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 multipurpose crop from the Brassicaceae family, mustard has been grown since 3000 
BCE and has industrial, culinary, and medicinal uses. Due to their rich lipid, phenolic, 
and glucosinolate content, key species, white (Sinapis alba), black (Brassica nigra), and 

brown (Brassica juncea) offer special advantages. These substances have antibacterial, anti-
inflammatory, and antioxidant qualities that support heart health, diabetes control, and cancer 
prevention. Concerns about the erucic acid content in Brassica oil, which is used extensively 
in culinary and medicine, have led to attempts to create safer, lower-erucic-acid varieties. 
Mustard is a natural preservative due to its antibacterial qualities, especially those derived from 
allyl isothiocyanate, and its usage in food preservation and functional foods is further enhanced 
by phenolic compounds like sinapine. Meals made from mustard seeds have additional uses as 
soil improvers and biopesticides. Despite its potential, issues including toxicity and 
adulteration call for additional research and quality controls. The numerous uses of mustard 
in industry, sustainable agriculture, and health highlight its significance and call for further 
development and regulation to ensure its safer and wider usage. 
KeyWords: Bio-pesticides, Erucic acid, Phenolic compounds, Sustainable agriculture,  
Introduction: 

Mustard has been revered for millennia as one of the most widely cultivated and 
versatile plants in the world, and it stands among the oldest known condiments in human 
history. Historical evidence suggests that mustard plants were first cultivated around 3000 B.C. 
[1]. This plant is related to the family Brassica and sub-family Cruciferae or Brassicaceae is the 
mustard seed (Brassica nigra). The important stage in crop development is planting the seed, 
and typical hands-on methods are time-consuming, ineffective and labor-intensive [2]. Almost 
all of the most widely grown types in this family are members of the six species which also 
includes 2 of the 3 most significant species of mustard [3]. The various benefits of mechanized 
sowing include reduced cultivation costs, improved precision, faster operations, and more 
efficient harvesting [4][5]. However, conventional planters often do not have the elements 
required to satisfy the particular requirements of sowing mustard seeds. Mustard ranks as the 
third-largest oil-producing crop in the world, following palm and soybean, and is widely 
cultivated for its valuable oil content. Around 38 million metric tons of mustard are yielded all 
over the world, and overall 12–14 million metric tons of oil are produced [6].  
  

A 
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The genus Sinapis L. encompasses a variety of mustard species, notably including 
Charlock mustard and White mustard. The Brassicaceae family, which includes three genera, 
is primarily used for commercial purposes and mustard condiments. The cultivated variety, S. 
Alba L., is similar to Brassica species and has larger, white mustard seeds. Mustard is primarily 
cultivated for its seeds, which are valued for their high oil content, and it is also commonly 
used as a spice, particularly in warmer regions.  It is planted as a green food crop, catch crop 
or green manure in cold climates. The market offers several kinds of mustard fusions created 
from white mustard. In this case, white seeds are used to make American ballpark mustard, 
which is then combined with spices and vinegar and typically colored with turmeric. 

White mustard kernels have a unique glucosinolate sinalbin, which is degraded by 
enzymes to 4-hydroxy benzyl isothiocyanate, causing the mustard's strong flavor and 
unpleasant smell. However, it has a softer flavor compared to other mustard species. White 
mustard seeds are commonly used in pickle gherkins [3]. Several varieties of yellow mustard 
exhibit distinct characteristics, such as early maturation, resistance to nematodes, low erucic 
acid content, or modified glucosinolate levels. More than 100 variant of S. Alba L. are included 
in the collection of agricultural plant species varieties [7]. Black mustard, also known as 
Brassica nigra, is a type of mustard with blackish dark-red seeds that are slightly bitter and 
sharp-tasting. The main glucosinolate found in mustard seeds, sinigrin, can hydrolyze into 
allyl-isothiocyanate (AITC), which is responsible for the seeds' strong, pungent aroma [8]. 
Mustard oil is a widely used as organic oil in South Asia, Russia, and China, used to enhance 
food flavor and nutritional content. It is extracted from the seeds of Brassica species, including 
brown, black, and white mustard. The oil contains protein, fixed oils, and carbohydrates, with 
a small proportion of water, volatile oil, fiber, mineral, and phytin. It can be used internally 
and externally for medicinal purposes and culinary purposes [9]. Mustard seeds contain 
antioxidant compounds like phenolic composites like ferulic acid, synaptic acid, and 3,4-
dihydroxybenzoic acid. These compounds can be extracted using a water and acetone solution 
to prevent food spoilage. Ultrasound extraction can minimize temperature and time required 
for effective extraction [10]. Since the beginning of time mustard kernels have been used for 
cooking purposes [11]. Mustard seeds can be used as a cause of bioactive compounds in 
foodstuff, because of the presence of antioxidants and glucosinolates, along with them 
distinguish flavor. Scientists are exploring the use of ground mustard in meat-based food 
storage to delay lipid oxidation and inhibit microorganism growth. White mustard has been 
found to be more effective in sensory assessment compared to brown and black mustard, 
indicating that mustard can be a more effective alternative for meat-based products [12].  
Objectives: 
This research aims to: 

• Explore the nutritional composition and bioactive compounds of mustard seeds and 
leaves; 

• Evaluate the therapeutic and functional applications of mustard in food and medicine; 

• Discuss the challenges and future perspectives of mustard utilization in sustainable 
agriculture, health, and industry. 

Due to the presence of physiologically progressive chemicals in the plants and their 
seeds, mustard is once thought of as a medical plant rather than a savory one. These so-called 
"bioactive compounds" and generally found in a variety of natural sources and are 
distinguished by particular functions. These phytochemicals have been studied in various 
commercial areas, leading to increased nutritional innovations and product improvements. 
Technological advancements have led to the production of food yields with potential 
medicinal and fitness benefits, resulting in a variety of naturally active substances in various 
forms, such as nutritional supplements, for various health goals. However, these substances 
often lack a solid scientific base for their safety or efficacy [13][14]. 
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Types of Mustard: 
White Mustard: 

Sinapis Alba L., a Mediterranean weed and cultivated plant species, is a popular 
mustard in Europe and North America for food handling and condiment industries. It 
contains palatable oilseeds, fast-growing salads, and can remove heavy metals from soil, 
making it a valuable addition to various agricultural uses. The leaves of young seedlings, which 
are high in vitamins A, C, and E, can be used medicinally to purify blood and can be eaten as 
fresh, delicious salad leaves [15][11]. White mustard kernels have important agronomic utility 
due to its extraordinary protein and oil content and little starch level. The seed is a nutritious 
protein source with a balanced amino acid configuration, used in mayonnaise, hot dog 
mustard, and salad dressings. It is also used as an obligatory agent and protein extender in 
meat handling. Kernels are also used as food preservers with strong disinfecting properties 
[16]. White mustard seed oil, with its potent antimicrobial properties, is valuable for food 
preservation, industrial use as lard and illumination, and traditional medicine due to its 
antiviral, anticancer, and analgesic properties. It also aids in digestive and respiratory disorders. 
Recently, it has gained attention as a potential biodiesel feedstock [17]. The oil that one can be 
used as a substitute fuel, according to researchers. The financial benefits can also be increased 
by using oil meal, a consequence of the biodiesel business generated from white mustard seeds, 
as animal feed or by further processing it to produce more oil [15].  
Black mustard: 

Brassica nigra L., also well-known as black mustard, is a supporter of the Brassicaceae 
family and the species Brassica. It grows normally as a yearly without any requirement for 
special growth circumstances. 532,769 tons of mustard seeds were produced worldwide in 
2021. In 2021, Nepal accounted for more than 41.3% of the world's mustard seed output 
(220,250 tonnes), surveyed by Russia and Canada these three nations held a 79.8% share, while 
the ten largest nations held a 99.9% share. In 2021, Serbia produced 2432 tonnes of mustard 
seeds, placing it eighth in the world. The United States, France and Germany were the world's 
top traders of mustard seeds in recent years. Although black mustard seeds (BMSs) contain a 
high percentage of oil (more than 25%), the oil's nutritional value is limited because of the 
high levels of branched, long chain fatty acids and erucic acid (C22:1). However, when burning, 
biodiesel made from BMS oil (BMSO) releases fewer nitrogen oxides and hydrocarbons and 
has superior lubrication [18]. The Mediterranean and the Middle East are the two regions from 
where black mustard originates. It is grown throughout North and South America, China, 
Siberia, western India, Asia Minor, North Africa, and Europe.  
Brown mustard: 

The mature, dried kernels of the cruciferous plant, known as brown mustard seeds, 
are utilized in both cooking and medicine [19]. With a growing season spanning 70 to 120 
days, brown mustard also referred to as Chinese, Indian, oriental, leaf, and vegetable mustard 
has its origins in India and the Middle East. Like the others, this cultivar is also more resilient 
to environmental stressors like high temperatures, late sowing, and little water than it is to 
rape. Additionally, it produces more dry matter than rapeseed. 
Wild mustard: 

Wild mustard, correspondingly recognized as field or charlock mustard, is a plant that 
grows widely over the world and is formerly used to create mustard and oil. Because of its 
competitive once a year growth habit, great fecundity, and extremely extensive seed 
germination period, it is currently one of the most troublesome weeds. Additionally, wild 
mustard naturally resists several pesticides [10]. The annual cruciferous (Brassicaceae) weed 
known as wild mustard is commonly found in Europe and further parts of the world. It has a 
tenacious seed bank, modest development lifestyles, and high fertility [20]. Depending on the 
environment, it can grow anywhere from a few centimeters to about 80 cm in height. Its 
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blooms can range in number from a few to several hundred per person (400-500). It develops 
in disturbed and nitrified environments, and its competition with winter cereals has been 
studied. The existence of wild mustard decreased the total nitrogen levels in wheat and triticale 
by 20% and 19%, respectively, but not of barley. Didon and Bostrom discovered that 
unmanaged wild mustard on barley caused crop damages extending from 47 to 70% after 
many years of appropriate management using POST herbicides. Thus, good weed 
management results in reduced tidy rivalry and yield loss due to wildflower occurrence [21]. 
Wild mustard species regularly infest wheat fields, causing severe crop losses if not effectively 
managed [22]. 
Ethiopian or Abyssinian mustard: 

