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Abstract:

This research aimed to explore the nutritional
composition and properties of calcium-fortified
scones using eggshell powder in the ratio of 2.5,
5, 7.5 and 10% respectively. This goals of this
study were to make the scones enriched with
calcium from eggshell powder and to examine
the product's physicochemical properties,
microbiological analysis, and sensory evaluation.
Eggshells are a rich and under-utilized source of
dietary calcium that can be incorporated into
baked goods. The eggshells have been cleaned,
dried and then grinded. The scones were baked
using these ratios and control sample was
prepared. The scones formulated using calcium-
rich eggshell powder (ESP) showed an
increased ash and calcium content. The
moisture and carbohydrate content showed a
decreasing trend. However, there was not a
significant difference between fat and protein

content. Increasing the concentration showed an

increase in porosity and specific volume. As the
concentration increases, noticeable colour
changes are observed leading to a darker hue.
The results demonstrated that the springiness
and cohesiveness of the scones were not much
affected by the addition of eggshell powder but
hardness was affected. The scones formulated
with eggshell powder exhibit certain distinctive
changes in their physicochemical and sensory
qualities. The results suggest that upto 5%
substitution gives acceptable sensory attributes
and improved calcium content while, increasing
the content can adversely affect the colour and

reduce overall acceptability of the product.

Keywords: Eggshell, Physicochemical and

Sensory Attributes”

Introduction:

One of the key macronutrients required for the
human body to operate normally is calcium (Ca).
In addition to being a key component of bones
and teeth, calcium also plays a role in muscle
contraction, release of hormones and activation,
neuronal conduction via ion channels,
inflammatory process regulation, cell membrane
permeability maintenance, and many other

processes (1). Consuming dairy products is a
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suitable method of meeting calcium needs.
Despite this, people typically don't take them in
the dosages recommended by clinical
standards. The easiest source of calcium
available at our homes is chicken eggshell (2) .
Tablet supplementation is expensive and
occasionally causes problems with treatment
compliance. The maintenance of bone tissues
throughout life and a number of physiological
processes depend on the mineral calcium. In
addition to serving as a structural element,
calcium and phosphorus combine to form the
mineral portion of bone. It also plays a role in
metabolic, biochemical, and physiological
processes. In order to prevent and treat bone
demineralization, calcium is essential(3)

Osteoporosis, or bone loss, is brought on by a
diet low in calcium. Elderly people only receive
606.02+217.35 mg of calcium daily from diet.
This is less than the recommended daily intake
of calcium. As a result, ensuring the diet has
enough calcium is crucial (4). According to the
data available in Pakistan, the prevalence of
osteoporosis is considerable in this region of the
world, ranging from 56 to 17.8% in
premenopausal women and 20 to 49.3% in
postmenopausal women. The prevalence of
osteoporosis is not well-documented(5, 6).
Nearly all of the research has been published
from the major cities and lacks data of rural
areas. There are serious concerns over the
underestimation of number of people with
osteoporosis. Egg product companies and other

food manufacturers who utilize eggs in their

products produce tons of waste eggshell, which
is a major environmental issue in many
countries. Consequently, commercially
accessible calcium-fortified foods have been
introduced to the market in order to increase
daily calcium intake(7). Numerous calcium
sources, including calcium carbonate, calcium
phosphate, cattle bone powder, and milk
calcium, are added to these foods (8). One
effective dietary calcium source is eggshell
calcium. Calcium and trace levels of other
microelements, such as magnesium, boron,
copper, iron, manganese, molybdenum, sulfur,
silicon, and zinc, are found in eggshells.
Furthermore, the small intestine of the rat
absorbed calcium from crushed eggshell
powder more readily than from commercial

CaCO03 . Several researchers have been trying

to figure out how to use eggshell waste as a
source of calcium for human diets. Eating
undercooked eggs increases the chance of
contracting Salmonella enteritidis, which can
contaminate eggs both internally and externally
(9). To avoid Salmonella contamination, various
cooking methods can be used or they can be
washed thoroughly and then immersed in few
drops of sodium hypochlorite solution. After this
process, rinsing is required and then they can be
dried with paper towels (10).

Traditional English cakes called scones are
Scottish in origin. Scones are made up of flour,
fat, and milk and resemble the biscuits. They are
typically dense, crumbly, simple, frequently

sweetened, and sometimes coated with egg
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white.

