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ABSTRACT

This literature review paper highlights the dietary importance, arsenic toxicity, and nutritional value of brown, white, basmati and pigmented rice
varieties. Rice is one of the most widely consumed cereals in the world rich in dietary fiber, bioactive compounds such as Melatonin, and Gamma - amino-
butyric acid (GABA). However, the edible brown rice is rarely consumed as the most human populations prefer the white polished rice for reasons connected
to appearance, taste, palatability, ease of cooking, tradition, safety, and shorter shelf of brown rice which limits the market potential. Rice generally contains
more arsenic than any other grains because of its anaerobic growing environment and unique physiology. Brown rice accumulates more arsenic than white
rice because arsenic accumulates in the outer hard bran layer of the grain which is removed to make the white rice. Arsenic contamination is also reported in
white rice. This also depends on the geographical location of the rice growing area. If the rice is grown in arsenic contaminated water with high arsenic levels,
then brown rice accumulates high arsenic which is toxic to human health. Washing rice with water for 4 to 5 times before cooking could reduce arsenic levels in
rice. Pigmented varieties of rice are considered valuable for their health benefits due to the presence of Melatonin but consumption is very less. India is the
largest producer and exporter of basmati rice in the world. Basmati rice has a medicinal value and consumption is very high. Indian Basmati rice is a premium
quality grain loved by people across the world. The chemical compound responsible for aroma in basmati rice is 2-acetyl-1-pyrroline and hence unique among

other aromatic long grained rice.

Keywords: Arsenic toxicity, basmati rice, bran layer, brown rice, cancer, pigmented rice, India, white rice.

INTRODUCTION

Rice (Oryza sativa) belongs to Poaceae or Gramineae is
one of the most important cereal food crop and stable human food in
most of the Asian countries (1-21, 23-102). Rice is the most widely
consumed cereals in the world (1-21, 23-102). Rice is a staple food,
and also a major contributor to dietary glycaemic load (1-54, 55-102).
The major producers of rice are China, India, Indonesia, and Thailand
(1-102). India ranks second in the production of rice in the world
next to China accounting for 24.5% of overall world rice production (1-
21, 23-102). India is one of the major centers for rice production
particularly the aromatic royal Basmati rice (1-21, 165-176).
Basmati, the unique aromatic quality rice is a natures gift to Indian
sub-continent. India, the world's second-largest producer and
biggest exporter of rice, harvested a record of 121.46 million metric
tons of rice grains in 2020-21, up 2.2% from the previous year. With
the likely record output during the year 2020-2021, the export prices
of Indian rice may decline. So far the rise in exports of rice are
primarily due to a fall in the average export prices of Indian rice.
During 2020-21, India has exported 13.1 million metric tons of rice so
far, as against 5.1 million metric tons in 2019-20. Another good
news is that India’s food grains, consisting of rice, wheat, pulses and
coarse cereals, has recorded a production of 316.06 million tonne
(mt) for the 2021-22 crop year (July-June). Historically, rice was
cultivated widely in the river valleys of South and Southeast Asia
10,000 years ago and it is believed to have originated probably in
India (2). Domestication of rice in India is mainly attributed to the
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Indus valley civilization 3000-1500 BC (2). However, the evidence of
rice cultivation in India has been pushed to 4000 years ahead with the
discovery of rice grains and early pottery found in the site of
Lahuradewa, Uttar Pradesh, India situated in the middle Ganges
plains dating to 6409 BC (2).

India is one of the major centre's for rice production and
largest countries in terms of energy consumption from agriculture and
rice comprises a major part of it (2, 3, 4). Rice is rich in genetic
diversity, with thousands of varieties grown throughout the world (2,
3). At present, India is home to 6000 rice varieties (2, 3, 4-102).
Originally, India had more than 1,10,000 varieties of rice until 1970,
which were replaced by the high yielding semi dwarf cultivars during
the Green revolution with its emphasis on monoculture and hybrid
crops (2, 3, 4, 5 6-102). Rice grain is a major source of
carbohydrates, protein as well as other essential nutrients for billions
of people worldwide, especially in developing countries (2-102).
Paddy comes in many different colors, including brown, red, purple
and even black. The colourful varieties of rice are considered
valuable for their health benefits (1-21, 23-102). The unpolished rice
with its bran has high nutrient content than milled or polished white
rice. However, rice consumers prefer to consume polished white rice,
despite the fact that brown rice contains valuable nutrient content
(1-102).

Medicinal value of Rice

Ancient Asian civilizations have long been valued the
importance of rice in sustaining human health and nutrition. India has
a wealth of medicinal plants including rice, the most of which have
been traditionally used in Ayurveda, and Unani systems of
medicines by tribal healers for generations (1-21). Rice is a great
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source of complex melatonin, carbohydrates, minerals, vitamins
and proteins (1-102, 196-199). Rice is an excellent food included in
a balanced diet. Rice has no fat, no cholesterol and is sodium free
(1-21, 22-103). Rice mineral content, starch quality, glycemic index,
and antioxidant activity has made rice unique among cereals (1-102).
It has been found that in comparison with other sources (wheat,
potato, and maize), rice starch is completely absorbed by the human
body (1-21, 23-103). Rice can therefore, be described now as a
functional food. Rice-based oral rehydration solutions (ORS) have
been proved effective in decreasing stool output and improving
intestinal absorption in acute diarrhea (1-21, 23-103). Rice extracts
were found to decrease intestinal losses by actively inhibiting chloride
channels (21). Rice is the least allergic food and is recommended
for people affected with the Irritable bowel syndrome (22).

Colored rices (red, brown, yellow, green, purple and black)
have been extensively studied and their anthocyanins or colored
pigments, melatonin and flavonoids are associated with antioxidant
properties (21, 196-199). However, white rice is preferred for reasons
connected to appearance, taste, palatability, ease of cooking,
tradition, safety, shelf-life, lack of awareness about its health benefits
and availability (1-102). Glycemic index studies of rice reported the
values ranging from 64 to 93 (1-28, 29-102). However, the most rice
varieties are of high glycemic index (1-28, 29-102). Rice starches
with a higher amount of amylose are more resistant to human
digestion (1-28, 29-102). In addition to the amylose content of paddy
rice, post-harvest processing such as milling, paraboiling, quick-
cooking, home cooking and cooling processes can influence starch
digestibility (1-28, 28-103). The amino acid profile of rice showed that
it is high in glutamic and aspartic acid while lysine is the limiting
amino acid (1-28, 29-102). A nutrition rich in brown rice may help in
appetite control and weight loss due to higher fiber content compared
to white rice. This also aids in the reduction of LDL cholesterol (1-
28, 29-102).

PROCESSING OF RICE

Rice grain during processing steps such as drying, milling,
and packaging after harvest to be convenient for consumption (1-21,
23-102). The harvested unprocessed rice is known as paddy rice and
needs to undergo milling for human consumption (28). As a part of
the processing, the protective hull is removed, leaving only the actual
rice kernel which is called as the brown rice (1-28, 29-102). Paddy
rice comes in many different colors, including brown, red, purple,
green, yellow and even black (1-28, 29-102). The first step of the
milling process removes the husk from the whole rice grain or paddy
to obtain the whole brown rice grain that contains the outer bran
layer with commonly brown color (1-21, 23-102). The second step
removes the outer bran layer to obtain the polished or white rice (1-7).
The bran layers consist of pericarp, aleurone, subaleurone layer, and
germ, which contains large amounts of nutrients and bioactive
compounds (1-21, 23-102). However, the removal of the outer bran
layers during polishing or milling resulted in polished grain or flour
with the lower content of nutrients and bioactive compounds (1-8).
Brown rice is a wholegrain cereal, and is known to have beneficial
effects on human health (1-28, 29-102). Recent epidemiological
studies have shown that the consumption of whole grains can reduce
the risk of metabolic disorders, cardiovascular diseases, and some
types of cancer (1-28, 30-102).

Rice varieties

Rice is rich in genetic diversity with thousands of varieties
grown in the world (1-102). There are different types of rice available
worldwide which generally fall under the category of short, medium,
and long grain size (28). Among the 40,000 varieties of rice cultivated
worldwide, only two major species are cultivated widely—Oryza

sativa or the Asian rice and Oryza glaberrima or the African rice (1-
120). The cultivation of Oryza sativa is practised worldwide. However,
the cultivation of the Oryza glaberrima is confined to Africa (2). Oryza
sativa has two major subspecies: the Indica, long-grain rice and the
Japonica, round-grain rice. Japonica rice is mainly cultivated and
consumed in Australia, China, Taiwan, Korea, the European Union,
Japan, Russia, Turkey and the USA (1-21, 23-102).

Indica rice varieties are grown widely in Asia (2). These
varieties also comprise of the fragrant ones which are priced as
premium. The principal fragrant varieties are Hom Mali from Thailand
and the various types of Basmati exclusively grown on the Himalayan
foothills of India (in the states of Haryana and Punjab, UP, Bihar) and
Pakistan (in the state of Punjab) (2, 165-176). The Indian rice
varieties cultivated widely are Basmati, Joha, Jyothi, Navara, Ponni,
Pusa, Sona Masuri, Jaya, Kalajiri (aromatic), Boli, Palakkad Matta,
etc. The coloured variety includes Himalayan red rice; Matta rice,
Kattamodon, Kairali, Jyothy, Bhadra, Asha, Rakthashali of Kerala;
Red Kavuni, Kaivara Samba, Mappillai Samba, Kuruvi Kar, Poongar
of Tamil Nadu, etc (2).

Moreover, rice varieties can also be categorized as Indica,
Japonica, glutinous, and aromatic (1-28, 29-102). Indian Basmati rice
is very famous throughout the world (29-102, 165-176). Glutinous
rice is common in Japan (1-28). It is a short-grain variety whereas
most of the aromatic cultivars are long-grain rice (1-28, 29-102).
Different cultures have different preferences regarding the taste,
texture, color and stickiness of the rice varieties they consume, and
many countries have signature rice recipes such as sushi, paella,
risotto, and curry. Many other food products are made from rice such
as noodles, sweets, cakes, cookies, snacks, and beverages (1-28,
30-102).

