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ABSTRACT

There are many local black rice cultivars in Indonesia, yet only a few of these are formally
described in the literature. It has been reported that black rice has many phytochemical variants
which may contribute to its use as a functional food, including nutraceuticals and secondary
metabolites such as anthocyanin, oryzanol, and more. The purpose of this article was to review
literature describing black rice cultivars from Indonesia, with a particular focus on its potential use
as a functional food. Our literature search revealed several articles that describe black rice in
relation to its nutraceutical properties and its role in reducing non-communicable diseases. Other
studies describe the diversity of local pigmented rice and its potential for lowering the risk of
hyperlipidemia, hyperglycemia, and for cancer prevention. Black rice has been described as a
functional food in several countries; however, there is great diversity among cultivars and further
research on Indonesian varieties will determine whether local variants are candidates as well for
the development of functional foods.

Keywords: black rice cultivar, functional food, non-communicable diseases, nutraceutical,
phytochemical

INTRODUCTION

Black (purple) rice is becoming popular not only for the development of functional foods, but also
due to the genetic variability of cultivars which causes diversity in pigmentation, nutrition value,
and phytochemical properties. Black rice belongs to Oryza sativa L., the same species as white
rice and red rice. In Indonesia, Oryza sativa L. is divided into two subspecies, indica (non-sticky
and long grain) and tropical japonica/javanica (sticky and short grain). However, phenotypic
differences arise from the differential pigmentation of the aleuronic layer and other morphological
characters, leading to black rice varieties within these subspecies. These differences may account
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for its effects on human health. Indonesian folklore ascribes many health-related benefits to black
rice [1, 2, 3]. With regard to black rice, black glutinous/waxy/sticky rice is more popular than non-
sticky and long grain black rice. Most studies suggest that black rice contains a variety of bioactive
compounds, predominately anthocyanin. However, black rice is still less popular than white rice
and red rice as a staple food. There are few publications regarding black rice research in Indonesia,
especially as related to the development of black rice as a functional food. On the other hand, many
studies in the literature describe black rice that originates from Korea, India, Japan, Thailand,
European countries, and the United States of America. This review will evaluate the literature on
Indonesian black rice cultivars and will thereby narrow an existing information gap in black rice
research.

Black Rice Varieties

Varieties around the world

Indonesia was one of the first places to first domesticate and then cultivate rice, with other varieties
arising independently in China and India. There are three varietal groups of rices that were
predominantly cultivated in Asia, including japonica, indica, and javanica [4]. Black rice is a
pigmented rice which is planted across a wide area in Asia, an area which includes India,
Bangladesh, China, Korea, Japan, Thailand, Laos, Vietnam, and Indonesia. However, the history
of black rice domestication remains unclear. In some historical accounts, black rice was also called
“forbidden rice” in texts dating back to China’s imperial age [5].

Black rice pigmentation has a broad spectrum of seed colors that depend on many factors. The
wide geographic distribution of black rice across both lowlands and highlands in Asia has led to
environmental adaptations which lead to diversity among varieties and give each cultivar different
morphological characteristics and phytochemical properties [6, 7, 8, 9]. A recent study reported
that pigmentation in black rice results from the activity of the Kala4 gene, which is necessary for
anthocyanin synthesis. This same study suggested that there were mutations in the promoter of
Kala4 which give rise to the black rice phenotype. This mutation arose in tropical japonica and
then spread to the indica subspecies subsequently [10].

More than 200 types of black rice varieties are found around the world. Most agricultural
black rice is planted in China, followed by Sri Lanka, Indonesia, and India, and these varieties are
identified by accession numbers the germplasm collection of 359, 50, 42, and 30 respectively.
However, some types grow in several countries, including the Philippines, Bangladesh, Korea, and
Japan [11]. Previous studies on colored rice varieties from Thailand, China, and Sri Lanka suggest
that there is a phytochemical spectrum that overlaps between red and black rice which corresponds
to a smooth distribution of color phenotypes that span these groups. Anthocyanin is the dominant
colored compound in black rice. For example, the magnitude of anthocyanin content may
contribute to both the color and the antioxidant activity found in each cultivar [12, 13, 14].
Therefore, variations in type group (varieties), color, anthocyanin, and other metabolites may have
implications in understanding various black rice phenotypes and their potential uses as a functional
food.