Because the dough does not need to be
kneaded until it is smooth, scones are a quick
bread meal that is simple to prepare and requires
less processing time than bread in general. The
primary distinction between scones and biscuits
is that the former are typically flaky and buttery,
while the latter are not. While cereal proteins
lack vital amino acids like lysine and threonine,
wheat flour is the most significant component
used to make a variety of baked goods. It is
regarded as nutritionally insufficient. This has
raised serious concerns about its use. Since
eating a balanced diet is advised to prevent
health issues including diabetes, obesity and
osteoporosis, the need for safe and nourishing
food is rising globally. Customers now have a
strong urge to eat healthily as a result of this.
Consumption of baked goods like scones is
rising, yet the majority of these goods are
deficient in minerals and have a higher sugar

content and glycemic index, respectively (11).

Therefore, supplementation of wheat flour can
be done to enhance the mineral content. The
eggshell powder (ESP) can be a good strategy
to utilize in the production of scones to improve
its nutritional quality. The main objectives of the
study were to analyze the physicochemical and
sensory attributes of scones developed with the
incorporation of 2.5, 5, 7.5 and 10% egg shell
powder and to compare it with the control

sample.

Material and Methodology:

Procurement of raw material

The study was conducted in the research lab of
Department of Food Science and Technology at
Jinnah University for Women, Nazimabad
Karachi. The ingredients for making scones such
as flour, baking powder, egg, salt, dates and
vanilla essence were purchased from local store

in Karachi.

Preparation of eggshell powder

The chicken eggshell was boiled in deionized
water for half an hour after being cleaned twice.
The eggshell was then dried for 24 hours at 60
°C using oven-drying method. A blender was
used to grind the dried eggshell into a fine
powder. Finally, a 120 ym screen was used to

filter the pulverized eggshell powder(12)

Formulation of Scones

The scones were prepared using eggshell
powder in different ratios as shown in table 1.
Different treatments were prepared which
included TO, T1, T2, T3 and T4 which had
eggshell powder in the ratio of 0, 2.5, 5, 7.5 and

10% respectively.

Scones preparation procedure

The composition of scones is given below in
Table 1. The scones were prepared according to
the procedure described by Amadi & China
(2022). In a big bowl, the enriched flour, baking
powder, and salt were combined. In a small

bowl, separate amounts of margarine and milk
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were combined, then swirled into the flour
mixture until moistened. After transferring the
dough to a surface dusted with flour, it was
briefly kneaded. After cutting the dough into
eight wedges, it was baked at 200 °C for 15
minutes until golden brown. Then sprinkle some

sesame seeds on it for flavour enhancing(13).

Proximate Analysis:

The moisture, ash, crude fiber, protein, crude fat
and carbohydrate contents were determined
according to the AOAC method (AOAC, 2000).

Determination of moisture content

The moisture content was determined by taking
5 grams of the sample that were dried at 130 °C
using oven drying (InsuMax 150L) at 10545 °C
for 3 h until a constant weight was achieved in
accordance with the AOAC method 934.06
method (2005). The moisture content was then
calculated using the formula:

% Moisture content=(W1-W2) x100

W1

Where,
W1=Initial weight of sample

W2=Final weight of sample

Determination of protein content

The protein content was determined through
Kjeldahl method (AOAC 988.05). A block
digestor (Gerhardt, Germany) was used to break
down a finely ground sample of 1 g with 15 mL
of concentrated sulfuric acid at 420°C for 1.5

hours. After cooling to ambient temperature, the

digested solution was put into a distillation unit
(Gerhardt, Germany) and diluted with 100 mL of
distilled water before 80 mL of 40% sodium
hydroxide solution was added. After the mixture
was distilled, the ammonia released was
collected in a 400 mL beaker with a few drops of
filtered methyl red indicator solution and 50 mL
of 2% boric acid. Total nitrogen was then
determined by titrating this distillate against
0.1N H2S04(14). The measured nitrogen
content was converted to protein using a
conversion ratio of 6.25.

Determination of ash content

The dry ashing method was used to calculate
the ash content as per AOAC 942.05 method
(2005). For 5 h, a clean silica crucible was
heated to 550 Celsius in a muffle furnace. The
silica crucible was weighed at a constant weight
after being cooled for 1 h in a desiccator. The
material was then weighed into the constant
weight crucible after being finely pulverized (3-5
g). The crucible was heated on a hot plate to
prepare the sample, and it was then placed in the
muffle furnace at 550 Celsius for 6 to 8 hours to
finish the ashing process. After cooling for an
hour, the crucible's ash content was
measured(15).