In USA, the wild rice (Zizania sp.) is an annual cross-
pollinated species that grows natively in the northern part of the Mid-
West region of the United States (Minnesota, Wisconsin, and
Michigan primarily) (180-183). Next to the annual species (Z
aquatica, Z. palustris) perennial species (Z. texana (Texas wild rice),
Z. latifolia) exist, the latter one being cultivated in Asia (180-183).
Wild rice traditionally was the most important food eaten by Native
Americans in the Great Lakes region where it grew (180-183). The
grain of cultivated wild rice is somewhat similar to the grain of white
rice (Oryza sativa), though it is longer and its color after processing is
between black and brown. After harvesting, wild rice is dried,
parched, winnowed, milled, and treaded (180-183).

Top 10 Largest Rice producing states in India

India is a leading exporter of rice in the world. India
produces Basmati as well as other types of rice. India is the 2nd
largest rice producer and the largest exporter of rice worldwide. Rice
production in India is expanded from 53.6 million tons in FY 1980 to
121 million metric tons in FY 2020-21. This rice produce is then sent
to different nations by leading exporters of food grains from India.
The top 10 Indian states that grow rice are; 1) West Bengal- Highest
rice producing state in India. Close to half of its agricultural land is
under rice cultivation. It is the largest rice producing state. 2) Uttar
Pradesh- Uttar Pradesh ranks on the 2nd position in the country and
the largest producer of paddy in India. 3) Andhra Pradesh-
Ranking on the 37 position and known as the Rice bow! of India. 4)
Punjab ranks on the 4t position and Basmati Rice is grown in
Punjab. 5) Tamil Nadu. 6) Bihar. 7) Chhattisgarh - Chhattisgarh
ranks on the 7t position and rice is widely cultivated (21). Biodiversity
Unit, Department of Genetics and Plant Breeding, College of
Agriculture, IGKV, Raipur is maintaining more than 23,000 rice
germplasm accessions (21). The deep red colored and long-sized
rice of Chhattisgarh and Jharkhand are reported to be more nutritious
than the red, white, and coarse-grained rice (21). 8) Odisha. 9)
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Assam- Assam ranks on the 9t position and four main categories of
rice cultivars grown in Assam are Sali rice (winter rice), Boro rice
(summer rice), Bao rice (deepwater rice) and Ahu rice (autumn rice),
having various traits like stickiness, color difference, waxy and non-
waxy and specific aroma (47). 10) Karnataka-At the 10t position,
Karnataka produces around 39.55 lakh tons of rice. It has a yield of
more than 2,700 kg/hectare and accounts for more than 3% share in
India.

Brown rice: Phytochemistry

Generally, higher amounts of nutrients such as protein, fat,
vitamins, and minerals were found in brown rice compared to those
in white rice (1-21, 23-102). Brown rice also has lower glycemic index
as compared to other grains including white rice. Brown rice is the
best rice to consume due to uncountable benefits it provides. Brown
rice is high in soluble fiber and less in calories (1-21, 23-102).
Furthermore  brown rice grain has shown a greater content of
bioactive compounds such as Melatonin, phenolic acids, falvonoids,
y- oryzanol, Gamma aminobutyric acid (GABA), a-tocopherol, and
y- tocotrienol (1-21, 23-102, 196-199). However, the total flavonoids
content in brown rice ranged from 75.90 to 112.03 mg catechin
equiv./100 g. Trans-ferulic acid was the predominant phenolic acid in
brown rice (1-102). In addition, only a- and y -tocopherols and -
tocotrienols were detected in brown rice with a- tocopherol and vy -
tocotrienol being the predominant (1-21, 23-102).

Ferulic acid, p-coumaric acid, and isoferulic acid were the
main bound phenolic acids in the light rice samples. However, ferulic
acid, p-coumaric acid, and vanillic acid were the main ones in the
pigmented rice samples (1-21, 23-102). The higher content of
phenolics and total flavonoids were found in brown rice than in white
rice (1-21, 23-102). In addition, the content of phenolics varied
depending on rice cultivar (1-21, 23-102). The content of bioactive
compounds in brown rice is influenced by processing method and
conditions (1-21, 23-102). The levels of ferulic, coumaric, syringic,
and caffeic acids significantly increased after germination (1-1-21, 23-
102). Furthermore, cooking of brown rice with a pre-soaking step
significantly enhanced the levels of tocopherols, tocotrienols, and y -
oryzanol compared to un-soaked brown rice (1-1-21, 23-102).
Therefore, brown rice based food products with high bioactive
compounds content can be obtained by choosing appropriate
processing methods such as soaking and germination (1-1-21, 23-
102). Brown rice is also rich in phosphorous, magnesium, thiamin,
selenium, manganese, niacin and vitamin B 6 (1-21, 23-102). This is
because these nutritional components are highly concentrated in the
outer bran layers of rice grain (1-21, 23-102). Brown rice is found to
be healthiest and minerals rich food commodity (1-21, 23-102). Due
to its appearance, color and texture it is rarely used. Brown rice has a
meek nutty flavours and may become rancid more rapidly, but it is
extreme more nutritious as compared to processed white rice (1-21,
23-102). Brown rice is the whole grain rice and is high in fiber
contents (1-1-21, 23-102).

One common trait between white and brown rice is that
they are both gluten free and contain no trans fat or cholesterol (1-
21, 23-102). The primary phenolic compound found in brown rice is
trans-ferulic acid, a hydroxycinnamic acid that exists in the bound
form (11-21, 23-102). The second major phenolic acid found in brown
rice is trans-p-coumaric acid which is a hydroxycinnamic acid
derivative with its bound form making up about 98% (11-21, 23-102).
Another component that is widely found is cis-ferulic acid, an isomer
of trans-ferulic acid, which is found abundantly in the bound form (1-
21, 23-102). Magnesium plays an important role in human body, as it
works as a cofactor of more than 300 enzymes (1-21, 23-102). About
21% of the daily value of magnesium can be obtained by consuming
a cup of brown rice (1-21, 23-102).

Plant lignans are one type of phytonutrient that is found
widely in brown rice, which are then converted to mammalian lignan,
called enterolactone (1-21, 23-102). Inositol hexaphosphate is a
naturally-occurring molecule found in brown rice (1-21, 23-102). This
compound has demonstrated anti-cancer properties (1-21, 23-102).
Selenium is a trace mineral, which is found abundantly in brown rice
(1-21, 23-102). The function of selenium is to induce DNA repair and
combine in damaged cells to promote apoptosis, which is the self-
destruction of the cells in the body to remove damaged and worn out
cells (1-21, 23-102). Selenium also functions as a cofactor of
glutathione peroxidase, which is an enzyme used in the liver to
detoxify many possible harmful molecules (1-21, 23-102).

Ferulic acid and p-coumaric acid are found in the highest
quantity in white rice, brown rice and germinated brown rice (1-21,
23-102). The high levels of phenolic compounds in germinated brown
rice are due to the increase in the free forms with alkaline hydrolysis,
and this is because of the dismantling of the cell wall during
germination (11-21, 23-102). Flavones are the most common
flavonoids found in brown rice, and tricin is the major flavonoid,
accounting for more than 75% of the flavonoids in brown rice (1-21,
23-102).

Brown rice: Storage conditions

The uncooked white rice can be safely stored at ambient
temperature for a long time if protected from insects and
contaminants (1-1-21, 23-102). However, shelf life of the uncooked
brown rice is shorter than that of polished white rice because the oil
is highly concentrated in the bran layers (1-21, 23-102). The
naturally occurring lipase enzyme in brown rice breaks down the oil
in the bran layers and cause rancidity and off flavour (1-1-21, 23-
102). Therefore, optimization or modification of storage conditions is
important to maintain qualities of brown rice during storage (1-1-21,
23-102).

Brown rice: Nutritional value and health benefits

Brown rice may become white rice when the bran layer is
exposed of in the milling process (1-21, 23-102). The brown rice or
their derived extracts and fractions have shown several potential
health benefits such as antioxidant, anti-diabetic, anticancer,
neuroprotective, and cholesterol lowering effects (1-21, 23-102). The
oil present in brown rice is as good as it increases good
cholesterol and lowers blood pressure and bad cholesterol (1-21,
23-102). It is not commonly used in Indian households since many
are ignorant of its health benefits, and secondly because it is costlier
than white rice (1-21, 23-102). Due to the carbohydrate present in
brown rice, the digestion of fibre is very slow leading to a controlled
and slow release of sugar into the blood (1-21, 23-102).
Carbohydrates, mainly starch, are the major component of both the
whole brown rice grain and refined white rice (1-21, 23-102).

The brown rice was found to contain greater content of
nutrients such as protein, lipids, minerals, and vitamins than that in
the refined white rice (1-21, 23-102). Generally, cereal grains are a
major source of the dietary carbohydrates (1-60). Starch is highly
concentrated in the inner endosperm of rice kernel (1-21, 23-102). In
addition, the brown grain is rich in dietary fiber compared to white rice
and the dietary fiber is highly concentrated in the outer bran layer (1-
21, 23-102). Therefore, eating of brown rice may be healthier than
white rice especially for obese and diabetic people (1-21, 23-102).

Protein is the second major component of rice after starch.
Rice protein composed of four protein fractions, including albumin
(water-soluble), globulin (salt-soluble), glutelin (alkali-soluble), which
represents the dominant protein in brown, and white rice and
prolamin (alcohol-soluble), a minor protein in all rice milling fractions
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(1-21, 23-102). Protein is highly concentrated in the outer bran layer
of rice grain, which makes the protein concentration of brown rice
higher than that of white milled rice (1-21, 23-102). Furthermore, rice
flour is commonly incorporated into gluten-free cereal food products
because of hypoallergenicity of its protein (1-21, 23-102). Therefore,
replacing white rice with brown rice in the human diet is expected to
provide more protein and amino acids, which is important for health
and well-being (1-21, 23-102).

