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ABSTRACT

Consumers are in search of foods that can be easily prepared and wholesome in supplementing
adequate nutrients for a healthy life. The milkshake premixes were developed using jackfruit seed
flour as the main ingredient to provide a nutritious food option to the population. Five different
premixes were formulated with varying proportions of different ingredients and evaluated for their
functional properties and sensorial attributes. Based on the results, three premixes (T1, Ts and Ts)
were selected as the best and evaluated for their proximate composition and storage stability. The
premix T: had more crude fibre (2.86%), protein (8.42 g/100g) and carbohydrate content (68.39
0/100g) than the other two premixes. The premix Tz had a good level of calcium (597.73 mg/100g).
All the premixes had negligible amounts of fat (T1- 1.70%, T3- 2.03% and Ts- 1.60%), which served
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as favourable attributes viz. prevention of rancidity and improved shelf life of the product. Microbial
analysis of stored products was carried out to ascertain the shelf life of the products. There was no
presence of fungal and coliform count detected during the 60-day of storage period. Hence the
premixes can be stored up to a minimum of 60 days without any microbial contamination. Jackfruit
seed flour incorporated food products have greater nutraceutical properties, which increases
consumer acceptance. The instant milkshake premix development will provide more convenience in
both domestic and commercial levels in packaging, handling, storage and preparation of

milkshakes.

Keywords: Jackfruit seed; flour; premixes; milkshake; functional properties.

1. INTRODUCTION

The food industries confront various challenges
in developing new products for a healthy and
quality life in the current scenario. The limited
availability of alimentative food products for
purchasing could be muffled by value addition
and processing of food products that follow the
current trends in nutraceuticals and functional
foods. In recent years there is more demand for
milkshakes among consumers due to its ease of
preparation and consumption. High-protein
milkshakes, milk drinks, smoothies, fortified milk
beverages, powders etc. are commonly available
in the market. The biggest problem with
milkshakes is their short shelf life, which is
caused by microbial deterioration and quality
decline. The shelf life of milkshake premixes in
instant versions will be longer.

The jackfruit often referred to as Artocarpus
heterophyllus Lam., belongings to the Moraceae
family, is a tropical climacteric fruit that is native
to India's Western Ghats and is widely available
in Asia, Africa, and some parts of South America
[1]. Jackfruit seeds are not effectively utilized and
are unpopular among the population, even
though they are enriched with nutrients. The toil
faced during processing and storage of seeds
can lead to colossal seed loss, which will add to
the food wastage. Jackfruit seeds provide ample
fount of protein, fiber, starch, antioxidants and
flavonoids. The seeds are rich in minerals such
as manganese, magnesium, potassium, calcium,
iron and sulphur [2]. Other phytonutrients present
in the seeds are lignans, saponins and
isoflavones [3]. A type of glycoprotein lectin
known as jacalin is abundantly found in jackfruit
seed and imparts antibacterial, antifungal and
anticarcinogenic benefits [4].

Consumers are in search of foods that can be
easily prepared and wholesome in
supplementing adequate nutrients for a healthy
life. In the functional food market, milk-based
beverages tend to be an opportunistic option to

satisfy emerging consumer expectations. This
has led to the formulation of novel milk-based
beverages. Some of the commercial milk-based
drinks include high-protein milkshakes, powders,
milk drinks, smoothies, and fortified milk
products. Although milkshakes are one of the
most significant fluid milk products in western
countries, limited research has been done on
various aspects of the product. Hence, the
current investigation was undertaken to develop
milkshake premixes from jackfruit seeds which
are generally discarded as waste and to evaluate
their functional, nutritional, sensory and shelf-life
attributes.

2. MATERIALS AND METHODS

2.1 Raw Materials

The jackfruit cultivar varikka was selected for the
study. Whole jackfruits were procured from
Instructional farm, College of Agriculture,
Vellayani, Kerala Agricultural University. The
other ingredients used in this study such as Milk
powder, Peanut, Almond and Cashew nut etc.,
were procured from a local supermarket in
Trivandrum.

