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Introduction: Although minerals include a small part of the total cost of poultry feed, they
perform special functions in the body. Considering that today's birds are mainly raised under
stressful conditions (high production, environment, heat, and exposure to various stress factors),
the metabolism of nutrients including minerals have changed and with a decrease in feed
consumption, a decrease in the absorption of minerals and, as a result, an increase in excretion.
Minerals that are considered cofactors of many enzymes are included; in this way, in order to
support the proper functioning and improve the response of the immune system, higher amounts
of these nutrients are needed in diets. Chromium (Cr) is a critical micronutrient for humans and
animals. It contributes to physiological and nutritional efficiency. Chromium increases glucose
glycogenesis, promotes glucose transport, and increases protein synthesis. Chromium is
important in protein digestion and reduction of lipid peroxidation and increased growth
production. Chromium deficiency is associated with reduced growth rate, and glucose, and
protein metabolism. Under environmental, nutritional, and hormonal stress, the benefits of
chromium supplementation clearly demonstrated. Considering that with the increase in age and
eqg size, the egg quality decreases, and also the function of the immune system decreases at the
late phase of egg production. Therefore, supplementation of layer hen diets with some nutrients
at the end of the production period can improve the egg quality and potentiate the humoral
immune response. Thus, the subject of the current study was to investigate the effects of dietary
supplementation of chromium-methionine on egg laying performance, egg quality traits at
different storage times and temperatures, humoral immune response, and some blood
biochemical parameters of laying hens at late—phase of the egg production cycle.

Materials and Methods: A total of 120 Leghorn laying hens (Hy-line W36, 73 weeks- old)
were assigned in a completely randomized design with 6 dietary treatments, 5 replicates and 4
laying hens in each replicate for 6 weeks. The experimental treatments were 6 levels of
chromium-methionine supplementation (0, 400, 800, 1200, 1600, and 2000 pg/kg of diet) of
corn-soybean meal-based diet. The hens were housed in a 60 x 60 x 40 cm cage. All hens were
housed in an environmentally controlled house with temperature maintained at approximately
25°C. The house had controlled ventilation and lighting (16L: 8D). All hens were supplied with
feed and water ad libitum. The hen-day egg production, egg weight, egg mass, feed intake, and
feed conversion ratio were recorded daily. The feed conversion ratio was expressed in
kilograms of feed consumed per kilogram of the egg mass. The effects of organic chromium
supplementation of laying hens on egg quality traits were evaluated every 2 weeks at 75, 77,
and 79 weeks of age. The egg shape index was calculated by dividing egg length to egg width.
At the end experiment, in order to measure some blood parameters, one bird per each replicate



was selected and blood was taken from the wing vein, and after serum preparation, the
concentration of triglycerides, cholesterol, total protein, albumin, globulin, uric acid, alanine
transaminase, aspartate transaminase, glucose, malondialdehyde was measured using Pars
azmoon Kits according to the factory instructions.

Results and Discussion: Supplemented the diet with chromium-methionine had a significant
effect on laying performance (feed intake, feed conversion ratio, egg production) and egg
quality traits (egg sell weight, yolk color, yolk weight, albumen height, haugh unit). The results
showed that birds fed 2000 pg/kg chromium-methionine had the lowest feed intake and the best
feed conversion ratio and egg production percentage were observed with the addition of 1600
and 2000 g/kg organic chromium. By suppressing stress factors, chromium can increase the
ovulation rate and increase the percentage of egg production. Addition of organic chromium
except 2000 pg/kg improved albumen height and Haugh unit compared to the control group.
The interaction effect between egg storage time and storage temperature on the yolk height and
yolk percentage, aloumen and yolk pH were significant. Carotenoids are responsible for the
color of the yolk and they are a part of the fat-soluble compounds, so any factor that can improve
the digestion and absorption of fats will probably lead to an increase in the color of the egg
yolk. Haugh unit is a measure to determine the quality of egg white, which determines the
quality of the egg. The higher HU means better egg quality (fresher, higher quality eggs have
thicker whites). Blood serum cholesterol of chickens fed with 800 pg/kg of chromium-
methionine decreased compared to the control group. The lowest serum concentration of
malondialdehyde was observed using 1600 and 2000 pg/kg organic chromium. Addition of
1600 pg/kg of chromium-methionine increased total immunoglobulin production against sheep
red blood cells. The effects of dietary chromium supplementation on improving immune
responses can be related to its antioxidant activity, so by increasing antioxidant activity, the
production of corticosterone decreases, which acts as a potent suppressor of the immune system
function that can reduce the production and proliferation of lymphocytes, and finally the
production of antibodies will decrease.

