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Table 1- Chemical composition of the feedstuffs and basal diet

(33e ol 5e s > als b dlais JEVLTRSYEN
Nutrients Alfalfa Barley grain Soybean meal Basal diet !
EA suls 92.50 93.92 94.37 93.54
Dry matter (%)

ST sole 92.52 94.40 93.47 93.85
Organic matter (%DM)

pla 08 5 5 15.94 11.91 45.82 13.87
Crude protein (%DM)

NENpREN 1.75 1.90 1.79 1.85
Ether extract (%DM)

S ek el 59 Jslaols L) 48.96 198 28.10 28.03
Neutral detergent fiber (%6DM)

Gl sais g 5o Jslaels LI 32.42 8.38 9.85 15.04
Acid detergent fiber (%6DM)

Goash it slas],aua g S 25 87 60.79 17.76 50.10
Non fiber carbohydrate (%DM)

ol polie L5 (535 2.00 3.00 3.00 2.73

Metabolizable energy 2 (Mcal/kg)

.Jxl__sy.udl;ns._\..a)dr/o 33;4.‘1‘4“).}\/’ A;.‘ajim)a\‘\//o JALI‘L_:L_.IA&—\

i dnalas (V0 +V) g 5T o Jglan Gulead 5 (S suls  SHLS s (518 K6) pd golis L1535 Y
1- Basal diet was included 27.5% alfalfa, 70% barley grain and 2.5% soybean meal.
2- Metabolizable Energy (Mcal/kg) was calculated based on NRC (2007)
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Table 2- Effect of iron supplement (iron sulphate and nano iron oxide) on lamb’s performance

Volas  Yolad Yolad 6 olad 0 plad P ol LagSils ol slas
T1 T2 T3 T4 T5 p- value  Standard error means
sl oo 30.14 30.51 29.53 30.15 29.84  0.2318 0.195
Initial body weight (kg)
e <ot sule 1.23¢ 1.32°¢ 1.42% 136" 1.39% 0.0001 0.020
Dry matter intake (kg/day)
s O LiulHdl o Kile 0.19° 0.222 0222 0.20® 0.20*®  0.0200 0.004
Body weight gain mean (kg/day)

40.23°¢ 44.26% 4331% 42.81° 4254° 0.0001 0.259

W 0ds
Final body weight (kg)

Gotlie 53 cend 00 s M b ssun (Y (oAl WSl b o sem 4 GaT Gaalis 5o cand YO 8 5Mas Gl s s (Y (2ald) Gl oo (V Jold piulesT slalas
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Treatments included: T1) basal diet (control), T2) control+ 25 ppm Fe as a nano iron oxide, T3) control+ 50 ppm Fe as a nano iron oxide,
T4) 25 ppm Fe as a iron sulphate and T5) 50 ppm Fe as a iron sulphate.

Means with different superscript letters in rows are significantly different (P<0.05).
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Table 2- Effect of iron supplement (iron sulphate and nano iron oxide) on plasma minerals concentration (mg/l)

rolie -4 ol Voles Yolas Y les Eolad o slad P liie -Sile ol glea
(e EEINE La
Minerals  Recordingtime T1 T2 T3 T4 T5  p-value Standard error means
e Yo 5o 0.76° 0.74% 0912 0.69°¢ 0.50¢  0.0001 0.017
Copper Day 30
T 5o 0.79° 0.61° 0.62° 0.58° 0.49¢ 0.0001 0.016
Day 60
95 Yo s 1.67 1.63 1.66 1.65 1.64 0.6700 0.020
Zinc Day 30
T 5o 1.36 1.25 1.29 1.31 1.30 0.1900 0.025
Day 60
Al Yo s 2.23¢ 2.84° 2.71® 247°¢ 2.58°¢  0.0003 0.045
Iron Day 30
T 5o 2.37¢ 3.05¢ 2.80° 258¢ 2.73¢ 0.0001 0.016
Day 60
sl Yo s 97.92 97.77 97.16 97.76 97.51  0.2500 0.248
Calcium Day 30
1 e 96.10  95.88 95.86 95.60 96.00 0.3700 0.175
Day 60
Siud Y o 64.41  64.11 63.99 64.17 63.37  0.6300 0.387
Phosphorus Day 30
T Sy 61.94 61.82 61.36 61.86 61.62  0.2400 0.215
Day 60

JJMO' AJ)LL}‘L:LJ‘A&(V ‘UATJEHS‘JJLQJMMQATUJ:J:;AJJMYO 5_9)1.3_}@[.3:&)39(\‘ :(JAL..’L)QL\:A):‘_A(\ LJ,QLJJ‘:AL:\LA)TGLA)LA:\:

Al Gaalie 5o cand 00 8 5das Gl s (0 5 oAl Sl o g Al Gaabis 5o cand Y0 s M wb s ua (£ AT sl b om0 8T §sabis

