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Introduction 
 

The typical modern and high societal habits 

push individuals towards nutritional overload 

and a life-style very sedentary in origin. This 

disturbing reality is shown by the exponential 

rise in the prevalence of many metabolic 

disorders including type-2 diabetes, which is 

estimated to reach the appalling rate of 300 

million cases by 2030 (Anhe et al., 2013). 

Diabetes mellitus also called “madhumeham” 

has been known now for centuries as a 

disorder related to sweetness. Those persons 

with diabetes are detected with too much 

sugar both in blood and urine. However, there 

is nothing to worry as diabetes can now be 

kept under control by making certain changes 

in the food intake, life style, exercise and by 

the regular intake of the prescribed medicine 

(Raghuram et al., 2007). There are two major 

categories of diabetes, Type 1 diabetes, also 

called insulin dependent diabetes mellitus 
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Diabetic friendly rice, red rice (Oryza punctata) is a variety of pigmented 

rice that is red in colour because of its anthocyanin content. The present 

study was planned to develop a low glycaemic flour using red rice (Oryza 

punctata), its value added products and their quality evaluation. Red rice 

flour was the main ingredient taken for preparation of the low glycemic 

flour. The other flours taken for preparation were whole wheat flour (atta), 

bengal gram flour (besan), oats four and fenugreek powder (methi). The 

proportion of red rice and wheat flour were changed keeping the other 

ingredients constant and different treatments were tried for the selection of 

the most acceptable flour. Four proportions were taken, i.e. T1, T2, T3 and 

T4 which contained 20%, 30%, 40% and 50% of red rice flour respectively. 

Three traditionally consumed recipes like chapatti, cheela and dhokla were 

prepared from the four treatments. It was found the flour which contained 

40% of red rice flour was more acceptable in terms of sensory parameters. 
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(IDDM), is usually diagnosed from the 

childhood, in which the body produces very 

little or no insulin and daily insulin injections 

are required and type 2 diabetes, also known 

as non-insulin dependent diabetes mellitus 

(NIDDM), is very common and almost about 

90% of all the diabetic cases belong to this 

category and occurs usually in adulthood. In 

this type 2 diabetes diet, exercise and oral 

antidiabetic drugs can be sufficient for 

controlling the elevated blood sugar levels 

unless it is serious. Visanthamein and Savita 

(2001). If diabetes mellitus stays for longer 

duration then it is associated with an increase 

in the prevalence of various types of micro-

vascular and macro-vascular diseases. Recent 

research studies have shown that the 

prevalence of the coronary heart diseases 

(CHD) in the diabetics in India may be as 

high as that in the migrant population. Hence, 

nutrition therapy is one of the major 

components for reducing the risk factor of 

chronic complications, especially the ones 

related to various macro vascular diseases 

(CHD & CVD) Mohan et al., (2006). 

Therefore, Type 2 diabetes can be 

successfully treated by proper maintenance of 

diet before the onset of any secondary 

complications. Certain minor components of 

foods are now been recognized by almost 

every category of people for their health-

promoting characteristics, mainly for their 

different roles in prevention or alleviation of 

the effects of various chronic diseases such as 

cardiovascular disease, certain cancers and 

diabetes. These components include vitamin 

C, vitamin E, flavones, lignans, β-carotene, 

phenolic compounds and certain trace 

elements. Red rice is one of them. Diabetic 

friendly rice, red rice (Oryza punctata) is a 

variety of pigmented rice that is red in colour 

because of its anthocyanin content. It is 

generally consumed unhulled or partially 

hulled, containing a red outer husk, unlike the 

common brown rice. In comparison to 

polished rice, rice eaten with the germ intact 

has higher nutritional value. It comes with 

plenty of antioxidants, phytochemicals, 

phytonutrients, protein, Vitamin E, iron and 

various other nutrients. The red coloured bran 

layer contains about 95% of minerals and 

dietary fiber of the whole rice which contains 

iron, potassium, zinc, manganese, sodium and 

so forth. Inner white layer contains 

predominantly proteins and carbohydrate 

(www.healthbenefits.com). As it is abundant 

in fibre and low glycaemic in nature it can be 

recommended in the diet of diabetic patients 

in moderate amount. It can not only supply 

nutrients but also fulfil the urge of eating rice 

of the diabetics. Nowadays people have been 

staying in a very busy world for which they 

are always in short of time. For this reason 

people tend to ignore various healthy food 

options and thus result in consuming quick 

ready to eat unhealthy and fast foods in a 

hurry. This leads to different types of health 

disorders. Hence, this research was planned to 

develop a red rice based low glycemic 

composite flour whose main ingredient was 

red rice along with other low glycemic 

ingredients such as bengal gram, oats, whole 

wheat flour, fenugreek powder in certain 

amount. 

