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Eggshells are the hard, outer covering of eggs. It is known that eggshells are discarded as waste
materials, although they contain a significant amount of calcium. The study was aimed to extract and
quantify calcium from the eggshells and fortification on the biscuit and yogurt products. The extrac-
tion of calcium was done using calcium chloride with HCL solution at different propositions (1:1,
1:5, 1:10, 1:15, and 1:20). After extraction, the sample was dried at 50 �C temperature for 3 hours
to obtain dry calcium chloride. Calcium was fortified at a concentration of 100 ppm, 1000 ppm, and
2000 ppm in both the biscuits and yogurt, respectively. The calcium-fortified samples were ana-
lyzed for sensory properties and chemical composition. The ash content of calcium-fortified yogurt
(0.47) was slightly higher than normal yogurt (0.44), while the other chemical components remains
similar to the control. For the sensory evaluation result, the biscuit with 2000 ppm calcium-fortified
biscuit and 1000 ppm calcium-fortified yogurt was found to be highly acceptable among the calcium-
fortified samples. The extraction of calcium chloride from eggshells was obtained the highest for
eggshells on HCl ratio 1:20 (w/v) where calcium chloride was found 32.92%, 26.95%, and 23.63%
for duck, layer chicken, and local chicken eggshells, respectively. The extraction rate of calcium
chloride of duck eggshells was higher than the local and layer chicken’s eggshells. Therefore, it
may be opined that the fortified products (2000 ppm Ca) contained a considerably higher amount
of calcium content than the control sample.
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1. INTRODUCTION
Eggshell is an excellent source of dietary calcium for
health and was approved to be an effective source for
increasing bone mineral density (BMD) and reduce the
pain of the elder population with osteoporosis [1]. Eggshell
matrix protein (1%) attached with calcium carbonate
(CaCO3) can enhance calcium transportation in the body
through intestinal epithelial cell CaCO2 [2]. An average-
sized egg (55–60 g) consists of 10% shell and membrane
[3]. Calcium is considered a vital nutrient required for
maintaining many important biological activities such as
nerve cells, muscle cells, mitosis, chronic diseases, and
coagulation of blood [4, 5]. The dietary reference intake
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(DRIs) of calcium is 800–1300 mg/day based on the age
of the consumer [6]. Usually, milk and dairy products are
considered as the best natural sources of calcium from
which approximately 75% to 89% are being ingested from
aforesaid sources [7]. The calcium obtained from dairy
sources possesses high bioavailability and can be attained
at a relatively lower cost by considering the nutritional
value [8]. Considering this issue, food industries are con-
tinuously working on developing an alternative source for
calcium and develop and introduce new calcium-fortified
products so that the consumers can get the opportunity
to meet their daily calcium requirements [8]. Fortifica-
tion is the process of adding up micronutrients such as
essential vitamins to any food items to supply the level
of this micronutrient/element [9]. The fortification of cer-
tain nutrients to various food products has been practiced
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worldwide such as vitamin D, vitamin B2, and B3 for
more than 80 years to prevent people from different types
of diseases [10, 11]. Researchers have demonstrated that
the calcium fortification to various food items could be
treated as an economical way to achieve additional cal-
cium as well as ensuring the total requirement of calcium
[12, 13]. Eggshell can be utilized to treat industrial waste
effectively and efficiently [14].
Considering the importance of calcium fortification, the

current research has been carried out for the extraction and
characterization of calcium from eggshell wastes. Conse-
quently, the different proportion of extracted calcium was
fortified into model food system (yogurt and biscuit) to
formulate the best acceptable product in terms of nutri-
tional and sensory evaluations.

2. MATERIALS AND METHODS
2.1. Sample Collection and Reagents
The duck, layer, and local chicken eggshells were col-
lected from the residential area of Bangladesh Agricultural
University, Mymensingh. The necessary ingredients such
as sugar, shortening agent, milk powder, baking powder,
salt, eggs, etc. were collected from the local market. While
reagents and chemicals were first grades.

