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Chapter One: Introduction, agronomy, varieties, and production of black cumin seed


Samia Osman Yagoub     
Department of Agronomy, College of Agricultural Studies, Weed Science Centre, Sudan University of Science and Technology, Khartoum, Sudan







Abstract


Black cumin (Nigella sativa L.) is an annual herbaceous flowering plant. It can be frequently found growing wild as a weed in cultivated crops. Black cumin is native to the South West and South Asia, as well as North Africa, where it is cultivated and grows. It is commonly grown for its flavorful seeds and leaves and is known as a culinary spice in Asian and Middle Eastern cuisines. Its seeds are used dried in food and, taste-wise, are a popular spice used worldwide for many traditional regional dishes due to their peppery taste. Its seeds are considered important for the production of both oil and bioactive compounds, which have unique chemical properties. Little attention has been given to improving the productivity and production of black cumin seeds, and hence, it has remained an unutilized crop with inferior attention. It faces significant challenges in productivity and production, such as a lack of improved varieties, a lack of proper technical packages, a lack of awareness of a lack of processing factories, and a lack of a market. This chapter aims to review its agronomy, varieties, and production and focuses the light on its importance.
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1.1. Introduction

Black cumin (Nigella sativa L.) is an herbal plant belongs to the Ranunculaceae, the buttercup family, with about 70 genera and at least 3000 species. The Nigella genus is diploid (2n=12) and contains about 14 species of annual plant herbs (Weiss, 2002). There are about 13 species in Turkey; it includes some important species (e.g., N. sativa L, Nigella damascena L, and Nigella arvensis L), with aromatic and medicinal properties, the most popular of which is N. sativa L (Kökdil et al., 2016). The name Nigella comes from the Latin niger, or nigellus, meaning black. It is known by many different names around the world, including black cumin, black caraway, kalonji, Roman coriander, and fennel flower. The fact that black cumin is found in different countries is proved by its different names in various countries. Its English name is black cumin. Its Italian name is nigella; neguilla or pasinara in Spanish; cheveux de venus, nigelle, cumin noir, or poivrette in French; schwarzkummel in Germany; kolongi in Turkish; jinten hitan in Indonesia and Malaya; kala zira, kalongi, krishanjirka, mangrail, and many other vernacular names in India. Black seed plants and seeds are known to all Arabian and Islamic countries and carry various colloquial names. It is known generally by the names Habbat Albarakah (blessed seeds), Alhabahat Alsawda, and Alkamoun Alaswad (black seeds).




1.2. Importance of black cumin

Black cumin is an herb that is said to have magical qualities. Its seeds are bitter in taste, and consumption of seeds, even in small quantities, gives a feeling of constriction in the throat (Sultana et al., 2018). The fatty oil from 
black cumin is not used for cooking owing to its nigellon content, which causes a bitter taste in oil. This plant is a life-saving herb and has highly protein-containing properties. It has various properties that have extremely good effects on an individual's health and well-being. The popularity of the plant came from the ideological belief in the herb as a cure for multiple diseases as well as the medicinal value of the immense, varied, and powerful pharmacological traits. In fact, the Prophet Mohammed even said that this herb could cure all diseases except death. Black cumin seeds have been used as a natural remedy for over 4000 years in various parts of the world. Evidence of the importation of black cumin seeds were found in an archeological site of a second century Roman settlement near the Rhine River in Germany. Both Galen and Hippocrates, two ancient renowned physicians who lived in Rome in 200 A.D. and Greece in 400 B.C., wrote about the uses of black cumin (Vandorpe, 2010).

The seeds of black cumin were found in the Egyptian pharaoh, King Tut's tomb, which reflects the degree of significance the seeds had during the ancient Egyptians time. The Egyptians used it mainly to preserve bodies before mummifying them. Ibn Sina extensively praised the black cumin seed for its restorative and preventative qualities. Ibn Sina believed that the black cumin helped people recover from dispiritedness or fatigue, and also stimulated the body’s energy. In his book, Al-Biruni (973–1048), the Muslim scholar revealed that the black seed is called alwanak, a kind of grain in the Sigzi dialect. This reference to black seed as “grains” aims at the seed's possible nutritional use during the 10th and 11th centuries. A Greek physician, Dioscorides, of the 1st century, pointed out that black seeds were used to treat headaches, nasal congestion, toothaches, and intestinal worms. Also, it was used as a diuretic to promote menstruation and increase milk production (Mollazadeh et al., 2017).

The ancient Romans used it as both a spice and a medicine. In India and the Arab world, it is used as medicine and food (Yarnell and Abascal, 2011). It was used to enhance digestion by boiling it in water and using it as medicine for edema, heart disease, stomach ailments, and to remove gas from the stomach and intestine. It had antimicrobial and antifungal properties. Black cumin is characterized by its preservative quality and is often used in meats like sausage. It is a great source of iron and other important minerals. It contains dietary fiber and vitamins. Black seeds are used in food as a flavoring additive in breads and pickles (Hassanien et al., 2015).

Black cumin pharmacological functions in seed fixed volatile oils are due to the presence of secondary metabolites (stearic, palmitic, and linoleic acid) 
as well as phenolic compounds in roots and shoots (Mathaus and Ozcan, 2011). It was used to remedy illnesses such as tumors, diabetes, irritation, asthma, high blood pressure, digestive disturbances, and women's disorders (Ramadan, 2007).

The seeds contain alkaloids and protein, saponin (-herderin), (nigellicines and nigelledine), eight important fatty acids including linoleic, oleic, and palmitic acids (Tuncturk et al., 2012), essential and fixed oil (Ozel et al., 2009). Essential oils contain varying bioactive molecules such as moqunone, thymol, tocopherol, trans retinol, and selenium (Yarnell and Abascal, 2011).




1.3. Origin of black cumin

Black cumin is wild species, native to the Mediterranean region, spread through West Asia to Northern India, Pakistan, Syria, Turkey, Iran, Saudi Arabia, some parts of Europe, Eastern Asia, and some region of Iran (Onofrei et al., 2017; Kiralan, 2014). Also, it is cultivated from Morocco to sub-Saharan Africa, in Eastern Ethiopia and Niger (Gashaw, 2020). Black cumin is widely cultivated in Southern Europe, the Middle Eastern Mediterranean region, and Northern India. Shewaye (2011) stated that black cumin originated in East Mediterranean and Egypt and commonly cultivated in Iran, Japan, China, and Turkey.




1.4. Adaptation of black cumin

Black cumin is generally short-lived, annual, and typical of disturbed soils or natural communities in semiarid areas with a dominance of therophytes. It is sensitive to soil conditions and climate. Its production extends primarily throughout the Middle East and the Mediterranean Basin, which includes India, Bangladesh, Turkey, Iran, Pakistan, Egypt, Sudan, and Iraq. It is cultivated in some parts of Europe, Eastern Asia, and some regions of Iran (Kirlan, 2014; Majeed et al., 2020). In Iran, black cumin is grown in arid and semiarid regions with a short growth period of about 100–120 days with low input requirements (Merijipoor, 2020). Rostaei et al. (2018) reviewed that black cumin seeds were mature about 133 days after sowing and harvested after the maturity stages. Black cumin is known as one of the most important species growing widely in various regions of Iran. It is cultivated in some areas (Sajedi et al., 2017). Black cumin in Ethiopia is found in indifferent parts at various latitude ranges in a wide agroecology (Gashaw, 2020).









1.5. Varieties of black cumin

There are 12 black cumin species naturally grown in Turkey's flora and only the species of black cumin (N. sativa L.) is traded, and the production is limited compared to many crops and used for domestic consumption (Kar et al., 2007). Ethiopia is one of the centers of black cumin diversity. Eighty-four accessions of black cumin local cultivars have been collected from potential production areas, agroecologies, and under maintenance from entries of black cumin local cultivars grow. Improved varieties such as Darbera, Dershaye, and Eden have been released to users. In Turkey, local populations are generally used as seed production and breeding materials by breeders and farmers due to a lack of cultivars (Kara et al., 2015).




1.6. Production of black cumin

The major producing and exporting countries of black cumin are India, Sri Lanka, Bangladesh, Afghanistan, Pakistan, Egypt, Iran, Iraq, Syria, and Turkey (Sultana et al., 2018). The global average productivity in major producing countries such as India is 2.2 tons per hectare, but in Ethiopia (Kifelew et al., 2017; Gashaw, 2020), it is reported to be 0.79 and 0.64 tons per hectare, which is very low production compared with other producing countries. Hammo (2008) refers to the low productivity of the varieties and the poor agronomic practices applied by the farmers. Toncer and Kizil (2004) mentioned that the seed yield of black cumin was 828kg/ha, and the content of essential oil was 0.27%–0.35%. Ozel et al. (2009) pointed out that the seed yield of black cumin is 2482.3––1406.6kg/ha, and the content of essential oil is between 0.24% and 0.43%. In Ethiopia, it is the second cash crop exported next to ginger and has a share of about 12% of the world market and 99% of the product consumed locally. Ethiopia produced 5.887 tons of black cumin in 2003 (Moard, 2003). Also, the annual yield of black cumin increased rapidly from the previous low production level to over 18,000 metric tons of seed produced in the 2014/15 production season (Gashaw, 2020). About 98% of local exports go to Arab and Muslim countries. The value of cumin is very low because the export is made in the form of whole grain. In Iran, Golkar and Nourbakhsh stated that there was no significant market share.









1.7. Conclusion

Production methods and increasing production and productivity are of great importance from an economic point of view for any crop, as well as the varieties and their knowledge and determining the best and highest productivity in addition to their suitability for the conditions of this production. Despite the importance of black cumin, there are research gaps to increase the yield potential of this crop, especially the management of nutrients, weeds, and diseases and insect pests. Therefore, it is important to improve the yield of the black cumin crop to meet the need of the consumer.
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Abstract


The black seed was used in traditional folk medicine before the advent of modern medicine, as it was used around the world to treat many diseases. It is also mentioned the benefits of black seed and its nutritional and therapeutic uses in the Islamic religion, prophetic medicine, and other religions such as Judaism, as it was found in the monuments and traditional medical texts written by major civilizations such as Greco-Roman and Malaysian. Black seed or Nigella sativa has been widely used as a medicine in many societies and countries. It is very famous, and it is considered a cure for all diseases. They have been widely used to treat disorders of the liver, lung, kidney, and stomach. The black seed also has medicinal properties that include antimicrobial, antiinflammatory, and others.
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2.1. Introduction

The black seed (Nigella sativa) has become famous in recent years in the Arab world, especially the Gulf countries, and its name has spread everywhere with the people's demand for natural and healthy materials, herbs, and what were beneficial to health in particular (Ahmad et al., 2013). The black seed topped the throne of spices and these substances because it treats every disease, depending on what came in one of the hadiths of the Messenger, may God bless him and grant him peace, which was transmitted by Al-Bukhari and others. On the authority of Aisha, may God be pleased with her, she said: The prophet Mohamed, may God bless him and grant him peace, said: “This black seed is healing from every disease except death.” For this very reason, the information available on the benefits of the black seed in the Arabic language on the Internet and books is hundreds of times greater than what is available from the rest of the materials and spices (Ali et al., 2018). This chapter is an attempt to shed light on recent literature in a clear and concise text for researchers to understand the history of pharmacological properties of N. sativa and its position in different cultures.




2.2. History of medicinal use of black cumin seed

It is considered a Mediterranean spice that grows in India, Pakistan, and Afghanistan. Its historical references are found in ancient religious and medical texts. Where both Hippocrates and Dioscorides referred to it as “melanthion,” while the Bible describes it as “the healing black cumin.” That is why the Pharaohs describe it as from life here forever, as it is known to Muslims as the blessing seed (Padhye et al., 2008).






In any case, the interest in the black bean does not depend on the Arabs alone. Many peoples and civilizations have taken care of it, and it has been respected by many who are familiar with the science of spices and food for its special features. Black seed was one of the main spices in the ancient world, and people used it extensively to improve the taste of food and for many types of remedies medical (Padhye et al., 2008).

Available information indicates that the use of black seed was common in the days of the Assyrians and Babylonians, and it was mentioned in some herbal books as a treatment for diseases of the stomach, eye, ear, mouth, and skin, such as itching and other difficult diseases.

Muslims have been using and instructing the use of N. sativa for many years, and several articles have been formed on the subject. Black seed has also been used around the world for more than 3000 years. The black seed represents a prophetic herb and also holds a prominent place in the Prophet's medicines. Interestingly, it was not used in abundance before the Prophet Muhammad made its use known. Although there are more than 400 herbs used by the Prophet Muhammad and recorded in the Herbs of Galen and Hippocrates, black seed was not an obscure remedy among most of the prevalent remedies at the time. Because of the way Islam spread, the use and spread of the black seed are widely known as the “Prophet's remedy.” (Ali et al., 2018).




2.3. Black cumin seed and its position in various cultures

Although, we do not know exactly why the pharaohs loved the black seed and cared for it and the way they used it. The black-colored oil was found in the holdings of the young king the Pharaonic King Tutankhamun, which was later known as Nigella or black seed oil. Some experts say that the black seeds found in the tomb were and are still usable despite the passage of that long period of time in the tomb. The black seed was used to help the pharaonic king cross into the afterlife after death (Padhye et al., 2008).

Cleopatra used the black seed for cosmetic and health purposes, and Queen Nefertiti was also addicted to black seed oil, and doctors listed the days of the pharaohs in general by using it to treat colds, headaches, digestive problems, dental diseases, infections, and allergies. The black bean received great interest in Greece, the Arab world, and the Islamic world, especially in the medical world. It was of great importance in the treatment of diseases of the liver and digestive system (Hussain, 2016).






Historians indicate that the father of medicine and the greatest physician, the Greek Hippocrates (fifth century BC), considered the black seed very useful in treating disorders of the liver and digestive system (Yimer et al., 2019). In the first century AD, it was mentioned and its many uses in the Natural History Encyclopedia of Pliny or Pliny the Elder, which was concerned with knowledge in the ancient world. Pliny referred to it as “Git,” and according to the encyclopedia, it was used to treat snake and scorpion bites and various types of tumors, boils, rashes, colds, and infections. Then came the mention of the black seed in the book of Dioscorides (a famous Greek doctor who lived in the first century AD). In the Middle Ages, black seed was used in the treatment of headaches, nasal congestion, and toothache; in addition to its use to expel worms, it was also used as a diuretic and milk (Al-Attass et al., 2016).

According to Ibn Sina in “The Canon of Medicine,” N. sativa can stimulate energy and help overcome fatigue and stress. And it came in the book: “The shonies (N. sativa) are sour, cut for phlegm, clears, analyzes gases and blows, and purifies it thoroughly. It is placed with vinegar on milky pimples, and it dissolves phlegm and solid tumors, and with vinegar on phlegmatic sores and ulcerated scabies, and it is useful for colds, especially powdered ones” (Yarnell and Abascal, 2011).

Black cumin seeds are wrapped in a linen bundle and then rubbed on the forehead of someone who has a headache, and if it is soaked in vinegar for a night and then crushed and given to the patient to inhale, it is beneficial for the chronic aches in the head, and for killing worms, even if it is coated on the navel, and it induces menstruation if used for days, and it is irrigated with honey and hot water for pebbles in the bladder and kidneys.

As it came in Daud Antaki book Tazkira Ulil Albab about the nigella seed: “Using nigella every morning cooked with raisins turns the skin red and clears it, and its ashes cut the hemorrhoids as a coating. Or anointing the front of the head with it prevents the regression of the common cold, and with bitter melon and wormwood, the parasites of the abdomen are removed as a coating on the navel, and it is an antidote to poisons, so that its smoke repels vermin” (Daud Antaki 2010).

The black seed was mentioned in the German medical encyclopedia in the sixth and eighteenth centuries, and based on the important encyclopedia in Europe, the benefits of this seed are removing sweat, opening appetite, strengthening the digestive system, expelling worms, combating constipation, and expelling fever (Ahmad et al., 2013). Black seed is traditionally used in the East to treat digestive system, flatulence, diarrhea, constipation, 
jaundice, get rid of gallstones, mental atrophy, stimulate the kidneys, increase urine flow, infection, congestion, bronchial tubes, menstrual complaints, promote lactation, skin parasites, exterminate worms, skin care, treat dandruff, and hair loss (Hussain, 2016).




2.4. Conclusion

The black seed has miraculous therapeutic benefits, as it was ranked among the best medicines based on evidence and evidence by pharmacists and doctors. The different parts of it give different therapeutic and medicinal properties to treat many diseases, thus maintaining public health. The main active ingredient of N. sativa extract is thymoquinone, which has a wide range of medicinal uses.






References




1. Ahmad A, Husain A, Mujeeb M, Khan S.A, Najmi A.K, Siddique N.A, Damanhouri Z.A, Anwar F. A review on therapeutic potential of Nigella sativa: a miracle herb. 
Asian Pacific Journal of Tropical Biomedicine
. 2013;3:337–352.


2. Al-Attass S.A, Zahran F.H.M, Turkistany S.A. Nigella sativa and its active constituent thymoquinone in oral health. 
Saudi Medical Journal
. 2016;37:235–244.


3. Ali S.A, Parveen N, ALI A.S. Links between the Prophet Muhammad (PBUH) recommended foods and disease management: a review in the light of modern superfoods. 
International Journal of Health Sciences
. 2018;12:61–69.


4. Daud A. 
Tazkira Ulil Albab, India, Published by CCRUM, Ministry of Health and Family Walfare, Government of India
. 2010.


5. Hussain D.A.S, Hussain M.M. Nigella sativa (black seed) is an effective herbal remedy for every disease except death – a Prophetic statement which modern scientists confirm unanimously: a review. 
Advancement in Medicinal Plant Research
. 2016;4:27–57.


6. Padhye S, Banerjee S, Ahmad A, Mohammad R, Sarkar F.H. From here to eternity - the secret of Pharaohs: therapeutic potential of black cumin seeds and beyond. 
Cancer Therapy
. 2008;6:495–510.


7. Yarnell E, Abascal K. Nigella sativa: holy herb of the Middle East. 
Alternative and Complementary Therapies
. 2011;17:99–105.


8. Yimer E.M, Tuem K.B, Karim A, Ur-Rehman N, Anwar F. Nigella Sativa L. (Black Cumin): a promising natural remedy for wide range of illnesses. 
Evidence-Based Complementary and Alternative Medicine: eCAM
. 2019;2019:1528635.







Chapter Three: Effects of climate, soil type, irrigation and selected agricultural practices on yield and seeds quality bioactive compounds of black cumin


Abbas E. Rahma     
Sudan University of Science and Technology, College of Agricultural Studies, Department of Agricultural Engineering, Khartoum, Sudan







Abstract



Nigella sativa (L.), (black cumin), a Ranunculaceae is an annual herbaceous flowering plant native to Africa, the Middle East, Asia, and southern parts of Europe. However, it becomes naturalized in many countries across the globe. The plant grows best on sandy loam and loamy soils; however, the bulk is planted in the dry semiarid tropics where poor soil fertility, drought, and high temperatures are predominant. The plant importance stems from its medicinal uses, which have been entrenched in many traditional systems of medicine since time immemorial. The compounds proposed to impart medicinal properties include thymoquinone and thymol. The production of these compounds is influenced by genetics and epigenetics factors and is expected to be exacerbated by climate change, particularly under dry farming conditions. However, the crop performance under adverse conditions could be improved by proper selection of accessions and agricultural practices.
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3.1. Introduction


Nigella sativa (L.), a Ranunculaceae is an annual herbaceous flowering plant native to the northern regions of Africa, the middle East, Southwest Asia, and southern parts of Europe (Hussain and Hussain, 2016). However, the plant has spread and becomes naturalized in many countries across the globe (Van Kleunen et al., 2015). N. sativa has gained importance as a multipurpose plant where it has been used in culinary since time immemorial across cultures and civilization. The first record of the plant in culinary dated back to ancient Mesopotamia as recorded in the oldest world recipe collection known Yale culinary tables which dates back to 1750 BC. The plant is known by different vernacular names across countries and regions, which reflects interwoven popularity into different cultures. The plant is renowned for its high nutritive value (Mathur et al., 2011); however, its importance stems from its medicinal uses, which are well entrenched in traditional systems of medicine including Ayurveda, Unani, Chinese, and Arabic (Khan et al., 2011). The plant has shown potential to suppress several human ailments spanning headache and cancer (Fatima Shad et al., 2021). Recently, intensive research is ongoing to verify scientific viability of traditional uses and on plausibility of using the plant and/or product as a treatment for COVID-19 (Fatima Shad et al., 2021).









3.2. Bioactive compounds of black cumin

Phytochemicals in oils and seeds of black cumin have shown a substantial number of bioactive ingredients with potentials to cure various ailments (Fatima Shad et al., 2021). Among these bioactive ingredients, thymoquinone (TQ) (Fig. 3.1) is the most prominent. The bioactive compounds, through suppression of the inflammatory mediators and leukotrienes, exhibit potent antiinflammatory effects on several inflammation-based models including experimental encephalomyelitis, colitis, peritonitis, edema, and arthritis (Chakrabarty et al., 2003). Recent research indicated the plausibility of developing black cumin and TQ as therapeutic agents for combating contemporary inflammatory and infectious diseases including COVID-19 (Fatima Shad et al., 2021).


N. sativa seed fixed oil contents (28–36%w/w) are chiefly composed of a plethora of unsaturated fatty acids including arachidonic, eicosadienoic, and 
linoleic together with saturated congeners palmitic, stearic, and myristic acids (Hajhashemi et al., 2004). The seed oil contains cholesterol, campesterol, stigmasterol, β-sitosterol, α-spinasterol, (+)-citronellol, (+) limonene, p-cymene, citronellyl acetate, carvone, nigellone, arachidic, linolenic, linoleic, myristic, oleic, palmitic, palmitoleic, and stearic acids (Dinagaran et al., 2016). Seed oil contains fixed oils like linoleic acid (55.6%), oleic acid (23.4%), and palmitic acid (12.5%) and volatile oils like trans-anethole (38.3%), p-cymene (14.8%), limonene (4.3%), and carvone (4.0%) (Nickavar et al., 2003). N. sativa seeds are renowned for their high contents of vitamins A, B, and C and the minerals Cu, P, Zn, and Fe. However, the composition and proportions of phytochemicals, proteins, and mineral constituents in the seeds and oil may differ within provinces and regions (Tembhurne et al., 2014) (Table 3.1).



[image: image]




Figure 3.1
 Chemical structures of some main constituents of Nigella sativa seeds (Kooti et al., 2016).





Table 3.1





Minerals, proteins, and sugars content, expressed as a mass percentage of dry matter for cumin seeds from four different geographic origins.


	Nutritional characteristics
	Lebanon
	France
	Algeria
	Syria





	Minerals %
	10.5
	5.4
	8.0
	8.7



	Proteins %
	24.7
	22.6
	20.9
	24.0



	Soluble sugars %
	10.8
	8.9
	11.2
	13.2
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Adopted from Merah, O., Sayed-Ahmad, B., Talou, T., Saad, Z., Cerny, M., Grivot, S., Evon, P. & Hijazi, A., 2020. Biochemical composition of cumin seeds, and biorefining study. Biomolecules 10, 1054.





3.2.1. Plausible impact of climate change on productivity of black cumin

In general, crop production can be influenced by several biotic and abiotic stress factors, including availability of nutrients or water (Ma et al., 2020). With a changing climate, heat and drought stress are predicted to be among the main challenges for crop production, particularly in semiarid areas, which are already exposed to high temperatures and water scarcity (Zubair et al., 2013).

For consistent performance of a medicinal plant, maintenance of quantity and quality of the bioactive ingredients is a necessity (Can et al., 2021). The bulk black cumin is produced mainly under dry farming conditions where drought and high temperature are common production constraints. Growing black cumin under these conditions often results in low seed yield and quality losses due to limited rainfall, prolonged dry spells, and inability to compete with weeds (Güllü and Gülcan, 2013; Can et al., 2021). However, 
available evidence indicates that variability in yield and quality are influenced by variety, altitude, and geographical location, thus suggesting crucial roles for geographical and genetic diversity in determining yield and quality characteristics of black cumin. Further, reductions in yield and seeds quality of black cumin were strongly associated with drought conditions (Ghamarnia and Jalili, 2013; Can et al., 2021).
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Figure 3.2
 Percentage of THQ, THY, and MDA S compared with seed from the country of origin in three altitudes (Aziz et al., 2017b).
MDA S, seed malondialdehyde; THQ, thymoquinone; THY, thymol.



Air temperature is crucial in determining growth, seeds yield, and phytochemical composition of black cumin (Aziz et al., 2017a). Temperature under field conditions cannot be controlled. However, it could be modified to simulate environmental conditions prevalent at black cumin plant center of origin (Ahrens and Henson, 2021). A study undertaken in Indonesian tropical regions showed that production of the bioactive ingredients, TQ, and thymol and the oxidative stress biomarker malondialdehyde (MD) in black cumin was influenced by altitude and accession origin (Fig. 3.2). The difference due to altitude was attributed to disparity temperature, whereas differences between accessions were attributed to differential tolerance to temperature stress as designated by MD contents. It is worth mentioning that both supraoptimal temperature and drought induce reactive oxygen species accumulation in planta (Wormuth et al., 2007). However, differences due to niche differentiation cannot be ruled out (Carroll et al., 2011). Thus, it would appear that for sustainable production of good quality black cumin, the microclimate at production sites should not to be overlooked (Aziz et al., 2017a).





3.3. Black cumin ecology and growing conditions

For maintenance of better growth, yield, and quality, black cumin requires an abstemiously cool and dry climate. At harvest, the crop is prone to damage by rains. Rainfall during harvest reduces yield and crop quality 
(Sastry and DM, 2013). Crop quality is badly affected by diseases which negatively impact prices once the seeds have turned black. The crop is most vulnerable to frost damage, especially at flowering and early seed formation stages. Control measures include: spraying with sulfuric acid (0.1%), irrigating the crop prior to frost incidence, setting up windbreaks against cool waves, or creating an early morning smoke cover. The best growth of black cumin is attained on well-drained loamy to sand loamy soils with pH around neutral (7–8) (Anandaraj and Sudharshan, 2011).




3.4. Irrigation and water management on bioactive compounds of black cumin

One third of the world lands are classified as arid and semiarid regions, and the remains are faced with water seasonal or local fluctuations (Lange, 2012).Water shortage rather than land is the major constraint facing agricultural production in the arid and semiarid regions (Bannayan et al., 2008).

Black cumin requires less water than most other spices. In all growing countries, a light irrigation is given immediately after sowing to moisten the surface soil. Coinciding with germination, a second irrigation is applied some 8–10 days after the first irrigation. Depending upon edaphic and climatic conditions, subsequent irrigations may be given at an interval of 15–25 days. The last heavy irrigation is to coincide with seed formation (Sastry and Anandaraj, 2013).

Available research revealed that black cumin is tolerant to moderate water deficit (Mozaffari et al., 2000). However, irrigation scheduling, frequency, and synchronization with developmental stages improved growth and productivity (Bannayan et al., 2008; Karim et al., 2017).




3.5. Effect of fertilizers and soil type on bioactive ingredients of black cumin

Black cumin is generally adapted to disturbed soils and semiarid regions (D'Antuono et al., 2002). In these regions, nitrogen (N) deficiency is the most important factor that limits productivity, and consequently N fertilization is a necessity. Several findings have shown the positive effects of synthetic fertilizers, farmyard manure, and biofertilizers on seed yield and seed oil quality of black cumin (Özgüven and Şekeroğlu, 2007; Aytac et al., 2017).

Soil incorporation of about 10–15 tons/ha of farmyard manure or compost prior to sowing increase seed yield and quality (REF). In India, 
phosphate at 20kg/ha is commonly applied at sowing, followed by 30kgN/ha as a top dressing, either in a single dose 30 days later or in two equal splits at, respectively, 30 and 60 days after sowing. In Syria, the common practice is to apply 50kg/ha triple superphosphate and 50kg/ha of urea at planting. In addition, when spring rains are abundant, 50kg/ha of top-dressed ammonium nitrate is recommended (Sastry and Anandaraj, 2013).

N at 60kg/ha with supplemental potassium (K) affected high seed yield and improved seed quality and oil content of black cumin (Aytac et al., 2017). A further increase in N rate increased oil content. However, employment of higher N rates is discouraging for nonsignificant effects on the main components of oil, linoleic (54.5%), oleic (23.5%), and palmitic acids (13.5%) and for plausible jeopardy of environmental safety. The combination of N and K should be encouraged. K improves N uptake and use efficiency, increases roots development and plant tolerance to water deficit and curtails wilting, and lodging (Stewart, 2008; Milford and Johnston, 2009).

An experiment, comprising organic manure and synthetic and biofertilizers, conducted at the Kingdom of Saudi Arabia on several medicinal and cosmetic plants including black cumin, showed the superiority of the combinations in promoting growth, seed yield, and oil content over the individual treatment when each was applied alone. Oil content and chemical constituents of all plants were significantly increased (Ali and Hassan, 2014).

Further investigations on black cumin revealed the positive impact of the combinations of organic and biofertilizers on N and phosphorous uptake, vegetative growth, seed yield, seed quality, and quality and contents of fixed and volatile oils (Darakeh et al., 2021). Further, the combinations of organic manure and biofertilizers were found to reduce production cost, minimize reliance on synthetic fertilizers, improved soil health, and are environmentally benign. Among the treatments, the combination cattle manure (30m3/feddan), N fixing, and phosphorus solubilizing bacteria were the most effective (Ali and Hassan, 2014).




3.6. Conclusion

Black cumin has gained importance as a nutritive and medicinal plant since time immemorial. Recent research indicates its potentials as a cure and/or suppressor of difficult to control contemporary inflammatory and infectious diseases spanning cancer and COVID-19. As a medicinal plant, consistent performance depends on the maintenance of quantity and quality of the active ingredients, which are influenced by both genetics and 
epigenetics factors. The plant is cultivated, mainly, in the semiarid regions, which are characterized by degraded soils and are most vulnerable to climate change. Climate change and soil degradation constitute serious constraints to black cumin production, quality, and values as a medicinal plant. Intensive research on production practices that preserve both yield and quality of the produce are therefore imperative.
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Abstract



Nigella sativa L belonging to Ranunculaceae family is a generally short-lived annual typical of disturbed natural communities of semiarid areas with a dominance of therophytes. Plants mature in one year and are between one and two feet tall (60–70cm). Its leaves are gray–green, its flowers are colored white to blue, its fruits are capsules containing numerous black aromatic seeds, and the seeds contain up to 40% fixed oil and about 1.4% essential oil. It is known as a medicinal plant with extensive pharmaceutical, nutritional, and health applications. Black cumin is cultivated as an aromatic plant in different parts of Asia, Europe, Africa, and the Americas. Physiological growth of black cumin is affected mainly by ecological and genetic factors. Black cumin is grown in convenient region of its ecology. Many environmental factors such as locations, season, soil, rain, etc., and cultural practice play great roles in its physiology and growth, which reflect directly on its yield and yield components.
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4.1. Botanical aspect of black cumin

4.1.1. Taxonomy of black cumin




Domain Eukarya, common name black cumin, fennel flower, Roman coriander, nutmeg flower, black seed, black caraway, damascena, devil in the bush, wild onion seed.






	Kingdom
	Plantae



	Subkingdom
	Viridiplantae (green plants)



	Infrakingdom
	Streptophyta (land plants)



	Superdivision
	Embryophytea (vascular plant)



	Division
	Tracheophytes



	Subdivision
	Spermatophytina



	Class
	Magnoliopsida



	Superorder
	Ranunculanae



	Order
	Ranunculales



	Family
	Ranunculaceae



	Genius
	Nigella



	Specious
	
Nigella sativa L.












4.1.2. Distribution of black cumin

The genus Nigella is come from a Latin word Niger which means black. The term nigellus means “blackish” or “dark”; the seed coat is black in color. The species name sativa means cultivated, planted, sown, and not wild (Marzell, 1977). Nigella sativa L is the most known member of the genus. This species has pale blue to blue purple flowers that bloom quickly and produce seed capsules (fruit) with black seeds. The black cumin is cultivated in 
different parts of Asia, Europe, Africa, and the Americas. N. sativa is found growing wild in regions of northern Africa, Turkey, Syria, Iraq, and Iran (Saad and Said, 2011). The species is also cultivated on a commercial scale in Southern Asia in India (Ved, 2008), Iran (Ghouzhdi, 2010), Pakistan (Rabbani, 2011), Western Asia, Iraq (Toma et al., 2013), Israel (Botnick et al.,2012), Jordan (Abu Hammur, 2008), Lebanon (Paarach, 2010), Syria (Hoppe et al.,2013), Turkey , Yemen (Al Nageep et al., 2009), Northern Africa, Sudan (Teucher, 2006), Egypt, Tunisia (Tomaet al., 2013), eastern Africa, and Ethiopia (Gashaw, 2020).

The major producing countries are India, Sri Lanka, Bangladesh, Afghanistan, Pakistan, Iran, Iraq, Turkey, Syria, and Ethiopia. The market size of black cumin oil in 2018 was over 15 million USD, and by 2025, a significant increase is expected. The natural average productivity of black cumin was reported to be 0.79tons/ha (Kifelew et al., 2017). The global average and major producing countries were India (2.2tons/ha). In India, black cumin is widely used in medicine, so the plant is cultivated on a large scale and estimated to be traded in annual quantities in more than 100 metric tons. Gashaw (2020) reported 0.64tons/ha in Ethiopia, which is very low compared with producing countries. Ermias et al. (2015) attributed the low production to the low productivity of the cultivars, while Hammo (2008) attributed it on poor agronomic practices applied by the farmers.




4.1.3. Morphology of Nigella sativa L

Black cumin is an annual hardy crop that is not parasitic, has no spine, is not toxic, anthropogenic, manmade, or disturbed, and grows to a height of 60–70cm. The plant does not appear to have bulbs, no branch tendrils, and the stem has hairs between nodes. There is at least one full leaf at the base of the flowering stem. The leaves or young stems are green. The leaf blades do not have glandular dots or scale. Sap is clear and watery.

Flowers are solitary, with 5–10 petals; both the petals and sepals are separate and not fused. The fruit is dry and splits open when ripe, with length up to 1.2mm. Flower (Fig. 4.1) anthers have narrow slits or furrows that run lengthwise along the anthers and have no spurs (a tapering, sometimes curving projection). The calyx is readily symmetrical. The flower does not have an epicalyx. Carpels are fused to the ovary; the filament is smooth with no hair or scales. The flowers have a superior ovary, no hypanthium, a narrow style, and are arranged in a spiral around the inflorescence axis or branch, occurring singly or in several ranks.
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Figure 4.1
 Black cumin (Nigella sativa) flowers. 
https://commons.wikimedia.org






Nigella seeds have been employed for thousands of years in medicine as a spice (Benkaci et al.,2013). The seeds remain viable in extreme temperatures and sun exposure, and this may be due to their antioxidant content. The seeds are small, matt-black grains with a rough surface and an oily white interior, and they are roughly triangulate, measuring 1.5–3.0mm long. The seeds of N. sativa are small (1–5mm) and have corrugated integuments (Benkaci et al., 2007). The seeds are rich in oil (Fig. 4.2). Because it possesses an off flavor, the N. sativa seed cake (meal) has yet to be efficiently utilized in 
animal feeds. Like most herbs, the composition of black cumin varies with the geographic distribution, time of harvest, and agronomic practices (Sultana et al., 2009). Sener et al. (1985) reported that there was 0.26% lauric, 1.06% myristic, 20.4% palmitic, 1.56% stearic, 4.75% oleic, 64.6% linoleic, and 7.18% arachidonic acid in the stable oil. Nergiz and Otles (1993) stated that there was about 32% oil in black cumin seeds.
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Figure 4.2
 Seed of black cumin. 
https://commons.wikimedia.org









4.2. Black cumin physiology

The physiological growth of plants is affected mainly by ecological and genetic factors. As aromatic plants, black cumin physiological growth is an interaction of active substances that determines the amount and quality of essential oil. Yasar (2005) advised that black cumin as an aromatic plant should only be cultivated in the convenient regions for the ecology of this plant due to the importance of the quality of aromatic plants. Those of a certain quality cannot be cultivated even if they have a very high yield.


Kara et al. (2015) discovered that location and season had a significant effect on black cumin seed yield, some yield components, essential oil, and fixed oil content. The average seed yield varied between 201.0 and 407.1kg/ha and 458.9 and 790.3kg/ha in two different locations and consecutive seasons in Turkey. On the other hand, Ozol et al. (2009) detected a yield of 1406.3–2482.3kg/ha.



4.2.1. Nigella seed agriculture, growth, and yield

Black cumin grows as a rain-fed crop within 1500–2400m of altitude on heavy black soils and prefers loamy sand soils (Datta et al., 2001) on soil pH of 7.0–7.5 (Orgut 2007). It is a hardy crop growing in all types of soil (Jansen, 1981), sandy, and loam. It is rich in microbial activity, with a pH of 5–8, sloppy, leveled, and well-drained soils (Takrun and Dameh, 1998).

Black cumin is propagated by seed. The seedling is very fragile for transplanting. Germination is epigeal and takes 10–15 days. Black cumin flowers about 100 days after sowing; seeds mature 50 days later. Flowering is protandrous, and pollination takes place by insects. Self-pollinated. Flowering starts from the tip and progresses down to the bottom. Sowing time varies as a function of the local environment. Sultana et al. (2018) found that the different dates of sowing had significant differences in morphology, growth, yield, and quality attributes of black cumin. The lack of information on agromanagement practices is due to weather variation in West Bangladesh. Melnyk and colleagues (2015).






Black cumin seed has low volume and can be a good rotation crop for cereal and pulses. It requires well-prepared land. The soil should be fine, free of logging, loam, light, and with good nutrient composition for black cumin growth. Or it can be improved by fertilizer application. So good plowing, harrowing, and leveling must be done. The distance between rows was 20cm, and within rows it was 5cm. Seeds were sown at 1–2cm depth in the soil. In Ethiopia, black cumin is cultivated as a rain-fed crop in high land of 1500–2500m, with annual rainfall of 120–400mm and an average temperature of 12–20°C (Gahaw, 2020). It is sown with a row spacing of 15–40cm and frequently intercropped with barley and wheat (Ahmed and Haque, 1986), given at a 10-day interval depending on the moisture condition of the soil. A first thinning was done to ensure an optimum plant population and adequate space, 15 days after sowing, followed by a second thinning up to 10 days after the first thinning. Hand weddings are needed according to the presence of weeds in the area. The optimum sowing date is October 15th (Malhautra and Vashinshtha, 2008). The seeds were sown from March to August in Turkey (Kara et al., 2015). In India, crops mature in 135–150 days after sowing, with a seed rate of 5.7kg/ha in different states, sown from mid-September to mid-October. MaleKi et al. (2021). In Iran, black cumin is sowed in late April. In Ethiopia, it is sown in the rain season from August to September, and by irrigation from April to May (Gashaw, 2020). Recommended seed rates for broadcasting are 15–20kg/ha and 5–7.5kg/ha for drilling with row spacing of 15–40cm in Ethiopia. The crop harvesting was done by pulling the plants. The harvested plants were sundried for three days, and threshing was done by beating with sticks. The seeds of black cumin are stored well for one year in low light conditions to prevent the loss of aroma. It is advised to keep it separate from other species because the species has an overpowering flower and aroma that interferes with the flavor of other species (Animesh et al., 2012).





4.3. Conclusion

Black cumin is an annual medicinal plant belonging to the family Ranunculaceae. It is native to Mediterranean regions, India, and the Middle East. It is an annual herb up to 30cm high, with erect branched stems, delicate, deep-lobed leaves, blue to gray flowers, pods, and toothed seeds. It is cultivated in different soils with different climates.
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Abstract


Black cumin is a twelve-monthly plant that bears flowers, but it is part of the Ranunculaceae family. The active biochemical elements of the plant come from its black trigonal seeds. It has been used to cure various ailments both traditionally and therapeutically in many areas of the world. Black cumin seed (BCS) has a broader usage in food applications as a preservative, spice, flavoring agent and has been employed to deal with some diseases such as diabetes, infection, inflammation, and blood pressure. Also, in Pharmacological Sciences, it has been applied as an antioxidant, antidiabetic, antihypertensive, neuroprotective, and antiinflammatory. BCSs are high in vegetable protein, fiber, fats, carbohydrates, minerals, vitamins, and other biochemical active compounds. This topic intends to offer a complete evaluation of the nutritional adequacy of BCS and examine the seed's carbohydrate and polysaccharide characteristics.
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5.1. Introduction

Because of its nutritional and medicinal characteristics, black cumin (Nigella sativa) seeds are widely utilized in various cultures. These seeds have a fragrant flavor that is intense and bitter on the tongue, and they are small and black in appearance. It's an herbaceous plant that blooms every 12 months. It originated from Africa and South-West Asia, but it is now widely grown worldwide (Ahmad et al., 2021). Egypt is a good source of high-quality black cumin seeds (BCSs) because Egypt's climatic conditions are ideal for its propagation (Naz, 2011). The seeds are readily available for use as a condiment and is a traditional medicine, which can be found in markets (Cheikh-Rouhou et al., 2007).

BCS is known to have a religious background, as mentioned in Isaiah's book (Bible), it is a spice used for the preparation of pastries (Naz, 2011). It can be found in works from the past. It has a long history as a medication in China (Ahmad et al., 2021). It was used to treat various illnesses and was seen as a necessary seed to treat Indians. The BCS is a type of Islamic medicine known as “Habb-e-Sauda.” BCS is also a prophetic medication, according to the prophet (SAW). Furthermore, it has been demonstrated to heal various ailments in the book “Bukhari-5687” (Ahmad et al., 2021).

The leaves of the N. sativa plant are alienated and green in color. Its flowers are pale blue in some cases and yellowish in others (Fig. 5.1A1–A4). There are around five to ten petals on it. A swollen capsule contains the fruits. Three to seven united follicles contain these capsules. Several oval black seeds, each measuring about onemillimeter in diameter, are contained within these follicles (Gholamnezhad et al., 2016). Its name is black seed in 
English; Habba Al-Sauda or Habba Al-Bar-akah in Arabic; Kalonji in Urdu; Siyah Danch in Persian; Cork out in Turkish; Love in a mist, Habatul-Barakah, So-nez, Kri-shana, Jira-ka, and Sidad-anah in Turkish.
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Figure 5.1
 A1 and A2: Nigella sativa flower; A3: Nigella sativa plant; A4: Black cumin seed.



BCS is commonly used as a flavoring in curries, as a component of vinegar, and as a pepper substitute in culinary and pastry preparations because it has a strong spicy peppery flavor and scent (Babayan et al., 1978). Depending on geographical distribution, harvest period, and agronomic practices, the nutritional profile of BCS varies.

Moisture, oil, proteins, ash, and carbohydrates make up the BCS (Atta 2003; Takruri and Dameh, 1992). Linoleic acid (40.3%–70.8%), oleic (15.2%–28.1%), palmitic (9.47%–13.34%), and stearic (2.6%–3.1%) acids make up the fatty acid of BCS (Matthaus, 2011; Tulukcu, 2011; Cheikh-Rouhou, 2007; Kabir et al., 2019). Monounsaturated and polyunsaturated fatty acids such as oleic and linoleic acids are greater in BCS (Kabir et al., 2019). The seed-fixed oil is primarily composed of polyunsaturated fatty acids. This accounts for over half of the total fatty acid content (48%–70%). Monounsaturated (18%–29%) and saturated (12%–25%) fatty acids, on the other hand, make up a smaller fraction of the seed (Kabir et al., 2019; Anjum et al., 2009; Cheikh-Rouhou et al., 2007). Many biological actions of BCS extracts have been discovered in several studies (Trigui et al., 2018), while the antioxidant properties are known to promote human health by neutralizing free radicals, which have been linked to heart disease, abnormal bodily states such as tumors, inflammation, and aging (Trigui et al., 2018). The increased concentration of essential oils in BCS is linked to its health-promoting properties (Ramadan, 2007). Aside from having a superior fatty acid composition, it also contains many levels of tocopherol and other biochemicals responsible for humans' overall antioxidation properties (Valko et al., 2006). The presence of phytosterols in the seed also improves its hypoglycemic and hypercholesterolemic properties (Atta, 2003; Cheikh-Rouhou et al., 2007; Ramadan and Mörsel, 2002). Similarly, essential oils and their 
active biomarker thymoquinone were able to prevent oxidative stress, tumor growth, immunological irregularity, and diabetes complexity (Gali-Muhtasib et al., 2006; Hussein et al., 2005).




5.2. Black cumin biochemical components

Greenish stated the chemical components of BCS in 1880 (Ahmad et al., 2021). BCS was discovered to be made up of fatty acids, proteins, carbs, and fibers in that article (Ahmad et al., 2021). However, recent research has revealed that N. sativa has curative properties due to the presence of the quinone (thymoquinone) component (Sahak et al., 2016). Thymoquinone, a part of volatile oil, has various pharmacological effects (Ahmad et al., 2021). Thymoquinone's molecular mechanism of action has been demonstrated in the literature (Gholamnezhad et al., 2016; Ahmad et al., 2021). Additional chemicals identified in N. sativa include p-cymene carvacrol, thymohydroquinone, dihydro-thymoquinone, -thujene, thymol, t-anethole, -pinene, and -terpinene (Fig. 5.2A and B). These chemicals serve an essential function in illness prevention and nutrition (Ahmad et al., 2021; Sahak et al., 2016). In addition, Ramdan and Morsel (2002) discovered β-sitosterol and stigmasterol in the seed of the black cumin, estimating that they make up around 65% of the total sterols. Lower concentrations of campesterol, lanosterol, and D7-avenasterol were found in the seed (Ramdan and Morsel, 2002).
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Figure 5.2a
 Some key chemical composition of Nigella sativa.
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Figure 5.2b
 Black cumin seeds bioactive ingredients (Ahmad et al., 2021).







5.3. Nutritional value of black cumin seeds

In a separate study by Kabir et al. (2019), proximate analysis (Fig. 5.3) was utilized to determine the nutritional characteristics of BCSs. The total carbs were in the range of 20.0%–25.5%, the protein was in the range of 20.3%–23.0%, and crude fat was in the range of 32.0%–45.4%. Water 
content was 6.5%–7.1%, ash content was 6.0%–7.4%, and dry matter content was 9.3% in BCSs (Kabir et al., 2019). Other component analyses found that protein (20.8%), carbs (31.9%), lipids (38.2%), moisture (4.64%), ash (4.37%), and crude fiber (7.94%) were present in BCS (Mamun and Absar 2018;). BCS contains a wide range of nutrient compositional features, which can be connected to geographical distribution, harvest time, and agronomic practices used during N. sativa growth. During secondary metabolite research (Kabir et al., 2019; Mamun and Absar, 2018), active substances such as alkaloids (10.1 mg/100g), flavonoids (3.7 mg/100g), saponins (7.6 mg/100g), and tannins (2.2 mg/100g) were identified.
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Figure 5.3
 Black cumin seeds nutritional components.






5.4. Carbohydrates in black cumin seeds

Glucose, maltose, and sucrose are all abundant carbohydrate sources in BCS (Ramadan, 2007). Research on BCS metabolism revealed that the rate of arabinose, lyxose, and xylose increased at first, then fell. Additional sugars, such as galactinol and raffinose, are produced during dehydration (Song et al., 2013

). Rhamnose, arabinose, xylose, galactose, glucose, and uronic acid were detected in 30mg/g of rhamnose, arabinose, xylose, galactose, glucose, and uronic acid in BCS from India (Manjegowda et al., 2017).




