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Abstract
Black pepper (Piper nigrum L.) is a popular spice that is grown as tropical and subtropical plant throughout the world. 
The leaf, flower, fruit, and root are the most important elements of the plant. Asexual or vegetative propagation is 
becoming highly popular, although the sexual approach is still used for pepper vine cultivation. For mass production 
of the pepper plant, in vitro culture is also used. The bioactive components contained in them are extremely important 
because of their therapeutic potential against a number of diseases. They are usually classed as functional foods 
because, in addition to providing basic nutrition, provide physiological benefits and help to avoid chronic illness. 
The main component of black pepper is piperine. It has a complex phyto-chemistry includes: Volatile oil, alkaloids, 
and oleoresins. Because of its free-radical scavenging properties, black pepper and its active components can be 
prevention and control of tumor growth. Piperine, which can bind and inhibit the SARS-CoV-2 virus that causes the 
sickness, is present in black pepper and has antibacterial and antiviral effects. Piperine, a key alkaloid component of 
black pepper, it also helps to cognitive brain function, nutritional absorption, and gastrointestinal health. Black pepper 
is known as the “King of Spices” as well as the “King of Medicinal Agents,” since it includes a wide variety of bioactive 
compounds with nutraceutical and pharmacological applications. An overview of the most common applications for 
black pepper, along with a strong evidence is present in this review.
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Introduction

Black pepper is a popular spice crop all over 
the world. It’s a basal angiosperm blooming vine 
that’s generally dried and used as a spice fruit [1]. 
The spice belonging to the Piperaceae family. The 
climbing shoot, also known as the “main shoot,” has 
internodes; the laterals, which develop off the main 
shoot, have shorter internodes and bear the spike. 
Spice is one of the most precious commodities, and it 
dominates the global trading market [2]. Black pepper 
has known as the “King of Spices” [3], [4] and it is 
called “Golmarich” in Bangladesh. Its grew in Kerela at 
Southwestern India, Malaysia, Indonesia, West Indies, 
and South America [5], [6]. The dried of black pepper 
has been used for flavor and old-fashioned medicine 
since antiquity. Black pepper is the most widely used 
spice in food preparation and distribution, as well 
as in perfumery [7], [8]. It is the most economically 
significant and widely used spice crop in the world, 
especially in Bangladesh [9]. The quality of a spice is 

determined by the odor, color, and pungency of the 
peppercorn [10], [11]. “In vitro cultivation of all parts of 
the plant on nutrient media develops under controlled 
conditions,” according to Anandaraj [12]. At present, 
in vitro cultivation is a very common method for science 
breeders to propagate plants that are not easy to grow 
but have economic value in the world market.

Spicy fruits, resinous oils, and essential 
oils are used as flavoring ingredients in the food 
preservation, cosmetic, and perfume industries [13]. 
The spicy taste comes from Piperine essential oil, 
which is a pungent alkaloid. Piperine can increase 
the bioavailability of many drugs [14], [15]. In small 
amounts, safrole, sabinene, pinene, limonene, linaonol, 
and caryophyllene compounds are found. According 
to Santra et al. [16], black pepper has anesthetic 
properties, antimicrobial, antimutagenic, free-radical 
scavenger, immunomodulator, antitumor, antidepressant, 
antiapoptotic, antimetastatic, antithyroid, antitumor, 
antidepressant, antiapoptotic, antimetastatic, anti-thyroid, 
hepatoprotective, immune stimulator, and anti-spasmodic 
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[17], [18], [19], [20], [21], [22], [23], [24], [25], [26]. The 
black pepper fruit can use for pulmonary diseases, 
cold extremities, intermittent fever, gastric ailments, 
colic disorder, and diarrhea [27], [28], [29], [30]. It is 
suggested that phyto-compounds produced from black 
pepper may be very useful in combating the COVID-19 
pandemic [31], [32], [33], [34], [35]. Insecticidal activity 
against pests has been found in black pepper [36], [37]. 
The secondary metabolite of nerolidol is used to control 
mites. Pipene, a well-known odor, is another component 
of essential oils [38], [39]. It has a bright future in the global 
market, but the factory has certain problems. Seeing the 
facts above, this review study was conducted to evaluate 
information about black pepper’s growth, morphology, 
climate, and therapeutic efficacy.

Methodology

A study of the available journal literature, 
books, reports, blogs, and newspapers was conducted 
to assess the current level of research on the 
propagation, morphology, and therapeutic value of 
black pepper. Keyword searches in Google, Google 
scholar, web of science database, research gate, and 
a full-text search of the Science Direct database were 
conducted (Table 1). Personal communication was also 
used to get information from government agencies and 
non-governmental groups.

Morphology of Black Pepper Plant

The pepper plant is a perennial woody vine that 
grows to a height of 4 m (13 feet) on secondary trees, 
poles, or trellises [40]. The black pepper plant is a woody 
climber that reaches at least 10 m in height or length. 
The central stem develops many lateral branches to 
form a bushy column after it has established itself. The 
plants form adventitious roots, which are tiny roots that 
attach themselves to surrounding supports.

Leaf

The plant produces clusters, or spikes, of 
50–150 blooms and has simple, alternate leaves that 
are varied in form (Figure 1). The leaves are dark green 
and lustrous on top and lighter green on the bottom, 
alternately arranged on the stalks above, dark green 
and sparkling, below, paler green. Dark green and 
shining above, lighter green below. Almond-shaped, 
tapering toward the tip, dark green and dazzling 
above, paler green below. The leaves are 5–20 cm 
long and 3–6 cm wide, with a length of 5–20 cm and 

a breadth of 3–6 cm. According to Shango et al. [41], 
the leaves blade (17.9 cm), leaf petiole (2.8 cm), and 
wider leaves (12.9 cm) are all from Tanzania. Leaf 
laminae can be cordate, oblong, ovate-lanceolate, or 
ovate-elliptic.

Figure 1: (a) Leaf; (b) stem of the black pepper plant with the fruits 
in different stages of fruiting; (c) erect shape of lateral branch habit;  
(d) round shape of stem; (e) inflorescence; (f) mature fruit; (g) parts 
of the black pepper plant (h) prepared fruit
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Stem

Black pepper stems may grow up to 10 m 
long and 6 cm in diameter. The stem is herbaceous, 
delicate, and green (Figure 1). The leaf, blossom, and 
fruit are all found on the stem. Primary stems, runner 
shoots, and fruit producing stems are the three types 
of stems found on pepper plants. 20–30 fruiting spikes 
can be supported by a single stem [42].

Inflorescence

The flowers are tiny and are produced on 
pendulous spikes that are 4–8 cm long at the leaf nodes 
and can grow up to 7–15 cm in length (Figure 1). The 
bloom emerges from the opposing leaves’ main stem 
node. It’s a spike that grows from the nodes opposing 
the leaves. Sessile, bracteate, achlamydeous, and uni/
bisexual, the flower is sessile, bracteate, achlamydeous, 
and uni/bisexual. Filiform, cylindrical, globular, and 
conical spike morphologies were identified. The spike is 
3–15 inches long and has around 70 small blooms on it 
(up to 100 flowers). Greenish yellow blooms are placed 
in a spiral around the spine. Spikes are flower-bearing 
stalks that produce clusters of blooms. 50–150 white to 
yellow-green flowers are produced per spike [43].
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Table 1: Keyword search
S. No. Keyword search Articles number
1. Black pepper, Piper nigrum L. 278
2. Medicinal importance 88
3. Health benefits 117
4. COVID-19 24
5. Cancer 16
6. Morphology 168
7. Neuroprotective 32
8. Propagation 68
9. Limit of article 98
10. Manually screened 97
11. Articles included in the review 126

Fruit

Peppercorns, which are drupes with a diameter 
of 6 mm, are the most common fruit. At first, the fruits are 
green, but as they mature, they turn a reddish red colour 
(Figure 1). Each spike yields 50–60 fruits. The berries 
are divided into three categories: Large (5.8 mm), 
middle (>4.26 mm), and little (<4.26 mm) (4.8 mm). 
The quantity of berries per spike was classified as few 
(fewer than 25), medium (25–50), or many (more than 
50) [41]. It’s picked when the fruit is still green and 
immature; black pepper is picked when the fruit is fully 
matured but still green and shiny; and white pepper is 
picked when the fruit is somewhat riper [44]. The flavor 
is spicy, stinging, and highly strong, while the odor is 
intense and aromatic.
Table 2: Macronutrient composition of black pepper (100 g 
edible portion)
Name of the nutrition Amount (Unit)
Water 12.5 g
Energy 251 kcal/1050 kJ
Protein 10.4 g
Total lipid 3.26 g
Carbohydrate 64 g
Fiber, total dietary 25.3 g
Galactose 0.15 g

Roots

There are two types of roots on pepper vine 
plants: Main and secondary roots. The adventitious 
roots adhere to the standards and strike at each node, 
forming roots (Figure 1). The ideal soil temperature for 
root development is (26–28°C). For black pepper, a 

well-distributed annual rainfall of 125–200 cm is ideal. 
The leaf area of cuts affects the roof of the black pepper 
root [45].

