FUNCTIONAL FOODS AND THEIR IMPACT ON HUMAN HEALTH: A REVIEW
ABSTRACT
Functional foods are emerging as a topic of interest for nutrition, health promotion and disease prevention. In this article, we discussed the concept, types, bioactive components, mode of action, regulation, and health benefits of functional foods. Functional foods are natural and fortified foods with bioactive compounds like polyphenols, probiotics, dietary fiber, phytosterols and omega-3 fatty acids that improve bodily functions. The study examined different types of functional foods, such as natural, fortified and medical foods, as well as examples including functional foods containing probiotics, dietary fibers and plant-based functional foods. It also discussed the effects of these bioactive ingredients on metabolism, immune system, gut microbiome, and inflammation regulation via multiple mechanisms. Functional foods were found to have many health-related benefits, including promoting heart health, preventing or managing diabetes and obesity, and promoting gut health, immunity, cognitive health and psychological well-being. It also highlighted the importance of regulations for the safety, quality and efficacy of functional foods. Finally, the study suggested that functional foods are indeed a vital component of preventive health care and therapeutic nutrition, and have a strong potential to improve health and prevent lifestyle diseases, but also that more research and regulatory efforts are needed in this field.
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1. INTRODUCTION
Functional foods have gained tremendous attention in the recent years for their potential health benefits and disease prevention apart from the regular nutrition. The functional foods consist of active ingredients as compared to the traditional foods, which just offer the essential nutrients, such as carbohydrate, proteins, fats, vitamins and minerals and hence they have some additional physiological functions [1]. These are foods that may contain naturally occurring or added ingredients that can help to improve overall health, enhance the immune system and reduce the risk of chronic diseases. With the growing awareness of lifestyle-related diseases such as obesity, diabetes, cardiovascular diseases and cancers, the consumers and scientists alike are now interest to know about the health-promoting effect of functional foods.
Functional foods were first defined in Japan during the 1980s as the Foods for Specified Health Use (FOSHU). Since then, the concept has spread globally encouraging the development and consumption of health-promoting foods and beverages with therapeutic or prevention properties. Functional foods consist of vast range of products such as probiotics, prebiotics, fortified grains, omega-3 rich foods, dietary fibres, antioxidant fruits and vegetables, plant-based bioactive compounds and more [2]. They are designed to improve physiological, digestive and metabolic functions, and to stimulate the immune response. It has been shown through scientific research that most of the components of functional foods exhibit antioxidant, anti-inflammatory, antimicrobial and cardioprotective effects.
The rapidly increasing burden of non-communicable diseases and increasing health care expenditure have also increased the need for preventive nutrition. Functional foods provide a potential solution to these challenges as a way to promote good health and reduce diet related diseases [3]. For instance, omega-3 fatty acids are shown to have a positive impact on the cardiovascular risks when present in foods rich with that compound, while products with probiotics can influence the equilibrium of the gut microbiota and improve the health of the digestive system. Similarly, it is likely that products with increased levels of antioxidants such as polyphenols, flavonoids and carotenoids may reduce the effects of oxidative damage and cell injury.
Besides health benefits, functional foods also have the aspects of better quality of life and well-being. Food science and biotechnology have allowed the discovery, separation and addition of useful bioactive compounds into daily food. This has resulted in the creation of new food products to complement certain health functions such as immune enhancement, improved cognitive functioning and better metabolic regulation [4]. Functional foods are projected to have a major role in contemporary food nutrition and preventive care as the demand of consumers toward healthier food products continues to increase.
Hence, functional foods and their effects on human health have emerged as a crucial field of research in nutrition science and the general health of the population. One might use the knowledge of the mechanisms, benefits, and applications of the functional foods to help formulate dietary guidelines, provide healthier lifestyles, and enhance the creation of food products that help prevent diseases and maintain long-term health [5]. The purpose of this review is to discuss the vision of functional foods, the key classes of these foods, bioactive substances, and their possible effects on human health.
