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Preface

In recent years, there has been a growing interest in the multifaceted benefits of 
herbs and spices. These natural ingredients, which have been integral to culinary 
traditions across the globe for centuries, are now being rediscovered for their 
significant contributions to human health and their transformative impact on the 
food industry. This book, Herbs and Spices – New Perspectives in Human Health 
and Food Industry, explores the diverse roles that these botanical treasures play in 
our lives.

The journey of herbs and spices began in ancient civilizations, where they were 
revered not only for their flavor-enhancing properties but also for their medicinal 
qualities. From the healing properties of turmeric in Ayurveda to the aromatic 
allure of cinnamon in traditional Chinese medicine, these natural substances have 
a rich history of use in promoting health and well-being. Today, modern science is 
uncovering the molecular mechanisms behind these age-old remedies, providing 
new insights into how herbs and spices can contribute to disease prevention and 
overall health.

In the food industry, the application of herbs and spices extends beyond flavoring. 
They are essential in the development of functional foods, natural preservatives, and 
innovative culinary creations. The quest for clean labels and natural ingredients has 
propelled the demand for these plant-derived substances, making them a focal point 
in food technology and product development. This book delves into how herbs and 
spices are reshaping the food industry, driving trends towards sustainability, health 
consciousness, and culinary innovation.

This volume brings together the expertise of researchers to provide a comprehensive 
overview of the latest advancements and applications of herbs and spices. It covers a 
wide range of topics, including the pharmacological properties of various spices, their 
role in traditional and modern medicine, innovative uses in food preservation and 
flavor enhancement, and their economic and cultural significance.

As you embark on this exploration of herbs and spices, we hope to inspire a 
deeper appreciation for these extraordinary plants. Whether you are a student, 
researcher, or industry professional, we believe this book will provide valuable 
insights and stimulate further inquiry into the remarkable world of herbs and 
spices. We extend our gratitude to all the contributors who have shared their 
knowledge and passion in this endeavor. It is our sincere hope that this book will 
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serve as a valuable resource and a source of inspiration for all who seek to harness 
the power of herbs and spices in improving human health and advancing the food 
industry.

Eva Ivanišová
Institute of Food Sciences,

 Slovak University of Agriculture in Nitra,
Nitra, Slovak Republic
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Chapter 1

A Miracle Food Supplement 
Obtained from Beehives: Propolis
Sevgi Kolayli

Abstract

In recent years, propolis has garnered substantial global attention as a dietary 
 supplement, owing to its multifaceted nature and diverse biological properties. 
Derived from beehives, this natural product, characterized by its sticky, waxy con-
sistency, and aromatic scent, is a complex amalgamation of plant and animal origins. 
Produced by honeybees through the enzymatic processing of resinous substances 
from herbal extracts, propolis serves an array of structural and functional roles, 
from insulating beehives to fortifying their defense against diseases. Raw propolis, 
collected from hives, is harnessed for various formulations as a food supplement 
following extraction using different solvents. Ethanol (70%) stands as the preferred 
solvent for propolis extraction, with oil-based and water-based extracts also viable 
options. Non-toxic propolis extracts are commonly consumed, often encapsulated 
within natural polymers like chitosan, pectin, alginate, and dextran. Renowned for its 
diverse array of biological activities, propolis showcases a broad spectrum of func-
tionalities. These encompass antioxidant, antimicrobial, antiviral, anti-inflammatory, 
anti-tumoral, anti-diabetic, immuno-modulating, hepatoprotective, and neuropro-
tective properties. This book chapter aims to delve into propolis’ composition and 
its widespread popularity as a dietary supplement. Furthermore, it will explore the 
multifaceted impact of propolis on human health.

Keywords: food supplement, propolis, antioxidant, phenolic, health

1. Introduction

Over the past four to five decades, there has been a significant surge in people’s 
inclination toward herbal and bee-derived products for both preventive and thera-
peutic purposes. Bee-derived substances like honey, pollen, propolis, bee pollen, 
bee bread, and royal jelly, classified as hybrid plant-animal products, boast diverse 
applications as complementary health products [1, 2]. Propolis, with its pleasant 
aroma, finds extensive application in various industries, including food, beverages, 
and consumer goods [3]. The utilization of herbal extracts, medicines, and natural 
products, alongside conventional treatments, has notably expanded, gaining recog-
nition as traditional and complementary medicine as well as dietary supplements. 
The natural substance resembling a paste, is sourced by scraping it from beehives. 
It is a dark and adhesive material formed through honeybees processing different 
resinous elements from nature along with their own secretions. This amalgam is 
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created by blending diverse natural secondary metabolites, beeswax, and various 
enzymes. Serving as a vital insulating material for the hive, propolis exhibits robust 
antibacterial, antiviral, and anti-inflammatory properties that contribute to the 
colony’s health [4].

The diversity of propolis sources corresponds to geographical, climatic, regional, 
and botanical variations in production areas [5–9]. Regions within temperate cli-
mate zones, such as Europe, North America, New Zealand, and Western Asia, are 
conducive to propolis production, generating what is referred to as poplar temperate 
propolis. This resinous material, procured and processed by western honeybees, 
exhibits variable colors including green, yellow, red, and brown. It is sourced from 
leaves, flowers, buds, stems, fruits, and bark crevices of various tree species, such as 
poplar, pine, chestnut, alder, birch, willow, eucalyptus, fir, and acacia [9–11]. Propolis 
obtained from beehives is not used as ham propolis but as a food supplement after 
extraction. Its biological benefits have been discovered, and interest in propolis is 
increasing day by day.

1.1 History

Throughout history, propolis has held a significant place in treating wounds, 
diseases, and diverse ailments due to its potent antimicrobial, anti-inflammatory, and 
wound-healing properties. Cultures across various ancient civilizations incorporated 
propolis into their medical practices, rooted in observed benefits and traditional 
knowledge. The therapeutic use of propolis in apitherapy can be traced back thou-
sands of years, with evidence of its distribution in ancient Egyptian practices, even 
being employed in the mummification process and transactional activities. It was also 
valued for wound care and its potential health benefits [11, 12].

During ancient Greek times, renowned philosophers like Hippocrates recognized 
propolis’ healing capabilities, utilizing it as an antiseptic agent for treating wounds. 
In ancient Rome, propolis was highly regarded for its therapeutic potential, particu-
larly in topical applications for wound healing and managing various health issues. 
Traditional Chinese medicine also emphasizes propolis, employing it for treating a 
spectrum of ailments. Recorded formulas integrated propolis with herbal mixtures 
for topical use, addressing skin problems and sports-related issues [1].

In contemporary times, modern apitherapy acknowledges propolis as a vital 
natural elixir, continuing its widespread usage. Today, propolis is recognized as a 
crucial fortifying agent incorporated into diverse formulations due to its antioxidant, 
antimicrobial, and anti-inflammatory properties.

1.2 Composition of propolis

Propolis, a complex substance harvested by bees from plant resins, encompasses 
diverse compounds including tree components, resins, beeswax, and essential oils. 
Bees gather resins from various botanical sources like buds and bark, forming the 
foundational element of propolis essential for its health benefits. This resinous part, 
termed the balsamic component, comprises a secondary metabolite shell rich in poly-
phenols, with variations in polyphenol types and quantities depending on the plant 
sources. Ethanol at concentrations of 70–80% stands as the most effective solvent for 
extracting propolis polyphenols, yielding a mixture of hydrophilic and hydrophobic 
compounds [1, 13, 14].
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Phenolic acids such as caffeic acid, ferulic acid, coumaric acid, gallic acid, syringic 
acid, benzoic acid, and protocatechuic acid are extracted using high-polarity solvents, 
while flavonoids like rutin, quercetin, pinocembrin, and hesperetin are obtained 
using low-polarity solvents. However, the prevalent solvent for both polarities’ 
compounds remains at 65–70% ethanol.

The first step when preparing propolis extracts is to pulverize the raw propolis 
extracted from beehives and then extract it by maceration using a 70% ethanol solu-
tion. After being filtered, it is used either directly as drops or after being converted 
into encapsulated products with different encapsulation agents (Figure 1). Yet, a 
contemporary challenge revolves around the use of ethanolic propolis extracts due to 
concerns regarding ethanol’s side effects and religious sensitivities. As alternatives, 
propolis extracts and capsules can be developed using environmentally friendly 
solvents like water, glycerol, various polyalcohols (PPG and PEG), and natural agents 
like honey and olive oil. Although extracts in these green solvents may not match 
ethanolic extracts in quantity, they still serve as significant sources of polyphenols. 
Additionally, encapsulated derivatives of ethanolic propolis extracts, prepared using 
various agents such as alginate, chitosan, dextran, cellulose, pectin, inulin, gelatin, 
whey proteins, and arabinogalactans, are utilized as food supplements [14, 15].

The potent and distinct scent of propolis is attributed to its volatile compounds. 
This fragrance can vary, sometimes appearing sweeter, more bitter, herbal, or slightly 
pungent, potentially due to propolis originating from different sources or a blend 
of various plant extracts. The types and quantities of volatiles in propolis, typically 
emanating a woody resin aroma, differ based on the flora it’s collected from. However, 
the primary volatiles in propolis include essential oils like terpenes, fatty acids, esters, 
aldehydes, and ketones [8, 15].

Volatile compounds, although a small portion of propolis’s overall mass, play a 
crucial role in maintaining the hygiene, antibacterial, and antiviral properties within 
the beehive. They contribute to fostering a healthy hive environment. While there’s 
limited research on this aspect, some studies suggest that these compounds exhibit 
potent antibacterial and antiviral activities. However, the complete spectrum of func-
tions carried out by these volatile compounds in propolis is yet to be fully understood 
due to the limited available studies in this area [8, 16].

The volatile components found in propolis, comprising a diverse array of com-
pounds like terpenes, terpenoids, sesquiterpenes, short-chain fatty acids, alkanes, 
and alkenes, exhibit qualitative and quantitative variations based on the local flora 
where it’s collected. Within most temperate regions, sesquiterpenes are the dominant 
volatile oils, followed by aromatic compounds like benzyl acetate, benzyl alcohol, 
and benzyl benzoate. For instance, European propolis typically contains β-eudesmol 
as a major constituent, which is identified as a significant sesquiterpene in essential 
oils derived from leaf buds of Pinus spp. Conversely, in propolis from Southeastern 
Anatolia, major essential oils like α-terpinene and α-terpineol were detected. These 
compounds, shaping the aromatic characteristics of propolis, showcase a wide spec-
trum of biological activities. They possess antimicrobial, antiviral, and antioxidant 
properties, alongside serving as insect repellents [8, 14, 16].

The wax fraction, which constitutes the third part of propolis and can be extracted 
with diethyl ether or chloroform, comprises long-chain nonpolar compounds, 
predominantly beeswax. This portion primarily consists of wax produced by bees, 
contributing significantly to hive insulation and the mummification of deceased 
bees and other insects. Propolis typically contains between 4% and 20% of this wax 
fraction [17, 18].
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Figure 1. 
(A) raw propolis, (B) powder propolis, (C) ethanolic extract.
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The wax component of propolis holds substantial value and finds diverse 
applications across industries. It serves as an encapsulation agent in cosmetics and 
pharmaceuticals, as well as in the production of candles, fragrances, and nutritional 
supplements. Moreover, due to its latent heat storage capacity, wax is utilized in solar 
energy systems [19].

1.3 Food supplement properties

Interest in propolis extracts has surged significantly in recent years, leading to the 
development of diverse products formulated with various solvents and packaging 
methods, serving as potent reinforcing agents. The quality and standards of these 
propolis products, whether in extract form or encapsulated with natural polymers, 
are regulated by multiple authorities, including International Honey Commission 
(IHC), International Organization for Standardization (ISO-24381:2023), among 
other countries [12, 20, 21]. The primary attributes that distinguish propolis are its 
robust antioxidant and antimicrobial properties. Numerous scientific studies endorse 
propolis as the natural product boasting the highest antioxidant activity [21, 22].

