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Characterization of pre-gelatinized rice and bean flour
Ana Vania CARVALHO"™, Priscila Zaczuk BASSINELLO?, Alessandro de Oliveira RIOS’,
Tayse Ferreira FERREIRA*, Rosangela Nunes CARVALHO?, Selma Nakamoto KOAKUZU?

Abstract

The objective of this study was to develop a pre-gelatinized flour using a mixture of broken rice and split beans by thermoplastic
extrusion, and to evaluate the physicochemical, nutritional, and technological quality of the final product. The extrusion
parameters were maintained using three heating zones with temperatures of 30 °C, 40 °C, and 70 °C; screw speed of 177 rpm;
feed rate of 257 g/m, and circular matrix of 3.85 mm. The following characterization analyses were performed: physicochemical,
nutritional, water absorption index (WAI), water solubility index (WSI), and paste viscosity. The pre-gelatinized rice and bean
flour had an intermediate value of WAI, 7.51 g/g, and high WSI value, 24.61%. Regarding proteins, it was verified an average
content of 12.9% in the final product. The amino acid contents found in the pre-gelatinized flour indicate that the mixture
has the essential amino acids. It was also found that the pre-gelatinized flour supplies more than 60% of the essential amino
acids recommended for children aged one to three years old. The gelatinized flour composed of broken rice and split beans
is an alternative to the use of these by-products of the manufacture process of rice and beans to obtain a product with viable

technological characteristics and high nutritional value.

Keywords: Phaseolus vulgaris; Oryza sativa; thermoplastic extrusion.

1 Introduction

Rice (Oryza sativa L.) and common beans (Phaseolus vulgaris
L.) is a staple food of large part of the world’s population,
especially in Brazil, where they are the basis of daily meals
and the major source of proteins to low-income populations
(SICHIERI; CASTRO; MOURA, 2003). Some studies have
reported that rice and beans provide high biological quality
and high protein digestibility (around 80%), and when
ingested together they supply essential amino acids thus being
characterized as complementary food (SICHIERI, 2002; TEBA;
ASCHERI; CARVALHO, 2009).

Split beans is a by-product of the bean industrial processing,
produced due to the rupture of the tegument covering the
cotyledons. Similarly, around one third of the rice grains
are broken during industrial processing, generating a by-
product commercially classified as “broken grain” Both of
these by-products have low commercial value although they
have nutritional properties similar to the original (KADAN;
BRYANT; MILLER, 2008; SILVA; ASCHERI, 2009).

An alternative to aggregate value to these by-products
would be their conversion into food ingredients to manufacture
commercial or industrial products with high commercial
aggregated value. Mixtures of vegetables, cereals, and legumes
are a good option not only as commercially valued product,
but also as nutritious formulations. Accordingly, Nicoletti et al.
(2007) used whole soybean meal and broken rice to elaborate
nutritiously enhanced pasta to obtain a product with high rate

of acceptability and nutritional value higher to that obtained
when it is processed with wheat flour only.

The consumption of precooked or instant food preparations
has been gradually increasing all over the world and in Brazil as
well. Some reasons for this increased demand and subsequent
increased industrial production are the relatively low cost
of the raw materials and the ease of preparation at home
(OLIVEIRA et al., 2004). Therefore, the extrusion process has
been recognized by the food industry as a very useful process
enabling the manufacture of a wide array of food products
when compared to other traditional processing systems. It is
used to obtain modified or pre-gelatinized starches, widely
used to obtain instant flours; ready to eat soups; semi-processed
sauces, and ready to bake mixtures among others. Furthermore,
it offers important differential advantages such as versatility,
low cost, and efficiency besides contributing to environmental
protection for being considered as a clean technology practice
(CARVALHO, 2000; ASCHERI et al., 2006).

According to Guy (2001), extrusion is one of the most useful
processes in the production of pre-gelatinized flour because it
has a highly accurate control of the degree of gelatinization, in
which small changes in the equipment and/or in the raw material
may lead to different results in the final product quality.

The objective of this study was to develop pre-gelatinized
flour with a mixture of broken rice and split beans flours and
to evaluate the physicochemical, nutritional, and technological
quality of the final product.
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2 Materials and methods

2.1 Flour obtainment

The raw materials used in the mixture preparation, broken
rice and split beans (carioca type), obtained from the industrial
processing of traditional commercial cultivars, were acquired
from a local market in Goiania (Cristal Alimentos and Ibid
Alimentos Ltda, respectively). Both ingredients were grounded
using a Willey knife mill until particles reached between 9 and
20 mesh. Thereafter, they were placed in plastic bags, separately,
and stored at room temperature until flour preparation.

