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Abstract

Changes in the global climate pose a danger to plant growth and production and have a
significant direct and indirect impact on the quantity and quality of plant nutrients. Combined
with the rise in abiotic stresses, notably drought, developing nations are in urgent need of
solutions that will maintain the production and nutritive value of their food crops. An essential
food and oil crop for the world, groundnut supports agriculturally based livelihood methods that
ensure food, nutrition, and financial security. Groundnut is an energy-dense food item and it
contains a substantial amount of fat, proteins, and carbohydrates both fat soluble and water
soluble vitamins, fibers, polyphenols, antioxidants, vitamins, and minerals. Due to the high
nutrient contents of peanuts, they have been used to combat malnutrition in most developing
countries.India is the second largest producer of groundnuts in the world, and the crop's primary
usage is for its oil. Peanuts are consumed in many forms such as boiled peanuts, peanut oil,
peanut butter, roasted peanuts, and added peanut meal in snack food, energy bars, and
candies.Drought causes substantial yield losses to groundnut production and adversely impacts
nutritional quality. Increased aflatoxin levels in groundnuts during field production are caused, in
part, by drought stress, which limits the use of peanuts as healthy food and has a negative
influence on the peanut trade. Therefore, maintaining groundnut nutritional quality under drought
stress may present a great opportunity to supply enough human food and animal feed. This
article focuses onthe impact of drought stress on the nutritional value of groundnuts and
provides an overview of the nutritional chemistry of groundnut components in relation to health
benefits.
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1. Introduction

There is a shred of major evidence that the environment on our planet is changing as a
result of human activity at a rate that endangers human health by disrupting the functioning of
global systems. Increased incidences of abiotic and biotic stresses are expected to become even
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more prevalent in the future decades, causing fundamental reductions in the growth and quality
of crop plants. According to predictions made by the Intergovernmental Panel on Climate
Change, the average global temperature might rise by 1.4 to 5.8°C by the year 2100 (IPC, 2001).
This exceptional rise in temperature is linked to negative effects on the global water cycle, which
have an impact on the dynamics of ecosystems, sea level, food output, and other related
processes, consequently putting a wretch on global food supply systems and nutrition of human
population (Gurditta and Singh, 2016).Contrarily, the demand for food has grown tremendously
in the past decades and is expected to further escalate as the population reaches 9.7 billion in
2050 (DeSA, 2015) from the present 7.6 billion. Therefore, one of the largest problems the
current and future generations are confronted with is the need to meet the food demands
quantitatively and qualitatively. Despite efforts to increase global food availability, a key
requirement for food and nutrition security, the global burden of malnutrition and micronutrient
deficiencies remain alarming and closely linked to climate change, particularly in low-income
communities. Previous attempts to alleviate food and nutrition insecurity were biased towards
grains and tubers, which unintentionally resulted in protein and other micronutrient shortages
among the population in the world's arid and semi-arid tropics (Chibarabadaet al., 2017).1n order
to improve the diets of rural households with limited resources, it is necessary to include
inexpensive, nutrient-dense foods. In the diets of humans, legumes such as groundnut are
significant sources of nutrients and are associated with positive health benefits.

Groundnut (Arachis hypogaea L.) also known as peanut from the family of legumes, is
one of the principal economic crops of the world ranking 13" among the food crops and 4™ most
important oil seed crop of the world. They are believed to have originated in the Central
American region from where they spread to other parts of the world. The species of this genus
are diverse in habitat, including grasslands, open patches of forest, and temporarily flooded
areas. Based on its morphology and sexual compatibilities, the genus has been subdivided into 80
species and 9 infrageneric taxonomic sections. There are many different peanut cultivars
available, however, four major types (Runner, Virginia, Spanish and Valencia) have been
accepted by the market due to flavor, oil content, size, shape, and disease resistance. Global
peanut production is nearly 45 million tonnes from the 27.7 million ha of agricultural lands with

China leads in the production of peanuts, having a share of about 45 % of overall world
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production, whereas India has a (16 %) share and the United States of America has (5 %)
(Rachaputiet al., 2021).

Groundnut is widely grown under energy-starved conditions across continents in semi-
arid tropics, where frequent drought is one of the limiting factors adversely affecting its
productivity and deterioration in peanut quality worldwideWhile India has the largest area under
groundnut (6.36 million ha) in the world, its production (6.5 million tons) and productivity
(1,022 kgha*) have remained low; the latter being well below the world average (Birthalet al.
2010), because 80% of the crop is grown under rainfed conditions. The yield of groundnut is
influenced by the availability of soil moisture during vegetative and reproductive stages and crop
experiencing drought during the reproductive phase shows significant yield reductions (Singh,
2011). Drought stress has an adverse influence on water relations, biochemical and physiological
processes, growth and yield of groundnut (Reddy et al., 2003;2015a Madhusudhan and
Sudhakar, 2002, 2014a, 2014c,2015a, 2022). Drought has adverse effects on the seed chemistry
leading to a loss of nutritional quality (Chakraborty et al., 2013). Drought impairs the defense
mechanism of the plant and favors the production of aflatoxin by the fungus which poses a
serious threat to human health (Jeyaramrajaet al., 2018).Although there are only a few papers on
the influence of drought stress on the yield and kernel quality of groundnut (Diwediet al., 1996;
Kandoliyaet al., 2015; Chakraborty et al., 2016), there is a lack of sufficient information on its
impact on the effect of water deficit on seed nutritional chemistry. Hence, this review highlights
the nutritional chemistry of groundnuts with a special focus on the impact of drought stress on
nutritional quality in relation to health benefits.

2. NutritionalProfile of groundnut

Groundnut is a rich source of dietary protein with the ability to meet up to 46% of the
recommended daily allowance; essential vitamins especially E, energy from its oils and fats, and
dietary fiber. It is also a rich source of minerals such as K, Na, Ca, Mn, Fe, and Zn among others
and a rich source of biologically active compounds (arginine, resveratrol, phytosterols, and
flavonoids). The WHO encourages the consumption of groundnut-based “ready-to-use
therapeutic foods” (RUTF) for community-based treatment of severe malnutrition. Apart from
oil, peanuts are widely used for the production of peanut butter, confections, roasted peanuts,

snack products, extenders in meat product formulation, soups and desserts. Groundnut
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consumption is reported to be associated with several health benefits for human beingsand its oil
cake can be used as organic manure or animal feed.
2.1 Proximate compositionof groundnut