Lipids are the third major component of brown rice, next to
carbohydrates and protein (1-21, 23-102). Fats or lipids are mainly
concentrated in the outer bran layer of brown rice, up to 20% by mass
(db). Therefore, the lipids content of brown rice is greater than that of
milled rice (1-21, 23-102). On the other hand, brown rice is a rich
source of unsaturated fatty acids such as oleic and linoleic acids (1-
21, 23-102). Therefore, brown rice can be a good source of healthy
fatty acids for people who utilize rice as a stable food in their daily diet
(1-21, 23-102). The brown grain contains a greater content of
minerals compared to white rice (1-21, 23-102). This is also because
minerals are highly concentrated in the outer bran layer of rice, which
is removed during milling (1-21, 23-102). Brown rice contains different
vitamins such as vitamin B and vitamin E (1-21, 23-102). The
concentrations of vitamins in brown rice is greater than that of white
rice because vitamins are highly concentrated in the rice bran (1-21,
23-102). Therefore, the consumption of brown as stable food instead
of white rice may help in the prevention of malnutrition-related
diseases, which resulted from the deficiency of minerals or vitamins
(1-21, 23-102). Brown rice and its derived fractions or extracts have
shown antioxidant activity based on in vitro assays and in vivo trials
(1-21, 23-102). The increase in antioxidant activity of brown rice could
be attributed to germination enhances the content of bioactive
compounds. However, the lower antioxidant activity of white rice
compared to brown rice could be attributed to the removal of the outer
bran layer during milling (1-21, 23-102).

The whole brown rice grain and or its processed products
showed a potential antidiabetic activity based on in vitro assays or in
vivo trials (1-21, 23-102). Brown rice or its processed products have
showed antiobesity and cholesterol lowering effects (1-21, 23-
102). Several studies have found that brown rice grain and its
fractions have potential anticancer and anti-inflammatory effects
(1-21, 23-102). Therefore, rice bran was suggested as an active rice
fraction for the protection against colon 1,2-dimethylhydrazine early
carcinogenesis and as a novel dietary supplement for colon cancer
prevention (1-21, 23-102). Extracts derived from brown rice showed
potential neuroprotective effects against neurodegenerative
diseases (1-21, 23-102). Therefore, germinated brown rice and its
processed products may help in prevention of Alzheimer’'s and
Parkinson’s diseases (1-21, 23-102). Therefore, the brown rice diet
was suggested to be useful for the protection of bone mass and
structure against osteoporosis (1-21, 23-102).

Germinated brown rice and or its processed products are
convenient for gluten sensitive people (1-21, 23-102). Germinated
brown rice has also showed other potential health benefits such as
uterine modulatory and antidepression effects (1-21, 23-102). The
enhancement of sperm quality may be attributed to the action of
antioxidant substances in brown rice such as y -oryzanol and a-
tocopherol, or vitamin E (1-21, 23-102). Therefore, germinated brown
rice was suggested for the treatment of depression without adverse
effect on male reproduction (1-21, 23-102). Furthermore, a study
with human subjects showed a slower gastric emptying rate for
brown rice compared to white rice regardless of the variation in
amylose content and in vitro starch digestion rates (1-21, 23-102).
Therefore, the slower rate of gastric emptying for brown rice may
indicate a lower glycemic index compared to that of white rice (1-21,
23-102).

The lower digestibility of brown rice compared to white
rice may be attributed to the high resistant of the bran layer in brown
rice to water penetration into rice kernels during digestion, which limit
textural degradation and lead to lower mixing and mass transfer
efficiency (1-21, 23-102). In addition, the high content of phenolic
compounds such as phytic acid in the outer bran layer may
contributes to the decreased digestibility of brown rice through
partial inhibition of digestive enzymes such as pepsin and amylase,
which play an important role in digestion of protein and starch (1-21,
23-102).

Brown rice noodles showed a higher antioxidant activity
than that of white rice noodle, which can be attributed to the greater
content of bioactive components such as phenolic compounds and
dietary fiber of brown rice (1-21, 23-102). The germination of brown
rice for 48 hr resulted in flour and bread with higher protein content,
lipids content, and bioactive compounds (GABA and polyphenols)
content, antioxidant activity, as well as reduced phytic acid content
and glycemic index compared to other germination durations (1-21,
23-102). Other baked products such as biscuits, cake, and crackers
were also developed from brown rice or blend of brown rice with other
ingredients (1-21, 23-102). Biscuits prepared from wheat flour mixed
with varying amounts of brown rice flour showed greater contents of
ash, fat, and crude fiber compared with biscuits prepared from wheat
flour only (1-21, 23-102). Therefore, different highly acceptable and
healthy food types can be produced from brown rice by optimization
of processing conditions (1-21, 23-102). The new rice varieties bio-
fortified with nutrients such as iron, zinc, and beta-carotene have
been produced, useful for improving deficiencies such as anemia,
stunted growth, and xerophthalmia in some populations (1-21, 23-
102). It is clear that benefits are maximum if rice is consumed in its
wholegrain version as brown rice (1-21, 23-102).

TYPES OF BROWN RICE

Rough rice can be separated into husk and brown rice
through a threshing process. The components in brown rice that was
hulled from rough rice are bran layers (6-7%), an embryo (2-3%)
and an endosperm (about 90%) (1-21, 23-102). Brown rice can be
further separated into polished rice, commonly called white rice,
which is obtained by removing the bran. Minor differences may exist
in the degree of milling (1-21, 23-102). Brown rice has a nutty flavour,
chewier than white rice, but more easily goes rancid, as well (1-21,
23-102). The difference between brown rice and white rice can be
obtained through milling (1-29). White rice contains mainly the starchy
endosperm (1-21, 23-102). The removal of rice bran leads to a loss of
nutrients (1-21, 23-102). During milling, about 85% of the fat, 15% of
protein, 75% of phosphorus, 90% of calcium and 70% of B vitamins
(including B1, B2 and B3) are removed (1-21, 23-102).

There are two types of brown rice, which are germinated
and non-germinated (1-21, 23-102). Germinated brown rice is
obtained by immersing the brown rice grain in water to initiate
germination (1-21, 23-102). The benefits of germinated brown rice
are that the nutrients found in brown rice are more easily digested
and the texture of brown rice is better (1-21, 23-102). Germination
has been employed to improve the texture of cooked brown rice (1-
21, 23-102). It also initiates numerous changes in the composition
and chemical structure of the bioactive components. Germination
could induce the formation of new bioactive compounds, such as
gamma-aminobutyric acid (GABA) (1-21, 23-102). The
consumption of germinated brown rice is increasing in many Asian
countries because of its improved palatability quality and potential
health-promoting functions (1-21, 23-102). Brown rice is a rich source
of various bioactive compounds, such as -oryzanol, tocopherol,
tocotrienol, amino acids, dietary fibres and minerals (1-21, 23-102). It
is less consumed than white rice because its cooking is more difficult
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than white rice due to its slow water absorption, and the palatability
quality of brown rice is inferior to white rice (1-21, 23-102).

Limitations of Brown rice consumption

1. Within any one type of rice, brown rice contains more arsenic
than white rice because arsenic accumulates in the bran, which is
the hard outer layer of the grain seen in brown rice (103-160).
Arsenic accumulates in the grain’s outer layers, which are
removed to make white rice (120-160). This also depends on the
geographical location of rice growing area. If the rice is grown in
arsenic contaminated water with high arsenic levels, then brown
rice accumulates high arsenic which is toxic to human health
(103-160). This is due to rice being the only major cereal crop
grown under flooded conditions (103-160).  Arsenic
contamination in groundwater is an issue that affects millions of
people around the world.

2. Brown rice contains more phosphorus and potassium than
white rice. People with kidney disease may need to limit these
nutrients in their diet. This is because kidney disease makes the
kidney less able to properly regulate the levels of these nutrients
in the body. If potassium levels become too high, for example, it
can lead to other health concerns such as heart attack. In this
case, white rice may be better than brown rice (1-21, 23-102).

3. The lower consumer acceptability or preference of brown rice
compared to the polished white rice. The brown rice promoting
consumer education programmes have been completely failed
in India. This is mainly due to the high customer demand for the
white rice and not for brown rice.

4. The lower acceptability of brown rice can be attributed to its
astringent taste and nutty flavour caused by phenolic compounds,
volatiles, and dietary fibre, which are mainly concentrated in the
outer bran layer. Also, the presence of the fiber-rich bran in brown
rice gives it chewer texture and darker color than white rice.

5. Brown rice needs longer cooking time and the texture of the
cooked brown rice is harder than that of the polished white rice.

6. Another important challenge for brown rice comes from the fact
that the shelf-life of brown rice is shorter than white rice at
ambient temperature because of the oxidation phenomena of
lipids present in the germ and bran layers. The short shelf-life of
the whole brown rice grain is mainly attributed to oxidation
during storage because of the high oil content in the outer bran
layer. The naturally occurring lipase enzyme in brown rice breaks
down the oil in the bran layers and cause rancidity and off flavour.
Efficient and cost-limited storage and packaging techniques to
extend shelf-life and stability of wholegrain brown rice are also
necessary.

7. The quality of brown rice during storage is also affected by other
factors such as storage temperature, packaging type, rice variety,
pre-treatments, and whether cooked or not. Therefore, efficient
and low-cost processing and packaging techniques to extend
shelf-life and stability of brown rice during storage are also
needed.

8. The experimental studies evaluated the potential health benefits of
brown rice based on in vitro assays or in animal models.
However, it is well known fact that the results of the in vitro, in
animal, and in human studies are not always consistent.
Therefore, future research should focus on the evaluation of
brown rice in human subjects to provide high-quality scientific
evidence about its health benefits.

9. The lack of consumer knowledge about health benefits of the
whole brown rice is a key challenge for its commercialization.
Therefore, there is a need for strategies to improve the
knowledge of consumers about the relationship between the

consumption of brown rice and well-being to promote its utilization
as food.

10. However, the edible brown rice, is rarely consumed as most
populations prefer the white polished rice for reasons connected
to appearance, taste, palatability, ease of cooking, tradition,
safety, shelf life, and lack of awareness about its benefits and
availability which limits market potential.

