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Heat-treated hull flour does not affect iron bioavailability in rats
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SUMMARY. In this study the chemical composition
and iron bioavailability of hull and hull-less soybean
flour from the new cultivar UFVTN 105AP was eva-
luated. The hemoglobin depletion-repletion method
was used in Wistar rats. Soybean hull flour presented
37% more total dietary fiber and higher content of iron
than hull-less soybean flour. The phytate:iron molar
ratio, however, was 2-fold lower in the soybean hull
flour in compared to the hull-less soybean flour. Ani-
mals fed soybean hull flour presented hemoglobin
gains similar to those of the control diet group
(p>0.05). The Relative Biological Values of hull and
hull-less soybean flour were 68.5% and 67.1%, respec-
tively, compared to the control group. Heat-treated soy-
bean hull flour (150°C/30 minutes) showed high
content of iron and low phytate, which favors the iron
bioavailability. Thus, the soybean hull flour is a better
source of dietary fiber and iron than hull-less soybean
flour at comparable bioavailabilities.

Key words: Soybean flour, phytic acid, bioavailability,
iron, fiber.

INTRODUCTION

Heat treatment of soybeans is commonly performed
prior to processing for flour production. However, there
are no guidelines as to the best time and temperature
to be applied to the grains to inactivate and/or reduce
their anti-nutritional phytochemicals that are detrimen-
tal of those with functional effects, preserving its nu-
trients. A study with soybeans under wet extrusion
found that the temperature of 126°C for 20 minutes re-
duced the content of antitrypsin factors improving pro-
tein quality. The temperature of 140°C for 20 minutes
completely destroyed these antinutritional factors, but

RESUMO. Farinha de soja com casca tratada termicamente
nio diminui a biodisponibilidade de ferro em ratosNeste es-
tudo foram avaliadas a composi¢do quimica e a biodisponibili-
dade de ferro das farinhas de soja com e sem casca do novo
cultivar UFVTN 105AP. O método usado foi de deplegao-re-
plegdo de hemoglobina em ratos Wistar. A farinha de soja com
casca apresentou 37% a mais de fibra alimentar e maior teor de
ferro (p <0.05) do que a farinha sem casca. Entretanto, o teor
de acido fitico foi superior para a farinha sem casca. A razdo
molar fitato:ferro na farinha de soja com casca foi duas vezes
menor do que a farinha de soja sem casca. O ganho de hemo-
globina no grupo da farinha de soja com casca foi similar ao do
grupo controle (p>0,05). O Valor Relativo de Biodisponibili-
dade (VRB) da farinha de soja com casca e sem casca foram
68,5% e 67,1%, respectivamente, em relag@o ao sulfato ferroso
(100%). A farinha de soja com casca submetida ao tratamento
térmico (150°C/30 minutos) apresentou maior teor de ferro e
reduzido contetido de fitato, favorecendo a biodisponibilidade
de ferro. Assim, a farinha de soja com casca apresentou melhor
fonte de fibra alimentar e ferro do que a farinha de soja sem
casca de comparavel biodisponibilidade.

Palavras chave: Farinha de soja, acido fitico, biodisponibili-
dade, ferro, fibra alimentar.

reduced protein solubility to a level considered unac-
ceptable (1).

The objective of the present study is to evaluate
whether the heat treatment will provide improved bioa-
vailability of iron, since the soybean is a source of in-
ositol hexaphosphate (IP6). Thermal treatment may
result in partial dephosphorylation of inositol hexa-
phosphate, producing intermediate compounds as in-
ositol pentaphosphate (IP5), tetraphosphate (IP4),
triphosphate (IP3), diphosphate (IP2) and monophos-
phate (IP1), where this is an advantage of adequate heat
treatment since the concentration of IP5 and IP6 may
be reduced, decreasing the negative effect on the mi-
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neral bioavailability (2,3,4).

