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Abstract: In the last sixty years, there has been an alarming decline in food quality and a decrease in
a wide variety of nutritionally essential minerals and nutraceutical compounds in imperative fruits,
vegetables, and food crops. The potential causes behind the decline in the nutritional quality of
foods have been identified worldwide as chaotic mineral nutrient application, the preference for less
nutritious cultivars/crops, the use of high-yielding varieties, and agronomic issues associated with a
shift from natural farming to chemical farming. Likewise, the rise in atmospheric or synthetically
elevated carbon dioxide could contribute to the extensive reductions in the nutritional quality of fruits,
vegetables, and food crops. Since ancient times, nutrient-intense crops such as millets, conventional
fruits, and vegetables have been broadly grown and are the most important staple food, but the area
dedicated to these crops has been declining steadily over the past few decades and hastily after the
green revolution era due to their poorer economic competitiveness with major commodities such as
high-yielding varieties of potato, tomato, maize, wheat, and rice. The majority of the population in
underdeveloped and developing countries have lower immune systems, are severely malnourished,
and have multiple nutrient deficiency disorders due to poor dietary intake and less nutritious foods
because of ignorance about the importance of our traditional nutrient-rich diets and ecofriendly
organic farming methods. This critical review emphasizes the importance of balance and adequate
nutrition as well as the need to improve soil biodiversity and fertility: those are main causes behind
the decline in nutritional density. There is also emphasis on a possible way out of alleviating the
decline nutritional density of food crops for the health and well-being of future generations.

Keywords: biodiversity; micronutrient; nutrient density; traditional food; synthetic fertilizers

1. Introduction

Globally, more than two billion people are suffering from micronutrient insufficiency,
especially iodine, iron, folate, vitamin A, and zinc [1–3]. It is the main cause of premature
deaths, morbidity, and retardation in the physical and mental growth of children [4]; in 2017,
11 million deaths and 255 million daily-adjusted life years (DALYs) could be attributed to
malnutrition [5]. Since the 1940s, crop yield and the per-capita availability of foods have
been continuously increasing due to intensive farming techniques, artificial fertilization,
pesticides, irrigation, growing high-yielding varieties, and other environmental means,
whereas malnutrition tends to increase incessantly due to disrupting the fine balance of
soil life and decreasing the nutritional density and quality of the food crops. At present,
people are overfed but undernourished due to consuming nutrient-poor diets [6,7]. It is
quite difficult to obtain an equal concentration of nutrition from the food that was enjoyed
before the pre-green revolution era. Important commercial high-yielding fruits such as
apples, oranges, mango, guava, banana, and vegetables such as tomato and potato have
lost their nutritional density by up to 25–50% or more during the last 50 to 70 years due
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to environmental, genetic, and field soil dilution factors [8]. Mayer et al. [9] reported that
the elements except for phosphorus declined in the previous eighty years (1940 to 2019):
sodium (52%), iron (50%), copper (49%), and magnesium (10%). The major reason for the
variation appears to be that novel strains/varieties of crops have been introduced over the
decades that produce additional yield, growth rate, and pest and disease resistance but
go for lower levels of nutrients. Thus, declining nutrient concentrations in food products
are most detrimental for future generations’ health. As a consequence, exploring the best
management strategies that can solve the problems of the decline in the nutritional quality
of foods is a major focus of the study, so that the sustainable health of the habitat can be
achieved. Improving the consumption of nutrient-dense food crops is an important and
possible way to tackle the global nutrient deficiencies and optimize the nutritional quality
of these foods. There is a well-recognized need to achieve a better nutritional quality in
foods with studies concurring that the pre-eminent way to achieve this is through the
dual-purpose approach of making improvements to food systems as well as addressing
health and nutrition goals [10]. For the verification of the study, we also considered various
studies conducted in various parts of the world that focused on dietary diversification,
supplementations of micronutrients [11,12], improving the nutritional quality of food,
biofortification, soil fertility management, plant-breeding approaches [13], natural farming,
reviving traditional foods [14], the production of nutrient-intense underutilized fruits and
vegetables [15], beneficial soil microbial inoculation, and soil biodiversity [16,17]. The aim
of this study was (i) to investigate the systematic decline in the nutritional quality of food
crops, (ii) to assess the causes of declining nutrient density, and (iii) to identify the best
management strategies for the maintenance of nutritional density in foods or to explore
the available scientific evidence for enhancing the nutrient density and quality of fruits,
vegetables, and food crops for the nutritional well-being of future generations.

A literature search was conducted for all articles indexed by Google, Web of Science,
and Scopus up to 2022. The search strategies were completed using keywords includ-
ing “food”, “food quality”, “nutritional dilution, food and nutrition”, “nutrient density”,
“orgenoleptic quality of foods”, and “micronutrients depletion rate in soil and foods”. The
keywords were amended slightly for each database. Sugar crops, food supplements, and
all alcoholic beverages were excluded from the data acquisition. Through the established
search strategy, 365 studies in total were initially assessed. Out of these, 200 closely related
studies were considered for concluding the task, and a field survey was also conducted from
2017 to 2021 in which 1500 tribal farmers were interviewed to explore the changes in food
habits, nutritional patterns, and the dietary and organoleptic qualities of different foods.

2. Nutrients’ Depletion Tendency of Foods

The nutrient exhaustion started long ago, but after 1900, the rate of dilution increased
incessantly and after the green revolution exponentially. On the basis of available nutrition
data, it was observed that in the past 70–80 years, the nutritional dilution rate was up
to only 20%, whereas 80% dilution happened during the last 30–40 years. According to
numerous studies [18–21] in many countries, the nutrient density and taste quality of fruits,
vegetables, and foods crops have fallen extremely in the previous 50–70 years regarding
sodium (29 to 49%), potassium (16 to 19%), magnesium (16 to 24%), calcium (16 to 46%),
iron (24 to 27%), copper (20 to 76%), and zinc (27 to 59%). Mayer [22] observed declines
in the nutrient levels of twenty vegetables from 1936 to 1991, including calcium (19%),
magnesium (35%), and copper (81%), as well as in the nutrient levels of twenty fruits,
including sodium (43%), magnesium(11%), iron(32%), copper (36%), and potassium (20%).
Numerous scientists [23] found a significant percentage decline in the mineral content of
thirteen fruits and vegetables during 1963 to 1992 in the U.S., including calcium (29%),
magnesium (21%), potassium (6%), phosphorus (11%), and iron (32%), as well as a decrease
in the mineral levels of twenty fruits and vegetables during in the last fifty-one years
(1936 to 1987) in Britain: calcium (19%), magnesium (35%), sodium (43%), potassium
(14%), phosphorus (6%), iron (22%), and copper (81%). Thomas [18] reported theatrical
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losses in copper (76%) and zinc (59%) during 1940 to 1991 and 1978 to 1991 in different
vegetables, respectively. Similarly, Alae-Carew et al. [24] reported 50% less availability
of water and use of saline water (3–4dS m−1) significantly reduces yield and nutritional
quality of fruits. Likewise, pronouncements in [7,22] showed a consistent decline in the
quantity of protein (6%), calcium (16%), phosphorus (9%), iron (15%), vitamin A (18%),
riboflavin (38%), and vitamin C (15%) in 43 different fruits and vegetables over the past half
century. Jack [25] reported a fall in nutrients such as calcium (26.5%), iron (36.1%), vitamin
A (21.4%) and vitamin C (29.9%) in vegetables from 1975 to 1997. Different vegetables
lost a greater part of their iron, including cauliflower (60%), collard greens (81%), mustard
greens (51.3%), onions (56%), and watercress (88.2%), and vitamin A in broccoli (38.3%),
cauliflower (68.3%), collard greens (41.2%), and parsley (38.8%). A sharp decline rate was
observed in calcium, with 57.4 percent in lemons, 58.8 percent in pineapples, and 65 percent
in tangerines during 1975 to 2001. The authors also observed from available nutritional
data that the phosphorus levels dropped in different fruits such as apples (30%), bananas
(52.4%), oranges (30%), peaches (36.8%), tangerines (44.4%); there were reduced amounts
of iron in bananas (55.7%), grapefruit (85%), oranges (75%), peaches (78%), strawberries
(62%), tangerines (75%), and watermelons (66%); and bananas (57.4%), grapefruit (87.5%),
peaches (59.8%), pineapples (55%), strawberries (67.1%), apples (41.1%), and watermelon
(38%) lost vitamin A. Ficco et al. [26] observed that the Mg content of fruits decreased
by 7 to 25 percent and vegetables by 15 to 35 percent. Bruggraber et al. [27] observed a
significant decrease of 0.35 mg 100 g−1 (−95%) of iron from the 1930s to 1980s in fruits.
Apparent declines in copper from −34 to −81 percent signify minute absolute changes
as 100 g−1 dry produce of vegetables has a gigantic natural range from 0.11 to 1.71 mg
(1555%); in fruit, it varies from 0.10 to 2.06 mg (2060%); and in grains, 0.1–1.4 mg (1400%
range) along with its copper availability is hugely subject to the nutrient dilution effect [28].
A sharp decline in the nutrient content of fruits and vegetables was also reported during
1975 to 1997 (Table 1).

Table 1. Nutrients’ decline trend (%) in different fruits* and vegetables* during 1975 to 1997.

Fruits Calcium Iron Vitamin
A (IU)

Vitamin
C

Vegetables Calcium Iron Vitamin
A (IU)

Vitamin
C

Apples (mg) None 40.00 41.10 Up 42.50 Broccoli (mg) 53.40 20.00 38.30 17.50
Apricots (mg) 17.70 Up 8.00 3.30 None Cabbage (mg) 4.10 Up 47.50 Up 2.30 31.90
Banana (mg) 25.00 55.70 57.40 9.00 Carrots (mg) 27.00 28.60 Up 155.70 Up 16.30
Cherries (mg) 31.80 2.50 Up 94.60 30.00 Cauliflower (mg) 12.00 60.00 68.30 40.50

Grapefruits (mg) 25.00 85.00 87.50 12.40 Collard greens (mg) 28.60 81.00 41.20 61.60
Lemons (mg) 57.40 14.30 3.30 31.20 Daikon (mg) 22.90 33.30 100.00 31.30
Orange (mg) 2.40 75.00 Up 2.50 Up 6.40 Kale (mg) 24.60 22.70 None 4.00
Peaches (mg) 44.40 78.00 59.80 5.70 Mustard greens (mg) 43.70 51.30 24.30 27.80

Pineapples (mg) 58.80 26.00 55.00 9.40 Onion (mg) 25.90 56.00 100.00 36.00
Strawberries (mg) 33.30 62.00 67.10 3.90 Parsley (mg) 32.00 None 38.80 22.70
Tangerines (mg) 65.00 75.00 Up 119.0 7.00 Turnip greens (mg) 22.80 38.90 None 56.80

Watermelons (mg) Up 14.30 66.00 38.00 Up 37.10 Watercress (mg) 20.50 88.20 4.10 45.60
Net Change 28.90 16.40 16.40 1.90 Net Change 26.50 36.10 21.40 29.90

* Based on 100-gram edible portion. Source: USDA food composition tables.

3. Causes of Declining Nutrient Density

The mineral composition of fruits, vegetables, and food crops is dependent on the
genetic make-up of the crop species, climatic circumstances, soil qualities including microbe
diversity, management practices, and the extent of ripeness of the plant at harvesting [29–31].
The principal causes of the nutrient decline are the degradation of the soil in which crops
are grown; developing new high-yield varieties; agronomic factors associated with the
commercialization of agriculture; the use of synthetic fertilizers, pesticides, and herbicides
to boost food production; improvements in irrigation and the advent of affordable tech-
nologies; the introduction of genetically modified food; enhanced air and water pollution;
global warming; thinning of the ozone layer; and elevated CO2 concentration [28]. The
global environmental disaster, including current farming methods with a sole focus on
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crop yields, has resulted in a decline in crops’ nutrient quality from the baseline values [32].
Modern farming methods are also associated with declines in soil quality, soil microbial
diversity, soil water contamination, and the exhaustion of soil nutrients [33–35]. There is
evidence that the soil quality, the forms and levels of applied nutrients, and the farming
system affect the yield and the phytochemical and nutritional composition of produce [36].
An additional consideration is that warming air temperatures and increased solar radiation
may lead to higher soil temperatures, resulting in more microbial activity, higher soil respi-
ration rates, and potential limitations in soil nutrient availability. The following important
factors are responsible for the declining nutrient density of modern foods.

3.1. Alteration in Food Composition

Before the advent of the green revolution and industrialization, conventional foods
consisted mainly of naturally grown and cultivated millets such as pearl millet (Pennisetum
glaucum L.), maize (Zea mays L.), and sorghum (Sorghum bicolor L.); minor millets such as
finger millet (Eleusine coracana L.), proso millet (Panicum miliaceum L.), foxtail millet (Setaria
italica L.), kodo millet (Paspalum scrobiculatum L.), little millet (Panicum sumatrense L.), and
barnyard millet (Echinochloa frumentacea L.); traditional fruits and vegetables, for example,
wild date palm (Phoenix sylvestris L.), sitaphal (Annona squamosa L.), ber (Ziziphus sp.),
khirani (Manilkara hexandra), jamun (Syzygium cumini), pilu (Salvadora persica), ker (Capparis
decidua), lasoda (Cordia dichotoma), date palm (Phoenix dactylifera L.), tamarind (Tamarindus
indica L.), cluster bean (Cyamopsis tetragonoloba L.), snapmelon (Cucumis melo momordica),
kachri (Cucumis calosus), and leafy vegetables; root staples such as sweet potato (Ipomoea
batatas); and grains such as beans and barley (Hordeum vulgare), which are full of minerals,
vitamins, and health-promoting substances such as phenols and antioxidants. With time,
some foods became popular, and several are disliked on the basis of the taste, flavor,
texture, and appearance of foods; nowadays, the mass population has shifted towards
the consumption of less nutritious fast food and packed and imported processed foods.
There is increased consumption of unhealthy processed foods accompanied by a neglect of
traditional diets [37]. Several underutilized nutrient-rich food crops that were an integral
part of family food baskets in the past are gradually being replaced by less nutritious
advanced cereals, such as wheat, rice, and maize [38]. Traditional fruits and vegetables
are quite superior to modern ones in terms of protein, minerals (Fe, Zn, Ca, Mg, P, and K),
fiber, and vitamin B (niacin, vitamin B6, and folic acid), and they are also rich in health-
promoting phytochemicals, namely, polyphenols, lignans, phytosterols, phytoestrogens,
and phycocyanins [14,39]. Similarly, pearl millet, sorghum, and minor millets have a
higher content of micronutrients such as calcium, iron, zinc, riboflavin, and folic acid than
rice, wheat, and maize [38], which is almost kicked out from the modern food system.
In Rajasthan (India), before 1960, the average daily diet consisted of 13 percent minor
millets, 13.2 percent sorghum, 19.3 percent pearl millet, 36.5 percent maize, 4.5 percent
barley, 1 percent wheat, 5.5 percent pulses, 3 percent meat, 1.5 percent dairy products,
0.5 percent sugar and oil, and 5.5 percent underutilized fruits and vegetables, and there
was no consumption of rice or modern fruits, whereas wheat was consumed rarely on
the occasion of specific festivals and on the arrival of guests [40]. After the 1980s, there
was a drastic increase in wheat, rice, and potato consumption and slight increases in
meat, dairy products, sugar, oil, and modern fruit. Similarly, during the 1970s in India,
instead of meat and meat products, whole-grain cereals, pulses, fruits, and vegetables
were more often consumed [41]. The authors also found significant changes in food
composition and a radical increase in wheat consumption (5500%) of tribals in Rajasthan
during the last 60 years (Table 2). The most undesirable feature of this nutritional transition
is the substitution of millets with socially more prestigious and more refined grains and
reduced diversified diets that meet the livelihood but not the nutritional requirement of
an individual and are primarily associated with micronutrient deficiency [42]. Hence, it is
well reported that alterations in the consumption of various millets, fruits, and vegetables
are directly associated with the nutritional health of the habitat.
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Table 2. Alteration in food composition of tribal farmers of Rajasthan during the last 60 years.

