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SUMMARY. The possibility of improving the dietary value of
precooked maize flour through fortificaction with 11% coarse defatted
maize germ was investigated. The results of tests in humans presented
here show that the total iron absorption from the fortified preparation
1s similar to that from the precooked maize alone, but with the
advantage of being richer in several nutrients: protein (25%), zinc
(61%), potassium (47%) and magnesium (112%), as well as fiber
(34%). Foritification lowers (by 20%) rather than raises the cost of
the flour, and may be an important contribution to the diet of those
populations where maize bread is a major component of the diet.

INTRODUCCION

Precooked maize flour has almost replaced maize grain
and polished maize as a foodstuff in the diet of the
socioeconomic populations of Central Americaand the northern
parts of South America. There are several advantages of using
precooked maize flour instead of the whole maize grain in the
preparation of food, including greater convenience, areduced
phytate content, and improved ironbioavailability. The only
major disadvantage is the reduction of its iron content from
about 3 mg to 1 mg/100 g (1). Considering the high incidence
of iron deficiency in Latin America (2), it should be beneficial
to replace the iron lost during the industrial preparation of the
precooked flour due to removal of the germ. This articule
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RESUMEN. Fortificacion de la harina precocida de maiz con
gérmen de mafz semirrefinado y desgrasado. Fue investigada la
posibilidad de mejorar el valor dietético de la harina precocida de
maiz mediante la fortificacién con 11% del gérmen de maiz
semirefinado y desgrasado. Los resultados de las pruebas en humano
presentados aqui, mostraron que la absorcién total del hierro de las
preparaciones fotificadas fue similar a la absorcién del maiz precocido
administrado solo, pero con la ventajade estar enriquecido con varios
nutrientes: proteinas (25%), zinc (61%), potasio (47%), magnesio
(112%), como también con fibra (34%). La fortificacién disminuye
el precio delaharina en 20% y puede ser una importante contribucién
amejorar ladieta de aquellas poblaciones en las cuales el pan de maiz
es un componente importante en la dieta.

presents data showing iron absorption from precooked maize
flour fortified with products derived from maize germ which
also contain relatively large amounts of protein, as well as
other minerals besides iron.

MATERIAL AND METHODS

Subjects

The data on iron absorption were obtained from 56 adult
subjects living in rural areas of Venezuela who volunteered to
participate in this study. This type of study has been approved
by the Ethical Committee for Clinical Investigation of the
Veenzuelan Institute for Scientific Research (IVICI). The
blood hemoglobin concentration (3), serum iron concentration
(4), unsaturated serum transferrin concentration (5), and serum
ferritin concentration (6), were determined in each subject.

Maize processing

During the first stage of the industrial processing of the
maize grain at Refinadora de Maiz Venezolana, the endosperm
is separated from the germ and hull by dry-milling. The
endosperm is first steam cooked in tunels, then milled, to give
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the final precooked maize flour preparation. In the second
stage of the process, oil is extracted from the germ and hull by
solvent exiraction with hexane, and the remainig material
milled and screened into three fractions: bran, coarse germ and
refined germ.

Fortification of precooked maize flour with defatted coarse
and refined maize germ

‘Whole precooked maize grainis enriched with 11% coarse
maize germ (particle size: 250-595 pum diameter), then milled
on an industrial scale to produce a flour called «Pronto» to be
consumed by the lower socioeconomic strata of the population,
ata20% lower cost than the precooked maize flour. The flour
has a slight brown color, but surveys carried out by the
manufacturers have shown that the taste of the bread and other
organoleptic properties are very similar to the bread prepared
with precooked maize flour alone.

The same process was repeated in the laboratory with the
difference that the dough from each flour was extrinsically
labeled with a different radioisotope of iron before mixing to
prepare the bread. A similar blend was also prepared using
11% refined germ instead fo the coarse form. For one study
Pronto was also labeled with radiorion. In all cases the dough
was shaped into disc-shaped «arepas» and baked in an oven at
200°C for 45 minutes. With the addition of water to produce
the dough, 100g of flour produce an arepa of approximately
250 g. Since the consistency of the germ does not permit the
preparation of adough, when refined germ was given alone, it
was simmered ina saucepan for about 15 minutes with enough
water to give a final semisolid preparation, which was then
labeled with radioiron.

Radioactive labelin

The 33 Fe and 39 Fe as ferric chloride was obtained from
New England Nuclear, Boston. Approximately 0.7 uCi of 59
Feor2uciof 55 Fe were used to extrinsically label each meal.
The radiolabel was added to each portion of dough with a
syringe, then carefully mixed in before shaping into an arepa.
As in previous studies, a reference dose containing 3 mg of
iron as ferrous sulfate mixed with ascorbic acid at a 2:1
ascorbate-iron molecular ratio was also administered (7).

