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The influence of artificial light at night on feed efficiency and milk yields of high

producing dairy goats

9731 ,179% "1 ,IVR AR T VNN

L0707 MIRNIN DN T NT2 DIRINNN

DPRYPNY MNHNN 0NN DR DMONIN

J.L@PK«_ YRIN IPIND NN

VR AR T



Xpn

MNINRN DNYW1A) Y3 NIXP IMIRYN 1NIRN YV pYNNI VINY Y HRIW3A 017 DT
VN2 PV DN 1Y DYANIY 1YY MYV TR (93 Ny LED nRna 9pva Xin winswn
PIVI 21980 IMIRMAN DPRY DIDAN .NIRIY (NHIRD NI23N0) 1IN (M2 NP1IN) 2INV2aN
9922 17930070 MMHPIAN PYVN YV PPNN TIPANN NR 779N 1Y% MARYN NMIRN D NTAIYA
VINMI NYATVRRA AVIYAL INPHN LPNVOND NYNKPI MDY (DTRD YD) DNY DN
DN INWISND NYND K3 DAY DY AMRM,MINPIY TUIND Y310 SV INnn RN ,NYYa
DNHYDan nmvyan

% n9H2 HY NI NNIRND NHYNN MPAVNA NINNYN NI MIMIYNN MY MNINRD DIVA
Nnavn .aons oy Yy 102 marYNN NNIRND NYAVN Y ST YN MY IR DTRD MRM2
NYNINN YIon 1992 'MORYN NRY NANN MM DY SY 19WN DR PINAY ANYH IPNNN
JITN NI NN MDY DIPINIA HY YAV MHIAN YWD

PITPI PTI YHYA MYV MNYRIN DPMYI 0 2VIN INDN T IYRIAND DMONIN
,POPAMP VIDMYA NON I NIXP NMRNY 1DHN MYV 1HYNI DIPN INVYRIN MY .MNMOR

Mway ;125 LED xon 51 naxp nomordn AMRNS 750 mywa 1avm oiryn n”vn mwa

O0YIR LED 2on (Pnonn 7ie» nR nwavn RY) 53 noIR nomordn nmRnd nmwHwn
TRNY VIPY RYY) MOYAL AMRNY QYN NNPAN MNP DIYR DMOIN NYVIYYA
,OPVNM P N3N L2151 1590 ,25N NANN)ST DYIN 1TTNI NOYWNN NAPN TYNA L(NIMIRIN

1510 NPV NPNTNNY TN 257 AXPY NN MY NAvIN
125 LED Y mopamp 0v1omHva »on Y3 naxp n'morHnn N7IRNY 19YwWn 1 mMIndn myRXin

NMIRNY TOONY DIYN YV 297 AP NN DR ANPWI PN NI NN MY Ivao
LED n n7RnY 1avn1 oryn IwRd 9Ny mmynwn anrn m»ya nnaxea nynam nyao
5V 250 aXp NN MY NI DYTIN RN RY .VIDNYAN NNRNY NPON 112N
JPPAVN NIRNY NYYVYNY NYONY Y3 NIIR NTIRNY 1IGYMY DITYN
DIRN I IV 912 IRD NN 9HDNY VR NRY MYY I15R MRXIND MNY1aAN 720N
INY TN IRXIND 1YY MYWI MNY MIIPN H¥ (MIY) 1IXVOPRY NN Y3 NIXp NIRNA
YR DRXNN .M NN N%0NY NIRD 1IN P9 DR 9IRY naman Havn MR
JPTIN NN YN R TN NPT YIS AL IIMIIRON NNIRNI VWY T2 YY DYraxn
NTIRN I0VNI YANWNY 1N KDY NTNI D712 PINGY YAYY 9127 Y3 NN NIRN VINY
S72 NOYAY