Varieties in Indonesia

In Indonesia, there are many kinds of local black rice varieties planted across the country. The
various names of cultivars are region-specific and often refer to the region where the cultivar
originates (Table 1). As of 2015, surveys of black rice varieties in Indonesia revealed that there
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are six varieties from Central Java, five varieties from Yogyakarta, four varieties from Nusa
Tenggara Timur, six varieties from Sulawesi Island, and one variety each from Kalimantan
(Borneo) and West Java. It is possible that many more varieties exist. For example, in Yogyakarta
(Java), black rice is known by more than five names; these names reflect people and/or the
geographic location, village, or the name of the original rice plantation where the strain originated.
The five names for ‘Padi Hitam’ or black rice are Ngadiman, Pakem; Yuniarto, Bantul; Didi,
Pakem; Gunarto, Pakem; and Sangidu, Bantul. However, it is still unknown whether these are the
same or different cultivars [15].

Several Indonesian black rice types have been categorized into different groups based on
morphological characteristics and genetic variability [3]. Furthermore, studies suggest that a single
group may exhibit a high degree of variability with regard to color and total anthocyanin content
that indicate broad genetic variability. There are color variations among black rice cultivars, and
anthocyanin content was discovered to be negatively correlated with darker varieties of black rice
[16]. A recent study reported that thirteen pigmented waxy and non-waxy rice varieties (including
two non-waxy black rice, Ambo Tanduk and Ambo Awok) were planted in three climatic zones
of South Sulawesi. They differ not only in grain dimension, color, and proximate composition, but
also in phenolic and anthocyanin contents [17].

Indonesia has 50 accession numbers for germplasm collections [11]. However, according to
recent reports, Indonesian researchers reported only 24 names of local black rice cultivars [3, 15,
17, 18, 19]. This suggests that black rice cultivars corresponding to these accession numbers need
to be further analyzed for their genotypes. One possible method for doing so is high throughput
SNP genotyping, which has been shown to be a reliable technique for characterizing rice
germplasm in Indonesia [20]. Therefore, an intensive study on genetic variability of Indonesian
black rice would be beneficial for improving selective breeding based on the morphological,
phytochemical, and molecular characterization of rice genotypes.

Black Rice and Health

Antioxidant activity

Many studies suggest that black rice bran has strongly antioxidant activities due to phenolic and
anthocyanin-rich flavonoids [21, 22, 23]. A review [24] which summarized 316 rice-focused
publications demonstrated that phenolic acids, flavonoids, anthocyanins, proanthocyanidins,
tocopherols, tocotrienols, c-oryzanol, and phytic acid are the major antioxidant components in 4
rice types, which may also contribute to differences in color (white, brown, red and black). This
review also suggested that japonica and indica rice varieties differ in the antioxidants they contain,
with japonica having a higher concentration of antioxidants than in indica. Another study [25]
suggested that ferulic acid is a dominant compound in black rice bran which contributes to its
antioxidant activity. This contrasts with another report that indicated [26] ferulic acid is a good
antioxidant in white rice but less in black rice bran extract. However, most studies report that
anthocyanin is the dominant compound in black rice bran, suggesting that cyanidin and peonidin
are additional potential antioxidant compounds for food additive materials [21, 22, 26, 27, 28].
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Table 1. Black rice varieties names from several regions in Java and other islands in Indonesia

No. Name of rice Region Province Island/Island” Ref/web
1 Melik Ganjuran — Bantul Yogyakarta Java 16
2. Jlitheng Sleman Yogyakarta Java 16
3. Cempo Ireng Seyegan — Sleman Yogyakarta Java 16
4 Pari Ireng Padasan - Pakmbinangun  Yogyakarta Java 3

