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Introduction Sulfur-containing amino acids, including methionine and cystine, are functional
amino acids that affect protein structure, and metabolism (Zhang et al., 2024). Methionine
irreversibly converts into cystine through the trans-sulfuration pathway. Therefore, the
requirements for methionine alone and methionine + cystine (Met+Cys) are considered together,
known as total sulfur-containing amino acids (Castro et al., 2019). Commercial poultry feed is
usually supplemented with solid DL-methionine with 99% purity or liquid methionine hydroxy
analogue (MHA) with 88% active ingredient content (Bateman et al., 2005). Birds can utilize
methionine isomers and analogs for protein synthesis (Sahebi-Ala et al., 2021). The form of
amino acids used in animal tissues is the L isomer, and the D isomer has no biological activity.
However, in the case of methionine, birds can utilize both isomers (Kalbande et al., 2009).
Before being used by animals, DL-methionine must be converted to L-methionine in the liver
or kidney through a two-step reaction (Teng et al., 2023). Considering the role and importance
of methionine in laying hens, this experiment aimed to compare two sources of DL-methionine
with liquid MHA and investigate the effect of the level of digestible Met+Cys in the diet on the
production performance indices, egg chemical composition and blood serum metabolites.

Materials and Methods A total of 324 Shaver White laying hens was used as a 2x3 factorial
arrangement in a randomized complete block design with 6 treatments, 6 replicates and 9 birds
each, in the age of 34-46 wk. The treatments included three levels of digestible Met+Cys,
namely 0.555% (25% less than recommendation), 0.742% (equal to the recommendation) and
0.929% (25% more than the recommendation) in diet from two sources of MHA (equivalent to
88% of methionine) and DL-methionine. All birds had free access to drinking water and feed
during the experiment. The lighting program was performed as 16 h of lighting and 8 h of
blackout. The experimental period included the first two wk (32-34 wk old) for the period of
adaptation to the place and conditions of the experiment, where the birds were fed with the same
ration and in the age period of 34 to 46 wk, the birds were fed with experimental diets and record
taking was done in this period. The supplements required for this experiment including DL-
Methionine (white crystalline powder with 99% methionine content and 58.1% crude protein)
and MHA (liquid with 88% methionine content) and the equivalent of zero crude protein) were
prepared from Evonik Degussa and Adiseo France, respectively. Experimental corn-soybean
meal diets were formulated with UFFDA software based on recommendations for Shaver White
laying hen management guide (2020). During the experiment, the amount of egg production in
each replicate was recorded on a daily basis (number and weight) and the average egg laying
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percentage and mass production of eggs (g/hen/d) were calculated during the experiment.
Average egg weight was calculated by dividing the total weight of eggs by the number of eggs
per day in each replicate. The feed conversion ratio in each replicate was calculated by dividing
the feed consumed by the egg mass. To check body weight changes, the birds of each
experimental unit were weighed in groups at the beginning and end of the experiment. To
determine the chemical composition of eggs, white and yolk were separated and after weighing,
they were placed in an oven at a temperature of 75 °C for 72 h. Then the percentage of dry
matter (DM) of white, yolk and whole egg (without shell) was calculated. For the measurement
of crude protein and fat, yolk and white DM were used. Crude protein percentage of yolk and
egg white was measured using Kjeldahl method and fat percentage of yolk was also measured
using Soxhlet method and diethyl ether solvent. The percentage of crude protein and fat of white,
yolk and whole egg (without shell) was calculated and reported according to their dry matter
(AOAC, 2019). At the end of the experiment sera samples were obtained from one bird in each
replicate and the level of blood metabolites including cholesterol, triglycerides, low density
lipoproteins (LDL), high density lipoproteins (HDL), albumin, total protein, creatinine and uric
acid were measured by using Pars Azmoon biochemical kits and auto analyzer (Model,
BT3000).

