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ABSTRACT

Piper nigrum L. is known worldwide as the king of spices because it contains extremely important 
medicinal component of piperine and adds flavours to every food. Piper nigrum belongs to the family 
Piperaceae and is commonly known and consumed as black pepper throughout the world. Historically, 
it has been used since 50,000 B.C. by humans as aroma enhancer to food and attracted the attention of 
ancient emperors and voyagers who fought several wars and invented sea routes for India. The attraction 
of Indian spices trade was the major objective of the foundation of British East India Company in 1600 
and black pepper as food additive, taste enhancer with great medicinal value was commonly referred 
as “king of spices” and the black gold in international trade. Black pepper is a fruit part of the plant 
known as Peppercorn, when dried peppercorn is almost mature pepper berry. Piper nigrum contains 
phytochemicals that includes alkaloids, flavonoids, phenolics, and capsaicinoids. Black pepper also 
contains secondary metabolic active compounds that are used in various medicine formulations, and as 
food preservative.

Piper nigrum is used in the treatment of various microbial diseases, cancer, diabetic, skin diseases, tooth 
ache, urinary tract infections, toxic mega-colon, auto-immune disorders, asthma, bronchitis, cough, sinus 
infection, measles, scabies, thyroid, obesity, gastrointestinal diseases, neurological, cardiovascular, and 
inflammatory diseases as well as pesticides, bactericides, insecticides and microbicide. In India people 
are using black pepper as home remedies for cough, throat pain, and indigestion of food. Black pepper is 
a useful spice having medicinal qualities that can be used in the making a number of foods with medical 
significance and also make food tasty, better and spicy. It showed antimicrobial activities which help in 
detoxification of the body.
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Introduction
Spices are excellent natural herbal food additives for treatment of 

numerous diseases because of their various medicinal characteristics 
and that too without any side effects. Ayurveda says that spices 
maintain a proper pH balance in the body, and they possess excellent 
antimicrobial properties and prolong food storage [1]. Different 
spices add different flavour, colour, and aroma to the food items 
and enhance their taste. In fact, these spices also help to protect the 

spleen and pancreas, protect from cough, sneezing, and sore throat, 
and improve digestion. Spices contains essential nutrients, minerals, 
and phytochemicals including phenolics, tannins, flavonoids, 
alkaloids, phenolic and antioxidant [1,2]. Piper nigrum (black pepper) 
is derived from Sanskrit word of “long pepper” or “pippali”. In the 
ancient world, black pepper was so highly prized that traders referred 
to it as «black gold». The worldwide popularity of black pepper 
increased after the rise of the Roman Empire [3]. Piper nigrum is well 
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known as ‘king of spices’ because of its distinctive characteristics [4]. 
Archaeologists estimate that spices were used by humans 50,000 B.C. 
for their special qualities of aroma in various food preparations and 
black pepper has been used in Indian cuisine since then, eventually 
it was widely traded throughout Asia [5]. The cost of black pepper, 
cinnamon, cloves, and other spices was high that they were valued as 
silver and gold. Primitive man used sweet-smelling spices to enhance 
the taste of food, offered to their Gods and used them for healing 
of wounds. Trade in ancient world used caravans with as many as 
4,000 camels that carried spices to Babylon, Carthage, Alexandria and 
Rome through Calicut, Goa, and the Orient. For hundreds of years, the 
traders also used ships that sailed along Indian coast, past the Persian 
Gulf, along the coast of South Arabia and finally through the red sea 
into Egypt. 

South Arabia was the great emporium of antiquity. There are 
several stories and trade secrets of Arabians about their dominance 
in the trade of spices. In 1498, Vasco da Gama discovered an alternate 
route for India and the international trade in spices increased. Pepper, 
ginger, cloves, nutmeg, mace, cinnamon, saffron, anise, zedoary and 
cumin were considered as valuable spices in Europe and were mainly 
reserved for the tables of rich people, but the poor class of people used 
black pepper which they could get and afford easily. Despite their high 
costs, sacks of spices were used in for royal banquets and weddings 
and in 15th century, the household of Duke of Buckingham in England 
was using 900 gram (2 Pounds) of spices every day, mostly pepper 
and ginger. By 1511, Portuguese were in the control of spice trade 
through Malabar Coast of India and Ceylon and until the end of 16th 
century, they dominated and black pepper was a major part of spice 
trade and was considered as valuable as gold. By 1580, the dominance 
of Portugal in black pepper trade declined as Venice emerged a new 
trade market for bulk import of spices from India. With waning 
power of Portuguese, Dutch and English saw huge opportunities 
for their trade in spices as they were the major powers on marine 
routes [3].  The British East India Company was established in 1600 

by Queen Elizabeth I with a major objective to get spice cargoes and 
they worked strategically to gain power away from Dutch and finally 
in 1780, England and Holland started a war that severely weakened 
Dutch power in India. By 1800s, everything that once belonged to 
Portugal and Holland was controlled by British and they ruled for 
200 years and exploited Indian resources to their huge benefit, but 
they left behind the benefits of English language, transportation, 
communication, architecture, and construction while they took a lot 
away from us and also left several political geographical questions 
unresolved. One of the most significant things, they took home were 
India spices and till date they decorate European cuisine, especially 
black pepper is found in every European home and restaurant. 

Piper nigrum L belonged from Piperaceae family [6,7].  Piperaceae 
family consist of 5 genera that are Piper, Peperomia, Zippelia, Manekia, 
and Verhuellia, essentially divided into two major important genera: 
Piper contained around 2,000 species and Peperomia contained 
around 1,600 species [8]. Black pepper is a tropical plant that 
survives in humid environments and requires frequent rainfall [9]. It 
is cultivated in the warm and moist atmosphere of sub-mountainous 
regions of the Western Ghats [10].  Black pepper contains several 
bioactive compounds that help to treat various diseases like tumors, 
asthma, diarrhea, thyroids, arthritis, obesity, dermatitis, acute liver 
failure, autoimmune disease, hypertension, and cardiovascular 
disease [11] and several health benefits of black pepper are 
depicted in (Figure 1). Black pepper is used to treat fever, tooth 
ache, inflammation, muscle cramps, anxiety, and depression [12]. 
It is also used as an antibacterial, antifungal, antiviral, antioxidant, 
anti-cancerous, insecticidal, and larvicidal characteristic [13]. Black 
pepper was recently discovered to help in healing wounds and provide 
nutrients for the body [14]. It has been shown to improve fertility 
and neurological functions [15]. Peppercorn also helps to secrete 
both pancreatic and intestinal enzymes, which help in digestion [16]. 
Piperine is a major phytochemical present in black pepper [2]. It also 
provides flavor, aroma, and color to food preparations [17].