According to [23], around 4,000 years ago, B. carinata is first cultivated in Ethiopia, 
which is also the location of the genetic diversity of this species. Information on genetic 
diversity is necessary in order to use the available B. carinata material for various breeding 
objectives. Only in Ethiopia is the production of B. carinata seed significant. Its leaves are 
used as oil crops and veggies. It can be utilized for a variety of purposes, including boosting 
farmers' income and establishing environmentally friendly businesses. It is grown as a green 
vegetable in the gardens of farmers in the country's highlands. Mostly grown in East and 
Southern Africa, this green vegetable is less frequent in West and Central Africa. In the 
highlands of Ethiopia, this oilseed crop is commonly grown. Ethiopian mustard plants' leaves 
are low in bitterness and high in beta-carotene, vitamin C and K, and antioxidants that prevent 
cancer. An essential oleic plant with African origins is Ethiopian or Abyssinian mustard. It 
takes 150–180 days for its seeds to mature. The leaves and seeds are both utilized as food. In 
addition to select regions of Canada, Spain, Australia, France, China, and India, it is grown in 
northeastern Africa. Because of its fatty acid content and stability during oil storage, it is 
resilient to both biotic and abiotic anxiety and may be utilized in the generation of biofuels 
[24]. 

Table 1. Comparison of verities in terms of its cultivation of mustard. 

Parameters Black 
mustard 

White 
mustard 

Wild 
mustard 5 

Brown 
mustard 4 

Ethiopian 
mustard 

Vegetation 
time 

40–100 
days 

80–125 
days 

70–84 days 70–120 days 150–180 
days 

Drought 
resistant 

No 
Information 

Yes Yes Intermediate No 

Prevents the 
spread of 
nematode 

Yes Yes Yes Yes Yes 

Good 
aftercrop 

Yes Yes No 
Information 

Yes No 
Information 

Impact of 
agroclimatic 
conditions 

No No No 
Information 

No No 

Nutritional Composition: 
Lipid: 

Mustard seeds, with a high fat content ranging from 23% to 47%, are rarely used in 
edible oil due to their controversial fatty acid outline. The oil contains PUFAs (20-28%), SFAs 
(5-7%), and a significant amount of erucic acid (66-74%), making it a controversial choice in 
the edible oil industry [25]. In actuality, the quantity of erucic acid in mustard germ oil may 
range from 26.5% to 36.5% of the overall volume of fatty acids. The fatty acid shape of the 
other mustard seed varies by species and includes linoleic acid (9%–15%) and oleic acid 
(19.5%–22%) [10]. The connection between the development of heart injury and erucic acid 



                      International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |264 

is the main cause for concern. It is brought to light by researchers, they gave male and female 
Sprague-Dawley pests refined oil containing three different absorptions of erucic acid (1.6%, 
4.3%, and 22.3%) for a period of 112 days. Although the rates varied by gender, myocardial 
lipidosis, focal myocardial necrosis, and fibrosis remained shown to be proportionate to the 
erucic acid levels at the end of the experiment. Additional research by researchers also revealed 
comparable outcomes. As a result, the FDA disqualified mustard oil for use in cooking. In 
contrast, erucic acid consumption is restricted by Australian and New Zealand dietary 
standards to 2% to 5% of energy intake, or 7.5 mg/kg body weight per day. A reduced daily 
consumption of 7 mg/kg body weight/day is controlled by the European Food Care 
Authority.  

Much work is done to create low erucic acid mustard strains so that mustard seed may 
be used in meals. Research carried out in Canada by [25]. Created a mustard with nil erucic 
acid by interspecifically crossing brown-seeded B. carinnta S-67, yellow-seeded Dodolla, and 
B. juncea line Zem 2330. With a high percentage of oleic acid (28.3 ± 2.0%), linolenic acid 
(22.9 ± 2.4%), linoleic acid (38.1 ± 2.9%), and a very small level of erucic acid (0.1 ± 0.0%), 
the new seeds' fatty acid profile appeared encouraging. However, the paucity of scientific 
studies on the long-term effects of genetically engineered products makes them controversial. 
An effective technique for lowering the erucic acid in mustard species is the introduction of 
preheat treatment, which included microwave and roasting.  
Glucosinolates: 

Mustard seeds and other plants in the Brassicaceae family contain a class of secondary 
metabolites called glucosinolates [10][26]. Aliphatic, aromatic, and indole are the three distinct 
forms of glucosinolates that are structurally classified according to the variations in their side 
sequence R [26]. Only a tenth of the more than 100 distinct glucosinolates known to exist are 
found in plants in the Brassicaceae family, and even fewer are found in mustard seeds. 
However, glucosinolates continue to be crucial precursors in mustard species, influencing the 
formation of their odor and flavor. Although glucosinolates have no taste by themselves, 
thiocyanates, isothiocyanates, nitriles, and other byproducts of glucosinolate degradation give 
them their flavors and odors. Three primary mechanisms underlie these degradation processes: 
enzymatic, thermal, and chemical [25]. Despite their resistance to warmth, glucosinolates can 
occasionally degrade chemically and cause health issues. Enzymatic hydrolysis mediated by 
myrosinase is the most efficient method for breaking down glucosinolates. However, for this 
reaction to occur, the cell wall of the mustard seed must be disrupted, typically through 
crushing, cutting, or chewing to allow the enzyme to act. Mustard naturally contains 
myrosinase, though its concentration varies among different species.  For instance, Oriental 
mustard has the maximum activity (2.75 units/mL), followed by black mustard (1.50 
units/mL), and yellow mustard (0.63 units/mL). When the temperature hits 60°C, the 
myrosinase enzyme, which is thermally sensitive, could be easily deactivated. However, when 
pressure is added, the thermal threshold may rise. [25] reported that inactivation occurred at 
300 MPa and 70°C. They also pointed out that black and oriental mustards are more resilient 
to heat and pressure than yellow mustard in terms of myrosinase. 

Isothiocyanates, thiocyanates, epithionitriles, nitriles, and indoles are the foodstuffs of 
the hydrolysis of glucosinolates by myrosinase, which typically yields uneven aglycones and 
glucose [10]. Researchers found that sinigrin can be converted into allyl isothiocyanate (AITC) 
at a neutral pH, producing a strong taste and smell similar to crushed mustard seeds. AITC is 
also potent antibacterial, inhibiting mold, bacteria, and yeast development in both liquid and 
gas phases, according to a study by author2024.This substance gives yellow mustard its spicy 
mouthfeel and is said to possess bacteriostatic and bactericidal qualities against gram-negative 
bacteria, such as Schizosaccharomyces pombe and Salmonella enteritidis [27]. 
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Table 2. Magnesium content of Brassicaceae mustard leaves (per 100 g edible amount) 

Vitamin Mustard Species (Amount per 100 g) References 

Thiamine B. napuss (0.8 mg) [28] 

Riboflavin B. napuss (0.3 mg)  

Niacin B. napuss (8.1 mg)  

Pyridoxine B. napuss (1.9 mg)  

Vitamin C/Ascorbic 
acid 

Vitamin C content is higher in Alliaria petiolata 
(261 mg) than oranges, B. nigra, B. juncea (72–
89 mg), Erysimum repandum, and S. officinale. 

 

Tocopherols and 
vitamin E (α-, β-, γ-, 
and δ-tocopherols; γ 
tocopherol being the 
most common) 

Canola (B. napus) seed oil with Sinapis alba: α 
and γ tocopherols (12 and 21.3 mg, 
respectively) 

 

Vitamin K B. juncea and all other rapeseeds (0.3 mg). Oil 
from B. napus (canola) seeds (70–150 µg) 

[29] 

Phenolic compounds: 
Endogenous phenolic compounds found in flowers and oil-rich seed have concerned 

a lot of consideration in the past 20 years because of their potential for medicinal use and 
capacity to support functional food items. One fragrant loop with one or more hydroxyl 
clusters is typically seen in phenolic substances [25]. These classifications aid in the separation 
of phenolic chemicals into modest flavonoids and non-flavonoids [25]. Then, non-flavonoids 
are further divided into modest phenolics, phenolic acid and byproducts, phenylacetic acid 
and byproducts, tannins, phenones, and stilbenes based on their carbon skeleton. One of the 
most significant secondary metabolites of plants is phenolic acids and their derivatives. They 
are found in leaves, roots, seed coats, and seeds that have defenses against insects and the 
environment [30]. Phenolic acids are classified as either benzoic acid derivatives or cinnamic 
acid consequences, depending on how the carboxyl group and benzene ring interact [25]. 
However, ferulic acid, p-coumaric acid, caffeic acid, and sinapic acid are the derivatives of 
cinnamic acid [31]. Mustard's total phenolic concentration ranges since 2.62 to 36.5 mg/g dry 
weight, making it a prospective source of phenolic compounds. Sinapine, the primary phenolic 
component found in mustard, can be found both free and bonded in soluble forms (as 
conjugates or esters). The following phenolic compounds were found in mustard seed extract: 
syringaldehyde, 4-vinylsyringol (canolol), sinapine, sinapic acid, and sinapoyl esters. 
Sinapine: 