Food Groups/Foods
Percent Share in Diet of Tribal Farmers (N = 1500)

Before 1960 1960 to 1980 1981–2000 2001 to 2020 %Change

Minor millets * 13.0 6.0 2.5 0.2 −98.46
Sorghum 13.2 9.5 5.8 1.0 −92.42
Pearl millet 19.3 15.0 10.0 5.3 −72.54
Maize 36.5 38.0 20.3 10.2 −72.05
Barley 4.5 6.7 7.2 4.0 −11.11
Wheat 1.0 4.5 30.0 56.0 5500.00
Rice 0.0 1.0 1.8 7.5 650.00
Pulses 5.5 4.5 3.0 2.0 −63.64
Meats 3.0 3.5 4.0 4.8 60.00
Dairy products 1.5 2.5 3.3 3.0 100.00
Sugar/gur and oils 0.5 1.0 1.3 2.0 300.00
Traditional fruits and vegetables 5.5 7.5 6.5 3.0 −45.45
Modern fruits and vegetables 0.0 0.3 2.0 3.5 1066.67

Traditional wine and English wine consumption trend in tribals

Traditional wine 100.0 99.5 70.5 34.2 −65.80
Modern wine 0.0 0.5 29.5 65.8 6480.00

* Finger millet (Eleusine coracana L.), proso millet (Panicum miliaceum L.), foxtail millet (Setaria italica L.), kodo millet
(Paspalum scrobiculatum L.), little millet (Panicum sumatrense L.), and barnyard millet (Echinochloa frumentacea L.).

3.2. Growing High-Yielding Varieties

Over the past 60–70 years, plant breeders and physiologists emphasized increasing
crop yields through advanced plant genetics tools and intensifying agricultural production
systems, and they highlighted the attention not given to maintaining nutritional quality,
especially the micronutrient content in crops, which is also essential for the healthy life of
the habitat. Modern varieties of fruits, vegetables, and food crops are less nutritious than
historically lower potential varieties grown before 1960. A negative correlation between
the yield and quality attributes of foods was observed by many researchers, and the high
yield in a raised N-system significantly decreased in its concentration of mineral nutrients,
nutraceutical compounds, sensory attributes, and the distinctive taste of foods due to the
dilution effect [28,43], and considerably increased in carbohydrate [7,20]. Breeding for
the traditional metric of yield might result in a reduction in nutritional value [44,45] and
also less desirable organoleptic properties [46]. Today, most of the varieties are bred to
improve their productivity and profitability and that focus on yield is largely ignoring
the nutritional quality of the crops [47]. Too much readily available N, less accessibility
to micronutrients, regular irrigation facilities, and intensive agricultural practices have
depleted micronutrients from the soil, which obviously tends to diminish the nutrient
density of crops [48,49]. A significant difference in mineral content between cultivars has
been observed in many horticultural crops including potato, tomato, cucurbits, raspberry,
and broccoli [21,44,50]. Traditionally grown tomatoes, cucurbits, okra, and chili were
extremely low-yielding, but contained higher nutrient density, distinct taste quality, and
organoleptic properties [14]. Marles [28] argues persuasively that any small impact of
nutrient dilution from irrigation and fertilizer use is offset by the increased yield that occurs,
allowing more people to benefit from the production system, only for the fulfilment of food
requirement and not nutrition. So, it is very important to maintain the nutritional quality
of foods with respect to increasing yield to mitigate hidden hunger without increasing the
availability of foods.

3.3. Climate Change and Elevated Carbon Dioxide (eCO2)

Environmental CO2 concentration is increasing globally: the average value of atmo-
spheric CO2 concentration was 317 ppm in 1960 and surpassed 400 ppm in 2015, likewise
aggressively accelerating the trajectory towards reaching a CO2 concentration of 550 ppm
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by roughly 2050 [51,52]. Climate change and elevated atmospheric carbon dioxide (eCO2)
affect the availability and quantity of nutrients such as nitrogen, phosphorus, potassium,
and iron in soil [53]; decrease nutrient uptake by crops; and reduces proteins in food
crops [42,53–57] and mineral nutrient concentration in fruits and vegetables [49,56,58].
Since 1850–1900, carbon dioxide concentrations have risen about 50 percent, which in-
crease photosynthesis and plant biomass production, but also reduce the nutritional qual-
ity of crops [49,58–60]. Most commonly, decreases in the concentration of xanthophylls,
carotenoids [56,61], folate, iron, zinc, vitamins, protein, minerals [1,42,49,59,62–65], sulfur,
methionine, cysteine [66], and the essential sulfur-containing amino acid methionine [67],
as well as around 30 percent of the world population suffering from zinc deficiency, are
due to elevated atmospheric CO2 concentration [68]. However, they are also caused by
the immobilization of nitrogen in vegetative tissues and soil [69] and the direct reduc-
tion in nitrate assimilation by elevated CO2 [70]. The raised CO2 concentration in the
environment reduced the overall quantity of twenty-five minerals in plants, including
calcium, potassium, zinc, sulfur, copper, and iron (Figure 1), by 8 percent on average, and
also increased the ratio of carbohydrates to minerals in food plants [49]. Dong et al. [63]
observed that eCO2 decreased the concentrations of nitrate, protein, and magnesium by
up to 9.2 percent, zinc by 18.1 percent, and iron in leafy vegetables (31%), fruit vegetables
(19.2%) and root vegetables (8.2%), and also decreased the total antioxidant capacity in
fruits and vegetables [71].
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3.4. Excessive Use of Agrochemicals

During the pre-green revolution era (before the 1940s), food crops were grown or-
ganically, but after the 1980s, the maximum number of farmers broadly used insecticide,
fungicide, herbicide, and chemical fertilizers. The imbalance in the use of agrochemicals
poses a negative effect on the nutritional and organoleptic quality of fruits, vegetables, and
food crops. The long-term excessive use of fertilizers may reduce soil organic matter and
pollute the soil and underground water with nitrate, and it is consequently hazardous to
humans or livestock health. Excessive use of agrochemicals harmfully affects on soil micro-
bial activities and biochemical reactions. The modification of the diversity and composition
of the beneficial microbial community can be adverse to plant growth and development
either by tumbling nutrient availability or by raising disease incidence [72]. Pesticide
contact occurring by means of dermal, digestive, or respiratory routes results in decreased
lung function [73], wheezing, higher incidences of lung cancer [74], chronic bronchitis
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and chronic obstructive pulmonary disease [75], asthma, coughing, rhinitis, and other
respiratory symptoms [76]. Bhandari [77] reported that agrochemicals are a reason for
serious health hazards and may encourage cancer and certain pesticides to affect the human
immune and endocrine systems. Organophosphate insecticides used in vegetables are
steadily deposited into the human body and have a link with cancer [78]. In terms of human
health, several pesticides cause many kinds of cancer, lung damage, neuronal disorders,
birth defects, acute and persistent injuries to the nervous system and reproductive organs,
and degenerative diseases; some affect fetal growth and cause congenital anomalies and
dysfunction of the immune and endocrine systems [79]. The overuse of synthetic fertilizers
and animal waste in crop-growing fields causes the runoff of excess nutrients, which can
leach into waterways, exacerbating algae growth in water systems; these algae produce
the neurotoxin domoic acid, and eating mollusks contaminated with these strains can
cause death [80]. Crop field environments contain a variety of inflammatory aerosols that
may increase the risk of lung inflammation and disease in exposed individuals [81]. All
these chemicals and environmental pollutants may cause different physical problems in the
human body, which also reduce the activities of the digestive system and the absorption of
nutrients from foods.

3.5. Changes in Agricultural Practices

There is increased attention worldwide towards regaining traditional agricultural
practices as a climate-smart approach [82] for helping to produce nutrient-loaded crops.
Crops grown in open fields allow different biotic and abiotic stress which accumulate
different secondary metabolites and health-promoting compounds, whereas crops grown
in protected and plant-congenial conditions have increased yield and contain more water
but have reduced nutritional quality due to the dilution effect [83]. The phytochemicals and
nutritional quality of fruits, vegetables, and food crops can both increase and decrease as a
function of biotic and abiotic stress around the plant grown [84] and abiotic stresses such
as high-saline soils, severe drought, and excessive temperatures can harshly change the
mineral composition of food crops [85]; similarly, naturally grown, underutilized medic-
inal crops (Aloe vera, khimp, and cucurbits) in the western Thar desert of Rajasthan have
numerous phenols, alkaloid, vitamins, minerals, and protein-rich nutraceutical compounds
in surprising quantity as compared to artificially cultivated crops [14]. The key causes for
nutrition dilution in vegetable crops is the revolutionization in the varieties and changes
in agricultural practice such as protected cultivation [28,83], the usage of higher doses of
fertilizers, and irrigation. An extreme downturn in soil physical and biological quality due
to certain modern agricultural practices may result in lower nutrient density in fruits, veg-
etables, and food crops [86,87]. Traditionally, these crops are grown in fields with balanced
nutrition, whereas, at the present time, tomatoes, peppers, and cucumbers are produced
in soil-less culture such as hydroponics under protected conditions which are optimized
to maximize the yield, using artificial fertilizers and irrigation. The nutritional value of
the produce is not considered, whereas crops grown in soil may be able to take up some
micronutrients in greater amounts through biochemical processes and rhizospheric microor-
ganisms. Plants grown in natural soil may be able to take up many other micronutrients
that are not essential for plants but are highly useful for human nutrition [88]. Moreover,
there is a surprising lack of robust research that compares the nutritional composition
of the crops grown in natural soil and hydroponics (soil-less culture), which increases
production incessantly. Farias et al. [89] reported that potatoes cultivated in a vineyard
field where copper fungicides had been usually used for a long time had a high intensity of
copper in the tubers. Photosynthetic rates may also be important, as plants quickly release
photoassimilated carbon to the field soil by means of direct root exudation and associ-
ated mycorrhizal fungi, resulting in improved nutrient availability for the plant [90]. It is
summarized on the basis of available research that the food crops grown using traditional
methods in natural organic soil are rich in microbial diversity and always produce more
nutritious and better-quality products.
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3.6. Postharvest Handling and Storage

Traditionally, most fruits and vegetables were eaten fresh or after minimal processing,
which accommodated the original nutritional quality [83]. There have been considerable
changes in chemical composition, color, texture, and flavor, and the nutrient dilapidation
of fresh fruits and vegetables may also occur during the supply chain and postharvest
handling [83,91]. The alteration in nutrient composition from harvest to utilization depends
to a certain degree on the specific nutrient, the nature of the commodity, the methods of
postharvest management, the storage conditions, and the cooking states [83]. Nutrient
retention is optimized if fresh fruits and vegetables are gently handled and stored at high
relative humidity with a low temperature [83]. In general, water-soluble nutrients such as
vitamin B, vitamin C, and polyphenols are degraded by processing treatments and may be
leached into cooking water or the canning medium [83]. Vitamin A, vitamin E, carotenoids,
and lycopene are highly responsive to temperature, oxygen, pH, and light and may be
released from their cellular matrices by freezing, thermal or high pressure, or additional
preservation treatments [83]. Vitamin C is water-soluble and extremely sensitive to high
temperature, light, and oxygen, making it susceptible to loss during the cooking of fresh
fruits and vegetables and the thermal processing range from 15 to 55 percent; it decreases
by 10–90 percent during the canning process. Losses of vitamin C range from 15 percent in
green peas to 77 percent in green beans stored at 4 ◦C for 7 days, whereas losses following
7 days of storage were insignificant at 0 ◦C but 56 percent at 20 ◦C in broccoli [91]. The
B vitamins are highly responsive to heat and light, and experimental losses as a result of
canning range from 7 to 70 percent, and during freezing 20 to 60 percent, from various
vegetables. Polyphenolics normally diminish with the storage of fresh peaches, pears,
apples, and vegetables as a result of the removal of the skin, canning, and blanching [92].
There was a 10 percent increase in beta-carotene content in carrots and a 10 percent loss
in green beans as a result of refrigerated storage for 14–16 days [92]. Lycopene content
increased in processed tomato products, probably due to the heat-induced release from its
cellular matrix [93]. Processing destroys the naturally occurring enzyme myrosinase that
produces nutritious isothiocyanate compounds in Brassica crops. Different vitamin and
mineral concentrations in raw fruits and vegetables are slightly affected by the processing
methods [91] although trimming may remove plant tissues that are rich in minerals [94];
the removal of soil particles affected the mineral content of spinach and carrots, resulting
in small losses of iron.

3.7. Decline in Nutrient Concentration in Arable Land

As we know, arable land all over the world is decreasing day by day due to the adverse
effects on nutrient density and microbial diversity and the disruption of soil biological
processes and soil physical quality due to the existing agricultural system based on the
overuse of agrochemicals [28,95,96] and poor-quality irrigation water [83]. High-potential
varieties of rice and wheat increased food production during the green revolution era, which
led to a loss of distinctive indigenous crops from nurturing and also caused extinction. The
soil degradation activities such as erosion and loss of soil organic matter, soil structure,
and soil life influence soil health and quality [97]. Hence, a severe nutrient discrepancy in
nitrogen, phosphorus, and potassium occurred widely in the rice and wheat production
systems in Asia, Central and South America, and Africa, and globally, the shortage of
nitrogen, phosphorus, and potassium was 175 Mha (57% of the cultivated area) for N,
266 Mha (86%) for P, and 283 Mha (91%) for K in developing countries; 31 Mha (69%)
for N, 32 Mha (70%) for P, and 31 Mha (69%) for K in the least developed countries; and
108 Mha (52%) for N and 151 Mha (73%) for P in developed countries [98]. Insufficient
supply, as well as the unavailability of essential nutrients, is the principal cause behind
nutrient stress in our food crops [99]. Singh [100] observed that 49 percent of arable land in
India is potentially deficient in zinc, 12 percent in iron, 5 percent in manganese, 3 percent
in copper, 33 percent in boron, and 11 percent in molybdenum. Currently, the predictable
view of crop nourishment is being reframed around biologically intervening plant–soil
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interactions [101]. Since then, advances in soil ecology enabled the discovery that soil
health plays a major role in building and sustaining soil fertility [102] and the nutritional
qualities of food. Over the past century, the topsoil was entirely eroded from about a third
of the US Corn Belt [103] and postcolonial farming practices reduced soil organic matter
by approximately half [104]; cultivable land degradation already negatively affects the
well-being of more than three billion people globally [105]. Alarming conditions were
reported by Singh [100] about nitrogen and micronutrient deficiencies in Indian soil due to
the mismanagement of soil fertility and health (Figure 2).
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3.8. Lack of Knowledge about Nutrient-Rich Crops

Since ancient times, traditional foods such as underutilized fruits, vegetables, and
millets have been grown organically; they have been important sources of nutrients, dietary
fiber, protein, phytochemicals, and vitamins [14] and played a significant role in human
nourishment. The traditional wisdom for the cultivation and consumption of these conven-
tional foods decreases significantly with time because of the transformations in food habits
and crop cultivation methods [14,16,106]. Indigenous knowledge is a fundamental source
for the conservation of the majority of traditional food crops and farming ecosystems [107].
Due to the loss of this aboriginal awareness, the existing generation of farmers and rural
youths is not conscious of how to cultivate these ancient food crops and of their role in
agrodiversity conservation [108].

4. Management Strategy for Maintaining the Nutritional Density of Foods

There has been a historical alteration in the nutritional values of conventional fruits,
vegetables, and foods, particularly highlighted by dilemmas in countries with a high
prevalence of micronutrient malnutrition. There are a number of recommended ways to
reduce malnutrition, such as revitalizing traditional food crops, soil nutrient management,
adopting organic farming, improving soil microbial diversity, and the biofortification of
food crops. Community nutrition programs are focused on an especially inadequate range
of micronutrients such as iron, iodine, and zinc; they should give attention to the com-
prehensive diversity of nutrients that could be lacking through food-based approaches.
Plant breeding should aspire to obtain a better stockpile of essential nutrients and miner-
als, and not just be targeted to solitary nutrients at a time, as is the existing approach of
biofortification programs. Farmers, agriculture scientists, and others in the food system
are required to be supplied with practical information to recover the nutritional excellence
of fruits, vegetables, and food crops. Even so, additional research is required to fill the
gaps in knowledge concerning how to recover the nutritional quality of modern foods. The
occurrence of the genetic dilution effect should be investigated alongside field trials com-
paring the nutritional value of modern and traditional varieties. Similarly, to observe the
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outcome of agronomic dilution, side-by-side trials of the same variety could be undertaken
whilst varying the agronomic conditions to increase yield. Long-term experiments of or-
ganic versus conventionally grown food crops are still required, using approved protocols.
Dietary diversification, supplementations of micronutrients [11,12], improving the nutri-
tional quality of food, biofortification, soil fertility management including plant-breeding
approaches [13], promoting natural farming, reviving traditional foods [14], the production
of nutrient-intense underutilized fruits and vegetables [15], the promotion of beneficial soil
microbial inoculation, and maintaining soil biodiversity [16,17] are the possible ways to
combat the nutrient dilution effects of fruits, vegetables, and food crops under the changing
climate. Nutrient-rich foods are solutions to fulfill nutrient requirements without overcon-
suming dietary energy. In this way, the integration of all the above-mentioned technologies
in a balanced way is compulsory to minimize the international malnutrition challenges
for future generations as well as play an important role in combating the consequences of
climate change (Figure 3).

