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1. INTRODUCTION

Pasta is traditionally an Italian food made of refined wheat flour that has
crossed international borders and is now a popular form of fast food of India also.
The extruded product, pasta, is an excellent source of complex carbohydrates, which
provide a slow release of energy. Pasta products are widely accepted by the children
but is not accepted as a healthy food due to low nutrient content (Mishra and Bhatt,

2016).

Reasons for the enrichment of pasta have been pointed out as nutritional
improvement, use of local raw materials, and use of cereal by-products, production of
gluten-free pasta or development of products with additional health benefits (da Silva,
2013). Pasta enriched with plant derived bioactive compounds may confer health
benefits to consumers. It is possible to incorporate flours other than refined flour or
other ingredients into pasta to increase its nutritive value and antioxidant properties
(Padalino et al., 2017). The demand for pasta enriched with functional ingredients
such as cereal bran, vegetables, fruits and pseudo cereals are increasing due to its
health benefits (Meena et al., 2019). As a food rich in complex carbohydrates with
low glycemic index, pasta is gaining wide acceptance in the recent years and research

on development of functional pastas is gaining momentum.

Jackfruit is one of the most popular tropical fruits grown in India and
profusely bearing in homesteads of Kerala. The jackfruit bulb and seeds are not fully
utilized and faces postharvest losses. It is worthwhile to utilize the edible seeds and
bulb by processing it into flour for the production of acceptable products which will
help to increase the utilization of jackfruit among consumers (Collins, 2006).
Jackfruit is an underutilized crop which is not considered as a commercial fruit crop
due to its lower shelf life and inadequate post handling facilities in the regions they

are grown (Ranasinghe ef al., 2019).



Jack fruit seeds make up around 10-15 percentage of the total fruit weight and
have high content of carbohydrate, protein, dietary fibre, vitamins, minerals and
phytonutrients. Jackfruit seed flour has high water absorption capacity, bulk density
with less gelation capacity of 17 percentage (Abraham and Jayamuthunagai, 2014).
Jackfruit bulb and seed are rich in carbohydrates, proteins, fibre and other bioactive
compounds and can be utilized for the development of value added products with

health benefits.

Hence the present study entitled ‘Development of functional jackfruit pasta’ was
conducted with the objective to develop functional pasta from jackfruit bulb and seed
flour enriched with vegetables and to study the storage stability.
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2. REVIEW OF LITERATURE

Development of food with additional health benefits is gaining importance
nowadays and functional food sector is growing rapidly. The present study focused on
developing functional pasta from jackfruit bulb and seed flour and with addition of
vegetables to improve the nutritional quality. The research work on jackfruit pasta is
meager and this chapter describes the research work done in the development of

extruded products with functional properties in previous years.

2.1. JACKFRUIT AND ITS HEALTH BENEFITS

Jackfruit (Artocarpus heterophyllus Lam.) is the biggest tree born fruit in the
world. The word * Artocarpus’ is derived from the Greek words “artos” meaning (bread)
and “carpos” meaning (fruit). The fruit received its name “jackfruit” from the
Portuguese word “jaca” which was actually derived from the malayalam word “chaka”

(Bailey, 1949).

Jackfruit is known for its nutritional and health benefits. It is rich in
carbohydrates, dietary fibre, proteins, minerals, vitamins, phytochemicals with higher
antioxidant activity and less calories (Amit and Ambarish, 2010). Jackfruit pulp and
seeds contain more protein, calcium, iron thiamine and it also possess anticarcinogenic,
antimicrobial, antifungal, anti-inflammatory, wound healing, and hypoglycemic

properties when compared to other tropical fruits (Ranasinghe et al., 2019).

Every 100g edible portion of unripe jackfruit bulb contains 76.2 to 85.2g of
water, 2.0 to 2.6g of protein, 0.1 to 0.6g of fat, 9.4 to 11.5g of carbohydrates, 2.6 to
3.6g fibre, 0.9% total minerals, 30.0 to 73.2mg calcium, 20.0 to 57.2mg phosphorous,
287 to 323mg potassium, 3.0 to 35.0mg sodium, 0.4 to 1.9mg iron, 30 IU vitamin A,
0.05 to 0.15mg thiamine, 0.05to 0.2mg riboflavin and 12.0 to 14.0 mg vitamin C(Azad,
2000).



Jackfruit seeds constitute about 10-15% of the fruit weight which have
considerable nutritional and health benefits. The seeds are being underutilized due to
the problems faced during the processing and storage, which eventually leads to the

massive wastage annually (Waghmare et al., 2019).

Every 100g edible portion of jackfruit seed contains 51.0 to 64.5g of water, 6.6
to 7.04g of protein, 0.40 to 0.43g of fat, 25.8 to 38.4g of carbohydrates, 1.0 to 1.5g
fibre, 0.9 — 1.2% total minerals, 50.0mg calcium, 38.0 to 97.0mg phosphorous, 246mg
potassium, 63.2mg sodium, 1.5mg iron, 10 to 17 IU vitamin A, 0.25mg thiamine,
0.11to 0.3mg riboflavin and 11.0 mg vitamin C (Azad, 2000).

