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Abstract 
Corchorus olitorius (Jew’s mallow), is one of the African indigenous leafy 
vegetables increasingly getting attention as a possible contributor of both mi-
cronutrients and bioactive compounds including proteins, lipids, fiber and 
vitamin C to human nutrition. Leaves of Corchorus olitorius have been found 
to have high level of phytochemicals: flavonoids, polyphenols, tannins, and 
saponins that possess strong radical scavenging activity and antioxidant pow-
er. In the arid and semi-arid areas of the world, drought is the main limiting 
factor affecting plant productivity and influences almost all aspects of plant 
biology. Water stress deficit is known to cause oxidative stress condition that 
has generally been reported to elevate phenolic antioxidants in various crops 
including Jew’s mallow. On the other hand, fertilization is crucial for crop 
management and high yield, it also affects nutritional value of the food plants. 
Nitrogen (N) fertilization affects health and nutritional value, including min-
eral content, fatty acid profile, anti-oxidative capacity and polyphenol levels 
and composition. The possible effects of fertilization should be considered 
when deciding on fertilization regime, to optimize both plant physiology, 
productivity and food-related effects. Nitrogen is an important element for 
Jew’s mallow production since it responds well to it. However, appropriate 
amounts of nutrients need to be provided to crops at the right time to favor 
both crop growth, yield and quality. Different reports confirmed that addition 
or increase of N, negatively affects the total phenolics and total flavonoids, 
and reduces accumulation of defense-related secondary metabolites resulting 
in lower oxidative capacity. Increased secondary metabolite production dur-
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ing water deficit and low nitrogen in the soil has been reported as a stress 
mechanism by most plants. However, further research is required to explore the 
biochemical response of Jew’s mallow to water deficit and nitrogen fertilization. 
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1. Introduction 

The genus Corchorus consists of some 50-60 species, of which about 30 are 
found in Africa [1]. Corchorus is mainly known for its fibre product jute and for 
its leafy vegetables [2]. Jute is mainly extracted from Corchorus olitorius L. and 
Corchorus capsularis L., a species from India. Several species of Corchorus are 
used as a vegetable, of which Corchorus olitorius L is most frequently cultivated. 
Corchorus olitorius L is basically self-pollinating, but levels of 10% - 13% out-
crossing have been reported [3] [4]. Deliberate crossing by hand was found to be 
particularly difficult due to flower drop after emasculation. Natural crossings are 
found, but these are rather difficult to control. 

Jew’s mallow, is one of the African indigenous leafy vegetables increasingly 
recognized as a possible contributor of micronutrients and bioactive compounds 
[5]. Nutritionally, Corchorus olitorius leaves are rich in beta-carotene, iron, cal-
cium, fiber, vitamin C, A, E, proteins, sodium and folic acid [6]. Indigenous leafy 
vegetables contain ascorbic acid which enhances iron absorption and is compat-
ible for use with starchy food [7]. Jew’s mallow has been perceived as a valuable 
source of nutrition in rural areas in addition to adding diversity to diet. There-
fore, there should be inclusion of indigenous leafy vegetables in the diet to over-
come various deficiencies. Interestingly, exotic vegetables such as cabbage are 
reported to have minerals and vitamins lower than those found in indigenous 
leafy vegetables [6]. 

African edible species of Corchorus are annual or short-lived perennial crops, 
up to 2 m high. Their stems are well developed with abundant fibers in the 
phloem tissue, which is why they are also used as fiber crops [8]. It is an annual 
or biennial herb, erect, stout, strongly branched, that varies in height from 0.20 
to approximately 2 m, depending on the genotype. The stems of Jew’s mallow 
are angular with simple oblong to lanceolate leaves measuring 5 to 15 cm in 
length. These leaves have a long, acuminate tip and a serrated or lobed margin. 
The flowers are small, 2 to 3 cm in diameter and yellow, with five petals. The 
flowers have both male and female organs and are pollinated by insects [9]. The 
fruit of Jew’s mallow is globular while some were reported to be long [10] [11].  

