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Abstract   

Pasta is one of the most trending processed items preferred by all age groups 

nowadays. Due to its low nutrient profile, there is a need to enhance its 

nutritional value by adding the underutilized nutritious vegetable stuff which 

is rich in protein, fibre and micronutrients.  The present study was undertaken 

to develop pasta by incorporating underutilized vegetable stuffs i.e. tender 

jackfruit powder (TJP), jackfruit seed powder (JSP) and pumpkin leaf powder 

(PLP) with refined wheat flour (RWF). TJ₁ (90% RWF+10% TJP), JS₂ (85% 

RWF+15% JSP) and PL₁ (90% RWF+10% PLF) pastas were having higher 

overall acceptability than all the formulated pasta and control (100% RWF) 

pasta. The sensory parameters were evaluated through a nine-point hedonic 

rating scale. The nutrient compositions were analysed using standard AOAC 

methods. The moisture, ash, protein, fat, fibre, carbohydrate, calcium and 

phosphorous content of TJ₁ were 14.49%, 1.35%, 10.46%, 1.41%, 1.75%, 

70.54%, 19.90 mg% and 106.24 mg%, respectively. JS2  contained moisture 

(10.73%), ash (1.34%), protein (11.24%), fat (1.42%), fibre (1.64%) and 

carbohydrate (73.63%), calcium (25.41mg) and phosphorus (116.08 mg). PL₁ 

had moisture (8.64%), ash (3.31%), protein (7.91%), fat (1.34%), fibre (1.29%), 

carbohydrate (77.52%), calcium (54.93 mg) and phosphorus (116.13 mg). 

There were significant changes in proximate composition and microbial load 

during the storage period of 2 months. The pasta can be value added in terms 

of protein, fat, fiber and total ash content by using tender jackfruit, jackfruit 

seed and pumpkin leaf powder up to 10% without affecting the sensory 

qualities. 
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Introduction   

Pasta is an Italian food made from durum wheat flour through extrusion (1). 

Generally, pasta is rich in starch and carbohydrate and contains less amount 

of dietary fibre and other micronutrients viz. minerals and vitamins. A 100 g 

pasta provides 158 Kcal, 5.8 g protein, 0.93 g fat, 0.27 g ash, 30.9 g 

carbohydrate, 1.8 g fibre, 7 mg calcium, 58 mg phosphorus, 0.51 mg zinc and 

0.5 mg iron (2). Nowadays, more than half of the consumer class is suffering 

from lifestyle-related disorders such as obesity, diabetes mellitus, 

cardiovascular diseases, etc. as well as micronutrient deficiency diseases 

thus, needing to include more amount of fibre in the daily diet. Hence, to 

increase the fibre and micronutrient levels, pasta needs to be supplemented 
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with nutrient-rich under-utilized stuff such as tender 

jackfruit, jackfruit seed and pumpkin leaf powder to 

enhance its overall nutritional and functional value.  

 Though vegetables are a rich source of dietary fibre, 

vitamins, minerals and other protective phytochemicals, most 

of the people daily discard many nutritious edible portions of 

different vegetables due to their ignorance. Hence, the focus 

of nutrition researchers is shifting towards wise utilization of 

all vegetables stuff in various dishes in such a way so that 

people will get optimum nutrition in all ways without any 

wastage. Jackfruit seeds, raw jackfruit pulp and pumpkin 

leaves are some of the most common underutilized 

vegetables which people don’t use for consumption in any 

manner. A 100 g raw jackfruit and mature jackfruit seed 

provide 85.52% and 72.32% moisture, 1.98 and 5.79 g protein, 

0.99 and 1.02 g ash, 0.35 and 0.44 g fat, 7.69 and 8.63 g fibre, 

3.48 and 11.81 g carbohydrate and 26 and 76.66 Kcal energy, 

respectively (3). Jackfruit contains many carotenoids, 

including all-trans-ß-carotene which is an important 

antioxidant for human health. Jackfruit seeds contain 14% 

protein, 80% carbohydrate, 2% ash and 1% fat; starch isolated 

from jackfruit seed flour contains 20% amylose and 80% 

amylopectin (4, 5). Consumption of jackfruit seeds is quite 

beneficial since they promote digestion, exhibit anti-

carcinogenic properties and prevent skin wrinkles. Also, with 

the presence of vitamins A, B, C and pectin compounds, 

jackfruit seeds help maintain pancreatic health and purify the 

blood (4). The amount of sodium (60.66 mg/kg), calcium (3087 

mg/kg), potassium (14781 mg/kg), iron (130.74 mg/kg), 

manganese (1.12 mg/kg) and copper (10.45 mg/kg) are 

present in the jackfruit seed (6). Pumpkin pulp contains 8.29-

12.56% protein and 1.15-2.63% fat (7). Pumpkin contains 

enough amount of dietary fibre, alkaloids, flavonoids, 

palmitic, oleic and linoleic acid providing antidiabetic, 

antioxidant, anticarcinogenic, anti-inflammatory and other 

significant therapeutic benefits (8, 9).  

 Many attempts have been made to prepare various 

processed food products such as bread, pasta, instant 

snacks and noodles, etc. by using these underutilized 

vegetable stuffs (10, 11, 12, 13). Though many underutilized 

vegetable stuffs are prevailing, due to the adequate 

availability of jackfruit and pumpkin leaf in the locality, the 

present study has been undertaken to develop value-added 

pasta using raw jackfruit powder, jackfruit seed powder and 

pumpkin leaf powder with the following objectives. 

• To develop and standardize the value-added pasta 

• To assess the sensory parameters and nutrient 

composition of developed pasta 

• To study the shelf-life of developed pasta 

 

Materials and Methods 

Collection of raw materials 

Refined wheat flour (RWF) was purchased from the local 
market in Bhubaneswar, Odisha. Jackfruit and pumpkin 

leaves were collected from the college nutritional garden. 

The pumpkin leaves were cleaned to remove dust and soil. 

Preparation of tender jackfruit powder, jackfruit seed 

powder and pumpkin leaf powder 

Preparation of tender jackfruit powder (TJP): The tender 

jackfruits were selected for the study. The outer skin was 

removed. The edible portion of the jackfruit was finely 

chopped and washed in water. The chopped jackfruit was 

sundried for 4 to 5 days up to 2 hr. The dried jackfruit was 

ground into a fine powder and stored in an airtight 

container for further study. 

Preparation of jackfruit seed powder (JSP): The fresh and 

fully ripened jackfruit was selected for the study. The 

jackfruit seeds were separated by the opening of jackfruit 

and washed with the running water. They were cut into 

thin slices and laid on a tray. Then the seeds were sundried 

for 4 to 5 days up to 2 hr. After drying, the outer skin was 

removed. Then the dried samples were ground into a fine 

powder and stored in airtight container.  