Groundnuts are a rich source of nutrients and are consumed all over the world in a wide
variety of forms,most of which are traditional cuisine. The nutritional values associated with
peanuts can vary among peanut varieties and processing techniques. The proximate composition
of groundnut seeds (raw, sundried and roasted) was reported to contain moisture content of
7.40%, 3.40%, 1.07%; ash content of 1.48%,1.38%, 1.41%; Crude protein of 24.70%, 21.80%,
18.40%; Crude fat of 46.10%, 43.80%, 40.60%; Crude fiber of 2.83%, 2.43%, 2.41%;
Carbohydrate of 17.41%,27.19%, 36.11%; respectively (Ayoolaet al., 2012). The recently
reported proximate composition of different varieties of Indian raw groundnut in the range of
extracted oil, moisture, crude protein, total ash, crude fat, crude fiber, carbohydrate and calories
per 100gmswas 39.45-41.48 %, 1.68-2.48 %, 28.75-30.63 %, 1.39-2.02 %, 28.68-30.15 %, 1.69-
2.32 %, 33.77-36.29% and 520.8-526.43 respectively (Shashikant, 2019).The presence of high-
fatcontent makes it a suitable source of nutrients that can improve the energy density of man and
animals. The protein in groundnut seeds contributes to the growth and repair of worn-out
tissues,and will also improve the nutrition of humans and animals. The low moisture content of
groundnut is beneficial with respect to storability and shelf life. The crude fibre is not high
enough but can aid digestibility in humans (Ayoolaet al., 2012).
2.2. Oil and fatty acid compositionof groundnut

The chemical and physical properties of fats and oils are mainly determined by the fatty
acid profile of the oil and their position within the triacylglycerol molecule. Peanut oil is a non-
drying oil, which does not harden when exposed to air and solidifies from 0 to 3°C. In peanut
seed oil, two unsaturated fatty acids (UFA), oleic acid (C18:1, A9), a mono UFA (MUFA) and
linoleic acid (C18:2, A9, Al2), a poly UFA (PUFA) contribute around 80% of the total oil
composition. Further, a saturated fatty acid (SFA), palmitic acid contributing to about 10%,
whereas, rest 10% is constituted of up to 9 other fatty acids (Janilaet al., 2016).Thus, the flavor,
shelf-life, and nutritional quality of peanut seeds and its products are reliant on the proportion of
three main fatty acids viz., oleic, linoleic and palmitic acid present in its oil (Derbyshire, 2014).
Normally Steric (C18:0), Arachidic (C20:0), Eicosenoic (C20:1), Behenic (C22:0), and

Lignoceric (C24:0) acids occur in minor proportions, while trace levels of linolenic (C18:3) can
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also be present (Carrin and Carelli, 2010). The fatty acid composition of groundnut oil varies
depending on the genotype, seed maturity, climatic conditions, growth location, and interactions
between these factors (Andersen and Gorbet, 2002). In groundnut as seeds progressed from
intermediate through nearly mature to mature stages, palmitic and linoleic acid decreased while
oleic acid increased (Casiniet al., 2003). Most of the fatty acids present in peanut oil are present
as triacylglycerols (TAG) at approximately 93.3 to 95.8% of weightand are dependent upon seed
maturation and increase incrementally until full maturation(Toomer, 2018). The palmitic acid is
reported to increase the risk for multiple life-threatening diseases such as cardio-vascular
diseases (CVD) and atrial-fibrillation (Wang et al., 2015).Oleic acid reduces systolic blood
pressure, which decreases the risk of cardiovascular disease (Teres et al., 2008) An oleic acid-
rich diet also helps reduce the level of blood glucose and increases the high-density lipoprotein
(HDL) to low-density lipoprotein (LDL) ratio, which also has health benefits (Vassiliouet al.,
2009). As a result, peanut seeds with a higher level of oleic acid are more popular with
consumers; the development of new varieties that contain high levels of oleic acid is therefore
important (Li et al.,, 2022). Regular consumption of peanuts can provide sufficient poly
unsaturated fatty acids (PUFA) and mono unsaturated fatty acids (MUFA) to protect against
CVD, some types of cancer and age-related cognitive decline (Bonku and You 2020).
2.3.Protein and amino acid composition of groundnut

Like other grain legumes, the nutritive value of peanut proteins is also a function of its
protein content, amino acid composition, and protein digestibility. As reported above, the protein
content of peanuts ranges between 24 to 30 % showing a large variation that is greatly influenced
by genotypes and environments. The peanut seed contains 32 different proteins comprised of
albumins and globulins. The seed storage proteins are mainly composed of arachin (legumin),
conarachin (vicilin). To date, 17 peanut proteins (Ara h 1 through Ara h 17) have been identified
as peanut allergens responsible for peanut allergy by the World Health Organization and the
International Union of Immunological Societies (WHO/IUIS, 2017). Although the amino acid
composition of peanuts varies greatly with variety and plant location, peanuts contain all 20
amino acids in variable proportions and is the richest source of “arginine”(Young, 1980, Batal.,
2005). The common limiting amino acids of peanuts are sulfur-containing amino acids such as
methionine and cysteine (Young, 1980). However, these can be complemented by consuming

peanut products together with cereal grains because the proteins in cereal grains are rich in
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methionine and cysteine.According to the Protein Digestibility Corrected Amino Acid Score
(PDCAAS) peanut proteins and other legume proteins such as soy proteins are nutritionally
equivalent to meat and eggs for human growth and health (FAO 2002). The peanut proteins have
been found to have good emulsifying activity, emulsifying stability, foaming capacity, excellent
water retention and high solubility, and can also provide a new high protein food ingredient
product formulation and protein formulation in the food industry (Wu et al. 2009). Although
groundnut proteins are often recognized as incomplete proteins (i.e., do not contain all essential
amino acids) when compared to animal proteins, their consumption is strongly associated with
cardiovascular health (Hertzleret al.,, 2020). Moreover, large quantities of arginine in all
groundnut nuts have positive effects on immune response, inflammation, and cardiovascular
function, including its key role in reducing the risk of cardiovascular disease and reproductive
performance (Arya et al., 2016).
2.4.Carbohydrate composition of groundnut

The major carbohydrate present in peanuts is starch which is a homopolysaccharide made
up of a-D glucose residues joined together by glycosidic bonds. However, peanut research has
demonstrated that peanut carbohydrate content is dependent upon cultivar, maturation, and
geographic location (Pattee and Young, 1982) and may contain the following carbohydrates in
varying quantities (major to minor): sucrose, fructose, glucose, inositol, raffinose, stachyose.
Defatted peanut flour has been shown to contain approximately 38% total carbohydrates of
which account for oligosaccharides 18%, starch, 12.5%, hemicellulose A 0.5%, hemicellulose B
3.5%, and cellulose (fiber) 4.5% and of the oligosaccharide fraction, approximately 13.90%
sucrose, 0.89% raffinose, 1.56% stachyose, and 0.41% verbascose in unprocessed peanut flour
(Tharanathanet al., 1975). Patteeet al. (1995) found that groundnut varieties with high sweet
taste intensities had high free sugar content compared to those varieties with lower intensities
and free soluble sugars have also been associated with the flavor of groundnut.
2.5.Micronutrientcomposition of groundnut

