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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.
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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

B www.ismj.bpums.ac.ir


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

[ Downloaded from ismj.bpums.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/ismj.28.1.491 |

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

3T gdigas jl donl daallaos j> .31 Silg>ee
Wo-Fo 6dgamn > digad VAA (blg) ¢ (ygidU
Fofo 6390 )3 digad Bo g S9lS o )Shie
SV opzae 1bls LS 0SS 0 Sk
g Wo-Fo 83940 )3 digad 1AF gy )T (glddigas
059LS 1 ) Ske Fo-lo sdgamo ;> digad FF
hld (3u0)3 /oY) (gy3p )T dgad SO Lgib . 33dg
392 (25945 »2 @S shae Yo%) jlane a2l i ol
915 9 1€ (ylojlw jlze 639030 ) ddigad plw g
5 ol Sad g ¢lams aellao (VW) dikils )8
Ol )y eaiid ) pol phewe )y
45 3> Ui (glakais (9051 gy b € plaly3T
AB/FE g5l 35 5l yinS 3u0y3 \E/PF digas VF) 5|

(PF) 239 jlze 6390 5 duo)d
by I eslaiwl L ol (eSS LT
b plsl (gloygS el iz g (6ylegidy Sl
22 54258 i3l (5yiogidgyiSyml (¥ Joa2)
My gl il Iopm gl Elyise
Giwosie 3uT)d (uiso )l odidly ¢yl (P<o/ooo))
GHUS ss)laliw] 3> 4 ol abw Givliél )
9 14& plojlo @b (0)59kS 51 @) SGle FohD)
slogioie (M) 150 305 1) (Feo) ol 5oyl
033 Gh> (F JS) Ubs) 93 )2 (g el S
R2= 0/399 (y9000)5) taapd b «23sls ¢yl 1y oV
YL olsabl cobls sximsylis a5 AAS (lp
) )ldde el Ao g paasdS o Ll g,
1595 2 ) (ks o/ 0F i) 30) (50959 S sl
°/010) AAS @ s (9)S9LS » @)Sishae oY 9
(255l 32 Sl o/o0 5 0)S5lS p p)Sislae
AAS yidn Cawlue 635>l S 391 ,3VL
Wlo) AAS 2l ;3 5L 95 (ol b .l
0595 1 S e A/VOE/VEE bl F digad
oGl il pSas (Giwgie I pw
0wy gndgime L Guyile (o Jslas

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

2818 ;LQ>|0|)§9_'3L09)5 _\b)fb.,o ab>Ve S djsjol.;ub
Sl Sg @ boyse (61350 ploj > S 395,

Abbe GWoie jl w9 J8 )T glodigas >

3 9 8 315 0ol pliue oy 4 allle o)
(oS 9 G5 sloghy) jl esliiwl b (gilwie
b «(5yilogi89 ISl «glakats (9ol Jolid
0P L awlSyes g (AAS) el Liz
izl (HPLC) YL (25 b gale (531,555Leg)S
2> gl glopivg wad ) 2l cwl
Olsabl Gl g (Glwie ald Gyl 590
)3 (§i80 9o ahaw (L))l R Gl Gl
DS pol)d (21 gopm)ile

G eSdan gy S plgicdy (slabi (el
a9 Jd )T glodiged )> ol glise geedd
ol )d (T @l Gubel .24 e3lkwl (gjlw e
92 (ND) oluwliid Byaé (55loisic | Jib loaiged
polie yobar (Gloi I pw Glodiga S s
b ©S9kS 2 @SGhe Fo U o dials )5 (yol 2ol
YA 6353 Wi « 53y 08 bl geb 23315 (L
bzl GilgiSy )by dogl SaiShy 9 ol
09931 bl (o JSIgp b &S 392 )T )3 puSaoy
(FY) 315 Gy (13 dlge (gjlusié ) (glakais
& il Gl b 099 o ok e g Sl
S Caolo (Jlol b .3lwe cawlio J2w )
cale 5l gldials g3 15 iS50 dgamo |y <8 ]
h @83 polio & 9 ()55kS 32 S Shee Forfo Aislo)
Soug) Sl edldiwl pgj) Egidge (l ABI0 L)l
B ool oliwe SE8> onS gl JoSo 85
S50 3l Wb plodl agllae ¢l )3 a5 Hgbyleo

5 osliule agllho 2ol U aellao ol (gloaisl
T )5 ol Gl &S L))l ) e
5 o) UsSeen b opp 9 UYL
0l5) > )T 3gi S @i s (awlSgd

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


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

[ Downloaded from ismj.bpums.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/ismj.28.1.491 |

QoA /_))T ) Mld.de 9 U_(DT ............................................

