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ABSTRACT

Rice is the major staple food of almost half of the world’s population. It has significant nutrition
and health implications. Being a major energy contributor to the body of rice consuming
population, there is a huge increasing concern on rice worldwide. Sri Lankan traditional rice
varieties have scientifically proven high nutritional values, low glycemic indices with
antidiabetic effect, anticancer potency against human lung cancer cells, antiglycation and
antiamylase effects. This review gathers studies mainly on health benefits and bioactivities of Sri
Lankan traditional rice varieties and provides a critical overview of the current states of the
consumption and benefits of rice
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1. INTRODUCTION

Rice is the highest priority cereal crop and the main staple food in Asia among the world. It is the
second largest quantity staple international traded cereal after wheat. More than 5000 varieties
of rice available in all over the world (Bhattacharjee et al., 2002). Approximately 95% of rice
production is done in Asia. According to FAOSTAT (2016), in 2016 China was the major rice
producer with 211 Mio tonnes while Sri Lanka with 4.1 Mio tonnes. Even though white rice is
the most popular rice type among consumers, there are many types of rice cultivars known as
black rice, red rice and brown rice according to their color pigments. Their names were given
referring to the kernel color such as black, red, brown or purple which is formed by anthocyanin
depositions in pericarp, seed coat and aleurone layers (Chaudhary, 2003).Chaudhary
(2003)reported that China (62%) is the richest country in black rice resources of followed by Sri
Lanka (8.6%), Indonesia (7.2%), India (5.1%) and rest in Philippines, Bangladesh, Malaysia,
Thailand and Myanmar. Most of Indian and Pakistan indigenous rice varieties show various
health benefits and bioactivities. Morphological, physicochemical and cooking properties of
Indian rice cultivars of four non-basmati(namely Jaya, P-44, HKR-120, Sharbati) and two
basmati(namely HBC-19 and Bas-370)have been studied.(Yadav et al., 2007)23 varieties of
Indian milled ricehave been evaluated for physicochemical, cooking and textural properties.
(Singh et al., 2005)The antioxidant activity of five Pakistan indigenous rice bran varieties have
been evaluated and antioxidant power was correlated with growth period and irrigation water
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demand by a particular variety (rice bran-Super kernel) which shown the highest antioxidant
activity among all. (Igbal et al., 2005) Studies have shown that the Indian brown rice is
nutritionally superior to fully polished rice varieties.(Shobana et al., 2011)Because of the high
nutritional and medicinal values, Sri Lankan traditional rice varieties are also becoming
popularized. Traditional rice had been used to cure various disease conditions in traditional
medical practices in Sri Lanka (Buddhadasa, 1960, Weralupitiya, 1994, Seelarathana, 1927)

2. REVIEW
2.1 Composition of rice grain

Rice grain with its bran contains significant quantities of all the major nutrients, including
predominant macronutrient, carbohydrate (32.1 g/100 g grain), protein (2.6 g/100 g grain), fat
(1.1 g/100 g grain), and fiber (0.8 g/100 g grain) (Schenker, 2012). The energy content of white
rice is slightly less than the brown rice due to the removal of bran which is consisting
lipid(Champagne et al., 2004). Numerous studies have attempted to explain that white rice which
is produced from polishing of brown rice has lower fat, protein, fiber, ash, vitamins and
polyphenols(Shobana et al., 2011, Champagne et al., 2004). Health benefits of rice can be
emphasized in terms of their activities of phytochemicals such as phenolic compounds. Several
studies have been carried out on pigmented rice varieties and have shown that aleurone layer
consists of higher amounts of phenolic compounds and possess strong antioxidant activities(Nam
et al., 2006, Finocchiaro et al., 2010). The major flavonoids in rice extracts were identified as
anthocyanins and procyanidins for black and red rice, respectively (Ichikawa et al., 2001)while
the other phytochemicals are vy-oryzanols, vitamin E homologues, phenolic acids, etc.
(Zawistowski et al., 2009, Chung and Shin, 2007, Yawadio et al., 2007). Phytochemicals present
in rice grain are powerful antioxidants and responsible to reduce atherosclerotic plague
formation(Ling et al., 2001), inhibit aldose reductase activity(Yawadio et al., 2007), decrease
hyperlipidemia (Guo et al., 2007)and suppress cancer cell proliferation (Nam et al., 2005).
Furthermore, investigations have shown higher cytotoxic potential of black rice against HL-60
cells. (Vichit and Saewan, 2015)