Results The birds fed with diets containing two levels of digestible Met+Cys equaled or exceeded
the recommendation had higher eggs production compared to the lower than recommended level
(P < 0.05), and with the increase in the digestible Met+Cys level, the daily egg mass, the egg
weight and feed intake were increased and the feed conversion ratio was decreased. The levels
of triglyceride and creatinine in the blood serum in lower or equaled Met+Cys levels were higher
than the recommended level and blood albumin in high Met+Cys level was less than the
recommended level. Diet digestible Met+Cys level did not have any significant effect on
changes in body weight, and measured blood serum metabolites. The effect of methionine
source and the interaction effect of level with methionine source were not significant on any of
the studied indicators. The results of this study showed that a higher than recommended level
of methionine in the diet can increase the size of eggs and egg mass and improves the feed
conversion ratio, and also MHA without reducing yield can be a suitable substitute for DL-
methionine in the diet of laying hens.

Conclusion The results of this experiment showed that the concentration of methionine+cystine in
the diet of Shaver White laying hens 25% higher than the recommended level for the strain,
increases the egg size and egg mass and improves the feed conversion ratio. Also, no significant
difference was observed between two sources of methionine (DL-methionine and liquid
methionine hydroxy analogue) on production performance, chemical composition of eggs and
blood metabolites of laying hens. Therefore, the use of methionine hydroxy analogue, taking
into account the methionine content of 88%, can be a suitable substitute for DL-methionine in
the diet of laying hens without negatively affecting the productive performance indices and the
chemical composition of the eggs.
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b STygd Bpae a5 Slodly lis 3,505 adllas pris islejl ) 2l b silkes (2018; Castro et al., 2019
Bunchasak and ) cul bl il58l s jgbods LiS050 (slagye 13 opmn 410,568 anel (claswl clale )38l
L .(Silapasorn, 2005; Narvaez-Solarte et al., 2005; Gomez and Angeles, 2009; Zhang et al., 2024
S Sl 0 g bops )3 pssie d 1 i clale a5 ol L (Shafer et al., 1998) -l Kan ¢ y5L5 < Jbs oy
ool cLle i b g lapilogl jl (S 0 amd e ShalS JIS055 clag e 0 1y Sy Bpas (yigsio B puas
2y Cowl ySee (NOVak et al., 2006; Safaa et al., 2008) 545 > sxo Sygs by cglis H153,55 aisal
ol 8 S5 1y Sl (slgzil 03,565 ateel (ol ke Slysts o Lowdly el (slopl Ll
» Jols pae (Harper et al., 1970) aisb awsly 31 oty Slyed Brae p Bl o 0 it pigeie clale
(Fagundes et al., 2020) LS sloo) JWid] Gl 5 et 0 b g aad 1oi5 1) Slygd B pns Cunl Sew 0> (poguio
My ol cde 39 YL 153g) 03,8 by J193,565 aisal (cladunl 39008 b opun 457 SN, 13 Shed has oy
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b She b cops e g g se Wy GlBl cw st Loy 095 JoSo g ] ol Erepss
.(Narvaez-Solarte et al., 2005; Akbari Moghaddam Kakhki et al., 2016; Carvalho et al., 2018)
52,55 o) Jloigiae o (jg 2 1y 90,868 aisel slaspusl clale S liime Sl (oolaw Giolejl ol ol b 38lge
G ) NS 050 s pe (59, » 29 ,o (Sohail et al., 2002; Novak et al., 2006; Safaa et al., 2008)
93 Ot SIS 9 dnmlone 3o )3 M Sl j9bay gt JIed & S Grigete Sl Sy )00n (onl B
JoSo G9) b 0 4 bgpe o Sles (p Fhind (Gugie Tolaw dwglie )0 ol cdalive (igeie gt
Gl SThes B pae (rgate e Gl by windls 1) STye Bpas (%S 09,5 (nl 9 39 (Guigee
Sl g SThe b curs 9 GBI €SS 039 5 S5 Oliee (misete SalE Al L rimren 8L
&o 93 Oy (810 dme Cglis e Sy (B citmen )b Cdllas Bais oyl gols L a5 (Liu et al., 2004a)
3pSkas 330t ely igeto Calé I3 a5 sl Lt 5 53,55 ssnlie uigto= JId 9 Ogete ST S50
Wideman et al., 1994; Liu et al., 2004a; Panda et al., 2007; Bunchasak et al., ) >4 o Wé 1o (saJo5
(2012

