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Abstract

Eggshell powder (ESP), because of its high bioavailability and low cost, can be added to the diet as an extra source 
of calcium. Similarly, cod liver oil (CLO), being a good source of vitamin D and omega 3 fatty acids, is a good 
choice to replace conventional shortenings in bakery products. Therefore, the goal of the current study was to 
valorize eggshell waste by adding ESP to the cookies that also contain CLO. Nutritional, physical, and sensory 
qualities of developed cookies were examined, with a focus on calcium and vitamin D contents. Comparative 
nutritional analysis of ESP and commercial straight grade flour (CSGF) revealed higher nutritional content in 
ESP, while CLO was determined to be a good source of polyunsaturated fatty acids and vitamin D. Nonsignificant 
results were reached regarding the weight, width, thickness, and spread factor of different treatments on cookies. 
The incorporation of ESP and CLO significantly (p ≤ 0.05) increased the protein, fat, fiber, and ash contents of 
cookies. Further results showed that the calcium content of cookies was increased from 972 mg to 1732 mg with 
different treatments. The vitamin D content of cookies was also significantly (p ≤ 0.05) improved from 588 IU to 
1,684 IU with different treatments. Fourier transform infrared spectroscopy and X-ray diffraction analyses of the 
cookies confirmed the higher proportion of calcium and vitamin D in supplemented cookies. The sensory eval-
uation of cookies revealed that incorporation of up to 3 g of ESP and 9.6 mL of CLO as replacements of CSGF 
and shortening, respectively, was established as acceptable for the development of good-quality cookies, which 
although obtained lesser but very comparative sensory scores to the control, leading to consumer satisfaction. 
Thus, ESP and CLO could be used to develop nutritional bakery products having high contents of vitamin D and 
calcium.
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Introduction

Utilization of food industry waste for the development 
of value-added food products has always been remained 
the topic of research. Egg’s shell and membrane make up 
around 11% of the entire egg and is a significant waste 
product of the food industry. Owing to their high bio-
availability and low cost, eggshells are added to the diet 
as an extra source of calcium (Nakilcioglu and Dadalı, 
2024). If improperly disposed of, eggshells, an agricultural 
waste, pollute the environment. Eggshells, on the other 
hand, have a wide range of applications. Eggshells have 
become popular as adsorbents for the adsorption-based 
removal of colors and heavy metals. Supplements and 
dietary supplements are not the only applications of 
chicken eggs (Iftikhar et  al., 2024; Kalaycı et  al., 2025). 
In biomedical applications, eggshells are utilized as filler 
materials or implants (Kadhim et al., 2022). Furthermore, 
research using hydroxyapatite demonstrate that eggshells 
are both biocompatible and biodegradable. Eggshells are 
used as ingredients in masks to tighten, brighten, and 
wash the face, and their membranes are encouraged as 
collagen in cosmetics (Baláž et  al., 2021; Hamidi et  al., 
2017). Furthermore, eggshells are the natural and novel 
dietary supplements, which are a rich source of calcium, 
proteins, and other minerals, such as magnesium, stron-
tium, fluorine, and selenium (Afzal et  al., 2020; Hasan 
et  al., 2023). Although there are prospects for eggshell 
waste valorization, the majority of the 8.3 million metric 
tons of eggshells generated annually worldwide, China, 
the United States, and India being the top producers, end 
up in landfills (Younas et al., 2024).

Eggshell powder (ESP) is added to various food and non-
food mixtures for technological and functional contri-
butions (Ali and Badawy, 2017; Quddoos et  al., 2022; 
Waheed et al., 2019). There is an increasing demand of 
calcium supplements in the people facing growth and 
development issues, although high demand is fulfilled 
by commercial calcium-containing salts, which may 
have some adverse effects (Prentice et  al., 2024). These 
commonly used calcium supplements contain calcium 
gluconate, calcium carbonate, and calcium citrate salts. 
Chicken eggshells, which are usually discarded as waste, 
are known to be best alternative source of calcium 
supplements, as calcium from eggshells is easily col-
lected and extracted (Ajala et al., 2018; Ray et al., 2017). 
Calcium is present in both commercial calcium supple-
ments and ESP, but ESP is readily absorbed. Commercial 
calcium supplements may not even be as effective as ESP 
at lowering the risk of osteoporosis (Singh et al., 2021). 
Therefore, ESP-added bakery products are a good source 
of calcium. 

Chicken ESP is an inexpensive and easily available source 
of calcium. It comprises 94% calcium carbonate, 1% 

magnesium carbonate, and 1% calcium phosphate. ESP 
with 39% elemental calcium is a potential and excellent 
source of dietary calcium. It has been noted that 1 g of 
ESP contains 370-mg calcium, 5-mg magnesium, 0.6-mg 
phosphorus, and appreciable quantities of other trace 
elements (Ali et  al., 2019; Gaonkar and Chakraborty, 
2016; Hassan, 2015). ESP is utilized in industrial, medic-
inal and pharmaceutical products as it has nutritional 
contents, which may be useful for products and their 
intended users (Iftikhar et al., 2024). To find the suitabil-
ity of any material for pharmaceutical purposes, biolog-
ical studies are conducted using different models. These 
in vitro and in vivo studies have revealed that ESP has 
a moderate immunostimulatory property, strong bone 
development capability, reduces osteoporosis, osteo-
malacia, and hypoparathyroidism, and has the ability to 
reduce neural degeneration (Baláž et  al., 2021; Bartter 
et al., 2018; Opris et al., 2020; Platon et al., 2020). In clin-
ical practice, eggshells are used in tissue engineering and 
wound dressings (Torres Gouveia et al., 2025). 

Synthetic calcium in the form of supplement has low 
bioavailability of calcium, while the prolonged use of 
synthetic supplements may have some adverse effects 
(Singh and Prasad, 2023). Eggshell’s calcium has 60% 
more bioavailability, compared to synthetic calcium 
carbonate. Natural calcium in the form of eggshells 
may have positive health effects on bone mineral den-
sity, thus could help to prevent osteoporosis and bone 
loss in females (Faridi and Arabhosseini, 2018; Waheed 
et  al., 2020). ESP has an effective role in the develop-
ment of bone mass and improves femoral neck bone 
density in humans. It contains matrix of proteins that 
promotes calcium transport across CaCO2 cells in 
human intestines. ESP has a minute quantity of stron-
tium, which has anabolic effect on bones (Bartter et al., 
2018; Iftikhar et al., 2024; Torres Gouveia et al., 2025). 
Eggshell membrane contains adequate amounts of bio-
active components and has water retention property 
and biodegradability that make it a potential ingredient 
for clinical, nutraceutical, cosmetic, and nanotechnol-
ogy applications (Kulshreshtha et  al., 2022; Milbradt 
et al., 2015; Sakai et al., 2017). 

