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Abstract 
The present study was designed to overcome the deficiency of calcium by preparation of muffins with 

eggshell powder. By dietary invention such as food fortification calcium deficiency can be reduced. Bakery 

products are best source for fortification of food. The eggshell powder was added for fortification of muffins 

at 8 and 16 g/500 g flour basis, synthetic source of calcium carbonate was also added in muffins at the same 

level. Minerals estimation indicated increasing trend of most of the minerals. Proximate analysis of muffins 

indicated increasing trend in ash, fiber and protein content but decrease in moisture, nitrogen free extract 

and fat content significantly (p<0.05) with progressive substitution of eggshell powder. Organoleptic 

properties in term of color, flavor, taste, texture, mouth feel and overall acceptability were only acceptable 

at control and minimum level of eggshell powder. Muffins (T1) with 8g egghell powder showed significant 

increase in mineral contents like calcium (2462.7±0.69 mg/100g), magnesium (5.65±0.28 mg/100g), 

potassium (2.99±0.33 mg/100g), sodium (6.94±0.48 mg/100g), and iron (1.26±0.53 mg/100g) as well as 

improved sensory chracteristics but other attributes showed no difference in the quality attributes of muffins 

fortified with eggshell compared with control.   
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Introduction  

Poultry eggs are very healthy food items” 

nutritious and economical but their shells 

collected from different sources like house, 

hotels, and also from fast food industries are 

discarded. According to the Food and 

agriculture organization, the global 

production of eggs in 2013 had reached a 

volume of about 68 million tonnes FAO [1]. 

About 11% of recorded yield of shell was 

reported from the total egg weight, thus the 

waste being produced around 6.82 million 

per year worldwide can be estimated [2], this 

possess a serious environmental problem. 

Chicken eggshell is a source of calcium that 

can be used as calcium supplementation. 

Fresh and fossilized eggshell are used to get 

calcium salt [3]. Eggshell contains nearly 

40% calcium, whereas magnesium (Mg) and 

phosphorus (P) is present at the concentration 

about (0.5 to 0.1%) respectively [4, 5]. 

According to body weight calcium is present 

around 1 to 2% and from total mineral 

contents 39% of the body [6, 7]. Deficiency 

of micronutrients that seems to be less but 

critical are stated as “Hidden Hunger”. 
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Calcium is a crucial mineral compulsory for 

cell permeability, hormone secretion, 

neuromuscular functioning, enzyme 

activation, bone development, coagulation 

and several other intracellular and 

extracellular tasks [8], its deficiency leads 

toward weak bone health and teeth, 

osteoporosis and also minimizes the capacity 

of blood clotting and numerous other 

symptoms [9]. Due to the insufficient 

consumption of calcium the widespread 

incidence of osteoporosis is a real threat to 

the world [10].  

Milk and dairy products like cheese, yogurt 

and milk are the main sources of calcium and 

regular ingestion of these products regulate 

dietary calcium levels [11]. Grains, some 

green vegetables and fruits, calcium-fortified 

soymilk, kale, and broccoli, some roots and 

legumes, and calcium-fortified fruit drinks 

are also the good sources of calcium. Natural 

sources of calcium are more significant 

because they contain not only calcium but 

other elements such as phosphorus and iron. 

Eggshell powder (ESP) is equal to purified 

calcium carbonate regarding calcium content, 

which is extensively used because of its 

higher calcium content [3].  

Addition of micronutrients intentionally in 

the food is known as fortification, it aids in 

elimination of several communal diseases 

such as anemia, osteoporosis and rickets; it 

also shows an important role by providing 

adequate quantity of nutrients to the body 

[12].  For fortification of food numerous 

sources of calcium are accessible [13]. 

Moreover, calcium fortification by eggshell 

powder is the part of several studies, food 

such as pasta, cake fermented milk and others 

[14-18].  Eggshell contains high amount of 

calcium in the form of calcium carbonate and 

calcium phosphate (98.43% and 0.75%) 

respectively [19]. For fortification of flour a 

lot of bakery industries which produce waste 

eggs shell can be used as a source of calcium. 