Abstract
In many dairy goats farms in Israel, artificial lighting interface at night is a common
practice to motivate feed consumption and due to security reasons. The basis of health

and industrial threat, lies in the fact that artificial lighting at night (ALAN) violates the

normal functioning of the biological clock that synchronizes various biological activities
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in many specious (including humans). Melatonin, which is produced in the pineal gland
and is secreted at night, serves as the mediator of darkness signal to tissues. Thus, the
night short wavelength lighting interferes with its secretion and disturb the rhythm of
physiological activities. Recently, worldwide interest has been focused on the negative
effect of ALAN on human health; however, the information on the effect of ALAN on
dairy goats is limited. Therefore, the purpose of this study was, to examine the effect of
artificial lighting at night on the circadian rhythm of the master clock and on
performance, feed and production efficiency of high-producing dairy goats. The
experiments were conducted in commercial farms. At the first and second years, the
experiment was conducted in Natur dairy goat farm while in the third year the experiment
was conducted in kibbutz Alumot. During the first year, goats were exposed to compact
florescent short wavelength illumination and in the second year goats were exposed to
white LED (short wavelength illumination). In the third year, goats were exposed to red
LED illumination (long wavelength illumination). The control groups in each experiment
contained goats that were exposed to natural illumination during the night hours. During
the exposure periods, the performance (milk yield and components, DMI, BW),
efficiency of the goats and heart rate (as endogenic parameter for the master clock
rhythmicity) were measured.

The results showed that goats that were exposed to short wavelength illumination, had
lower feed and production efficiency, while their HR rhythmicity was disrupted
compared to goats that were exposed to natural illumination. The decrease in
performance and efficiency was more radical when goats were exposed to the white LED
compared to the compact florescent. In the third year there were no differences between
the performance, efficiency and HR between goats that were exposed to red LED
compare to the natural light.

These results can be explained by the changes in energy utilization pathways, due to the
different illumination that the goats were exposed to. Exposing the goats to short
wavelength during the night hours, caused sympathetic excitation leading to increased
maintenance demands and less metabolic energy was allocated to the production
pathway. These findings indicate that exposing goats to short wavelength illumination

during the night decrease the production efficiency of the dairy farm while damaging the



welfare conditions of the goats. Using long wavelength illumination in the pens during
the night can be an adequate solution if there is no option to use natural light illumination

during the night hours.
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DYV NMIRA ATV JUIND NXIAPN DY YV NNDYAR PNIVHNN

30 1 *%* m 17:30 o 3:30

——

10 1

Melatonin concentration
(pg/ml, mean + SEM)
_|

Dark Licht

VNN NP (n = 24) RN NP 1Y Y (pg /ml £ SE) nnovaa pivhnn 13 16 IR
.17:30,03:30 NYW1 MMV (n = 24)
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2199 ,NNNMN TNRY JVINM NIRD NP HY (.Y + APTY/MNYA YRINN) 250 axp

RN MXIAP YV 2910 2P YV MPN YRINND .7 TR IRINN PINRD NIRD NOYRNIANIN
+ 3.54,104.6 + 1.40) N2°92 *MIRYNN IRN NPXNNIN NAYT NNW 7PN R TOINMN
NP YV YXINN 2%0 axp NIRD YN INR DYYTIN (2P = 0.28 ,nnRnna ,103.2
1 IR ,(P=0.24 ,NNRNNA,102.74+2.61,105.6£2.33) TWINN NXIAPN NI 7D RY NIRN
(05:30 TY 20:30 MYWN MIV) 1YY MYV PP DPNIND DHTINN

X N7'7Th 9% 2% Ay 130 AN NP'7TA MNX QY axp
¢ quin ® WIN
> ] :m . 120 i
120 n
x 110
110 = !QW
n
A 100 # 3
100 2
&
90 £ 0 H
£
80 80
0:00 12:00 0:00 0:00 12:00 0:00
Int nt

DY YV NYHA RN NPRNIANIN MINRY 1Y 1NN TNRY (MY + NPTH/MNIYI) 297 NP :7 TR
20NN NOPN TNRY ATTMY (n = 24) quINN NN 01y (n = 24) RN NXIAPN