1.1. Geographical Distribution and Climatic Requirements 

Jew mallow is native to tropical and subtropical regions, the origin of Jew’s mal-
low is reportedly unknown, but has reportedly been cultivated for centuries, in 
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Asia and Africa [2], It occurs in the wild on both continents. Because of the 
much wider diversity within this species in Africa and the occurrence of several 
related species in Africa, an African origin for Corchorus olitorius is more likely 
[9]. Throughout the world Corchorus olitorius is a vegetable eaten in both dry 
and semi-arid regions and in the humid areas of Africa. It has been largely pro-
duced as a very important vegetable in arid regions of the Middle East and Afri-
ca. It is an important green leafy vegetable in many countries including Egypt, 
Southern Asia, Japan, India, China, Lebanon, Palestine, Syria, Jordan, Tunisia 
and Nigeria. It is a leading leafy vegetable in Côte d’Ivoire, Benin, Nigeria, Ca-
meroon, Sudan, Kenya, Uganda and Zimbabwe. It is also cultivated as a leafy 
vegetable in the Caribbean, Brazil, India, Bangladesh, China and the Middle East 
[9] [12] [13]. It is cultivated for fiber in Asia (India, Bangladesh and China).  

Climatic Requirements 
Jew’s mallow needs alluvial soil and well drained fertile soils, clay soils are not 
suitable [9]. It tolerates a pH ranging from 4.5 to 8.2 [12]. Temperatures from 
20˚C to 40˚C and relative humidity of 70% - 80% are favorable for successful 
cultivation, and more during the sowing period. The optimum temperature is 
25˚C to 32˚C, where temperatures below 15˚C are detrimental to the crop. It 
cannot grow in the shade and the crop performs well in areas with rainfall of 
between 600 and 2000 mm/year. Jew’s mallow is susceptible to drought at dif-
ferent stages of growth and especially during the flowering stage. High vegetative 
yields can therefore be obtained with increases in water application. It requires 
moist soil, but cannot tolerate waterlogging. Corchorus species appear to be able 
to adapt themselves to harsh conditions [9]. 

1.2. Nutritional Importance of Jew’s Mallow 

Jew’s mallow, is one of the African indigenous leafy vegetables increasingly rec-
ognized as a possible contributor of both micronutrients and bioactive com-
pounds [5]. Nutritionally, Corchorus olitorius leaves are rich in beta-carotene, 
iron, calcium, fiber, vitamin C, A, E, proteins, sodium and folic acid [6]. It has 
been perceived as a valuable source of nutrition in rural areas in addition to 
adding diversity to diet. Therefore, there should be inclusion of indigenous leafy 
vegetables in the diet to overcome various deficiencies. Interestingly, the exotic 
vegetables such as cabbage are reported to have minerals and vitamins lower 
than those found in indigenous leafy vegetables [6]. Table 1 below summarizes 
the reported nutritional value of Jew’s mallow leaves from different accessions 
and varieties. 

1.3. Phytochemical/Bioactive Compounds in Plants 

Phytochemicals are defined as bioactive compounds/ chemicals in fruits, vegeta-
bles, grains and other plant foods that may provide sensible health benefits past 
basic nutrition to minimize the chances of major chronic disease infections [26]. 
Among them are the polyphenols, flavonoids, isoflavonoids, terpenoids, careto-
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noids, anthocyanidins, phytosterol and fiber and they are antioxidants rich phy-
tochemicals [27]. Bioactive compounds have great antioxidant capability and are 
of great interest to their beneficial effects on health of humans. Epidemiological 
trials suggest that the regular consumption of fruits, vegetables and whole grain 
reduce the risk of various diseases linked with oxidative damage [28]. Free radi-
cal scavenger acts as hydrogen donors, electron donor, peroxide decomposer, 
enzyme inhibitor and singlet oxygen quencher. The protective role of phyto-
chemicals may be associated with their antioxidant activity since overproduction 
of oxidants (Reactive Oxygen Species and Reactive Nitrogen Species) in human 
body is involved in the pathogenesis of many chronic diseases [29]. These phy-
tochemicals are classified as primary and secondary constituents depending on 
their role in plant metabolism [27]. Primary metabolites include chlorophyll, 
common sugars, amino acids, proteins, purines, while secondary metabolites in-
clude alkaloids, flavonoids, tannins, proine lipids, terpenes, phenolics, carbohy-
drates. Antioxidants are secondary metabolites. 
 

