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Abstract

Maize is one of the most important cereal crops for human consumption but the iron bioavailability (FeBA) from maize foods s very low Figure 2. Relative Bioavailability (RBA) for processed and
due to the high phytate content. The objective of this study was to determine the effect of common maize food processing on M eth o] d S fortified maize food products
FeBA for identifying better processing techniques to improve FeBA. Maize foods were prepared to represent different processing —_— p -
techniques: healing (porridge), (0gi), (tortillas) and (arepas). The effect of processing

on iron and phytate contents was evaluated using a mass balance methodology. FeBA was assessed using in vitro digestion
coupled wilhcaco-2 coll model and using frin a an index o boavailbilty. Phytate conent of maze foods was signifcartly
reduced only by nixtamalization (15%, p = 0.03), while iron content was not affected by any processes. Processing, irfespective
oftype of fotficant had a signifcant effecton FeBA (p = 0.02). Relative Bioavailabilly (RBA compared to 100% boavaiabilly of
Porrige with FeS04). was signicantly hgher with og fctfed wih FeS04 (141 A, p < 0.001), and RedFe (42% +
<0.001). To determine whether the high FeBA from ogi was due to auamcauon o stded et sd (6mgg) to
nformeonted mbize foode. Adeton of e s significantly increased iron solubility as well as FeBA in maize foods by an
average about 2-fold (p < 0.01), with the most pronounced effect observed in tortillas. Our findings of minimal reduction of phytic
acid with ogi preparation suggest that acidification but not phytate hydrolysis is responsible for improving iron solubility and FeBA
during fermentation. Improvement of FeBA with lactic acid addition to unfermented foods further confirms our results. Adapting
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processing methods to improve FeBA could have a significant impact on the effectiveness of fortification schemes. Lactic acid He atin q [
addition is another alternate and inexpensive approach to improve FeBA, and may be more feasible than adding expensive <‘ ,

fortificants with high bioavailability.
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Introduction
= Iron deficiency is the most prevalent nutritional deficiency worldwide,
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affecftmgfover t\NOfb”"O” FIJ_'EOP'e- Evaluate mass balance Fortification of product 0
= Iron fortification of maize has a minimum impact on improving iron status (50ppm FeSO, or RedFe) » o> 3
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% RBA (porridge + FeSO,)

