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Effect of exposing broiler eggs to light during
Incubation on embryos growth and Early PostHatch

Bushra AlLissa®

ABSTRACT

The present study was conducted to investigate the effect of lighting on pre-and
post-hatch growth in broiler chicks. development and treatment of embryos and
the criteria for hatching, was also measured. For this purpose, 450 broiler
breeder hatching eggs were divided into 3 treatments and exposed to 24h light
(T1), 16h light and 8h darkness (T2) and 24h darkness (D) (T3), With 105
eggs per treatment, one treatment divided into three replicates., Darkness
during the incubation as control Newly hatched chicks were reared for 2 days
either under 16L:8D or 24L:0D lighting.

The results showed that there was a significant increase (P < 0.05) in the mean
embryo's weight of at 13 days of age and 18 days for T2 and (T1 groups
compared with T3. Also, a significant difference (P < 0.05) was observed in the
percentage of hatching and the time of hatching between the different
treatments. Exposing eggs to lighting during the incubation period led to an
increase in the hatching rate in the second treatment subject to (16L: 8D),
reaching (84.9)%. While the percentage of hatching reached (80.73)% in the
first treatment subjected to the continuous lighting system T1, and the lowest
percentage was (62.83)% when the treatment of incubation in the dark T3, The
results of the comparison between the three treatments in hatching time also
showed that treatment T2 consumed less hatching time (474.7) hours, followed
by treatment T1, as the hatching time took (474.7) hours, while the hatching
time reached in treatment T3 to (498.0) hours.

The results also showed that there was no difference in the average weight of
chicks at hatching between treatment T3 two treatments T3 (24D) and T2 (16L.:
8D), which were exposed to light during spawning, but significant differences
were observed ((P < 0.05 between the average weight of chicks at the age of 2
days in the three treatments, there was a difference in the performance of
chicks, and the greater weight of the chicks was T2 (16L: 8D) in the second
group (G2 (24L: 0D), whose average weight of chicks was (79.10) g.

Keywords: Broiler, Hatchability, Incubation, Chicken embryos, Post Hatch, Light.
LED

Doctor, Department of Animal Production, Faculty of Agriculture,Tishreen University,
Lattakia, Syria.

70




) s b 13,gSA 2021 Al 7 amll 43 alaall ) Aaals Alaa

-

dasiall
pad JSY) Gaddl ) dalal saly (U oaball Glatie e aliidl Gl s

delia Jlae (8 Clasall 3asas (il LB Lpaal jads cpmnll 138 (e 2l Glaasalls
5 AU Balyys clealisly iyl Slac 3al3S calaliay) el Ll ol )Lall any dliag ¢cpalsall
Aayll) ()s< 8 Glaiall 30 5aly) of V) (Gadall ALE ChLall pea o a8 clasial b
O LG et b)) OIS Bane Gl (s3e o (AKH G e Aol Y
B 5Shis el yhally yhall) sl gk 4 cheall e cuadd) zlaall ay
shs e AT Jn dale asay e Silagl sac @385 G W ALl (1] (sl £ U (50800 ]
Oe WY Jabe b Ay Ol Al ) sk e L3l A 056 o oSa ) e sl
ol Y s o) oSe laaal) 358 DA egall Gyl G Gui 85 [21,[3],14] bl
121, BLI7Ihad seay) cyise as <[S], [O]osil) sxy aalll zlas b Cosally sl Clyginse

il e L W coalsall Cuadidll Gl sy o W 8o LiaY) el aladiuly alaa¥) ol

3o Loy plaasall ssay call BLEy ¢ iall elally Ll cliall e 5
Al gy g slil) oguin Al A Lay 3o L) AeladY LAY (e ad) Sliag ([7], [8] Ll
Al e i€y gl (pmlitily ¢lgial iy leleat caps LED  malias alasind o33l a5 (LED