Table 1. Nutritional value of Corchorus olitorius leaves. 

Leaf mass 
used 

Moisture% 
Energy 
(Cal) 

Proteins 
(g) 

Fibre 
(g) 

Carbohydrate 
(g) 

Ash (g) Ca (mg) P (mg) Fe (mg) Na (mg) K (mg) Vit A Vit C Authors 

100 g 80 - 84.1 43 - 58 4.5 - 5.6 1.7 - 2 7.6 - 12.4 2.4 266 - 366 97.12 11.6 12 444 6.39 95 [14] [15] 

10 g 11.31 - 18.18 - 50.59 - 62.96 - 6.72 - 17.94 4.42 - 8.82 3.52 - 11.17 - - - - - - [16] 

100 g 14.3 - 1.26% 33.61% 0.03 - - - - - - - - [17] 

100 g - - - - - - 1.2 - 1.31% - 
0.02% - 
0.051% 

0.32% - 
0.51% 

2.08% - 
3.10% 

- - [18] 

100 g 10.2 117.2 22.1 12.3 42.2 10.8 33.3 2.67 4.15 21.8 28.3 - - [19] 

100 g - 200.78 12.54 - 19.56 18.36 30.55 6.68 19.53 54.56 281.15 - - [20] 

100 g 83 55 5.6 1.9 12.4 2.3 365 99 11.5 12 444 - 53 - 80 [21] 

100 g - - 162.20 20.30 695 105.20 0.347 0.258 0.228 - - - - [22] 

100 g - - 4.8 - 6 1 - 5 5 - 259 - 269 - 4.5 - 8 - - 7.7 101 [23] 

100 g - - 4.8 - - - 259 - 4.5 - - 4.7 105 [24] 

100 g 10.06 1.53 28.83% 7.36% - 12.01%    - - - - [25] 

 
Plant secondary metabolites are unique sources for pharmaceuticals, food ad-

ditives, flavors, and industrially important biochemical. Accumulation of such 
metabolites often occurs in plants subjected to stresses including various elicitors 
or signal molecules [30]. Secondary metabolites play a significant role in the ad-
justment of plants to the environment and in overcoming unfavorable condi-
tions. Environmental factors such as temperature, humidity, light intensity, the 
supply of water, minerals and CO2 influence the growth of a plant and secondary 
metabolite production. Drought, high salinity and freezing temperatures are en-
vironmental conditions that cause unfavorable effects on the growth of plants 
and the productivity of crops. 
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2. Bioactive Compounds and Antioxidant Activity of  
Corchorus olitorius Plant 

Corchorus olitorius leaf is used as folk medicine in Jew’s mallow farming com-
munities possibly because it has been reported to be rich in secondary metabo-
lites [31]. It has been reported that different chronic diseases like obesity, di-
abetes, tumors and cardiovascular diseases are well managed by Jew’s mallow 
and can halt their progression [31]. It was found that these plants are good die-
tary source of some phytochemicals such as tannins, flavonoids, and other po-
lyphenolics [32]. Secondary metabolites such as phenolic compounds in plants 
manifest a wide range of physiological properties, such as anti-inflammatory, 
cardio protective, antioxidant, anti-allergenic, anti-microbial, anti-atherogenic, 
anti-thrombotic and vasodilatory effects [29]. In Europe, Jew’s mallow was in-
troduced as a functional food because of the phytochemicals that are present in 
its leaves [33]. These essential compounds accumulation in plant leaves is asso-
ciated with photo-inhibition and photo-respiration in particular. Public health 
care is still a great challenge for the population in developing countries which 
are still mostly in the marginal income bracket, where the use of food as an al-
ternative source of health intervention is still very critical. Therefore, improve-
ment of this important indigenous leafy vegetable becomes more remarkable 
because of its wide utilization among the population. 

Corchorus olitorius leaves possess an abundance of minerals, antioxidant 
compounds associated with various biological properties, which include diuretic 
and antimicrobial activities, antitumor and phenolic anti-oxidative compounds, 
anti-obesity and gastro-protective [34]. Different experiments have shown that 
plant parts, such as roots, barks, leaves and seeds, of Corchorus olitorius contain 
flavonoids, cardiac glycosides, fatty acids, triterponoids, polysaccharides and 
phenolics [35] [36] [37] [38]. Secondary metabolite molecules in plant foods as-
sociated with various biological activities are present in the leaves of Corchorus 
olitorius; these include high levels of tannins, flavonoids, saponins and poly-
phenols that possess strong antioxidant power and radical scavenging activity.  

