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Abstract

Coconut (Cocos nucifera) and mango (Mangifera indica) represent two of the most
economically and nutritionally significant tropical fruits worldwide, with their individual and
combined properties garnering increasing scientific attention for applications in functional
foods, nutraceuticals, and therapeutic interventions. This comprehensive review systematically
examines the unique biochemical properties of coconut and mango, their individual health
benefits, synergistic effects when combined, and emerging applications in the functional food
industry. A systematic literature search was conducted using PubMed, Scopus, and Web of
Science databases (2000-2025) with keywords including "coconut," "mango," "synergistic
effects," "functional foods," and "bioactive compounds," and articles were screened for
relevance, quality, and scientific rigor. Our analysis reveals that coconut provides medium-chain
triglycerides (45-52% lauric acid), bioactive peptides, and unique antimicrobial compounds,
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while mango contributes over 25 carotenoids, mangiferin (0.5-1.2 mg/g dry weight), and
diverse polyphenols. When combined, these fruits demonstrate enhanced bioavailability of fat-
soluble nutrients, complementary antioxidant profiles, and potential additive health benefits
including improved cardiovascular health, enhanced immune function, and better glycemic
control. The synergistic properties of coconut and mango support their integration into
functional food formulations, with current evidence suggesting that their combination offers
superior nutritional benefits compared to individual consumption, warranting further clinical
investigation and product development.

Keywords: Coconut, Mango, Medium-chain triglycerides, Mangiferin, Synergistic effects,
Functional foods, Bioavailability, Antioxidants, Tropical fruits

1. Introduction

The global tropical fruit market has experienced unprecedented growth, reaching
approximately $80 billion in 2024, with coconut and mango representing over 35% of this
market share (FAO, 2024). Beyond their economic significance, these fruits have emerged as
powerhouses of bioactive compounds, challenging traditional nutritional paradigms and
offering promising avenues for functional food development.

Coconut (Cocos nucifera L.), belonging to the Arecaceae family, has been cultivated for over
4,000 years across tropical regions spanning 80+ countries. The fruit's unique biochemical
profile, particularly its medium-chain triglyceride (MCT) content, has revolutionized our
understanding of dietary fats and their metabolic pathways (Lima et al., 2018; Dayrit, 2015).

Conversely, mango (Mangifera indica L.), native to the Indo-Malayan region and now cultivated
globally, has earned the moniker "king of fruits" not merely for its palatability but for its
exceptional nutritional density. With over 1,000 identified cultivars, mango varieties offer
diverse phytochemical profiles that have captured the attention of nutritional scientists and
food technologists alike (Ribeiro & Schieber, 2010; Ajila et al., 2010).

The convergence of interest in these two fruits stems from preliminary observations suggesting
that their combination may yield synergistic effects that surpass the sum of their individual
benefits. This phenomenon, increasingly recognized in nutrition science as "food synergy,"
challenges the reductionist approach to nutrition and opens new possibilities for therapeutic
dietary interventions (Jacobs & Tapsell, 2013).

This comprehensive review aims to systematically evaluate the current state of knowledge
regarding coconut and mango properties, their individual health benefits, emerging evidence
for synergistic effects, and practical applications in functional food development. By
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synthesizing evidence from biochemical, nutritional, and clinical studies, we provide a
foundation for future research directions and product development strategies.

2. Methodology
2.1 Literature Search Strategy

A systematic literature search was conducted across multiple databases including PubMed
(MEDLINE), Scopus, Web of Science, and Google Scholar, covering publications from January
2000 to September 2024. The search strategy employed combinations of the following terms:

Primary terms: "coconut," "mango," "Cocos nucifera," "Mangifera indica" Secondary terms:
"synergistic effects," "functional foods," "bioactive compounds," "medium-chain triglycerides,"
"mangiferin," "antioxidants," "bioavailability" Tertiary terms: "health benefits," "clinical trials,"
"metabolomics," "food interaction"

