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Abstract

Traditional hand-pounded rice has been replaced today with highly polished white rice in the 

Asian Indian diets. The study aimed to evaluate the nutritional as well as the sensory differences 

between the brown (0% polish) and the rice milled to different degrees of polish (2.3, 4.4 and 

8.0%). Bapatla and Uma (red pigmented) varieties in both raw and parboiled forms were used. The 

protein, fat, dietary fibre, γ-oryzanol, polyphenols, vitamin E, total antioxidant activity and free 

radical scavenging abilities of the brown rice decreased while the available carbohydrates 

increased with polishing. Sensory attributes of the cooked rice samples (whiteness, grain 

intactness, fluffiness, firmness, stickiness, chewiness and the cooked rice aroma) were evaluated 

by trained panelists. Scores for branny taste and chewiness decreased with polishing. On the 

whole, brown rice of both the varieties was readily accepted by the well-informed sensory trained 

panelists.
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Introduction

Rice (Oryza sativa) is one of the most important and oldest food staples of India and other 

Asian countries. Rice was first mentioned during Yajurvedic (Achaya 2009) period (1500–
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800 BC) of Hinduism. The total food grain production in India during the year 2008– 2009 

accounts to about 234.47 million tonnes out of which rice production accounts to about 42% 

(99.18 million tones) (http://dacnet.nic.in/eands/latest_2006.htm). Historically, Indian diets 

are rich in carbohydrates and contribute to 60–70% of the total calories. Cereals continue to 

be the staple in Indian diets (Prema 2006); and in many parts of India, rice is the staple and 

main source of carbohydrates in the diet.

In the past, hand-pounded rice (retaining some of the bran and germ constituents) was 

consumed in India (Achaya 2009). However, today due to the advent of modern milling 

technology, which improved the yield of the head rice, the hand-pounded rice has been 

replaced extensively by milled (polished) rice. In this milling process, brown rice (whole 

grain, 0% polish) is milled to separate out the bran layer to produce polished white rice 

(refined grain) which is devoid of bran, germ constituents and contains only the starchy 

endosperm. A recent study has shown that the urban south Indians derived almost half of 

their calories from refined grain intake (Radhika et al. 2009).

Brown rice contains higher proportions of dietary fibre, polyphenols, γ-oryzanol, B vitamins 

and minerals compared to fully polished or white rice (Dinesh Babu et al. 2009). Most of 

these health beneficial nutrients are concentrated in the peripheral layers of the rice kernel 

(Juliano 1985; Itani et al. 2002) and are removed during polishing. Whole grain foods have 

been shown to improve insulin sensitivity and reduce the risk and incidence of type 2 

diabetes (Fung et al. 2002; Pereira et al. 2002; Montonen et al. 2003; Sun et al. 2010). We 

have already reported that higher intake of refined grains was associated with insulin 

resistance, metabolic syndrome and type 2 diabetes among Asian Indians who habitually 

consume high-carbohydrate diet predominantly derived from polished white rice (Mohan et 

al. 2009; Radhika et al. 2009).

Today, brown rice and also the traditional hand-pounded rice are not readily available in the 

local market. Moreover, the information on the nutrient composition of brown rice and rice 

milled to different degrees of polish are also not available in ‘Nutritive value of Indian 

Foods’ published by the National Institute of Nutrition, Hyderabad, India (Gopalan et al. 

2010). Hence, before promoting the benefits of whole grain consumption, it is important to 

generate information on the nutrient contents and sensory attributes of brown rice and brown 

rice milled to different degrees of polishing.

Accordingly, the nutrient content as well as the sensory attributes of brown rice (0% polish) 

versus rice milled to different degrees of polish (2.3, 4.4 and 8.0%) were studied with the 

following objectives: (a) to produce brown rice from a popular variety of white and a red-

coloured rice variety commonly consumed in south India and to mill them to different 

degrees of polish in both the raw and parboiled forms; (b) to analyse the rice samples with 

different degrees of polish for their major nutrient and phytonutrient contents; (c) to study 

the differences in sensory profiles of these rice varieties following a standard protocol by 

trained panelists and (d) to study the sensory and nutritional differences between brown rice 

(0% polish) and rice with different degrees of polish (2.3, 4.4 and 8.0% polish). The study 

findings could help to design future intervention trials on the effect of whole grain (brown 

rice) on diabetes risk among overweight and obese adults. Moreover, the generated 
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information could be helpful in planning nutrition education strategies to introduce brown 

rice in the population where rice is consumed as the major staple.

Materials and methods

Rice parboiling and milling

The paddy or the rough rice of Bapata (BPT) (white coloured) and Uma (red coloured) 

variety, commonly consumed in the states of Tamil Nadu and Kerala were procured from the 

National Seeds Corporation, Chennai, India, cleaned using rice destoner-cum-cleaner and 

used for the studies. A portion of paddy from both the varieties was parboiled following the 

conventional method of cold water soaking and dried to about 14% moisture content 

(Bhattacharya 1985). The parboiling as well as milling experiments was conducted at M/S 

Shanthadurga Rice Industries, Mundgod, Karnataka, India. Both the raw and parboiled 

paddy were cleaned to ensure that they were free from any foreign material and de-husked in 

rubber roll shellers. The de-husked rice (brown rice-0% polish) was used for de-branning or 

polishing (Figure 1). A portion of brown rice was polished in horizontal emery polishers to 

2.3, 4.4 and 8.0% degree of polishing using standardized milling operations (USDA 1980).

Nutrient and phytochemical analysis

The raw and parboiled rice samples milled to different degree of polish (DOP) were 

pulverized in an Udy Cyclone mill to pass through 60 mesh (BSS) sieve and the whole 

meals were analysed for the proximate composition following the standard AACC (2000) 

methods. The dietary fibre (Asp et al. 1983) and γ-oryzanol (Seetharamaiah and Prabhakar 

1986) contents of the rice samples were also determined. The available carbohydrate content 

of the rice samples was determined by enzymatic method adopted from the method 

described by Goni et al. (1996) with minor modifications and in brief, the defatted rice flour 

was gelatinized, subjected to sequential digestion with heat stable α-amylase, pepsin, 

pancreatic α-amylase and amyloglucosidase at appropriate pH and temperature. Finally, the 

digest was centrifuged and the reducing sugar content of the supernatant was estimated by 

the dinitro-salicylic acid method. The values were expressed as per cent (%) available 

carbohydrates. Soluble and bound polyphenols of the rice samples were extracted serially by 

methanol and 1% HCl methanol, respectively, at room temperature. Extracts were analysed 

for the polyphenol content by Folin–Ciocalteu’s reagent method (Singleton and Rossi 1965). 

Characterization and quantification of vitamin E (tocopherols and tocotrienols) was carried 

out by reverse phase HPLC (Chen and Bergman 2005). The HPLC model CBM-10A 

Shimadzu system with RF 10 AXL fluorescent detector, LC 10 AT pump using shim-pack 

Prep-ODS(H) column (250 × 4.6 mm, 5 µm) using a gradient solvent system was used. The 

chromatograms were recorded and processed by the LC-10 A class software. The 

fluorescence detector was set at excitation and emission wavelengths of 298 and 328 nm, 

respectively.

Antioxidant activity

The total antioxidant activity (TAA) of the methanolic extracts of the rice samples were 

carried out using phosphomolybdenum reagent (Pilar et al. 1999) and the free radical 
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scavenging ability (FRSA) of the methanolic extracts of the samples were carried out using 

the 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) method of Bondet et al. (1997).