2.2. Extraction Process of Calcium Chloride (CaCl2)
from Eggshells

2.2.1. Preparation of Membrane-Free Eggshells Powder
Eggshells were rinsed thoroughly with distilled water to
eliminate adhered filth and extraneous particles. Shell
membranes were separated from eggshells manually.
Membrane-free shells were sterilized in water at 100 �C
for 20 min to kill the pathogenic microorganism [15].
Eggshells were crushed to small pieces then dried in a
cabinet dryer at 60 �C for 6 hr. The dried eggshells were
ground by a grinder and sieved through a 30 mm mesh.
The fine eggshell powder was packed in high-density
polyethylene (HDPE) bag and stored at the ambient con-
dition to using further.

2.2.2. Extraction of Calcium Chloride from Eggshells
The eggshell powder was mixed with different amounts
of HCl solution with a ratio of powder to HCl solution
of 1:1, 1:5, 1:10, 1:15, and 1:20 (w/v) [16]. Mixtures
were transferred on a hot plate with a magnetic stirrer and
heated with continuous stirring at 50 �C for 3 hr. The mix-
tures were cooled to room temperature and the eggshells,
calcium chloride was packed in HDPE bags for further
analyses.

2.3. Chemical Analysis
Chemical analysis of eggshells such as moisture, carbohy-
drate, crude fiber, ash, and protein contents was carried out

Table I. Formulation of biscuit.

Treatment

Ingredients B1 B2 B3 B4

Wheat flour (g) 60 60 60 60
Fat (g) 16 16 16 16
Sugar (g) 20 20 20 20
Calcium chloride (extracted
from duck eggshells with
10 ml HCl) (ppm)

0 100 1000 2000

Salt (g) 0.50 0.50 0.50 0.50
Baking powder (g) 1.25 1.25 1.25 1.25
Milk powder (g) 2.25 2.25 2.25 2.25
Egg (1/2) no (1/2) no (1/2) no (1/2) no
Vanilla essence 2 drops 2 drops 2 drops 2 drops

according to the methods described by Refs. [17–19]. Min-
erals such as calcium, magnesium, arsenic lead, and zinc
contents were analyzed [20–23] with slight modifications.

2.4. Formulation and Preparation of Fortified Biscuits
The biscuits were formulated as shown in Table I by the
following method described by Das et al. [24]. The dough
was rolled to obtain a thin uniform sheet of 3 mm thick-
ness. The biscuits were prepared from the thin sheets using
a round biscuit cutter of 3.6 cm diameter. The prepared
biscuits were baked at 180 �C for 15 min in the bak-
ing oven. The biscuits were cooled, packed, and stored at
ambient temperature for further analysis.

2.5. Formulation and Preparation of Fortified Yogurt
The ingredients of the yogurt are shown in Table II were
used by the following method described by Abdelazez
et al. [5]. Processed yogurt was analyzed for moisture, fat,
protein, pH, acidity, and ash contents.

2.6. Sensory Evaluations
Twenty judges evaluated the sensory properties of the forti-
fied biscuits and yogurt products for different formulations
according to the method described by Vivek et al. [25] for
color, flavor, texture taste, and overall acceptability with
the help of the 9-point hedonic rating test.

Table II. Formulation of yogurt.

Treatment

Ingredients Y1 Y2 Y3 Y4

Milk (ml) 100 100 100 100
Sugar (g) 12 12 12 12
Culture (g) 4 4 4 4
Calcium chloride (extracted
from duck eggshells with
10 ml HCl) (ppm)

0 100 1000 2000
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Fig. 1. Composition of eggshells.

3. RESULTS AND DISCUSSION
3.1. Chemical Composition of Eggshells
The eggshells of duck, layer chicken, and the local chicken
were analyzed for moisture, protein, fat, ash, and carbohy-
drates contents, while the result is presented in Figure 1.
The duck eggshells contained the highest moisture con-
tent followed by layer eggshells while the lowest content
was for local eggshells. This analysis also showed that
duck eggshells contained the highest ash content, while
the layer eggshells had the lowest ash and carbohydrate
contents. The chemical compositions of different eggshells
were consistent with the results depicted by Al-awwal and
Ali [26], where chicken eggshell contained 0.5± 0.03%
moisture, 43.5±0.0316% ash, 1.35±0.4% protein, 0.30±
11%, and fat, 51.65± 0.44% carbohydrate by wet basis.
The minor differences observed in these compositions can
be due to different species or even food habits.