It is easy to extract eggshell calcium, which is acidic in 
nature and can be easily ionized (Dolińska et al., 2016). 
It was observed that mice if fed with calcium in the form 
of ESP were discovered to have significant increase in the 
calcium content of the femur. Similar results in human 
studies discovered that intake of ESP had significant 
impact on bone mineral density (Alzaheb, 2018; Sakai 
et al., 2017). Eggshells are a valuable product for human 
consumption and industrial utilization, thus their valori-
zation may not only reduce the environmental waste but 
could also provide us value-added food products rich in 
nutritional contents.
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The demand of oils rich in polyunsaturated fatty acids 
(PUFAs) is increasing, possibly due to increased chronic 
diseases. Therefore, consumers are nowadays more inter-
ested in food products containing fish oils rich in PUFAs 
and some vitamins (Li et al., 2023; Liang et al., 2023). Fish 
oils, especially cod liver oil (CLO), is a good source of 
vitamin D, vitamin A, and PUFAs, such as docosahexae-
noic acid (DHA) and eicosapentaenoic acid (EPA). CLO 
is used in many food products and pharmaceutical sup-
plements. In the pharmaceutical industry, CLO is sold 
as a medicine or in the form of functional food oil as 
capsules or suspension. Functional food oils are the oils 
having potential benefits on human health. It has been 
estimated that 5 mL of CLO has 10-mg vitamin E, 10-μg 
vitamin D, 500-μg vitamin A, and 1.2-g PUFAs. Published 
data have reported that CLO supplements are dietary 
sources of DHA and EPA, which have clinical benefits in 
cardiovascular diseases and certain types of cancers (De 
Boer et al., 2018; Ellulu et al., 2015; Newell et al., 2021). 
CLO is used for the fortification of foodstuff, such as 
bread, biscuits, baby foods, soups, and infant formulas. 
CLO is a good functional oil because of its ability to pro-
mote, treat, and prevent human health conditions. CLO 
is a good source of DHA and EPA used for the prevention 
of cardiovascular diseases and other health problems. 

The PUFAs are known to have anti-inflammatory prop-
erties and suppress angiogenesis. Therefore, PUFA sup-
plementation in cancer patients provides healthy fats 
with bioactive compounds that suppress tumor growth in 
the body (Aziz et al., 2022; Marshall et al., 2019; Newell 
et  al., 2021). CLO consumption may combat deficient 
serum vitamin D status. In a study, volunteers who took 
CLO daily, once a week, and six times a week had a serum 
vitamin D level of 60, 40, and 50 mmol/L, respectively 
(Kitagawa et al., 2017). Adequate oral intake of vitamin D 
may help improve bone mass density, lower the incidence 
of osteoporotic fractures, and decrease bone loss, accord-
ing to the results of several interventional studies con-
ducted among older adults (Feng et al., 2021; Polzonetti 
et al., 2020). Compared to the subjects taking vitamin D 
only, another study discovered that intake of calcium 
supplements in addition to vitamin D increases bone 
mass density while lowering the risk of fractures (Hanai 
et al., 2021). Thus, CLO, being rich in vitamin D and ESP 
having appreciable amount of calcium, could be added in 
food products to boost their nutritional contents.

ESP and CLO are widely utilized in cookies, snacks, baby 
foods, oils, and supplements. Researchers have devel-
oped some bakery products by adding ESP, and have 
explored that fortification with ESP in bakery prod-
ucts could increase nutritional and functional aspects 
(Ali et  al., 2019; Bradauskiene et  al., 2017; Nakilcioglu 
and Dadalı, 2024; Salem et al., 2012; Zerek et al., 2022). 
However, these studies had several limitations, as in 

some cases CLO and ESP were used separately, while 
in others, limited analyses were conducted. For exam-
ple, no study conducted X-ray diffraction (XRD) and 
Fourier transform infrared spectroscopy (FTIR) analy
ses of CLO- and ESP-added cookies. Therefore, there 
was a strong need to utilize both these ingredients in a 
unique combination to enhance both nutritional and 
bioactive contents of bakery products, which are com-
monly consumed in this modern era. Because cookies are 
commonly consumed by all age groups of people and are 
usually deficient in important nutritional contents, they 
were preferred for fortification. Thus, the main objectives 
of this work were the development and characterization 
of vitamin D and calcium-supplemented cookies through 
the incorporation of ESP and CLO. These formulated 
cookies were analyzed for their physicochemical and sen-
sory parameters to assess increment in nutritional con-
tents, especially vitamin D and calcium, while optimizing 
the sensory acceptance of products.

Materials and Methods

Ethical approval and consent to participate

The Biosafety and Ethical Review Committee (BERC) of 
the University of Sargodha, Sargodha, Pakistan, with a 
clearance number of UOS/IFSN/2023/07, provided eth-
ical approval for this work. The informed consent was 
obtained from the participants who took part in sensory 
evaluation and were informed in detail about the purpose 
of this study.

Procurement of raw materials and reagents

Fresh eggshells, CLO, eggs, butter, sugar, wheat grains, 
for the development of commercial straight grade flour 
(CSGF), and baking powder were purchased locally from 
native markets of Rawalpindi and Islamabad, Pakistan. It 
was assured that same trade/brand ingredients were used 
in each trial to avoid variation in results. All the chem-
icals and reagents used in this study were of analytical 
grade and procured from Aladdin Chemicals, Shanghai, 
China.

Pretreatment of eggshells 

By following the procedure adopted by Hassan (2015), 
the eggshells were collected and membrane removed, fol-
lowed by washing under running water; then scrubbing 
was done with a sponge. After scrubbing, eggshells were 
immersed in a solution of sodium hypochlorite for disin-
fection, followed by rinsing and drying. In a post-drying 
procedure, eggshells were crunched to a fine powder 
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determined using the total samples recovered. CSGF was 
yielded by blending of break roll flour and reduction roll 
flour ingredients. The fat, fiber, ash, protein, and nitro-
gen-free extract (NFE) of CSGF were determined using 
their respective methods provided in AACC (2000).