Propagation Practices in Black Pepper

Black pepper can be propagated by the 
asexual and sexual processes. The seeds are as 
sexual and cuttings, layering, and grafting as asexual 
propagation. Seed propagation is time consuming, slow 
process, and genetic variation occurred [11], [46]. In 
India, seeds are the main material to produce pepper 
but vegetative propagation is very much effective to 
cultivate black pepper [27]. Stem cutting and seed are 
the traditional propagated method [46], [47] and storage 
seed infested by pests in storage conditions [27], [48]. 
The cutting is commonly crawling by fungal, virus, 
bacterial, and mycoplasma pathogens in nursery 
and field conditions. The growing plant, quality, and 
quantity loss by the infestation of pathogens especially 
viruses [49], [50], [51], [52], [53], [54]. However, the 
vegetative propagation is cuttings, layering, grafting, 
budding, and rooted cuttings are favored for marketable 
cultivation [49], [50], [55], [56], [57], [58], [59].

Climatic Condition of Black Pepper

For its high demand in the global and it 
is referred as “Black gold” due to its higher prized 
trade. According to DEA [60], reported that Sri Lanka 
exported (7930–16,656) MT from 2014 to 2015, and 
export earnings have increased by 116% over previous 
years from (9029 to 19,543) Rs. Mn, in 2015. Sri Lanka 
mainly sells in India and procurements included 54% of 
pepper export in 2015. The pepper is mainly grown in 
low and mid wet and intermediate agroclimatic zones in 
the forest or any field. The pepper plant needs regular 
watering to improve growth and high-quality product in 
the nursery and main field. However, the unpredictable 
environmental condition is impacted by climate change 
and global warming. Decrease the rainfall but increase 
the temperature. For water stress, plant growth and 
development are hampered due to decrease rainfall 
in Sri Lanka [61], [62]. Increased temperature stress 
can alter crop physiological systems, resulting in 
reduced photosynthetic activity, reduced nitrogen 
absorption, and increased protein catabolism [62]. 
In reaction to heat stress, the plant displayed a 
variety of morphological signs [63]. The influence 
of crop physiology, water is the major issue [64] but 
temperature effect quality yield [65]. To overcome the 
water problem, the researcher develops the Super 

Figure 2: Health benefits of black pepper
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Absorbent Polymers (SAPs) method where water is 
insufficient [66], [67]. Hutterman et al. [68] stated that 
the SAPs long water available for plant use when less 
water is found. SAPs also help to increase the moisture 
level but reduce the water stress of plants [69]. The 
method can absorb 1000 times more water than its 
original size and weight [70].

Nutraceutical and Functional Black 
Pepper

In traditional medicine, black pepper is used as 
a food additive to help the digestive system by improving 
appetite and absorption, as well as reducing dyspepsia 
and fleshiness. CVDs, diabetes mellitus, inflammatory 
illness, and cancer insurgence are among the current 
health issues that concern mankind [71]. Several animal 
studies have clarified the significance of black pepper 
can prevent of diseases [72], because of per 100 grams 
contain high energy, protein, carbohydrate, fibre, etc 
(as shown in Table 2). It is a good source of tryptophan 
(0.058 g), isoleucine (0.366 g), threonine (0.244 g), 
leucine (1.01 g), lysine (0.244 g), cystine (0.138 g), 
methionine (0.096 g), tyrosine (0.483 g), phenylalanine 
(0.446 g), valine (0.547 g), histidine (0.159 g), arginine 
(0.308 g), glycine (0.441 g), alanine (0.616 g), serine 
(0.409 g), and proline 1.41 g) (Table 3). The following 
are some highlights of the health-promoting potential of 
bioactive compounds found in black pepper.

Table 3: Micronutrient composition of black pepper (100 g 
edible portion)
Name of the nutrition Amount (Unit)
Calcium, Ca 443 mg
Iron, Fe 9.71 mg
Magnesium, Mg 171 mg
Phosphorus, P 158 mg
Potassium, K 1330 mg
Sodium, Na 20 mg
Zinc, Zn 1.19 mg
Copper, Cu 1.33 mg
Manganese, Mn 12.8 mg
Selenium, Se 4.9 µg
Fluoride, F 34.2 µg
Thiamin 0.108 mg
Riboflavin 0.18 mg
Niacin 1.14 mg
Pantothenic acid 1.4 mg
Vitamin B-6 0.291 mg
Betaine 8.9 mg
Carotene beta 310 µg
Cryptoxanthin beta 25 µg
Vitamin A 547 IU
Lycopene 20 µg
Vitamin E 1.04 mg
Vitamin K (phylloquinone) 164 µg
Fatty acids, total saturated 1.39 g
Fatty acids, total monounsaturated 0.739 g
Fatty acids, total polyunsaturated 0.998 g
Histidine 0.159 g
Alanine 0.616 g
Aspartic acid 1.41 g
Glutamic acid 1.41 g
Glycine 0.441 g
Proline 1.41 g
Serine 0.409 g
Source: [76].

Ethnomedicine and Biological Activities

The black piper produced secondary 
metabolites that aid body metabolism and serve as 
a defensive mechanism [73], [74], [75], [76], [77]. 
Piper plants are being screened by scientists from 
many biological areas for a variety of secondary 
metabolites that might be utilized to make medications 
and biocontrol agents [78]. Anti-apoptotic [79], anti-
bacterial [80], anti-Colon toxin [81], anti-depressant [82], 
anti-fungal [83], analgesic [84], anti-diarrhea and 
anti-inflammatory [85], anti-mutagenic [18], anti-
metastatic activity [86], antioxidative [79], [87], 
antioxidative [79], [87], anti-pyretic [84], 
immuno-modulatory, anti-spermatogenic [88], 
anti-thyroid [23], anti-tumor [22], ciprofloxacin 
potentiator [89], [90], colic, cold extremities, gastric 
ailments [91], hepatoprotective [92], increase 
plasma [93], increase pancreatic enzymes [94], inhibit 
cytochrome [95], inhibit transcription [96], insecticidal 
activity [97], intermittent fever [91], and larvicidal 
activity [81] as mentioned in Figure 2.

Antioxidant Potential

Oxidation is an unavoidable process that occurs 
in body cells and is accompanied by certain unwanted 
reactions. Reactive oxygen species (ROS) is commonly 
regarded as the causal agent for a variety of diseases, 
including cancer, inflammation, atherosclerosis, 
and aging. Excessive ROS generation outperforms 
defensive capabilities as a result of oxidative anxiety in 
the body. A large variety of spices and fragrant plants 
have been identified. The bioactive compounds which 
are present, have antioxidant capacity molecules 
included in them [98].

