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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 consumption of
heat-treated powdered eggshells. Sample 1 has the second highest amount of Vitamin B9,
(0.52 ± 0.01mg) highest amount of Vitamin C, (14.88 ± 0.15 mg) and the overall highest
vitamin content. Sample 2 has the second-highest amount of Vitamin C, (12.97 ± 0.03 mg)
and the overall second highest vitamin content. Sample 4 presented the highest quantities of
vitamin D (0.06 ± 0.00mg), vitamin E (0.15 ± 0.00mg), and the second highest calcium levels
(1739.45 ± 0.00mg), along with total phenolics (0.45 ± 0.00mg) and other phytochemicals.
Conversely, Sample 3 contained greater concentrations of potassium (615.67 ± 8.07 mg) and
flavonoids (5.25 ± 0.05mg).
The sensory analysis revealed no notable differences in colour or aroma; however, Sample 1
achieved the second highest scores across all sensory evaluations and garnered the second-
best overall score. Sample 4 received the second-highest rating for texture among the
smoothies. Samples 1 and 5 attained the top ratings for all sensory aspects and were deemed
the most enjoyable overall. Powdered eggshells could be a highly equitable approach to
raising calcium intakes in rural Sub-Saharan Africa, where calcium intake is low and village
poultry ownership is prevalent.

Keywords: Smoothies, Calcium-Supplements, Eggshell Powder, Plant Based Milk,
Nutrient Composition

Word count: 300 words

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


vi

TABLE OF CONTENTS

Content Page

Title page i
CERTIFICATION ii

DEDICATION iii

ACKNOWLEDGEMENT iv

ABSTRACT v

List of Tables 1

List of Figures 2

List of Acronyms 3

Chapter One:Introduction 4

1.1Background to the Study 4

1.2Statement of the Problem 7

1.3Justification of the Study 8

1.4Aim and Objectives of the Study 9

1.5 Research Questions 9

1.6Significance of the Study 10

1.7Scope of the Study 11

1.9Operational Definition of Terms 12

Endnotes 14

Chapter Two: Literature Reveiw 18

2.1 Smoothies; History, Nutritional Composition, Types and Sensory Properties 18

2.1.1History of Smoothies 18

2.1.2 Nutrient Composition of Smoothies 19

2.1.3 Types of Smoothies 19

2.1.4Sensory Properties of Smoothie 20

2.2 Choice of Fruits Its History, Classification, Uses and Nutrient Composition 21

2.2.1Watermelon (Citrullus lanatus) 21

2.2.1.1Composition (Nutrient) 22

2.2.2 Pineapple (Ananas Comosus) 24

2.2.2.1Classification 25

Table 2.2:The pineapple comprises five botanical varieties 25

2.2.2.2Nutrient (Composition) 26

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


vii

Table 2. 3:Raw pineapple (nutrient content / 100 grammes) 27

2.2.3Banana (Musa genus) 28

2.2.3.1 Classification 28

2.2.3.1.1 Uses 29

2.2.3.2 Nutrient (composition) 33

Table 2.4: Bananas, raw (Daily Value) 34

2.3Comprehensive Utilization of Tigernut 35

2.3.1History of Tigernut 35

2.3.2 Utilization of Tiger Nut 35

2.3.3Comprehensive Utilization of Tiger Nut Milk and its By-Products 36

Table 2.5 Application of tiger nut milk by-products in the food industry. 37

2.3.4Sensory Properties of Smoothies Flavored with Tiger nut Milk 38

Table 2.6:Chemical and Sensory Properties of Soursop Smoothie Formulated from Soursop,
Tiger Nut Milk, Date Palm and Noni Juice 38

2.4Chicken Eggshell Powder A Source Of CalciumAnd Its Application 39

Table 2.7Composition of chicken eggshells 41

Table 2. 8Application of chicken eggshell powder in food products 43

2.4.1Uses of Eggshell Powder in Food Industry 44

2.4.3A Review Of Functional Foods For The Elderly That Contain Antioxidants And Calcium
From Chicken Eggshells Can Reduce The Risk Of Osteoporosis. 46

2.4.3.1Bone and Osteoporosis 47

2.4.3.2Factors Supporting CalciumAbsorption 48

2.4.4Comprehensive Utilization of Eggshell Powder 52

Endnotes 63

Chapter Three: Materials and Methods 95

3.1 Procurement of raw Materials 95

3.1.1Preparation and Processing 95

3.1.2Production of Watermelon Smoothie 96

Figure 3.1:Flow chart for the production of watermelon smoothie 96

3.1.3Production of Pineapple Smoothie 97

Figure 3.2: Flow chart for the production of pineapple smoothie 97

3.1.4Production of Banana Smoothie 98

Figure 3.3: Flow chart for the production of banana smoothie 98

3.1.5Production of Tigernut and Egg Shell Powders 99

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


viii

Figure 3.4: Flow chart for the production of tiger nut milk 99

Figure 3.5: Flow chart for the production of eggshell powder 100

Table 3.1 (Formulation A) 101

Table 3.2 (Formulation B/ control) 102

3.2 Methods 103

3.2.1 Phytochemical Analysis 103

3.2.3Vitamin determination 103

3.2.5Method of Data Analysis 104

End notes 105

Chapter Four: Results 107

4.1.Micronutrient composition 107

Table 4.1Nutrient Contents of Smoothies by Samples 108

4.2Phytochemicals composition 109

Table 4.2Phytochemicals comoposition by samples 109

4.3Sensory Properties and General Acceptability of Smoothies 110

Table 4.3Sensory Properties and General Acceptability of Smoothies by Samples 110

4.4 Discussions 111

Endnotes 116

Chapter Five: Conclusion 117

5.1Summary of findings 118

5.2Conclusion 118

5.3Recommendation 119

5.4Contribution to Knowledge 119

5.4Suggested Area for Further Research 120

Appendix A 120

Data Analysis Output 120

DESCRIPTIVES 121

Appendix B 132

Sensory Evaluation Form 132

BIBILOGRAPHY 134

The University Complaince Certificate 175

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


1

List of Tables

Table Title Page
Table 2.1:Watermelon flesh, raw 23
Table 2.2 The pineapple comprises five botanical varieties 25
Table 2. 3:Raw pineapple (nutrient content) 27
Table 2.4: Bananas, raw (Daily Value) 34
Table 2.5 Application of tiger nut milk by-products in the food industry. 37
Table 2.6: Chemical and Sensory Properties of Soursop Smoothie Formulated from Soursop, Tiger
Nut Milk, Date Palm and Noni Juice 38

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


2

List of Figures

Figure Title Page
Figure 3.1: Flow chart for the production of watermelon smoothie 96
Figure 3.2: Flow chart for the production of pineapple smoothie 97
Figure 3.3: Flow chart for the production of banana smoothie 98
Figure 3.4: Flow chart for the production of tigernut milk 99
Figure 3.5: Flow chart for the production of eggshell powder 100

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


3

List of Acronyms

Abbreviation Meaning

USDA United States Department of Agriculture

FDA Food and Drug Administration

LMIS Low and Medium Income Countries

HIS High Income Countries

SSA Sub-Sahara Africa

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


4

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. Some other

accompanying ingredients like nutritional supplements, crushed ice, non-dairy milk,

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

such a large amount of fruits and vegetables, they can assist in bridging the gap between

typical diet intake and USDA's recommended daily fiber intake, reducing the risk of chronic

illness and improving general health 1,2

Calcium is an indispensable mineral for human health. Its functions involve nerve

transmission, preservation of cell membrane structure, relaxation and contraction of muscle,

blood clotting, and membrane penetrability. Several studies in age adults found that calcium,

when given alone or in conjunction with other nutrients, have a positive effect [3].There were

reports of calcium deficiencies in most Nigerian diets due to the presence of chelators like

phytates in most grain staples 4.

Osteoporosis, characterized by weak bones and high chances of falling is due to calcium

deficiency. This 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 5.
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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 in women and

men, respectively. This level in men remains constant, but falls in females as remodeling of

bone intensifies due to decreasing production of estrogen at the onset of menopause 7, 8.

Calcium-rich natural sources include milk, yoghurt, and cheese 9 The most common source of

calcium in Nigeria is cow's milk which is usually the first thing that springs to mind when

you think of calcium. Cow's milk, without a doubt, is a wonderful source of calcium.

However, cow milk is a source of calcium in Nigeria which is not accessible to half of the

country; Nigeria faces challenges such as limited milk supply from indigenous cows, poor

grass quality, and insufficient storage and processing equipment. Other challenges include

inadequate infrastructure, such as access roads, energy, transportation, and storage facilities 10

Dietary calcium shortage is thought to be widespread over the world, as roughly half of the

global population is deprived 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 reach recommendations as well 11.

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 Nigeria12,1314, .
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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% CaC03

(calcium carbonate) crystals stabilized by a matrix of protein 15.

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 become more

significant as a result of economic growth and dietary pattern changes. Particularly in a

developing nation like Nigeria, the fruit and vegetable sector is crucial for household

nutrition, economic growth, poverty alleviation, food security, and sustainable agriculture 16.

Citrullus lanatus(Watermelon), is an edible fruit and a trailing vine-like flowering plant

species of the Cucurbitaceae family with over 1,000 varieties cultivated worldwide. The fruit

is made up of 6% sugars, 91% water, and low fat. It ranks among the most crucial fruit

beverages for people and preserves health by making up for dietary deficiencies according to

the US FDA (2001), watermelon juice is typically pasteurized in order to eliminate some

bacteria pathogen which can cause a hazardous effect in the health of the consumers. 17, 18.

Ananas cosmosus (Pineapples) are a tropical edible fruits; the main economic and important

crop of the Bromeliaceae family [19]. Due to its delicious flavour, aroma, and many useful

qualities, fresh pineapple juice is a well-liked product made from the pineapple fruit because

of its health-promoting qualities, pineapple juice is regarded as a functional fruit beverage 20.

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 21.
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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 22.

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.

Researchers aimed to improve the nutritional value, shelf life, and sensory qualities of fruit-

based smoothies and purees by combining fruits and vegetables. As a result, the objective of

this study is to produce new smoothie formulations with watermelon, pineapple, banana, tiger

nut milk and eggshell powder, as well as to compare the nutritional composition and assess

the sensory quality of the resulting products 24.

1.2 Statement of the Problem

Dietary diversity is low nationally, and evidence suggests that rural-dwelling women and

infants' diets are low in energy, protein, fat, and micronutrients such as iron, zinc, and

calcium. Micronutrient supplementation and food fortification have been effective in

reducing stunting in a variety of settings, but their long-term viability is frequently

jeopardised by funding, supply and access issues, low acceptability, and/or poor compliance,

particularly among the rural poor. Chicken eggshell is a highly available and accessible

calcium source 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 25.

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 26 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 27.

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 studied.

