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III. METHODOLOGY

The methodology of study entitled “Formulation and Evaluation of Vitamin D2

and Calcium rich Ready To Eat (RTE) and Ready To Cook (RTC) Food products” is

described under the following headings:

PHASE I: Selection of foods rich in Vitamin D2 and Calcium and its processing method

A. Selection of foods rich in Vitamin D2 and Calcium

B. Processing of foods

PHASE II: Preliminary analysis of Vitamin D2 and Calcium in mushroom and finger

millet

A. Analysis of vitamin D2 in mushroom

B. Analysis of Calcium in Finger millet

PHASE: III Formulation, standardisation and organoleptic evaluation of developed

food products

A. Standardisation of Ready To Eat (RTE) and Ready To Cook (RTC) food

products

B. Organoleptic evaluation of developed products

PHASE IV: Analysis of Physicochemical properties and Nutrients in developed food

products

A. Physicochemical properties of the developed food products

B. Nutrient analysis of the developed food products

PHASE V: Shelf life of the developed Food products and Packaging

A. Shelf life assessment of the developed Food products and Packaging
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Phase I: Selection of foods rich in Vitamin D2 and Calcium

The study design is presented in Figure 1 and the ethical clearance obtained from the

Institutional Human Ethical Committee approval no AUW/IHE/FSN-21-22/XPD-03.Ethical

clearance certificate is given in Appendix I.

A. Selection of foods rich in Vitamin D2 and Calcium

Finger millet and Button mushroom were chosen for this study as Calcium and

Vitamin D2 source.

Finger millet:

Finger millet (Eluesine coracana) is one of the best source of Calcium and vitamin D2,

with 36457.8 mg of calcium and 41.463.12μg of vitamin D2 (Longvah et al, 2017). When

compared to other millets, finger millet has good calcium bioavailability. It has three times

the calcium found in milk and ten times the calcium found in brown rice. It is a great cereal

that can be consumed on a regular basis. It also contains amino acids such as methionine and

phytochemicals such as polyphenols, in addition to calcium. Finger millet has been shown to

lower the risk of diabetes and gastrointestinal disorders (Kumar et al., 2016)

Mushroom

Mushroom, despite belonging to the fungal kingdom, is a vegetable in the culinary

sense, distinguishing itself from plants and animals. There are various kinds of mushroom

namely wild mushrooms, shiitake mushrooms, oyster mushrooms, Button mushrooms, and

Italian mushrooms, and so on. The Button mushroom (Agaricus bisporous) is widely

available in all seasons. Button mushroom (fresh) has around 20.54 μg vitamin D2 per 100 g

(Longvah et al, 2017).

Mushroom is a unique species which can synthesize ergosterol in their cell wall when

exposed to UV radiation of sun. It has numerous health benefits such as reduction of cancer

risk, aids in weight management, boosts immunity and increase in gut micro flora (Agarwal

and Victor, 2021). Finger millet and Button mushroom were chosen as a base ingredient for

the development of RTE and RTC food products.
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Wheat flour, refined wheat flour, butter, brown sugar, refined sugar onion powder,

milk powder, garlic powder and pepper powder were also used to make RTC and RTE food

products. Finger millet, button mushroom and other ingredients were purchased from the

local market of Coimbatore City, Tamil Nadu. The ingredients were stored in the Foods lab

of Department of Food Science and Nutrition at the Avinashilingam Institute for Home

Science and Higher Education for Women.

A. Processing of foods :

Processing is essential as it enhances the bioavailability and Organoleptic property of

foods. Different foods require different processing techniques. Decortication, grinding,

soaking, heating, germination, and fermentation are some of the methods used to process

millets. A Study by Najdi Hejazi et al.,( 2016) revealed that basic traditional food processing

methods such as soaking and malting/germination can considerably reduce anti-nutrient

content and boost nutrient bio-availability.

Processing of Finger Millet

Malting:

Malting is one of the traditional methods carried out to enhance the nutrient and

physicochemical properties of the grain including their digestibility. The malting of finger

millet was carried out with a slight modification in the procedure as suggested by Nirmala

and Muralikrishna, (2002). Finger millet was washed in running tap water to remove sand,

stones and dirt present in it. It was washed with water for 5 to 6 times and soaked in water for

24 hr. In between the soaking period the water was changed for every 6 hours to retard

fermentation. After 24 hours of soaking excess water was drained, seeds were tied in a muslin

cloth.

These seeds were germinated at 27± 3ºC for 24hr and shade dried for 2 days. The

malted finger millet were grounded into flour then sieved. Finger millet flour was stored in an

air tight container. It was analysed in the laboratory for calcium.A comparative study of

analysis of millet revealed 24 hr soaking and 24 hr germination was found to be best for

producing nutritionally enriched millet products. It reduces the anti-nutrition factor and

improves the bio availability (Bhuvaneswari et al., 2020). The detailed flow chart for the

preparation of malted finger millet flour is given in Appendix II.
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Processing of Mushroom

I) Cleaning, Pre-treatment and slicing

A combination of steam blanching, vinegar pre treatment and solar drying can

minimize the antioxidant loss and mold infestation in mushroom (Mutukwa et al., 2019).

Button mushrooms were washed, trimmed, and cut into slices of thickness about 5 mm. Then

it was steam blanched for 3 min. This was followed by soaking in 500 ml of 0.5% chemical

pre-treatment solution (Vinegar) for 10 minutes. Samples were then drained and dried.

2) Sun drying:

Sun drying is a traditional drying method for reducing the moisture content thereby it

also enhances shelf life. The solar radiation heats up the surface as well as the surrounding air

and thus increases the rate of water evaporating from the surface. The mushroom was

weighed before and after drying. The drying rate depends on the time and day of the

products exposed. After drying completely, it is stored in an air tight container and analysed

in the laboratory for vitamin D2. The detailed flow chart for the preparation of sun dried

mushroom is given in Appendix II

Processing of other ingredients:

Garlic powder

Garlic was cleaned and sliced. It was kept in cabinet dryer for 14.5 hrs at 60 °C and

was powdered, sieved and kept in a sealed polyethylene pouch. The detailed flow chart for

the preparation of garlic powder is given in Appendix IV

Onion powder

Onion was cleaned and sliced. It was kept in cabinet dryer for 14.5 hrs at 60 °C and

was powdered, sieved and kept in a sealed polyethylene pouch. The detailed flow chart for

the preparation of onion powder is given in Appendix IV
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Pepper powder:

Pepper was ground in to powder .It was stored in sealed polyethylene pouch.

PHASE : II Preliminary analysis of Vitamin D2and Calcium:

Nutrient analysis is the process for determining the nutrient profile of foods and food

products. It is a vital part of analytical chemistry that provides information about the

chemical composition, processing, quality control and contamination of food. It ensures

compliance with trade and food laws. It can be performed through a Laboratory analysis.

A . Analysis of Calcium in finger millet:

Calcium was estimated by using the procedure given by AOAC(1990) 5g of ignited

sample was dissolved in hydrochloric acid and made up to 100 ml. 10 ml of the ash solution

was pipette out in a conical flask and 90 ml of distilled water was added to it. Two drops of

methyl red indicator were added. It was made strongly alkaline by adding ammonia and kept

for boiling.20 ml of saturated ammonium oxalate was added to the solution, 10 ml each time

to ensure complete precipitation directly. When it was hot, a few drops of acetic acid were

added to render the medium acidic.