Foods 2023, 12, x FOR PEER REVIEW 11 of 28 
 

 

vegetables [15], the promotion of beneficial soil microbial inoculation, and maintaining 

soil biodiversity [16,17] are the possible ways to combat the nutrient dilution effects of 

fruits, vegetables, and food crops under the changing climate. Nutrient-rich foods are 

solutions to fulfill nutrient requirements without overconsuming dietary energy. In this 

way, the integration of all the above-mentioned technologies in a balanced way is com-

pulsory to minimize the international malnutrition challenges for future generations as 

well as play an important role in combating the consequences of climate change (Figure 

3). 

 

Figure 3. Conceptual overview illustrating the role of various aspects, such as the use biofortified 

crops, soil microbial biodiversity (PGPM), organic farming, integrated nutrient management, re-

viving traditional foods, using improved handling practices and value addition, the use of the ge-

nome-editing technique and genomics-assisted breeding, restoring soil function, etc., can enhance 

the nutritional density of crops. Through the various approaches, i.e., transgenic, conventional 

breeding, and agronomical approaches, the use of the genome-editing technique and ge-

nomics-assisted breeding enhances the nutritional quality of food crops. Soil microbial biodiversity 

increases the bioavailability of nutrients through direct and indirect mechanisms, which improve 

plant vitality and resilience to biotic and abiotic stress and, ultimately, lead to better nutrient up-

take; legumes and INM alter the pH of the rhizospheric soil, which hastens the activity of micro-

organisms and, thus, regulates the nutrient-cycling process. Increased SOC; total N, P, and K; and 

organic sources of nutrients (green manuring, biochar, compost, FYM, and vermicompost) increase 

soil microbial activity and enhance the bioavailability of nutrients and soil health. The use of tradi-

tional and nutrient-rich crops enhances essential minerals, carbohydrate, vitamins, phytochemi-

cals, and antioxidant properties in crops; improved handling practices and value addition maintain 

the quality of produce and increase the health of consumers. 

4.1. Reviving Traditional foods for Sustainable Nutritional Security 

The green revolution transformed production patterns all over the world through 

promoting high-yielding varieties of rice and wheat and, right now, both crops contrib-

ute three-quarters of India’s total cereal production and consumption. These less nutri-

tive cereals increased dramatically with the cost of nutrient-rich millets and sorghum 

[14,109], which is the principal cause of undernourishment. Indian traditional foods are 

Figure 3. Conceptual overview illustrating the role of various aspects, such as the use biofortified
crops, soil microbial biodiversity (PGPM), organic farming, integrated nutrient management, reviving
traditional foods, using improved handling practices and value addition, the use of the genome-
editing technique and genomics-assisted breeding, restoring soil function, etc., can enhance the
nutritional density of crops. Through the various approaches, i.e., transgenic, conventional breed-
ing, and agronomical approaches, the use of the genome-editing technique and genomics-assisted
breeding enhances the nutritional quality of food crops. Soil microbial biodiversity increases the
bioavailability of nutrients through direct and indirect mechanisms, which improve plant vitality and
resilience to biotic and abiotic stress and, ultimately, lead to better nutrient uptake; legumes and INM
alter the pH of the rhizospheric soil, which hastens the activity of microorganisms and, thus, regulates
the nutrient-cycling process. Increased SOC; total N, P, and K; and organic sources of nutrients (green
manuring, biochar, compost, FYM, and vermicompost) increase soil microbial activity and enhance
the bioavailability of nutrients and soil health. The use of traditional and nutrient-rich crops enhances
essential minerals, carbohydrate, vitamins, phytochemicals, and antioxidant properties in crops;
improved handling practices and value addition maintain the quality of produce and increase the
health of consumers.
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4.1. Reviving Traditional foods for Sustainable Nutritional Security

The green revolution transformed production patterns all over the world through
promoting high-yielding varieties of rice and wheat and, right now, both crops contribute
three-quarters of India’s total cereal production and consumption. These less nutritive
cereals increased dramatically with the cost of nutrient-rich millets and sorghum [14,109],
which is the principal cause of undernourishment. Indian traditional foods are nutrient-rich,
diversified, and also accepted as functional foods because of the presence of therapeutic
chemicals, antioxidants, dietary fibers, and a series of minerals and probiotics, which can
be helpful for mass body control and blood glucose level and maintain the immune system.
In spite of their significance, traditional foods have been vanishing as a result of globalized
phenomena, post-green-revolution effects, and less economic compatibility. Today, our
food security depends on fewer than ten crops [110] and there has been a steady reduction
in the dietary intake of all food groups including millets, legumes, traditional fruits, and
vegetables since 1975 [40]. This homogenization of crop cultivation and the related abridged
diversity in diets contributed to lower per-capita supplies of key nutrients such as iron,
zinc, and vitamin A [109,111] from habitual cornerstones of the native diet, providing
essential proteins, vitamins, minerals, and amino acids [14]. Sustainable food security
depends on broadening the range of cultivated crops and must include the traditional crops
such as millets and underutilized fruits and vegetables [14,112]. Millets have excellent
nutritional value compared to modern cereals [113]; good protein, carbohydrates, and
dietary fiber; and better amino acid profiles, vitamin A, minerals, starch composition,
and phytochemicals including vitamin E, magnesium, and folate, with a low glycemic
index [110,114]. In the past, finger millet was a major food component of Rajasthan. It
has abundant protein, iron, phosphorus, fiber, and vitamins; is an extraordinary source
of calcium (344mg 100g−1), which is higher than all cereals; and its iodine content is the
highest among all the food grains [115,116]. Various minor and major millets are rich in
essential minerals, carbohydrate, vitamins, phytochemicals, and antioxidant properties in
comparison to modern cereals (rice and wheat) (Table 3) [117]. Traditional fruits contribute
significantly to maintaining nutrition, especially as a very good source of all vital nutrients
(Table 4) [117], and contain 27 percent more vitamin C [116], protein (96.55%), fat (98.99%),
carbohydrate (75.29%), ascorbic acid (62.94%), thiamin (99.90%), riboflavin (99.94%), niacin
(99.21%), minerals (98.63%), calcium (27.07%), phosphorus (55.0%), iron (96.84%), and fiber
(97.42%) than modern fruits [117]. Traditional vegetables are also a very good source of
different nutrients such as protein (73.21%), fat (74.17%), carbohydrate (18.85%), ascorbic
acid (52.24%), energy (18.85%), carotenes (41.59%), thiamin (19.19%), riboflavin (71.33%),
calcium (90.12%), phosphorus (47.01%), iron (82.01%), and fiber (89.24%), which are higher
in comparison to modern vegetables (Table 5). The important habitual ancient food crops
(millets) have higher protein content than rice and wheat, as well as dietary fibers, iron,
zinc, calcium, phosphorus, potassium, vitamin B, and important amino acids. Pearl millet
is a good source of carbohydrate, energy, dry matter (92.5%), fat (5–7%), ash (2.1%), dietary
fiber (1.2g/100g), crude protein (13.6%), quality protein (8–19%), starch (63.2%), a-amylase
activity, minerals (2.3mg 100 g−1), vitamin A and B, antioxidants, and essential amino
acids. It is rich in unsaturated fatty acids (75%) that are useful in lowering cholesterol
and reducing cancer risk. Being gluten-free, it is extremely useful for people suffering
from celiac diseases. Pearl millet is exceptionally useful for people suffering from diseases
such as diabetes, obesity, heart problems, atherosclerosis, and metabolic diseases due to
its health-beneficial properties. Due to its excellent nutritional properties, pearl millet
is designated as a nutricereal by the Govt. of India (Gazette of India, No. 133 dated on
13 April 2018) for production, consumption, and trade. Similarly, Nandal and Bhardwaj [39]
reported that traditional fruits, vegetables, and food crops such as ber, bael, ker, phog, khimp,
khejri pod, cluster bean, bitter gourd, kachri, and millets are more nutritious than modern
food crops and commercial fruits and vegetables. Their critical nutritional value has made
these foods highly significant in communal and societal norms and allowed them to stand
the test of time [118]. Traditional foods, as well as underutilized fruits and vegetables,
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often play a significant role in the local economy and nutrition, providing food security,
economic stability, and high nutritional quality to those that grow and/or consume [14].
The traditional perception about the processing of foods, their preservation techniques,
and their medicinal effects has been established for several generations in India [119].
Therefore, it is the right time to rediscover and reimplement traditional foods to improve
the socioecological integrity of agroecosystems and nutritional security. An enhanced
right to the use of nutrient-rich millets, fruits, and vegetables was facilitated by their
inclusion in the nation’s public distribution system (PDS) that provides subsidized grains
to nearly two-thirds of the country’s population. Underutilized food crops should be given
equal significance to modern cereals, such as high-productive rice, wheat, and hybrid
maize, in national policies and programs [120]. A sufficient supply of good-quality seeds,
germplasm, and guidelines on traditional production techniques can be provided to farmers
through agricultural extension services with some incentives to farmers in the form of
subsidized inputs and mechanisms to support the price, which will generate interest among
farmers in cultivating nutritious underutilized food crops. Ultimately, supporting local
food chains and processing will recover the awareness of farmers towards cultivating
and marketing these indigenous crops, which have the potential to be profitable cash
crops [121]. Furthermore, nutrition policies and programs have not focused on creating
awareness among communities about the significance of dietary diversity and the inclusion
of time-honored food crops in the daily diet as compared to less nutritious fast foods [122].
Nutrient content of traditional food and comparison of the nutritive value of modern and
traditional fruits are presented (Tables 3 and 4) [123]. Most importantly, nutrition education
programs aiming to encourage natural farming and traditional diets should be considered
in light of the increasing scientific evidence on the therapeutic and medicinal properties of
traditional foods. Indigenous knowledge on traditional recipes and preservation methods
have eroded in the present era due to modern sociocultural systems. Now, looking at the
importance of the nutrient-enriched traditional food crops, renewed focus on the promotion
of these crops is needed, which are being relabeled as future-smart foods in view of their
high potential for nutrition security, market value, climate resilience, and agrobiodiversity.
In this regard, the Government of India has declared the year 2018 as the “Year of Millets”
and the United Nations General Assembly (UNGA) has declared the year 2023 as the
“International Year of Millets” to bring millets into the mainstream for exploiting their
nutritional properties and promoting their cultivation and use.
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Table 3. Nutrient content of traditional food (millets) and modern foods (cereals) per 100 g.

S.N Nutrients

Traditional Food (Millets) * Modern Foods (Cereals) **
%

ChangePearl
Millet Sorghum Ragi Foxtail

Millet
Proso
Millet

Barnyard
Millet

Kodo
Millet

Little
Millet

Desi
Maize Barley Oat Mean Rice Wheat Mean

1 Protein (g) 11.6 10.4 7.3 12.3 7.7 6.2 8.3 10.13 11.1 11.5 16.9 10.31 7.94 12.1 10.02 −2.83
2 Fat (g) 5.0 1.9 1.3 4.3 4.7 2.2 1.4 4.7 3.6 1.30 6.9 3.39 0.52 1.7 1.11 −67.27
3 CHO (g) 67.5 68.2 72.6 60.9 70.4 65.5 65.9 65.55 64.77 61.29 62.0 65.87 78.24 64.72 71.48 +8.51
4 Energy (Cal.) 361.0 349.0 328.0 331.0 341.0 397.0 309.0 329.0 342.0 336.0 389.0 346.5 345.0 346.0 345.5 −0.30
5 Folic acid (mg) 45.5 20.0 18.3 15.0 9.0 - 23.1 36.20 20.0 31.58 56.0 27.47 9.32 36.6 22.96 −16.41
6 Thiamin (mg) 0.33 0.37 0.42 0.59 0.21 0.33 0.33 0.26 0.42 0.36 0.76 0.40 0.05 0.49 0.27 −32.19
7 Riboflavin (mg) 0.25 0.13 0.19 0.11 0.01 0.10 0.09 0.05 0.10 0.18 0.14 0.12 0.05 0.17 0.11 −10.37
8 Zinc (g) 3.1 1.6 2.3 2.4 3.7 3.0 0.7 1.82 2.8 1.50 4.0 2.45 1.21 2.2 1.70 −30.33
9 Calcium (mg) 42.0 25.0 344.0 31.0 17.0 20.0 27.0 17.0 10.0 26.0 54.0 55.73 10.0 48.0 29 −47.96
10 Iron (mg) 8.0 4.1 4.62 2.8 9.3 5.0 0.5 9.3 2.3 1.67 5.0 4.78 0.7 4.9 2.8 −41.43
11 Phosphorus (mg) 289.0 274.0 268.0 110.0 - - - 157.0 279.0 178.0 - 222.1 96.16 315.0 205.6 −7.46
12 Fiber (g) 1.2 1.6 3.6 8.0 7.6 9.8 9.0 7.6 2.7 3.9 11.6 6.05 0.82 1.2 1.01 −83.32
13 Total phenol 67.71 23.25 135.0 106.0 0.10 26.7 368.0 14.24 32.92 23.47 - 79.74 3.14 14.33 8.735 −89.05

* Pearl millet (Pennisetum glaucum L.), Sorghum (Sorghum bicolor L.), Ragi (Eleusine coracana L.), Foxtail millet (Setaria italica L.), Proso millet (Panicum miliaceum L.), Barnyard millet
(Echinochloa frumentacea L.), Kodo millet (Paspalum scrobiculatum L.), Little millet (Panicum sumatrense L.), Maize (Zea mays L.), Barley (Hordeum vulgare), and Oat (Avena sativa).** Rice
(Oryza sativa) and Wheat (Triticum aestivum).

Table 4. Comparison of the nutritive value of modern and traditional fruits (100 g edible portion of fruits).

S.N Nutrients
Traditional Fruits ** Modern Fruits * %

ChangeKaronda Phalsa Bael Khirni Timru Sitaphal Ker Tamarind Ber Mean Apple Orange Guava Mango Banana Papaya Grape Mean

1 Protein (g) 1.15 1.30 1.80 0.50 6.0 1.60 14.24 3.10 1.34 3.45 0.20 0.70 0.90 0.60 1.20 0.60 0.50 0.67 −96.55
2 Fat (g) 1.67 0.90 0.30 2.40 - 0.40 2.00 0.10 0.35 1.02 0.50 0.20 0.30 0.40 0.30 0.10 0.30 0.30 −98.99
3 CHO (g) 2.87 14.7 31.8 27.7 26.8 23.5 18.20 67.4 9.40 24.71 13.4 10.9 11.2 16.9 27.2 7.20 16.5 14.76 −75.29
4 Energy (Cal.) 34.0 72.0 137 134.0 112.0 104.0 107.0 283.0 204.0 131.9 59.0 48.0 51.0 74.0 116.0 32.0 71.0 64.43 +31.89
5 Ascorbic acid (mg) 135.0 22.0 8.0 16.0 1.0 37.0 50.0 3.62 60.93 37.06 3.57 30.0 212.0 16.0 7.00 57.0 1.0 46.65 −62.94
6 Carotenes (µg) 55.89 419.0 55.0 495.0 361.0 - - 188.0 76.80 235.8 229.0 1104 996.0 2743.0 78.0 666.0 216 861.71 +135.81
7 Thiamin (mg) 0.01 - 0.13 0.07 - 0.07 - 0.34 0.01 0.11 0.93 0.07 0.03 0.08 0.05 0.04 0.04 0.18 −99.90
8 Riboflavin (mg) 0.02 - 0.03 0.08 - 0.17 - 0.07 0.02 0.07 0.01 0.02 0.03 0.09 0.08 0.25 0.03 0.07 −99.94
9 Niacin (mg) 0.25 0.30 1.10 0.70 - 1.30 - 1.56 0.33 0.79 0.25 0.28 0.40 0.90 0.50 0.20 0.12 0.38 −99.21
10 Minerals (g) - 1.10 1.70 0.80 0.80 0.90 - 2.9. - 1.37 0.30 0.30 0.70 0.40 0.80 0.50 0.6 0.51 −98.63
11 Calcium (mg) 10.81 129.0 85.0 83.0 60.0 17.0 55.0 170.0 46.55 72.93 10.0 26.0 10.0 14.0 17.0 17.0 20 16.29 −27.07
12 Phosphorus (mg) 32.62 39.0 50.0 17.0 20.0 47.0 57.0 110.0 32.38 45.00 14.0 20.0 28.0 16.0 36.0 13.0 30 22.43 −55.00
13 Iron (mg) 0.87 3.10 0.60 0.90 0.50 4.31 0.76 17.0 0.40 3.16 0.66 0.32 0.27 1.30 0.36 0.50 0.52 0.56 −96.84
14 Fiber (g) 1.38 1.20 2.90 3.0 0.80 3.10 4.24 5.60 1.02 2.58 1.0 0.30 5.20 0.70 0.40 0.80 2.9 1.61 −97.42

* Apple (Malus pumila), Orange (Citrus sinensis), Guava (Psidium guajava), Mango (Mangifera indica), Banana (Musa × paradisiacal), Papaya (Carica papaya), Grape (Vitis vinifera).
** Karonda (Carissa carandas), Phalsa (Grewia asiatica), Bael (Aegle marmelos), Khirni (Manilkara hexandra), Timru (Salvadora persica), Sitaphal (Annona squamosa L.), Ker (Capparis decidua),
Tamarind (Tamarindus indica L.), and Ber (Ziziphus sp.).
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Table 5. Nutrient content of traditional vegetables and modern vegetables per 100 g.

