H‘H},;LJ_ V;Jw_f,z.’;'u 092
DOI: 10.22055/ivj.2019.189508.2149

SO 98 (oo T obou b ddgle 9 SIS 8 S 68 g o gailes s yaalle Lol
Pl Qe el 59 (Iaidin g (5 93 laseast 3 (5 925 9IS s 33T g (Sl g

Yo S5 5 T 3le sures T el 4abld s S Gulie e

Ol 5 aml 3laal O yam g ol&ils ¢ (Kb el 0uSCiils (AL )5 pse o5 5 Slstd !
Ol 5198l 31gal Ol g olKE13 )y ko sASELs (ki e 03,5 Susbil |
Ol 31sal 31l Ol e doged ol&1s (S suals 0l (AL sk 058 L0 T

Ol 31sal 31l Ol gt oK1 (o p sk eSS« amaions ) mlibime) AE)) i)l (g gonils |
MWENA by g /Y 123l s b

oS>

. e

Lowlsoe ddsle 5 S g nlb bl oS wilonds Galis aals el sl oo maie 5o Oloie 4 agnila 5 0
iy sl en Wi S 58 o0k (RIS 5 sk sl (solans b il 5 5aeS (pinan (Opia bl 5 abg 58 seae 3 Slee A
08U E w3l 5 sai g8 slag seo8 (oo ms pobas 5o disle 5 SIE 0SS 5 asnila s polie B g0 Suals sals Ry,
A S S gad A oland 5 St SLAT o el ol st 51 et Hlga oS aladl Yo el ol s 5 Gliien S 53 ShasaSly
L ol ad 5 g S (slai s ah 331 (4o 58 31 4555 10) suien S p s 535 F+ 5 (4Bkie 5o 51 g V) hsle 5o
S35 (sLas 30558 (oo e (pinan 5 (i3l A ICP-MS alSiis b cgancal gt 51 g igle slads g 5 ICP-OES slKius
(p oSS o a Slie YoV 270A) SIA 0 S S Hlie K 0Silie S ula ol mli ol (55086 31l 0 53 Sl 6 536 5K ol
& Jlate Sk s SYL ol e sk 4 O okl e b dunlie 5o (aS5LS 5o p S lie YVFFY £Y444) ailais 4dgle o
] nSilae mbls S8 ganbs (seugune Hu dallle o) 5o bl Ghiie £ sud g8 Sla0ses 58 (pooms Sbile 5 dsle o gl
Bole 4 Hlalle ouls 53 (5550 aa 5o 50 Kos (sedhais g9 5 0 saaS (gaaian s dlaie a5 Gk S s SlasSly o s8lbE
Gl I8 b (seuganse 5o a8 SlaG a8 (oo s 5 0 (SIS Glaiie S (gleaas S Gu S ok sl e
5 L (alS a sailin (sl iaes S igle 5 S 0SS Gu s Vb Jals & dsle a gl a s (SIS usa s b oS a e Gl
aonls 5158 g3 b asaaS aa 5o dilie luiien € 5 0a Sl 0536 5K 05T 5 Sile

ool s S pilen s SlaseSly 0550 5K saals Gilals

dadle
osls 0L 1y bl ol bl b Lol slacs e S Zandly ol obse (Troghetal, 1991) s Sy

0‘;}_1 «j‘_,&l ‘J"j“ U‘J"’? EW W&l gﬁ}:ﬂ‘é PRt gf&h)é r_,l.ﬁ 53; s)b_:tul ‘.\S}S._S d.,l,.adb- : J}iﬂ.ﬁ o 933
E-mail: a.nikvand@scu.ac.ir

QOB

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0
license) (http://creativecommons.org/licenses/by-nc/4.0/).

