[ Downloaded from hsr.mui.ac.ir on 2026-02-11 ]

[ DOI: 10.48305/jhsr.v21i4.1628 |

DOI: 10.48305/jhsr.v21i4.1628 Vesnu Publications

Journal of Health System Research Vol. 21, No. 4, Winter
Received: 10.06.2023 Accepted: 21.02.2024 Published: 05.01.2026

Non-Carcinogenic Risk Assessment of Bread Fortified with Iron Distributed in the Retail
Stage of Isfahan City, Iran

Fateme Saffari-Samani'®’, Roya Abdei-Soleimani?, Mohammad Kazerooni®, Sara Mohamadi?,
Zahra Heidari Rarani®, Zahra Esfandiari®

Original Article
Abstract

Background: Iron is one of the most important micronutrients in the human diet. Wheat is a staple food in the
Iranian food basket. Therefore, fortification of wheat flour with iron is a suitable approach to solve iron deficiency
anemia. The present study was designed to evaluate the non-carcinogenic risks of fortified breads with iron.

Methods: One hundred and eight samples of wheat flour of Barbary, Taftoon, and Lavash breads distributed in the
bakeries in Isfahan City, Iran, were selected through random sampling, and the content of iron was determined by
spectrophotometer. The average amount of iron was compared with the recommended amount defined by the Iranian
Food and Drug Organization. Non-carcinogenic risk assessment of iron in bread was evaluated using the Latin
Hypercube Sampling (LHS) method.

Findings: The middle level of iron in flour samples was 60, 53.7, and 74.9 ppm for Barbary, Taftoon, and Lavash,
respectively. Furthermore, this amount for bread was measured at 48.9, 44.8, and 55.15 ppm, respectively. The mean
concentration of iron complied with the recommended level set by the Iranian Food and Drug Organization in all
types of flour and bread. The health risk assessment showed that there was no non-carcinogenic risk of iron through
bread consumption for the group of adults. However, this risk condition was observed for the children's group.

Conclusion: Regarding the results of the current study, the amount of iron was in the recommended limit range in
the consumed bread. However, the results of the risk assessment showed the risk of non-carcinogenic diseases in
children. Therefore, it is recommended that risk assessment studies should perform on determining the limits of
elements for enrichment measures so that a suitable amount can be defined for the permissible range without any
possible adverse effects on the health of consumers.

Keywords: Iron; Enrichment; Flour; Bread; Risk assessment; Iran

Citation: Saffari-Samani F, Abdei-Soleimani R, Kazerooni M, Mohamadi S, Heidari Rarani Z, Esfandiari Z. Non-Carcinogenic
Risk Assessment of Bread Fortified with Iron Distributed in the Retail Stage of Isfahan City, Iran. J Health Syst Res 2026;
21(4): 464-71.

1- School of Engineering, Islamic Azad University, Shahreza Branch, Shahreza, Iran

2- PhD Student, Nutrition and Food Security Research Center AND Department of Food Science and Technology, School of Nutrition and Food
Science, Isfahan University of Medical Sciences, Isfahan, Iran

3- MD, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

4- PhD, Department of Food Hygiene and Quality Control, School of Veterinary Medicine, Shahrekord University, Shahrekord, Iran

5- Associate Professor, Department of Biostatistics and Epidemiology, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran

6- Associate Professor, Nutrition and Food Security Research Center AND Department of Food Science and Technology, School of Nutrition and
Food Science, Isfahan University of Medical Sciences, Isfahan, Iran

Corresponding Author: Zahra Esfandiari; Associate Professor, Nutrition and Food Security Research Center AND Department of Food Science
and Technology, School of Nutrition and Food Science, Isfahan University of Medical Sciences, Isfahan, Iran; Email: z.esfandiari@nutr.mui.ac.ir

V¥ o /¥ 0)lads 1YY Jlo /collis pllas ligios aloxs f5F

https://hsr.mui.ac.ir

'pao Apladoud si yiom Jeulbuio ayy papinoid ‘wnipaw Aue
u1 uononpoJdas pue ‘uonNLISIP ‘esn Pa1dLISaIUN sHWIad YdIym ‘3SUadI] pariodun 0 [e1oJalio)UON-UONNGINY SUOWWOD) SAITEaI)) 8y JO SWUs) ay) Japun painguisip a]o11e ssaode-uado ue si iy @



http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://orcid.org/0000-0002-3957-2458
https://orcid.org/0000-0003-2399-2762
https://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11 ]

[ DOI: 10.48305/jhsr.v21i4.1628 |

DOI: 10.48305/jhsr.v21i4.1628 Vesnu Publications

ledo! sei 40 55 Thaw 39 0 &35 (AT b owd i SLGE IO w pé Sl b

Fguane |yl T gyl sans I Slaskes susle Lig,y Y Sloba (5 )i dabld

"ol 1585 83 )y a8

L ETAE)

‘J\j[t{.:y‘;@;ﬂw;;l:JlJilL;l.'&.\,.,.,;wl,wulél.&o\};&qr.uf.;,,@)u‘gou\&lkﬁj),ga}?}pL;us&)i);ﬂjr@jléyﬂum
Lok (5l b GOL 150 e Dbl oLl Coda b bl gt Al s ol a5l 56 S S Lebe iln el Sl G&ATL.(J;?.))T Sl
.ub_:)frb.dloaT

o i 5 Ol b OT aglin 5 085 28l o8 b 8T (6,8 03101 g Olginl o 4,2 o )3 0 555 A1) 5 080 451 SL0L 5 3T 6505 V1A 5595
Bl oSl gols phises 5 Gileads Ssy Sl eslimul b 0L y3 oaT 30w e b s Ol Ssla )ls pdised Soyse 4 Ol by 5 e Olejle
38 L3, (LHS L Latin Hypercube Sampling)