Preparation of pumpkin leaf powder (PLP): The pumpkin 

leaves were collected for the study. The stem and other 

foreign materials were extracted from the selected 

pumpkin leaves and washed with running water to remove 

dirt. Then, the pumpkin leaves were sun-dried for 2 to 3 

days for up to 2 hr. The sun-dried sample was ground into 

a fine powder and stored in an airtight container for 

further experimentation. 

Preparation of pasta: By blending tender jackfruit powder 

(TJP), jackfruit seed powder (JSP) and pumpkin leaf 

powder (PLP) in refined wheat flour twelve types of 

composite flour were formulated for the preparation of 

pasta in different proportions as shown in Table 1. To 

enhance the flavour, 5 g black pepper and 10 g salt were 

added to the standardized flour. The standardized flours 

were then introduced to the extruder's feed tank and 

thoroughly mixed until a consistent powder was produced 

by rotating action. To prevent lumps 30 mL of water was 

added to every 100 g of dry ingredients. After 30 min, the 

dough was run through a single screw extruder with an 

adjustable die. A knife was used to cut the spaghetti into 

consistent lengths as it passed over the outer die surface. 

In a tray, pasta was dried for 4 hr at 60°C.  

Nutrient analysis of developed pasta: The nutritional 
composition of all the raw materials and pasta was 

analysed using the standard procedures for all treatments 

with three replications (14).  

Treatments Flour (%) Refined wheat flour (%) 
Control (Co) 0 100 

Tender jackfruit powder 
TJ₁(Type-1) 10 90 
TJ₂(Type-2) 15 85 
TJ₃(Type-3) 20 80 
TJ₄(Type-4) 25 75 

Jackfruit seed powder 
JS₁(Type-5) 10 90 
JS₂(Type-6) 15 85 
JS₃(Type-7) 20 80 
JS₄(Type-8) 25 75 

Pumpkin leaf powder 
PL₁(Type-9) 10 90 

PL₂(Type-10) 15 85 
PL₃(Type-11) 20 80 
PL₄(Type-12) 25 75 

Table 1. Different treatments of pasta  
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Moisture: Moisture content was assessed by implicating 

the standard analysis method (14). 5 g of sample was 

taken in a pre-weighed petri dish and placed in an oven for 

drying at 105°C for 6 hr. The dried sample allowed to cool 

in a desiccator and reweighted. The loss in weight of the 

sample was taken as the moisture percentage and 

calculated from the following equation 

 

 

 

Where, W₁= weight of the sample (g), weight of the petri 

dish with sample, W₃=weight of the petri dish with the 

sample after drying 

Ash: Ash content in the sample was assessed by 

implicating the standard analysis method (14). 5 g of 

sample was weighed and taken in a pre-weighed porcelain 

dish. The porcelain dish was charred and then converted 

into ash in a muffle furnace at 500°C for 6 hr until the ash 

was greyish or white. Then porcelain dish was cooled in a 

desiccator and reweighed. The residue is the ash content 

represented by the loss in weight and calculated from the 

following equation 

 

 

Where, W₁= weight of sample (g), W₂= weight of porcelain 

dish with the sample, W₃= weight of porcelain dish with ash 

Crude fat: The standard procedure was followed for the 
estimation of crude fat using the Automatic SOCS plus 

Solvent Extraction System (14). In a pre-weighed extraction 

thimble, 1 g of moisture-free sample was taken and dried 

overnight. The washed beaker was dried in a hot air oven 

at 60°C for 20 min and weighed after cooling. The sample 

was kept in the beaker along with the thimble holder. 

Petroleum ether 90 mL was taken as a solvent with a 

boiling range of 40-60°C. The extraction was carried out for 

1hr at 90°C then the temperature was raised at 110°C and 

the stopper was closed to collect solvent. After completion 

of the solvent collection the solvent compartment beaker 

was removed along with extracted fat and kept in a hot air 

oven at 60°C temperature for a few minutes. The fat 

Moisture(%)= X 100 
W2-W3 

W1 

Ash (%)= X 100 
W2-W3 

W1 

 Standardized flour 

Blending 

Adding water or moisture condi-

    Extrusion 

Cutting 

Drying (at 60°C for 4hr) 

Fig. 1. Flow chart for preparation of pasta  

 

              Co                                     TJ1                                         TJ2                                       TJ3                                     TJ4 

                            JS1                                                                        JS2                                              JS3                                            JS4 

                            PL1                                                                        PL2                                              PL3                                            PL4 

Fig. 2. Different treatments of pasta 
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collected beaker was cooled in a desiccator and weight 

was taken. Fat percentage was calculated from the 

following equation.  

 

 

Where, W₁=weight of sample (g), W₂= weight of empty 

beaker, W₃= weight of beaker with fat 

Crude fibre: Crude fiber content was determined by the 

method of AOAC (14). 1 g of moisture-free and the defatted 

sample was weighed and kept in a pre-weighed crucible. 

The crucible was placed in the crude fibre apparatus. Then 

sulphuric acid (1.25%) up to 150 mL notch was added and 

boiled for 30 min exactly from the onset of boiling. After 

boiling connect to a vacuum for draining sulphuric acid. 

After completion of draining 150 mL of sodium hydroxide 

solution (1.25%) was added and allowed 30 min for 

boiling. The crucible was removed after cooled and 

reweighed with the insoluble matter then placed in an 

oven for drying at 105°C for 1hr up to constant weight. 

Reweighed the crucible with ash after cooled in a 

desiccator. The crude fibre percentage was calculated as 

follows 

 

 

Where, W=weight of the sample (g), W₁= weight of crucible 
with the insoluble matter, W₂= weight of crucible with ash 

Crude protein: To estimate the crude protein content in 

the sample, Kjeldahl method was used. This included 

digestion followed by distillation and followed by titration 

by using the KELPLUS Automatic Nitrogen Estimation 

System. By the standard Kjeldahl method nitrogen content 

of the sample was estimated Temperature was set at 420°C 

in the controller. The sample was taken (0.25-0.3 g) and 

digested on the KEL PLUS apparatus after adding 5 mL of 

commercial grade sulphuric acids and 1.5 g of digestion 

mixture until it became clear. After the tube was cooled, 

water was poured slowly along the neck of the tube so that 

the contents present on the neck of the tube would mix 

with the digested content present on the bottom of the 

tube. Then the sample was followed for the distillation 

process. The digested sample was first loaded in the space 

provided in the apparatus and one empty conical flask was 

placed on the receiver side, then prog of the equipment 

was allowed to run for the distillation process. 20 mL of 

boric acid was automatically dropped into the conical 

flask and then 40 mL of 40% NaOH in automatically filled 

slowly in order of 10 mL each time in the tube. After 

completion of adding 40% NaOH into the tube, the colour 

changed from blush green to brown precipitate. Then 

process was set and the colour in the conical flask changed 

from pink to green which indicate the end point of the 

distillation process. The solution present in the conical 

flask was titrated with 0.025N sulphuric acid till the colour 

changed from green to permanent pale pink colour. Value 

of the blank was subtracted from sample readings. The 

crude protein content of the sample was estimated by the 

following formula. 