Comparative studies between hull-less soybean
flour (heat-treated 800C/20 min) made from a conven-
tional cultivar (iron content of 4.5 mg/g), and hull-less
soybean flour made from a non-conventional cultivar
without two lipoxygenases, (iron content of 4.4 mg/g)
showed that soybean flour made from the non-conven-
tional cultivar, which had a higher phytate content, pre-
sented lower iron bioavailability (5). Silva et al. (6)
observed an increase in protein quality of the soybean
hull flours from conventional cultivars treated at
1500C/30 minutes, making the protein concentration
similar to the cultivar without the trypsin inhibitor and
greater than the cultivars without lipoxygenases.

Whole soybean kernels also have high dietary fiber
content, but are not commonly used in soybean pro-
ducts. This is the case, for instance, of processed soy-
bean flour in which the hull is removed. The production
of soybean hull flour submitted to adequate thermal tre-
atment would be a valuable strategy to increase dietary
fiber consumption in the human diet. However, iron
bioavailability could be reduced with the increase of
dietary fiber and phytate in these new cultivars.

This study compared iron bioavailability in hull
and hullless soybean flour from a new cultivar
(UFVTN 105AP), taking into account dietary fiber
and phytate content. Both types of soybean flour were
produced and a biological assay using male Wistar rats
was conducted, using a hemoglobin iron-depletion-
repletion model (7). Thus, the use of soybean hull flour
may make it viable to process the whole grain, incre-
asing its nutritional value, as well as eliminating the
initial hulling operational step in the industrial proces-
sing of the product, reducing costs.

MATERIALS AND METHODS

Raw material

UFVTN 105AP is a new cultivar developed by the
Soybean Breeding Program of the Biotechnology Ins-
titute of the Universidade Federal de Vicosa (BIOA-
GRO/UFV), using a backcrossing method. It is a high
protein content cultivar developed without the enzymes
lipoxygenases (LOX1, LOX2 and LOX3). The recu-
rrent parent used to develop UFVTN 105AP was the
cultivar Monarca and the donor parents for LOX ab-
sence were Japanese cultivars devoid of LOX1, LOX2
or LOX3. The donor parent for high protein content
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was the North American cultivar BARC-8. Two sepa-
rate backcrossing programs were initially conducted,
one for LOX absence (six backcrossing cycles) and one
for high protein content (four backcrossing cycles).
After these isolines were obtained, they were intercros-
sed and after four self-fertilized generations, plants wi-
thout LOX and with high protein content were selected.
Cultivar UFVTN 105 AP seeds were planted in the ex-
perimental field of COOPADAP (Alto Paranaiba Agri-
cultural Coop) in Sdo Gotardo, Minas Gerais, in
November 2007, and harvested in April 2008.

Soybean flour preparation

The production of hull and hull-less soybean flour
was carried out in three repetitions. On average 917 g
of soybean hull flour and 869 g of hull-less soybean
flour were produced from four kilograms of the grain
for each repetition, removed from a total sample of 60
kg. The kernels were quickly washed with water, dried
overnight at room temperature, and submitted to a
temperature of 1500C for 30 minutes in a forced air
circulation oven (Nova Etica®, Vargem Grande Pau-
lista, Brazil), cooled and stored in polyethylene bags.
For the production of soybean hull flour, the grains
were ground in a knife mill and passed through a 20
mesh sieve (0.84 mm) (Telastem®, Sao Paulo, Brazil)
using an electric shaker (W.S. Tyler®, Cleveland,
EUA). For the production of hull-less flour, after being
submitted a similar heating treatment the soybean
grains were blended, in a semi industrial blender
(Lucre®, Catanduva, Brazil), for short intermittent
cycles to promote separation of the dried hulls. The
hulls were discarded and the kernel particles were
ground in a knife grinder (Brabender®, Rotary Mill
model, Duisburg, Germany); 20 mesh flour (0.84 mm)
was obtained using an automatic sieve shaker.

Chemical composition

Protein content levels were determined by the
semi-micro Kjeldhal method. Ash levels were quanti-
fied by sample incineration in a muffle furnace (8).
Carbohydrate content was determined by difference
(9). Lipids were extracted with ethylic ether in a Soxh-
let apparatus. Moisture was determined in a vacuum
oven (1050C £ 10C), until reaching constant weight
(8). Total dietary fiber (TDF), soluble dietary fiber
(SDF) and insoluble dietary fiber (IDF) were quanti-
fied using the AOAC enzymatic-gravimetric method
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(10), with modification, i.e., SDF was obtained by the
difference between TDF and IDF.

