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Rice (Oryza sativa L.) and its products for human consumption:
general characteristics, nutritional properties, and types of processing
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Abstract

, Camille Flores SOARES?

, Maria Teresa Pedrosa Silva CLERICI™

Rice (Oryza sativa L.) is one of the most important cereals globally, serving as an energy source for approximately 50% of the
world’s population. In this review, we present and discuss the main aspects related to its characteristics, nutritional properties,
and the types of processing carried out by the food industry. The nutritional composition of the grains varies according to the
type of industrial process. After the husk is removed, both brown and polished rice can be obtained, and both types can also be
parboiled. Products such as rice flour and starch have expanded the market for this cereal, as they are ingredients used in the
production of various rice-based foods, owing to their hypoallergenic nature, gluten-free attributes, and mild flavor.

Keywords: Oryza sativa L.; processing; brown, polished, parboiling; nutritional quality; rice flour, starch.

Practical application: Encourage research, consumption by the population, and safe and sustainable processing of rice.

1 INTRODUCTION

The dietary habits of the population have undergone sig-
nificant changes in recent decades, especially concerning the
rise in the consumption of processed foods. However, there
are fundamental foods that continue to be a constant presence
on consumers’ tables, regardless of passing trends. A notable
example is rice (Oryza sativa L.), whose consumption spans
two-thirds of the global population, serving as a staple for about
50% of the world’s population (FAO, 2022). Both its agricultural
production and industrialization, as well as consumption, are
undeniably the most important economic activity on the planet,
as nearly half of the world’s population consumes rice at least
once a day (Wang et al., 2023).

For approximately half of this population, including various
countries in Latin America, Asia, and the Pacific Islands, rice
plays a crucial role as the main energy source in the diet (Zafar
& Jianlong, 2023). This popularity is attributed, in large part, to
the financial accessibility of rice, its ease and quick preparation,
and its versatility, as it pairs well with various cooking methods
(Das et al., 2023).

Rice not only feeds a large number of people but also cons-
titutes the majority of the diet for many low-income individuals,
making its nutritional value crucial in the diet (Bhattacharya,
2013). When consumed as polished rice, it is the primary source
of starchy carbohydrates, providing quick energy when cooked,
and is widely consumed in main meals. It contains approxima-
tely 7% protein, while other nutrients are present in quantities
below 1-2%, as shown in Table 1. In terms of minerals, rice
offers a variety, including magnesium, phosphorus, and calcium,
as well as traces of iron, zinc, copper, and manganese (Verma
etal., 2019).

However, the proportion of each nutritional component in
rice is susceptible to various factors such as genetic variations,
climatic conditions, fertilizer use, soil quality, processing, and
storage (Zhou et al., 2002). This sensitivity can result in grains
with distinct nutritional profiles (Fresco, 2005). Various post-
-harvest processing methods, such as polishing and/or parboi-
ling, have the potential to impact the chemical composition of
rice, leading to variations in measures relevant to nutrition. The-
se variations, in turn, can affect the nutrient content in the diet.

In addition to consuming rice in its grain form, it is trans-
formed into derivatives such as flour and starch, which are
utilized by the food industry. Rice flour is gluten-free, making
it a suitable alternative for individuals intolerant or sensitive to
this protein (Qian & Zhang, 2013). In the food industry, it is
used in gluten-free products such as bread, cakes, cookies, and
pasta (Clerici & El-Dash, 2006). On the contrary, rice starch
is employed as a thickener, stabilizer, and texture agent in a
variety of food products. Its ability to form gels under specific
processing conditions is suitable for enhancing the consistency
and sensory quality of processed foods (Tong & Bao, 2018).

Considering this overview that underscores the relevance of
rice, the objective of this review is to address the main aspects
regarding its agronomic characteristics, nutritional properties,
and the types of processing conducted by the food industry.

2 AGRONOMIC IMPORTANCE

Rice is an annual grass that encompasses 24 species of the
Oryza genus, of which only two have become agronomically pro-
ductive and important for human consumption: Oryza sativa of
Asian origin and Oryza glaberrima of African origin (Vaughan,
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1994). Of the two cultivated species, sativa is the most widely
used and can be classified into three widely cultivated varieties:

+ Indica: This is along and slender grain used in tropical
and subtropical Asia, South, and North America. The
high amylose content, associated with a lower amount
of amylopectin, gives this variety a less sticky consis-
tency (Wei & Huang, 2018). This variety has a firmer
and glassy texture (Kowsalya et al., 2022);

o Japonica: This is a short/medium and rounded grain
cultivated in temperate regions such as Japan and nor-
thern China. This type of rice provides a softer and
stickier texture due to higher amounts of amylopectin,
contributing to the adherence, a characteristic of the
grains, and the opacity of the final product (Kowsalya
et al,, 2022; Wei & Huang, 2018);

o Javanica: This is a medium grain cultivated in the Phi-
lippines and the mountainous areas of Madagascar and
Indonesia (IRRI, 2013).