With 0.43 mm of black pepper, 50% 
suppression of free radicals. In another research, 
Chavarria et al. [99], found that water and ethanol 
excerpts (75 g/ml) of black pepper prevent lipid 
peroxidation by 95.5% and 93.3%, respectively, in 
the previous experiments, and total phenolics content 
should be inhibited, which is 54.3 and 42.8 g/mg, 
respectively. Polyphenol concentrations were greater at 
191 mg/100 g. Antioxidant activity was determined by 
various in vitro tests, which yielded some solid results. It 
was also suggested that black pepper might be a good 
source of normal antioxidants in the diet. As a result, 
black pepper’s inclusion of these functional components 
makes it a great option for reducing oxidative stress [100]. 
Its strong hydrogen-donating capacity, metal chelating 
ability, and ability to scavenge free radicals all contribute 
to these effects. Furthermore, piperine’s synergistic 
effects with other antioxidants like curcumin make black 
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pepper beneficial in disease preventive strategies that 
include ROS and related species [101]. Piperine at a 
dose of 10 mg/kg/day injected intraperitoneally repaired 
diabetes-induced abnormalities in Sprague–Dawley rats 
in another research, which employed diabetes mellitus 
development as a model of oxidative damage. The 
advantages come from antioxidants, which reduce LDL 
oxidation by regulating prostaglandin and leukotriene 
synthesis [102]. As a consequence, black pepper has 
antioxidant potential, but it has to be tested further in 
randomized controlled studies. The findings of such 
studies will ensure that black pepper and its bioactive 
components are used as a natural antioxidant.

Anti-inflammatory Potential

Inflammation can result in the growth of 
cancer cells. Insurgence is connected to a variety of 
illnesses such as arthritis, Alzheimer’s, Parkinson’s, 
and even cancer. Functional elements in diets may 
have anti-inflammatory properties. The inflammatory 
burst is a term used to describe a sudden increase in 
inflammation. Several methods, including inhibition of 
enzymes involved in the inflammatory cascade [103], 
are used to combat inflammation [104]. Recent animal 
and cell-level pharmacological research has revealed 
piperine, one of the active compounds in black pepper, 
might be effective in combating negative reactions. 
Black pepper’s anti-inflammatory properties were 
originally documented about two decades ago. Piperine, 
according to Mujumdar et al. [105], works by activating 
the pituitary-adrenal axis, which helps to reduce acute 
inflammation. Bang et al. [106] used in vitro studies to 
further improve piperine’s anti-inflammatory properties 
(20 and 100 mg/kg/day). Interleukin inhibition, matrix 
metalloproteinase inhibition, prostaglandin E2 inhibition, 
and activator protein 1 inhibition were proposed as 
potential pathways explaining their characteristics. 
Overall, the anti-inflammatory perspectives of black 
pepper and its active ingredients should be tested in 
disease prevention and management associated with 
inflammation.

Antimicrobial Potential

Plants have been used as antibacterial 
agents for a long time. The use of natural items, 
particularly spices, as antimicrobials has two benefits: 
prevention of infectious disease and improved 
health. The antibacterial activity of phytochemicals 
included in these items has been widely researched 
in recent years. Among these, phenolics have been 
shown to have antibacterial properties. Antimicrobial 

characteristics of black pepper and piperine can 
significantly reduce the development of Staphylococcus 
aureus, Staphylococcus epidermidis, and Salmonella 
typhi, Black pepper extracts inhibited the growth 
of bacteria such as Staphylococcus, Bacillus, and 
Streptococcus, according to Weerakkody et al. [107]. 
With minimum inhibitory concentrations (MIC) of 125, 
250, and 500 ppm, black pepper extracts inhibited the 
growth of bacteria such as Staphylococcus, Bacillus, 
and Streptococcus. Brahma et al. [108] discovered that 
black pepper alkaloids had the potential to repel insects 
and rodents in this setting.

Many animals are repelled by black pepper 
and other freshly ground peppers. It is also said to 
be effective against houseflies, as well as having the 
capacity to prevent egg-laying antiparasitic properties 
against Giardia and Entamoeba species. Black pepper 
essential oil can also be used to protect cereals from 
insect damage and prevent worm infestations. Some 
of the black pepper’s bioactive compounds have 
been discovered due to their use in the allelopathic 
management of insect infestations their effectiveness. 
Black pepper oil is also useful and has shown strong 
antibacterial efficacy against animal pathogens 
microbial pathogens [108], [109]. Overall, black pepper 
has significant antibacterial action against a wide range 
of pathogens that can be used for a variety of things, 
from preserving food to Infections that are avoided.

Gastrointestinal Activity

Black pepper and its active components 
have been used as traditional treatments for stomach 
problems. It is widely thought to help in the prevention 
and treatment of gastrointestinal problems. Black 
pepper stimulates the production of hydrochloric acid 
in the stomach by activating histamine (H2) receptors, 
which helps digestion. Diaphoretic (sweating-inducing) 
and diuretic (urination-inducing) properties are also 
present in black pepper [110]. Piperine is absorbed 
in the gut serosal fluids and tissue in a similar fashion 
to other amino acids absorbed from the mucosal side 
(44–63%). The gastrointestinal tract’s functioning is 
improved by piperine. Improved nutrient absorption, 
improved enzyme synthesis, and improved defense 
capabilities are some of the mechanisms of action. 
Improved intestinal absorption of nutrients is one of 
the examples. Furthermore, due to its antioxidant 
capacity, it defends intestine from gastric secretions 
and ROS damage. In addition, “black pepper increased 
the activity of antioxidant enzymes such as superoxide 
dismutase (SOD), catalase (CAT), glutathione 
reductase, and glutathione-S-transferase.” These 
systems work together to offer gastro-protection by 
balancing mucosal health [111]. Piperine consumption 
may reduce body weight and visceral fat in mice by 
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increasing “thermogenic protein uncoupling protein-1.” 
Black pepper has the ability to speed up the metabolic 
processes in the human body that produce energy. 
Although same process is involved in weight loss 
maintenance, it is also thought to have a function in 
nutrient absorption from the diet. When piperine is 
administered to perfuse hind limbs of experimental 
rats, it increases oxygen absorption [4]. Constipation 
and diarrhea can be treated with black pepper and its 
bioactive compounds [110].

Neuroprotective Property of Black Pepper

Globally, data collection on mental and 
brain disorders is frightening. More than 450 million 
individuals are thought to be affected by neurological 
disorders and depression [112]. The neuroprotective 
effects of functional meals have lately been highlighted 
as a possible therapy for a range of illnesses. In this 
sense, black pepper’s antioxidant capacity and bioactive 
compounds are critical for improving brain function. In 
addition, piperine supplementation (5, 10, and 20 mg/
kg body weight/day) promotes neuroprotection as well 
as enhanced cognitive performance. Piperine alleviated 
chronic moderate stress caused by variations in sucrose 
intake, according to their findings. “Piperine treatment 
enhanced the expression of brain-derived neurotrophic 
factor and mRNA. Piperine (10 and 20 mg/kg) relieved 
depression by decreasing adrenocorticotropic hormone 
and corticotropin-releasing hormone levels, thereby 
modulating the hypothalamic-pituitary-adrenal axis,” 
according to Lindheimer et al. [113]. Piperine and 
curcumin have lately been recommended as a treatment 
for depressive disorders by Bhutani et al. [114]. According 
to behavioral testing using the forced swimming test, 
piperine is a strong antidepressant medication at 10 
and 20 mg/kg, which is one of the most successful 
techniques for avoiding neurodegenerative illnesses 
such as Alzheimer’s and Parkinson’s. Piperine’s effects 
on neurogenesis have not been fully investigated in 
humans, although mechanisms of action might include 
reduced lipid peroxidation and acetylcholinesterase 
enzyme activity. Black pepper and its active ingredients 
can assist with depression, Alzheimer’s disease, and 
epilepsy, among other nervous system disorders.