While propolis boasts diverse bioactive compounds like polyphenols, flavonoids, 
and phenolic acids, it is not considered a significant nutritional source. Despite trace 
amounts of minerals, vitamins, or proteins present in its structure, their contribution 
to nutritional value is negligible. Although propolis might contain some amino acids 
attributed to the inclusion of pollen, used by bees in the propolis-making process 
alongside plant resins, its protein content is notably lower compared to other sources. 
The focus on propolis does not typically emphasize its protein content due to its 
relatively meager quantities [23, 24].

1.4 Natural antioxidant source

Oxidation is an inevitable reaction chain for all living and inanimate objects 
exposed to oxygen. It is caused by the continued presence of reactive oxidant species 
formed as a result of oxidative stress, and with the progression of inflammation, 
treatable disease, diabetes, cancer, or neurodegenerative disease develops [25].

The most important triggering agent of aging, cardiovascular diseases, neuro-
degenerative diseases, and cancer is oxidative stress. However, living conditions, 
smoking and alcohol use, exposure to radioactive light, and poor nutritional habits 
are known to increase oxidative stress. However, living conditions, smoking and 
alcohol use, exposure to radioactive light, and poor nutritional habits are known to 
increase oxidative stress. Any effect that reduces, slows down, or prevents oxidative 
stress is called antioxidant. Many free oxygen radicals and their derivatives (SOR) 
formed by oxidative stress cause the oxidation of macromolecules such as lipids, 
proteins, and DNA in the environment. This causes many damages ranging from 
cardiovascular diseases to cancer. Endogenous and exogenous antioxidants are bio-
molecules that reduce oxidative stress, scavenge free oxygen radicals, or prevent the 
formation of radicals. Epidemiological investigations have consistently demonstrated 
that populations adhering to dietary patterns rich in antioxidants exhibit a reduced 
risk of developing neurodegenerative diseases, including cardiovascular diseases and 
Alzheimer’s [26–28]. Plant foods rich in ascorbic acid, α-tocopherol, β-carotene, and 
various polyphenols are also rich sources of antioxidants. Propolis is an important 
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antioxidant source rich in polyphenols. Studies have shown that propolis has a higher 
antioxidant value than herbal sources. It shows that it has a higher polyphenol content 
than fruits such as blueberries, aronia, pomegranates, oranges, apples, rose hips, 
and strawberries [28–32]. The antioxidant capacity of propolis is closely related to 
the amount of polyphenol contents. Table 1 presents a comparative analysis of the 
total phenolic content (TPC) and total flavonoid content (TFC) levels among select 
antioxidant-rich natural products.

In Table 1, propolis is one of the natural products with the highest total phenolic 
substance amounts. The closest bee products to propolis are bee bread and bee pollen, 
but propolis contains approximately 3–4 times higher polyphenols than these two 
products. The fruit closest to propolis is aronia, and green and black tea extracts also 
contain high polyphenols. Depending on the total amount of phenolic substances, the 
total antioxidant capacities of these products were found to be significantly higher in 
propolis.

As a matter of fact, studies have shown that antioxidant-rich propolis plays an 
important role in preventing diseases caused by oxidative stress [25]. In various 
experimental animal studies on oxidative stress modeling, it has been reported that 

TPC TFC Reference

Raw propolis Anatolian 110–190 mg GAE/g 16–59 mg QUE/g [11]

Brown Brazilian propolis 55.74 mg GAE/g 30.89 mg QUE/g [32]

Red Brazilian propolis 91.32 mg GAE/g 31.48 mg QUE/g [32]

Green Brazilian propolis 90.55 mg GAE/g 59.45 mg QUE/g [32]

Anatolian bee pollen 7–31 mg GAE/g 1.24–4.60 mg QUE/g [33]

Bee bread 11.90–32.40 — [34]

Rhododendron honey 16.10 mg GAE/g 1.00 QUE/g [35]

Chestnut honey (Castania 
sativa L)

0.85 mg GAE/g 0.02 mg QUE/g [36]

Figus (Ficus carica L.) 0.35–0.48 mg GAE/g 0.01–0.03 [37]

Aronina (Aronia 
melanocarpa)

14.94–50.02 mg GAE/ g dry 
matter

5.70–15.27 mg QUE/g dry 
matter

[31]

Blueberry (Vaccinium spp.) 1.71–4.35 mg GAE/ g dry 
matter

[30]

Grape’s pulp (Vitis labrusca) 3.57 mg GAE/ g dry matter 0 < 35 mg QUE/g dry 
matter

[38]

Grape’s seed (Vitis labrusca) 0.20 mg GAE/ g 0.030 mg QUE/g dry 
matter

[38]

Green tea extract 59.8 mg Cat/ g dry matter — [28]

Black tea extract 59.8 Cat/ g dry matter — [28]

Ginkgo extract 10–40 mg GAE/g — [39]

Olive fruits 19.95–26.57 mg GAE/g [40]

Apricot pollen — 10.29 ± 1.16 [41]

Table 1. 
Comparison of some important natural products in terms of total phenolic substances.
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propolis reduces stress induced by agents such as hydrogen peroxide, paraquat, CCl4, 
the ischemia-reperfusion model, heavy metals, pesticides, and other xenobiotics 
[42, 43]. In the partial diabetes-oxidative stress model induced by streptozotocin 
(STZ), propolis administration notably mitigated protein and lipid oxidation, 
reflected in the reduced levels of malondialdehyde (MDA) and protein carbonyl 
(PC). Furthermore, propolis treatment led to an elevation in tissue glutathione 
(GSH) levels. Concurrently, interleukin and C-reactive protein (CRP) levels exhib-
ited a decrease following propolis intervention [44]. In a clinical study, administered 
propolis (1000 mg/day) and melatonin (20 mg/day) to primary pneumo-sepsis 
patients for 10 days, observing reduced inflammation, improved organ function, 
and enhanced gastrointestinal tolerance. While survival rates increased, they were 
not statistically significant [45].

1.5 Mouth and dental health

Propolis is an important antibacterial and anti-inflammatory agent, especially 
in oral hygiene and some oral and gum diseases. One of the oral and dental diseases 
for which propolis is most used is gingivitis. Gingivitis is a common gum disease 
characterized by inflammation of the gums, often caused by the accumulation of 
plaque on the teeth. It manifests through redness, swelling, and potential bleeding 
of the gums during brushing or flossing. If left untreated, gingivitis can progress to 
more severe periodontal diseases, leading to potential tooth loss. Gingivitis has the 
potential to progress into periodontitis, where both gingival and bone tissues suffer 
destruction. Adequate mechanical plaque removal may not be practiced by most of 
the population. It has been reported in many clinical studies that patients diagnosed 
with periodontitis received a positive response to treatment with propolis supple-
mentation [46–49]. Numerous comparative studies with propolis and chlorhexidine 
have shown that ethanolic propolis extracts are as effective as chlorhexidine. It has 
been shown to prevent the formation of dental plaque. It has been reported in many 
studies that propolis toothpastes and propolis mouthwashes are valuable for oral and 
dental health [50, 51].

1.6 Natural antibacterial and antiviral effects

It has been proven by numerous studies that propolis extracts show antimicrobial 
activity against a wide range of pathogenic microorganisms. It has been shown to be 
effective against infections of the gastrointestinal tract such as the upper respiratory 
tract and stomach-intestinal tract in humans, and against microorganisms resistant 
to various antibiotics. Although it has not been determined exactly which compound 
the antimicrobial activity of propolis comes from, it has been shown that this activity 
is due to the phenolic acids, flavonoids, and volatile compounds it contains. It is stated 
in the literature that these natural antimicrobial compounds show different inhibi-
tion mechanisms against bacterial species. Antimicrobial activity varies depending 
on the type of propolis. However, bacteriostatic, and bactericidal action mechanisms 
vary depending on the botanical properties of propolis. The capacity of propolis to 
prevent antibacterial sensing and antibiofilm formation indicates that it has a strong 
potential, especially against antibiotic-resistant bacteria. Additionally, propolis can 
stimulate the body’s immune system, activating natural defense mechanisms to fight 
infection [52, 53]. There are many in vitro and clinical studies showing that propolis is 



Herbs and Spices – New Perspectives in Human Health and Food Industry

10

also effective on Helicobacter pylori, which causes ulcers in the stomach. Helicobacter 
pylori, one of the few bacteria that can survive in an acidic stomach environment, is 
treated with double or triple antibiotics. Studies have shown that propolis extracts 
stop the proliferation of bacteria. It has also been shown that it inhibits the urease 
enzyme that bacteria secrete into the extracellular environment in order to adapt to 
the acidic stomach environment [54, 55]. It is also reported that propolis has an anti-
bacterial effect against other bacteria that can live in the gastrointestinal tract, such 
as Campylobacter spp, Escherichia coli, and Salmonella spp. [55]. Additionally, propolis 
extracts are also used as antifungal agents against various Candida spp, Aspergillus 
spp, and Cryptococcus neoformans. It has been reported in many studies that it stops the 
growth of species [56, 57].

Propolis is a highly preferred natural supplement due to its potential anti-viral 
effects against various types of viruses. Many studies have shown that propolis may 
be effective against several viruses, such as influenza viruses, herpes simplex virus 
(HSV), HIV, and hepatitis B and C viruses [58]. Molecular docking studies against 
the COVID-19 virus have shown that flavonoids prevent the COVID-19 virus from 
binding to ACE receptors. It has also been confirmed that propolis has a significant 
adjuvant effect in COVID-19 patients. However, the effect of propolis on a particular 
type of virus may vary depending on factors such as its concentration and application 
methods. Therefore, more research is needed to better understand the antiviral effects 
of propolis [22, 59]. In fact, with the COVID-19 pandemic, propolis production and 
sales in the world have peaked.

1.7 Propolis and cancer

There exists a plethora of cell cultures and experimental studies demonstrating the 
potential of propolis as a natural agent in cancer treatment. Extracts from propolis 
have exhibited the ability to impede the growth of diverse cancer cells and induce 
apoptosis in cell culture settings. These studies indicate that propolis may hinder or 
arrest cancer development by modulating cell cycle pathways, activating caspase 
enzymes, and inhibiting angiogenesis. Moreover, its antioxidant and anti-inflamma-
tory properties suggest potential in thwarting cancer initiation or curbing the meta-
static spread of cancer cells. However, the absence of human clinical studies hinders 
definitive conclusions on the efficacy of propolis in cancer treatment. Therefore, 
further extensive research is imperative to establish conclusive evidence regarding 
the role of propolis in cancer therapy. Nevertheless, numerous clinical studies have 
demonstrated propolis’ adjunctive role in cancer treatments [60, 61]. The findings 
obtained so far show that propolis is promising in cancer treatment as a complemen-
tary medicine tool.

1.8 Propolis and cardiovascular

Propolis serves as a significant dietary supplement utilized in both preventing and 
managing cardiovascular diseases, although its precise mechanisms in this context 
remain somewhat elusive. Its multifaceted properties involve various mechanisms 
contributing to its positive impact. Acting as a potent antioxidant, propolis plays 
a crucial role in inhibiting LDL oxidation, thereby reducing oxidative damage. 
This antioxidative quality is pivotal in mitigating oxidative stress within vascular 
walls, diminishing the harmful effects of free radicals, and potentially preventing 
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cardiovascular conditions like atherosclerosis. Additionally, propolis displays 
anti-inflammatory characteristics, effectively reducing vascular inflammation and 
contributing to vascular health by regulating inflammatory responses in the vascular 
system. Studies suggest that propolis influences lipoprotein mechanisms, resulting in 
decreased LDL levels, elevated HDL levels, and fostering cardiovascular protection. 
Propolis demonstrates its preventive effect against cardiovascular diseases by inhibit-
ing the lipase enzyme while activating the paraxonase enzyme [61, 62]. Additionally, 
propolis has been associated with blood-thinning effects and has been reported to 
play a role in lowering blood pressure, further contributing to its potential to support 
cardiovascular health [63–65].