SIS 00/10 5 FE/A FAAPPM 5 5 4 T Jldie 55 WOG 3558 55 .55 (VF/APPM) 3150 5 (BF/YPPM) 0436 «(5+PPM) (5 2 slas,T 55 ol 6l 0 e AL
298 61 06 e o b 5l aT Loy 500 o b ot o 31 0L Sl st 5ol 5 Slaes 03 gubom 53 AT ol (o po ook o e b alis 53 3 8
..»_;,?a.uwg\f;;);,bsalw“;:»\.u;,?,ouu.f,ﬁdp

7 B s 4 o st 15 o el 8 8 Dy st b5 el Wl Bl gr o e okh ol b Gillan (e sa0b 53 AT liie 16 4o
4l ol lae Olgn b 558 0 4o 5 (Hle 2o Dbl Cg B 5500 olie sgdo 4 a5 b s b5, Sladey el ol sl s 153l 07358 55 1y S
g0 e QWS o e Canlln y O sllaals Jlazo| 5T 6,8 8 050 e 03 3w punni  slate

Ot las b 55060k 3,7 ¢ 5lu o8 €T i sls” (Sae3lg

ol bond o6& U al30b s pmé Olghd gyl s (bl dyn Sl (o)t dlo (shame dosee g3l digy (losles sile caabls ol ()l 1gla !
FEF-FVY o(F) YY) OFF Coolls plls lindos dloro oy eao! ponsd s p& e 43 8 &3 595

\F-F/\-/\b:glg-'cul: VEYNAY/Y i 5y VYN e CaL s

Sl co8 3)lse (V) Cl e 055 55 o] 3518 51 (U Slar sl dosds
Ol 58 ¢ g8 Aile g 398 00 (63,Skes (slacasl 4 orxia (al 3g:aS
298 L5358 5 )0yl y 8l 53 WA (SeSeS g8y £l @i
Oil58) 00 S uSaiio 48" WSl o doyd Fr 29> )L U5 50 9 Ao yd B
(e sloog)S lee )3 () ) bl o) (s o ool 43l
Jls i 3l 28 (LSS (530S sl )3 Lmog S (il
$oS 395 9 (bligs o 4 (Ol pulyw ) S8 4 lie 203 TINY)
0L 9 (ola sl 3 G308 & lie 003 ¥o V) sk o5 Sl 9 ]
(Olae sl 3 (S950S 4 Lie 1o )d YY/B) b ¥A B YD o)l 4

S-S e el g glads SIS oy Fed s g el (S
oS g Jl 53 g 4Bl drwg glaygiS 3 1) 48 bagedee o5 e 5
Sl Cblig glojlo GBI B 2 blige oal b sl 0 )15 b
3L Je3aS g oyl 34,8 (WHO L, World Health Organization)
2 5 pop0 51 (185 2,kkeo /D 390> i) s 93 51 s ccoml 38 5l
Jlod g alenygls (5,8 alinte adlate (sl )guiS (ogad 4 g Jb
2 G535 2lge S o 3l Gt V) Sl 03l )18 055 15T o |, il

Ol Loy ¢ colluol 3T L8l U o ol o pantigo 0SSl el )| ol S =

Ol Qledol (ladal (S pole oltils ( olid pole 5 4,35 0aSiils (238 @lio 5 pole 09,5 5 (alié Cutel § 4335 CliioS 5 po (eSS (638 sopeatils —Y
Ol sl o) (K35 ol oSl K35 015 g (5,53 7

Oyl )8 54 2,8 s oSl ¢ (S ypld 08Ul ¢ old lge CuiS S 5 Cubligg 095 ( panass (¢S5 —F

ol eoledol ool (S pole olSutils cublagy 0aSls st Jlol 5 (3 gmodn] 09,5 bl -0

O ol ! K35 ol oSS IS ol 4435 015 i iy ke 05 i el 5 45 Sl 50 s =5

Oyl (oleduol (ool (Sip pole oKl ¢ olie pole 5 4das 0aSihy ¢ olie mlio g pole 09)5 5 (olid Cutol 5 LA ladss S pe )Ll g bociwl 2] 1 Jggmmo 0 g3
Email: z.esfandiari@nutr.mui.ac.ir

50 VEF s ¥ 0jlad IV Jlao [eollas pllss ol alora

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://orcid.org/0000-0002-3957-2458
https://orcid.org/0000-0003-2399-2762
http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11 ]

