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ABSTRACT

The main objective of this study was to investigfa¢efloic acid content in various Iranian breadsalysis of folic
acid content eas performed by high performanceidigthromatography (HPLC) coupled with ultravioldd\()
detection after extraction and preconcentratiorfalfc acid by using solid phase extraction coluibe effect of
various baking process, baking temperature andagfertime on the folic acid content of bread inatéht baking
step including wheat, dough before fermentatiomgioafter fermentation and baked bread was studibd.results
showed that fermentation step has important effeftilic acid stability in various flours. Bakingmperature and
durationdo not havea significantimpact on folic acid content in various breads.akidition, due to instability of
folic acid by exposure to light, air and water, mifjcantly decrease in folic acid contents were obsé after
storage in stores. Therefore, fresh bread has maxiroontent of folic acid after backing.

Keywords: Folic acid; High performance liquid chromatograpbglid phase extraction; Fourtified bread.

INTRODUCTION

Folate and folic acid are forms of a water-soluBlgitamin . Folate occurs naturally in food, andidacid is the
synthetic form of this vitamin [1]. The chemicalstture of the folic acid is shown in Fig. 1. Fadicid has different
important functions in the human body. It plays @onrole in the synthesis of red blood cells,hie formation of
RNA and DNA [2-5]. Folic acid is used for prevergiand treating low blood levels of folate (folatfidiency), as
well as its complications, including anemia and itheility of the bowel to absorb nutrients progd8, 7]. Folic
acid is also used for other conditions commonlyeisged with folate deficiency, including ulceratigolitis, liver
disease, alcoholism, and kidney dialysis [8-10].rf¢a who are pregnant or might become pregnantftdikeacid
to prevent miscarriage and neural tube defectth biefects such as spina bifida that occur wherfehes’s spine
and back do not close during development [8, 11118} also used to prevent heart disease anHestes well as to
reduce blood levels of a chemical called homocgstdil4]. Folic acid is used for memory loss, Alzher’s
disease, age-related hearing loss, preventing feadisease age-related macular degeneration (A)cing
signs of aging, weak bones (osteoporosis), jumpg (eestless leg syndrome), sleep problems, depresserve
pain and an inherited disease called Fragile-X syme [15-17]. Therefore, folate and folic acid haasential role
in body healthy, cell division and growth procesJdsee ways were used to increase folate intakiedrpopulation
such as consumption of foods naturally rich in teda use of folic acid supplements and consumpmiofoods
fortified with synthetic folic acid. Folate is foumaturally in some foods include leafy vegetabtdsa, asparagus,
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fruit, yeast, mushrooms, meat, orange juice andgtornuice. But, most people do not get all thedfelcid they need
through food alone. Recently, in the many countrieany food products are fortified with folic acj@i8-24].
Therefore, folic acid has been added to cold cerdlalur, breads, pasta, bakery items, cookies,caackers. Folic
acid is not stable. It is easily destroyed by expedo light, air, water, and cooking processeke linost water-
soluble vitamins, folate can frequently be remoWesin foods during processing. Therefore, it is rssegy to
determinate loss of folate in the manufacture offfoprocessing.

Wheat flour in various food products are the maiystof Iranian diet. Bread was considered the nroportant
food to fortify because it is less expensive thie and consequently more widely consumed [14,28929].
Therefore, Fortification of the wheat flour usedyarious bread baking with folic acid was recentiyroduced in
Iran. Several methods were used to bake breadbdkiag method has essential effect in the folid acintents in
bread.

This study aimed to evaluate the effect of bakiracpss on the level of folic acid in various whiéatir before and
after baking in different method. For this purpodeege categories of wheat flour including Taftolayash and
barbari were selected as model sample ( Fig. 2}lmmdample breads were randomly collected froriouaregion
of Tehran. For extraction of Folic acid from bresainples SPE Cartridges was used and high perfoarandd

chromatography with ultraviolet- visible detectiaas used to detection and determination of folid &t various
bread samples after extraction steps [1, 26, 30-BBf results obtained from this research can Imelglth

professionals and policy-makers to give clear aglaioout the effects of bread baking method in fatiic level in
fortified breads.

EXPERIMENTAL SECTION

2.1. Chemicals and reagents

All chemicals were of analytical-reagent gradeslidcacid standard was obtained from Merck (Darmistad
Germany). Sodium hydroxide, sodium acetate, aaaid solution, sodium tetaborate and tricholorotiacacid
were purchased from Merck. HPLC-grade acetoniarilé methanol were obtained from Caledon (Ontaréamada).
Stock solutions of the folic acid about 100 mgwere carefully prepared in methanol. They werestdted in the
darkness glass container at 2-8 °C and workingysmahixtures were daily prepared by dilution wittetsuitable
volume of distilled water.

