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ABSTRACT

This experiment was conducted to evaluate the effect of different levels of iron (0, 40, and 80 mg/kg) with iron
sulfate source (FeSO,) on performance, internal organ weights and immune response of boiler chicks in periods of
whole production (w: 1-42 days of age), grower and finisher (GF: 11-42 day of age) and finisher (F: 25-42 day of
age) using a 3x3 factorial experiment. The results showed that the utilization of 80 mg/kg FeSO, significantly
(P<0.05) decreased daily feed intake of broilers during T period. The addition of 40 mg/kg FeSO, into the diet
significantly decreased the relative weights of jejunum, ileum and whole intestine (P<0.05). The relative weight of
bursa of Fabricius was higher in chicks fed 40 mg/kg FeSO, supplement in F period as compared to birds fed control
diet (P<0.05). The positive effects was observed on blood monocytes in chicks fed diet containing FeSO, supplement
during F period compared to T period (P<0.05). Furthermore, the inclusion of 40 and 80 mg FeSO,/kg diet linearly
(P<0.01) increased blood lymphocytes percentage of broilers. According to the results of this experiment, it seems
that the utilization of 40 and 80 mg/kg FeSO, can improve carcass quality by reduction of small intestine weight and
have beneficial effects on immunological responses of broiler chicks especially during F period.

Keywords: Carcass, feed intake, growing period, monocytes, small intestine.

* Corresponding author E-mail: daneshyar_mohsen@yahoo.com



o gl Ggwly (g SIS slaplail 5 o0 Slas sasinl 3 Sb ) SKes 5 ST 39500 OA

Ganld 5l o)l eSSBS lgieay o il
Buzala ) o,ls id5 oy Sho ool ué g (oo 3]
2 bl 884 pamie bl JJoar (et al., 2016
e ol el bl s GaelanST o
sl Rl S e 5 59080 raie S Olyea
Oliveira et al., ) ogd oo azlil g ol>
sl wiles 55 stel sk eimen (2014
Sl polie 5l (JU polie el o slashe
2 Jeo Sloatisplio o Slos 5 il slaion
Olyea) 555 g alex Sl n e sloan ]
cmpl ady 0 el yaw el s
Uk 5l cliblre 3 (NADH € 5b @ claps,S gims
0S| (oo Sl pRyGiSTy slaaiss o
5 GV w3l o ool yate jpa> Jlo lsiean
B ol o Los syl cudlkd laas>
Lieu et al., 2001; Buzala et al., ) aib oo oy
5 ohaS olie 28 5l dgel opyge (2016
Sy jshiear me el 4 Sl el e
oS s sles il @ aiely Napl oyl pean
Loy, S odipy G 3l Jule Glacar a5 cl
loazél, (Hampton et al., 1998) s¢i o aimlils
15 wsesd sl iS5 Eals a5 wlesls L
Jebo 4y e Ylaiol pal 050 Jlzrs (slagsigs
(Munoz et al, 2007) 50,5 oo _wges <8l
ol 0908 a8 wilosls ylas 3 Sldllas (piseen
o Gl 0 e glocewsad  les
wolais! JsSlsa TH) T SeS T slacomsid
JsSlse TO) ' SeuSgigule T «(s,ls |, CD4*
@ oS TouiS e T (sl |, CD8 olazsl
GRS 1y sitn oy ol (s ol
(Kemp, 1993; Mullick et al., 2006) a»s -
assls ylis (2004) Kuvibidila & Warrier - coces
2 Sooleal el bajige ;0 ol 09 S
J0) Thy slacawgad 5l asi i slo S gl