These bioactive compound concentrations are strongly dependent on geno-
types [39]. The curative potential and nutritional values of the Jew’s mallow 
leaves have led to studies on antioxidant potency and chemical content of the 
leaves in order to find promising new sources of natural antioxidants. Research 
with newly isolated compounds has shown that Corchorus olitorius leaves pos-
sess high levels of antioxidants and microbial activities [40]. These polyphenolics 
compounds can directly contribute to antioxidant actions within a cell and have 
come to be attractive natural ingredients in the pharmaceutical and cosmetic 
industries because they are excellent electron donors and possess distinctive 
beneficial biological properties [41]. Certain tannins have been shown to inhibit 
human immune deficiency virus (HIV) replication because of their therapeutic 
properties hence tannins being used in the treatment of different diseases to 
boost human health. Nevertheless, research about the phytochemical constitu-

https://doi.org/10.4236/jbm.2024.126022


S. B. Pholoma et al. 
 

 

DOI: 10.4236/jbm.2024.126022 260 Journal of Biosciences and Medicines 
 

ents of Jew’s mallow genotypes ought to assist in developing an extended per-
ception and understanding of the medicinal and nutraceutical value of Jew’s 
mallow, which in turn could enhance its consumption. In addition, there is a 
need to understand how this plant bioactive compounds respond to water deficit 
which is common in semi—arid areas, not only that, even the nitrogen fertiliza-
tion but because of the commonly poor soils especially in N and P. 

The aspect of a quality in medicinal plants including indigenous vegetables 
such as Corchorus olitorius is very important [42]. Quality of the product is de-
termined by the presence of secondary metabolites such as saponins, alkaloids, 
tannins, steroids, phenolic compounds in plants. The qualitative and quantita-
tive determination of secondary metabolites in various parts of the plant can be 
influenced by managing factors or farming practices [43]. Secondary metabolites 
like flavonoids have a special role in determining plant quality because they con-
tribute to the color and flavors of vegetables and fruits and may have high anti-
oxidants level that help protect human from degenerative diseases. Secondary 
metabolite molecules in plants food are attributed to various biological activities, 
the present and definitive findings demonstrate that leaves of Corchorus capsu-
laris and Corchorus olitorius with the high level of phytochemical constituents 
include flavonoids, polyphenols, tannins, and saponins that possess strong radi-
cal scavenging activity and antioxidant power [38]. Similar conclusions were 
drawn for Principal Component Analysis (PCA) or Hierarchical Cluster Analy-
sis (HCA) based on data sets. Based on the HCA and PCA, 30 populations be-
longing to Corchorus capsularis and Corchorus olitorius effectively formed five 
distinct groups. Results showed that bioactive compounds, especially flavonoids, 
polyphenols, and total tannins were detected. Therefore, some accessions could 
serve as elite material for facilitating breeding strategies to supply a promising 
potential as an outstanding source of natural antioxidants in food, pharmaceuti-
cal, and cosmetics industry. The presence of different phytochemicals including 
cholesterol, alkaloids, phenols, riboflavin, saponins, flavonoids, terpenoids, tan-
nins, glycosides [44] was demonstrated. In addition to that, the samples also 
proved antioxidant activity by inhibiting DPPH radical. It has been demonstrat-
ed that the antioxidant effect of plant products is mainly due to radical scaveng-
ing activity ability of phenolic compounds such as flavonoids, tannins, phenols 
and alkaloids [45].  