Mineral analysis of eggshell powder

The mineral contents, such as iron, magnesium, phos-
phorus, calcium, potassium, and sodium, present in 
ESP were determined by the wet digestion method 
using atomic absorption spectrophotometer (5100PC, 
Norwalk, CT,  USA) as described in Association of 
Official Analytical Chemists (AOAC, 2012), and further 
elaborated by Hussain et al. (2021). This method is com-
monly adopted for determination of wide range of macro 
and micro minerals because of its accuracy, cost effec-
tiveness, and ease of use. A 0.5-g sample of ESP was taken 
and digestion was performed in a 100-mL conical flask 
on hot plate with 10-mL nitric acid solution. The sample 
was then heated for 20 min at 70°C. The same sample was 
then digested in 5 mL of 60% chloric acid at 190°C. The 
digestion of the sample was performed until contents in 
the flask turned clear. The sample volume of 100 mL was 
achieved by adding deionized water. In order to get stan-
dard curves, the samples were run with known strength 
of standards to determine the contents of iron, magne-
sium, calcium, and phosphorus. The sodium and potas-
sium contents present in ESP were determined through 
flame photometer (Sherwood Scientific, UK) by follow-
ing the method described in AOAC (2012).

Analysis of moisture content in eggshell powder

Moisture content in ESP was determined by follow-
ing the method No. 44-15 of AACC (2000). Briefly, 2-g 
sample was collected in a petri dish that was previously 
weighed (W1) and was heated to 105°C for 24 h. After 
that, the sample was placed for some time in a desiccator. 
The dried material was weighed again after cooling (W2). 
Then the moisture percentage in ESP was estimated by 
using the following formula:

	
1 2

1

W WMoisture (%) 100,
W
−

= ×

where W1 = pre-weighed weight, W2 = weight after cool-
ing of sample.

Analysis of protein content in eggshell powder

The protein content in ESP was determined using 
Kjeltech apparatus following the Kjeldahl’s method 

using pestle and mortar. Sieving of powdered eggshells 
was done through 0.18-mm sieve. Obtained powder was 
then dried in an oven (UNB 100, Memmert, Germany) at 
80°C for 15 min. In order to remove all microorganisms 
from ESP, its sterilization was performed at 136°C for 18 
min in an autoclave (MLS-3750, Labo Autoclave, Sanyo, 
Japan) using the protocols adopted by Kadhim et  al. 
(2022). Packaging of ESP was done in low-grade polyeth-
ylene bags for safe storage. A flowchart for the pretreat-
ment of ESP is presented in Figure 1.

Preparation and proximate analysis of commercial 
straight grade flour 

For the preparation of flour, tempering of procured 
wheat grains was done at a moisture level of 15.5% after 
thorough cleaning. Tempered grains were stored in plas-
tic bins at room temperature for 24 h in order to balance 
the water content of grains. The post-tempering mois-
ture content was determined by method No. 26-95 of 
American Association of Cereal Chemists (AACC, 2000). 
The milling of tempered wheat grains was performed 
in Brabender Quadrumat Senior mill. By following the 
AACC (2000) technique No. 26-21A, the obtained milled 
fractions, such as break flour, reduction flour, bran, 
and shorts, were weighed and their proportions were 

Washing and scrubbing 

Immersed in sodium hypochlorite 
(10 drops/1L water) 

Rinsing and drying 

Grinding with pestle and mortar 

Sieving (0.18 mm sieve)   

Drying in hot air oven
(80°C for 15 min)

 
 

Autoclave (136°C for 18 min) 

Packaging (low-grade polyethylene) 

Figure 1.  Pretreatment of eggshell powder. 
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where 
a1 = peak area of vitamin D3,
a2 = peak area of vitamin D2,
CF = correction factor

(The quotient of the peak areas of vitamins D3 and D2, 
was measured at identical concentrations of vitamin 
forms),

	 i = amount of internal standard added (g), and 
	 W = weight of sample (g).

Preparation of supplemented cookies

Control and supplemented cookies were prepared by fol-
lowing the guidelines provided by Hussain et al. (2023b), 
using the recipe given in Table 1. Further, the treatment 
plan is provided in Table 2, where T0 was control cookies, 
which had no source of calcium and vitamin D whereas 
treatments (T1, T2, T3, and T4) were prepared keeping in 
mind the recommended daily allowance (RDA) for cal-
cium and vitamin D. Explaining in detail, first the raw 
materials were weighed with accuracy. After weighing, 
eggs, butter, and CLO were mixed, followed by beating. 
Dry ingredients, such as ESP, CSGF, baking powder, and 
sugar, were added during the beating process. The dough 
was kneaded with soft hands, then flattened and cut with 
a cookie cutter. The cookies were placed on greased bak-
ing trays and baked for 25 min at 175°C in a preheated 
oven. After cooling to room temperature, the prepared 
cookies were packed in bio-oriented polypropylene 
(BOPP) bags and kept at room temperature in laboratory 
for further investigations. Flow chart for preparing cook-
ies is presented in Figure 2.

Characterization techniques used on supplemented 
cookies

Fourier Transform Infrared spectroscopy analysis
The presences of dietary calcium in ESP were analy
zed using FTIR by following the guidelines pro-
vided by Gorsi et  al. (2024). The ESP was analyzed by 

No. 46-30 of AOAC (2000). In the presence of diges-
tion mixture, concentrated H2SO4 was used to break 
down 5 g of ESP. The mixture after digestion was run 
till a bright green hue was achieved. Then 250 mL of 
distilled water was used to dilute digestion mixture. 
Thereafter, 10 mL of diluted sample and 10 mL of 40% 
NaOH solution were combined for distillation in a dis-
tillation equipment. Then 4% boric acid solution was 
combined with ammonia, and until methyl red indica-
tion was attained, the sample was forced-running. The 
material was then titrated against 0.1-N H2SO4 solu-
tion. Finally, the following formula was used to esti-
mate nitrogen:

	

2 4

Nitrogen (%)
Amount of  0.1 N H SO 0.0014 250 100.

Weight of  sample volume of  diluted sample

=
− × ×

×
×

The percentage of protein was calculated by the following 
expression:

	 Protein (%) = Nitrogen (%) × 6.25.