 

Materials and Methods 

 

The present study has been planned to 

develop value added products using red rice 

(Oryza punctata) based low glycemic flour 

and the microbial activities during storage. 

Red rice flour was the main ingredient taken 

for preparation of the low glycemic flour. The 

other flours taken for preparation were whole 

wheat flour (atta), bengal gram flour (besan), 

oats four and fenugreek powder (methi). The 

proportion of red rice and wheat flour were 

changed keeping the other ingredients 

constant and different treatments were tried 

for the selection of the most acceptable flour. 

The four main flours including red rice flour 

(RRF), wheat flour (WF), bengal gram flour 
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(BGF) and oats flour (OF) were taken in 

different proportions to make it 100g. About 

0.2 gram of fenugreek powder (FP) was 

added to every treatment. 

 

The flour standardization was done in terms 

of ingredients, amounts, processing steps and 

sensory qualities of products. To fulfill this 

purpose, the basic ingredients were replaced 

with red rice and other flours in different 

proportion to find out best combination for 

preparing each product. 

 

All the treatments were evaluated by 

preparing different basic recipes so that the 

best flour could be selected. The recipes made 

from the flours were chapatti, pancake and 

dhokla. 

 

Microbial analysis:  

 

In the present investigation, the microbial 

load of the flour was calculated, i.e. the yeast 

and mould count at zero as well as monthly 

intervals of two months of storage period, as 

per the procedure described by the American 

Public Health Association (APHA, 1976).The 

method used for the preparation and 

composition of the media used for carrying 

out the experiment is as follows:- 

 

Sterilization: Heat resistant glasswares like 

petriplates, conical flask, pipettes, test tubes 

were cleaned and sterilized in an oven and the 

temperature was maintained at 160ºCfor a 

period of about 2 hours (Vij and 

Subramaniam, 1999). 

 

Preparation of media 
 

Potato Dextrose Agar media was used for the 

yeast and mould count. The media was 

weighed, dissolved in the boiling distilled 

water, poured in the screw capped media 

bottles in the proportions of 100ml each and 

then autoclaved at 121ºC for 15 minutes. 

 

Preparation of dilution: One gram of the 

sample was added to about 9 ml of sterilized 

saline solution inside a sterilized 

environment, i.e., U V Chamber and then 

mixed thoroughly for first dilution i.e., 1/10 

of the concentration of the original sample. 

The subsequent dilutions were then obtained 

by transferring about 1ml of the previous 

dilutions to 9ml of the sterile saline in the 

cotton plugged test tubes. 

 

Plating technique: One millilitre of dilution 

was transferred into already marked sterile 

petriplates in triplicates. They agar medium 

was melted (when solidified) over the hot 

water bath and 15 ml of the media was poured 

to each petriplates. It was then mixed with the 

sample by rotation without spreading it over 

the edges of the pertidish. The mixture was 

then evenly spread over the bottom of the 

plate and the media was left to solidify. 

 

Incubation and counting of colonies: The 

plates with the solidified medium and the 

samples were first inverted and then 

incubated in the incubator at the temperature 

30 ±2ºC and time 70-90±2 hours. The 

developed colonies were counted and were 

expressed as colony forming units (cfu/g) of 

the sample. 

 

Results and Discussion 
 

Sensory parameters have always been 

analyzed to decide the acceptance of food by 

masses and have an edge over other equally 

important nutritional and safety aspects. 

Keeping this in view, when the sensory 

evaluation of four different low glycemic 

composite flours was carried out by taking 

different proportions of different flours as 

described in Table 3.1 the most acceptable 

one was selected for further study. The 

sensory evaluation of most common locally 

consumed recipes were done i.e. chapatti, 

cheela and dhokla and the sensory scores as 

given by the panel members for individual 
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sensory parameters were statistically 

analyzed. 