2.2 Importance of Sri Lankan traditional rice varieties

The rice varieties passed down from former generations are known as ‘traditional’, ‘indigenous’
or ’inheritance’ rice varieties of Sri Lanka (Rambukwella and Priyankara, 2016). Sri Lanka is a
rich treasurable land of traditional rice cultivation and historically, rice has a major part of diet
and culture. According to the reports, in ancient times, about 2000 conserved different traditional
rice varieties known to have existed in Sri Lanka (Priyangani et al., 2008). After 1950,demand
for the many of the traditional ricevarieties were reduced due to the introducing of new improved
rice varieties to the Sri Lankan rice market. Despite the fact that these improved varietieswere
short in terms of age, high yielding, and fertilizer dependentis causing negative impact to the
environment(Steve Wiggins et al., 2010). Almost all the STRV were organically farmed, which
relies on techniques such as crop rotation, green manure, compost, biological pest control,
spiritual practices and depends on ancient irrigation systems and for a sustained water supply. In
addition, the specialties of traditional ricecan be highlighted asresistant to extreme climatic
conditions, soil conditions, diseases and pests (Ranawake et al., 2013). A recent literature on
submerge tolerance shows that some traditional ricevarieties have more than 70% survival rates
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at 14 day stress period (Murunga Wee :84.3%, Lumbini :88.5%, Jamis wee :88.1% and Wanni
Heenati :70.9%). In this study, out of 20 rice cultivars Muthumanikam (100%) Jamis Wee
(73.0%), Rajes (93.7%), Madael Kalutara (71.4%), Lumbini (80.7%), and Murunga Wee
(96.1%) recorded more than 70% survival rates at 9 day stress period (Hewage et al., 2013). In
another major study, Ranawake (2010)found thatRandhunipagal, Valihandira, Matholuwa,
Kahata wee, Mas Samba and Surumaniyan are tolerant to complete submergence for 7 days
(Ranawake et al., 2010).Over the past decade, the world has seen the benefits of consuming
organic foods and the disadvantages of using chemical fertilizerand pesticides. Thereafter in
recent years, interest ontraditional rice varieties has beenincreased as they are not depending on
chemical fertilizers. Surveys such as Rambukwella and Priyankara (2016)showed that, there is a
good trend in consuming traditional rice varieties mostly the consumers suffering from non-
communicable diseases. According to the findings, about 71% of the consumers had started to
consume traditional rice varieties in less than a year. Among these consumers, 79% reported that
they used that rice varieties as a solution for diabetes and 21% reported that they used traditional
rice for other diseases. The most popular varieties were Suwandel (49%), Kuruluthuda (29%),
Pachchaperumal (27%) and Kahawanu (18%) among the sample farmers and consumers. On the
other hand, about 72% of the total sample had not used agro chemical and weedicide
(Rambukwella and Priyankara, 2016). Re-establishment and development of traditional rice
varieties selected by mass selection method have been reported in different countries (Gravois
and McNew, 1993, Almekinders and Elings, 2001, Gyawali et al., 2007).

2.3 Health benefits and bioactivities of Sri Lankan traditional rice varieties

A considerable amount of literature has been published on health benefits of Sri Lankan
traditional rice varieties. This section focuses on the nutritional values, health benefits and
bioactivities of Sri Lankan traditional rice varieties. Kariyawasam et al. (2016b) analyzed the
data for six traditional rice varieties; Kalu heenati, Pokkali, Gurusinghe wee, Kahawanu, Sudu
murunga, Unakola sambaand concluded thatSri Lankan traditional rice varieties possess high
nutritional values than those values reported for the improved rice. The results revealed that the
highest values for protein content, crude fiber and crude fat content reported for Kalu
Heenati(9.7+0.3%), Sudu Murunga  (1.14£0.04%), Unakola  Samba(2.3+0.0%)
respectively(Kariyawasam et al., 2016b). Likewise a number of researchers have reported on
proximate compositions of traditional and improved rice varieties in Sri Lanka as well as
Thailand and China. Chemical properties and bioactivities of evaluated rice varieties are differ
from country to country(Sompong et al., 2011, Perera et al., 2014).