Black Pepper Against Cancer

According to estimates, eating habits can 
lower cancer prevalence by 30–40%. Consumption 
of foods high in bioactive compounds has also been 
shown in population-based research to reduce the 
risk of many diseases, including cancer. In Asian and 

Mediterranean regions, spice intake is related to a 
decreased incidence of cancer. Reduced spice intake 
has also been related to a greater risk of cancer 
in poor nations [115]. Regulation of Phase I and 
Phase II detoxification processes, avoidance of lipid 
peroxidation, and an overall increase in antioxidant 
status are all anticancer characteristics of black pepper. 
Yang et al. [29] provided evidence that piperine’s ability 
to interact with the cytochrome P450 enzyme system 
is responsible for piperine’s anticancer effects in mice 
when exposed to benzo-pyrene. Piperine (50 mg/kg) 
was found to have chemopreventive effect against 
7,12-dimethylbenz[a]anthracene (DMBA)-induced skin 
carcinogenesis by Vellaichamy et al. [116]. Piperine 
inhibited lipid peroxidation through regulating Phases 
I and II detoxification processes. The restoration of 
antioxidant status to normal is essential for health care, in 
addition to the aforementioned benefits. Khan et al. [30] 
observed similar results in oral cancer-bearing mice. 
Pellitorine (a terpine found in black pepper) has been 
demonstrated to be effective against the MCT-7 and 
HL60 cell lines [117]. Piperine’s significant antioxidant 
effects have also been verified, suggesting that it may 
reduce protein expression, therefore controlling cell 
proliferation and transformation. Pepper has been 
revealed to have a free-radical scavenging effect that 
assists in the regulation of cancer development. In 
certain conditions, the same feature can be useful in 
delaying the growth of cancer cells. Almost all bioactive 
chemicals identified in black pepper, according to Liu 
et al. [118], can suppress TNF-induced NF-kappa 
B activation. Black pepper extracts and compounds 
decreased lipid peroxidation by 45–85% at 200 mg/mL, 
COX enzymes by 31–80%, and cancer cell proliferation 
by 3.5–86.8%. Some chemicals can be made less 
hazardous using black pepper and its components. 
Black pepper and piperine (60 M), according to 
numerous experts, mediate the adverse effects of 
DMBA, carbon tetrachloride, tertbutyl hydroperoxide, 
dioxin, and AFB1. Because these hazardous metabolites 
penetrate the food chain, they can induce reproductive 
toxicity, teratogenicity, immunological dysfunction, 
hepatotoxicity, and endocrine abnormalities in humans 
and animals [119]. Black pepper and its bioactive 
components are antigenotoxic, which means they can 
stop cancer from spreading.

Additional Health Benefits

The antioxidant and hypocholesterolemic 
properties of black pepper have a wide variety of 
nutraceutical uses. Triglycerides, total cholesterol, 
and LDL cholesterol levels are all important CVD risk 
factors. Some dietary recommendations can aid in 
the prevention and progression of CVDs. One way to 
enhance the lipid profile is to improve the peroxisome 
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proliferator-activated receptor. With EC (50) values of 
84 M and 49 M, respectively, piperine had the greatest 
transactivational activity [103]. It looked into using black 
pepper extract to treat vitiligo, a skin condition marked 
by depigmentation lesions. The main alkaloid in black 
pepper encourages melanocyte proliferation. One 
of the most frequent oils discovered in individuals is 
black pepper oil. Inhalation is one of the most powerful 
appetizers since it encourages swallowing. Dysphagia 
is a condition that affects persons who have had a 
stroke. Another study is now underway. Information 
on the health benefits of black pepper tea is also 
available [120].

Time to Recover from COVID-19 Infection

COVID-19 is severely infected as a result 
of the development of a new COVID-19 stain in 
humans, and the infestation is spreading throughout 
the world [32], [121]. This viral illness has a significant 
influence on individuals all across the world, including 
Bangladesh [122], [123]. It also has an influence on 
the trade system’s agriculture sectors [124]. Early 
statistics indicate that the median time from onset 
to clinical recovery for moderate cases is about 
2–3 weeks. COVID-19 infection was severe in human 
lungs. Pneumonia was revealed to be caused by a new 
virus known as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). The virus’s name is 
COVID-19, and the disease it causes is COVID-19. 
Wilson argues that when COVID-19 patients develop a 
cough and fever, it’s because the infection has spread 
to the respiratory tree, or the air tubes that connect 
the lungs to the rest of the body. When the lining of 
the respiratory tree is injured, it irritates the nerves in 
the airway lining, causing inflammation. A cough can be 
triggered by a dust particle, but if it persists, it can extend 
beyond the airway lining to the gas exchange units at the 
end of the air passages. They discharge inflammatory 
material into the air sacs towards the bottom of our 
lungs when they get infected. The most prevalent cause 
of death is severe pneumonia. An emphasis on nutrition 
Immunotherapy is a coronavirus treatment that includes 
boosting or inhibiting the immune system’s capacity 
to fight the virus. Immunotherapy may take many 
different forms, including cytokines, vaccines, viruses, 
adoptive cell transfer, and monoclonal antibodies, 
as we all know. Nutrition-based immunotherapy 
has demonstrated to be effective and efficient in 
individuals who have been infected with COVID-19. 
Piperine is a bioactive phytochemical discovered in 
Piper nigrum with a wide range of physiological and 
pharmacological effects. Molecular docking was used 
to test twenty-six bioactive compounds found in various 
species for activity against SARS-CoV-2, and the 
results revealed that piperine, “found in black pepper, 

had a higher binding affinity (−7.0 kCal/mol) than 
adenosine monophosphate (−6.4 kCal/mol) towards 
the nucleocapsid’s RNA-binding pocket. The stability of 
piperine attached to nucleocapsid protein as a possible 
RNA-binding site inhibitor was validated by molecular 
dynamics simulations of the docked complexes.” As 
a result, piperine appears to be a promising option 
for suppressing RNA packing in the nucleocapsid, 
and therefore viral multiplication. In addition to its 
immunomodulatory properties, black pepper intake may 
aid in the direct battle of SARS-CoV-2 through potential 
antiviral actions, according to this study [125]. Free 
radicals, ROS, and lipid peroxidation are all inhibited 
by piperine’s flavonoids and phenolic content. Black 
pepper’s antioxidant activity was measured using SOD, 
CAT, glutathione peroxidase, including reduced the 
amount of malondialdehyde, and protein carbonyl levels 
in the hippocampus  [124], [125], [126]. Black pepper 
phyto-compounds could be very useful in combating 
the COVID-19 pandemic era [36]. For the treatment 
of COVID-19 from P. nigrum, this study employed 26 
drugs. Using the molecular docking approach, structure 
of black pepper, clove, and ginger, it is possible to 
improve inhibitory viability against COVID-19.

Conclusion

The fruit of black pepper is a very important 
spice in the world market. This spice is very sensitive to 
the climate. The fruit is not only used in cooking material 
but also used as a medicinal or biological agent in the 
world as it contains bioactive compounds. Piperine, 
oleoresins, and essential oil are all useful components 
in black pepper, and it regulates gastrointestinal 
function. It also has anti-inflammatory properties. Black 
pepper can protect the body against depression and 
Alzheimer’s disease by providing neuroprotection. Black 
pepper possesses antibacterial and antiviral properties, 
which may aid in the treatment of COVID-19 patients. 
The relevance of black pepper’s synergistic impact in 
increasing the bioavailability of minerals and medicines 
cannot be overstated. Overall, health-care consultants 
should consider black pepper from a nutraceutical 
standpoint. Additional efforts will be necessary to 
assess its correct application in various goods, and the 
findings of such research will add meticulousness to the 
worries.

Authors Contributions

This work was conducted in collaboration with 
all authors. Author AUK planned, structured, wrote, 



F - Review Articles Narrative Review Article

570 https://oamjms.eu/index.php/mjms/index

revised, and rechecked the manuscript thoroughly. SN 
and YSP rearranged and improved the draft copy. MSAT 
and MD were contributed to revising and improving the 
manuscript thoroughly. All authors reviewed carefully 
and approved the final version of the manuscript.

References

1. GRIN. “Piper nigrum”, Germplasm Resources Information 
Network. Agricultural Research Service (ARS), United States 
Department of Agriculture (USDA); 2008.

2. Krishnamurthy KS, Parthasarathy VA, Saji KV, Krishnamoorthy B. 
Ideotype concept in black pepper (Piper nigrum L.). J Spices 
Aromat Crops. 2010;19:1-13.