Iron absorption

All the meals were given in the morning after an overnight
fast. No food or drink was allowed for 3 hafter the administration
of the meal. On day 1, the laboratory blended bread was
administered. In the first study only the precooked flour
portion was labeled ( 59 Fe) whereas in the other two studies,
the germ fraction was also labeled ( 55 Fe). Blood was drawn
15 days later to determine the hematological profile of the
subjects tested, and to measure the radioactivity in the blood
samples. The subjects were then given another meal on day 15
and the reference dose of ferrous sulfate on day 16. Blood was
drawn on day 30 to measure incorporation of radioactivity.

Duplicate 10 mlaliquots of blood together with samples of the
radioactive food and the reference dose were prepared for
counting following the tecnique of Dern and Hart (8,9). The
iron absorption from food was calculated using an estimate of
blood volume based on sex, weight and height (10). No
correction was made to determine the total iron utilization.

Chemical analysis of foods.

The macronutrient determinations were performed
according to standar methods: protein (11), fat (12) and fiber
(13). The micronutrients were determined by atomic absorption
spectroscopy, except iron which was determined by the
digestion method (14). The antinutrients phytate (15) and
tannin (16) were also determined.

Statistical analysis.

The means and standard errors for the iron absorption and
serum ferritin concentrationdata were calculated using logartihms.
Absorption results were compared using Student’s test for paired
data, except in the one case that the test for unpaired data was
applied to the absorption from meals given to different subjects.

RESULTS

Chemical analysis

Table 1 shows the nutrient and antinutrient contents of the
different maize products. Several important macronutrients
and micronutirents are found at signficantly higher
concentrations in the defatted germ compared to the precooked
flour, especially protein, iron, potassium, magnesium and
zinc. The enrichment of Pronto due to the addition of coarse
germ to precooked maize may be appreciated in the last
column. However, the addition of germ also raises the levels
of the antinutrients, particularly the phytate content which
being 19 times higher in the coarse germ than in the precooked
flour resulted in a 2.5-fold increase in the Pronto preparation.

Iron absorption

Table 2 shows the results of three studies which compare
the iron absorption from different fractions derived from
maize which may be used in the preparation of the bread. The
mean iron absorption from the reference dose of ferrous
sulfate and the serum ferritin concentration results indicated
that the three groups were significantly different in terms of
their iron status. Therefore, their iron absorption results could
not be compared directly. In order to normalize the absorption
results, the ironabsorption from each individual was multiplied
by the mean of the total ferritin concentration of all individuals
studied and divided by the serum ferritin concentration of that
particular subject. Normalization was notbased on the reference
dose absorptionresults, asin previous studies, since experience
has shown that large daily physiological variations in iron
absorption make the ferritin concentration normalization
method more reliable.
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TABLE 1 TABLE 2
NUTRIENT AND ANTINUTRIENTS IN MAIZE IRON ABSORPTION FROM DIFFERENT MAIZE
PRODUCTS GRAIN PRODUCTS
Defatted germ STUDY
Precooked 1 2 3
maize flour Refined Coarse Pronto
Subjects-Hematological Profile
Macronutrients Number/sex 3M/7F SM/11F 15M/15F
(/100g) Hemoglobin (g/dL) 12.9+0.5% 124404 13.0+0.3
Protei 8,00+ + " Serum transferrin saturation (%) 2845 28+4 31+2
rotein .02+0.55 23.13£1.09 29.48+1.11 10.05+0.45 Serum ferritin (}J.g/L) 21 20 34
Fat 1.26:0.20 0.45+0.20 070020 0.78+0.21 . (17-28) (15-26) (30-39)
Total Fiber 0.78+0.11 N.T. 5.40£0.10  1.1740.11 Absorption results *¢
A.
§ Precooked maize flour (100g) 5.32 6.5%
Micronutrients (3_0_9.2) (43_99)
(mg/100g) B.
Ca 1.5£0.03 591050  8.6+030  2.9+0.03 Refined germ (11g) 2.8b
Co N.D. N.D. ND. N.D. (17-44)
Blended flour
Cu 0.12+0.01  0.60-0.03 0.70£0.03 0.22+0.01 C
Fe 0.1240.33  18.1+3.43  12.27+042 2.10£0.35 Precooked maize flour (89g) 46* 4.5b2 2.82
K 110£30 12274200 1060460 20010 2972)  (2874) (2235)
D.
M 17+0.4 422430 2982, 51t
& 98£20 4 Gem fraction (11g) — 34bd  3gac
Mn 0.13£10.01 1.70£0.30  1.62+0.01 0.1240.01 2.2-53) (24-4.1)
Na 0.1520.1 0.910.02 0.6:0.02  0.330.04 E
Zn 0.74£0.04  9.2%1.0 2.340.2 1.2940.03 Pronto (100g) 3.5%
(2.6-4.6)
. Reference dose FeSO4 3 mg Fe)  29.3 20.3 17.5
Antinutrients (22.5-382) (16.5-25.0) (14.4-21.3)
(mg/100g)
Phytate 198+18 41724241 3740472 544+49 8 The hemoglobin and transferrin results shown are arithmetic means *S.E.
Tannin 17 80 107 21 The figures for the ferritin concentration and the absorption results represent

N.D. = Not detected N.T.= Not tested

The means and standard deviations were obtained from 5 random samples
with the exception of the tannaté for which only 2 samples were tested.

