S S5 I 54 F PR B /K R AR FE it - &t SR e
ZFEEROK G RRE 2B o (B AIRP BRI mEE R - B ESERN R RRUERDKR - S0ER | m REREZR
M ERERRTREREE » B0 BB FT REREE PR /KRR 2K -

Al4 MR TRl S B ETHEE - B ENRTTERIREZ A G (2020) {EZEFHH FHET AT AR #ATET 2%
FEREAERIE (102 mg/kg) MATBRENRIRER (2011) L5 ALEDNREE (B HEYEH ) BUE (120 ppm) § £FEE
Y 2015 SFREA RIS - A BRI B B RN TE R Z B G (2020) (EZEFEH FET o] SELATE] (SR
BUE (221 mglkg) RATEEEREIRER (2011) L3R5 LB MIERE (R RIIEYIRM ) BiE (260 mg/ke) - FEBE KT RT&
RIS BRI IS PR 2 8 (Cestonaro do Amaral et al., 2014) » 2 F§E/5 A T HIFRE A MR IR S A .
S o T LSRR R F ] SBEA B)AY S ##RE T (Tobor-Kaplon er al., 2006) » b [N - SEIPIR (E FH 02 FH Y
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| L IETHRERY S MR BN R28 (Stefanowicz et al., 2008) - iSthIE HATE R KR LFAAMHBIA S > BAR
TEESAEH IR s S BAY N o ASUERIHRE - MR S E B RS -

5. BAROKES N AOKE 2

Table 5. Effects of irrigation water on the quality of the underground water

Items pH EC' NH,-N NO,-N TP? Cu Zn
puS/cm mg/L

Upstream 1°

2015* (n = 4) D’ 72" 553 0.08" 0.08 0.09 0.02 0.02
2015 (n=6) we 7.8 596 0.08° 0.08 0.11* 0.02 0.01
2015 — 2016 (n=6) D  7.6% 623 0.12* 0.13 0.06° 0.02 0.03
2016 (n = 6) W 7.3% 653 0.12* 0.10 0.21° 0.01 0.02
2016 — 2017 (n=6) D  7.4™ 587 0.20° 0.12 0.20° 0.02 0.02
2017 (n=6) W 7.0° 629 0.11* 0.08 0.15% 0.01 0.03
2017 (n=2) D 7.6 571 0.21° 0.11 0.09° 0.02 0.03
Average’ (n = 32) 7.4 612 0.13 0.10 0.14 0.02 0.02
SEM 0.1 22 0.02 0.01 0.02 0.00 0.00
Upstream 2

2014* (n=4) D 72 394¢ 0.07* 0.12*¢ 0.08° 0.03 0.05
2014 (n=6) w73 421° 0.12" 0.19* 0.14"™ 0.03 0.01
2014 —2015(n=6) D 69 439% 0.04° 0.10™ 0.08" 0.02 0.02
2015 (n=6) w72 577" 0.15% 0.17* 0.12" 0.02 0.01
2015 — 2016 (n=6) D 7.0 594° 0.17* 0.15™ 0.10" 0.01 0.01
2016 (n = 6) w71 554 0.14* 0.13"™ 0.26° 0.01 0.02
2016 — 2017 (n=6) D 7.0 499 0.10™ 0.09° 0.18" 0.02 0.02
2017 (n=6) W 69 499 0.07* 0.09° 0.22% 0.01 0.03
2017 (n=2) D 71 515" 0.09" 0.16"™ 0.10" 0.02 0.02
Average® (n = 38) 7.0 533 0.11 0.12 0.15 0.02 0.02
SEM 0.1 16 0.02 0.01 0.03 0.00 0.00
Downstream

2014’ (n=4) D 75 461° 0.68™ 0.14 0.11° 0.06 0.04
2014 (n=6) w78 481° 0.67* 0.15 0.14* 0.04 0.01
2014 —2015(n=6) D 75 496° 0.60° 0.12 0.14* 0.03 0.02
2015 (n=6) w79 568" 0.50° 0.16 0.20° 0.03 0.02
2015 — 2016 (n=6) D 7.9 555" 0.72* 0.14 0.17% 0.02 0.02
2016 (n = 6) W 76 570° 0.52° 0.10 0.19% 0.01 0.02
2016 — 2017 (n=6) D 7.9 581° 0.81° 0.09 0.22° 0.02 0.02
2017(n = 6) W 76 573 0.52* 0.09 0.18% 0.01 0.03
2017 (n=2) D 79 556" 0.46° 0.12 0.11° 0.03 0.02
Average® (n = 38) 7.8 564 0.61 0.12 0.18 0.02 0.02
SEM 0.1 8 0.06 0.02 0.02 0.01 0.00

" EC: electrical conductivity *TP: total phosphorus; *Upstream 1: 2015 added; ‘Background value; °D: dry period, November
- April (next year); W: wet period, May - October; 'Average: from 2015W to 2017D; *Average: from 2014 - 2015D to
2017D.

