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CHAPTER ONE
INTRODUCTION
1.1	Background of the Study
Fruits, particularly berries, have long been recognized as vital components of a healthy diet due to their rich nutritional profiles and bioactive compounds that confer numerous health benefits (Cosme et al., 2022). Among these, strawberries (Fragaria × ananassa) and blueberries (Vaccinium corymbosum) stand out for their widespread consumption and well-documented health-promoting properties. Blueberries, often dubbed "superfruits," are small, round, blue berries with a sweet and tangy flavour, native to North America, and have been utilized for centuries by Native Americans for their medicinal properties (Zahra et al., 2023). Strawberries, similarly, valued, belong to the Rosaceae family and are celebrated for their distinctive taste and nutrient density. Both fruits are excellent sources of vitamins, minerals, dietary fibre, and antioxidants, including polyphenols such as anthocyanins, which are pivotal in combating oxidative stress and inflammation (Mortaş & Şanlıer, 2017).
The nutritional composition of blueberries includes significant amounts of antioxidants, polyphenols, and fibre, contributing to neuroprotective, osteoprotective, renoprotective, and ophthalmoprotective effects (Zahra et al., 2023). Strawberries, on the other hand, are rich in vitamin C, phenolic compounds, and anti-inflammatory agents like anthocyanins, which have been shown to mitigate postprandial inflammation (Cosme et al., 2022). The global interest in these berries has surged due to their potential to reduce the risk of chronic diseases such as cardiovascular diseases, obesity, and neurodegenerative disorders, aligning with the World Health Organization's recommendation of a daily intake of 400 grams of fruits and vegetables to enhance health outcomes (Mortaş & Şanlıer, 2017).
Cultivation of blueberries began in the early 20th century, with significant advancements in the United States, particularly in New Jersey, while strawberries have been cultivated since ancient times across various regions (Zahra et al., 2023; Cosme et al., 2022). The commercial importance of these berries is evident, with the United States and Canada leading production, and recent global trade expansion reflecting their growing demand (Zahra et al., 2023). This study seeks to evaluate the nutritional composition and antioxidant properties of strawberries and blueberries, building on existing research to provide a comprehensive understanding of their health benefits.
1.2	Statement of the Problem
Despite the recognized health benefits of strawberries and blueberries, there remains a gap in the detailed comparative analysis of their nutritional compositions and antioxidant capacities, particularly in diverse cultivation contexts. While previous studies have highlighted the presence of bioactive compounds such as anthocyanins and vitamin C, variations due to factors like cultivar, maturity stage, and environmental conditions are not fully elucidated (Cosme et al., 2022; Zahra et al., 2023). This lack of comprehensive data hinders the development of precise dietary recommendations and the optimization of cultivation practices to enhance their nutritional value.
Moreover, the increasing prevalence of chronic diseases globally necessitates a deeper understanding of how these berries can be integrated into preventive health strategies. The potential variability in antioxidant activity and nutrient content due to processing, storage, and regional differences poses challenges in ensuring consistent health benefits (Mortaş & Şanlıer, 2017). This research addresses these issues by investigating the nutritional profiles and antioxidant properties of strawberries and blueberries, aiming to provide evidence-based insights to bridge the existing knowledge gaps.
1.3	Objectives of the Study
The primary objective of this study is to evaluate the nutritional composition and antioxidant properties of strawberries (Fragaria × ananassa) and blueberries (Vaccinium corymbosum). 
Specific objectives include:
i. To determine the levels of vitamins, minerals, dietary fibre, and phenolic compounds in strawberries and blueberries.
ii. To assess the antioxidant capacity of these berries, focusing on the presence and activity of polyphenols such as anthocyanins.
iii. To compare the nutritional and antioxidant profiles of strawberries and blueberries across different cultivars and maturity stages.
iv. To explore the implications of these findings for dietary recommendations and potential health benefits, particularly in the context of chronic disease prevention.
1.4	Significance of the Study
This study holds significant importance for both academic research and practical applications in nutrition and horticulture. By providing a detailed analysis of the nutritional composition and antioxidant properties of strawberries and blueberries, it contributes to the growing body of evidence supporting their role as functional foods (Mortaş & Şanlıer, 2017). The findings can inform the development of dietary guidelines, encouraging increased consumption to mitigate the risk of chronic diseases such as cardiovascular conditions and obesity.

