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a b s t r a c t 

Three different varieties of pigmented rice namely Chakhao Amuba (Black), Chakhao Angangba (Red), Chakhao 

Poreiton (Purple) and a non-pigmented Chakhao Angouba (White) rice grown in Manipur, India were investigated 

for their physicochemical, phytochemical, cooking, textural and pasting properties. Thousands kernel weight, 

bulk density and length/breadth ratio for all varieties varied in the range of 16.69 to 21.17g, 0.59 to 0.65g/mL 

and 2.87 to 3.25, respectively. All pigmented rice showed significant amount of total phenolic content, flavonoid 

content and antioxidant activities. Black rice showed the highest phenolic content (12.70 mg GAE/g), Red rice 

showed highest flavonoid content (6.12 mg catechin/g) and DPPH % inhibition (92.62 %). Highest anthocyanin 

content was observed in the black rice variety (9.13 mg Cyanidin-3-glucoside/g). Cooking time was found highest 

(31.33 min) in Purple rice which can be correlated with the amylose content. Maximum amylose content was 

recorded in purple rice (6.44g/100g). Water uptake ratio was found in the range of 2.03 to 2.71. Highest amylose 

content rice (Purple rice) has the highest hardness value (173.18 N) which is positively correlated with the 

amylose content. The colour values were reduced after cooking of rice which may be due to degradation in 

monomeric anthocyanins due to heat treatment. Red rice showed the highest pasting temperature, peak, hold 

and final viscosity compared to other rice varieties. 

Introduction 

Rice ( Oryza sativa L.) is considered as a staple food in South East 

Asia and is the most popular cereal crop, consumed by over half of the 

world population ( Wei & Huang, 2019 ). Pigmented rice grain varied 

from deep-purple (black) to brown-reddish (red) in their covering lay- 

ers, due to the accumulation of natural pigments in the seed coat called 

anthocyanin, water soluble flavonoids. It has a typical nutty flavour, 

aroma which turns into deep dark purple when cooked. It is stickier 

than the white rice when cooked and takes longer time to cook. Such 

pigmented rice are commonly known as ‘Chak-hao’ in Manipur, India, 

meaning ‘delicious rice’ (Chak = rice and ahaoba or hao = delicious). 

The major contributor of aroma is due to the presence of volatile com- 

pound 2-acetyl-1-pyrroline which was first isolated and identified by 

Buttery et al. (1983) . Chakhao Poreiton (Purple) and Chakhao Amubi 

(Black) are two main aromatic rice varieties grown in Manipur. 

Pigmented rice is a main source of various bioactive compounds 

which have anti-inflammatory properties, anti-diabetic and also inhibit 

new blood vessels formation which enhances tumour growth ( Mahanta 

& Sikia, 2016 ). This rice also contains many phytochemicals and having 

a beneficial effect on health. The whole grains are major resources of 

various biologically active compounds such as phenolic acids, antioxi- 
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dants, vitamins, phytates, tocopherols, and carotenoids and due to this 

multiple biological activities of black and other pigmented rice varieties, 

there has been an increase in demand. One of the primary functional 

components of pigmented rice is anthocyanins ( Delgado-Vargas et al., 

2000 ), which are derived from the flavylium ion or 2- phenyl benzopy- 

rilium. Again phenolic acids are present in both free and bound form. 

The black rice bran’s extract showed inhibitory effects on in vitro aller- 

gic reactions ( Choi et al., 2007 ). Pigmented rice bran (black and red) 