Mgl (5 ol g ssie Clale ¢ aie oy blite Sl aS sl Wi (Panda et al., 2007) ], Ken g 1l zols
liie ialojl ) gl b Bllae Cans Jlosme SThgs s o g Alig) (e STy o058 (19 fr0p5Y
Liuetal., ) cals y36 % oy Gl 2 owgete Chle 5 gite o e J1 g e aiie g5 o5 035 5)155
059 Sy e gme MBS Lialesl pl gl BMS  wien (2004b; Liu et al., 2005; Panda et al., 2007
oyen 9 Slobsl wlejl 4> (Narvéez-Solarte et al., 2005; Gomez and Angeles, 2009) s )35 o0
Gd o yobdy g clale inlil o il o Sxe (s ()59 ]38l p yssie auie I (Bunchasak etal., 2012)
=Jlied o 1y (yls e coglis o plow] lisiss 1 (6,505 slawi islejl oyl guls M by iulisl ]y o o5
Danner and ) sas e Glii iS55 slagye sy 3Skae )3 uisie SIS 5y0n b dlio 13 (iget
.(Bessei, 2002; Bateman et al., 2005

@5 > BB bl sl oaits (g Sojluil issiom Jlisd 9 Sl uSg)dm (it cadld Cuns pol ialojl
(Liu et al., 2004¢) oy oy 4 S5 o uguiom SIS0 4 Comsd piguio Sl puSg)hn onlp Cun; Olallas
s (Slgixe 3590 53 SleMbl 345 oy 3,Slas ;5 3L 955 (Danner and Bessei, 2002) yiolojl 095 Jobo
caws (Liu et al., 2004a) (¢ bl calisco (sla 39, 9 (Vazquez-Anon et al., 2006) o, ael (claswl plo g
e 3L bausgs o 993 3 g s> 41 Capmd igaie Sl ouSg)aem (s (LS 9 slodg) i 295 o3l
500l ) ggsie ~Jled (25 4 Ogte Sl S 9,0 o sl 00l (L5 gl 9 4B, )15 (w1 35
&l oSe dalgd oi plool wldllas L(LiU et al., 2004a) 5,15 3959 pigute auie 93 ol g 2L (Sols
il sl (Saunderson, 1991) wes o Cls 09 4 mlo pwigsie Soll oSy oun slbjesSl 45 Uad o
S alie ey b Lol 0l o cilises (glapunilSio b dn ST Cilisen mlio 51 (pigsio s 45 a3 o b5 Slalllas
JoSo &8 35,8 558 (Bunchasak et al., 2012) ,Ken 4 Slobsl .(Richards et al., 2005) .3l .



P OSesie fge aie Sy lsisd Sl e (Ossio Jlsd sorld Cunj ao )3 M lgize L) (e Solbl ouS sy
39“: odlawl 0 yu>

((Sin VF-FF) dpbo joud g 8055 (slagpo (s 3)Shos (sl jadls oy wid b (it pigste calé 5 isiio qute g5 5= T Jgu
Table 2. Effect of dietary digestible Methionine + Cystine level and methionine source type on productive performance of Shaver White strain
laying hens (34-46 weeks old)