5.5. Proteins in black cumin seeds

A proximate study revealed the presence of 20%–21% protein content in BCS (Al-Jassir, 1992; Babayan et al., 1978). In BCS, the amino acid profile reveals several essential and nonessential amino acids in various concentrations (Table 5.1). The concentration of nonessential amino acids in BCS is higher than that of necessary amino acids. The oil and oil-soluble components of cumin seeds are the essential features. The medical usefulness of proteins, on the other hand, should not be disregarded, and research is currently being undertaken to evaluate the bioactivity of proteins present in BCS.






Table 5.1




Amino acid composition of black cumin seed (Kabir et al., 2019; Al-Jassir, 1992; Babayan et al., 1978).


	Essential amino acid
	Concentration (%)





	Lysine
	3.9–7.6



	Threonine
	1.2–3.9



	Valine
	3.1–4.8



	Leucine
	6.0–10.9



	Isoleucine
	3.7–4.0



	Histidine
	2.8–3.4



	Tryptophan
	0.0–1.5



	Methionine
	1.9–6.2



	Phenylalanine
	3.7–7.9



	
Nonessential amino acids

	
Concentration (%)




	Glutamic acid
	13.2–24.7



	Aspartic acid
	5.0–9.3



	Arginine
	9.0–19.5



	Proline
	4.9–5.3



	Alanine
	3.7–4.4



	Serine
	1.9–4.5



	Tyrosine
	3.4–6.1



	Cystine
	1.9–2.5















5.6. Vitamins and minerals in black cumin seeds

Vitamins are bioactive molecules that are necessary for optimum health and growth in humans. Their small levels, however, are sufficient to support normal metabolic function. Their absence can have severe consequences on one's health. Vitamins are found in the seeds of the sativa plant (Table 5.2). Fat-soluble vitamins include vitamins A, D, E, and K. They are antioxidants because they have radical-scavenging properties. BCS is high in these fat-soluble vitamins (Vatansev et al., 2013).

The mineral content in BCS (Table 5.3) has been a major research area. Unalike minerals exist in varying amounts in the seeds of black cumin (Table 5.3). The most prevalent minerals in BCS are phosphorus, magnesium, and iron. Zinc, copper, calcium, and manganese, on the other hand, are in relatively small quantities. There have also been reports of cadmium, lead, nickel, and molybdenum traces in the BCS (Kabir et al., 2019).




5.7. Black cumin seeds contain lipids

Neutral lipids are present in greater quantity in BCS than different lipid categories. Table 5.3 lists some of the lipids discovered in BCS as a result of independent studies by Al-Jassir (1992); Kabir et al. (2019); Kaskoos (2011); and Bourgou et al. (2010), which have been aggregated and the 
concentrations shown in a range format. The primary triaglycerols found in BCS are trilinoleoyl (24.6%), oleoyldilinoleoyl (19.6%), palmitoyldilinoleoyl (17.5%), palmitoyl oleoyl linoleoyl (12.9%), dioleoyllinoleoyl (9.6%), phosphatidylethanolamine, and phosphate. Phosphatidylglycerol, lysophosphatidylcholine, and lysophosphatidylethanol amine were discovered in trace levels.



Table 5.2





Major vitamins and mineral in black cumin seeds.


	Vitamin (μg/g)
	
Dinagaran et al. (2016)

	
Vatansev et al. (2013)

	
Al-Saleh et al. (2006)

	Mineral (mg/100g)
	
Mamun & Absar (2018)

	
Kabir et al. (2019)






	Vitamin K
	nd
	1.85
	Nd
	Phosphorus
	91.5
	481.5



	Vitamin D
	nd
	1.38
	Nd
	Calcium
	579.3
	366.7



	Riboflavin
	nd
	Nd
	Nd
	Sodium
	100.0
	44.8



	Thiamin
	nd
	Nd
	14.6mg/kg
	Magnesium
	218.3
	355.2



	Niacin
	nd
	Nd
	56.5mg/kg
	Iron
	41.8
	42.6



	Folic acid
	nd
	Nd
	614mg/kg
	Potassium
	510.3
	1498.3



	Tocopherol
	11.3
	10.1
	Nd
	Copper
	nd
	1.5



	Retinol
	0.27
	0.18
	Nd
	Zinc
	nd
	6.7



	
	
	
	
	Manganese
	nd
	3.1
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nd, Nondetected.







Table 5.3




Lipid components in black cumin seed separate research by Kaskoos (2011); Bourgou et al. (2010); Al-Jassir (1992); Kabir et al. (2019).


	Lipids
	Concentration (%)





	Myristic acid (14:0)
	0.16–0.4



	Palmitic acid (16:0)
	8.5–14.8



	Palmitoleic acid (16:1)
	0.16–0.28



	Stearic acid (18:0)
	2.2–2.9



	Oleic acid (18:1)
	16.6–21.8



	Cis-vaccenic acid (18:1)
	1.2



	Linoleic acid (18:2)
	42.8–58.1



	Linolenic acid (18:3)
	0.25–0.46



	Arachidic acid (20:0)
	0.18–1.1



	Eicosenoic acid (20:1)
	0.39–0.16



	Eicosadienoic acid (20:2)
	1.94–2.91



	Eicosatrienoic acid (20:3
	47



	Eicosapentaenoic acid (20:5)
	5.98



	Behenic acid (22:0)
	2.89



	Docosahexaenoic acid (22:6)
	2.97



	Lignoceric acid (24:0)
	3.60



	Nervonic acid (24:1)
	2.76



	Saturated acids
	15.1–22



	Unsaturated acids
	19.5–84







Free sterols, steryl esters, and acylated steryl glycosides can all be present in BCS oil. The fatty acid profiles of fixed oil generated from BCS contain linoleic acid, palmitic acid, oleic acid, and stearic acid. Arachidic acid, linolenic acid, myristic acid, and palmitoleic acid are also present in large concentrations. In N. sativa seeds, unsaturated fatty acids are detected in higher concentrations than unsaturated fatty acids. The most abundant unsaturated fatty acids in seed oil are oleic (C18:1) and linoleic (C18:2) acids, while palmitic acid (C16:0) is the most abundant saturated fatty acid (Kabir et al., 2019; Matthaus and Zcan, 2011).






Varying lipids, such as triglycerides, diglycerides, monoglycerides, free fatty acids, and sterols, have different fatty acid content ratios. Linoleic acid can be found in a variety of foods. Free acids, triglycerides, and diglycerides, whereas myristic acid is abundant in sterols and monoglycerides (Atta, 2003). The kind of seed cultivated (landrace), seed quality characteristics (i.e., maturity, storage conditions, and damage during harvesting), and oil processing procedure all influence the lipid profile of BCS oil (Cheikh-Rouhou et al., 2007).




5.8. Black cumin seed polysaccharide

Polysaccharides are carbohydrate molecules made up of monosaccharide components linked together by a glycoside bond. The majority of these chemicals are made up of several groups of biopolymers that have industrial and biological applications and derive from natural sources such as bacteria, fungi, sea organisms, and plants. Food, cosmetics, and pharmaceutical industries all use polyfunctional polysaccharides. Polysaccharides are classified into several classes based on their structure, composition, origin, and use. Polysaccharides in plants include starch, cellulose, hemicelluloses, gums, and pectins (Ruff, 2008). Polysaccharides' bioactivities and functional peculiarities can also be influenced by their structure and content (Zhao et al., 2005). Plant polysaccharides and their bioactive components have been shown to have anticarcinogenic (Chen et al., 2010), antibacterial (Slima et al., 2018; Wu et al., 2014), antiinflammatory (Slima et al., 2018; Wu et al., 2014), antioxidant (Slima et al., 2018; Wu et al., 2014), and antiviral (Song et al., 2013) properties.

BCS polysaccharides are utilized as nutraceuticals and are used to treat chronic illnesses such as stomach ulcers (Manjegowda et al., 2017). These biopolymers are also employed as functional ingredients in food items to provide a natural supply of phytochemicals and antioxidants in various food compositions (Trigui et al., 2018). Furthermore, these biomacromolecules are stable, safe, and possess broad biological abilities or properties (Tahmouzi and Ghodsi, 2014). It has been discovered that the configuration and arrangement of polysaccharides can influence their applicative characteristics and free-radical inhibiting activity (Zhao et al., 2005). The antioxidant properties and the application attributes of BCS polysaccharides have been discovered, and it is influenced by BCS polysacharride structure and content (Trigui et al., 2018). Furthermore, these biocompounds are added to food during their formulations stage (Trigui et al., 2018).






Polysaccharides extracted from plants have recently been reviewed for potential applications (Sila et al., 2014). They are utilized as foaming and emulsifying agents, as well as enhancing flavor retention in some cases. They could be used as natural additives in food and medicinal products.




5.9. Structural attributes of BCSP

Fourier-transform infrared (FTIR) and nuclear magnetic resonance (NMR) spectroscopic investigations showed peaks of BCS polysaccharides with NMR report specifying that black cumin seed polysaccharide (BCSP) had a rhamnogalacturonan frame with a galactan and arabinan side chains (Manjegowda et al., 2017; Trigui et al., 2018). Physical studies conducted by Manjegowda et al. (2017) and Trigui et al. (2018) using X-ray diffraction to describe the kind of polysaccharides in BCS showed that the crystallography of the polysaccharides of BCSP was semicrystalline polymer (Trigui et al., 2018). The findings were comparable to Jeddou et al. (2016) results on potato peels polysaccharides. The FTIR spectrum displayed the existence of uronic acids and a pyranose (Manjegowda et al., 2017; Trigui et al., 2018). Moreover, FTIR spectral investigation specified a pectic polysaccharide type for BCSP (Manjegowda et al., 2017).




5.10. Black cumin seed polysaccharide functional properties

The functional aspects are among the characteristic attributes that may influence food materials' performance and finished products during processing, safekeeping, and utilization.



5.10.1. Water and oil-holding capacity of BCSP

Texture enhancement is one of the most important functional qualities in food preparation. The water-holding capacity (WHC) and the oil-holding capacity (OHC) are outcomes from the interactions between components such as water and lipid (Trigui et al., 2018). WHC of BCSP at dissimilar temperatures of 25°C, 50°C, and 75°C was investigated, and a significant difference was seen with the uses of the diverse temperature at P
<0.05. A rise in WHC was noted at a higher temperature. This may be attributed to the upsurge in the solubility of the polysaccharides due to the temperature increase (Sila et al., 2014). At 25 and 75°C, the WHC values of BCWSP were ranged between 3.3 and 5.2g of water per g of dry matter, 
respectively. WHC levels in BCSP were higher compared to those reported in almond polysaccharides (1.95gH2O/g sample) and watermelon rinds polysaccharides (2gH2O/g sample) (Bentham et al., 2017). With regards to the OHC evaluated, the OHC dropped considerably (P
<.05) as temperature improved (Trigui et al., 2018).




5.10.2. Foaming capacity or ability of BCSP

The interfacial characteristics of surface-active constituents affect foaming properties (Dickinson, 2003). The foaming capacity (FC) and foam stability (FS) of BCSP at various concentrations ranging from 1% to 5% w/v showed a varied FC and FS of BCWSP at a significance of P
<0.05, indicating that BCSP has an excellent foaming quality (Trigui et al., 2018). This could be attributed to the polysaccharide's capacity to upturn the viscidness and interfacial adhesion behavior as a function of air–water interface concentrations. These intriguing outcomes of BCSP could be employed as a foaming ingredient in food compositions (Trigui et al., 2018).




5.10.3. Emulsifying ability

Emulsifying ability index (EAI) and emulsifying stability index (ESI) of BCSP solutions were documented by Trigui et al. (2018). However, BCSP concentrations influenced emulsifying properties (Trigui et al., 2018). BCSP's EAI and ESI quantities decrease when the polysaccharide increases in concentration (Trigui et al., 2018). The polysaccharide-emulsifying properties of BCSP were impacted by the microscopic parts of proteins (Trigui et al., 2018). The reduced polysaccharide concentrations could explain the results. A rise in protein-polysaccharide repulsion may occur, speeding up the diffusion rate (Uruakpa and Arntfield, 2006). However, at high polysaccharide concentrations, the formation of protein-polysaccharide complexes may impede their transport to the interface (Ganzevles et al., 2006). As a result, the efficiency of polysaccharide emulsions may be affected by their concentrations (Chivero et al., 2015).





5.11. The polysaccharide of black cumin extraction

Polysaccharides and other macromolecules are distinguished by the chemistry and organizational arrangement of the plant cell wall. As a result, to acquire a larger yield, precise scientific methods must be followed to extract its macromolecules (Fig. 5.4). The extracted polysaccharides must 
be intact, contaminant-free, and homogeneous. This is determined by the extraction method, which is impacted by the plant material utilized, desired attributes, and the polysaccharide's solubility in an aqueous solution at different pH levels. There have been numerous publications on polysaccharide extraction strategies.
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Figure 5.4
 Black cumin seeds extraction diagram by Trigui et al. (2018).



Furthermore, adopting an extraction method with a lower pH, higher temperature, and a longer extraction time may result in a higher extraction yield. Such conditions may result in deterioration, which hurts the extraction output and the polysaccharide's efficiency. This may encourage the extraction of harmful and undesired substances.

Polysaccharide extraction techniques are generally carried out at higher temperatures (80°C and 90°C) employing various reagents. Some of the current polysaccharide extraction procedures used are hot-water extraction, microwave-assisted extraction, and supercritical fluid extraction. These methods are remarkable for their effectiveness and scalability. as well as the polysaccharide structure and their ability to sustain the environment (Le Normand et al., 2014; Song et al., 2013). Hot water, enzymatic, ultrasonic, and microwave extraction of bioactive polysaccharides were examined. The antioxidant activity of the polysaccharide synthesized by the 
hot-water method was higher than that of polysaccharides made by other methods. Hot-water extraction combined with microwave extraction, ultrasound, and enzymatic pretreatment can increase extraction yield, while simultaneously preserving the biological activity of polysaccharides.




5.12. Conclusion

BCSs are unusual because they are high in carbs, vitamins, minerals, fatty acids, polysaccharides, and other biochemical ingredients. Furthermore, the seeds feature outstanding functional properties such as WHC, oil-binding capacity, emulsifying ability, FC, and bioactive compounds (phenolics, saponins, terpenes alkaloids, coumarins, flavonoids, etc.). These distinguishing characteristics of the BCS have led to its adoption in the food and pharmaceutical industries. Because of this, its use in food and medication production, which may assure good nutrition and illness prevention.
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Chapter Six: Black cumin seed oil, protein, protein concentrates, and hydrolysate
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Abstract


Black cumin seed oil (BCSO) is from the plant Nigella sativa seed (Habat-ul-Sauda); the family Ranunculaceae has been widely used in medicinal plants globally. It is widely used in folk medicine, such as Unani and Tibb-e-Nabawi, Ayurveda, and Siddha. BCSO has a long history of using folklore in many medication and dietary systems supplements. It is considered one of the most effective healing medicine forms in Muslim culture. Therefore, it has been recognized to be used regularly in Tibb-e-Nabawi (Prophetic Medicine). Thus, it is extensively recommended for treating hypertension, liver disease, digestive disorders, diuretics, antidiarrheal, antimicrobial, appetite stimulant, analgesics, and skin disorders. Due to its miraculous healing power, the BCSO has been recognized as among the most effective herbal medications based on scientific evidence. Thymoquinone extracted from BCSO is considered the main bioactive compound responsible for therapeutic properties. Thus, the current book chapter aims to provide a complete review of published research in nutritional, therapeutic, and pharmaceutical applications of BCSO.
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6.1. Introduction

Medicinal plants (MPs) have prevented and cured diseases for many centuries by using different indigenous ecosystems in medicine and folk medicines (FMs) (Masoodi et al., 2020). Furthermore, MPs are also used to prepare herbal medicines (HMs) as they are considered safe compared to contemporary allopathic drugs. Many researchers concentrate on MPs, since only inadequate plant types have been studied systematically. They have examined their therapeutic activities, potential, safety evaluation, toxicological studies, and mechanism of action (Tiwari et al., 2019). So, considering the medicinal value and its therapeutic potential, it would spotlight the biological activities of black cumin seed oil (BCSO). Among several MPs, the black seed (also known as black cumin) (Habat-ul-Sauda), since numerous types of research have revealed its broad spectrum of pharmacological potential (Family Ranunculaceae), is emerging as a phenomenon herb with a rich history and religious background. Black cumin seed (BCS), Nigella sativa, is a plant native to North Africa, Southwest Asia, and Southern Europe. It is grown in many countries worldwide, including South Europe, Syria, Turkey, Saudi Arabia, the Middle East Mediterranean region, India, Pakistan, and Afghanistan (Srinivasan, 2018). Thus, the black seed is economically available worldwide.






The BCS and their oil have been massively used for decades to treat various ailments worldwide. Moreover, it is essential to drug use in Indian FMs and advanced like Ayurveda and Unani's cure (Sudhakar et al., 2021). For example, it is considered one of the most effective forms of HMs ready to be used in Muslim countries. As mentioned, BCS has potent and all-around cures for illnesses, excluding death, as reported in one of the prophetic books by Prophetic Mohammed Hadith. It has also been recognized regularly in Tibb-e-Nabawi (Prophetic Medicine) (Maideen, 2020). Hence, BCS has religious basis evidence, particularly in Muslim communities.

BCS has been extensively studied for its biological activities and therapeutic potentials. It had been shown that it is the impact of broad spectrum of activities, such as diuretic, antidiabetic, antihypertensive, immunomodulatory, anticancer, analgesic, anthelmintic, antimicrobial, antiinflammatory, bronchodilator, spasmolytic, gastroprotective, hepatoprotective, antioxidant properties, and renal protective (DemİRbolat et al., 2019). The seeds of BCS are widely used to treat bronchitis, asthma, diarrhea, rheumatism, and skin diseases as HM.

It is also used as a liver tonic, digestive aid, antidiarrheal, appetite stimulant, emmenagogue (which increases milk production in nursing mothers), parasite management, and immune system booster (Hakim et al., 2019). Most of the therapeutic properties of this plant are due to the presence of thymoquinone (TQ) in the seed oil, which is a primary active bioactive compound. As a result of its low toxicity, BCS is also employed in nutrition to enhance the flavor of pickles and bread (Srinivasan, 2018). Thus, the available evidence suggests that TQ should be developed as a novel drug in clinical trials. The shape of the plant is presented in Fig. 6.1
.
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Figure 6.1
 Black cumin plant; (vertical view).











6.2. Black cumin and its importance

This represents an important topic to study because BCS adds to the basal diet (Khan et al., 2013). This is a topic of pivotal importance in the application of feeding using BCS powder form on growth performance (GP) of one- to two-month-old broilers (Islam et al., 2017). Therefore, BCS has a dietary effect when blended with buckwheat (Fagopyrum esculentum).

These findings align with other studies on the effect of BCS oil and its impact on Japanese quail diets, GP, carcass traits, and some blood parameters (Demirci et al., 2019). There is pervasive literature on determining the effects of BCS oil Tibb-e-Nabawi. Sohail et al. (Khan et al., 2012) have been involved in research for over two decades; they used oils and seeds of BCS and reported positive broiler performance. BCS oil can be extracted using maceration or shaker for 20h at room temperature using 96% ethanol (Rusmarilin et al., 2019). The BCS oil content of Iranian samples was 40.4% compared to other BCS nutritional components (Farhan et al., 2021). Similar work has also been pursued by Farhan (Farhan et al., 2021), who examined the effect of diets supplemented with an essential oil found to be 0.1 or 1.0g/kg for oilseed compared to a range between 10 and 50g/kg for BCS on broiler's GP. Thus, a limited number of comparative studies are available on cumin and black cumin regarding meat yield.

Moreover, there was a significant difference between 0.75% cumin and 0.75% black cumin on breast meat yield (25.8% vs. 23.2%), respectively (Shabaninejad et al., 2020). As a result, the impact of dietary BC seed meal on broiler growth and meat yield has sparked much curiosity in the community. This is a very active and burgeoning area of research on GP, nutrient digestibility, and immunity. As a result, it can be concluded that the addition of 0.5%–1.0% BCSO into the diets of broilers may have improved the performance of chicks and therefore enriched the meat quality due to creating meaningful changes in meat fatty acid (FA) profiles, especially in terms of total polyunsaturated fatty acids (PSFAs) (Suri et al., 2020). An approach proposed by Bakhshabadi et al. (2018) was employed in work that uses different pretreatments without any significant (P
≥.05) differences in the refractive index of BCSO using the influence of pulsed electric fields (PEFs) and microwave techniques. Early developments in this field were also well documented in Aytac et al. (2017), which concluded that 60 kgNha-1 supplemented with potassium (K) could enhance the seed yield, oil yield, and nitrogen (N) and K content BCSO without significant changes in FA composition. Finally, the shape and color of BCSs are presented in Fig. 6.2.
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Figure 6.2
 Black cumin seeds’ shape and color.







6.3. Black cumin seed oil

Macroscopically, BC seeds are generally tiny, dicotyledonous, trigonous, inclined, regulate-tubercular, 2 to 3.5mm, 1 to 2mm, darkish outwardly, in addition, white-colored inside, odor slightly aromatic, and taste bitter (Mohammed et al., 2019). Microscopically, the inclined part of the seed exhibits individual layered epidermis and skin, including elliptical, thick-walled tissue, outside the body through a dark brown cuticle with papillose cuticles. There are two to four layers of heavy-walled tangentially elongated parenchymatous cellular material and a new reddish-brown pigmented layer composed of dense walled, rectangular cells that commonly follow the epidermis. The pigment layer on the inside is available.

A new layer comprises rectangular elongated or almost columnar, elongated cells with thicker walls. The endosperm comprises oil globule-filled thin-walled, rectangular, or polygonal cellular material. Typically, the powder microscopy of seed powder exhibits dark brown–colored parenchymatous cells in addition to oil globules (Islam et al., 2017). The color of BCSO is presented in Fig. 6.3.

Several active compounds (ACs) have been separated, determined, and investigated so far in several species of BC. The main ACs are TQ 30%–48%, p-cymene 7%–15%, carvacrol 6%–12%, 4-terpineol 2%–7%, 
T-anethole 1%–4%, sesquiterpene longifolene 1%–8%, and pinene, respectively (Mukhtar et al., 2021). Thus, the BCSO is rich in bioactive compounds.
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Figure 6.3
 Black cumin seed oil’s color.



In addition, BCS consists of alkaloids, such as nigellicimine-N-oxide and nigellicimine alkaloids, and indazole ring alkaloids, including nigellidine and pyrazole alkaloids. BCS contains alpha-hederin, a new standard pentacyclic water-soluble triterpene, saponin, and many anticancers (Khan et al., 2012). The BCS comprises 26.7% protein, 28.5% lipids, 24.9% sugar, 8.4% raw dietary fiber, and 4.7% total ash. The BCSO also contains good nutritional supplements like vitamins and minerals such as Cu, P, Fe, and Zn. In addition, the BCSO has carotene converted to vitamin A (Khajavi Ra et al., 2016). BCSO is rich in unsaturated fatty acids (USFAs), mainly 50%–60% linoleic acid, 20% oleic acid, 3% eicosadienoic acid, and 10% dihomo-linoleic acid (Tiwari et al., 2019; Cheikh-Rouhou et al., 2007). Saturated fatty acids (SFAs) (stearic and palmitic acids) are presented to about 30% or less in BCSO; α-sitosterol is a significant sterol, which often makes up 44% and 54% reported for different BCSO samples harvested from Tunisian and Iranian, respectively (Suri et al., 2020; Farhan et al., 2021).






A review of studies undertaken on BCSO has shown several other noted chemical compounds. This has been widely observed in nigellone, avenasterol-5-ene, avenasterol-7-ene, campesterol, which is considered cholesterol-lowering agents, and cycloeucalenol as antidiabetic (Kiralan et al., 2017). This is the most relevant finding and perhaps the most significant BCSO bioactive compounds (BACPs). For example, (Seidavi et al. 2020) reported similar observations in their experiments with BACPs extracted from BCSO, including citrostadienol, gramisterol, obtusifoliol, lophenol, stigmastanol β-amyrin, and stigmasterol-7-ene. This is consistent with the findings of Kiralan et al. (2017), who found that 24-methylene-cycloartenol and cycloartenol and butyrospermol were the most BACPs of the BCS. Thus, the evaluation of BACPs of the BCSO is critical.

The evaluation of BACPs is currently focused on taraxerol (1–3)-α-L-rhamnopyranosyl, tirucallol, and 1-2-α-[L-arabino-pyranosyl]-28-O-[α-L rhamnopyranosyl] is the most important one. The vital strength of the chapter lies in the fact that BCS volatile oil was found to range from 0.5% to 1.6%, FAs 35.6% to 41.6%, in addition to oleic acid esters, which involved USFAs having C15 huge terpenoids, melanthin, hederagenin glycoside bitter basic principle, melanthigenin, and tannin, protein, glucose, and glycosidic bonds formation (Kiralan et al., 2019; Karadağoğlu et al., 2019; Kabir et al., 2019).

Much of the early work around the most widely used BC plant study is its oil (Fajar et al., 2017). The BCSO contains about 27.8% of TQ as an essential oil. Recent work by Farhan et al. (2021) reports that the Bangladeshi fat content of BCS was similar to the amount for the Iranians (40.4%). It should be noted here that according to Seidavi et al. (2020), BCS reduces cholesterol, hypoglycemia, and hypocholesterol only when provided in high doses; therefore, there is no reduction in BCSO in broiler diets.

The primary FAs of the BCSO contains myristic (C14:0), palmitic (C 16:0), and stearic (C18:0) acids as saturated fatty acids (SFAs), while the principal USFAs are oleic (C18:1), linoleic (C18:2), and linolenic (C18:3). Although some attempts have been made to address this issue, there are still changes of FAs and SFAs during the initial germination and a reduction in total monounsaturated fatty acids (Mariod et al., 2009). Both crudes of BCSO and its fractions (neutral glycolipid, fat, and phospholipids) revealed powerful quantitative radical scavenging properties associated with their total content of PSFAs, phospholipids, and unsaponifiable, in addition to the lowest hydrogen peroxide values of crude BCSO (Ozdal and Adiguzel, 2019). So, FAs are a promoting molecule in BCSO.






The yield of BCSO extracted using chloroform:methanol was much larger than that of BCSO extracted using petroleum ether and hexane in three different samples. The overall quantity of lipids extracted was more significant in the chloroform:methanol (39.2% of fresh weight) than in n-hexane (37.9%). The large portion of BCSO produced with chloroform:methanol was due to chloroform:methanol activity which can get polar and nonpolar macromolecules (Ramadan and Mörsel, 2002). It was supposed that the structure and organic process value (a process occurring in living organisms) were different due to country of origin, maturity, seed type, and subsequent storage conditions (Atta, 2003). It was supposed that the primary SFAs of BCSO was 11.56% stearic and 2.55% were palmitic. In addition, arachidic (C20:0), behenic (C22:0), and lignoceric (C24:0) acids have been discovered as SFA, and palmitoleic (C16:1) and erucic (C22:1n-9) acids were detected as USFAs. Previously, Cheikh et al. (2007) had shown that the BCS, which variety Bangladesh, had relatively high oleic and linoleic acids as 18.9–20.1 and 47.5–49.0, respectively, which is less than the Tunisian variety 25.0 and 50.3, respectively, and the Iranian variety 23.7 and 49.2, respectively.

Mustafa (Kiralan et al., 2014) studied the BCSO processing variables, precision of recognition, the FAs extraction, and quantitative analysis methods. They reported that the percentage of oleic acid and linoleic acid was present more than 2.5:1%. Earlier results of Houghton et al. (1995) support these outcomes. Finally, the FA profile of BCSO is presented in Table 6.1.






Table 6.1





The composition of black cumin seeds fatty acid
a
.


	Fatty acids (%)
	Kabir et al. (2019)
	Kaskoos (2011)
	Bourgou et al. (2010)





	Myristic acid (14:0)
	0.23±0.01
	0.16±0.02
	0.40±0.03



	Palmitic acid (16:0)
	13.1
	8.51
	14.8±0.47



	Palmitoleic acid (16:1)
	0.28
	0.16
	0.28±0.05



	Stearic acid (18:0)
	2.47
	2.22
	2.90±0.01



	Oleic acid (18:1)
	21.8
	16.6
	19.2±0.13



	Cis-vaccenic acid (18:1)
	1.18
	nd
	nd



	Linoleic acid (18:2)
	57.0
	42.8
	58.1±0.54



	Linolenic acid (18:3)
	0.46
	0.25
	0.41±0.06



	Arachidic acid (20:0)
	0.18
	nd
	1.05±0.43



	Eicosenoic acid (20:1)
	0.39
	0.16
	nd



	Eicosadienoic acid (20:2)
	2.91
	1.94
	nd



	Eicosatrienoic acid (20:3)
	Nd
	4.71
	nd



	Eicosapentaenoic acid (20:5)
	Nd
	5.98
	nd



	Behenic acid (22:0)
	Nd
	nd
	2.89±0.34



	Docosahexaenoic acid (22:6)
	Nd
	2.97
	nd



	Lignoceric acid (24:0)
	Nd
	3.60
	nd



	Nervonic acid (24:1)
	Nd
	2.76
	nd



	Saturated acids (SFAs)
	16.0
	15.1
	22.0±0.60



	Unsaturated acids (USFAs)
	84.0
	79.9
	19.5±0.20



	Unsaturated/Saturated
	5.25
	5.29
	58.5±0.64
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nd, not detected.



a
 Table 6.1 modified by the authors under republish license number (5085260050335).












6.4. Protein of black cumin seeds and its extraction

It has been a focus of research for more than a decade that BCS is an excellent source of plant-based proteins as they are reported to have a high index of net protein utilization, protein efficiency ratio, and net dietary protein energy percent (Sarwar and Latif, 2015). This is an important topic because BCS comprises approximately 21%–26% protein by weight (Coşkun et al., 2020; Sharma and Longvah, 2021). Moreover, the BCS chemical elements such as protein contain essential extracts, 15 amino acids (AAs) (alanine, arginine, isoleucine, lysine, tryptophan, tyrosine, threonine, asparagine, cysteine, glycine, glutamic acid, methionine, and proline), and BCS also contains niacin (vitamin B3) (Siregar et al., 2020). More recently, a reevaluation of this concept has led to the characterization of a microcapsule containing black cumin seeds protein (BCSP). Therefore, equal protein loading has been confirmed by using the protein β-actin as an internal household protein (Li et al., 2020). Another technique for addressing this topic is described by Asif et al. (2019) who conducted the expression of this protein using equalization of the control in dwarf mutants (Asif et al., 2019). The most common methods found in the literature are patterns of expression of this protein equal in the mutant plants HY1, MHY4, and LY3 compared to control (Asif et al., 2019). Having greater insight into BCSPs would yield valuable information about figure print spectroscopy. Here we see a method conceptually similar to Padhye et al. (2008), which 
utilizes Fourier-transform infrared data concerning the proteins' secondary structural characteristics; bands of amide I and amide II are often assessed as BCSPs.

The most recent and advanced concept proposed by Coşkun et al. (2020) offers a new approach to two-dimensional (2D) gel electrophoresis 240μg 2D gel. BCSPs passive rehydration loaded to 11cm, pH gradient strips (IPG) (pH 3–10). They have confirmed that BCSPs contain structural elements both α and β-secondary and, consequently, that BCSPs may have been glycosylated. The following are approximately limitations: the quality of the isolated protein was assessed by (i) separating the protect into the 2D gel system of three protein insulation methods and (ii) the pattern of expression for this protein in mutant plants HY1, MHY4, and LY3 was equal in comparison with the control (Asif et al., 2019).

Recently, Coşkun et al. (2020) reported the influence of extraction conditions on black cumin protein concentrates (BCPCs) structure based on BCSPs isoelectric point (pI) and pH. Thus, the pI values of most BCSPs AAs were found to be less than pH 7. However, various protein spots for alkaline proteins were also observed. In addition, the phenol-based approach has been superior to other methods for the amount of the extracted protein in this study (Asif et al., 2019). Moreover, Hannan et al. (2008) mentioned in the prior research that extraction considerably impacted the solubility of the BCSPs due to the surface properties variations in the BCSPs as a consequence of extraction. These proteins are the transcription factors that control various genes' functions (Najmi et al., 2008). The tris-buffer-based isolation method reported the minimum amount of protein at 2.94mg/g leaf fresh weight (Asif et al., 2019). Therefore, BCSPs as dietary supplements need to be studied.

This well-recognized issue necessitates a better approach; as serum protein depends on dietary protein availability, the proteins of the BCS diets were more available to the birds (Kumar et al., 2017). Similar work was also carried out by Salem et al. (2010). It was shown that tryptophan is the lowest AA in BCSPs, although Cheikh et al. (2008) and Hannan et al. (2008) did not find tryptophan in BCSPs. Thus, there has been increasing research efforts and specialization in BCSPs. These findings confirm the strategy's validity in considering seed oil processed cakes as protein-based renewable sources to produce fertilizers, animal feed, culinary food, and other valuable products such as bioplastics (Sabbah et al., 2020). Thus, the nutritional composition of the BCSPs is quite crucial for study.






Once developed, this will significantly impact various areas, such as BCSPs, edible films from protein-containing defatted seeds. Moreover, this breakthrough is expected to increase the impact of PEFs and high-voltage electrical discharges on phenolic and protein extraction from sesame cake (Bakhshabadi et al., 2018). Hence, the influence of PEFs is beneficial for BCSPs edible film technology. Furthermore, these are often chosen to study BCSPs due to their development as new biomaterials from agroindustrial wastes. Recently, BCSPs edible films were recorded as a significant technological challenge, and the defatted BCS cake by-products were obtained from the oil-producing industry by Zent et al. (2021). Therefore, BCS cake was a rich, cheap source of both energy and protein. This has led to adopting advanced techniques such as a new FA ester extraction technology from BCS cake, showing potent antiprotein tyrosine phosphatase (PTP1B) activity, which has been used as a novel therapeutic target for type 2 diabetes mellitus, obesity, and related states of insulin resistance (Liu et al., 2019).

Interestingly, Alanazi et al. (2016) identified 277 metabolic and functional proteins using the UniProt database. In addition, an advanced technique was developed and utilized to determine the BCS AAs such as trypsin. For example, Zent et al. (2020) extracted trypsin and papain using BCS hydrolysates of protein for two hours. In addition, they used fast protein liquid chromatography (FPLC)-based fractionation techniques. As a result, about 20 peptide forms have been identified.

A simple setup has been employed here to study the behavior of conventional extraction techniques for extracting BCSPs. For example, Coşkun et al. (2019) have reported 57.7% and 65.8% of BCS proteins using aqueous extraction consists of alkali extraction with isoelectric precipitation (AE-IP) and then purifying using hexane. This confirms a minor angiotensin-converting enzyme inhibitory effect of protein hydrolysates. Moreover, the experimental setup given by Haas et al. (2014) has extracted BCSPs inducing apolipoprotein A-I gene expression. Therefore, BCSPs may have beneficial impacts on treating dyslipidemia and coronary cardiovascular disease.

It would be interesting to examine the nutrition and therapeutic benefits of BCSPs on living organisms. A retrospective study by Tavakoly et al. (2019) noted several promised findings. For example, BCSPs can supplement serum C-reactive protein (Tavakoly et al., 2019). Furthermore, they confirmed that BCS protein supplementation using a parallel control study significantly reduced serum levels. This is one of the earliest works on this 
subject by Indrawan et al. (2016), who studied the impact of ethanol extract of BCSPs on proteinuria and blood pressure using the in-vivo methodology. The preeclampsia mouse model confirmed that the 2000mg/kg/d dose was the optimum dose to reduce the ET-1 level, systolic pressure, and urine protein.
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Figure 6.4
 Black cumin seed cake’s shape and color.



Siddiqui et al. (2020) reported several pioneering works in this area, who reported that the impact of BCS protein could target nucleocapsid when blending with the papain-like protease of SARS-CoV-2 (COVID-19) pandemic. Finally, Rahmani et al. (2019) have revealed the bioactivity of BCSPs by inducing liver injury in mice through the modulation of enzymatic antioxidant, P53, and vascular endothelial growth factor protein. They proposed that TQ can prevent CCl4-induced liver damage and be used as a therapeutic agent for liver diseases. Finally, the shape and color of BCS cake are presented in Fig. 6.4.



6.4.1. Protein concertation and amino acids profile

The BCSs are primary bioactive source compounds with potential health-promoting and antimicrobial activities. BCSs meal is rich in AAs and seems to be a promising source of foodstuffs for macro- and micronutrients. Interestingly, the BCS meal contains nonessential amino acids 67.95%, which includes: proline, glycine, alanine, glutamic acid, serine, cysteine, tyrosine, and aspartic acid, as shown in Table 6.2 (Kabir et al., 2019). Compared to the studies of Al-Jassir et al. (1992) and Babayan et al. (1978), who reported lower total essential amino acids (EAAs), ranging between 30.19% and 
40.19%, respectively, which are methionine, tryptophan isoleucine, cysteine, lysine, and valine for BCSs harvested in Saudi Arabia. Kabir et al. (2019) noted that BCS meals consisted of roughly 17 AAs, ten of them are EAAs (202g/1000g), and lysine is about 6.41g/kg.



Table 6.2





The amino acids profile of black cumin seed proteins
a
.


	Amino acids %
	Kabir et al. (2019)
	Al-Jassir et al. (1992)
	Babayan et al. (1978)





	Essential amino acids (E)



	Leucine
	6.00
	5.82
	10.88



	Valine
	4.77
	4.61
	3.06



	Lysine
	3.86
	4.04
	7.62



	Threonine
	3.86
	3.65
	1.23



	Phenylalanine
	3.70
	3.61
	7.93



	Isoleucine
	3.69
	3.46
	4.03



	Histidine
	2.79
	3.35
	00



	Methionine1

	1.88
	1.65
	6.16



	Tryptophan2

	1.50
	00
	00



	
Total essential amino acids

	32.05
	30.19
	40.91



	Nonessential amino acids (N)



	Glutamic acid
	23.95
	24.74
	13.21



	Aspartic acid
	9.32
	8.94
	5.02



	Arginine
	8.90
	9.19
	19.52



	Glycine
	6.11
	5.61
	4.17



	Proline
	4.88
	4.90
	5.34



	Serine
	4.50
	4.31
	1.98



	Alanine
	4.39
	3.73
	3.77



	Tyrosine
	3.43
	3.59
	6.08



	Cystine 1
	2.47
	1.96
	00



	Total nonessential amino acids
	67.95
	66.97
	59.09



	E/N
	0.47
	0.45
	0.69
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a
 Table 6.2 is modified by the authors under republish license number (5085260050335); 1AAs determination prior to oxidation treatment using performic acid (CH2O3) hydrolyzed by hydrochloric acid (HCL); 2AAs determined by high-performance liquid chromatography (HPLC) techniques after alkaline hydrolysis.




Conceptually, similar work, utilizing a similar method, was reported by Kabir et al.(2019) who confirmed that BCSs meal is a rich source of leucine and glutamine (10.88% and 24.74%, respectively as described in Table 6.2). These primary acids make up around 54% of the total AAs found in the BCS 
protein. The overall AAs grew significantly throughout seed germination and were affected by germination conditions. Germinated BCSs showed declines in Na, K, Ca, and Fe content (Mariod et al., 2017). Thus, the results suggest that germinated BCS is an excellent food material for improving nutritional properties, as it contains glutamate (23.95%) and aspartate (9.30%).





6.5. Black cumin seed protein hydrolysate

The BCSPs have been hydrolyzed separately using pepsin, trypsin, and α-chymotrypsin. This hydrolysate was fractionalized utilizing high-performance reverse-phase liquid chromatography. As a result, arginine (8.90%), glycine (6.11%), and leucine (6.0%) are rich in BCSP. However, glutamic acid is the EAA (Kabir et al., 2019). Thus, these authors provided 433 recording chemical scores including, nine of which are EAAs recorded for Bangladeshi BCSs samples. Interestingly, Al-gaby (1998) declared the lowest amount of AAS in BCS cake proteins is tryptophan; however, Al-Jassir et al. (1992) and Babayan et al. (1978) did not report any tryptophan in BCSs.

Trigui et al. (2021) have been investigating the physical, technofunctional, and antioxidant properties of black cumin seed protein isolate (BCSPI) and its hydrolysates (BCSPH) (Trigui et al., 2021). They are characterized by a high protein content (78.4%–83.5%). Enzyme hydrolysis has been reported to improve the solubility of proteins. In addition, antioxidant activity has improved as hydrolysis has increased. The data obtained imply that the hydrolysis grade can improve protein isolate functioning and antioxidant action. The same research group of Trigui et al. (2021) reported that BCSPH generally has special technofunctional and antioxidant features that support its application as a natural dietary protein in food, cosmetics, or pharmaceuticals.

Black cumin is a seed used in traditional medicine because of the bioactive qualities of the seed oil and the solubilized components contained, as investigated by Zent et al. (2021). They used enzymatic proteolysis and FPLC-based fractionation techniques to quantify trypsin and papain hydrolysates for the first time from BCPCs were directed to serve for its dual antioxidative and acetylcholinesterase inhibitory activities (Silva et al., 2020). Using enzymatic proteolysis and FPLC-based fractionation techniques, trypsin and papain hydrolysates of BCPCs were investigated for their dual antioxidative and acetylcholinesterase inhibitory properties.






Peptides in the active fractions were identified using a liquid chromatography quadrupole time-of-flight mass spectrometry–based analytical method, which further facilitated the in-silico prediction of bioactivity for every characterized peptide sequence. The same group of researchers (Zent et al., 2021) found that the degree of suffering a usually dull persistent pain, known as “AChE” inhibitory activity, has been chiefly reduced by proteolysis. Different antioxidant activities are enhanced following proteolytic treatment. Due to its significantly increased activity, 30min of papain-treated hydrolysates were split into four significant fractions, and their antioxidative capacities were verified in vitro. Twenty different peptide structures were identified, and their potential bioactivities were verified in silico approaches for predicting and screening promising food-derived bioactive peptides (Zent et al., 2021).

A total of 56 unknown peptides was initially found in the cumin seed protein hydrolysate (Siow et al., 2017). These peptides were then subjected to in vitro selection using the phage display technique, and three clones (CSP3, CSP4, and CSP6) showed high affinity for binding α-amylase. These clones were subjected to an inhibitory test, and only CSP4 and CSP6 exhibited high inhibitory activity. CSP4 exhibited inhibition of bacterial and human salivary α-amylases with IC50 values of 0.11 and 0.04μmol, respectively, whereas CSP6 was about 0.10 and 0.15μmol, respectively (Siow et al., 2017).




6.6. Conclusion

BCSO is widely used as an alternative medication. Many beneficial substances are generated directly from BCSO, whereas others are chemically altered natural products. This study confirmed the use of BCSO in nutritional, pharmaceutical, and medical sectors and some bioactive elements found in their oil and by-products, including AAs, FAs, and the TQ. Further research is required to understand BCSO activity, its bioactive components, and its nutritional impact. Modifying the molecular structure of alpha-hederin, TQ, and other BCSO bioactive compounds may lead to more effective and safe treatments in the future. To combat resistance issues, BCSO and its bioactive compounds such as alpha-hederin, TQ, and others can be used in appropriate combinations with existing chemotherapy drugs. Researchers should also investigate TQ's molecular and cellular targets. This book chapter is dedicated to all scientists who wish to do more preclinical and clinical research on using BCSO to treat various communicable illnesses.
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Abstract


Functional foods/feed derived from herbaceous plants are considered to possess properties of high nutritional value while addressing health ailments among other diverse properties. Some of the plants' constituents have been underrated and given less attention, yet they have been proven to have important benefits due to their functional properties. Nigella sativa L. seeds and their constituents are not a new discovery but have been used in historical times majorly in traditional nutritional and medicinal applications, taking into account the composition of the seeds and their key importance. Previously and today, scientists have been working on proving detailed knowledge of explorative diverse applications of the seeds; findings suggest that the seeds can be used in a diversity of applications, particularly in the food and medicinal industries. The objective of this chapter is to review the evolutionary use or application of N. sativa L. seeds; this review summarizes the applications of the seeds as a significant pool source of essential functional elements or properties.
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7.1. Introduction

Functional foods are predicted to become one of the significant dietary trends in the coming decades. Awuchi et al. (2019) define functional properties of food as those that possess essential physicochemical properties that reflect a complex interaction of molecular conformation, and structures, as their composition and physicochemical properties of food components. Some studies suggest that herbaceous plants and their derivatives are underutilized, yet they have the potential of providing several functional properties which could be used in product formulations targeted to improve health. There is an emerging need for the development of novel products from natural herbaceous resources as they prove to have the potential of being nutrient-rich; it is estimated that of 300,000 species that exist, only 15% have been explored. This justifies the importance of food value addition, exploration, and valorization (Yimer et al., 2019). Black cumin seeds' bioactive compounds are of pharmaceutical significance in improving the nutraceutical scope (Niveditha et al., 2013). From a global perspective, functional foods are projected to become widely used in food applications in a variety of dietary trends with the increase of diseases and health ailments, their responsibility will be of high benefit to address health and food safety issues, and this is an important sector for nutritionists and food scientists to pay attention to (Safvi and Yousuf, 2021). Moreover, scientists claim that plant-based foods have curative properties, hence the growth of their application in the health sector. This is mainly due to the phytochemistry composition of the plant. Plants such as herbs and spices are gaining an increase in their use to improve food composition in terms of adding to their total organoleptic qualities and nutritional qualities (Safvi and Yousuf, 2021).









7.2. Botanical overview of Nigella sativa L.


Nigella sativa L. is an annual herbaceous plant of the Ranunculaceae family, which has seeds called black cumin seeds (Mazaheri et al., 2018). The plant is cultivated worldwide and grows up to 20 to 30cm tall, it has finely divided leaves and its flowers are pale blue and white, and the flowers are said to be delicate with 5 to 10 petals in each. The fruits of this plant are capsulated and are made of 3 to 7 follicles, and in each lies numerous black cumin seeds (Farhan et al., 2021).

This herbaceous plant is an Asian angiosperm that in ancient medicinal traditions was explored for its efficacy in the culmination of the mind, body, soul, and nature. This traditional practice still exists in some parts of the world. Through research and novel academia approaches, the plant has gained much interest for its use in a broad spectrum of applications due to its native functional properties, particularly for curing disease and maintaining general health (Dabeer et al., 2022). The plant goes by several different names; in Latin, it is referred to as “Panacea,” which is loosely translated to “cure-all” and in Arabic, it is popularly known as “Habbah albarakh,” which means “seed of blessing.” Its continued investigation has been greatly focused on its property in therapeutic applications; the main parts of the plant mostly used in functional applications are the seeds and their derivatives (Padhye et al., 2008).




7.3. Medicinal application of black cumin seeds

Herbal drugs and essential oils of cumin seeds are becoming of great dominance in medicinal applications, essential oil from these seeds has been found by researchers to treat several various diseases. Black cumin seeds are not new to existence, and they have been used over the past years mostly for religious and medicinal uses to treat several diseases. During those years, the seeds and the whole plant were used in traditional systems such as being explored for their benefit in managing postnatal depression and many other neurological disorders. Nowadays, its significance has grown to be of benefit globally, and many scientific researchers are involved in the extensive analysis of the seeds for their properties to be well-defined and characterized particularly in the scope of phytochemical and biological properties (Ahmad et al., 2020). The seeds are gaining wide research studies about their properties and characteristics in making nutritional and functional products, especially in medicinal or traditional nutrition applications, and the 
consumption of antioxidant-rich foods through studies is believed to improve antioxidant defense mechanism and provide protection against oxidative damage caused by free radicals (Rashida, 2019).

