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ABSTRACT

Undernutrition caused by a lack of access to high-quality, nutritious food is a prevalent
problem in Sub-Saharan Africa, affecting the health and survival of vulnerable groups.
Inadequate dietary intake causes nutritional deficiencies, especially calcium, essential for
growth and physiological function. This study looked into improving calcium consumption
by adding heat-treated crushed eggshells to smoothies. A panel of 15 trained sensory
assessors rated the instantly blended smoothies based on appearance, aroma, flavour, texture,
and overall acceptability.

An experimental sample design which consisted of a mixed method approach of literature
review, comparing micronutrient levels, phytochemicals, and sensory characteristics of
smoothies was used to assess the practicality, safety, and acceptability of cons%on of
heat-treated powdered eggshells. Sample 1 has the second highest amount of #itamin B9,
(0.52 + 0.01mg) highest amount of Vitamin C, (14.88 = 0.15 mg) and the@l highest
vitamin content. Sample 2 has the second-highest amount of Vitamin C, (12. 0.03 mg)
and the overall second highest vitamin content. Sample 4 presented thethig quantities of
vitamin D (0.06 £ 0.00mg), vitamin E (0.15 = 0.00mg), and the seco ighest calcium levels
(1739.45 + 0.00mg), along with total phenolics (0.45 = 0.00mg er phytochemicals.
Conversely, Sample 3 contained greater concentrations of potass 15.67 + 8.07 mg) and

flavonoids (5.25 + 0.05mg).
The sensory analysis revealed no notable differences in aroma; however, Sample 1
va

achieved the second highest scores across all sensory ¢ ions and garnered the second-
best overall score. Sample 4 received the secondx st rating for texture among the
smoothies. Samples 1 and 5 attained the top ratin 11 sensory aspects and were deemed

the most enjoyable overall. Powdered eggshe Id be a highly equitable approach to
raising calcium intakes in rural Sub-Sahar , where calcium intake is low and village

poultry ownership is prevalent.
S

Keywords: Smoothies, Cal%&supplements, Eggshell Powder, Plant Based Milk,
Nutrient Composition Q\

Word count: 300 words
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Chapter One
Introduction

1.1 Background to the Study

Fruits that have been combined and consumed without any filtration or preservation methods
are referred to as "smoothies". A smoothie is made from having the fluid basis for juiced
fruits and or milk, yoghurt or ice cream blended with other ingredients. S& other

accompanying ingredients like nutritional supplements, crushed ice, r@ry milk,

vegetables may be incorporated. Smoothies are a great source of fiber ecgs& they contain

such a large amount of fruits and vegetables, they can assist ig the gap between
r

typical diet intake and USDA's recommended daily fiber int@ educing the risk of chronic

illness and improving general health ! Q
Calcium is an indispensable mineral for h ealth. Its functions involve nerve

transmission, preservation of cell membrar@cture, relaxation and contraction of muscle,
blood clotting, and membrane penet@kveral studies in age adults found that calcium,
when given alone or in conjur@rith other nutrients, have a positive effect [*}There were

reports of calcium defici \

phytates in most grg&aples 4,

Osteoporosiéharacterized by weak bones and high chances of falling is due to calcium

in most Nigerian diets due to the presence of chelators like

deﬁa’eq/@’:qhis deficiency of calcium can cause the mineralization processes of bone
cartilage to be abnormal causing irreparable alterations in the skeletal structure thereby
resulting to rickets in kids and some other bone related diseases in adults. Another problem
associated with chronic calcium deficiency in both children and adults resulting in poor bone

mineralization and bone softening is osteomalacia °.
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Many health disorders produce calcium imbalances in the body, which have a knock-on effect
on health reported changes in the serum calcium levels in elderly people with thyroid surgery.
(6] Highly vulnerable to dietary calcium insufficiency are three key population groups; this
include women (amenorrhea, the female athlete triad, and postmenopausal), people with milk
allergies or intolerant to lactose, and anyone at risk for dietary deficient intake are among
those at risk. The body contains approximately 26 to 30g calcium at birth; this number
rapidly increases after parturition, reaching approximately 1.2kg and 1.4kg 4 Qmen and
men, respectively. This level in men remains constant, but falls in fem&%emodeling of

bone intensifies due to decreasing production of estrogen at the onse@w opause 73

Calcium-rich natural sources include milk, yoghurt, and cheehe most common source of
calcium in Nigeria is cow's milk which is usually the {{&ing that springs to mind when
you think of calcium. Cow's milk, without a (@ is a wonderful source of calcium.
However, cow milk is a source of calciunf\\{@igeria which is not accessible to half of the
country; Nigeria faces challenges sﬁ‘b@ imited milk supply from indigenous cows, poor
grass quality, and insufficient s@e and processing equipment. Other challenges include
inadequate infrastructure s@s access roads, energy, transportation, and storage facilities '°

Dietary calcium short thought to be widespread over the world, as roughly half of the
global populatlb\deprwed of dietary calcium. Low calcium intakes are most common in
countries With«low and middle income (LMIs), but many in high income countries (HIs) do

not reXQbrrecommendations as well ',

Milk made from plants is a vegetable-based fluid having a milk-like appearance made with
water-soluble extracts from plants for flavour and smell, plant milks are taken as substitutes
to dairy milk and can have a creamy feeling.“Horchata de chufa” known as “aya” in Northern

Nigeria is a plant milk from tiger nuts, mostly consumed fresh in Nigeria!%!314
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The egg shell powder also called egg shell flour is made from ground egg shells that are
obtained from the outer covering of the egg. The eggshell is made up of about 95-97% CaCO0;

(calcium carbonate) crystals stabilized by a matrix of protein °.

Consumption of 400g, of some fruits and vegetables daily reduces the chances of non
communicable diseases, other forms of malnutrition and aids to enhance sufficient daily
intake of dietary fiber. The cultivation and eating of fruits and vegetables have b e more
significant as a result of economic growth and dietary pattern changes. arly in a
developing nation like Nigeria, the fruit and vegetable sector is @a for household

nutrition, economic growth, poverty alleviation, food security, a able agriculture '6.

Citrullus lanatus(Watermelon), is an edible fruit and Qg vine-like flowering plant
species of the Cucurbitaceae family with over 1,000 f&%ies cultivated worldwide. The fruit
is made up of 6% sugars, 91% water, and lo . It ranks among the most crucial fruit

\®)

beverages for people and preserves health%}naking up for dietary deficiencies according to
1S

the US FDA (2001), watermelon j ypically pasteurized in order to eliminate some

bacteria pathogen which can-cq@ hazardous effect in the health of the consumers. !7- 18,

Ananas cosmosus (P@es) are a tropical edible fruits; the main economic and important
e

crop of the Br‘me’\i%

qualities, ﬁ&@zineapple juice is a well-liked product made from the pineapple fruit because

e family '} Due to its delicious flavour, aroma, and many useful

of its\l\egﬁ-promoting qualities, pineapple juice is regarded as a functional fruit beverage 2.

Musa genus (Banana) classified botanically as a berry is an extended edible fruit, formed by a
diverse species of the Musa genus. Bananas that are cooked are called plantains in order to

differentiate them from the dessert ones 2'.
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Horchata de chufa (Tigernut milk) is plant milk made from tiger nuts that is widely consumed
in Spain. Plant milk has several health benefits than animal milk, especially for persons who

have milk allergies or lactose intolerance 2.

Egg Shell Powder: Eggshells are one of the cheapest and most effective sources of calcium.
It is the most affordable and widely used dietary calcium supplements. Eggshells contain

about 40% calcium, with 381-401 mg of calcium per gram 23, Q\

Researchers aimed to improve the nutritional value, shelf life, and sensoq@es of fruit-
based smoothies and purees by combining fruits and vegetables. As@lsxn, the objective of
this study is to produce new smoothie formulations with water @ineapple, banana, tiger

nut milk and eggshell powder, as well as to compare th onal composition and assess

2
1.2  Statement of the Problem ®%

Dietary diversity is low nationally, ab&idence suggests that rural-dwelling women and

the sensory quality of the resulting products .

infants' diets are low in energy@{c%in, fat, and micronutrients such as iron, zinc, and
calcium. Micronutrient s@%entation and food fortification have been effective in
reducing stunting in griety of settings, but their long-term viability is frequently
jeopardised by é@s

particular];a%mg the rural poor. Chicken eggshell is a highly available and accessible

upply and access issues, low acceptability, and/or poor compliance,

calciﬁ&urce in rural populations; approximately 85% of rural households in Sub-Saharan
In general, these communities consume all edible parts of the animal, the prospective use of
ground eggshell aligns with these principles 2°.

Osteoporosis in high income countries contributes to an estimated 1.5 million fractures every
year, the majority of which occur in the hip, vertebrae, wrist, pelvis, and ribs ¢ According to

the Centres for Disease Control and Prevention, 4.2% of men and 18.8% of women over 50
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have osteoporosis of the femoral neck or lumbar spine, as determined by the density of bone
minerals tests. Nutritional rickets is the leading cause of juvenile bone disease globally,
particularly in LMICs such as India, Africa, and the Middle East %’.

This study can help improve nutritional status and boost public health programs by
recommending smoothie formulas with optimal nutrient profiles. The nutritional makeup of

smoothies made with fruits, plant-based milk, and eggshell powder has not been Stl&i.

1.3 Justification of the Study QQ

Fruits are a great way to get necessary nutrients. Many health-promoﬂ‘&a(n{oxidants, such
as flavonoids, are available from them. Fruits provide lots of ﬁ%ggularly eating a diet
rich in fruits and vegetables gives the body the critical nutri@it needs to stay healthy and
lowers the risk of heart disease, cancer, diabetes, inﬂan@&, Alzheimer's disease, cataracts,

and other age-related conditions 2% 2% 30, b’b

Smoothies are popular dietary items that zh&e potential to help people include more fruit
and vegetables in their diets. Smo@a e blended beverages that often contain various
ingredients. Smoothie bars ,tIQQarve made-to-order smoothies, ready-to-drink (i.e., pre-
packaged) beverages, @\en appliances that make it easier to make smoothies at home
are all now widel ilable in the market, despite the fact that published scientific data on

smoothie coéugpdon rates are scarce 3!,

The pro@n of teenagers consuming >1 serves of vegetable (an average of 4.3 vs. 45.1%)
and &/quantity consumed (<0.1 vs. 0.6 serves student-1) Enhanced when smoothies with
fruit were created as opposed to whole fruit, were provided as part of a school meal program,
according to a recent study. The scientist identified that fruit would be more palatable and

approachable in a smoothie form—that is, without needing to be peeled or chewed—because

it would resemble well-liked "dessert drinks," like milkshakes 2.
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ii.

iii.

1v.

Smoothies are versatile beverages that can be made with a wide range of ingredients, notably
the smoothies in this study were composed of fruits, plant-based milk, and novel additives
like eggshell powder. While each component offers unique nutritional properties on its own,
there is a knowledge deficit regarding their nutritional composition when combined in
smoothies. This study seeks to address this deficiency by comparing the nutritional
composition of fruit smoothies, plant-based milk smoothies, and eggshell powder smoothies.

The potential implications for enhancing dietary choices, addressing nutrie@&wiencies,

¢
S

The aim of the study is to compare the micronutrient CC@SitIOH, phytochemicals and

and promoting health and wellness justify this study.

1.4  Aim and Objectives of the Study

sensory evaluation of smoothies made from watermelon, eapple, banana, tiger nut milk,

and eggshell powder 6’6
O

N\
5

How is smoothie produced wi g@ ermelon, pineapple, banana, tiger nut milk, and egg

1.5 Research Questions

shell powder? ‘ $

What is the microrﬁbnts present in smoothie produced from watermelon, pineapple,
banana, tig(‘n@( and egg shell powder.
What is 6phytochemicals present in smoothie produced from watermelon, pineapple,
I@Qger nut milk and egg shell powder.
What is the sensory properties and general acceptability of the smoothie produced from

watermelon, pineapple, banana, tiger nut milk and egg shell powder.
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The study's specific obejectives is to:
i.  Produce a smoothie with watermelon, pineapple, banana, tiger nut milk, and egg shell
powder.
ii.  Evaluate the micronutrients present in smoothie produced from watermelon,
pineapple, banana, tiger nut milk and egg shell powder.

iii.  Evaluate the phytochemicals present in smoothie produced from w&nelon,
pineapple, banana, tiger nut milk and egg shell powder. Q

iv.  Conduct the sensory properties and general acceptability of ﬂ/liw&)y;le produced
from watermelon, pineapple, banana, tiger nut milk and e@

1.6 Significance of the Study Q

der.

Consumers are now looking for healthier offered @&s with less processing, good
nutritional content, and food hygiene 3. To suit cu@ demands in the twenty-first century,
the food sector is creating functional co\ies through new processing methods 4.
One of the study's primary contrfq@ is a better understanding of the nutritional
composition of smoothies. The %«?ﬁc nutrition provided by each item is established by

"N

comparing its micronutrsn@ phytochemical compositions, as well as sensory evaluation.

N

The study contribute%o r understanding of smoothies' impact on food consumption, which
is completely determined by frequency, ingredients, and customer preferences. Knowing

these detat n assist clarify the role of smoothies in people's meals and inform diet-

imprMent strategies *°.

Studying the nutritional potential of these smoothies provides a practical and nutrient-dense

option for improving overall dietary quality and addressing specific nutritional needs.

10
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1.7 Scope of the Study
The scope of the comparative study on the nutritional composition of smoothies made from

fruits, plant-based milk, and eggshell powder incorporates a number of essential factors:

The study concentrated on a variety of locally available fruits, including watermelon,
pineapple, bananas, tiger nut milk and eggshell powder is considered a supplement. Smoothie
ingredients choices vary based on seasonal fruits and consumer preferences, ¢ &search

evaluated the micronutrient content of the smoothies and phytochemicals. : Q

The food industry has fostered the creation of novel products @Sﬁwe good sensory

acceptance and great nutritional value ¥7. Sensory evaluation_measuies people's reactions to

things based on their appearance, aroma, taste, texture, a @‘ Ettaste, rather than labeling or

other imagery 8. The objective is to identify any ig@n‘[ differences or similarities in the
nutritional composition and to highlight the po contributions of each ingredient to the
smoothies' overall nutritional value. The i B\Q’;ation can be used by nutritionists to develop

%e policymakers can consider the findings when

personalized dietary recommendatié;\\)vh

developing nutrition and publig@ﬂh guidelines and interventions.

By defining the sco che study, the factors guides the research process, ensure the
relevance and @i ty of the findings, and contribute to the existing body of knowledge

regarding tritional composition of smoothies made from fruits, plant-based milk, and

eggsh{&wder.