1.3 Justification of the Study

Fruits are a great way to get necessary nutrients. Many health-promoting antioxidants, such

as flavonoids, are available from them. Fruits provide lots of fibres. Regularly eating a diet

rich in fruits and vegetables gives the body the critical nutrients it needs to stay healthy and

lowers the risk of heart disease, cancer, diabetes, inflammation, Alzheimer's disease, cataracts,

and other age-related conditions 28, 29, 30.

Smoothies are popular dietary items that have the potential to help people include more fruit

and vegetables in their diets. Smoothies are blended beverages that often contain various

ingredients. Smoothie bars that serve made-to-order smoothies, ready-to-drink (i.e., pre-

packaged) beverages, and kitchen appliances that make it easier to make smoothies at home

are all now widely available in the market, despite the fact that published scientific data on

smoothie consumption rates are scarce 31.

The proportion of teenagers consuming ≥1 serves of vegetable (an average of 4.3 vs. 45.1%)

and the 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 32.
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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 nutrient deficiencies,

and promoting health and wellness justify this study.

1.4 Aim and Objectives of the Study

The aim of the study is to compare the micronutrient composition, phytochemicals and

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

and eggshell powder

1.5 Research Questions

i. How is smoothie produced with watermelon, pineapple, banana, tiger nut milk, and egg

shell powder?

ii. What is the micronutrients present in smoothie produced from watermelon, pineapple,

banana, tiger nut milk and egg shell powder.

iii. What is the phytochemicals present in smoothie produced from watermelon, pineapple,

banana, tiger nut milk and egg shell powder.

iv. 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 watermelon,

pineapple, banana, tiger nut milk and egg shell powder.

iv. Conduct the sensory properties and general acceptability of the smoothie produced

from watermelon, pineapple, banana, tiger nut milk and egg shell powder.

1.6 Significance of the Study

Consumers are now looking for healthier offered options with less processing, good

nutritional content, and food hygiene 33. To suit customer demands in the twenty-first century,

the food sector is creating functional commodities through new processing methods 34.

One of the study's primary contributions is a better understanding of the nutritional

composition of smoothies. The specific nutrition provided by each item is established by

comparing its micronutrient and phytochemical compositions, as well as sensory evaluation.

The study contributes to our understanding of smoothies' impact on food consumption, which

is completely determined by frequency, ingredients, and customer preferences. Knowing

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

improvement strategies 35.

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

option for improving overall dietary quality and addressing specific nutritional needs.
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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, 36 the research

evaluated the micronutrient content of the smoothies and phytochemicals.

The food industry has fostered the creation of novel products that have good sensory

acceptance and great nutritional value 37. Sensory evaluation measures people's reactions to

things based on their appearance, aroma, taste, texture, and aftertaste, rather than labeling or

other imagery 38. The objective is to identify any significant differences or similarities in the

nutritional composition and to highlight the potential contributions of each ingredient to the

smoothies' overall nutritional value. The information can be used by nutritionists to develop

personalized dietary recommendations, while policymakers can consider the findings when

developing nutrition and public health guidelines and interventions.

By defining the scope of the study, the factors guides the research process, ensure the

relevance and applicability of the findings, and contribute to the existing body of knowledge

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

eggshell powder.

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 or ingredients.

Furthermore, the sample size and diversity may have an impact on the study's

representativeness, as it may fail to sufficiently document the variations in nutritional

composition that can exist between areas or groups. Variability in the nutritional content of

the listed substances is an additional constraint. Fruits, plant-based milk, and eggshell

powder's nutrient makeup might vary depending on cultivar, ripeness, seasonality, and

processing method. This variance may introduce uncertainty into the study's conclusions

because the nutritional makeup of the smoothies may differ based on the batches of

ingredients utilized. To address these disparities and maintain uniformity in nutritional

analysis, strong measures should be employed.

1.9 Operational Definition of Terms

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

made 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
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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 1. 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 mixed fluid

that includes numerous ingredients, can help consumers include more veggies and fruit into

their diets 2. Smoothies are common in developing countries such as Nigeria, where they are

made on request and are offered in shops, hotels, and relaxation spots that use fruit combos 3.

Consumers are able to take smoothies with them from the point of purchase owing to

improved packaging materials. Smoothies' impact on dietary intake varies according to

frequency, ingredients, and customer ideas and attitudes. Understanding these aspects can

help clarify the significance of smoothies in eating habits and inform measures for improving

diet quality.

2.1 Smoothies; History, Nutritional Composition, Types and Sensory Properties

2.1.1 History of Smoothies

After the electric blender was developed Food markets on the western Shore of the Americas

began selling smoothies. By the middle of the 1980s, the word "smoothie" itself was used in

trademarks and recipes 4, 5.

In the 1960s, began experimenting with smoothies after becoming inspired by his

employment as a beverage salesman5. 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 6. The smoothie was first prepared at home as an alternative to

everyday fruit and vegetable consumption in the 2000s 7.

2.1.2 Nutrient Composition of Smoothies

The ingredients and their ratios in a smoothie determine its nutritional value. Big or several

portions of vegetables and fruits, often advised in a balanced diet and meant to replace meals,

are frequently included in smoothies 8. Fruit juice with a lot of sugar, however, might increase

calorie consumption and encourage weight gain 9, 10. One can utilize ingredients like protein

powders, sweets, or ice cream 8, 11, 12. Even though smoothies have similar energy content as

unblended meals; one study revealed that they are less filling 13.

2.1.3 Types of Smoothies

The following are the common ones

1. Green Smoothie:This has 40 to 50% (approximately half) green vegies, mainly green

raw leafy vegetables like broccoli, collard greens, kale, Swiss chard, parsley, spinach,

celery, while most of or all the other additional ingredients are fruits 13, 14, 15. When served

fresh, they most times have bitter taste, although this can be reduced by selecting less

bitter veggies (such as baby spinach) or mixing them with sweeter products 16.

2. Protein Smoothie: Protein powder, water and or some other dairy products, fruits, and

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 17
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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 18.

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 similar properties

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

water melon, and pineapple smoothies in that order.

When compared to its contemporaries, the smoothie sample with the highest level of

pineapple had more levels of Ca and K with lower Fe concentration. Calcium is an important

component of teeth and bones, regulates muscle and nerve function, and aids in milk

coagulation; while K forms a component of intercellular fluid by maintaining contraction of

muscles and nerve transmission 19.

In this study, the mineral profile of the smoothies opposed the earlier findings in Lagos

markets 20on increased mineral contents of smoothies being sold there.

The authors discovered that smoothies produced from a blend of watermelon and pineapple

had 254mg and 54.45mg of calcium and iron, respectively. In contrast, the current

investigation discovered more potassium than, 21 who discovered less potassium at 34.63mg.

The explanations 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 22 Furthermore, Victor-Aduloju

et al. found greater vitamin A levels of 466.001.73-642.001.73 IU 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 was noticed in

the smoothie samples 24. The control smoothie tasted better than others which were judged 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 greatest acceptable smoothie

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

this study contrasted previous research work where mango flavoured smoothies were ranked

above other choices 25.

2.2 Choice of Fruits Its History, Classification, Uses and Nutrient Composition

2.2.1 Watermelon (Citrullus lanatus)

Citrullus lanatus(Watermelon), is an edible fruit and a trailing vine-like flowering plant

speciesof the Cucurbitaceae family with over 1,000 varieties cultivated worldwide. It has an

enormous edible fruit, and it is widely produced globally spanning thetropics to the temperate

regions. The fruit is botanically known as a “pepo”. Though there are some varieties without

seeds, the flesh 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 26.
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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

Watermelon is a sweet, popular summer fruit typically eaten fresh, chopped in various fruit

salads, or juiced 28,29 Watermelon juice can be combined with other juices from fruits or

turned into wine 30. The seeds are nutty-flavored and can be dried, roasted, or crushed into

flour 31 .Watermelon rinds can be eaten, however their unpleasant flavour may be reduced by

pickling 32.They are also sometimes eaten as a vegetable, a stir-fried or simmered 33,34

Citrullis lanatus, variance caffer, blooms naturally in the Kalahari Desert and is referred to as

tsamma 35 The San people and wild animals depend on the fruits for both water and

sustenance, allowing them to survive for six weeks on a tsamma diet 36.

2.2.1.1 Composition (NutrientS)

Watermelon fruits include 6% sugars, 91% water, with low fat content (table) 37. A 100-gram

portion has low levels of important nutrients and 125 kilojoules (30 kilocalories) of food

energy (see 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. 38

Watermelon rind is where the amino acid citrulline is made 39, 40.
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Table 2.1: Watermelon flesh, raw

Energy-value 127 kJ (30 kcal)

Protein 0.61g

Sugars 6.2 g

Fat 0.15 g

Dietary fiber 0.4 g

Carbohydrates 7.55 g

The amount of nutrition per 100 g (3.5 oz)

Vitamins Quantity %DV

Vitamin A equiv. 28ug 4

Riboflavin (B2) 0.021mg 2

Thiamine (B1) 0.033mg 3

Niacin (B3) 0.178mg 1

beta-Carotene 303ug 3

Vitamin b6 0.045mg 3

Vitamin C 8.1mg 10

Choline 4.1mg 1

Pantothenic acid (B5) 0.221mg 4

Minerals Quantity %DV

Zinc 0. 1mg 1

Magnesium 10mg 3

Potassium 112 2

Calcium 7mg 1

Phosphorus 11mg 3

Iron 0.24mh 2

Sodium 1mg 0

Manganese 0.038mg 2

Other constitutes Quantity
Water 91.45g
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Lycopene 4532ug

(Source: 39, 40)

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 17th century it found its way into Europe from South

America, it became an important cultural symbol of luxury and in early 80sit became popular

and cultivated in greenhouse facilities and on tropical farms for commercial use 42, 43.

They often grow as short shrubs; and the each flower of the plants that are not pollinated

merge to yield numerous fruits. The crop offset often spreads from the head or side of the

fruit and become fully grown in one year 44, 45 46, 47.
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2.2.2.1 Classification

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

Ananas comosus var.
bracteatus (L.B.Sm.)
Coppens & F.Leal

Paraguay, Bolivia, Ecuador, Brazil, Argentina,

Ananas comosus var.
comosus (Linnaeus)
Merrill

Paraguay and Brazil; naturalized in parts of
Africa,Central America, Mexico,the West Indies,
Asia, Australia, northern South America, and
various islands in the Pacific

Ananas comosus var.
erectifolius (L.B.Sm.)
Coppens & F.Leal

Peru, French Guiana,Colombia, Venezuela,
Ecuador, northern Brazil,

Ananas comosus var.
microstachys (Mez)
L.B.Sm.

