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Abstract – Wild-seeded banana (Musa spp. L.) belonging to the Musaceae family is one of the most
abundantly grown orphan crops in the West Garo Hills of Meghalaya, India. The cultivation of banana
produces substantial waste, particularly from the pseudostem (central core), yielding approximately 5-7
tonnes per hectare. To utilize this underexploited biomass, a study was undertaken to develop a novel candy
product by using banana pseudo stem, with black salt as a pre-treatment owing to its rich mineral content
and antioxidant properties. Eleven treatments were formulated with varying black salt concentrations (0-
10%) in a 70% sugar solution. The organoleptic properties, including colour, taste, texture, and overall
acceptability, were evaluated by a panel of 15 semi-trained testers using a 9-point Hedonic Scale.
Biochemical parameters such as total soluble solids (TSS), total sugar (TS), reducing sugar (RS),
non-reducing sugar (NRS), acidity, protein, starch, carbohydrates and potassium content were also
analyzed. Among the treatments, Treatment 2 (1% black salt) recorded the highest sensory score of 6.8,
indicating the best overall acceptability, followed closely by Treatment 4 (6.6) and Treatment 1 (6.5). Based
on these findings, treatments T2, T4, and T1 are recommended for the production of high-quality banana
pseudo stem candy with improved sensory and nutritional attributes.

INTRODUCTION

India, as the world’s leading producer of bananas,
produces approximately 32 million tonnes of the
fruit in 2021-22 (NHB, 2021-22). Several Indian
states, including Andhra Pradesh, Maharashtra,
Gujarat, Tamil Nadu, and Karnataka are major
banana producers. Wild seeded bananas are
abundantly found in the forest of West Garo Hills,
Meghalaya while some are locally grown. The fruits
cannot be eaten due to the presence of large number
of seeds. But all of its parts including flower, leaves
and psuedostem are used by the people of this
region in various ways. Fruits are inedible due to
the high number of seeds they contain. The leaves,
however, are robust, strong and flexible, making
them suitable for use as packaging material and a
natural food plate. In West Garo hills, people have
traditionally used these leaves to package food and
curries and they are therefore commonly found in
markets throughout the region. The flowers of the
wild banana are also sold in markets and they are

believed to help control blood pressure and diabetes.
Additionally, the pseudostem is sold for culinary
purposes providing a unique and flavourful
ingredient for various dishes. (Joga et al., 2019). The
central core of the banana pseudostem can be
consumed as food after boiling and adding spices. It
is high in dietary fibre, making it beneficial for
weight loss. Eating banana pseudostem can also help
relieve constipation, and drinking its juice may
prevent diseases such as urinary disorders and
gallbladder stones (Dixit, 2019).

Candies are appealing in various aspects, such as
stickiness, taste, flavour, colour, general appeal and
nutritional value. They are widely consumed by
people of all ages, especially children and their
popularity has been maintained. There is a high
demand for candies with added benefits in the
global market. Candies are well suited for the fast-
food industry because of their portability and long
shelf life which eliminates the need for refrigeration.
Introducing a new candy with enhanced nutrients
could introduce a new option for the existing
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selection of candies available in the global market
(Lata et al., 2021)

In Ayurvedic medicine, black salt, a type of rock
salt, is regarded as a cooling spice. It has essential
minerals that are good for human health, like iron,
calcium and magnesium. In addition, it has lower
sodium levels than regular salt and displays
antioxidant properties (Chander et al., 2020). Black
salt and the nutritious waste portion of banana
pseudostem can be used in processed goods as a
laxative and digestive help. In light of this, an
experiment titled “Influence of black salt treated
candy by using the waste part of the wild banana
plant (pseudostem- central core) on nutritional
quality”was carried out.

MATERIALS AND METHODS

The study was carried out at the Research
Laboratory, Department of Horticulture, North
Eastern Hill University (NEHU), Tura Campus,
Meghalaya, in the year 2023. The central core of the
banana pseudostem was used as the base material
for making candy. The raw materials were collected
from West Garo Hills. For sweetening, palm sugar
was used and black salt was used for the salt
treatment. These ingredients were obtained from the
local market in Tura, Meghalaya.

Table 1. Treatment combination

Treatments Concentration of black salt

T1 (control) Central core 0%
T2 1%
T3 2%
T4 3%
T5 4%
T6 5%
T7 6%
T8 7%
T9 8%
T10 9%
T11 10%

Each treatment contains 3kg of raw material (central core
of pseudostem) with 1level of sweetener i.e. Palm sugar
(70%)

Processing

The processing of candy involved removing the
outer layers of the pseudostem using a sharp knife
and washing the central core with tap water. The
core was then cut into cubes size (3x3x3 cm) and

soaked in salt solution for 1 hour (the concentration
of salt was adjusted according to the treatments).
Sugar syrup was prepared using palm sugar and the
cubes were steeped in the syrup for further osmosis.
Once the final syrup strength of all the treatments
reached 70° Brix the candy was washed and
arranged in a single layer on a tray for uniform
drying. The candy was checked frequently to reduce
stickiness and once it was dry, it was packed in
polyethylene bags for storage and organoleptic
quality analysis.