High considerations of its use have gained importance in a wide range of industries, small or large scale, for mainly its properties in biological activities (Ramadan, 2007). A study revealed that this plant has interesting qualities in its polysaccharides; the biomolecules that make up the seeds are stable, safe, and have different biological activities and could be a probable source for both food and pharmaceutical studies (Trigui et al., 2020). In addition, the seeds have been found to have antioxidant properties in their oil and extracts; the strong antioxidant activities these seeds possess suggest their use in product formulation and medicinal use to treat or serve as a protective role in oxidative disease (Rafiquel et al., 2012).

Antidiabetic, immunomodulation, analgesic, antimicrobial, anti-inflammatory, spasmolytic, bronchodilator, hepatoprotective, toothache, wounds, antihypertensive, neuroprotective, gastroprotective, and renal protective are some examples that are believed black cumin seeds and their extracts are responsible for (Hassanien, 2007). In a study by Ambati and Hassanien (2021), it was indicated that the main property of the N. sativa to its therapeutic capacity is the presence of thymoquinone bioactive compound found in the seed extract and also its oil. Black cumin seeds show to have great forms of properties for the treatment of asthma, cough, bronchitis, headaches, rheumatism, fever, and influenza eczema, as a diuretic, galactagogue, indigestion, jaundice, diarrhea, flatulence, nausea, morning sickness, dyspepsia, and vermifuge. A study done on black cumin seeds reported that the seed extracts consist of the main essential constituents that give its characteristic status in playing a major role in the therapeutic sectors (Hassanien et al., 2015); the most important compounds of black cumin seeds are thymoquinone, which accounts for 30%–48%, p-cymene (7%–15%), carvacrol (6%–12%), 4-terpineol (2%–7%), t-anethole (1%–4%), and sesquiterpene longifolene (1%–8%) (Boskabadi and Shirmohammadi, 2002).

Another study of Tunisian black cumin seeds indicated that the oil indeed has a potent biological activity, which suggests its use in medicinal applications; the results regarding the bioactivities of these main volatile compounds were an indication that the essential oil is responsible or rather connected to its chemical composition. Thymoquinone and longifolene were found to be the most active compounds, inhibiting about 95% of nitric oxide in in vitro assays, while carvacrol, terpinene-4-01, β-pinene, and p-cymene could inhibit 35%, 20.8%, 33.8%, and 32.3% respectfully (Bourgou et al., 2010

). This major significance suggests that these compounds could be applied selectively or collectively in medicinal products valorization into novel food products of medicinal use, especially as an antioxidant or anti-inflammatory; this applies to carcinogenic-related diseases where studies suggest that it could serve as an effective agent to control tumor initiation, growth, and metastasis whether used independently or alongside conventional chemotherapeutic drugs (Srinivasan, 2018).

An active biomolecule that was discovered in a different study in the crude oil of black cumin, thymol proved to have the capability to lower blood pressure in invivo studies; the blood pressure was lowered through blockage of calcium channels, hence the use of the seed oil as an antihypertensive substance in food mechanisms. In addition, this compound affected multiple sites. Multiple biological activities of compounds were discovered to play a huge role as a probable disease eradicating or controlling substance; the volatile oil from the seeds and its constituents, particularly thymoquinone induced cardiovascular effects by serving as a cardiovascular depressant; significant multiple depressant effects were indicated on the heart proving that this could be of great use in medicinal systems in addressing cardiovascular complications (Gilani et al., 2004); a different study in addition to that found the richness of the essential oil with phytochemicals can be used in lifestyle disorders like hyperglycemia and hypercholesterolemia (Sultan et al., 2009). Phytosterols found in black cumin seeds are believed to be of benefit to human appetite, and they are responsible for lowering low-density lipoprotein and total cholesterol levels. The sterol component of the seeds was found to be within the range of 18%–42% of unsaponified matter, and major sterols are β-sitosterol, campesterol, stigmasterol, and 5-avenasterol (Safvi and Yousuf, 2021). These strong findings of the photochemical bio compounds need to be taken into high consideration, also food value addition and need extensive further research on how they could be including a food matrix to serve their intended therapeutic functions.




7.4. Food application of black cumin seeds

Food security has been one of the most discussed topics in many studies; nowadays, the concept is shifting more into food nutrition security, with not only the quantity taken into consideration but also the quality recieving importantance. With the rise in population, high demand for food, and increasing consumer awareness of food quality, scientists are doing whatever it takes in food evolution to meet consumer needs. Several studies 
indicate that black cumin seeds are nutritionally rich, providing a high amount of nutrients mainly; in fat, protein, and dietary fiber which are estimated to be 28.5%, 26.7%, and 8.4%, respectively, and total ash to be 4.8% (Boskabadi and Shirmohammadi, 2002); the seeds are rich in fatty oil, majorly unsaturated fatty acids constituting of linoleic acid about 50%–60%, oleic acid about 20%, eicosadienoic acid 3%, and dihomolinoleic acid accounting for 10% (Chehl et al., 2009). In addition, the seeds provide a considerable amount of minerals mainly; calcium: 579.33 mg/100g, potassium: 510.30 mg/100g, magnesium: 210.33 mg/100g, sodium: 100 mg/100g, phosphorus: 91.5 mg/100g, and iron: 41.80 mg/100g (Al-Mamun and Absar, 2019).

The use of black cumin seeds (both as whole and ground state) has been studied as an essential ingredient in product design and formulation. The seeds can be used in the concept of food value addition, food revitalization, and enhancement by providing essential biomolecules. The seeds have been widely used in most countries in applications such as spices, as an antimicrobial agent, and as an effective food preservative (Bashir et al., 2021). The cuisine sector in different parts of the world has majorly sought importance in the seed application to improve organoleptic and nutritional properties of food, majorly in condiments, as a flavoring agent, in confectionery, curries, vegetables, pulses, etc. The oil coming from the seeds has been proven to be of functional importance in its application as a flavoring agent in the liquor industry (Safvi and Yousuf, 2021). In a study where butter was infused with black cumin seeds where the essential oil was analyzed, the results indicated that the oil showed higher antioxidant activity than the controls used. Also, an indication from the laboratory analysis showed that coliform bacteria, yeast, and mold count were lower in the oil samples than in the control samples. A conclusion from these results was drawn implying that essentials oil could be of use in the food industry in stabilizing products in terms of improving the shelf life as well as the protection of nutritional properties of the food products. This strongly suggests that the oil should be taken into consideration in its significance to its utilization as a natural source of natural antioxidant properties (Cakmakci et al., 2014).

The essential oil which forms part of secondary metabolites is believed to be of benefit in food application and is generally recognized as safe by the food safety standard measures (Hassanien et al., 2015). Research has found the oil to be linked to the inhabitation of antimicrobial activities, such as the inhabitation against spoilage bacterial activity, aspergillus flavors, 
fusarium graminearum, fusarium moniliform, and penicillium viridicatum. The use of bioactive compounds is emerging considering consumers growing concerns over the safety of food products manufactured with synthetic antimicrobial agents in attempts to increase shelf life. Bioactive compounds such as essential oils which are believed to be derivatives of phenolic compounds can therefore provide an alternative solution to preserve food by protecting it from degradation from oxidation or microbial activity (Alzoreky and Nakahara, 2003). Such a novel initiative can be of use in the food processing industries which can also be a tool in the achievement of cost-effective outsourcing of ingredients while contributing to high-value food products.




7.5. Functional application of black cumin seed press waste material

Black cumin is initially grown for its seed production mainly in oil recovery (Cherif et al., 2017). However, press waste material from oil extraction has gained major importance in its application as a functional food additive. Cumin seeds cake is found to be of benefit, yet poorly valorized, “the cake is nutrient-dense owing to its richness in crude protein 330g/kg, fiber, carbohydrates, vitamins, phenolics, all essential amino acids, fat estimated to be 127g/kg, energy, and antioxidants, and these nutrients play a significant role in human and animal health. Vegetable-sourced proteins and its component, particularly bioactive peptides have been proven to be of nutritional importance in novel food products” (Zaky et al., 2021). Water holding capacity such as the swelling capacity brought about by the proteins is responsible for flavor preservation and mouthfeel (Eltayeb et al., 2011). In a study done by Różyło et al. (2021), starch bread enriched with black cumin seeds and black cumin waste was found to have a higher content of 2-hydroxybenzoic acid, 2-hydroxyphenyl acetic acid, and 4-hydroxyphenyl acetic acid; these acids play a major role in human nutrition by “inhibiting α-amylase and α-glucosidase enzymes which break down complex carbohydrates by keeping blood sugar levels low” (Różyło et al., 2015). Moreover, the addition of black cumin seeds decreased the hardness, elasticity, and chewiness of starch bread crumbs. The property of the seeds to contain volatile compounds has a significant effect on the taste and aroma of food. Valorization of waste material plays a major role in the nutritional industry due to the high nutrient-dense property of the waste material, particularly its richness in dietary fiber, minerals, and antioxidants.






The black cumin cake has been reported through several studies to its major significance in animal feed production. According to El-Ayek et al. (1999), black cumin seed press cake is believed to be a cost-effective way to replace about 50% of the protein in fodder formulas; this not only contributes to animal growth but also to the meat quality. The cake can also be used as a nutrient-dense energy supplement in feed. One study indicated that “rabbits that were fed on 12% black cumin cake gained more overall weight than the control group with 3.7% increase in feed conversion rate,” hence the property of the seed press cake being nutrient-dense makes it an excellent source for animal feed (Mahmoud and Bendary, 2014), which in turn reduces the high cost in convectional feeding schemes, in that way this also provides an economic benefit. Moreover, there has been a major concern about the compromise of human health, particularly the rise of chronic illnesses which have been linked to the chemical treatments used in animals as means to promote growth such as the use of antibiotics (Kebede and Roba, 2021). It is estimated that “about 50% of the world's antibiotics are used as growth promoters in animals” (Awaisheh et al., 2019), hence the valorization of black cumin seed press cake opens a novel alternative to replace chemical growth promoters while creating explorative ideas into a paradigm shift to economic cycle whose focus is on waste minimization in the industrial production streams.




7.6. Conclusion

The properties of black cumin seeds have been indicative through studies that they can exhibit functional attributes that are of benefit in medicinal, nutraceutical, and food applications. Its waste material from seed press such as the cake can be effectively used as food additives and feed formulations owing to its nutrient-rich properties. There is an emergency need for the protection and cultivation of herbaceous species especially because such species majorly contribute to the ecosystem services to humans, particularly in the nutrition field by ensuring food nutrition security, hence the need for its diversity and sustainability.
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Abstract



Nigella sativa L. belongs to Ranunculaceae family and is native to southwest Asia and the Mediterranean. The seed of the plant is reported to be high in fixed and essential oils, proteins, alkaloids, and saponin. In folk medicine, the seeds of N. sativa, often known as “black seed” or “black cumin,” are used to cure and prevent a variety of ailments. Much of its biological activity has been linked to thymoquinone, which has been shown to have anticancer properties. Essential oils, usually referred to as volatile or ethereal oils, are fragrant oily liquids derived from plant material. The main volatile components of the N. sativa essential oil are p-cymene, γ-terpinene, α-thujene, carvacrol, α-pinene, and β-pinene. This chapter focuses on an in-depth discussion of the volatile components of N. sativa as well as its extraction processes. The chapter also discusses its aroma quality in detail.
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8.1. Introduction

The annual flowering plant of Nigella sativa L., commonly known as black seed and black cumin, is a small annual herb. The term “Nigella” originates from “Niger,” meaning black in Latin, referring to its seeds' color (Kalidasu et al., 2017). It is one of the most important medicinal plants all over the world, particularly in regions like India, Africa, and Asia because of its multifarious uses (Khan and Abourashed, 2011; Burits and Bucar, 2000; Shabana et al., 2013). Proximate analysis of seeds reveals that they contain a composition of 39.7%–52.5% oil and 0.5%–1.5% essential oil (EO) (Al-Jassir, 1992; Takruri and Dameh, 1998). Nigella seed-fixed oil is high in linoleic, oleic, and palmitic acids. Linoleic acid, an important fatty acid that accounts for more than half of all fatty acids, is the dominant fatty acid (Bassim Atta, 2003). Nigella seed EO is mostly used in food (as flavorings), fragrances, and medications (Burt, 2004; Hassanien et al., 2015). N. sativa also has a long historical and religious history. Seeds and their oils have been claimed for medical purposes since the ancient Egyptians, Greeks, and Romans (Benkaci–Ali et al., 2007). N. sativa is regarded as one of the most powerful types of healing medicine in Islamic literature. The most significant active compounds in black cumin seed EO are thymoquinone, α-thujene, and p-cymene (Ghahramanloo et al., 2017; Kabir et al., 2020). The first one has been reported to possess anticonvulsant as well as anticancer effects (Okoye et al., 2014). Its antiinflammatory, analgesic, antipyretic, antibacterial, antiinflammatory, immunological, antihypertensive, respiratory-stimulating, antihypertensive, hematinic, and trypanocidal 
properties have also been documented (Ali and Blunden, 2003; Ekanem and Yusuf, 2008). The EO of black cumin was found to possess antibacterial properties (Kokoska et al., 2008; Shaaban et al., 2015), antioxidant activity (Pop, Bocsan et al., 2020; Bordoni et al., 2019), and antiinflammatory properties (Majdalawieh and Fayyad, 2015; Pop, Sabin et al. 2020). Although the dietary value of black cumin has received less attention in the scientific literature, it is far from insignificant, as it includes a sufficient amount of protein and fat and a significant number of important fatty acids, amino acids, vitamins, and minerals (Hannan et al., 2021).



8.1.1. Botanical description of Nigella sativa L.


N. sativa (Ranunculaceae family) is a native annual herbaceous plant of northern Africa, the eastern Mediterranean, Southwest Asia, and the Indian subcontinent (Hannan et al., 2021; Gharby et al., 2015). It is, nevertheless, extensively grown in several countries, including Egypt, Greece, Iran, Syria, Saudi Arabia, Albania, Turkey, India, and Pakistan (Srinivasan, 2018). The black cumin plant grows to a height of 30–60cm, and its seeds are black in color (Ashraf et al., 2006).




8.1.2. Origin and distribution

Black cumin has a long history of crop production across the globe. The exact location of the origin of black cumin is uncertain (Yarnell and Abascal, 2011). Nevertheless, it is assumed to be originated in the Mediterranean. Several experts have voiced different opinions on the origins of black cumin (Kifelew et al., 2017; Kulloli, 2016; Sultana et al., 2015). For example, according to Sultana et al. (Sultana et al., 2015), it is indigenous to North Africa, Southwest Asia, and Southern Europe. According to Kulloli (2016) and Lal (2018), it is native to South and Southwest Asia. Moreover, Mahr (2022) reported that around 15 species of the genus Nigella (love-in-a-mist) are native to Northern Africa and Southern Europe.

Black cumin farming in olden history spanned at least North Africa, the Middle East, and South Asia, where the seed has been used in the traditional system of medicine for centuries or more (Diwakar et al., 2018). Black seed has been employed since ancient Egyptian civilizations. Although there is no archaeological evidence for the early cultivation of black cumin, black cumin seeds have been found at a number of ancient Egyptian sites, including Tutankhamun's tomb (Kulloli, 2016). Over time, it spread to many parts of northern Africa, Eastern Asia, and Southern Europe. Black seed has made its way into Eastern Europe and North America in recent decades. Over the course of ages, the crop spread throughout Europe as a 
significant spice used in the making of bread and cakes (Heiss and Oeggl, 2005). Its consumption is widely spread in Europe, North Africa, Asia Minor, and the Mediterranean region, whereas it is on a minor scale in Russia, Egypt, Turkey, and France (Aftab et al., 2018).




8.1.3. Taxonomic classification

Black cumin is a genus of annual plants in the Ranunculaceae family with approximately 14 species. This genus is also known as devil-in-a-bush or love-in-a-mist (Kulloli, 2016). English common names of N. sativa L. are: black cumin, fennel flower, nutmeg flower, black seed, black caraway, Roman coriander, Damascena, devil-in-a-bush, and wild onion seed (Kulloli, 2016; Sultana et al., 2015). The hierarchal classifications of black cumin are plants (kingdom), vascular plants (subkingdom), seed plants (superdivision), flowering plants (division), Dicotyledons (class), Magnoliidae (subclass), Ranunculales (order), Ranunculaceae (family), Nigella (genus), and N. sativa L. (species) (United States Department of Agriculture (USDA), 2022).




8.1.4. Morphology

Black cumin is an erect annual plant that grows up to 20–60cm tall with a more or less branching stem (Sultana et al., 2015; Hailemichael et al., 2015). The leaves are divided, and the roots are straight taproots (Dubey et al., 2016). The flower is hermaphrodite, often cross-pollinated, and solitary on the central axis (Fig. 8.1) (Shariq et al., 2015). In the first bloom, the flower shows the pale green coloration of petaloid sepals. After full blooming, the color changes to pigeon blue (Perveen and Qaiser, 2006). 
The flower is without involucres of bracts, and the peduncle is long and erect. Petaloid sepals are broad and ovate in a single whorl of 4–6. On average, just 10% of flowers are nonfertile (Mukherjee et al., 2013). The stamen is in 3–4 whorls which are numerous, usually 32 to 66. The ripe fruit (capsule: 3–7 united follicles) contains numerous tiny seeds (Diwakar et al., 2018).



[image: image]




Figure 8.1
 Morphology of Nigella Sativa L.: (a) flower (b) seeds.



Black cumin seeds are triangular and have a rough surface (El-Morsy and Osman, 2021). The seed is flat on one side and convex on the other, with tapered curved ends (Fig. 8.1). The seeds are black on the outside and white on the interior, with a mild odor and a bitter taste (Perveen and Qaiser, 2006; Jansen, 1981). In general, there is considerable diversity among different cultivars of black cumin, either morphologically or physiologically (Shariq et al., 2015).





8.2. Essential oil and its extraction

EOs, usually referred to as volatile or ethereal oils, are fragrant oily liquids derived from plant material (flowers, buds, seeds, leaves, twigs, bark, herbs, wood, fruits, and roots) (Burt, 2004; Ashrafur Rahman et al., 2019). ESs have a strong odor and are generated as secondary metabolites by medicinal or fragrant plants (Bakkali et al., 2008). The word “essential oil” is likely to stem from a terminology coined in the 16th century by the Swiss reformer of medicine, Paracelsus von Hohenheim, who dubbed the active component of a medication Quinta essentia (Guenther, 2014). An estimated 3000 EOs are known, of which around 300 are economically important—mostly for the flavor and scent markets.

Hydrodistillation (HD), steam distillation (SD), expression, solvent extraction (SE), and supercritical fluid extraction (SFE) are the five basic extraction procedures used to acquire EOs. In the HD process, the plant material is soaked in water before being boiled in a still. The oil molecules vaporize and rise with the steam as the plant material softens. To turn the oil vapors into liquid EO, they are delivered to a condenser. The oil may then be separated using a separator. SD is identical to HD, except that instead of water, steam is created from an external source. Extraction with higher pressures and temperatures of steam is possible. The advantage is that the steam supply (amount, temperature, and pressure) may be modified, and the thermal degradation of oil components is minimal. However, this method demands a lot more capital. In other words, the plant ingredients are physically pressed. This method is used for plant materials that possess 
a high concentration of EOs, such as citrous fruit EOs (e.g., orange, lemon, and lime oils) (Rahman and Fattah, 2021). The source of the crop is a significant factor with pressed oils since citrus fruits are constantly treated with insecticides, which might get concentrated in the oil. A hydrocarbon solvent is employed to dissolve EOs and plant material in SE. After filtering, the solution is concentrated by distillation. After distillation, only wax and EO remain. The EO is then extracted using pure alcohol. The resulting residue after the evaporation of alcohol is the final product. In the industry, SFE under pressure is commonly used to isolate volatile oils and aroma components. This modern technique uses liquefied CO2 under pressure to extract EOs. Once the liquid is depressurized, the CO2 returns to a gaseous state, and only pure EO, resins, or alkaloids remain. It clearly outperforms traditional methods of SD and SE, since it does not modify the labile character of aroma components or volatile oils found in fruits and aromatic plants.



8.2.1. Nigella sativa essential oil extraction and its composition

In the literature on N. sativa, researchers typically use HD and SE to extract EO from N. sativa L. For example, Burits & Bucar (Burits and Bucar, 2000) used an SE process using a Soxhlet apparatus and light petroleum with a boiling point of 40–60°C. The solvent was removed under vacuum conditions, and the remaining brownish residue was then steam distilled. The EO was obtained by n-hexane extraction of the aqueous distillate (in the SD process) and removal of the solvent. Kabir et al. (2020) used methanol as a solvent. Seed powder is first soaked in methanol and then filtered. The supernatant was diluted with purified water and adjusted to 10% methanol. After eliminating the water-soluble compounds, the adsorbed compounds were eluted. The elute was dried using anhydrous Na2SO4, and the solvent was evaporated at 39.5°C under atmospheric pressure to obtain the EO. Singh et al. (2005) used a Clevenger-type apparatus for 3h. The seeds were ground to 750 mesh and hydrodistilled using the method described in the European Pharmacopoeia. Kokoska et al. (2008) studied four different extraction methods to compare the performance, which were HD, dry SD, SE to obtain crude followed by SD (SE-SD), and SFE followed by SD (SFE-SD). For HD, they used a Clevenger-type apparatus for 2h, whereas for SD, a glass column interposed between flask and condenser was used for 2h. SE was performed in Soxhlet apparatus, using n-hexane as a solvent for 120h. The residue was steam distilled with 200mL of water for 1h. The EO was isolated by extraction with n-hexane. To perform SFE, 67g of milled seeds were placed in a 150-mL stainless steel extractor and operated at 25MPa and 40°C. The specific solvent flow rate was less than 0.08g/g/min. 
The obtained saturated solution of seed oil had a high content of fatty acids. Thus, SD was carried out using the previously mentioned process to extract the EO. El-Ghorab (2003) utilized SFE to extract the EO. They placed 1g of ground nigella seeds to Isco SEX 220 extractor cell followed by the passage of pure CO2 (99.995%) as supercritical fluid using an Isco Model 260 D syringe pump at a rate of 2mL/min (200bar, 50°C) for 2h. Table 8.1 summarizes some of the prominent researches on EO extraction in the field.






Table 8.1




Extraction of Nigella sativa essential oil from literature.


	Extraction process
	Reaction conditions
	Ref.





	Solvent extraction (SE)
	Soxhlet apparatus and light petroleum having a boiling point 40–60°C as the solvent
	
Burits & Bucar (2000)




	SE
	Methanol as solvent.
	
Kabir et al. (2020)




	Hydrodistillation (HD) and microwave distillation (MD)
	
HD: Clevenger-type apparatus. Time 2.5h. Water amount: 3L.

MD: At 101.325kPa in a microwave laboratory oven. A fixed power of 850W for 10min with the addition of 50mL distilled water was used.


	
Benkaci–Ali et al. (2007)




	HD
	Clevenger-type apparatus for 3h.
	
Singh et al. (2005)




	HD
	Clevenger-type apparatus for 4h.
	
Wajs et al. (2008)




	
HD

Dry steam distillation (SD)

SE to obtain crude followed by SD (SE-SD)

Supercritical fluid extraction (SFE) followed by SD (SFE-SD)


	
HD: Clevenger-type apparatus for 2 h.

SD: Glass column interposed between flask and condenser for 2 h.

SE-SD: Soxhlet apparatus. n-hexane solvent. 120 h. The residue was steam distilled for 1h.

SFE-SD: Stainless steel extractor and operated at 25MPa and 40°C and solvent flow rate less than 0.08g/g/min. The obtained product was steam distilled using the above-mentioned process.


	
Kokoska et al. (2008), Sovová et al. (1994)




	SFE
	Isco SEXTM 220 extractor. Isco Model 260 D syringe pump for supercritical CO2 at a rate of 2mL/min (200bar, 50°C) for 2h.
	
El-Ghorab (2003)













Generally, the volatile compounds of N. sativa L. belong to four chemical classes: (a) monoterpenic hydrocarbons, (b) monoterpenic alcohols, (c) terpenic ethers, and (d) monoterpenic phenols (Hamrouni-Sellami et al., 2008). For example, Hamrouni-Sellami et al. (2008) found that for N. sativa of Tunisian origin, p-cymene was the major compound (53.1%), followed by ocimene (18.5%) in the monoterpenic hydrocarbons category, which formed 86.3% of all volatiles. This is followed by monoterpenic alcohols, representing only 7.1%, with octen-3-ol as the major compound (6.5%). In addition, 1,8-cineole (1.9%) represented terpenic ethers, and thymol (1.8%) represented monoterpenic phenols which were 1.9% and 1.8% of total volatiles, respectively. D'Antuono et al. (2002) characterized the EO of black cumin, which originated from Morocco. They reported p-cymene is the major compound with 33.75% of the total volatiles.

Kabir et al. (2020) reported that Bangladeshi black cumin EO contained p-cymene (36.35%), followed by thymoquinone (29.77%), α-thujene (12.40%), carvacrol (2.85%) and β-pinene (2.41%). They also carried out the same analysis on EOs of Indian origin seeds and found that the majority compound was again p-cymene (41.80%), which was followed by α-thujene 
(13.93%), thymoquinone (10.27%), methyl linoleate (4.02%), carvacrol (3.65%), and β-pinene (2.96%). Thus, p-cymene, thymoquinone, and α-thujene were the major components in the seeds of both origins. It should be noted that seeds from Bangladesh had about three times the amount of thymoquinone as seeds from India. Wajs et al. (2008) found monoterpenes (87.7%) and their oxygenated derivatives in the EO of Polish black cumin seeds (9.9%). Only a small fraction was composed of sesquiterpenes and their oxygenated derivatives (0.7% and 0.3%, respectively). The primary components of the EO were p-cymene (60.2%), γ-terpinene (12.9%), α-thujene (7.2%), carvacrol (3.0%), α-pinene (2.0%), and β-pinene (2.1%). These findings demonstrate that N. sativa EO contains bioactive components such as p-cymene, limonene, α-pinene, linalool, and thymol, all potent bactericides (Chouhan et al., 2017). Table 8.2 displays the chemical composition of EOs from various black cumin seeds of different origins.






Table 8.2





Chemical composition of essential oil obtained from black cumin seed.


	Volatile compound
	% Peak area (Singh et al., 2005)
	% Total aroma compounds (Hamrouni-Sellami et al., 2008)
	% Peak area (Kokoska et al., 2008)
	% Mass (Singh et al., 2014)
	% Area (D'Antuono et al., 2002)





	α-Thujene
	10.03
	7.2
	15.1
	5.6
	3.27



	α-Pinene
	3.33
	1.4
	3.3
	1.4
	0.7



	2,4(10)-Thujadiene
	0.06
	–
	–
	–
	–



	Camphene
	0.06
	–
	–
	–
	–



	Sabinene
	1.34
	0.7
	2
	0.8
	0.53



	β-Pinene
	3.78
	1.8
	4
	1.7
	1.12



	Myrcene
	–
	2.1
	–
	–
	0.29



	α-Phellandrene
	–
	0.1
	Trace
	0.1
	–



	α-Terpinene
	0.47
	–
	0.7
	0.2
	0.64



	o-Cymene
	
	
	
	
	3.26



	p-Cymene
	36.2
	53.1
	56.2
	31.4
	33.75



	Limonene
	1.76
	0.1
	2.9
	1.0
	1.13



	Ocimene
	–
	18.5
	–
	
	–



	1,8-Cineole
	Trace
	1.9
	–
	0.1
	–



	γ-Terpinene
	0.16
	1.2
	1.2
	0.2
	2.4



	cis-Sabinene hydrate
	0.22
	–
	–
	
	–



	Terpinolene
	0.06
	0.1
	–
	
	–



	trans-Sabinene hydrate
	0.19
	
	–
	0.1
	1.05



	Linalool
	0.1
	0.1
	Trace
	–
	–



	Octen-3-ol
	–
	6.5
	–
	–
	–



	Terpinen-1-ol
	0.19
	–
	
	–
	–



	Camphor
	0.11
	–
	–
	–
	–



	Ethanone-1-(1,4-dimethyl-3-cyclohexen-1-yl)
	0.46
	–
	–
	–
	–



	Terpinen-4-ol
	2.37
	0.4
	0.9
	1.0
	–



	p-Cymen-8-ol
	0.09
	–
	–
	Trace
	–



	α-Terpineol
	0.08
	0.1
	–
	Trace
	–



	4,5-Epoxy-1-isopropyl-4-methyl-1-Cyclohexene
	0.85
	–
	–
	–
	–



	Cuminal
	–
	–
	–
	Trace
	–



	Carvone
	0.16
	–
	1.1
	Trace
	–



	Thujol
	–
	–
	–
	–
	7.43



	Thymoquinone
	11.27
	–
	0.5
	37.6
	3.80



	trans-Sabinene hydrate acetate
	–
	–
	–
	0.1
	–



	Linalool acetate
	–
	–
	Trace
	–
	–



	Bornyl acetate
	0.44
	–
	0.2
	0.1
	–



	trans-Anethole
	0.61
	–
	–
	–
	–



	2-Undecanone
	0.09
	–
	–
	–
	–



	Myrtenol
	–
	–
	–
	–
	2.44



	Thymol
	0.13
	1.8
	–
	0.2
	26.78



	Carvacrol
	2.12
	–
	0.8
	1.4
	–



	α-Longipinene
	1.54
	–
	0.7
	0.5
	–



	Longicyclene
	0.06
	–
	–
	–
	–



	β-Elemene
	–
	–
	–
	–
	5.47



	Longifolene
	6.32
	–
	2.6
	2.0
	3.11



	Thymohydroquinone
	–
	–
	Trace
	3.4
	–



	β-Caryophyllene
	0.07
	–
	0.1
	–
	–



	2-Tridecanone
	0.1
	–
	–
	–
	–



	β-Bisabolene
	0.07
	–
	Trace
	–
	–



	γ-Cadinene
	–
	–
	Trace
	–
	–



	Epizonaren
	0.1
	–
	–
	–
	–



	Sesquiterpene alcohol acetate
	0.19
	–
	–
	–
	–



	Pimara-8(14),15-diene
	0.2
	–
	–
	–
	–



	10-epi-γ-Eudesmol
	–
	–
	–
	0.3
	–



	β-Eudesmol
	–
	–
	–
	0.5
	–



	α-Eudesmol
	–
	–
	–
	0.4
	–



	Unidentified
	13.32
	–
	–
	–
	–
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8.3. Aroma composition of Nigella sativa L.

A food product's aroma is a complicated mix of a wide range of volatiles. These volatile molecules, which include groups of alcohols, aldehydes, terpenes, esters, and so on, combine to form a food product's odor (Selli et al., 2014). They are one of the most significant agents since they influence food quality and customer preferences. Aroma is the primary factor that clarifies the organoleptic qualities of foods among various chemical components. It is to be noted that only a small percentage of the vast number of scent components contribute to the overall aroma. An olfactometric approach can detect fragrance-active molecules in the complex structures of hundreds of aroma compounds. The gas chromatography-mass spectrometry-olfactometry (GC-MS-O) technique has made it possible to categorize volatile substances as aroma-active or nonaroma-active based on their concentration in the samples studied (García-González et al., 2007; Kesen et al., 2013). For example, Kesen et al. (2018) used the purge and trap extraction method to extract the volatile compounds. GC-MS-O determined the aroma-active components of black cumin seed extract. They reported obtaining a total of 13 odor-active chemicals (Table 8.3). There were two alcohols, four carboxylic acids, and two phenols among the 13 odor-active chemicals. There was one each of ketone, hydrocarbon, and terpene, and two were unknown (perceived by GC-MS-O only). The odor activity values varied from 1.0 to 170.8, which were computed by dividing the concentration of the chemicals in water by their threshold. Odor thresholds in water were obtained from the literature (Morales et al., 2005; Buttery et al., 1971; Alexander et al., 1982; Larsen and Poll, 1992).










Table 8.3





Aroma-active compounds of black cumin seed extract.


	Aroma-active compounds
	Odor descriptions (perceived by panellists during olfactometry)
	Odor thresholds in water (ppm)
	Odor activity values (OAVs)





	Unknown I
	Burnt plastic
	–
	–



	3-Penten-2-ol
	Green
	0.4
	1



	Limonene
	Citrusy
	0.01
	17.6



	Styrene
	Balsamic
	0.0036
	18.2



	Acetoin
	Buttery
	0.055
	170.8



	Unknown II
	Putrid fruit
	–
	



	Propanoic acid
	Fatty
	0.1
	11.9



	Isobutanoic acid
	Cheesy
	0.01
	22



	Pentanoic acid
	Cheesy
	0.07
	2.5



	Hexanoic acid
	Cheesy
	0.093
	3.3



	Guaiacol
	Smoky
	0.003
	3.8



	Phenethyl alcohol
	Honey, floral
	0.086
	1.5



	Eugenol
	Spicy-smoky
	0.006
	14.8
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8.4. Benefits and use of Nigella sativa L.

The importance of black cumin has been attributed a long history in the civilization of human beings as it was used as a spice, traditional herbs, and food preservative and enhanced the flavor of bakeries (Forouzanfar et al., 2014; Ermumcu and Şanlıer, 2017). Black cumin's historical and traditional uses have been written about and well documented in ancient texts and historical documents (Botnick et al., 2012). Among several uses of black cumin, its medicinal value is of great importance. Scholars have reported its value as a natural remedy for several illnesses: treating animal and human ailments, effective antimicrobial drugs and antioxidants, and improving learning and memory ability (Mohammed et al., 2019; Shakeri et al., 2016; Hadi et al., 2021; Salehi et al., 2021). The seeds of N. sativa are the most valuable and medicinally used parts of the plant and are known as “Panacea (in old Latin meaning ‘cure-all’), Kalonji (India), Hak Jung Chou (China), Habbatu Sawda, Habatul Baraka (in Arabic meaning ‘the blessed seed’), black cumin, black seed, black caraway (English), chernushka (Russian), çörek out (Turkish), and Cyah-daneh (Iran)” (Aggarwal et al., 2008; Amin and Hosseinzadeh, 2016).

The active ingredients in black cumin oil, such as tocopherol, phenolic compounds, and thymoquinone, are thought to be responsible for the oil's therapeutic benefits on human health (Rohman et al., 2019). Its seed, for 
example, has been extensively used in folk medicine to cure a variety of ailments, including diarrhea, jaundice, amenorrhea, helminthiasis, ophthalmia, paralysis, and asthma (Yimer et al., 2019). Yimer et al. (2019) reported that black cumin is an important natural remedy for many illnesses. It contains properties such as antioxidant activity, antidiabetic activity, antihypertensive, neuroprotective effects, antimicrobial activity (antibacterial, antifungal, antiviral, and antiparasitic), anticancer, and effects on male infertility. According to Islam et al. (2017), black cumin has great importance in immune systems and pulmonary diseases, including diabetes mellitus, breast cancer, dermatological complications, dyspepsia, osmotic balance, dehydration, etc. Moreover, according to the experiment on the gastroprotective effect of black cumin seed, it can be mainly exerted through the antioxidant activity of the extract as well as its role in stimulating gastric mucus secretion and increasing total hexose in the gastric mucosa (Paseban et al., 2019).

Aside from its flavor, the nutritional value of black cumin is well-known. According to the research results (Dubey et al., 2016), an investigation into the nutritional profile of black cumin EO indicated significant amounts of carbohydrates, proteins, and lipids (Dubey et al., 2016). The fatty acids found in fixed oil include myristic acid, myristoleic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, eicosenoic acid, arachidonic acid, behenic acid, and dihomolinolenic acid, as well as saturated and monounsaturated fatty acids and polyunsaturated fatty acids (Piras et al., 2013). Magnesium, phosphorus, calcium, and potassium are the most abundant nutrients in seed oil. Other minerals and elements found in small concentrations include sodium, manganese, zinc, iron, and copper (Sultan et al., 2009).




8.5. Conclusion


N. sativa and its volatile oil are unique among herbaceous plants. The amount and composition of N. sativa volatile oil vary depending on environmental and extraction conditions. Many variables govern variance, including seed origin, culture period, and regional circumstances. The volatile components of N. sativa L. are classified as monoterpenic hydrocarbons, monoterpenic alcohols, terpenic ethers, and monoterpenic phenols. The active ingredients in black cumin oil, such as tocopherol, phenolic compounds, and thymoquinone, are thought to be responsible for the oil's therapeutic benefits on human health. An olfactometric method can identify fragrance-active molecules in hundreds of aroma compounds. The GC-MS-O approach has enabled the classification of volatile compounds as 
aroma-active or nonaroma-active based on their concentration in samples. N. sativa L. contains a total of 13 odor-active chemicals, among which there were two alcohols, four carboxylic acids, and two phenols.
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Abstract


Although black cumin seeds are typically used as a spice because of their distinct aroma, they are also commonly utilized in traditional medicine to cure a number of ailments. The biological activities of cumin have been attributed to its bioactive elements such as terpenes, phenols, and flavonoids, and there is substantial evidence of diverse food processing processes on the composition of black cumin seed and seed oil in the literature. Despite the fact that black seeds (Nigella sativa) are unrelated to Cuminum cyminum, they have been given the moniker “black cumin” and are used in traditional medicine for a variety of ailments. The efficacy of the seed oil, essential oil, and its primary ingredient thymoquinone has been studied in several preclinical and clinical experiments. This chapter reviews the merits and demerits of various traditional or conventional food processing techniques on the composition of black cumin seed and seed oil (the benefits and drawbacks of various novel or advanced food processing methods on the composition of black cumin seed and seed oil and the various purification processes of black cumin seed and seed oil).
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9.1. Introduction

The black cumin seed (Nigella sativa L.) is a perennial plant that shares same family (Zingiberaceae) with other species such as Curcuma raktakanta Mangaly & M.Sabu, Curcuma longa L., Curcuma aromatica Salisb., Curcuma zedoaria Rosc., and Curcuma amada Roxb (Fig. 9.1) (Soleimanifar et al., 2019). Among these species, the black cumin seed has been established to contain various medicinal and pharmacological properties including antiinflammatory, anticancer, antifungal, antiviral, antiangiogenetic, antibacterial, and immunomodulatory effects (Jiang et al., 2021). The black cumin seed 
and seed oil composition is generally valued in terms of its medicinal use and applicability. Its inclusion in different traditional medicines is due to its broad range of pharmacological and biological activities such as antidiabetic, antioxidative, and antitumor properties (Fig. 9.2). According to Hidayati et al. (2020), the high consumption of black cumin seed oil has no adverse effect or any toxic impact on the immune system.
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Figure 9.1
 Various varieties of cumin seeds (Srinivasan and safety 2018).



The composition of the black cumin seed and its oil has received much attention in recent times and found to contain bioactive compounds and possess antioxidant properties and other numerous health benefits. These comprise treatment and/or management of skin conditions, asthma, high cholesterol level, weight gain, high blood sugar level, and maintenance of mental health (Hidayati et al., 2020). The black cumin seed and seed oil are active in the treatment and prevention of cardiovascular diseases (oxidative heart wound, cardiomyopathy, cardiac hypertrophy, and myocardial infarction) and vascular dysfunctions. They also offer protection to the nervous system (brain) and found to possess activity against Parkinson's and Alzheimer's diseases by virtue of their antioxidants and antiinflammatory activities (Rafiee et al., 2019). The black cumin seed and seed oil have also been established to advance wound healing (Espanany et al., 2016).

In the food industry and sector, black cumin seeds and seed oil are extensively used as natural food coloring additives. Other investigators (Hidayati et al., 2020; Soleimanifar et al., 2019) have reported that natural cumin has an attractive (orange or bright yellow) color and can be a substitute for artificial food coloring agent. According to Jiang et al. (2021), the black cumin seed and oil are usually used in enhancing the quality of food including canned fish, rice, pastries, meat, dairy products, and mustard. Due to its hot spicy and strong taste, it constitutes part of the ingredients for bread, tea, casseroles, and coffee. Additionally, black cumin can also serve as a natural preservative to extend the storage life of food. Its preservatory potential 
for food items such as minced meat, cooked mutton, bean curd, and bread has been ascribed to its high antimicrobial activity against several microbes such as Salmonella typhimurium, Escherichia coli, Listeria monocytogenes, and Staphylococcus aureus (Altunatmaz et al., 2016).
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Figure 9.2
 Medicinal properties of black cumin seed oils (Srinivasan and safety 2018).



According to Friedrich et al. (2015), the black cumin seed and oil are used in the cosmetic industry for decades due to their antiinflammatory and antioxidant properties. It has shown promise in a wide range of beauty treatments for the skin, nails, face, lips, hair, and offers protection against ultraviolet light, inflammation, hair loss, aging, nail care, and lip care. The black cumin seed also possesses antiaging, sunscreen, antiwrinkle, and moisture preservatory properties that are crucial in the cosmetics industry.

The effect of various food processing techniques on the composition of black cumin seed and seed oil is very paramount, as a bad choice will have adverse effects on the value and the consistency of same. Processing (extraction and purification techniques) of black cumin seed is an essential step that could preserve and prolong the storage life of these commodity as this will minimize the deterioration and moisture content resulting in the enhancement of the product value (oil composition) (Jiang et al., 2021). The first and most important step in recovering cumin from plant materials is extraction. All extraction methods have the following primary goals: (a) recover targeted compounds from plant materials, (b) enhance extraction selectivity, (c) increase extraction performance, and (d) provide a reliable and repeatable extraction process. The black cumin seed is usually subjected to various traditional or conventional food processing methods such as Soxhlet extraction, mechanical oil extraction, hydro/steam distillation, maceration, or solvent extraction. These methods are simple, but are usually nonselective, time-consuming, and lead to the degradation of heat-sensitive components (Zhang et al., 2019). However, the conventional food processing methods are reported to possess various merits in terms of enhancing the quality, nutritional properties, and functional compounds of the finished product (Espanany et al., 2016). Hence, the need for effective alternative food processing techniques that fast and conserve the product quality has become paramount in this regard.

Novel extraction methods, such as ultrasound-assisted extraction (UAE), microwave-assisted extraction (MAE), enzyme-assisted extraction (EAE), pulsed electric field–assisted extraction, cold pressing and supercritical liquid extraction, have emerged as effective alternatives to traditional extraction methods. These cutting-edge methods, which are environmentally friendly green innovations, have the ability to extract cumin from plant materials.






This chapter reviews: (1) the merits and demerits of various traditional or conventional food processing techniques on the composition of black cumin seed and seed oil, (2) the benefits and drawbacks of various novel or advanced food processing methods on the composition of black cumin seed and seed oil, and (3) the various purification processes of black cumin seed and seed oil.




9.2. Traditional or conventional processing techniques of black cumin seed and seed oil

The processes of oil extraction and processing are engineered to produce high-quality oil with minimal undesirable ingredients, maximum extraction yields, and high-value meal. Oil can be extracted from oilseeds, particularly black cumin seeds using a variety of traditional processing methods. Solvent extraction, Soxhlet extraction technology, hydro/steam distillation, and mechanical extraction with a screw press are the most popular oilseed food processing techniques and extraction methods.



9.2.1. Solvent extraction technology

Solvent extraction is a method of separating compounds based on their relative solubility. This method entails the use of a solvent, which is a liquid capable of dissolving another material (Chan et al., 2020). Hazardous pollutants are separated from sludge and sediments using solvent extraction technology. The method of solvent extraction of solid samples, also known as “solid-liquid extraction” (also known as “maceration” or “soaking”), is well-known and widely used. The black cumin seed has been extracted from plants using a variety of solvents, including nonpolar organic solvents and a mixture of organic solvents and water (Paulucci et al., 2013; Jiang et al., 2021). This is the most effective method for extracting oil from oilseeds. The efficiency of the process is determined by the oilseed preparation before extraction, the temperature, and the mode of operation as well as the design of the equipment (Williams 2013). Savoire et al. (2013b) revealed that after industrial solvent extraction, residual oil in the meal is predicted to be less than 1%. The choice of the solvent used is determined by the solubility of the oil in same, as well as cost and protection. Pentane (boiling point 88–97°F), hexane (boiling point 146–156°F), heptanes (boiling point 194–210°F), and octane (boiling point 215–264°C) are light paraffinic petroleum fractions that can be used for oil extraction. For the isolation of curcumin from C. longa L., Popuri and Pagala (2013) compared extraction 
solvents (isopropanol, ethanol, methanol, ethyl acetone, and acetone). When extraction with ethanol was performed at 30°C for 1h with a solid to solvent ratio of 1:8, the maximum yield (0.26 mg/10g) was obtained. In agreement with this outcome, Shirsath et al. (2017) established that ethanol was the most favorable organic solvent for extracting black cumin seed oil. Hexane is commonly utilized in the extraction of vegetable oils. The ethanol content in the solvent combination, on the other hand, is critical in determining extraction efficiency. The schematic diagram of solvent extraction is presented in Fig. 9.3A.
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Figure 9.3
 Some conventional food processing techniques on the composition of black cumin seed oil (Jiang et al., 2021).










9.2.1.1. Advantages of solvent extraction technology





	
1. Low energy usage

	
2. Capacity of large production

	
3. It is very fast

	
4. Efficient and targeted

	
5. Low-cost and straightforward.

	
6. Produces a high-quality extract

	
7. Product deterioration is minimized, and solvent residues are eliminated

	
8. Continuous operation and automation are simple (Crini and Lichtfouse 2019).








9.2.1.2. Disadvantages of solvent extraction technology





	
1. It is time-consuming

	
2. The high temperatures utilized may cause compounds to change

	
3. It is very expensive

	
4. Requires technological expertise

	
5. The flammability of these solvents is a significant disadvantage

	
6. In order to avoid fires and reduce the risk of explosions in the extraction plants, strict procedures must be followed (Crini and Lichtfouse 2019).









9.2.2. Soxhlet extraction technology

Soxhlet extraction is a time-consuming extraction method used to extract analytes that are thermally stable. The extraction solvent is cycled by virtue of the continual boiling and condensation of the same (Azwanida, 2015). This method was established by a German scientist in 1879 and remains the gold standard and reference method for solid–liquid extraction of bioactive compounds from plants. Several studies have reported on the extraction of black cumin seeds oils from plants using a Soxhlet extractor (Shirsath et al., 2017; Azwanida, 2015). During Soxhlet extraction, the sample is placed in a thimble that is gradually filled with condensed fresh extractant (the term used to refer to the solvent used for extraction) from a distillation flask as presented in Fig. 9.3B (López-Bascón and De Castro, 2020). A siphon aspirates the liquid from the thimble and returns it to the distillation flask, delivering the extracted analytes back into the bulk liquid. The procedure is repeated until the extraction is complete. Soxhlet is a hybrid continuous–discontinuous technology as a result of this performance. The assembly can be considered a batch system because the extractant acts in steps; however, because the extractant is recirculated through the sample. For example, Shirsath et al. (2017) examined the yield of black cumin seed 
oil by Soxhlet extraction, maceration extraction, and UAE and discovered that Soxhlet extraction produced more seed oil than the other two methods. Compared to UAE, Soxhlet extraction was carried out at a much higher temperature and for a relatively prolonged time. High-pressure Soxhlet extraction, automated Soxhlet extraction, ultrasound-assisted Soxhlet extraction, and microwave-assisted Soxhlet extraction have all been developed to increase the performance of the primary technology (i.e., Soxhlet extraction) (Vinatoru et al., 2017).