 

 

 

Where 6.25 is the factor for converting nitrogen into the 

crude protein of the sample 

N= Normality (0.1) 

W= Weight of the sample taken for digestion 

Carbohydrate: The carbohydrate content of the sample 

was determined by the difference in the value obtained 

when all the proximate composition values were 

subtracted from 100%, i.e., by subtracting the sum of the 

values (per 100 g) for moisture, total ash, crude fat, crude 

fibre and crude protein from 100 as follows 

Carbohydrate (%) = 100- (moisture% + ash % + crude fat % 

+ crude fibre % + crude protein %) 

Mineral estimation: 0.5 g of sample was taken in a 100 mL 

conical flask. 10 mL of concentrated HNO₃ was added to 

each flask and kept undisturbed overnight. Samples in the 

flask were heated on a hot plate till a brown flame evolved. 

To each flask 5 mL of the di-acid mixture (HNO₃: HCIO₄ 

(70%) :: 3:2 by volume) was added and the heating process 

was continued till the white fume evolved reducing the 

volume of content to about 2 mL. Then conical flasks were 

removed from the hot plate and allowed to cool. 

Thereafter, 15 mL of warm distilled water was added to 

each flask. To a 50 mL volumetric flask content of the 

conical flask were transferred followed by twice rinsing 

with distilled water and the volume was made up to 50 mL. 

The aliquot was filtered through Whatman No.42 filter 

paper and the extract was kept for estimation of minerals. 

Perkin Elmer Avio dual view instruments equipped 

with Syngistix software for inductively coupled plasma 

optical emission spectrometry (ICP-OES) were used to 

measure the calcium and phosphorous concentrations of 

the resultant sample solutions. 

Sensory evaluation of developed pasta: Before testing, 

the designed pasta products were cooked to prepare them 

for sensory evaluation. Using a nine-point hedonic scale 

and twenty semi-trained panel members, the cooking was 

done for the ideal amount of time and delivered hot to the 

panel members who evaluated it for its sensory attributes 

such as appearance, colour, flavour, texture, taste and 

overall acceptability. Between each sample, the panelists 

were given a glass of water and instructed to drink it and 

clean their mouths. 

Shelf-life study of developed pasta: The control and the 

most highly accepted pasta were packed in zip-locked LDPE 

pouches and stored for 2 months at room temperature. 

Both treatments were evaluated for their sensory 

parameters using the nine-point hedonic scale in 30 days 

intervals. The effect of storage on proximate contents of the 

control and highly accepted treatments was conducted by 

following standard AOAC methods (14). Microbial analysis of 

the developed pasta was conducted through TPC (Total 

Plate Count). 

 

        Fat (%)= X 100 
W3-W2 

W1 

Crude Fibre(%)= X 100 
W1-W2 

W 

Crude protein (%)= 

X 100 
14.01× [titrant (ml) – blank (ml)] × N x6.25  

W x 1000 
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Results 

Nutritional composition of raw materials and the 

developed products 

The nutrient content of raw ingredients used to develop 

the pasta is depicted in Table 2. The moisture content of 

RWF was found to be maximum i.e. 12.69% and the same 

for JSP was minimum i.e. 4.48%. The ash content of PLP 

was maximum i.e. 20.52% followed by TJP and JSP. The 

RWF contained minimum ash content. The protein content 

RWF was highest i.e. 10.9% followed by JSP, PLP and TJP. 

JSP contained the highest fat content i.e. 2.82% and the 

RWF contained the lowest fat content i.e. 1.06%. The fibre 

content was observed to be highest in PLP i.e. 8.4% 

followed by TJP, JSP and RWF. RWF contained the lowest 

amount of fibre i.e. 0.77%. The carbohydrate content of 

JSP was highest (73.13%) and that of PLP was lowest 

(52.44%). PLP contained the highest amount of calcium 

(389.97%) followed by JSP (48.03%), TJP (29.03%) and RWF 

(22.47%). The phosphorus content of RWF and PLP were 

similar and TJP contained the lowest amount of 

phosphorus.  

 The control pasta which was prepared from RWF 

only contained 13.95% moisture, 0.71% ash, 9.84% 

protein, 0.82% fat, 1.06% fibre and 73.62% carbohydrate. 

The moisture, ash, protein, fat and fibre contents were 

found to be significantly (p<0.05) increased, whereas 

carbohydrate percentage decreased significantly (p<0.01) 

in TJ₁, TJ₂, TJ₃, TJ₄ composite flour developed pasta 

products (Table 3). The pasta prepared by incorporating 

tender jackfruit powder (TJP) with refined wheat flour was 

subjected to proximate and mineral analysis and result 

obtained were presented in the table 3. The results 

reported that with increasing amount of TJP up to 20% 

there was increase in amount of moisture (14.49-15.32%), 

ash (1.35-2.72%), fat (1.41-2.93%), protein (10.46-11.19%) 

and fibre (1.75-4.63%) whereas carbohydrate content was 

decreased (70.54-63.22%). The protein, fat, moisture, fibre 

and ash content increased with an increase in TJP levels. It 

was observed that calcium and phosphorus content 

increased i.e. 19.90-23.46 mg and 106.24-112.40 mg per 

100 g sample, respectively with increasing levels of TJP 

incorporation.  

 The pasta developed from RWF contained 13.95% 
moisture, 0.71% ash, 9.84% protein, 0.82% fat, 1.06% fibre 

and 73.62% carbohydrates. The moisture, ash, protein, fat 

and fibre contents increased and the carbohydrate 

content decreased significantly (p<0.05) in all four types of 

jackfruit seed powder composite flour pasta products 

(Table 4). Moisture, ash, crude protein, crude fat, crude 

fibre and carbohydrate ranged from 10.27 to 11.31%, 1.27 

to 1.44%, 10.98 to 11.36%, 1.12 to 1.53%, 1.34 to 1.77% and 

75.03 to 72.58% respectively. The mineral contents of 

calcium (24.87-28.18 mg) and phosphorus (115.39-118.43 

mg) per 100 g of JSP pasta products increased with the 

level of JSP substitutions up to 20%. 