“*¢ Means in the same column with different superscripts are significantly different (P < 0.05).
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T /KRR NH,-N BB 1 | R b 2 » RBCEF SRR i b 2 IR - BT JE Rk
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(2018) FERTHEM 55 KNS AR B M 30 (Bt ~ b~ STRD -+ ) » SRBR-E AN, 2 m AR S - 2
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IKHEFHERE 0 T /KR RREMERY 1.5 m - ARG AL0 @R A13 BEME - Al4 BRI+ > 3 F/KTE Som
BIE » BTSRRI S At T K2 BER. « TR T /KT SRBRIT - HL 8 I s S KA /K - B
Bl BTATEA SRR K 2 5080 3 48 + EABRM - HORIH T/ KAt AR SRR -

w W

HERE WK PR i S AR 2 > Wy REREE - EATERIGEREUR - AR B S
SRR AR E R 2B P ROK 3 1% MIRITAE TR TS - 178 EFFEHUERVE BASEE - SR RS
HELT I8 Rt N ACE IS -

SENRK
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LawContent.aspx?id=GL000066 °
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THIREEZ B G - 2020 » FHEPR/KHLE R (F(E 2 FA FHET ol R EE BE R0 - TPEEERCEY 109 4 12 A - https:/www.
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Abstract

Livestock wastewater after anaerobic treatment still contains some nutrients needed for plants and can be used as a
source of fertilizers. However, this nutrients containing copper, zinc, and nitrogen, while the substances unabsorbed by
the plants could pollute the soil and groundwater. Therefore, the purpose of this study aimed to explore the impact of cow
wastewater after anaerobic treatment (irrigation water) on the soil properties and groundwater quality after irrigation on
the Pangolagrass pasture. The present study was carried out between 2015 and 2017. The dairy wastewater was irrigated
on the Pangolagrass pasture in the arca of 34.88 hectares. The irrigation areas were divided into three areas (A10, A13,
and A14) by the type of topography, and each of the areas was irrigated once by the irrigation tank truck monthly in turn,
namely each area was irrigated once every three months. The irrigation volume was determined by the nitrogen requirement
of Pangolagrass and the concentration of total nitrogen in irrigation water. During the experimental period, the change
of composition in irrigation water was analyzed with the collection of soils in each area and groundwater in upstream
and downstream collected monthly. The data of soil and groundwater in 2014 were adopted as the background values to
comprehend the changes in all compositions. The results showed that the total nitrogen of the irrigation water was about
721 mg/L during the irrigation period. In soil, the electrical conductivity (EC) in A10, A13, and A14 during the irrigation
period were about 135, 117, and 206 uS/cm, respectively (background values were 152, 171, and 192 uS/cm, respectively).
The contents of total copper in three areas were 6.86, 5.92, and 8.25 mg/kg, respectively (background values were 6.16,
5.59, and 5.11 mg/kg, respectively). The contents of total zinc in three areas were 38.1, 25.4, and 38.8 mg/kg, respectively
(background values were 25.0, 24.0, and 21.9 mg/kg, respectively). With regards to groundwater, the concentrations of
ammonium nitrogen (NH,'-N) and nitrate nitrogen (NO;-N) were 0.61 mg/L (background value was 0.68 mg/L) and 0.12
mg/L (background value was 0.14 mg/L), respectively. In summary, the results showed thatafter three years of monitoring,
the irrigation of cow wastewater after anaerobic treatment in this study did not significantly change the soil properties and
groundwater quality on Pangolagrass pasture. However, the impact by long-term irrigation merits further monitoring and

evaluation.