According to Ranasinghe et al. (2019) every 100g of edible portion of jack fruit
provide about 95 calories and is a good source the antioxidants and vitamins
(13.7mg).Jackfruit seeds are rich source starch, protein and fibre. They also provide
many minerals such as N, P, K, Ca, Mg, S, Zn, Cu, etc. Jackfruit seed flour is used as

alternative flour along with wheat flour in bakery and confectionary.
2.2. PASTA AS A CONVENIENCE FOOD

Pasta and noodles are the most popular extruded products. The word extrusion
is originated from the Latin word, ‘Extrude’ meaning ‘press’ or ‘push out’. Pasta is
generally prepared by the method of cold extrusion where the pasta dough is extruded
through the die at high pressure and vacuum. Traditional cooking methods will lead to
deterioration of nutritional quality due to high temperature’ during the cooking process
(Guy, 2001). While in extrusion cooking reduction in nutrient destruction along with
starch and protein digestibility is obtained (Plahar ez al., 2003). Oxidation of pigments,
enzymatic reduction, oxidative decompositions and appearance of bubbles in the dough
can be minimized by maintaining vacuum. Advantages of extrusion include low
production cost and production of end products with various shapes and sizes (Riaz et
al., 2007). During extrusion heating of food products along with creation of a cooked

and shaped food product is accomplished and it is defined as a process where



moistened, starchy and protein rich foods are cooked and made into a plastic like
dough.

Extrusion enhances mineral absorption thus reducing the anti-nutritional factors
and polyphenols. Due to wearing of metallic pieces like screws of the extruder, iron
content was found to increase in the extruded products (Alonso et al., 2001). Extrusion
cooking solubilizes some fibre components without significant change in dietary fibre
content. In several conditions an increase in dietary fibre content was observed as in
case of barley flours (Vasanthan et al., 2002). During the process of extrusion, fat
splitting enzymes get destroyed, prevents rancidity and shelf life of products increases
(Kumari, 2015). Singh et al. (2007) reported that extrusion prevents free fatty acid
release by denaturation of hydrolytic enzymes, prevents lipid oxidation which has
negative influence on the nutritional and sensory qualities, while carotenoids,

tocopherol and ascorbic acid decreased with increase in extrusion temperature.

Pasta is traditionally an Italian food made of refined wheat flour that has crossed
international borders and is now a popular form of fast food of India also. The extruded
product, pasta, is an excellent source of complex carbohydrates, which provide a slow
release of energy. Pasta products are widely accepted by the children but are not
accepted as a healthy food due to low nutrient content (Mishra and Bhatt, 2016).

Convenience and palatability make pasta more popular worldwide and is
gaining popularity among the common man in India too (Gull et al., 2015). Nutritional
fortification has been attempted in pasta by several researchers to impart different
nutritional/ functional attributes to the products. Fortification of pasta with legume
flours (Bahanassey and Khan, 1986; Petitot e al., 2010), dietary fibre (Tudorica et al.,
2002), banana flour (Ovando-Martinez et al., 2009) have been studied.

The word ‘pasta’ is an Italian word meaning ‘dough’ and is the staple food of
Italy and is a healthy food with low fat, high carbohydrate and high protein content
(Simmons, 1988). There are mainly two types of pasta viz., fresh pasta and dried pasta.

Fresh pasta possess eggs, higher water content, lesser cooking time, reduced shelf life



and are softer than dried pasta since they are made with eggs. Fresh pasta has to be
refrigerated till use. Dried pasta does not contain egg, has low water content and
possess a higher shelf life when compared to fresh pasta (Padmaja et al., 2015).
Commercial pasta is mainly made of durum wheat semolina flour which is rich
in gluten type of proteins which provides yellow colour to the pasta (Sissons et al.,
2004). Gluten helps in entrapping of starch granules during the mixing and extrusion
of pasta dough. The structure of pasta is maintained by the visco-elastic network
created by starch swelling during cooking of pasta which prevents cooking loss
(Padmaja et al., 2015).Extrusion of pasta results in starch gelatinization, protein
denaturation, inactivation of raw food enzymes which are responsible for deterioration
during storage, destruction of trypsin like naturally occurring toxic substances and

reduction of microbial count in the end product (Harper, 2019).

2.4, ENRICHED PASTA

Pastas enriched with plant derived bioactive compounds may confer health
benefits to consumers. It is possible to incorporate flours other than refined flour or
other ingredients into pasta to increase its nutritive value and antioxidant properties
(Padalino et al., 2017).

Enrichment of pasta with broccoli yielded pasta rich in phytochemicals with
additional health benefits (da Silva, 2013). Padalino et al. (2013) reported that gluten-
free spaghetti based on maize flour and different vegetable flours like artichoke,
asparagus, pumpkin, zucchini, tomato, yellow pepper, red pepper, green pepper, carrot,
broccoli, spinach, eggplant and fennel can influence homogeneity, color, fibrous, taste,
odor and overall quality of the dry spaghetti.

Pastas enriched with elderberry juice concentrate and dietary fibre resulted in
bioactive enhanced pastas (Sun-Waterhouse ef al., 2013). Das and Nirmala (2014)
focused on the incorporation of fruit pulp viz., jackfruit, papaya, banana along with

other ingredients such as green gram flour, wheat flour and tapioca starch for the



production of pasta. Jin et al. (2014) reported that production of pasta enriched with
vegetables help to increase vegetable intake and dried pasta is a very good matrix to
stabilize phytochemicals that otherwise, in fresh vegetables, are easily degraded during
storage, transportation etc. Slinkard (2014) studied the effects of non-traditional flours
like quinoa and chickpea flours on cooking quality, texture, composition, and consumer
acceptance of pasta and found acceptable.

Grape marc enriched spaghetti showed higher total phenolic and flavonoid content
and higher antioxidant activity than the control pasta (Marinelli et al., 2015). Oliviero
and Fogliano (2015) reported that vegetable pasta can significantly contribute to the
recommended vegetable intake per day. Se,czyk et al. (2015) reported that fortification
with parsley leaves improved the nutraceutical and nutritional potential of the pasta.
Anyobodeh et al. (2016) found out that composite flour of cassava and wheat could be
used for pasta production. Dried amaranth leaves and amaranth seed flour are used as
ingredients for functional pasta production (Cardinas-Hernandez et al., 2016). Pasta
prepared by replacing 20% of semolina with native and fermented quinoa flour
improved nutritional composition of pasta (Lorusso et al., 2016). Mishra and Bhatt
(2016) developed pasta with ginger powder having more nutraceutical properties.
Padalino et al. (2017) studied the addition of tomato peel flour to spaghetti and found
that upto 15% of tomato peel incorporation increased carotenoid content and dietary
fibre as compared to the control sample.