Figure 1: Major Health Benefits of Black Pepper.
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Chemical Composition

Piper nigrum (black pepper) was the first scientifically medicinal 
product found in the Piperaceae family [6]. It has been demonstrated to 
be an excellent variety of bioactive compounds utilised in conventional 
medicinal therapy and reveal excellent effects; therefore, they are 
suggested in clinical therapies [18]. Numerous researchers identified 
that black pepper contained several phytochemical compounds 
like alkaloids, flavonoids, steroids, phenols, terpenes, tannins, and 
amides [1,19] that have numerous benefits. Black pepper is a good 
source of nutrients, vitamins, minerals, carbohydrates, proteins, and 

secondary metabolites [20]. The biochemical constituents of black 
pepper are piperine 2.1-8.9%, oleoresin 2.31-12%, essential oil 0.4-
6.9%, starch 28-51%, and fatty acids 1.8-15%. The most prevalent 
bioactive chemical in black pepper includes are β-caryophyllene 
30%, limonene 13.4%, β-pinene 8%, α-pinene 4.6% , sabinene 6%, 
caryophyllene oxide 9%, 3-carene 30%, and camphene 11% (Figure 
2) [21-23]. There were a few phytochemicals discovered, including 
hydroxytyrosol 4-O-glucoside, 6-hydroxyluteolin 7-O-rhamnoside,2-
hydroxybenzoic acid, apigenin 6,8-di-C-glucoside, scopoletin, 
rhoifolin, sesamin, and hydroxytyrosol [24,25].

Figure 2: Biochemical compounds black pepper. 
(A) Piperine
(B) β-caryophyllene
(C) Limonene
(D) Pinene

Nutrients Present in Black Pepper

Peppercorn (black pepper) is an excellent source of magnesium, 
which helps in blood clotting, the formation of bones and muscles, 
and anti-inflammation [26].  Black pepper contains antioxidants, 
alkaloids, flavonoids, steroids, essential oils, and phenolic substances 
that help boost the immune system, improve digestion, and protect 
tissues [27]. Black pepper is an excellent source of vitamin A, vitamin 

K, vitamin E, vitamin B1, vitamin B2, vitamin B5, and Vitamin B6 [28]. 
It also contains minerals including copper, iron, calcium, phosphorus, 
potassium, sodium, niacin, folate, fluoride, selenium, zinc, and 
chromium [29]. Due to the presence of antioxidants, nutrients, and 
bioactive chemicals in black pepper, it’s worked as an antimicrobial 
activity [30,2], boost immunity, control cholesterol levels, and help to 
increase the shelf life of food [31]. Various nutrients, their amounts 
and applications are summarized in (Table 1 & Figure 3).
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Table 1: Nutrients present in black pepper, their amounts, and their applications.

Sr. No Nutrients Application Amount

1. Calcium Bones and teeth formation 11 mg

2. Iron Hemoglobin formation 1.2 mg

3. Magnesium Maintain function of nerve and muscles 4 mg

4. Phosphorus Maintain and repair tissues and cell 3.8mg

5. Potassium Helps contraction of muscles, movement of nutrients into cells and waste product out 31mg

6. Sodium Help nerve impulse, maintain the level of water and mineral 1.2mg

7. Zinc Boost immune system, help in cell division, and cell growth 0.27mg

8. Manganese Help in blood clotting, connective tissue, and sex hormones 1.29 mg

9. Selenium Formation of DNA, protect cell damage and infections 1.13 µg

10. Fluoride Prevent tooth decay and build strong teeth and bones 1.6 µg

11. Niacin Helps in digestive system and skin healthy 0.126mg

12. Folate Formation of DNA, other genetic material, and cell division 1.3 µg

13. Betaine Helps in liver function, cellular reproduction, and formation of carnitine. 1.205mg

14. Beta-carotene Help in vision, healthy skin, and mucous membrane 8 µg

15. Lutein Antioxidant properties, prevent eye disease 10.8 µg

16. Zeaxanthin Protecting eye tissue from sun light damage 11 µg

17. Vitamin E Strong antioxidant and anti-inflammatory agent for skin 0.98µg

18. Vitamin A Help in vision, immune system, reproduction, growth, and development 13 µg

19. Vitamin K Help in blood clotting and bone metabolism 4.1 µg

20. Carbohydrates Provide glucose and convert into energy 32 gm

21 Protein Formation of tissue, allow metabolic reaction and maintain pH. of body 10 gm

22. Sugar Supply glucose to brain and provide energy to cells. 0.09 gm

23. Fiber Improve digestion, and cholesterol 1.5 gm

24 Energy Helps in physical activity, growth, and repair tissue 6 calories

Figure 3: Major nutrients present in black pepper.
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Medicinal Uses of Black Pepper

Black pepper contains piperine, which reveals a variety of 
additional pharmaceutical characteristics, including anticolon toxin, 
antimicrobial, anticancerous, antiobesity, antiviral, antiparastic, 
antibacterial, antifungal, antitumors, anti-asthmatics, anti-
apoptotic, antispasmodic, antiplatelets, antithyroids, antidepressant, 
antimutagenic, antipyretic, antispermatogenic, antihypertensive, 
anti-metastatic, pesticides,  and insecticides characteristics [32-35].

Anti-Obesity

Obesity is a major issue around the world due to a health issue 
that is stigmatised in society. US population is worst affected and 
accounts for 40% of population suffering from obesity. World Health 
Organization has referred it as a lifestyle disorder that paves the way 
for several diseases. Uses of Piper nigrum (black pepper) as a natural 
remedy and other nonclinical ways to control obesity include yoga, 
cardio exercise, a keto diet, meditation, and so on [36]. There are also 
many herbs and spices that possess anti-obesity properties [37].

Carminative Activity

Black pepper provides significant amounts of activating and 
carminative qualities, activating saliva for reflex flow, and enhancing 
the stomach for the synthesis of digestive juice that is pepsin, rennin, 
gastric lipase, gastric amylase, urease, and gelatinase, as well as 
enhanced appetite [38]. Gastro-intestinal motions have increased, 
which leads to gas eructation as well as colic relief [39]. In appropriate 
dosages, black pepper enlarges the skin’s superficial vessels, causes 
a warm feeling, and causes hyperhidrosis as well as temperature 
reduction [40]. Several such characteristics make them frequently 
used as spices, particularly in warm countries. Black pepper has been 
suggested as a treatment against haemorrhoids (piles), prevents 
bloating, and reduces the level of prostaglandins because of reducing 
cramps [28,41]. Acetone extract of black pepper forms oleoresin, 
which is used in perfume formation, soap, and the cosmetic industry, 
as well as in the food industry for flavouring and colouring food [7,42].