VAR Sl o jlacds aaa yilidi 0 93 (Ol yal (oSl jols it




e e L aigle 5 S0 S8 ey palhe U

(T3) s ,misds G5 4 ls (TA) (S5 15 &5 ((Gludss
.(Maddocks et al, 1985) ol (5,50 &S o S
O pomor CBLE L SIS, 05U 0 5T b
Slp sl cute gadal, S sl i S8
03 paike Candy el 5 paile 35S jaRdS
Constable et al, ) .l Lie Slls> ol lacsl
3548 3 el s sl 5lAST L 04568 (2017
— il 3 el pl e A8 plelid o) Sl slacil
S b i Olsie 4 L5 o 303 S5l 5 s
5w lae,y ol ) ek Glyme O35 A4S K3
ol axlis &« ki (Paynter et al, 1979) s,
5 SB35 Gl S 5 pase )l ol s ST
«(Constable et al, 2017; Shetaya et al, 2012) « ,lc
Davies &) psib sl 558 Sl i
S 53 ek 5 A Coeal 5 (Houghton, 1983
ole Ssme sy Ol b Lol gadllas dagls
bgle 5 St 58S 5 ek b el (S
355 5 el oS polis salaly s 5
A Bl o s adbsle ek s b man L BLSSI s S
58 SOy o polie b adsle oyl
Ohiie S 0SSl 05568 mpl ol

235 plosil syl Ol g

S s slse
S3 A8 oo OUT 5 g 5 S Lol Ragh s
S S s Aol (25 8 el e el Ol gl
O S slalins;) po el Ol g calises ailae ¥ 5
w gas g3 adkae o 5D (LT S ) adlae 5 LISOLe (o
055) S (6 20 Sl 0 =00 Gas 5l (e 00 el
5 AL ke wmi Al 535 (S T el
e ske 5 pdS ez ey Ol SKes S5 S
G sl ¥ 51 8 00 g0l a0l S 055) 35

61J.5 (hodws L;)'L.uobLJ )‘ s OJ»:?: Bras) cla..~

VIV ¥R Sals F o jlac ada 33l 0 9u ol yal S Jaal da yui

Sakaly 4 (63 9ds 4z ¢ i (Froslie, 1990) o
Deckers & ) &Lles S Oldl s sl 5 S
5l gadaze g i8S el ool > (Steinnes, 2004
OlaS ole 3las 050 YL L 55 5maS 5l a0 oIS
Lewis & Anderson, ) s,ls 345 Sllas gadss
05 S Jalaze o5 0l &S (g, 4b 4 (1983; Froslie, 1990
i Jods S A w el o 5o bagdhe )
gy alsd Gotuns il DUl sl @l s
(Khan et al, 2006) ccul Ol s 5 oS (S 5

ols 03,5 Gb sl Lagls Ol ilisen bl
03 ol el Wsle w o ladis glasls
CleS e g 5 UL basdyle oS ol -
slge rek Loz S Sl (Soln At LB (5520
~ S a b LIS e oS Lz DUl s e
SV s (McDowell & Valle, 2000) asl S gla
oS | Glapls 5 S 3150 5 50aS Ol Gl
(e Tmal 5 G iR o 3 38 e G
s s ol S| St 5K 5 35 oA o i
OB AS )l es 3 1y Sl i b 3Tk Ol @
Mohebi Fani et al, 2010; Constable et ) .ol o Ll
s 5 sl sl 50 s s pske @l 2017
23 Sl A 5 Lres G500 S SO s 58
Sosre Spae by LS o S5k DUl oDl Lai
S Qs il G sl Ll ¢l
b a0 2l 3 S g 5Tl A5 5 0l
e sle oplply ol o Aiss e U8 4 T3
33,5 oo ke ol 5 35S 1 (S5 a0 gy 50
Gode o slie Xids S 53 .(Voudouri et al, 2003)
Medeiros ) cul wlol for oSS 5 Ay (gl s A 55
(et al, 1993; Piosik et al, 1997

Pk 5 A o5l SYlal 5 Jab Ll Slallas
Sl ols QLA 1y Slle (555b 5 e baa= s
ol 6ok W1 oice 6 518 155 o g gk 3 508
S a) Sy el s egke 15 s



