DESIGN AND TECHNOLOGY

Revista Industrial Data 28(1): 35-59 (2025)

DOI: https://doi.org/10.15381/idata.v28i1.28326.920462

ISSN: 1560-9146 (Impreso) / ISSN: 1810-9993 (Electronico)
Facultad de Ingenieria Industrial - UNMSM

Extraction of Calcium Citrate from Chicken Eggshells and
Its Use as a Vitamin Supplement

NiDIA PoMPILLA CACERES '
MARLENI GONZALES IQUIRA 2
PAUL TANCO FERNANDEZ 3
IRINA AcOsTA GONZALES *

SusmiTteD: 20/06/2024 Acceptep: 11/09/2024 PusLisHeD: 15/07/2025

ABSTRACT

Chicken eggshells are a common waste material in
households and food industries. To make the most of
them, we proposed extracting calcium citrate through a
citric acid leaching process using lime juice as solvent. Our
results indicated that the solute concentration increased
in all treatments due to the consistent precipitation of
calcium citrate. The highest yields were achieved with
the most diluted solutions, with an optimal reaction time
of six hours. The final product contained 20.83% calcium.
We concluded that greater dilution of chicken eggshells
in the citric acid from lime juice enables the extraction of a
larger quantity of calcium in the form of citrate. Moreover,
the calcium content in this compound is very close to that
found in commercial supplements (21%), suggesting that
it can be effectively used as a vitamin supplement.

Keywords: calcium, citric acid, leaching, calcium sup-
plement.
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INTRODUCTION

Chicken eggshells have long been considered waste material, in
both the food industry and households, typically disposed of with
urban waste. However, they are sometimes repurposed in various
ways: as adsorbent materials for wastewater, as pigments in
the paint and paper industries, as additives in the food industry,
as filler materials in the construction industry, or for extracting
collagen from membranes. Although these applications help
mitigate environmental impact, they remain insufficient.

According to the Ministry of Agricultural Development and
Irrigation (MIDAGRI), Peru consumed 15.2 kg of eggs per capita
in 2022, which is equivalent to 242 eggs per person. This implies
that each Peruvian consumed roughly one egg daily for 67%
of the year. National egg production during 2022 continued its
upward trend, reaching 510 962 tons (Asociacion Peruana de
Avicultura [APA], 2023). This output resulted in roughly 58 249
tons of eggshells that were likely discarded into the environment,
as they are often overlooked during culinary preparations and
production processes such as making mayonnaise, breadmaking,
and producing pasteurized dehydrated egg products, among
others.
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DESIGN AND TECHNOLOGY

Given the substantial calcium content of eggshells,
this research study aimed to develop new products.
As a by-product of egg processing, eggshells
could represent an option to address the nutritional
needs of the population. By breaking down the
original compounds in the eggshells to form new
compounds, specifically calcium citrate, through
a citric acid leaching process, it can offer health
benefits and contribute to reducing solid waste.

This research aimed to extract calcium citrate from
chicken eggshells for use as a vitamin supplement
and food additive in the food industry. The general
hypothesis proposes that chicken eggshells—often
discarded with urban waste and rich in calcium
carbonate in the form of calcite—can be utilized
to extract calcium in the form of calcium citrate,
ultimately contributing to human health.

Eggshells

Avian eggshells are calcareous, biomineralized
structures, formed by calcium carbonate crystals
within an organic matrix or protein network. They
account for approximately 10% to 12.81% of the
total weight of an egg (Nys et al., 2004; Yenice et al.,
2016). The calcium carbonate (CaCO3) content of
eggshells ranges from 93.6% to 95.0% (Fernandez
& Arias, 2000; Nys et al., 2004), while the average
calcium content is between 35.5% and 44.3% (Park
& Sohn, 2018; Rendon et al., 2003). Additionally,
magnesium carbonate has an average content of
0.8%, and tricalcium phosphate averages 0.73%
(Fernandez & Arias, 2000). Eggshells also contain
various elements, including P, K, Na, Ni, Mn, Co,
Be, V, Sr, Zn, Fe, Cu, Cr, F, and Se (Park & Sohn,
2018; Schaafsma et al., 2000). They also contain
very low levels of potential toxic elements such
as Pb, Al, Cd, and Hg (Schaafsma et al., 2000).
Furthermore, microbial contamination of eggshells
is high and is characterized by the presence of
aerobic, anaerobic, and coliform bacteria (Sharma
et al., 2022), due to the microbiota originating from
the cloaca, feathers, and cage-rearing systems.