-u.a~/~0 CEAJJJJJ‘JL}’_Q(S‘)LATJml JJ;JAMJQLJZ&;QJJ)A)JQL&M_&&J"P

3 ] elad gin s

S

il

Treatments included: T1) basal diet (control), T2) control+ 25 ppm Fe as a nano iron oxide, T3) control+ 50 ppm Fe as a nano iron
oxide, T4) 25 ppm Fe as a iron sulphate and T5) 50 ppm Fe as a iron sulphate.
Means with different superscript letters in rows are significantly different (P<0.05).
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Table 4- Effect of iron supplement (iron sulphate and nano iron oxide) on hematological index

Sslslen slagaala -Gl Volas Yokl Yolas £kl ol Pl LOSLe solubiul slaa
sl
hematological index Rec_ording T1 T2 T4 T5 p-value Standard error means
o8 sladan S ulaas Yt.”zi 18.74°¢ 22112 21.23%® 19.73 19.03¢ 0.0360 0.431
(il 50N ") Day 30
Red blood cell 1 S0 17.08¢ 23.99% 2270 21.28°¢ 20.60°¢ 0.0001 0.623
(10 22/1) Day 60
o sl san cilale Yo s 13.23¢ 1565% 16.18* 15.00°¢ 14.30¢ 0.0001 0.280
(3 g 3 p5) DAY
Hemoglobin 1 S 1452° 17.45% 17.12* 16.08% 15.81% 0.0450 0.630
(9/100ml) Day 60
O 3es8 sladas S wmjn Y G, 4240 46.60° 44.14% 41.23° 43.71® 0.0300 1.185
Packed cell \}olume Day 30
(%) 1 S 46.00° 49.882 48.22% 47.25% 46.33° 0.020 1.080
Day 60

Osale 5o cransd 00 8 M Gl aa (¥ AT Sl b o) pnts (Al Gsalie o 2B Yo s gMas Gl esan (Y (aald) Gl aea (V Jold polesT slajles
Sosets oAl Gl 53 cand 00 s My Gl s (0 5 oAl Slilgw o yat Gal Gabe 5o Sl Yo s 5das Gl s (8 AT WSl Sb o) et oal

il o /00wl 5o Hls Sae sobel M 3 ga g swiaus,Las (s 5o Lo wlde e i a 8 gs Al sl g
Treatments included: T1) basal diet (control), T2) control+ 25 ppm Fe as a nano iron oxide, T3) control+ 50 ppm Fe as a nano iron oxide,

T4) 25 ppm Fe as a iron sulphate and T5) 50 ppm Fe as a iron sulphate.

Means with different superscript letters in rows are significantly different (P<0.05).
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Table 5- Effect of iron supplement (iron sulphate and nano iron oxide) on Thyroid hormones concentrations

Osoosd olimdsa oy Yokl Yolas Yolad f ks o lad P ole LapSihe ol gllea

Hormon Recording time T1 T2 T3 T4 T5  p-value Standard error means
ERYRPRS \EIYY 1.38¢ 187¢ 1.67° 1.65° 157¢ 0.0001 0.04
EOXEEY
T, Day 30
- S0 1.76° 2.38¢ 2.77% 24743 2,702  0.0004 0.15
Day 60
RRTRTERN Pevt Yo s 79.29¢ 86.00% 84.44% 8260°¢ 83.25° 0.0001 0.54
T, Day 30
AURTS) 84.68°¢ 89.03% 86.91° 87.21* 86.65° 0.0130 0.67
Day 60
Ts Ty e Yo s 57532  46.049 50.49°¢ 49.99°¢ 5281° 0.0001 0.56
TJTs Day 30
AURPS) 47.6523  4258° 43.35% 44,17% 5576% 0.0210 1.57
Day 60

o3 and 00 s e by s ua (VAT waSl b om0 oAl Gabie 5o cand Yo s gMa G s (¥ (0ald) 4l ssas (V Jold aledT slaslas
AT Gsalie 53 crand 00 8 M Gl s s (0 5 (AT Sl g o em 4 AT alie Hu el Y0 80 G s s (£ (AT WS P o ges T (sl
(CmenS 558) o 58 s 155 T4« i 958 s (555 : T3 35 AT Sl g & e

il e /40 o 53 Sl sine golel AT U sa s suian LS Ciasy 58 o wldie sk s

Treatments included: T1) basal diet (control), T2) control+ 25 ppm Fe as a nano iron oxide, T3) control+ 50 ppm Fe as a nano iron
oxide, T4) 25 ppm Fe as a iron sulphate and T5) 50 ppm Fe as a iron sulphate. T3 : Tri-iodo-tironin, T4 : Tetra-iodo-tironin

(thyroxine)
Means with different superscript letters in rows are significantly different (P<0.05).
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Effect of iron source on performance, some minerals, thyroid hormones and
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Introduction: Iron is one of the essential trace elements for livestock, which is essential for the
transport, storage and use of oxygen. Iron is one of the components of hemoglobin, myoglobin,
transferrin, cytochromes and many enzymatic systems including catalase, peroxidase, phenylalanine
and hydroxylase. Providing iron in the diet improves hematologic parameters and growth
performances of calf and lamb. Also, the presence of iron in the diet is necessary for appetite,
secretion of thyroid hormones and glucose metabolism. Recently compounds as nanoparticles using
nanotechnology have been released. Changes in particle size to the nano-particle (size less than 100
nm) increase surface to volume ratio and change their other characteristics. Increasing the surface
area of the nanoparticles allows their interactions with organic and inorganic molecules occur
differently. One of these compounds is iron oxide nanoparticle which is used in various industrial
fields and even as feed additive. Since the experiments and research on iron nanoparticles have not
been carried out in the field of ruminant nutrition, so far this experiment was designed to evaluate
the effect of two types of iron (nano iron oxide and iron sulfate) on performance (feed intake and
average daily gain), plasma concentration of some minerals, thyroid hormones and hematological
parameters of growing Mehraban lambs.

