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Abstract: Calcium, an important mineral in bones, is widely available in the form of calcium
carbonate (CaCQO»3) in eggshells. However, tonnes of eggshells have been wasted every year all
around the globe. The current work was aimed at valorzing the eggshell waste and incorporating
it as an alternative Ca source for calcium deficient people. Soup mixes (named 1-5) were
formulated by varying the ratio of starch (4-12 g) and vegetables (2-10 g) along with the constant
quantity of mushroom and eggshell powder. The formulated soup mix was assessed for
physiochemical properties and proximate analysis. The results showed that the soup mix 4 with
4 g vegetables, 10 g corn starch, 1 g onion, and garlic, 2 g salt and sugar, 2 g mushroom, and 1 g
egoshell powder was found similar to the commercial soup mix along with 3069.095 mg/kg
calcium content which meets individuals' RDA requirement. The results suggest that the
formulated soup mix can act as a proper preload for all individuals and 1s used as a supplement
for commercial calctum foods. Further research is required to increase the soup's acceptability,
its bioavailability, and shelf stability.

Keywords: Eggshells, Waste Utilization, Soup Mix, Value Addition, Vitamin D

Introduction

Calcium is a vital mineral in the human bodys; it ultimately plays a significant role in bone
formation, accounting for 99 % in the bones and teeth. Intake of calcium from dairy sources is a
suitable way to satisfy the body's calcium requirements [1]. However, people do not intake a
sufficient amount of calcium as per the clinical guidelines which leads to the weakening of bones
In postmenopausal women and osteoporosis [2, 3]. Additionally, about 65 % of the population
was reported to suffer from lactose intolerance in Asian regions, which demands new calcium
supplements to fulfill dietary requirements [4]. Existing calcium tablets with crustacean shell
supplements (1.25 g) are more expensive and sometimes adherence of calcium in our system to
targeted treatment is less [3].
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In contrast, considerable amounts of calclum sources as waste are generated from
chicken eggshells (8.85 million metric tons/ annum in the year 2018). The disposal of eggshell
wastes becomes the major concern all around the globe which accounts for higher landfill cost
for the processing industries [5]. Additionally, the landfills also cause various impacts on the
environment which must be addressed properly. According to the environmental protection
agency, eggshell waste has been ranked as the 15" major pollution caused by food processing
industry [6]. As, the primary component of eggshell is calcium carbonate, it can act as an excellent
alternative source for dietary calcium and can be useful in increasing bone mineral density
(BMD) [7,8] It has also been determined that the absorption of calcium from the eggshell is
more 1n the artificial gastric juice compared to the synthetic calcium supplements [9].

Fach egg shell contains 2.21 g of calcium carbonate which accounts for about 2.07 + 0.18
g of calctum [3]. The ability to absorb eggshell calctum is more in patients with renal failure as it
1s more soluble with gastric juice because of its porosity as compared to synthetic calcilum source
[10]. Experts involved in an e-Delphi survey agreed that eggshells of about 500-1000 mg/day
boiled for a total of 30 min would have no risk in human consumption [11]. However, the nature
of addition of the eggshell into the diet 1s a crucial factor that must be taken into account for
proper digestion and absorption of calcium. It is found that the absorption rate of fine powder
egoshell (34.8 %) 1s reported to be greater than that of a coarse powder (21.3 %) and twice as that
of synthetic calcium carbonate (13.7 %) [12]. Thus, the calcium from the fine eggshell powder
can be a potential source incorporated mnto food materials to meet the calcium requirements.
However, selection of suitable product for the incorporation of the eggshell power 1s necessary
to produce an 1dyllic food product with supplementation of calcium.

Vegetable soup mix 1s one of the most suitable food products as it 1s consumed by all
age groups of individuals, including osteoporosis patients. It can fulfill social consumers' health
requirements, and it also plays a vital role in human nutrition [13]. Soup mix powders can be
reconstituted in water within a short period for palatability, thus retaining its nutritional properties
similar to that of cooked fresh vegetables [14]. It can be stored for 6 to 12 months at room
temperature [15]. Existing instant soup mixes meet the essential nutrient such as carbohydrates,
proteins, dietary fibers, vitamins, minerals, essential fatty acids, and oligosaccharides [16].
However, it 1s devoid of the required dietary calcium responsible for the proper skeletal
framework. Hence, a soup mix enhanced with calcium can serve as a nutrient supplement for

calcium deficient people who suffer from lactose intolerance and osteoporosis.

