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Table 1- Ingredients and chemical composition of the basal diets

(4253) 002 381 ol ) bl oddubre (glis dlge LS 5 ol ) bl
Ingredients (%) Starter Grower Finisher Calculated composition Starter Grower Finisher
&y ails keal kg pudptio 16 5, 2870 3000 3080

53.31 56.15 59.61 Metabolizable energy,
Corn 1

kcal kg

xS VAL g oS ol g 21.82 20.48 19.06
Soybean meal, 44% 39.26 35.72 31.90 c .
cp rude protein
Lo (£9) i B oY 1.20 1.05 0.93
Soybean oil 2.83 4.16 4.3 % s 1.00 0.86 0.82
Clind el (0 Calcium%
Dicalsium phosphate 2.00 1.8 1.68 % i B yad 0.47 0.43 0.40
Sal g Available phosphorus%

1.18 0.95 0.93
Calcium carbonate % wpes 0.16 0.16 0.16
Shes S Sodium%

0.36 0.29 0.30
Common salt 0 anols 0.91 0.85 0.79
KRN A | Digestible lysine
L-Lysine HCI, 78% 0.18 0.08 0.04 i B oede 0.60 0.52 0.47
oo =l 2 Digestible methionine

0.30 0.24 0.20
DL-Methionine, 98% e S8 it gt 0.89 0.80 0.73
isi-J Digestible methionine +
et 0.08 0.03 0.01 cystine
L-Threonine, 99% wan b sy 0.79 0.70 0.63
2 . .. - - -

__ﬁatﬂ? S i 025 025 0.25 Digestible threonine

Vitamin premix
OloySr mrde

0.00 0.10 0.10
Sodium bicarbonate
S 100 100 100

Total
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H2 ol 2,5 Lo 100 5 B12 by p )5 Lo 15 BI (yuslisg o5 Lo 1000 BB (yuslizg )5 o 3000 B5 cpuetig p )5 s 3000 B3 puolig 5 Lo 10000 B2 puatig )5 Lo 6600.B1

The experimental diets were made by adding mineral premix to the basal diet at 25, 50, 75, 100% of level recommended by manufacture (2.5 kg/ton).
Each 2.5 kg of vitamin premix includes 9,000,000 International Units (IU) of vitamin A, 2000000 IU of vitamin D3, 1800 IU of vitamin E, 2000 mgs

of vitamin Kj, 1800 mgs of vitamin B1, 6600 mg of vitamin B2, 10000 mgs of vitamin B3, 3000 mgs of vitamin B5, 3000 mgs of vitamin B6, 1000

mgs of vitamin B9, 15 mgs of vitamin B12 and 100 mgs of vitamin H2.

Each 25 kg of mineral supplement contains 99,200 mgs of manganese, 50,000 mgs iron, 84,700 mgs of zinc, 10,000 mgs Cu, 990 mgs of iodine,

250,000 mg choline chloride and 200 mgs of selenium.
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Table 2- The pattern used for feather scoring (17).

2 Odg ol 0y Gl ol 0503
Feather coverage Score Poor feathering Score
7 0
J"\S S and 5 S LSLh)i 15l
Complete coverage :
203 15 5l judey by, 4 No defect
>75% coverage
=75 s 1
.Lo).) 50 75 U9 3 O)L_: s A.ULp

50-75% coverage
2oy> 25-50 g 2
25-50% coverage

WS g Al drwgs o JgSIod Sl gy sl Sl o 4Bl (59) Jgb
Blisters had developed on the shaft, near failure of feather to emerge from the follicle,
broken feathers and retarded feathering

20325 j| 1eS b 1
<25% coverage

Lesion and torn feathers
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Table 3- Effect of mineral premix supplementation on broiler performance in different growth periods’

2. .
(ne dga bglswo ey (slopr o

(9 fox2lp ) o 0s Lal38!
Body weight gain (g/bird/d)

. .2 Starter Grower Finisher Whole period
Dietary level of M. Pmix (0-10d)  (11-24d)  (25-420) (0-42 d)
0 11.70° 17.37° 21.17° 16.69°
25 17.55°% 56.51° 101.17° 63.77°
50 16.12%° 49 55° 99.08° 50.88%
75 14.47% 48.67° 94.08° 57.12%
100 15.58% 51.41° 99.09° 59.17°
SEM® 0.64 331 7.18 4.06
p- value 0.0001 0.0001 0.0001 0.0001

(sl o3 nlp 5) Sy b pae

Feed intake (g/bird/d)
0 19.31° 34.45° 67.24° 42.25°
25 25.51° 89.03% 185.9% 109.47°
50 24.27° 80.03% 181.0% 103.96°
75 21.61% 74.49% 176.9% 99.72%
100 24.37° 80.70° 177.1° 102.15°%
SEM 0.63 4.64 10.54 5.82
p- value 0.0001 0.0001 0.0001 0.0001
Shss b cups