Plate 3. Central core

Plate 1. Wild banana plants Plate 2. Banana pseudostem

Plate 4. Cut into small cubes Plate 5. Packaging

Sensory evaluation

A group of 15 semi-trained taste panellists evaluated
the acceptability of central core (banana
pseudostem) candy products using a 9.0 Point
Hedonic Scale, which assessed their colour, taste,
texture and overall acceptability (Amerine et al.,
1965).

Nutritive analysis

The bio chemical parameters were analysed by
standard methods like TSS (ºBrix) by Hand
Refractometer, sugars (%) by Lane and Eynon
(1923), titratable acidity (%) by AOAC (2005), total
soluble proteins (%) by Lowry (1951) and starch (%)
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by Titration (Moorthy and Maini, 2000,) total
carbohydrates (%) by Anthrone reagent (Hedge and
Hofreiter, 1962) and potassium by Flame Emission
Spectrophotometer (Rahat, 2015).

Statistical analysis

The observed data were statistically analysed using
CRD (Completely Randomized Block Design) by
Panse and Sukhatme, 1957.

RESULTS AND DISCUSSION

Total soluble solids (TSS)

The different concentrations of black salt taken
under study had a significant (p<0.01) effect on the
TSS content of the banana pseudostem candy. A
gradual and significant decrease in Total Soluble
Solids (TSS) was observed with increasing black salt
concentration in black salt treated candy. Table 2
shows that TSS content ranged from 39.87 °Brix in T1
(control) to 35.40 °Brix in T11 (highest black salt
concentration). The influx of salt reduces the
osmotic gradient for sugars, limiting solid gain
relative to simple sugar solutions. In some cases,
internal soluble solids, including sugars, are leached
out alongside water (Ahmed et al., 2016) (Yadav and
Singh, 2014). This results in lower net sugar
concentration, which means TSS (as measured in
°Brix) decreases despite overall dehydration.

Sugars

According to Table 2, total sugar content exhibited a
significant decreasing trend from 24.07% in T1 to
17.17% in T11 with increasing black salt

concentration. Salt, especially black salt containing
sulphates and trace minerals, may alter enzyme
activity during processing. It might inhibit invertase
or other sugar-related enzymes, slowing down
conversion of complex sugars or indirectly leading
to their breakdown and diffusion loss. Rahman
(2020) reported that high ionic strength from salts
can inhibit enzyme functionality in processed plant
tissues.

Similarly, the mean score of reducing sugar of
different treatments of black salt in banana
psuedostem candy showed decreasing trend from
9.84% in T1 to 8.22% in T11(Table 2). Sodium and
potassium ions from black salt can compete with
sugars during osmotic exchange, reducing the net
diffusion of sugar into the tissue during the
candying process. Similar findings were reported by
Torreggiani and Bertolo (2001) that presence of salts
can significantly alter osmotic driving forces by
modifying solute diffusion dynamics. This may lead
to reduced retention of reducing sugars in the plant
tissue.

Also, the non-reducing sugar content decreases
from 14.72 % in T1 to 9.36% in T11(Table 2). During
the candying process, osmotic dehydration occurs
due to the high concentration of solutes (black salt
and palm sugar) in the surrounding syrup. As the
osmotic pressure increases, some internal solutes
including sucrose a major non-reducing sugarmay
diffuse out of the pseudostem tissue into the
surrounding solution, particularly under high-salt
conditions (Torreggiani and Bertolo, 2001).

Titratable Acidity

Acidity of the candy increased from 0.13% in T1 to

Table 2. Effect of black salt on TSS (Brixº), total sugar (%), reducing sugar (%), non-reducing sugar (%) and acidity (%)
content in banana pseudostem candy

Treatments TSS (%) TS (%) RS (%) NRS (%) Acidity (%)

T1 39.87 24.07 9.84 14.72 0.13
T2 39.27 23.15 9.38 14.24 0.17
T3 38.40 22.22 9.24 13.45 0.26
T4 37.73 21.48 9.09 12.85 0.30
T5 37.30 20.74 8.96 12.23 0.34
T6 37.00 20.00 8.83 11.61 0.30
T7 36.53 19.39 8.70 11.13 0.34
T8 36.13 18.79 8.57 10.64 0.34
T9 35.80 18.18 8.45 10.15 0.38
T10 35.73 17.68 8.33 9.76 0.43
T11 35.40 17.17 8.22 9.36 0.47
SE.d ± 0.35 0.45 0.16 NS 0.01
CD at 1% 0.74 0.94 0.33 NS 0.01
C.V.% 1.17 2.72 2.22 NS 2.41
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0.47% in T11 (Table 2). The increase in acidity might
be due to the addition of black salt, which contains
acidic components. Black salt contributes acidic
components, while palm sugar’s buffering capacity
modulates pH changes during processing. This is
consistent with the findings of Oluwasina et al.
(2020) that the addition of certain salts can increase
the titratable acidity of food products.