Sensory analysis

Cooking of rice samples—Pressure cooking, the common household method of rice 

cooking was chosen. Initially, the optimum ratio of rice to water was standardized and 

accordingly, 1:2.0 for brown raw and parboiled rice, and 1:2.8 for 2.3, 4.4 and 8.0% polished 

rice were used. Rice and water were taken in a cooking vessel of appropriate size and 

cooked in a pressure cooker (Prestige TTK Ltd, Tamil Nadu, India) (Table I). Later the 

cooked rice was transferred to a hot case and was taken up for sensory analysis.

Sensory evaluation by trained panelists—The sensory evaluation of the cooked rice 

samples were carried out by descriptive analysis methods consisting of formal procedures 

for assessing the specific attributes of a sample and rating their intensity on a suitable scale. 

The attributes included aroma, flavour, appearance and texture, separately or in combination. 

Sensory analysis, was carried out by trained panelists in the following phases: (1) selection 

of evaluation method suitable for descriptive analysis; (2) panel training – the panelists were 

trained on quantitative sensory evaluation of cooked rice; (3) Lexicon development – this 

was done by taking into account the various quality characteristics of cooked rice; (4) 

sensory evaluation under standard conditions and (5) data analysis – mean scores were 

calculated.

For the sensory analysis, four samples each of BPT raw, BPT parboiled and parboiled Uma 

red rice was evaluated in different sessions. Samples were evaluated in booth room 

maintained at a temperature of 22 ± 2° C under fluorescent lighting equivalent to daylight. 

The descriptors with definition (Lexicon) used for profiling of cooked rice is given in Table 

II. The panelists were asked to mark the intensity of attributes on a quantitative descriptive 

analysis scale (Tomlins et al. 2005), which consisted of 15 cm line scale wherein, 1.25 cm 

was anchored as low and 13.75 cm as high. The samples were blinded and served one by one 

in a random order and the panelists were asked to indicate the perceived intensity of each 

descriptor. Sensory evaluation was completed within 30 min of sample preparation.

Statistical analysis

The effect of the degree of polishing of both the rice varieties and their forms – BPT rice 

variety (raw and parboiled forms) and Uma red rice variety (parboiled form) on the macro-

nutrient, dietary fibre content, γ-oryzanol, polyphenol content, TAA, FRSA and the sensory 

profile were assessed by the median score test for trend. First BPT variety raw white rice 

(8.0% polish) was compared to BPT parboiled white rice (8.0% polish) for the nutrient 

composition. We assessed whether any trend observed across the degree of polishing varied 

by rice variety and forms using a one-degree-of-freedom likelihood ratio test comparing the 

trends in each group compared. If either of these was significant, the p-value for the test for 

trend was given separately for each group. Otherwise, the best summary of the data assumes 

a common trend across the degree of polishing in both the raw and parboiled forms by rice 

varieties, and a single p-value is given overall. Robust regression methods were used to 

eliminate the need for the residuals to be normally distributed (Huber 1967). To quantify the 
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magnitude of the association between each attribute and the degree of polishing, the percent 

change between 0 and 8.0% polishing is given for each attribute (if the data for 8.0% 

polishing is not available, the percent change between 0 and 4.4% polishing is given) for 

each rice variety. Second, the effect of the degree of polishing for Uma red rice was assessed 

separately. Finally, the overall difference between each attribute evaluated was compared to 

BPT parboiled rice.

Results

Effect of polishing on nutrient content by degree of polishing in BPT (both raw and 
parboiled forms) and Uma red (parboiled) rice varieties

The nutrient composition and dietary fibre contents in relation to the degree of polishing of 

the raw and parboiled rice of BPT variety and Uma red parboiled rice is presented in Tables 

III and IV, respectively. The overall nutrient compositions of the brown rice from BPT raw, 

BPT parboiled and Uma parboiled red rice were comparable and likewise the gross 

composition of the rice milled to different DOP was also comparable. Polishing significantly 

reduced the nutrient content of all quantities considered, including fat, dietary fibre, ash, γ-

oryzanol, polyphenols, Vitamin E, TAA and FRSA, by between 30 and 90%, for all the rice 

samples considered, except for protein content which was significantly reduced by 20% 

through polishing and available carbohydrate, which increased significantly by 10%.

Overall, compared to BPT parboiled rice, the only differences observed were a significant 

22% lesser bound polyphenols, 55% higher TAA and 26% lower FRSA in BPT raw rice and 

42% greater bound polyphenols, and 67% lower TAA in Uma red parboiled rice (Table VII).

Effect of polishing on the sensory profile by degree of polishing in BPT (raw and 
parboiled) and Uma red rice varieties

Polishing significantly improved the grain intactness and fluffiness of BPT raw, parboiled, 

and Uma red rice varieties by 15–60% (Tables V and VI). Whiteness of the cooked rice 

samples increased significantly by 40–50% with increased polishing in the BPT raw and 

parboiled rice whereas, the redness decreased significantly by 70% in the Uma red rice. 

Polishing significantly improved the aroma of the BPT parboiled rice (p < 0.0001), and Uma 

red rice by 45–95% (p < 0.001), but had no effect on the BPT raw rice. Firmness increased 

significantly by 5–15% in the BPT parboiled and raw rice, respectively, but no effect was 

observed in the Uma red rice. Stickiness increased significantly by 45–60% in the BPT raw 

rice (p < 0.0001) and Uma red parboiled rice (p < 0.0002) but there was no effect in the BPT 

parboiled rice.

Branny taste decreased significantly by 40–70% with increased polishing for both the rice 

varieties (p < 0.0001). Chewiness decreased significantly by around 30% in the BPT raw (p 
< 0.008) and Uma red rice (p < 0.0001), but there was no effect in the BPT parboiled rice. 

Sweetness decreased significantly by 25% in the BPT parboiled (p < 0.0006) and Uma red 

parboiled rice (p < 0.02), but there was no effect of polishing found in the BPT raw rice.
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It is noteworthy that decreased polishing did not detract from the overall quality (OQ) score 

for any of the rice varieties considered, and it therefore may be concluded that even 

unpolished rice is acceptable.

Comparison of the nutritional content and sensory profile of the rice samples

Overall, across the four levels of polish considered, BPT raw rice had about 20% 

significantly less bound polyphenols compared with BPT parboiled rice, while Uma 

parboiled red rice had about 40% significantly (p < 0.03) more bound polyphenols compared 

with BPT parboiled rice (Table VII). BPT raw rice had about 55% significantly more TAAs 

(p < 0.05) compared with BPT parboiled rice, while Uma red rice has about 70% 

significantly less TAAs (p < 0.001) compared with BPT parboiled rice. BPT raw rice (p < 

0.003) and Uma red rice (p < 0.001) have about 25–40% significantly less FRSAs compared 

with BPT parboiled rice. Otherwise, in relation to protein, fat, available carbohydrate, 

dietary fibre, ash, γ-oryzanol, polyphenols other than bound, and tocopherols, there were no 

statistically significant differences observed between BPT raw rice or Uma red rice, relative 

to BPT parboiled rice.