Currently, rice is cultivated in more than a hundred coun-
tries, producing around 500 million tons of paddy rice annually,
distributed over approximately 165 million hectares (FAO,
2022). Across the world, 93 million hectares of lowland irriga-
ted rice fields provide 75% of global rice production (Lampayan
etal, 2015). Some areas in South Asia, parts of Southeast Asia,
and all of Africa use rainfed lowland agriculture, responsible
for producing 20% of global rice. Upland rice cultivation under
rainfed conditions accounts for 4% of the world’s total rice pro-
duction (IRRI, 2013). Given that 75% of production is under
irrigation, rice is responsible for 30% of global irrigation water
use, as well as 14% of fertilizers and 10% of pesticides (Grube
et al,, 2011; Heffer, 2013). In addition, it is a significant source
of greenhouse gas emissions, accounting for 30% of methane
(CH,) and 11% of nitrous oxide (N,O) in global agriculture
(IPCC, 2021; Linquist et al., 2012).

Figure 1. Conventional brown rice processing process.

Brazil, which is ranked as the ninth largest global producer,
lags behind powerhouses such as China with 150.5 million
tons, India, and Indonesia, as well as other prominent Asian
countries (CONAB, 2021). In terms of production in South
America, Brazil takes the lead, accounting for over 75% of the
total production in Mercosur, surpassing Uruguay, Argentina,
and Paraguay, respectively. The most prominent Brazilian state
in this scenario is Rio Grande do Sul, leading production with
an annual average of 8.1 million tons (CONAB, 2021).

3 RICE PROCESSING

Rice processing is a procedure aimed at separating rice
grains from straw, husk, and impurities, resulting in final pro-
ducts ready for consumption. Various products are obtained
from this process, with the main ones described below.

3.1 Brown rice

Derived from the initial processing stage, after dehusking,
brown rice retains the bran layer and germ (Figure 1). This
gives brown rice a higher content of fiber, B-complex vitamins,
and antioxidant minerals and is considered a more nutritious
option compared with white rice (Wu et al., 2023). However, it
is more susceptible to degradation due to the presence of lipids
and enzymatic activity (Lang et al., 2020).

In recent years, brown rice has shown an increase in con-
sumption due to its nutritional and health benefits, such as
reducing cardiovascular diseases (Ti et al., 2014), lowering pos-
tprandial glycemic response (Wu et al., 2013), inhibiting LDL-C
synthesis due to its abundant oryzanol content, and being as-
sociated with a reduced risk of type 2 diabetes mellitus (Imam
et al., 2012). Despite this, brown rice is not widely consumed
due to its lower culinary performance, rough texture (Ti et al.,
2014), cost-effectiveness, and dietary habits of the population.
These factors can be addressed by promoting the consumption
of brown rice and its inclusion in basic food baskets, school
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meals, hospital meals, and popular restaurants, with subsidies
and training for handlers who can make it more palatable to
consumers, reviving the habit of its consumption, which was
lost with industrialization.

Recently, RDC No. 712, dated July 1, 2022 (ANVISA, 2022),
established labeling requirements for foods to be identified as
“whole foods” It was established that for this expression to be
highlighted on product labels, it needs to contain a minimum
of 30% whole ingredients, and the quantity of whole ingredients
must exceed the quantity of refined ones, which can be an in-
centive for the use and increased consumption of whole grains.

When focusing on sustainability in food production and
environmental benefits, it is essential to highlight that brown
rice production can be more sustainable, as it requires fewer
processing steps (Figure 1), resulting in lower consumption
of water and energy compared with the rice polishing process
(Figure 2), which requires more steps and inputs, and also yields
a higher amount of whole grains.