2.2.Apparatus

Chromatography was carried out by a Knaure mod@dD23PLC (Knaure, Germany) equipped with a Quatgrnar
HPLC pump, a 4-channel mixing valve with a 10 plmpée loop, vacuum degasser and a UV-Vis detector.
Separations were performed on an ODS-3 column (@60 x 4.6 mm, with particle size of 5 um) from MzZ-
Analysentechnik (Mainz, Germany). A isocratic edatiof 20 mM acetic acid and acetonitrile mixtur®:g®) was
employed. The flow rate of the mobile phase wasasé.2 mL mift and total analysis time was 50 min. The
injection volume was 10 pL for all of the samples @etection was performed at a wavelength of 284 n

A pH meter Model 827 pH Lab digital pH meter frometvbhm with combined glass electrode was used for
monitoring pH adjustment. SPE of folic acid fromterasamples was carried out using 10 mm heightpibi.d.,

500 mg of C18 sorbent with 6 mL syringe barrelsrfrBupelco. Ultrapure water was deionized by an Aldée
water purification system from Younglin (Seoul, €a)j. Sample solution was stirred using a MR Heidiad
magnetic stirrer from Heidolph (Schwabach, Germany)

2.3. Extraction of folic acid from various samples

5.0 grams of each sample (wheat, dough and breath wansferred in centrifuge tube and 45.0 mili of
sodium tetraborate solution was added to centrifuge. The centrifuge tube was then immersed imtauttrasonic
water bath. After that the ultrasonic water bathswwitched on for 30 min sonication at 40 kHz dfadound
frequency and 0.138 kW of power at ambinent tempezaThen, the mixture was centrifuged at 3500 fpmi0
min to complete phase separation. The upper soluticated at the top of the centrifuge tube, wabdvawn using
a syringe and collected in glass test tube to In&PE column.

As a pretreatment step, the SPE column was conéitiovith 5.0 mL methanol and 5.0 mL distilled wat2i5
milliliters of the sample was loaded into the SREumn at a flow rate of about 0.1 mL rtiwith the aid of a
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vacuum pump. Then, the column was rinsed by 5.0distilled water to remove the matrix interferencéhe
extracted drugs in the SPE column were eluted @yri. phosphate buffer and the eluent solution vediected in
test tube and injected to HPLC for analysis.

2.4. Analytical samples

Three caqgtegories of wheat flour including Taftolayash and barbari were selected as model sanmolethee
sample breads were randomly collected from vari@ggon of Tehran. All sample were collected in fdarm
including fourtified wheat, dough before and aftéfermentation and baked bredthe samples were stored at 4°C.

2.5. Statistical Analysis

Data were expressed as means + SD (standard deyiatid examined by one-way analysis of variandé@XA)
to compare different groups. A value of p < 0.06assidered statistically significant. Data anaysias executed in
IBM spss statistics 21 (New York, USA).

RESULTS AND DISCUSSION
3.1. Investigation of the folic acid content in fidiied wheat
Table 1 shows the folic acid content in fourtifeitheat. The level of folic acid content in wheat flavere 2.01

+1.78, 1.47 + 1.99 and 1.95+1.99 pq for barbari, lavash and taftoon flour, respecivel

Table 1: Folic acid content in bread processing idifferent breads

Precessing ste| (mean + SD)
g step Barbari flour  Lavash flour  Taftoon fluor
Fourtified whee 201+£1.7 1.47 +1.9 1.95+1.9
Dough before fermentati 232+1.7 1.13+1.8 1.20+1.2
Dough after fermentation 2.27 £1.58 1.05+1.17 79 0.55
Baked bread 1.98 +1.53 1.19+1.39 0.79 £ 0.45
Fig. 1
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Fig. 2
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Fig. 4
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3.2. Investigation of the folic acid content befteementation of dough

Table 1 also shows the folic acid content in Dobgffore fermentation. The level of folic acid cortén dough
before formation were ranged from 2.32 +1.71, 11387 and 1.20+1.21 ug™Lfor barbari, lavash and taftoon
flour, respectively.

3.3. Investigation of the folic acid content afiemmentation of dough
As can be seen in Table 1, the mean of the tol@icfacid content after fermentation of dough befbaking ranged
from 2.27 +1.58, 1.05 +1.17 and 0.79+0.55 |igfer barbari, lavash and taftoon flour, respecivel

3.4. Investigation of the folic acid content afteead baking
Folic acid content for baked bread are reporte@iahle 1. Mean folic acid values were 1.98+1.53911.39 and
0.79+0.45 ug L for barbari, lavash and taftoon flour, respecijvel

3.5. compartion of the folic acid content in whemabread process in various breads
As shown in Fig. 3, folic acid content in all saeplwere found to decrease significantly after fetatem.
Therefore, fermentation step has important effeébiic acid stability in various flours.

By comparion the results that reported in Fig.&kibg temperature and duration do not hasegnificant impact on
folic acid content in various breads.

In addition, due to unstability of folic acid by gosure to light, air and water, significantly deseén folic acid
contents were observed after storage in storestefidre, fresh bread has maximom content of foli adfter
backing. Typical Chromatogram obtained for foligdamontent in are shown in Fig. 4.

