ARRVA &> Al 09> Aoo)Lm..ir DOI10.29252/fsct.16.10.07 Lﬁ'i")& (\-.I‘L\«ﬁ 9 (5}19

o9 31 0oliwl b O g3 glgizmo w9 b dugd T 3 1 (v y 3
29550 gy 9 YU 1,0 b @bo (S Fgilog S

o) dors e ¢ S ag8 13 e 0313T

_L@i.ﬂfjéfé SLisls ‘L;));L.iSuiiJl: ,&U& Gujrjl& ajjf ngisé 4::'-).»1):.."13—\
UL,.@S SLisls gL;)'ﬁLiSJ.;:f_' g&LLOGL..pJle& ojjfjl?i.:b—\'

QAT 2 fopdy G QA VA 2dly 5 5 ,0)

o S

LS o s dy J‘)’\:a'—llaj.aﬁ- @hile lacg el 55 o se LI,k OB5 55 OF 35meS oS il (65,2 slaly s 3l S S ss Al
A.H_L;‘ ﬂ}}.&w1): g[)TJ: &ZJ)AJ?""J?J}('LS/W)"" u:.:ugf,.a)kw Q‘;‘A_A;—jb_L\J:Lﬂfe‘)éu?al::jw‘:j\.osj JJ:L J‘a'«u'c})):
Ob s il 30 s e 3 (p 85,500 £00) S md w0 Wl3gy 5L Ao s Voo L (PSS g o ss V(6113 s g 3T (S5l 2
G bl s @ 05 S sy 2 Ol S a B 08 S VL LIS L mle SIS Sl S B 0w pelis cnl L 2 S0
&L@.Jj.m): a.LLadél; Qyjﬁj&zjf _L:-:‘ g)‘j:.a Y a‘NﬂGLQL&L}q&jﬁ- _L_«L,B Ju&‘;‘);mﬂ}ukh1f!1 \)Lj:.o:;" _L_«LJ
S0 5 3L a0 Sl WEJ’J"J‘)’.““ JJTL;)L.u_;'& CohB am 53 5 (6 0L ags Al s el ol L;YL:T:.,J@;L&»:J;&: ol

S

35w oo b LB L mle 1S 5l S Gl e (52 OS5 Al 10515 A

myarmand@ut.ac.ir .5 J .

Vo



J“’JJJ‘ obw‘buy}_e (5‘}:’“’)-’0{44:-@5%])-9)3‘ g

J‘"‘J{i‘)“:"““‘)‘w‘ﬁfﬁ@:’@bﬁ°bb\

S b s PGANGs e o3 53 53 ol S el |
laaaly s UL gy o ph 03l (and)
A Sl s g 00 S8 4 S Al b ol e 5l 28
Al G5 A G el Sl Dol 2l s oL
Lol S5

S o)l Ol 53 (gadate bl 5 ge b B S5l
e e 055 303 SIS S 4 U5 e dhexr O
Slabeal 5l Sl (ml e o dapns
O [0-ATs S o ilails o 5 5l 6Ky 5 6355k
slagslral 5l 6, Kiy 5 @bl Obss L3 S Al
S obmal bl el o8 sl s3lsle
ol o il e Ol 5 s NTD* &l (el s opl 2 gS
3ok JEI s O Sl a3 Clasl s Shas (ke
535y 53 GILe 5 el b s il e s 5
3 o2l e s dezme D Dl OS5 L 5 25 e ailie
e i Wi 5 da oS L3 Ypene 5 es g0t
SUS0eaSsle 5 el Ohss L S Al O s
Sl Dbl 0 S0 I WS 5 b el
L8 V] el 0352 o

S ol slgnig S5 denl (6 S5l sl s la s,
L oSeslll oy ens,Sen i Wl pjtegs Sl OIS o0
G o> o fb Codan b Ky i 5 SIS sl S
O p3 S8 peskelsSY oSL Sl S
Clye 5, Se3lkl sk o (ATCC 7469) .y sl
33 2 B 4y B w15 s ol 35 S e eslinal Y b
Sosbas Sl slge 53 2 ge R 5 SIS el S
Lo 53 ssmpe SV e Ol bl 8515 S
50T A5, 5 edd sbml )5S Olpe (55 3l 5 035 L)
53 35050 Y 5 Ol Ol oo 2 kil (ladsgei b 0T anlis