S.N Nutrients

Traditional Vegetables * Modern Vegetables **
%

ChangeCluster
Bean

Bathua
Leaf Kinkoda Kachri Khimp Khejri

Pod Spinach Snap
Melon

Amaranthus
Leaf Mean Tomato Potato Brinjal Mean

1 Protein (g) 3.20 2.50 5.44 0.28 3.13 23.1 2.14 0.37 3.29 4.83 0.76 1.35 1.77 1.29 −73.21
2 Fat (g) 0.40 0.44 3.10 1.28 1.84 0.52 0.64 1.12 0.65 1.11 0.25 0.22 0.39 0.29 −74.17
3 CHO (g) 10.80 2.56 7.70 7.45 9.83 14.15 2.05 15.6 2.28 8.05 3.20 12.9 3.49 6.53 −18.85
4 Energy (Cal.) 16.0 27.71 288.0 43.0 68.0 82.0 24.37 74.0 30.58 72.63 18.87 53.76 27.23 33.29 −54.17
5 Ascorbic acid (mg) 17.92 41.03 - 29.81 39.0 - 30.28 18.6 83.54 37.17 25.27 26.41 1.58 17.75 −52.24
6 Carotenes (µg) 1192.0 3469.0 - - - - 9553.0 - 20.47 3558.62 5826.0 224.0 186.0 2078.67 −41.59
7 Thiamin (mg) 0.05 0.06 0.05 - - - 0.16 - 0.01 0.07 0.04 0.05 0.07 0.05 −19.19
8 Riboflavin (mg) 0.03 0.51 0.10 - - - 0.10 - 0.19 0.19 0.02 0.01 0.13 0.05 −71.33
9 Niacin (mg) 0.71 0.54 0.06 - - - 0.33 - 0.71 0.47 0.51 1.36 0.74 0.87 +85.11
10 Calcium (mg) 130.0 211.0 33.7 0.09 414.0 0.41 82.29 0.76 330.0 133.58 8.90 8.53 22.17 13.20 −90.12
11 Phosphorus (mg) 57.0 37.55 42.0 0.003 317.0 0.05 32.59 0.09 73.22 62.17 15.45 43.42 39.95 32.94 −47.01
12 Iron (mg) 1.08 2.66 5.04 0.18 3.48 0.48 2.95 0.84 4.64 2.37 0.22 0.57 0.49 0.43 −82.01
13 Fiber (g) 3.20 1.68 3.0 1.21 23.18 6.7 0.86 1.34 1.20 4.71 0.30 0.54 0.68 0.51 −89.24

* Cluster bean (Cyamopsis tetragonoloba L.), Bathuwa leaf (Chenopodium album), Kinkoda (Momordica dioica), Kachri (Cucumis calosus), Khimp (Leptadaenia pyrotechnica), Khejri pod
(Prosopis cineraria), Spinach (Spinacia oleracea), Snapmelon (Cucumis melo momordica), Amaranthus leaf (Amaranthus cruentus). ** Tomato (Solanum lycopersicum), Potato (Solanum
tuberosum), Brinjal (Solanum melongena L.).
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4.2. Integrated Approaches for Soil Nutrient Management

Crop-growing soil and media are basic components for managing the nutrient
density of food crops with diversified components. Successful crop production requires
only sixteen essential nutrients, but plants grown via natural farming absorb more essen-
tial and nonessential mineral nutrients and many other bioactive compounds which are
highly useful for increasing the nutraceutical values of fruits, vegetables, and food crops.
These bioactive compounds and minerals synthesize different phenolics, antioxidants,
and other phytochemicals, which are responsible for increasing the nutritional value of
the produce. The integration of different soil management approaches is an emerging
need for nutrient-dense food production, such as: soil fertilization and recovering soil
biodiversity [124,125], zero-tillage farming or low-till farming [126], microbial inocula-
tion [86,127], increasing earthworm density, the use of biodiverse cover crops, adopting
crop rotation, green manuring, or livestock incorporation [128], and land management
practices [129–131]. The addition of soil amendments for correct soil reactions, recycling
farm waste, and returning it to the soil can help the fixation, solubilization, and supply
of the nutrient from the soil to plants. These practices have been shown to enhance soil
organic matter, obtain better water-holding capacity, and have a significant impact on the
amount of carbon sequestration, which could help to mitigate the effects of nutrient density
in different food crops. Legume-based intercropping plays many crucial roles such as
reducing the requirements of agrochemicals, stimulating biodiversity, altering the pH of
the rhizospheric soil, carbon sequestration, restoring soil health [132–134], contributing to
improving nitrogen and phosphorus fertilizer use efficiency, and leading to the increased
availability of phosphorus, iron, and zinc in plants [132,135], which hastens the activity
of microorganisms and, thus, regulates the nutrient-cycling process and increases the soil
organic carbon and total nitrogen, phosphorus, and potassium. There is an urgent need to
assess the hot spots of multinutrient deficiencies, make a contingency plan with diversified
components, and create awareness amongst farmers for diagnosing nutrient disorders
precisely in order to meet the future demand for nutrients in soils, plants, and humans.

4.3. Adopting Organic Farming

The demand for organically grown fruits, vegetables, and food crops is increasing
incessantly [136] day by day, owing to their nutritional and health benefits [14]. Presently,
consumers are estranged by nutritional scandals from products manufactured using indus-
trial methods and seek safe and prescribed food products [137]. The organic cultivation of
food crops is a holistic approach, which is caring to the environment [138]; boosts the natu-
ral, chemical, and physical properties of the soil in order to optimize the nutritional quality
of food crops [139]; and has a critical socioeconomic impact on a nation [140]. Organically
grown food crops retain higher levels of wellness-promoting nutrients and phytochemicals,
those shown to exhibit health-protective antioxidant and anti-inflammatory properties [141].
Several researchers have reported that organically nurtured fruits and vegetables contain
more protein, vitamin C, phosphorus, potassium, and calcium, as well as higher-quality
secondary metabolites, polyphenols, and other nutraceutical compounds [142,143]; iron,
magnesium, and dry matter [116,144,145]; phenolic compounds [146]; and polyphenols,
carotenoids, and antioxidants [36,144,147–152]. Spinach has 77 percent more iron [153];
spinach, Swiss chard, lettuce, and corn has a lower nitrate content and higher vitamin C [154];
and corn, potatoes, apples, and pears retain 60–125 percent more vitamin C, iron, zinc, cal-
cium, phosphorus, magnesium, and potassium and significantly fewer nitrates relative to
conventionally grown crops [155]. Organically cultivated fruit wine contains a higher level
of resveratrol [156], and tomatoes contain levels of quercetin and kaempferol which are
elevated by 79 percent and 97 percent, respectively [36]. Naturally grown oranges, apple,
potato, tomato, and papaya have additional quantities of vitamin C, phenolic compounds,
total sugars, and flavonoids compared to those cultivated with the use of agrochemi-
cals [157–160]. Organically produced tomatoes are further enriched with human-health-
promoting nutrients, antioxidant activity, phytochemicals [161], and salicylic acid [162],
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whereas jambu (Acmella oleracea) fruit had extra total phenolics and carotenoids, and
jujube fruit has significantly higher pigments, organic acids, chlorophyll, carotenoid, glu-
cose, and total volatile compounds [163] than in recently cultivated fruits [164]. Baraski
et al. [165] carried out a meta-analysis of 343 peer-reviewed publications and observed that
the concentration of phenolic acids (19%), stilbenes (28%), flavanones (69%), flavones (26%),
anthocyanins (51%), and flavonols (50%) was higher in organic crops. The micronutrient
content of organic foods ranged up to almost 50 percent higher, and vegetable and legume
content up to 10 percent higher, in beta-carotene, vitamin C, boron, copper, and zinc than
conventional produce [166]. Bhardwaj et al. [14] also reported that fruits and vegetables
grown in organic fields are more nutritious with good organoleptic qualities. Natural
farming methods would be the best solution to overcome nutrient deficiency by improving
the bioavailability of macro- and micronutrients on cultivable land [36], adding to the
soil organic matter, organic carbon, soil organic nitrogen, macro- and microelements, and
biological components [32]. Worthington [155] reported that organically grown vegetables
contained significantly higher minerals and vitamin C than presently grown vegetables
(Table 6).

Table 6. The nutrient content in organically grown vegetables in comparison to conventional ones.

Vegetable
Nutrition in Organic Vegetables in Relation to Conventional (%)

Vitamin C Iron Magnesium Phosphorus

Lettuce +17 +17 +29 +14
Spinach +52 +25 −13 +14
Carrot −6 +12 +69 +13
Potato +22 +21 +5 0

Cabbage +43 +41 +40 +22

4.4. Improving Soil Ecosystem and Biodiversity

Soil biodiversity provides numerous ways of assistance to human health through
enhancing crop nutrient uptake and, in this way, obtaining better nutritional significance
in foods [167]. Teaspoons of healthy soil have billions of microbes and many individual
species. These microorganisms, particularly plant-growth-promoting microorganisms
(PGPMs), play a key role in agricultural systems with their diverse mechanisms such as
N-fixation, the solubilization of macro- and micronutrients, and the production of phytohor-
mones; antibiotics enhance the availability of nutrients and nutrient uptake [168,169]. Field
soil enriched with bacteria and rhizospheric microorganisms has encouraging effects on
food’s organoleptic quality and enhances the vitamin, flavonoid, antioxidant, and mineral
content [170], whereas specialized soil fungi effectively extend the plant root system with
mycelium, releasing nutrients from the soil for plants. However, in modern systems of
intensive agriculture involving exhaustive tillage, the use of agrochemicals causes a grad-
ual decline in soil organic matter through the accelerated oxidation and burning of crop
residues, causing pollution, greenhouse gas emissions, and the loss of valuable soil–plant
system biodiversity, and minimizing the soil microbial population as well as biodiversity.
Several studies have demonstrated that PGPR increases the sweetness, moisture content,
secondary metabolites, antioxidant properties, content. of minerals, as well as chlorophylls
in vegetables and fruits [16,171,172]. Multiple studies have observed that the direct manip-
ulation of the soil microbial population has the potential to enhance the nutritional quality
of food crops [173]. The series of studies suggests that orchard soil inoculated with PGPR
improves plant nutritional content [174] and crop nutritional and sensory quality [175,176],
and increases vitamin C by up to 79 percent in strawberries with the strain Phyllo bac-
terium sp. PEPV15 [177] and in tomato fruits with the strain Pseudomonas sp. 19Fv1T [178]
and plant probiotic Bacillus megaterium and Bacillus amyloliquefaciens [179]. Similarly,
the association between arbuscular mycorrhizal fungi (AMF) and plant roots activates
the antioxidant, phenylpropanoid, or carotenoid metabolic pathways and enhances the
nutraceutical value of horticultural products [180]. Moreover, Gabriele et al. [181] observed
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that arbuscular mycorrhizal fungi inoculated with fruit wines had better oxidative stability
and a considerably higher level of bioactive compounds. Arbuscular mycorrhizal fungi
enhance the mineral nutrient uptake of stationary soil nutrients [182–184]; increase the
concentrations of phosphorus, zinc, copper, and nitrogen in leeks; and increase the zinc,
copper, and selenium content in the edible portion of various vegetable crops by approxi-
mately 20 percent [185], 35 to 60 percent more antioxidants, vitamins, and significant levels
of ascorbic acid and lycopene were found under the organic system with mycorrhizal
inoculation in different fruits and vegetables [32]. A series of studies advocate that a
decline in the symbiotic relationship with plant roots could, at least partially, clarify the
historical declines in the mineral content of fruits and vegetables. Therefore, the use of
beneficial microorganisms maintains a better ecosystem with wider biodiversity in field
soil for improving the nutritional and nutraceutical quality of food crops (Figure 4).
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4.5. Using Biofortified Crops

Biofortification is a way of elevating the nutrient density of fruits, vegetables, and food
crops from side-to-side conventional and molecular plant breeding, transgenic techniques,
and crop cultivation interventions. It is a beneficial and sustainable approach for combat-
ing hidden hunger [186] by improving the availability of micronutrients and enhancing
vitamin content, essential amino acids, and fatty acid compositions as well as antioxidant
levels in food crops [187]. Presently, the thousands of crop varieties available in global
seed banks provide biofortified germplasm that can target iron, zinc, copper, calcium,
manganese, molybdenum, phosphorus, magnesium, and selenium to produce a higher
density of vitamins to generate nutrient-rich breeding lines [188,189]. The alteration rates
of β-carotene into vitamin A are high in golden rice and cassava, and maize may integrate
an elevated level of nutritional impact [190]. Increasing the quantity of micronutrients in
the edible parts of crops, improving bioavailability and absorption in the human body, is
also an important way to mitigate nutrient deficiency [191]. More than 20 million people in
developing countries are consuming biofortified beans and pearl millet with iron; maize,
cassava, and sweet potato with provitamin A; and rice and wheat by means of zinc- [189]
and vitamin-A-enriched rice produced using transgenic approaches [192], but all these
technologies are limited in commercial fruits and vegetables. Biofortification methods
comprise agricultural practices such as increasing micronutrient concentration [188], chem-
ical fertilization, the accumulation of mycorrhizal fungi and nitrogen-fixing bacteria, the
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intercropping of legumes with grass crops for increased nutrient content in the root zone,
and both conventional and transgenic crop-breeding methods [186,193–197]. Minimizing
the undesirable effects of climate change on the nutritional quality of food crops can be
achieved through biofortified breeding methods in food crops [99]. Most of the underuti-
lized fruit and vegetable crops, uncultivated relatives, landraces, and local cultivars are
lower in yield but are a wealthy source of nutrients, which offer their efficient utilization
in the crop improvement program for nutrient enrichment [198]. Fortifying rice with iron
alone or in combination with other micronutrients has a slight apparent effect on the risk
of anemia and vitamin A deficiency [199]. Now, it is an urgent need to develop new
varieties of many food crops completely loaded with nutrients through various novel and
cost-effective technologies, such as genome editing and genomics-assisted breeding, for the
elimination of malnutrition.

4.6. Using Improved Handling Practices and Value addition

Postharvest management practices such as harvesting, washing, cleaning, curing,
disinfecting, sorting and grading, packaging, storing, and transportation not only play
a vital role in maintaining the quality of the fruits and vegetables but also extending
the shelf life [83]. Crop-specific postharvest handling practices and treatment protocols
can be used for improving the shelf life of food crops. Proper postharvest treatments
of fresh produce slow down the physiological processes of senescence and maturation
and help in reducing the development of physiological disorders, minimize the risk of
microbial contamination, and maintain the nutritional and organoleptic quality of the
fresh produce [200]. In developed and fast-developing countries, people prefer ready-to-
cook food or ready-to-eat food materials. So, scientists, food-processing industries, and
innovators have to develop various recipes and value-added products from nutrient-rich
millets and underutilized fruits and vegetables, which will definitely promote the wider
acceptance among consumers of different ages and incomes and play a significant role in
the nutritional security of future generations.

