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Abstract

Background: Wheat flour, a staple in the Iranian diet, serves as an ideal medium for fortification
with micronutrients such as iron and folic acid. This study aimed to evaluate the effectiveness
of the national fortification program by assessing iron and folic acid levels in wheat flour before
and after fortification in Bushehr province.

Materials and Methods: Sampling was conducted from April 5 to July 6, 2023, at a flour factory
in Bushehr. Fourteen unfortified and fourteen fortified flour samples were collected. Iron levels
were measured using the spot test (AACC, 1999), spectrophotometry (ISIRI 5688, 2001), and
atomic absorption spectroscopy (AACC 40-70, 2002). Folic acid levels were determined using
high-performance liquid chromatography (HPLC) (ISIRI 5333, 1999).

Results: The spot test indicated undetectable iron in unfortified samples and 30-60 mg/kg in
fortified samples. Spectrophotometry showed mean iron levels of 26.135 + 2.37 mg/kg and
62.324 + 2.81 mg/kg before and after fortification, respectively (p<0.0001). Atomic absorption
spectroscopy revealed mean iron levels of 7.309 + 8.43 pg/g and 40.489 + 11.76 pg/g before
and after fortification, respectively (p<0.0001). HPLC chromatograms showed no detectable
peaks for folic acid.

Conclusion: Iron fortification of flour in Bushehr was successful and complied with national
standards (40-85 mg/kg). However, the absence of detectable folic acid suggests potential
issues with premix stability or addition. Improvements in the fortification process and quality

control are recommended.

Keywords

Flour fortification
Iron

Folic acid
Spectroscopy
Chromatography
Bushehr

*Corresponding author
Gholamhossein Mohebbi
Mohebbihsn@yahoo.com

Received: 2025/03/18
Accepted: 2025/08/09

6 Iran South Med J 2025; 28(1): 491-512 [Open AcCesS PONCY]..........coovviveeeeieeeeeeeeee e B www.ismj.bpums.ac.ir


mailto:Mohebbihsn@yahoo.com
http://WWW.bpums.ac.ir
https://orcid.org/0000-0002-6129-5768
https://orcid.org/0000-0003-3393-702X
https://doi.org/10.61882/ismj.28.1.491
https://doi.org/10.61882/ismj.28.1.491
http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/ismj.28.1.491 |

\Fofcuingnd)l o 033)9)9 /\ 0)lasd /IQAMA.(D 0o 9 Gy Jwo

GRub @1 )lado 8550 05 |y polic ol Gl
Clwl 38 9 paiS €95 @ dlwy S T )
).;.AS’\)%&.A Lol cuwl wglaio (uu9u.u Gl Ol}ﬂ,o)
(3) ol ©)S9LS 2 0)S 5o 1o |

SWgd dawl 2816 T.u)n_) L2b Oygod Io..\.}S ]
AVETILIN z(Bgu.wLug (s2ub d&u) Vg8 1) Cawl
HAEe .3g)50 w jl (63L) A= B 3)T dudua’ g Ol
Wl yiiog (0”9“"’ b) Jos lo..\.S 2 2ub ©Ygd
(10) Cawnl uzb Hlado ¢l dpaw 3T )5 Lol

23 Ob Bpae gohw ()WL I 0L lpl )
Sdgdagul 9 0ol b S o (Glwgie =
gl (log)S 4y Guyiws (sl Gles (5) S,
32350 Bl (1395 9 (6)9)b G )3 VL) dlaz ]
doloe @ asly ool caddge Jlopal b (F)
CSleiSy g cawlio Rl U.»o;b daz 1 (g3axio
QS gl b ) bgieg) ol )k
.(\\ 9 Y’) Gl diunlg Bpao g wudy gjlwesyusd
P9 olge el SWgdswl g ol (gdse
0299) @1 ©S9LS 2 ©)SGke Yo (s9l> " S’
Cunl 3guol S5 )5S 2 S5k V0 g (Dlalgu
woriiSades bwgi j3g ol ._\_\;(_,,o aslal
WJu)l 51 U8 9 390 3495 )9S 215 )5 (g piine
() 33)5 50 30 gyl g 1d& S s BuinlojT bowwgs
Ghame ol sy bgiReg) 1) ws jl g
(1F 9 1W) 3o Lol 1) GWSIae ¢l () Dlgi e
L S )T (gilwiie )3 2l pile jl S
o2l @b p b o kb ST« Sgdawl
ool sl g lo)S a3 SWgdsuwl sl (S0},
9 YU gloled ) ojgd (b sy W g Cuwl

