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The advancement within the food and nutrition sector has resulted in the development of a special category of food,

particularly referred to as “superfoods”. Superfoods are special kind of foods capable of exhibiting different positive effects

involving prevention of different ailments, provide impetus to the immune system, and essential macro- and micro-

nutrients in ample quantities. Nowadays, these are gaining considerable attention due to the increased health

consciousness of consumers. In contrast to their exceptional health or even medicinal benefits, which are based on their

long history of use, the concept of superfoods is still little understood. The category of superfoods mainly comprises

different types of fruits, vegetables, grains, etc.
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1. Introduction

Over the last few years, in parallel with the increasing number of studies which provide evidence that food and its

components have a potential impact on human health, consumer perception about food has extensively changed. Apart

from satisfying the essential needs, by fulfilling hunger and giving nutrition, an ever-increasing number of consumers

believed that food has the potential to enhance their health and well-being through counteraction of nutrition-related

illness and enhancement of mental and physical conditions. This idea has a notable and long-lasting history, legitimized

by Hippocrates’s articulation, ‘let food be thy medicine and medicine be thy food’. Foods which may improve the overall

states of the body, reduce the occurrence of certain sicknesses, and may be utilized for treating a number of diseases, are

known as ‘functional foods’. The utilization of this term was first recorded thirty years ago in Japan and now it has been

acknowledged all over the globe. Apart from reducing the cost of different healthcare activities of aging people, functional

foods have a commercial capability in food-related industries. Nowadays, ‘superfoods’ is the most common term utilized

for functional foods . These have been a source of interest within the last few years among the population of Western

countries. Superfoods are considered to be a rich source for different types of macro- and micro-nutrients. The Oxford

English Dictionary characterizes superfood as food that is “considered particularly nutritious or in any case helpful to

human wellbeing and prosperity” .

The utilization of the term “superfoods” was originally for functional foods. It is considered to be an umbrella term for the

description of foods that, in addition to their typical nutritional content, offer health benefits and/or properties of disease

prevention . On the other hand, “superfoods” can refer to some traditional foodstuffs that have been enhanced with

improved functional characteristics by different processing methods, rather than modification of genes . Superfoods,

while similar to functional food in offering health-promoting benefits in addition to just providing nutrients, vary in some

aspects. These can be defined as functional foods which are processed minimally and occur in nature, possessing the

distinguishing feature of being “traditionally utilized”. Superfoods have the trait of being used in limited culinary and

therapeutic contexts, typically in far-flung locations. As a result, these are gaining attention not only for their extraordinary

and naturally beneficial health advantage, but also for their shared characteristics of belonging to an authentic, isolated, or

exotic community . It has also been suggested that superfoods can be classed as both food and medicinal plants, on the

basis of containing “a plethora of synergistic components” .

The utilization of the term “superfood” is frequently observed in the scientific press. It is a term used in academia in the

description of food that is both attractive and high in energy . The section of vegetables and fruit in supermarkets can be

considered by far possibly the best definition of a superfood. Here, the term superfood refers to a food that is particularly

high in phytochemicals. The notion is that by identifying a few foods that are particularly strong in antioxidants, micro-

nutrients, or other types of plant bioactive components, their intake in the diet may be increased . According to a recent

investigation, a Google search for superfoods generally yielded as many as 57 results in the first 15 web pages .

However, rather than in scientific findings, the term was more likely to show up in marketing, on product packaging, the

function of innovative and alternative food components, products targeting the wellbeing of consumers, and the media .
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According to the results obtained in August 2018, the term “superfoods” yielded 191 results from a search, including

research articles, book chapters, and review articles, whereas the term “superfruits” yielded 85 results on the database of

Science direct, and the “functional foods” term yielded 210,226 results on Wiley and 382,852 results on Science direct

databases in 1998–2017, respectively. As a result, it is conceivable to assert that the scholarly convention of the term

“superfood” differs from that of the term “functional food” .

Superfoods, or more precisely superfruits, are typically comprised of exotic fruits that are not well-known across the world.

A broad range of different health benefits are considered to be claimed by many superfoods including the effective activity

of anti-oxidants; the presence of an extraordinary amount of bioactive components such as anthocyanins, flavonoids,

phenolics, etc.; and/or potential impact on disorders such as cardiovascular diseases, diabetes mellitus, etc., typically

through effecting specific markers such as blood pressure, body mass index, or waist circumference, and fasting

concentrations of glucose, plasma triacylglycerol, etc. .

In this review, we will systematically discuss different “superfoods” including Brazil nuts, hempseed, garden cress, maca,

amla, camel milk, jackfruit, and goji berry along with their macro- and micro-nutrient profile and their potential benefits for

human health.

2. Brazil Nuts

Brazil nuts are considered to be one of the most frequently consumed nuts, typically found in South America, and are

procured from the huge Brazil nut tree, scientifically known as Bertholletia excelsa. Well-drained and found in hard soils

along the Amazon River, which are the most suitable soils for the growth of the Brazil nut tree, these are generally found

in different countries such as Venezuela, Colombia, Ecuador, Peru, and Brazil. The diameter of Brazil nuts is around 6 cm,

round in shape, and consist of a hard-shell having thickness of 0.5 cm. The fruit is generally pear-shaped or large round in

nature, consisting of a woody and thick outer skin. Approximately 12 to 24 three-sided angular nuts are contained in each

fruit. The individual unit of nut consists of a triangular and stretched shape, light cream color, and is irregularly cylindrical

in nature. Seed capsules are thick-walled and woody, having about large grapefruit size and weighing about 2 kg .

The Brazil nut is considered to be economically important. The collection is done during the rainy season by small

communities in indigenous regions and then it is shipped to the plants of processing, going through a treatment that

includes the accompanying stages such as sorting and grading, drying, breaking down, and size sorting. The initial step is

of extreme significance of sorting by visual/manual means to eliminate mold infected and stained nuts, preceding by size

grouping. The end product is exposed to hot sealing and vacuum packaging at the termination of the cooling and drying

processes . Due to the presence of protein, lipid, and minerals with antioxidant properties such as selenium, the Brazil

nut kernels can play a major role in food research. Hence, considering this aspect, industries are devotedly working to

obtain oil by a hydraulic press, as its waste is infrequently used. International recognition of Brazil nuts is due to their

caloric and nutritional fullness, which has resulted in various studies which focus on the isolation of their main functional

and nutritional components. The fraction of lipid present in this fruit is one of the chief interests for industries, due to its

more economic and profitable isolation. Brazil nuts are considered as one of the food items which (i) bring enhancement

in future commercial applications, (ii) prompt a decent expense, and (iii) advantage proportion and excessive progress in

the field of experimentation .

2.1. Nutritional Composition of Brazil Nuts

2.1.1. Macro-Nutrients

The macro-nutrients such as water, total lipid, protein, and carbohydrate composition of Brazil nuts are 3.5%, 66.4%,

14.3%, and 12.3%, respectively. Considering the diverse aspects of fatty acid, Brazil nuts contain approximately values of

25%, 21%, and 15% of monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids (PUFA), and saturated fatty

acids (SFA). Nuts are considered to be the greatest source of unsaturated fatty acids involving PUFA and MUFA. Except

for coconuts, Brazil nuts contain the highest amount of saturated fat content among all the nuts, superior to macadamia

nuts. Omega-3 fatty acid also known as α-linolenic acid is present in abundant amounts in Brazil nuts, constituting almost

7% of the whole fats. Of the remaining fats, the most plentiful is monounsaturated fat (predominantly oleic), followed by

saturated fat (palmitic and stearic), and polyunsaturated fat (linoleic, omega-6) .

2.1.2. Micro-Nutrients

Trace elements are present in high amounts in Brazil nuts, considered to be an essential aspect of the diet. Elements

such as Cr, Cu, Fe, etc., are the existing elements that act as co-factors for the effective function of many metabolic and

physiological aspects. Overall, the sequence Mg > Ca > Fe > Cu > Cr > As > Se pattern is generally the potential order of
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element level in typical nuts, including the Brazil nuts. Brazil nuts are viewed as a rich source of Se, although there is a

great variation in the amount of Se among different species of Brazil nuts . Compared to selenium levels of cashew

nuts, walnuts, and pecans, Brazil nuts exhibited the highest amounts . These are considered to be the greatest known

food source of selenium, providing about 160% of the United States Recommended Dietary Allowances (US RDA) for Se

. Protein content containing S-containing amino acids are present in abundant amounts in Brazil nuts, resulting in the

boosting of absorption of Se and other minerals . The bound form of phenolics is present in a good amount in nuts,

i.e., 123.1 ± 18.4 mg/100 g . Tocopherols are present in a decent amount in Brazil nuts, including α-tocopherol, β-

tocopherol, and δ-tocopherol as 5.73 ± 1.54 mg, 7.87 ± 2.15 mg, and 0.77 ± 0.66 mg per 100 g of Brazil nuts . β-

Sitosterol, stigmasterol, and campesterol exhibit 95% of absolute phytosterols, required in the diet. A decent amount of

phytosterols, involving campesterol (26.9 ± 4.4 µg/g oil), β-Sitosterol (1325.4 ± 68.1 µg/g oil), and stigmasterol (577.5 ±

34.3 µg/g oil) is present in Brazil nuts. The highest squalene content (1377.8 ± 8.4 µg/g oil) has been reported in Brazil

nuts .