2.4.1. Nutritional benefits of amaranthus

Amaranth leaves and grains are a rich source of antioxidants (Barba de la Rosa
et al, 1992; Jung et al, 2006).Amaranth is a rich source of fiber, protein, and
cholesterol lowering substances (Johns and Eyzaguirre, 2007). Nutritive value of
amaranth as a pseudo cereal and its use as gluten free functional ingredient was studied
by Alvarez-Jubete et al. (2010). Mlakar et al. (2010) stated that amaranthus possess
high quality grains and is used a leafy vegetable. Chlopicka et al. (2012) reported an

increase in total phenols, flavonoids and antioxidant activity of amaranth enriched

)
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bread with decreased sensory acceptability. Venskutonis and Kraujalis (2013) reported
that pseudocereals can be used to prepare gluten free products with acceptable sensory

qualities for people suffering from celiac disease.

Amaranth leaves possess 2.5 to 3.5g protein, 0.31 to 0.5g of lipids,4-6g of
carbohydrates, 2.3 to 3.21mg of iron, 215 to 260mg calcium and 43 to 55 mg of vitamin
C (Uusiku ef al., 2010). Compared to other conventional cereal crops, grain amaranth

possess higher protein, amino acid, minerals and vitamins (Topwal, 2019).
2.4.2. Nutritional benefits of beetroot

Beetroots (Beta vulgaris) are rich in valuable, active compounds such as
betacyanines (Patkai et al., 1997), glycine, betaine, (de Zwart et al., 2003), folates
(Jastrebova et al., 2003), saponins (Atamanova et al., 2005), betanin, polyphenols,
flavonoids (Vali et al., 2007) and carotenoids (Dias et al., 2009).

Betalains, the natural pigments present in beetroots can prevent cancer
incidence (Kapadia et al.,, 1996), exhibit antimicrobial, antiviral activities (Strack et
al., 2003), inhibit human tumor cell proliferation (Reddy et al., 2005) and antioxidant
activities (Singh and Hathan, 2014).

2.4.3. Nutritional benefits of carrot

Carrot contains minerals such as Fe, Mg, Ca and P (Sharma et al., 2012),
bioactive compounds like carotenoids, phenolic compounds (Leja et al., 2013) and
carbohydrates, They are rich source of antioxidants like B carotene, possess

anticarcinogenic and immune boosting properties (Fiedor and Burda, 2014).

Chu et al. (2002) reported that carrots release about half of their phytochemicals
in the colon region. They contain phytochemicals, vitamins and provitamins which are
important sources in preventing chronic diseases like cancer, diabetes and
cardiovascular diseases (Jamuna et al., 2011). Carotenoids present in carrots are source

of antioxidants which can neutralize free radicals (da Silva, 2013).

au



Zaini ef al. (2011) stated that falcarinol and j carotene in carrot can inhibit the
progression and kill leukemia cells. da Silva (2014) reported that carrot juice possess
anti-diabetic, anti-hypertensive, cholesterol lowering and cardiovascular disease

lowering properties.
2.4.4. Cooking quality characteristics of enriched pasta

Bately and Curtin (2000) reported that protein quality of pasta and starch
pasting properties influences cooking loss of pasta. Tudorica et al. (2002) stated that
the uneven distribution of water in the macaroni matrix and fiber content disrupted the
protein-starch network which resulted in an increase in cooking loss. Pasta enriched
with inulin showed an increase in cooking loss with increase in level of inulin addition
(Brennan et al., 2004). Manthey et al. (2008) reported that non-wheat ingredients led
to discontinuous gluten matrix which eventually weakened dough properties which
resulted in high cooking loss of extruded products. Total solids present in the gruel
after cooking of macaroni was referred as cooking loss by Fu (2008) and Tan et al.
(2008). Perez and Perez (2009) reported an increased in cooking loss with addition of
cassava flour and beetroot juice in conventional wheat pasta. Incorporation of mango
peel powder in macaroni increased the cooking loss from 5.84% to 8.71% (Ajila et al.,
2010). . Cooking loss of pasta enriched with flaxseed flour was in the range 0f6.10 to
9.45g 100g! was recorded by Konidena (2011). Aravind et al. (2012) reported that the
starch-gluten network of the non-conventional pasta will be negatively affected by
allowing the leaching of more gelatinized starch from the non-conventional pasta
during cooking. Padalino et al. (2013) in a study on incorporating semolina pasta with
yellow pepper flour found an increase in cooking loss due to starch gelatinization. In a
comparative study of carrot, beetroot, tomato and spinach puree enriched pasta by
Rekha et al. (2013) tomato enriched puree showed the highest cooking loss of 8.4%
which was followed by beetroot pasta with 7.4% and carrot and spinach pasta with
7.1%. Elderberry juice on addition to semolina pasta recorded a cooking loss of 5.98

to 8.06% (Sun-Waterhouse et al., 2013). An increased cooking loss on addition of



chickpea and quinoa flour was observed by Slinkard (2014).Pasta enriched with millet
flour and carrot pomace recorded an increase in cooking loss of 10.00% to 24.40%
(Gull et al., 2015). Ovando-Martinez et al. (2009) reported that the cooking loss of
unripe banana flour enriched spaghetti increased with increase in level of substitution
of banana flour. According to Padmaja et al. (2015) cooking loss of pumpkin fortified
cassava-maida pasta ranged from 9.77% to 11.10% and pumpkin fortified cassava-rice
pasta ranged from 9.10% to 10.24%. Cassava with carrot énd beetroot as additives
showed a cooking loss ranging from 7.55 to 14.54%.There was a significant increase
in the cooking loss of the amaranth flour substituted pasta with the increase in level of
substitution of amaranth leaf flour (Cardinas-Hernandez et al., 2016). Padalino et al.
(2017) revealed that the cooking loss of tomato peel enriched spaghetti ranged from
9.00% to 9.30% which was lower than the control pasta. Minarovi¢ova et al. (2018)
reported an increase in cooking loss with increase in addition of celery root powder and

sugar beet pulp powder.