Conclusion: In total, dietary supplementation of 1600 pg/kg chromium-methionine can
improve egg laying performance including feed conversion ratio, egg production, and egg mass,
as well as egg quality traits such as egg shell weight and albumen height of laying hens at the
late-phase of laying cycle. Supplementation of layer diets with 1600 pg/kg organic chromium
improved the humoral immune response at the late-phase of egg production cycle by increasing
the production of total immunoglobulin against sheep red blood cells.

Keywords: Humoral immunity, Egg quality, Chromium-methionine, Blood parameters,
Laying hens.
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Table 1- The ingredient and chemical composition of experimental diets
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Yellow corn 5845 Metabolisable energy (kcal/kg) 2800
P B9y 22 )d ¥F L Lgw dlbs 23.52 P gy . 15.5
Soybean meal (44% CP) ' Crude protein '
Blo oS

shell 11.52 Calcium 475
bow ofs) 3.83 o B jind 0.4
Soybean oil ' Available phosphorus '
i el (52 1.36 Ogs 0.44
Dicalcium phosphate (DCP) ' Methionine '
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Common salt 0.25 Lysine 0.8
ST ulv)fw OPP Y

Sodium bicarbonate 0.33 Threonin 0.59
owgieJl o OBy

DL-methionine 0.18 Tryptophan 0.23
o2 0.06

L-lysine '
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+Vitamins and minerals provided per kg of diet: Vitamin A, 10000 1U; Vitamin D3, 2500 IU, Vitamin E, 10 U,
Vitamin K3, 10 mg, Vitamin B1, 2.2 mﬂ, Vitamin B2, 4 mg, Vitamin B3, 8 mg, Vitamin B6, 2 mg, Vitamin B12,
0.015 mg, folic acid 0.56 mg, choline chloride, 200 mg, manganese, 80 mg; iron, 50 mg; zinc, 60 mg; copper, 12
mg; iodine, 1 mg; and sodium selenite, 0.3 mg.



o3 5 ,Slos Glio

ol 0ds S Y Jodo )0 8550 slaé o (60,Sles Glao p pgsiops S calisee zolaw (40938] ol 3l go s
Gpao it oy 3 Jpg)S o (IBI L g 202 s sine diljg) STiss Brmo i o otilol slalos 51
L Sialon g 38l gl cnl @b sy 1y (59, 3 )5 AVOF) &iljg) Slyos Bpae liwe cppeS (e 6y
SIS JaSo pySlS )3 )5 e Yo 33938 53,5 osmlite a5 36y (Uyanik et al., 2002) o) )San 5 Silgy gl
(Sahin et al., 2002) :,Sen 5 bl & I 55 15 Slysd Gpune il ccly IS 055 glng jo 0y 4 pg)S
15 e aBle gl g ol LtliBl 1) STigs (b yune IS 056 (slagye 1 poyS oo jl odlitl 53,8 )5S
RS oo 2lE oy a4 iistompg)S (938l Al bgiye 0dlatul 3)50 p9)S piie g9 g a4 (990> b
s S ok 35 (slaog S Slygs s s (P<-1-8) b 5 58l o, JiS 35 (slag e S
5 bl il (330 Lo | lge (P</ 1) g laless gl 1 a8 (iseiem oS pySokS 53 p)55,See
2oy oS 5l odlital L 1y Shygd L oy 39 5456 celaoya ks 5 (Sahin et al., 2005) o, Kan
s Cops ppg)S JoSe aS" W0 )S" 45155 (Zhang et al., 2018) ) Kaa 5 KI5 a5 Jlbs j> 05,8 saalin
Sy did o g il (Buins ol slaadl b (a8l 5 sl (o) e 15l (sloged iSa5 slag e 55 STyes
2 op> Cwesio—pg)S zolaw a5 W0y )li5 S50 slagye ;> (Jahanian and Mirfendereski, 2015)
plie 34381 &S 15,8 4,158 (Habibian et al., 2013) 4,2 5 lows 5,106 )b gxe 31 STyss bas co
(39 DRl (g5 (Sladag oy (iigsie pg)S g pg)S IS wlie Sl pg)S p)SkS S Sue WV e g F e
P P9y Candy jl (BU Nlg e Oglitte gl pl sl adls e 13U S s cops g S Bpas
S 5 oXipy g8 codd 03938l po ST (ljae (S LD (AT S99 pie b 3929 poyS (Sl JeSe conlBilunsj g
Sl il 4 wlgie Siss s cupd d9e S 3L po)S JoSo 1 ealisul 0)93 Jobo g 4l 00
Cla dge carge bk daw gl (ol b o anS| T o cusl ond (asitie a8 4 1) Ak bgrye pg S
ol 9 0o yiap ighe ply )3 Cooglio o ol g 0sd i 03g) )3 ()b 93 (] |y g o o)
Oy Caaglie 559 )l |y sl (slas 3l Sl e 335 o by IS5 )3 el 4y e o gl
595 98518 ol 305 b (63905 b Kilg5 s pgyS SlhawnS] il cools S <l 1) s i plp > lie
e 90 |y Slysd LA oy 5 ol dlga winm g azily s

