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Abstract
Knowledge on nutritional value and digestibility of rice varieties can assist consumers to 
select the right variety according to their dietary requirement. Twenty popular traditional 
and improved rice varieties were evaluated with the objective of generating information 
on their nutrient composition, in-vitro starch digestibility and physicochemical properties. 
The highest values for crude protein, total ash, crude fat total dietary fiber contents (% 
w/w) were observed in At 373 (11.04± 0.01), Kalu Heenati (1.25±0.01), Kalu Heenati 
(2.13±0.03) and At 311 (3.93± 0.02), respectively. The lowest digestion rate, total and 
available carbohydrates contents (% w/w, TCHO and ACHO) were observed in Bg 94-1 
(56.86±1.88) and At 373 (TCHO=72.88±0.09; ACHO=69.80±0.24), respectively. New and 
old improved varieties were predominantly grouped in high amylose category while 
traditional cultivars in intermediate amylose category.  An intermediate gelatinization 
temperature was prominent among evaluated varieties. Pigmented rice showed higher 
contents of total ash, fat, total dietary fiber when compared to non–pigmented rice but no 
difference in analysed nutrient composition was found between evaluated improved and 
traditional varieties.
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Introduction
Rice (Oryza sativa L.) is the staple food and 
the single most important crop in Sri Lanka 
in terms of area cultivated, production, 
number of farming families engaged and 
political sensitivity (Wickramasinghe 
and Noda, 2008). Vast genetic diversity 
of rice can be found in Sri Lanka with 
traditional, old and new improved varieties 
of pigmented and non–pigmented rice. 
Almost 99% of the rice land is cultivated 
with new–improved rice varieties and 
1% is occupied by old improved varieties 
and traditional cultivars (AgStat, 2018). 
However, traditional cultivars have an 
increasing demand owing to their nutritive 
and medicinal value recognized from the 
ancient time (Wickramasinghe and Noda, 
2008; Abeysekera et al., 2017b). Even 
though non–pigmented rice is popularly 
consumed in the world, pigmented rice is 
also demanded in some Asian countries 
including Sri Lanka (Somaratne et al., 2017). 
Pigmented rice have become more popular 
and accounts roughly 30–40% of the total 
rice consumption in Sri Lanka. Pigmented 
rice showed potential health benefits due 
to their high dietary fiber content, which 
could reduce the risk of type 2–diabetes by 
controlling blood glucose level (Babu et al., 
2009).

Starch is the major component of cereals and 
starch digestibility of a food is an important 
factor, specially for the people with diabetic 
concerns. In-vitro starch hydrolysis method 
has been suggested for predicting in-vivo 
glycemic response or Glycemic Index (GI) 
of a food (Englyst et al.,1999; Frei et al., 
2003; Gunaratne et al., 2020). Limited 

facts are avaialble on starch digestibility 
and glycemic responses of Sri Lankan rice. 
Hence, identification of varieties with low 
digestion rates is beneficial to individuals 
with impaired glucose tolerance (Englyst 
et al., 1999; Wolever and Mchling, 2002).
Rice is the main source of carbohydrates, 
besides it provides 20% protein, 3% fat 
and a considerable portion of dietary 
minerals and fiber requirement of a person 
in developing countries (Kennedy and 
Burlingame, 2003). Rice protein comprises 
of a good balance of amino acids and has 
the highest digestibility over other cereal 
proteins (Liyanaarachchi et al., 2021).
Consumption of rice fat is beneficial due 
to its antioxidant components such as 
tocopherols, tocotrinols and orizanolas 
well as the presence of unsaturated fatty 
acids such as oleic and linoleic acid (Xu 
et al., 2001; Samaranayake et al., 2017). 
Consuming rice as a source of dietary 
fiber can reduce the risk of coronary heart 
diseases, diabetes, obesity, and cancer 
(Ahmed et al., 2000; Young and Woodside, 
2001).