The Importance of Calcium as a Mineral in the
Human Body

Calcium is the most abundant mineral in the
human body and is crucial for the formation
and maintenance of bones and teeth, alongside
phosphate and magnesium (Martinez de Victoria,
2016). About 99% of calcium in the body is found as
hydroxyapatite in bone tissue. Calcium is essential
for bone mineralization, growth, and maturation. It
can exert its regulatory function passively or actively.
The passive form occurs when plasma calcium
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levels regulate enzymatic reactions, while the active
form involves the intracellular Ca2+ concentration
(Martinez de Victoria, 2016). Additionally, calcium
participates in metabolic processes and is absorbed
in its ionic form (Ca2*). For this to happen, it must
first be released from the complexes to which it is
bound, through enzymatic action and the influence
of pH. In the stomach, calcium complexes become
soluble due to the acidic pH provided by hydrochloric
acid. In the intestines, a rise in pH promotes the
precipitation and absorption of calcium, primarily
occurring in the duodenum and proximal jejunum,
where the pH ranges from 3.5 to 6.7 (Farré &
Frasquet, 1999).

Calcium Citrate as a Vitamin Supplement

Calcium citrate is the calcium salt of 2-hydroxy-1,2,3-
propanetricarboxylic acid tetrahydrate. It appears
as a crystalline, white, odorless powder that is
soluble in water but insoluble in alcohol. According
to the Anatomical Therapeutic Chemical (ATC)
classification system and the Defined Daily Dose
(DDD) established by the World Health Organization,
calcium citrate is classified under ATC group A12
with the code A12AA09 (WHO Collaborating Centre
for Drug Statistics Methodology, 2024).

Calcium citrate offers several advantages, including
superior absorption and bioavailability compared to
other calcium salts. It can be taken with or without
food without affecting its absorption, making it
convenient for use at any time of day. Additionally,
it is considered safe for individuals with a history of
renal calculi (Zurita, 2002). Calcium citrate serves
as a nutritional supplement and an oral source
of calcium, helping to prevent and treat calcium
insufficiencies in the human body while also
contributing to the maintenance of healthy bones
and teeth. It is soluble in gastric acid but becomes
insoluble in the duodenum, resulting in only a
fraction of calcium being available for absorption.

Calcium in food and supplements exists as
elemental calcium and is often found in compound
forms, mainly as carbonate, citrate, lactate, and
phosphate. These compounds have varying
degrees of absorption and bioavailability (Zurita,
2002); generally, the more soluble a calcium or
magnesium salt is, the better its absorption and
bioavailability.

The best way to obtain calcium is through dietary
sources; however, a significant percentage of the
population does not consume the recommended
intake of calcium, magnesium, vitamin D (Olza et
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al., 2017), and phosphorus (Martinez de Victoria,
2016). This deficiency is often due to inadequate
intake of these nutrients in the daily diet, highlighting
the need for dietary supplements. The required
dosage of supplements depends on the amount of
calcium obtained from food. Calcium supplements
are best absorbed when ingested with food and in
small doses (500 mg or less) multiple times a day.

There are many calcium compounds on the market,
with elemental calcium content ranging from 9% to
40% and different routes of administration depending
on their formulation. For instance, carbonate-based
supplements contain 40% calcium, citrates contain
21%, gluconates contain 9%, lactates contain 13%,
and bone meal, oyster shells, and dolomites contain
30% (Zurita, 2002). Calcium and magnesium salts or
complexes are also used as nutritional supplements
(Rodriguez et al., 2014) and should be considered
in dietary planning.

Calcium plays a vital role in the human body. It not
only strengthens bones but also helps muscles, the
heart, and nerves function properly. If dietary calcium
intake is insufficient, the body will draw calcium
from the bones. Over time, this process weakens
the bones and increases the risk of developing
osteoporosis, a disease that causes the bones to
become weak and brittle. People with osteoporosis
are more prone to bone fractures. Scientific
evidence supports the use of calcium and vitamin
D supplements in patients with osteoporosis and
vitamin D deficiency, recommending daily doses of
2000 international units (IU) or 0.05 mg of vitamin D3
(cholecalciferol). Any medication prescribed to treat
osteoporosis should be accompanied by a calcium
and vitamin D3 supplement (Sosa & Gémez, 2021).

In the pursuit of raw materials with greater
bioavailability of calcium, Rodriguez et al. (2014)
extracted calcium magnesium citrate salt from
dolomite deposits, a mineral composed of double
calcium and magnesium carbonate [CaMg(CO3)2],
using citric acid solutions as the extraction medium.
Similarly, Vasquez and Glorio (2007) obtained
calcium magnesium citrate from mussel shells
(Aulacomya ater [Molina]), composed of calcareous
material, using hydrochloric acid solutions as a
leaching agent. Their research focused on obtaining
calcium and magnesium citrate for use in the
production of products such as peach nectar. In an
effort to improve processes or propose alternative
methods, Rosas et al. (2018) used ground
eggshells as a source of calcium in the production
of fettuccine-type pasta to create calcium-rich foods.
Similarly, Pérez et al. (2018) incorporated eggshell
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micropowders into the production of a functional,
fortified yogurt. In the studies above, eggshell
powder was directly added to food preparations.