[ DOI: 10.48305/jhsr.v21i4.1628 |

Olgtns) g o SLOL 53 T S50 w8 Ol s

WS Lol 3 o5 4 Lacdl > jaie ol (Sl 4 prie cole
(V) 235 0 gam slacal 5 52,090 346 5 (oS04

oS el 5L b 4o ol g oSy (M 03508 & ol 4l
2 ool i i)l 5 Sl aile Jsamo ol (il sl S5
Aoy (3game Glalas (N ) 395 oLyl g cole, ond (& (sl
25 352 ol 3 0ad (8 )1 50 al (e (s 5l S e
= slagb 5 o) o ol i el pdlaie 4 pSle Gimgdy ol b
0nl 0sSike cashsl 53 b plorl ool e e Sla gl 53 35290 0
o313 5 1 lasls aallygtasd 15 01 cyuess o L ad] 55 0k (5 S0l
2 ool Gl 09 B 9 Silett e Sy ) pliabl Jpa> pslaie
ol s aleg 35 duglio 0ad (gilu e sl g )]
P Lagl 5l ond ans slasb g osd (il 8 slod)] 0aiS'puna (sl pal
23,5 (bl pledel el

Lagdis,

5 0580 s syl 3 oal pliee ol )3 g 39 (abeile g5 ) adlllas ()
A g o2l 5 008 a5 yS o clad)] | Juols (slagsl 5 213
oSy 2l Y+ ggarme > (ool Rd > 3 ey Olodeel
5 ($Lal ©ygo & ()l paiges 3 Clld g 5 (980 s ol
e & s b (A) 13 plol VAYYY o)lad & o)l e 3 bl bl
el ol s cilisie bl 1 dolkas ©)go 4 ()b V7 () alie
23S Ver oliwe i O diged dus 5 o)1 diged s (alsil 0 5l 5 )8

() 25 oglann o yp lp g0 VoA ggane
3 8 15 dnasgi g eis 5y 4 5 (£ )aS caslio byl 3 bdiges
08T ol ol o SNl S0 3 5 2580 J51 g ol
e ) riln Joln (F) 25 (555l yiag oSl oSz | Lo
4 g 90 Blo csipl ()5 Jo 10305 S (35 (g (0205 (S
Il e slwodlal Coga d)F ygo U g 3] cladiged biloy po>
FBY ogiloyiasts als pbul cas 00,8 oy Wols 5 Ol botiges
Sjgmo do Ll ailiS alad 59y p (2 S 3 08 (g dgel Sl oS
S S5 4 b 88 )15 (Sl )5S (19,0 Wadigas e 20l JIED
Y0) olas slod 4 ey Cagz 055 (olod ialidl i ulps S b
JER VI R YVRCI IS I e I ESLY R I el IRPESLY DR
S s 4 slg S Led lan o celw A Gt a4y diged ¢ ol (glod 4
JUEST ) 5lSsd 4 9 235 7)1 058l ladiges las 3,90 loj ()b (gm0
b o Koyt Sl 0508 Wi b ddiged s sy bae (glod 4 U Ly
Dy plodl JolS g dn pdn L5 05 atsligSS 458 ¥ Gie 4
ST g 0)95 )3 buaome § St e 0l b 3l () bodiges
oy ylS sl i) e 8 el Cod 4 S 4 5 o3l )5 Sl
BLY Cae d (i 0 35 Sid (Sl lal ) 9 Lol Lagle
e T Ly ol atid (ol g 3 00 8 (oer ()l (59 4B
A5 0ol joue Blo el ey b ol lgie g giiad un G 5 )
e Voo oo 4 e Ol L g 038 Gl b 5 (Bl LS L Jglone

2 Sl 365 300 ol Gt ool 8 5] 26 S tts
S5 sl 4 bgje clelbl (wlol (V) 3980 Jols |y oz sl
Gds pidy Cad el ol 138 Sed S &S Cunl oid asuie ¢ Jlel b
8 51 b Sh S lyl 13 1Y) 23,8 o bpylusl Mo yos 3l 0L o
Oigiy elal 39y Jled & (Slis ClSie cp il I (So ool
ardng Ly S @ e Slal 065 510> YY/F (olul 13 00 plox]
{¥) sz ol 35105 )13 10,3 YF/D s (31 6 s

oml )8 GeeS plep b g iy lp il lo)Sal, )00 ]
oo 5 ol cllié s3ls it .l 005 43,5 L s WHO (50
0ol 35S L 0j)le (sl B30 g Ao 4y g e il Siy IS0, Sy S5
o) Sal, a3l oo 2l 0255 )3 ol Gl b Sl el 8 Sg3eS
Ablige ggite (I8 05 jl odlitl g (glie (slaJeSa Bpae Jald S0
s dygs s dlar ) il slaJols )3 ool b (2l a5 sl
sk an 5o plol paiS 5 &3 o) o Sandy S e (Sl oalo
(¥ X) S o eli y r (BLyo (651 IS ) sy Y clle ( JS

3 o olae 9 03l AJg Ale yuegus (Triticum  aestivum) pus
Sl Jaazes jlao ) F0 dgus oS Cunl 00 005 (ymesd Cuwl @iy 9 &yd
P Ao W pb S s udes (glyn oy YW diie 8 gy gl paS
351 el {¥) 29 g0 dlitsl () S g g5 Ao ixiio (slasiy])3
4 9 9B e (o (s pS Sl o3b Bl 3 (bl glie pus
3l il Al ool b sloi lp ladels oyt (e ol
S Jl (55 i O sy sl sl saeS g Guslie S0l puS
Sgo (g5l & 45 amd o lis Slalllas ol () Conl dsals ;> plvaul
wdliS G395 g GULS )5 )3 baggdinge) <l 3 e Sl i)l )5 (2lie
(V&) cwl

