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Effect of Natural and Controlled Fermentation on Chemical
Composition and Nutrient Dialyzability from
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The effect of natural and controlled fermentation with an inoculum of Lactobacillus plantarum and
additional thermal treatment (dry heat at 120 °C for 20 min) on the availability of N, P, Fe, Cu, Zn,
Ca, and Mg from Phaseolus vulgaris L. var. carrilla was estimated using an in vitro method based on
equilibrium dialysis. Natural and controlled fermentations caused significant reductions in the pH and
phytate content (36%) of the bean flours, with a concomitant increase in the titratable acidity and
free phosphorus content, and had no effect on the other nutrients studied. The percentage of dialyzable
N, P, Cu, and Mg was significantly improved by both types of fermentation, whereas Zn dialyzability
was significantly reduced. The greatest reduction was observed for the bean flour fermented with an
inoculum of L. plantarum. The percentage of dialyzable Fe improved significantly as a result of natural
fermentation but was not affected by controlled fermentation. The application of dry heat at 120 °C
for 20 min caused a significant increase in Fe dialyzability and a further reduction in the percentage
of dialyzable Zn in fermented bean flours but did not affect the dialyzability of the other nutrients
studied.

KEYWORDS: Phaseolus vulgaris ; natural fermentation; controlled fermentation; thermal treatment;
phytate; nutrient dialyzability

INTRODUCTION Changes occurring during the fermentation process are mainly
due to endogenous enzymes of the seed and the enzymatic

trients, and antioxidant compounds and have a great potentiaIaCtiV,ity of the microﬂora present in the legume. Differences in
for human and animal nutrition. The bean is the most common the final nutritional value of the fermented product depend on
legume in human consumptiom).( and the variety of bean used whether the whole seed or flour suspensions with different ratios

of flour to water (7,14) are used. Fermentation may be
Fombined with other culinary (soaking and cooking) and
technological (germination prior to the fermentation process)
g treatments to further improve the nutritional value of the

Legumes are important sources of macronutrients, micronu-

in the present study is widely consumed in Sp&h Several
culinary and technological processes have been developed t
improve the nutritive value of legume8,(4). Fermentation is
one of the oldest and most economical methods of foo
production and preservation knowg)( Fermentation can be ermented product. , _
spontaneously initiated with the microbiota naturally present ~Se€veral authors have pointed out the importance of thermal
in the legume (67) or controlled by the use of specific cultures _treatm(_ant for the l_rgductlon o_f antinutritional fa_ctors and_ in
or starters from a batch of previously fermented prod8c8y. improving the nutritional quality anq orgapoleptlc properties
Legumes are fermented to improve their sensory characteristics ©f food products 15, 16). Free amino acids, peptides, and
such as flavor and taste, and to enhance their nutritive value by"®ducing sugars formed during the fermentation process may
improving the density and availability of nutrients)( 11). This act as precursors of the Maillard reaction products that develop
can be achieved by degradation of antinutritional factors, by during the thermal treatment and influence the flavor and aroma
the predigestion of certain food components, and by the Of the food.
Synthesis Of promoters for absorptiorg( 13) In addition' by In VitI’O teChniqUes based on the dlfoS|b|I|ty Of nutl’ients
increasing the titratable acidity and reducing the pH of the food through a dialysis membrane under conditions that resemble
to levels below 4.5, fermentation precludes the proliferation of those found in the gastrointestinal tract can be a reliable indicator
Contaminating acid-intolerant species of bacteria and fungi_ of the pOtentiaI aValIabmty of these nutrients from different
foods (17—19). Therefore, our objectives for the present study
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Table 1. Chemical Composition of Raw and Fermented Bean Flours in Dry Matter?

titratable acidity total N insoluble N soluble protein N soluble nonprotein N
pH (mequiv of NaOH/100 g) (g/100 g) (9/100 @) (g/100 g) (g/100 g)