[46] reported that, the methanolic extract of Corchorus olitorius exhibited 
good antioxidant and antidiabetic potential and polyphenols were proven to be 
responsible for the antioxidant and antidiabetic effects. The qualitative phyto-
chemical determination showed the presence of saponin, glycosides, gum, tan-
nin, phenolic compounds, where the total phenolics and total flavonoids were 
expressed in terms 0.3 - 0.07 mg GAE per gram equivalents. Furthermore, they 
reported the half maximal inhibitory concentration (IC50) values of the DPPH 
radical scavenging activity as 37.65 µg∙mL−1. Plants containing phenolics and 
flavonoids class of compounds are reported to possess excellent antioxidant ac-
tivity [47]. In another study by [48], they reported that, the antioxidant effect of 
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the aqueous extract of Corchorus olitorius may be attributed due to its higher 
TPC, TFC and ascorbic acid content. Therefore, the presence of medicinally 
important metabolites in different parts of Corchorus olitorius justifies its use in 
different health disorders treatment [49] including diabetes mellitus [50]. 

Furthermore, the phenolic index revealed significant differences in total po-
lyphenols among the accessions of Corchorus olitorius. The highest values of 
polyphenols were measured in accession from India and Japan, with absorbance 
values of 54.2 and 58.31 ABS320nm g−1 FW, respectively [33]. The lowest values 
were measured in the accessions from China and Libya, with values of 24.1 and 
20.1 ABS320nm g−1 FW, respectively. Moreover, the same trend was found for 
the phenolic content (Gallic Acid Equivalent) in the leaves. Carotenoid and 
chlorophyll levels in Corchorus olitorius leaves changed significantly between 
different accessions. In fact, the amount of carotenoids in Corchorus olitorius 
leaves changed in correlation with chlorophyll according to their physiological 
action of supplementary pigments. Despite this correlation, significant differ-
ences in carotenoid content among the accessions were less pronounced than 
those for chlorophyll. 

The increase in secondary metabolites and antioxidant activity may be caused 
by the presence of various major (i.e. nitrogen, potassium and phosphorus) and 
minor elements in organic fertilizers and inorganic fertilizers [51]. High nutrient 
availability leads to an increase in plant growth and development, but it reduces 
the allocation of resources to produce secondary metabolites [52]. Macronu-
trients have a significant effect on plant growth and polyphenols and antioxi-
dants accumulation [53]. Among the major nutrients nitrogen is the most im-
portant element in plant nutrition and is a primary plant nutrient to achieve 
maximum yield in crop [54]. In addition, nitrogen nutrition influences both the 
primary and secondary metabolic pathways thus secondary plant metabolites 
accumulation [55]. It has been reported that drought affects the secondary me-
tabolites [56]. Drought stress triggers downstream pathway such as phy-
to-hormone homeostasis and their signaling pathways, consequently this in-
itiates the biosynthesis of different types of protective secondary metabolites. 
They provide multi-stress tolerance including abiotic and biotic stresses. 

2.1. Response of Corchorus olitorius Bioactive Compounds to  
Water Deficit Growing Conditions 

Drought is one of the factors influencing almost all aspects of plant biology and 
productivity in the arid and semi-arid areas of the world [57]. Despite the good 
nutritional quality and medicinal values of Jew’s mallow, its production is li-
mited to the rainy season. In drought conditions, soil becomes dry and drought 
stress is perceived through roots as a stress signal through cell-to-cell signaling 
networks [56]. These stress signals subsequently travel to the leaves through the 
roots to shoot signaling via xylem to induce the systemic phyto-hormone sig-
naling and secondary metabolites biosynthesis. Recently, there has been an in-
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creasing interest in various elicitors employed to induce the synthesis of second-
ary metabolites [58]. Environmental stresses especially water stress have been 
considered as the main factor responsible for the elevated metabolites content in 
plants [59]. Water deficit or osmotic stress leads to increased formation of Reac-
tive Oxygen Species (ROS) which can be detrimental to cellular components at 
high concentrations. ROS damage membrane, increases malondialdehyde 
(MDA) content, alters activities of antioxidant enzymes, photosynthetic appara-
tus, different functional elements of plants. On the other hand, antioxidants, 
both enzymatic (peroxidases, superoxide dismutase, catalase) and non-enzymatic 
(phytochemicals) play a defense role in diminishing the activities of the free rad-
icals in plants [60]. Plants increase the activities of antioxidants enzymes which 
is considered as one of the abiotic stress tolerance strategies in plants [61].  