Peanuts have a broad range of vitamins and minerals in detectable quantities. When
considering recommended daily nutritional values, minerals such as copper, manganese, calcium,
phosphorus, magnesium, zinc, and iron as well as vitamins such as vitamin E, thiamin, niacin,
and folate highlight the role of peanuts in a well-balanced diet. Additionally, some of the highest
proportions of manganese (a cofactor for enzymes), folate (which helps maintain and produce
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cells), and niacin (which assists the digestive system, skin, and nerves) are found in peanuts.
Other compounds identified in peanuts include arginine, phytosterols, flavonoids, and resveratrol
(American Peanut Council, 2010). Resveratrol, found in the skin and cotyledon of peanuts, is
touted as a “life-extending” compound (Jang et al., 1997) that can protect against many
prominent cardiovascular and neurodegenerative diseases (Das & Das, 2007).
3. Impact ofdroughtstress on yield and yield attributes of groundnut

Groundnut is an important crop of the semi-arid tropics where potential yields are
frequently reduced by water stress. Several stages in the groundnut's life cycle have been
reported to result in reduced pod vyields; intense flowering; full pegging and pod development;
pod formation; early vegetative and late pod setting stageand peak flowering to early fruiting
(Reddy et al., 2003; Singh et al., 2014). During these stages, if stress is given and later on water
supply is resumed only the vegetative growth is benefited not the reproductive growth of the
crop. Thus, the period of maximum sensitivity to drought occurs between 50-80 DAS, the period
of maximum flowering and vegetative growth (Singh et al., 2013; Rachaputiet al., 2021).
Moisture deficit stress reduces pod yield primarily by shortening the pod development stage
(Singh 2011). Pod and seed development in groundnut are progressively inhibited by drought
due to insufficient water availability inside the plant tissues and hindered supply of assimilates
and these stages are delayed by lack of sufficient soil moisture in the pod zone (Boote and
Ketring 1990). Reduction in seed yield was associated with reduction in seed size and number of
seeds per plant under moisture deficit stress in groundnut (Vorasootet al., 2003). Meisner and
Karnok (1992) reported 30 % reduction in pod yield due to moisture deficit at pod development
stage. The number of pods per plant can be low due to increases in soil resistance caused by
prolonged drought (Sharma and Sivakumar 1991), and reduces pod yield primarily by decreasing
the duration of the pod development phase (Stirling and Black, 1991).Water stress at the pod
filling stage reduced kernel yield and nitrogen partitioning to reproductive parts.The decrease in
pod and fodder yieldswas attributed to limited moisture availability during the entire growth
phases of the plant which resulted in poor total biological yield (Chakraborty et al., 2013).
spanish groundnut cultivars subjected to soil moisture stress at different crop growth stages,
moisture stress during the early vegetative phase resulted in an increase of 100-seed weight and
seedling vigour index but stress at the pod initiation/ development stage reduced germinability,

vigour, seed membrane integrity and embryo RNA content (Singh et al., 2013). Stress during
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pod development was most detrimental to all physiological and biochemical processes studied
(Nautiyalet al. 1991). Among the different habit groups Virginia Runner (CSMG 84-1 and GG
11) showed the highest reduction, followed by Spanish Bunch (JL 286 and TPG 41) and the
least reduction in cultivars of Virginia Bunch (HNG 10 and GG 20) group due to moisture deficit
stress (Chakraborty et al., 2013).The majority of reports reveal that the pod development stage is
the most sensitive to moisture stress during which the demand of photosynthetic products for
active sinks (pods) is higher (Vakhariaetal.,1997).
4. Impact of drought stress on the nutritionalprofileof groundnut

The chemical composition of groundnut seed is influenced by availability of soil moisture
during growth stages and also duration of crop growth period as all these are inter-related with
one way or other (Sanders, 1980). Nutritional quality of the groundnut seed is strongly
influenced by production location, cultivar and season, particularly soil moisture and temperature
during crop growth and seed maturation (Dwivedi et al., 1993).
4.1. Impact of drought stress on oil and fatty acid composition of groundnut

Over 60% of global groundnut production is crushed for extraction of oil for edible and
industrial uses, while 40% is consumed in food uses and as seed for sowing the next season crop
(Baldani et al., 2000; Birthalet al., 2010). Total oil content was not affected by early-season
drought (Yao et al.,1982; Conkertonet al., 1989; Bhalani and Parameswaran, 1992), but declined
(by up to 3%) under mid-season (50-80 DAS) drought (Conkertonet al., 1989). For late-season
drought (110-140 DAS), different studies have reported no effect (Conkertonet al., 1989;
Musingoet al., 1989) and a decline (Yao et al., 1982; Bhalani and Parameswaran, 1992) in total
oil content. The results from the experiments conducted by Rasveet al (1983) revealed that the
application of 540mm water with a 10 days irrigation interval proved most beneficial in
increasing the oil % (to 50.39) when groundnut crop was grown in summer season.Sarma (1983)
observed that the imposition of early moisture stress on peanut (moisture stress imposed from
emergence to peg initiation) increased the seed quality in terms of oil and protein content and
also observed that when moisture stress was imposed from flowering to the end of pod set this
resulted in decreased oil but improved protein content. A high O/L ratio and low iodine value
(1V) value generally indicate good stability and long shelf-life. The composition of saturated
(palmitic and stearic) and unsaturated (oleic and linoleic) fatty acidswas altered significantly in

groundnut cultivars due to moisture deficit stress (Chakraborty et al., 2013). 'Florunner' stressed
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for 30 days at seed maturation (80 DAS) had a higher percentage of palmitic and linoleic acids,
lower percentage of stearic, oleic and eicosenoic acids, higher IV and alpha-tocopherol and
lower O/L ratio than nonstressedFlorunner (Singh et al., 2014). A similar 30-day stress during
the pre-flowering (20 DAS) and pod formation (50 DAS) increased behenic and lignoceric acids
and decreased IV and gamma-tocopherol (Diwediet al., 1996). While pre-flowering stress
increased O/L ratio, stress at pod formation increased alpha-tocopherol compared to the stress at
seed maturation. Regardless of the timing of drought, with increasing seed grades, arachidic acid,
behenic acid, lignoceric acid, eicosenoic acid, O/L ratio and alpha-tocopherol decreased
significantly (Hashim et al., 1993). However, Bhalani and Parameswaran (1992) did not find any
major changes in the fatty acid composition, except for oleic acid which increased due to
differential irrigation regimes in a summer irrigated crop. Mid-season drought had no significant
effect on the content of oil, protein and fatty acids other than eicosenoic fatty acid. End-of-
season drought significantly reduced total oil, and linoleic and behenic fatty acid content, and
significantly increased total protein and stearic and oleic fatty acid content (Diwediet al., 1996).
Misra and Nautiyal (2005) studied fatty acid composition as influenced by the soil moisture-
deficit stress imposed during different phenophases, in the summer season in four Spanish
cultivars of groundnut, AK 12-24, J 11, GAUG 1 and GG 2 and observed increase in stearic acid
due to stress during pod development in all cultivars except GG 2, increase in palmitic acid only
in GAUG 1 and oleic acid in AK 12-24. Seghalet al. (2018) have indicated that under drought
conditions the decrease in oil content is due to reduction in concentration of digestible
carbohydrates and unloading of sugars from stem to developing seeds.The composition of
saturated (palmitic and stearic) and unsaturated (oleic and linoleic) fatty acid were also altered
significantly due to moisture deficit stress (Chakraborty et al., 2013). An increase in oleic acid
content in groundnut due to moisture deficit stress has been reported by Chaiyadeeet al. (2013).
On imposing drought, the total lipid percentage decreased though the treatment differences were
found statistically nonsignificant (Kandoliyaet al., 2015). Under drought stress, due to shortening
of pod development and seed filling period alteration of oil/protein ratio in legume seeds were
reported, which was mainly because of the fact that during seed filling accumulation of
carbohydrate and protein were much faster than that of oil (Kambirandaet al., 2011). There is a
shift of oleic to linoleic acid in seeds of groundnut under water deficit stress resulting in reduced
O/L ratio and oil stability (Chakraborty et al., 2016)
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4.2.1mpact of drought stress on protein and amino acid composition of groundnut