RB 6.4 +0.01c 32+0.2a 3.86 £ 0.05a 0.36 £ 0.02a 3.07+0.03c 0.45+0.02a
NT48 4.5+0.02b 51.6 +0.76b 3.93+0.04a 0.79 +0.02c 1.94 +0.02ab 1.20 £0.02b
NT48A 45+0.01b 53.2+1.10b 3.98 £ 0.06a 1.01 +0.05d 1.82+0.07a 1.18+0.01b
PL48 3.7+0.02a 108.2 £ 2.27¢c 3.85+0.07a 0.64 +0.03bc 1.86 + 0.02ab 1.34 +0.01c
PL48A 3.7+0.03a 105.1 + 1.56¢ 3.90+0.03a 0.55 £ 0.04b 2.03+0.05h 1.32+0.02c
ash phytate free P total P Fe Zn Cu Ca Mg

(%) (mglg) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)

RB 403+0.08a 11.76+0.28b  288+0.8la  451.5+4.20a 866+0.16b  476+0.07a  1.21+0.06ab 70.3+143a 181.7+2.15a

NT48 3.88+0.01a 793+0.35 196.1+9.38bc  468.06 £2.41lab 8.30+0.10ab 5.13+0.02b 113+0.08ab 742029 191.4+1.28ab
NT48A  3.91+0.0la 8.21+0.08a  206.5+ 4.25¢c 486.2+6.71b 8.10+0.11a 5.19 +0.06b 1.08 + 0.04a 732+041la 1978+3.17b
PL48 3.84 £0.03a 725+027a 169.3+10.01b  469.6 +1.78ab 8.41+0.05ah 5.01+0.06ab  1.32+0.04b 727+023a 1852+247a
PL48A  3.81+0.08a 732+0.3la 177.0+856bc 465.1+16.16ab 8.40+0.05ab 4.91+0.12ab 1.16+0.02ab 71.1+143a 1839+178a

2 Values are means + SEM from four replications. The same letter in the same column indicates no significant differences (p < 0.05). RB, raw bean flour; NT48, naturally
fermented bean flour; NT48A, naturally fermented bean flour plus dry-heating at 120 °C for 20 min; PL48, controlled fermentation with an inoculum of L. plantarum; PL48A,
controlled fermentation plus dry-heating at 120 °C for 20 min.

fermentation combined with a thermal treatment of dry heat at (w/v). The extract was spun down at 3@0@r 10 min and Fh.e

120 °C for 20 min on the pH, titratable acidity, and nutrient supernatant desalted using Sephadex G-25. The enzyme activity was
and phytate compositions Bhaseolusulgaris L. var. carrilla; assayed by measuring the free phosphorus released after incubation of
and (ii) to study the influence of the two types of fermentation the desalted fractions with sodium phytate during 30 min atGon

and the additional dry-heating treatment on the dialyzability of 2'32 twecgrn?gigtﬁgfr %)Taig)égir\]/ﬁ u?rita(t)flE)?;;atzerigtli\g‘yir\:ﬁs:r?i]:i:nEd
N, Fe, P, Cu, Zn, Ca, and Mg. pny y A g

phosphorus from sodium phytate per minute at pH 5.0 anti60
Sodium Dodecyl SulfatePolyacrylamide Gel Electrophoresis (SDS-
MATERIALS AND METHODS PAGE).Proteins were extracted from the bean flours with 50 mM Tris-
HCI (pH 7.8) containing 1% SDS. SDS-PAGE was done according to
the method of LaemmliZ4). The final concentration of acrylamide in
the running gel was 15%. The gels were fixed and stained with 0.2%
Coomassie brilliant blue R-250 in methanol/acetic acid/water (5:4:1
vIvlv). The mixture of molecular weight markers (Merck) consisted of
cytochromec (12.3 kDa), myoglobin (16.9 kDa), carboanhydrase (30
kDa), ovalbumin (42.7 kDa), albumin (66.25 kDa), and ovotransferrin

Beans.Raw BeanRaw bean flour (RB) was fror®. vulgaris L.
var. carrilla.