2.1.1 Processing of jackfruit seed flour

The white arils (seed coat) were peeled off and
the brown spermoderm were removed manually
using stainless steel knife. The seeds were
cleaned and washed under running water. Then
it was gelatinized at a temperature of 65°C for 10
minutes. After gelatinization the seeds were
sliced and Tray dried at 110 °C for 12 hours. The
dried seeds were ground to powder form and
sieved through a fine wire mesh (150 micron),
packed in polyethylene pouches and used for the
formulation of premixes.

2.1.2 Standardization of milkshake premixes

Different components are used to blend with the
Jackfruit seed flour for the standardization of five
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different premixes, the components and their
proportions are mentioned in the following
Table 1.

2.2 Analytical Methods

2.2.1 Determination of functional properties
of the milkshake premixes

Functional properties are the fundamental
physicochemical characteristics that take into
account the intricate interactions between the
composition, structure, molecular conformation,
and physico-chemical characteristics of dietary
components, as well as the characteristics of the
environment in which these are related to and

assessed [5,6]. The rehydration ratio was
determined by the method described by
Ranganna [7]. The solubility index was

determined according to the method of Anderson
[8]. While Water absorption capacity and swelling
power were determined by the methods of Sathe
et al. [9] and [10]. The bulk density and Tapped
density were determined by the method of Okaka
and Potter [11].

2.3 Evaluation of Sensory Quality
Attributes of Milkshake Premixes

The organoleptic evaluation of the samples was
performed by 20 semi-trained panellists. To
develop the sensory sample, 15g of different
premixes were mixed in 200 ml of cold milk The
sensory attributes of the premixes, such as their
colour and appearance, taste, texture, flavour,
and overall acceptability were scored using a 9-
point hedonic scale. (1= dislike extremely and 9=
like extremely). The difference in the scores was
analyzed using Kruskal — Wallis test.

2.3.1 Selection of best premixes

Based on functional quality analysis and sensory
evaluation results, the best premixes out of the
five samples were chosen for quality analysis
and shelf-life study.

2.4 Determination of Proximate Compo-
sition of Milkshake Premixes

Major nutrients like carbohydrate, crude fat,
protein, crude fibre content of the selected
jackfruit seed instant milkshake premixes were
analysed using standard techniques.
Carbohydrate and protein content were
determined by the mod of Sadasivam and
Manickam [12] and [8]. While the crude fat and
crude fiber content of the premixes were
analysed by using methods of AOAC [13] and
[14].

2.4.1 Determination of the mineral composi-
tion of milkshake premixes

The Calcium content of the developed premixes
was determined by titrimetric method after
precipitation as calcium oxalate as outlined by
Stankovic¢ et al. [15].

2.5 Determination of Storage Stability of
Milkshake Premixes

Analysis of the microbial population in developed
food products is important as it determines the
quality and safety of food products. The storage
qualities of the milkshake premixes were
measured in terms of moisture intake, Total
viable count (TVC), Total fungal count (TFC) and
Total coliform count (TCC) at 0 days (initial) and
after two months of storage. The growth of
bacteria, fungi and coliforms was observed using
Nutrient agar, Rose Bengal agar and Eosin
methylene blue (EMB) respectively. The
evaluation was done by serial dilution of samples
followed by pour plating technique suggested by
Johnson and Curl [16]. The serial dilution of the
samples followed by pour plating was employed
to estimate the population of viable micro-
organisms in the developed premixes. The
moisture content in the developed premixes
was determined by using the method of AOAC
[14].

Table 1. Standardization of milkshake premixes

Treatments Ratio of ingredients

T1 70 JSF+ 30 MP

T2 50 JSF + 20 MP + 30 PP
Ts 50 JSF + 20 MP + 30 AP
Ta 50 JSF + 20 MP + 30 CP
Ts 50 JSF + 20 MP + 30 JB

(Key: JSF — jackfruit seed flour, MP- milk powder, PP- peanut powder, AP- almond powder, CP- cashew nut
powder, JB- Osmo-tray dried ripe Jackfruit bulb)
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2.6 Statistical Analysis

All data obtained from various analysis were
pooled and subjected to Completely Randomized
Design (One-way ANOVA) using KAU-GRAPES
software. The sensory scores were analysed
using Kruskal — Wallis test.