11. Cooking quality and sensory attributes of brown rice needs to be
improved by applying innovative processing technologies. The
chemical composition of brown rice is very relevant for human
nutrition. Cultivation techniques and post-harvest processing
should aim at reducing the contaminants in brown rice as much
as possible. Shorter shelf life of brown rice should be extended
by suitable processing and packaging techniques.

Pigmented varieties of rice

Rice is categorized into seven color classes based on bran
color: white, green, black, yellow, red, brown, purple, light brown,
speckled brown, variable purple (1-21, 23-102). Studies have shown
that pigmented or darker colored cereal grains, such as red and
purple, have higher amounts of some phytochemical compounds than
non-pigmented varieties (1-21, 23-102). Paddy comes in many
different colours, including brown, red, purple, yellow, green, white
and even black (1-5). Pigmented rice has a variety of colored grains
like yellow, green, brown, red, purple and black (5). Due to rich in
antioxidant nutraceuticals, pigmented rice varieties have higher
demand in the Indian market due to medicinal value of rice (1-5, 7-
21). Pigmented varieties of rice are considered valuable for their
health benefits and grown mainly in Indian states, Karnataka, Tamil
Nadu, Kerala, West Bengal, Chattisgarh, Odisha, Maharashrta,
Telangana, Jammu and Kashmir, Himachal Pradesh, Arunachal
Pradesh, Manipur, Assam, and Jharkhand, India (5).

Furthermore, comprehensive evaluation of traditional rice
collections (pigmented & non-pigmented) investigated mainly in South
Asian countries like Afghanistan, Bangladesh, Bhutan, India, Nepal,
Pakistan, Sri Lanka and deposited in IRRI rice gene bank (5).

Exclusively pigmented rice are rich in polyphenols (250-
1075 mg/100g) with having high free radical scavenging ability (69-
93% by DPPH assay) (5). Most abundant phenolics in black/purple
rice are anthocyanins; while pro-anthocyanidins are predominant
in red/brown rice varieties (5). Pigmented rice varieties are rich in
pigments which are majorly antioxidants or functional bio-actives
(5). Other than bio-actives, pigmented rice is also reported to have
higher contents of total dietary fiber, vitamin B compared to white rice
(5). The major fatty acids of pigmented rice are palmitic acid, oleic
acid and linoleic acid (5). Pigmented rice are rich in antioxidants like
anthocyanins, pro-anthocyanidins, tocopherols, carotenoids etc,
efficiently chelate the free radicals which are the hidden reasons
behind life style disorders (5).

Over the decades, white grained rice varieties are preferred
and the wild growing ancestors having coloured grain have been only
grown and consumed due to its cultural and therapeutic significance
(5). White rice makes a major contribution to the calorific intake of
Asian and African populations, but its nutritional quality is poor
compared to that of pigmented (black, purple, red orange, or brown)
variants (5). The compounds responsible for these color variations
are the flavonoids anthocyanin and proanthocyanidin, which are
known to have nutritional value (162). The rapid progress made in the
technologies underlying genome sequencing, the analysis of gene
expression and the acquisition of global ‘omics data, genetics of grain
pigmentation has created novel opportunities for applying molecular
breeding techniques to improve the nutritional value and productivity
of pigmented rice (1-22, 162).
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Supplementing  with  the pigmented rice/extracts
significantly reduced the body weight gain, lipid accumulation in the
liver and adipose tissue in animal models as well as in clinical trials
(5). Recent work demonstrated that pigmented rice bran extracts
are helpful in attenuating inflammation and inflammation induced
cancer progression (5). Red rice was characterized by a high
quantity of oligomeric procyanidins (0.2 mg/g) with more than 60%
of total phytochemicals found in the rice seeds (5). Procyanidins are
high molecular weight polymers or complex flavan-3-ol polymers that
consist mainly of catechin, epicatechin, gallocatechin, and
epigallocatechin units that can also be found in rice germ and bran
(5). Most of the nutrients found in rice grain accumulated in the outer
aleurone layer and embryo, the endosperm being composed of
primarily starch (162). The process of de-hulling and milling discards
the most micronutrients, fatty acids, anti-oxidants, and fiber. As a
result, diets over-reliant on white rice risk deficiencies for several
nutritional factors (162).

Black rice farmers are hugely benefitted with the market
potential of crude and pure black rice powder which are used as
natural colorant as well as for supplements (5). However, poor
consumer preferences due to palatability issues (eating and cooking
qualities) being a major limitation. Therefore, breeding/genetic
engineering efforts are in the need to escalate the status of this
wonder grain (5). Several pigmented rice varieties have been used
to extract nutraceuticals, and these seem to hold a promise in terms
of potential pharmaceutical utilization in the new global business era
(5). But currently this is handicapped by the lack of efficient high
throughput extraction methods, which have not been tackled (5). The
unpolished rice with its bran has high nutrient content than milled or
polished white rice (1-5). Anthocyanins are responsible for the
black-purple pigmentation in rice grain. The variation seen in
pigmentation intensity has been taken to imply that the trait is under
polygenic control, involving as vyet unidentified genes (1-5).
Anthocyanins and proanthocyanidins are the two major classes of
bioactive phenolic compounds that have been identified in cereal
grains which are mainly present in the pericarp of pigmented varieties
(28). The most abundant anthocyanins were identified as cyanidin 3-
glucoside in black and red rice (28). They are flavonoids and well
recognized as antioxidants for their health-beneficial effects such as
reduction in the risk of obesity, diabetes, cardiovascular diseases,
and certain types of cancer (28). While several health benefits were
shown to possess to consume pigmented rice, its texture and
palatability is found to be poor and thus its acceptance rate is lower.

Detection of Melatonin in Rice

Melatonin is an indoleamine neurohormone (biogenic
indoleamine) structurally related with tryptophan, serotonin, indole-3-
acetic acid (IAA) (196-199). Melatonin regulates various aspects of
plant physiological processes, including seed germination, shoot and
root growth, flowering time and circadian rhythm, fruit ripening and
flavouring, and others (196-199). It improves plant growth and
development under multiple abiotic or biotic stress conditions (196-
199). Melatonin was detected in various rice products composed of
polished, whole grain, aromatic, black, black glutinous, red, and
parboiled rice (196-199). All kinds of pigmented rice grains showed
high levels of melatonin (>100 pug kg-'), and the highest levels of
melatonin were found in red rice (196-199). The consumption of
food sources of melatonin is associated with health benefits,
significantly increasing serum concentrations and raising the
antioxidant capacity in humans, being therefore considered a
nutraceutical (196-199). Melatonin has been detected in notable
amounts for example in tomatoes, olives, barley, rice and walnuts
(196-199).

Arsenic toxicity

Toxic metal exposure through diet is a public health
concern (103-160). As a result, food safety is an issue that threatens
human health and agricultural trade (103-154-160). Arsenic is a
naturally occurring element that is present in air, soil, water, and food
(120-160). Arsenic exists in many chemical forms and the forms fall
broadly into two categories with public health relevance: inorganic
and organic (103-177). Inorganic forms are considered as a primary
toxic form of arsenic (103-160). Arsenic is a toxic element that is
found in soil and water sources throughout the world (110-160).
Arsenic can be found naturally in volcanic rock. Man-made sources
include pesticides (132). The common organic arsenic species
(predominantly, Dimethylated Arsenic-DMA) found in terrestrial
ecosystems can also be toxic (136-137, 138-160).

Human activities, such as burning of coal, oil, gasoline,
and wood; mining; and the use of arsenic compounds such as
medicinals, herbicides, and wood preservatives [primarily chromated
copper arsenate (CCA)] have contributed to the arsenic
environmental burden (103-155). The highest levels of total arsenic in
food are generally found in fish, crustaceans, and seaweed, where
the arsenic occurs primarily in organic forms, such as arsenobetaine
and arsenocholine, and arsenosugars, which have been
considered to be of little toxicological concern (103-160). Arsenic also
has been released into the environment through the use of
pesticides and poultry fertilizer (Chickens can be fed arsenic)
(103-153). Therefore, arsenic is in soil and water (103-153). The
primary forms of arsenic found in drinking water are forms of
inorganic arsenic; arsenite, and arsenate (103-155). Naturally
occurring arsenic-contaminated groundwater has severely affected
people in Holocene sediment flood-plain regions of Southeast Asia,
most notably the West Bengal state, India, Bangladesh, and in certain
arid regions, such as Inner Mongolia, China, and the Atacama Desert
(Chile), where people have been chronically exposed to the
elevated arsenic in drinking water (137-138-160). The International
Agency for Research on Cancer, Agency for Toxic Substances and
Disease Registry, and the US Environmental Protection Agency
(EPA) all classified inorganic arsenic as a human carcinogen (103-
154-160).

US-FDA’s Total Diet Study (TDS) measured total arsenic
in a variety of foods. Excluding seafood, the highest mean levels of
total arsenic among the foods analyzed for the Total Diet Study (TDS)
are in rice grain and rice products (e.g., rice cereal) (103-160). Other
potential sources of arsenic exposure include fruit juices, fruits,
meats, vegetables, beer, wine, flour, corn, and wheat (103-153) as
well as drinking water (137-160). In humans, inorganic arsenic is
extensively methylated, and its metabolites are excreted primarily in
the urine (103-160). Age, gender and smoking may contribute to the
large individual variations in arsenic methylation in humans (137-
160).

