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Abstract

Five traditional red and white rice varieties of Sri Lanka namely Kurulu Thuda,
Nilkanda, Heeneti, MaaWee and Suwadal were studied for a range of nutritional and
antioxidant properties (AP). Whole grain flour of the selected varieties were studied for
moisture, crude fat, crude protein, crude ash, available carbohydrates, total dietary fiber
(TDF) and sugar contents using standard analytical techniques (n=3), while oil
extracted from rice bran was studied for the fatty acid profile using gas
chromatographic technique (n=3). Antioxidant properties were studied using ferric
reducing antioxidant power (FRAP) and 2-azino-bis (3-ethylbenzothiazoline-6-sulfonic)
acid (ABTS) radical scavenging activity for the 70% ethanolic extracts of the rice bran
(n=3 each). Results showed significant (P < 0.05) differences for both nutritional and AP
among the varieties tested. However, between red and white rice varieties variation was
significant (P < 0.05) only for the AP. Among the selected varieties, Suwadal had the
highest TDF, Heeneti had the highest crude ash content while Maa Wee had the highest
protein and sugar contents. Both Suwadal and Kurulu Thuda showed the highest fat
content. Oleic acid was the most predominant fatty acid in all rice bran oil types. The
highest oleic and palmitic acids were observed in Kurulu Thuda while MaaWee had the
highest linoleic acid content. For AP, the highest activities for both FRAP and ABTS
radical scavenging activity was observed for the red rice variety Kurulu Thuda while
white rice variety Suwadal had the lowest. In conclusion, nutritional and AP vary
significantly among the varieties and only AP varies significantly between the red and
white rice types.
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1. Introduction

Rice which, belongs to the genus Oryza is
one of the principal cereal grains
cultivated globally. Oryza sativa is the
main cultivating rice species (Dogara &
Jumare, 2014) which comprises of more
than 40,000 varieties of rice (Anonymous,
2011). Large numbers of high yielding
varieties were developed with the
establishment of the International Rice
Research Institute and nearly 70% of the
world’s rice lands are occupied by new
improved varieties (Khush, 1997). The
global rice production is around 738.8
million tonnes (Rice Market Monitor FAO,
2016) and more than 90% of the world’s
rice is produced and consumed in the
Asian region (Dutta et al., 2012), where
rice being the staple food. In such
countries, rice remains as the main source
of dietary energy and protein for
consumers. Rice bran or the outer layer of
the rice grain contains more
monounsaturated fatty acids (MUFAs)
and polyunsaturated fatty acids (PUFAs)
and also a rich source of nutrients
(Gunaratne et al, 2013). MUFAs and
PUFA plays a vital role in maintaining
cholesterol level in the human body and
reduce the risk of heart diseases
(Fernandez & West, 2005; Orsavova et al.,
2015). Furthermore, rice bran especially
the pigmented rice bran is a rich source of
variety of phytochemicals including
naturally occurring antioxidants
(Gunaratne et al.,, 2013).

In Sri Lanka, rice is the dietary staple
(Rajapakse et al., 2000; Gunaratne et al,
2013). The high yielding new improved
rice  varieties developed by the
Department of Agriculture, Sri Lanka are
currently  cultivating island  wide.
However, up to 1950s the rice varieties
cultivated in the country were exclusively
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traditional varieties. It is reported that
there were thousands of traditional rice
varieties which had been in the diet for
centuries (Rajapakse et al, 2000;
Kennedy & Burlingame, 2003). Some of
these varieties were claimed to have
medicinal properties according to the Sri
Lankan ethno medicine and folklore
(Dharmasena, 2010; Abeysekera &
Premakumara, 2016). These health claims
including some nutritional and
antioxidant properties were scientifically
proven in recent studies (Premakumara
et al, 2013; Abeysekera et al, 2015a;
Abeysekera et al., 2015b; Abeysekera &
Premakumara, 2016) and thus such
traditional rice varieties currently have a
good market value (Wickramasinghe &
Noda, 2008; Suriyagoda et al, 2011).
However, there are numerous varieties
yet to be studied. Moreover, fatty acid
profile of traditional rice varieties of Sri
Lanka is poorly documented. This study
evaluated nutritional and antioxidant
properties of selected traditional rice
varieties of Sri Lanka.