Olie ohao g (Silva) lglus asllhs )5 (*V)
09 L )3 g A eadgie T s ol
2 eSGke VIV G F/PD G (syiegibs Sl
2 eSGhe FY 3)lall jl 5 &S 39 0)SolsS
Ny wawl agllho ool aSSle 9 iy ©SskS
03 G ©)S9LS 2 @S Ghe Po gl 3wl
(PA) Cuwnl

s ol 5 Ol b IRVt D)T lodigas
oy edslas (lo)§9b5 » lo)ib_bua \co-AO) U_(DT
WHO (sloamogs 35k (3lem (glod,lastiuwl b oS
.(\m\) My Flg>pe lo_\.l\f _\)T Siwie gl
(i jl o 021 (Glgiowe azgi B Hinliél
Wo3e ol 1) puSaep 39j8l CadSye
09951 )3 jo)8 blis eBleiSy @1jg o5 Hebplao
Ao 3wl 1) bilis] Lislgss (glaks

51 eslaiwl L U.Q)T O gols aellhe )
il O )T dgad 93 (sl wis ouwaib
cdle uSSle g Gausid Aol yieS (gleié
Sl 3yl 5Ll L sdkb i 3)T digad cuad )5 yol
(039S pSGhe Fohd) lpol cuiblig
&9) L\ Io.\,S A)T U.(DT cdale ‘Ol)l&nm 9
A/AF B FA/AD o (508l ©ds (61093893l
iz (Fo) 3b )liS ©S0lS » pSche
OS5 glaled el Gl b )
i SS9 gpp el 3T ) ) el
AF/oVEE/A9 g WY/AEW/AA YA/YPYERY/VE
02T 0xS3le 3335 awsle ©59LS 50 )Shee
GRe Hobar uyn 9o )T el
Cubl g Wylig )l 0luel J8las ;1 yiaS ((P<o/o)
o230l oS 39 (0)SokS » eSGle Fo)
G p 5o Jelge (F) 39 agllhae 390

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

Ghil g digad (gijlweslel @ AAS 15 b
(P0) cawl (ol Guoyile

1900 (6yiegigdg Sl gy @l pelwl p
o 42 9 6 4z 1) (VL ol polie g)ldie
0l Gl (el iz (hg) 4 Cand (gl ]
09y Caolaisl g Cowlne> 4 4293 b
Odo jl (b Cuwl (Sao Wglas ¢yl (sall Lis
852942 XD (5)%093999 ISl i) )d > ali0
S5y BT (P8 yué judlie aS IV g IV (clodigas )
)3 Jops pdlie g RSl i iy )
Olaslive ol Dloid GBS (g yiegigdgiSml
L olaidhue glogisly JJs 4 wileise
@loo )3 51 G g5 Sl b polie g
©re9igd9yiSaml )3 yiaS Hlme il b
9 MEP) Gl Ol & caws (Y/A) g Y/VY)
ol Pl saedlis cwl  Sas  (1V/VF
) ols ColgSy Heba oS wib beaslie
@iz (hg) )3 VL e Slpmil sede Gl
&l Y/A g Y/¥Y (blae 53 2VYE g A/FY) el
Jidy Ay s {(gymaisdsypl
Oglas by gy (5)lLL 4 Blgise a5 Cuwleesls
940 031> G digad (gjlwodlel )

h e 308 (2L Ghyy 99 )@ 929 02l L
JaS agje g SOl ede i
0p0j9) @I sl ) o (5yiegidgyiSuul
AAS YL cuwlmws aSJls )5 Sjlw ;o awlio
OBl Cwl S lin juz b jdlie Haasds glp
390 b g oKinlel @lie 4 oy ol ou
©Slaghis (gl AAS & (5)9bar )l S jLo
G35 Gl (g Bl g ok
(7F) ol ycuwbe (i