Milled or polished rice is popularly 
consumed even though brown rice with its 
bran layer considered to be more nutritious. 
Rice may be milled up to 8–10% wt/wt to 
reach optimum whiteness despite the fact 
that low amounts of nutrients; protein, fiber, 
oil, minerals, vitamins, and phytochemicals 
are retained (Somaratne et al., 2017). Lack 
of scientific data on nutrient composition, 
digestibility of Sri Lankan rice has failed 
to provide a proper guidance to select 
rice varieties for individuals with different 
health concerns. Some previous studies 
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have reported nutritional properties of 
unpolished rice regardless the fact that 
polished rice is the most demanded type 
by a regular consumer. Physicochemical 
properties such as amylose content 
and gelatinization temperature are 
also considered as important quality 
parameters, which determine cooking and 
eating quality. With the above concern, the 
present investigation was commenced with 
the objective of identifying the nutrient 
composition and starch digestibility of 
milled rice of the selected popular new 
and old improved varieties and traditional 
cultivars along with assessment of their 
physico chemical properties.

Materials and Methods
Twenty selected rice varieties including 
six traditional cultivars (Pigmented: 
Madathawalu, Kalu Heenati, Murungakayan, 
Pokkali, Sudu Heenati and non–pigmented: 
Suwandel), one old improved variety (H4: 
pigmented) and thirteen new improved 
varieties (Pigmented:Bw 272–6B, At 362, 
At 311 and non–pigmented:Bg 358, Bg 
360, Bw 367, Bg 352, Bg 359, Bg 300, 
Bg 94–1, At 373, Bg 379–2, Bg 366)
were cultivated at the field of the Rice 
Research and Development Institute, 
Batalagoda, Sri Lanka under recommended 
management practices. Harvested grains 
at physiological maturity were shade 
dried.  The grains stored for six weeks 
were dehulled (laboratory huller: THU 358, 
Satake, Hiroshima, Japan) and polished 
upto 7% weight reduction (polishing 
machine: THO 50, Satake, Hiroshima, 
Japan). Moisture content, total ash, crude 
protein, crude fat and total carbohydrate 

contents were determined according to 
the methods described by Association of 
Official Analytical Chemists (2000). Total 
dietary fiber content was determined 
according to the method described by 
Abeysekera et al. (2017a). Total available 
carbohydrate content was determined 
subtracting total dietary fiber content from 
total carbohydrate content. In vitro starch 
digestibility rate was determined according 
to the method described by Panlasigui et al. 
(1991). Digestion and dialysis were carried 
out for the reference sample; white bread.
Portion (1 ml) of each dialysate samples 
were taken hourly within 3 hours and 
analyzed for sugars using dinitrosalicylic 
acid. 

Amylose content (AC) was estimated by 
the simplified spectrophotometric method 
(Juliano, 1971) and varieties were classified 
as high AC (25–33%), intermediate AC (20–
25%) and low AC (12–20%). Gelatinization 
Temperature (GT) was determined by 
alkali digestibility test and according to 
the alkali spreading value (Cruz & Khush, 
2000) and classified as high GT (74.5–80 
°C), intermediate GT (70–74 °C) and low 
GT (<70 °C). Data on each parameter were 
statistically analyzed using SAS version 
6.12. One-way analysis of variance (ANOVA) 
was performed with all tested parameters. 
Duncan’s new Multiple–Range Test (DMRT) 
was used for mean comparisons at P < 0.05.

Results and Discussion
Chemical composition

The variation of moisture and crude protein 
contents of evaluated varieties were 
illustrated in Figure 1. 
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Moisture content varied from 12.61 ±0.21 
g/100g (in Bw 367) to 13.61±0.21g/100g 
(in Kalu Heenati). The highest crude 
protein content (CPC) was reported in 
At 373; an aromatic improved variety 
commonly known as “Suwanda samba” 
(11.04 ±0.01g/100g) and Bw 272–6B 
(10.84 ±0.20 g/100g). The lowest CPC was 
observed in Bw 367 (6.64 ±0.11g/100g), 
which is known to be a high yielding 
improved variety with a good appearance 
quality. Previous studies have reported that 
approximately 9 g/100g of CPC in market 
samples of Sri Lankan rice (Sompong et al., 
2011). Gunaratne et al. (2013) reported 
that CPC of brown rice flour ranges from 
6.15 to 10.1 g/100g in 11 selected rice 
varieties. Although CPC is mainly influenced 
by genetic variability it may be affected by 
agronomic practices, climatic conditions, 
fertilizer application and cultivation season 
(Rajapakse et al., 2011; Liyanaarachchi 
et al., 2021). In general, milling results in 
a reduction in protein content therefore, 

