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Abstract

Eggshells from chickens can serve as a source of dietary calcium. This research examined the impact of incorporating eggshell powder on
the proximate, mineral, and sensory characteristics of cookies. The cookies were made using wheat flour, enhanced with eggshell powder
in proportions of 3, 5, 7, and 9%, along with shitake mushroom powder in amounts of 3, 4, 5, and 6%. The samples were labeled as A, B,
C, D and E. The dough was prepared using a multi-stage mixing technique, like the creaming method. After that, it was shaped into round
cookies, which were baked in a preheated oven at 180 °C for 25 minutes. The results obtained showed that incorporating eggshell powder
significantly raised the calcium levels in the cookies, measuring 1085.05, 1505.20, 1975.22, and 2450.11 mg/100g at concentrations of
3%, 5%, 7%, and 9%, respectively. Additionally, there is a slight alteration in the texture and sensory characteristics of the cookies. The
iron content of cookies containing shitake mushroom powder at 3, 4, 5, and 6 % were 3.50, 3.41, 3.36, and 2.28 mg/100g respectively.
The proximate analysis revealed that adding eggshell and shiitake mushroom powder increased the protein content from 8.83% to
14.67%, the ash content from 1.56% to 4.59%, and the fiber content from 0.92% to 2.88%. Simultaneously, it reduced the moisture
content from 5.78% to 4.69% and the fat content from 19.03% to 15.93%. To summarize, adding eggshell powder and shiitake mushroom

could improve the nutritional profile of traditional cookies, particularly in terms of calcium, ash, fiber, and protein levels.
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INTRODUCTION

It is projected that the global population will hit 10
billion around the year 2050, and meeting the nutritional
needs of everyone with the existing food resources seems
unfeasible. Consequently, it becomes crucial to reduce
food and nutrient loss and waste, as well as to make the
most efficient use of our nutritional resources (FAO,
2019). One third of all greenhouse gas emissions globally
are the result of food waste. Food is lost at every point in
the supply chain, from production to distribution, which
raises greenhouse gas levels and contributes to climate
change and global warming, negatively affecting living
organisms (Ray et al., 2017; Waheed et al., 2019). The
shells of chicken eggs are considered agricultural waste
that can cause environmental pollution if not disposed of
correctly (Khan et al., 2021; Aditya et al., 2021). The
decomposition of eggshell waste leads to environmental
pollution due to the unpleasant smell that draws in flies,
posing a challenge for its disposal (Oliveira et al., 2013;
Khan et al., 2021). Chicken eggs are regarded as an
economical source of nutrients, including protein, fat,
and vitamins. The structure of the eggshell consists of an
inner and outer shell membrane, the mammillary layer,

the palisade layer, vertical crystals, and a cuticle. In
terms of weight, the eggshell constitutes about 9-12% of
the egg's total weight, primarily composed of 94-96%
calcium carbonate along with various trace
microelements (Hassan, 2015). The eggshell can act as a
source of calcium, which can be included in calcium-
fortified foods for human nutrition. Moreover, research
indicated that eggshell-derived calcium carbonate
(CaCO3) in powdered form is more easily absorbed in
the small intestine of rats compared to standard
commercial CaCO3 (Swiatkiewicz et al., 2015). Up until
now, a lack of calcium in human diets has been a
widespread issue. Calcium is an essential mineral for the
human body that supports the maintenance of bone
tissue. Calcium works in conjunction with other minerals
like phosphorus to form the structural foundation of
bones and teeth (Zulkeflee et al., 2020).

Edible mushrooms are consumed in numerous
countries around the world, serving as a vital food source
due to their significant contributions to human health,
including medicinal  properties and nutritional
enhancement. These mushrooms are abundant in
proteins, vitamins, and minerals, placing them in a
category between meat and vegetables (Toan and Thu,
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2018). Additionally, edible mushrooms are low in
carbohydrates, calories, and fats, and they play a
protective role in preventing chronic diseases (Maria et
al., 2015). The health benefits of various mushroom
species include reducing cholesterol levels, lowering
blood pressure, boosting the immune system's defense
against illnesses, fighting tumors, and improving liver
function (Bilal et al., 2010). In comparison, there is a
limited amount of research focused on using eggshell for
calcium enrichment. This study aimed to explore the
incorporation of eggshell powder and shiitake
mushrooms in the creation of functional cookies and to
assess their sensory acceptability.