 It was observed that the control treatment of pasta 

contained 13.95% moisture, 0.71% ash, 9.84% protein, 

0.82% fat, 1.06% fibre and 73.62% carbohydrates. All the 

nutrient contents except carbohydrates were found to be 

significantly (p<0.05) increased in all four types of pumpkin 

leaf powder composite flour pasta (Table 5). Moisture, ash, 

protein, fat, fibre and carbohydrate ranged from 8.6-

13.78%, 3.31-5.87%, 7.91-9.11%, 1.34-1.85%, 1.29-2.15% 

and 67.24-77.52%, respectively. Control pasta contained 

calcium 24.17 mg/100g and phosphorus 121.57 mg/100g 

which was significantly (p<0.05) increased with increased 

levels of incorporation of PLP and varied from 54.93 to 

59.07 mg/100g and 116.13 to 121.27 mg/100g, respectively.  

Sensory parameter scores of developed pastas 

The scores for the appearance of TJ₁, TJ₂, TJ₃ and TJ₄ pastas 

were 7.7, 7.2, 5.4 and 4.5, respectively (Fig. 3). Mean value of 

scores for the appearance of TJ₁, TJ₂, TJ₃ and TJ₄ pastas 

Raw materials Moisture (%) Ash (g) Protein (g) Fat (g) Fibre (g) Carbohydrate (g) Calcium (mg) Phosphorus 
(mg) 

RWF 12.69ᵃ±0.01 3.53ᵈ±0.01 10.9ᵃ±0.04 1.06ᶜ±0.01 0.77ᵈ±0.02 71.03ᵇ±0.04 22.47ᵈ±0.34 120.46ᵇ±0.35 

TJP 8.16ᶜ±0.01 10.43ᵇ±0.01 3.25ᵈ±0.03 1.21ᶜ±0.05 7.65ᵇ±0.07 69.30ᶜ±0.12 29.03ᶜ±0.76 39.63ᵈ±0.43 

JSP 4.48ᵈ±0.02 5.55ᶜ±0.01 8.87ᵇ±0.10 2.82ᵃ±0.02 5.14ᶜ±0.02 73.13ᵃ±0.10 48.93ᵇ±0.49 97.13ᶜ±0.50 

PLP 8.20ᵇ±0.00 20.52ᵃ±0.01 8.65ᶜ±0.32 1.80ᵇ±0.09 8.40ᵃ±0.19 52.44ᵈ±0.59 389.97ᵃ±1.27 120.67ᵃ±0.41 

CD@5% 0.03 0.04 0.17 0.33 0.56 0.99 2.6 1.4 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Table 2. Nutritional composition of raw materials (per 100 g on dry matter basis) 

Note: Values are mean ± SE three independent replications. Mean with the same superscript (a, b, c, d, e) in the same column differ significantly(p<0.05)  

Treatment  Moisture  (%) Ash (g) Protein (g) Fat (g) Fibre (g) Carbohydrate (g) Calcium (mg) Phosphorus 
(mg) 

Co 13.95ᵉ±0.04 0.71ᵈ±0.001 9.84ᵈ±0.004 0.82ᵉ±0.02 1.06ᵉ±0.03 73.6ᵃ±0.013 24.17ᵃ±0.18 121.57ᵃ±0.43 

TJ₁ 14.49ᵈ±0.06 1.35ᶜ±0.12 10.46ᶜ±0.05 1.41ᵈ±0.01 1.75ᵈ±0.03 70.54ᵇ±0.019 19.90ᵉ±0.15 106.24ᵉ±0.18 

TJ₂ 14.65ᶜ±0.07 1.75ᵇ±0.02 10.82ᵇ±0.03 2.24ᶜ±0.01 3.61ᶜ±0.01 66.93ᶜ±0.05 21.30ᵈ±0.21 108.23ᵈ±0.58 

TJ₃ 15.15ᵇ±0.03 1.87ᵇ±0.02 11.09ᵃ±0.07 2.88ᵇ±0.00 4.11ᵇ±0.04 64.89ᵈ±0.15 22.17ᶜ±0.18 108.70ᶜ±0.38 

TJ₄ 15.32ᵃ±0.03 2.72ᵃ±0.09 11.19ᵃ±0.05 2.93ᵃ±0.02 4.63ᵃ±0.01 63.22ᵉ±0.15 23.46ᵇ±0.29 112.40ᵇ±0.28 

CD@5% 0.15 0.21 0.04 0.08 0.15 0.42 0.65 0.08 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Table 3.  Nutritional composition of tender jackfruit powder incorporated pasta (per 100 g on   dry basis) 

 Note: Values are mean ± SE three independent replications. Mean with the same superscript (a, b, c, d, e) in the same column differ significantly (p<0.05) 
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were 8.0, 8.2, 6.3 and 4.5 respectively. The mean values of 

sensory characteristics flavour of TJ₁, TJ₂, TJ₃ and TJ₄  pastas 

were 8.1, 7.2, 3.3 and 2.9, respectively. The scores for texture of 

TJ₁, TJ₂, TJ₃ and TJ₄ pastas were 8.1, 6.9, 4.6 and 2.9, 

respectively. The mean value of scores for the taste of TJ₁, TJ₂, 

TJ₃ and TJ₄ pastas were 8.4, 7.1, 5.0 and 3.9, respectively. The 

mean score for the overall acceptability of TJ₁, TJ₂, TJ₃ and TJ₄ 

pastas were 8.0, 7.1, 4.6 and 3.6, respectively. TJ₁ and TJ₄ 

pasta scored maximum and minimum overall acceptability 

scores, respectively. 

 The mean scores for colour of JS₁, JS₂, JS₃ and JS₄ 

pastas were 8, 8.1, 6.5 and 4.1, respectively. JS₂ scored a 

maximum score i.e. 8.1 and JS₄ scored a minimum score i.e. 

4.1 for colour (Fig. 4).  Mean value of scores for flavour of JS₁, 

JS₂, JS₃ and JS₄ were 7.7, 8.3, 6.6 and 3.4, respectively. JS₂ 

and JT₄ scored maximum and minimum scores for flavour, 

respectively. The scores for texture of JS₁, JS₂, JS₃ and JS₄ 

were 7.9, 8.1, 6.7 and 4.3, respectively. The mean value of 

scores for the taste of JS₁, JS₂, JS₃ and JS₄ were 8.1, 8.3, 5.9 

and 3.6, respectively. JS₂ and JT₄ scored maximum and 

minimum taste scores, respectively. The mean score for the 

overall acceptability of JS₁, JS₂, JS₃ and JS₄ were 7.9, 8.1, 

4.6, 4.0 and 3.9, respectively. JS₂ and JS₄ scored maximum 

and minimum overall acceptability scores. 