extracts inhibit 𝛼- amylase and 𝛼 -glucosidase activity which also help 

in delaying of digestion and absorption of carbohydrates leading to sup- 

pression of postprandial hyperglycaemia in the diabetic person. Nutrient 

content of these rice varieties have gained consumers interests for uti- 

lization in nutraceuticals and has enticed the food industries. Although 

the phytochemicals available in whole rice grains are minute quantity, 

they provide various health benefits in minimizing the risks of many dis- 

eases such as heart and cardiovascular diseases, type II diabetes, obesity, 

and some types of cancer ( Shao et al., 2015 ). Again the rice bran is an 

underutilized coproduct produced in the process of milling. During the 

last decades, research conducted has shown that it contain a complex 

unique naturally occurring antioxidant compounds ( Moldenhauer et al., 

1998 ). 
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A B S T R A C T   

The present study was aimed to develop a stable microencapsulated anthocyanin from black rice bran using 
double emulsion complex coacervation technique. Nine microcapsule formulations were prepared using gelatin, 
acacia gum and anthocyanin at ratios of 1:1:0.5, 1:1:0.75 and 1:1:1 respectively. The concentration of gelatin and 
acacia gum used were 2.5, 5 and 7.5 % w/v. Subsequently, the coacervated microcapsules were obtained at 
different pH (3, 3.5 and 4), freeze-dried and evaluated for their physicochemical properties, morphology, Fourier 
transform infrared spectroscopy (FTIR), X-ray diffraction pattern (XRD), thermal behaviour and stability of 
anthocyanin. The results obtained for encapsulation efficiency of anthocyanin with high values (72.70 to 83.65 
%) indicated that the encapsulation process was effective. The morphology of the microcapsule powder was 
analysed and exhibited round, hard, agglomerated structures and relatively smooth surface. The thermal 
degradation behaviour of microcapsules displayed endothermic reaction confirming the thermostability of the 
microcapsules where the peak ranged from 83.7 to 97.6 ◦C. The stability studies in terms of retention of total 
anthocyanin content were observed at different storage conditions; both under refrigerated condition (7 ◦C) and 
at room temperature (37 ◦C). The results indicated that the microcapsules obtained through coacervation can be 
an alternative source to develop stable nutraceuticals.   

1. Introduction 

Antioxidants such as anthocyanin are sustainable natural pigments 
found in leaves, roots, fruits, flowers of plants, and some cereal grains. 
Anthocyanins (ANCs) are the largest group of water-soluble flavonoids, 
profoundly colored materials, that impart red, purple, and blue colors 
[1]. These compounds are also used as food colorants; providing a 
brilliant red color to many foods. Consumers are increasingly interested 
in developing natural colorant alternatives to synthetic colors in food 
applications [2]. Again, artificial pigments are becoming unacceptable 
in food and beverages due to their negative health and environmental 
effects [3]. Fruit such as blackberries, and gooseberries comprise the 
natural source of antioxidants that effectively inhibit free radical for
mation [4]. They can either suppress or inhibit the oxidation of lipids, 
including fats, oils, and fatty acids [5]. Also, burgeoning studies have 
reported its importance in terms of nutritional and medicinal aspects. 
These compounds are very promising and are also known to possess a 
wide range of potential nutraceuticals and promote health characteris
tics such as anti-microbial, anti-cancer, antidiabetic, antiproliferative, 

anti-inflammatory activities, etc. [6]. Antioxidants are also used as a 
food component to maintain the lipid components from quality deteri
oration. Due to their multiple physiological functions, consumers de
mand has been addressed for commercialization for food fortification 
and its nutraceutical applications [7]. 

Functional components present in food (specially antioxidants) are 
non-conventional biomolecules possessing the extend to regulate one or 
more metabolic pathways in the body that results to health promotion 
[8]. They are also known to be available in rice varieties, which deliver 
many health-beneficial properties. It is also reported that rice bran 
contains several bioactive compounds which includes γ-oryzanol, 
vitamin E (α-tocopherol, γ-tocopherol, and δ-tocopherol) [9]. Colored 
rice such as black and other pigmented rice bran varieties are known to 
provide antioxidant activities [10,11]. They contain significant amounts 
of phenolic acids such as gallic acid, protocatechuic acid, p-hydrox
ybenzoic acid, vanillic acid, chlorogenic acid, caffeic acid, syringic acid, 
p-coumaric acid, ferulic acid, and sinapic acid, and flavonoids (kaemp
ferol) [10,11]. They are also known to contain color pigment ‘antho
cyanins’, especially cyanidin and peonidin-3-glucoside [10,11] that are 
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