Key words: Dairy wastewater, Anaerobic fermentation, Soil, Groundwater.
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PSP AR Rk B E R E BUA T ] e T S Z B RRIY) - HRARDUR - il - Ieg - K TR
TERME o ARBTE DARRIE S M5 2 A S SRS TLRI 211-1 (Bacillus subtilis TLRI 211-1) FRAIGAGaHE S > e
HHWHEER - BREERMRE(MEZ 2 - H&Eﬁﬁ@/EHE/E/}TEZH%%E?@F% TLRI 211-1 f5381% > IR
% 1 x 10° CFU/mL = LL 1 i ROSS 308 [ A% 192 €& » S ECH B4R (0%) ~ ARHIFG B2 045 % TLRI 211-1 B

+ 0.3% S ARG S PRAR A 0.1% » 40 4 08 (1) » i 12 & - Et%&z%ﬁﬂ 5 o GERBUR - BRI
%i@fai TLRI 211-1 0.1% 407 #EEITE - A FERCR KB RG SR = i B IRAH R R4 (P < 0.05) © Bl RN 52
SF O B R A B R bR - SRR AREIRRR - (HRS B EREES (P < 0.05) - BMHMEMRA(ERE ?Ed@ﬁ%
R — BRI AT G  PIBRRLERRLES « HLBLBRIRNG & v- SRR BEERR I SO MRBRE 72 R - &% EATHL - SRR
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A EE IR -

R - OAHE ~ REESF R - A RMRE -
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AT AR L EE A e e B R B R — B2 FIBUE - BRERAE 2006 FEEEMREARRPIAR - EITE
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TR Fo e P i 2 0P RDAR DY) - B S E Rl s & 0 EF LA B4 (Houshmand er al., 2012) » Z34: 5
WMABIREE (Lactobacillus sp.) ~ B IEAREE (Bifidobacterium sp.) N H{EIRE & (Bacillus sp.) AI{E ﬁf,ﬁi[ﬂ,ﬁjjﬂfmj
HRERTT  WIREEIIREN FT BB ER - WA ERS B A 2R - BB R DR S aie B m R A - M
FILLPTERE (Goldin, 1998)

AL IERNZ B EE 2 mAE ALY » 0 b2 F AR E BRI A E AR R R AT R
FERITEE » IR AL E A EEERIFR (Cartman et al., 2008; Chaiyawan et al., 2010) o fE & SEHUFEE (Bacillus subtilis)
IR B REEDA P Ot ST & 2GRN - HEA RDER -~ il - mithe - VRPN E A Y0RE - N
FAEE AR T B S R SR FIE S h R BN a e IR R R - TS E N AR R - SHRIE AR EY)
RSB - fem IR IhRE - WREIbUREE ] o (BERAE REFHEAEEEF (Rajput e al., 2013) -

A G R R IS S S AR B ) I B il B B (Fritts e al., 2000) ~ 355 ) alRHE 22 (Teo and Tan, 2006) ° f5
B R B RO AR B R P A R fUAR B PBO6 FH &M MM T (Teo and Tan, 2004) ; AS4MAEREUR - fliEEF
FEFRE PB6 7 R ACHE A% B EAIHI/EH (Teo and Tan, 2005) » Sif °] 5% 1A% 26 H FL A5 & /& % B (Teo and Tan, 2006;
2007) «

|

() TR R By A SR T 5 55 2694 5 -
Q) TR EE B O R EARITE &8 -

) TTHbE R B G amrEA R LR -

D TR EZ B AR A -

(5) #E/EZE » E-mail: yflin@mail.tlri.gov.tw °
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AT BATRIRIIYIZ IR - SRR - RINR - 82Uk TR SRR (Yang o al,, 2009
Sen f al., 2012) - FTEE T B O EAERBT (LU TRIHEHIN ) BB 5RER 2 5 ST E TLRI 211-1
P > LR R A R RS © AU PRSI RS TR TLRI 211-1 BRI e o IR B P
Bt AR B (LI 2 -

