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The Effect of Age of Laying Hens on Egg Composition and Egg Quality
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Abstract

The impact of age on egg composition and quality in commercial laying hens was investigated. Data
regarding egg production were collected from a flock of 1,002 laying hens (comprising 334 cages) between 26
and 58 weeks of age. Twenty eggs were randomly collected from 20 cages monthly over 8 months on 9 sampling
occasions (n = 180) to assess egg composition and quality. Egg production and quality data collected over 8
consecutive months were analyzed using the General Linear Model, with hen age as the experimental factor.
Mean comparisons were performed using Tukey’s HSD at p < 0.05, and correlations among egg quality traits
were analyzed. Results indicated that hen-day egg production was not significantly affected by hen age.
However, mean egg weight increased (p < 0.05) with hen age, resulting in a shift in egg size classification from
size no. 3 to size no. 1. Regarding egg components, yolk weight, albumen weight, yolk ratio, and yolk-to-
albumen ratio increased (p < 0.05) with age, whereas albumen ratio and shell strength decreased (p < 0.05).
Concerning egg quality parameters, albumen height and Haugh unit values declined (p < 0.05) with increasing
hen age. In conclusion, while egg production remained consistent across the age range studied, advancing age
in commercial laying hens was associated with increases in egg size and yolk proportion, concomitant with
reductions in albumen height and Haugh unit, indicative of declining egg quality.
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amamﬂiimmam"LrﬂfuLﬂuammumiumamimwmmmmmﬂmLLa fnsiiulalulsewnelneg @aanunisal
nsulalAlussmadulufonsuslnanglulssna Souay 95-98 Tneflifies 2-5% fianunsadsoenuandasilils
TUsinsuszine (Kitiwong and Sealiw, 2019) TnsmnutlonvesguslaalililuvssmaluuneifouasUsymealneduilan
mu‘l.wmuauuﬂmlwuLﬂaaﬂammaLLavlsuLmeuaLLm (Chen et al,, 2023; Tongsiri et al., 2016) muuwﬂivﬂaumi
muiwmqLaaﬂwamlﬂiwwmimmaﬂwmﬂmmaﬂmmLLavuaﬂwwlﬂULUaaﬂamma Ialdnenisan msj‘wuﬁwuau
Wi aeuglstuusid aeiugddiusnid uas mawuﬂamﬂmnu 89 91N518971U89 Lukanov and Alexieva
(2012) WU "Lﬂisumﬂwuﬁiuumnuuu’mumaasﬂ,waWaammﬂ,ﬂmEJ‘Wuﬁaﬁmwauuauma’mﬂ’lmifﬂ.‘umiﬂium
ﬂUamwLmaaaﬂ,mmmﬁlﬂmawuﬁammnmuamm‘uuﬂiamu Iﬂ&lﬂlﬁumawuﬁiuumnm Liﬂﬁlﬂuﬂmﬁﬂwmﬂ 19
dUant LLauLiuiﬁlmmawsJ 24 aﬂmu waziefialafidunnni 31-33 uaziSuanasii 52 dUani Maﬁmﬂuumamamlmmaﬂ 9
amaﬂmaamwﬂﬁlﬂmmaw 95 §UA% (Lohmann Breeders, 2020) IfﬂSiﬂﬂ’lﬂwuﬁiquiﬂuaﬂuEJiJﬂ’liLa'c’NL‘UuVLﬂVLEU
LBINSANAUBE LN IANY LAY aﬂmliﬂsﬁummasﬂ,‘uaﬂwmsnh“mm‘waLﬂisrumsmﬂmmw"lfulﬂmﬁmsmﬂ‘ulﬂ‘wul,uaq
vosluudasUsene 1wy Yssmadaunise (Lukanov and Alexieva, 2012) Useneludise (Yakubu et al., 2008) uag
Uszmewuadey (Moula et al,, 2009) uazgninldldlunuideiien1s@nmdninavesnisidtuanseng o asluemisee
nanAnLazAun LY (Harmkaew et al., 2018; Sakdee et al., 2018)