Peanuts are an excellent source of plant-based protein, offering 25.8 g per 100 g of
peanuts, or around half of a person’s daily protein needs. No consistent effect on protein content
have been documented due to drought stress at any particular growth period; nor was protein
content in any specific genotype always reduced or increased by drought stress (Conkertonet al.,
1989). However, Musingoet al. (1989) and reported that late-season (50 days before harvest)
drought caused little change in the total protein content of groundnut.Yao et al., (1982) reported
that drought at flowering increased the number of shriveled kernels with reduced protein content
but during the seed development phaseincreased the protein content.Mid-season drought had no
significant effect on the content ofprotein and end-of-season drought significantly increased
total protein. (Diwediet al., 1996). During water deficit conditions, oil has a negative correlation
with protein content thus decrease in oil content may eventually result in increased protein
content (Chakraborty et al., 2016).Moisture deficit stress significantly reduced the total soluble
protein content in the seeds of all the groundnut cultivars(Chakraborty et al., 1993). Akkasaenget
al. (2007) found up-regulation of several proteins including a homologue of serine-threonine
protein kinase under moisture deficit stress. Besides this, other proteins like chaperon protein
DNAJ, auxin-responsive protein 1AA 29, peroxidase 43, etc. were down regulated in groundnut
(Chakraborty et al., 1993). Reddy et al. (2003) observed the application of the different irrigation
levels had different responses on the protein content of the seeds of groundnut; while the plants
with adequate irrigation water not only gave more kernels but also produced higher levels of
total protein contents. Continued expression methionine rich proteins (MRPs) and arachin
proteins seems to enhance drought tolerance, reduce aflatoxin levels and enhance the nutritional
value of peanuts(Basha et al., 2007). Drought exhibited no definite trend of increase or decrease
for total free amino acid and sugar in mature as well as premature seeds(Jharna et al., 2015). In
peanut seedlings, drought stress increased the amount of total amino acids during drought
periods and the amount decreased within 3 days after stress was relieved (Saini and Srivastava,
1981). The increase of arginine in kernel under drought stress is likely because it is a precursor
of proline synthesis (Aninbonet al., 2017), and proline is an important amino acid for osmotic
adjustment in plants under drought stress (Madhusudhanand Sudhakar 2014b).In a study of 40
peanut genotypes by Jharna et al. (2013), drought stress increased total amino acid content in 21

genotypes but reduced it in 19 genotypes. In 2007, Basha and his co-workers revealed that seed
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polypeptide composition of drought-tolerant peanut genotypes (Vemana and K-1375) was least
affected while that of drought-susceptible genotypes (M-13 and JL-220) significantly altered due
to water stress.Theincrease in free amino acid content might possibly be due to an increase in
kernel protein content as well as stress-induced breakdown of it (Chakrabortyet al., 2016).
4.3.Impact of drought stress on carbohydrate composition of groundnut

Sugars in plants, derived from photosynthesis, act as substrates for energy metabolism
and the biosynthesis of complex carbohydrates, providing sink tissues with the necessary
resources. Sucrose and glucose either act as the substrates for cellular respiration or as the
osmolytes to maintain cellular osmotic potential (Guptaet al., 2005). Madhusudhan and
Sudhakar, (2015b) concluded that osmotic adjustment occurs in groundnut at mild water stress
resulting in the maintenance of turgor, there by the carbohydrate status and finally the dry matter
production, where asmoderate and severe stress inhibited the levels of the end products of
carbohydrate resulting decrease in dry matter production.The production and partitioning of
metabolically important non-structural carbohydrates (starch and sugar alcohols) have been
reported to accumulate during drought (Keller and Ludlow, 1993).Soluble and total carbohydrate
increased in Jumbo showing the highest increase under drought and temperature stress.
(Musingoet al., 1989). As the maturity approaches from premilchto mature stages, percent
concentration of moisture, total carbohydrates, soluble sugars and reducing sugars decreases,
while that of total lipid and nonpolar lipid increased in general. Drought treatment increases total
soluble sugars and reducing sugars concentration in pod where as total lipid fraction adversely
affected as compared to the control (Kandoliyaet al., 2015).Bashaet al.,(2007) also reported that
the stored, non structural carbohydrates serves as a source of energy for synthesis of lipids and
proteins.Among the stress treatments, however the differences were nonsignificant, pod contains
higher concentration of total carbohydrate at dough and mature stage as compared to control may
be due to drought effect as reported by Musingoet al., (1989).According to Chakraborty et al.,
(2016), the content of sugar alcohols increased along with an increase in stress induced
oligosaccharide (Raffinose and Stachyose) content, but the level of monosaccharide and
disaccharides did not show significant alteration in the kernel tissue. Further, reduction in simple
sugars under stress in the leaf with subsequent translocation to kernel tissue suggests a drought
escape mechanism in groundnut. The expression of enzymes related to the biosynthesis of

galactinol and raffinose family oligosaccharides (RFOs), such as raffinose, stachyose and
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verbascose, their intracellular accumulation in plant cells are closely associated with the
responses to environmental stresses (Peters et al., 2007)
4.4.1mpact of drought stress on micronutrients composition of groundnut