= Py
MBS E
L AR AR B R B
DI E &l PS5 e A 2 2 AL B 2R fUAR B (Bacillus subtilis) » $CETESE ~ MY E0R (S0°C ) R EEFIRE S IH
A% o BEEUREE SE AR E R TLRI 211-1 B2fE)7> TSB 553K (Tryptic Soy Broth, Merck”) » WU E i 37°C B &5
A 24 /NEE1R > SREEER Ry 1 x 10° CFU/mL -
1L ARy Bl pR
YR E R P E Y IR K E AN A (4R 108-35 ) W e sl AT e daH ST - DL 1
FIih (ROSS 308 5% ) EIASE 192 8 (BE 42+ 1 ¢ ) HEREIE (Z2E4) - B ERRIIN S 570
R 0.1% ~ 0.3% Z0pH RS S SFUAEES 0.1% 21 ( Z254E5F » The Best Nutrition Technology Co. Ltd., Taiwan, R.O.C. )
(EEPRIESEL | x 10° CFU/g ) » A8 4 54 > SEEE 12 & > AN SBRE 35 B4R » 6k R AUKES BT
0] - ECROERIIR S R AT (0 — 21 FI ) RS (22 — 35 I ) B SHEBRAK NRC (1994) B0
Bic - Aifk AOAC (2000) 73HiHEEE ~ §5 S S E - fRECT0FR 1 -

ECQNY 2 15

Table 1. The composition of experimental basal diets

Ingredients, % 1 — 21 days of age 22 — 35 days of age
Yellow corn, grain 55.17 62.95
Full-fat soybean meal, CP 38% 5.75 6.87
Soybean meal, CP 43% 27.26 19.57
Fish meal, CP 60% 7.00 7.00
Soybean oil 2.00 1.00
Dicalcium phosphate 0.92 0.71
Limestone, pulverized 1.16 1.03
Salts 0.30 0.30
DL-Methionine 0.14 0.18
L-Lysine 0.10 0.19
Vitamin premix’ 0.10 0.10
Mineral premix’ 0.10 0.10
Total 100.00 100.00
Calculated value
Crude protein, % 23.00 21.00
ME, kcal/kg 3,150.00 3,120.00
Calcium, % 0.96 0.87
Available phosphorus, % 0.48 0.43
Analyzed value, %
Crude protein 23.12 21.22
Calcium 0.95 0.89
Total phosphorus 0.68 0.63

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

* Supplied per kilogram of diet: Cu (CuSO, * 5H,0, 25.45% Cu), 8 mg; Fe (FeSO, * 7H,0, 20.09% Fe), 80 mg; Mn
(MnSO, * H,0, 32.49% Mn), 60 mg; Zn (ZnO, 80.35% Zn), 40 mg; and Se (Na,Se0;, 45.7% Se), 0.15 mg.
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1. Bt ilE = H
() AEEMR - BEESRITY 0~ 21 K 35 HERHETIEE » Wt 21 & 35 HERIFECREE MEEIE TR > WEtHE
W E  fEpRHER « B KA FERER (Production efficiency factor, PEF) (Rehman et al., 2017) » PEF =
B (%) mEOERE (kg) / (B2 HER (d) x BRHEHAZ ) x 100 -
(i) FpE  ReliHR s St U DETR#ERINENEE -
(i) FERSMEAR ¢ SBRAEREY > SPRHAHE 8 & » AR NEBMRETESINERESER > WERTULME -
Rk ~ BERE ~ RS — WP B GE (/NG + Kig ) FFE > ST REIREE 2 EEH 0t
ERSENE « HE&NERE - MIREREEA R EReE -
Z52% (Dressing, %) = [EHSE / §8E x 100 °
HEHEEE (%) = HEHEEE / B85 x 100 »
HeasBEH (%) = FEsEH / fGE x 100 -
(v) MORAEACEMEAR - PRelEnss s S 4H 2L 8 E M AR - AR HEFEREFIRREUMK 6 mL > FFE 1/)\
BH% BB L% - DL 3,000 x g > By 10 4388 » HUMUEHRAFR -20°C fFite o LUK A {L53 #7168 (Hitachi 7150,
Japan) 57 #7111 75 1P 22 48 7E (48 (total protein, TP) ~ |4 & [ (albumin, ALB) ~ Bk & [ (globulin, GLO) ~ R &
4 (blood urea nitrogen, BUN) ~ LT (creatinine, CREA) ~ FR[i% (uric acid, UA) & =% H Hfs (triglycerides,
TG) 7 & » DU Sk Ml BB IR i (glutamate oxaloacetate transaminase, GOT) ~ N MaESEE RS (glutamic
phosphate transaminase, GPT) - fig 45 E& 1 (alkaline phosphatase, ALP) ~ y- ZERZEEEZ NS (y-glutamyltransferase,
v-GT) K& EERR (creatine kinase, CK) 7 &M -
IV. &t ot