FermentationRaw beans were washed with distilled water and dried
on a stove at 58C for 24 h. After drying, bean samples were ground
in a ball mill and sieved, and the 0.050.250 mm fraction was
collected. The bean flour was aseptically suspended in sterilized distilled
water at 300 g/L concentration. The suspension was allowed to ferment
naturally with the microorganisms present in the se@) (NT48) or (78 I_(Da). . L .
was inoculated with 10% inoculum (v/v) &f. plantarumCECT 748 Dlalyzab_lllty. Th_e in vitro methad of M_lller etal.25) was adapted
(PL48) at 37°C for 48 h without aerationni a 5 L stirred fermentor to assess iron, zinc, phosphorus, calcium, magnesium, copper, and

(Infors ISF-100, Infors AG) at 150 rpm. After fermentation, the samples nitrogen dialyzability of bean samples. Dialyzable nitrogen and minerals
were coIIected,and freeze-dried ' were expressed as a percentage of the total present in each digestion

Thermal Treatment of the Fermented Bean Floi§48 and PL48 ;'12" d?aslsgglr:]ge;:‘;t atr?:bd '?gg%ﬂi fﬁén(ﬁgri?st S:d v(\a/ggllrlebrfésg da;trctﬁz
bean flours were dry-heated for 20 min at TZ1(NT48A and PL48A). y Y Y 9

. - . h end of the digestion period.
Analyses.pH and titratable aciditywere determined as described L . .
by Barampama and Simar€)(and Frias et al.1@2). Titratable acidity Statistics. Data were analyzed using one-way ANOVA (Statgraphics

was expressed as milliequivalents of NaOH per 100 g of dry matter Statistical _Graphlcs)._ Tukey_s HSD Was_a_lpplled to d_eterm_lne S'QT‘.'“'
(DM), cance of differences in chemical composition and nutrient dialyzability.

Chemical AnalysisThe moisture content of the different bean flours The level of significance was set at 0.05.

was determined by drying to constant weight in an oven at£0b
°C. Total nitrogen was determined according to Kjeldahl's method. RESULTS

Crude protein was calculated as N 6.25. Soluble protein and Natural and controlled fermentations reduced the pH of bean
nonprotein nitrogen were measured using the methodology descrlbedflourS by 30 and 42%, respectivelygble 1). The pH reduction

by Periago et al. 21). The ash content of the different diets was ! N ’

measured by calcination at 50C to a constant weight. Samples of ~Was Not further affected by an additional dry-heat treatment at
ashed material were dissolved in 6 N HCI, filtered, and diluted to 25 120°C and 1 atm for 20 m applied to flours NT48A and PL48A.
mL before analysis. Iron, zinc, copper, calcium, and magnesium The fall in pH was followed by a concomitant increase in the
contents were determined by atomic absorption spectrophotometry usingtitratable acidity of the fermented beans; the bean flour
a Perkin-Elmer AAnalyst 300 spectrophotometer. Lanthanum chloride fermented with an inoculum af. plantarum(PL48 and PL48A)
was added to calcium and magnesium samples to prevent interferencesad the lowest pH and the highest titratable acidity.

caused by phosphate ions. Phosphorus was measured spectrophoto- Average total nitrogen content of the bean flours used in the
metrically using the technique described by Chen_etZ&). Analytical present study was 3.98 0.06 g/100 g of DM. In raw bean
results for Fe, Cu, Zn, P, Ca, and Mg were validated by a standard 4, 79 394, of the total nitrogen content corresponded to soluble

reference whole-meal flour (no. CRM-189) (Community Bureau of tei it h 11 5% ded t bl
Reference, Commission of the European Communities). Phytic acid protein nitrogen, whereas 270 corresponded to soluble

and free phosphorus were determined using the methodology described!ONProtein nitrogen (NPN) and the remaining 9.2% was not
by Latta and Eskin43) and Chen et al.2Q). Phytase activity was ~ Soluble at the basic pH used for nitrogen extraction. Natural
determined after extraction of the bean flours in 0.2 M citrate buffer and controlled fermentation of bean flours significantly increased
(pH 5.0) during 60 min at £C with a flour-to-buffer ratio of 1:8 the levels of insoluble and soluble nonprotein nitrogen and
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Table 2. Percentage of Dialyzable Nitrogen, Phosphorus, Iron, Zinc, Copper, Calcium, and Magnesium from Raw and Fermented Bean Flours?