(Muffle furnace) Jsbs o, S 5 celu ) Do & 5 A
Glawp adesls 51551 S sl g3 Vers gles b
J515 5 03551 O 0055 Sl ekigad 53 3l e SN
—ohe Ve Lo 550 SO a8 el (g5l slags e
OGS g Slbgime oS 2 = b 5 all g 2
Lol 53 Clde (G gad OAE o Sl e 5 LA 63l
ICP- o> L s &5 50 sy sl Jplons oS 5
Nolte, ) o sl (W 2l 528 Varian s &) OES
S5 esihe G Seslll BB e o 5 (2003
/0 s 5 4 ICP-OES u;j),usufwﬂjmﬁxs
Sist Sl SehS 53 p S e Ve 5 Ve 00
Al S

5 S BUI gles o 5 el anucd b sle slads 5ol
o polie Shle (g Seilul g 5 LA Sl
b3l ey oz bty (5,865 5 ICP-MS
b le Lo s L Sl L3l Sdme 31 pe olallas
—eslel 5 S el 5 SO S Al 55 2 5l
Sl oz s Sl ol8an b 5255, S0Le L (550
(Inductively Coupled Plasma Mass = I e o
(Wl =ul 5428 Varian o5 %) Spectrometry) ICP-Ms
—¢S ez «(Kalra & Maynard, 1998) Lal Ll
e I 2558 pthen (603l LB Jlie oy 5
@IVl GG a5 ICP-MS oy 55 abske oS
GSS S g 3 1S 0 S kS /e S Jue ) 51
ssb o LUl CBs e g e sk 5 St
A Il L3l o&Kiulesl 4 Ole jen

£ Solwlder g slanil w8l O (glad gal
Lap 3 Bk St 5l 233 V0 e s Toee s o
2 T4 5T slases 0 o polie 5 Sesll Cgr
ShbesT el by b oS sl e <Y e
s bedd S5 lalsens polie LAS IS
Autobio diagnostics, ) sl S 5l eslazal L 5 15V
EDTA (s> 0 baises . Ad (5 ,Se3lu0 (China

055 eSSty 0550518 e Ol ob5s) Cgr 5

bbw 3 JMC«A‘) bl sJJ}S:J w‘fﬁ‘)ﬁ

absle 55 BB) & ke ol slie (5, Sal
e dlas JSLUST & gl 5 oS 55
G gal P ;\Mweudu)\o\,@;)mjﬂ@m
5 V0 ailaie ) oy o bl Oldiin S 045
Ao b wsad Sk O Asad 35 ol 2
g 4 45 (EDTA slinil A dorly & 505 o 5 slinl
o e bl Oda L s Ol aslas
0% 3MHemSln 05858 5T 5 sl s 8 a0 s n
S gl oSl (6350 5L IS ot lasT w5
Sl 5303V S el Slsal Ol e gt oK1
)\Wwbgb sosbo andllas 35 30 Oldidn S (Gaan oS
3,50 ailaie sle a5 Ol S 555 5 s s Jle S
e obo aw 3 WO (Gl 5 e S g 4 andllae
350 Ghle e 4y (Se LI j5b 4 ol )
sl 03 45 dndlas
SUIles 53 ol&islasl & JUsl 51 da St glad ya
e B 355 s Osla Sl esliad U 5 es (Ko
e Voo s Grahs /A Bl b L) e Yo SIS

A\ J.>-)l A eals BE e ():AL;L:A v/ VO JsﬁL.Ajla_; L:)

Fiao a pobe CBE nad ln ST 50
5o Ll Saes slpe Sldlas oKislesl 4 ICP-MS
N PR VRO IO O O %
Gl ks eslizad e Yo SIS 58 pH Sl
S5 S Sk gladsad o JT gesle (5 S5l
35 5w PH Sl 5o Jlegl eyl abid
ploil Slsal Olax dogd oS5 andime) ollisles]
2 S gbdse g p i ole Sl s
eslazal L 5 (Alkaline Fusion) L1 22 sray el
o ke lewdly all e Sl oS
(Inductively Coupled Plasma Optical Ll
(‘l’~""\ 5 &,k 4 Emission Spectrometry) ICP-OES
.(Nolte, 2003; Rastmanesh et al, 2018) .&
Joboes 5l SV L Sbe igad 5l p S 0 /Y ltde |y
O35 SAIA YO iy 6 SO 50 Sl 5 pnd