2. Material and Methods
2.1 Grain samples

Five whole grain traditional rice (Oryza
sativa) varieties of Sri Lanka namely
Suwadal, Nilkanda, Heeneti, Ma Wee and
Kurulu Thuda obtained from Weera
Gamunu (Pvt) Ltd, Sri Lanka were used.

2.2 Chemicals and reagents

Heat stable a-amylase from Bacillus
licheniformis, pepsin from porcine gastric

mucosa, pancreatin from  porcine
pancreas, Trolox, 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)
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diammonium salt (ABTS), SUPELCO
standard fatty acid methyl ester mix and
2,4,6-tripyridyl-s-triazine (TPTZ) were
purchased from Sigma-Aldrich, USA. All
the other chemicals used for the
preparation of buffers and solvents were
of analytical grade.

2.3 Sample preparation

Whole grains of each of the selected rice
varieties were milled using a milling
machine (Universal mill PE 402,
Bauermeister, Germany) fitted with a 0.25
mm sieve to obtain rice flour. Rice bran
was obtained by polishing whole grains
using a laboratory mill (TM-05C, Satake,
Hiroshima, Japan) and passing through a
60 mesh sieve.

2.4 Nutritional properties of selected Sri
Lankan traditional rice

2.4.1 Proximate composition

Proximate composition of selected rice
varieties was studied for whole grain rice
flour. The moisture, crude ash and crude
fat contents were determined according
to the methods described in Association
of Official Analytical Chemists (AOAC),
2000. Crude protein content was
estimated by the Kjeldhal method
described in the operating manual (UDK
139) of Velp Scientifica which was
adapted from AOAC, 2000. The total
carbohydrate content was determined by
the difference from the analysis of crude
ash, crude fat and crude protein contents.
Total available carbohydrate content was
determined by the difference from the
total carbohydrate from total dietary fiber
(will be discussed in the following
section). Analysis were carried out in
triplicates (n=3) for each rice variety.
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2.4.2 Total dietary fiber

Total dietary fiber content was estimated
by enzymatic gravimetric method
described by Asp et al. (1983). One gram
of rice flour (nearest 0.1 mg) was added
to 25 mL of 0.1 M sodium phosphate
buffer (pH = 6). Then, 100 pL of heat
stable a-amylase was added and
incubated in a boiling water bath for 15
min. The digest was allowed to cool, pH
was adjusted to 1.5 * 0.1 using HCI and
added with 100 mg of pepsin. Then
samples were incubated at 40 °C for 1h
with agitation. After the digestion,
samples were allowed to cool, pH was
adjusted to 6.8 + 0.1 with NaOH and
incubated at 40 °C for 1h with agitation
with the addition of 100 mg of pancreatin.
Finally, pH of the samples was adjusted to
4.5 with 1 M HCI and whole digest was
directly precipitated with 4 volumes of
95% ethanol and filtered through a dry
and weighed crucible (porosity 2)
containing 0.5 g of dry celite as the filter
aid. Residue was washed with 2 x 10 mL
of 78% ethanol, 2 x 10 mL of 95% ethanol
and 2 x 10 mL of acetone. Residue was
dried at 105 °C overnight to a constant
weight and weighed after cooling in a
desiccator. It was incinerated at 550 °C
until a constant weight was obtained.
Nitrogen in the dietary fiber fractions was
determined with the Kjeldahl method and
transferred to protein by multiplication
with 6.25 (indigestible proteins). The
blank was assayed in the same way
without the sample. The indigestible
protein is subtracted from the dietary
fiber values to calculate total dietary fiber
content of the rice samples. The analysis
for each rice variety was carried out in
triplicates (n=3).
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2.4.3 Total sugars

The rice flour was extracted by ethanol:
water extraction method as described by
Ranganna (1986). Five grams of rice flour
from each variety was extracted twice
with 80:20 ethanol: water (v/v) by
refluxing for 30 min (n=3). Combined
ethanol fractions were evaporated under
vacuum in a rotary evaporator. Finally,
the volume of water extractions were
made up to 50 mL (solution A) and used
to determine the total sugar content by
phenol-sulphuric method as described by
Dubois et al. (1956). Briefly, an aliquot of
solution A (2.0 mL) was mixed with 1.0
mL of 5% (w/v) phenol solution and 5 mL
of concentrated sulphuric (95%) acid.
Then, the mixture was incubated for 20
min in a water bath at 30 °C and
absorbance was measured at 490 nm
using UV-Visible spectrophotometer (UV-
1601, Shimadzu, Japan). Anhydrous
glucose purchased from Sigma Aldrich
was used as the standard. The analysis
was carried out in triplicates (n=3) for
each rice variety.

