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ABSTRACT: Calcium (Ca) plays important structural and physiological roles in our body. Usually, our body meets
up its Ca need from dietary sources. In developing countries like Bangladesh, most of the people cannot afford Ca-
rich foods. So, Ca supplements are generally prescribed to deficient individual that usually costs high. It is, therefore,
necessary to find out an alternative and cheap source of Ca supplement especially in Bangladesh. Considering the
above facts, the main focus of this study was to explore the possibility of using the egg shell as a source of Ca. In his
study, discarded eggshells were collected, washed, decontaminated properly and ground to a fine powder. Washing
with tap water followed by 10 min boiling completely decontaminated the eggshells. On an average 3.45, 5.91, 4.5
and 4.55 g of eggshell powder (ESP) per shell were obtained from a domesticated fowl, domestic duck, white
leghorn, and rhode island red, respectively. Particle size was measured using scanning electron microscope and the
size ranged between 3.47-5.94 um. The Ca contents were found as 38.65, 35.0, 24.85 and 35.73 g in domesticated
fowl, domestic duck, white leghorn, and rhode island red, respectively per 100 g of ESP. Taking daily Ca
requirements into account, we observed that powder from almost half of an eggshell is sufficient to fulfill the daily
Ca need. The amount of magnesium (Mg) in 100 g ESPs was found to be 45.37, 32.48, 45.17 and 45.27 mg and that
of iron (Fe) was 35.07, 33.47, 31.91 and 33.06 mg in domesticated fowl, domestic duck, white leghorn, and rhode
island red, respectively. Various toxic heavy metals such as chromium (Cr), lead (Pb) and arsenic (As) contents
remained below the detection level in ESP samples. Organoleptic tests revealed that the ESP does not have any
objectionable effects on the texture and flavor of ESP-fortified foods and juice. These results suggested that the ESP
can be used as an alternative and important cheap source of Ca and other beneficial micronutrients for human being.
However, it is necessary to create the awareness and public perception regarding the use of EPS.
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INTRODUCTION

Calcium (Ca)is the most abundant mineral
found in the human body to maintain strong bones
and to carry out various important physiological
functions. Almost all Ca is deposited in bones and
teeth, where it supports to keep their structure with
appropriate hardness.” The rest of the Ca is present in
nerve cells, body tissues, blood and other body fluid.
Ca is a key component in muscle movement where it
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works as a switch to turn muscular movement on and
off. Increase in Ca concentration triggers energy-
consuming chain reaction that causes myofilaments
to change shape and shorten. Shortening of thousands
of myofilaments ultimately lead to muscle contrac-
tion.? On the other hand, when the Ca concentration
in the vicinity of the myofilaments drops, the muscle
returns to the relaxed state.® Ca is associated with cell
signaling by playing active roles in relaying messages
from the brain to every part of the body.* It plays a
role in releasing hormones and enzymes that helps
blood vessels to move blood throughout the entire
body.’
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Ca level in serum is tightly regulated where the
body uses bones as a Ca reservoir in critical
situations to maintain a constant concentration of Ca
in blood, muscle and intercellular fluid. Excess Ca is
stored in bones where a balance is maintained
between resorption and deposition.® This balance is
largely dependent on the age of individual person. In
adults, the tendency of bone decay is higher
particularly among postmenopausal women, whereas
bone formation is higher during the periods of growth
of children and adolescents. In early and middle
adulthood, both processes are relatively equal.” As a
result, people are at increased risk of Ca deficiency
with aging.

The eggshell powder has already been greatly
valued in some developed countries as a very good
source of Ca.®® There was no difference in Ca
absorption from purified CaCO; and eggshell powder
as demonstrated in a previous study.'® An increase in
bone Ca concentration was observed in post-
menopausal women suffering from osteoporosis, who
received eggshell powder with vitamin D; and
magnesium supplementation.™*

In Bangladesh, no report has so far been
published considering the use of eggshell as a source
of Ca for human. A huge number of eggs are
consumed each day and the eggshells are mostly
discarded. However, waste eggshells can be a good
and cheap source of Ca and other minerals.
Consumption of eggshell fortified foods/drinks could
fulfill the Ca requirement in peoples of developing
countries like Bangladesh. It would reduce the cost
and make Ca supplements available to every person.
In this study, we showed that locally available
different types of eggshell are rich in Ca and it is
possible to use the eggshell powder as an important
alternative source of Ca as well as other minerals.