Iron content was quantified in samples, according
to Gomes et al. (11) with modification, using nitric
acid instead of nitric acid:perchloric acid mixture
(3:1). One gram of each soybean flour sample was
weighed and transferred into a digestion tube, and
added 10 mL nitric acid. Digestion proceeded for 16
hours at 150°C. The tubes were removed from the di-
gestion block to cool. The samples were uploaded to
a 50 mL volumetric balloon and the tubes washed
thrice with deionized water and shaken. Iron content
was quantified by atomic absorption spectrophoto-
metry (Varian®, Sao Paulo, Brazil).

Phytic acid

Phytic acid was quantified according to methodo-
logy described by AOAC (12) and the chromatogra-
phic method (ionic pair, Ultrasep ES 100 RP18,
2x250mm) proposed by Sandgerg and Ahderinne (13).
One gram of each type of soybean flour was weighed,
and extraction was made with 20 mL of HCI 2.4% for
3 hours at room temperature. After centrifugation at
30.000 g for 30 minutes, 1 mL of the supernatant was
diluted in 25mL water and injected in the column (0.7
x 15 cm) containing AG1-X8, resin 100-200 mesh).
The column was washed with 25 mL water and 25 mL
HCI 25 mM. The mioinositol phosphates were eluted
with 20 mL of HCl 2M. The eluents obtained were
evaporated to dryness and the residue was diluted in 1
mL water. Twenty micro-litters were injected into a
High Performance Liquid Chromatograph (HPLC).
The mobile phase consisted of formic acid: methanol:
water: tetrabutyl-ammonium hydroxide (44:54.5:1.5
v/v); pH was adjusted to 4.25, and a mixture of mioi-
nositol phosphate esters was used as standard.

Rat study

Seventy-two male Wistar rats (Rattus novergicus,
albinus variety, Rodentia class from the Central Bio-
tery of the Universidade Federal de Vicosa, Minas Ge-
rais, Brazil), 21-day weanlings, with initial weight
ranging from 50-60 g, were individually kept in stain-
less steel cages under controlled room temperature
(21°C = 1°C) and 12 hour photoperiod for 14 days.

The depletion-repletion hemoglobin method was
applied to determine iron bioavailability according to
the AOAC technique (7), with a modification to the

137

depletion phase which lasted three weeks, instead of
four. This time was sufficient to produce anemia in the
rats (6bmg/dL), based on the results of previous studies
in our laboratory.

Depletion phase

The animals were fed a modified AIN-93G diet
(14), recommended to growing phase rats, using salt
mix (Fe-free) (Table 1) and deionized water ad libi-
tum, during 21 days to induce anemia.

Repletion phase

The anemic rats were systematically assigned to
groups (n=8) according to their hemoglobin rate to ob-
tain groups with close means. One group was fed the
control diet (Ferrous Sulfate), and two other groups
were fed the diets tested: soybean hull flour, and hull-
less soybean flour, each containing three levels of iron
(6, 12 and 24 ppm). The diets were prepared according
to the AIN-93G (14) with modifications. The repletion
diets were formulated by stipulating the amount of hull
and hull-less soybean flour as the source of iron (6, 12
and 24 mg/kg diet). The contents of protein, dietary
fiber, carbohydrate and lipid provided by both types
of soybean flour were calculated to balance the ingre-
dients provided by the AIN-93G diet (Table 1). The
ingredients were individually weighed and hand mixed
using demineralized plastic tools and mixed in a quasi-
industrial mixer (Lieme®, Sao Paulo, Brazil) at low
rotation over 15 minutes. The diets were stored in pol-
yethylene bags under refrigeration at 10°C.