9.2.2.1. Advantages of soxhlet extraction technology





	
1. The sample is brought in connection with fresh sections of the extract on a regular basis, which helps to shift the mass transfer equilibrium.

	
2. Because some of the heat provided to the distillation flask enters the extraction cavity, the system's temperature remains rather high.

	
3. After the leaching step, there is no need for filtration.

	
4. Because the fundamental equipment is affordable, simultaneous parallel extraction can boost sample throughput.








9.2.2.2. Disadvantages of soxhlet extraction technology





	
1. The lengthy extraction process and the large amount of extractant waste generated, which is not only costly to dispose of but can also cause additional environmental issues.

	
2. Samples are often extracted at the extractant's boiling point for an extended length of time, and the risk of thermolabile compounds thermal breakdown must be overlooked.

	
3. The traditional Soxhlet extractor lacks agitation, which would speed up the process.

	
4. Due to the huge volume of solvent utilized, an evaporation/concentration phase is required after extraction.

	
5. The technology is limited to solvent selectivity and is difficult to automate.









9.2.3. Hydro/steam distillation

Hydro/steam distillation is another prominent approach for extracting bioactive compounds and essential oils. It is an old method of extracting plant components without the use of organic solvents. It has been used to obtain flavorless curcumin from crude cumin powder or cumin oleoresin (Jiang et al., 2021). According to Azmir et al. (2013), this method constitutes one of the popular traditional methods for extracting bioactive chemicals and 
seed oil from plants. Plant materials are packed in a still compartment, then an appropriate amount of water is added and the mixture is brought to its boiling point. Direct steam can also be injected directly into the plant sample. As shown in Fig. 9.3C, plant materials are packed in a still compartment and enough water is added and the temperature of the set-up increased to the boiling point of the water. For the separation of essential oils from plant materials such as black cumin seed, forms of hydrodistillation are applicable.



	
1. Water distillation






The material is totally immersed in water, which is then boiled using direct heat, a steam jacket, a closed steam jacket, a closed steam coil, or an open steam coil. The fundamental feature of this method is that boiling water comes into direct contact with the plant material (Srivastava et al., 2021).



	
• Water and steam distillation






Steam can be created in a satellite boiler or within water and steam distillation, but it must be separated from the plant material. Water and steam distillation are extensively employed in rural regions. The equipment is also identical to that used in water distillation, with the exception that the plant material is held above the boiling water on a perforated grid. It is not uncommon for people who start with water distillation to move on to water and steam distillation (Yadav et al., 2016).



	
• Direct steam distillation






The process of distilling plant material with steam generated outside steam generator, sometimes known as a boiler, is known as direct steam distillation. Like in water and steam distillation, the plant material is supported on a perforated grid above the steam input. The amount of steam produced through satellite steam generation may be easily adjusted and constitutes a significant advantage (Rasul, 2018). Because steam is created in a satellite boiler, the plant material is heated to no more than 100°C and, as a result, thermal deterioration should ideally not occur. The most widely established method for producing black cumin seed oil on a large scale is steam distillation. This is a widely used method in the taste and fragrance industry (Gari et al., 2020).



9.2.3.1. Advantages of hydro/steam distillation





	
1. Increased oil yield.

	
2. The volatile oil's components are generally less vulnerable to hydrolysis and polymerization (the control of wetness on the bottom of the still affects hydrolysis, whereas the thermal conductivity of the still walls affects polymerization).


	



	
3. The loss of polar molecules is minimized when refluxing is controlled.

	
4. The oil quality obtained through steam and water distillation is more consistent.

	
5. Because no organic solvent is required, this technique is both cost-effective and environmentally friendly (Rasul, 2018).








9.2.3.2. Disadvantages of hydro/steam distillation





	
1. There is no way to extract all of the information.

	
2. The plant material near the bottom of the still may scorch when it comes into direct contact with the fire from the furnace, imparting an unpleasant odor to the essential oil.

	
3. The prolonged action of hot water might result in the hydrolysis of some essential oil compounds, such as esters.

	
4. Heat management is challenging and could result in varying distillation rates.

	
5. This technique necessitates a large number of stills, more room, and fuel. As a result, the procedure becomes unprofitable (López-Bascón and De Castro 2020; Rasul, 2018).









9.2.4. Maceration, infusion, percolation, and decoction technology

Maceration is a winemaking technique that has been widely adopted and employed in medicinal plant research. It is a traditional method of preparing medicines. It is a frequently used and low-cost method of obtaining natural compounds from plant material. Plant material (coarse or powdered) was soaked in a stoppered container with a solvent and left to stand at room temperature for at least 3 days with frequent agitation (Rasul 2018). The technique was designed to soften and shatter the plant's cell wall, allowing the soluble phytochemicals and oils to be released. The mixture is pressed or strained by filtration after 3 days. Heat is conveyed through convection and conduction in this traditional approach, and the solvents used depend on the type of substance recovered from the samples. Infusion and decoction are similar to maceration in that in both cases the plant material is steeped in cold or boiling water. The sample is cooked in a certain volume of water (e.g., 1:4 or 1:16) for a defined time in the case of decoction, while the maceration period for infusion is shorter (Mao et al., 2019). When compared to maceration and infusion, decoction is only suitable for extracting heat-stable phytochemicals from hard plant materials (e.g., roots and barks) and usually results in the production of more oil-soluble compounds. 
Percolation is another technique with a similar core concept that uses a specialized equipment known as a percolator. The percolator is filled with dried powdered samples, which are then added to boiling water and macerated for 2 h. To achieve a concentrated extract, the percolation procedure is normally done at a modest rate (e.g., 6 drops/min) until the extraction is complete (Azwanida 2015). The percolation extraction process is depicted in Fig. 9.3D.



9.2.4.1. Advantages of maceration, infusion, percolation, and decoction processing technology





	
1. Maceration is a simple procedure that requires no special utensils or equipment.

	
2. No need for a skilled operator.

	
3. Its conserves energy.

	
4. It is suitable for specific chemicals that are not highly soluble in solvent and just need to be in contact with it for a long time.

	
5. Appropriate approach for less powerful and inexpensive medicines.








9.2.4.2. Disadvantages of maceration, infusion, percolation, and decoction processing technology





	
1. Unfortunately, the extraction processes take a long time and can take up to a week.

	
2. It does not fully remove the medication.

	
3. It is a time-consuming and slow process.

	
4. A lot of solvent required is required for the processes.









9.2.5. Mechanical oil extraction and processing technology

The use of mechanical presses/expellers is the most conventional method of oil processing and extraction. The forceful extraction of oil from oleaginous material under applied pressure is referred to as mechanical expression (hydraulic or screw presses) (Savoire et al., 2013a). The first mechanical oil expression equipment utilized for oilseed processing was lever and wedge press. A hydraulic press was used in the first cottonseed oil mill built in the United States in the 1920s. Between the head block and the ram of the press, seeds in filter bags were manually placed into perforated, horizontal boxes. By adding hydraulic pressure to the ram, the boxes were forced together and the oil squeezed out of the filter bag. The used cake filter bag was then manually removed from the hydraulic press. Cages were utilized instead of filter bags in later hydraulic presses. Until the 1950s, 
hydraulic presses were in use (Brännström et al., 2018). Continuous screw presses and continuous solvent extraction plants, which need less labor, are currently replacing them. Hydraulic presses are still used in the olive oil industry today. There is a vertical feeder and a horizontal screw with increasing body diameter advance along the length of the press to exert pressure on the oilseeds. The screw's barrel includes slots along its length, allowing for the rising internal pressure to first release air and subsequently drain the oil through the barrel (Matthäus, 2012; Di Giovacchino, 2013). The oil is collected in a trough beneath the screw, and the deoiled cake is ejected at the screw's end. In general, there are two primary phases in oil extraction: pressing (solid–liquid expression) and solvent extraction. These operations are preceded by mechanical and thermal pretreatments, which help to improve their performance. The oil recovery procedures differ depending on the seed species. Figs. 9.4 and 9.5 depict the device for mechanical oil processing and some solid–liquid expression changes in oilseed processing. Continuous screw presses are used in the industrial pressing of oilseeds. Seeds are put into the presses either in their raw forms or pretreated. Different seed species require different types of pretreatments (thermal pretreatment, size reduction, mechanical sifting, and so on) (Rasul 2018; Savoire et al., 2013a).
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Figure 9.4
 Mechanical oil extraction device (Subroto et al., 2015).
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Figure 9.5
 Different oil seed processes (Savoire et al., 2013b).






9.2.5.1. Advantages of mechanical oil extraction and processing technology

The advantages of pure mechanical extraction and processing technology are:



	
1. Lower initial investment costs

	
2. Higher-value edible oil and meal

	
3. Safer and less complex operation








9.2.5.2. Disadvantages of mechanical oil extraction and processing technology





	
1. High power requirements

	
2. Wear and tear on the equipment that requires maintenance, and





Lower yield due to residual oil in the meal (Subroto et al., 2015)












9.3. Current/advanced food processing techniques on the composition of black cumin seed oil, their advantages and disadvantages

9.3.1. Ultrasound-assisted extraction in the processing of black cumin seed oil




Ultrasound is based on the idea of tandem compression and expansion, which is generated by sound waves with frequencies ranging from 20kHz to 100MHz. Ultrasonic waves produce microbubbles, which burst, causing cavitation, resulting in severe shear stresses, shock waves, macroturbulences, micromixing, and acoustic streaming (Zhang et al., 2019). During the sonication process, motion energy is transformed to heat, which serves as an activation energy for numerous physicochemical reactions that aid mass transfer (Alolga et al., 2021).

UAE was created based on this principle to release favorable and desirable chemicals from plant materials by enhancing mass transfer and speeding up the interaction of the solvent with the target compounds. Temperature and time, as well as the properties of the extraction solvent and the characteristics of the plant material, all have an impact on cumin seed oil yield. To this end, it is a good idea to fine-tune the UAE method before using it to recover cumin oils (Chemat et al., 2017). Previous investigation by Shirsath et al. (2017) revealed that the effect of operating parameters on black cumin seeds and cumin extraction yield using UAE was investigated, and the optimum parameters for such extraction were found to be 35°C, 1:25 (g/mL) solid/solvent ratio, particle size of 0.09mm, 1h extraction time, 250W ultrasonic power, and 22kHz ultrasound frequency with ethanol as the solvent. The yield of 72% was significantly higher than that produced via solvent extraction or maceration/soaking, which only resulted in a yield of about 62% after 8h. The results demonstrated that it could be a speedier and more sustainable alternative to standard procedures.

Furthermore, pulsed UAE has been employed for black cumin seed oil extraction and has proven to be an excellent alternative for obtaining oil with a high extraction rate and less energy use. The duration and interval time of pulsed UAE have a significant impact on the extraction process (Li et al., 2014). Furthermore, it was discovered that the oil yield in the pulsed UAE (1.03 0.02g/100g dry weight) was higher compared to UAE (0.82 0.01g/100g dry weight). These findings therefore suggested that a reduction in the pulsed length or interval time can lead to a high yield of seed oil under ideal conditions. Fig. 9.6A depicts a synopsis of the UAE oil extraction technique.
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Figure 9.6
 Schematic diagram of novel extraction techniques: (A) ultrasound-assisted extraction (UAE), (B) microwave-assisted extraction (MAE), (C) enzyme-assisted extraction technology, and (D) supercritical fluid extraction (SFE) (Mushtaq et al., 2020; Vinatoru et al., 2017).






9.3.1.1. Advantages of ultrasound-assisted extraction of black cumin seed oil

UAE is a more efficient process that enables the use of alternative green solvents and the manufacturing of high-quality products. Ultrasound technology has a number of features that make it a viable method for obtaining high oil extraction yields. This approach benefits both consumers and oil millers since it enables the production of high-quality oils. The advantages of UAE are mostly related to the reduction in the extraction time and solvent use (Mushtaq et al., 2020; Azwanida 2015).









9.3.1.2. Disadvantages of ultrasound-assisted extraction of black cumin seed oil

The use of ultrasound energy more than 20kHz may have a negative effect on the active phytochemicals through the formation of free radicals. The main disadvantages of UAE include long extraction time and losses of volatile compounds (Osae et al., 2020).





9.3.2. Microwave-assisted extraction of black cumin seed oil

Microwave energy is used in MAE to help investigate partition from the sample matrix into the solvent. When microwave radiation interacts with the dipoles of polar and polarizable materials (such as solvents and samples), heat is generated near the surface of the materials, which is then transported by conduction (Destandau et al., 2013).

In the last few years, black cumin seeds and its oil have been extracted utilizing the MAE method under a range of working conditions. Microwave power, time intervals (irradiation time and cooling time), temperature, plant material size, and solvent type are among the important variables investigated by researchers for black cumin seed oil extraction. To improve extraction rate and efficiency, dry microwave irradiation (which promotes cell wall disintegration) and powdered sample preparation (which makes the sample more receptive to microwave heating) are sometimes combined with the MAE technique (Mandal et al., 2008; Wakte et al., 2011).


Bakhshabadi et al. (2017) investigated the impact of MAE on the physicochemical characteristics and bioactivity of black cumin seed oil. Different processing time of 90, 180, and 270s, as well as microwave power of 180, 540, and 900W were used to optimize the oil extraction process. They showed that increasing the microwave power and processing time boosted the extraction efficiency and the oil's oxidative stability value. Furthermore, the MAE approach proved more efficient than ultrasonic and supercritical carbon dioxide–assisted extraction (in terms of percent yield and required extraction time) (Li et al., 2014). A schematic summary of MAE process is shown in Fig. 9.6B.



9.3.2.1. Advantages of microwave-assisted extraction of black cumin seed oil

MAE exhibits certain advantages over traditional procedures, such as a combined reduction in extraction time, solvent and energy consumption, and a greater yield. The MAE improves analytical recovery and repeatability; however, it was advised to use suitable settings to minimize heat degradation (Mena-García et al., 2019).









9.3.2.2. Disadvantages of microwave-assisted extraction


Phenolic compounds such as the quercetin, isoflavin, and trans-resveratrol are destroyed during processing with microwave heating conditions of up to 100°C for 20 min. Additionally, MAE cycles could lead to a significant reduction in the levels of phenolics and flavanones, owing to their oxidation (Azwanida 2015). Because tannins and anthocyanins are prone to temperature degradation, they may not also be suitable for MAE.





9.3.3. Enzyme-assisted extraction technology of black cumin seed oil

According to Sahne et al. (2017), plant cell walls are made up of a series of complex structural polysaccharides that give them stability and make them resistant to the extraction of their internal components. Enzymes with unique hydrolytic capabilities are used to break down the matrix of the plant cell wall in order to gain access to the bioactive components within the cytosolic regions and even those bound to the cellular walls. In EAE, enzymes such as amylase, glucoamylase, and amyloglucosidase are used to extract black cumin seed oil.

This method is gaining popularity since it is effective, simple, long-lasting, and environmentally friendly. It is vital to remember that temperature, time, pH, and enzyme concentration all have an impact on enzyme specificity and selectivity. As a result, optimum enzyme reaction conditions are required to achieve maximum hydrolytic activity (Kujawa et al., 2021). Kurmudle et al. (2013) found that using 3% amylase at pH 5.0 after five hours of incubation and eight hours of extraction using acetone as the extraction solvent increased black cumin seed oil yield by 26.04%. Under same conditions using 2% glucoamylase at pH 4.5, they found a 31.83% increase in the yield of black cumin seed oil using the single factor approach. Sahne et al. (2016) who improved upon the process to produce the highest black cumin seed oil yield discovered that by treating black cumin seed with both amylase and amyloglucosidase resulted in a 4.1% cumin yield. EAE technology is depicted in Fig. 9.6C.



9.3.3.1. Advantages of enzyme-assisted extraction technology

Increased extraction yield, enhanced extract quality, green extraction (due to natural water and enzyme applications), the ability to scale up the process, and reduced extract filtering and purification are all advantages of EAE (Gerschenson et al., 2019).









9.3.3.2. Disadvantages of enzyme-assisted extraction technology





	
1. For large-scale industrial production, enzymes are relatively expensive.

	
2. The enzymes that are currently available are unable to completely break down the plant cell walls.

	
3. Because enzymes are rigorously limited by environmental conditions, EAE might not always be applicable on an industrial scale.









9.3.4. Supercritical fluid extraction of black cumin seed oil

Supercritical fluid extraction (SFE) is the most common nonconventional technique used industrially on a large scale that utilizes supercritical fluids as extraction solvents. Supercritical carbon dioxide is one of the most commonly used green extraction solvents due to lack of toxicity and side effects (Garavand et al., 2019; Li et al., 2019). The efficiency of supercritical extraction comes from its physical and thermal properties, which incorporates the features of both liquid and gaseous states (Belwal et al., 2020). A supercritical fluid can be obtained when the temperature and pressure of a gas or a liquid exceed its critical points (Guiochon and Tarafder, 2011). In SFE process, the mild processing temperature required makes it suitable for the extraction of thermally unstable and easily oxidizable compounds. SFE is generally viewed as a greener alternative to conventional extraction, since it uses less solvent, takes less time, is easier to automate, and enhances selectivity (Garavand et al., 2019). Diagram of SFE technique is presented in Fig. 9.6D.



9.3.4.1. Advantages of supercritical fluid extraction

Compared to traditional approaches, there are various advantages of employing SFE:



	
1. Better selectivity since the fluid's solvation power may be modified by changing temperature and pressure.

	
2. Supercritical fluids' lower viscosity and higher diffusivity allow for faster mass transfer of solutes.

	
3. The capacity to regulate extraction parameters such as temperature and pressure, which have a direct impact on fluid density, improved transport properties, higher extraction yield, and shorter extraction time are all major advantages of SFE.

	
4. The possibility of using a lower temperature during extraction avoids thermal degradation of the labile compounds and makes this method attractive.
















9.3.4.2. Disadvantages of supercritical fluid extraction

Although, the main disadvantage of SFE is the expensive equipment and the analysis.






9.4. Purification techniques for black cumin seed and seed oil

The components of black cumin seed oils are separated and purified once they have been extracted successfully using diverse techniques. Column chromatography (CC), semipreparative high-performance liquid chromatography (HPLC), high-speed countercurrent chromatography, preparative supercritical fluid chromatography (SFC), and crystallization have all been developed for the isolation and purification of cumin based on factors such as its polarity, ligand interaction, and solubility. The next sections discuss the procedures for separating and purifying black cumin seed oils. Schematic diagram of various purification techniques is presented in Fig. 9.7.



9.4.1. Column chromatography

The most popular approach for purifying phytochemicals on a preparative scale is CC. Preparing the column, putting the sample onto the column, 
eluting the column with the mobile phase, and recovering the components constitute the main steps of CC (Cvetković et al., 2020). Adsorption chromatography, ion-exchange chromatography, affinity chromatography, and size exclusion chromatography are all examples of CC based on different stationary phases. The type of column to choose is determined by the attributes of the components to be separated. The black cumin seed and its oil are often separated via adsorption chromatography, whereby the separation is based on the adsorption capabilities of the various components on the stationary phase. The aromatic ring of black cumin seed has a distinct methoxy substitution pattern, resulting in polarity differences. The most frequently used stationary phases to separate oils from black cumin seed by CC are silica gel and resin. Existing researches suggest that column adsorption chromatography is a viable technology for producing high-purity oils on a big scale (Sahne et al., 2016; Yang et al., 2015).
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Figure 9.7
 Schematic diagram of various purification techniques.






9.4.2. Semipreparative high-performance liquid chromatography

Semipreparative HPLC is one of the most effective and commonly accepted methods for isolating and purifying phytochemicals, medicines, and other items. It is however more expensive and complicated for operators than traditional liquid chromatography. High-performance separation, online detection, autonomous control, high recovery, and outstanding reproducibility are all advantages of this technology (Feng et al., 2011). Because of the varied degrees of interaction (hydrophobic and ionic) with the absorbent medium, the chemicals in the sample mixture are separated from one another. The most commonly utilized column for isolating black cumin seed oils and its derivatives is a C18-based column, which is based on hydrophobic interaction. The ideal conditions (stationary phase, mobile phase, flow rate, injection volume, and sample concentration) for good resolution in semipreparative HPLC must be optimized in order to get seed oils with high purity (Mollayi et al., 2015; Owczarek et al., 2017).




9.4.3. Preparative supercritical fluid chromatography

SFC has recently gained a lot of attention because of its great efficiency and environmentally friendly nature. The concepts are comparable to those of HPLC, and the system is based on adsorption and partition chromatography, with columns that are identical to those used in HPLC systems. SFC, on the other hand, usually uses supercritical fluid as the mobile phase (Eisath et al., 2018). CO2 is the most commonly utilized gas in SFC because it can be 
quickly compressed and heated to reach critical temperatures (31°C and 74bar). It is also nontoxic, inert, readily available, and inexpensive (Yang et al., 2015). SFC has been used to prepare natural chemicals with similar structures on both an analytical and preparative scale. It has been shown to be a green and potent tool for separating oils from black cumin seeds, as high purity oil, dimethoxy curcumin (DMC), and bisdemethoxy curcumin (BDMC) can be achieved quickly and efficiently following just one separation step (Song et al., 2015).




9.4.4. High-speed countercurrent chromatography

High-speed countercurrent chromatography (HSCCC) is a liquid–liquid partition chromatographic method frequently used to extract active chemicals from natural materials. It works by separating compounds into two liquid phases that are incompatible with one another. The liquid stationary phase is immobilized by centrifugal force in the absence of a supporting matrix, preventing sample adsorption onto the solid support (Wang et al., 2020). During the liquid–liquid extraction and centrifugal distribution process, each component can be separated based on its distribution coefficients (Pan et al., 2020). HSCCC is a practical and effective process for separating oils from black cumin seeds and has the potential to be used in commercial manufacturing.




9.4.5. Crystallization

In the chemical processing industries, such as the pharmaceutical and food industries, crystallization is one of the most significant separation and purification processes. Largely, crystallization can be accomplished in four ways: antisolvent addition, evaporation, precipitation, and cooling; two of these methods can be combined for better results (Gomes et al., 2020; Tatsukawa et al., 2020). These tactics are designed to reach supersaturation in the solution, allowing the liquid phase to shift to the solid phase (Kumar et al., 2021).





9.5. Conclusion

Due to its diverse biological activities and nontoxicity, black cumin seed is widely employed in a variety of industries, including the food, cosmetics, and pharmaceutical industries. Solvent extraction, Soxhlet extraction, and hydro/steam distillation are time-consuming, environmentally unfriendly, and inefficient. To maximize extraction efficiency, limit the 
usage of toxic solvents, and reduce processing time and energy consumption, appropriate extraction pathways based on novel technologies such as UAE, MAE, EAE, pressurized liquid extraction, etc., have been investigated. These cutting-edge technologies could be classified as green. Purification is a crucial part of the black cumin seed oil production process. Traditional (CC, semipreparative HPLC) and supplementary modern (high-speed countercurrent chromatography, SFC, etc.) techniques have been examined. More cumin products will be produced in the future as processing techniques for obtaining high purity black cumin seed oil and a better understanding of cumin features improved.
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Abstract


Black cumin is a well-known medicinal plant from an ancient era, used as traditional medicine in the Middle East, India, and in Muslim prophetic medicine, so its therapeutic usage is a mixture of traditions and beliefs. The emergence of antimicrobial resistance, which is more common in developing countries due to the misuse of synthetic medicines, as the major reason that may lead to the development of resistant microbes to man-made medications, then intense attention to the significance of natural medicinal plants like black cumin arises. It has broad-spectrum activities such as antiinflammatory, antihyperlipidemic, and antimicrobial action. Its being handy, cheap, and having a long shelf life with no special storage conditions in comparison to time-limited medicines make it very popular for almost all people in developing countries.
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10.1. Introduction

Black cumin is a well-known folk medicine in several parts of the world. It has enriched history and beliefs as an effective medicinal plant (Kulyar et al., 2021). And Muslims consider it to be a cure-all for all diseases (Al-Bukhari).




10.2. Chemical composition

Black cumin holds many useful proteins, carbohydrates, minerals, vitamins, and oils. The percentage of those vital elements depends on agricultural method, harvest period, and the geographical area. Its extracted oil has both the characteristics of fixed and volatile oil, and the fixed oil contains unsaturated fatty acids and slightly saturated fatty acids, counting A and E vitamins. In black seeds, minerals such as potassium, calcium, and iron are present in large proportions, while zinc, magnesium, manganese, selenium, and copper are present in lesser amounts. Furthermore, vital oil extract from black cumin is of useful significance owing to its wealthy volatiles, such as 18.4%–24% thymoquinone (TQ), 46.1% monoterpenes counting p-cymene, -pinene, thymol, dithymoquinone, nigellone, and thymohydroquinone (Black Cumin, 2016).









10.3. Biological activities

It showed antioxidant, antiinflammatory, antihypertensive, antibacterial, antiviral, antiparasitic, antifungal, antianxiety, antiulcer, anticancer, hypoglycaemic activity, hepatoprotective, immunomodulatory, and muscle relaxant properties. Furthermore, it improves immunity in patients with compromised immune systems (Forouzanfar et al., 2014; Padhye et al., 2008).The bulk of the curative characteristics of this medicinal plant are owing to the existence of TQ, which is a chief bioactive part of the vital oil (Beheshti et al., 2016). Kolahdooz et al. (2014) discovered that black cumin oil remedy significantly improved sperm count, motility, morphology, sperm volume, and pH.

Black cumin oil is used by Persians and Indians to increase milk production in nursing mothers (Drugs and, 2006). On the other hand, women throughout the globe choose to use herbal sources as milk production stimulators, since herbal medicines are supposed to be safe and easily accessible in the local market (Nigella sativa, 2020). Antimicrobial resistance and the high cost of manufacturing of synthetic medicines increase attention to alternative herbs as they possess the capability to kill microbes and maintain and enhance microbial flora (Adegbeye et al., 2020).




10.4. Antiinflammatory activity

Black cumin oil has been found to show strong antiinflammatory influences on many inflammation-based models through the inhibition of prostaglandins and leukotrienes (Shabana et al., 2013). Its supplementation is used to improve the clinical and inflammatory parameters of asthma, such as pulmonary function tests, eosinophil count, and total serum immunoglobulin E. Furthermore, its oil promotes interferon-/interleukin-4 balance, acts in children with asthma, and inhibits histamine release from mast cells (Ikhsan et al., 2018). Activities of black cumin oil are attributed to its ability to suppress eicosanoid production in leukocytes by TQ and the fixed oil of it, by suppressing both cyclooxygenase and 5-lipoxygenase. Black cumin shows an inhibitory influence on nitric oxide release by macrophages, and TQ inhibits the action of histone deacetylase and improves inflammation-associated cancer (Chehl et al., 2009).









10.5. Antihyperlipidemic properties

Black cumin seeds, chiefly TQ, act as a lowering agent for cholesterol, triglycerides, and low-density lipoprotein, and they raise high-density lipoprotein. The elevated content of polyunsaturated fatty acids of the black seed synergized the hypolipidemic activity of TQ (Shabana et al., 2013).




10.6. Antimicrobial properties

Antimicrobial properties of black cumin seeds have been found to be effective against a variety of pathogenic bacteria, viruses, parasites, and fungi (Forouzanfar et al., 2014).



10.6.1. Antibacterial activities

Black cumin serves as a strong antibacterial agent against numerous bacterial strains such as Escherichia coli and Pseudomonas aeruginosa. Aside from its usefulness in combating antibiotic resistance (e.g., suppressing the growth of methicillin-resistant Staphylococcus aureus) (Shabana et al., 2013). Its usage is recommended in the food industry in order to prevent spoilage. TQ components of black cumin inhibit a wide range of gram-negative and gram-positive bacteria.




10.6.2. Antifungal properties

A reasonable inhibitory effect of black cumin seed and oil was observed against several pathogenic fungi such as Candida albicans, dermatophytes, nondermatophytes, and some aflatoxin-producing fungi (Abdallah, 2017).




10.6.3. Antiparasitic properties

Black cumin acts actively against numerous parasitic infections and serves as an antileishmanial, anticestodal, antinematodal, and antischistosomal. Also, it has effective antioxidant properties and might be a good phytotherapeutic agent against malaria parasite infection (Mahmoudv et al., 2015).




10.6.4. Antiviral properties

The limited effectiveness of synthetic antiviral medicines guides people to search for other accessible, cheap herbal remedies like black cumin, which shows antiviral activity against influenza virus (H9N2), infectious laryngotracheitis virus, hepatitis C virus, human immunodeficiency virus, and severe acute respiratory syndrome virus (SARS-COV-2) (Abdallah, 2017).










10.7. Conclusion

Black cumin represents a promising medicinal plant owing to its biological actions against pathological conditions (inflammation, hyperlipidemia) and pathogens (bacteria, viruses, fungi, parasites), which inhibit the growth of antimicrobial-resistant bacteria, are economical and accessible, and have no limited shelf life as synthetic remedies. Furthermore, it improves male fertility.
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Abstract


Black cumin seeds (BCUS) are high-quality seeds harvested from Nigella sativa perennial herb. BCUS are traditionally consumed in many countries since long time for their high nutritional values and rich in phytochemical compounds that have various biotic activities. Studies published that BCUS have antibacterial, anticancer, antihypertensive, antiinflammatory, and immune-promoting activities. Supplementing animals such as fish, chickens, and ruminants with BCUS extract or its oil derivative could significantly improve growth performance and immune responses of animals. The present chapter displays updated research findings for the effect of supplemented diet of BCUS as animal feed.
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11.1. Introduction

Globally, Nigella sativa seeds (black cumin seeds [BCUS]) and their active constituents have been used for many years as one of the phytomedicinal herbs in treating various diseases of humans and animals (Awulachew, 2021). N. sativa L. is an ancient herb that belongs to the family Ranunculaceae and native to Eastern Europe and Asia (Amin and Hosseinzadeh, 2016). Traditionally, BCUS were mentioned in different ancient medicines such as Indian and Chinese medicines. Also, it was given the name of Kitzah in the Bible, Habba-sauda in Islamic medicine, and Habba-albaraka in Arab countries (Ahmad et al., 2021). Studies revealed that BCUS are considered as a good source of antioxidants that play a vital role in protecting tissues from many ailments including hypertension, skin disorders, gastrointestinal disorders, and immunological disorders (Mohammed and Al-Hameed, 2021). Additionally, the seeds reported anticancer and protective activities against kidney and liver diseases (Ahmad et al., 2021). Further, researches proved that phytogenic feed additives have the ability to improve growth and health of animals via their bioactivities including probiotic, prebiotic, and immune-promoting activities (Abd El-Hack, Abdel-Moneim, 2021). Essential oils isolated from BCUS that constitute an average of 1.45% were reported for their antibacterial potential against different types of pathogenic bacteria when supplemented to animals (Awulachew, 2021; Kumar and Patra, 2017). This review will focus on the beneficial effect of BCUS on animals when supplemented as feed additives in different animal models including fish, poultry, and small ruminants.





11.2. Discussion

11.2.1. Nutritional composition of BCUS




Nutritionists found that BCUS exhibit high nutritional values that can provide animals and humans with the necessary substances (Abd El-Hack et al., 2016; Sultan et al., 2009). Based on Sultan et al. (2009), the proximate 
composition of BCUS recorded approximately moisture 7%, protein 23%, fat 31%, fiber 6%, and ash 4%. Regards mineral composition, BCUS showed high content of the necessary minerals measured per dry matter as potassium 810mg/100g, calcium 572mg/100g, phosphorus 544mg/100g, magnesium 270mg/100g, sodium 18mg/100g, iron 10mg/100g, manganese 9mg/100g, zinc 6mg/100g, and copper 3mg/100g (Sultan et al., 2009) as shown in Figs. 11.1 and 11.2.



[image: image]




Figure 11.1
 Percentage proximate composition of BCUS.
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Figure 11.2
 Mineral composition of BCUS measured in mg/100g dry matter.






11.2.2. Phytochemical profiling of BCUS

The phytochemical profile of BCUS exposed high concentration of antioxidant oil components attributed to total polyphenols as approximately 310mg gallic acid per kg seed oil, while its content of alkaloids was about 2% (Sultan et al., 2009). In addition, the essential oil content of BCUS 
reported respected active contents of carotenoids and tocopherols that collectively reach about 451mg/kg of seed oil (Abd El-Hack et al., 2016; Sultan et al., 2009). One of the active essential oil components studied by researchers was the volatile oil thymoquinone, which was proved for its protective potential against experimental diabetes, cancer, and kidney problems (Ahmad et al., 2021; Sahak et al., 2016). Further, BCUS were proved to contain approximately 55% linoleic acid that contains omega-3 fatty acids and has antineoplastic efficacy (Abd El-Hack, Abdelnour, 2021). Moreover, the protein profile of BCUS reported mainly of nine essential amino acids constituting more than 50% of the total amino acid components of the seed protein (Kabir et al., 2019).





11.2.3. BCUS as animal feed

11.2.3.1. BCUS as fish feed




Fish represents one of the most important nutritive sources for humans due to its flesh contents from healthy fatty acids such as omega-3 and vitamins such as vitamin D. Therefore, researchers put into consideration studies on health of fish. Mahboub et al. (2022) have reported that supplementing Nile tilapia with a diet containing 3%/BCUS oil/body weight for 45 days significantly improved the immunity parameters measured and protected their livers and kidneys from the oxidative damage caused by Burkholderia cepacia bacterial infection (Mahboub et al., 2022). A recent study published that BCUS and their oil derivatives reported growth-enhancing effects and immune-promoting activities on different fish species such as tilapia, catfish, rainbow trout, and climbing perch (Altunoglu et al., 2017; Khatun et al., 2015; Mohammed and Arias, 2016; Öz et al., 2018). In addition, many studies stated that BCUS considerably improved the innate immune system and the hematology parameters of rainbow trout fish against pathogenic infection (Altunoglu et al., 2017; Khatun et al., 2015; Mohammed and Arias, 2016; Öz et al., 2018; Bektaş et al., 2018; Fadeifard et al., 2018). Kalil et al. (2011) reported that BCUS extract and its oil thymoquinone exhibited antimutagenic activity in Tilapia and zebrafish via the improvement of histopathological and biochemical parameters (Khalil et al., 2011). Diab et al. (2018) proved that the supplementation of Tilapia with a diet containing 30g BCUS/kg could ameliorate the toxic effect of ochratoxin A (Diab et al., 2018). The effects of dietary supplementation of BCUS or its oil derivative on fish are summarized in Fig. 11.3.
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Figure 11.3
 Summary of the effect of dietary supplementation of BCUS or its oil derivative on fish, poultry breeds, and small ruminants.







11.2.3.2. BCUS as poultry breeds feed

In the recent days and in comparison to livestock meat, poultry such as chicken, pigeon, quail, and duck are preferable to humans due to its low cost and healthy quality of protein (Abd El-Hack, Abdelnour, 2021). Indigenously, many houses use phytogenic additives while raising poultry breeds 
for human consumption (Madhupriya et al., 2018). Many researchers published that BCUS have positively promoted the growth of broilers through their constituents of antioxidant essential oils with special regards to the main oil thymoquinone (Abd El-Hack, Abdel-Moneim, 2021; Hassan, 2018; Soliman et al., 2017). In addition, the high quality of broiler's meat fed on BCUS could be attributed to the nine essential amino acid constituents of BCUS (Kabir et al., 2019). Further BCUS was found to enhance the absorption ability of broiler's intestine to the nutrients resulting in the promotion of growth (Abd El-Hack, Abdel-Moneim, 2021). Kumar et al. (2017) found that supplementing birds with a diet containing BCUS at concentration of 10g per kg body weight improved the quality of the breast and thigh meat of the bird (Kumar and Patra, 2017). Studies showed that fertility of broiler chicks along with their hatchability was significantly improved on feeding them diet containing up to 1% BCUS or their oil isolate (Abdulkarim and Al-Sardary, 2009). Khan et al. (2013) published that supplementing Leghorn birds with diets containing different concentrations of BCUS between 3% and 5% enhanced egg hatchability and improved egg quality through decrement of serum cholesterol of the bird as well as the egg yolk's cholesterol constituent. Authors added that BCUS increased the immunity of the birds against viral infection (Khan et al., 2013). In another scenario, Saleh et al. (2019) and Kumar et al. (2017) manifested that diet rich in BCUS revealed lowered level of serum cholesterol and triglycerides when administered to birds (Kumar et al., 2019; Saleh et al., 2019). In another study, the oil isolated from BCUS significantly increased the egg shell thickness and decreased the egg albumin constituent (Saleh et al., 2019). Scientists reported paradox of results regards the effect of supplementing high concentrations of BCUS on the protein and albumin content of chicken's eggs. One study reported that high concentrations of BCUS in the diet elevated the serum level of albumen and proteins of fed chickens. Authors attributed the results to the immune-promoting activity of BCUS (Tolba and Hassan, 2003). On the contrary, Japanese quails supplemented with diet containing high concentration of BCUS reaching 15g/kg body weight did not affect the serum level of protein and albumin in the tested birds (Shokrollahi and Sharifi, 2018).

BCUS revealed detoxifying activity against diet contaminated with aflatoxin B1 through the increment of Lactobacillus bacteria and the reduction of Escherichia coli in the gut of birds when orally administered to quails (Rasouli-Hiq et al., 2017). Diet containing 3% black cumin oil has reduced microflora of the quail's gut along with increasing their immune response against 
pathogens (Seidavi et al., 2020). Feeding chicks with BCUS has shown antioxidant potential through reduction of lipid peroxidation and enhancement of endogenous antioxidant enzymes production (Abd El-Hack, Abdel-Moneim, 2021). The effects of dietary supplementation of BSCE or its oil derivative on poultry breeds are summarized in Fig. 11.3.




11.2.3.3. BCUS as ruminants feed

Ruminants such as sheep, goats, and cattle are raised in cultural farms for meat, milk, and its production worldwide including the Middle East. Therefore, diets from plant sources are good choice for improving the production of these animals (Obeidat, 2020). A study showed that supplementing 30% of calves diet with BCUS remarkably enhanced their growth (Abdel-Magid et al., 2007). In another study, researchers found that BCUS could improve digestion and enhanced growth in calves and lambs (Mahmoud and Bendary, 2014). Recently, a Jordanian study proved that supplementing Awassi lambs with a meat composed of 150g BCUS per kg weight of animals showed positive effect on the growth of animals, their bodies' abilities to retain nitrogen, and improvement of their digestibility (Obeidat, 2020). The effects of dietary supplementation of BCUS or its oil derivative on ruminants are summarized in Fig. 11.3.






11.3. Conclusion

In conclusion, dietary supplementation of fish, breeding birds, and small ruminants with BCUS or their essential oil derivatives proved enhancement of their growth, improved the immune response of fish and birds, and increased the blood biochemistry parameters of fish and birds. Additionally, BCUS diet showed improvement in the egg hatchability, cholesterol content of the egg's yolk, and albumin content of the egg's white. Future studies require more focus on the potential activity of BCUS diet on other animal models.
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Abstract



Nigella sativa or black cumin seeds are very rich in natural compounds that possess multiple therapeutic potentials in vitro such as antibacterial and antifungal activity, natural antioxidants, antidiabetic, antiinflammatory agent, anticancer, and wound healing properties on multiple sites of the human body. Traditionally, it has been used globally including in Eastern Europe, the Middle East, Western and Central Asia to treat various diseases.

This chapter focuses on two different types of therapeutic potential: the clinical effect and the nonclinical aspects, which can be in vitro or in vivo studies. This chapter comprises a range of N. sativa components in crude powder form, oil, seed as well as bioactive compounds and thymoquinone. Various studies had proven the efficacy and applicability of N. sativa seeds for their potential therapeutic effects, and it will all be laid out in this chapter.
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12.1. Introduction

Mounting evidence has shown the therapeutic effect of medicinal plants. They have been used and discovered for years as part or alternative of treatment, and until today, globally it is being used for well-being (WHO, 2021). One of the most researched plants is Nigella sativa or commonly known as black seed or black cumin, a native plant in Southern Europe, Southwest Asia as well as North Africa. Moreover, it is also commonly found in other countries such as India, Pakistan, Turkey, and the Middle East (Khare, 2004). Historically, N. sativa has been traditionally been used to treat a number of diseases and widely used as a liver tonic, antihypertensive, antibacterial, and analgesic (Ahmad et al., 2013).

The medicinal benefit of N. sativa will be highlighted in this chapter. The investigations include those that are undertaken clinically, either by human volunteers or participants or in a lab setting, such as an animal study or an in vitro research.




12.2. Clinical therapeutic potential of Nigella sativa


This section contains a collection of studies that were conducted with human volunteers or participants. Clinical trials or clinical observations were used to perform the research. Among the studies include improving thyroid status, reduction of lipid profile and hypercholesterolemia, remedy for insulin resistance syndrome, and reducing rhinitis.



12.2.1. Improving thyroid status

Hashimoto thyroiditis (HT), a type of autoimmune disease is the common cause of hypothyroidism. It is an organ-specific T-cell–mediated illness that 
affects more females than males and is implicated in alteration in the composition and transport of lipoprotein. A randomized controlled trial was done on 40 HT patients. The patients were divided into two groups, intervention and control. The intervention group were supplied with N. sativa powder or placebo (control group) daily for 8 weeks. The results showed a significant positive effect after N. sativa supplementation on thyroid function (Farhangi et al., 2016). Comparing both groups, among the effects observed were the serum concentration of T3 was increased and body weight and body mass index in HT patients were considerably lowered consequence of treatment with N. sativa. This study indicates the potential therapeutic effect of N. sativa in improving thyroid function.




12.2.2. Reduction of lipid profile and hypercholesterolemia

Coronary heart disease is the major cause of death worldwide. It is estimated killing 17.9 lives every year. Based on a previous study, high lipoprotein level is considered as risk factors for coronary heart disease (Zhao et al., 2021). A study to investigate the influence of lipid profile in healthy people was conducted at the Institute of Cardiology in Multan, Pakistan. Eighty patients were divided into two groups: the intervention and the noninterventional group and were sampled for blood and subjected for evaluation of total cholesterol (TC), triacylglycerides (TGs), high-density lipoprotein (HDL), very low-density lipoprotein (VDL), and low-density lipoprotein (LDL). The results indicated that in the interventional group, the cholesterol, LDL, TGs, and VDL were reduced, whereas the HDL increased significantly after 6 months compared with the noninterventional group (Tasawar et al., 2011). These results suggest that N. sativa may have a therapeutic effect on the reduction lipid profile and subsequently be beneficial for cardiovascular health. Moreover, another randomized, double-blind, placebo-controlled trial has been conducted to investigate the effect of N. sativa on hypercholesterolemia patients. Administration of N. sativa seeds for 4 weeks has been demonstrated to reduce TC and LDL (Pelegrin et al., 2019).

Apart from that, patients with type-2 diabetes mellitus (DM) have a complex alteration in plasma lipids, which is defined by an increased level of TGs and lowered level of HDL (Krentz, 2003). A prospective study was done on 94 uncontrolled type-2 DM patients to investigate TC, TG, LDL, and HDL. The patients were divided into three groups and supplied a different dose of N. sativa for 12 weeks (1, 2, and 3g per day) to see how the lipid profile changed. It is reported that the patients supplemented 
with 2g of N. sativa has shown a significant alleviation in both TC and TG levels (Kaatabi et al., 2012). It can be concluded that N. sativa has promising hypolipidemic effects and is effective in lowering blood lipids and is postulated to have the potential to control hypercholesterolemia.




12.2.3. Therapy for insulin resistance syndrome

A study was conducted to examine the effect of N. sativa in metabolic syndrome patients clinically. The patients were divided into three groups, a group were given the standard regimen, the second group were given standard regimen plus N. sativa oil (NSO), and the last group was the therapeutic group which was given tablet metformin and atorvastatin (Najmi et al., 2008). The outcome revealed positive effects on fasting blood glucose, TC, and LDL cholesterol.




12.2.4. Improving reproductive system disorder

Infertility impacted around 186 million individuals living worldwide, which indirectly affect families and communities. In the male reproductive system, the common causes of infertility are problems in the ejection of semen, absence or low level of sperm as well as abnormal shape and motility of the sperm (WHO, 2021).

To study the effect of N. sativa on infertility, 80 infertile men around 20–45 years old were recruited to a double-blind and block randomization study. The patients were grouped into either the N. sativa group treatment or placebo groups. After 2 months, it was discovered that consumption of 5mL NSO daily improves sperm count, morphology, and motility, as well as volume, pH, and the number of round cells in the sperm (Kolahdooz et al., 2014). The result concurs with previous in vitro reports that showed spermatogenesis, infertility in male rats and chickens (Abdulkarim and Al-Sardary, 2009).




12.2.5. Nigella sativa significantly reduces rhinitis

The effectiveness of N. sativa in the treatment of allergic rhinitis was also demonstrated in the clinical setting. A prospective and double-blind clinical trial was conducted in which allergy rhinitis patients were supplemented with N. sativa seed oil (6mg/kg daily) for 30 days. It has been observed that administration of N. sativa significantly reduced the respiratory symptoms including nasal congestion and itching, runny nose, sneezing as well as turbinate hypertrophy (Nikakhlagh et al., 2011). The study was in 
agreement with another report that investigated the effect of N. sativa nasal spray in a randomized clinical study. The patients in this study were grouped into two: the intervention group that received (2 puffs/day) of N. sativa and the other group received 2 puffs/day of sodium chloride spray. It has been observed that N. sativa has shown significant positive effects in the intervention group (Rezaeian and Khouzain, 2018).





12.3. Nonclinical study

Multiple studies had been done to investigate the potential of N. sativa to be developed as a novel drug. In this section, the fundamental, in vitro or in vivo experiments of N. sativa laboratory test are laid off. The experiments are laboratory-based, and some of the tests are conducted on animals model. The results demonstrated an opportunity for N. sativa seeds to be developed as an alternative treatment in clinical settings.



12.3.1. Alleviates liver fibrosis

Hepatic fibrosis, also known as liver fibrosis, is a form of chronic wound healing response caused by long-term liver injury (Böttcher and Pinzani, 2017). It is manifested by excessive accumulation of extracellular matrix (ECM) protein such as collagen Type I and Type II in the liver (Bataller and Brenner, 2020). This disease can cause the liver to lose its function and remodeling of the liver parenchyma (Tsuchida and Friedman, 2017). Mounting evidence from the research suggested that activated hepatic stellate cells (HSCs) produce an abnormal build-up of ECM protein in liver fibrosis. Thus, inhibiting HSC activation has been one of the approaches for treating liver fibrosis (Geng et al., 2021).

Thymoquinone (TQ) has been demonstrated to reduce liver fibrosis in vivo and in vitro through the regulation of miR-30a and Snai1 (Geng et al., 2020). By using carbon tetrachloride mice, TQ has been shown to ameliorate liver fibrosis and collagen accumulation. As in in vitro, TQ inhibited HSC activation in a few ways including a few ways that have been postulated as to how TQ inhibits liver fibrosis, such as reduced proliferation, α-smooth muscle actin, and collagen.




12.3.2. Antimicrobial efficacy


N
igella sativa is primarily studied for its antimicrobial properties based on the availability of multiple bioactive compounds that possess multiple functions 
including antimicrobial properties. The antimicrobial properties of black seeds extracts and essential oils are studied on a wide variety of bacteria including multiple drugs resistance bacteria. The availability of bioactive compounds from the compound groups of terpenes, terpenoids, flavonoids, phenolics, and also anthraquinones exhibits antibacterial properties that were reported in various studies (Abdallah, 2017).