CHAPTER TWO
LITERATURE REVIEW
2.1	Overview of the Berries
Berries are small, colourful, nutrient-dense fruits valued for their sensory attributes and health-promoting compounds. They are particularly rich in vitamins, minerals, dietary fibre, and bioactive phytochemicals, such as phenolic acids, flavonoids, tannins, and anthocyanins, which are strongly associated with antioxidant activity and disease prevention (Bezerra et al., 2024). Among the wide range of berries, strawberries (Fragaria × ananassa) and blueberries (Vaccinium corymbosum) have gained considerable scientific attention due to their unique phytochemical profiles, high antioxidant potential, and diverse applications in nutrition, medicine, and functional food industries.
2.1.1	Strawberry
Strawberries are one of the most popular red fruits worldwide and belong to the family Rosaceae, genus Fragaria. They are classified as aggregate accessory fruits because they develop from a flower with multiple ovaries (Lakshmi, Sharma, & Singh, 2021). Strawberries are distinguished by their appealing flavour, vibrant red colour, and rich composition of essential nutrients and phytochemicals.
Nutritionally, fresh strawberries are low in calories (approximately 33 kcal/100 g) but provide significant amounts of vitamin C, folate, potassium, magnesium, and dietary fibre (Lakshmi et al., 2021). They also contain small amounts of protein and fat but are particularly rich in phenolic compounds such as anthocyanins, flavonoids, ellagitannins, and phenolic acids, which contribute to their high antioxidant capacity (Koraqi, Makolli, & Xhabiri, 2017). Vitamin C levels in strawberries are remarkably high, often exceeding those found in citrus fruits, making them one of the richest natural sources of ascorbic acid (Koraqi et al., 2017).
The bioactive profile of strawberries is dominated by anthocyanins, particularly pelargonidin-3-glucoside, which is responsible for the characteristic red pigmentation. These compounds, together with ellagic acid derivatives, exhibit antioxidant, anti-inflammatory, and anti-carcinogenic properties (Lakshmi et al., 2021). Research also shows that environmental conditions, genotype, and cultivation practices significantly affect the phytochemical content and antioxidant properties of strawberries (Bezerra et al., 2024).
Strawberries are not only consumed fresh but are also processed into juices, jams, yoghurts, and nutraceuticals. Their extracts are used in cosmetics and pharmaceuticals due to their bioactivity against cardiovascular diseases, obesity, diabetes, and cancer (Lakshmi et al., 2021). This multifunctional role reinforces strawberries as both a nutritious food and a valuable functional ingredient.
2.1.2	Blueberry
Blueberries (Vaccinium corymbosum), belonging to the family Ericaceae, are native to North America and have become globally recognized as a “superfruit” due to their rich nutritional and phytochemical profile. They are classified into highbush and lowbush varieties, both valued for their deep blue-purple pigmentation derived from anthocyanins (Bezerra et al., 2024).
Nutritionally, blueberries are a good source of dietary fibre, vitamin C, vitamin K, and manganese. They are low in calories but rich in bioactive compounds, with anthocyanins being the predominant polyphenols. These anthocyanins—mainly malvidin, delphinidin, cyanidin, and petunidin glycosides—are responsible for the fruit’s distinctive colour and strong antioxidant capacity (Bezerra et al., 2024). Blueberries also contain phenolic acids, flavonols, and proanthocyanidins, which enhance their functional properties.
The health-promoting effects of blueberries have been widely studied. Their regular consumption is associated with improved cardiovascular health, reduced oxidative stress, enhanced insulin sensitivity, and neuroprotective benefits. Their phytochemicals have also been linked to anti-cancer, anti-inflammatory, and antimicrobial properties (Bezerra et al., 2024). Furthermore, blueberries have demonstrated beneficial effects on memory and cognitive function, making them relevant in ageing and neurodegenerative disease research.
Blueberries are consumed fresh or processed into juices, wines, dietary supplements, and functional foods. Their extracts are also widely incorporated in nutraceutical formulations due to their bioactivity and stability. With their unique nutrient composition and wide-ranging health benefits, blueberries remain an important focus of nutritional and biomedical research.
2.2	Nutritional Composition of Fruits
Fruits are widely acknowledged as nutrient-dense foods that provide essential vitamins, minerals, dietary fibre, and bioactive compounds necessary for maintaining health and preventing chronic diseases. They are generally low in fat and energy but rich in carbohydrates, micronutrients, and phytochemicals that contribute to their antioxidant, anti-inflammatory, and therapeutic properties (Bezerra et al., 2024). The nutritional composition of fruits varies with species, cultivar, maturity stage, and environmental conditions, but certain general trends highlight their importance in human nutrition.