I EEIRTIRIFCIE

s 25 By [10] wualisly aalll zlas old) 8 i ) Al Jalsall pal aal cguall any
Tlad sai A Lyl 520 A Jal (e Belia) b aay Aligha SUa it (el 85 Lia) gl
S ARG L) DU [ e gum lysa el Al el el dyrall Glanall ol a5 a8y caall
q11](Less 40) mdll G b AL Donen sl ) Ol e LIS (8 ol aliie laws b
Aladly ¢ 1Y) s ) ol sl selia) G ) ) ,Laly Aaliaa 8¢ Lia) el [12] a2iin) Laiy
Foill Gl 8 DUl 8 aalll zlas (my (st sale Sy cple JSdy dsaally Le il
Dsshall Aial 5l 3 ¢ glall Al slall DA age An dale s gl 22) ale (S5 ¢ cluall
Al seliay) 8 dpesdll Aela) clysilly ool duluall dgyguall saxll DA (e e sually
laslaly gall gai cpnt (Ao 8)8 el (5 38 ciilimal) 553 o L8 (Lledlly QA ) mlal)
[13] by

71



(OuRl) 25) jSall gaill g Aial) gaill B (Zooal)aall glad G fuodl JMA ¢ gdall Ll

ol Gy apdy oall el ead 4 oselayl Lneal cluball e aell ol

&3 ) s epall cad anll cpaass o e ol g8l Y ([4][14][15][16]
O i Sy ogal) it Gumaall uiall sk (gae waad 8 A) agiSly ¢pial) ki A
3 agdledl) dapy o e pepll e [6][10] el 306 laa) apy gl o ¢ guall daL)
& SR Al cluhal)l Cpelal a8 gdall ADLL gl Calall g i Cadlialy calias
Wyt ae il Al bl Ci)S3 Sy o guiall Sgasy Fopdill Aaii€ Gutdl) daile dlaje (A el
9] ALy o)) A bl Cle gpal e L [OLI1T] cpyslls saill 8 R S5ag
dld e sdle (18] wall skl e i o (Sar o suall Adliaall GLLY) G Bag) WS
) des Byl et A dgpeall lasdl skl o S5y of (Say ) 588 £l B
cabas e Adline plal aladiul de (il (Ge))cdy 8 lDUAY) cliagd S ol
S G ) [19] alis et puall LY (mnd Gl 538 dubeai ) (ga lly a5l
53 Gl A Ol ALE O [16]ans copind) ) Joay Ganl) Al Gapmiy (531 ¢ guall (g i
(S5! 1380-900) daitie cilysiasal (iayill die %89 cugjliy el il daal) dapal)
e Gl AL G caly ) A ) Aasgial)l Bl 53 pmall Qe e seall (e
vie Gall) A6 Cuadd) Laiy o geall 308 (uiil Cudayed Laxie ¢ gl e 785 5 81 Jiss
b Adausially dasal) Axpall 53 a3 (0S5 2080-1430) dlle AU, ¢ gual iyl
syl o Abdl e lBU s ds ([16] s Gl Aheld)) dxpall 53 amnd) ek o)
sl e g o Ra WS egleanall bty Basay ol ALE o Al BT Gl

J18] (Ranluall) slea) AL (1o (nidys il 2 L Glayall
syl i
e biall gall Zalai@yl Lalil) Guead 40K Joa luball (e al) il el |l
&8 il DA el Hib e Ly @) 3 cclinial 3 ila) G delaS ¢ sl Jlaal
Ohasall elal 8 spsll DA gl 530 oy finld) (e Juli 81 caiuty (il G g a
o) Canall Cana 1AL (lgra il Ly gad Ae pusg (uldl] 2ay
ol ey Ay el (IS 13 Led aaady AinY) sats el 8 selayl il as -
LEDay maliaal aayeall aalll zlas (mn (se dudlill Gloanal) dusy ¢ inall (35l
coll any Glapall Sadll saill s layil Uil eyl o U ¢ Lal

