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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
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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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%3, REEBHRHE AT E AT HB AL BN R/ NETI9ME (AR E )
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.

I E e SO AL H 8 FLAL BRIV ITI9E (BEERE )

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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(a) . 50 *
-+- w/o feed pusher
12 * -o- w/ feed pusher
45
= -
210 &
g g
o 40
0.8 1.7 -+~ w/o feed pusher
¥ —o- w/ feed pusher
35
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
(b) ns
R -+~ w/o feed pusher 4.0 " , s ns
09 ¥ * —o- w/ feed pusher 14
2
& s v
£ g e
&~ 0.7
-+- w/o feed pusher
¢ 3.0 —o- w/ feed pusher
0.6
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
(C) 1.6 « ns DS g -+- w/o feed pusher
* -+- w/o feed pusher NS ns —o- w/ feed pusher
5 L4 —o- w/ feed pusher 4.8
S
212 p /
3] &2 . “——»-—--‘
£ 10 g4 oA
g 3 ".' \
fie 44 ¥
0.6
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
(d) \ s ms
* -+- w/o feed pusher 92 * ns
25 —o- w/ feed pusher ’
© 9.0
E; R
- 20 55
= s 88
x
N oo 8.6 -+- w/o feed pusher
15 —o— w/ feed pusher
84
1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 10 11 12
MIM MIM
(e) . * o . -+~ w/o feed pusher 32 ns * ns s
07 * | i -o- w/ feed pusher % L
] i 30 ns e
NS ns ’
3 ) ®
5y | S
k) . 28
= 06 | '5‘
2 3 26
Q , v
s e ° 24 -+~ w/o feed pusher
05- « . —o- w/ feed pusher
22
1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 1011 12
MIM MIM

2. WMEFEM B BRI ER [FIN AL P B A R FLH 2LRERT (2) ~ FLEEE (b) ~ UM (o) ~ MASETZY) (d) K
BREEH () REHEBHR/ NP ITHEIE - Bl A BEE RN B - ns > BB 25 0 *P<0.05 -

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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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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