4295 B )3 4y ymie Blgie (SVgb (ylojde

! Premix

8 Iran South Med J 2025; 28(1): 491-512 [Open Access Policy]

G @) ha! odeee S G2 olgiea pasS T
@blio )3 (1) HI> (5)920 U @oly= 51 (Glaean y>
3T 5l eadddangs OVgame plw g b ol wgis
0ol e3y0 lig) () 5l (255 RE Gide eaS
03le ¢l 63yiwS Bpae @ azgi b (¥) dlese
L e gl JToxl (gykm lo..\.lf 3 lde
@ Sdgdawl 9 ol Wl (5908 (slgi%0}
(V) 593050 e

ol sdac gloille i Lmtsm)_:) 02 S90S
uliS polwl y (F) cul gz )> (oges
Sy 585 )llie VA5 Gl (o] dgaaS sl
GisseS ol Jle jl Sy 5 canl 6315 515 456
SquaS @line jgbas (B) 3515 hdle Caoduw g
i3Sl 5 I3l > ovas ds) arles b gl
hiye VS ) B Gl sg)lew b
(%) cwl

aw> Jalol 51 ol dedguaS ¢l b dbléo jgbain @
5 0ol b paS T (Ll (Glgie aaby Yooo
105 cosg U cawl 63,5 ol 1) Sdgdauwl
o2 b kb whbhs g sy dqup ) Cumes
(V) 225 (oS 1) odguaS

Olgicw |a..\.’S 3T Wile sbol (lde slge (gl
& e b g droapgie (gHliwl S
3> 0594 awl 0ad Bl (gdej) (l@dguaS
0S00 (RI3E Egi5 &S bawgio g @S 2o)> b (51295
(A) 25L 3900 Cawl

©39320 o (golo Rub 904 EAS )
09w ) lolind 3959 Judaw bl wuwl ol
GBS eanlS 9 (g9 Wl Giud)bgs el

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/ismj.28.1.491 |

FAF /3T )5 3wl SWgd g (3T e

Vlgiso sl @Gblo ) (pld wblwgs g Vb
S 1) ol Gadhdtau) 9 Sugbaswl (5)lnk
gy ALo (58blio )3 62902 Egbga ol (M) A2
2wl gSao o> g Cugh) 3l (s blyd o
L (i Cagadl 3135 56 0T Bl ()b
O ) S Gl Glogiy) (Rzed 3550
ASe plaizgd 1) S50 (Gluie Conel wikic
) ladkhio glowglald ¢l Hd i wlellee
Glowe Wlellas 4 5L g 0315 i | (gjlwie 2ol
Gl 03,5 dinzp |y a0l syl lisabl (glp
olgicar ST 51 jeibgr (bl bl Gae 5y (YY)
2obo yoiS ) )l GGie 2yb wbly aibio
Gloiie sximlis LS GEp (V) WS
Cdly)d @ Wlgse a5 839y A=l yiaS b Ao 5l i
Gpao jl b o Glisl whks b L6
ooz allas ool (VF) 39 yzie 32 I i
M Gew g0 | wgiloie ailp ) Sllaisl
@ Vlgise  agllae ol D @50
oaoly domp 5 (Glaies (glog)liSculuw

A5 SaS (o g (gladhie gl )d (gl

>y, 9 dlgo

2 loan dlgo
agllao ¢l )3 odlaiwl 3)90 (gl g (b dlgo
Al Sgd 31t g ¢ladl 'S Sy

253035 4apd MlaSuwn Sy

adgl (g5wodlel g (g)ldpdigas
Il lod huegs adllhe ol Cgz ()09
3> wle dw Sdedy AFeY L5 10 B (503,958 10
bl Gpam ©)g00 5 padie (Hloj sloejh
b ol ygibey sl )T lasls, 1S 1 LSy Ag