Like other agricultural crops, peanut requires essential nutrients during its life cycle.
However, most nutrients are taken up into the plant in forms of soluble inorganic fertilizers by
the root system; therefore, water stress reduces nutrient absorbability and nutrient uptake of the
plant (Fageriaet al., 2002). The reductions in nutrient uptake caused by drought during the
flowering (Kulkarni et al., 1988), pegging, pod formation (Kolay, 2008), and pod-filling stages
(Kulkarni et al., 1988) were also reported.Drought can positively affect nutrient uptake if it
occurs at vegetative growth stages, but droughts between reproductive stages and harvest
negatively affect nutrient uptakes. Reduction in nutrient uptake as caused by drought can
severely reduce plant growth and yield. Nutrition balance is a key factor in diminishing
environmental risks and promoting healthy plants with sustainable growth, yield, and quality
(Magen, 2008). Improvement of nutrient uptake, therefore, is necessary to maintain acceptable
growth and yield under drought. Enrichment of tissue with Ca in groundnut and cowpea (Chari et
al., 1986) with improved drought toleration ability. Similarly, K supplementation proved helpful
in mitigating the adverse effects of water stress in peanut and sorghum (Umar, 2006). However,
differential responses among species and genotypes for nutrient uptake under drought stress were
observed (Garg, 2003).The results of Dinhet al., (2014) showed that midseason drought
significantly reduced the uptake of all nutrient elements. Peanut genotypes with higher levels of
drought tolerance took up more nutrients than those with lower levels. The uptake of all nutrient
elements contributed to biomass production, pod yield, and the number of pods per plant. Early
or late in the growing season had little or no effect on mineral contents, but stress during mid-
season growth affected mineral nutrition (Conkertonet al. 1989).Drought and heat stress alter
compositional changes in seed chemistry, including adverse effects on minerals (Dwivedi et al.,
2013). Regarding the preferred water regime, Xia et al. (2020) demonstrated that a moderate
irrigation scheme has better impacts on yield compared to severe or full schemes, especially
when combined with the application of 150 kg ha—1 of nitrogen.
4.5.Impact of drought stress on aflatoxin contaminationof groundnut

Drought stress has a strong effect on biocompetitive (phytoalexins, antifungal proteins) or

protective compounds (phenols), which influence the growth of Aspergillusflavusand aflatoxin
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synthesis, as well as the proper maturation of peanut seeds. Aflatoxin contamination threat
increases with increasing seed maturity. Pre-harvest aflatoxin contamination is a common
occurrence in groundnuts that are grown under non-irrigated conditions. Under drought
conditions, phytoalexin production is inhibited and the low moisture favored A. flavus growth
(Dorner et al., 1989). Thus, drought is a predisposing factor for aflatoxin production in
groundnut (Waliyaret al., 2003). However, aflatoxin production depends on many other factors
besides A. flavusinfection (Hamidou et al., 2014).The aflatoxin contamination is often related to
the intensity of drought stress, the stage when drought stress occurs, and the soil and/or air
temperature (Cole et al., 1989). Drought and temperature stress increase the accumulation and/or
synthesis of carbohydrates and certain polypeptides may enhance Aspergillus invasion and
aflatoxin production (Musingoet al., 1989). Terminal drought effect on aflatoxin contamination
is well documented (Sudhakar et al., 2007). Drought tolerant genotypes may possess some
degree of tolerance to aflatoxin contamination (Girdthaiet al., 2010). On the contrary, there is no
association between drought tolerance ofgroundnutand their aflatoxin contamination (Hamidou
et al., 2014).Wu et al., (2013) showed that consumption of large amounts of groundnuts
contaminated with aflatoxins even at low levels is detrimental to health.
5. Conclusion

Peanuts are a well-balanced nutritional food legume and a great source of protein, lipids,
carbohydrates, minerals, and vitamins. They are also considerably more inexpensive than other
nuts. With climate change, heat, and drought stresses have become more frequent and intense in
groundnut growing areas with a strong influence on phenology, yield, and nutritional quality.
There are three major aspects of drought, duration, intensity and timing which vary with
groundnut phenophases. Numerous studies have differed in identifying the most sensitive growth
stage to water stress and the optimal intensity of water regimes for achieving the best groundnut
yield. Generally, the highest yield under water stress conditions is obtained during the vegetative
stage, followed by the flowering stage, and finally the pod-filling stage. Drought stress is one of
the most important abiotic stresses that adversely affect the nutritional quality of groundnut crops
across the globe. In order to cope with this drought stress complexity and improve groundnut
nutritional quality and vyield in light of challenging environmental factors, it is essential to
explore more options and strategies.

Acknowledgments

."‘ .__-v"l l bA_N " 3665

.‘—‘?‘
l;:q[) ln[ern::ltu]n-ul Journal of
Food .ﬂ.l vr.l Nutrll ool 5:4: iences

e e e e L



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Not applicable.

Author contributions

KVM conceptualized the idea, wrote the manuscript, and edited the manuscript. The author read
and approved the final manuscript.

Funding

Not received.

Consent for publication

Not applicable.

Competing interests

None

Author Details

Department of Botany, Government College for Men, Kurnool, AP, India
Email:botanymadhu@gmail.com

References

Akkasaeng, C., Tantisuwichwong, N., Chairam, 1., Prakrongrak, N., Jogloy, S., &Pathanothai, A. (2007).
Isolation and identification of peanut leaf proteins regulated by water stress. Pakistan Journal of
Biological Sciences: PJBS, 10(10), 1611-1617.

American Peanut Council. (2010). Natural Health Food for All. Retrieved from:
http://www.peanutsusa.com/about-peanuts/health-nutrition/ 56-peanuts-healthy-food-for-
all.ntml.

Andersen, P.C. &Gorbet. D.W. (2002). Influence of year and planting date on fatty acid chemistry of high
oleic acid and normal peanut genotypes. J. Agric. Food Chem., 50, 1298-1305.

Aninbon, C., Jogloy, S., Vorasoot, N., Nuchadomrong, S., Holbrook, C., Kvien, C.&Patanothai, A.
(2017). Change of arginine content and some physiological traits under midseason drought in
peanut genotypes with different levels of drought resistance. Turkish Journal of Agriculture and
Forestry, 41(4), 285-293.

Arya, S.S. Salve, A.R. &Chauhan, S. (2016). Peanuts as functional food: A Review. J Food Sci Technol.
53, 31-41.

Ayoola, P.B., Adeyeye, A., &Onawumi, O.0. (2012). Chemical evaluation of food value of groundnut

(Arachihypogaea) seeds. American Journal of Food and Nutrition, 2, 55-57.

Baldini, M., Giovanardi, R., &Vannozzi, G. (2000). Effect of different water availability on fatty acid

composition of the oil in standard and high oleic sunflower hybrids. In Proceedings of 15th

International Sunflower Conference, A (pp. 12-15).

3666

= A JFANS

; .
lw International Journal of
Food And Mutritional Sciences
S e P e e e e Al o s e i o



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Basha, S. M., Katam, R., & Naik, K. S. S. (2007). Differential response of peanut genotypes to water
stress. Peanut Science, 34(2), 96-104.

Batal, A. Dale, N. Café, M. (2005).Nutrient composition of peanut meal. J. Appl. Poultry Res.14, 254—
257.

Bhalani, G. K., & Parameswaran, M. (1992). Influence of differential irrigation on kernel lipid profile in
groundnut. Plant Physiology and Biochemistry, 19, 11-14

Birthal, P.S., Parthasarathy Rao, P., Nigam, S.N., Bantilan, M.C.S &Bhagavatula, S. (2010). Groundnut

and Soybean Economies in Asia: Facts, Trends and Outlook. International Crops Research Institute
for the Semi-Arid Tropics, Patancheru, Andhra Pradesh, India, (pp. 92)

Bonku, R., & Yu, J. (2020). Health aspects of peanuts as an outcome of its chemical composition. Food
Science and Human Wellness, 9(1), 21-30.