2.2.1	Macronutrients
Fresh fruits contain high moisture content, often between 70–90%, contributing to their juiciness and low caloric value. They are typically low in fat (less than 1%) and protein, but they provide dietary fibre in varying amounts, which supports digestive health, lowers cholesterol, and modulates glycemic response (Lakshmi, Sharma, & Singh, 2021). Carbohydrates, primarily in the form of simple sugars such as glucose, fructose, and sucrose, are the major source of energy in fruits. Strawberries, for example, provide about 8 g of carbohydrates per 100 g, while blueberries also contain appreciable amounts of simple sugars that contribute to their sweetness and energy value (Koraqi, Makolli, & Xhabiri, 2017).
2.2.2	Micronutrients
Fruits are excellent sources of vitamins, particularly vitamin C, vitamin A precursors (carotenoids), vitamin E, and folates. Vitamin C is one of the most abundant vitamins in berries, with strawberries supplying more than 95% of the daily requirement per 100 g serving (Lakshmi et al., 2021). Blueberries, though containing lower levels of vitamin C than strawberries, are notable for their vitamin K and manganese content (Bezerra et al., 2024). Minerals such as potassium, magnesium, calcium, and iron are also widely present in fruits, contributing to electrolyte balance, bone health, and enzymatic activities.



	Constituents
	Fresh Blueberry

	Calories
	82 kcal

	Water
	123 g

	Fat
	0.55 g

	Protein
	0.97 g

	Carbohydrate
	20.5 g

	Fibre
	1.88 g

	Vitamin A
	145 IU

	Vitamin B6
	0.052 mg

	Niacin
	0.52 mg

	Folacin
	9.3 mg

	Calcium
	9 mg

	Zinc
	0.16 mg

	Iron
	0.24 mg

	Copper
	0.09 mg

	Sodium
	9 mg

	Magnesium
	0.14 mg

	Potassium
	129 mg

	Phosphorus
	15 mg


Nutrition present in 145 g of blueberries or one cup average (Pritts et al., 1992)


2.2.3	Phytochemicals and Bioactive Compounds
Beyond macronutrients and micronutrients, fruits are rich reservoirs of phytochemicals, including polyphenols, flavonoids, tannins, and anthocyanins. These compounds are secondary metabolites that not only determine the colour, aroma, and flavour of fruits but also confer significant health benefits due to their antioxidant capacity (Bezerra et al., 2024). For instance, strawberries are particularly rich in pelargonidin-based anthocyanins, while blueberries are dominated by delphinidin and malvidin glycosides. Both fruits also contain ellagitannins, flavonols, and phenolic acids, which contribute to free radical scavenging activity (Koraqi et al., 2017).
2.2.4	Health Implications of Nutritional Composition
The nutritional composition of fruits underpins their role in health promotion. High dietary fibre contributes to satiety and weight management, while vitamins and minerals provide essential cofactors for enzymatic reactions. The high content of vitamin C and polyphenols in strawberries and blueberries enhances immune function and protects against oxidative stress, thereby lowering the risk of cardiovascular diseases, diabetes, and certain cancers (Lakshmi et al., 2021). Moreover, fruits with low glycemic index values, such as strawberries, are particularly beneficial for diabetic patients as they help regulate postprandial blood glucose levels.
Thus, the nutritional richness of fruits, particularly strawberries and blueberries, emphasizes their role as functional foods capable of providing not only nourishment but also disease-preventive and therapeutic benefits.