Proteins

A significant increase in protein content was
observed from 14.14% in T1 to 30.32% in T11 (Table 3).
This increase could be attributed to the higher
content of black salt and palm sugar, since black salt
contains high quantity of sulphur, which in turn is
an essential element for amino acid synthesis
(Waraich et al., 2022), hence sulphur is important for
protein synthesis which contributed additional
proteins to the candy.

Starch

Table 3 shows that the starch content exhibited a
decreasing trend from 3.13% in T1 to 2.13% in T11
with the increasing concentration of black salt. This
reduction may be attributed to the leaching of starch
or its breakdown during the candying process,
which involves heating in the presence of acidic
ingredients. Osmotic dehydration is a counter
current mass transfer process wherein the solute
enters the food while moisture is eluted from the
inside of the food into the hypertonic solution. This
explicitly confirms that starch and other
carbohydrates are lost alongside water during
osmotic treatment (Moreau et al., 2011).

Carbohydrates

According to Table 3 the mean score of carbohydrate
decreases from 86.92% in T1 to 83.83% in T11. The
reduction in carbohydrates content may be due to
starch hydrolysis and leaching of soluble sugars
during thermal processing (Moreau et al., 2011).

Potassium

Potassium content significantly increased from
139.94 mg/100g (T1) to 153.83 mg/100g (T11) with
higher black salt concentrations (Table 2.1). Rise in
potassium may be attributed to influx from the black
salt matrix or relative concentration due to water
and starch removal. The literature confirms that
minerals like K can migrate from osmotic solution
into tissue, altering mineral content profiles. Similar
findings were reported by Kulczynski et al., (2024)
where potassium moving from an osmotic solution
into the tissue and increasing concentration upon
water and starch loss.

Sensory evaluation

The sensory evaluation of black salt treated candy
was significantly influenced by different levels of
black salt incorporation (Fig. 1). The sensory scores
ranged from 5.9 to 6.8 across the treatments (T1 to
T11), indicating variation in overall acceptability with
respect to taste, texture, flavor, and appearance. The
highest sensory score (6.8) was recorded in
treatment T2, followed by T4 (6.6), suggesting that a
lower concentration of black salt (1-2%) was more
acceptable to the panel members. This might be due
to the balanced taste achieved at lower levels of

Table 3. Effect of black salt on protein (%), starch (%), carbohydrates (%) and potassium (mg/100g) content in banana
pseudostem candy

Treatments Protein Starch Carbohydrates Potassium
(%) (%) (%) (mg/100g)

T1 14.41 3.13 86.92 139.94
T2 15.60 3.74 86.39 141.67
T3 16.75 2.98 85.95 145.15
T4 16.93 2.87 85.54 146.88
T5 18.92 2.76 85.42 148.62
T6 19.00 2.66 85.14 145.15
T7 21.63 2.57 84.98 145.15
T8 22.53 2.40 84.75 148.62
T9 24.35 2.33 84.50 150.36
T10 24.39 2.19 84.19 152.09
T11 30.32 2.13 83.84 153.83

SE.d ± 0.40 0.05 0.09 2.09
CD at 1% 0.84 0.12 0.20 4.37

C.V.% 2.41 2.62 0.14 1.74
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black salt, where its characteristic flavour
complemented the sweetness of palm sugar without
overpowering it. According to Pathare et al. (2013),
small amounts of salt can improve perceived
sweetness and reduce bitterness in fruits and
vegetable-based products.

A gradual decline in sensory scores was observed
from T5 to T8, with the lowest score (5.9) noted in T8.
This reduction may be attributed to the increasing
saltiness and possible bitterness imparted by higher
concentrations of black salt, affecting the overall
palatability of the candy. Further, a slight
improvement in sensory scores was noticed from T9
(6.3) to T10 (6.4), indicating that beyond a certain
concentration, consumers might have adapted to the
saltiness or the flavour was balanced by higher
sugar content. However, the sensory score again
declined in T11 (6.2), confirming that very high levels
of black salt adversely affected the sensory quality of
the candy. Overall, the treatments with lower to
moderate levels of black salt (T2 to T4) were most
preferred by the sensory panel, while higher
concentrations (T8 to T11) negatively influenced the
acceptability. Thus, it can be inferred that the
addition of black salt up to 2% (T2) or 3% (T4) is
optimum for developing nutritionally enriched and
organoleptically acceptable palm sugar-based candy.

CONCLUSION

It can be concluded that the addition of black salt in
palm sugar-based candy enhances its nutritional
quality, particularly protein and potassium content.
However, for better consumer acceptability, black
salt concentration should be limited to 1-2% (T2 or
T4), beyond which the sensory attributes may be
adversely affected. Treatment T2 was found to be the
most suitable for the preparation of black salt

treated candy, balancing both nutritional enrichment
and organoleptic quality.Further studies on storage
stability, mineral composition, and consumer
preference in different age groups are
recommended for the commercial development of
this value-added functional candy product.
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