Arsenic Toxicity in Rice plants

One food known to be particularly high in arsenic is rice, a
staple for much of the world’s population (103-160, 184-195). Rice is
particularly an efficient scavenger of arsenic, it takes up ten times
as much as other cereal grains because it is the only grain tra-
ditionally grown in fields that are under water (103-154-160, 184-195).
Rice grown throughout the world contains arsenic, particularly US-
grown rice (103-160, 184-195). Rice tends to absorb arsenic more
readily than many other plants (103-160, 184-195). Brown rice has
80 percent more inorganic arsenic on average than white rice of the
same type (103-160, 184-195). Though the amount and forms of
arsenic found in different rice cultivars vary, the average levels of
inorganic arsenic detected in rice are high enough to raise
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questions about potential health impacts, including for children (103-
160, 184-195). When rice is grown in an area with naturally high
levels of arsenic, the problem becomes much worse (132, 103-154-
160, 184-195). In various geographical region, arsenic has a similar
chemical structure to phosphate and silicon, allowing it to sneak
through the same pathways that plants use to absorb these important
nutrients. Once inside, the arsenic becomes embedded in the roots,
shoots, leaves and particularly important for human health the
seeds (103-160, 184-195).

Rice generally contains more arsenic than any other
grains because of its anaerobic growing environment and unique
physiology (103-154-160, 184-195). In flooded rice paddies, arsenic
is brought into the plant by its silicon transporters, and then used in
place of silicon to strengthen the plant stem and husks, including the
part of the plant that is consumed as food (103-156). Flooding
makes soil conditions anaerobic, which causes arsenic to convert
from bound and stable forms into more mobile ones (103-154). It
accumulates most in the husk, the outer covering of the seed (bran
layer) that is left intact in brown rice (103-153, 184-195). Arsenic
accumulates in different parts of the rice plant, especially in the
outer part of the grain, the bran layer. To make white rice, the outer
bran layer of the rice grain are polished off, and with them goes some
of the arsenic (103-160). Because, more of the fibrous outer bran
layers of the grain are left in brown rice, the brown varieties tend to
have higher levels of arsenic than white rice of the same type
(103-160, 184-195). There is a wide variation in total inorganic
arsenic concentrations across different types of rice and growing
locations (103-160, 184-195).

In comparing across types and locations, inorganic arsenic
concentrations appear to be lowest in sushi rice from the US and
basmati rice from California, India, or Pakistan (103-153, 184-195).
Brown basmati from California, India, or Pakistan is the best choice.
Basmati rice from India, Pakistan, or California, and sushi rice
from the U.S. had the lowest levels of total inorganic arsenic
compared with other types of rice (103-160). Rice that is grown
organically takes up arsenic the same way conventional rice does, so
do not rely on organic to have less arsenic (103-160). Within any one
type of rice, brown rice contains more arsenic than white rice
because arsenic accumulates in the bran, which is the hard outer
layer of the grain seen in brown rice (103-160). Arsenic
accumulates in the grain’s outer bran layers, which are removed to
make white rice (120-160, 184-195). Brown has more nutrients,
though, so it is better not to switch entirely to white. Removal of this
bran layer produces white rice, thereby eliminating a portion of the
arsenic (103-160). However, the bran also contains nutritious fiber
and vitamins, so even though brown rice on average contains more
inorganic arsenic, brown rice also provides more nutrition (103-160,
184-195).

Basmati rice is always the best choice, because it appears
to have the lowest levels of inorganic arsenic, but the averages are
for all origins combined, and depending on where that rice comes
from, it can have very different levels (103-160). The same technique
could also help the rice companies elsewhere to lower arsenic levels
in baby cereals and other products that use pre-cooked rice (103-
158). Rice-based baby foods often contain high levels of arsenic, a
double-whammy for small children, who consume proportionately
more of the substance for their body size (103-160, 184-195). Also in
this analysis, brown rice of a particular type always had higher levels
of inorganic arsenic than white rice of the same type (140-160, 184-
195).

Rice is known to accumulate more metals and a much
higher arsenic concentration than other such as wheat and barley
cereals (103-153, 184-195). As a staple food, particularly in the Asian
populations, rice could be a major source of toxic metals intake (103-
160). Toxic metals are both naturally occurring and/or introduced

through anthropogenic activities into soils where the crops are grown
(103-153, 184-195). The metals are absorbed and accumulated in the
edible plant parts and enters the food chain (103-153). Plants vary
considerably in their ability to take up and accumulate arsenic (103-
153). Compared with other cereals, such as wheat and barley, rice
has much higher levels of arsenic (103-153, 184-195). The
elevated arsenic is due to rice being the only major cereal crop
grown under flooded conditions, leading to high arsenic availability
and high concentrations close to the root (137-138). Arsenic is taken
up by plants through pathways for nutrients (106-160). This has
resulted into a high arsenic availability by causing the reduction of
immobile arsenate in non-flooded soils to the more mobile arsenite
(103-153, 184-195). This leads to both arsenate and arsenite building
up in high concentrations close to the root. Both arsenate and
arsenite are analogs of the plant micronutrients phosphate and silicic
acid, and plants have evolved efficient mechanisms of capturing them
from soil solution (137-138, 184-195).

How to remove arsenic toxicity in Rice plants

Some rice strains accumulate 20-fold less arsenic than
others. This suggests that certain varieties may have developed a
way of blocking its uptake, offering hope that plant breeding could
give the same powers to other strains (103-153). Pinson and her
colleagues studied more than 1,700 strains of rice from around the
world (103-154-160). They found that some varieties from the United
States contained significantly less arsenic than other rice varieties
grown using the same soil and water (103-154). Even more
revealing, when they crossed some of these low-arsenic strains with
high-arsenic varieties, exactly one fourth of the second-generation
plants that had low arsenic accumulation (103-154-160). Following
the logic of simple Mendelian genetics, these findings suggested
that a single gene is involved in the trait (103-160). However, the
researchers have yet to figure out what gene it is, how it works, or
even which of the plant's 12 chromosomes it can be found on (120-
159).

Other studies in Spain and the United States have flagged
several genes and regions that may be involved in arsenic
accumulation. Another way to prevent arsenic from accumulating in
rice is to block its pathway from the roots to the grains (103-154-
160). The way rice is grown and processed offers other opportunities
for intervention. It is also possible to cultivate the grain in dry soils
that are moistened only by rain. This method, known as upland rice
cultivation, reduces the arsenic load by a factor of 30 compared with
traditional flooded rice paddies (103-160). Milling removing the husk
and turning brown rice into white also removes much of the arsenic,
which accumulates in the outermost bran layers of the grain. As a
result, brown rice contains 10- to 20-fold more arsenic than white,
but it also contains many beneficial nutrients such as fiber and niacin.
Perhaps the easiest solutions of all lie in the kitchen. Instead of using
equal parts water and rice when cooking, using three times more
water than grain, and rinsing before and after cooking, can reduce
the amount of arsenic by up to 30% (103-132, 133-154).

WHO Guidelines for Arsenic in Rice

In July 2014, the World Health Organization (WHO) set
worldwide guidelines for what it considers to be safe levels of
arsenic in rice, suggesting a maximum of 200 micrograms per
kilogram for white rice and 400 ug kg=' for brown rice (103-154-160,
184-195). The situation is especially dire in Bangladesh, where rice
is the national staple food and the water is naturally high in arsenic.
Here as many as 100 million people suffered from acute arsenic
poisoning from multiple sources (103-160). The problem of
contaminated rice is not limited to Asia. A 2012 study by the US-
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based advocacy group Consumers Union also found worrying levels
of arsenic in rice sold in the United States (103-153). Some samples
contained arsenic at more than twice the safe limit recommended by
the WHO (103-160, 184-195). The group suggested eating no more
than two or three servings of rice each week (140-160). But eating
less rice is not an option in many parts of the world where the food is
an irreplaceable part of the culture, diet and lifestyle (103-160). A
variety of metals can accumulate in rice, including cadmium, lead
and mercury (103-161). But arsenic (strictly a metalloid, not a metal)
is the biggest problem, partly because it naturally occurs worldwide
in soil and water (103-154). It is especially common in the rocks of the
Himalayas, from where the Ganges and other great rivers carry it to
the heavily populated plains of south and southeast Asia (103-154).
Most of the world’s arsenic is locked up in mineral compounds
underground, but mining and coal burning have released many
tonnes into the environment (103-154-160).

US-Consumer Reports: Arsenic Toxicity in Rice

About 85% of rice in the US is locally produced while the
rest is imported from Asia, including India, China, Thailand, and
Pakistan (103-154). Rice in the US is mainly produced in the southern
states (Arkansas, Louisiana, Mississippi, Missouri, and Texas), which
accounts for 80% of the production while California state produces
20% (103-154-160). Short and medium grain rice types are mainly
grown in California for domestic and export purposes whereas the
southern states primarily produce the long grain rice (103-154-160).
Arsenic concentrations in rice from the US is found to be higher than
other countries (103-153). Studies have shown that arsenic
concentrations in rice differ by state within the US, suggesting varying
metal contamination in the environments; for example, rice produced
in Texas and Arkansas contained more arsenic than rice grown in
California (103-160). In general, limited sampling indicated that rice
grown in the South Central US (Arkansas, Missouri, Louisiana, and
Texas) contains more arsenic than rice grown in California (103-178).
In general rice labeled from the U.S. or from Arkansas, Louisiana, or
Texas tended to have the highest levels of total inorganic arsenic
compared with rice from elsewhere (103--178).

According to the Consumer Reports, the American non-
profit organization, which came out with an extensive report on the
arsenic content in different rice varieties in 2012, reveals that rice
varieties which have their husk removed and polished white rice
might have lesser arsenic content. It also revealed that basmati rice
from India and sushi rice grown in the US have the lowest inorganic
arsenic content, while arsenic in brown rice, brown basmati rice and
black rice (or forbidden rice) is much higher. However, a 2017
study insists that basmati rice grown in northwest parts of India have
higher arsenic content and should be screened before consumption.
Therefore, cook a cup of rice in six cups of water until done, and
drain out the excess water. This method, popular in eastern parts of
India, is effective in removing all toxic substances from rice and
remember the 1:6 ratio (103-160).