3. Mathew PJ, Mathew PM, Kumar V. Graph clustering of Piper 
nigram L. (black pepper). Euphytica. 2001;118(3):257-64.

4. Srinivasan K. Black pepper and its pungent principle-
piperine: A review of diverse physiological effects. Crit 
Rev Food Sci Nutr. 2007;47(8):735-48. https://doi.
org/10.1080/10408390601062054

 PMid:17987447
5. Sen CT. Food Culture in India-Food Culture around the World. 

Connecticut, United States: Greenwood Publishing Group; 
2004. p. 58.

6. Hajeski NJ. National Geographic Complete Guide to Herbs and 
Spices: Remedies, Seasonings, and Ingredients to Improve 
Your Health and Enhance. New York, US: National Geographic 
Books; 2016. p. 236.

7. Philip VJ, Dominic J, Triggs GS, Dickinson NM. Micropropagation 
of black pepper (Piper nigrum L.) through shoot tip cultures. Plant 
Cell Rep. 1992;12:41-4. https://doi.org/10.1007/BF0023242

 PMid:24201729
8. Bhat SR, Chandel KPS, Malik SK. Plant regeneration from 

various explants of cultivated Piper species. Plant Cell 
Rep. 1995;14(6):398-402. https://doi.org/10.1007/BF00238605

 PMid:24185341
9. Talucder MS, Khan AU, Kamrujjaman M, Robi MA, Ali MP, 

Uddin MS. Research gaps in insects and diseases of black pepper 
(Piper nigrum): A review. Int J Exp Agric. 2020;10(1):44-52. 

10. Kay DE. The production and marketing of pepper. Trop Sci. 
1970;12:201-8.

11. Atal CK, Banga SS. Phytochemical studies on stem of Piper 
longum. Indian J Pharm. 1962;24:105.

12. Anandaraj M. Diseases of black pepper, black pepper (Piper 
nigrum). In: Ravindran PN, editor. Medicinal and Aromatic 
Plants-Industrial Profiles. Vol. 13. The Netherlands: Harwood 
Academic Publishers; 2000. p. 239-65.

13. Nair KP. The agronomy and economy of black pepper (Piper 
nigrum L.)-the “king of spices”. In: Agronomy and Economy of 
Black Pepper and Cardamom the “King” and “Queen” of Spices. 
1th ed. Cambridge, MA, USA: Elsevier; 2011. p. 91.

14. Tripathi AK, Jain DC, Kumar S. Secondary metabolites and their 
biological and medical activities of Piper species plants. J Med 
Aromat Plant Sci. 1996;18:302-21.

15. Khajuria A, Thusu N, Zutshi U. Piperine modulates permeability 
characteristics of intestine by inducing alterations in 
membrane dynamics: Influence on brush border membrane 
fluidity, ultra-structure and enzyme kinetics. Phytomedicine. 
2002;9(3):224-31.

16. Santra M, Santra DK, Rao VS, Taware SP, Tamhankar SA. 
Inheritance of beta-carotene concentration in durum wheat 

(Triticum turgidum L. ssp. durum). Eucalypta. 2005;144:215-21.
17. Dorman HJ, Deans S. Antimicrobial agents from 

plants; Antibacterial activity of plant volatile oils. 
J Appl Microbiol. 2000;88(2):308-16. https://doi.
org/10.1046/j.1365-2672.2000.00969.x

 PMid:10736000
18. EI-Hamss R, Idaomar M, Alonso-Moraga A, Munoz-Serra A. 

Antimutagenic properties of bell and black peppers. Food 
Chem Toxicol. 2003;41(1):41-7. https://doi.org/10.1016/
s0278-6915(02)00216-8

 PMid:12453727
19. Gulcin I. The antioxidant and radical scavenging activities 

of black pepper (Piper nigrum) seeds. Int J Food Sci Nutr. 
2005;56(7):491-9. https://doi.org/10.1080/09637480500450248

 PMid:16503560
20. Saxena RK, Venkaiah P, Anitha L, Venu RM. Antioxidant activity 

of commonly consumed plant foods of India contribution of their 
phenolics contents. Int J Food Sci Nutr. 2007;58(4):250-60. 
https://doi.org/10.1080/09637480601121953

 PMid:17566887
21. Lee SA, Hong SS, Han XH, Hwang JS, Oh GJ, Lee KS, et al. 

Piperine from the fruits of Piper longum with inhibitory effect on 
monoamine oxidase and anyide pressant-like activity. Chem 
Pharm Bull (Tokyo). 2005;53(7):832-5. https://doi.org/10.1248/
cpb.53.832

 PMid:15997146
22. Sunila ES, Kuttan G. Immunomodulatory and antitumor 

activity of Piper longum Linn. and piperine. J Ethnopharmacol. 
2004;90(3-2):339-346. https://doi.org/10.1016/j.jep.2003.10.016

 PMid:15013199
23. Panda S, Kar A. Piperine lowers the serum concentration 

of thyroid hormones, glucose and hepatic 5D activity in adult 
male mice. Horm Metab Res. 2003;35(9):523-6. https://doi.
org/10.1055/s-2003-42652

 PMid:14517767
24. Pradeep CR, Kuttan G. Effect of piperine on the inhibition 

of lung metastasis induced by B16F-10 melanoma cells in 
mice. Clin Exp Metastasis. 2002;19(8):703-8. https://doi.
org/10.1023/a:1021398601388

 PMid:12553376
25. Pathak N, Khandelwal S. Immunomodulatory role of piperine 

in cadmium induced thymic atrophy and splenomegaly in 
mice. Environ Toxicol Pharmacol. 2009;28(1):52-60. https://doi.
org/10.1016/j.etap.2009.02.003

 PMid:21783982
26. Bajad S, Bedi KL, Singla AK, Johri RK. Anti-diarrheal activity 

of piperine in mice. Planta Med. 2001;67(3):284-7. https://doi.
org/10.1055/s-2001-11999

 PMid:11345706
27. Ravindran PN, Babu KN, Sasikumar B, Krishnamurthy KS. 

Botany and crop improvement of black pepper. In: Ravindran PN, 
editors. Black Pepper (Piper nigrum L). Medicinal Aromatic 
Plants-Industrial Profiles. Amsterdam, The Netherlands: 
Harwood Academic Publishers; 2000. p. 32-142.

28. Ao P, Hu S, Zhao A. Essential oil analysis and trace element 
study of the roots of Piper nigrum L. Zhongguo Zhongyao Zazhi. 
1998;23(1):42-43.

29. Yang JY, Zhang J, Zhou G. Black pepper and its bioactive 
constituent piperine: Promising therapeutic strategies for oral 
lichen planus. Inflammopharmacology. 2019;27(1):5-13. https://
doi.org/10.1007/s10787-018-0540-7

 PMid:30343451
30. Krishnakumar N, Manoharan S, Palaniappan PR, 

Venkatachalam P, Manohar MG. Chemopreventive efficacy 

https://oamjms.eu/index.php/mjms/index


 Khan et al. Black Pepper Used as An Herbal Medicine

Open Access Maced J Med Sci. 2021 Oct 12; 9(F):563-573. 571

of piperine in 7, 12-dimethyl benzz [a] anthracene (DMBA)-
induced hamster buccal pouch carcinogenesis: An FT-IR study. 
Food Chem Toxicol. 2009;47:2813-20. https://doi.org/10.1016/j.
fct.2009.08.017

 PMid:19733613
31. Khan AU, Khan FU, Khanom S, Khan AU. Novel Coronavirus 

disease (COVID-19): Pandemic situation in Bangladesh. NUJS 
J Regul Stud. 2020;5(2):1-10.