3. RESULTS AND DISCUSSION

3.1 Functional Properties of the Milk-
shake Premixes

The functional properties of the milkshake
premixes are presented in Table 2.

Rehydration is used to express the ability of dried
material to absorb water. Rehydrating dried
powder is a difficult process affected by several
variables, including chemical composition, drying
methods, temperature, and immersion medium
composition, all of which have a significant
impact on the product's quality features [17]. The
rehydration ratio of the premixes ranged from
0.63 — 0.82 %. Highest rehydration ratio was
observed for T1 (0.82%). The rehydration ratio
obtained in this study is higher than 0.34-0.43%
reported by Liji et al. [18] for jackfruit-based
ready-to-cook instant mixes.

The primary variables influencing the solubility of
flour and food components are pressure,
concentration, temperature, and the polarity of a
solvent. Food ingredients' solubility is favourable
and useful for separating combinations [19]. In
the present investigation solubility index of
premixes were ranged from 4.56 — 5.13%. There
was no significant difference observed between
the five premixes for solubility. The solubility
index of jackfruit seed flour is reported as 1.80%

by Akter and Haque [20] and 2.31% by Islam et
al. [21]. Compared to the reported values, the
premixes have shown a higher solubility index.

Variation in the water absorption capacity of
different foods/flours can be due to different
concentrations of protein, their conformational
characteristics, and their degree of interaction
with water [22]. In the present investigation water
absorption capacity of the premixes ranged from
154 — 165 ml/100g. The water absorption
capacity of Jackfruit seed flour was reported as
112.00 ml/100g by [20] and 72 ml/100g by Islam
et al. [21]. The premixes had higher WAC than
the reported values. Due to the higher WAC of
premixes only a lesser amount will be required
for each serving.

The swelling capacity of foods and flours is
increased by high starch content, particularly
when the starch contains more branching
amylopectin [23]. Swelling power of the premixes
ranged between 2.05-2.43g/g. The swelling
power of JSF was reported as 3.62 g/g by Akter
et al. [20] and 12.46% by [24]. The reported
values are higher than the obtained values.

Foods with different amounts of starch in them
may have varying bulk densities. The probability
of an increase in bulk density rises with the
starch concentration. Bulk density can be
enhanced by making the particles smaller, more
compatible, properly tapped, and packaged in
the right way [25]. The value obtained from the
present study ranged from 0.61 — 0.96 g/cm3.
The highest bulk density was noticed for the
premix Ts (0.96). The findings abide with
the study done by Ocloo et al. [26] who
reported the bulk density of JSF as 0.80g/cms.
Low bulk density (0.47 g/ cm3) was reported by

Table 2. Functional Properties of the milkshake premixes

Samples RR (%) Sl (%) WAC (ml/100g) SP (g/g) BD (g/cm®) TD (g/cm?)
T1 0.822 5.10 154.66° 2.292 0.81° 1.30

T2 0.70b 4.56 162.662 2432 0.61¢ 1.36

T3 0.63¢ 5.00 164.00a 2.302 0.66¢ 1.20

Ta 0.70° 4.86 163.662 2.352 0.67¢ 1.20

Ts 0.782 5.13 165.002 2.05b 0.962 1.30
+SE(m) 0.021 0.289 1.826 0.068 0.033 0.053

CV (%)  4.988 10.135  1.952 5.119 7.759 7.176

Values are means of triplicates. Values with different superscripts (a,b,c,d) within the same column are
significantly different (P<0.05). T1-70% Jackfruit Seed Flour + 30% Milk Powder, T2-50% Jackfruit Seed Flour +
20% Milk Powder + 30% Peanut powder, T3-50% Jackfruit Seed Flour + 20% Milk Powder + 30% Almond
powder, T4-50% Jackfruit Seed Flour + 20% Milk Powder + 30% Cashewnut powder, T5-50% Jackfruit Seed
Flour + 20% Milk Powder + 30% Osmo-tray dried ripe Jackfruit bulb. RR = Rehydration ratio, Sl= Solubility index,
WAC= Water absorption capacity, SP= Swelling power, BD = Bulk density, TD= Tapped density
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Dilrukshi et al. [27] in freeze-dried instant green
smoothie powder.