More recent attention has focused on mineral contents of parboiled and un-parboiled traditional
rice varieties (Kariyawasam et al., 2016a). The results proved the two aspects related to paddy
processing: effect of par-boiling on mineral content depends on the rice variety regardless of
color of the pericarp andappreciably high iron and zinc contents present in traditional rice
compared to that of improved varieties in Sri Lanka. Thus the authors suggest that the both
parboiled and un-parboiled Pokkali (iron content: 29.5 mg/100 g) can be considered as a suitable
dietary supplement for iron deficiency for pregnant mothers. (Kariyawasam et al., 2016a).
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Some authors have mainly been interested in questions concerning contaminations of toxic heavy
metals in rice (Kariyawasam et al., 2016b) because recently there are some findings show that
Sri Lanka rice varieties are contaminated with some toxic heavy metals such as As and
Cd(Bandara et al., 2008, Jayasumana et al., 2015). By addressing to above claims, Kariyawasam
et al. (2016a) and (Kariyawasam et al., 2016b) reported that traditional rice varieties (study
sample of six varieties) do not cause any toxic effects due to As, Cd, Cu and Pb.

Much of the current literature pays particular attention to physicochemical properties of rice.
Frequent consumption of high Gl and high glycemic load (GL) meals is connected with
development of diabetes. Recent meta-analysis study demonstrates that high consumption of rice
causes the diabetes and this study showed that consumption of white rice relates to the type 2
diabetes mainly among Asian population (Hu et al., 2012).Among nine red and three black rice
varieties from Thailand, China and Sri Lanka, the highest amylose contents(40%) represented the
three Sri Lankan rice varieties and one Thailand rice variety (SRI1, SRI2, SRI3 and LP)
(Sompong et al.,, 2011). Nevertheless low amylose rice (0-2%, waxy) tend to rapid starch
hydrolysis than high amylose cultivars (>25%) (Hu et al., 2004, Frei et al., 2003), which
contributes to its higher impact on glycaemia (Goddard et al., 1984).The literature suggests that
the importance of having high amylose value of rice is corresponds to the lower glycemic index
(Gl)values and it resulted in attenuated insulin responses(Goddard et al., 1984, Juliano and
Goddard, 1986).Studies conducted on Sri Lankan traditional and improved rice varieties showed
that mediam to high amylose content (57-73). In this study, Wedaheenati rice exhibited the
lowest GI (57) while the highest in improved Bg 406 variety (73) (Pathiraje et al., 2010). Several
studies thus far have linked GI with not only rice, but the rice products also. Widanagamage et
al. (2009) found that rice flour roti which is made from AT353 rice variety has high Gl (103)
value. Parboiled rice with Amaranthus leaf curry was classified as low Gl (47) meal (Pirasath et
al., 2010) whereas plain form of white rice have a relatively higher GI (50-92) (Ranawana et al.,
2009). When consuming legumes and rice together, it causes the lowering of GI (Hettiaratchi et
al., 2009). However, in contrast to above findings Hettiarachchi et al. (2014) emphasized that
parboiled varieties of red rice as well as Bg 350 improved variety have the low Gl values (56-73)
compared to some of the un-parboiled red rice and white rice. As reported there, authors
highlighted that red parboiled varieties of rice and Bg 350 can be recommended for patients with
diabetes (Hettiarachchi et al., 2014).

Research conducted in last two decades has shown that rice bran contains a unique complex of
naturally occurring antioxidant compounds (MOLDENHAUER et al., 1998). One such study
presented thus far provide evidence that brans of Sri Lankan traditional red rice namely Masuran,
Dik Wee, Goda Heeneti and Sudu Heeneti possess marked antioxidant properties and
consumption may play an vital role in prevention of oxidative stress associated chronic
diseases(Abeysekera et al., 2011).