asrusznaulvwazaunmuedly aunsoduuUsldanvatedade wu Wugnssu 013 N3N @vam wag
918 v09uln (Lokaewmanee and Paikhunthod, 2019) Aaunnlalnludssmalnednisdandninasilylnniuditin
mm%’ma‘umLﬂwml,aummil,mﬂ‘mm mm%maummwm (Wnw.) (National Bureau of Agricultural Commodity and
Food Standards, 2010) 1mm'mwwuﬂmmw1m pandu 1nsA AA, A Lay B lneuseifiuanndnwazateuen 1ou
anwargUsne nsyuin vaY wardnvngnglunladla ldun Fo9o1nea dnwasliuns Snumrlten SmsusvEnaes
mmmlﬂmaamﬂsvﬂauiﬂu Harnkaew et al. (2018) 51891171 o1gveswilifinrudiusiuvunviosls Imsﬂ,n‘mmamﬂ
fuarlvnandalafidminunngunuluge uae Lokaewmanee and Paikhunthod (2019) mamwmuaqwamamm
uusmeatBonliinasuionnainnssuiunsunueatuueadensuuadly Sesdild 918 vawlivinlid
maasunlasesdussnouvesasiduay aﬂwmmmmwlsumwsumi

mmnmamawammmmmmawuﬁmaﬂmmwim Padhi et al. (2013) ¥nmnaapudnsnavesergusilasie

ﬂmmwlﬂulmmwuﬁwumaaaumaLmama 28 §14 72 dUn9t wu uwume"LmummmmumumﬂmmuLauma uag
mmjmLLuwuﬁumaimammamumﬂaﬂmLLaanﬂUSVﬂa‘ulﬁu sudsnualdunsdsnsednedidvddy wWu Ywiinusias
H3988 dhwiinld §wa8 whegen avilliung dviliun hvtinldung umuﬂlwn thutiniugen dndnliuns dadau
1 wardnsduliunsdelivn Imaumunlsumevmmmmmamwmu yuziidndnltvnazanas dsaziinilaineny
vaauiugiinasionsAusznaukarAmA LY uaz Luaqmﬂvl,ﬂimmmimmiﬁiﬂuﬂmuuumﬂivnaummﬁ%mawuﬁm
vannvane Sty aﬂwmvaaﬂﬁivﬂawawﬂz:umw"lfumaammqmwmmﬂﬁim mummmﬂwmamimmaﬂﬂmmma‘wuﬁ
Wionswanldmanisin fatu mmﬂwﬂumamqmmﬂﬁuam LwamiaumwawﬁwamaLLmlﬂmaamUimangalsuLLau
ﬂmnwwlﬁu’l,ulﬂlsuLsmmsmmmlnivmnma 26 34 58 S

A5n1sAnE

msﬂmsnﬂsaulmmumﬁwmimuavauummﬂ,ﬁuammamLwaamma’mmmam NAULNTTUNSMAUYUA
miLaENLLa“’I‘UﬁfmLWEN”IHMN’JMEJ”Imﬁﬁli AMBLNYAT UNTINYIBLNUATANERT (ACKUE7-AGR-005)