1.9 Anti-inflammatory properties

Studies have extensively demonstrated propolis’s significant anti-inflammatory 
properties, which operate through diverse mechanisms. Propolis exhibits a capacity 
to inhibit cyclooxygenase (COX) enzymes, consequently reducing prostaglandin 
production. This inhibition plays a pivotal role in alleviating symptoms associated 
with inflammation and pain. Moreover, propolis, endowed with potent antioxidant 
attributes, effectively neutralizes free radicals, thereby mitigating inflamma-
tion. Its ability to curtail nitric oxide synthesis (iNOS) contributes to controlling 
the inflammatory process. By diminishing the concentration of key inflamma-
tory cytokines like IL-1b, IL-6, and TNF-a, propolis acts to attenuate the overall 
severity of inflammation. Additionally, propolis showcases regulatory effects on 
the immune system, further bolstering its capability to modulate inflammatory 
responses [44, 63, 66].

2. Conclusion

Propolis stands as an extraordinary natural adjunct, showcasing a rich tapestry of 
therapeutic potential and diverse biological attributes. Its historical roots in ancient 
medicinal practices have transcended time, finding relevance in contemporary 
dietary supplementation. The multifaceted properties of propolis span a broad 
spectrum, notably encompassing robust antioxidant, antimicrobial, and anti-
inflammatory characteristics. These attributes underscore its potential contributions 
to various facets of human health, spanning oral health, cardiovascular disease 
prevention, and ongoing explorations into potential cancer treatments. Propolis, 
revered for its potent antioxidant prowess against oxidative damage, is anticipated 
to gain further prominence in averting diseases spawned by oxidative stress. Its 
anti-aging efficacy positions it as a prime contender in the realm of apitherapy 
and the cosmetic industry. Looking forward, propolis emerges as a field ripe for 
continued investigation. Future trends in propolis research aspire to unearth deeper 
insights into its mechanisms of action and multifarious applications across diverse 
industries. The prospective utilization of propolis beyond the realms of health, 
extending into cosmetics, food, and material sciences, hints at its remarkable versa-
tility. However, materializing these potentials mandates rigorous clinical studies to 
authenticate and harness the full spectrum of propolis’ benefits. Further research 
initiatives serve as the linchpin in unlocking its potential across varied industries 
and maximizing its impact on human health and beyond. As an herbal derivative 
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boasting medicinal properties akin to herbal plants and spices, propolis joins the 
ranks of natural products rich in secondary metabolites derived entirely from 
nature. This aligns is not only with the evolution of natural medicine comprehen-
sion but also as a harbinger of innovative formulations in functional foods, dietary 
supplements, and medical applications.
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Chapter 2

Indonesia Spices Used in Global
Cooking for Human Health
Mujianto Mujianto

Abstract

Cooking spices produced on an industrial scale and derived from these spices have
authentic Indonesian flavors; besides being nutritious, cooking spices from these
spices is also healthy. One source of raw materials for this original Indonesian cooking
spice is overfermented tempeh. The research results show that overfermented tempeh
flour has great potential as a source of raw material for the cooking seasoning indus-
try. Analysis of the main components of overfermented tempeh flour with 10 cooking
spices circulating in Indonesia resulted in a very close similarity, namely three main
components. The first main component is eight cooking spices.

Keywords: cooking seasoning industry, overfermented tempeh, principal component
analysis, similarity, authentic Indonesia flavors

1. Introduction

Indonesia has a very diverse range of spice and herbal plants. Indonesia is known
as “Indonesia the Mother of Spices.” There are seven types of superior Indonesian
spices for export purposes, namely pepper, nutmeg, vanilla, cloves, ginger, cinnamon,
and turmeric. Herbal or leafy spices are mostly used to flavor food and drink,
depending on whether the leaves are fresh or dried. Herbal spices are utilized not just
as flavorings but also for their nutritional, antioxidant, antibacterial, and therapeutic
qualities. Certain herbs and soybeans, including soy sauce, fish sauce, and others, are
also utilized as condiments in a lot of cooking dishes. The second-oldest industry in
the world, spices, has been around since before the time of ancient Egypt. The Arab
countries ruled it for centuries, and Marco Polo, Vasco de Gama, and Christopher
Columbus’ voyages were prompted by their quest for spices [1]. The essential oils that
are derived from the delicate stems, leaves, and flowering tops are used to flavor
liquors, soft drinks, beverages, and pharmaceutical preparations, in addition to being
employed in cosmetics, perfumeries, and toiletries [2].

Soybeans have wide genetic diversity due to their ability to adapt to agroclimates
[3]. The processed Indonesian soybean product that is known throughout the world is
tempeh; because tempeh is made from soybeans, its nutritional value and potential as
a functional food is very large. Tempeh is an ethnic Indonesian fermented food [4].
The 40-hour fermentation process increased the quantities of free amino acids, pro-
teins releasable during in vitro digestion, and total protein. Quinoa tempeh’s profile of
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essential amino acids matched the reference pattern. It is possible to suggest the
extended tempeh-style fermentation of quinoa as a means of producing food with
additional value [5]. R. microsporus (RM), R. oryzae (RO), or R. stolonifer (RS) were
used to temper the mixture. When combined, the various forms of tempeh seem to
offer unique advantages for colon health, and tempeh RS may have particularly
positive impacts on aspects crucial to colon health [6]. According to one perspective,
any food can be considered functional as long as it contains nutrients and has a
physiological impact. A food that positively impacts one or more specific bodily
processes in a way that goes beyond sufficient nutritional effects and is relevant to
either an enhanced state of health and well-being or a decreased risk of disease
is referred to as functional food in Europe by the Functional Food Science
Association [7].

2. Methodology

2.1 Material

Overfermented tempeh was purchased from a local market in Sidoarjo Regency.
Overfermented tempeh is then dried by sun drying. Overfermented dried tempeh
with a water content of less than 10% is then made into rejected tempeh flour. Ten
kinds of cooking spices were purchased from several shops in the cities of Surabaya
and Sidoarjo. These cooking spices were then coded to maintain the confidentiality of
the producers and, at the same time, enforce research ethics.

2.2 Method

Overfermented tempeh flour and ten kinds of cooking spices are then packaged
with a certain code to observe the absorbance pattern using infrared spectroscopy
(Fourier transform infrared) at the Chemistry Laboratory, Faculty of Mathematics
and Natural Sciences, Institut Sepuluh Nopember Surabaya. Observing the size of
flour particles using the Zise Particle Analyzer in the Physics Laboratory, while
observing the size of the particles using scanning electron microscopy (SEM) in the
Atsiri Laboratory, Faculty of Mathematics and Natural Sciences, Brawijaya Univer-
sity. Observation of fatty acid patterns using GC-FID at the Pharmacy Laboratory,
Faculty of Pharmacy, Airlangga University. Proximate observations were carried out
at the Agricultural Products Technology Laboratory, Faculty of Agricultural Technol-
ogy, Brawijaya University. Color observations using the color analysis version 4
application from www.leizer-soft.com.

3. Results and discussion

Several properties of the chemicals that make up food flavors can be swiftly and
precisely detected using Fourier transform infrared (FTIR) absorbance patterns. The
material under examination may exist in a solid, liquid, or emulsion state. In the GC-
FID profile study utilizing methanol as a solvent, gas chromatography (GC-FID) is
outfitted with an ionized smoke detector (flame ionization) for volatile flavor com-
ponents. Thirteen components were identified by GC/MS studies of the essential oil.
The principal components of the oil were carvacrol (14%), γ-terpinene (18.34%),
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p-cymene (18.32%), and thymol (29.45%) [8]. Table 1 below displays the findings of
the investigation into the flavor attributes of overfermented tempeh flour.

Characterization of essential oils (EO) from R. officinalis and L. dentata using GC-
FID [9]. Food adulteration can be quickly and accurately detected and predicted with
mid-infrared spectroscopy (MIR), which is frequently used in conjunction with
chemometric approaches (Figure 1) [10].

With an absorbance value of 0–30% or n (A) of 542 points (29.01%), the distribu-
tion of absorbance values for overfermented tempeh flour lies between a wavelength
of 400 and 2250 cm�1, whereas the distribution of absorbance values for 4500 and
2250 cm�1 has an absorbance value of 30–55% or n (B) of 532 points (28.48%). With
absorbance values ranging from 0–30% or n (C) up to 376 points (20.13%), the
distribution of absorbance values for overfermented tempeh flour lies between wave-
lengths of 2250 to 4500 cm�1, whereas the distribution of absorbance values lies at
length. Waves having an absorbance value of 0–30% or n (D) between 400 and
2250 cm�1. Table 2 below displays the findings of the examination of the Fourier
transform infrared (FTIR) absorbance values distribution for overfermented tempeh
flour (Figure 2).

Table 2 displays the Fourier transform infrared (FTIR) analysis results, which
indicate that the overfermented tempeh flour has 14 wave peaks totaling 552,541 unit
area. At the apex of the wave, the biggest area is 1058.96 cm�1, with an area of 100,228
area units, and the smallest area is 406.99 cm�1, with 4693 area units. In

NO Parameter Unit Methods Results
analysis

Peaks FTIR dan GC-FID

1 Peaks FTIR pc Gaussian Model 14

2 The area under the Peaks FTIR SL Gaussian Model 552,541

3 Peaks GC-FID pc GC-FID Agilent 37

4 The Area Under the Peaks GC-FID SL GC-FID Agilent 87,014,24

Table 1.
Overfermented tempeh flour’s flavor character analysis results.

Figure 1.
Fourier transform infrared (FTIR) absorbance pattern of overfermented tempeh flour.
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overfermented tempeh flour, the ether functional group has the largest area propor-
tion (31.39%), followed by the furan or benzofuran functional group (4.13%), and the
alkyl functional group (18.8%), alkene (18.79%), saturated alkyl (13.76%), ester
(10.57%), and terminal alkyne (triple bond) (4.18%) (Table 3).

Overfermented tempeh flour has seven functional groups, namely alkene, ether,
ester, saturated alkyl, furan, or benzofuran, alkyl, and terminal alkyne functional
groups. Planting settings, ontogenic variations, and species of walnuts all affect the
fatty acid profiles of the kernels. To identify the primary markers that chemometric
analysis can utilize to differentiate between various walnuts [11].

The results of Fourier transform infrared peaks analysis using the Gaussian and
Lorentz Fit methods are as shown in Figures 3 and 4 show no different results. “Yo”
for the Gaussian method is 42,47,594 while “Yo” for the Lorenzt Fit method is
43,11,747.

3.1 Functional properties of overfermented tempeh flour

The results of the analysis of the proximate content of overfermented tempeh flour
are shown in Table 4. Overfermented tempeh flour has antioxidant power to reduce
free radicals, the antioxidant power of overfermented tempeh flour is 160.18 mg/ml so
that overfermented tempeh flour has functional properties. Overfermented tempeh
flour which has functional properties as a source of natural and healthy nutrient is one

Wavelength
(cm�1)

Absorbance Point
0–30%

Absorbance Point
30–55%

400–2.250 cm�1 n (A) = 542 (29,01%) n (B) = 532 (28,48%)

2.250–4.500 cm�1 n (D) = 418 (22,38%) n (C) = 376 (20,13%)

Table 2.
Distribution of Fourier transform infrared (FTIR) absorbance values for overfermented tempeh flour.

Figure 2.
Fourier transform infrared (FTIR) absorbance pattern of overfermented tempeh flour in four quadrants.
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that has a low protein molecular weight and has high reducing sugars so that it has the
potential to be a source of Millard products to produce savory properties (umami).