2.2. Health Benefits of Brazil Nuts

Beneficial effects, exhibited by various scientific research of regular consumption of Brazil nuts, suggest that the sources

of functional and nutritional compounds are due to the presence of its micro- and macro-nutrients (Table 1). In this case,

due to the presence of considerable amounts of amino acids, proteins, and selenium, an affinity bonding has been formed

between these components, establishing an organic complex of greater bioavailability . An increased content of

plasma selenium was observed during ingestion of Brazil nuts, but it had negligible activity on high-density lipoprotein,

lipids, apolipoproteins functionality in humans . A single intake of Brazil nuts by healthy volunteers resulted in an

indication of a prolonged decrease in inflammatory markers . According to the literature, consumption of 1.5 ounces of

common nuts as a component of the diet routine (majorly Brazil nuts) per day may aid in the decrease of the danger of

heart-related illness . Selenium found in Brazil nuts exhibits numerous health benefits. Selenium is considered to be a

crucial trace mineral. For the proper functioning of the thyroid gland and immune system, an adequate amount of Se is

essential. Selenium is considered to be a vital constituent of antioxidant enzymes. Due to its effective action as a naturally

occurring anti-carcinogenic agent, Se is receiving considerable attention. High Se levels have exhibited a positive

beneficial effect on the prevention of cancer when tested on various animal studies .

Different studies performed on the anti-proliferative action in cell cultures for diverse nuts showed the inhibition and

destruction of Caco-2 human colon and HepG2 human liver cancer cell proliferation when exposed to soluble nut extracts

in a dose-dependent manner. Nuts exhibit an effective ability for inhibition of proliferation of Caco-2 cell compared to the

proliferation of HepG2 cell. Total phenolic content of Brazil nuts can partially explain the decrease of the proliferation of

cancer cells by extracts of nuts, suggesting that anti-proliferative activities were possible due to the occurrence of a class

of phenolics or specific phenolic compounds in nuts .

3. Hempseed

Hemp, scientifically known as (Cannabis sativa L.), belongs to the Cannabinaceae family. It is an herbaceous plant having

annual growth and has been considered a vital source of medicine, fiber, food, and a religious/psychoactive drug .

Hemp has its origin in Asia and has been cultivated and grown for about 10,000 years . Cannabis sativa L. usage has

been considered to be controversial from a historical period. Non-drug type (hemp) and drug type (marijuana) are further

classifications of Cannabis sativa. The former is generally crucial for food and fiber industries, while the latter is functional

for recreational and medicinal purposes. During the time of the late nineteenth century and mid-twentieth century, hemp

cultivation was at its peak due to the utilization of raw materials for oil drying in the painting industry, fuel, and textile

clothing. Interest in hempseed as a source of food grew since this tiny plant entity was an abundant but unexploited

source of nutrients when consumed daily in raw form or the form of other products originating from the raw material (i.e.,

bakery products and oil) and can assist in enhancing the functional and nutritional support of human beings .

‘Hempseed’ is a term used for the seeds procured from industrial hemp, whereas oil extracted from hempseed is known

as hempseed oil (can be also referred to as fixed vegetable oil) . Hemp seeds are considered to be a rich source of oil

containing approximately 33–35% oil . Food products derived from hempseeds are considered to exhibit a specialty

market involving specialty food and natural outlet of food, and due to their exceptional nutritional and taste aspects, these

are becoming more prevalent in the Western diet .

3.1. Nutritional Composition of Hempseed

3.1.1. Macro-Nutrients
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Hempseed contains rich amounts of oil, protein, carbohydrate, fiber, and moisture, with values ranging approximately from

25% to 30%, 25% to 30%, 20% to 30%, 30% to 40%, and 6% to 7%. A considerably large number of unsaturated fatty

acids (>90%) is present in hempseed involving the necessary stability of ω-6/ω-3 fatty acid . Fatty acid composition

(containing ω-3 and ω-6 classes), in hempseed and its oil, comprise some vital constituents which are essential for

various physiological functions, including leukotrienes and prostaglandins synthesis, skin integrity, and sustainment of cell

membrane structure. The oils derived from plants contain a large amount of these unsaturated fatty acids; however,

linoleic acid (LA) and, analogously, α-linolenic acid (ALA), is the most prevalent fatty acid in hempseeds, summing up to

80–90 g/100 g of their absolute fatty acid content. Among the fatty acid present in hempseed, LA and, analogously, ALA

are predominantly present, ranging between 80–90 g/100 g of the whole fatty acids . Removal of crunchy outer shells

results in the decrease of carbohydrate fractions ranging from 25% (of seed) to 10%. There is no object of interest

identified in the literature data about carbohydrates, despite the identification of different cyclitols, monosaccharides, and

disaccharides as sugar elements of Cannabis species .

Hempseed protein, due to its high nutritional value, has increasingly gained attention in scientific studies and research,

resulting in an increased quantity of scientific publications under the term “hemp protein”, generally present in keywords,

abstract, and title of publications . Hempseed protein consists of over of 181 proteins, involving classification into two

major protein groups: globular-associated albumin (25% to 37%) and legumin-associated globulin edestin (67% to 75%)

. The dietary prerequisite of humans is not for protein, but for a specific amount of essential or indispensable amino

acids. Hemp protein contains a balanced profile of amino acids involving all the major fundamental amino acids. These

are practically identical to other great quality proteins (e.g., soy and casein protein) and fulfill the sufficient requirement of

protein for two to five year old children given by the WHO (World Health Organization)/FAO (Food and Agriculture

Organization) . A rich amount of glutamine and arginine is present in hemp protein . When compared to arginine

(less than 7%) of other food protein (e.g., rapeseed, soy, whey, egg white), it represents around 12% of the total protein of

hempseed .

3.1.2. Micro-Nutrients

The concentration of anti-nutritional compounds (condensed tannins, phytic acid, trypsin inhibitors) was reported to be

very low in hempseeds . Total phenolic content (TPC) generally varies in hempseeds and it is considered to be the

highest in the hull than the kernel . TPC content using Fedora cultivar in another study was found to be 767 ± 41 mg

gallic acid equivalent (GAE)/kg in whole seed and 21 ± 5 mg GAE/kg in oil, respectively . A distinctive phenolic profile

was reported in the coarse hull and fine cotyledon segment of hempseed, where the synapic acid, cannabisin B, ferulic

acid, and N-transferuloyltyramine were concentrated in hull fraction, and the p-hydroxybenzoic acid, gallic acid, and

catechin were present in cotyledon fraction . Calcium was found to be in a significantly high amount (944.41 mg kg )

in seeds. The highest amount of minerals in hemp seeds was reported for iron followed by zinc, manganese, and copper,

while molybdenum, nickel, and cobalt were found to be in minor quantities. The normal quantity of Cu in the whole hemp

seeds ranged between 7 and 13 mg kg  . Tocopherols are present in abundant quantities in hempseed, among which

γ-tocopherol has a value of 28.23 mg/100 g of oil in hempseed .

Apart from the presence of γ-tocopherol, other tocopherols are α-, δ-, and β-tocopherol. Phenylpropanoid amides are the

component of polyphenol, discovered to be best described in cannabis fruits, additionally named as hydroxycinnamic

acids amides (HAA) or phenyl amides, and their derivatives. Among the presence of expansive extent of HAA in plants,

products of primary conjugation among aryl monoamines like octopamine and tyramine and C6C3 phenolic acids were

found in hempseed. Coumaroyl amino butanol glucopyranoside was the trivial name appointed to a novel compound

obtained from hemp seed, which emerges from the biosynthesis of amide among 4-aminobutanol and coumaric acid.

Polyamine’s catabolism occurring between the two distinct groups of oxidases namely polyamine oxidases and diamine

oxidases results in the production of the above compound (coumaroyl amino butanol glucopyranoside) which is

considered to be an end product. This compound helps in establishing a framework for research on hemp seed and

fundamentally adding incentive in neuroprotection through exhibiting critical prevention effects on TNF-a release from

LPS-induced BV2 microglial cells .