e a5 Lo 3 )55 LS WA (il 3 paS Bpaae (o il
Lellbl .l 0 3515 5oy 93 45 ym gl p)5 00 B YF+ (o G puno
PS5, 48 wmd o LS gl 3 06 5 P e Lo &ilyes 4y bogy e
o bgoye oallsd (1 D) csl (g3l sloasliyy gl Jlonsl Jobs S
Sl ool ()6 g0 4y )9S Ae 5l Gl 3 ool b paiS 0 (gl
sl ) o)) (il 4y ol ployd 5 cudlage S lig e Jlto sl oY)
Ok )30, S (gilaslely pp b bl 0 VYVA Jlo cudpwsyl )5 )b oldl
el Glge Glsie 4 1) AD B F-PPM o dogi s lojl ol i
2 ol glise a5 b 53 9,8 i (cdie paie ol bosd g& )] 3 ol
Sl VOPPM g oyl lilg o YoppM Jolis 3,1 )3 odliul 3)90 (wSsops
el i )3 & Cul g0 B il 8 g9ose Coeal (I F) canl SIg
o ol el (sy9en (Kimjd g (elorl (oolaill dangs @i doliy
AT Jbe obl b S sl 5 ool b o)l gilo e 4l Jol5 iy
V) ool okt o)\1 4528 IS

Ay giluw i aelip by oy 0gdll Jlad 0 55,5 %3 S )b
o2l (Suilsl o )5k 4 el paie ol I (LU Cusgons ol b ol
2 ol UWs ae; sl a5 (ool 8l jogas & GBS G pae 1 )
o izd (53 50 b ol 0,85 b Gl 3 JUis) Jols) (0] pundgilio atse;

VEF s ¥ 0)lad IV Jlo [eollis pllss ol aloro

\iad

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11 ]

[ DOI: 10.48305/jhsr.v21i4.1628 |

OLes 5 Sl (¢ lio abl

ol lgiee Sl ey jlade o (Jb 3 398 sed oamlitie (il e
V) il ool pe @l ylad saiad

= o2l (WSke cdale suimy lis (Concentration) C o abl, 5
ob wis gl (Ingestion rate) IR g p,55lS 1 p )5 oo (ol
72 2 PSS VY Jolee (398 5 JUuS)5 5l el (g 09,5 93 2 s1)
8 oo yme > slajs, dliss Jalee (EXposure frequency) EF (s,
(Jlw 53 59, Y20) L8355 5 JLuS 50 5l sl (w095 53 2 (sl (585
oAl b 5835 L8 (5 5 lo; e Jolee (Exposure duration) ED
(P 9 Ve iy amy LS8 5 (ULS)5) LS Bpae 30 b )
iy am Ol 5 GULS)3) i g9 (BOdy - weight) BW
oasm> oL (Average time lifespan) AT 4 (p,55LS V0 4 V-
5 YOBD i s oS35S 5 QUuS3) (EF X ED) s Jobo onSile
F) 28besn (39) YV

L LHS) 0l Sl (g)b paigad 5 (il (b9,
Sbyw ot Jlas! s b, cas (Latin Hypercube Sampling
Crystal Ball ,l; 3ls, 5 dily ;! )3 a5 428,85 LS a colluw
&l Lyl iS5 slass L (version 11.1.2.3.0x64, Oracle, Inc., USA)
93,5 olatwl Hlia Voo s

bgsye slabges 5 KOIMOGOrov-Smirnov (ysejl ;1 eslizl b luzl
5y 1y Loodly (390 Jlay (905l domais 9 A5 oy odld 90 oy ol &
leo 4y by o 103 A0 ligebs] Al g ilin el (P < /1) 5,8
dglie g S gl (U g5 aw om0 (ol (i hog Car
9251 Jslse 8 Mann-Whitney el o) 9 6 09,5 95,3 ol oo
yolate dy (puizen A3 4388 I 4wl t Independent G il )b,
0523l 3l st 5 08U QM) 0 5 a2 53 (e (e dglie
b o ANOVA way-One <yl )b Jole 45" Kruskal-Wallis
VErsion 26, ) Y8 45ws SPSS léle 5y laedly ccolys ;5 3,5 sdlazel
8,8 1,8 |l 5 4555 3,90 (IBM Corporation, Armonk, NY

WA ab)S e > (g xe paw leie 4 P < o/40

Ladasls

Gl Jodn 3 U g 3,1 claasges p ol lie iomiaw jl ol gubs
(V¥/appm) ilsd L5\_133)] 5 u_nj Ol asbe bl opl p il 0ads
055 5 (£+1-PPM) (s sladyl dy bogiye 51y g )l oot
g (OY/Vppm)

gyl g lie lojluw bewgh o s 5 )Lkl b duslis 4o yolde oy
3 Lol dys 50 039y jlone 0dgdone 40 g Jaud LB (F) (F-—ApPM)
5 FHIA SN i an tled g 098U s sl sl ponl jolio
3 ol Glime ooyl e Al 51 opl p oglle el cuws 4 OO/NOPPM
328 5l Gy Lo )3 al e 8l il gy 3590 (sla)] ol
o=l )8 35155 o (i i 0lslil g jloxe 03game )d lisres wioy
1y 5ol sime s )] & s 3l3) (6 50 ol (lise 2 o 8B g
P =oleeY) ol ol

.(\\) KW XY W)