Arsenic Toxicity in Rice: Effect on Human Health

Exposure to low and high levels of arsenic (As), lead (Pb),
and cadmium (Cd) can cause cancerous and non-cancerous
effects (103-153-160). According to The U.S. Food and Drug
Administration’s Center for Food Safety and Applied Nutrition (FDA-
CFSAN) conducted a quantitative risk assessment which examined
the lung cancer and bladder cancer, and provided the best
evidence of low-dose cancer effects (103-153-160). Arsenic
toxicity has been attributed to skin, lung, kidney, and bladder
cancers. Cadmium and Pb toxicity have been linked to lung,
prostate, and kidney cancers (103-160). Human exposure to these

toxic metals can occur through occupation, air pollution, or diet.
Dietary exposure is the most common route through which these toxic
metals enter the human body (103-153-160). Arsenic contamination
in groundwater is an issue that affects millions of people around the
world. Naturally occurring high concentrations of arsenic in
groundwater are particularly problematic in regions such as the
Ganges Delta, causing serious arsenic poisoning to large
populations. Not only limited to drinking-water supplies, the
accumulation of arsenic favours the flooded cultivation practice of
rice fields, thus causing absorption in rice grains farmed for human
consumption (103-160). While rice is estimated to contain 10-20
times more arsenic than other cereal crops, food safety assessments
in India — currently the world’s largest exporter of rice, must be
routinely performed to ensure that rice products are non-toxic for
human consumption (103-160).

Exposure to elevated arsenic in drinking water, for an
intermediate period of time (e.g., weeks to months), can result in
gastrointestinal effects, such as abdominal pain, vomiting,
diarrhea, and muscular cramping; hematological effects, such as
anemia and leucopenia; peripheral neuropathy, such as
numbness, burning, or tingling sensations or pain in the
extremities. Metallic taste, garlic odours in breath and feces, and
salivation may also be present (137-138-160). The main adverse
effects reported to be associated with long-term ingestion of inorganic
arsenic in humans are cancer, skin lesions, cardiovascular
disease, neuro developmental toxicity, adverse pregnancy
outcomes, non-malignant lung disease, and diabetes (103-160).
Of these, the greatest strength of evidence for a causal association is
for cancers of the skin, bladder, and lung, for skin lesions, and
for ischemic heart disease (137-138, 140-160). Therefore, people
who frequently ate rice with relatively high levels of arsenic were
more likely to have cells in their bladders that had damage to
chromosomes that could be associated with cancer (103-160).

According to the US-FDA report, for brown-rice varieties,
the highest predicted lifetime cancer risk is also for parboiled rice
(103-160). However, there is significant uncertainty in these risk
estimates, because they are based on a very small sample size of
inorganic arsenic concentrations (103-153). In general, risk
estimates are higher for brown rice than for white rice, due to the
higher levels of inorganic arsenic in brown-rice varieties, relative to
white-rice varieties (137-138). The levels of inorganic arsenic in rice
and rice products ranged from <1 to 545 ppb, and the average for rice
grain ranged from 59 ppb (instant) to 160 ppb (brown rice) (103-153).

For white-rice varieties, predicted cancer risk is the
highest for parboiled rice, at 149 cases per million for a lifetime of
daily consumption (up to 50 years old) and 36 cases per million for
exposure only during childhood (up through 6 years old) (103-160).
These risk estimates can be attributed to the higher average
concentrations of inorganic arsenic in parboiled rice, which is most
similar to brown rice (103-160). The predicted lifetime cancer risks for
long-grain white rice, which has the largest market share (37%), is
136 cases per million for lifetime exposure and 33 cases per million
for children (137-138).

Consumption of rice and rice products can be a significant
exposure pathway to inorganic arsenic  which is a group 1
carcinogen to humans (103-160). Because of the way rice is grown,
it can harbour arsenic, which is a threat to human health (120). The
UK follows the current European Commission regulations so that
inorganic arsenic concentrations must be < 0.20 mg kg™ in white
(polished) rice and<0.25 mg kg-! in brown (unpolished) rice (120).
However, inorganic arsenic concentration in rice used for infant food
production or direct consumption has been set at a maximum of 0.1
mg kg™ (120). Studies have linked chronic arsenic exposure with
cancers of the bladder, lungs, skin and prostate, as well as heart
disease (103-160). In the short term, it can cause gastrointestinal
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problems, muscle cramping and lesions on the hands and feet (130-
160). The risk of arsenic poisoning is greatest for people who eat rice
several times a day, and for infants, whose first solid meals are often
rice-based baby food (103-160).

In this context, a study was conducted and evaluated the
inorganic arsenic concentrations in different types of rice sold in the
UK and quantified the health risks to the UK population (120).
According to this study, arsenic concentrations in 55 rice types
marketed in the UK in which this study compared cultivation methods
(organic or non-organically grown) and various types of rice (wild,
white/polished and brown/unpolished) (120). The total arsenic
concentrations in organic white rice were significantly lower than non-
organic types, whereas the opposite was true for brown rice (120).
However, inorganic arsenic concentration of organically grown rice
was significantly higher than non-organically produced rice (120). The
order of accumulation of arsenic in different rice types was brown >
wild > white (120). Out of 55 rice types studied, 28 exceeded infant
total arsenic maximum limit stipulated by the European Commission
as unsuitable for the production of baby food products or direct
feeding (120). This study also showed that health risks due to rice
arsenic consumption are confined mainly to infants in the UK (120).
Therefore, this study recommended that consumers could be better
informed whether rice and rice products are suitable for infants and
young children up to 5 years in the product description labels (120).

Rice Cooking methods to lower arsenic levels

Consumer practices reported that rinsing and altering
water cooking volume for rice, can affect the level of inorganic arsenic
ingested (150-160). Several studies reported that the total arsenic
content of cooked rice is strongly dependent on the cooking
protocol and the concentration of arsenic in the water is used to
prepare the rice (103-160). The available literature provides
preliminary estimation that range from 28% to 60% reduction of total
inorganic arsenic from rinsing and cooking practices in water
containing low arsenic levels (< 3 pg/L) (104-160). However, there is
substantial uncertainty in these estimates. Therefore, new research is
underway to evaluate not only changes in total inorganic arsenic
levels in rice, but also the impact on nutritional content (103-160).

The US- FDA study measured the effects of rinsing rice and
cooking rice in variable amounts of water on inorganic arsenic and
nutrients in the cooked grain (103-160). Rinsing rice before cooking
had a minimal effect on the inorganic arsenic content of the cooked
grain but also removed enriched iron, folate, thiamin and niacin (104-
160). Cooking rice in excess water reduced average inorganic arsenic
by 40 to 60% depending on the type of rice and also reduced iron,
folate, thiamin and niacin by 50 to 70% in enriched rice (103-160).

Sengupta et al. (157) reported that 57% of the total arsenic
was removed from rice native to India (Boro and Aman rice) that
contained 203 - 540 pg/kg total arsenic by using a method of multiple
washes (five to six times) until the water is clear, then boiling in a 6:1
water:rice ratio (157). Levels of inorganic arsenic were not provided.
About half of the arsenic was lost in the wash water and half in the
discarded water (157). A second method, which includes the same
rinsing step, although the rice is boiled in water in a 1.5-2:1 ratio of
water:rice. This method also resulted in a reduction of 28% of the
total arsenic content (103-160). A third method, in which unwashed
rice was cooked using a rice:water ratio of 1:1.5-2.0 until no discard
water remains, did not modify the arsenic content (150-160). The
water used in this study contained a small amount of arsenic (< 3
HglL) (157).

Raab et al, (154) investigated the effect of rinsing, low-
volume (2.5:1 water:rice), and high-volume (6:1 water:rice) cooking,
and steaming (154). Several types of rice were investigated, including
polished basmati (white), whole-grain basmati (brown), polished long-

grain (white), and whole long-grain (brown) (154). Rinsing raw rice
with water removed approximately 15% of total arsenic and 5% —
14% of inorganic arsenic, depending on the type of rice (103-154-
160). High-volume water rice cooking effectively removed both total
and inorganic arsenic for the rinsed long-grain and basmati rice by an
additional 35% and 45% for total and inorganic arsenic content,
respectively, compared with uncooked (raw) rice (154). With both
rinsing and cooking with a high volume of water, inorganic arsenic
levels were reduced 51%, 54%, and 60% for polished long-grain,
whole-grain basmati, and polished basmati, respectively (154).
Although steaming reduced total inorganic arsenic rice content, it did
not do so consistently across all types of rice investigated (103-160).
Low-water-volume cooking did not remove arsenic (140-160).
The authors suggested that rinsing is more effective for basmati rice
than other types of rice, for reducing total arsenic, and more effective
across types of rice, for inorganic arsenic, but more research is
needed. Most of the arsenic is lost in washing was inorganic
arsenic (103-160). This study used double-distilled, deionized water
for cooking (154).

Cooking rice with arsenic-contaminated water can
increase arsenic burden (145-160). This is of greatest concern in
regions of the world with high arsenic groundwater levels, such as
Bangladesh and West Bengal, India (152-155). In a study in which
the cooking water contained 40 pg/L (ppb) arsenic, in India (154, 155-
160).

In general inorganic arsenic in any type of rice is reduced
by rinsing raw rice thoroughly before cooking, using a ratio of 6 cups
water to 1 cup rice, and draining the excess water afterward (107-
160). This is a traditional method of cooking rice in Asia (103-160).
The modern technique of cooking rice in water that is entirely
absorbed by the grains has been promoted because it allows rice to
retain more of its vitamins and other nutrients (148-160). But even
though after sacrificing some of rice's nutritional value, research has
shown that rinsing and using more water removes about 30 percent
of the rice's inorganic arsenic content (103-160). Therefore, cooking
rice by repeatedly flushing it through with fresh hot water can
remove much of the grain’s stored arsenic, researchers have found a
tip that could lessen levels of the toxic substance in one of the world’s
most popular foods (130-160).

High levels of arsenic in food have been linked to different
types of cancer, and other health problems (103-160). The risk of
arsenic poisoning is greatest for consumers who eat rice several
times a day (103-160). In Bangladesh, where rice is a staple food
and the water is also naturally high in arsenic, people are
particularly vulnerable (104-160). Parboiling facilities in the country
process rice by pre-cooking, drying and husking the grain (107-160).
In the long term, the best strategies for removing arsenic from rice will
come from ongoing efforts to breed low-arsenic strains and alter
growing techniques (103-160).