METHODOLOGY

The study started by providing context on
the information about the characteristics and
composition of chicken eggshells, the citric acid
leaching method, and the citrate-based vitamin
supplements. Experiments were then conducted
according to the specified number of treatments
outlined in the experimental design. The results
were discussed, and finally, the conclusions of the
research were drawn.

Materials

Chicken eggshells were sourced from waste
material collected at the bakery unit of the Chemical
Engineering Program at Universidad Nacional
de San Agustin, where chicken eggs are used for
daily production. Lime juice was obtained from
“common or acid lime” of the Key lime variety (Citrus
aurantifolia Swingle), purchased at a local market.
The chemical inputs used for physicochemical
and mineral content analysis were acquired
from local laboratories. The experimentation,
physicochemical analysis, mineral analysis, and
microbiological analysis were conducted in the
inorganic chemistry and industrial bioprocess
laboratories of the Chemical Engineering Program
at the same university. The methodology employed
in the research consisted of two stages: the first
involved the pretreatment of chicken eggshells, and
the second focused on obtaining calcium citrate.

Pretreatment of chicken eggshells

The pretreatment process involved washing the
eggshells and reducing their particle size (Figure
1) to increase the contact area for better calcium
citrate extraction. The proportion of dirty eggshells
was significant, and there was no evidence of proper
washing of the eggs before use. Once collected,
the eggshells were washed with water to remove
impurities, a quick process since the impurities
were only lightly adhered to the shells. They were
then disinfected by immersion in a 200-ppm sodium
hypochlorite solution for 20 minutes, followed by a
second wash to remove any sodium hypochlorite
residues.

The eggshells were then placed in a laboratory oven
at 80 °C for 15 minutes and subsequently ground.
Due to their large size and fragile structure, a disk
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mill was used for pre-grinding. An electric grain
grinder (stainless steel Nima, 300 W) was employed
to achieve a fine grind. Finally, the ground eggshells
were passed through a series of sieves (W.S. Tyler
Ro-Tap RX-29 Sieve Shaker) conforming to the US
Standard ASTM E-11, featuring mesh openings
specified in micrometers (um), to obtain the desired
particle size distribution and proportions.

Extracting Calcium Citrate by Citric Acid
Leaching

This process involved extracting calcium citrate
from eggshells using citric acid from lime juice, as
illustrated in Figure 1. Before the extraction, water
was added to the ground eggshells in a ratio of 50%
of the weight of the solute. This step was intended
to hydrate the ground eggshells and increase the
reaction speed. The beaker containing the hydrated,
ground eggshells was placed on a magnetic stirrer,
and lime juice was gradually added in increments
while stirring. This was done to prevent overflow
due to the effervescence caused by gas release.
The proportions of ground eggshells and lime juice
used were 10%, 15%, and 20% (w/w), with reaction
times of 2, 4, and 6 hours.

Chicken eggshells

v
Water—PI Washing |—> Water and
200 ppm sodium impurities
hypochlorite -
solution | Dring | 80°C, 1h.
| Grinding |<—|
v 20-200-mesh
| Sieving
+ Eggshell powders
Water —>| Hydration |
Lime juice —>| Leaching |—> co,
10% wiw
15% w/w
20% wiw | Precipitation |
| Washing |
| Phase separation |—> Solid and liquid
Precipitated residues
vfractlon
| Drying | e0°c.6n.

| Ca citrate salt |

Figure 1. Diagram of the process to extract calcium citrate.
Source: Prepared by the authors.
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After the extraction process, three distinct phases
were observed, which were separated physically
by sieving and filtration. The precipitated fraction
was washed with distilled water and then dried in a
laboratory oven at 60 °C for 6 hours. Subsequently,
it was finely ground and passed through a 140-mesh
sieve. Various treatments were applied to examine
particle size distribution, solute proportions, and
reaction time to determine the optimal parameters
for extracting calcium citrate.

For the characterization of both the eggshells and
calcium citrate, the chemical composition was
analyzed using several methods. Moisture content
was assessed according to the Peruvian technical
standard (NTP 209.008), organic matter was
measured using the Walkley-Black method, calcium
was determined via spectrophotometry, phosphorus
was analyzed using the colorimetric method,
magnesium was quantified using the complexometric
method, and carbonates were evaluated using
the gas-volumetric method. Inductively coupled
plasma mass spectrometry (ICP-MS) was utilized to
determine the total metal content.

Microbiological Analysis

The extracted calcium citrate appears as a
powdery precipitate, and the solvent used is an
organic compound; both are highly susceptible to
contamination. To assess its safety, a total count
of fungi and yeasts was conducted by inoculating
samples onto oxytetracycline gentamicin agar.
Additionally, bacteria and mesophilic aerobes were
quantified using agar plate count medium in a sterile
plate inoculation (International Commission on
Microbiological Specifications for Foods [ICMSF],
2011).