Boote, K. J., &Ketring, D. L. (1990). Peanut. In B. A. Stewart & D. R. Nielson (Eds.), Irrigation of
Agricultural Crops. Madison: ASA-CSSA-SSSA

Carrin, M. E., &Carelli, A. A. (2010). Peanut oil: Compositional data. European Journal of Lipid Science
and Technology, 112(7), 697-707.

Casini, C., Dardonelli, J., Martinez, M., Balzarini, M., Borgogno, C. and Nassetta, M. (2003). Oil quality
and sugar content of peanuts (Arachis hypogaea L.) grown in Argentina: their relationship with
climatic variables and seed yield. J. Agric. Food Chem., 51, 6309-6313.

Chaiyadee, S., Jogloy, S., Songsri, P., Singkham, N., Vorasoot, N., Sawatsitang, P., et al. (2013). Soil
moisture affects fatty acids and oil quality parameters in peanut. International Journal of Plant
Production, 7, 81-96

Chakraborty, K., Bishi, S. K., Singh, A. L., Kalariya, K. A., & Kumar, L. (2013). Moisture deficit stress
affects yield and quality in groundnut seeds. Indian Journal of Plant Physiology, 18, 136-141.

Chakraborty, K., Bishi, S.K., Singh, A.L., Kalariya, K.A., & Kumar, L. (2013). Moisture deficit stress

affects yield and quality in groundnut seeds. Indian Journal of Plant Physiology, 18, 136 — 141

Chakraborty, K., Mahatma, M. K., Thawait, L. K., Bishi, S. K., Kalariya, K. A., & Singh, A. L. (2016).
Water deficit stress affects photosynthesis and the sugar profile in source and sink tissues of
groundnut (Arachis hypogaea L.) and impacts kernel quality.Journal of Applied Botany and Food
Quality 89, 98-104.

Chakraborty, R., &Jin, L. (1993). A unified approach to study hypervariable polymorphisms: statistical
considerations of determining relatedness and population distances. DNA Fingerprinting: State of
the Science, 153-175.

=aed JEFANS e
T - —
lw International Journal of

Eloorl And NMutritional Sciences

Woe i el Pk o B, B L L



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Chari, M., Gupta, K., Prasad, T. G., Sastry, K. K., & Kumar, M. U. (1986). Enhancement of water status
by calcium pretreatment in groundnut and cowpea plants subjected to moisture stress. Plant and
Soil, 91, 109-114.

Chibarabada, T. P., Modi, A. T., &Mabhaudhi, T. (2017). Expounding the value of grain legumes in the

semi-and arid tropics. Sustainability, 9(1), 60.

Cole, R. J., Sanders, T. H., Dorner, J. W., & Blankenship, P. D. (1989). Environmental conditions
required to induce preharvest aflatoxin contamination of groundnuts: summary of six years'
research. In International Workshop on Aflatoxin Contamination of Groundnut, Patancheru, AP
(India), ICRISAT.

Conkerton, E. J., Ross, L.F.,Daigle, D.J.,Kvien, C.S. & McCombs.C. (1989). "The effect of drought stress
on peanut seed composition. 1I: Qil, protein and minerals." Oléagineux (Paris) 44, 12, 593-602.

Das, S., & Das, D. K. (2007). Resveratrol: A therapeutic promise for cardiovascular diseases. Recent
Patents on Cardiovascular Drug Discovery. 2(2), 133138.

Derbyshire, E.J. (2014). A review of the nutritional composition organoleptic characteristics and
biological effects of the high oleic peanut. Int. J. Food Sci Nutr. 2014;65,781-790.

DeSA, U. (2015). World population projected to reach 9.7 billion by 2050. United Nations Department of

Economic and Social Affairs.

Dinh, H. T., Kaewpradit, W., Jogloy, S., Vorasoot, N., &Patanothai, A. (2014). Nutrient uptake of peanut
genotypes with different levels of drought tolerance under midseason drought. Turkish Journal of
Agriculture and Forestry, 38(4), 495-505.

Dorner, J. W., Cole, R. J., Sanders, T. H., & Blankenship, P. D. (1989). Interrelationship of kernel water
activity, soil temperature, maturity, and phytoalexin production in preharvest aflatoxin
contamination of drought-stressed peanuts. Mycopathologia, 105(2), 117-128.

Dwivedi, S. L., Jambunathan, R., Nigam, S. N., Raghunath, K., Shankar, K. R., &Nagabhushanam, G. V.
S. (1990). Relationship of seed mass to oil and protein contents in peanut (Arachis hypogaea
L.). Peanut Science, 17(2), 48-52.

Dwivedi, S. L., Nigam, S. N., Jambunathan, R., Sahrawat, K. L., Nagabhushanam, G. V. S., &
Raghunath, K. (1993). Effect of genotypes and environments on oil content and oil quality
parameters and their correlation in peanut (Arachis hypogaea L.). Peanut science, 20(2), 84-89.

Fageria, N. K., Baligar, V. C., & Clark, R. B. (2002). Micronutrients in crop production. Advances in
agronomy, 77, 185-268.

FAO/WHO/UNU. (2002). Protein and Amino Acid Requirements in Human Nutrition. In: Report of a
Joint FAO/WHO/UNU Expert Consultation, World Health Org. Tech. Report. No.935

=aed JEFANS 3068
3 oeoe=H _ e
lw International Journal of
Food And Mutritional Sciences
S e P e e e e Al o s e i o



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Garg, B. K. (2003). Nutrient uptake and management under drought: nutrient-moisture interaction. Curr.
Agric, 27(1/2), 1-8.

Girdthai, T., Jogloy, S., Vorasoot, N., Akksaeng, C., Wongkaew, S., Holbrook, C.C.&Patanothal, A.,
(2010). Associations between physiological traits for drought tolerance and aflatoxin
contamination in peanut genotypes under terminal drought. Plant Breed. 129, 693-699.

Gupta, A. K., & Kaur, N. (2005). Sugar signalling and gene expression in relation to carbohydrate
metabolism under abiotic stresses in plants. Journal of Biosciences, 30, 761-776.

Gurditta,, H., & Singh, G. (2016). Climate Change, Food and Nutritional Security: Issues and Concerns

in India’. Journal of Climate Change, 2, (1) 79-89

Hamidou, F., Rathore, A., Waliyar, F. &Vadez, V. (2014). Although drought intensity increases aflatoxin
contamination, drought tolerance does not lead to less aflatoxin contamination. Field Crops
Research, 156, 103-110.

Hertzler, S.R. Lieblein-Boff, J.C. Weiler, M. &Allgeier, C. (2020). Plant proteins: Assessing their
nutritional quality and effects on health and physical function. Nutrients.12, 3704.