higher degree of polishing results in lower 
CPC (Sandhu et al., 2018). Even after 70% 
polishing, new improved varieties, At 373, 
Bw 272–6B, Bg 360, Bg 94–1 and Bg 358 
showed significantly high (P<0.05) CPC 
values (11.04 ± 0.00, 10.84 ± 0.20, 10.37 ± 
0.30, 10.37 ± 0.10 and 9.90 ± 0.10 g/100g, 
respectively) among evaluated 20 varieties.

Figure 2 represents the total ash content 
(TAC), which indicates the macro and micro 
mineral contents of rice, crude fatcontent 
(FC) and total dietary fibercontent (TDF). 
The highest TAC was reported in Kalu 
Heenati (1.25 ±0.01g/100g), Murungakayan 
(1.25 ±0.02g/100g) followed by Pokkali 
(1.24±0.02 g/100g), Suwandel (1.24±0.00 
g/100g), Madathwalu (1.23±0.01 g/100g) 
and At 373 (1.22±0.01 g/100g) while the 
lowest was in Bw 367 (0.59 ±0.10 g/100g). 
Abesekara et al. (2017a) reported higher 
crude ash contents ranging from 1.30–1.92 
g/100g in brown rice of 23 traditional 
cultivars.

Figure 1. Mean values of moisture content and crude protein content (g/ 100g raw rice) in 
selected rice varieties under 70% polishing level.
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Milling process removes considerable 
portion of bran layer, which contributes 
to the total ash content. Sandhu et al. 
(2018) reported that reduction of TAC 
was more than 50% at 80% milling rate. 
Even with the bran removal, majority of 
the traditional cultivars and improved 
varieties; H4, At 373, Bw 272–6B, At 311, 
Bg 94–1 reported more than 1 g/100g of 
TAC. Herath et al. (2018) reported that the 
mineral contents (Ca, Mg, Mn, and Zn) of 
improved rice varieties can be strengthen 
by the application of inorganic fertilizers 
due to their high fertilizer response.

Crude fat content ranged from 0.77 ±0.10 
g/100 g in Bg 366 and Bg 379–2 where as 
in Kalu Heenati it was 2.13 ±0.03 g/100 g. 
Madathawalu contained FC similar to Kalu 
Heenati (2.12 ±0.01 g/ 100 g).Previous 
studies have reported that the FC of 80% 
milled rice was less than one fourth of 
unpolished brown rice (Sandhu et al., 
2018). Even if the milling results in a loss of 
fats, evaluated varieties reported mean FC 

of 1.4 g/100g at 70% polishing rate. Besides 
the low contribution in quantity wise it is 
still beneficial to consume the rice fat due 
to its nutritional quality (Abeysekera et al., 
2017a).

Total dietary fiber content of the evaluated 
varieties varied from 0.88 ±0.00% (Bw 
367) to 3.93 ±0.02% (At 311) with mean 
value of 2.38 ±0.86%. At 362, Bg 300, Bg 
359, H4, At 373 reported TDF> 3 g/100g.
Abeysekera et al. (2017a) reported 4.2–
6.9 g/100g TDF in traditional brown rice, 
which is comparatively higher than the TDF 
values recorded in this study. There is lack 
of data on TDF of milled rice even though 
milled rice is consumed by the majority of 
the consumers in Sri Lanka. There are some 
records on crude fiber contents in brown 
and milled rice. Brown rice of selected 11 
improved varieties and traditional cultivars 
showed crude fiber content between 0.2–
0.9 g/100g (Gunaratne et al., 2013) while 
crude fiber content in milled rice of 39 
improved varieties and traditional cultivars 

Figure 2. Mean values of total ash, crude fat and total dietary fiber contents (g/100g raw rice) in 
selected rice varieties under 70% polishing level.
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varied between 0.089–0.97 g/100g (Hafeel 
et al., 2020).

