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Rice and rice bran from different cultivars: physicochemical,
spectroscopic, and thermal analysis characterization

Arroz e farelo de arroz de diferentes cultivares: caracterizacao
fisico-quimica, por espectroscopia e analise térmica
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Ana Paula Iglikowski Byler’; Fernando Reinoldo Scremin?;
Ariano Martins de Magalhaes Junior®; Cristiane Canan®”

Highlights:

The protein, carbohydrate, and phytic acid content varied in white rice cultivars.
Moisture, ash, and lipids had similar content in distinct white rice cultivars.

The physicochemical parameters differ in rice bran from different cultivars studied.
The white rice and rice bran had chemical composition different for each cultivar.
FTIR-ATR and thermal analyses confirmed the differences of white rice and rice bran.

Abstract

Different rice cultivars have been developed in order to obtain grains with optimal cultivation and
compositional characteristics, which affect their potential applications. Therefore, the characterization
of these different rice cultivars is required. In the present study, white rice and rice bran from the cultivars
BRS AG, BRS Pampa, and BRS 358 provided by EMBRAPA were characterized by physicochemical
means, infrared spectroscopy (FTIR-ATR), and thermal analyses. The moisture, lipid, and ash contents
did not differ among the white rice cultivars. The cultivar BRS Pampa exhibited the highest protein and
lowest total carbohydrate contents. Both BRS Pampa and BRS 358 showed a higher phytic acid content
than BRS AG. The highest total carbohydrate content was observed in BRS AG white rice samples,
which confirmed its suitability for use in ethanol production. Among the rice bran samples, BRS 358
demonstrated the highest contents of lipid, protein, and phytic acid, and the lowest total carbohydrate
content. FTIR-ATR and thermal analyses were suitable for correlating the physicochemical properties
of white rice and rice bran with the molecular composition in the respective cultivars studied. Both
white rice and rice bran exhibited a thermal degradation temperature at 300 °C. Lipids, protein, ash
and phytic acid were considerably higher in rice bran than white rice in all cultivars studied, which
demonstrates the importance of the use of this by-product.
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Resumo

Varias cultivares de arroz tem sido desenvolvida no intuito de obter graos com caracteristicas de cultivo
e composi¢do apropriadas, que sdo responsaveis pela indicagdo de uso/consumo dos grdos. Assim,
justifica-se a necessidade de caracterizagdo das diferentes cultivares de arroz. No presente estudo, o arroz
branco ¢ o farelo de arroz das cultivares BRS AG, BRS Pampa, ¢ BRS 358, cedidas pela EMBRAPA,
foram caracterizadas a partir de analises fisico-quimicas, espectroscopia no infravermelho (FTIR-ATR)
¢ analises térmicas. Nas amostras de arroz branco, o conteudo de umidade, lipidios e cinzas ndo diferiu
entre as cultivares. A BRS Pampa teve o maior teor de proteinas ¢ o menor teor de carboidratos. A BRS
Pampa e BRS 358 tiveram maior teor de 4cido fitico. O maior contetido de carboidratos observado
no arroz branco da cultivar BRS AG confirma sua indicagdo de uso na producdo de bioetanol. Nas
amostras de farelo de arroz, a BRS teve maior teor de lipidios, proteinas ¢ acido fitico, ¢ o menor de
carboidratos totais. A analise por FTIR-ATR e analise térmica permitiram correlacionar as propriedades
fisico-quimicas do farelo de arroz e arroz branco com a composi¢do quimica dentro de cada cultivar
estudada. O arroz branco ¢ o farelo de arroz exibiram degradag@o térmica a 300 °C. O contetido de
lipidios, proteinas, cinzas e acido fitico foram superiores no farelo em comparagio ao arroz branco para

todas as cultivares, o que demonstra a importancia do uso desse subproduto.
Palavras-chave: Arroz irrigado. BRS AG. BRS Pampa. BRS 358. Oryza sativa.

Introduction

Brazil is the largest producer and a leader in
rice cultivation (Oryza sativa) of Mercosul. In
the 2017/2018 harvest, Brazilian rice production
was 10.5 thousand tons from a cultivated area
of 1,679 hectares. The southern region of Brazil
is the national leader in productivity (6.3 kg ha')
and production (10,510 thousand tons) (CONAB,
2020). Rice cultivation is relevant to social and
governmental actions and incentives related to
its cultivation to ensure supply and consumption
levels, with emphasis on the poorest classes of the
population, who normally consume rice as a dietary
staple (O. F. Silva 2019a).