mslnzviesAvszneuedlinazauninld Inensduldlaiidensiaeiuglaiuusndanvhsulivans
§I3IUNANNETD MAINERIVIA ANLLNYAT WIINYIRBLNYATAIARS ieuazads aftay 20 vl 91U 9 afs 521
Sruuidu 180 ¥l 1‘U‘1/1‘1/1’1ﬂ’13’3Lﬂi%ﬁlﬂu’lﬁ]’]ﬂﬂ”liﬁmﬂmﬂmLLJJlﬂi“U‘i]’]U’JiJ 1,002 §7 Imaiﬂisummmaw U 3 M
M8 1 N33 TIIAY 334 N59 Imaml,mlﬂlsummaml,m 26 ufls 58 dUai (26, 30, 34, 38, 42, 46, 50, 54 uay 58 FUnM
mauamamammuﬂﬂLLaJuamamﬁmumsammﬂmummaumﬁ wanyhlivadsgassnannano LLu"Lﬂ"LmaﬂLam
aauuﬂiamumsﬂuiﬁLiauiwwm Evaporative cooling system l@i5ulasaing 16 Fluswiey Tneshiuagesliiu
aghanawiies Inshivsunaemsrefunuruuziigiioansiuglsiuusiand (Lohmann Breeders, 2020) lngldans
ansiiilysauldifesndn 17% ndnulitesnii 2 ,850 Kcal/ME (Metabolized energy) lusiulsitiosniniosay 3
mnldinnnindesas 6 wazaruduliinnnindesay 13 (Betagro, Thailand)

nsLiudedly imsduiiuiegslduuuduanysal lnsnisdaniu 20 n3s 2N 334 nsdluudazads uavin
msdumdu 19 1 Wes 9nnseiidy Lwamummmaamiwmﬂua nwuzNITuAIeg U uanysal Completely
randomized design
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Toyanandngniuunly Im&ﬂmmLaa&Jéuauamawammmaﬂmwumﬁqmiwmamﬂimauuammmwlﬁu WJu
funur1 Hen-day production (%) Lﬂ"U“UEJEJﬁENﬂ"LJ%ﬂEJUWENVLﬁU Tnemsdahminldt s U’]M‘uﬂVLGULLIN waztmn
Waenluseniosimetion 2 frumis (Zepper model ES-1000HA, Thailand) ivteyanauninly & el Arauudawes
Waenlalagldia3os Shell breaking strength (Shahe model SF-500 digital force gauge, China) WagiLAs1ERAEVS
luns anugeetlivn wazAgengdn (HU) mamsammmmwlmam‘[um (Egg multi-tester, Robotmation co., ltd.,
Japan) ImamsawvmmsuﬂswmmamaﬂﬂuLLmLwama LAz InANEYetlYul wazAINAIganyln (HU) A
aun1sves Eisen et al. (1962) lagaunismudal ¢ el

HU = 100 log (H-1.7W**" + 7.57) idlo H = Auadlyvn (mm) uag W = dhaminvesly (g)

mmmmwmLUaaﬂlmmmmaammmm%ﬂaaﬂlﬂu lulasiwesfdnea (Digital micrometer series 323,
Mitutoyo, Japan) Taedveaudonlduazdlnng dewp3oeiad Chroma Meter CR-400 (Konica Minolta INC., Japan)
AU UUd CIE (International Commission on lllumination, CIE, 1978) LLammaaﬂuﬂusﬂm L* fip A1AINNLADa
ANETNe SAN 0 B9 100 a* fie AELAEETEn uas b* Ao ANEwdesENGY uaﬂmﬂummmmammulsuLLm (Yolk
ratio) ammulw'm ALbumen ratio) LLauammummlmLmeaisuem (Yolk:Albumen) Imﬂaﬂﬂiumumﬂmauau’muﬂlm
A thanlaaes mmﬂvlfuum LLauumumﬂaaﬂim AwELNNSed Narushin (2005) fail

dodrulaung = (Emuﬂ"lfuLLm/Emunlmqum) x 100

daculian = Whnilinldya/dmidnlvisnes) x 100

dncuvadldunssiolivn = Mhmiinliunsydminlyud) x 100

dwinlaen = dwinlenaes-wdnluuas+iinindenta)

