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INTRODUCTION 

 
Convenience foods have become an integral part of our food habits. Nowadays 

these foods with high nutritional quality are gaining acceptance in day to day life. 

They help consumers to reduce time as well as physical and mental efforts required 

for food preparation, consumption and clean-up. Thus development of healthy foods 

is needed in order to satisfy the market demand for functional food products. 

 

In India, the convenience food industry, with a 90 per cent contribution of 

Ready-to-Eat segment in 2013, has been growing at a compounded annual growth rate 

(CGAR) of 15 per cent from 2007 to 2013. Use of composite flours in pasta can 

improve its sensory quality, rheology characteristics, and nutritional values as well as 

its overall acceptance. Composite flour is a good new approach which is done by 

blending various sources of tubers, legumes, cereals and fruit flour in different 

percentages to produce variety of food products. 

Nutritionally, mushrooms are low in energy and fat but high in protein, and 

dietary fibre. They also contain a variety of minerals and trace elements. Mushrooms 

are common vegetable product that has also been linked to pharmaceutical and 

medicinal uses. Oyster mushrooms possess good nutritional properties, but are highly 

perishable with shelf life of one day in room temperature and three days in refrigerate 

condition. 

 

Tuber crops are the most important food crops for humans after cereals and 

grain legumes. They offer around six per cent of global calorie consumption and are 

important sources of animal feed and industrial raw materials. In terms of total 

volume production, cassava, sweet potato and potato are among the top ten food crops 

grown in developing countries. 

 

Cassava is grown in developing countries of Africa, Asia and Latin America 

where the lower portions of the population use this low cost, high nutrient main food. 

It is a rich source of starch with a content of 78 to 90 per cent on dry matter, making it 

suitable for blending in different preparations. Elephant foot yam is yet another 
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underutilised tuber crop which is rich in calorie, proteins, resistant starch, minerals 

like potassium, iron and manganese and have considerable amount of vitamin C. High 

resistant starch content promotes it as a functional food due to the prominent health 

benefits. 

 

Fruits and vegetables in the human diet give essential nutrients, vitamins, and 

fibre that are necessary for the maintenance of good health. India is the second world's 

biggest fruit and vegetable grower. Each year, India produces 88.9 million metric 

tonnes of fruit and 162.89 million metric tonnes of vegetables (NHB, 2014). 

However, this excess production is rarely fully utilised, and roughly 30 per cent of it 

is lost during various stages of handling and distribution. 

 

Jackfruit is well - known as “poor man’s food” fruit. Jackfruit has anti- 

diabetic, anti-bacterial, anti-inflammatory and anti-helminthic properties. The fruit is 

rich in carbohydrate, minerals, dietary fiber, carboxylic acid, vitamins and minerals. 

The rich bioactive profile of jackfruit makes it a highly nutritious and desirable fruit 

crop. 

 

Breadfruit is a cultural icon in the pacific and it is an important staple crop in 

the region and it makes substantial contributions to local food security. It is also 

known as traditional starch rich crop. Breadfruit is an excellent dietary staple and 

compares favorably with taro, plantain, cassava and sweet potato. Breadfruit flour has 

a high starch content of 80.9 per cent, 4.2 per cent, crude fibre, 1.6 per cent, ash 

content and 4.5 per cent protein. Blending with other flours have reported best pasting 

properties in terms of starch stability, gelatinization index and set back values. 

The addition of fruit flours and tuber flours to mushroom flour can be 

effectively utilized for developing products which can improve the overall diet 

quality. Considering the large yields, highly perishable nature of these fruits/tubers 

and their immense potential for product development, the present study entitled 

‘Process optimization of mushroom incorporated pastas” was proposed with the 

objectives to standardise mushroom incorporated nutri-rich pastas and to evaluate its 

nutritional, organoleptic and shelf life qualities. 
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2. REVIEW OF LITERATURE 

 
The literature pertaining to the study entitled “Process optimization of mushroom 

incorporated pastas” is presented under the following sub headings. 

2.1. Importance of convenient foods 
 

2.2. Pasta – types, significance and consumer preference 
 

2.3. Nutritional significance of tuber flour 
 

2.4. Nutritional significance of fruit flour 
 

2.5. Qualities of composite flours 

 
2.1. Importance of convenient foods 

 
Convenience foods play a major role in day to day life. These foods are 

saviours for busy and working people. Convenient foods are commercially prepared 

foods known for the ease of preparation and consumption and help the consumers for 

thinking about new food choices and consumption pattern according to their life style 

(Arya, 1992). 

 

De Boer et al. (2004) defined convenient foods as fully prepared or partially 

prepared food items where some or all of the preparation time, culinary skills or 

energy inputs are provided by food processor than a home maker. Therefore, 

convenience is defined in terms of time, physical energy and mental effort saving 

related to food preparation and food consumption. 

 

Convenient foods help the consumer to save the time and effort for food 

preparation and solve the meal scheduling problems (Buckley et al., 2007). Harris and 

Shiptsova (2007) stated that convenient foods are fully or partially prepared foods by 

a significant time, skills and energy. The intended role of convenience foods is to 

transfer from the kitchen to the food service provider with minimum attributes of 

preparation skills and energy inputs. 
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The purchasing behaviour and buying decisions are the multiple factors 

affecting the consumers to choose the convenience foods (Emery, 2013). The 

consumption of convenient foods is related with the availability of processed foods 

with the intention to consume (Contini et al., 2018). 

 

Convenience foods help people to save time spend for kitchen activities and 

decreases the spoilage. The demand for convenience food is increasing due to 

increased population, changing household works, female participation in labour force 

and longer working hours (Ryan et al., 2004). 

 

Srinivasan and Shende (2015) observed that various factors that influence the 

working women to choose convenience foods are the non-availability of certain 

ingredients for the preparation of variety of foods. Convenience foods are available in 

market with a variety of forms, which include products like canned products, ready to 

cook or ready to serve food items. These products are well designed by considering 

the demand and requirement of the consumer. They are also made safe for 

consumption and also has good shelf life. 

Srinivasan and Shende (2016) revealed that the elements that influence non- 

working women to purchase convenience food are to avoid going to market and time 

saving in cooking and pre-preparation processes. About 76 per cent of working 

women in nuclear family also demands convenient foods. 

 

Factors which influences the behaviour of people and the food consumption 

pattern is not accurately static and are influenced by social, cultural and biological 

factors (Worsely, 2000). Consumers for convenient foods are divided to four 

convenience food categories as ready meals, take away meals, restaurant meals and 

pub meals (De Boer et al., 2004). Many of the ready to cook products available to the 

consumers in the supermarkets are in the form of extruded snacks and they have high 

shelf life. Extruded products are appealing to the consumers in terms of enhanced 

crunchiness and crispiness (Robin et al., 2011). The processing of extruded foods 

such as pastas, baby foods and chips has become increasingly involved in recent 

years. 
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2.2. Pasta – types, significance and consumer preference 

 
Pasta is a typical Italian dish that has gained popularity in other nations as 

well. The term is derived from the Italian word pasta, which means "dough" or 

"pasta" as in a small cake. They can be easily prepared, handled, cooked, and stored. 

The most important consumer attribute is the cooking quality of the pasta, which 

includes the cooking time, water absorption, texture, taste, and aroma of the cooked 

product (Gelencser et al., 2008). Its popularity has grown due to its ease of 

preparation and palatability (Petitot et al., 2009). Pasta can also refer to dishes in 

which pasta is the main ingredient and is served with sauce or seasonings. 

Pasta is a popular cereal food that includes spaghetti, noodles, vermicelli, and 

macaroni, among other things. Despite the fact that pasta is thought to have originated 

in the Mediterranean and Asia, its growing popularity has made it a tasty and 

nutritious cuisine all over the world. Pasta is a very popular food in both Europe and 

America. Pasta has been integrated into world culture and food through European 

displacement, mainly from Italy, with its overall creation expanding step by step 

(Wang et al., 2016). 

Semolina, the white starchy endosperm of durum wheat, is the single 

ingredient used to make traditional Italian pasta. Soft wheat can now be added, and 

pasta can also be made using buckwheat, rice, mung bean starch, and whole wheat 

flour. Noodles are a broad name for ribbons or solid cylinders of pasta made from a 

variety of flours, occasionally with the addition of egg. Although durum wheat 

semolina is most commonly used, spring wheat and other cereals or legumes can also 

be utilised (Wu et al., 2001). Wheat flour or semolina and water are the main 

ingredients in Pasta (Kill, 2002). 

Pasta comes in a variety of shapes and is divided into two types: fresh pasta 

and dried pasta. Fresh pasta is normally created with fresh ingredients, unless it is 

going to be delivered, in which case the decomposition rates of the needed 

ingredients, such as eggs, are taken into account. Fresh pasta is softer than dried pasta 
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and takes about half the time to cook. Fresh pasta does not expand after cooking 

(Krishnan and Prabhasankar, 2012). 

 

Pasta with excellent physical and sensory qualities has strength and elasticity 

in the dough form, high tensile strength in the dried form, minimal cooking loss, and 

stickiness with good flavour after cooking (De Noni and Pagani, 2010). 

 

Initially, Pasta was considered to be in a category of ‘fattening food’, but 

recently, it has been perceived to be a “healthy option”. The versatility of pasta as a 

base to any meal, it can be easily served to both health conscious consumers as well 

as food lovers quenching for new tastes (Krishnan and Prabhasankar, 2012). 

 

Pasta is regarded as a product with low glycemic index (Bjorck et al., 2000). 

Research has shown that sugars are progressively liberated from pasta during 

digestion, leading to a controlled increase in postprandial blood glucose and insulin 

response (Tudorica et al., 2002). 

 

The increasing demand for good quality gluten free products among the celiac 

patients have paved the way for incorporating other flours in pasta than durum wheat 

(Marti et al., 2010). The raw materials used as substitutes of wheat in the celiac 

product formulations are maize, rice, pseudo-cereals, sorghum as well as their 

starches (Osella et al., 2014). Padalino et al. (2014) pointed the effectiveness in the 

use of maize flour for pasta making. He also has observed that pasta of maize flour 

enriched with 15% chickpea flour can reduce the nutritional deficiencies which may 

affect the celiac patients. 

Rice flour has also become a substitute of wheat in pasta making. White or 

polished rice was used in it (Yang and Tao, 2008). Marti et al. (2010) prepared 

gluten-free pasta with brown rice flour which has high fibre content than polished 

rice. A combination of brown rice flour and corn flour (60:40) has increased the 

consumer acceptability of gluten free pasta (da Silva et al., 2016). Similarly pasta has 

been manufactured using sorghum, potato flour (Ferreira et al., 2016) amaranth flour, 

quinoa, buckwheat (Alvarez-Jubete, 2010). To enhance the health value of pasta, 
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researches have carried out in incorporating vegetables (Barcelon et al., 2014), fibre 

and even functional ingredients (Jaworska et al., 2020). 

 

Owing to this rapid transition of pasta from junk food to healthy food, pasta 

has gained its importance all around the world. In India too, pasta is a rapidly growing 

segment of the food industry, owing to the consumer demand forready to eat foods. 

There are currently around 30 pasta brands available in the Indian market (Jalgaonkar 

and Jha, 2016). 

 

According to the International Pasta Organisation's (IPO) most recent World 

Pasta Industry Report (2021), the global pasta market is worth $21.8 million. In 2020, 

the Indian pasta market is estimated to be valued USD 392 million. The market is 

predicted to develop at a CAGR of more than 16.2% between 2021 and 2026, 

reaching a value of around USD 965 million by 2026. 

The need for new meals, new tastes, increased purchasing power, 

transportation, mechanisation, and infrastructural development, global consumption of 

pasta products is steadily increasing (Rekha et al., 2013). Pasta has become a truly 

worldwide cuisine, and the growing body of scientific evidence supporting its 

restorative impact is encouraging news for anyone who wants to eat for health, taste, 

and comfort. 

 

2.3. Nutritional significance of tuber flour 

 
Starchy roots and tuber crops play a pivotal role in the human diet. There are 

number of roots and tubers which make an extensive biodiversity even within the 

same geographical location. Thus, they add variety to the diet in addition to 

contributing numerous desirable nutritional and health benefits such as antioxidative, 

hypoglycemic, hypocholesterolemic, antimicrobial, and immunomodulatory activities 

(Nuani et al., 2022). 

 

Tuber as a source of local food is an organ of plants that serves as a storage of 

carbohydrates. A number of bioactive constituents such as phenolic compounds, 

saponins, bioactive proteins, glycoalkaloids, and phytic acids are responsible for the 
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observed effects. Many starchy tuber crops, except the common potatoes, sweet 

potatoes, and cassava, are not yet fully explored for their nutritional and health 

benefits. Roots and tubers have a great potential to provide economical sources of 

dietary energy, in the form of carbohydrates (Chandrasekhara, 2019). 

 

Cassava is the most commonly cultivated root crop in the tropic regions. 

Cassava is a perennial shrub belonging to the family Euphorbiaceae. Cassava plays an 

important role as staple food for more than 500 million people in the world due to its 

high carbohydrate content. A number of bioactive compounds are present in cassava 

namely, cyanogenic glucosides such as linamarin and lotaustralin, non cyanogenic 

glucosides, hydroxycoumarins such as scopoletin, terpenoids, and flavonoids are 

reported in cassava roots (Chandrasekhara and Josheph, 2016). 

Cassava is rich in carbohydrates and deficient in proteins and fats (Emmanuel 

et al., 2015). Processing of cassava roots leads to decreased cyanide content and 

improved shelf life stability. Efforts to increase its commercial utilization accept 

blending cassava flour with other high protein content flours or starches derived from 

other sources (Chisenga et al., 2019). 

 

The nutritional composition of cassava was 4.13% moisture, 0.63% ash, 

1.37% fat, 0.60% protein, 1.83% crude fibre and 91.41% of total carbohydrates and 

the cassava fibre has a good nutritional quality compared to that of wheat bran as a 

standard fibre (Fiorda et al., 2013). 

 

Cassava has high glycaemic index value due to its high starch content. 

Cassava has nearly twice the calories per 100 grams when compared with other tuber 

vegetables. A 100 gram of cassava provides 20.6 milligrams of vitamin C. Vitamin C 

present in cassava helps to fight against free radicals (Daemo et al., 2022). Cassava 

flour offers antioxidants and helps to decrease inflammation. 

 

Cassava roots have sulphur containing amino acids, methionine and cysteine. 

Cassava also contains anti-nutrients that can be either positive or has adverse effect on 

health depending up on the amount ingested. Some compounds in this act as 

antioxidants and anticarcinogens (Montagnac et al., 2009). 
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Elephant foot yam is one of the most nutritious tuber crop. Because it has high 

yield potential, medicinal property and therapeutic values and it is referred to as ‘king 

of tuber crops’ (Sengupta et al., 2008). 

 

Amorphophallus is one among the major vegetable (tuber) crops grown in 

Asian countries. In China and Japan, it has been used as food and a food additive for 

more than 1000 years. Elephant foot yam is a low-caloric, soluble polysaccharide 

dietary fibre used in foods and as medicine component. The polysaccharides have 

been also largely consumed as nutritional supplements. The important health benefits 

described for elephant foot yam include in reducing cholesterol, normalizing 

triglyceride content and improving blood sugar levels, and promoting intestinal 

activity and immune function in human beings. Yam is considered as an indigestible 

dietary fibre, being resistant to hydrolysis by the action of digestive enzymes in 

humans (Behera and Ray, 2017). 

The digestibility of amorphophallus starch by alpha-amylase was studied that 

98% digestibility for gelatinized starch as compared to 21% for raw starch (Wankhede 

and Sajjan, 1981). Elephant foot yam is one of the naturally occurring low glycaemic 

carbohydrate sources compared with traditional, soluble fibres and it has many 

favourable features for the food industry (Behera and Ray, 2017). 

 

Elephant foot yam is not a good source of protein. Crude protein content of the 

tuber ranges from 0.84 – 2.60% and that is much less than that in cereals and pulses. 

Roots and tubers are very poor in fat content. The fat content in elephant foot yam is 

just 0.07 – 0.40% and is a good source of minerals (Moorthy, 2002). Elephant foot 

yam is a functional food due to the presence of resistant starch which has numerous 

health benefits on humans (Suriya et al., 2016). Elephant foot yam is a low caloric, 

soluble polysaccharide used in foods and is used as medicinal ingredient. The 

importance of elephant foot yam include reducing cholesterol, normalising 

triglyceride content and improving blood sugar levels and promoting intestinal 

activity and immune function in human beings. It is considered as an indigestible 

dietary fibre and resistant to hydrolysis by action of digestive enzymes (Behera and 

Ray, 2016). 
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2.4. Nutritional significance of fruit flour 

 
Kumar and Kumar (2004) stated that fruits have been major food for mankind 

and it constitutes an important item in our diet. Fruits are no longer luxury, and they 

belong to an important class of protective foods, which provide adequate vitamins and 

minerals that are needed for the maintenance of the health (George, 2005). 

 

Kaur and Maini (2001) observed that fruits contain phytochemicals and 

antioxidants that have health promoting benefits and can reduce the cardiovascular 

diseases, cancer and various other degenerative disease. Consumption of fruits may 

lead to prevention of chronic disease like type II diabetes and cancers (Lila, 2007). 

These prevention effects of fruits are due to the presence of health promoting 

phytochemicals such as flavonoids, carotenoids, phenolic compounds and vitamins. 

Now a days consumption of fruits are increasing because of the beneficial effects on 

human health associated with the dietary intake of fruits (Singh et al., 2012). 

Nanjundaswamy (1990) reported that the nutritional composition of 100 gram 

edible portion of jackfruit contain moisture 72 per cent, protein 1.3 g, fat 0.3 g, 

carbohydrate 25.4 g, fibre 1.0 g, minerals like calcium 22 mg, phosphorus 38 mg, 

sodium 2 mg, and potassium 470 mg and vitamins like thiamine 0.003 mg, niacin 4 

mg and ascorbic acid 8 mg. Jackfruit has high amount of protein, starch, calcium and 

thiamine (Burkill, 1997). The edible part of jackfruit contains moisture 76.2 per cent, 

protein 0.70g, fat 0.30g, carbohydrate 19.80g (Singh and Srivastava, 2000). 

A study was conducted by Baruah (2014) in jackfruit pulp incorporated toffee 

by incorporating jackfruit pulp in levels of 10, 20, 30 and 40 per cent. Crude protein, 

crude fat, ash, crude fiber, iron and total sugar contents of jackfruit toffee was 

recorded to be 1.74 (g/100g), 0.28 (g/100g), 1.26 (g/100g), 1.30 (g/100g), 0.70 

(mg/100g) and 18.52 (g/100g) respectively. 

 

Munishamanna et al. (2012) conducted a study in developing various value 

added products incorporating jackfruit flour. The products have improved the sensory 

qualities as well as the nutritional qualities of the products by the incorporation of 

jackfruit flour. 
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Kumari et al. (2015) developed raw jackfruit based noodles by mixing refined 

flour and jackfruit bulb flour and seed flour in the ratio of 50:10:40. The prepared 

product was found to be highly acceptable and had good nutritional and shelf life 

qualities. 

 

Breadfruit has protein 1.31%, fat 0.31%, carbohydrate 27.82%, fibre 1.5% and 

total ash 1.232 %. It also rich in calcium, phosphorous, iron, potassium, carotene and 

vitamin B (Wang et al., 2011). Ojokoh et al. (2014) observed that breadfruit – cow 

pea fermentation improves the nutritional composition and it used as complementary 

food for infants in PEM management. 

 

Breadfruit contains amylopectin 77.48% and amylose 22.52%. A study 

conducted by Hafid et al. (2019) on nutritional composition of chicken nuggets using 

additional variation of breadfruit. The substitution of tapioca flour with breadfruit 

flour was better nutritionally. Nuggets with 50% substitution of breadfruit flour and 

50% of tapioca flour had moisture content of 61.5%, ash 1.65%, protein 17.55% and 

fat 17.72% 

 

Ishera et al. (2021) studied that nutritional composition of wheat – breadfruit 

flour composite cookies. Breadfruit flour was incorporated in the ratio of 20, 40, 60, 

80 and 100. Incorporating breadfruit flour improved mineral, carbohydrate and fiber 

content of the cookies. In nutritional and sensory qualities, 40% breadfruit and 60% 

wheat incorporated cookies were highly acceptable. 

Akeem et al. (2017) conducted a study that developing instant noodles 

produced from composite breadfruit flour with increased protein, ash, carbohydrate 

and fiber content. 

 

2.5. Qualities of composite flours 

 
The process of mixing different flours to produce high quality foods is referred 

as composite flour technology. The formulation of composite flour is an essential 

factor for the good functioning of value added products development (Rehman et al., 

2007). The value added products developed from composite flour not only improves 
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quality, but also it provides essential attributes to consumer preference. Composite 

flours are a mixture of several flours obtained from roots, tubers, cereals and legumes 

with or without the addition of wheat flour. Composite flours are only a mixture of 

different vegetables flours rich in starch or protein. Development of the products by 

incorporation of blends of different levels of flour in a product help to meet the daily 

nutritional requirement. Composite flour is defined as a mixture of flours obtained 

from tubers which rich in starch such as cassava, yam, potato and protein-rich flour 

and cereal, with or without wheat flour that created to satisfy specific functional 

characteristics and nutrient composition (Noorfarahzilah et al., 2014). The functional 

properties of composite flours are swelling capacity, water absorption, oil absorption, 

emulsion activity, emulsion stability, foam capacity and foam stability. Composite 

flours can be formulated by combining cassava, maize, rice, sorghum, millets, potato, 

barley, sweet potato and yam in different proportions (Chandra et al., 2015). 

Tharise et al. (2014) stated that composite flour technology is the process of 

mixing various types of flours from tubers with cereals or legumes with or without 

adding wheat flour. This is one of the study that promote the use of composite flours 

that are locally grown crops and have high protein content was used to produce 

protein rich composite flours. 

 

Composite flour is considered as advantageous in developing areas as it 

reduces the importing of wheat and uplift the use of locally grown crops as flour 

(Noorfarahzilah et al., 2014) 

 

Ekunseitan et al. (2017) reported high protein and fat content of oyster 

mushroom. Due to high protein and fat content of oyster mushroom, it could be 

incorporated into various recipies for improving nutritional qualities of the food items. 

The proteins present in mushrooms are in the form of easily digestable and better in 

quality compared with many legume source foods and vegetable foods. 

 

Germination plays a major role in promoting the qualities of composite flours. 

Sibian and Riar (2020) reported that supplementing germinated legume flours will 

produce a product with high nutrition and digestibility. Germination is one of the best 
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and inexpensive methods to improve the nutritional qualities and functional 

characteristics. 

To improve the nutritional qualities of the composite flours a readily available 

protein rich mushroom flour are added. To improve the nutritional and textural 

qualities, various sources of starch, fibre, protein from other agricultural products rich 

in nutrients can be incorporated with mushroom flour (Thomas et al., 2022). 

 

Cassava and wheat flours have the highest swelling capacity due to flours 

(Singh et al., 2003). Shanti et al. (2005) observed that the composite flour mixture 

could provide a balanced nutrient. The fiber content of composite flour varied from 

0.86% to 1.02%. The fibre content of wheat flour was higher than the fortified flour 

(Kumar and Saini, 2016). 

 

Noorfarahzilah et al. (2014) studied that composite flour in development of 

food products by blending with wheat flour with various sources of tubers, legumes, 

cereals and fruit flours in different levels to produce food products. The use of 

composite flour and its positive effects can be seen in the functional and physico 

chemical properties of the products. 

 

Amandikwa et al. (2015) observed the impact of yam flour substitution on 

characteristic of wheat bread. Yam flour was substituted at 25, 50 and 75% in wheat 

flour for bread production. It was observed that the mean score of sensory quality was 

poor when the substitution of yam flour increased and the organoleptic evaluation of 

bread samples shown that the substitution level of 50% or above the yam produced 

bread that was not acceptable whereas 25% was acceptable for consumers. 

 

Moisture content, low peroxide value and zero microbial count of the product 

showed that cassava strips can be stored for period of four weeks without any 

spoilage. The addition of cowpea flour increases the protein content of cassava strips. 

This indicates that cassava strips could be a helpful for improving nutritional content 

(Dada et al., 2018). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

MATERIALS 
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3. MATERIALS AND METHODS 

 
The methods followed and materials used for the thesis entitled “Process 

optimisation of mushroom incorporated pastas” are discussed under the following 

headings. 

3.1 Collection of raw materials 

3.2  Standardisation of nutri-rich ready to cook extruded food from tuber flour and 

mushroom flour 

3.3  Standardisation of nutri-rich ready to cook food from fruit flour and 

mushroom flour 

3.4 Preparation of spice mix 

3.5 Organoleptic evaluation 

3.6 Quality evaluation of selected nutri-rich pastas 

3.6.1. Nutritional qualities 

3.6.2. Health studies 

3.6.3. Shelf life studies 

3.7 Cost of production 

3.8 Statistical analysis 

 
3.1. Collection of raw materials 

 
Oyster mushroom (Pleurotus florida) was collected from KVK Thrissur, 

Kerala Agricultural University. Cassava, elephant foot yam, breadfruit and jackfruit 

were collected from households and local market. All the other ingredients required 

for the study were purchased from the local market. 