Included among secondary metabolites with a high antioxidant capacity are 
polyphenols/flavonoids compounds that have since received an increasing atten-
tion not only for their beneficial effects on human health but also for the protec-
tion they provide against oxidative injury in plants under abiotic stress [62]. In-
creased polyphenols and flavonoids have been reported in response to water 
deficit [63]. Water stress deficit is known to cause oxidative stress condition that 
was generally reported to elevate phenolic antioxidants in various crops [64]. 

A significant elevation of polyphenols concentration in the tolerant genotypes 
of Corchorus olitorius following water deficit stress as compared to control 
group [65] was reported, however the total flavonoids content was decreased 
significantly. The susceptible genotypes were found to produce significantly in-
creased flavonoids concentration as compared to water deficit stress tolerant 
genotypes following progressive water stress treatment. Interestingly, the sus-
ceptible genotypes were found to have significantly reduced polyphenols content 
after a progressive water deficit stress. These results were in agreement with the 
other reports findings where it was reported that, depending upon the species 
genotype and cultivar, the level of these antioxidants varied following the water 
deficit stress in different crops [66] [67] [68]. This signifies the dynamic role of 
polyphenols and flavonoids towards stress adaptation of Corchorus olitorius 
genotypes subjected to prolonged water deficit stress. In addition, Corchorus 
olitorius has been reported rich in several polyphenols and their amount and 
composition are not modified by stressful cultivation conditions such as reduc-
tion in water irrigation [69]. Generally, environmental stressors such as osmotic 
stress due to water scarcity, may be able to elicit the production of secondary 
metabolites in the leaves as it happens in the case of amaranth [70] and Corcho-
rus olitorius itself although these species were found to greatly vary in its res-
ponses depending on the genotype [65]. In contrary, [61] observed that, Cor-
chorus olitorius responded differently under different abiotic stress including 
drought, salinity, temperature, waterlogging, heavy metals amongst them. Severe 
oxidative damage and ion leakage were recorded in drought stress compared to 
other stress. However, at severe water logging stress, there was upregulation of 
antioxidant enzyme activities compared to other stresses. Table 2 below sum-
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marizes findings on response of Corchorus species to different abiotic stress fac-
tors. 
 

Table 2. Response of Corchorus species and other plants’ bioactive compounds to some abiotic and water deficit stress related factors. 

Water deficit related stress factor Findings Authors 

Salinity on the Corchorus olitorius 
Reduced total tannins by 1.3% while the phenolic compounds increased by 
6% as well as the proline content. 

[71] 

Salinity on Corchorus spp Increasing trend in melondialdehyde (MDA) with an increase in salinity [72] 

Water deficit on Corchorus capsularis 
An increased hydrogen peroxide content was observed upon exposure to 
water deficit condition. 

[73] 

Heavy metal on Corchorus capsularis 
Increased activity of a scorbate peroxidase (APX) seedlings at different levels 
of copper stress due to overproduction of reactive oxygen species (ROS) was 
observed. 

[74] 

Water deficit on Solanum villosum 
Water deficit increased the phenolic content and the total antioxidants by 
52.68%. 

[75] 

Drought on A. cruentus accessions 
Flavonoids of the selected species and accessions were not significantly in-
fluenced by drought, only the total phenolic acid significantly increased with 
increasing drought stress. 

[76] 

Water deficit on lettuce 
Only one cultivar among others responded to different water regime 
through increasing phenolic compounds. 

[77] 

Water deficit on olive tree 
Elevated values of phenolic compounds were reported to be a well-known 
mechanism in the olive trees against water deficit. 

[78] [79] 
[80] 

Reduced irrigation on basil 
Flavonoids and phenolic compounds increased under drought stress where 
they had higher amount under reduced irrigation than normal irrigation. 

[81] 

Water deficit on pea varieties 
Significant increase in total flavonoids concentration was detected across all 
three pea varieties under severe stress condition. 

[82] 

Water deficit on Solanum lycopersium At 60% field capacity, the MDA content increased by 83%. [83] 

 
It is therefore sensible to conduct empirical studies on every economically 

important species to establish the influence of water deficit on final market pro-
duce, this is due to the remarkable variability in the influence of moisture 
stresses on the physiological and nutritional qualities of different crop species 
including Corchorus olitorius. Further studies are required to explore the bio-
chemical and genetic response of Corchorus species under water deficit which 
will be helpful for understanding the tolerance mechanisms as it has been stu-
died with other plants. 