Similarly, few overall statistically significant differences were observed between the sensory 

profiles of the rice samples (Table VII). The BPT raw rice was about 30% significantly more 

stickiness (p < 0.001) compared to BPT parboiled rice. The Uma red parboiled rice was 

about 15–35% significantly less chewiness, white and branny compared with the BPT 

parboiled rice, and 15–20% fluffier and improved aroma of the cooked rice. No difference in 

the overall sensory quality of the two rice varieties considered was observed.

Discussion

The study indicated that protein, fat, ash and dietary fibre contents decreases proportionately 

with higher DOP of rice with a concomitant increase in the available carbohydrate content. 

The study also highlights the significant reduction in phytochemicals with polishing of rice 

and this was seen across for both the BPT and Uma red rice varieties. Sensory evaluation by 

trained panelists revealed that with the given health benefits of whole grains such as brown 

rice, the sensory attributes of brown rice is as acceptable as other samples of rice with higher 

DOP.

Parboiling is commonly practiced in South India, for the processing of paddy. Parboiling 

hardens the endosperm and helps it to withstand the abrasion during milling or polishing and 

hence increases the head rice yield. Moreover, it helps in the retention of surface nutrients 

(Achaya 2009). In addition, the type and severity of parboiling can also induce retro-

gradation and increases the resistant starch content (Lamberts et al. 2009) and possibly 

reduces the carbohydrate digestibility (Casiraghi et al. 1993; Larsen et al. 2000). A recent 

study among adults in south Indian city of Chennai had shown that parboiled rice is the most 

preferred rice (Radhika et al. 2010) and hence parboiled rice was considered in this study.

The nutrient composition of the samples indicates that polishing of the brown rice lowers its 

over all nutrient content substantially, especially in the fully polished rice (8.0% DOP). 

However, the extent of loss of nutrients was lower in rice milled to 2.3% DOP in both the 
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rice varieties. Rice bran layers consist of non-starchy polysaccharides (cellulose and lignin), 

fat and dietary fibre. The aleurone layer and germ contains protein, fat and good amount of 

vitamins and minerals (Juliano 1985). Hence, the decrease in the protein, fat, ash and dietary 

fibre contents on polishing is more obvious as polishing removes the bran including aleurone 

and germ portions of rice kernel. This clearly indicates that, by judicious milling, most of 

the health beneficial nutrients of the rice kernels can be retained without affecting its 

cooking and sensory qualities.

The increase in the available carbohydrates proportionate to the degree of polishing may be 

due to the removal of bran, aleurone and germ portions leaving behind the starchy 

endosperm. The decrease in ash content with increased degree of polishing observed in the 

current study corroborates with the study results of Singh et al. (2000). Rice has good 

quality protein compared to other cereals (Juliano 1993) and is rich in branched chain amino 

acids such as leucine, isoleucine and valine. Moreover, rice fat is rich in essential n-6 fatty 

acids. In the rural Indian population, two-thirds of the n-6 fatty acid requirement is met by 

cereal– pulse-based diets (Gopalan et al. 2010). Recently, the dietary intake of the Indian 

population in rural areas have shown the protein inadequacy in several households (NNMB 

2006) and the consumption of highly polished rice as staple without adequate amount of 

legumes may further worsen this condition.

Brown rice contains the number of micronutrients and phytochemicals such as polyphenols, 

γ-oryzanol, phytosterols, tocotrienols, tocopherols and carotenoids (Heinemann et al. 2008; 

Dinesh babu et al. 2009). Brown rice is richer in phenols than white rice (Hodzic et al. 

2009). The Phenolic compounds are also known as antioxidants and are likely to have 

functional effects against oxidative damage and associated with reduced risk of chronic 

diseases such as diabetes and cardiovascular diseases (Adom and Liu 2002; Liu 2007). De-

husked rice, especially red and black rice, which have pigmented bran are known to contain 

good proportions of polyphenols and possess higher antioxidant activity (Itani et al. 2002a) 

and in this study the Uma red rice showed higher polyphenol contents compared with white-

coloured BPT variety. Moreover, the decrease in the total polyphenol content on polishing is 

not surprising as polishing removes the bran layers which are known to be a reserve of 

polyphenols in cereals (Naczk and Shahidi 2006). However, the polyphenol content of the 

8.0% polished rice may be mainly contributed by the phenolic compounds present in the 

endosperm cell walls. Lower polyphenol contents for white-coloured rice varieties compared 

to those of coloured rice varieties have also been reported elsewhere (Finocchiaro et al. 

2007). The BPT raw brown rice exhibited the highest TAA activity, whereas the BPT 

parboiled brown rice exhibited the highest FRSA amongst all the rice samples.

The γ-oryzanol is a mixture of ferulic acid esters of triterpene alcohols and sterols found 

mainly in rice (Xu and Godber 1999). It is reported to have number of health beneficial 

effects such as hypocholesterolemic, anti-atherosclerotic and antioxidant activity, and so on 

(Scavariello and Arellano 1998). Miller and Engel (2006) reported the γ-oryzanol contents 

for brown rice of European origin range between 26.2 and 62.7 mg/100 g sample and the 

present study showed similar results. The data also indicate that polishing to even 2.3% DOP 

drastically reduced the content, which suggests that the distribution of γ-oryzanol is mainly 

in the peripheral layers. These observations are in line with the observations made by Butsat 
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and Siriamornpun (2010) who reported higher γ-oryzanol in bran fraction compared to the 

husk and endosperm.

The descriptive sensory analysis in this study indicated that chewiness decreased with 

increased degree of polishing. Similar observations have been reported by Park et al. (2001). 

This may be due to the presence of the bran constituents. Moreover, the increase in the 

whiteness score as well as cooked aroma, with increased degree of polishing may be due to 

the predominant starchy nature of the polished grains. The eating quality of rice has long 

been ascribed to starch. The panelists who participated in the sensory analysis of rice were 

food scientists, food technologists and nutritionists and they were formally trained for the 

sensory testing of rice samples and possibly due to this reason the overall acceptance scores 

of both brown rice and lower polished (less refined) rice samples were comparable as the 

panelists were aware of the benefits of whole grain consumption.

It is well established that refined grains (white rice) contain higher available carbohydrates 

and lower dietary fibre contents and their consumption leads to high glycaemic response, 

more insulin demand and increases the risk of type 2 diabetes (Liu 2002). In addition, 

reports also indicate that the substitution of whole grains including brown rice for white rice 

reduces the risk of type 2 diabetes (Sun et al. 2010). Our recent study has shown that, in 

urban south Indians, total dietary carbohydrates, glycaemic index (GI) and glycaemic load 

are associated with increased risk and dietary fibre with decreased risk for type 2 diabetes 

(Mohan et al. 2009). In general, the beneficial effect of dietary fibre from the whole grains 

may be mediated through less transit time and possibly less amount of carbohydrates being 

absorbed and thus less insulin demand (Cummings and Englyst 1987). A comparatively 

lower GI for brown rice compared to white rice has been reported by Panlasigui and 

Thompson (2006) and Atkinson et al. (2008). However, the difference in GI between brown 

and lower polished rice of BPT and Uma red rice varieties need to be evaluated in future 

studies.

It has also been documented that the insoluble fibre fraction of the pre-germinated brown 

rice was found to lower postprandial blood glucose concentration in Wistar rats (Seki et al. 

