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Abstract:-
This comprehensive review aims to evaluate research examining the nutraceutical attributes and bioactive compounds found in turmeric, elucidating their roles in promoting human nutrition, enhancing health, and preventing chronic diseases. Turmeric, scientifically known as Curcuma longa L. (root and rhizome), holds significant medicinal and economic importance globally, primarily utilized as both a spice and a dietary supplement. Its primary bioactive constituents, known as curcuminoids, comprise curcumin (the principal pigment responsible for turmeric's yellow hue), demethoxycurcumin, and bisdemethoxycurcumin. Additionally, turmeric contains volatile oils such as tumerone, atlantone, and zingiberene, alongside carbohydrates, proteins, and resins. Renowned for its potent anti-inflammatory and antioxidant properties, turmeric serves as a promising candidate in combating various ailments. Notably, its potential anticancer effects are closely linked to its anti-inflammatory properties.
Turmeric, renowned for its medicinal prowess, has captivated both the scientific community and culinary enthusiasts alike, primarily due to its abundance in the polyphenol curcumin. This compound offers a multitude of health benefits, including the management of oxidative stress, inflammation, metabolic syndrome, arthritis, anxiety, and hyperlipidemia. Moreover, it demonstrates potential in alleviating exercise-induced inflammation and muscle soreness, thereby augmenting recovery and performance among physically active individuals. Even at modest doses, curcumin holds promise for enhancing health in individuals without diagnosed conditions, largely attributable to its potent antioxidant and anti-inflammatory properties. However, consuming curcumin in isolation may not yield the desired health outcomes due to its poor bioavailability, stemming from limited absorption, rapid metabolism, and elimination. Fortunately, several strategies exist to enhance its bioavailability, with piperine, a key component of black pepper, notably boosting absorption by up to 2000% when combined with curcumin. Through synergistic interactions with enhancing agents, curcumin offers a spectrum of health benefits. This review aims to provide a concise overview of the extensive body of research elucidating the health-promoting effects of curcumin.
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Introduction:-
Turmeric, a spice of considerable interest in both medical/scientific circles and the culinary realm, is derived from the rhizomatous herbaceous perennial plant Curcuma longa, a member of the ginger family [1]. While the medicinal properties of turmeric, particularly its active compound curcumin, have been recognized for millennia, only recently have efforts intensified to elucidate its precise mechanisms of action and identify its bioactive components. Curcumin, also known as diferuloylmethane, serves as the primary natural polyphenol found in the rhizome of Curcuma longa (turmeric) and other Curcuma species. Traditionally utilized in Asian countries as a medicinal herb, Curcuma longa boasts antioxidant, anti-inflammatory, antimutagenic, antimicrobial, and anticancer properties.
The utilization of turmeric has evolved from its historical roles in textile dyeing and ancient medicinal practices to a contemporary exploration of its potential health benefits, including anti-carcinogenic, anti-inflammatory, anticoagulant, antimicrobial, and antioxidant effects (17). Throughout centuries, turmeric has been ascribed various medicinal virtues, purportedly aiding in wound healing, allergy alleviation, asthma management, sinusitis relief, and addressing hepatic and heart diseases. While some studies have investigated the efficacy of whole turmeric root in managing inflammation and other health concerns, comprehensive research in this area remains limited. Turmeric is deemed safe for moderate consumption and contributes to a healthy lifestyle.

The primary curcuminoid responsible for turmeric's healing properties is curcumin, first isolated from turmeric in 1815, with its molecular formula elucidated in 1910. Curcumin, with the chemical formula C21H20O6 and the moniker diferuloylmethane, stands as the predominant molecule studied in recent years. Being inherently hydrophobic, curcumin does not dissolve in water but readily disperses in solvents like dimethyl sulfoxide, acetone, ethanol, and oil. Turmeric typically contains 3–8% curcumin, with an average of 30–90 mg of curcumin per dessert spoon of turmeric powder. Extensive research supports turmeric's antiseptic, anti-inflammatory, and antioxidant properties, positioning it as a potential complementary treatment for conditions such as Alzheimer's, diabetes, asthma, and stomach ulcers.