Antipyretic Activity 

In traditional medicine, including Ayurveda, Unani, Siddha, 
and Naturopathy, black pepper (P. nigrum) is used to formulate 
medicines for treating cough, cold, fever, teeth-acne, pain, sore throat, 
inflammation, acute sinusitis, asthma, and bronchitis [43]. Black 
pepper is also used as an anti-malarial medicine due to the presence 
of bioactive components. As a result, it also possesses analgesic and 
antipyretic qualities. Researchers investigated that piperine showed 
analgesic and antipyretic properties and observed potent antipyretic 
activity [44]. It is used in winter as an additive to the preparation 
of tea along with ginger and Ocimum sanctum leaves that keeps the 
cough and cold away from people.

Cholesterol Lowering and Immune Enhancer Activity

Black pepper contains piperine, which is used to decrease the 
absorption of cholesterol and improve the movement of cholesterol 
carrier proteins [45]. It improves the metabolism mechanism by 
supporting quicker emulsification of fat particles into comfortably 
digestible simple particles and protecting the developing body’s fat. 
Black pepper showed an immunomodulatory effect on human beings 
[46]. Piper nigrum (black pepper) is utilised to increase piperine in 
diets that are high in fat (42 mg/kg), which beneficially decreases fatty 
acid, cholesterol levels, lipid (triglycerides), low-density lipoprotein 
(bad cholesterol), very-low-density lipoprotein, and body mass; 
additionally, it also raises high-density lipoprotein (good cholesterol) 
without changing [47]. The consumption of black pepper (P. nigrum) 
decreases the chance of arteriosclerosis, inhibits atherogenesis, and 
has hypolipidemic effects [48].

Antioxidant Activity

A significant component of naturally occurring antioxidants 
is found in black pepper, which is used for its several medicinal 
properties, food additives, and to increase shelf life of foods [2,31]. 
Recently, dietary supplements derived from plants have been 
utilised as antioxidants. The main primary function of antioxidants 
is to protect tissues from harmful free radicals, which may cause 
cardiovascular disease, tumours, and various other disorders [49]. 
These have a significant impact on the potency of lipid metabolism as 
an anti-diabetic. The beneficial uses of antioxidants protect biological 
function and protect from diseases like cirrhosis, chronic renal 
disease, gastropathy, tumours, diabetes, and cardiovascular disease 
[15].

Digestive Activity

The bioactive components of P. nigrum particularly piperine, 
increases the saliva production, secretion of salivary amylase enzymes, 
and secretion of gastric juices [8]. Through the consumption of P. 
nigrum synthesis digestive enzymes, perhaps the liver is stimulated 
to produce bile, which helps in food digestion [50]. Consumption of 
black pepper increases digestion through the secretion of pancreatic 
enzymes including lipase, protease, and amylase, while significantly 
reducing the bowel transit time of the GI tract [12]. The dietary 
consumption of Piper nigrum (black pepper) activates the liver for 
the synthesis of bile acids, which help in the absorption of fat and the 
emulsification of fats [51].

Antidiarrheal Effect

Piper nigrum is significant because of its strong piperine 
compounds. Many researchers reported that black pepper showed 
antidiarrheal properties. Additionally, black pepper showed 
antimicrobial properties against certain microbes that cause 
diarrhoea (1). Other studies indicate its tremendous effectiveness 
in preventing diarrhoea [52]. Fascinatingly, among most developing 

http://dx.doi.org/10.26717/BJSTR.2023.53.008353


Copyright@ : Amar P Garg | Biomed J Sci & Tech Res | BJSTR.MS.ID.008353.

Volume 53- Issue 1 DOI: 10.26717/BJSTR.2023.53.008353

44369

nations, naturopathy and the pharmaceutical industry produce 
peppercorns specifically for diarrhoea in individuals of every age 
[53]. Additionally, the bioactive compound piperine in black pepper 
reduced the antidiarrheal action, leading to the supplementation of 
several biochemical stimulants and experiments using oil on animals. 
Aqueous extract of peppercorn with doses of about 76, 151, and 
299 mg/kg provides strong dosage-dependent antisecretory agent, 
antimotility agent, and antidiarrheal activities [30].

Anti-Mutagenic, Antitumor and Anticancer Activity and 
Immunomodulatory Activity

Piper nigrum showed immunomodulatory and antitumor 
properties. Black pepper involves immunomodulatory drugs and 
anticancerous properties, and therefore the presence of bioactive 
compounds in black pepper works as a natural agent that can help 
boost the immune system. Due to the presence of piperine, it helps 
in immunomodulation, which involves the production of cytokines, 
the activation of macrophages, and the proliferation of lymphocytes 
[54]. P. nigrum and its biologically active compounds, especially black 
pepper extract, have been shown to suppress the growth of tumours 
in clinical trials. While lowered anticancer properties through oral 
administration had been investigated [55]. The solvent extract of black 
pepper was useful for Dalton’s lymphoma, anti-cancerous properties, 
and immunomodulatory. It also possesses effective antimetastatic 
properties. Additionally, Piper nigrum contained piperine which helps 
in decreasing lung cancer through modulating lipid peroxidation and 
the synthesis of antioxidative protection enzymes [56].

Antimicrobial Activity

Numerous studies have demonstrated that black pepper has 
the capability of having antimicrobial characteristics in the form 
of oil or solvent extracts as well as aqueous extracts [57]. Black 
pepper contained antimicrobial properties that inhibited microbial 
growth and killed microbes. The antimicrobials can be classified into 
different groups depending on their primary function; they include 
antibacterial, antifungal, antiviral, anti-parasite, anti-insectide, etc. 
[58]. Antimicrobial effects were examined in both gram positive and 
gram-negative stain bacteria. The use of black pepper inhibits the 
growth of Pseudomonas aeruginosa, Bacillus subtilis, Shigella flexneri, 
Cronobacter sakazakii, Escherichia coli, Staphylococcus aureus, 
Salmonella enteric, and Vibrio cholera, various medicinal diagnostics 
beneficial to enhancing cell morphology, capsule processing, and 
lowering urease activity [2,59]. This property was attributed 
to piperine. The presence of limonene, pinene, β-caryophyllene 
attributed to the presence of several minor components, can possess 
the antimicrobial properties of black pepper. Black pepper showed 
anti-bacterial, anti-fungal properties, as well as inhibiting foodborne 
pathogens such as yeast, aflatoxins, and mycotoxin [2,30,60].