Sensory Testing

To ensure the degree of acceptability of calcium
citrate as a vitamin supplement, we conducted a
differentiated organoleptic assessment using a
randomized block experimental design with ten
samples of calcium citrate powder. The acceptability
test utilized the hedonic scale method, involving a
panel of ten untrained adults who regularly consume
calcium supplements. Participants rated their level
of liking on a scale from one to five, defined as
follows: (1) “I dislike it very much”, (2) “I dislike it
moderately”, (3) “I neither like nor dislike it”, (4) “I
like it moderately”, and (5) “I like it very much”. This
evaluation focused on the attributes of odor, color,
flavor, and texture to identify the product with the
best attributes.

Ind. data 28(1), 2025 Y
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RESULTS
Chemical Composition of Eggshells

The results obtained from the chemical composition
analysis of the eggshell sample are shown in Table 1.

Table 1. Chemical Composition of Chicken Eggshells.

Component Content (%)
Calcium carbonate - CaCO4 88.93
Magnesium carbonate - MgCO,3 0.85
Calcium phosphate - Caz(POy,), 1.81
Organic matter 5.81
Moisture 2.60

Source: Prepared by the authors.

Particle Size Distribution of Chicken Eggshell
Powder

The eggshells were finely ground, producing
powders with particle sizes ranging from 20 to 200
mesh sieve (US standard sieve sizes), expressed
as material retained, as shown in Table 2.

Table 2. Particle Size Distribution of Chicken Eggshell
Powders.

Sieve Retained
uUs STD Opening (pm) (9) (%)
20 850 17.91 1.79
30 595 277.78 27.78
40 425 327.64 32.76
60 250 134.47 13.45
100 150 46.95 4.70
140 106 36.73 3.67
200 75 113.01 11.30
Pan 45.51 4.55
Total 1000.00 100.00

Source: Prepared by the authors.
Calcium Citrate Production Yield

The yield or amount of the calcium citrate obtained
was evaluated based on three factors: particle size
distribution, solute proportion (ground eggshells), and
reaction time. It is important to note that the average
citric acid content in the limes was 5%. During the
experiment, different weight-to-weight percentages
(% w/w) were used to optimize yield.

To assess the yield based on particle size
distribution, seven treatments (M) were conducted
to extract calcium citrate from ground eggshells
using mesh sieve sizes 20, 30, 40, 60, 100, 140,
and 200, as shown in Table 3. The initial proportion
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of ground eggshells to lime juice was set at 20%
w/w, and the reaction time was 4 hours.

Table 3. Proportions of Solute After the Chemical Re-
action.

Final Solute .
Treatment USSi:/LD Proportion lef;ze)nce
(% wiw)
My 20 23.88 3.88
M, 30 23.86 3.86
Mg 40 23.78 3.78
My 60 23.76 3.76
Ms 100 23.68 3.68
Ms 140 23.46 3.46
M7 200 23.44 3.44

Source: Prepared by the authors.

The vyield behavior of calcium citrate obtained
through the leaching process at various mesh sieve
sizes is presented in Figure 2.

Yield Based on Eggshell Particle Size Distribution
120.0
119.5
119.0

1185

Yield (%)

118.0
117.5

117.0
0 50 100 150 200 250

US STD Sieve

Figura 2. Yield based on ground eggshell particle size distribution.
Source: Prepared by the authors.

To assess the yield based on solute proportions,
eight treatments (S) were conducted using different
proportions of ground eggshells in lime juice, with a
sieve mesh size of 30 and a treatment duration of 4
hours, as shown in Table 4.

Table 4. Comparison Between Initial and Final Solute
Proportions.

Solute proportion Amount
Treatment (% wiw) (S_’)
Initial Final |Product So."d Membrane
Residue
S, 5 8.56 5.24 1.90 1.42
S, 10 14.78 8.14 5.22 1.42
S3 15 19.22 6.34 11.02 1.86
S, 20 24.32 5.54 17.42 1.36
Ss 25 28.38 4.50 22.52 1.36
Sg 30 34.74 5.44 28.26 1.04
S, 35 38.50 414 33.28 1.08
Sg 40 42.94 3.58 38.30 1.06

Source: Prepared by the authors.
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The best yields were obtained in solutions with
lower solute proportions, specifically at 5%, 10%,
and 15% wi/w. Figure 3 displays an inflection point
beginning at 20% ground eggshell content, where
the yield starts to decline.

Yield Based on Eggshell Proportions

Yield (%)
o
s]
o

Solute porportion (% w/w)

Figure 3. Yield based on ground eggshell proportion.
Source: Prepared by the authors.