CONCLUSION

In the present study, level of the folic acid contén different baking step including wheat, doubggfore
fermentation, dough after fermentation and bakezhdbrfor lavash, barbari and taftoon was determimetiigh
performance liquid chromatography (HPLC) couplethwiltraviolet (UV) detection. Solid phase extraatiwas
used for extraction and preconcentration of fotildefore analysis. The results showed that fetatem step has
important effect in folic acid stability. Bakingrtgerature and duration do not havsignificant impact on folic
acid content. Additionally, due to instability aflic acid, significantly decrease in folic acid cemis were observed
after storage in stores. Therefore, fresh breadt@asmom content of folic acid after backing.

1216



Mona Ghale Molaei and Seyed Mahdi Seyedain J. Chem. Pharm. Res., 2015, 7(7):1212-1217

Acknowledgement
The authorgratefullyacknowledge the financial support from telamic Azad University

REFERENCES

[1] RHF Cheung; JG Hughes; PJ Marriott; DM SmBbtpd Chem.2009 112, 507-514.

[2] S Bramswig; R Prinz-Langenohl; Y Lamers; O Tk E Wintergerst; HK Berthold; K Pietrzilknt. J. Vitam.
Nutr. Res.2009 79, 61-70.

[3] Y Lamers; R Prinz-Langenohl; S Bramswig; K Pz#, Am. J. Clin. Nutr,2006 84, 156-161.

[4] KB Holven; P Aukrust; T Holm; L Ose; MS NensgtéArteriosclerosisThromb. Vas. Bio]20®, 22, 699-703.
[5] SF Choumenkovitch; PF Jacques; MR Nadeau; PWWBON, IH Rosenberg; J Selhub, Nutr, 2001, 131, 3277-
3280.

[6] T Yildirim; A Yalcin; V Atmis; OK Cengiz; S Arg; M Varli; T Atli, Arch. Geront. Geriat;.2015 60, 344-348.
[7] MY Yakoob; ZA BhuttaBMC Public Health2011, 11.

[8] AE Czeizel; | Dudas; A Vereczkey; F Banhidyutrients 2013 5, 4760-4775.

[9] GPO Jr; KN Bell; MB WeberClin. Mol. Teratol, 2004 70, 835-837.

[10] EP Frenkel; DA YardleyHematol. Oncol. Clin. Nor. Am200Q 14, 1079-1100.

[11] CM Boykin; NA DiPietro MagerCurr. Pharm. Teach. Learn2015,7, 273-276.

[12] IJN Peake; AJ Copp; J Shavigiith Defects Res. A .Clin. Mol. Terat®2013 97, 444-451.

[13] KY Leung; SCP De Castro; D Savery; AJ Copp;ENGreeneBrain, 2013 136, 2836-2841.

[14] MdL Samaniego-Vaesken; E Alonso-Aperte; G Vauldoreiras,J. Food Compost. Anak01Q 23, 419-423.
[15] JR Rueda; J Ballesteros; V Guillen; Ml Tejati&pla,Cochrane database syst. re2011, 5.

[16] GS Fisch; IL Cohen; AC Gross; V Jenkins; E@Kles; WT Brown Am. J. Med. Genetl988 30, 393-399.
[17] RJ Hagerman; AW Jackson; A Levitas; M BradericBogg; M Kemper; L McGavran; R Berry; | Matusn.
J. Med. Genet1986 23, 241-262.

[18] | Galan; ML Garcia; MD Selgabeat Sci, 201Q 84, 437-443.

[19] M Hefni; CM Witthoft, LWT-Food Sci. TechnoR011, 44, 706-712.

[20] L Frommherz; Y Matrtiniak; T Heuer; A Roth; S$&lling; | Hoffmann,Food Chem.2014 159, 122-127.
[21] JE Young; MT Matyska; JJ Pesdk,Chromatogr. A2011, 1218, 2121-2126.

[22] YO Li; LL Diosady; S Jankowskint. J. Food Sci. Tech2011, 46, 379-385.

[23] M Achdn; A Arrate; E Alonso-Aperte; G Vareladvkiras, Eur. J. Clin. Nur2011, 50, 119-125.

[24] AM Shojania; K Von KustelBMC Res. Notg 2010 3.

[25] J Arcot; AK Shrestha; U Gusandwpod Contro) 2002 13, 245-252.

[26] J Alaburda; AP de Almeida; L Shundo; V Ruvjevi Sabino,J. Food Compost. Anak008 21, 336-342.
[27] CA Boeneke; KJ Aryanda,WT-Food Sci. TechngR008 41, 1335-1343.

[28] K Dewettinck; F Van Bockstaele; B Kiihne; D Vda Walle; TM Courtens; X Gellyncld, Cereal Scj.2008
48, 243-257.

[29] MV Salinas; MC Puppd,WT-Food Sci. TechnoR015 60, 95-101.

[30] RHF Cheung; PD Morrison; DM Small; PJ Marrjatt Chromatogr. A2008 1213, 93-99.

[31] F Rezaei; Y Yamini; M Moradi; B Ebrahimpouralantg 2013 105, 173-178.

[32] Y Yamini; N Alizadeh; M ShamsipuAnal. Chim. Actal997, 355, 69-74.

1217