Incorporation in pasta will lead to dilution of gluten network which helps
diffusion of water easily through the dough matrix thereby reducing the cooking time
(Chillo et al., 2007). Cooking time of wheat pasta decreased with the addition of dried
amaranthus leaf flour (Borneo and Aguirre, 2008). Pasta enriched with carrot leaf meal
showed an increase in water absorption with increase in leaf meal concentration in
pasta (Boroski ef al., 2011). Aravind et al. (2012) reported reduction in cooking time
of non-conventional pasta which is probably due to the reduction of gluten content and
resulting inhibition of gluten development. Giménez et al. (2012) revealed that with
the cooking time of spaghetti enriched with 35% broad bean flour was lesser than the
control wheat spaghetti. Decrease in water absorption (131%) of spaghetti enriched
with yellow pepper flour compared to the control spaghetti (141%) was observed by
(Padalino et al., 2013). According to Abraham and Jayamuthunagai (2014) jackfruit
seed flour possess good water absorption capacity. Rekha et al. (2013) reported lesser

cooking time for pasta enriched with vegetables like carrot, beetroot, amaranthus and
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tomato. Sun-Waterhouse et al. (2013) explained that the amount of water absorbed by
pasta is determined by the openness in the gluten structure of pasta and increase in
elderberry juice concentrate in the wheat pasta led to increase in water absorption of
the developed pasta. In a study conducted by Cemin et al. (2014) on enriching fresh
pasta with broccoli leaves and spinach leaves water absorption of 183.9 and 182.6%
was observed. Water absorption of pasta developed with multigrain flour decreased
upon addition of non-wheat ingredients and it ranged from 260.30 to 158.60% (Gill,
2014). A decrease in cooking time of 11.5 minutes was observed for quinoa fortified
pasta by Slinkard (2014).Marinelli ez al. (2015) stated a decrease in cooking loss for
grape marc enriched spaghetti compared to the control spaghetti. Cardinas-Hernandez
et al. (2016) reported that with the addition of amaranth leaf flour to the conventional
wheat pasta the cooking time of the non-conventional pasta decreased. Cooking time
of pasta enriched with ginger powder was found to be less than the control samples
(Mishra and Bhatt, 2016). Pasta enriched with celery root pasta and sugar beet pulp
powder showed an increased cooking time of 4.80 to 6.75% and 6.52 and 6.68%
respectively and the cooking time decreased with increase in addition of additives

(Minarovicova et al., 2018).

Swelling index ranged from 1.06% to 3.15% with no significant difference
among the treatments. In a study conducted by Ajila et al. (2010) on incorporating
mango peel powder in macaroni observed decrease in swelling index with increase in
concentration of mango peel incorporated. Konidena (2011) reported a swelling index
of 2.71 to 4.56g g’ for pasta enriched with flaxseed flour. Swelling capacity of sweet
potato flour incorporated sorghum pasta ranged from 4.79 to 5.21ml g which was
higher than the control sorghum pasta with 4.49 ml g swelling index (Beerelly, 2012).
da Silva (2013) reported 7.6 times increase in swelling index of broccoli enriched pasta.
Swelling index of gluten free pasta increased with addition of yellow pepper flour to
the pasta (Padalino et al., 2013).Study conducted by Rekha et al. (2013) on influence
of vegetable purees on quality attributes of pasta reported that beetroot enriched bread



wheat pasta had a higher swelling index of 1.53% when compared to carrot (1.44%),
spinach (1.32%) and tomato (1.24%) puree enriched pasta. Marinelli et al. (2015)
reported a reduction in swelling index with the addition of grape marc in spaghetti.
Swelling index of pumpkin fortified cassava pasta ranged from 2.24 to 2.41% in
cassava- maida pasta and 2.03 to 2.56% in cassava- rice pasta (Padmaja et al.,
2015).They also reported that the swelling index of cassava pasta with carrot and
beetroot as additives ranged from 1.72 to 2.51%. Padalino et al. (2017) reported that
swelling index of tomato peel enriched spaghetti was lesser when compared to the

conventional wheat spaghetti.

Functional properties of food stuff possess a direct relation with the hydration,
dispersibility, water absorption and viscosity in foods. Borneo and Aguirre (2008)
reported a cooking time of 3.1min for pasta enriched with dried amaranth leaf flour.
According to Beerelly (2012) cooking time of sorghum pasta decreased with the
addition of sweet potato flour and it ranged from 11 to 13 min. With the increase in
level of substitution of broad bean flour in the spaghetti there was an increase in level
of cooking loss Giménez et al. (2012). In a study conducted by Padalino et al. (2013)
on developing gluten free spaghetti with incorporation of vegetables, it was found that
addition of yellow pepper flour decreased the optimum cooking time than the control
pasta. According to Rekha et al. (2013) on comparing the different vegetable puree
enriched bread wheat pasta, beetroot puree enriched pasta showed a higher water
absorption of 118.80% followed by carrot (116.50%), spinach (116.30%) and tomato
(105.80%) puree enriched pasta. Cemin et al. (2014) observed a water absorption of
183.90% and 182.60% for broccoli and spinach leaf enriched pasta. Das (2014)
reported a cooking time of 12.50 min for pasta prepared from jackfruit pulp. Pasta
enriched with multigrain recorded an increase (7.05 min to 8 min) in cooking time as
compared to pasta made from durum wheat semolina which might be due to the
decrease in amount of wheat and increase in proportion of other cereals used in pasta

(Gill, 2014). Addition of grape marc to the spaghetti decreased the water absorption of



spaghetti (Marinelli et al., 2015).Cooking time of pasta developed using non wheat
whole grains ranged between 10.30 to 12.02 min was reported by Dolly (2016).
Padalino et al. (2017) reported a decrease in water absorption in tomato peel enriched
spaghetti compared to the control pasta ranging from 140.00% to 158.00%. Pasta
enriched with celery root powder ranged between 60.16% to 76.53% and sugar beet
pulp powder 70.10% 76.21% (Minarovic¢ova et al., 2018).