Conclusions

Black pepper is used as traditional medicinal remedies as well as 
for proving flavours, aroma, colour, and for increasing the shelf life 
of food products. It has numerous health advantages; protects from 
various diseases like cold, cough, throat infection, fever, thyroid, 
obesity, and diarrhea. It is also used as anti-cancer, anti-tumour, anti-
mutagenic, antioxidant, anti-microbial, and antipyretic activities. 
Additionally, black pepper offers a wide range of medicinal benefits, 
including its capacity to enhance and maintain good health, reduce 
respiratory symptoms, enhance digestion, and improve the immune 
system. It is commonly used throughout the world and known as 
“king of spices”. In ancient times, it was major attraction of trade and 
was valued as “black gold”. It led to the discovery of alternate sea 
routes and the establishment of British East India Company in 1600. 

Conflict of Interest
The authors declare no conflict of interest.

References
1. Priya, Garg AP (2023) Health Benefits of Cumin in Foods: A Review. Jour-

nal of Biomedical Research and Environmental Sciences 4: 2766- 2276.

2. Priya, Garg AP (2023) Phytochemicals screening and antimicrobial activ-
ities of aqueous extracts of selected Indian spices against food borne and 
Enteropathegens. J Pharma Edu Res.

3. Thapar Romila (2007) Black gold: South Asia and the roman maritime 
trade. South Asia: Journal of South Asian Studies 15: 1-27.

4. Srinivasan K (2007) Black pepper and its pungent principle-piperine. A 
review of diverse physiological effects. Crit. Rev. Food Sci. Nutr 47(8): 735-
748.

5. Ravindran PN, Kallupurackal JA (2012) 6-Black pepper. Handbook of 
Herbs and Spices (2nd Edn.)., 1: 86-115.

6. Nair RR, Gupta SD (2003) Somatic embryogenesis and plant regeneration 
in black pepper (Piper nigrum L.). Direct somatic embryogenesis from tis-
sue of germinating seeds and ontogeny of somatic embryos. J Hortic Sci 
Biotchnol 78(3): 416-421.

7. Abbasi BH, Ahmad N, Fazal H, Mahmood T (2010) Conventional and mod-
ern propagation techniques in Piper nigrum. Journal of Medicinal Plants 
Research 4: 007-012.

8. Saleem Aisha, Naureen Irum, Muhammad Naeem, Gulnaz Tasleem, Has-
sam Ahmed, et al. (2022) Therapeutic Role of Piper nigrum L (Black Pep-
per) and Pharmacological Activities. Scholars International Journal of Bio-
chemistry 5: 15-21.

9. Fan Dongsheng, Zhou Chanyuan, Chengyu Chen, Xiaoqian Li, Jiangxiong 
Ma, et al. (2023) Lignans from the genus Piper L. and their pharmacologi-
cal activities: An updated review. Fitoterapia 165: 105403.

10. Sen Sandeep, Rengaian Ganesan (2021) A Review on the Ecology, Evolu-
tion and Conservation of Piper (Piperaceae) in India: Future Directions 
and Opportunities. The Botanical Review 88: 333-358 (2022).

11. Nysanth NS, Divya S, Chitra B Nair, AB Anju, R Praveena, et al. (2022) Bi-
ological Control of Foot Rot (Phytophthora capsici Leonian) Disease in 
Black Pepper (Piper nigrum L.) with Rhizospheric Microorganisms. Rhi-
zosphere 23: 100578.

12. Abd El Hack ME, El Shall NA, ElKasrawy NI, Mohamed T El Saadony, Manal 
E Shafi, et al. (2022) The use of black pepper (Piper guineense) as an ecof-

http://dx.doi.org/10.26717/BJSTR.2023.53.008353
https://www.jelsciences.com/articles/jbres1792.pdf
https://www.jelsciences.com/articles/jbres1792.pdf
https://www.tandfonline.com/doi/abs/10.1080/00856409208723165
https://www.tandfonline.com/doi/abs/10.1080/00856409208723165
https://pubmed.ncbi.nlm.nih.gov/17987447/
https://pubmed.ncbi.nlm.nih.gov/17987447/
https://pubmed.ncbi.nlm.nih.gov/17987447/
https://www.sciencedirect.com/science/article/abs/pii/B9780857090393500062?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/B9780857090393500062?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/14620316.2003.11511641
https://www.tandfonline.com/doi/abs/10.1080/14620316.2003.11511641
https://www.tandfonline.com/doi/abs/10.1080/14620316.2003.11511641
https://www.tandfonline.com/doi/abs/10.1080/14620316.2003.11511641
https://www.researchgate.net/publication/270744867_Conventional_and_modern_propagation_techniques_in_Piper_nigrum
https://www.researchgate.net/publication/270744867_Conventional_and_modern_propagation_techniques_in_Piper_nigrum
https://www.researchgate.net/publication/270744867_Conventional_and_modern_propagation_techniques_in_Piper_nigrum
https://saudijournals.com/media/articles/SIJB_51_15-21.pdf
https://saudijournals.com/media/articles/SIJB_51_15-21.pdf
https://saudijournals.com/media/articles/SIJB_51_15-21.pdf
https://saudijournals.com/media/articles/SIJB_51_15-21.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0367326X22002817?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X22002817?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0367326X22002817?via%3Dihub
https://link.springer.com/article/10.1007/s12229-021-09269-9
https://link.springer.com/article/10.1007/s12229-021-09269-9
https://link.springer.com/article/10.1007/s12229-021-09269-9
https://www.sciencedirect.com/science/article/abs/pii/S2452219822001082?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2452219822001082?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2452219822001082?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2452219822001082?via%3Dihub
https://link.springer.com/article/10.1007/s11356-021-17806-7
https://link.springer.com/article/10.1007/s11356-021-17806-7


Copyright@ :  Amar P Garg | Biomed J Sci & Tech Res | BJSTR.MS.ID.008353. 44370

Volume 53- Issue 1 DOI: 10.26717/BJSTR.2023.53.008353

riendly Antimicrobial Agent to Fight Foodborne microorganisms. Environ-
mental Science and Pollution Research 29: 10894-10907.

13. Zhang Chi, Zhao Jiechang, Erhunmwunsee Famous, Shenyuan Pan, Xue 
Peng, et al. (2021) Antioxidant, hepatoprotective and antifungal activi-
ties of black pepper (Piper nigrum L.) essential oil. Food Chemistry 346: 
128845.

14. Liang Jian, Sun Jianghao, Pei Chen, Jared Frazier, Virginia Benefield, et al. 
(2021) Chemical analysis and classification of black pepper (Piper nigrum 
L.) based on their country of origin using mass spectrometric methods 
and chemometrics. Food Research International 140:  109877.