Feed conversion ratio
0 1.67 28 3.08° 2.52°
25 1.45 157 1.84° 1.711°
50 1.53 1.60° 1.83° 1.73°
75 1.52 1.52° 1.88° 1.74
100 1.54 157 1.83° 1.73°
SEM 0.03 0.04 0.01 0.075
p- value 0.144 0.0001 0.0001 0.0001

(P<O/05) 13l o talof] sloond cont yBsine oskis ,Siky oy gy cygio sy,
o5jle B S (103 0/25) (ool xbaws 3| hoyd (poliolys Jidmo dlga boglie st (slopes GJ&»Z

:Sbe 3 il glas®

!In each column, means with different subscript letters differ significantly (P< 0.05)
2M.Pmix= mineral premix as percentage of recommended level (0.25% of Diet) by manufacturing company

3Standard error of the mean

Slge bglote iy (9l slos m £y gy b dlail) )3
A5 odalie (gl e oles balswe iu (g5l slajlos b (Sixe
10100 75 zoke o L lacsglis oyl Lol g0 I sime bglsxe
anl p b oy VL (P<O/05) Wi o ixe bgle i
3y90 )3 g (Sdae dlge bgle i doyd 100 s 4 bgsye po
d9mr Poize Lol ady b sals Jlog cglis 5 L iy
Ju b (hbsy o 3 g G b Cgpliio 5 (P<O/05)
Dgr Sdxe dlge bglsee i 1oyd 100 Loy bgspe

NRC (1994) (sl oo 3 il (20) 555 25 5
Jsb g clale (oS ials 4 e (2135 ladzsx oy &
3 @ (20) 9y 5V ok (29) 45 ey e
bl yaud 5 pandS oS Sl OT ol gl s e
iz ol w W ciiiws lozinl loidlu sins Sl polie
28 gzl S B ke (g9) (6 pKeuin 35U OB paspS polis
8 5 58 p )5 o B0 gy p)5 o A0 L 0 oo (slao >
prSie 80 Ly ons JoSo (slaoyn b dunlie )> o 5 e
losiohly 5 965 o 5 o B 5 53500 .5 Lo 120 s

(29) 25,55 slog) Slyseal
= e dlge byl iy ol JI L by 5 Jobs b
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Table 4- Effect of mineral premix supplementation on tibia bone morphometric of broiler chicks at 42 day of age*

) 09 5 O3 b Job > S FuSs
(ne 3‘5" “"91'7“’()‘\“4~ LS‘°)‘~‘? C9]a.w ) Relative 3 3 3
Dietary level of M.Pmix (%)? Weight weight Diameter Length Volurge Densr%y Aosh
©) (% of BW) (cm) (cm) (em (g/en’) (%)
0 428 0.531 0.42° 6.31° 3.87° 153 33.22
25 13.48° 0.503 0.79° 9.43 11.80° 121 34.93
50 12.70° 0.505 0.75° 9.52° 10.68° 118 36.70
75 12.88° 0.537 0.78 9.34° 11.09° 115 36.13
100 13.53° 0.544 0.84° 9.48° 11.31° 119 36.61
SEM 0.91 0.005 0.035 0.30 0.74 0.01 0.92
p- value 0.0001 0.45 0.0001 0.0001 0.0001 0.370 0.253

(POM0B) sl o il slaslost o s sims sl S0l e 18 Cog i 05,850
0855 5, (103 0/25) (eolgiias s 5l 2> yoluslyy gite Slgo boglis sy (slopes -skans
by sl o i )5
'In each column, means with different superscript letters differ significantly (P<0.05).

2M.Pmix= mineral premix as percentage of recommended level (0.25% of Diet) by manufacturing company
3External diameter of the tibia at the middle point

1 . . P L L .
(2ol sllod F (Sike) (2555 sloargr (23003 2 (s Slge bl sty JoSo 51=D g
Table 5- Effects of mineral premix supplementation on feather scoring in broiler chickens (mean + SE)*

2oy o> ol

Coverage score Defect score
7 s lge e sy Sloger g s . Ju P2
Dietary level of M.Pmix (%) Wing Tail Wing Tail
0 1.62°+0.08 1.25°+0.06 1.87%+0.02 1.87%+0.02
25 4.37°+0.08 3.87°+0.02 1.12°+0.02 1.12°+0.02
50 4.50°+0.08 4.25™+0.06 0.87°+0.02 0.87°+0.02
75 4.50°+0.08 4.62°+0.08 0.62+0.08 0.62°°+0.08
100 4.87°+0.02 4.75°+0.06 0.12°+0.02 0.12°+0.02
P-value 0.0001 0.0001 0.0001 0.0001