Lastly, to assess yield based on chemical reaction
time and solute proportions, nine treatments (T)
were conducted using ground eggshell proportions
of 10%, 15%, and 20% w/w, and reaction times of 2,
4, and 6 hours, as shown in Figure 4.

Yield Based on Reaction Time

100
80
60

Yield (%)

40
20

2h 4h 6h

Reaction time (h)
Figure 4. Yield based on chemical reaction time.
Source: Prepared by the authors.

Calcium Content in the Final Product

After obtaining calcium citrate, the calcium content
of the various treatments was assessed using
a fluorescence spectrophotometer. The results
revealed variations in calcium concentration across
all treatments. These variations are detailed in
Table 5, which presents data for solute proportions
of 10%, 15%, and 20%, along with reaction times of
2,4, and 6 hours.

The average calcium contentforthe tested proportions
of 10%, 15%, and 20% w/w was measured at 20.76%,
20.25%, and 19.61%, respectively (Figure 5). For
comparison, the calcium content in commercial
citrate complex supplements is 21%.
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Table 5. Yield Based on Ground Eggshells Proportion.

Treatment Prﬁ;::lrtt?on Reaction Calcium
(% wiw) Time (h) Content (%)
T 10 2 20.65
T2 10 4 20.80
Ts 10 6 20.83
T4 15 2 20.02
Ts 15 4 20.36
Te 15 6 20.38
Tr 20 2 19.42
Te 20 4 19.68
To 20 6 19.72

Source: Prepared by the authors.

Calcium Content in Calcium Citrate

21.00
20.50
20.00
19.50
19.00

18.50

Calcium content (%)

Casupplement  10% 15% 20%

Average proportions

Figure 5. Calcium content in average proportions of eggshells
and calcium supplements.
Source: Prepared by the authors.

Mineral Content in Eggshell, Final Product, and
Residues

The metal content presented in Table 6 corresponds
to the chicken eggshells used in the experiment,
the dry-basis product obtained from treatment Tj,
and the resulting solid and liquid residues. This
content was determined through metal analysis
using ICP-MS.

Microbiological Analysis of the Obtained
Calcium Citrate

The microbiological analysis of the final product
(calcium citrate) was conducted to evaluate several
parameters. These included the counts of mold
(fungi), yeasts, aerobic bacteria (mesophiles),
and the presence of Salmonella. In all cases,
the microbial counts measured in colony-forming
units (CFU) were below the detection limits as
specified in the standard, i.e., <10 CFU/g. Notably,
Salmonella was completely absent.

Ind. data 28(1), 2025 %




DESIGN AND TECHNOLOGY

ExTRACTION OF CALCIUM CITRATE FROM CHICKEN EGGSHELLS AND ITs USE AS A VITAMIN SUPPLEMENT

Table 6. Mineral Content in Eggshells, Final Product, and Residues in Parts Per Million (ppm).

i Eggshells . Residue
Mineral Experimental Reference* Final product (T3) Liquid Solid
Calcium (Ca) 355 700.0 443 450.00 208 300.0 21700.0 24 670.0
Magnesium (Mg) 4500.0 3468.20 1036.0 14 700.0 3542.0
Sodium (Na) 2700.0 467.76 2173.0 8726.0 1830.0
Potassium (K) 3700.0 403.93 3803.0 125700.0 6732.0
Phosphorus (P) 1 000.0 1093.40 353.8 7 667.0 753.5
Iron (Fe) 51.7 324 51.9 45.9
Strontium (Sr) 26.0 34.7 6.4 229
Boron (B) 20.8 13.8 41.5 19.6
Barium (Ba) 43.7 9.9 16.5 37.7
Manganese (Mn) 7.5 0.06 7.2 - 7.7
Aluminum (Al) 211 8.4 23.0 171
Tin (Sn) 62.4 5.1 103.0 5.4
Copper (Cu) 4.8 3.2 12.8 3.9
Zinc (Zn) 8.2 3.2 46.1 10.0
Chromium (Cr) 1.7 1.0 5.8 1.5
Selenium (Se) 1.6 1.2 31.6 0.8
Nickel (Ni) 0.9 0.15 1.0 23 0.9
Silicon (Si) 2.2 0.1 95.3 2.7
Vanadium (V) 1.1 0.38 1.4 - 0.9
Lithium (Li) 1.0 0.2 3.2 0.7
Cobalt (Co) 0.4 0.19 0.4 0.8 0.4
Silver (Ag) - 0.6 5.7 -
Bismuth (Bi) 0.4 - 0.7 -
Molybdenum (Mo) 0.4 - - 0.4
Lead (Pb) 1.2 - 7.5 0.6
Beryllium (Be) - 0.03 - - -

Note: (-) Values below detection limits. (*) The Influence of Hen Aging on Eggshell Ultrastructure and Shell Mineral Components (Park &

Sohn, 2018).
Source: Prepared by the authors.