The quality of rice produced in Brazil is
recognized worldwide; Brazilian rice is mainly
destined for human consumption in grain form
(SNA, 2017; Walter, Marchezan, & Avila, 2008).
According to Brazilian standards, high-quality
rice is characterized by long and thin grains (from
Portuguese “agulhinha”) with translucent aspects,
polished and free of foreign matter, and is loose,
dry, and soft after cooking (Castro, Castro, &
Morais, 2013). Rice leads the most consumed food
groups in Brazil of consumers (Souza et al. 2013),

with a per capita consumption of polished rice
(whole grains) of 32.0 kg/inhabitant (Silva 2019b).
It is considered an excellent energy source due the
high starch concentration, also supplying proteins,
vitamins and minerals, with a low lipid content
(Walter et al., 2008). Among the types of rice, more
than 70% of Brazilians prefer white rice, followed
by parboiled (25%) and whole (from 3% to 4%)
(CONAB, 2015).

In white rice procurement, the grain is subjected
to the dehulling process, which is followed by
polishing (Bragantini & Eifert, 2013). Rice bran is
a by-product obtained during polishing, composed
of the pericarp, aleurone, and germ (Canan et
al., 2011). Rice bran represents from 17.59% to
24.75% of the total grain weight (Moongngarm,
Daomukda, & Khumpika, 2012) and, in Brazil,
is mainly employed in animal feed (Bragantini &
Eifert, 2013; Gomes et al., 2012). However, more
recent research has been carried out aimed at the use
of bioactive compounds and fractions of interest of
rice bran, due to its potential use as an antioxidant,
as a prebiotic, in the production of bioethanol, and
as a microencapsulating and nanoencapsulating
agent (Canan et al., 2011; Demirci, Aktas, Sozeri,
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Oztiirk, & Akin, 2017; Favaro et al., 2017; Huang &
Lai, 2016; C. Liu et al., 2017a; Michel et al., 2016;
Scremin et al., 2017).

With the advancement of genetic engineering,
several new rice cultivars have been developed.
Many factors are considered in the choice of
a cultivar, among them the cultivation system
(irrigated or upland), water availability, cultivar
characteristics (cycle, plant height, resistance to
diseases, tolerance to water stress, product quality,
and productivity), recommendation for a given
region and availability of certified seeds, technology
employed, soil fertility, and planting system (Castro
et al., 2013; Streck, Bosco, Michelon, Walter, &
Marcolin, 2006).

The Brazilian ~ Agricultural Research
Corporation (EMBRAPA) has been working for
years on developing rice cultivars with different
applications, and among them there are the irrigated
cultivars BRS AG, Pampa BRS, and BRS 358. The
cultivar BRS AG was developed mainly for use as
a raw material in ethanol production or animal feed.
The cultivar produces a grain of large size and has
a medium-cycle (126 days) and average height.
The cultivar BRS Pampa presents high productive
potential, a short-cycle (up to 115 days), resistance
to major diseases, and excellent cooking attributes
such as a loose and soft texture after cooking. The
cultivar BRS 358 was developed for Japanese
cooking, presenting a low amylose content and
an intermediate gelatinization temperature. This
cultivar has a medium-cycle (125 days), medium
stature, and good resistance to diseases (Empresa
Brasileira de Pesquisa Agropecuaria [EMBRAPA],
2015).

Regarding these new cultivars, it is crucial to
know their properties in order to indicate potential
uses. In this context, the aim of this study was
to characterize white rice and rice bran from
three cultivars (BRS AG, BRS Pampa, and BRS
358) developed by EMBRAPA, in terms of their
chemical, physicochemical, and thermal properties.

Material and Methods

Three rice cultivars (BRS AG, BRS Pampa,
and BRS 358) were cultivated at the Brazilian
Agricultural Research Corporation (EMBRAPA)/
Temperate Climate Center - Pelotas, Rio Grande do
Sul, Brazil, under identical conditions. When the
grains matured, the rice grain was harvested and
submitted to the dehulling and polishing process
using a rice processor (Rural ZX-3, Zaccaria, Sao
Paulo) to obtain white rice and rice bran. The rice
bran was subjected to milling (sieve size 1.18 m) in
a knife mill (model SL31, Solab, Piracicaba, Brazil).
The samples were stored in plastic bags at -18 °C.

