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Abstract. Markus JER, Ndiwa ASS, Oematan SS, Mau YS. 2021. Variations of grain physical properties, amylose and anthocyanin of 
upland red rice cultivars from East Nusa Tenggara, Indonesia. Biodiversitas 22: 1345-1354.  Red rice is becoming more popular 
nowadays due to the increasing awareness of rice consumers on its health benefits. The demands for red rice are increasing but the 
supply is limited, thus, local red rice cultivars can be used to fill this gap. Optimal use of local rice germplasm requires a comprehensive 

evaluation of their traits, and the genotypes having the most desirable traits can be selected for direct use. Several upland red rice 
cultivars from East Nusa Tenggara Province have been evaluated for various traits while their grain properties are still unrevealed. 
Information on grain properties is important, both for consumer preference and rice breeders. This study aimed to elucidate the grain 
physical properties, amylose, and anthocyanin of upland red rice germplasm from ENT Province, and to identify genotypes with the 
most desirable characters for further employment. Eighteen rice genotypes were used in this study. They were cultivated in the field, and 
the harvested grains were analyzed in the laboratory. Both ANOVA and descriptive statistics were used for data analysis. Substantial 
variations were observed on all variables, except the chalky grain percentage. The kernel length of tested genotypes was classified as 
long, medium, and short while the kernel shapes were slender, medium, and bold. Most tested genotypes had high head rice percentage 
and low to medium percentages of large and small broken kernels. Chalky grain was almost absent. Amylose content ranged from 1.0% 

to 28% while anthocyanin was about 1.0 - 20 mg/100 g. The evaluated genotypes were clustered into three main groups. Percentages of 
large and small broken kernels, and amylose content were mostly responsible for the observed variations among the rice genotypes. The 
red rice genotypes were diverse in the studied characters, thus, those with desirable grain characters are useful for further development 
and utilization. 
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INTRODUCTION 

Upland rice is the second most important staple food 

crop, after maize, in East Nusa Tenggara (ENT) Province, 

Indonesia (BPS NTT 2020). Upland rice is most adaptable 

to this semi-arid climatic region as compared to the 

irrigated lowland rice. ENT Province is rich in upland rice 

germplasm with high diversity as revealed by their agro-

morphological characters and kernel pigment (Mau et al. 
2017).  

Two types of pigmented rice are commonly known, 

namely the rice with a reddish-grain color known as red 

rice and that with a purplish grain color known as black 

rice (Mardiah et al. 2017). Both rice types are cultivated in 

rain-fed upland and irrigated lowland agro-ecosystems. 

Pigmented upland rice from ENT Province has long been 

cultivated and used by the local farmer communities as a 

staple food and mostly for customary ceremonies, where 

the pigmented rice is considered the most valuable food to 

serve. This valuation is based on the local knowledge of the 
high nutritional and medicinal properties of the rice. The 

introduction of superior/improved varieties, however, has 

caused most local rice cultivars to become vulnerable to 

extinction.  

Pigmented rice is now becoming more popular due to 

the rising awareness of rice consumers on its nutritional 

and health properties. Compared to the common white rice, 

pigmented rice such as red rice contains higher nutrient 

contents such as B vitamins, dietary fiber, essential mineral 

elements, and anthocyanins (Tsuda et al. 2002; Zhao et al. 

2004; Priya et al. 2019). The color of red rice comes from 

anthocyanins contained in the pericarp and aleurone layer, 
and the anthocyanin levels determine the red color intensity 

(Abdel-Aal et al. 2006; Muntana and Prasong 2010; 

Suliartini et al. 2011). Anthocyanin compounds have been 

known to provide medicinal properties such as antioxidant 

which can lower the risk of cancer and prevent vascular 

diseases like hypertension and heart attack, protect against 

type 2 diabetes, etc. (Hyun et al. 2004; Pojer et al. 2013; 

Shao et al. 2014; Chen et al. 2018; Priya et al. 2019). The 

above mentioned added-value properties make it plausible 

to consider pigmented rice as high valued rice genotype 

that needs to be promoted for its extensive cultivation and 
utilization.  

