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Abstract Black rice (Oryza sativa L. indica) is also
called purple rice (gluten free rice), emperor's rice (tribute
food) and king's rice. It is abundantly grown worldwide,
specifically in Asian countries such as Bangladesh, China,
Japan, Sri Lanka, Indonesia, and Thailand. In India, it is
majorly found in north-eastern states, including Meghalaya,
Assam, and Manipur, which are the cultivators of black
rice. It is also considered a superfood owing to its potent
antioxidant  activity =~ which  mediates  numerous
health-beneficial effects with anticancer,
anti-inflammatory, immunomodulatory and anti-allergic
characteristics. Black rice has a high nutritional value due
to its rich source of various vitamins (A, B, E), amino acids
and lipids, dietary fibre. The presence of the flavonoid
plant pigment anthocyanin contributes to its purple-black
colour and strong antioxidant properties. Other
components like manganese and calcium support a healthy
metabolism and stronger bones. Black rice is getting
popularized in recent times because of its very low toxicity
and higher nutritional qualities. This review focuses on the
nutritional composition, toxicity, pharmacological uses
and future opportunities of black rice for better health and
well-being.

Keywords Black Rice, Health, Antioxidant, Nutrition,
Pharmacology, Toxicology

1. Introduction

Rice is one of the most common key regular meal food
components universally engross, specifically in South Asia.
Most of the population of the countries, including India,
China, Japan and other southeast countries, prefer rice over
wheat as their primary food source. In ancient times in
China, due to its big nutritional value, black rice was
restricted only to emperors and was called “Imperial Rice”
[1]. In India, people have a basic predisposition for white
rice, due to the percipience of the cleaner mien of the
shining and cleaner grain. Black rice is aboriginal to the
North-Eastern states in India, like Assam, Manipur, and
Meghalaya. Other states like Odisha, West Bengal, and
some parts of Jharkhand also cultivate it [2]. In the native
language of Manipur, it is commonly pronounced as‘chak-
hao ’, where chak means rice and ahaoba means delicious,
which is majorly consumed during the traditional feasts. It
comes in various forms, such as short grain and long grain.
The presence of the flavonoid plant pigment anthocyanin
contributes to its purple-black color and is also a potent
antioxidant. Black rice is growing in popularity because it
is gluten- and cholesterol-free and low in sugar, salt and fat.
Black rice contains more nutrients like vitamins, minerals,
and proteins. Black rice contains 18 amino acids, carotene,
vitamin E, iron, zinc, and copper [1]. Apart from the
anthocyanins, black rice also contains many types of
flavonoids and carotenoids and more than 23 other plant
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compounds which are proven to have beneficial
antioxidant characteristics [3]. Comparing the nutritional
value of 100 g of white rice with that of black rice, the
protein content was found to be about 30% higher in black
rice i.e. 9.1 g against 6.3 g of white rice. The arsenic
content of black rice is much higher than that of normal
white rice. Low glycaemic value makes it more suitable for
consumption for diabetic patients. Black rice has also been
found to help treat obesity through the secretion of leptin,
which plays an important role in regulating appetite. A
protective role of black rice has been reported against
chronic diseases including cancer, heart attack [1]. Citing
the above benefits, black rice can be considered a “Super
Food” and use as an ingredient in other food products can
result in very nutritious foods with natural colouring
properties [4]. Since very little information is available on
the medicinal value of black rice, the present review is
designed by an in-depth literature survey compiling the
health benefits and commercial value.

2. Black Rice Cultivation and
Collection

Black rice is called by many names, such as forbidden
rice, purple rice, emperor's rice, lucky rice, and king's rice.
Major geographical favourable areas for black rice China,
Japan, India, Sri Lanka, Thailand [2][5]. According to a
study by the International Rice Research Institute in the
Philippines, wild rice production spread from northern
Myanmar (formerly Burma) to southern Bangladesh in the
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mid-1980s. It then moved south to Assam and northeast
India (now part of Bhutan). Crossbreeding of wild rice,
highland rice, and long-grain brown Japonica types
contribute to its deep, nutty flavour with an earthy scent.
Long-grain brown Japonica rice began to be cultivated on a
bigger scale in various areas of north-eastern India around
the same time. In India, it is mainly cultivated in Assam
and grown in portions of Nepal and Burma as well as black
rice is an ancient food that was domesticated at least
10,000 years ago in the Himalayas [5] (Table 1).