Sensory Testing of the Obtained Calcium Citrate

After obtaining numerical scores for each attribute
from the panelists, an analysis of variance (ANOVA)
was applied. To assess the degree of acceptance
among the panelists, the mean and standard
deviation were calculated. The best results were
obtained for texture attributes, followed by flavor,
color, and odor, as indicated in Table 7. To determine
differences between the treatments, the F statistic
was calculated, yielding an F value of 0.414 for all
attributes, which was lower than the critical F value
of 3.354.

Statistical Analysis

ANOVA variance analysis was also conducted
(Table 8) for the alternative hypothesis (H4) to
analyze whether a statistically significant difference
exists among the measurements of nine treatments
(T4 to Tg), with two repetitions each. The analysis
yielded a mean of 48.017 and a standard deviation
of 23.278, with a significance level of 0.05. The
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calculated F values (41.711) were greater than the
critical F values (4.256).

Additionally, SPSS version 27 was used to
conduct the Tukey test for comparisons between
treatments and groups. The group means within the
homogeneous subsets were obtained, as shown in
Table 9, with an error term (mean square error) of
0.356, a harmonic mean sample size of 6, and a
significance level (a) of 0.05.

DISCUSSION
Chemical Composition of Eggshells

The chemical analysis of the eggshells revealed
that calcium carbonate constitutes 88.93% of
the material, making it the most predominant
component. This finding confirms that chicken
eggshells are a significant source of calcium.
However, this percentage differs from previous
studies; for instance, Nys et al. (2004) reported a
composition of 95%, while Neunzehn et al. (2015)
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Table 7. Results of the ANOVA for Each Evaluated Attribute.

Attribute Sum of Squares DI Mean Squares F Probability el
Freedom Value
Odor 0.267 2 0.133 0.414 0.665 3.354
Color 0.245 2 0.133 0.414 0.665 3.354
Taste 0.222 2 0.133 0.414 0.665 3.354
Texture 0.224. 2 0.133 0.414 0.665 3.354
Source: Prepared by the authors.
Table 8. Results of the ANOVA for Yield in the Nine Treatments.
v?al:igriqoﬁfs Sum of squares D:_ g:'jismOf Mean squares F Probability c:',:f:; 4
Sample 284.29 2 142.145 41.711 1,34E-09 4,256
Columns 8896.46 2 4448.232 13040.418 2,63E-16 4,256
Interaction 27.56 4 6.889 20.196 1,61E-04 3,633
Within the group 3.07 9 0.341
Total 9211.38 17
Source: Prepared by the authors.
Table 9. Results of the Tukey Test Comparing Yield Across Treatments.
) Yield (%)
Proportion wiw N Subset 1 Subset 2 Subset 3
Proportion 20% 6
Proportion 15% 6 40.117
Proportion 10% 6 78.317
Sig. 1.000 1.000

Source: Prepared by the authors.

found it to be 93.6%. The discrepancies of 6.07%
and 4.67%, respectively, can be attributed to the
various types of chicken eggshells used in this study,
which included shells with different characteristics
such as pigmentation, thickness, and the rearing
systems of the chickens, especially since discarded
material was used.

In addition to calcium carbonate, magnesium
carbonate was found in a proportion of 0.85%, and
tricalcium phosphate was present in a proportion
of 1.81%. The magnesium carbonate content was
higher than that reported by Fernandez and Arias
(2000) and Pérez et al. (2018), while the tricalcium
phosphate content was slightly higher as well. The
organic matter content was measured at 5.81%,
and the moisture content was 2.6%. Both values
are slightly higher than those reported, likely due to
the mixture of chicken eggshells used.

Particle Size Distribution of Chicken Eggshell
Powders

Particle size distribution was determinant in the
extraction of calcium citrate due to the varying
structure of the eggshells. Some areas of the
shells are quite strong and compact, while others

are somewhat weak; eggshell structure changes or
degrades as the hen ages (Park & Sohn, 2018). The
highest amount of retained material was observed in
the 40-mesh sieve, accounting for 32.76%, followed
by the 30-mesh sieve with 27.78%. The differences
in the particle size distribution observed by Pérez et
al. (2018) may be attributed to variations in grinding
time, the equipment used, and, most importantly,
the specific research purposes, rather than the
structural characteristics of chicken eggshells.

Calcium Citrate Production Yield

The fineness of the eggshell powders, particularly
those passing through the 100, 140, and 200-mesh
sieves, resulted in difficulty distinguishing them
from non-reacting solid residue, complicating the
separation process. Consequently, the production
yield was assessed based on the proportion of
solids formed after the chemical reaction, resulting
in final solute proportions exceeding 20% w/w in all
cases.