1.8 Limitation of the Study

The study, which evaluated the nutritional profiles of smoothies prepared from fruits, plant-
based milk, and eggshell powder, gives useful insights into the nutritional profiles of these

beverages; nevertheless, certain limitations must be recognized and addressed. This
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guarantees that the data and conclusions are properly comprehended, and that future study
can expand on them. This section presents a critical review of the study's limitations,
focusing on issues that may affect the generalability and reliability of the findings.
One of the study's key weaknesses is the sample's selection and representativeness. Smoothie
ingredients such as fruit, plant-based milk, and eggshell powder may not represent the whole
spectrum of available possibilities.

This may limit the application of the results to other smoothie combinations Qgredients.
Furthermore, the sample size and diversity may have an impact\ on the study's
representativeness, as it may fail to sufficiently document the t1 ns in nutritional

composition that can exist between areas or groups. Variab im\the nutritional content of
the listed substances is an additional constraint. Frui@lant-based milk, and eggshell
powder's nutrient makeup might vary dependi I%Qﬂtivar, ripeness, seasonality, and
processing method. This variance may intro uncertainty into the study's conclusions
because the nutritional makeup of. th hothies may differ based on the batches of

ingredients utilized. To address g@disparities and maintain uniformity in nutritional

analysis, strong measures shb@e employed.

1.9 Oped@Deﬁnition of Terms

1. Smo@es: For the purpose of this study, smoothies are defined as blended beverages

\/® from a combination of fruits, plant-based milk, and eggshell powder. They are
typically prepared by blending these ingredients together until a smooth and
homogeneous consistency is achieved.

2. Plant-based milk: Plant-based milk refers to non-dairy milk alternatives that are

derived from plants such as soy, almond, coconut, or oat. These milk substitutes are

12


https://en.wikipedia.org/wiki/File:Ananas_bracteatus,_Dole_Pineapple_Plantation,_Oahu,_Hawaii,_USA2.jpg
https://en.wikipedia.org/wiki/File:Ananas_01.JPG
https://en.wikipedia.org/wiki/File:CuruÃ¡_(cropped).JPG
https://en.wikipedia.org/wiki/File:Ananas_nanus_20060514-2.jpg

used as a base ingredient in the preparation of smoothies, providing nutrients such as
protein, calcium, and vitamins.

3. Eggshell powder: Eggshell powder is a powdered form of crushed eggshells, which
is a potential nutritional resource due to its calcium content. In this study, eggshell

powder is used as an ingredient in smoothies to assess its contribution to the overall

nutritional composition. \
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Chapter Two
Literature Review

A smoothie is a drink created by mixing components in a food processor !. A smoothie
usually comprises a liquid base, such as juice from fruits, dairy product, yoghurt, or a frozen
treat. Additional elements which may be added are veggies, fruit, dairy-free milk, ice chunks;
protein powdered form, as well as nutritional supplements. Smoothies, a form of rm&ed fluid
that includes numerous ingredients, can help consumers include more veg i fruit into
their diets 2. Smoothies are common in developing countries such as Wi}(xhere they are
made on request and are offered in shops, hotels, and relaxation s t use fruit combos >.
Consumers are able to take smoothies with them from t@oint of purchase owing to
improved packaging materials. Smoothies' impact onry intake varies according to
frequency, ingredients, and customer ideas and %@es Understanding these aspects can

help clarify the significance of smoothies i@g habits and inform measures for improving

diet quality. . 5&
o

2.1 Smoothies; History, Nu}r@Composition, Types and Sensory Properties
2.1.1 History of Sm@@?

After the electr(c l& was developed Food markets on the western Shore of the Americas
began sellj@wootbies. By the middle of the 1980s, the word "smoothie" itself was used in

tradeow/g! and recipes +°.

In the 1960s, began experimenting with smoothies after becoming inspired by his
employment as a beverage salesman®. They were a substitute for Kuhnau's lactose-intolerance
in order for him to taste his own concoctions, which he made by combining unusual
combinations of fruit liquids, veggies, protein powder, and vitamins. Smoothie King was

formed by Kuhnau after he experienced early success with his smoothie sales. As it expanded
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across the country, Smoothie King served as a model for other smoothie companies like
Jamba Juice. Fast food restaurants later altered the smoothie by including sweeteners like
Splenda and chocolate . The smoothie was first prepared at home as an alternative to

everyday fruit and vegetable consumption in the 2000s "

2.1.2 Nutrient Composition of Smoothies

The ingredients and their ratios in a smoothie determine its nutritional value. Bi several
portions of vegetables and fruits, often advised in a balanced diet and mean ce meals,
are frequently included in smoothies 3. Fruit juice with a lot of sugar, h&/er, might increase
calorie consumption and encourage weight gain % '°. One can ui@redients like protein
powders, sweets, or ice cream - 12, Even though smoothie similar energy content as

unblended meals; one study revealed that they are less %{1 3,

2.1.3 Types of Smoothies /bb’b
The following are the common ones ’\%&Q
1. Green Smoothie:This has 4%%% (approximately half) green vegies, mainly green
raw leafy vegetables lg@ccoli, collard greens, kale, Swiss chard, parsley, spinach,
celery, while most Qall the other additional ingredients are fruits '3 % !>, When served
o

fresh, they @

bitter @: (such as baby spinach) or mixing them with sweeter products '°.

2. l’r@%( Smoothie: Protein powder, water and or some other dairy products, fruits, and

es have bitter taste, although this can be reduced by selecting less

veggies are all ingredients in a protein smoothie. They serve as supplements for
individuals who desire to enhance their intake of protein and could be ingested at any
time of the day. When blended alone with milk or water, protein powder might have a

gritty flavor. By adding fruit or other sweeteners, it enhances the flavor of the powder '
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3. Yoghurt Smoothie: Contains yoghurt as a protein source and also provide the beverage
with a creamy texture. Particularly Greek yoghurt is added as a thickening (because to its

stretched consistency) and to benefit from its alleged health advantages '8,

2.1.4 Sensory Properties of Smoothie
Organoleptic evaluation of smoothie made from pineapple, watermelon, and mango was
evaluated using 20 panelists. Results showed that smoothie samples have simila perties

except for taste. The control (CONT) had higher taste score followed by moothie,

water melon, and pineapple smoothies in that order. /\

When compared to its contemporaries, the smoothie samle% the highest level of

@ ation. Calcium is an important

pineapple had more levels of Ca and K with lower Fe co
component of teeth and bones, regulates muscle @ewe function, and aids in milk
coagulation; while K forms a component of int lar fluid by maintaining contraction of

muscles and nerve transmission !°. Q

In this study, the mineral proﬁ&w smoothies opposed the earlier findings in Lagos

markets >’on increased % ontents of smoothies being sold there.

The authors discowﬁwhat smoothies produced from a blend of watermelon and pineapple
had 254mg& \4.45mg of calcium and iron, respectively. In contrast, the current
investig@%discovered more potassium than, 2! who discovered less potassium at 34.63mg.
The %fanations for observed differences in minerals could be due to varied techniques and
ecological circumstances associated with growing and storage of the fruits. There were
variations in the vitamin profile of the smoothies as sample with pineapple had more vitamin
C while that with 50% watermelon had higher pro vitamins. Increased vitamin C content
observed was not unexpected due to reports that it has more vitamin C than most fruits and

also a vital antioxidant that enhances the immunity and aids the absorption of iron for optimal
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bodily function and collagen synthesis. Pro-vitamin is essential for healthy eye health and
promotes red blood cell proliferation in the marrow of bones ?? Furthermore, Victor-Aduloju
et al. found greater vitamin A levels of 466.001.73-642.001.73 TU and reduced vitamin C

levels of 9.300.00-10.670.02 mg in their smoothie samples 23.

In this study, the smoothies achieved moderate to high approval in all of the criteria tested.
No discernible change in the texture, colour, flavour, or overall acceptability w ticed in
the smoothie samples ?*. The control smoothie tasted better than others whi Qudged as
having equal taste levels. This demonstrated that when individual#taste of one fruit is
projected above others, often times it does not appear to give the acceptable smoothie

taste, in comparison to a homogeneous blend as observed inontrol. Sensory qualities in

this study contrasted previous research work where m avoured smoothies were ranked

above other choices 2. b’b

2.2.1 Watermelon (Citrullus la@\'

Citrullus lanatus(Watermelon“ n edible fruit and a trailing vine-like flowering plant

2.2 Choice of Fruits Its History, Cl@ation, Uses and Nutrient Composition

speciesof the Cucurblta®mlly with over 1,000 varieties cultivated worldwide. It has an

enormous edibl E @d it is widely produced globally spanning thetropics to the temperate

regions. The s botanically known as a “pepo”. Though there are some varieties without
seeds, t ’Qsh is sweet, juicy with deep crimson to pink colour and contains several seeds
that are black-colored. It can be consumed fresh, cooked, pickled, and even the rind can also
be consumed. Additionally, it could be drunk as a juice or a component of mixed drinks. The

Sudanese Kordofan melons are the closest relatives to modern water melon and perhaps the

ancestors of these cultivated melons 2°
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Dating back to 3500 BC in ancient Libya, watermelon seeds were discovered in the wild.
Even though at that time they were not these present delicious kinds, they became
domesticated in the eastern part of North-Africa but were later cultivated in the 2000BC by
Egyptians. Also, at the time of the Roman Empire, the sweet variety became widespread

across the Mediterranean 27

2.2.1.1 Uses Q\

Watermelon is a sweet, popular summer fruit typically eaten fresh, chopp anrious fruit
salads, or juiced 2%?° Watermelon juice can be combined with ot@&es from fruits or
turned into wine *°. The seeds are nutty-flavored and can be r%oasted, or crushed into
flour 3! \Watermelon rinds can be eaten, however their u flavour may be reduced by
pickling 32.They are also sometimes eaten as fgp&a le, a stir-fried or simmered -3
O
Citrullis lanatus, variance caffer, blooms b\%y in the Kalahari Desert and is referred to as
.
tsamma *° The San people and ials depend on the fruits for both water and

sustenance, allowing them to &2% for six weeks on a tsamma diet 3°.

2.2.1.1 Composition @entS)
Watermelon fn@u e 6% sugars, 91% water, with low fat content (table) *7. A 100-gram

portion ha,b@ levels of important nutrients and 125 kilojoules (30 kilocalories) of food
ener?)\& table). At 10% Daily Value (the table), just the vitamin C compound is present in
any substantial level. Lycopene and other carotenoids are found in the pulp of watermelons. 3%

Watermelon rind is where the amino acid citrulline is made 3% 4°,
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Table 2.1: Watermelon flesh, raw

Energy-value 127 kJ (30 kcal)

Protein 0.61g

Sugars 62¢g

Fat 0.15¢g \
Dietary fiber 04¢g QQ
Carbohydrates 755¢ p: Q/
The amount of nutrition per 100 g (3.5 oz) X (\\
Vitamins Quantity % Nt
Vitamin A equiv. 28ug @ N

Riboflavin (B2) 0.021mg QZ

Thiamine (B1) 0.033mg O3

Niacin (B3) 0.178mg 6% 1

beta-Carotene 303ug ®% 3

Vitamin b6 0.045@% 3

Vitamin C 8.1mg \ 10

Choline . %@ 1

Pantothenic acid (B5) N Q\Q 21mg 4

Minerals \\) Quantity %DV

Zinc . s\\'\\ 0. Img 1

Magnesium Q/ 10mg 3

Potassiu 6 112 2

Calc%@ 7mg 1

Phosphorus 11mg 3

Iron 0.24mh 2

Sodium Img 0

Manganese 0.038mg 2

Other constitutes Quantity

Water 91.45¢
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Lycopene 4532ug

(Source: 3% 1)

2.2.2 Pineapple (Ananas Comosus)

Ananas cosmosus (Pineapples) are a tropical edible fruits; the main economic and important
crop of the Bromeliaceaefamily. In the 17" century it found its way into Europe from South
America, it became an important cultural symbol of luxury and in early 80sit becam%opular

and cultivated in greenhouse facilities and on tropical farms for commercial u@

They often grow as short shrubs; and the each flower of the plan@wa&are not pollinated
merge to yield numerous fruits. The crop offset often spreads @he head or side of the

fruit and become fully grown in one year 434647, Q
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2.2.2.1 Classification

Table 2.2 the pineapple comprises five botanical varieties, formerly regarded as
separate species:

Varieties Distribution

y Ananas comosus var. Paraguay, Bolivia, Ecuador, Brazil, Argefitina,
¢ bracteatus (L.B.Sm.)

i Coppens & F.Leal OQ

| Ananas comosus var. Paraguay and Brazil; naturali egi,u@arts of
comosus (Linnaeus) Africa,Central America, Mexieo,the West Indies,

Asia, Australia, northery @n h America, and
various islands in the'Paci

Peru, French Guio ombia, Venezuela,
Ecuador, nort@ azil,
- Coppens & F.Leal

Ananas comosus var. Parag%b%)sta Rica

microstachys (Mez)
L.B.Sm.

parguazensis (Camat rench Guiana
L.B.Sm.) Coppen
F.Leal Q0.

Ananas comosus var. E&lombia, Venezuela, northern Brazil, Guyana,

Y -

AN
¢
@%6

Source:
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2.2.2.2 Nutrient (Composition)

Raw pineapple pulp has a water content of 86%, 13% in carbs, There is only 0.5% protein
and very little fat (see table). Raw pineapple does not have appreciable quantiti Q
micronutrients though a 100-gram reference quantity yields 209 KJ and ’ﬁ@wld of

O
N

vitamin C and manganese.
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Table 2. 3 : Raw pineapple (nutrient content / 100 grammes) (3.5 0z).

Energy 209 kJ (50 kcal)
Fat 0.12g
Sugars 9.85¢g
Protein 0.54¢g
Dietary fiber 1.4¢g \
Carbohydrates 13.12 ¢ 0
\\
Vitamins Quantity A %DV
Thiamine (B1) 0.079mg O\ 7
Choline 5.5mg @I 1
Pantothenic acid (B5) 0.213mg 4
Niacin B3 0.5mg Q 3
Vitamin C 47.8mg 58
Riboflavin (B2) 0.032mg 3
Folate B9 18ug 5
Vitamin (B6) 0.11 9
Minerals %DV
Zinc 0.12mg 1
Manganese ° 5\' 927mg 44
Potassium C)\ 109mg 2
Calcium é 13mg 1
Magnesium ‘ $ 12mg 3
Sodium Q Img 0
Phosphorus Q 8mg 1
Iron . A 0.29mg 2
O
\
Quantity
86.00g

Other cons nts
Water o~
W

Source: 4849
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2.2.3 Banana (Musa genus)

Banana is an extended edible fruit, formed by a diverse species of the Musa genus ° the
banana plant is among the vastest herbaceous flowering plant 3!. A banana plant's above-
ground components originate from a structure known as a corm *2.Plants are ofte ng and
sturdy, like trees, however what appears to be a trunk may be a pseudos&/@ posed of
many leaf stalks (the tips). Bananas flourish on a wide variety of soil long as they are at
least 60 centimetres (2.0 feet) deep, well-drained, and not com .They are among the

fastest growing of all plants, with daily area growth ratef ing from 1.4 to 1.6 square

metres (15 to 17 square feet) 343,

2
2.2.3.1 Classification fb
N\

Carl Linnaeus named the genus Musﬁ\% 53 36, This nomenclature could have originated
from the name of Antonius Mus@e mperor Augustus' physician, at that time or Linnaeus

could have adopted “ma ’® rab word for banana .