5. Conclusions

Numerous environmental factors, faulty and intensive agricultural practices, as well as
a lack of knowledge about nutrient-rich crops can contribute to a decline in the nutritional
quality of food crops. Collaborative efforts from the various stakeholders are needed to
ensure the integration of different technologies to minimize nutrient deficiency in foods. Im-
proving the nutrient density and consumption of fruits, vegetables, and nutrient-rich foods
is imperative to tackling global micronutrient deficiencies, and optimizing the nutritional
quality of these foods is important to offer the best chance of meeting the requirements.
Now, it is of utmost importance to encourage the use of nutritionally enriched and nutraceu-
tical foods to mitigate the gap and maintain the health of future generations. All this points
to the need to reframe nutritional and agricultural research and policy, and further research
evaluating the role of soil health on the nutrient density of food is needed to enhance our
understanding of the linkages between diet, farming practices, and human health.

Author Contributions: Investigation and conceptualization of the research idea, R.L.B., A.P., H.P.P.
and L.V.; designing of the experiment and conducting the survey for the collection of basic information
for the research idea in the tribal area, A.P.; drafting the paper, R.L.B.; Writing, review, and editing,
R.L.B., A.P. and H.P.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external finding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data is included in the article.



Foods 2024, 13, 877 19 of 26

Acknowledgments: The authors acknowledge the technical guidance of B. R. Choudhary, Honorable
Vice-Chancellor, Agriculture University, Jodhpur, India, who supplied the authors’ team with all the
required resources for the collection of the primary data/information from tribal-dominated areas of
Rajasthan about traditional foods and food habits. We are also grateful to the laboratory staff and
field staff for their contributions, continued diligence, and dedication to the completion of the task.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bailey, R.L.; West, K.P., Jr.; Black, R.E. The epidemiology of global micronutrient deficiencies. Annu. Nutr. Metab. 2015, 66, 22–33.

[CrossRef] [PubMed]
2. Amoroso, L. The second international conference on nutrition: Implications for hidden hunger. World Rev. Nutr. Diet. 2016, 115,

142–152. [CrossRef] [PubMed]
3. Anonymous. Food and Agriculture Organization of the United Nations; FAOSTAT. Food Balance Sheets: Rome, Italy, 2018.
4. Bhutta, Z.A.; Das, J.K.; Rizvi, A.; Gaffey, M.F.; Walker, N.; Horton, S.; Webb, P.; Lartey, A.; Black, R.E. Evidence-based interventions

for improvement of maternal and child nutrition: What can be done and at what cost? The lancet nutrition interventions review
group, and the maternal and child nutrition study group. Lancet 2013, 382, 452–477. [CrossRef] [PubMed]

5. Murray, C.J.L. Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the global burden of disease
study 2017. Lancet 2019, 383, 1958–1972.

6. Drewnowski, A. Concept of a nutritious food: Toward a nutrient density score. Am. J. Clin. Nutr. 2005, 82, 721–732. [CrossRef]
7. Davis, D.R. Declining fruit and vegetable nutrient content: What is the evidence. Hortic. Sci. 2009, 44, 15–19.
8. Drewnowski, A. Defining nutrient density: Development and validation of the nutrient rich foods index. J. Am. Coll. Nutr. 2009,

28, 421S–426S. [CrossRef]
9. Mayer, A.M.B.; Trenchard, L.; Rayns, F. Historical changes in the mineral content of fruit and vegetables in the UK from 1940 to

2019: A concern for human nutrition and agriculture. Int. J. Food Sci. Nutr. 2022, 73, 315–326. [CrossRef]
10. Global Panel on Agriculture and Food Systems for Nutrition. Food Systems and Diets: Facing the Challenges of the 21st Century;

Global Panel on Agriculture and Food Systems for Nutrition: London, UK, 2016; pp. 1–133.
11. Mayer, A.B. A food systems approach to increase dietary zinc intake in Bangladesh based on an analysis of diet, rice production

and processing. In Combating Micronutrient Deficiency: Food-Based Approaches; Thompson, B., Amoroso, L., Eds.; CAB International
and FAO: Rome, Italy, 2011; p. 256.

12. Nair, M.K.; Augustine, L.F.; Konapur, A. Food-based interventions to modify diet quality and diversity to address multiple
micronutrient deficiency. Front. Public Health 2015, 3, 277. [CrossRef]

13. Second International Conference on Nutrition: Nutrition-Sensitive Agriculture; Food and Agriculture Organization: Rome, Italy, 2014;
pp. 1–23.

14. Bhardwaj, R.L.; Parashar, A.; Vyas, L. Diminishing Physical Working Capacity and Interest Level in Agricultural Activities of Tribal
Farmers—A Biggest Challenge; Academia Letters: San Francisco, CA, USA, 2021; Article 2460. [CrossRef]

15. Nandal, U.; Bhardwaj, R.L. Role of underutilized fruit in nutritional and economical security of tribal’s—A review. Cri. Rev. Fd.
Sci. Nut. 2013, 54, 880–890. [CrossRef]

16. Ruzzi, M.; Aroca, R. Plant growth-promoting rhizobacteria act as bio-stimulants in horticulture. Sci. Hortic. 2015, 196, 124–134.
[CrossRef]

17. Vejan, P.; Abdullah, R.; Khadiran, T.; Ismail, S.; Boyce, A.N. Role of plant growth promoting rhizobacteria in agricultural
sustainability—A review. Molecules 2016, 21, 573. [CrossRef]

18. Thomas, D. A study of the mineral depletion of foods available to us as a nation over the period 1940 to 1991. Nutr. Health 2003,
17, 85–115. [CrossRef] [PubMed]

19. Baseline Survey on Changing Pattern in Farming and Food with Respect to Time in Tribal Areas of Sirohi Districts of Rajasthan; Agricultural
Research Substation: Sumerpur-Pali, India, 2021; pp. 1–13.

20. Davis, D.R.; Epp, M.D.; Riordan, H.D. Changes in USDA food composition data for 43 garden crops, 1950–1999. J. Am. Coll. Nutr.
2004, 23, 669–682. [CrossRef] [PubMed]

21. Fan, M.S.; Zhao, F.J.; Fairweather-Tait, S.J.; Poulton, P.R.; Dunham, S.J.; McGrath, S.P. Evidence of decreasing mineral density in
wheat grain over the last 160 years. J. Trace Elem. Med. Biol. 2008, 22, 315–324. [CrossRef] [PubMed]

22. Mayer, A.B. Historical changes in the mineral content of fruit and vegetables. Br. Food J. 1997, 99, 207–211. [CrossRef]
23. Jack, A. Nutrition under siege. One Peac. World J. 1998, 34, 7–9.
24. Alae-Carew, C.; Nicoleau, S.; Bird, F.A.; Hawkins, P.; Tuomisto, H.L.; Haines, A.; Dangour, A.D.; Scheelbeek, P.F.D. The impact of

environmental changes on the yield and nutritional quality of fruits, nuts and seeds: A systematic review. Environ. Res. Lett. 2020,
15, 1–13. [CrossRef]

25. Jack, A. America’s Vanishing Nutrients: Decline in Fruit and Vegetable Quality, Poses Serious Health and Environmental Risks; America’s
Vanishing Nutrients: Becket, MA, USA, 2005; pp. 1–16.

26. Ficco, D.B.M.; Riefolo, C.; Nicastro, G.; De Simone, V.; Di Gesu, A.M.; Beleggia, R.; Platani, C.; Cattivelli, L.; De Vita, P. Phytate and
mineral elements concentration in a collection of Italian durum wheat cultivars. Field Crops Res. 2009, 111, 235–242. [CrossRef]

http://doi.org/10.1159/000371618
http://www.ncbi.nlm.nih.gov/pubmed/26045325
http://doi.org/10.1159/000442100
http://www.ncbi.nlm.nih.gov/pubmed/27197665
http://doi.org/10.1016/S0140-6736(13)60996-4
http://www.ncbi.nlm.nih.gov/pubmed/23746776
http://doi.org/10.1093/ajcn/82.4.721
http://doi.org/10.1080/07315724.2009.10718106
http://doi.org/10.1080/09637486.2021.1981831
http://doi.org/10.3389/fpubh.2015.00277
http://doi.org/10.20935/AL2460
http://doi.org/10.1080/10408398.2011.616638
http://doi.org/10.1016/j.scienta.2015.08.042
http://doi.org/10.3390/molecules21050573
http://doi.org/10.1177/026010600301700201
http://www.ncbi.nlm.nih.gov/pubmed/14653505
http://doi.org/10.1080/07315724.2004.10719409
http://www.ncbi.nlm.nih.gov/pubmed/15637215
http://doi.org/10.1016/j.jtemb.2008.07.002
http://www.ncbi.nlm.nih.gov/pubmed/19013359
http://doi.org/10.1108/00070709710181540
http://doi.org/10.1088/1748-9326/ab5cc0
http://doi.org/10.1016/j.fcr.2008.12.010


Foods 2024, 13, 877 20 of 26

27. Bruggraber, S.F.A.; Chapman, T.P.E.; Thane, C.W.; Olson, A.; Jugdaohsingh, R.; Powell, J.J. A re-analysis of iron content of plant
based foods in the United Kingdom. Br. J. Nutr. 2013, 108, 2221–2228, Corrigendum (2013) in Br. J. Nutr. 2013, 109, 2115–2116.
[CrossRef]

28. Marles, R.J. Mineral nutrient composition of vegetables, fruits and grains: The context of reports of apparent historical declines.
J. Food Compos. Anal. 2017, 56, 93–103. [CrossRef]

29. Martinez-Ballesta, M.C.; Dominguez-Perles, R.; Moreno, D.A.; Muries, B.; Alcaraz-Lopez, C.; Bastias, E.; Garcia-Viguera, C.;
Carvajal, M. Minerals in plant food: Effect of agricultural practices and role in human health: A review. Agron. Sustain. Dev. 2010,
30, 295–309. [CrossRef]

30. Welch, R.M.; House, W.A. Factors affecting the bioavailability of mineral nutrients in plant foods. In Crops as Sources of Nutrients
for Humans; Allaway, W., Johnson, V.A., Nesheim, R.O., Rendig, V.V., Eds.; Wiley: Hoboken, NJ, USA, 2015. [CrossRef]

31. Reeve, J.R.; Hoadland, L.; Villalba, J.J.; Carr, P.M.; Atucha, A.; Cambardella, C. Organic farming, soil health, and food quality:
Considering possible links. Adv. Agron. 2016, 137, 319–366. [CrossRef]

32. Mukherjee, A.; Omondi, E.C.; Hepperly, P.R.; Seidel, R.; Heller, W.P. Impacts of organic and conventional management on the
nutritional level of vegetables. Sustainability 2020, 12, 8965. [CrossRef]

33. Ikemura, Y.; Shukla, M.K. Soil quality in organic and conventional farms of New Mexico, USA. J. Org. Syst. 2009, 4, 34–47.
34. Araujo, A.S.; Leite, L.F.; Santos, V.B.; Carneiro, R.F. Soil microbial activity in conventional and organic agricultural systems.

Sustainability 2009, 1, 268–276. [CrossRef]
35. Lori, M.; Symnaczik, S.; Mader, P.; De Deyn, G.; Gattinger, A. Organic farming enhances soil microbial abundance and activity—A

meta-analysis and meta-regression. PLoS ONE 2017, 12, e0180442. [CrossRef]
36. Mitchell, A.E.; Hong, Y.J.; Koh, E.; Barrett, D.M.; Bryant, D.E.; Denison, R.F. Ten-year comparison of the influence of organic

and conventional crop management practices on the content of flavonoids in tomatoes. J. Agric. Food Chem. 2007, 55, 6154–6159.
[CrossRef]

37. Bhurosy, T.; Jeewon, R. Changes in eating habits and food traditions of Indo-Mauritians. Indian J. Tradit. Knowl. 2016, 15, 355–362.
38. Adhikari, L.; Hussain, A.; Rasul, G. Tapping the potential of neglected and underutilized food crops for sustainable nutrition

security in the mountains of Pakistan and Nepal. Sustainability 2017, 9, 291. [CrossRef]
39. Nandal, U.; Bhardwaj, R.L. Medicinal, nutritional and economic security of tribals from underutilized fruits in Aravali region of

district Sirohi (Rajasthan). Indian J. Tradit. Knowl. 2015, 14, 423–432.
40. Baseline Survey about Utilization and Future Prospects of Millets, Underutilized Fruits Available in Tribal Areas of Sirohi, Pali and Udaipur

Districts of Rajasthan; Agricultural Research Substation: Sumerpur-Pali, India, 2021; pp. 1–27.
41. Subramaniam, M.D.; Vellingiri, B.; Sang, I.L.; In, H.K. An outline of meat consumption in the Indian population—A pilot review.

Korean J. Food Sci. Anim. Resour. 2014, 34, 507–515.
42. Myers, S.S.; Smith, M.R.; Guth, S.; Golden, C.D.; Vaitla, B.; Mueller, N.D.; Dangour, A.D.; Huybers, P. Climate change and global

food systems: Potential impacts on food security and undernutrition. Annu. Rev. Public Health 2017, 38, 259–277. [CrossRef]
43. Guo, S.; Chen, Y.; Chen, X.; Chen, Y.; Yang, L.; Wang, L.; Qin, Y.; Li, M.; Chen, F.; Mi, G.; et al. Grain mineral accumulation changes

in Chinese maize cultivars released in different decades and the responses to nitrogen fertilizer. Front. Plant Sci. 2020, 10, 1662.
[CrossRef] [PubMed]

44. White, P.J.; Broadley, M.R. Historical variation in the mineral composition of edible horticultural products. J. Hortic. Sci. Biotechnol.
2005, 80, 660–667. [CrossRef]

45. Murphy, K.M.; Reeves, P.G.; Jones, S.S. Relationship between yield and mineral nutrient concentrations in historical and modern
spring wheat cultivars. Euphytica 2008, 163, 381–390. [CrossRef]

46. Roth, E.; Berna, A.Z.; Beullens, K.; Schenk, A.; Lammertyn, J.; Nicolai, B. Comparison of taste and aroma of integrated and organic
apple fruit. Commun. Agric. Appl. Biol. Sci. 2005, 70, 225–229.

47. Morris, C.; Sands, D. The breeder’s dilemma-yield or nutrition? Nat. Biotechnol. 2006, 24, 1078–1080. [CrossRef]
48. Halweil, B. Still No Free Lunch: Nutrient Levels in U.S. Food Supply Eroded by Pursuit of High Yields. Critical Issue Report, the

Organic Center. June 2007. Available online: http://www.organic-center.org/science.nutri.php?action=view&;report_id=115
(accessed on 18 May 2022).

49. Loladze, I. Hidden shift of the ionome of plants exposed to elevated CO2 depletes minerals at the base of human nutrition. eLife
2014, 3, e02245. [CrossRef]

50. Farnham, M.W.; Grusak, M.A.; Keinath, A.P. Mineral concentration of broccoli florets in relation to year of cultivar release. Crop
Sci. 2011, 51, 2721–2727. [CrossRef]

51. European Environment Agency. Atmospheric greenhouse gas concentrations. 2020. Available online: https://www.eea.europa.
eu/data-and-maps/indicators/atmospheric-greenhouse-gasconcentrations-6/assessment-1 (accessed on 15 May 2020).

52. Smith, M.; Myers, S.S. Rising carbon dioxide is decreasing nutrition in crops and endangering health among the less wealthy.
Climanosco Research Articles 2. 15 October 2019. Available online: https://doi.org/10.37207/CRA.2.5 (accessed on 20 May 2022).