2.3	Phytochemicals and Their Health Benefits
Phytochemicals are naturally occurring plant-derived compounds that are not essential nutrients but play critical roles in promoting health and protecting against disease. In fruits such as strawberries and blueberries, phytochemicals include polyphenols, anthocyanins, flavonoids, tannins, phenolic acids, and stilbenes, all of which have been associated with antioxidant, anti-inflammatory, cardioprotective, neuroprotective, and anticancer activities (Bezerra et al., 2024).
2.3.1	Polyphenols
Polyphenols are the most abundant phytochemicals in strawberries and blueberries. They include flavonoids (anthocyanins, flavonols, and flavan-3-ols) and non-flavonoid phenolic compounds such as phenolic acids and tannins. These compounds are well-known for their strong antioxidant capacity, which helps neutralize reactive oxygen species (ROS), thereby reducing oxidative stress—a major contributor to chronic diseases such as cancer, diabetes, and cardiovascular disorders (Lakshmi, Sharma, & Singh, 2021).
In strawberries, the dominant polyphenols are anthocyanins (mainly pelargonidin derivatives), ellagitannins, and phenolic acids. These compounds are responsible for the fruit’s characteristic red colour and significant radical scavenging activity (Lakshmi et al., 2021). In blueberries, anthocyanins predominate as malvidin, cyanidin, delphinidin, and petunidin glycosides, giving the fruit its deep blue-purple pigmentation (Bezerra et al., 2024).
2.3.2	Anthocyanins
Anthocyanins are water-soluble pigments belonging to the flavonoid group, and they are among the most studied phytochemicals in berries. They exhibit a wide range of biological activities, including antioxidant, anti-obesity, antidiabetic, and neuroprotective properties. For instance, pelargonidin-3-glucoside in strawberries and malvidin-3-glucoside in blueberries have been shown to modulate oxidative pathways, inhibit lipid peroxidation, and protect against DNA damage (Koraqi, Makolli, & Xhabiri, 2017). Regular intake of anthocyanin-rich fruits has been linked to improved cardiovascular health and reduced risk of type II diabetes (Lakshmi et al., 2021).
2.3.3	Flavonoids and Other Phenolic Compounds
In addition to anthocyanins, both strawberries and blueberries are rich in flavonols such as quercetin, kaempferol, and myricetin, which are potent antioxidants and anti-inflammatory agents. These compounds improve endothelial function, regulate blood pressure, and inhibit the oxidation of low-density lipoproteins (LDL), thereby reducing atherosclerosis risk (Bezerra et al., 2024). Ellagic acid, abundant in strawberries, and chlorogenic acid, abundant in blueberries, are phenolic acids with demonstrated anticancer and antimicrobial activities.
2.3.4	Health Benefits of Phytochemicals
The combined action of berry phytochemicals contributes to their wide-ranging health benefits:
i. Antioxidant Activity: Neutralization of free radicals, prevention of lipid peroxidation, and protection of biomolecules such as DNA and proteins from oxidative damage (Lakshmi et al., 2021).
ii. Cardioprotective Effects: Improvement of vascular function, reduction in blood pressure, and inhibition of platelet aggregation, leading to decreased cardiovascular disease risk (Bezerra et al., 2024).
iii. Antidiabetic Properties: Inhibition of carbohydrate-digesting enzymes such as α-amylase and α-glucosidase, improvement of insulin sensitivity, and regulation of blood glucose levels (Lakshmi et al., 2021).
iv. Anti-inflammatory and Immunomodulatory Effects: Suppression of pro-inflammatory cytokines and enhancement of immune defense mechanisms.
v. Neuroprotective Effects: Improvement of cognitive functions, reduction of neuroinflammation, and protection against age-related neurodegenerative diseases such as Alzheimer’s (Bezerra et al., 2024).
