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Introduction: Insufficient minerals play a crucial role in various physiological functions such as digestive,
and metabolic processes within the body. They act as cofactors in many enzymes and serve as catalysts in
enzyme systems. These substances also contribute to the immune system and hormone secretion pathways (Tom
et al., 2003). Zinc, copper, manganese, and iron are micro-elements that play essential roles in the growth,
development, bone tissue formation, and immunity of broiler chickens (Echeverry et al., 2016; M'Sadeq et al.,
2018). Zinc acts as an antioxidant, protecting cell membranes against peroxidation (Olivares et al., 2007). It also
exhibits synergistic effects with vitamin E and polyphenols (Wotonciej et al., 2016). Copper is vital for growth,
enzyme activity, and reproduction. It plays a significant role in various enzyme activities, such as ceruloplasmin,
cytochrome oxidase, and superoxide dismutase, which help protect cells against oxidative stress (Hussein and
Staufenbiel, 2012). Iron interacts with other elements, particularly copper, acting as a catalyst in oxidation
reactions (Wotonciej et al., 2016). Manganese is also crucial for fetal growth, body weight gain, bone growth,
and reproduction (Olgun, 2017).

Materials and Methods: To investigate the impact of different sources and levels of zinc, copper,
manganese, and iron on the performance, blood parameters, and tibia characteristics of broiler chickens during
the grower and finisher periods, 1250 broiler chickens from the Ross 308 strain were divided into 10
experimental treatments. Each treatment consisted of 5 replicates with 25 observations in a completely
randomized design. The experimental treatments included mineral elements (zinc, copper, manganese, iron)
from two organic and inorganic sources at levels of 40, 60, 80, 100, and 120% of the requirements during the
grower and finisher periods. Blood samples were collected from two chicks in each replicate at 42 days of age
and analyzed for various parameters at the laboratory of Razavi Hospital in Mashhad.

Results and Discussion: The effects of different levels of organic and inorganic minerals (zinc, copper,
manganese, iron) on the performance of Ross 308 broiler chickens during the grower, finisher, and entire
experimental periods are presented in Table 2. The results indicated significant effects of different treatments on
body weight gain, feed consumption, and feed conversion ratio across all periods. The highest body weight gain
during the grower period was observed in groups receiving 120%, 100%, and 80% of organic mineral
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requirements and 120% of inorganic requirements. Daily feed consumption was highest in the group receiving
40% of inorganic and organic mineral requirements and lowest in groups receiving 80%, 100%, and 120% of
inorganic and 60%, 80%, 100%, and 120% of organic requirements. The feed conversion ratio was significantly
higher in groups receiving 40% of organic and inorganic requirements compared to other groups during the
grower period. In the finisher period, the highest daily body weight gain was observed in groups receiving 120%,
100%, 80% of organic mineral requirements and 120%, 100% of inorganic mineral requirements. Daily feed
consumption was significantly lower in groups receiving 100%, 120% of inorganic mineral requirements and
120%, 100%, 80%, 60% of organic requirements during the finisher period. Throughout the rearing period (11-
42 days), daily body weight gain was significantly higher in groups receiving 120%, 100% of organic mineral
requirements and 120% of inorganic mineral requirements. Daily feed consumption was highest in the group
receiving 40%, 60% of mineral requirements from inorganic sources.

Conclusion: The study results demonstrate that different sources and levels of recommended mineral
requirements have significant effects on performance, bone mineral storage, and bone physical properties. The
lowest feed conversion ratio during the entire rearing period was observed in groups receiving 80%, 100%, and
120% of the requirements from organic and mineral sources. Daily weight gain was significantly higher in
groups receiving 100%, 120% of the recommended requirements of organic minerals compared to other groups.
Zinc, copper, manganese, and iron stored in bones were significantly higher in groups receiving 80%, 100%,
120% of the recommended requirements of organic minerals and 100%, 120% of the recommended inorganic
requirements. Fracture energy was significantly higher in groups receiving 120%, 100%, 80% organic and
inorganic minerals. Based on the findings, it is recommended to use 80% of minerals in organic form due to its
high storage capacity in the tibia bone and its ability to achieve performance similar to 100% and 120% of the
requirements from organic and inorganic sources.
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Table 1- The ingredient and nutrient composition of basal diet to broiler chickens (11-42 days)
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Table 2- Amounts of zinc, copper, manganese and iron added to the diet and the amount measured in the diet
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4 dngil g Jue Saxe dlge lalanl o WWe g I Sase
51 oinlosl 0y9d ST 50 odliwl 3590wl el Candty gl
o3liwl )90 zahaw il Lol il (65, Shas Slio (g 3 sine
Dy > bxe