Veoo o938l g (Pedee o) cdl Gl ad Cygo 4y 5 EponS g5 (e 0y )3 298 s ialj81 L
— p9)S 595w Voo o cja 4 lalos plu 4 o gyt Ep 059 Mg S0 )d (ygepg)S p)59,Sue
355 lzse cpppicte (KiM et al, 1996 ) o fylSad g oo il dalllas domi b illao (P</+ 1) Culy (puigio
B 155 Jolse 058 0 b pasS 235,583 1y 28 s VL o 30,8 samlite plaog)S 31y ¢yep5
4 po)S o958l (Sahin et al., 2002) amd I3l 1y § o6 sgi Ay 5 o313 il |y (6l Sas0 £ 5

L;Lmé)p 0y 4\399)5 Ju)lfJo.ipP;?Lf BN P)f‘_;l.m Y- 039)’514\5.\.’0‘3 u"’“’ (Uyanik et al., 2002) Ql)KA.m




P9)S JoSo syl (sloog,S 1> & 055 0310l SWl dguts NN )5 50035 9 0 )P sine pl IS o5
Gk 5l g Lo 9 Cogw 2 pg)S Bladloe (ol 0y ()2 9 B9 s CebB Jlonl (L1581 L
3938 b &liey g & 050 0395 J(PeChOVA and Pavlata, 2007) 3,8 o Cjyso el culld 5 4l

Ve gohe sl sbale S gygboas (P<e/ee eV )08 Iy GRl3l (o Djgo 4 0 0 (iigate p9)ST JoSta
Sl B jlasd ol b duslie )5 1) (gl dilis) (G095 & yonSS 0355 (yiguio—pg)S p)S0lS )3 p)S9)Sue Vee e
oS 2wl Sl 03,5 o dslone A5 0oy )3 Er0n58 (39 (ke S ol Sl Wlig) S5 EpenSS 0395 e
SIS 1) ErepsS Mg Mo pd (nyide (pgetepeyS PSS )3 P9 sSee Yeor 9 VP pohaw (ol slajles

S92 byless cnl 4 bgiye 35 ali) sdsi 50055 0398 (i w5
S VA BVY 5l iS55 sl o s 5 )Shos Clao p (igsio—p,S e golaw (19331 Sl =Y Jguar
Table 2- Effects of dietary supplementation of chromium-methionine on egg laying performance of layer
hens at 73-79 weeks
Ossiempg,S gl
63,Skas Slas Chromium- methionine (pg/kg) Orthogonal el

Performance traits 5 459 g0 1200 1600 2000 SEM orE e
L|near QuadratIC

&ljg, Slygs Bpae 97.17%8 95.45" 9584 9549 9359¢ 91.54¢ 0.380 <0.001 0.0048

(5o Exol e S)

Feed intake

(g/hen/day)

Sl b i 2.75%  2.65? 2.642 2.672 2.45P 2.37°  0.045 0.0001 0.087
Feed conversion

ratio

(20) §popss Mg 54.40° 55.23° 56.19¢ 5571°¢ 58.69% 59.642 0.955 <0.0001 0.330
egg production (%)