vi. Anticancer Potential: Induction of apoptosis, inhibition of tumour proliferation, and reduction of oxidative DNA damage by ellagitannins, anthocyanins, and flavonols.
2.4	Antioxidant Properties of Strawberry and Blueberry
Antioxidants are bioactive compounds that prevent or reduce oxidative stress by neutralizing reactive oxygen species (ROS) and reactive nitrogen species (RNS), which, if unchecked, can damage lipids, proteins, and DNA, leading to chronic diseases such as cardiovascular disorders, diabetes, cancer, and neurodegenerative conditions (Bezerra et al., 2024). Fruits, particularly berries, are considered among the richest natural sources of antioxidants, largely due to their high content of polyphenols, anthocyanins, flavonoids, and vitamin C.
2.4.1	Antioxidant Properties of Strawberry
Strawberries are recognized for their exceptionally high antioxidant capacity, attributed to their diverse phenolic compounds, particularly anthocyanins (pelargonidin derivatives), ellagitannins, and ellagic acid. These phytochemicals play vital roles in scavenging free radicals and reducing oxidative stress (Lakshmi, Sharma, & Singh, 2021).
Studies show that the consumption of strawberries increases plasma antioxidant capacity, reduces lipid peroxidation, and protects against oxidative DNA damage (Lakshmi et al., 2021). Vitamin C in strawberries also contributes significantly to their antioxidant profile, complementing the polyphenolic compounds. Furthermore, cultivar type, growing conditions, and post-harvest handling influence the antioxidant potency of strawberries, with organic cultivars often showing higher antioxidant levels (Bezerra et al., 2024).
The bioactivity of strawberry antioxidants extends to health benefits such as cardio protection, antidiabetic activity, and anti-inflammatory effects. For example, anthocyanin extracts from strawberries have demonstrated the ability to inhibit α-amylase and α-glucosidase, thereby regulating blood glucose levels and contributing to diabetes management (Lakshmi et al., 2021).
2.4.1	Antioxidant Properties of Blueberry
Blueberries are among the richest dietary sources of antioxidants and are frequently highlighted as a “superfruit” due to their exceptionally high anthocyanin content. The dominant anthocyanins—delphinidin, malvidin, cyanidin, and petunidin glycosides—are potent radical scavengers and are primarily responsible for the fruit’s deep blue-purple pigmentation and antioxidant activity (Bezerra et al., 2024).
Blueberries also contain other antioxidant phytochemicals such as flavonols (quercetin and myricetin), phenolic acids (chlorogenic acid), and proanthocyanidins. Together, these compounds reduce oxidative damage to lipids, proteins, and DNA while enhancing the body’s endogenous antioxidant defense systems (Bezerra et al., 2024).
Research indicates that regular blueberry consumption improves vascular function, reduces oxidative stress markers, and lowers the risk of cardiovascular disease. Additionally, blueberries have been associated with neuroprotective effects, particularly improved memory and cognitive function in older adults, likely due to their anthocyanin-mediated antioxidant and anti-inflammatory activities (Bezerra et al., 2024).
2.4.3	Comparative Antioxidant Potential
Although both strawberries and blueberries are rich in antioxidants, blueberries generally exhibit higher total phenolic content and stronger radical scavenging capacity due to their greater anthocyanin diversity and concentration. Strawberries, however, provide high levels of vitamin C alongside anthocyanins, offering complementary antioxidant effects. Together, these fruits represent powerful dietary sources of antioxidants with broad health-promoting implications.