3.2 Polished white rice

White rice is a significant source of starch and carbohydra-
tes, which is the most common and consumed form of rice in
many cultures around the world (Oliveira & Amato, 2021). The
conventional process (Figure 2) involves cleaning, dehusking,
and separating paddy grains (grains that remain with husk are
separated from dehusked ones based on density difference),
followed by milling (the stage where the pericarp and germ,
which transform into bran, are removed) and polishing, with
the purpose of enhancing the final appearance of the product,
giving it a glossy and scratch-free look (Ferreira et al., 2020).
After these stages, the rice is classified, where broken grains
are separated and subsequently categorized, as per Brazilian
regulations.

Normative Instruction No. 06, dated February 16, 2009
(Brasil, 2009), classifies grains into three classes:

Figure 2. Conventional process of polishing white rice.
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o long slender: grains with a size equal to or greater
than 6 mm;

o long: grains with a size greater than 6 mm;

« medium: grains with a size smaller than 6 mm and
greater than 5 mm;

o short: grains with a size smaller than 5 mm. Grains with
a size smaller than 4.49 mm are classified as broken.

In this classification stage, grains with defects (chopped,
stained, damaged, and scorched grains) are also removed using
optical sensors for identification and separation based on color,
where grains with a different color from the standard are separated
from the rest (Lang et al., 2020). Subsequently, packaging is car-
ried out and is considered the finalization of the industrial process.

3.3 Parboiled rice

The parboiling process is a pre-cooking technique for rice
grains while still in the husk before undergoing traditional
processing to become white rice. As illustrated in Figure 3,
this method involves three main stages: hydration, steaming,
and drying.

The hydrothermal parboiling process involves the following
operations (Lang et al., 2020), as demonstrated in Figure 3 and
described below:

o Hydration: The husked grains are immersed in hot wa-
ter, around 60-70°C for several hours (4-7 h). Water
is absorbed by the grains, increasing their moisture
content (optimal moisture for parboiling is 30%).
Temperatures above 60°C discourage the enzymatic
activity of a-amylases, which is responsible for brea-
king starch chains and increasing reducing sugars,
causing darkening via the Maillard reaction (Oliveira
& Amato, 2021);
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Figure 3. Conventional parboiling process of brown and white rice.

o Steaming: After immersion, the moist grains are sub-
jected to steaming. They are exposed to high-pressure
water vapor. The heat from the steam penetrates the
grains, causing the gelatinization of the starch in the
endosperm. Gelatinization transforms starch into a
firmer form resistant to overcooking;

+ Drying: Parboiled grains undergo a drying process to
remove the moisture acquired during hydration and
steaming, aiming to reduce the moisture to an optimal
level for processing (about 13%) and inhibit the growth
of microorganisms and insects.

After completing these stages, parboiled rice grains are
dehusked and polished, transforming them into white grains
ready for consumption.

The advantages of the parboiling process include minimi-
zing grain breakage during processing, increasing the yield of
whole grains, resistance to pests and moisture, and non-clum-
ping, resulting in lower solid loss (Bhattacharya, 2013). The
grains absorb more water during cooking, increasing volume
(Lang et al., 2020). There is partial or total inactivation of enzy-
mes, eliminating biological processes such as germination and
fungal growth (Bhattacharya, 2013).

It is worth noting that the parboiling process not only alters
the texture of rice, making it more resistant to breakage during
cooking, but also preserves some nutrients that would normally
be lost during the processing of white rice. On the contrary, the
disadvantages of the parboiling process include the development
of aroma and flavor, the possibility of fermentation due to soa-
king, solubilization of albuminoids due to maceration time, and
high temperature (Bhattacharya, 2013).

4 STRUCTURE AND CHEMICAL COMPOSITION
OF GRAINS

4.1 Grain structure

Understanding the morphological characteristics of the
grain is essential for comprehending the physical and chemical
properties of rice grain (Walter et al., 2008). Also known as a
caryopsis, the grain consists of the pericarp, endosperm, and
embryo or germ, enclosed by a non-edible husk that is hard
and siliceous, consisting of two “modified” leaves, the palea and
lemma (Juliano & Tuafo, 2019) (Figure 4).

From Figure 4, it can be observed that the rice husk protects the
caryopsis (grain) and has been associated with the grain’ resistance
to insect infestation during storage, besides shielding it from pri-
mary pests. Rice husks stored under controlled humidity conditions
can be stored for years. The outermost layers, namely, aleurone
and pericarp, exhibit the highest concentrations of proteins, lipids,
fibers, minerals, and vitamins, while the endosperm consists of
starch and proteins, and the germ is the region with the highest
lipid concentration (Juliano & Tuafio, 2019; Walter et al., 2008).