53. Soares, J.C.; Santos, C.S.; Carvalho, S.M.P.; Pintado, M.M.; Vasconcelos, M.W. Preserving the nutritional quality of crop plants
under a changing climate: Importance and strategies. Plant Soil 2019, 443, 1–26. [CrossRef]

54. Jin, J.; Armstrong, R.; Tang, C. Impact of elevated CO2 on grain nutrient concentration varies with crops and soils—A long-term
FACE study. Sci. Total Environ. 2019, 651, 2641–2647. [CrossRef] [PubMed]

http://doi.org/10.1017/S0007114512000360
http://doi.org/10.1016/j.jfca.2016.11.012
http://doi.org/10.1051/agro/2009022
http://doi.org/10.2134/asaspecpub48.c3
http://doi.org/10.1016/bs.agron.2015.12.003
http://doi.org/10.3390/su12218965
http://doi.org/10.3390/su1020268
http://doi.org/10.1371/journal.pone.0180442
http://doi.org/10.1021/jf070344+
http://doi.org/10.3390/su9020291
http://doi.org/10.1146/annurev-publhealth-031816-044356
http://doi.org/10.3389/fpls.2019.01662
http://www.ncbi.nlm.nih.gov/pubmed/31993065
http://doi.org/10.1080/14620316.2005.11511995
http://doi.org/10.1007/s10681-008-9681-x
http://doi.org/10.1038/nbt0906-1078
http://www.organic-center.org/science.nutri.php?action=view&;report_id=115
http://doi.org/10.7554/eLife.02245
http://doi.org/10.2135/cropsci2010.09.0556
https://www.eea.europa.eu/data-and-maps/indicators/atmospheric-greenhouse-gasconcentrations-6/assessment-1
https://www.eea.europa.eu/data-and-maps/indicators/atmospheric-greenhouse-gasconcentrations-6/assessment-1
https://doi.org/10.37207/CRA.2.5
http://doi.org/10.1007/s11104-019-04229-0
http://doi.org/10.1016/j.scitotenv.2018.10.170
http://www.ncbi.nlm.nih.gov/pubmed/30463119


Foods 2024, 13, 877 21 of 26

55. Fischer, S.; Hilger, T.; Piepho, H.P.; Jordan, I.; Cadisch, G. Do we need more droughts for better nutrition? The effect of precipitation
on nutrient concentration in east African food crops. Sci. Total Environ. 2019, 658, 405–415. [CrossRef] [PubMed]

56. Jobe, T.O.; Rahimzadeh Karvansara, P.; Zenzen, I.; Kopriva, S. Ensuring nutritious food under elevated CO2 conditions: A case
for improved C4 crops. Front. Plant Sci. 2020, 11, 1267. [CrossRef] [PubMed]

57. Fanzo, J.; Cogill, B.; Mattei, F. Technical Brief: Metrics of sustainable diets and food systems, Bioversity International, Rome, Italy.
2018, pp. 1–8. Available online: http://www.bioversityinternational.org/elibrary/publications/detail/metrics-of-sustainable-
diets-and-food-systems/ (accessed on 10 May 2022).

58. Myers, S.; Zanobetti, A.; Kloog, I.; Huybers, P.; Leake, A.; Bloom, A.; Carlisle, E.; Dietterich, L.; Fitzgerald, G.; Hasegawa, T.
Increasing CO2 threatens human nutrition. Nature 2014, 510, 139–142. [CrossRef]

59. Zhu, C.; Kobayashi, K.; Loladze, I.; Zhu, J.; Jiang, Q.; Xu, X. Carbon dioxide (CO2) levels this century will alter the protein,
micronutrients, and vitamin content of rice grains with potential health consequences for the poorest rice-dependent countries.
Sci. Adv. 2018, 4, 1012. [CrossRef]

60. Ebi, K.L.; Anderson, C.L.; Hess, J.J.; Kim, S.-H.; Loladze, I.; Neumann, R.B.; Singh, D.; Ziska, L.; Wood, R. Nutritional quality of
crops in a high CO2 world: An agenda for research and technology development. Environ. Res. Lett. 2021, 16, 064045. [CrossRef]

61. Loladze, I.; Nolan, J.M.; Ziska, L.H.; Knobbe, A.R. Rising atmospheric CO2 lowers concentrations of plant carotenoids essential to
human health: A meta-analysis. Mol. Nutr. Food Res. 2019, 63, e1801047. [CrossRef]

62. Weyant, C.; Brandeau, M.L.; Burke, M.; Lobell, D.B.; Bendavid, E.; Basu, S. Anticipated burden and mitigation of carbon-
dioxide-induced nutritional deficiencies and related diseases: A simulation modeling study. PLoS Med. 2018, 15, e1002586.
[CrossRef]

63. Dong, J.; Gruda, N.; Lam, S.K.; Li, X.; Duan, Z. Effects of elevated CO2 on nutritional quality of vegetables: A Review. Front Plant
Sci. 2018, 9, 924. [CrossRef]

64. Ujiie, K.; Ishimaru, K.; Hirotsu, N.; Nagasaka, S.; Miyakoshi, Y.; Ota, M. How elevated CO2 affects our nutrition in rice, and how
we can deal with it. PLoS ONE 2019, 14, e0212840. [CrossRef] [PubMed]

65. Beach, R.H. Combing the effects of increased atmospheric carbon dioxide on protein, iron, and zinc availability and projected
climate change on global diets: A modeling study. Lancet Planet. Heath 2019, 3, e307–e317. [CrossRef] [PubMed]

66. Fernando, N.; Panozzo, J.; Tausz, M.; Norton, R.; Fitzgerald, G.; Seneweera, S. Rising atmospheric CO2 concentration affects
mineral nutrient and protein concentration of wheat grain. Food Chem. 2012, 133, 1307–1311. [CrossRef]

67. Parcell, S. Sulfur in human nutrition and applications in medicine. Altern. Med. Rev. 2002, 7, 22–44. [PubMed]
68. Livingstone, C. Zinc: Physiology, deficiency, and parenteral nutrition. Nutr. Clin. Pract. 2015, 30, 371–382. [CrossRef]
69. Luo, Y.; Su, B.; Currie, W.S.; Dukes, J.S.; Finzi, A.; Hartwig, U. Progressive nitrogen limitation of ecosystem responses to rising

atmospheric carbon dioxide. BioScience 2004, 54, 731–739. [CrossRef]
70. Bloom, A.J.; Burger, M.; Rubio Asensio, J.S.; Cousins, A.B. Carbon dioxide enrichment inhibits nitrate assimilation in wheat and

Arabidopsis. Science 2010, 328, 899–903. [CrossRef]
71. Perez-Lopez, U.; Sgherri, C.; Miranda-Apodaca, J.; Micaelli, F.; Lacuesta, M.; Mena-Petite, A.; Quartacci, M.F.; Munoz-Rueda, A.

Concentration of phenolic compounds is increased in lettuce grown under high light intensity and elevated CO2. Plant Physiol.
Biochem. 2018, 123, 233–241. [CrossRef]

72. Meena, R.S.; Kumar, S.; Datta, R.; Lal, R.; Vijayakumar, V.; Brtnicky, M.; Sharma, M.P.; Yadav, G.S.; Jhariya, M.K.; Jangir, C.K.; et al.
Impact of agrochemicals on soil microbiota and management: A review. Land 2020, 9, 34. [CrossRef]

73. Mekonnen, Y.; Agonafir, T. Lung function and respiratory symptoms of pesticide sprayers in state farms of Ethiopia. Ethiop. Med.
J. 2004, 42, 261–266.

74. Beane-Freeman, L.E.; Bonner, M.R.; Blair, A.; Hoppin, J.A.; Sandler, D.P.; Lubin, J.H. Cancer incidence among male pesticide
applicators in the agricultural health study cohort exposed to diazinon. Am. J. Epidemiol. 2005, 162, 1070–1079. [CrossRef]
[PubMed]

75. Alif, S.M.; Dharmage, S.C.; Benke, G.; Dennekamp, M.; Burgess, J.A.; Perret, J.L. Occupational exposures to pesticides are
associated with fixed airflow obstruction in middle-age. Thorax 2017, 72, 990–997. [CrossRef] [PubMed]

76. Buralli, R.J.; Ribeiro, H.; Mauad, T.; Amato-Lourenco, L.F.; Salge, J.M.; Diaz-Quijano, F.A. Respiratory condition of family farmers
exposed to pesticides in the state of Rio de Janeiro, Brazil. Int. J. Environ. Res. Public. Health 2018, 15, 1203. [CrossRef] [PubMed]

77. Bhandari, G. An overview of agrochemicals and their effects on environment in Nepal. Appl. Ecol. Environ. Sci. 2014, 2, 66–73.
[CrossRef]

78. Rahman, K.M.; Debnath, S.C. Agrochemical use, environmental and health hazards in Bangladesh. IRJIMS 2015, 1, 75–79.
79. Thuy, T.T. Effects of DDT on environment and human health. J. Educ. Soc. Sci. 2015, 2, 108–114.
80. Bever Fred. Shellfish Industry, Scientists Wrestle with Potentially Deadly Toxic Algae Bloom. NPR’s, The Salt. Available

online: https://www.npr.org/sections/thesalt/2018/01/04/575345282/shellfish-industry-scientists-wrestle-with-potentially-
deadly-toxic-algae-bloom (accessed on 23 June 2018).

81. Nordgren, T.M.; Chandrashekhar, C. Agriculture occupational exposures and factors affecting health effects. Curr. Allergy. Asthma.
Rep. 2019, 18, 65. [CrossRef]

82. Singh, R.; Singh, G.S. Traditional agriculture: A climate-smart approach for sustainable food production. Energ. Ecol. Environ.
2017, 2, 296–316. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2018.12.181
http://www.ncbi.nlm.nih.gov/pubmed/30579198
http://doi.org/10.3389/fpls.2020.01267
http://www.ncbi.nlm.nih.gov/pubmed/33013946
http://www.bioversityinternational.org/elibrary/publications/detail/metrics-of-sustainable-diets-and-food-systems/
http://www.bioversityinternational.org/elibrary/publications/detail/metrics-of-sustainable-diets-and-food-systems/
http://doi.org/10.1038/nature13179
http://doi.org/10.1126/sciadv.aaq1012
http://doi.org/10.1088/1748-9326/abfcfa
http://doi.org/10.1002/mnfr.201801047
http://doi.org/10.1371/journal.pmed.1002586
http://doi.org/10.3389/fpls.2018.00924
http://doi.org/10.1371/journal.pone.0212840
http://www.ncbi.nlm.nih.gov/pubmed/30835761
http://doi.org/10.1016/S2542-5196(19)30094-4
http://www.ncbi.nlm.nih.gov/pubmed/31326071
http://doi.org/10.1016/j.foodchem.2012.01.105
http://www.ncbi.nlm.nih.gov/pubmed/11896744
http://doi.org/10.1177/0884533615570376
http://doi.org/10.1641/0006-3568(2004)054[0731:PNLOER]2.0.CO;2
http://doi.org/10.1126/science.1186440
http://doi.org/10.1016/j.plaphy.2017.12.010
http://doi.org/10.3390/land9020034
http://doi.org/10.1093/aje/kwi321
http://www.ncbi.nlm.nih.gov/pubmed/16236997
http://doi.org/10.1136/thoraxjnl-2016-209665
http://www.ncbi.nlm.nih.gov/pubmed/28687678
http://doi.org/10.3390/ijerph15061203
http://www.ncbi.nlm.nih.gov/pubmed/29890615
http://doi.org/10.12691/aees-2-2-5
https://www.npr.org/sections/thesalt/2018/01/04/575345282/shellfish-industry-scientists-wrestle-with-potentially-deadly-toxic-algae-bloom
https://www.npr.org/sections/thesalt/2018/01/04/575345282/shellfish-industry-scientists-wrestle-with-potentially-deadly-toxic-algae-bloom
http://doi.org/10.1007/s11882-018-0820-8
http://doi.org/10.1007/s40974-017-0074-7


Foods 2024, 13, 877 22 of 26

83. Bhardwaj, R.L.; Sharma, Y.K.; Vyas, L. Postharvest Handling of Horticultural Crops; Jaya Publishing House: New Delhi, India, 2021;
pp. 1–600. ISBN 978939030964.

84. Benbrook, C.M. Elevating Antioxidant Levels in Food Through Organic Farming and Food Processing. The Organic Center, June
2005. Available online: http://www.organic-center.org/science.antiox.php?action=view&;report_id=3 (accessed on 12 May 2022).

85. Meena, K.K.; Sorty, A.M.; Bitla, U.M.; Choudhary, K.; Gupta, P.; Pareek, A.; Singh, D.P.; Prabha, R.; Sahu, P.K.; Gupta, V.K. Abiotic
stress responses and microbe-mediated mitigation in plants: The Omics strategies. Front. Plant Sci. 2017, 8, 172. [CrossRef]

86. Lal, R. Soil degradation as a reason for inadequate human nutrition. Food Secur. 2009, 1, 45–57. [CrossRef]
87. Hepperly, P.R.; Seidel, R. Soil regeneration increases crop nutrients, antioxidants and adaptive responses. MOJ Food Process.

Technol. 2018, 6, 196–203. [CrossRef]
88. Gruda, N. Do soilless culture systems have an influence on product quality of vegetables? J. Appl. Bot. Food Qual. 2009, 82, 141–147.
89. Farias, J.; Nunes, S.; Sausen, D.; Nune, S.M.; Neis, F.; Garlet, L.; Nunes, P.; Dressler, V.; Schetinger, M.; Rossato, L. Agricultural

contamination: Effect of copper excess on physiological parameters of potato genotypes and food chain security. J. Appl. Bot. Food
Qual. 2018, 91, 49–59.

90. Kaiser, C.; Kilburn, M.R.; Clode, P.L.; Fuchslueger, L.; Koranda, M.; Cliff, J.B.; Solaiman, Z.M.; Murphy, D.V. Exploring the transfer
of recent plant photosynthates to soil microbes: Mycorrhizal pathway vs direct root exudation. New Phytol. 2015, 205, 1537–1551.
[CrossRef]

91. Rickman, J.C.; Christine, M.; Bruhn, C.M.; Barret, D.M. Nutritional comparison of fresh, frozen, and canned fruits and vegetables
II. Vitamin A and carotenoids, vitamin E, minerals and fiber. J. Sci. Food Agric. 2007, 87, 1185–1196. [CrossRef]

92. Howard, L.; Wong, A.; Perry, A.; Klein, B. β-carotene and ascorbic acid retention in fresh and processed vegetables. J. Food Sci.
1999, 64, 929–936. [CrossRef]

93. Nagarajan, N.; Hotchkiss, J. In vitro inhibition of N-nitrosomorpholine formation by fresh and processed tomatoes. J. Food Sci.
1999, 64, 964–967. [CrossRef]

94. Bouzari, A.; Holstege, D.; Barrett, D. Mineral, fiber, and total phenolic retention in eight fruits and vegetables: A comparison of
refrigerated and frozen storage. J. Agric. Food Chem. 2015, 63, 951–956. [CrossRef]

95. Lyne, J.W.; Barak, P. Are Depleted Soils Causing a Reduction in the Mineral Content of Food Crops? Originally Presented in
Poster Form at the 2000 Annual Meetings of the ASA/CSSA/SSSA, 5–9 November 2000, Minneapolis, MN. Available online:
http://soils.wisc.edu/facstaff/barak/poster_gallery/minneapolis2000a/ (accessed on 10 May 2022).

96. Thomas, D. Mineral depletion in foods over the period 1940 to 1991. Nutr. Practitioner. 2001, 3, 27–29.
97. Bunemann, E.K.; Bongiorno, G.; Bai, Z.; Creamer, R.E.; De Deyn, G.; de Goede, R. Soil quality—A critical review. Soil Biol. Biochem.

2018, 120, 105–125. [CrossRef]
98. Tan, Z.X.; Lal, R.; Wiebe, K.D. Global soil nutrient depletion and yield reduction. J. Sustain. Agric. 2005, 26, 123–146. [CrossRef]
99. Gaikwad, K.B.; Rani, S.; Kumar, M.; Gupta, V.; Babu, P.H.; Bainsla, N.K.; Yadav, R. Enhancing the nutritional quality of major food

crops through conventional and genomics-assisted breeding. Front. Nutr. 2020, 7, 533453. [CrossRef] [PubMed]
100. Singh, M.V. Micronutrient Deficiencies in Crops and Soils in India. In Micronutrient Deficiencies in Global Crop Production; Alloway,

B.J., Ed.; Springer: Dordrecht, Switzerland, 2008; pp. 93–125.
101. Briat, J.F.; Gojon, A.; Plassard, C.; Rouached, H.; Lemaire, G. Reappraisal of the central role of soil nutrient availability in nutrient

management in light of recent advances in plant nutrition at crop and molecular levels. Euro. J. Agron. 2020, 116, 126069.
[CrossRef]

102. Uphoff, N.; Chi, F.; Dazzo, F.B.; Rodriguez, R.D. Soil Fertility as a Contingent Rather Than Inherent Characteristic: Considering the
Contributions of Crop-Symbiotic Soil Macrobiotic in Principles of Sustainable Soil Management in Agro-Ecosystems; Lal., R., Stewart, B.A.,
Eds.; CRC Press: Boca Raton, FL, USA, 2013; pp. 141–166.