Analysis of cod liver oil

High-performance liquid chromatography (HPLC) as 
reported by Feng et al. (2020) was used to analyze vita-
mins D and A contents, PUFAs, monounsaturated fatty 
acids (MUFAs), and other fatty acid-related parameters 
in CLO. This method was preferred due to high selec-
tivity, rapid separation, simple sample preparation, and 
accurate quantification. First, 0.5-mL sample of fresh 
CLO was taken. Then a solution was prepared by mix-
ing 25 mL of methanol with 700 mg of extremely pure 
potassium hydroxide and potassium methoxide. After 
that, ascorbic acid solution of 1% weight was prepared 
by mixing 165 mg of ascorbic acid in 10 mL of metha-
nol. Then 500 mg of CLO was mixed with 2-mL ascorbic 
acid, followed by 5 mL of MeOK mixture in a glass flask. 
After that, the mixture was vortexed for 30 s. The flask 
was then placed in a silicone bath for 30 min at 80°C with 
reflux. The sample was cooled in ice water before being 
combined with 5 mL of n-hexane. The solid saponifiable 
sample was removed from hexane layer and dried under 
N2 flux. The dried material was dissolved in 600 mL of 
MeOH. Standard vitamin D3 fractions were produced in 
methanol and kept at 4°C in glass bottles to avoid expo-
sure to sunlight.

The amount of vitamin D3 was calculated by the follow-
ing formula:

	
1

3
2

a CF iD (ug/g) ,
a W
× ×

=
×

Table 1.  Recipe plan of cookies (g/100 g).

Ingredients Weight (g)

CSGF 50

Shortening 30

Sugar 10

Eggs 10

Baking powder 0.2

CSGF: commercial straight grade flour.
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Table 2.  Different treatment plans for supplemented cookies 
(g/100 g).

Treatments CSGF  
(g)

Butter  
(g)

ESP  
(g)

CLO  
(mL)

Egg  
(g)

Sugar  
(g)

T0 50 30 - - 10 10

T1 47.5 24 2.5 6 10 10

T2 47 20.4 3 9.6 10 10

T3 46.5 16.8 3.5 13.2 10 10

T4 45.5 12 4.5 18 10 10

CSGF: commercial straight grade flour; ESP: eggshell powder; CLO: 
cod liver oil.

Weighing of raw materials 

Addition of dry ingredients 

Mixing and beating 

Kneading of cookie dough 

Baking (175°C for 25 min)  

Cooling (room temperature) 

Packaging (BOPP) and storage 
in laboratory shelf

 

 

Figure 2.  Flowchart for preparation of cookies.

the KBr pellet technique using FTIR system (Model 
3000 Hyperion Microscope, Make-Bruker, Ettlingen, 
Germany). Before samples (0.5 g of ESP, control, and sup-
plemented cookies) were mounted on FTIR instrument, 
the background spectra of the instrument were collected, 
and at 16 runs per scan, the records of the spectra were 
considered with characteristics peaks in wave numbers 
ranging from 400 to 4,000 cm-1. The data were collected 
in the form of figures, which were presented and ana-
lyzed by identifying functional groups.

X-ray diffraction (XRD) analysis
Different fractions of ESP, control, and supplemented 
cookies were studied using XRD analysis as guided by 
Hamidi et al (2017). First, 5 g of samples were placed in 
an XRD sample holder and compressed with a stainless 
steel weight. An X-ray diffractometer (Model: X’Pert 
Pro and Make, PAN analytical, Almelo, the Netherlands) 

equipped with a divergence slit was used to analyze 
samples’ crystalline properties and X-ray diffraction. 
The diffractometer was operated at 40 kV and 40 mA 
with a scan speed of 10/min, and the scanning angle 
was adjusted between 15° and 80° at a step size of 0.02°. 
Results in the form of microstructures were obtained as 
images, which were analyzed and discussed.

Physiochemical analysis

Physical analysis of  cookies
Prepared cookies were evaluated for physical parame-
ters, such as thickness (mm), weight (g), diameter (mm), 
and spread ratio (diameter/thickness) by following the 
guidelines provided by Hussain et  al. (2023a). The pre-
pared cookies were weighed on a weighing balance with 
triplicate measurements, and the mean value was consid-
ered. The cookies’ diameter was also measured in tripli-
cate with a calibrated ruler. The thickness was measured 
by placing three cookies upon each other and using the 
above-used ruler, and the spread ratio was calculated by 
dividing the diameter of cookies with thickness. Three 
rows of five cookies of the same size were placed and 
the height was estimated. The value of spread ratio was 
obtained by using the following formula:

	

Diameter (mm)Spread ratio .
Height (mm)

=

Proximate analysis of  cookies
Proximate analysis of cookies determined crude mois-
ture, crude fat, crude protein, crude fiber, ash content, 
calorie value, and nitrogen-free extract (NFE) by using 
their respective methods mentioned in AACC (2000). 
The moisture content of cookies was determined by 
method No. 44-15 of AACC (2000). Crude protein 
in cookies was analyzed in Kjeltech apparatus using 
Kjeldahl’s method No. 46-30 (AACC, 2000). Crude fat 
in cookies was analyzed according to method No. 30-25 
(AACC, 2000) by using Soxhlet apparatus. Crude fiber 
in cookies was calculated by using method No. 32-10 
(AACC, 2000). Crude ash in cookies was analyzed by 
using method No. 08-01 (AACC, 2000) by using muffle 
furnace at 550°C till grayish white residue was achieved. 
Cookies sample’s NFE was calculated by subtracting the 
total of moisture, protein, ash, fiber, and fat from 100. 
The below-mentioned formula was used to compute the 
percentage of NFE (Afzal et al., 2020):

NFE (%) = �100 – (protein [%] + fat [%]  
+ fiber [%] + ash [%]).

To determine calorific value, the protocols adopted by 
Salem et al. (2023) was followed: 1-g sample of cookies 
was placed in a device, lit by an electric spark to burn the 
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recorded as 0.37±0.021 whereas the iron content was 
2.1±0.129 mg/100 g. Previous research findings by Ficco 
et al. (2009) and Mepba et al. (2007) were also in agree-
ment with the results of the present study, as the authors 
also reported CSGF to be a poor source of calcium, iron, 
ash, and fiber. Some other research findings reported 
that the moisture content in CSGF was 13.33±0.60%, 
protein 11.01±0.7%, crude fat 0.84±0.25%, crude fiber 
0.84±0.27%, and the ash content was 1.51±0.51% 
(Hussain et al., 2023b). Mineral contents in CSGF, such 
as magnesium 5.51±0.37 mg/100 g, potassium 4.76±0.28 
mg/100 g, calcium 18.61±0.66 mg/100 g, and iron 
0.700±0.52 mg/100 g were reported by Khan et al. (2017). 
These findings confirmed the present results with strong 
agreements. 

