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ABSTRACT METHODS RESULTS

Background: An in vitro digestion/Caco-2 cell « Experiments: Two 2X2 factorial designs || In vivo and in vitro assessments of iron bioavailability from maize and bean meals with and without orange juice

model may predict iron bioavailability to humans, * ACR or TZB maize (50 g as porridge), with or without MAIZE TZB TZB+AA ACR ACR+AA p values

but direct comparisons are lacking. Aims: To ascorbate from orange juice Women'’s iron absorption: (n = 26) Variety ~ Ascorbate VXA
confirm previous in vitro iron bioavailability « Pinto or great northern beans (100 g as soup with garlic % observed 2.0(1.6,25)a" 7.3(58,91)b 22(17,27a 7.0(5.6,8.7)b NS 0.0001 NS
gg‘xsgﬁﬁhﬁztvsegomz;"géfn‘;azﬁgiiyaggmpanng and onion spices), with or without ascorbate pg/meal observed 14 (11, 18)a 51 (41, 64)b 18 (15, 23)a 58 (46, 73)b NS 0.0001 NS
human and Caco.2 cell results. Methods: Two - Subjects: healthy non-anemic women %, normalized.z- 24(21,29a 88(7.4,104)b 26(22,31)a 84(7.1,10.1)b NS 0.0001 NS
randomized, 2 x 2 factorial, 29-d experiments  Maize study (n=26); serum ferritin 28 (3-248) ug/L Cacol—z cell ferrmrl1 (ng/mg pl;o) 5.7+0.5a 41.7 £ 1.3B 76+1.7a 45.8 + 1.5b 0.04 0.0001 NS
compared women'’s iron absorption (n=26) from two N Algorithm w/ tannins, % abs 4.3 10.2 46 101 - - -
maize varieties (ACR vs. TZB) or great northern vs. * Bean study (n=13); serum ferritin 31 (6-93) pg/L BEANS GtNorthern Gt Northern+AA Pinto Pinto+AA

pinto beans (n = 13). Each food was served with « In vivo human absorption measured using radioiron tracers Women's iron absorption: (n = 13)

and without orange juice to provide ascorbic acid. extrinsically added to foods, with 2-wk retention determined % observed 22(1.7,3.0@" 6.6 (4.9,89)b 16(1.2,2.1)a 5.4 (4.0,7.3)b NS 0.0001 NS
Nonheme iron bioavailability was determined from from erythrocyte incorporation and whole body counting. Hg/meal observed 42 (31, 56)a 124 (92, 166)b 33 (25, 45)a 116 (86, 155)b NS 0.0001 NS
2-wk whole body and erythrocyte retention of %, normalized® 3.0(2.3,40)a 9.0(6.8,11.9b 2.1(1.6, 2.8)a 7.4 (5.6, 9.7)b NS 0.0001 NS

« In vitro bioavailability measured with a Caco-2 cell model

e)ff;lréslcall)é adﬁed ralttﬂoflron t‘rdacetrs, Iand clompared based on cellular ferritin formation after exposure to enzyme- Caco.»z cell ferritin .(ng/mg pros) 53.4+25a 159.1 + 4.9b 0+0c 6.0 +0.2d 0.0001 0.0001 0.0001
\Il?vlasulfsc'oln f:nt:aesstutosrergmtls ;Rr'lcaren\:iii:' digested and dialyzed foods. Absorption ratios with / without Algorithm w/o tannins, % abs 6.0 200 6.1 20.2 - - -
: p ascorbate estimated (2) as: * Geometric mean (-1 SEM, +1 SEM) or arithmetic mean + SEM. 2 Absorption was normalized to a serum ferritin of 23 pg/L.

harvest;, In.\(ltro results predlct(::d no d.'ff?rence in . . . . 3 Algorithm calculations for beans only were modified from those of Hallberg et al. (3), by eliminating adjustments for polyphenol/tannin
iron availability between the maize varieties. Maize In(human absorption ratio) = 0.6401 X In(Caco-2 absorption ratio) content which could not be analytically assessed.

varieties did not affect percent iron absorption, but - Calculated bioavailability also estimated with the algorithm : —— [ conciusions |
women tended (p = 0.06) to absorb 4-7 ug more by Hallberg et al. (3), adjusting for only phytic acid and |‘ Relative Iron Bioavailability ‘l CONCLUSIONS

gﬁ;m; ﬁ:gf:](:ar]rqc/;\)(r:nr‘,irz%mc‘())ii?]tt?oTsz \?s b: (;ause or ascorbic acid (not polyphenols/tannins) Women'’s iron bioavailability from maize was low, and the
mg/meal, respectively, p <0.0001). Contrary to in 57 =Ry W TZB + AA B ACR B ACR + AA maize varieties did not differ in vitro or in vivo.

vitro predictions, iron absorption did not differ Composition of Maize Meals

between bean varieties. As predicted in vitro for all 50 g dry maize cooked as porridge with 15 g sucrose
but the pinto beans, ascorbic acid increased iron
absorption from all foods by at least 3 times
(p<0.0001). Conclusion: Caco-2 cell results

Maize

.l > o «Adding ascorbic acid to maize meals tripled iron bioavailability
(p<0.0001), both in vivo and with Caco-2 cells in vitro, but the
enhancement was less by algorithm.