32. Ali MG, Husain SN, Shah SIA. A content review of news 
about Coronavirus disease (COVID-19) at media prior to 
emergence in pakistan by the year 2020. Asian J Educ Soc 
Stud. 2021;19(2):24-40. https://doi.org/10.9734/ajess/2021/
v19i230460

33. Khan AU, Proma AA, Akter M, Rahaman MM, Das S. A review 
on Coronavirus disease (COVID-19) epidemic threat for global 
health in 2020. Am J Microbiol Res. 2020;8(2):57-62. https://doi.
org/10.12691/ajmr-8-2-3

34. Khan AU, Uddin AHHM, Khan FU, Khanom S, and Khan AU. 
2020. COVID-19: Current status in Bangladesh.  Electronic 
Journal. 2020:1-16. Available at SSRN: http://dx.doi.
org/10.2139/ssrn.3634891

35. Khan AU, Ema IJ, Afsana AS, Khan AU, Zannaty A, Faruk MF, 
Rahman S. Effects of Coronavirus Disease (COVID-19) on 
Agricultural Sectors in Bangladesh: A Review. International 
Journal for Asian Contemporary Research. 2021;1(2): 89-97.  
Available online from: https://www.ijacr.net/upload/ijacr/202

36. Pandey P, Singhal D, Khan F, Arif M. An in silico screening on 
Piper nigrum, syzygium aromaticum and zingiber officinale roscoe 
derived co mpounds against SARS-CoV-2: A drug repurposing 
approach. Biointerface Res Appl Chem. 2021;11(4):11122-34. 
https://doi.org/10.33263/briac114.1112211134

37. Scott D, Albert LL. Maize Metallothionein Promoter, Patent 
Publication, WO/2005/063997; 2005.

38. Boff MI, Sartoari DV, Bogo A. Effect of extracts of Piper nigrum L. 
on the bean weevil, Acanthoscelides obtectus (Say). Rev Bras 
Armazenamentho. 2006;31:17-22.

39. Jayalekshmy A, Menon AN, Padmakumari KP. Essential 
oil composition of four major cultivars of black pepper 
(Piper nigrum L.). J Essential Oil Res. 2003;15:155-7. https://
doi.org/10.1080/10412905.2003.9712099

40. Hussain SM, Hegde L, Sharatbabu AG, Hegde NK, 
Shantappa T, Gurumurthy SB, et al. Evaluation of local black 
pepper (Piper nigrum L.) genotypes for yield and quality under 
arecanut based crop-ping system. Int J Pure Appl Biosci. 
2017;5:1396-400. https://doi.org/10.18782/2320-7051.5809

41. Shango AJ, Majubwa RO, Maerere AP. Morphological 
characterization and yield of pepper (Piper nigrum L.) types 
grown in Morogoro district, Tanzania. CABI Agric Biosci. 
2021;2:1-13. https://doi.org/10.1186/s43170-021-00028-9

42. Thapa A, Datta S, Dey AN, Baisare P. Advance propagation 
techniques in important spice crops. Int J Curr Microbiol 
Appl Sci. 2017;6(9):1979-85. https://doi.org/10.20546/
ijcmas.2017.609.242

43. Mathew PJ, Mathew PM, Kumar V. Multivariate analysis in fifty 
cultivars/lan-draces of ‘black pepper’ (Piper nigrum L.) occurring 
in Kerala, India. Rev Bras Plant Med. 2006;8:80-5.

44. Tang H, Chen W, Dou ZM, Chen R, Hu Y, Chen W, et al. 
Antimicrobial effect of black pepper petroleum ether extract 
for the morphology of Listeria monocytogenes and Salmonella 
typhimurium. J Food Sci Technol. 2017;54(7):2067-76. https://
doi.org/10.1007/s13197-017-2644-2

 PMid:28720964
45. Leakey RR, Coutts MP. The dynamics of rooting in Triplochiton 

scleroxylon cuttings: Their relation to leaf area, node position, 
dry weight accumulation, leaf water potential and carbohydrate 
composition. Tree Physiol. 1989;5(1):135-46.

 PMid:14973005
46. Bhuyan MH, Rahman SM, Sarker JC. Explicating proper 

multiplication method for black pepper propagation in 
Bangladesh. Adv Agric Biol. 2015;4(2):10-3.

47. Nair RR, Gupta SD. High frequency plant regeneration through 
cyclic secondary somatic embryogenesis in black pepper 
(Piper nigrum L.). Plant Cell Rep. 2006;24(12):699-707. https://
doi.org/10.1007/s00299-005-0016-2

 PMid:16249871
48. Chaudhury R, Chandel KP. Germination studies and 

cryopreservation of seeds of black pepper (Piper nigrum L.)-a 
recalcitrant species. Cryoletters. 1994;15(3):145-50.

49. Sivaraman K. Rapid multiplication of quality planting material in 
black pepper. Indian Cocoa Arecanut Spices J. 1987;11:115-8.

50. Thangaselvabal T, Justin CG, Leelamathi M. Black pepper 
(Piper nigrum L.) the king of spices: A review. Agric Rev. 
2008;29(2):89-98.

51. Sim SL, Paulus AD, Eng L. Planting material production and 
nursery management. In: Sim SL, Lai KF, editors. Pepper 
Production Technology in Malaysia. Kuching, Malaysia: 
Malaysian Pepper Board; 2011. p. 77-97.

52. Bavappa KV, Gurusinghe PD. Rapid multiplication of black 
pepper for commercial planting. J Plantation Crops. 1978;6:92-5.

53. Gunaratne WD, Subasinghe HM, Yap CA, Anandaraj M, 
Manohara D. Production of Quality Pepper (Piper nigrum L.) 
Planting Materials. Jakarta, Indonesia: International Pepper 
Community; 2015. p. 1-15.

54. Devasahayam S, John ZT, Jayashree E, Kandiannan K, 
Prasath D, Santhosh JE, et al. In: Thomas L, Rajeev P, editors. 
Black Pepper-Extension Pamphlet. Kozhikode, Kerala: ICAR-
Indian Institute of Spices Research; 2015. p. 1-6.

55. Sajc L, Grubisic D, Vunjak-Novakovic C. Bioreactors 
for plant engineering: An outlook for further research. 
Biochem Eng J. 2000;4(2):89-99. https://doi.org/10.1016/
S1369-703X(99)00035-2

56. Abbasi BH, Saxena Pk, Murch SJ, Liu CZ. Echinacea 
biotechnology: Challenges and opportunities. In Vitro Cell Dev 
Biol Plant. 2007;43:481-92.

57. Sujatha R, Babu C, Nazeem PA. Histology of organogenesis 
from callus cultures of black pepper (Piper nigrum L). J Trop 
Agric. 2003;41(1):16-9.

58. Sagare AP, Kuo CL, Chueh FS, Tsay HS. De novo regeneration 
of Scrophularia yoshimurae Yamazaki (scrophulariaceae) and 
quantitative analysis of harpagoside, an iridoid glucoside, 
formed in aerial and underground parts of in vitro propagated 
and wild plants by HPLC. Biol Pharm Bull. 2001;24(11):1311-5. 
https://doi.org/10.1248/bpb.24.1311

 PMid:11725970
59. Rout GR, Samantary S, Das P. In vitro manipulation and 

propagation of medicinal plants. Biotechnol Adv. 2000;18:91-
120. https://doi.org/10.1016/s0734-9750(99)00026-9

 PMid:14538112
60. DEA (Department of Export Agriculture). Black Pepper 

Cultivation-Annual Report; 2015.
61. Hatfield JL, Prueger JH. Temperature extremes: Effect on plant 

growth and development. Weather Clim Extrem. 2015;10:4-10.
62. Jiang Y, Huang B. Effects of calcium on antioxidant activities 

and water relations associated with heat tolerance in two cool-
season grasses. J Exp Bot. 2001;52(355):341-9. https://doi.
org/10.1093/jexbot/52.355.341

 PMid:11283179
63. Bita CE, Gerats T. Plant tolerance to high temperature in a 

changing environment: Scientific fundamentals and production 
of heat tolerance crops. Front Plant Sci. 2013;4:273. https://doi.
org/10.3389/fpls.2013.00273



F - Review Articles Narrative Review Article

572 https://oamjms.eu/index.php/mjms/index

 PMid:23914193
64. De Silva CS, Weatherhead EK, Knox JW, Rodrihuez-Diaz JA. 

Predicting the impacts of climate change-a case study of 
paddy irrigation water requirements in Sri Lanka. J Agric 
Water Manag. 2007;93(1-2):19-29. https://doi.org/10.1016/j.
agwat.2007.06.003

65. DEA (Department of Export Agriculture). Black Peer Cultivation-
Annual Report; 2011.

66. Maboko MM. Growth, Yield and Quality Tomatoes 
(Lycopersicum esculentum Mill) and lettuce (Lactuca sativa L.) 
as Affected by Gelpolymer Soil Amendment and Irrigation 
Management, Master’s Dissertation. Natural Agricultural 
Science of University Pretoria; 2006. p. 105.

