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Abstract 

The objective of this research was to evaluate the effects of pattern ra1s1ng 

systems on production performance and egg quality of laying hens. A total of 120 

laying hens and age of 30 weeks were using Completely Randomized Design (CRD). 

This study was divided into 2 patterns: (1) conventional battery cage pattern and (2) 

floor pen pattern. The conventional battery cage pattern had dimension of 30 x 40 x 

37 cm with 2 laying hens each while in floor pen pattern was 5 m2 with 10 laying 

hens each. Each treatment had 10 replicates (120 laying hens in total). All laying hens 

were provided with the same diet during 30 days of experimental period. The results 

showed that the laying hen pattern systems affected to egg production performance 

such as feed intake, egg production, feed conversion ratio, and egg weight, and egg 

quality such as Haugh unit (P<0.05) except for shell thickness, yolk color, shell weight, 

yolk weight, albumen weight and albumen height (P>0.05). The laying hens in the 

conventional battery cage pattern had higher feed intake, egg production, shell 

thickness and shell weight than the hens in the floor pen pattern. However, the hens 

in the floor pen pattern had better feed conversion ratio, egg weight, yolk color, yolk 

weight, albumen weight, albumen height and Haugh unit than the hens in the 

conventional battery cage pattern. 
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Research Tittle A Study of Laying Hen Pattern Systems on Production Performance and 

Egg Quality 

Keywords Laying hen, pattern systems, production performance, egg quality 

ABSTRACT 

The objective of this research was to evaluate the effects of pattern raising 

systems on production performance and egg quality of laying hens. A total of 120 

laying hens and age of 30 weeks were using Completely Randomized Design (CRD). 

This study was divided into 2 patterns: (1) conventional battery cage pattern and (2) 

floor pen pattern. The conventional battery cage pattern had dimension of 30 x 40 x 

37 cm with 2 laying hens each while in floor pen pattern was 5 m2 with 10 laying 

hens each. Each treatment had 10 replicates (120 laying hens in total). All laying hens 

were provided with the same diet during 30 days of experimental period. The results 

showed that the laying hen pattern systems affected to egg production performance 

such as feed intake, egg production, feed conversion ratio, and egg weight, and egg 

quality such as Haugh unit (P<0.05) except for shell thickness, yolk color, shell weight, 

yolk weight, albumen weight and albumen height (P>0.05). The laying hens in the 

conventional battery cage pattern had higher feed intake, egg production, shell 

thickness and shell weight than the hens in the floor pen pattern. However, the hens 

in the floor pen pattern had better feed conversion ratio, egg weight, yolk color, yolk 

weight, albumen weight, albumen height and Haugh unit than the hens in the 

conventional battery cage pattern. 
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D1 m'll bU'WnJ\lb~m bbmb~CJ1 VJ'WV!U1boLJ1V!1n'WiJvi1-:ib~'Wnm-:i elCJ1 'W b-:ib~el'W~iJm1:wn1'1-:iu'J::::mru 
'\J 

10 'l'J\9lV!~el 3 b:IJ\9l'J zj-:im'IJ'll::::bu'U'1JiJ(j)m-:ib~m~m~mV!~el 2 ~'W 1(j)CJ1Vf11-:im-:i~'W'U'Uoifel'UJ11u 
' 

~1'WV!;;r\l"1Jel\lm\l~'U~1-:i b~el 1:w1Vfln'U'Wm-:ilii''U~'W'U'Uci1CJel'\1'111'J::::'J(j)1n~elCJ1 'Wm-:ilii''U~'W~1-:i "ll1'U1'U 
' " 

1ri~b~CJ-:i1m::::'U'UnJ\lb~CJ1?11m'Jti1~1n1~m-:iG'I:::: 2-4 1'111~'Wm\l"V'W1(j)n11-:i 12 '61 bbG'l::::~n 18 D1 

~'Wm-:ib~mbu'U~'Wm(j)"IJ'Ul(j) 1 '61 x 2 '61 ll16U'W'1J'D(j)Vf:w~1CJ'Vljm?l~n1~~-:i~ 
' 

oLJel~"Vel\l nl'J b~ CJ\l 1n bb 'U'Un'J\l b~CJ1 
mm'Jtim1'U?1~~ m'J 1-d"Vel-:i 1ri bb~G'l::::li11 bb u'Uel'W 

~ 1 CJ bbn m'Jm'U A:wu ruV11 ~ n"V'W n'W 
' v 

mm'Jti1'n'tf1'J::::~'Uf11'J 1 "1l1 VlelCJ1 'WeJ\9lJ1?l\l 
'\J '\J 

mm'Jti1'n'tr1-'ll1m'W 1n1 "1l1 VfA-:i~ 
oLJel b~CJ'Uel\lnl'Jb~ CJ\l 1rlbb 'U'U nJ\l b~tJd 

IK'WVJ'Wri11 'J\l b~el'WbbG'l::::~u mru1 'Wnl'J b~ CJ\l~-:in11 bb 'U'U ~'W '1 
1:J?1::::mn 1'Wm'Jb~CJ-:i1ri¥r'W5b~eli;.J~\9l 1-U~n 

' 
m'Jtl1 bfl~el\lvl'Wbb 'J-:iv111~ m n bbG'l::::G'l\lVl'W?l\l 

' ' '\J 
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(2) 1::;uum-:i11lJ bll'Llm-:i~ihru1\91n-)1-:i'l.J'J::;mru 60 ~-:i 120 D1 ~n 36 D1 l\91CJ1Vf 

b-deJ~ 144 m11-:iD1~eJ1ri1~ 1 l'i'111-:im-:ib~CJ-:ibll'Ll?leJ'lbbtn Vl'Llviilwil1vnn'Ll iJ'Vl1-:ib~'Llmn-:i vi1eJ 

11-:ibmVl~'l'll'Lln'Ll 1riHl11-:i11lJn'Ll~'l?leJ'lbbm i1'Vl1-:ib~'Llv11-:i1'Lll'l1'Lloif1-:i 'i'1'Llm-:i11lJbll'Ll'i'1'Llm\91'1l'Ll1\91 1 

D1 x 2 D11Vf'i'1'Llm-:im\91mhJ'Vl1-:il'l1'Llviil1b~eJ1m~n~-:ihJeJ~l'l1'Llviil1bb'U'Uv1''Llm-:ib~m 
'U 

oLJeJ~'LJeJ'I fl11bi CJ-:i 1ri bb 'U'U n1'111lJ 

'l.J'J::;vitJ'\91bb1-:i-:i1'Ll 1 'Ll m1bi CJ'l\91n11 bb 'U'U m-:i b~ m 
'U 

~'Ll'Vl'Llri1b-:ib1eJmb~::;mJmrum1biCJ-:i1ribb'U'Um-:i11lJ~eJ1ri 1 l'i'1 \9\'1 
' ' 

n11bb'U'Un1'lb~CJ1 bb~?l-:in11bb'U'Um-:ie.J-:i 
'U 'U 

A\911ri~VlCJ\911 ~eJeJ mnne.J-:iv1111'l~1 CJ 
' 'U 

m1uv1''Llm\91b~ eJ 1 vi'1 ~ n~-:im11lJeJ~ l'l1'Llviil1v1111'l~1CJ n11bb uum-:ie.J-:i 
'U 'U 'U 

oif eJ b~ CJ'1JeJ-:im1bi CJ-:i 1ri bb 'U'U m -:i11lJ 

1:W ?11m 1ti ri'\911ri~1 vi1 ~1:W AlJ'Vl'Ll 11'l~ b vi 1nuni1 bi CJ-:i bb uu n1-:ib~CJ1 
' ' 

b 'W11::; 1:W'Vl11u?1~~~ bb 'Ll'Ll eJ'Ll 

1 .tf b ll'LlAeJ nt-i?llJ~'Ll511'l1:W~ b vllrl'U m-:ie.J-:i bb~::; bb 'U'UU~eJCJ'i'1W'i11lJ\911 
' 'U 

m~:Wu~vi1ni1~nn'Ll bb~::;m~:Wu~vi11ri~w•1n h 11'l~1CJ 
(3) b-:ib1eJ'Ll1ri1~1::;uum-:ie.J-:i bll'Llh-:ib1eJ'Llbb'U'UblJ\91 ~-:i 4 l'l1'Ll vi~-:iA1m~bll'Llbb'U'U 

'U 

VllJlbbVl'l'Ll VllJlbbVl'l'LlnmCJ Vl1eJvii!1~1 l'l1'LloLJ1'1bll'Llm\91\911~1CJ 1J'.i'1::;bb'Ll'I vi1eJ1m~ vr'Ll~l'Llmmll'Ll 
vr'Ll~1\91'1J'Ll1(9) 1 x 2 D1 vi1eJm~bll'Ll1il'1::;bb'Ll'I m-:ie.J'l'Ul'lbbvl'I v1'Llm-:i~::;m\911U'Vl1'11'l1'LlVlil1~1n 

'U 

~-:inm-:i'lleJ'I b-:ib1eJ'Ll b~eJ1 Vfn~-:i1 u11lJn'Lll'l1'Llviil1 ?1::;\911n 1 'Llm1bfl'U 'U1'1bbvi-:im~:W~-:i1'1l1 Vf l\91m1-:i 

~\91l'l1'Ll 1\911'l1'LlVl~'l'lleJ'I b-:ib1eJ'Ll b~eJ?J::;mn 1'Llm1bfl'U1 ~ 
oLJeJ~'1JeJ'lfl11 bi CJ'l 1ri bb 'U'U AeJ n 

b ll'Llfl11 bi CJ'l~~'Ll'Vl'Lltin~?l\91 
' 'U ' 

?11m1ti b ll'Ll 11-:i b1eJ'Llt-i?llJ~'Lltfll'l~n11m1bi CJ'I bb 'U'U m-:i bb 'U'U~'Ll 1 
.Um~CJ'llmm1biCJ-:i 1ribb'U'UAeJn 

fl11A\911ri~1:W1~bb~::;1 ~1:W~ v1111'lmnn11m1biCJ-:i 1 'Llm'lbb'U'U~'Ll 
:Wu ~Vl1 fl11~ nn'Umn~'Ll 
fl11\91bb~1:W?J::;{?n n bb~::; 1otlb1mmnn11m1 bi CJ-:i.U-:i m,:n::;uu ~'Ll 

'U 

2, m1 bi CJ-:i 1ri1 ~ bb uuu~ eJ CJ 1::;uu ni1~ (i) ni1 bi CJ-:i 1ri bb uuu ~ eJ CJ AeJ ni1~1ri11'l eJeJ nm 

ri 1 CJ 'Ll eJ n A eJ n vi1eJ 11-:i b1eJ'Ll11'l eJ ~ 1-:i B ?11::; 1(9) CJ b li'Llv1'Ll~~:nvi qr 1u n A~ lJ v111 m ri11'l bb?l (i)'J'W ~ ~ n11lJ 

\911:!J1511:W'il1~ b'li'Ll fl11A~fl~'Ll fl11161J~'LJ'Ll fl11~nn'LlV1'1l ~fl bb:W~'I v\'11mriiJA11:W?l'LJ eJ11:Wru~ ~'I 
' ' ' 

b1CJn11 "Happy chick" ?1Vlm'W~l1u iloifeJ n1Vl'Ll\91ml'11]'1'Llm1biCJ-:i1ribb'U'UU~eJCJ11~mil'i'1'Ll~ 
[11CJ'LleJfl b-:i b1eJ'LleJ~1-:iileJCJ 4 \91111'1 b:W\911~eJl'i'1 bb~::;~eJ-:iilV1'1JUflA~:W~'Ll 1ri~::;~ eJ'lil B?J1::;~~ ::;eJeJfl 

' 
~1flAeJfl11'l \91 ~ eJ (i) b 1 m m CJ 1'Ll A eJ fl~ eJ'lil AeJ'Ll'LleJ'Ll i1.:r-:i1 ~1 vi1ri eJ ~ 1-:iil eJ CJ 7 bb:W ~ eJ .:r 'I (~'Ll \91'Ll 1, 

2553) 

15 n11 bi CJ-:i 1ri bb 'U'UU ~ eJ CJJ'Ll?leJ\91 Ail eJ'I nu:w1 \911~1'Ll bn'l3\911B'Ll'Vl 1 ~ i1bVl\91t-i~'Vl1-:i1'Vl CJ 11"11 ?l \91 ~ 
"' ' 

bb~::; ni1u Blf~ ~~'I'll eJ'I bn'l3mm 1 'Ll vh~lJ?l'U''U?l~'Ll A eJ m1 bi CJ-:i 1ri bb 'U'UU~ eJ CJv111vi'1riilm1:w b ll'Ll eJ ~ 
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BcJ1'li5'J'J:W'iJ1~ 11:W~1CJrl1Jfl1'J ~(i)fl1'JG'lJll'Wbb1(i)flEJ:W~BcJB1PlCJ~~ vh1Vl°1nhJbfl'1CJ(i) iJfl11:WG'l'lJ iJ 
'\J ' 