3.2. Health Benefits of Hempseed

Enzyme accessibility is important for consideration of the extent of digestion of dietary proteins, which is influenced by the

structure of the molecule as well as other segments connected with proteins. Depending on the sources, 90.8% to 97.5%

was the range of the protein digestibility of dehulled hempseed, which is almost comparable to casein (97.6%) . A

considerably low amount of allergens are present in hempseeds. During the hemp protein isolate (HPI) process, all the

major allergens, namely nonspecific lipid transfer protein (LTP) and thaumatin-like protein, were almost eradicated and

after gastrointestinal digestion, the presence of none of the protein fragments was observed. Even though there are

[29]

[30]

[31]

[32]

[33]

[32][34] [35]

[26]

[36]

[37]

[38]

[39] −1

−1 [38]

[40]

[41]

[42]



exceptionally low reports on immunological response to hempseed protein, the presence of allergen-analogous proteins

(for instance, serpins) in HPI and their peptide parts warrants, which are digestion-resistant encourage investigation to set

up the potential impact on health . Exhibition (in vivo and in vitro) of a varied range of bioactivities involving

antihypertensive, antioxidant, antithrombotic, antimicrobial, cytomodulatory, hypocholesterolemic, immunomodulatory, and

mineral binding properties were observed during the hydrolytic conversion of protein to peptides from both the sources,

i.e., plants and animals. Disruption of definite active sites of the disease-associated metabolic enzymes can occur through

enzymatic digestion of proteins, as these assist in separating long chains of polypeptides into short portions that fit in. The

possibility of peptides binding to nonactive sites on the target enzyme causing disease can occur through electrostatic or

hydrophobic collaborations. Feasibility and potential in manufacturing the bioactive peptides have helped in a flourishing

research on hemp protein during the past decade. Inhibition of angiotensin I-converting enzyme, acetylcholinesterase

(AChE), rennin, along with antioxidant activity, metal-binding capacity, serum glucose regulation, and hypocholesterolemic

effect were some of the health-promoting activities exhibited .

4. Garden Cress Seeds

Garden cress, scientifically known as (Lepidium sativum L.), is considered to be an annual quick growing herb, local to the

west region of Asia and Egypt. It is known to be cultivated all over the world. “Chandrasur” is the name given in the local

language to garden cress (GC) and it is considered to be a source of vital medicinal crop in India . Growing in any type

of soil and climatic conditions, the ability to bear slight acidity is the main characteristic possessed by Lepidium sativum. It

is considered an annual plant with a stature running around 50 cm that can be cultivated without having superior technical

knowledge, using less equipment and facilities, irrigation, and in comparatively weak soil . The garden cress seeds

dicotyledonous endosperm accounts for 80–85%, seed coat (12–17%), and embryo (2–3%) of the seed matter

respectively. It morphologically resembles some of the oilseeds. The seeds possess cream to brick red colored seed coat

and yellow-colored endosperm . Garden cress seeds are loaded with varied types of nutrients, which assist in

combating anemia, malnutrition, and other micronutrient related deficiencies. It has not been consistently utilized in Indian

homes due to the lack of awareness of the people, and it is considered to be an underutilized, uncommon crop. Garden

cress seeds in India are usually consumed in either processed (soaked, boiled, and roasted) or raw forms. The distinctive

processing operations involved are generally helping in the improvement of its acceptability as well as its shelf life .

4.1. Nutritional Composition of Garden Cress Seeds

4.1.1. Macro-Nutrients

The major macro-nutrients involved in garden cress seeds comprise carbohydrate, protein, lipids, and crude fiber

constituting 33 to 54%, 22 to 25%, 14 to 27%, and 8%, respectively. It is a rich source of calories (454 kcal/100 g) .

Approximately 23.40% of fat content was found in raw garden cress seeds, making it a rich source of fat . A good

amount of essential fatty acids is present involving linoleic acid, arachidic, and alpha-linolenic acid, constituting 8.5–

11.5%, 2–3.5%, and 34%, respectively, acting as memory boosters . The oleic (22.90%), linoleic (11.40%), linolenic

acid (27.30%), and palmitic acid (10.00%) are the chief fatty acids found in oil obtained from garden cress. The minor fatty

acids found in oil extracted from garden cress seeds were nervonic (5.40%), arachidic (3.20%), stearic (3.20%), and

eicosenoic (3.30%) acids . The most abundant saturated fatty acid in seeds was found to be palmitic acid (10.3 ± 0.12

g/100 g) and the least abundant was palmitoleic acid (0.70 ± 0.30 g/100 g) .

4.1.2. Micro-Nutrients

Garden cress seeds (GCS) have the ability to provide essential micro-nutrients necessary for sustaining the health of

humans and other animals . GCS are packed with various types of vitamins mainly including riboflavin (0.61 mg/100 g),

thiamine (0.59 mg/100 g), and niacin (14.3 mg/100 g) . The mineral quantities of seeds differed between species, yet

potassium is considered to be the most significant mineral in GCS (1236.51 mg/100 g), followed by calcium, phosphorus,

and magnesium, while zinc and manganese constitute the lowest values . Lepidium sativum contains a moderate

amount of phytosterols mainly campesterol, sitosterol, and avenasterol. Apart from phytosterols, the plant is known to

contain semilepidinoside A and B, β-carotenes, imidazole, sinapic acid lepidine, and sinapin . GCS oil contains a good

quantity of tocopherols, having total tocopherol contents (139.73 ± 0.91 mg/100 g). The most abundant tocopherol found

in seed oil is δ-tocopherol. Maximum DPPH (2,2-diphenyl-1-picrylhydrazyl) inhibition was the most vital activity performed

by garden cress seeds during the DPPH radical scavenging assay at amounts of 100, 150, and 200 μg of extracts of

methanol .

4.2. Health Benefits of Garden Cress Seeds
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The different phenolic compounds present are mainly responsible for various antioxidant properties in GCS. Tocopherols

are the major phenolic compound found in GCS extract. These assist in the prevention of various diseases and are

considered a vital nutritional function in humans as a source of vitamin E. Fats and oil stabilization is the major function of

tocopherols present in GCS to prevent oxidative deterioration, having numerous applications in biomedical,

pharmaceutical, and dietary products. Development of a balanced diet through fortification of GCS, as it has the high free

radical scavenging potential, can help in exploiting and incorporating its possible medicinal and nutritional values in

developed food. Due to the presence of linoleic and arachidic acids, GCS are considered to be an effective form of

memory boosters. Regular consumption of GCS aids in increasing the lean body mass due to the presence of a decent

amount of protein and iron. The soaking of GCS lime water aids in increasing the absorbability of iron, ultimately helping

in the strengthening of hair. The leaves are mild diuretics and stimulants and are valuable in ameliorating liver complaints

and scorbutic (analogous to scurvy) diseases . GCS seed powder contains a rich amount of iron (100 mg/100 g), which

aids in the prevention of gentle anemic conditions, occurring particularly in children. GCS assists in the proper contraction

of muscle required for healthy activities of the heart and limbs due to the presence of a decent amount of calcium and

magnesium having values (377 mg/100 g) and (430 mg/100 g). Phosphorus (723 mg/100 g) present is indispensable for

supporting proper activities of healthy metabolic system in the body. Ultimately, it can be said that garden cress is the

powerhouse of vitamins, minerals, and other micro-nutrients that have the potential to combat anemia, malnutrition, and

other micro-nutrient deficiencies .

5. Maca

Maca root is considered to be one of the oldest foods belongs to the Brassicaceae family and is known to have been

cultivated for about 2000 years. It can grow in high altitude regions involving intense sunlight, rock formations, egregious

weather, and windy conditions, inappropriate for the sustainability of numerous other species . Maca has the capability

of sustaining at high altitudes ranging between 2800 and 5000 m above sea level. The major producer of good quality

maca is Peru. Netherlands, USA, UK, Canada, China, Germany, and Japan are the chief consumer countries of maca

based products . Sensorial properties of maca generally include an exceptional aroma and flavor analogous to

caramel, attracting the indigenous population for its consumption . Hypocotyls and chief tap root are considered to be

the edible part of maca. Other edible sources of maca include stem, leaf, and inflorescence of maca (labeled as aerial

parts), which are generally underutilized in nature . The major nutritional constituents involved in maca roots are starch,

protein, and dietary fiber and the leaves are a rich source of dietary fibers, essential amino acids, vitamins, and minerals

(Table 1). The chief dietary constituents in maca is believed to exhibit different biological benefits . Due to various

health claims and benefits exhibited, food products derived from maca have become popular in the niche food section

market, specifically involving health-conscious consumers. A wide range of commercial products obtained from maca

mainly includes flour (milled and dried), maca root capsules or pills, encapsulated or plain hydroalcoholic extracts,

gelatinized flour (dried, milled and extruded), liquor, mayonnaise, tonic drinks, and chocolate .

5.1. Nutritional Composition of Maca

5.1.1. Macro-Nutrients

Water content present in fresh maca root is over 80%. It is considered to be a nutrient-dense and low energy food . The

most abundant macro-nutrient present in maca is carbohydrates and starch, having values of ∼46–74% and ∼37–77%.