o 5 gste JoSo clale + Opgwte clale Eren™S Mg EpepS p)S Qi Shes Gpae b cups e
(pSoksTp ) LN e (+23) gy My Epee IEeleS) Shes oMo
Dietary Supplemental Met level (Aoy) o3 Egg (Goy [Exe 125) (255 (s Feed (%)
(g/kg) Di production : conversion
— ietary %) Egg mass Egg Feed intake ratio Body
e s S Il S g, digeztible Met+ (g/hen/day) weight  (g/hen/day) weight
DL-Met! Ogaie Cys’ level (%) (9) changes
0.49 - 0.555 90.42 53.28 58.93 100.16 1.882 19.39
2.36 - 0.742 94.35 58.14 61.62 100.70 1.773 25.36
4.23 - 0.929 95.19 59.36 62.36 101.38 1.708 32.56
- 0.55 0.555 90.29 53.05 58.74 100.08 1.889 18.28
- 2.66 0.742 94.17 57.95 61.53 100.67 1.738 24.78
- 4.76 0.929 95.26 59.31 62.25 101.40 1.710 29.81
SEM* 0.505 0.349 0.167 0.232 0.009 4.930
Opgte guo £95
Met Source type
s Jles 93.32 56.93 60.97 100.74 1.774 25.77
DL-Met
Osie Sl s s)0n 93.24 56.77 60.84 100.71 1.779 24.29
MHA
SEM 0.291 0.201 0.097 0.134 0.005 2.846
0y BB bt (gite clale
Dietary digestible Met+Cys level
0.555 90.35° 53.17¢ 58.83¢ 100.12¢ 1.8862 18.83
0.742 94.262 58.04b 61.58° 100.68° 1.735° 25.07
0.929 95.232 59.332 62.312 101.39? 1.709¢ 31.18
SEM 0.357 0.247 0.118 0.164 0.007 3.486
Eob e Jlois] pdaw
P-Value
Orssie g g5 Sl 0.847 0.578 0.352 0.885 0.531 0.718
Effect of Met Source type
0y i B g + (yigste il il <0.001 <0.001 <0.001 <0.001 <0.001 0.073
Effect of Dietary digestible Met+ Cys level
Jlize 1 0.968 0.963 0.949 0.980 0.965 0.974

Interaction

(P < 1+0) aisly o s sime GBS (glyls oglite gy gl ol (puSlio ygiw p 0 B 00C
& --~¢Means within same column with different superscripts differ (P<0.05).
!DL-Methionine
2Methionine Hydroxy Analog
3Cystine
4Standard error of mean

LS5y (P>2140) (gylisine 130 gl lite Sll 5 oy wid LB (st (igete CLlE (higte pido £33
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Moyd g 6535 Jol 5B 55 153,865 el (slanwl clale 51 (Novak et al., 2004) l,Ken g Slg iolojl )
OHSer 5 (SE pado (6 pST (gl )3 (iman M3 I e EponSS ok 9 03,5 (pig huoyd g o St 03le
cdale 136 Cod mle §pepSS g bl 5 03) il 9 Suis edle (AKbari Moghaddam Kakhki et al., 2016)
Sen g 35 Lialojl ol gl b obas 5 sl e yobs ialef] b b aslite a5 8,55 51,38 I 5,855 atel (el
53,8 4o )l35 415 e 035 5 odats 19y g o S odlo p 1) oauie clale (Shafer et al., 1998)

GBMSyy Jg 3,185 Er0p55 (g g S o3le diopd> (68 (gt e 45 A ol ol sty gl L (Bullee
Bunchasak ) sls (yzsl38l 1) & pens5 2y> duoyd gt Solbl snS'gymun b duslio 13 ogaie—Jlied ialosl oyl ol
ol dgue wT)8 b 5l eSan s Lialidl el Yiain) fusste digel dul b oy 53,5 JaSe (et al., 2012
Bunchasak et al., ) sas o (i80S 1 oy colo F5 g 3900 o) (SASd9050 28y b g disel (slaun]
oes g 2023 § 035 (12 § g Sy o Ogste ClE GIEIL b (ilesl 3 &S bl 12012
GIBl Glp oy oigste GBI PR ) (a2 g (eign S GRS CES dxd (g o0 (BN 6y
oielesl ol 2 & ybolen (Alig) S5 Eren5S p)5 9 ErenSS Ljg Exe7S W) Mg 2 Shes sl as s
Caawl 03,55 3wl € o8 (oleand S 5 5D (6w g Cauwl 04 OB puas A odaliie