3. Black Rice Landraces

In the villages of Manipur's Imphal East district, four
landraces of black rice were identified, such as Chakhao
pungdol amubi, Chakhao poireiton, Chakhao angouba,
Chakhao amubi and. About 43% of farmers cultivate
Chakhao poireiton because of its better productivity and
delicacy. It has the longest panicle length, number of grains,
and tillers. Non-black rice varieties grown at slightly less
heights than black rice plants grow to a height of 136-166
cm, which is comparably higher than the other non-black
rice varieties. The tallest black rice landrace is Chakhao
amubi (165.5 cm). Chakhao angouba had a greater average
grain weight than the other landraces. Chakhao amubi,
Chakhao pungdol amubi, and Chakhao angouba had long
kernels (6.57-7.45 mm) and Chakhao poireiton had
medium kernels (6.57-7.45 mm). The majority of the
morphological metrics investigated differed significantly
across black rice landraces [5].

Table 1. Country/State wise varieties of Black rice

India/State Varieties References
India Oryza sativa L. (Chakhao poireiton) [5]
Meghalaya Oryza sativa L. (Karuppu kavuni) [6]
Tamil Nadu Oryza sativa L. (Kavuni rice) [6]
Mizoram Oryza sativa L. (Kalabati) [6]
Odisha Oryza sativa L. (Kalabati) [6]
Goalpara Assam Oryza sativa L. japonica [6]
West Bengal Oryza sativa L. (Kalabhat) [71
America Oryza sativa L. japonica [8]
Thailand Oryza sativa L. japonica [8]
Indonesia Oryza sativa L. japonica [8]
Japan Oryza sativa L. japonica [8]
China Oryza sativa L. japonica [6]
Vietnam Oryza sativa [9]
Bangladesh Oryza sativa [9]
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4. Health Benefits of Black Rice

Black rice contains many amino acids, vitamins, iron
and minerals, tocopherol. The presence of high
anthocyanin content (327.60 mg/100 g) plays an important
role in preventing chronic and degenerative diseases [10].
It acts as a potent antioxidant, anti-inflammatory,
anti-cancer, and hypoglycaemic activity. The antioxidant
activity is helpful in defence against the free radical
scavenging effect, inhibits lipid peroxidation and protects
the liver from damage [11, 12]. Black rice constituents
make bond with ROS lead to inhibit them from reacting
with membrane lipids, nucleic acids, proteins and enzymes,
and other small molecules, thus protecting against
oxidative damage to the cell [13, 14]. It shows
anti-inflammatory  activity by  increasing  the
anti-inflammatory mediators such as superoxide dismutase
and protection against allergies, joint pains, atherosclerosis,
ageing. Black rice contains cyanidin-3-0-glucoside (C3G),
an anthocyanin compound extract reduces the glycaemic
index and shows antidiabetic activity [15]. It is also
observed that black rice helps in weight management
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Figure 1.

201

owing to its high fibre content and promotes gut health
with digestion. High fibre content regulates gut peristaltic
movement which prevents constipation and diarrhoea and
also prevents bowel illness, colitis duodenal ulcer, and
haemorrhoids. It also increases the feeling of satiety and
controls hunger and helps in weight loss [16, 17]. Daily
consumption of black rice can protect the heart by reducing
plaque formation and improving lipid profiles [18-21]. A
clinical study in women demonstrated that consuming
black rice daily reduced the risk of heart disease and stroke
by 57%. It improves brain functions thus ameliorating
conditions such as Alzheimer’s disease, dementia, and
depression. It has also been proven effective in the
treatment of osteoporosis and asthma. The presence of Vit
E, antioxidants and amino acids helps maintain healthy
skin and hair. The high iron content of black rice can prove
beneficial for the vegetarian population for maintaining
healthy blood platelet levels, energy expenditure and
digestion. The potential biomedical applications of black
rice have motivated researchers to do more exploratory
studies. The pharmacological action of black rice is shown
in Figure 1.