Although the demand for pigmented rice is increasing 

nowadays, the supply in the market is still limited. This 

would have happened as most rice farmers are still 

cultivating the common ‘white’ rice varieties while the 
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superior pigmented rice varieties, especially red rice, are 

only a few (IAARD 2012; Indonesian Ministry of 

Agriculture 2009 a, b) and thus limitedly available to the 

local farmers. Therefore, local pigmented rice cultivars can 

be used to fill this gap. The local genotypes that contain 

desirable traits can be selected and then extensively 

cultivated and used to meet the red rice demands.   

ENT Province is rich in pigmented rice cultivars with 

high diversity on many agro-morphological related traits 

(Mau et al. 2017; 2018, 2019, 2020; Ndiwa and Mau 2019) 
but their grain physical characters and nutritional contents 

are still unrevealed. Information on these characters will be 

useful for the promotion of this rice germplasm to attract 

the consumer’s preference. The grain physical properties 

and nutritional contents (especially amylose and 

anthocyanin) are important aspects related to the rice 

consumer’s preference (Delwiche et al. 1995; Santika and 

Rozakurniati 2010). Further, information on grain 

properties is important for selecting the best genotypes, 

which can be employed as genetic resources for breeding 

purposes.  
The present study aimed to determine the grain physical 

properties, amylose, and anthocyanin contents of local 

upland red rice cultivars from East Nusa Tenggara 

Province, and to reveal the genetic diversity of the 

germplasm based on their grain characters. The results will 

be useful to identify the most preferable cultivars for direct 

use and also for the development of improved red rice 

varieties. 

MATERIALS AND METHODS 

Study area and plant materials 

Rice grain samples used in this study were harvested 
from the Field Laboratory of Archipelagic Dryland Center 

of Excellence, Universitas Nusa Cendana, West Timor, 

Indonesia (10.15432 S, 123.66997 E, ~110 m asl, Alvisol). 

Eighteen upland red rice genotypes were used, consisted of 

17 local cultivars (ADN-04, ALR-01, MGR-01, MK-01, 

NGR-011, NGR-012, PAU-01, PK-01, PM-01, PKP-01, 

PMK-01, SBD-05, SLT-01, TLB-04 and TLB-05) and a 

check variety (Aek Sibundong). The local genotypes were 

a germplasm collection obtained from various districts of 

Flores, West Timor, Sumba, Alor, Adonara, and Solor 

Islands of East Nusa Tenggara Province while Aek 

Sibundong was obtained from the Indonesian Center for 
Rice Research (ICRR), Sukamandi, West Java.  

The grains samples used in the present study were sun-

dried (to approximate 12% moisture content) and stored for 

two months at room temperature before laboratory analysis. 

The study was conducted in the Post-Harvest Technology 

Laboratory and Biosains Laboratory of Universitas Nusa 

Cendana, Indonesia. The dehusked rice samples were 

evaluated for the following variables: kernel length, kernel 

width, kernel shape, percentage of head rice, percentage of 

large broken kernel (large broken), percentage of small 

broken kernel (small broken), percentage of chalky grain 
(grain chalkiness), amylose content, and anthocyanin 

content.   

Assessment of grain physical properties 

The dehusked grains (kernels) were used for the 

determination of the grain physical characters. Three lots of 

rice kernels, 10 kernels per lot, were randomly taken from 

the prepared grain samples of each genotype and measured 

for kernel length and kernel width by using a dial clipper. 

The rice length size was then classified into four categories 

(Juliano 1993; Santika and Rozakurniati 2010), i.e., extra-

long (EL > 7.50 mm), long (L = 6.61-7.50 mm), medium 

(M = 5.51-6.60 mm), and short (S = ≤ 5.50 mm).   
Grain/kernel shape was determined as the ratio of the 

kernel length and the kernel width (L/W ratio), as shown in 

the following formula (Santika and Rozakurniati 2010):  

 

 
 

The kernel shape was classified into four categories, 

i.e., slender (S = > 3.0), medium (M = 2.1-3.0), bold (B = 

1.1-2.0) and round (<1.0) (Juliano 1993). 

Head rice, large broken, and small broken were 

determined based on the IRRI (1988) and the Indonesian 

National Standard (SNI) 6128:2008 (BSN 2008). Rice 

chalkiness was determined by visually estimating the 

percentage of chalkiness of the grain samples, and the mean 

percentage of chalky grains was calculated. The rice chalkiness 

was then categorized into high (H = > 20%), medium (M = 
11-20%), Low (L = < 10%), and clear (0%) (IRRI 1988). 