9 IS agllao L adlhe ol (sloadl
0Ske &S 3l SlgBee lindS )5 ) Sa
)19 ©S0lS 2 p)Sslee OY/P 1) gL )T ol
23,5 GBS ©SoLS 2 @Sk YV ) eadii

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


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

[ Downloaded from ismj.bpums.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/ismj.28.1.491 |

\FoFcaiiiqnd)l 9 0229)8 /) 8)ladds /i 9 Canwny Juo

Dlgie sadbsie b ) LwlSgs Liuols
9 EP g Vb lod 9z lelge jI AL
uSaoy) 0SaBL @195 WS g EAS CadsS
9 23 9 ja> PH (gilwepusd Cunliol baolyid
3oL L b Jolge ¢yl .2idly (FV-01) GuSaoyy Egd
9 s2e2ley lodidlhy wlie ol ) (Glesie
uSaony S92 (OF) b Slszee ) e

3950 40093 OLIGL (9ol 9 393 JyiS
WD (5iE (Glodigad )d SawlSWgd Houdil pic
G whd LS 350 )3 1) RlehS
Sl Hy AS e dleul (gdke sl ¢l e
W dawlSYgs g juelenidse (ol (gl
@SSR 5L L usSaor IR0 S0 @
)3 (i ©lixiss Ae3e olis | gjlwsié
9 UMSwoR 09V90)8 (GwopsS baalyd 390
Ll Lo 390 dgad (gjlwedlel (gl SLuSS
ol @ed blas HPLC (hg) (sYL s g Couwnlms
3 JwlSgd Hausind )3 o (51930 Lol caiivmd
JoSo (gocSuiSs I oslaiuml gyl llas ol

Wb lp ) Gidowg,Sae slogge)l ke
(OF) A5 (50 dismzy 2l

35 )T (Glwie dobyp 31> i ol aellao
Olj2e 9 034 Lyl s Cuddgo b yedgy )d ol b
(lahds  geiT  loghg, 3l il
Oinlj8l (a3l iz oiuwib g (g )iegidg,iS !
L .353,5 30 (Glwie 5l pw 1) ool eslgs
GVL ool polie (gyiegideyiSaml (Jlopnl
Gl Sas 45 3,5 GilS il Gis 4 s
ja2b polie 4 el Oiz PVL Cawlns Jda
9 oyl o 51a3 b o yidbw Casolaisl g
GregidgyBaml )3 (polaidlnd (gl uisly

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

5 Gorae 395 {GSI)ls b GI51) paiS Eg5 Jolis
(32l S98 9 ol bolie) puSaor 03938! (b9
ol 0 GiylsS

Sloul L g HPLC 1 asliiul b sawlSWgd adaw
Aoo 5 0o (glocslé (gl ¢ygmmludlS (cloimio
O 23,8 s (Y JSE) 0)S9kS 0 0)59)Sae
ofe¥ phy LOD L L Vb cawlws iy,
2 ©5955s0 oM by LOQ 9 0)SoLS 51 0)S9)Sw0
)3 o S slie L &S sl i p)Sols
ool 3 (FY) Cawl aunlio (JB ailine lellas
UG VE/VEESD 51 edljl &5 (0) Jodo
J98 (b 63930 jd a5 dgy yuie Y/VEESD
syl )3 HPLC ;LT (glp (3u0)> Ye-IVo)
5 (0 J9a2) crilhSs (FP) 3l )8 lic
9 Jo B )lawn by (F J9a2) (spripaanas
aS o/¥\ ;1 yiaS (RSD) awd 3)l30liwl Slysol b
. Gl gy (YL B> s>l

B Swogue doplSeikyyS (Jlegrl b
J T glodigel )3 2wlSlgs (slp assis
a2l Bl plis (Geae I a9
B 092 Galise (VS Mg o)biieyus
GG (6918 L (jlwe S b JawlSlgd
Jideo |y Gausins a5 (65T (glo J51a3 b (856
PH 9,99 LoyS a1 duwwl Sgd .3l adls a5les)S
Clwl 30T (b cwl (Sae a5 wwl Gulus
(FF) 2oL oad oy 3y (gjweusd L
0352l lgie oSy 3929 pac (uizen
a5 2L Gayile OIS b GuSaoy GOBL (43958l
sddb i lid (il a5 35163)5 OgShuw |y JUSuw
odzn (i logmyyile HPLC jJUT )
(FO) 2L

ohBa g (Kariluoto) g¢igh)lS lowgs (glagllas
U DlgSse YU sloled )3 15U sy aS sl lis
ol )3 d9290 JuwlSWgd 1 Joys Yoo
@lio ol ) (FF) alad oyiil) paiS g )lagle