103. Thaler, E.A.; Larsen, I.J.; Qian, Y. The extent of soil loss across the US corn belt. Proc. Nat. Acad. Sci. USA 2021, 118, e1922375118.
[CrossRef] [PubMed]

104. Baumhardt, R.L.; Stewart, B.A.; Sainju, U.M. North American soil degradation: Processes, practices, and mitigating strategies.
Sustainability 2015, 7, 2936–2960. [CrossRef]

105. Scholes, R.; Montanarella, L.; Brainich, A.; Barger, N.; ten Brink, B.; Cantele, M. (Eds.) IPBES-Summary for Policymakers of the
Thematic Assessment Report on Land Degradation and Restoration of the Intergovernmental Science Policy Platform on Biodiversity
and Ecosystem Services; Inter-Governmental Science-Policy Platform on Biodiversity and Ecosystem Services Secretariat: Bonn,
Germany, 2018.

106. Nandal, U.; Bhardwaj, R.L. Underutilized fruits of south western Rajasthan used in medicinal, nutritional and economic security
of tribals: A case study. Indian J. Arid. Hortic. 2014, 9, 63–70.

107. Chivenge, P.; Mabhaudhi, T.; Modi, A.T.; Mafongoya, P. The potential role of neglected and underutilized crop species as future
crops under water scarce conditions in sub-Saharan Africa. Int. J. Environ. Res. Public Health 2015, 12, 5685–5711. [CrossRef]

108. Johns, T.; Sthapit, B.R. Bio-cultural diversity in the sustainability of developing-country food systems. Food Nutr. Bull. 2004,
25, 143–155. [CrossRef]

109. De Fries, R.; Chhatre, A.; Davis, K.F.; Dutta, A.; Fanzo, J.; Ghosh-Jerath, S.; Myers, S.; Rao, N.D.; Smith, M.R. Impact of historical
changes in coarse cereals consumption in India on micronutrient intake and anemia prevalence. Food Nutr. Bull. 2018, 39, 377–392.
[CrossRef]

http://www.organic-center.org/science.antiox.php?action=view&;report_id=3
http://doi.org/10.3389/fpls.2017.00172
http://doi.org/10.1007/s12571-009-0009-z
http://doi.org/10.15406/mojfpt.2018.06.00165
http://doi.org/10.1111/nph.13138
http://doi.org/10.1002/jsfa.2824
http://doi.org/10.1111/j.1365-2621.1999.tb15943.x
http://doi.org/10.1111/j.1365-2621.1999.tb12260.x
http://doi.org/10.1021/jf504890k
http://soils.wisc.edu/facstaff/barak/poster_gallery/minneapolis2000a/
http://doi.org/10.1016/j.soilbio.2018.01.030
http://doi.org/10.1300/J064v26n01_10
http://doi.org/10.3389/fnut.2020.533453
http://www.ncbi.nlm.nih.gov/pubmed/33324668
http://doi.org/10.1016/j.eja.2020.126069
http://doi.org/10.1073/pnas.1922375118
http://www.ncbi.nlm.nih.gov/pubmed/33593895
http://doi.org/10.3390/su7032936
http://doi.org/10.3390/ijerph120605685
http://doi.org/10.1177/156482650402500207
http://doi.org/10.1177/0379572118783492


Foods 2024, 13, 877 23 of 26

110. Verma, V.C.; Verma, V.C.; Singh, A.; Agrawal, S. Ethno-botanical study of small millets from India: Prodigious grain for nutritional
and industrial aspects. Int. J. Chem. Stud. 2018, 6, 2155–2162.

111. Rao, N.D.; Min, J.; DeFries, R.; Ghosh-Jerath, S.; Valin, H.; Fanzo, J. Healthy, affordable and climate-friendly diets in India. Glob.
Environ. Chang. 2018, 49, 154–165. [CrossRef]

112. Ushakumari, S.R.; Latha, S.; Malleshi, N.G. The functional properties of popped, flaked, extruded and roller dried foxtail millet
(Setariaitalica). Int. J. Food Sci. Technol. 2004, 39, 907–915. [CrossRef]

113. Vadivoo, A.S.; Joseph, R.; Ganesan, N.M. Genetic variability and diversity for protein and calcium contents in finger millet
(Eleusine coracana L.) in relation to grain colour. Plant Foods Hum. Nutr. 1998, 52, 353–364. [CrossRef]

114. Thilagavathy, S.; Muthuselvi, S. Development and evaluation of millets incorporated chappathi on glycemic response in type II
diabetics. Indian J. Nutr. Diet 2010, 47, 42–50.

115. Antony, U.; Sripriya, G.; Chandra, T.S. Effect of fermentation on the primary nutrients in finger millet (Eleusine coracana). J. Agric.
Food Chem. 1996, 44, 2616–2618. [CrossRef]

116. Lairon, D. Nutritional quality and safety of organic food. A review. Agron. Sustain. Dev. 2010, 30, 33–41. [CrossRef]
117. Gopalan, C.; Rama Sastri, B.V.; Balasubramanian, S.C. Nutritive Value of Indian Foods; National Institute of Nutrition, Indian

Council of Medical Research: Hyderabad, India, 2009; pp. 1–199.
118. Trichopoulou, A.; Soukara, S.; Vasilopoulou, E. Traditional foods: A science and society perspective. Trends Food Sci. Technol. 2007,

18, 420–427. [CrossRef]
119. Sarkar, P.; Lohith Kumar, D.H.; Dhumal, C.; Shubham, S.; Panigrahi, S.S.; Choudhary, R. Traditional and ayurvedic foods of

Indian origin. J. Ethn. Foods 2015, 2, 97–109. [CrossRef]
120. Mayes, S.; Massawe, F.J.; Alderson, P.G.; Roberts, J.A.; Azam-Ali, S.N.; Hermann, M. The potential for underutilized crops to

improve security of food production. J. Exp. Bot. 2012, 63, 1075–1079. [CrossRef]
121. Handschuch, C.; Wollni, M. Improved production systems for traditional food crops: The case of finger millet in Western Kenya.

Food Secur. 2016, 8, 783–797. [CrossRef]
122. Osei, A.; Pandey, P.; Spiro, D.; Nielson, J.; Shrestha, R.; Talukder, Z.; Quinn, V.; Haselow, N. Household food insecurity and

nutritional status of children aged 6 to 23 months in Kailali district of Nepal. Food Nut. Bull. 2010, 31, 483–494. [CrossRef]
123. Longvah, T.; Ananthan, R.; Bhaskarachary, K.; Venkaiah, K. Indian Food Composition Tables; National Institute of Nutrition,

Indian Council of Medical Research, Ministry of Health and Family Welfare, Government of India: Hyderabad, Telangana, 2017;
pp. 1–501.

124. Mungai, L.M.; Snapp, S.; Messina, J.P.; Chikowo, R.; Smith, A.; Anders, E.; Richardson, R.B.; Li, G. Smallholder farms and the
potential for sustainable intensification. Front. Plant Sci. 2016, 7, 1720. [CrossRef] [PubMed]

125. Pretty, J.; Benton, T.G.; Bharucha, Z.P.; Dicks, L.V.; Flora, C.B.; Godfray, H.C.J.; Goulson, D.; Hartley, S.; Lampkin, N.; Morris, C.;
et al. Global assessment of agricultural system redesign for sustainable intensification. Nat. Sustain. 2018, 1, 441–446. [CrossRef]

126. Bardo, L.; Alaoui, A.; Ferreira, C.; Basch, G.; Schwilch, G.; Geissen, V.; Sukkel, W.; Lemesle, J.; Garcia-Orenes, F.; Morugan-
Coronado, A. Assessment of promising agricultural management practices. Sci. Total Environ. 2019, 649, 610–619.

127. Gomiero, T. Soil degradation, land scarcity and food security: Reviewing a complex challenge. Sustainability 2016, 8, 281.
[CrossRef]

128. Bhardwaj, R.L.; Vyas, L. Development of region specific horticulture based integrated farming system models with crop
diversification for sustainable livelihoods and nutritional security of tribal of Sirohi district of Rajasthan: A Case Study. Adv. Soc.
Res. 2015, 1, 17–29.

129. Daryanto, S.; Wang, L.; Jacinthe, P.A. Meta-analysis of phosphorus loss from no-till soils. J. Environ. Qual. 2017, 46, 1028–1037.
[CrossRef]

130. Bavoravo, M.; Imamverdiyev, N.; Ponkina, E. Farm-level economics of innovative tillage technologies: The case of no-till in the
Altai Krai in Russian Siberia. Environ. Sci. Pollut. R. 2018, 25, 1016–1032. [CrossRef]

131. Elias, D.; Wang, L.; Jacinthe, P.A. A meta-analysis of pesticide loss in runoff under conventional tillage and no-till management.
Environ. Monit. Assess. 2018, 190, 79. [CrossRef]

132. Jensen, E.S.; Carlsson, G.; Hauggaard-Nielsen, H. Intercropping of grain legumes and cereals improves the use of soil N resources
and reduces the requirement for synthetic fertilizer N: A global-scale analysis. Agron. Sustain. Dev. 2020, 40, 5. [CrossRef]

133. Lal, R. Sequestering carbon in soils of agro-ecosystems. Food Policy 2011, 36, S33–S39. [CrossRef]
134. Stagnari, F.; Maggio, A.; Galieni, A.; Pisante, M. Multiple benefits of legumes for agriculture sustainability: An overview. Chem.

Biol. Technol. Agric. 2017, 4, 2. [CrossRef]
135. Xue, Y.; Xia, H.; Christie, P.; Zhang, Z.; Li, L.; Tang, C. Crop acquisition of phosphorus, iron and zinc from soil in cereal/legume

intercropping systems: A critical review. Ann. Bot. 2016, 117, 363–377. [CrossRef] [PubMed]
136. Johansson, E.; Hussain, A.; Kuktaite, R.; Andersson, S.C.; Olsson, M.E. Contribution of organically grown crops to human health.

Int. J. Environ. Res. Public Health. 2014, 11, 3870–3893. [CrossRef] [PubMed]
137. Hughner, R.S.; McDonagh, P.; Prothero, A.; Schultz, C.J.; Stanton, J. Who are organic food consumers? A compilation and review

of why people purchase organic food. J. Consum. Behav. 2007, 6, 94–110. [CrossRef]
138. Dubey, R.K. Organic farming beneficial to biodiversity conservation, rural livelihood and nutritional security. Indian J. Appl. Res.

2013, 3, 18–21. [CrossRef]

http://doi.org/10.1016/j.gloenvcha.2018.02.013
http://doi.org/10.1111/j.1365-2621.2004.00850.x
http://doi.org/10.1023/A:1008074002390
http://doi.org/10.1021/jf950787q
http://doi.org/10.1051/agro/2009019
http://doi.org/10.1016/j.tifs.2007.03.007
http://doi.org/10.1016/j.jef.2015.08.003
http://doi.org/10.1093/jxb/err396
http://doi.org/10.1007/s12571-016-0577-7
http://doi.org/10.1177/156482651003100402
http://doi.org/10.3389/fpls.2016.01720
http://www.ncbi.nlm.nih.gov/pubmed/27909444
http://doi.org/10.1038/s41893-018-0114-0
http://doi.org/10.3390/su8030281
http://doi.org/10.2134/jeq2017.03.0121
http://doi.org/10.1007/s11356-017-9268-y
http://doi.org/10.1007/s10661-017-6441-1
http://doi.org/10.1007/s13593-020-0607-x
http://doi.org/10.1016/j.foodpol.2010.12.001
http://doi.org/10.1186/s40538-016-0085-1
http://doi.org/10.1093/aob/mcv182
http://www.ncbi.nlm.nih.gov/pubmed/26749590
http://doi.org/10.3390/ijerph110403870
http://www.ncbi.nlm.nih.gov/pubmed/24717360
http://doi.org/10.1002/cb.210
http://doi.org/10.15373/2249555X/NOV2013/7


Foods 2024, 13, 877 24 of 26

139. Watson, C.A.; Atkinson, D.; Gosling, P.; Jackson, L.R.; Rayns, F.W. Managing soil fertility in organic farming systems. Soil Use
Manag. 2002, 18, 239–247. [CrossRef]

140. Das, S.; Chatterjee, A.; Pal, T.K. Organic farming in India: A vision towards a healthy nation. Food Qual. Saf. 2020, 4, 69–76.
[CrossRef]

141. Montgomery, D.R.; Bikle, A. Soil health and nutrient density: Beyond organic vs. conventional farming. Front. Sustain. Food Syst.
2021, 5, 699147. [CrossRef]

142. Wang, S.Y.; Chen, C.T.; Sciarappa, W.; Want, C.Y.; Camp, M.J. Fruit quality, antioxidant capacity, and flavonoid content of
organically and conventionally grown blueberries. J. Agric. Food Chem. 2008, 56, 5788–5794. [CrossRef]

143. Faller, A.L.K.; Fialho, E. Polyphenol content and antioxidant capacity in organic and conventional plant foods. J. Food Comp. Anal.
2010, 23, 561–568. [CrossRef]

144. Benbrook, C. The impacts of yield on nutritional quality: Lessons from organic farming. HortScience 2009, 44, 12–14. [CrossRef]
145. Popa, M.E.; Mitelut, A.C.; Popa, E.E.; Stan, A.; Popa, V.I. Organic foods contribution to nutritional quality and value. Trends Food

Sci. Technol. 2019, 84, 15–18. [CrossRef]
146. Rembialkowska, E. Quality of plant products from organic agriculture. J. Sci. Food Agric. 2007, 87, 2757–2762. [CrossRef]
147. Reganold, J.P.; Andrews, P.K.; Reeve, J.R.; Carpenter-Boggs, L.; Schadt, C.W.; Alldredge, J.R. Fruit and soil quality of organic and

conventional strawberry agro ecosystems. PLoS ONE 2010, 5, e12346. [CrossRef]
148. Vallverdu-Queralt, A.; Medina-Remon, A.; Casals-Ribes, I.; Lamuela Raventos, R.M. Is there any difference between the phenolic

content of organic and conventional tomato juices? Food Chem. 2012, 130, 222–227. [CrossRef]
149. Herencia, J.F.; Ruiz-Porras, J.C.; Melero, S.; Garcia-Galavis, P.A.; Morillo, E.; Maqueda, C. Comparison between organic and

mineral fertilization for soil fertility levels, crop macronutrient concentrations, and yield. Agron. J. 2007, 99, 973–983. [CrossRef]
150. Brandt, K.; Leifert, C.; Sanderson, R.; Seal, C.J. Agro-ecosystem management and nutritional quality of plant foods: The case of

organic fruits and vegetables. Crit. Rev. Plant Sci. 2011, 30, 177–197. [CrossRef]
151. Lopez-Bucio, J.; Pelagio-Flores, R.; Herrera-Estrella, A. Trichoderma as bio-stimulant: Exploiting the multilevel properties of a

plant beneficial fungus. Sci. Hortic. 2015, 196, 109–123. [CrossRef]
152. Mie, A.; Andersen, H.R.; Gunnarsson, S.; Kahl, J.; Kesse-Guyot, E.; Rembiałkowska, E.; Quaglio, G.; Grandjean, P. Human health

implications of organic food and organic agriculture: A comprehensive review. Environ. Health 2017, 16, 111. [CrossRef]
153. Schuphan, W. Nutritional value of crops as influenced by organic and inorganic fertilizer treatments. Qual. Plant. 1974, 23, 333–358.

[CrossRef]
154. Vogtmann, H.; Temperli, A.T.; Kunsch, U.; Eichenberger, M.; Ott, P. Accumulation of nitrates in leafy vegetables grown under

contrasting agricultural systems. Biol. Agric. Hortic. 1984, 2, 51–68. [CrossRef]
155. Worthington, V. Nutritional quality of organic versus conventional fruits, vegetables and grains. J. Alternat. Complement. Med.