15. Takooree Heerasing, Aumeeruddy Muhammad Z, Kannan RR Rengasamy, 
Katharigatta N Venugopala, Rajesh Jeewon, et al. (2019) A systematic re-
view on black pepper (Piper nigrum L.): from folk uses to pharmacological 
applications. Critical Reviews of Food Science and Nutrtion volume 59: 
S210-S243.

16. Wilde Amelie S, Haughey Simon A, Pamela Galvin King, Christopher T El-
liott (2019) The feasibility of applying NIR and FT-IR fingerprinting to de-
tect adulteration in black pepper. Food Control 100: 1-7.

17. Augustine Amalraj, Józef T Haponiuk, Sabu Thomas, Sreeraj Gopi (2020) 
Preparation, characterization and antimicrobial activity of polyvinyl alco-
hol/gum arabic/chitosan composite films incorporated with black pepper 
essential oil and ginger essential oil. International Journal of Biological 
Macromolecules 151: 366-375.

18. Ali A, Wu H, Ponnampalam EN, Cottrell JJ, Dunshea FR, et al. (2021) Com-
prehensive profiling of most widely used spices for their phenolic com-
pounds through LC-ESI-QTOF-MS2 and their antioxidant potential, Anti-
oxidants 10(5): 721.

19. Siddiqui Bina S, Gulzar Tahsin, Azhar Mahmood, Sabira Begum, Bushra 
Khan, et al. (2006) Phytochemical studies on the seed extract of Piper ni-
grum Linn. Natural Products Research volume 19: 7.

20. Mehta Hirva Jiteshbhai, Mishra Saurav Kumar Sharma Kanchan, John J 
Georrge (2023) Phytochemical Studies of P. Nigrum L: A Comprehensive 
Review. Pharmacological Benefits of Natural Agents (2023): 31-48.

21. Yousuf, Muhammad, Haji Muhammad Shoaib Khan, Fatima Rasool, Kashif 
Ur Rehman Khan, et al. (2022) Chemical profiling, formulation develop-
ment, in vitro evaluation, and molecular docking of Piper nigrum Seeds 
extract loaded Emulgel for anti-Aging. Molecules 27(18): 5990.

22. Luca Simon Vlad, Katarzyna Gaweł Bęben, Marcelina Strzępek Gomółka, 
Karolina Czech, Adriana Trifan, et al. (2021) Insights into the Phytochem-
ical and Multifunctional Biological Profile of Spices from the Genus Piper. 
Antioxidants 10(10): 1642.

23. Thangapandi JR, Chelliah P, Balakrishnan S, Muthusamy N, Sathiya Balas-
ingh Thangapandi EJJ, et al. (2021) Antibacterial and Photocatalytic As-
pects of Zinc Oxide Nanorods Synthesized Using Piper nigrum Seed Ex-
tract. Journal of Nanostructure in Chemistry 11: 549-560.

24. Lee JG, Chae Y, Shin Y, Kim YJ (2020) Chemical composition and antiox-
idant capacity of black pepper pericarp. Applied Biological Chemistry 
63(1): 1-9.

25. Rajagopal Kalirajan, Byran Gowramma, Jupudi Srikanth, Vadivelan R 
(2020) Activity of Phytochemical Constituents of Black pepper, Ginger, 
and Garlic Against Coronavirus (COVID 19): An in-Silico Approach. Inter-
national Journal of Health & Allied Sciences 9(5): 43-50.

26. Turrini, Eleonora, Piero Sestili, Carmela Fimognari (2020) Overview of the 
Anticancer Potential of the “King of Spices” Piper nigrum and Its Main Con-
stituent Piperine. Toxins 12(12): 747.

27. Butt Masood Sadiq, Pasha Imran, Muhammad Tauseef Sultan, Muham-

mad Atif Randhawa, Farhan Saeed, et al. (2013) Black Pepper and Health 
Claims: A Comprehensive Treatise. Food Science and Nutrition 53: 875-
886.

28. Milenković Aleksandra N, Stanojević Ljiljana P (2021) Black Pepper - 
Chemical Composition and Biological Activities. Advanced technologies 
10(2): 40-50.

29. Barhoom Alaa M, Abu Naser Samy S (2018) Black Pepper Expert System. 
International Journal of Academic Information Systems Research 2(8): 
9-16.

30. Ahmad Nisar, Fazal Hina, Bilal Haider Abbasi, Shahid Farooq, Mohammad 
Ali, et al. (2012) Biological role of Piper nigrum L. (Black pepper): A Re-
view. Asian Pacific Journal of Tropical Biomedicine 2: 1-10.

31. Roy Priya, Garg Amar P (2023) Enhancement of Refrigerated Shelf life of 
foods Against Microbial Spoilage Using Indian Spices. European Journal of 
Nutrition and Food Safety [Manuscript No: 2023/EJNFS/105634].

32. Suvarna Y, Rahaman SK Abdul (2019) Pharmacotherapeutic Properties of 
Black pepper: A Systematic Review. Asian Journal of Research in Chemis-
try and Pharmaceutical Sciences 7(1): 293-304.

33. Pal Neha, Joshi MD (2020) Piper nigrum: An overview of effects on human 
health.” Research Journal of Science and Technology 12(4): 331-337. 

34. Shukla Rama, Rai Neeta, Akhlesh Kumar Singhai, Rama Shukla (2018) A 
Magical Medicinal Fruit of Piper Nigrum. World Journal of Pharmaceutical 
Research 7(8): 418-425.

35. Lailiyah Nurun Nafiatul, Ibrahim Mutiara Dwirosita, Chunafa Ayu Fitriani, 
Feri Eko Hermanto (2021) Anti-Obesity Properties of Black Pepper (Pip-
er nigrum): Completing Puzzle using Computational Analysis. Journal of 
Smart Bioprospecting and Technology 2: 3.

36. Bastos Lívia Pinto Heckert, Juarez Vicente, Carlos Henrique Corrêa dos 
Santos, Mario Geraldo de Carvalho, Edwin Elard Garcia Rojas (2020) En-
capsulation of black pepper (Piper nigrum L.) essential oil with gelatin 
and sodium alginate by complex coacervation. Food Hydrocolloids 102: 
105605.

37. Yuliana Nancy Dewi, Iqbal Muzamal, Muhammad Jahangir, Christofora 
Hanny Wijaya, Henrie Korthout, et al. (2011) Screening of selected Asian 
spices for anti-obesity-related bioactivities. Food Chemistry 126(4): 
1724-1729.

38. Rani SK, Saxena Neeti, Udaysree (2013) Antimicrobial Activity of Black 
pepper (Piper nigrum L.). Global J Pharmacol 7(1): 87-90.