 

 The mean scores for colour of PL₁, PL₂, PL₃ and PL₄ 

pastas were 6.7, 3.8, 2.8 and 1.9, respectively (Fig. 5). PL₁ and 

PL₄ scored maximum and minimum appearance scores, 

respectively. The mean value of flavour of PL₁, PL₂, PL₃ and PL₄ 

were 7.0, 4.9, 3.3 and 2.2, respectively. PL₁ scored maximum 

and PL₄ scored minimum flavour scores. The mean score for 

the texture of PL₁, PL₂, PL₃ and PL₄ were 7.5, 3.7, 2.0 and 1.8, 

respectively. PL₁ and PL₄ scored maximum and minimum 

texture scores, respectively.  The mean value of taste of PL₁, 

PL₂, PL₃ and PL₄ were 7.6, 4.0, 2.4 and 1.9, respectively. The 

mean score for the overall acceptability of PL₁, PL₂, PL₃ and 

PL₄ were 7.1, 4.1, 2.5 and 2.0, respectively. PL₁ and PL₄ scored 

maximum and minimum overall acceptability scores. 

 

Treatments Moisture (%) Ash (g) Protein (g) Fat (g) Fibre (g) Carbohydrate (g) Calcium (mg) Phosphorus (mg) 

Control 13.95ᵃ±0.04 0.71ᵈ±0.00 9.84ᶜ±0.04 0.82ᵈ±0.02 1.06ᵈ±0.03 73.62ᵇ±0.13 24.17ᵈ±0.18 121.57ᵃ±0.43 
JS₁ 10.27ᵉ±0.03 1.27ᶜ±0.03 10.98ᵇ±0.06 1.12ᶜ±0.05 1.34ᶜ±0.06 75.03ᵃ±0.09 24.87ᵈ±0.44 115.39ᵉ±0.45 
JS₂ 10.73ᵈ±0.12 1.34ᵇ±0.02 11.24ᵃ±0.04 1.42ᵇ±0.01 1.64ᵇ±0.06 73.63ᵇ±0.06 25.41ᶜ±0.27 116.08ᵈ±0.23 
JS₃ 10.82ᶜ±0.06 1.43ᵃ±0.02 11.31ᵃ±0.02 1.51ᵃ±0.01 1.69ᵇ±0.01 73.24ᶜ±0.07 26.33ᵇ±0.34 117.24ᶜ±0.39 
JS₄ 11.31ᵇ±0.13 1.44ᵃ±0.01 11.36ᵃ±0.04 1.53ᵃ±0.01 1.77ᵃ±0.02 72.58ᵈ±0.19 28.18ᵃ±0.22 118.43ᵇ±0.23 

CD @5% 0.27 0.07 0.08 0.14 0.13 0.38 0.96 1.14 
P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Table 4. Nutritional composition of jackfruit seed powder incorporated pasta (per 100 g on dry matter basis)  

Note: Values are mean ± SE three independent replications. Mean with the same superscript (a, b, c, d, e) in the same column differ significantly (p<0.05)  

Table 5. Nutritional composition of pumpkin leaf powder incorporated pasta (per 100 g on dry matter basis)  

Treatments Moisture (%) Ash (g) Protein  (g) Fat (g) Fibre (g) Carbohydrate (g) Calcium (mg) Phosphorus (mg) 

Control 13.95ᵃ±0.04 0.71ᵉ±0.00 9.84ᵃ±0.04 0.82ᶜ±0.02 1.06ᶜ±0.03 73.62ᶜ±0.13 24.17ᵉ±0.18 121.57ᵃ±0.43 

PL₁ 8.64ᵉ±0.16 3.31ᵈ±0.08 7.91ᵉ±0.08 1.34ᵇ±0.02 1.29ᶜ±0.07 77.52ᵃ±0.12 54.93ᵈ±0.41 116.13ᵉ±0.38 

PL₂ 9.22ᵈ±0.12 3.84ᶜ±0.03 8.22ᵈ±0.06 1.73ᵃ±0.01 1.48ᶜ±0.05 75.52ᵇ±0.04 56.43ᶜ±0.15 117.47ᵈ±0.38 

PL₃ 12.40ᶜ±0.16 4.64ᵇ±0.10 8.83ᶜ±0.08 1.77ᵃ±0.00 1.78ᵇ±0.00 70.57ᵈ±0.14 58.13ᵇ±0.39 119.57ᶜ±0.52 

PL₄ 13.78ᵇ±0.06 5.87ᵃ±0.06 9.11ᵇ±0.11 1.85ᵃ±0.03 2.15ᵃ±0.04 67.24ᵉ±0.12 59.07ᵃ±0.40 121.27ᵇ±0.20 

CD@5% 0.37 0.2 0.06 0.14 0.24 0.36 1.03 1.25 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Note: Values are mean ± SE three independent replications. Mean with same superscript (a, b, c, d, e) in the same column differ significantly (p<0.05)  

Fig. 3. Sensory scores of tender jackfruit powder pasta 

Fig. 4. Sensory scores of jackfruit seed powder pasta  

Fig. 5. Sensory scores of pumpkin leaf powder pasta  
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Effect of storage on proximate composition and microbial 

count of accepted treatment  

The results depicted that on the first day of storage there 

was no bacterial count found in control sample as well as 

TJ₁ and JS₂ samples (Table 6). But some bacteria were 

found in the sample PL₁ i.e. 1.20 × 10⁵, respectively. On the 

30th days of storage there was no bacterial count found in 

sample TJ₁ but there was some bacterial count found in 

control, JS₂ and PL₁ sample i.e. 2.2 × 10⁵, 1.00 × 10⁵ and 1.7 × 

10⁵, respectively. After 60 days, the bacterial count was 

observed in all the samples (control, JT₁, JS₂ and PL₁) i.e. 5.4 

× 10⁴, 3 × 10⁵, 1.2 × 10⁴ and 2 × 10⁵, respectively.  

 The moisture contents of control pasta increased 

slightly with increase in storage period. The protein content 

declined slightly from the initial day to the 60th day. Fat 

contents of different treatments were observed to be 

decreased slightly from the initial day to the 60th day which 

was non-significant. The total ash contents were found to be 

0.71%, 1.35%, 1.34% and 3.31% for control, TJ1, JS2 and PL1 

pasta, respectively. The crude fibre contents of control, TJ1, 

JS2 and PL1 pasta were observed to be 1.75%, 1.06%, 1.64% 

and 1.29%, respectively. The total ash and crude fibre 

content remained constant during 60 days of storage. The 

carbohydrates were increased from the initial day to the 60th 

day in all types of pasta. Among all types of pasta PL₁ (90:10) 

had the highest carbohydrates i.e. 77.55 g per 100 g. Overall, 

there were no significant changes observed in fat, moisture 

and carbohydrate in all the accepted treatments (TJ1, JS2 

and PL1) throughout the entire storage period of 60 days. 