mifsLm%wuauaNamamavamﬂﬁuﬂaulﬁummaLumLUuiusJunm 8 1o $1uau 9 Ade siunnsiaglinng
’JLﬂ‘i%ﬂmﬂﬂ‘iwﬂaUﬂ’J’mLLiJi’LJ‘i’J‘LJWJE‘J Generalized Linear Model (GLM) ImammmiuaﬂmwL*LJummmw Wenu
AuLANa19e8 1398 Tod A yn19adf (p < 0.05) 9zvin1sUTsuisUALRA BUUY least squares means (LSMeans)
FERINNTALUUAAILTD Tukey s honestly significant difference (Tukey s HSD) mi’sLﬂ‘i”l"’wnwumml,uumﬂmﬂ%
IiJiLLﬂsmmLif\ﬁU SAS 1295%U 9.4 (SAS Institute Inc., 2023) PuA1E PROC GLM Way PDIFF Adjust Tukey’s Test Uay
mﬂwamuwuﬁﬂiwﬂgiumwaﬂwmmmmwim FreAds PROC CORR Tneldluimanisadnsail Vij =+ T+ &
e Y = Adanaandeyanananlal mamaumuﬂim Toyannnnly wazdeyadvetly U = Ao T; = Jadey
Mnoguilily e i = 26, 30, 34, 38, 42, 46, 50, 54 uaz 58 AUAY Uay € = AIUARIALAABUIINNTNAADS

N|D~(0 02)

NaN1SANYILAZ AT

mLaammmaummmummmu GUGRGTY LLavmmamﬁuaﬂmwawam hen-day production (Table 1) Vol
awwuﬁsmumnu 91Y 26-58 ﬁUﬂ"l‘ViE]EJI‘U‘U’N 90.63 i 98 17% IﬂEJﬂ’]LQaEJ?JE]\‘INGN@G]l‘lJV]LL@JlﬂE]”IEJG\’NﬂUiJﬂ’J"IiJ
LLGmGl”NﬂuaEJ”NVLQJMUEJ?{’W’]EUMNaOGl (p > 0.05) (Table 3) LQJaLiJiEJULMEJUﬂUﬂME]G]’mﬁ’]EJWUS 1ﬂawwuﬁiimum'nu
WU AUasIdus hen-day production vesuallnaiy 26-38 aﬂmmmﬂﬂameﬂummmamawuﬁ (Lohmann
Breeders, 2020) 518414 Lu,ﬂ,ﬂmEquéIiaJuUinummiusunm peak productlon ob mawam"lfum 94-96% (a78ln 31-
33 aﬂm‘w) A1 hen-day production maumlnaw 42-58 U9 M1 Table 1 :ummnm’]mmuamawuﬁmﬂuas
muuimamwsm Nﬂa’mLLQJlﬂVW]’]ﬂ’]iWﬂﬂ@U’JLﬂi’]”%aﬂﬂ"di‘“ﬂa‘ULLa F"Iﬂ‘lﬂWWWEﬂﬁl‘ﬂuﬂ’]iﬂmﬂ’]ﬂiﬂu LL@JIﬂ’eJ’]EJi“"Vi’J’N
26-58 dUan 13J3Jm’mLl,fﬂﬂmﬂmﬂumumamam hen-day production

Table 1 Mean+SD of hen-day production in laying hen during 26 to 58 weeks of age

Age of laying hen Hen-day production (%) Min Max
26 weeks 95.04+2.16 90.63 97.08
30 weeks 95.33+1.48 93.34 97.17
34 weeks 96.14+1.44 93.65 98.17
38 weeks 94.38+1.38 92.45 95.69
42 weeks 95.37+1.57 92.49 96.89
46 weeks 94.93+1.83 92.63 97.21
50 weeks 94.37+1.16 93.27 96.30
54 weeks 93.66+1.44 91.78 94.59