39. Taqvi Shyed Intasar Husain, Shah AJ, Gilani AH (2008) Blood pressure low-
ering and vasomodulator effects of piperit al.,ne. J Cardiovasc Pharmacol 
52(5): 452-458.

40. Damanhouri ZA, Ahmad A (2014) A Review on Therapeutic Potential of 
Piper nigrum L. (Black Pepper): The King of Spices. Med Aromat Plants 
3(3): 161.

41. Manoharan S, Balakrishnan S, Menon V, Alias L, Reena A (2009) Chemo-
preventive efficacy of curcumin and piperine during 7, 12- dimethyl-
benz[a] anthracene-induced hamster buccal pouch carcinogenesis. Singa-
pore Medical Journal 50 (2): 139-146.

42. Parganiha R, Verma S, Shabnam Chandrakar, Shri Lal Pal, HA Sawarkar, et 
al. (2011) In vitro antiasthmatic activity of fruit extract of Piper. Inter J 
Herbal Drug Res 1: 15-18.

43. Kunnumakkara AB, Bordoloi D, Padmavathi G, Monisha J, Roy NK, et al. 
(2017) Curcumin, the golden nutraceutical: multitargeting for multiple 
chronic diseases. British Journal of Pharmacology 174(11): 1325-1348.

44. Jiménez Maribel, Domínguez Jazmín A, Luz A Pascual Pineda, Ebner 

http://dx.doi.org/10.26717/BJSTR.2023.53.008353
https://link.springer.com/article/10.1007/s11356-021-17806-7
https://link.springer.com/article/10.1007/s11356-021-17806-7
https://www.sciencedirect.com/science/article/abs/pii/S0308814620327072?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814620327072?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814620327072?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814620327072?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920309029?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920309029?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920309029?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920309029?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/10408398.2019.1565489
https://www.tandfonline.com/doi/full/10.1080/10408398.2019.1565489
https://www.tandfonline.com/doi/full/10.1080/10408398.2019.1565489
https://www.tandfonline.com/doi/full/10.1080/10408398.2019.1565489
https://www.tandfonline.com/doi/full/10.1080/10408398.2019.1565489
https://www.sciencedirect.com/science/article/abs/pii/S095671351830639X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S095671351830639X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S095671351830639X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813019400408?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813019400408?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813019400408?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813019400408?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813019400408?via%3Dihub
https://www.mdpi.com/2076-3921/10/5/721
https://www.mdpi.com/2076-3921/10/5/721
https://www.mdpi.com/2076-3921/10/5/721
https://www.mdpi.com/2076-3921/10/5/721
https://www.tandfonline.com/doi/abs/10.1080/14786410512331330657
https://www.tandfonline.com/doi/abs/10.1080/14786410512331330657
https://www.tandfonline.com/doi/abs/10.1080/14786410512331330657
https://www.igi-global.com/chapter/phytochemical-studies-of-piper-nigrum-l/327301
https://www.igi-global.com/chapter/phytochemical-studies-of-piper-nigrum-l/327301
https://www.igi-global.com/chapter/phytochemical-studies-of-piper-nigrum-l/327301
https://www.mdpi.com/1420-3049/27/18/5990
https://www.mdpi.com/1420-3049/27/18/5990
https://www.mdpi.com/1420-3049/27/18/5990
https://www.mdpi.com/1420-3049/27/18/5990
https://www.mdpi.com/2076-3921/10/10/1642
https://www.mdpi.com/2076-3921/10/10/1642
https://www.mdpi.com/2076-3921/10/10/1642
https://www.mdpi.com/2076-3921/10/10/1642
https://link.springer.com/article/10.1007/s40097-020-00383-5
https://link.springer.com/article/10.1007/s40097-020-00383-5
https://link.springer.com/article/10.1007/s40097-020-00383-5
https://link.springer.com/article/10.1007/s40097-020-00383-5
https://applbiolchem.springeropen.com/articles/10.1186/s13765-020-00521-1
https://applbiolchem.springeropen.com/articles/10.1186/s13765-020-00521-1
https://applbiolchem.springeropen.com/articles/10.1186/s13765-020-00521-1
https://www.ijhas.in/article.asp?issn=2278-344X;year=2020;volume=9;issue=5;spage=43;epage=50;aulast=Rajagopal
https://www.ijhas.in/article.asp?issn=2278-344X;year=2020;volume=9;issue=5;spage=43;epage=50;aulast=Rajagopal
https://www.ijhas.in/article.asp?issn=2278-344X;year=2020;volume=9;issue=5;spage=43;epage=50;aulast=Rajagopal
https://www.ijhas.in/article.asp?issn=2278-344X;year=2020;volume=9;issue=5;spage=43;epage=50;aulast=Rajagopal
https://www.mdpi.com/2072-6651/12/12/747
https://www.mdpi.com/2072-6651/12/12/747
https://www.mdpi.com/2072-6651/12/12/747
https://www.tandfonline.com/doi/abs/10.1080/10408398.2011.571799
https://www.tandfonline.com/doi/abs/10.1080/10408398.2011.571799
https://www.tandfonline.com/doi/abs/10.1080/10408398.2011.571799
https://www.tandfonline.com/doi/abs/10.1080/10408398.2011.571799
https://www.researchgate.net/publication/356945424_Black_pepper_Chemical_composition_and_biological_activities
https://www.researchgate.net/publication/356945424_Black_pepper_Chemical_composition_and_biological_activities
https://www.researchgate.net/publication/356945424_Black_pepper_Chemical_composition_and_biological_activities
https://www.researchgate.net/publication/327284997_Black_Pepper_Expert_System
https://www.researchgate.net/publication/327284997_Black_Pepper_Expert_System
https://www.researchgate.net/publication/327284997_Black_Pepper_Expert_System
https://www.sciencedirect.com/science/article/abs/pii/S2221169112605243?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2221169112605243?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2221169112605243?via%3Dihub
https://www.researchgate.net/publication/338840306_PHARMACOTHERAPEUTIC_PROPERTIES_OF_BLACK_PEPPER_A_SYSTEMATIC_REVIEW
https://www.researchgate.net/publication/338840306_PHARMACOTHERAPEUTIC_PROPERTIES_OF_BLACK_PEPPER_A_SYSTEMATIC_REVIEW
https://www.researchgate.net/publication/338840306_PHARMACOTHERAPEUTIC_PROPERTIES_OF_BLACK_PEPPER_A_SYSTEMATIC_REVIEW
https://rjstonline.com/AbstractView.aspx?PID=2020-12-4-20
https://rjstonline.com/AbstractView.aspx?PID=2020-12-4-20
https://www.researchgate.net/publication/349118631_A_MAGICAL_MEDICINAL_FRUIT_OF_PIPER_NIGRUM
https://www.researchgate.net/publication/349118631_A_MAGICAL_MEDICINAL_FRUIT_OF_PIPER_NIGRUM
https://www.researchgate.net/publication/349118631_A_MAGICAL_MEDICINAL_FRUIT_OF_PIPER_NIGRUM
https://jsmartech.ub.ac.id/index.php/jsmartech/article/view/54
https://jsmartech.ub.ac.id/index.php/jsmartech/article/view/54
https://jsmartech.ub.ac.id/index.php/jsmartech/article/view/54
https://jsmartech.ub.ac.id/index.php/jsmartech/article/view/54
https://www.sciencedirect.com/science/article/abs/pii/S0268005X19321071
https://www.sciencedirect.com/science/article/abs/pii/S0268005X19321071
https://www.sciencedirect.com/science/article/abs/pii/S0268005X19321071
https://www.sciencedirect.com/science/article/abs/pii/S0268005X19321071
https://www.sciencedirect.com/science/article/abs/pii/S0268005X19321071
https://www.sciencedirect.com/science/article/abs/pii/S0308814610016870?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814610016870?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814610016870?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308814610016870?via%3Dihub
https://idosi.org/gjp/7(1)13/13.pdf
https://idosi.org/gjp/7(1)13/13.pdf
https://pubmed.ncbi.nlm.nih.gov/19033825/
https://pubmed.ncbi.nlm.nih.gov/19033825/
https://pubmed.ncbi.nlm.nih.gov/19033825/
https://www.researchgate.net/publication/270275083_A_Review_on_Therapeutic_Potential_of_Piper_nigrum_L_Black_Pepper_The_King_of_Spices
https://www.researchgate.net/publication/270275083_A_Review_on_Therapeutic_Potential_of_Piper_nigrum_L_Black_Pepper_The_King_of_Spices
https://www.researchgate.net/publication/270275083_A_Review_on_Therapeutic_Potential_of_Piper_nigrum_L_Black_Pepper_The_King_of_Spices
https://pubmed.ncbi.nlm.nih.gov/19296028/
https://pubmed.ncbi.nlm.nih.gov/19296028/
https://pubmed.ncbi.nlm.nih.gov/19296028/
https://pubmed.ncbi.nlm.nih.gov/19296028/
https://www.researchgate.net/publication/285908571_In_vitro_anti-asthmatic_activity_of_fruit_extract_of_Piper_nigrum_Piperaceae
https://www.researchgate.net/publication/285908571_In_vitro_anti-asthmatic_activity_of_fruit_extract_of_Piper_nigrum_Piperaceae
https://www.researchgate.net/publication/285908571_In_vitro_anti-asthmatic_activity_of_fruit_extract_of_Piper_nigrum_Piperaceae
https://pubmed.ncbi.nlm.nih.gov/27638428/
https://pubmed.ncbi.nlm.nih.gov/27638428/
https://pubmed.ncbi.nlm.nih.gov/27638428/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17312225?via%3Dihub