S ¥F (s 3D Mo joud gm0 IS 055 (la yo (10)3) E oSS ol S 5y 02 wian BB (et gste Cl g igiie qite g5 51 T Jgun
Table 3. Effect of dietary digestible Methionine + Cystine level and methionine source type on egg chemical composition (%) of Shaver White
strain laying hens at 46 weeks old

oy pgste JoSe clle e clale

(5557 55) FB Ot + 03); oghes elo Erop>s
Dietary Supplemental Met oy s Yolk Albumin liquid egg
level (g/kg)
— (+23)
~Jis> Sl S 9,00 Dietary ol ey wen L ol oSy e
< OSgse digestible3 S.:i  Protein  Ether S.:s  Protein S:i  Protein  Ether
gt MHA2 Met+ Cys D extract extract
1 0) ry Dry Dry
DL-Met level (%) matter matter matter
0.49 - 0.555 50.25 1744 2921 12.16 10.56 23.48 1261 8.68
2.36 - 0.742 50.49 17.69 29.65 12.37 10.86 23.65 1288 8.78
4.23 - 0.929 50.54 17.60 29.63 12.33 10.71 23.44 1271  8.62
- 0.55 0.555 50.19 1742  29.29 12.12 10.51 23.36 1255 8.65
- 2.66 0.742 50.56 17.75 29.70 12.29 10.81 23.70 1288 8.85
- 4.76 0.929 50.45 17.57 29.63 12.29 10.74 23.37 12.72  8.60
SEM* 0.177 0.143 0.302 0.199 0.210 0.165 0.151 0.091
Orgsle Bnie £95
Met Source type
sl 50.43 17.58 29.50 12.29 10.71 23.52 12.73  8.69
DL-Met
Osse Sl S5 )0 50.40 17.58 29.54 12.23 10.69 23.47 1272  8.70
MHA
SEM 0.102 0.083 0.175 0.115 0.121 0.085 0.087 0.054
0> MJJB g + uuw clle
Dietary digestible Met+ Cys level
0.555 50.22 1743 29.25 12.14 10.54 23.42 1258 8.66
0.742 50.52 17.72  29.67 12.33 10.84 23.67 1288 881
0.929 50.50 1759 29.63 12.31 10.73 2341 1272 861
SEM 0.125 0.101 0.214 0.140 0.148 0.104 0.107 0.067

AR



b gime Jloin] o
P-Value

Ossie g g5 0.861 0.989 0.860 0.740 0.908 0.680 0.911 0.892
Effect of Met Source type

0y i B s + igeie cile 0.181  0.153 0.317 0.580  0.363 0.136 0.159 0.094

Effect of Dietary digestible Met+ Cys level
Jlize ) 0.897 0.946 0.991 0.992 0.978 0.847 0.976 0.823

Interaction

!DL-Methionine

2Methionine Hydroxy Analog
3Cystine

4Standard error of mean

0> p o Socalplio ol blite S5l g 0 muin blB (turt igite CLIE igte aiko g9 Sl 4 bayye s
5 oS sl olisn 52 o e M (ot gt CAE S ol 0x3 IS ¥ a3 (Siin 15y
b LSy nomd dLDL) omb atdls b b nged oyl p (Jy (P<+/-0) 48 JI5 sne (155 oy byl 65
chls b ooad ads (Bay (P>e/00) ol ol gbbgme J1 Sopsl dal 5 ISy {HDL) YL aels
Chale 93 b awglio )3 65Vl b yeudS (65 (e (dogi Sl 328" 20)> YO) huoy> /000 i JB (pturt (pigate
cale 3 3 paw il S (Aol i Aoy YO) dop /AVA 5 (deog b plp) oy </VFY
el Glie 0l L S5 CBlE 93 & i |y (6 5V e (o b ) duoyd <YV uim LB oyt (gt
3 Foml (dnog jl b 203 YO) doyd +[AVA i LB (ptpurt (ygete LS b 0dd 435 (B0 53 (y5 p
o b oy it BB (it igete Clale Jlite Sl g igste qite £95 92 (dnog b plp) o) < /VFY clale