Black rice
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Cardioprotective

Gastroprotective
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The therapeutic profile of black rice
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5. Toxicity Profile

As per the globally harmonized system (GHS) for
toxicity classification, black rice falls under class V of
GHS which showed that LDsy values ranged between
1000-2885 mg/kg and the compound has low acute toxicity
[22]. The pellets of black rice were given to the rats for 90
days as a dietary supplement. It was suggested that no
significant changes were observed in body weight and
biochemical parameters after 90 days of regular diet [23].
Han et al. Also reported a toxicity study of anthocyanins as
a potent constituent of black rice. Anthocyanins in male
and female mice showed a non-significant effect on body
weight as well LDsy was found to be above 10 g/kg body
weight of mice [24].

6. Chemical Constituents of Black Rice

Rice contains the hull that is the outer layer and
incorporates silica and cellulose. After the elimination of
the hull, the rice received which includes bran endosperm

—%Illluu-.

Cyanidin -3-O-glucoside

Peonidin -3- glucoside

Cyanidin -3,5-diglucoside
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and germ [25, 26]. The endosperm contains 75% of
carbohydrates in the form of starch and the outer layer
contains  protein  [27]. In low concentration,
polysaccharides are present in the formed cellulose,
hemicellulose, pectins and simple sugars (glucose, fructose
and saccharose) [28]. The germ portion is rich in protein
and lipids and constitutes 2-3% of the total paddy weight.
Overall, black rice is wealthy in bioactive additives which
play an essential function in diverse pharmacological
features of the human body. This consists of vital amino
acids, lipids, nutritional fiber, phytosterols, minerals (K, Fe,
Zn, Cu, Mg, Mn, and P), vitamins (A and E), anthocyanins,
phenolic ~ compounds,  y-oryzanols,  tocopherols,
tocotrienols, and phytic acid. The phenolic compounds
might either be free phenolic acids or phenolic acids that
are bound. Cinnamic, protocatechuic, and gallic acids,
which are free or soluble phenolic acids, can be extracted
using a solvolytic solution and an 80 percent methanol
solution. The covalently bonded phenolic acids (ferulic,
coumaric, and caffeic acids) to cellulose, hemicellulose,
lignin, and pectin are insoluble [29] (Figure 2).

Petunidin-3-glucoside

Figure 2. The various phytoconstituents present in black rice
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7. Phytochemical Profile

Anthocyanins are a  coloured  bioflavonoid
phytochemical, present in vegetables, nuts and cereals
(Figure 3). Anthocyanins are phenolic group pigments that
are glycosylated and water soluble and are found in the
outer layer of black rice. Anthocyanins are structurally
2-phenyl benzopyrilium or polyhydroxylated and/or
methoxylated heterosides produced from the flavylium ion
[30]. Phenolics can donate hydrogen and act as a reducing
agent. Phenolics donate hydrogen and attenuate the
oxidative stress generated by free radicals. They exhibit a
protective effect by donation of the hydroxy group to the
free radicals and act as singlet oxygen quenchers [31]. The
colour pigment gives the black rice its purple-black colour.
It plays an important role in free radical scavenging and
antioxidant property. Other prime roles include providing
DNA protection from cleavage, estrogenic activity,
enzyme inhibition and regulation of immune response. It
also attenuates liver dysfunction, hypertension, visual
disorder, microbial infection, diarrhoea and tumour
formation. The important components of anthocyanin are
cyanidin, pelargonidin, quercetin etc. C3G ameliorates
oxidative damage and controls diabetic cardiomyopathy
inflammation, metabolic dysfunction, and also modulates
apoptosis pathways [32]. In chronic gut inflammatory
disease, C3G effectively reduces symptoms associated
with inflammation that appears in the intestinal cell lines
[33]. The measure of anthocyanin present in dark rice is
higher than in some other grains such as earthly-coloured
rice, red rice, or other hued grains. Even the spoonful of
black rice bran accommodates more health-promoting