Tapped density is the ratio of the mass of the
powder to the volume occupied by the powder
after it has been tapped for a definite period. In
the present study tapped density of premixes
ranged between 1.20 — 1.36 g/cm?3. For tapped
density, there was no significant difference
between the premixes. Tapped density of spray-
dried jackfruit seed powder was reported as 0.86
g/cm? by Jyothi et al. [28]. According to Dilrukshi
[27] the tapped density of freeze-dried instant
green smoothie powder was 0.50 g/cm3. The
values of the tapped density of the premixes
were found to be higher than the reported values.

3.2 Evaluation of Sensory Quality
Attributes of Milkshake Premixes

The sensory quality attributes of milkshake
premixes are depicted in the following Table 3.
Sensory evaluation is an essential component of
a research product or product development. The
use of human senses (sight, smell, taste, touch
and hearing) for the goal of evaluating consumer
products is subject to the scientific discipline of
sensory assessment, which applies the concepts
of experimental design and statistical analysis.

3.2.1 Colour and appearance

The initial evaluation of the food is its colour and
appearance. The key component of a product
that determines how well a product is received by
consumers is its colour, which has a significant
impact on consumer interest [29]. The mean
value for colour and appearance ranged from
6.8- 8.5. There was a significant difference

between the treatments. Highest scores were
observed for the premixes T1 (8.5), Tz (8.2) and
Ts (8.2) and they were found to be on par.

3.2.2 Taste

One of the key elements influencing whether or
not someone finds food acceptable is taste. The
taste of a food plays a significant part since, with
the aid of the taste indicator, consumers would
feel able to determine if the food is good or not.
The taste of a food is also determined by the
primary ingredients used [30]. The mean value
for taste ranged from 6.4 — 8.5. There was a
significant difference between the scores. The
treatments T1 (8.5), Ts (8.4) and Ts (8.4) were
statistically found to be on par.

3.2.3 Texture

Food acceptance and behaviour regarding food
intake are both thought to be fundamentally
influenced by food texture. Textural properties
also influence the post-ingestive satiation value
of food. All these effects combined; texture
affects the acceptability of a given food product
[31]. The mean value for the attribute texture
ranged from 6.4 — 8.3. There was a significant
difference between the premixes for the attribute
texture.

3.2.4 Flavour

Flavor has a major role in determining the
acceptability of foods and beverages. It is a
dynamic sense that changes in intensity over
time. The highest score was obtained for the
premixes Ti1 (8.5), T3 (8.3) and Ts (8.2) and they
were statistically found to be on par.

Table 3. Sensory quality attributes of milkshake premixes

Samples Colour and Taste Texture Flavour Overall
Appearance Acceptability

T1 8.52 8.52 8.32 8.52 8.42

T2 6.8° 6.4° 6.5° 6.4° 6.5°

T3 8.22 8.42 8.32 8.32 8.32

Ta 6.9° 6.5° 6.4° 6.3° 6.5°

Ts 8.22 8.42 8.22 8.22 8.22

X2 45.529 52.136 53.581 52.897 51.33

P value 0 0 0 0 0

Values with different superscripts (a,b,c,d) within the same column are significantly different (P<0.05).
T1-70% Jackfruit Seed Flour + 30% Milk Powder, T2-50% Jackfruit Seed Flour + 20% Milk Powder + 30%
Peanut powder, T3-50% Jackfruit Seed Flour + 20% Milk Powder + 30% Almond powder, T4-50% Jackfruit Seed
Flour + 20% Milk Powder + 30% Cashewnut powder, T5-50% Jackfruit Seed Flour + 20% Milk Powder + 30%
Osmo-tray dried ripe Jackfruit bulb
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3.2.5 Overall acceptability