D155 o 1y ams

3. Pteroyl glutamic acid

4. Neural tube defects

5. protein-binding assay (RPBA)
6. Lactobacillus casei-rhamnosus
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1. 2-amino-4-hydroxy-6- methylpterin
2. pteridine ring
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8. Reference daily intake (RDI)
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7. high-performance liquid chromatography with fluorescence
detection
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10. Solid-Phase extraction
11. Clean-up

12. Strong anion-exchange
13. Isocratic

14. Recovery of folates
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9. AspergillusOryzae
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Fig 3 Standard curve of folat by microbiological
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Table 1Folic acid and folatesdeterminationin samples (ng/100 g dry basis)by the HPLC method
(Recovery 97%) and microbiological assay

Folic acid content ( by HPLC

Folat content ( by Microbiological

Samples method) assay)
Wheat bran 25.6+0.4 P 62.2+0.7 **
Fortified Flour (7% bra.n+100% RDI 2462442 B> 262.846.1 ®
Folic acid)
1 0, 0,
Fortified Dough (7A)bran+100A) RDI 271 1251 Ab 3013473 4
Folic acid)
1 0 0
Fortified Bread (7A>bran+100A> RDI 187423 6 < 198,945 €
Folic acid)

Means (+ standard deviation) within a rowwith the same lowercase letters are not significantly different at p< 0.05,
and, means within a column with the same uppercase letters are not significantly different at p<0.05.
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bread making by HPLC method and microbiological

assay.

AN



J»j))‘obu;‘w‘buy}_eélj;‘mfub%Jﬁ‘]ﬁj(gﬂ)ﬁ

M)QJ:MMJL?}@}@‘JJAMUT

Composition and Analysis, 2008. 21(4): p.
336-342.

[12] Omar, R.M., Ismail, HM., Yousef, M.I,,
Gomma, N.F., Sheta, M., Effect of processing
on folic acid fortified Baladi bread and its
possible effect on the prevention of colon
cancer. Food Chem Toxicol, 2009. 47(7): p.
1626-35.

[13] Heydari, A., Vardast, M.A., Yeganeh Zare,
SH., Determination and comparison of folic
acid in fortified wheat flours and breads by
high performance liquid choromatography
(HPLC) in the Urmia city. Urmia Medical
Journal, 2016.27(3): p. 187-197.

[14] Osseyi, E.S., R.L. Wehling, and J.A.
Albrecht, Liquid chromatographic method for
determining added folic acid in fortified cereal
products. J Chromatogr A, 1998. 826(2): p.
235-40.

[15] Boukid, F., Zannini, E., Carini, E.,
Vittadini, E., Pulses for bread fortification: A
necessity or a choice? Trends in Food Science
& Technology, 2019. 88: p. 416-428.

[16] Mardani Ghahfarokhi, A. and M.S.
Yarmand, Investigation the effect of bran
content on the rheological properties and the
quality characteristics of Barbary breadFood
Science and Technology, 2016. 13(50): p. 11-
21.

[17] Osseyi, E.S., R.L. Wehling, and J.A.
Albrecht, Liquid chromatographic method for
determining added folic acid in fortified cereal
products1Published as Paper Number 11760,
Journal Series, Agricultural Research Division,
University of Nebraska, Lincoln, NE 68583-
0704, USA.1. Journal of Chromatography A,
1998. 826(2): p. 235-240.

[18] Vahteristo, L.,Lehikoinen, K., Varo, P.,
Application of an HPLC assay for the
determination of folate derivatives in some
vegetables, fruits and berries consumed in
Finland. Food Chemistry, 1997. 59(4): p. 589-
597.

[19] Gujska, E. and K. Majewska, Effect of
baking process on added folic acid and
endogenous folates stability in wheat and rye
breads. Plant Foods Hum Nutr, 2005. 60(2): p.
37-42.

[20] Patring, J.D.M., Jastrebova, J.A., Hjortmo,
S.B., Andlid, T.A., Development of a
simplified method for the determination of
folates in baker's yeast by HPLC with
ultraviolet and fluorescence detection. Journal
of Agricultural and Food Chemistry, 2005.
53(7): p. 2406-2411.