 

Preparation of chapatti for finalization of 

low glycemic flour 

 

Results of the sensory evaluation of the 

chapatti (i.e., T1, T2, T3 and T4) prepared with 

20, 30, 40 and 50 per cent addition of red rice 

flour respectively, 20 per cent addition of oats 

and bengal gram flour by changing the 

proportion of wheat flour accordingly have 

been presented in the Table 4.1 and Figure 

4.1. As observed in Table 4.1, the mean 

sensory scores of chapatti ranged from 6.10 

to 8.00 on 9-point hedonic scale.  

 

The whole wheat flour composition was 

changed in different proportions and replaced 

by red rice, oats, bengal gram and fenugreek 

flours. Similarly, Singh and Pathak (2002) 

replaced the whole wheat flour that of rice, 

barley, millets, corn and black gram. In table 

4.1, the sensory scores of all the parameters of 

all the flours ranged from 6.1 to 8.0. The 

results showed that the flour based chapattis 

were found to fall under the category of „liked 

very much‟ to „liked moderately‟. Similarly, 

Kadam et al., (2012) reported that the 

incorporation of soy flour in wheat flour at 

the proportion of 5 to 20 per cent for chapattis 

preparation showed the scores of different 

sensory attributes within the range of 6.0 to 

8.6. 

 

T3 was found to have the highest scores in all 

the parameters. This may be due to 40 per 

cent addition of red rice in which level the 

flour based chapatti was liked the most. But 

when it reached the 50 per cent level in T4, 

the dark colour and non-binding properties of 

red rice might have affected the sensory 

scores. Significant differences were found in 

between the scores of different flours. The 

scores of colour for T1, T2 and T4 were low 

and not found significantly different. 

Preparation of cheela for finalization of 

low glycemic flour 

 

Results of the sensory evaluation of cheela 

(i.e., T1, T2, T3 and T4) for finalization of the 

best low glycaemic flour are described in 

Table 4.2 and Figure 4.2. As observed, the 

mean sensory scores of cheela ranged from 

5.90 to 8.20 on 9-point hedonic scale. Kumar 

et al., (2004), incorporated amaranthus leaf 

powder with onion stalk in cheela at three 

levels: 5, 10 and 15 percent. It was observed 

cheela was liked the most with 5 percent 

incorporation of dried amaranthus leaf and 

onion stalk, however incorporation at 10 and 

15 percent were also acceptable. According to 

Beniwal and Jood (2015), when bengal gram 

seed coat was incorporated by 5 per cent in 

dosa, it was rated as „liked moderately‟.  

 

But according to this research, the result of 

the flour based cheelas came under the 

category of „liked very much‟ to „liked 

moderately‟. This might have been due to 

addition of onion, green chillies and other 

spices like cumin seeds, red chilli powder, 

turmeric etc. And also the combination of red 

rice flour with oats, bengal gram and wheat 

flour led to an outer crispy layer with an inner 

soft layer in the cheela which was more 

acceptable. The highest sensory score was 

found in T3 in all the parameters which had 40 

per cent of red rice flour. The reason might 

have been due to the more chunky and crispy 

properties of the cheela because of 40 per 

cent addition of red rice flour. It was found 

that increase in 10 per cent more of red rice 

flour, i.e. 50 per cent flour made the cheela 

hard and dark leading to decrease in sensory 

scores. In the study of Roopa et al., (2017) 

sensory attributes showed that the D2 (30% 

rice+ 40% little millet+ 20% black gram 

+10% lentil) formulated dosa was more 

acceptable in comparison to that of other 

formulated millet based dosa. In the present 

study, significant differences were found in 
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between the scores of T1, T2 and T4 except 

colour. 