4.2 Nutritional composition

The composition varies according to the type of industrial
process. The processing operations, discussed in the subsequent
section, may involve the extraction of the germ and bran, re-
sulting in decreased levels of proteins, lipids, and minerals
(Kowsalya et al., 2022).

Carbohydrates make up about 75-80%, with starch repre-
senting approximately 90% of these, which is the predominant
component, accompanied by fibers and free sugars such as
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fructose, raffinose, and glucose (Arsha et al., 2021). The en-
dosperm is composed of starch and proteins, while the bran
contains fibers and the germ contains lipids, with small amounts
of other types of carbohydrates (Walter et al., 2008).

Starch is a polysaccharide composed of amylose and amy-
lopectin chains. The ratio of these chains varies among different
genotypes, allowing the classification of grains into categories
such as waxy (99% amylopectin), very low amylose content
(2-12%), low (12-20%), intermediate (20-25%), and high (25-
33%) (Juliano & Tuano, 2019). The amylose content is a parame-
ter used to determine the technological and consumption quality
of rice. Generally, grains with higher amylose content exhibit a
firmer texture after cooking, being preferred in various regions,
including Brazil. However, other factors such as the structure
of amylopectin chains and protein content also influence this
characteristic (Ong & Blanshard, 1995).

The metabolic response during rice consumption is rela-
ted to the amylose and amylopectin ratio, as a higher amylose
content in rice, as well as in other starchy foods, is associated
with a lower glycemic and insulinemic response (Miller et al.,
1992). These physiological variations are of significant interest
in the prevention and treatment of diseases such as diabetes, as a
reduction in carbohydrate digestion and absorption contributes
to maintaining regular blood glucose levels (Mahan et al., 2013).

Table 1 presents the nutritional composition of different
types of rice, where it is observed that, in general, the highest
carbohydrate levels are found in polished rice.

Figure 4. Morphological characterization of rice grain in the husk,
brown, and polished white.

Table 1. Nutritional composition of different types of rice.

The protein content of rice can vary depending on the type of
processing employed (Table 1), as well as the cultivation method,
nitrogen fertilization, solar radiation, and temperature during
grain development (Walter et al., 2008). The main proteins found
in rice are prolamins and glutelins. Similar to other cereals, rice
has lysine as the limiting amino acid and significant amounts of
cysteine and methionine. Nutritionally, the combination with
beans (2:1) provides all essential amino acids to the body. In this
context, identifying cultivars with higher protein content may be
relevant to develop strategies aimed at reducing protein-energy
malnutrition. Furthermore, to improve the amino acid profile,
research has been conducted to increase the concentration of
certain amino acids, such as lysine, methionine, and cysteine,
through genetic modification (Zafar & Jianlong, 2023).

The lipids in rice are predominantly composed of triglyce-
rides, phospholipids, and free fatty acids, deposited mainly in
the germ (one-third of the total germ) (Tong & Bao, 2018). As
brown rice has a higher lipid concentration (Table 1), it is more
susceptible to lipid oxidation than polished white rice, which has
reduced lipid content due to polishing. Regarding fatty acids, 95%
of the composition is represented by palmitic acid (16:0), oleic
acid (18:1), and linoleic acid (18:2), which play important roles in
various physiological processes and, as they are not synthesized by
the body, need to be ingested through the diet (Walter et al., 2008).

Although lipids constitute a small proportion of rice compa-
red with other elements such as carbohydrates and proteins, they
play an important role in determining the taste and nutritional
value of rice, as they have a significant correlation with sensory
attributes (Park et al., 2012). Additionally, changes in the fatty acid
profile are the main factor affecting aging during grain storage,
as lipids undergo oxidation and degradation under the action of
endogenous and microbial lipases during storage, resulting in a
deterioration of taste and palatability (Tong & Bao, 2019).

Minerals are present in the rice grain mainly in the outer
layers; consequently, whole grains have a higher mineral content
compared with polished ones. In the husked grain, silicon is
the dominant component, while in whole and polished grains,
phosphorus, potassium, and magnesium stand out (Walter et al.,
2008). The mineral content is influenced by cultivation condi-
tions, geographical region, and processing (Du et al., 2013). For
example, in parboiling, minerals in the aleurone layer (Figure 1)
are solubilized in water and migrate from the outer layer of the