The proximate and mineral analysis of CSGF demon-
strated that while preparing cookies, the incorporation 
of ESP might be useful in increasing ash, fiber, and min-
eral contents of the product, as CSGF has comparatively 
lower contents of these factors.

Proximate and mineral analysis of eggshell powder

Results after statistical analysis of proximate and mineral 
parameters of ESP are shown in Table 4. The presented 
results revealed that ESP contains calcium 38.5±0.17 
mg/100 g, potassium 41.64±0.02 mg/100 g, phosphorus 
99.34±0.03 mg/100 g, magnesium 375.52±0.98 mg/100 g, 
and sodium 87.06±0.025 mg/100 g. On the other hand, 
ESP contained protein 2.12±0.02%, ash 96.6±0.23%, and 
moisture 0.53±0.017%. These results were strongly sup-
ported by the findings provided by Waheed et al. (2019), 
as they reported that ESP contained calcium 38 mg/100 
g, moisture 0.52%, and protein 2.13%, while phosphorus 
in ESP was reported as 99.36 mg/100 g. Similar findings 
were also observed in a study conducted by Murakami 
et  al. (2007), who analyzed ESP and proposed that it is 
composed of 94% calcium carbonate, 1% of calcium 

extra oxygen inside the bomb. Galvanometer system and 
thermocouple were used to analyze the maximum tem-
perature of bomb calorimeter. Initial readings were taken 
in triplicate to calculate calorific value before the final 
reading.

Analysis of  calcium content in cookies
The Calcium content of cookies was determined by fol-
lowing the same procedure mentioned in Section 2.6. The 
filtered digested sample solution of cookies was operated 
by an atomic absorption spectrophotometer as explained 
in earlier section 2.6.

Analysis of  vitamin D content in cookies
Vitamin D content in ESP-supplemented cookies was 
estimated by HPLC method using the protocols provided 
in Section 2.9.

Sensory evaluation of cookies

In the current study, the control and supplemented cook-
ies were exposed to sensory evaluation, which includes 
texture, color, flavor, mouth feel, and overall acceptability. 
The sensory evaluation was carried out in a laboratory by 
a panel of 40 semi-trained judges of both genders aged 
between 25 and 35 years, using a 9-point hedonic scale 
as guided by Rafique et al. (2023). The panel was briefed 
about the procedure and coded samples were provided 
along with evaluation proforma, and their informed con-
sent was obtained. Proforma used for sensory evaluation 
of cookies is presented in Annexure 1. 

Statistical analysis

This study considered possible variables that were clas-
sified in Statistical Package for Social Sciences (SPSS 
version 16) and Minitab (version 19). The effects of 
treatments of indicative parameters were examined 
using both one-way and two-way analyses of variance 
(ANOVA) with post hoc Tukey test, and between-group 
comparisons were carried out using the general linear 
model (GLM). For all statistical outcomes, a p ≤ 0.05 was 
deemed statistically significant (Hipsey et al., 2019). 

Results and Discussion

Proximate analysis of commercial straight grade flour

Proximate analysis of CSGF showed the following: cal-
cium = 18.5±0.51 mg/100 g, phosphorus = 107.25±1.70 
mg/100 g, moisture content = 12.63±0.01%, and pro-
tein content = 10.51±0.021% (Table 3). The ash content 
recorded in CSGF was 0.94±0.01% and crude fiber was 

Table 3.  Proximate (%) and mineral (mg/100 g) analysis of 
commercial straight grade flour.

Parameters Quantity

Calcium (mg/100 g) 18.5 ± 0.51

Iron (mg/100 g) 2.1 ± 0.13

Phosphorus (mg/100 g) 107.25 ± 1.70

Moisture (%) 12.63 ± 0.01

Protein (%) 10.51 ± 0.02

Ash (%) 0.94 ± 0.01

Fat (%) 0.95 ± 0.02

Fiber (%) 0.37 ± 0.02

Nitrogen-free extract (%) 74.84 ± 0.03
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acids, 1.4 g per 5 mL. Similar findings were also demon-
strated by Hubicka et al. (2020), who estimated that CLO 
contained high quantity of highly unsaturated fatty acids 
(HUFAs): DHA, 22:6, and EPA, 20:5. Similar composition 
was also reported by Almarri et al. (2017), who evaluated 
that CLO is a rich source of omega 3 fatty acids, HUFAs, 
and vitamin D3 (252 µg).

Analysis of fortified cookies

Physical analysis of  cookies
The physical parameters of different treatments of cookies 
are presented in Figure 3, which showed that the weight 
of cookies remained nonsignificant (p ≤ 0.05) within the 
treatments, where ESP was replaced with CSGF and 
CLO with the shortening. The weight of control cookie 
(T0) was reported as 15.41 g, followed by T1 as 15.43 g 
whereas T4 had a weight of 15.44 g. Results obtained in 
the present study demonstrated that the addition of core 
ingredients in cookies caused nonsignificant (p ≤ 0.05) 
effect on their diameter (Figure 3). Control cookies had 
a diameter of 46.4 mm, followed by T1, 46.40 mm and T2, 
46.40 mm, whereas T4 showed the maximum diameter of 
46.42 mm (Figure 3). 

The results pertaining to thickness described that the 
thickness also varied nonsignificantly (p ≤ 0.05) among 
different treatments. All cookie samples had a thick-
ness ranging from 6.51 mm to 6.39 mm. It was observed 
that there was a nonsignificant (p ≤ 0.05) increase in the 
thickness of cookies with the addition of ESP and CLO. 
Similarly, the effect of treatments showed that control 
cookie (T0) had a spread ratio as 8.1, followed by T1 8.1 
and T2 8.1, while the maximum spread ratio (8.3) was 

phosphate, and 1% magnesium carbonate. ESP consists 
of 39% elemental calcium; therefore, it is a promising and 
effective source of dietary calcium. 