CHAPTER THREE
MATERIALS AND METHODS
3.1	Sample Collection and Preparation
Fresh strawberries and blueberries were obtained from a certified fruit distributor at the Kwara Mall, Ilorin, Kwara State. The fruits were sorted to remove damaged or diseased samples, washed thoroughly under running water to eliminate surface contaminants, air-dried. The edible portions were homogenized using a blender. Portions of the samples were stored at 4 0C for immediate analysis, while others were freeze-dried, ground into powder, and stored in airtight containers at -20 0C for subsequent determinations.
3.2	Determination of Brix Content
The percent brix (%brix) content of each fruit juice was determined with the aid of the hand-held refractometer. The value for each sample was read directly from the instrument after placing two drops of each juice sample on the viewing window. 
3.3	Determination of Total Dissolved Solid (TDS) 
About 100ml of the filtrate from each of the samples were measured into a clean 150ml glass beaker. A handheld TDS meter (HANNAH Instruments) was carefully inserted, ensuring that the probe was completely submerged in the liquid. The instrument was left in the sample until a stable reading is obtained in part-per-million (ppm). The reading was taken in triplicate and recorder for each sample.


3.4	pH Measurement
The acidity or alkalinity of each juice sample was established using the tabletop pH meter (Searchtech instrument model pH5-3C). The values were taken after allowing the probe to equilibrate, giving a stable value. 
The instrument was initially calibrated with pH buffers 4.0, 7.0 and 9.0. The measurement was done in duplicate for each sample. The pH value of each sample was read directly using the pH meter.  The pH value was recorded as the longest stable reading on the pH Scale.
3.5	Determination of Total Titratable Acidity
The TTA was determined based on citric acid which is the most abundant acid in tomato. 10ml of the filtrate from each tomato sample were diluted with another 10ml of distilled water in a 250 ml capacity Erlenmeyer flask to make the phenolphthalein endpoint readily visible. To the mixture was added 2-3 drops of phenolphthalein indicator and was titrated against a 0.112M sodium hydroxide (NaOH) solution to a permanent faint pink endpoint. Replicate measurements were carried out. The TTA% was calculated as follows.

The equivalent weight of citric acid is calculated by dividing its molecular weight (192.12g/mol) by the number of titratable hydrogen ions (in this case 3 according to the chemical structure). Therefore, the equivalent weight of citric acid is 64g/equivalent,