1. HCLO

2. Th (T-helper)

3. Tc (T-cytotoxic)

4. Treg (T- suppressor)

-

400

Sl bl sl 972 G yais S o2
bows oldé loo > S jobay .ol lusl o Lo
A e M pgas 4 g LS Gl
ol g )l elen a1y ggy 5 ool B iy
S Samer e o S WIS e S90eS
oS G g anegd e s gleyaS
5 s S99 50 a5 Sl oad 39l al b S
coode g olamdl Glacd iy 9925 L (ke Conex
King & Turnlund, ) aciee g3, g ool a8 l>o
ool sg.aS (1989; Carpenter & Mahoney, 1992
Sl Ol 5o ldss GlaogeS (nimls 5l (S
I3 8l cow |y Gz poye las,e Ve sgas oS
Sl,9iS 3 paie (nl 098 4y jsbay ol ool
3 i (poye doyd B b Yr) aidl sy S
0o, YA B Y) adly arng ¢ Sxe slo,eils
Martinez-Navarrete et al., ) <ol xls (poye
03g: p3¥ (b5 Azg> ad) slp yaie (nl (2002
Sl ae 8L s o655 SlegtS e 50
P eizmen g le Al Jelse (0950 WS
Syl i golyae  glaawl 5 5N DNA
Slgs o ol (Jl= ol b (Kwiecien et al., 2015)
Gilple el o o Sl slaJesl) Jesas el
pea 385 jsbar G 0wl yate Gl chl
o] 4 yzie Wlg o T 0l polie a5 | 05,5

.(Abbaspour et al., 2014) o5 3L
bpog Gb 055 glazgz ol clrlis]
00yt pSskeS 1 oS e A+ «(1994) NRC
S b 2 )l sleo e aSinl 925 bl
pAS p eSS ke At 5l G (59l )3 5 bgw
oz 3l Gludsas dlge d9zg Ll s ol
ALk )l sbopz o b (b 5 laolid
3 os 4) ol Dix a5 Gl (JhessSL]
2 (o iwd o8 sl e iyl (ol ok
Teucher et al., 2004, Bess ) auao ualS |y o,
sonld 5l ool jo ool aic (et al., 2012
oz 5l ony Slogrge ples ol (5lugdgm
S5 g Sl JEl g ST 0S5 JU



09 \YaA )Le{‘\ A 4‘))‘.0*; AR 5)5¢ bu‘f‘ so‘é ]851.6

Gloazs> ol wllizl oy Voo 5 80 zoha
PRS2 Sk A Frocuia) B8
ool Slidgw g 5l (Cute ol (slajled plyice;
Vo) Gan 090 JS el slandss 090 Y sl
Y LY ) SLL 5 ol sleoyg (59, FY U
5592 (539, FY B YO (o) (SLb 0j99 5 (53,
Vo U yao) cp3lél 0,90 ¥ ol siulol (sloo >
FY B YO) $Lb o (S5, YE BN 0l (5,
Gdre dlge Slalaxl 5 wad gilweslel (539,
e Ae ol A Sl Gillan 225 slatryz
S5 ) Jsaz 5,5 el (Aviagen, 2014)
Iy yol> aslllas ;o oolatul 8,90 ciolejl sloo
S50 Shy> Ml gdie olge oS 5w oo (LS
Lgms S 5 &3 Lol pil iglesT 4 eolizd
e 5l eslitul b (pmagio 2 g s olRialesl o
s ol UFFDA (Pesti & Miller, 1992) 3
ombesl cpl o eolatul 8,90 Guase ol ass
My (FESOLTH0) &l ¥ ase oyl Slilgs
(Merck Company, Germany) lJl S ,0 S
PSS e Sk A g e mlaw g5 50 45 oy
Srae al x4 bylxe o g0l o0p
02l L) al opz il ulesl jo s 5 ASlal
Lol i Gizmen 5 (1 Jgur )3 oddis 5ol
Sllgw £,5 o YO) a0l 0z 4y 00l adlol Joss
JoSo g oy 2l 5l atuine polie (g9l 295 (5]
PSS ppSbe A 5 e ghu ¥ o ol (boes
a3 S Sl 5o Cute ald alosl slaey S e
ol o iuley]l Gow pled jo laazgs ol
oSS Lol o Yx) oled b ailBlas (03) (6 s
azs 2l 09 5 48l 039 el WS (555
Y Goeay Giolol g wivg £,5 VY40 o YA i e
Otalel e plas yo Sy g o sl Jsbo 4 5,
plad jo 2058 .0l ooly I8 laazge LS o ailoly]
Vs gligy Celo VY O jpon Gialejl Sae Jsb
3 o Syl az e g g, bl o ()b el
ade ,o ol 5l am 5 09 of 5 ol ax 0 YY (ol atin
helS oS (Ol az o ¥z )3 VY (slos &y (s, U