Paraguay to Costa Rica

Ananas comosus var.
parguazensis (Camargo &
L.B.Sm.) Coppens &
F.Leal

Colombia, Venezuela, northern Brazil, Guyana,
French Guiana

Source: 46, 47
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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 quantities of

micronutrients though a 100-gram reference quantity yields 209 KJ and a good yield of

vitamin C and manganese.
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Table 2. 3 : Raw pineapple (nutrient content / 100 grammes) (3.5 oz).
Energy 209 kJ (50 kcal)
Fat 0.12g
Sugars 9.85g
Protein 0.54g
Dietary fiber 1.4g
Carbohydrates 13.12 g

Vitamins Quantity %DV
Thiamine (B1) 0.079mg 7
Choline 5.5mg 1
Pantothenic acid (B5) 0.213mg 4
Niacin B3 0.5mg 3
Vitamin C 47.8mg 58
Riboflavin (B2) 0.032mg 3
Folate B9 18ug 5
Vitamin (B6) 0.112mg 9
Minerals Quantity %DV
Zinc 0.12mg 1
Manganese 0.927mg 44
Potassium 109mg 2
Calcium 13mg 1
Magnesium 12mg 3
Sodium 1mg 0
Phosphorus 8mg 1
Iron 0.29mg 2

Source: 48, 49

Other constituents Quantity
Water 86.00g
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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 50 the

banana plant is among the vastest herbaceous flowering plant 51. A banana plant's above-

ground components originate from a structure known as a corm 52.Plants are often strong and

sturdy, like trees, however what appears to be a trunk may be a pseudostem composed of

many leaf stalks (the tips). Bananas flourish on a wide variety of soils as long as they are at

least 60 centimetres (2.0 feet) deep, well-drained, and not compacted 53.They are among the

fastest growing of all plants, with daily area growth rates ranging from 1.4 to 1.6 square

metres (15 to 17 square feet) 54,55.

2.2.3.1 Classification

Carl Linnaeus named the genus Musa in 1753 56. This nomenclature could have originated

from the name of Antonius Musa, the Emperor Augustus' physician, at that time or Linnaeus

could have adopted “mauz”, the Arab word for banana 57.

Musa is the family Musaceae's type genus. Musaceae is assigned to the order Zingiberales

under the APG III classification. As at January 2013, 70 Musa species Families were

recognised; 58many yield edible fruits, while the others are planted as ornaments 59.

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 60. 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 61.

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 those mainly

displaying Musa balbisiana attributes, those mainly displaying Musa acuminata botanical

characteristics, and those displaying both 62.

In 1955, scientists Ken Shepherd and his colleague Norman Simmonds developed a genome-

based naming scheme. This system resolved nearly all of the challenges and contradictions

associated with the previous classification of bananas, which was focused on allocating

scientific names to bananas that are cultivated. In spite of this, some authorities continue to

recognize the original names, causing confusion 63, 64.

2.2.3.1.1 Uses

Many tropical cultures rely on bananas as their primary source of carbohydrate. The flesh can

taste starchy to sweet and have a texture ranging from firm to mushy depending on the

cultivar and ripeness. The skin and inner portion can be eaten raw or cooked. Isoamyl acetate

(also known as banana oil) is the principal component of fresh banana scent, and it

contributes significantly to banana flavour, along with other chemicals such as butyl acetate

and isobutyl acetate 65

Plantains are typically eaten cooked, as fried 66. In Southeast Asia, pisang goreng, or batter-

fried bananas, is a popular street snack 67. Bananas are used in Philippine cuisine, including

delicacies like maruya banana fritters 68.Fruit preserves can be prepared with bananas 69
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Banana chips, a popular snack in Kerala, are made from sliced and fried bananas.Banana

flour is made by grinding up dried bananas 70. Matoke bananas are cooked in a sauce with

meat and vegetables such as peanuts or beans to produce katogo, a morning dish 71.Bananas

are commonly used in Western countries to make delicacies like banana bread 72.

Lemony banana curry Sweet gravy with banana Banana fritters

i. Flowers

Banana flowers (also known as "banana hearts" or "banana blossoms") are a vegetable

73in South and Southeast Asian cuisine. It has an artichoke-like flavour. The fleshy part of

the bracts and the heart are both edible, just like artichokes are 74.

Banana flowers

ii. 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 75. 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 from burning while

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

banana leaves 78 In Tamil Nadu (India), dried banana leaves are used to pack food and

construct cups for liquids 79

iii. Trunk

The sensitive core of the banana plant's trunk is frequently used in South and Southeast Asian

cooking 80 Examples includes the Burmese cuisine mohinga, as well as the Filipino delicacies

inubaran, kadyos, manok, and kag ubad 81, 82.
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iv. Fibre

Banana fibre from the pseudostems and leaves has been utilised in Asian textiles from at least

the 13th century. Both fruit-bearing and fibrous banana varieties have been used 83.Kijōka-

bashōfu, a Japanese technique; involve cutting plant leaves and shoots at regular intervals to

maintain softness. Harvested shoots are first cooked in lye to prepare them for yarn

production. These banana shoots produce fibres with varied degrees of softness, resulting in

yarns and textiles with varying characteristics for specific applications. For example, the

coarsest fibres of the shoots are suitable for tablecloths, whilst the softest interior fibres are

preferable for kimono and kamishima. This ancient Japanese cloth-making technique consists

of numerous processes, all of which are completed by hand 84.

v. Other uses

Locals utilise huge banana leaves as umbrellas 85.As with other purification materials, banana

peel may be capable of extracting heavy metal contamination from river water 86,87.Waste

bananas can be fed to livestock 88 Bananas, like other living things, generate tiny quantities

of radioactivity from the potassium-40 (K-40) isotope 89.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 90,91.

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 micronutrients.

Though bananas are commonly assumed to possess high K content, 93,93 it has only 8% Daily

Value and their rank amidst vegetables, fruits, legumes, and several other potassium food

sources relatively moderate 94,95.

Whole grain oats 0.350 g per 100 g, raw baby spinach contains 0.582g/100g, ground flaxseed

contains 0.793g per 100 g, dry-roasted almonds contains 0.684g/100g, white button

mushrooms 0.393g per 100 g, and peanut butter contains 0.654 g per 100 g, all have more

potassium content than 0.326g per 100 g raw dessert bananas. The potassium content of raw

yellow-coloured plantains is 0.487g per 100 g while banana powders (dehydrated dessert

bananas) have higher potassium content of 1.490 g per 100 g 96.
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Table 2.4: Bananas, raw (Daily Value)
Energy 317kj (89 kcal)
Fat 0.33g
Sugars 12.23g
Dietary fiber 2.6g
Protein 1.09g
Carbohydrates 22.84g
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
Niacin (B3) 0.0665mg 4
Folate B9 20ug 5
Vitamin B6 0.4mg 31
Pantothenic acid (B5) 0.34mg 7
Riboflavin (B2) 0.073mg 6
Minerals Quantity %DV
Phosphorus 22mg 3
Magnesium 27mg 8
Sodium 1mg 0
Manganese 0.27mg 13
Iron 0.26mg 2
Potassium 358mg 8
Zinc 0.15mg 2

Other constitutes Quantity
Water 74.91g

Source: 96
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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 97.It is found over the

majority of the Eastern Hemisphere, including Africa, the Middle East, Madagascar, Southern

Europe, and India 98,99,100.The plant is grown for its edible tubers, known as tiger nuts, as

snack and to produce a sweet, milk-like beverage101,102 C. esculentus is seen in the wild, as

crop and as weed, highly invasive especially outside the natural abode and can easily be

mistakenly introduced to become invasive. C. esculentus is classified a weed in many nations

103,104. During the summer, it can be found in wet areas where peanuts andrice paddies are

cultivated, and alsoin golf courses and highly-irrigated lawns/fields.

2.3.2 Utilization of Tiger Nut

Tiger nut could be eaten in is raw form, baked, dried, roasted, or as drink, oil or milk. The dry

nut tastes smooth, sweet, delicate, and nutty.

1. Drink: Horchata de chufa (known as kunun aya in West African nations such as Mali

and Nigeria is the unique form of horchata in Spain. It's created by soaking,

grounding, and sweetening tiger nuts with sugar 105

It is still popular in Spain, where the product is regulated to verify the product's quality and in

order to trace 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 106. 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 107.

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 nut flour is

occasionally used in making biscuits and other baking items, as well as in the production of

soaps, oil, and starch extracts as well as to make beer, jam, nougat, and as flavouring agent in

the production of ice cream and kunu (a Nigerian beverage). It was discovered to be an

excellent alternative for cereals and especially to compensate for the low nutrient value of

cereal-based kunu. They are also used in salads and in deep frying due to its nutrient-rich oil.

Its milk is used as alternate milk source in fermented goods, like yoghurt in various countries

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

lactose intolerant to a degree 108.

3. Oil: Because C. esculentus tubers has about 20-36% oil, the tuberis been proposed as

a possible oil crop for biodiesel production 109. Due to yield of 5.67 tonne/ha with oil

as much as 26.4%, it was reported that the nut yielded 1.5 MT/ha of oil 110.In another

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

tonne/ha 111.The tuber oil was reported to be 18% saturated and 82% unsaturated 112.

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 113.

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 same time keep

the sensory qualities. Non-thermal processing methods such as short-wave UV treatments,

ultra-high-pressure homogenization 114, and pulsed electric field can successfully prevent

microbe development and extend shelf life. Also, using a mixture of adjusted tiger nut starch

and inulin to microencapsulate tiger nut milk on the other hand, has been shown in

experiments to produce products with quality features and better shelf life 115,116,117.

By-products from the manufacturing of tiger nut milk often times accounts for around 60% of

the harvest and can be used as antioxidants (polyphenols andvitamin E), oils, polysaccharides,

and fibres 118. Through compression and filtering, by products are separated into 2 phases: 1.

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

containing fibres119, 120.

Table 2.5 Application of tiger nut milk by-products in the food industry.
Tiger Nut By-
Products Source Food Product

Liquid phase

phenolic compounds natural antioxidants
replacing water cooked pork liver meat product
carbon source for growth of
probiotic bacteria fermentable substrates

Solid phase Tiger nut fiber

cereal foods (such as chips, breakfast
cereal or dry pasta)
pork pies, pork burgers and dry-cured
sausages

Source: 112.122
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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 hedonic scale

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

Table 2.6: Chemical and Sensory Properties of Soursop Smoothie Formulated from
Soursop, Tiger Nut Milk, Date Palm and Noni Juice

Sensory properties A B C D

Flavor 6.96a±1.59 6.78a±1.34 6.68a±1.96 7.78b±0.99

Color 6.92a±1.36 6.62a±1.58 6.78a±1.59 7.78b±1.07

Taste 7.46b±1.38 6.46a±1.75 6.56a±1.83 7.98b±0.97

Mouth feel 6.54a±2.15 6.56a±1.47 6.90a±1.94 7.46b±0.97

Overall acceptability 7.22b±1.56 6.46a±1.85 6.58a±2.20 7.46b±1.04

(30%) + Date palm (10%) + noni juice (10%). Sample B = soursop (40%) + tiger nut (30%)
+ date palm (20%) + noni juice (10%). Sample C = soursop (30%) + tiger nut (40%) + date
palm (20%) + noni juice (10%). Sample D = soursop (30%) + tiger nut (30%) + date palm
(30%) + noni juice (10%)

The sensory qualities of these smoothies were in line with recent studies by 123 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 124,125
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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 126. In Poland, the average yearly

consumption of chicken eggs was more than 200 per capita 127. Not only does the increased

consumption of eggs contribute to eggshell waste, but so do hatcheries, homes, and the food

industry 128. According to 129, eggshells account for approximately 9-12% of total egg weight.