The semi-continuous solvent extraction method
was used to determine the fat content
according to AOAC 963.15 (2005). An automatic
hydrolyzing apparatus (Gerhardt, Germany) was
used to weigh a finely powdered and
homogenized sample (1-3 g) into a hydrolyzing

capsule for hydrolysis. After that, the hydrolyzed
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sample was moved into an extraction thimble.
An automated fat extraction machine (Gerhardt,
Germany) was used to extract the fat using
petroleum ether at 40-60°C for 2-3 h while
cotton was used as a lid(16). The recovered
petroleum ether was dried for 3 h at 105°C,
chilled for 1 h in a desiccator, and then weighed

to determine its fat content.

Determination of crude fiber content

The crude fiber content was determined
according to AOAC 978.01 (2005). The beaker
was filled with 2 grams of the sample and 100
mL of H2SO4 solution. Water flowed to the
condensers, which were placed atop the
beaker's mouth. After 5 minutes of intense
heating to bring it to a rapid boil, the heating
was continued for 30 minutes. After adding 50
mL of NaOH solution, the mixture was heated for
an additional 35 minutes. Five minutes prior to
the boiling point, 0.5g Na2 EDTA was also

added. The crucible, which is connected to the

filtration device, was then used to filter the
solution. The hot water was used to rinse the
beaker. The crucible's filtrate was rinsed with 50
mL of HCL, then cleaned twice with 50 mL of
acetone and warm water until it was acid-free.
After being dried overnight at 10°C in an oven,
the crucible was cooled in a desiccator before
being weighed. The crucible containing the dried
residue was placed in a muffle furnace, burned
for two hours at 55°C, cooled in a desiccator,
and then weighed(17).

The following formula was used to calculate
crude fiber.

Where:

W1 = Weight of empty crucible W2 = Weight of
crucible + sample

W3 = Weight of crucible + dried residue W4 =
Weight of crucible + ashed residue

The total carbohydrates were determined by
difference according to AOAC (2000) method,
by the following equation:

NFE =100 - (moisture % + protein % + crude Fat
% + ash %)

Colorimetric analysis

The color of the scones was determined using
colorimeter (HunterLab, Reston, VA, USA) 24
hours after baking according to the method of
Pycia & Ivanisova (2020). The CIE L*a*b*
system was used to do the measurements in
reflection: measuring geometry d/8°, illuminant
D65, range 400-700 nm, detector inclined by
10°, and measurement slot 25 mm. The
parameter L* should fall between 0 and 100,
where 100 represents the brightness of a
spectrum color, or monochromatic color, and 0
represents "zero" luminance, or black color. The
color's chromaticity is determined by parameters
aand b. The shift from green (-a) to red (+a) and
from blue (-b) to yellow (+b), respectively, is
indicated by the parameters a* and b*, which
have values between -120 and 120 (Pycia et al.,
2018). The computed color difference is
displayed by parameter AE(18) .AE = VA(L)? +
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Texture Analysis

The Stable Micro System Texture Analyser
(Model TA.XT2 Plus Texture Technologies
Corp., Scarsdale, New York and U.S.A.) was
used to analyze the bread's texture profile. A 75
mm cylindrical probe was used to execute the
compression, and the hardness (N), springiness
(mm), gumminess (N), chewiness (N) and
cohesiveness (-) parameters of the resulting
deformation were examined(19). The results
were obtained thrice to ensure accuracy .
Sensory Analysis

The sensory evaluation of the scones were
performed according to method of Lee et al.,
(2024) with slight modification. Twenty trained
panelists (15 females and 5 females, ages 20—
40) participated in the sensory evaluation, which
used a 9-point hedonic scale (1 = dislike greatly,
9 = like excessively). The scone's color, aroma,
flavor, texture (hardness and crispness), and
general acceptance were all assessed by the
panelists. The samples were presented in a
sequential order after completing evaluation of
one sample. Panelists were told to rinse their
palates with water in between samples during
the examination, which was conducted two
hours after baking(20).

Statistical Analysis

The statistical analysis was performed using IBM
Statistical Package for the Social Sciences
(SPSS) software for Windows 21 (SPSS Inc.,

Chicago, IL, USA). Every measurement was

done thrice and the results were reported as
means * standard deviation. To find significant
differences between the means of each variable,
one-way analysis of variance (ANOVA) was
used. Tukey's Honest Significant Difference
(HSD) test was used for pairwise comparisons,

with a significance level of p < 0.05.