A study found that black cumin seed oil exhibits antimicrobial activity against four types of gram-positive bacteria, which include methicillin-resistant Staphylococcus aureus, S. aureus, Bacillus subtilis, and Bacillus cereus. The antimicrobial activity was attributed to the availability of TQ and its isomeric forms such as dithymoquinone, thymohydroquinone, and thymol which were assessed by Fourier-transform infrared (FTIR) and thin-layer chromatography (TLC) (Mohammed et al., 2019).


N. sativa seed ethanolic extract was found to demonstrate antimicrobial properties against multidrug-resistant bacteria isolated from urine samples of urinary tract infection patients. Ethanolic extract of N. sativa shown excellent inhibition activity against urinary pathogens, Escherichia coli, Klebsiella pneumonia, Proteus mirabilis, Pseudomonas aeruginosa, and Acinetobacter baumanni. Interestingly, all of the stated pathogens were tested for antibiotic resistance in the same study and were resistant to at least five different antibiotics (Dhanasekar, 2019). This study proved that N. sativa extract possesses the potential to be developed as a new drug against drug-resistant bacteria.

The applicability of black cumin seeds as an antimicrobial compound is not only restricted to a specific site of the human body but also multiple locations of pathogen reservoirs. One study assessed the antimicrobial activity of N. sativa seeds oil extract against dental caries pathogens, Streptococcus mutans, and Streptococcus sanguinis. The extract from N. sativa seeds oil extracts showed inhibition activity against both pathogens. Aside from that, the study also assessed the antibiofilm formation properties of the seeds where the qualitative observation using staining and scanning electron microscope showed significant antibiofilm activity by the black cumin seeds (Gasong et al., 2017). The study has proven the versatile applicability of N. sativa seeds as an antimicrobial treatment at various sites of the human body. Other than that, the oil extract from black cumin seed is also effective to combat biofilm formation, which had been the foundation of various pathogens-related diseases.

The applicability of N. sativa seed extract against specific disease-related pathogens was also investigated in a study. The study highlighted the antimicrobial activity of N. sativa seed oil against pathogens related to infection 
in the middle and external ear. The black cumin seed oil was found to be effective against three species related to an ear infection which are Streptococcus pneumonia, Haemophilus influenza, and Moraxella catarrhalis isolated clinically from infected patients (Kocoglu et al., 2019). In addition, another study reveals the efficacy of N. sativa seeds oil formulated for topical application against acne inducing bacteria. The topical formulation of N. sativa seed oil was found to show antimicrobial activity against S. aureus and Propionibacterium acne (Nawarathne et al., 2019). These studies showed that the applicability of N. sativa seed oil or extract has the potential to be developed for therapeutic purposes in clinical settings.

Multiple other studies were reporting the antimicrobial properties of N. sativa seeds oil or extract against various bacteria. For example, TQ of black cumin seeds exhibits antimicrobial activity against anaerobic bacteria against four bacteria which are Clostridium difficile, Clostridium perfringens, Bacteroides fragilis, and Bacteroides thetaiotaomicron (Randhawa et al., 2017). In another study, NSO extract containing a high percentage of TQ showed antimicrobial and antibiofilm efficacy against reference S. aureus and ten S. aureus clinical isolates which includes two methicillin-resistant strains (Gawron et al., 2019). The antimicrobial activity of black cumin seed extract was also recorded against methicillin-resistant Salmonella enterica isolates (Ashraf et al., 2018).

In order to understand the antimicrobial properties of N. sativa seeds, the availability of bioactive compounds and their underlying action were assessed in a few studies. A few studies employ the use of gas chromatography-mass spectrometry (GC-MS) to detect the composition of black cumin seeds oil. These studies revealed that black cumin seeds oil contains TQ, Beta-pinene, O-cymene, thymol, various organic acids, terpenes, and cuminal. Black cumin seed oils were found to exhibit antimicrobial activity against multiple species of bacteria in the same studies. These studies concluded that the antimicrobial activity of black cumin seed oil might be attributed to the availability of well-known bioactive compounds (Alizadeh Behbahani et al., 2019; Badger-Emeka et al., 2021; Reddy et al., 2018; Saleh et al., 2017). In the other studies, the effect of NSO exposure on bacteria was studied by using electron microscopies. The study indicated that exposure to N. sativa seeds oil at minimum inhibitory concentration brought detrimental effects on the tested strains cell wall integrity and membrane structure (Alizadeh Behbahani et al., 2019; Badger-Emeka et al., 2021). These studies demonstrated that the N. sativa seeds oil rich in bioactive compounds possess the ability to inhibit various types of pathogens. Disruption of 
the bacterial cell wall might be the underlying mechanism of action for the antimicrobial activity of N. sativa seeds.




12.3.3. Antifungal properties of Nigella sativa seeds

Further investigation to its antimicrobial properties, N. sativa seeds were also studied for their antifungal properties against disease-inducing fungi species. The antifungal properties of N. sativa seed can be credited to the high percentage of bioactive compounds available in the extract (Ahmad et al., 2021; Kooti et al., 2016). Several studies had evaluated the efficacy of N. sativa seeds oil or extract against a few species of disease-inducing fungal species.


N. sativa seed was studied for its efficacy against Trichophyton rubrum, a fungi species related to dermatophyte condition. Dermatophyte refers to a condition of fungi infection on keratinized tissue on human skin, hair, and nails. In recent years, dermatophyte fungi including T. rubrum had become less susceptible to antifungal treatment which brought an urge to seek for novel source to counter the problems (Khurana et al., 2019). However, based on the study, N. sativa seeds in the form of essential oil were revealed to exhibit strong antifungal activity against 18 clinical isolates of T. rubrum when being compared to the current antifungal drug, fluconazole. The contributor to the antifungal activity was studied by utilizing the GC-MS technology, and it was found that NSOs contain TQ, α-thujene, anethole, carvacrol, and longifolene at different percentages (Kaya and Duran, 2018).

Similarly, research has been done to identify the antifungal activity of N. sativa seed extracts against clinically significant fungi strains. Aspergillus niger, Aspergillus fumigatus, Rhizopus stolonifer, Penicillium digitatum, and Acremonium alternatum isolated from infantile sepsis and gallbladder patients were investigated in the study because of the species significance in infectious disease. The ethanolic, methanolic, and water extract of N. sativa seeds showed significant inhibition against the stated clinically isolated fungi species (Shah et al., 2018).

Another interesting study found that isolated peptides from the thionin group of N. sativa termed nigellothionin were found to exhibit antifungal activity against the Aspergillus and Candida strains. Both strains were clinical isolates that were identified as the causative agents of invasive pulmonary aspergillosis and candidiasis. The results demonstrated that the nigellothionin isolated from black cumin seeds exhibit excellent antifungal activity against the stated fungi strains and were competitive with the current antifungal drugs. Despite the decrease of antifungal activity dynamic over time, the 
antifungal activity of Nigellothionins was remarkable and have the potential to be developed as a novel antifungal agent (Barashkova et al., 2021).

A study profiled the N. sativa methanolic extract by utilizing the GC-MS technology to identify the active compounds that exhibited antifungal activity. The antifungal activity was determined by observing the reduction of fungal mass after exposure to methanolic extract of N. sativa. N. sativa methanolic extract was found to reduce the fungal mass of two fungi strains, Fusarium oxysporum and Macrophomina phaseolina. F. oxysporum were studied as one of the strains that caused human fusariosis, a fungal infection disease that is hard to diagnose and treat (Batista et al., 2020). The GC-MS profiling of N. sativa methanolic extract revealed percentages of various organic acids that were deduced as the active compound in the extract (Aftab et al., 2019).

The application of N. sativa antifungal properties was expanded to inhibit the colonization and plaque formation by Candida albicans on acrylic dentures pieces. The study applied ethanolic extract of N. sativa onto the acrylic dentures that were contaminated purposely with C. albicans. The result showed that the decrease of C. albicans colony counts corresponded to an increase in the extract concentration. The extract exhibited lower antifungal activity compared to the positive control; however, it showed that N. sativa has the potential to be developed as plant-based antifungal agents (Ariamanesh et al., 2019).




12.3.4. Antidiabetic properties

Among other therapeutic potential of N. sativa seeds, extracts are their antidiabetic properties. Multiple studies had been done to investigate the ability of N. sativa to be developed as novel antidiabetic agents. Most of the studies were done in vivo on typical diabetic animals model, and the results demonstrated an opportunity for N. sativa seeds to be developed as an alternative treatment clinical setting.

A study assessed the antidiabetic ability of N. sativa methanolic extract on streptozotocin-induced diabetes in rats model. The study also investigates the effect of N. sativa seeds methanolic extract on diabetic neuropathy-inducing proteins. The result highlighted the positive effects of N. sativa seeds methanolic extract on various diabetes markers and conditions of tissue related to diabetes. The study reported a significant reduction of fasting blood glucose in the induced diabetic male rats. Other than that, the study demonstrated the restoration of lipid peroxidation level parameters to normal level after being treated with N. sativa methanolic extracts. The level 
of diabetes-related proinflammatory cytokine and immunoglobulins was also reduced with the treatment aside from the reduction of diabetic neuropathy biomarkers. The renal and liver functions of the studied rats were also positively affected with the treatment based on the tissue observation and chemical markers profiling. A high percentage of flavonoids and carotenoids from the extract indicates that the positive effects were caused by the presence of the antioxidants in the extract (El Rabey et al., 2017).

Another study assessed the same positive outcomes on the high fat diet-induced diabetic rats model. However, the study took an interesting take for the evaluation by using the N. sativa seeds polysaccharides (NSSPs) instead of the oils or extracts. The study demonstrated a reduction of fasting blood glucose and glycosylated proteins level compared to the nontreatment group. Furthermore, in the treatment group, there is an improvement of blood insulin dose-dependently, and the results were comparable with the metformin-treated group. In another aspect, the supplementation of NSSP caused significant positive outcomes on the mice lipid metabolism with the reduction of blood triglycerides, TC, LDL, and improvement of blood HDL. The antioxidative stress ability biomarkers and diabetes-related cytokines were also measured where the result showed positive outcomes for all the parameters studied. The histology study of mice kidney and liver tissues has shown an ameliorative effect of NSSP, which were indicated by the restoration of stated tissue to a normal condition. Generally, the result indicated that NSSP has the potential to be developed as an adjuvant antidiabetic agent in the future clinical setting (Dong et al., 2020).

Chronic DM brought a serious nerve problem known as diabetic neuropathy, which can cause restricted motor function, pain, and even amputation in serious cases (Dewanjee et al., 2018). In a study, green synthesis of silver nanoparticles (AgNPs) by N. sativa extracts potential to ameliorate diabetes and diabetic neuropathy was investigated. The study revealed a new potential of N. sativa extract utilization for better performance. Similar parameters with previously stated studies were also observed on streptozotocin-induced diabetic neuropathy rats. The study reported significant positive outcomes in serum glucose level, serum insulin, and serum advanced glycation end product, which plays an important role in causing diabetes-related complications and oxidative stress biomarkers level. Histological study of the brain tissue after exposure to green AgNP with N. sativa extract showed less lesion score and tissue degeneration compared to the nontreated group. The positive impact was also reported in the reduction of TNF-α and NF-ΚB that might cause nerve inflammation. The exposure 
to AgNP with N. sativa extract restored the level of nerve-related biomarkers to a normal level. The results indicated that AgNPs technology combined with N. sativa extract might be able to target specific disease sites of diabetes-related complications (Alkhalaf et al., 2020).




12.3.5. Diabetic wound healing properties


N. sativa is also functional for diabetic wounds recovery not only due to its antimicrobial properties but also its potential to alleviate diabetic wound inflammation. Several studies had observed the applicability of N. sativa seeds extract or oils as for its wound healing activity.

In a study, the wound healing properties of NSO gel was observed and compared with aloe vera gel on an induced diabetes mice model. Alloxan monohydrate was injected to induce diabetes in the mice, and a 1cm wound was made on the mice dorsal part. The physical observation of the mice wounds was made, and the result showed that mice treated with NSO gel showed wound size reduction starting from day 1 after treatment to day 7 of observation. The mice treated with NSO gel were reported to have less inflammation score. However, the treatment with aloe vera gel showed higher efficiency of wound healing compared with NSO gel based on the histological study. Regardless of the performance of NSO gel compared with aloe vera gel to promote wound healing, the study had shown the possibility of NSO gel to be developed as a diabetic wound healing agent (Sari et al., 2018).

Other than that, N. sativa seed extract was developed as a wound dressing in the form of polyvinyl alcohol (PVA)-Nigella nanofibrous mat (PNNM). The study combined N. sativa extract with PVA to form polymers that can be applied as a wound dressing. The wound observation revealed that rabbits treated with PNNM had reduced wound area and wound liquid on the second day of treatment. The study also reported that PNNM wound dressing showed inhibition area against S. aureus and E. coli, which are two common pathogens on diabetic wounds. The moisture profile study also reported that wound dressing with N. sativa dressing might have one-way moisture release where the wound liquid is absorbed into the material and external moisture is not permitted to pass through due to the oil extracted from N. sativa (Ali et al., 2020). This study showed that NSO can be incorporated into other materials to be applied as a diabetic wound dressing.

One of the underlying actions of N. sativa in promoting diabetic wound healing is by exhibiting antimicrobial properties against diabetic ulcers 
bacteria. A comparative study showed that NSO had excellent inhibition against two bacteria isolated from diabetic foot ulcers. The other essential oils were reported with no inhibition or inhibition on only one species of bacteria isolated from diabetic foot ulcers. This might be one of the underlying activities of NSO in promoting diabetic wound healing which is by eradicating the diabetic wound pathogens from the wound site (Bady et al., 2019).




12.3.6. Anticancer properties

Another interesting therapeutic potential of N. sativa is its anticancer properties. A number of N. sativa bioactive compounds especially TQ were reported to demonstrate positive effects on different types of cancer hallmarks. Furthermore, compounds from N. sativa were also applied in nanoparticles technology as one of the novel approaches to combat cancer cells progression (Yimer et al., 2019).

For instance, a study investigated active saponin anticancer properties extracted from N. sativa termed as alpha-hederin (α-hederin). The compounds were concluded to promote ovarian cancer cells (SKOV-3) apoptosis. α-hederin was reported to reduce SKOV-3 cell viability, which was observed by the cell viability system. MTT assays on the cell line also revealed that dose-dependently α-hederin reduced the viability of the cell. Other than that, staining of SKOV-3 cell nucleus and apoptosis staining showed that α-hederin exhibits nucleus fragmentation and induced apoptosis on the cell line. Mitochondrial activity of the SKOV-3 cell line was also reduced with the exposure to α-hederin besides the inactivation of antiapoptosis protein after being treated with the compound. The exposure to α-hederin also caused arrest in the cancer cell cycle (Adamska et al., 2019).

Moreover, the anticancer potential of TQ was also reported in a study. The study highlights the excellent anticancer properties on the human hepatocellular carcinoma cell line by TQ and resveratrol, both extracted from N. sativa seeds. The MTT assay on the cell line reported that a combination of TQ and resveratrol reduced cell viability more effectively than either TQ or resveratrol alone. The combination also increases the caspase-3 content by 166% compared to the negative control. Caspase-3 is important in the execution of cancerous cell apoptosis where the increment of caspase-3 content in the cell is important to control cancerous cell migration and invasion (Zhou et al., 2018). Other than that, a marker of oxidative stress in cells, malondialdehyde was also reduced after 72h of exposure toward TQ-resveratrol combination, which indicates that the compounds exhibit antioxidant activity on the cell line (Ismail et al., 2018).






Another application of N. sativa seeds anticancer potential was utilizing its extract for green synthesis of AgNPs. Green synthesis of AgNP using the N. sativa extract demonstrated anticancer activity against human breast cancer cell lines (HCC712). The stable form of synthesized AgNP with N. sativa extract as confirmed by FTIR, X-ray diffraction, and microscopic study were tested on breast cancer cell line for its cytotoxic activity. The cytotoxic study showed dose-dependent cytotoxic activity of the synthesized nanoparticles against human breast cancer cell lines. Microscopic observation showed a reduction of breast cancer cell density which indicated that exposure to synthesized AgNP with N. sativa extract promoted cell apoptosis (Almatroudi et al., 2020).

Another example of N. sativa TQ anticancer properties was discussed in a study. The study approached multiple endpoints analyses to assess the potential of TQ from N. sativa anticancer activity against the human renal carcinoma cell line. Similarly, to other studies, TQ showed dose-dependent cytotoxic activity as observed by MTT assay. Other than that, the percentage of apoptotic cells increased with the exposure to TQ, and reduction of cancer cells migration and invasion were also observed in the treated cell line. Intracellular reactive oxygen species (ROS) increased moderately in the cell line treated with TQ from N. sativa. A moderate amount of ROS is important in healthy cell signaling to trigger programmed cell death for irregular cells, while to abrupt increment of ROS is dangerous for regular cells and might encourage the cancer cells activity (Perillo et al., 2020). The moderate increment of ROS when being exposed to TQ treatment is beneficial to eradicate cancerous cells (Costa et al., 2020).

The studies discussed the potential anticancer activity of N. sativa seeds in various forms and derivatives showing the capability and possibility to develop N. sativa seeds derivatives as novel anticancer agents.





12.4. Conclusion

Holistically, N. sativa seeds extracts, oils, and their various derivatives have the potential to be developed for a variety of applications. The plethora of studies that discussed the potential of N. sativa seeds gave insight into the ability of this plant which is rich in bioactive compounds, beneficial peptides, and also flexible for multiple novel applications. Further research which might expand into clinical settings is very beneficial in order to assess the safety, efficacy, and applicability of the N. sativa seeds for various therapeutic purposes.
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Abstract



Nigella sativa is one of the natural drugs that has been studied extensively not only in modern medicine but also since the era of Unani medicine. It has been associated with many pharmacological properties including anticancer, antiinflammatory, antibacterial, antioxidant, antihypercholesterolemic, and antidiabetic. Antihypercholesterolemic activity of N. sativa has been researched extensively whether in vivo, in vitro, and clinical study. It has been summarized that N. sativa showed potential as antihypercholesterolemic agents by increasing the arylesterase activity, which is one of the biomarkers in cardiovascular disease. Thymoquinone is one of the main bioactive compounds found in N. sativa has been reported to possess antihypercholesterolemic properties by reducing HMG-CoA reductase serum level. Besides antihypercholesterolemic properties, N. sativa also has been associated with antihyperglycemic activities. Hyperglycemia is described as body blood glucose level is greater than 125mg/dL while fasting or greater than 180mg/dL after 2h postprandial. Many studies had been done, and it has been strongly concluded that N. sativa and its bioactive compounds such as thymoquinone do possess antihyperglycemic properties. Activation of AMPK pathways which leads to a decrease in hepatic gluconeogenesis, and an increase in GLUT4 synthesis is one of the major mechanisms contributed to N. sativa antihyperglycemic properties. Besides that, other mechanisms contribute to antihyperglycemic properties of N. sativa were increased in insulin secretion and β-cell proliferation in pancreas, and protection and regeneration of Islet of Langerhans. N. sativa has been studied extensively for its antihypercholesterolemic and antihyperglycemic properties, and it has been proven scientifically that N. sativa did possess both of the pharmacological properties.
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Abbreviations


2 hPg

   2 hours plasma glucose




AMPK

   5′-adenosine monophosphate (AMP)-activated protein kinase




ASCVD

   atherosclerotic cardiovascular disease




CAD

   coronary artery disease




CO2


   carbon dioxide




CoV

   coronavirus




FBG

   fasting blood glucose




GLUT4

   glucose transporter type 4




HbA1C

   hemoglobin A1c




HDL

   high-density lipoprotein




HDL-C

   high-density lipoprotein cholesterol




HLP-C

   hyperlipidemic control




HLP-ME

   hyperlipidemic-methanolic extract




HLP-VO

   hyperlipidemic-volatile oil




HMG-COA

   3-hydroxy-3-methyl-glutaryl-coenzyme A




LDL

   low-density lipoprotein




LDL-C

   low-density lipoprotein cholesterol




NC

   negative control




NLP-C

   normolipidemic control




NS

   Nigella sativa





OGTT

   oral Glucose Tolerance Test




PBC

   powdered black cumin




PON1

   paraoxonase 1




PPBG

   postprandial blood glucose




RCT

   randomized control trial




STZ

   streptozotocin




TC

   total cholesterol




TG

   triglyceride






TRP

   transient receptor potential protein




VLDL

   very low-density lipoprotein




WHO

   World Health Organization








13.1. Introduction

Blessed seed, Al Habbat Al Sawda, and black cumin seeds are a few of many great names given to Nigella sativa (NS), which is one of the natural drugs in the list of “Tibb-e-Nabawi” or “Medicine of the Prophet Muhammad.” In the word of the Holy Prophet Muhammad saw, “This black cumin is healing for all diseases except As-Sam@Death” (sahih al-Bukhari 5687) (Al-Bukhari, 1976; Ramadan et al., 2020). Based on this statement, NS is one of many great herbs that had been studied exhaustively not only in modern medicine but also it had been studied extensively since the era of Unani medicine when one of the greatest scholars, Ibn Sina described it in the Canon of Medicine textbook, which he described it as seeds that stimulate body energy and cure from fatigue and depression. It is not an understatement to call it a blessed seed as it had been reported extensively for its richness in the bioactive compound such as its volatile oil that contains thymoquinone, saponin, tocopherols, carotenoids, stigmasterol, and many more (Ahmad et al., 2013).

In traditional uses, NS is used as a treatment for diarrhea, dyslipidemia, rheumatoid arthritis, dermatological disease, and digestive illnesses. Besides that, it also has been used to treat colic, cough, and as antiseptic agent for eye infections.

Researchers have reported various pharmacological properties such as anticancer, antiinflammatory, antibacterial, bronchodilator, antihypertensive, hepatoprotective, nephroprotective, antioxidant, gastroprotective, antidiabetic, antihypercholesterolemic, and hypoglycemic properties. It has been reported that NS can decrease the virus load and transient receptor potential gene expression after corona virus (CoV) infection (Ulasli et al., 2014). Since many medicinal properties of NS have been found, this chapter will try to review all the relevant studies that have been done on the antihypercholesterolemic and antihyperglycemic properties of NS.




13.2. Antihypercholesterolemic activity of Nigella sativa in hypercholesterolemic-induced animal model

Hypercholesterolemia is a primary root of noncommunicable disorder problems, accounting for one-third of ischemic heart disease and one-fifth stroke (Aguilar-Ballester et al., 2021; Adeloye et al., 2020). 
Hypercholesterolemia is also one of the health risks for atherosclerotic cardiovascular disease. The World Health Organization has characterized hypercholesterolemia in adults (≥18 years old and above) with total cholesterol (TC) levels of more than 5.0mmol/L or 190mg/dL (World Health Organization, 2021). Hypercholesterolemia also known as hyperlipidemia is described as rises of fasting TC concentration which could or could not be correlated with raised triglyceride (TG) concentration. However, lipids are not solvable in plasma but are rather carried in fragments identified as lipoproteins. Hence, the classification of hyperlipidemia or hypercholesterolemia is also based on abnormalities of apolipoprotein (Nelson, 2013). There are four most important forms of lipoproteins which are very low-density lipoprotein, intermediate-density lipoprotein, low-density lipoprotein (LDL), and high-density lipoprotein (HDL). LDL is recognized as bad cholesterol, whereas HDL is known as good cholesterol (Nelson, 2013). Another disease that always interchanged or overlapped with hypercholesterolemia is dyslipidemia. Dyslipidemia is considered by an increase of serum TC, low-density lipoprotein cholesterol (LDL-C), or TGs and decreased serum high-density lipoprotein cholesterol (HDL-C) concentration (Hedayatnia et al., 2020). These parameters also called lipid profile parameters are among the common measured parameters when evaluating hypocholesterolemic properties of natural products mainly from plants.

Study done by Sultan et al. (2011) revealed the usage of powdered black cumin (N. sativa) (PBC) on 30 normal Sprague Dawley rats. The rats were fed with 1% and 2% PBC once daily for 56 days. Results showed that PBC lessens the possibility of hypercholesterolemia on normal Sprague Dawley rats by reducing TC, TG, and LDL with nonsignificant HDL level elevation (Sultan et al., 2011).

Another interesting research was done to evaluate the efficacy of NS extracts on normal, hypercholesterolemic, and hyperglycemic-induced Sprague Dawley rats, respectively, using conventional (ethanol [50% v/v]) and supercritical fluid extraction methods. NS extracts were formulated together with the diet given to each group of rats, respectively. The experimental period was executed for 2 months. Both groups’ (conventional and supercritical fluid) lipid profile results were compared with control group. From this study, maximum reduction of serum cholesterol level was seen in hypercholesterolemic-induced rats supplemented with NS extract from supercritical fluid preparation with 12.8% followed by 10.7% reduction from conventional group. A similar pattern was seen in serum LDL level, whereby supercritical fluid reduced 17.12% followed 
by conventional group with 16.00%. TG reduction can be seen with 11.6% trailed by conventional group with 10.00%. Meanwhile, serum HDL level was seen to be increased but not significant (P
>.05) with 3.1% in supercritical group and 2.7% in conventional group (Iqbal et al., 2017). This study shows supercritical fluid extraction able to increase potential of NS as an antihypercholesterolemic agent in hypercholesterolemic-induced Sprague Dawley rats. This may be due to supercritical fluid extraction method uses carbon dioxide (CO2) as solvent able to extract more bioactive compounds as compared with the conventional method (ethanol 50% v/v) (Abd Ghafar et al., 2013).

A preclinical study was executed on Wistar rats induced with hyperlipidemia to evaluate hypolipidemic activity of thymoquinone-enriched methanolic and volatile oil extracts from NS oil. Four groups of male Wistar rats were utilized in this research which were normolipidemic control (NLP-C), hyperlipidemic control (HLP-C), methanolic extract (HLP-ME), and volatile oil (HLP-VO). HLP-C, HLP-ME, and HLP-VO groups were induced with hyperlipidemia, while NLP-C is normal untreated Wistar rats. All interventions were given before the administration of atherogenic suspension once daily for 30 days. Results shown forced-feeding of 100mgME or 20mg VO per rat daily lowered plasma TG level to almost normal while significantly (P
<.05) improved HDL-C level and its subfraction along with arylesterase level (Ahmad et al., 2013a).

Another similar study was done on hyperlipidemia-induced Wistar rats to evaluate on the efficacy of thymoquinone (bioactive compound found in NS seed) as hypolipidemic agents. Results shown thymoquinone able to reduce all parameters involved in cardiovascular risk parameters such as TG, LDL, and TC. Thymoquinone also increased HDLc/LDLc and HDLc/Tc ratios to 259% and 110%, respectively, as compared to control hyperlipidemic rats' group. These changes correspond to the reduction of HMG-CoA reductase activity alongside with upsurge of arylesterase activity in thymoquinone-fed group (Ahmad et al., 2013b).

Oxidative stress Sprague Dawley rats' model was used to evaluate the effect of NS on serum lipid profile. Study shown oxidative stress increased TC, LDL, and TG level. Treatment with either NS-fixed oil or NS essential oil reduced TC, LDL along with TG level in oxidative stress-induced rats. However, no significant changes can be seen in serum HDL level in all three groups (control oxidative stress, oxidative stress+ NS-fixed oil, oxidative stress+NS essential oil) (Sultan et al., 2020).









13.3. Hypocholesterolemic effects of Nigella sativa in clinical trial

Hypolipidemic effects of NS were tested on 37 menopausal women. The randomized control trial (RCT) was done with intervention of 500mg NS powder capsule twice daily for 2 months. Meanwhile, placebo group was given 100mg wheat germ capsule. Results shown NS significantly ameliorated lipid profiles of menopausal women with reduced TC, LDL-C, and TG levels. A significant increase of HDL-C was found when compared to placebo group after 2 months of intervention. A month after termination of the intervention, lipid profiles in treatment group have a tendency to change toward the pretreatment levels (Ibrahim et al., 2014).

A randomized, placebo-controlled clinical trial was done to assess NS seeds as a treatment for hyperlipidemia. A total of 88 subjects aged more than 18 years old with a TC level more than 200mg/dL were recruited. They were given crushed NS seeds capsules which contained 500±10mg each. Subjects were instructed to take 2g NS crushed seeds daily (four capsules every day). Patients were instructed to take two capsules in the morning before breakfast and two more capsules in the afternoon before their meal. This experiment was done in 4 weeks. Patients were also instructed not to change their usual diets during experimental period. At the completion of investigational phase, full blood was collected, and serum lipid profile was analyzed. A significant decrease (P
<.05) was detected in concentration of TC (4.78%), LDL (7.6%), and TG (16.65%). TGs have shown the most decreased as compared to placebo group. Consumption of 2g/day of NS crushed seeds for 4 weeks has shown some beneficial effects in treating hyperlipidemia patients (Sabzghabaee et al., 2012).

A clinical trial was performed on healthy and hypercholesterolemic subjects were supplemented with the combination of NS seed and honey (50mg/kg). The intervention was given daily for 3 months. Results shown significant (P
<.05) declines in TG (20.1%), ratio of TC:HDLC reduced to 12.3%, complemented with heightened HDLC value by 15% in healthy supplemented group. Meanwhile in hypercholesterolemic supplemented group also decreased significantly (P
<.05) in TC (6.2%), TG (13.3%), ratio of TC:HDLC (19.5%) with improved HDLC (8.4%). Additionally, significant (P
<.05) reductions were observed in body mass index (BMI) and body fat in healthy supplemented group and hypercholesterolemic supplemented group (Mohamad et al., 2014).






NS oil was tested on patients with coronary artery disease (CAD). A randomized, double-blind, placebo-controlled clinical trial was done to assess the effects of NS oil supplementation on CAD patients. A total of 60 patients with CAD were recruited and accepted either 2g/day of NS oil or sunflower oil as a placebo for 56 days (8 weeks). From this study, body weight, BMI, waist circumference, hip circumference, waist to hip ratio, systolic and diastolic blood pressures together with fasting blood glucose (FBG) values have been significantly (P
<.05) reduced, whereas for TC, TG, HDL, and LDL values, no significant changes have been observed when compared with placebo group (fed with sunflower oil 2g/day). The results show the potential of NS oil in managing CAD patients by improvement of metabolic parameters, anthropometric indices, blood pressure, and FBG (Tavakoli-Rouzbehani et al., 2021).

A randomized, double-blind, placebo-controlled, clinical trial has been done to appraise the efficacy of NS seeds oil in lessening cardiovascular risk in hypertensive patient. This study evaluated NS seeds oil as an adjunct therapy meant for hypertension, glucose control, and lipid metabolism. A total of 26 hypertensive patients acquired 2.5mL NS seeds oil (intervention group), meanwhile 29 hypertensive patients in the placebo group accepted 2.5mL of sunflower oil twice daily for 8 weeks. Systolic blood pressure in the intervention group was significantly reduced (P
<.001) after contrasted with baseline values and placebo group (P
<.05). A significant decrease was noticed in the levels of diastolic blood pressure, TC, LDL, malondialdehyde, and FBG (P
<.001), whereas a significant rise was reflected in the HDL level and glutathione reductase (P
<.001). Absence of adverse effects was discovered in the placebo group and intervention group by evaluating renal and hepatic-related enzymes (Shoaei‐Hagh et al., 2021).

A preliminary study upon the effects of NS seeds on lipid profile had been done in healthy subjects. The authors performed a double-blind, randomized, placebo-controlled 4-week experiment on 30 healthy male volunteers, getting NS seed powder (1g/day) or placebo orally (15 subjects/group). Lipid profile (TC, LDL, HDL and TG) was measured before and after treatment. No significant differences on serum lipids were noted following therapy neither in any groups nor among the two treatments group. Nevertheless, some potential can be seen in TC and LDL levels, whereby the hypocholesterolemic effect could be seen better in hyperlipidemia patients. One of the reasons that cannot be ignored is the authors felt that low dose of NS seeds (1g/day) maybe insufficient to see any significant changes in lipid profile of healthy patients (Pelegrin et al., 2019).






A systematic review and metaanalysis of randomized placebo-controlled trials have been done to evaluate the effects of NS on plasma lipid in humans. Authors examined 17 RCT studies which corresponds to plasma lipid concentrations in humans. Metaanalysis of the RCTs shown supplementation with NS able to significantly reduce plasma concentration of TC, LDL-C, and TG. The result was found greater with seed oil, whereas seed powder was discovered to be correlated with a substantial increase in HDL-C levels (Sahebkar et al., 2016).

Another study of systematic review and metaanalysis of randomized controlled trial has been done to evaluate the effects of NS in the treatment of nonalcoholic fatty liver disease. Study reported that supplementation of NS in nonalcoholic fatty liver disorder had no effect on lowering TC, TG, and LDL but showed a substantial increase in HDL values (Tang et al., 2021).




13.4. Antiatherogenic effects of Nigella sativa


Antiatherogenic potential of NS has been evaluated on hypercholesterolemia-induced rabbits. This study endeavored on the impact of NS dust and NS oil in comparison to simvastatin. A total of 25 adult New Zealand male white rabbits were split up into five groupings (n
=5): normal group (NC), positive control group (hypercholestrolemic, no treatment), fed with 1000mg/kg NS powder, fed with 500mg/kg NS oil, and fed with 10mg/kg simvastatin for 8 weeks. Supplementation of either NS oil or NS powder was proven to reduce significantly (P
<.05) TC and LDLC levels, meanwhile increased (P
<.05) HDL levels after 8 weeks when equated to positive control group. Plaque development and intima:media ratios were evaluated and significantly inhibited (P
<.05) in NS supplementation groups (oil and powder). This study portrays hypocholesterolemic, antiatherogenic, and cardioprotective properties of NS (Al-Naqeep et al., 2011).

Another analysis was done to gauge the activity of NS as a prevention on atherosclerosis progression. A total of 15 adult Dutch Polish male rabbits induced with hypercholesterolemia were used. The rabbits were distributed into three groups (N=5) which were normal diet, hypercholesterolemic diet (1% cholesterol), and hypercholesterolemic+NS (1% cholesterol diet supplemented with 5% NS powder) for 8 weeks. Results shown supplementation of NS powder reduced significantly (P
<.05) on TC, LDL, and reduced aortic fatty acid streak formation in hypercholesterolemic induced 
rats when compared to control group (1% cholesterol diet only group). HDLs were seen some positive results regardless not significant (P
>.05) (Asgary et al., 2013).




13.5. Antihyperglycemic effects of Nigella sativa


While there are many studies that suggested the antihyperglycemic properties of NS, there are also studies that reported conflicting result and suggested that NS do not have antihyperglycemic properties. Normal rats treated with petroleum ether extract of NS for 4 weeks did not show reduction in plasma glucose as the plasma glucose remains stable and did not show significant difference with control group (Le et al., 2004). Same conclusion was arrived by Rahman et al. and Awadi et al. (1988), which reported that streptozotocin (STZ)-induced rats treated with NS extract for one weeks show no improvement in Oral Glucose Tolerance Test. Despite reported that diabetic rats treated daily with 500mg/kg of NS oil for 30 days did not show any significant reduction in serum glucose concentration (191.17±1.13mg/dL) when compared with untreated diabetic rats (247.31±11.74mg/dL), however, it also reported that diabetic rats treated daily with a combination of lipoic acid, NS oil, and carnitine for 30 days significantly showed reduction of serum glucose concentration (164.61±1.5mg/dL) when compared with untreated diabetic rats (247.31±11.74mg/dL) (Salama et al., 2011).

Recent decades show contradiction result from previously reported study as most of the studies reported that NS do possess antihyperglycemic properties and has the potential to be utilized as therapeutic herbal and dietary remedy in controlling diabetes mellitus (DM), which is the critical cause of hyperglycemia.

NS ethanol extracts have been found to inhibit α-glucosidase activity, which is the important enzyme that catalyze hydrolysis of starch to simple sugar which in turn increase blood glucose level. In vitro study revealed that at 800ppm, NS ethanol extract inhibits 62% of α-glucosidase activity with IC50 value at 610ppm. Combination of NS and Cinnamomum cassia ethanol extract enhances the inhibition properties as the value of IC50 (260ppm) is much lower compared to NS ethanol extract alone. In vivo study revealed that after 28 days, type 1 diabetic rats treated with combination of this extract, plasma glucose level (400mg/dL) decreases significantly when compared with untreated diabetic rats (600mg/dL), but combination of both extract (200mg/kg) with metformin (25mg/kg) enhanced the 
antihyperglycemic activity as plasma glucose levels were much lower compared with diabetic rats treated with extracts alone and untreated diabetic rats with the presence of improvements in pancreatic morphological changes. This suggested that there is synergistic effect between both extract and metformin, which means that the combination of extracts has the potential to be an adjunct treatment with the present antidiabetic treatment (Kaur et al., 2018).

Normal albino rats treated intraperitoneally with 50mg/kg NS seed caused significant decline in blood glucose level after seven days (3.66±0.44mmol/L) when compared with untreated normal albino rats (5.8±0.44mmol/L). Increase in the dosage of NS seed to 100, 200, and 300mg/kg caused significant reduction of serum glucose level after 14 days of treatment. Hypoglycemic effect of NS seed is vanished in this study when the treatment was increased to 400 and 500mg/kg for 14 days. This concludes that NS seeds show antihyperglycemic effect in optimum dosage (Hawsawi et al., 2001).

Many in vivo studies regarding antihyperglycemic activity of NS seed were on diabetic rats due to main causes of hyperglycemia is type 1 and type 2 DM. Administration of NS methanol extract for 30 days had been effectively lowered diabetic rats blood glucose level. Diabetic rats treated with 500mg/kg of NS methanol extract have significantly reduced blood glucose level after 30 and 60min of glucose (2.5g/kg) ingestion in contrast to untreated diabetic rats. Furthermore, it also suppressed the rise of blood glucose level due to sucrose load effectively at 30 and 60min with increases of insulin secretion in isolated rat islets that treated with 25–200μg/mL of NS in presence of 30 and 11mM glucose with highest insulin level (9.97±0.45) was when the islet pancreas treated with 200μg/mL of NS methanol extract in presence of 11mM glucose (Hannan et al., 2019).

NS seeds are also well-known for its richness in bioactive compound and its oil. NS oil extract has been observed to have antihyperglycemic activity along with its most popular bioactive compound, thymoquinone. Only after 10 days of intraperitoneally treatment with 2mg/kg of NS aqueous extract, there is significant decline in serum glucose concentration (469±42mg/dL) in STZ-diabetic rats compared with STZ-diabetic untreated rats (655±5mg/dL), and after 30 days of treatment, serum glucose concentration of treated STZ-diabetic rats with NS aqueous extract has depleted to the level that it is not significant compared to the basal level of normal rats. Although STZ-diabetic rats treated with 0.2mg/kg NS oil did not show great depletion in serum glucose concentration after 10 days of 
treatment, serum insulin level begin to increase following 20 days of treatment. Thymoquinone which is the main component of NS volatile oil quinone had been attributed with many medicinal properties, and it has been proved that serum glucose concentration in STZ-diabetic rats treated with 3mg/kg of thymoquinone has decreased significantly only after 10 days of treatment with the level of serum glucose concentration decrease greatly after 30 days of treatment that it is not significant compared with control normal rat groups. Besides that, serum insulin level restores to normal when STZ-diabetic rats treated with thymoquinone for 30 days. This proved that one of the main bioactive compounds in NS that contribute to the antihyperglycemic properties is thymoquinone by increasing the serum insulin level (Abdelmeguid et al., 2010).

Besides thymoquinone, six indazole-type alkaloids have been identified from defatted and aqueous extract of NS. All indazole-type alkaloid had been said to increase glucose consumption in hepG2 cells with 17-O-(β-D-glucopyranosyl)-4-O-methyl nigellidine exhibited stronger capability to coordinate glucose consumption compared to metformin through 5′-adenosine monophosphate (AMP)-activated protein kinase (AMPK) pathway (Yuan et al., 2014).

Randomized trial of type 2 diabetes patients reported that after daily intake of 3g of NS oil soft gel capsules for 12 weeks decreased their fasting blood sugar, HbA1c, LDL-c, and TG levels without any compromise to their TC, HDL-c, insulin secretion, and insulin resistance. Supplementation of NS also had been proved to reduce blood glucose level significantly in patients with diabetes (Heshmati et al., 2015). Supplementation of NS for 3 months with dosage 2gm/day clearly cause significant reduction of FBG, glycosylated hemoglobin, HbA1C, and blood glucose level 2h postprandially (2 hPG) accompany with reduction in insulin resistance and increased β-cell function. But increasing the dosage of supplementation to 3gm/day did not cause any significance difference compared to patients supplement with 2gm/day of NS (Bamosa et al., 2010). Highly significant reduction of FBG, postprandial blood glucose, and HbA1C in type 2 diabetic patients after 6 months daily intake of NS tea (5gm/day) supplementation when compared with before supplementation of NS tea (El-Sharmy et al., 2011). This implied that NS might act as cotherapy drugs in order to improve type 2 diabetic patient conditions to avoid any effect such as hyperglycemia which in prolonged duration will lead to serious damage to multiple organs such as nervous system, kidney, and liver.









13.6. Mechanism of action of Nigella sativa as antihypercholesterolemic and antihyperglycemic agent

Arylesterase is one of the paraoxonase 1 (PON1) enzymes. PON1 arylesterase is known to protect HDL and LDL from lipid peroxidation. Patient with cardiovascular disease such as high blood pressure and atherosclerosis has been reported to possess low level of arylesterase (Yildiz et al., 2008). Arylesterase has been known as a prognostic biomarker in the development of cardiovascular diseases. From previous studies reported in this chapter, NS have shown potentials as an antihypercholesterolemic agent in animal models as well as humans. A few studies reported the mechanisms of action of NS is by increasing arylesterase in hypercholesterolemic animal models (Ahmad et al. 2013a, 2013b). On the other hand, HMG-CoA reductase is a rate-limiting enzyme of cholesterol biosynthesis (Zhong et al., 2021). Ahmad et al. (2013) reported supplementation of thymoquinone (one of the key bioactive compounds in NS) reduced HMG-CoA reductase serum levels in hyperlipidemia-induced Wistar rats (Ahmad et al., 2013b).

Hyperglycemia is a condition when there is a high blood glucose level in body which is characterized by blood glucose level of more than 125mg/dL while fasting (FBG) or more than 180mg/dL 2h postprandial, which is what diabetic patients were termed (Ellen et al., 2019). Major risk factors for a person to develop hyperglycemia are family history of type 2 diabetes, weight greater than 120% of appropriate body weight, hyperlipidemia or hypertension, and presence of polycystic ovarian syndrome. Glucose homeostasis which maintains normal glucose level in body is the balance of insulin and glucagon hormone and is of critical importance to human health. It was maintained within hepatic glucose secretion and peripheral glucose uptake and utilization. Many factors cause hyperglycemia such as lowered insulin secretion, decline in glucose utilization, and excessive glucose production. There are also other secondary factors that contribute to hyperglycemia such as pancreas damage (chronic pancreatitis, hemochromatosis, pancreatic cancer, and cystic fibrosis), endocrine disorder such as Cushing syndrome, acromegaly, and pheochromocytoma, which cause peripheral insulin resistance. Prolonged hyperglycemia or left untreated which is usually caused in diabetic person will lead to various microvascular and macrovascular complications such as neuropathy, retinopathy, and nephropathy (Brealy et al., 2009). Therefore, many studies had been done extensively in order to find any suitable treatment to prevent hyperglycemia in body.






One of the extracts that has been studied extensively is NS. It has been proposed that NS along with its bioactive component such as thymoquinone, alkaloids, saponin, and many more has various mechanisms to suppress hyperglycemia or to restore blood glucose level in diabetic patients which include activation of AMPK pathway, stimulation of insulin production, enhancement of insulin sensitivity, and inhibition of intestinal amylase.

AMPK also known as master regulator of metabolism had been studied extensively for its association with type 2 diabetes and hyperglycemia. Most of the physiological effects due to peripheral activation of AMPK proved to be beneficial to type 2 diabetes patients. Physiological effect that happens due to activation of AMPK such as in skeletal muscle and cardiac muscle where it will stimulate glucose uptake, fatty acid oxidation, glucose transporter type (GLUT) 4 translocation, mitochondrial biogenesis, glycolysis, and inhibit glycogen and protein synthesis, hepatic gluconeogenesis, and secretion of insulin from pancreatic β-cells while stimulates the hypothalamus to increase food intake (Coughlan et al., 2014) . Diabetic Meriones shawi rats treated with NS seed ethanol extract for 48mg/kg/day for 4 weeks had been reported to restore plasma glucose concentration and glucose tolerance, increase insulinemia and acetyl-CoA carboxylase phosphorylation in liver and skeletal muscle, which is one of the main target downstream AMPK pathway activations. This leads to inhibition of conversion of acetyl-CoA to malonyl-CoA, which will allow long chains of fatty acid to enter mitochondria for oxidation and subsequently increase fatty acid oxidation in liver that will lead to reduction in fatty acid in liver and increased hepatic insulin sensitivity. Besides that, activation of AMPK also caused decrease in hepatic gluconeogenesis. NS seed ethanol extract also caused activation of AMPK in skeletal muscle that will lead to increase in GLUT4 synthesis and translocation. All this action by activation of AMPK will in turn decrease glycemia (Benhaddou-Andaloussi et al., 2011). Other than AMPK activation, NS seed extract also increases insulin secretion and β-cell proliferation in pancreas that led to decreased glycemia. NS have been successfully increased serum insulin level after diabetic rats treated with four NS seed ethanol extracts for 4 weeks. The same mechanism has also been reported by study done by Hanan et al., (2019) where insulin secretion was increased when diabetic rat islet treated with NS methanol extract range from 25 to 200μg/mL accompanied with 3 and 11mM glucose in a dose-dependent manner (Hanan et al., 2019).

Hyperglycemia due to type 1 diabetes is classified by insufficiency of insulin which may be caused by damage to pancreatic β-cells caused by factors 
such as inflammatory or autoimmune disease. Total damage to β-cells in type 1 diabetic led to hyperglycemia as there is little to no insulin secreted to reduce blood glucose concentration. Protective effect, regeneration, and partial regeneration of NS extract had been reported in various in vivo study. Histopathological finding of STZ-induced rats treated with hydroalcoholic NS extracts (5–20mg/kg) for 32 days suggests that NS extracts protected most of the Islet of Langerhans compared with untreated STZ-induced rats that have small and shrunken islet with the islet cells mostly necrotized and degenerated (Alimohammadi et al., 2016). Same conclusion was arrived when STZ-rats treated with NS seed volatile oil (0.2mL/kg) for 4 weeks as immunohistochemical staining revealed that STZ-rats treated with NS seed oil have increased of insulin-immunoreactive β-cells and granules immunopositivity compared with untreated STZ-rats. Besides that, protective effect of NS seed volatile oil can be seen when electron microscopic findings revealed that there is fair increase in lowered secretory vesicles with granules and small damage accompany with loss of cristae in β-cells mitochondria in contrast to untreated STZ-rats that have severe destruction of β-cells in Langerhans islet (Kanter et al., 2009). This illuminates effectiveness of NS seed volatile oil in the prevention of β-cells damage in STZ-rats. Protective effect of NS seed toward β-cells will lead to increase in serum insulin concentration which in turn will cause decrease in glycemia as can be seen when STZ-rats treated with NS extract and NS seed oils manage to lower serum glucose level to same level in normal rats and restored serum insulin concentration to normal range same as normal rats. Main bioactive component of NS seed volatile oil, thymoquinone has long been said to contribute to NS seed many medicinal properties. As can be seen, it has been proved that thymoquinone has protective effect toward β-cells, increase serum insulin concentration, lower blood glucose level, and most importantly it has been reported to have reduced oxidative stress in diabetes rat models.