2. CLASSIFICATION AND TYPES OF FUNCTIONAL FOODS
There are several categories of functional foods depending on the source it comes, composition, how it is prepared and the health benefit it offers. These are foods with biologically active elements that help in enhancing the physiological functions and prevent diseases [6]. Functional foods can be naturally present in food, or can be processed, fortified or added with other nutrients and bioactive compounds to confer some additional health benefits. Functional foods are classified to enable one to know their meaning in terms of nutrition and their effectiveness in enhancing human well-being.
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Figure 1: Classification of Function Foods [7].
2.1. Categories of Functional Foods
Functional foods are usually categorized into various groups depending on their origin, constitution and health promotion. Among the most significant groups is the group of conventional functional foods which inherently include bioactive compounds that are healthy and disease-preventing [8]. Such foods are fruits, vegetables, whole grains, nuts, and seeds, and fish, which are naturally abundant in antioxidants, vitamins, minerals, dietary fibers, and essential fatty acids. Frequent use of such foods helps to facilitate metabolism, improves the immune system, and prevents the occurrence of chronic conditions.
The other type is modified or fortified functional foods which are fortified with other nutrients to increase their health value. They include fortified milk with vitamin D, salt that is fortified with iodine and food that is fortified with iron [9]. The foods are created to solve the nutritional shortages and enhance the general population health. Moreover, special medical or therapeutic functional foods are targeted at a specific group of people with particular health conditions like diabetes or cardiovascular. Low-glycemic foods that diabetics should eat and cholesterol-lowering foods fortified with plant sterols belong to this category and allow controlling specific health conditions with the help of the diet.
2.2. Natural vs Fortified Foods
There are also functional foods which are categorized as natural functional food and fortified or enhanced functional foods. Natural functional foods are foods that contain bioactive ingredients that are naturally occurring in the food and have not been added to or altered in the food [10]. These are fruits, vegetables, whole grains, legumes and fish that have naturally occurring beneficial compounds such as polyphenols, carotenoids, dietary fibres and omega-3 fatty acids. For example, tomatoes contain lycopene, blueberries contain antioxidants and oily fish such as salmon contains omega 3 fatty acids that promote health of the heart.
Enhanced or fortified functional foods on the other hand are foods containing other nutrients or bioactive compounds that are added into the food during processing to increase its nutritional content [11]. Food fortification generally occurs to correct the nutrient deficiencies. Examples of such foods are calcium fortified orange juice, vitamin-D fortified milk, probiotic yogurt, omega-3 fortified eggs. These foods have additional health values and assist in enhancing the nutritional position of those who might not get adequate nutrients by only using the natural foods.
2.3. Examples of Functional Foods
Several types of functional foods are widely recognized for their health-promoting properties. 
· Probiotic foods: Probiotic foods contain beneficial microorganisms which help to maintain healthy balance of microorganisms in the gut. Such microorganisms aid the digestion process, boost immune, and can help decrease the chances of gastrointestinal diseases. Examples of probiotic foods include yogurt, kefir, fermented milk, kimchi and other fermented foods [12].
· Prebiotic foods: Prebiotic foods are non-digestible components of foods that stimulate the growth and/or activity of beneficial bacteria in the gut. Prebiotics are a source of food for probiotics and help to improve gastrointestinal health. Prebiotic foods include garlic, onions, bananas, asparagus, oats and chicory root which contain dietary fiber such as inulin and fructooligosaccharides.
· Omega-3 enriched foods: Another important group of functional foods would be omega-3 enriched foods. Omega-3 fatty acids are essential fatty acids that are crucial for the health of the heart, in decreasing inflammation, and for brain function. These are found in oily fish such as salmon, mackerel, sardines, and also flaxseeds, walnuts and chia seeds. In this sense, other products containing omega-3 in the market are enriched eggs, milk and bread [13].
· Fiber-rich functional foods: Functional foods with fiber are excellent sources of dietary fiber that helps to regulate bowel movements, maintain blood glucose levels and lower cholesterol. Dietary fiber is a good source of whole grains, legumes, fruits, vegetables, and products made of bran. Fiber plays a vital role in maintaining good digestive health and preventing many disorders such as constipation, obesity and heart disease.