Over the past few decades, significant attention has been directed towards curcumin due to its various health-promoting properties, including potent antioxidant effects, antimicrobial activity, anti-inflammatory actions, anticancer potential, cardio-protective qualities, and hypoglycemic effects. 
While cell culture studies suggest that low doses of curcumin are sufficient for biological activity, animal and clinical studies indicate the necessity of higher doses to achieve optimal effects due to its poor bioavailability. Hence, this review focuses on strategies to enhance curcumin bioavailability and its implications for human health, metabolism, mechanisms of action, as well as limitations and potential applications in food.
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· Taxonomical classification:-
        1. Kingdom: Plantae
        2. Clade: Angiosperms
        3. Clade: Monocots
         4.Order: Zingiberales
         5. Family: Zingiberaceae
         6 Genus: Curcuma
         7 Species: Curcuma longa
· Synonyms:-
       1. English: Turmeric
      2. Spanish: Cúrcuma
      3. French: Curcuma
      4. German: Kurkuma
      5. Italian: Curcuma
      6. Portuguese: Açafrão-da-terra
      7. Hindi: हल्दी (Haldi)
      8. Bengali: হলুদ (Holud)
      9. Tamil: மஞ்சள் (Manjal)
     10. Chinese (Mandarin): 姜黄 (Jiānghuáng)
· Chemical Constituents in turmeric with their uses:-



	Sr. No.
	chemical constituents
	uses

	1
	Curcumin
	Curcumin is the most abundant and biologically active compound in turmeric. It has potent antioxidant, anti-inflammatory, antimicrobial, anticancer, and neuroprotective properties. Curcumin is widely studied for its potential therapeutic effects on various health conditions, including arthritis, cancer, Alzheimer's disease, diabetes, cardiovascular diseases, and skin disorders.

	2
	Turmerone
	2. Turmerone is a bioactive compound found in turmeric that has been investigated for its potential neuroprotective and anti-inflammatory effects. It may help improve cognitive function and protect against neurodegenerative diseases like Alzheimer's disease.

	3
	Gingerols
	Although more commonly found in ginger, small amounts of gingerols are present in turmeric. Gingerols are known for their anti-inflammatory and antioxidant properties, which may contribute to the overall health benefits of turmeric.

	4
	Curcuminoids
	These compounds also possess antioxidant and anti-inflammatory properties and may synergistically enhance the therapeutic effects of curcumin.

	5
	Essential oils
	Turmeric contains essential oils like turmerone, atlantone, and zingiberene, which contribute to its aroma and flavor. These essential oils also have antimicrobial and anti-inflammatory properties, making them useful in skincare and aromatherapy.

	6
	Polysaccharides
	Turmeric contains polysaccharides, which are complex carbohydrates with various biological activities. Polysaccharides may have immunomodulatory effects and contribute to the overall health benefits of turmeric.

	7
	Volatile compounds
	Turmeric contains volatile compounds such as turmerone, ar-turmerone, and curlone, which contribute to its characteristic aroma and flavor. These compounds may have antimicrobial and anti-inflammatory effects, making them useful in food preservation and flavoring.






· Detailed uses of turmeric in skincare:
1. Antioxidant: Curcumin is also a potent antioxidant that helps neutralize free radicals, which can damage skin cells and lead to premature aging. Using turmeric in skincare can help protect the skin from environmental stressors and oxidative damage.

2 Brightening: Turmeric has skin-brightening properties that can help even out skin tone and reduce the appearance of dark spots, hyperpigmentation, and sun damage. It can give the skin a radiant and more youthful appearance.

3. Acne treatment: Due to its anti-inflammatory and antibacterial properties, turmeric can be effective in treating acne. It helps reduce inflammation, unclog pores, and kill acne-causing bacteria, making it a natural and gentle treatment option for acne-prone skin.

4. Wound healing: Turmeric has been traditionally used to promote wound healing and skin regeneration. Its anti-inflammatory and antimicrobial properties can help speed up the healing process and reduce the risk of infection when applied topically to minor cuts, wounds, or burns.

5. Exfoliation: Turmeric can be used as a natural exfoliant to remove dead skin cells and promote cell turnover. Mixing turmeric with other ingredients like yogurt, honey, or oatmeal can create a gentle exfoliating scrub that helps reveal smoother and brighter skin.

6. Oil control: Turmeric has astringent properties that can help regulate oil production in the skin, making it beneficial for people with oily or acne-prone skin. It can help minimize the appearance of pores and control excess sebum production.

7. Anti-aging: The antioxidant properties of turmeric help protect the skin from damage caused by free radicals, which can contribute to premature aging. Regular use of turmeric in skincare can help reduce the appearance of fine lines, wrinkles, and other signs of aging.