2.2 Flour processing

The formulation was performed by mixing 30% of split
beans flour with 70% of broken rice flour, and the moisture
content was adjusted to 21%. The mixture was processed using
a single screw extruder (Labor PQ30 - INBRAMAQ, Industria
de Maquinas Ltda, Ribeirdo Preto, Sdo Paulo - Brazil) with
interchangeable screws; heating zones with temperature control,
and screw speed set by a frequency adjustor. The following
parameters were determined: temperature of the extruder
zone (Zone 1 = 30 °C; Zone 2 = 40 °C; Zone 3 = 70 °C); screw
speed of 177 rpm; feed rate of 257 g/min, and circular matrix of
3.85 mm. The processed formula was collected manually, dried
in force air oven at 60 °C for three hours, and stored in plastic
for further analysis.

2.3 Physicochemical characterization of the raw material
and flours

The broken rice, split beans, and pre-gelatinized extruded
flours were characterized for moisture; ashes; proteins; lipid
content (ASSOCIATION..., 1997); total dietary fiber (calculated
according to the gravimetric-enzymatic method n° 991.43
from ASSOCIATION..., 1997); carbohydrate, calculated by
difference between 100 and the sum of the percentage of water,
proteins, lipid and ashes; total energetic value (UNITED...,
1963); tannins (quantification by the colorimetric method
of Follin-Denis n° 952.3, ASSOCIATION..., 1997); phytates
(HAUG; LANTZSCH, 1983); total amino acids (WHITE;
HART; KRY, 1986); thiamine (vitamin B1); and riboflavin

(vitamin B2) (according to standard methods EN14122:2003
and EN14152:2003 (EUROPEAN..., 2003a, b), respectively.
Vitamin extraction was performed by acid hydrolysis and
enzymatic treatment; thiamine was quantified by HPLC with
pre-column derivatization by thiochrome, according to Presoto
and Almeida-Muradian (2008); and the riboflavin content was
determined by absorption using a fluorescence detector.

2.4 Technological characterization of the pre gelatinized
Sflour

The determinations of water absorption index (WAI) and
water solubility index (WSI) were performed following the
methodology described by Anderson et al. (1969).

Paste viscosity characteristics of the pre-gelatinized
flour was determined using a Rapid Visco Analyzer (RVA),
Newport Scientific, Austrélia, following the “Extrusion 1 no-
alcohol” protocol, which uses a grounded suspension (3 g in
25 mL) adjusted to 14% moisture, and analyzed according to
the following time/temperature scheme: 25 °C for 2 minutes,
heating from 25 °C to 95 °C at a rate of 14 °C/min keeping the
paste at 95 °C for 3 minutes, followed by cooling from 95 °C to
25 °C at a rate of 14 °C/min, totaling a 20 minutes analysis. For
the raw materials, the “Rice Rapid” protocol (AMERICAN...,
2000) was applied to RVA changing only the time/temperature
conditions as follows: 50 °C for 1 minute, heating from 50 °C
to 95 °C at a rate of 9.375 °C/min keeping the paste at 95°C for
2.5 minutes, followed by cooling from 95°C to 25 °C at a rate
of 11.84 °C/min.

2.5 Statistical analysis

All statistical analyses were carried out using the software
STATISTICA (STATSOFT, 1995). The data was subjected to
analysis of variance (ANOVA) and the Tukey’s test.

3 Results and discussion

3.1 Physicochemical characteristics of the raw materials and
extruded pre-gelatinized flour

Table 1 shows the physicochemical characterization of the
broken rice, split beans, and the extruded pre-gelatinized flour.

Table 1. Physicochemical characterization of broken rice, split beans, and pre-gelatinized flour.*

Determination Broken rice Split beans Pre-gelatinized flour
Moisture content (%) 11.74 + 0.74a 10.84 + 0.05a 4.84 +0.13b
Proteins (%) 7.50 = 0.20c 20.20 £ 0.39a 12.88 £ 0.22b
Lipids (%) 0.36 +£ 0.01b 0.88 £ 0.03a 0.08 £ 0.01c
Ashes (%) 0.24 £0.01c 3.79£0.12a 1.56 + 0.06b
Total dietary fiber (%) 1.06 £+ 0.22¢ 17.02 £ 0.92a 5.40 + 0.02b
Total carbohydrates (%) 80.16 + 0.92a 64.29 + 0.36b 80.64 +0.29a
Energetic value (kcal/100 g) 353.81 £3.01a 345.68 + 0.65b 353.20 £ 0.54a
Thiamine (mg/100 g) 0.03 +0.00c 0.45 £+ 0.00a 0.14 £ 0.00b
Riboflavin (mg/100 g) 0.03 = 0.00c 0.15 +0.00a 0.06 £ 0.00b
Tannins (mg/100 g) 18.40 + 0.63¢ 461.37 +£10.86a 75.88 + 3.89b
Phytates (mg/100 g) 34.00 £ 1.03c 399.25 + 13.26a 127.00 + 14.50b

*Wet basis results (n = 3). Values are means + standard deviations. a,b,cThe same letters in lines indicate no significant difference between the values by the Tukey test (p < 0.05).