· Plant-based functional foods: Plant-based functional foods are gaining in importance as they are rich in phytochemicals, antioxidants and other beneficial compounds. These include soy, green tea, turmeric, fruits, nuts and seeds. Plant based functional foods have bioactive components such as flavonoid, polyphenols, carotenoid and phytosterols that prevent diseases and promote health [14].
2.4. Commercial Functional Food Products
As the level of health and nutrition consciousness has risen, the food industry has come up with a vast diversification of commercial functional food products aimed at providing particular health benefits [15]. These are fortified cereals, probiotic yogurts, functional drinks, protein fortified snacks and diet supplement drinks. A great number of these products are promoted on the grounds of health benefits as better digestion, better immunity, better health of the heart, and weight control.
Functional foods can be, for example, probiotic milk and milk products, bread containing omega-3, juices fortified with calcium, and vitamin-fortified cereals. They also take functional drinks including energy drinks, herbal teas, and plant-based drinks that have been enriched with vitamins and antioxidants [16]. These are products that have been produced out of food technology in order to ensure that, bioactive ingredients remain stable and effective.
3. BIOACTIVE COMPONENTS AND MECHANISMS OF ACTION
The health-promoting effects of functional foods are mainly because of the existence of bioactive components. These are natural occurring or added compounds that are biologically active in the human body that do not merely serve as essential nutrients but have other benefits. The bioactive compounds regulate different physiological functions including metabolism, immune system, digestive system, and cellular safeguard [17]. They are common in fruits, vegetables, whole grains, dairy products, marine foods and plant-based products. Knowing these ingredients and their action mechanisms further expounds how functional foods prevent diseases and enhance wellbeing in general.
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Figure 2: Bioactive compounds and their major types [18].
3.1. Major Bioactive Compounds
Functional foods also contain a range of bioactive compounds with additional health benefits apart from nutrition. Polyphenols are among the most important and are naturally occurring antioxidants in plant-based foods such as fruits, vegetables, tea, and coffee, but also cocoa and grains. Polyphenols are made of flavonoids, phenolic acids, lignans and stilbestes and are capable of preventing cell damage from radical damage [19]. Polyphenols also prevent chronic diseases such as cardiovascular diseases, cancer and neurodegenerative diseases and have anti-inflammatory and antimicrobial properties.
Another group of bioactive components that need to be considered are probiotics and dietary fibers. Probiotics have live microorganisms that are found in fermented products like yogurt and fermented milk products and help in maintaining the balance of gut microbiota, improve digestion and strengthen the immune system [20]. Dietary fibers are present in whole grains, fruits, vegetables, legumes and nuts, and they improve the health of the digestive system and regulate metabolism. Soluble fibers lower cholesterol in blood and blood glucose levels, while insoluble fibers ease bowel movement and avoid constipation.
Other are other important bioactive compounds such as phytosterols and omega-3 fatty acids. These are found in vegetable oils, nuts, seeds and legumes and reduce the absorption of cholesterol from the small intestines and of cholesterol levels in blood [21]. All omega-3 fatty acids are found in oily fish (salmon) and plant food (flaxseeds and walnuts) and keep the cardiovascular system healthy, reduce inflammation, improve brain functioning and maintain overall metabolic health. The presence of these bioactives in combination is very crucial for health benefits.
3.2. Mechanisms Through Which Functional Foods Improve Health
Functional foods enhance the human health in a number of biological functions that help in the normal functioning of the body and prevent illnesses. Antioxidant activity is one of the primary mechanisms, in which bioactive compounds quench malicious free radicals in the body. Free radicals may impair the cells and lead to aging and chronic illnesses [22]. Functional foods contain antioxidants, which prevent the oxidative stress of cells and preserve cell integrity. Moreover, certain bioactive elements influence the metabolic activities, such as the lipid and glucose metabolic activities. As an example, the dietary fibers slow the absorption of glucose and achieve the normalization of blood sugar level whereas omega-3 fatty acids reduce lipid metabolism and lower the level of triglycerides.