SERPTIERS 2 ER - FIFHGET 0T £4¢ (SAS, 2002) » DL—A% 4R M A2 7 (general linear model procedure,
GLM) #7870 » B AEEN » HUYIEE 2 28 % (Tukey honestly significant difference test) EE# &%4H
PE AR BN EREENEST R P<0.05 -

FEREEET

L AEEMEE

FMRRIIM R AR EH AN AE RMEEZZE  WR 2R - HE 1 — 21 Hi > R4AMERBREE X
BB R 2R P A R 2 L (HAE S ZE AR B TLRI 211-1 7700 0.1% 4H PO ZE s i 25 BE 2 = i B IE4H (P < 0.05) -
& 22 — 35 Hiie - MiEZFAIARE TLRI 211-1 7570 0.1% Jz 0.3% 4H » #5544 B8 fe el i R B2 = R B IR 2H.
(P <0.05) - sBaefl (1 — 35 HER ) #Ur > FEEZFfEARE TLRI 211-1 74500 0.1% % 0.3% 407 HE B8 K )ik {22
FHEENEIELH (P < 0.05) » H RS 2EAUAREE] TLRI 211-1 700 0.1% 4H7F Akt 2 g2 (8 7 6 P fil S 2 fuAs
0.1% & » 1A ERCRERIEE = EIE4E (P < 0.05) -

TS AR R a0 s B B AF an AR AR (Jeong and Kim, 2014; Latorre et al., 2014) » A S E AT RHII T
8% > DR AR pH {E K2 BRE RS (Nakano and Zuber, 1998; Shivaramaiah et al., 2011) » DIREE SRR RO GapR}
35 H#S A A ZE T 2= 8 (Knap ef al., 2011; Aliakbarpour et al., 2012; Gadde et al., 2017) - {Hr 5 ¥4 FEREHE
B (Santoso et al., 1995; Jeong and Kim, 2014) » [ Lee et al. (2010) DR [EfG S SRR B EMOETT 3 A6
'l > FHUEAE S ER OIS IIASE - A BN IR 2P AR E TLRI 211-1 0.1 J% 0.3% 4H4: R S 8IE &
Hagh - 7B R AH AR 4H BRI K PR B B 2 » SR TLRI211-1 EEZRNIIA BN A AR -

fE RS L AR 10° — 10° CFU/kg RIEMERS I8 35 2E B S8 - M B A ZEA: EMEBE (Teo and Tan,
2007; Zhang et al., 2012) ; {H Lee ez al. (2010) 54 » fl@ R aafk S 2f fffE 1.5 x 10° CFU/g R e 22k (55 1 —
22 K ) WM EE o PREEFEARE BTG 0 WIS EEIEAE R - DIAEREIYIIGE E R L (Rajput et al., 2013) > [fi]
N EIFERER G P AR R R 22 22 - RIRE B R Z DIREME A - EE=IRIIE » REEEHE LRI -
AEERGE BT - BT E AR TLRI 211-1 > SHEEEDR 1 x 10° CFU/mL » R0 0.1% HAEEHE P ETAT s
I AZEA MR > JRBIEHER DI S 2FfOAEES TLRI 211-1 BE%0E 1 x 10° CFU/Kg » A3 H AHEAE B MER -

Leser et al. (2008) f51ti 5 2 fUAR AL R 18 P AV R RAMT RO R R S ET - SRk B 2 AR G 43 WA o R 22 e L
Mo E - BN S R R A EE I B - A ER e AL R A AR B v S A R AR T R aitRE A
B
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2. ERRASIIRE SRR TLRI 211-1 HNEEE RIHIRZ &
Table 2. Effects of dietary supplementation of Bacillus subtillis TLRI 211-1on growth performance of broilers

TLRI 211-1' (%)

Items Control com’ SEM
0.1 0.3
1to21d
Weight gain, g/bird 727° 796" 746% 770* 6.67
Feed intake, g/bird 1,310 1,290 1,288 1,401 29.8
Feed conversion ratio, feed intake/weight gain 1.81 1.61 1.72 1.83 0.043
22to35d
Weight gain, g/bird 1,250 1,478 1,462 1,356" 17.9
Feed intake, g/bird 1,665 1,742 1,688 1,670 19.9
Feed conversion ratio, feed intake/weight gain 1.34° 1.18° 1.15° 1.23* 0.014
1to35d
Weight gain, g/bird 1,977° 2,274 2,208" 2,126™ 20.6
Feed intake, g/bird 2,975 3,033 2,965 3,073 253
Feed conversion ratio, feed intake/weight gain 1.51° 1.33° 1.34" 1.45® 0.012
Survival rate, % 93.7 93.7 93.7 93.7 1.6
PEF’ 353° 458" 443* 395% 12.1
ab,c