2005). Qureshi et al.’s (2002) study indicated that the rice fibre concentrates decreased the 

hyperlipidaemia in individuals with type I and type 2 diabetes. These studies clearly indicate 

the health benefits of bran components of brown rice. Hence, it is highly desirable to switch 

over to brown rice to minimize the risk of insulin resistance, metabolic syndrome and type 2 

diabetes. This may help in increasing the intake of good quality protein, dietary fibre and fat.

The study recommends sensory evaluation of the rice samples with different degrees of 

polishing in the community settings to further evaluate the results obtained in the current 

study with trained panelists. This extended work of study in the community setting has 

already been completed (Shubha et al. 2011).

Conclusion

In conclusion, the present study shows that brown rice is nutritionally superior to fully 

polished rice. The study also demonstrates that brown rice can be judiciously milled to retain 
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most of the bran constituents and yet cooks similar to milled rice. Thus, brown rice and the 

rice with 2.3% DOP may be a good choice from the point of its nutritional health benefits 

and sensory quality parameters compared to the polished white rice (8.0% DOP), which is 

currently commonly consumed in India. This may serve as a potential dietary strategy to aid 

through appropriate culture specific nutrition education in improving the nutrition and health 

of people in general and in reducing the burden of metabolic disorders like diabetes in 

particular. Further research on GI testing of Indian rice varieties and randomized trials are 

needed to show the effect of brown rice consumption on risk reduction in chronic diseases 

such as diabetes.
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Figure 1. 
Flow chart for rice milling.
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Table I

Cooking characteristics.

Description
of rice DOP (%)

Uncooked rice
mean

weighta (g)

Cooked rice
mean

weighta (g)

BPT raw rice 0 100 316

2.3 100 332

4.4 100 330

8.0 100 373

BPT parboiled rice 0 100 214

2.3 100 243

4.4 100 224

8.0 100 327

Uma red parboiled rice 0 100 335

2.3 100 353

4.4 100 370

8.0 100 397

a
Mean of 6 days of cooking all the samples.
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Table II

Lexicon of sensory quality of cooked rice.

Term Definition

Whiteness The degree to which the sample is visually pure white

Grain intactness The degree to which the grains retain the shape and form and the absence of cracked grain indicates high intactness

Fluffiness Textural property manifested by an expanded and often distorted cellular structure. During cooking of rice, there is 
expansion in volume. This volume is explained in sensory terms as fluffiness. For example: Fluffiness is seen with 
smooth surface in case of parboiled rice and slightly less smooth surface in raw rice

Firmness The force required to compress the cooked grains with molars

Stickiness The degree to which the sample adheres to the palate

Chewiness Textural property manifested by the readiness to break down to very small particles. Chewiness is relevant with brown 
(0% polished) raw and parboiled rice due to the presence of branny layer, needing more chews to masticate the cooked 
rice before swallowing

Aroma of cooked rice A general term used to describe the aroma of cooked rice

Starch like Aroma associated with cooked rice starch

Sweet Basic taste associated with sucrose solution

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shobana et al. Page 15

Ta
b

le
 II

I

N
ut

ri
en

ts
, d

ie
ta

ry
 f

ib
re

, γ
-o

ry
za

no
l, 

po
ly

ph
en

ol
 c

on
te

nt
s,

 v
ita

m
in

 E
, T

A
A

, a
nd

 F
R

SA
 o

f 
ra

w
 a

nd
 p

ar
bo

ile
d 

B
PT

 r
ic

e 
m

ill
ed

 to
 d

if
fe

re
nt

 D
O

P 
(g

/1
00

 g
).

P
ar

am
et

er
B

P
T

 r
aw

B
P

T
 p

ar
bo

ile
d

D
O

P
0%

2.
3%

4.
4%

8.
0%

%
 C

ha
ng

ea
(P

tr
en

d)
0%

2.
3%

4.
4%

8.
0%

%
 C

ha
ng

ea
(P

tr
en

d)
O

ve
ra

ll
P

tr
en

d

M
oi

st
ur

e 
(%

)
12

.0
 ±

 0
.2

12
.0

 ±
 0

.3
11

.5
 ±

 0
.3

11
.4

 ±
 0

.2
−

5.
0 

(<
.0

00
1)

11
.6

 ±
 0

.4
11

.0
 ±

 0
.3

11
.5

 ±
 0

.3
11

.5
 ±

 0
.4

−
0.

9 
(0

.8
0)

Pr
ot

ei
n 

(g
%

)b
7.

8 
±

 0
.2

7.
3 

±
 0

.2
7.

0 
±

 0
.1

6.
3 

±
 0

.3
−

19
7.

8 
±

 0
.2

7.
3 

±
 0

.3
7.

0 
±

 0
.3

6.
4 

±
 0

.2
−

18
<

0.
00

01

Fa
t (

g%
)b

2.
4 

±
 0

.1
2.

2 
±

 0
.0

5
1.

7 
±

 0
.1

0.
7 

±
 0

.0
5

−
71

2.
6 

±
 0

.1
2.

0 
±

 0
.2

1.
6 

±
 0

.1
0.

8 
±

 0
.0

5
−

69
<

0.
00

01

A
va

ila
bl

e 
ca

rb
oh

yd
ra

te
c  

(g
%

)b
71

.3
 ±

 1
.0

74
.0

 ±
 0

.9
77

.1
 ±

 0
.8

80
.1

 ±
 0

.7
+

12
72

.0
 ±

 0
.7

74
.3

 ±
 0

.8
76

.6
 ±

 0
.9

79
.0

 ±
 1

.0
+

9.
7

<
0.

00
01

D
ie

ta
ry

 f
ib

re
 (

g%
)b

5.
3 

±
 0

.3
3.

7 
±

 0
.5

1.
6 

±
 0

.4
1.

0 
±

 0
.1

−
81

5.
0 

±
 0

.1
3.

9 
±

 0
.2

2.
5 

±
 0

.2
1.

8 
±

 0
.2

−
64

<
0.

00
01

A
sh

 (
g%

)b
1.

1 
±

 0
.0

3
0.

8 
±

 0
.0

6
0.

7 
±

 0
.0

5
0.

5 
±

 0
.0

3
−

55
1.

0 
±

 0
.0

9
0.

9 
±

 0
.0

8
0.

7 
±

 0
.1

0.
5 

±
 0

.0
3

−
50

<
0.

00
01

γ-
O

ry
za

no
l (

m
g/

10
0 

g)
b

21
.6

 ±
 1

.9
12

.4
 ±

 1
.0

9.
4 

±
 1

.8
3.

6 
±

 0
.8

−
83

24
.6

 ±
 2

.2
12

.5
 ±

 1
.0

10
.5

 ±
 0

.6
2.

2 
±

 0
.3

−
91

<
0.

00
01

So
lu

bl
e 

po
ly

ph
en

ol
s 

(m
g/

10
0 

g)
b

34
.9

 ±
 2

.1
20

.7
 ±

 1
.7

10
.6

 ±
 1

.1
4.

4 
±

 0
.7

−
87

23
.4

 ±
 1

.8
16

.3
 ±

 1
.4

12
.1

 ±
 0

.9
4.

3 
±

 0
.4

−
82

<
0.

00
01

B
ou

nd
 p

ol
yp

he
no

ls
 (

m
g/

10
0 

g)
b

35
.2

 ±
 0

.3
22

.7
 ±

 0
.6

19
.4

 ±
 0

.5
13

.8
 ±

 0
.6

−
61

40
.3

 ±
 1

.5
27

.6
 ±

 2
.4

25
.4

 ±
 2

.4
21

.0
 ±

 1
.3

−
48

<
0.