Figure 3 shows the mean vales of total 
carbohydrate content (TCHO), total 
available carbohydrate content (ACHO) 
and in-vitro starch digestion rates (DR) 
of evaluated varieties. Mean TCHO was 
76.01 ±1.5 g/ 100 g varying from72.88 
±0.09 (At 373) to 78. 91 ±0.01g/100g (Bw 
367). Bw 272–6B and Bg 94–1 reported 
comparatively low levels of TCHO (P<0.05). 
Abesekara et al. (2017a) reported TCHO in 
the range 81.42–85.66 g/100 g on dry basis 
(71.57–76.14 g/100 g brown rice) in 23 
traditional cultivars in Sri Lanka.

Mean ACHO ranged from 69.80 ± 0.29 (At 
373) to 78.04 ±0.03 g/100 g (Bw 367) 
and the average ACHO for 20 evaluated 
varieties was 73.64 ±1.90 g/100g. Hafeel 
et al. (2020) reported higher levels of 
ACHO ranging from 87.33 to 92.74 g/100g 
(at 80% polishing) while Somaratne et al. 

(2017) reported 82.83 g/100g in white 
Basmati (at 100% polishing). Somaratne et 
al. (2017) and Prasantha (2018) reported 
that rice provides 45% of the per capita 
dietary energy in Sri Lanka. Hence, rice 
carbohydrate is an important source of 
energy. 

The highest In-vitro starch digestion rate 
(DR) was reported in Bg 359 (93.98 ±7.10) 
and the lowestin Bg 94–1(56.86 ±1.88). 
Except for Bg 94–1, varieties Bg 358, Bw 
272–6B, Bg 366, H4, Sudu Heenati, At 362 
showed comparatively lower (P<0.05) 
DR (DR<65) than other tested varieties. 
Gunaratne et al. (2020) reported that 
hydrolysis index varied in the range 88.4–
96.1 in six new improved rice varieties.
Starch digestion may be affected by various 
factors; cultivar, cooking time, storage and 
processing, chemical components such 
as protein, fat, dietary fiber, amylose, and 
antioxidant contents  (Sagum and Arcot, 
2000; Frei et al, 2003; Leeman et al, 2006; 

Figure 3. Contents of total and total available carbohydrates (g/100g raw rice) and rate of in-
vitro starch digestion in selected riceunder 70% polishing level.
(*Reference to in-vitro starch digestion rate of white bread and it considered as 100)
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Somaratne et al., 2017; Prasantha, 2018; 
Barros et al., 2012).

Physicochemical properties
Amylose content (AC) and gelatinization 
temperature (GT) are the most important 
physicochemical properties, which 
determines the cooking and eating quality. 
Rice with soft and slightly moist nature 
after cooking is generally preferred and 
such qualities are provided by intermediate 
AC and moderate GT (Wicramasinghe and 
Noda, 2008). All the evaluated improved 
varieties and traditional Kalu Heenati 
were classified under high AC category 
(25–33%) where as all the other traditional 

cultivars in intermediate amylose category 
(Table 1). Only Bw 272–6B, At 362 and 
H4 were classified in low GT group and all 
the other varieties were in intermediate 
GT group. Results reveal that majority of 
evaluated varieties consisted of preferred 
gelatinization characters although most of 
varieties reported high amylose content. 

Comparison of chemical composition and 
in-vitro starch digestion rate between 
pigmentedand non–pigmented rice and 
between traditional and improved rice 
among selected varieties is shown in the 
Table 2.

Table 1. Categorizing of selected varieties according to amylose content and alkali 
spread value.