72



) s b 13,gSA 2021 Al 7 amll 43 alaall ) Aaals Alaa

Cadll 3y dlga

Hubbard flex .Sl 3, aalll 7z las il (o duada diay 450 duhall 8 cuadinl -

CDlelae EDG ) Ulsdie £35 ¢(63.5-61)madl (s zsli Y dlesud 33 e
) V) Albealls gl DA didad) selaaY) Bae aws ddlids
T2(16L:8D D delu 8 Jilis 55 delu]6) Al dlaladly T1(24L:0D i
Aelaall Zimy 150 sy T3(2alall Jidi OL:24D jpaie D) 2N dleledlly
& s sl Sl Ay 50 222y ) pSe A6 ) Baall) dlalaal) Crands Baalsl)
shal 2y ((Aay 650 daw) (1500 GQF gaill oo Las gila lea a5 43l
e g USG5t (LED alll) sela) (e Jajydh puias P (e Lo cBaatll (yiany
dghis O LS cuil) i gl e J5Y) asll (e gl ce sl ilebedd gl 2 1Y)
e el epall Jpms aial Gecli (ilad dakidy (24D) D aalall Alabedd ailill &)l
Al Bl da) huay dgaphll Lags Gada Bladly 4sh)lly 4yseill o Llial)
45 Ayl Gfiele S 3ye Gaul) i by ¢ %60-55 ) Lyghally 2 37,6 e
Casigiy gl )ll %85-80 5 coyhall 2 37,2 5 cipiill o I Lagy 18 3 DA 350
e lea Aalusy deadiisal) ¢ gl 500 Ll 25 ¢ uiall 5,281 AU 3 1) Pl il
«uilSy Digital lux Meter ( dshyll dus — 5)hall dajs — cgall 325 ) Hladild)
(851 300 —250)Jalas

s 5 WS eoinll sae e 185 13 sl (b &Y o) (el il 358 Pl
Clual « jae IS (e Ly (5) 2ams 28 IS Allae JS (e (10) sl (0 220
& oanl) el daay (A G AY) Cmadl ol o @A DA e (sl (b sl
AV yee e (18) 5 (13) ALY &ls

L bt pe () slegind day dlabe JS1 %oliady) A laa
(Shial) comdall ol 23e aas 5 3 i) G5 bl HuSall Gaully il
iay 122 & Glaas ey 150 dual ad il 285 e 3dadlaall cdlaleall I
FAY) chdsall leuld o Cuva Sl Alalae IS (g dnada

Agina IS Glavall (e %50 (i die Gl o)

100 olall (el dae =%u‘uﬂ :\_Lu_,

Cuadall aull dae

73



(OuRl) 25) jSall gaill g Aial) gaill B (Zooal)aall glad G fuodl JMA ¢ gdall Ll

Oarall (s Jassio oobd Jal e Slsdie IS8 (il any Lagea 14 i) 5~

Ol 2acs a3 Aus Wpmal Gl Dled (ol o N o ) S -
Aadie A ol o glasall Geing & (0 asll) sxile el am plawall Gy -
L Wjnadl) glaasall Gy e 5L8) aas degane IS Glaasna alad 3 (lanall
Ohapall i 2 & (DUl 8 cilaa G il Pl seleadld cuye cuilS 1)
(AY) degenall e Cilida Belial malin lie S G Gfiesena ) dsild)
(( e ¢ 3u) 24L: OD A5l deganally 16L: 8D ) Lpapped &3 15V Ae ganalli

o J Wl calall DI a8 a2 300 (lasall Ailas
e S (0asa 14) seladld piimpmal (e pendd) Qlana (e ddlpie Glie @il -

Aalysl Calasg ¢ S o5l
i Alaay) Jaladl)

by codlabaall il Al Jol Slgdall apecsill alasinly dpaill cilily Jiad
.Gen stat Alas¥) Jidaill malin aladiuly 5% dgsine (g5ie die Elabaall G Cld Hal)

74



) s b 13,gSA 2021 Al 7 amll 43 alaall ) Aaals Alaa

dEBlal)g gl

LalY) sai b belay) ik

Do 18 ply 130500 b ¥ cligly Cmal 055 8 Sy il 3 i (1) Jsind) s
U] 8 Asms g 3o LYl Alalaall Cile ganal 2381 e

LaY) sae 0 18 aslly 1300 (5 ) Ohyly Gl ¢y (B iy Cmadl ()35 Janssia (1) Jsaal)

eﬁ/lgh;y\ﬁ eﬁ/133-'\,;§1\)«:
o oema | oass | fomos | cps | DM
g/ cniad e g [osad -

% ozl | E [oand % & ozl Ll
30.56ab | 7.94a | 62.34a | 10.83ab | 7.04a | 63.45a T216L:80)
28.02c | 8.55a | 63.11a | 7.79c 6.44b | 61.44c T3 240