3.2 Color of overfermented tempeh flour

Results of color analysis of overfermented tempeh flour and overfermented tem-
peh groats flour before the enzymatic hydrolysis process using the color analysis
version 4 application, developer Roy Leizer. www.leizer-soft.com, based on the

No Peaks Area Percent Chemical Formula Functional Group

1 406.99 4.693 0.85 RCH=CHR Alkene

2 702.11 10.207 1.85 RCH=CHR (cis) Alkene

3 1058.96 100.228 18.14 R = C-O-C Ether

4 1163.11 35.328 6.39 R-COOCH3 Ester

5 1238.34 73.22 13.25 R = C-O-C Ether

6 1404.22 40.728 7.37 R-CH2CO Saturated alkyl

7 1456.3 20.991 3.80 R-OCH3 Saturated alkyl

8 1523.82 22.847 4.13 C=C Furan atau benzofuran

9 1637.62 31.932 5.78 RCH=CH2 Alkene

10 1739.85 20.962 3.79 R-C-CO = R Ester

11 2854.74 99.206 17.95 R-CH2 Alkyl

12 2926.11 48.168 8.72 R-CH2 Alkyl

13 3010.98 20.946 3.79 R = CH-R Alkene

14 3269.45 23.085 4.18 C = C (rangkap 3) Terminal alkyne

Total area 552.541 100.00

Table 3.
Fourier transform infrared analysis of functional groups of overfermented tempeh flour.

Figure 3.
Results of peaks Fourier transform infrared analysis of Overfermented tempeh flour using the Gaussian method.
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results of the analysis, overfermented tempeh flour has five basic colors, namely raw
umber at 61.82%, dark tan at 23.56%, bole at 5.11%, army green at 5.01%, and dark
olive green at 4.40%. Overfermented tempeh groats flour has 7 (seven) basic colors,
namely raw umber at 73.75%, dark tan at 14.15%, bole at 5.90%, brass at 2.05%, army
green at 1.63%, seal brown at 1.49%, and dark olive green at 4.40% (Figure 5).

Figure 4.
Results of peaks Fourier transform infrared analysis of Overfermented tempeh flour using the Lorentz fit method.

No Parameter Unit Methods Analysis results

A Kadar Proksimat

1 Ash Content % AOAC 2012 2.33

2 Crude Protein % AOAC 2012 48.61

3 Crude Fat % AOAC 2012 24.49

4 Crude Fiber % SNI-01-2891-1992 5.66

5 Antioksidan mg/ml IC 50 160.18

6 Total Sugar % Anthrone-Sulfate 1.06

7 Reducing Sugar % Somogyi–Nelson 0.11

8 Starch % Hidrolisis Asam 8.64

9 Color % Color Analysis 65.12

B Profile GC-MSD dan GC-FID

1 Asam Palmitat % GC-MSD Agilent 6980 N 9.71

2 Asam Linoleat % GC-MSD Agilent 6980 N 66.67

3 Asam Oleat % GC-MSD Agilent 6980 N 19.16

4 Asam Stearat % GC-MSD Agilent 6980 N 3.61

5 Asam Arakat % GC-MSD Agilent 6980 N 0.31

6 Asam Behenat % GC-MSD Agilent 6980 N 0.36

7 Asam Lignoserat % GC-MSD Agilent 6980 N 0.18

Table 4.
Character analysis results of functional properties of Overfermented tempeh flour.
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Figure 5.
The color analysis results before hydrolysis.
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3.3 Results of GC-MS and GC-fid peaks observations

The results of observations of overfermented tempeh flour using gas
chromatography-mass spectrometry (GC-MS) produced seven peaks with a total area
of 2,638,026,318 unit area; the second peak had the largest area proportion of 66.67%,
are the peaks for linoleic acid compounds. The third peaks are 19.16% oleic acid
compounds, the first peaks are 9.71% palmitic acid compounds, the fourth peaks are
3.61% stearic acid compounds, the sixth peak is 0.36% behenic acid compound, and
the seventh peak is 0.18% lignoceric acid compound. Systematic techniques were
utilized for the isolation and detection of taste-active umami proteolytics, while gas
chromatography-olfactometry-mass spectrometer (GC-O-MS) was utilized to identify
the compounds with fragrance (Table 5) [12].

Analysis of overfermented tempeh flour using GC-MS is specifically only for the
fatty acid profile using hexane solvent (pure analyzer) with an operating temperature
between 1700C and 2700C. The observation results for profiling all compounds in
overfermented tempeh flour using methanol solvent (pure analysis) 37 peaks.

The total area under the curve using gas chromatography flame instrument detec-
tor (GC-FID) analysis is 87,014.23978 area units; the highest area proportion is
1.8864% or 1641.46252 area units while the smallest area proportion is 0.0054% or
4.66513 units wide. Based on the GC-FID analysis above, overfermented tempeh flour
contains 36 compounds that are soluble in methanol. The area proportion of 95.16% or
82,805.6 is the proportion for the methanol compound (pure analysis) as a solvent
(Table 6).

3.4 Characteristics of overfermented tempeh flour particles

Overfermented tempeh flour has a specific gravity of 2050 gr/ml or greater than
the specific gravity of water of 1000 gr/ml while a polydispersity index of 0.700
indicates that the particle size population of tempeh flour is not uniform. Zeta poten-
tial is used to measure the behavior of colloidal stability of particles. The zeta potential
value of rejected tempeh flour particles is �28,000 mv (� 10 to �30) including the
instability category for producing colloids. The fungus bonds the soybeans more
tightly when more yeast is applied to the soybean particles, improving their durability
[13]. The findings indicated that lupin tempeh had a greater moisture content—
between 60 and 66%—than soy tempeh (58.90%). In the meantime, the lupin tem-
peh’s firmness ranged from 21.38 to 30.89 N. The majority of tempes made from ≤50%
of particles sized ≥5 mm (L3, L5, and L6) showed poor firmness and fragrance quality
[14]. In comparison to soy tempeh (218�103 CFU/g), the mean total count of colony
in lupin tempeh was 3.0�104 CFU/g, suggesting a slower rate of mycelia growth on
lupin beans. On the other hand, lupin tempeh, which was made from entire beans
(L4 and L7), was just as widely accepted as soy tempeh overall (Table 7) [14].

3.5 Investigating overfermented tempeh flour particle properties with scanning
electron microscopy

The findings of examining the properties of overfermented tempeh flour particles
(TTA01) at a 500 tempeh fermentation magnification using scanning electron
microscopy (SEM). Using a particle magnification of 5000, the white hue of the
overfermented tempeh flour particles is further emphasized (Figures 6 and 7).
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Header Peak R.T. First Max Last PK TY Height Area Pct Max Pct Total

1 1 5.947 737 768 792 BB 4,547,629 256,027,244 14.56 9.705

2 2 10.158 1182 1319 1325 BV 6 9,124,989 1,758,757,164 100 66.669

3 3 10.333 1325 1342 1371 VB 5 6,821,032 505,447,609 28.74 19.16

4 4 10.899 1377 1416 1433 BB 4 1,210,552 95,208,682 5.41 3.609

5 5 16.126 2088 2100 2120 BB 6 243,436 8,231,317 0.47 0.312

6 6 20.199 2620 2633 2651 BB 3 310,982 9,604,974 0.55 0.364

7 7 23.546 3061 3071 3094 BB 5 131,181 4,749,328 0.27 0.18

Table 5.
GC-MS peaks observation results for overfermented tempeh flour.

No Peaks Retention
time

Type Width
(min)

Area Percent
area

1 1 2.853 PB.S 0.0800 82805.6 95.1633

2 2 3.318 BV.X 0.0657 598.64459 0.6880

3 3 3.684 VV.X 0.0640 24.6538 0.0283

4 4 5.327 VV.X 0.1305 5.88565 0.0068

5 5 6.225 PB 0.0752 15.55542 0.0179

6 6 8.921 BB 0.0971 4.66513 0.0054

7 7 10.362 PB 0.0618 7.53214 0.0087

8 8 10.818 BB 0.1745 11.33715 0.0130

9 9 14.409 VV 0.0593 36.49489 0.0419

10 10 14.856 VV 0.0829 7.62057 0.0088

11 11 15.641 VV 0.1591 31.83162 0.0366

12 12 17.398 VV 0.0809 343.87631 0.3952

13 13 17.892 VV 0.0588 25.2536 0.0290

14 14 18.141 VB 0.0660 16.55139 0.0190

15 15 18.519 BV 0.0917 12.08102 0.0139

16 16 18.985 VV 0.0722 25.11616 0.0289

17 17 19.970 VV 0.0866 6.40986 0.0074

18 18 20.494 VV 0.1109 25.03601 0.0288

19 19 20.726 VV 0.0617 213.65863 0.2455

20 20 21.012 VV 0.0993 102.80613 0.1181

21 21 21.484 VV 0.0863 10.35454 0.0119

22 22 21.701 VV 0.0982 181.90768 0.2091

23 23 21.980 VV 0.0893 16.73873 0.0192

24 24 22.134 VV 0.0919 21.06925 0.0242

25 25 22.323 VV 0.1026 8.77752 0.0101

26 26 22.733 VV 0.1793 66.29128 0.0762
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3.6 Principal component analysis (PCA) of overfermented tempeh flour
with ten Indonesian cooking spices

Overfermented tempeh flour (TTA) and ten cooking spices that are popular in
Indonesia were the subjects of a principal component analysis that included 20,691

No Peaks Retention
time

Type Width
(min)

Area Percent
area

27 27 23.211 VV 0.0782 89.39465 0.1027

28 28 23.511 VV 0.0996 1641.4625 1.8864

29 29 23.887 VV 0.0990 172.37405 0.1981

30 30 24.322 VV 0.1576 23.64201 0.0272

31 31 24.649 VV 0.1293 23.04631 0.0265

32 32 25.219 VV 0.2204 11.32734 0.0130

33 33 25.560 VV 0.1249 11.27103 0.0130

34 34 25.841 VV 0.1106 7.97517 0.0092

35 35 26.263 VV 0.0855 76.24365 0.0876

36 36 26.446 VV 0.1048 156.85835 0.1803

37 37 26.808 VB 0.1391 174.89563 0.2010

87014.2398

Table 6.
GC-FID peaks observation results for overfermented tempeh flour.

No Particle parameters Analysis results

1 Z-Average (r.nm) 344.280

2 Polydispersity Index 0.700

3 Mean Count Rate (kcps) 207.680

4 Derived Count Rate (kcps) 16,463.240

5 Zeta-Potential (mV) �28.000

6 Mobilitas (μmcm/Vs) �2.195

7 Conductivity (mS/cm) 0.046

8 Mass weight Protein (kDA) 4,050,000.000

9 % Polydispersity 88.000

10 Berat jenis (g/ml) 2.050

11 10% Diameter (μm) 20.995

12 50% Diameter (μm) 68.450

13 90% Diameter (μm) 340.740

14 Specific surface (cm2/g) 881.090

Table 7.
Characteristics of overfermented tempeh flour particles.
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absorbance point observation data (%) at wavelengths ranging from 400 to
4500 cm�1. Multiway principal component analysis (MPCA) was developed for the
detection of fermentation fault-batch (Table 8) [15].

Figure 6.
Features of overfermented tempeh flour particles as determined by 500 scanning electron microscopy (SEM).

Figure 7.
Features of overfermented tempeh flour particles as determined by 5000 scanning electron microscopy (SEM).
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Overfermented tempeh flour has an average absorbance (%) using Fourier trans-
form infrared (FTIR) spectroscopy of 33.9847% � 8.41071, and this average absor-
bance was obtained from 1881 observation points at a wavelength between 400 and
4500 cm�1. The results of observations of the average absorbance (mean), standard
deviation (SD) of absorbance, and observation points (N) for 10 (ten) cooking spices
circulating in Indonesia can be seen in Table 9.