The rats were fed a dose of 16 g/day per repletion
diet during 14 days, and deionized water ad libitum.
The hemoglobin concentrations were measured again
to determine the Relative Biological Value (RBV). The
RBYV was estimated based on the ratio between the an-
gular coefficient of the slope obtained for hull and
hull-less soybean flour and the coefficient of the
straight line for the standard diet containing ferrous
sulfate. Thus, the control group (ferrous sulfate) was
considered equal to 100%, and the relative value of
the bioavailability of the hull and hull-less soybean
flour was calculated.

Hemoglobin analysis

Hemoglobin levels were determined at the begin-
ning and end of the repletion phase, to calculate he-
moglobin gain using the cianometahemoglobin
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_ TABLE 1
Experimental diets composition per 100g.
Depletion ;
) phase Repletion phase
AIN93-G Ferrous Sulfate Hull soy flour Hulless soy flour
6ppm 12ppm 24ppm O6ppm 12ppm 24ppm 6ppm 12 ppm 24 ppm
Albumin (g) 20 20 20 20 14.1 8.1 - 15.8 11.6 3.1
Dextrinized 132 132 132 132 132 132 132 132 132 132
cornstarch (g)
Sucrose (g) 10 10 10 10 10 10 10 10 10 10
Soy oil (g) 7 7 7 7 4.9 29 - 5.6 4.1 1.2
Micro
crystalline 5 5 5 5 4.2 3.5 2.0 3.9 2.8 0.7.
Cellulose (g)
Hull soy
flour (g) - - - - 10.4 20.7 41.5 - - -
Hulless soy - - - - - - - 7.8 15.6 31.2
flour (g)
Mineral mix
AIN-93G 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
(Fe-free) (g)
Vitamin mix
AIN-93G (g) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
L-Cystine (g) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Choline 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Bitartrate (g)
Com 39.8 39.8 39.8 39.8 38.1 36.5 283 38.7 37.6 35.5
starch (g)
Fe2S04.7
H20 (mg) - 2.98 5.96 11.9 - - - - - -
Caloric
density (cal/g) 3.7 3.7 3.7 3.7 3.6 3.6 3.5 3.7 3.7 3.7

method (Labtest®, Sete Lagoas, Brazil) according to
the AOAC (8). Blood samples were collected by tail
bleeding. A volume of 20 pL of blood was added to 5
mL of Drabkin’s color reagent. The hemoglobin levels
were quantified by UV-visible spectrophotometry at
540nm (Shimadzu ®, Kyoto, Japan).

Statistical analysis

The results were analyzed using the Statistical
Analysis Systems - SAS (15) software program, ver-
sion 9.1, licensed by the Universidade Federal de Vi-
cosa. The chemical composition data were analyzed by
the ANOVA test, with the exception of dietary fibers
and carbohydrates. The qualitative data were analyzed
by the F test, by ANOVA at 5% probability. The Dun-
can test was used to evaluate the differences among the
averages of the treatments. For quantitative data of he-

moglobin gain at different levels, the F test was used
by ANOVA, followed by regression analysis (16).

The animal studies conducted to evaluate iron bioa-
vailability complied with the Guide for the Care and
Use of Laboratory Animals (17) and were approved
by the Ethical Committee of Animal Experimentation
(CETEA) of the Universidade Federal de Minas Ge-
rais, n® 252/2008.

RESULTS

The hull and hull-less soybean flour samples sho-
wed similar (p>0.05) lipid, ash, and humidity contents:
however protein, [P6, IP5 and IP4 contents were hig-
her (p<0.05) for the hull-less soybean flour. Iron con-
tent was higher (p>0.05) in the soybean hull flour. The
phytate: iron molar ratio was two times lower for the
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soybean hull flour than for the hull-less soy- TABLE 2
bean flour. The concentration of total die- Chemical composition and phytate:iron molar ratio of
tary fiber, soluble and insoluble, was 37.33 soybean hull flour and hulless soybean flour.
and 64% greater in the soybean hull flour, Composition g/100g Soybean hull Hull-less
flour soybean flour

The control and test groups treated with ~Protein 4320+ 111 45.9:+1.16
6, 12 and 24 ppm iron did not present signi- | jpids 1862+ 1.11 19024117
ficant difference between the diet consumed
and FER (p>0.05). The weight gain of the Ash 3.07£0.07 4.92£0.03
control group was lower (p<0.05) than that Moisture 6.42+0.02 7.62+0.03
of the groups treated with the soybean hull

h 12. 15.