With trace levels of sinapic acid, it makes up roughly 70% to 90% of the seed's total 
phenolic components. The recovery and yield of sinapine from various mustard products have 
been reported in a number of investigations. One of the first investigations of yellow mustard's 
sinapine is published by [25]. Yellow mustard has the greatest concentration of sinapine, at 33 
μmol/g plant material. Sinapine is found in mustard meal extracts at about 62% (w/w) by 
high-performance liquid chromatography analysis, while sinapic acid is found at 16% (w/w).  
A recent investigation by [32] found that the greatest sinapine concentration of 8.8 ± 0.1 mg/g 
BDM (bran dry matter) is obtained by removing the mustard bran seed coat with ethanol at 
75C for 30 minutes [25]. However, after air-frying the Oriental mustard cake for 15 minutes 
at 180 degrees Celsius, the oil fraction had the greatest sinapine level, measuring 117.61 ± 7.13 
μg/100 g of roasted cake. Additionally, the lipophilic portion of air-fried Oriental mustard 
powder and lesser grade mustard seed had sinapine values of 62.5 ± 2.0 μg/100 g and 415.64 
± 26.63 μg/100 g, respectively. 
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Sinapic acid and its derivatives: 
More than 73% of phenoplast acids are made up of sinapic acid, a certainly happening 

p-Hydroxycinnamic acid, and its byproducts. According to [25], the distribution of sinapic 
acid in mustard seeds varies across different forms: 7%–32% exists in free form, 65%–86% in 
esterified form, and 71%–97% in bound or conjugated forms that are not easily extractable.  
In plants, sinapic acid is a component of the phenylpropanoid and shikimic acid pathways, the 
latter of which is where it forms. However, syringaldehyde and malonic acid can be artificially 
condensed via the Knoevenagel–Doebner condensation process to produce the 
Hydroxycinnamic acid derivatives [33][34]. Due to its single hydroxyl group, this phenolic 
molecule is the main water-soluble antioxidant found in mustard dishes [25]. 
Stability: 

Like many phenolic compounds, sinapic acid and its derivatives are sensitive to heat. 
As stated by researchers, after the seeds were heated to 180 degrees Celsius for ten minutes, a 
decrease in the amount of FSA and TSAH is seen. The Oriental variety's FSA and TSAH 
dropped, distinctly, prior to and following preheat treatment. A more noteworthy pattern is 
noted by [25]. For mustard seeds, both yellow and black. The conversion of sinapic acid to 
canolol occurs after mustard seeds are heated, even though this process greatly lowers the 
concentration of sinapic acid. 
Canolol: 

After decarboxylation, sinapic acid is converted to canolol, often referred to as 4-
vinylsyringol, by losing carbon dioxide [35]. Canolol is made from sinapine and sinapic acid. 
Canolol is an unstable substance that can form dimers, trimers, and oligomers when oxygen is 
present [25][36][37][38]. Furthermore, canolol can form complexes with proteins and 
polysaccharides due to its polarity. Canolol must be released from these matrices under 
extremely high pressure and temperature conditions. [39][36]. The impact of warmness and 
compression action on the extractability of the main sinapates from mustard seeds is studied 
by earlier researchers. The greatest recovery of canolol is achieved at 160C for 10 minutes 
using a new commercial RapidOxy 100 system in a solvent-free dry heat pre-treatment 
approach. This technique improved the yield of canolol from mustard seeds by establishing 
the ideal temperature and pressure for its production [37][40] increased the amount of canola 
and other lipophilic sinapates that were mined from mustard testers by using air frying as a 
roasting pre-treatment procedure. By lowering the removal solvent's surface tension and 
viscosity, applying air circulation at a certain pressure and temperature enhanced the phenolics' 
solubility and mass transfer [37]. 
Therapeutic Properties: 
Goiterogenic Effect: 

Brassica vegetables contain thioglycosides, which are converted to thiocyanates during 
metabolism. These elements block the transfer of iodine and stop it from being incorporated 
into thyroglobulin. Consequently, TSH secretion and thyroid cell development are increased. 
Thyroid carcinomas were thus found to be caused by these chemicals. A study conducted in 
Malaysia found a strong correlation between ingesting of brassica root vegetable and thyroid 
cancer in 293 women with the disease. Thyroid cancer is found to be more common in a group 
of Malaysian women with mild iodine deficit who also consumed a lot of brassica vegetables 
[41]. 
Antioxidant effect: 

Antioxidant chemicals and a higher vitamin content found in brassica veggies shield 
us from a variety of dangerous illnesses. Brassica vegetable isothiocyanates catalyse the 
combination of glutathione into a substrate for glutathione S-transferase (GST). A series of 
stage II enzymes, commonly referred to as environmental toxins, aids in the detoxification of 
oxidative stress products and carcinogens. Stage II detoxification response starts raises nuclear 
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factor Mitogen-activated protein kinase can be triggered by erythroid-derived 2-like 2(Nrf2)-
kelch-like ECH-associated 1(keap1) interaction and degeneration. A cytoplasmic protein called 
keep 1 is required to regulate Nrf2 activity. In summary, Nrf2 regulates gene appearance 
through the antioxidant retort element (ARE) [41]. 
Anti-inflammatory Effects: 

Irritation grows cellular propagation, prevents apoptosis, and upsurges the threat of 
emerging cancer. By stimulating the immune system, removing free radicals, and activating 
detoxification enzymes, bioactive compounds in Brassica plants help reduce inflammation. 
Numerous inflammatory processes are inhibited by isothiocyanates. Sulphoraphane has been 
shown to have anti-cancer properties, including lowering white blood cell secretion of 
inflammatory signaling molecules and lowering nuclear-powered factor kappa B (NF-κB), a 
transcript feature that promotes inflammation, from binding to DNA. One of the Brassica 
vegetables, cabbage has anti-inflammatory and antibacterial qualities that make it a popular 
choice in traditional medicine for treating mastitis, tiny cuts, and wounds as well as 
gastrointestinal ailments [41]. 
Cancer Protective Effects: 

The World Cancer Study Deposit claims that eating a lot of Brassica vegetables 
protects the body against thyroid, colon, and rectal cancers. Additionally, Brassica vegetables 
typically show preventive effects against cancer in other places when ingested in large 
quantities as part of a diet that also includes other vegetables. The chemicals that come from 
the hydrolysis are also responsible for this impact. Vegetable components of Brassica have the 
capacity to alter the expression of biotransformation enzymes. Its operations also contribute 
significantly to the prevention of cancer. Detoxify substances that can damage DNA by 
regulating their mutagenic, toxic, and neoplastic properties [41]. Oxidation, reduction, and 
hydrolysis processes are examples of phase I enzymes that increase the hydrophilicity of the 
molecules and make them suitable for detoxification. These enzymes may therefore be 
transformed into procarcinogens. Through conjugation or other metabolic pathways, stage II 
enzymes catalyze a variety of events that offer wide defense alongside electrophiles and 
oxidants, transforming responsive molecules into easily removed steady metabolites. 
Biotransformation enzymes can metabolize endogenous substances like steroid hormones in 
addition to their function in the metabolism of carcinogens. Therefore, it can circuitously 
influence the development and spread of premalignant and malignant tissues via changing 
hormone exposure.  The beginning and development of carcinogenesis are impacted by 
sulforaphane and a number of isothiocyanates derived from glucosinolate breakdown 
products. Although no clinical research has assessed any therapeutically efficacious quantities, 
eating three or five rations of broccoli or cauliflower per week appears to prevent cancer. It is 
discovered that humans can tolerate 100 mg of glucoraphanin or 10 mg of pure sulforaphane 
daily [41]. 
Liver Cancer: 

One of the foremost reasons for cancer-related deaths globally, liver cancer ranks fifth 
among cancers in men and ninth among cancers in women. Metastasis has been associated 
with a poor finding in people [42]. According to estimates, the disease's incidence will rise by 
50% in 2020 [41]. Fighting infections, changing one's food, and changing one's lifestyle can all 
help avoid this kind of cancer [42]. Through a p53-dependent mechanism, sinigrin, one of the 
primary glucosinolate mechanisms originating in B. nigra and additional Brassicaceae seeds, 
has been exposed to suggestively slow the growth of liver tumor cells. Another study showed 
that 4-methylthiobutyl isothiocyanate, even though normal liver cells did not exhibit necrosis 
or apoptosis when exposed to it [41]. 

In another study, mice fed broccoli showed low scores for non-alcoholic fatty liver 
disease and hepatic lipid. Meanwhile, it is shown that the formation and spread of hepatic 
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neoplasm is stopped, hepatic macrophage activation is blocked, and liver damage is reduced 
[42]. According to a different study, when rats were given extracts of kale and cabbage during 
the beginning and developing stages of the hepatocarcinogenesis model, it inhibited ex vivo-
induced DNA damage. Furthermore, it is shown that the antioxidant belongings of volatile 
fatty acids take out from white cabbage excerpt had a hepatoprotective effect [43].  
In a case-control study involving 217 liver cancer cases in Shanghai, researchers investigated 
the relationship between urinary levels of isothiocyanates and the risk of developing liver 
cancer. While the overall findings were not statistically significant, most of the stratified 
analyses indicated inverse correlations, suggesting a potential protective role of 
isothiocyanates. 