Composition (g/100 g b.s.)*

Types of rice References
P Carbohydrates  Dietary fiber Protein Lipids Ashes
. L 87.53 2.87 8.94 0.36 0.30 Denardin et al. (2014)
Polished white rice ]
83.70 nd 10.76 2.76 1.21 Yuliana and Akhbar (2020)
85.08 4.15 9.44 0.69 0.67 Denardin et al. (2014)
Polished parboiled rice Fagundes
81.07 4.18 10.73 1.07 1.24
(2010)
. 74.12 11.76 10.46 2.52 1.15 Denardin et al. (2014)
Brown rice
73.22 10.14 8.09 1.82 1.14 Saleh et al. (2019)
Parboiled brown rice 80.00 6.67 9.65 3.90 nd Amostra comercial

'Data transformed from wet to dry basis from the sources consulted, for comparison; b.s: dry basis; nd: not determined.
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grain to its interior (endosperm), resulting in an increase in
mineral content (Lang et al., 2020).

Rice mainly contains B-complex vitamins and o.-tocopherol
(vitamin E), and like minerals, the highest concentrations are
available in the outer part of the grain (Walter et al., 2008). Both
for vitamins and minerals, biofortification emerges as an effective
process to increase the levels of micronutrients present in rice and
is a sustainable and viable strategy to alleviate micronutrient de-
ficiencies in less privileged people with limited access to the food
market (Ghosh et al,, 2019; Paine et al., 2005). Among these re-
search efforts, one of the main focuses is to increase the carotenoid
levels in rice grains (Endo et al., 2019; Paine et al., 2005) through
the combination of molecular biology and genomic approaches.
Bai et al. (2016) managed to increase the total carotenoids up to
25.83 ug/g through genetic modification.

Another important component is the bioactive compounds
present in rice, which are mainly found in the form of phenoli-
cs, divided into phenolic acids, flavonoids, condensed tannins,
lignins, and lignans (Soto-Vaca et al.,, 2012). Phenolics are syn-
thesized in rice plants in response to ecological and physiological
stresses, such as pathogens, insects, and ultraviolet radiation (Park
etal.,, 2012). Depending on the grain color, i.e., the variety, diffe-
rent concentrations and compounds may be present. For example,
anthocyanins are the main pigment responsible for the black and
red color of rice grains (Kowsalya et al., 2022) and show a higher
concentration of bioactive compounds compared with white rice
varieties. Bioactive compounds have gained increasing attention
due to their known physiological functions, as they can exert
antioxidant effects and help prevent cellular damage (Ryan, 2011).

Most rice is consumed in the form of cooked grains, but
it has other uses, such as bran in animal feed, oil extraction,
obtaining flour, and starch for use in food and pharmaceutical
products. The next section discusses functional and technologi-
cal properties, focusing on rice flour and starch used in baking
and extruded pasta, among others.

5 CONSUMER PRODUCTS

5.1 Rice flour

Rice flour, obtained from finely ground rice, plays a crucial role
asafundamental ingredient in the production of various rice-based
foods, including noodles, bread, and cakes, among others (Rosell
etal,, 2021). Due to its hypoallergenic nature as a raw material and
its white color and mild flavor, rice flour has seen significant expan-
sion in its use (Baxter et al., 2014). The current trend emphasizes
the development of an increasing variety of products incorporating
rice flour, with the expectation of exploring more versatile manu-
facturing processes for the inclusion of new raw materials.

Rice flour can be produced from whole or broken rice grains
(Tavares et al., 2012). In the context of sustainability, it is note-
worthy that rice flour produced in Brazil is derived from broken
rice, aby-product of the polishing of white rice, characterized by
lower commercial value (Nabeshima & El-Dash, 2004). Valuing
local production and expanding its use are fundamental factors
in this scenario, considering that approximately 14% of rice
grains are broken during milling processes (Castro et al., 1999).

Rice flour has several benefits and has found applications in
various products, especially for patients with celiac disease, who
are allergic to gluten, which is a wheat protein. Its non-allergenic
nature represents a significant reason for the growing adoption
of rice flour in the food industry (Kadan et al., 2003) (Figure 5).

The quality of rice flour depends greatly on the chemical
profile inherent in each sample and also on its preparation me-
thod and the degree of gelatinization (Amagliani et al., 2016). For
example, waxy rice flour is used in the food industry as a thicke-
ning agent for sauces and puddings, as it can prevent syneresis
when these products are frozen, stored, and subsequently thawed,
providing notable stability and versatility in culinary applications.
Baby foods, beer, and breakfast cereals are mainly produced with
low amylose (12-20%), and intermediate amylose (20-25%) rice
is used for noodle production (Bao & Bergman, 2018).