Color parameters were determined using a
Minolta CR400 colorimeter (Konica Minolta, New
Jersey, USA) with a D illuminant and a 45° standard
observer. Moisture content was determined by
gravimetric measurement after drying in an oven
(model Q317M, Quimis, Sdo Paulo, Brazil) at 105 +
2 °C. Protein content was performed by the Kjeldahl
method. The samples were digested (digester block
model 040125 and temperature controller model
TE-007MP, Nova Técnica, Piracicaba, Brazil), and
the nitrogen was distillated in a Kjeldahl apparatus
(model NT 415, Nova Técnica, Piracicaba). A
nitrogen conversion factor of 5.95 is indicated for
rice (Instituto Adolfo Lutz [IAL], 2005) and was
employed to determine the total protein content.
The lipid content was determined by hot extraction
(oil and fat extractor model MA419, Marconi,
Sao Paulo, Brazil) using hexane. Ash content was
determined by calcination in an oven (Jung, Sdo
Paulo) at 550 °C for 6 h or until light ash was
obtained. Total carbohydrates were calculated
by difference (Huang & Lai, 2016; Smanalieva,
Salieva, Borkoev, Windhab, & Fischer, 2015).

Phytic acid determination was adapted from
Canan et al. (2011). The samples (0.8 g of white rice
and 0.25 g of rice bran) were extracted with 1 M HCI
(10 mL), assisted by 2 min of ultrasound, with 40%
power and a frequency of 80 kHz. The supernatant
was centrifuged (2000 g for 20 min) and diluted with
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distilled water. Ion exchange chromatography with
a glass column containing 0.6 g of Dowex-AGX-4
resin, previously prepared by elution with distilled
water (10 mL), 0.7 M NaCl (10 mL) and distilled
water (10 mL), were employed. The supernatant
was applied and eluted with 0.1 M NaCl (10 mL)
and 1 M NaCl (10 mL). The last eluted (10 mL) was
collected and the Wade reactive was added to the
eluent (3 mL) and analyzed in a spectrophotometer
(500 nm).

White rice and rice bran were submitted to
Fourier transform infrared (FTIR) spectroscopy
analysis (model Spectrum 100S, PerkinElmer,
Beaconsfield, United Kingdom) in attenuated
reflectance mode (ATR). FTIR-ATR spectra were
obtained in the wavenumber range from 4000 to
600 cm™! during 10 scans with 4 cm™! resolution.

The (TG)
measurements were taken using a thermo-analyzer
STA 6000 (PerkinElmer, Beaconsfield, United
Kingdom). Each sample (from 12 to 18 mg) was

thermogravimetric ~ analyses

placed in a non-hermetic platinum crucible and
heated from 50 to 600 °C, at a heating rate of 10 °C
min' under a nitrogen atmosphere of 20 mL min™'.

Results and Discussion

Regarding visual characteristics, especially the
BRS AG white rice had a peculiar format (Figure 1).
For white rice and rice bran, the BRS AG cultivar
had the highest luminosity, and the a* value was
lower than that of other cultivars (p < 0.05). The b*
value was higher in BRS 358 than in BRS AG for
white rice and rice bran (p < 0.05) (Table 1). Values
between 66.2 and 85.2 for L*, from -1.38 to 5.24 for
a* and from 7.60 and 19.10 for b* were reported
in the literature for white rice (Adu-Kwarteng,
Ellis, Oduro, & Manful, 2003; Paraginski, Ziegler,
Talhamento, Elias, & Oliveira, 2014; Tran,
Okadome, Murata, Homma, & Ohtsubo, 2001;
Zando, Canniatti-Brazaca, Sarmento, & Arthur,
2009). L* values obtained in the present study were

higher than that observed in the literature, and b*
values were lower, characteristics of lighter samples.
For rice bran, information about color parameters
are scarce, and the values obtained for L* and b*
were higher, and for a*, lower than reported by
Choi et al. (2011). However, light and yellow color
predominance was observed, evidenced by high
luminosity and a positive value of b* (Table 1).
Variations observed compared with literature data
can be correlated with cultivars, cropping regions,
agricultural practices, post-harvest processing, and
degree of polishing. These parameters are used by
the industry to assess rice quality. The white color
of rice grain presents a visual appeal and some
consumers believe that white rice present higher
quality (Adu-Kwarteng et al., 2003). For rice bran,
color can be decisive for its application in food.