Copyright@ : Amar P Garg | Biomed J Sci & Tech Res | BJSTR.MS.ID.008353.

Volume 53- Issue 1 DOI: 10.26717/BJSTR.2023.53.008353

44371

Azuara, CI Beristain (2018) Elaboration and characterization of O/W 
cinnamon (Cinnamomum zeylanicum) and black pepper (Piper nigrum) 
emulsions. Food Hydrocolloids 77: 902-910.

45. Khushbu, Chauhan, Solanki Roshni, Anar Patel, Carol Macwan, et al. 
(2011) Phytochemical and therapeutic potential of Piper longum Linn a 
review. International journal of Research in Ayurveda and Pharmacy 2(1): 
157-161.

46. Vijayakumar, Ramasamy Subramanian, Rajagopal SENTHILKUMAR, 
Namasivayam NALINI (2002) Hypolipidemic effect of black pepper (Piper 
nigrum Linn.) in rats fed high fat diet. Journal of clinical biochemistry and 
nutrition 32 (2002): 31-42.

47. Zaveri M, Khandhar A, Patel S, Patel A (2010) Chemistry and pharmacol-
ogy of Piper longum L. International journal of pharmaceutical sciences 
review and research 5(1): 67-76.

48. Bao L, Bai S, Borijihan G (2012) Hypolipidemic effects of a new piperine 
derivative GB-N from Piper longum in high-fat diet-fed rats. Pharmaceuti-
cal biology 50(8): 962-967.

49. Shori Amal Bakr (2022) Storage quality and antioxidant properties of 
yogurt fortified with polyphenol extract from nutmeg, black pepper, and 
white pepper. Electronic Journal of Biotechnology 57: 24-30.

50. Wojno Michal, Mandas Arlyn, Karolina Kwasek, Konrad Dabrowski (2021) 
The Effect of Dietary Supplements of Black Pepper Piper nigrum and 
Turmeric Curcuma longa Extracts on Dietary Amino Acid Utilization and 
Growth Performance in Common Carp. North American Journal of Aqua-
culture 83(3): 155-164.

51. Ferde M, Costa VC, Mantovaneli R, Wyatt NLP, Rocha PDA, et al. (2021) 
Chemical characterization of the soils from black pepper (Piper nigrum 
L.) cultivation using principal component analysis (PCA) and Kohonen 
self-organizing map (KSOM). Journal of Soils and Sediments 21(9): 3098-
3106.

52. Shamkuwar, Prashant B, Sadhana R Shahi, Suvarna T Jadhav (2012) Eval-
uation of antidiarrhoeal effect of Black pepper (Piper nigrum L.). Asian 
Journal of Plant Science and Research 2(1): 48-53.

53. Ashokkumar K, Vellaikumar S, Murugan M, Dhanya MK, Karthikeyan A, et 
al. (2021) Assessment of Phytochemical Diversity in Essential Oil Compo-
sition of Eighteen Piper nigrum (L.) Accessions from Southern India. Jour-
nal of Essential Oil Research 33(6): 549-558.

54. Deng Y, Sriwiriyajan Somchai, Aman Tedasen, Poonsit Hiransai, Potchanap-
ond Graidist, et al. (2016) Anti-cancer effects of Piper nigrum via inducing 
multiple molecular signaling in vivo and in vitro. Journal of Ethnopharma-
cology 188: 87-95.

55. Sriwiriyajan Somchai, Tedasen Aman, Lailerd Narissara, Pleumjit Boon-
yaphiphat, Anupong Nitiruangjarat, et al. (2016) Anticancer and Cancer 
Prevention Effects of Piperine-Free Piper nigrum Extract on N-nitro-
somethylurea-Induced Mammary Tumorigenesis in Rats. Cancer Preven-
tion Research 9(1): 74-82.