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


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

[ Downloaded from ismj.bpums.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/ismj.28.1.491 |

Olo /3)T 13 3wl g8 g (3T oo

30U (sl GS2eleng)Sae slopeeil ke JaSe
ladhio haswe Jolge w)p 9 HPLC @il
el (5)9p8 ey elSl ks > ohaga
R riegideyiSaml) Cuwlio 3T Ghg) woladl
wlallas gy ol Liz g iz syl
by L))l S92 @ Sleiee 55 (K5G8
Sgag0 A3 0 Wloladl (ol L3S SaS (gl i
Colw gl g laisd  (slag)l S mnlus
S SaS (5o g (gladhie gl )3 (segac

Sl calas

L ol aue Pl colas s dellas (ol
Al 0390 (glamwdo

&b slas

Ol OBy bugs @lie (5)le w55

i . I > B

References:

1.Pirhadi M, Alikord M, Tajdar-Oranj B, et al. Potential toxic
elements (PTESs) concentration in wheat and flour prod-
ucts in Iran: a probabilistic risk assessment. Heliyon
2022; 8(11): €11230. 10.1016/j.heliyon.2022.e11803

2.Ghaziani S, Ghodsi D, Schweikert K, et al. Household food
waste quantification and cross-examining the official fig-
ures: a study on household wheat bread waste in Shiraz,
Iran. Foods 2022; 11(9): 1188. 10.3390/foods11091188

3.Abdul Majeed S, Said S, Hassan DA, et al. Evaluating the
effectiveness and risks of bread fortification programs in
the middle eastern region: a comprehensive review. Front
Public Health 2025; 13 1530380.
10.3389/fpubh.2025.1530380

4 Upadhyay RP, Chowdhury R, Mundra S, et al. Comparative

effectiveness of daily therapeutic supplementation with
multiple micronutrients and iron-folic acid versus iron-fo-
lic acid alone in children with mild-to-moderate anaemia
in rural India: an open-label, randomised controlled trial.
Lancet Glob Health 2025 13(3): e497-e507.
10.1016/S2214-109X(24)00559-X

5.Eltayeb R, Binsaleh N, Barnawi H, et al. A persistent bur-
den: global prevalence of and changes in anaemia by
country income in children aged 6-59 months (2000
2019). Arch Med Sci 2025. 10.5114/aoms/197062

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

R0 L by (6)lkb Jlisl g ledls jidiy
Lol wod0 s 1) dgad  (gjlweslel
e yiaS 43 g Sl by (gytegidgyiSyml

ol JFcwbie Jgaso (glooJulos
L o id (glodigad )3 Sgdsamwl youdubd pac
ol ©IRL 290 )3 ) LS HPLC (i)
Sl pwSaor 03991 3P LB L (el
23 SHgd sl C0yiS wile (Jlaial Jelge 23S (0
9 (siwop>d Gawliob bbb L 5 oS il
J> 31830 ouSaory oSadl Rjg eizan
Wby Gl S glp Wbl S ool
O%¥ge)d &S dgdse Sl (gilwie
2D )3 CaksS J)ES gd (gilediag omSaon
OLIPL @ @Y laghjgel 9 33,5 gl )95
a2 390 Sl gisen) ()l ba> gl
gy 1 eslaiml b LSS wlallae el

6.Pacotta A, Nalepka M, Pograniczny M, et al. Analysis of
selected nutritional and environmental factors leading to
the development of neural tube defects. Quality in Sport
2025; 41: 60332. 10.12775/QS.2025.41.60332.