N P Fe Zn Cu Ca Mg
RB 383+ 1.77a 11.6 £ 0.30a 3.47 £ 0.06a 61.1+0.49d 21.1+1.90a 25.5+0.69¢ 67.3+0.54a
NT48 54.2 +2.53b 52.9+1.39c 7.51 +0.09b 53.8+0.76¢c 50.9 + 1.45b 18.8+0.72a 74.9 +1.28b
NT48A 54.9+2.71b 50.8 + 0.61hc 13.51+0.5d 49.1+1.01b 55.3 + 1.46b 19.8 + 0.90ab 74.8 +1.28b
PL48 53.7+211b 48.8 + 0.56bc 3.72 £ 0.05a 51.9 £ 0.79bc 52.1+1.06b 22.3+0.72bc 78.4 £ 0.490
PL48A 52.8 +1.52b 47.6 +1.80b 10.74 £ 0.15¢c 45.4 + 0.55a 56.8 + 1.40b 23.1+1.19bc 75.7 +0.49b

2 Values are means + SEM from four replications. The same letter in the same column indicates no significant differences (p < 0.05). RB, raw bean flour; NT48, naturally
fermented bean flour; NT48A, naturally fermented bean flour plus dry-heating at 120 °C for 20 min; PL48, controlled fermentation with an inoculum of L. plantarum; PL48A,
controlled fermentation plus dry-heating at 120 °C for 20 min.

significant differences were found among the phytate contents
i of the different fermented bean flours. Phytase activity was lost
| T8.0KDa as a result of the fermentative process. Dry-heating treatment

78.0 KDa
66:2 Kba j 652KDe applied to the fermented bean flours (NT48A and PL48A) did
42.7KDa 427 KDa not produce any additional decrease in the levels of phytate. In
all of the fermented bean flours, the reduction of phytate content
300 Kba 100 KDa origina}ted a concomitant increase (531-fold) of free P that
) was highly correlated to the reduction of phytate<{ 0.85).
— No significant differences were found in the free P contents of
r : the different fermented bean flours. The percentages of dialyz-
163 KD AT (2 16.9 KDa able N, P, Cu, and Mg from beans was significantly increased
12.3 KDa - aEa “f - 12.3KDa by natural and controlled fer_mentations compared to those of
: e - raw bean flour (RB), but no differences were observed between
N BB NT4S: NS RIS PLASA M the different fermentation types or when thermal processing was
Figure 1. SDS-PAGE of the proteins extracted from raw and fermented applied after fermentatioT@ble 2). No significant differences
bean flours. An equal amount of legume nitrogen (1.45 ug) was loaded in the percentage of dialyzable Fe were found between RB and
in each lane. M, molecular weight markers; RB, raw bean flour; NT48, beans fermented with an inoculum lof plantarum(PL48). Fe
naturally fermented bean flour; NT48A, naturally fermented bean flour dialyzability was significantly enhanced by natural fermentation
plus dry-heating at 120 °C for 20 min; PL48, controlled fermentation with of beans (NT48) and by the thermal treatment of dry heat applied
an inoculum of L. plantarum; PL48A, controlled fermentation plus dry- to the flours of fermented beans (PL48A and NT48A). The
heating at 120 °C for 20 min. naturally fermented bean flour plus thermal treatment at 120