2.4.5. Nutritional parameters of enriched pasta

Ovando-Martinez et al. (2009) observed increase in starch content from 72.48%
to 78.90% in pasta enriched with unripe banana flour. Prabhashankar et al. (2009)
reported a decrease in carbohydrate content on addition of Japanese sea weed. Pasta
enriched with mango peel powder increased the carbohydrate content of pasta upto
80.70% (Ajila et al., 2010). Petitot et al. (2010) observed a starch content of 44.4 and
47.9g 100g " for pasta enriched with faba bean and split pea flour. A decrease in starch
content with addition of broccoli leaves was observed by da Silva (2013).These results
are in line with the findings of Devi (2015) in the development of jackfruit pasta using
jackfruit bulb and seed flour where pasta developed from jackfruit bulb showed a
higher carbohydrate content than pasta developed from jackfruit seed flour.
Carbohydrate content of 66.57g 100g™! to 68.89g 100g! was observed in millet flour
and carrot pomace enriched pasta (Gull et al., 2015). An increase of starch content and
total sugars were observed in a study on enriching pasta with cassava flour and effect
of different starches in enhancing the resistant starch content of sweet potato spaghetti
by Padmaja et al. (2015) and reported that addition of lentil starch, black gram starch
and sweet potato starch increased the starch content of the pasta and it ranged from
72.19 to 81.30%. Cardinas-Hernandez et al. (2016) observed a decrease in
carbohydrate content with the addition of amaranthus leaf flour in pasta. Incorporation
of non-wheat whole grains in pasta led to decrease in carbohydrate content of
conventional pasta and it ranged from 63.10 to 63.26% (Dolly, 2016). Starch content

decreased with increase in addition of quinoa flour in pasta (Lorusso et al.,



2016).Nataraja (2018) in a study on developing pasta with sprouted grains reported a
decrease (65.62 to 69.71%) in carbohydrate content of pasta as compared to the control

pasta (72.12%) with increase in concentration of sprouted grains.

Pasta enriched with Japanese seaweed, wakame (Undaria pinnatifida) recorded
an increase in protein content of 18.92 to 21.68% with increase in sea weed
concentration (Prabhashankar et al,, 2009). Increase in protein content of 3.6% was
observed on addition of mango peel powder by Ajila et al. (2010). Jackfruit seed is a
rich source of protein and Ocloo et al. (2010) reported 13.50% of protein in jackfruit
seed flour. Pasta enriched with split pea and faba bean flour recorded an increased
protein content of 21.4 to 29g 100g!(Petitot e al, 2010). Giménez et al. (2012)
reported that with the increase in addition of broad bean flour to wheat flour the protein
quality of the enriched pasta increased due to higher lysine content. The proposed ratio
of leguminous: cereal protein being 30:70; 58% of protein substitution proved to be the
greatest benefit. Rekha et al. (2013) reported that there was no variation in the protein
content of the different vegetable puree enriched pasta. Das (2014) developed jackfruit
pasta from jackfruit pulp reported a protein content of 8.05 g 100g. Slinkard (2014)
reported an increase in protein content in pasta fortified with chickpea and quinoa flour.
Protein content of 10.06 to 16.95g 100g" was observed for pasta developed from
jack fruit bulb flour, jackfruit seed flour and cassava flour (Devi, 2015). Protein content
0f0.70 to 7.3 g 100g™! was observed by Gull ez al. (2015) on enriching pasta with carrot
pomace and millet flour. Kumari (2015), reported a protein content of 11.50% to
13.49% for noodles made from jackfruit bulb flour. According to Cardinas-Hernandez
et al. (2016) the protein content of the pasta enriched with amaranth flour and amaranth
leaves was higher compared to the semolina pasta. Protein content increased with the
addition of quinoa flour on pasta (Lorusso et al., 2016). Padalino et al. (2017) reported
that there was a decrease in protein content in tomato peel enriched spaghetti compared
to control spaghetti (10.00% to 10.35%).Minarovicova et al. (2018) reported a protein
content of 7.72% for celery root powder enriched pasta and 10.31% for sugar beet pulp



powder enriched pasta. Nataraja (2018) stated that an increase in protein content in

wheat pasta could be observed with the addition of sprouted grains in pasta.

Addition of mango peel powder at 2.5,5 and 7.5% increased the carotenoid
content to 26.5,41 and 84 pg 100g™! (Ajila et al., 2010).Beerelly (2012) observed an
increase in orange colour of sweet potato flour enriched sorghum pasta due to the
increase in carotenoid content in sweet potato. Rekha ef al. (2013) reported an increase
in carotenoid content with addition of vegetable purees like carrot, beetroot,
amaranthus and tomato. Das (2014) reported an increase in B carotene content for
jack fruit pulp incorporated pasta. Padmaja et al. (2015) found that the total carotenoids
in the pumpkin fortified cassava pasta ranged from1.5 to 1.8 mg 100g™'. Cassava pasta
with carrot and beetroot as additives reported a retention of 65% carotenoid after one
month of storage. Padalino ez al. (2017) reported that incorporation of tomato peel into
spaghetti samples increased the carotenoid content of the spaghetti with increase in

level of substitution.