2.2. Response of Plant Bioactive Compounds to Nitrogen  
Fertilization 

Nitrogen nutrition plays a major role not only in plant growth and yield deter-
mination but also in quality composition. Nitrogen fertilizer usage in crop pro-
duction significantly enhances not only plant growth but even crop quality [84]. 
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However, when fertilizer is used, amounts are very variable due to variation of 
nutrients in the soil and farmers need to establish rates that are most economical 
for their production purpose. Nitrogen is an important element for Jew’s Mallow 
production since it responds well to it [85]. Therefore, appropriate amounts of 
nutrients need to be provided to crops at the right time to favor both crop 
growth, yield and quality. Both the primary and secondary metabolism of higher 
plants is influenced by mineral nutrition [86]. Species growing in nutrient-poor 
habitats often have traits that lead to high nutrient retention and high levels of 
secondary metabolites [87] but the effect is species dependent. Deficiency in 
mineral elements such as nitrogen, phosphorous and potassium have been re-
ported to up-regulate the amounts of polyphenols either as existing pools or by 
inducing their de novo synthesis [88]. [89] observed an increased amount of 
flavonoids as a consequence of phosphorus and water limitation. Table 3 sum-
marizes response of some medicinal plants to nitrogen fertilization. However, 
response of Corchorus olitorius bioactive compounds to nitrogen fertilization is 
under-researched. 
 

Table 3. Effects of nitrogen fertilization (soil nutrition) on medicinal plants bioactive compounds. 

Nutrition effect on specific plant Findings Authors 

Nitrogen application on Allium fistulosum. 

Total phenolic content increased to highest level of 22.66 mg GAE/g DW 
at 260 kg N/ha with no significant difference between control and 130kg 
N/ha application. Total flavonoids content (760 mg/g DW highest in 
 samples of 130 kg N/ha. 

[90] 

Nitrogen application on Camellia sinensis Nitrogen deficiency and excess nitrogen have inhibitory effect on  
biosynthesis of flavonoids. 

[91] 

Nitrogen application on Allium fistulosum 

Flavonoids content was not significantly different after treatment with 
high or low levels of nitrogen fertilizer and was concluded that N may be 
able to increase flavonoids at certain concentration beyond which no 
further accumulation can be induced. 

[92] 

Nitrogen application on Cynara scolymus L. 
200kg N/ha application improved the growth but significantly reduced 
total phenols, total flavonoids, antioxidant activity. 

[93] 

Nitrogen application on  
Labisia pumila Blume 

High amounts of nitrogen decreased the production of secondary metabo-
lites. Production of the total flavonoids and total phenols reached their 
peak at control followed by 90kg N/ha and this increase in production 
under low nitrogen correlated with enhanced phenylalanine lyase activity. 

[94] 

Nitrogen on strawberry 
Biosynthesis of secondary metabolites was stimulated by nitrogen  
deficiency and it was found that flavonoids and phenols were crucial 
factors in determining the antioxidant activity of this plant. 

[95] 

Nitrogen application on  
Chrysanthemum morifolium 

Heavy nitrogen fertilization decreased antioxidant activity of the flower [96] 

Nitrogen application on Java cardamom 
There was no significance difference at all levels of control, 9 and 1.3 g 
N/polybag where the highest total phenols were reported on the highest 
level but was not significantly different from other levels. 

[97] 
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Continued 

Nitrogen application on green cardamum 
The highest total phenolic content was observed on treatment without 
nitrogen fertilizer at 33.45 mg GAE/g DW. 

[98] 

NPK application on Solanum muricatum 
Aiton. 

An increase in NPK fertilizer rate led toan increase in metabolites up to 
200kg/ha after which contents decreased. The control favoured the  
accumulation of total phenolic content. At 400 kg/ha rate, phenolic  
content decreased in both growing environment. 

[99] 

Nitrogen forms application on  
Amaranth plant 

Sole NH4+ induced stress enhanced total flavonoids, phenolics and 
natural antioxidants with effective antioxidative capacity; a striking 
metabolic plasticity observed during plant growth and survival trade-off 
in vegetable amaranth. 

[100] 

Nitrogen application on sweet basils 
Synthesis of secondary metabolites was stimulated by nitrogen defi-
ciency and this enhanced the accumulation of the total phenolic content. 