Musa is the fanﬁ@aceae’s type genus. Musaceae is assigned to the order Zingiberales
under the A%G(Hf classification. As at January 2013, 70 Musa species Families were

recoaiiéé many yield edible fruits, while the others are planted as ornaments *°.

Taxonomists have long struggled with the classification of cultivated bananas. Originally
bananas were classified into 2 spp. solely on their culinary applications: as dessert bananas
(Musa sapientum) and for plantains (Musa paradisiaca). Thereafter, some more names were
included though this strategy did not work effectively for the numerous cultivars available in

southeastern Asia where there was many variations in the genus thus most of the cultivars
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were labelled with names that were more or less substitutes . Ernest Cheesman
demonstrated in a series of publications published beginning from 1947 that M. sapientum
and M. paradisiaca named by Linnaeus were descendants of M. acuminata and M. balbisiana,

two wild species, which were initially identified by Colla, Luigi Aloysius °'.

Cheesman argued for the termination of the Linnaeus' spps in favour of reclassification of

bananas into 3 distinctive categories based on morphology of their cultivars: as tEeﬂ&nainly

displaying Musa balbisiana attributes, those mainly displaying Musa ac botanical

characteristics, and those displaying both 2, /\

In 1955, scientists Ken Shepherd and his colleague Norman Si %s developed a genome-
based naming scheme. This system resolved nearly all allenges and contradictions
associated with the previous classification of b n@which was focused on allocating
scientific names to bananas that are cultivated. 1ite of this, some authorities continue to
recognize the original names, causing con }1&1 63, 64.

N

2.2.3.1.1 Uses Q’J\c’
Many tropical cultures %@ananas as their primary source of carbohydrate. The flesh can
taste starchy to §\g&md have a texture ranging from firm to mushy depending on the
cultivar andgg& The skin and inner portion can be eaten raw or cooked. Isoamyl acetate
(also k]@% as banana oil) is the principal component of fresh banana scent, and it
contri\bb(ws significantly to banana flavour, along with other chemicals such as butyl acetate

and isobutyl acetate ¢

Plantains are typically eaten cooked, as fried . In Southeast Asia, pisang goreng, or batter-
fried bananas, is a popular street snack ¢’. Bananas are used in Philippine cuisine, including

delicacies like maruya banana fritters ®%.Fruit preserves can be prepared with bananas
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L.

ii.

Banana chips, a popular snack in Kerala, are made from sliced and fried bananas.Banana
flour is made by grinding up dried bananas 7°. Matoke bananas are cooked in a sauce with

meat and vegetables such as peanuts or beans to produce katogo, a morning dish 7'.Bananas

are commonly used in Western countries to make delicacies like banana bread 2.

-
[ ™

| - 3

N
Lemony banana curi Sweet gravy with banana nana fritters
y Ty gravy

Flowers &Q
Banana flowers (also known as "banan @or "banana blossoms") are a vegetable

3in South and Southeast Asian cqig'&t has an artichoke-like flavour. The fleshy part of

the bracts and the heart are both@(e, just like artichokes are 74,

.\AQJ

Banana flowers

Leaf
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Banana leaves are big, flexible, and watertight. While they are typically too difficult to eat,
they are frequently used as environmentally friendly disposable food containers or "plates" in
South Asia and numerous Southeast Asian countries 7°. Banana leaf is used in Indonesian
cuisine in cooking methods such as pepes and botok; banana leaf bundles containing food
items and spices are cooked in steam, boiled water, or grilled over charcoal. Banana leaves

are used to wrap some tamales instead of corn husks 76.

When used for steaming or grilling, banana leaves keep food ingredients froq;@%g while

also adding a slight sweet flavor 77 In South India, it is common to serve*traditional dishes on

banana leaves 7® In Tamil Nadu (India), dried banana leaves are ck food and

construct cups for liquids ”° 0

The sen '%core of the banana plant's trunk is frequently used in South and Southeast Asian
cooking 8 Examples includes the Burmese cuisine mohinga, as well as the Filipino delicacies

inubaran, kadyos, manok, and kag ubad 8" 82,
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iv.  Fibre

Banana fibre from the pseudostems and leaves ha % tilised in Asian textiles from at least
the 13th century. Both fruit-bearing and fi nana varieties have been used *Kijoka-
bashofu, a Japanese technique; involyes\'é plant leaves and shoots at regular intervals to
maintain softness. Harvested sh %e first cooked in lye to prepare them for yarn
production. These banana sﬁ@produce fibres with varied degrees of softness, resulting in
yarns and textiles witl@ylng characteristics for specific applications. For example, the
coarsest fibres @0& are suitable for tablecloths, whilst the softest interior fibres are
preferable f(%imono and kamishima. This ancient Japanese cloth-making technique consists

of n@mcesses, all of which are completed by hand 8.
v.  Other uses

Locals utilise huge banana leaves as umbrellas #°.As with other purification materials, banana
peel may be capable of extracting heavy metal contamination from river water %87 Waste
bananas can be fed to livestock % Bananas, like other living things, generate tiny quantities
of radioactivity from the potassium-40 (K-40) isotope %°.The banana equivalent dose of
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radiation was created in 1995 as a simple teaching tool to inform the public about the natural,

modest amount of K-40 radiation found in everyone and in common foods *!.

2.2.3.2 Nutrient (composition)

Raw banana (not counting the peel) comprises23% carbs, 75% water, minimal fat and 1%
protein. A 100gportion contains 89 calories, 31% vit. B6 and moderate quantities of
manganese, vit. C, and dietary fiber, with no substantial content of additional mic@rients.
Though bananas are commonly assumed to possess high K content, *>%3 it ha% Daily

Value and their rank amidst vegetables, fruits, legumes, and several ,Qegjﬁtassium food

sources relatively moderate *+%3. EQ

Whole grain oats 0.350 g per 100 g, raw baby spinach contais-0:582g/100g, ground flaxseed
contains 0.793g per 100 g, dry-roasted almonds @tains 0.684g/100g, white button
mushrooms 0.393g per 100 g, and peanut butt@@kains 0.654 g per 100 g, all have more
potassium content than 0.326g per 100 g zk\ ssert bananas. The potassium content of raw
yellow-coloured plantains is 0.487 . %

0 g while banana powders (dehydrated dessert

bananas) have higher potassium ent of 1.490 g per 100 g °°.

N
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Table 2.4: Bananas, raw (Daily Value)

Energy 317Kkj (89 kcal)
Fat 0.33¢g
Sugars 12.23¢g
Dietary fiber 2.6g
Protein 1.09¢g
Carbohydrates 22.84¢g
The nutritional content per 100 grammes (3.5 ounces)
Vitamins Quantity %DV
Thiamine (B1) 0.031mg 3
Vitamin C 8.7mg 10 \
Choline 9.8mg 2 Q
Niacin (B3) 0.0665mg 4 O
Folate B9 20ug 5 Q/
Vitamin B6 0.4mg 31 ’\
Pantothenic acid (B5) 0.34mg 7 Q
Riboflavin (B2) 0.073mg 6
Minerals Quantity (%DV
Phosphorus 22mg \3
Magnesium 27mg 8
Sodium Img ,bQ 0
Manganese 0.27mg 6 13
Iron 0.26mg > 2
Potassium 358mg @ 8
Zinc

0.15mg_..\ 2
Q)
)

Other constitutes

. \QJ\ Quantity

Water

7491g

Source: %

\?:Z}6

S
R
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2.3  Comprehensive Utilization of Tigernut

2.3.1 History of Tigernut

Cyperus esculentus is found throughout the majority of the world *’.It is found over the
majority of the Eastern Hemisphere, including Africa, the Middle East, Madagascar, Southern
Europe, and India °%%1% The plant is grown for its edible tubers, known as tiger, nuts, as
snack and to produce a sweet, milk-like beverage!?-192 C. esculentus is seen % wild, as
crop and as weed, highly invasive especially outside the natural abo an easily be
mistakenly introduced to become invasive. C. esculentus is clas51ﬁe &d in many nations

103,104 During the summer, it can be found in wet areas wb uts andrice paddies are
ields.

cultivated, and alsoin golf courses and h1gh1y-1rr1gated la

2.3.2 Utilization of Tiger Nut Sb

Tiger nut could be eaten in is raw form, bal@led roasted, or as drink, oil or milk. The dry

nut tastes smooth, sweet, delicate, and@

N

1. Drink: Horchata de ehq& own as kunun aya in West African nations such as Mali

and Nigeria 15@11@6 form of horchata in Spain. It's created by soaking,

groundlﬁl }\Neetemng tiger nuts with sugar 1°°

It is still ppa in Spain, where the product is regulated to verify the product's quality and in
order\(&ce the origin or destination. It is served with ice as refreshment, frequently with
fartonsin the summer. The most of the tiger nut plants arededicated to producing is used to
makeSpanish horchata de chufas. Alboraya is the major manufacturing center in spain while

the tubers could be roasted or crushed to make substitute for coffee.

2. Food: The tubers can be eaten cooked or raw ', The tubers have a slightly sweet,

nutty flavor in comparison to related tuber of Cyprus rotundus which is bitter-tasting.
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Because of their hard nature, they are often soaked to soften them before eating and
for an improved texture. In West Africa, it is a popular snack while the tubers are also

dried and crushed to produce flour as well 17,

It is known as aya in Northern Nigeria and is mostly consumed fresh. It is occasionally dried
and then rehydrated before being eaten. The Hausa youngsters of Northern Nigeria like
snacks produced from the toasted nuts coated with sugar. Roasted tiger our is
occasionally used in making biscuits and other baking items, as well as in @ ction of
soaps, oil, and starch extracts as well as to make beer, jam, nougat, and&\ﬂavouring agent in
the production of ice cream and kunu (a Nigerian beverage). discovered to be an
excellent alternative for cereals and especially to compensr the low nutrient value of
cereal-based kunu. They are also used in salads and in @p ing due to its nutrient-rich oil.
Its milk is used as alternate milk source in fermen@ods, like yoghurt in various countries

of Africa, and may therefore be effective@astituting milk in diets of persons who are

3. Oil: Because C. escul@%bers has about 20-36% oil, the tuberis been proposed as

lactose intolerant to a degree '%8.

a possible oil c@iodiesel production ', Due to yield of 5.67 tonne/ha with oil
as much Q 4%, it was reported that the nut yielded 1.5 MT/ha of oil ''°.In another
trial, the

er yields 4.02 - 6.75 tonne/ha, with mean oil of 26.5% mean yield of 1.47

%’Qha "1 The tuber oil was reported to be 18% saturated and 82% unsaturated !'2,

2.3.3 Comprehensive Utilization of Tiger Nut Milk and its By-Products
Plant milk possesses several health benefits than animal milk, especially for persons who
have milk allergies or lactose intolerance. Wet grinding, filtration, ingredient addition,

sterilisation, homogenization, aseptic packing, and chilling are all used to make tiger nut milk.
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It is high in un-saturated fatty acids, phenolic compounds, and physiologically active

chemicals 3.

Despite its benefits, the drink has not gained wide spread as a result of huge loads of
microbes and unstable shelf-life. Furthermore, traditional treatments that involves
pasteurizing and sterilizing of milk result in loss of its sensory attributes. As a result, the food
sector is looking for alternate skills that can enhance the shelf life and at the sa e keep
the sensory qualities. Non-thermal processing methods such as short-way, @t atments,
ultra-high-pressure homogenization ''* and pulsed electric field car[%:cessfully prevent
microbe development and extend shelf life. Also, using a mixtur sted tiger nut starch
and inulin to microencapsulate tiger nut milk on the ohand, has been shown in

experiments to produce products with quality features w&)ger shelf life 15116117,

By-products from the manufacturing of tiger nu@ often times accounts for around 60% of
the harvest and can be used as ant10x1dar§ yphenols andvitamin E), oils, polysaccharides,
and fibres ''®. Through compressio ﬁ&&

liquid phase containing blolagkgly active compounds like phenols, and 2. solid phase

containing fibres!!® 120- QQ

Itering, by products are separated into 2 phases: 1.

Table 2.5 App(ca@f tiger nut milk by-products in the food industry.

A4
;I,‘;%Zruljtlslt’i Source Food Product
QV phenolic compounds natural antioxidants
Liquid phase replacing water cooked pork liver meat product
carbon source for growth of
. . . fermentable substrates
probiotic bacteria
cereal foods (such as chips, breakfast
) . cereal or dry pasta)
Solid phase Tiger nut fiber .
pork pies, pork burgers and dry-cured
sausages
Source: 12122
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2.3.4 Sensory Properties of Smoothies Flavored with Tiger nut Milk
In a study, twenty trained panelists were selected to assess the sensory properties of smoothie
samples were served and participants were to rank these attributes on a 9-point hed%ic scale

for flavor, color, taste, mouth feel and general acceptability. QQ

Table 2.6: Chemical and Sensory Properties of Soursop Smoothi ulated from
Soursop, Tiger Nut Milk, Date Palm and Noni Juice E
N

Sensory properties A B \9 D

Flavor 6.96a+1.59 6.78a+1.34 68a+1.96 7.78b+0.99

Color 6.92a+1.36 6.62a+1 ,@ 6.78a+1.59 7.78b£1.07

Taste 7.46b+1.38 . 6.56a+1.83 7.98b+0.97
Mouth feel 6.54a+2.15 (%9&1 47 6.90a+1.94 7.46b+0.97
Overall acceptability 7. 22&%@ 6.46a+1.85 6.58a+2.20 7.46b+1.04

N
(30%) + Date pal %) + noni juice (10%). Sample B = soursop (40%) + tiger nut (30%)

+ date palm (2 %N i juice (10%). Sample C = soursop (30%) + tiger nut (40%) + date
palm (20%) - nownt juice (10%). Sample D = soursop (30%) + tiger nut (30%) + date palm
(30%) + n ice (10%)

The h&’ qualities of these smoothies were in line with recent studies by '3 to the findings,
smoothie containing 30% each of tiger nut, sour sop, date palm, and 10%noni concentrate
had the best sensory qualities of taste, flavour, aroma, and mouth-feel, and overall acceptance.
The authors believed that the rating might be due to the amount of tiger nut and date palm
milks used as sweet items have more acceptances, regardless of nutritional content. Sugar

produced by date palm can be used to substitute sugar in smoothies 2412
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2.4 Chicken Eggshell Powder A Source Of Calcium And Its Application

Figure 1 depicts the global increase in egg production from 2009 to 2019, which was more
than 30%. In 2008, European Union countries produced more than 6.5 million tonnes of eggs,
trailing only China in first and the United States in third '?°. In Poland, the a\Qge early
consumption of chicken eggs was more than 200 per capita '?’. Not only @/sQe increased
consumption of eggs contribute to eggshell waste, but so do hatchees, and the food
industry '?8. According to '%°, eggshells account for approximately"Q-12% of total egg weight.