Determination of amylose content 

An Iodine colorimetric method (IRRI 1988; Lalel et al. 

2009) was employed to determine the amylose content of 

evaluated rice genotypes. 100 mg rice flour was put into 

100 mL volumetric flask and added with 1 mL 95% ethanol 

and 9 mL NaOH 1 N. The mixture was heated at boiling 

water for 10 min. to allow the formation of gel and then 

allowed to cool for one hour. The gel mixture was then 

diluted using ddH2O to 100 mL, and 5 mL was pipetted and 

put into another 100 mL volumetric flask containing 60 mL 
of water, then added with 1 mL of 1 N acetic acid and 2 

mL of 2% Iodine and diluted to a 100 mL volume. The 

solution was shaken and allowed to stand for 20 min., then 

the absorbance was measured by using a spectrophotometer 

(UV-Vis, Model 6405, Jenway Ltd., Essex, England) at 

625 nm wavelength. Amylose content was determined 

using the standard curve of amylose (Juliano 1979). 

Based on the amylose content, the tested genotypes 

were further classified into several flavor groups, i.e., 

<10% (glutinous), 10 - <20% (extra fluffier), 20-25% 

(fluffier) and > 25% (dry-flavored) (BSN 2008; Santika 

and Rozakurniati 2010).  

Determination of total anthocyanin content 

Extraction of total anthocyanin was performed 

according to Lee et al. (1998). A total of 5 g of rice flour 

was extracted 5 times each with 10 mL 15% acetic acid in 

methanol for 30 min. by using a shaker. The extract 

mixture was then centrifuged at 12,000 rpm at room 

temperature for 10 min. The supernatant was then 

evaporated under a vacuum condition at 40oC to let it dry. 
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This dry extract was dissolved with 25 mL of methanol and 

subjected to further analysis. 

Total anthocyanin was determined based on the method 

as follows (Prior et al. 1998; Giusti and Wroistad, 2000). 

0.05 mL extract solution was inserted into 2 test tubes. The 

first tube was added with a 4.95 mL KCl (0.025 M, pH 1.0) 

buffer solution, and the second was added with a 4.95 mL 

CH3COONa (0.4 M, pH 4.5) buffer solution. Adjustment of 

pH in the preparation of KCL and CH3COONa buffer 

solutions was done using a concentrated HCl. The prepared 
buffer solutions were kept at room temperature for 15 

minutes, and then the absorbance of both pH treatments 

was measured by using a spectrophotometer (UV-Vis 

Spectrophotometer, Model 6405, Jenway Ltd., Essex, 

England) at 520 nm and 700 nm wavelength. The 

absorbance value was calculated using the formula A = 

(A520 - A700)pH 1 - (A520 - A700)pH 4.5. Anthocyanin 

concentrations were determined as cyanidin-3-glycosides 

using a molar extinction coefficient of 29600 L cm-1 and a 

molecular weight of 448.8. Anthocyanin concentration (mg 

mL-1) = (A x MW x DF x 1000)/(E x 1), where A is the 
absorbance, MW is the molecular weight (448.8), DF is the 

diluting factor (5 mL  0.05 mL-1) and E is the molar 

extinction coefficient (29600 L cm-1). 

Data analysis 

Observed data of the grain shape, percentage of head 

rice, percentage of large broken kernel, percentage of small 

broken kernel, and percentage of chalky grain were 

analyzed descriptively, while the kernel length, kernel 

width, amylose content and anthocyanin content were 

subjected to analysis of variance following a Completely 

Randomized Design to see the genotype effect. A post hoc 
DMRT test (5%) was used to determine the differences 

between the genotype means. Cluster analysis was also 

carried out to group the evaluated rice genotypes based on 

observed variables. Principal Component Analysis (PCA) 

was performed to determine variables mostly responsible 

for the observed variations in the data set. The Genstat 

Version 12 (VSNi 2009) was used to perform the ANOVA 

while PAST program (Hammer et al. 2001) version 4.03 

was used for cluster and PCA analysis. 