(£55) &0 055 0339 65.40 65.48 64.92 65.07 6586 6596 0.434 0.269 0.176

Egg weight (g)

aljg) oyt grep3s o3 35.53Y  36.157  36.43° 36.24° 38.64° 39.31° 0.614 0.0001 0.132
Egg mass

(g/d/bird)

(P < 0.05) wisly o (sl sino I (gl S yiia i Gy b i 2 slageSiko &P
a.b Means in the same column with different superscripts are significantly different (P < 0.05).
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Table 3- Effects of dietary supplementation of chromium-methionine on external egg quality traits of laying hens
from 73 to 79 weeks of age

el DN _ . Ly Crolbusd
Factor () bropss US55 adls (p)5) dtogy jy () sy 2oy Shell (um)
Egg Shape index  Shell weight ~ Shell percentage thickness (m

(%) C)] (%) ) H

ossse—pg,S Chromium-methionine (pg/kg)

0 76.63 5.33¢ 8.51 0.39
400 77.22 5,540 8.74 0.39
800 76.35 5,47 8.99 0.37
1200 77.65 5,580 9.02 0.38
1600 77.09 5.9 9.20 0.38
2000 77.21 6.05 9.50 0.36
(592) eSS e
Storage period (d)
o35 Fresh 76.83 5.35° 8.78 0.38
7 77.28 5.60% 8.88 0.37
14 76.87 5.84¢ 9.23 0.38
(°C) & slod
Storage temperature (°C)
4 77.13 5.61 8.92 0.38
25 76.86 5.70 9.10 0.38
P-value
Ogampe)S 0.813 0.022 0.242 0.215
CrMet
SRR S 0.570 0.020 0.264 0.603
Storage Period
e sled 0.420 0.752 0.703 0.348
Storage Temperature
GRS e X(pdgie—pg)S

: 0.704 0.379 0.830 0439
CrMet x Storage Period
S sled X g S 0.898 0.744 0.787 0.898

CrMet x Storage Temperature
MRS glod X (g5l e

Storage Period x Storage 0.338 0.260 0.955 0.307
Temperature

SRS (slad X ()l Do X (yigaite pg S

CrMetx Storage Period x 0.473 0.504 0.329 0.350

Storage Temperature

(P < 0.05) sy o (sl sine B (gl S e gy b 5t o SlaceSilee P
b Means in the same column with different superscripts are significantly different (P < 0.05).
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Table 4- Effects of dietary supplementation of chromium-methionine on internal egg quality traits of laying hens during the entire experimental period (from 73 to 79

weeks of age).

pH

ke ()Tbuko) A«T]» E&H)‘ (racshes) |J|)<) sl e Tib 033 UTEL» w55 i 03,5 Aoy sk o> sl Sl

Albumen height Yo Yo Yo . Yolk percentage  Albumen percentage Haugh
Factor (mm) height(mm) color index YF?rI]k AlbpulTe” p(%) ’ (02) ’ it