Thymoquinone, main component of NS seed volatile oil had been associated with broad therapeutic spectrum. Thymoquinone has been proved to have antihyperglycemic properties as treatment of STZ-rats for 30 days with 3mg/kg of thymoquinone not only lower serum glucose concentration but also completely returned serum glucose and insulin level to normal. Thymoquinone is able to normalize serum glucose and insulin concentration due to its ability to normalized levels of acetyl-CoA, malonyl-CoA, fatty acid synthase, and fatty acid binding protein that increase due to hyperglycemia (Abdelmeguid et al., 2010; Gray et al., 2016). Besides lowering blood 
glucose levels, thymoquinone had been found to have antioxidant properties as it had been reported that thymoquinone weakened oxidative stress including decrease in nitric oxide and lipid peroxidase in STZ-rats treated with 50mg/kg of thymoquinone for 4 weeks (Faisal et al., 2021). Besides thymoquinone, others bioactive components of NS seeds had been identified for antihyperglycemic and antidiabetic properties such as indazoles-type alkaloids that exhibit antihyperglycemic properties via AMPK pathway activation (Yuan et al., 2014).
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Abstract


The black seeds of Nigella sativa which are called black cumin seeds (BCUSs) were subjected to many studies from researchers to elucidate their bioactive compounds. For decades, BCUSs have been used conventionally by natives of different countries in treating many diseases. The active ingredients of BCUSs were proved for their significant biological activities such as antiinflammatory, immunomodulatory, antidiabetic, antihypertensive, antineurodegenerative, and anticancer as well. The present chapter focuses on the most common anticancer active compounds tested and proved by the various studies, thymoquinone, alpha-hederin, thymol (THY), longifolene (LON), and carvacrol (COL).
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Abbreviations


Bax

   Bcl-2-associated X protein




BCl-2

   B-cell lymphoma 2




BCUSs

   black cumin seeds




COL

   carvacrol




DNA

   deoxy ribonucleic acid




DU145

   human prostate cancer cell line




HepG-2

   human liver cancer cell line




HL-60

   human leukemia cell line




LON

   longifolene




Nf-κB

   nuclear factor kappa-light-chain-enhancer of activated B cells




PC-3

   human prostate cancer cell line




SCLC

   human small cell lung cancer




THY

   thymol




TQU

   thymoquinone




WEHI-3

   mouse leukemia cell line.








14.1. Introduction

In the recent days, cancer is considered one of the crucial problems of health that causes high mortality worldwide. Recent publications revealed significant increase in the global prevalence and mortality due to cancer diseases by the year 2020. Ferlay et al. (2021) reported that an average of 19.3 million cancer cases were reported with special reference to breast cancer, lung cancer, and prostate cancer. Authors added that lung, gastric, and hepatic cancers recorded higher figures of deaths (Ferlay et al., 2021). Metastasis of cancer illness is the main reason of high mortality due to the activity of sick cells which can send chemicals or cross the boundaries of blood vessels to pass to different body parts spreading the disease (Mehraj et al., 2022). High toxicity and low potentiality of the chemotherapeutic medicines in treating various kinds of cancers could be attributed to the alteration of 
pathways of cell signaling resulting in serious adverse symptoms and failure of chemotherapy (Majdalawieh et al., 2017). Noteworthy, more than 55% of the drugs used in treating cancer ailments are plant-based products for their anticancer efficacy of the biotic compounds extracted from medicinal plant species (Mehraj et al., 2022).

Scientists directed their studies on the natural remedies as alternative and safe products compared to synthetic compounds for treating human disorders (Adib-Hajbaghery and Rafiee, 2018). Black cumin seeds (BCUS) are seeds belong to the annual herb Nigella sativa that grows widely in the countries at the borders of Mediterranean Sea and Asian countries such as India and Pakistan. N. sativa seeds are used by Arab and Asian natives for decades as food spice rich in nutrients added to different food recipes viz bread, pickles, and yoghurt (Khoddami et al., 2011) for maintaining health and treating various diseases including high blood pressure, kidney disorders, heart diseases, and diabetes (Gali-Muhtasib et al., 2006; Khan and Afzal, 2016). BCUSs are mentioned in Quran by Prophet Mohammed as the seeds of healing power and in Holly Bible as Gith of Pliny (Gali-Muhtasib et al., 2006; Chopra, 1956; Nadkarni, 1976). These black seeds are traditionally named in Arab countries as Habbat-albaraka and Alhabba-alsooda. Based on studies, researchers referred the high nutritive constituents of BCUS to their contents of plant-based oil, minerals, fiber, protein, and vitamins. Additionally, many biologically active compounds have been identified from BCUS and proved for their biological activities against many disorders (Mehraj et al., 2022). This chapter exposes the recent reports on the anticancer activities of biotic compounds isolated from BCUS.





14.2. Discussion

14.2.1. Anticancer phytochemical compounds of BCUS




BCUSs were found to contain many active constituents including approximately fixed oil 38%, volatile oil 1.1%, alkaloids 2.1%, sterols 30%, and tocopherols 18.5 mg/100g seeds (Mehraj et al., 2022; Sultan et al., 2012). The major anticancer compounds reported by the studies of researchers constitute thymoquinone (TQU), alpha-hederin (α-HD), thymol (THY), longifolene (LON), and carvacrol (COL) and illustrated in Fig. 14.1.





14.2.2. Anticancer of BCUS bioactive compounds

14.2.2.1. Thymoquinone




TQU is an essential oil that constitutes 50% of the volatile oils of BCUS and was proved for its bioactivity as anticancer. Yi et al. (2008) and 

Ahmad et al. (2021) published that TQU can be considered a promising drug in cancer therapy through lowering the proliferation activity of endothelial cells that line blood vessels and inhibiting angiogenesis of experimentally induced prostate cancer in experimental animals and cell culture as well (Ahmad et al., 2021; Yi et al., 2008). In liver cancer cell line HepG-2, TQU showed elevation in the hepatic level of glutathione transferase enzyme that increases the antioxidative power of liver cells and consequently protects the cells against carcinogenic agents (Nagi and Almakki, 2009). In the cancer of pancreas, TQU reported control on proliferation of sick cells via its significant reducing potential to mucin 4 expression in cancer cells without showing effect on healthy cells (Torres et al., 2010). Recent studies explained the potency of TQU in treating cancer cells in terms of its prooxidant activity in the diseased cells increasing the production of reactive oxygen species and consequently apoptosis of tumorous cells (Mehraj et al., 2022). Peng et al. (2013) concluded that TQU could inhibit DNA nuclear factor-kappa in the human osteosarcoma cell line exhibiting anticancer, antiangiogenic, and apoptotic activities (Peng et al., 2013). In vitro study on mouse leukemic cell line WEHI-3 coupled with in vivo experiment on the anticancer activity of TQU on blood cancer induced in mice has shown considerable antileukemic activity through the overexpression of the apoptosis regulator protein (Bax gene) and down-expression of the antiapoptotic protein (BCl-2 gene) (Ali Salim et al., 2014). TQU induced caspase-8 apoptotic pathway in the mitochondria of human leukemia (HL-60) cell line leading to their death (El-Mahdy et al., 2005) and melanoma 518A2 cell lines through the induction of mitochondrial apoptosis and DNA damage of cells (Effenberger et al., 2010). Jafri et al. (2010) stated 
that treating lung cancer cell line of human small cell lung cancer with TQU or a composite of TQU with the effective drug cisplatin has recorded high anticancer activity. Authors added that the combined agents TQU+cisplatin have significantly reduced the lung tumor size in mice (Jafri et al., 2010). These outcomes were confirmed by Alaufi et al., (2017) who published that the combined mixture of TQU and cisplatin could effectively induce cytotoxicity and stimulate apoptosis in human oral squamous cancerous cell line without affecting normal epithelium in vitro study (Alaufi et al., 2017). A study conducted on experimental induction of colon cancer in rats reported that the treatment of sick rats with TQU has showed remarkable suppression in the tumor progression through down-expression of vascular endothelium growth factor (Asfour et al., 2013). Ke et al. (2015) reported that the treatment of many kinds of human hepatoma cell lines with prepared concentration of TQU could exert significant inhibition of cell growth and stimulation of cellular apoptosis depending on TQU dose compared to normal liver cell. Additionally, TQU reported obvious inhibition of hepatocellular carcinoma in mice induced by human liver cancer cells (Ke et al., 2015). Recent docking study on TQU extracted from BCUS published that TQU could down-regulate P38 which was reported for its crucial role in hepatocellular carcinoma disease (Tabassum and Ahmad, 2020). According to the potency of TQU in animal and cell culture experiments, it is considered as a potent chemopreventive candidate in the treatment of cancer (Gomathinayagam et al., 2020).



[image: image]




Figure 14.1
 Anticancer compounds isolated from black cumin seeds (BCUSs).






14.2.2.2. Alpha-hederin

In vitro and dose-dependent treatment of different types of cell lines, murine leukemia, human mammary adenocarcinoma, colon cancer, human leukemia, human endothelium, mouse fibrosarcoma, mouse's lung cancer and liver cancer cell culture with the steroidal coumarin α-HD at high concentration 50mg/mL and double this dose have led to the death of all treated cancer cells via the stimulation of caspase-3 and mitochondrial apoptotic pathway showing anticancer efficacy in vitro (Huat and Swamy, 2003). Cheng et al. (2014) exposed that α-HD has cytotoxic activity on breast cancer cell culture, and its anticancer mechanism is attributed to its stimulation to caspase-3 and caspase-9 as a result cancer cells stop growth and start apoptotic death (Cheng et al., 2014).




14.2.2.3. Thymol


Satooka and Kubo (2012) reported that the monoterpene phenol THY suggested cytotoxic activity against melanoma cell line and recorded 50% inhibition concentration of about 60μg/mL. Mechanistically, THY elevated 
the grade of reactive oxygen subjects in cancerous cells leading to their death (Satooka and Kubo, 2012). As per Islam et al. (2019) documents from literature have stated that THY exhibit anticancer activity through its antioxidant and apoptotic efficacies in in vitro cancer cell culture and studies on mice and rats (Islam et al., 2019). The mechanistic efficacy of THY as anticancer is regarded to its antiproliferative activity (Agarwal et al., 2020).




14.2.2.4. Longifolene

Cytotoxic effect of the essential oil LON isolated from BCUS was first reported by Bourgou et al. (2010) on lung and colon adenocarcinoma cell culture recording 50% inhibition concentration of approximately 60 and 80μM, respectively (Bourgou et al., 2010).




14.2.2.5. Carvacrol

The monoterpenoid COL was studied for its antitumor potential in vitro. Results of the experiment revealed that COL induced programmed cell death of two cell culture models of prostate cancer DU145 and PC-3 via augmentation in the generation of reactive oxygen agents and mitochondrial apoptosis of cancerous cells depending on the dose of the administered COL. In the same study, COL altered the overactivity of Notch pathway in the prostate cancer cell line tested (Khan et al., 2019) and revealed promising chemotherapeutic candidate in treating prostate cancer. Bourgou et al. (2010) published that COL exhibits cytotoxic potential on human lung and colon adenocarcinoma recording 50% inhibition concentration of approximately 45μg per mL in both cancer cells (Bourgou et al., 2010).






14.3. Conclusion

In conclusion, many bioactive compounds of BCUS were proved for their therapeutic efficacy against cancer diseases in experimental animal models and cell culture screenings. The anticancer active ingredients studied and reported by the studies were TQU, α-HD, THY, LON, and COL. TQU was proved by many studies as the most potent anticancer active constituent of BCUS. Further studies are required on BCUS to elucidate more active ingredients, which need screening for their bioactivity, especially cancer fighters.
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Abstract


The annual herbaceous plant, black cumin (Nigella sativa L.), is indigenous to the Mediterranean regions and possesses numerous nutritive and pharmacological benefits. Notably, polar solvents of methanol, ethanol, and water were the most frequently used for the extraction of phenolic compounds from black cumin seeds. The antioxidative potential of black cumin is attributed to its high total phenolic content. The bioactive phenolics and antioxidant potency of black cumin were boosted by microwave and gamma radiation, organic and biofertilizer treatments, superheated steam heating, and elevated zinc concentrations. The p-hydroxybenzoic acid, protocatechuic acid, and chlorogenic acid were the most prevalent phenolic acids. Meanwhile, kaempferol, kaempferol-3-glucoside, quercetin, quercitrin, and diosmin were among the flavonoids found in black cumin. This chapter highlights the antioxidant activities and phenolic content of black cumin seeds as well as the influence of different processing methods on the particular parameters.
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Abbreviations


ABTS

   2,20-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid




BHA

   butylated hydroxy anisole




BHT

   butylated hydroxy toluene




COVID-19

   coronavirus 2019




CP

   cold press




DPPH

   2, 2-diphenyl-1-picrylhydrazyl




FRAP

   ferric reducing antioxidant power




GAE

   gallic acid equivalents




HPLC

   high performance liquid chromatography




HPLC–PDA

   high-performance liquid chromatography with photodiode array detector




IC50


   half-maximal inhibitory concentration




LC-ESI-QTOF/MS

   liquid chromatography coupled with electrospray ionization-quadrupole time-of-flight and mass spectrometry




PRFs

   phenolic-rich fractions




QE

   quercetin equivalents




ROS

   reactive oxygen species




SFE

   supercritical fluid extraction




TE

   trolox equivalents




TFC

   total flavonoid content




TPC

   total phenolic content








15.1. Introduction

Plant-based foods have a high energy density, and they are consumed all over the world. They comprise several bioactive substances that possess health-promoting properties in addition to their nutritional value. Polyphenols, phytosterols, biogenic amines, and carotenoids, for instance, are among the compounds that have been found to improve human health in incidents 
of cancer, cardiovascular disease, and diabetes, including in those with gastrointestinal, immunological, and neurological problems (Samtiya et al., 2021). The most frequent plant-derived natural antioxidants include polyphenols (phenolic acids, flavonoids, anthocyanins, stilbenes, and lignans), carotenoids such as carotenes and xanthophylls, as well as vitamins C and E. Polyphenols and carotenoids, in particular, are natural antioxidants with antiaging, antiinflammatory, antiviral, antimicrobial, and anticancer properties (Li et al., 2016; Zhang et al., 2016; Xu et al., 2017).

On the one hand, natural antioxidants have been exploited as active packaging and coatings to enhance food quality and shelf life. Synthetic antioxidants, for instance, butylated hydroxy toluene (BHT), butylated hydroxy anisole (BHA), and tert-butyl hydroquinone are detrimental to human health. Hence, natural antioxidants are being explored largely for food packaging. Several studies have shown that naturally derived antioxidant-based active packaging ingredients can deliver active substances to food at controlled rates, reducing lipid oxidation while maintaining food quality and nutritional value. Plant extracts in aqueous and alcoholic solvents, herbs and spices essential oils, and polyphenolics derived from various waste biosources are all good sources of natural antioxidants (Barbosa-Pereira et al., 2013; De Abreu et al., 2011).



15.1.1. Black cumin seeds

The Ranunculaceae family includes Nigella sativa L., widely known as black cumin seeds, and is commonly used as a spice in Mediterranean cuisine. It is considered as a medicinal spice due to the inclusion of terpenoids, flavonoids, tannins, alkaloids, and polyphenols, which make it a great natural antioxidant. On the scientific research of pharmacognostical properties, chemical arrangement, and pharmacological activity of black cumin seeds, as reviewed by Areefa et al. (2020), the authors summarized that numerous studies validate its significance in folk medicine as an antihypertensive, antiinflammatory, immune stimulant, analgesic, antioxidant, antimicrobial, antifungal, and as an anticancer agent.

A recent research focused on the pharmacological activities of black cumin seed and its active metabolites, which could be a good starting point for developing a new Coronavirus 2019 (COVID-19) prevention and treatment strategy. It is on the basis that the essential oil and black cumin seed extracts have significant therapeutic results toward immune disorder, autophagy dysfunction, oxidative stress, ischemia, and inflammation in a variety 
of COVID-19 comorbidities, including diabetes, cardiovascular disorders, Kawasaki-like diseases, and a variety of bacterial and viral contagions (Islam et al., 2021).





15.2. Antioxidant and oxidative stress

Free radicals generate oxidative stress, which is the main risk factor for illnesses such as heart disease, diabetes, hypertension, and cancer (Burits and Bucar, 2000). The production of several free radicals, including superoxide and hydroxyl radicals, leads to the formation of reactive oxygen species (ROS), which is correlated with oxidative stress. Free radicals might be generated during metabolic processes and then eliminated by the intrinsic antioxidant system. Toxins may disrupt the balance of prooxidants and antioxidants, leading to an increase in oxidation free radicals (Shankar and Mehendale, 2014).

Despite a substantial literature devoted to the accumulation and origins of ROS, recent antioxidant-based remedies lack specificity for defective tissues, cells, and organelles, and hence might fail to achieve an efficient concentration at the site of pathological oxidative stress. Furthermore, antioxidants focus on massive quantities of reactive oxygen intermediates and are incapable in influencing specialized intermediates in the oxidative reaction, resulting in a number of unfocused treatment options. Food high in antioxidants, on the other hand, may have an important function in the immune system, the creation of cellular energy, and the scavenging of ROS. The wide range of processes in which antioxidant molecules are engaged implies that antioxidants may play a preventive function in the development of age-related illnesses. As a result, an antioxidant can be an effective method for both health span and longevity extension. Despite the fact that antioxidants are not medications, they hold great promise and could be used to battle age-related disorders in the future. The potential for antioxidants to replace conventional medicines in the treatment of age-related disorders could be significant, and long-term clinical trials are necessary to assess this (Tan et al., 2018).

Antioxidants are categorized as primary or secondary antioxidants based on their reactive mechanism for decreasing ROS levels in the body. Primary antioxidants directly stabilize radicals through processes such as hydrogen transfer or single electron transfer, such as employing 2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2,20-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), and galvinoxyl radicals. Whereas secondary antioxidant 
activity corresponds to the lowering of ROS levels in the body, such copper reduction uses the Fenton reaction to avoid the production of radicals (Galano et al., 2016; Couttolenc et al., 2020).




15.3. Phenolic compounds

Polyphenols are plant-derived secondary metabolites that make up the biggest group of phytochemicals (Li et al., 2014). Phenolic compounds are a class of small molecules with at least one phenol unit in their composition. They have been categorized into subgroups established from their chemical structures, such as phenolic acids, flavonoids, tannins, coumarins, lignans, quinones, stilbenes, and curcuminoids (Gan et al., 2018). Among these, the most important dietary phenolic components are phenolic acids, flavonoids, and tannins. They drew interest because of their wide range of bioactivities, particularly for antioxidative properties, which might be explained by phenolic compounds' redox capacity. Polyphenols display their antioxidant activity in two ways: by acting as radical scavengers to counteract cellular damage caused by ROS and by preventing ROS from being generated in the first place (Costea et al., 2019). Classification and characterization of natural polyphenols isolated from various food items is a requirement for investigators due to safety matters, standards, regulations, and authorization of synthetic antioxidants (Zhang et al., 2018).




15.4. Antioxidant properties and phenolic constituents of black cumin seeds

The phenolic components were eluted in part due to the solvents used and the extraction duration. The solubility of phenolic compounds can vary greatly due to the complexity of their physicochemical structures (Muzolf-Panek and Stuper-Szablewska 2021). Notably, polar solvents such as methanol, ethanol, and water, as well as other solvents such as chloroform, dichloromethane, ethyl acetate, and hexane, were the most regularly used for the extraction of phenolic compounds from black cumin seeds (Table 15.1). Nevertheless, ethanol and ethanol–water solvents are preferable for food-based applications as they minimize the risk of hazardous solvent residue contamination. Since combinations of water and ethanol affect the polarity of the solvent and hence influence extraction efficiency, mixtures of solvents are commonly used to enhance extraction yields. Generally, employing 50% aqueous ethanol to extract phenolic components from herbs 
and spices was shown to be highly effective (Muzolf-Panek and Stuper-Szablewska, 2021). At high temperatures, solubility and diffusion increase. Excessively high temperatures might cause solvent evaporation, resulting in destruction of thermolabile components and undesirable impurity extracts (Zhang, Lin et al., 2018).



Table 15.1





Extraction methods, antioxidant activity, and phenolic content of black cumin seeds.


	Extraction methods
	Extracts
	Antioxidant tests
	Phenolic content/phenolic compounds/others
	References





	Soxhlet extraction
	Aqueous, methanolic, ethanolic, chloroform, and dichloromethane crude extracts
	DPPH and FRAP
	Total polyphenols contents
	
Dalli et al. (2021)




	Solvent extraction
	
Water, 50% aqueous

Ethanol and pure ethanol


	DPPH, ABTS, and FRAP
	TFC, TPC, protocatechuic acid, t-cinnamic acid, p-hydroxybenzoic acid, kaempferol, catechin, and luteolin
	
Muzolf-Panek & Stuper-Szablewska (2021)




	Incubator shaker
	Ethanol extract
	DPPH, ABTS, and FRAP
	Cinnamic acid, protocatechuic acid, p-hydroxybenzoic acid, and chlorogenic acid
	
Feng et al. (2020)




	Solvent extraction
	Water–methanol extract
	DPPH
	Total phenolics
	
Soleimanifar et al. (2019)




	Solvent extraction
	Water–methanol extract
	DPPH, ABTS, FRAP, and β-carotene bleaching assay
	TPC, TFC, thymoquinone, diosgenin, and phenolic acids, comprising chlorogenic acid, caffeic acid, and kaempferol
	
Hameed et al. (2019)




	Table Continued
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	Extraction methods
	Extracts
	Antioxidant tests
	Phenolic content/phenolic compounds/others
	References





	SFE and CP
	
Nigella sativa oil
	DPPH and FRAP
	TPC, caryophyllene, thymoquinone, 1,4-cyclohexadiene, longifolene, carvacrol
	
Mohammed et al. (2016)




	Extracted with n-hexane and further fractionated
	Black cumin seed total oil, neutral lipid fraction, and polar lipid fraction
	DPPH, ABTS, FRAP, and β-carotene bleaching test
	TPC and TFC
	
Mosbah et al. (2015)




	Solvent extraction
	70% ethanolic extracts
	DPPH, ABTS, and FRAP
	TPC, TFC, quercetin, and kaempferol
	
Toma et al. (2015)




	Sonication
	Aqueous methanolic extract
	DPPH
	TPC, TFC, and thymoquinone
	
Uras et al. (2014)




	Shaking water bath
	70% methanolic extract
	DPPH, FRAP, β-carotene, and linoleic acid system
	TPC
	
Şen et al. (2010)




	Solvent extraction
	Methanol extract
	DPPH, FRAP, superoxide anion radical scavenging assay, phosphomolybdenum method, and linoleic acid peroxidation assay
	TPC
	
El-Beshbishy et al. (2009)




	Table Continued
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	Extraction methods
	Extracts
	Antioxidant tests
	Phenolic content/phenolic compounds/others
	References





	Soxhlet extraction
	Ethyl acetate, hexane, and water fractions
	DPPH, β-carotene–linoleate bleaching, and inhibition of corn oil oxidation
	Hydroxybenzoic, syringic, and p-coumaric acids
	
Mariod et al. (2009)




	Soxhlet extraction
	Methanol extract
	DPPH, superoxide anion radical scavenging
	Vanillic acid
	
Bourgou et al. (2008)




	Soxhlet extractor using n-hexane
	Crude oils
	Oxidative stability (peroxide and p-anisidine values)
	Total phenolics
	
Ramadan (2004)
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On the other hand, the oil extraction was obtained conventionally using a cold press (CP) extraction method that involves neither heat nor solvents. This approach received better consumer acceptance as it is more natural and safer (Kiralan et al., 2014). Nonetheless, this technique gave minimal yields, and the remaining meal included 10%–12% oil, making it unsuitable for food processing (Soto et al., 2007; Zúñiga et al., 2003). Supercritical fluid extraction (SFE) is an ecologically approachable technology for extracting plant oils that has several advantages over standard techniques employed in the oil industry (Akanda et al., 2012). SFE is the recommended way for extracting antioxidant chemicals from black cumin oil as it produces a higher concentration of thymoquinone (Solati et al., 2014). The supercritical fluid-extracted black cumin oil had a significant quantity of thymoquinone and total phenolic components. In comparison to CP, the SFE method might be considered the best method for extracting black cumin oil since it improves the yield quality (Mohammed et al., 2016).

A few in vitro tests were utilized to investigate the antioxidant activity of black cumin seeds, including the radical scavenging activity test, DPPH, ABTS, and ferric reducing antioxidant power (FRAP) assays (Table 15.1). The most frequently used methods to measure radical scavenging abilities are the DPPH and ABTS tests. Nevertheless, as these radicals are nonphysiological radicals, they are not biologically relevant (Shalaby and Shanab, 2013). Both assays work on the same principles, relying on single electron transfer pathways via stable DPPH• and ABTS•+ free radicals, respectively, with the possibility of hydrogen atom donation. The spectrophotometer could easily measure the reduction of these free radicals in the presence of antioxidants in the visible region.

In comparison with DPPH•, ABTS•+ cation radicals have the advantage of being soluble in both aqueous and organic solvents, allowing testing of both nonpolar and polar samples. These cation radicals can be employed at various pH levels, which is highly valuable for investigating the efficacy of different plant components. DPPH• radicals, on the other hand, are acidic pH sensitive and only dissolve in organic solvents. The decolorization of the DPPH• radical solution due to the acidic pH renders determining the antioxidant's radical scavenging efficacy impossible. Furthermore, when 
evaluating the properties of samples containing anthocyanins, the results of the DPPH test may be underestimated due to color interference between these flavonoids and the DPPH solution (Shalaby and Shanab, 2013). Additionally, the FRAP assay, which measures the reduction of ferric iron to ferrous iron, is usually used to investigate the samples' metal chelating capabilities (Benzie and Strain, 1999).

The drawbacks of this associated research include the use of a variety of extraction methods for spices and herbs (Assefa et al., 2017), making comparisons of phenolic substances and antioxidant activity between different studies of these plant extracts difficult. Furthermore, the antioxidant activity of extracted compounds can be distinguished by a number of mechanisms, including radical scavenging capacity or metal chelating capabilities. Even if the method for measuring antioxidant activity is identical, the particular method may differ greatly depending on the modifications made (Muzolf-Panek and Stuper-Szablewska, 2021).

The Folin–Ciocalteu method was applied to measure the total phenolic content (TPC) of black spices, which was conveyed as gallic acid equivalents (GAEs)/g of sample. Meanwhile, a spectrophotometric approach based on the formation of a flavonoid–aluminum complex was employed to establish the total flavonoid content (TFC). Total polyphenols were highest in the aqueous extract of black cumin seeds (51.17±1.95μg GAE/mg dry weight). The DPPH antiradical activity revealed that the aqueous extract had the lowest value of all the extracts analyzed, together with a half-maximal inhibitory concentration (IC50) of 1489.34±28.64μg/mL, whereas chloroform and dichloromethane extracts had no activity. Meanwhile, the flavonoids in the ethanolic extract were highly concentrated (43.06±1.25μg quercetin equivalents (QE)/mg dry weight). With an IC50 of 1026.437±3.61μg/mL in the FRAP test, the methanolic extract has the smallest value (Table 15.1) (Dalli et al., 2021).

Among the three black spices, black pepper had the highest overall polyphenol content, followed by black cardamom and black cumin (Table 15.1) (Feng et al., 2020). Twenty distinct spices, extending from 12.03 to 22.88mg GAE/g, have earlier been found to have significant variances in TPC values, which were significantly greater than the present black spices (Feng et al., 2020). It was generally recognized that the geographical environment and harvest season had an impact on the polyphenol content of spices (Škrovánková et al., 2017). In the black species, TFC values ranged from 0.41±0.01 to 3.97±0.01mg QE/g. Of the three black spices, black 
pepper (3.97±0.01mg QE/g) possesses the highest flavonoid compounds, shadowed by black cardamom (0.73±0.01mg QE/g) and black cumin (0.41±0.01mg QE/g). The TFC of the black cumin sample in this investigation was more than double that of raw black cumin seeds from India, which could be due to a varietal difference or a different solvent extraction ratio (Liang et al., 2018).

Long-time extraction of 24h with 50% aqueous ethanol produced the highest total phenolics and antioxidant activities in 13 herbs and spices used for food flavoring and preservation. The extracts used in this study were classified into four groups based on their antioxidant activity. Cloves were categorized as having very high antioxidant activity. All spices and bay leaves exhibited high antioxidant capacity. Basil, oregano, thyme, and rosemary were under moderate antioxidant activity, whereas nutmeg, black seed, cardamom, caraway, garlic, and onion showed the lowest antioxidant activity. Chemometric studies confirmed this distinction. The impact of phenolic components on the antioxidant activity of extracts was demonstrated using principal component analysis. Finally, the principal components were used to execute a noticeable discrimination of samples according to the general discrimination analysis, revealing a great variety of plant materials based on phenolic profiles and antioxidant activities (Muzolf-Panek and Stuper-Szablewska, 2021).

The DPPH, FRAP, and ABTS tests were manipulated to investigate the antioxidant capability of three black spices. Black pepper has the greatest DPPH value, followed by black cardamom and black cumin. When it came to ABTS, three black spices outperformed the DPPH and FRAP assays in terms of antioxidant capacity. The antioxidant capabilities of black pepper were substantially higher than those of black cumin. These three black spices had stronger ABTS radical scavenging activity than Korean black pepper, cumin, and cardamom; the difference might be described by various sample preparation procedures (Assefa et al., 2017). The black cardamom had the highest FRAP capacity. Three black spices had FRAP values that were within the range of Serbian black spices (Nikolic et al., 2019).

The TPC of black cumin seed extract produced using water–methanol solvent was determined to be 955.77mg/kg. The IC50 of the black cumin seed extract was 104.76mg/mL in a DPPH test, while the IC50 of BHT was 8.06mg/mL. At a concentration of 100mg/mL, the black cumin seed extract prevented the development of oxidation primary products in unrefined soybean oil in the incubation assay. The increase in black cumin seed oil's relative oxidative stability was concluded due to the presence of 
phenolic components. Black cumin seed extract can also be compared with BHT in terms of antioxidant properties at greater concentrations, allowing it to be used in edible oils (Soleimanifar et al., 2019).

According to the findings, some treatments with spice combinations had more antioxidant activity than those with a single spice. TPC, TFC, DPPH, β-carotene bleaching assay, FRAP, and ABTS assay values for methanolic extract of black cumin seeds were 292.5±9.14mg GAE/100g, 188.8±5.69mg QE/100g, IC50 μg/mL of 46.3±0.32, 76.96±0.81%, 5.53±0.08 mg/Trolox equivalent g, and 67.18±0.82μmol Trolox equivalent/g, respectively. Finally, the extraction of spices was dependent on the solvent used, and they demonstrated outstanding antioxidant power not just individually but also in combination, suggesting that they can be used to combat oxidative stress-related diseases (Hameed et al., 2019).

The black cumin seeds oil was extracted using SFE and CP techniques, and the physicochemical parameters, antioxidant activity, and thermal behavior were examined. The IC50 of DPPH antioxidant activity of SFE and cold-pressed oils were 1.58 and 2.30mg/mL, respectively. On the other hand, the FRAP activity was 538.67 and 329.00 mmol/100mL for SFE oil and CP oil, respectively. SFE oil showed 160.51 mg/100mL, while CP oil exhibited 94.40 mg/100mL of TPC, expressed as GAE. This study found that black cumin oil extracted by SFE might yield a high level of natural antioxidants (Mohammed et al., 2016).

With the utilization of n-hexane, the total oil from black cumin seeds was extracted and divided into two lipid fractions: neutral and polar. The total oil had the greatest TPC and TFC levels. In all antioxidant experiments, total oil exhibited the highest antioxidant capacity, with IC50 of DPPH (83.023±4.58μg/mL), ABTS (80.09±10.51μg/mL), reducing power assay (85.93±20.01μg/mL), and β-carotene bleaching assay (60.62%) (Mosbah et al., 2015).

TPC and TFC levels, as well as primary antioxidant activity, were determined in aqueous methanolic extracts of different parts of black cumin. As a result, the TPC value of the seed extract was significantly greater than that of the aerial part extract. The TFC ranged between 106.10±0.10 and 118.06±0.02mg rutin equivalent/g extract. In a DPPH radical scavenging assay, the extracts' inhibitory was reported to be 95.09%–90.71% (Uras, Silahtaroʇ;lu, Ilçim and Kökdil, 2014).

The black cumin samples from Konya had the most potent radical scavenging activity when compared with different origins from Isparta, Corum, Burdur, Afyon, and Samsun. Black cumin samples of Konya origin at 1mg/
mL exhibited 94.59% in the β-carotene bleaching method and showed 44.44% in the DPPH assay at 0.5mg/mL. The TPC of black cumin extracts and their antioxidant activity were found to be positively correlated. Their antioxidant activity was either comparable to or greater than that of positive BHA and BHT controls. These encouraging findings suggest that black cumin seeds could be used as a health-promoting element in dietary supplements and nutraceuticals (Şen et al., 2010).

The greater TPC was elicited by curcumin, followed by black cumin and grape seed extracts. Each sample showed the same pattern when tested for DPPH and superoxide scavenging activities, as well as the phosphomolybdenum method. However, antioxidant activity using the ferric thiocyanate-linoleic system showed an increased order of grape seed extract>curcumin>black cumin extract. There was a strong linear relationship between TPC and the above parameters in the investigated samples, while the DPPH test was slightly lower than in the other analyses. The high TPC of these samples may be related to their reducing power and antioxidative potential and thus could be useful as food preservatives and health supplements (El-Beshbishy et al., 2009).

The presence of antioxidant-active components in phenolic-rich fractions (PRFs) of black cumin seedcake was determined. According to the overall phenolic content of the PRFs, the ethyl acetate fraction has the highest phenolic content (78.8mg/g), followed by the other fractions. The PRFs showed promise as natural antioxidants and could be employed to enhance corn oil's oxidative stability. Some of the black cumin PRFs were more effective than BHA at preventing the production of corn oil's primary and secondary oxidation products. Because these PRFs function as free-radical terminators and chelating agents, the use of these natural antioxidants to stabilize edible oils is a possibility (Mariod et al., 2009).

The essential oil and methanol extracts produced from Tunisian black cumin seeds exhibit substantial antioxidant activity by scavenging free radicals. These activities could be linked to the essential oil's high terpenic hydrocarbon content and the methanol extract's high phenolic acid and flavonoid content. These data show that black cumin seeds from Tunisia could be a good source of natural antioxidants (Bourgou et al., 2008).

The oxidative stability of black cumin, coriander (Coriandrum sativum L.), and niger (Guizotia abyssinica Cass.) crude and stripped seed oils was studied and compared. Crude oils are more resistant to oxidation than their refined counterparts. The polar portions are entirely separated from the oil during 
stripping. Coriander, black cumin, and niger seeds were ranked in order of oxidative stability. The proportion of polar lipids in crude oil was shown to be related to the oil's oxidative stability. As a result, the carryover of crude oil's polar lipids may be a major role in their improved oxidative stability (Ramadan, 2004).




15.5. Effect of processing methods on the antioxidant activity and phenolic content of black cumin seeds

Microwave radiation may increase the amount of bioactive phenolics in black cumin seeds, which have physiological action and antioxidant potency. Microwave radiation's effect on black cumin seed antioxidant activity as a purpose of pretreatment time and extract concentration was examined. As a result, microwave pretreatment lowered TFC considerably as pretreatment duration increased. In all extracts, antioxidant activity improved as pretreatment time and extract concentration increased. The most effective extract was an aqueous methanolic extract from radiated seeds. The outcomes of several antioxidative assays were equivalent to those obtained from Fourier-transform infrared spectroscopy of extracts, suggesting the presence of multiple functional groups. The antioxidant efficacy of the sample extracts was graded as follows: 70% methanol in water >70% ethanol in water>methanol>ethanol. Treatment time and extract concentration were discovered to be important components in influencing the product's overall quality. The findings of this study are significant in terms of employing black cumin seed to generate high-antioxidant food products (Hossen and Ali, 2019).

The application of biogein and humic acid encouraged vegetative development, with data indicating a significant increase in plant height, number of branches per plant, and seed yield per plant as compared to untreated plants (control). Using these fertilizers also boosted oil content, yield extract, total phenolic, and total flavonoid levels. In terms of antioxidant activity, organic and biofertilizer treatments have been proven to increase antioxidant activity. The application of biogein and humic acid resulted in an increase, decrease, appearance, and disappearance of various chemicals when compared to the control sample. The preceding findings show that biogein and humic acid have a stimulating influence on growth and bioactive substances, which is evident in black cumin yield productivity (Abou El-Leel et al., 2019).






The antioxidant activities of black cumin seeds were studied using superheated steam heating instead of ordinary hot air heating. When the time of heating was extended from 0 to 30min for both treatments, the TPC, TFC, and DPPH tests of black cumin seed increased considerably. At practically all heating durations, the TPC, TFC, and DPPH activities of the black cumin seed heated under superheated steam were considerably better than those of conventional hot air heating. Based on the findings, it can be assumed that superheated steam can be utilized as a substitute for roasting black cumin seeds while still maintaining increased antioxidant characteristics (Liang et al., 2018).

In pot experiments, the reactions of black cumin seeds to high zinc concentrations were examined. There was also a considerable increase in TPC and TFC, including increased antioxidant activity. Overall, these data imply that black cumin seeds might be employed in phytoremediation, and that Zn abundance could be a useful solution to enhance the nutritional quality of this essential species (Marichali et al., 2016).

Extraction yield, TPC, and DPPH activity were measured in control and irradiation (2, 4, 8, 10, 12, and 16kGy) samples extracted in acetone, methanol, and water. The findings demonstrated that the extraction yields for all of the test solvents increased with higher radiation dose. Finally, gamma irradiation increased free radical scavenging activity while improving extraction yield and TPC. The antioxidant activity and TPC of black cumin seed after irradiation were also influenced by the type of solvent used for extraction (Khattak et al., 2008).




15.6. Phenolic compounds in black cumin seeds

Because polyphenols have such a vast structural diversity, reliable identification and quantification of these phenolic compounds have proven to be challenging. One of the most recent approaches to identifying and characterizing polyphenols is liquid chromatography paired with electrospray ionization-quadrupole time-of-flight and mass spectrometry (LC-ESI-QTOF/MS). The polyphenolic components of black cumin that have a specific phenolic composition, principally flavonoids and phenolic acids, were successfully identified using this mass spectrometry analysis (Feng et al., 2020).

The qualitative evaluation of LC-ESI-QTOF/MS using positive and negative ionization modes of phenolic components in black cumin detected four subclasses of phenolic acids (i.e., hydroxycinnamic acids, 
hydroxybenzoic acids, hydroxyphenylacetic acids, and hydroxyphenylpropanoic acids). The most abundant compounds in black cumin were hydroxycinnamic acids, which include cinnamic acid, chlorogenic acid, and p-coumaroyl tartaric acid (Feng et al., 2020). Black cumin has also been found to contain cinnamic acid (Singh et al., 2004). Two caffeic acid derivatives (caffeic acid 3-O-glucuronide and caffeic acid 3-sulfate) and ferulic acid 4-O-glucoside were also detected in hydroxycinnamic acids subclasses of black cumin (Feng et al., 2020). Procatechuic acid, 4-O-methylgallic acid, hippuric acid, p-hydroxybenzoic acid, vanillic acid 4-sulfate, and paeoniflorin are all hydroxybenzoic acids found in black cumin (Mnif and Aifa, 2015).

Apart from dihydrochalcones and dihydroflavonols, four subclasses of flavonoids (anthocyanins, flavonols, isoflavonoids, and flavones) were qualitatively detected in black cumin in both positive and negative modes (Feng et al., 2020). In black cumin, flavonols were the most common subclass, with 10 distinct flavonols tentatively identified. Kaempferol 3-O-glucosyl-rhamnosyl-galactoside, myricetin 3-O-rhamnoside, patuletin 3-O-glucosyl-(1–[6)-[apiosyl (1–[2)]-glucoside, kaempferol 3,7-O-diglucoside, and kaempferol 3,7,4′-O-triglucoside were found (Feng et al., 2020). The black cumin seedcake also contained myricetin (Kadam and Lele, 2017).

Six anthocyanins have been identified, namely malvidin 3,5-O-diglucoside, delphinidin 3-O-glucosyl-glucoside, peonidin 3-O-sambubioside-5-O-glucoside, cyanidin 3-O-diglucoside-5-O-glucoside, cyanidin 3-O-(2-O-(6-O-(E)-caffeoyl-D-glucoside)-D-glucoside)-5-O-D-glucoside, and peonidin 3-O-rutinoside (Feng et al., 2020). Furthermore, a total of eight isoflavonoids derivatives were detected, including 3′,4′,7-trihydroxyisoflavan, 3′-O-methylequol, 2′-hydroxyformononetin, 3′,4′,7-trihydroxyisoflavanone, 6″-O-acetyldaidzin, 3′,4′,5,7-tetrahydroxyisoflavanone, quercetin, and kaempferol (Feng et al., 2020). Five compounds have been provisionally identified in flavones subclass, namely cirsilineol, gardenin B, apigenin 6,8-di-C-glucoside, diosmin, and kaempferol-3-glucoside (Feng et al., 2020).

For quantification, high-performance liquid chromatography with a photodiode array detector (HPLC–PDA) might be utilized (Spínola et al., 2015). Based on LC-ESI-QTOF/MS characterization and previously described antioxidant activities, HPLC–PDA was used to quantify eight polyphenols, including four phenolic acids (i.e., protocatechuic acid, p-hydroxybenzoic acid, chlorogenic acid, and caffeic acid) and four flavonoids 
(i.e., kaempferol-3-glucoside, quercetin, kaempferol, and diosmin) (Feng et al., 2020). The p-hydroxybenzoic acid (22.86±0.01mg/g) was the most abundant phenolic acid in black cumin, followed by protocatechuic acid (1.39±0.01mg/g) and chlorogenic acid (0.02±0.01mg/g). Caffeic acid was not identified in this analysis (Feng et al., 2020). The content of p-hydroxybenzoic acid in black cumin observed by Feng et al. (2020) was greater than the Iranian black cumin sample (0.188±0.21 mg/100g) detected by Mariod et al. (2009). The quantity of the discovered protocatechuic acid in black cumin (Feng et al., 2020) was substantially greater than that in black cumin (0.13mg/g) described by Ani et al. (2006). Meanwhile, kaempferol (9.81±0.07mg/g) was observed to be the most abundant flavonoid in black cumin, followed by quercetin (1.83±0.02mg/g), kaempferol-3-glucoside (0.39±0.01mg/g), and diosmin (0.21±0.01mg/g) (Feng et al., 2020). The existence of ferulic acid, kaempferol, and quercitrin in the ethanolic extract was confirmed by Toma et al. (2015).




15.7. Conclusion

The antioxidant capacity of black cumin was found to be highly associated with its polyphenolic composition. Furthermore, studies on the isolation and quantification of individual phenolic compounds are needed to clarify their various antioxidant mechanisms, as well as the presence of probable synergism, if any, among the compounds in black cumin, as well as the properties of these phenolics on antioxidant status in animal models to appraise their possible benefits. These findings will help researchers better understand phenolic compounds in the future, as well as assist the broad usage of black cumin in the food, nutrition, and pharmaceutical industries.
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Abstract


Infectious disease caused by various microorganisms including bacteria, fungi, and protozoa has cause major issue in public health especially in the developing country. High cost of commercial drugs and side effects has lead exploration on the utilization of natural resource, particularly herbal and traditional plant source as alternative approach to treat microbial-based illness. Among this source, Nigella sativa or generally recognized as black seed has been identified to pose a great potential to be used as an alternative source to partially replace commercial drug to treat the disease. This chapter discussed the potential use of N. sativa as antibacterial, antimicrobial, and antimalaria. In addition, this chapter also elaborates the mechanisms of antibacterial and antimicrobial activity by this plant source. The information from this chapter is beneficial for future development of antimicrobial from N. sativa extract.
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Abbreviations
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   American Type Culture Collection




BBMV:

   broad bean mosaic virus




BSO:

   black seed oil




FTIR:

   fourier-transform infrared spectroscopy




HCV:

   hepatitis C virus




HIV:

   human immunodeficiency virus




IFN-γ:

   interferon gamma




MCMV:

   murine cytomegalovirus




MRSA:

   methicillin-resistant Staphylococcus aureus





MTT:

   3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide




NDV:

   newcastle disease virus




PBMC:

   peripheral blood mononuclear cells




PPR:

   petits ruminants




TLC:

   thin-layer chromatography




TQ:

   thymoquinone




UV:
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ZYMV:

   zucchini yellow mosaic virus








16.1. Introduction


Nigella sativa is a perennial plant, and it's under the Ranunculaceae family. It could be found in Eastern Europe, Middle East, and Western Asia. The length of this plant is about 2–3.5mm and the width is 1–2mm (Mohammed et al., 2019). The plant has tiny black seeds which are flat, trigonous, and sharp in appearance (Fararh et al., 2004). The characteristic of black seeds is similar to sesame seeds, and it's the most remarkable component of the herb in terms of their beneficial health effects.






The extraction of black seed oil (BSO) from N. sativa contains many components, for example, carbohydrates, proteins, glucose, rhamnose, xylose, arabinose, and vitamins (El-Naggar et al., 2010). It also contains crude fiber, minerals (calcium, iron, and potassium), fatty acids, aliphatic alcohols, terpenoids, unsaturated hydroxy ketones, and alkaloids (Sewara et al., 2019). Besides that, several compounds such as thymoquinone (TQ), dithymoquinone, thymohydroquinone, thymol, carvacrol, nigellimine-N-oxide, nigellicine, nigellidine, and alpha-hederin were found in BSO extracts. Several researchers found fixed oil, proteins, alkaloids, saponins, and essential in BSO extracts (Burtis and Bucar, 2000). All the compounds are used for numerous nutritional and pharmaceutical functions. BSO can be combined in tea, coffee, and dough. It also can be mixed with honey or drizzled for salads. Additionally, the BSO is extensively utilized as a spice, carminative, condiment for food industrial, and scented agent for cosmetics business.

The varieties of chemical compounds in BSO are useful for therapeutic application such as antiviral, antibacterial, antifungal, and anticancer activities (Pereira et al., 2004). Report from researchers stated that BSO extracts possess antimicroorganism activity against pathogen bacteria. The BSO is usually used in Asian countries for several medicinal properties. Other than that, N. sativa plants were used traditionally to treat a number of illnesses such as asthma, hypertension, diabetes, inflammation, cough, bronchitis, headache, eczema, fever, dizziness, and influenza in Indian, Arabian countries, and Europe. They also used N. sativa as carminative, diuretic, lactagogue, and vermifuge (Ali and Blunden, 2003).




16.2. Antibacterial activities of black seed oil

There are a lot of review articles that mention about antibacterial activity of the BSO extracts against pathogenic bacteria. They found that BSO bioactive compound which is TQ has antibacterial activities toward Bacillus subtilis, with an average inhibition zone of 15.74mm (Mohammed et al., 2019). They used disc diffusion assay to measure the antibacterial activity. B. subtilis can cause bacteremia, endocarditis, and pneumonia on immunocompromised patient.