(P<OM0B) sl o b3 sl ot o 3 i sl Kol alin 1 oy o 050,850

053 5,5 (10> O/25) (eolaitiyy grans 51 2> (yoluslys (soe Slgo bglin sy (slopes rskans
'In each column, means with different superscript letters differ significantly (P<0.05).
2M.Pmix= mineral premix as percentage of recommended level (0.25% of Diet) by manufacturing company
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T1) Control group (without mineral premix supplementation), T2) mineral premix at 25% of recommendation level, T3) mineral
premix at 50% of recommendation level, T4) mineral premix at 75% of recommendation level and T5) mineral premix at 100% of

recommendation level.
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Figure 2- Coverage and damaged feathers in‘

}1‘

T3
T1) Control group (without mineral premix supplementation), T2) mineral premix at 25% of recommendation level, T3) mineral
premix at 50% of recommendation level, T4) mineral premix at 75% of recommendation level and T5) mineral premix at 100% of
recommendation level.
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Table 6- Serum concentrations of mineral elements in different dietary treatments (mean + SE)*

2 -
oo

) Ni® cr p* ca* K* Na* zZn® Mn?

Treatment

0 9.1240.99  27.19+0.84  10.58+0.09 4°+0 2.33#0.33  36.33+0.76 15.50+0.85 2.23x0.24
25 8.98+0.17 27.9840.99  10.76%0.09  4.33%+0.33  3+0.001 40+1.52 10.98+0.56  2.43+0.14
50 8.09+0.97  28.60+0.90 10.94+0.001 5.33°+0.66 1.66+0.33 44+0.57 13.04+0.98  2.65+0.38
75 11.87+0.65 25.41+0.61  14.74%0.33  6.33°+0.33 2.66+0.33 37.66+0.66 13.16+0.94  3.06+0.31
100 10.48+0.63 28.89+0.13  11.1240.09  6.67°40.88 2.6630.33 33.33+0.72 13.23+0.77 2.51+0.03
p-value 0.2482 0.1895 0.3420 0.0201 0.080 0.3091 0.062 0.2881

P<OI0B) sl o (solef] slo o o sl 9l Sl i iy gy’
203 50 gaw 5 (Saxe dlge bglte i (sols slasi 20)d 50 (SIS (oolaity Luoy> 25 prhans ;3 e dlge bglie L (59l Hlowi 2oy 25 idxe dlge bgle (i 9) Jals las 1oy e
SIS oolgitin 1oyd 100 w55 Stme dlge bglses iy (59l sl 100y 100 5 SIbIS olpintiny oyd 75 s )3 e dlge bglses iy (sl jlass 1huoyd 75 SglblS” (ooloiiin

In each column, means with different superscript letters differ significantly (P<0.05).
%0 %) Control group (without mineral premix supplementation), 25 %) mineral premix at 25% of recommendation level, 50 %) mineral premix at
50% of recommendation level, 75 %) mineral premix at 75% of recommendation level and 100 %) mineral premix at 100% of recommendation level.

®micrograms per gram
“milligram per kilogram
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Table 7- Feather concentrations of mineral elements in different dietary treatments (mean + SE)

i i cr? p? ca’ K? Na’ Zn* Mn?
Treatment

0%  1078:183 32401043 1455:021 6.33:088  O°x057 162057 1261°:123  8.8:0.33
25% 11256219 30.19:1.30 1650:0.84 13:057 1267°:088 23+050 131123  9.04+1.82
50%  10.45:0.30 5093+1.28 14.46+094 933+0.33 1333°:035 19.14:0.33 14324157  9.06+0.22
75% 873056 30.76:1.39 1502:0.91 10:0.81 14.66°:033 19.33:0.18 1503%+158 10.61+0.45
100% 12874015 40.75:023 14.38:057 13+053  15%40.80  10.33:0.86 188%150  12.456+0.48
pvalue 08778 02953 04265 02962 0.0198 0.3169 0.0462 0.0893

P<O/05) sl o (solef] slo o o sl st 9l Sl it iy gy’

203 50 aw 5 Saxe dlge bglte i (5ol slasi 20)d 50 (SIS (ooloity Luoy> 25 prhans ;3 e dlge bglie L (59l Hlowi 2oy 25 idxe dlge bglie (i 9) Jals las 1oy )IMZ
SIS oolgitin 1oyd 100 w55 Stme dlge bglsee i (59l sl 100y 100 5 SIbIS olpintiny oyd 75 s )3 e dlge bglses iy (sl jlass 1huoyd 75 SglblS” (ooloiiin
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In each column, means with different superscript letters differ significantly (P<0.05).
%0 %) Control group (without mineral premix supplementation), 25 %) mineral premix at 25% of recommendation level, 50 %) mineral premix at
50% of recommendation level, 75 %) mineral premix at 75% of recommendation level and 100 %) mineral premix at 100% of recommendation level.