The precipitation was allowed to settle overnight. The next morning the solution was

filtered with Whatman no.40 filter paper. The precipitate was washed first with ammonical

water and then with hot water several times until it was free from chloride. To test it 5 ml of

the washing was collected, in a test tube, and a drop of silver nitrate solution was added. The

washing was continued till there was no precipitation with calcium chloride solution.

The filter paper was collected in a flask by making a hole in the filter paper. To this 2

ml of 2N sulphuric acid was added. This solution was heated to 60-80°C and when still hot

was titrated against N/10 potassium permanganate solution. The volume of potassium

permanganate solution uses up the milligrams of calcium present in 100 g of the sample was

calculated. The analyses were performed in triplicates.

B. Analysis of Vitamin D2in Button mushroom:

Vitamin D2 determination was run by couple HPLC technique. Triplicate samples

were taken from each one for the measurement of vitamin D2. The extraction of vitamin D2

was carried out based on the method of Keflie et al., (2019). Samples of pulverized and
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homogenized powder (1 g) were mixed with 19 ml of ethanol (with a chemical purity of

99.7%), 4 ml of 50% potassium hydroxide (500 g KOH in 1 L of H2O), 1.333 ml of sodium

ascorbate (1.75 g solved in 10 ml of 1 M sodium hydroxide) and 1 ml of vitamin D3 (100

mg/L) as internal standard in a 50 ml falcon tube. The mixture was vortex mixed and

subsequently saponified for 1 h in a water bath at 80 °C. The mixture was then cooled to

ambient temperature in ice water. To promote a better separation of the layers, 10 ml of

saturated sodium chloride solution was added. Subsequently, 15 ml of n-hexane was added,

vortex mixed and centrifuged for 8 min at 4500g .The n-hexane layer was transferred into a

new falcon tube and the extraction processes were repeated twice, one time with 15 ml of n-

hexane and later with 10 ml of n-hexane. The pooled organic layers were washed three times

with deionised water until neutralized. The organic layer was then transferred into a 100 ml

round bottom flask and rotary evaporated to dryness. The flask was rinsed with 6 ml of n-

hexane and transferred into 10 ml of round bottom flask and, rotary evaporated again. Once

evaporated to dryness, the sample was immediately re-dissolved in 1 m of tetrahydrofuran

and vortex mixed. Thereafter, the samples were centrifuged for 5 min at 1600g at 20 °C to

remove impurities and then used for subsequent analyses by HPLC.

PHASE : III Formulation, standardisation and organoleptic evaluation of developed

food products

New product development is a process which tries to develop a new product or tries to

modify from the existing one. There are three crucial steps: creating new ideas, screening

ideas for viability, and appealing to ideas. It is one of the innovative way to treat nutritional

deficiency diseases like rickets. Convenience is a multifaceted term. Apart from cost, health,

and sensory acceptability, and other concerns, it is one of the most important elements that

influence food choice. When, where, what, and how we eat foods are all influenced by

convenience.

As a result, demand for minimally processed ready-to-eat or ready-to-cook food has

risen significantly in recent years. A study by Harinarayanan and Akhila (2019) revealed that

calcium and vitamin D is a twin deficiency which was prevalent in India. Hence, Ready To

Eat and Ready To Cook products which aids in prevention and treatment of nutritional

deficiency disease were formulated. For this research Finger millet mushroom soup mix,

finger millet mushroom cookie and finger millet mushroom flakes were developed and

standardised.
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A. Standardisation of Ready To Eat (RTE) and Ready To Cook (RTC) Food products

Finger millet mushroom cookies:

The methodology by Ikumola et al., (2017) was followed with slight modification for

finger millet mushroom cookies. Standardisation of product was carried out by formulating

two trials (V1 and V2) with reference (V0) standard recipe as given in (Table I) Butter and

powdered sugar were creamed in mixer with a flat beater for 2 min at 5 rpm to obtain a

homogenous cream, then dry raw materials were added and mixed for 5 min to form dough

which was sheeted to thickness of about 0.25 cm using rolling pin and cut into a round shape

(cookies) of 3 cm diameter then baked in an electric oven at 160°C for 15 min The detailed

flow chart for preparation of Finger millet mushroom cookies is given in Appendix III

For standardisation of finger millet mushroom cookies, the standard recipe with wheat

flour was adopted. The standard wheat flour cookie was prepared by 100 g wheat flour, 50 g

butter, 50 g jaggery powder and a drop of vanilla essence. Keeping the other ingredients

constant, variations replacing refined wheat flour with finger millet flour at V110 Per cent and

V220 per cent. In both variations mushroom powder was 10 per cent. The cookies with these

variations were prepared and subjected to descriptive sensory evaluation (Table I)
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Table I

Composition of ingredients present in Finger millet mushroom cookies

Ingredients ( g/ml) Variation

V0 V1 V2

Wheat flour 50 30 20

Malted finger millet flour - 10 20

Mushroom - 10 10

Butter 25 25 25

Brown sugar 25 25 25

Vanilla essence 0.4 0.4 0.4

Sodium bicarbonate 0.25 0.25 0.25

Instant Finger millet mushroom soup mix:

The soup mix was formulated by mixing the weighed ingredients in right proportion.

Standardisation of product was carried out by formulating two trials (V1 and V2) with

reference (V0) standard recipe as given in Table II .The standard mushroom soup (V0) was

prepared by 25 g wheat flour, 20 g fat, 35 g skim milk powder, 5 g dried mushroom, 5 g

mushroom powder, 5.5 g salt, 0.5 g pepper, 1.5 g sugar, 1.5 g garlic and onion powder.

Keeping other ingredients constant, variations replacing refined wheat flour with finger millet

flour at V1 20 per cent and V2 40 per cent (Table II). In both variations mushroom powder

was 10 per cent. The soup with these variations were prepared and subjected to descriptive

sensory evaluation. The detailed flow chart for preparation of Finger millet mushroom soup

mix is given in Appendix IV.
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Table II

Composition of Instant Finger millet mushroom soup mix

Ingredients ( g/ml) Variation

V0 V1 V2

Wheat flour 25 20 15

Finger millet flour - 5 10

Dehydrated mushroom 5 5 5

Dehydrated mushroom

powder

5 5 5

Skim milk powder 35 35 35

Garlic powder 1.5 1.5 1.5

Onion powder 1.5 1.5 1.5

Sugar 1.5 1.5 1.5

Salt 5.5 5.5 5.5

Pepper 0.1 0.1 0.1

Finger millet mushroom flakes:

The finger millet mushroom flakes were formulated by the methodology of Attri et al ,

(2019) with slight modification. Standardisation of product was carried out by formulating

two trials (V1 and V2) with reference (V0) to the standard recipe as given in the (Table

III).The Finger millet mushroom flakes was standardised by the standard recipe of wheat

flakes(V0). The variations are prepared with (V1) 10 per cent and (V2) 20 per cent by

addition of finger millet flour. The other ingredients such as milk powder, sugar and refined

wheat flour were kept constant. All the ingredients were measured and made in to dough .It

was sheeted evenly using the roller and cut in to flakes. It were initially dehydrated in a
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dehydrator at 60 ±2 oC temperature followed by drying in OTG (Oven, toaster and griller) at