JliJ\ll'TW'VlTW hfl iJ1:rnvh 1 Vl?l'ilmVHb ~-:i bb 'J'l fl11:W~1b U'W~\ll B'l 1 off m{fa-:i rl'WVl~B1mn~-:i hJ:iJ \91-:iJ'W 
'\J ' 

m11off1::;1J1Jml71'J]l'W m1 b~ CJ-:i 1ri1 aj€J'W'Vl1~:wTLJ'J::;~fl1711 off zj'l'WB mn mi::;:iJ15 'IJ i]u~if 1?1 b ~mbf11 tJ'-:iiJ 

'J::;1J1J fl1'J\71'J1~ 11J'JB'l~G'l~1'lf111:W b zjB~'W 1 Vl~1J~1Jlfl 'W Bfl~l fl{f 'J1fl11ri1 aj€J'W'Vl1~'illCJ1Jll 'W'Jlfll~G'l 'l 
'\J '\J 

fl111ri'IJfl~Vlmmvi1 (~'W\71'W1, 2553) 

?l'iJ Jl 1'\'11~ 1711 bbG'l::; fl11:w b~ CJ-:i ~ B 11fl 'J::;1J 1(i)1'Wfl11 b~ CJ-:i 1ri1ajbb1J1J'IJ ~ B CJ 'IJ 'J::; b~'Wil ruV11fll1 b n (i) 
' v 

b 'J fl 'J::; 1J 1(i)1 (i) CJ bu 'I'll 1::; fl 11 :Jj b ~CJ 'l ~El b 'J fl 1oifVl1 (i) 'W fl 1'Wfl1'Jb~CJ'l1ribb1J 1J 'IJ ~El CJ bb Gl::; fl 1 'J b ~CJ 'l bb 1J 1J 

B\71?11Vlm1:wJ'W bU'W~1'1'111fl,;1~11ru bbG1::;V11oif B?11'1J b ~-:i1'Vlml"11?11711 'W1J11 m1bn(i) hfl~::; bn(i)~'W 1~ 
' ' 

'\fl fl 'J::;1J1J'iJ B'l fll'J b~ CJ'l bb~ fl11:W 'J'W bb 'J 'l'iJB'l b 'Jfl~::; bb\71 fl~l'l rl'W 1ri b~ CJ'l bb 1J1J'IJ ~El CJ:iJbB fll G'l b~ CJ'l ~ (i) b ~El 
' ' 

m fl fll 11 n~ b~ CJ-:! 1'W11-:i b~B'WlJ 1?1 n ~ ~ -:i bb~Vll fll?l bbG'l 1 mn bb ~-:i bb 'J-:!~1CJfll'J~1?1 fll'J~~ iJJl iJ\ll 1'W'Vll'W b 'Jfl 
'\J '\J 

b(i)CJi5'J'J:W'il1~ b~B 1~fob ~mbf11~::; hh'Wbb 'J'l bbG'ldBm?l m::;~1 CJ:iJtJBm '\'1111::; b~ CJ'l hJVJm bb U'W m1 
' 

b~CJ-:Jbb1J1JBl71?11Vlfl'J'J:WVl1fl Mfob~EJ~::;1::;mm'Wbb 'J'l b 'W11::;m:wVlti' floW'Wi5Y'11?11711 ~171l~A(i) b~Bflm 1 Vf 
' ' ' 

iJoW'Wi5fl'J'J:Wm Vf r.JG'lf..1~171?1-:J~::;riB'WbbB~lCJ~Bfll'J~(i) hfl bbG'l::;fll'Jb~CJ'lVl'Wl bbU'WG'l~l'l bBfll?lfll'J ~:W~G'l 
' '\J 

n'W'ilB'l 1rilil1~Blil11 'IJ1~BcJ1-:i111?1b ~Tvh 1Vlb~B11flbb~'lbb 'J'l~'W \91-:iJ'W~'lb U'WoLJB?11'1J11'\flm::;1J1JiJ1Bfll?l 
' ' 

fll 'J~:W ~ G'l b 'J fl bb~ fl11:W'J'W bb 'J 'l~'W El cJ rl1J U ~ ~ CJ~'l bb 1 (i) fl B:W fll'J~ (i) fll 'J b~ CJ'l l?l bbG'l::; G'l'iJ B'W 1:iJ CJ'iJ B'l ~ 171 l 
'I 'U 'U 'I 

(~'W\71'W1, 2553) 

.iC:l Q.I .cf .ell ii 
.:i1'U1'1t1'Vl bm.J1"lle:i.:i 

1 'W~l'W'iJB'l fll'J~ fl'l'.fl'U B'l 'J::;1J1JVl~B'J'IJ bb 1J1J'iJB'l b 'J 'l b~B'W~iJ f.J G1 ~ BG'l:W'J'Jt1Jl1'\'ll fll'J f.J ~ 171 bbG'l::; 
'\J 

~rum'W 1 aj~1flV1mCJ I -:i1'Wl~CJl'l-:id 
urueVJ\711 (2557) 1~iJfl1'J'\fl(i)G1EJ'l~fl'l'.f11mri1aj?l1CJoW'WTI'\fl1'lfl1'JA1 (Isa Brown) BlCJ 30 

' ' 
~'IJ(i)1v1 ~1'W1'W 276 lil1 ~:wboLJ1'l1'W'\fl(i)G1EJ'l\711:wbbr.J'Wfl1'J'\fl(i)G1EJ'lbb1J1J~:W\71G1Bl?l (Completely 

Randomized Design, CRD) b(i)CJbbu-:i1nBBflbU'W 3 fl~:W lil-:id fl~:W~ 1 b~CJ-:i1ri1J'Wm-:ilil1J (4 \9l1/ 

m-:i Vl1B 0.046 l711.:w./lil1) (fl~:Wfl11Jfl:W m-:ililiJ) fl~:w~ 2 b~CJ'lbb1J1J'IJ~BCJ~'WmCJ1'Wh-:ib~B'W (5 
' ' ' 

\9l1/\71'J.:W. Vl~B 0.2 \71'J.:w./\9l1) fl~:W~ 3 b~CJ'lbb1J1J'IJ~BCJ~'WmCJ1'Wh'lb~B'W (5 \9l1/\71'J.:W. Vl1B 0.2 
' 

\71'J.:W./lil1) bbG1dJ~'W~'IJ~BCJBBfl~bb'IJG1-:JVlqJ1 (2 \71'J.:w./lil1) b(i)CJfl~:Jj~ 1 iJ 3 Jl I G'l::; 32 lil1 (8 

m-:i) fl~:w~ 2 bbG'l::; 3 n~:wG'l::; 3 Jl ., G'l::; 30 lil11fl'1'Wfl~:w~ 1 rim~m1'Wh-:ib1B'W'J::;1J1JlJ(i)~iJfl11 
, 'I I 'I 'U 

fl11Jfl:WBruVJJl:IJ (Evaporative cooling system) m-:ilil1J ii~'W~ 40 x 46 1711."ll:W. bbG'l::;G'l-:i 36 "ll:W. 
'l 'l 'U 'U 

~1'W1nfl~:w~ 2 bbG'l::; 3 b~CJ-:imCJ1'Wh-:ib1B'W'J::;1J1JblJ(i) 1(i)m~CJ'lbb1J1J'IJ~BCJ~'WmCJ1'Wh-:ib1B'W iJ1-:i1aj 
' 

G11VJfo1Vf11-:ihJ 1 1-:i ~B 6 lil1 bbG'l::;iJflB'W'WB'W 1nfl~:w~ 3iJ~'W~'IJ~BCJ~bb'IJG1-:iV1ru11zj1mh-:inm 
'I 'U v 'U 

6.oo - 18.00 'W. 'ilm'Vlfll'W 1ri'Vl(i)G1EJ-:i~-:i 3 fl~:w 1~11JmV111~iJ1Jl'iJ'W::;bvi1n'W 1711:wfl11:w\ll'B-:im1 
' ' 

1il'lf'W::;'iJ B-:i 1ri1 aj~ bb 'L!::;tl 1 bbG'l ::;1711:wm 171 'J~l'W?ll CJoW'W 5 r.JG1'iJB-:J'J::;1J1J m1 b~ CJ-:i 1ri1 ajtJ~ B CJ i5'J'J:W'il1 ~ 
"' ' 

b u1CJrn Vi CJ1J rl1Jbb 1J1JU~ El CJ~'W~'W flB fl bbG'l::; bb 1J1J m -:ilil1J ~ Bfl rum'\'\/ 1 aj1(i) (Jbb U'lB El flb U'W 3 'ti1 'l fll'J 
' 

'\fl(i)G'lEJ-:i~m~B'Wbb'Jfl (mCJ1n 34 ~'IJ(i)1v1) b~B'W~?lm (mCJ1n 38 ~'IJ(i)1v1) bbG1::;b~B'W~?11:w (mCJ1n 
' ' ' 

42 ~u mv1) 'WD111'1J bb 1J1J m1 b~ CJ-:i 1ri1 ajhJ:iJ r.JG'l ~m uB1 b~'Wl711 aj'il11 bu B1 b~'Wl711 aj bb(i)-:J b 'IJB1 b~'Wvi 
'\J 

bU~Bfl1aj m1:w~-:i1aj'il11 f111:WVl'W1'iJB'lbU~Bfl1aj bbG1::;ri1 Haugh unit BcJl'lhJ:iJt!CJG11A'qJ (P>0.05) 
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ll~ e:i ~1..:i 11n1911:w1'Lll~eJ'Llbl1n'IIB..:imwwm eJ..:J'Y'fUl 11 'li1ri~11Yl'in n m1l~ cN 1ri ll 'lJ'lJ m..:i~uil l tJ e:i~ l~'Ll 1911 'li 
llvM61..:in11 l6 uutJ~ eJCJ~'Llm CJ 1'Ll11..:i 6~eJ'Llbll:l~ l6 uuil~'Ll~'\J ~ eJ CJ~ 66tJ1:1..:ivHlf1eJ~1..:iilifo ~1r1 ru (P<O. 05) 

'U 'U v v 

191..:Jll611'1'l 1 'Lll91111'l~ 1 

34 

38 

42 

J1vn1n1'li'IJ11 (%) 

tl1V1un1'lill\91..:i (%) 

tl1V1umtJ~e:in1'li (%) 

m1:w1;1..:i1'li'IJ11 (mm) 
" 

f111:lJV!'U1'1JeJ'llU~e:in1'li (mm) 

Haugh Unit 

tl1V1un 1 'li'IJ11 (%) 

tl1V1irn1'lill\91..:i (%) 

tl1V1umu~e:in1'li (%) 

m1:w1;1..:i1'li'IJ11 (mm) 
" 

A11:lJV!'U1'1JeJ'llU~e:in1'li (mm) 

Haugh Unit 

tl1V1un1'li'IJ11 (%) 

tl1V1irn1'lill\91..:i (%) 

tl1V1umtJ~e:in1'li (%) 

59.11 61.40 
26.68a 25.22b 

14.21 13.38 

7.36 7.47 

0.39 0.42 

86.89 87.36 

60.89 59.51 

24.16 

14.95 

7.13 

0.36 

24.72 

15.77 

7.17 

0.36 

85.95 85.11 

58.6 60.73 

25.37 24.76 

16.04 14.51 

m1:w1;1..:i1'li'IJ11 (mm) 6.99 
" 

7.3 

0.38 f111:WV!'U1'1JeJ..:JlU~e:in1'li (mm) 0.36 

3 

60.46 
24.87b 

14.66 

7.42 

0.42 

86.69 

60.6 

24.67 

14.73 

7.35 

0.37 

83.97 

62.29 

24.07 

13.64 

7.38 

0.38 

Haugh Unit 83.89 86.04 86.07 

a,b,c ~1eJm~1~ll\91n~1..:in'Ll 1 'Llllml~CJ1fl'Llll61\91..:Jf111:!Jbl\91n~1..:ivrn1;1~~ (P<0.05) 

vh.n: uru.f11911 (2557) 

P-

value 

0.53 

0.03 

0.81 

0.67 

0.25 

0.74 

0.6 

0.88 

0.78 

0.39 

0.53 

0.06 

0.11 

0.07 

0.41 

0.19 

0.25 

0.28 

0.79 

0.22 

0.80 

0.05 

0.006 

0.35 

0.56 

0.50 

0.62 

0.06 

0.005 

0.25 

0.59 

0.18 

0.69 

0.08 

0.003 

0.57 

Englmaierova et al. (2014) 11Ylvhm1'Vl\91!:1eJ'l r:-JG1'1JeJ'l1~uuh..:i6~eJ'Ll1ri1'liilt:rn~e:im111..:i1'li 

tJ1~~'Vl5m'j/\j'IJeJ..:J1'li l61:1~m1'\J'U6~eJ'Ll'il~'Ll'Vl~~umtJ~e:in1'li 1mri1'li~w5 Hisex Brown ~1'Ll1'Ll 232 
9 9 