Functional foods are also useful in giving health benefits due to their anti-inflammatory characteristics. A number of diseases are associated with chronic inflammation which include cardiovascular disease, diabetes and cancer [23]. Bioactive compounds (polyphenols, omega-3 fatty acids, phytochemicals, etc.) assist in lowering inflammatory responses in the body controlling inflammatory pathways. Moreover, functional foods have effects on health through the regulation of gut microbiota, which is the group of microorganisms in the digestive system. Probiotics and prebiotics contribute to achieving a balanced gut microbiome that facilitates digestion, enhances the absorption of nutrients, boosts immune system, and defends against harmful microorganisms of the gastrointestinal system.
3.3. Role in Metabolism, Immunity, Gut Microbiota, and Inflammation Control
Functional foods promote the overall health through effects on metabolism, immunity, gut microbiota, and control of inflammation. The dietary fibers, omega-3 fatty acids, probiotics, and antioxidants are bioactive compounds that assist in the regulation of the metabolism, enhanced immune functions, and a healthy balance of the gut microorganisms [24]. They also suppress chronic inflammation since they regulate the inflammatory reactions in the body. A combination of all the above effects, functional foods prevent numerous diseases and support the overall good health.
· Metabolism
The functional foods are also important in the regulation of metabolism that is vital in the maintenance of general wellbeing. Fibres, fatty acids, polyphenols, phytochemicals are bioactive compounds that affect carbohydrate, fat and protein metabolism in the body [25]. For example, dietary fibres can be used to regulate the blood glucose level, as they slow down the sugar absorption; omega-3 fatty acids can be used to regulate the fat metabolism, as they reduce the triglyceride level and improve the cholesterol balance. These actions help to maintain the energy balance, prevent metabolic diseases and reduce the risk of those conditions (obesity, diabetes and cardiovascular diseases).
· Immunity
Functional foods are also effective in immune stimulation as they contain all the nutrients and active components that help in the stimulation of the immune system. Nutrients such as vitamins C and D, zinc, selenium and antioxidants help the body by increasing the production and function of immune cells that protect the body from infections and diseases [26]. Plant-based phytochemicals and probiotics have also shown to increase immune protection by improving the capacity of the body to respond to pathogenic microorganisms. Frequent intake of functional foods thus positively influences the immunity and resistance to different pathogens.
· Gut Microbiota
Gut microbiota is highly affected by functional foods, meaning the type of diverse society of microorganisms that inhabits the digestive system. Probiotics are used to introduce good bacteria into the intestine and prebiotic fibers are used as a food source to the bacteria [27]. This process helps to maintain the balance of the gut microbiota that is important for digestion and absorption of nutrients and immunity. Good gut microbiota also helps prevent harmful bacteria growth, and promote healthy gut health and well-being.
· Inflammation Control
The other significant advantage of functional foods is that it helps in managing the inflammation within the body. Chronic inflammation is associated with many non-communicable diseases including cardiovascular disease, diabetes, arthritis and cancer [28]. Bioactive ingredients such as polyphenols, flavonoids, omega-3 fatty acids and antioxidants reduce inflammation by modulating inflammatory pathways and the production of inflammatory compounds. Functional food can control the physiological process of inflammation to protect the body's tissues, maintain health over time and prevent chronic disease.
4. IMPACT OF FUNCTIONAL FOODS ON HUMAN HEALTH
Functional foods are essential in ensuring good health and their preventive effects against diseases with chronic nature [29]. Bioactive compounds in these foods include antioxidants, dietary fibers, probiotics, omega-3 fatty acids, and phytochemicals which influence many processes in the human body. Regular consumption of the functional foods can improve metabolism, immunity, digestion and mental health. As with the current increase in relative disease due to the human way of life, functional foods are increasingly used in the prevention and treatment of diseases in many parts of the world.