— Sleman

5. Padi Hitam Njayan - Imogiri — Bantul =~ Yogyakarta Java 3
Bantul

6. Padi Hitam Sawangan — Magelang Central Java Java 3
Magelang (Hairy)

7. Padi Hitam Sawangan — Magelang Central Java Java 3
Magelang
(hairless)

8. Wulung Surakarta Central Java Java 3

9 Padi Hitam Wonosobo Central Java Java 3
Wonosobo

10.  Padi Hitam Sragen Central Java Java 3
Sragen

11.  Padi Hitam Banjarnegara Central Java Java 3
Banjarnegara

12.  Beras Hitam Brebes Central Java Java *
Sirampog

13.  Beras hitam Cibeusi-Subang West Java Java 19

cibeusi/ Gadong
14. Laka Manggarai East Nusa Nusa 18
Tenggara Tenggara

15.  Woja Laka Manggarai East Nusa Nusa 18
Tenggara Tenggara

16. Aen Meta Alor East Nusa Nusa 19
Tenggara Tenggara

17. Hare Kwa Alor East Nusa Nusa 19
Tenggara Tenggara

18.  Pae Biyu Kendari Souh East Sulawesi 19

Nggolopua Sulawesi

19.  Pare Durian- Tana Toraja South Sulawesi Sulawesi ok

ujung

20  Pare Puluk Gowa South Sulawesi Sulawesi 19

lontong

21.  Rentepau Tana Toraja South Sulawesi Sulawesi 19
22 Ambo Tanduk Tana Toraja South Sulawesi Sulawesi 17
23 Ambo Awok Tana Toraja South Sulawesi Sulawesi 17

24.  Pulut Hitam Dayak Central Kalimantan 19

Kalimantan

*http://brebesnews.co/2014/03/dinas-pertanian-bidang-agribisnis-luncurkan-jah-saritem-asli-sirampog/#.VJu-

NsDAJO

**http://bp3kbamburuncingparakan.blogspot.com/2010/07/beras-hitamblack-riceberas-ireng.html
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Black rice cultivars are significantly variable in their secondary metabolite composition,
especially anthocyanin [22, 29]. Accordingly, some varieties are better candidates as a source of
antioxidants than others [30]. Anthocyanin compounds in black rice include cyanidin 3-O-
glucoside, peonidin 3-O-glucoside, malvidin 3-O-glucoside, pelargonidin 3-O-glucoside, and
delphinidin 3-O-glucoside [28]. However, the most abundant anthocyanin in black rice bran is
cyanidin-3-O-glucoside (~ 95%) followed by peonidin-3-O-glucoside concentrations of less than
5% [21]. It has also been reported that the phenolic compound abundant in black rice bran extract
were hydroxycinnamic acids (especially, ferulic acid [4-hydroxy-3-methoxy-cinnamic acid). The
concentrations of hydroxycinnamic acids have also been reported to correlate with the antioxidant
activity of black rice bran extract [25].

An Indonesian study about black rice and the activities of its antioxidant compounds [3]
reported that there is significant variation in total anthocyanin contents among 11 black rice
cultivars (mostly from Java). These ranged from 53.22 to 650.37 mg/100g black rice bran. These
anthocyanin concentrations are higher than total anthocyanin from another report, which examined
22 highland pigmented rice cultivars from Southeast Sulawesi. In these cultivars, anthocyanin
ranged from 0.03 to 210.51 mg/100 g rice bran extract (mostly red rice). However, there is no
information on the antioxidant activity. Another study [30] reported about phenolic, flavonoid,
alkaloid, triterpenoid, and saponin compounds in the crude extract of colored and non-colored rice
from Minahasa, North Sulawesi. Their work suggested that crude extract of colored rice bran is
potentially a better natural antioxidant source compared to non-colored rice. Further, this study
reported that anthocyanin and phenolic contents of waxy black rice are higher than non-waxy black
rice (varieties from South Sulawesi) and that the antioxidant activity was positively correlated with
total phenolic and anthocyanin compounds. They suggested that waxy black rice is more potent
than non-waxy black rice in nutraceutical product formulation. In summary, the antioxidant
compounds and antioxidant activity differs among varieties of black rice cultivars. Therefore, it is
important to define which cultivars have the potential to be developed for use as functional foods
in Indonesia.