IPCC, (2001). Climate Change 2001: Impacts, Adaptation and Vulnerability. Contribution of Working
Group Il to the Third Assessment Report of the Intergovernmental Panel on Climate Change. J.J.
McCarthy, O.F. Canziani, N.A. Leary, D.J. Dokken and K.S. White (eds). Cambridge University
Press, Cambridge

Jang, M., Cai, L., Udeani, G. O., Slowing, K. V., Thomas, C. F., & Beecher, C. W. (1997). Cancer
chemopreventive activity of resveratrol, a natural product derived from grapes. Science. 275, 218-
220.

Janila, P., Pandey, M. K., Shasidhar, Y., Variath, M. T., Sriswathi, M., Khera, P., et al. (2016). Molecular
breeding for introgression of fatty acid desaturase mutant alleles (ahFAD2A and ahFAD2B)
enhances oil quality in high and low oil containing peanut genotypes. Plant Sci. 242, 203-213.

Jharna, D. E., Chowdhury, B. L. D., Rana, M. M., &Sharmin, S. (2013). Selection of drought tolerant
groundnut genotypes (Arachis hypogaea L.) based on total sugar and free amino acid
content. Journal of Environmental Science and Natural Resources, 6(2), 1-5.

Jharna, D.E., Chowdhury, B.L., Rana, M., &Sharmin, S. (2015). Selection of Drought Tolerant
Groundnut Genotypes (Arachis hypogaea L.) Based on Total Sugar and Free Amino acid
Content. Journal of Environmental Science and Natural Resources, 6, 1-5.

Kambiranda, D. M., Vasanthaiah, H. K., Katam, R., Ananga, A., Basha, S. M., & Naik, K. (2011). Impact
of drought stress on peanut (Arachis hypogaea L.) productivity and food safety. Plants and
Environment, 1, 249-272.

— 3669

Wy

— ~
—— -
B AL »
= -
l;"'ﬁ) International Journal of
Food And Mutritional Sciences
S e P e e e e Al o s e i o



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Kandoliya, U. K., Marviya, G. V., Patel, N. J., Vakharia, D. N., &Golakiya, B. A. (2015). Effect of
drought at different growth stage on carbohydrates and lipids composition of groundnut (Arachis
hypogaea L.) pod. International Journal of Current Research and Academic Review, 3(10), 281-
287.

Keller, F., & Ludlow, M. M. (1993). Carbohydrate metabolism in drought-stressed leaves of pigeonpea
(Cajanus cajan). Journal of Experimental Botany, 44(8), 1351-1359.

Kolay, A.K. (2008). Water and Crop Growth. New Delhi, India: Atlantic Publishers.

Kulkarni, J. H., Ravindra, V., Sojitra, V. K., & Bhatt, D. M. (1988). Growth, nodulation and N-uptake of
groundnut (Arachis hypogaea L.) as influenced by water deficit stress at different
phenophases. Oléagineux (Paris), 43(11), 415-4109.

Li, W., Yoo, E., Lee, S., Sung, J., Noh, H. J., Hwang, S. J., ... & Lee, G. A. (2022). Seed Weight and
Genotype Influence the Total Oil Content and Fatty Acid Composition of Peanut
Seeds. Foods, 11(21), 3463.

Madhusudan K.V., Giridarakumar S., Ranganayakulu G.S., Chandraobulreddy P. Sudhakar C. (2002)

Effect of water stress on some physiological responses in two groundnut (Arachis hypogaea L.)

cultivars with contrasting drought tolerance. J. Plant Biol.,29,199-202.

Madhusudhan, K. V., & Sudhakar, C. (2014a). Morphological responses of a high yielding groundnut
cultivar (Arachis hypogaea L. cv. K-134) under water stress. Indian Journal of Pharmaceutical and
Biological Research, 2(1), 35.

Madhusudhan, K.V. and Sudhakar, C. (2014b). Alteration in proline metabolism in groundnut (Arachis
hypogae L.) under soil water deficits. Int. J. Sci. Rea. 3 : 3.

Madhusudhan, K. V., & Sudhakar, C. (2014c). Water relations in the leaves of two high yielding
groundnut cultivars subjected to drought stress— International Journal of Scientific Research —
03(4): 48-49

Madhusudhan, K. V. & Sudhakar, C. (2015a) Morpho-photosynthetic responses of groundnut subjected to
short-term water stress followed by rehydration recovery. In: (Eds). B. Viswanath and G.
Indravathi ) New Horizons in Biotechnology. Paramount Publishing House, India, pp. 250 — 252.

Madhusudhan, K.V. &Sudhakar, C. (2015b) Changes in carbohydrate status during water stress in
groundnut (Arachis hypogaea L.). Indian Journal of Research 4.4.

Madhusudhan, K. V. & Sudhakar. C. (2022) Responses of photosynthetic parameters to drought and
rewatering in a high yielding groundnut cultivar (Arachis hypogaea L. cv. K-134). In (Eds.)
M.M.Ghatage, S.Mishra, S.S. Patil, R.P Kumari, (Eds.), Advances in Plant Science, Bhumi
Publishing house, India, (pp. 1-11).

=aed JEFANS 70

T - —

lw International Journal of
Eloorl And NMutritional Sciences

Woe i el Pk o B, B L L



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Meisner, C. A., &Karnok, K. J. (1992). Peanut root response to drought stress. Agronomy Journal, 84,
159-165.

Misra, J.B. and Nautiyal, P.C. (2005). Influence of imposition of soil moisture deficit stress on some
quality components of groundnut, Arachis hypogaea L. kernel. J. of Oilseeds Res. 22: 119-124

Mondal, S., Badigannavar, A. M., &d’Souza, S. F. (2011). Induced variability for fatty acid profile and
molecular characterization of high oleate mutant in cultivated groundnut (Arachis hypogaea
L.). Plant Breeding, 130(2), 242-247.

Musingo, M. N., Basha, S. M., Sanders, T. H., Cole, R. J., & Blankenship, P. D. (1989). Effect of drought
and temperature stress on peanut (Arachis hypogaea L.) seed composition. Journal of Plant
Physiology, 134, 710-715.

Nautiyal, P. C., Ravindra, V., Zala, P. V., & Joshi, Y. C. (1999). Enhancement of yield in groundnut
following the imposition of transient soil-moisture-deficit stress during the vegetative
phase. Experimental Agriculture, 35(3), 371-385.

Pattee, H. E. & Young, C. T. (1982). Peanut Science and Technology, American Peanut Research and
Education Society, Inc., Yoakum, TX, USA. pp. 655-668.

Pattee, H. E., Williams, D. E., Sanchez-Dominguez, S., & Giesbrecht, F. G. (1995). Evaluation of Six
Landrace Accessions of Arachis hypogaea ssp. hypogaea var. hirsuta Kohler. 1. Descriptive and
Sensory. Peanut Science, 22(1), 18-22.

Peters, S., Mundree, S. G., Thomson, J. A, Farrant, J. M., & Keller, F. (2007). Protection mechanisms in
the resurrection plant Xerophytaviscosa (Baker): both sucrose and raffinose family
oligosaccharides (RFOs) accumulate in leaves in response to water deficit. Journal of
Experimental Botany, 58(8), 1947-1956.