In the first study, the mean iron absorption by 10 subjects
from precooked maize bread given alone was 5.3% (A), and
29% from the reference dose (D). Line B shows the low
percentage absorption (2.8%) from 11 g of refined germ alone
which contains a relatively high concentration of phytate (37
mg/g). When precooked maize flour and refined germ were
combined (C), the iron absorption from the radiolabeled
precooked fraction was slightly less than from the precooked
flour (A), alone but significantly greater than from the refined
germ (C) alone (p<0.02). In this prepartion the phytate in the
germ has been diluted to 6 mg/g, butis not as low as the 2 mg/
¢ found in precooked maize flour.

In the second study, the mean absorption from precooked
maize flour alone was 6.5% (A), not significantly different,
according to Student’s test for unpaired data from the 5.3%
measured in the first study (p>0.7). In the second test, iron
absorption from the two fractions of the doubly labeled

the geometric mean, with the standard error range in brackets below.

The iron absorption results were normalized according to the
ferritin concentration of the individual. See RESULTS.
€ Means in the same column followed by a common letter in italics
are not significantly different according to Student’s test for paired
data at the 5% level.
d Refined germ
€ Coarse germ.

blended bread (precooked flour and refined germ) was
measured (C and D). The absorptions from the two fractions
were different, 4.5% and 3.4% respectively, but not
significantly. The absorption from the germ fraction, but not
the precooked flour fraction, was signficantly lower than that
from the precooked maize bread (A) given alone. However,
since the total amount of iron in the blended flour is higher, the
actual amount absorbed may be calculated to be 55% higher
(113 pg) than from the precooked flour (73 ug).

In the third study, the percentage of iron absorption from
the two fractions of the doubly labeled bread was measured, as
in the previous study, with the exception that coarse germ was
added instead of refined. The mean absorptions from the
precooked (C) and germ (D) fractions were similar, 2.8% and
3.2% respectively (p>0.3). This percentage of absorption is
comparable to the 3.5% obtained with Pronto (p>0.2) which
contains the same proportion of coarse germ, and approximately
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the same level of phytate (see Table 1). Based on the weights
of the fractions, their iron content, and percentage iron
absorption, absolute amounts of 71 ug and 74 pg of iron
absorbed may be calculated for the laboratory blended flour
and Pronto respectively.

DISCUSSION

Defatted corn germ meal or cake, the residue obtained after
industrial oil extraction, hasbeen destined in the past to animal
feed. However, its transformation into defatted corn flour of
good organoleptic and nutritional quality, by applying a
milling and screening process, has been of value in the
elaboration of several food products due to its high content of
protein (20-30 %) (17), lysine (5.9 g/100g proteins) (18) and
several minerals (potassium, magnesium, iron and zinc).
Defatted germ has been used, up to 25%, in the preparation of
baked cookies and muffins (19), to fortify wheat bread adding
12%-24% (17), and in pasta products by blending commercial
durum semolina with 10-30% of germ flour (20).

During the industrial milling and screening of maize germ,
two fractions are obtained: the coarse and the refined fractions.
Both are characterized by a higher protein and iron content
than the flour prepared from the endosperm, but the former is
also high in fibre. Refined germ could be used to fortify
precooked maize flour; study 2 showed that the absorption of
iron was 55% higher than from the precooked flour given
alone. However, this product already has a use in the food
industry and its utilization in combination with the precooked
maize flour would increase the cost of the final product.

The studies presented here demonstrate that the coarse
germ may also be used for fortification. Although the figures
are not significantly different, the absorptions from the two
fractions of the fortified flour in the second study (precooked
flour and refined germ) were somewhat different (4.5% and
3.4% respectively). In the third study using coarse germ and
with a larger number of subjects, the absorptions from the two
fractions were very similar (2.8% and 3.2%) suggesting that
they were equally affected by the absorption inhibitors and
consitute a common iron pool.

There are limits to the proportion of germ which may be
added. More than about 11% makes the fortified flour difficult
to form into a dough, and may be expected to be
counterproductive because of the increased phytate
concentration. The iron absorption from whole maize which
contains about 100 mg phytate/100 g has been shown tobe low
(1,7,21).

Fortification of precooked maize flour with 11% coarse
germ has been found by the manufacturers to fulfill cosumer
requirements with regards to appearance and taste. Our results
show that iron absorption from bread prepared from the
fortified flouris similar to that from unfortified flour, but with
the advantage of a higher concentration of protein (25%), fiber
(34%), zinc (16%), postassium (47 %) and magnesium (112%).
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