(PZ2]+0) L5395 3 gime 005 (6 pSojlul B oy lodgilio | plSan 2 (uigste
ol Jggiuls CLIE e foisine 51 JiSp35 Slagye by mein HB st issie gl (g alef]
Slowen Linlojl ol zols b a5 (Akbari Moghaddam Kakhki et al., 2016) wis osalie JS gy § <SSyl
U50lS gy gxe yobds o3 b yundS 65 L w0y ) e clale il L aS ol L ioles] opl ol sl
Iy olS o e isste o IR L g 350 b & S5 o5 JyyialS Clé ials rioran 8k
o) plylio > ol 285 5= Sl (s osete & 38 Sl iz s |y ol ol e 28
cale yialS 4 e &S ol 3 oy oy ialS @l il gl i) 5= 1 4 (Sigolo et al., 2019) 5l

(Diaz et al., 2000) 3550 ;55 LDL ¢ 31j] o3 (clopus] ¢ JgyiaelS ey enelS 6
N335 slagye o5 (Wideman et al., 1994) 15,8 5,155 Lhen ¢ peiuly cpinle] opl gols alie cpioxen
ol 5 p o ol g 30 opogdl izl |y Cpposd] ooy CBLE 0505 0 igite CBlE YL L osd 4,5
el gl g (utigy CLIE Lausgs ragdl i D90 31k A8 ) ()bl ysboay (5 (525 4 il U
oy )3 ogee clale VL L g e 4is yob ilejl j> (Wada et al., 2017) 395 0 <S50 0y
pin ) g st Lyiul3El a5 il e ol @ Wlgs e aS il JLodas 1y Cpmegd] oo p cldale oy eS¢ dinlo]
N5 o035 5 3 ErnS 035 e M) g 3 Slas slo bl il S 53 oy oisste Gl
2 st ol clile oSyl 4 degi b g Cosl il gl o regdl it g sl B S )5 eolital 350 (il
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ot 3 gixe (igste (Vb ClE (Sl Jla 4y G p iy (mgdll 3 el 50k g 3)Shes 2l (ol

Ll

cble p yogse cbalé g xie Sl (Widman etal., 1994) -L)Kea 5 yotsly (g 1 pols ivlejl zols BMS 4
mS 9y oIS Ly 095 &) Lo (pigtem Jlgd 028 L (Sl e A5 g psboy 1 o e (B S gl el
15 aal38 1y oy Syl dud GBS 0y pgte cldale yl5hl g azil (o 3V Ky ol gl e (pigste Sl
Bos 45" sl il S Sl 35S 3550 883 Hol ol 5148 sl digel (gloipns] sl Y guao 5| S ]S
Hasegawa ) 1S o (yoli (ADP) ©lind (63 (pjoinl agi (sl 1) land g 5y05 3939 B alise o 2lSl bl
o Ciseie s GBI 1) o (il CALE Gl 2855 laang 3 005 plosl lasing (etal., 2017
& (YY) oLKen o ls8ula ilesl > (Hasegawa et al., 2017; Sahebi-Ala et al., 2021) xly \Lis
o) s G b o 9 3 a3l 0053 o s s 33508 s Sl 032 (it s 3R 3 il
@ 3 iyl b wigaie dgseS pl&im 48" 1505 5155 oliEie oyl (Hasegawa et al., 2017) silo ol el
o3 (55 b gaie By S oo 028 gaome dineliunsl Cpgo 4 oyl St 33 Sl (3 (33551 b pigete
eto (gloog)S g LBl oM dguoe (4518 Jhwgn slp Cunl (See (1S S jlostn ple sl oYL Faw )
g ojdglie (Ao (ol ypmns dlinsgas Bl o (53] b igste (LS