Based on the data in Table 9, the average absorption of nine cooking spices,
namely Balado Flavored Cooking Spices (BM01), Curry Flavored Cooking Spices
(BM02), Indofood Magic Cooking Spices (BM03), Straw Mushroom Cooking Spices
(BM04), Mama Cooking Spices (BM05), Chinese Vetsin Cooking Spices (VC), Beef
Broth Cooking Spices (BM07), Chicken Stock Cooking Spices (BM08), and Totole
Mushroom Powder Cooking Spices (BM09) have an average absorbance (%) from
31.0120 to 35.4486% while the average absorbance for monosodium glutamate (MSG)
is 26.7945%. Spices can be added singly or in combination to improve food products’
flavor and color [1]. The quality of these diets may also be significantly influenced by
the herbs and spices that are used in them [16]. Using gas chromatography and gas
chromatography–mass spectrometry, the chemical contents of a few chosen agarwood
oil samples were examined. Principal component analysis (PCA), a chemometric
technique, was used to analyze their pattern recognition characteristics [17].

From 20,691 observation data, the Keiser–Meyer–Oikin (KMO) test result was
0.811, which is a number greater than 0.500, indicating that the validity of the
observation data can be explained or is legitimate data (Table 10).

According to the test results, the variable can be further anticipated and investi-
gated if the KMO value is greater than 0.5, namely 0.811 > 0.500. Barlett’s test <0.05,
or 0.000 < 0.050, indicates a significant degree of correlation between the variables.
Factor 1 has eight variables, while factor 2 has six variables when the main compo-
nents are rotated. The Kaiser–Meyer–Olkin (KMO) test was employed in principal
component analysis to assess the appropriateness of sampling. Between 0 and 0.5 is
the minimum, between 0.5 and 0.7 is the medium, between 0.7 and 0.8 is good,
between 0.8 and 0.9 is very good, and 0.9 and above is regarded as perfect. The KMO
coefficient is undesirable in these ranges (Figure 8) [18].

No Types of cooking spices Code

1 Overfermented Tempeh Flour TTA01

2 Balado Flavored Cooking Spices BM01

3 Curry Flavored Cooking Spices BM02

4 Indofood Magic Cooking Spices BM03

5 Straw Mushroom Cooking Seasoning BM04

6 Mama’s Cooking Spices BM05

7 Chinese Vetsin Cooking Spices VC

8 Beef Broth Cooking Spices BM07

9 Chicken Stock Cooking Spices BM08

10 Totole Mushroom Powder Cooking Spices BM09

11 Mono Sodium Glutamate MSG

Table 8.
Codes for types of cooking spices in principal component analysis.
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The figure above illustrates the link between the eigenvalues and the main com-
ponents. It demonstrates that the eigenvalues are nearly zero up to the second main
component (F2), and the cumulative percentage of variance explained up to this point
is equal to 94.771%.

Table 11 shows that the overall variance is 8.974 (81.584%) for the first (one) main
component, 1.296 (11.784%) for the second, 0.482 (4.386%) for the third, and 0.105
(0.9588%) for the fourth, up to 10.857 (99.389%) for the fifth main component (F1,
F2, F3, and F4). The first main component, 8.974 > 1, and the second main compo-
nent, 1.296 > 1, are two of the four main components that were generated and have
eigenvalues greater than 1 (Table 12).

After extracting 11 variables, the factoring process yields 4 primary components.
The Varimax method is used to perform variable rotation in order to pinpoint a vari-
able’s precise location within the main component. Table 13 displays the effects of
varying rotation.

The results of the rotation of the matrix components produce three main compo-
nents. The variables that form the main component with a loading value of more than
0.5 are the first main component (F1) formed by eight variables, namely BM04
(0.946), BM08 (0.938), BM07 (0.865), BM05 (0.850), BM03 (0.807), BM01 (0.753),
BM09 (0.646), and BM02 (0.499). The second principal component (F2) is formed by
6 (six) variables, namely MSG (0.944), VC (0.900), BM09 (0.727), TTA01 (0.567),
BM01 (0.554), and BM03 (0.494). The third main component (F3) is formed by 2

No Code Average Standard deviation Analysis n Missing n

1 TTA01 33.98470 8.41071 1881 0

2 BM01 33.66460 4.21051 1881 0

3 BM02 35.44860 3.04244 1881 0

4 BM03 31.86430 7.12663 1881 0

5 BM04 32.31660 8.22289 1881 0

6 BM05 34.04980 3.38931 1881 0

7 VC 33.18230 5.39659 1881 0

8 BM07 32.11040 5.00854 1881 0

9 BM08 31.56530 7.81160 1881 0

10 BM09 31.01200 6.73196 1881 0

11 MSG 26.79450 10.66356 1881 0

Table 9.
Data description of overfermented tempeh flour (TTA01) and 10 (ten) cooking spices in Indonesia.

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.811

Bartlett’s Test of Sphericity Approx. chi-square 63,586.279

df 55

Sig. 0.000

Table 10.
KMO test results and Barlett’s FTIR absorbance test for Overfermented tempeh flour and ten cooking spices.
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(two) variables, namely BM02 (0.731) and TTA01 (0.692). The three main compo-
nents when written in mathematical equations are as follows:

F1 ¼ 0,946 BM04þ 0,938 BM08þ 0,865 BM07 þ 0,850 BM05þ 0,807 BM03

þ0,753 BM01þ 0,646 BM09þ 0,499 BM02
(1)

F2 ¼ 0,944 MSGþ 0,900 VCþ 0,727 BM09þ 0,567 TTA01þ 0,554 BM01

þ0,494 BM03
(2)

F3 ¼ 0,731 BM02þ 0,692 TTA01 (3)

Figure 8.
Relationship between eigenvalue and main components.

No Component Total Initial eigenvalues % of variance Cumulative % Extraction sums of
squared

Total % Of variance

1 1 8.974 81.584 81.854 8.974 81.584

2 2 1.296 11.784 93.368 1.296 11.784

3 3 0.482 4.386 97.754 0.482 4.386

4 4 0.105 0.958 98.711 0.105 0.958

5 5 0.075 0.678 99.389

6 6 0.042 0.383 99.772

7 7 0.010 0.086 99.860

8 8 0.007 0.062 99.922

9 9 0.005 0.042 99.964

10 10 0.003 0.024 99.989

11 11 0.001 0.011 100.000

Table 11.
Relationship between Main components and Total variance values and cumulative Total variance values.
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Information.
F1 = first main component, which is similar to straw mushroom cooking seasoning

(BM04).
F2 = second main component, which is similar to monosodium glutamate (MSG).
F3 = third main component, which is similar to curry-flavored cooking spices

(BM02).

No Cooking spice code Component

1 2 3 4

1 BM03 0.976 �0.102 �0.141

2 BM09 0.958 0.171 �0.219

3 BM01 0.941 �0.254 �0.170

4 BM07 0.935 �0.319 0.117

5 BM05 0.929 �0.297 0.127

6 BM08 0.916 �0.369 0.118

7 BM04 0.907 �0.399

8 BM02 0.901 0.102 0.384 �0.150

9 TTA01 0.871 0.257 0.373

10 VC 0.818 0.555

11 MSG 0.760 0.621 �0.104 0.146

Table 12.
Matrix components before rotation of overfermented tempeh flour (TTA01) and ten cooking spices.

No Cooking spice code Component

1 2 3 4

1 BM04 0.946 0.229 0.216

2 BM08 0.938 0.261 0.220

3 BM07 0.865 0.236 0.431

4 BM05 0.850 0.253 0.431

5 BM03 0.807 0.494 0.254 0.173

6 BM01 0.753 0.554 0.161 0.282

7 MSG 0.203 0.944 0.246

8 VC 0.268 0.900 0.305 0.101

9 BM09 0.646 0.727 0.193 0.109

10 BM02 0.499 0.438 0.731 0.128

11 TTA01 0.400 0.567 0.692

Table 13.
Matrix components after rotation of overfermented tempeh flour (TTA01) and ten cooking spices.
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4. Conclusion

Based on the results of the analysis of the main components of ten cooking spices
and one cooking spice raw material, namely overfermented tempeh flour, the conclu-
sion is:

1.All variables TTA 01 and BM01, BM02, BM03, BM04, BM05, VC, BM07, BM08,
BM09, MSG become variables from the first main component (F1), meaning all
variables from overfermented tempeh flour (TTA01) and ten cooking spices
have identical (similar) flavor characteristics.

2.Monosodium glutamate cooking spice, vetsin China, totole mushroom powder
cooking spice, overfermented tempeh flour, balado flavored cooking spice, and
curry flavored cooking spice have identical or similar flavor characteristics.

3.Overfermented tempeh flour can be used as the main raw material in the curry-
flavored cooking seasoning industry (a typical Indonesian cooking spice).
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Chapter 3

Reishi Mushroom and Spirulina  
Are Organic Whole Foods  
and Healthy Spices
Maadh Abdulwahab Alfahad

Abstract

The most important cause of diseases that many do not know is increased acidity in 
the body! The body must remain moderate between acidic and alkaline in the normal 
ratio or lean slightly toward alkalinity, but now the human body has become more 
acidic! Due to the frequent consumption of sugars, meat, cheese, milk derivatives, 
pastries, canned food, preservatives, chemicals, etc., fungi and algae are microscopic 
living organisms rich in nutrients and compounds with therapeutic properties. With 
the increase in awareness of health and the search for sustainable food sources, inter-
est has increased in its role in nutrition, spices, and treatment. In this chapter, we will 
discuss these concepts and the importance of the red or reishi mushrooms, Ganoderma 
lucidium, and the algae, Spirulina platensis.

Keywords: Ganoderma, reishi, Spirulina, organic, super food, anti-viruses, 
self-recovery

1.  Introduction

Following a healthy diet throughout the life course helps prevent malnutrition 
in all its forms as well as a range of non-communicable diseases and related condi-
tions. However, increased production of processed foods, rapid urbanization, and 
changing lifestyles have all led to a shift in dietary patterns. People are now con-
suming more foods that are higher in energy, fat, free sugars, and salt/sodium, and 
many people are not eating enough fruit, vegetables, and other dietary fiber such as 
whole grains.

The exact composition of a varied, balanced, and healthy diet will vary depending 
on individual characteristics (for example, age, gender, lifestyle, and degree of physi-
cal activity), cultural context, locally available foods, and dietary habits. However, 
the basic principles of what constitutes a healthy diet remain the same.

1.1  A healthy diet for adults includes

• Fruits, vegetables, legumes (such as lentils and beans), nuts, and whole grains 
(such as unprocessed corn, millet, oats, wheat, and brown rice).
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• At least 400 grams (i.e. five servings) of fruit and vegetables daily, excluding 
potatoes, sweet potatoes, cassava, and other starchy roots.

• Less than 10% of total energy intake comes from free sugars, which is equivalent 
to 50 grams (or about 12 flat teaspoons) for a person who has a healthy body 
weight and consumes about 2000 calories per day, but the ideal percentage is 
less than 5% of total energy intake for additional health benefits. Free sugars 
are all sugars added to foods or drinks by the manufacturer, cook, or consumer, 
as well as sugars found naturally in honey, syrups, fruit juices, and fruit juice 
concentrates.

• Less than 30% of total energy intake comes from fat. Unsaturated fats (found in 
fish, avocados, and nuts, and in sunflower, soybean, canola, and olive oils) are 
better than saturated fats (found in fatty meats, butter, palm oils, coconut, cream, 
cheese, ghee, and lard) and trans fats of all kinds, including all of industrially pro-
duced trans fats (found in baked and fried foods, snacks, and pre-packaged foods, 
such as frozen pizza, pies, cakes, biscuits, chips, cooking oils, and spreads) and 
ruminant trans fats (found in meat and dairy products from ruminant animals, 
such as cattle, sheep, goats, and camels). It is suggested that saturated fat intake 
be reduced to less than 10% of total energy intake and trans fat intake to less than 
1% of total energy intake. In particular, it is noted that industrially produced trans 
fats are not part of a healthy diet and should be avoided.