2 Merck
¥ Sigma

8 Iran South Med J 2025; 28(1): 491-512 [Open Access Policy]

5 aS Dlosly (i wlelles .39b (gd2e 8dle ¢yl
L i 5l eslaiwl Ale ()l sy Siw (gloyog,
OXao SUgdawl duoys Qe U VL (glod b (glos)gS
Caaol Egdgo (il ,(\Q 9 \”) d9p Om Gl
OLuS)S 5l eslaiwl g cawlio Cusy (gl yig) ol
dimzp ) Gloie wls ) Slgdaml 5l
9 S dlo Giw glopb &S Glhol jd 36550
dole ol g Span 03,iwS jsbay (g
S8 sl glize 293 RE 5B Slgie
g ol avhdtuw) 9 (lnh wlie jsba
6o Jolge 15U s s (osie )d oolasiul
3 Gl Sao (3] Glhlogd b ol Wlalgw ke
Wiy g qgilwepsd bl (gloals  Job
L oomeliawS! (Jlin Glgicar 35S )18 slieass
i (L5 g a3 HhalS ) (ol ol dcuuw;
0L i kalyd (ol o ogile .(\?-\A) S dgamw )
2 S w2ge Nlgie Vb glales ) ohgw
2 ol @iz g 390 ol ©lus)i (Rl )liske
9 ool Sy g oldl ey GEels L
bos (glp iy 9w gl (gilwdisg
(Yo 919) Cawl (S5l (c320 63lo ¢l (sl )dCumy)
SWgdaamwl g 31 (yliae sy Bao b aellas ¢yl
b glinl )3 (Gl jl A=y 9 Jb a8 3T )
h ileiie Gle 4ol iduyl B b pldl gl
9 wols (Rli¢ gl Jddar ey (Ll
bl lig plgicar ob @ 350 (Vb Sl
1095y (e aoby hal gy slopy wasol
Cugb) daz 1 opPwpamie hase bylud cwl

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/ismj.28.1.491 |

\FoFcudignd)l 9 (22)9)8 /) &)laid /i 9 Caawny Jlw

pawlly Oawe g b diBo) S )> Vge
2 839381 (4T 4 (lwSy @z b 3uo)yd lo OblLuwwg,s
¥ sswShaoisne Jsle oiizen (1 )Syislo)
2 (sl b 43 0B &y90a (¥ Sisly) wuo)s
Law (69) WBlgishy Wygody 3)1 Io)f Bo diga)
oM A0 OBy Yol FxF slal 4 ble
O20,h8 5l eslaiwl b | SUsSlg 5l 6,h8 Yo dgas
aBLS| )T 4y g4 gbye VolS phaw a5 (glaigS @
¥V SaSlg jl oyhd Hlgz @il Vo I Guo i
Gl olej 48485 ¥ B g i 639581 wghjyo abw

(5 riegidgyiSml (yog) 42 KOT Ve st
el b e by @ ool e uss
ladd glyl (Lo 3)l5tunl bl 2 (g yingidg)iSpunl
sl a3 (gl (YO) b plodl (WA0) BFAA
cdale b o] (WSS) ()15 g (SSS) 6,453 3,135 Linel
Olalgw 0,5 F/OW jlade (il o p 0S5l o/l
)b.&o k_)T ) (Fe(NH4)z(SO4)26HQO) P9.AJ9AT UQT
@ bue SO)au)ls Jwwl 0yhd 93 (uaw A Jo
23 2 38y yidshe Boo U o a2 g 8Ll Joloro
looo @z U g dikdldyy Jolowo ¢l 5y Slao Yo cdoldl
9> R Jolzo 303)S §8) yhate OT b e
22 S(5)9bw 39 yike @ 4> ol ©)59)Sse 1o
e eabls U(bT P)S(le o/o) Jsloo OT)‘l Fid sl

(Y0) Baus axgs (1) Jgao

4 Semi-quantitative spot test

° American Association of Cereal Chemists

8 Iran South Med J 2025; 28(1): 491-512 [Open Access Policy]

L (20kS S0 diged aw jl (sbglne 5 lime digas o
53 (5)5 jgy SO b ) cuclw dw plaS o dlols
(295 aw 3903 YA legazo i) oyl )3 .59 dido
ol 1 i (CSHW) sasisié 3T digad P Jolid
G903 1F g (puSaey )392 039531 j1 U8 9 )3489)Ss0
S awsS oo 5l SWgdaal g ool b sasssié 3T
ol jl oxidie 3T (sloaiges jI 3035 (gysleaz
auplio Cobld B 35ad dagd edii i )1 slogy
l3)lailil JolS cale) b ail)b g 39i @ol)d G485

