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Extended Abstract

Background: Laying hens show their genetic potential when they receive all the nutrients they
need in full. Today, nutritional requirements have actually increased due to advances in breeding
programs and extensive selection to maximize production. In recent years, L-arginine has been
considered a potential feed additive in terms of anabolic-nutritional processes due to its metabolic
functions for protein synthesis. However, due to the incomplete uricotelic function and urea cycle
of birds, poultry are completely dependent on dietary sources of this amino acid. Copper sulfate
is a trace source of the essential element copper, which plays an important role as a cofactor in
cytochrome oxidase, lysyl oxidase, superoxide dismutase, beta-hydroxylase, and ceruloplasmin,
and can increase egg production and egg weight traits and reduce skeletal system problems.
Therefore, this study aimed to investigate the effect of copper and L-arginine on the performance,
physiological maturity, and egg quality in the early laying period of laying hens.

Methods: The effects of dietary copper and L-arginine on production performance, physiological
maturation, and egg quality were studied during the early layer phase of laying hens (a total of
288 Hy-Line W-80 white laying hens, 18-week-old) in 2 x 3 factorial arrangements with two
levels of supplemental Cu (8 and 16 mg/kg in the layer diet denoted as Cu8, Cul6) and three
levels of LA. These included the recommended level according to Hy-line (RHL), as well as 20%
higher (LA20) and 40% higher (LA40) than the recommended level in the diet. The experiment
was designed as a randomized complete block with six treatments of six replicates each, with
eight birds per cage, for 4 weeks. The eggs produced were collected daily, and after weighing, the
percentage of laying, feed consumption, conversion factor, average egg weight, and egg shape
index were calculated weekly. On the last 2 days of each week, the eggs produced by each
experimental unit were collected and tested for qualitative traits, such as shell thickness, shell
weight, albumen percent, haugh unit, etc. Feed intake of the experimental units was calculated
from the fraction of feed consumed at the end of the period from the feed allocated at the
beginning of the period, based on chick days. Maturation variables, including body weight and
length, shoulder length and width, beak length (top and bottom), neck length, wing length, leg
length and diameter, toe length, and talon length were measured at the end of 21 weeks. Data
were analyzed in a randomized complete block design with a 3 x 2 factorial arrangement using
SAS software.

Results: The height of birds’ comb increased when fed diets containing Cu8+LA40 and
Cul6+LA40, compared to those fed on the Cu8+RHL diet (P < 0.05). The shank diameter
increased in birds fed with Cu8+LA40 treatment, compared to those fed on the Cul6+LA20 diet
(P <0.05). Egg production of the birds increased in response to the Cul 6+LA40 diet, compared
to those fed with the Cu8+RHL diet (P < 0.05). Dietary supplementation of Cul6+LA40
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decreased the feed conversion ratio (FCR) compared to those fed Cu8+LA40 and Cu8+RHL
treatments (P < 0.05). The egg shape index increased in the birds fed Cu8+LA40, compared to
the Cu8+RHL diet (P < 0.05). Egg shell strength increased in the birds fed diets containing
Cul6+RHL and Cul6+LA40 compared to diets containing Cu8+LA20 (P < 0.05).

Conclusion: According to the results of this experiment, adding 16 mg of copper/kg with 20%
and 40% higher than the recommended level in the production phase diets of laying hens not only
improved sexual maturation physiologically but also increased the production performance and
egg quality in laying hens during the early layer phase.
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Table 1. Ingredients and nutrient composition of the experiment diets