2.4.4 Fatty acid profile

Twenty gram of rice bran was extracted
with petroleum ether (B.p 40-60 °C) by
solvent extraction method. Then, extracts
were evaporated using a steam bath and
dried in an oven (UFE 500, Memmert,
Germany) at 80 °C until constant weight
was obtained. The resulting oil samples
were used in the analysis of fatty acid
profile. Methyl esters of fatty acids were
prepared by esterification method (ISO,
1978) by derivertizing with methanolic
KOH. Derivertized fatty acids were then
filtered through a syringe filter (Nylon 25
mm, 0.45 pum) and analyzed using gas
chromatography (ISO, 1990). A gas
chromatograph  (GC-2010, Shimadzu,
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Japan) equipped with flame ionization
detector (FID) was used for the analysis.
Chromatographic separation of methyl
esters were carried out on a SUPELCO SP-
2330 capillary column (30 m x 0.25 mm,
0.25 pm). Nitrogen was used as the
carrier gas. Injection volume of 1.0 pL
with a split ratio of 15:1 was used.
Injector port temperature was set at
250 °C. A gradient temperature program
with an initial temperature of 80 °C and a
final temperature of 165 °C was used to
achieve the separation of fatty acid
methyl esters. Detector temperature was
set at 260 9C. The SUPELCO standard fatty
acid methyl ester mix was used as the
reference standard. The analysis was
carried out in triplicates (n=3) for each
rice variety.

2.5 Antioxidant properties of selected Sri
Lankan traditional rice

2.5.1 Extraction of rice bran

One gram of rice bran of each of the rice
varieties were extracted with 10 times
the sample weight of 70% ethanol-water
(v/v) overnight at room temperature (28
+ 2 °C).Then, extracts were centrifuged
(825 g, 10 min), evaporated using a rotary
evaporator and freeze dried (Christ-Alpha
1-4 Freeze dryer, Biotech International,
Germany). The freeze dried extracts were
used in evaluation of antioxidant
properties.

2.5.2 Ferric reducing antioxidant power
(FRAP) of rice bran

Experiment was carried out according to
the method of Benzie & Szeto (1999) with
some modifications in 96-well micro-
plates (n=6). The working FRAP reagent
was produced just before the analysis by
mixing 300 mM acetate buffer (pH 3.6),
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10 mM TPTZ solution and 20 mM
FeCl3.6H20 in a ratio of 10:1:1. Then the
mixture was heated to 37 °C. The TPTZ
solution was prepared by making a
solution of 10 mM TPTZ in 40 mM HCL
Reaction volume of 200 pL containing
150 pL working FRAP reagent, 30 uL
acetate buffer and 20 pL of rice bran
extract were incubated at room
temperature for 8 min. The absorbance
readings were measured at 600 nm.
Results were expressed as mmol Trolox
per 100 g dry weight of rice bran.

2.5.3 ABTS* radical scavenging activity of
rice bran

The ABTS* radical scavenging assay was
performed according to the method
described by Re et al. (1999) in 96-well
micro-plates. A stable stock solution of
ABTS radical was produced by reacting
7.8 mM of ABTS in potassium persulfate
at 37 oC for 16 h in dark. Reaction volume
of 200 pL, containing 40 pL of seven times
diluted ABTS stock solution and different
concentrations of rice bran extracts were
incubated at 25 * 2 °C for 10 min and the
absorbance was recorded at 734 nm.
Results were expressed as Trolox
equivalents antioxidant capacity (TEAC)
in mmol of Trolox per 100 g dry weight of
rice bran.