~1 eJlCJ 20G1'tJV11'1A1V1CJmJ..:im1l~CJ..:i1ri1'lie:ie:imlJ'Ll 4 n~:w f1e:i n~:w~ 1 1~uum..:i~u i1~1m'Ll1ri1'li 
9 9 9 

72 ~1 mJ..:ilU'Llm..:im; 3 ~1 A\916U'Ll~'Ll~ 550 191111w1l'U~l:W\911~e:i~1 n~:w~ 2 1~uum..:i~u~l~:w 
9 

~'Ll~mn~'Ll i1~1m'Ll1ri1'li 60 ~1 llU..:JlU'Ll 10 ~1~e:im..:i AV1lU'Ll~'Ll~ 750 m11wll'Ll~l:wl911~e:i~1 
n~:w~ 3 1~'\Jum..:i11:w i1~1m'Ll1ri1'li 40 ~1 A\91lU'U 15 ~1191111..:Jl:W\911 lll:l~n~:w~ 4 1~uutJ~e:iCJ~'Ll 

9 9 

i1~1'U1'Ll1ri1'li 60 ~1 llu..:illJ'U 10 ~1~e:im..:i AVllU'Ll~'U~ 7 ~1~e:i191111..:il:w\911 m11VfmV111llu..:illJ'U 

2 'li1..:i 11Y1'llri '111..:imCJ 20 ri..:i 40 G1um'IA bbGl~ 41 ri..:i 60G1'tJV11'1A1V1CJ1VfmV111ll1:1~J1lluuhJ~1n\91 
9 
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~1'W1'Wfl1'i1Vfbb?l'l 15 '1i'11m bbrl~ 9 '1i'1hmhvi-r'IJ'1i1'lnmnm'IA'W v11m1bn'\JoLJB:imm11Vf~m.J~l'l 
'IJ 

1 '1i Arum~ 1 '1i bbrl~~l'Wd'W'<\J~'W'Vl~~ bbrl~ b~mb '\JflVlb~tJ~'\Jm~B'Wmnrn'\J~Bn 1 '1i 1~tJiJ~1'W1'W 1 '1i~v11 
' ' 

fl1'ilbfl'i1~v1 ~1'W1'W 1,509 vJB'l ~1Vlfom1:WboLJ:W'U'El'lbb?l'l'Elci~ 10 lux 'ElillVlJl:iJBci1'W'1i1'1 20-22 
'U 'I 'U 'U 

'El'll"11b61lm6iltJ?1 vl1fl1'ilbfl'i1~Vl1~tJ1.ff One way analyses of variance (ANOVAs) 1~tJ1m:wb~rl 

Gerneral Linear Models (GLM) 1'W1'\J1bbm:w~1bh1'\J SAS nB1'1i''W 9.13 ~rlfll'i'Vl~rl'El'l~'lbb?l~'l 
'IJ 

1 'Wl'll"Jl'l~ 2 

SEM Significance 

~rl~~l'l1'1i (%) 

LJ1:w 1rumVl11~ n'W 1 mb~ ri ~ l 'W 

(g/hen) 

eJ'19111n11b'\J~tJ'WB1Vl11bu'W 
" L11Vlti'nih (feed/egg mass) 

J1Vlti'n1'1i (g) 

~'1JtJ"J'\J11'l'U'EJ'l 1 '1i (%) 
'IJ 

~'1JU1'1i'U11 (%) 

b 'lJ'EJ1 b~'Wl'lb '1i'U11 (%) 

Haugh units 

~'1JU1'1ibb~'l (%) 

b'Li'El1b~'Wl'lb'1ibb~'l (%) 

fl11:WVl'Wl'U'El'lb'Li~Bn1'1i (mm) 
'°' •I"' 1 , 2 fl11:!Jbb'U'l'U'El'lburl'Eln 'U (g/cm ) 

b'lJB1b~'W\'lb'lJ~Bn1'1i (%) 

~'W~~1b'Li~Bn1'1i (cm
2

) 

~'UtJb'Li~Bn1'1i (g/100 cm
2

) 

i1~ri1'W1'1ibb~'lbbrl~1'1i'U11 (%) 

1 

60.1 b 

76.0 
c 

8.6c 

62.6b 

88.5 
a 

44.6b 

2 

92.l 
13/ 

b 
2.38 

61.8a 

77.2 
ab 

10.0a 

64.0a 

81.3b 

46.l 

3 

71.8 
c 

131 a 

2.92 
a 

62.l 
77.6 

a 

10.2 
a 

64.l 
78.l 

46.l 
a b c 

26.7 25.5 25.0 

0.377b 0.379b 0.38/ 

4930a 4743b 4665b 

10.6a 

71.6b 

8.9b 

42.9a 

72.9 
a 

8.9b 

40.1 b 

10.l 
73.2 

a 

9.1 a 

39.2b 

4 
b 

79.8 
136a 

b 
2.87 

58.9( 

76.8b 
b 

9.2 
62.8b 

83.0b 

45.l 
a 

0.69 

1.1 

0.029 

0.16 

0.08 

0.08 

0.08 

0.40 

0.11 

26.6 0.07 

0.376b 0.0008 
4794ab 25.4 

10.l 0.02 
c 

70.6 0.13 
8.9b 0.02 

42.7a 0.17 

a c VlmtJ~'lil1eJ'mo!1~1'l 11'WAB~:wtlb~mn'W~1'ln'WBci1'liJti'tJ~1ri't1J 

~:U1: Englmaierova et al. (2014) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

0.002 

0.024 

< 0.001 

< 0.001 

< 0.001 

'W'Eln'<ll1nd Kucukyilmaz et al. (2012) 1~v11m1Pim'.'f1~ri'UB'l"J~'\J'\Jfl1"Jb~tJ'l~'El 
?1:1J11rim~m1~~l'l Arum~1'1i bbrl~fl1TUB'ln'WJl:iJA:wn'W1'W1ri1'1i 2 ?11tJ~'W51~bbri ?11CJ~'W51ri1'1i 

'I 'U 'l 'I 'I 

White (Lohmann LSL) ~1'W1'W 146 i11 bbrl~ Brown (ATAK-S) ~1'W1'W 146 i11 "J1:W~'!Vl:W~ 
~1'W1'W 832 il1 mtJ 1\ifom~m1b~ tJ'lbb 'IJ'IJ'j~'IJ'IJB'W'Vl~~ bbr1~1~'\J'\Jm'lil'IJ v11m1'Vl~rim 1 'W'1i1'lmtJ 

' 
23 ~'I 70 i1LJmv11'Wm1Pimnri~'ld~'\Jl11ri1'1i?11tJ~'W5 White iJLJ'1mru~ri~~l'lbbr1~J1Vlti'n1'1i1ri 

' 
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mnn11?11tJ'ilt15 Brown ~\l 2 'j~'\J'\Jfll'jb~tJ\l e:i~1\lhn1PmJ'V'J'\Jll ~1t11'Ll~f1~~1'1~e:ih\lb~eJ'Ll'UeJ\l 
' 

?11tJ'ilt15 White 1 m~'\J'\Jfll'jb~tJ\lbb '\J'\JB'Ll'Vl~cJ:iJ11mm111 t1'j~'\J'\Jfl1'jb~tJ\lbb'\J'\J m\l\911 zj\ll'l'j\lfl'LloUldJ 
' 

rl'\J 1rihi?t1 tJ'ilt15 Brown 611VJ1''UeJl'l'jl fll'j:iJ~l l'l'UeJ'l 1rihJ?t1tJ'il'Ll 5 White 1 'Ll'j~'\J'\J fll'j b~ tJ\l bb '\J'\J 
' ' 

B'Ll 'Vl ~ cJ ~ 1n11 ( 14%) 1ri1~?f1tJ'ilu5 Brown 'U ru~ ~1ri1~?f1tJ'il'Ll5 White :iJ e) 1'1'j1 fll 'j'j e:i \91~l 1'1 
' ' 

(3. 42%) ~ n111ri1~?I1 tJ'ilt15 Brown 1'Ll'j ~'\J'\J fll'j b~ tJ \l bb '\J'\J m \l l'l'U 1 'Ll~1'Ll'U eJ\l eJl'l 'jl fll'j b '\.J ~ tJ 'Ll 
' 

mVJl'j b 1Ju~f1~ ~ l'l'V'J'\Jll 1ri1 ~?11 tJ'ilt15 White 1 'Ll'j~'\J'\J fll'j b~ tJ\l bb '\J'\J B'Ll'Vl~cJilA1~ 1n111ri1~?f1 tJ 
' 

'ilu5 White 1 m~'\J'\Jfll'jb~tJ\lbb '\J'\Jm\l\91'\J 611VJ1''\Jfl1'jb~tJ\l 1 'Ll'j~'\J'\JB'Ll'Vl~cJ~~'ti1m~JJfl11JJ?f\l'UeJ\l1 ~ ' ~ 

'U11 bbfi~Al Haugh unit 1u1 ~1ri?t1tJ'il'Ll~ Brown Alfi~ bb 'Ll'Ll'UeJ\l 1~bb\91\l'UeJ\l1ri1~~b~tJ\l1 'Ll'j~'\J'\J 
Bt1vi~c1ilA1~1n11m'j6~ tJ'l1 t1'j~'\J'\Jm\ll'l'U~\l 2 ?11tJ'ilt15 611VJfoA1~191~1t1'Ue:i'l 1 ~ bb\91\l'V'J'\Jll 1ri1 ~ 

' 
?11 tJ'ilt15 White 1ufll'j6~ 8\l 66 '\J'\JB'Ll'Vl~cJilA1?1\ln11 fll'jb~ tJ\l bb '\J'\J m \l\91'\J 1 u fll'jb~ tJ\l 6b '\J'\J B'Ll'Vl~cJilA1 ' ~ 

tl1Vl'u m '\.J ~El n 1 ~m n n11fll'j6~ tJ\l 6b '\J'\J m \l\91'\J 1 ~1ri~1n?t1tJ'ilt15 Brown :iJA11 '\.J 'j~'Ll?f\l n11 1 ~1ri ' ~ 

~1n?11tJ'il'Ll~ White 6~EJvl1fl1'jbU~tJ'\JbVltJ'U1~1ri~1~~1nfl1'jb~tJ\lbb'\J'\Jm\ll'l'U'V'J'\Jl1 :iJA1 n-3 fatty 

acid ~1flllfl1'jb~tJ\lb6'\J'\JB'Ll'Vl~cJ bb'f1~~\91~1'Ll'UEJ\l n-6: n-3 ?f\ln111'Llfl1'jb~tJ\l66'\J'\JB'Ll'Vl~cJ 
~ 



,,; 
'U'Vl'Vl 3 

m.Jn'HUbb6'l~15~1bcW'UnT~1~t1 
' 

nl'jl~ 81 t.11"1#.~rd:iJ-:ifi moJ1 b~ m nLJ nl'jfl moJ1'jLJ bb 'lJ'lJ nl'j b~ 8-:i 1ri1 .U~?i-:i t:.Ji:i~ B?Jm'jriJl1~ 
' 'IJ 

nl'jt:.J~\91bbi:i~Arum~1-U zj-:im5m'j~1b 'i'.J'Llfl1'jl~8~-:id 
' 

BUff'HUbb~~15m~ 
' 

b 'j--'J b1B'Llb~ 8'11ri1 -d'j~'lJ'lJD\91 
- bbn1:1LJG11V1fobll'Ll1'?J\91'jeJ--'J~'Ll 

' 
- 1ri1.U~w5m'jA1 ~1m'Ll 120 \ll1 

' 
- m-:i\ll'LJ 'U'Lll\91 30 x 40 x 37 b'IJ'Lliilb:J..J\9l'j (lri1.U 2 \ll1/m-:i) 

- il-:imV11'j ~1m'Ll 12 il-:i 
" 

- il-:ii.11 ~1'Lld'Ll 12 il-:i 
' ' " 

- bA1B-:i'ir-:ii11V1un 
" ' ., 

- \911'U18n'LlABn 

nl'j b~ 8'1 bb 'lJ'lJD~B8~'Ll 'OJ~~ii'-:iJ1 il-:im'V!1'j bb1:1d'-:i 1-LJG'\'1wfo 1vh1-:i1-LJ11Jl181 'LlABn ?i1'Ll 

~m1ru~'Umm-:i\ll'LJ ~'j1--'JB1V!1'jeJ~~1'Ll'Vlir1m-:i bbi:i~~fl1'j1VfJ1bll'Llbb'lJ'lJ'jl--'JJ1B~~1'Ll'lJ'Ll'UB'lm-:i\ll'LJ 
'IJ 'IJ 

15m~'Vl\9l~B"l 

1'ifot:.J'Llfl1TVl\911:1B'lbb'lJ'lJ~:J..J\911:1B\91 (Completely Randomized Desisn, CRD) b\918H1ri1.U 