(P < 0.05) dusin (338 255 x5 3gae S b cllamgial) iy Aiiall oy all®

Loss 185 Lagy 13 Jemy a1 (5 Jangia 3 50 (1) Jsandl 3 dayall mstidl) (g Jaady
Wiel €y (T3 (p4p)0all dlaas ae 4386 Tt )5 T216L:80p6 by (ilelan
glaall dal gai 5ol Jaagd 3) 7] Aile A ae il o2 bl Sig (T216gp)Rnl sl
VL Al Alaall e 185 13 asdl & il mnl) sl i Aiasdl aall
Gt il A aall) zlas Aal of Tany a8 ([20] @ e cdlia) iy DU b dicasdl)
Joalgiall DY & ciiaa ) Gl e (gsina ISy 8T cilS (24L:0D) diasal) ¢ uall
Sl delu 125 s Gelu 12 selin) maliy it ciima Al 4aY) Ly ((0L:24D)
A Oame belia) allal e zlaall g (pumad G dags ddawsie sl cals (12L:12D)
217 Tasie ()5S 28 Jghal Aallan i aa 5o la) pUas Gadai il ¢ iiad) Jaliil

75



(OuRl) 25) jSall gaill g Aial) gaill B (Zooal)aall glad G fuodl JMA ¢ gdall Ll

OuBil) ymlaa ey B oLyl il

sl Apasiy puil) Apt 8 () Guaat oW LED 3ela) alasiad il (2) Jsaall sy
Al Dol 23S ol (il (e ¢ Sl

dppaill CBlalae WIS (oAl Gudll (pahs ¢l Aps 3 LED 3¢ L) aladind 80 1(2) Jsaal)

casll ae
85y il <Hlalea
[ i) dsau daaYy CaBlal () sy Al 4l
delu Yodass Qe Yol e QJy
dal)

476.3ab | 15.90b | 20.67b | 80.73ab | 97.33b | 122 | Tlpu. o)

474.7ab 13.40a | 17.33a | 84.93ab | 103.67a 122 T2(16L:8D)

498.0a | 18.80c | 23.00b | 62.83c | 76.67c 122 T324p)

(P £0.05) dusinn 3508 3ga Snd dgae IS A Sl siall Culay Aliall Cagall*

O ol Geys Gl s (B (p < 0.05)  Aysiee (358 sy (2)dsaadl e Bl

ol Jara 8 g i) ) Ailiaad) 558 DA be Ladld Glanll (agyed (ol 2 cdibia) <Dl
ol A cilias Wiy %(84.9) il a8 (T2 165p) alaill draalall Apll Alalaall b
Opanill ae 35EalL (T gr; by aineall Belial) allal Zealad) 1Y) dlaledl) 8 %(80.73)
O cas @ [14] ,[6] ae 20 o2 gy %6(62.83) (il dai cuil€é (T3 5p) Dl b
e 365 WS ([22],[23] gyl allas ) g gual) Jule Aila) die calgall 6 (i) Jare 50k clllia
[12] dile Gy ity o 8 sl Al Canll oyl (DA ¢ suall (ppuaas Jsa [22] Ao ils
O Al i el WS cpanl Gaib s o seloadl € il el oK o
Aclu (474.7) 8 (i ey crind T2(161ep) Alabaall o) Gl ey 3 EDE O ladl)