The overall acceptability of a food is a significant
component that is determined by the product's
sensory qualities as well as the attitude of the
customer towards the food. It is thought that
there are many different aspects to the process
by which a person accepts or rejects food.
Food's sensory qualities, including taste,
texture, flavour, and appearance, have distinct
and significant effects on the overall acceptability
of food [32]. The highest score was
obtained for the premixes T1 (8.4), Tz (8.3) and
Ts (8.2) and they were statistically found to be on
par.

3.2.6 Selection of best premixes

Based on the results of functional quality analysis
and sensory assessment, the best premix was
chosen. According on the findings of the sensory
evaluation, there a significant difference between
the five premixes for the parameters like colour
and appearance, taste, texture, flavor and
overall acceptability. Hence, by comparing the
result of functional quality analysis and
sensory evaluation three premixes T1, Tz and Ts
were chosen as the best and it was
selected for further quality analysis and shelf-life
study.

3.3 Proximate Composition of Milkshake
Premixes

The proximate composition of the milkshake
premixes is presented in Table 4. Carbohydrate
values ranged from 55.68 - 68.399/100g. The
premix T1 had the highest (68.39 g) amount of
carbohydrate due to its higher Jack fruit seed
flour content compared to the other two
premixes. The results obtained were

in agreement with those reported (66.70g/
100g) of carbohydrates in Jackfruit seed flour
[33].

Concerning fat content, premix Tz (2.03%)
exhibited the highest fat content; the rise in fat
content may be attributed to the almond flour

content. Less fat allows for the prevention of
rancidity issues and longer shelf life of
the product. The results were in

agreement with the study of Palamthodi et al.
[34] who reported the fat content in JSF as
1.86%.

Protein content of the developed premixes was
ranged from 6.02 — 8.42 g/100g. The premix T1
had highest amount of protein (8.42 g). The
decrease in protein content in the other two
premixes may be attributed to the low amount of
jackfruit seed flour. The results are comparable
to the values obtained by Mukprasirt et al. [35],
who reported the protein content in JSF as 6.34
- 8.57%.

In the present study fiber content of the premixes
ranged from 1.71 — 2.86%. The premix Ti had
highest amount of crude fiber (2.86%). These
findings abide with the study done by Maskey et
al. [36] reported the crude fiber content of JSF
as 2.50%.

Calcium content of the developed premixes
ranged from 554.40 — 597.73 mg/100g. The
premix Tz had highest amount of calcium
(597.73mg/100g). Low calcium content
(96.75mg/100g) of Jackfruit seed flour was
reported by Sultana et al. [37]. The reported
values were found to be lower than the results.
The inclusion of milkk powder may have
contributed to the premixes' highest calcium
level.

Table 4. Proximate composition of milkshake premixes

Premixes Carbohydrate Crude Fat (%) Protein Crude Fiber Calcium
(9/1009) (9/1009) (%) (mg/100g)
b b
T 68.39 1.70 8.42° 286" 554.40
T3 c a b c a
55.68 2.03 6.02 1.71 597.73
b b b b b
Ts 62.23 1.60 6.27 2.23 554.80
+SE(m) 0.781 0.054 0.176 0.043 0.713
CV (%) 2.178 5.238 4.403 3.288 0.217

Values are means of triplicates. Values with different superscripts (a,b,c,d) within the same column are
significantly different (P<0.05);T1-70% Jackfruit Seed Flour + 30% Milk Powder, T3-50% Jackfruit Seed Flour +
20% Milk Powder + 30% Almond powder, T5-50% Jackfruit Seed Flour + 20% Milk Powder + 30% Osmo-tray
dried ripe Jackfruit bulb
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Table 5. Storage stability of milkshake premixes