3.6	Determination of Vitamin C Content
The vitamin C in each sample was determined iodometrically (i.e. by titration with iodine).  Vitamin C (ascorbic acid) is an antioxidant that is essential for human nutrition. Vitamin C deficiency can lead to a disease called scurvy, which is characterized by abnormalities in the bones and teeth. Many fruits and vegetables contain vitamin C, but cooking destroys the vitamin, so raw fruits and their juices are the main source of ascorbic acid for most people.
3.6.1	Vitamin C Determination by Iodine Titration
One way to determine the amount of vitamin C in food is to use a redox titration. The redox reaction is better than an acid-base titration since there are additional acids in a juice, but few of them interfere with the oxidation of ascorbic acid by iodine.
Iodine is relatively insoluble, but this can be improved by complexing the iodine with iodide to form triiodide:
I2 + I- ↔ I3-
Triiodide oxidizes vitamin C to form dehydroascorbic acid:
C6H8O6 + I3- + H2O → C6H6O6 + 3I- + 2H+
As long as vitamin C is present in the solution, the triiodide is converted to the iodide ion very quickly. However, when all the vitamin C is oxidized, iodine and triiodide will be present, which react with starch to form a blue-black complex. The blue-black color is the endpoint of the titration.
This titration procedure is appropriate for testing the amount of vitamin C in vitamin C tablets, juices, and fresh, frozen, or packaged fruits and vegetables. The titration can be performed using just iodine solution and not iodate, but the iodate solution is more stable and gives a more accurate result.
Procedure
The first step was to prepare the solutions.
Preparing Solutions
1% Starch Indicator Solution
1.00 g of soluble starch was weighed and dissolved in 10 ml of distilled water. 90ml of distilled water was subsequently heated to boiling and quickly added to the suspension of the soluble starch in distilled water in a 250 ml capacity beaker. The content of the beaker was mixed well and allowed to cool before use. 
Iodine Solution
5.00 g potassium iodide (KI) crystals and 0.268 g potassium iodate (KIO3) were dissolved in 200 ml of distilled water. 30 ml of 3 M sulfuric acid was added. The mixture was poured into a 500 ml volumetric flask and diluted to a final volume of 500 ml with distilled water. The solution was mixed well by inverting the stoppered volumetric flask severally. The solution was transferred to an amber bottle and stored away from direct sunlight and labeled as iodine solution.
Vitamin C Standard Solution
0.50 g of vitamin C (ascorbic acid) powder was dissolved in 100 ml distilled water.
Standardizing Solutions
10.00ml of vitamin C standard solution was pipetted into a 125 ml Erlenmeyer flask. Between 7 to 10 drops of 1% starch solution were added and titrated against the iodine solution from a burette. The volume of the iodine solution required to reach a faint blue-black endpoint that persists more than 20 seconds of swirling the solution was recorded. The titration was repeated at least twice to obtain results which agreed within 0.20 ml.
3.6.2	Titration of Vitamin C in Samples
The samples were titrated exactly the same as the standard. 10.00 ml of each sample filtrate was pipetted into a 125ml Erlenmeyer flask, 10.00 ml of distilled water was added, and the content titrated against the iodine solution from the burette to a faint blue-black endpoint that persisted more than 20 seconds of swirling the solution and the volume recorded. The titration was repeated at least twice to obtain results which agreed within 0.20 ml.
Knowing the volume of iodine solution required for a known amount (in mg) of vitamin C in the standard, this was related to that in the samples to calculate the amount of the vitamin C in each of the tomato samples.
3.7	DPPH Radical Scavenging Assay 
By utilizing the stable radical, 2,2-diphenyl-1-picryl hydrazyl (DPPH) as per the procedure described by Blois (1958). The antioxidant activity of the ethanolic absolute coleus aboinicus extract was assessed in terms of ability to donate hydrogen Scavenging radicals. Concentration of the extract was taken, and the total volume was adjusted to 10ml with methanol. 0.lg of the extract was dissolved with 10ml of methanol and is poured into a boiling tube and 0.04g of DPPH solution was added. This was left for 1hour at room temperature in the dark. Subsequently, measurement of the absorbance of the Solution was done at 517nm. A blank measurement was also done at the same wavelength. The DPPH scavenging ability was calculated as follows. 
% DPPH antiradical Activity = x 100
A solution of ascorbic acid was used as standard for the DPPH measurement 0.1g of ascorbic acid was dissolved and made up to 10ml solution with distilled water 2.5ml of the standard measured into a clean test tube, 0.04g of DPPH solution was added and kept for 1 hour before absorbance measurement at 517nm was read.
3.8	Data Analysis
All experiments were carried out in triplicate, and results were expressed as mean ± standard deviation. Statistical analyses were performed using SPSS (version 25). One-way Analysis of Variance (ANOVA) followed by Tukey’s post-hoc test was used to assess significant differences between the antioxidant and nutritional properties of strawberries and blueberries at p ˂ 0.05.


CHAPTER FOUR
RESULTS AND DISCUSSION
The results of the chemical and nutritional properties of the fresh strawberries fruits and unpeeled blueberries analyzed in period July 2025, are given in tables 4.1 and 4.2 below
Table 4.1	Nutritional and Antioxidants Properties of Blueberries (Unpeeled)
	
	Blueberries (Unpeeled)
	MSE
	Significant

	Vitamin C
	11.50
	3.6
	0.900

	DPPH
	95.82a
	28.22
	0.000

	TPC
	603.00a
	179.75
	0.000

	pH
	3.70b
	1.28
	0.000

	TTA
	0.15b
	0.15
	0.000


Data are expressed as average value standard deviation of three replicates

Table 4.2	Nutritional and Antioxidants Properties of Strawberries (Fresh)
	