7.Pouraram H. Fortification of wheat flour with iron: a na-

tional fortification program in Iran. Nutr Food Health Dis
2017; 4(3): 1-2. http://nfsr.sbmu.ac.ir/article-1-249-
en.html

8.Kancherla V, Chadha M, Rowe L, et al. Reducing the bur-
den of anemia and neural tube defects in low-and middle-

income countries: an analysis to identify countries with
an immediate potential to benefit from large-scale man-
datory fortification of wheat flour and rice. Nutrients 2021;
13(1): 244. 10.3390/nu13010244

9.Mehrjardi MM, Dehghani A, Khaniki GJ, et al. Determina-
tion of phytic acid content in different types of bread and
dough consumed in Yazd, Iran. J Food Qual Hazards
Control 2014; 1(1): 29-31. http://jfghc.ssu.ac.ir/article-1-
50-en.html

10.Zheng J, Wang X, Wu B, et al. Folate (vitamin B9) content
analysis in bread wheat (Triticum aestivum L.). Front Nutr
2022; 9: 933358. 10.3389/fnut.2022.933358

11.Karki R, Ojha P, Dongol DM, et al. Food fortification:
global experience, importance, challenges and potential

....................................................... B www.ismj.bpums.ac.ir


https://doi.org/10.1016/j.heliyon.2022.e11803
https://doi.org/10.3390/foods11091188
https://doi.org/10.3389/fpubh.2025.1530380
https://pubmed.ncbi.nlm.nih.gov/40021307/
https://doi.org/10.5114/aoms/197062
https://doi.org/10.12775/QS.2025.41.60332
http://nfsr.sbmu.ac.ir/article-1-249-en.html
http://nfsr.sbmu.ac.ir/article-1-249-en.html
https://doi.org/10.3390/nu13010244
http://jfqhc.ssu.ac.ir/article-1-50-en.html
http://jfqhc.ssu.ac.ir/article-1-50-en.html
https://doi.org/10.3389/fnut.2022.933358
http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/ismj.28.1.491 |

\FoP gyl 9 ()23)9,8 /1 o)lads /@idad 9 Caunny Jlw

in Nepal. J Food Sci Technol Nepal 2024; 18: 69-88.
10.3126/jfstn.v14i14.71713

12.Mahdavi-Roshan M, Ramezani A. Overview of flour forti-

fication program with iron and folic acid in Iran. J Health
Res Commun 2017; 3(1): 57-68. (persian) https://jhc.ma-
zums.ac.ir/browse.php?a_code=A-10-4317-
48&sid=1&slc_lang=en

13.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): 3465-3484. 10.1017/S1368980019002179

14.0sendarp SJ, Martinez H, Garrett GS, et al. Large-scale

food fortification and biofortification in low-and middle-
income countries: a review of programs, trends, chal-
lenges, and evidence gaps. Food Nutr Bull 2018; 39(2):
315-331. 10.1177/0379572118774229

15.Gujska E, Majewska K. Effect of baking process on

added folic acid and endogenous folates stability in
wheat and rye breads. Plant Foods Hum Nutr 2005;
60(2): 37-42. 10.1007/s11130-005-2538-0

16.Podder R, Glahn RP, Vandenberg A. Dual-Fortified Lentil

Products—A Sustainable New Approach to Provide Addi-
tional Bioavailable Iron and Zinc in Humans. Curr Dev
Nutr 2021; 5(2): nzab004. 10.1093/cdn/nzab004

17 Hurrell R, Bothwell T, Cook JD, et al. The usefulness of

elemental iron for cereal flour fortification: a SUSTAIN
Task Force report. Sharing United States Technology to
Aid in the Improvement of Nutrition. Nutr Rev 2002;
60(12): 391-406. 10.1301/002966402320964061

18.Rebellato AP, Klein B, Wagner R, et al. Fortification ef-

fects of different iron compounds on refined wheat flour
stability. J  Cereal  Sci. 2018, 82:  1-7.
10.1016/j.jcs.2018.05.006

19.Maekawa AA, Glahn RP, Lei XG, et al. Effect of bread

baking on the bioavailability of hydrogen-reduced iron
powder added to unenriched refined wheat flour. J Agric
Food Chem 2006; 54(21): 8362-8368.
10.1021/jf0615395

20.Song P, Huang Y, Li J, et al. The influence of processing

technologies on the biological activity of carbohydrates in
food. Food Chem: X. 2024;23:101590.
10.1016/j.fochx.2024.101590

21.Khamila S, Sila DN, Makokha A. Compliance status and

stability of vitamins and minerals in fortified maize flour
in Kenya.  Sci  Afr. 2020, & e00384.
10.1016/j.sciaf.2020.e00384