MR NMYY DR LED 101 % NoIR nIxp 17RNY Dy Y9 nawn P2 arnwn ;3 NIV N0

MOPIAN PPV YV MIITIR NIINNN NE? MY DPINA HY NYSWRM Y0
N0 .2019 VOMNIR TP 221N ,D9IXT DYVTIN YN MMOR PIPI MNHOR T TIVI N0IN
nyXINN 150 NN ,WHY TY AW N2IYNNA RT YN MANN DY 24-) N0 IANNYN
NONN NAPN 93 JYNa .74.2+11.3 NAHYNNA o (kg) 55 +8.6 90 Ypwn ,(kg/day) 0.15+2.1
PON 1AWVIN 9920 122990 MION .DTNR 11 (5:00) NPIYND NYWY (1 1H2V) NINN 2590 ,1MINd
.PYNN DIV DY TN 1HYPWI 1H0RI Minn NIRY (National Research Council, 1989) nirbav
72y DIYN MDD NRIPY .18:00-) 7:00 :MYWA ,012 MHN NY HYI PTA NVYNN pwnn
(690 nm, <1 lux ;PMAIRYN ANRN RHY) NPIV NIRND VYN MPMIAY 4 N 1Y NAPN
T YAV NTIRD J0VNI INYW MRIAPN 12 MDY PYRIN 2YVN HNN NRIINN NOIPN INRY
mbya ,(0r\"p) 25NN NN ST NV HNN T NAPNL NIV 4 JUNY AN Nopnd
WXL LQ0NA DNAN NAPN HI TNRY TN MY DDA HY NP P NI (DPYH\MIPT)
4 12 %9010 25W YNN AT A5W DIN DY TN DN Y TNRY DYMAYY NNR DYDYV MOIHY
91901 NP NRT NMYH N1Y RYY DIRIN DMR D02 HY 12 NWNRN NNPAN NP .MMAVD

TNR 92 102 .5:30 NYWN TP 19:55 NYWIN YN (nm 674 ,lux 8) NMIR LED n1Rny nawvm
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72 79NY 2% axp MINN 20T 2PN IPIAN NBHYNA 250 DT (D10 NNIPAN) D1AYVIN

AvaSpec-) 97791 Y09IR JONTIVPAD MYRNRA 1TTNI NTIRND NNAXIPY DITVPID .MANIXT MYV

NTINS DMIVNMITH 1200 DYY 1 XY v 2048-FTSDU, Avantes, Eerbeek, Netherlands

O Dprar y1p , Afiact, Afimilk) (NnYY DrTYR) M»Ya
2 MY MIRNIN

1IN

DY/ 3"p) A%N Nann L(YH/ DL/ A7) NN PN NIR DHYNION DIYINL M)
2 19202 DIIRINN NMRD NN MNRY 2187 PN NI MDY (17P) qu Hpwn 1YY/
8.5% 2 NN NNPN NNIRNN NN 219Y DITRD NIRN NP YV NP PTNN NN
DITRN NIRN NP DY PN NN PRNIND INRY (YIV NIR) NMPAN NXIIAPY oy
9% 9110 YPWNI1I 29NN NN 1T RY MDA MNP .NNIP2AY oM 15% 2 1IN NN
75NN IMINYA RS (07N 3"p/a5N 37p) NP PN NN MY IR NYRDINNN NN
7% 2 M2 NNYN YAV NRD NXIIAP MY PINRDY RNANIND N1aHYY 25V NN
LDYTRN IR NXI2APY nrony

Table 2. performance and feed efficiency of goats that were exposed to natural light (n = 20)
compare to goats that were exposed to red LED illumination (n =20) during night hours.

N

Parameters Period Natural light  Red LED light SEM! P-value?

No of goats 12 12

DMI (kg/day/goat) control 1.93 1.65 0.1 -
treatment 1.93 1.45 0.08 -
control 2.22 2.1 0.14 0.51

Milk yield treatment 2.2 1.9 0.15 0.12

(kg/day/goat)

BW (kg) control 53 54 2.1 0.63
treatment 52 52 2 0.84

EMP (kg, milk/DMI)3 control 1.3 1.2 0.02 -
treatment 1.3 1.2 0.02 -

Abbreviations: LED, light emitting diode; DMI, dry matter intake
1SEM = standard error of mean

2 p = p-value obtained by t-TEST differences between groups.
3EMP = Efficiency of milk production (kg milk/kg DMI)

:25N70 2990
250 MNNTI IPTI IVR VMO T NOPY L,Padn Limw DNk %H%ow abnn 2590 TN
RY .3 19202 DMIRINN 2P IPI NHNA DITRA TIRM OYAVA NIRN NRAPN DAYIN INPHIY
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MINRY A% DITRN NIRN NXIAPY PAVN NRD NP P2 29NN 3IN2 PR HTAN R¥M)
MRNN NIYRNISNIN

Table 3. Milk components of goats (n=20) exposed to natural light compare to goats (n=20)
exposed to Red LED illumination.