 

3.2. Standardisation of nutri-rich ready to cook extruded food from tuber flour 

and mushroom flour 

Tubers selected for the study were cassava and elephant foot yam. Pastas were 

prepared using combinations of cassava flour with oyster mushroom flour and 

elephant foot yam flour with oyster mushroom flour. 
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Table 1: Proportion of ingredients in tuber flour and oyster mushroom flour 

incorporated pastas 

 

 

Combinations 

Treatments 

T0 (control) T1 T2 T3 T4 

CF + OMF 100% CF 90% + 10% 80% + 20% 70% + 30% 60% + 40% 

EFYF + OMF 100% EFYF 90% + 10% 80% + 20% 70% + 30% 60% + 40% 

(CF - cassava flour, EFYF – elephant foot yam flour, OMF – oyster mushroom flour) 

 
3.3. Standardisation of nutri-rich ready to cook extruded food from fruit flour 

and mushroom flour 

Flours were prepared from mature jackfruit (koozha type) and breadfruit. 

Pastas were prepared using combinations of jackfruit flour with oyster mushroom 

flour and breadfruit flour with oyster mushroom flour. 

 

Table 2: Proportion of ingredients in fruit flour and oyster mushroom flour 

incorporated pastas 

 

 
Combinations 

Treatments 

T0 (control) T1 T2 T3 T4 

JF + OMF 100 % JF 90% + 10% 80% + 20% 70% + 30% 60% + 40% 

BF + OMF 100 % BF 90% + 10% 80% + 20% 70% + 30% 60% + 40% 

(JF – jackfruit flour, BF – breadfruit flour, OMF – oyster mushroom flour) 
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Mixing of composite flour (100g) 
 

Made into dough 
 

 

Transfer and knead in pasta machine for 1 minute 
 

 

Extrude pasta using single screw 

 

Cutting to desired shapes 

 

 

Drying (60ºC - 75ºC for 2 hours) 

 
Figure 1: Flow chart for the preparation of ready to cook extruded food pasta 

 
3.4. Preparation of spice mix 

 
Spice mix (100g) were standardised using preliminary studies. The ingredients 

used in study were purchased from local market and mixed well using a sieve. The 

ingredients and the amount used for the spice mix are detailed below: 

 

Coriander powder - 40g 

Garam masala - 7g 

Turmeric powder   - 2g 
 

Chilli powder -  8g 
 

Garlic powder -  3.5g 
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Onion powder - 3.5g 

Aamchur powder - 7g 

Pepper powder - 2g 

Powdered sugar - 7g 

Corn flour - 10g 

Salt - 10g 

 

All the ingredients were mixed together and were packed in 5g sachets for seasoning 

100g pastas. 

 

3.5. Organoleptic evaluation 

 
The organoleptic qualities of the pastas were conducted by score card method 

using nine-point Hedonic scale by a panel of fifteen selected judges. 

 

3.5.1. Selection of judges 

 
Triangle test suggested by Jellinek (1985) was carried out in the laboratory. 

Based on the results of triangle test, a panel of fifteen judges (between 18 - 35 years) 

were selected. The acceptability trials of pastas were done by this panel 

 

3.3.3. Selection of the most acceptable treatment 

 
The best treatment was selected through sensory parameters by applying 

Kendall’s coefficient of concordance. 
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3.6. Quality evaluation of selected ready to cook extruded foods 

 
3.6.1. Nutritional qualities 

 
The nutritional qualities of pastas was carried out in three replications and the 

methods used are discussed below. 

 

3.6.1.1. Moisture 

 
Moisture content of pastas was estimated by the method of A.O.A.C (1980). 

To determine the moisture content of the products, five gram pasta was taken in a 

petridish and dried at 60ºC to 70ºC in a hot air oven, cooled in a desiccator and 

weighed. The process of heating and cooling was repeated till constant weight was 

achieved. The moisture content of the ready to cook extruded foods was calculated 

from the loss in weight during drying. 

 

Initial weight – Final weight 
Moisture content (%) = _________________________ × 100 

Initial weight 
 

 

3.6.1.2. Energy 

 
Energy content of selected ready to cook pastas were calculated according to 

Gopalan et al. (1989) and expressed as kilocalories (k Cal). The energy present in 

extruded foods was calculated as per the formula given below. 

 

Energy (k Cal) = (CHO x 4) + (Protein x 4) + (Fat x 9) 

 
3.6.1.3. Total Carbohydrate 

 
The total carbohydrate content was analysed calorimetrically using anthrone 

reagent (Sadasivam and Manickam, 1997). Food sample of 100 mg was hydrolysed 

with 5 ml of 2.5 N HCl and then cooled to room temperature. Later the residue was 

neutralized with solid carbonate until the effervescence ceases and the volume was 

made up to 100 ml and centrifuged. Pipetted 0.1 ml of supernatant and made up to 1 
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ml, added 4 ml anthrone reagent, heated for eight minutes, cooled rapidly and the 

intensity of green to dark green colour was read at 630 nm. 

 

A graph was prepared using serial dilutions of standard glucose. From the 

standard graph the amount of total carbohydrate present in the sample was estimated 

and expressed in grams. 

 

3.6.1.4. Protein 

 
Protein was estimated by the method of A.O.A.C. (1980). Sample (0.2 g) was 

digested with six ml Conc. H2SO4 after adding 0.4 g of CUSO4 and 3.5 g K2SO4 in a 

digestion flask until the colour of sample was converted to green. After digestion, it 

was diluted with water and 25 ml of 40 per cent NaOH was pumped. The distillate 

was collected in two per cent boric acid containing mixed indicators and then titrated 

with 0.2N HCl to determine the nitrogen content. The nitrogen content thus estimated 

was multiplied with a factor of 6.25 to get the protein content. 

 

3.6.1.5. Fat 

 
The fat content of the extruded foods was estimated using the method given by 

Sadasivam and Manickam (1997). Five gram of sample was taken in a thimble and 

stoppered with cotton. The material was extricated with petroleum ether for six hours 

without interruption by gentle heating in a Soxhlet apparatus. Extraction flask was 

then cooled and ether was separated by heating and the weight was noted. The fat 

content was expressed in gram per 100g of the sample. 

 

3.6.1.6. Fibre 

 
The crude fibre of products was estimated using method given by Sadasivam 

and Manickam (1997). Two grams of dried and powdered sample was boiled with 

200ml of 1.25 per cent sulphuric acid for 30 minutes. It was filtered using muslin 

cloth and washed with boiling water. The residue was again boiled with 200ml of 1.25 

per cent of sodium hydroxide for 30 minutes. Repeated the filtration through muslin 

cloth and residue was washed with 25ml of boiling 1.25% of sulphuric acid, three 50 

ml portion of water and 25ml of alcohol. Then obtained residue was taken in ashing 
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dish (W1) dried at 130ºC for 2 hours, cooled the dish in a desiccator and weigh (W2). 

The residue was again ignited in muffle furnace at 600ºC for 30 minutes, cooled in a 

desiccator and reweighed (W3). 

 
Loss in weight on ignition (W2 – W1) – (W3 – W1) 

% crude fibre in ground sample : ________________________________________ 100 
Weight of the sample 

 

 

3.6.1.7. Starch 

 
The starch content was estimated calorimetrically using the anthrone reagent 

as suggested by Sadasivam and Manickam (1997). The sample (0.5g) was extracted 

repeatedly with 80 per cent ethanol to remove sugars completely. The residue was 

dried over a water bath and 5 ml water and 6.5 ml 52 per cent perchloric acid were 

added and extracted at 100ºC for 20 minutes. The sample was centrifuged and re- 

extracted with fresh perchloric acid. The supernatant was pooled and made up to 100 

ml. Pipetted out 0.2 ml of the supernatant and made up to 100 ml. Pipetted out 0.2 ml 

of the supernatant and made up to 1 ml with water and 4 ml of anthrone reagent, 

heated for 8 minutes, cooled and read the OD at 630 nm. 

A standard graph was prepared using serial dilution of standard glucose 

solution. From the graph, glucose content of the sample was computed and multiplied 

by a factor 0.9 to arrive at the starch content and expressed in percentage. 

 

3.6.1.8. Calcium 

 
Calcium content was estimated by atomic absorption spectrophotometric 

method using the diacid extract prepared from the sample (Perkin and Elmer, 1982). 

The diacid was prepared by mixing 70 per cent perchloric acid in the ratio 9:4. Two 

gram of extruded foods samples was digested in this diacid and the extract was made 

up to 100 ml. This solution was read directly in atomic absorption spectrophotometer. 

Calcium content was expressed in mg 100 g of the sample. 
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3.4.1.9. Iron 

 
Iron content of the sample was estimated by atomic absorption 

spectrophotometric method using the diacid extract prepared from the sample (Perkin 

and Elmer, 1982). The diacid solution was directly read in atomic absorption 

spectrophotometer to find the iron content and expressed in mg per 100 g sample. 

 

3.6.1.10. Sodium 

 
Sodium content of the sample was estimated by using flame photometer as 

suggested by Jackson (1973). Sample of one gram was digested using diacid solution 

and made up to 100ml with distilled water. From this made up solution, one ml was 

directly fed in to the flame photometer and reading was noted. The sodium content 

was expressed in mg per 100g of the sample. 

 

3.6.1.11. Magnesium 

 
Magnesium content was estimated by atomic absorption spectrophotometric 

method using the diacid extract prepared from the sample (Perkin and Elmer, 1982). 

Two gram of pasta samples was digested in this diacid and the extract was made up to 

100 ml. This solution was read directly in atomic absorption spectrophotometer. 

Magnesium content was expressed in mg 100 g of the sample. 

 

3.6.1.12. Potassium 

 
Potassium present in extruded foods was estimated using method suggested by 

Jackson (1973) with the help of Flame Photometer. One gram of the extruded food 

sample was digested using diacid solution. The pre-digested sample was used to 

measure potassium content in flame photometer and it was expressed as mg per 100g 

of the sample. 
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3.6.2 Health studies 

 
3.6.2.1. In vitro digestibility of starch 

 
One gram of sample in 100 ml water was gelatinized and boiled for one 

hour and filtered. One ml of the gelatinized solution was taken and one ml of the 

enzyme solution (saliva diluted with equal quantity water). The mixture was 

incubated at 37ºC for 1-2 hours; the reaction was stopped by adding 1 ml of sodium 

hydroxide. Later the glucose was estimated. 

 

3.6.2.2. In vitro digestibility of protein (IVPD) 

In vitro protein digestibility was assessed by following the procedure as 

Sadasivam and Manickam (1997). To the powdered vermicelli sample add 10ml of 

the distilled water where the sample will be adjusted to obtain 6.25mg of protein/litre. 

The sample was maintained at a temperature of 37˚C with a pH of 8. To the prepared 

protein suspension added about 1ml of the three enzyme solution (combination of 

1.65mg porcine pancreatic trypsin type IX, 3.1mg bovine pancreatic chymotrypsin 

type II, 1.3mg porcine intestinal peptidase grade III). An aliquot of multienzyme 

solution were added to one ml of the bacterial protease solution. The sample was 

recorded for the pH drop within ten minutes using pH meter. In vitro protein 

digestibility was calculated using the formula as suggested as follows. 

IVPD = 210.46 – 18.10X, 

i.e. X denoted as pH after 10 minutes of incubation 

 
3.6.2.3. In vitro availability of minerals 

 
In vitro availability of calcium, iron and phosphorous were examined using 

the formula of Duhan et al. (2001). For the in vitro availability, HCl extractability of 

minerals was estimated. The selected rhizome flour samples were extracted with 

0.03N HCl in a shaker for a period of three hours at 37ºC. The sample was filtered 

with a help of whatman no. 40 filter paper to obtain a clear extract. The extricated 

clear extract was dried at 100ºC in an oven followed by wet acid digestion. Then in 

the digested sample the amount of HCl extractable calcium, iron and phosphorus were 
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estimated as per prescribed procedures above for the estimation of minerals. The 

formula suggested to compute the HCl extractability were as follows. 

Mineral extractability in 0.03N HCl 

Mineral extractability (%) =  

Total mineral 
×100 

 

 

3.6.3. Shelf life studies 

 
The selected treatments were packed in HDPE covers. The standardized spice 

mix was packed in laminated aluminium pouches (250 gauge) and was kept for the 

period of three months. The following aspects was studied in the selected samples 

during storage at monthly intervals. 

 

3.6.3.1. Sensory qualities of the snack 

 
The organoleptic qualities of pastas were conducted by score card method 

using nine-point Hedonic scale by a panel of fifteen selected judges. 

 

3.6.3.2. Enumeration of total microflora 

 
The microbial population present in the pastas sample were estimated using 

serial dilution plate count method as suggested by Agarwal and Hasija (1986). The 

microbial analysis was carried out in extruded foods sample initially and at monthly 

intervals for three months of storage. 

 

3.6.3.2.1. Preparation of samples and media for microbial enumeration 

 
The sample was prepared by mixing 90ml of distilled water with 10g of pasta 

sample and shaken well using a shaker to obtain suspension. The serial dilutions were 

carried out in the prepared water blank. To nine ml of water blank transfer one ml of 

the prepared suspension with a dilution of 10-2. This is then diluted to 10-3 followed 

by 10-4, 10-5 and 10-6 using serial dilution techniques. Bacteria, fungi and yeast count 

were assessed using Nutrient Agar (NA), Potato Dextrose Agar (PDA) and 

Sabouraud’s Dextrose Agar (SDA) media respectively and results were given as 

cfu/g. 
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3.6.3.2.2. Enumeration of bacterial colony 

 
Total number of bacterial colony was computed in 10-5 dilution in nutrient 

agar medium. In a sterile petriplate, one ml of 10-5 dilution was erupted using a 

micropipette. To petriplate, pour about 20ml of the nutrient agar medium which is 

uniformly spread in petriplate by rotating in clockwise and anticlockwise directions. 

For bacterial colony the enumerated petriplates were kept for 48hrs at room 

temperature. The total number of bacterial colonies were counted and expressed as 

cfu/g. 

 

3.6.3.2.3. Enumeration of fungal colony 

 
Total number of fungal colony was enumerated in 10-3 dilution in Martin Rose 

agar medium. In a sterile petriplate, pour one ml of 10-3 dilution using a micropipette. 

To petriplate pour about 20ml of the Potato Dextrose Agar medium is uniformly 

spread. For fungal colony enumeration, the petriplates were incubated for 4 to 5 days 

at room temperature. The total number of fungal colonies were counted and expressed 

as cfu/g. 

 

3.6.3.2.4. Enumeration of yeast colony 

 
Total number of yeast colony was enumerated in 10-3 dilution in Sabouraud’s 

Dextrose Agar medium. In a sterile petriplate, pour one ml of 10-3 dilution using a 

micropipette. To petriplate about 20ml of the Sabouraud’s Dextrose Agar medium 

was erupted which is uniformly spread in the petriplate by rotating. For enumeration 

of yeast population, the petriplates were incubated for 4 to 5 days in room 

temperature. The total number of yeast colonies were counted and expressed as cfu/g. 

 

3.6.3.3. Insect infestation 

 
Insect infestation of extruded foods were observed and recorded initially and 

at monthly intervals for three months of storage. Insect infestations were assessed by 

visual examination. 
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3.7. Cost of production of selected products 

 
Cost analysis of the products was done to assess the extent of expenses for the 

preparation of products. The cost of production was worked out based on the market 

rates of different ingredients used for the preparation of the products. The cost was 

calculated for 100g of the product and compared with the price of similar product 

available in the market. 

 

3.7. Statistical analysis of the data 

 
The observations were tabulated and analysed statistically as completely 

randomised design (CRD). The scores of organoleptic evaluation were assessed by 

Kendall’s coefficient of concordance. 
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4. RESULTS 

 
The results of the present study entitled “Process optimization of mushroom 

incorporated pastas” are presented under the following headings. 

4.1. Standardisation of nutri-rich ready to cook extruded food from tuber and 

mushroom flour 

4.1.1. Cassava and mushroom flour incorporated pastas 
 

4.1.2. Elephant foot yam and mushroom flour incorporated pastas 
 

4.2. Standardisation of nutri-rich ready to cook extruded food from fruit and 

mushroom flour 

4.2.1. Jackfruit and mushroom flour incorporated pastas 
 

4.2.2. Breadfruit and mushroom flour incorporated pastas 
 

4.3. Quality evaluation of selected ready to cook extruded foods 
 

4.3.1. Nutritional qualities 
 

4.3.2. Health studies 
 

4.3.3. Shelf life studies 
 

4.4. Cost of production 

 
4.1. Standardisation of nutri-rich ready to cook extruded food from tuber and 

mushroom flour 

Tubers selected for the study were cassava and elephant foot yam. Pastas were 

prepared using combinations of oyster mushroom flour with cassava flour; and oyster 

mushroom flour with elephant foot yam flour. 
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4.1.1. Cassava and mushroom flour incorporated pastas 

 
Pastas were prepared by varying the proportions of cassava flour and oyster 

mushroom flour. The control (T0) was 100% cassava flour and the treatments was 

repeated by varying the proportions of cassava and mushroom flour. Organoleptic 

evaluation of the treatments were carried out and the scores are tabulated in Table 3. 

The different quality attributes were ranked based on their mean scores using 

Kendall’s coefficient of concordance (W). 

 

Table 3: Mean scores for organoleptic evaluation of pastas from cassava flour 

and mushroom flour 

 

Parameters T0 T1 T2 T3 T4 W 

Appearance 
7.80 

(4.90) 

6.80 

(1.80) 

7.13 

(2.90) 

7.24 

(3.40) 

7.05 

(2.00) 
0.628** 

Colour 
7.66 

(3.50) 

7.06 

(2.80) 

7.13 

(2.10) 

7.28 

(3.40) 

7.16 

(3.20) 
0.137* 

Flavour 
7.46 

(3.60) 

7.13 

(1.40) 

7.46 

(3.20) 

7.55 

(3.60) 

7.31 

(3.20) 
0.350** 

Texture 
7.20 

(2.70) 

7.20 

(2.90) 

7.16 

(2.80) 

7.28 

(3.00) 

7.13 

(3.60) 
0.052* 

Taste 
6.93 

(3.00) 

7.00 

(2.60) 

7.18 

(3.40) 

7.21 

(3.00) 

7.02 

(3.00) 
0.035* 

Overall 

Acceptability 

7.40 

(3.20) 

7.06 

(3.20) 

7.03 

(3.20) 

7.22 

(3.00) 

7.16 

(2.40) 
0.049** 

Mean total score 7.40 7.04 7.18 7.29 7.13  

Values in parentheses are mean rank score based on Kendall’s coefficient of concordance (W) 

(** significant at 1% level, * significant at 5% level) 

(T0 – 100% CF ; T1 – 90% CF + 10% OMF ; T2 – 80% CF + 20% OMF ; T3 – 70% CF + 30% 

OMF ; T4 – 60% CF + 40% OMF) 

CF – Cassava flour , OMF – Oyster mushroom flour 
 

The mean organoleptic scores for the appearance of cassava and mushroom 

flour incorporated pasta ranged from 6.8 (T1) to 7.24 (T3) with mean rank score from 

1.80 to 3.40. The score for the appearance was recorded highest for T0 (7.80) followed 

by T3 (7.24). The lowest score was recorded for T1. 

The highest mean score (7.66) for colour was recorded for T0 and the lowest 

mean score of 7.06 was noticed in T1. The mean scores for colour in mushroom flour 
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incorporated pastas ranged from 7.06 to 7.28 with the mean rank scores ranging from 

2.80 to 3.40. 

 

The mean scores for flavour of cassava and mushroom incorporated pasta 

ranged from 7.13 to 7.55 with mean rank score varying from 1.40 to 3.60. The highest 

score of 7.55 was noticed in T3 and the lowest mean score of 7.13 was noticed in T1. 

Among different treatments tried for the preparation of pasta using cassava 

and mushroom flour the highest mean score of 7.28 for texture was recorded for T3 

with mean rank score of 3.00 and the lowest mean score of 7.13 was noticed in T4. 

The mean score and mean rank scores for taste of cassava and mushroom flour 

pasta ranged from 7.00 to 7.21 and 2.60 to 3.40 respectively. The highest mean score 

of 7.21 was noticed in T3 and the lowest mean score was found to be in T1. 

Overall acceptability was recorded highest for the pasta prepared using 

cassava flour alone (T0), wheras in blended flours T3 (7.22) followed by T4 (7.16) 

attained higher scores. The mean rank score ranged from 3.20 to 2.40. 

Treatment T3 (70% CF + 30% OMF) attained highest total score of 43.74 for 

organoleptic attributes compared to other treatments. The lowest total score was 

observed in T1 (90% CF +10% OMF). 

Based on the total scores; the control (T0) and from the blended pastas the 

treatment (T3) were selected for further studies. 

Based on Kendall’s coefficient of concordance (W) value, significant 

agreement among judges was noticed in the evaluation of different quality attributes 

of cassava flour and mushroom flour incorporated pastas. 
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Plate 1 : Different treatments prepared with cassava and mushroom flour 

 

 
Plate 2: Different treatments prepared with elephant foot yam and mushroom 

flour 
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4.1.2. Elephant foot yam and mushroom flour incorporated pastas 

 
Pasta was prepared in different combinations using elephant foot yam flour 

and mushroom flour and the organoleptic evaluation was carried out. The mean scores 

of the organoleptic evaluation of the pastas prepared using elephant foot yam flour 

and mushroom flour is given in Table 4. In case of elephant foot yam incorporated 

mushroom pastas, the mean scores for the organoleptic qualities obtained was much 

lower than the acceptable levels, it was concluded that the pasta had very little 

acceptability and so the entire treatment was omitted from further studies. 

 

Table 4: Mean scores for organoleptic evaluation of pastas from elephant foot 

yam flour and mushroom flour 

 

Parameters T0 T 1 T 2 T 3 T4 

Appearance 2.88 3.62 3.33 3.66 3.66 

Colour 3.11 3.22 3.22 3.55 3.33 

Flavour 3.04 3.88 3.88 3.90 3.76 

Texture 2.88 3.41 3.45 3.44 2.88 

Taste 2.55 3.12 3.21 3.22 3.11 

Overall 
 

Acceptability 

 

2.88 

 

3.33 

 

3.32 

 

3.34 

 

2.88 

Total scores 2.89 3.45 3.40 3.51 3.27 

(T0 – 100% EFYF ; T1 – 90% EFYF + 10% OMF ; T2 – 80% EFYF + 20% OMF ; T3 - 70% 

EFYF + 30 % OMF ; T4 – 60% EFYF + 40% OMF) 

EFYF – Elephant foot yam flour, OMF – Oyster mushroom flour 
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4.2. Standardisation of nutri-rich ready to cook extruded food from fruit and 

mushroom flour 

Fruits selected for the study were jackfruit and breadfruit. Pastas were 

prepared using combinations of jackfruit with oyster mushroom flour and breadfruit 

with oyster mushroom flour. Organoleptic evaluation of the treatments were carried 

out and the different quality attributes were ranked based on their mean scores using 

Kendall’s coefficient of concordance (W). 

 

4.2.1. Jackfruit and mushroom flour incorporated pastas 

 
Pastas were prepared by incorporating jackfruit and mushroom in varying 

proportions. The treatments T1 to T4 varied from 90 to 60 per cent jackfruit flour and 

10 to 40 per cent mushroom flour. Table 5, shows the mean scores obtained for 

organoleptic attributes of pasta made from jackfruit flour and mushroom flour. 

The mean scores for the appearance of jackfruit and mushroom flour 

incorporated pasta ranged from 8.15 (T1) to 5.91 (T4) with mean rank score from 4.37 

to 2.03. The appearance score was recorded highest for T1 (8.15) followed by T2 

(6.57). 

 

The mean scores for colour ranged from 7.71 to 5.75 with the mean rank 

scores ranging from 3.90 to 2.13 respectively. The highest mean score of 7.71 was 

recorded for T1 and the lowest mean score of 5.75 was noticed for T3. 

The mean scores for flavour of jackfruit flour and mushroom flour 

incorporated pastas ranged from 7.28 to 4.62 with mean rank score varying from 3.67 

to 1.53. The highest score of 7.42 was noticed T0 and the lowest mean score of 4.62 

was noticed in T4. 

Among different treatments tried for the preparation of pasta using jackfruit 

and mushroom flour the highest mean score of 7.14 for texture was recorded for T1 

with mean rank score of 3.43 and the lowest mean score of 5.00 for texture was 

noticed in T4. 
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The mean score for taste of jackfruit and mushroom flour pasta ranged from 

5.93 to 7.02 respectively. The highest mean score of 7.02 was noticed in T1 and the 

lowest mean score was found to be in T3. 

 

Table 5: Mean scores for organoleptic evaluation of pasta from jackfruit flour 

and mushroom flour 

 

Parameters T0 T1 T2 T3 T4 W 

Appearance 
7.42 

(3.63) 

8.15 

(4.37) 

6.57 

(2.67) 

6.36 

(2.30) 

5.91 

(2.03) 
0.507** 

Colour 
7.28 

(3.40) 

7.71 

(3.90) 

6.93 

(3.33) 

5.75 

(2.13) 

5.88 

(2.23) 
0.308** 

Flavour 
7.42 

(3.93) 

7.28 

(3.67) 

6.75 

(3.43) 

5.57 

(2.43) 

4.62 

(1.53) 
0.438** 

Texture 
6.85 

(3.23) 

7.14 

(3.43) 

6.21 

(2.97) 

5.78 

(2.53) 

5.00 

(2.83) 
0.061* 

Taste 
6.55 

(3.57) 

7.02 

(4.10) 

6.31 

(3.13) 

5.93 

(2.63) 

6.11 

(1.57) 
0.400** 

Overall 

acceptability 

6.82 

(3.47) 

7.35 

(3.97) 

6.60 

(3.30) 

5.91 

(2.57) 

5.35 

(1.70) 
0.345** 

Mean total 

score 
7.05 7.44 6.56 5.88 5.47 

 

Values in parentheses are mean rank score based on Kendall’s coefficient of concordance (W) 

(** significant at 1% level, * significant at 5% level) 

(T0 – 100% JF ; T1 – 90% JF + 10% OMF ; T2 – 80% JF + 20% OMF ; T3 – 70% JF + 30% 

OMF ; T4 – 60% JF + 40% OMF ) 

JF – Jackfruit flour , OMF – Oyster mushroom flour 
 

Among the different treatments tried for the jackfruit and mushroom flour 

pastas the highest mean score of overall acceptability was noticed in T1 with the mean 

rank score of 7.35. The lowest mean score of 5.35 noticed in T4. 