22 Abdollahi Z, Eimadfa |, Djazayery A, et al. Efficacy of flour

fortification with folic acid in women of childbearing age
in Iran. Ann Nutr Metab 2011; 58(3). 188-196.
10.1159/000329726

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

23.Hurrell R, Ranum P, de Pee S, et al. Revised recommen-
dations for iron fortification of wheat flour and an evalua-
tion of the expected impact of current national wheat
flour fortification programs. Food Nutr Bull 2010; 31(1):
S7-821.10.1177/15648265100311S102

24 AACC International. AACC Method 44-40.01: moisture
modified vacuum-oven method. Approved methods of
analysis. St Paul:  AACC International; 1999,
https://www.scirp.org/reference/referencespapers?refer-
enceid=1860991

25.ISIRI 5688. Cereal and cereal products - determination
of iron by spectrophotometry; 1st ed. Tehran: ISIRI; 2001.
https://standard.inso.gov.ir/StandardFiles/5688.htm

26.AACC International. Approved methods of analysis,
method 40—-40: iron—qualitative method. St Paul: AACC;
2002.

27 AACC International. Approved methods of analysis,
method 40-70: elements by atomic absorption spectro-
photometry. St Paul: AACC International; 2002.

28.ISIRI 104. Cereal and cereal products -Wheat -Specifica-
tion & Test methods. 5th.Revision. Nov.2012.
https://standard.inso.gov.ir/Stand-
ardView.aspx?1d=36452

29.ISIRI 5333. Determination of thiamin, riboflavin, pyri-
doxin, niacin, and folic acid in dry vitamin supplements by

high performance liquid chromatography (HPLC); 1st ed.
Tehran: ISIRI; 1999. https://standard.inso.gov.ir/Stand-
ardView.aspx?1d=89

30.ISIRI 6872. Food and feed stuffs — determination of
aflatoxins B&G by HPLC method using immunoaffinity
column clean up-test method. Tehran: ISIRI; 2013. 1st.

revision. https://standard.inso.gov.ir/Stand-
ardView.aspx?1d=34869

31.Iran’'s Food and Drug Organization. Guidelines for the for-
tification of wheat flour with iron and folic acid. Tehran:
General Directorate for Food and Beverages, 2022.
https://fdo.iums.ac.ir/uploads/25/2022/Jun/14/dastor-
olamal_ghanisazi_arde_gandom.pdf

32.Lindsay A, de Benoist B, Dary O, et al. WHO/FAO Guide-
lines on Food Fortification With Micronutrients World

Health Organization. Food and Agricultural Organization
of the  United Nations, Geneva. 2006.
https://www.who.int/publications/i/item/9241594012
33.Alizadeh AM, Heidary RH, Tajkey J, et al. Assessment of
wheat flour fortification by premix (iron and folic acid) in
flour factories of Zanjan province, Iran, 2016. J Nutr Sci
Diet 2017; 3(1): 3. https://www.magiran.com/p1742883
34.Dehghan K, Ghazanfarirad N, Asadzadeh J, et al. Inves-
tigating the iron level in produced enriched flour of west
Azerbaijan province, northwest of Iran. J Novel Appl Sci
2014; 3(6): 562-565. https://blue-