58 weeks 94.10+£1.02 93.08 95.45
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mLaaaummummwummmu GRERGT) LLaummammaﬂwmumuuﬂlm wanass Table 2 diinlaiaes
5UEN1°U'V|‘1/]’]ﬂ’]i’JLﬂi’]”ﬂﬁﬂﬁﬂuma*ﬂ%’NLUEﬁ 2 (64 65 N31) Imasmﬁnﬂmm%mu’mimmﬂLﬂmemu'lmmuvl,ﬁuvl,ﬂ #13 National
Bureau of Agricultural Commod|ty and Food Standards (2010) mmmmﬂimlﬂmummﬂ Tne wos 0 sundult
‘Ll’]‘i/IUﬂVLGUiﬂﬂﬂ’J’l 70 195 1 Gumms[.muwmw umuﬂmm’n 65-70 LUBS5 2 °ZJ°L!’1®I‘VT€U umunimmnmw 60-65 LUBS 3
yuanans vavednlaannnda 55— 60 L% 4 Guumaﬂ mmﬂlmmnmw 50-55 wes 5 wunsd tuidnldunnndn 45-50
dmsuasrussneurosty laud dwinlduns tivdnltun wasthuindenls dndnlduns dndaldun wasdnadaule
waeraldv LLamﬂ"lLa?iﬂsuml,l,ﬂrimqixm’mmq 26-58 §Un9i (Table 2)

Table 2 Descriptive statistics of egg composition and egg quality traits

Trait N Mean+SD Min Max
Egg weight, g 180 64.75+5.91 50.96 84.29
Yolk weight, g 178 16.16+1.87 11.00 20.89
Albumen weight, ¢ 178 42.15+4.28 33.36 57.92
Egg shell weight, ¢ 180 6.37+0.69 4.31 9.07
Albumen height, mm 158 7.55+1.57 3.30 10.10
Haugh units 158 85.90+10.28 52.50 99.90
Yolk ratio 178 25.00+2.09 18.77 30.03
Albumen ratio 178 65.13+£2.10 60.37 70.00
Yolk/Albumen ratio 178 38.52+4.40 26.89 49.16
Eggshell strength, N 178 40.18+6.97 20.30 59.30
Egeshell thickness, mm 180 0.38+0.03 0.26 0.46
Shell co[ r 180 6.29+1.16 3.00 8.00
Shell-L 180 54.74+5.44 34.22 67.98
Shell-a 180 19.36+2.81 12.54 26.22
Shell-b* 180 25.16+3.80 11.17 31.60
Yolk color 180 11.86+0.78 10.30 13.80
olk-L* 179 49.19+2.36 42.02 55.41
Yolk-a* 179 10.47+2.13 5.20 15.79
Yolk-b* 179 36.72+4.56 18.34 53.17

L* = lightness, a* = redness, b* = yellowness

Toyanmn1nly taud auaaldud senglln lneAinnugelivnuaAgengin aunsadiuntdlunisiuim
mmamaﬂmlﬂim Imamaaﬂgumvaﬂmmmmmﬂammi%m Eisen et al. (1962) ImaiwammmawaﬂlmnLLav
umuﬂ"lfumwgqLﬂuﬁuaua’l,umimmm 970 Table 2 wmwmmamaﬂwmmmmsmmaa‘ummmUsuaaLLmlnma‘wuﬁ
Tssfuusnid 80y 26-58 dUani dneglunmnin AA aminasisnnsgiuldla unw. (National Bureau of Agricultural
Commodity and Food Standards, 2010) Iﬂalmwamwﬂm 7 m 15 °C Lﬂmémnmﬁ”luﬁlmuﬂwﬁuﬂmmw AA A1 HU
1INAINNY 72 S‘”ﬂ‘U“U‘HﬂﬂJﬂ’]W A A1 HU wihiu 60-71 S“’ﬂU“UUﬂﬂJﬂ’]W B A1 HU tie8n31 60 dusuarauudauay
AmuvmungesUdents mauudweauent Guml,l,u"l,ﬂmawuﬁmum’nu 918 26-58 aﬂmwmmﬁmaa‘u Aoy
NI151891UVDY Pitilu and Taemchuay (2024) Iﬂ‘aiwmummLLﬁJa‘uaaLUaaﬂimmawuﬁ lala-usl mma 60 &um
fleinszwing 46.88-58.94 1y uagArmumuvesiienly 0.38-0.45 fladiuns fenlndiiestu anwuzdoyadves
Wasnld (Table 2) A191n¥nd wazeAd L* a* uay b* fdnwazdtinauay gAldunaaziiudindes Snwardvoadionly
ummauwuﬁm{]%wwmumawuﬂﬂlmL%ﬂﬂWiﬂﬂimamalﬂLUaaﬂvLsuauLUuamma Ing Chen et al. (2023) naiala
1611LsmmsmimmlﬂLﬂaaﬂlmumuammaLﬂuwammﬂmiﬂmLaaﬂwuﬁnssmm‘uﬂmmmmuauL‘Uaaﬂlmamma