The treatment, T1 (90% JF + 10% OMF) attained higher mean total score of 

7.44 for organoleptic attributes compared to other treatments. The lowest total score 

was observed in T4. Based on Kendall’s coefficient of concordance (W) value, 

significant agreement among judges was noticed in the evaluation of different quality 

attributes of jackfruit flour and mushroom flour incorporated pasta. 
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Plate 3 : Different treatments prepared with jackfruit and mushroom flour 
 
 

 
Plate 4: Different treatments prepared with breadfruit and mushroom flour 
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4.2.2. Breadfruit and mushroom flour incorporated pastas 

 
Pastas were prepared by incorporating breadfruit flour and mushroom flour in 

varying proportions from 60% to 100% breadfruit flour and 10% to 40% mushroom 

flour. Table 6 shows the mean scores obtained for organoleptic parameters of pastas 

made from breadfruit flour (T0) and blending of breadfruit flour and mushroom 

flour(T1 to T4). 

The mean scores for the appearance of breadfruit and mushroom flour 

incorporated pasta ranged from 7.13 (T1) to 6.80 (T2) with mean rank score from 2.90 

to 1.80. The appearance score was recorded highest for treatment T0 (100 % 

Breadfruit flour) with a score of 7.80. 

 

The mean scores for colour ranged from 7.60 to 7.06 with the mean rank 

scores ranging from 3.50 to 2.10 respectively. The highest mean score of 7.60 was 

recorded for T0 and the mean score of 7.06 was noticed in T4. 

The mean scores for flavour of breadfruit and mushroom incorporated pasta 

ranged from 7.46 to 7.13 with mean rank score varying from 3.60 to 1.40. The lowest 

mean score of 7.13 was noticed in T4 and the highest score of 7.46 noticed T0 and T1. 

 
 

Among different treatments tried for the preparation of pasta using breadfruit 

and mushroom flour the highest mean score of 7.13 for texture was recorded for T1 

with mean rank score of 2.80 and the lowest mean score of 7.00 for texture was 

noticed in T4. 

The mean score and mean rank scores for taste of breadfruit and mushroom 

flour pasta ranged from 7.46 to 7.20 respectively. The highest mean score of 7.46 was 

noticed in T1 and the lowest mean score was found to be in T4. 

Among the different treatments tried for the breadfruit and mushroom flour 

pastas the highest mean score of overall acceptability was noticed in T1 with the mean 

rank score of 7.46. The lowest mean score of 7.06 was noticed in T4 (60 % BF + 40 % 

OMF). 
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Table 6: Mean scores for organoleptic evaluation of pastas from breadfruit flour 

and mushroom flour 
 

Parameters T0 T1 T2 T3 T4 W 

 

Appearance 
7.80 

(4.90) 

7.13 

(2.90) 

7.20 

(3.40) 

7.08 

(2.00) 

6.80 

(1.80) 

 

0.628** 

 

Colour 
7.60 

(3.50) 

7.13 

(2.10) 

7.28 

(3.40) 

7.16 

(3.40) 

7.06 

(2.80) 

 

0.137** 

 

Flavour 
7.46 

(3.60) 

7.46 

(3.20) 

7.35 

(3.60) 

7.31 

(3.20) 

7.13 

(1.40) 

 

0.350** 

 

Texture 
6.93 

(2.70) 

7.13 

(2.80) 

7.02 

(3.00) 

7.05 

(3.60) 

7.00 

(2.90) 

 

0.052* 

 

Taste 
7.20 

(3.00) 

7.46 

(3.40) 

7.28 

(3.00) 

7.31 

(3.00) 

7.20 

(2.60) 

 

0.035* 

Overall 

Acceptability 

7.40 

(3.20) 

7.20 

(3.20) 

7.20 

(3.20) 

7.16 

(2.40) 

7.06 

(3.00) 

 

0.049* 

Mean total 

score 

 

7.39 

 

7.25 

 

7.22 

 

7.17 

 

7.04 

 

Values in parentheses are mean rank score based on Kendall’s coefficient of concordance (W) 

(** significant at 1% level, * significant at 5% level) 

(T0 – 100% BF ; T1 – 90% BF + 10% OMF ; T2 – 80% BF + 20% OMF ; T3 – 70% BF + 

30% OMF ; T4 – 60% BF + 40% OMF ) 

BF – Breadfruit flour , OMF – Oyster mushroom flour 

 

Treatment T0 attained higher mean total score 7.39 for organoleptic attributes, 

whereas in blended pasta the treatment T1 attained the highest score of 7.25 compared 

to other treatments. The lowest total score was observed in T4. Based on Kendall’s 

coefficient of concordance (W) value, significant agreement among judges was 

noticed in the evaluation of different quality attributes of breadfruit flour and 

mushroom flour incorporated pastas. 
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Selection of pasta 

 
Based on the organoleptic qualities, the most acceptable treatment from 

each set was selected. The selected pasta and their combinations are summarised in 

Table 7. 

 

Table 7 : Combinations of selected pastas 

 
 Pasta Combination 

1 Cassava flour + mushroom flour T3 (70% CF + 30% OMF) 

2 Jackfruit flour + mushroom flour T1 (90% JF + 10% OMF) 

3 Breadfruit flour + mushroom flour T1 (90% BF + 10% OMF) 

 

4.3. Quality evaluation of selected ready to cook extruded food 

 
The selected pastas along with control (T0) from each set were utilised for the 

further studies. The pastas were subjected to various analysis which includes the 

nutritional qualities, health studies and shelf life studies. 

 

4.3.1. Nutritional qualities 

 
4.3.1.1. Nutritional qualities of pastas prepared with cassava flour and 

mushroom flour incorporated pastas 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch and 

reducing sugar and mineral content of pastas prepared with cassava flour and 

mushroom flour incorporated pastas were estimated and is given in table 8 and 9. 
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Table 8: Comparison of the nutritional qualities of pastas prepared with cassava 

flour and mushroom flour 

 

 
Nutrients (per 100g) 

SET 1 

Control (T0 ) T3 CD value 

Moisture (%) 7.92 6.85 0.121* 

Energy (k Cal) 386.78 391.52 0.139* 

Total Carbohydrate (g) 88.1 80.6 0.239* 

Protein (g) 7.92 9.36 0.133* 

Total fat (g) 0.30 0.20 NS 

Fibre (g) 1.89 2.86 0.041* 

Starch (g) 79.03 67.00 0.093* 

Reducing sugar (%) 0.84 0.94 NS 

 

4.3.1.1.1. Moisture 

 
The moisture content of pasta made with 100% cassava flour was 7.92 per 

cent and that with 70% cassava flour and 30% mushroom flour was 6.85 per cent. On 

statistically analysing the data, it was found that there were significant difference 

between the moisture content of both these pastas. 

 

4.3.1.1.2. Energy 

 
The energy content of pasta made with 100% cassava (T0) was 386.78 k Cal 

and that with 70% cassava with 30% mushroom flour (T3) was 391.52 k Cal. On 

statistically analysing data, it was found that there were significant difference between 

the energy content of pastas 
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4.3.1.1.3. Total carbohydrate 

 
Carbohydrate content in control was 88.1 g/100g of sample whereas in T3 it 

was 80.6 g/100g. The carbohydrate content of the control and the best treatment was 

found to have a statistically significant difference. 

 

4.3.1.1.4 Protein 

 
Protein content in control was 7.92 g/100g and in T3 it increased to 9.36 

g/100g and was found to have a statistically significant difference. 

 

4.3.1.1.5. Total fat 

 
Fat content of pasta made with 100% cassava (T0) was 0.30 g/100g and that 

with 70% cassava and 30% mushroom flour (T3) was 0.20 g/100g. On statistically 

analysing the data, it found that there were no significant difference was seen between 

the fat content of these pasta. 

 

4.3.1.1.6. Fibre 

 
Fibre content in control was 1.89 g/100g of sample whereas in T3 it increased 

to 2.86 g/100g. A statistically significant difference was observed in the fibre content 

of the control and the best treatment T3. 

 

4.3.1.1.7. Starch 

 
Starch content in control pasta was 79.03 g/100g of sample and in T3 it was 67 

g/100g. On statistically analysing the data, it was found that there were significant 

differene between starch content of these pasta. 

 

4.3.1.1.8. Reducing sugar 
 

Reducing sugar content of pasta made with 100% cassava (T0) was 0.84% and 

that with 70% cassava and 30% mushroom (T3) was 0.94%. On statistically analysing 

the data, it was found that there were no significant difference between the reducing 

sugar content of these pastas. 
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Minerals 

 

Table 9 : Comparison of the mineral content of pastas prepared with cassava 

flour and mushroom flour 

Minerals 

(mg 100 g-1) 

SET 1 

T0 T3 CD value 

Calcium 50.80 54.90 2.180* 

Iron 2.91 3.60 0.588* 

Sodium 9.88 12.48 0.106* 

Magnesium 38.20 40.80 0.170* 

Potassium 255.00 292.01 1.529* 

Critical difference (CD) values are significant at 5% level 
CF –Cassava flour , OMF – Oyster mushroom flour 

(T0 – 100% CF ; T3 – 70% CF + 30% OMF ) 

The mineral contents in cassava based pasta (T0) and the selected treatment 

(T3) was estimated (Table 9)(Figure 1). The calcium content in control was 50.80 

mg/100g and in T3 was 54.90 mg/100g. Iron content increased from 2.91 to 3.60 

mg/100g and observed a significant difference on statistical interpretation. The 

sodium content in T0 was 9.88 mg/100g and sodium content in selected pasta (T3) has 

12.48 mg/100g. Magnesium content in T0 was 38.20 mg/100g and in T3 it increased to 

40.80 mg/100g in cassava and mushroom incorporated pasta. Potassium content in T3 

was 292.01 mg/100g and in T0 it was 255.00 mg/100g and on statistically analysing 

the data, there were significant difference between these pastas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 2: Comparison of the mineral content of pastas prepared with 

cassava flour and mushroom flour 
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4.3.1.2. Nutritional qualities of pastas prepared with jackfruit flour and 

mushroom flour 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch and 

reducing sugar and mineral content of pastas prepared with jackfruit flour and 

mushroom flour incorporated pastas was estimated and is given in table 10 and 11. 

 

4.3.1.2.1. Moisture 

 
The moisture content of pasta made with 100% jackfruit (control T0) was 6.29 

per cent and that with 90% jackfruit and 10% mushroom (best treatment T1) was 6.67 

%. On statistically analysing the data, it was found that there were was significant 

difference between the moisture content of pastas. 

 

4.3.1.2.2. Energy 

 
The energy content of pasta made with 100% jackfruit (control T0) was 324.79 

k Cal and that with 90 % jackfruit flour and 10 % mushroom flour (T1) was 334.99 k 

Cal. On statistically analysing the data, the energy value were significantly different. 

 

Table 10: Comparison of the nutritional qualities of pastas prepared with 

jackfruit flour and mushroom flour 

Nutrients 

(per 100g) 

SET 3 

Control (T0) T1 CD value 

Moisture (%) 6.29 6.67 0.32* 

Energy (kCal) 368.59 355.95 0.16* 

Total Carbohydrate (g) 85.07 78.63 0.59* 

Protein (g) 6.29 9.48 0.40* 

Total fat (g) 0.35 0.39 NS 

Fibre (g) 3.52 3.60 0.33* 

Starch (g) 74.12 73.39 0.15* 

Reducing sugar (%) 1.10 0.37 0.08* 

Critical difference (CD) values are significant at 5% level 
(T0 – 100% JF ; T1 – 90% JF + 10%) 

JF – Jackfruit flour , OMF – Oyster mushroom flour 
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4.3.1.2.3. Total Carbohydrate 

 
Pasta made with 100% jackfruit flour had a total carbohydrate content of 

85.07 g/100g while the treatment T1 had a total carbohydrate content of 78.63 g/100g 

of sample, which was found to have a significant difference on statistical 

interpretation. 

 

4.3.1.2.4. Protein 

 
The protein content of pasta made with 100% jackfruit (control T0) was 

6.29g/100g of sample and that with 90% jackfruit flour and 10% mushroom flour 

(best treatment T1) was 9.48g/100g of sample. On statistically analysing the data, it 

was found that there were significant difference between the protein content of these 

pastas. 

 

4.3.1.2.5. Total fat 

 
Total fat content of the pasta were also estimated and was found that T1 had a 

slightly higher fat content (0.39 g/100g of sample) than the control pasta (0.35 g/100g 

of sample), but was not having any significant difference on statistical interpretation . 

 

4.3.1.2.6. Fibre 

 
The fibre content of pasta made with 100% jackfruit (T0) was 3.52 g/100g of 

sample and that with 90% jackfruit flour and 10% mushroom flour (T1) was 3.60 

g/100g of sample. On statistically analysing the data, it was found that there were 

significant difference between the fibre content among the two treatments. 

 

4.3.1.2.7. Starch 

 
The starch content of pasta made with 100% jackfruit flour (T0) was 74.12 

g/100g of sample and that with 90% jackfruit flour and 10% mushroom flour (T1) was 

73.39 g/100g of sample. On statistically analysing the data, it was found that there 

were significant difference between the starch content of the pastas. 
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4.3.1.2.8. . Reducing sugar 

 
The reducing sugar content of T0 was 1.10 per cent and T1 was 0.37 per cent. 

On statistically analysing the data, it was found that there were significant difference 

between the reducing sugar content of the treatments. 

 

Table 11: Comparison of the mineral content of pastas prepared with jackfruit 

flour and mushroom flour 

 

Minerals 

(mg 100 g-1) 

SET 3 

T0 T1 CD value 

Calcium 32.24 26.10 0.106* 

Iron 1.03 1.64 0.059* 

Sodium 7.25 6.85 0.069* 

Magnesium 48.08 56.02 0.119* 

Potassium 283.00 324.70 1.463* 

Critical difference (CD) values are significant at 5% level 

(T0 – 100% JF; T1 – 90% JF + 10% OMF) 

JF – Jackfruit flour, OMF – Oyster mushroom flour 
 

Calcium content in T0 and T1 was 32.24 and 26.10 mg/100g, respectively. Iron 

content in T0 was 1.03 mg/100g and in T1 it increased to 1.64 mg/100g. The sodium 

content in T0 and T1 was 7.25 and 6.85 mg/100g, respectively. Magnesium content in 

T1 was 56.02 mg/100g and for T0 it was found to be 48.08 mg/100g. The potassium 

content in T0 was 283.00 mg/100g and it increased in treatment T1 to 324.70 mg/100g. 

On statistically analysing the data, it was found that there were significant difference 

between calcium, iron, sodium, magnesium and potassium contents between the 

treatments. 
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Figure 3: Comparison of the mineral content of pastas prepared with jackfruit 

flour and mushroom flour 

Table 12. depicts the physico-chemical composition of pastas prepared with 

breadfruit flour and mushroom flour incorporated pastas. 
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The moisture content of pasta made with 100% breadfruit (T0) was 7.16% and 
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4.3.1.3.2. Energy 

 
The energy content of pasta made with 100% breadfruit (T0) was 343.52 k Cal 

and that with 90% breadfruit flour and 10% mushroom flour (T1) was 320.69 k Cal. 

On statistically analysing the data, the energy value was significantly different. 

Table 12: Comparison of the nutritional qualities of pastas prepared with 

breadfruit flour and mushroom flour 
 

Nutrients 

(per 100g) 

SET 4 

Control (T0) T1 CD value 

Moisture (%) 7.16 6.03 0.06* 

Energy (k Cal) 343.52 320.69 0.72* 

Total Carbohydrate (g) 80.32 73.49 0.09* 

Protein (g) 4.30 5.40 0.07* 

Total fat (g) 0.56 0.57 NS 

Fibre (g) 7.69 7.52 0.07* 

Starch (g) 75.02 69.64 0.07* 

Reducing sugar (%) 1.01 2.12 0.17* 

Critical difference (CD) values are significant at 5% level 

(T0 – 100% BF ; T1 – 90% BF + 10% OM) 

BF – Breadfruit flour , OMF – Oyster mushroom flour 

 

 

4.3.1.3.3. Total Carbohydrate 

 
Pasta made with 100% breadfruit flour was 80.37 g/100g while that with 90% 

breadfruit and 10% mushroom flour decreased to 73.49 g/100g of sample, which was 

found to have a significant difference on statistical interpretation. 
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4.3.1.3.4. Protein 

 
The protein content of pasta T0 was 4.30 g/100g and for T1 it was 5.40 g/100g 

of sample. On statistically analysing the data, it was found that there were significant 

difference between the protein content of the treatments. 

 

4.3.1.3.5 Total fat 

 
Total fat content of the pasta were also estimated and was found that T1 had a 

slightly higher fat content (0.57 g/100g of sample) than the control pasta (0.56 g/100g 

of sample), but was non significant on statistical interpretation. 

 

4.3.1.3.6. Fibre 

 
The fibre content of pasta made with 100% breadfruit flour (T0) was 7.69 

g/100g and that with 90% breadfruit flour and 10% mushroom flour (T1) was 7.52 

g/100g. On statistically analysing the data, it was found that there were significant 

difference between the fibre content of both these pastas. 

 

4.3.1.3.7. Starch 

 
The starch content of T0 and T1 was 75.02 g/100g and 69.64 g/100g, 

respectively. On statistically analysing the data, it was found that there were 

significant difference between the starch content of both these pastas. 

 

4.3.1.3.8. Reducing sugar 

 
The reducing sugar content of pasta made with 100% breadfruit flour (control 

- T0) was 1.10 per cent and that with 90% breadfruit flour and 10% mushroom flour 

(best treatment - T1) was 2.12 per cent. On statistically analysing the data, it was 

found that there were significant difference between the reducing sugar content of 

both these pasta. 
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Table 13: Comparison of the mineral content of pastas prepared with breadfruit 

flour and mushroom flour 
 

Minerals 

(mg 100 g-1) 

SET 4 

T0 T1 CD value 

Calcium 48.00 37.80 0.982* 

Iron 0.06 0.10 NS 

Sodium 9.80 12.03 0.158* 

Magnesium 18.68 19.72 0.217* 

Phosphorous 426.03 511.00 2.816* 

Critical difference (CD) values are significant at 5% level 

(T0 – 100% BF ; T1 – 90% BF + 10% OMF) 

BF – Breadfruit flour , OMF – Oyster mushroom flour 
 

Table 13 shows the comparison of the mineral content of pastas prepared with 

breadfruit flour and mushroom flour incorporated pastas. In breadfruit flour based 

pasta, the calcium content of control (T0) was 48.00 mg/100g and T1 was 37.80 

mg/100g. Iron content in the treatment, T0 and T1 was 0.06 mg/100g and 0.10 

mg/100g, respectively and was found to have no significant diffetrence between the 

pastas. Sodium content in breadfruit flour based pasta (T0) was 9.80 mg/100g and in 

T1 it was 12.03 mg/100g. Magnesium content in T0 was 18.68 mg/100g and T1 had a 

content of 19.72 mg/100g. The phosphorous content in T0 was 426.03 mg/100g and in 

T1 it was 511.00 mg/100g. On statistically analysing the data, it was found that there 

were significant difference between calcium, sodium, magnesium and phosphorous 

content among the treatments. 

 

4.3.2. Health studies 

 
The in vitro digestibility of the starch and protein and in vitro availability of 

minerals of pastas are detailed in health studies. 
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Table 14: Comparison of the in vitro digestibility of the starch and protein of 

pastas prepared with cassava flour and mushroom flour 
 

In vitro digestibility (%) SET 1 

T0 T3 CD value 

Protein 67.52 83.10 0.807* 

Starch 64.03 61.13 0.092* 

Critical difference (CD) values are significant at 5% level 

CF –Cassava flour, OMF – Oyster mushroom flour 

(T0 – 100% CF ; T3 – 70% CF + 30% OMF ) 

 

In vitro digestibility of protein content in cassava based pasta (T0) is 67.52% 

and in treatment T3 it increased to 83.10%. The in vitro digestibility of starch content 

in pasta prepared with 100% cassava flour was 64.03% and on incorporating of 

mushroom flour it decreased to 61.13%. On statistical interpretation, there were 

significant difference between the in vitro digestibility of the starch and protein 

content of the pastas. 

 

Table 15: Comparison of the in vitro availability of the minerals of pastas 

prepared with cassava flour and mushroom flour 

 

Minerals (%) SET 1 

T0 T3 CD value 

Iron 37.09 37.80 NS 

Calcium 40.80 41.10 0.203* 

Phosphorous 64.05 63.17 0.172* 

Magnesium 67.02 68.12 2.269* 

Critical difference (CD) values are significant at 5% level 

CF –Cassava flour , OMF – Oyster mushroom flour 

(T0 – 100% CF ; T3 – 70% CF + 30% OMF ) 

 

Table 15. depicts the in vitro availability of the minerals of pastas prepared 

with cassava flour and mushroom flour. No significant difference was observed in the 

in vitro availability of iron content, but the percentage in vitro availability was found 
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to be 37.09 % and 37.80 % for T0 and T3, respectively. A significant difference was 

observed in the calcium, phosphorous amd magnesium contents. The in vitro 

availability of calcium for T0 and T3 was found to be 40.80 % and 41.10%, 

respectively. The treatment with cassava flour alone had an in vitro availability for 

phosphorus as 64.05% and for blended pasta it was 63.17%. The in vitro availability 

of magnesium for T0 and T3 was found to be 67.02% and 68.12%, respectively. 

 

Table 16: Comparison of the in vitro digestibility of the starch and protein of 

pastas prepared with jackfruit flour and mushroom flour 

 

Nutrients 

(%) 

SET 3 

T0 T1 CD value 

Protein 50.39 57.76 0.117* 

Starch 71.00 61.10 1.553* 

Critical difference (CD) values are significant at 5% level 

JF –Jackfruit flour , OMF – Oyster mushroom flour 

(T0 – 100% JF ; T1 – 90% JF + 10% OMF ) 
 

In vitro digestibility of protein content in jackfruit flour based pasta (T0) is 

50.39% and for T1 it was 57.76%. The in vitro digestibility of starch content in T0 and 

T1 are 71.00 and 61.10% respectively. On statistically analysing the data, there were 

significant difference between both these pastas. 

 

Table 17: Comparison of the in vitro availability of minerals for pastas prepared 

with jackfruit flour and mushroom flour 

 

 

Minerals (%) 
SET 3 

T0 T1 CD value 

Iron 28.80 29.40 0.288* 

Calcium 40.60 41.50 0.685* 

Phosphorous 84.90 83.48 0.417* 

Magnesium 39.80 40.00 NS 

Critical difference (CD) values are significant at 5% level 

JF –Jackfruit flour, OMF – Oyster mushroom flour 

(T0 – 100% JF ; T1 – 90% JF + 10% OMF ) 
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Table 17. shows the in vitro availability of pastas prepared with jackfruit flour 

and mushroom flour. In vitro availability of iron content in T0 and T1 was 28.80 % 

and 29.40%, respectively. The in vitro calcium availability of jackfruit based pasta 

(T0) was 40.60 per cent and T1 was 41.50 per cent. The highest in vitro mineral 

availability was seen in phosphorous with 84.90% and 83.48% in T0 and T1, 

respectively. On statistically analysing the data, there were significant difference 

between iron, calcium and phosphorous contents among the treatments. No significant 

difference was observed the in vitro mineral availability of magnesium as 39.80 % 

for T0 and 40 % for T1. 

 

Table 18: Comparison of the in vitro digestibility of the starch and protein of 

pastas prepared with breadfruit flour and mushroom flour 

 

Nutrients 

(%) 

SET 4 

T0 T1 CD value 

Protein 62.98 69.23 0.491* 

Starch 58.32 52.56 0.188* 

Critical difference (CD) values are significant at 5% level 

BF –Breadfruit flour, OMF – Oyster mushroom flour 

(T0 – 100% BF ; T1 – 90% BF + 10% OMF ) 

 

In vitro digestibility of protein content in breadfruit based pasta (T0) is 62.98 

% and it increased in T1 to 69.23 % with a statistical significant difference. The in 

vitro digestibility of starch content in (T0) was found as 58.32% and for T1 as 52.56 

%. On statistically analysing the data, there were significant difference in the in vitro 

digestibility of starch content of these pastas. 
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Table 19: Comparison of the in vitro availability of minerals for pastas prepared 

with breadfruit flour and mushroom flour 

 

Minerals (%) 
SET 4 

T0 T1 CD value 

Iron 38.50 39.00 NS 

Calcium 40.00 40.50 0.265* 

Phosphorous 68.60 69.00 0.049* 

Magnesium 77.25 78.24 0.087* 

Critical difference (CD) values are significant at 5% level 

BF –Breadfruit flour , OMF – Oyster mushroom flour 

(T0 – 100% BF ; T1 – 90% BF + 10% OMF ) 
 

Table 19. shows the in vitro availability of pastas prepared with breadfruit 

flour and mushroom flour. In vitro availability of iron content in T0 and T1 was 38.50 

and 39.00 per cent, respectively. The in vitro calcium availability of breadfruit based 

pasta (T0) was 40.00 per cent and T1 was 40.50 per cent. The in vitro availability for 

phosphorous was 68.60 per cent and 69.00 per cent in T0 and T1, respectively. On 

statistically analysing the data, there were significant difference between calcium, 

phosphorous and magnesium contents among the treatments. 