The fibre and total ash content of all the treatments of pasta 

remained the same during the study period.  

 

Discussion  

The study was undertaken to develop pasta by utilizing 

locally available underutilized vegetables such as tender 

jackfruit, jackfruit seed and pumpkin leaves to increase the 

overall nutritional value of the product. As pasta is one of 

the most preferred ready to cook products consumed by 

almost all age groups people, especially adolescents and 

they are prone to have juvenile onset lifestyle disorders due 

to their sedentary habit with excessive junk food intake, 

there is a need to prepare pasta with a combination of 

nutrition and preference.  

• The carbohydrate, crude fat, crude protein, crude fibre, 
calcium and phosphorous contents of raw ingredients 
used to develop pasta has been depicted in Table 2. 
Maximum crude fat was found in refined wheat flour 
and the TJP contained the lowest amount of fat. PLP 
contained the highest crude fibre, calcium and ash 
content and RWF contained the lowest quantity of the 
same. JSP and RWF contained the highest and lowest 
crude fat content, respectively. Phosphorus content of 
RWF and PLP were similar and TJP contained the 
lowest amount of phosphorus (15, 16, 17). 

• The data in Table 3 shows that with an increasing 
amount of TJP up to 10%, there was an increase in the 
amount of moisture, ash, fat and fibre with the 
decrease in carbohydrate content It was observed that 
calcium and phosphorus content also increased with 
increasing level of TJP incorporation. In TJ₄ maximum 
moisture, ash, fat and fibre contents whereas minimum 
carbohydrate contents were observed. In TJ₁ minimum 
moisture, ash, crude fat and crude fibre whereas 
maximum carbohydrate contents were observed. All 
four types of composite flour-based pasta products 
differ significantly (p<0.05) in their nutrient 
compositions (18).  

• The data in Table 4 indicates that with increased 
concentration of JSP, the crude fat, moisture, ash, crude 
fat and crude fibre contents of pasta increased gradually 
and the total carbohydrate content decreased. The 
maximum nutritional composition was observed in JS₄ 
and minimum in JS₁ formulated composite flour. All four 
types of jackfruit seed powder formulated developed 
pasta products differ significantly (p<0.05) in their 
proximate compositions. The amount of calcium and 
phosphorus per 100 g of JSP pasta products increased 
with the level of JSP substitutions up to 10% (11, 19, 20, 
21, 22, 28). 

• The data in Table 5 shows that with the incorporation of 
PLP, the nutritional composition of pasta differed 
significantly from that of control pasta. Maximum 
moisture, ash, fat and fibre content obtained in PL₄ except 

Days of 
storage 

Proximate composition (g per 100 g)   
Moisture Ash Fat 

Co TJ₁ JS₂ PL₁ Co TJ₁ JS₂ PL₁ Co TJ₁ JS₂ PL₁ 

1st 13.95±0.001 14.49±0.002 10.73±0.003 8.64±0.001 0.71±0.002 1.35±0.001 1.34±0.002 3.31±0.001 0.82±0.000 1.41±0.001 1.42±0.001 1.34±0.001 

30th 13.95±0.002 14.56±0.001 10.79±0.002 8.68±0.002 0.71±0.001 1.35±0.001 1.34±0.001 3.31±0.001 0.80±0.001 1.38±0.002 1.40±0.001 1.31±0.001 

60th 13.98±0.002 14.59±0.004 10.83± 0.002 8.75±0.001 0.71±0.001 1.35±0.002 1.34±0.004 3.31±0.002 0.80±0.001 1.36±0.003 1.36±0.002 1.30±0.002 

p-value >0.01 >0.01 <0.01 <0.01 >0.01 >0.01 >0.01 >0.01 >0.01 <0.01 <0.01 <0.01 

Days of 
storage 

Proximate composition (g per 100 g)   
Fibre Protein Carbohydrate 

Co TJ₁ JS₂ PL₁ Co TJ₁ JS₂ PL₁ Co TJ₁ JS₂ PL₁ 

1st 1.06±0.001 1.75±0.002 1.64±0.001 1.29±0.001 9.84±0.002 10.46±0.002 11.24±0.001 7.91±0.003 73.82±0.001 70.54±0.002 73.63±0.003 77.51±0.001 

30th 1.06±0.002 1.75±0.001 1.64±0.001 1.29±0.002 9.84±0.001 10.39±0.001 11.24±0.002 7.87±0.002 73.64±0.003 70.53±0.001 73.55±0.002 77.50±0.002 

60th 1.06±0.003 1.75±0.001 1.64±0.003 1.29±0.002 9.81±0.001 10.35±0.003 11.20±0.004 7.86±0.003 73.68±0.002 70.58±0.003 73.71±0.004 77.55±0.001 

p-value >0.01 >0.01 >0.01 >0.01 >0.01 <0.01 >0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Table 6. Effect of storage on proximate composition of accepted treatments  

Note: Values are mean ± SE three independent replications.  
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carbohydrate. Minimum moisture, ash, fat and fibre are 
obtained in PL₁ whereas maximum carbohydrates 
contains obtained in PL₁. All four types of developed pasta 
products differ significantly (p<0.05) in their proximate 
values. Maximum mineral content was observed in PL₄ and 
minimum contents in PL₁. All four formulated pastas 
differed significantly (p<0.05) in their calcium and 
phosphorus contents (16, 23, 24, 29). 

• Results in the Fig. 3 indicated that with an increase in the 
concentration of tender jackfruit powder up to 20%, 
there was a decline in the sensory attributes appearance 
(7.9 to 4.0), taste (7.7 to 3.9), colour (8.1 to 4.5), flavour 
(8.1 to 2.9), texture (8.4 to 2.9) and overall acceptability 
(8.4 to 3.6). TJ₁ pasta made from 90% RWF and 10% TJP 
and TJ₂ pasta made from 85% RWF and 15% TJP were 
more acceptable among all four types of tender jackfruit 
formulated and were comparable to control pasta (25).  

• As indicated in Fig. 4 increment of JSP substitutions 
adversely affected the sensory score of appearance (8.0 
to 4.5), taste (8.1 to 3.6), colour (8.0 to 4.1), flavour (7.7 
to 3.4), texture (7.9 to 4.3), overall acceptability (7.9 to 
3.9) with a decreasing trend. JS₂ pasta was more 
acceptable along with control (26, 27, 28). 