76



) s b 13,gSA 2021 Al 7 amll 43 alaall ) Aaals Alaa

@ odlll ey daay Ly el (476.7) ol () @piu) 3 (Tliog gpyilelaall il
sl b mliasl Bagl (([241[25] @ ae Gilslls dels (498.0) ) T34 yilebed)
LS cdglaall 038 Aaali) pe s Lae cipiill Adee ) selia¥) JWY) die (andl (il 2o
o Agesdl sl Bpaiunall BeLal) 50 (Jia Adlida 8¢ L) el alasind of cfialill (e aed)
Oy el 10 Gn 75l 8aay (salal) e pall JE Sae Gy (3ills zladl) dial sai aapess )
At A 333l s3a g ([26],[27] Ailaall 38 PUA ¢ guiall (i paill 320 Joha 83 DA (e elllg
5 & im omleall Jipal AW Aalill (g Aege LSy cdaih Aglan) AN ) Cal (il
[29] i LS [28] JaS IS clabsy) 33L) ( palis o S Bl 0o 81 Jnas Qi) Jana
Canll ge Aulie Johal Aign it Al Cant umadl) Gaall 8 asls as s ol G Sal )
O Gl s 3 GBS Ssa aae (2) Jsaadl e sl La (8 A g Sl g (sl
sl il le 1) sl (S ol [28] dile A g il oda il (cDleleall pran
@l b il ae Ajlie Al Jawgially Sl Sisall Gl cN e o gl o
il Gaill Lo e € JG (i ppnll il e G Tl [14] o83 L ae caibidl Laiy
I3 ¢l G 553 e Js¥) edall DS o saill Bl Jrng egeall o samy alialy gl
[29] sail) (e Aspall clebadl PR G@sall dps JIy gd

Olasall Suall galll b 5oLy il
Sl e aaat la 1A (alall ENEY Nl ?ﬂ SRBT | FPEN | PWEN R PRt
Qs b sl LAl 8 Gl il cailia) a6 Ll Taey 380 anad) 055 8 5elial) dla
sendl e SBI el (g Gail) die Glanall ()5 daugie 1(3) Jsaad)l maasys Al &4l
g il Y Gl i o W g guall alasil ool 288 e L) sl G degene JS (5

77



(OuRl) 25) jSall gaill g Aial) gaill B (Zooal)aall glad G fuodl JMA ¢ gdall Ll

3;1..;-}]\ eLLu e Ao gaaa JS (g2 JA’J\ (e 2 ﬁ%‘j\ ‘53_5 ol 2ie lavall (s Lgia (3) Jsaall

ua dogana J< ags 2 pam § [pagall ¢y augia
09 dwgla
G2 241 Aslil) ds ganall Y1 e ganall
(24L:) -gaal oY) Asganal s Lagal e aan
o G1sp16) . .

g (il L)
78.23ab 75.03a 45.77 T1 (L op2s)
79.10ab 73.45a 46.12 T2(161:30)
75.42 b 71.02b 46.08 T3 00)

(P <0.05) Z5ina (358 35n5 a3 gae IS (& Dllangiall Cuilay ALl Cag ali*
elaadll g el vie Gloanall ()5 8 cdla) dlia (& o (3) Jsaadl e iy La
P 3eladl legmpat & GAlIT2(161.80)¢ T3 ap) Oilalaally DUl & dizmadl) T3(54p
G a2 sem Glasall (s bugie Gn (P < 0.05) Ausine (58 asag Laasl (S) )
el Glapall S8V gl G5 colanall ool 8 Cadlial @llia IS a8 (DA O aleall
@l esall o Isang 3 (4] go Bl o2 (35 (G2 pq: opyRsil) deganal) 81 T2(16L:50)
Gl Al Guaadl) dAlla ae 45D aalll #lad Glana & il 2 Gall gai 3 ol
ST A gy RS Al DA e La) gl Cuzaped Al slall Gl daagd a8 138 ¢ D) e L
8 Aamaal agihlan ae A3Eal Gl aey Juzdl byshig Wsad Jame OIS 5 dibiaall i) as
colS Gl gl ind dimsall Glaapal) G Al Auhy S5 L a2l ([26] DUl
Aeld) clely) G aladl sae coelil WS (2] am 42 jery ol vie dgline oy @l
12 5els) gabd 2a¥) Gyt PA e el gkt (e (Laasd) Cle i) dunslsnl
[30], [21] D dcle 12 / 3eL) delu

78



) s b 13,gSA 2021 Al 7 amll 43 alaall ) Aaals Alaa

Gluagilly claliiiu)

) ALY ¢ udl) A 3O G il G s DA LED ol g gum Al -

Lol Aa¥) gt e 8 Cannlisg ¢ € JSE0 gyl B0n oy 38 5 LaY) s el

O e o Jpanl) (Say Jally 2 jSae jamy alill 2y Glianall s (0 Coju
okl 138 e 33)dl)

el e Lal) gyl (3laty Lagd cdagiill oda aiasil Agiliall luball (e a3all ela) =

Ll 3oy Ga¥ lall e (B ee en Wb S o OSeall e il 58

]