el

(59 ==l 0 L3 Thy 5 (Jshw (el )0
3 onl G5 de el pae aShjeba wus S
e I < S
oSl LSl aler 5l gyl
o8l B ke el b g o8 Vool izl 5 VY
s o ClSil b Sl 4 Lyl e
aS W, 5,158 (2016) Jarosz et al. (5,50
w25 2 by e @ ool (Game oS 5l eslin
ool Cllisl asys YO mhw o 5kd oyl b
o3l T (slacumsis) » 5, (isF sloazsx
CD25" CD8" CDA" Julis 55 0 s (g8
oy ghe eizes 5 CDA/CDET o
ROWARV SRS IVSR

Aoz 5l lagdiens) b 390 yo shlisne Slallas
Gazgr oy90 30 SlaS polie Sog38l slaJose
Syp0 o badl b ol b el oad plol _2sS
SH0s Slaazyz 0y ;3 ol yaie sl oS ik
Sl slagaly 9 (Sl lagll (59 2 ohge
ol 3l kol Gom ol sl Sgams oany lodzg
o2l Sl JoSo cilizee slaws Sl o) e
slgwly Fr s G sleplal (9 0 Shee
IS el slasdss 0,90 ¥ jo 505 sloazg> ol
g o) sleoyes (F59, TV B o) (Bgn 0y9
GYO (o) Sbl 0y99 5 (59, TV VY o) SLL
292 (539, ¥V

B w9y 9 2lgo
SldS as,50 ;0 VYAF Lo olojpe )5 G ()]
plnil areg)l ol Siils (55)5laS ouSiisly ol (i
JoysiS B ialesT G 5 solitul b ol aslllas o
5 oolitul b dolas SalS )b Sy JB s PxY
—ool) A 059,50 (FbeS (wgyS dxgx axkad FO-
IS e ey Ve g LSS0 Gy AL YA
W opr Sy Jold slejl slajles b plodl
Loy ¥ g (e walis jlag (lyiea) ol Joso

1. Interferon gamma (IFNy)
2. Interleukin (IL)



o gl Ggwly (g SIS slaplail 5 o0 Slas sasinl 3 Sb ) SKes 5 ST 39500 [

9 9 LS g s DBl Gy 2 ()9 (e SSlee el
5 S5 039 odmallig (b (haSKw S gl
Orizeed 5 pgikl 5 009,05 nsilys ol ] (sl
oz 088 9 Jxb g Jolt solad slaplail (5
ofee) CBo b Jlious go3l 5l eolainl b puga
Slaplil (g i b (s 0D (6 pSojlil o5
20,5 Al Wl (o (39 0y (39 2 S
Slgize Gj9 Sl 035 Pl jshie (ies
55 el A sgam o] ppaile 5 5 o lsS olSass

b osls (Kw 3 bazg> 4y s

S Slos gbraziwl B 2U 35!

Ol oy 0dd) (39 polie 0y98 e L o
ey g @lis) Oy GRlBl eSle (Sl Syae
I bl mls s gpSosll oy o Shss hos
Al 555 559, FY B Y s alejl 0)99

splail (133 9 Sl Gleplail (59 S0l

oW el
TY 595 50 o 3 slaplail (i i jslaieds
2 OS5 5o 5leiy ) Jless 5o 5l ey O Lialejl

boy] oz siie Slge oS 5 5 (STye> MBI Y Jou
Table 1. Ingredients and nutrients composition of experimental diets

Starter Grower Finisher
Ingredients (%) (days 1-10) (days 11-24) (days 25-42)