• The data shown in Fig. 5 describes the increased level of 
incorporation of PLP reduced the sensory scores 
appearance (7.0 to 2.2), colour (6.7 to 1.9), flavour (7 to 
2.2), texture (7.5 to 1.8), taste (7.6 to 1.9) and overall 
acceptability (7.1 to 2.0). However, PL₁ (90:10) composite 
pasta had the highest sensory scores among all the four 
treatments and was compared with control pasta. The 
negative effect on sensory scores with increased 
pumpkin leaf powder concentrations on pasta was due 
to a slightly higher bitter taste (10,16). 

• The changes in proximate composition during 60 days 
are shown in Table 6. The moisture content of all highly 
accepted treatments of pasta increased slightly with an 
increase in the storage period from the 1st day to the 60th 
day which is non-significant. The moisture contents of 
control pasta remained almost constant whereas in the 
treatments TJ1, JS2 and PL1, it varied non-significantly. 
This increase in moisture content might be the 
absorption of moisture from the storage atmosphere. 
The fat content of all highly accepted treatments of 
pasta was degraded slightly from the initial day to the 
60th day. It might be due to the enzymatic breakdown of 
fats or proteolysis of the raw ingredients used to prepare 
pasta (16). Fat content decreased slightly from the initial 
day to the 60th day which might be due to the conversion 
of lipids into fatty acids. The ash and crude fibre content 
remained constant during 60 days of storage. The 
carbohydrates were found to be increased from initial 
day to 60th day in all types of pasta due to synthesis of 
simple sugars (27, 28).  

• There were some bacterial growths noticed in PL1 
treatment on the 30th day. This might be because an 
increase in the water content of food ingredients 
affects the durability of food against microbial attack 
(16, 29). The higher the water content, the more likely 
that the food to get easily damaged, wherein the water 
content can be utilized by microorganisms, especially 

molds to grow and multiply. The increase in moisture 
content during storage might have created favourable 
conditions for the growth of microorganisms in water 
activity or aerobic conditions (29). 

• There was no significant difference noticed in the time 
required for pasta treatments to be properly cooked. 
Thus, the addition of plant products in powdered form 
showed no significant effects on the cooking time of 
pasta. It might be due to the addition of plant parts 
whether seed, leaves or pulp in dried and finely 
powdered form had its hard fibre or roughage part 
disintegrated or disrupted.  

 

Conclusion   

The use of tender jackfruit powder, jackfruit seed powder 

and pumpkin leaf powder in pasta improved the nutritional 

quality of pasta concerning the proximate and mineral 

contents. There was a significant increase in fat, fibre, ash, 

calcium and phosphorous content with increasing levels of 

tender jackfruit, jackfruit seed and pumpkin leaf powder. All 

the treatments having higher sensory scores can be stored 

safely for up to two months. Thus, underutilized vegetable 

stuff can be used in various processed products to gain 

optimum nutrition for all age groups people. 

 

Acknowledgements 

The authors express their sincere gratitude towards the 

authority of Central Instrumentation Facility (CIF), OUAT, 

Bhubaneswar for their assistance in nutrient analysis. 

 

Authors' contributions  

PB carried out the product development studies, 
participated in the sequence alignment and drafted the 

manuscript. DC carried out the nutrient analysis. SS 

participated in the sequence alignment. All authors read 

and approved the final manuscript. 

 

Compliance with ethical standards 

Conflict of interest:  Authors do not have any conflict of 
interest to declare. 

Ethical issues: None 

 

References   

1. Laleg K, Cassan D, Barron C, Prabhashankar P, Micard V. 
Structural, culinary, nutritional and anti-nutritional properties of 
high fat, gluten free, 100% legume pasta. Plos One. 2016;11

(9):e0160721. https://doi.org/10.1371/journal.pone.0160721 

2. Swathi B, Lekshi G, Sajeev M. Cooking quality, nutritional 
composition and consumer acceptance of functional jackfruit 

pasta enriched with red amaranthus. Environ conserv. 2019;20:89
‒97. https://doi.org/10.36953/ECJ.2019.20313  

3. Gopalan BV, Sastri SC, Balasubramanian. Nutritive value of Indian 
foods, national institute of nutrition. Indian Council of Medical 
Research Hyderabad, India. 1989;47‒69. 

https://plantsciencetoday.online
https://doi.org/
https://doi.org/


9 

Plant Science Today, ISSN 2348-1900 (online) 

4. Barua AG, Baruah BR. Minerals and functional groups present in 

the jackfruit seed: A spectroscopic investigation. J Food Sci and 
Nutri. 2004;55:479‒83. https://

doi.org/10.1080/09637480400015810  

5. Ojwang RW, Muge EK, Mbatia BN, Mwanja BK, Ogoyi DO. 
Compositional, elemental, phytochemical and antioxidant 

characterization of jackfruit (Artocarpus heterophyllus) pulps and 
seeds from selected regions in Kenya and Uganda. European J 

Medicinal Plants. 2018;23(3):1‒12. https://doi.org/10.9734/
EJMP/2018/40967 

6. Ocloo FCK, Bansa D, Boatin R, Adam T, Agbemavor WS. Physico- 

chemical, functional and pasting characteristics of flour produced 
from Jackfruits (Artocarpus heterophyllus) seeds. Agri Biol J North 

America. 2010;5:168‒74. https://doi.org/10.5251/
abjna.2010.1.5.903.908 

7. Chinomnoso O, Evans O. Nutritional composition of some 

accessions of pumpkin (Cucurbita spp.) seeds from Abia state, 
Nigeria. The Inter J Sci and Techno. 2021;9(1):101‒12.  https://

doi.org/10.24940/theijst/2021/v9/i1/ST2101-012 

8. Yadav M, Shalini J, Radha T, Prasad GBKS, Hariom Y. Medicinal 
and biological potential of pumpkin: An updated review. Nutr Res 

Rev. 2010;23:184‒90. https://doi.org/10.1017/S0954422410000107  

9. Černiauskienė J, Jurgita K, Danilcenko H, Jariene E, 

Juknevičienė E. Pumpkin Fruit Flour as a Source for Food 
Enrichment in Dietary Fiber. Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca. 2014;42:19-23. https://
doi.org/10.15835/nbha4219352 

10. Hemalatha G, Senthamarai SL. Enhancing the nutritional, textural 
and sensory characteristics of horsegram dhokla mix. 
Int.J.Curr.Microbiol.App.Sci. 2021;10(03):1267-75. https://

doi.org/10.20546/ijcmas.2021.1003.153 

11. Gat Y, Ananthanarayan L. Physicochemical, phytochemical and 
nutrimental impact of fortified cereal based extrudate snacks: 

effect of jackfruit seed flour addition and extrusion cooking. Adv J 
Food Sci and Techno. 2015;1:59‒67.  https://doi.org/10.19026/

ajfst.8.1463 

12. Das S, Banerjee S. Production of pumpkin powder and its 
utilization in bakery products development: A review. Intern J Res 

in Engineer and Techno. 2015;4:478‒81. https://doi.org/10.15623/
ijret.2015.0405089  