Table 1: Summary of Literature on the Impact of Functional Foods on Human Health
	Author Name
	Topic Covered
	Research Study Title

	Anil, P et al., (2022) [30]
	Functions and health benefits of functional foods and their role in disease prevention
	Food function and health benefits of functional foods

	Birch, C. S., & Bonwick, G. A. (2019) [31]
	Development, future prospects, and growing demand for functional foods
	Ensuring the future of functional foods

	Das, A. K., et al., (2020) [32]
	Antioxidant dietary fiber enriched meat-based functional foods and their nutritional benefits
	A comprehensive review on antioxidant dietary fibre enriched meat-based functional foods

	Onoruoiza, M. A., et al., (2024) [33]
	Effects of functional foods on human health and gut microorganisms
	A review on the effects of functional food on humans and microorganisms

	Prokisch, J., Badgar, K. H., & El-Ramady, H. (2021) [34]
	Fortification of functional foods and their role in diabetes management
	Fortification of functional foods for human health: A case study of honey and yogurt for diabetes

	Vidović, B. B., et al., (2022) [35]
	Health benefits of goji berries and their application in functional food development
	Health benefits and applications of goji berries in functional food products development



4.1. Cardiovascular Health Benefits
The functional foods are also significant in supporting the cardiovascular health by supplying bioactive compounds that facilitate the functioning of the heart and minimize the chances of heart illnesses. Heart attack, hypertension and stroke are the cardiovascular diseases that are among the leading causes of death in the world and diet plays a significant role as far as the causes of these diseases are concerned [36]. Health beneficial nutrients found in functional foods regulate the lipid (fat) metabolism, blood pressure, and circulation. For instance, foods with omega-3 fatty acids, such as oily fish, flaxseeds, and walnuts, can reduce the level of triglycerides, blood pressure and regulates a healthy heart function.
Further, the dietary fiber found in whole grains, fruits and vegetables reduce the amount of low-density lipoprotein (LDL) or the "bad cholesterol" that reduce the formation of blood vessel plaques [37]. Plant sterols found in plant foods also reduce the cholesterol absorption in the gut and are an added advantage for the cardiovascular system. Also, there are antioxidants such as flavonoids and polyphenols that are present in foods like berries, green tea and dark chocolate that protect the blood vessels from oxidative stress and inflammation. The combination of the above bioactive compounds is what makes the functional foods an efficient dietary solution to the cardiovascular health and the occurrence of heart disease.
4.2. Effects on Diabetes and Obesity Management
Functional foods have significant application in the prevention and management of diabetes and obesity, which are two major health challenges in the world. There are a lot of bioactive ingredients in many functional foods which assist in the regulation of blood glucose and enhance the sensitivity of insulin. Dietary fibers, and soluble fibers in particular, which are in foods like oats, barley, legumes and fruits, decelerate the process of digesting and absorbing carbohydrates [38]. The process will assist in maintaining a normal blood sugar and avoid glucose surges at the end of the meal. Furthermore, high-fiber foods bulk up the food volume in the stomach and prevent overeating of high-calorie foods that can lead to weight gain.
In addition, the insulin sensitivity and the oxidative stress associated with diabetes can be reduced by diets that contain polyphenols and antioxidants such as green tea, berries and whole grains. Probiotic rich foods also aid in normal metabolism by maintaining the balance of gut flora [39]. A well-balanced microbiome in the gut maintains metabolism, enhances absorption of nutrients and can minimize the body fat. These processes put functional foods in a position to offer a natural method of diet control in the regulation of blood sugar levels and in managing obesity and diabetes.
4.3. Gastrointestinal and Gut Health Improvement
Functional foods are significant in enhancing the health of the gastrointestinal and gut that is vital in the digestion process, absorption of nutrients, and general health. The digestive system is a complex environment of bacteria, which helps to regulate digestion and protect the body from harmful microorganisms [40]. Probiotics are useful live microorganisms found in fermented foods, such as yogurt, kefir and fermented vegetables, that help to maintain a healthy bacterial balance in the gut. These useful microorganisms stimulate the digestion process, enhance the absorption of nutrients and boost the natural defense mechanisms of the digestive system.
Moreover, prebiotics (non-digestible fibers of the food such as garlic, onions, bananas, oats, etc.) serve as food to useful gut bacteria and stimulate their multiplication. Fibers in diets also aid the digestive system making bowel movements better, stool bulkier, and avoiding constipation [41]. Functional foods prevent the occurrence of gastrointestinal diseases (irritable bowel syndrome, inflammatory bowel disease, and health issues related to the colon) by maintaining a healthy balance of gut microbiome and improving intestinal functioning.