Jackfruit bulb and seed flour are rich source of fibre and Ocloo et al. (2010)
reported a crude fibre content of 3.16% in jackfruit seed flour. Fibre content of pasta
enriched with split pea and faba bean flour increased to 13.4 and 7.3 g 100g™! (Petitot
et al., 2010) . With the addition of every 10% of broad bean flour, fibre content in
spaghetti increased by 2% (Giménez ef al., 2012). Spinach enriched pasta had a higher
fibre content of 3.3% when compared to carrot (2.9%), tomato (2.9%) and beetroot
(2.7%) enriched pasta (Rekha e al., 2012). Pasta prepared from jackfruit pulp recorded
a crude fibre content of 1.61g 100g™! (Das, 2014). Spinach enriched pasta had a higher
fiber content of 3.3% when compared to carrot (2.9%), tomato (2.9%) and beetroot
(2.7%) enriched pasta. An increase in fiber content with increase in chickpea flour was
observed by Slinkard (2014).Devi (2015) recorded a crude fibre content in the range of
3.54% to 4.50% for jackfruit pasta. Kumari (2015) reported that crude fibre content of
jackfruit noodles ranged from 4.57% to 5.42%. Fibre content of the pasta incorporated

with amaranth flour and amaranth leaves were higher compared to the conventional



semolina pasta (Cardinas-Hernandez et al., 2016). Mishra and Bhatt (2016) reported
an increase in fiber content on addition of ginger powder. Lorusso ef al. (2016) stated
adecrease in fiber content with the addition of quinoa flour. Fibre content of the tomato
peel enriched spaghetti found to increase from 16.80% to 22.67% compared to the
control samples (Padalino et al., 2017). Addition of micronutrients in conventional
pasta enhanced the fibre content of pasta from 7.61 to 22.32% (Sharma, 2017) .Fibre
content of pasta increased with the addition of sprouted whole grains like wheat, maize,

soybean and bengal gram and it ranged from 8.76 to 9.23% (Nataraja, 2018).

Gupta et al. (2011) reported that jacalin present in the seeds of jackfruit is a rich
source of antioxidant. Jackfruit bulb and seeds are considered as an excellent source of
antioxidants as reported by Shanmugapriya et al. (2011); Gat and Ananthanarayan
(2015); Maurya and Mogra (2016) which might have contributed to the increased
antioxidant activities of developed jackfruit pasta. Pasta enriched with elderberry juice
concentrate showed an increase in antioxidant activity compared to the control samples
(Sun-Waterhouse et al, 2013). The anti-oxidant capacity of unripe banana flour
enriched pasta increased with increase in level of substitution (Ovando-Martinez et al.,
2015).Marinelli et al. (2015) also reported an increase in antioxidant content with
addition of grape marc in spaghetti. Cardinas-Hernandez et al. (2016) reported that
there was an increase in total phenolic content in amaranth flour and amaranth leaf
incorporated pasta compared to the conventional semolina pasta which will eventually
contribute to the increase in antioxidant activity of the incorporated pasta. Antioxidant
capacity of the incorporated pasta decreased during the cooking process compared to
the semolina pasta. The smaller size of the amaranth starch granules are more water
soluble than the wheat starch granules which produces bioactive compounds in food
matrix which can be leached during the cooking process. Se, czyk et al. (2015) reported
that addition of parsley leaves in wheat pasta increased the antioxidant potential of the

pasta with increase in concentration of leaf incorporated. Armellini et al. (2018)

N



reported an increase in antioxidant activity of pasta enriched with saffron (Crocus

sativus L.).
2.4.6. Textural characteristics

Edwards et al. (1993) reported that internal structure of the cooked product
decides hardiness of pasta and surface properties determines adhesiveness of pasta.
Texture of the pasta is determined by gelatinization of starch and coagulation of protein
(Steffe, 1996). Brennan et al. (2004) in a study on enriching pasta with inulin reported
a decrease in pasta firmness with addition of inulin. del Nobile et al. (2005) observed
that the protein level in the pasta has influence of the hardness of pasta. Firmness of
pasta enriched with broad bean flour increased with incorporation (Giménez et al.,
2012). Rekha et al. (2013) stated that firmness of pasta decreased with the addition of
vegetable purees viz., carrot, tomato, beetroot and amaranthus. Pasta fortified with
chickpea and quinoa flour showed an increased hardness and adhesiveness and
decreased firmness with the increase in concentration of quinoa flour (Slinkard, 2014).
Yadav et al. (2014) reported that the firm texture of vegetable incorporated pasta is due
to the addition of non-starchy nature of vegetables. An increase in hardness for quinoa
enriched pasta was observed by Lorusso et al. (2016). The tomato peel spaghetti

showed poor and higher firmness compared to control pasta. (Padalino et al., 2017).
2.4.7. Sensory qualities

Boroski et al. (2011) reported that sensory acceptance of pasta enriched with
oregano and carrot leaf meal decreased with increasing concentration of oregano and
carrot leaf meal. Rekha ef al. (2013) in a study on enriching pasta with vegetable purees
observed that appearance, mouthfeel and overall acceptability was the highest for pasta
enriched with carrot puree compared to beetroot, amaranth and tomato pasta. Gill
(2014) reported a decrease in sensory acceptance of pasta enriched with multigrain in
terms of appearance, texture, flavour and acceptability compared to control durum

wheat pasta. Pasta enriched with chickpea and quinoa flour showed a decreased



consumer acceptance when compared to the control pasta (Slinkard, 2014).A slight
decrease in overall accessibility of grape marc enriched pasta was observed by
Marinelli et al. (2015). Cardinas-Hernandez (2016) reported there was a decrease in
acceptance of pasta incorporated with amaranth flour and amaranth leaf with increase
in concentration. Pasta enriched with tomato peel showed significantly lower sensory
quality compared to traditional semolina pasta. Padalino et a/.(2017) found that there
was an increase in elasticity and adhesiveness for tomato peel enriched pasta compared
to control pasta and a decrease in overall acceptability compared to the control pasta.
Addition of non-wheat ingredients in pasta led to decreased sensory acceptance in

studies conducted by Sharma (2017) and Nataraja (2018).
2.4.8. Storage stability characteristics