From adults to kids of every age group, 

muffin is a good option in our routine diet 

like during the snack meals, breakfast time, 

tea breaks and parties, their consumption and 

significance can be differentiated by its 

existence as a substantial food item [20]. 

Materials and methods  

Commercially available wheat flour (Maida), 

milk, salt, ghee, eggshells, sugar, eggs, and 

were purchased from the local market of 

Sargodha. This study was conducted at the 

Institute of Food Science and Nutrition, 

University of Sargodha, Sargodha, Pakistan. 

The eggshell powder and calcium fortified 

muffins were prepared by following 

procedure given in (Fig. 1, Table 1), 

respectively and treatment plan in (Table 2).  

Preparation of eggshell powder

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Preparation of Eggshell Powder [21] 

Chicken eggshells water 
washing (twice)

Boiled with water for 30 
minutes

Drying (80 ℃ for 2 
hours) 

Grinding (with mortar& 
pestle to reduce in size ) 

Grinding in a grinder to 
get fine powder
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Table 1. Recipe for the preparation of muffins [22]  

Ingredients Quantity 

Flour 500 g 

Butter 350 g 

Sugar 300 g 

Milk 30 mL 

Baking powder 15 g 

Salt 2 g 

Eggs 7 number 

Eggshell powder 8 and 16 g 

Calcium carbonate 8 and 16 g 

 

Table 2. Variable Formulations of Eggshell Calcium Fortified Muffins (Treatment plan) 

Treatments Eggshell powder Eggshell powder Calcium carbonate Calcium carbonate 

T0 _ _ _ _ 

T1 8 _ _ _ 

T2 _ 16 _ _ 

T3 _ _ 8 _ 

T4 _ _ _ 16 
*amounts are given in gram (g) 

 

Proximate analysis of flour and eggshell 

powder fortified Muffins 
The flour and eggshell calcium fortified 

muffins were exposed to proximate analysis 

using the method of AACC [23]. The 

moisture content of flour and eggshell 

calcium fortified muffins was determined 

according to AACC method No. 44-15A 

[23]. The protein content was determined by 

AACC permitting to the Kjeldahl’s method 

No. 46-30 by using Kjeltech Apparatus [23]. 

Crude fat content of flour and eggshell 

calcium fortified muffin according to AACC 

method No. 30-25 was determined by using 

Soxhlet apparatus [23]. Crude fiber content 

of flour and eggshell fortified muffins was 

estimated by AACC method No. 32-10 as 

given in [23] in Labconco Fibertech 

(Labconco Corporation Kansas, USA). The 

ash content of flour and eggshell calcium 

fortified muffin was estimated according to 

AACC method No. 08-01 [23]. Nitrogen free 

extract was determined by subtracting the 

sum of percentages of protein, fiber, fat, ash 

and moisture from 100. 

 

Determination of mineral contents 

For mineral profile, straight grade flour and 

eggshell powder were analyzed freshly at 0 

day. Calcium, Sodium, Iron, Magnesium and 

Potassium were determined. Samples were 

prepared for mineral estimation by using wet 

digestion method. From every treatment (0.5 

g) was taken and digested in a 100 mL 

conical flask on hot plate to digest with 10 

mL nitric acid, heat at 70°C for 20 minutes, 

after this it was digested with 5 mL per 

chloric acid (60%) at 190°C till the point 

when all the content of flask becomes clear. 

Then for every sample the volume was made 

100 mL with de-ionized water and the 

obtained samples were transferred to 100 mL 

volumetric flasks. In the end these samples 

were filtered. These filtered samples were run 

by Atomic Absorption Spectrophotometer 

(Model: AA-6300). To obtain standard 

curves, the samples of known strength were 

first run, then the mineral contents such as 

calcium, iron, potassium, sodium, 

phosphorus and magnesium in raw material 

were determined using these respective 

curves as describe in AACC [23].   

http://dx.doi.org/10.19045/bspab.2020.90154


Afzal et al. 

1491 

Sensory Evaluation 

The sensory characters for evaluation of 

muffins were included texture, flavor, taste, 

color and overall acceptability and were 

analyzed by expert panel using nine point 

hedonic scales [24]. 