Antihyperlipidemia and antihyperglycemia

In recent decades, diseases associated with the conditions of hyperlipidemia and hyperglycemia,
including cardiovascular disease and diabetes, have been increasing significantly. Anthocyanin-
rich in plant food may have therapeutic uses in the treatment of cardiovascular diseases by
enhancing cellular cholesterol removal via apolipoproteins [31]. Many studies report that the
incorporation of colored rice into diets could be beneficial due to the anthocyanin and other active
compounds that are components of rice bran extract. The most abundant anthocyanin in black rice
bran extract is cyanidin 3-glucoside, which has hypolipidemia effects via regulating hepatic
lipogenic enzyme activities [32]. Additionally, anthocyanin-rich extract from black rice has been
shown to prevent hyperlipidemia and diabetic syndromes in fructose-fed rats [33].

Besides anthocyanin, colored rice contains lipid components such as triacylglycerol, free fatty
acids, phospholipids, and other less prevalent lipid-based compounds. All kinds of colored rice
have similar lipid constitutions with little variation [34]. For example, previous studies have
suggested that colored rice has antiatherogenic potential in hypercholesterolemic rabbits [35] and
rats [36]. One study [31] reported that black rice pigment is responsible for the inhibition of
atherosclerotic lesions via a reduction in oxidative stress and inflammation. Dietary supplements
containing black rice extract could normalize serum lipid profiles and induce the expression of
genes involved in fatty acid metabolism [37].
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Black rice bran is rich in anthocyanin, a hydrophilic compound, in addition to tocols lipids. A
study reported that anthocyanin extract from black rice is better able to emulsify cholesterol than
tocols. The same study suggested that tocols are better inhibitors of fatty acid oxidation than
anthocyanin [38]. Furthermore, a recent study suggested that black rice extract has the potential to
inhibit adipogenesis by enhancing the expression of WnT3a and B-catecin. These genes are
involved in signaling pathways which are responsible for switching between osteogenic and
adipogenic cell differentiation [39].

A few research groups have carried out studies that seek to determine whether Indonesian
black rice cultivars can be used to prevent diseases associated with hyperlipidemia and
hyperglycemia. For instance, one study [40] suggested that a diet supplemented with a black rice
called ‘Cempo Ireng’, a cultivar from Indonesia, improved the serum lipid profiles within
hyperlipidemia rats better than red or white rice supplementation. A recent study suggested that
the ethanolic extract of Indonesian cultivar black rice bran inhibited a-glucosidase activity and
induced regeneration of pancreatic beta cells, thereby causing an increase of blood insulin level in
alloxan-induced diabetic rats [41].

Cancer prevention

According to the American Cancer Society [42, 43], the definition of cancer is a group of diseases
characterized by uncontrolled growth and spread of abnormal cells. If the spread of these cells is
not controlled, it can result in death. Unfortunately, cancer is highly prevalent in the United States
of America and other countries. For example, studies consistently demonstrate a significant
number of increasing cases of cancer and similar statistics of cancer deaths each year. For example,
some reports estimate that they were 1,660,290 and 1,685,210 of new cancer cases in 2013 and
2016 respectively, with 580,350 and 595,690 of cancer deaths in these same years.

Cancer can be treated with surgery, radiation, chemotherapy, hormone therapy, immune
therapy, and targeted therapy. However, these treatments are painful and can sometimes cause
severe side effects in cancer patients. Moreover, there is evidence that a healthy lifestyle, including
a diet rich with natural products (fruits, vegetables, herbs, and cereals), can help reduce the risk of
cancer [43]. Some of the phytochemicals in these natural products are secondary metabolites,
including flavonoids, phenols, terpenoids, and alkaloids.