The starch content of maca root exhibits similar values to that of sweet potato root. The storage period at room

temperature (∼22 °C) of total starch contents present in maca root is believed to be 21 days . Maca starch exhibits

higher retrogradation and gelation, water-solubility, lower resistance towards shearing, swelling, and pasting viscosity,

when compared to maize, potato, and cassava starch . Dietary fibers are present in abundant quantity in maca and its

byproducts. Maca root contains total dietary fiber (15.6 to 26.0%), insoluble dietary fibers (14.8 to 23.4%), and soluble

dietary fiber (2.6 to 7.9%) (dry weight), respectively. A good amount of protein (875 to 1255 mg/g protein of total amino

acids) was reported in maca roots and the ratio of vital amino acids to entire amino acids was found to be between 0.21

and 0.28. The content of total essential and non-essential amino acids was found to be 189 to 313 and 634 to 942 mg/g

protein, respectively. Total essential amino acids having values of 189 to 313 mg/g protein were reported in maca root

majorly involving methionine, valine, threonine, leucine, isoleucine, phenylalanine, and lysine. The respective values

ranged between 6–57, 37–81, 24–43, 35–51, 24–42, 24–39, and 36–61 mg/g protein. The non-essential amino acid value

was reported to be 634 to 942 mg/g protein, chiefly involving glutamate, aspartate, histidine, serine, alanine, proline

glycine, tyrosine arginine, and cysteine in the range of 61–123, 54–91, 15–34, 17–25, 28–41, 287–423, 31–44, 15–21,

76–238, and 1–3 mg/g protein, respectively . Minor amounts of lipids were found in maca roots ranging between 0.59

and 2.2%. A higher value of unsaturated fatty acids (52.7%) was reported in maca roots when compared to saturated fatty
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acids (40.1%). Considering the category of saturated fatty acids, palmitic acid predominates the list followed by stearic

acid having values of 23.8% and 6.7%, respectively .

5.1.2. Micro-Nutrients

Maca roots are considered to be a rich source of minerals. The chief abundant mineral on dry basis was found to be

potassium (5394–8063 mg/kg) in maca root, followed by calcium (3839–4502 mg/kg), magnesium (625–837 mg/kg),

sodium (138–188 mg/kg), iron (58–550 mg/kg), zinc (23–31 mg/kg), manganese (10–17 mg/kg), and copper (4–8 mg/kg)

. A varied number of minor bioactive compounds (total of 160) considered to be secondary metabolites were extracted

and identified in the methanolic extract of maca root. Maca root is an abundant source of various compounds including, β-

carboline alkaloids, organic acids, glucosinolates, common amide alkaloids, macamides, and imidazole alkaloids .

Depending upon the color types and cultivation zone, the total value of alkaloids was found to be in the range of 0.20 to

2.99 mg/g dry weight in maca roots. Macaridines, macamides, imidazole alkaloids, β-carboline alkaloids, and common

amide alkaloids are the five chief alkaloids present in maca . During the analysis of 17 maca samples, 11

compounds were determined, and in particular 5-Oxo-6E 8E-octadecadienoic acid was found to be the most plentiful

compound . Fourteen volatile compounds were identified in maca roots using isolation methods, namely thermal-

desorption cryo-trapping-gas chromatography-mass spectrometry (TCT-GC/MS). Among them, the chief compounds

obtained were isothiocyanates, chloro-compounds, and tetrahydro-3-methylfuran having values of 27.26%, 20%, and

14%, respectively .

5.2. Health Benefits of Maca

Maca has been traditionally consumed for its effects in enhancing human reproduction health, mainly involving

improvement of fertility, spermatogenesis, and sexual libido  (Table 1). Maca is considered to be one of the

customary home-grown medications in the areas of highlands of Peruvian. Recognizably, customary herbal medication

suggests a mix of herbal and diet therapies as well as spirit and mind in the counteraction and treatment of disease .

Experimental evaluation of forced swimming test on mice model (ICR mice (female) and Kunming mice (male), regarding

the antifatigue activity of maca, showed the positive outcome of prolonged swimming period (for a span of 30 days),

resulting in reduced blood lactic acid and enhancement of liver glycogen content when powder of maca root (at a dose of

400 mg/kg bw/d for 30 days) was consumed. Another experimental study evaluation suggested that consumption of maca

polysaccharide at an actual dose of 100 mg/kg for a time of 30 days can aid in enhancing the acceleration of swimming

velocity and increasing the swimming period of both female and male ICR mice . Macamides (benzylated

amides), alkaloids, N-3-methoxybenzyl-linoleamide, benzyl isothiocyanates, polyunsaturated oxoacids (macaenes), and

polyphenols are the possible neuroprotective compounds present in maca. For instance, quercetin and anthocyanins

(polyphenols), present in dark maca, assist in improving the rat’s cognitive performance. The effective mechanism

involved in the neuroprotective activity of different maca samples was due to the inhibition of fatty acid amide hydrolase

(FAAH), butyrylcholinesterase (BuChE), acetylcholinesterase (AChE), and modulation of the antiapoptotic or antioxidative

effects and releasing of neurotransmitters . Flavonoids present in maca roots are considered to be the most effective

and potential anti-cancer agents in humans . In vitro studies of root polysaccharide fraction (MP-1) showed that its

antioxidative nature exhibited a significant function in the hepatoprotective action of maca in animal trials and cell models

. A significant in vitro repressing effect was observed against human influenza Type B (Flu-B) and Type A (Flu-A)

viruses, infected in cells of Madin–Darby canine kidney (MDCK) when administered with a maca root powder extracted

from methanol at an amount of 10–80 μg/mL . In another study, it was reported that consumption of dried maca root

powder (0.6 g/day), for a period of 90 days by different volunteers, decently expanded the level of plasma

aminotransferase and diastolic blood pressure .

6. Amla

Amla, scientifically known as Emblica officinalis, belonging to a Euphorbiaceae family, is quite possibly the most well-

known therapeutic herb utilized in ayurvedic proprietary medications. Similar names to Emblica officinalis are Phyllanthus
emblica or Indian goose berry, notable for its nutritional characteristics, contains an assortment of chemical compounds

including tannins, amino acids, mucic acid, flavone glycosides, alkaloids, sesquiterpenoids, phenolic glycosides,

flavonolglycosides, phenolic acids, carbohydrates, and norsesquiterpenoids . These are local to India and found in

tropical as well as subtropical areas involving South East Asia, Sri Lanka, Pakistan, Uzbekistan, Malaysia, and China .

All parts of the plant are utilized in the treatment and counteraction of different illnesses, but the fruit, which has a globular

shape, yellowish-green color, smooth and fleshy, is of massive use in traditional and folk medicine. The fruit is also utilized

as a source of culinary use in the manufacturing of chutneys, pickles, and vegetable dishes. Amla is additionally utilized to

make up a sweet delicacy known as murabba, in which the soaking of fruit (ripened) in concentrated sugar syrup is

completed for the expanded time till the smell of the fruit oozes into the syrup of sugar. Preparation of fresh juice is
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possible with the help of ripe fruit and it has been marketed as a source of concentrate for the preparation of readily

usable diluted juice . Fruit juice of amla contains the most noteworthy measure of vitamin C (478.56 mg/100 mL) when

contrasted with different fruits, for example, apple, pomegranate, lime, Pusa Navrang grape, and Perlette grape .

6.1. Nutritional Composition of Amla

6.1.1. Macro-Nutrients

The macro-nutrient profile of amla mainly involves protein, carbohydrate, fiber, and fat, having values of 6.04 g, 82.91 g,

2.78 g, and 0.51 g (per 100 g), respectively. The total amino acid profile consists of proline (14.6%), aspartic acid (8.1%),

glutamic acid (29.6%), lysine (5.3%), and alanine (5.4%). Gallic acid, albumin, tannin gum, moisture, crude cellulose, and

minerals having values of 1.32%, 13.08%, 13.75%, 3.83%, 17.08%, and 4.12%, respectively, were reported in the fruit’s

pulpy portion, freed from the nuts and dried .

6.1.2. Micro-Nutrients

Amla is considered to be an abundant source of alkaloids, tannins, and phenolic compounds. Its fruit juice involves the

most elevated content of vitamin C, having a value of 478.56 mg/100 mL. The fruit when mixed with different fruit

products, assist in boosting their nutritional content, regarding mainly vitamin C concentration . The presence of various

phytoconstituents such as chlorogenic acid (17.43 mg), gallic acid (37.95 mg), quercetin (2.01 mg), and ellagic acid (71.20

mg) was identified per 100 mL of E. officinalis fruit juice . Ellagic acid, gallic acid, (3,6-di-O-galloyl-D-glucose), 1-O-

galloyl-beta-D-glucose, 3-Ethylgallic acid, quercetin, chebulagic acid, (1,6-di-O-galloyl beta D glucose), corilagin,

chebulinic acid, and isostrictiniin are among the different compounds extracted and identified in amla . Flavonoids

contained in amla generally include kaempferol 3-O-a-L-(600-methyl)-rhamnopyranoside, quercetin, and kaempferol 3-O-

a-L-(600-ethyl) rhamnopyranoside . The mineral content profile of E. officinalis fruit (per 100 g) generally includes

phosphorus, calcium, magnesium, iron, potassium, chromium, zinc, copper, and nicotinic acid having values of 159 mg,

129 mg, 46 mg, 11 mg, 2.54 mg, 0.82 mg, 0.23 mg, 0.22 mg, and 0.2 mg, respectively .