Corn 51.45 54.97 59.90
Soybean meal (44% CP) 41.42 37.60 32.44
Soybean oil 1.92 2.68 3.14
Fatty acid 0.7 0.7 0.7
Limestone 0.92 0.92 0.85
Dicalcium phosphate (DCP) 1.95 1.60 1.45
Vitamin-mineral premix* 0.5 0.5 0.5
L-lysine HCL 0.21 0.15 0.15
DL-methionine 0.27 0.22 0.21
L-Threonine 0.09 0.09 0.09
Salt (NaCl) 0.18 0.18 0.20
Sodium bicarbonate 0.10 0.10 0.08
Vitamin E 0.10 0.10 0.10
Phytase 0.01 0.01 0.01
Sand? 0.18 0.18 0.18
Total 100.00 100.00 100.00
Calculated composition
ME (kcal/kg) 2910 3010 3100
CP, % 22.31 20.86 18.92
Ether extract, % 4,91 5.77 6.38
Calcium, % 0.93 0.84 0.77
Available P, % 0.47 0.41 0.38
Sodium, % 0.15 0.14 0.15
Potassium, % 1.03 0.96 0.88
Chlorine, % 0.20 0.18 0.20
Fe, mg/kg® 85.40 83.72 84.37
Lysine, % 1.40 1.26 1.13
Methionine + Cysteine, % 0.90 0.82 0.77
Methionine, % 0.58 0.51 0.48
Threonine, % 0.94 0.88 0.80
DCAB (meqg/kg) 270.62 257.59 233.53
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1. Vitamin and mineral premix provided per kg of diet: vitamin A (retinol), 8800 1U; vitamin D3 (cholecalciferol), 2500 1U; vitamin E (dl-o- tocopheryl acetate),
11 1U; vitamin K3 (menadione), 2.2 mg; vitamin B6 (pyridoxine), 2.5 mg; vitamin B12 (cyanocobalamin), 0.01 mg; vitamin B3 (niacin), 35 mg; vitamin Bs
(pantothenic acid), 8 mg; vitamin By (folic acid), 0.5 mg; Choline chloride: 400 mg; Betaine, 190 mg; Zn (zinc oxide) 65 mg; Mn (manganese sulfate), 75 mg; Se
(sodium selenite) 0.2 mg; lodine (calcium iodate) 0.9 mg; Cu (copper sulfate) 6 mg and Fe (iron sulfate) 75 mg.

2. Builders’ sand as a filler was added to experimental diets.

3. Fe value was analyzed by flame atomic absorption spectrophotometry.
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Table 2. The effects of different levels of dietary FeSO,4 supplement and feeding periods on performance of broilers
from 1 to 42 days of age

, Factor Final body weight (g) at 42d ADWG (g/bird)" ADFI (g/bird)* FCR (g/g)"
Periods
T 2173.92 52.28 96.36 1.84
GF 2207.97 53.04 97.55 1.84
F 2172.93 52.20 97.49 1.87
Added Fe (mg/kg)
0 2163.22 53.05 96.54 1.82
40 2255.59 52.63 97.44 1.86
80 2136.01 51.85 97.42 1.88
Pooled SEM® 55.49 1.06 1.71 0.03
Period xAdded Fe
T periodx0 2109.58 51.38 93.07%* 1.81
T periodx40 2281.64 56.41 106.47° 1.89
T periodx80 2130.54 49.05 89.55° 1.83
GF periodsx0 2340.00 53.18 95.89% 1.80
GF periodsx40 2220.28 51.34 94.20% 1.84
GF periodsx80 2063.63 54.61 102.54% 1.88
F periodx0 2040.08 54.58 100.67% 1.85
F periodx40 2264.85 50.13 91.63° 1.84
F periodx80 2213.86 51.88 100.15® 1.93
Pooled SEM 96.11 1.82 2.95 0.053
P-value
Period 0.88 0.82 0.85 0.70
Fe 0.29 0.71 0.91 0.39
Period x Fe 0.19 0.03 0.0003 0.72
Type of response
Linear 0.73 0.42 0.71 0.18
Quadratic 0.13 0.89 0.82 0.83