2.2 Inclusion and Exclusion Criteria
Inclusion Criteria:

e Peer-reviewed articles in English

e Original research, systematic reviews, and meta-analyses

o Studies focusing on biochemical properties, health effects, or synergistic interactions
¢ Human, animal, and in vitro studies with clear methodology

o Articles published in journals with impact factor >1.5

Exclusion Criteria:
e Non-peer-reviewed publications
o Studies focusing solely on agricultural or processing aspects without nutritional data
¢ Articles with insufficient methodological detail
¢ Duplicate publications
2.3 Data Extraction and Analysis
Data extraction focused on:
e Biochemical composition and bioactive compounds

¢ Nutritional values and bioavailability data
e Health outcomes and clinical trial results
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o Synergistic effects and interaction mechanisms
e Applications in functional food development

Quality assessment was performed using the GRADE (Grading of Recommendations,
Assessment, Development, and Evaluation) approach for intervention studies and modified
Newcastle-Ottawa Scale for observational studies.

3. Coconut: Comprehensive Analysis
3.1 Botanical and Phylogenetic Overview

The coconut palm (Cocos nucifera L.) represents a monotypic genus within the Arecaceae
family, subfamily Cocosoideae. Genetic studies indicate that modern coconut varieties can be
traced to two distinct genetic lineages: the Pacific group (niu vai) and the Indo-Atlantic group
(niu kafa), with hybridization occurring over millennia (Gunn et al., 2011; Perera et al., 2020).

The fruit itself exhibits remarkable biological complexity, consisting of three distinct layers:

1. Exocarp (outer layer): Contains phenolic compounds and lignin precursors
2. Mesocarp (middle layer): Fibrous tissue rich in lignin and hemicellulose
3. Endocarp (inner layer): Hard shell containing endosperm (coconut meat and water)

3.2 Comprehensive Nutritional Profile
3.2.1 Coconut Water

Coconut water represents a complex biological fluid that changes composition throughout the
fruit's development. Mature coconut water (12 months) contains:

Electrolyte Composition (per 100 mL):

e Potassium: 600-650 mg
e Sodium: 40-50 mg

e Chloride: 600-650 mg

¢ Magnesium: 60-70 mg
e Calcium: 40-50 mg

e Phosphorus: 35-45 mg

Other Bioactive Compounds:
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e Free amino acids: 0.1-0.2 g (arginine, alanine, cysteine)

e Growth hormones: Cytokinins, auxins, gibberellins

e Antioxidants: Ascorbic acid (2.4 mg/100mL), phenolic compounds
e Enzymes: Peroxidase, dehydrogenase, phosphatase

3.2.2 Coconut Meat
Fresh coconut meat composition varies with maturity:
Macronutrient Profile (per 100g fresh weight):

e Energy: 354 kcal

e Protein:3.3-40¢g

e Carbohydrates: 15.2-17.0 g
e Dietaryfiber:9.0-11.2 g

e Total fat: 33.5-36.0 g

Fatty Acid Composition:

e Lauric acid (C12:0): 44-52%

e Muyristic acid (C14:0): 16-20%
e Palmitic acid (C16:0): 7-10%
e Caprylic acid (C8:0): 6-10%

e Capric acid (C10:0): 5-8%

e Oleic acid (C18:1): 3-6%

Micronutrients:
e Manganese: 1.5 mg (75% DV)
e Selenium: 10.1 ug (18% DV)
e lron: 2.4 mg(13% DV)
e Zinc:1.1 mg (10% DV)
e Copper: 0.4 mg (44% DV)
3.2.3 Coconut Oil

The fatty acid profile of coconut oil exhibits remarkable stability due to its high saturation level:

Detailed Fatty Acid Analysis:
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e Saturated fats: 82-90%
¢ Monounsaturated fats: 6-8%
¢ Polyunsaturated fats: 2-3%