Detection methods for Arsenic in Indian Rice

Over the past several years, many scientific reports and
media articles have been published regarding serious health issues
due to the presence of arsenic in Indian rice depending upon the
geographical location where the rice is grown (163-170). Various
national and international regulatory agencies such as the WHO,
Codex, the EU Council Directive, and the Food Safety and Standards
Authority of India (FSSAI) — have set up stringent norms to ensure the
safety and quality of Indian rice samples that may be subject to
arsenic contamination before batches are distributed worldwide (163).

According to the EU Commission Regulation 2015/10006,
the maximum concentrations of inorganic arsenic (the sum of As (Ill)
+ As (V)) in rice samples that are destined for the production of food
for infants and young children is 0.10 mg/kg(163). By contrast, for
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non-parboiled milled rice (polished or white rice) and parboiled rice,
and husked rice, these values are 0.20 and 0.25 mg/ kg, respectively
(163). Similarly, according to the Codex Alimentarius Commission
(including the Food and Agricultural Organizations of the United
Nations (FAQ) and the WHO), the maximum residual levels (MRLs)
for polished rice and husked rice are 0.2 and 0.4 mg/ kg,
respectively(163).

At Agilent Technologies in India, the team is working closely
with various agricultural universities, research institutes and
commercial testing labs (CTLs) (such as Bihar Agriculture University
(BAU) and Basmati Export Development Foundation (BEDF), for the
estimation of different species of arsenic in rice and various food
products at low trace levels (163). Experts from Agilent are provided
accurate, sensitive, and selective analytical methods for the detection
and quantification of arsenic species in rice samples using high-
performance liquid chromatography (HPLC) with inductively coupled
plasma-mass spectrometry (ICP-MS) (163). Dr. Anupam Dixit and his
team at Basmati Export Development Foundation (BEDF) in India
specialized in analytical quality evaluations of Indian Basmati rice
(163).

Indian Basmati Rice

Basmati occupies a special status in rice cultivation. It is a
variety of long, slender grained aromatic rice (165-177). Basmati rice
has a unique aroma which is due to the presence of a chemical called
2-acetyl-1-pyrroline (165-176). Basmati rice was a predominant
constituent of the rich and royal menus (165-176). India is the leading
producer and exporter of the basmati rice to the global market (165-
177). India produces about 74% of the world's basmati rice, and the
rest is provided by Pakistan, the Philippines and China. In the
international market, rice is traded under two main groups, fragrant
and non-fragrant. The fragrant rice in India dominates the trade with
its basmati rice (165-177). A huge amount of income generated from
export of basmati rice product. It accounts 75% of global Basmati rice
production (165-176). In the financial year 2018-19, India exported
around 4.4 million tonnes of Basmati rice worth of USD 4.7 billion
(165-177). Basmati rice from the Indian subcontinent is highly prized
in the international market for its unique grain, cooking and eating
quality. Basmati rice has a harmonious combination of defined kernel
dimensions, appealing aroma, fluffy texture of cooked rice, high
volume expansion during cooking, linear kernel elongation with
minimum breadth-wise swelling, palatability, easy digestibility and
longer shelf-life (165-176).

In the evolution of rice and its genetic differentiation into
distinct varietal groups, consumer quality preferences have played a
significant role besides agro-ecological factors (165-177). One such
varietal group comprising the aromatic pulao/biryani rice of the Indian
subcontinent is known as “Basmati” which is the highly priced rice in
domestic as well as international markets (165-177). Three colour
variants have been known in basmati as in many other rice varieties.
Basmati surpasses all other scented varieties in shape, appearance,
taste and quality (165-177). The basmati rice are differentiated from
other aromatic rice in a certain criterion that its length increases twice
of their original size after cooking with other characteristics like soft
and fluffy texture upon cooking, delicious taste, superior aroma and
distinct flavour (165-177). Basmati, like other rice varieties, has red,
black and golden husk variants, though at present only golden
husked basmati is famous. All the three variants are still grown in
Champaran area of Bihar state, India (165-177).

In India, basmati is known as "queen of fragrance" and the
nutty, sweet smell of basmati rice is unmistakable. Basmati is a
necessary element in Biryani dishes and is the preferred type of rice
served with Indian meals (165-177). Typically, the delicately curved,
long grained, highly aromatic rice which elongate and cook soft and

fluffy were the ones which were traditionally categorized as basmati
(165-177). Basmati rice has enjoyed privileged treatment both in
domestic and international markets, generating three times higher
price. In the export markets, still the traditional tall basmati variety
Taroari Basmati followed by Basmati 370 and Type 3 (Dehraduni) has
supremacy over other varieties due to their exclusive quality features.
The high yielding quality rice is derived from the traditional basmati
are regarded as evolved basmati (165-177).

Basmati Rice: Growing region in India

In India, basmati rice is grown in the specific geographical
area, at the Himalayan foot-hills confined into few Northern states of
India (165-177). In India, Basmati rice is primarily grown in the Indo-
Gangetic region of north-western region comprising the seven states
Punjab, Haryana, Bihar, Himachal Pradesh, Uttarakhand,
Chattisgarh, Jammu and Kathua districts of Jammu and Kashmir,
and 27 districts of western Uttar Pradesh (165-177). This region has
been earmarked as the Geographical Indication (GI) for basmati rice
and the Gl status has been conferred to Basmati rice in 2016 (Gl No.
145 of the Geographical Indication Registry, Government of India,
vide certificate No. 238 dated 15.02.2016) (165-176). Aromatic rice is
known for its nut like scent and taste which is caused by the chemical
compound 2-acetyle-1- pyrroline (165-177). The special quality of
basmati rice is attributed to unique combination of soil, water and
climate, besides the inherent genetics governing these features (165-
177). Basmati is one of the unique specialty rice varieties, which has
been cultivated for centuries at the foot of Himalayan mountain
ranges, India (165-177). Broadly speaking, aromatic rice can be
classified into three categories- (1) Basmati (2) Jasmine and (3) Non-
basmati/non-jasmine (177). The aromatic basmati rice of Indian
Subcontinent clinches a good premium and gets higher price than
high quality non-basmati rice (165-177). India, Pakistan and Thailand
are the major exporters of aromatic rice. Among these, India and
Pakistan are the major suppliers of basmati rice (177). Thailand is the
major supplier of Jasmine rice. Foot-hills of Himalayas are considered
to be the origin of aromatic rice. Although immense aromatic rice
diversity is existing in India, not all aromatic types are recognized as
basmati (165-177).

Basmati Rice varieties

The cultivation of basmati in India is confined to traditional
basmati growing areas in North-west Indian states including Haryana,
Punjab, Uttarakhand and western Uttar Pradesh, Bihar and to some
areas of Delhi, Himachal Pradesh and Jammu and Kashmir (165-
177). Some of the evolved varieties of Indian Basmati are 1) Punjab
Basmati-1(Bauni Basmati) (1984)- developed by Punjab Agricultural
University, Ludhiana. 2) Pusa Basmati-1 (1989)- developed by The
Indian Agricultural Research Institute, New Delhi. 3) Kasturi (1989)
developed by Directorate of Rice Research, Rajendra Nagar,
Hyderabad, Telangana. 4) Haryana Basmati- 1 (1991) -developed by
CCSHAU, Rice Research station, Kaul, District Kaithal, Haryana. 5)
Mahi Sugandha (1995)- developed by RRS, Banswara, Rajasthan. 6)
Pusa Basmati 1121 (2005)- The Indian Agricultural Research
Institute, New Delhi. 7) Pusa Basmati-1(Pusa 1460) ( 2007) by The
Indian Agricultural Research Institute, New Delhi. 8) Vallabh Basmati-
22 (2009) by Sardar Vallabh Bhai University of Agriculture and
Technology, Modipuram. 9) Pusa Basmati-6 (Pusa 1401) (2010) by
The Indian Agricultural Research Institute, New Delhi. 10) Punjab
Basmati- 2 (2010) by Punjab Agricultural University, Ludhiana. 11)
Basmati CSR-30 (Yamini) (2012) by The Central soil Salanity
Research Institute, Karnal, Haryana. 12) Pusa Basmati-1509 (2013)
by The Indian Agricultural Research Institute, New Delhi. 13) Malviya
Basmati Dhan 10-9 (HUBR 10-9) (2013) by Banaras Hindu
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University, Varanasi, UP. 14) Vallabh Basmati (2013) by Sardar
Vallabhai Patel University of Agriculture and Technology, Modipuram
UP. 15) Basmati 564 (2015) by Sher-e-Kashmir University of
Agricultural Sciences and Technology of Jammu, Chatha, Jammu.
16) Vallabh Basmati 23 (2015) by Sardar Vallabhai Patel University of
Agriculture and Technology, Modipuram UP. 17) Vallabh Basmati 24
(2015) by Sardar Vallabhai Patel University of Agriculture and
Technology, Modipuram UP (165-177).

Traditional basmati rice varieties are tall, prone to
lodging, photoperiod and temperature sensitive and very low yielding.
Therefore, their production and productivity were limited. There are 6
Indian Basmati varieties such as 1) Pusa Basmati-1, 2) Basmati-
370, 3) Basmati-386, 4) Taraori Basmati, 5) Super Basmati, 6)
Pusa Basmati-1121 (165-176).

Basmati Rice: Top Indian Brands in market

‘Basmati’ rice is a premium quality grain loved by people
across the world. From delecious Biryanis to tangy fried rice, basmati
rice has been the base for many mouth-watering meals (165-177).
The grains are fine, long, soft, and rich in nutrients. While the market
is abundant with numerous basmati rice brands, finding the best
Indian basmati rice may be a little tricky. The best basmati rice is
priced between Rs 100 to Rs 500 per kg. After packaging, Basmati
Rice is available in markets in different brands e.g. Daawat, Tilda,
Suraj basmati, Quality Priya, Gia royal Riz basmati, Quality 1121
extra long grain creamy sella basmati, Organic Tattva, Pristine,
Nature Land Organics, Golden grain Rozana, Pride of India-Long
grain, Charminar, India Gate, Shri- Lal Mahal, Lal Qila, Pansari,
Organic India, Pride of India brown basmati, Aeroplane basmati rice,
Fortune, Tata Sampann, Elephent, Kohinoor, Vedaka, and Sungold
etc. with a very high price value even up to Rs.180-450/Kg. Basmati
rice is always aged. It means the grains have to be aged for a long
time in the storage units approximately,18-24 months (165-177). This
is very time-consuming process and requires particular conditions for
ageing and warehousing. This adds to the overhead cost of the rice
(165-177).