ly g (Sdme dlge caliseo wlio 5 zokaw il ¢ gyl lalllas
oldplsl adllas )> .lodls j18 )y p dyg0 (65 Epe 3 Slas p
Sgo 5l odliwl a5 038 )18 L en g g VY Jlo jo
b st Sme lgo b dglio )3 5ol ol o o> I oo
Shsd hds cord 9 o 09 d9e e SVL gl gslaw
aS o )35 508 ladlles p> (Vieira et al., 2020) 4,3
0)9d 4 C'Jl_s5.u5).’ UM 9 (PgaRe — o duM J.a.s.o )I ol
Deo et al., ) 15,5 (555 slagye i iy ol 3-8l o
U535 55 (Abdallah et al., 2014) -, \Ken 4 ablie (2018
«89)) I Shme dlgo oyd Voo b BgS Ere ks a5 WD)
Slgo do)d B L odderdis 09,5 b duglie )3 (ol g yiSKke o
Ly i 039 csS 39y YO 3 (e Sdxedlgo Voo b oddaiss
aS adoob s K sy b Liliel ase LB by
oy ) Ko g o 89y I e dlge Sl sk (933
43,5 (GBS e (i (1 Il s S0l 09,5 4y s
(Aksu etal., 2011)
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Table 3- The effects of inorganic and organic supplements on the growth performance of broiler chickens in the growing and finishing

periods
Ad) 09 b oygd hax 09> JS
Grower period Finisher period Whole period
20580 5 o 20580 5 o 2053 5 oy
s ol Gy EAREE 2% ol e EAREE % ol L Jas il
e Level oM 039 S S oM 039 St S oM 039 9> S pae Shss
ltem Body Feed Feed Body Feed Feed Body Feed Feed
weight . conversion weight . conversion weight intake conversi
: intake . : intake . : .
gain ratio gain ratio gain on ratio
40 41.724 71672 1.728 65.18¢ 134.802 2.062 55.65 109.152 1962
St JeSo 60 42.024 69.64 @ 1.67° 67.59¢ 133.07%® 1.97° 57.20¢  107.30% 1.88°P
Inorganic 80 43.46bPcd 68.06 157¢ 73.61° 131.60"t° 1.79¢ 61.36¢  105.79 cde 1.72¢
mineral 100 44.89 67.36 ¢ 1,53« 7482%  13142¢ 1.76°¢ 62.25P¢  105.40 % 1.69¢
120 44,79 abc 67.28 ¢ 1.50 d 7487%  130.21°¢ 1.74¢ 62.65  104.64 ¢ 1.67
40 41.93¢ 70.98 2 1.69 a 67.09¢ 13364 1.99 a 56.87¢9 108.18 % 1.90 &
S JeSe 60 43.12 cd 68.16 1.58¢ 7358  132.24bc 1.80¢ 61.20¢  106.20 1.73°b
Organic 80 44.10 abc 67.35¢ 1.53 75.49%  130.68 ° 1.73 62.74¢  104.95¢% 1.67 be
mineral 100 44.88% 66.74 ¢ 1.49 de 76.972 130.34¢ 1.69d 63.9320  104.50°¢ 1.63 o
120 45782 66.54 ¢ 1.45 de 77312 130.29 ¢ 1.68d 64.50 2 104.39 ¢ 1.62¢
okl gl
> J)SEl\j 0.362 0.425 0.012 0.653 0.482 0.018 0.417 0.322 0.014
S g pdaw Jlais
P value
TJtS | 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
otal
Sc;étj:ce 0.8356 0.6891 0.2489 0.2588 0.1492 0.2119 0.5188 0.3598 0.2148
IEJ:; 0.0428 0.0092 0.0367 0.0638 0.0596 0.0280 0.0382 0.0024 0.0180
&ie X gaw
Source x 0.2148 0.3212 0.1515 0.3128 0.3519 0.3890 0.0351 0.0925 0.1692
level
Jaie duglis
Contrast
L“_f]b 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
iner
P9 4?)3_ 0.8849 0.0053 0.0120 0.0005 0.2080 0.0001 0.0012 0.0099 0.0001
Quadratic
P(’;J;f 0.2385 0.8459 0.1185 0.0352 0.4071 0.0221 0.0191 0.4005 0.0134

(P<1+0) a3l oo 6yl sine S gyl @glisie gy b (ygtw po 53 b uSilie P
&b Means with different letters within a column are significantly different (P < 0.05).

lie A5 Jpd pyd 4 Cuns 5 by lgsel > yolie pl
oy > Tt 5 J oo Jao cilise g 5] gy b
polie L 5%ie g me g9y I S5 5l onlatwl a8 wisly 3,158
gl St in by cualio 2 2,55 5 2,5 o MY+ 515 -
A (GBS Epe Sy gl e g 5Se ke (ol o
odlawl 48 JJJ; uL’ olﬁbu Orod .(Hajilari etal., 2018)
olS e o (53l ne 23U (It g T Gire JoSo ]