As discussed earlier, the absorption of calcium by the digestive system 1s important in
developing a calcium supplement product. In order to increase calcium absorption a vitamin D
rich supplement has to be incorporated [17]. As vitamin D (calciferol) has the hormone calcitriol,
it induces the synthesis of Ca binding protein (calbindin) in the intestinal cells and promotes Ca
absorption [18]. The Dutch Health Council recommends 1000 mg of calcium with 800 TU/d of
vitamin D for osteoporosis patients as per the International Osteoporosis Foundation [19]. The
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best vegetable source of Vit D can be obtained from mushrooms exposed to Ultra violet light
[20]. It has been studied that the dried button mushrooms followed by exposure to sunlight for
15-120 min contain 17.5-32.5 ug/100 g of vitamin D (ergocalciferol) [21]. The primary objective
of this study 1s to develop a suitable calcium-enriched vegetable soup mix utilizing eggshell waste,

which could meet the nutritional and sensory characteristics similar to the commercial soup mix.
Materials and Methods

Fresh eggshells (1 kg) and other fresh vegetables like carrots, green beans, onions, garlic,
and button mushrooms (100 g each) were collected from a local market in Thanjavur, India. A
commercial vegetable soup mix of 20 g was also bought from the supermarket and used as a

control for comparison.
Formulation of Calcium-Enriched Vegetable Soup Mix
Processing of eggshell powder

The eggshell powder was prepared from the membrane-free eggshells (removed
manually). The eggshells of 750 g were washed, autoclaved (134 °C, 103.42 kPa for 15 min), and
dried using a hot air oven at 80 °C = 2 °C for 2 h [22]. Subsequently, the dried eggshells were
milled at 18000 rpm for 2 min in a mixer grinder (Philips HL. 2270, 750 W) to a very fine powder
(average particle size of 300 um). The eggshell powders were stored in airtight containers before
the preparation of the soup mix.

Processing of other soup mix ingredients

The fresh vegetables and condiments such as carrot, beans, onion, and garlic were finely
chopped and dried in a hot air oven at 70 °C for 13 h; the dried vegetables' moisture content was
found to be 15.08 = 0.07 % dry basis (db.). The button mushrooms (100 g) were washed and
sun-dried for about 24 h to obtain the RDA of 800 ug/100 g as the button mushrooms generate
vitamin D of only10 pug/100 g when exposed to midday sunlight for 15-120 min [23]. The dried
button mushrooms were then ground to fine powder at 18000 rpm for 5 min to a particle size of
120 pm. The soups were then prepared by mixing the dried vegetables, condiments, pepper,
salt, sugar, corn starch, and eggshell powder.

Formulation of the soup mix

Five different soup mixes were formulated by varying the ratio of starch (4-12 g) and
vegetables (2-10 g) added to the soup mix and the constant quantity of eggshell powder and
mushroom powder, as described in Table 1. The prepared soup mix was optimized by
comparing it with the soup mix that are commercially available in terms of physiochemical and

proximate analysis.
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Table 1. Different combinations of soup mix (20 g)

Ingredients Soup mix 1 Soup mix 2 Soup mix 3 Soup mix 4 Soup mix 5
® ® ® ® ®
Vegetable mix 2 4 6 8 10
Starch 12 10 8 6 4
Garlic and 1 1 1 1 1
onion
Salt and sugar 2 2 2 2 2
Mushroom 2 2 2 2 2
ESP 1 1 1 1 1
Physiochemical analysis
Color

Five combinations of soup mix along with commercial soup mix, each of 20 g mixed
with 150 ml of boiling water, were used for analysis. Color estimation was carried out using the
Hunter Color Lab (Color Flex EZ 4510 spectrophotometer) after calibrating it with a standard
white and black tile of known L, a, and b values.