6.2. Health Benefits of Amla

All aspects of E. officinalis are valuably inferable from its pharmaceutical and medicinal functionality. Different positive

effects exhibited by the plant generally include anti-inflammatory, antioxidant, adaptogenic, anticancer, nootropic, anti-

diabetic, antimicrobial, and immunomodulatory potential . Apart from exhibiting effective effects on various diseases, E.
officinalis likewise aids in the inhibition of osteoporosis, hyperlipidemia, and a few different illnesses  (Table 1).

Effective action of antioxidant properties of amla is associated due to the existence of chemicals similar to ascorbic acid

mainly involving pedunculagin, emblicanin B, emblicanin A, punigluconin, and gallic acid . A clinical study including

treatment with E. officinalis for a period of 21 days indicated that amla not just effectively diminished fasting and level of

blood glucose at 2 h post-prandial in human volunteers suffering from diabetes, but additionally delivered a decrease in

triglyceride (TG) and total cholesterol levels in subjects getting administered by E. Officinalis powder at a concentration of

1, 2, or 3 g each day. Additionally, potential enhancement in high-density lipoprotein-cholesterol (HDL) and decrease in

low-density lipoprotein-cholesterol (LDL) level was observed in healthy as well as diabetic human volunteers, when

administered with 2, 3 g of E. officinalis powder per day . E. officinalis shows effective anti-diabetic action due to the

presence of its vital phytoconstituents involving corilagin, gallotannins, gallic acid, and ellagic acid, interceded through free

radical scavenging action by its antioxidants . Various preclinical investigations with animals demonstrated that amla

has cardio-shielding and anticoagulant adequacy and henceforth can be utilized for compelling treatment in deferring as

well as forestalling different cardio related diseases. This defensive action of amla is ascribed to the presence of tannins,

explicitly ellagic acid, emblicanin-A and B, and corilagin . Various concentrates of Triphala (an ayurvedic exclusive

formulation) having amla in rich quantity were researched for anti-mutagenic action by utilizing Ames histidine reversal

assay having TA100 and TA98 analyzer strains of Salmonella typhimurium counter to straight acting mutagens, sodium

azide, and NDP, and 2-aminofluorene (which are pro-mutagen executing indirect action), in the presence of hepatic S9

liver homogenate segment of the phenobarbitone-induced rat. Results uncovered that treatment with amla can repress

mutagenicity initiated by immediate and incidental mutagen . Numerous researchers have examined the E. officinalis
hepato-protective functionality on CCl4-encouraged intense hepatic impairment and found that therapy with amla

decreased focal necrosis and liver infiltration and it was additionally discovered that normal histology was seen in livers

from treated animals . Amla shows its anticancer effect through restraint of activator protein-1 and earmarks translation

of viral oncogenes capable of the advancement of cervical cancer, hence illustrating its capability for therapy of cervical

cancer instigated by human papillomavirus .
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7. Camel Milk

Milk derived from camels is generally differentiated into two distinctive species, associated with genus Camelus, namely

Dromedary camels (one-humped), which particularly reside in desert portions, and Bactrian camel (two-humped), which

resides within cooler regions . It is broadly conceded that dromedary camels deliver more quantity of milk involving rich

nutritional constituents and for a more extended period than different species in an environment which will be

appropriately named as antagonistic in terms of drought condition, high temperature, and deficiency of pasture. The camel

can deliver milk of great composition and amount for human utilization when water is extremely limited. Both species of

camel have the capability of producing around 1000 to 2000 L of milk per lactation phase during the duration of 8–18

months. Milk production between 3 to 10 kg is assessed to be executed by camels during 12–18 months of lactation

phase . When compared to bovine milk (BM), camel milk (CM) is considered to be a potentially effective substitute as it

improves digestibility and functionality of the gastrointestinal system in human beings . Apart from providing different

nutritional benefits, CM has the potential to exhibit various therapeutic properties in humans . The presence of various

compounds and constituents involving a huge amount of fatty acids, fructose, and vitamin C, as well as various

antimicrobial mediators involving lactoferrin, lysozyme, immunoglobulin, lactoperoxidase, and bacteriocins, demonstrates

that CM is an effective product, having high stability and a rich nutritional profile. The shelf life of CM is assessed to be 5

days when kept at a temperature of 30 °C, considered effective when compared to bovine milk (48h) . Anti-diabetic,

anti-cancer, and hypo-allergic are the different properties exhibited by CM. The presence of a large and abundant amount

of unsaturated fatty acids adds to the dietary superiority of CM . Camel milk has been endorsed to be consumed by

children who are unfavorably susceptible to the allergenicity of bovine milk (BM) .

7.1. Nutritional Composition of Camel Milk

7.1.1. Macro-Nutrients

Different CM components are generally influenced by the amount of water accessible to the camel. Dilution of CM is

greater (91%) when compared to bovine milk, which is considered to be effective for a calf in desert areas .

Diversification is seen in the composition of CM, compared to the milk obtained from different ruminants. It exhibits lower

sums of fats, carbohydrates, and proteins, but higher sums of minerals and vitamins. CM constitutes a low-fat

concentration majorly involving 96% triglycerides (TGs) and very low content of cholesterol, i.e., 30 mg/100 g dry matter.

The major constituents of fats are long-chain fatty acids (92–99%), although CM is a destitute source of short-chain fatty

acid. Fatty acids are consisted primarily of saturated fatty acids (50–65%) and polyunsaturated fatty acids composed of

35–50% of total fatty acid content, considered superior to different milk sources. The white color of CM is because of the

presence of a low amount of carotenes and a homogenous form of fatty acids . CM is a vital source of proteins for

different types of populations . There is a slight variation in total protein content even in the same breeds, depending

upon the different season surroundings, ranging between 2.5 to 5.5% . CM proteins are generally differentiated into two

types—whey protein (WP) and casein protein (CP). CP (80%) is the major constituent of bovine milk protein, though the

concentration of CP in CM is around 50–80%, chiefly involving three components namely β, αs1, and αs2 having values

of 65%, 22%, and 9.5%, respectively . Following CP, WP is the second chief fraction of CM protein, constituting about

30% of the whole protein fraction . The α-lactalbumin, thermo-steady immunoglobulins, lactoferrin, and camel serum

albumin chiefly constitutes WP in CM . CM contains a more noteworthy quantity of proteins with a positive function in

immunology frameworks than bovine milk protein, mainly constituting N-acetyl glucosaminidase, lactoperoxidase (LP),

secretory IgM, and IgA, peptidoglycan recognition protein, serum albumin, and insulin and insulin resemblance proteins

. Lysozyme (3000 mg/mL) and niacin constitute a considerable higher amount in CM . Lactose is the main

carbohydrate present in CM, having a concentration between 2.4 and 5.8% . Lactose concentration is the only

constituent that remains unaltered despite different seasons and under dehydrated or hydrated circumstances .

7.1.2. Micro-Nutrients

CM is considered to be a rich and abundant source of different types of vitamins, chiefly involving vitamins C, D, E, B, and

A. The concentration of vitamins was accounted to be higher than bovine milk by three to five times. The vitamin C

content in CM was found to be 34.16 mg L . The content of vitamin B12 and B6 of CM resembles cow milk, while vitamin

B2, B1, pantothenic acid, and folic acid were found to be in lower concentrations. According to the United States

Department of Agriculture (USDA), 250 mL concentration of CM has the potential of providing an adult with riboflavin

(8.25%) (B2), cobalamin (15.5%) (B12), vitamin A (5.25%), 10.5% of thiamine (B1), pyridoxine (B6), and ascorbic acid (C)

of the Recommended Daily Intake (RDI) . The total ash is generally the representation of the total concentration of

minerals, having an amount ranging between 0.60 to 0.90% and an average of 0.79 ± 0.07 in CM . When compared to

bovine milk, the concentration of minerals such as K, Na, Mn, Fe, and Cu was found to be higher in CM . The standard

deviation (SD) and mean values (MV) of CM minerals chiefly involve calcium, sodium, potassium, iron, zinc, manganese,
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and magnesium, having values of 114 ± 13 mg 100 g , 59 ± 16 mg 100 g , 156 ± 38 mg 100 g , 0.29 ± 0.09 mg 100

g , 0.53 ± 0.08 mg 100 g , 0.05 ± 0.03 mg 100 g , and 10.5 ± 1.8 mg 100 g  . CM contains different types of

defensive proteins, primarily enzymes that exhibit immunological and antibacterial properties, chiefly involving

peptidoglycan acknowledgment protein (PGRP), lactoperoxidase, lactoferrin, and lysozyme .