dvdwavesongusilireesdusznouliuasqunmlinansis Table 3 mmﬂ"l,ﬁumauulﬂma 26 Way 30 dUa
funiues 3 (58.81 way 59.83 ndw) wariwinunntudurualiues 2 wmmmlﬂ 34 38 uay 46 §Uai (63.97-
64.79 N51) LLauV]LLiJVLﬂa’]EJ 42 50 54 uay 58 d§Un19 (66.18-68.82 N3u) Tﬁ’lwmmmuai 1 wWiguiiuniunisaneily
1ﬂmawuﬁsuumnum&1 28-44 §Ua W mumm’gmmmmuaﬂwaq National Bureau of Agricultural Commodlty
and Food Standards (2010) Aifmunlaives 0 $luhwifnannndy 70 nfu laiues 1 ffwiin 65 — 69 3 laied 2 4
m‘vmﬂ 61-64 n$a pwdduauddladiued 5 Afivhwn a5 - 49 ndu Hamkaew et al. (2018) Wui1 umuﬂ"lfzmqwgm
Aadswinfu 61.27 + 0.97 3y smLLamMmumLLqumaaLmlﬂ‘mmsgmﬂsum]311/1wawamiwmumuﬂmmumﬂﬂmEJ
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ot a’maiﬂlm’muaawLLaJ"LmJ’msuu wuh axduwliunmsvenerunavemladlaifiaunuegaiitedfy ilduiale
o3 3 Lﬂuﬁummisumaﬁ 2 waziues 1 luvazfieuues Gorlov et al. (2024) wudlulalugenisianesiug Hisex brown
91y 25 - 45 dUam fhwinleeded 62.58 + 0. 39 muﬂﬂﬂammﬂumamiﬂﬂwmw

sussdusznautledly (Table 3) laud Yminlduns ummiﬁusun daduliung uazdndruvesliunsieldyn
z.Jﬂ’1meut.uams"l,mwmua&’muuﬂmﬂm'vmaam (p < 0.05) Imaumuﬂlﬁumevuumuﬂmeumu.mmmmlﬂ 42
FUaniguly aaimmﬂi yaed 17 N3u mmv‘mmama 26 a‘dmwm‘muﬂlﬂuLLmuumuﬂwUs”mm 13 N34 LLauaﬂmulﬁu
wnsiimuansngeesiidedfgnsada GNLLG]EJ’]EJ 46 FUaviduly ELmemumuﬂisusmmeumua’lmmvl,ﬂ GREGEER
fumadiuiurestviinuedlalnesn uenant dnduldrnisely (albumen ratio) wm:uLLmﬂmmuammuﬂmﬂmm
msainsznindiseguili (o <o. 01)T,mawmmﬂmulﬂusmuLLuﬂuuammLmaLLa,JlmesJmeu wagnuIdnaulung
malmwmuamwuﬂa’mmmn 23.10 \Uu 26.49 ‘wmaLm"Lﬂ 26 wag 58 dUA% AINERU mmmammulﬁuummalwn
Wisguann 34.82 18y 41.70 mmmmm"l,ﬂmwmu mmﬁlamaummimawuﬂaammmaiimimmilfmalmmamﬂmu
Tuwsilengunn aenadeaiusieauvas Romanyk and Fedorovych (2020) lﬂ"lfuLﬂmﬂﬁmmawmiiuumnu deang
LLulﬂmeu sl shunlduns shviinldem uasthutnuenlaifiuiy sasfiaumuveauenivanas wasd
wulthildiminluues psAUsznounetligundy uandlviiunoiguasmoiugiiavinaressdusynaunasaunwly