 

4.3.3. Shelf life studies 
 

Pasta made with tuber flour/ fruit flours were packed in HDPE covers and 

were kept for three months storage in room temperature. 

 

4.3.3.1. Organoleptic evaluation of the selected extruded food during storage 
 

The organoleptic qualities of the selected pasta during storage were 

tabulated and given in Table 20. 
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Table 20: Mean scores for organoleptic evaluation of cassava and mushroom 

based pasta at monthly intervals 
 

 

 

 
Parameters 

SET 1 

( T3 – 70% CF + 30% OMF) 

Initial 1st month 2nd month 3rd month 

Appearance 7.24 7.16 7.00 6.98 

Colour 7.28 7.24 7.10 7.04 

Flavour 7.55 7.19 6.98 6.01 

Texture 7.28 7.18 7.12 7.04 

Taste 7.21 7.04 6.80 6.50 

Overall acceptability 7.22 7.02 6.48 6.03 

Total 7.29 7.13 6.91 6.61 

CF – Cassava flour, OMF – Oyster mushroom flour 

 

Based on organoleptic scores the selected pasta, T3 (70% CF + 30% OMF) 

were acceptable upto three months of storage with gradual decline in all sensory 

attributes. 

 

Initially the highest score for appearance obtained was 7.24 and that 

decreased to 7. 16 (1st month), 7.00 (2nd month) and to 6.98 (3rd month) during 

storage. The organoleptic scores of colour was 7.28 initially and gradually reduced to 

7.24 in first month, 7.10 in second month and 7.04 at the end of the storage. 

 

A gradual decrease was also observed for organoleptic scores of flavour, 

texture, taste and overall acceptability. The scores for flavour and texture was 7.55 

and 7.28 initially and it gradually decreased to 7.18 and 7.04 in first month, 7.12 and 

6.80 in second month, and scored 7.04 and 6.50 mean scores at the end of storage. 

The highest score for taste was obtained initially with 7.21 and it decreased to 7.04 at 

the 1st month of storage, 6.80 at 2nd month and 6.50 at the end of the storage. The 

overall acceptability also decreased from 7.22 to 6.03 at the end of the storage. 
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Table 21: Mean scores for organoleptic evaluation of fruit flour and mushroom 

based pastas at monthly intervals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JF – Jackfruit flour, OMF – Oyster mushroom flour, BF – Breadfruit flour 

 

Table 21 depicts the mean organoleptic scores of pastas prepared with fruit 

flours (90% JF +10% OMF and 90 % BF + 10 % OMF) and mushroom flours. The 

highest score for appearance obtained for T1 was 8.15 that decreased to 8.14 (1st 

month), 8.02 (2nd month) and 8.00 (3rd month) during the storage. The colour of 

treatment T1 was 7.71 which gradually reduced to 7.54 in first month, 7.20 in second 

month and 7.08 at the end of the storage. 

 

The flavour and texture of treatment T1 (90% JF +10% OMF) was 7.28 and 

7.14 in the initial stage and it gradually decreased to 7.01 and 6.60 in the first month, 

6.70 and 7.02 in the second month and scored 6.77 and 6.00 mean scores at the end of 

the storage. The highest score for taste obtained was T1 (7.02) and that decreased to 

 

 

 

 

 

Parameters 

SET 3 

( T1 – 90% JF + 10% 

OMF ) 

SET 4 

( T1 – 90% BF + 10% OMF ) 

 

Initial 
1st 

month 

2nd 

month 

3rd 

month 

 

Initial 
1st 

month 

2nd 

month 

3rd 

month 

Appearance 8.15 8.14 8.02 8.00 6.80 6.74 6.40 6.16 

Colour 7.71 7.54 7.20 7.08 7.06 6.89 6.70 6.18 

Flavour 7.28 7.01 6.70 6.01 7.13 6.70 6.25 6.00 

Texture 7.14 7.10 7.02 6.77 7.00 6.75 6.67 6.51 

Taste 7.02 6.60 6.15 6.00 7.20 7.04 6.87 6.52 

Overall 

acceptability 

 

7.35 

 

7.05 

 

6.24 

 

6.18 

 

7.06 

 

6.50 

 

6.10 

 

6.00 

Total 7.44 7.24 6.88 6.67 7.04 6.77 6.49 6.22 
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6.60 at the first month of storage, 6.15 in the second month and 6.00 in the end of the 

storage. The overall acceptability also decreased from 7.35 to 6.18. 

 

The best treatment for the pasta prepared with breadfruit flour and oyster 

mushroom flour attained a score of 6.80 for appearance which gradually decreased to 

6.16 at the end of storage. The organoleptic scores for color was 7.06, initially and 

gradually decreased to 6.18 at the end of the storage. 

 

The organoleptic score for flavour and texture was 7.13 and 7.00, initially 

which gradually decreased to 6.70 and 6.75 in the first month, 6.25 and 6.67 in the 

second month and 6.00 and 6.51 at the end of the storage. The highest score for taste 

was 7.20 and that decreased to 7.04 in first month, 6.87 in second month and 6.52 at 

end of the storage period. The overall acceptability also decreased from 7.06 to 6.00 

at the end of the storage. 

Even though, all the selected pastas were acceptable, jackfruit flour and 

mushroom added pasta were observed to have better score compared to breadfruit 

flour and mushroom flour pasta. 

4.3.3.2. Nutritional qualities of the selected extruded food during storage 

 
4.3.3.2.1. Effect of storage on nutritional qualities of pastas prepared with 

cassava flour and mushroom flour 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch, reducing 

sugar and mineral content of pastas prepared with cassava flour and mushroom flour 

were estimated during storage and is given in table 22 and 23. 
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Table 22: Comparison of the nutritional qualities of pastas prepared with 

cassava flour and mushroom flour 

 

 

Nutrients (per 100g) 

SET 1 

(T3 – 70% CF + 30 % OMF) 

Initial 3rd month CD value 

Moisture (%) 6.85 8.60 0.017* 

Energy (k Cal) 391.52 344.62 0.025* 

Total carbohydrate(g) 80.60 78.03 0.188* 

Protein (g) 9.36 7.72 0.041* 

Total fat (g) 0.20 0.18 NS 

Fibre (g) 2.86 1.07 0.016* 

Starch (g) 67.00 66.18 0.271* 

Reducing sugar (%) 0.94 0.98 NS 

Critical difference (CD) values are significant at 5% level 

CF – Cassava flour , OMF – Oyster mushroom flour 

 

4.3.3.2.1.1. Moisture 

 
The moisture content of pasta made with 70% cassava flour and 30% 

mushroom flour (T3) was 6.85% and at the end of the storage the moisture content 

increased to 8.60%. On statistically analysing the data, it was found that there were 

significant difference between the moisture content of both these pastas. 

 

4.3.3.2.1.2. Energy 

 
The energy content of selected pasta was 391.52 k Cal initially and at the end 

of the storage the energy content decreased to 344.62 k Cal. On statistically analysing 

the data, it was found that there is significant difference between the energy content of 

pastas during storage. 
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4.3.3.2.1.3. Total Carbohydrate 

 
The total carbohydrate content of pasta made with 70 % cassava and 30% 

mushroom flour (T3) was 80.6 g/100g and at the end of the storage period it decreased 

78.03 g/100g. A statistically significant difference was obtained in the carbohydrate 

content of pastas after three months of storage. 

 

4.3.3.2.1.4. Protein 

 
Pasta prepared with 70% cassava flour and 30% mushroom flour had an initial 

protein content of 9.36 g/100g which decreased during storage to 7.72 g/100g. A 

significant difference was observed in the protein content during storage. 

 

4.3.3.2.1.5. Total fat 

 
Fat content of pasta prepared with 70% cassava flour and 30% mushroom 

flour was 0.20 g/100 g and at the end of the storage period it was 0.18 g/100g. On 

statistically analysing the data it was found that there were no significant difference 

between the fat content of these pastas. 

 

4.3.3.2.1.6. Fibre 

 
The fibre content of pasta decreased from 2.86 g/100g to 1.07 g/100g. A 

statistically significant difference was observed in the fibre content after the storage 

period. 

 

4.3.3.2.1.7. Starch 

 
The starch content of pasta made with 70 % cassava flour and 30 % mushroom 

flour was 67.00 g/100g and at the end of the storage the starch content was 66.18 

g/100g. On statistically analysing the data, it was found that there is significant 

difference between starch content of these pastas. 
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4.3.3.2.1.8. Reducing sugar 

 
Reducing sugar content of fresh pasta was 0.94 % and at the end of the storage 

the reducing sugar content was 0.98 %. On statistically analysing the data, it was 

found that there is no significant difference between the reducing sugar content of 

these pastas. 

 

Table 23: Comparison of the mineral contents of pastas prepared with cassava 

flour and mushroom flour 

 

Minerals 

(mg 100 g-1) 

SET 1 

(T3 – 70% CF + 30% OMF) 

Initial 3rd month CD value 

Calcium 54.90 54.00 0.013* 

Iron 3.60 2.18 0.028* 

Sodium 12.48 11.68 0.155* 

Magnesium 40.80 39.50 0.177* 

Potassium 292.01 291.00 0.099* 

Critical difference (CD) values are significant at 5% level 

CF – Cassava flour, OMF – Oyster mushroom flour 
 

The calcium content of the pasta made with 70% cassava flour and 30% 

mushroom flour was 54.90 mg/100g and at the end of the storage it was 54.00 

mg/100g. The iron content of the pasta was 3.60 mg/100g which decreased to 2.18 

mg/100g at the end of storage. A slight decrease with statistically significant 

difference was seen in sodium, magnesium and potassium content after the storage 

period of three months. 

 

4.3.3.3.2. Effect of storage on nutritional qualities of pastas prepared with 

jackfruit flour and mushroom flour 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch, reducing 

sugar and mineral content of pastas prepared with jackfruit flour and mushroom flour 

incorporated pastas was estimated during storage and is detailed in table 24 and 25. 
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Table 24: Comparison of the nutritional qualities of pasta prepared with 

jackfruit flour and mushroom flour 

 

 
Nutrients 

(per 100g) 

SET 3 

(T1 – 90% JF + 10% OMF) 

Initial 3rd month CD value 

Moisture (%) 6.67 8.10 0.085* 

Energy (kCal) 355.95 345.60 0.096* 

Total carbohydrate(g) 78.63 77.42 0.155* 

Protein (g) 9.48 8.35 0.117* 

Total fat (g) 0.39 0.28 NS 

Fibre (g) 3.60 2.55 0.108* 

Starch (g) 73.39 72.09 0.719* 

Reducing sugar (%) 0.37 0.49 NS 

Critical difference (CD) values are significant at 5% level 

JF – Jackfruit flour, OMF – Oyster mushroom flour 

 

4.3.3.3.2.1. Moisture 

 
The moisture content of pasta made with 90 % jackfruit flour and 10% 

mushroom flour was 6.67% and at the end of the storage it was 8.10%. On statistically 

analysing the data, it was found that there is significant difference between the 

moisture content of both these pastas. 

 

4.3.3.3.2.2. Energy 

 
The energy content of pasta made with 90% jackfruit flour and 10% 

mushroom flour was 355.95 kCal, initially and at the end of the storage it decreased 

with a statistically significant difference to 345.60 kCal. 
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4.3.3.3.2.3. Total Carbohydrate 

 
The total carbohydrate content of pasta made with 90% jackfruit flour and 

10% mushroom flour was 78.63 g/100g and at the end of the storage it was 77.42 

g/100g. On statistically analysing data, it was found that there is significant difference 

between the carbohydrate content of these pastas. 

 

4.3.3.3.2.4. Protein 

 
The protein content decreased from 9.48 to 8.35% at the end of third month of 

storage. On statistically analysing data, it was found that there is significant difference 

between the protein content in the selected pasta. 

 

4.3.3.3.2.5. Total fat 

 
The total fat content of pasta made with 90 % jackfruit flour and 10 % 

mushroom flour was 0.39 g/100g at initial and at the end of the storage it was 0.28 

g/100g. On statistically analysing data it found that there were no significant 

difference between fat content of these pasta 

 

4.3.3.3.2.6. Fibre 

 
The fibre content of pasta decreased from 3.60 g/100g to 2.55 g/100g during 

storage. On statistically analysing the data it was found that there is significant 

difference between the fibre content of pasta. 

 

4.3.3.3.2.7. Starch 

 
The starch content of pasta made with 90% jackfruit flour and 30% mushroom 

flour was 73.39 g/100g which decreased to 72.09 g/100g at the end of the third month 

of storage. On statistically analysing the data, it was found that there is significant 

difference between starch content of these pasta. 
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4.3.3.3.2.8. Reducing sugar 

 
The reducing sugar content of pasta made with 90% jackfruit flour and 30% 

mushroom was 0.37 %, which increased to 0.49 % at the end of the storage. On 

statistically analysing the data, it was found that there was no significant difference 

between the reducing sugar content of these pastas. 

 

Table 25: Comparison of the mineral content of pasta prepared with jackfruit 

flour and mushroom flour 

 

 

Minerals 

(mg 100 g-1) 

SET 3 

(T1 – 90% JF + 10% OMF) 

Initial 3rd month CD value 

Calcium 26.10 25.20 0.056* 

Iron 1.64 1.50 0.033* 

Sodium 6.85 6.10 0.012* 

Magnesium 56.02 54.91 0.207* 

Potassium 324.70 320.15 0.277* 

Critical difference (CD) values are significant at 5% level 

JF – Jackfruit flour, OMF – Oyster mushroom flour 

 

The calcium content of pasta made with 90 % jackfruit flour and 10% 

mushroom flour was 26.10 mg/100g and at the end of the storage it was 25.20 

mg/100g. The iron content of the pasta was 1.64 mg/100g which decreased to 1.50 

mg/100g at the end of the storage. A slight decrease with statistically significant 

difference was seen in the sodium , magnesium and potassium content after the 

storage period of three months. 
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4.3.3.3.3. Nutritional qualities of pastas prepared with breadfruit flour and 

mushroom flour pasta during storage 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch, reducing 

sugar and mineral content of pastas prepared with breadfruit flour and mushroom 

flour incorporated pastas was estimated during storage and is given in table 26 and 27. 

Table 26: Comparison of the nutritional qualities of pasta prepared with 

breadfruit flour and mushroom flour 

 

 
Nutrients 

(per 100g) 

SET 4 

(T1 – 90% BF + 10% OMF) 

Initial 3rd month CD value 

Moisture (%) 6.03 7.80 0.017* 

Energy (kCal) 320.69 309.21 1.066* 

Total carbohydrate(g) 73.49 71.90 0.078* 

Protein (g) 5.40 4.30 0.027* 

Total fat (g) 0.57 0.49 NS 

Fibre (g) 7.52 6.18 0.551* 

Starch (g) 69.64 67.55 0.016* 

Reducing sugar (%) 2.12 3.01 0.021* 

Critical difference (CD) values are significant at 5% level 

BF – Breadfruit flour, OMF – Oyster mushroom flour 

 

4.3.3.3.3.1. Moisture 

 
The moisture content of pasta made with 90% breadfruit flour and 10% 

mushroom flour increased from 6.03 % to 7.80 % at the end of the storage. On 

statistically analysing the data, it was found that there is significant difference 

between the moisture content of both these pastas. 
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4.3.3.3.3.2. Energy 

 
The energy content of pasta made with 90% breadfruit flour and 10% 

mushroom flour was 320.69 kCal initially and at the end of the storage it decreased 

with a statistically significant difference to 309.21 kCal. 

 

4.3.3.3.3.3. Total Carbohydrate 

 
The total carbohydrate content of pasta made with 90% jackfruit flour and 

10% mushroom flour was 73.49 g/100g initially and at the end of the storage it was 

71.90 g/100g. On statistically analysing the data, it was found that there is significant 

difference between the carbohydrate content of pastas. 

 

4.3.3.3.3.4. Protein 

 
The protein content of pasta decreased from 5.40 g/100g initially and at the 

end of the storage it was decreased to 4.30 g/100g. On statistically analysing data, it 

was found that there is significant difference between the protein content of selected 

pastas. 

 

4.3.3.3.3.5. Total fat 

 
The total fat content of pasta made with 90% breadfruit flour and 30% 

mushroom flour was 0.57 g/100g initially and at the end of the storage it decreased 

without any statistically significant difference to 0.49 g/100 g. 

 

4.3.3.3.3.6. Fibre 

 
The fibre content of selected pasta was 7.52 g/100g at initially and at the end 

of the storage it was decreased to 6.18 g/100g. On statistically analysing data, it was 

found that there is significant difference between the fibre content of pastas. 

 

4.3.3.3.3.7. Starch 

 
The starch content of pasta made with 90 % breadfruit flour and 10 % 

mushroom flour was 69.64 g/100g which decreased to 67.55 g/100g at the end of the 
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third month of storage. On statistically analysing the data, it was found that there is 

significant difference between the starch content of these pasta during storage. 

 

4.3.3.3.3.8. Reducing sugar 

 
The reducing sugar content of selected pasta was 2.12 % which increased to 

3.01% at the end of the storage. On statistically analysing the data, it was found that 

there was no significant difference between the reducing sugar content of these pastas. 

 

Table 27: Effect of storage on the mineral content of pasta prepared with 

breadfruit flour and mushroom flour 

 

 

Minerals 

(mg 100 g-1) 

SET 4 

(T1 – 90% BF + 10% OMF) 

Initial 3rd month CD value 

Calcium 37.80 36.55 0.075* 

Iron 0.10 0.09 NS 

Sodium 12.03 11.42 0.252* 

Magnesium 19.72 17.88 0.027* 

Potassium 511.00 500.25 0.191* 

Critical difference (CD) values are significant at 5% level 

BF – Breadfruit flour, OMF – Oyster mushroom flour 
 

The calcium content of pasta made with 90% breadfruit flour and 10% 

mushroom flour was 37.80 mg/100g and at the end of the storage it was 36.55 

mg/100g. The iron content of the pasta was 0.10 mg/100g which decreased to 0.09 

mg/100g at the end of the storage. A slight decrease with statistically significant 

difference was seen in the sodium, magnesium and potassium content after the storage 

period of three months. 
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4.3.3.5. Health studies of the selected extruded food during storage 

 
Table 28: Effect of storage on the in vitro digestibility of protein and starch 

prepared with cassava flour and mushroom flour 

 

Nutrients 

(%) 

SET 1 

(T3 – 70% CF + 30% OMF) 

Initial 3rd month CD value 

Protein 83.10 82.58 1.065* 

Starch 61.13 60.00 0.211* 

Critical difference (CD) values are significant at 5% level 

CF – Cassava flour, OMF – Oyster mushroom flour 
 

Initial in vitro digestibility of protein content in cassava based pasta was 83.10 

% and at the end of storage it was 82.58 %. On statistically analysing the data, it was 

found that there is significant difference between the in vitro digestibility of protein 

content of both these pasta. 

 

Initial in vitro digestibility of starch content in cassava based pasta was 61.13 

% and it decreased to 60.00 % on storage. On statistically analysing the data, it was 

found that there is significant difference between the starch content of both these 

pasta. 

Table 29: Effect of storage on the in vitro availability of the minerals of pasta 

prepared with cassava flour and mushroom flour 

 
Minerals (%) 

SET 1 

(T3 – 70% CF + 30% OMF) 

Initial 3rd month CD value 

Calcium 41.10 39.05 0.511* 

Iron 37.80 37.01 0.012* 

Phosphorous 63.17 61.12 0.066* 

Magnesium 68.12 68.05 0.177* 

Critical difference (CD) values are significant at 5% level 

CF – Cassava flour, OMF – Oyster mushroom flour 
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In vitro availability of calcium content was 41.10 per cent at first month and 

39.05 per cent at end of the storage period. The iron content availability through in 

vitro at the end of the storage is 37.01 % and at the first month it was 37.80 %. The in 

vitro availability of phosphorous content in the selected treatment was 63.17 per cent, 

initially and it reduced to 61.12 per cent at end of the storage period. A slight decrease 

in the in vitro availability of magnesium content in selected pasta was observed at the 

end of the storage period. On statistically analysing the data, it was found that there is 

significant difference between the in vitro mineral content of pastas. 

 

 

 
Figure 4: Effect of storage on the in vitro availability of the minerals of pasta 

prepared with cassava flour and mushroom flour 

Table 30 : Effect of storage on the in vitro digestibility of protein and in the 

pastas prepared with jackfruit flour and mushroom flour 

 

Nutrients 

(%) 

SET 3 

(T1 – 90% JF + 10% OMF) 

Initial 3rd month CD value 

Protein 57.76 56.00 0.021* 

Starch 61.10 59.00 0.124* 

Critical difference (CD) values are significant at 5% level 

JF – Jackfruit flour, OMF – Oyster mushroom flour 
 

In shelf life study the in vitro digestibility of protein content in jackfruit based 

pasta was 57.76 % and it decreased to 56.00 % at end of the storage. The in vitro 

digestibility of starch in jackfruit based pasta was 61.10% and after storage it 
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decreased to 59.00%. On statistically analysing the data, it was found that there is 

significant difference in in vitro digestibility of starch and protein during storage. 

 

Table 31: Effect of storage on the in vitro availability of the minerals of the 

pastas prepared with jackfruit flour and mushroom flour 

 

 
Minerals (%) 

SET 3 

(T1 – 90% JF + 10% OMF) 

Initial 3rd month CD value 

Calcium 41.50 40.85 0.117* 

Iron 29.40 28.95 0.151* 

Phosphorous 83.48 82.05 0.214* 

Magnesium 40.00 39.05 0.122* 

Critical difference (CD) values are significant at 5% level 

JF – Jackfruit flour, OMF – Oyster mushroom flour 
 

In vitro availability of the calcium content was 41.50 per cent with a slight 

decrease to 40.85% at end of the storage period. The in vitro availability of iron 

content at the end of the storage was only 28.95 per cent and at the first month it was 

29.40 per cent. A high in vitro availability in phosphorus content was noted with 

83.48 per cent at initial level and 82.05% at end of the storage period. In vitro 

availability of magnesium content in selected pasta was 40.00 % and in 39.05 % at the 

end of the storage period. On statistically analysing the data, it was found that there is 

significant difference between the treatments. 
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Figure 5: Effect of storage on the in vitro digestibility of protein and starch in the 

pastas prepared with jackfruit flour and mushroom flour 

 

 

 
 

 

 
Figure 6: Effect of storage on the in vitro availability of the minerals of the 

pastas prepared with jackfruit flour and mushroom flour 
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Table 32: Effect of storage on the in vitro digestibility of protein and starch in 

pasta prepared with breadfruit flour and mushroom flour 
 

Nutrients 

(%) 

SET 4 

(T1 – 90% BF + 10% OMF) 

Initial 3rd month CD value 

Protein 69.23 67.80 0.081* 

Starch 52.56 51.95 0.095* 

Critical difference (CD) values are significant at 5% level 

BF – Breadfruit flour, OMF – Oyster mushroom flour 
 

In shelf life study the in vitro digestibility of protein content in breadfruit 

based pasta was 69.23 per cent and in at the end of the storage period the protein 

digestibility decreased to 67.80 per cent. The in vitro digestibility of starch content in 

breadfruit based pasta was 52.56 per cent and in the end of the storage it was 51.95 

per cent. On statistically analysing the data, it was found that there is significant 

difference in the in vitro digestibility during storage. 

Table 33: Effect of storage on the in vitro availability of the minerals of the 

pastas prepared with breadfruit flour and mushroom flour 

 

 
Minerals (%) 

SET 4 

(T1 – 90% BF + 10% OMF) 

Initial 3rd month CD value 

Calcium 40.50 39.18 0.077* 

Iron 39.00 38.54 0.121* 

Phosphorous 69.17 68.25 0.411* 

Magnesium 78.24 77.98 0.089* 

Critical difference (CD) values are significant at 5% level 

BF – Breadfruit flour, OMF – Oyster mushroom flour 
 

In vitro availability of calcium in breadfruit based pasta was 40.50 per cent 

which decreased to 39.18 per cent at end of the storage period. The in vitro 

availability of iron content was only 39.00 per cent and 38.54 per cent, wheras the 

availability of Phosphorus content in the selected treatment was 69.17 per cent and 

68.25 per cent, initially and at end of the storage period. In vitro availability of 
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magnesium content in selected pasta was 78.24 per cent initially and 77.98 per cent at 

the end of the storage period. On statistically analysing the data, it was found that 

there is significant difference between the in vitro availability of mineral content of 

pastas. 

 

 

Figure 7: Effect of storage on the in vitro digestibility of protein and starch in 

pasta prepared with breadfruit flour and mushroom flour 

 

 
 

 

Figure 8: Effect of storage on the in vitro availability of the minerals of the pastas 

prepared with breadfruit flour and mushroom flour 
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4.3.3.3. Insect infestation of the selected extruded food during storage 
 

The insect infestation of the selected pasta were assessed at monthly 

intervals for a period of three months. No insect infestation observed throughout the 

storage period. 