RESULTS AND DISCUSSION 

Kernel length and width 

The evaluated rice genotypes varied in both kernel 

length and kernel width (Figure 1). The kernel length 

ranged from 4 mm to 7 mm, that of 11 genotypes was 

about 6 mm, that of four genotypes was 4 - 5 mm and the 

other three genotypes was about 7 mm.  The evaluated 
genotypes were classified into three kernel size categories, 

i.e., long (L = 6.61-7.50 mm), medium (M = 5.51-6.60 

mm), and short (S = <5.50 mm) (Santika and Rozakurniati 

2010). Genotypes ADN-04, PMK-01, and TLB-05 were 

classified as long kernel, the check variety Aek Sibundong 

and local cultivars ALR-01, MGR-01, NGR-011, NGR-

012, PAU-01, PK-01, PKP-01, PM-01, SBD-05, and SLT-

01 had medium kernel and the local cultivars ISN-02, MK-

01, SBR-01, and TLB-04 were short kernel. 

Kernel width of tested genotypes only slightly varied 

(Figure 1). The majority of the genotypes (14 genotypes) 
had almost the same rice kernel width of about two mm. 

Four local genotypes (ADN-04, ISN-02, PAU-01, and 

TLB-04) exhibited about three mm kernel length. This 

germplasm collection had a low diversity kernel width trait. 

However, this trait is useful to determine the shape of the 

rice kernel as presented below. 

Kernel length to width ratio (kernel shape) 

The kernel shape was determined as the ratio between 

kernel length (L) and kernel width (W) (Juliano 1993). 

Calculated L/W ratios (kernel shapes) are presented in 

Figure 2. The results showed that the rice genotypes varied 
in kernel shape. They were classified into slender, medium, 

and bold kernel shapes. 

 

 
Figure 1. Distribution of kernel length and kernel width of upland red rice genotypes from East Nusa Tenggara, Indonesia. Different 
superscript letters denote significant difference (DMRT, p<0.05) on kernel length, different capital letters denote significant difference 
(DMRT, p<0.05) on kernel width 
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Figure 2.  Distribution of kernel shapes of upland red rice genotypes from East Nusa Tenggara, Indonesia 

 
 

  

Figure 2 shows that 11 genotypes (ADN-04, Aek 

Sibundong, ALR-01, ISN-02, NGR-011, MGR-01, PK-01, 
PKP-01, MK-01, SBR-01, and SLT-01) had medium kernel 

shape, four genotypes (NGR-012, PMK-01, SBD-5 and 

TLB-05) had slender kernel shape and three genotypes 

(MK-01, PAU-01, and TLB-04) had bold kernel shape. 

Percentages of head rice, large broken kernel, small 

broken kernel, and chalky rice 

The percentage of head rice ranged from about 30 to 

100% (Figure 3). Most genotypes (ADN-04, Aek 

Sibundong, ALR-01, NGR-011, NGR-012, PAU-01, PK-

01, PM-01, PMK-01, SBD-05, SBR-01, SLT-01, TLB-05) 

showed around 80 - 100% head rice. Head rice of other 

genotypes ranged from 30-70%, i.e., ISN-02 (73%), MGR-
01 (66%), MK-01 (47%), PKP-01 (30%), and TLB-04 

(47%). 

The percentage of large broken kernels ranged from 0% 

to 57%. PKP-01 produced the highest large broken kernel 

(57%), followed by MGR-01 (35%), MK-01 (33%), and 

ISN-02 (18%), respectively. The rest genotypes had below 

20% large broken kernel. Six genotypes (ALR-01, PAU-

01, PMK-01, SBR-01, SLT-01 and TLN-05) showed no 

large broken kernel. 

The small broken kernel was only found on four 

genotypes, ranging from 0% to 43%. TLB-04 showed the 
highest percentage (43%) followed by, respectively, MK-

01 (20%), NGR-012 (12%), and PKP-01 (13%). The rest 

13 genotypes showed no small broken kernel.  

In contrast to other observed kernel physical characters, 

the chalky rice was almost absent in the tested genotypes. 

All genotypes showed no chalky kernel, except for ISN-02 

which had a low category (10%) chalky kernel. 

The study results showed that most of the rice 

genotypes evaluated had good rice kernel physical quality 

as evidenced from the high percentage of head rice of most 

genotypes, and medium to low percentage of large and 

small broken kernels of most tested genotypes. Six local 

genotypes (ALR-01, PAU-01, PMK-01, SBR-01, SLT-01, 

and TLB-05) had the best kernel quality. This was 
indicated by a high percentage of head rice and the absence 

of broken kernel and chalky grain. These genotypes have 

the potential for direct use by the farmers or to be used as a 

source of genes for the selection of high kernel physical 

quality characters of upland red rice, which suit the 

consumer's preference. 