MATERIALS AND METHOD

Preparation of egg shell powder

Eggshells are sourced from the market, cleansed with
water, and boiled in deionized water for 30 minutes
before the shell membrane is discarded. The eggshells
are then placed in a hot air oven at 80°C for 2 hours, after
which they are ground into a fine powder. The eggshell
powder that passes through a 90 um sieve is utilized in
the study (Afzal et al., 2020).

Table 1. Formulation of cookies.
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Preparation of shiitake mushroom flour

The fruiting bodies of Shiitake mushrooms were
harvested and rinsed with distilled water to eliminate dirt,
sand, soil, damaged areas, and any other unwanted
materials prior to use. After cleaning, the mushrooms
were cut into smaller pieces with a knife and arranged on
a tray lined with wax paper, then dried in an oven at
65°C for 24 hours. The dried mushrooms were
subsequently blended into a powder and sifted through a
70 mesh (212 um) screen in the laboratory. The Shiitake
mushroom powder was stored in sealed polyethylene
bags at a temperature of 4°C until it was used for
analysis and cookies preparation (Toan and Thu, 2018).
Preparation of wheat, shell and shitake
mushroom based cookies

Batter type cakes were made using multi-stage mixing
technique, such as the creaming method (Wilderjans et
al., 2013). A pastry bag was utilized for shaping and
forming the cookies into rounds. The shaped round
cookies were then baked in a preheated oven at 180 °C
for 25 minutes. Finally, the baked cookies were cooled to
room temperature and stored in low-density polyethylene
pouches (Kshetri, 2017). For the preparation of cookies
different formulation of wheat flour, egg shell powder,
shitake mushroom and other ingredients shown in Table
1.

egg

Raw materials A B C D E
Wheat flour 100 g 91g 9N0g 8¢ 88 ¢g
Eggshell powder 0 3g S5¢g 7¢ 9¢g
Shiitake mushroom powder 0 6g S5¢g 4¢ 3g
Sugar 40¢g 40 g 40g 40¢g 40 g
Butter 40¢g 40 g 40g 40¢g 40 g
Egg albumin 1 ml Iml Iml Iml 1 ml
Salt 05g 05g 0.5g 05¢g 05¢g
Baking powder 15¢g 1.5¢ 1.5g 1.5¢ 1.5¢g
water 40 ml 40 ml 40 ml 40 ml 40 ml

Determination of proximate composition

Proximate analysis of the cookies was carried out using
the method of Association of Official Analytical Chemist
(AOAC 2005).

Determination of mineral composition
AOAC (2005) methods were used to determine the
mineral compositions of the samples.

Sensory evaluation

The sensory analysis for overall quality was carried out
by semi-trained panelists, which consisted of teachers
and students of Pokhara Bigyan Tatha Prabidhi Campus.
The parameters for sensory evaluation are appearance,
aroma, taste, texture and overall acceptability. Sensory

evaluation was performed according to the 9- Point
Hedonic Scale.

Statistical analysis

Sensory score data was statistically analyzed using SPSS
(version 20.0). LSD was done by using same software.
Other physical, chemical and ultimate analyses data was
analyzed by ANOVA using Microsoft Excel 2016.

RESULT AND DISCUSSION

Proximate composition of developed cookies

The proximate composition moisture, fat, protein, ash,
fiber and carbohydrate of five different cookies were
analyzed. The value of moisture, fat, protein, ash, fiber
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and carbohydrate content of the cookies ranged from
4.69-5.78 %, 15.93-20.83 %, 8.83-14.67 %, 1.56-4.59 %,

Table 2. Proximate composition of developed cookies.
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0.92-2.88 %, and 65.88-57.87 % respectively as shown in
Table 2 below.

Cookies Moisture % Fat % Protein % Ash % Fiber % Carbohydrate %
A 5.78 19.03 8.83 1.56 0.92 64.20
B 5.54 20.83 14.67 3.27 2.88 53.04
C 5.41 19.36 12.68 3.72 2.20 57.55
D 5.17 17.51 11.82 3.59 1.86 60.80
E 4.69 15.93 9.70 4.59 1.29 64.22