If these eggshells are not used and end up as waste, they could pollute the ecosystem.

Figure 1 illustrates global and regional chicken egg production between 2009 and 2019 130.
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Many studies have reported that chicken eggshells have the potential to be a calcium source

131,132,133,134. Nutritional intake, including adequate calcium intake (ranging from 200-1200 mg

daily, especially after menopause), has been known as an excellent approach for the

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

contains 95% CaCO3 along with other valuable compounds.

A variety of factors influence eggshell quality, including bird strain or age, induced moult,

heat and general stress, diseases, production method, and the inclusion of proprietary goods

to meals 136. As a result, nutritional parameters such as feed composition (calcium,

phosphorus, vitamins D, C, E, and A, non-starch polysaccharides, enzymes, and pollutants,

such as mycotoxins) and water quality have a significant impact on both eggshell

composition and internal egg quality. Many studies have looked at the effect of plant-based

ingredients on egg quality, and their influence on the composition of the inner part of the

eggs has been confirmed, but the composition of the eggshell has not been analysed, except

for physical parameters 137,138,139,140.
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Table 2.7 Composition of chicken eggshells

Specific Minerals
Present in the

Eggshell

Unit of
Measurement

According to the Prior Research

141 142 143 144

Total ash content g/100 g 89.9–91.1 90.2 N.D. 1 N.D.

Calcium mg/100 g 35,100–35,400 35,080 38,200 40,100

Magnesium mg/100 g 370–400 262.0 N.D. 450

Iron mg/100 g N.D. 13.06 N.D. 2.24

Phosphorus mg/100 g 120 150.2 N.D. 99

Zinc mg/100 g N.D. 145.1 N.D. 0.513

Sodium mg/100 g 150–170 47.9 510 N.D.

Potassium mg/100 g 100–130 50.00 140 N.D.

Copper mg/100 g N.D. 4.1 N.D. 0.77

Manganese mg/100 g N.D. 149.9 N.D. N.D.

Strontium μg/g N.D. N.D. 140 372

Fluorine μg/g N.D. N.D. N.D. 3.75

Selenium ng/g N.D. N.D. N.D. 23.5

1. 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 145. 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 ± 16.07%) (p >

0.05) 146 Table 2 shows the numerous food products that use chicken eggshell as a calcium

source. The usage of eggshells can provide considerable nutritional benefits, most notably an

increase in calcium content. However, the success of adding eggshells is determined by the

type and pH of the food product. Its addition to bread and biscuits is determined by the

desired level of calcium, the acceptability of the product's organoleptic characteristics, and,

most importantly, from a technological standpoint, the increase of dough rheological

properties, dough volume, 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. However, the success of adding eggshells is determined by the type

and pH of the food product. Its addition to bread and biscuits is determined by the desired

level of calcium, the acceptability of the product's organoleptic characteristics, and, most

importantly, from a technological standpoint, the increase of dough rheological properties,

dough volume, 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

Powder Concentration
Notes for

Recommendation
Biscuits 6% (w/w) of wheat flour Calcium content, texture,

sensory characteristics,
calcium bioavailability.

147

Bread 8% (w/w) of ingredients Calcium content, particular
amount of bread, and sensory

qualities

148

Bread 2% (w/w) of wheat flour Increase of rheological
characteristics of dough and
nutritional properties, decrease
of the general acceptability

and odor score

149

Bread strips 10% (w/w) substitution
of wheat flour

Minor alterations in sensory
characteristics.

150

Breaded fried
meat, bread, pizza,

spaghetti

500 mg Ca/person Minor texture adjustments, no
flavour changes.

151

Chocolate cakes 6% (w/w) of wheat flour Calcium levels, texture, and
sensory qualities

152

Chokeberry juice,
cranberry juice

1% of chokeberry and
cranberry juice

Calcium content in chokeberry
and cranberry juice, with no
substantial change in colour or

sediment content

153

Muffin 8 g/500 g wheat flour Mineral content and sensory
characteristics.

154

Nham (Thai-style
fermented pork

sausage)

150 mg Ca/100 g
of Nham (eggshell

powder was converted to
eggshell calcium lactate)

There is no change in sensory
scores for sour taste, flavour,

and overall acceptance.

155

Ser
smażony (Polish
bread spread)

265 mg/100 g of ser
smażony

Calcium concentration
increased by more than 2.5

times, and calcium
bioavailability improved with
the addition of lysine and

156
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vitamin K.

White bread 1–1.5% (w/w) of
ingredients

A high total score in sensory
evaluation.

157

White bread 2% (w/w) substitution of
bread flour

Consumer Preference for
Sensory Assessment

158

Yogurt 0.15–0.30% (w/v) of
milk

There are no significant
adverse impacts on
physicochemical,

microbiological, or sensory
characteristics.

159

Yogurt (from cow
milk and buffalo

milk)

0.3% of yogurt
(nanosized eggshell

powder)

Appropriate structure,
consistency, and sensory

qualities.

160

2.4.1 Uses of Eggshell Powder in Food Industry

Functional foods are those that have been supplemented with bioactive components that have

a favorable influence on human well-being and health while also lowering the chances of

developing certain illnesses 161. The most promising yet youngest sector of the food industry

is the functional food sub-sector. This increase can be attributed to consumers' rising interest

in functional meals, healthy nutrition, food enhanced with natural components, and organic

food, particularly those with antioxidant prospects 162.

Food products derived from these fruits can also be fortified with other components, such as

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

problem when compared to the necessary nutritional standards 163. Because of its high Ca2+

ion content (40%), calcium carbonate (CaCO3) is now the most used source of calcium in the

manufacturing of calcium supplements 164. 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 165.

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 166. It has been demonstrated that consuming eggshell-derived calcium

improves bone mass and has an anti-rickets effect, strengthens the bones of osteoporotic

individuals by reabsorbing calcium. An eggshell's make up is extremely similar to that of the

human teeth and bones. Osteoporotic patients are advised to take 0.4-0.5 mg Ca daily to

augment their dietary intake. Furthermore, the pharmacological sector exploits eggshells as

potent calcium source with extremely high bioavailability: 90% 167,168,169

Food supplementation with other organic calcium sources and chicken eggshells is still

relatively unknown. So far, research has focused on the effects of employing poultry shell

powder as a source of calcium in wheat breads, chocolate cake, and biscuits. Hassan 170 found

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

and 2.175 g/100 g, respectively.

In a trial, powdered eggshells as reported to produce a positive increase in the calcium

content of cake made from chocolate 171while 172 reported improved calcium content in wheat

breads with no observable changes in aroma, or taste and with better skin appearance, and

higher acceptability 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 of the United

Nations 174 reducing food loss and waste can lower production costs, improve food security

and nutrition, and contribute to environmental sustainability by reducing demand on natural

resources and greenhouse gas emissions. Food loss and waste refers to the edible components

of plants and animals that are produced or harvested for human use but are not consumed 175.

Food waste also comprises edible material that is purposely fed to animals or is a byproduct

of food processing that has been redirected away from human consumption 176. Food waste

during consumption ranges from 6-11 kg/person/year in Sub-Saharan Africa and

South/Southeast Asia to 95-115 kg/person/year in North America and Europe 133. The

Netherlands (579 kg), Belgium (399 kg), and Cyprus (334 kg) have the most per capita food

waste in Europe, whereas Greece (44 kg), Malta (62 kg), and Czech Republic (71 kg) have

the lowest 134. In Poland, around 235 kilogrammes of food are wasted per person each year 135.

In Arab countries, food loss and waste totalled 210 kg per person/year.

Food waste, including chicken eggshells 177, duck eggshells 178, quail eggshells 179, seashells

180, oyster shells 181, and fish bones 182, contain significant levels of calcium, which can help

prevent osteoporosis. Eggshell has two potential uses: as a raw material for new product

manufacturing and as an operating supply 183. Eggshell is a versatile raw material that can be

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 143.

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.

2.4.3.1 Bone and Osteoporosis

Bone is the primary calcified tissue in vertebrates, serving many purposes including

mechanical support, protection, and storage 184,185. Bone is composed of 10% cells, 60%

mineral crystals (crystalline hydroxyapatite), and 30% organic matrix 186. The major cells

responsible for bone remodelling are osteoblasts and osteoclasts 187. The osteoblast is a bone-

forming cell that signals osteoclast production. Osteoclasts are specialised multinucleated

giant cells that resorb bone 188. Bone remodelling involves osteoclasts removing old or

damaged bone and osteoblasts forming new bone over several weeks 189.

Cytokines, growth factors, and free radicals 190.Unbalanced osteoblast and osteoclast activity

can cause osteoporosis 191. Osteoporosis is an age-related health condition that causes reduced

bone mineral density, degradation of bone microarchitecture, decreased bone mass, and

increased bone fragility 192,193. Osteoporosis can lead to fragility fractures and reduce quality

of life in populations. Osteoporosis risk factors are classified as modifiable or un-modifiable.

Modifiable factors include oxidative stress-related factors, such as low antioxidant status 194.

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 195. Osteoporosis is more
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prevalent in women than men and rises dramatically after menopause 196. Postmenopausal

osteoporosis is caused by a lack of oestrogen, which affects bone mineral density and causes

bone loss through increased osteoclastic activity 197.

Recent research suggests that ovariectomy triggers the T-cell costimulatory cytokine LIGHT

(lymphotoxin-like inducible protein), which promotes osteoblastogenesis and

osteoclastogenesis by regulating osteoclastogenic cytokine expression 198. LIGHT was

discovered to mediate ovariectomy-induced bone loss, indicating that LIGHT antagonism has

a beneficial effect in patients with postmenopausal osteoporosis.

Osteoporosis affects 9% of women over 50 in the UK, 15% in France and Germany, 16% in

the US, and 38% in Japan. Males aged 50 and above had rates of 1% in the UK, 4% in Japan,

3% in Canada, and 8% in France, Germany, Italy, and Spain 199. Elderly males with anaemia

and a history of fractures are more likely to develop osteoporosis 200. Approximately 80% to

90% of Polish osteoporosis patients, including those with fractures, do not receive adequate

treatment 201.

Osteoporosis affects 9% of women over 50 in the UK, 15% in France and Germany, 16% in

the US, and 38% in Japan. Males aged 50 and above had rates of 1% in the UK, 4% in Japan,

3% in Canada, and 8% in France, Germany, Italy, and Spain 202.