Amylose content 

There was a highly significant (P<0.01) genotypic 

effect on the amylose content of the studied genotypes. The 

amylose content widely varied from around 1.9% to 28.9% 

(Table 1). The evaluated genotypes were classified into 

waxy (1-2% amylose) and non-waxy (>2% amylose) rice. 
The non-waxy rice genotypes were further classified into 

very low (2-<10%), low (10-<20%), moderate (20-25%), 

and high (>25%) amylose content (Juliano 1971; Juliano 

1979). Only PKP-01 was classified as waxy rice and the 

remaining 17 genotypes were categorized into non-waxy 

rice with an amylose content of very low (PK-01, PM-01, 

SLT-01, SBR-01), low (ADN-04, Aek Sibundong, MGR-

01, PAU-01, PMK-01, TLB-05), moderate (ALR-01, MK-

01, NGR-011, NGR-012, SBD-05, TLB-04) and high 

(ISN-02).  

As the amylose content greatly determines the rice 
texture and taste/flavor (Delwiche et al. 1995; Santika and 

Rozakurniati 2010), the study results indicate that the 

tested genotypes may also vary in terms of rice taste/flavor 

quality. Based on the amylose content, the rice taste/flavor 

could be classified into dry-flavored (amylose content > 

25%), fluffier (20-25%), extra fluffier (10 - <20%) and 

glutinous (<10%) (Santika and Rozakurniati 2010.) Of the 

18 tested genotypes, one genotype was classified as 'dry-

flavored’, six genotypes had a 'fluffier' taste, six genotypes 

were classified as extra fluffier taste, and the remaining 

five genotypes were glutinous. 
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Figure 3. Distribution of head rice, large broken and small broken kernels of upland red rice genotypes from East Nusa Tenggara, 
Indonesia 
 
 
Table 1. Amylose and anthocyanin levels of upland red rice genotypes from East Nusa Tenggara, Indonesia 
 

Rice genotypes 
Amylose Total anthocyanin 

Level (%) Category Level (mg/100 g) Category 

 ADN-04 19.05 e Low 1.48 abc Low 
Aek Sibundong 16.93 c Low 1.18 ab Low 
ALR-01 20.90 g Moderate 2.09 bc Low 
ISN-02 28.92 j High 3.27 d Low 
MGR-01 18.46 de Low 1.43 abc Low 

MK-01 24.14 i Moderate 20.18 h High 
NGR-011 19.88 f Moderate 5.23 e Moderate 
NGR-012 23.53 hi Moderate 1.03 a Low 
PAU-01 17.76 cd Low 6.24 f Moderate 
PK-01 7.35 b Very Low 1.96 abc Low 
PKP-01 1.91 a Waxy 3.34 d Low 
PM-01 2.20 a Very Low 4.98 e Low 
PMK-01 18.80 e Low 1.88 abc Low 

SBD-05 22.93 h Moderate 1.05 a Low 
SLT-01 2.55 a Very Low 11.99 g High 
SBR-01 2.36 a Very Low 5.48 ef Moderate 
TLB-04 23.94 i Moderate 2.21 c Low 
TLB-05 19.18 ef Low 6.11 f Moderate 

Note: Different superscript letters in the same column denote significant difference (DMRT, p<0.05) amongst genotypes 
 
 

 

Total anthocyanin content 

ANOVA results showed highly significant differences 
(P<0.01) of total anthocyanin content amongst tested 

genotypes. The mean anthocyanin contents (Table 1) varied 

greatly from 1.05 mg/100 g to 20.18 mg/100 g. Total 

anthocyanin of tested genotypes was categorized into high 

(>10 mg/100g), moderate (5-10 mg/100 g) and low (< 5 

mg/100 g). 