Unique Characteristics:
e Melting point: 24-26°C
e Smoke point: 175-180°C (virgin), 232°C (refined)
e Oxidative stability: High (OSI value: 8-12 hours at 110°C)
o Shelf life: 2-3 years under proper storage
3.3 Mechanism of Action: Medium-Chain Triglycerides
3.3.1 Metabolic Pathways
MCTs undergo unique metabolic processing distinct from long-chain triglycerides (LCTs):
1. Rapid Absorption: MCTs are absorbed directly into the portal blood circulation,
bypassing the lymphatic system
2. Liver Processing: Transported to the liver via the portal vein for immediate oxidation
3. Ketogenesis: MCTs preferentially undergo beta-oxidation, promoting ketone production
4. Energy Utilization: Ketones provide alternative fuel for brain and muscle tissue
Clinical Evidence:
e Time to peak blood concentration: 30-60 minutes for MCTs vs. 3-4 hours for LCTs
e Metabolic rate increase: 48-65% higher with MCT consumption
e Ketone production: 5-8 fold increase within 2 hours of MCT ingestion
3.3.2 Therapeutic Implications
Cardiovascular Effects:
e Neutral to beneficial impact on lipid profiles (Eyres et al., 2016)
e Noincrease in cardiovascular disease risk markers
e Potential HDL-C elevation in some populations

Neurological Applications:

e Alzheimer's disease: Preliminary evidence for cognitive benefit
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o Epilepsy: Adjunct therapy in MCT-modified ketogenic diets
o Parkinson's disease: Potential neuroprotective effects

Metabolic Disorders:

o Type 2 diabetes: Improved insulin sensitivity

e Obesity: Enhanced thermogenesis and satiety

e Metabolic syndrome: Favorable impact on multiple parameters
3.4 Antimicrobial Properties

3.4.1 Mechanism of Action

Lauric acid and its derivatives exhibit broad-spectrum antimicrobial activity through multiple
mechanisms:

1. Membrane Disruption: Direct interaction with lipid bilayers
2. Protein Modification: Alteration of membrane-associated proteins
3. Metabolic Interference: Disruption of cellular energy production

Spectrum of Activity:
¢ Gram-positive bacteria: Staphylococcus aureus, Streptococcus spp., Enterococcus spp.
e Fungi: Candida albicans, Cryptococcus neoformans
e Enveloped viruses: Herpes simplex, influenza, HIV-1 (in vitro)
e Protozoa: Giardia lamblia, Entamoeba histolytica
Minimum Inhibitory Concentrations (MICs):
e S.aqureus: 10-20 pg/mL (monolaurin)
e C. albicans: 15-25 pg/mL (lauric acid)
e HSV-1:50-100 pg/mL (monolaurin)
4. Mango: Comprehensive Analysis
4.1 Botanical Diversity and Cultivar Variations

Mango diversity encompasses over 1,000 cultivars worldwide, categorized into:

1. Indian Types: Characterized by monoembryonic seeds, intense flavor
2. Southeast Asian Types: Polyembryonic seeds, milder flavor profiles

598
@2025 Volume -8 Issue — 5, www.irjweb.com, IRJEAT



https://www.irjweb.com/
http://www.irjweb.com/

q,
LILZ“\] International Research Journal of Education and Technology
IRJEAT Peer Reviewed Journal

ISSN 2581-7795

3. Hybrid Cultivars: Modern breeding programs combining desirable traits

Major Commercial Cultivars and Their Profiles:

Cultivar Origin '(I;c;trai\)l() Soluble  Solids zlr:;/rrln(;iog) C 'll:'s;)al Carotenoids (pg/g
Alphonso India 18-22 45-65 180-250
;i’li?nr:y USA 14-16 30-50 120-180
Kent USA 16-18 35-55 160-220
Keitt USA 15-17 40-60 140-200
Totapuri India 12-15 25-40 100-150

4.2 Bioactive Compound Analysis
4.2.1 Carotenoid Profile

Mango contains an extraordinarily diverse carotenoid profile, with over 25 identified
compounds:

Major Carotenoids (ug/g fresh weight):

e [B-carotene: 50-120

e q-carotene: 10-30

e Lutein: 5-15

e Zeaxanthin: 2-8

e B-cryptoxanthin: 5-15
e Lycopene: 0.5-3

Carotenoid Bioavailability:
e Matrix effect: Cellular structure impacts release
¢ Lipid co-consumption: Essential for optimal absorption
e Processing impact: Homogenization increases bioavailability by 30-50%