FnwazaNurveldenly LLaymmwmeUaaﬂiﬂu (Table 3) umamaqmamaiﬂlmmeuamamuamﬂm
aenAdeIiuIuYes Padhi et al. (2013) Avilliuns duillyvn vhweinlauns umuﬂlwn dhwiiniuden dadulung
dadruldan wazsndiuliunsmalivn ImEJumuﬂisuLLm%memmam‘wmu Yuzfidndnlivarvanas egaslsh
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Table 3 LSMean + standard error of the effect of age on hen day production and egg quality in laying hen

45 (1) : e0271416

Age of laying hen (weeks)

Trait

26 30 34 38 42 a6 50 54 58 p - value
HDP 95.04+0.57  95.33+0.57 96.14+0.57 94.38+0.57  95.37+0.57 94.93+0.57 94.37+0.57 93.66+0.57 94.10+1.02 0.09
EW 58.81+1.10°  59.83+1.10° 63.97+1.10° 63.77+1.10°  68.10+1.10*  64.79+1.10° 68.82+1.10° 68.45+1.10° 66.18+1.10%° <0.01
YW 13.56+0.27%  14.06+0.27° 15.53+0.27¢ 15.86+0.27¢  17.01£0.27*®  16.97+0.27° 17.23+40.27*  17.82+0.27° 17.51+0.27%° < 0.01
ALW 39.18+0.88°  39.64+0.88¢ 42.17+0.88%°  41.48+0.88°“ 44.76+0.91° 41.97+0.88%°  44.47+0.90° 43.77+0.88%°  42.16+0.88° <0.01
SHW 6.08+0.14°  6.12+0.14° 6.28+0.14 6.04+0.14°°  6.62+0.14®° 5.85+0.14° 6.58+0.14° 6.86+0.14° 6.50+0.14° <0.01
ALH 8.60+0.34° 7.58+0.35%° 8.01+0.34%° 7.30+0.41°  7.38+0.37° 7.52+0.40%° 7.30+0.36° 7.06+0.35° 6.90+0.37° <0.01
HU 93.63+42.18%  87.23+2.23%°  9027+2.18%°  83.74+2.60° 84.09+2.36™  85.19+2.60° = 82.98+2.30°  81.90+2.23° 81.94+2.36° <0.01
YR 23.10£0.40°  23.55+0.40%  24.30+0.40°  24.93+0.40° 24.95+0.41°  26.27+0.40%° = 2530+0.41%°  26.11+0.40®°  26.49+0.40° <0.01
ALR 66.50+0.43%  66.21+0.43%°  65.86+0.43%°  64.95+0.43°9 6533+0.44%°  64.69+0.43°  65.06+0.44>  63.87+0.439  63.67+0.43° <0.01
YAR 34.82+40.86°  35.63+0.86° 37.03£0.86°  39.50+0.86° 38.27+0.88°  40.71+0.86®° = 39.03+0.88°  40.99+0.86™°  41.70+0.86° <0.01
EST 45.16+1.37%°  45.74+1.38° 41.84+1.41%°  41.12+41.41°% 38.76+1.38° 34.20+1.38° 38.71+1.38° 38.94+1.38° 37.25+1.38% <0.01
ETH 0.39+0.01®®  0.39+0.01%° 0.38+0.01°  0.40+0.01°  0.38+0.01°*  0.35+0.01° 0.37+0.01¢ 0.38+0.01% 0.37+0.01% <0.01