7.2. Health Benefits of Camel Milk

Table 1 shows the health benefits of camel milk. The acknowledgment of CM over cow milk as a good alternative for the

nourishment of humans has been accomplished for a significant period in different regions of the world . Numerous

reports have been published regarding the medicinal and adjuvant properties of CM, suggesting its potential role in the

enhancement of human immune defense functionality due to the presence of protective proteins. Rotaviruses are

considered to have the potential of causing nonbacterial gastroenteritis in calves or infants in different areas of the world.

The components present in CM are considered to be effective against rotavirus (extracted from human sources or bovine)

are secretory immunoglobulin A (sIgA) and immunoglobulin (IgG) . The inhibition of gram-positive and negative bacteria

involving Salmonella typhimurium, Listeria monocytogenes, Staphylococcus aureus, and Escherichia coli is exhibited due

to the occurrence of hydrogen peroxide, lysozyme, and lactoperoxidase in CM . CM is utilized for the therapy and

prevention of distinctive kinds of human tuberculosis involving fresh, empyema, multiple drug-resistant (MDR), and

chronic pulmonary patients. A study directed on the action of camel milk on numerous drug resistance patients suffering

from tuberculosis determined that camel milk can act as a source of adjuvant nutritional supplement in MDR patients .

It has been reported that lactic acid bacteria present in fermented CM can exhibit protection against contamination of lead.

One of the foremost habitually portrayed issues in toxicity of lead is saturnism, frailty, and cancer. The fermented CM

product is popularly known as ‘Shubat’ and has the potential in diminishing the accessibility of lead in the digestive tract of

humans as lactic acid bacteria (LAB) has the capability in the absorption of lead, which is then ultimately excreted through

feces . The CM has the potential of contributing to the activity of hypoglycemic in type 1 diabetes in humans through

the occurrence of the high content of half-cystine (insulin resemblance substance) , the impact on β-cell through small-

sized immunoglobulins  and the absence of coagulation of CM in the stomach of humans . The CM can be

considered as a capable alternative in terms of source of protein for children susceptible to the allergenicity of bovine milk.

CM is anticipated for causing small hypersensitivity responses since CM proteins and their fractions comparatively

resemble that present in human milk .

8. Jackfruit

Jackfruit, scientifically known as (Artocarpus heterophyllus Lam.), is associated with the Moraceae family. The fruit

production is mainly carried out in India, following Bangladesh, and in numerous areas of the southeast region of Asia. It is

one of the foremost noteworthy evergreen trees, residing in tropical ranges and broadly developed in Asia, majorly

involving India. The height of a medium-sized tree varies between 28 to 80 ft. The fruit is generally seen on the main as

well as side branches of the tree. The normal weight of the jackfruit ranges between 3.5 to 10 kg and sometimes it can

grow up to 25 kg . Jackfruit is considered to be non-seasonal in nature and has potential in the contribution of supply

of food to different people and their livestock, where there is a shortage of supply of food grains. Subsequently, it is

alluded to as poor man’s food. After becoming mature, the jackfruit should be readily utilized for consumption to avoid the

development of exceptionally sharp off flavor. Hence, it is generally advised to harvest the fruit before ripening on the tree

(in semi-ripen and firm condition) and then immediately storing is executed until it becomes appropriately fit and soft in

nature, favorable for further processing . Jackfruit seeds are also considered to be a superior source of nutrients and

are consumed raw or through processing. These are mainly used in cooking various dishes as well as their flour is utilized

for baking purposes. Jackfruits are usually utilized as a vegetable source for cooking, production of nutritious salads and

curries. Ripe jackfruit can be eaten in many forms ranging from raw, cooked (usually as a desert in creamy coconut milk),

jackfruit candy, and consumable leather of jackfruit . In India, the jackfruit seeds are consumed in a form of a dessert

by boiling them in sugar. Jackfruit is a well-known nourishment-giving food and positions the third place in yearly

production in South India after banana and mango. Jackfruit seeds and pulp are considered superior in terms of calcium,

protein, thiamine, and iron content compared to tropical fruits like papaya, pineapple, mango, orange, and banana .

8.1. Nutritional Composition of Jackfruit

8.1.1. Macro-Nutrients

Jackfruit is a good source of varied portions of macro-nutrients. The edible portion of young jackfruit (per 100 g) contains

a rich amount of macro-nutrients majorly involving carbohydrate (9.4–11.5 g), fat (0.1–0.6 g), protein (2.0–2.6 g), fiber

(2.6–3.6 g), energy (50–210 kJ), and water (76.2–85.2 g) and that of ripe jackfruit (per 100 g) contains carbohydrate (16–

25.4 g), fat (0.1–0.4 g), protein (1.2–1.9 g), fiber (1.0–1.5 g), energy (88–410 kJ), and water (72–94 g) content,
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respectively . Jackfruit consists of a low amount of calorie content, with 94 calories per 100 g of fruit . Various

studies have shown that there are fluctuations in protein and carbohydrate contents of jackfruit seeds in different varieties,

despite growing in the same region . The protein and carbohydrate content of distinctive species of jackfruit seed

varies between 5.3 to 6.8% and 37.4% to 42.5%. Depending on various histological and chemical studies, the presence of

a decent amount of starch is reported in jackfruit seed and perianth areas. The flesh of ripened jackfruit (per 100 g)

contains 1.9 g of protein. Studies have shown that with an increase in the maturity of flesh, the content of dietary fiber and

starch increases. Jackfruit is considered to be a rich source of different amino acids, mainly cysteine, arginine, leucine,

histidine, methionine, lysine, tryptophan, and threonine .

8.1.2. Micro-Nutrients

Jackfruit contains an exceptional amount of micro-nutrients mainly involving riboflavin, vitamin C, vitamin A, thiamine,

potassium, calcium, sodium, iron, niacin, and zinc . Apart from nutrients, jackfruit is known to be an exceptionally good

source of diverse classes of compounds involving flavonoids, carotenoids, tannins, and volatile sterols . Jackfruit is

considered to be a decent source of varied types of minerals consisting of calcium (31.28 mg), magnesium (36.96 mg),

copper (0.38 mg), iron (3.26 mg), manganese (0.56 mg), and lead (0.20 mg) per 100 g of fruit . Jackfruit contains a

considerably higher amount of potassium (303 mg per 100 g of fruit). Different types of chemical constituents are present

in jackfruit majorly involving morin, flavone colorings, cynomacurin, dihydromorin, isoartocarpin, artocarpin, cyloartocarpin,

coxydihydroartocarpesin, artocarpesin, norartocarpetin, artocarpetin, artocarpanone, and cycloartinone . The

phytochemicals contribute a greater part in jackfruit, mainly the phenolic compounds, and assist in the enhancement for

creation of value-added goods, such as applications in food and nutraceuticals for the improvement and maintenance of

human health . Jackfruit contains 0.36 mg GAE/100 g DW [milligrams of gallic acid equivalent per gram of dry weight]

of total phenolic content. Vitamin C is an important component of jackfruit constituting 12 to 14 mg per 100 g of fruit.

Flavonoids, carotenoids, and associated polyphenols, such as glutathione and α-lipoic acid constitute a major class of

nonenzymatic antioxidants. Apart from carotenoids, lutein, lycopene, and beta-carotene are also considered to be superior

types of antioxidants . The chief types of carotenoids mainly found in jackfruit are all-trans-lutein, all-trans-β-carotene,

all-trans-neoxanthin, 9-cis-neoxanthin, and 9-cis-violaxanthin having values of 24–44%, 24–30%, 4–19%, 4–9%, 4–10%,

respectively .