Treatments  Storage Moisture (%) TVC TFC TCC
period (CFU/gram of (CFU/gram of  (CFU/gram
sample) sample) of sample)
T1 Initial count 5.38 2.2 x 102 ND ND
30 days 5.45f 4.0 x 102 ND ND
60 days 5.58¢ 8.0 x 102 ND ND
Ts Initial count 5.41h 2.4 x 102 ND ND
30 days 5.48¢ 5.1 x 102 ND ND
60 days 5.61° 8.9 x 102 ND ND
Ts Initial count 5.449 2.5x 10?2 ND ND
30 days 5.53d 5.0 x 102 ND ND
60 days 5.642 9.0 x 102 ND ND
+SE(m) 0.004 0.033 _ _
CV (%) 0.131 1.1

Values are means of triplicates. Values with different superscripts (a,b,c,d) within the same column are
significantly different (P<0.05). TVC- Total viable count, TFC- Total fungal count, TCC- Total coliform count, ND —
Not Detected. T1-70% Jackfruit Seed Flour + 30% Milk Powder, T3-50% Jackfruit Seed Flour + 20% Milk
Powder + 30% Almond powder, T5-50% Jackfruit Seed Flour + 20% Milk Powder + 30% Osmo-tray dried ripe
Jackfruit bulb

3.4 Storage Milkshake

Premixes

Stability  of

The microbial analysis of milkshake premixes is
presented in the Table 5. To establish the shelf-
life quality, the premixes moisture content
and microbial profile  was examined.
The rate of contamination with bacterial
colonies, fungal colonies and coliform
colonies were analyzed to ascertain the microbial
profile.

Moisture content is one of the most important
parameters which determine the shelf-life quality
of food product. Initially the moisture content of
the developed premixes ranged from 5.38 — 5.44
per cent. By the end of two months, it was noted
that the moisture content of premixes increased
constantly but were within the standard range,
the value was between 5.58 — 5.64 per cent.
These findings abide with the study done by Liji
et al. [18] who reported the moisture content of
jackfruit based RTC instant mixes as 5.38 — 6.18
per cent.

The study analyzed the distribution and number
of microorganisms present in the formulated
milkshake premixes during a storage period of
two months (60 days). The outcome showed that
the Total viable count (TVC) in the premixes was
significantly influenced by the storage period,
with the count increasing from day 30 to day 60.
However, the counts were within the permissible
limits There was no detection of fungal and
coliform colonies in the developed premixes

during the storage period. According to
Morshed et al. [38] Jackfruit seed flour was
microbe-free over the first 96 days of
storage.

4. CONCLUSION

The study concludes that the developed jackfruit
seed based instant milkshake premixes are rich
in nutrients and easy to prepare.
The premixes are inexpensive and good source
of nutrients compared to commercially available
premixes. Hence the jackfruit seed based instant
milkshake premix can be considered as a novel
food product. The premixes can be stored up to
two months (60 days) without any microbial
spoilage. The opportunity to develop novel,
healthy and ready to eat food stuff is increased
along with the consumer consciousness about
the sustainable living. Currently consumers are
aware about the connective link between
food, health and nature, which help them to
implement a coherent food  strategy.
Development of value-added products using fruit
by products has attained much scientific
attention due to the global attempt to combat
hunger.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

199



Sreejaya and Krishnaja; Eur. J. Nutr. Food. Saf., vol. 16, no. 8, pp. 193-201, 2024; Article no.EIJNFS.121158

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

Maduwanthi  SD,
Marapana RA. Nutritional and health
benefits of jackfruit (Artocarpus
heterophyllus Lam.): a review. International
Journal of Food Science. 2019;2019(1):
4327183.

Waghmare R, Memon N, Gat Y, Gandhi S,
Kumar V, Panghal A. Jackfruit seed: an
accompaniment to functional foods.
Brazilian Journal of Food Technology.
2019;13(22): €2018207.