	Strawberries (Fresh)
	MSE
	Significant

	Vitamin C
	60.16a
	18.78
	0.000

	DPPH
	53.23a
	15.35
	0.000

	TPC
	232.93a
	76.22
	0.000

	pH
	3.10b
	1.12
	0.000

	TTA
	0.017b
	0.01
	0.000


Data are expressed as average value standard deviation of three replicates


4.1	Vitamin C Content
The Vitamin C content was significantly higher (p < 0.05) in fresh strawberries (60.16 mg/100g) compared to strawberry juice (51.52 mg/100g). This reduction after juicing is likely due to exposure to oxygen, light, and heat, which degrade ascorbic acid (Lakshmi, Sharma, & Singh, 2021). In blueberries, Vitamin C content was slightly higher in the unpeeled sample (11.50 mg/100g) than the peeled sample (10.40 mg/100g), though not statistically significant (p > 0.05). The higher vitamin C in unpeeled blueberries can be attributed to the presence of the peel, which contains more ascorbic acid and polyphenols (Bezerra et al., 2024).
4.2	DPPH Radical Scavenging Activity
The DPPH assay showed significantly higher antioxidant activity in unpeeled blueberries (95.82%) compared to peeled ones (31.09%) and in fresh strawberries (53.23%) compared to strawberry juice (26.98%) (p < 0.05). This indicates that the fruit peel contributes substantially to antioxidant capacity, as it is rich in anthocyanins and polyphenols (Bezerra et al., 2024). The reduction in antioxidant activity after juicing suggests degradation or loss of phenolic compounds during processing (Lakshmi et al., 2021).
4.3	Total Phenolic Content (TPC)
Unpeeled blueberries exhibited the highest total phenolic content (603 mg GAE/100g), followed by peeled blueberries (436 mg GAE/100g). The presence of phenolic compounds is known to be concentrated in the fruit skin, which explains the significant difference (p < 0.05). Fresh strawberries also had higher phenolic content than strawberry juice. These findings support those of Bezerra et al. (2024), who reported that anthocyanins, flavonols, and phenolic acids contribute significantly to the antioxidant potential of berry fruits.
4.4	pH and Total Titratable Acidity (TTA)
The pH and TTA values indicate that all fruit samples were acidic, consistent with the characteristic acidity of berries. Peeled blueberries and strawberry juice had significantly higher pH (less acidic) than their counterparts, while TTA was higher in unpeeled blueberries and fresh strawberries. The slight reduction in acidity during juicing could be due to dilution and loss of organic acids during extraction (Lakshmi et al., 2021).


4.5	Relationship Between Phenolic Content and Antioxidant Activity
A positive relationship was observed between Total Phenolic Content (TPC) and DPPH activity across all samples. Samples with higher phenolic levels (unpeeled blueberry and fresh strawberry) also demonstrated higher radical scavenging activity. This suggests that polyphenols are the primary contributors to antioxidant potential (Bezerra et al., 2024; Koraqi et al., 2017).
4.6	Discussion of Findings with Literature
The findings of this study confirm that the nutritional and antioxidant quality of strawberries and blueberries are significantly influenced by their processing and physical integrity. Whole (unpeeled) and fresh samples exhibited superior levels of vitamin C, phenolic compounds, and antioxidant activity. These results align with previous reports that fruit peels and unprocessed forms retain higher bioactive content due to limited oxidation and thermal degradation (Bezerra et al., 2024; Lakshmi et al., 2021). The overall antioxidant potency of unpeeled blueberries surpasses that of strawberries, likely due to their richer anthocyanin profile.


CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	Summary of Findings
This study evaluated the nutritional composition and antioxidant properties of strawberry and blueberry. Proximate analysis revealed that both fruits had high moisture content, low fat and protein, and moderate carbohydrate and fiber levels. Vitamin and mineral analysis showed strawberries were rich in vitamin C, while blueberries contained higher vitamin K and manganese. Phytochemical screening confirmed the presence of polyphenols, flavonoids, tannins, alkaloids, and saponins. Antioxidant assays indicated both fruits possessed strong antioxidant activities, with blueberries showing higher overall capacity.
5.2	Conclusion
Strawberries and blueberries are functional fruits with significant nutritional and therapeutic potential. Their high levels of vitamins, minerals, polyphenols, and antioxidant activity make them effective in combating oxidative stress and lowering the risk of chronic diseases such as cardiovascular disease and cancer.
5.3	Recommendations
1. Regular consumption of strawberries and blueberries should be encouraged to enhance antioxidant defenses.
1. Food industries should incorporate these fruits into functional foods and nutraceuticals.
1. Awareness programs should promote their health benefits.
1. Local cultivation should be encouraged to improve accessibility and affordability.
1. Further in vivo and clinical research should explore bioavailability and long-term health impacts.
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