(Ao ) slaite Ingredient _ST,s5 oolo
57.33 Corn (7.20 % protein) (ygy Moyd VIV+) &)
11.86 Soybean meal(44.54 % protein) (g Loyd FF/OF) Lgw dlous’
1.71 Wheat Bran (16.37 % protein) (g Loyd VYY) puiS ogaw
11.00 Corn gluten (40.00 % protein) (:ygy doyd ¥e/v+) &) slS
1.20 Rapesseed meal (37.09 % protein) (g y do )y YV/+4) 158 allous’
4.00 Canola oil Ygl5' 9,
2.02 Di-calcium phosphate liwd paulS’ (63
9.13 Limestone Sal K
0.50 Vitamin and Mineral permix' ' Sase g ueling (wSsoy
0.14 DL-Methionine ;ysgie J- (52
0.38 L-lysine :y3J-J!
0.04 L-Arginine (55,1~ !
0.24 Salt S
0.20 Sodium bicarbonate s by
0.35 Sand (filler) (s.S ) awle
100.00 Total gex
Calculated chemical compositions sud dwsbre (oboms OluS 5
2950 Metabolizable energy? (mcal/kg) (p,3sks/ s JS1K0) " o plio (5]
17.60 CP (gkg) (pSoks’  5) Pl s
4.00 Calcium (%) (ao)3) pamls
0.45 Available phosphorus (%) (1o )3) edliwwl LB jaus
0.18 Na (%)(30)3) podws
0.18 Cl1 (%) (voy) J5
0.85 Arginine (%) (x0,3) o5l
0.82 Lysine (%) (wo)5) o
0.45 Methionine (%)(10)3) (ygsio
0.75 Methionine + cysteine (%) (do)d) Cysimms +(piguio
0.57 Threonine (%) (1o,3) (yi5y
0.74 Valine (%) (1o)) ol
0.86 Phenylalanine (%) (se,3) oY1 Juid
0.40 Histidine (%) (Ao)3) cpisiams
0.14 Tryptophan (%) (se)3) oBsi 5
1.96 Leucine (%) (do)3) oy
0.62 Isoleucine (%) (xo,5) oywdly s
Measured Nutrients oid (¢ ,:503l51 (gdse dlge
16.65 Crude Protein (%) (Ao,) pb& (g5
5.96 Crude fat (%) (1o)) pls o>
0.83 L-Arginine (%) (so,) ow3)-J!
2.50 Cu (Mg/kg DM) (Suis oole p)59kS/p )5 Juo) (o

ool L) 5 J (o 2oy VA 5 VY (i) odd dogs | iy 2o)> ¥ g Ve oy 2o IAD) o1 dnogi] () alite golans (g9l oiulojl slmo e ans 4l
oo Slgw (p55kS 3 o5 (oo V5 g A) iliso e Slgioe b (odnlojl sloo i aus (sl A (Hhd) dwle Cuond (35l oyd +/YFD 5 /IVY o 45 cud iy (10> QD
b 8Ll 4l oy 4 p)SolS 1 p S VYYIYY § oS5k 1 28 YENS Jlade 4 (IS5l oaoie YL S o co)d A giaaj (onlyd cdio )3 VO pogls) iy S
! To prepare experimental diets containing different levels of arginine [recommended (0.85% diet), 20 and 40% higher than recommended (1.02 and
1.19% diet, respectively)], L-arginine (98.5 % purity, CJ group of South Korea) was substituted for the filler (sand) portion at 0, 0.172 and 0.345%,
respectively. To prepare experimental diets with different copper contents (8 and 16 mg/kg), crystalline copper sulfate (25% purity, 88.5%
bioavailability, Merck, USA) was added to the diets in amounts of 36.16 and 72.32 g/kg.
PVID {52310) K3 el 2.5 Y10 . by 2.8 ¥+ D3 oling Mol o 2515 YT+ A iy Ll 35y A 2ol o pS5AS fn 5o Ity ol
P35 Gk YT BY ol 5 -1 BT by 5 o Y0 (B b .5 ¥ iy, endS3) BS soling 5 A {3mols) B3 (i 5 ¥+ B2 ssbng .5 010 B ol
gk 35 IYY ey )5 MY i p)5 g9y p5 Ar eppnl )5 Fe 53 p)5 e 1 Jald 0 pex p)S9hS 13m0 )3 (e s e BI2 el
2 Vitamin and mineral Premix supplied per kilogram of diet: Vitamin A, 8000 IU; Vitamin D3, 3300 IU; Vitamin E, 20 IU; Vitamin K3, 2.5 mg;
thiamin, 2.5 mg; riboflavin, 5.5 mg; Niacin, 30 mg, D-Calcium pantothenate, 8 mg; Vitamin B6, 4 mg; Biotin, 0.1 mg; Folic acid, 0.9 mg; Vitamin
BIIZ, 23 mg; Choline 500 mg; manganese oxide 90 mg; ferrous sulfate 40 mg; zinc oxide 80 mg; copper sulfate, 0 mg; calcium iodate, 1.2 mg; sodium
selenite, 0.22 mg.
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Table 2. Effects of different levels of Copper and L-arginine supplementation on the uniformity and variation of body
weight in laying hens (18-21 weeks of age).