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

" Production efficiency factor, PEF = (Survival rate (%) x BW (kg)) / (age (d) x feed conversion ratio) x 100.
' Newly isolated Bacillus subtillis strain-TLRI 211-1.

> COM = commercial Bacillus subtillis product.

1L FERe iR
BRI IORE T oF AR B 3 0 N RE R G MR Z S B0 3 » SEREER - 8af8 PR h0 TLRI 211-1 45 (0.1% ~
0.3%) ke FHE4H (0.1%) - 1£ & g B BE = i BHIGAE (P < 0.05) - M %IR58 B LIRS S 258 fUAR B pm B 4H (TLRI
211-1 jpa2EEtR ) BEE @ H R (P < 0.05) » KR R0 TLRI 211-1 0.1% SHAH$HRE AR B R (HY EHRAE (P <
0.05) AL FEEF MR R B G EER ~ LB - BT RS — b B E - RS FSERAET -

3. RIS SRR TLRI 211-1 WH AR 2

Table 3. Effects of dictary supplementation of Bacillus subtillis TLRI 211-1 on carcass characteristics of broilers

TLRI 211-1' (%)

Items Control com’ SEM
0.1 0.3
Carcass weight, g 1,734° 1,980° 1,956" 1,896° 15.97
------------------- as percentage of live BW ------mcocmeeeeeee
Dressing’ 84.7 84.5 84.7 84.3 0.14
Heart 0.64 0.64 0.66 0.64 0.008
Liver 2.63 2.48 2.63 2.67 0.043
Abdominal fat 1.10° 0.91° 0.93* 0.95% 0.024
Proventriculus and gizzard 3.24 3.18 3.21 3.34 0.044
Intestine 7.04° 7.58° 7.60° 7.62° 0.11

“® Means in the same row with different superscripts are significantly different (P < 0.05).
' Newly isolated Bacillus subtillis strain-TLRI 211-1.

® Dressing = [(carcass weight / body weight] x 100.

* COM = commercial Bacillus subtillis product.

PIAGUER I TLRL 211-1 0.1% B o] 205 e €0 B K B G B > (BB s2 RAE A2 5 - [EEL Molnér ef al.
Q011) FAEEIRHR ARG E 2 AR B 2.27 x 10° CFU/g » AIEEE 42 H e AEERE RS 4SS AE (L - Santoso e al. (2001)
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A AREEDRERIT 10 — 20 g iR FAURE IS BRE - WD IEEHENT - #EEAE AR B EEEEY)
(] PR A (B B I R B R A > IRIBL Rk D A SRR A > B B B IS A 2 R AR N T A2 = SS9 MR
T FL P AR B T ARG Th B R i 2 S B AR R » TSR E R KA ENR o R FEE AR 0 A
BEIISRERUEE (Mahmoud et al., 2017) » AsABgTh S AR R o] g RN LEATE > e ERERER
HYREEMIGELLE -

IV. MR MR

BAJKEN AN TLRI 211-1 0.1% 40 o i PE RS I BR S = 7Y 240 (P < 0.05) » ALK H 488 18 RIKER R
- AL IEAH BEE = P BRI TLRI 211-1 0.1% 2H 2 0.3% 4H (P < 0.05) (£ 4) Gk E AR SR
528 RFE MR P SE R T S RS DR BE - AR ~ v- SRR R b R AL BRIl < B T ~ IRE
&~ PUERNT - =FeH 2 &2 (P> 0.05) °

BRI S R TR G ~ PIRFRRREI NG ~ v- BRI G K AR B IR I 43 1) o BBt B FIL A 2 SR R P Fia A
(H% > 1997 ) - MiF PR R IR B E R E B AR h o] 285 A 2 BIE » TLRI 211-1 SRR HERL R 52
HH G885 %  MHRATEEEEZ - BUR TLRI 211-1 R E S A T 0 AT R s EE A -