S JaSo j) oslial 4 13,5 555 lisee diwly oyl
590 Y0 (N Gl ojl o (1bsS Ere 02 3 2l 5 e S5
09,5 L doulie )3 1) (Seudyy ploeial 59y 9 5Kt cgme e
Slewl oyl lime o ) mime 55U Lol aals yalsdl smls
5 5L <6, adllas > .(Bao et al., 2009) 5,55 slool  Scdd
Tokw 0958 45 0 S ()15 5 (Bao et al., 2007) ., Sen
5 89y 580 c o polie Sl pp jlordacog ol yowl
il e Gil3dl el (g5 sladnge oy ) ool
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Table 4- The effects of inorganic and organic supplements on the blood parameters of broiler chickens in the growing and
finishing periods

e Tk 5

JS o Owesd]

sl Sl 153016 pyglle

Gl Protein total  Albumi Uric acid e S MDA L
ucose rotein tota umin ric acCl
Item level (mg/dl) (mg/dl) (mg/dl) (mg/dl) ALP(U/) (umol/l) CAT (UN)
40 210 5.86 2.068 0.592 57.0 8.8 5.356
e JoSo 60 215 5.78 2.248 0.574 59.0 8.902 5.696
Inorganic 80 211.2 5.78 2.108 0.594 58.0 9.094 5.278
mineral 100 204.8 5.76 2.066 0.62 52.6 9.14 5.72
120 214.6 5.82 2.132 0.604 54.2 9.138 5.252
40 198.6 5.82 2.128 0.634 61.2 8.616 5.678
I oS 60 211.2 5.86 2.090 0.572 60.2 9.068 555
Organic 80 210.4 5.76 2.042 0.626 57.4 9.356 5.572
mineral 100 198.8 5.90 2.136 0.60 55.8 9.43 555
120 221.4 5.70 2.17 0.574 54.0 9.116 5.628
Skl (slas 5.572 0.177 0.053 0.021 2.985 0.244 0.278
SEM
Eob g pdaw Jleis
P-Value
;‘Z " 0.1352 0.9992 0.2790 0.3691 0.5498 04635  0.9345
e 0.3659 0.3495 0.3485 0.3598 0.3648 0.2849  0.6589
Source
f‘::el 0.7589 0.2147 0.1158 0.2548 0.7586 0.6289  0.5248
e 0.6258 0.5257 0.6627 0.8249 0.6254 0.1587  0.6257
Source x level
s
Contrast
f:‘r; r 0.4409 0.7061 0.5401 0.2755 0.2938 02735  0.5906
P92 42> 0.3125 0.8668 0.0420 0.3019 0.2223 0.9092  0.8553
Quadratic
g‘”b‘?ﬁ 0.8048 0.8999 0.0845 0.7355 0.9170 0.8299  0.2004
upic

ALP: alkaline phosphatase; MDA: malondialdehyde; CAT: catalase

boiye oozl Siis oole duopd (s D HI0 xe BMS] a8
9t ate Ololan] 1oyd Ve Nov oauSedl s (claog,S 4
o) £ g Fr ea uSCBl ) 09,8 1 3 lie (kS g
3 CeanSd (650 s oamlie Jpt g JI Saxe dlge Clslas]
S wle p alelanl aop Ae g Ver Y- b ordaniss glaog,S
dlgo o Sl b ko 93 1o 53 &S (g )sbay g ity ik
(P<+/+0) 5,5 oy Lial38l Jas &gty S (65,3l ¢ Sdne
oA By 50y gl cank (550 1Sbe 4l o)

(P<:/+0) ol osnlie bl Sixe dlge ciliste zolaw

6l CAT wsilies oo MDA: blins sl ALP

(e 4859)) (Phma Sy idiss polaw 5 wlie lite 3l

oo by Gl (Su5d Shogas i (onl 5 550
s S b i ol ond ()15 5 ol )5 (2365
Ol 8y )8 inlefl slalass b cod gl ias g
03lo o pd (gl mime iyl Sume dlge pdaw gz ol
Oy (P<e/+0) cubly cuSs (5l 5 pogase g St
We e Londadis glaog)S 4 by o gl (ogasio )9
oA g Vee AV 5 Tl aie b Saxe dlge clalan] ao )
L oasaniis (sLinog,S )3 ke cyyioS g Il guio b colsls]
sol Caday yal g 5800 cs9y e It ilio 2oy Fo g
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Table 5- The effects of inorganic and organic supplements on the mineral contents of broiler chickens in the
growing and finishing periods

S JLI $9) e proes N
e gk . . o
Item Level Calcium Phosphorus Zinc Copper Manganese Iron (ppb)