If these eggshells are not used and end up as waste, they o@ lute the ecosystem.

RO

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0 .

World Africa Americas Asia Europe Oceania
m2009 62,9187 2 547.1 12,866.6 37,006.8 10,271.1 2271
m2019 82,168.0 34241 17,303.7 56,300.1 4 798.3 341.7

Total production (thousand tons)

Region

m2009 m2019

Figure 1 illustrates global and regional chicken egg production between 2009 and 2019 3%
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Many studies have reported that chicken eggshells have the potential to be a calcium source
13L132,133,134 Nutritional intake, including adequate calcium intake (ranging from 200-1200 mg
daily, especially after menopause), has been known as an excellent approac&or the

maintenance of healthy bone status at all stages, starting from early infancy 135& eggshell

A variety of factors influence eggshell quality, including bird str;i@e, induced moult,

contains 95% CaCO3 along with other valuable compounds.

heat and general stress, diseases, production method, and thg-incltsion of proprietary goods
to meals 3. As a result, nutritional parameters su@ feed composition (calcium,
phosphorus, vitamins D, C, E, and A, non-starch O@charides, enzymes, and pollutants,
such as mycotoxins) and water quality %a significant impact on both eggshell
composition and internal egg quality.. \s!udies have looked at the effect of plant-based
ingredients on egg quality, and th(%l\ﬂuence on the composition of the inner part of the

eggs has been confirmed, bﬁf‘l\i& composition of the eggshell has not been analysed, except
for physical parameters‘@ M39,140,
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Table 2.7 Composition of chicken eggshells

Specific Minerals Unit of According to the Prior Research
Present in the Measurement \
Eggshell 141 142 Q\ 144
O\
Total ash content /100 g 89.9-91.1 90.2 (‘ LD, ! N.D.
£ Nt
Calcium mg/100 g 35,100-35,400 356%\ 38,200 | 40,100
\
Magnesium mg/100 g 370400 @0 N.D. 450
™
Iron mg/100 g N.D. 13.06 N.D. 2.24
Phosphorus mg/100 g 1)22er 150.2 N.D. 99
Zinc mg/100 g \ 145.1 N.D. 0.513
O
Sodium mg/100 g NY50-170 47.9 510 N.D.
N
Potassium mg/100 f\“ ¥ 100-130 50.00 140 N.D.
o
Copper mg&g N.D. 4.1 N.D. 0.77
e\
Manganese 4®g7100 g N.D. 149.9 N.D. N.D.
A\

Strontium(' \\\5 ng/g N.D. N.D. 140 372
Fluortsv ng/e N.D. N.D. ND. | 375
\S@m ng/g N.D. N.D. N.D. 23.5

1. *N.D. = not determined.
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Chicken eggshell powder could be an effective way to enhance calcium intakes in rural Sub-
Saharan Africa, where calcium consumption is poor and over 85% of rural families raise
poultry ¥, Chicken eggshell calcium has comparable bioavailability to CaCO3. A study with
rats found that calcium absorption from a diet including chicken eggshell powder was 45.59
+ 14.43%, not substantially different from the supplement CaCO3 (39.88 ﬁ% (p >
0.05) % Table 2 shows the numerous food products that use chicken ’ai@ as a calcium

source. The usage of eggshells can provide considerable nutritiona;

increase in calcium content. However, the success of addin@g

, most notably an
lls is determined by the
type and pH of the food product. Its addition to brea iscuits is determined by the
desired level of calcium, the acceptability of the rﬂ&Q’s organoleptic characteristics, and,
most importantly, from a technological st %mt, the increase of dough rheological
properties, dough volume, and ﬁna} Q}f texture. The addition of eggshells to sweet
confectionery items may have an K%l\able effect on the sensory features and acceptability
of both flavour and scent. Hd\&r, the success of adding eggshells is determined by the type

S

and pH of the food product. Its addition to bread and biscuits is determined by the desired
level of calcium, @ceptability of the product's organoleptic characteristics, and, most
importantly,ffsom a technological standpoint, the increase of dough rheological properties,
doug\x/@;@e, and final product texture. The addition of eggshells to sweet confectionery

items may have an undesirable effect on the sensory features and acceptability of both flavour

and scent.
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Table 2. 8 Application of chicken eggshell powder in food products.

Food Products Main Findings References
Chicken Eggshell Notes for

Powder Concentration Recommendation .
Biscuits 6% (w/w) of wheat flour Calcium content, texture, *47

sensory characteristics, ‘Q

calcium bioavailability( C)
V]
Bread 8% (w/w) of ingredients Calcium content, parfigular 148
amount of bread, a nsory
qualigi
N

Bread 2% (w/w) of wheat flour f theological 149

Incre
characteristics of dough and
nutritignal properties, decrease

Bread strips

Mggneral acceptability
& and odor score

10% (w/w) substituti
of wheat flour \()

inor alterations in sensory
characteristics.

150

<\
Breaded fried 500 mg Ca/ 'e%?\ Minor texture adjustments, no 151
meat, bread, pizza, %ﬂ) flavour changes.
spaghetti

Chocolate cakes

6% (W7®Qwheat flour

Calcium levels, texture, and
sensory qualities

152

Chokeberry | JUICe % of chokeberry and | Calcium content in chokeberry 153

cranberry jui \ cranberry juice and cranberry juice, with no

(/ substantial change in colour or
6 sediment content
D
M@ﬁ 8 ¢/500 g wheat flour Mineral content and sensory 154
\/ characteristics.

Nham (Thai-style 150 mg Ca/100 g There is no change in sensory 155

fermented pork of Nham (eggshell scores for sour taste, flavour,

sausage) powder was converted to and overall acceptance.
eggshell calcium lactate)
Ser 265 mg/100 g of ser Calcium concentration 156
smazony (Polish smazony increased by more than 2.5
bread spread) times, and calcium

bioavailability improved with

the addition of lysine and
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vitamin K.
White bread 1-1.5% (w/w) of A high total score in sensory 157
ingredients evaluation.
White bread 2% (w/w) substitution of Consumer Preference for 158
bread flour Sensory Assessment
Yogurt 0.15-0.30% (w/v) of There are no significant 159
milk adverse impacts on
physicochemical,
microbiological, or sensory | \
characteristics. Q
(
Yogurt (from cow 0.3% of yogurt Appropriate structure, \_J 160
milk and buffalo (nanosized eggshell consistency, and
milk) powder) qualiti

Q N
2.4.1 Uses of Eggshell Powder in Food Industry Q
Functional foods are those that have been supple Qith bioactive components that have
a favorable influence on human well-bein ’bealth while also lowering the chances of
developing certain illnesses '®! The m omising yet youngest sector of the food industry
is the functional food sub-sector. Tkg'j}crease can be attributed to consumers' rising interest

in functional meals, healthy.@{ktion, food enhanced with natural components, and organic

food, particularly those\b antioxidant prospects 6%

)

Food produQ‘ts &ry d from these fruits can also be fortified with other components, such as

mineral ¢
&Y

proble hen compared to the necessary nutritional standards %% Because of its high Ca2+

nds, because prior research has shown that a lack of Ca in diets poses severe

ion content (40%), calcium carbonate (CaCO3) is now the most used source of calcium in the
manufacturing of calcium supplements '+ Because bioavailability of synthetic calcium
carbonate is low, scientists are interested in its natural sources. Preparations created from the

exoskeletons of aquatic organisms have recently gained popularity. Nonetheless, this calcium
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source has a number of disadvantages, including a relatively high production cost, restricted

accessibility, and the risk of heavy metal accumulation like cadmium, lead, and mercury !

Egg shell from a medium sized egg generates roughly 0.750-0.800 g of calcium and other
vital micro-nutrients.1 teaspoon of powder, which contains mgs of elemental calcium as well
as other microelements % It has been demonstrated that consuming eggshell-derived calcium
improves bone mass and has an anti-rickets effect, strengthens the bones of @motic
individuals by reabsorbing calcium. An eggshell's make up is extremely sirﬁ/@ at of the
human teeth and bones. Osteoporotic patients are advised to take 04%0.5 mg Ca daily to
augment their dietary intake. Furthermore, the pharmacologica prloits eggshells as

potent calcium source with extremely high bioavailability: 9 /168,169

Food supplementation with other organic calci @es and chicken eggshells is still
relatively unknown. So far, research has focus the effects of employing poultry shell
powder as a source of calcium in wheat b %&, chocolate cake, and biscuits. Hassan 7 found

that the calcium content of the ge{ biscuits was much higher, reaching 0.607, 1.378,

and 2.175 g/100 g, respectivel&z

In a trial, powdered§ ells as reported to produce a positive increase in the calcium
]
content of cake@r

breads wi% bservable changes in aroma, or taste and with better skin appearance, and

171

m chocolate '7! while '7? reported improved calcium content in wheat

high?&ptability 173- Given the foregoing, it appears reasonable to expand usage of poultry

shell in the food sector, particularly in the beverage sub-sector because Ca+ and most

minerals in the shell are soluble in acidic juices, and as such they can be better absorbed.
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2.4.3 A Review Of Functional Foods For The Elderly That Contain Antioxidants And
Calcium From Chicken Eggshells Can Reduce The Risk Of Osteoporosis.

Solving environmental issues, such as food waste and loss is equally vital as addressing
health concerns. To feed a global population of nine billion by 2050, food waste and loss
remain a major challenge. According to the Food and Agriculture Organization Q*eJnited
Nations " reducing food loss and waste can lower production costs, impfove™éod security
and nutrition, and contribute to environmental sustainability by red@’&emand on natural
resources and greenhouse gas emissions. Food loss and waste refe% the edible components
of plants and animals that are produced or harvested for h e but are not consumed 7>
Food waste also comprises edible material that is u%%ly fed to animals or is a byproduct
of food processing that has been redirected aw. m human consumption 7, Food waste
during consumption ranges from 6-1 \\&person/year in Sub-Saharan Africa and
South/Southeast Asia to 95-115 é{;\%o /year in North America and Europe !3. The
Netherlands (579 kg), Belgium@ﬂ kg), and Cyprus (334 kg) have the most per capita food
waste in Europe, whem@fce (44 kg), Malta (62 kg), and Czech Republic (71 kg) have
the lowest 4. In P&% around 235 kilogrammes of food are wasted per person each year '3,
In Arab cou ig,‘(ood loss and waste totalled 210 kg per person/year.

Food w@ncluding chicken eggshells '77, duck eggshells '"® quail eggshells '°, seashells
180 oyster shells '8! and fish bones '*> contain significant levels of calcium, which can help
prevent osteoporosis. Eggshell has two potential uses: as a raw material for new product

183 Eggshell is a versatile raw material that can be

manufacturing and as an operating supply
used for food additives, soil amendments, cosmetics, and biomaterial composites. Eggshells

can serve as catalysts and sorbents while in operation.
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Food has a significant role in maintaining a healthy lifestyle, particularly for the elderly '**
Food is the most effective way to replace the body's calcium shortage. However, it may not
be sufficient, prompting the hunt for alternate calcium sources that are easily digested.
Chicken eggshells are a high-quality source of calcium that can be used in meals. This
research examines the potential of chicken eggshells as a functional meal for the elderly to

minimize the risk of osteoporosis due to their antioxidant and calcium content. \

O
,\(,

Bone is the primary calcified tissue in vertebrates, servin purposes including

2.4.3.1 Bone and Osteoporosis

mechanical support, protection, and storage '*!35. Bone i@:posed of 10% cells, 60%
mineral crystals (crystalline hydroxyapatite), and 30% &ic matrix !, The major cells
responsible for bone remodelling are osteoblasts a%@eoclasts 187 _The osteoblast is a bone-
forming cell that signals osteoclast prod@%steoclasts are specialised multinucleated
giant cells that resorb bone %8 Bor{\' odelling involves osteoclasts removing old or
damaged bone and osteoblasts fO@@new bone over several weeks '%°.

Cytokines, growth factorsg, : ce radicals %°.Unbalanced osteoblast and osteoclast activity
can cause osteoporosis, '"=Osteoporosis is an age-related health condition that causes reduced
bone mineral @ , degradation of bone microarchitecture, decreased bone mass, and
increased k&%ﬁagility 192.193 " Osteoporosis can lead to fragility fractures and reduce quality
of lifb({r%)pulations. Osteoporosis risk factors are classified as modifiable or un-modifiable.
Modifiable factors include oxidative stress-related factors, such as low antioxidant status '*4.
Low calcium consumption is a major contributor to osteoporosis, resulting in inadequate
bone health.

Previous research reported the prevalence of osteoporosis. Despite existing preventive

medications, the elderly are more likely to develop osteoporosis > Osteoporosis is more
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prevalent in women than men and rises dramatically after menopause '°® Postmenopausal
osteoporosis is caused by a lack of oestrogen, which affects bone mineral density and causes
bone loss through increased osteoclastic activity 7.

Recent research suggests that ovariectomy triggers the T-cell costimulatory cytokine LIGHT
(Ilymphotoxin-like  inducible protein), which promotes osteoblastogenesis and
osteoclastogenesis by regulating osteoclastogenic cytokine expression '8, LI was
discovered to mediate ovariectomy-induced bone loss, indicating that LIGHT @nmm has
a beneficial effect in patients with postmenopausal osteoporosis.
Osteoporosis affects 9% of women over 50 in the UK, 15% in Fr. n@l Germany, 16% in
the US, and 38% in Japan. Males aged 50 and above had rate %n the UK, 4% in Japan,
3% in Canada, and 8% in France, Germany, Italy, and S Elderly males with anaemia
and a history of fractures are more likely to devel oporosis 2%, Approximately 80% to
90% of Polish osteoporosis patients, includ%%se with fractures, do not receive adequate

N

treatment %!, ’\'
Osteoporosis affects 9% of womer@SO in the UK, 15% in France and Germany, 16% in
the US, and 38% in Japan. M@aged 50 and above had rates of 1% in the UK, 4% in Japan,

3% in Canada, and 8%@ ce, Germany, Italy, and Spain 2%,

&\

2.4.3.2 Factg portlng Calcium Absorption

Calc'&/’grption is just as crucial as the high calcium content. Some factors that positively
influence calcium absorption have been described, including an acidic bowel (particularly for
CaCO3 absorption), oestrogen, vitamin D, soluble fiber/prebiotics (inulin,
fructooligosaccharose, and oligofructose), probiotics, and synbiotics 203:204:205.