Statistical Analysis 

All the obtained results from different 

parameters were analyzed by SAS 10.1 

software    to statistical analysis of variance 

(ANOVA) technique to determine the 

difference in the mean values by significance 

and non-significant differences [25]. 

Results and discussion 

Proximate composition 

The moisture content was observed as 

13.33±0.60% in straight grade flour. The 

obtained values are justified by the study 

[26]. It was observed that the mean values of 

moisture content to be 21.29 ±0.68%, 17.56 

±0.75%, 15.80±0.78%, 20.18±0.65% and 

18.59±0.93% for T0 (control), T1 with 8% 

and T2 with 16% eggshell powder fortified 

muffins like-wise T3 with 8% and T4 with 

16% calcium carbonate - fortified muffins 

respectively. It was observed that as the 

eggshell concentration increases moisture 

content was decreased. According to study 

the pattern for moisture content showed in 

unleavened and leavened breads decreased as 

the concentration of calcium source increased 

[27].   

 In Straight grade flour the amount of protein 

was (11.01±0.73%).  Our results were 

matched and it was also reported that the 

protein contents of wheat flour are 10.32-

11.58% [26]. Fortification of eggshell 

powder in muffins at various concentrations 

increased the crude protein content as the 

protein value of T0 control, T1 with 8% 

eggshell powder T2 with 16% eggshell 

powder, T3 with 8% calcium carbonate and 

T4 with 16% calcium carbonate fortified 

muffins with their mean values are 

11.77±0.28%, 13.50±0.40%, 14.70±0.62%, 

11.61±0.56% and 11.52±0.51%, 

respectively. The protein value increased as 

the eggshell fortification increased because in 

eggshell powder protein (3.92%) is also 

present [28, 29].  

The fat amount in straight grade flour was 

0.84±0.25%. Study showed the fat content in 

wheat flour 0.42% [30]. Fat content in our 

results are less than another result who 

reported that the fat content in wheat flour 

was (1.81%) [31]. Fat content in muffins 

significantly decreased as being observed in 

T0, T1, T2, T3 and T4 with their mean values 

(35.86±0.82%), (34.31±0.75%), 

(33.85±0.58%), (35.54±0.56%) and 

(35.50±0.61%), respectively. Low fat content 

in eggshell fortified muffins T2 with 16% 

eggshell powder showed that as the amount 

of eggshell powder increases, fat content 

decreases. The obtained results matched with 

the studies that the fat content was increased 

in supplemented bread made with whole 

wheat flour due to the maximum fat content 

present in tertiary buck wheat flour 

containing Calcium Carbonate [32].  

The fiber content in Straight grade flour was 

0.84±0.27%. Our results were in line with the 

results who detected fiber content in wheat 

flour (0.82%) [33]. The effect of treatments 

were found to be non-significant on the fiber 

content of muffins. Our results were in line 

with other results [34]. The effect of 

treatments was found to be highly significant 

on the ash content of the muffins. Ash content 

of muffins fortified with eggshell and 

calcium carbonate at various levels showed a 

significant increase, high level of ash was 

observed in T2 with 16% eggshell powder as 

(4.60±0.39%) followed by T1 (4.27±0.43%) 

and T3 (3.57±0.43%) and T4 (3.42±0.44) and 

the lowest in T0 control with (1.20±0.26%) 

(Table 3). The amount of ash obtained from 

study result was (1.51±0.51%), higher 

mineral content present in food means give 

out the maximum amount of ash [35]. 

Increase in ash content (1.5%) and (3.3%) in 

breads prepared from wheat flour that were 
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fortified with defatted soy flour at (3%) and 

(7%) respectively, as compared to unfortified 

(control) [36]. Nitrogen free extract contents 

were present in flour (68.26±1.44%). The 

highest Nitrogen free extract content was 

found in T0 (48.75±0.89%) followed by T3 

(48.33±0.96%) and T4 (47.56±1.16%) and 

the lowest in T2 (46.31±0.85%) followed by 

T1 (46.20±1.03%). fortification of wheat 

flour with mash bean and mung bean 

decreased the level of Nitrogen free extract 

[37].