Viscosity

The samples' viscosity was analyzed at three different temperatures, such as 40, 45, and
50 2C using Anton Paar Rapid Visco-Analyzer, MCR 52 based on the procedure followed by
[24]. The temperatures for measurement of viscosity were selected based on the general
consumable temperature range for soup. The sample was prepared by mixing different
combinations of vegetable soup mix powders with definite proportions of hot water (2 g in 15
ml), 1.e., 20 g in 150 ml as per the commercial soup mixes' procedure.

Moisture content

Moisture content of samples were estimated in triplicates using a halogen type moisture
meter (Mettler Toledo). Each soup mix of 1.5 g was kept in the moisture meter in order to obtain
the moisture on a dry basis.

Proximate analysis

The proximate composition of the prepared vegetable soup mixes was carried out by
AOAC, 2002 methods and studied by comparing them with commercial soup mix. To
determine the crude protein, the nitrogen percentage of samples was first obtained by the
Kjeldahl method. Then the nitrogen percentage was measured followed by [25]. The fat (crude)
for the samples was extracted and estimated using Pelican Socsplus - SCS 06 AS with hexane as
a solvent based on the method followed by [26]. The carbohydrate estimation was carried out by
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the Anthrone digestion method, and concentrations were measured in the UV
spectrophotometer at an optical density at 620 nm. The Ash content of the soup mixes was
determined using a muffle furnace followed by [27]. The dietary fiber can be determined by
boiling the moisture and fat-free samples with sulfuric acid and sodium hydroxide solution
consecutively for 30 minutes and the following mixture 1s dried in muffle furnace at 550 °C for
2 h, cooled, and weighed again. The difference between these two weights determines the weight
of the crude fiber present [27]

Energy value

The energy value was calculated using the standard formula mentioned in Eq. 1 [28].

kcal

Energy value (E) = (carbohydrates x 4) + (fatx 9) + (protiens x 4) (1)

ICP-OES analysis

An Inductively Coupled Plasma-Optical Emission Spectrometer (Optima 3100XL
made by Perkin Elmer) was used to measure calctum for the developed soup mix in powder
form [29]. The measurement conditions based on the signal-to-background ratio of the least
sensitive element in [CP-OES were optimized, and the spectrometer was calibrated by using the
performance of calibration standards prepared (aqueous), 1.e., 65 9% w/v 10 mL HNO:/100 mL,
and the total analysis time was carried for 5 min, including the washing time between samples.
As described, each soup mix powder of 0.5 g was homogenized and digested by adding 5 ml
nitric acid (65 9% w/v) and 2 ml hydrogen peroxide (30 9% w/v) in a microwave [30]. The digest
was transferred to a 50 mL volumetric flask after adding an internal standard of 0.1 mg/L of the
standard solution. The flask was then filled with demineralized water, and then each digest was
decomposed nto six replicates, and two water blanks were run with each batch.

Sensory evaluation

Sensory analysis was carried out by twenty volunteers of similar age groups between 17
- 27, including equal proportions of male and female panelists. The resultant 5 soup samples
were organoleptically evaluated by mixing 10 g of each soup mix with 75 ml of boiling water for
sensory attributes using 5 - point hedonic scale as suggested by pepper soup [31].

Statistical analysis

All the experiments were done in triplicates. Statistical analysis was performed using
SPSS statistical software (Version 20.0). One-way ANOVA established significant changes with
Tukey’s HSD test at a 95 % confidence level.
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Results

Physiochemical analysis
Color

Color plays an essential role in the characteristic appearances. From the observation
made from table 2, formulated soups 2, 3, and 5 were significantly not different (P> 0.05) from
the commercial soup 0. A gradual rise in the lightness (L.* value) and drop in a* and b* value
was observed from the formulated soup 1 to soup 4. However, the a* and b* value of the
commercial soup (0) was significantly different (p<0.05) from that of all the formulated soups.