MATERIALS AND METHODS

Collection and decontamination of eggshells.
Four different types of eggshell available in
Bangladesh were collected from local restaurants
(domestic duck, white leghorn, and rhode island red)
and village areas (domesticated fowl). Immediately
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after collection, the eggshells were cleaned using tap
water and air-dried before being processed in the
laboratory. The eggshells were then boiled at
different time duration (5, 10 and 20 min) to
determine the optimum boiling time required for
decontamination.

Preparation of eggshell powder (ESP).
Decontaminated eggshells were oven dried at 80°C
for 2 hrs. These were then processed into powder
using the commercially available blending machine
(Phillips, HR2118/01). To obtain the fine eggshell
powder (ESP), it was then sieved through 2 layered
fine net (sieved size 50 pm). The amount of ESP per
eggshell was then calculated by simply dividing the
total amount obtained with the number of eggshells
used.

Determination of particle size of ESP. ESP
obtained from four samples was examined under a
scanning electron microscope (JEOL- JSM-6490LA).
Images were obtained at different magnifications and
the size of eggshell particles was analyzed using the
software provided by the company (JEOL).

Digestion of EPS and determination of Ca and
others mineral content. The EPS samples were
dried in an oven at 90°C for 1 hr. The samples (0.5g)
were then placed in a Teflon digestion vessel
containing 7 ml of ultra-pure HNO; and 1 ml of H,0,
(according to the digestion program (power-1600w;
ramp time-15 min; temperature-2000°C; holding
time-15 min; cooling time-10 min).'? After digestion,
the sample solution was cooled down at room
temperature and transferred into acid cleaned 100 ml
volumetric flask. Then the volume was made up to
100 ml with double distilled water. The concentration
of Ca, Mg, Fe, Pb, Cr, and As was determined by
graphite furnace atomic absorption spectrometer
(Shimadzu, AA-7000). The concentration of each
mineral was based on the average values of three
replicate samples. Data are expressed as mean + SD.

Addition of eggshell to food. The EPS was used
to prepare sandwiches, juice, and noodles. Texture
and flavor of the different food items were evaluated
by 20 volunteers (10 male and 10 female; age
between 20 to 45 years), who were not involved in
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this work. All have good health and gave written
informed consent to evaluate the foods. The score
was considered as **** no changes; *** minimal
changes; ** moderate changes; and * important
changes that make the food unacceptable.

RESULTS

Decontamination of eggshells by washing and
boiling. It was found that washing with water greatly
reduced microbes from the surface of eggshells. To
decontaminate completely, washed eggshells were
boiled for different time durations (5, 10, 20 and 30
min). We observed that boiling for 10 min
completely decontaminated the eggshell surfaces.

Amount of eggshell powder (ESP) obtained
from each shell. The average amount (g) of ESP
obtained from each shell was determined. The
average weight of each shell of domesticated duck
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was 6.72 g and the obtained ESP was 5.91 g. The
average weight of other eggshells such as
domesticated fowl, white leghorn and rhode island
red ware 4.17, 5.18 and 5.36 g and the obtained ESP
were 3.45, 4.50 and 4.55 g, respectively.

Determination of particle size after grinding
and sieving of eggshells. Our target was to use ESP
consumption as a source of Ca. Egg shells were,
therefore, ground and sieved through two layered fine
net to get very fine particles. The particles, obtained
from four different types of eggshell after grinding
and sieving, were observed under a scanning electron
microscope. The average particle size of
domesticated fowl, domestic duck, white leghorn and
rhode island red was found 4.06 + 2.07, 4.77 + 1.16,
3.47 + 1.25 and 5.94 + 1.80 pum, respectively (Figure
1 and Table 1).
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Figure 1. Photograph of eggshell powder particles taken by scanning electron microscope (Model-JSM-6490LA).