00
01

To
ta

l p
ol

yp
he

no
ls

 (
m

g/
10

0 
g)

b
70

.1
 ±

 2
.3

43
.4

 ±
 2

.1
30

.0
 ±

 0
.9

18
.2

 ±
 1

.1
−

74
63

.7
 ±

 0
.8

43
.9

 ±
 1

.3
37

.5
 ±

 3
.4

25
.3

 ±
 1

.7
−

60
<

0.
00

01

V
ita

m
in

 E
 to

co
tr

ie
no

ls
 (

m
g/

10
0 

g)
b

1.
4 

±
 0

.0
8

1.
3 

±
 0

.0
9

1.
0 

±
 0

.0
4

0.
4 

±
 0

.0
8

−
69

1.
4 

±
 0

.0
5

0.
8 

±
 0

.0
3

0.
4 

±
 0

.2
−

74
<

0.
00

01

To
co

ph
er

ol
sb

0.
6 

±
 0

.0
6

0.
5 

±
 0

.0
2

0.
2 

±
 0

.0
2

0.
07

 ±
 0

.0
5

−
89

0.
8 

±
 0

.0
3

0.
2 

±
 0

.0
1

0.
08

 ±
 0

.0
1

−
90

<
0.

00
01

To
ta

l v
ita

m
in

 E
 (

m
g/

10
0 

g)
b

2.
0 

±
 0

.0
1

1.
8 

±
 0

.0
8

1.
3 

±
 0

.0
5

0.
5 

±
 0

.0
1

−
76

2.
2 

±
 0

.0
1

1.
0 

±
 0

.0
1

0.
5 

±
 0

.0
3

−
78

<
0.

00
01

TA
A

b,
d

10
.8

 ±
 0

.3
4.

8 
±

 0
.2

4.
4 

±
 0

.1
4.

1 
±

 0
.2

−
62

8.
5 

±
 0

.3
4.

7 
±

 0
.0

9
2.

7 
±

 0
.2

1.
5 

±
 0

.3
−

83
<

0.
00

01

FR
SA

b,
e

27
.0

 ±
 1

.0
20

.0
 ±

 0
.6

16
.0

 ±
 0

.6
14

.0
 ±

 0
.6

−
48

31
.0

 ±
 0

.6
27

.0
 ±

 0
.6

23
.0

 ±
 0

.6
21

.0
 ±

 0
.6

−
32

<
0.

00
01

a %
 I

nc
re

as
e 

or
 d

ec
re

as
e 

fr
om

 0
 to

 8
–1

0%
 D

O
P 

or
 4

–5
%

 D
O

P 
(i

f 
th

er
e 

is
 n

o 
av

ai
la

bl
e 

da
ta

 f
or

 8
–1

0%
 D

O
P)

;

b T
he

 tr
en

d 
te

st
 f

or
 th

e 
D

O
P 

is
 n

ot
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 b

et
w

ee
n 

B
PT

 r
aw

 r
ic

e 
an

d 
B

PT
 p

ar
bo

ile
d 

ri
ce

;

c M
ea

su
re

d 
di

re
ct

ly
, i

s 
th

e 
su

m
 o

f 
st

ar
ch

 a
nd

 to
ta

l f
re

e 
su

ga
rs

 (
g 

av
ai

la
bl

e/
10

0 
g 

ri
ce

);

d TA
A

 e
xp

re
ss

ed
 a

s 
α

-t
oc

op
he

ro
l e

qu
iv

al
en

ts
/g

;

e FR
SA

 e
xp

re
ss

ed
 a

s%
of

 f
re

e 
ra

di
ca

l s
ca

ve
ng

ed
 (

ca
te

ch
in

 e
qu

iv
al

en
ts

).

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shobana et al. Page 16

Ta
b

le
 IV

N
ut

ri
en

t, 
di

et
ar

y 
fi

br
e,

 γ
-o

ry
za

no
l, 

po
ly

ph
en

ol
 c

on
te

nt
s,

 T
A

A
 a

nd
 F

R
SA

 o
f 

U
m

a 
ri

ce
 m

ill
ed

 to
 d

if
fe

re
nt

 D
O

P 
(g

/1
00

 g
).

P
ar

am
et

er
U

m
a 

pa
rb

oi
le

d

D
O

P
0%

2.
3%

4.
4%

8.
0%

%
 C

ha
ng

ea
 (

P
tr

en
d)

M
oi

st
ur

e 
(%

)
11

.7
 ±

 0
.2

11
.2

 ±
 0

.5
11

.3
 ±

 0
.4

11
.5

 ±
 0

.2
−

1.
7 

(0
.6

5)

Pr
ot

ei
n 

(g
%

)
7.

6 
±

 0
.3

7.
2 

±
 0

.1
6.

9 
±

 0
.3

6.
4 

±
 0

.3
−

16
 (

<
0.

00
01

)

Fa
t (

g%
)

2.
3 

±
 0

.1
2.

0 
±

 0
.1

1.
6 

±
 0

.2
1.

2 
±

 0
.1

−
48

 (
<

0.
00

01
)

A
va

ila
bl

e 
ca

rb
oh

yd
ra

te
b  

(g
%

)
72

.2
 ±

 0
.9

75
.1

 ±
 0

.7
76

.1
 ±

 0
.6

78
.0

 ±
 0

.6
+

8.
0 

(<
0.

00
01

)

D
ie

ta
ry

 f
ib

re
 (

g%
)

4.
5 

±
 0

.3
3.

6 
±

 0
.2

2.
8 

±
 0

.2
1.

9 
±

 0
.2

−
58

 (
<

0.
00

01
)

A
sh

 (
g%

)
1.

0 
±

 0
.0

5
0.

9 
±

 0
.0

3
0.

7 
±

 0
.0

6
0.

6 
±

 0
.0

3
−

40
 (

<
0.

00
01

)

γ-
O

ry
za

no
l (

m
g/

10
0 

g)
29

.0
 ±

 2
.6

12
.7

 ±
 1

.7
8.

3 
±

 0
.6

5.
5 

±
 0

.7
−

81
 (

<
0.

00
01

)

So
lu

bl
e 

po
ly

ph
en

ol
s 

(m
g/

10
0 

g)
23

.1
 ±

 1
.4

13
.9

 ±
 1

.6
7.

6 
±

 0
.5

5.
2 

±
 0

.5
−

77
 (

<
0.

00
01

)

B
ou

nd
 p

ol
yp

he
no

ls
 (

m
g/

10
0 

g)
84

.7
 ±

 5
.2

43
.6

 ±
 1

.6
28

.6
 ±

 0
.2

22
.7

 ±
 2

.2
−

73
 (

<
0.

00
01

)

To
ta

l p
ol

yp
he

no
ls

 (
m

g/
10

0 
g)

10
7.

8 
±

 5
.5

57
.5

 ±
 1

.0
36

.2
 ±

 0
.4

27
.9

 ±
 1

.6
−

74
 (

<
0.

00
01

)

V
ita

m
in

 E
 to

co
tr

ie
no

ls
 (

m
g/

10
0 

g)
2.

1 
±

 0
.2

0.
7 

±
 0

.0
9

0.
3 

±
 0

.0
1

−
85

 (
<

0.
00

01
)

To
co

ph
er

ol
s

0.
4 

±
 0

.0
3

0.
1 

±
 0

.0
2

0.
07

 ±
 0

.0
2

−
84

 (
<

0.
00

01
)

To
ta

l v
ita

m
in

 E
 (

m
g/

10
0 

g)
2.