°C for 20 min (NT48A) had the highest Fe dialyzability of all

significantly reduced the content of soluble protein nitrogen. the treatments studied.
The highest amount of insoluble nitrogen was found in the flour ~ The percentage of dialyzable Zn was significantly reduced
of naturally fermented beans dry heated at 1€0for 20 min by natural and controlled fermentations of bean flour compared
(NT48A), whereas the highest proportion of soluble nonprotein to raw beans. The dry-heat treatment applied to flours NT48A
nitrogen was found in the bean flours fermented with an and PL48A caused an additional drop in Zn dialyzability, and
inoculum ofL. plantarum(PL48 and PL48A). No differences  the lowest value was found for the flour PL48A (45.4% versus
related to the thermal treatment were observed in the content61.1% in RB).
of soluble nonprotein nitrogen among the fermented bean flours.  Calcium dialyzability was not significantly affected by

Figure 1 shows the changes in the SDS-PAGE pattern of fermentation with an inoculum df. plantarum(PL48), whereas
proteins from the bean flours used in the present study. Raw natyral fermentation of beans (NT48) caused a slight but
bean flour exhibited the typical band pattern generally ascribed sjgnificant reduction in the percentage of dialyzable Ca com-
to phaseolin subunits (43—51 kDa) and two bands of high pared to raw bean flour. No significant differences related to
density at a molecular weight 032 kDa generally ascribed  the thermal treatment applied to the flours of fermented beans
to Phaseolusphytolectins. The processes of natural and were found.
controlled fermentation caused the disappearance of several
protein bands after 48 h of fermentation, whereas the 32 kDa DISCUSSION
bands diminished to a lesser extent andAh¢46 kDa) and3’
(43 kDa) subunits of phaseolin were hardly affected. Fermenta- The process of fermentation is usually associated with a fall
tion of the beans led to the appearance of high molecular weightin pH and increased titratable acidity of foods due to the
protein aggregates that remained at the top of the resolving gelproduction of organic acids that is inherent to this treatm@nt (
and were especially evident in the flours of beans that were 26,27). Under our experimental conditions, the lower pH and
fermented and then dry heated (NT48A and PL48A). higher titratable acidity of beans fermented with an inoculum

Raw bean flour had average ash, total P, Ca, and Mg contentsof L. plantarum compared to the beans fermented with the
of 4.03, 0.451, 0.07, and 0.18%, respectively, and Fe, Cu, andendogenous microflora present in the seed may be related to
Zn contents of 8.66, 1.21, and 4.76 mg/100 g of DM, differences in the type of bacterial population and growth or to
respectively (Table 1). In general, ash or mineral content was the pattern of organic acid production by the two types of
not greatly modified by the different treatments applied. Raw fermentation (2028, 29).
bean flour had a phytate content of 11.76 mg/g of DM and a  The content of total and soluble nonprotein nitrogen found
phytase activity measured at pH 5 and ®D of 79.8+ 4.15 in the beans used for the present study was within the range of
units/kg of DM. Natural and controlled fermentations of beans values found in the literature for different varieties of beans
produced an average 36% reduction of phytate content. No (21, 30). The increase in the insoluble nitrogen content during
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the natural or controlled fermentation of beans was related to control group. These results suggest that fermentation is an
the appearance of high molecular weight protein aggregates inoptimal process to improve the bioavailability of the latter
the SDS-PAGE and may have been caused by the mild mineral.

hydrothermal treatment associated with the fermentative process The percentage of dialyzable magnesium was high in the RB,
(48 h at 37°C) and subsequent dry-heat treatment at 120 which denotes a high solubility and thus potential availability
for 20 min; it has been reported that similar thermal treatments of this mineral. The decrease in phytate levels (36%), in lignin
reduce the protein solubility (3B2). content of naturally fermented beans (50%) (43), and in the