For white rice, the moisture, lipid, and ash
contents did not differ (p > 0.05) among the rice
cultivars. The protein content was higher in the BRS
Pampa cultivar, followed by BRS 358 and BRS
AG (p < 0.05). The total carbohydrate content was
higher in BRS AG followed by BRS 358 and BRS
Pampa (p < 0.05). The phytic acid content in BRS
Pampa and BRS 358 cultivars were higher than that
in BRS AG (p < 0.05) (Table 1). The above cited
values were similar to those reported in the literature
for white rice (dry basis). A moisture content from
9.23 t0 14.22 g 100 g' (Liu, Zheng, & Chen, 2017b;
Silva, Ascheri & Pereira, 2007; Smanalieva et al.,
2015; Zanio et al., 2009), lipids from 0.13 to 1.05
g 100 g' (Kaminski, Brackmann, Silva, Bender, &
Speroni, 2013; Liu et al., 2017b; Silva et al., 2007,
Zanao et al., 2009), proteins between 8.30 and
12.03 g 100 g'(Kaminski et al., 2013; Silva et al.,
2007; Smanalieva et al., 2015; Walter et al., 2008),
ash from 0.30 to 0.68 g 100 g! (Adu-Kwarteng
et al., 2003; Liu et al., 2017b; Walter et al., 2008;
Zanao et al., 2009), total carbohydrate between
86.27 and 91.22 g 100 g!' (Kaminski et al., 2013;
Silva et al., 2007; Smanalieva et al., 2015; Zanao et
al., 2009), and phytic acid from 0.03 to 0.20 g 100
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g' (Liu et al., 2017b) were reported. The highest in bioethanol production (EMBRAPA, 2015), as
total carbohydrate content was observed in the BRS  hydrolyzed starch is a fermentable substrate (Favaro
AG white rice, which justifies its indication of use et al., 2017).

White rice BRS 358

Rice bran BRS 358 Rice bran BRS Pampa Rice bran BRS AG

Figure 1. Visual characteristics of white rice and rice bran samples.
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Table 1

Physicochemical parameters of white rice and rice bran from different cultivars (dry basis)

3086

Sam- . N . Moisture Lipid Protein Ash Total car- Phytic
s F P (g100gh) (@100g) (g100gh) (gl00gh Povdrate  acid
P (£100g") (2100g"
Rice
BRS 91.11 -4.87 11.73 12.41 0.76 8.36 0.34 90.54 0.03
AG +0.24*  +0.01°® +0.35° +0.15° +0.06° +0.05¢ +0.04? +0.02? +0.01°
Rice
BRS 87.39 -4.77 13.06 12.30 0.83 12.42 0.30 86.46 0.12
+0.43>  £0.03* +0.10° +0.29? +0.09? +0.27° +0.02? +0.16° +0.01?
Pampa
ggg 87.10 -4.74 14.19 12.12 0.93 11.21 0.35 87.61 0.10
358 +0.41°* +0.03* +0.25° +0.292 +0.09° +0.58° +0.032 +0.50° +0.012
ggnsl 75.35 -2.37 21.83 11.28 10.40 14.14 5.40 69.72 5.48
AG +0.324  +£0.17® +0.23¢ +0.144 +0.988 +0.108 +0.558 +0.774 +0.138
Bran
BRS 70.28 -0.97 23.46 10.61 10.87 13.26 7.57 68.30 543
+0.77%  +0.464 +0.40° +0.198 +0.818 +0.978 +0.78* +1.144 +0.07"
Pampa
Bran
BRS 69.41 -0.56 25.00 10.75 14.99 17.50 7.37 60.14 7.03
358 +0.138  £0.044 £0.224  +0.204B +0.524 +0.164 +0.414 +1.018 +0.434

Mean =+ standard deviation; n = 3; Total carbohydrate (dry basis) = 100 - lipid - protein - ash; different lowercase and capital letters
indicate difference among rice and rice bran samples, respectively, by Tukey test (p < 0.05).

The moisture content of rice bran was higher
in BRS AG than in BRS Pampa, whereas in BRS
358, the value was intermediate and did not differ
from the others. Lipid and protein contents were
higher in BRS 358 than in the other two cultivars
(p < 0.05). BRS AG had lipid and protein content
similar to those of BRS Pampa. The ash content was
significantly higher in BRS Pampa and BRS 358
compared with BRS AG. The carbohydrate content
was higher in BRS AG and BRS Pampa cultivars.
The phytic acid content was higher in BRS 358 and
lower in BRS AG and BRS Pampa (Table 1).