6 
±

 0
.2

0.
8 

±
 0

.0
1

0.
4 

±
 0

.0
3

−
85

 (
<

0.
00

01
)

TA
A

c
2.

9 
±

 0
.1

1.
7 

±
 0

.1
1.

0 
±

 0
.2

0.
4 

±
 0

.0
3

−
87

 (
<

0.
00

01
)

FR
SA

d
24

.0
 ±

 1
.7

17
.0

 ±
 1

.0
12

.0
 ±

 0
.6

10
.0

 ±
 0

.6
−

58
 (

<
0.

00
01

)

a %
In

cr
ea

se
 o

r 
de

cr
ea

se
 f

ro
m

 0
 to

 8
–1

0%
 D

O
Po

r 
4–

5%
 D

O
P 

(i
f 

th
er

e 
is

 n
o 

av
ai

la
bl

e 
da

ta
 f

or
 8

–1
0%

 D
O

P)
;

b M
ea

su
re

d 
di

re
ct

ly
, i

s 
th

e 
su

m
 o

f 
st

ar
ch

 a
nd

 to
ta

l f
re

e 
su

ga
rs

 (
g 

av
ai

la
bl

e/
10

0 
g 

ri
ce

);

c TA
A

 e
xp

re
ss

ed
 a

s 
α

-t
oc

op
he

ro
l e

qu
iv

al
en

ts
/g

;

d FR
SA

 e
xp

re
ss

ed
 a

s 
%

 o
f 

fr
ee

 r
ad

ic
al

 s
ca

ve
ng

ed
 (

ca
te

ch
in

 e
qu

iv
al

en
ts

).

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shobana et al. Page 17

Ta
b

le
 V

Se
ns

or
y 

pr
of

ile
 o

f 
ra

w
 B

PT
 a

nd
 p

ar
bo

ile
d 

B
PT

 r
ic

e 
m

ill
ed

 to
 d

if
fe

re
nt

 D
O

P.

Se
ns

or
y 

at
tr

ib
ut

es
B

P
T

 r
aw

 (
D

O
P

)
B

P
T

 p
ar

bo
ile

d 
(D

O
P

)
O

ve
ra

ll

D
O

P
0%

2.
3%

4.
4%

8.
0%

%
 C

ha
ng

ea
 (

P
tr

en
d)

0%
2.

3%
4.

4%
8.

0%
%

 C
ha

ng
ea

 (
P

tr
en

d)
P

tr
en

d

W
hi

te
ne

ss
b

6.
8 

±
 1

.7
8.

0 
±

 1
.2

9.
1 

±
 1

.2
9.

5 
±

 0
.7

+
40

6.
4 

±
 1

.2
7.

7 
±

 1
.5

8.
8 

±
 1

.4
9.

4 
±

 1
.0

+
47

<
0.

00
01

G
ra

in
 in

ta
ct

ne
ss

b
7.

0 
±

 0
.5

7.
9 

±
 2

.0
8.

6 
±

 1
.2

8.
2 

±
 1

.1
+

17
7.

2 
±

 0
.4

8.
1 

±
 0

.8
8.

7 
±

 1
.4

9.
1 

±
 1

.7
+

26
0.

00
07

Fl
uf

fi
ne

ss
b

5.
7 

±
 0

.6
7.

1 
±

 1
.5

8.
1 

±
 0

.9
8.

8 
±

 1
.4

+
54

5.
9 

±
 0

.6
7.

4 
±

 0
.9

8.
2 

±
 0

.8
9.

1 
±

 1
.9

+
54

<
0.

00
01

Fi
rm

ne
ss

b
6.

5 
±

 0
.3

7.
3 

±
 0

.9
7.

8 
±

 2
.3

7.
4 

±
 1

.0
+

14
7.

6 
±

 0
.5

7.
5 

±
 1

.0
7.

7 
±

 1
.1

8.
0 

±
 0

.6
+

5.
3

0.
02

St
ic

ki
ne

ss
5.

0 
±

 0
.9

5.
1 

±
 0

.6
6.

2 
±

 0
.7

7.
3 

±
 1

.2
+

46
 (

0.
00

01
)

4.
3 

±
 0

.7
4.

7 
±

 0
.9

4.
3 

±
 0

.5
4.

2 
±

 0
.3

−
2.

3 
(0

.3
3)

C
he

w
in

es
s

5.
5 

±
 1

.8
4.

6 
±

 1
.6

3.
7 

±
 0

.3
3.

8 
±

 0
.6

−
31

 (
0.

00
8)

5.
8 

±
 1

.3
4.

6 
±

 0
.9

5.
1 

±
 1

.8
5.

0 
±

 0
.8

−
14

 (
0.

35
)

A
ro

m
a 

of
 c

oo
ke

d 
ri

ce
7.

4 
±

 0
.8

8.
9 

±
 0

.7
8.

1 
±

 1
.9

8.
5 

±
 2

.3
+

15
 (

0.
41

)
4.

6 
±

 1
.1

8.
1 

±
 1

.4
8.

1 
±

 1
.3

8.
9 

±
 1

.8
+

94
 (

<
0.

00
01

)

St
ar

ch
 li

ke
4.

1 
±

 1
.0

5.
2 

±
 0

.6
5.

1 
±

 0
.6

4.
9 

±
 0

.6
+

20
 (

0.
17

)
4.

1 
±

 0
.2

4.
7 

±
 0

.8
5.

4 
±

 0
.5

5.
6 

±
 1

.4
+

37
 (

0.
00

5)

B
ra

nn
yb

7.
5 

±
 1

.9
5.

2 
±

 0
.9

3.
8 

±
 0

.5
3.

6 
±

 0
.3

−
52

7.
4 

±
 1

.6
5.

3 
±

 0
.5

4.
8 

±
 0

.7
4.

6 
±

 0
.4

−
38

<
0.

00
01

Sw
ee

t
5.

3 
±

 0
.8

5.
9 

±
 2

.4
5.

3 
±

 1
.4

5.
6 

±
 0

.9
+

5.
7 

(0
.7

7)
5.

7 
±

 0
.6

5.
3 

±
 0

.6
4.

4 
±

 0
.8

4.
4 

±
 0

.9
−

23
 (

0.
00

06
)

O
Q

b
8.

8 
±

 1
.1

9.
4 

±
 0

.7
8.

9 
±

 1
.0

9.
2 

±
 0

.9
+

4.
5

9.
0 

±
 1

.3
10

.1
 ±

 0
.4

9.
4 

±
 1

.1
9.

6 
±

 2
.0

+
6.

7
0.

62

a %
 I

nc
re

as
e 

or
 d

ec
re

as
e 

fr
om

 0
 to

 8
–1

0%
 D

O
P;

b T
he

 tr
en

d 
te

st
 f

or
 th

e 
D

O
P 

is
 n

ot
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 b

et
w

ee
n 

B
PT

 r
aw

 r
ic

e 
an

d 
B

PT
 p

ar
bo

ile
d 

ri
ce

.

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shobana et al. Page 18

Ta
b

le
 V

I

Se
ns

or
y 

pr
of

ile
 o

f 
pa

rb
oi

le
d 

U
m

a 
ri

ce
 m

ill
ed

 to
 d

if
fe

re
nt

 D
O

P.