Period Time Milk compound Natural Red LED SEM!' P-valué?
light Light
Before light | Night SCC (cells*1000/ml) 2485 2216 451 0.6
manipulation | (7:00) Fat % 3.95 3.15 0.38 0.2
Protein % 3.06 3.07 0.18 0.88
Lactose % 4.6 4.5 0.24 0.32
Day SCC (cells*1000/ml) 3825 5806 1234 0.3
(17:30)  Fat% 3.94 3.84 0.26 0.77
Protein % 3 3.04 0.09 0.78
Lactose % 4.56 4.43 0.07 0.32
After  light | Night SCC (cells*1000/ml) 2345 2511 517 0.83
manipulation | (7:00) Fat % 3 2.97 0.22 0.87
Protein % 3.04 3.16 0.17 0.64
Lactose % 4.55 4.41 0.24 0.25
Day SCC (cells*1000/ml) 2984 3405 770 0.69
(17:30)  Fat% 3.4 3.5 0.26 0.73
Protein % 3.19 3.04 0.18 0.25
Lactose % 4.5 4.32 0.22 0.09

Abbreviations: NL, natural light; LED, light emitting diode; SCC, somatic cell count
"'SEM = standard error of mean
2 P = P-value obtained by t-TEST differences between groups.

Mys 3
1071 MDIPN T2 DITRT MR NXIAPI VAT INT NXI2PR DTV YW 3007 TIRD MOV OREAN

MW 0717 NOIPN T°2 IR C10°37 MIXIAP 1°2 P71 727 R¥NI R .8 1R 2RINN
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2021 MY NWVIYYH 050 117
MIIND MO IVIVY NYOVN DX NNIY DD NYIZY WA NDNN NNV DY ToNna

,220N NANN) DN LY (O) TN OVIX LED |, nnm 9 a8 125 LED ,novopamip 0io1o9)
NYINNND T3 25N 2AXP DY NYOWM IV NI MDY, (OPWN ,1PNNIAP PNTHD NN 25N 1090
MMD ANNYN (DIVN NXIAP) NNV NNINN 1IN MY 952 ONOPAN NYWN DY IINTIN
ANMP2aN NP NDON MYYA NOYIV NIINRND IDVNIY DAY DY 291 AN MDY, DWININ
NN DYDY NN NDXON MYW Y0 NN NNV D) I8P YVIDNTI NN /N MV DNYN NHVN
NADIN MDD NN YPWNI 125771 ,29NN NIANNA DTN RN RD TR NN NXIAPA ON1Y OV NN
PINKRD NUYA () DPWNI MOY INY DN NADIN) IIND NN POV IRVIAND NIV PININD
NowN P2 wp SN (Cheung et al., 2014; Driller et al., 2019) ©>925y2) TR »22 ©PNN
NHNN NYIAN DY NPT (PD)) YN PN NYIAN NI Y NDPIN NI D) NINP NNNRNY
MO MDA NN D) NISP TPMONIN NNNND NVWNN IRNIND 29N A8PA DY .(PLY) YAIVD
230 98P NN .(Cajochen et al., 2005) DTN 72 NI MTHIN ,D>7125Y : )N DNV N7Y2 DY NNIND
NAON NN DYDYI1I1 DINNNN DINNN YT DY DIND NIAYNY DN DN DXPIVT DY NP YN
DNNN2) DY MYV X¥N) OPNN DYV 7PSPYTIX DIAPD 210900 YUY 0NN POININN
,IDPIND IND MYV DX D8I DO DMNN HYAY T2 DIDOYN NIIWN D MNY MOIVND MOV
Y D32 DVPY MMYPN MIIWYN IPP¥ N MOIvN noyan .(Dahl et al., 2000) 15y m>oyo
NPNY MIX NN N2 TYIND MYYA D) 25N AP IMOY0 NN M) MNI DYDY DMNNIN
DTN XNDY 257 AXP IX NN NIN PPPINND TARY MINY PHVINN XIN G0N PP .11 NNI2
N2°0N MYY1A 2510 AP NTPN DR INND 21D PHVINI NONNY NN MYYI M) MNIO
M N3 MYY Y 1w (Cajochen et al., 2005) NN TINRD 25N A¥PA YOS NMON
DY TPVIDNYAN NNNRND IOYMY DNRYNY NYMIND DX PIADNY 915 25N 8P MOV 5apna
DIND NANM) NIONN TINNRM NN DPYNI AN VY IN 20N AN 1IN XD TN 1NN NIINA
NNVIAND ROY PNTNN NN 7YY ,)0 10D . NSMD XY (DIN NN/MINND NRXINA DY) DYP
VAN AN MDA NWYND NYND 25NN NANN MOYa