Results and discussion Proximate Analysis
of Scones

The results of the proximate analysis of scones
are presented in Table 2 and were found to be
statistically significant (P<0.05). The scones
formulated with eggshell powder showed a
decreasing moisture  content as the
concentration of eggshell powder increased. The

highest moisture content was shown by T1 and

the lowest by T4. These results are similar to
those reported by literature where eggshell
powder was used to produce bread and
brownie, respectively(21).The ash content
increased with the increasing concentration
showing a higher mineral content. The highest
ash content was reported in T4 and the lowest in
T0. The elevated mineral content of eggshell
powder, which mostly comprises of calcium
carbonate with traces of magnesium carbonate,
calcium phosphate, and other inorganic
minerals, caused an increase in the ash level of
scones prepared using ESP . Previous studies
have also reported an increase in ash content
due to fortification of egg shell powder in making
fortified bread and chocolate cake (22).Although
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the values of fat content did not show much
change but showed a decreasing trend as the
concentration increased. The highest fat content
was reported in the control sample and lowest in
T4. The obtained results were similar to those
reported by Afzal et al., (23)where muffins were
prepared by the fortification of eggshell
powder.The protein content was reported to be
the highest in T2 and the values decreased from
T3 to T4. The lowest protein content was found
in T4. Furthermore, gluten, a protein present in

flour, is the main protein used in baking. In the

Table 1-Composition of Scones

baking discipline, gluten is crucial. When mixing
starts, the protein absorbs water and swells as a
result. The synthesis of gluten subsequently
creates a protein matrix that gives the dough its
structure and support, giving it its elastic and
extensible qualities (24).The fiber content
increased as the concentration of egg shell
powder increased with the highest value
reported in sample T4 and lowest in T0. The
carbohydrate content decreased from TQ to T2

and then increased again in T3 and T4.

TO0 ™ T2 T3 T4
Flour 100 97.5 95 925 90
Milk 50 50 50 50 50
Baking powder 12 12 12 12 12
Salt 25 25 25 25 25
Sugar 15 15 15 15 15
Unsalted Butter 30 30 30 30 30
ESP* 0 25 5 75 10

Table 2-Proximate Analysis of Scones

Treatment | Moisture Ash Fat Protein Fiber Carbohydrate
TO0 26.13+0.11¢ | 3.91+0.542 | 1.86+0.07¢ | 14.16+0.132 | 1.94+0.042 | 52.0+£0.51¢
™ 27.37+0.28¢ | 4.53+0.35% | 1.60+0.05¢ | 14.59+0.03° | 2.22+0.102 | 49.69+0.732b
T2 26.72+0.154 | 5.26+0.26> | 1.47+0.05¢ | 14.96+0.06° | 2.81+0.21> | 48.78+0.212
T3 25.240.11> | 6.254£0.35¢ | 1.2740.08° | 14.24+0.022 | 3.08+0.06° | 49.95+0.402p
T4 24.18+0.162 | 6.97+£0.16° | 1.05+0.062 | 14.14+0.022 | 3.61+0.06¢ | 50.04+0.17°

Textural properties of Scones

The textural characteristics of the scones are
given in Table 3 and were found to be
statistically significant (P<0.05). The hardness

of the scones shows an increasing trend as the

concentration of the eggshell powder increased.
The highest value was reported in T4 and the
lowest value was observed in TQ. The substantial
increase in ash content could be the cause of the
enhanced hardness. The interaction between
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gluten and fibrous particles may possibly be the
cause of the hardness (25). The values were
found to be in accordance with Chilek et al,
(2018). The springiness and cohesiveness
decreased with increasing concentration of
eggshell powder. The highest value was
reported by TO and the lowest value was
reported by T4. The results were similar to those
reported by scientist (26) utilizing eggshell

powder to prepare bread.

Colour Analysis of Scones

The color characteristics of the scones are
depicted in Table 4. The values for L and b were
found to be statistically significant (P<0.005).
Meanwhile, the values for a were not found to be
statistically significant (P>0.005). The L value
decreased as the concentration of eggshell
powder increased. The highest L value was
shown by T2 and the lowest by T4. Due to their
highly textured and uneven consistency, baked
goods like scones frequently make color
measurement difficult. The flour particle size is
the most significant of the numerous variables
that affect bread whiteness, including wheat
pigment, grain content, and grain fineness. The
sample with the largest eggshell powder content
had the lowest lightness, which could be
explained by the varying amount of eggshell
used.