Although studies on the bioavailability of calcium from eggshells in people are limited, they

do demonstrate it’s potential. Schaafsma and Pakan 2% investigated the short-term effects on
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lumbar spine and hip bone mineral density in adults who took dairy-based supplements
including eggshell powder. The results showed that bone mineral density in the lumbar spine,
whole proximal femur, and trochanter rose significantly, indicating that eggshell powder is a
source of bioavailable calcium. Other studies on the effect of eggshell eating found that
healthy late postmenopausal women with adequate calcium intake at baseline could increase

hip bone mineral density within a year of supplementation 27 \

2.4.3.2.1 Vitamin D (JQ

There is a "calcium paradox," which states that hip fractures are mmon in western
countries with calcium-rich diets, whereas they are less comn@&zeloping countries with
calcium-deficient diets. This paradox can be partially una@od by looking at the vitamin D
concentration of the local population's serum 2% 'ta@ is required for calcium and bone
metabolism since it is the primary agent regul alcium homeostasis and absorption 209219,
Vitamin D deficiency can cause b(:n’e\l' s, ‘accelerated bone turnover, osteoporosis, and
fractures 2!'. Vitamin D comes in t imary types. The first is vitamin D2 (ergocalciferol),
which is produced by UV-B'r@tlon on ergosterol, a vitamin D precursor found naturally in
plants, fungi, and in@%es. The second is vitamin D3 (cholecalciferol), which is
produced by s '@rom 7-dehydrocholesterol, a cholesterol precursor that can also
function as @rovitamin D3 2!2- Although the majority of vitamin D (90%) is endogenous
(pro%@%the skin by UV irradiation), it can also be found in some foods such as eggs,
beef, seafood (salmon, tuna, sardines, herring), mushrooms, and dairy products 2! It is
important to be concerned about the food sources of vitamin D because the rate of cutaneous
vitamin D synthesis is lowered in aged persons, putting them at danger. The activation of

vitamin D is required in the human body. Serum 25-hydroxyvitamin D (250HD), which

serves as an intermediary component before generating the final physiologically active
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vitamin D, is a marker for estimating a person's vitamin D nutritional status 2!4215216_ A

250HD level of less than 27-30 nmol/L is associated with rickets, whereas a level of at least
50 nmol/L (20 ng/mL) is considered sufficient, despite the fact that the ideal level for
intestinal calcium resorption is approximately 80 nmol/L 2!721821° Vitamin D is hydroxylated
in the liver to 250HD and then transformed in the kidney to 1,25-dihydroxy vitamin D, the
most active metabolite that stimulates calcium and phosphate absorption from the gut while
also influencing bone cells 220221, Q
Some studies on vitamin D, particularly to improve calcium absorptio ir@gderly, were
described. According to meta-analyses, vitamin D supplementati lone is unlikely to
reduce fracture risk; calcium supplementation alone has G%mate effect in lowering
fracture risk (about 10%), but its long-term effectivenes oor 2?2, Combining vitamin D
and calcium treatment, particularly for those wg@/itamin D levels (<60-80 nmol/L

actures 222,

blood 250HD), can prevent fractures, includ@

.Q

2.4.3.2.2 Prebiotics, Probiotics, a@hbiotics

Prebiotics are nondigestible fi at help microorganisms in the stomach ferment nutrition
and energy sources, irﬁ@v%g their viability 223. Prebiotics have been linked to increased
calcium absorp "l\ lower risk of osteoporosis, according to multiple studies. Fructans,
including in@, oligofructose, and fructooligosaccharide, can improve calcium absorption
with%@intake of 4 to 8 g 2**. Gut microbes ferment fructans, lowering the pH in the
colon and increasing macromineral absorption, including calcium. Calcium is converted to
ionic form in acidic environments, making it more soluble and bioavailable 225226227,
Prebiotic fibre fermentation produces an acidic environment through short-chain fatty acids.
This, combined with low pH, causes mucosal cell hypertrophy, leading to increased surface

area and improved calcium absorption 2?%. Prebiotics can boost gut microbial growth,
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benefiting the elderly and reducing bifidobacteria levels 22%23: potentially impacting bone
health. Including prebiotics in calcium-rich foods may lessen the incidence of osteoporosis in
the elderly. A study 2*! found that inulin-type fructans, particularly short-chain
fructtooligosaccharide, increased calcium uptake from calcium-enriched gluten-free bread
and stimulated intestinal bacteria (Lactobacillus, Enterococcus, and Enterobacteriaceae) to
produce organic acids (p < 0.05). 2*2 studied the calcium absorption of skimmed milk fortified
with fibre Blend-I (psyllium husk, oat fibre, MCC, inulin), Blend-II (psyllium Qoat bran,
wheat fibre, and inulin), and the control (cellulose). Calcium absorptior{ for fibre Blend-

I, Blend-II, and cellulose were 94.4 + 1.9%, 96.3 £+ 1.32%, an

.9%, respectively.

The study found no significant difference in calcium abso n‘across groups (p > 0.05),

suggesting that adding dietary fibres to dairy products @enhance their nutritious value.
Probiotics' influence on calcium absorption has be l@igated.
Probiotics increase mineral bioavailability by, ucing short-chain fatty acids, decreasing

N

by phytate, and reducing intestina]@nmation which influences calcium absorption 233234,

Q

According to Gilman and*® man 2%, Lactobacillus salivarius dramatically increased

parathyroid hormone (PTH) levels, prod@hytase to overcome mineral deficiency caused

calcium uptake in C@chll monolayers after 24 hours (p < 0.05). A study of
postmenopausa @found that consuming a probiotic with three strains (Lactobacillus
paracei 870@ Lactobacillus plantarum Heal 9, and Lactobacillus plantarum Heal 19)
reduce\d/ mineral density loss by 0.71% compared to a placebo (p < 0.05) [145]. Scholz-
Synbiotics, a combination of prebiotics and probiotics, have shown promising results.

As previously stated, the probiotic did not significantly influence bone mineralisation or gut
ecology 236 Prebiotic-fed rats had higher calcium absorption, lower pH in cecal and colonic
contents, and improved calcium balance (p < 0.01). However, synbiotics were found to have

a greater synergistic effect on bone mineralisation 237,
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2.4.4 Comprehensive Utilization of Eggshell Powder

The broad ranges of eggshell powder usage are described below.

1. Cement: The production of construction materials has a considerable er@mental
impact. As infrastructure development has accelerated, so has the de @o cement-
based materials. Cement is a commonly utilised substance n(;(me world. The

production of cement increased rapidly in the 2000s, rea 00 million tonnes in
the last decade. China has been responsible for mor@n 50% of cement output in
recent years 2%, The manufacturing and use éaent has contributed to 8% of
worldwide CO2 emissions 2*°, of which % s linked with clinker production and
40% is associated with fuel combusﬁ@

Large-scale infrastructure projects aré @Nay all over the world, and cement raw materials

are geologically abundant, thus a@&ine in cement usage is unlikely in the foreseeable future.

It is estimated that arou @kg of CO2 was emitted each kilogramme of cement produced

240, with more than&% of the CO2 emitted during the calcination process and fuel

.

combustion *#! @ermore, the usage of nonrenewable resources in cement production has

resulted i er environmental hazard. As a result, industry experts and researchers have

deviwvel solutions to address these escalating problems 24

According to the published literature, various investigations have been done to find alternate

materials for cement. Converting waste materials into cement replacement may reduce

cement use as well as the environmental problems created by open trash disposal 2* trash

materials are split into two categories: industrial byproducts and agricultural trash. The use of

industrial byproducts as a cement alternative has been extensively investigated. These
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investigations found that the addition of volcanic pozzolanas 2*, fly ash 24, granulated blast
furnace slag 2%, silica fume 2*/, metakaolin 2#¥, and limestone >*° improved the properties of
cementitious materials while lowering their cost. There has also been research on using
agricultural waste as a cement alternative. For example, rice husk ash 239 oyster shell ash 23!,
sugar cane bagasse ash 22, and sawdust ash 2°3 have all been utilised as partial replacements
for cement. Even though industrial byproducts shown better mechanical bghaviour,
employing agricultural wastes has advantages such as being widely available, able, low
density, biodegradable, energy-efficient, and environmentally beneﬁc'alﬁgy ells, or the
hard outer coating of an egg, are one type of agricultural wasz%’%ell compartments

account for approximately 10% of the egg weight 2>, Glo@e production is gradually

expanding, and it is predicted to generate more than 8 n tonnes of eggshell trash per

S

Although eggshells have a variety of ap\' s, including the preparation of calcium
phosphate ceramics, the raw material.f\ tigdiesel and as an adsorbent in the removal of ionic
contaminants and fertiliser 25, a@igcgvolume of eggshells are wasted and dumped on the
land. Eggshells contain calgé%cdrbonate, which is a primary chemical component necessary
to produce binder gel &ium Silicate Hydrate) in cementitious materials. As a result, in
powder form, i@.ﬁ:@

2. Su le Enivronment: In addition to the basic needs of food and shelter, the

ilised to substitute cement in construction materials.

\\/gfld's growing population necessitates a variety of resources for survival. As a result,
urbanisation has expanded, as has food demand, resulting in increased food waste
output. This challenge was exacerbated by the sluggish development of waste
management technologies. Food waste, as a store of nutrients, can be used to

manufacture a variety of value-added goods. Eggshells are one of the most common

53


https://en.wikipedia.org/wiki/File:Ananas_bracteatus,_Dole_Pineapple_Plantation,_Oahu,_Hawaii,_USA2.jpg
https://en.wikipedia.org/wiki/File:Ananas_01.JPG
https://en.wikipedia.org/wiki/File:CuruÃ¡_(cropped).JPG
https://en.wikipedia.org/wiki/File:Ananas_nanus_20060514-2.jpg

types of food waste, and the fact that they are a precious commodity adds to the
difficulty 2°¢
Egg consumption has increased in recent years, owing to increased affluence and dietary
acceptance. This trend is more visible in developing countries, where the populace accepts
eggs as a source of high-quality protein, influencing consumer purchase decisions. According
to the World Agriculture Supply and Demand Estimates study, egg consumption in the
United States alone is predicted to rise from approximately 7951.8 million dozﬁé 019 to
more than 8000 million dozen by 2020.
Per capita yearly egg consumption in the United States is estlmated pprox1mately 280

eggs in 2019, making it the highest egg consumption level ja.th recedmg ten years. The

United States Department of Agriculture (USDA) estimat@at consumption will reach 8917

million dozen by 2028 2%7. Japan, Paraguay, ﬁ@na have the highest yearly egg

consumption numbers, with individuals co 238,

20, 309, and 300 eggs, respectively
This spike in egg consumption ha.ls aé a commensurate boom in egg production
internationally. For example, in @nited States, egg production was recorded to be
approximately 9334 million @1 in 2019 and is predicted to reach over 9410 million dozen
in 2020. QQ

The similar sc a@rmected to play out globally, with egg output remaining stable or

slightly 1ncr@ng in the world's largest markets >>Egg production has increased by more
than@fgfer the last 30 years, with even greater success seen in Asia, where production
has quadrupled. In 2016, India had a 30-year high output yield of approximately 83 billion
eggs 2%, These huge quantities of eggs are used at both the residential and industrial levels to
create and process foods for nourishment. Higher egg production generates more eggshell
trash, which is typically discarded and disposed of in landfills. China led global eggshell

production in 2019 with 24.8 billion kilogrammes, and it is predicted to increase to more than
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35 million metric tonnes by 2020. Figure 1 depicts the world's major eggshell waste

generators ¢!

, whereas Table 1 depicts the top egg-producing countries and their estimated
eggshell waste. The Environmental Protection Agency has identified eggshell waste as the
15th main food industry pollution hazard. They are regarded a major cause of environmental
pollution when not properly disposed of in designated areas, posing health risks later due to
fungus growth on these eggshells 2% Furthermore, non-effective waste disposal becomes
crucial for the survival of not only humans, but also other eco-system contrj Qs such as

animals and plants. The vast majority of the waste eggshell produ&@sposed of in

landfills, which have already reached their limit. 0

Aside from that, many landfill operators avoid eggshells s@the protein-rich membrane
attracts rats and other vermin. Although eggshell is co ®ed a waste product of the food
industry, it should also be considered a highly s icated composite 20 With time, it is
becoming clear that without rapid and subs(@tion, the worst-case climate scenario will
become the norm rather than the excep@”" In this age of ever-increasing efforts to convert
waste to wealth, it is critical to%g?orm garbage into usable commodities for long-term
growth. To accomplish this&%ould aim to recycle, reuse, and channel waste goods while
also directing our resoute€s towards making high-value items. The efficiency of turning
waste eggshell CI:\\'

Though fg@d, unfertilised, and embryo eggs have been used since prehistoric times for
nutriﬁ&n, d treatment of a variety of diseases, it is important to remember that eggshells
were primarily used to generate new life and were not intended for human consumption. One
of the most significant tasks of eggshell is to provide a physical barrier that prevents
pathogens from infiltrating cells. Because of the many pores on its surface, the eggshell also

serves as a gas exchange medium 26
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3. Pharmaceuticals: CaCOsshell has been utilized in the treatment of calcium
insufficiency in people and animals 26267 An eggshell weighs six grammes and
contains around 0.22 g of calcium. The eggshell particles are utilized as anti-tartar
ingredient in toothpaste 6% Eggshell powder has been used to promote bone
mineralization and growth 26%-270

4. Food: Eggshells have recently been used to make calcium lactate, which is used as

leavening agent, nutrient supplement, firming agent, thickener, flavou ncer, and

stabilizer 271?72 They are also employed as calcium supplen}<to orange juice

production 273 @

5. Animal feed.
Eggshell contains proteins and minerals like calcium. shells are recommended as a
calcium addition in animal feed to meet livestoc 's@ calcium requirement 27* Research
has also shown that eggshell powder in ani plays an important function in providing
calcium supplies to chickens for egg layi > The Association of American Feed Control
Officials has decided to augment fe&&}ﬁh eggshell powder for livestock animals
6. Others: They are inﬁ@% into the soil as fertilizers to condition the soil 27?77 and
in the animal fe@try as feed supplement 2% 27 interestingly, in recent times the
CaC0s0 serves as a coat pigment in printing machines ?* in making paper
pulp#¥ while the in biodiesel production, it is used as a catalyst because of its low
\cj@rbln addition, they are included as precursor for calcium in the production of
calcium-based metal-organic frameworks 2®> And as a biofiller to increase its

sensitivity when combined with a conducting polymer. Naturally, as biofiller in

detecting ammonia gas leak in polyaniline matrix, egg shells are used ?*°.
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2.5 Calcium Requirements

Table2. 9 Calcium requirements by age and reproductive status and contribution of 1 g
of chicken eggshell as a percentage of the recommended intake (RI)

Human life stage Calcium RI (mg) Percentage of RI (%)

Infants and children

0—6 months 300 IA

Q
7—12 months 450 ( @Q
1-3 years 500 ,\V 76

N
4-6 years 550 S\) 69
7-9 years 700 N 54
LA
10-18 years 1,000 A 38
Adult—females 60
-
19 years—menopause \\@ 50
\
Post menopause B 800 47
S
Pregnant (last trimester) Q 800 47
.“t\‘
Lactating \ 750 50
N