It has been demonstrated that 1-methoxy-3 indolylmethyl alcohol, a metabolite of 
neoglucobrassin that is generated from the hydrolytic yields of glucosinolates, forms DNA 
adducts in the liver of rats and is a genotoxic carcinogen. There is really no need to cease 
consuming Brassica plants because it has been demonstrated that their benefits can offset the 
harmful effects of certain metabolites when consumed at regular dietary levels [41]. 
Gastric cancer:  

The fifth most frequent leading cause of demise worldwide is gastric cancer, even 
though its incidence has significantly decreased in many regions of the world. A panel 
organized by the AICR & WCRF decided that eating vegetables "probably" lowers the 
occurrence of stomach cancer. A meta-analysis inspecting the relationship between 
consuming Brassica vegetables and the incidence of stomach cancer found that doing so 
produced statistically significant results in prospective trials and substantial results in case-
control studies. Human stomach cancer risk is revealed to be inversely correlated with high 
consumption of Brassica plants [41]. 
Colorectal Cancer:  

In the US colon cancer 3rd most common cause of cancer-related deaths. Ingesting 
Brassica vegetables is allied with a minor risk of colon cancer in eight case-control studies, a 
negative suggestion in three, and a positive correlation in one. Comparing high and low intakes 
of Brassica vegetables reveals a lower risk of rectal cancer in five case-control studies that look 
at the connotation between these vegetables and the risk of the disease. Eating 250 g of 
broccoli and 250 g of Brussels sprouts per day meaningfully increased the excretion of 2-
amino-1-methyl-6-phenylimidazo [4][5]-b pyridine (PhIP), a potentially carcinogenic chemical 
found in well-cooked meat, according to another clinical investigation. By increasing the 
elimination of PhIP and carcinogens associated with diet-related heterocyclic amines, 
consuming a lot of Brassica vegetables has been shown to reduce the incidence of colorectal 
cancer. In a multi-center experiment, the group that consumed the most broccoli had a 
reduced risk of colorectal cancer, according to the food frequency questionnaire. It is not 
possible to conclude that consuming Brassica vegetables raises the risk of colon cancer based 
on the information currently available [41] 
Lung cancer:  

Lung cancer, the important cause of death worldwide, arises from genetic lesions 
instigated by contact to ROS, bacteria, viruses, oestrogens, and smoking. It is hard to remove 
the afflicted area in many lung cancer patients due to unfavorable metastases or advanced 
lesions. Therefore, a different approach to reducing the risk of lung cancer is to adopt 
preventative eating habits. A study looked at GSTP1 and NQO1 inducers of phase II enzymes, 
as well as the effects of numerous phytochemical agents on human lung cells. GSTP1 mRNA 
levels in bronchial epithelial cells exposed to broccoli sprouts increased little, but NQO1 
mRNA levels increased in response to sulforaphane exposure. NQO1 protein expression 
increased 11.8 times in bronchial epithelial cells treated with sulforaphane [41] 
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A potential study looked at the affiliation between urine isothiocyanate levels and lung 
cancer risk in nonsmokers. Lung cancer risk in nonsmokers is not associated with urine 
isothiocyanate levels. However, based on the levels of isothiocyanate in the urine, the 
secondary analysis revealed an interaction between the GSTM1 genotype and lung cancer risk. 
In a separate study, mice were given 9 μmol of sulphoraphane per day of oral body weight in 
order to examine the effects of sulphoraphane on lung carcinogenesis brought on by the 
oxidatively damaging polycyclic aromatic hydrocarbon family member benzo(a)pyrene [B(a)P]. 
In conclusion, it is shown that sulforaphane therapy reduces hydrogen production peroxide, 
which has an antioxidant effect.  It's crucial to remember that the benefits of stopping smoking 
are probably greater than the benefits of eating more Brassica vegetables when evaluating the 
consequence of doing so on the risk of lung cancer [41] 
Breast Cancer: 

Current case-control studies provide epidemiological evidence that eating Brassica 
vegetables is associated with a lower incidence of breast cancer. Furthermore, several studies 
indicate that eating certain Brassica vegetables lowers the risk of breast cancer. 16aOHE1 is 
more estrogenic than 2OHE1, and it has been discovered that oestrogen increases sensitive 
breast cancer cells in vitro. The incidence of oestrogen-sensitive cancer, including breast 
cancer, can be decreased by switching the metabolism of 17β-oestradiol to 2OHE1 and 
avoiding 16aOHE1. Another study compared the dietary habits of 2,650 healthy women and 
2,832 breast cancer patients, all aged between 50 and 74 years. The findings aimed to explore 
the relationship between diet, particularly the intake of Brassica vegetables and the risk of 
developing breast cancer. One to two servings of Brassica vegetables per day have been shown 
to lower the threat of breast cancer by 20–40%, potentially through changes to the oestrogen 
metabolism pathway. However, there is no correlation between the risk of breast cancer and 
the total amount of fruits and vegetables consumed. According to a different study, the edible 
part of cauliflower contains compounds that severely slow the growth of breast cancer cells in 
people with and without oestrogen receptors. An excessive intake of Brassica vegetables is 
linked to a markedly lower risk of breast cancer in Chinese women, according to a study that 
used a urine isothiocyanate biomarker to measure consumption of these veggies. Consumption 
of Brassica vegetables, particularly broccoli, is adversely correlated with breast cancer risk in 
premenopausal women in a case-control study of Caucasian women with breast cancer. 
According to these results, premenopausal women may be at lower risk for breast cancer if 
they eat Brassica vegetables. However, the combined review of eight cohort studies found no 
link between the risk of breast cancer and the consumption of fruits and vegetables, either 
individually or collectively [41]. 
Prostate cancer: 

The most prevalent solid tumor is prostate cancer. Prostate cancer risk is linked to 
dietary practices. The most frequently documented link between diet and prostate cancer is a 
higher risk of eating foods heavy in fat. Vegetable products may, however, contribute to 
prostate cancer, according to advances in our knowledge of the cellular processes that cause 
cancer and the control of metabolic and genetic alterations that cause cancer. Prostate cancer 
is of particular concern when it comes to the induction of Brassica vegetables and GST-π in 
cell culture models. The most common GST active in prostate tissue is GST-π, and prostate 
cancer, prostate cancer precursor lesions, and prostate intraepithelial neoplasms all exhibit 
decreased expression of this gene. It is believed that up regulating this gene may in some way 
prevent the progression of prostate cancer, as loss of GST-π seems to be a crucial stage in the 
early stages of the disease. It has been discovered that giving animal’s broccoli changes the 
amounts of biotransformation enzymes in peripheral tissues that are distant from the sites of 
immersion or metabolism [41]. 
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Pancreatic Cancer: 
Pancreatic cancer ranks fifth in Japan and fourth in the US in terms of cancer-related 

mortality. The prognosis for this type of cancer is particularly bad because it is typically 
discovered at an advanced stage. There is no proof in cohort research that eating vegetables is 
generally associated with a higher risk of pancreatic cancer. Nonetheless, high-risk people 
showed a negative correlation with dark green vegetable consumption. Three or more servings 
of Brassica vegetables per week were found to be non-significantly inversely correlated with 
one serving of Brassica vegetables per week among particular subgroups of fruits and 
vegetables by another study. When comparing individuals who consumed one or more 
servings of cabbage per week to those who did not, there is a statistically significant decrease 
in the risk of pancreatic cancer [41]. 

Apoptotic cells proliferated in two human pancreatic cancer cell lines after they were 
exposed to X-rays and treated with benzyl isothiocyanate (BITC), a member of the 
isothiocyanate family. The impact of BITC on the radiation sensitivity of human pancreatic 
cancer cells is investigated in this work. It is found that BITC could be utilised to treat 
pancreatic cancer in addition to the present radiation therapy. 
Bladder Cancer: 

Additionally, the Health Specialists Follow-up Study found a non-significant negative 
correlation between the incidence of bladder cancer and the overall amount of fruits and 
vegetables consumed. Nonetheless, it is demonstrated that eating Brassica plants, such as 
broccoli and cabbage, is substantially linked to an increased risk of bladder cancer. According 
to these findings, eating a lot of Brassica may lower your risk of bladder cancer, while other 
fruits and vegetables might not have a major positive impact. According to authoralpha-
tocopherol beta-carotene cancer prevention trial, eating Brassica vegetables did not increase 
the incidence of bladder cancer. 

It is demonstrated that the isothiocyanates from eating Brassica vegetables are 
protective against bladder cancer in a study involving 697 individuals with recently diagnosed 
bladder cancer and a control group. Intake of isothiocyanates is found to be negatively related 
with the risk of bladder cancer, and this impact is more pronounced in non-smokers than in 
heavy smokers. Another study discovered that giving rats freeze-dried broccoli extracts 
significantly and dose-dependently reduced the development of bladder cancer caused by N-
Butyl-N- (4-hydroxybutyl) nitrosamine without changing the histology of the bladder. In 
conclusion, because Brassica crops' isothiocyanate extract is a strong activator of the bladder's 
GST and quinone oxidoreductase 1, it may be used as a preventative measure against bladder 
cancer. Moreover, the main isothiocyanate in broccoli sprout preparations, sulphoraphane, 
triggers apoptosis and cell cycle inhibition in addition to inducing enzymes that detoxify 
carcinogens [41]. 
Neurological diseases (Neurodegenerative diseases): 

Numerous neurodegenerative illnesses are genetic, while some are caused by deadly or 
metabolic methods. It's still unclear what causes neurodegeneration. According to some 
beliefs, oxidative anxiety plays a significant role in most [44]. Meanwhile there is no treatment 
that can prevent the emergence of neurodegenerative illnesses, human health benefits from 
dietary consumption of antioxidant foods or plant extracts [45]. The glucosinolates in Brassica 
plants and the isothiocyanates they create during degradation have been shown to prevent 
some chronic illnesses, such as cancer and neurological disorders. Isothiocyanates alter 
inflammatory pathways, encourage apoptosis, and reduce the activation of cell death, all of 
which have an active impact on the central and peripheral nervous systems. These 
phytochemicals have been shown to particularly induce NF-κB translocation, which sets off 
the production of reactive species, proinflammatory cytokines, and pathways leading to 
neuronal apoptosis [44]. One study found that pretreatment with sulphoraphane reduced the 
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cognitive effects of repeated PCP administration. It has been demonstrated that eating 
broccoli sprouts high in sulphoraphane during childhood and adolescence can delay the onset 
of psychosis, as well as have proinflammatory and therapeutic effects on cognitive impairment 
associated with schizophrenia [46]. In another study, raw broccoli sprout juice protected cells 
from β-amyloid peptide (Aβ)-induced cytotoxicity and apoptosis. It has been demonstrated 
that this protection is achieved via modifying mitochondrial activity, activating the Nrf2-ARE 
signalling pathway, and regulating the transcription and expression of the HSP70 gene. 
Additionally, through Nrf2 activation, broccoli juice has been shown to raise intracellular 
glutathione concentration, mRNA levels, and the activity of antioxidant enzymes like HO-1, 
thioredoxin, thioredoxin reductase, and NQO1. The results of the study suggest that 
Alzheimer's disease may be prevented and treated by pharmacologically stimulating the Nrf2 
signalling system and consuming broccoli sprout juice [45]. 
Antidiabetic Effects: 

Controlling blood sugar is essential for avoiding or postponing diabetic complications, 
which increase the rates of morbidity and death. New therapeutic approaches are therefore 
desired [47][48]. New approaches to treating type 2 diabetes mellitus and preventing its long-
term effects may involve the use of nutraceutical ingredients in functional meals. It has been 
demonstrated that increased antioxidant capacity can help reduce diabetic issues, which are 
thought to be related to oxidative stress brought on by anomalies in the metabolism of fats 
and carbohydrates [48]. Strong Nrf2 activator sulphoraphane has been shown to prevent a 
number of diabetes problems, including cardiomyopathy, nephropathy, neuropathy, and 
retinopathy, by boosting Nrf2 activity.  