The present results of ESP were also in accordance with 
the results achieved by Bartter et al. (2018), who analyzed 
calcium content of eggshell in three different studies 
and discovered it ranging from 360 mg/g to 400 mg/g of 
eggshell. The present study was also in accordance with 
the findings of Brun et al. (2013), who reported that egg-
shell mainly comprises calcium as 38 mg/g, potassium 
as 1.4 mg/g, sodium as 5.1 mg/g, and phosphorus as 4.4 
mg/g. The present results of ESP were also in accordance 
with some previous findings, which estimated that ESP 
contained moisture as 0.46%, ash 94.6%, and protein as 
3.92%. A high amount of calcium of around 40%, as cal-
cium carbonate 98.43% and calcium phosphate 0.75%, 
along with magnesium 0.5%, and phosphorus 0.1%, have 
also been reported in ESP (Afzal et  al., 2020; Ali and 
Badawy, 2017; Ray et  al. 2017). The present results and 
their relevant literature showed ESP to be a good source 
of ash, fiber, and important minerals, such as calcium and 
phosphorus.

Chemical analysis of cod liver oil 

Analysis of CLO was conducted by HPLC, and as pre-
sented in Table 5, the following components were dis-
covered in CLO: omega 3 fatty acids, 1.32±0.22 mg; 
eicosapentaenoic acid (EPA), 741.25±2.98 mg; dexosa-
hexaenoic acid (DHA), 461.25±2.98 mg; other omega 
3 fatty acids, 199±2.44 mg; vitamin D3, 250.25±1.70 µg; 
vitamin A, 30,002±1.27 µg; total MUFA, 46.6±0.25 g; total 
PUFA, 22.475±0.25 g; total saturated fats, 22.57±0.17 g; 
and cholesterol, 570.25±1.70 mg. These findings showed 
CLO to be a good source of vitamins A and D, PUFAs, 
and MUFAs. The chemical composition of CLO pre-
sented by Higashi et  al. (2014) demonstrated that CLO 
contained omega 3 fatty acids, 1.4 g; EPA, 740 mg; DHA, 
460 mg; vitamin D3, 250 µg; and other omega 3 fatty 

Table 4.  Proximate and mineral analysis of eggshell powder.

Parameters Quantity

Calcium (mg/100 g) 38.5 ± 0.17

Potassium (mg/100 g) 41.64 ± 0.02

Sodium (mg/100 g) 87.06 ± 0.025

Phosphorus (mg/100 g) 99.34 ± 0.026

Magnesium (mg/100 g) 375.52 ± 0.98

Moisture (%) 0.53 ± 0.017

Protein (%) 2.12 ± 0.022

Ash (%) 96.6 ± 0.23

Table 5.  Chemical analysis of cod liver oil.

Parameters Quantity 

Omega 3 fatty acids (g) 1.32 ± 0.22

Eicosapentaenoic acid (EPA) (mg) 741.25 ± 2.98

Docosahexaenoic acid (DHA) (mg) 461.25 ± 2.98

Other omega 3 fatty acids (mg) 199 ± 2.44

Vitamin D3 (µg) 250.25 ± 1.70

Vitamin A (µg) 30002 ± 1.27

Total MUFA (g) 46.6 ± 0.25

Total PUFA (g) 22.475 ± 0.25

Total saturated fats (g) 22.57 ± 0.17

Cholesterol (mg) 570.25 ± 1.70

MUFA: monounsaturated fatty acid; PUFA: polyunsaturated 
fatty acid.
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content in T0 was 4.74% followed by T1 4.73%, and T4 
showed a minimum moisture content of 4.72%. The least 
fat content was detected in T0, 31.05%, and the maximum 
fat of 31.45% was observed in T4. Effect of treatments on 
crude fiber content of cookies was nonsignificant (p ≤ 
0.05) within the treatments. Crude fiber was maximum 
(0.18%) in T0, followed by T1 (0.17%), and was 0.165% 
in T3, while the minimum value of 0.164% was observed 
in T4. Effect of treatments on crude protein varied sig-
nificantly (p ≤ 0.05) within the treatments, as the crude 
protein presented in T0 was 3.43%, followed by T1 6.35% 
and T2 6.31%, and the maximum crude protein of 6.18% 
was noted in T4. Similarly, the ash content in cookies var-
ied significantly (p ≤ 0.05) among different treatments, as 
a minimum ash content of 2.42% was present in T0 and 
the maximum 4.78% was discovered in T4 treatment. 
Variation in NFE (%) depends on variations in other 
proximate analysis, because most of proximate analysis 
showed nonsignificant variations. The maximum NFE 
(%) was observed in T0, followed by T1 and T2, while min-
imum NFE (%) was observed in T4. Effect of treatments 
on caloric values of cookies showed that it significantly (p 
≤ 0.05) reduced from T0 (549.7 kcal/g) to 536.22 kcal/g in 
T4 (see Table 6).

Similar results were presented by Platon et  al. (2020), 
who noted nonsignificant changes among treatments 
in bread prepared with ESP, which possibly was due to 
the smaller levels of incorporation of ESP. A similar 
earlier study conducted by Bradauskiene et  al. (2017) 
also concluded that moisture content of bread showed 
a decrease in unleavened and leavened bread variet-
ies, with increased concentration of ESP. Furthermore, 
protein content was determined to be varying between 
9.79% and 9.89%, within different treatments of ESP-
fortified flour. The decrease in moisture and increase in 

discovered in T4 (Figure 3). An earlier study conducted 
by Salem et al. (2012) evaluated the physical properties 
of control biscuit and supplemented biscuit with 3%, 
6%, and 9% ESP. Diameter, thickness, and spread ratio 
in T0 were 46.0 mm, 5.93 mm, and 7.76 mm, respec-
tively. Diameter and thickness increased but spread ratio 
decreased with the increasing level of ESP. The research-
ers observed that with the addition of 3–9% ESP, the 
diameter ranged from 45.8 to 45.0 mm, thickness from 
5.97 to 6.01 mm, and spread ratio from 7.67 to 7.49 mm. 

The present results were also in accordance with Hussain 
et al. (2023a), who reported that spread factor is depen-
dent on fat content, because fat increased with increase 
in spread ratio. Previous study conducted by Brun et al. 
(2013) also observed similar results, reporting that 
spread ratio decreased with the increasing level of ESP. 
The present findings were also in accordance with those 
reported by Chilek et al. (2018), who observed that phys-
ical properties of ESP-supplemented bread were not 
much affected by up to 10% addition of ESP; however, a 
further increase in this level caused irregularities in phys-
ical properties. A recent study conducted by Nakilcioglu 
and Dadalı (2024) also supported the present results 
and discovered that physical features of a cake were not 
much affected at lower levels of ESP supplementation. 
The present results are also coherent with the findings 
reported by Salem et  al. (2012), who proved that firm-
ness or texture of cake improved with the addition of ESP 
during cake treatment. Findings of Quddoos et al. (2022) 
also proved that the incorporation of ESP in cookies had 
no negative impact on their physical parameters.