P <o [-0) Wyls (5 ylo ge WS cmglie By, (sl)ls Slo Klo ¢ 25u ;o 50 w2 0 a0
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a,b: Means within a column in each section with different superscripts are significantly different (P < 0.05).
1. ADFI, average daily feed intake; ADWG, average daily weight gain; and FCR, feed conversion ratio.
2. Feeding periods included, T, total period (42d:1-42 days of age); GF, grower and finisher periods (32d: 11-42 days of age); F, finisher period (18d:

25-42 days of age).
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Table 3. The effects of different levels of diatary FeSO, supplement and feeding periods on internal organ weights
(percent of live weight) of broilers at 42 day of age

Factor Liver Pancreas Heart Gizzard Duodenum Jejunum lleum Small intestine
Periods*
T 2.07 0.21 0.54 1.61 0.70 2.61 1.60 4.92
GF 2.05 0.24 0.55 157 0.69 2.50 1.64 4.84
F 1.92 0.21 0.49 1.79 0.71 2.55 174 5.00
Added Fe (mg/kg)
0 2.04 0.22 0.54 1.65 0.75 2.80° 1.83° 5.38°
40 2.05 0.22 0.50 1.65 0.67 2.30° 1.51° 448
80 1.95 0.21 0.55 1.66 0.69 2.56% 1.65® 4.90%
Pooled SEM 0.05 0.01 0.02 0.09 0.02 0.12 0.09 0.19
Period xAdded Fe
T periodx0 2.02% 0.20 0.53 1.54 0.74 2.77 1.67 5.17
T periodx40 2.30° 0.22 0.53 1.59 0.66 2.34 1.44 4.44
T periodx80 1.89% 0.21 0.56 171 0.72 2.74 1.70 5.15
GF periodsx0 2.04% 0.25 0.57 1.44 0.72 2.67 1.99 5.39
GF periodsx40 2.00® 0.23 0.52 1.60 0.69 241 1.45 4.55
GF periodsx80 2.12% 0.22 0.60 1.66 0.68 241 1.49 4.57
F periodx0 2.07* 021 0.54 1.99 0.79 2.96 1.84 5.59
F periodx40 1.85° 0.21 0.46 1.75 0.67 214 1.64 4.45
F periodx80 1.84° 021 0.49 1.63 0.68 2.55 1.76 4.98
Pooled SEM 0.09 0.02 0.03 0.15 0.04 0.20 0.15 0.33
P-value
Period 0.09 0.15 0.08 0.17 0.89 0.78 0.52 0.82
Fe 0.31 0.95 0.15 0.99 0.07 0.02 0.05 0.007
Period x Fe 0.02 0.76 0.52 0.35 0.73 0.58 0.48 0.71
Type of response
Linear 0.21 0.83 0.66 0.94 0.09 0.16 0.15 0.08
Quadratic 0.37 0.82 0.06 0.90 0.10 0.01 0.04 0.007

P <o [+0) Wyls 5yl pme BB (gliie By ) Slo Kilos ¢ 25u ;2 50 g 2 0 @b
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(59, FY B YD G 5l o9,

a-b: Means within a column in each section with different superscripts are significantly different (P < 0.05).
1. Feeding periods included: T, total period (42d: 1-42 days of age); GF, grower and finisher periods (32d: 11-42 days of age).
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Table 4. The effects of different levels of dietary FeSO, supplement and feeding periods on lymphoid organ weights
(percent of live weight) of broilers at 42 day of age