246

Food Sci. Technol, Campinas, 33(2): 245-250, Apr.-June 2013



Carvalho et al.

Hagenimana, Ding and Fang (2006) found 12.4% of
moisture, 0.41% of ashes, 6.71% of proteins, and 0.41% of lipid
contents in broken rice flour; values close to those obtained in
the present study. Regarding fiber content, the values found
for broken rice and split beans flours are consistent with those
specified in the “Tabela Brasileira de Composi¢do de Alimentos”
(UNIVERSIDADE..., 2006), which states contents of 1.1% and
18% for rice and bean flours, respectively.

Based on the results of material characterization (Table 1),
it was observed that the split bean flour had significantly
(p < 0.05) higher protein content, almost three times more
proteins than that of the broken rice flour as expected suggesting
that formulations using bean flour would have their protein
contents increased, as observed for the pre-gelatinized mixed
flour, which has intermediate values of protein when compared
with its original components individually. Another component
worth mentioning is the split bean dietary fiber, which also
showed significantly (p < 0.05) high value, with an average
content of 17.2%, which could contribute to an increase in the
levels of fiber in foods using that material as a complement, as
in the case of pre-gelatinized flour, which showed intermediate
fiber content significantly (p < 0.05) different from that of raw
flours, as also expected.

The pre-gelatinized flour had a protein content of 12.88%.
According to Resolution RDC 269, of September 22, 2005,
referring to “Technical Recommendations of Daily Ingestion
of Proteins, Vitamins and Minerals (IDR)”, the estimated daily
amount of proteins recommended for children from four to
six years old is 19 g/day and 50 g/day for adults. That means
that each 100 g of pre-gelatinized flour can supply 26% of
adults’ daily protein needs and 68% of children’s. Thus, this
flour has an excellent potential as a protein component to be
used in puddings, instant lacteous mixes, and breakfast foods
for example, in which thickening or water retention is desired,
without the use of heating.

Legumes have more fiber content than cereals and are a
good source of metabolized dietary fiber, as also found in the
present study (Table 1), in which the content of total split beans
fiber was almost 17 times higher (17.02%) than that found
for the broken rice flour (1.06%), and the average values were
significantly different (p < 0.05). This characteristic enabled
the development of a pre-gelatinized mixed flour with a fiber
content of 5.40%. According to the Ordinance n°. 27 of January
13, 1988, of the Brazilian Ministry of Heath; a solid food can
be considered a source of dietary fiber when it has 3 g/100g of
fiber (whole basis). Therefore, according to that resolution, it
can be said that the rice and bean pre-gelatinized flour is a food
source of dietary fiber.

It was also found that the pre-gelatinized flour lipid content
of 0.08% was significantly (p < 0.05) lower than the average
value found for raw flour of rice and beans (Table 1). According
to Camire, Camire and Krumbhar (2000), this reduction could
be attributed to the lipid-amylose complex formation, which is
characterized by the addition of a non-polar portion of the lipid
inside the amylose helix since the lipid extraction method using
a solvent would be unable to disrupt that complex.

Food Sci. Technol, Campinas, 33(2): 245-250, Apr.-June 2013

Vitamins B1 (thiamine) and B2 (riboflavin) are present in
low amounts in foods in general although essential to humans,
especially during pregnancy, lactation, and growth periods.
The deficiency of these vitamins can cause serious illnesses
such as beriberi and nervous system disorders, among others.
Considering the intake of 0.6 mg/day of B1 and B2 (IDR) for
children from 4 to 6 years of age (BRASIL, 2005), each 100 grams
of pre- gelatinized flour could supply around 23% and 10% of
IDR of thiamine and riboflavin, respectively.

Although thiamine is more thermo labile than riboflavin,
the extrusion process seems to produce low interference effects
on the vitamin content of the final product. Observing the
values in Table 1 and considering that 70% of broken rice and
30% of split beans were used in the extrusion, the amounts
found (0.14 mg/100 g of BI and 0.06 mg/100 g of B2) in the
pre- gelatinized flour were very close to the predicted values
(0.16g/100 g of B1 and 0.07 g/100 g of B2). The stability observed
during the processing of the flour was a result of appropriate
temperature, moisture content, and pH; relevant factors that
should be taken into account by the food industry since this
kind of flour is used in enriched formulations.