 

4.3.3.3.3. Microbial enumeration of the selected extruded food during storage 
 

The microbial population of the pasta was assessed at monthly intervals for a 

period of three months and the results are presented in table 34. 

Table 34: Total microbial count of cassava flour and mushroom flour pastas at 

monthly intervals 
 

 

Microbial population 

(cfu g-1) 

SET 1 

(T3 – 70% CF + 30% OMF) 

 

Initial 1st month 2nd month 3rd month 

Bacteria (x105) 1.00 1.40 2.00 2.33 

Fungi (x103) ND ND ND 1.00 

Yeast (x105) ND ND ND ND 

CF – Cassava flour, OMF – Oyster mushroom flour 

 

The initial bacterial count was found to be 1.00 x105cfu g-1, which increased 

gradually to 2.33 x105 cfu g-1 during the end of third month. The first and second 

month had 1.4 x105cfu g-1 and 2.00 x105cfu g-1 respectively. 

The fungal growth was not detected in initial, first month and second month of 

storage. During the end of third month a fungal growth of 1 x103cfu g-1 was detected. 

Yeast growth was not detected throughout the storage period. 
 

The microbial population of the fruit flour and mushroom pasta was assessed 

at monthly intervals for a period of three months and the results are presented in table 

35. 
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Table 35: Total microbial count of fruit flour and mushroom flour pastas at 

monthly intervals 

 

 

 

 
 

Microbial 

population 

(cfu g-1) 

SET 3 

 
(T1 – 90% JF + 10% OMF) 

SET 4 

 
(T1 – 90% BF + 10% OMF) 

 

Initial 

 

1st 

month 

 

2nd 

month 

 

3rd 

month 

 

Initial 

 

1st 

month 

 

2nd 

month 

 

3rd 

month 

Bacteria (x105) 1.00 1.23 2.18 2.53 1.00 1.20 1.40 2.15 

Fungi (x103) ND ND 1.00 1.13 ND ND ND 1.20 

Yeast (x105) ND ND ND ND ND ND ND ND 

JF – Jackfruit flour, BF – Breadfruit flour, OMF – Oyster mushroom flour 

 

The bacterial count in the jackfruit and mushroom based pasta was 

enumerated. The initial bacterial count was found to be 1.00 x105cfu g-1, which 

increased gradually to 2.53 x105cfu g-1 during the end of third month. The first and 

second month had 1.23 x105cfu g-1 and 2.18 x105cfu g-1 respectively. 

In case of breadfruit and mushroom based pasta, the initial bacterial count 

was found to be 1.00 x103cfu g -1, which increased gradually to 2.15 x103cfu g-1 

during the end of third month. The first and second month had 1.20 x103cfu g-1 and 

1.40 x103 cfu g-1 respectively. 

 

The fungal growth was not detected in initial, first month and second month of 

storage in the jackfruit and mushroom based pasta. During third month a fungal 

growth of 1 x103cfu g -1 was detected in the pasta. 

A fungal growth of 1.20 x103cfu g-1 was detected at the end of the storage 

period of three months, in pasta prepared with breadfruit flour. 

 

Yeast growth was not detected throughout the storage period in the pasta 

prepared using fruit flours. 
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4.3. Cost of production 

 
Table 36: Cost of production of the selected extruded foods 

 
Products Cost (Rs/100g) 

Cassava and mushroom pasta 98.50 

Jackfruit and mushroom pasta 50.50 

Breadfruit and mushroom pasta 52.00 

The cost of production of the selected pasta was calculated based on cost of 

raw ingredients, fuel charges and electricity charges. The cost of 100g pasta prepared 

with cassava flour and mushroom flour was Rs 98.50, whereas it was Rs 50.50, Rs 

52.00 for jackfruit flour and mushroom flour, breadfruit flour and mushroom flour 

pastas, respectively. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 
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5. DISCUSSION 
 

Results of the study entitled “Process optimization of mushroom incorporated 

pastas” are discussed under the following headings 

 

5.1. Standardisation of nutri- rich ready to cook extruded food from tuber and 

mushroom flour 

 

5.1.1. Cassava and mushroom flour incorporated pastas 

 

5.1.2. Elephant foot yam and mushroom flour incorporated pastas 

 

5.2. Standardisation of nutri-rich ready to cook extruded food from fruit and 

mushroom flour 

 

5.2.1. Jackfruit and mushroom flour incorporated pastas 

 

5.2.2. Breadfruit and mushroom flour incorporated pastas 

 

5.3. Quality evaluation of selected ready to cook extruded foods 

 

5.3.1. Nutritional qualities 

 

5.3.2. Health studies 

 

5.3.3. Shelf life studies 

 

5.4. Cost of production 

 
5.1. Standardisation of nutri-rich ready to cook extruded food from tuber and 

mushroom flour 

Tuber selected for the study were cassava and elephant foot yam. Pastas were 

prepared using combinations of oyster mushroom flour with cassava flour and oyster 

mushroom flour with elephant foot yam flour. Organoleptic evaluation of the 

treatments were carried out and the different quality attributes were ranked based on 

their mean scores using Kendall’s coefficient of concordance (W). 
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5.1.1. Cassava and mushroom flour incorporated pastas 

 
Flour was prepared from cassava and oyster mushroom. Pastas were prepared 

using combinations of cassava flour with oyster mushroom flour in varying 

proportions. The treatments T1 to T4 varied from 90 per cent cassava flour to 60 per 

cent cassava flour and 10 to 40 per cent mushroom flour. Based on organoleptic 

evaluation T3 was selected as best treatment. Based on organoleptic evaluation, T3 

(70% CF + 30% OMF) were highly acceptable for appearance, colour, flavour, 

texture and overall acceptability. Similar study was conducted by Ojo et al. (2017) for 

finding the suitability of composite flour incorporating cassava flour and mushroom 

flour for extruded products and found that the incorporation of 70 per cent of cassava 

and 30 per cent of mushroom flour was highly acceptable. As in the present study, 

noodles prepared with 100 per cent cassava flour also had similar sensory properties 

of the commercially available wheat noodles (Akhmad et al., 2013). Similarly, 

noodles incorporating pearl millet and tubers like cassava and sweet potato, blend up 

to 50 per cent level was acceptable and this was suitable for celiac patients (Schober 

et al., 2005). 

 

5.1.2. Elephant foot yam and mushroom flour incorporated pastas 

 
Elephant foot yam flour was also utilised to develop pasta along with the 

addition of mushroom flour. In a study, elephant foot yam was incorporated with 

wheat flour in the range of 10 - 40 per cent for cake making and was found that only 

20 per cent incorporation was acceptable (Saklani and Kaushik, 2020). Similarly in 

the production of pasta, incorporation of only 10 per cent along with ragi, corn flour 

and wheat flour was found to be acceptable (Seema et al., 2016). Thus, we can 

assume that incorporation of higher quantities of yam flour without the addition of 

any other cereal flours may be the reason for the unacceptability of the pasta prepared 

in the present study. 
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5.2. Standardisation of nutri-rich ready to cook extruded food from fruit and 

mushroom flour 

Fruits selected for the study were jackfruit and breadfruit. Pastas were 

prepared using combinations of jackfruit with oyster mushroom flour and breadfruit 

with oyster mushroom flour. Organoleptic evaluation of the treatments were carried 

out and the different quality attributes were ranked based on their mean scores using 

Kendall’s coefficient of concordance (W). 

 

5.3 Standardisation of jackfruit flour and mushroom flour 

 
Flour were prepared from mature jackfruit (koozha type) and oyster 

mushroom. Pastas were prepared by incorporating jackfruit and mushroom in varying 

proportions. The treatments T1 to T4 varied from 60 to 90 per cent jackfruit flour and 

10 to 40 per cent mushroom flour. Based on organoleptic evaluation T1 was selected 

as best treatment. 

In the present study, the pasta was standardised from 4 treatments of jackfruit 

and mushroom flour based pastas with varying proportions of jackfruit (100, 90, 80, 

70, 60) and mushroom flour (10, 20, 30, 40). Based on organoleptic evaluation, T1 (90 

% JF + 10% OMF) were highly acceptable for appearance, colour, flavour, texture 

and overall acceptability. 

 

Lakmali (2021) developed pasta from jackfruit bulb flour, jackfruit seed flour, 

semolina, cassava flour, corn flour with varying proportions. The best treatment 

selected was pasta produced by using the formulation of T3 (40:40:10:5:5, JFS: JFB: 

semolina: CF: corn flour), which scored the highest mean score among all the sensory 

attributes. 

 

Swati et al. (2019) also developed similar pasta as of the present study, and 

was found that had higher acceptability. The study also revealed that incorporation of 

red amaranthus can even turn the pasta into a functional food. 

 

Similarly, noodles were standardised by Kumari (2015) using jackfruit bulb 

flour, jackfruit seed flour and wheat flour in different combinations. The study 
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revealed that higher acceptability was gained for the pasta having 50 per cent of 

jackfruit bulb flour, 10 per cent jackfruit seed flour and 40 per cent of wheat flour. 

Das (2011) also developed a similar pasta using jackfruit flour, wheat flour and green 

gram flour and reported to have high acceptability. In contrary to these studies, in the 

present study wheat flour is omitted which have made it gluten free and also have 

incorporated with mushroom flour to improves its nutritional qualities. 

5.5. Standardisation of breadfruit flour and mushroom flour 

 
Flours were prepared from breadfruit and oyster mushroom. Pastas were 

prepared using combinations of breadfruit flour with oyster mushroom flour. Pastas 

were prepared by incorporating breadfruit flour and mushroom flour in varying 

proportions. The treatments T1 to T4 varied from 60 to 90 per cent cassava flour and 

10 to 40 per cent mushroom flour. Based on organoleptic evaluation T1 was selected 

as best treatment. 

 

Various studies had incorporated breadfruit flour to wheat flour in developing 

extruded products. The incorporation of 50 per cent each of breadfruit flour and wheat 

flour was found to highly acceptable in the production of noodles (Akeem et al., 

2017). Similarly Adebowale et al. (2017) developed noodles produced from blends of 

30% breadfruit starch and 80% wheat flour showed superior culinary and sensory 

attributes while Akanbi et al. (2011) had reported incorporation of only 20 per cent 

was acceptable. 

 

5.3. Quality evaluation of selected ready to cook extruded foods 

 
The selected pastas along with control (T0) from each set were utilised for the 

further studies. The pastas were subjected to various analysis which includes the 

nutritional qualities, health studies and shelf life studies. 
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5.3.1. Nutritional qualities 

 
5.3.1.1.Nutritional qualities of selected cassava flour and mushroom flour pastas 

 
In the present study moisture value of pasta made with 100% cassava flour 

(control T0) was 7.92 per cent and that with 70% cassava flour and 30% mushroom 

flour (T3) was 6.85 per cent. Robert et al. (2019) conducted a study on cassava flour 

by various drying methods and the moisture content found in cassava flour was 5.95 

per cent to 11.18 per cent, which is similar to the present study. Noodles made with 

oven dried cassava flour (100 per cent) was found to be 9.07 per cent and when 

incorporating 30 per cent mushroom, the moisture content increased to 9.20 per cent 

which is higher than the present study (Ojo et al., 2017). In contrary to this, Sanni et 

al. (2007) conducted a study in production of instant noodles from cassava, soybean 

and wheat flour, which had a moisture content ranging from 2.1 to 3.7 per cent. 

In the present study energy value of pasta made with 100% cassava flour 

(control T0) was 386.78 Kcal and that with 70% cassava flour and 30% mushroom 

flour (T3) was 391.52 Kcal. The energy value of the noodles made with cassava and 

mushroom flour developed by Ojo et al. (2017) was 340.41 kcal. Zacharia (2020) 

developed finger millet nutri flakes with cassava flour which had 219.54 kcal energy. 

 

Pasta made with 100 % cassava flour had a total carbohydrate content of 88.10 

g/100g while the treatment T3 had a total carbohydrate content of 80.6 g/100g of 

sample. Sanni et al. (2007) observed that the carbohydrate content of cassava noodles 

ranged from 64.70 to 79.70 g/100g. Robert et al. (2019) reported that carbohydrate 

content in the cassava flours ranged from 83.49 to 86.11g/100g, which is similar to 

the findings of the present study. Zacharia (2020) developed finger millet nutri flakes 

with cassava flour had carbohydrate content of 44.32 g/100g. 

The protein content of pasta made with 100 % cassava flour (control T0) was 

7.92 g/100g of sample and that with 70 % cassava flour and 30 % mushroom flour 

(best treatment T3) was 9.38 g/100g of sample. Sanni et al. (2007) observed that the 

protein content of the instant noodles was ranged from 5.8 to 12.1 g/100g. Ojo et al. 

(2017) reported that the cassava and mushroom flour based noodle had a protein 
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content of 5.73 g/100 g of sample. Robert et al. (2019) reported that the protein 

content in the cassava flour ranged between 0.73 to 1.16 g/100 g of sample and so the 

increase in the protein content of the pasta made in the present study can be thus 

attributed to the protein content of mushroom flour incorporated. 

 

Total fat content of the pasta were also estimated and was found that T3 had a 

slightly low fat content (0.20 g/100g of sample) than the control pasta (0.30 g/100g of 

sample). Robert et al. (2019) observed that the fat content in cassava flour ranged 

from 0.49 to 0.64 g/100g of sample. Akhmad et al. (2013) studied that the fat content 

in noodles was 0.27 g/100g. low fat content will enhance the storage life of the 

product due to the lowered chance of rancid flavour development. 

The fibre content of pasta made with 100% cassava (T0) was 1.89 g/100g of 

sample and that with 70 % cassava flour and 30 % mushroom flour (T3) was 2.86 

g/100g of sample. Zacharia (2020) developed finger millet nutri flakes with cassava 

flour had 2.86 per cent total fibre. Robert et al. (2019) observed that the fibre content 

in cassava flour ranges from 1.84 to 2.07 g/100g. Akhmad et al. (2013) studied that 

the fiber content in wet cassava noodles was 3.4 per cent while the fibre content in 

instant cassava noodles was 0.2 to 0.8 per cent (Sanni et al., 2007). Aishah and Wan 

Rosli (2013) reported that the fibre content of the mushrooms ranges from 33.0 % to 

37.5 %, depending on the drying methods. The higher values of fibre content in the 

treatment (T1) may be attributed to the added mushroom. 

The starch content of pasta made with 100 % cassava flour (T0) was 79.03 

g/100g of sample and that with 70 % cassava flour and 30 % mushroom flour (T3) 

was 67 g/100g of sample. Robert et al. (2019) observed that the starch content of 

cassava flour ranges from 82.39 to 84.04 g/100g. The higher values of starch shows 

that cassava is predominantly starch food as compared to protein and fat. Due to its 

high content of starch, it can be used for the production of noodles, as it improves the 

binding property of the composite flour. Akhmad et al. (2013) conducted a study on 

development of wet noodles based on cassava flour and the starch content observed 

was 87.3 g/100g, which is similar to the findings of the present study. 
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The reducing sugar content of pasta made with 100% cassava flour (T0) was 

0.84 per cent and that with 70 % cassava flour and 30 % mushroom flour (T3) as 0.94 

per cent. Mogra and Midha (2013) reported that vermicelli standardised with malted 

wheat flour had total sugars of 8.91 per cent and reducing sugars of 2.41 per cent. 

Cassava flour and mushroom flour had lesser reducing content than wheat flour hence 

the result of the present study. 

Calcium content of pasta T0 and T3 was 50.80 and 54.90 mg/100g, 

respectively. Iron content in T0 was 2.91 mg/100g and in T3 it increased to 3.60 

mg/100g. The sodium content in T0 and T3 was 9.88 and 12.48 mg/100g, respectively. 

Magnesium content in T3 was 40.80 mg/100g and for T0 it was found to be 38.20 

mg/100g. The potassium content in T0 was 255.00 mg/100g and it increased in 

treatment T3 to 292.01 mg/100g. Geetha et al. (2013) had pointed out that cassava 

flour incorporated to the wheat noodles increased the mineral contents such as 

calcium, phosphorous and iron compared to the instant noodles. The sodium content 

in cassava based wet noodles was 29.5 mg/100g (Akhmad et al., 2013). Shobha and 

Asha (2015) standardised maize based vermicelli with a proportion of 50 per cent 

maize flour and 50 per cent wheat flour. The formulated maize based vermicelli was 

found to have a calcium content of 108.8 mg/100g, magnesium content of 89 

mg/100g. Wahyono and Bakri (2018) had reported that mushroom fortified wheat 

noodles have improved the micronutrient content of the pasta. This fact is proved by 

the results of the present study. 

 

5.3.1.2. Nutritional qualities of selected jackfruit flour and mushroom flour 

pastas 

Based on organoleptic evaluation T1 (90% JF + 10% OMF) was selected for 

further studies. The selected pastas was evaluated for proximate composition like 

moisture, energy, total carbohydrate, protein, total fat, fibre, starch and reducing 

sugar. 

Moisture provides a measure of the water content of the product and it is also 

index of storage stability of the product. The moisture content of pasta made with 

100% jackfruit (control T0) was 6.29 and that with 90% jackfruit and 10% mushroom 



79  

 

(best treatment T1) was 6.67 %. Moisture content in jackfruit based nutri flour was 

0.96 %. Jackfruit bulb flour contains 1.28 % and varikka jackfruit bulb flour had 1.39 

% (Swati, 2019). Lower the moisture content of the flour, the better its shelf life and 

hence the quality. Mohan (2019) stated that one of the key factors that affects the 

quality of the Ready to Cook (RTC) mixtures is moisture content and the mean 

moisture content of jackfruit RTC mixtures was 5.38 per cent. 

In the present study energy value of pasta made with 100% jackfruit (control 

T0) was 368.59 Kcal and that with 90% jackfruit flour and 10% mushroom flour (T1) 

was 355.95 Kcal. Ajisha (2018) reported that the energy value of jackfruit vermicelli 

initially differing from 267.02 to 282.64 Kcal and which  decreased to 262.54 to 

277.63 Kcal at fourth month of storage and which was lower than control (317.08 

Kcal). Kumari (2015) observed that raw jackfruit and jackfruit seed flour incorporated 

noodles has energy content of prepared noodles varying from 291.60 to 380 Kcal. 

Pasta made with 100% jackfruit flour had a total carbohydrate content of 

85.07g/100g while the treatment T1 had a total carbohydrate content of 78.63 g/100g 

of sample. Soumya (2022) reported that the carbohydrate content of nutri flour was 

31.59g/100g which was higher than koozha jack bulb flour 14.74g/100g and varikka 

jack bulb flour 19.79g/100g. Tharani (2018) observed that koozha jackfruit rind flour 

had a carbohydrate content of 29g/100g whereas Amadi et al. (2018) reported that 

carbohydrate content of jackfruit bulb has 7.74g/100g. Tiwari and Vidyarthi (2015) 

reported that jackfruit bulbs are high in nutritive value, and he also reported that 100g 

of jackfruit bulb contains 18g of carbohydrate. Baliga et al. (2011) identified that 

18.9g/100g carbohydrate present in jackfruit bulb. 
 

The protein content of pasta made with 100 % jackfruit (control T0) was 

6.29g/100g of sample and that with 90% jackfruit flour and 10% mushroom flour 

(best treatment T1) was 9.48g/100g of sample. Hettiaratchi et al. (2011) observed that 

considerable amount of protein is present in jackfruit bulb flour. Noodle produced by 

the jackfruit flour has good firmness quality due to high protein content in jackfruit 

bulb flour. 
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Total fat content of the pasta were also estimated and was found that T1 had a 

slightly higher fat content (0.39 g/100g of sample) than the control pasta (0.35 g/100g 

of sample). Ajisha (2018) conducted a study in jackfruit based vermicelli. The roasted 

raw jackfruit and jackfruit seed flour based vermicelli had fat content 0.80 to 1.88g 

100 -1. 

The fibre content of pasta made with 100% jackfruit (T0) was 3.52 g/100g of 

sample and that with 90% jackfruit flour and 10% mushroom flour (T1) was 3.60 

g/100g of sample. Swami et al. (2012) reported that dietary fibre content of the bulb 

increased at the maturity state. Divya (2016) reported that varikka bulb contains 

dietary fibre of 1.76 g/100g. Dietary fibre is higher in koozha cultivator compared 

with varikka cultivator. Anila and Divakar (2018) reported that the fibre content in 

different types of jackfruit bulb flours ranges from 1.14 to 2.24 g/100g which is lower 

than the present study. The starch content of pasta made with 100% jackfruit flour 

(T0) was 74.12 g/100g of sample and that with 90 % jackfruit flour and 10 % 

mushroom flour (T1) was 73.39 g/100g of sample. Ajisha (2018) observed that the 

starch content in jackfruit based vermicelli has 84.40 to 96.17 per cent. 

Sucrose needs to be hydrolyzed and decomposed to its glucose and fructose 

molecules to act as a reducing sugar in flour components. The reducing sugar content 

of pastas T0 was 1.10 per cent and T1 was 0.37 per cent. Ajisha (2018) reported that 

reducing sugar content of jackfruit based vermicelli ranged from 1.56 to 2.34 per cent. 

Calcium content of pasta T0 and T1 was 32.24 and 26.10 mg/100g, 

respectively. Iron content in T0 was 1.03 mg/100g and in T1 it increased to 1.64 

mg/100g. The sodium content in T0 and T1 was 7.25 and 6.85 mg/100g, respectively. 

Magnesium content in T1 was 56.02 mg/100g and for T0 it was found to be 48.08 

mg/100g. The potassium content in T0 was 283.00 mg/100g and it increased in 

treatment T1 to 324.70 mg/100g. Ajisha (2018) conducted a study in jackfruit based 

vermicelli and found that it had a calcium content (53.17 mg/100g) and sodium (18.14 

mg/100g). Kumari (2015) reported that the total mineral content in jackfruit bulb flour 

was 0.8g. Tiwari and Vidyarthi (2015) stated that the jackfruit bulbs have high 

nutritive value and also they reported that in 100g of jackfruit bulb flour contains 

calcium (35 mg) and potassium (215 mg). Swami et al. (2012) reported that the 
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mineral content in the jackfruit bulb flour was calcium content (30 mg/100g), 

magnesium (34 mg/100g), phosphorous (20.0 to 57.2 mg/100g), potassium (287 to 

323 mg/100g), iron (0.4 to 1.9 mg/100g) and sodium (35 mg/100g). Baliga et al. 

(2011) observed that the calcium content in jackfruit bulb flour was 20 mg/100g 

calcium, 30 mg/100g phosphorous, 500 mg/100g of iron. 

5.3.3. Nutritional qualities of selected breadfruit flour and mushroom flour 

pastas 

The moisture content of pasta made with 100 % breadfruit (control T0) was 

7.16 per cent and that with 90 % breadfruit and 10 % mushroom (best treatment T1) 

was 6.03 per cent. Adebowale et al. (2017) stated that the moisture content is a 

measure of water content and also an indicator of storage stability and the study also 

reported that the moisture content in breadfruit noodles ranges from 7.43 to 7.67 per 

cent, which is similar to the findings of the present study. Akeem et al. (2017) 

conducted a study in noodles by incorporating breadfruit flour and wheat flour and the 

moisture content observed was much lesser than the present study which ranged from 

2.50 to 3.50 per cent. Nochera and Ragone (2016) reported that breadfruit bar had a 

moisture content of 12.5 per cent. 

In the present study energy value of pasta made with 100% breadfruit (control 

T0) was 343.52 Kcal and that with 90% breadfruit flour and 10% mushroom flour (T1) 

was 320.69 Kcal. Nochera (2016) reported that the breadfruit bar has energy content 

of 384 Kcal. 

Pasta made with 100 % breadfruit flour had a total carbohydrate content of 

80.32 g/100g while the treatment T1 had a total carbohydrate content of 73.49 g/100g 

of sample. Akeem et al. (2017) reported that the carbohydrate content in noodle 

ranges from 64.4 to 69.8 g/100g. The highest carbohydrate content was observed in 

wheat and breadfruit blend at 50 per cent. Adebowale et al. (2017) reported that the 

carbohydrate content in breadfruit noodle ranges from 77.6 to 84.09 g/100g. Nochera 

(2016) reported that breadfruit bar had carbohydrate content 83.92 g/100g. 

The protein content of pasta made with 100 % breadfruit (control T0) was 4.30 

g/100g of sample and that with 90 % breadfruit flour and 10% mushroom flour (best 
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treatment T1) was 5.40 g/100g of sample. Akeem et al. (2017) reported that the 

protein content of breadfruit noodle ranges from 12.4 to 19.0 per cent. Adebowale et 

al. (2017) observed that the protein content in breadfruit noodle ranges from 2.80 to 

7.63 per cent. Nochera (2016) reported that the breadfruit bar has protein content 2.05 

g/100g. Akanbi et al. (2011) reported that the protein content in breadfruit starch and 

wheat flour incorporated noodles ranges from 0.65 to 10.88 per cent. 

 

Total fat content of the pasta were also estimated and was found that T1 had a 

slightly higher fat content (0.57 g/100g of sample) than the control pasta (0.56 g/100g 

of sample). Akeem et al. (2017) observed that the fat content in noodles ranges from 

5.0 to 18.0 per cent. Adebowale et al. (2017) reported that the fat content in 

breadfruit noodle ranges from 0.20 to 0.37 per cent. Nochera (2016) observed that the 

breadfruit bar has fat content 0.43 g/100g. Akanbi et al. (2011) reported that the fat 

content in breadfruit starch and wheat flour incorporated noodles ranges from 0.35 to 

3.15 per cent. 
 