There was a slight difference in the formation of
the solute at the end of the reaction. Sieves 20
and 30 yielded the highest production, while sieves
100, 140, and 200 obtained lower yields (Figure 2).
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This variation is likely due to the reduced reaction
surface area, as the material is highly pulverized,
preventing the free migration of atoms and leading
to oversaturation in the solution. Therefore, particle
size is crucial, and it is important to identify the
optimal size to prevent oversaturation and facilitate
the progress of the chemical reaction.

Based on the solute proportions, the best results
were achieved with lower solute concentrations of
5%, 10%, and 15% w/w, while minimal differences
were noted at 20% w/w. However, using lower
proportions leads to increased costs for lime juice,
highlighting the reduced cost-efficiency of calcium
citrate at low proportions. Proportions of 10%, 15%,
and 20% w/w are deemed optimal. Additionally, a
significant amount of membrane was also observed,
as the eggshells were used in their entirety without
removing the membranes, which accounts for
approximately 3%-3.5% of the eggshells’ total
weight.

Based on the reaction time and proportions of solute,
the best results for the calcium citrate were achieved
in treatments T, and T3, with yields of 81.4% and
82.5% after 4 and 6 hours of reaction, respectively.
Beyond this time, production increased only slightly,
leading to the conclusion that 6 hours is the optimal
reaction time in treatment T3. Extended reaction
periods pose a risk of contamination due to the
presence of organic matter.

Calcium Content in the Final Product

The initial calcium content in the eggshells was
35.57%. From this, the yields obtained from
treatments T4, To, and T3 were 58.05%, 58.48%,
and 58.56%, respectively. Yields for treatments
T4, Ts, and Tg were 56.28%, 57.24% and 57.30%,
respectively, while treatments T7, Tgand Tg achieved
yields of 54.60%, 55.33% and 55.44%. Treatment
T3 delivered the highest yield; however, treatment
T exhibited minimal variation and a shorter reaction
time. Both treatments are considered optimal, as
they reduce the risk of contamination caused by
prolonged reaction times. Thus, the optimal reaction
time is between 4 and 6 hours.

The average calcium content obtained in the 10%,
15%, and 20% w/w proportions was 20.76%,
20.25%, and 19.61%, respectively. This suggests
a slight difference among the treatments studied
(Figure 5), with the highest calcium content found
in the 10% w/w proportion. When comparing
these results to commercial calcium citrate
supplements, which have a calcium content of
21%, the differences are not substantial, especially
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for treatments corresponding to the 10% w/w
proportion. Specifically, Treatments T4 (20.65%),
T (20.80%), and T3 (20.83%) show differences of
1.66%, 0.95%, and 0.81%, respectively, compared
to the commercial supplements. This implies thata 5
g sample of calcium citrate, the recommended daily
intake for an adult, contains 1032.5 mg of calcium
in T4, 1040.0 mg in T, and 1041.5 mg in T3. These
amounts are within the recommended daily limits of
700, 1000, or 1200 mg, depending on the stage of
life (Instituto Nacional de Artritis y Enfermedades
Musculoesqueléticas y de la Piel [NIAMS], 2023).

Upon comparing the calcium (20.83%) and
magnesium (1.036%) content of the calcium citrate
with the findings reported by Vasquez and Glorio
(2007), only minimal differences were observed.
Their study reported elemental calcium content
of 20.5% and magnesium content of 0.0927%
in calcium and magnesium citrate derived from
mussel shells (Aulacomya ater Molina). However,
significant  differences are observed when
compared to the results obtained by Rodriguez et
al. (2014), who reported calcium content of 10.47%
and magnesium content of 4.67% in calcium and
magnesium citrate. This difference arises from the
raw materials used. Eggshells, primarily composed
of calcite, contain approximately 88.93% calcium
carbonate and 0.85% magnesium carbonate. In
contrast, dolomite, a double carbonate of calcium
and magnesium [CaMg(CO3),], contains 30.41%
calcium oxide (CaO) and 21.86% magnesium oxide
(MgO), along with other compounds. This variation
influences the final calcium content in the products.

Furthermore, upon comparing the calcium content
(20.83%) of the calcium citrate with the results
reported by Rosas et al. (2018), who found an
average calcium content of 9.06% in fettuccine-
type pasta enriched with eggshells, an approximate
50% difference in calcium content was observed.
Meanwhile, Pérez et al. (2018) reported a calcium
content of 0.232% (232 mg/100g) in fortified
functional yogurt, which is significantly lower than
the calcium content found in this study. These
discrepancies in calcium content may stem from the
direct addition of powdered eggshells without prior
treatment, as occurs in the extraction of calcium
citrate, which constitutes the basis for citrate-based
calcium supplements.