Ve s odlel g g 3,1 (slaaSiges > yal liwe (6ol cax
ol yd oo Voo oo 4 wdd Bl jole 5)lliwl Jglbxo Iy Lo
Sygo y i oo 13 359,800 Ve cbale Ly 5 luiliwl Jolore célo) i
oLl o)liliwl (e ) g oI b (el Gl e (S804
Aoy litiwl g e .cod)S plol ol cglize clacdale b bad,lustl
Ve ))I.\:L_wl )‘ e Yo 5\" FO N FON NN DY ).;.)Lo.n
S LSl ) e Ve o b ojsj sl & e 2 p55,5en
Lol 5l o g 40Lal o] 51 LS o ey Lade 0,00 )18 ol ka8 93 s
o olol (gl sl 51 i Lo Vo cals] )3 o oy w4y shade
S sien 5o s oo Sy g 3,8 e (580 e YO ol
5 o A by e B> ay g Lol Lyl 4 s ps Ve sl IS g 0m yel
LS T 4 0 odlol liwl wadws U Joloro 51yl oo O addd O cusiS
L oo bl Jas) Jolows & (gl oo ) ol J am 5 2055
S LS | uss b 03] pet B> 4 g okiliny oz 4 padie
r Sy ()0 4 SO)eS (200Ul e 4 B gkre (gl
o3l )8 culi el pd dady Ve e @ odal Cawd & b sl Loy S5,
22,5 S5 Jegili DY+ gge Jobo 3 ylegidy S

gQT P AS Ad (6 Sl u_aal Ol o) adatly Gulwl 1 wwoles
ClpSolS 1 p S oo o 5 3590 g0 3 ol (e Joluo C
3 ol cdale C2 p,SolS 13 )5 dho con sl Jglno j> pal clale
PS5 oy 4903 g Wog p)55kS 53 p 5 e s 1 2ld Jbome
AR R

c (C1-C2) 100
= x
w Y ala,

Sre Blyoul £ Sile Sygo 4 diged (595 3 ,L,ST 93 b ol polis
13,5 aule EXxcel Jéle 5 5 )b )

Gk J oL pas b 5l pal il i Jloi) s o5))
«'— (THQ L Total Hazard Quotient) Gua s oys b ¥ abal,
Ol 32 45 (B) 2 arlome (LS55 5 JLS )y (s 09,5 93 50
Gl ool &iljgy oo Bpas e Jolee (CDI) Chronic daily intake
Ly oldl g 03 205k 0 sl an ol Bpae (a3 o L &S
33 Jske (RFD) Oral reference dose .1,3,5 awolxe ¥ akal, 5l sdlazl
Sl 45 23l 59y 0 03 ol pSS 25 ke bl 2 (St @20
{F) ol IV 358 5 JU 5 ) el (w095 93 0

THQ = CDI/RFD Y o,

CM_EKIR % EF % ED
T BW x AT ¥ o,

b s il ) ggle Uy 58 (¥ akasly) THQ ime &5 ks

v

VEF lians /¥ ojlad IV Jlao /ol pllss liions alora

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11 ]

[ DOI: 10.48305/jhsr.v21i4.1628 |

Olgtns) g o SLOL 53 T S50 w8 Ol s

Olgden) i (5L ol 93U ju ol a9 (AT L oudi (A slagls g uyT 193 ja 092 90 Gl (l3ae ) Jgua
M

(PPM 5,5 9LiS 53 5 S ) (32 53 40 lisalol aliols) ailsa

FARA /e (VA-oY) VE/A (AY=1Y)
/oY EA/A (0A-EY) 0o/\o (Ne—¢0)
NN VR

Srx
oY/V (1&-£4) ™ a3l
£¢/A (\Y-YA) ™ ob
o oo P lase

dlox ) jolis don clale (glye jodS ;0 )T g dalllas jo () Jguo)
O Dl ds 5 0ud S (glapaiS 1 (Cpw g poredls o (OAT
L FAO) (65,5158 5 )Lulss gleslo 3l i 5 s j9S o
L 45 (¥) 392 WHO 4 (Food and Agriculture Organization
iy et 4 (A) 43,8 515 ol 3ylntl e olejl s WHO
= S e YEIFO U5 - /¥ ppal clale o oy lis a8l ) bbgh b
UL QUL (cladbges 3 0ad (s 2l g ccmizmon A8 o p)SohS

(W) 35 WHO 5 FAO Ly sdd s jbre > 1 a8 00

Kruskal-Wallis ;551 ulul »** Mann-Whitney csesl olsl "

Sl O Bymme 5y ) nl (gl et s L5
o W Suo P LHS 5 (glwand (og) an ang b GBS S pan
395 YIS g < ISA b 4 568 g JS ) (BAS G pas ¢l THQ
lr b Bpae Gk Sl ool g liolbyw s culpl () JS2)
by @iy s o5 Jo ) (el dgrg (ULS ) (w095
35 el (355" s 09,5 sl 0B Bpae 3k 5l ol

ﬁ_\.}:ﬁ

i, badyl oled 3 (pal lie (Sl ol imgh ot 4 4295 b
39 jbro 03gaxe 55 g Jaub JiB gl> g 1ie ol o o puss Jlade b

w0900 T Sl v Vo 30454 notred
THQ adult
i Too000
ose soze
o sz
= o
“ g
7 0w 0000 3
2 os0 0000 1
E 3
3 o040 0000 3
om0 w00
oocp! q 0
B - Certainty: 100,000 q4-
00,000 Trials Cumulative Frequency View 98,454 Displayed
THQ children
i on000
om0 s
w0000
om0 700
Bow o 3
(= H
2 050 50,000 T
2 F
I3 3
3 ow so0n G
om0 30000
o0 2000
D
10000
® A o
o oh )
0
b= ] Certeinty: 100 000 % 4 |