The fibre content of pasta made with 100 % breadfruit (T0) was 7.69 g/100g of 

sample and that with 90 % breadfruit flour and 10 % mushroom flour (T1) was 7.52 

g/100g of sample. Akeem et al. (2017) observed that the fibre content in breadfruit 

noodle increased as the substitution of breadfruit flour increases and the fibre content 

ranges from 0.86 to 1.26 per cent. Nochera (2016) conducted a study in breadfruit bar 

and the fibre content is 3.8 g of fiber and 1.97 g/100g of crude fiber. Ajani et al. 

(2012) states that the increase in the fibre content might be due to high fibre content in 

breadfruit flour. Akanbi et al. (2011) reported that the fibre content in breadfruit 

starch and wheat flour incorporated noodles ranges from 1.18 to 1.45 g/100g of 

sample. 

Calcium content of pasta T0 and T1 was 48.00 and 37.80 mg/100g, 

respectively. Iron content in T0 was 0.06 mg/100g and in T1 it increased to 0.10 

mg/100g. The sodium content in T0 and T1 was 9.80 and 12.03 mg/100g, respectively. 

Magnesium content in T1 was 19.72 mg/100g and for T0 it was found to be 18.68 

mg/100g. The potassium content in T0 was 426.03 mg/100g and it increased in 

treatment T1 to 511.00 mg/100g. Nochera (2016) reported that the breadfruit bar has 
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calcium content 58mg/100g, 1.99mg/100g of iron and 114mg/100g of sodium. 

Breadfruit flour contains 5.30 mg/100 g of iron and 82.20 mg/100g of calcium 

(Sharon, 2003). 

5.3.2. Health studies 

 
5.3.2.1. In vitro digestibility of starch and protein and in vitro mineral availability 

of cassava flour and mushroom flour pasta 

In vitro digestibility of starch in the present study was found to be 64.03 in 

100 per cent cassava based pasta and in the one which had mushroom, it was 61.13 

per cent. Nousheen (2013) carried out a study on the noodles prepared with a 

combination of modified cassava starch and green gram dhal with a starch content 

varying from 41.70 to 51.58 per cent. 

In vitro digestibility of protein in the present study was found to be 67.52 in 

100 per cent cassava based pasta and in the one which had mushroom, it was 83.10 

per cent. Rocha-Guzman et al. (2012) carried a study on the in vitro protein 

digestibility of the extruded product with a mixture of whole maize flour (60%) and 

chick pea flour (40%) having 89.1 per cent. 

In the present study in vitro availability of calcium content in T0 is 40.80 and 

in T3 it is 41.10 mg/100g during the storage period it was decreased to 39.05. The iron 

content in T0 is 37.09 and in T3 it was 37.80 at third month of storage it was decreased 

to 37.01. The magnesium content in T0 is 67.02 and in T3 it was 68.12 and in the end 

of storage it decreased to 68.05 mg/100g. Thilagavathi et al. (2015) prepared extruded 

products like noodles, spaghetti and macaroni with addition of millet and pulse flour 

and observed the in vitro availability of minerals. The calcium availability varied 

from 35.16 to 68.07 per cent (noodles), 34.20 to 67.01 per cent (spaghetti) and 37.12 

to 69.53 per cent (macaroni). The availability of iron differs from 43.69 to 53.60 per 

cent in noodles, 42.74 to 52.63 per cent in spaghetti and 44.73 to 54.26 per cent in 

macaroni. The noodles, spaghetti and macaroni had in vitro availability of magnesium 

ranging from 57.25 to 69.78 per cent, 56.80 to 70.00 per cent and 58.21 to 70.90 per 

cent. The in vitro availability of phosphorus varied from 62.96 to 71.11 per cent in 

noodles, 63.09 to 71.61 per cent in spaghetti and 63.23 to 71.76 per cent in macaroni. 
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The availability of potassium present in noodles, spaghetti and macaroni ranged from 

67.29 to 70.20 per cent, 66.82 to 69.66 per cent and 67.59 to 70.45 per cent 

respectively. 

5.3.2.2. In vitro digestibility of starch and protein and in vitro mineral availability 

of jackfruit flour and mushroom flour pasta 

In vitro digestibility of starch and protein of a product is affected by various 

factors such as milling, cooking, germination and so on (Kaur et al., 2015). The in 

vitro digestibility of starch of jackfruit pasta was 50.39 and jackfruit mushroom pasta 

was found to be 57.76 per cent. The in vitro digestibility of protein was 71.00 for 

control and for T1 it was 61.10 per cent. 

In vitro availability of minerals in pastas prepared with jackfruit flour and 

mushroom flour. In vitro availability of iron content in T0 and T1 was 28.80 and 

29.40%, respectively. The in vitro calcium availability of jackfruit based pasta (T0) 

was 40.60 per cent and T1 was 41.50 per cent. The highest in vitro mineral availability 

was seen in phosphorous with 84.90% and 83.48% in T0 and T1, respectively. 

5.3.2.3. In vitro digestibility of starch and protein and in vitro mineral availability 

of breadfruit flour and mushroom flour pasta 

The in vitro digestibility of starch of breadfruit pasta was 58.32 and breadfruit 

mushroom pasta was found to be 52.56 per cent. The in vitro digestibility of protein 

was 62.98 for control and for T1 it was 69.23 per cent. In vitro digestibility of 

breadfruit starch was found to be 93 per cent. The amylose content in the starch acts 

as a main factor which influences the in vitro digestibility as the amylose rich starch is 

difficult to swell or to gelatinize. Apart from this, the digestibility is also affected by 

many factors such as amylopectin content, cooking temperature, processing method 

and also phosphorous contents (Rincon and Padilla, 2004). 

In vitro availability of pastas prepared with breadfruit flour and mushroom 

flour. In vitro availability of iron content in T0 and T1 was 38.50 and 39.00 per cent, 

respectively. The in vitro calcium availability of breadfruit based pasta (T0) was 40.00 
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per cent and T1 was 40.50 per cent. The in vitro availability for phosphorous was 

68.60 per cent and 69.00 per cent in T0 and T1, respectively. 

 

5.3.3. Shelf life studies 
 

Pasta made with tuber flour and fruit flours were packed in HDPE covers 

and were kept for three months storage in room temperature. 

5.3.3.1. Organoleptic evaluation of the selected cassava flour and mushroom 

flour pasta during storage 

Based on organoleptic scores the selected pasta, T3 (70% CF + 30% OMF) 

were acceptable upto three months of storage with gradual decline in all sensory 

attributes. 

 

Initially the highest score for appearance obtained was 7.24 and that decreased 

to 7.16 (1st month), 7.00 (2nd month) and to 6.98 (3rd month) during storage. The 

organoleptic scores of colour was 7.28, initially and gradually reduced to 7.24 in first 

month, 7.10 in second month and 7.04 at the end of the storage. 

 

A gradual decrease was also observed for organoleptic scores of flavour, 

texture, taste and overall acceptability. The scores for flavour and texture was 7.55 

and 7.28 initially and it gradually decreased to 7.18 and 7.04 in first month, 7.12 and 

6.80 in second month, and scored 7.04 and 6.50 mean scores at the end of storage. 

The highest score for taste was obtained initially with 7.21 and it decreased to 7.04 at 

the first month of storage, 6.80 at second month and 6.50 at the end of the storage. 

The overall acceptability also decreased from 7.22 to 6.03 at the end of the storage. 

Thirty per cent incorporation of cassava starch with blend of sago and jackfruit flour 

(1:1) produced fried crackers with the most acceptable physicochemical 

characteristics (Mustapha et al, 2015). 

Emmanuel et al. (2015) conducted a study on noodles by incorporating whole 

cassava flour and soybean flour and he observed that the soybean- cassava based 

noodles has greater consumer acceptability compared with whole cassava flour based 

noodles. 
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5.3.3.2. Organoleptic evaluation of the selected fruit flour and mushroom flour 

pasta during storage 

In present study the mean organoleptic scores of pastas prepared with fruit 

flours (90% JF +10% OMF and 90 % BF + 10 % OMF) and mushroom flours. The 

highest score for appearance obtained for T1 was 8.15 that decreased to 8.14 (1st 

month), 8.02 (2nd month) and 8.00 (3rd month) during the storage. The colour of 

treatment T1 was 7.71 which gradually reduced to 7.54 in first month, 7.20 in second 

month and 7.08 at the end of the storage. 

The flavour and texture of treatment T1 (90% JF +10% OMF) was 7.28 and 

7.14 in the initial stage and it gradually decreased to 7.01 and 6.60 in the first month, 

6.70 and 7.02 in the second month and scored 6.77 and 6.00 mean scores at the end of 

the storage. The highest score for taste obtained was T1 (7.02) and that decreased to 

6.60 at the first month of storage, 6.15 in the second month and 6.00 in the end of the 

storage. The overall acceptability also decreased from 7.35 to 6.18. Sahoo (2016), 

who prepared raw jackfruit based rusk and buns along with wheat flour in different 

proportions (40:60, 45:55, 50:50,60:40, 70:30, and 80:20) along with control (refined 

wheat flour). Buns and rusk prepared with 80 per cent of raw jackfruit flour was 

highly acceptable for taste, texture, flavour and overall acceptability than other 

treatments. 

 

The best treatment for the pasta prepared with breadfruit flour and oyster 

mushroom flour attained a score of 6.80 for appearance which gradually decreased to 

6.16 at the end of storage. The organoleptic scores for color was 7.06, initially and 

gradually decreased to 6.18 at the end of the storage. 

 

The organoleptic score for flavour and texture was 7.13 and 7.00, initially 

which gradually decreased to 6.70 and 6.75 in the first month, 6.25 and 6.67 in the 

second month and 6.00 and 6.51 at the end of the storage. The highest score for taste 

was 7.20 and that decreased to 7.04 in first month, 6.87 in second month and 6.52 at 

end of the storage period. The overall acceptability also decreased from 7.06 to 6.00 

at the end of the storage. 
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Even though, all the selected pastas were acceptable, jackfruit flour and 

mushroom added pasta were observed to have better score compared to breadfruit 

flour and mushroom flour pasta. 

 

5.3.3.3. Nutritional qualities of selected cassava flour and mushroom flour pastas 

during storage 

Puwani et al. (2006) had reported that the low moisture content can enhance 

the shelf life stability of the food product by inhibiting the microbial activity and 

chemical reactions in foods on storage. In the present study moisture value of pasta 

made with 70% cassava flour and 30% mushroom flour (T3) was 6.85 per cent during 

storage it increased to 8.60 per cent. Emmanuel et al. (2015) prepared cassava and 

soybean based noodles and the moisture content in storage was 8.75 per cent. 

In the present study energy value of pasta made with 70 % cassava flour and 

30 % mushroom flour (T3) was 391.52 Kcal. Pasta made with 70 % cassava flour and 

30 % mushroom flour (T3) had a total carbohydrate content of 80.6 g/100g of sample 

during third month of storage it decreased to 78.03 g/100g. Emmanuel et al. (2015) 

prepared cassava and soybean based noodles and the carbohydrate content was 82.75 

per cent. 

The protein content of pasta made with 70 % cassava flour and 30 % 

mushroom flour best treatment T3) was 9.38 g/100g of sample gradually it decreased 

to 7.72 g/100g during the storage. Emmanuel et al. (2015) prepared cassava and 

soybean based noodles and the protein content was 7.00 per cent. Rachman et al. 

(2022) conducted a study in banana – cassava gluten free pasta and the protein content 

in cassava based pasta was 6.81 per cent. 

Total fat content of the pasta were also estimated and was found that T3 had a 

slightly low fat content (0.20 g/100g of sample) and decreased to 0.18 at third month 

of storage. Emmanuel et al. (2015) prepared cassava and soybean based noodles and 

the fat content in storage was 1.00 per cent. 

The fibre content of pasta made with 70% cassava flour and 30% mushroom 

flour (T3) was 2.86 g/100g of sample during the third month of storage. The gradual 
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decrease of fibre during storage is due to the degradation of polysaccharide into 

simple form. Emmanuel et al. (2015) prepared cassava and soybean based noodles 

and the fibre content in storage was 0.10 per cent. 

The starch content of pasta made with 70% cassava flour and 30% mushroom 

flour (T3) was 67 g/100g of sample the starch content was decreased to 66.18 during 

the storage period. The reducing sugar content of pasta made with 70% cassava flour 

and 30% mushroom flour (T3) as 0.94 per cent and there is a slight increase in 

reducing sugar content during the storage to 0.98 per cent. 

The calcium content of the pasta made with 70% cassava flour and 30% 

mushroom flour was 54.90 mg/100g and at the end of the storage it was 54.00 

mg/100g. The iron content of the pasta was 3.60 mg /100g which decreased to 2.18 at 

the end of storage. A slight decrease was seen in the sodium, magnesium and 

potassium content after the storage period of three months. Mineral losses can occur 

by heat induced chemical reaction between reducing sugars and amino acids and or 

proteins to form compounds that bind minerals (Dandago, 2009). Considerable 

amounts of some soluble minerals are dissolved in water and leads to mineral loss 

during processing and storage 

 

5.3.3.4. Nutritional qualities of selected jackfruit flour and mushroom flour 

pastas during storage 

Moisture provides a measure of the water content of the product and it is also 

a index of storage stability of the product. The moisture content of pasta made with 

90% jackfruit and 10% mushroom (best treatment T1) was 6.67 % and the moisture 

content is increased to 8.10 during the storage period. The moisture content increases 

during storage period especially when the relative humidity is higher around the 

storage vicinity. 

Pasta made with 90 % jackfruit flour and 10 % mushroom flour (T1) was 

355.95 Kcal during storage it decreased to 345.60 Kcal. The energy content decreased 

on storage due to the decreased amount of protein, carbohydrate and fat. Ajisha 
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(2018) reported that the energy content of jackfruit vermicelli decreased to 262.24 at 

fourth month of storage. 

Pasta made with 90 % jackfruit flour and 10 % mushroom flour (T1) had a 

total carbohydrate content of 78.63 g/100g of sample and it decreased to 77.42 at third 

month of storage. Nandkule et al. (2015) prepared noodles incorporated with jackfruit 

composite flour and the carbohydrate content was found to be 67 per cent and it was 

decreased on second month of storage (65%). 

The protein content of pasta made with 90 % jackfruit flour and 10 % 

mushroom flour (best treatment T1) was 9.48 g/100g of sample. There was a reduction 

in protein content on storage. Ajisha (2018) observed that the protein content jackfruit 

based vermicelli decreased 2.02 at the end of the storage period. 

Total fat content of the pasta were also estimated and was found that T1 had a 

slightly higher fat content (0.39 g/100g of sample) and it decreased during storage to 

0.28 g/100 g . A study conducted by Aji et al. (2016) in jackfruit based meat analog it 

has the fat content 0.04 g/100g. The decrease in fat content during storage is due to 

the lipolytic activities of the enzyme lipoxidase and lipase is the reason for the 

decrease of fat content (Murugkar and Jha, 2011). 

The fibre content of pasta made with 90% jackfruit flour and 10% mushroom 

flour (T1) was 3.60g/100g of sample. Nandkule et al. (2015) reported that the 

incorporation of jackfruit composite flour had fibre content of 1.6 and it was 

decreased to 1.4 per cent on 2 months of storage. McClarey and Blackeney (1999) 

observed dietary fibre are low digestable. Hurst et al. (1993) also reported that 

decrease in fibre content on storage due to degradation of poly saccharide into simple 

form. 

The starch content of pasta made with 90 % jackfruit flour and 10 % 

mushroom flour (T1) was 73.39 g/100g of sample which decreases to 72.09 g/100g 

after three month of storage. Ajisha (2018) observed that the starch content in 

jackfruit based vermicelli 79.67 per cent after fourth month of storage. 
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The reducing sugar content of T1 was 0.37 per cent and it increased to 0.49 per 

cent at third month of storage. Ajisha (2018) reported that reducing sugar content of 

jackfruit based vermicelli initially ranged from 1.56. During fourth month of storage 

reducing sugar content was decreased. There was increase in reducing and total sugars 

content on storage period due to the formation of simple sugars like sucrose, glucose 

and fructose on starch degradation. 

 

The calcium content of pasta made with 90% jackfruit flour and 10% 

mushroom flour was 26.10 mg/100g and at the end of the storage it was 25.20 

mg/100g. The iron content of the pasta was 1.64 mg/100g which decreased to 1.50 

mg/100g at the end of the storage. Using nutrients for the growth and reproduction of 

the microorganisms present in food goods caused a drop in mineral content during 

storage (Sunday and Dayo, 2012). 

 

5.3.3.5. Nutritional qualities of selected breadfruit flour and mushroom flour 

pastas during storage 

The moisture content of pasta made with 90% breadfruit and 10% mushroom 

(best treatment T1) was 6.03 per cent which increased to 7.80 per cent. According to 

Sharon (2003), after three months of storage, the moisture content of breadfruit flour 

increased to 8.90%. The amount of solid matter in a food sample is indicated by the 

moisture content of the sample. The rate of deterioration increases as the moisture 

content increases. 

In the present study energy value of pasta made with 90% breadfruit flour and 

10% mushroom flour (T1) was 320.69 Kcal and it decreased to 309.21 Kcal. The 

energy content of the breadfruit bar, according to Nochera (2016), was 384 Kcal, 

which is comparable to the energy content of the pasta developed in the study. 

Pasta T1 had a total carbohydrate content of 73.49 g/100g of sample it 

decreased to 71.90 g/100g. The protein content of pasta made with 90% breadfruit 

flour and 10% mushroom flour (best treatment T1) was 5.40 g/100g of sample which 

decreased during the storage to 4.30 g / 100g of sample. At the third month of storage, 
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Sharon (2003) noted that the protein level in breadfruit flour had dropped to 4.25 

g/100g. 

Total fat content of the pasta were also estimated and was found that T1 had a 

slightly higher fat content (0.57g/100g of sample) which decreased during storage to 

0.49 g/100g. According to Akeem et al. (2017), fat has a significant influence on the 

shelf life of food items; as a result, food products with a relatively high fat content 

may not be ideal. This is due to the possibility that fat will cause foods to go rancid 

and produce odorous substances. 

The fibre content of pasta made with 90% breadfruit flour and 10% mushroom 

flour (T1) was 7.52 g/100g of sample which decreased to 6.18g/100g during the third 

month of storage. Sharon (2003) noted that during the third month of storage, the fibre 

level of breadfruit flour dropped to 4.21 g/100g. 

5.3.3.6. In vitro digestibility of starch and protein and in vitro mineral availability 

of cassava flour and mushroom flour pasta during storage 

In vitro digestibility of starch in the present study cassava and mushroom flour 

pasta had starch content 61.13 per cent which decreased to 60 per cent. In vitro 

digestibility of protein in the present study cassava and mushroom flour pasta had 

protein content 57.76 per cent which decreased to 56 per cent. 

In vitro starch digestibility of pasta products made with millet and pulses 

varied from 90.0 to 94.5 per cent in noodles and 87.0 to 90.5 per cent in spaghetti, 

according to Thilagavathi et al. (2015). A study on noodles made with a combination 

of modified cassava starch and green gram dhal, with a starch content ranging from 

41.70 to 51.58 per cent, was conducted by Nousheen (2013). By combining sorghum, 

soy, and channa flours to make gluten-free pasta, Susanna and Prabhasankar (2013) 

measured an in vitro protein digestibility of 95.18± 0.89 per cent. In a study on 

gluten-free banana-cassava pasta by Rachman et al. (2022), the amount of in vitro 

protein digestiblity in the pasta was 73.38 per cent. 

In the present study in vitro availability of calcium content in T3 was 41.10 

mg/100g during the storage period it was decreased to 39.05 mg/100g. The iron 
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content in T3 was 37.80 mg/100g at third month of storage it decreased to 37.01 

mg/100g. The magnesium content in T3 was 68.12 mg/100g and in the end of storage 

it decreased to 68.05 mg/100g. Phosphorous content in T3 was 63.17 mg/100g , which 

decreased to 61.12 mg/100g at the end of the storage. 

5.3.3.7. In vitro digestibility of starch and protein and in vitro mineral availability 

of jackfruit flour and mushroom flour pasta during storage 

Through a process known as the Milliard reaction, the amino acids found in 

the products chemically bond with simple sugars to create brown colours. Protein's 

nutritional value and bioavailability were reduced by these complex products (Hursh 

et al., 1993). The in vitro digestibility of starch of jackfruit mushroom pasta was 

found to be 57.76 per cent which decreased to 56.00 per cent during third month of 

storage. The in vitro digestibility of protein in T1 was 61.10 per cent it decreased to 

59.00 per cent during third month of storage. 
 

The percentage of a nutrient that is consumed and then utilised for regular 

physiological processes is known as the bioavailability of a mineral or trace element 

(Susan and Hurrell, 1996). The solubility and mobility of a mineral, as well as the 

presence of water, determine its availability (free water). In vitro availability of the 

calcium content was 41.50 per cent with a slight decrease to 40.85% at end of the 

storage period. The in vitro availability of iron content at the end of the storage was 

only 28.95 per cent and at the first month it was 29.40 per cent. A high in vitro 

availability in phosphorus content was noted with 83.48 per cent at initial level and 

82.05% at end of the storage period. In vitro availability of magnesium content in 

selected pasta was 40.00 % and in 39.05 % at the end of the storage period. Heat- 

induced chemical reactions involving reducing sugars, amino acids, and/or proteins 

that result in the formation of molecules that bind minerals can cause mineral losses. 

These reaction products can retain their mineral binding capabilities because they are 

more resistant to digestion. Due to the hygroscopic nature of the product, significant 

amounts of some soluble minerals are dissolved in water, which causes mineral loss 

during manufacturing and storage (Dandago, 2009). 
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5.3.3.8. In vitro digestibility of starch and protein and in vitro mineral availability 

of breadfruit flour and mushroom flour pasta during storage 

The in vitro digestibility of starch of breadfruit mushroom pasta was found to 

be 52.56 per cent. Breadfruit starch's in vitro digestibility was determined to be 93% 

(Akeem et al., 2017). The Maillard reaction, in which a complex intermediate 

chemical is formed when a free amino group of protein and a carbonyl group of 

reducing sugar interact, may be the reason why digestibility of the pasta in the study 

was lower than that of breadfruit starch. Inhibiting the activities of proteolytic and 

amylolytic enzymes may have reduced the digestibility of starch due to the complex 

molecules (Marshall and Chrastil, 1992). 

In breadfruit and mushroom flour pasta, the in vitro protein digestibility was 

69.23%. According to James and Nwabueze (2013), the protein digestibility of 

breadfruit-based snacks ranged from 70.43 to 72.86 per cent. 

 

For human nutrition, minerals are regarded as necessary and minerals from 

plant sources are less bioavailable than those from animal sources (Lopez et al., 

2002). In vitro availability of calcium in breadfruit based pasta was 40.50 per cent 

which decreased to 39.18 per cent at end of the storage period. The in vitro 

availability of iron content was only 39.00 per cent and 38.54 per cent, whereas the 

availability of phosphorus content in the selected treatment was 69.17 per cent and 

68.25 per cent, initially and at end of the storage period. In vitro availability of 

magnesium content in selected pasta was 78.24 per cent initially and 77.98 per cent at 

the end of the storage period. 

 

5.3.3.9. Insect infestation of the selected extruded food during storage 
 

The insect infestation of the selected pasta were assessed at monthly 

intervals for a period of three months. No insect infestation was observed throughout 

the storage period. Packaged food products are susceptible to infestation along the 

entire marketing and supply chain channels, especially if the packaging is permeable 

to food odours. Use of proper packaging material can ensure that the product may not 

be infested during storage (Brodnjak and Trematerra, 2020). Hence, it can be assumed 
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that the absence of insect infestation may be due to the use of adequate packaging 

material which is HDPE. 

 

5.3.3.10. Microbial enumeration of the selected extruded food during storage 
 

The microorganism present in food products were direct reflection of sanitary 

quality of the source of materials, processing and storage of sample (Ray and Bhunia, 

2001). The moisture content is a significant indication of stability during storage. 

Lower the moisture content, in grains more is the stability of its products. The 

moisture content of natural and processed or manufactured foods determine the food’s 

legal standard of identity, texture, palatability, consumer acceptability and shelf life 

(Rafed, 2017). 

Sarah et al. (2017) stated that moisture content, relative humidity and 

temperature are the parameters that directly influence in the microbial growth. Shobha 

et al. (2011) reported that, the food with low moisture content and low water activity 

along with hygienic handling of the product can reduce the microbial contamination. 

The microbial population of the pasta was assessed at monthly intervals for a 

period of three months. The initial bacterial count was found to be 1.00 x103cfu g-1, 

which increased gradually to 2.33 x103 cfu g-1 during the end of third month. The first 

and second month had 1.4 x103cfu g-1 and 2.00 x103cfu g-1 respectively. The fungal 

growth was not detected in initial, first month and second month of storage. During 

the end of third month a fungal growth of 1 x103cfu g-1 was detected. Yeast growth 

was not detected throughout the storage period. 