100 oC for 15 min . The end product was left to cool before subjected to any sensory

acceptance test. The detailed flow chart for preparation of flakes is given in Appendix V

Table III

Composition of Finger millet mushroom flakes

Ingredients ( g/ml) Variation

V0 V1 V2

Wheat flour 50 30 20

Refined wheat flour 20 20 20

Malted finger millet flour - 10 20

Dehydrated mushroom

powder

- 10 10

Sugar 30 30 30

Salt 0.5 5.5 5.5

Vanilla essence 0.1 0.1 0.1

B .Organoleptic evaluation of developed products:

Sensory analysis or Organoleptic evaluation is the identification, scientific

measurement, analysis and interpretation of the properties (attributes) of a product as they are

perceived through the five senses of sight, smell, taste, touch, and hearing. In a product

development it plays a vital role for the determination of product acceptability. The

developed products were organoleptically evaluated by 30 semi trained panel members in

Foods Sensory Laboratory of the Food Science and Nutrition Department at Avinashilingam

Institute for Home Science and Higher Education for Women, Coimbatore. PLATE I, II and

III depicts the organoleptic evaluation of Finger millet mushroom Cookies, Finger millet

mushroom soup and Finger millet mushroom flakes respectively.
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Sensory attributes like colour & appearance, body or thickness, aroma, taste and

overall acceptability for all samples were assessed using nine point hedonic scales. Hedonic

scale was in the following sequence: like extremely - 9 like very much - 8, like moderately7,

like slightly - 6, neither like nor dislike - 5, dislike slightly 4, dislike moderately - 3, dislike

very much - 2, dislike extremely – 1 (BIS, 1971).The results were interpreted using one way

ANOVA by the statistical software SPSS version 25 .From the results the best product is

subjected to nutrient analysis.

ORGANOLEPTIC EVALUATION OF COOKIES

PLATE I
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ORGANOLEPTIC EVALUATION OF SOUP

PLATE II

ORGANOLEPTIC EVALUATION OF FLAKES

PLATE III
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PHASE IV: Analysis of Physicochemical properties and Nutrients in developed food

products

A. Analysis of Physicochemical properties of the developed food products

Moisture content:

One gram food sample were accurately weighed in the Digital Moisture Analyzer

(Model 120H, Shimadzu Corp, Japan) and dried at 200oC for 20 minutes and 8 minutes

until the weight was constant. The percentage loss on drying of the test sample was

automatically recorded. The analyses were performed in triplicates.

Total ash content:

Total ash content was determined using the standard protocols given by Manual

Methods (AOAC 1990) 5 g of sample was accurately weighed and placed in a tarred

crucible, which was previously ignited, cooled, and weighed. The sample was charred

carefully on a burner. The sample was incinerated by gradually increasing the

temperature not exceeding 600 ⁰C in muffle furnace until free from carbon, then cooled

in desiccators and weighed.

Ash content (g/ 100g sample) = Weight of the ash

Weight of the sample

A. Analysing the nutrients present in developed products

1. Energy :

The energy values of the products were determined using advance research bomb

calorimeter. One gram of food sample was taken and made in to pellets using pellet press

(which consists of a mold into which the sample was placed and a pestle which is then

pushed into the mold, crushing the sample material into a compact pellet).The pellet was

placed in the sample holder of the crucible and a length of tungsten wire and cotton thread is

tied onto the filament and its ends placed into the crucible so that it will act as a fuse. Pipette

out 2 ml of distilled water in to the crucible. The sample holder is placed and crucible is

closed .Through the valves the air is removed and oxygen is filled at 20 atm .It was kept

inside the calorimeter vessel which contain 2000 g of water. Electrodes are fixed and the

X 100
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calorimeter is closed .The thermocouple put in place in the top of the calorimeter. In the

microprocessor based digital bomb calorimeter start button and stirrer was pressed .The

change in temperature of the bomb is displayed in calorimeter. The difference in initial and

final temperature was noted and calculation was carried out

2. Carbohydrates:

Carbohydrate content of the sample was analysed using the protocol given by AOAC

(1990). Weighed 100 g of sample in a boiling tube and hydrolysed by keeping it in a boiling

water bath. Boiled for 3 hours with 5 ml of 2N HCl and cooled to room temperature and

neutralized it with solid sodium carbonate until effervescence ceased. Made up the volume to

100 ml and centrifuged. Collected the supernatant and 0.5 ml is taken for analysis. Prepared

the standard, made up the volume to 1 ml in the entire test by adding water, and then add 4 ml

of anthrone reagent and heated to 8 minutes. Cooled rapidly and colour was read at 630 nm.

The analyses were performed in triplicates.

3. Protein:

Protein content of the sample was analysed using the protocol given by AOAC (1990).

Determination of protein content was carried out by the Micro Kjeldahl method) which

consists of wet digestion (digestion flask), distillation (distillation chamber), and titration.

The protein content was determined by weighing 0.2g of sample and transferred to 250 ml

Kjeldahl flask, care was taken to see that no portion of the sample clings to the neck of the

flask. To this 1 to 2 g of catalyst mixture (potassium sulfate 100 g and copper sulfate 20 g)

and 10 ml of concentrated H2SO4 were added. Flask was placed on the stand in the digestion

chamber and continued the process of digestion until the colour of the digestible mixture is

pale green. The digested mixture was cooled by adding 30 ml of water. After digestion,

distillation was carried out with 40% NaOH and 20% boric acid using methyl orange as an

indicator and titrated against 0.1N H2SO4. The protein content was calculated as follows:

% Nitrogen =14.01× ml titre value of sample × N H2SO4 of × 100

Weight of the sample (g) × 1000
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4. Fat:

Crude fat was estimated by continuous Soxhlet extraction technique using petroleum

ether (40-60°C B.P.) as a solvent. Two grams of Wet and Dry sample was placed in fat

extraction thimble and placed in a clean, dry pre-weighed beaker to which 80 ml petroleum

ether was added. This beaker was then placed in the Soxhlet apparatus for the extraction of

fat for 2-3 hours. After extraction, the beaker was removed and kept in a hot air oven (100°C)

to evaporate traces of solvent. It was then transferred to desiccators, cooled, and weighed.

The difference between the weight of the beaker before and after gives the quantity of crude

fat extracted from the unknown amount of the sample. The analyses were performed 2in

triplicates

5. Crude Fibre

The crude fibre was estimated using Manual method of analysis of food (AOAC

1990).Five gram of the sample was weighed into a 500 ml beaker and 200 ml of boiling

0.255N sulphuric acid was added. The mixture was boiled for 30 minutes. Keeping the

volume constant by adding water at frequent intervals (a glass rod inserted in the beaker helps

smooth stirring and boiling). At the end of the period, the mixture was filtered through a

muslin cloth and the residue was washed with hot water till free from acid. The mixture was

then transferred to a beaker containing 200 ml of boiling 0.313N sodium hydroxide. After

boiling for 30 minutes (keeping the volume constant as before) the mixture was filtered

through a muslin cloth. The residue was washed with hot water till free from alkali followed

by washing with some alcohol and ether. It was then transferred into a crucible, dried

overnight at 80-100°c and weighed. The crucible was heated in a muffle furnace at 600° c

for 2-3 hours. Cooled and weighed again. The difference in the weight represents the weight

of the fibre.