4.4. Immune System Support
Functional foods are rather useful in reinforcing and supporting the immune system of the body to protect itself against infections and illnesses. Most of the functional foods are composed of vital nutrients in the form of vitamins, minerals and antioxidants and other bioactive compounds that promote immune responses and enhance resistance against pathogenic agents [42]. An example, vitamin C-rich fruits such as citrus fruits, berries, and leafy vegetables aid the immune cells to produce and be active. Likewise, some of these nutrients like vitamin D, zinc and selenium play a role in maintaining good immune response as well as enabling the body to respond positively to infections.
Moreover, probiotic foods help the immune system by having a balanced gut microbiota. As a big part of the immune system is connected with gastrointestinal tract, proper gut environment is the key to good immune defenses. Probiotics contribute to the enhancement of the work of immune cells and prevent the body against harmful microorganisms [43]. Moreover, antioxidants introduced in fruits and vegetables and plant foods guard against oxidative destruction in immune cells enabling them to perform effectively. Therefore, functional foods are essential in enhancing the immune system of the body as well as the overall health of the body.
4.5. Cognitive and Mental Health Effects
The effects of functional foods on cognitive functioning and mental health can be beneficial since they contain the necessary nutrients that facilitate the activity of the brain and neurological maturation. The brain needs to be continuously supplied with nutrients and bioactive compounds in order to work [44]. Omega 3 fatty acids (found in fish, flaxseed and walnuts) are essential for brain development, memory and learning. These fats also help to maintain the integrity of the brain cell and may also reduce the risk of neurodegenerative diseases such as the Alzheimer disease.
And foods rich in antioxidants such as berries, nuts and green tea prevent oxidation and inflammation of the brain cells that may result in cognitive impairment. These foods contain polyphenols that can increase the supply of the blood to the brain and improve the communication of the neurons [45]. Moreover, gut-brain axis points out the association between the intestine microorganisms and the mental wellbeing. Probiotics and prebiotics assist in maintaining a healthy gut microbiome, that can help to keep mood, stress levels and risk of developing mental disorders like anxiety and depression down.
5. REGULATORY FACTORS FOR FUNCTIONAL FOODS
Regulatory considerations contribute to the safety, quality and efficacy of functional foods for people. Functional foods may contain bioactive ingredients and fortified nutrients that need to be assessed to ensure their health benefits and to prevent potential risks. Standards include ingredient safety, level of fortification, product labelling and claims for functional foods. These are required to provide consumers with scientifically substantiated information, and to prevent misleading and deceptive claims of functional foods and their health effects. Also, standards and quality assurance procedures are required to ensure product uniformity and to ensure safety for consumers. 
Also, some countries have developed national regulations for functional foods, such as the Japanese Foods for Specified Health Use (FOSHU), which regulate the approval and marketing of foods with health claims. The expanding global marketplace for functional foods has resulted in a need for consistent international regulations to safeguard consumers and provide safe products. Regulations should move towards clinical research, labelling and verification of health claims. Refining regulations and consumer awareness will support safe development and consumption of functional foods for use in preventive health care.
6. CONCLUSION AND FUTURE PERSPECTIVES
Functional foods are an important component of today's nutrition for their unique properties of providing health benefits in addition to basic nutritional needs. The review has highlighted those functional foods with high concentration of bioactive compounds such as polyphenols, probiotics, dietary fibers, phytosterols, and omega-3 fatty acids play a significant role in improving metabolic process, immunity, gut microbiota, and inflammation. Regular consumption of these foods has been associated with prevention and therapy for various chronic diseases including cardiovascular diseases, diabetes, obesity, gastrointestinal disorders and ageing-related brain diseases. Future research and technology will likely result in the development of new functional foods with higher bio-availabilities and targeted benefits. An increased focus on the clinical research, regulatory provisions, and consumer sensitivity will further enable the successful exploitation of functional foods in preventative healthcare and will encourage their contribution towards the enhancement of global population health.
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