Suldlinl Ly (1S5S 9 QULLS )33 5153 (b B pens B35k 5 5T (@l J0lo jus il jlad (3l 5 Juola gl ) s
(LHS) Latin Hypercube Sampling 3

VEF s ¥ 0)lad IV Jlo [eollis pllss ol aloro

FEA

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11]

[ DOI: 10.48305/jhsr.v21i4.1628 ]

0L 5 Slls (g)liw 4l

095 sl U Gok J) onl Grae oy gl ol imgh
3 S g IFAL 2l THQ) 3l plis ) aliplboyw yé cllas (UlS )5
J a0 LS w095 (sl Jlad ol bl (b oo V Jolae @ e 20
SHNE Ll THQ) ass 3 sdalie & 5l i 2de ol 390 555
Lol o al Glie (:Sle & cpl 2929 b €88 e e gy
9yl g i lojluw bawgi s dnog Hlde b millao ool b > (Sjuae
o gL ) Sl b s Wl Gliee ol ol il
L oS ladllas )3 amd (ol QUL )5y 4y s T o sl e
2 yais ol Gl i bl gl )3 0 g 2] )3 ol e )y Ban
3ol (il s i o oS> Bl 51003.8 (5155 2 bkl 035100
OS85 5 QUL )50 3l ol (s 09,5 93y sl 0 g 3] o 325k
et A i 48,8 e e (6,500 (349 gl (V) 4 a0l
09,5 93 & (sl o 5 puS puiS 2 Bme 3k 5l ol Lo il
Sled yols oy sloatily L S (YA) 392 S, 51 a8 HQT L s
laasise ;3 ool ol wé a4 byje gl (S0 )b I cuily
012 LS QUL 52 5 (IS5 G 09,5 93 8 )3 (e )9S 3 pAS )]
506 onl Gl Sl Gimgly o & cul 4 da g L (1) 05 S pae
dmogi ednd oo Olt5 ) Glbypw i cllad Jlsl (398" bawgs o e
390 yolie L L)l > (oli8 slge slacaua p B3kl (Sloyelllol 39500
S ramad 2l (S e B3y 90 (sl g g 03lii
(Fe-¥Y) sl sl lig ssle Ll b bl alals]

3 Bl oo odal Cowd 4 ol &5 3g) ol yols adllas g bls ales |
iy ool b paS o (il Slpde 5 lgh sy 4 o Sliiow
ol e 3550 50 Slellbl 4yl b K155 o (priomad 3,5 )15 ool 3)90
S35 S 3 1y lablis [l ol sl i (6 g 350 50 2925
2 B sladles jlasl )3 S sl pllol b 12 jglaio & ol 5
2 ool (ol it Slls sy bl g oglle w13 1 colls
@l el lie (b Bras B G395 5 QIS5 (o 09,5 9
D)5 oo b)) GBS G pnn o glaldlie gy oyl

S yaSdauis
s (Syman sl by u_zzj Olise 45 W55 astin pols Jimgh jo
Sylig gxly g lie lojlw lawgy oud 4oy 3jliiliwl Ly 5illes ool
Ul jlad b5yl dvwloe ) Lol s o (Sibiy (bjgel g loyd ccuiilige
Adlioe Uk GULaS ) L dcaalie 3 L8358 3 2ol e lilas
Dedie dpog (il S

‘r'ﬂd‘)d; K) JS.!-Z\S
BLIST 1S 5 VAAFSF oylas Ly Lo gyl ) 4585y 5l aallas
5 ©Ligiod aiglas ogme JR.MUI.RESEARCH.REC.1399.656
2,1 a8 Jlo cglos Ly g adly oo ool (S pole olSitils (659108

b g S 5] oS (cladiges > ol clale (ol > (6,500 adllas )
(g )50 a3 VY )3 ol Cle o 3l Lt gl 5 )5 2l il
O (Sl 33953l diaS 9 gl (gmuseS Lawgi 0ad (s jlone s I oS
pIS 3] (elbdigns > ] hine dioly ) 3 (VA) 392 SIS el lic
e gLnaily L 45 (18) 1 (g Sl L 15l )3 3 ltl s ) j2aS
Some e39a e 13 o 498 3 005 (5)IS ol e g bslyom Sl
9 ailo Jalge il Jlygan pole gwyp gl b oS (Vo) 225 ()5S
gl LS| A8 (a5 o S g)l50 )3 0 485 JS 4 55 5 S
S (17 ) Cl o3g: 50 paiS o)1 1o ol (g5l (53938 (£S5 4 g puS
Al e gy hngds gls )3 Colds > Wl e