The physicochemical results for rice bran were in
the range reported in the literature (on a dry basis).
Other authors demonstrated variations in moisture
content from 7.99 to 12.12 g 100 g' (Bagchi, Sharma,
& Chattopadhyay, 2016; Choi et al., 2011; Huang &
Lai, 2016; Rafe & Sadeghian, 2017); in lipid from
6.21to 18.80 g 100 g' (Bagchi et al., 2016; Huang &

Lai 2016; Moongngarm et al., 2012; Moro, Rosa &,
Hoelzel, 2004); in protein from 12.07 to 16.53 g 100
g (Amagliani, O’Regan, Kelly, & O’Mahony, 2017;
Bagchietal.,2016; Choietal.,2011; Moongngarm et
al.,2012; Rafe & Sadeghian, 2017); in ash from 3.15
to 11.41 g 100 g' (Amagliani et al., 2017; Bagchi
et al., 2016; Huang & Lai, 2016; Moongngarm et
al., 2012; Rafe & Sadeghian, 2017); in carbohydrate
from 40.63 to 81.43 g 100 g' (Amagliani etal., 2017,
Huang & Lai, 2016; Moongngarm et al., 2012; Moro
et al., 2004); and in phytic acid from 2.57 to 7.08
g 100 g' (Canan et al., 2011; Moongngarm et al.,
2012; Rafe & Sadeghian, 2017). Wider variations
in the composition of polished rice and rice bran
are observed in the literature, considering different
cultivars produced in regions with different farming
practices. Furthermore, the composition of white
rice and rice bran is influenced by the degree of
polishing (Huang & Lai, 2016; Liu et al., 2017b).
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In polished rice (BRS Pampa and BRS 358)
and rice bran (BRS 358) samples, it was observed
that cultivars with highest protein content also had
the highest phytic acid content. This correlation is
justified by the potential for phytic acid ionization
and strong interactions with proteins and metal ions
(Martinez, Martinez, Souza, & Brazaca, 2011),
although accumulation of nitrogen and phosphorus
in the rice plant is an independent process (Liu,
Cheng, Cheng, & Zhang, 2005). In acidic pH and at
low cation concentrations, a phytate-protein complex
is formed due to direct electrostatic interactions,
while at pH >6 to 7, a ternary phytic acid-mineral-
protein complex is formed, which dissociates at
high Na* concentrations. The complexes may be
responsible for decreased bioavailability and are
also more resistant to proteolytic digestion at low
pH (Cheryan, 1980).

When white rice and rice bran samples were
compared, it was observed that the carbohydrate
content was higher in white rice, whereas the lipid,
protein, ash, and phytic acid contents were higher
in rice bran. These observations are explained by
the maintenance of starchy endosperm and removal
of the germ, pericarp, and aleurone in polished
rice (CONAB, 2015). Lipids, proteins, and phytic
acid are mainly concentrated in the germ and
aleurone, while minerals are present in the grain
external layer, justifying its high content of phytic
acid (Bhatnagar, Prabhakar, Prasanth Kumar, Raja
Rajan, & Gopala Krishna, 2014; Canan et al., 2011;
Liu et al., 2005; Walter et al., 2008). Phytic acid
has a strong chelating capacity and was considered
an antinutrient for many years, without any other
properties currently attributed to this compound
being discussed (Silva & Bracarense, 2016). In
recent years, the number of publications reporting
the use of phytic acid has grown, especially its
use in reducing the risk of diseases such as cancer
(Masunaga et al., 2019), kidney stones (Saw, Chow,

Rao, & Kavanagh, 2007), diabetes (Kim, Rico,
Lee, & Kang, 2010), and cardiovascular events
(Fuster, Cortés, Bestard, & Freixedas, 2017), and as
an inhibitor of foodborne pathogens (Zhou, Zhao,
Dang, Tang, & Zhang, 2019).