....................................................... B www.ismj.bpums.ac.ir


https://www.researchgate.net/publication/384881993_Food_Fortification_Global_Experience_Importance_Challenges_and_Potential_in_Nepal
https://jhc.mazums.ac.ir/browse.php?a_code=A-10-4317-4&sid=1&slc_lang=en
https://jhc.mazums.ac.ir/browse.php?a_code=A-10-4317-4&sid=1&slc_lang=en
https://jhc.mazums.ac.ir/browse.php?a_code=A-10-4317-4&sid=1&slc_lang=en
https://doi.org/10.1017/S1368980019002179
https://doi.org/10.1177/0379572118774229
https://pubmed.ncbi.nlm.nih.gov/16021829/
https://doi.org/10.1093/cdn/nzab004
https://doi.org/10.1301/002966402320964061
https://www.sciencedirect.com/science/article/abs/pii/S0733521017306987
https://doi.org/10.1021/jf0615395
https://doi.org/10.1016/j.fochx.2024.101590
https://doi.org/10.1016/j.sciaf.2020.e00384
https://doi.org/10.1159/000329726
https://doi.org/10.1177/15648265100311S102
https://www.scirp.org/reference/referencespapers?referenceid=1860991
https://www.scirp.org/reference/referencespapers?referenceid=1860991
https://standard.inso.gov.ir/StandardFiles/5688.htm
https://standard.inso.gov.ir/StandardView.aspx?Id=36452
https://standard.inso.gov.ir/StandardView.aspx?Id=36452
https://standard.inso.gov.ir/StandardView.aspx?Id=89
https://standard.inso.gov.ir/StandardView.aspx?Id=89
https://standard.inso.gov.ir/StandardView.aspx?Id=34869
https://standard.inso.gov.ir/StandardView.aspx?Id=34869
https://fdo.iums.ac.ir/uploads/25/2022/Jun/14/dastorolamal_ghanisazi_arde_gandom.pdf
https://fdo.iums.ac.ir/uploads/25/2022/Jun/14/dastorolamal_ghanisazi_arde_gandom.pdf
https://www.who.int/publications/i/item/9241594012
https://www.magiran.com/p1742883
https://blue-ap.com/J/List/8/iss/volume%2003%20\(2014\)/issue%2006/1.pdf
http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/ismj.28.1.491 |

OW /35T 55 3wl Sgd g ¢y T o

ap.com/J/List/8/iss/volume%2003%20(2014)/is-
sue%2006/1.pdf

35.Welz B, Sperling M. Atomic absorption spectrometry.
spectrometry. Weinheim: Wiley-VCH; 1999, https://down-
load.e-bookshelf.de/download/0000/6030/76/L-G-
0000603076-0002364813.pdf

36.Allen L, de Benoist B, Dary O, et al. Guidelines on food
fortification with micronutrients. Geneva: World Health

Organization;  2006. https://www.who.int/publica-
tions/i/item/9241594012

37.Lashkarboloki F, Maghsoudlou Y, Alami M, et al. Phytic
acid content in Barbari bread fortified with iron. In: 18th

International Congress on Food Technology; Mashhad:
2008, Research Institute of Food Science and Technol-
ogy. https://www.en.symposia.ir/NCFOODI18

38.de Silva AF libro, de Castro WV, de Andrade FP. Devel-
opment AL. Development of spectrophotometric method
for iron determination in fortified wheat and maize flours.
Food Chem 2018, 242: 205-210. 10.1016/j.food-
chem.2017.08.110

39.WHO, FAQ, UNICEF, GAIN, MI, & FFI. Recommendations
on wheat and maize flour fortification. Meeting Report:
Interim Consensus Statement. Geneva, World Health Or-
ganization, 2000. https://www.who.int/publica-
tions/i/item/WHO-NMH-NHD-MNM-09.1

40.Rivas GB, Almada RA, Siqueiros LE, et al. The fortification
of flours fortification of flour and their contribution to the

intake of vitamins (B1, B2, B3, folic acid), iron, B1, and zinc
in preschool population. Curr Dev Nutr Dev. 2020; 4:
nzaa043-012. 10.1093/cdn/nzaa043_012

41.Mohamadi S, Yazdanfar N, Ebrahiminejad B, et al. Eval-
uation of iron content in bakery flour samples of flour in
Tehran, Iran. Heliyon 2023; 9(1): €12937. 10.1016/j.heli-
yon.2023.e12937

42 Breithaupt DE. Determination of folic acid by ion-pair RP-
HPLC in vitamin-fortified fruit juices after solid-phase ex-
traction. Food Chem 2001, 74(4). 521-525.
10.1016/S0308-8146(01)00219-9

43.A0AC International. Official methods of analysis. 21st
ed.  Gaithersburg:  AOAC  International, ~ 2019.
https://www.aoac.org/official-methods-of-analysis/

44 Arcot J, Shrestha A. Folate: methods of analysis. Trends
Food Sci Technol 2005 16(6-7):  253-266.
10.1016/].tifs.2005.03.013

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

45.Gebrehiwot NT, He MN, Li J, et al. Challenges of folate
species analysis in food and biological matrices by liquid
chromatography-tandem mass spectrometery. Bioanaly-
sis 2025; 17(10): 681-700.
10.1080/17576180.2025.2515009