Mineral Content in Eggshell, Final Product and
Residues

In addition to calcium (Ca) and magnesium (Mg),
sodium (Na), potassium (K), and phosphorus (P)
are found in slightly lower amounts than those in
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eggshells, closely resembling the results obtained
by Vasquez and Glorio (2007). It is noteworthy that
the Ca2* content decreases with the age of the
hen, while the levels of Na* and K* tend to increase
(Park & Sohn, 2018). Several metals, including Fe,
Sr, B, Ba, Mn, Al, Sn, Cu, and Zn, were detected in
lower quantities compared to the contents reported
by Rodriguez et al. (2014), who documented the
presence of SiOjy, Al,O3, and FeyO3. Additionally,
Cr, Se, Ni, Si, Si, V, Li, Co, and Ag were detected
in very small amounts, consistent with the findings
in eggshell studies conducted by Park and Sohn
(2018). Notably, As, Be, Cd, Hg, Ti, and Tl were
not detected in the final product, eggshells, or
any residues. This contrasts with the findings of
Rodriguez et al. (2014), who reported the presence
of Cd, Pb, Hg, and As. Lastly, Bi, Mo, and Pb
contents were detected in eggshells, as noted by
Milbradt et al. (2015), who did not detect Cd or Pb
in their eggshell samples’ analyses. Similarly, Dos
Santos et al. (2010) reported no detection of Cd,
Pb, or Hg.

Eggshells offer distinct advantages over other
calcium sources due to the absence of elements
harmful to human health. This waste material
holds potential for diverse industrial applications
and broader benefits for mankind. A reduction in
the concentration of all elements was observed
in both solid and liquid residues compared to
their initial content in the eggshells; however,
the values obtained may vary depending on the
specific material and proportions used. Overall, the
concentrations of magnesium, sodium, potassium,
and phosphorus are minimal, suggesting that
a slight increase in intake would remain within
permissible limits. Furthermore, the concentrations
of nickel, molybdenum, aluminum, boron, arsenic,
and cadmium are well below the established
allowable thresholds.

Microbiological Analysis of the Obtained
Calcium Citrate

The microbiological analysis conducted on the
obtained calcium citrate revealed that all samples
had microbial counts below the detection limit of
10 CFU/g. Furthermore, the complete absence
of Salmonella indicates that the calcium citrate
produced is safe for human consumption and
suitable for use in food products.

Sensory Testing of the Obtained Calcium Citrate

The sensory analysis conducted with panelists
evaluated the texture, taste, color, and odor
attributes of the calcium citrate. The results showed
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no statistically significant differences at a 95%
confidence level in treatment T3, which exhibited the
best yields. This suggests that the product obtained
is pleasant to the palate.

Statistical Analysis

The ANOVA analysis indicated p-values below
0.05, and the calculated F-statistic value (41.711)
exceeded the critical F-value (4.256). Therefore,
the alternative hypothesis (H¢) is accepted,
demonstrating a statistically significant difference
in the yield of the final product. Based on the
Tukey test, homogeneous subsets’ means were
determined (Table 9), with an error term represented
by a mean square error of 0.356, a harmonic
mean sample size of 6, and a significance level
(a) of 0.05. The greatest difference was observed
between treatments T3 and T, with T3 achieving
the highest yield of 82.5%. This treatment, which
used a concentration of 10% eggshells in lime juice
and a reaction time of 6 hours, resulted in a final
product containing 20.83% calcium, representing a
yield of 58.56% based on the calcium content of the
eggshells.

CONCLUSIONS

Chicken eggshells contain 88.93% calcium
carbonate, confirming their status as a natural
substance and an important source of this mineral.
The remaining 11.07% consists of magnesium
carbonate, calcium phosphate, organic matter,
and moisture. When eggshells were subjected to a
leaching process using citric acid from lime juice,
calcium citrate was obtained with a yield of 82.5%
in treatment T3. The final product contained 83%
calcium, corresponding to a yield of 58.56% of the
initial calcium content, based on a 10% w/w solution
of eggshells and lime juice. Treatment T3 proved to
be the most effective for obtaining calcium citrate.
Therefore, a lower proportion of eggshells in lime
juice results in greater calcium extraction in the
form of citrate. Conversely, a higher concentration
of eggshells leads to more calcium being extracted
as this compound.

Additionally, there is a significant interaction between
the content of eggshells and the concentration of
citric acid in lime juice, which notably influences the
extraction outcomes at different concentrations.

The choice of raw materials and extraction methods
also affects the calcium content of the final product,
whether in the form of calcium citrate or processed
food products. Furthermore, the solid and liquid
residues from the process still contain minerals that
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can be repurposed for producing balanced animal
feed, fertilizers, or other products. This process also
helps reduce pollution levels caused by waste from
the food industry and households, effectively giving
waste a new use.

Lastly, due to the socio-economic limitations,
access to state-of-the-art equipment and measuring
instruments was limited. Nevertheless, implementing
such resources and collaborating with specialists in
the field could be beneficial.
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