Crude fibre (g/100g of the sample) = W1-W2 × 100

W

W1 -Weight of the bottle, lid and flour

W2- Weight of the bottle, lid and flour after heating

W - Weight of the food sample taken



33

6. Calcium :

Calcium is determined by precipitation it as calcium oxalate and titration the oxalate

solution in dilute sulphuric acid against standard potassium permanganate (AOAC 1990)

7. Phosphorus

When the ash solution is treated with ammonium molybdate, phosphomolybdic acid is

formed. Phosphomolybdic acid is reduced by the addition of 1,2,4 amino naphtholsulphonic

acid reagent to produce a blue colour which is apparently a mixture of oxides of molybdenum.

The intensity of the colour developed is the measure of phosphorus present (AOAC 1990)

8. Vitamin D2:

Vitamin D2 determination was run by couple HPLC technique. Triplicate samples

were taken from each one for the measurement of vitamin D2. The extraction of vitamin D2

was carried out based on the methodology Keflie et al., (2019).

Result from the nutrient analysis are analysed statistically by independent paired

sample t test PLATE IV represents the nutrient analysis of the developed products
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ANALYSIS OF NUTRIENTS

PLATE IV

Determination of Moisture
analysis

Ash

Analysis of calcium

Determination of energy value
using bomb calorimeter

Determination of
Ash

Analysis of phosphorous
Determination of fat
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PHASE V: Shelf life of the developed Food products and Packaging

A. Shelf life assessment of the developed Food products and Packaging

The storage studies were carried out for 15 days in the Zip lock heat resealable paper

pouch lined with polyethylene packaging material for Flakes and Soup mix and metallised

polyethylene pouches in cartons for cookies. By consideration of parameters like moisture

content and weight of developed product was seen at room temperature. The observation was

carried out after every 3 days from the initial day .Cost analysis also carried out for hundred

gram of each product. The Label of choice is a pressure sensitive Label or a sticker label

which is pre-coated with a permanent adhesive and has to be peeled off the label sheet and

applied onto the object or package with a certain amount of pressure. The labelling was

designed it includes the information such as Name of the Product, Brand name, Image of the

product / key ingredients, Nutritional information, Basic Product description and Serving

size .The cost of the product were also calculated. PLATE V represents the packaged and

labelled RTE and RTC food product.
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PACKAGING AND LABELLING

PLATE V
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IV. RESULTS AND DISCUSSION

The results and discussion of the study entitled, “Formulation and Evaluation of

Vitamin D2 and Calcium rich Ready To Eat (RTE) and Ready To Cook (RTC) Food

products” is given under the following headings.

A. Processing of finger millet , mushroom and other ingredients

B. Analysis of Vitamin D2 and Calcium in mushroom and finger millet

flour

C. Organoleptic evaluation of developed products

D. Physicochemical properties of the developed food products

E. Nutrient analysis of the developed food products

F. Shelf life of the RTE and RTC Food products

A. Processing of finger millet, mushroom and other ingredients

Finger millet and Button mushroom were chosen for this study as Calcium and

Vitamin D2 source. Garlic powder and onion powder were prepared for the formulation of

RTE and RTE food products.

Thousand grams of Button mushroom was taken. Pre-treatment with vinegar was

carried. Then it was shade dried for 2 days. Thousand grams of finger millet was taken. It was

cleaned, soaked, sprouted, dried and powdered. The weight of the sample before and after

drying was noted .The Table IV represents weight of the button mushroom and finger millet

flour.

Table IV

Weight of finger millet flour and dried button mushroom

Sample Weight ( g)

Fresh Dried Powdered

Button

mushroom

1000 100 100

Finger millet 1000 998 900
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Sun dried Button mushrooms yielded 10 g. A supported study by Pratibha Sharma

(2021) revealed that button mushroom contain (90%). Thousand grams of malted finger

millet yielded 900 g of flour.

Hundred grams of small onion was dried in a cabinet dryer at 60 °C and powdered.

100 g of garlic was dried in a cabinet dryer at 60 °C and powdered. The weight of the sample

before and after drying was noted. Table V gives details of weight of the Garlic powder and

small onion powder used in the product

Table V

Weight of the Garlic powder and small onion powder

Sample Weight (g )

Fresh Powdered

Garlic (Allium sativum) 100 39

Small onion (Allium cepa ) 100 12

Hundred grams of fresh garlic yielded 39 g of garlic powder .A study by Bondre et

al.,(2016) reported that cabinet dried garlic powder showed the best results in

physicochemical properties with high recovery per cent (39.00%) and registered high sensory

score (7.3) than solar drying. However it took more time (14.7 hours) for drying up to (5%)

moisture level. Hundred grams of fresh onion yielded 13 .5 g of onion powder it was

supported by the study of Shalini Chakraborty et al.,(2018) which revealed the mean value of

product recovery variedfrom13.8 to14.8 per cent in sample for the different drying techniques

B. Analysis of Vitamin D2 and Calcium in mushroom and finger millet flour

Calcium in unmalted finger millet and malted finger millet was found to be

354±0.06mg and 452 ±0.02 mg respectively. A study by Anuradha et al., (2010) revealed that

calcium in unmalted finger millet and malted finger millet was 359±0.8 mg and 429±0.8 mg

respectively.

A study by Phillips et al., (2013) stated that the amount of vitamin D2 generated

depends on the time of day, season, latitude, weather conditions, and exposure time. Since

these mushrooms have a higher surface area to volume (hence, more ergosterol is exposed),
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sun-exposed sliced mushrooms produce more vitamin D2 than whole mushrooms from the

same amount of UV radiation exposure.

The mushroom are sliced and turned during drying. Results revealed that it had

significantly increased the vitamin D2 from 0.03±0.05μg to 36 μg ±0.02 μg study by Urbain

et al., (2015) revealed that midday in mid-summer in Germany, the vitamin D2 content of

sliced mushrooms was as high as 17.5 μg/100 g FW after 15 min of sun exposure and reached

32.5 μg/100 g FW after 60 min of sun exposure. Sun exposure to a single layer of small

button mushrooms was sufficient to generate 10 μg /100 g FW after 1 hour, while large

button mushrooms took 2 hr to generate the same amount of vitamin D2.