46 Kariluoto S, Vahteristo L, Salovaara H, et al. Effect of bak-
ing method and fermentation on folate content of rye and
wheat breads, Cereal Chem 2004; 81(1). 134-139.
10.1094/CCHEM.2004.81.1.134

47 Anderson WA, Slaughter DJ, Laffey C, et al. Reduction of
folic acid during baking and implications for mandatory
fortification of bread. Int J Food Sci Technol 2010; 45(6):
1104-1110. 10.1111/j.1365-2621.2010.02226 X

48.Liang Q, Wang K, Shariful |, et al. Folate content and re-

tention in wheat grains and wheat-based foods: Effects
of storage, processing, and cooking methods. Food
Chem  2020; 333 127459,  10.1016/j.food-
chem.2020.127459

49.Nguyen MT. Study on folate stability during thermal pro-
cessing. CTU J of Inn & Sus Dev 2016; 30(04): 87-94.
10.22144/ctu.jen.2016.047

50.Moyo HN. The Impact of Food Processing Techniques
on Nutrient Retention and Bioavailability. International Re-
search Journal of Engineering and Technology. 2024
Aug. Retrieved from https://www.irejournals.com/for-
matedpaper/1706163.pdf

51.0Ison R, Gavin-Smith B, Ferraboschi C, et al. Food forti-
fication: The advantages, disadvantages and lessons
from sight and life programs. Nutrients 2021; 13(4):
1118.10.3390/nu13041118

52.Poorahmadi Z, Nahidi M, Hosseini H, et al. The effect of
baking process on stability of fortified folic acid in the
breads. J Nutr Sci & Diet 2022, 6(1). 19-26.
https://jnsd.tums.ac.ir/index.php/jnsd/article/view/311

53.Pfeiffer CM, Rogers LM, Gregory JF. Determination of
folate in cereal-grain food products using trienzyme ex-
traction and combined affinity and reversed-phase liquid
chromatography. J Agric Food Chem. 1997;45(2):407-13.
https://doi.org/10.1021/jf960633q.

....................................................... B www.ismj.bpums.ac.ir


https://blue-ap.com/J/List/8/iss/volume%2003%20\(2014\)/issue%2006/1.pdf
https://blue-ap.com/J/List/8/iss/volume%2003%20\(2014\)/issue%2006/1.pdf
https://download.e-bookshelf.de/download/0000/6030/76/L-G-0000603076-0002364813.pdf
https://download.e-bookshelf.de/download/0000/6030/76/L-G-0000603076-0002364813.pdf
https://download.e-bookshelf.de/download/0000/6030/76/L-G-0000603076-0002364813.pdf
https://www.who.int/publications/i/item/9241594012
https://www.who.int/publications/i/item/9241594012
https://www.en.symposia.ir/NCFOODI18
https://doi.org/10.1016/j.foodchem.2017.08.110
https://doi.org/10.1016/j.foodchem.2017.08.110
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-09.1
https://www.who.int/publications/i/item/WHO-NMH-NHD-MNM-09.1
https://www.sciencedirect.com/science/article/pii/S2475299123076795
https://doi.org/10.1016/j.heliyon.2023.e12937
https://doi.org/10.1016/j.heliyon.2023.e12937
http://dx.doi.org/10.1016/S0308-8146\(01\)00219-9
https://www.aoac.org/official-methods-of-analysis/
https://doi.org/10.1016/j.tifs.2005.03.013
https://doi.org/10.1080/17576180.2025.2515009
http://dx.doi.org/10.1094/CCHEM.2004.81.1.134
https://doi.org/10.1111/j.1365-2621.2010.02226.x
http://dx.doi.org/10.1016/j.foodchem.2020.127459
http://dx.doi.org/10.1016/j.foodchem.2020.127459
http://dx.doi.org/10.22144/ctu.jen.2016.047
https://www.irejournals.com/formatedpaper/1706163.pdf
https://www.irejournals.com/formatedpaper/1706163.pdf
file:///C:/Users/Hossein/Downloads/10.3390/nu13041118
https://jnsd.tums.ac.ir/index.php/jnsd/article/view/311
https://doi.org/10.1021/jf960633q
http://dx.doi.org/10.61882/ismj.28.1.491
http://ismj.bpums.ac.ir/article-1-2226-en.html
http://www.tcpdf.org