@Lﬁw -0

[1] Sapirstein, H.D., Bioactive compounds in
wheat bran, in encyclopedia of food grains
(Second Edition), C. Wrigley, et al., Editors.
2016, Academic Press: Oxford. p. 268-276.

[2] Kamal-Eldin, A., Dietary fiber: bran, in
encyclopedia of food and health, B. caballero,
P.M. Finglas, and F. Toldra, Editors. 2016,
Academic Press: Oxford. p. 378-382.

[3] Devries, J., Rader, J.1., Keagy, P.M., Angyal,
G., Microbiological assay-trienzyme procedure
for total folates in cereals and cereal foods:
Collaborative study. Journal of AOAC
International, 2005. 88: p. 5-15.

[4] Scott, J., F. Rébeillé, and J. Fletcher, Folic
acid and folates: the feasibility for nutritional
enhancement in plant foods. Journal of the
Science of Food and Agriculture, 2000. 80(7):
p. 795-824.

[5] Hirsch, S., Barrera, G., Leiva, L., Bunout,
D.,Chapter 44 - Folic Acid and colon cancer:
impact of wheat flour fortification with folic
acid, in flour and breads and their fortification
in health and disease prevention, V.R. Preedy,
R.R. Watson, and V.B. Patel, Editors. 2011,
Academic Press: San Diego. p. 485-494.

[6] Boushey, C.J., Bresford, S.A., Omenn, G.S.,
A quantitative assessment of plasma
homocysteine as a risk factor for vascular
disease. Probable benefits of increasing folic
acid intakes. Jama, 1995. 274(13): p. 1049-57.

[7] Honein, M.A., Paulozzi, L.J., Mathews, T.J.,
Erickson, J.D., Impact of folic acid fortification
of the US food supply on the occurrence of
neural tube defects. Jama, 2001. 285(23): p.
2981-6.

[8] Fishman, S.M., P. Christian, and K.P. West,
The role of vitamins in the prevention and
control of anaemia. Public Health Nutr, 2000.
3(2): p. 125-50.

[9] Talaulikar, V. and S. Arulkumaran, Folic
acid in pregnancy. Obstetrics, Gynaecology &
Reproductive Medicine, 2013. 23(9): p. 286-
288.

[10] Rader, J.I., C.M. Weaver, and G. Angyal,
Use of a microbiological assay with tri-enzyme
extraction for measurement of pre-fortification
levels of folates in enriched cereal-grain
products. Food Chemistry, 1998. 62(4): p. 451-
465.

[11]Alaburda, J., et al.,, Determination of folic
acid in fortified wheat flours. Journal of Food



JFST No. 95, Vol. 16, January 2020 ABSTRACT

Investigation the effect of backing process on folates stability with
high-performance liquid chromatography (HPLC) method and
microbiological assay

Mardani ghahfarrokhi, A. ', Yarmand, M. S. **

1. Ph.D. in food scienceand technology, College of Agriculture, Ferdowsi University of Mashhad.
2. Associate professor, Faculty of science and technology, College of Agriculture & Natural Resources, University of
Tehran.

(Received: 2019/09/30 Accepted:2019/12/23)

Folic acidisone of the essential vitaminsthat deficiency of it causes congenital malformations in pregnant,
especially neural tubedisorders.Sincethe humanbody cannot synthesize this vitamin, enrichment process
on bread that isknown as one of themost widely consumedfoodsinthe dietof our people, can be one an
effectivestepforeliminatingdefectscaused byvitamin’s deficiencyinpeople. Considering the health effects
of wheat bran and the presence of folic acid in it, in this studyattemptstofortify flour (with 7% wheat
bran)by100% RDI folic acid and then measuringthestability offolic acidinbreadmaking process by HPLC
method and microbiological assay. The resultsindicated that the microbiological assay showed higher
amount than the high performance liquid chromatography method because of the ability to measure the
natural folate in the samples. Also, during the bread making process, the folic acid and folate content
increased during the fermentation process and then decreased by the thermal baking process. The
remaining amount of folic acid and folatein the final bread showed the relatively high resistance of this
vitamin in the process of Barbari’s bread, and thus the ability of the bread fortification processto
providefolic acidrequirements inadults.

Keywords: Folic acid, Barbari’s bran bread, HPLC, Microbiological assay
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