*micrograms per gram
“milligram per kilogram
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Introduction In commercial production, there is often concern about the quantity and/or quality of feathering
in both broilers and layers. For broilers, the concern is adequacy of protective feather cover, while in layers
usually the necessary degree of feathering needed to optimize feed efficiency. Feather development is under the
control of hormones such as thyroxine and estrogen and indirectly by testosterone. Therefore, environmental or
nutritional status affecting the hormonal output of the birds will indirectly influence their feathering. Nutrition
influences rate of feathering as well as feather structure, color and molting. In spite of the fact that minerals
constitute a little proportion of body weight (2 to 5%) in vertebrates, their significance is high for growth,
enzyme activation, immune system, regulation of the osmotic pressure, egg production and feathering. Urine and
blood serum or plasma are the most commonly used bio fluids for metabolomics-based studies for the simple
reasons that they both contain hundreds to thousands of detectable metabolites. In blood, the minerals undergo
homeostatic controls, thus the ranges of concentrations are narrow, but the concentration of minerals in hair and
feather is broad and can reflect long term metabolic changes. Blood tests can vary significantly depending upon
animal’s diet, activity level, the time of day and many other factors. Contrary to the blood, the concentration of
minerals in hair and feather is broad and can reflect long term metabolic changes. Hair or feather can be
considered as a metabolically inactive tissue, and its composition indicates the levels of trace elements that store
in its structure through nutritive blood flow. Feather chemistry has been investigated as a means of identifying
the geographic origins of migrating and wintering populations of birds, and as an indicator of environmental
pollution. Since the minerals are crucial to the functioning of enzymes, hormones and other biochemical
systems, it is possible to read the hair or feather test and see where metabolic patterns are deviating from the
norm. The present study was amid to examine the potential applicability of serum or feather samples as a
biological indicator to evaluate the broiler responses to (un)sufficient diets with regards to the trace mineral
supplementation at 0, 25, 50, 75 and 100% of the recommended requirements.

Material and Methods A total of 200 one-day-old Ross 308 strain of broiler chicks (male and female) were
used in a completely randomized design with 4 replicates of 10 chicks each. A large batch of corn and soybean
meal basal diet was prepared for each age period (0-14, 14-35 and 35-42 days) and aliquots used for mixing the
experimental diets. The experimental diets were prepared by mixing mineral premix at 100, 70, 50, 25, and 0%
of normal inclusion rates, resulting in five experimental diets. At the end of the experiment, two male chicks
close to average weight of each experimental unit were selected for bone quality assessment and feathering
scores for wing and tail using scores of 1 to 5 for feather coverage with 1 representing minimal coverage, i.e.
<25% coverage; 2 for 25-50% coverage; 3 for 50-75% coverage; 4 for >75% coverage and 5 for complete
coverage. The wing and tail were further evaluated on a scale of 0 to 2 for the occurrence and severity of poor
feathering with 0 indicating no defect; 1 for lesion and torn feathers, and 2 indicating blisters had developed on
the shaft, near failure of feather to emerge from the follicle, broken feathers and retarded feathering. Tibia bone
morphometric parameters, i.e. weight, diameter, length, density, volume and ash, were determined. The serum
mineral concentration was measured in the fasting state at the end of the experiment. At this time, a total of 3mL
of the blood samples was accumulated in plain vacutainer tubes from the veins under the wing. After collecting,
the blood samples were left undisturbed for at least 1 hour to reach the room temperature. The serums were
centrifuging at 3,000 rpm for 15 minutes. The obtained sera were kept in 1.5mL micro tubes at -80°C until they
were analyzed for mineral concentration. The method of American Society for Testing and Materials, D4638-03
standard, was used for preparing the serum and feather samples.
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Results and Discussion The results showed that treatments supplemented with mineral premix caused
increase in average daily gain and feed intake compared to the control group (P<0.05), but the difference among
mineral premix-supplemented groups was not significant (P>0.05). Feed conversion ratio in the starter period
was not affected by the experimental treatments; nevertheless, in the growing and finishing periods a significant
difference was indicated compared to the control. Bone parameters including weight, diameter, length and
volume showed significant differences to the control group; but the difference for density and ash were not
significant. The results showed that the effect of trace mineral supplementation was significant for feather
coverage and defect feather in both wing and tail regions (P<0.05). Feathering score was increased and the
amount of damaged feathers was reduced in concordance with the increase in mineral supplementation. Serum
concentration of Ca increased in response to trace mineral supplementation. The diagnostic usefulness of feather
analysis is confirmed by authors who have proven the correlation between the concentration of basic elements in
feather and their concentrations in the body both in the physiological and pathological states. With regard to the
use of feather as a nondestructive monitoring tool, it is noticeable that it presented inter-tissue correlation with
the serum in most occasions.

Conclusion Feather could be considered as an appropriate criterion to diagnose the mineral status in the
body.
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