2.4.3.2 Factors Supporting Calcium Absorption

Calcium absorption 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 206 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 207

2.4.3.2.1 Vitamin D

There is a "calcium paradox," which states that hip fractures are more common in western

countries with calcium-rich diets, whereas they are less common in developing countries with

calcium-deficient diets. This paradox can be partially understood by looking at the vitamin D

concentration of the local population's serum 208Vitamin D is required for calcium and bone

metabolism since it is the primary agent regulating calcium homeostasis and absorption 209,210.

Vitamin D deficiency can cause bone loss, accelerated bone turnover, osteoporosis, and

fractures 211. Vitamin D comes in two primary types. The first is vitamin D2 (ergocalciferol),

which is produced by UV-B radiation on ergosterol, a vitamin D precursor found naturally in

plants, fungi, and invertebrates. The second is vitamin D3 (cholecalciferol), which is

produced by sunlight from 7-dehydrocholesterol, a cholesterol precursor that can also

function as a provitamin D3 212. Although the majority of vitamin D (90%) is endogenous

(produced in 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 213. 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 (25OHD), 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 214,215,216. A

25OHD 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 217,218,219. Vitamin D is hydroxylated

in the liver to 25OHD 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 220,221.

Some studies on vitamin D, particularly to improve calcium absorption in the elderly, were

described. According to meta-analyses, vitamin D supplementation alone is unlikely to

reduce fracture risk; calcium supplementation alone has a moderate effect in lowering

fracture risk (about 10%), but its long-term effectiveness is poor 222. Combining vitamin D

and calcium treatment, particularly for those with low vitamin D levels (<60-80 nmol/L

blood 25OHD), can prevent fractures, including hip fractures 222.

2.4.3.2.2 Prebiotics, Probiotics, and Synbiotics

Prebiotics are nondigestible fibres that help microorganisms in the stomach ferment nutrition

and energy sources, improving their viability 223. Prebiotics have been linked to increased

calcium absorption and a lower risk of osteoporosis, according to multiple studies. Fructans,

including inulin, oligofructose, and fructooligosaccharide, can improve calcium absorption

with a daily intake of 4 to 8 g 224. 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 225,226,227.

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 228. Prebiotics can boost gut microbial growth,
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benefiting the elderly and reducing bifidobacteria levels 229,230, potentially impacting bone

health. Including prebiotics in calcium-rich foods may lessen the incidence of osteoporosis in

the elderly. A study 231 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). 232 studied the calcium absorption of skimmed milk fortified

with fibre Blend-I (psyllium husk, oat fibre, MCC, inulin), Blend-II (psyllium husk, oat bran,

wheat fibre, and inulin), and the control (cellulose). Calcium absorption rates for fibre Blend-

I, Blend-II, and cellulose were 94.4 ± 1.9%, 96.3 ± 1.32%, and 88.8 ± 4.9%, respectively.

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

suggesting that adding dietary fibres to dairy products can enhance their nutritious value.

Probiotics' influence on calcium absorption has been investigated.

Probiotics increase mineral bioavailability by producing short-chain fatty acids, decreasing

parathyroid hormone (PTH) levels, producing phytase to overcome mineral deficiency caused

by phytate, and reducing intestinal inflammation which influences calcium absorption 233,234.

According to Gilman and Cashman 235, Lactobacillus salivarius dramatically increased

calcium uptake in Caco-2 cell monolayers after 24 hours (p < 0.05). A study of

postmenopausal women found that consuming a probiotic with three strains (Lactobacillus

paracei 8700:2, Lactobacillus plantarum Heal 9, and Lactobacillus plantarum Heal 19)

reduced bone 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 environmental

impact. As infrastructure development has accelerated, so has the demand for cement-

based materials. Cement is a commonly utilised substance around the world. The

production of cement increased rapidly in the 2000s, reaching 4000 million tonnes in

the last decade. China has been responsible for more than 50% of cement output in

recent years 238. The manufacturing and use of cement has contributed to 8% of

worldwide CO2 emissions 239, of which 50% is linked with clinker production and

40% is associated with fuel combustion.

Large-scale infrastructure projects are underway all over the world, and cement raw materials

are geologically abundant, thus a decline in cement usage is unlikely in the foreseeable future.

It is estimated that around 0.9 kg of CO2 was emitted each kilogramme of cement produced

240, with more than 90% of the CO2 emitted during the calcination process and fuel

combustion 241 Furthermore, the usage of nonrenewable resources in cement production has

resulted in another environmental hazard. As a result, industry experts and researchers have

devised novel solutions to address these escalating problems 242

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 243 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 244, fly ash 245, granulated blast

furnace slag 246, silica fume 247, metakaolin 248, and limestone 249 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 250 oyster shell ash 251,

sugar cane bagasse ash 252, and sawdust ash 253 have all been utilised as partial replacements

for cement. Even though industrial byproducts shown better mechanical behaviour,

employing agricultural wastes has advantages such as being widely available, affordable, low

density, biodegradable, energy-efficient, and environmentally beneficial.Eggshells, or the

hard outer coating of an egg, are one type of agricultural waste. Eggshell compartments

account for approximately 10% of the egg weight 254. Global egg production is gradually

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

year.

Although eggshells have a variety of applications, including the preparation of calcium

phosphate ceramics, the raw material for biodiesel and as an adsorbent in the removal of ionic

contaminants and fertiliser 255, a huge volume of eggshells are wasted and dumped on the

land. Eggshells contain calcium carbonate, which is a primary chemical component necessary

to produce binder gel (Calcium Silicate Hydrate) in cementitious materials. As a result, in

powder form, it can be utilised to substitute cement in construction materials.

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

world'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
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types of food waste, and the fact that they are a precious commodity adds to the

difficulty 256

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 dozen in 2019 to

more than 8000 million dozen by 2020.

Per capita yearly egg consumption in the United States is estimated to be approximately 280

eggs in 2019, making it the highest egg consumption level in the preceding ten years. The

United States Department of Agriculture (USDA) estimates that consumption will reach 8917

million dozen by 2028 257. Japan, Paraguay, and China have the highest yearly egg

consumption numbers, with individuals consuming 320, 309, and 300 eggs, respectively 258.

This spike in egg consumption has caused a commensurate boom in egg production

internationally. For example, in the United States, egg production was recorded to be

approximately 9334 million dozen in 2019 and is predicted to reach over 9410 million dozen

in 2020.

The similar scenario is projected to play out globally, with egg output remaining stable or

slightly increasing in the world's largest markets 259Egg production has increased by more

than 150% over 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 260. 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 261, 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 262 Furthermore, non-effective waste disposal becomes

crucial for the survival of not only humans, but also other eco-system contributors such as

animals and plants. The vast majority of the waste eggshell produced is disposed of in

landfills, which have already reached their limit.

Aside from that, many landfill operators avoid eggshells since the protein-rich membrane

attracts rats and other vermin. Although eggshell is considered a waste product of the food

industry, it should also be considered a highly sophisticated composite 263.With time, it is

becoming clear that without rapid and substantial action, the worst-case climate scenario will

become the norm rather than the exception 264. In this age of ever-increasing efforts to convert

waste to wealth, it is critical to transform garbage into usable commodities for long-term

growth. To accomplish this, we should aim to recycle, reuse, and channel waste goods while

also directing our resources towards making high-value items. The efficiency of turning

waste eggshell

Though fertilised, unfertilised, and embryo eggs have been used since prehistoric times for

nutrition and 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 265
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3. Pharmaceuticals: CaC03shell has been utilized in the treatment of calcium

insufficiency in people and animals 266,267 .An eggshell weighs six grammes and

contains around 0.22 g of calcium. The eggshell particles are utilized as anti-tartar

ingredient in toothpaste 268 Eggshell powder has been used to promote bone

mineralization and growth 269,270

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

leavening agent, nutrient supplement, firming agent, thickener, flavour enhancer, and

stabilizer 271,272 They are also employed as calcium supplements in orange juice

production 273

5. Animal feed.

Eggshell contains proteins and minerals like calcium. Eggshells are recommended as a

calcium addition in animal feed to meet livestock's daily calcium requirement 274 Research

has also shown that eggshell powder in animal feed plays an important function in providing

calcium supplies to chickens for egg laying 275 The Association of American Feed Control

Officials has decided to augment feed with eggshell powder for livestock animals

6. Others: They are introduced into the soil as fertilizers to condition the soil 276,277 and

in the animal feed industry as feed supplement 278, 279 interestingly, in recent times the

CaC03of the shell serves as a coat pigment in printing machines 280 .in making paper

pulp.281 while the in biodiesel production, it is used as a catalyst because of its low

cost. In addition, they are included as precursor for calcium in the production of

calcium-based metal-organic frameworks 282. 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 283.
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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 300 126

7–12 months 450 84

1–3 years 500 76

4–6 years 550 69

7–9 years 700 54

10–18 years 1,000 38

Adult—females

19 years—menopause 750 50

Post menopause 800 47

Pregnant (last trimester) 800 47

Lactating 750 50

Note: 1 gramme of chicken eggshell meets the "WHO/FAO theoretical calcium allowance for

animal protein intake 20-40 g" recommended intake (RI) (World Health Organisation, 2003).

Calcium for chicken eggshell was determined using the mean of three scientific papers

measuring content, which was around 378 mg (SD = 14.8) 284
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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 286and the WHO

recommended intakes of calcium for adult females aged 17 to menopause consuming diets

with a low animal protein intake 287, approximately half the eggshell from a 42g egg would

provide the WHO recommended intake of 750 mg. Furthermore, this would deliver six times

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

majority of women and children

WHO/FAO
(animal protein
intake 20–40 g)a

Canada and United
Statesb

Australiac WHO/FAO
(developed
countries)d

2004 2010 2006 2004
Human life stage Recommended

intake (RI)
(mg/day)

Recommended
dietary allowance
(RDA) (mg/day)

Recommended
dietary intake
(RDI) (mg/day)

Recommended
intake (RI)
(mg/day)

Infants and children
0–6 months 300 200 e 210 f 300
7–12 months 450 260 e 270 f 400
1–3 years 500 700 500 500
4–5 years 550 1,000 700 600
6 years 550 1,000 700 600
7–8 years 700 1,000 700 700
9 years 700 1,300 1,000 700
10 years 1,000 1,300 1,000 1,300
11 years 1,000 1,300 1,000 1,300
12 years 1,000 1,300 1,300 1,300
13–14 years 1,000 1,300 1,300 1,300
15–18 years 1,000 1,300 1,300 1,300
Adult‐females
19 years—menopause 750 1,000 1,000 1,000
Postmenopause 800 1,200 1,300 1,300
70+ years 800 1,200 1,300 1,300
Pregnancy
(<18 years)

‐ 1,300 1,300 ‐

Pregnancy
(>18 years)

800 1,000 1,000 1,200

Lactating 750 1,000 1,000 1,000
Adult ‐ males
19–50 years 750 1,000 1,000 1,000
51–65 years 750 1,000 1,000 1,000
66–70 years 800 1,000 1,000 1,300
70+ years 800 1,200 1,300 1,300

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 288 Eggshells were sterilised using laboratory

equipment such as an automatic steriliser autoclave 289. Chemical treatments such as sodium

hypochlorite (bleach) oxidise cellular components and kill vegetative bacteria and fungus,

although not all spores are destroyed 290. Temperatures above 100°C or saturated steam under

pressure are necessary to sterilise bacterial endospores 291 Almost all microorganisms die

within 30 minutes at 0.1-0.5% sodium hypochlorite concentrations 292 Disinfection

procedures use 1-2% sodium hypochlorite and/or boiling water 293 A typical household

kitchen in SSA lacks the chemical agents and equipment needed to sterilise eggshell; but,

equipment for disinfection, such as boiling, is likely to be present and was chosen as the most

practical method. Placing eggshell in boiling water disinfects, but the time required for

removal varies depending on the organism. After disinfection, key components for

preparation included smashing eggshell into a powder form with finer grinding of powder

particles, which reduced the impact on overall meal texture 294The majority of mechanical

processing preparation methods employed commercial equipment (e.g., Retsch GmbH

MM2001, mixer mill), although some used rolling pins, ovens, and other household objects

to mechanically treat eggshell.