2.6 Statistical analysis

Results were expressed as mean #* SD.
Data of each experiment were statistically
analyzed using SAS version 6.12. One way
analysis of variance (ANOVA) and the
Duncan’s Multiple Range Test (DMRT)
were used to determine the differences
among treatment means.
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3. Results

3.1 Nutritional properties of selected Sri
Lankan traditional rice

The nutritional properties of the selected
Sri Lankan traditional rice varieties are
given in Table 1 and 2 respectively.
Significant differences (P < 0.05) were
observed among the varieties for the
tested nutritional properties (Table 1 and
2). Maa Wee had the highest (P < 0.05)
crude protein (11.16 * 0.37%) and sugar
(5.86 = 0.15%) contents while Heeneti
had the highest (P < 0.05) ash (1.68 *
0.02%) content among the varieties
tested. Highest (P < 0.05) dietary fiber
content was observed for the variety
Suwadal (6.28 = 0.06%) while both
Suwadal (3.28 * 0.04%) and Kurulu
Thuda (3.14 * 0.06%) contained the
highest fat contents. Among the varieties
tested Suwadal had the least available
carbohydrate (80.80 *+ 0.36%) content.
Fatty acid composition of bran oils of
selected rice varieties is given in Table 2.
Kurulu Thuda rice variety exhibited the
highest oleic (49.48 + 0.58%) and
palmitic acid (22.16 + 0.89%) contents
while Maa Wee showed the highest
linoleic acid (31.86 = 0.76%) content. The
most predominant fatty acid in all rice
bran oils was oleic acid (Table 2).

3.2 Antioxidant properties of selected Sri
Lankan traditional rice

The antioxidant properties of brans of
selected Sri Lankan traditional rice
varieties are given in Table 3. Significant
differences (P < 0.05) were observed for
the antioxidant properties among rice
varieties and between red and white rice
tested in this study.
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Table 1. Nutritional properties of whole grains of selected Sri Lankan traditional rice

Nutritional parameter

Rice variety

(% dry basis) Suwadal Heeneti Nilkanda Kurulu Thuda Maa Wee

Moisture 13.84 £ 0.072 13.59 + 0.02b 13.81 £ 0.062 13.65 +0.12ab 13.36 £ 0.04c¢
Crude Protein 8.09 + 0.35b 8.10 + 0.09b 7.80 £ 0.02b 8.44 +0.13b 11.16 £ 0.372
Crude ash 1.55 +0.01Pb 1.68 £ 0.022 1.54 + 0.01b 1.50 + 0.04b 1.55 +0.01b
Crude fat 3.28 £ 0.042 2.89 + 0.04b 2.78 £0.13b 3.14 + 0.062 2.78 £ 0.10b
Total Dietary fibre 6.28 + 0.062 4,96 + 0.08b 5.13 £0.14b 4.88 + 0.06P 2.68+0.17¢
Available carbohydrates 80.80 + 0.36b 82.37 +0.112  82.74 + 0.04a 82.04 + 0.162 82.23 +0.692
Sugar 2.28 £ 0.044 2.70 £ 0.09bc 241 +0.26< 2.92 +0.15b 5.86 £0.152

Results expressed as mean + SD (n=3). Crude fat, crude protein, crude ash, total dietary fiber, available
carbohydrate and sugar contents are expressed as % dry basis. Mean values in a row superscripted by
different letters are significantly different at P < 0.05.

Table 2. Fatty acid profile of bran oils of selected Sri Lankan traditional rice

Fatty acid %
Rice variety Palmitic acid Oleic acid Linoleic acid
(C16:0) (C18:1) (C18:2)
Suwadal 19.67 £ 0.21¢ 46.66 + 0.65b 30.43 + 0.682
Heeneti 20.09 + 0.41¢ 47.64 £ 0.91b 27.86+0.51b
Nilkanda 19.56 + 0.34¢ 46.70 £ 0.24b 27.72 £ 0.37b
Kurulu Thuda 23.50 £ 0.752 49.48 + 0.582 22.16 + 0.89¢
Maa Wee 21.83 +£0.23b 42.76 + 0.75¢ 31.86 £ 0.762

Results expressed as mean * SD (n=3). Mean values in a column superscripted by different
letters are significantly different at P < 0.05.