The microbial population of the fruit flour and mushroom pasta was assessed 

at monthly intervals for a period of three months. The bacterial count in the jackfruit 

and mushroom based pasta was enumerated. The initial bacterial count was found to 

be 1.00 x103cfu g-1, which increased gradually to 2.53 x103cfu g-1 during the end of 

third month. The first and second month had 1.23 x103cfu g-1 and 2.18 x103cfu g-1 

respectively. The fungal growth was not detected in initial, first month and second 

month of storage in the jackfruit and mushroom based pasta. During third month a 

fungal growth of 1 x103cfu g -1 was detected in the pasta 
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In case of breadfruit and mushroom based pasta, the initial bacterial count 

was found to be 1.00 x103cfu g -1, which increased gradually to 2.15 x103cfu g-1 

during the end of third month. The first and second month had 1.20 x103cfu g-1 and 

1.40 x103 cfu g-1 respectively. A fungal growth of 1.20 x103cfu g-1 was detected at the 

end of the storage period of three months, in pasta prepared with breadfruit flour. 

 

Yeast growth was not detected throughout the storage period in the pasta 

prepared using fruit flours. 

According to Shobha et al. (2011) food with low moisture content and low 

water activity along with hygienic handling of the product reduce the growth of 

microorganisms. Babajide et al. (2010) reported that bacterial and fungal growth 

decreased on packing in high density polyethylene (HDPE) compared to polyethylene 

bags. These facts can be attributed to the increased shelf life stability of the pastas 

prepared in the present study. 

Geetha et al. (2013) studied the microbial load in the noodles made of cassava 

during storage. The initial fungal and yeast count for noodles was analysed by using 

10-4 dilution. The counts ranged between 00 and 03 according to treatment 

irrespective of the packaging materials. Presence of yeast population was noted in all 

the stored noodle samples. The maximum and minimum count of fungi was found to 

be 4 x 10-4 and 1 x 10-4 cells /g which were within the tolerable limits. 

The bacterial count (initial) varied from 0.24 x 106 cfu/g to 0.34 x 106 cfu/g 

and was found to be lower than the control vermicelli of 0.66 x 106 cfu/g. The 

bacterial count increased during fourth month of storage (1.74 x 106 cfu/g to 1.89 x 

106 cfu/g). Initially, the fungal count was not detected but during second and fourth 

month it was observed in the range of 0.30 x 103 cfu/g to 0.45 x 103 cfu/g and 0.49 x 

103 cfu/g to 0.67 x 103 cfu/g respectively which is less than control vermicelli (0.44 x 

103 cfu/g to 0.74 x 103 cfu/g) (Ajisha, 2018). Shobha and Asha (2015) conducted a 

study on the microbial load of maize based vermicelli and reported that bacterial load 

varied from 2.33 to 2.86 x 104 cfu/g whereas yeast and mould was found to absent in 

maize vermicelli. Thomas et al. (2014) carried out a study on the microbial load of 

rice based vermicelli. They reported that bacterial load varied from 3.54 x 106 cfu/g to 
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6.83 x 106 cfu/g and yeast count ranged from 0.98 x 103 cfu/g to 1.12 x 103 cfu/g. 

Baskaran et al. (2011) prepared noodles and stored in polythene pouches for 2 

months. The standard plate count of noodles enriched with skimmed milk powder at 

5% level increased from 138.83 to 287.5 cfu/g during storage. The yeast and mould 

count of noodles was 11.83 cfu/g initially and increased to 59.66 cfu/g. 

 

5.4. Cost of production 

 
The cost of production of the selected pasta was calculated based on cost of 

raw ingredients, fuel charges and electricity charges. The cost of 100g of pasta 

prepared with cassava flour and mushroom flour was Rs 98.50, whereas it was Rs 

50.50, Rs 52.00 for jackfruit flour + mushroom flour, breadfruit flour + mushroom 

flour pastas, respectively. The cost of jackfruit based vermicelli and instant payasam 

mix varied from 132.70 to 154.12 Rs/Kg and 286.70 to 308.12 Rs/Kg (Ajisha, 2018). 

Kumari (2015) reported the cost of raw jackfruit flour based noodles was 108 Rs/Kg. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

SUMMARY 



 

 

SUMMARY 

 
Convenience foods have become an integral part of our food habits. These 

nutrient-dense foods are becoming more and more common in modern society. They 

aid consumers in minimising the time, physical effort, and mental effort needed for 

meal preparation, eating, and cleanup. Therefore, it is necessary to design healthy 

foods in order to meet consumer demand for food products that are healthier. 

 

Composite flour is a good new approach which is done by blending various 

sources of tubers, legumes, cereals and fruit flour in different percentages to produce 

variety of food products. Use of composite flours in pasta can improve its sensory 

quality, rheology characteristics, and nutritional values as well as its overall 

acceptance. 

 

The addition of tuber flours and fruit flours to mushroom flour can be 

effectively utilized for developing products which can improve the overall diet 

quality. Considering the large yields, highly perishable nature and immense potential 

for product development, the present study entitled ‘Process optimization of 

mushroom incorporated pastas” was proposed with the objectives to standardise 

mushroom incorporated nutri-rich pastas and to evaluate its nutritional, organoleptic 

and shelf life qualities. 

Oyster mushroom (Pleurotus florida) was procured from the department of 

Plant Pathology, College of Agriculture, Vellanikkara. Cassava, elephant foot yam, 

jackfruit and breadfruit was procured from homesteads. These were dried, powdered 

and sieved to get a uniform flour as per the standard procedures. Pastas were prepared 

using various proportions of tuber/ fruit flours and mushroom flour. Pastas were 

subjected to organoleptic evaluation and the best treatment from each sets were 

selected. The selected treatments from each set were subjected to various analysis for 

estimating the nutritional qualities such as moisture, energy, total carbohydrate, 

protein, total fat, total fibre, starch, calcium, iron, sodium, magnesium and potassium; 

and health studies such as in vitro starch and protein digestibility, in vitro availability 

of Fe, Ca, P and Mg. The selected treatments were packed in HDPE covers and kept 
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for a period of three months. The aspects such as sensory qualities, enumeration of 

total micro flora and insect infestation were studied in the selected samples during 

storage at monthly intervals. The nutritional and health qualities were studied initially 

and at the end of storage period. 

 

Composite flours were prepared in varying proportion. Pastas were prepared 

by using these composite flours. In the first set, pasta were prepared by varying the 

proportions of cassava flour and oyster mushroom flour. The control (T0) was 100% 

cassava flour and the treatments was repeated by varying the proportions of cassava 

and mushroom flour. Organoleptic evaluation of the treatments were carried out to 

find the best treatment. The scored revealed that control pasta secured better scores in 

terms of appearance (7.80) and colour (7.66), while T3 scored higher values for 

flavour (7.55), texture (7.28) and taste (7.21). While comparing with control, T3 had 

better sensory qualities than other treatments. Treatment T3 (70% CF + 30% OMF) 

attained highest mean total score of 7.29 for organoleptic attributes compared to other 

treatments. Based on the total scores; the control (T0) and from the blended pastas the 

treatment (T3) were selected for further studies. 

In the second set, pasta was prepared in different combinations using elephant 

foot yam flour and mushroom flour and the organoleptic evaluation was carried out. 

In case of elephant foot yam incorporated mushroom pastas, the mean scores for the 

organoleptic qualities obtained was much lower than the acceptable levels. It was 

concluded that the pasta had very little acceptability and so the entire treatment was 

omitted from the further studies. 

 

Third and fourth set of pasta preparation was done by using the composite 

flours made of fruit flours and mushroom flour. Pastas were prepared by 

incorporating jackfruit and mushroom in varying proportions. The treatments T1 to T4 

varied from 90 per cent jackfruit flour to 60 per cent jackfruit flour and 10 to 40 per 

cent mushroom flour. When compared to the control, all the sensory qualities were 

quoted high for the T1. The treatment (T1) scored high in appearance (8.15), colour 

(7.71), flavor (7.28), texture (7.14), taste (7.02) and overall acceptability (7.35). The 

treatment, T1 (90% JF + 10% OMF) attained higher mean total score of 7.04 for 
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organoleptic attributes compared to other treatments and so was selected as best 

treatment in third set for further studies. 

 

In the fourth set, pastas were prepared by incorporating breadfruit flour and 

mushroom flour in varying proportions from 100% breadfruit flour to 60% breadfruit 

flour and 10% mushroom flour to 40% mushroom flour. All the sensory qualities 

were scored high for T1 (90% JF + 10% OMF) while for appearance, control scored 

high. Among the different treatments tried for the breadfruit and mushroom flour 

pastas the highest mean score of overall acceptability was noticed in T1 with the mean 

rank score of 7.46. The lowest mean score of 7.06 was noticed in T4 (60% BF + 40% 

OMF). Treatment T0 attained higher total score of 44.39 for organoleptic attributes, 

whereas in blended pasta the treatment T1 attained the mean highest score of 7.25 

compared to other treatments. The lowest total score was observed in T4. 

The selected pastas along with control (T0) from each set were utilised for the 

further studies. The pastas were subjected to various analysis which includes the 

nutritional qualities, health studies and shelf life studies. 

 

The moisture content of pasta made with 100% cassava flour was 7.92 per 

cent and that with 70% cassava flour and 30% mushroom flour was 6.85 per cent. The 

energy content of pasta made with 100% cassava (T0) was 386.78 k Cal and that with 

70% cassava with 30% mushroom flour (T3) was 391.52 k Cal. Carbohydrate content 

in control was 88.1g/100g of sample whereas in T3 it was 80.6g/100g. Protein content 

in control was 7.92g/100g and in T3 it increased to 9.36g/100g. Fat content of pasta 

made with 100% cassava (T0) was 0.30 g/100g and that with 70% cassava and 30% 

mushroom flour (T3) was 0.20g/100g. Fibre content in control was 1.89g/100g of 

sample whereas it increased to 2.86g/100g. Starch content in control pasta was 

79.03g/100g of sample and in T3 it was 67 g/100g. Reducing sugar content of pasta 

made with 100% cassava (T0) was 0.84% and that with 70% cassava and 30% 

mushroom (T3) was 0.94%. 

The mineral contents in cassava based pasta (T0) and the selected treatment 

(T3) was estimated. The calcium content in control was 50.80 mg/100g and in T3 was 

54.90 mg/100g. Iron content increased from 2.91 to 3.60 mg/100g. The sodium 
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content in T0 was 9.88 mg/100g and in selected pasta (T3) it was 12.48 mg/100g. 

Magnesium content in T0 was 38.20 mg/100g and in T3 it increased to 40.80 mg/100g 

in cassava and mushroom flour incorporated pasta. Potassium content in T3 was 

292.01 mg/100g and in T0 it was 255.00mg/100g. 

 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch, reducing 

sugar and mineral content of pastas prepared with jackfruit flour and mushroom flour 

incorporated pastas was estimated. The moisture content of pasta made with 100% 

jackfruit (control T0) was 6.29 and that with 90% jackfruit and 10% mushroom (best 

treatment T1) was 6.67%. The energy content of pasta made with 100% jackfruit 

(control T0) was 324.79 k Cal and that with 90% jackfruit flour and 10% mushroom 

flour (T1) was 334.99 k Cal. Pasta made with 100% jackfruit flour had a total 

carbohydrate content of 85.07 g/100g while the treatment T1 had a total carbohydrate 

content of 78.63 g/100g of sample. The protein content of pasta made with 100% 

jackfruit (control T0) was 6.29 g/100g of sample and that with 90% jackfruit flour and 

10% mushroom flour (best treatment T1) was 9.48 g/100g of sample. Total fat content 

of the pasta were also estimated and was found that T1 had a slightly higher fat 

content (0.39 g/100g of sample) than the control pasta (0.35 g/100g of sample). The 

fibre content of pasta made with 100% jackfruit (T0) was 3.52 g/100g of sample and 

that with 90% jackfruit flour and 10% mushroom flour (T1) was 3.60 g/100g of 

sample. The starch content of pasta made with 100% jackfruit flour (T0) was 74.12 

g/100g of sample and that with 90% jackfruit flour and 10% mushroom flour (T1) was 

73.39 g/100g of sample. The reducing sugar content of T0 was 1.10 per cent and 

T1was 0.37 per cent. 

 

Minerals in the jackfruit and mushroom incorporated pasta were analysed. 

Calcium content in T0 and T1 was 32.24 and 26.10 mg/100g, respectively. Iron content 

in T0 was 1.03mg/100g and in T1 it increased to 1.64mg/100g. The sodium content in 

T0 and T1 was 7.25 and 6.85mg/100g, respectively. Magnesium content in T1 was 

56.02mg/100g and for T0it was found to be 48.08mg/100g. The potassium content in 

T0 was 283.00mg/100g and it increased in treatment T1 to 324.70mg/100g. On 

statistically analysing the data, it was found that there were significant difference 



 

 

between calcium, iron, sodium, magnesium and potassium among between the 

treatments. 

 

The nutrient content of pastas prepared with jackfruit flour and mushroom 

flour incorporated pastas was estimated. The moisture content of pasta made with 

100% breadfruit (T0) was 7.16% and that with 90% breadfruit flour and 10% 

mushroom flour (T1) was 6.03%. The energy content of pasta made with 100% 

breadfruit (T0) was 343.52 k Cal and that with 90% breadfruit flour and 10% 

mushroom flour (T1) was 320.69 k Cal. Pasta made with 100% breadfruit flour was 

80.37g/100g while that with 90% breadfruit and 10% mushroom flour decreased to 

73.49g/100g of sample. The protein content of pasta T0 was 4.30g/100g and for T1 it 

was 5.40g/100g of sample. Total fat content of the pasta were also estimated and was 

found that T1 had a slightly higher fat content (0.57g/100g of sample) than the control 

pasta (0.56g/100g of sample), but was non significant on statistical interpretation. The 

fibre content of pasta made with 100% breadfruit flour (T0) was 7.69g/100g and that 

with 90% breadfruit flour and 10% mushroom flour (T1) was 7.52g/100g. The starch 

content of T0 and T1 was 75.02g and 69.64g/100g, respectively. The reducing sugar 

content of pasta made with 100% breadfruit flour (control - T0) was 1.10 per cent and 

that with 90% breadfruit flour and 10% mushroom flour (best treatment - T1) was 

2.12 per cent. 

 

The pastas were analysed for mineral content. In breadfruit flour based pasta, 

the calcium content of control (T0) was 48.00 mg/100g and T1 was 37.80mg/100g. 

Iron content in the treatment, T0 and T1was 0.06mg/100g and 0.10mg/100g, 

respectively and was found to have no significant difference between the pastas. 

Sodium content in breadfruit flour based pasta (T0) was 9.80 mg/100g and in T1 it was 

12.03 mg/100g. Magnesium content in T0 was 18.68mg/100g and T1 had a content of 

19.72 mg/100g. The potassium content in T0 was 426.03mg/100g and in T1 it was 

511.00 mg/100g. On statistically analysing the data, it was found that there were 

significant difference between calcium, sodium, magnesium and potassium content 

among the treatments. 
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The in vitro digestibility of the starch and protein and in vitro availability of 

minerals of pastas are detailed in health studies. 

 

In vitro digestibility of protein content in cassava based pasta (T0) is 67.52% 

and in treatment T3 it increased to 83.10%. The in vitro digestibility of starch content 

in pasta prepared with 100% cassava flour was 64.03% and on incorporating of 

mushroom flour it decreased to 61.13%. On statistical interpretation, there were 

significant difference between the in vitro digestibility of the starch and protein 

content of the pastas. 

 

In vitro availability of the minerals of pastas prepared with cassava flour and 

mushroom flour incorporated pastas were estimated. No significant difference was 

observed in the in vitro availability of iron content, but the per cent availability was 

found to be 37.09 and 37.80 % for T0 and T3, respectively. A significant difference 

was observed in the calcium, phosphorous and magnesium contents. The in vitro 

availability of calcium for T0 and T3 was found to be 40.80 and 41.10%, respectively. 

The treatment with cassava flour alone had an in vitro availability for phosphorus as 

64.05 % and for blended pasta it was 63.17 %. The in vitro availability of magnesium 

for T0 and T3 was found to be 67.02 and 68.12 %, respectively. 

In jackfruit flour based pasta, in vitro digestibility of protein content T0 was 

50.39% and for T1 it was 57.76%. The in vitro digestibility of starch content in T0 and 

T1 were 71.00 and 61.10% respectively. 

In vitro availability of minerals of pastas prepared with jackfruit flour and 

mushroom flour were also estimated. In vitro availability of iron content in T0 and T1 

was 28.80 and 29.40%, respectively. The in vitro calcium availability of jackfruit 

based pasta (T0) was 40.60 per cent and T1was 41.50 per cent. The highest in vitro 

mineral availability was seen in phosphorous with 84.90% and 83.48% in T0 and T1, 

respectively. On statistically analysing the data, there were significant difference 

between iron, calcium and phosphorous contents among the treatments. No significant 

difference was observed in the mineral availability of magnesium with an in vitro 

availability of 39.80% for T0 and 40% for T1. 
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In vitro digestibility of protein content in breadfruit based pasta (T0) is 62.98% 

and it increased in T1 to 69.23% with a statistical significant difference. The in vitro 

digestibility of starch content in (T0) was found as 58.32% and for T1 as 52.56%. On 

statistically analysing the data, there were significant difference in the in vitro 

digestibility of starch content of these pastas. 

 

The in vitro availability of minerals of pastas prepared with breadfruit flour 

and mushroom flour were estimated. In vitro availability of iron content in T0 and T1 

was 38.50 and 39.00 per cent, respectively. The in vitro calcium availability of 

breadfruit based pasta (T0) was 40.00 per cent and T1 was 40.50 per cent. The in vitro 

availability for phosphorous was 68.60% and 69.00 per cent in T0 and T1, 

respectively. On statistically analysing the data, there were significant difference 

between calcium, phosphorous and magnesium contents among the treatments. 

Pasta made with tuber flour/ fruit flours were packed in HDPE covers and 

were kept for three months storage in room temperature. The pastas were 

organoleptically evaluated and based on organoleptic scores the pasta selected in the 

first set using cassava and mushroom flour, T3 (70% CF + 30% OMF) were 

acceptable upto three months of storage with gradual decline in all sensory attributes. 

A gradual decrease was also observed for organoleptic scores of flavour, texture, taste 

and overall acceptability. 

 

The mean organoleptic scores of pastas prepared with fruit flours (90% JF 

+10% OMF and 90 % BF + 10 % OMF) and mushroom flours were calculated and 

was found that in both the pasta the scores decreased gradually through the storage 

period. 

 

Even though, all the selected pastas were acceptable, jackfruit flour and 

mushroom added pasta were observed to have better score compared to breadfruit 

flour and mushroom flour pasta. 

 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch, reducing 

sugar and mineral content of pastas prepared with cassava flour and mushroom flour 

was estimated during storage. The moisture content of pasta made with 70% cassava 
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flour and 30% mushroom flour (T3) was 6.85% and at the end of the storage the 

moisture content increased to 8.60%. The energy content of selected pasta was 391.52 

k Cal initially and at the end of the storage the energy content decreased to 344.62 k 

Cal. The total carbohydrate content of pasta made with 70 % cassava and 30% 

mushroom flour (T3) was 80.6g/100g and at the end of the storage period it decreased 

78.03g/100g. Pasta prepared with 70% cassava flour and 30% mushroom flour had an 

initial protein content of 9.36 g/100g which decreased during storage to 7.72g/100g. 

Fat content of pasta prepared with 70% cassava flour and 30% mushroom flour was 

0.20g/100g and at the end of the storage period it was 0.18g/100g. The fibre content 

of pasta decreased from 2.86g/100g to 1.07g/100g. The starch content of pasta made 

with70 % cassava flour and 30% mushroom flour was 67.00 g/100g and at the end of 

the storage the starch content was 66.18g/100g. Reducing sugar content of fresh pasta 

was 0.94% and at the end of the storage the reducing sugar content was 0.98%. 

The calcium content of the pasta made with 70% cassava flour and 30% 

mushroom flour was 54.90 mg/100g and at the end of the storage it was 54.00 

mg/100g. The iron content of the pasta was 3.60 mg /100g which decreased to 2.18 

mg/100g at the end of storage. A slight decrease with statistically significant 

difference was seen in the sodium, magnesium and potassium content after the storage 

period of three months. 

 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch , reducing 

sugar and mineral content of pastas prepared with jackfruit flour and mushroom flour 

incorporated pastas was estimated during storage. The moisture content of pasta made 

with 90% jackfruit flour and 10% mushroom flour was 6.67% and at the end of the 

storage it was 8.10%. The energy content of pasta made with 90% jackfruit flour and 

10% mushroom flour was 355.95 k Cal, initially and at the end of the storage it 

decreased with a statistically significant difference to 345.60 k Cal. The total 

carbohydrate content of pasta made with 90% jackfruit flour and 10% mushroom 

flour was 78.63 and at the end of the storage it was 77.42 g/100g. The protein content 

decreased from 9.48 to 8.35% at the end of third month of storage. The total fat 

content of pasta made with 90% jackfruit flour and 10% mushroom flour was 

0.39g/100g at initial and at the end of the storage it was 0.28g/100g. The fibre content 
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of pasta decreased from 3.60g/100g to 2.55g/100g during storage. The starch content 

of pasta made with 90% jackfruit flour and 30% mushroom flour was 73.39g/100g 

which decreased to 72.09g/100g at the end of the third month of storage. The reducing 

sugar content of pasta made with 90% jackfruit flour and 30% mushroom flour was 

0.37, which increased to 0.49% at the end of the storage. 

 

The calcium content of pasta made with 90% jackfruit flour and 10% 

mushroom flour was 26.10mg/100g and at the end of the storage it was 

25.20mg/100g. The iron content of the pasta was 1.64 mg/100g which decreased to 

1.50mg/100g at the end of the storage. A slight decrease with statistically significant 

difference was seen in the sodium, magnesium and potassium content after the storage 

period of three months. 

 

The nutrients such as energy, carbohydrate, protein, fat, fibre, starch, reducing 

sugar and mineral content of pastas prepared with breadfruit flour and mushroom 

flour incorporated pastas was estimated during storage. The moisture content of pasta 

made with 90% breadfruit flour and 10% mushroom flour increased from 6.03 % to 

7.80 % at the end of the storage. The energy content of pasta made with 90% 

breadfruit flour and 10% mushroom flour was 320.69 k Cal initially and at the end of 

the storage it decreased with a statistically significant difference to 309.21 k Cal. The 

total carbohydrate content of pasta made with 90% jackfruit flour and 10% mushroom 

flour was 73.49g/100g initially and at the end of the storage it was 71.90g/100g. The 

protein content of pasta decreased from 5.40g/100g initially and at the end of the 

storage it was decreased to 4.30 g/100g. The total fat content of pasta made with 90% 

breadfruit flour and 30% mushroom flour was 0.57g/100g initially and at the end of 

the storage it decreased without any statistically significant difference to 0.49g/100g. 

The fibre content of selected pasta was 7.52 g/100g at initially and at the end of the 

storage it was decreased to 6.18 g/100g. The starch content of pasta made with 90% 

breadfruit flour and 10% mushroom flour was 69.64 g/100g which decreased to 67.55 

g/100g at the end of the third month of storage. The reducing sugar content of selected 

pasta was 2.12 % which increased to 3.01% at the end of the storage. 

 

 

 

105 



 

 

The calcium content of pasta made with 90% breadfruit flour and 10% 

mushroom flour was 37.80mg/100g and at the end of the storage it was 

36.55mg/100g. The iron content of the pasta was 0.10 mg/100g which decreased to 

0.09 mg/100g at the end of the storage. A slight decrease with statistically significant 

difference was seen in the sodium, magnesium and potassium content after the storage 

period of three months. 

 

Initially, in vitro digestibility of protein content in cassava based pasta was 

83.10 and at the end of storage it was 82.58%. On statistically analysing the data, it 

was found that there is significant difference between the in vitro digestibility of 

protein content of both these pasta. Initial in vitro digestibility of starch content in 

cassava based pasta was 61.13% and it decreased to 60.00% on storage. 

 

In vitro availability of calcium content was 41.10 per cent at first month and 

39.05 at end of the storage period. The iron content availability through in vitro at the 

end of the storage is 37.01% and at the first month it was 37.80%. The in vitro 

availability of phosphorous content in the selected treatment was 63.17 per cent, 

initially and it reduced to 61.12 per cent at end of the storage period. A slight decrease 

in the in vitro availability of magnesium content in selected pasta was observed at the 

end of the storage period. 

In shelf life study the in vitro digestibility of protein content in jackfruit based 

pasta was 57.76 % an it decreased to 56.00 % at end of the storage. The in vitro 

digestibility of starch in jackfruit based pasta was 61.10% and after storage it 

decreased to 59.00%. 

 

In vitro availability of the calcium content was 41.50 per cent with a slight 

decrease to 40.85% at end of the storage period. The in vitro availability of iron 

content at the end of the storage was only 28.95 per cent and at the first month it was 

29.40 per cent. A high in vitro availability in phosphorus content was noted with 

83.48 per cent at initial level and 82.05% at end of the storage period. In vitro 

availability of magnesium content in selected pasta was 40.00 % and in 39.05 % at the 

end of the storage period. 
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In shelf life study the in vitro digestibility of protein content in breadfruit 

based pasta was 69.23 and in at the end of the storage period the protein digestibility 

decreased to 67.80%. The in vitro digestibility of starch content in breadfruit based 

pasta was 52.56 and in the end of the storage it was 51.95 per cent. 

 

In vitro availability of calcium in breadfruit based pasta was 40.50 per cent 

which decreased to 39.18 per cent at end of the storage period. The in vitro 

availability of iron content was only 39.00 per cent and 38.54 per cent, whereas the 

availability of phosphorus content in the selected treatment was 69.17 per cent and 

68.25 per cent, initially and at end of the storage period. In vitro availability of 

magnesium content in selected pasta was 78.24 per cent initially and 77.98 per cent at 

the end of the storage period. 