Viscosity

The optimum serving temperatures of soup range is between 40 °C and 80 °C [32]. To
address the mfluence of serving temperature on the soups' consistency, the soups' viscosity was
evaluated at three targeted temperatures (40 °C, 45 °C, and 50 ¢C). However, there were no
significant changes in the viscosity with respect to the change in temperature. In case of similarity
i comparison with soup mix 0, the soup mixes 3, 4, and 5 showed no significant (p > 0.05);
whereas, the results of soup mix 1 and 2 showed a significant fall from soup mix 0 (p < 0.05)
when subjected to analysis.

Moisture Content

The moisture content is an important factor in the shelf-life of food products. The shelf
life of foods increases with a decrease in moisture percentage; the formulated soup mixes'
moisture contents range from 13.52 to 14.7 %. The moisture content (% db.) of all the five
formulated soup mix powders was observed to be significantly higher than the soup mix 0 (p >

0.05).
Proximate Analysis
Protein

Protein, being a macronutrient for bodybuilding, can contribute to texture, color, flavor,
and other properties in a formulated food [33]. The protein percentage in the formulated soup
mix powders increased from 3.06 % in soup mix 5 to a maximum of 8.52 9% in soup mix 1. Soup
mix powders 4 (3.53%) and 5 (3.06%) were observed to be significantly not different from the
commercial soup mix, 0 (3.75 %). The percentage of protein in the developed vegetable soup
mix 1, 2, and 3 were significantly different (higher) from the soup mix 0 (p < 0.05).

Far

The presence of fat in the diet aids in improving human health helps in energy storage,
and allows humans to consume fat-soluble vitamins [34]. The percentage of fat present in the

commercial soup mix was 0.59 %, and the amount of fat present in the formulated soup mixes
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was 1n the range of 6.8 to 7.9 %. Besides, the fat contents in all the five formulated soup mixes

were not significantly different from each other (p > 0.05).
Ash

Ash 1s the morganic residue that remains after ignition or complete organic matter
oxidation in the food samples [35]. It has also been studied that organic matter like vegetables
dry out, and the remaining inorganic minerals remain as ash. Table 2 shows that the ash content
n soup mix 5 was not significantly different from soup mix 0 (p > 0.05).

Crude fiber

Dietary fiber helps prevent cardiovascular diseases, constipation, and diverticulosis.
Table 2 shows that the crude fiber content gradually decreased from soup mix 1 (7.25 %) to 5
(1.62 %). Based on the percentage of crude fiber present in the samples, the soup mixes 4 and 5
were found not to be significantly different from soup mix 0 (p > 0.05). Whereas the crude fiber
i soup mix 0 is significantly lesser than soup mix 1 and 2 (p < 0.05).

Carbohydrate

Corn starch, being the vital ingredient in the formulation of vegetable soup mix, accounts
for 91 % of carbohydrates. The carbohydrate in the formulated soup mixes was not significantly
different from the commercial soup mix 0 (p > 0.05). However, the carbohydrates in soup mix
1 and 2 were significantly lesser than that of soup mixes 3, 4, and 5.

Energy value

The energy value for the various soup samples was calculated and listed in Table 2. No
gradual differences were found in the results of the soup mix from 1 to 5. However, the
commercial soup mix's energy value was observed to be higher (389.39 kcal/100g) than other
formulated soup mixes.

Calcium content

Calcium content in high saline foods like the developed soup mixes can be measured
using ICP OES [30]. The calcium present in soup mix 1 is 2001.98, soup mix 2 is 2127.560,

soup mix 3 is 2146.055, soup mix 4 1s 3069.095 mg/kg, and soup mix 5 is 3849.384 mg/kg based
on the analysis using ICP-OES.