Proximate analysis of  cookies
Table 6 presents the results of proximate analysis of ESP- 
and CLO-supplemented cookies, where the moisture 
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Figure 3.  Effect of treatments on the physical parameters of cookies.
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Table 6.  Effect of treatments on the chemical composition of cookies (mean values ± SD).

Treatment Moisture Protein Fat Fiber Ash Nitrogen-free 
extract

Calorie value 
(kcal/g)

T0 4.74 ± 0.005a 3.43 ± 0.02d 31.048 ± 0.04d 0.18 ± 0.028a 2.42 ± 0.02de 62.98 ± 0.012a 549.7 ± 0.0082a

T¹ 4.73 ± 0.005a 6.35 ± 0.02a 31.43 ± 0.0002a 0.17 ± 0.006a 2.87 ± 0.002d 59.18 ± 0.01b 542.22 ± 0.004b

T2 4.73 ± 0.008a 6.31 ± 0.002a 31.43 ± 0.002a 0.17 ± 0.014a 3.34 ± 0.002c 58.73 ± 0.027b 540.72 ± 0.0018b

T3 4.73 ± 0.007a 6.27 ± 0.002bc 31.44 ± 0.002a 0.17 ± 0.006a 3.82 ± 0.002bc 58.31 ± 0.013b 539.22 ± 0.0017b

T4 4.72 ± 0.005a 6.18 ± 0.002c 31.45 ± 0.002a 0.17 ± 0.003a 4.78 ± 0.02a 57.43 ± 0.114c 536.22 ± 0.0026c

Values having the same superscripted alphabets present nonsignificant results whereas those not having the same superscripted alphabets present 
significant results (p ≤ 0.05).

protein were due to differences in the proximate compo-
sition of ESP and wheat flour. On the other hand, a study 
conducted by Ali et  al. (2019) observed a significant 
reduction in protein content from 9.89% to 9.79% with 
the addition of ESP, because ESP is not a good source of 
protein and replacement of CSGF with ESP at relatively 
higher levels may decrease protein contents of cookies. The 

literature suggests that ESP is not a good source of fiber 
and contains similar amount of fiber as present in CSGF; 
therefore, effect of treatments was nonsignificant (p ≤ 
0.05) on the fiber content of breads (Uddin et al., 2025; 
Ali and Badawy, 2017). 

The present results of crude ash were similar to the find-
ings reported by Ray et al. (2017), who reported that ESP 
constituted 94.6% ash, and caused a significant (p ≤ 0.05) 
increase in the ash contents of cakes. A study conducted 
by Chilek et al. (2018) also observed that addition of ESP 
increased the ash content of breads without effecting its 
protein and fat contents. The authors further reported 
that caloric value of ESP-supplemented cookies declined 
whereas addition of CLO in cookies caused increased 
caloric value. This increase in caloric value of food prod-
ucts having CLO could be attributed to the high caloric 
values of CLO, possibly because of high fat and protein 
contents. Research findings by Ajala et al. (2018) reported 
that ESP could be a good source of ash to be added to 
bakery product for the increment of mineral contents. 
The present results were also in accordance with the find-
ings of Bradauskiene et al. (2017), who reported a signif-
icant decrease in NFE among different bread treatments 
enriched with ESP. As ESP, compared to CSGF, has a low 
amount of NFE, the NFE of cookies decreased because of 
increasing the level of ESP in CSGF.

Sensory analysis of  cookies
Results of sensory analysis of control and ESP- and CLO-
supplemented cookies are shown in Figure 4, which 
shows a significant (p ≤ 0.05) difference among the scores 
of different treatments. Increasing the level of incorpo-
ration of ESP caused a decreased sensory acceptance of 

cookies. It is observed in Figure 4 that T0 had maximum 
and T4 had minimum color scores. The result further 
showed that maximum number of judges liked T0, which 
received the maximum taste score of 7.2, followed by T1 
(7.1 ± 0.) whereas T4 received minimum taste score (6.8). 
The effect of treatments showed that T0 had the maxi-
mum mouth feel score of 7.4 whereas T4 had a minimum 
score of 6.8. The results showed that T0 had the best 
texture score of 7.16, followed by 7.1 for T1, 7.0 for T2, 
and T4 having a minimum texture score of 6.8. The effect 
of treatments on the overall acceptability of cookies 
depicted that T0 got the maximum score of 7.1, followed 
by T1 (7.0), and T4 had a minimum overall acceptability 
score of 6.6. 

The sensory evaluation scores for different treatments of 
cookies were in accordance with the findings of Salem 
et al. (2012), who observed that ESP supplementation of 
up to 10% had a nonsignificant (p ≤ 0.05) effect on the 
overall acceptability of cake. On the other hand, Hassan 
(2015) reported that ESP supplementation of up to 6% 
did not have any negative effect on the overall accept-
ability of biscuits. Similarly, Quddoos et  al. (2022) also 
observed the consumer acceptance of cookies having ESP 
at an optimum level, just as in the present findings, the 
sensory scores of the treatments having smaller amounts 
of ESP were near to that of the control. The present find-
ings regarding the sensory evaluation of supplemented 
cookies were in accordance to the results provided by 
Hasan et  al. (2023), who revealed that supplementa-
tion of ESP in ice cream did not affect the color of the 
product, as ESP also had whitish color just like CSGF. 
The present results were in agreement with the findings 
of Brun et al. (2013), who discovered that ESP could be 
a suitable choice to be added in homemade food prod-
ucts, as its smaller levels does not affect their sensory fea-
tures. However, a study conducted by Chilek et al. (2018) 
observed that addition of up to 20% ESP might cause a 
rise of sandy texture of bread; however, the bread with 
12% ESP could be acceptable. Thus, as in the current 
work, smaller levels of ESP were introduced for cookies 
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Figure 4.  Effect of treatments on the sensory parameters of cookies. 

baking process, and the sensory scores for all treatments 
were acceptable, with T1 and T2 having higher scores, 
compared to T3 and T4.