The a* value also showed a decreasing trend
where highest value was reported by T0 and

lowest by T4. The b* value increased with the
increasing concentration where highest value
was reported by T2 and then the value started
declining from T3 to T4. The lowest was

depicted by T0. It can be used to assess how

well the baking process is going. The
physicochemical properties of the raw dough,
such as its pH, moisture content and reducing
sugars, as well as the baking conditions, such as
temperature and relative humidity, may affect the
surface color (13).

Sensory analysis

The results of the sensory evaluation of scones
containing varying amounts of eggshell powder
are shown in Fig1. The attributes evaluated
include color, flavour, texture, aroma, crunchiness
and overall acceptability. The study conducted by
Esmaeili et al., (2025) did not show significant
change in sensory attributes of brownies on
addition of eggshell powder upto 5%. The scores
for color and aroma decreased with the addition of
eggshell powder. The highest score obtained for
T0 and the lowest for T4. The flavour was found
to be highest in T1 and the lowest in T4. The
texture was also found to be the highestin T2 and
the lowest in T4. The crunchiness was found to
increase as the concentration of eggshell powder
increased. The highest was reported in sample in
T4 and lowest in TQ. The overall acceptability was
not much affected with the addition of eggshell
powder but better results for flavour and texture
were obtained upto 5%. The results were found
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to be in accordance with Nadeem et al., where
egg shell powder fortification was used to

prepare muffins. Also, Bradauskiene et al.,

Table 3-Textural properties of Scones

utilized varying concentrations of eggshell
powder in production of bread and upto 5%

bread showed higher overall acceptability(27).

Treatment Hardness Springiness Cohesiveness

TO 20.8340.722 0.8410.02¢ 0.63+0.01°

T1 21.8+0.262 0.79+0.02bc 0.59+0.022

T2 22.67+0.21bc 0.77+0.02ab 0.56+0.25a

T3 23.43+0.21cd 0.76+0.02a 0.62+0.03b

T4 23.93+0.15d 0.74+0.02ab 0.6840.01c
Table 4-Color characteristics of Scones

AE

Treatment L a b
T0 72.5610.250¢ 0.99+0.03° 16.68+0.132 i
T 72.93+0.05% 0.96:£0.03% 17.48£0.00° "
T2 73.150.164 0.86+0.072 17.87+0.11¢ P
T3 71.8410.062 0.89+0.03z 17.0840.11° o
T4 72.18£0.17% 0.85:0.36° 16.920.03% e
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Sensory Analysis

==T0 =@=T1 T2 =—@=T3 T4
Color
10
8
Overall acceptability Aroma
Crunchiness Flavour

b=

Texture

Fig 1:Sensory Analysis evaluation of scones

Table 5-Sensory Evaluation Scores for Scones

Treatment |Color Aroma Flavour Texture Crunchiness [Overall acceptability
7.33+0.15° 8.13+0.15¢ 8.33+0.15bc |8.37+0.152¢ |6.97+0.152  [7.83+0.04°
T0
7.01£0.10° [7.67+0.20c 8.40+0.15bc |8.47+0.150¢ [7.3740.15%  [7.7940.02°
T1
6.37+£0.152 [7.03£0.15> 8.70+0.20c 8.53+0.15¢ [7.67+0.20°  [7.67+0.08°
T2
6.20+0.262 6.43+0.202 [7.87+0.15%0 [8.17+0.15% [8.17+0.15¢  |7.37+0.062
T3
6.03+0.252 6.00£0.202 [7.37+0.252 [7.67+0.20@ [8.70£0.10¢  |7.18+0.022
T4
Conclusion product's sensory qualities. The nutritional

The color analysis also revealed that the
eggshell powder enhances the color profile of
the scones. This study offers important
information about the viability of using eggshell
powder as a calcium-rich baking ingredient.
Consequently, the findings imply that adding up
to 5.0% ESP can supply the necessary daily

calcium intake without adversely affecting the

advantages of eggshell calcium fortification are
said to promote acceptability through public
awareness campaigns and education. These
results highlight ESP's potential as a useful
natural calcium source for enhancing baked
goods. Through the efficient use of a commonly
and  underutilized

available agricultural

byproduct, this study helps to generate more
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sustainable and nutrient-dense food products.
However, more research is required to examine
the long-term consequences of consuming ESP
and evaluate its potential uses in other food

products.
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