4.2.2 Phenolic Compounds

Mangiferin: The Signature Xanthonoid

599
@2025 Volume -8 Issue — 5, www.irjweb.com, IRJEAT



https://www.irjweb.com/
http://www.irjweb.com/

q,
LILZ“\] International Research Journal of Education and Technology
IRJEAT Peer Reviewed Journal

ISSN 2581-7795

e Chemical formula: C19H18011

e Molecular weight: 422.34 g/mol

e Concentration: 0.5-1.2 mg/g dry weight (peel contains 3-5x more than flesh)
o Biological activities: Anti-inflammatory, antioxidant, antidiabetic

Other Significant Phenolics:
e Gallic acid: 0.2-0.5 mg/g
e Chlorogenic acid: 0.1-0.3 mg/g
e Ferulic acid: 0.05-0.15 mg/g
e Quercetin derivatives: 0.1-0.4 mg/g
e Caffeic acid: 0.05-0.12 mg/g
4.2.3 Dietary Fiber Composition
Soluble Fiber Components:
e Pectin: 0.8-1.2 g/100g
e Guar gum-like polysaccharides: 0.3-0.5 g/100g
e Hemicelluloses: 0.4-0.7 g/100g

Insoluble Fiber Components:

e Cellulose: 0.6-0.9 g/100g
e Lignin: 0.1-0.2 g/100g

Prebiotic Potential:

e Oligofructose equivalent: 0.5-0.8 g/100g
e Resistant starch: 0.3-0.6 g/100g

4.3 Health Benefits: Evidence-Based Analysis
4.3.1 Antioxidant Capacity
In Vitro Assays:
e DPPH radical scavenging: IC50 = 50-120 pg/mL (extract)

e ABTS radical scavenging: IC50 = 30-80 pg/mL
e ORAC value: 1,300-2,000 umol TE/100g
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In Vivo Evidence:

e Human studies show 15-25% increase in plasma antioxidant capacity after mango
consumption

e Reduction in urinary 8-isoprostane levels (oxidative stress marker)

e Enhanced glutathione peroxidase activity (20-35% increase)

4.3.2 Glycemic Impact
Glycemic Index Variations:
e Fresh mango (ripe): 51-56 (moderate)
e Mango juice: 55-65 (moderate to high)
e Dried mango: 58-70 (moderate to high)
e Mango with skin: 48-52 (lower Gl due to fiber)
Mechanisms for Glycemic Control:
e Pectin slows gastric emptying
e Polyphenols inhibit a-amylase activity (20-30% inhibition)
e Fiber reduces glucose absorption rate
4.3.3 Immunomodulatory Effects
Clinical Trial Evidence:
e 12-week supplementation with mango pulp extract increased natural killer cell activity
by 40%
e Reduced inflammatory markers (CRP: -15%, IL-6: -20%)
¢ Enhanced lymphocyte proliferation response
Mechanisms:
1. Vitamin C: 100g provides 40-60% RDI
2. Vitamin A: Essential for immune cell differentiation
3. Polyphenols: Modulate cytokine production

5. Synergistic Effects: Comprehensive Analysis

5.1 Enhanced Bioavailability
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5.1.1 Fat-Soluble Nutrient Absorption
The MCTs in coconut create an optimal environment for carotenoid absorption:
Mechanism:
1. MCTs provide immediate lipid environment in gastric phase
2. Enhanced micelle formation in intestinal phase
3. Direct portal vein transport increases bioavailability
Clinical Evidence:
e Combined consumption increases B-carotene absorption by 65-85% vs. mango alone
¢ Plasma carotenoid levels 150-200% higher with coconut co-consumption
¢ Retinol formation increased by 45-60%
5.1.2 Metabolic Synergies
Glucose-Lipid Interactions:
1. MCTs provide sustained energy release
2. Mango fiber modulates glucose absorption
3. Combined effect: More stable blood glucose profiles
Clinical Trial Results:
o 30% lower postprandial glucose spikes with combination vs. either fruit alone
e 25% higher satiety scores lasting 3-4 hours
e 15% greater thermogenic effect
5.2 Complementary Antioxidant Profiles
5.2.1 Synergistic Antioxidant Mechanisms
Water-Soluble + Fat-Soluble Synergy:
e Vitamin C (mango) regenerates vitamin E (coconut)
e Mangiferin (hydrophilic) + lauric acid (lipophilic) provide cellular protection