P9 Gaals o o slach aaa 3Ll 0 90 (Ol (S el d s



e e L aigle 5 S0 S8 ey palhe U

Li S glodss bzl 005 by sl sl
oS pols Clle &S b 55 (P>0.05) il o SIS
Glode gl 5l 5 ke by, Ll 53 558
Sl d gatg Sl addate 535 88 Clale sy tin S
Table 2 and ) (P<0.01) 55 ;5 iw 5 LiwS |,
wlas 550 aike Skt pH Sl
AR PG BN WP PSIRU R 7L 2 70N
Pk 035 b s e S sl OLE mls A3l e
Gl 55 abske ool Jlde JS - Sbe cailaie S
lie 53 (p SLS 7 p 8 o /TVE/20) anlllas 550

— ) A S gl ol sdd as g L Ll L

.(Diagram 2

s )‘f; th.:.la (God9d>ws > v/

05808 Sl 5 iy Sl e il
RYESS KWL

Olsen 5 TA 5T3 sy 15 Glalgos g0 sl Sls
o3 sdomn 5 adlaie Olbiden s 0 g5 53 GPX oy 5l o Jlas
ol ool Table 3 53 i S Os s Lol b
e e Sl n lme bl sl
L ol gadllas 53 T4 5 T3 iy 0 ladse,se
3l oSke (P20.05) Al edalis by slis
gadkie 53 53 OMidw S O STy 05U
A5 Y0 51 508) 35008 odasOlis 3Ll S 5 055 S
5 L8l gailie 53 5 (mslS gon 05 8 55 Ml
05 0> Ml A5 T —F0) (6550 d 3 5 iy
(Table 3) csls 53 (L 5lS san

5o 0 St 05508 Clled Ol Al sl
& Se3lul (Randox, USA)  alKilesl oS lawys
SPSS Jl3ble 5SS w Jrask cnl bl la o

5 Mg SOt laOsasl Sl eslatad L os WV s

S sk sd polie chale
S sls ol (Table 1) Sl glawi sl HUT ol
Sl s e B 5l andllas 5550 adlate ler St
polie Kl (P<0.01) Wil o (sols ome 35maS
5 TVPOORAPA iy @ gadlas 358 5 S
2 8S A Sl b S/ B e FOAEY N
S 3388 5 el b olie Sl b sl
Lindsay, ) (o SLS 55 p 8 e Ver 5 Tere 5 5 w)
Diagram ) «(P<0.01) 5 5 VU (s,ls snn 55k 4 (1979
o Ao 53 V/OY adlaie S T gesle IS Sile (1
(P<0.05) 55 2l Al S Sols pme sk s as Al
L LTS s oy b, o3 Sl T esle Sl
ek A 51 508 LS 5 05 S gliwss 5o bl anks

(Table 1) us x5 (As ;5 Y)

B ke saksd ol chle
e b b sle gladgal ol Chle uls (samlis
Lol clle Ol S 55 5 0l 4o s Glodis LS
L pole clile (Sle oS sls 0Lis (Table 2) w e ;s

Table 1. The mean (£SD) levels of the minerals (mg/kg), organic matter (OM) (%) and soil pH of the study

areas compared to the global standards
Selenium Iron Aluminum Calcium Sulfur oM pH
Garmeton 0.21+0.01 | 16224+813 | 294724813 | 211964813 | 14304176 | 0.9940.14 | 7.4+0
Plim 0.21+0.02 | 16281+744 | 2962841257 | 21399+393 | 1902+847 | 1.9+0.14 | 7.5+0.14
Malkaied 0.25+0.06 | 13775+481 | 236704805 | 23089+247 | 2157+897 | 1.240.01 | 7.4+0.14
Larki Abad 0.26+0.01 | 16794+103 | 30182+358 | 20938+512 | 2550+393 | 2+0.05 | 7.3+0.14
Total Mean 0.23+0.05 | 15768+1333 | 28238+2959 | 21655+968 | 2010+658 | 1.5+0.5 | 7.4+0.11
Global standard 0.4 180002 710002 130002 7002 28 6.5-8.5*