Only two genotypes (MK-01 and SLT-01) exhibited 

high anthocyanin levels, four genotypes (PAU-01, PM-01, 

SBR-01, TLB 05) showed moderate anthocyanin level 

while the remaining 12 genotypes had low anthocyanin 

level (Table 1).   
Even though most of the genotypes produced only low 

anthocyanin levels, they are a good source of functional 

food for consumers with degenerative diseases such as 

diabetes mellitus, hypertension, or other metabolic 

disorders. Meanwhile, tested genotypes with high and 

moderate anthocyanin levels are potential genetic resources 

that can be used to meet the needs of rice consumers for 

functional healthy rice food products, as well as to 

assemble improved varieties of pigmented upland rice. 
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Cluster analysis and Principal Component Analysis 

results 

The Unweighted Pair Group Method with Arithmetic 

Mean (UPGMA) using Euclidean distance was employed 

to perform the cluster analysis. Cluster analysis revealed 

that the 18 evaluated genotypes could be grouped into three 

main clusters based on eight-grain characters, at a 

truncation point of 50 (Figure 4). From left to right (Figure 

4), cluster I consisted of four genotypes (TLB-04, MK-01, 

MGR-01, ISN-02), cluster II comprised of 13 genotypes 
(ALR-01, PMK-01, PAU-01, TLB-5, Aek Sibundong, 

NGR-011, SBD-05, AND-03, PK-01, PM-01, SLT-01, 

SBR-01) and cluster III was a single genotype (PKP-01) 

cluster. Genotypes constituting each cluster were 

accessions from either the same or different islands and 

districts in ENT Province and thus, representing the 

genetically diverse red rice germplasm. The local genotype 

PKP-01 was separated in a single distantly apart group, 

indicating its unique characters mostly contributed to the 

grouping. The unique characters included the percentages 

of large broken kernel and small broken kernel as well as 
amylose content.  The grain characters mostly contributed 

to the observed variations of tested genotypes are described 

in the PCA analysis results (Figure 5).  

The PCA results revealed that three principal 

components (PC1, PC2, and PC3) explained most of the 

observed variations (97.6%), where component 1 (76.4%) 

and component 2 (14.9%) accounted for 91.3% while 

component 3 contributed only 6.3% for the variations. 

Figure 5 shows the scatter plots of PCA involving eight-

grain characters of genotypes evaluated, and the characters 

mostly responsible for the maximum variances in the 
principal components are shown. 

PCA results revealed that the grain characters mostly 

responsible for maximum variability in PC1 were the 

percentage of large broken kernel and the percentage of 

small broken kernel as indicated by high positive loading 

factors of, respectively, 0.897 and 0.663. Kernel width 

(loading factor 0.166) and anthocyanin (0.168) provided 

only a small contribution to the variations (Figure 5). Small 

broken kernel (loading factor 0.705), amylose (0.645), and 

kernel width (0.209) were responsible for maximum 

variability in PC2. Amylose content was mostly 

responsible for maximum variability (loading factor 0.760) 
in PC3. Thus, the grain characters mostly responsible for 

the observed variations in the tested genotypes included the 

percentage of large broken kernel, the percentage of small 

broken kernel, and amylose content. The kernel width, 

kernel length, anthocyanin content, L/W ratio, and the 

percentage of head rice provided only small contributions. 

Figure 4 shows that cluster I consisted of four 

genotypes, cluster II comprised of 13 genotypes while 

cluster III consisted of only one genotype. PKP-01 was 

clustered separately. Presumably due to its much higher 

percentage of large broken kernel (and thus, low 

percentage of head rice) and lower amylose content, as 

compared to other genotypes. These results are confirmed 

by the PCA analysis where the percentage of large broken 

kernel, the percentage of small broken kernel, and amylose 

content were mostly responsible for the maximum 

variability in each principal component. Thus, performing 

cluster analysis and PCA analysis altogether in this study is 

useful for dissecting the level of diversity of tested 

genotypes in more detail such as the most significant traits 
of the rice genotype’s cluster so that they can be selected 

and used more efficiently. 

Discussion  

Substantial variations of grain physical properties, 

amylose and anthocyanin levels in the present study 

indicate a wide genetic diversity of the red rice germplasm 

from ENT. This is in line with the previous results where 

the rice germplasm was found to greatly vary in agro-

morphological characters (Mau et al. 2017), grain yields 

(Mau et al. 2019; Ndiwa and Mau 2019), and biotic stresses 

tolerance/resistance (Mau et al. 2018; 2020). As red rice is 
known to possess superior traits in terms of various health 

benefits (Nam et al. 2006; Yawadio et al.2007; Henderson 

et al. 2012; Pojer et al. 2013; Banjerdpongchai et al. 2013; 

Shao et al. 2014; Chen et al. 2018; Priya et al. 2019), these 

high diversity germplasms are valuable assets to meet the 

varying preferences of rice consumers for healthy rice-

based diets.  
 