Uniformity (%)2 ¥ (&) (3168 Variation of body weight (2) (p,5) c,% (359 ©lyaess Treatment' *,lo
Copper (mg/kg) (p)S5kSTp)S es) e
88 1235 8A
89 1240 16 V&
0.8 5.9 SEM
L-arginine (%) (so,9) Q,gjj—Jl
87" 1276 RHL .3 4o
87° 1302° LA20 pYL sopd V-

92° 1282 LA40 pYL soy> ¥e
10.5 10.1 SEM
Copper x L-arginine (35,1~ JIx el
89 1220 8 x RHL o5 dpogs X A
86 1238° 8 X LA20 pYL aoypd Yo x A
91 1248 8 x LA40 YL aoyd Fo x A
85° 1270 16 X RHL 2. duogs X V&
88 1286° 16 X LA20 gYb ao )3 Yo x VF
93 1206 16 x LA40 YL a0y Yo x VS
1.5 10.4 SEM
(P-value) Variation Source yus ado
0.910 0.576 Copper e
0.004 0.001 L-arginine ys5,- J)
0.026 0.0007 Copper x L-arginine 55, JIx o

P < +]+0) Casl Iy gime ol Bgys b gt oy pl,l cglas P

*¢ Means with different lowercase letters in rows are significantly different (P < 0.05).
Lo (1 Skes 3kl gllad FSEM

*SEM: Standard error of the mean.

. a B RS . - - . B wa . -0 & e : \
oo yais o 53 g (004 duogi daw 1 SYL do)d Frog oy Ve cdygw sloinly g 0ud duogs pdaw Jold) (051 I dlel il plaw du iS55 slag e
i 28> e Mg gio 311y (Shgs 2SS 3 5o V2 54 Jold)
! The laying hens were assigned to three levels of LA Srecommended level according to hy-line=RHL, as well as 20% higher=LA20 and 40%

higher=LA40 than the recommended level) and with two levels of a supplemental Cu (8 and 16 mg/kg in diet) form of copper sulfate in the diet to
provide the copper.

A5 dpsle (4 035 0eSSle o pd Ve 53 Sy el (1) (eSbe & (0) 3kl limi] s lpisay A8 (319, T
2 Flock uniformity calculated as the ratio of the standard deviation (o) to the mean () for each flock within + 10% of the mean body weight.

Jsb g ol S5 Jgb (P < /-0) el (33l o3l
PSR P VP gl oy L &S SBNy (9)5
515 05 5,— ) 5V Loy Fe peans b o olilgus
lilgw pSolSyd p)S o A sol (5ol o) & o
Bl il geildl SYL wep Ve e b e
A ol oy b oS SBup b sle jls (P < +/-0)
YL 2o Froaw b e Ol pS6LS50 p )5 e
P VP gl oy 4 Cund WAD @A o)l
O SV o Ve o b (e Slilgu )5 0kS )
£S5 Lo VF oy b 5505 45 (P < +/+0) cdly il
PRS2 S A osl> 032 4 Copd o £S5l >
(P < 1+0) 3l Ltalsél 1y 88, b Jsb eSols o
@3 Sdes Slao i)l g e ilisie gglaw U
ol 0ad (IS (F) Jgir 3 15058 g ye My
SBS EpeesS 0395 p 6yl phlejl bl

Esk Sloyiio o83l g e iliee ol b
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Table 3. Effects of different levels of Copper and L-arginine supplementation on physiological maturation in laying hens (18-21 weeks of age).