Pastoral de Criança, 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. 295examined 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 296 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 297

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

"Five keys to safer food" (a program meant to prevent germs from causing illness):

1. Wash your hands before handling eggshell.

2. Clean and sanitise all food preparation surfaces and equipment.

3. Wash the broken eggshell (contents removed/used) under water.

4. Roughly smash the eggshell, and take off the eggshell membrane.

5. Boil eggshells for 10 minutes.

6. Dry eggshell in a low oven or sun-dry on a clean tray.

7. Crush eggshell in a mortar and pestle until it has a powder consistency.

8. Store in an airtight container.

46 women of reproductive age took part in the focused groups, which lasted 48 to 72 minutes.

The authors ended after five focused groups since data saturation was evident 298 All Focused

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

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, wooden spoon,

water and a local grinder (kinu nan mchi).

When discussing the eggshell preparation method, participants from all focused groups

agreed that they had ample time to test the idea within their usual schedule. Overall,

participants spend an average of 3 hours each day cooking meals. There was disagreement as

to whether making a huge batch or one eggshell at a time would be more appropriate. Many

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

completed less frequently.

However, many people understood that the supply of eggs to make a huge batch was a major

issue. Others questioned the method of crushing the eggshell with the local grinder,

preferring to mill the eggshell alongside the flour using a machine. All groups identified ugali

and mlenda as their staple foods. Ugali is a stiff porridge made from maize or sorghum and

boiled in water. Mlenda is formed from green leaves, usually cowpea leaves or young baobab.

In addition, the concept of adding powders to food is well known. Powdered spices were

commonly 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 tasted ground

eggshell.

This implies that participants associate nutrition and health with taste, subjective sensations

of health, and if something is considered common practice. When asked who in their family

would benefit the most, no one named pregnant women or breastfeeding. Children were

frequently mentioned, with the logic being that they require a lot of nourishment to grow.

The three most common concerns concerning eggshell ingestion stated during the focused

groups were the flavour of the crushed eggshell, the possibility of overdose, and

gastrointestinal issues. Responses to the eggshell experiment were divided, although most

participants thought it was a fantastic idea, very beneficial, and would like to try it.

Endnotes
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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 a poultry

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

City university Ibadan, Oyo State.

3.1.1 Preparation and Processing

The fruit samples collected were fresh and mature, with no insect bites or organoleptic

degradation. Fruits were thoroughly washed under tap water to eliminate visible dirt. Tiger

nut milk was produced by washing the tiger nuts, blending and extraction of the milk from

the paste, by pressing the liquid through a cheese cloth. The Fruits were peeled and cut into

smaller pieces and processed individual into smoothies before the combining of each. This

preparation and processing study was carried out as indicated at Human Nutrition and

dietetics kitchen, Lead City University Ibadan, Oyo state.

Egg shell powder was produced from chicken egg shells which was washed and spread on a

baking sheet. Baked at 180°C for 20 minutes to dry them out and grinded into fine powder

with the use of 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.

Figure 3.1: Flow chart for the production of watermelon smoothie
Source: 1
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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.

Figure 3.2: Flow chart for the production of pineapple smoothie
Source: 2
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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.

Figure 3.3: Flow chart for the production of banana smoothie
Source: 3
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3.1.5 Production of Tigernut and Egg Shell Powders

Figure 3.4: Flow chart for the production of tiger nut milk
Source: 4
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Figure 3.5: Flow chart for the production of eggshell powder
Source: 5
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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 tiger nut milk

and eggshell powder. Sample 4 had 25%: 25%: 5%: 20%. Watermelon, pineapple, banana,

tiger nut milk, and eggshell powder

Samples Watermelon
(%)

Pineapple
(%)

Banana
(%)

Tigernut
Milk (%)

Eggshell
Powder (%)

1 25 25 25 20 5

2 25 25 25 15 10

3 25 25 25 10 15

4 25 25 25 5 20
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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 the three

fruits was chosen to assess the preferred combination of these fruits.

Sample Watermelon
(%)

Pineapple
(%) Banana

(%)

Tiger nut
Milk (%)

Eggshell
Powder (%)

Animal
milk (%)

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 any residual

parts, and the residues were extracted again with 50 mL of the same solvent and filtered

under the same circumstances. The extracts were combined and concentrated under vacuum

at 40°C, then stored at 70°C. The extractions were done in triplicate, the entire procedure was

done in the dark and the extracts of the smoothie samples were evaluated for their

phytochemical contents according to the standard processes of 6, 7, 8, 9.

3.2.2 Minerals

The samples were ashed in the furnace and were digested according to AOAC, 2016 methods.

Zinc, Sodium, Iron, Copper, Calcium, Phosphorus, Iron, Magnesium and Potassium contents

were determined using the Flame- Atomic Absorption Spectrophotometry (Shimadzu AA-

7000 series)6.

3.2.3 Vitamin determination

The vitamins (vitamin C, vitamin B6, vitamin B9, vitamin D, vitamin C and vitamin E) were

analyzed according to the procedures of AOAC, 2016 methods 6.

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. The data was

presented using descriptive statistics such as means and standard deviations.
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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, and the overall

second highest vitamin content. Sample 4 has the second highest amount of Vitamin B6, and

the highest amounts of Vitamins D and E. Sample 5 has the highest amounts of Vitamins B6,

2B9, and E, and the second highest amount of Vitamin D.

In terms of mineral content, Sample 3 has the highest amount of Potassium. Sample 4 has the

second highest amounts of calcium, phosphorus, magnesium, sodium, copper, zinc, and iron,

and the overall second highest mineral content. Sample 5 has the highest amount of all the

minerals measured, and the overall highest mineral content.
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Table 4.1 Nutrient Contents of Smoothies by Samples

SN Parameter (� ± SD)
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Vitamin Content
1 Vitamin B6 0.43 ± 0.01 0.49 ± 0.01 0.58 ± 0.03 **0.63 ± 0.01 *0.83 ± 0.01
2 Vitamin B9 **0.52 ± 0.01 0.47 ± 0.02 0.48 ± 0.03 0.44 ± 0.02 *0.60 ± 0.03
3 Vitamin D 0.04 ± 0.00 0.05 ± 0.00 0.05 ± 0.00 *0.06 ± 0.00 **0.06 ± 0.01
4 Vitamin C *14.88 ± 0.15 **12.97 ± 0.03 10.57 ± 0.42 8.73 ± 1.07 8.37 ± 0.19
5 Vitamin E 0.13 ± 0.00 0.13 ± 0.00 0.13 ± 0.00 *0.15 ± 0.00 *0.15 ± 0.00

Average *3.20 ± 0.04 **2.82 ± 0.01 2.36 ± 0.10 2.00 ± 0.22 2.00 ± 0.05
Mineral Content
1 Potassium 592.38 ± 0.00 573.74 ± 8.07 **615.67 ± 8.07 592.38 ± 0.00 *750.79 ± 16.14
2 Calcium 610.76 ± 0.00 658.23 ± 0.00 1602.32 ± 0.00 **1739.45 ± 0.00 *2135.02 ± 0.00
3 Phosphorus 190.86 ± 0.00 205.70 ± 0.00 500.73 ± 0.00 **543.58 ± 0.00 *667.19 ± 0.00
4 Magnesium 128.31 ± 0.00 138.28 ± 0.00 336.62 ± 0.00 **365.43 ± 0.00 *448.53 ± 0.00
5 Sodium 244.30 ± 0.00 263.29 ± 0.00 640.93 ± 0.00 **695.78 ± 0.00 *854.01 ± 0.00
6 Copper 0.09 ± 0.00 0.10 ± 0.00 0.25 ± 0.00 **0.27 ± 0.00 *0.33 ± 0.00
7 Zinc 0.29 ± 0.00 0.31 ± 0.00 0.76 ± 0.00 **0.82 ± 0.00 *1.01 ± 0.00
8 Iron 0.68 ± 0.00 0.73 ± 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

Key:�= mean, SD = standard deviation, * = highest value, ** = second highest value
Source: Laboratory Test (2023
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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 phenolic, total carotenoid, tannin, saponin,

and terpenoid, and the second highest phytochemical content. Sample 5 has the highest amount of all the phytochemicals

Table 4.2 Phytochemicals comoposition by samples

(� ± SD)

SN Parameter Sample 1 Sample 2 Sample 3 Sample 4
Sample 5

Phytochemical Content
1 Phenolic 0.41 ± 0.01 0.42 ± 0.05 0.42 ± 0.00 **0.45 ± 0.00 *0.57 ± 0.01
2 Flavonoid 5.04 ± 0.01 5.20 ± 0.01 **5.25 ± 0.05 5.19 ± 0.09 *6.25 ± 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 ± 0.00 0.13 ± 0.00 0.59 ± 0.01 **0.62 ± 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 0.77 ± 0.03 0.54 ± 0.00 1.15 ± 0.00 **1.74 ± 0.01 *1.91 ± 0.01

Average 1.01 ± 0.01 1.03 ± 0.01 1.21 ± 0.01 **1.44 ± 0.02 *1.61 ± 0.03
Key:�= mean, SD = standard deviation, * = 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 sensory evaluation. Sample 4 has the second

highest evaluation for texture alongside Sample 1. Sample 5 has the highest evaluation for all sensory indices, and the overall highest sensory

evaluation. In terms of acceptability, Sample 5 was most acceptable by the panelists, with Sample 4 coming next.