flour and hull-less soybean flour at the le- Carbohydrate ? 53
vels of 6, 12 and 24 ppm (Table 3). Total dietary fiber 9.85 7.20

The depletion phase of'three week.s WaS  Insoluble dietary fiber 8.49 6.37
sufficient to produce anemia in the animals,
with hemoglobin less than or equal to Soluble dictary fiber 1.36 0.83
6mg/dL (Table 3). In the repletion period 6.8 (4,6) 4.4 (3,0) ™

. . SR | /100 ’ ’
hemoglobin of the animals treated with diets ron (mg & +0.37 +0.24
containing hull and hull-less soybean flour Inositol hexaphosphate (mol/g) 10.1°+0.10 12.72+£0.12
at the levels of 6 and 12 ppm was similar to )
b+ At
that of the control group (ferrous sulphate). Inositol pentaphosphate (umol/g) 4.6+ 0.06 6.323+0.12
However, the soybean hull flour at the con- Inositol tetraphosphate(umol/g) 23%+0.10 3.22+0.10
cent.ratlon of 24 ppm PromOted the best re- Inositol triphosphate (pmol/g) 1.12+£0.10 1.323+0.10
pletion of hemoglobin compared to the
Phytic acid:Iron molar ratio 12:01 24:01:00

hull-less flour. The potential for repletion of
hemoglobin gain by the soybean hull flour
was similar to ferrous sulphate (Table 3).

* Means followed by the same letter in the same column do not differ between
itself by ANOVA, 5% of significance #Bio-available iron = total iron x relative
iron bioavailability (hull and hull-less soybean flour, 68.5% e 67.1%, respectively).

TABLE 3

Weight gain, hemoglobin levels of rats and food efficiency ratio (FER) and of diets with 6, 12
and 24 ppm of iron in the repletion phase.

Test meal iron

Weight gain*

Initial hemoglobin*

Final hemoglobin*

Group (ppm) ® FER® (mg/dL) (mg/dL)
Control 6 4500b+13.34  0.20%0.062 6.11°+1.79 6.54a+1.19
(FeS04)

Hull soy flour 6 52.67°b+7.76  0.26°+0.052 5,60 +0.97 6.25"+0.48
Hulless soy flour 5538°+£7.11  0.27°=0.054 5.93 %+ 1.09 6.01*+0.89

Control 12 3843 b+9.43 0.20b+0.059 6.102+1.42 7.362+1.23
(FeS04)

Hull soy flour 12 64.88°+7.43  0.31%+0.053 596+ 1.15 6.90*+1.07
Hulless soy flour 12 59.38%+9.61  0.27%=0.040 5.95%+1.07 7.00 %+ 0.87
Control (FeS04) 24 51.75b+£8.58  0.24b+0.045 5.98°+1.26 8.80 "+ 0.95

Hull soy flour 24 65.00°+6.57  0.29%%0.032 5942+ 1.11 8.14 ab + 0.66

24 66.50*+7.62 0.292+0.043 5.932+1.04 7.70b £0.78

Hulless soy flour

* Means followed by the same letter in the same level (iron concentration) do not differ between itself by Duncan test, 5% of significance.
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Hemoglobin gain did not differ (p>0.05) among the
experimental groups (date not showed). The relative
iron bioavailability for hull and hull-less soybean flour
was 68.5% and 67.1%, respectively, compared to fe-
rrous sulfate (100%) (Figurel). Soybean hull flour pre-
sented an iron concentration of 6.8 mg per 100 g, 4.6
mg of which is bio-available (Table 2).

DUARTE MARTINO et al.

tion increased the concentration of iron and reduced
the quantity of IP6, IP5 and IP4. This resulted in the
reduced phytate:iron molar ratio that was two times
lower for the soybean hull flour than for the hull-less
soybean flour. Removal of the hull increased the con-
centration of inositol phosphates, by the fact that it is
in greater concentration in the protein fraction of the
cotyledon (21).