Sensory Evaluation for the Prepared Soup Samples

A sensory evaluation was conducted, and the mean value of the obtained scores was
represented in Figure 1. The overall acceptability was more in commercial soup mix than other
formulated soups. In contrast, the overall acceptability of soup mix 4 was observed to be next to
that of the commercial soup mix. However, the overall acceptability of formulated soup mixes 4
and 5 were found to be significantly not different (p > 0.05) from the commercial soup mix 0

(Table 3).
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Table 2. Various properties of soup mix

Various Properties

Color L
a”
b*
Viscosity 40 ¢C
Pa.s 145 °C
50 °C
Moisture %
Protein %
Fat %
Ash %
Carbohydrates %
Crude fiber %

Energy value (kcal/100 g)

Soup mix 1

45.87 +0.37"

6.1 +0.01"

30.12 +0.07"
0.183 £ 0.08"
0.178 £ 0.01"

0.078 £ 0.06"

14.32 + 0.24"

8.53 £ 0.32'
7.10 £ 2,46

324.1

Soup mix 2
48.2 £ 0.26°
5.95 £0.07°
28.9 £ 0.13°
0.237 £ 0.02"

0.143 £ 0.03"

0.169 + 0.03"
14.70 £ 0.15°

7.37 £ 0.50°
7.52 £1.45"
5.69 + 0.21°
57.24 £0.91"
6.49 + 0.18"
336.12

Soup mix 3

48.91 + 0.83"
5.89 +0.03
28.67 £ 0.23°
0.352 = 0.08"
0.446 + 0.09°

0.252 £0.01°

13.86 + 0.29"

5.50 + 0.66"
6.98 + 2.50
6.25 + 0.28"
62.03 + (.88"
3.52 £ 0.36°
324.34

Soup mix 4
51.13£0.16"
5.65 +0.16*
28.16 + 0.68°
0.232 = 0.04"
0.326 + 0.02"

0.476 = 0.04°
13.52 £ 0.16"

3.53 £ 0.22
7.07 £ 3.90
6.50 + 0.25"
62.18 + 1.02'
2.67 £ 0.14"
326.47

Soup mix 5
48.80 + 0.37"
3.03 £ 0.07"
22.04 £ 0.27°
0.350 = 0.06"

0.316 +
0.03a"

0.257 £0.18"
13.79 + 0.22¢

3.06 + 0.34°
6.83 + 3.51"
7.18 £0.16'
62.19 £ 0.79
1.62 + 0.37"
322.20

Soup mix 0
48.85 +0.27°
2.08 +0.32"
20.72 £ 0.41°
0.347 £ 0.13"
0.334 + 0.08°

0.480 + 0.09"
9.32+0.12

3.75 £ 0.50"
0.6 +0.07°
7.15+0.35"
60 + 0.92"
2.30 £ 0.32"
389.37

The data in the table are given as mean + SD; Superscript a, b, ¢ within the same column denotes significant difference (P<0.05)
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Table 3. Sensory attributes of prepared soup samples

Attributes Soup mix Soup mix Soup mix Soup mix Soup mix Soup mix
1 2 3 4 5 0

Appearance  3.731£0.57"  3.66:0.48"  3.531£0.68" 4.06+£0.60"° 3.82+0.89"  4.00£0.56'
Consistency  3.86+0.36"  4.00+0.00"  3.13+0.81" 4.11x0.91" 4.12£0.91"  3.50+0.51"

b

Smell 4.00+0.00"  3.33+0.81"  4.78£0.57"  4.13+0.58"  3.90+0.96" 4.00+0.79"

b b

taste 3.60x0.76"  3.73+x0.44" 3.80+0.41" 3.93+0.60" 3.72+0.57" 4.00£0.56"
Mouthfeel 3.40£0.76  3.86+0.36" 3.46+0.75" 8.60+0.56" 3.61x1.03"  4.40+0.50"

b

Overall 3.36£0.85°  3.79£0.41" 3.66+0.48" 4.03x0.64" 3.97£0.60" 4.40+0.68’

b b
Acceptabilit
}]

5- like very much; 4- like slightly; 3 - neither like or dislike; 2 - dislike slightly; 1 - dislike

very much

The data in the table are given as mean = SD; Superscript a, b, ¢ within the same column
denotes significant difference (P<0.05)