Chromium-methionine (UQ/KQ) wssio—ps,S
0 8.19° 18.37 6.63° 23.64 6.20 8.68 29.55 61.93 88.97°
400 8.722 17.92 6.862 23.50 6.17 8.73 28.45 62.80 92.342
800 8.882 18.00 6.902 23.66 6.24 8.63 29.94 61.06 93.232
1200 8.93? 17.62 7.062 23.43 6.24 8.95 28.43 62.54 93.042
1600 8.63% 17.94 7.002 23.21 6.25 8.71 28.48 62.31 91.25%
2000 7.70¢ 17.93 7.032 24.11 6.18 8.65 28.96 61.36 85.67¢
Storage period (day) (j5,) )l e
I?rish 8.822 17.99 7.00 23.79% 6.17° 8.65° 29.56 61.68 92.912
7 8.622 18.07 6.83 22.81° 6.18° 8.65° 28.48 62.62 91.12%
14 8.24° 17.85 6.96 24.272 6.272 8.882 29.15 61.54 89.31°
Storage temperature (°C) (¢, lnSs slo>
4 8.58 17.93 6.94 23.37 6.22 8.70 29.03 61.04 90.96
25 8.41 18.02 6.87 23.92 6.21 8.77 28.87 61.95 90.43
interaction effect of storage period (day) x Storage temperature (°C) CC) 5,1 sl % () (61465 Soa foliza 31
CCYYa % o3k 8.82 17.992 7.00 23.73 6.17° 8.56° 29.56? 61.69 92.91
CC) Fx Gs)V 8.64 18.322 6.81 23.03 6.20° 8.75% 29.05° 62.01 91.74
CCYYO % (G550) ¥ 8.60 17.82° 6.86 23.84 6.18° 8.57° 27.92° 63.25 90.51
CCYF x (5o ,)F 8.27 17.73° 6.94 24.01 6.23° 8.79% 28.70%® 61.89 89.13
CCYYO x (55,) V¥ 8.22 17.982 6.97 23.96 6.322 8.972 29.612 61.19 89.49
P-value
Cysosta—pg,S 0.0002 0.178 0.007 0.904 0.067 0.109 0.276 0.478 0.0001
CrMet
IS Ske 0.011 0.372 0.155 0.003 0.0001 0.001 0.146 0.156 0.005
Storage period
IS slod 0.724 0.438 0.565 0.083 0.162 0.990 0.817 0.651 0.610
Storage temperature
GRS Ode X(ygio—pesS 0.106 0.196 0.439 0.680 0.226 0.249 0.354 0.785 0.080
CrMet xStorage Period
S slod X ygsio—pg,S 0.049 0.497 0.353 0.921 0.152 0.553 0.894 0.849 0.045
CrMet x Storage Temperature
0.946 0.025 0.847 0.067 0.007 0.010 0.034 0.110 0.357

SIS gl X ()l e



Storage Period x Storage
Temperature
SIS (slos X (IS Dk X i ymamp s S 0.008 0.455 0.644 0.345 0.071 0.048 0.082 0.090 0.017

CrMet x Storage Periodx Storage
Temperature

(P < 0.05) 15l o gyl sime BT gyl Sy pi o> b gt o slonSle 2P
a.b Means in the same column with different superscripts are significantly different (P < 0.05).
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Table 5- Effects of dietary supplementation of chromium-methionine on biochemical factors of blood serum of layer hen
from 73 to 79 weeks of age.

5 S Ogslempg)S g
gimgmﬁgéﬁ:ctors Chromium- methionine (ug/kg)
0 400 800 1200 1600 2000 SEM  P-value

L plS 65 ab b ab a ab a
Triglyceride (mg/dl) 2680.4 1562.8 1844.4 2790.8%2 2010.6 2917 10.755 0.0036
Js sl a ab b a a a
Cholesterol (mg/dI) 202.00 175.60 145.00 194.80 191.00 196.40 1.992 0.0014
I oo
Total protei_n (g/dI) 5.12 5.80 5.54 5.80 5.52 5.58 0.349 0.539
g |

Albumin (g/dl) 2.38 2.38 1.96 2.36 2.28 2.48 0.267 0.299

e 273 342 358 344 324 310 0336 0244
Uric SE)SIJEE%I gay 404 33 294 410 276 435 0503 0260
o 2140 2580 2840 2720 2000 3160 1501 0795
MEEUST 18020 19360 17580 18880 22020 20800 2539  0.268
Olucoss (m/gly  22380° 16320° 13180° 16660° 16160° 173.60° 2096 <0.0001
AT 4470 344 371% 310 284 278" 0385 0012

(P < 0.05) st e (sl gine SIS (gl S e gy b g o slacuSibe &P
&0 Means in the same column with different superscripts are significantly different (P < 0.05).
 Alanine Aminotransferase
¢ Aspartate Aminotransferase
¥ Malondialdehyde
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Table 6- Effects of different levels of chromium-methionine on the response of the humoral immune system of
laying hens during the entire experimental period

oy Ogsiepg,S gdaw
gimﬁeymﬁ?éﬁ:ctors Chromium- methionine (ug/kg)
0 200 800 1200 1600 2000  SEM P-value
5 «ﬁ;’f”‘ﬂ' 533¢ 6007 5667 683 833 733  0.336 0.0001
G ﬁggﬁ"”' 183 250 200 316 300 1.8 0311 0.065
M vfgﬁf gl 300 450° 583 6.16° 733 6.83% 0345 0.0001

(P < 0.05) siil o (s sine MBI gl S it s g b sty slaSilo P
&b Means in the same column with different superscripts are significantly different (P < 0.05).
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