~'Llthn-:ifl1'jA1 Roman Brown m8 30 ~D\911~ ~1'Ll1'Ll 120 \ll1 fl1'jb~8'1bbD'IBBmll'Ll 2 'jDbb'lJ'lJ 
' ' 'IJ 

b\9lmDbb'lJ'lJ~ 1 bll'Llfl1'jb~8'1'lJ'Llm-:i\ll'LJ 'U'Lll\91 30 x 40 x 37 b'IJ'Lliilb:J..J\9l'j (lri1.U 2 \ll1/m-:i) ~ 10 ~1 
'IJ 

~11:1~ 2 \ll1 ~1'Ll1'Ll 20 \ll1 bbi:i~'jDbb'lJ'lJ~ 2 bll'Llfl1'jb~8'1D~B8~'Ll 10 \ll1~B 5 \911'j1'1b:J..J\9l'j ~ 10 ~1 
'IJ 

~11:1~ 10 1'11 ~1'Ll1'Ll 100 lil11'Llb-:ib1B'Ll'j~'lJ'lJblJ\911:iJ11'1LJ~B8i:i'l1mbl.Ji:i'IV!ru11\918~'1 2 'jDbb'lJ'lJ 
v 'IJ 

fl1'jb~ 8'1vl1fl1'jVl\911:1B'I b~8'11 'Ll b 'j'lb1B'Llb~81rl'Ll riB'Ll fl1'jVl\91!:1B'l~fl1'j~\9lfl1'j~(9llb-d'm1>l'LlnB'Llvl1n1'j 
Vl\911:1B'IJl181M?lJl1~bb1\9l~B:l..Jb~ffdrl'Ll bbi:i~fl1'j~\9lfl1'jb~81rl'Ll 1 ~D\911~nB'Ll fl1'jVl\911:1B'I bbi:i~ 1ri1 -LJvin 

' 
\il11~{'lJ n1'jvl1lA~'LlUB'lrl'Ll b 'jfl\911:J..JA1 bb 'Ll~i11'UB'ln'j:J..JDl"1~\9ll b\9181ri1-LJ~v\'1n1'jVl\9li:iB'l'OJ~ 1~{'lJ 

' 
B1V!1 'j~~bn'1J'Ll~ b vl1rl'Ll\911:J..JA11:l..JMB'I fl1'j bn'1J'Ll~'UB'l 1n1 -LJ bbi:i ~ \911:J..J:l..J1\9l'jlii1'Ll ?l18~'Ll5 ?i1'ULJ 'j~ nB'lJ 

"" ' 
'UB'l?J\91'jeJ1Vf1'jbb?l\91'11'Ll\911'j1'1~ 3 1ri1.U~.,:i 2 n~:J..J'OJ~~1n\9lmV11'j1'l.Jm'j1VfB~1mh.,:i 107-114 n{:J..J 

'IJ ' 'IJ 

~Blil'1~Bl'Ll (Hy-Line International, 2018) 1~foJ1\91!:1B\9lb1m bbi:i~1Vlbb?l'I 16.rr1b:l..l'l~Bl'Ll1'Ll 
'j~8::;b1mvi\911:1m 30 1'Ll b\9lm~:J..J-o;i1m~B'Ll~mA:J..J -b~B'Ll~~l"1~fl18'Ll 2561 b\9181VfmV11'j1ri1-dbb'lJ'lJ 

t:.J'I 1''Ll1:1~ 2 A#'I fim1m 08.00 'Ll. bbi:i~b11:11 16.00 'Ll. v11fl1'jbnLJ1.U1rivin1'Ll b\918n~:J..Jfl1'jVl\911:1m 
' ' 

bbD'lfl1'jb~8'1BBmU'Ll 2 n~:J..J 11'fari 
' 

'jDbb'lJ'lJfl1'jb~8'1~ 1 b~8'1bb'lJ'lJD~B8~'Ll (A) bU'\.Jfl1'jb~Mbb'lJ'lJD~B8~'LlJl181'l.Jb.,:ib1B'Ll (10 
'IJ 

\il1~B 5 \911'j1'1b:l..J\9l'j Vl1B 0.5 \911'j1'1b:l..J\9l'j~eJ\il1) 

'jDbb'lJ'lJfl1'jb~8'1~ 2 b~8'1bb'lJ'lJm-:ilil'lJ (B) bU'Llfl1'jb~m1ri 2 1'11~Bm-:i Vl1B 0.6 \911'j1'1b:J..J\9l'j 
'IJ 



'\Jmt.J.U11 

11~::-;bBt.Jvi 

mni.l1b'V!~e:i-:i 44% 

oU11 l 'ViV1'\JV1 

i!'Ub~'U'\J\71 

1'Umdi'U 12.9% 

11.U11 l 'ViV1 

tJmu'U 58% 

1vibbAm~tJ:wvJe:i?lbvJ\?l (P 18) 

~ bbe:i~ -b:wVJ 15 fau'LI 

bbeJ~-1~~'U 

e:i-:iri'tJ·rnn eJ'\JVJ1-:J LJl'IJ'U::; 1vi tJ n1'~A1'U1ru 

'Vi~-:J-:J1'LI~Hf'\JJ::; ltJ'IJ'LI1il (kcal/kg) 
1'\JJ~'U (%) 

btl1 (%) 
v 

m1:w;s'U (%) 

1'1Ji!'U (%) 

bte:i 1t.J (%) 

mfl'U1mmVJ (%) 

1~~'U (%) 

b:wVJhfau'U (%) 

16.70 

18.00 
10.45 

21.20 
2.60 

5.25 

20.70 

3.80 

0.44 

0.50 

0.31 

0.05 

100.00 

2,900.02 

17.90 

4.18 

10.31 

3.04 

6.08 
74.84 

0.83 

0.67 

9 

*Provided (per kilogram of diet): Vitamin A, 15,000 IU; Vitamin 0 3, 3,000 IU; Vitamin E, 25 IU; 

Vitamin K3, 5 mg; Vitamin B1, 2.5 mg; Vitamin 82, 7 mg; Vitamin 86, 4.5 mg; Vitamin 812, 25 

µg; Pantothenic acid, 35 mg; Folic acid, 0.5 mg; Biotin, 25 µg; Nicotinic acid, 35 mg; Choline 

chloride, 250 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; I, 0.4 mg; Se, 0.15 mg. 

nTHfh.JoLJeJ:U6'1~1'U6'1:U';i'Hlfl1'VmTH.Jiii~ (Production performance) ., 
'\J~mrum'Vl1J~n'U (n-r:w1\911/1'U) = (tl1m'Jnm'Vl1J~n'U1?1~e:ivimJVJvi~e:i-:i) + ("i11'U1'LI1n x 

"il1'U1'Ul'U) 

~m.J~\?11~ (b'\Je:i1b~'Ul'i) (Hen-day) = ("i11'U1'LI1~1?1~e:ivimJVJV1~e:i-:i x 100) + ("i11'U1'LI1n x 

"i11'U1'Ul'U) 
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eJ' M "i1 m"i b 'tJ ~ t.J'W e:J1V!1"i ~el n T'Ji;.J ~ M 1 ~ = ( LJ~m ru e:J1V!1"i~ n'W M 61ell'lnT'j'VI1'161 el'!, n-r:w) + 
(tl1wwn 1 ~~1~M61ell'lf11"i'Vll'l61el'I, n-r:w) 

J1mYn1~bu~t.J (n-r:w/'\'lm) = (tl1V1irn1~~'1V!:Wl'l'Uel'lbb~61~~1M61ell'ln1'J'Vll'l61el'I) + (..J1'l.J1'W 

1~~'IV!:W\il1 'W bb~61 ~~1(9161 el\il f11"j'Vl\il61 el'!) 

nTnnu.LJ'mJr;i~1'Uriru.n1-w161l (Egg quality) 
" ' 

v1'1 nl'j bn'\Ju'l.JVini;.J61i;.J~M1'U1 'Wbb~61 ~1'W bb61~~:wlil1el~1-:i 1 ~ b ~elvl1 n1'jM 'j1~1 l'lfl ruJ11'W 1 ~ 11'1 tJ 
' ' 

v1'1m'jtjmn'lJ1~ ~1ri~ 3 V'lel-:i vin1 7 1'W M61el\ilf11'j'Vl\il61el'I u'l.JVintl1V1irn1~bb61~M'j1~?lel'\J~rum'W 
~-:imt.J'Welnbb61~mt.J1'W li1-:id 

1. fl11:WV!'W1'Uel'lb 'tJ~eln 1 ~ 11'lt.Jvl1f11'jl\ilb 'tJ~eln 1 ~~1nA1bu~ t.J'Um~l'lM-:inm-:i'Uel'lb LJ~ el n 1 ~ 
' 

Thickness 

Micrometer (Mitutoyo: 395 series) A11'11b61'U~bb?ll'l'lelelnm~~bll'WA1fl11:WV!'W1'Ue:J'lb'tJ~eln1~ :l'.i 

V11l1 t.Jl\il b ll'WiJ61fo:wM'j 

2. m ~bbl'l-:i f11'jl\ilA1v1'11ml'lt.J f11'jMelnV'lel-:i 1 ~~l'lel-:im'j11'1A1eleln 1Vf'l'lm1 ~el~'\Jmfl~el-:i:l'.iel 
'U 

ll'leJMfoil~~b~t.Jffi1 Egg Multi Tester Machine (EMT-7300, Japan) zj'IA1~~bb?l\il'li;.J61elelnm 
b U'Wlil'l b61'U~1mfl~el'l:l'.ielli1-:in~11d 'Weln~1nd?11m'jt1l\i1Alfl11:W?l'l 1 ~'U11 bb61~A1 ~elVlt.JuM (Hau oh 

'U 'U ~ 

unit) 

3. tl1V1irm 'tJ ~el n 1 ~ '111bLJ~eln1 ~~ bbt.J n 1 ~ bbl'l'I bb61~1 ~'U11el el n bb~1mo&-:i 11'1tJ1-V bfl~el-:io& -:i 
'Vll"lut.J:w 2 i11bbV11l-:i u'l.JVintl1V1irn~1~ 

4. J 1V1ir n 1 ~ bbl'l -:i tl 11 ~ bbl'l-:i~11i1v1'1 f11 'j bbt.J nel el n ~ 1n1 ~ 'U11mo& 'l'\J 'LI bfl ~el-:io&-:i'VI l"lu t.J :w 2 

l911bbV11l-:i u'WVintl1V1irn~1~ :l'.iV1't11t.J1'mll'Wn-r:w 

5. tl1V1ir n 1~'U11 '1111 ~'U11~11i1~1 n f11'j bbt.J n 1 ~ bbl'l-:imo&-:i'\Jmfl~el-:io&-:i'Vll"lu t.J:W 2 \911 bb V!'Ll-:i 

u'WVi ntl1V1ir n~11i1 :l'.iV11l1 t.Jl l'l b U'W n-r:w 

6. rn1:w~-:i1~'U11 vl1f11'jll'l11'lt.J1oVbfl~e:J'll\ileJMfoil~ (Egg Multi Tester Machine; EMT-

7 300, Japan) bfl~el'lll'l~~ bb?l\il'li;.J61elelnmb U'l.Jlil1b61'U1 'WVl111 t.JiJ61~ b:lJM'j U'WVi nA1~11i1 ?l1:lJ1'jti'Ll1A1 

li1-:in~111 LJr11mrubll'WA1~elYlt.JuM zj,:i1.;fl 'l.Jnl'jll'lflrum'W 1 ~ 
'U ' 

7. Al~elVl~uM vl1f11'jll'l11'lt.J1ibfl~el'lll'leJMfoil~ (Egg Multi Tester Machine; EMT-

7300, Japan) bfl~el-:i11'1~~ bb?l\il'li;.J61elelnm b u'Wlil1b61'Ub61im~ m n'W 

~ ' QQ n1';i'J bfl';i1~'Vi'Vl1\16'1f:Hil 

1.Vm'jlbfl'j1~1'4m1mb'lb'tJ'jl'l.Jbb'\J'\J Analysis of variance (ANOVA) 11'lt.J1oVbbi;.J'l.Jf11'j 

'Vl\il61el'lbb'\J'\Jtj:WM61el\il (Completely Randomized Design, CRD) bb61~b'tJ~t.J'UbVit.J'lJfl11:WbbMn~1'1 

"i~V!ll'lntj:wli1'1t.J15 Duncan's New Multiple Range Test 11'lt.J1'tJ'jbbm:W~1b~~~'tJ SAS (SAS, 

2004) 



., 

d 
'U'Vl'Vl 4 

t:·rnn111:5't:J 

i;l:U'a'atlflTVmT~t:..J~\Pl (Production performance) 