[48][49]Furthermore, sulphoraphane-enabled Nrf2 inhibits oxidative stress and 
metabolic dysfunction brought on by hyperglycemia in human microvascular endothelium 
cells. One gram of cabbage extract per body weight is found to enhance glutathione and SOD 
activation and reduce catalase activity in diabetic kidneys in rats with diabetes. Therefore, red 
cabbage extract's antihyperglycemic and antioxidant qualities may offer promising therapeutic 
sources for the treatment of diabetes. 

Additionally, it has been demonstrated that sulphoraphane reduces blood-insulin 
concentration and hyperglycemia, protects the amount of insulin-producing islets, prevents β-
cell mortality from enhanced oxidative stress or pyogenesis, and lessens cytokine-induced cell 
death in rat insulinoma cells. 

Patients with type 2 diabetes were divided into three groups and given either 10 g or 5 
g of powdered broccoli sprouts or a placebo for four weeks in a randomized controlled 
double-blind clinical research. Consequently, it is found that broccoli sprout powder lowers 
patients' serum levels of oxidized LDL and malondialdehyde, improving oxidant and 
antioxidant levels and raising total antioxidant capacity. Another study using the same 
application revealed significant decreases in HOMA-IR and insulin levels. A prospective meta-
analysis study did not find a link between citrus consumption and type 2 diabetes; however, it 
did find a negative correlation between type 2 diabetes and Brassica vegetables [41]. 
Cholesterol-Lowering Effects: 

Elevated cholesterol levels cause coronary heart disease, one of the world's chief 
causes of mortality. Meals that lower cholesterol primarily have two characteristics: reduced 
endogenous cholesterol synthesis and competition for absorption sites. Broccoli sprouts have 
been shown to reduce fat and cholesterol levels in addition to their well-known 
chemoprotective properties. Twelve healthy trial participants experienced a significant increase 
in HDL cholesterol and a decrease in total and LDL cholesterol after consuming 100 g of 
fresh broccoli for a week. After just one week of ingestion, broccoli sprouts were shown to 
improve oxidative stress markers and boost cholesterol metabolism. In another research, the 
LDL cholesterol levels of 77 males were assessed after consuming broccoli-cabbage juice. 
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Serum LDL cholesterol levels in the test group had decreased by 8.5% at nine weeks. However, 
there is no decrease in the serum LDL cholesterol levels of the control group. The extract is 
found to lower serum cholesterol levels and increase bile acid excretion and cholesterol 7alpha-
hydrolase activity in the faeces of hepatoma-carrying rats with hypercholesterolaemia, which 
were used to study the effects of elevated cholesterol formation on cholesterol metabolism. 
These results show that by encouraging cholesterol catabolism, cabbage lowers 
hypercholesterolaemia in rats with hepatoma. 

Polyphenols found in red cabbage and Brussels reduced the amount of cholesterol in 
hypercholesterolemic patients' erythrocytes. It is determined that these compounds' 
polyphenol contents had a direct impact on erythrocyte membranes, and that anthocyanins 
may be involved in this effect. The hypocholesterolemic exchange effects of adding broccoli 
sprouts to the diet of hamsters fed diets high in fat and cholesterol were examined in a different 
study. Simvastatin, glucoraphanin-rich broccoli sprouts extract (GRE), sulphoraphane-rich 
broccoli sprouts extract (SFE), and a freeze-dried broccoli extract with 2 or 20 μmol of 
glucoraphanin (BSX, BS10X) were given for seven weeks. As a result, all mice receiving BS10X 
and SFE treatments had lower hepatic cholesterol. GRE had less of an impact on cholesterol 
homeostasis than glucoraphanin and broccoli sprouts (BS10X) at the same concentration. 

Helicobacter pylori is closely linked to a number of gastrointestinal disorders, such as 
gastric infections, chronic superficial gastritis, duodenal and gastric ulcers, stomach 
adenocarcinoma, and non-Hodgkin's lymphoma of the stomach [41]. The urease enzyme, 
which is produced by H. Pylori and is absent from mammalian tissues, converts the host's urea 
to ammonia, rendering stomach acid inactive. It has been shown that sulphoraphane and other 
isothiocyanates inhibit the urease that H. Pylori generates. Purified sulphoraphane is found to 
kill more H. Pylori strains than any other, except for antibiotic-resistant strains in test tubes, 
and to impede the formation of cancer cells. H. Pylori is eradicated in eight of the eleven 
xenographies of human stomach tissues implanted in immunocompromised mice after they 
were given sulphoraphane for five days in an animal model.  Additionally, after eating broccoli 
sprouts high in glucoraphanin (56 g/d glucoraphanin) for a week, only three out of nine 
gastritis patients got H. Pylori eradication, according to a small clinic trial.  

Furthermore, it is observed that eating broccoli sprouts daily for two months (70 g/d 
glucoraphanin) may help reduce oxidative stress caused by H. Pylori and prevent gastritis in 
both humans and experimental animals [41]. Another study found that broccoli sprout extract 
containing sulphoraphane inhibits lipid peroxidation in the stomach mucosa but does not 
lessen the density of H. Pylori infection. It has been demonstrated that sulphoraphane has a 
cytoprotective impact on H. Pylori-induced gastritis [50]. In conclusion, two theories have 
been proposed to explain how sulphoraphane influences H. Pylori infection. First, it has a 
direct impact on H. Pylori, which reduces gastritis. The second of these is to stimulate 
cytoprotective responses in order to demonstrate an indirect influence on the host. 

 
Figure 1. Health Benefits of Mustard Seed. 
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Applications of Mustard: 
Food: 

Since earliest times, mustard has been used to season and flavour food because of its 
aromatic properties. For instance, Indians add oil-heated whole brown or black mustard seeds 
to sauces, chutneys, and pickles to enhance their flavor, while Barbados and other Caribbean 
countries use yellow or brown mustard along with fruits and chilli peppers to create delicious 
sauces, marinades, and stews. All you need to do is combine mustard with vinegar, wine, or 
salt to create a delicious sauce [25]. Mustard is a good source of antioxidants and 
glucosinolates, which can be added with a number of possible benefits. Traditional meat-based 
products are preserved with nitrates and nitrites, which give the meat a pinkish color, a Smokey 
flavor, and protection from harmful microbes [51]. However, their presence might be 
detrimental to human health and the environment. The use of ground mustard as a food 
preservative in place of nitrates and nitrites in meatballs is assessed [12]. They found that by 
preventing bacterial growth and postponing lipid peroxidation, mustard greatly extended shelf 
life. The meatballs' sensory qualities were also enhanced by the addition of mustard; white or 
yellow mustard performed better than black or brown mustard. The efficacy of mustard as a 
natural supplement is confirmed by earlier studies conducted by author [52] and others. The 
organic fermented sausage is found to have a 90-day shelf life when acid whey and autoclaved 
mustard seed were added. In addition to maintaining the quality, there is a discernible decrease 
in oxidation-reduction potential and an increase in antioxidant capacity. This might be 
explained by the high-temperature pressured extraction method used in the autoclave, which 
significantly raised the phenolic concentration in the additive combination [25]. Using food-
based products, vinegar, and sodium bicarbonate, a study  [53] improved the extraction of 
total phenols, total flavonoids, and antioxidant activity from Oriental, black, and yellow 
mustard cultivars. Temperature, pressure, and pH all had a major effect on the extracted 
phenolic compounds, increasing their potential applications in the food and pharmaceutical 
sectors. In calculation to its effectiveness as a potential additive, mustard seed extracts 
effectively reduced the quantities of live Listeria monocytogenes when applied as an 
antibacterial film on bologna sausages. According to [25] and [54], black mustard's high 
Sulphur content (60 mg/kg) might be considered an antibacterial agent. Black mustard's high 
sinigrin concentration, according to [55], destroys membranes and inhibits enzymatic activity 
to prevent the growth of dangerous bacteria. Furthermore, by blocking the synthesis of the 
microbe's DNA, ally isothiocyanate, a result of sinigrin breakdown, accomplishes the same 
goal [25] [54]. Furthermore, [54] shown antifungal activity against food-borne pathogens 
Staphlococcus aureus, Bacillus cereus, and Clostridium perfringens, as well as Aspergillus 
niger, Aspergillus ochraceus, and Penicillium citrinum. Consequently, mustard has a lot of 
promise as a bio-preservative.  