#d | east squares mean with different lowercase superscript letters differ at p < 0.01

haugh units, YR = yolk ratio, ALR =albumen ratio, YAR = Yolk/Albumen ratio, EST = Eggshell strength (N), ETH = Eggshell thickness (mm)

HDP = hen day production, EW = egg weight (g), YW = yolk weight (g), ALW = albumen weight (g), SHW = egg-shell weight (g), ALH = albumen height (mm), HU =
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Table 4 LSMean + standard error of the effect of age on egg-shell color and yolk color

Age of laying hen (weeks)

Trait
26 30 34 38 42 46 50 54 58 p - value

shell color 6.65+0.24° 6.80+0.24°  6.55+0.24°  5.65+0.24¢  6.35+0.24°°°  5.80+0.24°9  5.60+0.24° 6.75+0.24°  6.50+0.24% <0.01
shell-L* 51.49+1.01°  5270+1.01° 51.78+1.01°  60.82+1.01°  52.64+1.01™ 54.13+1.01°° 59.72+1.01°  53.65+1.01° 55.74+1.01° <0.01
shell-a* 23.65+0.49°  20.36+0.49°  16.86+0.49°  18.04+0.49°  19.18+0.49%  19.05+0.49°° 19.61+0.49°°  18.79+0.49°  18.67+0.49° <0.01
shell-b* 22.98+0.47°  17.64+0.47"  2553+0.47°  2530+0.47%  27.08+0.47°  27.38+0.47°  29.05+0.47°  27.45+0.47° 24.03x+0.47% <0.01
Y color 11.27+0.15%  11.96+0.15° 11.91+0.15*  1156+0.15  11.44+0.15¢  12.15+0.15°  12.73+0.15°  12.20+0.15°  11.46+0.15° <0.01
Yolk-L* 49.42+0.42%  47.53+0.42°  50.57+0.42°  50.42+0.42°  50.73+0.44°  46.99+0.42°  50.72+0.42°  47.36+0.42°  49.04+0.42° <0.01
Yolk-a* 12.00+£0.32°  12.10+0.32°  10.78+0.32" 9.76+0.32° 7.924032°  10.35+0.32°°  12.86+0.32°  10.30+0.32  8.03+0.32° <0.01
Yolk-b* 37.18+0.85°°  34.71+0.85°  40.12+0.85°  37.73+0.85™°  30.40+0.87°  39.05+0.85° 37.77+0.85°  3579+0.85° 37.37+0.85" <0.01

*fLeast squares means with different lowercase superscript letters differ at p < 0.01

L* = lightness, a* = redness, b* = yellowness
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Table 5 Phenotypic correlations of egg quality traits in laying hen during 26 to 58 weeks of age

Trait EW YW ALW SHW ALH HU YR ALR YAR EST ETH
EwW -

YW 0.70%* -

ALW 0.95%* 0.45** -

SHW 0.66™* 0.37%* 0.58%* -

ALH 0.04 -0.18* 0.13 0.04 -

HU -0.11 -0.28%* -0.01 -0.06 0.97** -

YR -0.07 0.65** -0.36** -0.19% -0.31%* -0.29%* -

ALR 0.16* -0.54%* 0.46** -0.04 0.29** 0.26** -0.92% -

YAR -0.09 0.63%** -0.39%* -0.13 -0.31%* -0.29%* 0.99%* -0.96** -

EST -0.14 -0.28** -0.11 0.29** 0.15 0.16** -0.26%% 0.04 -0.20** -

ETH 0.07 -0.15% 0.07 0.69%* 0.04 0.02 -0.31%* -0.01 -0.23** 0.59** -

*, ** Significant level at p < 0.05 and p < 0.01, respectively
EW = egg weight (g), YW = yolk weight (g), ALW = albumen weight (g), SHW = shell weight (g), ALH = albumen height (mm), HU = haugh units, YR = yolk ratio,
ALR =albumen ratio, YAR = Yolk/Albumen ratio, EST = Eggshell strength (N), ETH = Eggshell thickness (mm)
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