Remarkable antioxidant capacity of eight traditional Sri Lankan red grained rice varieties has
been evaluated (Gunaratne et al., 2013). Results have shown that all the tested traditional rice
varieties have over sevenfold higher both total antioxidant capacity and phenolic content than
three light brown-grained new-improved rice varieties.Major compounds of proanthocyanidins,
phenolic acids and oryzanols (ferulic acid derivatives) have been identified as key contributing
factors for the apparently high amount of antioxidant capacity. Further, Proanthocyanidins were
detected only in the traditional red varieties, hence authors conclude that traditional rice is
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effective in fighting kidney and liver diseases, heart diseases, diabetes, cancer etc (Gunaratne et
al., 2013).According to the study conducted using rice varieties from Thailand, china and Sri
Lanka, Cyanidin 3-glucoside and peonoidin 3-glucoside were confirmed as the dominant
anthocyanins which corresponds to the high antioxidant properties(Sompong et al., 2011).
Among the bioactivity studies, Premakumara et al. (2013)was apparently the first to prove the in
vitro glycation reversing and presence of anti-glycation activity of Sri Lankan rice bran of 23
traditional and 12 improved (both red and white) rice varieties. Moreover, in this study,
significantly high antiamylase and anti-glycation activities were observed for bran extracts of
traditional red rice varieties, Masuran, Sudu Heeneti, Dik Wee and Goda Heeneti, compared to
improved red rice varieties. findings of this study indicate the potential of using brans of Sri
Lankan traditional rice varieties as potential pharmaceuticals for diabetes and related
complications(Premakumara et al., 2013).

Godakumbura et al. (2016) points out the antibacterial activity of selected Sri Lankan traditional
rice varieties (parboiled and un-parboiled). Rathdal, Kalu Heenati, Pokkali and Kahawanu
exhibited a potent antibacterial activity against Staphylococcus aureus with minimum
bactericidal concentrations (MBC) of 200 pg/mL. Kalu Heenati, Pokkali and Rathdal showed an
efficacious inhibitory effect against Methicillin resistant Staphylococcus aureus (MRSA) (MBC,;
200 pg/mL). However, after subjected to parboiling, loss of antibacterial activity was detected in
rice. Finally authors conclude, Sri Lankan traditional rice varieties with red pericarp possess high
antibacterial activity against Gram positive bacteria (Godakumbura et al., 2016).

One of the most important investigation illustrated the potential anti- cancer activity of rice bran
of four Sri Lankan traditional varieties (Goda Heeneti, Sudu Heeneti, Dik Wee and Sudu
Heeneti) (Abeysekera et al., 2015). The results revealed that mentioned rice varieties have
growth inhibition and cytotoxicity against human lung cancer (NCI-H460) and cervical cancer
(HeLa) cell lines and GST inhibitory activity in vitro. From the point of view of growth
inhibition and cytotoxicity, it is becoming apparent that some of the Sri Lankan traditional rice
varieties possess promising ability for management of cancer(Abeysekera et al., 2015).

A recent study showed that risk of developing diabetes can be significantly reduced by
consuming brown rice instead of white rice(Sun et al., 2010). Red and brown rice possess
numerous nutritional advantages over common rice, for instance a higher content of protein,
vitamins and minerals, although there are genetic variations and geographic
variations(NAKAGAHRA et al., 1975).And also anthocyanin pigments in rice have been
reported to be highly effective in reducing cholesterol levels in the human body(Lee et al., 2008).
One top of that inhibitory effects of pigmented rice bran on allergic reactions were also identified
(Choi et al., 2007).

3. CONCLUSION

The studies reviewed in this articleappeared to focus on importance of Sri Lankan traditional rice
varieties. Nevertheless, most of the studies revealed that Sri Lankan traditional rice varieties
exhibit great health benefits and bio activities in contrast to the improved varieties. Thus,
intervention studies suggest that traditional rice may be the best substituent to improved rice to
maintain low Gl and cholesterol levels, reduce the risk of heart diseases and cancer cell
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proliferationetc. But nutritional values of most of the unpopular traditional rice varieties are still
scientifically not proven. A few rice varieties of traditional cultivars have scientifically proven
antidiabetic, cytotoxic, antiglycation, antiamylase effects. Therefore further studies on these
valuable traditional rice varieties and uncovering the health benefits and bio activities of these
rice varieties have become important.
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