79



(OuRl) 25) jSall gaill g Aial) gaill B (Zooal)aall glad G fuodl JMA ¢ gdall Ll

References galll

1. Archer, G. S. 2016. Spectrum of White Light During Incubation: Warm
vs Cool White LED Lighting International Journal of Poultry Science
DOI: 10.3923/ijps. 343.348

2. Archer, G.S., H.L. Shivaprasad and J.A. Mench, 2009. Effect of
providing light during incubation on the health, productivity and behavior
of broiler chickens. Poult. Sci., 88: 29-37.

3. Huth, J.C. and G.S. Archer, 2015. Effects of LED lighting during
incubation on layer and broiler hatchability, chick quality, stress
susceptibility and post-hatch growth. Poult. Sci., 94: 3052-3058

4. Rozenboim I, Piestun Y, Mobarkey N, Barak M, Hoyzman A, Halevy
0. 2004. Monochromatic light stimuli during embryogenesis enhance
embryo development and posthatch growth. Poult Sci; 83:1413- 1419.
https://doi.org/10.1093/ps/83.8.1413 PMID: 15339018

5. Archer, G.S. and J.A. Mench, 2013. The effects of light stimulation
during incubation on indicators of stress susceptibility in broilers. Poult.
Sci., 92: 3103-3108.

6. Archer, G.S. and J.A. Mench, 2014. Natural incubation patterns and the
effects of exposing eggs to light at various times during incubation on
post-hatch fear and stress responses in broiler (meat) chickens. Applied
Anim. Behav. Sci., 152: 44-51.

7. Ozkan, S., S. Yalcin, E. Babacanoglu, S. Uysal, F. Karadas and H.
Kozanoglu, 2012. Photoperiodic lighting (16 hours of light:8 hours of
dark) programs during incubation: 2. Effects on early posthatching
growth, blood physiology and production performance in broiler chickens
in relation to posthatching lighting programs. Poult. Sci., 91: 2922-2930

8. Dishon, L., N. Avital-Coehen, D. Malamud, R. Heiblum, S. Druyan, T.
E. Porter, M. Gumulka, and I. Rozenboim. 2017. In-ovo monochromatic
light photostimulation enhances embryonic somatotropic axis activity.
Poult. Sci. 96:1884-1890

9. Tabler, G. T., and J. B. Wells. 2015. Accessed on Dec. 2018.
http://extension.msstate.edu/publications/publications/led-bulbs-much-
offer-the-poultryindustry

10. Prescott, N.B., C.M. Wathes and J.R. Jarvis, 2003. Light, vision and the
welfare of poultry. Animal Welfare, 12:269-288. [
11. Ozkan , S., Yal¢in , S., Akbas , Y., Kirkpmar , F., Gevrekei , Y. and

Tilrkmut , L. (2006) Effects of short day (16L:8D) length on broilers: some

80



) s b 13,gSA 2021 Al 7 amll 43 alaall ) Aaals Alaa

physiological and welfare indices. Proceedings CD of the 12th European
Poultry Conference, Verona, Italy.

12. -Olanrewaju , H.A., Thaxton , J.P., Dozier IlI, W.A., Purswell, J.,
Roush, W.B.and Branton , S.L. (2006) A review of lighting programs for
broiler production. Int. J. Poultry Science 4: 301-308.

13. Zeman, M., P. Pavlik, D. Lamosova, |. Herichova, and E. Gwinner.

2004. Development of circadian rhythmicity: Entrainment of rhythmic
melatonin production by light and temperature in the chick embryo. Avian
Poult. Biol. Rev. 15:197-204.

14. Shafey, T.M. and T.H. Al-Mohsen, 2002. Embryonic growth, hatching
time and hatchability performance of meat breeder eggs incubated
under continuous green light. Asian-Australasian J. Anim. Sci., 15:
1702-1707

15. . Shafey, T.M., 2004. Effect of lighted incubation on embryonic growth
and hatchability performance of two strains of layer breeder eggs. Br.
Poult. Sci., 45: 223-229.