anthocyanin antioxidants. C3G contains more than 75 — 80%

of the anthocyanin content of black rice. There are types of
anthocyanins, The major one is C3G, cyanidin-3,
5-diglucoside, petunidin-3-glucoside,
malvidin-3-O-glucoside, cyanidin-3-O-rutinoside,
peonidin-3-glucoside. In addition to anthocyanin, black
rice contains several types of flavonoids and carotenoids
and over 23 plant compounds with beneficial antioxidant
properties along with tocopherols, tocotrienols,
phytosterols and phytic acid [34].

OH

Figure 3. Chemical structure of anthocyanin

8. Pharmacological Activities of Black
Rice Extract and Isolated
Constituents

8.1. Hepatoprotective Activity

Acute or chronic cellular injury resulting from a variety
of factors, including toxic chemicals, viral hepatitis B or C,
alcohol abuse and non-alcoholic steatohepatitis causes
liver injury, which is currently a common disease. When an
injury is left untreated, the liver's pathological growth may
modify the hepatic architecture and cause portal
hypertension, which leads to liver fibrosis and liver failure
[35]. A preclinical study performed by Hou et al. suggested
that anthocyanin-rich extract of black rice (AEBR)
demonstrated to be protective against the liver damage
caused by ethanol and carbon tetrachloride in male Wistar
rats and mice, respectively. The liver enzymes alanine
transaminase (ALT), aspartate transaminase (AST),
gamma-glutamyl transferase (GGT) in serum and hepatic
malondialdehyde (MDA) level were increased when
ethanol (3.7/kg/day) is consumed orally for 45 days.
Treatment with AEBR 125,250, and 500 mg/kg for 45 days
decreased the activity of liver enzymes. The higher dose of
AEBR had a more prolonged effect on lipid profile. There
is a meagre evidence of the hepatoprotective activity of
black rice, hence much more research is warranted [36,
37].

8.2. Antidiabetic Activity

Wahyuni et al. studied the antidiabetic activity of
ethanol extract of black rice bran (EEBRB) on
alloxan-induced rat model. Treatment with EEBRB at
dosages of 50,100 and 200 mg/kg has been shown to
enhance pancreatic beta cell regeneration and lower blood
sugar levels. In comparison to the 50, 100 mg/kg dosage
group, a dose of 200 mg/kg of EEBRB boosted insulin
levels. EEBRB has the ability to inhibit the enzyme
a-glucosidase causing insulin and glycogen levels to rise
[15]. The work carried out by Alin et al. indicated retention
of total phenolic content, total antioxidant activity (TAA)
and inhibitory effect against lipase and glycation. A
different study on the Thai variety of black rice as well the
extract of its germinated form was studied on STZ induced
diabetes. It was observed that their content was able to
reduce plasma glucose, cholesterol, triglycerides, as well
as insulin resistance [38]. Moreover, germinated black rice
shows an equivalent effect as metformin and helps to
improve the consequences of diabetes mellites [39]. The
black rice bran is reported to inhibit a-amylase and
a-glucosidase enzymes, thus favouring antidiabetic
activity [40]. The molecule docking study was carried out
by extraction of 6 bioactive from black rice C3G, 6 -o-
feruloyl sucrose, p- coumaric acid, syringic acid,
symphonic acid, protocatechuic acid and their interaction
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with glutamine fructose 6 phosphate aminotransferase
(GFAT) enzyme. This enzyme is a rate-limiting enzyme in
glucose metabolism. Also, it is getting considerable
attention as a therapeutic target for Type 2 diabetes. The
present study demonstrated C3G and 6-o-feruloyl sucrose
exhibit significant binding affinity with GFAT. Thus,
postulating the effectiveness of black rice in overcoming
diabetes and diabetic complications [41]. It is observed that
there is considerable research on different varieties of
black rice while Indian variety for the metabolic disease is
desired.