Flavonoids and phenols are the major compounds in rice (especially colored rice) bran that
have been suggested to have anti-cancer properties for several types of cancer cells. Many studies
have used in-vitro cancer cell models, including cell lines derived from breast, colon, cervix,
leukemia, liver, and stomach, in order to evaluate the anti-cancer properties of compounds found
in black rice [44, 45, 46, 47, 48, 49]. Some evidence indicates that flavonoids and phenolic
compounds in black rice bran work via different mechanisms. The varieties of compounds in each
black rice cultivars may influence the mechanism of inhibiting cancer cell growth in-vitro.

Cyanidin 3-glucoside and peonidin 3-glucoside from black rice anthocyanin can be combined
with doxorubicin to inhibit cancer cell growth. It has been reported that these anthocyanins could
be used for cancer chemoprevention. This research also suggests that both active anthocyanin
compounds could inhibit the cancer invasion into other tissues. The invasion may occur through
down regulation of the degradative enzymes MMP-2 and MP-9 [50]. Black rice (‘Cempo Ireng’)
bran extract fractions, which contain cyanidin 3-glucoside and peonidin 3-glucoside, have
cytotoxic activities and induce apoptosis of cervical cancer cells [51]. Most of the studies on cancer
prevention by using black rice compounds remain in vitro approach; however, only a few
publications applied in vivo (preclinical) and clinical approaches. Further research will be needed
that investigates the anti-cancer effects of functional foods with human subjects.
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Black Rice for Functional Foods

Functional foods are defined as foods that promote health, not only by reducing the disease risk
and slowing the aging process but also by enhancing the immune response. Functional foods
should be consumed as part of a “normal’ diet without consuming unusual quantities of a given
food; in that way, functional foods differ from supplement tablets or traditional herbal medicine.
This kind of food product could be obtained using procedures acceptable to the food industry to
improve the quality of new products to meet the market demand [52]. Functional foods will need
to be formulated to be healthy, but to also retain good taste and remain aesthetically pleasing to
consumers.

Accordingly, the development of black rice as a functional food depends on producing enough
rice to meet consumer demand. ‘Cempo Ireng’ is a local black rice that has been characterized
genotypically and phenotypically [16]. However, this cultivar is not preferred by farmers due to
the very long harvest period (5-6 months from transplanted seedling to harvest) and low yield.
Thus, we should implement efforts to shorten this flowering period to enhance yield. To overcome
this problem, a preliminary study has been initiated in order to investigate and understand
flowering behaviour [53]. Recent studies suggest that ‘Cempo Ireng’ black rice grown under
neutral day conditions has a flowering pathway conserved with a rice model grown under SD/LD
condition. Preliminary results indicate that the flowering genes Hd3a and RFT1 were expressed
under neutral day conditions in tropical regions [54].

In Indonesia, information about black rice production is very limited. Not much research and
data exists regarding black rice productivity. However, a report from the local entrepreneurship
news website [55] also described how the production of black rice is about 3 tons per hectare and
that the plants were harvested at 120-140 days compared to white rice, which only needs about 90
days of harvesting time to produce 6-7 tons per hectare. Consequently, the production yields for
black rice may need to increase, while the harvesting time will certainly need to be shortened.
Further work will be necessary regarding the period of growth and flowering before black rice can
be developed into a functional food crop that will succeed in the marketplace.

Many publications report that black rice seed components including rice hulls, rice bran, and
rice bran oils could be used for the development of functional foods [56]. Black rice contains
nutrient-rich substances [57] and many kinds of bioactive compounds. These compounds include
seven kinds of anthocyanin-rich in cyanidin-3-O-glucoside and peonidin-3-O-glucoside; 5
flavonol glycosides, especially quercetin-3-O-glucoside and quercetin-3-O-rutinoside; carotenoids
1.e. lutein, zeaxanthin, lycopene, and b-carotene; c-oryzanol mixture with 24-
methylenecycloartenol ferulate, campesterol ferulate, cycloartenol ferulate and b-sitosterol
ferulate [58]. Several studies suggest that black rice components play a role in the prevention of
diseases such as inflammation, infections, diabetes, cardiovascular and cancer. Furthermore, black
rice could be processed for the use of the production of bread, flakes, frankfurters, ice cream,
noodles, pasta, tortillas, and zero-trans-fat shortening, which may make it more attractive for
consumers [56].