Factor Thymus Spleen Bursa of Fabricius
Periods®
T 0.551 0.110 0.203
GF 0.551 0.096 0.207
F 0.559 0.090 0.211
Added Fe (mg/kg)
0 0.541 0.097 0.203
40 0.524 0.098 0.214
80 0.597 0.100 0.204
Pooled SEM 0.03 0.007 0.04
Period xAdded Fe
T periodx0 0.592 0.110 0.194°
T periodx40 0.464 0.102 0.204%
T periodx80 0.598 0.118 0.210®
GF periodsx0 0.456 0.088 0.214%®
GF periodsx40 0.562 0.122 0.202%
GF periodsx80 0.636 0.080 0.204®
F periodx0 0.576 0.094 0.200%®
F periodx40 0.546 0.072 0.236*
F periodx80 0.556 0.104 0.198*
Pooled SEM 0.05 0.01 0.009
P-value
Period 0.97 0.11 0.50
Fe 0.15 0.94 0.25
Period x Fe 0.08 0.03 0.04
Type of response
Linear 0.15 0.72 0.86
Quadratic 0.18 0.97 0.10

P < D) Wyls gyl gore BT (glain B9, s slo o Kils (idn 12 40 giw oy b
YA) SLb oy90 F (S50, FY UV o 51 5e, YY) SLL 5wl sloo g0 GF «(( S350, FY UY cpw 31 5o, V) 090 JS T : ol (slasdss (sloo 50
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a-b: Means within a column in each section with different superscripts are significantly different (P < 0.05).
1. Feeding periods included: T, total period (42d: 1-42 days of age); GF, grower and finisher periods (32d: 11-42 days of age).
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Table 5. The effects of different levels of dietary FeSO, supplement and feeding periods on immunological parameters of
broilers at 42 day of age

White blood cells count

Monocytes

Lymphocytes

Heterophils

Eosinophils

Basophils

Factor (x 10%l) (%) %) %) (%) (%) H/L ratio
Periods®
T 23.10 2.00° 66.77 25.27 1.66 0.92 0.378
GF 22.47 2.07* 67.11 25.60 1.82 0.99 0.381
F 22.81 2.08 67.22 25.61 1.79 1.00 0.381
Added Fe (mg/kg)
0 22.55 2.08 66.57° 25.23 1.75 0.99 0.379
40 22.66 2.06 67.20° 25.43 174 0.94 0.378
80 23.16 2.00 67.33° 25.77 1.78 0.97 0.383
Pooled SEM 0.42 0.02 0.16 0.18 0.05 0.05 0.003
Period xAdded Fe
T periodx0 22.74 1.95 66.25 25.02 1.64 0.97 0.378
T periodx40 22.23 2.05 66.85 25.34 1.64 0.86 0.379
T periodx80 24.33 2.00 67.20 25.46 1.70 0.92 0.379
GF periodsx0 22.43 2.02 66.55 25.38 1.86 1.00 0.381
GF periodsx40 22.56 2.08 67.40 25.38 1.76 0.98 0.376
GF periodsx80 2241 211 67.38 26.04 1.84 0.98 0,386
F periodx0 22.48 2.04 66.90 25.48 174 1.00 0.381
F periodx40 23.20 2.12 67.35 25.56 1.82 0.97 0.379
F periodx80 22.75 2.08 67.40 25.80 1.80 1.02 0.382
Pooled SEM 0.72 0.04 0.28 0.31 0.08 0.09 0.005
P-value
Period 0.53 0.04 0.13 0.17 0.06 0.49 0.86
Fe 0.57 0.06 0.004 0.33 0.82 0.76 0.71
Period x Fe 0.43 0.87 0.88 0.92 0.87 0.98 0.89
Type of response
Linear 0.30 0.09 0.002 0.07 0.63 0.83 0.53
Quadratic 0.70 0.09 0.21 0.64 0.69 0.48 0.59

a-b: Means within a column in each section with different superscripts are significantly different (P < 0.05).

P < D) wyls gyl gxe BT (glain B9, s slonSils (jidw 1o 50 giw 2 5 @b
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1. Feeding periods included: T, total period (42d: 1-42 days of age); GF, grower and finisher periods (32d: 11-42 days of age).
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3. Natural Killer Cells (NKs)
4. Tumor Necrosis Factor Alpha (TNF-a)
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