Noor F, Rahman MJ, Mahomud MS, Akter
MS, Talukder MA, Ahmed M.
Physicochemical properties of flour and
extraction of starch from jackfruit seed.
International Journal of Nutrition and Food
Sciences. 2014;3(4):347-354.

Ramli AN, Badrulzaman SZ, Hamid HA,
Bhuyar P. Antibacterial and antioxidative
activity of the essential oil and seed
extracts of Artocarpus heterophyllus for
effective shelf-life enhancement of stored
meat. Journal of Food Processing and
Preservation. 2021;45(1):14993.

Kinsella JE, Melachouris N. Functional
properties of proteins in foods: a survey.
Critical Reviews in Food Science &
Nutrition. 1976 ;7(3):219-280.

Anderson RA. Gelatinization of corn grits
by roll-and extrusion-cooking. J. Cereal.
Sci. 1969; 14(2):4-7.

Ranganna S. Handbook of analysis and
quality control for fruit and vegetable
products. Tata McGraw-Hill Education;
1986.

Bradford MM. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Analytical
biochemistry. 1976;72(1-2):248-254.

Sathe SK, Deshpande SS, Salunkhe DK.
Functional properties of winged bean
[Psophocarpus tetragonolobus (L.) DC]
proteins. Journal of Food Science.
1982;47(2):503-509.

Leach HW. Structure of starch granule I.
Swelling and solubility patterns of various
starches. J. Cereal Chem. 1959; 36:534-
544,

Ranasinghe  RA,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

200

Okaka JC, Potter NN. Physico-chemical
and functional properties of cowpea
powders processed to reduce beany flavor.
Journal of Food science. 1979;44(4):1235-
1240.

Sadasivam S, Manickam A. Biochemical
methods for agricultural sciences. Wiley
eastern limited. 1992;8.

AOAC Official methods of analysis: 12t
Edition. Association of Official Analytical
Chemists. Washington, DC. 1990;114.
AOAC. Official Methods of Analysis: 18"
Edition. Association of Official Analytical
Chemists. Washington, DC. 2005;210.
Stankovié A, Safranko S, Jurisié¢ K, Balié |,
Bijeli¢ J, Joki¢ S, Medvidovi¢-Kosanovi¢ M.
Investigation of system complexity and
addition of vitamin C on calcium oxalate
precipitation. Chemical Papers. 2020;74:
3279-3291.

Johnson ML, Curl T. Standard methods of
biochemical analysis. Kalyani publishers,
New Delhi. 1973;62-65.

Kaymak-Ertekin F. Drying and rehydrating
kinetics of green and red peppers. Journal
of Food Science. 2002;67(1):168-175.

Liji AJ, Suma Divakar. Shelf life of Jackfruit
based ready-to-cook (RTC) instant mixes.
Indian Journal of Applied Research.
2016;6(11):112-115

Awuchi CG, Igwe VS, Echeta CK. The
functional properties of foods and flours.
International  Journal  of  Advanced
Academic Research. 2019;5(11):139-160.
Akter B, Haque MA. Utilization of jackfruit
(Artocarpus heterophyllus) seed’s flour in
food processing: A review. The
Agriculturists. 2018;16(2):131-142.

Islam MS, Begum R, Khatun M, Dey KC. A
study on nutritonal and functional
properties analysis of jackfruit seed flour
and value addition to biscuits. Int J Eng
Res Technol. 2015;4(12):139-147.

Butt MS, Rizwana Batool RB. Nutritional

and functional properties of some
promising legumes protein isolates.
Pakistan Journal of Nutrition. 2010;
9(4):373-379

Suresh Chandra SC, Samsher S.
Assessment of functional properties of
different  flours.  Afran  Journal of

Agricultural Research. 2013;8(38): 4849-
4852.

Reddy SS, Devi GN, Lakshmi K, Lakshmi
KB. Physico-chemical and functional
properties  of  jackfruit  (Artocarpus



25.

26.

27.

28.

29.

30.

31.