Soo Jdo OIS Jsb ofilbe wb Sl Jgb BOW S LGl g Uk oSle 08 b oSy VeSHd gbose  abes)  onJb
(k) (k) o (ke bR (al) (sl (k) ek (k) k) GRok) (sl Treatment' ' los
Claw length  Average finger length ~ Big finger diameter Shank Average wing Neck length Down beak Top beak Comb Comb Body length
(mm) (mm) length (mm) (mm) length (mm)  length (cm) (mm) length (mm)  length (mm) length (mm) height (mm) (cm)
(59T p S sheo) e
Copper (mg/kg)
28.46 45.16 64.51 11.91 81.31 17.68° 106.72 13.41° 22.03 83.07° 60.16° 63.02 8 A
28.17 45.01 64.58 11.74 80.46 18.15% 106.94 13.92* 22.10 86.24° 64.25% 63.38 16 V5
0.221 0.265 0.298 0.065 0.332 0.110 0.701 0.110 0.154 1.132 1.187 0.176 SEM
(%23) 555
L-arginine (%)
28.28 44.60 64.27 11.72 80.63 17.81 107.07 13.62 21.87% 79.32° 56.37° 63.26 RHL 0. dpogs
28.16 45.13 64.45 11.90 80.91 17.92 106.21 13.88 22.48% 86.49% 58.09% 63.46 LA20 YL aoyn V-
28.51 45.52 64.92 11.85 81.14 17.99 107.21 13.51 21.85° 88.16 72.15* 62.87 LA40 YL oy ¥
0.276 0.321 0.354 0.088 0.401 0.132 0.865 0.132 0.187 1.398 1.443 0.210 SEM
RN L
Copper x L-arginine
28.25 44.51 64.74 11.95%® 81.53 17.58 108.82%® 13.52¢® 21.74% 84.12° 53.93° 63.39 8 X RHL ol dpog x A
28.51 45.51 63.98 11.75% 80.90 17.73 104.60° 13.29° 21.77% 83.86™ 57.53® 63.31 8 x LA20 pYL aoyd Ve x A
28.60 45.45 64.83 12.03* 81.50 17.72 106.75%® 13.44%® 22.58%® 81.24% 69.01° 62.35 8 x LA40 gYL aop ¥e x A
28.30 44.69 63.80 11.86% 80.29 18.05 105.32%® 13.71% 21.99% 88.874® 58.80% 63.12 16 X RHL o4 duogs X V&
28.42 45.60 65.02 11.42° 79.73 18.27 107.68% 13.58%® 21.13° 77.41¢ 58.68% 63.39 16 x LA20 5Yb aop Yo x V8
27.79 44.74 64.92 11.96% 81.37 18.12 107.82° 14.48° 23.18% 92.46 75.30° 63.62 16 x LA40 gL aoyd ¥r x V8
0.398 0.454 0.500 0.110 0.576 0.198 1.210 0.187 0.265 1.966 2.044 0.300 SEM
~(P-value)- s e
Variation Source
0.376 0.686 0.873 0.066 0.071 0.003 0.827 0.0009 0.726 0.049 0.015 0.145 C;;:er
0.649 0.124 0.409 0.245 0.652 0.638 0.669 0.113 0.025 <0.0001 <0.0001 0.142 Lg;)g)l‘r:lﬁle
0.599 0.484 0.177 0.001 0.124 0914 0.020 0.006 <0.0001 0.006 <0.0001 0.097 il X e

Copper x L-arginine

¢ Means with different lowercase letters in rows are not significantly different (P<0.05).

*SEM: Standard error of mean.

253)S 8y e Slgu gaie 511y (SThes oS kS 53 )5 o V& g A Jold) o puic zxlaws 93 g (ohdduogs grdaw 5| YL doyd Fo g doyd Yo ctgus (sloinly bawgs 005 dpogs gaw Jals) ol I diselius] o dus JiS055 (slag yo'
"The Ia&ling hens were assigned to three levels of LA (the recommended level according to hy-line=RHL, as well as 20% higher=LA20 and 40% higher=LA40 than the recommended level) and with two levels of supplemental Cu (8 and
g 1n layer diets) form of copper sulfate in the diet to provide copper.

16 mg/|

(P<e]+0) canl Yl ime bl gy b gt o 4> plB )l cglas @

L1 Sl 5kl (sllas *SEM
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Table 4. Effects of different levels of Copper and L-arginine supplementation on production performance in laying
hens (18-21 weeks of age).

Sygd Byuao T s e e
C s 23S 0355 (s 23S (g (ke i€ s
PSlygs s oy "Goole5) ‘ (e )f)u ¢ I T(20)3) (535055 2oy Treatment' *log
Feed conversion ratio *  Dajly feed intake J9)le . . Egg production (%)? .
(z/hen/day)* Egg mass (g/hen/d)’ Mean egg weight (g)
(59T p S o) e
Copper (mg/kg)
3.92* 87.88 2243 48.16* 46.58° 8
3.82° 86.98 22.78 45.67° 49.90° 16
1.065 0.645 0.576 0.532 1.010 SEM
(3253) 35!
L-arginine (%)
3.88* 87.10 22.42 48.66" 46.07° RHL o dpogs
3.87% 86.50 22.27 46.29% 48.11% LA20 YL aop Y-
3.83° 88.69 23.15 45.79° 50.55% LA40 YL aop ¥
1.321 0.801 0.721 0.665 1.221 SEM
OsiJIx el
Copper x L-arginine
3.95% 85.94° 21.72 49.95 43.49° 8 X RHL o4 duogi x A
3.96* 87.36% 22.04 47.67 46.24% 8 x LA20 sVl awoyp Ve x A
3.84% 90.34* 23.52 46.86 50.02% 8 X LA40 YL o ¥e x A
3.82% 88.25% 23.05 47.38 48.66% 16 X RHL ou dpogs x V5
3.82% 85.65° 22.44 4491 49,982 16 x LA20 YL doja Ve x V&
3.81° 87.04% 22.84 44.72 51.08* 16 x LA40 pYL aoys ¥e x V&
1.854 1.120 1.021 0.932 1.710 SEM
~(P-value)- S Te
Variation Source
<0.0001 0.327 0.400 0.001 0.002 o
Copper
0.031 0.132 0.513 0.005 0.037 ‘;"’55).‘_.“]]
L-arginine
0.037 0.040 0.821 0.942 0.048 il X e