(ppm) (ppm) (ppm) (Ppmd) (ppm) _

40 36.54 18.37 79.93¢ 0.43 1.87¢ 81.71
St JeLo 60 36.70 16.99 80.80% 0.51% 2.04¢ 85.71%
Inorganic 80 35.53 17.20 83.14¢ 0.582 2,572 116.87°
mineral 100 36.65 17.01 86.49% 0.572 2.672 139.232

120 36.94 17.19 86.96° 0.552 2,702 143.152

40 36.68 16.76 79.14¢ 0.44¢ 1.84¢ 88.99¢
N JeLe 60 36.55 16.93 81.91% 0.49¢ 1.88¢ 101.02b¢
Organic 80 37.26 16.80 85.03° 0.50% 2.19° 139.502
mineral 100 37.09 16.93 87.342 0.552 2.632 142.592

120 37.03 16.91 87.03? 0.55% 2.67% 132.96%
Js’ll;'\:“l ol 0.363 0.524 0.623 0.013 0.061 5.586

Sobre pdaw Jlais
P-Value
£ 0.8482 0.6307 0.0001 0.0001 0.0001 0.0001
Total
e 0.8579 0.5518 0.4194 0.4928 0.4219 0.2519
Source
g 0.8254 0.5269 0.0001 0.0018 0.0418 0.0189
Level
o X gl 0.6851 0.06254 0.0234 0.0965 0.2358 0.1453
Source x level
Contrast
flia:er 0.9214 0.1068 0.0001 0.0001 0.0001 0.0001
- 0.9560 0.2680 0.0567 0.0030 0.0628 0.1103
Quadratic
8“’ b‘%)) 0.7025 0.4015 0.8693 0.2839 0.0145 0.1620
ubic

(P<1+0) sl o (g o sime S (gl iglito By Ly (ysis yo )3 oy Sile 0
&b Means with different letters within a column are significantly different (P < 0.05)

b o Cady Glemiwl s g Jodo Lili8l cel (gl bixe
(Bao et al., 2007) Lo o L .(Hajilari et al., 2018)
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oo)l55 (El-Husseiny et al., 2012) wis sanlin 5 ey b
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Table 6- the effects of inorganic and organic supplements on the physical property of tibia bone in broiler chickens in the

growing and finishing periods

[E 2N 039 R ) ' .. <55
e gshe Dray pegae e = A iy Fr:;::re S
] Length Diameter Ash Stifness . Shear
Item Level matter Weight (mm) (mm) %) (N/mm) deflection
@) (Nim?) (mm) force
(N/m?)
40 44.40° 1.086" 68.02 8.77 22.81 197.73 2.51 0.477¢
et JoSa 60 46.95¢ 1.082b¢ 69.83 9.65 20.96 219.85 2.70 0.511¢
Inorganic 80 50.82@ 1.094abc 69.91 8.96 21.29 234.10 2.58 0.532@
mineral 100 50.43abe 1.124% 68.85 9.54 22.24 217.00 2.52 0.524ab
120 50.78zbe 1.113% 72.21 9.78 21.70 220.13 2.73 0.5302
40 47.41b¢ 1.09620¢ 68.70 9.59 22.88 243.42 3.98 0.481bc
S JeSe 60 51.51@ 1.078% 69.46 9.42 18.75 212.24 2.22 0.522°
Organic 80 52.96% 1.073¢ 67.88 9.60 22.88 235.95 2.92 0.527%
mineral 100 53.10% 1.116% 69.68 9.55 20.64 215.36 2.01 0.5422
120 54222 1.1352 70.24 9.39 20.41 243.52 2.57 0.5372
Skl sllas 1.84 0.01 1.05 0.22 1.32 16.24 0.24 0.0125
SEM
S Pisine g Jlos>]
P-Value
'I%Z tal 0.0508 0.0373 0.2180 0.0618 0.4542 0.5867 0.4880 0.0055
& 0.2951 0.5127 0.6719 0.4895 0.0625 0.1580 0.7824 0.0514
Source
f::el 0.0267 0.0624 0.3495 0.5290 0.6281 0.3521 0.2864 0.0182
i 0.2807 0.2381 0.5270 0.4489 0.4621 0.2589 0.5291 0.0462
Source x level
Contrast
Liner 0.5420 0.0537 0.5881 0.1145 0.8154 0.3269 0.9346 0.0113
Quadratic 0.1083 0.2420 0.1816 0.5069 0.2981 0.2347 0.5993 0.1420
Qubic 0.0852 0.9622 0.9030 0.0069 0.7926 0.7472 0.7232 0.7179

(P<eT+0) 3l o ()l ine NS (il glite By b gty 4 lapSibe 3P
&b Means with different letters within a column are significantly different (P < 0.05)
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