Sreejaya and Krishnaja; Eur. J. Nutr. Food. Saf., vol. 16, no. 8, pp. 193-201, 2024; Article no.EIJNFS.121158

heterophyllus) seed flour. The Journal of
Research ANGRAU. 2022;50(4):45-56.

lwe MO, Onyeukwu U, Agiriga AN.
Proximate, functional and  pasting
properties of FARO 44 rice, African yam
bean and brown cowpea seeds composite
flour. Cogent Food & Agriculture. 2016;
31(1):11424009.

Ocloo FC, Bansa D, Boatin R, Adom T,
Agbemavor WS. Physico-chemical,
functional and pasting characteristics of
flour produced from Jackfruits (Artocarpus
heterophyllus) seeds. Agriculture and
biology journal of North America.
2010;1(5):903-908.

Dilrukshi SH, Senarath HP. Development
and quality evaluation of freeze-dried
instant green smoothie powder.
International Journal of Food Science.
2021;2021(1):6634764.

Jyothi GS, Manjunath R, Suresha KB,
Ambika DS. Production of spray dried
jackfruit powder from enzymatic liquefied
juice. Pharma Innovation  Journal.
2022;11(10): 1626-1633.

Endrizzi |, Torri L, Corollaro ML, Dematté
ML, Aprea E, Charles M, Biasioli F,
Gasperi F. A conjoint study on apple
acceptability: Sensory characteristics and
nutritional information. Food quality and
preference. 2015;1;(40):39-48.

Sukkwai S, Kijroongrojana K, Chonpracha
P, Pujols KD, Alonso-Marenco JR, Ardoin
R, Prinyawiwatkul W. Effects of colorant
concentration and  ‘natural  colour’or
‘sodium  content’claim  on  saltiness
perception, consumer liking and emotion,
and purchase intent of dipping sauces.
International Journal of Food Science &
Technology. 2018;53(5):1246-1254.

Wang RJ, Trehan |, LaGrone LN, Weisz
AJ, Thakwalakwa CM, Maleta KM, Manary
MJ. Investigation of food acceptability and
feeding practices for lipid nutrient
supplements and blended flours used to

32.

33.

34.

35.

36.

37.

38.

treat moderate malnutrition. Journal of

Nutrition Education and Behavior.
2013;45(3):258-263.

Charters S. Aesthetic products and
aesthetic  consumption: A review.
Consumption, Markets and Culture.

2006;9(3):235-255.

Nisar M, Kshirsagar RB, Patil BM, Sawate
AR, Agarkar BS. Studies on effects of
different drying techniques on proximate
and mineral composition of dried
jackfruit seed powder. The Pharma
Innovation Journal. 2021;10(9): 1625-
1630.

Palamthodi S, Shimpi S, Tungare K. A
study on nutritional composition and
functional properties of wheat, ragi and
jackfruit seed composite flour. Food
Science and Applied Biotechnology. 2021,
4(1):63-75.

Mukprasirt A, Sajjaanantakul K.
Physico-chemical properties of flour and
starch from jackfruit seeds (Artocarpus
heterophyllus Lam.) compared with
modified starches. International Journal of
Food Science & Technology. 2004;39(3):
271-276.

Maskey B, Subedi S, Shrestha NK. Effect
of incorporation of jackfruit (Artocarpus
heterophyllus) seed flour on the quality of
cookies. Dristikon: A Multidisciplinary
Journal. 2020;10(1):60-72.

Sultana A, Amin MN, Miah MY, Sarker AK,
Rasel MM, Aziz MT, Sharmin F, Hakim
MA, Shiddika H, Emon SH, Tuli TP.
Determination of proximate composition
and amino acid profile of jackfruit seed and
utilization of its seed flour for development
of protein enriched supplementary food.
Cell Biol. 2017;5(6):57-65.

Morshed MH, Ibrahim M, Helali MO, Alam
AK, Amin R. Storage life and quality
characteristics of nutritious flour from ripe
jackfruit seed. Journal of Engineering.
2019;10(2):19-24.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/121158

201


https://www.sdiarticle5.com/review-history/121158