Storage stability studies of macaroni enriched with wheat germ for cooking
quality characteristics was studied by Ilkay- Pinarli et al. (2004). Cooking quality
remained constant and sensory score remained acceptable for storage period for
noodles with cocoa, wheat and mung flour, pasta with variable cereal bran (Payumo et
al., 1969; Kaur et al., 2011).For cooking time, cooking loss, water absorption and
swelling index there was no significant difference observed during the storage period

(Manthey et al., 2008; Kaur et al., 2011).

Decrease in carotenoid content during storage for sweet potato and soy flour
added noodles was observed by Pangloli et al. (2000). Herken et al. (2007) reported
decrease in total antioxidant activity of macaroni enriched with cowpea flour during
storage of six months. Wani ef al. (2011) reported decrease in crude fibre content,
protein content and carbohydrate content during storage of roasted wheat and
cauliflower leaf powder noodles. Yadav et al. (2014) reported that vegetable blended
pearl millet pasta recorded acceptable sensory quality throughout the storage period of

three months.



Yadav et al. (2014) analyzed total microbial count of pearl millet pasta enriched
with vegetables and found that yeast and mold count were absent throughout the
storage period. Kumari (2015) reported that there was no bacterial and fungal growth
observed for noodles enriched with jackfruit during the first month of storage period

but an increase in fungal growth was observed during second and third months of

storage period.
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3. MATERIALS AND METHODS

The materials used and methodologies adopted during the investigation
“Development of functional jackfruit pasta” conducted with the objective to develop
functional pasta from jackfruit bulb (flakes) and seed flour enriched with vegetables

and to evaluate the quality of the product during storage are described in this chapter.
3.1 DEVELOPMENT OF JACKFRUIT PASTA

The experiment was conducted at Department of Post Harvest Technology,
College of  Agriculture, Vellayani, Kerala  Agricultural  University,
Thiruvananthapuram during the year 2017-2019.

3.1.1. Selection of raw materials

Fully matured varikka jackfruit (90-110 days after fruit set) of good quality
were taken from Instructional farm, Vellayani. The bulb (flakes) and seeds were
separated, blanched, dried and powdered to get jackfruit bulb (flakes) flour and seed

flour.
3.1.2. Preparation of flour
3.1.1.1 Preparation of jackfruit seed flour

The fresh and fully matured but un-ripened jackfruits were selected; bulb
(flakes) and seeds were separated by cutting the fruit. Jackfruit seeds were washed and
the outer cover was removed blanched, dried in hot air oven at 60-70°C and pulverized

to fine powder (Plate 1).

3.1.1.2 Preparation of jackfruit bulb (flakes) flour
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DRIED JACKFRUIT BULB DRIED JACKFRUIT SEED

PASTA DOUGH

Plate 1. Preparation of jackfruit pasta



The separated jackfruit bulb (flakes) were washed and made into uniform sized

small pieces, blanched, dried in hot air oven at 60-70°C and pulverized to fine powder.

3.1.1.3 Preparation of cassava flour

Cassava tubers harvested from CTCRI, Sreekaryam were cleaned and outer and
inner skin was removed manually. Then the tubers were washed and grated using
‘Tapioca french fry cutter’. The grated cassava was sun dried till they become ready

for powdering. Later it was pulverized into fine powder in cassava grinding machine.

3.2 DEVELOPMENT OF JACKFRUIT PASTA

Jackfruit bulb (flakes) flour and seed flour were used for the development of
jackfruit pasta in different combinations along with cassava flour replacing a portion
of refined flour contributing to 65% of total ingredients. The remaining 35% of total
ingredients will be kept as constant with refined wheat flour, soy flour and cassava

starch which were procured from supermarket (Plate 2).

T1 Jackfruit bulb (flakes) flour (30%) + cassava flour (35%)
T2 Jackfruit bulb (flakes) flour (40%) + cassava flour (25%)
T3 Jackfruit bulb (flakes) flour (50%) + cassava flour (15%)
T4 Jackfruit seed flour (30%) + cassava flour (35%)

TS5 Jackfruit seed flour (40%) + cassava flour (25%)

T6 Jackfruit seed flour (50%) + cassava flour (15%)

T 7 Jackfruit bulb (flakes) flour (15%) + Jackfruit seed flour (15%) + cassava flour
(35%)
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T8 Jackfruit bulb (flakes) flour (20%) + Jackfruit seed flour (20%) + cassava flour
(25%)

T9 Jackfruit bulb (flakes) flour (25%) + Jackfruit seed flour (25%) + cassava flour
(15%)

T10 Jackfruit bulb (flakes) flour (10%) + Jackfruit seed flour (30%) + cassava flour
(25%)

T11 Jackfruit bulb (flakes) flour (20%) + Jackfruit seed flour (30%) + cassava flour
(15%)

T12 Jackfruit bulb (flakes) flour (30%) + Jackfruit seed flour (20%) + cassava flour
(15%)

The kneaded pasta dough was extruded using single screw extruder La
Monferrina s.r.l. Costell’ Alfero (AT) Italy (Plate 4) with die for tubular pasta and cut
into 2.5 cm length. The pasta were dried at 50°C in hot air oven (Kemi Hot Air Oven,

India) till the moisture content reached to 7 to 8%.