• Less than 5 grams of salt (equivalent to about one teaspoon) per day. The salt 
should be iodized.

Before I get into the explanation and concept of fungi and medical food algae, I 
would like to take you with me, dear intelligent reader, to the concept of acidity and 
alkalinity and the real causes of diseases!!

1.2  The effect of the body’s pH on the occurrence of diseases

The most important cause of diseases that many do not know is increased acidity 
in the body! The body must remain moderate between acidity and alkalinity in the 
natural ratio, or slightly inclined toward alkalinity. The more the acidity and alkalin-
ity are balanced, the farther the body is from disease. The human body was created 
by God with a certain degree of acidity and alkalinity, which is from 7.3 to 7.4. If this 
ratio is imbalanced toward acidity, the body is prepared for disease, because diseases 
prefer an acidic environment, and the human body needs foods that are alkaline at a 
rate of 80% and foods that are acidic at a rate of 20%, so the more If you maintain this 
percentage, your health and immunity to diseases will increase [1, 2].

But now the human body has become more acidic! Due to the large consumption 
of sugars, meat, cheese, milk derivatives, pastries, canned goods, preservatives, 
chemicals, etc., all of these foods make your body tend toward acidity more than 
alkalinity. This results in several diseases, including chronic diseases such as diabetes, 
high blood pressure, cancer, and various viral diseases.

Let us give an example of this fact with regard to viral diseases, where it was found 
that the building blocks of the viral protein envelope begin to disintegrate (Figure 1) 
and fail to build within the geometric shape of the virus in basic environments, and 
thus the viral nucleic acids, whether DNA or RNA, are destroyed by nucleic acid 
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enzymes such as DNase. And RNase, which in turn causes non-adhesion to the host 
cell (Figure 2) and a reduction in the replication process, thus preventing the disease 
from occurring or reducing the symptoms resulting from it, depending on the age, 
gender, and lifestyle of the patient.

Therefore, you must follow a healthy diet that relies mainly on vegetables, fruits, 
and whole grains, as well as other foods such as nuts and natural juices without sugar, 
honey, etc., and make the percentage of other foods such as meat, rice, bread, milk 
derivatives, and others not exceed 20%, and also stay away from them. Avoid refined 
sugar, soft drinks, fried foods, preservatives, dyes, artificial flavors, etc., from harm-
ful substances. Thus, you will have maintained the alkalinity of your body, and it will 
become balanced and free from diseases, God willing.

But at this time, implementing this system has become difficult for most people!! 
What is the solution in light of this industrial chemical food chaos and this lifestyle? 
The solution is simply to take supplements or basics of natural organic foods that 
meet two conditions: that they are rich in alkaline elements and that they help expel 
toxins and free radicals from the cells.

The question that arises now is: Are there foods that are characterized by what we 
mentioned above? The other question is: how do these foods work inside the body?

These nutritional supplements or basics that we recommend as specialists and from 
my personal experiences must be from natural organic sources in general. They are 

Figure 1. 
Disintegration of the subunits of the viral protein envelope with increasing pH value. From Ref. [3].

Figure 2. 
Effect of pH on the binding of hepatitis a virus (HAV) to host cells. From Ref. [4].
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foods that a person needs throughout his life and their consumption is not limited to a 
specific period. They are not medications targeting a specific disease but rather foods 
that nourish the body internally and externally. Yes, as well. While the body needs 
internal nutrition, it also needs external nutrition. You will find that some companies or 
institutions have produced products to nourish the body internally, such as nutritional 
supplements such as reishi mushrooms and spirulina, which we will talk about in detail, 
and the rest of the nutritional supplements… as well as natural juices, coffee, tea, and 
cocoa… and others that are grown under the organic farming system. It also produces 
products to nourish the body externally, such as body or skin care products such as 
shampoo, soap, toothpaste, creams, oils, and all kinds of cosmetic products.

2.  The importance of using fungi and algae in nutrition and treatment

Fungi and algae are microscopic organisms rich in nutrients and compounds with 
therapeutic properties that restore the so-called self-recovery. With increasing health 
awareness and the search for sustainable food sources, interest in their role in nutri-
tion and treatment has increased. Importance of fungi:

2.1  Importance of fungi

Some types of fungi contain a higher percentage of protein than meat and are a 
rich source of fiber that promotes digestive health. Fungi contain vitamins B, C, and 
D, and minerals such as potassium, magnesium, and phosphorus. Some types of fungi 
possess anti-inflammatory compounds, such as beta-glucan, which help reduce the 
risk of heart disease and cancer. It also contributes to enhancing the health of the 
immune system by stimulating the immune system and helping to fight infections.

2.2  Importance of algae

The importance of algae is that it contains a higher percentage of protein than 
meat and eggs, which makes it an excellent source of protein for vegetarians. It is 
rich in vitamins and minerals, such as vitamins A, B, C, and E, and minerals such as 
calcium, iron, magnesium, and zinc. It is a source of omega-3 fatty acids that promote 
heart and brain health. It possesses antioxidant compounds, such as carotenoids, 
that protect cells from damage. It also enhances the health of the digestive system 
by stimulating the growth of beneficial bacteria or probiotics in the intestines and 
enhancing the health of the digestive system.

2.3  Uses of fungi and algae

• As food: Fungi and algae can be used in many recipes, such as soups, stews, 
salads, pasta, juices, and coffee. Here, they can either be consumed directly or 
mixed in certain proportions with foods, fruit juices, and different types of cof-
fee, to obtain the best results. It is required that the mixed materials be of natural 
and organic origins.

• As nutritional supplements: Fungi and algae are available as nutritional supple-
ments in the form of capsules, powders, or liquids, and the best ones are called 
superfoods.
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• In treatment: Some types of fungi and algae are used to treat some diseases, such 
as cancer, heart disease, digestive and nervous system diseases, allergies, asthma, 
diabetes, and various viral diseases. The higher ranks of these algae and fungi 
usually do not target a specific disease, but rather work to regulate acidity, raise 
immunity, remove toxicity, and restore the damaged ones. Thus, the cells return 
to their normal condition, in which God has placed an integrated protection and 
immunity system against diseases, and this is what we have personally observed 
through our research or other people who used these foods.

• Production of cosmetics and skin care products: Fungi and algae are involved in 
the manufacture of various types of cosmetics and skin care products, includ-
ing creams, oils, shampoo, soap, body foam, lipstick, and oily serums, whether 
directly or by mixing with other natural materials.

• Production of medicines (pesticides), fertilizers, and plant stimulants: They have 
also been used directly in the manufacture of treatments against diseases that 
affect plants, as well as in the form of environmentally friendly fertilizers and 
stimulants that help raise the productivity of agricultural crops, which contrib-
ute to global food security [5–7].

• Sustainable source of food: They can be grown in small spaces, making them a 
sustainable source of food.

• Environmentally friendly: Cultivation of fungi and algae requires a small amount 
of water and energy, making it environmentally friendly.

Fungi and algae are living organisms that have many benefits for health and 
nutrition. It can be used to prepare many delicious dishes, and it has many medicinal 
properties.

3.  Reishi mushroom (Ganoderma lucidum)

Also known as Lingzhi mushroom, it is a fungus belonging to the 
Ganodermataceae family. This mushroom is known for its bright red color and 
distinctive shape, consisting of a large fan-shaped cap and a short stem.

The taxonomic position of the fungus G. lucidum, according to what was 
approved by [8], is:

Kingdom: Fungi
Division: Basidiomycota
Class: Agaricomycetes
Order: Polyporales
Family: Ganodermataceae
Genus: Ganoderma
Species: Lucidum
Acronym: Reshi, Lingzhi mushroom

There are (38,000) mushroom species discovered in the world, only (2000) of 
which are edible (non-toxic). Among them, only (200) types of mushrooms have 
medicinal properties, whether preventive or therapeutic, of which only (6) types 
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contain the highest medical value. Therapeutically, it is red in color and belongs to the 
Ganoderma lucidum family. Here it is worth noting the following:

1. Reishi (Ganoderma) does not treat diseases directly but rather helps the body to 
resist them.

2. Reishi is not a medical drug, but it is a nutritional element with a very high thera-
peutic value.

3. Reishi targets general health, not specific diseases.

For more than 2000 years, Reishi mushroom, or Ganoderma lucidum, has been 
considered by the Chinese to be a high-quality herbal medicine and an exceptional 
mushroom with wonderful therapeutic properties. From a botanical point of view, 
it is considered a very advanced species belonging to the kingdom of fungi. He has 
been immortalized in Chinese history and culture in paintings, statues, silk tapestries, 
illustrated woven fabrics, and on the clothing of emperors.

In traditional Chinese medical theory, Reishi or Lingzhi occupies the highest rank 
in the world of mushrooms thanks to its miraculous benefits, as it has a tremendous 
ability to improve overall health and increase the body’s ability to recover, enhance, 
and prolong the life of cells without any side effects even when used for a long period 
of time. According to Dr. Shi Jin Li, the most famous doctor of the Ming Dynasty in 
China, long-term consumption of reishi will build a strong and healthy body and 
ensure a long life. Modern medical research has also proven that reishi contains many 
medicinal properties.

3.1  Reishi mushroom habitat

Reishi mushrooms grow naturally in East Asia, in areas with warm and humid 
climates.

3.2  Reishi mushroom life cycle

Its life cycle can be summarized in the following axes, the duration of which 
ranges from 70 to 90 days, depending on the available growth conditions and the type 
of fungal strain:

1. Spores (fungal seeds):

• The life cycle of reishi mushrooms begins with spores found in the air.

• These spores are very small and light, allowing them to be spread over long 
distances by wind.

• When spores land on a suitable surface, such as the trunk of a dead tree, they 
begin to germinate.

2. Fungal network:
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• The spores grow and form thin threads called the mycelial net.

• These hyphae branch and spread throughout the substrate, absorbing nutrients 
from the environment.

• The fungal network can live for many years.

3. Primitives:

• Some of the filaments in the fungal network begin to group together to form 
small mycelium called primordia.

• Protozoa look like small balls of cotton.

• The primordia grows rapidly and turns into a mature fungus.

4. Ripe mushrooms:

• A mature mushroom consists of a stem and a cap or mushroom hat.

• The stem is thick and strong, while the cap is large and flat.

• The surface of the cap is hard and shiny, and its color is brown, red, or black.

• Mature fungi produce new spores that begin a new life cycle.

5. Decomposition:

• After mature mushrooms produce new spores, they begin to decompose 
as the organic matter of the fungus breaks down and returns to the 
environment.

6. Factors affecting the life cycle of reishi mushrooms:

• Temperature: Reishi mushrooms grow best at temperatures between 15 and 25 
degrees Celsius.

• Humidity: Reishi mushrooms grow best in a humid environment.

• Light: Reishi mushrooms do not need sunlight to grow.

• Substrate: Reishi mushrooms grow best on dead tree trunks.

The duration of each stage of the reishi mushroom life cycle can vary depending 
on the environmental conditions. Some factors, such as diseases and pests, can affect 
the life cycle of reishi mushrooms.

It can also be produced by humans under special conditions, as shown in Figure 3, 
where each stage of the life cycle needs a special temperature and lighting, as well as 
humidity.
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3.3  Active ingredients in reishi mushrooms

Ganoderma species contain more than (200) active ingredients that have specific 
therapeutic properties. Table 1 shows the main bioactive compounds of the reishi mush-
room and their biological effects. The recent and extensive global research conducted on 
Ganoderma has revealed evidence of its ability to improve public health and prolong life 
(in health and wellness), God willing, in all pathological and normal conditions [11].

Its main function is to promote blood circulation, increase metabolic cell activities 
(cleansing), and also help in improving the functioning of all internal organs (balanc-
ing body functions). It also works to enhance natural healing processes, cleanses the 
body, neutralizes free radicals, rids it of toxins and metabolic waste, and improves the 
process of oxygen reaching the body.