Calcium and vitamin D contents of  cookies
Calcium and vitamin D have important biological func-
tions in living bodies, as they help in strengthening bones 
and teeth. Vitamin D helps the body to absorb calcium. 
The recommended daily intake of calcium and vitamin D 
in adults is 1,000 mg and 600 IU, respectively (Prentice 
et al., 2024; Singh et al., 2021). Therefore, production and 
consumption of bakery products having high amounts 
of calcium and vitamin D could be advantageous for 
improving the overall health. Different treatments of 
cookies showed varied calcium content (Table 7), with a 
significant increase in calcium content of cookies having 
high levels of ESP. Calcium was 22.85 mg/100 g in T0, fol-
lowed by 972 mg/100 g in T1, and T4 was found with the 
maximum calcium content of 1,732 mg/100 g. Various 
treatments significantly affected the content of vitamin 
D (p ≤ 0.05), as it increased from 39.8 IU in T0 to 588 IU 
in T1, and T4 showed the maximum content as described 
in Table 7. This increase in the calcium content of cook-
ies was due to high calcium content of ESP (Nakilcioglu 

and Dadalı, 2024). These results regarding increment in 
the calcium content of cookies were in accordance with 
the findings of Ali et  al. (2019) and Bradauskiene et  al. 
(2017), who discovered a significant increase in the cal-
cium content of bread upon addition of ESP. 

Another study conducted by Khan et al. (2017) reported a 
significant improvement in the calcium content of breads 
fortified with chicken ESP, calcium carbonate, and bone 
extracts. The results regarding the increment of vitamin 
D content of cookies were in accordance with the find-
ings of Bajaj and Singhal (2021), who also observed a sig-
nificant increase in vitamin D levels in the fortified baked 
products than in the control, as they concluded that 
dough-based food products could be fortified by vitamin 
D. Just as in the present work, CLO, as a good source of 
vitamin D, was used to replace butter, and it caused a sig-
nificant increase in vitamin D content of supplemented 
cookies. The present results were in line with the findings 
of Quddoos et al. (2022), who used ESP and bone pow-
der in cookies and observed a significant increase in their 
calcium and vitamin D contents.

FTIR and XRD analysis of cookies

In chemical analysis, FTIR is used to assess a compound’s 
functional group. Infrared spectroscopy is frequently 
employed in the food industry to check the quality of 
products, and food samples are identified and verified 
using it (Indrianingsih et  al., 2024). The FTIR spec-
trum of control cookies is shown in Figure 5A and that 
of ESP- and CLO-supplemented cookies is shown in 
Figure 5B. The absorbance bands of control cookies show 
at 2,920.4  cm-1, 1,742.5 cm-1, and 989.6 cm-1, whereas 

Table 7.  Calcium and vitamin D contents of cookies.

Treatment Calcium (mg/100 g) Vitamin D (IU)

T0 22.85 ± 0.019e 39.8 ± 0.031e

T1 972 ± 0.0016d 588 ± 0.011d

T2 1162 ± 0.017c 916 ± 0.036c

T3 1352 ± 0.0015b 1246 ± 0.027b

T4 1732 ± 0.016a 1684 ± 0.053a
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Figure 5.  FTIR of control as well as calcium- and vitamin D-supplemented cookies. (A) FTIR of control cookie. (B) FTIR of 
calcium and vitamin D supplemented cookie Note. FTIR: Fourier Transform Infrared spectroscopy.

the sharp peaks of supplemented cookies show at 2916.6 
cm-1, 1742.5 cm-1, and 987.7 cm-1. The absorption of –OH 
hydroxyl group, which occurred from carbohydrates or 
other substances such carboxylic aldehydes and ketones, 
was linked to vibration at roughly 2,900–3,000 cm-1. This 
is attributed to vitamin D molecules, potential hydra-
tion in calcium carbonate, or content of moisture. In 
contrast, the control sample exhibits a weaker or less 
prominent peak, suggesting a lower concentration of 
hydroxyl group, possibly due to the absence of vitamin D 
supplementation. A strong vibration at a wave number of 
around 1,742.5 cm-1 came from the stretching vibration 
of C=O (carbonyl groups) discovered in vitamin D mol-
ecules. This peak is either absent or has lower intensity 
in the control sample, confirming that vitamin D ester 
groups are introduced only in the supplemented sample. 
Similarly, vibrations at 987.7 cm-1 showed the presence of 
fat and calcium carbonate in cookies, as CLO and ESP 
were introduced as replacements of butter and CSGF, 
and the fat from CLO and calcium carbonate from ESP 
had high contents of vitamin D and calcium, respectively. 
These peak intensities suggest increased calcium and 
vitamin D contents. In contrast, these peaks are weaker 
in the control sample, indicating a lower concentration 
of calcium and vitamin D or possibly differences in crys-
tallinity. This FTIR comparison validates the incorpora-
tion of calcium and vitamin D, making the supplemented 

sample nutritionally enhanced compared to the control. 
The presence of Vitamin D functional groups and stron-
ger calcium carbonate peaks suggests improved bioavail-
ability of essential nutrients.

XRD plots of the control and supplemented cookies are 
shown in Figures 6A,B. The peaks are sharp and highly 
resolved that depicted the crystalline structure of ESP-
fortified cookies. The ESP’s crystallographic lattice of cal-
cium carbonate was confirmed by diffractogram, which 
shows a single crystalline phase (calcite) with a peak at 
29.4° in accordance with X-ray diffraction pattern. These 
bands also showed that the crystallinity of calcium in sup-
plemented cookies was not affected by baking (Therdthai 
et  al., 2023). When Kalaycı et  al. (2025) stated that the 
calcium carbonate peak in the XRD results of ESP was 
2ϴ = 29.58° for various eggshells, it clearly confirmed the 
current findings about the existence of high calcium con-
tents in supplemented cookies. The lack of calcium car-
bonate could be the cause of this peak’s non-observance 
in the control cookies of this study. The present results 
are in strong agreement with the findings of that of 
Hamidi et al. (2017), who studied the crystalline structure 
of ESP and concluded that ESP could be used as an excel-
lent source of dietary calcium. Cree and Rutter (2015) 
asserted that biowaste chicken eggshells had a high cal-
cite or calcium carbonate content. The FTIR spectra and 
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Figure 6.  (A) XRD pattern of control cookies; (B) XRD pattern of supplemented cookie. XRD: X-ray diffraction.
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Annexure 1
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