8.3. Anticancer Activity

Using SKHep-1 cells and Huh-7 cell lines from
hepatocellular carcinoma, HelLa cell lines for cervical
cancer, SCC-4 from a human tongue squamous cell
carcinoma, and Chang liver cells from a human
non-malignant liver tissue myeloma, the major
anthocyanins obtained from Black rice (Oryza sativa L.
Indica) were evaluated for cell invasion, motility, and
adhesion. An attempt was also made to study the
expressions of matrix metalloproteinase (MPP’s) and
urokinase type plasminogen activator (u-PA). These
enzymes are responsible for cell invasion, migration,
inflammation and most importantly, degradation of the
extracellular matrix. It was observed that these
anthocyanins inhibited cell invasion at a higher dose of 200
pg/ml and reduced the invasion motility of cells as well as
inhibited expressions of MPP-9 and u-PA. The author also
found a reduction in AP-1 to DNA. Thus, this study
strongly suggests that anthocyanins from black rice inhibit
tumour growth and metastasis [42]. Breast cancer cell lines
MCF-7, MDA-MB-231, and MDA-MB-H53 have less
viability after being exposed to an anthocyanin-rich extract
(AEBR) from black rice. By cleaving poly ADP ribose
polymorphism (PARD), activating caspase, and causing
mitochondrial damage, it also caused apoptosis. AEBR
suppresses angiogenesis in vivo research showed, hence
reducing tumour growth [42]. A study on the Indian black
rice variety showed black rice flour to be effective against
colon cancer cell lines (HCT 116) indicating its potent
cytotoxic and anticancer potential [43]. The docking study
on campesterol, an important bioactive present in black
rice, is found to exhibit anticancer activity by binding to
mortalin p53 and inhibiting it. The black rice anthocyanins
show an antimetastatic effect when used on human
epidermal growths factor receptor -2-(HER-2) positive
human breast cancer cells by inhibiting CSRC/FAK/P130
Cas pathway [44].

8.4. Anti-inflammatory Activity

The anti-inflammatory mechanism of black rice was
reported by Min et al., Inflammation was studied by
carrageenan induced air pouches model of inflammation. It
consisted of development of air pouches followed by
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carrageenan injection, 7 days of air pouch formation. These
animals were treated with BR (100 mg/kg) C3G (5 and 25
mg/kg) and cyanidin (5 and 25 mg/kg) were given for 3
days once daily, prior to carrageenan injection. Post 24 hrs
of injection these animals were sacrificed, the pouches and
exudates were analysed for anti-inflammatory mediators
and cox2 enzyme. Interestingly, it was found that BR, C3G
and its metabolites inhibited TNF-a, IL-1B, PGE2 as well
as INOS and COX-2. The possible mechanism reported is
regulation of NF-kB and activation of MAPK. Thus, the
study indicated BR and its component exhibit potent
anti-inflammatory effect. In the second model of LPS
induced inflammation, BR, C3G and cyanidin treated
RAW-264.7 cells were exposed to LPS followed by
measurement of pro- inflammatory cytokines (TNF-o and
IL-1P). The results indicated that the BR and its component
inhibited LPS induced expression of inflammatory
mediators [45]. Rahman et al. discussed the in vitro
anti-inflammatory effect of Oryza sativa Var. Joha rice
(EEOS-JR) on human red blood cells (HRBC) indicated
protection of HRBC 51, 59, 64% against hypotonic
solutions by 100, 250, and 500 mg/ml, respectively. These
doses demonstrated 39, 53, 60% anti denaturation of
Bovine serum demonstrated antiarthritic type of effect. It
also demonstrated 75, 80, and 84% inhibition of albumin
denaturation. Thus it can be concluded EES-JR exhibits
potential anti-inflammatory, antiarthritic activity [46].