Infrared spectroscopy analysis allows the
identification of functional groups from the main
molecules of samples, and the spectroscopic
profile is directly correlated with the molecular
composition of the samples studied. Variations in the
spectroscopic behavior among white rice and rice
bran were observed (Figure 2). Spectroscopic bands
at approximately 2925 cm™! and 2855 cm! are more
intense and defined in rice bran samples. These bands
are attributed to CH-type molecular vibrations, and
this fact can be explained by the higher lipid content
present in rice bran (Table 1), since these molecules
have carbon chains with a higher density of CH
groups. Additionally, the spectroscopic band at
1640 cm' is slightly more intense in the spectra of
rice bran samples, attributed to stretches of the C=0
group present in proteins. This band is named amide
I, and its highest intensity is correlated to the higher
protein content of rice bran (Table 1). Spectral bands
at 1150 cm™ and 1080 cm™! preferentially appear in
white rice samples, and they are related to O-C-O
and C=0 stretches of glycosidic compounds, such
as starch (Fan et al., 2012; Rubens & Heremans,
2000; Ying et al., 2017) a waste stream from olive
oil processing, was fractionated by centrifugation to
obtain a supernatant and a flesh-enriched fraction,
and freeze dried to obtain a powder. The dried
supernatant contained 5.8% moisture, 4.8% protein,
3.5% fat, 3.5% ash, 82.4% carbohydrate (including
17.2% dietary fiber. This is expected in white rice
because the grain is polished, presenting a high
starch content (Table 1). Regarding the different
cultivars, it is not possible to observe significant
alterations between the spectra of white rice and
rice bran.
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Figure 2. FTIR-ATR spectra of white rice and rice bran samples (4000-600).

Thermograms of white rice samples from
different exhibited
behavior (Figure 3a). A mass loss of about 10%

cultivars similar thermal
was observed at 120 °C for all rice cultivars, which
could be related to sample water loss, corroborating
the moisture values obtained (Table 1). Accentuated
mass loss was observed above 300 °C in all cultivars
analyzed, which characterizes pyrolysis (Qi et al.,

2015) and the beginning of thermal degradation.

Rice bran samples exhibited different thermal
behavior among their respective cultivars (Figure
3b). BRS AG and BRS Pampa showed similar
thermal behavior to each other, which differed from
that of the BRS 358 cultivar. Derivative curves
were generated (dTG) to better evaluate the thermal
event characteristics of each sample. In rice brand
TG curves of BRS AG and BRS Pampa, two main
thermal events could be identified. The first was at

220 °C and characterized by a mass loss of about
17%, which could be related to initial moisture
loss together with phytic acid degradation (Zhou,
Ding, Qian, & An, 2015). The second thermal
event was observed at 310 °C, characterizing
the decomposition maximum temperature of the
samples.

The thermal profile of rice bran from the
BRS 358 cultivar presented at least three thermal
events: the first was at a maximum degradation of
approximately 75 °C, related to the elimination
of moisture; the second was at a maximum of
approximately 240 °C, related to the thermal
degradation of protein and lipid fragments. As well
as the thermal degradation of phytic acid, this event
presents a more intense signal on dTG (figure 3c)
when compared to the other crops studied due to the
higher content of these components in the sample in
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question. Finally, pyrolysis of the glycosidic chains
occurred at a maximum of approximately 310 °C.

Since the thermal behavior of rice and rice bran

becomes a low-cost tool for the development

of primary quality analysis and adulteration

identification methodologies, mainly in derived

samples are different, the thermal analysis technique products such as flours and other mixtures.

@) - - White rice BRS 358
1004 o e White rice BRS AG
- —— White rice BRS Pampa
=X Rice Bran BRS Pampa
80
—_
=X
~ 604
A
<
=
40 4
—
% Rice Bran BRS AG
20 - =
" T T T T T T T T T
0 100 200 300 400 500
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(b) 110
1 Rice bran BRS 358 .
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Figure 3. (a) Thermograms of white rice; (b) thermograms of rice bran; (¢) derivative curves (dTG) of rice
bran thermograms.

Conclusion In relation to rice bran samples, BRS 358

White rice from BRS AG, BRS Pampa, and demonstrated the highest values of protein, lipids,

BRS 350 cultivars exhibited similar moisture,
lipid, and ash contents. BRS Pampa had the highest
protein content, and BRS AG had the highest total
carbohydrate content, confirming its excellent
cooking properties and sources of fermentable

and phytic acid and the lowest total carbohydrate
content. When white rice samples were compared
with their respective rice brans, the results
demonstrated chemical compositions that differed
among all cultivars studied, which was confirmed
carbohydrates for ethanol production, respectively. by FTIR-ATR and thermal analyses.
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