N4
Note: 1 gramm@en eggshell meets the "WHO/FAO theoretical calcium allowance for
animal prggéntake 20-40 g" recommended intake (RI) (World Health Organisation, 2003).
Calcmtp/@or chicken eggshell was determined using the mean of three scientific papers

measuring content, which was around 378 mg (SD = 14.8) 2%
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Protein and sodium intakes influence calcium requirements, and in general, populations in
developing nations consume less sodium and animal protein than those in developed ones

285 Based on the estimated average calcium content of eggshells of 378 mg 2%6and the WHO
recommended intakes of calcium for adult females aged 17 to menopause consuming diets
with a low animal protein intake 2%, approximately half the eggshell from a 42g egg would

provide the WHO recommended intake of 750 mg. Furthermore, this would delive&ix times

the amount of calcium now found in Australian. QQ
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Table 2.10 Calcium intake recommendations required to

majority of women and children

ensure calcium adequacy for the

WHO/FAO Canada and United | Australiac WHO/FAO
(animal protein Statesb (developed
intake 20—40 g)a countries)d
2004 2010 2006 2004
Human life stage Recommended Recommended Recommended Recommended
intake (RI) dietary allowance dietary intake intake (RI)
(mg/day) (RDA) (mg/day) (RDI) (mg/day) (mg/day)
Infants and children ~N\
0—6 months 300 200 ¢ 210 f ,&00‘
7—12 months 450 260 ¢ 270 f P J)zh)o
1-3 years 500 700 500 ., 1500
4-5 years 550 1,000 700 4\ | 600
6 years 550 1,000 700 L ) 600
7-8 years 700 1,000 700 =" 700
9 years 700 1,300 N 700
10 years 1,000 1,300 ,m 1,300
11 years 1,000 1,300 “NLD00 1,300
12 years 1,000 1,300 O\ 1,300 1,300
13-14 years 1,000 1,300 NSO 1,300 1,300
15-18 years 1,000 1,300 11,300 1,300
Adult-females \\(\,b“
19 years—menopause | 750 1,000, \% 1,000 1,000
Postmenopause 800 1,200\ 1,300 1,300
70+ years 800 o ! 1,300 1,300
Pregnancy - INL,300 1,300 -
(<18 years) . Q)
Pregnancy 800 @“ 1,000 1,000 1,200
(>18 years) N
Lactating 750 1,000 1,000 1,000
Adult - males N
19-50 years 750 N\~ 7 1,000 1,000 1,000
51-65 years 507 1,000 1,000 1,000
66-70 years 0 1,000 1,000 1,300
1,200 1,300 1,300

70+ years . Q, 800
A

a. Theoretical calcium allowance. Values based on low calcium excretion. (WHO,
2003).

b. (Health Canada, 2010).

c. National Health and Medical Research Council (2006).

d. Based on statistics from Western Europe, America, and Canada (World Health
Organization, 2003).

e. Acceptable intake. f. Adequate intake
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There were five articles on eggshell preparation for human food, which featured a variety of
methods such as sterilisation, disinfection, and mechanical processing. Sterilisation is the
process of destroying or removing all microorganisms, whereas disinfection is the killing,
inhibiting, or removal of disease-causing germs 2% Eggshells were sterilised using laboratory
equipment such as an automatic steriliser autoclave 2% Chemical treatments such as sodium
hypochlorite (bleach) oxidise cellular components and kill vegetative bacteria and fungus,
although not all spores are destroyed °°. Temperatures above 100°C or saturat; Qam under
pressure are necessary to sterilise bacterial endospores 2°! Almost all, microprganisms die
within 30 minutes at 0.1-0.5% sodium hypochlorite conce t@n’\s 292 Disinfection
procedures use 1-2% sodium hypochlorite and/or boiling svatet\>*> A typical household
kitchen in SSA lacks the chemical agents and equipme §ed to sterilise eggshell; but,
equipment for disinfection, such as boiling, is like @)resen‘[ and was chosen as the most
practical method. Placing eggshell in boili er disinfects, but the time required for
removal varies depending on the. 0 XS‘l After disinfection, key components for
preparation included smashing egg@ into a powder form with finer grinding of powder
particles, which reduced thé ympact on overall meal texture 2**The majority of mechanical
processing preparation\ét ods employed commercial equipment (e.g., Retsch GmbH

MM2001, mix 'ns?ék), Ithough some used rolling pins, ovens, and other household objects

to mechanic@treat eggshell.

Past(N%’gianga, a nonprofit organisation that assists Brazil's undernourished communities,
teaches families how to make nutritious powder to help them satisfy their nutritional needs.
This powder has eggshell as one of its components. The original procedure for ensuring
eggshell safety for ingestion employs home methods, such as immersing the eggshell in a
bleach solution for 20 minutes before boiling it in water for 20 minutes. **examined the

approach with shorter boiling and bleaching times, as well as two different drying processes:
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sun drying for 2 hours and oven drying at 60°C for 1.5 hours. Both procedures offered
adequate protection, but the sun-dried sample had some microbial contamination 2°¢ also
examined two methods of preparation: 1% sodium hypochlorite solution for 5 minutes
followed by 10 minutes in boiling water, or boiling water for only 10 minutes. According to
the Brazilian microbiological standard, both treatments demonstrated excellent cleanliness,

with no Salmonella discovered in either sample 2°7 \

Based on these findings, we developed a preparation method that incorpor WHO's

"Five keys to safer food" (a program meant to prevent germs from causj@ S):
1. Wash your hands before handling eggshell. 0
2. Clean and sanitise all food preparation surfaces and e@wn‘[.
3. Wash the broken eggshell (contents removed/us d)ger water.
4. Roughly smash the eggshell, and take off t@shell membrane.

| | >
5. Boil eggshells for 10 minutes. @

6. Dry eggshell in a low oven orosb\Q%r on a clean tray.

7. Crush eggshell in a morta@sﬁ?estle until it has a powder consistency.

8. Store in an airtighg@er.

46 women of reim@/e age took part in the focused groups, which lasted 48 to 72 minutes.

The authors&

groups %d themes such as the ease of preparing and using ground eggshell, the

fter five focused groups since data saturation was evident 2°® All Focused

availability of eggshell and equipment, skills and human resources, and batch preparation
procedures. The majority of participants stated that they do not consume eggs on a regular
basis due to low poultry ownership, which is related with chicken deaths, low productivity of
laying poultry, eggs being kept for reproduction and money, and eggs being an expensive

food item to buy.
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Most participants discussed the need of selling chickens (and occasionally eggs) to generate
revenue; nonetheless, the majority expressed a wish to consume more eggs. The answer to the
question "What is currently done with eggshells?" was "They are disposed of," with only one
member putting the eggshell to her chicken feed. As a result, shells from any accessible egg
are available. All groups agreed that they had all of the necessary equipment for eggshell

preparation, including a clay pan, local stove, firewood, metal pan, plate, woo&&spoon,

water and a local grinder (kinu nan mchi). QQ

When discussing the eggshell preparation method, participants froQgﬁcused groups
agreed that they had ample time to test the idea within their schedule. Overall,
participants spend an average of 3 hours each day cooking There was disagreement as
to whether making a huge batch or one eggshell at a ti&&ld be more appropriate. Many

participants believed that preparing a batch wo simpler, allowing the work to be

O
completed less frequently. @

However, many people understood t@upply of eggs to make a huge batch was a major
issue. Others questioned ttle @d of crushing the eggshell with the local grinder,
preferring to mill the e @ongside the flour using a machine. All groups identified ugali
and mlenda as th.ei{\sgle foods. Ugali is a stiff porridge made from maize or sorghum and
boiled in w. ergaanda is formed from green leaves, usually cowpea leaves or young baobab.
In addit& ¢ concept of adding powders to food is well known. Powdered spices were

comn}n{y mentioned, yet the majority of people connected spices with flavouring food.

Adding nutritional supplements to food was a novel notion, with no participants having
previously used them.Eggshells are widely seen as a waste product, and almost all
participants dispose of them. When the idea of eating eggshell was presented to each group,

there was a surprising reaction, with individuals giggling or chatting discreetly.
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Some described the concept as "like what chickens do," implying that they had never related
eggshell with human nutrition or considered it a human food. Nonetheless, after the notion
was described and accepted by participants, the idea of consuming something that would
typically be tossed seemed reasonable. In general, participants had little idea of why eggshell
would be beneficial to their health, and they knew nothing about calcium beforehand. Some
individuals declined to remark on potential health benefits until they had taste&ground
eggshell. Q
This implies that participants associate nutrition and health with taste ul&czjve sensations
of health, and if something is considered common practice. When_a ’gho in their family
would benefit the most, no one named pregnant women @eedmg. Children were
frequently mentioned, with the logic being that they requi@ot of nourishment to grow.
The three most common concerns concerning e s@lgestion stated during the focused
groups were the flavour of the crush ell, the possibility of overdose, and
gastrointestinal issues. Responses to. th \ghell experiment were divided, although most
participants thought it was a fante%é}a, very beneficial, and would like to try it.
Q
Qﬁ\
Q)
C
O
O
\/QJ
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Chapter Three
Materials and Methods

3.1 Procurement of raw Materials

Fresh fruits viz., watermelons (Citrullus lanatus), pineapples (Ananas comosus) banana
(Musa genus) and tigernut (Cyperus esculentus) used in production of tigernut milk were
procured from Oje Market Ibadan, Oyo state while egg shell was collected from &oultry

farm and the egg shell powder was produced in Human nutrition and dietetics @n in Lead

City university Ibadan, Oyo State. ’\(/

3.1.1 Preparation and Processing %
The fruit samples collected were fresh and mature, wi sect bites or organoleptic
degradation. Fruits were thoroughly washed under ta ter to eliminate visible dirt. Tiger

nut milk was produced by washing the tiger nggé:gding and extraction of the milk from
the paste, by pressing the liquid through ah@e cloth. The Fruits were peeled and cut into

smaller pieces and processed indivi@ smoothies before the combining of each. This

preparation and processing s@as carried out as indicated at Human Nutrition and

dietetics kitchen, Lead @E\rersity Ibadan, Oyo state.

Egg shell powdiS@ oduced from chicken egg shells which was washed and spread on a
baking sheetaBaked at 180°C for 20 minutes to dry them out and grinded into fine powder

with_th. r&f a coffee or spice grinder.
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3.1.2 Production of Watermelon Smoothie
Fresh watermelon smoothie was produced by washing in distilled water, cutting of flesh from

rind and deseeding, cutting into smaller sizes and blend in a food processor.

A D
Fresh watermelons Cooling

J J

e N e A
Washing Grinding in food
processor
\ J \- J
s N s N
Cutting flesh from rind Cutting into smaller
and deseeding sizes

\. \. J

J
Figure 3.1: Flow chart for the pro@of watermelon smoothie

Source: ! \
R\
S

Q&\
d&
\,‘?3}6
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3.1.3 Production of Pineapple Smoothie
Fresh pineapple smoothie was produced by washing in distilled water, peeling, cutting into

smaller sizes and blend in a food processor.

Fresh pineapples Cooling
Wiashing Grinding in food
processor

Cutting into smaller

Peeling .
sizes

Q&
Figure 3.2: Flow chart @production of pineapple smoothie
Source: 2

x@@
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3.1.4 Production of Banana Smoothie
Fresh bananas smoothie was produced by washing in distilled water, peeling, cutting into

smaller sizes and blend in a food processor.

Fresh bananas Cooling
Washing Grinding in food
processor
Peeling Cutting into smaller

sizes

v
Figure 3.3: Flow chart for the prodns&of banana smoothie

P
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3.1.5 Production of Tigernut and Egg Shell Powders

Filtration with cheese -

Fresh Tigernuts Dilution with water
cloth

Sorting and washing Extraction Homogenizing

Draining and rinse Grinding and milling Tigernut milk

\V
Figure 3.4: Flow chart for the produb(& of tiger nut milk

&
&
i
\/@5
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Cooling and
Fresh egg shells S
Sorting, washing and Grinding in dry
draining miller

Boiling for 10
minutes

=
- Oven dry for 180c

for 20 minutes

Store in cool dry
place

Figure 3.5: Flow chart for the production of eggshell pow@ :

Source: ?
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Table 3.1 Proportions (%/100%) of ingredients in the tested formulations for
Watermelon, Pineapple, Banana, Tiger nut milk and eggshell powder (Formulation A)

Table 3.1 shows the smoothies' mixing ratios. The smoothie sample 1 was created by
blending 25%, 25%, 25%, 20%, and 5%. Watermelon, pineapple, and banana with tiger nut
milk and eggshell powder. Sample 2 has the following ratio: 25%: 25%: 25%: 15%: 10%.
Watermelon, pineapple, and banana with tiger nut milk and eggshell powder. Sample 3
included 25%: 25%: 25%: 10%: 15%. Watermelon, pineapple, and banana with Q nut milk
and eggshell powder. Sample 4 had 25%: 25%: 5%: 20%. Watermelon, pineapple, banana,

tiger nut milk, and eggshell powder 6\

o\
Samples Watermelon Pineapple Banana @u’nut Eggshell
(%) (%) (%) 1k (%) Powder (%)
AN
1 25 25 25 (Y 20 5

O
2 25 25 @ 15 10
D

3 25 25 é(,}
4 25 Q\ 25 5 20
O

A

25 10 15

3
x@b
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Table 3.2 Proportions (%/100%) of ingredients in the tested formulations for
Watermelon, Pineapple, Banana, Tiger nut milk, animal milk and eggshell powder
(Formulation B/ control)

Table 3.2, which functioned as the control, included identical proportions (25%: 25%: 25%:

25%). Watermelon: Pineapple: Banana with 25% Animal milk. An equal amount of{he three

fruits was chosen to assess the preferred combination of these fruits. QQ
Sample Watermelon  Pineapple Tiger nut E@ 1 Animal
P (%) (%) Banana  Milk (%) r (%) milk (%)
(%)
N
5 25 25 25 0 0 25
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3.2 Methods
3.2.1 Phytochemical Analysis

In brief, approximately 0.25g of edible pieces from each sample were combined with 50 mL
of solvent (water or 100% ethyl acetate) and standardised in a shaker (125 rpm) at 30°C for
one hour. The extracts were vacuum filtered through JP41 filter paper to remove sidual
parts, and the residues were extracted again with 50 mL of the same sc(/@nd filtered
under the same circumstances. The extracts were combined and co ﬁqted under vacuum
at 40°C, then stored at 70°C. The extractions were done in triplic@e entire procedure was
done in the dark and the extracts of the smoothie were evaluated for their

phytochemical contents according to the standard procs@ of 6789

3.2.2 Mineral b

The samples were ashed in the furnacei\!Q' ere digested according to AOAC, 2016 methods.
Zinc, Sodium, Iron, Copper, Cal@i@hosphoms, Iron, Magnesium and Potassium contents

were determined using @e- Atomic Absorption Spectrophotometry (Shimadzu AA-

7000 series)®.
Q

3.2.3 Vita& ermination

The s@ws (vitamin C, vitamin B6, vitamin B9, vitamin D, vitamin C and vitamin E) were

analyzed according to the procedures of AOAC, 2016 methods °.
3.2.4 Sensory Analysis

The smoothies' organoleptic properties were assessed using a 9-point hedonic scale 7. The test

was employed to describe the intensity of smoothie samples; those who conducted sensory
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evaluation on the samples were students of the Human Nutrition Dietetics Department, Lead
City University Ibadan, Oyo State. 15 trained sensory panelists evaluated the prepared instant
blended smoothies for taste, appearance, texture, aroma, and overall acceptability. The scale
typically ranges from "dislike extremely" to "like extremely" Table water was presented to
the panelists to rinse their mouth in-between sample testing.