To put defatted mustard seed by-products in food-based biopolymer film, combine 
the meal with 0.6% glycerol. Due to its high protein content, mustard is also a good food-
grade vegetable protein and bread ingredient [25] [56]. Yellow mustard mucilage has been 
demonstrated by researchers to be an exceptional gum with texturizing, coagulating, and 
stabilizing belongings that can be employed in food. 
Recommended intake: 

54 grams of brassica vegetables are consumed daily per person in Germany. White 
cabbage, red cabbage, and cauliflower are the most popular brassica vegetables. Although there 
aren't many gender variations, consumption of brassica has been observed to rise with age. 
Other studies conducted in Germany have confirmed that the recommended daily intake of 
glucosinolates is 36 mg and 46 mg during the summer. In Finland and Denmark, the per capita 
consumption of glucosinolates is 4 mg in the summer and 6 mg in the winter, according to 
study. The National Institute of Cancer and many other organizations recommend eating five 
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to nine servings of fruits and vegetables each day. There has been no distinct suggestion for 
the brassica veggies. Furthermore, prospective cohort studies indicate that individuals should 
consume at least five servings of brassica vegetables [41]. 

 
Figure 2. Nutritional composition of Mustard. 

 
Figure 3. Nutritional composition in 500g mustard powder. 

Contamination: 
The contamination of palatable mustard with argemone oil causes a clinical illness 

known as dropsy. In humans, oil contaminated with argemone oil induces oxidative stress and 
the destruction of red blood cells. The method involves the development of methemoglobin, 
a defective type of haemoglobin that is incapable of carrying oxygen, lowering blood 
oxygenation and causing tissue hypoxemia. Antioxidant therapy is thought to be a treatment 
for argemone oil poisoning. The quaternary benzophenanthyrisine alkaloids 
dihydrosanguinarine and sanguinarine have been linked to argemone oil toxicity. Argemone 
oil adulteration in palatable mustard oil is detected utilizing an HPTLC approach that used 
sanguinarine as an indicator of argemone adulteration. Densitometric scanning determined the 
limit of detection (LOD) and limit of quantification (LOQ) of sanguinarine in argemone oil 
to be 1 ng/6 mm band and 3 ng/6 mm band, respectively. After 15 minutes of exposure to 
UV light (366 nm), dihydrosanguinarine is converted to sanguinarine. The concentration of 
sanguinarine in argemone oil samples ranged between 4.84 and 5.79 mg/ml of oil. The 
percentage of adulteration in mustard oil testers ranged from 1.22 to 8.77%. In one study of 
12 mustard oils (including both commercial and crude plants) conducted in Bangladesh, nearly 
all of the samples were found to be contaminated with argemone and mineral oils. Commercial 
oil is found to be ten times greater than raw oils. Two of the samples contained more castor 
oil than the limits [57]. 
Perspectives and Future Directions: 

The cytotoxic, antibacterial, anti-inflammatory, antioxidant, antidiabetic, and 
hypolipidemic properties of mustard oils have been discovered. However, even when they 
function correctly, they may be hazardous because to their high content of erucic acid and allyl 
isothiocyanate. However, these oils are extensively used in Asian countries, mostly due to their 
nutritional value, which exceeds the toxicity. To ascertain the healthiness benefits for humans, 
clinical and pharmaceutical research must be carried out to validate the findings of animal 
studies [58]. 
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Conclusion: 
In the end, mustard is a unique crop that combines traditional uses with contemporary 

uses in sustainability, food, and health. It is a mainstay in functional foods and natural 
preservation because of its bioactive components, glucosinolates and phenolics, which 
support its antibacterial, antioxidant, and anticancer qualities. Despite worries about erucic 
acid, mustard oil is a nutritional powerhouse that has led to the development of low-toxicity 
strains. Beyond the plate, mustard promotes environmentally sustainable methods in 
agriculture by acting as a soil improver and bio-pesticide. However, issues like toxicity and 
adulteration necessitate strict quality controls and solutions based on research. Mustard is 
more than just a crop; it's a link between tradition and innovation because of its potential for 
therapeutic use and environmental adaptability. Mustard's potential can be expanded by 
tackling its issues through research and legislation, improving food security, sustainable 
agriculture, and global health. Its historical legacy is still thriving and helping to shape a healthy 
future. 
References: 
[1] C. W. Luke Bell, Lisa Methven, Angelo Signore, Maria Jose Oruna-Concha, “Analysis 

of seven salad rocket (Eruca sativa) accessions: The relationships between sensory 
attributes and volatile and non-volatile compounds,” Food Chem., vol. 218, pp. 181–
191, 2017, doi: https://doi.org/10.1016/j.foodchem.2016.09.076. 

[2] P. M. D. Vivekanand Singh, Sheen Cline Moses, Rana Noor Aalam, “Investigation of 
Physical and Frictional Properties of Mustard Seed Varieties to Design inclined Plate 
Metering Mechanism,” Int. J. Environ. Clim. Chang., vol. 13, no. 11, pp. 1392–1399, 
2023, [Online]. Available: 
https://journalijecc.com/index.php/IJECC/article/view/3291 

[3] Julika Lietzow, “Biologically Active Compounds in Mustard Seeds: A Toxicological 
Perspective,” Foods, vol. 10, no. 9, p. 2089, 2021, doi: 
https://doi.org/10.3390/foods10092089. 

[4] G. S. M. R.S. Grewal, Rohinish Khurana, Anoop Kumar Dixit, “Development and 
evaluation of tractor operated inclined plate metering device for onion seed planting,” 
Agric. Eng. Int. CIGR J., vol. 17, no. 2, 2015, [Online]. Available: 
https://www.researchgate.net/publication/283807931_Development_and_evaluatio
n_of_tractor_operated_inclined_plate_metering_device_for_onion_seed_planting 

[5] A. M. Inayat Ullah, Khalid Naveed, Arbaz Hassan, Saman Khalid, Muhammad 
Sheraz, Muhammad Ibrar Hassan, Arshad Iqbal, Zehnoor Ahmad, Rafaquat, Malik 
Faizan Shoukat, “Assessing the performance of maize genotypes and nitrogen levels 
on agronomic traits and phytochemical composition of corn,” Pure Appl. Biol, vol. 14, 
no. 2, pp. 585–599, 2025, [Online]. Available: 
https://www.thepab.org/files/2025/June-2025/PAB-MS-2501-007.pdf 

[6] S. M. M. Dayanand, R.K.Verma, “Boosting Mustard Production through Front Line 
Demonstrations,” Indian Res. J. Ext. Edu, vol. 12, no. 3, 2012, [Online]. Available: 
https://api.seea.org.in/uploads/pdf/v12323.pdf 

[7] European Commission, “Common Catalogue of Varieties of Agricultural Plant 
Species,” Eur. Comm., 2020, [Online]. Available: https://www.hapih.hr/wp-
content/uploads/2020/12/plant-variety-catalogues_agricultural-plant-species.pdf 

[8] & F. T. (Eds. . Divakaran M & Babu KN (2016) Mustard. In B. Caballero, P. M. 
Finglas, “Encyclopedia of Food and Health,” Oxford, UK Acad. Press., 2016, [Online]. 
Available: 
https://www.sciencedirect.com/referencework/9780123849533/encyclopedia-of-
food-and-health 

[9] A. Sharma, A. K. Verma, R. K. Gupta, Neelabh, and P. D. Dwivedi, “A 



                      International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |276 

Comprehensive Review on Mustard-Induced Allergy and Implications for Human 
Health,” Clin. Rev. Allergy Immunol., vol. 57, no. 1, pp. 39–54, Aug. 2019, doi: 
10.1007/S12016-017-8651-2/METRICS. 

[10] N. C. B. Syed Uzair Shah, Qasim Ayub, Ijaz Hussain, Shah Masaud Khan, Shujaat Ali, 
Muhammad Affan Khan, Naveed Ul Haq, Abid Mehmood, Touqeer Khan, “Effect 
of Different Growing Media on Survival and Growth of Grape (Vitus vinifera) 
Cuttings,” J. Adv. Nutr. Sci. Technol., vol. 1, no. 3, 2021, [Online]. Available: 
https://chempublishers.com/advances-of-nutrition-science-and-
technology/2021/09/20/anst-1321/ 

[11] O. S. Qammer Shahzad, Shehla Sammi, Abid Mehmood, Khalid Naveed, Kamran 
Azeem, Ahmed Ayub, Muhammad Hassaan, Mehak Hussain, Qasim Ayub, 
“Phytochemical analysis and antimicrobial activity of adhatoda vasica leaves,” Pure 
Appl. Biol, vol. 9, no. 2, pp. 1654–1661, 2020, [Online]. Available: 
https://www.thepab.org/files/2020/June-2020/PAB-MS-190120481.pdf 

[12] Malik Faizan Shaukat, Ijaz Hussain, Abid Mehmood, Khalid Naveed, Ahmad Ayub, 
Qasim Ayub, Raja Ahmad Ali, Muhammad Anas Mehboob Malik, Jawad Ahmed, 
“Improving storability and quality of peach fruit with post-harvest application of 
calcium chloride and potassium permanganate,” Pure Appl. Biol, vol. 12, no. 1, pp. 
414–423, 2023, [Online]. Available: https://www.thepab.org/files/2023/March-
2023/PAB-MS-2209-073.pdf 

[13] A. Shehzad, A., Hassan, U., Ahmed, S., Naveed, K., Shoukat, M. F., Hussain, R., & 
Mehmood, “Metabolomic Profiling and Bioactivity Evaluation of Plant Resins,” Int. J. 
Agric. Sustain. Dev., vol. 7, no. 1, pp. 101–112, 2025, [Online]. Available: 
https://www.researchgate.net/publication/390676045_Metabolomic_Profiling_and_
Bioactivity_Evaluation_of_Plant_Resins 