67. Monnig S. Water saturated superabsorbent polymers used in 
high strength concrete. Otto Graf J. 2005;16:193-202.

68. Hutterman A, Zommorodi M, Reise K. Addition of hydrogels to 
soil for prolonging the survival of Pinus halepensis seedlings 
subjected to drought. Soil Tillage Res. 1999;50:295-304. https://
doi.org/10.1016/jwace.2015.08.001

69. Allahdadi I. Investigation the Effect of Superabsorbent Hydrogels 
on Reducing Plant dry Stress, 2nd Specialized Training Course 
and Seminar on the Application of Superabsorbent Hydrogels in 
Agriculture, Iran Polymer and Petrochemical Institute, Tehran, 
Iran; 2002.

70. Sojka RE, Entry JA. Influence of polyacrylamide application 
to soil on movement of microorganisms in runoff water. 
Environ Poll. 2000;108(3):405-12. https://doi.org/10.1016/
S0269-7491(99)00194-3

 PMid:15092936
71. Chonpathompikunlert P, Wattanathorn J, Muchimapura S. 

Piperine, the main alkaloid of Thai black pepper, protects against 
neurodegeneration and cognitive impairment in animal model 
of cognitive deficit like condition of Alzheimer’s disease. Food 
Chem Toxicol. 2010;48(3):798-802. https://doi.org/10.1016/j.
fct.2009.12.00

 PMid:20034530
72. Politeo O, Jukić M, Miloš M. Chemical composition and 

antioxidant activity of essential oils of twelve spice plants. Croat 
Chem Acta. 2002;79(4):545-52.

73. Khalaf AN, Shakya AK, Al-Othman A, El-Agbar Z, Farah H. 
Antioxident activity of some common plants. Turk J Biol. 
2008;32:51-5.

74. Tazi SM, Mukhtar MA, Mohamed K, Tabidi MH. Effect of 
using black pepper as natural feed additive on performance 
and carcass quality of broiler chicks. Int J Pharm Res Anal. 
2014;4:108-13.

75. Tainter RD, Grenis AT. Spices and Seasonings: A Food Technology 
Handbook. New York: VCH Publishers, Inc.; 1993. p. 104-12.

76. USDA. 2021. https://fdc.nal.usda.gov/fdc-app.html#/
food-details/170931/nutrients

77. Ahmad N, Fazal H, Ayaz M, Mohammad I, Fazal L. Dengue 
fever treatment with Carica papaya leaves extracts. Asian 
Pac J Trop Biomed. 2011;1(4):330-3. https://doi.org/10.1016/
S2221-1691(11)60055-5

 PMid:23569787
78. Hamrapurkar PD, Jadhav K, Zine S. Quantitative estimation of 

piperine in Piper nigrum and Piper longum using high performance 
thin layer chromatography. J Appl Pharm Sci. 2011;1:117-20.

79. Pathak N, Khandlewal S. Role of oxidative stress and apoptosis 
in cadmium induced thymic atropy and splenomegaly in 
mice. Toxicol Lett. 2007;169:95-108. https://doi.org/10.1016/j.
toxlet.2006.12.009

 PMid:17267144
80. Erturk O. Antibacterial and antifungal activity of ethanolic 

extracts from eleven spice plants. Biologia. 2006;61(3):275-8. 

https://doi.org/10.2478/s11756-006-0050-8
81. Balkrishna A, Ayurved JB. Divya Prakashan Patanjali Yogpeeth. 

5th ed. Haridwar, India: Maharishi Dayanand Gram; 2008. p. 362-4.
82. Li S, Wang C, Li W, Koike K, Nikaido T, Wang MW. 

Antidepressant-like effects of Piperine and its derivative, anti-
epidepride. J Asian Nat Prod Res. 2007;9(3-5):421-30. https://
doi.org/10.1080/10286020500384302

 PMid:17701559
83. Umit A, Kadir I, Akgun KO. Antifungal activity of aqueous 

extracts of spices against bean rust (Uromyces appendiculatus). 
Allelopathy J. 2009;24:0973-5046.

84. Parmar VS, Jain SC, Bisht KS, Jain R, Taneja P, Jha A, 
et al. Phytochemistry of the genus piper. Phytochemistry. 
1997;46:597-673.

85. Kumar S, Singhal V, Roshan R, Sharma A, Rembhotkar GW. 
Neutrophils to endothelial monolayer through suppression 
of NF-κ and IκB kinase activation. Eur J Pharmacol. 
2007;575(1-3):177-86. https://doi.org/10.1016/j.
ejphar.2007.07.056.

 PMid:17764673
86. Appiah I, Milovanovic S, Radojicic A, Nikolic-Kokic A, 

Orescanin-Dusic Z, Slavic M, et al. Hydrogen peroxide 
affects contractile activity and anti-oxidant enzymes in rat 
uterus. Br J Pharmacol. 2009;158(8):1932-41. https://doi.
org/10.1111/j.1476-5381.2009.00490.x

 PMid:19917063
87. Ahmad N, Fazal H, Abbasi BH, Rashid M, Mahmood T, 

Fatima N. Efficient regeneration and antioxidant potential in 
regenerated tissues of Piper nigrum L. Plant Cell Tiss Organ 
Cult. 2010;102:129-34.

88. Mishra RK, Singh SK. Anti-spermatogenic and antifertility 
effects of fruits of Piper nigrum L. in mice. Indian J Exp Biol. 
2009;47(9):706-14.

 PMid:19957882
89. Shanmugasundaram P, Maheswari R, Vijayaanandhi M. 

Quantative estimation of piperine in herbical cough syrup by 
HPTLC method. Rasayan J Chem. 2008;1:212-7.

90. Liu JP, Wu HS, Yang JF. Review of domestic and foreign 
varieties of black pepper. China Trop Agric. 2009;9:49-52.

91. Parganiha R, Verma S, Chandrakar S, Pal S, Sawarkar HA, 
Kashyap P. In vitro anti-asthmatic activity of fruit extract of 
Piper nigrum (Piperaceae). Int J Herbal Drug Res. 2011;1:15-8.

92. Ibrahim M, Nane KM, Anjum A. Hepatoprotective activity of 
Sapindus mukorossi and rheum emodi extracts: In vitro and 
in vivo studies. World J Gastroenterol. 2008;12(16):2566-71. 
https://doi.org/10.3748/wjg.14.2566

 PMid:18442207
93. Francois T, Pierre MJ, Lambert SM, Ndifor F, Arlette VW, Paul HA, 

et al. Comparative essential oils composition and insecticidal 
effect of different tissues of Piper capense L., Piper guineense 
Schum. et Thonn., Piper nigrum L. and Piper umbellatum L. 
grown in Cameroon. Afr J Biotechnol. 2009;8:424-31.

94. Pathak N, Khandelwal S. Comparative efficacy of piperine, 
curcumin and picroliv against Cd immunotoxicity in mice. 
Biometals. 2008;21(6):649-61.

 PMid:18566892
95. Lim CM, Ee GC, Rahmani M, Bong CF. Alkaloids from Piper nigrum 

and Piper betle. Pertanika J Sci Technol. 2009;17:149-54.
96. Annis SL, Velasquez L, Xu H, Hammerschmidt R, Linz J, Trial F. 

Novel procedure for identification of compounds inhibitory to 
transcription of genes involved in mycoyoxin biosynthesis. 
J Agric Food Chem. 2000;48(10):4656-60.

 PMid:11052714
97. Scott IM, Jensen HR, Philogene BJ, Arnason JT. A review of 

Piper spp. (Piperaceae). Phytochemistry, insecticidal activity 

https://oamjms.eu/index.php/mjms/index


 Khan et al. Black Pepper Used as An Herbal Medicine

Open Access Maced J Med Sci. 2021 Oct 12; 9(F):563-573. 573

and mode of action. Phytochemistry. 2008;7:65-75.
98. Brewer MS. Natural antioxidants: Sources, compounds, 

mechanisms of action, and potential applications. Compr Rev 
Food Sci Food Saf. 2011;10(4):221-47.