3.2.5 Method of Data Analysis \

The collected data were statistically analysed using IBM-SPSS version 23@@&& was

presented using descriptive statistics such as means and standard devia%
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Chapter Four
Results

4.1. Micronutrient composition

The nutrient content of the samples of smoothies, for vitamin content, Sample 1 has the
second highest amount of Vitamin B9, highest amount of Vitamin C, and the overall highest
vitamin content. Sample 2 has the second highest amount of Vitamin C, &Verall
second highest vitamin content. Sample 4 has the second highest amount of Vifdmin B6, and
the highest amounts of Vitamins D and E. Sample 5 has the highest @1 s of Vitamins B6,
2B9, and E, and the second highest amount of Vitamin D.

In terms of mineral content, Sample 3 has the highest am Qotassium. Sample 4 has the
second highest amounts of calcium, phosphorus, n§ iwm, sodium, copper, zinc, and iron,

and the overall second highest mineral conte{gé e 5 has the highest amount of all the

minerals measured, and the overall hig@eral content.

N
¢
x@b

107


https://en.wikipedia.org/wiki/File:Ananas_bracteatus,_Dole_Pineapple_Plantation,_Oahu,_Hawaii,_USA2.jpg
https://en.wikipedia.org/wiki/File:Ananas_01.JPG
https://en.wikipedia.org/wiki/File:CuruÃ¡_(cropped).JPG
https://en.wikipedia.org/wiki/File:Ananas_nanus_20060514-2.jpg

Table 4.1 Nutrient Contents of Smoothies by Samples

a

SN | Parameter ( £SD) Q
Sample 1 | Sample 2 | Sample 3 | (\\ Sample 4 | Sample 5
Vitamin Content ( N\J
1 [ Vitamin B6 0.43 £0.01 0.49 + 0.01 0.58+0.03¢ ™~ **0.63 +0.01 (.83 +0.01
2 | Vitamin B9 #%0.52 + 0.01 0.47 +0.02 0.48 + 0.44 + 0.02 *0.60 + 0.03
3 | Vitamin D 0.04 + 0.00 0.05 + 0.00 0.05,4'0, *0.06 = 0.00 #%0.06 + 0.01
4 | Vitamin C *14.88 +0.15 #%12.97 +0.03 10,57 0. 8.73 + 1.07 8.37+0.19
5 | Vitamin E 0.13 +0.00 0.13 = 0.00 .13\ 0.00 *().15 + 0.00 *().15 + 0.00
Average 3,20 + 0.04 %2 .82 + (.01 < 2.36+0.10 2.00 +0.22 2.00 + 0.05
Mineral Content ~ v
1 | Potassium 592.38 + 0.00 573.74 £ 8.07 | A %5615.67 + 8.07 592.38 + 0.00 *750.79 + 16.14
2 | Calcium 610.76 + 0.00 658.23 + 0.00 QU’ 1602.32 + 0.00 *#%1739.45 + 0.00 *2135.02 + 0.00
3 | Phosphorus 190.86 + 0.00 205.70 + 0. 500.73 = 0.00 %543 58 + (.00 *667.19 + 0.00
4 | Magnesium 128.31 + 0.00 138.28 +Q, 336.62 + 0.00 *%365.43 + 0.00 *448.53 + 0.00
5 | Sodium 24430 + 0.00 263.29.% 0.00 640.93 + 0.00 #%695.78 + 0.00 #854.01 + 0.00
6 | Copper 0.09 + 0.00 0:0.£9.00 0.25 + 0.00 *#%0.27 + 0.00 *(.33 + 0.00
7 | Zinc 0.29 + 0.00 931 +0.00 0.76 + 0.00 #%() .82 + 0.00 *1.01 = 0.00
8 | Iron 0.68=0.00 | ((2,9.73+0.00 1.78 £ 0.00 #%1.94 + 0.00 *2.38 £ 0.00
Average 220.96 + 0.00 (@ 230.05 + 1.01 462.38 + 1.01 %%492.46 + 0.00 “607.41 + 2.02
<\
| | N\) - | | |

Key: = mean, SD = standard deviation, *,
Source: Laboratory Test (2023

\g:b
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4.2 Phytochemicals composition

Sample 3 has second highest amount of flavonoid. Sample 4 has the second highest amount of total phenol@&l carotenoid, tannin, saponin,
and terpenoid, and the second highest phytochemical content. Sample 5 has the highest amount of all@'\ochemicals

S

Table 4.2 Phytochemicals comoposition by samples

(C +SD) QK) )
D
SN Parameter Sample 1 Sample 2 ample 3 Sample 4
® Sample 5
D
&
Phytochemical Content R \Q)\
1 | Phenolic 0.41£0.01 | NN 0.42£0.05 0.42 + 0.00 #%().45 + (.00 (.57 +0.01
2 | Flavonoid 5.04+ 0,00\  520+0.01 #%5 25 +0.05 5.19+0.09 625+ 0.11
3 | Carotenoid 0.14 + 0.00. 0.15+0.02 0.08 £ 0.01 #%0.17 £ 0.00 *0.37 £ 0.01
4 | Tannin 0.13%0 0.13 +0.00 0.59 + 0.01 (.62 + 0.00 *0.71 + 0.05
6 | Saponin 0.02:0.00 0.05 + 0.00 0.08 + 0.00 #%0.11 + 0.00 *0.16 £ 0.01
7 | Terpenoid N, 07+ 0.03 0.54 £ 0.00 1.15 £ 0.00 #%1.74 4 0.01 #1.91 £0.01
Average ()01 £0.01 1.03 £ 0.01 1.21 +0.01 #%1.44 + (.02 #1.61 + 0.03

v
.

Key: = mean, SD = standard de

, * = highest value, ** = second highest value
Source: Laboratory Test \/
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4.3 Sensory Properties and General Acceptability of Smoothies

Sample 1 has the second highest evaluation for all sensory indices, and the overall second highest sensor@Nation. Sample 4 has the second

highest evaluation for texture alongside Sample 1. Sample 5 has the highest evaluation for all sens@ry

evaluation. In terms of acceptability, Sample 5 was most acceptable by the panelists, with Sa

Table 4.3 Sensory Properties and General Acceptability of Smoothies by Samples.\

ces, and the overall highest sensory

Loming next.
S

SN Parameter

\J =SD)

Sample 1 Sample Zb‘féQ‘ Sample 3 Sample 4 Sample 5

Sensory Evaluation rb
1 Appearance **8.33 £0.58 7.33&93 7.67 +0.58 7.33+0.58 *9.00 £ 0.00
2 Taste **8.67 +£0.58 ' 1.15 6.67 +£0.58 7.00 £2.00 *9.00 +0.00
3 Texture **7.67 £ 0.58 \(’)7 00+ 0.00 6.33£1.15 **7.67+0.58 *9.00 +0.00
4 Aroma **8.00+0 A 8.00 +1.00 6.33+1.15 8.00 + 1.00 *9.00 +0.00
Average **8. 17\@% 7.50 £ 0.92 6.75 £ 0.87 7.50 +1.04 *9.00 + 0.00
GeneralAcceptability 8.00 £ 1.00 8.00 £ 1.00 *%8.00 +0.00 *9.00 +0.00

K s@l\i 0.58

Key: = mean, SD = standard deviati v‘tghest value, ** = second highest value

Source: Laboratory Test (2023)

\/Q/’Z}
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4.4 Discussions

The study compared the nutritional composition of smoothies made from watermelon, banana,
pineapple, tiger nut milk, eggshell powder. The study achieved the following specific
objectives produce smoothie from watermelon, pineapple, banana, tiger nut milk and egg
shell powder; evaluate the micronutrients present in smoothie produced from watermelon,
pineapple, banana, tiger nut milk and egg shell powder; evaluate the phytoch s present
in smoothie produced from watermelon, pineapple, banana, tiger nut, milk and egg shell
powder; conduct the sensory properties and general acceptability 0®\Sn00thie produced

from watermelon, pineapple, banana, tiger nut milk and egg s@ier.

The findings show that the second and third objective @wQat smoothie made from 25% of
Watermelon, pineapple, banana with 25% tiger nu and 5% egg shell powder (Sample 1)
has the second highest amount of Vitamin i@ghest amount of Vitamin C, and the overall
highest vitamin content. Smoothie rﬁ% m 25% of watermelon, pineapple, banana with
15% tiger nut milk and 100/(: e @H powder (Sample 2) has the second highest amount of
Vitamin C, and the ov a@cond highest vitamin content. Smoothie made from 25%
watermelon, pineag{%ma with 10% tiger nut milk and 20% eggshell powder (Sample 4)
has the second highgst amount of Vitamin B6, and the highest amounts of Vitamins D and E.
Smoothie from 25% watermelon, pineapple, banana with 25% animal milk (Sample 5)
has Mlghest amounts of Vitamins B6, B9, and E, and the second highest amount of

Vitamin D.

This may imply that Sample 4 smoothie with the highest % of eggshell powder has the

highest amount of Vitamin D which is vital in bone formation according to ! Adequate
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calcium and vitamin D levels, either through food or calcium supplementation, are necessary

for the prevention of hip fractures and osteoporosis.

Consumption of extra vitamin D does not reduce the risk of having bone fracture, this
however does not suggest that individuals with vitamin D pills should discard them especially
if recommended by their physicians especially in cases of mal-absorption or other bone
related issues. It is important to note however that screening for levels of vitami in the

blood should be reduced substantially as it often does not benefit majority pulation,

rather it increases the cost of health care 2. /\

In terms of mineral content, smoothie made from 25% watermelen, pineapple, and banana

with 10% tiger nut milk and 15% eggshell powder (S has the highest amount of

Potassium. Smoothie made from 25% watermel n,a capple, banana with 10% tiger nut

milk and 20% eggshell powder (Sample 4) P% e second highest amounts of calcium,

phosphorus, magnesium, sodium, coppe \Z\MQC, and iron, and the overall second highest
M

° 5\’
mineral content. Smoothie made fr@

milk (Sample 5) has the high&&%unt of all the minerals measured, and the overall highest

atermelon, pineapple, banana with 25% animal

mineral content. Sarnp}@ the second highest amount of minerals which as the result of
high amount of powder (20%) present in the sample, the findings showed that the
calcium carl@t shell is being utilized in the treatment of calcium insufficiency in people
and ani%’le single eggshell weighs six grams and contains about 2.2g of calcium, while

eggsm)owder has been used to promote bone mineralization and growth 3.

Contrary to what was documented in an earlier report 4, higher values were obtained for
mineral composition of smoothies produced from this study. Sample 3 (615.67 + 8.07;
1602.32 + 0.00) and sample 4 (592.38 + 0.00; 1739.45 + 0.00) had higher potassium and

calcium, respectively. The values for potassium in this study were higher than 34.63+0.01
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mg/100 g reported in a previous study °.This variation in the composition of minerals might
be associated with the different methods applied by the researchers as well as the conditions

under which the fruits were cultivated and or of storage.

In the same vein, Smoothie made from 25% watermelon, pineapple, and banana with 10%
tiger nut milk and 15% eggshell powder (Sample 3) has second highest amount of flavonoid.
Smoothie made from 25% watermelon, pineapple, and banana with 10% tigern ilk and
20% eggshell powder (Sample 4) the second highest amount of tot @1 lic, total
carotenoid, tannin, saponin, and terpenoid, and the second highesté?ge/mical content.
Smoothie made from 25% watermelon, pineapple, banana with % al milk (Sample 5)

has the highest amount of all the phytochemicals measured.

This can be explained in the light of Sample 3 @ has second highest amount of
phytochemicals with sample 5 with the hi@ phytochemicals. Phytochemicals are
recognized to exert some health benefit }Myphenolic compounds such as flavonols and

phenols for example are bioactive @ls present in foods with anti-diabetic, -hypertensive

and —inflammatory attributes. @

These phytochemica%itjgnts have several kinds of therapeutic attributes ¢ and may exhibit
a

health protecti(e %

antioxidan@tecting the cells of the body against damaging effect of free radicals (eg.

ilities through multiple means. One of these ways include as

caro%& and polyphenols) 7, anti-bactericidal activities, anti-malarial (eg. alkaloids), anti-

viral and anti-tumoral (tannins) attributes® ®

Values obtained for total polyphenol content in this study were far lower than 77.7mg and
68.3mg GAE/g reported !° during the methanolic extract of the bark and leaf of G. velutinus,

respectively. Perhaps, this could be due to the fact that the contents of polyphenols in the bark
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and leaf of plants are more concentrated compared to fruits used in this study. The occurrence

of these chemicals in the smoothies suggest that they possess nutraceutical properties !

Findings in answer to the second objectives shows that Smoothie made from 25% of
Watermelon, pineapple, banana with 25% tiger nut milk and 5% egg shell powder (Sample 1)
has the second highest evaluation for all sensory indices, and the overall second highest
sensory evaluation. Smoothie made 25% watermelon, pineapple, banana with 10%-tiger nut
milk and 20% eggshell powder from (Sample 4) has the second highest eva r texture
alongside the smoothie made from25% of Watermelon, pineapple, ban&vl 25% tiger nut
milk and 5% egg shell powder (Sample 1). Smoothie made from termelon, pineapple,
banana with 25% animal milk (Sample 5) has the highest e@tion for all sensory indices,
and the overall highest sensory evaluation. In terms %&ptability, Smoothie made from
25% watermelon, pineapple, banana with 25% an@{gqilk (Sample 5) was most acceptable

by the panelists, with the smoothie made fr@ Yo watermelon, pineapple, banana with 10%

tiger nut milk and 20% eggshell powd@y (Sample 4) coming next.