Moreover, the BSO extracts from methanol were reported to have antibacterial activities against some pathogenic bacteria such as Streptococcus pyogenes, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Proteus vulgaris. Methanol extracts of BSO displayed substantial antibacterial activity at the 
concentration of 50mg/mL (P
≤.01) against S. pyogenes with a greater inhibition zone of 19mm, while a 15mm zone of inhibition was observed in P. aeruginosa, K. pneumonia, and P. vulgaris. The study also mentions that both aqueous and methanol extracts of black seed demonstrated a larger inhibition on gram-positive bacteria (S. pyogenes) compared with gram-negative bacteria (P. aeruginosa, K. pneumoniae, and P. vulgaris) (Nor Aishah et al., 2013). BSO extracts also reported to have antibacterial activities against Staphylococcus aureus and Staphylococcus epidermidis. The zone inhibitions of BSO extracts against both bacteria were 23mm(S. epidermidis) and 46mm (S. aureus), respectively (Salman et al., 2008). Both bacteria are gram-positive, and they can cause skin infection on immunocompromised patient. Study from Turkey reported that BSO extraction possessed antibacterial activities against Aeromonas hydrophila. They used three concentrations of BSO extract (0.5%, 1.0%, and 2.0%), and all the concentrations showed antibacterial activities against those bacteria (Arici et al., 2005).

Some researchers also used animal study to determine antibacterial activities of BSO extracts against pathogenic bacteria. Study from Hosseinzadeh et al. (2007) investigates the antibacterial activity of BSO extracts on male mice affected intraperitoneally with S. aureus or Escherichia coli. In this study, they found the inhibitory activity of the methanol to extract at a dose of 2.14g/kg in mice infested with S. aureus was 87.5%. The doses of 1.2 and 2.14g/kg in mice infested with E. coli were 100% contrasted with mice, which consumed saline (the negative control). Other than that, the BSO extracts also revealed substantial antibacterial activity toward methicillin-resistant Staphylococcus aureus (MRSA) isolated from diabetic patients (Emeka et al., 2015). The cytotoxic test shown that BSO extracts were not toxic to proliferation of gingival fibroblast (Ugur et al., 2016). The extractions of BSO from ethanol and n-hexane were reported that possessed antibacterial activities toward gram-positive and negative bacteria such as Bacillus cereus, B. subtilis, E. coli, S. epidermidis, K. pneumonia, and Salmonella typhimurium (Khan and Kou, 2016). Other than that, BSO extracts displayed an extensive spectrum of activity toward gram-positive and negative bacteria, including B. cereus (ATCC 14579), Listeria monocytogenes (ATCC 19115), Enterococcus faecalis (ATCC 29212), Micrococcus luteus (NCIMB 8166), S. aureus (ATCC 25923), S. epidermidis (CIP 106510), P. aeruginosa (ATCC 27853), E. coli (ATCC 35218), Salmonella enterica, Serovar typhimurium (ATCC 14028), Vibrio alginolyticus (ATCC 33787), and Vibrio parahaemolyticus (ATCC 17802). The bioactive compound from BSO (TQ) was reported capable to inhibit bacterial biofilm development (Chaieb et al., 2011).






TQ acquired from seeds of N. sativa uncover antibacterial activities and antibiofilm activities toward various strains of gram-positive and gram-negative bacteria, comprising Bacillus spp, Listeria spp, Enterococcus spp, Micrococcus spp, Staphylococcus spp, Pseudomonas spp, Escherichia spp, Salmonella spp, and V. parahaemolyticus. The BSO methanol extract also shown a greater inhibition zone on gram-positive (S. pyogenes) contrasted with gram-negative bacteria (P. aeruginosa, K. pneumoniae, and P. vulgaris). Besides that, TQ revealed bactericidal activities toward gram-positive bacteria with minimum inhibitory concentrations (MICs) ranging from 8 to 32μg/mL and demonstrated the biofilm activities against S. aureus and S. epidermidis, respectively (Abdallah, 2017). Furthermore, the BSO extracts showed antibacterial activities toward Helicobacter pylori. This study contributed a scientific foundation for the evaluation of possible uses of this priceless seed for the treatment of H. pylori-induced gastric ulcers (Salem et al., 2010).

BSO extracts have antibacterial activity against L. monocytogenes with significantly better inhibition zone contrasted to gentamicin (P
<.01). The averages zones of inhibition created by BSO extracts and gentamicin were 31.50±1.0 and 14.80±0.50mm, respectively (Nair et al., 2005). Other than that, all tested strains of MRSA were susceptible to BSO extracts at a concentration of four mg/discs. The MIC of the BSO extracts against MRSA was 0.2–0.5mg/mL (Hannan et al., 2008).




16.3. Antimicroorganism activities of black seed oil

Microbial resistance to conventional antibiotics has increased the use of medicinal plants that have significant outcomes for a variety of pathogenic infections. This is because herbal medicines are less harmful and the active compounds can be used with other compounds (Emeka et al., 2015). N. sativa extracts have shown to be antimicrobial toward Streptococcus faecalis, S. aureus, E. coli, P. aeruginosa, and Candida albicans (Islam et al., 2019). From previous research, an average inhibition zone of 15.74mm showed solid bacterial inhibitory impacts were reflected toward B. subtilis (Mohammed et al., 2019). Moreover, BSO also has antimicrobial activity toward MRSA (Mohammed et al., 2019).

For ages, BSO has been used to encourage health, particularly in the Middle East and Southeast Asia (Abd-Awn et al., 2012). Study from Mohammed et al. (2019) investigates antimicrobial activity by performed antimicrobial susceptibility test against P. aeruginosa (ATCC 9027), E. coli (ATCC 8739), S. aureus (ATCC 6538P), S. enterica (NCTC 6017), B. subtilis (ATCC 6633), methicillin-resistant Staphylococcus aureus (MRSA), and B. cereus (Mohammed et al., 2019).






Fourier-transform infrared spectroscopy (FTIR), thin-layer chromatography, and ultraviolet-visible spectroscopy techniques were performed to determine functional groups, substituents, and the existence of conjugated double bonds in BSO. TQ is one of the main active components from extracted BSO conducted by FTIR (Emeka et al., 2015; Islam et al., 2019; Mohammed et al., 2019). TQ is a major bioactive constituent of BSO that has been extensively employed in the treatment of diseases including rheumatism, bronchitis, asthma, parasitic infections, and numerous others (Emeka et al., 2015; Mohammed et al., 2019). Moreover, the essential oils from black seeds were discovered to have significant amounts of TQ and other compounds, such as thymol and dithymoquinone. All these compounds have been implicated to inflammation prevention, antioxidant, antimicrobial, anticarcinogenic, and antiulcer activities (Singh et al., 2014).

Scientifically, nearly all human diseases can be treated by BSO. This is because BSO extract showed highest inhibitory zone for gram-positive bacteria of B. subtilis (Mohammed et al., 2019). In contrast, antibacterial activity toward gram-negative bacteria was not identified (Mohammed et al., 2019). Moreover, BSO extract has also been found to have antibacterial activity against MRSA (Mohammed et al., 2019). Research have provided evidence for antiviral activity of BSO, for example, the addition of black seed exhibited the highest antimicrobial effects toward Lactococcus lactis, P. aeruginosa, L. monocytogenes, and S. aureus with 22.30mm, 9.60mm, 9.50mm, and 9.0mm inhibition zone, respectively (Abdel-Shafi, 2013).

Many studies have found that some plant photochemical compounds, such as phenols, flavonoids, alkaloids, terpenoids, saponins, tannins, and anthraquinones have antimicrobial properties. These compounds can kill bacteria or fungal cells by inhibiting the growth, affecting cellular membrane permeability, interfering with some metabolic processes, and modulating signal transduction. TQ, p-cymene, longifolene, and thymohydroquinone were found to be essential for BSO (Singh et al., 2014). Extracted thymohydroquinone from BSO was showed to have significant effect against gram-positive bacteria (Abd-Awn et al., 2012). N. sativa was well-known for its use as a food preservative and as a medicinal herb (Hafez, 2008). Thus, in order to avoid spoilage, it was recommended to use BSO as an antimicrobial agent in food processing. This is because 2.0% concentration of BSO can inhibit the growth of 24 pathogenic, spoilage, and lactic acid bacteria (Abdallah, 2017).

On the other study of antimicrobial activity of BSO, N. sativa seed oil has antimicrobial effect toward MRSA isolated from 34 patients with diabetic abrasions in Southeast Nigeria (Emeka et al., 2015). The antimicrobial 
activity was investigated using disc diffusion assay. In this study, they found that eight of the 19 isolates were susceptible to varying concentrations of BSO, whereas 11 were resistant (Emeka et al., 2015). In contrast, the ethanol extract of black seeds was shown to be particularly efficient against S. aureus in other finding (Emeka et al., 2015).

No cytotoxicity against human peripheral blood mononuclear cells (PBMCs) of BSO is showed by using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay in vitro (Mohammed et al., 2019). In this experiment, they discovered that essential oils made from plant parts have varying impacts on human and animal which also known as in vitro and in vivo. Furthermore, no adverse effect was observed on PBMCs growth at the dosages and intervention times frames (Mohammed et al., 2019). The cytotoxic activity of BSO on PBMCs was evaluated after 24, 48, and 72h of incubation by using MTT assay at different concentrations of 25, 50, and 100μg/mL (Mohammed et al., 2019). Moreover, N. sativa had a low cytotoxic activity at low concentration of 100μg/mL, and the high cytotoxicity effect was measured at 400μg/mL. Thus, the cytotoxicity produced is 95% (Dorra et al., 2019).

It is predicted that essential oils and their constituents can interact with the bacterial membrane and cause interference via lipophilic products (Mohammed et al., 2019). Essential oils allow the bacterial cell membrane to disintegrate and release the cell substance, resulting in the death of bacterial cell (Mohammed et al., 2019). According to Iraqi studies, they discovered inhibitory zones for BSO extract, which increased as the concentration of extract increased. The efficacy of antimicroorganisms is considered by the mixture of fatty acids, volatile oils, and trace elements (Abd-Awn et al., 2012).

Based on Iraqi studies, they reported that N. sativa seeds contain 0.5%–1.6% of yellowish volatile oil, 35.6%–41.6% of fixed oil, 22.7% of proteins, amino acids, minerals, and vitamins. The purpose of this study was to compare the impact of different concentrations of BSO extract on the sensitivity of mutans streptococci and the adhesion of oral pathogens to the tooth surface to chlorohexidine gluconate. Moreover, they also found that the diameter of inhibition zone of different concentrations of BSO extract was increased as the extract concentration increased against mutans streptococci in oral pathogens (Abd-Awn et al., 2012).

According to a study conducted by Islam et al., different BSO shown varying degrees of antifungal activity. On the other hand, the essential oil was extremely effective. In addition, several components of BSO have 
moderate inhibitory effects against pathogenic yeast, such as C. albicans, dermatophytes, nondermatophytes, and some aflatoxin growing fungi. Interestingly, the main active ingredient of BSO that possess antioxidant, antiinflammatory, antiviral, antimicrobial, immunomodulatory, and anticoagulant activity is TQ. Isolated TQ from N. sativa shown potent antifungal effect against Aspergillus niger, Fusarium solani, and Scopulariopsis brevicaulis. Moreover, the antifungal activity of two new defensins peptides, named Ns-D1 and Ns-D2 was found to be potent and diverse (Abdallah, 2017).

BSO was the most effective oil at preventing spore germination, and the hyphae seemed to be fragmented (Hafez, 2008). From other research, the extracted BSO was investigated for antifungal activity against different pathogenic fungus, including Aspergillus flavus, A. niger, Fusarium moniliforme, Fusarium graminearum, and Penicillium viridicatum. Inverted petri plate and poison food media techniques were used for this research by maintaining the cultures in Czapek agar medium, and percentage of mycelial inhibition was calculated to evaluate fungi toxicity (Singh et al., 2014). As for the results for F. moniliforme and P. viridicatum, volatile oil inhibited the growth zone by more than 90% (Singh et al., 2014).

To control fungal infections, a variety of alternative techniques have been developed, including mineral salts, essentials oils, plant extracts, and biological agents. Study from the Department of Botany (Plant Pathology Branch) in Hungary investigated the antifungal activities of BSO toward powdery mildews of Podosphaera xanthii (cucumber) and Blumeria graminis f.sp. hordei (barley). From the research, cucumber powdery mildew disease severity was lessened from 52% to 7.7%, 18.6%, and 20% on leaves treated with BSO, while for barley powdery mildew disease, severity was decreased from 63.4% to 9.4%, 16%, and 16.4%, respectively (Hafez, 2008).

There are a lot of findings that prove BSO as an antiviral agent against numerous viruses. For example, N. sativa against murine cytomegalovirus (MCMV) infections, avian influenza (H9N2), peste des petits ruminants (PPR) virus, broad bean mosaic virus, human immunodeficiency virus (HIV), hepatitis C virus (HCV), zucchini yellow mosaic virus (ZYMV), and Newcastle disease virus (NDV) (Islam et al., 2019). BSO displayed potent antimicrobial action against phytopathogenic fungi, such as Pythium vexans, Rhizoctonia solani, L. monocytogenes, and Colletotrichum capsici. Moreover, BSO can control Erysiphe cichoracearum which caused squash powdery mildew disease. Except for Botrytis fabae, N. sativa oil was effective against all the tested fungi (Hafez, 2008).






Antimicrobial properties of BSO are efficient toward a wide range of bacteria, fungi, and viruses. From previous research, it was confirmed the potency of BSO as an anti-HIV agent and other viruses as well. Study from Abdallah et al. in 2017 investigates the inhibition viral titers in the spleen and liver in mice with MCMV was successful. Scientifically, black seed significantly reduced the pathogenicity of influenza virus (H9N2) in turkey fowls, and this plant product also can increase immunological response (Abdallah, 2017). Besides that, there are researchers who conducted clinical study on patients in Egypt infected by HCV. After treatment period with N. sativa for three months with dose of 450mg three times daily, patients showed varying degrees of recovery and viral load reduction, as well as improvements in oxidative stress, clinical condition, and glycemic control in diabetic patients (Abdallah, 2017).

Secondary metabolites, such as alkaloids, flavonoids, tannins, and terpenoids found in medicinal plants, make these plants a rich source of antimicrobial agents. There is also research that provided evidence for antiviral activity of BSO by plaque reduction method, for example, the consequences of N. sativa extracts as inhibitor of ZYMV infectivity in vitro and in vivo. From these studies, N. sativa were inhibited the development of ZYMV symptoms on squash plants by 85% and 80%, respectively. In the early stages of infection, BSO functions directly by interacting with virus particles and preventing the nucleic acid virus from release (Islam et al., 2019).

Study from Egypt in 2019 investigated about the treated influenza A by BSO. The objective of the research was to investigate the in vitro antiviral activity of the medicinal herbs of N. sativa against influenza virus (H5N1) as well as their antioxidant impact spectrophotometrically (Dorra et al., 2019). Besides that, BSO acts as an antiinfluenza virus activity for existing respiratory problem that has been isolated from various birds of several countries, known as avian influenza virus (H9N2). BSO may be used as a feed additive to decrease pathogen load in poultry (Islam et al., 2019).

In addition, BSO can increase the number of macrophages, enhance the function and production of interferon gamma when they act against cytomegalovirus (Islam et al., 2019). Black seed has an immunomodulatory and therapeutic activity against PPR virus in infected goats. Thus, BSO will inhibit the development of clinical symptoms and reduce clinical signs and histopathological disorders (Islam et al., 2019). Ethanolic extract of BSO can decrease viral load and mortality in embryonated chicken eggs for NDV (Islam et al., 2019).









16.4. Antimalarial activities of black seed oil

Malaria is one of the major public health problems, which is a serious mosquito-borne disease caused by a parasite. This disease is generally caused by several types of malaria parasites including Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, Plasmodium vivax, and Plasmodium knowlesi. The most common plasmodium parasite caused malaria is P. falciparum, which sometimes could be potentially life-threating and may cause serious illness such as kidney failure and coma. Other types of malaria parasites generally cause mild illness, but it can remain dormant in the patient body for months after infection.

Development of Plasmodium sp. in human body involved a series of stages. The malaria parasite enters the human bloodstream in sporozoites form that injected by female mosquito during taking blood from human. The sporozoites migrate to the liver and multiply to form merozoites. Later, merozoite formed will release into blood stream and infect red blood cells. The merozoites in the red blood cells initiate erythrocytic phase and asexual multiplication cycle and evolve into trophozoites. In the red blood cell, the parasite also differentiates to form gametocytes. This form is nonpathogenic and more transmissible parasite form and take about 8 to days for maturation. The gametocytes then become microgametes (male) and macrogametes (female) during the process of gametogenesis. In the mosquito midguts, the gametes form zygote and subsequently develop into motile ookinete. This ookinete later divided into 1000 of sporozoites and can last for 8–15 days. During the maturation period, the sporozoites will migrate to saliva gland and can cause infection to human being.

The effectiveness of malaria treatment is totally depending on the potential of drug to eliminate the parasite and cause mild or no toxicity effect to the host. The drug introduced must have the ability to inhibit the growth of parasite and can operate on the targeted biochemical metabolisms of the parasite and host. To date, mode of the reaction of many drugs introduced is not well understood (Mojab et al., 2012).

Current antimalarial drug and therapeutic are relatively insensitive and imprecise (White 1989; Raphemot et al., 2016). Development of effective antimalarial drug that is cheaper and can be available for people especially in developing country is necessary to ensure the sustainable public health. Antimalarial drug from various types of traditional and herbal plants has been identified as an alternative approach to prevent and cure malaria. According to Willcox and Bodeker (2004) in the assessment conducted on the 
application of 1200 herbal plants to cure malaria indicated that some of the herbal plants may be safe and effective for the malaria treatment. Several studies reported on the potential of antimalarial drug using herbal and plant extract such as Zanthoxylum tsihanimposa, Helianthus annuus, Garuga floribunda, Alectryon serratus, Lepisanthes rubiginosum, etc. (Widyawaruyanti et al., 2014; Ekasari et al., 2019; Randrianariavelojosia et al., 2003; Dell’Agli et al., 2012).

To date, current investigation on the potential of antimalarial drug from N. sativa or black seed has gained great attention globally. This traditional plant source has been used for 1000 years to treat various disease. Early study has proved that the N. sativa exhibit antiparasite activity (Agarwal et al., 1979). Abdulelah et al. (2007) in their study on the antimalarial drug by N. sativa extract using different solvents including ethanol and chloroform indicated that both oral treatment and intraperitoneal treatment of seed extract showed a significant suppression of Plasmodium berghei activity in mice. Similar study by Okeola et al. (2011) in mice infested with Plasmodium yoelii nigeriensis also reported that methanolic extract of N. sativa seeds restored the activity of red blood cells antioxidant activities and exhibited effective in clearing plasmodium parasite compared to chloroquine. A study on the potential of BSO extract on antiparasitic activity conducted via oral administration of methanol and aqueous extract showed that a significant suppression and decrease on the parasitemia was observed for mice treated with the black seed extract (Ashcroff et al., 2018). Overall, according to this analysis, it clearly indicated that N. sativa seed extract has strong antioxidant and antimalaria activity, which can be potentially used as a future alternative approach to treat malaria infection.
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Abstract


Black cumin (BC) (Nigella sativa) grows worldwide as a plant used for various diseases as a part of folk medicine for more than 2000 years. The biological activity is mostly based on thymoquinone, p-cymene, and carvacrol which are the main bioactive compounds. Neuroprotective effects of BC have been studied intensively for long years. Unfortunately, we know little about these effects. In this chapter, the neuroprotective effects of BC have been discussed under specific titles.
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17.1. Introduction

The black cumin (BC) (Nigella sativa [NS]) belongs to the Ranunculaceae family, which is grown worldwide (Ermumcu & Şanlıer, 2017). BC has been extensively applied for above 2000 years as a traditional medicine for many diseases (Razavi and Hosseinzadeh, 2014). Considering that it has been used for many purposes for a long time, it is of great importance to know the content of NS seed in detail (Kabir et al., 2019). It is mainly composed of fat, protein, and carbohydrates. It also contains moisture and ash in lesser amounts. The amount of oil varies between approximately 22% and 40% (Atta, 2003). BC seeds and their oils have many nutritionally essential components such as polyunsaturated fatty acids, phytosterols, besides many biological activities, for example, antioxidants, antidiabetic, antitumor, and other active constituents (Butt and Sultan, 2010). The biological activity of BC is mostly based on p-cymene (7%–15%), thymoquinone (TQ) (30%–48%), and carvacrol (6%–12%). These three compounds form about 48%–70% of the biological activity. Monounsaturated and saturated fatty acids constitute the remaining part (Cheikh-Rouhou et al., 2007). This chapter discusses the neuroprotective effects of BC seed, and seed oil will be discussed under specific titles in detail.




17.2. Effects of thymoquinone on neuroinflammation

TQ (2-Isopropyl-5-methyl-1,4-benzoquinone) is the most important element of the BC with several effects on different systems and organs including antiinflammatory, antioxidant, immunomodulatory, and neuroprotective effects.






Neuroinflammation is the inflammatory response of the central nervous system’s (CNS’s) which is composed of the spinal cord and brain. Chemokines, reactive oxygen species (ROS), cytokines, and secondary messengers are produced through such neuroinflammation process. There are biochemical, immune, psychological, and physiological consequences in the neuroinflammatory responses. Inflammation causes edema, damage of tissue, immune cells recruitment, and subsequently death of cell (DiSabato et al., 2016).

Neuroinflammation is accepted as a main contributing factor in the pathogenesis of severeal neurodegenerative diseases. Microglia activation is accepted to mainly cause to initiate and progress the neuroinflammation (Farkhondeh et al., 2018). TQ inhibits the neuroinflammation but underlying mechanism for this effect is not exactly known (Velagapudi, El-Bakoush et al., 2017). Literature related to this subject consists of mostly experimental studies.

Presence of a strong relationship between inflammation and oxidative stress is known, and an unbalanced redox state has contribution to the pathogenesis of inflammatory processes. Inflammation leads to an increased level of ROS causing cellular oxidative damage. Moreover, ROS produced by microglia has important effects on adjacent neurons. Adenosine monophosphate-activated protein kinase (AMPK) regulates inflammatory responses as a known sensor of energy balance. Sirtuin 1 (SIRT1) is related to the cellular processes such as neuroinflammation. SIRT1 activation is a significant factor in achieving antiinflammatory activity. The impacts of cellular ROS, AMPK, and SIRT1 in the antineuroinflammatory activity of TQ in BV2 microglia were investigated in a study. The LKB1 (liver kinase B1) and phosphor-AMPK proteins levels increased with TQ. Moreover, the NAD+ levels increased, the cytoplasmic levels decreased, and the SIRT1 protein’s nuclear accumulation increased with through TQ. Suppressing the SIRT1 and AMPK expressions through RNAi or pharmacological antagonists caused to abolish the TQ’s antiinflammatory activity. TQ-induced increase in SIRT1 was reversed by the AMPK’s pharmacological antagonism. It was shown that gp91phox and p40phox protein was inhibited to reduce cellular ROS generation with TQ (Velagapudi, El-Bakoush et al., 2017).

The TQ's inhibitory effects of lipopolysaccharide (LPS)-induced neuroinflammation in BV2 microglia were achieved by interfering with NF-κB signaling (Velagapudi, Kumar et al., 2017). NF-κB binds to DNA and the NF-κB activation is related with inflammation in microglia as a transcription 
factor. Activated NF-kB induces proinflammatory cytokines such as cyclooxygenase-2 (COX-2), microsomal prostaglandin E (PGE2) synthase-1, and inducible nitric oxide synthase (iNOS) (Zhang and Jiang, 2015). TQ increased the nuclear localization, Nrf2 transcriptional activity of, DNA binding, and increased protein levels of heme oxygenase-1 (HO-1) and NAD(P)H quinone dehydrogenase 1 (NQO1) to activate the NF-E2-related factor 2/antioxidant responsive element (Nrf2/ARE) signaling. The release of interleukin-6 (IL-6), IL-1b, and tumor necrosis factor-alpha (TNF-α) was inhibited by the TQ treatment (5, 2.5, and 10mM), reducing the messenger ribonucleic acid release and levels of IL-6, TNF-a, PGE2, and IL-1b in the microglia cells. NF-kB-dependent neuroinflammation was inhibited by TQ treatment by reducing kB inhibitor phosphorylation, iNOS protein levels, and NF-kB binding to the DNA. TQ increased the nuclear factor (erythroid-derived 2)-like 2 (NFE2L2 or Nrf2) protein nuclear accumulation, ARE transcriptional activity, and Nrf2 binding to the ARE consensus binding site (Velagapudi, Kumar et al., 2017).

The effects of TQ on oral sodium nitrite (SN)-induced brain injury were studied by measuring cytokines, fibrotic elements, oxidative stress, and apoptotic markers in tissue of brain. SN was found to cause excessive neuronal shrinkage, degeneration, and vacuolation in hippocampal sections, but most of these effects were found to be improved by TQ (50mg/kg). In the evaluation of oxidative stress markers, TQ dose-dependently decreased MDA levels and significantly increased glutathione (GSH) activities. TQ restored the decreased cytochrome c oxidase in brain tissue dose- dependently. TQ inhibited higher C-reactive protein (CRP) levels. The increased levels of transforming growth factor-beta, a fibrosis factor, induced by SN were dose-dependently inhibited by TQ. TQ decreased the caspase-3 brain tissue activity, which is an important apoptosis marker. The cultivated brain cells’ survival rate increased by concomitantly adding 500μg of TQ and SN (Hamdan et al., 2019).

The specific oxidative stress markers levels, profiling 84 key genes associated with oxidative stress and the chosen antioxidant enzymes’ activities through RT2 polymerase chain reaction (PCR) array were assessed to investigate the TQ’s antioxidant effects (12.5 μ) on H2O2-activated BV-2 microglia or LPS/IFNγ. The nitric oxide (NO) and superoxide’s cellular production in the H2O2-and LPS/IFNγ-activated microglia was significantly reduced by TQ. The lipid hydroperoxides levels were significantly reduced by TQ, significantly increasing the antioxidant GSH levels in the 
H2O2-activated microglia and LPS/IFNγ-activated BV-2 cells. The H2O2-activated and LPS/INFγ-activated microglia which was treated with TQ had lower SOD and CAT activities. Based on the chosen 84 gene’s RT2 PCR array profiling associated with the oxidative stress, TQ treatment in the LPS/IFNγ-activated microglia enhances the down- or up-regulation of specific genes associated with defense of the cells’ natural antioxidant against activation of LPS/IFNγ, down-regulates specific prooxidant genes, and up-regulates specific antioxidant genes (Cobourne-Duval et al., 2018).

The quantitative proteomic analysis was done using Q-Exactive/Orbitrap Proteomic MS/LC-MS (liquid chromatography-mass spectrometry) on the IFNγ/LPS-activated BV-2 microglial cells treated with TQ (12.5 μ) to globally assess protein expressions changes and the TQ’s ability to suppress the inflammatory response using ELISArray for the inflammatory cytokines. Moreover, the effects of TQ on the NFκB signaling targets’ gene expression were assessed with the RT2 PCR array (Cobourne-Duval et al., 2018). This study showed significant increase of the expression of biliverdin reductase A, glutaredoxin-3, mitochondrial Lon protease, and 3-mercaptopyruvate sulfurtransferase as the antioxidant neuroprotective proteins through TQ treatment. Moreover, the expression of inflammatory cytokines, IL-10, IL-4, IL-6, IL-2, and IL-17a significantly reduced TQ in the activated microglia. TQ treatment is down-regulated many NFκB signaling targets genes, such as complement factor B (CFB), IL6, chemokine (C–C) motif ligand 5 (CCL5), and chemokine (C–C motif) ligand 3 (CXCL3).

Although the effectiveness of TQ in LPS-activated macrophages has been demonstrated in different studies, there is a lack of studies which evaluated the TQ’s effects on immunological response of glial/microglia cell. For this purpose, a study was performed to investigate the TQ’s propensity to inhibit BV2 microglial cells activated by LPS in relation to a given control, TQ reduced IL-6, granulocyte colony-stimulating factor, selective iNOS inhibitor N6-(1-iminoethyl)-L-lysine, dihydrochloride L-NIL, IL-1b, IL-12p40/70, monocyte chemotactic protein 5 (MCP-5)/chemokine (C–C motif) ligand 12 (CCL12), CCL2/MCP-1, and IFN-induced protein 10 (IP-10)/C-X-C motif chemokine 10 (Cxcl 10) in BV-2 murine microglial cells stimulated by LPS. These findings showed a general antiinflammatory impact of TQ on activated microglia attenuating the NO, cytokines, and iNOS (Taka et al., 2015).









17.3. Effects of thymoquinone on migraine pain

Migraine is a common neurological disorder. Although an irresistible headache is a cardinal symptom, several complaints such as nausea, vomiting, photophobia, and phonophobia may accompany the headache. The migraine’s pathophysiology is not stated clearly; however, meningeal neurogenic inflammation was accepted as a main responsible factor (Koyuncu Irmak et al., 2019).

Meningeal mast cells (MMCs) and calcitonin gene-related peptide (CGRP) caused to activate the inflammatory processes sensitizing the trigeminal nociceptors. MMCs are proinflammatory immune cells that have a close relationship with nerves and blood vessels in the meninges (Levy et al., 2019; Kilinc et al., 2018). Although TQ has multiple antiinflammatory effects on neuroinflammation, whether the presence of any effect on CGRP release and MMCs is not known (El Gazzar, 2007).

An experimental study investigated the TQ’s effects on the release of CGRP in strategic structures related to migraine and on the MMCs in GTN-induced ex vivo meningeal preparations and in vivo migraine model. CGRP levels stimulated by GTN in plasma and structures related to migraine, including brainstem and trigeminal ganglion were ameliorated by TQ. Despite the TQ’s failure to inhibit the CGRP release from trigeminal meningeal afferents induced by GTN in the ex vivo meningeal preparations, MMCs degranulation was inhibited by it, preventing the increasing number of MMCs in the in vivo migraine model induced by GTN. The main conclusion achieved from this study was that release of CGRP in brainstem and trigeminal ganglion neurons is modulated and MMCs are stabilized by the TQ. It was stated that TQ may be a potent agent in preventing meningeal neurogenic inflammation and ultimately migraine (Kilinc et al., 2018).




17.4. Effects of thymoquinone on depression

Depressive disorders are serious mood disorders that last at least two weeks. They are associated with significantly reduced quality of life and role, comorbidity, and even sometimes mortality (Cuijpers et al., 2019). Neuroinflammation is involved in depression, and inflammatory indices including IL-6, TNF-a, and CRP may be affected during pathogenesis (Howren et al., 2009; Dowlati et al., 2010).






BC in animal models may be effective in the depressive behavior. With this aim, NS and TQ’s hydroalcoholic extract effects were studied in depression-like behavior induced by LPS in rats through forced swimming test and open-field apparatus. NS and TQ were separately administrated to decrease times of immobility and coadministration of both compounds induced the lowest immobility times. The treated animals’ crossing number was improved by NS and TQ in forced swimming test. In conclusion, TQ and NS improved memory and learning impairments in rats to protect against depression-like behavior induced by LPS (Hosseini et al., 2012). Cisplatin (CP) is a powerful antineoplastic agent treating various human malignancies. However, CP has neurotoxic, nephrotoxic, and ototoxic potential at repeated doses. Prophylactic treatment with TQ diminished the CP-dependent neurotoxicity as well as impairment in learning and memory (Kandeil et al., 2020).

The anxiolytic role of TQ on arsenic-induced hippocampal toxicity was investigated in an experimental study conducted on rats. Arsenic is a metalloid, which is mostly common, and the human exposure's main route is drinking polluted water. Arsenic exposure leads to behavioral disturbances and concomitant psychiatric disorders. TQ supplementation (5 and 2.5mg/kg/day, p.o,) significantly improved the anxiogenic changes associated with arsenic. This improvement was majorly due to its anxiolytic and antioxidant potential. Positive changes of the cytokine levels and hippocampal oxidative stress with lower DNA fragmentation were expressed by the TQ pretreated rats. It was concluded that TQ may manage depressive and anxiety outcomes of arsenic intoxication as a powerful therapeutic agent (Firdaus et al., 2018).




17.5. Effects of thymoquinone on epilepsy

Epilepsy is characterized by the epileptic seizures which is defined as the temporary manifestation of symptoms or signs caused by the brain's nonnormal synchronized neuronal activity (Fisher et al., 2005). It may present as a variable combination of somatosensory, motor, autonomic, behavioral, or specific sensory disorders. The seizure can usually last a few seconds or a few minutes. It can rarely last more than 20min uninterrupted. This condition is called status epilepticus (SE) (Cho and Kim, 2019). It has been reported that oxidative stress is due to excessive free radical release as a main mechanism for the progression and initiation of epilepsy (Shin et al., 2011).






In the penicillin-induced epilepsy model, TQ (50, 10, and 100mg/kg) showed prolonging of the first spike-wave latency. Also, the epileptiform activity amplitude and the spike-wave frequency were reduced by TQ (Beyazcicek et al., 2016). TQ (80 and 40mg/kg, ip) shortened the myoclonic seizures duration seizure in mice model induced by pentylenetetrazole (PTZ) and increased the duration of the seizures onset by increasing the gamma-aminobutyric acid (GABA)ergic tone through opioid receptor (Hosseinzadeh and Parvardeh, 2004). TQ increased brain total antioxidant capacity and decreased ROS/reactive nitrogen species formation in rats treated with prilocaine. The NFκB-p65, AQP4, and NFκB-p50 expression was reduced by TQ in the brain tissue (Akgül et al., 2021).

In an SE rat model, TQ (10mg/kg) has reduced the brain damage through the antioxidant pathway (Shao et al., 2017). This study also investigated the TQ's antioxidant effect at HO-1, SOD, and Nrf2 levels in the cortex and hippocampus. SE latency was found to be prolonged, and the TQ group was found to have lower seizure severity. In the lithium-prilocaine SE model, the same findings were demonstrated and the TNF-α and COX-2's protein levels were significantly down-regulated by the TQ pretreatment in the brain, as mediated by the NF-κB signaling pathway (Shao et al., 2016).

Temporal lobe epilepsy as a more common variant of epilepsy characterized by reactive astrogliosis, higher oxidative stress, and neuronal loss. In this type of epilepsy, Dariani et al. investigated the impacts of TQ pretreatment (10mg/kg) in rats' intrahippocampal kainate model. In this model, the impacts were lipid peroxidation, seizure activity, hippocampal neuronal loss particularly in CA3, cornu ammonis-1 (CA1), the hilar regions of the hippocampus, mossy fiber sprouting, and astrogliosis (Dariani et al., 2013).

The TQ (40mg/kg, orally) and vitamin C’s (250mg/kg ip) individual and combined effects in generalized seizures induced by pentlyenetetrazole (PTZ) were studied in an experimental study (Ullah et al., 2015). Epileptiform and polyspike discharge was significantly reduced by vitamin C or TQ supplementation. Epileptic seizures reduced the GABA B1 receptor expression, did not change the PKA expression, reduced calmodulin/calcium-dependent protein kinase II (CaMKII), and inhibit the phosphorylation of cAMP response element-binding protein (CREB) in hippocampus and cortex. All of these effects reversed with the supplementation of TQ and vitamin C (Ullah et al., 2015).

The TQ's effects in intractable pediatric seizures were investigated in the pilot study of Akhondian et al. In this study, 1mg/kg oral TQ were given to 
children with a history of refractory epilepsy. It was determined that TQ decreased the seizure frequency (Akhondian et al., 2011). A characteristic feature of this study is not being an experimental study.

A bioanalytical UHPLC-based method was used to quantify the TQ-loaded PLGA nanoparticles to cure epilepsy. Optimized THQ-PLGA-NPs are nanosized, promising higher therapeutic efficacy (Ahmad et al., 2020).




17.6. Effects of thymoquinone on Parkinson’s disease

Parkinson's disease is clinically characterized by tremor at rest, rigidity, postural imbalance, and bradykinesia as a neurodegenerative disease related to age (Cacabelos, 2017). In this disease, proteinous spherical bodies known as Lewy bodies are formed. The disease is divided into six neuropathological disease stages. In stage 1–2, known as the presymptomatic stage, inclusion bodies are limited to the pontine tegmentum/medulla oblongata and anterior olfactory nucleus/olfactory bulb. Once the disease progresses, the substantia nigra and the other nucleus of the forebrain and midbrain start to be affected in stage 3–4. At stage 5–6, the neocortex is included (Braak et al., 2004; Sveinbjornsdottir, 2016).

Despite acceptance of the dopaminergic nigrostriatal neurons degeneration in Parkinson's disease with Lewy bodies as the main neuropathological change of motor impairment, cholinergic, GABA-ergic, glutamatergic, noradrenergic, adrenergic, and tryptaminergic nerve cells may experience the same damage in their skeletons (Braak and Braak, 2000). Additionally, inflammation and oxidative stress response lead to PD pathogenesis (Lee Mosley et al., 2006).

There are various studies showing the effects of TQ on Parkinson's disease. The TQ's neuroprotective impacts have been demonstrated in a hemiparkinsonian rat model induced by 6-hydroxydopamine. Pretreatment with TQ (10 and 5mg/kg) significantly improved turning behavior, decreased MDA levels, and prevented loss of substantia nigra pars compacta (SNc) neurons. It has been concluded that TQ provides neuroprotection against 6-OHDA neurotoxicity, partially because of the effect of reducing lipid peroxidation, and therefore may benefit against neurodegenerative diseases including PD (Sedaghat et al., 2014).

TQ pretreatment (15 and 7.5mg/kg) leads to improvement in motor defects in rotenone-induced PD. TQ also caused changes in Parkin, Drp-1, dopamine, and TH levels (Ebrahimi et al., 2017).






The TQ's neuroprotective impacts on dopaminergic neurons were also investigated in primary mesencephalic cell cultures (Radad et al., 2015). This study concluded that TQ increased lysosomal degradation clearing the injured mitochondria and inhibiting apoptotic cell death mediated by mitochondria.

In a similar study, the efficacy of TQ in αSN-induced synaptic toxicity in human pluripotent stem cell (hiPSC) and rat hippocampal neurons was investigated (Alhebshi et al., 2014). The TQ was found to protect the cultured hippocampal neurons, reduce synaptophysin levels, inhibited synaptic activity, and in addition, administrating the TQ effectively protected these cells against the mutated P123H βSN in hippocampal neurons and synaptic vesicle recycling's αSN-induced inhibition in hippocampal and hiPSC-derived neurons. In another study, TQ prevented dopaminergic neurodegeneration by reducing oxidative stress through the antioxidant response elements/nuclear factor erythroid 2-related factor 2 (ARE/Nrf2) pathway (Dong et al., 2021).




17.7. Effects of thymoquinone on Alzheimer's disease

Alzheimer's disease (AD) presents with cognitive symptoms specific to dementia with an insidious and progressive course. The AD pathogenesis is still not completely clear, and seven different hypotheses have been proposed that may be related to each other. These hypotheses may be listed as amyloid, glutamatergic, oxidative, cholinergic, immunologic, and genetic hypotheses (Monczor, 2005). Various studies, mostly experimental, have been conducted on the effects of TQ on AD.

In an experimental study evaluating the therapeutic effects of TQ on AD, the authors investigate the protective effect of TQ on Alzheimer's amyloid-β (Aβ) peptide caused neurotoxicity in primary neurons of rats. Aβ1-42-induced neurotoxicity was effectively attenuated through TQ treatment improving the cell viability. The generation of ROS and potential depolarization of mitochondrial membrane were inhibited by TQ. Moreover, TQ inhibited aggregation of Aβ1-42 in vitro, restored inhibition of synaptic vesicle recycling, and somewhat reversed the spontaneous firing activity loss. TQ has neuroprotection against Aβ1-42 in rat's cortical and hippocampal neurons (Alhebshi et al., 2013).

The TQ's neuroprotective impacts on morphological damages, Aβ1-40-induced neurotoxicity, DNA condensation, ROS production, and caspase –8, –3, and –9 activations were investigated in primary cerebellar granule 
neurons (CGNs). TQ pretreatment increased cell survival after subsequent exposure to Ab1–40. TQ significantly decreased the lactate dehydrogenase level as a stable cytoplasmic enzyme and is an indicator of cell death. The extensive neurite network and intact cell bodies during the morphological evaluation were preserved by the TQ. TQ reduced condensed chromatin on Ab1–40-induced DNA condensation in CGNs. An ROS apparent increase was inhibited by the TQ pretreatment, which is a marker of its antioxidant ability. TQ also inhibited caspase–3, –8, and –9 activation. Caspases activation inhibition is known to be a desire for cell surveillance. The inhibitory effects of TQ on caspases –3, –8, and –9 provide the antiapoptotic activity. In this way, the CGNs were protected by TQ against the cytotoxic effects of Ab1–40 (Ismail et al., 2013).

Another study investigated the TQ's neuroprotective activity against neurotoxicity induced by Aβ in human-induced cholinergic neurons derived from pluripotent stem cell. TQ could decrease the synaptic toxicity induced by Aβ1–42 (Alhibshi et al., 2019). These three studies' results show that TQ provides a neuroprotective effect by breaking the amyloid hypothesis in the AD pathogenesis and therefore shows promise for the future.

The neuroprotective effects of α7 receptor allosteric modulator, TQ, and α7 receptor agonist on the cerebral cortex were studied in AD experimentally induced relative to mesenchymal stem cells (MSCs) activation. It was concluded that α7 nAChR or TQ agonist combined with a positive allosteric modulator (PAM) may contribute to the AD treatment preferred to TQ alone. In exceptional cases, TQ alone or in combination with PAM proved the MSC activation (Abd El Fattah et al., 2016).

AD induced by Aβ was performed in an experimental study to evaluate the healing impacts of TQ on the AD's learning function. Cognitive dysfunction was caused by the Aβ by increasing step-through and initial latency with plaque formation and pyramidal cells degeneration in the hippocampus. This effect was ameliorated through TQ administration by significantly reducing the plaque formation in the hippocampus CA1 region and longer latency time, increasing the number of surviving neurons in the hippocampus. Consequently, TQ has improved the learning function (Poorgholam et al., 2018).









17.8. Effects of thymoquinone on cerebral ischemia

Ischemic brain injury is an important cause of mortality and morbidity. One of the primary factors causing cerebral ischemia pathogenesis is oxidative stress (Chan, 2001; Oskouei et al., 2018).

In the transient forebrain ischemia model, rats were treated with 5mg/kg oral TQ five days before ischemia and continued throughout reperfusion. TQ reduced neuronal death in the hippocampal CA1 region. TQ treatment significantly decreased highly elevated MDA levels and increased catalase (CAT), superoxide dismutase (SOD), and GSH activities. Inflammation induced by oxidative stress was reduced. TQ prevented up-regulation of iNOS and inhibited formation of peroxynitrite (Al-Majed et al., 2006).

The effects of NS oil (5, 2.5, and 10mg/kg) and TQ (5, 2.5, and 10mg/kg) on global cerebral ischemia (GCI) reperfusion injury were studied. These compounds showed protecting effects against ischemia-reperfusion by regulating oxidative stress in the rat hippocampus (Hosseinzadeh et al., 2007). It is logical to say that this study confirms the results of Al-Majed's study.

In a more recent study, the effects of TQ on the brain extramedullary space's properties in temporary middle cerebral artery occlusion in rats were evaluated. TQ inhibited neuron necrosis in the hippocampus CA1 region and increased behavioral performance in the neurological examination. TQ significantly reduced the percentage of hemicerebral infarcts. TQ inhibited the changes in the extracellular space parameters, and thus the brain could be protected from tissue damage caused by ischemic stroke (Fan et al., 2020).

The mitochondria-targeted plastoquinone and TQ's neuroprotective impacts were investigated by creating a middle cerebral artery occlusion. Administrating these low-dose antioxidants in the long term reduced the neurological deficit but did not affect the volume of brain damage (Silachev et al., 2015).

The TQ's effect on small molecule metabolites was investigated using MALDI-MSI in a rat cerebral ischemia model. TQ enhanced the rate of energy-related molecules such as AMP, ADP, creatine, GMP, and antioxidants such as ascorbic acid, taurine, GSH, and other molecules related to metabolism such as glutamine, N-acetyl-L-aspartate, aspartate, glutamate, and sodium ions in the injured areas (Tian et al., 2020).

In another ischemia-reperfusion study investigating the neuroprotective effects of TQ nanoformulation, the cerebral ischemia treatment and 
neuroprotection are done by the TQ-loaded PLGA-chitosan nanoparticles. The ischemia infarct volume was reduced, and the locomotor activity was enhanced by the TQ. TQ-PLGA NPs treatment significantly increased the CAT's activity and SOD activities (Xiao et al., 2016).




17.9. Impacts of thymoquinone traumatic brain injury

Traumatic brain injury (TBI) is a main cause of mortality and morbidity worldwide. One can divide TBI into secondary injury and primary injury. The treatment of TBI is mostly focused on the chain of events that develop in the secondary stage. After TBI, excitatory amino acids such as aspartate and glutamate increase significantly (Kaur and Sharma, 2018). Free radical production, parenchymal inflammation, lipid peroxidation, increased NO, and intracellular calcium can be encountered causes of neurological damage (Farkhondeh et al., 2018).

The study examining the effect of TQ (5mg/kg/day) on TBI was performed with the drop weight method on rats. Healing effects of TQ on neural cells after TBI were showed by decreasing the levels of MDA in the neurons' mitochondrial membranes and neuronal nuclei. GSH or SOD peroxidase antioxidant levels were not enhanced by the TQ (Gülşen, Ak, Çölçimen et al., 2016).




17.10. Effects of thymoquinone on multiple sclerosis

Multiple sclerosis (MS) results from the complex relationship between neural cells and the immune system. MS is an inflammatory demyelinating disease of the CNS. Animal models have been essential to elucidate the MS pathogenesis. The most characterized three MS models are experimental allergic/autoimmune encephalomyelitis (EAE), the chronic demyelinating disease which is virally induced, called the toxin-induced demyelination, and Theiler's murine encephalomyelitis virus infection (Procaccini et al., 2015). It is accepted that oxidative stress is the main factor affecting pathogenesis of EAE, which is the most-studied animal model of MS (Gilgun-Sherki et al., 2004).

Symptoms of EAE might be ameliorated by decreasing oxidative stress with TQ (1mg/kg). TQ improved the paralysis or weakness of hind limb, perivascular inflammation, tail weakness, and low spinal cord GSH levels. This study showed improvement of EAE animals through TQ with modulated oxidative stress (Mohamed et al., 2003).






The NS seeds' effect in EAE-induced Wistar albino rats was studied in histological sections of the cerebellum and medulla. NS increased cerebellum demyelination and led to reduced TGF β1 expression (Noor et al., 2015). In the same model, NS (2.8g/kg) increased the remyelination in the hippocampus. It was concluded that NS can be applied as a protective or adjuvant treatment even when the treatment started before the appearance of first clinical symptoms (Fahmy et al., 2014).




17.11. Impacts of thymoquinone on the spinal cord injury

The TQ's impacts on spinal cord injury have been demonstrated in different experimental studies.

In the experimental study performed on rats, high-dose and low-dose (30mg/kg/day and 10mg/kg/day, respectively) TQ was given before and after spinal cord injury. In this study, only histological evaluation including hemorrhage, spondylosis, and liquefactive necrosis analysis was performed. Although low-dose TQ did not show any benefit, high-dose TQ showed an attenuating effect on the histological findings of spinal cord damage (Üstün et al., 2014).