Nonprotein nitrogen (NPN) is usually constituted of free Cellulose fraction of insoluble fiber (3159%) (43) could be
amino acids, polyamines, low molecular weight peptides, puric responsible for the significant improvement in Mg dialyzability
or pyrimidinic bases, and alkaloids. The increase in NPN observed in the flours of fermented beans compared to the raw
observed in the flours of fermented beans compared to RB is bean control.
similar to that described by other authors during cocoa or  The low percentage of dialyzable Ca obtained from RB was
sorghum fermentation (2733) and can be attributed to the in agreement with the in vitro results obtained by Lombardi-
digestion of legume storage proteins by bacterial or legume Boccia et al. (44) in white and mottled bean seeds. The low
proteinases, which originate smaller polypeptides that are notamount of diffusible calcium from the RB found under our
precipitated at the acidic conditions used for soluble protein €xperimental conditions could be due to the presence of dietary
and NPN separation. This is confirmed by the disappearance_ﬁber or phytate or to the fact that most of the calcium in beans
or reduction of band intensity of polypeptides observed in the iS presentin the seed hull (786%) complexed by oxalate$,
SDS-PAGE of raw and fermented bean flours. The absence of46). Neither natural nor controlled fermentation of bean flour
any increase in polypeptides of molecular weight2.3 kDa improved the percentage of dialyzable Ca despite the reduction
over the fermentation period suggests that the proteins breakin the phytate and dietary fiber content caused by the fermenta-
down mainly into components with masses lower than this. The tion process. Itis possible that the reduction in these compounds
smaller polypeptides would be able to diffuse through the 12 Was not sufficient for the improvement to become apparent.
kDa membrane used in our experiments, causing the increasd Urthermore, the percentage of dialyzable Ca might be affected
in dialyzable nitrogen observed for all of the fermented bean PY the presence of other factors with a greater influence on
flours. This is supported by the high correlation=0.82) found calcium solubility—factors that are resistant to hydrolysis or that

between the amount of NPN and the percentage of dialyzable M3t be synthesized during the fermentation process.
nitrogen. The digestive utilization of calcium from beans and lentils

These results suggest that the different fermentation processe§tuOIIed in vivo using the rat as an experimental model was high,

. i . . In contrast to that observed in the present experiment44),
apphed under our experimental cond|t|9ns have p_redlgesteq theThese differences could be attributed to the hydrolysis of
protein of bean flour and probably improved its potential

digestive utilization. undialyzable calcium complexes by the microflora of the large

) i intestine, which would release calcium and make it available
The phytate content and mineral composition of the beans g, absorption (4448).

used for the present study were within the range of values found The zinc dialyzability from raw beans used in the present

@n the Iite_rature 19, 34_36)'. Of the total p_hosphorus presen_t study was high, similar to that described by Wolters et49) (
in the variety of beans studied, 74% was in the form of phytic for French beans. Natural and controlled fermentations of bean

acid, which has been described as poorly available for mono- s gecreased zinc solubility despite the phytate reduction
gastrics. The reductive effect of natural and controlled fermenta- ;4 the improvement in phytate/Zn and €phytate/Zn molar

tion on the amount of phytic acid present in beans (36%) can yaiins (25 and 0.436, respectively, in raw beans versus 15 and
be attributed to the action of endogenous phytase from the seed) 77 respectively, in fermented beans) caused by the different
(37), phytase activity of the microorganisms present in the fermentation processes. The inhibitory effect of fermentation
fermentation process3g), or a combination of the two. The  on zinc dialyzability could be attributed to the organic acids
phytate reduction achieved by the fermentation processes Useiroduced by the fermentation process that decrease zinc
in the present study was low compared to what has been reportedo|ypility at the pH conditions (6.7) used to resemble digestion
for different varieties of beand 9, 39) and cereals such as millet  j, the small intestine. Zinc dialyzability was not correlated to
(29). This may have been caused by pH and temperaturethe pH or titratable acidity of the fermented samples under our
conditions during the fermentative process that were not optimal experimental conditions; no significant differences were found
for an efficient degradation of phytic acid by phytase. The between the percentages of dialyzable zinc from the bean flours
thermal treatment of dry heat at 12G for 20 min applied to  fermented naturally or with an inoculum &f plantarum.