&M /K s e B I S o R B EELE Y (8% 0 1997 ) - Mahmoud et al. (2017) 5 H A%
BRI B AR > OIS INZE A RR RS S A &8 VB B3R > T oY B8 BRI « Al Rer sk
HEHUKE > (HEHE  BEEERS  tJReMIKo Ry o BEunh4aEQERERE > MEAEH KIRE
HIRREIVA AR (2, -

Hi LR e T e B AR TR VSR - e 4 RIS AR S & [F20 8 VS (Scholz-Ahrens ef al., 2016) » Guo
et al. (2020) DAFEELZEARE PB6 NI A A ZEEIE T2 S s SR B B - 8 B R P i e BB S 1 - A
atB® TLRI211-1 0.1% 4HOTRENBG B = » MRl iaEE A B IIEE R -

T4 ERENIIME SRR TLRI 211-1 B 5 AR B E 22

Table 4. Effects of dietary supplementation of Bacillus subtillis TLRI 211-1 on serum biochemical characteristicsof broilers

TLRI 211-17 (%)

Items' Control coM’ SEM
0.1 0.3
GOT, U/L 240 256 225 241 7.8
GPT, U/L 2.19 225 2.00 2.13 0.077
ALP, U/L 10,286" 13,140 10,917 9,299 282
y-GT, U/L 21.4 19.6 20.4 23.9 0.89
TP, g/dL 3.59* 3.01° 2.88" 3.40" 0.11
ALB, g/dL 1.73 1.65 1.51 1.66 0.04
GLO, g/dL 1.86° 1.45° 1.36° 1.74% 0.077
CREA, mg/dL 0.15 0.14 0.13 0.16 0.008
BUN, mg/dL 0.42 0.45 0.38 0.28 0.08
UA, mg/dL 4.47 4.50 4.20 4.79 0.23
TG, mg/dL 44.7 35.9 35.0 42.0 2.51
CK, U/L 5234 4,181 4,661 4,813 322

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

' GOT = glutamate oxaloacetate transaminase; GPT = glutamic phosphate transaminase; ALP = alkaline phosphatase; y-GT
= y-glutamyl transferase; TP = total protein; ALB = albumin; GLO = globulin; BUN = blood urea nitrogen; CREA =
creatinine; UA = uric acid; TG = triglycerides; CK = creatine kinase.

* Newly isolated Bacillus subtillis strain-TLRI 211.

> COM = commercial Bacillus subtillis product.

A

BRI B Bf G 2 AR TLRI 211-1 B 0.1% - AJBHBE = 2E S AGIE E  lRHEfeR R AR e -
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Abstract

Bacillus subtilis is a feed additive that can be supplied to livestock and poultry according to the Taiwan Feed Control
Act law. B. subtilis features characteristics of rapid growth, acid resistance, alkali resistance, heat resistance, and endospore
formation. In this study, B. subtilis TLRI 211-1, isolated from activated sludge, was added to the diet to explore the effects
on the growth performance, carcass, and blood characteristics of broilers. After culture, the number of B. subtilis TLRI 211-
1 was adjusted to 1 x 10° CFU/mL. A total of 192 day-old broilers were allocated to four groups, including: control group
(0%), B. subtilis TLRI 211-1 solution 0.1%, 0.3% supplementation groups, and commercial B. subtilis 0.1% supplementation
group. Each group had 4 replicates (pens) and each replicate had 12 birds. The experiment was conducted for 5 weeks.During
the experimental period, growth performance, carcass and blood characteristics were measured. The results showed that the
weight gain, production efficiency and slaughter weight of the feed supplemented with TLRI 211-1 bacterial solution 0.1%
were significantly higher than those of the control group and the commercial bacteria group (P < 0.05). The abdominal fat of
birds fed with B. subtilis was significantly lower, but the intestinal weight was significantly higher than those of the control
group (P < 0.05). There was no significant difference in the blood biochemical inflammation index enzymes - GOT, GPT,
CK, and y-GT among all groups. In summary, dietary supplementation of 1 x 10° CFU/kg B. subtilis TLRI 211-1 can increase
the weight gain and production efficiency of white broilers. Thus, B. subtilis TLRI 211-1 strain can be used as a probiotic
feed additive to promote chicken growth performance.

Key words: Broiler, Bacillus subtilis, Growth traits.
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