[14] A. Taran, S. N. U., Ali, S. A., Haq, N. U., Faraz, A., Ali, S., & Mehmood, 
“Antioxidant and antimicrobail activities, proximate analysis and nutrient composition 
of eight selected edible weeds of Peshawar region,” J. Xi’an Shiyou Univ. Nat. Sci. Ed., 
vol. 18, no. 9, pp. 517–545, 2022, [Online]. Available: 
https://www.researchgate.net/publication/363712454_ANTIOXIDANT_AND_A
NTIMICROBAIL_ACTIVITIES_PROXIMATE_ANALYSIS_AND_NUTRIENT
_COMPOSITION_OF_EIGHT_SELECTED_EDIBLE_WEEDS_OF_PESHAW
AR_REGION 

[15] M. F. S. Sagheer Khan, Muhammad Jahangir, Atif Shehzad, “Identification Of 
Bioactive Compounds in Selected Seeds of Medicinal Plants,” Int. J. Agric. Sustain. 
Dev., vol. 7, no. 2, pp. 231–242, 2025, [Online]. Available: 
https://www.researchgate.net/publication/392572678_Identification_Of_Bioactive_
Compounds_in_Selected_Seeds_of_Medicinal_Plants 

[16] Q. Rehman, A. U., Mehmood, A., Naveed, K., Haq, N. U., Ali, S., Ahmed, J., & 
Shahzad, “Integrated effect of nitrogen and sulphur levels on productive traits and 
quality of black cumin (Nigella Sativa L.),” J. Xi’an Shiyou Univ. Nat. Sci. Ed., 2022, 
[Online]. Available: https://www.xisdxjxsu.asia/V18I10-05.pdf 

[17] M. P. D. S. P. J. Sáez-Bastante, P. Fernández-García, M. Saavedra, L. López-Bellido, 
“Evaluation of Sinapis alba as feedstock for biodiesel production in Mediterranean 
climate,” Fuel, vol. 184, pp. 656–664, 2016, [Online]. Available: 
https://www.sciencedirect.com/science/article/abs/pii/S0016236116306172?via%3
Dihub 

[18] V. B. V. Biljana S. Đorđević, Milan D. Kostić, Zoran B. Todorović, Olivera S. 
Stamenković, Ljiljana M. Veselinović, “Triethanolamine-based deep eutectic solvents 
as cosolvents in biodiesel production from black mustard (Brassica nigra L.) seed oil,” 



                      International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |277 

Chem. Eng. Res. Des., vol. 195, pp. 526–536, 2023, [Online]. Available: 
https://www.sciencedirect.com/science/article/abs/pii/S0263876223003775?via%3
Dihub 

[19] Y. S. Yue Zhang, Jike Lu, Yongqi Liu, Changcheng Zhao, Juanjuan Yi, Jiaqing Zhu, 
Qiaozhen Kang, Limin Hao, “Polyphenols of brown (Brassica juncea) and white 
(Sinapis alba) mustard seeds: Extraction optimization, compositional analysis, 
antioxidant, and immunomodulatory activities,” Food Biosci., vol. 58, p. 103753, 2024, 
[Online]. Available: 
https://www.sciencedirect.com/science/article/abs/pii/S2212429224001834?via%3
Dihub 

[20] A. M. Maria Noor, Nisa Basharat, Muhammad Asad, Riaz Hussain, Muhammad 
Sheraz Arif, Ghulam Qadir, Soban Khalid, Sadam Hussein, Aliha Asif, Faisal Ul 
Rehman, Malik Faizan Shaukat, “Extraction techniques and purification methods: 
Precision tools for pure innovation,” Pure Appl. Biol, vol. 14, no. 2, pp. 224–248, 2025, 
[Online]. Available: https://www.thepab.org/files/2025/June-2025/PAB-MS-2408-
049.pdf 

[21] A. Ahmad M Bakhsh, B P M Iqbal, S K Shahid, “Impact Of Weed Control 
Techniques on Weeds, Yield, and Quality Attributes of Field Pea (Pisum Sativum Var. 
Arvense),” Int. J. Agric. Sustain. Dev., vol. 7, no. 2, pp. 155–161, 2025, [Online]. 
Available: 
https://www.researchgate.net/publication/391408200_Impact_Of_Weed_Control_
Techniques_on_Weeds_Yield_and_Quality_Attributes_of_Field_Pea_Pisum_Sativu
m_Var_Arvense 

[22] M. U. Mehmood, S., Ayub, Q., Khan, S. M., Arif, N., Khan, M. J., Mehmood, A., ... & 
Ayub, “Responses of Fig Cuttings (Ficus Carica) to different sowing dates and potting 
media under agro-climatic conditions of Haripur,” RADS J. Biol. Res. Appl. Sci., vol. 
11, no. 2, pp. 112–119, 2020, doi: https://doi.org/10.37962/jbas.v11i2.268. 

[23] H. K. Sharma et al., “Genetic Resources of Brassicas,” Cash Crop. Genet. Divers. Erosion, 
Conserv. Util., pp. 285–337, Jan. 2022, doi: 10.1007/978-3-030-74926-2_9. 

[24] J. N. A.K. Thakur, K.H. Singh, D. Sharma, N. Parmar, “Breeding and genomics 
interventions in Ethiopian mustard (Brassica carinata A. Braun) improvement – A 
mini review,” South African J. Bot., vol. 125, pp. 457–465, 2019, [Online]. Available: 
https://www.sciencedirect.com/science/article/pii/S0254629919310221?via%3Dihu
b 

[25] S. F. Abid Mehmood, Khalid Naveed, Ke Liu, Muhammad Adnan, Khaled El-
Kahtany, “Exogenous application of ascorbic acid improves physiological and 
productive traits of Nigella sativa,” Heliyon, vol. 10, no. 7, p. 28766, 2024, [Online]. 
Available: https://www.cell.com/heliyon/fulltext/S2405-8440(24)04797-
2?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS
2405844024047972%3Fshowall%3Dtrue 

[26] H. Abid Mehmood, Khalid Naveed, Muzaffar Iqbal, Rashid Ali, Malik Faizan Shaukat 
and S. H. Shahzad, Anees Ur Rehman, Ahmad Ayub, Mubasir Ahmed, Diyan Ahmad, 
Abdul Tawab, Saifur Rehman, “Improving gas exchange characteristics, antioxidant 
enzymes, yield and yield attributes of black cumin through foliar application of 
ascorbic acid,” J. Xi’an Shiyou Univ. Nat. Sci. Ed., 2023, [Online]. Available: 
https://www.xisdxjxsu.asia/V18I10-77.pdf 

[27] J. H. Nur Alim Bahmid, Laurens Pepping , Matthijs Dekker, Vincenzo Fogliano, 
“Using particle size and fat content to control the release of Allyl isothiocyanate from 
ground mustard seeds for its application in antimicrobial packaging,” Food Chem., vol. 
308, p. 125573, 2020, [Online]. Available: 



                      International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |278 

https://www.sciencedirect.com/science/article/pii/S0308814619316978?via%3Dihu
b 

[28] A. Mehmood et al., “Mitigating Adverse Effects of Salinity Through Foliar 
Application of Biostimulants,” Environ. Clim. Plant Veg. Growth, pp. 115–132, 2024, 
doi: 10.1007/978-3-031-69417-2_4. 

[29] S. Mehmood, A., Naveed, K., Khan, S. U., Haq, N. U., Shokat, M. F., Iqbal, M., & 
Ali, “Phytochemical screening, antioxidants properties and antibacterial efficacy of 
moringa leaves,” J. Xi’an Shiyou Univ. Nat. Sci. Ed., vol. 18, no. 10, pp. 59–70, 2022. 

[30] S. C. Derong Lin, Mengshi Xiao, Jingjing Zhao, huohao Li, Baoshan Xing, Xindan Li, 
Maozhu Kong, Liangyu Li, Qing Zhang, Yaowen Liu, Hong Chen, Wen Qin, Hejun 
Wu, “An Overview of Plant Phenolic Compounds and Their Importance in Human 
Nutrition and Management of Type 2 Diabetes,” Molecules, vol. 21, no. 10, p. 1374, 
2016, doi: https://doi.org/10.3390/molecules21101374. 

[31] Jean-Jacques Macheix, “Fruit Phenolics,” Food Sci. Technol., vol. 390, 1990, doi: 
https://doi.org/10.1201/9781351072175. 

[32] K. N. Abid Mehmood, Qasim Ayub, “Phytochemical screening and antibacterial 
efficacy of black cumin (nigella sativa l.) Seeds,” FUUAST J. Biol., vol. 11, no. 1, pp. 
23–28, 2021, [Online]. Available: 
https://www.researchgate.net/publication/352740842_Phytochemical_Screening_An
d_Antibacterial_Efficacy_Of_Black_Cumin_Nigella_Sativa_L_Seeds 

[33] F. S. & S. F. Abid Mehmood, Khalid Naveed, Qasim Ayub, Saud Alamri, Manzer H. 
Siddiqui, Chao Wu, Depeng Wang, Shah Saud, Jan Banout, Subhan Danish, Rahul 
Datta, Hafiz Mohkum Hammad, Wajid Nasim, Muhammad Mubeen, “Exploring the 
potential of moringa leaf extract as bio stimulant for improving yield and quality of 
black cumin oil,” Sci. Rep., vol. 11, no. 24217, 2021, doi: 
https://doi.org/10.1038/s41598-021-03617-w. 

[34] A. and S. M. K. Abid Mehmood, Khalid Naveed, Kamran Azeem, Ayub Khan, 
Naushad, “Sowing time and nitrogen application methods impact on production traits 
of Kalonji (Nigella sativa L.),” Pure Appl. Biol, vol. 7, no. 2, pp. 476–485, 2018, 
[Online]. Available: https://www.thepab.org/files/2018/June-2018/PAB-MS-
180001.pdf 

[35] U. T.-H. Ruchira Nandasiri, N.A. Michael Eskin, Peter Eck, “Chapter 8 - Application 
of green technology on extraction of phenolic compounds in oilseeds (Canola),” Cold 
Press. Oils, pp. 81–96, 2020, [Online]. Available: 
https://www.sciencedirect.com/science/article/abs/pii/B9780128181881000086?via
%3Dihub 

[36] Nandasiri R & Eskin NAM, “Canolol: A promising antioxidant with inspiring 
foresight,” Acad. Lett., 2021, [Online]. Available: 
https://www.researchgate.net/publication/353348499_Canolol_A_Promising_Antio
xidant_with_Inspiring_Foresight 

[37] N. A. M. E. Ruchira Nandasiri, Afra Imran, Usha Thiyam-Holländer, “Rapidoxy® 
100: A Solvent-Free Pre-treatment for Production of Canolol,” Front. Nutr, vol. 8, 
2021, doi: https://doi.org/10.3389/fnut.2021.687851. 