5.2 Rice starch

Starch, constituting between 72 and 82% of the dry weight
of the whole rice grain, emerges as the predominant composition
in the grain (Biduski et al., 2018; Frei et al., 2003). Its main com-
ponents are amylose and amylopectin, with amylopectin being a
highly branched molecule with branching points through o.-(1,6)
linkages and generally representing 65-85% of the matter in starch
granules. On the contrary, amylose is composed of glucose mole-
cules linked by ¢i-1,4 in long chains, with some a-1,6 branching
points (Bao, 2019). Its linear nature confers unique properties,
including the ability to form complexes with iodine.

The distinction between rice starch and flour lies in the
removal of most proteins and lipids native to flour, resulting
in a protein content in isolated rice starch generally of 0.5% or
less. The interest in using rice starch is due to its mild flavor
and creamy appearance in its gelatinized form and the small
size of its granules, ranging from 3 to 8 um (Bao & Bergman,
2018). This interest is mainly focused on the food industry as
ingredients in desserts, baked goods, breakfast cereals, baby
food, and hypoallergenic foods (Figure 5) and is also used as a
fat substitute (Colussi et al., 2015).

The functional properties of rice starch, described below,
play a crucial role in its final use (Bao, 2019).

o Swelling Properties: The starch granule swells several
times its initial size as a result of the loss of crystalline
order and water absorption inside the granular structure;

Figure 5. Products derived from rice flour and/or rice starch available
in the market, namely: (A) whole grain rice pasta; (B) rice pasta; (C)
whole grain rice biscuit.
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Thermal Property: Gelatinization, which is evidenced
by irreversible changes such as granular swelling, loss of
birefringence, and starch solubilization, is determined
by differential scanning calorimetry (DSC), which mea-
sures gelatinization parameters such as onset, peak, and
end temperatures, as well as the gelatinization enthalpy

resistant (RS). AR is positively correlated with the amy-
lose content in rice starch, while SDS decreases with
increasing amylose content. SDS and RS are related to a
slow increase in postprandial blood glucose levels over
time compared with RDS, which is advantageous for
satiety and diabetes control. Therefore, SDS is the most

(AH). This property is essential for determining the rice desirable type from a nutritional standpoint.
cooking temperature;
«  Retrogradation Property: It is a process in which a hea- These characteristics highlight the relevance of rice starch

ted starch paste cools below the melting temperature 10 culinary applications and its implications for human health.
of starch crystallites, resulting in increased viscosity,

hardening of the gel, and texture. Amylose and amylo- 6 RESEARCH AND FUTURE TRENDS

pectin associate with swollen starch granules, contribu-

ting to long-term rheological and structural changes; Rice has been studied worldwide, with over 100,000 scien-

tific publications in the last 10 years (SCOPUS, 2023). Figure 6
Starch Digestive Property: Starch can be categorized as  presents a network visualization map of publications on “rice”
rapidly digestible (RDS), slowly digestible (SDS), and  and “nutritional quality” from the last 10 years (2014-2024),

*Representation obtained through the VOSviewer software version 1.6.19, with data obtained from a search conducted on SCOPUS (December 2023) using the equation TITLE-ABS-
-KEY (“rice” AND “nutritional quality”).

Figure 6. Network visualization map of publications on rice and nutritional quality, namely, (A) co-occurrence keyword clustering and (B)
country co-authorship from 2014 to 2024.
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where each color represents a cluster. During this period,
1524 scientific articles were found, which were divided into
five areas of interest involving nutritional value (red), human
consumption (green), micronutrients (blue), animal feed (yel-
low), and consumer attitudes and perception (purple) (Figure
6A). Most of these studies were conducted in Asian countries,
led by China and India, followed by the United States and
Brazil (Figure 6B).

7 GENERAL CONSIDERATIONS

Rice and its derivatives already have a consolidated potential
as an ingredient in the food industry, offering improvements
in the nutritional, technological, and sensory aspects of various
products. However, continuing to promote and expand research
that deepens nutritional composition is essential to determine
potential health benefits. It is important to analyze the effects of
processing on the nutritional and techno-functional characte-
ristics of products based on rice flour or starch. This approach
can promote the development of derivatives with higher added
value, such as snacks with the addition of industry by-products
or new ingredients, bakery products, and an ingredient of ex-
treme importance to the industry due to the absence of gluten,
which can create business opportunities, product innovation,
and market expansion, benefiting both consumers and the
food industry.
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