8.2. Health Benefits of Jackfruit

Table 1 shows the health benefits of jackfruit. The chief advantage of the consumption of jackfruit is due to the presence

of a rich concentration of vitamin C. The human body is unable to produce a considerable amount of vitamin C. Hence,

humans must consume vitamin C rich foods to procure their well-being benefits. The protection against free radicals, due

to the action of antioxidants in the body, keeping healthy gums and enhancement of the immune system are some of the

benefits of vitamin C . The presence of a rich amount of phytonutrients in jackfruit mainly involving saponins, lignans,

and isoflavones exhibits a wide range of health benefits. This fruit supports exhibiting antiulcer, antiaging,

antihypertensive, and anticancer functions, and aids in the prevention of the development of cancer cells in the body,

battling against stomach ulcers, ameliorating blood pressure, and inhibits degradation of cells, which in turn helps in

making skin look effectively young. The presence of niacin (vitamin B3) in jackfruit is considered to be vital for the

metabolism of energy, synthesis of different hormones, and functioning of the nervous system . The potassium present

within the jackfruit is found to assist in bringing down blood pressure at optimum level and altering the impacts of sodium,

responsible for causing an increase in blood pressure that negatively influences the blood and heart vessels. Another

benefit of potassium involves the improvement of the functioning of nerves and muscles through the prevention of loss of

bone. The presence of vitamin B6 in jackfruit assists in the decrease of levels of homocysteine in the blood. Thus, it

ultimately assists in dropping the chances of heart illnesses . The presence of different micro-nutrients helps in

exhibiting potential health benefits. Iron (0.5 mg/100 g) assists in executing effective circulation of blood through the

prevention of anemia. Copper (10.45 mg/kg) exhibits a vital function in the metabolism of the thyroid gland, particularly in

the generation and absorption of the hormone. Magnesium (27 mg/100 g in fruit and 54 mg/100 g in seed) is considered

to be a vital nutrient, assisting in the absorption of calcium and working with calcium in helping to reinforce the bone and

inhibit bone associated diseases such as osteoporosis. The jackfruit helps in executing smooth movements of bowels

through prevention of constipation due to the presence of the high amount of fiber content (3.6 g/100 g) and also exhibits

protection to the membrane of mucous of the colon through the removal of carcinogenic chemicals present in the large

intestine (colon) . Jackfruit has the potential to display diverse positive health impacts, involving anti-inflammatory,

antioxidant, anti-carcinogenic, antibacterial, prevention of biosynthesis of melanin, hypoglycemic, anti-neoplastic, positive

impact on sexual performance, and healing of the wound .
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9. Goji Berry

Goji berries, scientifically known as Lycium barbarum, are known to be consumed throughout Asia and have been utilized

as a source of conventional medication in China for about 2000 years. Within the field of food, the persistent modification

in demands of consumers, with an expanding amount of individuals looking for conventional and intriguing foods, has

helped in bringing goji berries into Western countries, where these are now abundantly utilized and consumed .

Wolfberry is the most common name given to goji beery, and is derived from the word “gou”, which is associated with the

word wolf . Goji berries are generally ellipsoid in shape, having orange-red color, 2 cm in size, and exhibiting a tangy

and sweet flavor . The drying of goji berries assists in yielding of market herb or squeezing of fruit for the generation of

fruit juice, which is then preserved for a longer time in the future for the production of different nutritionally rich beverages

such as tea and wine . The dosage of goji berries in the range of 6–18 g is usually used in incorporating it into herb

formulas . The goji berries have recently been showcased as dietary and food supplements in numerous nations

including Caribbean countries, the European Union, North America, Southeast Asia, New Zealand, and Australia in

different retail outlets, involving chief general stores, supermarkets, and direct channels of marketing .

9.1. Nutritional Composition of Goji Berries

9.1.1. Macro-Nutrients

The major source of macro-nutrients in goji berries is carbohydrate (46%), protein (13%), fat (1.5%), and dietary fiber

(16%), and it is considered as an abundant source of macro-nutrients . The polysaccharides are considered to be the

foremost well-researched chemical component present in goji berries, which are water-soluble glycoconjugate in nature,

constitute 5–8% of 100 g of dried fruit, and have the potential to exhibit vital biological actions . The dietary fiber is

present in notably good amounts in dry goji berries, majorly differentiated into two forms: water-soluble (2.6%) and water-

insoluble (8.8%). The ratio between the two (soluble and insoluble) is generally 3:1. The daily consumption of 30 g of dried

goji berries can help in fulfilling 14% of the recommended intake of the daily dietary fiber. Considering this aspect,

European law has announced dried goji berries with the claim of “high fiber content” under regulation CE 1924/2006 due

to the presence of 6 g of fiber per 100 g of fruit. The energy content is comparatively high in both fresh and dried goji

berries, giving individually approximately 87 and 348 kcal per 100 g . The complex of polysaccharides is considered to

be the foremost imperative and copious collection of compounds existing in goji berries. These are mainly found to be

present in form of water-soluble highly branched polysaccharides of goji berries, having 8–214 kDa of molecular weight

and constituting 5–8% of the overall dry matter of fruit. Their composition incorporates six sorts of monosaccharides such

as rhamnose, arabinose, mannose, xylose, galacturonic, glucose, and galactose acid. Goji berries are a good source of

amino acids, involving a total of 18 amino acids . The fatty acids constitute a greater part of the macro-nutrients of goji

berries mainly including myristic, linoleic, and palmitic acids .

9.1.2. Micro-Nutrients

Goji berry is one of a kind in its assortment and total content of phytochemicals. The presence of varied types of

phytochemicals mainly involves flavonols, phenolic amides, flavan-3-ols, coumarin, phenolic acids, and monoterpenes.

The isolation of two monomers, namely NE- feruloyl tyramine and N-E-coumaroyl tyramine, along with three novel dimers

of phenolic amides-lyciumamides C, B, and A was exhibited for the first time in goji berries. The most characteristic

phenolic acids were dihydroxybenzoic acid and esters of hydro cinnamic with quinic acid. The most dominant phenolic

acids included coumaric, caffeic, and isoferulic acids . The carotenoids are the major coloring components of goji

berries, exhibiting exceptional biological activities with health benefits. The carotenoid constituents of different cultivars of

goji berries are present in a range of 0.03 to 0.5% per 100 g of dried goji berry fruit . Zeaxanthin is considered to be

the most abundant and common form of the carotenoid present in goji berries, usually in the form of dipalmitin zeaxanthin.

These constitute around 77.5% of total carotenoids in ripe goji berries, considering goji berries as its chief natural source.

Apart from dipalmitin zeaxanthin, zeaxanthin palmitate, also known as phasalien, is an important carotenoid constituting

31–56% of the total carotenoids. The identification of fractions of neoxanthin, cryptoxanthin, and beta-carotene are

reported in goji berry extracts . The presence of different types of small molecules is reported in goji berries mainly

involving beta-sitosterol, betaine, p-coumaric acid, and cerebroside . The presence of diverse vitamins including

riboflavin, ascorbic acid, and thiamine contributes to a greater part of micronutrients in goji berries. Approximately 42

mg/100 g of vitamin C was reported to be found in goji berries . Apart from vitamins, different types of minerals are

present in good amounts in goji berries, including potassium, sodium, phosphorus, magnesium, and calcium having

values of 1460 mg, 550 mg, 184 mg, 90 mg, and 50 mg per 100 g of fruit, respectively. It was reported that the iron

content (5.5 mg/100 g) in goji berry was higher when compared to the Dietary Reference Intake (DRI) . The presence

of fumaric, shikimic, malic, and citric acids signifies goji berries as a rich source of organic acids .

9.2. Health Benefits of Goji Berries

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[118]

[115]

[122]

[123]

[124]

[118]

[114]

[125]

[126]



Table 1 shows the health benefits of goji berries. Goji berries have customarily been utilized as a functional food and as a

complementary pharmaceutical agent for over 2500 years with restricted toxicological indications detailed within the

literature or in conventional textbooks of Asian herbal medications . Goji berries have become prevalent over a long

time due to their open acknowledgment as a “superfood” with a profoundly huge amount of antioxidant and nutritive

properties. The content of carotenoids in goji berries had been drawn a part of consideration due to its valuable impacts

involving property of antioxidant on vision, degeneration of macular, and retinopathy . The defensive characteristics of

extracts of goji berry on cells of the retina have appeared within the early stages of the degeneration of the retina in both

studies of animals and humans . The goji berries have shown a significant positive effect on diabetes mellitus

(hyperglycemia) through hypoglycemic activity in both animal and cell studies. The experimentation of cells on the impact

of hypoglycemic demonstrated that LBP3b (an extraction from goji berry) exhibited a concentration-dependent impact on

the uptake of glucose . Goji berries are utilized in conventional Chinese medication to avoid the progression and onset

of cancer for a long period, due to the presence of numerous antioxidants and phytochemicals . Studies have been

published regarding the effectiveness of carotenoid nano emulsion in inhibition of HT-29 cells of cancer, considered

superior compared to the carotenoid extracts . The neurological defensive impact of goji berries has been illustrated in

an experimental test, considering the clinical trial of humans. The presence of glutamate in goji berries is shown to

effectively demonstrate the excitotoxic effect in different neurological diseases such as Alzheimer’s and Parkinson’s .

The presence of different components in goji berries demonstrate anti-aging effects, mainly including betaine, LBPs,

flavonoids, zeaxanthin, β-carotene, and 2-O-β-D-glucopyranosyl-L-ascorbic acid (AA-2βG) .

Table 1. Nutritional Composition and health benefits of superfoods.
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Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Brazil nuts

Selenium (Se)

Thyroid cancer, breast
cancer Animal study

The presence of the high
amount of selenium helps
in the prevention of disease
as well as maintains normal
functioning of the affected
organs

Prostate cancer

A study of
35,534 males
from Puerto
Rico, Canada,
and the
United States
was
conducted
across more
than 400
clinical sites.

A high intake of Se lowers
the risk of prostate cancer.

Mammary cancer Animal study
(rat)

There is a clear link
between the amount of
Brazil nuts ingested and
enhanced Se retention in
the mammary gland, liver,
kidney, and plasma,
resulting in the prevention
of breast cancer.