Fig. 2. Continued.

3.2. Mineral Composition of Eggshells
The eggshells were analyzed for mineral composition.
The analyzed results are shown in Figure 2. The anal-
ysis showed that duck eggshells contained 52.8 mg cal-
cium, 3.68 mg magnesium, 1.4 mg zinc, 0.18 mg lead,
and 0.15 mg arsenic. Mineral matters of layer eggshells
were 42.9 mg calcium, 3.49 mg magnesium, 3.2 mg zinc,
0.44 mg lead, and 0.32 mg arsenic, whether the local
eggshell contained 39.9 mg calcium, 3.86 mg magnesium,
2.7 mg zinc, 0.17 mg lead, and 0.13 mg arsenic, respec-
tively. The observed mineral values for the current study
were very close to Al-awwal and Ali results [26]. In con-
clusion, the analysis showed that duck eggshells repre-
sented the highest calcium content (52.8 mg), while the
lowest content was for local eggshells (39.9 mg). Local
eggshells had the highest magnesium content (3.86 mg)
than duck eggshells and layer eggshells. The analysis also
showed that layer eggshells contained the highest zinc
(3.2 mg), lead (0.44 mg), and arsenic content (0.32 mg).

3.3. Extraction Rate of Calcium Chloride from
Eggshell

The yield of calcium chloride from eggshells accord-
ing to the different ratios of HCl has been presented in
Figure 3. The highest amount of calcium chloride was
found from the duck eggshells when the same amount of
HCl was used for extraction. Similarly, local eggshells pro-
vided the highest amount of calcium chloride than layer
eggshells while the same amount of HCl was used for
extraction. The highest yield was obtained from eggshells
to HCl ratio 1:20 (w/v) for the duck, local, and layer
eggshell were 32.92%, 26.95%, and 23.63%, respec-
tively. Extraction amount with 10 ml HCl was the best
option in the point of cost-effectiveness. No significant
changes were detected by applying 15 ml and 20 ml HCl
application.

3.4. Composition of Calcium-Fortified Biscuit Product
The compositions of calcium-fortified biscuits are given
in Table III. The examined compositions were similar to
those reported by Foda et al. [27], where moisture, pro-
tein, fat, ash, and total carbohydrate contents in the bis-
cuit were found in the range of 2.24–6.97%, 6.90–10.80%,
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Fig. 2. Mineral compositions of eggshells.

5.66–26.67%, 0.49–1.90%, and 64.31–83.45%, respec-
tively. The moisture content of calcium-fortified biscuits
was slightly higher than biscuits with no calcium fortifi-
cation. Similarly ash content of calcium-fortified biscuits
is slightly higher than control biscuits. It is seen that the
maximum amount of Ca was found in the sample fortified
with 2000 ppm Ca (4206 ppm) followed by 1000 ppm and
100 ppm Ca, while the lowest Ca was found in the control
sample (2337 ppm).

3.5. Composition of Calcium-Fortified Yogurt Product
The compositions of yogurt was given in Table IV.
It was revealed that the chemical compositions of
calcium-fortified yogurt were similar to the regular whole
milk yogurt. There are no significant differences between
them (P < 0.05). The acidity of whole milk yogurt was
slightly higher (1.1) than calcium-fortified yogurt (0.95–

Fig. 3. Extraction of calcium chloride from eggshells.

0.90). On the other hand, pH of calcium fortifies yogurt
slightly higher than the normal whole milk yogurt. Cal-
cium content in the fortified yogurt was the highest for
2000 ppm Ca fortified yogurt (3071 ppm) whereas the
lowest was found in the control sample (1225 ppm).