 

 
 
Figure 4. Dendrogram of upland red rice genotypes from East 

Nusa Tenggara, Indonesia based on eight-grain characters 
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Figure 5. Scatter plots showing distribution and characters mostly responsible (PC-1 vs PC-2) for the observed variances of upland red 
rice genotypes from East Nusa Tenggara, Indonesia 
 
 

 

The grain physical properties of the studied red rice 

genotypes were more varied as compared to those of other 

studies on different pigmented rice germplasm. The grain 

size of the present study was categorized into long, 

medium, and short kernel while that observed by 

Ponnappanet et al. (2017) was only medium size. 

Additionally, the grain length of red rice from South 

Sulawesi, Indonesia was classified as extra-long, long, and 

medium-size categories (Murdifin et al. 2015). The kernel 

length size category of the present studied is also more 
varied as compared to that of 14 genotypes of Indonesian 

red rice (Santika and Rozakurniati 2010), which fell only 

into long and medium categories.  

The grain shapes of the studied genotypes were slender, 

medium, and bold, which are similar to those recorded by 

Bhonsle and Sellappan (2010) from 25 tested genotypes. 

As a comparison with other Indonesian red rice germplasm 

collections, Santika and Rozakurniati (2010) obtained only 

slender and medium kernels shapes from 14 Indonesian red 

rice genotypes. Similarly, Murdifin et al. (2015) recorded 

only slender and medium grain shapes of red rice from 
South Sulawesi.  Ponnappan et al. (2017) also observed 

slender and medium grains shapes from a pigmented rice 

collection from India. The high variations of grain length 

and shapes of tested genotypes are beneficial as they can 

accommodate the red rice consumer's needs. In some parts 

of Indonesia, many rice consumers more prefer long and 

slender rice while those in other regions prefer more 

medium and short/bold rice.  

The percentage of head rice was above 80% and the 

percentages of large and small broken kernels were 

medium to low in only a few genotypes. The chalky grain 

was almost absent. This indicates a high physical grain 
quality of tested rice genotypes. Almost the same range of 

head rice and broken rice percentages was observed in 

pigmented and white local rice from Yogyakarta, Indonesia 

(Astuti et al. 2017). The grain physical quality of the 

present study would provide preference and commercial 

values to the tested red rice germplasm.  

Amylose content also substantially varied. Amylose 

content of tested genotypes fell almost in the same range as 

that of a previous study by Abdullah (2017) on several 

Indonesian pigmented rice varieties. Similarly, Chen et al. 

(2019) also recorded almost the same range of amylose 
content on colored rice genotypes from Wenjiang District, 

Sichuan Province, China. The amylose levels of tested 

genotypes are much highly varied as compared to a study 

by Bhonsle and Sellappan (2010) on 25 tested local 

cultivars of Goa, India, and that by Santika and 

Rozakurniati (2010) on Indonesian low land red rice 

genotypes.  

Pigmented rice is usually consumed as brown rice since 

the intact aleurone layer of brown rice contains phenolics 

and anthocyanins. However, the eating quality of red rice 

mostly consumed as brown rice makes it difficult for 
consumers to consume red rice on a daily basis as with 

white rice, and thus, a one-time polishing process enhanced 

the red rice-eating quality (Mardiah et al. 2017). Further, 

Delwiche et al. (1995) and Santika and Rozakurniati (2010) 

assessed that amylose content is one of the key factors 

determining the cooking quality and taste of rice, thus, the 

eating quality and taste of rice could be predicted from the 

amylose content. The results showed that most of the 

genotypes evaluated could be classified into extra fluffier 

to fluffier tastes. The fluffier taste suits most Indonesian 

rice consumers (Santika and Rozakurniati 2010). Red rice 

genotypes with a 'dry-flavored' taste (high amylose content) 
may not be popular for most consumers, but this type of 
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rice usually has a low glycemic index, which is highly 

recommended as healthy functional food due to its high 

fiber content. The red rice genotypes with glutinous taste in 

this study are also valuable as raw materials for sticky-

based culinary products, which are also favorite foods for 

many rice consumers in Indonesia. Thus, all the local 

upland red rice genotypes evaluated in the present study are 

beneficial depending on their allocation according to 

consumer's needs and preferences. 