13. Nandkule V, Masih D, Chitra DS, Patil D. Development and quality 
evaluation of jackfruit seed and soy flour noodles. Int J Eng Sci 
Tecnol. 2015;3:802‒06. https://doi.org/10.2348/ijset06150802 

14. AOAC, Official methods of analysis. 17th edition Association of 
Official Analytical Chemists Arlington, VA, USA; 2006 

15. Mondall C, Remme RN, Mamun AA, Sultana S, All M. Product 
development from jackfruit (Artocarpus heterophyllus) and 

analysis of nutritional quality of the processed products. J Agric 
Vet Set. 2013;4:76‒84. https://doi.org/10.9790/2380-0417684 

16. Mirarovicova L, Laukova M, Kahajdová Z, Karovicova J, Kuchlova 
V. Effect of pumpkin powder incorporation on cooking and 
sensory parameters of pasta. Slovak J Fd Sci. 2017;11:373‒79. 

https://doi.org/10.5219/743  

17. Shinde VL, Pawar CD, Warang OS, Kulkarni MM, Joshi MS. Studies 

on preparation of instant ready to serve (RTS) mix from jackfruit 

(Artocarpus heterophyllus). Int J Chem Stud. 2021;9(1):1329‒32. 
https://doi.org/10.22271/chemi.2021.v9.i1s.11407 

18. Lakmali HDC, Arampath PC. Development of jackfruit (Artocarpus 
heterophyllus) bulb and seed flour-based pasta. J Dry Zone Agri. 

2021;7(2):97‒113. https://doi.org/10.4038/jdza.v7i2.30 

19. Yudhistira B. The development and quality of jackfruit-based 
ethnic food, gudeg, from Indonesia. J Ethn Food. 2022;9(19):134‒

37. https://doi.org/10.1186/s42779-022-00134-7 

20. Ruka Y, Yuslinaini A, Wildanawati M. Calcium fortification of dried 
noodle substituted by jackfruit seed (Artocarpus heterophyllus) 

flour with broccoly (Brassica oleracea var.) pasta. J Physics. Conf 
Series 1232, Intern Conf on Edu, Sci and Techno (ICON-EST 2018), 

Indonesia; 2018. https://doi.org/10.1088/1742-

6596/1232/1/012048  

21. Minh NP. Functional properties of wheat-based bread affected 
by pumpkin flour and jackfruit seed flour incorporation. Res 

Crop. 2022;23:881‒87. https://doi.org/10.31830/2348-
7542.2022.ROC-853  

22. Dhanalaxmi D, Yamuna S. Development and evaluation of 
pumpkin flour incorporated weaning mix. Ind J Nutri and 

Dietetics. 2022;58(3):72–78. https://doi.org/10.21048/

IJND.2021.58.S3.28417  

23. Pandit M, Kaur N. Development and organoleptic evaluation of 
bakery products and extruded snacks prepared from composite 

flour. Int J Curr Microbiol App Sci. 2020;9(2):1680‒90. https://
doi.org/10.20546/ijcmas.2020.902.194  

24. David J. Antioxidant properties of fibre rich dietetic chocolate 
cake developed by jackfruit (Artocarpus heterophyllus Lam.) seed 

flour. In J Food Eng. 2016;2:132‒35. https://doi.org/10.18178/

ijfe.2.2.132-135 

25. Hossain MT, Shuvo AN, Alam MM, Hossain MM, Sarker M, Rahman 
MM. Development and quality evaluation of bread supplemented 

with jackfruit seed flour. Intern J Nutri and Food Sci. 2014;3(5):484
‒87. https://doi.org/10.11648/j.ijnfs.20140305.28 

26. Gaol RAL, Nurminah M, Nainggolan RJ. Physicochemical 
characteristics of muffin from composite flour (mocaf, breadfruit, 

jackfruit seeds and durian seeds). IOP Conf Series: Earth and 

Environ Sci; 2021. 912.  https://doi.org/10.1088/1755-
1315/912/1/012086 

27. Gunarathna RWMM, Samarakoon ERJ, Janith RML. Analysis of 

functional properties of jackfruit seed flour and formulation of a 
jackfruit seed flour-based snack. Proceed of the 5th SLIIT Intern 

Conf on Advancements in Sci and Humanities; 2024. 76‒81.  
https://doi.org/10.54389/BMXV3924 

28. Shivasakti M. Development and quality evaluation of millet based 

nutri-composite ladoos incorporated with soy flour and jack fruit 
seed flour. Ind J Nutri and Dietetics. 2021;112–22. https://

doi.org/10.21048/IJND.2021.58.S2.28015 

29. Habiba U, Robin MA, Hasan MM, Toma MA, Akhter D, Mazumder 
MAR. Nutritional, textural and sensory quality of bars enriched 

with banana flour and pumpkin seed flour. Foods and Raw 
Materials. 2021;9(2):282–89. https://doi.org/10.21603/2308-4057-

2021-2-282-289   

https://doi.org/10.1080/09637480400015810
https://doi.org/10.1080/09637480400015810
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
file:///C:/Users/Sreeja%20Devi%20P%20S/Downloads/ https:/doi.org/10.15623/ijret.2015.0405089 
file:///C:/Users/Sreeja%20Devi%20P%20S/Downloads/ https:/doi.org/10.15623/ijret.2015.0405089 
https://doi.org/
https://doi.org/
https://doi.org/10.5219/743
https://doi.org/
https://doi.org/
https://doi.org/
https://iopscience.iop.org/journal/1742-6596
https://iopscience.iop.org/journal/1742-6596
https://iopscience.iop.org/volume/1742-6596/1232
https://iopscience.iop.org/issue/1742-6596/1232/1
https://iopscience.iop.org/journal/1742-6596
https://iopscience.iop.org/volume/1742-6596/1232
https://iopscience.iop.org/issue/1742-6596/1232/1
https://doi.org/10.1088/1742-6596/1232/1/012048
https://doi.org/10.1088/1742-6596/1232/1/012048
https://doi.org/10.31830/2348-7542.2022.ROC-853
https://doi.org/10.31830/2348-7542.2022.ROC-853
https://doi.org/10.21048/IJND.2021.58.S3.28417
https://doi.org/10.21048/IJND.2021.58.S3.28417
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/journal/1755-1315
file:///C:/Users/Sreeja%20Devi%20P%20S/Downloads/912
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.21603/2308-4057-2021-2-282-289
https://doi.org/10.21603/2308-4057-2021-2-282-289