 

Preparation of dhokla for finalization of 

low glycemic flour 

 

Table 4.3 and Figure 4.3 represent the results 

of the sensory evaluation of four types of 

dhoklas prepared from four types of flours 

(i.e., T1, T2, T3 and T4) for selection of the 

best low glycaemic flour Lohekar and Arya 

(2014) also developed value added instant 

dhokla mix with soybean, ragi and 

garedencress seeds. They performed four 

variations for sensory evaluation in 

comparison with basic variation. In the 

present study, as observed in the table, the 

mean sensory scores of dhokla ranged from 

5.90 to 8.20 on 9-point hedonic scale. As a 

result, the flour based dhoklas came under the 

category of „liked very much‟ to „liked 

moderately‟. The highest sensory score was 

found in T3 in all the parameters. The reason 

might have been the taste, porosity as well as 

mouth-feel of dhokla with 40 per cent red rice 

flour. Significant differences were found in 

between the scores of T1, T2 and T4.  

 

Kaur et al., (2016) developed dhokla with 

besan (65g), potato flour (20g), suji (15g), salt 

2.5g and curd (100g). It was accepted at 20-

50% level of incorporation of potato flour. 

Dhokla with addition of 20 per cent of potato 

flour obtained highest acceptability, i.e., 8.12. 

In the present research, dhokla prepared by 

incorporation of 50 per cent had decreased 

sensory attributes because it came out with 

hard texture and astringency.  

 

Table.1 Proportions of different flours in various treatments 

 

S. No. Types of flour T1 (g) T2 (g) T3 (g) T4 (g) 

1 Red rice flour 20 

(20%) 

30 

(30%) 

40 

(40%) 

50 

(50%) 

2 Wheat flour 40 30 20 10 

3 Oats flour 20 20 20 20 

4 Bengal gram flour 20 20 20 20 

5 Fenugreek powder 0.2 0.2 0.2 0.2 

 

Table.2 Acceptability scores of chapatti for finalization of low glycemic flour 

 

S. 

No. 

Treatments Colour Flavour Taste Texture Appearance Overall 

acceptability 

1 T1 6.87
b
±0.78 6.20

d
±0.41 6.60

b
±0.51 6.40

c
±0.52 6.10

d
±0.56 6.10

d
±0.56 

2 T2 6.60
b
±0.69 6.70

b
±0.67 6.50

b
±0.71 6.60

b
±0.69 6.70

b
±0.82 6.50

b
±0.52 

3 T3 8.00
a
±0.81 7.90

a
±0.73 7.70

a
±0.48 7.70

a
±0.48 7.90

a
±0.87 7.50

a
±0.52 

4 T4 6.70
b
±0.82 6.40

c
±0.51 6.30

c
±0.48 6.20

d
±0.63 6.40

c
±0.69 6.30

c
±0.67 

 Standard 

error 

0.11 0.08 0.08 0.08 0.11 0.08 

 CD 5% 0.22 0.17 0.16 0.17 0.22 0.16 
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Table.3 Acceptability scores of cheela for finalization of low glycemic flour 

 

S.No. Treatments Colour Flavour Taste Texture Appearance Overall 

acceptability 

1 T1 6.30
b
±0.82

 
6.60

b
±0.51

 
6.70

b
±0.48 6.60

b
±0.51 6.20

c
±0.42 6.30

b
±0.48 

2 T2 6.30
b
±0.48

 
6.60

b
±0.96

 
6.50

c
±0.84 6.60

b
±0.69 6.60

b
±0.84 6.30

b
±0.48 

3 T3 8.20
a
±0.63

 
8.10

a
±0.56

 
8.00

a
±0.66 8.00

a
±0.47 8.00

a
±0.81 7.70

a
±0.48 

4 T4 6.40
b
±0.69

 
5.90

c
±0.73 6.20

d
±0.63 5.90

c
±0.56 6.20

c
±0.78 5.80

c
±0.63 

 Standard 

error 

0.09 0.10 0.09 0.08 0.10 0.08 

 CD 5% 0.19 0.21 0.19 0.16 0.21 0.15 

 

Table.4 Acceptability scores of dhokla for finalization of low glycemic flour 

 