AC category Varieties
High Bw 272–6B, At 362,At 311, Bg358, Bg 360, Bw 367, Bg 352, Bg359, Bg 300, Bg 

94–1, At 373, Bg 379–2, Bg 366, H4, Kalu Heenati
Intermediate Madathawalu, Pokkali, Murungakayan, Sudu Heenati, Suwandel

GT category Varieties
Intermediate At 311, Bg358, Bg 360, Bw 367, Bg 352, Bg 359, Bg 300, Bg 94–1, At 373, Bg 

379–2, Bg 366, H4, Madathawalu, Kalu Heenati, Murungakayan, Pokkali, Sudu 
Heenati, Suwandel

Low Bw 272–6B, At 362, H4
AC: amylose content; GT: gelatinization temperature.

Table 2. Variation of chemical composition and in-vitro starch digestion rate between 
pigmented upon non–pigmented and new/ old improved upon traditional rice.
 MC TAC CPC FC TCHO TDF ACHO SDR
Pericarp color
Non–pigmented 12.94b 0.90b 8.77a 1.19b 76.21a 2.06b 74.15a 73.22a

Pigmented 13.20a 1.11a 8.32a 1.60a 75.78a 2.84a 72.94b 69.90a

Type of variety
NIV 13.00a 0.89b 8.84a 1.25b 76.01a 2.37a 73.64a 71.22a

OIV 13.15a 1.20a 8.05a 1.59a 76.00a 2.37a 73.63a 74.02a

TC 13.31a 1.00b 7.99a 1.57ab 76.13a 3.15a 72.98a 64.55a

Means bearing the same letters in a column under pericarp color or under type of variety are not 
significantly different at P<0.05. MC: Moisture content, TAC: total ash content, PC: protein content, FC: fat 
content, TCHO: total carbohydrate content, TDF: total dietary fiber content, ACHO: available carbohydrate 
content (g/100g raw rice), DR: starch digestibility rate, NIV: new improved varieties, OIV:  old improved 
varieties, TC: traditional cultivars.
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Pigmented rice exhibited significantly 
higher (P<0.05) MC, TAC, FC and TDF 
than non–pigmented rice (Table 2). Non–
pigmented rice exhibited significantly 
higher (P<0.05) ACHO compared to 
pigmented rice but, CPC, TCHO and DR were 
similar in both groups. Previous researches 
on health benefits of traditional rice in Sri 
Lanka reported brans of pigmented rice 
contained higher antioxidant, anti–diabetic, 
anti–inflammatory and cytotoxic effects on 
human cancer cell lines compared to brans 
of non–pigmented rice (Abeysekera et al., 
2017b).

Comparison between traditional and new 
improved rice did not exhibit difference 
in any of the variables but old improved 
variety H4 exhibited higher TAC and FC 
compared to new improved varieties 
(P<0.05). In contrast to that Gunaratne et 
al. (2013) reported higher protein content 
in traditional rice than improved rice. 

Present study highlighted some traditional 
cultivars such as Madathawalu, Kalu Heenati 
and Pokkali with high TAC, FC and moderate 
CPC, TDF with acceptable AC and GT even 
with 70% polishing rate. Despite the low 
grain yields, such traditional cultivars can 
be utilized for improving nutrition and grain 
quality of existing or newly developing rice 
lines through breeding (Singh et al., 2005, 
Rohman et al., 2014).  Furthermore the old 
improved variety H4 and new improved 
varieties Bw272–6B, At 311, At 373 were 
identified to have high CPC, high–moderate 
TAC, FC, TDF with intermediate–low GT but 
high AC.

Conclusions
Results reveals that there are several 
improved and traditional varieties with 
high protein, ash, fat and dietary fiber 
contents with favorable physicochemical 
properties and low starch digestion. 
Pigmented rice showed higher total ash 
content, fat content and total dietary fiber 
content compared to non–pigmented rice. 
No significant difference was observed in 
proximate composition between improved 
and traditional varieties. Madathawalu, 
Kalu Heenati, Pokkali, H4, Bw 272–6B, At 
311 and At 373 contained higher quantity 
of total ash, crude protein, fat and total 
dietary fiber with moderate in-vitro starch 
digestibility and accepted amylose content 
and gelatinization temperature.   
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