TZB Maize ACRMaize p-value «Women’s iron absorption was low and not different between

Apsorp. rel. to TZB, mean+SE.
©
|

correctly predicted ascorbic acid enhancement of Iron (mg) 0.71+£0.01 0.84+0.02 <0.0001 2] great northern and pinto beans, and ascorbate tripled iron
iron bioavailability to humans from maize and great Calcium (mg) 16+ 16 17+1.1 0.56 N absorption (p<0.0001) from both.
northern l:jes_r;fs, but |ncgrrectly plr)ed|cted color- g Zinc (mg) 13+01 1701 <0.01 «The similar bioavailability between bean varieties was
3]53_0‘_"?9 t'l ere_r:ﬁes et\g_een _deallzn \;Enetles an Phytate ( mg) M8+62 446+58 <0.001 04 predicted by the algorithm based on phytic and ascorbic acid
€ir interaction with ascorbic acid. Furtner A ) Women Caco2 Algorithm witannins contents, but the algorithm became less predictive when also
refinement of the Caco-2 in vitro model to Tannic Acid Equival. (ng/meal) ~ 64+13  57+11 052 based on polyphenol content.
correspond with the human results would provide an For meals with added orange juice: ' )
efficient and economical means of screening foods . Beans «In contrast, the Caco-2 cell model predicted much greater iron
for possible biofortification Ascorbic Acid (mg) 393 39£3 j 4] EotNomhem MGtNomhem+AA CIPino  MPino+AA bioavailability from great northern than from pinto beans,
Ascorbic Acid: Fe (molar ratio) 17 15 H interacting with ascorbic acid to double predicted
Mean  SD (n=3) é N bioavailability from great northern, but with considerably less
INTRODUCTION g influence from pinto beans.
_ Composition of Bean Meals _ Z . +Overall, human iron absorption results confirmed the in vitro
Objective: To directly compare in vivo human and 100 g dried beans cooked as soup with salt, onion, & garlic powders 8 predictions of ascorbic acid enhancement with maize, but did
in vitro Caco-2 cell measurements of iron Grt Northern Pinto value e not verify the in vitro difference between great northern and
bioavailability from maize and beans, by testing _ o pvalle g N pinto beans.
Caco-2 predictions of: Iron (mg) 1902 21+0.2 <0.20
) ) ’ I ; +3. 2. <0. 1
« improved iron bioavailability from TZB, a newer Calcium (mg) 7831 5823 0.0001 ° w cacoz Aot wlo LITERATURE CITED
maize variety with higher production potential, Zinc (mg) 1.1+0.1 1.2+0.1 0.25 omen aco- gorithm wio tannins i ) ]
Compared Wlth ACR a common Nigerian maiZe 1. Oikeh SO, Menkir A, Maziya-Dixon B, Welch R, Glahn RP. Assessment of concentrations of
) Phytate ( mg) 289+0.3 270+ 1.7 <0.001 ACKNOWLEDGMENTS :Eg;réc:‘:::‘cz:r&ds:smeaa_g“ iron in grains of tropical maize varieties. J Agric
' For meals with added orange juice: 2. Yun S, Habicht JP, Miller DD, Glahn RP. An in vitro digestion/caco-2 cell culture system
* better bioavailability and better ascorbic acid Ascorbic Acid (mg) 112 +8 112+ 8 — We gratefully acknowledge the work of Brenda Ling (volunteer recruitment), Emily Nielsen (volunteer coordination accurately predicts the effects of ascorbic Acid and polyphenolic compounds on iron
N . and scheduling), Bonita Hoverson (meal preparation), Carol Zito (radioisotope labeling), Dr. Glenn Lykken and bioavailability in humans. J Nutr 2004;134:2717-21.
enhancement using white beans (e.g. great Ascorbic Acid: Fe (molar) 19 17 Jackie Nelson (whole body scintilation counting), and LuAnn Johnson (statistical analyses)
. - 3. Hallberg L, Hulthen L. Prediction of dietary iron absorption: an algorithm for calculating
northern), compared with darker beans (€.g., Mean = SD (n =3) oo oo s vttt My 1A v Sttt o mepor s 566 absorpton and bioavalabity f ditaryon (S erata A i N 2000;72:1242
pinto beans). = = Growers Assooiation US| gena by ItA: " 4 84:1253 ; Ann Rev Nutr 2001; 21:1). Am J Clin Nutr 2000;71:1147-60.