Lingzhi can be taken daily for long periods without any harmful side effects. 
Long-term use of Lingzhi can help balance the body’s system and strengthen the 
immune system to fight disease. It is not just a medicinal mushroom to treat a specific 
disease, but it is considered an adaptogen, meaning that it helps regulate and mobilize 
all bodily functions to function normally and properly and eliminates body disorders. 
The most important active ingredients in it are:

1. Polysaccharides:

Polysaccharides alert and control the work of the immune system by activating 
immune cells such as macrophages and helper cells and increasing the ability of ami-
noglobin (antibodies) to fight unwanted intruder cells such as bacteria, viruses, etc. 
They also help to get rid of toxic deposits present in the body and strengthen its ability 
to heal, transform abnormal cells into normal cells, strengthen the body’s resistance in 
general, and thus improve overall health. Research conducted at the Ptotouma Drug 
Research Institute in Japan has proven that polysaccharides are tonic substances, and 
numerous medical reports have been issued in Japan confirming the effectiveness of 
reishi in treating patients suffering from kidney failure.

Figure 3. 
The life cycle of the Ganoderma lucidium mushroom produced in a private agricultural facility. From Ref. [9].
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2. Triterpenoids:

Triterpenoids are responsible for improving blood pressure and fat levels. 
Triterpenoids have a modifying effect on the body, especially on the immune and cir-
culatory systems. It is what gives reishi the property of an adaptive agent that provides 
a person with protection from a wide range of biological, environmental, and social 
influences.

3. Indocin:

Indocin regulates and improves blood circulation and reduces the rate of platelet 
deposition. A previous study conducted by a group of researchers from the Beijing 
College of Traditional Chinese Herbs confirmed the ability of reishi to improve the 

Bioactive compounds Biological effects

Triterpenoids

Ganoderic acids, lucidumol, lucialdehyde, lucidenic acids, 
ganodermic, ganolucidic
acids, ganoderals, ganoderiols

Anticancer

Triterpenoids Antidiabetic

Ganoderic acids, ganodermin, ganoderic acid A, ganodermadiol, 
ganodermanondiol,
lucidumol B, ganodermanontriol, ganoderic acid B, ganolucidic 
acid B

Antimicrobial

Triterpenoids, ganoderic acid, ganoderiol F, ganodermanontriol Antiviral

Polysaccharides:

1 → 3, 1 → 4, and 1 → 6-linked _ and _-D (orL)-glucans, GLP-2B Anticancer

Polysaccharides Antidiabetic, Antioxidant, Antimicrobial

Polysaccharides (ganopoly) Cardiovascular problems

Proteins, Glycoproteins, and Peptidoglycans:

Glycopeptides and peptidoglycans Anticancer

Protein Ling Zhi-8 (LZ-8), lectin,
ribosome-inactivating proteins, antimicrobial proteins, 
glycopeptides/glycoproteins,
peptidoglycans/proteoglycans, ganodermin A, ribonucleases, 
proteinases, metalloproteases, laccases

Immunomodulatory, anticancer, 
antitumor

Proteoglycans, proteins (LZ-8) Antidiabetic

Polysaccharide–peptide complex Antioxidant

Phenolic compounds:

Phenolic components, phenolic extracts Antioxidant

Saponins Anticancer, antioxidant

Sterols, e.g., ergosterol Provitamin D2

Long-chain fatty acids Antitumor

Table 1. 
The main bioactive compounds of G. lucidium and their biological effects. From Ref. [10].
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performance of red blood cells in transporting oxygen. They attributed this result to 
indocin found in reishi. Indocin also helps reduce cholesterol levels and regulates food 
metabolism, thus enhancing strength and activity.

4. Organic germanium:

The amount of organic germanium found in reishi is considered very high when 
compared to the percentages found in any of the other herbs in the world, and it 
performs the following functions in our bodies:

• Increases the amount of oxygen entering the blood

• Activates cell tissue by increasing the amount of oxygen in the body’s organs

• Increases the rates of vital reactions and food metabolism in the body

• It gets rid of the electrical energy around the abnormal cells and turns the 
abnormal cells into normal cells

• Helps get rid of the feeling of fatigue

5. Ganoderic extract:

Ganoderic extract is one of the ingredients that is rarely found in herbs, and it is 
the substance that gives reishi its shine property. It can also increase the beauty of the 
skin and help get rid of diseases that affect the skin. Due to the presence of ganoderic 
extract in reishi, it can be used externally to treat skin problems, wounds, and small 
boils. Studies conducted by many researchers have shown that using ganoderic extract 
regularly can delay aging.

3.4  The functions performed

Ridding the body of toxins deposited on cells and tissues and enhancing immunity 
by activating immune cells in the body, stimulating blood circulation, increasing the 
ability of blood cells to carry oxygen, activating the processes of food digestion and 
metabolism, renewing cells in general, giving skin cells freshness and vitality, and 
finally performing operations. Balance and adaptation to organ functions. This is the 
property due to Ganoderma’s ability to help the body get rid of many health problems. 
Our latest contribution in this field is conducting research on the effect of reishi 
mushrooms on cancer and infertility cases [12].

But where is the secret behind this wonderful performance of this miraculous 
mushroom? The secret lies in the mechanism of action of reishi mushrooms, which I 
will summarize for you, dear reader, in the points below:

An important rule: There are two main causes of diseases: internal toxins in the 
body and malfunctions in the functions or organs of the body.

Ganoderma does not treat disease but rather helps restore the natural balance of 
the body’s system and enhances immunity against diseases. Any reaction that occurs 
is the result of the body’s system and not due to Ganoderma doses, meaning that the 
Ganoderma doses that are taken are not related to diseases.
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In order for any food that contributes to self-healing or any natural medicine to 
rank highest, it must meet the following conditions: it should be non-toxic (free from 
any side effects), its effect should not be limited to a specific part or organ of the 
body’s systems, and it should have the ability to normalize all body functions.

3.5  The mechanism of action of Ganoderma in the body’s self-healing

This is done according to a biological-nutritional-medical theory developed 
by Dr. Lim Siow Jin through several studies and summarized in his research on 
the Coronavirus [13, 14]. It is called the stages of treatment with Ganoderma (or 
Ganotherapy) and includes the following sequential steps:

1. The stage of searching and identifying the diseased part of the body (1–30 days)

Ganoderma helps regulate body functions. After taking Ganoderma, the process 
of searching all cells of the body begins until reaching the diseased part of the body. 
This stage takes approximately 30 days.

2. Detoxify and cleanse the body (1–30 weeks)

Uric salts, high cholesterol levels, fats, calcium salt deposits, useless cells, and 
chemicals are considered harmful toxins accumulated within the body.

These toxins exit the body in several ways, such as through the process of sweat-
ing, through the blood circulation in the liver and kidneys, through urination and the 
excretion process (stool), and are also exited in secretions such as mucus and phlegm.

3. The process of rebalancing the body (1–12 months)

Ganoderma can restore balance to the body by regulating its functions, and the 
appearance of some body reactions during the balancing process is evidence that 
the body is healing and there is no need to worry about it. You must continue taking 
reichi, and if it is noticed that the reaction is strong, you must reduce the dose you 
take or take more. Janosylium, after the reaction disappears, continues taking your 
main dose again, and the reaction may return again, but you must continue taking 
your dose.

4. Construction process (6–24 months)

In this process, damaged tissues that were destroyed in the body are rebuilt, the 
body’s immune system is strengthened, awareness and a sense of calm and comfort 
are improved, and resistance to diseases is increased.

Providing the body with important elements such as mineral salts and triterpe-
noids that are important to restore and improve the functioning of body functions.

5. The stage of regeneration and re-working the body’s systems vigorously

These are the properties due to Ganoderma’s ability to help the body get rid of 
many health problems. This is why this mushroom is a permanent protection against 
contemporary problems if consumed on a daily basis.
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With this final stage (point No. 5), we have reached the goal of ganotherapy, which 
is to restore the vitality and strength of youth.

Here is a summary of what I detailed above: the reishi mushroom does

a. Ridding the body of toxins deposited in the tissues.

b. Strengthening immunity by activating immune cells in the body.

c. Stimulating blood circulation and increasing the ability of blood cells to carry 
oxygen.

d. Activating food catabolism (metabolism).

e. Cell regeneration in general and making skin cells fresh and vibrant.

f. Carrying out balance and adaptation processes for organ functions.

3.6  The mechanism of action of Ganoderma, with the addition of timing

Studies in this field have indicated that there are time periods for each stage of the 
action of reishi mushrooms after being eaten by humans, which can be reviewed in 
the following points:

1. Inspection and audit (SCANNNG) - 1 to 30 days

2. Detoxification - 1 to 30 weeks

3. REGULATION - 1 to 12 months

4. BUILDING - 6 months 24 months

5. Renewal and vitality (REGENERATION) - 1 to 3 years

An overview of the types of toxins that Ganoderma deals with and how to remove 
them!

Did you know that there are two types of toxins deposited in the body?

1. Toxins dissolve in water and are excreted in two ways:

a. through the skin, and this can be observed by excessive sweating.

b. through urine, and this can be known by the change in the color and smell of 
urine.

2. Toxins that are insoluble in water are excreted in the following ways:

a. The skin. The person may feel itching with the appearance of discolored spots 
and the emergence of blisters - which are fatty toxins.

b. Stool. This can be seen by a change in the color and smell of the stool.
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c. Phlegm, and the person notices that he begins to cough and produce excess 
phlegm.

d. vomiting.

Here I would like to point out important notes when eating reishi mushrooms or 
even organic spirulina algae: all of these above-mentioned reactions in the body are 
good news for recovery!! - God willing - It is important to know that people differ on 
this matter. In some cases, reactions from the body are delayed, in others, they appear 
from the beginning of use of the mushroom product; and in some cases, they may 
only appear slightly, and the person may not feel them, and their use must be gradual.

Depending on the body’s reaction and the increase in these reactions, we can know 
the amount of toxins deposited in the body. It is necessary to communicate during 
the reactions and not stop. Unless the reactions increase dramatically, in this case, the 
person must reduce the amount of the dose, and some may recommend leaving the 
dose for 2 days, and then starting to use it again. At that time, it is necessary to consult 
a specialist to find out the correct way to deal with these reactions.

The dose should not be dropped completely just because these reactions appear. 
All of this is natural, because Ganoderma contains about (400) natural compounds, 
and these natural compounds must work strongly in the body. Especially in sick bod-
ies, merely stopping due to the appearance of these reactions is incorrect. Because it 
prevents the body from excreting toxins and strengthens weak immunity.

Ganoderma mushrooms have been used for thousands of years in all kinds of 
patients and unpatients, and very few side effects have ever been recorded. Reishi is 
classified as Class 1: Herbs that can be safely consumed when used appropriately.

On occasion, some mild digestive upset and skin rashes may occur, but these side 
effects seem to go away and are typically only a threat to sensitive people.

4.  Spirulina super food!

Its scientific name is Spirulina platensis, a bluish-green algae with a spiral or 
filamentous shape. It has great importance in terms of its taxonomic position because 
it is located among the autotrophic common in eukaryotic cells in addition to bacteria. 
The genus Spirulina belongs to the blue–green algae known as cyanobacteria, which 
are non-eukaryotic spiral-shaped algae. Free-living animals are negative for the gram 
pigment [15]. Due to the characteristics they possess that overlap with different types 
of organisms, scientists have differed in their classification, as their chlorophyll 
content, as is the case in higher plants, has led botanists to classify them as microalgae 
belonging to… The Cyanophyceae class, but the structure of the nucleus is not true, 
has supported microbiologists in classifying it as a bacterial genera [16]. It has been 
classified in the past few years [17, 18] as one of the types of bacteria.