[101] 

Nitrogen application on ripe pepino fruits The phenolic content increased under the control treatment [102] 

Nitrogen applicant on Vitex negundo Linn 

The nitrogen treated showed an enhanced total flavonoid at a low nitro-
gen fertilization but the content decreased with increasing nitrogen fer-
tilization. The total phenolic content in nitrogen treated was not signifi-
cantly different from the control. 

[103] 

Nitrogen application on Subaratic tundra 
Nitrogen addition reduced the condensed tannins and the total phenolic 
content 

[104] 

Phosphorous application on nightshade Elevated total phenolic and antioxidant activity in black nightshade [105] 

 
The effects of N fertilization on the biosynthesis of polyphenols have been re-

ported to be dependent on species [106]. In general, increasing N fertilization 
increases the biomass production, but may cause a reduction in the concentra-
tion and yield of secondary metabolites. The negative effect of nitrogen on phe-
nol concentration can possibly be attributed to competition of phenylalanine 
which can be used in phenolic synthesis [107]. Phenylalanine is a precursor in 
the biosynthesis of phenolic. Therefore, there might be a competition for pheny-
lalanine between protein synthesis and secondary metabolites synthesis. Hence 
biosynthesis of secondary metabolites might be inhibited due to incorporation of 
phenylalanine into protein synthesis. Its gene expression increases under N dep-
letion [107]. However, effects of nitrogen fertilization on bioactive compounds 
of Jew’s mallow have not been exploited like other crops which give researchers 
the opportunity to research the plant response to nitrogen fertilization.  

Generally, plants growing in nitrogen poor condition are thought to contain 
more secondary metabolites compounds than plants growing in a nitrogen rich 
environment possibly because, in high nitrogen available nutrient environment, 
large amounts of carbohydrates are allocated to primary metabolism (protein 
metabolism) while secondary metabolites are limited. Inversely, primary and 
secondary metabolism competes for available assimilates and there is a trade off 
in the Carbon allocation. That is the possible reason photosynthesis is less sensi-
tive to N limitation than growth, implying that carbohydrates accumulations can 
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exceed growth demand resulting in the C atom availability for conversion in 
carbon based secondary metabolites. This is because when growth is limited, the 
accumulated carbohydrates-carbon atom will be converted to metabolites. These 
effects of nitrogen on plants should be well considered when deciding on the fer-
tilization regime, to optimize both plant physiology, productivity and food re-
lated effects. But there has not been exploitation on how the different levels of 
nitrogen affects the antioxidants of Jew’s mallow as the water deficit effects on 
the bioactive compounds. 

3. Conclusion and Recommendations 

Water and nitrogen are two major limitations in crop production. Abiotic stresses 
like drought and mineral nutrition are commonly interconnected through some 
physiological elicit in stressed plants, such as synthesis of protective plant com-
pounds as a response to stress. Many of these are produced within plant primary 
and secondary metabolism, as a functional compound not exclusively in plants, 
but even in other organisms as well. Many of the bioactive compounds in 
bio-stimulants can support plant stress tolerance and productivity in adverse 
growth and it is the metabolites that can influence the plant’s edible part quality. 
An understanding of the genetic and physiological basis of drought tolerance 
would facilitate the development of improved crop management and breeding 
techniques and lead to better yield in unfavorable environments including the N 
response. Their tolerance to water-limited conditions is a complex phenomenon 
that involves specific morphological and developmental mechanisms with phy-
siological change. It is therefore concluded that Corchorus olitorius showed to 
be a promising plant for improving health benefits and agricultural sustainability 
due to the great number of antioxidant compounds in leaves, whose occurrence 
is not altered by stressful farming conditions due to its adaptability possibly as a 
survival mechanism strategy, by increasing antioxidants contents. However, the 
water deficit response on Corchorus olitorius has been exploited while the ni-
trogen fertilization response on bioactive compounds has not been fully ex-
ploited which requires further investigation. Because of the existing gap on the 
effects of growing conditions on its bioactive compounds, it is recommended 
that studies be conducted to explore the nitrogen nutrition as well as the interac-
tion of the water deficit and nitrogen nutrition on the bioactive compounds 
concentration. 
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