99. Chavarria D, Silva T, Magalhães e Silva D, Remião F, Borges F. 
Lessons from black pepper: Piperine and derivatives thereof. 
Expert Opin Ther Pat. 2016;26(2):245-64. https://doi.org/10.151
7/13543776.2016.1118057

 PMid:26560940
100. Shah MA, Bosco SJ, Mir SA. Plant extracts as natural antioxidants 

in meat and meat products. Meat Sci. 2014;98(1):21-33. https://
doi.org/10.1016/j.meatsci.2014.03.020.

 PMid:24824531
101. Aggarwal CC, Wang H. Managing and Mining Graph Data. 

New York: Springer; 2010.
102. Diby P, Sarma YR, Srinivasan V, Anadaraj M. Pseudomonas 

fluorescens mediated vigour in black pepper (Piper nigrum L.) 
under greenhouse cultivation. Ann Microbiol. 2005;55(3):10-2.

103. Mueller M, Beck V, Jungbauer A. PPARα activation by culinary 
herbs and spices. Planta Med. 2011;77(5):497-504.

104. Monika M, Stefanie H, Alois J. Anti-inflammatory activity of extracts 
29 from fruits, herbs and spices. Food Chem. 2010;122:987-96.

105. Mujumdar AM, Dhuley JN, Deshmukh VK, Raman PH, Naik SR. 
Anti-inflammatory activity of piperine. Jpn J Med Sci Biol. 
1990;43:95-100.

106. Bang JS, Oh H, Choi HM, Sur BJ, Lim SJ, Kim JY, Yang HI, et al. 
Anti-inflammatory and antiarthritic effects of 4 piperine in human 
interleukin 1beta-stimulated fibroblast-like synoviocytes and 5 in 
rat arthritis models. Arthritis Res Ther. 2009;11(2):R49. https://
doi.org/10.1186/ar2662

 PMid:19327174
107. Weerakkody NS, Caffin N, Turner MS, Dykes GA. In vitro 

antimicrobial activity of less-utilized spice and herb extracts 
against selected food-borne bacteria. Food Control. 
2010;21(10):1408-14.

108. Brahma NP, Nemani H, Meriga B, Mehar SK, Potana S, 
Ramgopalrao S. Mitigating efficacy of piperine in the 
physiological derangements of high fat diet induced obesity 
in Sprague Dawley rats. Chem Biol Interact. 2014;221:42-51. 
https://doi.org/10.1016/j.cbi.2014.07.008

 PMid:25087745
109. Zhang Y, Bai C, Shi W, Alvarez-Manzo H, Zhang Y. Identification 

of essential oils including garlic oil and black pepper oil with high 
activity against Babesia duncani. Pathogens. 2020;9(6):466. 
https://doi.org/10.3390/pathogens9060466

 PMid:32545549
110. Mehmood MH, Gilani AH. Pharmacological basis for the 

medicinal use of black pepper and piperine in gastrointestinal 
disorders. J Med Food. 2010;13(5):1086-96. https://doi.
org/10.1089/jmf.2010.1065

 PMid:20828313
111. Platel K, Srinivasan K. Bioavailability of micronutrients from plant 

foods: An update. Crit Rev Food Sci Nutr. 2016;56(10):1608-19. 
https://doi.org/10.1080/10408398.2013.781011

 PMid:25748063
112. Xu C, Gong X, Fu W, Xu Y, Xu H, Chen W, et al. The role of 

career adaptability and resilience in mental health problems in 
Chinese adolescents. Child Youth Serv Rev. 2020;112:104893.

113. Lindheimer JB, Loy BD, O’Connor PJ. Short-term effects of black 
pepper (Piper nigrum) and rosemary (Rosmarinus officinalis 
and Rosmarinus eriocalyx) on sustained attention and on 
energy and fatigue mood states in young adults with low energy. 
J Med Food. 2013;16(8):765-71. https://doi.org/10.1089/

jmf.2012.0216
 PMid:23905652
114. Bhutani MK, Bishnoi M, Kulkarni SK. Anti-depressant like 

effect of curcumin and its combination with piperine in 
unpredictable chronic stress-induced behavioral, biochemical 
and neurochemical changes. Pharmacol Biochem Behav. 
2009;92(1):39-43. https://doi.org/10.1016/j.pbb.2008.10.007

 PMid:19000708
115. Majdalawieh AF, Carr RI. In vitro investigation of the potential 

immunomodulatory and anti-cancer activities of black pepper 
(Piper nigrum) and cardamom (Elettaria cardamomum). 
J Medicinal Food. 2010;13(2):371-81. https://doi.org/10.1089/
jmf.2009.1131

 PMid:20210607
116. Vellaichamy L, Balakrishnan S, Panjamurthy K, Manoharan S, 

Alias LM. Chemopreventive potential of piperine in 7, 
12-dimethylbenzz[a]anthracene induced skin carcinogenesis in 
Swiss albino mice. Environ Toxicol Pharmacol. 2009;28(1):11-8. 
https://doi.org/10.1016/j.etap.2009.01.008.

 PMid:21783976
117. Ee GC, Lim CM, Rahmani M, Shaari K, Bong CF. Pellitorine, a 

potential anti-cancer lead compound against HL6 and MCT-7 
cell lines and microbial transformation of piperine from Piper 
nigrum. Molecules. 2010;15(4):2398-404.

 PMid:20428051
118. Liu Y, Yadev VR, Aggarwal BB, Nair MG. Inhibitory effects 

of black pepper (Piper nigrum) extracts and compounds on 
human tumor cell proliferation, cyclooxygenase enzymes, lipid 
peroxidation and nuclear transcription factor-kappa-B. Nat Prod 
Commun. 2010;5(8):1253-7.

 PMid:20839630
119. Ishida T, Ishizaki M, Tsutsumi S, Ishii Y, Yamada H. Piperine, a 

pepper ingredient, improves the hepatic increase in free fatty 
acids caused by 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin. J Health 
Sci. 2008;545:551-8.

120. Gomez-Pinilla F, Nguyen TT. Natural mood foods: The actions 
of polyphenols against psychiatric and cognitive disorders. Nutr 
Neurosci. 2012;15(3):127-33. https://doi.org/10.1179/14768305
11Y.0000000035

 PMid:22334236
121. Khan AU, Khan FU, Khanom S, Khan AU, Afsana AS. COVID-

19 Pandemic Situation in Bangladesh. International Conference 
on Multidisciplinary Industry and Academic Research (ICMIAR). 
Candelaria, Quezon, Philippines; 2020. p. 25. Available from:  
https://iiari.org/wp-content/uploads/2020/12/ICMIAR-2020-
Conference-Proceedings_5.pdf

122. Khan AU, Khan AU. The Impact of COVID-19 Pandemic 
Threat on Agriculture Sector. Proceeding of 8th International 
Conference of Biotechnology, Environment and Engineering 
Sciences 18 October 2020, Stockholm-Sweden; 2020. p. 15. 
https://doi.org/10.46617/icbe8

123. Khan AU, Akter R, Khan FU, Khanom S Khan AU, Afsana AS. 
Second wave and pandemic situation of COVID-(2020-2021) 
in Bangladesh. Qubahan Academic Journal. 1(4): 25-31. Doi: 
https://doi.org/10.48161/qaj.v1n4a74

124. Khan AU. Information about the COVID-19 in Bangladesh 
(March 2020 to February 2021); 2021. p. 1-18.

125. Choudhary P, Chakdar H, Singh D, Selvaraj C, Singh SK, 
Kumar S, et al. Computational studies reveal piperine, the 
predominant oleoresin of black pepper (Piper nigrum) as 
a potential inhibitor of SARS-CoV-2 (COVID-19). Curr Sci. 
2020;119(8):1333-42.

126. Tadepalli SP. Novel remedial approaches against virulent 
Corona viruses. Int J Infect Dis Res. 2020;1(1):1-5