Developed jackfruit pasta were analysed for cooking quality characters.
Nutritional and textural qualities were analysed for both raw (uncooked) and cooked
jackfruit pasta and sensory qualities were analysed for cooked pasta. Cooking quality,
and nutritional parameters were analysed for commercially available pasta purchased

from super market.

3.2.1. Cooking quality of jackfruit pasta

Cooking quality of jackfruit pasta was determined based on the parameters,

cooking loss, water absorption, swelling index and cooking time.

3.2.1.a Cooking loss (%)



Quantification of cooking loss is important to assess the quality of pasta and
was determined by the method of Debbouz and Doetkott (1996) as described by
Padmaja (2015). The water drained after cooking is separately dried in pre-weighed
petri dishes and kept in an oven at 105°C for overnight drying. The weight of the dry
residue is quantified (W2 g).

Cooking loss (%)= W2 x 100 , where W1 is the initial weight of the pasta.
W1
3.2.1.b Water absorption (g g-1)

Water absorption of pasta was analysed according to Cleary and Brennan
(2006). Water absorption is the difference in weight of cooked pasta and uncooked
pasta, expressed as the percentage of weight of uncooked pasta. Cooked pasta were

rinsed with water and drained, then weighed to determine the gain in weight.

Water absorption =  Final weight of cooked pasta — Weight of raw pasta

Weight of raw pasta

3.2.1.c Swelling index (%)

Swelling index of pasta was determined by the method described by Cleary and
Brennan (2006). Approximately 50g of the dried pasta (W1) was cooked and the water
is drained to a pre-weighed beaker. The cooked pasta is surface dried over a cloth and
weight of the cooked pasta (W2) is taken.

Swelling index= W2 -WI1

Wi

W



3.2.1.d Cooking time (minutes)

Cooking quality of pasta were analysed according to Ojure and Quadri’s
method (2012). Ten gram of pasta were coked in 300 ml of boiling water in a covered
beaker. Cooking time was determined by removing a piece of pasta every 2 minutes
and pressing them between two pieces of glass slides. Optimum cooking was achieved

when the centre of pasta became transparent or when the pasta were fully hydrated.
3.2.2. Nutritional parameters of jackfruit pasta

3.2.2.a. Starch (%)

The starch content was expressed as per cent in terms of invert sugar
according to the following formula (Ranganna, 1986).

Glucose Eq. (0.05) x Total volume made up (mL) x amount

Starch = of starch in 1g solution (g) x 100

Titre value (V) x Weight of sample taken (g)

3.2.2.b. Total sugar (%)

The total sugar content was expressed as per cent in terms of invert

sugar according to the following formula (Ranganna, 1986).

Glucose Eq. (0.05) xTotal volume made up (mL) x Volume

made up after inversion (mL) x 100
Total sugar =

Titre valuex Weight of sample taken (g) x Aliquot taken

for inversion (mL)

3.2.2.c. Reducing sugar (%)



The titrimetric method of Lane and Eynon as described by Ranganna
(1986) was adopted for the estimation of reducing sugar.

Glucose Eq. (0.05) x Total volume made up (mL) x 100

Reducing sugar = - -
Titre value (mL) x Weight of the sample (g)

3.2.2.d. Protein (%)

Protein content of the jack fruit pasta was estimated using the method described
by Bradford (1976). Amount of protein present in the sample was calculated by plotting
a standard curve using the standard protein absorbance against the concentration

obtained. From the graph the amount of protein present in the sample can be calculated.

3.2.2.e. Carotenoids (ug 100g™)

Carotenoids were estimated as per the procedures of Saini et al. (2001) and

expressed as pg 100gof treated fruit.

3.2.2.f. Crude fibre (%)

Crude fibre content of the jackfruit pasta was estimated using the method
described by Sadasivam and Manickam (1992). Percentage of crude fibre in the sample

was calculated as follows:

% of Crude fibre = Loss in weight in ignition {(W2-W)—(W3-W)} x 100

Weight of the sample

W, - Weight of crucible

W3 - Weight of crucible and sample after two hours
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W3 — Final weight of crucible

3.2.2.g. Antioxidant activity (%)

Total antioxidant activity of jackfruit pasta was determined using 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay. The scavenging effect
on DPPH free radical was measured according to the procedure described by Sharma

and Bhat (2009).

Pasta sample (1 g) was added to 2.0 mL 0.1 mM DPPH solution, mixed
thoroughly and left for 30 minutes at room temperature. The absorbance was read at
517 nm. Scavenging effect was expressed as percent inhibition of DPPH as shown in

the following equation:

{A blank — A sampte} X 100
% inhibition of DPPH =

A blank

Where,

A blank — Absorbance of DPPH solution without sample, read against ethanol

blank.
A sample — Absorbance of the test sample after 30 min.
3.2.3. Textural characteristics

The firmness of the jackfruit pasta was measured using a texture analyser
TA.HD plus (Stable Microsystems, England) (Plate 3) using using compression mode.

The machine was calibrated using the following test conditions.

Test mode — measure force in compression
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Plate 4. Pasta making machine



Pre-test speed — 1 mm s!

Test speed — 1 mm s°!

Post-test speed — 10 mm s™!

Distance — 25 mm
Trigger force —5g

Strain — 75%

After calibration of the equipment, the test was performed repeatedly for three
samples. The compression test was carried out using HDP/LKB light knife blade probe
to plot a corresponding force deformation curve. The maximum force obtained during
probe travel was used as a measure of texture as pasta firmness and expressed in
Newton (N) and the area under the curve in the graph is taken as the Toughness and
expressed in Newton second (Ns).

3.2.4. Sensory qualities

Jackfruit pasta developed by different treatments were evaluated for
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