olyod 52l L o> VAND i a1 b oy anld 5l s el e
sy anld b as wbil olesd Ol 4 by ye Wlgi o oS 04
e yd e By Al g der Sl Al Jelge 3xgn 0 58
o (Sl il Al oIS e L Ll des Il )3 39250 (g0l
o lgiee oal Gl sl el ool (ialS kil 53 650 ol e
et SaSgn 53 (Sl Wl nl o e B s w018
Iy cidisee oS 5 L oyl sSgm (6)lyBp oSl a5 505 gl cunl 3Sen
ol cls LS gy Soslul LB ol i (1alS 4 oeie g A oal 3
el GBS B i lsSie ol 1 Ll S B (Sis S 5 Jele
ool Sy (s s 3 Glie 290 ity |y ool b1 (gjlod
3 45 obews Sl sl 01 Lasuiie Cawl i ol @lo plo 4 Cows
ol Sy 390 o3 3 Gl el g o e84 S5y Wl (o
23,50 it 3 (ool b gl caz )l 0 o i & 03lizl 3)50)
ol cbale ol Slilgw b o)l (il e 51 g )3 disly cpen 3 (V)
Clald 0ad (8 b Bpan b o o U @l 9 €85 )5 () 3090 oy
plosl adllas (o (1) 35: ohom Gl L (g2 3590 (Sl dals o 1> 0]
9 R=br slagliwl ) ol Lol gjlus i aebyy o)l slily o 003
A e g8 i agliwl 3 el (ol el & 435 pasuie (s
(V0] el a5 50 o ool 28D aljEl 5 (ol 88 5 iz kS
Lo o)l sl 4 ol (s Jelowlyd g aiopllas (65,0 Goid Sy gl
5 onsISsen aile ol )3 4y bsype b (slaadls s 4 e cpnl
78 g il (032 U g (S Eord (RS &) ot con )3 9 (b
ol Lol (il e a8 ol lis adlae o) ol ¢opioman Cowl 00l ya]
S 5 5 ol ol ol WL Gl S5 S E5ed 2 655
(V) 23,5 55 oal b o)l (il (il 0 pre Jelos 5l ool (liossd

930 9 Sy ol lp ol Cueal 5 (i Cllblie 5l by walss
oyl 3ile (6508, olie (YO FF) 3)b 39 g 435 cgw | (B o)l 5
O 2 Sglie slaanld clio 3 Slas sl 5)955 polis e 9 9
Byuno Gygo pd g o polic (pl (Jb e ) s Sllgs g sl
ol VA) 28l Ll o sl o 09l polis plgis 4y ojll 1 i
i) 0 Jedlly et 4375 pis el I 4 ool alox 5l (538
ador 5l i Sl laplhisl )3 Kl oo iglanaST oyl Sl cools
355 Lol an (eas ol ol g b goos ads 5 08 oy dalgseil
(WY A &Y)

¥54

VEF o} /5 oless 7Y Jlo fualls plss liios aloco

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11]

[ DOI: 10.48305/jhsr.v21i4.1628 ]

Olgiol g o 0L 53 AT G50l e & &l o

e Jos &) 8 5 1S5 wingas g San G ) Pl 5 48 o0, 81 a8 Sl Ay s A5 bl lggs] Ll

References

1.

2.

1

1

1

1

Sadighi J, Nedjat S, Rostami R. Systematic review and meta-analysis of the effect of iron-fortified flour on iron

status of populations worldwide. Public Health Nutr 2019; 22(18): 3465-84.

Field MS, Mithra P, Pena-Rosas JP. Wheat flour fortification with iron and other micronutrients for reducing

anaemia and improving iron status in populations. Cochrane Database Sys Rev 2021; 1.

Sadighi J, Sheikholeslam R, Mohammad K, Pouraram H, Abdollahi Z, Samadpour K, et al. Flour fortification

with iron: a mid-term evaluation. Public Health Nutr 2008; 122(3): 313-21.

Horton S, Ross J. The economics of iron deficiency. Food Policy 2003; 28(1): 51-75.

Tourchi M, Seyedain Ardabili SM, Azizinezhad R, Nematollahi F. Assessing the effect of baking methods on the

levels of heavy metals in Iranian traditional breads. J Food Technol Nutr 14: 1; (53): 5-12. [In Persain].

Iranian Food and Drug Administration. Fortification of wheat flour with iron and folic acid. No. 102258. 2019.

[In Persian].

Unknown. The document of the sixth economic, social and cultural development program of the Islamic Republic

of Iran. In: (2016-2020). Tehran: Center of Iranian Document Publication; 2015. [In Persian].

Iranian National Standardization Organization. Random sampling and randomization Procedures. No. 18227.

2014. [In Persian].

Alizadeh AM HR, Tajkey J, Aminzare M, Hejazi J. Assessment of wheat flour fortification by premix (iron and

folic acid) in flour factories of Zanjan province, Iran, 2016. J Nutr Sci Dietetics 2017; 3: 4.

0.lIranian National Standardization Organization. Cereal and cereal products. Determination of iron by
spectrophotometry. No. 5688. 2000. [In Persian].

1. Iranian National Standardization Organization. Bulk breads- Specifications and test methods. No. 2338. 2017.
[In Persian].

2.Mohamadi S, Mahmudiono T, Zienali T, Sadighara P, Omidi B, Limam I, et al. Probabilistic health risk
assessment of heavy metals (Cd, Pb, and As) in Cocoa powder (Theobroma cacao) in Tehran, Iran market. Int
J Environ Health Res 2022: 1-16.

3. United States of Environment Protection Agency. Intergarated Risk Information System Assessments. 2011.

14. Khodaei SM, Esfandiari Z, Sami M, Ahmadi A. Determination of metal (oids) in different traditional flat breads

1

1

1

1

1

2

2
2

2

distributed in Isfahan city, Iran: health risk assessment study by Latin hypercube sampling. Toxicology Reports
2023; 10: 382-8.