because o_f the high level of phytgte !n maize significantly ir_1hibiting FeBA: v _ _ ] QQ, Qg, QQ, Qg, QQ, Qg, QQ, Qg,
> Many studies focus on food fortification but not on processing or formulation T":'?' Pthyﬂfe Tm?' "t°" In vitro digestion Cellular Iron Uptake R
practices to improve FeBA of maize foods. (AOAC methods8611) | | (hORC menod sas2y | | PHI2 (gastric) + pepsin Supernatant applied to o(\' o<\ \Q st OQ 00" PR
> Many traditional maize processing techniques may have an effect on ncubate 1.0 h Cacoz cells ters e ot NOVA i Tokey's
reducing phytate levels and those can be broadly categorized by four main l l G - " } R vl i 0P Fe50, reament
techniques: heating, nixtamalization, decortication, and fermentation. S " . . .
- N - ! i " ! i pancreatin Figure 3. Relative Bioavailability (RBA) for processed
2 No studies have systematically compared the effect of traditional processing loniExchanoe) Miicicd Incubate 24 h gure 3. v y (RBA) for p
Chromatography Microwave Incubate 0.25 h neubate maize with or without added lactic acid.
on phytate levels as well as FeBA. Digestion :
’W‘ 3.59
Objectives { \ | z
2 Evaluate the effect of traditional processing techniques for maize (heating, ErE Rl o 3.04
nixtamalization, fermentation and decortication) on phytate and Fe contents, Sulphonic Acid - ie"OZi"E J ron Bioavailability o
iron solubility, and FeBA. - . Colorimetry ’ Soluble iron (ng Ferritin/mg cell protein) 3 254
2 Enhance the FeBA of maize foods by modifying the formulation and determination < i
incorporating LA during processing. f
> Evaluate sensory differences between products with or without LA £ 207
o
=
. . . . . © 1.5
Results Figure 1. Changes in phytate and iron content during processing. 14
Table 1. Soluble iron (%) in digested maize foods Bran Fraction 1.04
- 329+24 Arp N K Ar Net -16.4% ’
Fe Solubility \ P No cool P
- 35515 410+ 26 - 433 %37 .| (p=0.09) * @ & on® » (o
Tort Arp Ogi Por 20.8% (p=0.01) +5.6% (p=0.61) Net -14.4% o "oo S‘ 0’\0 60 t§< '\0 %O é(
No fort 0709 6.7+26a 149+24 71443 1582 +33 1611+ 58 (p=0.06) QQ’ ® @ Q- Q Q‘
+LA 184 £05%  26.8+2.0% Not applicable ~ 24.7 + 0.5% -15.9% (p=0.31) +1.8% (p=0.70) &o(\ {\ {\ st QX Q 0 \ &x
+FeSO, 20602 30.6+0.6 212:15 284:15 ) QIS PN QO Q©
+FeSO, + LA 3.9+01% 274422 Not applicable  25.6 + 1.3 Ogi —No cook Ogi Net -12.4 fect of I product. * p < 0.01; ** p < 0,001; **p < 0.0001; n = 5-14,
+ RedFe -06+0.2 146+06 138£20 143£0.4 Ferm 6718 asax23 - (p=0.07) 1 H
RedFe + LA 65100 126215 Notapplicable  12.7%0.6 Whol 25 3% (p=0.002) +12.4% (p=0.09) DB ELAT Discussion
+ RedFe + .5+ 0.9 .6+ 1. lot applicable .7 £0.4 ole maize 1491 + 157 1670 + 141 (p=0.30) P -
Phytate:iron Molar Ratio S18s 15 22079 (p=0.10) +12.0% (p=0.42) = Phytate cpntent was significantly reduced by decortication and
Tort Arp ool Por 1881 + 116 Por fermer_\tatlon, whl_le l_=e content was r_\ot aff_ectedA .
No fort 17.1£13 207430 219+26 30.0£6.9 \- 531418 = While iron solubility is generally low in maize foods, the solubility
+ 49+03 51+06 56%0.4 6.8+0.7 +2.5% (p=0.61) of intrinsic Fe is significantly increased with addition of LA,
(*p<oot; = ttest =38 1984 + 128 however fortification Fe solubility was not enhanced, except in

+5.5% (p=0.57) high pH maize products (tortillas).

Table 2. Triangle Testing for sensory differences in products Tort — No cook Tort Net -14.9% 3 FeBA of fermented maize (0gi) is higher than other treatments
with or without LA 500+16 a2s22  [(p=003) hen fortified with FeSO ( %) o 9
Neyajote -1.1% (p=0.44) -13.9% (p=0.07) Net +6.5% when fortified wi €30, or RedFe.
sample #of panelists correctly identified p value 45.4+10.2 1923 £ 96 20086 (p=0.42) = FeBA increased with addition of LA to unfermented products, and
Arepa 14144 0.831 33812 +2.2% (p=079) +4.2% (=061 is most pronounced in low solubility product (tortilla).
Tortilla 19/44 0.166 . . . .
— > The higher FeBA of fermented maize may be primarily due to
Porridge 32743 <0.0001 e i i ot e AT, o acidification and its effects on iron solubility.
e pom = Tortillas and arepas with 6mg/g added LA were not
Abbreviations distinguishable from their unacidified counterparts
Processing Treatments Eortification Treatments Products Parameters Conclusion
Heating - Heat No fortification - No fort Porridge - Por Iron - Fe. . . . war . . . . o . . . . . .
Niiamalzaton - Nt Ferrous sulphate - FeS04 Tortlas - Tor Relative biovalabity - RBA Fermentation or lactic acid addition increases iron bioavailability of maize without affecting sensory characteristics in
e oy oo Redre e on Bloavalebity - FesA most products and may provide a low cost means of improving bioavailability of maize products.
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