Table 4.3 Sensory Properties and General Acceptability of Smoothies by Samples

SN Parameter
(� ± SD)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Sensory Evaluation

1 Appearance **8.33 ± 0.58 7.33 ± 1.53 7.67 ± 0.58 7.33 ± 0.58 *9.00 ± 0.00

2 Taste **8.67 ± 0.58 7.67 ± 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 ± 0.00 8.00 ± 1.00 6.33 ± 1.15 8.00 ± 1.00 *9.00 ± 0.00

Average **8.17 ± 0.43 7.50 ± 0.92 6.75 ± 0.87 7.50 ± 1.04 *9.00 ± 0.00

GeneralAcceptability 7.67 ± 0.58 8.00 ± 1.00 8.00 ± 1.00 **8.00 ± 0.00 *9.00 ± 0.00

Key:�= mean, SD = standard deviation, * = highest value, ** = second highest value
Source: Laboratory Test (2023)

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


111

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 phytochemicals present

in smoothie produced from watermelon, pineapple, banana, tiger nut milk and egg shell

powder; conduct the sensory properties and general acceptability of the smoothie produced

from watermelon, pineapple, banana, tiger nut milk and egg shell powder.

The findings show that the second and third objective show 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 amount of Vitamin B9, highest amount of Vitamin C, and the overall

highest vitamin content. Smoothie made from 25% of watermelon, pineapple, banana with

15% tiger nut milk and 10% eggshell powder (Sample 2) has the second highest amount of

Vitamin C, and the overall second highest vitamin content. Smoothie made from 25%

watermelon, pineapple, banana with 10% tiger nut milk and 20% eggshell powder (Sample 4)

has the second highest amount of Vitamin B6, and the highest amounts of Vitamins D and E.

Smoothie made from 25% watermelon, pineapple, banana with 25% animal milk (Sample 5)

has the highest 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 1 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 vitamin D in the

blood should be reduced substantially as it often does not benefit majority of the population,

rather it increases the cost of health care 2.

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

with 10% tiger nut milk and 15% eggshell powder (Sample 3) has the highest amount of

Potassium. Smoothie made from 25% watermelon, pineapple, banana with 10% tiger nut

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

phosphorus, magnesium, sodium, copper, zinc, and iron, and the overall second highest

mineral content. Smoothie made from 25% watermelon, pineapple, banana with 25% animal

milk (Sample 5) has the highest amount of all the minerals measured, and the overall highest

mineral content. Sample 4 has the second highest amount of minerals which as the result of

high amount of eggshell powder (20%) present in the sample, the findings showed that the

calcium carbonate shell is being utilized in the treatment of calcium insufficiency in people

and animals. A single eggshell weighs six grams and contains about 2.2g of calcium, while

eggshell powder 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 5.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% tigernut milk and

20% eggshell powder (Sample 4) the second highest amount of total phenolic, total

carotenoid, tannin, saponin, and terpenoid, and the second highest phytochemical content.

Smoothie made from 25% watermelon, pineapple, banana with 25% animal milk (Sample 5)

has the highest amount of all the phytochemicals measured.

This can be explained in the light of Sample 3 and 4 has second highest amount of

phytochemicals with sample 5 with the highest phytochemicals. Phytochemicals are

recognized to exert some health benefits. Polyphenolic compounds such as flavonols and

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

and –inflammatory attributes.

These phytochemicals in plants have several kinds of therapeutic attributes 6 and may exhibit

health protective capabilities through multiple means. One of these ways include as

antioxidants,protecting the cells of the body against damaging effect of free radicals (eg.

carotenoids and polyphenols) 7, anti-bactericidal activities, anti-malarial (eg. alkaloids), anti-

viral and anti-tumoral (tannins) attributes8, 9

Values obtained for total polyphenol content in this study were far lower than 77.7mg and

68.3mg GAE/g reported 10 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 11

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 evaluation for texture

alongside the smoothie made from25% of Watermelon, pineapple, banana with 25% tiger nut

milk and 5% egg shell powder (Sample 1). Smoothie made from 25% watermelon, pineapple,

banana with 25% animal milk (Sample 5) has the highest evaluation for all sensory indices,

and the overall highest sensory evaluation. In terms of acceptability, Smoothie made from

25% watermelon, pineapple, banana with 25% animal milk (Sample 5) was most acceptable

by the panelists, with the smoothie made from 25% watermelon, pineapple, banana with 10%

tiger nut milk and 20% eggshell powder from (Sample 4) coming next.

These findings agree with those of 12 which explained that the aim of conducting sensory

evaluation is to measure the perception of consumers with respect to a product coupled with

the behavioral, affectionate, and emotive reactions emanating from such perception.

Smoothies produced were perceived as having moderate to high acceptability by the

consumers with 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 influenced13.Result obtained in this study contradicts earlier

research where smoothies sample 5 flavor were rated higher than other alternatives 14
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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 vitamin E an

appreciable amount of vitamin B9 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. 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.

5.2 Conclusion

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 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

1. Promoting smoothies as a healthy alternative to commercial beverages is crucial as

their popularity grows.

2. Smoothies with fruits, plant-based milk, and eggshell powder can help prevent

calcium deficiencies and associated expenditures.

3. Industries can get large quantity of eggshell waste from poultries, process it and make

it available in capsules and other ready made options.

4. Eggshell powder easy and safe processing methods in low income countries should be

addressed in community advocacies.

5.4 Contribution to Knowledge

1. Promoting the use of poultry waste, chicken eggshell doesn’t only increase the

knowledge of people about the alternative ways to increase their calcium intake

2. The use of eggshell powder as a functional in the food industry, such as snacks for

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

percentage

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

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


121

DESCRIPTIVES

N Mean Std.
Deviati
on

Std.
Error

95%
Confidence
Interval for

Mean

Mini
mum

Maxi
mum

Lower
Bound

Upper
Bound

VITAMIN_B6 1.
0
0

3 .4333 .01155 .00667 .4046 .4620 .42 .44

2.
0
0

3 .4933 .00577 .00333 .4790 .5077 .49 .50

3.
0
0

3 .5833 .02887 .01667 .5116 .6550 .55 .60

4.
0
0

3 .6300 .01000 .00577 .6052 .6548 .62 .64

5.
0
0

3 .8300 .01000 .00577 .8052 .8548 .82 .84

T
ot
al

15 .5940 .14181 .03662 .5155 .6725 .42 .84

VITAMIN_B9 1.
0
0

3 .5233 .00577 .00333 .5090 .5377 .52 .53

2.
0
0

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

3.
0
0

3 .4800 .02646 .01528 .4143 .5457 .45 .50

4.
0
0

3 .4433 .02082 .01202 .3916 .4950 .42 .46

5.
0
0

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

T
ot
al

15 .5033 .05802 .01498 .4712 .5355 .42 .62

VITAMIN_D 1.
0
0

3 .0433 .00577 .00333 .0290 .0577 .04 .05
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2.
0
0

3 .0500 .00000 .00000 .0500 .0500 .05 .05

3.
0
0

3 .0533 .00577 .00333 .0390 .0677 .05 .06

4.
0
0

3 .0567 .00577 .00333 .0423 .0710 .05 .06

5.
0
0

3 .0567 .00577 .00333 .0423 .0710 .05 .06

T
ot
al

15 .0520 .00676 .00175 .0483 .0557 .04 .06

VITAMIN_C 1.
0
0

3 14.8833 .15275 .08819 14.5039 15.2628 14.75 15.05

2.
0
0

3 12.9667 .02887 .01667 12.8950 13.0384 12.95 13.00

3.
0
0

3 10.5667 .41932 .24210 9.5250 11.6083 10.30 11.05

4.
0
0

3 8.7333 1.06927 .61734 6.0771 11.3895 7.80 9.90

5.
0
0

3 8.3667 .18930 .10929 7.8964 8.8369 8.15 8.50

T
ot
al

15 11.1033 2.62165 .67691 9.6515 12.5552 7.80 15.05

VITAMIN_E 1.
0
0

3 .1300 .00000 .00000 .1300 .1300 .13 .13

2.
0
0

3 .1300 .00000 .00000 .1300 .1300 .13 .13

3.
0
0

3 .1300 .00000 .00000 .1300 .1300 .13 .13

4.
0
0

3 .1433 .00577 .00333 .1290 .1577 .14 .15

5.
0
0

3 .1533 .00577 .00333 .1390 .1677 .15 .16
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T
ot
al

15 .1373 .01033 .00267 .1316 .1431 .13 .16

POTASSIUM 1.
0
0

3 592.38 .000 .000 592.38 592.38 592 592

2.
0
0

3 573.74 8.071 4.660 553.69 593.79 564 578

3.
0
0

3 615.67 8.071 4.660 595.62 635.72 606 620

4.
0
0

3 592.38 .000 .000 592.38 592.38 592 592

5.
0
0

3 750.79 16.143 9.320 710.69 790.89 732 760

T
ot
al

15 624.99 66.965 17.290 587.91 662.08 564 760

CALCIUM 1.
0
0

3 610.760
0 .00000 .00000 610.760

0
610.760

0 610.76 610.76

2.
0
0

3 658.230
0 .00000 .00000 658.230

0
658.230

0 658.23 658.23

3.
0
0

3 1602.32
00 .00000 .00000 1602.32

00
1602.32

00
1602.3

2
1602.3

2

4.
0
0

3 1739.45
00 .00000 .00000 1739.45

00
1739.45

00
1739.4

5
1739.4

5

5.
0
0

3 2135.02
00 .00000 .00000 2135.02

00
2135.02

00
2135.0

2
2135.0

2

T
ot
al

15 1349.15
60

630.749
73

162.858
88

999.858
4
1698.45

36 610.76 2135.0
2

PHOSPHORUS 1.
0
0

3 190.860
0 .00000 .00000 190.860

0
190.860

0 190.86 190.86

2.
0
0

3 205.700
0 .00000 .00000 205.700

0
205.700

0 205.70 205.70

3.
0
0

3 500.730
0 .00000 .00000 500.730

0
500.730

0 500.73 500.73
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4.
0
0

3 543.580
0 .00000 .00000 543.580

0
543.580

0 543.58 543.58

5.
0
0

3 667.190
0 .00000 .00000 667.190

0
667.190

0 667.19 667.19

T
ot
al

15 421.612
0
197.108

86
50.8932

9
312.456

8
530.767

2 190.86 667.19

MAGNESSIUM 1.
0
0

3 128.310
0 .00000 .00000 128.310

0
128.310

0 128.31 128.31

2.
0
0

3 138.280
0 .00000 .00000 138.280

0
138.280

0 138.28 138.28

3.
0
0

3 336.620
0 .00000 .00000 336.620

0
336.620

0 336.62 336.62

4.
0
0

3 365.430
0 .00000 .00000 365.430

0
365.430

0 365.43 365.43

5.
0
0

3 448.530
0 .00000 .00000 448.530

0
448.530

0 448.53 448.53

T
ot
al

15 283.434
0
132.510

31
34.2140

2
210.052

2
356.815

8 128.31 448.53

SODIUM 1.
0
0

3 244.300
0 .00000 .00000 244.300

0
244.300

0 244.30 244.30

2.
0
0

3 263.290
0 .00000 .00000 263.290

0
263.290

0 263.29 263.29

3.
0
0

3 640.930
0 .00000 .00000 640.930

0
640.930

0 640.93 640.93

4.
0
0

3 695.780
0 .00000 .00000 695.780

0
695.780

0 695.78 695.78

5.
0
0

3 854.010
0 .00000 .00000 854.010

0
854.010

0 854.01 854.01

T
ot
al

15 539.662
0
252.302

07
65.1441

1
399.941

8
679.382

2 244.30 854.01

COPPER 1.
0
0

3 .0900 .00000 .00000 .0900 .0900 .09 .09
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2.
0
0