3.6. Sensory Properties of Calcium-Fortified Biscuits
and Yogurt Products

A panel of twenty people evaluated calcium-fortified bis-
cuits for color, flavor, texture, overall acceptability, as
shown in Figure 4. From the obtained mean scores for
color, it is seen that the biscuits fortified with 2000 ppm Ca
(B4) secured the highest score and followed by B3 and B2.
Concerning flavor, B4 secured the highest score and was
equally acceptable as samples B3, B2, and B1, and all of
the samples were ranked as like moderately, while for tex-
ture, sample B4 (2000 ppm Ca) secured the highest score.
Thus for texture evaluation, there were no significant dif-
ferences among different levels of calcium fortification at
a 5% level of significance. For overall acceptability, it was
observed that sample B4 (2000 ppm Ca) obtained the high-
est score and significantly differed from another level of
fortification at a 5% level of significance. From the sensory
evaluation, it was observed that samples B4 and B1 secured
the highest rank and lowest rank, respectively. It may be
concluded that sample B4 (2000 ppm Ca fortification) was
best among the calcium-fortified biscuit samples.
Sensory evaluation conducted with the developed yogurt

samples for their color, flavor, texture, taste, and overall
acceptability values and mean scores are represented in
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Table III. Chemical analysis of calcium fortified biscuit.

Samples Moisture (%) Fat (%) Protein (%) Ash (%) Carbohydrate (%) Calcium (ppm)

B1 (Control) 4.5±0.20c 17.25±0.32a 10.20±0.56a 1.53±0.1b 66.26±1.18b 2337±44d

B2 (100 ppm Ca) 5.24±0.25b 17.24±0.3a 10.22±0.27a 1.53±0.13b 65.77±0.95c 2422±26c

B3 (1000 ppm Ca) 5.05±0.27bc 17.26±0.43a 10.19±0.53a 1.54±0.09ab 66.96±1.32a 3289±44b

B4 (2000 ppm Ca) 5.81±0.23a 17.25±0.46a 10.19±0.39a 1.57±0.15a 65.18±1.23d 4206±36a

Notes: Average±S.D., n= 5, Samples having the same superscript do not differ at 5% level of significance (�).

Table IV. Chemical analysis of calcium fortified yogurt.

Sample Moisture (%) Ash (%) pH Acidity (%) Fat (%) Protein (%) Calcium (ppm)

Y1 (Control) 70.1±0.3a 0.44±0.01c 4.38±0.0b 1.1±0.03a 5.8±0.14a 4.29±0.1a 1225±15d

Y2 (100 ppm ca) 69.93±0.2ab 0.44±0.02c 4.39±0.0b 0.95±0.03b 5.79±0.1a 4.29±0.1a 1312±23c

Y3 (1000 ppm Ca) 69.87±0.3a 0.45±0.02b 4.42±0.0ab 0.95±0.01b 5.79±0.4a 4.27±0.12a 2176±44b

Y4 (2000 ppm Ca) 68.8±0.32b 0.47±0.01a 4.44±0.0a 0.90±0.03c 5.8±0.01a 4.28±0.09a 3071±29a

Notes: Average±S.D., n= 5, Samples having the same superscript do not differ at 5% level of significance (�).

Figure 5. The sample Y3 (1000 ppm Ca) scored the high-
est score and was significantly different from others at a
5% level of significance. In the case of flavor preference,
Y4 (2000 ppm Ca) secured the highest score, followed by
Y3, Y2, and Y1, respectively. Hence, it could be remarked
that the sample with 1000 ppm Ca (Y3) fortification was
the best among the yogurt sample fortified at different Ca
levels.

Fig. 4. Sensory scores of calcium fortified biscuit product.

Fig. 5. Sensory scores of calcium fortified yogurt product.

4. CONCLUSION
Calcium was extracted from three different eggshells and
was used in the preparation of biscuits and yogurt prod-
ucts. Findings evinced that the calcium content of duck
eggshells was the topmost than layer eggshells and local
eggshells, while extraction with 20 ml HCl resulted in
the highest extraction rate. Duck eggshells had more
moisture and ash than layer and local chicken eggshells
whereas protein, fat, and carbohydrate content were high-
est for layer eggshells. The proximate composition of
calcium-fortified biscuits and yogurt was not differing in
the different percentages of calcium fortification. Sensory
evaluation data showed that fortified biscuits and yogurt
were more acceptable than non-fortified products. Biscuit
fortified with 2000 ppm calcium was found to be the best
among the calcium-fortified biscuits in the sensory eval-
uation. On the other hand, yogurt with 1000 ppm cal-
cium fortification was found to be the best among the
sensory evaluation. Further research is recommended for
the extraction of calcium as calcium ions which can be
used in milk products and other food products.
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