1. 'lJ~mrueiT\·'l1"a~n'l.I (Feed intake) 

tF~:w1rue:i1V11-a~n'W'VB\l 1n1 ~~ b~ t.J\I bb uuLJ~e:it.J~'Wbbfl~ b~ t.J\I bb uun1\l~u ilfl11:w bblil n~1\ln'W 
e:i tJ1\lilirm11f1ruvi1\1?1n&l (P=0.0206) 111m 1ri1 ~n~:w~ b~ t.J\I bb uum\l~u (107 .02±2.11 n1:w/~1/1'W) 

v ' 

ilri1LJ~mrumV111~n'Wmnn-i11ri1 ~n~:w~b~ t.J\lbb uuLJ~e:it.J~'W (102. 1 7 ±2.04 n1:w/~1!1'W; 1?1111\1~ 
' 

4) 
2. t:..J!;lt:..J~IP11"ll (Egg production) 
t:.Jfl t:.J~ 1'11~'Ve:i\l1n1 ~~ b~ t.J\I bb uuLJ~e:i t.J~'W bbfl ~ b~ t.J\I bb uu n1 \l~u ilfl11:w bblil n~1\I n'We:i tJ1\lil 

irt.J611f1 ruvi1\1?1n&l (P=0.033 7) 111m 1ri1 ~ n~:w~b~ t.J\I bb uu m\l~u (85.25± 1.20%) ilri1t:.JG'l t:.J~ 1'11 ~ 
v ' 

mnn111ri1~n~:w~b~t.J\lbbuuLJ~e:it.J~'W (82. 73± 1.16%; 1?1111\1~ 4) 
' 

3. eJIPl'a1n1'abU~E.J'l.IB1'\li1"a!Pieim-at:..J~IP11"!l (Feed Conversion per Egg Production) 

e:l1?111 m1b LJ~ t.J'WmV111~e:im1t:.J~1?11~'Ve:i\l1n1 ~~ b~ t.J\I bb uuLJ~e:i t.J bbfl~ b~ t.J\I bb uu m\l~u ilm1:w 

bb1?1n~1\I n'We:i tJ1\l:i'lirt.J611f1ruvi1\1?1n&l (P=0.0421) hm 1ri1 ~n~:w~b~ t.J\I bb uuLJ~e:it.J~'W ( 1. 97±0.01) il 
v ' 

rl1eJ\?111n11bU~t.J'WeJ1V!11~eJn11t:.J~lil 1 ~~n111ri1 ~n~:W~b~t.J\lbbUUm\l~U (2.03±0.01; \?1111\1~ 4) 
' 

4. J1'\liun1"!lbu~E.J (Egg weight) 
tl1V1irn 1 ~bu~ t.J'VB\l 1n1 ~~b~t.J\lbb uuLJ~e:it.J bbfl~ b~ t.J\I bb uum\l~u ilfl11:w bbliln~1\ln'We:i tJ1\lil 

irt.J611AillV11\l?ln&l (P=0.0358) 111m1ri1~n~:W~b~t.J\lbbUUU~eJt.J~'W (55.42±0.53 n1:w/vJe:i\I) ilri1 
v ' 

tl1V1irn 1~bu~t.Jmnn111ri1~n~:w~b~t.J\lbbUUm\l~u (52.88±0.51 n1:w/vJe:i\I; 1?1111\1~ 4) 
' 

' 
""v "" nG'l:WVl\9lfleJ\I 

' 'VeJ:WG'!VlU'WVln P-value 
'\J A B 

LJ~mrumV111~n'W (n1':w/~1/1'W) 102.17±2.04 
b 107.02±2.lla 0.0206 

t:.JG'lt:.J~lil1~ (bl.Jffh~'Wl'l) 82.73±1.16 
b 85.25±1.20a 0.0337 

e:l1?111m1b1.J~t.J'WmV111~e:im1t:.J~lil 1 ~ 1.97±0.0la 2.03±0.01 
b 

0.0421 

tl1V1irn 1 ~bu~t.J (n1:w/vJm) 55.42±0.53a 52.88±0.51 
b 

0.0358 

a,b ~1eJn'tf1~bbliln~1\lrl'W 1 'Wbbfll b~t.Jlrl'Wbb?l\9l\lflll:wbbliln~1\1Vll\1?1n&l (P<0.05) 

A=blJ'Wn11b~t.J\lbbUUU~eJt.J~'W.fl1t.J1'ub\lb~eJ'W (10 ~l~eJ 5 lil111\lb:Wlil1 V!~eJ 0.5 lil111\lb:Wlil1~eJ~1) 
B=blJ'Wm1b~t.J\lbbUUm\l~U mt.J1'Wm\l~uil1ri1~ 2 ~l~Bm\I V!~e:i 0.6 1?1111\lb:W1?11~e:i~1 
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fjW!l1~1"ll (Egg quality) 

1. fl11:1.l'Vl'U1"1.leNlbUITTJn1"!l (Shell thickness) 

A11J.JVltn b u~e:i fl 1~'IJEJ.:J1ri1 ~~ b~ cM bb uuu~ e:i CJ bbG'i::; b~ CJ.:J bb uu m.:i~u hJiJri11:1.J bb\91fl~1-:i n'U 

mh.:iilum1'1rl'ruVJ1.:iri~~ (P=0.0603) 119m1ri1~fl~J.J~b~CJ.:Jbbuum.:i~u (0.42±0.05 iJG'i~bJ.J\911) ilri1 
v ' 

m1J.JVltn'IJEJ.:Jbu~e:ifl 1 ~mflff-l11ri1 ~fl~J.J~b~CJ.:Jbb'U'UU~EJCJ (0.40±0.05 iJG'i~bJ.J\911; \91111.:i~ 5) 
' 

2. m"llbb\9M (Yolk color) 

~ 1 ~ bb \91.:i 'IJ e:i .:i 1 ri1 ~ ~ b ~CJ .:i bb u u u ~ e:i CJ bb Gl ::; b ~CJ .:i bb u u fl 1 .:i ~ u 1 JJ i1 ri 11 J.J bb (91 fl ~ 1-:i n 'U e:i 8 1-:i i1 
um1'1rl'ruVJ1.:iri~~ (P=0.1025) 1\91CJ 1ri1 ~fl~J.J~b~ CJ.:Jbb uuu~e:i CJ (7 .6 7 ±0.59) ilri1m ~ bb\9l.:J~fl111ri1 ~ 

v ' ' ,_, ' 
fl~J.JVJb~CJ.:JbbUUm.:i~u (7.54±0.66; \91111.:iVi 5) 

' 
3. J1m1m'IJ~em1"ll (Shell weight) 

J 1Vlu fl bu~ e:i fl 1~'IJe:i.:i1ri1 ~~ b~ CJ.:i bb uu bb uuu~ e:i CJ bbG1::; b~ CJ.:i bb uu fl 1 .:i~u 1JJilri11J.J bb\91fl~1-:i n'U 

e:i81.:iilum1'1rl'ruVJ1.:iri~~ (P=0.1591) 1\91CJ 1ri1 ~fl~J.J~b~ CJ.:Jbb uum.:i~u (8.48±0. 99 fl-rJ.J) ilri1'1Je:i.:i 
v ' 

tl1Vlumu~e:ifl1~mflfl111ri1~fl~J.J~b~CJ.:Jbb'U'UU~EJCJ (8.13±0.94 fl-rJ.J; \91111.:i~ 5) 
' 

4. J1m1n1"llbb~~ (Yolk weight) 

tl1Vlu fl 1~bb\91.:J'IJeN1ri1 ~~ b~ CJ.:J bb uuu~e:i CJ bbG'i::; b~ CJ.:Jbb uum.:i~u 1JJilm1J.J bb\91fl~1.:in'U e:i 81.:iil 

uCJ611rl'ruVJ1-:iri~~ (P=0.17 54) 1\91CJ 1ri1 ~fl~J.J~ b~ CJ'! bb uuu~e:iCJ (24. 99±2. 79 fl-rJ.J) ilri1ri11J.Jwu1 
v ' 

'IJEJ.:Jbu~e:ifl1~mflfll11ri1~fl~J.J~b~CJ'lbb'UUm-:i~u (24.46±2.06 flfa; \91111-:i~ 5) 
' 

5. J1m1n1"llm1 (Albumen weight) 

J 1Vlu fl 1 ~'IJ11'1J e:i-:i 1ri1 ~~ b~ CJ.:i bb uuu ~ e:i CJ bbG1::; b~ CJ.:i bb uu fl1 .:i~u 1JJilri11J.J bb\91fl~1-:i n'U e:i 81-:iil 

uCJ611r1ruVJ1-:iri~~ (P=0.2820) 1\9lCJ1ri1~fl~J.J~b~CJ'lbbuuu~e:iCJ (67.41±2.48 fl-rJ.J) ilri1tl1Vlufl1~ 
v ' 

'IJ11mflfll11ri1~fl~J.J~b~CJ'lbbUUm-:i~u (66.53±2.96 fl-rJ.J; \91111-:i~ 5) 
' 

6. ri11:1.Jm~1"!l"1.111 (Albumen height) 

m lJ.J ri.:i 1~'IJ11'1JEJ.:J1ri1 ~~ b~ CJ .:i bb uuu~ e:i CJ bbG'i::; b~ CJ'! bb uu m .:i~u 1JJil m 1J.J bb\91 fl~1.:i n'U e:i 81.:iil 
'U 

uCJ611rl'ruVJ1-:iri~~ (P=0.0840) 1\91CJ 1ri1 ~fl~J.J~ b~CJ-:i bb uuu~e:iCJ (7.50±1.52 iJG'ifoJ.J\911) ilri1ri11J.Jri-:i 
v ' 'U 

1~mflfl111ri1~fl~J.J~b~CJ'lbbUUm-:i~u (7.41±1.13 iJG'ifoJ.J\911; \91111.:i~ 5) 
' 

7. fl1e1BoWtlU\91 (Haugh unit) 
'U 

ri 1 ®"e:i~ CJiJ \91'1J e:i.:i 1 ri1 ~~ b~ CJ'! bb uuu ~ e:i CJ bbG1::; b~ CJ'! bb uu fl 1 -:i ~u ilri11J.J bb\91fl~1-:i n'Ll e:i 81.:iil 
'U 

uCJ611rl'ruVJ1-:iri~~ (P=0.0407) 1\91CJ 1ri1 ~fl~J.J~b~ CJ'! bb uuu~ e:i CJ (85.11±12. 61) ilri1®"e:i~CJ1J\91mfl 
v ' 'IJ 

fl111ri1~fl~J.J~b~CJ'lbbuum-:i~u (82.71±12.84; \91111.:i~ 5) 
' 
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' 
v d v c:9 nfl:WVJ\YlfleJ..:J 

61JeJ:WflVJ'lJ'LlVJn ' P-value 
'U A B 

fn1:WVl'Ll16U~e:in 1 ~ (i.Jflfa:W1W.i) 0.40±0.05 0.42±0.05 0.0603 

m~66\Yl..:i 7.67±0.59 7.54±0.66 0.1025 
tl1wumu~e:in1~ (n1':w) 8.13±0.94 8.48±0.99 0.1591 

tl·1Vl'Lln1~66\Yl..:J (n-r:w) 24.99±2.79 24.46±2.06 0.1754 
tl1Vl'Lln1~61J11 (n-r:w) 67.41±2.48 66.53±2.96 0.2820 
m1:w?i..:i1~61J11 (i.Jflfa:wm) 

'U 
7.50±1.52 7.41±1.31 0.0840 

a b 
Haugh unit 85.11±12.61 82.71±12.84 0.0407 
a,b fi'ITeJm'.t1~66\i1n~1..:in'Ll 1 'Ll66frn~cn n'Ll66?l\Yl..:Jfn1:J.J66\i1n~1..:ivi1..:i?l~M (P<0.05) 

A=6U'Lln116~t.M66'lJ'lJU~eJCJ~'LlmtJ1'Llb..:i6~eJ'Ll (10 fil1~e:i 5 m11..:i6:wm Vl~eJ 0.5 \i1111..:i6:w\i11~e:ifi'11) 
B=6U'Llm16~CJ..:i66LJLJm..:ifi'ILJ mtJ1'Llm..:ifi'ILJiJ1n1~ 2 fil1~e:im..:i Vl~e:i 0.6 1i1111..:i6:wm~e:ifil1 



d 
'U'Vl'VI 5 

ei.flll11mb6'1~1'il1'HU~6l 

6UJi'Hl.flTVmTafi.1~111 (Production performance) 
111 m..J(;l nl"JVl(>) (;lel\l'\Al'\Jl1 1ri1 ~n~:w~ b~ CJ\l bb uu m'll'lui1ri1u1mrumV!1"J~ n'U 1~ bb(;l ~ri1 

q 

e..J(;l e..J~M 1 ~:w1 nn111ri1 ~n~:w~ b~ CJ\l bb uu'lJ~elCJ~'Ll bb~1ri1 ~n~:w~ b~ CJ\l bb'\J'\JU~el CJ~'Lli1tl1V1un 1 ~bu~ CJ 
q q 

bb(;l~eJl1l"J1n1":ib'lJ~8'Llel1V!1"J~eln1"Je..J~M1 ~~n111ri1 ~n~:w~b~ CJ\lbb'\J'\Jn":i\l\>lu zj\ln1"Jfiin'loJ1'Uel\le..J(;le..J~M 
' 