 

Table 3. Proximate composition (%) of SGF and eggshell fortified muffins (mean values ± 

SD) 

Treatment Moisture Protein Fat Fiber Ash 
Nitrogen 

free extract 

Straight 

grade flour 
13..33±0.60 11.01±0.73 

0.84±0.25 

 

0.84±0.27 

 

1.51±0.51 

 

68.26 ±1.44 

 

T0 21.29±0.68 11.77±0.28 35.86±0.82 1.28±0.70 1.20±0.26 48.75±0.89 

T1 17.56±0.75 13.50±0.40 34.31±0.75 1.54±0.41 4.26±0.43 46.20±1.03 

T2 15.80±0.78 14.70±0.62 33.85±0.58 1.76±0.20 4.60±0.39 46.31±0.85 

T3 20.18±0.65 11.61±0.56 35.54±0.56 0.91±0.35 3.57±0.43 48.33±0.96 

T4 18.59±0.93 11.52±0.51 35.50±0.61 1.01±0.36 3.42±0.44 47.56±1.16 

 

Minerals Content 

Higher calcium content was observed in 

eggshell powder (66711.05±111.1 mg/100g) 

and it was also good in magnesium 

(11.50±0.36 mg/100g), sodium (1.93±0.29 

mg/100g), Iron (1.24±0.37 mg/100g) and 

potassium (1.05±0.26 mg/100g). The highest 

mineral component in eggshell (225.35 

mg/100g) was calcium and then phosphorus, 

magnesium, and iron [4, 38]. Calcium 

content of flour was estimated as 

580.61±0.66 mg/100g (Table 4). Our values 

copared with study who stated that calcium 

content of wheat flour was 23 mg/100g [26]. 

It was estimated that Calcium content of 

muffins increased by the increase in amount 

of eggshell, high level of calcium was 

observe in T2 with 16% eggshell powder 

(3846.30±0.85 mg/100g) and the lowest in T0 

control (631.31±0.60 mg/100g). Calcium 

content of brownies products can also be 

increased by the chicken eggshells [39]. 

Magnesium content in flour was estimated 

(5.51±0.37 mg/100g) (Table 4). It was 

estimated that magnesium content of muffins 

was also increased by the increase in  amount 

of eggshell, high level was observed in T2 

with 16% eggshell powder as (6.11±0.38 

mg/100g) and the lowest amount in T0 

control (3.81±0.38 mg/100g). Study showed 

that in whole wheat flour based bread at all 

three levels fortified with egg shell powder 

showed the highest magnesium concentration 

[4]. 

Potassium content of flour was estimated 

(4.76±0.28 mg/100g) (Table 4). Potassium 

content of muffins with eggshell powder and 

calcium carbonate was significantly 

decreased at various levels. Potassium 

content with their mean values of T0 control, 

T1 with 8% eggshell powder, T2 with 16% 

eggshell powder, T3 with 8% calcium 

carbonate and T4 with 16% calcium carbonate 

were estimated (3.14±0.55 mg/100g), 

(2.99±0.33 mg/100g), (3.08±0.37 mg/100g, 

(4.17±0.35 mg/100g) and (4.42±0.24 

mg/100g) respectively. Related results were 

found from another study [40].  

Sodium content was estimated (0.51 ±0.39 

mg/100g) (Table 4). As the amount of 

eggshell increased, the sodium content of 

muffins also increased, high level was 

observed in T2 with 16% eggshell powder 

(7.56±0.49 mg/100g), T1 with 8% eggshell 

powder (6.94±0.48 mg/100) and lowest 

sodium content in T0 control as (2.70±0.41 
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mg/100g). At the levels of 10 and 20% 

eggshell fortification of cake, significantly 

increased its calcium contents with a 

perceptible proliferation in sodium [41]. 

Iron content found in flour was estimated 

(0.70±0.52 mg/100g) (Table 4). Study 

showed iron content was present in flour (3.3 

mg/100g) [42]. Iron content of muffins 

fortified with eggshell powder showed a 

significant increase by the increase in amount 

of eggshell, high level of Iron in T2 with 16% 

eggshell powder (1.39±0.46 mg/100g) and 

lowest amount was found in T0 control 

(0.64±0.39 mg/100g). By fermentation 

process phytic acid was reduced, which 

results in high availability of minerals [32, 

43].