NNMN NOWNN TR N9 TPMONIN NIINND I1OVYNI 1D D) DNY ,71MIYN NDNN Nva
LIDNDAT NON INY M) DINVPADA (D) IP) JINON NNN NPVIPMTY MA> LED nxnd
DT AONN NANNA NP DRVIAND IMYN MY DRYND NANM  (NNT NNMN NNNIVN)
LED N nMRN2H)YMY 01y DY NOX DIRNNND .NNPXAN NNIAPD MION> 1) HPYNa nonynvn
UITI) MIPOT , NN YN 10D 71D ONMINIID 2NN NPY 22NND N7YA DY NANND DINNN 1)AON
Bareille et al. 2003; Gonzalez et al. 2008; Blackshaw ) DIn NpyY NaNn WX (PLOY MPOT Oy

NMINNY NowNY xNvNa jadn LED n nnnd noownn oo (and Blackshaw 1994
TOINTIRD NPNTNND ,NNIX DT IRLINNY NN DPYD NN NNKIY DNINI VIDNVN
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VIDNYADY 1250 LED N n7IRNS N9OWND D1YN DY NANND GMWUNN .ONYN DY 7NN MD)W
NYYN NPHNIL NOY MDD 201 ANP DY TPIMNTIND NPNINNIA MNY DN DXPNN NYIY NNMN
NNNIA NYND WHRYHN NPMIONDN NNINRND NOWNN NNIIND INIPIN AXPNI NN DIY ONOPIN
.DMININNN OMIPNRN NIV NN

WY NNPIIN TIINRD NN 20N ANP NPINNNI MY DN DNY DMWY NNWD
LED 1 xnY 00y 19WN) Nay 5owHwn mva D) NINP PMONDN NIINND NHIVUNHD NNNIND
TON TEMITIND NPNTNND NN THIRD MDY ,NNINN DY NYIVN NRNND) XY D) NN
121N Som DY IRXIND NN NNNIN T IRNIN .NDDN MYV HOYIV NIIND ONIND 1OWNIY DNYD
AYNN NANNA IYID XD NN PN D) NN NNINRNY MINHN MI9 Y NHOYNY NNRINY, 2020
DYTRN DIVPADA NIINRN I INYI DTN 7I22) NP OXIDN DMIPNN .NNDYI NIPVNPN D)
AWright and Lack 2001) p205nn 782 nyna NN D RSN TUN D) NOIN DNINRN NN
NYN D7 OITY NIVN TPDIY MYNYN D) NN TPNION NININRND NIANN DY ON DIRNNND
152 N2 DY VN NYNIN OINPIVN D) NINP MIAD NNINN NION MYV DN DD 1IN
9) NOIN NIINNA VIO NN D27 DT NPMINY MNDXNI N7y NN MIXID DI DTPNNY
N7y NN MIXID DTHND NIYIRND NNINRN N 91PN DXIY2 TIMNTIN NPIITNNIY MIIXI YN 1IN
2192 NXAN DIN NINP DNNND NN PINNY NIONONIVID 1T NMNOON NNIND 199 NYYON MYY1 D)
.22 NPYAV NIINN TOWNY NIAYY MIVAX I TIND PN DTN DTN
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