Copper x L-arginine

(P < o10) Conl o xe cilinals Bgys by ygiw po yd plB)) cglas *P
*¢ Means with different lowercase letters in rows are significantly different (P < 0.05).
LSl 3Lkl gllas :SEM*
*SEM: Standard error of the mean.
o i g 3 3 (8188005 s ) VL 20> ¥ 5 2> Vo ctrz slainl Lot erbivogs o Jold) (551 ) disolipnl gl s Ji5055 latse!
33,5 283 o SMlgus i Sl (STyss S 9kS )3 p)S o V7 9 A olit)
'The laying hens were assigned to three levels of LA (the recommended level according to hy-line=RHL, as well as 20% higher=LA20 and 40%

higher=LA40 than the recommended level) and with two levels of supplemental Cu (8 and 16 mg/kg in layer diets) form of copper sulfate in the diet to
provide the copper.

L9y % &0 3ams) [ (6538056 dluss X Ve o) = g0 056 Mg "
2 Egg production = (100 x number of eggs laid) / (number of hens x days).
Voo ] (Er0035 (339 0xSSlo X 0035 M) = 0 955 0355
3 Egg mass = (egg production x mean egg weight) / 100.
Epo 59y 2w [ (p,8) axim L 3 exilesdl STy lade — (p,)3) aén 55 ok 03l Slygs Hluie = ailjg, Slygd Byune
4 DFI = The amount of feed given weekly (g) - The amount of feed left at the end of the week (g) / the number of hen days.
. .. . L . . .
(Ere 055 039 0395 | Wlig) S Spae ) = Slgs s s
SFCR = (Daily feed intake / Egg mass)
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Table 5. Effects of different levels of Copper and L-arginine supplementation on egg physiological traits in laying hens
(18-35 weeks of age).

Pgae ()jy gy Cuaglie T .
Falo pp)S)  EaeSS »o) ) SISl s sl
i < (Hre ko) gy s sy (o) v RO
(@ (356 pS5kS)  (30d) awy Moan shell (p5) Haugh  Albumin (ode) 0355 TErensS Treatment' ' )los
Ego special Ege Shell  Shell percent A Shell weight ni%‘ Yolk index Egg Shape
88 pht Sgtg m %) thlckneﬁss ) u percent (mm)* = dox.
Sol S s &
(5 5kSTp S (o) e
Copper (mg/kg)
0.99 4.90° 10.67 0.46 5.56 79.26° 64.28° 42.97 76.69 8
1.00 5.08* 10.56 0.47 5.69 80.30* 65.42% 42.52 76.52 16
0.012 0.123 0.110 0.005 0.065 0.987 0.287 0.432 0.298 SEM
(22,) o3)1-J)
L-arginine (%)
1.00 5.01 10.76 0.47* 5.75% 80.73 64.73 42.71 76.54 RHL o0 a0y
0.99 4.79 10.43 0.44° 5.47° 78.73 64.90 43.18 76.29 LA20 pYLaoyp Y-
0.99 5.17 10.66 0.46% 5.67% 79.90 64.92 42.34 76.97 LA40 pYL aoy ¥
0.013 0.144 0.142 0.0079 0.087 1.201 0.356 0.532 0.367 SEM
085X e
Copper x L-arginine
1.00 4.95%® 10.87 0.46 5.74 80.01% 64.01 42.93 73.53% 8 X RHL o4 4pogs x A
0.97 4.77° 10.48 0.44 5.39 77.90® 64.21 43.42 76.41% 8 X LA20 gV soyd ¥ x A
0.99 4.98® 10.67 0.45 5.55 79.88% 64.61 42.57 77.112 8 X LA40 gV, soyd ¥e x A
1.00 5.07 10.65 0.47 5.75 81.45° 64.44 42.49 76.55% 16 X RHL ous aogs x V&
1.01 4.81® 10.38 0.43 5.55 79.55° 65.58 42.95 76.17% 16 X LA20 YL ss)d Yo x V8
0.98 5.36° 10.65 0.46 5.78 79.91%® 65.22 42.10 76.83% 16 X LA40 YL so)> ¥+ x V8
0.021 0.201 0.197 0.009 0.112 1.700 0.498 0.756 0.512 SEM
(P-value) S o
Variation Source
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