The insect infestation of the selected pasta were assessed at monthly 

intervals for a period of three month and was found that no insect infestation observed 

throughout the storage period in any of the selected treatments. 

The microbial populations of the selected pastas were assessed at monthly 

intervals for a period of three months. In the case of cassava and mushroom flour 

incorporated pasta, the initial bacterial count was found to be 1.00 x105cfu g-1, which 

increased gradually to 2.33 x103 cfu g-1 during the end of third month. The first and 

second month had 1.4 x105cfu g-1 and 2.00 x105cfu g-1 respectively. The fungal 

growth was not detected in initial, first month and second month of storage. During 

the end of third month a fungal growth of 1 x103cfu g-1 was detected. Yeast growth 

was not detected throughout the storage period. 

The bacterial count in the jackfruit and mushroom based pasta was 

enumerated. The initial bacterial count was found to be 1.00 x105cfu g-1, which 

increased gradually to 2.53 x105cfu g-1 during the end of third month. The first and 

second month had 1.23 x105cfu g-1 and 2.18 x105cfu g-1 respectively. 

In case of breadfruit and mushroom based pasta, the initial bacterial count 

was found to be 1.00 x105cfu g -1, which increased gradually to 2.15 x105cfu g-1 

during the end of third month. The first and second month had 1.20 x105cfu g-1 and 

1.40 x105 cfu g-1 respectively. The fungal growth was not detected in initial, first 
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month and second month of storage in the jackfruit and mushroom based pasta. 

During third month a fungal growth of 1 x103cfu g -1 was detected in the pasta. A 

fungal growth of 1.20 x103cfu g-1 was detected at the end of the storage period of 

three months, in pasta prepared with breadfruit flour. Yeast growth was not detected 

throughout the storage period in the pasta prepared using fruit flours. 

 

The cost of production of the selected pasta was calculated based on cost of 

raw ingredients, fuel charges and electricity charges.The cost of 100g pasta prepared 

with cassava flour and mushroom flour was Rs 98.50, whereas it was Rs 50.50, Rs 

52.00 for jackfruit flour and mushroom flour, breadfruit flour and mushroom flour 

pastas, respectively. 

 

The current research found that healthy pastas can be prepared from cassava 

flour, breadfruit flour and jackfruit flour. Incorporation of mushroom flour to pastas 

enrich the nutritional qualities of the products. These products are a better alternative 

and could be more healthier than commercially available pastas. 

Future line of work 

 

 Development of pasta flour underexploited fruit flours, vegetable flours and 

millet flours. 

 Enrichment of pasta flour suitable nutrient rich plant and animal sources. 

 Consumers acceptability of ready to cook extruded foods. 
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APPENDIX I 

KERALA AGRICULTURAL UNIVERSITY 

COLLEGE OF AGRICULTURE, VELLANIKKARA, THRISSUR 

 
Score card for the organoleptic evaluation of pasta from cassava flour and mushroom 

flour 

 

No 
Parameters 

Treatments 

T0 T1 T2 T3 T4 

1 Appearance      

2 Colour      

3 Flavour      

4 Texture      

5 Taste      

6 Overall acceptability      

 
9 point Hedonic scale 

 

Like extremely 9 

Like very much 8 

Like moderately 7 

Like slightly 6 

Neither like or dislike 5 

Dislike slightly 4 

Dislike moderately 3 

Dislike very much 2 

Dislike extremely 1 

 
Date: Signature: 

Name: 



 

KERALA AGRICULTURAL UNIVERSITY 

COLLEGE OF AGRICULTURE, VELLANIKKARA, THRISSUR 

 
Score card for the organoleptic evaluation of pasta from jackfruit and mushroom flour 

 

No 
Parameters 

Treatments 

T0 T1 T2 T3 T4 

1 Appearance      

2 Colour      

3 Flavour      

4 Texture      

5 Taste      

6 Overall acceptability      

 
9 point Hedonic scale 

 

Like extremely 9 

Like very much 8 

Like moderately 7 

Like slightly 6 

Neither like or dislike 5 

Dislike slightly 4 

Dislike moderately 3 

Dislike very much 2 

Dislike extremely 1 

 
Date: Signature: 

Name: 



 

 

KERALA AGRICULTURAL UNIVERSITY 

COLLEGE OF AGRICULTURE, VELLANIKKARA, THRISSUR 

 
Score card for the organoleptic evaluation of pasta from breadfruit and mushroom 

flour 

 

No 
Parameters 

Treatments 

T0 T1 T2 T3 T4 

1 Appearance      

2 Colour      

3 Flavour      

4 Texture      

5 Taste      

6 Overall acceptability      

 
9 point Hedonic scale 

 

Like extremely 9 

Like very much 8 

Like moderately 7 

Like slightly 6 

Neither like or dislike 5 

Dislike slightly 4 

Dislike moderately 3 

Dislike very much 2 

Dislike extremely 1 

 
Date: Signature: 

Name: 
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ABSTRACT 

 

Convenience foods have become an integral part of our food habits. 

Composite flour technology is a new approach which is done by blending variety of 

flours to produce various food products. Aiming to develop better quality extruded 

products, the present study entitled “Process optimization of mushroom incorporated 

pastas” was proposed with the objectives to standardise mushroom incorporated nutri- 

rich pastas and to evaluate its nutritional, organoleptic and shelf life qualities. 

Oyster mushroom (Pleurotus florida) was procured from the Department of 

Plant Pathology, College of Agriculture, Vellanikkara. Cassava, elephant foot yam, 

jackfruit and breadfruit was procured from homesteads. These were dried, powdered 

and sieved to get uniform flour as per the standard procedures. Pastas were prepared 

using various proportions of tuber or fruit flours and mushroom flour. Pastas were 

subjected to organoleptic evaluation and the best treatment from each set was selected 

for nutritional evaluation and health studies. The selected treatments were packed in 

HDPE covers and stored for a period of three months. The sensory qualities, total 

microflora and insect infestation were recorded in selected samples during the storage 

at monthly intervals. The nutritional and health qualities were studied initially and at 

the end of the storage period. 

From the first set, cassava and mushroom flour incorporated pasta, T3 (70% 

cassava flour and 30% mushroom flour), was selected. From the second set, pasta 

prepared using elephant foot yam was excluded due to the low acceptability of the 

pastas. Third and fourth sets were prepared using jackfruit and breadfruit flours, 

respectively. In both, T1 (90% fruit flour and 10% mushroom flour) were selected as 

the best. Three best treatments were carried forward to further studies. 

Cassava and mushroom flour pastas had 6.85% moisture, 391.52 k Cal energy, 

80.60 g/100g carbohydrate, 9.36 g/100g protein, 0.20 g/100g fat, 2.86 g/100g fibre, 

67.00 g/100g starch and 0.94 % reducing sugar. Pasta had the mineral content of 

54.90 mg/100g calcium, 3.60 mg/100g iron, 12.48 mg/100g sodium, 40.80 mg/100g 

magnesium and 292.01 mg/100g potassium. 

Jackfruit and mushroom pasta had 6.67% moisture, 334.99 k Cal energy, 

78.63 g/100g carbohydrate, 9.48 g/100g protein, 0.39 g/100g fat, 3.60 g/100g fibre, 



 

 

73.39 g/100g starch and 0.37% reducing sugar. Pasta had the mineral content of 26.10 

mg/100g calcium, 1.64mg/100g iron, 6.85 mg/100g sodium, 56.02 mg/100g 

magnesium and 324.70 mg/100g potassium. 

Breadfruit and mushroom pasta had 6.03% moisture, 320.69 k Cal energy, 

73.49 g/100g carbohydrate, 5.40 g/100 g protein, 0.57 g/100 g fat, 7.52 g/100 g fibre, 

69.64 g/100 g starch and 2.12 % reducing sugar. Pasta had the mineral content of 

37.80 mg/100 g calcium, 0.10 mg/100 g iron, 12.03 mg/100 g sodium, 19.72 mg/100 

g magnesium and 511 mg/100 g potassium. 

All the selected treatments were subjected to health studies including the in 

vitro digestibility of starch and protein and availability of minerals. Cassava and 

mushroom pasta had protein and starch digestibility of 83.10 and 61.13 %, 

respectively. In vitro availability of the minerals iron, calcium, phosphorous and 

magnesium was 37.80, 41.10, 63.17 and 68.12 %, respectively. 

Jackfruit and mushroom pasta had protein and starch digestibility of 57.76 and 

61.10 %, respectively. In vitro availability of the minerals iron, calcium, phosphorous 

and magnesium was 29.40, 41.50, 83.48 and 40.00 %, respectively. Breadfruit and 

mushroom pasta had protein and starch digestibility of 69.23 and 52.56 %, 

respectively. In vitro availability of the minerals iron, calcium, phosphorous and 

magnesium was 39.00, 40.50, 69.00 and 78.24 %, respectively. 

Pastas made with tuber flour/ fruit flours were packed in HDPE covers and 

were kept for three months of storage in ambient conditions. Organoleptic evaluation 

had shown its acceptability up to three months, with gradual decline in all sensory 

attributes. In the case of pastas with fruit flour, jackfruit flour and mushroom flour 

added pasta were observed to have better score compared to breadfruit flour and 

mushroom flour incorporated pastas. 

During storage, nutrients, mineral content and in vitro digestibility of starch 

and protein of the tuber/fruit flour and mushroom flour pastas decreased. 

No insect infestation was observed throughout the storage period. The 

microbial population of the selected pastas were assessed at monthly intervals for a 

period of three months and was found to be within the safe limits. The cost of pastas 

(100g) prepared with cassava flour and mushroom flour was Rs 98.50, whereas it was 



 

 

Rs 50.50, Rs 52.00 for jackfruit flour and mushroom flour, breadfruit flour and 

mushroom flour pastas, respectively. 

The current research found that healthy pastas can be prepared with cassava 

flour, breadfruit flour and jackfruit flour. Incorporation of mushroom flour to pastas 

enhance the nutritional qualities of the products. These products are a better 

alternative and could be healthier than commercially available pastas. 



 

 

സംŜിŁതം 

സൗകര  ْ  ْ പദമായ  ഭײണൾ  നുأ െുട  ഭײണ ശീലളു െുട  

അവിഭാജ  ْ  ഘടകമായി മാറിയിരിു ؗു . വിവിധതരം 

െുപാടികൾ സംേുയാജി ؚുിു  വിവിധ ഭ ײْ    ഉൽപؗൾ 

ഉൽ ؚുാദിؚുിു ؗ ഒര  പ തിയ സമീപനമാണ് േുകാേുുآാസിു്ئ 

േു ു ാർ  സാേുതികവിദ  ْ . മിക ഗ േണമ ؘയ ت എക്സ്  ْടൂഡഡ് 

ഉൽ ൾ വികസിؚؗ ؚുിു ക എ ؗ ല ײْ   േുു؋ാെുട, "കൂൺ 

സംേുയാജിത പാ  ْ കള െുട രൂപകൽ ؚനയ ം അവയ െുട 

ഗ ണ നിലവാരം വിലയിര ؋ല ം   എ ؗ  തെല  ുില ت   

പഠനം നട  ി , കൂൺ സംേുയാജിത േുപാഷകു؋

സذ ുآമായ പാ  ْ കള െുട ഗ ണ നിലവാരം,

 അതിന്െുറ േുപാഷക, 

ര ചിഗ ണ സവിേുശഷതകൾ , സംഭരണ േുശഷി

 ഗു ണൾ  വിലയിര ു؋ ؗതിന ം    

ല ײْ   മിുാണ്. 

പഠന ിന്  ആവശു؋   ْ മായ  ചി ؚുിൂുൺ  (ൂു؛േുറാസ്  േു  ുാറിഡ), 

െുവുتാനിര കാർഷിക േുകാേുളജിെുല ു؛ാനറ്് 

പാേുു؋ാളജി വിഭാഗു؋ിൽ നിؗുാണ് സംഭരിത.് മരുീനി, 

േുചന , ച,   ക ട   എ ؗുിവ വീു വള ؚുിൽ നിؗു് 

സംഭരിു . ഇവ  ഉണുി 

െുപാടി്ു അരിെുട ു؋ാണ് സാധാരണ 

നടപടി  ْ കമൾന സരി്ു    പാ  ْ  ْ     ഉ؇ു ാു  ؗതിന ت െുപാടി  

ഉുيാദി ؚുിെുട ؋ത്   .      കുിഴു വർ ״ ൾ. ച,  

ക ട    , ചി ؚുിൂുൺ  എ ؗുിവയ െുട െുപാടികൾ 

വിവിധ അന പാതു؋ിൽ സംേുയാജി ؚുിുാണ് പാ  ْ കൾ  

തുإാറാുിയത്. പാ  ْ കൾ  ര ചി ഗ ണ മൂല  ْ നിർ؉യു؋ിന് 

വുിേുധയമുാുി, േുപാഷകാഹാര മൂല  ْ നിർ؉യു؋ിന ം   

േആരാഗ  ْ    പഠന  ിന മായി േേരാു؋

െുസുئിൽ നിؗു ും മിക പാ  ْ കൾ  തിെരട ു؋  . 

തിെരട ؋  പാ  ْ കൾ   എ്ുഡിപിഇ  

കവറ കളിൽ പുായ്ുു് 

െുചുإ കയ ം  മൂ ؗു്  മാേസ്ു؋  സുൂുײിു കയു ും 

െുചᅃ  ുْ . അതിേുനാെുടാ ؚും   ْ പതിമാസ ഇേടവളകളിൽ 

അവയ െുട ര ചി ഗു ണൾ, സൂ٣ظ ജീവികള െുട യ ം ഗ ണ 

സംേുവദന ഗു ണൾ, 

  ْ പാണികള െുട ആ  ْ കമണം എ ؗുിവ തിെരട ؋ 

സാുآിള കളിൽ   ْ പതിമാസ മൂല  ْ  നിർണയം നട  ി . കൂടാെുതു؋

ആദ   ْ ഘു؋ില ം സംഭരണ 

 കാലയളവിന്െുറ 

അവസാനഘു؋ില ം 



 

 േുപുാഷകഗു ണളു ും 

േആരാഗ  ْ ഗ ണള ം വിശകലനം െുചᅃ  ْ ു  േആരാഗ  ْഗ ണള ം 

പഠിു . 



 

 

ആദ   ْ  െുസുئിൽ നിؗു്, മരുീനിയ ം ചിؚുി

 കൂണ ം കൂൺ 

ഉൾെു ؚട ു؋ിയ  പാ  ْ ,  T3  (70%  മരുീനി  െുപാടിയ ം 30% ചിؚുി 

കൂൺ െുപാടിയ ം ) തിെരട ു؋ . ര؇ുാും െുസുئിൽ 

നിؗു് േുചന 

െുപാടി ഉേപയാഗി്ു തുإാറാുിയ പാ  ْ കൾ്ു സ  ുْീകാര  ْത 

ക റവായതിനാൽ അവ  പഠന ിൽ നിു؋ ؗു് പൂർണമായ ം 

ഒഴുിവുാുി.   ച,   ക ട     െുപാടി     എ ؗുിവ 

ഉേപയാഗിു്  യഥാ  ْ കമം മൂ ؗുാെമ؋യ ം നാലാെമ؋യ ം 

െുസുئ കൾ തുإാറാുി. ര؇ുില ം T 1 (90% ക ട   

െുപാടിയ ം 10% കൂൺ 

െുപാടിയ ം   )     മികതായി   തിെരട ു؋ .   

മൂ ؗു് മിക  പാ  ْ കൾ  ത ടർ പഠന ിനായി മ േുു؋ ؗുാു് 

െുകാ؇ു േുപായി. 

മരുീനി, കൂൺ പാ  ْ കളിൽ 6.85% ഈർ ؚും, 391.52 െുക 

േകലാറി 

ഊർജം, 80.60   ْ ഗാം/100   ْ ഗാം  കാർേുബാൈുേഹ  ْ ഡ9.36 ,ئ  

  ْ ഗാം/100 

  ْ ഗാം  േു  ْ പാുീൻ,  0.20    ْ ഗാം/100    ْ ഗാം  െുകാഴ ؚ,  2.86    ْ ഗാം/100  

  ْ ഗാം 

നാര കൾ, 67.00   ْ ഗാം പസാര, 67.00   ْ ഗാം അ ؗജം , 67.00   ْ ഗാം 

െുറഡ  ْ ുൂസുിങു് ഷു ഗർ /100   ْ ഗുാും

 എؗുിവ അടുിയുിു ؇ു് . 

കൂടാെുത  പാ  ْ യിൽ 54.90  mg/100g  കാൽസ  ْ ും,  3.60  mg/100g  

ഇര ്ുآ, 

12.48 mg/100g േുസാഡിയം, 40.80 mg/100g മുീഷ  ْ ും, 292.01 

mg/100g 

െുപാുാസ  ْ ും  എ ؗുി  ധുാതു ളു ും   അടുിയിു ؇ു്. 

ച,  കൂൺ  സുأി  ْ ശ  പാ  ْ യിൽ 6.67% ഈർ ؚും, 334.99 െുക 

േകലാറി ഊർും, 78.63   ْ ഗാം/100   ْ ഗാം കാർേുബാൈുേഹ  ْ ഡ്ുئ, 

9.48 

  ْ ഗാം/100   ْ ഗാം മാംസ  ْ ും , 0.39   ْ ഗാം/100   ْ ഗാം െുകാഴ ؚ, 3.60 

  ْ ഗാം/100 

  ْ ഗാം നാര കൾ, 73.39   ْ ഗാം അ ؗജം , 0 .3 7   ْ ഗാം /100   ْ ഗാം 

െുറഡ  ْ ുൂസിങ് ഷ ഗർ, കൂടാെുത പാ  ْ യിൽ 26.10

 mg/100g 

കാൽസ  ْ ും, 1.64mg/100g ഇര 6.85 ്,ുآ mg/100g േുസാഡിയം, 

56.02 mg/100g മുീഷ  ْ ും, 324.70 mg/100g െുപാുാസ  ْ ും 

എؗുിവയ ം അടുിയിു ؇ു്. 

ക ട    ,  ചിؚുി  കൂൺ സംേുയാജിത  പാ  ْ യിൽ  6.03%  ഈർؚും, 

320.69 െുക േകലാറി ഊർജം, 73.49   ْ ഗാം/100



 

   ْ ഗാം കാർേുബാൈുേഹ  ْ ഡ5.40 ,്ുئ   ْ ഗാം/100   ْ ഗാം 

മാംസ  ْ ും , 0.57   ْ ഗാം/100 

  ْ ഗാം െുകാഴ ؚ, 7.52   ْ ഗാം/100   ْ ഗാം നാര കൾ, 69.64   ْ ഗാം 

അؗജം 

/100   ْ ഗാം 2 .12 % െുറഡ   ْ ുൂസിങ് ഷ ഗർ എؗുിവ 

അട  കൂടാെുത  37.80 mg/100 g .  ുؗ ുിയിരിു

കാൽസ  ْ ും, 0.10 mg/100 g ഇര 12.03 ,്ുآ mg/100 g േുസാഡിയം, 

19.72 mg/100 g മുീഷ  ْ ും,  511  mg/100  g  െുപാുാസ  ْ ും  

എ ؗുി ധുാതു ളു ും  അട  .്ു؇ ിയിുു



 

 

തിെരട ؋       എുبാ       പാ  ْ കളില ം അؗജു؋ിന്െുറയ ം 

മാംസ ിന്െുറയ ം    ഇൻു؋    വിേു  ْ ടാ ദഹനײമ ത , 

ധുാതു ളു െുട ലഭ   ْ ത  എ ؗുിവ ഉൾെു ؚെുടയ ت  

േആരാഗ  ْ   പഠനൾ്ു വുിേുധയമുാുി. മരുീനി, 

ചി ؚുി ,കൂൺ  പാ  ْ  ْ  എ ؗുിവയിൽ      മാംസ  ിന്െുറയ ംു؋ 

അ ؗജു؋ിന്െുറയ ം       ദഹനײമ ത 

യഥാ  ْ കമം  83.10,  61.13%  ആണ്  .  ഇര ്ുآ,  കാൽസ  ْ ും,  

േുഫാ  ْ റസ്, 

മുീഷ  ْ ും എ ؗുീ ധുാതു ളു െുട ഇൻ  വിേു  ْ ടാ ലഭ   ْ ത 

യഥാ  ْകമം 37.80, 41.10, 63.17, 68.12 % ആയിര ؗു  

ച, ചിؚുി കൂൺ സംേുയാജിത പാ  ْ  ْ  യിൽ യഥാ  ْ കമം 57.76, 

61.10% മാംസ ിന്െുറയ ം  അു؋  ؗജു؋ിന്െുറയ ം ദഹന ײമ ത 

കാണുിു ؗു . കൂടാെുത ഇരു ്ുآ, കാൽസ  ْ ും, േുഫാ  ْ റസ്, 

മുീഷ  ْ ും എ ؗുീ ധുാതു ളു െുട ഇൻ  വിേു  ْ ടാ ലഭ   ْ ത 

യഥാ  ْകമം 29.40, 41.50, 83.48, 40.00 % ആയിര ؗു . കട   , ചിؚുി 

കൂൺ 

സംേുയാജിത പാ  ْ യിൽ യഥാ  ْ കമം 69.23, 52.56 ശതമാനം 

മാംസ  ْ വ ം  അ ؗജവ ം ഇൻ  വിേു  ْ ടാ ദഹന മײ  ത കാണിു  ؗു   

.  ഇര ്ുآ,  കാൽസ  ْ ും,  േുഫാ  ْ റസ്,  മുീഷ  ْ ും  എ ؗുീ  

ധുാതു ളു െുട 

ഇൻ വിേു  ْ ടാ ലഭ  ْ ത യഥാ  ْ കമം 39.00, 40.50, 69.00, 78.24% 

ആയിര ؗു . 

കുിഴ്ു െുപുാടുി /ച,  ഇടി 

 െുപുാടികൾ സുംേുയുാജുിؚുിു                                                   

നുിർുأി പുാ  ْ കൾ എ്ുഡുിപുിഇ

 കവറു കളിൽ പ ാുയു്്ു 

െുചുإ കയ ം 

സാധാരണ താപനിലയിൽ മൂ ؗു്  മാെസ؋  സംഭരണു؋ിനായി 

സുൂുײിു കയു ും െുചᅃ  ْ ു . എുبാ ര ചി

 ഗ  ുണള  ുു ം 

  ْ കമുാനു ഗതമുായുി   ക റെു  ുില ും   മുൂؗു മുാസ   

കുാലുംവെുരയു ും അതിന്െുറ സ  ْ ുീകുാര  ْ ത നുിലനുിർു؋ി .ച

 െുപുാടുി , കുൂൺ 

െുപാടി എؗുിവ സംേുയാജിؚുി പാ  ْ യ െുട കാര  ു؋ിൽ 

ക ട   േു ു ാർ, കൂൺ െുപാടി എ ؗുിവ സംേുയാജിؚുിؚുിു  

വികസിؚുിെുട ؋   പാ  ْ  ْ   െുയ  അേുപുײി്ു  മിക സ്േുകാർ   

െഉ؇ؗു്   നിരീുײിെുؚു . 

സംഭരണ സമയ ഇ ,ൾ/ച״വർ ുകുിഴ ,്ു؋ ടുി , കൂൺ 

പാ  ْ  ْ  എ ؗുിവയ െുട അ ؗജു؋ിന്െുറയ ം 

േു  ْ പാുീനിന്െുറയ ം മുئ  



 

േുപുാഷകളു െുടയു ും ധുാതു ളു െുട ഇൻ  

വിേു  ْ ടാ ദഹനײമതയു ും   ക റതായി  ക؇ു   . 

സംഭരണ  കാലയളവില ടനീളം    ْ പാണികള െുട  ആ  ْ കമണം 

ക؇ുിب. തിരെുടു ؋ പുാ  ْ കളുിെുല

 സുൂظജുീവുികളു െുട 

എ؉ും മുൂ ؗു് മുാസേു ؋ ു്   ْ പതിമുാസ

 ഇടേുവളകളുിൽ വുിലയുിരു ു؋ി 

 സു രുײിതമുായ  പരുിധുിتു ുിലാെുണ്ؗു 



 

 

െക؇ു؋ി.  മരുീനി,  കൂൺ   എ ؗുിവ  ഉേപയാഗി്ു തുإാറാുിയ 

പാ  ْ  ْ  (100   ْ ഗാം) യഥാ  ْ കമം 98.50 രൂപയ ം ച , കൂൺ , 

കട   , 

കൂൺ പാ  ْ  ْ  എؗുിവയ 

രൂപയ മാണ് വില. 

ു് യഥാ  ْ കമം 50.50 രൂപയ ം 52.00 

മരുീനുി, കട    , ചെുؚുാടുി എؗുിവ

 ഉേപയുാഗി്ു                                        

േആരുാഗ  ْ കരമുായ പുാ  ْ   ْ തുإാറാുാെുമؗു് 

 നുിലവുിെുല 

േഗവഷണം െക؇ു؋ി. പാ  ْ യിൽ കൂൺ െുപാടി

 േുചർു ؗത് 

ഉൽ ْ  ൾ  വർള െുട  േുപാഷക  ഗു ണؚؗ ിؚുു ിു  ؗു  . ഈ  

ഉൽ ْ  ൾ  വാണിജؚؗ പരമായി ലഭ   ْ മായ പാ  ْ േകളുാൾ   

േആരാഗ  ْ കരവ മാണ്. 