252

Table 1. Mean particle size of various eggshell powder (ESP).

Average particle size
(mean = SD) pm

Type

Domesticated fowl 4,06 +2.07

Domestic duck 477+1.16

White leghorn 347+1.25

Rhode island red 5.94+1.80
Domesticated fowl eggshells contain a

comparatively higher amount of Ca. Eggshells are
known to contain high Ca content. We next
determined the amount of Ca in different types of

Table 2. Metal contents of eggshell powder (ESP).
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eggshell used in this study. The amount of Ca in
domesticated fowl, Rhode island red, domestic duck
and white leghorn was 38.65, 35.73, 35.0 and 24.85g
per 100g of ESP, respectively (Table 2). These
results demonstrated that the domesticated fowl
contains the highest amount of Ca, while the white
leghorn contains the lowest amount among the four
eggshells tested. The rhode island red egg is widely
consumed in Bangladesh and therefore this eggshell
may get more preference for use as a good source
of Ca.

Eggshell types Ca Mg Fe Pb Cr As
(mg/100g) (mg /100g) (mg /100g) (mg /100g) (mg /100g) (mg /100g)
Domesticated fowl 38.65 45.37 35.07 BDL BDL BDL
Domestic duck 35 32.48 33.47 BDL BDL BDL
White leghorn 24.85 45.17 31.91 BDL BDL BDL
Rhode island red 35.73 45.27 33.06 BDL BDL BDL
Lowest Detection 0.5 ppm 0.2 ppm 0.2 ppm
Level
BDL: Below detection level, ppm: parts-per-million, Pb: Lead, Cr: Chromium, As: Arsenic
Table 3. Qualitative analyses of the organoleptic features of different ESP.
Domesticated fowl Domestic duck White leghorn Rhode island red
Food Characteristic
ESP ESP ESP ESP ESP ESP ESP ESP
-ve +ve -ve +ve -ve +ve -ve +ve
SandWiCh TeXtUre *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kk
FIaVOr *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kkk
NOOdIeS TeXtUre *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kk
FIaVOr *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kkk
JUiCe TeXtUre *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kkk
FIaVOr *kkk *kkk *kkk *kkk *kkk *kkk *kkk *kkk

ESP +ve: Presence of eggshell powder; ESP —ve: Absence of eggshell powder;

**Moderate changes; ***Minimal changes; ****As usual. N=20 (10

The presence of toxic metals was negligible in
all four different types of ESP. Poultry feed, now-a-
days, is known to contain heavy metals that generate
chances of the presence of heavy metals in ESP. If
ESP is contaminated with heavy metals, it would
rather be dangerous to use it as a source of Ca. We,
therefore, examined whether or not the heavy metals
such as As, Cr and Pd were detectable in the ESPs.

*Important changes that make the food unacceptable;
male and 10 female)

The presence of these toxic heavy metals in ESPs
was almost negligible when analyzed by graphite
furnace atomic absorption spectrometer (Table 2).

ESP from domesticated fowl contain a higher
amount of Fe and Mg. The ESP is not only a good
source of Ca, but also be a source of other inorganic
elements. The presence of 45.37, 32.48, 45.17 and
45.27mg of Mg and 35.07, 33.47, 31.91 and 33.06mg
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of Fe per 100g ESP of domesticated fowl, domestic
duck, white leghorn, and rhode island red were
detected, respectively (Table 2).

Organoleptic test of foods fortified with ESP.
It is evident from the above results that ESP can be
used as a source of Ca and other nutritional elements.
Some local foods were fortified with ESP and our
interest was to know whether ESP had any effect on
the flavor and/or texture of the fortified food. ESP
was added in sandwich, noodles and juice, and the
flavor and texture of the fortified food items were
evaluated by a group of volunteers. The experiment
was conducted on 10 male and 10 female volunteers
who are familiar with these foods (Table 3). None of
them shown any objection regarding the texture and
flavor of the food items tested. Therefore, use of
ESP-fortified foods could be an effective way of
supplementing Ca and other nutritional elements.