C. Organoleptic evaluation of developed products

Organoleptic evaluation was carried out to evaluate the product by panel of members

towards the satisfactory- using a hedonic rating scale. Ready To Eat (RTE) - Cookies and

Millet flakes and Ready To Cook (RTC) – Soup mix with the incorporation of finger millet

flour and mushroom powder are formulated. Standard and Variation of the recipes were

prepared and it has been evaluated based on the nine point Hedonic rating Scale for Sensory

attributes like Appearance, Colour, Flavour, Texture , Taste and Overall acceptability by 30

semi trained members for Successive trials. Table VI represents the data of mean

acceptability scores for Finger millet mushroom cookies.
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Table VI

Mean acceptability score for Finger millet mushroom Cookies

Sensory

Characteristics

Mean± S.D F Value P Value

Standard Variation 1 Variation 2

Appearance 8.33±0.884 7.16±0.985 8.50±0.776 20.766 <0.001

Colour 8.36±0.688 6.93±1.03 8.46±0.628 34.242 <0.001

Flavour 8.40±0.674 6.76±0.768 8.16±0.746 47.662 <0.001

Texture 8.50±0.572 7.20±0.886 8.20±0.924 21.171 <0.001

Taste 8.50±0.629 7.27±1.056 8.36±0.850 17.705 <0.001

Overall

Acceptability

8.66±0.479 7.80±0.846 8.67±1.05 8.283 <0.001

Standard sample: Normal wheat flour cookies
Variation 1: Finger millet Mushroom cookies with incorporation of 10 percent each.
Variation 2: Finger millet Mushroom cookies with incorporation of 20 percent finger
millet and 10 percent of mushroom powder
Significant at5 per cent level

Cookies were developed by adding 10 per cent and 20 per cent of malted finger millet

flour and 10 per cent of dried mushroom powder .It was compared with the Control. Standard

was labelled as S and cookie incorporated with mushroom powder and finger millet flour

were labelled as V1 and V2.On considering the appearance, variation 1 obtained the highest

score of 8.50±0.776 followed by control and standard with score of 8.33±0.884 and

7.16±0.985 respectively.

With regard to colour, standard obtained the highest score of 8.36±0.688 followed by

variation 2 and variation 1 with score of 8.46±0.628 and 6.93±1.03 respectively .With regard

to flavour, standard obtained the highest score of 8.40±0.67 followed by variation 2 and

variation 1 with score of 8.8.16±0.74 and 6.76±0.768 respectively

With regard to texture, standard obtained the highest score of 8.50±0.57 followed by

variation 2 and variation 1 with scores of 8.20±0.924 and 7.20±0.886 respectively. With

regard to taste standard obtained the highest score of 8.50±0.629 followed by variation 2 and

variation 1 with score of 8.36±0.850 and 7.27±1.056 respectively.
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Data from the Table VI represents that V2 have overall acceptability in terms of

appearance ,colour ,flavour, texture and taste with statistically significant P value of

<0.05 .A study by Sinha and Sharma (2017) revealed that Cookies prepared by incorporating

Finger millet flour up to 50% level was found acceptable. Though colour and appearance of

ragi incorporated cookies were significantly different from control, yet were acceptable and

fell into the category of “moderately desirable”

Table VII

Mean acceptability score for Finger millet mushroom soup mix

Sensory

Characteristics

Mean ± S.D F value P Value

Standard Variation 1 Variation 2

Appearance 8.33±0.606 8.80±0.610 7.40±1.037 25.182 <0.001

Colour 8.16±0.647 8.76±0.430 6.83±0.949 58.487 <0.001

Flavour 8.03±0.556 8.83±0.379 6.63±0.889 89.651 <0.001

Texture 8.10±0.661 8.83±0.379 6.53±0.730 111.426 <0.001

Taste 8.06±0.639 8.83±0.379 7.10±0.884 50.837 <0.001

Overall

Acceptability

8.13±0.571 8.80±0.406 6.60±0.674 120.927 <0.001

Standard sample: Mushroom soup mix
Variation 1: Finger millet mushroom soup mix with incorporation of 5 percent of
malted finger millet flour
Variation 2: Finger millet Mushroom soup with incorporation of 10 percent malted
finger millet and 10 percent of mushroom powder
Significant at 5 per cent level

Table VII represents Mean acceptability score for finger millet mushroom soup

mix .With regard to appearance, variation 1obtained the highest score of 8.80±0.610 followed

by standard and variation 2 with score of 8.33±0.606 and 7.40±1.037. With regard to colour,

variation 1 obtained the highest score of 8.83±0.379 followed by standard and variation 2

with scores of 8.03±0.556 and 6.63±0.889 respectively.

With regard to flavour, variation 1obtained the highest score of 8.83±0.379 followed

by Standard and variation 2 with score of 8.03±0.556 and 6.63±0.889 respectively .With

regard to texture, variation 1 obtained the highest score of 8.83±0.379 followed by Standard
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and variation 2 with score of 8.10±0.661and 6.53±0.730 respectively. Variation 1 have

overall acceptability in terms of appearance, colour, flavour, texture and taste with

statistically significant P value of <0.05. A study by Tulasi et al., (2020) revealed that soup

prepared by incorporating finger millet flour up to (10%) level was found acceptable in

instant millet base soup mix

Table VIII

Mean acceptability score for Finger millet mushroom flakes

Sensory

Characteristics

Mean± S.D F value P Value

Standard Variation 1 Variation 2

Appearance 8.33±0.606 6.90±0..758 8.53±0.628 53.345 <0.001

Colour 8.36±0.614 6.50±0.028 8.36±0.617 76.876 <0.001

Flavour 8.10±0.803 6.96±1.217 8.26±0.827 16.108 <0.001

Texture 8.13±0.776 6.63±0.808 8.46±0.571 54.230 <0.001

Taste 8.20±0.610 7.10±0.844 8.60±0.563 38.690 <0.001

Overall

Acceptability

8.20±0.484 6.67±1.028 8.86±0.345 81.143 <0.001

Standard sample: wheat flakes
Variation 1: Finger millet Mushroom flakes with incorporation of 10 percent each
Variation 2: Finger millet Mushroom flakes with incorporation of 20 percent finger
millet and 10 percent mushroom powder
Significant at 5 per cent

Table VIII represents mean acceptability score for Finger millet mushroom flakes.

With regard to appearance ,variation 2 had obtained the highest score of 8.53±0.628 followed

by Standard and variation 1 8.33±0.606 and 6.90±0.758 respectively. With regard to colour

variation 2 and standard obtained the highest score of 8.36±0.614 and 8.36±0.617

respectively followed by standard and variation 1 with score of 6.50±0.028 respectively.

With regard to flavour ,variation 2 had obtained the highest score of 8.26±0.827

followed by standard and variation 1with the score of 8.10±0.803and 6.96±1.217 respectively.

With regard to texture variation 2 had obtained the highest score of 8.60±0.563 followed by

Standard and variation 1 with the score of 8.20±0.610 and 7.10±0.844 respectively. With

regard to taste variation 2 had obtained the highest score of 8.60±0.563 followed by Standard

and variation 1 with the score of 8.20±0.610 and 7.10±0.844 respectively.
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Data from the Table VIII indicated that V2 have overall acceptability in terms of

appearance ,colour ,flavour, texture and taste with statistically significant P value of <0.05.

A study by A study by Kavitha and Bharathi (2016) revealed that sensory characteristic of

Ready To Eat millet Flakes was acceptable.