=g s0up mix with 4 g starch === soup mix with 6 g starch ==e==soup mix with 8 g starch
==g==S0Up mix with 10 g starch =-e== soup mix with 12 g starch

appearance
5

overall | consistency

taste

Figure 1. Sensory evaluation of formulated soup mixes
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In terms of the appearance, smell, and taste, the panelists could not distinguish the soup
mixes with the addition of eggshell powder. The soup mix formulations were not found to be
significantly different (p > 0.05) from the commercial soup mix. In terms of mouthfeel, the
highest score was given for the commercial soup mix 0; however, based on the scores, the
formulated soup mixes 4, and 2 were observed as significantly not different (p > 0.05) from the

commercial soup mix.
Cost Analysis

The ingredients’ cost is a vital factor besides other operating factors in determining the
cost of production [36]. Five samples of different soup mix ratios, each of 20 g weight, were
prepared with the ingredients mentioned. Table 4 portrayed the various ingredients used in g

and their cost in Dollars; it was estimated that the 100 g soup mix's preparation cost was $1.09
(appx).

Table 4. Cost analysis chart

Ingredients Amountin g Cost ($)
Fresh Dried

Vegetables (carrot, beans) 100 30 0.33

Garlic and onion 50 5 0.16

Eggshell 6 5 -

Salt and sugar 10 - 0.027 (max)

Mushroom 30 10 0.30

Starch powder 40 - 0.27

Total 241 100 1.09(appx.)
Discussion

The eggshell (calcium) incorporated soup mixes with different vegetables and starch
ratios were compared with the commercially available soup mix to perceive a calcium-enriched
formulation, which 1s similar to the commercial soup mix. The soups in the liquid form were
evaluated for color and viscosity; soup mixes (powder form) were evaluated for moisture,
proximate analysis, and calcium.

*

The increase in the lightness (L* value) from the formulated soup 1 to 4 can be
correlated to the rise in the percentage of corn starch. Further, the possible reason for the gradual
increase in redness (a*) and yellowness (b*) from the formulated soup 5 to 1 might increase the

vegetable ratio from soups 5 to 1. Similar results on the influence of vegetables on the increase
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m a” value of the soup was observed in a study on vegetable soup formulated with the
incorporation of 0.5 % debittered moringa oleifera seed flour [25]. However, the significant
difference between the a* and b* value for commercial soup compared to the formulated soups
might be due to the variation in the vegetables used in the commercial soup from that of the
formulated soups and also might be attributed to the addition of mushroom powder to the soup
mix. The viscosity of soup was associated with the quality and quantity of starch ingredients,
which acts as a thickening agent that measures its tendency to resist flow. The soups' viscosity
mcreased with the amount of starch in the soup; when the soup mix was dispersed in water above
the gelatinization temperature, it gets gelatinized and increases the soup's viscosity [37]. Thus,
the presence of lower quantities of starch 4 and 6 g in the soups 1 and 2, respectively, 1s the
reason for the decrease in the viscosity.

In case of moisture content, the average moisture present in the formulated soup mix
powders were found to be above 13 9% while, it has been reported in many studies that to achieve
good keeping quality, the moisture contents of the dried soup mixes must be below 10 % [14,
31, 38]. Therefore, it must be essential to reduce the moisture content of vegetables (<10 9%) to
mcrease the vegetable soup powders' shelf life in the current study.

The protein content in almost all formulated soup mix powders was below 4 %; a similar
range of protein content to soup mix 4 and 5 was reported by in soup mix enriched with onion,
carrots, garlic, and moringa leaves [25]. The results showed that the increase in protein content
from soup mix 5 to 1 might be attributed to the vegetables ratio added in the formulated soup
mix. Similarly, the ash content in the formulated soup mix powders increased from soup mix 5
to 1. This could also be attributed to the percentage of vegetables and mushrooms, 1.e., the higher
the vegetable content, the higher the dietary fiber [39]. As reported by the percentage of crude
fiber in button mushroom as 33.11 9% and 38.08 % in the cape and stipe, respectively [40]. The
results obtained from the crude fiber values showed that soup mix 4 and 5 were similar to that
of the commercial soup mix. Further, the results (1.62 = 0.32) of soup mix 5 intersected with the
research (1.68 + 0.01) of lentil supplemented vegetarian soup [14].