· Traditional uses of turmeric:-
1. Culinary: Turmeric is widely used as a spice in cooking, especially in South Asian and Southeast Asian cuisines. It adds a vibrant yellow color and a warm, earthy flavor to dishes such as curries, soups, rice, and vegetable dishes.
2. Medicinal: Turmeric has been used for centuries in traditional medicine systems such as Ayurveda, Traditional Chinese Medicine (TCM), and Unani medicine. It is believed to have various health benefits, including anti-inflammatory, antioxidant, antibacterial, and digestive properties. Turmeric has been used to treat a wide range of ailments, including digestive disorders, arthritis, skin conditions, infections, and respiratory problems.
3. Skincare: As mentioned earlier, turmeric is used in skincare for its anti-inflammatory, antioxidant, and antibacterial properties. It has been traditionally used to improve skin complexion, treat acne and other skin conditions, promote wound healing, and delay the signs of aging.
4. Dye: Turmeric is also used as a natural dye to color fabrics, textiles, and food products. Its vibrant yellow-orange hue makes it a popular choice for dyeing clothes, especially in traditional ceremonies and festivals.
5. Rituals and ceremonies: In many cultures, turmeric holds symbolic significance and is used in various rituals, ceremonies, and religious practices. For example, in Hindu weddings, turmeric paste is applied to the bride and groom's skin in a ceremony called "haldi" to bless them with healthy and glowing skin.
6. Traditional drinks: Turmeric is used to make traditional beverages such as turmeric milk (golden milk), which is a warm and soothing drink made by mixing turmeric with milk and other spices like ginger, cinnamon, and black pepper. Golden milk is believed to have numerous health benefits and is often consumed for its immune-boosting and anti-inflammatory properties.
· Industrial uses of turmeric in detail:-
1. Food Coloring and Flavoring: Turmeric is commonly used as a natural food coloring and flavoring agent in the food industry. Its vibrant yellow-orange color adds appeal to a wide range of food products, including baked goods, snacks, sauces, dairy products, beverages, and condiments. Turmeric's earthy flavor also enhances the taste of many dishes, especially in savory foods like curries, soups, and sauces.

2. Cosmetics and Skincare: Turmeric is utilized in the cosmetics and skincare industry for its beneficial properties for the skin. It is a common ingredient in skincare products such as creams, lotions, serums, masks, and cleansers due to its anti-inflammatory, antioxidant, and antibacterial properties. Turmeric extracts or powders are incorporated into formulations targeting issues like acne, inflammation, hyperpigmentation, and aging.

3. Pharmaceuticals: Turmeric and its active compound curcumin have garnered interest in the pharmaceutical industry for their potential therapeutic properties. Research suggests that curcumin may have anti-inflammatory, antioxidant, and anti-cancer, antimicrobial, and neuroprotective effects. Pharmaceutical companies are exploring the development of curcumin-based drugs and supplements for various health conditions, including arthritis, cancer, Alzheimer's disease, diabetes, and cardiovascular diseases.

4. Natural Dye: Turmeric is used as a natural dye in the textile industry to color fabrics, yarns, and garments. Its vibrant yellow-orange hue can be extracted from the turmeric rhizomes and used to dye cotton, silk, wool, and other natural fibers. Turmeric dyeing is particularly popular in regions where traditional textile crafts are practiced, adding value to handcrafted textiles and garments.

5. Herbal Extracts and Supplements: Turmeric extracts and supplements are produced for the nutraceutical and dietary supplement industries. These products typically contain concentrated forms of curcumin, the active compound in turmeric, and are marketed for their potential health benefits, including anti-inflammatory and antioxidant properties. Turmeric supplements come in various forms, such as capsules, tablets, powders, and liquid extracts.

6. Animal Feed Additive: Turmeric is sometimes used as an additive in animal feed to promote animal health and enhance the nutritional value of feed formulations. It is believed to have anti-inflammatory and antioxidant effects in animals, potentially improving immune function, digestion, and overall well-being.
Conclusion:-
Turmeric, scientifically known as Curcuma longa, has been the subject of extensive research due to its diverse range of medicinal properties and industrial applications. This review paper has provided a comprehensive overview of the scientific literature surrounding turmeric, focusing on its chemical composition, pharmacological activities, traditional uses, and industrial applications.

Throughout the paper, it became evident that turmeric contains bioactive compounds, notably curcumin, which exhibit antioxidant, anti-inflammatory, antimicrobial, anticancer, and neuroprotective properties. These properties make turmeric a promising candidate for the development of pharmaceuticals, nutraceuticals, and functional foods aimed at preventing and treating various diseases and health conditions.

Moreover, the traditional uses of turmeric in culinary, medicinal, skincare, and cultural practices have been highlighted, emphasizing its importance and cultural significance across different regions and communities worldwide.

In the industrial context, turmeric finds applications in food colouring, flavouring, cosmetics, skincare, pharmaceuticals, natural dyeing, supplements, and animal feed additives, showcasing its versatility and commercial value in various sectors.

Despite the wealth of research conducted on turmeric, there are still gaps in knowledge regarding its mechanisms of action, bioavailability, safety profile, and clinical efficacy. Future studies should focus on addressing these gaps to unlock the full potential of turmeric for improving human health and well-being.
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