Table IX

Mean acceptability score for Finger millet mushroom Cookies, Finger millet

mushroom Soup mix and Finger millet mushroom Flakes

Sensory

Characteristics

Mean± S.D

Cookie Soup Flakes

Appearance 8.50±0.776 8.80±0.610 8.53±0.628

Colour 8.46±0.628 8.76±0.430 8.36±0.617

Flavour 8.16±0.746 8.83±0.379 8.26±0.827

Texture 8.20±0.924 8.83±0.379 8.46±0.571

Taste 8.36±0.850 8.83±0.379 8.60±0.563

Overall

Acceptability

8.16±1.05 8.80±0.406 8.86±0.345

Significant at 5 per cent level

Table IX represents Difference in physicochemical values of standard and variation in

Finger millet mushroom cookies. There was no significant difference in the acceptability of

the product. All the developed products are equally acceptable. There is positive correlation

among the products in terms of overall acceptability. A study by Tersoo Abiem et al., (2019)

shows that nutritious and acceptable product can be produced from millet supplemented with

10% mushroom powder
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D. Physicochemical properties of the developed food products

Table X

Difference in physicochemical values of standard and variation in Finger

millet mushroom Cookies

Nutrient Mean±SD P Value

Standard Variation One

sided

Two

sided

Moisture (%) 3.3±0.014 4.35±0.08 .001* .001*

Ash (g) 1.4±0.007 2.4±0.5 .001* .002*

Significant at 5 per cent level

Table X represents Difference in physicochemical values of standard and variation in

Finger millet mushroom flakes. Moisture content increased from (3.3% – 4.3%) in cookies

and ash content from (1.4 %-2.4%).Moisture content is of great significance in bakery

products for acceptability and storage stability. A similar study by Rana et al., (2021)

moisture content ranged from (2.90% to 3.80 %) with increased level of finger millet flour

and findings have agreement with Amir et al., (2015)

Table XI

Difference in physicochemical values of standard and variation in Finger

millet mushroom soup mix

Nutrient Mean±SD P Value

Standard Variation One

sided

Two

sided

Moisture (%) 3.9±1.3 5.5±0.08 .007* .013*

Ash (g) 1.3±0.05 1.6±0.08 .001* .002*

Significant at 5 per cent level

Table XI represents the Difference in physicochemical values of standard and

variation in Finger millet mushroom soup mix .Moisture content increased from (3.9 % –

5.5%) in soup mix and ash content from (1.3% -1.6%). The results of the present study

corroborate with that of Sangwan and Dahiya (2013) who also reported higher ash content in

sorghum incorporated biscuit.
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Table XII

Difference in physicochemical values of standard and variation in Finger millet

mushroom flakes

Nutrient Mean±SD P Value

Standard Variation One

sided

Two

sided

Moisture

(%)

3.5±0.1 4.2±0.1 0.001* 0.001*

Ash (g) 0.06±0.01 0.67±0.01 0.002* 0.001*

Significant at 5 per cent level

Table XII represents the Difference in physicochemical values of standard and

variation in Finger millet mushroom flakes Finger millet mushroom flakes .Moisture content

increased from (3.5% – 42%) in flakes and ash content increased from (0.06g –0.67 g). A

Study by Tasnim Farzana (2019) analysed that the moisture were increased from (10.66 % to

10.13%) and ash (0.69 g to 1.26g ) on incorporation of mushroom in blended wheat and oats

flour Ash, protein contents were linearly increased with the increasing percentage of

mushroom flour .These trends of increase are in agreement with the study of Genenu et

al. 2017 .The highest ash and protein content was found for F3 (1.26% and 16.49%) while

least for control F0 (0.69% and 14.04%).

A Study by Salehi (2019) revealed that addition of mushroom powder contributes to

the higher content of vitamins, mineral (calcium, potassium, magnesium, phosphorus, iron,

copper, zinc and manganese), polyphenols, crude fibre and protein content in the bakery

products. A Study by Sona et al., 2011 also revealed that total ash content significantly

increased in the incorporation of buck wheat flour and millet flour.
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E. Nutrient analysis of the developed food products

Table XIII

Proximate composition of Finger millet mushroom Cookies

Nutrients Mean±SD P Value

Standard Variation One

sided

Two

sided

Energy

(Kcal/100 g)

363.66±2.2 345.66±0.5 0.001* 0.004*

Carbohydrate

(g/100 g)

55.2±1.41 53.8±0.08 0.001* 0.015*

Protein

(g/100 g)

9.84±0.48 11.1±0.005 0.002* 0.004*

Fat

(g/100 g)

32.45±7.4 24.05±0.01 0.031* 0.030*

Fibre

(g/100 g)

1.33±0.014 4.37±4.58 0.001* 0.001*

Significant at 5 per cent level

Table XIII represents the proximate composition of Finger millet mushroom Cookies.

Energy value of cookie is significantly decreased from 363.66±2.2 to345.66±0.5. Finger

millet and button mushroom have low calories when compared to wheat flour. Mushroom

carbohydrates are not a major source of energy for humans (Cheung et al., 2010).A similar

study by Ranjeet et al., (2016) revealed that energy value of malted finger millet incorporated

cookie was 346.60 Kcal. There is a significant difference in carbohydrate .A study by

Rahmaan et al.,(2016) revealed that decrease in carbohydrate content may be due to the

dilution effect of mushroom flour since they are generally low in carbohydrate .A significant

increase in protein was observed in cookies
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Table XIV

Proximate composition of Finger millet mushroom soup mix

Nutrients Mean±SD P Value

Standard Variation One

sided

Two

sided

Energy (Kcal/100

g)

370±0.63 357±1.69 .001* .001*

Carbohydrate

(g/100 g)

70.1±0.585 65 ±0.404 .020* .001*

Protein

(g/100 g)

10.7±0.05 11.6±0.05 .001* .001*

Fat

(g/100 g)

5.6±0.17 4.5±0.08 .001* .001*

Fibre

(g/100 g)

0.86±0.01 8.1±0.08 .003* .006*

Significant at 5 per cent level

Table XIV represents the proximate composition of Finger millet mushroom soup

mix .Energy and carbohydrate value had slightly decreased. This may be attributed to the

addition of low Carbohydrate mushroom powder to it. There was a significant increase in

protein content .Earlier study also reported an increase in moisture content of bakery products

with increase in protein content (Anu et al., 2007; Singh et al,. 2006). The fat content present

in flakes was significantly decreased. Both finger millet and mushroom are low in fat

(Longvah et al., 2017) A study by Tersoo-Abiem (2019), also agreed that Significant (P<0.05)

increment in protein (13.8% to 17.05%), moisture (4.32 to 4.92%), ash (2.06% to 7.96%) and

fat (4.32 to 7.14%) content was observed with addition of mushroom flour. An increase in

dietary fibre was observed. Protein content of the developed soup had significantly increased.

As germination time increases, the protein content also increases. The protein content was in

the range of 14% -17.5 % as germination time increase from 8 to 24 h .This is in agreement

with reports of other researchers that edible mushrooms generally have high amounts of

protein, ash and fat content (Ojo et al., 2017).
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Table XV

Proximate composition of Finger millet mushroom flakes

Nutrients Mean±SD P Value

Standard Variation One

sided

Two

sided

Energy

(Kcal/100 g)

352.6±0.5 335.8±0.7 .001* .001*

Carbohydrate

(g/100 g)

68.6±0.5 64.6±0.3 .002* .014*

Protein

(g/100 g)

6.6±0.1 8.6±0.25 .001* .001*

Fat

(g/100 g)

4.3±0.1 2.5±1.8 .003* .001*

Fibre

(g/100 g)

1.3±0.01 6. 6 ±0.05 .001* .001*

Significant at 5 per cent level

Table XV represents the Proximate composition of Finger millet mushroom flakes.