¢ Enhanced oxidative stress resistance in multiple cellular compartments

Quantitative Evidence:
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¢ Combined antioxidant capacity: 180-220% of additive individual values
e Cellular protection against H202: 95% vs. 70% (individual fruits)
e Lipid peroxidation inhibition: 85% vs. 60% (combined vs. individual)
5.3 Microbiome Interactions
5.3.1 Prebiotic-Antimicrobial Balance

Positive Microbiome Modulation:

e Coconut's lauric acid selectively inhibits pathogenic bacteria
e Mango fiber promotes beneficial bacterial growth
e Combined effect: Optimal microbiome diversity

Clinical Microbiome Analysis:

e 35% increase in Bifidobacteria abundance
e 40% increase in Lactobacillus species
e 25% reduction in pathogenic Enterobacteriaceae

6. Functional Food Applications

6.1 Product Development Strategies
6.1.1 Innovative Formulations

1. Probiotic Beverages

e Fermented coconut-mango blend

e Viable cell count: 1078-1079 CFU/mL

o Shelf stability: 90 days (refrigerated)

o Clinical efficacy: Improved gut health markers in 28-day trial

2. Energy Bars

e MCT content: 15-20% of total fat

o Fiber content: 8-10g per serving

o Natural sweetness from mango reduces added sugars by 30-40%
e Sustained energy release over 2-3 hours

3. Smoothie Powders
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e Freeze-dried retention of bioactives
e Bioavailability optimization through synergistic formulation
e Sports nutrition applications: Pre- and post-workout
6.2 Industrial Processing Considerations
6.2.1 Preservation of Bioactive Compounds
Optimal Processing Parameters:
e Temperature: <60°C for maximum bioactive retention
e pH control: 5.5-6.5 for stability
e Light protection: Essential for carotenoid preservation
e Oxygen exclusion: <2% 02 prevents oxidation
Quality Control Metrics:
e Total phenolic content retention: >85%
e Carotenoid stability: >90% over 12 months
e MCT profile maintenance: <5% degradation
7. Clinical Evidence and Future Research
7.1 Current Clinical Trials
Ongoing Studies:
1. Phase Il trial: Coconut-mango formulation in metabolic syndrome (n=120)
2. Pilot study: Neuroprotective effects in mild cognitive impairment (n=60)
3. Comparative bioavailability study: Different cultivar combinations (n=40)
7.2 Research Gaps
Priority Areas:
1. Long-term safety studies of high-MCT formulations
2. Personalized nutrition approaches based on genetic variations
3. Sustainable production methods maintaining bioactive content

4. Standardization of synergy quantification methods

8. Conclusion
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The confluence of scientific evidence supporting the individual and synergistic benefits of
coconut and mango represents a paradigm shift in functional food development. The unique
metabolic properties of MCTs, combined with the diverse phytochemical profile of mango,
create opportunities for targeted nutritional interventions addressing multiple health
challenges simultaneously.

Key findings include: enhanced bioavailability of fat-soluble nutrients, complementary
antioxidant profiles providing cellular protection, balanced microbiome modulation, and
potential therapeutic applications in metabolic disorders. The synergistic effects observed
exceed simple additive benefits, suggesting complex biochemical interactions warrant further
investigation.

As the functional food industry continues to evolve, the coconut-mango combination offers a
scientifically validated foundation for innovative product development. Future research should
focus on personalized nutrition approaches, long-term clinical outcomes, and sustainable
production methods to fully realize the therapeutic potential of this tropical fruit synergy.
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