DISCUSSION

We found that ESP is rich in Ca (248-386 mg/g),
and the highest content was found in domesticated
fowl (386 mg/g ESP). Our result of higher Ca
contents in eggshells is supported by earlier reports
that also demonstrated higher contents of Ca in
eggshells.*** The domesticated fowl usually are
raised in an open area which creates opportunities for
them to take various types of natural foods. This
might have an impact in elevating the Ca-content of
fowl eggshell. The lowest Ca-content was found in
white leghorn’s eggshell (248 mg/g ESP). As we
know, the white leghorn chicken is raised in cages
and the feed supplied to them might have lower
amounts of Ca resulting in lower Ca contents in ESP.
ESP from domestic duck and rhode island red contain
a relatively higher amount of Ca and it was 350 and
357 mg per g of ESP. Though domesticated fowl
contains higher Ca, it is less available than rhode
island red. So it would be more feasible to use
eggshell of rhode island red for commercial
production of the Ca supplement in the future.

Eggshell is not only a natural source of Ca but
also a source of other important minerals. We showed
here that Mg content per 100 g of ESP ranges

between 32.48 to 45.37 mg and that of Fe content
between 31.91 to 33.47 mg in four different egg
varieties. Both Mg and Fe are important essential
minerals that play key roles as cofactors for various
enzymatic reactions. In addition, Fe, by being
attached to hemoglobin, helps to transport oxygen
throughout the body. ESP, as a good and cheap
source of these minerals, can contribute greatly to
carry out important physiological activities in
individuals who are deficient of those minerals.

Eggshell may be contaminated with various
pathogenic bacteria including Salmonella.®** A
microbial risk factor can be avoided easily by
washing and applying decontamination processes.
Washing with tap water followed by boiling for 10
min as shown in this study was found to be enough to
decontaminate the eggshell surface completely. Many
studies also demonstrated potential contamination of
eggs by various heavy metals through the
consumption of contaminated feed by chickens.*’?
Although ESP is a good source of Ca and other
essential minerals, co-existence of heavy metals in
ESP would definitely be harmful rather than
beneficial. Our results demonstrated that the amount
of heavy metals such as lead, chromium and arsenic
in the ESP of the four tested egg varieties is very
negligible and very much below the toxic level.
These results are encouraging because the ESP,
prepared from local egg varieties, are safe for human
consumption and can act as an effective Ca/mineral
supplement.

If the ESP is directly used in foods or drinks as a
source of Ca, its particle size might be a factor in
accepting/rejecting the ESP-fortified food items by
the consumers.? Observation of the particles under
scanning electron microscopy revealed that the
particle size was between 3.47- 5.94 pym. This size is
small enough to be accepted by the consumers, and
therefore ESP can directly be used in any food or
drink as a source of Ca and other minerals.

The best way to use the ESP as a source of Ca is
to add it to common foods. In our study, ESP-
fortified food or drink such as sandwich, noodles and
fruit juice was prepared by adding ESP in an amount
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that contains an equivalent amount of Ca required
daily for the young adults.”® The volunteers who
consumed the fortified food items did not put
objection regarding the changes of texture and taste
of the foods and drink they tested. In the case of
noodles, a minor fraction of the volunteers felt slight
changes in texture. The outcome of this organoleptic
tasting is quite encouraging for using ESP in various
foods and juices to fulfill the daily need of Ca.

In some developed countries, ESP has already
been widely used as a source of Ca.?*?* However, no
study has so far been performed in Bangladesh to
explore the use of ESP as a dietary source of Ca. This
study showed that the local egg shell is rich in Ca and
it is possible to use ESP as a promising and
alternative cheap source of Ca for human nutrition.
This inexpensive source of Ca may play a greater role
in the health sector, particularly by strengthening the
bones of people suffering from osteoporosis.
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