These findings agree with ﬂl@% 12 which explained that the aim of conducting sensory
evaluation is to measu%%rception of consumers with respect to a product coupled with
the behavioral, ?&%s)nate, and emotive reactions emanating from such perception.
Smoothies @géd were perceived as having moderate to high acceptability by the
consum ith respect to all qualities monitored. Colour, flavor, texture and overall
acceptability of these samples were not significantly different though the smoothies from the
different samples have similar taste score, smoothie from sample 1 was tastier than the other
smoothies evaluated. These suggest that having a uniform blend of fruits in a smoothie may
yield an acceptable smoothie rather than trying to project the taste of an individual fruit over

others. Therefore, trying to project the taste of tiger nut or eggshell powder than the other
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fruits did not produce the envisaged outcome. It was reported in an earlier study that the
calcium content of chocolate and wheat bread was improved with the use of powdered egg
shell. The authors concluded that appearance and general acceptability was enhanced though
aroma and taste were not influenced'’.Result obtained in this study contradicts earlier

research where smoothies sample 5 flavor were rated higher than other alternatives '4
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Conclusion

5.1 Summary of findings

This study has provided a reference point for the nutritional profile and sensory attributes of
watermelon, pineapple, banana, plant-based milk and eggshell powder based smoothies. The
result demonstrated that the smoothie sample 4 contained high calcium, phosphorus,
magnesium, sodium, copper, zinc, and iron, vitamin B6, vitamin D and V@ E an

appreciable amount of vitamin B9 the second highest amount of tot@olic, total

carotenoid, tannin, saponin, and terpenoid, 6\

Sensory evaluation showed that the smoothies were well acc@he panelists, indicating
that they can be used to diversify diets. Consuming smoo@nade with plant-based milk and
eggshell powder can enhance the consumption %@ier and nutrition-rich drinks, thus

aiding to ameliorate the growing incide@deﬁciency of calcium and its resultant

consequences on the populace. . ,&

5.2 Conclusion Q

This study has provide@Q\rence point for the nutritional profile and sensory attributes of
watermelon, pi ybanana, plant-based milk and eggshell powder based smoothies. The
result demo&a d that the smoothie sample 4 contained high calcium, phosphorus,
maglﬁl@sodium, copper, zinc, and iron, vitamin B6, vitamin D and vitamin E an
appreciable amount of vitamin B9 with highest amount of anthocyanin, the second highest

amount of total phenolic, total carotenoid, tannin, saponin, and terpenoid,

Sensory evaluation showed that the smoothies were well accepted by the panelists, indicating
that they can be used to diversify diets. Because potential pathogens can be removed from

eggshells, we believe that eggshell use as a calcium supplement is safe and may help to
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alleviate calcium deficiencies in low income communities, consuming smoothie made with

plant-based milk and eggshell powder can enhance the consumption of healthier and

nutrition-rich drinks, thus aiding to ameliorate the growing incidence in deficiency of calcium

and its resultant consequences on the populace.

5.3 Recommendation

5.4 Contribution to Knowledge \(j

1.

Promoting smoothies as a healthy alternative to commercial beverages *mal as
their popularity grows. (/Q
Smoothies with fruits, plant-based milk, and eggshell p@fg\can help prevent
calcium deficiencies and associated expenditures. $

Industries can get large quantity of eggshell wast ultries, process it and make
it available in capsules and other ready made ?@ns.

Eggshell powder easy and safe processi ods in low income countries should be

addressed in community advocaci \:
N

Promoting the use oultry waste, chicken eggshell doesn’t only increase the
knowledge of $ about the alternative ways to increase their calcium intake

The use< of gs ell powder as a functional in the food industry, such as snacks for

chi can be incorporated without change texture is achievable at a regulated

\&:en‘[age

3. This higher production of egg generates a greater quantity of eggshell waste, which is

normally discarded as garbage and ends up in landfills. Without going through proper
treatment, this solid waste possesses significant environmental pollution due to its
availability and chemical composition, with the study the important roles eggshell can

play in our environment when fully utilized is highlighted
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5.4 Suggested Area for Further Research

1. The use of eggshell as a means of promoting sustainable solution in our everyday life
in African should be investigated further
2. Further applied study is needed to evaluate women of reproductive age's capacity to

use eggshell and find any safety concerns.

Appendix A

Data Analysis Output

120


https://en.wikipedia.org/wiki/File:Ananas_bracteatus,_Dole_Pineapple_Plantation,_Oahu,_Hawaii,_USA2.jpg
https://en.wikipedia.org/wiki/File:Ananas_01.JPG
https://en.wikipedia.org/wiki/File:CuruÃ¡_(cropped).JPG
https://en.wikipedia.org/wiki/File:Ananas_nanus_20060514-2.jpg

DESCRIPTIVES

N | Mean Std. Std. 95% Mini | Maxi
Deviati | Error Confidence mum | mum
on Interval for
Mean
Lower | Upper
Bound | Bound

VITAMIN B6 1.

0 3 4333 .01155| .00667 .4046 4620 42 44
0
2.

0 3 49331 .00577| .00333 4790 5077 49 .50
0
3.

0 3 5833 | .02887| .01667 .S116 .6550 .55 .60
0
4.

0 3 .6300| .01000| .00577 .6052 .6548 .62 .64
0
5.

0 3 .8300| .01000| .00577 .8052 8548 .82 .84
0
T

ot| 15 5940| 14181 .03662 5155 6725 42 .84
al
VITAMIN B9 1.

0 3 52331 .00577| .00333 .5090 5377 52 53
0
2.

0 3 4733 .02309| .01333 4160 5307 46 .50
0
3.

0 3 4800| .02646| .01528 4143 5457 45 .50
0
4.

0 3 4433 .02082| .01202 3916 4950 42 .46
0
5.

0 3 5967 02517 .01453 5342 .6592 57 .62
0
T

ot| 15 5033 .05802| .01498 4712 .5355 42 .62
al
VITAMIN D 1.

0 3 .0433| .00577| .00333 .0290 0577 .04 .05
0
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2.
0 3 .0500| .00000| .00000| .0500( .0500 .05 .05
0
3.
0 3 .0533| .00577| .00333 .0390| .0677 .05 .06
0
4.
0 3 .0567| .00577| .00333 .0423 0710 .05 .06
0
5.
0 3 .0567| .00577| .00333 .0423 0710 .05 .06
0
T
ot| 15 0520 .00676| .00175 .0483 .0557 .04 .06
al

VITAMIN C 1.
0 3|114.8833| .15275| .08819|14.5039(15.2628| 14.75| 15.05
0
2.
0 3112.9667| .02887| .01667|12.8950(13.0384| 12.95| 13.00
0
3.
0 3110.5667| .41932| .24210| 9.5250(11.6083| 10.30| 11.05
0
4.
0 3| 8.7333(1.06927| .61734| 6.0771|11.3895 7.80 9.90
0
5.
0 3| 8.3667| .18930| .10929| 7.8964| 8.8369 8.15 8.50
0
T
ot | 15]11.1033|2.62165| .67691| 9.6515|12.5552 7.80| 15.05
al

VITAMIN _E 1.
0 3 .1300( .00000( .00000| .1300( .1300 13 .13
0
2.
0 3 .1300( .00000( .00000| .1300( .1300 13 13
0
3.
0 3 .1300( .00000( .00000| .1300( .1300 13 .13
0
4.
0 3 14331 .00577| .00333 1290 1577 .14 .15
0
5.
0 3 15331 .00577| .00333 1390 1677 15 .16
0
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T
ot| 15| .1373| .01033| .00267| .1316| 1431 13| .16
al

POTASSIUM L.
0| 3| 59238 000 000 592.38| 59238 592| 592
0
2.
0| 3| 573.74] 8.071| 4.660| 553.69| 593.79| 64| 578
0
3.
0| 3| 615.67| 8.071| 4.660| 595.62| 635.72] 606 620
0
4.
0| 3| 59238 000 000 592.38| 59238 592| 592
0
5.
0| 3| 75079| 16.143] 9.320| 710.69| 790.89| 732 760
0
T
ot | 15| 624.99| 66.965| 17.200| 587.91| 662.08| s64| 760
al

CALCIUM 1.

o | 3/610-7601 56000| 00000 |610-760{610-7601 1\ 6 et 610,76
0 0 0 0
2.
o | 3/982300 50000| 00000 |038-230{658-2301 (o6 13l 65823
0 0 0 0
3.

1602.32 1602.32| 1602.32 | 1602.3| 1602.3
8 3 o2l .00000| 00000 o o ; ;
4
: 1739.45 1739.45 | 1739.45| 1739.4| 1739.4
8 3 221 .00000| 00000 " " . .
5.

2135.02 2135.02|2135.02 | 2135.0| 2135.0
8 3 0ol .00000| 00000 o o X X
T

1349.15| 630.749 | 162.858 |999.858 | 1698.45 2135.0
th 15 60 7 88 4 3601076 2

PHOSPHORUS | 1.

o | 3/190-8601 56000| 00000 | 120-860{ 190860166 6l 190,86
: 0 0 0

2.

0 | 3[295790 50000| .00000|292-700]205.7001 505 26| 205.70
: 0 0 0

3.

0l 3 500'738 100000| 00000 500'738 500'738 500.73| 500.73
0
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2.
0 3 .1000| .00000| .00000| .1000( .1000 .10 .10
0
3.
0 3 .2500( .00000( .00000| .2500( .2500 25 25
0
4.
0 3 .2700( .00000| .00000| .2700( .2700 27 27
0
5.
0 3 .3300( .00000( .00000| .3300( .3300 33 33
0
T
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0 3 .2900| .00000( .00000| .2900( .2900 .29 .29
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0
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0
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0
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T
ot | 15| 1.5020| .70382| .18173| 1.1122| 1.8918 .68 2.38
al

TOTAL PHENOL |1.

IC 0 3 4100] .01000| .00577| .3852| .4348 40 42
0
2.
0 3 4200( .04359| .02517 3117 5283 37 45
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3.
0 3 4200( .00000( .00000| .4200( .4200 42 42
0
4.
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0
2.
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0 3 6.25 114 .066 5.97 6.54 6 6
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0
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0 3 7.67 577 333 6.23 9.10 7 8
0
2.
0 3 7.00 .000 .000 7.00 7.00 7 7
0
3.
0 3 6.33 1.155 667 3.46 9.20 5 7
0
4.
0 3 7.67 577 333 6.23 9.10 7 8
0
5.
0 2 9.00 .000 .000 9.00 9.00 9 9
0
T
ot | 14 7.43 1.016 272 6.84 8.02 5 9
al

Aroma 1.
0 3| 8.0000| .00000( .00000| 8.0000| 8.0000 &.00 8.00
0
2.
0 3| 8.0000(1.00000| .57735| 5.5159(10.4841 7.00 9.00
0
3.
0 3| 6.3333[1.15470| .66667| 3.4649| 9.2018 5.00 7.00
0
4.
0 3| 8.0000(1.00000| .57735| 5.5159(10.4841 7.00 9.00
0
5.
0 21 9.0000| .00000| .00000| 9.0000| 9.0000 9.00 9.00
0
T
ot| 14| 7.7857|1.12171| .29979| 7.1381| 8.4334 5.00 9.00
al

Accept 1.
0 3| 7.6667| .57735| .33333| 6.2324| 9.1009 7.00 8.00
0
2.
0 3| 8.0000(1.00000| .57735| 5.5159(10.4841 7.00 9.00
0
3.
0 3| 8.0000(1.00000| .57735| 5.5159(10.4841 7.00 9.00
0
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.
0 | 3| 80000 .00000] .00000| 8.0000| 8.0000/ 8.00| .00
0
5.
0 | 2| 9.0000] 00000 .00000| 9.0000| 9.0000] 9.00] 9.00
0
T
ot | 14| 8.0714| 73005| .19511| 7.6499| 8.4929| 7.00| 9.00
al
ALL VITAMINS | 1.
0 | 3| 32033 03512] 02028 3.1161| 3.2906| 3.17| 3.24
0
2.
0 | 3| 2.8233| .01155| .00667| 2.7946| 2.8520 2.81| 2.83
0
3.
0 | 3| 23633 07506| .04333| 2.1769| 2.5498| 2.32| 245
0
4.
0 | 3| 2.0000] 21284| .12288| 1.4713| 2.5287| 1.81| 2.23
0
5.
0 | 3| 2.0000] 04359| .02517| 1.8917| 2.1083| 1.95| 2.03
0
T
ot| 15| 2.4780| 49676| .12826| 2.2029| 2.7531| 1.81] 3.24
al
ALL MNERALS | 1.
0 | 3[2299001 50000| .00000|220-960|220-9601 14 96| 220.96
: 0 0 0
2.
0 | 3/230-0%1 01036| 58333|227-236{232:556 556 ¢s 230.63
0 7 8 5
3.
0l 3 462'388 1.00459| 58000 459'88‘5‘ 464'872 461.22| 462.96
0
.
0 | 3/492400 50000| 00000 |92400{492:4601 465 46| 492.46
0 0 0 0
5.
0l 3 607'403 2.01495| 1.16333 602'40; 612““? 605.08| 608.57
0
T
T 5 |402.650| 157.910(40.7721315.203 | 490.098 | o o | oo <
o 7 03 9 0 3
ALL L.
PHYTOCHEMIC |0 | 3| 1.01| .006| .003] 99| 1.02 1 1
ALS 0
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2.
0 3 1.03 .012 .007 1.00 1.06 1 1
0
3.
0 3 1.21 .015 .009 1.17 1.24 1 1
0
4.
0 3 1.44 .012 .007 1.41 1.47 1 1
0
5.
0 3 1.61 .010 .006 1.59 1.63 2 2
0
T
ot| 15 1.26 242 .062 1.12 1.39 1 2
al

SENSORY 1.

ANALYSIS 0 3| 8.1667| .14434| .08333| 7.8081| 8.5252| 8.00 8.25
0
2.
0 3| 7.5000| .86603| .50000| 5.3487| 9.6513| 7.00 8.50
0
3.
0 3| 6.7500| .66144| .38188| 5.1069| 8.3931 6.00 7.25
0
4,
0 31 7.5000| .90139| .52042| 5.2608| 9.7392| 6.75 8.50
0
5.
0 3| 6.0000|5.19615|3.00000 | -6.9080|18.9080 .00 9.00
0
T
ot | 15| 7.1833|2.17631| .56192| 5.9781| 8.3885 .00 9.00
al

ACCEPTABILIT |1.

Y 0 3 7.67 577 333 6.23 9.10 7 8
0
2.
0 3 8.00] 1.000 577 5.52| 10.48 7 9
0
3.
0 3 8.00] 1.000 577 5.52| 10.48 7 9
0
4.
0 3 8.00 .000 .000 8.00 8.00 8 8
0
5.
0 3 6.00| 5.196| 3.000 -6.91 18.91 0 9
0
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15

7.53

2.200

568

6.32

8.75 0

Sensory Evaluation Form

Appendix B
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Sensory Evaluation Form
Recipe Name: Category:

Directions: Check one rating for each of the following; Appearance, TasteFlavor, Texture/Consistency,
Aroma/Smell, and Overall Acceptability

Rating Scale Appearance | Taste/Flavor |Texture/ | Aroma/Smell | Overall
Consistency Acceptability

19, Like Extremely

B, Like Very Much

7. Like Moderately

6, Like Slightly

5, Neither Like or Dislike

4. Dislike lighly

3, Disike Moderately

2. Dislike Very Much

1. Dislike Extremely

Office Use Oy

Panelist Code: Date;
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