Only two genotypes contained high anthocyanin 
content while most of the tested genotypes produced 

moderate to low anthocyanin levels (1- 20 mg/100 g). 

These results are much higher in range as compared to 

those of Indonesian red rice germplasms observed by 

Murdifin et al. (2015) (6.6 - 12.9 mg/100 mg), Widyawati 

et al. (2014) (< 1 mg/100 g), and Hanifa et al. (2020) (2.9 - 

7.4 mg/100 g), but much lower than the results of 

Yodmanee et al. (2011) (10 - 129 mg/100 g) on pigmented 

rice genotypes from Southern Thailand. The high 

anthocyanin content observed by Yodmanee et al. (2011) 

may have been contributed by black rice genotypes 
included in the study.  The present tested genotypes with 

low to moderate anthocyanin levels are still a good source 

of functional healthy food for rice consumers. Meanwhile, 

tested genotypes with high anthocyanin are potential 

genetic resources that can be used to meet the needs of rice 

consumers as well as to assemble improved varieties of 

pigmented upland rice with high anthocyanin levels. 

Anthocyanins are polyphenol derivatives of flavonoid 

components in plants that can act as antioxidants, 

anticancer, and prevent coronary heart diseases, anemia 

and type 2 diabetes, etc. (Nam et al. 2006; Henderson et al. 
2012; Banjerdpongchai et al. 2013; Yawadio et al.2007). 

Anthocyanin pigments cause red or purple color, and even 

black when anthocyanin content is high (Abdel-Aal et al. 

2006; Suliartini et al. 2011). Red and dark blue colors 

caused by anthocyanin content occur mainly on rice grain 

pericarp and aleuron, however, they also present in other 

parts of the rice plant (Ichikawa et al. 2001; Kim et al. 

2011). 

Genetically, OSB1 gene is suggested to control 

anthocyanin biosynthesis in rice (Wang and Shu 2007; Shih 

et al. 2008; Lim and Ha 2013; Sakulsingharoj et al. 2016). 

Shifh et al. (2008) found differences in nucleic acid 
sequences of OSB1 gene in white and colored rice, 

respectively. Meanwhile, Sakulsingharoj et al. (2016) 

observed a full-length nucleic acid sequence of OSB1 gene 

in black rice expressing anthocyanin biosynthesis while a 

mutation addition of 2-bp in OSB1 gene observed in the 

white rice caused it unable to produce anthocyanin. In 

addition to OSB1, there are still other regulatory genes that 

may involve in the anthocyanin biosynthesis (Sweeney et 

al. 2006; Oikawa et al. 2015; Sun et al. 2018; Kim et al. 

2018). This implies that differences in genetic factors are 

predominantly causing differences in anthocyanin levels 
produced by a rice germplasm collection. This situation 

might have occurred in the tested upland red rice 

germplasm from ENT. The same situation in the genetic 

control of anthocyanin biosynthesis may have occurred for 

other observed traits of the present study such as grain 

physical characters and amylose content but further studies 

are needed to confirm this presumption.  

The present study results revealed highly diverse grain 

physical properties and also nutritional contents of upland 

red rice genotypes from ENT, Indonesia. Grain physical 

properties and nutritional content variations of pigmented 

rice from other parts of Indonesia were reported by several 

authors (Santika and Rozakurniati 2010; Widyawati 2014; 

Murdifin et al. 2015; Abdullah 2017; Astuti et al. 2017; 

Hanifa et al. 2020). Thus, the high diversity of pigmented 
rice genotypes, more specifically red rice, in Indonesia are 

valuable resources to meet the increasing demands for 

pigmented rice as functional healthy foods. 

In conclusion, overall, the present study results over a 

valuable upland red rice genetic resource with a high 

variation of grain physical characters and nutritional 

values.  These included grain length, grain shape, 

percentage of head rice, percentage of large broken kernel, 

percentage of small broken kernel, amylose content, and 

anthocyanin content. This highly diverse germplasm can be 

selected and directly used to meet the rice consumer’s 
needs for functional healthy foods. The germplasm with 

desirable traits can also be used to assemble new improved 

upland red rice varieties with various superior traits, which 

may accommodate a wider range of rice consumer’s needs 

and preferences. 
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