Table 3. Antioxidant properties of brans of selected Sri Lankan traditional rice

Antioxidant Rice variety
property

Suwadal Heeneti Nilkanda Kurulu Thuda Maa Wee
FRAP 2.47 +0.174 5.89 + 0.63b 5.87 £ 0.08b '6.79 + 0.422 491 +0.75¢
ABTS 0.58 + 0.02¢ 10.62 + 0.28¢ 11.12 £ 0.11P 13.13 +£0.282 9.02 +0.164

Results presented as mean * standard deviation (n=3) on dry weight basis. ABTS radical
scavenging activity: mmol Trolox /100 g bran; Ferric reducing antioxidant power (FRAP): mmol
FeS04/100 g bran. Mean values in a row superscripted by different letters are significantly
different at P < 0.05.
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Mean FRAP and ABTS radical scavenging
activity of rice varieties ranged from 2.47
+ 0.17 - 6.79 £ 0.42 mmol FeS04/100 g
bran and 0.58 + 0.02 - 13.13 * 0.28 mmol
Trolox /100 g bran respectively. Kurulu
Thuda variety exhibited highest activities
for both FRAP and ABTS radical
scavenging antioxidant properties while
Suwadal had the lowest. The order of
potency of brans of selected rice for FRAP
and ABTS were Kurulu Thuda > Heeneti =
Nilkanda > Maa Wee > Suwadal and
Kurulu Thuda > Nilkanda > Heeneti > Maa
Wee > Suwadal respectively.

4. Discussion

Whole grains are rich sources of variety
of nutrients and phytochemicals such as
antioxidants, dietary fibre, vitamins,
minerals and fat (Slavin, 2003; Jones,
2006; Dykes & Rooney, 2007; Okarter &
Liu, 2010). Most of these nutrients and
phytochemicals are present in the outer
layers of the grain and thus grain refining
process leads to significant loss of these
components (Slavin, 2003).
Epidemiological studies have clearly
shown that regular consumption of whole
grains rather than the refined grains has
variety of health benefits. They are
important in prevention and dietary
management of variety of chronic
diseases such as cancer, diabetes,
cardiovascular diseases, inflammatory
diseases and obesity (Slavin, 2003; Jones,
2006; Dykes & Rooney, 2007; Okarter &
Liu, 2010). Rice is the dietary staple of
half of the world's population including
Sri Lanka (Juliano, 1985; Juliano, 2003).
In this study whole grains of selected Sri
Lankan traditional rice varieties were
studied for a range of nutritional
properties. Further, rice bran the outer
layer of the rice grain was evaluated for
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antioxidant properties and bran oil was
studied for the fatty acid profile.

As nutritional properties moisture, crude
protein, crude ash, crude fat, total dietary
fibre, available carbohydrates and sugar
contents were studied. Moisture content
of the rice grain has an important
influence on the rice grain quality
parameters such as keeping quality,
milling quality and cooking and
processing qualities of rice (Juliano,
2003). The grains can be stored only 2-3
weeks if moisture content is high (14-
18%) as it leads to growth of molds, rapid
loss of viability and a reduction in eating
quality (Juliano, 1985; Juliano, 2003). The
moisture content of selected Sri Lankan
traditional rice varieties were within
range of moisture content required for
safe storage of rice.

The protein content of rice grain is an
important grain quality parameter
(Juliano, 1985; Juliano, 2003). Protein
contents of rice varieties in different
regions of the world varied from 4.5 -
15.9% in Asia (1626 rice varieties), 5.7 -
11.4% in Australia (24 rice varieties), 4.5
- 14.8% in North America (190 rice
varieties), 5.7 - 14.8% in South America
(301 rice varieties), 5.7 - 14.8% in Europe
(233 rice varieties) and 5.7 - 12.5% in
Africa (300 rice varieties) (Kennedy &
Burlingame, 2003). Among the rice
varieties tested in this study Ma Wee had
high protein content. In Sri Lanka, rice is
reported to provide nearly 40% of the
recommended daily protein requirement
(Sri Lanka grain and feed annual, 2006).
Thus, consumption of especially whole
grains of Ma Wee may be important for
obtaining  significant = amount  of
recommended daily allowance of dietary
protein for healthy individuals.