There is a significant decrease in energy and carbohydrate .A study by Okafor et al., (2012)

also observed similar decrease in carbohydrate and crude fibre content of wheat-mushroom

bread. There is a no significant decrease in dietary fibre was observed .Significantly lower

crude fiber content observed in control as compared to experimental cookies might be

attributed to the higher fiber content of finger millet (Gopalan et al. 2000). Similarly

Sangwan and Dahiya (2013) reported significant increase in crude fiber content of biscuit

after substitution of refined flour with sorghum and soybean.
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Table XVI

Micronutrients in Finger millet mushroom Cookies

Nutrient

Mean±SD P Value

Standard Variation One

sided

Two

sided

Calcium

(mg/100 g)

28.37±0.02 164±3.050 .001* .001*

Phosphorus

(mg/100g )

93.03±0.014 204±0.404 .001* .001*

VitaminD2

(mcg/100g )

0.064±0.007 8.13±0.404 .001* .001*

Significant at 5 per cent level

Figure 2

Micronutrients in Finger millet mushroom Cookie

Table XVI and Figure 2 represents the Micronutrients in cookies .Calcium content of

cookies was significantly increased in cookie. A similar study by Sinha and Rekha, 2013

revealed that significantly higher calcium content observed in Type II as compared to Type 1

might be due to incorporation of higher percentage of finger millet. Phosphorus content of

control cookies was 56.33+ 0.88mg/10g where as phosphorus content of finger millet

incorporated cookies ranged from 98-100.34mg/10g.
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Table XVII

Micronutrients in Finger millet mushroom soup mix

Nutrient

Mean±SD P Value

Standard Variation One

sided

Two

sided

Calcium

(mg/100 g)

97±1 142±0.47 .001* .001*

Phosphorus

(mg/100g )

140±1 170±0.47 .001* .001*

VitaminD2

(mcg/100g )

3.95±0.01 5.57±0.03 .001* .001*

Significant at 5 per cent level

Figure 3

Micronutrients in Finger millet mushroom soup mix

Table XVII and Figure 3 represents the Micronutrients in Finger millet mushroom

soup mix. There is a significant increase in calcium , phosphorus and Vitamin D2. A study by

Zachariya et al., (2020) revealed that calcium content in ragi flakes ranged from 19.29

mg/100 g to 222 mg/100 g due to germination.



51

Table XVIII

Micronutrients in Finger millet mushroom flakes

Nutrient

Mean±SD P Value

Standard Variation One

sided

Two

sided

Calcium

(mg/100 g)

47±0.984 98±0.23 .001* .001*

Phosphorus

(mg/100g )

97±0.23 182±2 .001* .001*

VitaminD2

(mcg/100g )

0.01±0.003 3.57±0.03 .001* .001*

Significant at 5 per cent level

Figure 4

Micronutrients in Finger millet mushroom flakes
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Table XVIII and Figure 4 represents the Micronutrients present in Finger millet

mushroom flakes. There was significant increase calcium, phosphorus and Vitamin D2.The

results with respect to ash content were in strong agreement with the findings of Subastri et

al.,(2015) who prepared koozh (water based finger millet porridge) by using germinated and

non-germinated ragi flour. They observed that the germination of finger millet increased the

mineral content

F. Shelf life assessment of the RTE and RTC Food products

Storage studies of RTE and RTC Food products was carried out. A storage study of

developed products was conducted for 15 days in packaged condition. There was no

significant difference in the sensory and physicochemical characteristics for the storage

period of 15 days in all the products.Ready To Cook Soup mix and Ready To Eat Flakes were

packed in heat resealable zip lock paper pouch laminated with LDPE. As LDPE pouches

have high moisture and water vapour barrier properties, minor moisture absorption is seen

without any colour change in it. A study by Marsh and Bugusu, (2007), Paper can be

laminated with polyethylene to make it heat sealable and to improve gas and moisture barrier

properties. Laminated paper is used to package dried products such as soups, herbs, and

spices (Marsh and Bugusu, 2007). Cost analysis for 100 g of soup mix and flakes was found

to be Rs .50 and Rs. 25 respectively .Cost analysis for 100g of cookie was found to be Rs.

35.Ready To Eat Cookie was packed in metalized polythene cover in a carton. Hundred

grams of packet contains eight cookies .Hundred grams of soup has five serving. Hundred

grams of flakes serves one.
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V. Summary and Conclusion

The present study entitled “Formulation and Evaluation of Vitamin D2 and Calcium

rich Ready To Eat (RTE) and Ready To Cook (RTC) Food products” represents the work in

development of RTE and RTC food products rich in calcium and Vitamin D which is needed

in this era to combat the twin burden of Vitamin D and Calcium deficiency.

Vitamin D and Calcium deficiency is prevalent all over the world. They are

inseparable nutrients needed to maintain the bone health. Vitamin D plays an important role

in the metabolism of calcium. Supplements for calcium deficiency contain Calcium and

Vitamin D to enhance the bioavailability. Therefore the present study focused to develop

food products rich in Vitamin D and Calcium.

Ready To Eat and Ready to Cook products are gaining familiarity among the

consumers as convenience is the multidimensional concept which attracts the consumer

towards it. Instead of developing recipe from Vitamin D and Calcium rich foodstuff RTE

and RTC products are developed from Button mushroom and finger millet .

Button mushroom (Agaricus bisporous) when exposed to sunlight will generate

Vitamin D2.Vitamin D enhanced mushrooms contain high concentrations of vitamin D2,

which are relatively stable during storage and cooking. Consumption of vitamin D-enhanced

mushrooms could substantially contribute to alleviating the global public health issue of

vitamin D deficiency.

Finger millet (Eleusine coracona) is one of the ancient millets in India. Of all the

cereals and millets, finger millet has the highest amount of calcium (344 mg) and potassium

(408 mg). It has higher dietary fibre, minerals, and sulfur containing amino acids compared to

white rice, the current major staple in India. Depending on the type of processing, calcium

bioavailability either increased or decreased. Finger millets contribute to high calcium

retention and extremely high bioavailable calcium.

The present investigation was therefore undertaken to develop the RTE and RTC food

product and to assess their Organoleptic and shelf life assessment and to analyse the

physicochemical and nutrients in the developed product .The results obtained during the

analysis have been briefly summarized and concluded. The results obtained from the

formulation and evaluation RTE and RTC products have been briefly summarized and

concluded.
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Salient findings of the study:

 Malting of finger millet had significantly increased the calcium content from 359 mg

to 429 mg and in sun dried mushroom Vitamin D2 increased significantly P <0.05

from 0.03 mcg to 36 mcg .

 Organoleptic evaluation RTE Finger millet mushroom Cookie with Incorporation of

(20%) malted finger millet flour and (10%) mushroom powder was found to have an

overall acceptability in terms of appearance ,colour ,flavour, texture and taste with

statistically significant P value (<0.05) .