 

Table 4. Mineral contents (mg/100g) of SGF, eggshell powder and eggshell fortified muffins  

Treatment Calcium Magnesium Potassium Sodium Iron 

Straight grade 

flour 
580.61±0.66 5.51±0.37 4.76±0.28 0.51±0.39 0.700±.52 

Eggshell 

powder 
66711.05±111.13 11.50±0.36 1.05±0.26 1.93±0.29 1.24±0.37 

T0 631.31±0.60 3.81±0.29 3.14±0.55 2.70±0.41 0.64±0.39 

T1 2462.7±0.69 5.65±0.28 2.99±0.33 6.94±0.48 1.26±0.53 

T2 3846.3±0.85 6.11±0.38 3.08±0.37 7.56±0.49 1.39±0.46 

T3 2046.4±0.93 4.49±0.31 4.17±0.35 5.52±0.42 1.17±0.44 

T4 3144.3±1.10 4.53±0.38 4.42±0.24 5.86±0.39 1.24±0.35 

 

Sensory Evaluation 

The color scores of muffins fortified with 

eggshell powder and calcium carbonate at 

various levels were estimated as 7.8, 7.6, 7.4, 

6.7 and 6.3 in different treatments. 

Supplementation of chicken eggshell did not 

offer the influence to the color of biscuits, for 

the reason that eggshells have whitish color 

[44]. An increase in flavor scores of muffins 

was observed. The flavor score of muffins in 

which eggshell powder was added was 

slightly superior to that of standard muffins 

[45]. The highest taste score was found in T0 

control (7.8) followed by T2 with 16% 

eggshell powder (7.7) and the lowest score 

was achieved by T4 with 16% calcium 

carbonate (7.3). The taste score of muffins 

with eggshell fortification were same as 

compared to control [32]. The highest texture 

score was observed in eggshell fortified 

muffins in T2 with 16% eggshell powder 

(7.7), followed by T1 with 8% eggshell 

powder (7.6) and the minimum taste was 

observed in T4 with 16% calcium carbonate. 

The texture score of muffins with eggshell 

powder addition was slightly superior to that 

of standard muffins [46]. The highest mouth 

feel score was found in T0 control (7.8) 

followed by T1 with 8% eggshell powder 

(7.7) and the lowest of T2 with 16% eggshell 

powder (6.6). The highest overall 

acceptability score were observed in eggshell 

fortified muffins in T0 control (7.6) followed 

by T3 with 8% calcium carbonate (7.5) and 

the minimum overall acceptability was 

observed in T2 with 16% eggshell powder 

(Table 5). The better flavor, color and overall 

acceptability was found in the bread with 

eggshell powder (ESP) as compared to 

control bread; though the taste and flavor 

stayed alike or became inferior as reported by 

[47]. 
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Table 5. Sensory evaluation of eggshell fortified muffins  

Treatment Color Flavor Taste Texture Mouth feel Overall acceptability 

T0 7.8 7.5 7.8 7.5 7.8 7.6 

T1 7.6 7.7 7.6 7.6 7.6 7.4 

T2 7.4 7.8 7.7 7.7 6.6 7.3 

T3 6.7 7.3 7.5 7.4 7.3 7.5 

T4 6.3 7.2 7.3 7.3 7.1 7.4 

 

Conclusion  

It was concluded that eggshell powder 

increased the mineral contents such as 

calcium, magnesium, sodium and iron except 

potassium. Sensory characteristics were high 

like flavor and taste but other attributes 

showed no more difference in the quality of 

fortified muffins as compared to control. 

However, more overall acceptability was of 

T0 but also for eggshell fortified muffins and 

synthetic calcium carbonate with lower 

amounts. High amount of eggshell powder 

fortified muffins were not much liked by the 

panel. It is suggested that nutritional benefits 

of eggshell calcium fortification can 

encourage the acceptability through 

education and public enlightenment. 

Treatment T1 with 8g eggshell powder is 

recommended for fortification of bakery 

products. 
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