Moisture content refers to the quantity of water
contained in a material or substance (Animashaun et al.,
2016). It was noted that there was a significant difference
in moisture content between the fortified cookies and the
control sample. The cookies made entirely from wheat
had the highest moisture content at 5.78%, while the
sample containing 9% eggshell powder had the lowest at
4.69%. This indicates that the fortified cookies possess
greater shelf stability. It was noted that as the
concentration of eggshell increased, the moisture content
decreased (Afzal et al., 2020). The aim of the
fortification process was to increase protein levels and
enhance storage stability by lowering moisture content,
thereby improving the product's shelf stability
characteristics (Adebayo et al., 2010). The fortification
of shiitake mushrooms raises the fat content, while a
higher amount of eggshell powder reduces it. The fat
content of the control sample was measured at 19.03%,
whereas sample B, which contained the highest
percentage of shiitake mushrooms, exhibited the highest
fat content at 20.83%. Conversely, sample E had the
lowest fat content at 15.93%, attributed to the greater
proportion of eggshell powder used. A similar fluctuation
was found by the (Ermis et al., 2020). According to Afzal
et al. (2020), the fat content in muffins enhanced with
eggshell decreased as the quantity of incorporated
eggshell powder increased. According to the data
presented in Table 2, there were significant differences
in protein and ash content among all the formulations.
The levels of protein and ash in the cookies notably
increased with higher amounts of supplementation from
shitake mushroom and egg shell powder (Rosli, 2013).
The highest protein (14.67%) and ash content (4.59%)
were observed in this formulation compared to the
others. An increase in protein and ash content may be
due to the high mineral presence in both egg shell and
shitake mushroom. These findings are consistent with the
results reported by Krystyjan et al. (2015) and Silva et al.
(2018). The information shown in Table 2 demonstrates
that adding shiitake mushroom powder to the mixtures
results in an increased crude fiber content, with the
highest level reaching 2.88% in sample B, which
includes 6% shiitake mushroom powder. Sample B
exhibited the greatest crude fiber content, attributed to

the higher levels of crude fiber present in shiitake
mushrooms in comparison to the other flours (USDA,
2019). According to Van and Thu (2018), the biscuits
made from shiitake mushrooms contained a fiber content
0f 0.9%.

Mineral composition of cookie samples

Table 3. The different mineral compositions of unfortified and fortified
cookies.

Cookies Iron mg/100g Calcium mg/100g
A 3.20 29.54.13
B 3.50 1085.05
C 241 1505.20
D 2.36 1975.22
E 2.28. 2450.11

The data indicated that cookies made with 9% egg
shell powder had the highest calcium content at 2450.11.
Likewise, the cookie containing 6% shiitake mushroom
exhibited the highest iron content at 3.50mg/100g. The
minerals content iron and calcium contents of the
supplemented cookies with 3, 5, 7, and 9 % egg shell
powder and 3, 4, 5, and 6 % shitake mushroom powder
recorded highest than the control one. Numerous studies
have been carried out to assess the potential of using
eggshells as a food ingredient for calcium (Daengprok et
al., 2002). This resulted in a higher calcium-to-
phosphorus ratio in the enriched cookies, which could
enhance calcium absorption in humans (Hassan et al.,
2015). The impact of cookies was most significantly
observed in calcium levels. The incorporation of eggshell
powder resulted in a substantial rise in the calcium and
iron concentrations in the enriched butter cake (Salem et
al., 2012).

Sensory evaluation of cookies

The impact of supplementing cookies with eggshell and
shiitake mushroom powder on their sensory properties
was examined. A panel of semi-trained judges assessed
the cookies based on organoleptic attributes.
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Figure 1. Formulated cookies samples.

The average scores for color, flavor, taste, texture,
and overall acceptability of the control cookies without
fortification were 9.0, 9.2, 9.5, 9.5, and 9.5, respectively.
The findings also indicated that there were no
statistically significant differences noted between the
control cookies and those enhanced with 3%, 5%, 7%,
and 9% eggshell powder or 3%, 4%, 5%, and 6% shiitake
mushroom powder regarding color. The addition of 9%
eggshell to the cookies led to significant differences
(P<0.05) in taste and appearance. The sensory evaluation
further revealed that the crispiness, flavor, and taste
profile remained similar up to the 6% level of the same
calcium source. Conversely, with the addition of higher
amounts of calcium sources, a more pronounced fishy
odor was detected due to the increased levels of calcium
(Swiatkiewicz et al., 2015). This was corroborated by
sensory tests showing that the firmness of the eggshell
increased as the level of supplementation rose. The
acceptability of the fortified eggshell calcium powder
appeared to be stable up to 6% eggshell fortification.
Brun et al. (2013) discovered that the optimal method for
utilizing chicken eggshell as a calcium dietary
supplement is to grind it into a powder to be added to
bread, pizza, or spaghetti, as this results in minimal
alterations to texture and no changes in flavor.

CONCLUSION

It can be concluded that eggshell powder serves as a
suitable and economical source of calcium for human
dietary needs and can be prepared easily at home. The
addition of eggshell powder to wheat flour did not
significantly alter the flavor and texture of cookies at
levels up to 6%.
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