1~'1A1'\Jl161el(>)A~el\lfl'\J Yakubu et al. (2007) ~n~11111ri1~~b~CJ\lbb'\J'\JU~elCJ~'Ll11~1Vfe..J(;le..J~M1~~ 
~1n111ri1 ~~ b~CJ\JU'Llm\l bnm111n 1ri1~~b~CJ\lbbuu'lJ~elCJ~'Ll11~1~~'\Je..J(;lm~viu111mbel:w 1m uCJu'Ll~'Ll 
Aeln zj\lelTI'\J1CJ1~111ri1 ~~ b~ CJ\l'U'Ll m'li11ei m611~fo:wff~'loJVl1\lmmY'lbb(;l~~:wer61b~el1 "JAUel CJ n11 

~\l bbii'1111~el~1 'Ll~'Ll~-;J1n(>) bb~1ri1 ~11~i1 m"Jufo\9111 Vf b .LJ1nu~ n'loJru~~el~ml"1CJ1~ zj\JV!1n 1ri1~~u v v 

:Wff~'\oJVl1\lmn1Y'lbb(;l~~:werm ~el 1 "Jrim n ~1\lnl CJ11~~\l bel1'\Al~\l\l1'Ll 1 u1 m 'Ll~l'Ll'Uel\lnl"JDel\l n'Ubb(;l~ 
~n'loJ1brimn~'Ll 'Ueln111ndt'J\l61el(>)A~el\lfl'\Jn1"Jf.in'loJ1'Um Wang et al. (2009) ~n~11111ri1~~ 
b~mu'Llm\l11~ 1Vfe..J(;le..J~M1 ~~61\ln111ri1~~b~CJ\l1 m~uuu~elCJ~'Ll bnel\l111nm"Jb~CJ\l'\J'Llm\l 1ri1 ~11~i1 v 

~'Ll~1 'Lln1"Jvl1 fl11n"J"J:W~1\l I el~1\l-;J1n(>) ~\l 1 i'IAl~\l\l1'U61~61:WUelCJn111ri~b~ CJ\lbb '\J'\JlJ~'U~U~elCJ~ v 

bbU(;l\JV!ru1 v'i11Vf61rub~CJ'IAl~\l\l1'Ll1'Llm"J~1"J'l~1MuelCJn111ri~b~CJ\l1 'Ll"J~uu'lJ~elCJ zj\l~\l'IAl~\l\l1'Ll61~61:w v v v 

1 u1 <ITT 'Lln1"Jbb61(9)\leleln'UeJ\l'\Al~&lm"J:wM1:wu"J"J:W'1l1&1 bbii'11i1 m"Jfiin'loJ1~'lAlu111ri~ b~ CJ\l bb uu'lJ~eJ CJ~'Ll 
J'Ll ilm"Jn'Ll 1~~61\l~'Ll bb~V11n 1rii1n11m":i:wmn~'Llbb(;l~1~fo'\Al~\l\l1'Ll 1:Wb ~CJ\l'\Alel11~v'i11Vftl1V1un1 ~ v 

(;1(9)(;1\J bbii'111ri~ b~ CJ\l bb uu'lJ~eJCJ~'Ll11~i1n1"Jn'Ll 1~:w1nn11nM1:w bb~'IAl~\l\l1'Ll61~61:wnf,ln 1 i1 'lJb ~eJn1"J 
v v 

~1"J\l~'\Al61\l;u'Ll (Yakubu et al., 2007) v 

1'Ll~1'Ll'UeJ\leJM"J1n1"JbU~CJ'LleJ1V!1"J~eJn1"Je..J~M1 ~ bbMn~1\lfl'\J"J1CJ\l1'Ll'1leJ\l Basmacioglu and 

Ergul (2005) '\Al'\Jl1n1"Jb~ CJ'l 1ri1 ~'\J'Ll m \l\9luileJ'M"J1n1"J b 'lJ ~ CJ'LleJ1V!1"J~ eJ nl"J e..J~M 1 ~~~n11 bb~ 
?leJ(>)A~eJ'lfl'\Jn1"Jfiin'loJ1'UeJ\l Tauson et al. (1999) '\Al'\Jl11ri1~~b~CJ\lbb'\J'\JU~eJCJ~'Lli1eJM"J1n1"J 
b U~ CJ'Llel1V!1"J~eln1"Je..J~M 1 ~?l\ln111ri1 ~~ b~ CJ\l bb'\J'\J m \l\>lu 10 b 'lJ eJ~b~'U\?l 'Ll eJn111n'\f Fanatico v 

(2006) "J1CJ\l1'U111ri~ b~ CJ\l bb uu M\lu~ eJ CJ i1 m":in'LlmV!1"Jm n n111ri b~ CJ\l bb uu<LJ'\l"J1:w b nm111 n 

~ eJ\l n1"J'\Al~\l\l1'Ub ~:w~'Ub ~el 1 <ITT 'U n1"JeJ eJ nn1~\ln1CJ ~\le..J(;l 1 Vl'1ri b~ CJ-:i bb uu M\lu~ eJ CJi1eJM"J1 n1"Jbb(;l n 

tl1V!un\911~elCJn11 bb~1:Wi1e..J(;lvl11Vftl1V!unl'l1bbMn~1\ln'Ll 1'Ll'Uru~~ Castellini et al. (2002) bb(;l~ 
Wang et al. (2009) "J1CJ\l1'Ll111ri~b~CJ'l1m~uuM\lu~eJCJi1tl1V!un\911(;1(9)(;1\J bb(;l~eJM"J1n1"Jbb(;ln 
tl1V!un\911~eJCJn111ri~b~CJ\lbb'\J'\JoLJ\l"J1:W b nm111n~eJ\l?lrub~CJ'\Al~\l\l1'U 1 u1 'U n1"JeleJnn1~\ln1CJ 1 'Ll~l'U v v 

'Um'lJ1mrum":in'Ll 1~'UeJ\ln~:w~b~ CJ\lbb uum-:il'lu61\lnl1bb uu'lJ~eJ CJ b neJ\l111n 1ri~b~ m":iu bb uum'll'lu 
q v v 

~n-;J1n(>)~'Llffi 'Llm":in'Ll 1ri1:Wmm"Jf,lV!1eJ1V!1"J111nu1nru"JeJ'\J 11~ ~\l~\le..J(;l 1Vfn'LlmV!1"J1 m1\lmV!1"J 

1~m nn11 m":i b~ CJ\l bb uuu~ eJ CJ~'Ll 
111nm":if.in'loJ1tl1V!un1~'lAl'\Jl161el(>)A~eJ\ln'\J Singh et al. (2009) bb(;l~ Abrati (2006) ~ 

":i1 m1'Ll11 1 ~~1~111 n m"J b~ CJ'l 1ri bb uuu~ eJ CJ~'Lli1tl1V!u n 1 ~~?l\l n111~~1~111 nm "J b~ CJ'l 1riu'Ll m\ll'lu v 

zj\JM"J\loLJ1:Wfl'\J Yakubu et al. (2007) bb(;l~ Yildirim and Kaya (2017) ~'\Al'\Jl11ri~b~CJ\l'\J'Lln"J\ll'l'U 
1 Vf1 ~~i1tl1V!u n?i'ln111ri~b~ CJ\l bb uu'lJ~eJCJ~'Ub nm111n 1ri~ b~ cN bb uuu~ eJCJ~'Llilm":i~\l'\Al~\l\l1'Ll 1 u1 off v 



15 

b~Bil11'1~l\91mn~u 1u'lH1.l~~ Basmacioglu and Ergul (2005) 6bfi~ Petek et al. (2009) 'Vf\Jl1 

1~1ri~1\?l-o;i1nn11 b~ tN'\JU m '1\9l'\J bbfi ~U~ €J tJ~uiJ1hvn:J n 1J.j bb\91 n\?i1'1 nu U €J n-o;i 1 ndcJ'1iJ'J1 tJ'11U~ n~11 
11J1vn!mrn'11 ~1ri~1\?l-o;i1n nlJb~ tJ'1'\JUm'1\9l'\J bb'\J'\JU~BtJ~U bbfi~ bb'U'lJiJ~u~U~BtJ~Jll tJU Bn hJ 

'\J 

bbl'lnl7i1'1nuBnl711tJ (Van den Brand et al., 2004; Wang et al., 2009) -o;i1nm1fllmrnBm111 

~LJ111mb~'LJB'1J1vn!n1 ~ ~'\JlloLJBlmiJri1i:w bbl'lnl7i1'1 nm ~B'1'0J1nm tJ bbf!~?l1trwu5'1Jm 1ri1 ~~1.ifl u 
'\J ' ' 

n1'J'\!1111fl €1'1~ bb\91 nl7i1'1 nm1:wi:1'1?1Jl1~ bb 1111~ B:W 1 U'11U'\!1111fl€1'1~ bb\91 nl7i1'1 nu B nl711 tJ 

riru.n1v-1hJ (Egg quality) 
A11:WVl'l.!1'1J€1'1bU~Bn 1 ~'1JB'11ri1 ~n~:W~b~ tJ'l bb '\J'\Jn'J'1\9l'UiJri1?1'1n111ri1 ~~b~ tJ'l bb '\J'\JU~B tJ~U 

' '\J 

bb\?iiJri11:wbbl'lnl7i1'1nuB81'1hliJirm1'1rl'i:lJ'V11'1?l~Fl (P=0.0603) ?lB111A~B'1n'\J Basmacioglu and 

Ergul (2005) ~LJ11~u bb LJ'\J m1 b~ tJ'11rihliJ~ri l7iBri11:wVlm b u~B n 1 ~ B 81'1 bnl'11mbl'l nl7i1'1n'\J 

m1f'imoJ1'1JB'1 Singh et al. (2009) bbfi~ Yildirim and Kaya (2017) ~LJ111ri1~~b~tJ'1bb'U'lJU~BtJ 
~uiJJ1Vlirm u~Bn 1 ~~?l'1n11m1b~ tJ'1LJum'1\9lLJ b ~B'1'0J1n 1ri1 ~~ b~ tJ'l bb 'lJ'lJU~BtJiJn-o;im1:w b:W\911'\JB 

'\J 

~ 6/i :w 'LJ B '1 bb Ari b ~ tJ :w -o;i 1nn11bA~Bu1Vl1~1'1n1tJ~:w1nn111 ri1 ~ ~ b ~ tJ '1bb'lJ'lJn1 '1 \9l 'lJ u B n -o;i 1 n d 

Englmaierova et al. (2014) ~1l71Yhm1f'lmrn~B'1~fl'LJB'1'J~'\J'\Jbd'1b~Bu1ri1~iJ~ril?iBm111'11~bbfi~ 
U'J~~'V15Jl1~'1JB'11~ ~'\Jll~fl'LJB'l'J~'\J'\J 1J'lb~BU1ri1~iJ~ril?iB~fl~~\911~ 1111tJ1 UnlJb~tl'lbb'U'lJ'J~'\J'\Jn'J'l 
'Jl:W ?l'1nl1A11:WVl'l.llbU~Bn1~bb'U'lJ'J~'\J'\Jm'1\9l'\J bbf!~'J~'\J'\JU~BtJ~U (P<0.001) Bti1'1bn\911:W 'OJ1n 

'\J 

m1'V1111rimri.f '1d"ll~bi4u 117111m1:wVlmbu~Bn 1 ~bb\?iri~n~:wm1'V1111r1B'1 hJbbl'l nl?i1'1nu m-o;imb ~B'1'0J1n 
' 

ri11:wVlmb u~Bn 1 ~-o;i~~uBtlnLJB'1Au1~nBLJVl~n'lJB'1b u~Bn 1 ~ AB bbAm~tJ:w bbfi~~~'1'11u zj'1iJri11:w 
'\J 

;J 1buuB81'1 ~'117iB n1~LJ1u n1'J?l~1'1btJ~Bn1 ~ bbfi ~ b~BV1-o;i11ru1~LJ11 ?l\91 'JB1Vl1'J'V1111fl B'11 uri.f 'ld 
'\J 

mVl11'V1111f!B'1iJ1.n'1Ju~l?i1'11 bbri~1~"1rnbrim~tJ:w 1n~ bAtJ'lnu m"ll'Vh 1 Vlm1:wVlm b u~Bn 1 ~1 mb\?iri~ 

n~:w~'11:i.lbbl'lnl7i1'1nu (.n'11'1A bbfi~ 1 ~ hri, 2558) 
' ' 

~'LJB'l 1 ~ bbl11'1 ~'lJ111ri1 ~n~:w~ b~ tJ'l bb '\J'\JU~B tJ iJri1~'1JB'11 ~ bbl11'1~ n111ri1 ~ n~:w~ b~ tJ'l bb '\J'\J 
' ' 

m'1\9l'\J bbl?i:!Jm1mbl'lnl7i1'1nuB81'11:iJiJirm11A'i:lJ'V11'1?l~Fl (P=0.1025) ?1B111ri~mnLJm1f'ifftl1'1JB'1 