Selenium deficiency

Conduction
of
randomized
controlled
trial including
59 New
Zealand
adults

The daily consumption of
two Brazil nuts is seen to be
effective in enhancing the
status of selenium and
improving GPx activity as
100 µg Se as
selenomethionine.

Type-2 diabetes

A research
study
conducted
including
sixty patients
(ages
between 43
and 81) who
had been
diagnosed
with T2D for
more than
five years

Brazil nut intake may
reduce oxidative DNA
damage in T2D patients,
owing to the antioxidative
properties of selenium.

Phenolic compounds
HepG2 human liver
and Caco-2 human

colon cancer.
-

Caco-2 and HepG2 cell
growth is inhibited, leading
to antiproliferative action.

_ Inflammatory
parameters

With ten
healthy
people, a
randomized
crossover
study was
undertaken.
(mean age
24.7 ± 3.4 y).

In healthy participants, the
results show a long-term
reduction in inflammatory
markers following a single
big serving of Brazil nuts.
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Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Hempseeds

Hempseed protein
isolate

Hydrogen peroxide-
induced apoptosis in

PC12 cells

Animal
studies (rat)

Hemp seed protein isolate
generally includes two
peptides (NHAV and
HVRETALV), resulting in the
survival rate enhancement
of peptide-treated rat PC12.

- Decreased blood lipid
profile

Animal
studies (rat
and rabbit)

After consuming hempseed
supplements, rats and
rabbits showed
improvements in their blood
lipid profiles.

Phenylpropionamides
(TPA) Memory loss Animal

studies (rat)

The TPA extract research
reported a reversal in
memory loss. The TPA
extract might also lower the
levels of inflammatory
cytokines (TNF-α, IL-1β, and
IL-6) at a modest dosage (1
g/kg).

- Coronary heart
disease

A study was
conducted on
sixteen
healthy
volunteers
(eight males
and eight
females),
without
suffering
from any
chronic
illness.

After consumption of 30
mL/day of hempseed oil
(HO) for four weeks, the
researchers discovered
increased LA and GLA
levels in the blood plasma
of healthy human
volunteers.
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Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Garden
Cress
Seeds

n-butanol/n-methanol Asthma
Animal
studies
(guinea pig)

Garden cress seeds offered
broncho-protection,
indicating that it has anti-
asthmatic potential, which
has been extensively
supported by clinical
research.

- Pain, inflammation,
and fever

Animal
studies
(mice)

Garden cress is considered
to be of therapeutic value in
the treatment of
inflammation, nociception,
and hyperthermia.

Methanol extract

Blood coagulation -

A substantial rise in
fibrinogen levels, but no
change in prothrombin
time, indicated the role of
garden cress in blood
coagulation of and
associated diseases.

Diuretic effect Animal
studies (rats)

Garden cress seed may be
beneficial in hypertension
treatment and associated
kidney diseases since it
increases sodium and
potassium excretion when
consumed.

- Estrogenic activity Animal
studies (rats)

As volatile oil derived from
garden cress seed was
given to the diet of
immature rats (3-4 drops),
they exhibited development
and an increase in the
weight of their ovaries when
compared to the control
group.

Benzyl isothiocyanate Breast cancer -

The aqueous extract of L.
sativum exhibited a
cytotoxic impact on MCF-7
breast cells, producing
substantial time- and dose-
dependent viability
reductions.
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Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Maca

Polysaccharides

Fatigue Animal study.
Consumption of maca
exhibited effective anti-
fatigue activity

Immunomodulatory
effect -

Maca polysaccharides
possess
immunomodulatory activity,
raising the levels of NO,
TNF-α, and IL-6 in
macrophage cells and
boosting their pinocytic and
phagocytic capabilities.

Anti-tumor effect -

The activity of HepG-2 cells
was considerably inhibited
by the maca
polysaccharides (MP21)
group in a dose-dependent
manner.

Hepatoprotective
activity

Animal study
(mice).

MP-1 polysaccharide
reduced the inflammation
induced by ethanol, and
MP-1 may have a
hepatoprotective impact in
the defense against liver
damage, according to
histopathologic findings.

Macamides Neuroprotective
activity

Animal
studies
(mice)

The enhancement in spatial
memory and learning, the
capacity of swimming
endurance, and
motorcoordination were
observed.

Polyphenol,
antioxidants, and

phytosterol
Sexual function

Animal and
humans
study.

Maca is effective in the
improvement of sexual
function in both males and
females.
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Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Amla

- Cancer Animal and
human study

Amla’s potent anti-cancer
activity is controlled by free
radical scavenging,
immunological regulation,
anti-oxidant enzymes, and
other mechanisms.

- Diabetes

In the study,
32 volunteers
(16 diabetes
patients and
16 age- and
gender-
matched
normal
people) took
part.

In diabetic human
volunteers, E. officinalis not
only lowered fasting and 2 h
postprandial blood glucose
levels but also reduced total
cholesterol and triglyceride
(TG) levels in patients
taking 1, 2, or 3 g E.
officinalis.

- Hyperlipidemic
syndrome

Animal
studies (rats)

A significant decrease in
total and free cholesterol
levels was seen in a dose-
dependent manner.

- Tumor
Animal
studies
(mice)

Increased liver antioxidants
enhance E. officinalis anti-
tumor efficacy. This
protective effect might be
related to its antioxidant
capability or its modulatory
impact on liver detoxifying
enzyme activity.

- Mutagenic activity Animal
studies (rat)

The treatment with E.
officinalis can help in the
inhibition of mutagenicity
induced by indirect and
direct mutagens.

[72]

[81]

[147][148]

[149]

[150]



Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Camel milk

Milk proteins Hypocholesterolaemic
effect

Animal
studies (rats)

In an in vivo study in rats,
the administration of
fermented camel milk
(Gariss) and Gariss
containing Bifidobacterium
lactis (BB-12) was shown to
have a
hypocholesterolaemic
effect.

Half-cystine Hypoglycaemic effect Animal and
human study

Camel milk intake is
beneficial to people with
type 1 diabetes, as well as
rats.

lysozyme, lactoferrin,
lactoperoxidase,

hydrogen peroxide,
and immunoglobulins.

Antimicrobial effect -

Camel milk is antibacterial
against Gram-positive and
Gram-negative bacteria
such as E. coli, Listeria
monocytogenes,
Salmonella typhimurium,
and Staphylococcus
aureus.

- Hypoallergenic effect

Blood
samples were
taken from 40
children who
were allergic
to bovine
milk or its
products.

Because the protein
percentages in camel milk
are close to those in human
milk, certain
hypersensitivity responses
have been recorded.

- Diarrheal diseases -

Camel milk has been shown
to have unique anti-
diarrheal properties, as well
as inhibiting Johne’s
disease, autism syndrome,
and Crohn’s disease.
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Superfood
Major Macro-/Micro-
Nutrient Involved in
Superfood

Health Effects Studied
Population Possible Outcome References

Jackfruit

Phytonutrient (lignans,
saponins, and
isoflavones).

Cancer -

Jackfruit includes
chemicals that may be
useful in preventing or
treating lymphoma cancer,
as well as preventing the
development of cancer cells
in the body and fighting
stomach ulcers.

Chitin-binding lectin
(jackin) Fungal effect Animal and

human study.

The ability of jackin to
prevent the growth of
Saccharomyces cerevisiae
and Fusarium moniliforme
as well as hemagglutination
activity was also
demonstrated against rabbit
and human erythrocytes.

Potassium and vitamin
B6

Cardiovascular
disorder -

The potassium found helps
in the reduction of blood
pressure and the reversal of
the effects of sodium, which
produces a rise in blood
pressure that damages the
heart and blood vessels.
This aids in the prevention
of heart attacks and
strokes. Potassium also
enhances muscular and
nerve function while
reducing bone loss. B6 is a
vitamin that helps to
decrease homocysteine
levels in the bloodstream.

Magnesium Bone-related disorder -

High magnesium
concentration aids calcium
absorption and works in
tandem with calcium to
build bones and prevent
bone diseases like
osteoporosis.

Goji berry

Glycoconjugated
polysaccharides

Diabetes -

Lipid peroxidation was
reduced, plasma
antioxidant status was
increased, and
immunological activities
were improved.
Red blood cell fragility and
abnormalities have
improved.

Immune-stimulating -

Increased serum influenza-
specific IgG levels after
vaccination and improved
immune system.

- Eye disorder -

Fasting plasma zeaxanthin
content is higher, which
aids in maintaining visual
acuity.

Polysaccharides

Ergogenic
effect/exercise
performance

Animal study
(rats)

Longer exercise endurance
and lower lipid peroxidation
while increasing the
amounts of endogenous
antioxidant enzymes.

Cancer Animal study
(mice)

In mice, goji polysaccharide
fractions reduced lipid
peroxidation and inhibited
the growth of liver cancer
cells.
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