Material and methods: In this experiment, 30 male lambs with 4 £ 0.5 months age and average
live weight of 27.1 + 1.51 kg in a completely randomized design were used for 60 days. The lambs
were placed indoor in 2x1 meter individual cage with a cement floor and received water and feed
individually and ad libitum. The treatments were: 1) basal diet (control), 2) basal diet + 25 mg/kg
iron as nanoparticles of iron oxide, 3) basal diet + 50 mg/kg iron as nanoparticles of iron oxide, 4)
basal diet + 25 mg/kg iron as ferrous sulfate and 5) basal diet + 50 mg/kg iron as ferrous sulfate.
Diets were offered to the animals in the morning (8:00) and evening (16:00). In the beginning of the
experiment, before morning feeding, lambs were weighed in two consecutive days with 16 hours
feed and water deprivation and the average weight of these two days for each animal was
considered as weight of day zero. Feed intake on a daily basis in every single lamb was measured.
All lambs every 15 days (2 consecutive days) before morning feeding (with a 16-hour feed and
water deprivation) were weighed to determine changes in body weight. On days 30 and 60 before
the morning feeding, blood samples through the jugular vein were taken from all lambs.
Immediately after blood collection, 0.5 ml of heparinized blood was poured into 1.5 ml micro tube
and sent to a medical laboratory and using automatic cell counter, hematological parameters
(number of red cell, concentration of hemoglobin and red cell percent) were determined. Plasma
concentrations of iron, zinc and copper were determined using atomic absorption spectrometry and
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calcium and phosphorus were determined according to standard methods. Plasma concentrations of
thyroid hormones (T3 and T4) were measured based on the immunological competitive enzyme

assay using ELISA in accordance with relevant guidelines.

Results and discussion: Dry matter intakes of iron supplemented treatments (treatments 2, 3, 4 and
5) were 1.32, 1.42, 1.36 and 1.39 kg/d, respectively, which were significantly higher than control

(1.23 kg/d), (P<0.05). Also, average daily gain in the treatments supplemented with iron oxide
nanoparticles (treatments 2 and 3, respectively 0.22 and 0.22 kg/d) was significantly higher than the
control (0.19 kg per days) (P<0.05). The finishing weight of lambs receiving iron supplement
(treatments 2, 3, 4 and 5, respectively, 44.26, 43.31, 42.81 and 42.54 kg) were significantly higher
than the control group (40.23kg) and iron oxide nanoparticles were more effective (P<0.05).
Adding iron supplement to the diet, except for treatments 2 in day 30, resulted in a significant
decrease in plasma concentration of copper in both the sampling times (days 30 and 60) compared
to control treatment (P<0.05). Copper plasma concentration of treatments 1 to 5 on day 30 was
0.76, 0.74, 0.91, 0.69 and 0.50 mg/Il, respectively, and on day 60, was 0.79, 0.61, 0.62, 0.58 and
0.49 mgl/l, respectively. plasma zinc concentration of any of the two sampling times (days 30 and
60) was not affected by iron supplementation and no significant difference was observed between
control and iron supplemented treatments. Plasma iron concentration in both sampling times was
affected by iron supplementation in the diet and the differences between the control (2.23 mg/l on
day 30 and 2.37 mg/l on day 60) with iron supplemented treatments (in treatments 2, 3, 4 and 5 was
2.84, 2.71, 2.47 and 2.58 mg/l on days 30 and 3.05, 2.80, 2.58 and 2.73 mg/l on day 60) were
statistically significant (P <0.05). Plasma concentrations of calcium and phosphorus in both
sampling times in all treatments were similar and the difference between treatments was not
statistically significant. The use of iron supplement caused a significant increase in the number of
red blood cell and concentration of hemoglobin in supplemented treatments compared with control
(except for hemoglobin concentration in group 5 on day 60) (P<0.05). But the number of red blood
cell significantly increased only in group 2, the reason of which was not specified. Plasma
concentrations of thyroid hormones (T3 and T4) in both sampling times (days 30 and 60) in
supplemented treatments were significantly higher than the control group (P<0.01).

Conclusion: In overall, the obtained results of this study showed that iron supplementation
improved performance, blood iron and thyroid hormones concentrations in lambs. Also blood
concentrations of iron and thyroid hormones in all the treatments were within the normal range.
However concentrations of above mentioned compounds in control group were in down the ranges
and in iron supplemented treatments were in top the ranges. Also no significant difference was
observed between the two types of supplements for performance and thyroid hormones at the end of
the period. But nano-iron supplement was more effective on hematological indices compared to
ferrous sulfate.
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