S ¥ (s 3 dyds y30s g SIS 055 Gl o 155 Slacdglio CBIE 5y 03 wdn BB (gt issie SRS § (igiie aite £ 51— € Jgda
Table 4. Effect of dietary digestible Methionine + Cystine level and methionine source type on blood metabolites of Shaver White strain laying
hens at 46 weeks old

oy 3D yogaie JoSo cdale clble Jgyls’ Sl G5 OSons OFoneed Ll ossls oS Ol
- - . Cholest  Triglyceride ol b ol b S, Creatinine Albumin
(p5545Te.5) it erol > M:tj 4‘:: Uri)é Tial
Dietary Supplemental Met B o : : :
level (ko) JB it HDLS LDL® acid protein
— (22)3) win
~Jlss SJbl S 5,0 Dietary
. digestible . < R c
Ofsiie h‘j‘:‘; Met+ Cys® Pl | p)S e PPN
DL-Met* level (%) mg/dl g/dl
0.49 - 0.555 177.33 1508.83 63.00 5250 7.20 0.37 5.38 2.73
2.36 - 0.742 172.67 1311.83 67.67 47.33 17.77 0.45 5.50 2.57
4.23 - 0.929 158.67 1157.50 75.67 48.67 7.93 0.37 5.48 2.48
- 0.55 0.555 213.00 1709.50 68.33  55.83 7.67 0.35 5.03 2.57
- 2.66 0.742 158.33 1379.50 72.00 49.33 7.12 0.45 5.37 2.82
- 4,76 0.929 157.67 1278.00 72.00 4583 6.75 0.40 5.33 2.38
SEM* 14.975 99.148 3.326 3.340 0.405 0.027 0.203 0.097
Opgele gko £95
Met Source type
sl 169.56 1326.06 68.78  49.50 7.63 0.39 5.46 2.59
DL-Met
s Sl s )an 176.33 1455.67 70.78  50.33 7.18 0.40 5.24 2.59
MHA
SEM 8.646 57.243 1.921 1.928 0.234 0.015 0.117 0.056

o e BB g+ (osie Lol
Dietary digestible Met+ Cys level

0555 19517  1609.17¢  65.67 5417 743  0.36° 521  2.65®
0.742 16550 134567° 69.83 4833  7.44 045 543  2.69°
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0.929 158.17 121775 7383 4725  7.34  0.38° 541  2.43b

SEM 10.589 70.108 2.352 2361 0.286 0.019 0.143 0.068
G gire Jloin] pdaw

P-Value

Ossie are g5 51 0.584 0.122 0.468 0.762  0.180 0.801 0.214 0.944
Effect of Met Source type

03> muad b st + wigaie clalé I 0.049 0.002 0.067 0.104 0.963 0.006 0.487 0.028
!Ef‘fef:t of Dietary digestible Met+ Cys

Jlize i 0.244 0.798 0.349 0.629 0.136 0.640 0.839 0.088

Interaction

(P <e/0) wisl o s ine BT (il @oglite By sy (slb (pSilio gty 3 P C
& ---¢Means within same column with different superscripts differ (P<0.05).
!DL-Methionine
2Methionine Hydroxy Analog
3Cystine
“Standard error of mean
°High-density lipoprotein
SLow-density lipoprotein

IS (8 5 4ol

oAb dpogi daw Sl puin 8uoyd YO e 4y IS 05T (slag ye 0 (st pgste Sdale ol i iolesl nl gl
i o 39t |y Shygd had o o g0l 8l ) dilisy (sadgi & renSS p )5 g & poeSS o)1 s 5ud a0 (5l
2 (0pgste SIS g0 5 issiom JIed) igete asio 99 O (S)b e Dol ol Jlofl @l b (prizeon
J okl (plply i sdalie JSa50 slagpe 8 slacdalio 5 Erepss olerd oS5 (Mg 3Slas
5 535 2 8kae sloasli it 18T ok o> M (isite (dlytme (B8 L5 15 L igite ST S gy0m

Al IS 035 g pe 0y pd sriem Jlsd sl ewlie (23Rl Sl o E10055 (plierd oS
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