In an experimental study on spinal cord ischemia-reperfusion injury, TQ (10mg/kg) was compared with methylprednisolone (30mg/kg). TQ has an attenuating impact on the ischemia-reperfusion injury of spinal cord according to functional, biochemical, histological, and ultrastructural analyzes. These beneficial effects were achieved by attenuating the oxidative stress, inflammation, and apoptosis (Gökce et al., 2016).

The therapeutic effects of TQ (100, 200, and 400mg/kg) after spinal cord injury were studied. The effects of TQ at different doses in the neuropathic pain model were investigated by measuring the TNF-α, NO, paraoxonase, total oxidant status, MDA, and interleukin-1β and the mechanical and heat–cold tests. The beneficial effects of TQ in this experimental neuropathic pain were showed, but increasing this TQ dose did not change the effect (Çelik et al., 2014).

In the spinal cord injury's mild contusion model, 30mg/kg TQs reduced oxidative stress, apoptosis, and inflammatory response through PI3K/Akt and PPAR-γ pathways. TQ increased the Basso, Beattie, and Bresnahan scores in behavioral assessment and reduced the content of water in spinal cord (Chen et al., 2018).






The effectiveness of TQ (10mg/kg) in reducing peridural fibrosis after laminectomy was demonstrated by an experimental study performed on rats. TQ significantly reduced the vascular volume and new bone volume and significantly decreased the fibrosis volume (Türköz et al., 2021).




17.12. Effects of thymoquinone on peripheral nerve injury

Despite the advances in medicine, the treatment of peripheral nerve damage is still not very satisfactory. After peripheral nerve damage, free oxygen radicals increase and this causes further tissue damage (Yalçin et al., 2013). Various experimental studies were performed to observe the TQ's effects on peripheral nerve damage.

Inflammation contributes to diabetic peripheral neuropathy (DPN) pathogenesis. TQ was shown to alleviate diabetic peripheral neuropathy by modulating inflammation. TQ inhibited proliferation of Schwann cells and protect against apoptosis of Schwann cell, and attenuate morphological changes induced by DPN and demyelination of sciatic nerve. It reduced the expression of IL-1β, COX-2, caspase-3, and IL-6 in cultured isolated Schwann cells or sciatic nerve tissue (Chen et al., 2018).

In peripheral nervous system toxicity induced by acrylamide, TQ (5, 2.5, and 10mg/kg) showed neuroprotective effects via MAPKinase and apoptosis pathways. TQ concomitant administration (10 and 5mg/kg) with angiotensin-converting enzyme prevented abnormalities of gait, increasing GSH content while significantly reducing MDA. Moreover, TQ (5mg/kg) increased the P-ERK/ERK ratio and MBP content, while P-JNK/JNK decreased the apoptotic markers and P-P38/P38 ratios. TQ exerted neuroprotective effects, in part through antiapoptotic mechanisms and antioxidative stress (Tabeshpour et al., 2019).

Sciatic nerve crush injury model was created in our experimental study examining the TQ's effects (5mg/kg/day) in the acute period in acute peripheral nerve injury (Gülşen, Ak, Kara et al., 2016). Myelin thickness, axon density, and axon diameter were obtained. As a result, TQ did not have any curative effect in the acute period of injury.

Neuroprotective effects of TQ combined with alpha-tocopherol were investigated on lower extremity ischemia-reperfusion muscle and nerve injury (Erkut et al., 2016). The combination of these compounds had a synergistic effect through antiinflammatory, antioxidant, and antiapoptotic mechanisms.









17.13. Neuroprotective effects of thymol

Thymol (2-isopropyl-5-methyl phenol) from the phenolic monoterpenes family has been used for long in traditional medicine for antiinflammatory, antibacterial, antineoplastic, expectorant, antiseptic, and antiviral purposes (Nagoor Meeran et al., 2017). However, promising studies on thymol, including cancer studies, are still ongoing.




17.14. Effects of thymol on Alzheimer's disease

The AD treatment strategy is based on acetylcholinesterase (AchE) inhibitors. The effects of linalool, thymol, carvacrol, TQ, and thymohydroquinone on AchE inhibition were investigated. Thymohydroquinone showed the most powerful AChE inhibiting impact on the concentration range. Thymol has lower AChE inhibitory potential than carvacrol and TQ. However, there is similarity between carvacrol and thymol in terms of structure (Jukic et al., 2007).

Thymol and carvacrol considerably protected PC12 cells against cytotoxicity induced by Aβ25-35 and reversed ROS production induced by Aβ25-35 (Azizi et al., 2020). In addition, carvacrol and thymol were also found to increase PKC (protein kinase C) activity. These results show that thymol and carvacrol show promise in the treatment of AD.

The effects of carvacrol and thymol (0.5, 1, or 2mg/kg) on the cognitive functions were investigated. Thymol and carvacrol each attenuated the cognitive impairments due to higher cholinergic hypofunction or Aβ levels. In conclusion, antioxidant, anticholinesterase, and antiinflammatory activities might contribute to the beneficial impacts (Azizi et al., 2012). It was also stated that thymol reduced intracellular oxidative stress dependently on dose, exhibits anticholinesterase activity, and increases cell viability of neuronal PC-12 cells (Lee et al., 2015).




17.15. Effects of thymol on anxiety

Anti-anxiety effect of thymol (10, 5, 20mg/kg i.p.) was studied with light/dark exploration test and elevated plus maze (EPM) behavioral models. 20mg/kg thymol was found to have a significant antianxiety effect. This effect was thought to be possibly by modulation of GABA, NO-cyclic guanosine 30, 50-monophosphate (NO-cGMP), and 5-hydroxytryptamine (5-HT) pathways (Bhandari and Kabra, 2014).






Antianxiety effect of thymol was showed in a study in which cylinder, open-field, plus maze, hole-board, sodium periorbital-induced hypnosis, and acute toxicity (LD50) were studied (González-Trujano et al., 2017). The antianxiety effect was also demonstrated in an experimental study with an EPM test (Wang et al., 2017).




17.16. Effects of thymol on dementia

The possible beneficial effects of thymol on the aging rat brain were studied (Youdim and Deans, 2000). Antioxidant enzyme activities (GPx and SOD) and the total antioxidant rate of thymol application continued to be significantly higher. Another study of the same authors showed that dietary thymol (42.5mg/kg body weight/day) provided more polyunsaturated fatty acids levels (Youdim and Deans, 1999).




17.17. Effects of thymol on depression

In an experimental study, the antidepressant effects were tested by giving Lippia sidoides essential oil (200 and 100mg/kg) or corticosterone, or fluoxetine (35mg/kg) or thymol (50 and 25mg/kg) [93]. Tail suspension, open field, forced swimming test, sucrose preference, and higher plus maze tests were conducted. Thymol was found to have antidepressant-like effects similar to fluoxetine (Parente et al., 2018). Fluoxetine is an FDA-approved antidepressant that inhibits selective reuptake of serotonin in central neurons, currently in use in the treatment of depression.

Thymol (15 and 30mg/kg) increased the level of central neurotransmitters in a mouse model and inhibits the expression of proinflammatory cytokines such as IL-6, (IL)-1β, and TNF-α (Deng et al., 2015). Additionally, the activation of nod-like receptor protein 3 (NLRP3) inflammasome and its adapter were inhibited by thymol, subsequently decreasing the caspase-1 expression.

The effects of thymol were studied on the expression of prefrontal cortex TLR 2/4 gene and hippocampus and depressive behavior induced by CUS on a rat model (Amiresmaeili et al., 2018). Thymol showed antidepressive activity without effect on stress-induced TLR-2/4 up-regulation.









17.18. Impacts of thymol on epilepsy

Antioxidant and serum biochemical indices of thymol were examined in kindled rats. Kindling is recognized as a temporal lobe epilepsy's experimental model. Thymol decreased MDA serum levels and hippocampal IL-1β and TNF-α levels, which are increased by epileptic seizures, and increased SOD activity. Thymol showed an anticonvulsant effect with antiinflammatory and antioxidant mechanisms (Aliabadi et al., 2016).

Sancheti et al. characterized the antiepileptogenic and anticonvulsant potential of thymol (5, 10, 50, 25, and 100mg/kg) in various experimental models. Maximal electroshock (MES)-induced seizures test, strychnine-induced seizure test, PTZ-induced seizures test, locomotor activity, 4-aminopyridine seizure test, PTZ-induced kindling test, and oxidative stress assessments including MDA and GSH levels in brain tissue were performed. In the MES-induced size model, a reduction in hind limb extension (HLE) duration was seen at all thymol doses. Although 100mg/kg dose of thymol significantly reduced the duration of HLE, it couldn't provide the full protection obtained by 25mg/kg phenytoin. In the PTZ-induced seizure test module, 100mg/kg thymol extended the myoclonic jerk onset, the clonic seizures onset, the death onset, and the HLE onset. Thymol (100 and 50mg/kg) showed improvement of activity as compared to diazepam in extending the clonic seizures and the myoclonic jerks onset. In the STR-induced 6 seizure test model, 100mg/kg thymol considerably extended the death onset. In the 4-AP seizure test model, thymol did not protect the animals from 4-AP-induced seizures at any dose. 100mg/kg of thymol inhibited 80.36% of locomotor activity. 25mg/kg thymol considerably increased levels of GSH, decreased the score of seizure, and reduced levels of MDA in the PTZ induced kindling model. As a result, considerable antiepileptogenic and anticonvulsant property of thymol were stated (Sancheti et al., 2014).

The thymol's seizure prevention effect in the partial psychomotor seizure model was evaluated (Mishra and Baker, 2014). Thymol partially inhibited the effects for MES, corneal-kindled, and scMET models.




17.19. Effects of thymol on Parkinson’s disease

The effects of thymol (50mg/kg) against dopaminergic neurodegeneration in a rotenone-induced experimental Parkinson's model were studied 
(Javed et al., 2019). Thymol has been shown to protect the endogenous antioxidant defense network and reduce inflammatory mediators, such as cytokines, in this model.




17.20. Other thymol's impacts on nervous system

Sammi et al. studied the cholinergic dysfunction of thymol (Sammi et al., 2017). In their experimental study, although thymol and gamma-terpinene have no activity alone, when thymol (10–100ppm) is combined with para-cymene or gamma-terpinene, it reduced cholinergic dysfunction via increasing acetylcholine synaptic levels and increasing nicotinic acetylcholine receptor responsiveness.

Thymol has been reported to have an effect on the GABA-A receptor. Compounds with GABAergic activity show neuroprotective effects, mostly through potentiation of GABAA-mediated inhibition. The thymol's pharmacological effect on the natural GABA-A receptor with cortical neuron primary culture was investigated (García et al., 2006). The GABA-induced (5μM) chloride influx was enhanced by the thymol.

As the analgesic effect of thymol has long been known and is used as a stabilizer in anesthesia applications currently. However, the mechanism underlying these effects is not fully known. It was stated that the thymol's local anesthetic and antinociceptive impacts may be due to the voltage-operated sodium channels blockade (Haeseler et al., 2002). This study concluded that thymol is as potent as lidocaine currently in clinical use as a local anesthetic.

The thymol's effect on spontaneous excitatory transmission was investigated for the spinal substantia gelatinosa (SG) neurons (Xu et al., 2015). The transient receptor potential (TRP) channels which are expressed in heterologous cells are activated by the thymol. However, whether this effect is the same in innate neurons and how thymol affects synaptic transmission is not clear. It has been shown that thymol (1mM) activated the channels of TRPA1, increasing the L-glutamate's frequent release on SG neurons, generating an external current without activation of TRP in the adult rat spinal cord slices by its antinociceptive potent effect.

The GABA release from GABAergic nerve terminals is inhibited by the GABA-B autoreceptors. The (3H)-GABA release probably was potentiated by the thymol (200mM) considering its antagonistic impact on GABAb autoreceptors in the rat's neocortical slices (Parker et al., 2014).






In an experimental study evaluating the effect of thymol on sciatic nerve excitability, compound action potential (CAP) was inhibited by thymol dependently on concentration. Moreover, thymol inhibited neuronal excitability (Barbosa et al., 2017).




17.21. Neuroprotective effects of p-cymene

P-cymene (1-Methyl-4-(propane-2-yl) benzene) is a natural compound and an aromatic monocyclic monoterpene, which is found in above 100 plant oils, including BC. It has anti-inflammatory, analgesic, antioxidant, and antitumor effects (Bonjardim et al., 2012; Li et al., 2016; Yvon et al., 2012).

Inflammatory responses are reduced by P-cymene by inhibiting production of the IL-6, TNF-α, and IL-1B, inhibiting NF-KB activities and MAPK (Chen et al., 2014; Zhong et al., 2013).

NF-KB and MAPK activities mainly contribute to the AD pathogenesis and are considered as targets for treatment (Munoz and Ammit, 2010; Tuppo and Arias, 2005; Valerio et al., 2006). The experimental studies found that p-cymene administered at different doses reduces the number of amyloid plaques in a dose-dependent manner and partially disaggregates Aβ1–42 fibrils formed in vitro. In vitro antifibrillar effect of p-cyme was demonstrated (Seifi-Nahavandi et al., 2020).

The dose-dependent antinociceptive efficacy of p-cymene has been demonstrated by several experimental studies. In an experimental study with monoterpenes containing camphene, p-cymene geranyl acetate, it was shown that p-cyme has stronger antinociceptive activity compared to other agents. Despite the strong antinociceptive effect, p-cymene showed no activity against NO but showed mild activity against superoxide in the SOD-like mechanism (Quintans-Júnior et al., 2013). P-cyme exerts a dose-dependent depressant impact on the CNS and has a suppressive effect on nociceptive responses evoked by chemical and thermal stimuli (Bonjardim et al., 2012).

The analgesic effect of p-cyme is short, and it has poor water solubility. In an experimental study, p-cymene/-cyclodextrin (β-CD) complex was used to increase the efficiency of p-cymene. As a result, it was reported that the antiinflammatory and analgesic activity of p-cymene was increased by this complex (Jde et al., 2013).

No sufficient information is available on the impacts of p-cymene on the peripheral nervous system. In an experimental study, p-cymene did not 
significantly alter the sciatic nerve compound action potential. However, it was demonstrated that thymol inhibited the neuronal excitability. Due to this reason thymol was accepted as a promising agent for therapeutic purposes (Barbosa et al., 2017).




17.22. Neuroprotective effects of carvacrol

As a monoterpenoid phenol, carvacrol or 2-methyl-5-isopropyl phenol has neuroprotective effects shown with several experimental studies (Hong et al., 2018). Fe2+ -induced neurotoxicity can be inhibited by carvacrol in neuroblastoma SH-SY5Y cells with a mechanism mediated by apoptosis attenuation by down-regulating the JNKNF/MAPK-κB signaling pathway (Cui et al., 2015).

Carvacrol has been reported to block TRP channels, subfamily M, member 7 (TRPM7) in hippocampal neurons, and the HEK cells overexpressing TRPM7 leading to neuroprotection in mice under focal ischemia (Yu et al., 2012; Parnas et al., 2009). As known, anoxic neuronal death is mediated by the TRPM7 as a key factor (Aarts et al., 2003).

Carvacrol has beneficial effects in protecting the brain from neonatal brain's hypoxic-ischemic injury by improving prosurvival signaling by restoring
 and reducing brain's infarct volume, and inhibiting proapoptotic signaling by decreasing caspase-3 activation and enhancing Bcl-2/Bax protein ratio. It also improved the behavioral outcomes. The TRPM7 channel function inhibition may lead to such neuroprotective effect (Chen et al., 2015).

The carvacrol's (25, 50 and 100mg/kg) inhibitory effects were studied in LPS-induced memory impairment, and it was found that carvacrol provided significant improvement (Lee et al., 2015).

Carvacrol has been shown to reduce TNF-α and IL-1β in the prefrontal complex and hippocampus. Also, carvacrol has been shown to restore BDFN expression in hippocampus and attenuate toll-like receptor-4 levels. Carvacrol has been reported to has a dose-dependent beneficial effect on LPS-induced cognitive dysfunction, and optimal efficacy is achieved with 100mg/kg.

Carvacrol has also been studied in models of epilepsy. Carvacrol inhibited early seizures in epilepsy and recurrent SE perforating path models in rats (Khalil et al., 2017). However, the subsequent chronic epilepsy development was not prevented by the carvacrol but preventing the cognitive function deterioration after post-SE. It was stated that carvacrol shows a 
reduction in memory impairment by inhibiting TRPM channels of carvacrol.

Carvacrol was shown to reduce global cerebral ischemia-induced hippocampal neuron death, reduce zinc translocation to the hippocampal pyramidal layer, reduce GCI-induced hippocampal oxidative damage and microglial activation, and inhibit the expression of TRPM7 channels after GCI (Hong et al., 2018). Carvacrol might have therapeutic efficacy by reducing intracellular zinc translocation in the post-GCI period.

The neuroprotective effects of carvacrol (73mg/kg, intraperitoneally) and pomegranate in methotrexate-induced toxicity were studied in an experimental study. Both carvacrol and pomegranate reduced the proinflammatory response by reducing the total oxidant status, MDA, TNF-α, and IL-1β levels (Çelik et al., 2013). The effects of carvacrol and pomegranate were studied separately. The authors didn't perform any group looking for the presence of the synergistic effect of both agents.

The thymol and carvacrol's protective effects were evaluated in PC12 cells in terms of the Aβ25-35-induced cytotoxicity (Azizi et al., 2020). It was stated that these compounds' effect on Aβ25-35 was through reduction of oxidative damage and increased PKC activity as a protein related to memory. However, these compounds were studied separately, and the presence of any synergistic effect was not reported.




17.23. Conclusion

Most of the studies related with BC and BC seed oils are experimentally performed ones. In these studies, the neuroprotective efficacy of BC and seed oil has been demonstrated in general, but these studies have not reached the desired scientific levels. For example, recommended dose ranges for TQ, thymol, and carvacrol are not yet clear. Despite traditional long-term usages, studies related to these compounds are cell-derived effects mostly experimental and must be strengthened with human studies. Considering many points, it is obvious that the studies should continue for a long time.
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Abstract


Chronic inflammation, inflammatory mediators, and oxidative stress play a central role in the pathogenesis of many of ischemic cardiovascular diseases (such as hypertension and angina) and many of lung disorders such as asthma and chronic obstructive pulmonary disease. Several preclinical and clinical studies reported that Nigella sativa (NS) and its constituents have significant value in the treatments of such ischemic cardiovascular diseases and pulmonary diseases due to curative and protective effects attributed to its antioxidant, antiinflammatory, bronchodilation, antihistaminic, antileukotrienes, antifibrotic, and immunomodulatory properties of NS. The reports of several preclinical and clinical studies show a significant reduction in hypertension severity, improvement in angina symptoms in patients with ischemic heart diseases, and to have a bronchodilatory and preventive therapeutic effects on asthmatic patients by improvement of asthma symptoms, lung functions, and with lowering asthma biomarkers. These studies evidenced the potential antiischemic cardioprotective and antiasthmatic effects of NS.
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18.1. Introduction

18.1.1. Nigella sativa or black cumin to treat bronchial asthma




Chronic inflammatory reactions, inflammatory mediators, and oxidative stress play a central role in the pathogenesis of many of lung disorders such as asthma, tracheitis, and chronic obstructive pulmonary diseases (Aggarwal et al., 2019; Sethi et al., 2019). Many preclinical and human studies reported that Nigella sativa (NS) and in addition to its constituents are of significant value in the treatments of such lung diseases, which could be attributed to the curative and protective properties of NS as bronchodilation, antihistaminic, antiinflammatory, and effective immunomodulatory actions on many of lung diseases (Koshak, Koshak et al., 2017; Gholamnezhad et al., 2019; Noorbakhsh et al., 2018).

It was found that NS extract has bronchodilator, preventive, and curative therapeutic effects on chronic asthma patients that was confirmed by results of many clinical trials that showed a reduction of asthma symptoms, with a significant decrease in serum biomarkers of asthma, and together with increased peak expiratory flow by 5%–75% and decreased fractional exhaled NO and serum IgE and effective antiinflammation on mast cells by the inhibition of histamine release and has no toxic effect on mast cell by treatment with NS preparations (Koshak, Koshak et al., 2017; Gholamnezhad et al., 2019; Ikhsan et al., 2018; Salem et al., 2017; Koshak, Wei et al., 2017). These findings provide evidence for the potential benefits of NS oral supplementation in the clinical management of bronchial asthma.






Other clinical study showed that NS oil and active constituent (α-hederin) have significant improvement of responsiveness of trachea with a significant antiinflammatory activity that was explained to a decrease in the release of histamine and leukotrienes while an increase in the PGE2 from the mast cells and perfused lungs in experimental animal model of allergic asthma (Ikhsan et al., 2018; Saadat et al., 2015; Keyhanmanesh et al., 2013; Boskabady et al., 2011). These antiasthmatic effects are in accordance to other different clinical studies that reported that NS showed an improvement of clinical symptoms and pulmonary function as well as various asthma biomarkers (Salem et al., 2017; Boskabady et al., 2010). So, future clinical studies on a wide scale with allocating a large number of patients needed to elucidate the effects of black cumin for the management of many of lung diseases.





18.2. NS to treat ischemia and cardiovascular diseases

Experimental use of oral NS at dose of 400mg/kg in the experimental study of L-NAME-induced hypertensive state in rats reported that there were an improvement in arterial blood pressure (BP), systolic blood pressure (SBP), diastolic blood pressure (DBP), and serum lactate dehydrogenase (LDH), increase in serum nitric oxide (NO), and suggested that antiischemic effect could be related to the significant decrease in blood lipids and the increase in serum NO (Tasar et al., 2012; Murugesan et al., 2012).

Experimental study of renovascular ischemic hypertension in rats using NS oil (i.p) 0.2mL/kg showed decrease in SBP, tissue malondialdehyde (MDA), luminol, and lucigenin chemiluminescence, increase in tissue Na+ and K+-ATPase and in plasma NO, decrease in plasma creatine kinase (CK), low-density lipoprotein (LDL), and symmetric dimethylarginine, and suggested that NS oil could have a therapeutic antihypertensive effect against renovascular hypertension in ischemic hypertensive rat (Sayed et al., 2009).

The intragastrical use of NS (150mg/kg body weight [BW]) for a period of 15 days in experimental study of myocardial infarction in rats produced by isoproterenol injection showed marked decrease in serum aspartate and alanine transaminases (AST and ALT), LDH, CK, and tissue lipid profile of triglycerides (TGs), cholesterol, free fatty acids in NS-treated rat groups, and suggested that NS offered protective effects against rat experimental myocardial infarction (Jaarin et al., 2015).

In the experimental study of hypercholesterolemia in rabbits, the use of NS per oral in a dose of 5g/kg/day showed significant blood lipid-lowering 
effects when compared to placebo and also has a favorable significant increase in serum high-density lipoprotein (HDL) and concluded that the dietary supplement of NS for long-term use is beneficial for primary prevention of hypercholesterolemia and atherosclerosis and may have a therapeutic potential actions for ischemic patients with coronary artery disease (Paul et al., 2010).

Moreover, the intraperitoneal use of NS oil (0.2mL/kg), before ischemia and before reperfusion in experimental study of hepatic ischemia/reperfusion injury in rats showed a significant decrease in serum liver enzymes AST, ALT, and LDH in treated rats in comparison with nontreated rats, and recommended that NS oil treatment can protect the rat liver against ischemia reperfusion injury (Yildiz et al., 2008). Moreover, in the experimental ischemic study of reperfusion injury of skeletal muscle in rats, the NS aqueous (1, 1.5, and 2g/kg) and ethanolic extracts (1.6, 2.4, and 3.2g/kg) showed an increase of MDA levels in the rat skeletal muscle and therefore inhibiting lipid peroxidation following ischemia-reperfusion injury due to antioxidant properties and free radical scavenging of NS (Hosseinzadeh et al., 2007). Also, NS aqueous (1g/kg) and ethanolic (1.6g/kg) extracts in an experimental study of four-vessel occlusion model in rats resulted in significant reduction in neuronal cell injuries of rat hippocampus and suggested NS seed extracts could have curative effects against cerebral ischemia (Hosseinzadeh et al., 2006).

Interestingly, the injection of NS at different doses (0.5, 1, and1.5mg/kg BW) in adrenaline-induced dyslipidemia and left ventricular dysfunctions in rats and oral NS seed oil capsules with the dose (900 mg/oral per day) for eight weeks in patients with coronary artery disease showed significant decrease in serum levels of LDL, TGs, very low-density lipoprotein, and total cholesterol (TC) with significantly increase in free radical scavenging activity and with attenuation of ischemic cardiomyocyte damage, and suggested that NS having antidyslipidemic, antioxidative, and cardioprotective effects on heart with cardiac ischemia and left ventricular hypertrophy (Ali et al., 2013; El-Deeb et al., 2010; Tasawar et al., 2011).

In a clinical study of patients with mild hypertension and patients with ischemic heart disease, the use of NS seed extract 100mg/kg and 200mg/kg, orally per day for three months, has significant reduction in SBP and DBP (dose-dependent), reduction in total and LDL cholesterol, and beneficial reductive effects on blood glucose levels especially in diabetic patients, with a significant increase in serum HDL and a decrease in serum TG after regular intake of NS confirming that NS seed extract could be 
exerting antihypertensive and hypolipidemic, antiischemic effects, which may be beneficial for ischemic hypertensive diseases by decreasing serum TC and LDL cholesterol for ischemic heart disease after regular intake for several months (Dehkordi and Kamkhah, 2008; Zaki et al., 2005; Bader, 2015). Additionally, black cumin and its active component, thymoquinone (TQ), exhibited a reduction in oxidative stress via calcium channel blockade and increasing urine output activity which might have been linked to reduction in BP (Leong et al., 2013).




18.3. Conclusion

So, based on majority of these reports exploring the antiischemic properties of NS that protecting antioxidants, antiinflammatory, bronchodilator, and antihistaminic effects on the lungs, and also, protecting antioxidants, antiinflammatory, and antiischemic effects on heart and other vital organs against ischemia that decreasing incidence of bronchial asthma and myocardial infraction and ischemic reperfusion injuries on different body organs in experimental animal models, which supported by results of clinical trials that providing a clear evidence that both the NS oil and its active ingredients, in particular TQ, possessing reproducible antioxidant, antiasthmatic, and antiischemic effects, suggesting that the regular use of NS seed is recommended for prevention of bronchial asthma, many of ischemic cardiovascular diseases as a promising basis of natural antiasthmatic, antihypertensive, and antianginal drugs based on majority of results and reports on animal models and clinical studies in such diseases.
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Abstract


Since immemorial times, the use of traditional medicine was initiated and used throughout the decades. Rather, it can be considered as the origin of the new medicine, as it has abounded with innumerable practices and methods that might be somehow paved for the evolution of modern medicine. Traditional medicine has many definitions, names, as well as branches, and types often recognized among disparate nations and societies. Herbal medicine is one of the most dominant and popular types of traditional medicine. Till now, it is still an indispensable option for many people and maybe favored over modern medicine because of its availability, affordability, and considerably great extent of safety. Most pharmacological drugs are rooted, derived, or inspired by one type of medicinal plant or maybe another traditional medicine technique. One of the most substantial medicinal plants in traditional medicine is black cumin (Nigella sativa). Its fame goes back to its ancient history and its widespread use by most, if not all, cultures. It comprises several valuable compounds and nutrients, can be used in various forms and methods, has an abundance of medicinal properties that have been used in traditional medicine, and yet an area of research. This chapter displayed the evolvement of traditional medicine, uses of the black cumin, and its different properties throughout ages and cultures.
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19.1. Introduction

Unsegment of different ways, materials, and procedures beyond the common medical care is known as complementary and alternative medicine. Likewise, it may be regarded as the Medicare scheme which utilizes group of practices, knowledge, and skills earned out of the informal medical disciplines (Gurmu et al., 2017). The World Health Organization (WHO) had defined traditional medicine as the overall combination of the knowledge, skills, and practices emanated from theories, beliefs, and experiences primeval various cultures, which are used in the maintenance, prevention, diagnosis, improvement, or treatment of physical and mental health, regardless of being rational or not (World Health Organization, 2019). Another definition by Ibrahim, et al. (2017) considered traditional medicine as a systematic healthcare framework with antique origin, cultural ligature, skilled menders, and a theoretical paradigm (Ibrahim et al., 2017). There are noticeable terminologies express traditional medicine interchangeably such as: complementary medicine, alternative medicine, or conventional medicine among countries (World Health Organization, 2019). Ros et al. (2018) reported that high-
income countries habitually call it “complementary” or “alternative” medicine while simply known as traditions in low- and middle-income countries (Ros et al., 2018).



19.1.1. The journey of traditional medicine

From first principles, traditional medicine initiated on the basis of natural representation of diseases in conjunction with patient's history. In those days, physicians endeavor to differentiate diseases by perceptible manifestations, for instance: temperament and meridian, thus, treated herbaceously (Jafari et al., 2020).

Culturally talking, almost all nations had their traditional healing methods. Away from the exact timing of Traditional Chinese Medicine (TCM) establishment; it is known to be originated through ongoing work and scrutiny, targeting the use of herbs on medicinal functions, that is, Chinese Materia Medica (CMM). According to Lemonnier et al. (2017), CMM deemed to be the most comprehensive encyclopedia integrating the medicinal uses of herbs in TCM. It is gleaned by Li Shi Zhen who enclosed approximately over 1800 inputs with greater than 11,000 blueprints. Other techniques alongside CMM in the TCM ideology and rituals were: acupuncture, moxibustion, tuna massage, and qigong exercise (Lemonnier et al., 2017). Kampo medicine is the name of Japanese Traditional Herbal Medicine. Kampo verbatim meaning is “method from the Han period of ancient China” alluding to its stemming from primeval China. As yet, Kampo Japanese Traditional Herbal Medicine is being distinctive by means of its protracted advancement bygone time (Watanabe et al., 2011). The transmission of the TCM to Japanese islands took place in the 15th century via the Korean peninsula. Sooner afterward, the first medical regulations were enacted (Lemonnier et al., 2017). The Chinese herbal medicine as branch of TCM was dominated among cultural areas of Western countries while TCM was more widespread than Kampo in the United States (Watanabe et al., 2011). Korean traditional medicine also linked to TCM but slightly differs. It arose from the two prime philosophical Chinese folklores Taoism and Confucianism. Taoism used to intensify the interaction between the external factors (i.e., nature, universe, and environment) and well-being. Contrariantly, Confucianism deals with the individuals' innermost solidities and debilities (Lemonnier et al., 2017). By that means, both Korean traditional medicine and TCM subsumed usage of numerous treatment methods. Nevertheless, distinctiveness of the Korean traditional medicine was through the Confucianism approach, and the fact that the 
human body is entangled physically and mentally (Yoo et al., 2012). A solemn subclass of the Traditional Indian Medicine is Ayurveda. Ayurveda labeled as a Whole System of Medicine (WMS), which was applied for thousands of years in the South Asian countries; hence, it was seen as the ancient WMS worldwide. This term is literally translated from Sanskrit to “knowledge of life,” or it could be interpreted as “systematic knowledge of the lifespan.” Interestingly, the WHO had totally approved Ayurveda as a medical science on par with TCM (Kessler et al., 2013). Nowadays, it is used as the primary health-care system in the Indian countryside for around 70%–80% (Lemonnier et al., 2017). Adu-Gyamfi et al. (2019) articulated that traditional medicine served as the supremely reachable wellness structure for certain Africans (Adu-Gyamfi et al. (2019). In the opinion of Mozaffarpur et al. (2020), another of the earliest recognized medicinal systems is Traditional Persian Medicine, which had nearly 14,000 authentic references (Mozaffarpur et al., 2020). Of others, the traditional medicine in the Arabic regions and Islamic culture comprised copious amounts of practices, chiefly with respect to the herbal traditional medicine. Notably, herbs’ use dated back to the Sumerians, the oldest pharmacy was in Baghdad where doctors used to prescribe herbs in miscellaneous forms, and a group of brilliant physicians were celebrated (e.g., Al-Razi, Ibin Sina, and Albetar). Islamic tradition is prominent in getting soul and body simultaneously, usage of earmarked foods like date and honey, and practices like “Alhijama” (i.e., cupping) (Ibrahim et al., 2017). The new science-based medicine was introduced by Hippocrates (Lemonnier et al., 2017). Following the recommended integration of traditional medicine into the health-care system by the WHO, an intensifying need for a broad stratagem concerning the study of the medicinal plants, plus the establishment of research and training centers was declared by the World Health Assembly (Gupta and Ahmed, 2018).





19.2. The miracle herb Nigella sativa


Under the umbrella of traditional medicine, medicinal herbs are highly popular and favorable ways of primary treatments either in the developing countries or globally, in addition to their cultural and historical benefits. What causes people to choose them: the soothing, synergistic, and nutritive effects. Some of these herbs are: Allium sativum, Crocus sativus, Zataria multiflora, Thymus vulgaris, and Nigella sativa (black seed) (Qureshi et al., 2017). Throughout all the medicinal herbs; N. sativa had glorious situate due to the fact that it is the top evidence-based plant all over the map (Al-Naggar et al., 2017

). The name of N. sativa was taken over from the Latin word nigellus, which means black, apparently elucidating its black seeds (Anbarasu et al., 2018). N. sativa has numerous nomenclatures such as black seeds in East Africa, Middle East, South Asia, and Mediterranean countries (Habib and Choudhry, 2021), black cumin in English, Habat-ul-Sauda or Habbat-ul-Barakah (seed of blessing) in Arabic (Ahmad and Alkreathy, 2018), jintan hitam in Indonesia (Lokeswara et al., 2019), black caraway and Kalonji in South Asia (Dajani et al., 2016), and Kalongi in India (Qayyum et al., 2020). What is more, in line with its vast religious history, N. sativa is regarded as a miraculous plant (Ermumcu and Şanlıer, 2017). It is mentioned as the curative black cumin in the Holy Bible (Bensiameur-Touati et al., 2017), whereas in the Islamic religion, the Prophet Muhammad (peace be upon him) said: “Hold on to the use of the habbat alsauda—N. sativa—for indeed it has a remedy for every disease except death (Ikhsan et al., 2018). Additionally, it is so-called Melanthion of Hippocrates and Dioscorides and as Glitch of Pliny (Maideen, 2020). N. sativa is a dicotyledon (Mammad et al., 2017), anural efflorescence plant (Javadi et al., 2018), and a member of Ranunculaceae family. It is characterized by a height of 8–12 inches, pinnated and segmented leaves, solitary, self-pollinated, white and blue flowers, and the plenty triangular seeds encapsuled within the fruits (Pop et al., 2020). It is sown in the Middle East, Eastern Europe, Western Asia (Ahmad et al., 2020), North Africa (Bensiameur-Touati et al., 2017), Iran (Pop et al., 2020), Southern Europe, India, Pakistan, Syria, Saudi Arabia, and Turkey (Ermumcu and Şanlıer, 2017). N. sativa is loaded with components including: both fixed and essential oils (Eid et al., 2017), saponin, alkaloids, various proteins (Arazmjoo et al., 2021), antioxidants—especially thymoquinone (Maghsoudi and Haj-allahyari, 2018), vitamins (A, B, C), minerals (calcium, potassium, zinc, iron), and saturated and unsaturated fatty acids (Elshama, 2018). It is customarily used as spice (Koshak et al., 2018), flavoring additive (Elshama, 2018), food preservative (Mammad et al., 2017), carminative, condiment, aromatic, and can be eaten with honey, sweet foods, bread, and cheese (Bensiameur-Touati et al., 2017), with addition to spicing yogurt, marinades, sauces, and salads (Tiji et al., 2021).




19.3. Medicinal properties of Nigella sativa in traditional medicine

Owing to the distinguished position of N. sativa at all levels, its biological and therapeutic features have been massively addressed by researchers. It has been revealed to be used as diuretic, appetite stimulant, milk production 
augmentation for lactating mothers, antihypertensive, antidiabetic, immunomodulatory, analgesic, antimicrobial, anthelmintic, antiinflammatory, spasmolytic, bronchodilator, gastroprotective, hepatoprotective, emmenagogue, renal, and antioxidant. Furthermore, the seeds considered a remedy for bronchitis, asthma, diarrhea, skin disorders (Begum and Mannan, 2020), hypertension, eczema, inflammation, rheumatism, jaundice, gastrointestinal problems (Saleh et al., 2018), diabetes (Pelegrin et al., 2019), warts (Maideen, 2020), cough, nasal congestion, headache, dental pain, menstrual disorders, impotence (Samadipour et al., 2020) stomachache, abdominal pain, colic, and general fatigue (Koshak et al., 2018). Kaur et al. (2018) accounted that N. sativa could contribute to lowering blood glucose level and body weight through its ability to control the intestinal uptake of the glucose and minimization of hepatic gluconeogenesis (Kaur et al., 2018). Also, its supplementary use in the form of aqueous extraction alongside with copper nanoparticles synthesized serves as neuroprotective in the sake for curing nervous disorders (Yan et al., 2020).

Aforesaid, N. sativa renowned in Unani, Ayurveda, Siddha, Chinese, and other traditional medicine systems (Al-Naggar et al., 2017). The use of N. sativa, its seeds, and oil was disseminated of long decades ago. Imam Ibn Qayyim Al-Jawziyya prescribed N. sativa for lessening gasping and hard breathing (Qayyum et al., 2020). Hippocrates used the seeds and oil to strengthen liver, treat poisonous bites, abscesses, skin rashes, head infections, and common cold. Pedanius Dioscorides used the oil alone for headache, toothache, nasal congestion and to destroy enterozoa, while Ibni Sina used it for metabolism stimulation and to allaying asthenia and lethargy. Interestingly, by the time of the pharaohs, N. sativa's oil was intrinsic for the royal health and beauty of Queen Cleopatra, and its remnants were found in Tutankhamun's tomb. N. sativa has been used as traditional treatment with all its forms (i.e., powder, oil, and extract) (Ermumcu and Şanlıer, 2017). N. sativa reported to be used for obesity, hypertension, and diabetes in Unani traditional medicine and Islamic medicine (Leisegang et al., 2021) to treat respiratory, gastrointestinal, rheumatic, and inflammatory disorders, and cancer in traditional Jordanian folklore, various respiratory disorders in Morocco, Pakistan, and Southern Europe (Tiji et al., 2021), rheumatoid arthritis, diabetes, asthma, and dyslipidemia in the Middle East and Southeast Asia (Namazi et al., 2018). In Sri Lanka, N. sativa played a crucial role in dermatological treatments as antiacne topical formula to heal acne vulgaris (Nawarathne et al., 2019), besides the anticancer and antiproliferative effects which stated in Unani, Ayurveda, and Chinese medicine (Mollazadeh et al., 2017

). Conformably, it is used in traditional Arabic herbal medicine for asthma, gastrointestinal dysfunctions, conjunctivitis, eczema, intrinsic hemorrhage, hypertension, and pyrexia (Bakal et al., 2017). Another method of using N. sativa’s seeds is boiling. Boiled seeds were taken postmeals to alleviate symptoms accompanied malaria including chills, headache, nausea, and lack of appetite by indigenous Arabs, Asians, and Bantus of the Kenyan Coastal Province (Udu et al., 2021). In Northern Africa, they treated skin diseases (eczema), upper respiratory tract diseases (e.g., bronchitis, cough, and influenza), fever, headache, and rheumatic diseases by using N. sativa. Among Arabian and African countries, oil has been used for treating allergies (Eid et al., 2017). Further, in the Gulf region of Arabia, it has been utilized to relieve toothache, obviate radiation damage, postsurgical adhesions, and lethargy (Qayyum et al., 2020).




19.4. Conclusion


N. sativa and other medicinal plants were favored to be used by most of the communities throughout the ages for its availability, affordability, and considerably safety. Therewith, a profound validation with regards to dosages and possible interactions to food, nutrients, and other drugs should be addressed immensely in comorbid patients and high-vulnerable individuals. Moreover, its credible properties as immune booster and antiviral might have robust advantage in facing the concurrent pandemic.
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Soxhlet extractor using | Crude oils Oxidative stability (peroxide and p-anisidine values) Total phenolics Ramadan

n-hexane

(2004)
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Extraction

Extracts Antioxidant tests Phenolic content/phenolic compounds/others References
methods
Soxhlet Aqueous, methanolic, ethanolic, DPPH and FRAP Total polyphenols contents Dalli et al. (2021)
extraction chloroform, and dichloromethane crude
extracts
Solvent Water, 50% aqueous DPPH, ABTS, and FRAP TFC, TPC, protocatechuic acid, t-cinnamic acid, p- Muzolf-Panek &
extraction Ethanol and pure ethanol hydroxybenzoic acid, kaempferol, catechin, and luteolin Stuper-Szablewska
(2021)
Incubator Ethanol extract DPPH, ABTS, and FRAP Cinnamic acid, protocatechuic acid, p-hydroxybenzoic acid, | Feng et al. (2020)
shaker and chlorogenic acid
Solvent Water-methanol extract DPPH Total phenolics Soleimanifar et al.
extraction (2019)
Solvent Water-methanol extract DPPH, ABTS, FRAP, and j3- | TPC, TFC, thymoquinone, diosgenin, and phenolic acids, Hameed et al. (2019)
extraction carotene bleaching comprising chlorogenic acid, caffeic acid, and kaempferol
assay

Table Continued
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Phenolic content/phenolic

Extraction methods Extracts Antioxidant tests References
compounds/others
SFE and CP Nigella sativa oil DPPH and FRAP TPC, caryophyllene, thymoquinone, | Mohammed
1,4-cyclohexadiene, longifolene, etal.
carvacrol (2016)
Extracted with n- Black cumin seed total oil, DPPH, ABTS, FRAP, and p-carotene bleaching test TPC and TFC Mosbah et al.
hexane and further neutral lipid fraction, and (2015)
fractionated polar lipid fraction
Solvent extraction 70% ethanolic extracts DPPH, ABTS, and FRAP TPC, TFC, quercetin, and kaempferol | Toma et al.
(2015)
Sonication Aqueous methanolic extract DPPH TPC, TFC, and thymoquinone Uras et al.
(2014)
Shaking water bath 70% methanolic extract DPPH, FRAP, B-carotene, and linoleic acid system TPC Sen et al.
(2010)
Solvent extraction Methanol extract DPPH, FRAP, superoxide anion radical scavenging assay, | TPC El-Beshbishy

phosphomolybdenum method, and linoleic acid

peroxidation assay

etal.
(2009)

Table Continued
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Aroma-active compounds  Odor descriptions (perceived by panellists during olfactometry) Odor thresholds in water (ppm)  Odor activity values (OAVs)

Unknown I Burnt plastic -

3-Penten-2-ol Green 0.4 1

Limonene Citrusy 0.01

Styrene Balsamic 0.0036 18.2

Acetoin Buttery 0.055 170.8

Unknown II Putrid fruit -

Propanoic acid Fatty

Isobutanoic acid

22
Pentanoic acid Cheesy 0.07 2.5
Hexanoic acid Cheesy 0.093 3.3
Guaiacol Smoky 0.003 3.8
Phenethyl alcohol Honey, floral 0.086 1.5

Eugenol Spicy-smoky 0.006 14.8
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Fatty acids (%)

Myr acid (14:0)

Kabir et al. (2019)

Kaskoos (2011)

Bourgou et al. (2010)

0.

0+0.03

Palmitic acid (16:0) 13.1 8.51 14.8+£0.47
Palmitoleic acid (16:1) 0.28 0.16 0.28 +0.05
Stearic acid (18:0) 2.47 2.22 2.90+0.01
Oleic acid (18:1) 16.6 19.2+0.13
Cis-vaccenic acid (18:1) nd nd

Linoleic acid (18:2) 57.0 42.8 58.1+0.54

Linolenic acid (18:3) 0.46 0.25 0.41 +0.06
Arachidic acid (20:0) 0.18 nd 1.05+0.43
Eicosenoic acid (20:1) 0.39 0.16 nd
Eicosadienoic acid (20:2) 2.91 1.94 nd
Eicosatrienoic acid (20:3) Nd 4.71 nd
Eicosapentaenoic acid (20:5) Nd 5.98 nd
Behenic acid (22:0) Nd nd 2.89+0.34

Docosahexaenoic acid (22:6) Nd 2.97 nd
Lignoceric acid (24:0) Nd 3.60 nd
Nervonic acid (24:1) Nd 2.76 nd
Saturated acids (SFAs) 16.0 15.1 22.0+0.60
Unsaturated acids (USFAs) 84.0 79.9 19.5+0.20
Unsaturated/Saturated 5.25 5.29 58.5+0.64
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% Peak area (Singh % Total aroma compounds (Hamrouni- % Peak area (Kokoska % Mass (Singh % Area (D'Antuono
et al., 2005) Sellami et al., 2008) et al., 2008) et al., 2014) et al., 2002)

Volatile compound

Pimara-8(14),15-diene

10-epi-y-Eudesmol

p-Eudesmol

a-Eudesmol

Unidentified
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% Peak area (Singh % Total aroma compounds (Hamrouni- % Peak area (Kokoska % Mass (Singh % Area (D'Antuono
Volatile compound

et al., 2005) Sellami et al., 2008) et al., 2008) et al., 2014) et al., 2002)

a-Thujene 10.03 7.2 15.1 5.6 3.27
a-Pinene 3.33 1.4 3.3 1.4 0.7
2,4(10)-Thujadiene 0.06 - - - -
Camphene 0.06 - - - -
Sabinene 2 0.8 0.53
p-Pinene 4 17 1.12
Myrcene - — 0.29
a-Phellandrene 0.1 Trace 0.1 -
a-Terpinene 0.7 0.2 0.64
o-Cymene 3.26
p-Cymene 56.2 31.4 33.75
Limonene 2.9 1.0 1.13
Ocimene 18.5 - -
1,8-Cineole - -
y-Terpinene 1.2 1.2 0.2 2.4
cis-Sabinene hydrate - -
Terpinolene - -
trans-Sabinene hydrate 0.19 - 0.1 1.05
Linalool 0.1 0.1 Trace - -
Octen-3-ol - - -
Terpinen-1-ol _ -
Camphor - - -
Ethanone-1-(1,4-dimethyl-3- 0.46 - - - -

cyclohexen-1-yl)
Terpinen-4-ol 2.37 0.4 0.9 1.0 -
a-Terpineol - Trace -
4,5-Epoxy-1-isopropyl-4- 0.85 - - - -

methyl-1-Cyclohexene
Carvone - 11 -
Thujol - - - - 7.43
Thymoquinone 11.27 - 0.5 37.6 3.80
trans-Sabinene hydrate acetate |- - - 0.1 -
Linalool acetate Trace - -
Bornyl acetate 0.2 0.1 -
trans-Anethole - - - -
2-Undecanone - - _ -
Myrtenol - - - 2.44
Thymol 0.13 1.8 - 0.2 26.78
Carvacrol 212 - 0.8 1.4 -
a-Longipinene 0.7 0.5 -
Longicyclene - - -
p-Elemene -
Longifolene 2.6
Thymohydroquinone - Trace
p-Caryophyllene 0.1 - -
2-Tridecanone - - -
p-Bisabolene Trace - -
y-Cadinene Trace - -
Epizonaren - - -
Sesquiterpene alcohol acetate - - -
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Pre-treatments

Thermal Size reduction Mechanical sieving
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Y A 4 A 4
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Pre-treated Pre-treated Pre-treated
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]
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(32%) in oil (15-
18%)

Qil

Solvent extraction

Oil refining
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