Basmati Rice: Medicinal value and Health benefits

Basmati rice has a medicinal value. Melatonin has been
detected in Basmati rice too. Though rice contains high levels of
complex carbohydrates and is categorized as a high glycemic index
food but basmati has a low glycemic index (176). Basmati is high in
Fe and Zn, and helps in their bio-availability (adsorption). Basmati
rice makes a metallo-thionein-like protein that is rich in cystine
which aids in iron absorption; gene controlling this activity is being
used in the development of Fe-rich rice through biotechnology (165-
177). The chemical compound responsible for aroma in rice is 2-
acetyl-1-pyrroline present at 0.09 ppm in basmati rice grain which is
almost 12 times more than non-basmati rice (165-177). Hence,
basmati rice is unique among other aromatic long grained rice. In
India, basmati rice is mainly grown for exporting purpose (165-176).
Basmati rice has lower saturated fat content, which makes it a healthy
option for heart. However, the unsaturated fats present in basmati
rice have less bad cholesterol, and it prevents clotting. Moreover, a
high amount of fiber provides a healthy cardiovascular system (165-
177). Again, the soluble fiber present in basmati rice helps in
promoting the movement of material within digestive system (165-
177). A lower fibre diet is associated with the problem of constipation.
Therefore, people suffering from digestive and constipation problems
can be benefited by including basmati rice in their daily routine diet
(165-177). Eating 3 ounces of whole basmati rice grains per day may
lower the risk for this type of cancer by about 17% (165-177). Basmati

rice is high in B vitamins, including B1 (thiamine) and Melatonin. It
has 22% of daily recommended intake in each serving (165-177).

A cup of basmati rice has 20 per cent more fibre as
compared to any other Indian rice. Basmati rice has also low
Glycemic index and is safe for patients suffering from diabetes (165-
177). Basmati rice also helps in giving balanced energy levels.
Basmati rice is available in many varieties with varying costs. It has
two versions, white and brown. It is a long grain rice, which gives food
a royal look (165-177). As compared to any other brown rice, basmati
rice contains nearly 20% more fiber. The biggest benefit of fiber is its
ability to prevent the formation of cancerous cells. Researchers have
found that fibre intake prevents many forms of cancer, especially
colon cancer. Moreover, the consumption of whole-grain brown
basmati rice effectively prevents breast cancer because fibre helps
the body to eliminate estrogen hormones (165-177). It is a well-known
belief that rice is the biggest enemy for weight loss. However, basmati
rice, particularly boiled one, can benefit weight loss attempts. It is
good for dieting and maintaining a healthy weight because of its fibre
content (165-177). Fiber breaks down in the body slowly, controls
appetite, and makes feel fuller for a long time. Moreover, it has a
high amount of amylose, a more difficult carbohydrate for the body
to digest (165-177).

Basmati Rice: Research work in India

The basmati rice research work is carried out at ICAR-IARI,
New Delhi, India has resulted in reducing the crop duration from 160
days in traditional Basmati to 140-145 days in PB 1121, combined
with doubling the yield from 2.5 t/ ha to nearly 5.0 t/ha (165-177). This
research work has immensely helped in creating an employment in
the basmati growing region, which has resulted in the establishment
of more modern rice mills and making available better quality basmati
rice for the domestic and global market on a regular basis (165-177).
It has greatly improved the economics of basmati rice cultivation, and
also the entire value chain of the basmati rice industry, especially
exporters and consumers thereby ushering in a basmati rice
revolution (165-177). Currently, PB 1121 is grown in 70% of the total
area under basmati rice cultivation in India (165-176). It is the most
common basmati rice variety in rice grain quality research for
developing mapping populations, genetic analyses and molecular
mapping of basmati quality traits (165-176). Additionally, it has been
widely used in the basmati rice breeding program across India,
because of its superior quality attributes (165-176). Pusa Basmati
1121 (PB 1121) is a landmark Basmati rice variety having Basmati
quality traits introgressed from traditional basmati varieties such as
Basmati 370 and Type 3 (165-176). It was released for commercial
cultivation in 2003 (165-176). It possesses extra-long slender milled
grains (9.00 mm), pleasant aroma, and an exceptionally high cooked
kernel elongation ratio of 2.5 with a cooked kernel length of up to 22
mm, volume expansion more than four times, appealing taste, good
mouth feel and easy digestibility (165-176). Owing to its exceptional
quality characteristics, it has set new standards in the basmati rice
market (165-176).

Basmati Rice: Challenges

However, basmati rice cultivation is facing several
challenges from diseases such as bacterial blight, bakanae, neck
blast, and insect pests like brown plant hopper and stem borer(165-
176). Therefore, breeding basmati cultivars with resistance to these
diseases, pests and other abiotic stresses while maintaining the
superior grain quality by reducing chalkiness, improving HRR and
better aroma is the major focus for basmati rice improvement (165-
176). In this endeavour, PB-1718, a bacterial blight resistant near
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isogenic line of PB-1121, has been developed and released for
commercial cultivation in 2017(165-176).

CONCLUSION

Rice is a staple food and also a major contributor to dietary
glycaemic load. India is one of the major centres for the rice
production particularly the aromatic royal Basmati rice. Among
different foods, rice has received increasing attention because it is a
major component of billions of peoples’ diets throughout the world. In
addition, the removal of the outer bran layer during rice milling results
in a loss of nutrients, dietary fiber, and bioactive components.
Therefore, many studies were performed and investigated the
potential health benefits for the consumption of whole brown rice
grain in comparison to the milled or white rice. India is the leading
producer and exporter of the basmati rice to the global market. Rice is
a good candidate for the natural sources of antioxidants, other
medicinal properties and may hold the potential for the development
of rice based functional foods, drugs, food preservative,
pharmaceuticals and cosmetic products.

Rice is commonly consumed after polishing or whitening
and the polished grain is known as high glycemic food because of its
high starch content. This literature review highlighted brown rice
which contains greater levels of nutrients such as protein, fat,
minerals, and vitamins than those in polished or milled white rice.
Furthermore, brown rice contains several bioactive compounds such
as phenoalic acids, flavonoids, y -oryzanol, and Gamma aminobutyric
acid (GABA). In addition, brown rice, germinated brown rice, and
their derived fractions or extracts have shown different biological
activities and potential health benefits such as antioxidant,
antidiabetic, and anticancer activity. The intake of brown rice or
germinated brown rice showed a healthier effect compared to
polished white rice. Therefore, brown rice and its processed products
were recommended as functional and healthy foods. Several brown
rice-based food products such as noodles, bread, and snacks were
successfully developed as essential food in the Asian countries.

However, brown rice contains more arsenic than white
rice because arsenic accumulates in the bran, which is the hard outer
layer of the grain seen in brown rice. Arsenic accumulates in the
grain’s outer bran layers, which are removed to make white rice (120-
160). This also depends on the geographical location of rice growing
area. If the rice is grown in arsenic contaminated water with high
arsenic levels, then brown rice accumulates high arsenic which is
toxic to human health. This is due to rice being the only major cereal
crop grown under flooded conditions (103-160). Arsenic
contamination in groundwater is an issue that affects millions of
people around the world. Studies have linked chronic arsenic
exposure with cancers of the bladder, lungs, skin and prostate, as
well as heart disease (103-160). In the short term, it can cause
gastrointestinal problems, muscle cramping and lesions on the hands
and feet. In addition to this, there are some challenges and limitations
such as the lower sensory properties and short shelf-life facing the
commercialization and consumption of brown rice and its products.
Higher concentrations of As, Cd, Pb, Zn, Mn and Cu were found in
brown rice samples, revealing the prevalence of these elements in
the rice bran. The consumption of brown rice is recommended
because of its high fibre content and nutrients. However, brown rice
also contains higher levels of toxic element arsenic. This would be
more critical in case of consuming rice contaminated with these
elements. Therefore, cooking rice by repeatedly flushing it through
with fresh hot water can remove much of the grain’s stored arsenic.
Researchers have found a tip that could lessen levels of the toxic
substance in one of the world’s most popular foods.

The scientific evidence on the health benefits of wholegrain
rice comes from compositional, in vitro, or in vivo studies with animal

models. Results are very encouraging but more studies involving
human subjects are needed to assess and validate the role of
wholegrain rice in human nutrition. Therefore, the promotion of
wholegrain production and consumption must be tackled at several
levels that involve agronomy, biochemistry, processing, storage,
marketing, and consumer science. Finally, future rice breeding
programs should take into account the preferable consumption of rice
as wholegrain rice and focus on the quality traits that are related to
arsenic toxicity issue that need to be considered.

In conclusion, consumption of white rice is better than
brown rice. Brown rice is very healthy but accumulates arsenic
provided grown in a area where ground water is contaminated with
high arsenic levels. If the rice is grown in arsenic contaminated water
with high arsenic levels, then brown rice accumulates high arsenic
which is toxic to human health. Rice is particularly efficient
scavenger of arsenic, it takes up ten times as much as other cereal
grains because it is the only food grain traditionally grown in fields
that are under water. Brown, and pigmented rice varieties are
consumed as healthy food but white rice is more popular and higher
market demand. Consumer education campaigns could help in
increasing brown rice consumption. The chemical composition of
brown rice is very relevant for human nutrition. Cooking quality and
sensory attributes of brown rice need to be improved by applying
innovative processing technologies. Indian Basmati rice is the best
healthy nutritional food for the consumption. However, the price of the
basmati rice is very high and poor people cannot afford to buy this
expensive rice.
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