flours NT48A and PL48A did not cause any additional decrease  The further reduction in the zinc dialyzability observed in

of the phytate content, as has also been found for chickpea orheat-treated bean flours (PL48A and NT48A) compared to their

lentil flour subjected to a similar thermal treatmeA0(41). In ynheated controls (PL48 and NT48) can be attributed to Maillard
contrast, Fernandez et al. (42) found a 40% reduction of phytatereaction products formed during the thermal treatment, as has
content after dl‘y-heatlng faba bean flour at £20for 15 min. been Suggested by Whitelaw and Wea\m)(and Navarro et

This seems to indicate that the physical breakdown of phytate |, (51).

caused by heat is influenced by the particular type of legume  Natyral fermentation of bean flour (NT48) caused a signifi-

seed, given that enzymatic hydrolysis is not to be expected. cantincrease in the percentage of dialyzable Fe, which may be
The decrease in phytate content caused by controlled andrelated to the reduction in the levels of phytate (33%), lignin

natural fermentations was highly correlated to an increment in (50%) (43), and polyphenolic compoundS2j and to the

the levels of free P (= 0.85), whereas the increased levels of production of small peptides and organic acids by the endog-

free P were highly correlatedr (= 0.98) to a significant enous microbiota present in the se2) that have an enhancing

improvement in the percentage of dialyzable phosphorus from effect on Fe solubility 35). Under the present experimental

the different fermented bean flours compared to the raw beanconditions, the only differences between the bean flour fer-
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mented with an inoculum of. plantarumand the naturally
fermented bean flour were in lignin content, which was not
decreased by the controlled fermentation (PL48)( and in
the significantly higher titratable acidity of the flour fermented
with the inoculum olL. plantarum which is probably associated
with a predominance of lactic acid over other different organic
acids that are present in the naturally fermented bean flour. The
lower Fe dialyzability found in flour PL48 when compared to
flour NT48 could be attributed to these differences that would
counteract the positive effect of the different factors previously
mentioned for the naturally fermented bean flour. Ekholm et
al. (53) reported that the enhancing effect of lactic acid on
mineral solubility was small. Furthermore, lactate may facilitate
the oxidation of ferrous to ferric iron at pH 6.7 of the dialysis
step (54) and thus affect its solubility.

The increase in iron dialyzability found in flours NT48A and
PL48A, compared to flours NT48 and PL48 (£.3.8-fold),
could be attributed to the effect of the soluble melanoidins
formed during the course of Maillard reactions, given that the
rest of the components that could affect Fe dialyzability were
not altered. These compounds are able to complex55§ (
rendering it more soluble and capable of diffusing through the
dialysis membrane.

The increment in Cu dialyzability from fermented beans
observed in the present experiment is in agreement with the
findings of Sripriya et al.Z9) and of Usha Antony and Chandra
(6) for fermented pearl millet. The 2.5-fold increase in the Cu
dialyzability of fermented bean flours was independent of the
type of fermentation process and could be due to the combina-
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R.; Bacon, J. Effect of natural fermentation on carbohydrates,
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tion of several factors, such as small peptides that are able to (12) Frias, J.; Vidal-Valverde, C.; Kozlowska, H.; Tabera, J.; Honke,

complex Cu and enhance its diffusion through the dialysis

membrane, the observed reduction in phytate content, and the

appearance of organic acids with an enhancing effect on Cu
solubility (56). The improvement on Cu dialyzability was
independent of the pH and titratable acidity of the samples.

Under our experimental conditions, the thermal treatment
applied after natural and controlled fermentation (NT48A and
PL48A) did not result in a decrease of Cu dialyzability, in
contrast to the observations of other authors working with pure
Maillard reaction products, who have reported a negative effect
on Cu solubility (57,58).

In conclusion, natural fermentation and the combination of
natural fermentation and dry-heating at TZDfor 20 min were

found to be the most efficient and least expensive processes to

develop a food product that reduces the risk of energy and
micronutrient deficiencies in children and the elderly. Our results

indicate that the process of natural fermentation enhances the

dialyzability of N, P, Fe, Cu, and Mg, thus favoring a food
product with high nutrient availability.
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