5. Alhendi A, Al A. Heavy metal content of wheat cultivated in many different regions of Irag. Thai J Agri Sci
2018; 51(2): 78-87.

6. Nejabat M, Kahe H, Shirani K, Ghorbannejad P, Hadizadeh F, Karimi G. Health risk assessment of heavy metals
via dietary intake of wheat in Golestan Province, Iran. Human Ecolog Risk Assess 107; 23(5): 1193-1201.

7. Tegegne WA. Assessment of some heavy metals concentration in selected cereals collected from local markets of
Ambo City, Ethiopia. J Cereal Oilseeds 2015; 6(2): 8-13.

8.Pirhadi M, Alikord M, Tajdar-oranj B, Khaniki GJ, Nazmara S, Fathabad AE, et al. Potential toxic elements
(PTESs) concentration in wheat and flour products in Iran: A probabilistic risk assessment. Heliyon 2022: e1180.

9.Doe E, Awua A, Gyamfi O, Bentil N. Levels of selected heavy metals in wheat flour on the ghanaian market: a
determination by atomic absorption spectrometry. American J Appl Chem 2013; 1(2): 17-21.

0. Sawyerr OH, Odipe OE, Raimi MO, Ogungbemi OH. Assessment of cyanide and some heavy metals
concentration in consumable cassava flour ‘Lafun’ across Osogbo Metropolis, Nigeria. MOJ Ecolog Environ Sci
2018; 3(6): 369-72.

1. Lee K, Clydesdale F. Effect of baking on the forms of iron in iron-enriched flour. J Food Sci 1980; 45(6): 1500-4

2. Malakooti A, Akef S, Malakouti MJ, Bai Bourdi A. Effect of fortified flour in increasing Zn and Fe
Concentration in the Serum of Personnel at the Moghadam Mersad Military Station. J Tabriz Uni Med Sci 2007;
28(4): 115-9. [In Persian].

3. Sadighi J, Mohammad K, Sheikholeslam R, Torabi P, Salehi F, Abdolahi Z, et al. Flour fortification with iron and
folic acid in Bushehr and Golestan provinces, Iran: Program evaluation. J of School Public Health Instit Public
Health Res 2010; 7(4): 11-24.

24. Sadighi J, Nedjat S, Rostami R. Effect of Flour Fortification with Iran on Biochemical Indicators of Anemia and

V¥ Gl /¥ 0yleds 1YY Jlo /callis pllas iligios aloes Vs

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-11]

[ DOI: 10.48305/jhsr.v21i4.1628 ]

0L 5 Slls (g)liw 4l

Iron Deficiency: Meta-Analysis of Interventional Studies. Payesh 2017; 16(6): 677-713.

25. Sjostrom M, Stockley L. Toward public health nutrition strategies in the European Union to implement food
based dietary guidelines and to enhance healthier lifestyles. Public health Nutr 2001; 4(2a): 307-24.

26. Villar J, Merialdi M, Gulmezoglu AM, Abalos E, Carroli G, Kulier R, et al. Nutritional interventions during
pregnancy for the prevention or treatment of maternal morbidity and preterm delivery: an overview of
randomized controlled trials. J Nutr 2003; 133(5): 1606S-25S.

27. Sadighara P, Mofid V, Mahmudiono T, Rahmani A, Tajdar-Oranj B, Peivasteh-Roudsari L, et al. Concentration
of heavy metals in canned tuna fish and probabilistic health risk assessment in Iran. Int J Enviro Anal Chem
2022: 1-11.

28.Ghanati K, Zayeri F, Hosseini H. Potential health risk assessment of different heavy metals in wheat products.
Iranian J Pharmaceutical Res 2019; 18(4): 2093.

29. Lei L, Liang D, Yu D, Chen Y, Song W, Li J. Human health risk assessment of heavy metals in the irrigated area
of Jinghui, Shaanxi, China, in terms of wheat flour consumption. Environ Monitor Assess 2015; 187(10): 1-13.
30. Esfandiari Z, Marasi MR, Isteki F, Sanati V, Panahi E, Akbari N, Madani RA, Tanha JM. Influence of education
on knowledge, attitude and practices of students of Isfahan University of Medical Sciences to traffic light inserted

on food labeling. Tehran Univ Med J 2019; 77 (1): 54-62.

31. Esfandiari Z, Mirlohi M, Tanha JM, Hadian M, Mossavi Sl, Ansariyan A, Ghassami N, Adib S, Bahraini T,
Safaeian L, Pakmehr F, Mashhadian F, Abolhasani M, Marasi MR, Isteki F, Abedi R, Ghorbani P, Shoaei P,
Kelishadi R. 2021. Effect of face -to -face education on knowledge, attitudes, and practices toward “traffic light”
food labeling in Isfahan society, Iran. Int Quarterly Community Health Edu 2021; 41(3): 275-84.

32.Ghazavi N, Rahimi E, Esfandiari Z, Shakerian A. Accuracy of the amount of trans -fatty acids in traffic light
labelling of traditional sweets distributed in Isfahan, Iran. ARY A Atheroscler 2020; 16(2): 79.

(22 V¥ sl /Y oplads 1YY Jlo /ol pllas lagios aloxs

https://hsr.mui.ac.ir


http://dx.doi.org/10.48305/jhsr.v21i4.1628
https://hsr.mui.ac.ir/article-1-1577-fa.html
http://www.tcpdf.org