3 .1000 .00000 .00000 .1000 .1000 .10 .10

3.
0
0

3 .2500 .00000 .00000 .2500 .2500 .25 .25

4.
0
0

3 .2700 .00000 .00000 .2700 .2700 .27 .27

5.
0
0

3 .3300 .00000 .00000 .3300 .3300 .33 .33

T
ot
al

15 .2080 .09937 .02566 .1530 .2630 .09 .33

ZINC 1.
0
0

3 .2900 .00000 .00000 .2900 .2900 .29 .29

2.
0
0

3 .3100 .00000 .00000 .3100 .3100 .31 .31

3.
0
0

3 .7600 .00000 .00000 .7600 .7600 .76 .76

4.
0
0

3 .8200 .00000 .00000 .8200 .8200 .82 .82

5.
0
0

3 1.0100 .00000 .00000 1.0100 1.0100 1.01 1.01

T
ot
al

15 .6380 .29824 .07700 .4728 .8032 .29 1.01

IRON 1.
0
0

3 .6800 .00000 .00000 .6800 .6800 .68 .68

2.
0
0

3 .7300 .00000 .00000 .7300 .7300 .73 .73

3.
0
0

3 1.7800 .00000 .00000 1.7800 1.7800 1.78 1.78

4.
0
0

3 1.9400 .00000 .00000 1.9400 1.9400 1.94 1.94

5.
0
0

3 2.3800 .00000 .00000 2.3800 2.3800 2.38 2.38
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T
ot
al

15 1.5020 .70382 .18173 1.1122 1.8918 .68 2.38

TOTAL_PHENOL
IC

1.
0
0

3 .4100 .01000 .00577 .3852 .4348 .40 .42

2.
0
0

3 .4200 .04359 .02517 .3117 .5283 .37 .45

3.
0
0

3 .4200 .00000 .00000 .4200 .4200 .42 .42

4.
0
0

3 .4467 .00577 .00333 .4323 .4610 .44 .45

5.
0
0

3 .5733 .00577 .00333 .5590 .5877 .57 .58

T
ot
al

15 .4540 .06533 .01687 .4178 .4902 .37 .58

FLAVONOID 1.
0
0

3 5.04 .012 .007 5.01 5.07 5 5

2.
0
0

3 5.20 .010 .006 5.18 5.22 5 5

3.
0
0

3 5.25 .050 .029 5.13 5.37 5 5

4.
0
0

3 5.19 .093 .054 4.96 5.42 5 5

5.
0
0

3 6.25 .114 .066 5.97 6.54 6 6

T
ot
al

15 5.39 .457 .118 5.13 5.64 5 6

TOTAL_CARRO
TENOID

1.
0
0

3 .1400 .00000 .00000 .1400 .1400 .14 .14

2.
0
0

3 .1533 .01528 .00882 .1154 .1913 .14 .17

3.
0
0

3 .0733 .00577 .00333 .0590 .0877 .07 .08
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4.
0
0

3 .1733 .00577 .00333 .1590 .1877 .17 .18

5.
0
0

3 .3667 .01155 .00667 .3380 .3954 .36 .38

T
ot
al

15 .1813 .10232 .02642 .1247 .2380 .07 .38

TANNIN 1.
0
0

3 .1300 .00000 .00000 .1300 .1300 .13 .13

2.
0
0

3 .1367 .00577 .00333 .1223 .1510 .13 .14

3.
0
0

3 .5933 .01155 .00667 .5646 .6220 .58 .60

4.
0
0

3 .6233 .00577 .00333 .6090 .6377 .62 .63

5.
0
0

3 .7067 .04933 .02848 .5841 .8292 .65 .74

T
ot
al

15 .4380 .26107 .06741 .2934 .5826 .13 .74

SAPONIN 1.
0
0

3 .0200 .00000 .00000 .0200 .0200 .02 .02

2.
0
0

3 .0567 .00577 .00333 .0423 .0710 .05 .06

3.
0
0

3 .0733 .00577 .00333 .0590 .0877 .07 .08

4.
0
0

3 .1100 .00000 .00000 .1100 .1100 .11 .11

5.
0
0

3 .1633 .01155 .00667 .1346 .1920 .15 .17

T
ot
al

15 .0847 .05083 .01312 .0565 .1128 .02 .17

TERPENOID 1.
0
0

3 .7667 .03215 .01856 .6868 .8465 .73 .79
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2.
0
0

3 .5400 .00000 .00000 .5400 .5400 .54 .54

3.
0
0

3 1.1500 .00000 .00000 1.1500 1.1500 1.15 1.15

4.
0
0

3 1.7433 .01155 .00667 1.7146 1.7720 1.73 1.75

5.
0
0

3 1.9100 .01000 .00577 1.8852 1.9348 1.90 1.92

T
ot
al

15 1.2220 .55232 .14261 .9161 1.5279 .54 1.92

Appear 1.
0
0

3 8.3333 .57735 .33333 6.8991 9.7676 8.00 9.00

2.
0
0

3 7.3333 1.52753 .88192 3.5388 11.1279 6.00 9.00

3.
0
0

3 7.6667 .57735 .33333 6.2324 9.1009 7.00 8.00

4.
0
0

3 7.3333 .57735 .33333 5.8991 8.7676 7.00 8.00

5.
0
0

2 9.0000 .00000 .00000 9.0000 9.0000 9.00 9.00

T
ot
al

14 7.8571 .94926 .25370 7.3091 8.4052 6.00 9.00

Taste 1.
0
0

3 8.6667 .57735 .33333 7.2324 10.1009 8.00 9.00

2.
0
0

3 7.6667 1.15470 .66667 4.7982 10.5351 7.00 9.00

3.
0
0

3 6.6667 .57735 .33333 5.2324 8.1009 6.00 7.00

4.
0
0

3 7.0000 2.00000 1.15470 2.0317 11.9683 5.00 9.00

5.
0
0

2 9.0000 .00000 .00000 9.0000 9.0000 9.00 9.00
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T
ot
al

14 7.7143 1.32599 .35438 6.9487 8.4799 5.00 9.00

Texture 1.
0
0

3 7.67 .577 .333 6.23 9.10 7 8

2.
0
0

3 7.00 .000 .000 7.00 7.00 7 7

3.
0
0

3 6.33 1.155 .667 3.46 9.20 5 7

4.
0
0

3 7.67 .577 .333 6.23 9.10 7 8

5.
0
0

2 9.00 .000 .000 9.00 9.00 9 9

T
ot
al

14 7.43 1.016 .272 6.84 8.02 5 9

Aroma 1.
0
0

3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00

2.
0
0

3 8.0000 1.00000 .57735 5.5159 10.4841 7.00 9.00

3.
0
0

3 6.3333 1.15470 .66667 3.4649 9.2018 5.00 7.00

4.
0
0

3 8.0000 1.00000 .57735 5.5159 10.4841 7.00 9.00

5.
0
0

2 9.0000 .00000 .00000 9.0000 9.0000 9.00 9.00

T
ot
al

14 7.7857 1.12171 .29979 7.1381 8.4334 5.00 9.00

Accept 1.
0
0

3 7.6667 .57735 .33333 6.2324 9.1009 7.00 8.00

2.
0
0

3 8.0000 1.00000 .57735 5.5159 10.4841 7.00 9.00

3.
0
0

3 8.0000 1.00000 .57735 5.5159 10.4841 7.00 9.00

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


130

4.
0
0

3 8.0000 .00000 .00000 8.0000 8.0000 8.00 8.00

5.
0
0

2 9.0000 .00000 .00000 9.0000 9.0000 9.00 9.00

T
ot
al

14 8.0714 .73005 .19511 7.6499 8.4929 7.00 9.00

ALL VITAMINS 1.
0
0

3 3.2033 .03512 .02028 3.1161 3.2906 3.17 3.24

2.
0
0

3 2.8233 .01155 .00667 2.7946 2.8520 2.81 2.83

3.
0
0

3 2.3633 .07506 .04333 2.1769 2.5498 2.32 2.45

4.
0
0

3 2.0000 .21284 .12288 1.4713 2.5287 1.81 2.23

5.
0
0

3 2.0000 .04359 .02517 1.8917 2.1083 1.95 2.03

T
ot
al

15 2.4780 .49676 .12826 2.2029 2.7531 1.81 3.24

ALLMNERALS 1.
0
0

3 220.960
0 .00000 .00000 220.960

0
220.960

0 220.96 220.96

2.
0
0

3 230.046
7 1.01036 .58333 227.536

8
232.556

5 228.88 230.63

3.
0
0

3 462.380
0 1.00459 .58000 459.884

5
464.875

5 461.22 462.96

4.
0
0

3 492.460
0 .00000 .00000 492.460

0
492.460

0 492.46 492.46

5.
0
0

3 607.406
7 2.01495 1.16333 602.401

2
612.412

1 605.08 608.57

T
ot
al

15 402.650
7
157.910

03
40.7721

9
315.203

0
490.098

3 220.96 608.57

ALL
PHYTOCHEMIC
ALS

1.
0
0

3 1.01 .006 .003 .99 1.02 1 1
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2.
0
0

3 1.03 .012 .007 1.00 1.06 1 1

3.
0
0

3 1.21 .015 .009 1.17 1.24 1 1

4.
0
0

3 1.44 .012 .007 1.41 1.47 1 1

5.
0
0

3 1.61 .010 .006 1.59 1.63 2 2

T
ot
al

15 1.26 .242 .062 1.12 1.39 1 2

SENSORY
ANALYSIS

1.
0
0

3 8.1667 .14434 .08333 7.8081 8.5252 8.00 8.25

2.
0
0

3 7.5000 .86603 .50000 5.3487 9.6513 7.00 8.50

3.
0
0

3 6.7500 .66144 .38188 5.1069 8.3931 6.00 7.25

4.
0
0

3 7.5000 .90139 .52042 5.2608 9.7392 6.75 8.50

5.
0
0

3 6.0000 5.19615 3.00000 -6.9080 18.9080 .00 9.00

T
ot
al

15 7.1833 2.17631 .56192 5.9781 8.3885 .00 9.00

ACCEPTABILIT
Y

1.
0
0

3 7.67 .577 .333 6.23 9.10 7 8

2.
0
0

3 8.00 1.000 .577 5.52 10.48 7 9

3.
0
0

3 8.00 1.000 .577 5.52 10.48 7 9

4.
0
0

3 8.00 .000 .000 8.00 8.00 8 8

5.
0
0

3 6.00 5.196 3.000 -6.91 18.91 0 9
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