Van Den Brand et al. (2004) bbfi~ Yildirim and Kaya (2017) 'i'ltJ'11u111~1ri~b~tJ'lbb'U'lJU~BtJ 
1 VliJ~u~mtJuBn'OJ~:iJ~~b.U:wn111ri1 ~~b~tJ'l'\JU m'l \91'i''lnu'111:wnLJm1f!imoJ1'1JB'1 Englmaierova et 

al. (2014) 117lv11m1f'lm~rn~m~r1'1Jm'i'~'\J'\J b 'i''lb~Bu 1ri1 ~iJ~ril?iBm111'11 ~ bbf!~U'i'~~'V15Jl1~'1JB'11 ~ 
~'\Jl1~fl'LJB'1'i'~'\J'\J b 'i''l b~BU 1ri1 ~iJ~ri\?iB"1'11-i:11 ~bbl11'1 bl11tJ1 Unl'i'b~ tJ'lbb'U'lJ'i'~'\J'\J m'1\9l'\J~'1~fl 1 Vf(?)'LJ-i:11 ~ 
bb111'1?l'1nl 1nl'i'b~ tJ'l bb '\J'\J'i'~'\J'\JU~ B tJ~U iJA11:1Jbb\91n\?i1'1nUB 81'1iJiJm11f1 ru (P<0.001) B tJ 1'1 b n\91 l:W ~ 

'\J v 

'LJB'l 1 ~ bbl11'1tYu bUUArum~ 1 ~Bnl711uVl~'1~iJri11:w?l1A'ru?l1Vl:r'lJe'.r'lJ~1.nri bl11tJU'OJ~ tJVl~'1"\J~~UB8n'lJ 
'l Q.J 'U 'U 

B1Vl1 'l'~1ri nu u B n -o;i1 nd1ri1 ~~v11 nl'i' b~ tJ'l bb '\J'\J~u~u ~ B tJ~ bb Ufl'1Vlru1 "ll ~ 11?l:r'lJVltU1 bbf! ~Yl'LJ 
'\J v v 

5'i''i':W'LJ1Fl'1JiJ111~u I buumm1 zj'11uY1'1J"ll~iJ?111~1?i1'1j ~bUU'i''1Al\91~B~1uririBb~m?l\91 Yl1VlU1~ 
1 un11~'\J~~'1'11Ubb?l'1B1Vi\91c!b~B1-ill un1~'\J1un11~'1bA'i'1~Vibb?l'l "1'1tYub~B 1ri117lfoVltlf 1 b UUB1Vl1'i' 

b?l~:w-o;i~ 117lfo1'1Al\91b1~BtJ1 uY1'1Jl?l1tJ 11:wi:1'1ri1~bbl11'l~b ~:w~u m"ll bn111-o;i1nm1~~1911:!Jm1bA~Bu 1 Vll 
' '\J 

~1'1n1tJ"ll~v111VliJm11 Vlfl bltJU'lJB'lb~B111~~~uv111Vl'1:wfa1nriumbri~E1:w 1nriuu 1 m~Bl11~b ~:w~mbri~ 
bfll11 n1'i'?l~?l:W1u1 ~ bbl11'1 'U Bn'OJ 1 nd n1'l'~1ri1 ~~ b~ tJ'l bb '\J'\JU ~ B tJ~'UiJ n-o;i n'i''i':W nl'i' bfl~ B'U 1 Vl1Vl~B:!J 
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fl '\In 11:w~ iJ n1 'Jfl'U u1Vl1'Ju U\91 ~ ul?l G'f 11~~u ci1'Uu1Vl1'J'\J ~bl n l?l l?l~:W'\11n'Vl1-:i b~'U u1Vl1'J bb~ ~ b .U1?i 
'U 'U 'U 'U 'U 

m~ bbG'!b~u1?1?i-:i~1'U1il'LJmG'!~G'!:w~1 '1ibbl?l'1 buw:m 1 Vlb '1ibb1?1-:iiJri11:wb.U:w~mn~'U 
tl1VJ11mtJ~un1 '1i ~LJ111 '1i1rin~:w~ b~ m bb LJLJm-:ilil'LJ iJri1'Umtl1VJ11n bU~u n 1 '1imnn111 '1i1ri 

' 
n~ :w~ b~ cM bb LJ LJU~ u CJ~'U bbl91iJri11rnb\91 nl911-:i n'U u ci1-:i 1:JiJ11 m~1 A' ru'Vl1.:JG'!~~ (P=O .1591) m '\I 

' v 

b ~u-:im'\11n nl'Jb~ CJ.:J bb LJLJ m-:ilil'LJ 1ri1'1i11'i'fotJ'1mrumVJ1'J~fl'U11'i'mnn11~-:ivh 1Vl'11'11LJ11?1 bbA~ b~CJ:w 
vJum vJ\91 (P 18) ~'\I~ 1U'1hCJ1'Um1G'!~1-:i bU~un 1 '1i bb~~iJJ1VJ11n~mnn111 '1i1rin~:w~ b~CJ·m LJLJU~uCJ 

' 
~'U bb\91nl911-:inLJm1ilim~1'Um Englmaierova et al. (2014) ~LJl1t:-i~'UU-:J'J~LJLJb-:ib~u'Ll1ri1'1iikm 
191utl 1VJ11 m tJ~ un 1 '1i 11?1 CJ n~:w~iJnl'Jb~ CJ.:J bb LJLJ'J~LJLJm-:i11:w bb~ ~n~:w~ b~ CJ.:J bbLJLJ'J~LJLJU~u CJ~'U iJ 

' ' 
J 1 VJ 11 n b tJ ~ u n 1 '1i G'! -:i n 11 n ~ :w ~ b ~CJ -:i bb LJ LJ 1 ~ LJ LJ n 1 -:i lil LJ bb (91 n Fl 1-:i n 'U u ci 1-:i iJ 11 CJ ~ 1 A' ru ~ -:i 'Vl 1-:i G'! ~ ~ 

" ' v 

(P<0.001) bb~ ~ m1ili n'lof1'Uu.:J u rusn\911 (255 7) ~11'i'vh m1ili n'\'11 t:-i~'Uu.:J'JU bb LJLJ m1 b~ CJ.:J 1ri1 '1i191 u 
" G'lm'J bl'U~ m11 Vf t:-i~ t:-i~ \91 Arum~ 1 '1i tJ1m ruri m~ G'!b\91€! 'Ju~ bb~ ~ u-:i r'\u1~ nuLJ'Uu.:J ml?l 1'U:iJ"U1'Ll1 '1i 

' 
~LJ11 n~:w~ b~ CJ.:J bb LJLJU ~ u CJ~'UJl1CJ1'Ll11 -:i b~u'UiJ~'U~tJ~ u CJuu n?i bb tJ~-:iVJru1 ?i-:it:-i~ 1 Vf tl1VJ11 n b tJ~ u n 

' " v 

1 '1i G'! -:i~ G'! l?l bbl911:J bb\91nl911-:i'\J1 n n~ :w~ b~ CJ -:i 1riLJ'U n 1 -:ilil'LJ bb~ ~ n~:w~ b~ CJ.:J bb LJ LJU ~ u CJ~'UJl1CJ1'Ll11 -:i b~u'U 
'U 'I 'I 'I 

bb\91n1911-:i n'U u ci 1-:i 1:JiJ11CJ ~1A f1J'Vl 1-:iG'! ~ ~ ( P>O. 05) b ~ u.:J'\J 1 niJ m1 b ~:w fl '\I m1:w b:W\911LJ u ~ ~:w'U u-:i 
bbAm~CJ:W'\11nn1'JbA~u'U1Vl111-:imCJ 'Uun'\11nd Singh et al. (2009) ~LJ111ri1'1i~b~CJ.:JbbLJLJU~uCJ 
~'UiJtl1VJ11n b tJ~u n 1 '1i~G'!-:in11 n1'Jb~ CJ.:JLJ'Un1-:ilil'LJ 1 'U'Uru~~iJLJ1-:in11ilin'l'f1~~LJ111tJ bb LJLJn11b~ CJ.:J 

" " 
1:W?i-:it:-i~FluA11:lJbb~'lbb'J.:J'UU-:JbU~un1'1i bb~~A11:WVl'U1bU~un1'1i (Petek et al., 2009) bUu1b~'Ul?l 

bU~un1'1i (Van den Brand et al., 2004; Samman et al., 2009) 1'Ll'Uru~~ Abrati (2006) ~LJl1 
1 '1i1ri~11'1'\11n m1 b~ m bb LJLJB'U'Vl~cJiJ b tJ u1 b~'Ul?l b tJ~un 1 '1i~G'! -:i n11 m1 b~ CJ.:JLJ'U m-:i bb~ ~tJ~ u CJ~'Um CJ 1 'Ll 

" 
b-:ib~u'U uci1-:i11nm:w Olugbemi et al. (2010) 11CJ-:i1'U11tl1VJ11mtJ~un1'1i'\J~~:w~'U5nLJm1:w 
Vl'Ulb u~un 1 '1i ~-:i?i-:it:-i~ 1Vftl1VJ11mu~un1 '1iiJri11mb\91nl911-:in'Uuci1-:iiJ11CJ~1A't1J'Vl1-:iG'!~~ (P<0.05) bb~~ 
'\11nn1'J'Vll?l~ u.:J 1 'UA~'l.n~LJl1A11:WVl'U1'Uu'lb U~un 1 '1iiJm1:w~:W~'U51 u1 'UYir1'Vl1'1 b~t.Jd rl'U nLJtl1Vl11 n 
b u~un 1 ~1'11m'1i'Lln'U 

tl1VJ11n 1 ~ bbl?l'I ~LJ111 '1i1rin~:w~ b~ CJ.:Jbb LJLJU~u CJ~'U iJri1tl1VJ11n1 '1i bb1?1-:i:w1nn111 ~1ri n~:w~ 
' ' 

b~cM bb LJ LJ m -:ilil'LJ bbl91iJ A11:!Jbb\91n1911'1 n'U El ci1-:i 1:JiJ11 CJ ~1A t1J'Vl 1.:JG'!~ ~ (P=0.1754) G'!ul?l A~ u'I nLJ 
m1ilin'lof1'Um Singh et al. (2009) ~n~11111~1ri~b~tMbbLJLJU~uCJ~'U'\J~iJJ1Vl11n1'1i tl1Vl11n1'1ibbl?l.:J 
bb~~J1VJ11n 1 ~'U11~G'!-:i~'U bb\91nl911-:inLJm1ilin'l'f1'Uu-:iurusn\911 (2557) ~11'i'vhm1ilin'l'f1t:-i~'Uu-:i1u bb LJLJ 

" " 
m1 b~ CJ-:i 1ri1 '1i191uG'l:lJ'J'Jbl'U~n1'J1 Vf t:-i~ t:-i~\91 Arum~ 1 '1i tJ1mruAm~m\91mu~ bb~~ u-:ir'\u1~nuLJ'Uu-:i 

' 
n11?11'UJJ''U1'Ll1 '1i ~LJ11 n~:w~ b~ CJ-:i 1nLJ'U n1-:ilil'LJiJtl1VJ11n1 '1i bbl?l.:JG'! -:i n11 n~:w~ b~ CJ.:J bb LJLJU ~ u CJ~'UJl 1CJ1 'Ll 

' " ' 
11-:i b1u'U bb°fi~n~:w~ b~ CJ.:J bb LJLJU~ u CJ~'Um CJ 1'Ll11-:i b1u'UiJ~'U~U~ u CJ u u n?i bb tJ~-:iVJru1 bb\91 nl911-:i n'U u ci1-:i 

' " v 

iJ11CJ~1At1J'Vl1.:JG'!~~ (P<0.05) 'Uun'\11nd Yakubu et al. (2007) n~11111'1i1ri~b~CJ.:JbbLJLJU~uCJ~'U 
'\J~iJJ1VJ11n~1~-:i 11?1CJ'\11nm1ilin'lof1~LJ11tl1VJ11n 1 '1ibbl?l.:Jb U'UU'\J~CJVl~n~?i-:it:-i~l91utl1VJ11n'Uu-:ivJu-:i 1 '1i 
mnn11tl1VJ11n1~'U11bb~~J1Vl11mu~un (Singh et al., 2009) bbr;i~ Englmaierova et al. (2014) 

~LJl1n1'Jb~ CJ.:J bb LJLJ'J~LJLJ m-:ilil'LJ v1'11Vftl1VJ11n1 '1ibbl?l.:JG'!-:in11m1b~ CJ'! bb LJLJ'J~LJLJU~uCJ~'U 'J~LJLJm-:i 
" I I V I 