8.5. Gastroprotective Activity

The black rice bran extract was also highly explored for
its gastroprotective actions. Black rice bran ethanol extract
(BRB) studied for gastric ulceration induced by different
methods in rats. These methods were acidophile ethanol,
indomethacin and restrain water emerging stressed test.
Pre-treatment with 400 and 800 ml/kg of BRB inhibited all
types of ulcers as measured by ulcer index and percentage
inhibition. Moreover, BRB demonstrated reduced MDA
levels. The effects of BRB (800 mg/kg) were comparable
to that of omeprazole (10 mg/kg). The DPPH assay used in
this investigation showed that BRB has a powerful free
radical exchange study. However, the pyloric ligation
procedure had little impact on gastric pH and overall
acidity. The high concentration of phenols, flavonoids, and
anthocyanins is responsible for the gastroprotective action.
The essential ones are a-oryzanol, a-tocopherol, phenolic
acid, gallic acid, B carotene, astaxanthin, and capsanthin
[47].

8.6. Cardioprotective Activity

It is demonstrated that in adult male Wistar rats suffering
from hypercholesterolemia, after administration of a diet
containing 20% black rice showed lipid lowering activity
by reducing LDL, triglycerides while HDL were increased.
Hence, diet with black rice improves dyslipidaemia [48].
Introduction of black rice pigmented fraction (BRF) (30
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gm BRF that contains black rice pigment fraction, 12 gm
starch, 8 gm sucrose). 60 patients with coronary heart
disease (CHD) for 6 months exhibited improved
antioxidant status reduced vascular cell adhesion molecule,
soluble CD-40 ligand and highly sensitive C-Reactive
Protein. They reported phytochemicals such as
anthocyanins are responsible for these favourable effects.
Previously, anthocyanins have been reported to exhibit
antioxidant activity as well as hypolipidemic effects. Thus,
in CHD patients, the black rice pigment fraction can lower
the risk factors for cardiovascular disease [28, 49].
Supplementation of anthocyanin extract from black rice
(AEBR) stabilises platelet, reduces triglycerides in the
blood, and maintains body weight, thus proposing the
importance of a black rice diet in reducing cardiovascular
disease [50]. Again, there are many studies reporting
benefits of black rice and its extracts in reducing
hyperlipidaemia, insulin resistance and obesity. Black rice
anthocyanin fed along with HFD to C57BL16J mice for 14
weeks showed reduced body weight gain, triglycerides,
total cholesterol as compared to HFD group [51]. This
recent study also influenced gut microbiota thereby
correcting obesity and related consequences.

8.7. Antiulcer Activity

Black rice anthocyanins (5, 25 and 50 mg/kg)
significantly reduced the risk of ulcers caused by naproxen
and slowed the oxidation of lipids in the stomach mucosa
by controlling MMP2 activity, anthocyanin treatment thus
exhibits strong antiulcer action as well as strong
antioxidant characteristics [52].

9. Conclusions

Black rice exhibits many health benefits. Considering
the rich vitamin and mineral content, and huge antioxidants
such as tocopherol and anthocyanins. It can emerge as a
super functional food. In recent years, black rice is gaining
popularity and has become a functional food from the
staple diet due to its rich content of bioactive and medicinal
properties. Many in vitro and in vivo studies suggest the
rice itself, its extracts, anthocyanins-rich extract, and some
of its bioactive such as C3G exhibit significant
anti-inflammatory, antioxidant and anticancer potential.
Moreover, the adoption of black rice in the diet can also
take care of metabolic diseases such as obesity,
hyperlipidaemia, high blood glucose, and heart disease.
However, we feel that most of the scientific studies that
have been performed are devoid of pharmacological
investigation. Thus, there is an urgent need to perform
more scientific, preclinical and clinical studies on black
rice.
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