In particular, anthocyanin from black rice is an excellent candidate for functional food
development [59]. However, anthocyanin may be difficult to stabilize due to its chemical
properties. Several studies have been initiated to enhance the stability of anthocyanin-glucoside
during the processing of functional foods. For example, the addition of acid compounds to
anthocyanin-rich fractions suggested that carboxylic acids [60] in addition to sinapic, ferulic, and
p-coumaric acids [61] influence the color enhancement and stability of black rice juice during
storage. However, the use of ascorbic acids could reduce anthocyanin stability and the same study
suggests that when ascorbic acid is added during food processing, it would be better to encapsulate
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the ascorbic acids [62]. With other manufacturing processes, extraction by heating may reduce the
total anthocyanin and phenolic contents and antioxidant activity in black rice; however,
pregelatinized treatment enhances the antioxidant properties stability [12]. In Indonesia, research
on functional food development has been initiated by using traditional colored rice cultivars (n790
and Jowo). A study reports that black rice and red rice have a higher concentration of trace minerals
(Fe and Zn), carotenoid, vitamin E, anthocyanin, and phenolic contents than white rice. However,
the boiling process may reduce these physicochemical properties [63]. Research into the
degradation kinetics of anthocyanin during baking has demonstrated that cyanidin-3-glucoside is
less thermally stable than cyanidin 3-rutinoside. Consequently, anthocyanin-rich black rice powder
should be evaluated for development as a functional food [64]. Furthermore, a recent study
reported that anthocyanin-rich black rice powder added to bread could improve the quality of bread
properties and increase its digestibility [65]. Therefore, further research is required to understand
the properties of black rice and its components, in addition to how these characteristics are
maintained during processing, especially with regards to local Indonesian cultivars.

Nonetheless, there are several obstacles to the development of functional foods in Indonesia.
Research in Indonesia is limited, especially compared to the research available in other countries
including China, Korea, India, and Thailand (Table 2). Future efforts will select local cultivars of
black rice based on their potential for nutritional value, health benefits, phytochemical properties,
and appropriateness for large scale agricultural production.

Table 2. Publications related to the development of black rice as functional foods in Indonesia

Topics of Black Rice Studies References
Black Rice Plant Variability of cultivars 15,16,17, 18, 19
Black rice plantation 15,18
Long harvest period 53, 54
Productivity 55
Phenotypic descriptions of black rice 15
cultivars
Genetic and phenotypic correlation 16
Genes involved in flowering 53, 54
Nutrient composition 17, 63
Secondary metabolites 17, 30, 63
Functional and Antioxidant 63
bioactivities studies Antihyperlipidemia 40
Antihyperglicemia 41
Cancer prevention 51
Functional food Whole grain 63
development Rice bran 30
Cookies prototype Our research group
(unpublish report)
Rice crunch/flake prototype Our research group

(unpublish report)
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CONCLUSIONS

In Indonesia, disputes regarding the naming of black rice cultivars need to be resolved. The
diversity of black rice cultivars results partly from their genetic variability, which in turn gives rise
to differences in their phytochemical composition. Consequently, it is important to understand
these varieties and their respective nutritional and health-related benefits in working toward
developing functional foods based on black rice-associated materials and compounds. To date,
there have been several studies on local black rice cultivars focusing on genetics analysis based on
morphological characters, geographic distribution, anthocyanin and antioxidant components, and
other phytochemical analyses. However, only a few studies focus on the nutraceutical value of
black rice. Therefore, significantly more research is required in working toward the development
of black rice as a functional food.
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