The significant difference between the fat content in the commercial soup mix and the
formulated ones might be correlated to the addition of garlic and mushroom (rich in fat content)
i the formulated soups. This speculation is based on the reports from a previous study
conducted on mushroom soup mix, where the fat content in the dried button mushrooms was
reported to be about 6.90 % [41]and on another soup mix in which the addition of garlic was
accounted for the increase in the soup's total fat content According to a study, the incorporated
of onion powder, garlic powder, coriander powder, tomato powder, mint powder, cumin seed
powder, dill, and Italian herb along with ridge gourd peel mix accounted for the increase in fat

content which was also found to be similar to the current study [42,31].
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Comparing the ash and carbohydrate content results in the formulated soup mixes, both
the contents were found to increase with the increase in starch ratio added to the soup mix. For
ash content, the soup mix 5 showed similar results to that of the commercial soup mix. In the
case of carbohydrate, the addition of mushroom in the formulation might have also added up to
the carbohydrate content to a lesser extent, as it was reported from the organic content evaluation
of the mushroom soup that the mushrooms also contain a quantified amount of carbohydrate
[43]. The soup mix with 40 9% mushrooms showed a similar amount of carbohydrate to our

formulated soup mixes [44].

The calcium present results in soup mix 4, Le., 3069.095 mg/kg, and soup mix 5, L.e.,
3849.384 mg/kg, was consistent with that of the eggshell fortified bread, having a calcium content
of 3289 mg/kg [45]. A complete eggshell approximately contains 2.07 g of calcium (381mg Ca/g
eggshell); therefore, half of an eggshell provides 100 % of the adult calcium daily requirement of
500-1000 mg [3]. Whereas uncooked starch also contains calcium and contributes significantly
to textural properties [46]. It was observed that the uncooked starch present in the five
combinations of vegetable soup mixes increases the calcium content. However, the calcium
present in starch was of very trace amount, which might not satiate the human nutritional
requirement. Thus, the developed vegetable soup (20 g in 150 ml water) meets the daily
requirement (500-1000 mg) of humans and calcium sources from other foods. While comparing
the energy values of formulated soup mixes, there was no gradual decrease or increase in the
energy value. The slight fluctuations resulted from the variations in the fat, carbohydrates, and
protein content due to the vegetable and starch ratios' variations. The energy value for the soup
mix 4 (326.47 kcal/100 g) was similar to the results reported on the energy value (326.9 kcal/100
g) of mushroom-moringa soup [47].

Based on the sensory analysis panelists' scores, the consistency in soup mix 4 was better/
thicker; this might be due to the formulation of more starch quantities compared to the vegetable
chunks. The panelists found the soup mix 5 to be too starchy than other formulations, which
might also be due to the ratio of starch and vegetables added in that particular soup mix. The
acceptability scores of the formulated soup mix 4 were useful regardless of some minor changes
like the gritty mouthfeel. The total preparation cost for 100 g soup mix was $1.09 (appx), and
the 20 g of the developed soup sample cost was estimated as $0.21+ 0.02, which was quite
expensive than the commercialized product. Yet, the developed nutrient-rich soup mix fortified
with calctum and vitamin D was found to be affordable.

Conclusion

Eggshell being a waste pose harmful impact on environment; however, it is rich in
calcilum carbonate which can be a cost-effective calcium source. Instead of polluting the
environment, it can be used as an alternative to the existing commercial Ca tablets. Processing of
egg shell waste and addition of vitamin D source increase calclum bioavailability. The
mcorporation of the processed egg shell waste into the vegetable soup mix was found to be
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potential product to supplement calcium for all individuals. The developed soup mix cost was
found to be affordable and could act as a useful calcium source for osteoporosis patients and
lactose-intolerant people. Based on nutritional and sensory evaluation, it can be recommended
that the newly formulated soup mix 4 has a sufficient amount of protein, carbohydrates, and fat
as compared with the commercial soup mix. Besides, calcium and vitamin D makes the soup a
suitable calcium supplement. There was a limitation 1.e., gritty mouthfeel due to the presence of
calcium powder n the sensory results. Further research can be done to improve the soup's
palatability to make it a viable commercial product. Thus, new nutritive food formulations can
be developed using low-cost resources such as the eggshell powder obtained from the poultry
food chain's wastes.
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