\ilu}-1 b ~:w.W'UV1 bbr;i ~'J~LJLJ m-:i11mb\91 nl911-:in'U u ci1-:iiJ11CJ~1A' t1J'Vl1.:JG'!~~ (P<O. 001) 
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tl1V1'Ll n 1 ~'U11 ~LJ111 ~1rin~:w~b~ tJ-:J bb lJlJU~8 tJ~'Ll :Wfi1tl1V1'Ll n 1 ~'U11:w1 nn111 ~1rin~:w~ 
' ' 

b~ tJ-:J bb lJlJ m-:i171lJ bbFl:W A11:wbbl91n~h-:i1fo 881-:J hJ:W'Ll tJ ?!1r1 ~Vll-:JG'!Q&\ (P=O. 2820) ?! 8 ~A~ 8-:J rllJ 

m":ifi moJ1'U8-:J u rusnm (255 7) ~tJ11 n~:w~ b~ tJ-:J bb lJlJU~8tJ~'Llm tJ 1 'Ll L ":i-:i b~8'Ll:Wtl1V1'Lln 1 ~'U11?1-:i~ 
' 'U 

?!~ bbFl1J.l bbl91 nFll-:J nlJ n~:w~ b~ tJ-:J 1ritJ'Ll m-:i\71LJ bbmm~:w~ b~ tJ'l bb lJlJU~ 8tJ~'LlmtJ1'LlL"J-:Jb~8'Ll:W~'Ll ~ 
' ' ' 

Ui,'l 8 tJ 8 8 m1 bb tJ (;1-:JV!ru 1 :W A11:wbbl91n191'1-:i nmrn'1-:i 1:Jih!tJ ?!1r1ruvi1-:J ?! Q &l (P>O. 05) 881-:i1 "Jn1911:W 
'U v v 

Englmaierova et al. (2014) 1~vhm1fim'fli:.Jf;1'U8-:J'J~lJlJ b-:ib~eJ'Ll 1ri1 ~:W~rnFl8nl"J11-:J1 ~ bb(;i~ 

tJ1~~vii5m~'U8-:J 1 ~ ~lJllnl'Jb~ tJ-:J bb lJlJ'J~lJlJ m-:i"J1:w vh 1Vftl1V1'Lln1 ~'U11?1-:in11"J~lJlJ m-:i\71tJ~b ~:w 
'U 

~'Ll~ 'J~lJlJU~8tJ~'Ll bb(;i~"J~lJlJm-:Jl71lJ iJA11:Wbbl91nFl1-:Jrl'Ll881-:i:W'LltJ?!1rl'~Vll-:JG'!Q&\ (P<0.001) 

A11:w?1-:i 1 ~'U11 ~LJ111 ~1rin~:w~b~ tJ-:JbblJlJU~8tJ~'Ll :Wfi1A11:w?1-:i 1 ~:w1nn111 ~1rin~:w~ b~ tJ-:J 
'U 'I 'U 'I 

bb lJlJ m-:i\71tJ bbFl:WA11mbl91nFl1-:i rl'Ll 881-:i1JJ:W'LltJ?!1rl'~vi1-:i?1Q&l (P=O. 0840) zj-:J?!8~f1 ~ m ntJ m1fi mn 

'UeJ-:J Abrati et al. (2006) ~n~11111~1riffi~•;nnm"Jb~tJ-:JbblJlJU~eJtJ~'Ll-;u~:WA11:w?1-:i1~'U11?!-:Jn111~ 
'U 'U 

1ri~b~tJ-:JlJ'Llm-:i bbG'l~urusn1911 (2557) ~~tJ11n~:w~b~tJ-:JbblJlJU~8tJ~w11tJ 1 'Ll b-:ib~8'Ll v'h 1 Vf m1:w?1-:i 
' 'U 

1~'U11 ?1-:i~?!~ bbFl1J.l bbl91 nFl1-:i-;u1 nn~:w~ b~ tJ-:i 1ritJ'Ll m-:i 171LJ bbG'l~ n~:w~ b~ tJ-:i bb lJlJU ~ e:i tJ~w11tJ1 'Ll 
'U 'I 'I 'I 

L 'J-:Jb~eJ'LliJ~'Ll~U~eJtJeJeJn~bbUG'l-:JV!rul (P>0.05) 'Lle:in-;u1nd Petek et al. (2009) n~1111m1b~tJ-:J 
'U v 

1ri1 ~ bb lJlJU ~ e:i tJ 1JJ~ -:ii:..i G1Fle:iA11:w?1-:i1 ~'U11 bbG'l ~ ?! 8~ A~ m ntJ i:..iG'l-;u 1 n m":ifi moJ11'Ll1 ~1riB'LlVl~ ~~~lJl 1 
'U 

f111:W?l-:J'UeJ-:J1~'U111J.lbbl91nFl1-:i-;u1n1~1ri~1~-;u1nm1b~tJ-:JlJ'Llm-:J (Van Oen Brand et al., 2004) 
'U 

e:i81-:i 11n1911:wm1:w?1-:i 1 ~'U11bU'Llfi1~u-:itJe:in~-:iArum~1 ~ bbG'l~m1:w?1~'Um 1 ~ ~-:idu-;u~fo~:Wi:..ir;iFle:ifi1 
'U ' 

m1:w?1-:i'Ue:i-:i 1 ~'U11 AeJ mtJ e:iruV!.n:D ?!m~bn~~e:i:w ?11tJY{'Ll6 15m1~~ bnlJ 1 ~ bb V!~-:J 1 U"J~'Ll m~e:i~ 
'U 'l 'I 'U 'I 

:Dfo~1ri1~;fo m1bn~ bA bbe:i:w 1mi:fo 1 'LlAe:in m":ii:..i~~'U'Ll bbG'l~?l'Um~ 1ri 11:w~-:i1~tJ~ nmm"JbnlJ 1 ~ 
' 

(Roberts, 2004) zj-:iA11:w?1-:i'Ue:i-:i 1 ~'U11J'Ll~'Lle:i8ntJ1~tJ~ b1G111'Llm'JbnlJ1 ~ 1~tJ~LJ111 ~~ bnlJ 11m'Ll 
'U 'U 

-;u~:WA11:w?1-:i 1 ~'U11~1 1 ~'U11-;u~ b Vim b~e:i-:i-;u1nY{'Ll'Ei~"J~V!11-:i 1tJ1~'Ll1e:i b:w"B'Ll bbG'l~ 1U"J~'Ll1r;i 1siJ161l:iJ 
'U 'U 

BeJ'Ll bbeJG'l-:J 'LleJ n-;u1nd nl"JVl~G'le:i-:i 1~:Wm1tJ{LJ 1mm~ 1 'Ll?!l91 'JeJ1V!l"J bbFlG1~?!191'J 1 Vf:Wfi11n~ bA tJ-:J n'Ll~-:J 
'U 'U 

~-:Ji:..iG'l 1VlA11:W?l-:J1 ~'U11~1~J.lbbl91nFl1-:Jrl'Ll (.n'1J-:JA bbr;id ~ hA, 2558) 
'U ' 

fi1~e:iVJtJ'Ul91 1 ~1rin~:w~b~ tJ-:JbblJlJU~8 tJ~'Ll :Wfi1~e:iVJtJ'Lll91?1-:in111 ~1rin~:w~ b~ tJ-:J bb lJlJ m-:i\71tJ 
'U 'I 'U 'U 'I 

(P=0.0407) ?!eJ~A~eJ-:JrllJ Yildirim and Kaya (2017) "JltJ-:Jl'Lll11~1ri~b~tJ-:JbblJlJU~e:itJ:Wfi1~rnVJtJ'Ll 
'U 

1916'!-:in111 ~1rin~:w~ b~tJ-:JbblJLJm-:i\71tJ bbG1~m1fimn'Ue:i-:i urusn1911 (255 7) ~LJ11n~:w~ b~ tJ-:Jbb tJLJtJ~e:itJ 
'U ' ' 

~'Llm tJ 1'Ll11-:i b~eJ'Ll ~-:ii:..iG'l 1 Vf ~e:iVJ tJ'Ll191 ?1-:J~?!~ bbFl1J.lbbl91 nFl1-:i-;u1nn~:w~ b~ tJ-:i 1ntJ'Ll m-:il71LJ bbG'l~n~:w~ 
'U 'U 'I 'I 'I 

b ~ tJ -:J bb lJ lJ tJ ~ eJ tJ ~ 'Ll .n 1 tJ 1 'Ll b 'J -:J b ~ eJ 'Ll iii 'Ll V]' tJ r;i' eJ tJ eJ eJ n ?!' bb tJ G1 -:J V! ru 1 ( p > 0 . 0 5 ) 'Ll 8 n -;u 1 n d 
RI ' i! V 

Englmaierova et al. (2014) ~lJlli:.JG'lnl'Jb~ tJ-:J bb lJlJn~:WVlb~ tJ-:JbblJlJ'J~lJlJ m-:il71lJ ~-:Ji:.Jf;1FleJ~eJVJtJ'Ll 
' 'U 

191?!-:J n11 n~:w~ b~ tJ-:J bb lJlJ'J~lJlJU ~ e:i tJ~'Ll 'J~lJlJ n1-:i 171LJ~ b ~:w~'Ll~ bbr;i ~"J~lJlJ n1-:i11:w bbl91nFl1-:i n'Ll e:i 81-:i 
'U ' 

:W'LltJ?!1rl'ruvi1-:i?1Q&l (P<o.oo 1) e:i 81-:ibnl911:wfi1~e:iVJtJ'Lll91bu'Ufi1~u-:i~~-:iArum~'U8-:i1 ~'U11 1~tJ fi1 
v 'U ' 

~e:iVJtJ'Ll191 b U'UA1~1~-;u1 n nl'Jb tJ~tJlJ bVltJlJA1~1~"J~V!11-:i A11:w?1-:i 1 ~'U11ntJtl1V1'Lln1 ~ bu~tJ b ~e:i-:i-;u1 n 
'U 'U 

m1:w?1-:i 1~'U11ntJtl1V1'Lln1 ~bu~ tJ'UeJ-:JbbFlr;i~n~:w 1JJ bbl91 nFll-:Jrl'Ll v'i11 Vffi1~e:iVJtJ'Ll191~1~-;u1nm"JVl~G18-:J 
'U ' 'U 

bbFlG'l~n~:w 1J.lFl1-:in'Ll (.n'1J-:iA bbG'l~ 1 ~ hA, 2558) 
' ' 
b~e:in~111'Ll~1'Ll'UeJ-:J~rum~1~'U11bbr;i~1~bb~-:J Sin~h et al. (2009) ~lJ111~1ri~b~tJ-:JbblJlJ 

tJ~e:itJ~'Ll:Wtl1V1'Lln 1 ~'U11 tl1V1'Lln 1 ~bb~-:i bbG'l~tl1V1'Llm tJ~e:in 1 ~?1-:in11 bbFlA11:W?l-:J'U8-:J 1 ~'U11~1n111 ~ 
'U 'U 
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1n~l~ CJ'l'U'Llm'lillu l ~~w1nn 1#\'foi;.J~ m~virnnmle:i:w 1:w li'JCJU'U~'Ufle:in 1 mm.1~~ Basmacioslu 

and Ersul (2005) vm111'111n~l~CJ'llluuLJ~e:iCJ~'Lli1JTvn!n1'1l'll11 iJF111:w~'l1'11'1J11~'ln11 ll~~iJ 
'U 'U 

JTv'l1!n1'1lll\71'1~~1n111'111n~1#\'';\J1nn1'H~CJ'lU'Llm'lillu ll~~ Van den Brand et al. (2004) ~u11 
1n1 'lJ~ l~ CJ'l ll UUlJ~'U~LJ~ eJCJ~Jl1CJ'Ue:JnlJl LJe:iil~'Lll911 'lJ'1J11 ll~~l LJe:iil~'U\911'lJll\71'11JJ 6l\91n~1'l';\J1n1 'lJ1n 

'U 

';\J1nn1'H~CJ'IU'Llm'l ll~';\J~lJ~lotf:wn11 t1e:Jn';\J1rni'l"1CJ'l1'U'1Je:J'l Abrati (2006) cJ'l~u111'111n';\J1nm'l" 
l~CJ'lllUU~'UVl~~~iJ~'U~Jl1CJ'Lle:JniJJ1 Vl11n1'11'1J11ll~~fi1 Haush unit ~~'ln11 i1J1Vl11n1'1lll\71'l 
~~1 n11 ll~~ilm '11 ll\71'1~ l otf :w n111 '111n~1#\'';\J1 nm'l" l~ CJ'IU'Ll m 'l ll~~LJ~ e:i CJ~'UB n#\'1 CJ 



d 
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- Vl1V!U1bfl'j-:Jn1'jl~tJ : Impacts of salinity on fertilization and larvae 

development of marine worm Tylorrhynchus heterochoetus (Quatrefages 1865) in Hai 
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culture areas in Mekong river delta of Viet Nam 



36 

!VI "'>.. Q..I th It 
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