Rachaputi, R., Chauhan, Y. S., & Wright, G. C. (2021). Peanut. In Crop physiology case histories for

major crops Academic Press,(pp. 360-382)

Rasve, S. D., Bharambe, P. R., &Ghonsikar, C. P. (1983). Effects of irrigation frequency and method of
cultivation on yield and quality of summer groundnut. Journal of Maharashtra Agricultural
Universities. 8, 51-59.

Reddy, T. Y., Reddy, V. R., &Anbumozhi, V. (2003). Physiological responses of groundnut (Arachis
hypogea L.) to drought stress and its amelioration: a critical review. Plant growth regulation, 41,
75-88.

Saini, H. S., & Srivastava, A. K. (1981). Osmotic stress and the nitrogen metabolism of two groundnut

(Arachis hypogaea L.) cultivars. Irrigation Science, 2, 185-192.

3671

= A JFANS

; .
lw International Journal of
Food And Mutritional Sciences
S e P e e e e Al o s e i o



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Sanders, T. H. (1980). Fatty acid composition of lipid classes in oils from peanuts differing in variety and
maturity. Journal of the American Oil Chemists Society, 57, 12-15

Sehgal, A., Sita, K., Siddique, K. H., Kumar, R., Bhogireddy, S., Varshney, R. K., ... & Nayyar, H.
(2018). Drought or/and heat-stress effects on seed filling in food crops: impacts on functional
biochemistry, seed yields, and nutritional quality. Frontiers in plant science, 9, 1705.

Sharma P.S. and Sivakumar M.V.K. (1991). Penetrometer soil resistance, pod number and yield of
peanuts as influenced by drought stress. Indian J. Plant Physiol.34 (2), 147-152.

Shashikant. P. (2019). Assessment of Proximate Composition of Groundnut Seeds and Characterisation of
their Extracted Oils from Different Varieties Grown in India Inter. Res. J. Eng. Tech. 6, 2395-
0056.

Singh, A. L. (2011). Physiological basis for realizing yield potentials in groundnut. In A. Hemantranjan

(Ed.), Advances in plant physiology, Scientific Publishers (India), Jodhpur(pp. 131-242).

Singh, A. L., Goswami, N., Nakar, R. N., Kalariya, K. A. & Chakraborty, K. (2014). Physiology of
groundnut under water stress. In A. L. Singh (Ed.), Recent advances in crop physiology. New
Delhi: Astral International (PVT.) Ltd, ( pp. 1-86).

Singh, A. L., Nakar, R. N., Goswami, N., Kalariya, K. A., Chakraborty, K., & Singh, M. (2013). Water
deficit stress and its management in groundnut. Physiology of Nutrition and Environmental
Stresses on Crop Productivity, 370.

Stirling, C. M., & Black, C. R. (1991). Stages of reproductive development in groundnut (Arachis
hypogaea L.) most susceptible to environmental stress. Tropical agriculture.68(3).

Sudhakar, P., Lathat, P., Babitha, M., Reddy, P.V. and Naidu, P.H. (2007). Relationship of drought
tolerance traits with aflatoxin contamination in groundnut. Indian J. Plant Physiol. 12, 261-265.

Teres, S., Barcel6-Coblijn, G., Benet, M., Alvarez, R., Bressani, R., Halver, J. E., &Escriba, P. V. (2008).
Oleic acid content is responsible for the reduction in blood pressure induced by olive
oil. Proceedings of the National Academy of Sciences, 105(37), 13811-13816.

Tharanathan, R. N., Wankhede, D. B. & Rao, M. R. R. (1975). Carbohydrate composition of groundnuts
(Arachis hypogaea). J. Sci. Food Agric. 26:749-754.

Toomer, O. T. (2018). Nutritional chemistry of the peanut (Arachis hypogaea). Critical Reviews in Food
Science and Nutrition, 58(17), 3042-3053.

Umar, S. (2006). Alleviating adverse effects of water stress on yield of sorghum, mustard and groundnut
by potassium application. Pak. J. Bot. 38, 1373-1380.

Vakharia, D.N., Kandoliya, U.K., Patel, N.J. & Parmeswaran, M. (1997). Effect of drought on lipid
metabolites: Relationship with pod yield in groundnut. Plant Physiology Biochem., 24, 102105.

=aed JEFANS 72
3 oeoe=H _ e
lw International Journal of
Food And Mutritional Sciences
S e P e e e e Al o s e i o



L §

s LITANS

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

ISSN PRINT 2319 1775 Online 2320 7876
Research paper ~ © 2012 IJFANS. All Rights Reserved,

Vassiliou, E. K., Gonzalez, A., Garcia, C., Tadros, J. H., Chakraborty, G., & Toney, J. H. (2009). Oleic
acid and peanut oil high in oleic acid reverse the inhibitory effect of insulin production of the
inflammatory cytokine TNF-a both in vitro and in vivo systems. Lipids in Health and
Disease, 8(1), 1-10.

Vorasoot, N., Songsri, P., Akkasaeng, C., Jogloy, S., &Patanothai, A. (2003). Effect of water stress on
yield and agronomic characters of peanut (Arachis hypogaea L.). Songklanakarin Journal of
Science and Technology, 25, 283-288.

Waliyar, F., Reddy, S.V., Subramaniam, K., Reddy, T.Y., Krama, D., Craufurd, P.Q., Wheeler, T.R.,
(2003). Importance of mycotoxins in food and feed in India. Aspect Appl. Biol., 68, 1-8

Wang, M. L., Khera, P., Pandey, M. K., Wang, H., Qiao, L., Feng, S., et al. (2015). Genetic mapping of
QTLs controlling fatty acids provided insights into the genetic control of fatty acid synthesis
pathway in peanut (Arachis hypogaea L.). PLoS ONE 10:e0119454.

WHO/IUIS. (2017). Allergen Nomenclature Sub-Committee. Allergen Nomenclature Search Database.
Arachis hypogaea (Peanut, groundnut).

Wu, F., Stacy, S. L., &Kensler, T. W. (2013). Global risk assessment of aflatoxins in maize and peanuts:
Are regulatory standards adequately protective?. toxicological sciences, 135(1), 251-259.

Wu, H., Wang, Q., Ma, T., & Ren, J. (2009). Comparative studies on the functional properties of various
protein concentrate preparations of peanut protein. Food Research International, 42(3), 343-348.

Xia, G., Wu, Q., Chi, D., Chen, J., & Wang, S. (2020). Enhancing water productivity while improving
peanut kernel quality by water regulation under different nitrogen levels. Irrigation and
Drainage, 69(1), 86-94.

Yao, J. P, Luo, Y. N., & Yang, X. D. (1982). Preliminary report on the effects of drought on seed
development and quality of early groundnut. Chinese Qil Crops ZhongguoYouliao, 3, 50-52.

Young, C.T. (1980). Amino acid composition of three commercial peanut varieties. Journal of Food
Science. 45, 1086-1087.

3673

W International Journal of
Food .ﬂ-nvr.l Nutrll onql 5:1: fences .