(YD 9 VF) c8)S ploul (g)ldpdigad

09,

“ASeas by 4 BT Yliee G
oel aSaas gy jl ool lize oS (sl
U"l A 03 latwl O(AACC) lS_)),oT M UUIW
(Fe*s) S8 U.CDT &Sl Hlgiwl Juol ¢l o g,
spam ) )T 4 oadd 039381 (FE™) ugyd ol g
©blwogss pawly 9 (H202) sawSly pjgyse
sl .(Y\C) Cawl digad > L')T oSy L59§‘” 9 U.(DT
90 g Fo Mo GL(DL».hLC L Jold Swdigad dugs
035 o/0F 9 o/oF o/ 0¥ uilyiay (0SS 31 p)SShue
R b9l:>.o O..\.MAJL,.A.C .))T |°)§ \oo L) W)J ).)9.)
lo Uluogs pawliy Jolowo «pinlojT plasl jl iy
wa5)S Vse ¥ So)a)lS sl Il e b o)
Y sl So)a0)lSg)00 13%] gobiie ool (ghy i

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/ismj.28.1.491 |

FA7 /3)T 55 3wl SWgd g (3T i

09yl (Sisie a5 gz @1 (5)5 3)laill (o Jglo (g5Lsodlel ) Joas

(R)Skeo 32 yidshao Voo) (lgs Culaler

of o
of old
o/\
o/\0
ofVo
o/ YO
o/ Vo
o/ V0
o/Fo
o/ FO

(k) pao® @)
Y

—c
o
o > < v & B E T — @

[N \o

(PGke) grolyd5 3)laolil Joloxo idshae Yoo dagl (gl ()15 315l Jgloxo j1 jL5 390 ™
(225G 2 ks 190) (ogaualpallS )lasianl (olgs aale™

shio T b yidile loo aze U ol i
Sl sl I yidhe o uue
GrGhee YO 0595 (sloplh 4 SOW g diges
dolowe yidGhie 1 39381 5l o 9wl Jie
B> b oy o a)lSe) e pael JawSg) s
Jolowo yidGlao O «@dids 0 51 Gw . 303)5 bolsw
BLAI pulgyBLogh| yidhae 1 9 Oliuwlariw)Sh
FYdGae YO poe U yhio ©f L o Jglow g i
4ii8s Yo Wiy Juolo (sloJgloo L0304 (328,
59 JolS GiiSlg B aiis)S jhE ygSuw el s
sl 1 oslaiwl b oyl (5)9) iz uw
2o Jsb )3 (Froo Jao) 'leiz yiegibg)iSuwl

(Y0) (V JSb) add (gaS051301 yiog3L Olo

¢ Jenway

8 Iran South Med J 2025; 28(1): 491-512 [Open Access Policy]

0931 pldl g )1 digas (gjlweslol
)0 03 (5 WolS 3T (clodiges 5l )5 ¥ ol
sxljow 390 5 9 @2l gy LRz sledy
L 6y95 ) Cuclw PF W) dlgy (Huaw 20w
5l om 28,5 L8 3LS B dazyd Foo (glod
W S GUI gbes @ dig (b yiwSls
Sl S0)30)159, 340 Jglowe ylGlae O aelsl )
G9) U 9 Wb BLAl iy @ ol)Tay byl
Job g S B 390 ) Rz ()leor
Fadsho ¥ (539581 L 6a5lax8l L35 63l )l
(59) 4885 B Wdody g 3 Jo Balé HOI Jglovo
Gloime ol 5 o 283 )18 gz gyl
0595 (YL ) 9 b 631> joue JSlo eS| lodigy
Sis Gl ow 23S 9lres (ke e

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/ism;j.28.1.491 ]

) FiegygySpml gy 4 pol lake (sl Cugz T digas gjluwedlal Jolyo .1 JSib i
(6) o, iiSly (139581 9 (65 L08) 1(3) sl 9 Wiged (591> w9y () (gl i () (5SS () )T o 3iljguw

Fig 1. Preparation steps of flour sample to determine iron content by spectrophotometric method. Flour burning (a); ashing
(b); acid digestion (c); crucible containing sample and acid (d); dilution and reagent addition (e).
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Fig 2. Flour and premix powder for preparing control samples (A); 30, 60 and 90 (mg/kg) control samples (B).
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Fig 7. HPLC chromatograms of folic acid in five flour samples before and after enrichment
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