Anti-nutritional substances are those that affect the
digestibility or the absorption of certain nutrients by the human
body. Among them are phytates, polyphenols, and tannins,
which occur widely in cereals and legumes. According to
Martin-Cabrejas et al. (1999), the nutritive value of beans is
limited by the presence of these anti-nutrients since beans need
thermal processing before consumption.

Statistical difference was observed between the tannin
contents found in split beans (461.37 mg/100 g) and broken
rice flours (18.40 mg/100 g). Phytates (Table 1) were present in
the following amounts: 399.25 mg/100 g in the split beans flour
and 34.00 mg/100 g in the broken rice flour, the means were
significantly different (p < 0.05). The pre-gelatinized extruded
mixture had 75.88 mg/100 g of tannin and 127 mg/100 g of
phytates; indicating the efficiency of the extrusion process in
reducing this anti-nutritional factor content.

According to Shimelis and Rakshit (2007), pre cooking by
extrusion is effective at removing or eliminating anti-nutritional
factors; as also reported by Alonso, Aguirre and Marzo (1999)
and Martin-Cabrejas et al. (1999), who verified that the
extrusion process led to satisfactory reductions in phytate and
tannin contents when they were assessing the effects of different
processing methods on anti-nutritional compounds of beans.

3.2 Raw material and pre-gelatinized extruded flour amino

acid profile

In general, statistical differences were found between the
levels of amino acids between the three materials studied, and
the pre-gelatinized flour tended to show intermediate levels
when compared to those of raw rice and bean flours. In addition,
the amino acid profile of the pre-gelatinized flour (Table 2)
shows that a reasonable complementation of essential amino
acids was obtained by mixing legumes and cereals, as desired.
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Table 2. Total protein (%) and total amino acid contents of broken rice, split beans, and pre- gelatinized rice and bean flour and of the reference

standard (INSTITUTE..., 2002), and chemical score for the pre gelatinized flour (CS

).

flour

Amino acid content (mg/100 g)

‘Amino acids

Broken rice Split beans Pre-gelatinized flour IMA® CSyour
Essential
Threonine 2.87+0.11c 3.90 £ 0.04a 3.18 £0.01b 2.7 1.18
Valine 526 £0.12a 4.79 + 0.04c 4.95+0.01b 3.2 1.55
Methionine 2.27 £0.01a 0.84 +0.03c 1.40 + 0.15b 2.50 0.74°
* ¥ Cystine 0.60 +0.12a 0.22+0.01c 0.44 +0.07b
Isoleucine 3.58 £0.01c 4.17 £ 0.04a 3.77 £ 0.02b 2.5 1.51
Leucine 8.00 £ 0.12a 7.98 £0,07a 7.46 +0.03b 5.5 1.36
Tyrosine 4.18 £0.24a 3.37 £ 0.04c 3.47 +0.01b
Phenylalanine 4.78 £ 0.02b 5.59 £ 0.04a 4.80+0.01b 4.7¢ 5.54¢
Lysine 2.75+0.12¢ 7.27 £0.09a 4.73 £ 0.07b 5.1 0.97
Histidine 2.03+0.12¢c 2.97+0.01a 2.36 +0.02b 1.8 1.31
Tryptophan 0.24 £ 0.09¢ 0.44 + 0.04b 0.59 £ 0.00a 0.8 0.74
Non essential
Arginine 8.60 + 0.12a 7.01 + 0,04c 7.53 £ 0.07b
Aspartic acid 8.00 £ 0.01c 11.71 + 0.04a 9.16 + 0.22b
Serine 4.66 + 0.12b 5.63 £ 0.04a 4.80 +0.07b
Glutamic acid 16.97 + 0.48a 14.50 + 0.02¢ 14.77 £ 0.07b
Proline 4.30+0.12a 3.68 +£0.01b 3.69 £0.01b
Glycine 4.18+0.12a 3.86 +£0.02b 3.77 £0.07b
Alanine 5.38+0.12a 4.17 £ 0.04c 4.58 +0.03b
Total protein 8.37+0.22¢ 22.55+0.43a 13.54 +0.23b

Results are expressed on a dry- weight basis. Values are means (n = 2) + standard deviations. a,b,cThe same letters in lines indicate no significant difference between the values by the

Tukey test (p < 0.05). “Evaluation profile (scoring pattern) for children from 1 to 3 of years old (INSTITUTE..., 2002). *methionine + cysteine. ‘phenylalanine + tyrosine. CS,

aminoacid/100 mg protein) /(mg aminoacid/100 mg protein)

xtruded flour standard protein”

It was verified that (Table 2) the broken rice flour had lysine
and tryptophan as limiting amino acids, while the split bean
flour showed limiting sulphur amino acids (methionine and
cysteine) and tryptophan, consistent with the results found by
Silva, Ascheri and Pereira (2008), who found lysine as limiting
in rice flour, and Pires et al. (2006), who reported a deficiency
in cystein and methionine in bean flour.