 Organoleptic evaluation of Finger millet mushroom Soup mix powder with (5 %)

incorporation of malted finger millet flour was found to be have overall acceptability

in terms of appearance ,colour ,flavour, texture and taste with statistically significant

P value (<0.05) .

 Organoleptic evaluation of RTE Finger millet mushroom flakes revealed (20% )

addition of finger millet flour and (10 % addition of mushroom powder was found to

be have overall acceptability in terms of appearance ,colour ,flavour, texture and taste

with statistically significant ( P <0.05) .

 Moisture content of the RTE and RTC product have been increased significantly

(P<0.05) compared to standard due to addition of malted finger millet flour and

mushroom powder to it. Moisture content was increased from (3.3%) to (4.4%) in

Finger millet mushroom cookies, (3.9 %) to (5.5 %) in Finger millet mushroom soup

mix powder and (3.5%) to (4.2 %) in Finger millet mushroom flakes.

 Ash content of the RTE and RTC product have been increased significantly (P>0.05)

compared to standard due to addition of malted finger millet flour and mushroom

powder to it .Ash content was increased from 1.4g to 2.4 g in Finger millet mushroom

cookies, 1.3 g to 1.6 g in Finger millet mushroom soup mix powder and 0.06 g to 0.67

g in Finger millet mushroom flakes.

 Energy value (Kcal) of Finger millet mushroom Cookie was significantly decreased

from 363.66±2.2 to 345.66±0.5 compared to standard.

 Energy value (Kcal) of Finger millet mushroom Soup powder was significantly

decreased from 370±0.63 to 357±1.69 compared to standard
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 Energy value (Kcal) of Finger millet mushroom flakes powder was significantly

decreased from 352. 6±0.5 to 335.8±0.7 compared to standard

 Carbohydrate content of Finger millet mushroom cookies , Finger millet mushroom

soup powder and Finger millet mushroom flakes were decreased significantly as

incorporation per cent of finger millet flour and mushroom powder increased

 Protein content of the developed product had increased significantly (P<0.05) from

10.2 g to 11.2 g in Finger millet mushroom cookies , 10.8 g to 11.7 g Finger millet

mushroom soup powder and 6.5g to 8.4 g in Finger millet mushroom flakes.

 Fat content of the developed product had decreased significantly (P<0.05)from 29.86

g to 24.05 g in Finger millet mushroom cookies , 5.8 g to 4.5 g in Finger millet

mushroom soup powder and 4.3 g to 2.5 g in Finger millet mushroom flakes

 Fibre content of the product was increased significantly (P<0.05) from 1.3 to 4.3 in

Finger millet mushroom cookies ,6.6 to 8.6 in Finger millet mushroom soup ,1.3 to

6.6 in Finger millet mushroom flakes

 Calcium content of the product was increased significantly (P<0.05) from 28 mg to

164 mg in co Finger millet mushroom cookies , 97mg to 142 mg in Finger millet

mushroom soup and 47 mg to 98 mg in Finger millet mushroom flakes .

 Phosphorus content of product was significantly increased (P<0.05) from 93 mg to

204 mg in Finger millet mushroom cookie , 140 mg to 170 mg in Finger millet

mushroom soup and 97mg to 182mg in Finger millet mushroom flakes .

 Vitamin D2 content of the developed product increased significantly (P<0.05) from

0.064 mcg to 8.13 mcg in Finger millet mushroom cookies, 3.95 mcg to 5.57 mcg in

Finger millet mushroom soup mix and 0.01 mcg to 3.57 mcg in Finger millet

mushroom flakes .

 Storage studies of RTE and RTC food product was for 15 days in packaged condition

revealed that there was no significant difference in the sensory and physicochemical

characteristics of the RTE and RTC food product

 Cost for 100 g Finger millet mushroom Cookies is Rs 35. Hundred grams of packet

contain eight cookies

 Cost for 100 g Finger millet mushroom Soup mix is Rs.50. Hundred grams of packet

serves five.

 Cost for 100 g Finger millet mushroom flakes is Rs. 25. Hundred grams of packet

serves one.
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Conclusion:

The results from the study revealed that developed RTE and RTC food products is

rich in Vitamin D2 and calcium. Sun drying had significantly increased the Vitamin

D2 in mushroom. Malting had significantly increased the calcium in finger millet. Sun

dried button mushroom (10 %) and malted finger millet flour (5% - 20 %) can be

incorporated to Finger millet mushroom cookies, Finger millet mushroom flakes and

Finger millet mushroom soup mix . The study concluded that Button mushroom and

Finger millet can be incorporated to enhance Vitamin D2 and Calcium in RTE and

RTC food products.

Recommendation for further study:

 Assessment of Vitamin D2 and Calcium loss before and after cooking.

 Storage stability of Vitamin D2 and Calcium in the product.

 In vivo bioavailability of calcium and vitamin D from the developed product
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APPENDIX -I
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APPENDIX II

FLOW CHART FOR PROCESSING OF MUSHROOM

Button mushroom

Cleaned in water and sliced in
to 3mm thickness uniformly

Steam blanched for 3 minutes
and soaked in 500 ml of 0.5%

vinegar

Drained and arranged in a tray
uniformly

Sun dried for 2 days

Dried mushroom
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FLOW CHART FOR PROCESSING OF FINGER MILLET FLOUR

Finger millet 1 kg

Wash 5 to 7 time with water

Soak for 24 hr in water

Drain excess water

Tie in a muslin cloth

Keep for 24 hr at 25 to 30◦ C
for germination

Dry in shade for 2 days

Grind, sieve and store in air
tight container
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APPENDIX III

FLOW CHART FOR PROCESSING OF FINGER MILLETMUSHROOM COOKIE

Weigh all the ingredients

Mix all the dry ingredients
and sieve

Cream the butter and add
brown sugar to it

Mix the dry ingredients to it

Make dough and sheet it using
roller

Cut the sheet with cutter

Bake at 160◦ C for 15 min

Cool it in room temperature

Packed in a sealed metallised
polyethylene pouch inside a

carton and labelled

Stored in cool and dry place
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APPENDIX IV

FLOW CHART FOR PROCESSING OF FINGER MILLETMUSHROOM SOUP

MIX

Small onion powder:

Cleaning

Slicing in to thin pieces

Drying in cabinet dryer at 60◦

C for 14.5 hrs

Grinding and sieving

Dried onion powder

Store in a sealed
polyethylene pouch

Small onion powder
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Garlic powder:

Finger millet mushroom soup

Measuring the ingredients

Formulating

Packed in a sealed zip lock
paper pouch in line with

HDPE and stored in cool and
dry place

Garlic

Cleaning

Slicing in to thin pieces

Drying in cabinet dryer at 60◦

C for 5 hrs

Grinding and sieving

Dried onion powder

Store in a sealed
polyethylene pouch
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APPENDIX V

FLOW CHART FOR PROCESSING OF FINGER MILLETMUSHROOM FLAKES

Weigh all the ingredients

Mix all the dry ingredients
and sieve

Make dough by adding water
and sheet it using roller

Cut the sheet with cutter

Dry it in a cabinet dryer at 60
oC

Bake at 100 oC for 15 min

Cool it in room temperature

Packed in a sealed zip lock
paper pouch in line with

HDPE and stored in cool and
dry place