! Kelepertsis et al, 2001; 2 Lindsay, 1979; ® Pastrana et al, 1991; * Jacobsen et al, 1998.
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Diagram 1. Comparison of the selenium and sultur soil values
in the studied areas with standard mean (SM)

Table 2. The mean (£SD) levels of the forage minerals (mg/kg) in the studied areas
compared to the amount of sheep nutritional requirements (SNR) and maximum
allowable amounts (MAA) in forages

lodine Selenium Iron Calcium Sulfur
Garmeton 25+ 21.2 0.7+0.22 578+ 71 8708+ 1038 | 20482+ 6290
Plim 10+ 0 0.2+0.18 356+ 12 6393+ 1009 23102+ 484
Malkaied 5+ 0 0.3+0.26 584+ 239 9046+ 90 22664+ 1736
Larki Abad 7.5+ 35 0.2+0.18 415+ 36 6800+ 30 19524+ 1563
Total Mean 12.1+12.5 0.5+0.21 483+ 143 7737+ 1351 21443+ 3000
SNR!? 0.5-0.8 0.01-0.03 5.4-69.1 1600-3700 1400-1600
MAA? 50 5 500 15000 3000-5000
INRC, 2007; 2NRC, 2005.
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Diagram 2. Comparison of the selenium and sulfur forage values in the studied
areas with sheep nutritional requirements (NR) and maximum allowable amounts
(MAA) in the forages.
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Table 3. The mean (£SD) serum levels of thyroid hormones and blood glutathione peroxidase (GPx)
activity in the studied sheep of the studied areas

Areas Garmeton Plim Malkaied Larki Abad Mean ':IIZ{S;?
T3 (ng/ml) 1.68+ 0.53 1.16£0.4 1.76+£0.91 1.79+ 0.4 1.60+ 0.64 1.5+ 0.63!
T4 (ug/dl) 5.71+1.96 | 5.59+1.88 5.89+ 2.17 5.33+2.04 5.63+1.97 6.15+ 2.95!
GPx (U/g Hb) | 28.04+13.57 | 45.88+27.48 | 32.35+ 17.11 | 22.12+ 19.63 | 32.02+21.02 > 602

! Capen & Martin, 2003; ? Constable et al, 2017.
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Abstract

lodine and selenium have been identified as essential elements for animal health. Primary or
secondary deficiencies of soil and forage iodine could be associated with thyroid glands
dysfunction and abortion and selenium deficiency could be related to white muscle disease and
decreased fertility in sheep. This study was aimed to evaluate the association of iodine, selenium
and sulfur of soil and pastoral forages with serum levels of thyroid hormones and enzyme
activity of glutathione peroxidase in sheep in Ramhormoz city, southwestern Iran. Four areas
in Ramhormoz city were selected and eight soil samples, 8 forage samples (2 samples from
each zone) and 60 sheep serum samples (15 samples from each zone) were obtained. With
alkaline digesting, the soil samples were read by ICP-OES method. Forage samples were also
analyzed using inductively coupled plasma mass spectrometry (ICP-MS). Serum levels of
thyroid hormones and glutathione peroxidase enzyme activity (GPx) were measured by
laboratory kits. The mean values of sulfur content in soil (2010+ 658 mg/kg) and forage
(21443 2999 mg/kg) were significantly higher compared to its standard levels (p< 0.01). The
mean iodine and selenium of forage and serum thyroid hormones were in the normal range
compared to the standard values. The mean sheep blood activity of GPx in two areas was in
deficient status and two other areas were in the marginal levels. In conclusion, the amount of
forage iodine in all areas was sufficient to meet the nutritional needs of sheep, and the levels of
thyroid hormones were in the normal range. It seems, besides selenium was sufficient in forage,
the high levels of soil and forage sulfur resulted in reducing selenium bioavailability for sheep
as well as a deficiency to borderline deficiency status for GPx in sheep in the study area.
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