Although food consump-

Y= 0,1324 [Fe]-0,3486

s tion did not differ between ex-

perimental groups, the weight

Y=0,0907 (Fe)-0,0159 =041

gain was lower in the control

groups. Ferrous sulfate in the

Y= 0,0889 (Fe)-0,278

r=042 control diets may have caused

Hemoglobin gain (mg/dL)

12 24

Iron Level

increase in intestinal transit
and consequent reduction of
nutrient absorption (22, 23).
The potential for the reple-
tion of hemoglobin gain of the
soybean hull flour was similar

*  Ferous Sulfate B Hull soy flour

Linear (Ferous Sulfate) === Linear (Hull soy flour)

FIGURE 1

Hemoglobin gain of animals treated with ferrous sulfate,

hull and hull-less soybean flour.
DISCUSSION

The high protein content found in soybean flours
indicated that soybean is a good protein source with a
concentration higher than that found by Esteves et al.
(18). Despite the presence of the hull having decreased
the concentration of protein in soybean meal, the pro-
tein efficiency can be improved by heat treatment.
Silva et al. (6) found that soybean meal with hulls in
which the grains were treated at 150 ° C for 30 minutes
presented better indices of protein quality than those
without the hull and treated at 130°C for 30 minutes.

The concentration of dietary fiber from soybean
hull flour is within the range found by Redondo-
Cuenca et al. (19), between 9.19% and 16.5%. Howe-
ver, Esteves et al. (18) encountered lower values of
dietary fiber in soybean meal without hulls. The re-
commendation for dietary fiber is 15 g/1000 kcal per
day (20), thus 100 g of soybean hull flour provides
40% of the daily recommendation, being a good
source of dietary fiber.

The processing of soybeans for hull flour prepara-

== Linear (Hulless soy flour)

to ferrous sulphate. This result
is important as evidence
shows that whole grain pro-
ducts reduce mineral bioavai-
lability due to their high
content of anti-nutritional fac-
tors, such as fibers and phytates (5, 21, 24).

The comparison of the two types of flour showed
that, although presenting 37% more of total dietary
fiber, soybean hull flour had around 22% lower levels
of inositol penta and hexaphosphates, the main inositol
forms affecting iron bioavailability (25). A previous
study of our group showed that a soybean cultivar with
higher phytate content presented lower iron and zinc
bioavailability (5).

In fact, phytic acid is said to be structurally inte-
grated with proteins and/or minerals in the complex
form (26), being more concentrated inside the grain
than in the external tissue. This would explain the high
phytic acid content in hull-less soybean flour, which
can negatively affect iron bioavailability.

Phytate: mineral molar ratios are useful to predict
their inhibitory effect on mineral bioavailability (27).
Phytate:iron molar ratio > 1 was found to impair iron
bioavailability (28), while Saha et al. (29) found that
phytate:iron molar ratio >14 decreased iron bio-avai-
lability in wheat flour.

In this study, hull soybean flour presented a

4 Hulless soy flour
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phytate: iron molar ratio of 12:1, while hull-less soy-
bean flour achieved (24:1). Such difference may ex-
plain the higher iron bioavailability for hulled soybean
flour. The lower the molar ratio presented, the lower
the linking strength between phytate and iron.
Another factor that may have optimized the relative
iron bioavailability of hull and hull-less soybean flour
in relation to ferrous sulphate was the thermal treatment
applied. A previous study in our laboratory applying
different heating treatments showed that temperature
of 150°C over 30 minutes was more efficient, promo-
ting a lower urease index (unpublished data), an indi-
cator of inactivation of anti-nutritional factors (30).

CONCLUSIONS

Soybean hull flour submitted to the heating treat-
ment of 150°C for 30 minutes resulted in a good
source of dietary fiber and iron, with a lower concen-
tration of phytate and thus a lower phytate:iron molar
ratio than the hull-less soybean flour. Iron bioavaila-
bility of the soybean hull flour was comparable to fe-
rrous sulfate. Thus, the soybean hull flour is a
nutritious source of dietary fiber and iron and allows
for elimination the initial hulling step in the industrial
processing of soybean flour.
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