56. Lasso Paola, Rojas, Arévalo C, Urueña C, Murillo N, et al. (2023) Piper ni-
grum Extract Suppresses Tumor Growth and Enhances the Antitumor Im-
mune Response in Murine Models of Breast Cancer and Melanoma. Cancer 
Immunology, Immunotherapy 72: 3279-3292.

57. Mandal D, Sarkar T, Chakraborty R (2023) Review on Nutritional, Bioac-
tive, and Medicinal Potential of Spices and Herbs and Their Application 
in Food Fortification and Nanotechnology. Applied Biochemistry and Bio-
technology 195: 1319-1513.

58. Ashayerizadeh O, Dastar B, M Shams Shargh, EA Soumeh, V Jazi, et al. 
(2023) Effects of black pepper and turmeric powder on growth perfor-
mance, gut health, meat quality, and fatty acid profile of Japanese quail. 
Frontiers in Physiology 14: 1218850.

59. Oh Jiwon, Kim H, Larry R Beuchat, Jee-Hoon Ryu, et al. (2022) Inhibition 
of Staphylococcus aureus on a laboratory medium and black peppercorn 
by individual and combinations of essential oil vapors. Food Control 132.

60. De Almeida, Jaqueline Milagres, Victória Vilaça Martins Alencar de Souza, 
Vanessa Pereira Perez Alonso, Edison da Motta Santos Júnior, et al. (2023) 
Antimicrobial action of Oregano, Thyme, Clove, Cinnamon and Black pep-
per essential oils free and encapsulated against foodborne pathogens. 
Food Control 144.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2023.53.008353

Amar P Garg. Biomed J Sci & Tech Res 

http://dx.doi.org/10.26717/BJSTR.2023.53.008353
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17312225?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17312225?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0268005X17312225?via%3Dihub
https://www.researchgate.net/publication/275559341_Phytochemical_and_Therapeutic_potential_of_Piper_longum_Linn_A_review
https://www.researchgate.net/publication/275559341_Phytochemical_and_Therapeutic_potential_of_Piper_longum_Linn_A_review
https://www.researchgate.net/publication/275559341_Phytochemical_and_Therapeutic_potential_of_Piper_longum_Linn_A_review
https://www.researchgate.net/publication/275559341_Phytochemical_and_Therapeutic_potential_of_Piper_longum_Linn_A_review
https://www.jstage.jst.go.jp/article/jcbn1986/32/0/32_0_31/_article
https://www.jstage.jst.go.jp/article/jcbn1986/32/0/32_0_31/_article
https://www.jstage.jst.go.jp/article/jcbn1986/32/0/32_0_31/_article
https://www.jstage.jst.go.jp/article/jcbn1986/32/0/32_0_31/_article
https://globalresearchonline.net/journalcontents/volume5issue1/article-010.pdf
https://globalresearchonline.net/journalcontents/volume5issue1/article-010.pdf
https://globalresearchonline.net/journalcontents/volume5issue1/article-010.pdf
https://www.tandfonline.com/doi/full/10.3109/13880209.2012.654395
https://www.tandfonline.com/doi/full/10.3109/13880209.2012.654395
https://www.tandfonline.com/doi/full/10.3109/13880209.2012.654395
https://www.sciencedirect.com/science/article/pii/S0717345822000094?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0717345822000094?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0717345822000094?via%3Dihub
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10179
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10179
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10179
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10179
https://afspubs.onlinelibrary.wiley.com/doi/10.1002/naaq.10179
https://link.springer.com/article/10.1007/s11368-021-02966-3
https://link.springer.com/article/10.1007/s11368-021-02966-3
https://link.springer.com/article/10.1007/s11368-021-02966-3
https://link.springer.com/article/10.1007/s11368-021-02966-3
https://link.springer.com/article/10.1007/s11368-021-02966-3
https://naturalingredient.org/wp/wp-content/uploads/AJPSR-2012-2-1-48-53.pdf
https://naturalingredient.org/wp/wp-content/uploads/AJPSR-2012-2-1-48-53.pdf
https://naturalingredient.org/wp/wp-content/uploads/AJPSR-2012-2-1-48-53.pdf
https://www.tandfonline.com/doi/abs/10.1080/10412905.2021.1975578
https://www.tandfonline.com/doi/abs/10.1080/10412905.2021.1975578
https://www.tandfonline.com/doi/abs/10.1080/10412905.2021.1975578
https://www.tandfonline.com/doi/abs/10.1080/10412905.2021.1975578
https://pubmed.ncbi.nlm.nih.gov/27155135/
https://pubmed.ncbi.nlm.nih.gov/27155135/
https://pubmed.ncbi.nlm.nih.gov/27155135/
https://pubmed.ncbi.nlm.nih.gov/27155135/
https://pubmed.ncbi.nlm.nih.gov/26511488/
https://pubmed.ncbi.nlm.nih.gov/26511488/
https://pubmed.ncbi.nlm.nih.gov/26511488/
https://pubmed.ncbi.nlm.nih.gov/26511488/
https://pubmed.ncbi.nlm.nih.gov/26511488/
https://europepmc.org/article/med/37464192
https://europepmc.org/article/med/37464192
https://europepmc.org/article/med/37464192
https://europepmc.org/article/med/37464192
https://pubmed.ncbi.nlm.nih.gov/36219334/
https://pubmed.ncbi.nlm.nih.gov/36219334/
https://pubmed.ncbi.nlm.nih.gov/36219334/
https://pubmed.ncbi.nlm.nih.gov/36219334/
https://pubmed.ncbi.nlm.nih.gov/37497432/
https://pubmed.ncbi.nlm.nih.gov/37497432/
https://pubmed.ncbi.nlm.nih.gov/37497432/
https://pubmed.ncbi.nlm.nih.gov/37497432/
https://www.sciencedirect.com/science/article/abs/pii/S0956713521006253
https://www.sciencedirect.com/science/article/abs/pii/S0956713521006253
https://www.sciencedirect.com/science/article/abs/pii/S0956713521006253
https://www.sciencedirect.com/science/article/abs/pii/S0956713522005497
https://www.sciencedirect.com/science/article/abs/pii/S0956713522005497
https://www.sciencedirect.com/science/article/abs/pii/S0956713522005497
https://www.sciencedirect.com/science/article/abs/pii/S0956713522005497
https://www.sciencedirect.com/science/article/abs/pii/S0956713522005497
http://dx.doi.org/10.26717/BJSTR.2023.53.008353