Se
ns

or
y 

at
tr

ib
ut

es
U

m
a 

pa
rb

oi
le

d 
(D

O
P

)

D
O

P
0%

2.
3%

4.
4%

8.
0%

%
 C

ha
ng

ea
 (

P
tr

en
d)

R
ed

ne
ss

10
.0

 ±
 0

.8
6.

0 
±

 1
.4

4.
1 

±
 0

.6
2.

9 
±

 0
.4

−
71

 (
<

0.
00

01
)

G
ra

in
 in

ta
ct

ne
ss

6.
3 

±
 1

.9
8.

4 
±

 0
.9

9.
4 

±
 1

.6
9.

9 
±

 1
.1

+
57

 (
<

0.
00

01
)

Fl
uf

fi
ne

ss
6.

9 
±

 0
.7

8.
8 

±
 1

.3
9.

5 
±

 1
.2

9.
9 

±
 1

.1
+

44
 (

<
0.

00
01

)

Fi
rm

ne
ss

7.
5 

±
 1

.8
8.

1 
±

 0
.9

8.
8 

±
 2

.0
8.

6 
±

 2
.4

+
15

 (
0.

25
)

St
ic

ki
ne

ss
3.

3 
±

 1
.4

2.
9 

±
 1

.4
5.

0 
±

 2
.0

5.
2 

±
 1

.2
+

58
 (

0.
00

02
)

C
he

w
in

es
s

5.
3 

±
 1

.1
4.

4 
±

 1
.1

4.
1 

±
 1

.6
3.

6 
±

 0
.4

−
32

 (
0.

00
01

)

A
ro

m
a 

of
 c

oo
ke

d 
ri

ce
6.

6 
±

 1
.7

9.
0 

±
 2

.3
9.

9 
±

 1
.7

9.
6 

±
 1

.5
+

46
 (

0.
00

1)

St
ar

ch
 li

ke
5.

1 
±

 2
.3

5.
2 

±
 2

.2
5.

4 
±

 2
.0

5.
2 

±
 2

.2
+

2.
0 

(0
.9

4)

B
ra

nn
y

8.
5 

±
 1

.9
4.

0 
±

 2
.0

2.
8 

±
 0

.6
2.

7 
±

 0
.7

−
68

 (
<

0.
00

01
)

Sw
ee

t
4.

4 
±

 1
.4

5.
8 

±
 2

.0
4.

5 
±

 1
.5

3.
3 

±
 1

.0
−

25
 (

0.
02

)

O
Q

8.
8 

±
 1

.5
8.

9 
±

 2
.4

9.
7 

±
 1

.1
9.

9 
±

 1
.9

+
13

 (
0.

13
)

a %
 I

nc
re

as
e 

or
 d

ec
re

as
e 

fr
om

 0
 to

 8
–1

0%
 D

O
P.

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shobana et al. Page 19

Ta
b

le
 V

II

O
ve

ra
ll 

di
ff

er
en

ce
 in

 n
ut

ri
tio

na
l a

nd
 s

en
so

ry
 p

ro
fi

le
s 

be
tw

ee
n 

ri
ce

 g
ro

up
s.

B
P

T
 p

ar
bo

ile
d

B
P

T
 r

aw
U

m
a 

pa
rb

oi
le

d

P
ar

am
et

er
M

ea
n 

± 
SD

M
ea

n 
± 

SD

%
 D

if
fe

re
nc

e 
fr

om
B

P
T

 p
ar

bo
ile

d 
ri

ce
(9

5%
 C

I)
a

p-
va

lu
ea

M
ea

n 
± 

SD

%
 D

if
fe

re
nc

e 
fr

om
B

P
T

 p
ar

bo
ile

d 
ri

ce
(9

5%
 C

I)
a

p-
va

lu
ea

N
ut

ri
en

t a
nd

 d
ie

ta
ry

 fi
br

e 
co

nt
en

ts

M
oi

st
ur

e 
(%

)
11

.4
 ±

 0
.4

11
.7

 ±
 0

.4
2.

9%
 (

0.
3%

, 5
.5

%
)

0.
03

11
.4

 ±
 0

.4
0.

2%
 (

−
2.

3%
, 2

.8
%

)
0.

86

Pr
ot

ei
n 

(g
%

)
7.

1 
±

 0
.6

7.
1 

±
 0

.6
−

0.
4%

 (
−

6.
5%

, 6
.2

%
)

0.
91

7.
0 

±
 0

.5
−

1.
4%

 (
−

7.
0%

, 4
.7

%
)

0.
65

Fa
t (

g%
)

1.
8 

±
 0

.7
1.

8 
±

 0
.7

−
1.

4%
 (

−
32

%
, 4

3%
)

0.
94

1.
8 

±
 0

.5
7.

3%
 (

−
20

%
, 4

3%
)

0.
63

A
va

ila
bl

e 
ca

rb
oh

yd
ra

te
15

(g
%

)
75

.5
 ±

 2
.8

75
.6

 ±
 3

.5
0.

2%
 (

−
3%

, 3
.5

%
)

0.
92

75
.4

 ±
 2

.3
−

0.
1%

 (
−

2.
7%

, 2
.5

%
)

0.
91

D
ie

ta
ry

 f
ib

re
 (

g%
)

3.
3 

±
 1

.3
2.

9 
±

 1
.8

−
23

%
 (

−
51

%
, 2

0%
)

0.
25

3.
2 

±
 1

.0
−

0.
5%

 (
−

26
%

, 3
3%

)
0.

98

A
sh

 (
g%

)
0.

8 
±

 0
.2

0.
8 

±
 0

.2
−

0.
4%

 (
−

21
%

, 2
5%

)
0.

98
0.

8 
±

 0
.2

4.
9%

 (
−

14
%

, 2
8%

)
0.

63

O
ry

za
no

l a
nd

 p
ol

yp
he

no
ls

 c
on

te
nt

s,
 T

A
A

, a
nd

 F
R

SA

O
ry

za
no

l (
m

g/
10

0 
g)

12
.5

 ±
 8

.4
11

.8
 ±

 6
.9

5.
7%

 (
−

44
%

, 9
8%

)
0.

86
13

.9
 ±

 9
.6

24
%

 (
−

33
%

, 1
29

%
)

0.
49

So
lu

bl
e 

po
ly

ph
en

ol
s 

(m
g/

10
0 

g)
14

.0
 ±

 7
.3

17
.7

 ±
 1

2.
1

14
%

 (
−

36
%

, 1
02

%
)

0.
65

12
.5

 ±
 7

.3
−

11
%

 (
−

45
%

, 4
5%

)
0.

65

B
ou

nd
 p

ol
yp

he
no

ls
 (

m
g/

10
0 

g)
28

.6
 ±

 7
.7

22
.8

 ±
 8

.2
−

 2
2%

 (
−

39
%

, −
1.

7%
)

0.
04

45
.0

 ±
 2

5.
4

42
%

 (
3.

3%
, 9

5%
)

0.
03

To
ta

l p
ol

yp
he

no
ls

 (
m

g/
10

0 
g)

42
.6

 ±
 1

4.
6

40
.4

 ±
 2

0.
2

−
11

%
 (

−
37

%
, 2

5%
)

0.
50

57
.4

 ±
 3

2.
5

24
%

 (
−

12
%

, 7
6%

)
0.