2001, 7, 161–173. [CrossRef] [PubMed]
156. Levite, D.; Adrian, M.; Tamm, L. Preliminary results of resveratrol in wine of organic and conventional vineyards. In Proceedings

of the 6th International Congress on Organic Viticulture, Basel, Switzerland, 25–26 August 2000; pp. 256–257.
157. Magkos, F.; Arvaniti, F.; Zampelas, A. Organic food: Nutritious food or food for thought? A review of the evidence. Int. J. Food

Sci. Nutr. 2003, 54, 357–371. [CrossRef]
158. Tarozzi, A.; Hrelia, S.; Angeloni, C.; Morroni, F.; Biagi, P.; Guardigli, M.; Cantelli-Forti, G.; Hrelia, P. Antioxidant effectiveness of

organically and non-organically grown red oranges in cell culture systems. Eur. J. Nutr. 2006, 45, 152–158. [CrossRef]
159. Petkovsek, M.M.; Slatnar, A.; Stampar, F.; Veberic, R. The influence of organic/integrated production on the content of phenolic

compounds in apple leaves and fruits in four different varieties over a 2-year period. J. Sci. Food Agric. 2010, 90, 2366–2378.
[CrossRef]

160. Hallmann, E. The influence of organic and conventional cultivation systems on the nutritional value and content of bioactive
compounds in selected tomato types. J. Sci. Food Agric. 2012, 92, 2840–2848. [CrossRef]

161. Vinha, A.F.; Barreira, S.V.; Costa, A.S.; Alves, R.C.; Oliveira, M.B. Organic versus conventional tomatoes: Influence on physico-
chemical parameters, bioactive compounds and sensorial attributes. Food Chem. Toxicol. Int. J. Publ. Br. Ind. Biol. Res. Assoc. 2014,
67, 139–144. [CrossRef]

162. Rossi, F.; Godani, F.; Bertuzzi, T.; Trevisan, M.; Ferrari, F.; Gatti, S. Health-promoting substances and heavy metal content in
tomatoes grown with different farming techniques. Eur. J. Nutr. 2008, 47, 266–272. [CrossRef]

163. Reche, J.; Hernandez, F.; Almansa, M.; Carbonell-Barrachina, A.; Legua, P.; Amoros, A. Effects of organic and conventional
farming on the physicochemical and functional properties of jujube fruit. LWT 2019, 99, 438–444. [CrossRef]

164. Da Silva Borges, L.; De Souza Vieira, M.C.; Vianello, F.; Goto, R.; Lima, G.P.P. Antioxidant compounds of organically and
conventionally fertilized Jambu (Acmella oleracea). Biol. Agric. Hortic. 2016, 32, 149–158. [CrossRef]

165. Baraski, M.; Srednicka-Tober, D.; Volakakis, N.; Seal, C.; Sanderson, R.; Stewart, G.B.; Benbrook, C.; Biavati, B.; Markellou, E.;
Giotis, C. Higher antioxidant and lower cadmium concentrations and lower incidence of pesticide residues in organically grown
crops: A systematic literature review and meta-analyses. Br. J. Nutr. 2014, 112, 794–811. [CrossRef]

166. Hunter, D.; Foster, M.; McArthur, O.; Ojha, R.; Petocz, P.; Samman, S. Evaluation of the micronutrient composition of plant foods
produced by organic and conventional agricultural methods. Crit. Rev. Food Sci. Nutr. 2011, 51, 571–582. [CrossRef] [PubMed]

167. Wall, D.H.; Nielsen, U.N.; Six, J. Soil biodiversity and human health. Nature 2015, 528, 69–76. [CrossRef]

http://doi.org/10.1079/SUM2002131
http://doi.org/10.1093/fqsafe/fyaa018
http://doi.org/10.3389/fsufs.2021.699147
http://doi.org/10.1021/jf703775r
http://doi.org/10.1016/j.jfca.2010.01.003
http://doi.org/10.21273/HORTSCI.44.1.12
http://doi.org/10.1016/j.tifs.2018.01.003
http://doi.org/10.1002/jsfa.3000
http://doi.org/10.1371/annotation/1eefd0a4-77af-4f48-98c3-2c5696ca9e7a
http://doi.org/10.1016/j.foodchem.2011.07.017
http://doi.org/10.2134/agronj2006.0168
http://doi.org/10.1080/07352689.2011.554417
http://doi.org/10.1016/j.scienta.2015.08.043
http://doi.org/10.1186/s12940-017-0315-4
http://doi.org/10.1007/BF01095422
http://doi.org/10.1080/01448765.1984.9754414
http://doi.org/10.1089/107555301750164244
http://www.ncbi.nlm.nih.gov/pubmed/11327522
http://doi.org/10.1080/09637480120092071
http://doi.org/10.1007/s00394-005-0575-6
http://doi.org/10.1002/jsfa.4093
http://doi.org/10.1002/jsfa.5617
http://doi.org/10.1016/j.fct.2014.02.018
http://doi.org/10.1007/s00394-008-0721-z
http://doi.org/10.1016/j.lwt.2018.10.012
http://doi.org/10.1080/01448765.2015.1103304
http://doi.org/10.1017/S0007114514001366
http://doi.org/10.1080/10408391003721701
http://www.ncbi.nlm.nih.gov/pubmed/21929333
http://doi.org/10.1038/nature15744


Foods 2024, 13, 877 25 of 26

168. Anjum, M.A.; Sajjad, M.R.; Akhtar, N.; Qureshi, M.A.; Iqbal, A.; Jami, A.R.; Hasan, M. Response of cotton to plant growth
promoting rhizobacteria (PGPR) inoculation under different levels of nitrogen. J. Agric. Res. 2007, 45, 135.

169. Bhardwaj, R.L. Effects of nine different propagation media on seed germination and the initial performance of papaya (Carica
papaya L.) seedlings. J. Hortic. Sci. Biotechnol. 2013, 88, 531–535. [CrossRef]

170. Singh, B.; Trivedi, P. Microbiome and the future for food and nutrient security. Microb. Biotechnol. 2017, 10, 50–53. [CrossRef]
171. Colla, G.; Rouphael, Y.; Di Mattia, E.; El-Nakhel, C.; Cardarelli, M. Co-inoculation of Glomus intraradices and Trichoderma

atroviride acts as a bio-stimulant to promote growth, yield and nutrient uptake of vegetable crops. J. Sci. Food Agric. 2015, 95,
1706–1715. [CrossRef]

172. Bona, E.; Lingua, G.; Todeschini, V. Effect of bio-inoculants on the quality of crops. In Bio-Formulations: For Sustainable Agriculture;
Arora, N.K., Mehnaz, S., Balestrini, R., Eds.; Springer: New Delhi, India, 2016; pp. 93–124.

173. Martinez-Hidalgo, P.; Maymon, M.; Pule-Meulenberg, F.; Hirsch, A.M. Engineering root micro-biomes for healthier crops and
soils using beneficial, environmentally safe bacteria. Can. J. Microbiol. 2019, 65, 91–104. [CrossRef]

174. Yildirim, E.; Turan, M.; Ekinci, M. Growth and mineral content of cabbage seedlings in response to nitrogen fixing rhizobacteria
treatment. Rom. Biotech. Lett. 2015, 20, 10929–10935.

175. Ahemad, M.; Kibret, M. Mechanisms and applications of plant growth promoting rhizobacteria: Current perspective. J. King Saud
Univ. Sci. 2014, 26, 1–20. [CrossRef]

176. Ochoa-Velasco, C.E.; Valadez-Blanco, R.; Salas-Coronado, R. Effect of nitrogen fertilization and Bacillus licheniformis bio-fertilizer
addition on the antioxidants compounds and antioxidant activity of greenhouse cultivated tomato fruits (Solanum lycopersicum L.
var. Sheva). Sci. Hor. 2016, 201, 338–345. [CrossRef]

177. Flores-Felix, J.D.; Silva, L.R.; Rivera, L.P. Plants probiotics as a tool to produce highly functional fruits: The case of Phyllo
bacterium and vitamin C in strawberries. PLoS ONE 2015, 10, e0122281. [CrossRef] [PubMed]

178. Bona, E.; Lingua, G.; Manassero, P. AM fungi and PGP pseudomonads increase flowering, fruit production, and vitamin content
in strawberry grown at low nitrogen and phosphorus levels. Mycorrhiza 2015, 25, 181–193. [CrossRef] [PubMed]

179. Shen, F.; Zhu, T.B.; Teng, M.J. Effects of interaction between vermi-compost and probiotics on soil property, yield and quality of
tomato. Yingyong ShengtaiXuebao 2016, 27, 484–490.

180. Rouphael, Y.; Franken, P.; Schneider, C.; Schwarz, D.; Giovannetti, M.; Agnolucci, M. Arbuscular mycorrhizal fungi act as
bio-stimulants in horticultural crops. Sci. Hortic. 2015, 196, 91–108. [CrossRef]

181. Gabriele, M.; Gerardi, C.; Longo, V.; Lucejko, J.; Degano, I.; Pucci, L.; Domenici, V. The impact of mycorrhizal fungi on Sangiovese
red wine production: Phenolic compounds and antioxidant properties. LWT Food Sci. Technol. 2016, 72, 310–316. [CrossRef]

182. Chen, M.; Arato, M.; Borghi, L.; Nouri, E.; Reinhardt, D. Beneficial services of arbuscular mycorrhizal fungi—From ecology to
application. Front. Plant Sci. 2018, 9, 14. [CrossRef]

183. Douds, D.; Nagahashi, G.; Hepperly, P. Production of inoculum of indigenous AM fungi and options for diluents of compost for
on-farm production of AM fungi. Bioresour. Technol. 2010, 101, 2326–2330. [CrossRef]

184. Smith, S.E.; Read, D.J. Mycorrhizal Symbiosis; Academic Press: Cambridge, MA, USA, 2010.
185. Hart, M.; Ehret, D.L.; Krumbein, A.; Leung, C.; Murch, S.; Turi, C.; Franken, P. Inoculation with arbuscular mycorrhizal fungi

improves the nutritional value of tomatoes. Mycorrhiza 2015, 25, 359–376. [CrossRef]
186. Garg, M.; Sharma, N.; Sharma, S.; Kapoor, P.; Kumar, A.; Chunduri, V. Bio-forties crops generated by breeding, agronomy, and

transgenic approaches are improving lives of millions of people around the world. Front. Nutr. 2018, 5, 12. [CrossRef] [PubMed]
187. Hirschi, K.D. Nutrient bio-fortification of food crops. Annu. Rev. Nutr. 2009, 29, 401–421. [CrossRef] [PubMed]
188. Garcia-Casal, M.N.; Pena-Rosas, J.P.; Pachon, H.; De-Regil, L.M.; Tablante, E.C.; Flores-Urrutia, M.C. Staple Crops Bio-Fortified

with Increased Micronutrient Content: Effects on Vitamin and Mineral Status, as well as Health and Cognitive Function in the
General Population. Cochrane Database Syst. Rev. 2016, 8. [CrossRef]

189. Bouis, H.E.; Saltzman, A. Improving nutrition through bio-fortification: A review of evidence from HarvestPlus, 2003 through
2016 Glob. Food Secur. 2017, 12, 49–58. [CrossRef] [PubMed]

190. Talsma, E.F.; Brouwer, I.D.; Verhoef, H.; Mbera, G.N.; Mwangi, A.M.; Demir, A.Y. Biofortifird yellow cassava and vitamin A status
of Kenyan children: A randomized controlled trial. Am. J. Clin. Nutr. 2016, 103, 258–267. [CrossRef]

191. Vasconcelos, M.W.; Gruissem, W.; Bhullar, N.K. Iron bio-fortification in the 21st century: Setting realistic targets, overcoming
obstacles, and new strategies for healthy nutrition. Curr. OpinBiotechnol. 2017, 44, 8–15. [CrossRef]

192. Wesseler, J.; Zilberman, D. The economic power of the golden rice opposition. Environ. Dev. Econ. 2014, 19, 724–742. [CrossRef]
193. Dwivedi, S.L.; Sahrawat, K.L.; Rai, K.N.; Blair, M.W.; Andersson, M.S.; Pfeiffer, W. Nutritionally enhanced staple food crops. Plant

Breed Rev. 2012, 36, 169–291.
194. De Souza, G.A.; De Carvalho, J.G.; Rutzke, M.; Albrecht, J.C.; Guilherme, L.R.G.; Li, L. Evaluation of germplasm effect on Fe, Zn

and Se content in wheat seedlings. Plant Sci. 2013, 210, 206–213. [CrossRef]
195. De Steur, H.; Blancquaert, D.; Strobbe, S.; Lambert, W.; Gellynck, X.; Van Der Straeten, D. Status and market potential of transgenic

bio-fortified crops. Nat. Biotechnol. 2015, 33, 25–29. [CrossRef]
196. Hefferon, K.L. Nutritionally enhanced food crops; progress and perspectives. Int. J. Mol. Sci. 2015, 16, 3895–3914. [CrossRef]
197. Saltzman, A.; Birol, E.; Oparinde, A.; Andersson, M.S.; Asare-Marfo, D.; Diressie, M.T.; Gonzalez, C.; Lividini, K.; Moursi, M.;

Zeller, M. Availability, production, and consumption of crops bio-fortified by plant breeding: Current evidence and future
potential. Ann. N. Y. Acad. Sci. 2017, 1390, 104–114. [CrossRef] [PubMed]

http://doi.org/10.1080/14620316.2013.11513002
http://doi.org/10.1111/1751-7915.12592
http://doi.org/10.1002/jsfa.6875
http://doi.org/10.1139/cjm-2018-0315
http://doi.org/10.1016/j.jksus.2013.05.001
http://doi.org/10.1016/j.scienta.2016.02.015
http://doi.org/10.1371/journal.pone.0122281
http://www.ncbi.nlm.nih.gov/pubmed/25874563
http://doi.org/10.1007/s00572-014-0599-y
http://www.ncbi.nlm.nih.gov/pubmed/25169060
http://doi.org/10.1016/j.scienta.2015.09.002
http://doi.org/10.1016/j.lwt.2016.04.044
http://doi.org/10.3389/fpls.2018.01270
http://doi.org/10.1016/j.biortech.2009.11.071
http://doi.org/10.1007/s00572-014-0617-0
http://doi.org/10.3389/fnut.2018.00012
http://www.ncbi.nlm.nih.gov/pubmed/29492405
http://doi.org/10.1146/annurev-nutr-080508-141143
http://www.ncbi.nlm.nih.gov/pubmed/19400753
http://doi.org/10.1002/14651858.CD012311
http://doi.org/10.1016/j.gfs.2017.01.009
http://www.ncbi.nlm.nih.gov/pubmed/28580239
http://doi.org/10.3945/ajcn.114.100164
http://doi.org/10.1016/j.copbio.2016.10.001
http://doi.org/10.1017/S1355770X1300065X
http://doi.org/10.1016/j.plantsci.2013.05.015
http://doi.org/10.1038/nbt.3110
http://doi.org/10.3390/ijms16023895
http://doi.org/10.1111/nyas.13314
http://www.ncbi.nlm.nih.gov/pubmed/28253441


Foods 2024, 13, 877 26 of 26

198. Cakmak, I.; Kalayci, M.; Kaya, Y.; Torun, A.; Aydin, N.; Wang, Y.; Arisoy, Z.; Erdem, H.; Yazici, A.; Gokmen, O. Bio-fortification
and localization of zinc in wheat grain. J. Agric. Food Chem. 2010, 58, 9092–9102. [CrossRef] [PubMed]

199. Pena-Rosas, J.P. Fortification of rice with vitamins and minerals for addressing micronutrient malnutrition. Cochrane Database
Syst. Rev. 2019, 10, CD009902. [CrossRef]

200. Mahajan, P.V.; Caleb, O.J.; Singh, Z.; Watkins, C.B.; Geyer, M. Post-harvest treatments of fresh produce. Philos. Trans. R. Soc. 2014,
A372, 20130309. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1021/jf101197h
http://www.ncbi.nlm.nih.gov/pubmed/23654236
http://doi.org/10.1002/14651858.CD009902.pub2
http://doi.org/10.1098/rsta.2013.0309
http://www.ncbi.nlm.nih.gov/pubmed/24797137

	Introduction 
	Nutrients’ Depletion Tendency of Foods 
	Causes of Declining Nutrient Density 
	Alteration in Food Composition 
	Growing High-Yielding Varieties 
	Climate Change and Elevated Carbon Dioxide (eCO2) 
	Excessive Use of Agrochemicals 
	Changes in Agricultural Practices 
	Postharvest Handling and Storage 
	Decline in Nutrient Concentration in Arable Land 
	Lack of Knowledge about Nutrient-Rich Crops 

	Management Strategy for Maintaining the Nutritional Density of Foods 
	Reviving Traditional foods for Sustainable Nutritional Security 
	Integrated Approaches for Soil Nutrient Management 
	Adopting Organic Farming 
	Improving Soil Ecosystem and Biodiversity 
	Using Biofortified Crops 
	Using Improved Handling Practices and Value addition 

	Conclusions 
	References