Pires et al. (2006) reported that a protein that presents a
chemical score higher than 1.0 for all amino acids is considered
of high nutritional value, while amino acids with chemical
score lower than 1.0 are considered limiting. Thereby, the
pre-gelatinized flour had lysine, methionine, cysteine, and
tryptophan as limiting amino acids. It was also found that the
pre- gelatinized flour was able to supply more than 60% of the
essential amino acids recommended by IMA (INSTITUTE...,
2002) for children aged from one to three years old.

3.3 Technological characterization of the pre-gelatinized
extruded flour

The mixed pre-gelatinized flour had a WAI of 7.51 g/g
and WSI of 24.61%. Clerice and El-Dash (2008) and Silva
and Ascheri (2009) found WSI of 15.92% and 7.24%, values
significantly lower than those observed in this study, which
could be attributed to different processing conditions or to the
addition of bean flour.
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Filli et al. (2010), studying the influence of extrusion
parameters in soybean and corn flour, reported that legumes can
provide increases in WAI since raw material have considerable
amounts of proteins, winch are water soluble molecules that
contribute to increase the content of components in suspension;
however, Martin-Cabrejas et al. (1999) suggested that the
denaturation of proteins during the extrusion process may
lead to the loss of solubility. Therefore, the high solubility
index obtained in this study (24.61%) suggests low protein
denaturation due to the mild conditions of the extrusion process
and high moisture.

Paste viscosity is an important parameter to be evaluated
when studying the functional properties of starchy foods; it is
a way to assess the degree of degradation that occurs in these
materials during thermal treatments (CARVALHO et al., 2010).
Figure 1 shows the viscosity curve of the pre-gelatinized rice
and bean flour

It was observed that the pre-gelatinized flour had initial
viscosity value higher than those shown by the broken rice and
split bean flours. According to Nascimento et al. (2007), raw
flours have initial low viscosity values because raw starches are
insoluble in cold water, while thermally treated starches show
an initial viscosity value due to irreversible tumescence of starch
granules, reflecting their degree of pre-gelatinization.

It is was also observed that the broken rice grain flour
showed high values of peak and final viscosities; contrary to

Food Sci. Technol, Campinas, 33(2): 245-250, Apr.-June 2013



Carvalho et al.

——Broken rice flour
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Figure 1. Viscosity profile of the pre-gelatinized rice and bean flour
by RVA.

those of split beans and pre-gelatinized rice and bean flour.
According to Silva and Ascheri (2009), the high values for
maximum and final viscosities found in the broken rice flour
may be attributed to the high amount of intact starch granules
since they were not subjected to any kind of treatment implying
any modification in the starchy structure, and, consequently
in its technological characteristics. However, the low values
found in the split bean flour could be attributed to the presence
of low starch content and the presence of lipids, proteins, and
dietary fiber, while in the pre-gelatinized flour the low values
of peak and maximum viscosity found probably occurred due
to the extrusion process, which caused changes in the starch
granular structure.

Summarizing, the pre-gelatinized flour developed showed
relatively high initial viscosity and low final viscosity when
compared with those of raw flours; therefore the pre- gelatinized
flour has adequate characteristics for use as instant flour, in
agreement with the findings of with Carvalho et al. (2010), who
stated that products with high initial viscosity can be used in
instant product elaboration due to their high degree of water
solubility. However, it is recommended to perform preliminary
tests to evaluate the potential use of the pre-gelatinized flour
obtained as an ingredient in the development of novel foods.

4 Conclusion

The broken rice and split bean pre-gelatinized flour is an
interesting alternative for the use of the by-products obtained
from the industrial process of rice and beans resulting in
products with high nutritional value, especially due to their
dietary fiber content and the presence of ideal amounts of
the majority of the essential amino acids to human diet. With
regards to technological characteristics, the pre-gelatinized flour

Food Sci. Technol, Campinas, 33(2): 245-250, Apr.-June 2013

showed an intermediate value of water absorption index and
high water solubility index.
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