[38] R. Nandasiri, E. Zago, U. Thiyam-Holländer, and M. Eskin, “Attenuation of Sinapic 
Acid and Sinapine-Derived Flavor-Active Compounds Using A Factorial-Based 
Pressurized High-Temperature Processing,” Authorea Prepr., Mar. 2021, doi: 
10.22541/AU.161696107.75901763/V1. 

[39] F. H. Tingting Guo, Chuyun Wan, “Extraction of rapeseed cake oil using subcritical 
R134a/butane: Process optimization and quality evaluation,” Food Sci. Nutr., 2019, 
doi: https://doi.org/10.1002/fsn3.1209. 



                      International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |279 

[40] O. Fadairo, R. Nandasiri, A. M. Alashi, N. A. M. Eskin, and U. Thiyam-Höllander, 
“Air frying pretreatment and the recovery of lipophilic sinapates from the oil fraction 
of mustard samples,” J. Food Sci., vol. 86, no. 9, pp. 3810–3823, Sep. 2021, doi: 
10.1111/1750-3841.15861. 

[41] A. Kamal, A. A., Rahman, T. U., & Mehmood, “Identification, adaptability, 
phytochemical and nutritional potential of Slender amaranth: A review,” Xi’an Shiyou 
Daxue Xuebao (Ziran Kexue Ban)/Journal Xi’an Shiyou Univ., vol. 18, no. 9, pp. 506–516, 
2022, [Online]. Available: 
https://www.researchgate.net/publication/363712216_Identification_adaptability_ph
ytochemical_and_nutritional_potential_of_Slender_amaranth_A_review#:~:text=Sle
nder amaranth (Amaranthus viridis) has,is adequate opportunity for its 

[42] N. U. Khan, M. J., Qasim Ayub, I. H., Mehmood, A., Arif, N., Mehmood, S., 
Shehzad, Q., ... & Haq, “Responses of persimmon (Diospyros kaki) fruits to different 
fruit coatings during postharvest storage at ambient temperature,” J. Pure Appl. Agric., 
vol. 5, no. 3, 2020, [Online]. Available: 
https://www.researchgate.net/publication/344804218_Responses_of_persimmon_D
iospyros_kaki_fruits_to_different_fruit_coatings_during_postharvest_storage_at_am
bient_temperature 

[43] N. P.-H. & Javier Morales-López, Mónica Centeno-Álvarezb Centro de Investigación 
en Ciencia Aplicada y Tecnología Avanzada del Instituto Politécnico Nacional, 
México;, Antonio Nieto-Camacho, Mercedes G. López, Elizabeth Pérez-Hernández, 
“Evaluation of antioxidant and hepatoprotective effects of white cabbage essential 
oil,” Pharm. Biol., vol. 55, no. 1, 2021, [Online]. Available: 
https://www.tandfonline.com/doi/full/10.1080/13880209.2016.1258424 

[44] N. U. H. Muzaffar Iqbal, Khalid Naveed, Rashid Ali, Riaz Hussain, Syed Salman 
Ahmed, Malik Faizan Shaukat, Hurraira Ijaz, “Agronomic and nutritional evaluation 
of Groundnut crop as affected by moringa leaf extract and zinc application,” Pure 
Appl. Biol, vol. 13, no. 1, pp. 82–92, 2024, [Online]. Available: 
https://www.thepab.org/files/2024/March-2024/PAB-MS-2310-105.pdf 

[45] L. M. Alessandra Masci, Roberto Mattioli, Paolo Costantino, Simona Baima, Giorgio 
Morelli, Pasqualina Punzi, Cesare Giordano, Alessandro Pinto, Lorenzo Maria 
Donini, Maria d’Erme, “Neuroprotective Effect of Brassica oleracea Sprouts Crude 
Juice in a Cellular Model of Alzheimer’s Disease,” Oxid. Med. Cell. Longev., 2015, doi: 
https://doi.org/10.1155/2015/781938. 

[46] H. Riaz Hussain, Maria Noor, Soban Khalid, Nisa Basharat and Raza, Muhammad 
Sheraz Arif, “A comprehensive review on resistant starch, its types, sources, 
application and health benefits,” Pure Appl. Biol, vol. 14, no. 2, pp. 531–542, 2025, 
[Online]. Available: https://www.thepab.org/files/2025/June-2025/PAB-MS-2411-
084.pdf 

[47] A. S. Jiménez-Osorio, S. González-Reyes, and J. Pedraza-Chaverri, “Natural Nrf2 
activators in diabetes,” Clin. Chim. Acta, vol. 448, pp. 182–192, 2015, doi: 
https://doi.org/10.1016/j.cca.2015.07.009. 

[48] S. A. Qasim Ayub, Abid Mehmood, Umar Hayat, Qammer Shahzad, “Effect of 
salinity on physiological and biochemical attributes of different Brinjal (Solanum 
melongena L.) cultivars,” Pure Appl. Biol, vol. 9, no. 4, pp. 2190–2198, 2020, [Online]. 
Available: https://www.thepab.org/files/2020/December-2020/PAB-MS-
190120464.pdf 

[49] Q. Ayub et al., “Enhancement of physiological and biochemical attributes of okra by 
application of salicylic acid under drought stress,” J. Hortic. Sci. Technol., pp. 113–119, 
Dec. 2020, doi: 10.46653/JHST2034113. 



                      International Journal of Agriculture and Sustainable Development 

May 2025|Vol 07 | Issue 02                                                                             Page |280 

[50] J.-J. S. Young Woon Chang, Jae Young Jang, Yong Ho Kim, Jung-Wook Kim, “The 
Effects of Broccoli Sprout Extract Containing Sulforaphane on Lipid Peroxidation 
and Helicobacter pylori Infection in the Gastric Mucosa,” Gut Liver, vol. 19, no. 3, 
2025, [Online]. Available: 
https://www.gutnliver.org/journal/view.html?doi=10.5009/gnl14040 

[51] F. Gassara, A. P. Kouassi, S. K. Brar, and K. Belkacemi, “Green Alternatives to 
Nitrates and Nitrites in Meat-based Products–A Review,” Crit. Rev. Food Sci. Nutr., 
vol. 56, no. 13, pp. 2133–2148, Oct. 2016, doi: 
10.1080/10408398.2013.812610;WGROUP:STRING:PUBLICATION. 

[52] Q. S. Q Ayub, S M Khan, I Hussain, K Naveed, S Ali, A Mehmood, M J Khan, N U 
Haq, “Responses of different okra (Abelmoschus esculentus) cultivars to water deficit 
conditions,” J. Hortic. Sci., vol. 16, no. 1, 2021, [Online]. Available: 
https://jhs.iihr.res.in/index.php/jhs/article/view/1099 

[53] Q. Ayub et al., “Mitigating the adverse effects of NaCl salinity on pod yield and ionic 
attributes of okra plants by silicon and gibberellic acid application,” Italus Hortus, vol. 
28, no. 1, pp. 59–73, 2021, doi: 10.26353/J.ITAHORT/2021.1.5973. 

[54] M. F. S. Muhammad Umer Ayub, Qasim Ayub, , Shah Masaud Khan, Muhammad 
Abbas Khan, Sohail Ahmad, Ijaz Hussain, Waseem Ahmed, Abid Mehmood, 
Muhammad Hassaan, “Pre-storage application of ascorbic acid and salicylic acid to 
preserve quality of peach fruits during cold storage,” J. Pure Appl. Agric., vol. 7, no. 4, 
pp. 73–89, 2022, [Online]. Available: 
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20230285219 

[55] J. D. P. Anisha Mazumder, Anupma Dwivedi, “Sinigrin and Its Therapeutic 
Benefits,” Molecules, vol. 21, no. 4, p. 416, 2016, doi: 
https://doi.org/10.3390/molecules21040416. 

[56] D. C. Adriana PĂUCEAN, Simona MAN, Sevastiţa MUSTE, Anamaria POP, 

Simona CHIȘ, “Physico-Chemical and Sensory Properties of Wheat Bread 
Supplemented With Mustard Flour,” Bull. Univ. Agric. Sci. Vet. Med. Cluj-Napoca. Food 
Sci. Technol., vol. 75, no. 1, 2018, [Online]. Available: 
https://journals.usamvcluj.ro/index.php/fst/article/view/12991 

[57] A. Amin, S. E., Haq, N. U., Haider, S., Shaukat, M. F., Arif, A., Fareed, A., ... & 
Mehmood, “Emergence and transboundry spread of lumpy skin disease in South 
Asian Countries: a review,” J. Xi’an Shiyou Univ. Nat. Sci. Ed., vol. 18, no. 9, pp. 517–
545, 2021. 

[58] S. A. Aditi Dey Tithi, Md Monzurul Islam Anoy, “Study of Commercial Mustard Oil 
Adulteration in Bangladesh,” Conf. Int. Conf. Eng. Res. Innov. Educ. 2019At SUST, 
Sylhet., 2019, [Online]. Available: 
https://www.researchgate.net/publication/348002508_Study_of_Commercial_Musta
rd_Oil_Adulteration_in_Bangladesh 

 

Copyright © by authors and 50Sea. This work is licensed under 
Creative Commons Attribution 4.0 International License.  

 