22

V
ita

m
in

 E
 T

oc
ot

ri
en

ol
s 

(m
g/

10
0 

g)
0.

8 
±

 0
.4

1.
0 

±
 0

.4
29

%
 (

−
21

%
, 1

09
%

)
0.

30
1.

0 
±

 0
.8

−
12

%
 (

−
58

%
, 8

4%
)

0.
73

To
co

ph
er

ol
s

0.
4 

±
 0

.3
0.

4 
±

 0
.2

5.
1%

 (
−

53
%

, 1
33

%
)

0.
90

0.
2 

±
 0

.2
−

36
%

 (
−

71
%

, 4
4%

)
0.

29

To
ta

l v
ita

m
in

 E
 (

m
g/

10
0 

g)
1.

2 
±

 0
.8

1.
4 

±
 0

.6
20

%
 (

−
28

%
, 1

00
%

)
0.

49
1.

3 
±

 1
.0

−
19

%
 (

−
61

%
, 6

7%
)

0.
56

TA
A

c
4.

4 
±

 2
.8

6.
0 

±
 2

.9
55

%
 (

0.
6%

, 1
40

%
)

0.
05

1.
5 

±
 1

.0
−

 6
7%

 (
−

82
%

, −
42

%
)

0.
00

01

FR
SA

d
25

.5
 ±

 4
.0

19
.3

 ±
 5

.2
−

 2
6%

 (
−

37
%

, −
13

%
)

0.
00

03
15

.8
 ±

 5
.7

−
 4

1%
 (

−
52

%
, −

27
%

)
<

 0
.0

01

Se
ns

or
y 

pr
of

ile

W
hi

te
/r

ed
8.

1 
±

 1
.7

8.
3 

±
 1

.6
3.

6%
 (

−
7.

3%
, 1

6%
)

0.
53

5.
7 

±
 2

.8
−

 3
5%

 (
−

46
%

, −
22

%
)

<
 0

.0
01

G
ra

in
 in

ta
ct

ne
ss

8.
3 

±
 1

.3
7.

9 
±

 1
.4

−
4.

4%
 (

−
12

%
, 4

.1
%

)
0.

30
8.

5 
±

 2
.0

0.
7%

 (
−

9.
8%

, 1
2%

)
0.

91

Fl
uf

fi
ne

ss
7.

7 
±

 1
.7

7.
4 

±
 1

.6
−

3%
 (

−
13

%
, 8

.5
%

)
0.

60
8.

8 
±

 1
.6

15
%

 (
4.

1%
, 2

7%
)

0.
00

6

Fi
rm

ne
ss

7.
7 

±
 0

.8
7.

3 
±

 1
.4

−
6.

5%
 (

−
13

%
, 1

.0
%

)
0.

09
8.

3 
±

 1
.8

5.
7%

 (
−

3.
0%

, 1
5%

)
0.

21

St
ic

ki
ne

ss
4.

4 
±

 0
.6

5.
8 

±
 1

.2
31

%
 (

18
%

, 4
4%

)
<

 0
.0

01
4.

1 
±

 1
.8

−
15

%
 (

−
29

%
, 1

.4
%

)
0.

07

C
he

w
in

es
s

5.
1 

±
 1

.2
4.

6 
±

 1
.5

−
14

%
 (

−
27

%
, 2

.6
%

)
0.

09
4.

4 
±

 1
.3

−
 1

6%
 (

−
28

%
, −

1.
2%

)
0.

04

A
ro

m
a 

of
 c

oo
ke

d 
ri

ce
7.

4 
±

 2
.2

8.
2 

±
 1

.6
14

%
 (

−
1.

2%
, 3

1%
)

0.
07

8.
8 

±
 2

.2
20

%
 (

2.
3%

, 4
0%

)
0.

02

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shobana et al. Page 20

B
P

T
 p

ar
bo

ile
d

B
P

T
 r

aw
U

m
a 

pa
rb

oi
le

d

P
ar

am
et

er
M

ea
n 

± 
SD

M
ea

n 
± 

SD

%
 D

if
fe

re
nc

e 
fr

om
B

P
T

 p
ar

bo
ile

d 
ri

ce
(9

5%
 C

I)
a

p-
va

lu
ea

M
ea

n 
± 

SD

%
 D

if
fe

re
nc

e 
fr

om
B

P
T

 p
ar

bo
ile

d 
ri

ce
(9

5%
 C

I)
a

p-
va

lu
ea

St
ar

ch
 li

ke
5.

0 
±

 1
.0

4.
8 

±
 0

.8
−

2.
2%

 (
−

12
%

, 8
.3

%
)

0.
67

5.
2 

±
 2

.1
−

1.
1%

 (
−

16
%

, 1
7%

)
0.

90

B
ra

nn
y

5.
7 

±
 1

.5
5.

3 
±

 2
.0

−
8.

9%
 (

−
23

%
, 7

.9
%

)
0.

28
4.

6 
±

 2
.8

−
 2

9%
 (

−
43

%
, −

11
%

)
0.

00
3

Sw
ee

t
5.

0 
±

 0
.9

5.
5 

±
 1

.4
9.

5%
 (

−
3.

0%
, 2

4%
)

0.
14

4.
5 

±
 1

.7
−

13
%

 (
−

25
%

, 0
.8

%
)

0.
06

O
Q

9.
5 

±
 1

.3
9.

1 
±

 0
.9

−
4.

1%
 (

−
10

%
, 2

.3
%

)
0.

21
9.

3 
±

 1
.8

−
3.

2%
 (

−
12

%
, 6

.0
%

)
0.

48

a %
 D

if
fe

re
nc

e,
 p

-v
al

ue
, a

nd
 9

5%
 C

I 
w

er
e 

es
tim

at
ed

 f
ro

m
 a

 r
eg

re
ss

io
n 

m
od

el
 w

ith
 lo

g-
tr

an
sf

or
m

ed
 o

ut
co

m
e;

b M
ea

su
re

d 
di

re
ct

ly
, i

s 
th

e 
su

m
 o

f 
st

ar
ch

 a
nd

 to
ta

l f
re

e 
su

ga
rs

 (
g 

av
ai

la
bl

e/
10

0 
g 

ri
ce

);

c TA
A

 e
xp

re
ss

ed
 a

s 
α

-t
oc

op
he

ro
l e

qu
iv

al
en

ts
/g

.;

d FR
SA

 e
xp

re
ss

ed
 a

s 
%

 o
f 

fr
ee

 r
ad

ic
al

 s
ca

ve
ng

ed
 (

ca
te

ch
in

 e
qu

iv
al

en
ts

).

Int J Food Sci Nutr. Author manuscript; available in PMC 2019 May 13.


	Abstract
	Introduction
	Materials and methods
	Rice parboiling and milling
	Nutrient and phytochemical analysis
	Antioxidant activity
	Sensory analysis
	Cooking of rice samples
	Sensory evaluation by trained panelists

	Statistical analysis

	Results
	Effect of polishing on nutrient content by degree of polishing in BPT (both raw and parboiled forms) and Uma red (parboiled) rice varieties
	Effect of polishing on the sensory profile by degree of polishing in BPT (raw and parboiled) and Uma red rice varieties
	Comparison of the nutritional content and sensory profile of the rice samples

	Discussion
	Conclusion
	References
	Figure 1
	Table I
	Table II
	Table III
	Table IV
	Table V
	Table VI
	Table VII