16. Shafey, T.M., H.A. Al-Batshan, M.M. Ghannam and M.S.
Al-Ayed, 2005. Effect of intensity of eggshell pigment and illuminated
incubation on hatchability of brown eggs. Br. Poult. Sci., 46: 190-198

17. Zhang, L., H.J. Zhang, X. Qiao, H.Y. Yue, S.G. Wu, J.H. Yao and G.H.
Qi, 2012. Effect of monochromatic light stimuli during embryogenesis on
muscular growth, chemical composition and meat quality of breast muscle
in male broilers. Poult. Sci., 91: 1026-1031

18. Hluchy, S., R. Toman, M. Cabaj and M. Adamkovicova, 2012. The
effect of white and monochromatic lights on chicken hatching. Anim. Sci.
Biotechnol., 45: 408-410.

19. Ghatpande, A., S. Ghatpande and M.Z. Khan, 1994. Effect of different
intensities of fluorescent light on the early development of chick embryos
in ovo. Cell. Mol. Biol. Res., 41: 613-621.

20. Henk Schipper, Bas Kemp, Henry van den Brand Archer GS,
Shivaprasad HL, Mench JA. 2009. Effect of providing light during
incubation on the health, productivity, and behavior of broiler chickens.
Poult Sci, 88, 29-37. DOI: 10.3382/ps.2008-00221

21. van. der Poll Carla W, Inge A. M. van Roovert-Reijrinkl, Conny M.
Maatjens,Sander W. S. Gussekloo., Sander Kranenbarg3, Jan Wijnen,
Remco P. M. Pieters, 2019. Light-dark rhythms during incubation of
broiler chicken embryos and their effects on embryonic and post hatch leg
bone Development PLOS ONE |
https://doi.org/10.1371/journal.pone.0210886 January 25

81



(OuRl) 25) jSall gaill g Aial) gaill B (Zooal)aall glad G fuodl JMA ¢ gdall Ll

22. . Farghly MF, Mahrose KhM. 2012: Effect of light during storage and
incubation periods on pre and post hatch performance of Japanese quail.
Egypt J Poult Sci, 32, 947-958.

23. Farghly MF, Mahrose KhM, Abou-kassem DE. 2015. Pre and post hatch
performance of different Japanese quail egg colors incubated under
photostimulation. Asian J Poult Sci, 9, 19-30, DOI: 10.3923/ajpsaj.
2015.19.30 [

24. El Sabry M.I. Essa H.G.M. (2017) Effect Of Cyclic Led Lighting In
Incubator On Hatching Performance, Chick Quality And Sex Ratio Of
Broiler Chicks .Egyptian J. Anim. Prod. The Egyptian Society of Animal
Production sl 54(2):137-141

25. Sindhurakar A, Bradley N.S.,(2012). Light accelerates morphogenesis
and acquisition of interlimb stepping in chick embryos. PLoS ONE
7(12):€51348.d0i:10.371/journal.pone.0051348.

26. Ozkan , S., Yal¢mn , S., Akbas , Y., Kirkpmar , F., Gevrek¢i , Y. and
Tarkmut , L. (2006) Effects of short day (16L:8D) length on broilers: some
physiological and welfare indices. Proceedings CD of the 12th European
Poultry Conference, Verona, Italy.

27. Blatchford, R. A., Archer, G. S. and Mench, J. A. 2012. Contrast in light
intensity, rather than day length, influences the behavior and health of
broiler chickens. Poult. Sci. 91: 17681774,

28. Archer, G. S., D. Jeffrey, and Z. Tucker. 2017. Effect of the
combination of white and red LED lighting during incubation on the layer,
broiler, and Pekin duck hatchability. Poult. Sci. 96:2670-2675.

29. Cooper, C.B., M.A. Voss, D.R. Ardia, S.H. Austin and W.D.
Robinson, 2011. Light increases the rate of embryonic development:
Implications for latitudinal trends in incubation period. Funct. Ecol., 25:
769-776.

30. Hill, W.L., K.L. Bassi, L. Bonaventura and J.E. Sacus, 2004. Prehatch
entrainment of circadian rhythms in the domestic chick using different light
regimes.Dev. Psychobiol., 45: 174-186.

82