Sri Lankan Journal of Biology

31



Percentage ash is an indication of the
mineral content of the rice grain. It is
reported that ash content of the rice
varies depending on the variety. Juliano
(2003) showed that crude ash content of
rice is in the range of 1.0 - 1.5% at 14%
moisture content (dry weight basis it is in
the range of 1.16 - 1.74%). Heinemann et
al. (2005) reported that ash content of
selected brown rice varieties of Brazil is
in the range of 1.15 - 1.29%. Sompong et
al. (2011) observed that ash content of
the studied rice were in the range of 0.82
+ 0.14 - 1.74 £ 0.02%. The selected rice
varieties in the present study had the ash
content in the range of 1.50 £ 0.04 - 1.68
0.02% and thus findings are in agreement
with the previous research findings.

Whole grain rice and especially rice bran
is rich in fat. It is reported that rice
contributes 3% to the dietary fat in
developing countries (Anonymous, 2002).
Present study showed that fat content of
the selected rice varieties in the range of
2.78 £ 0.13 - 3.28 + 0.04%. Heinemann et
al. (2005) showed that fat content of
selected brown rice varieties was in the
range of 2.37 - 3.02%. Juliano (1985) has
reported a little lower fat content for the
brown rice than the findings of
Heinemann et al. (2005) (1.6 - 2.8% at
14% moisture content and 1.86 - 3.25 dry
weight basis %). Sompong et al. (2011)
showed that fat content of selected rice
varieties were in the range of 1.15 * 0.03 -
3.72 £ 0.06%. Thus findings of the present
study are in agreement with the findings
of the previous work. Fatty acid
composition of rice bran has been studied
by many researches worldwide and has
shown that rice bran contains more mono
and poly unsaturated fatty acids rather
than the saturated fatty acids (Juliano,
1985; Juliano, 2003; Verma and Srivastav,
2017). In the present study we also
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observed that bran oils of Sri Lankan
traditional rice had more oleic (2.2 fold)
and linoleic (1.7 fold): unsaturated fatty
acids compared to palmiticc a main
saturated fatty acid in the rice bran.

Dietary fibers are non digestible
polysaccharides and are associated with
variety of health benefits. The dietary
fiber content of whole grains of rice was
reported to be in the range of 2.52 + 0.24
- 451 * 1.60% (Sompong et al, 2011).
Present study showed that Suwandal and
Nilkanda varieties had high dietary fiber
content indicating that consumption of
whole grains of these rice varieties are
important in obtaining significant amount
of dietary fibers. Carbohydrate is the
major component of the rice grain and it
is important in obtaining significant
amount of dietary energy. In Sri Lanka
rice is reported to provide about 45% of
the total calorie requirement for a
person/day (Sri Lanka grain and feed
annual, 2006). In this study the total
available carbohydrate content of the
tested varieties were in the range of 80.80
+ 0.36 - 82.74 * 0.04% and this is in
agreement with the findings of Verma and
Srivastav (2017). Thus, consumption of
these varieties is important as the major
source of dietary energy for Sri Lankans.

Antioxidants are compounds which can
neutralize the harmful effects of free
radicals thus the dietary intake of
antioxidants especially naturally derived
plant based antioxidants are encouraged.
Pigmented rice bran is a good source of
naturally occurring antioxidants
(Laokuldilok et al., 2011; Sompong et al.,
2011; Gunaratne et al, 2013;
Premakumara et al, 2013). Studies
conducted on antioxidant properties of
traditional rice varieties of Sri Lanka has
shown that red rice had significantly high
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antioxidant properties compared white
rice (Gunaratne et al, 2013;
Premakumara et al, 2013). This study
also showed that brans of selected red
rice  had much greater antioxidant
properties compared to bran of white rice
variety Suwandal. Especially consumption
of Kurulu Thuda with the bran is
important in obtaining rice bran based
natural antioxidants and therefore
possibly important in dietary
management of  oxidative  stress
associated chronic diseases. However,
further studies are required to support
this statement. Considering all, both red
and white selected traditional rice
varieties of Sri Lanka had better
nutritional properties. However, in terms
of antioxidant properties red rice are far
superior to the white rice.

5. Conclusion

It is concluded that nutritional and
antioxidant properties vary significantly
among the varieties and only antioxidant
properties vary significantly between red
and white rices. Among the rice varieties
tested Kurulu Thuda had the highest
antioxidant properties while for the
nutritional properties highest activities
for different parameters tested showed
variation among the rice varieties
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