S. No. Treatments Colour Flavour Taste Texture Appearance Overall 

acceptability 

1 T1 6.30
c
±0.67

 
6.20

c
±0.63

 
6.20

b
±0.63 6.50

b
±0.70 6.30

c
±0.48 5.90

c
±0.31 

2 T2 6.50
b
±0.52

 
6.40

b
±0.84

 
6.40

b
±0.84 6.30

c
±0.67 6.60

b
±0.69 6.00

c
±0.67 

3 T3 8.10
a
±0.74

 
8.30

a
±0.67

 
8.00

a
±0.47

 
8.00

a
±0.47 8.20

a
±0.63 7.80

a
±0.42 

4 T4 6.50
b
±0.70

 
6.50

b
±0.97

 
6.50

b
±0.97

 
6.20

c
±0.63 6.30

c
±0.94 6.20

b
±0.63 

 Standard 

error 

0.09 0.10 0.10 0.09 0.10 0.07 

 CD 5% 0.19 0.20 0.21 0.18 0.20 0.15 

        

 

Table.5 Microbial (yeast and mould) activities during storage 

 

S. No. Days Activity (cfu/g) 

1 0 Nil 

2 30 2.33±0.57 

3 60 3.5±0.5 
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Plate.1 Chapatti prepared for finalization of low glycaemic flour 
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Plate.2 Cheela prepared for finalization of low glycaemic flour 
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Plate.3 Dhokla prepared for finalization of low glycaemic flour 
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Plate.4 Red rice based low glycaemic flour selected for further studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patangare (2019) conducted the sensory 

evaluation of instant dhokla mix in which 

sample D2 containing 20 per cent foxtail 

millet and 20 per cent horse gram flour was 

more acceptable and scored 8.7 compared to 

D4(7.1) containing 30 per cent horse gram 

flour. But beyond 30 per cent level, the 

overall acceptability score decreased showing 

negative impact on sensory parameters.  

 

After conducting the sensory evaluation of 

chapatti, cheela and dhokla prepared from 

different flours with varying proportions, the 

T3 flour, i.e. the flour containing 40% of red 

rice flour was selected for the further studies 

based on the acceptability scores. 

 

Assessment of microbial activities of 

selected low glycaemic flour during storage 

 

Microbial load is one of the important 

determinants which indicate the keeping 

quality of any type of food product. 

Contamination affects the cereal yield along 

with the quality as well as the nutritional 

value of a food product adversely. Mould 

growth is one of the most common causes of 

the microbial spoilage and also deterioration 

in the quality of any cereal grain or flour 

during the storage period (Victor et al., 2013). 

 

The quality and also handling practices of the 

produce after post harvest of the cereals play 

a key role in maintaining the keeping quality 

of the flour Berghofer et al., (2003). Cereals 

may be contaminated with the mycotoxins 

which produce fungi and other pathogenic 

bacteria during the growth of crop, stages of 

pre and post harvesting, drying, transportation 

of the crop and its storage (Setamou et al., 

1997). 

 

Although the flours are generally considered 

as safe products because of their low water 

activity, still many of the pathogenic and non-

pathogenic microbes contaminate them during 

their processing and storage (ICMSF, 1998; 

Berghofer et al., 2003).  

 

The microorganisms that contaminate the 

flour survive for longer periods and produce 

various toxins, even after the retardation of 

their growth under low moisture conditions. 
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The results of the microbial activities of the 

yeast and mould during the entire storage 

period after every 30 days gap for 2 months 

have been illustrated in Table 4.23. First the 

microbial activity in the „0
th

‟ day was 

observed where the microbial activity was 

found to be nil. Then the activity after 30 days 

was observed which was found to be log 

2.33cfu/g and after 60 days the value was log 

3.5 cfu/g. 

 

Victor et al., (2013) also found that the yeast 

and moulds ranged from log 1.04±0.55 cfu/g 

in case of cake flour to log 3.90±0.76 cfu/g in 

the whole (brown) wheat flour during the 

whole storage period. 

 

The study revealed that the flour incorporated 

with 40 per cent of red rice flour was the most 

acceptable in terms of all the sensory 

attributes of chapatti, cheela and dhokla. In 

the present research investigation, the results 

of the microbial examination of the red rice 

based low glycaemic flour revealed that it was 

safe for human consumption as the indicators 

of the microbial load were within range of the 

permissible limit. The reason behind this 

might have been low moisture and good 

hygienic conditions maintained throughout 

the study starting from product development 

to packaging and storage of the sample. 
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