Kingdom (Domain): Eubacteria, Bacteria.
Phylum: Cyanobacteria.
Order: Spirulinales.
Family: Spirulinaceae.
Genus: Spirulina.
Species: Platensis.
Spirulina classification scheme [17].
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Upon laboratory examination of samples containing them, they appear to be 
spiral-shaped or spiral-shaped cells under an optical microscope with magnification 
of 40X, Figure 4.

These green bacteria have received great attention from many organizations 
interested in health and healthy nutrition and have been described as (the savior of 
the world from hunger), (the fighter against malnutrition), and (the greatest food 
on earth)! It is rich in many important elements for the body: protein, beta-carotene, 
chlorophyll, antioxidants, mineral elements, vitamins, etc. It is one of the best and 
most useful alkaline foods for the body, and the American NASA uses it as food for 
astronauts! It also has the ability to fight viruses, enhance cellular immunity, and 
prevent cancer cells from growing.

God Almighty has deposited amazing secrets in spirulina! It contains more than 
100 balanced nutrients, which makes it one of the best and most powerful foods for 
the body. As for why spirulina is called a superfood, it is because it is a food that is 
very rich in nutrients. By eating a small amount of spirulina, you get a benefit equiva-
lent to hundreds of kilograms of vegetables and fruits.

It is recognized by the World Health Organization as a superfood and the best 
food for the future. It contains: amino acids (proteins), enzymes: more than 2000 
balanced ones necessary for good health; vitamins such as vitamins A, D, and E; 
and the complete vitamin B complex group. Vitamin B12, anticancer vitamin E, 
important pigmented substances such as chlorophyll, beta-carotene, zeaxanthin, and 
cryptoxanthin, and a very high percentage of carotene. Mineral salts: They contain 
a large group of minerals such as potassium, calcium, chromium, copper, iron, and 
magnesium. Manganese, phosphorus, selenium, zinc, sodium, etc. They also contain 
many antioxidants.

4.1  Spirulina life cycle

Mature trichomes are divided into several pieces by the formation of specialized 
cells (Figure 5), called neuriocytes, which undergo degranulation, giving rise to 
biconcave separation discs. Segmentation of the trichome in the nochidia results 
in chains of short gliding cells (two to four cells) and hormones, which move away 

Figure 4. 
Spiral shapes of S. platensis algae under 40-100X optical microscope. From Ref. [19].
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from the parental filament to give rise to the new trichome. Hormone cells lose the 
segments associated with necrotic cells and become rounded at the distal ends with 
little or no wall thickening. During this process, the cytoplasm appears less granular 
and the cells acquire a pale greenish-blue color like most cyanobacteria. Spirulina is 
an obligate photosynthetic organism and cannot grow in the dark in media containing 
organic sources of carbon [21].

4.2  The many benefits of spirulina

In addition to preserving the general health of the body, it has been used in serious 
diseases such as cancer, AIDS, bacterial or parasitic infections, anemia, poisoning, 
etc. All therapeutic indicators were positive and encouraging toward alleviating or 
stopping the disease.

Here we will mention some of its benefits very briefly: It is very beneficial in cases 
of malnutrition and weakness of the body. It is useful in the case of knee and joint 
pain for the elderly. Beneficial for breastfeeding women who suffer from dehydration 
and lack of milk. It is very useful for athletes and for all those interested in bodybuild-
ing, because it is rich in protein and vitamin B complexes, such as vitamin B1, B2, B3, 
calcium, iron, and carotene, which is very useful for exercising. It strengthens the 
body’s immunity. It is beneficial for many people suffering from osteoporosis. It is 
useful in cases of AIDS: As spirulina has the ability to prevent the virus from attaching 
to or penetrating cells, and thus works to prevent the spread of infection to the body’s 
cells. It affects cancer cells in the body; it works to eliminate and stop important types 
of cancer. Beneficial for the growth of teenagers, children, and infants. It works to 
relieve the pain that precedes menstruation in women. It helps a lot in stopping the 

Figure 5. 
Spirulina life cycle. From Ref. [20].
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progression of the AIDS virus. Helps lower high blood pressure. It is beneficial for 
anemia patients and helps combat diabetes. Fights viral infections. It is beneficial for 
people who have stomach ulcers because it contains chlorophyll. Useful for eye aller-
gies. Spirulina helps remove heavy metals such as lead and mercury from the body. It 
helps digestion because it is rich in enzymes. There are also many, many benefits of 
spirulina, and scientists are continuing to discover its many health secrets.

According to the University of Maryland Medical Center, spirulina is considered 
safe, even in high doses, with no side effects, and it must be from clean, uncontami-
nated organic sources.

4.3  The interest of international health organizations in spirulina

Many international organizations and bodies have paid attention to this algae, 
including the US Food and Drug Administration (USFDA), which says: (Spirulina is 
an excellent alkaline food) and also says: (It is an excellent and very powerful nutri-
tional supplement). The Food and Agriculture Organization (FAO) said: It is the best 
food for tomorrow. Expo says: It is the greatest natural food in the world. The World 
Health Organization (WHO) says about spirulina: The greatest food on earth means 
the greatest food on the face of the earth. The American agency NASA gives spirulina 
as food to astronauts, and scientists say that every 1 kilo of spirulina is equivalent to 
1000 kilos of mixed vegetables and fruits! The United Nations-affiliated IIMSAM 
Organization has become specialized in producing spirulina in several forms and 
supplying countries that suffer from malnutrition and infections with AIDS, Zika 
viruses, and other diseases. Some companies specialize in producing natural nutri-
tional supplements, such as the Malaysian company DXN, and have contributed to 
this organization by donating and supplying organic spirulina to those countries.

4.4  Why do we need spirulina?

In this era and in this miserable state of health, in which water and food have 
become contaminated with all kinds of chemicals, and even the air that we inhale 
has become contaminated with smoke coming out of the exhausts of cars, factories, 
etc., this is no secret to anyone! From morning to night, we are surrounded by canned 
food, soft drinks, various sweets, harmful fats, etc., as we live in a near absence of 
healthy food that is beneficial to the human body. Food is available! But it does not 
contain the essential vitamins, proteins, and amino acids that the human body needs, 
and therefore it is an unhealthy food that does more harm than good.

Spirulina algae is widely used as food supplements for humans and as animal feed 
because it contains a high percentage of protein, reaching 60–70%, and very high 
levels of fat, in addition to amino acids and vitamins [22].

Blinkova and others [23] indicated that the compound sulfolipid, which was 
extracted from the spirulina algae, has a major and effective role in reducing infec-
tion and reducing the activity of the human immunodeficiency virus. It is also used 
to nourish plants, encourage their growth, and resist viral diseases that infect plants, 
such as TMV, CMV, BYDV, PVY, OYVMV, etc. [5, 24–26].

The latest studies indicate the importance of spirulina algae and consider it an 
important source as an antidote to genetic mutations [27]. It has also been used to 
treat many diseases, including allergies, diabetes, and obesity [28]. Spirulina algae 
helps lower blood cholesterol levels by stimulating the immune system [29].
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In this world now, I call our food “food without health”!! Especially fast and 
processed foods that contain a lot of harmful chemicals such as flavorings, colorings, 
preservatives, etc.

Eating healthy foods, especially spirulina, which is very rich in vitamins, minerals, 
and essential amino acids, has become one of the most important things that help 
maintain your health and compensate for the deficiency in your food. According to 
reports received from the United Nations and the World Health Organization. The 
real challenge at this time is the challenge of fighting malnutrition more than fam-
ine!!, in addition to the lack of vitamins, minerals, and essential amino acids. Table 2 
shows the contents of 100 grams of spirulina algae, as indicated by [29, 30].

4.5  Nutritional value of spirulina and methods of taking it

Spirulina is rich in various nutrients. NASA has proposed growing it in space for 
use by astronauts. The standard dose for spirulina is (1–3) grams, as one tablespoon (7 
grams) of dried spirulina powder contains:

Protein: 4 grams.

• Vitamin B1 (thiamine): 11% of the daily allowance per person.

• Vitamin B2 (riboflavin): 15% of the daily allowance per person.

• Vitamin B3 (niacin): 4% of the daily allowance per person.

Percentage% Fatty Acids Quantity/mg Metals Quantity/mg Vitamins

27.85 Identified 468 Calcium Ca 350 A

27.04 Octadecana 87.4 Phosphorus Ph 1090 K

4.23 Heptadecane 461 Iodin I 0.5 B1

10.01 Triacontane 142 Magnesium Mg 4.35 B2

14.04 Pentacosane 1.45 Zinc Zn 14.9 B3

2.12 Phytol 25.5 Selenium Se 6.96 B6

9.61 Hetacosane 3.26 Manganese Mn 162 B12

12.36 Hexacosane 400 Chromium Cr —

6.66 Hetdetane 1.660 Potassium K —

6.88 Henocosane 6.41 Sodium Na —

4.51 Nonacosane 1.55 Iron Fe —

5.24 Nexadecane — —

14.72 Dictroponten — —

24.41 Hanecosane — —

10.75 Nabtacosane — —

10.74 Hetacosane — —

10.28 Hetadecane — —

Table 2. 
The most important substances found in 100 grams of spirulina algae.
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• Copper: 21% of the daily quota per person.

• Iron: 11% of the daily quota per person.

• 20 calories.

• 1.7 grams of digestible carbohydrates.

• 1 gram of fat, including omega-6 and omega-3 fatty acids.

• 14 g of magnesium, 95 mg of potassium, plus small amounts of every other 
nutrient we need.

4.6  Fun ways to eat spirulina for lunch

1. Mix a tablespoon of spirulina with two cups of unsweetened natural fruit juice, 
and add a banana and a few cubes of ice to make a smoothie for a healthy break-
fast.

2. Place in the blender two peeled avocados, lemon juice, a chopped tomato, salt, 
pepper, and garlic powder as desired, then add a spoon or two of spirulina pow-
der and mix the mixture well to obtain guacamole, which is a type of dipping 
sauce.

3. Mix two teaspoons each of cumin, paprika, and chili powder, add two tablespoons 
of spirulina, and sprinkle it over a Mexican salad or oven-roasted potatoes.

4. Sprinkle a tablespoon of spirulina powder on fresh popcorn.

The crucial question that arises is: Should you incorporate spirulina into your diet 
as a nutrient or supplement? Is it recommended to take spirulina if you have a genetic 
predisposition to cancer linked to the gene? What if your genetic risk stems from the 
ALK gene? Is it beneficial to include spirulina in your diet if you have been diagnosed 
with primary urethral squamous cell carcinoma, or if your diagnosis is a primary 
solitary fibrous tumor?

Furthermore, how should your spirulina intake be adjusted if you are undergoing 
Avastin treatment or if your treatment plan switches from Avastin to radiation? It 
is necessary to realize that simplistic assertions such as “Spirulina is natural, so it is 
always beneficial” or “Spirulina enhances immunity” are not sufficient for informed 
food/supplement choices, despite their great and practically tangible benefits 
published in several international research and studies. We recommend taking it in 
gradual doses and monitoring the condition. And conduct periodic examinations.

In addition, it is necessary to re-evaluate the appropriateness of including spirul-
ina in your diet if there are changes in your treatment regimen. In short, when making 
decisions about incorporating foods or nutritional supplements like spirulina into 
your diet to gain their benefits, you should take into account the overall biochemical 
effects of all ingredients, taking into account factors such as the type of cancer, the 
specific treatments you are undergoing, genetic predisposition, and lifestyle choices.

The two most important things to remember are that cancer treatments and 
nutrition are never the same for everyone. Nutrition, including food and supplements 
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like spirulina, is a powerful tool you can control while fighting cancer. “What should 
I eat?” It is the most common question among cancer patients and those at risk of 
cancer. The correct answer is that it depends on factors such as the type of cancer, the 
genetics of the tumor, current treatments, allergies, lifestyle, and body mass index. 
Cancer changes over time, so the nutritional pattern and programs must be changed 
from time to time depending on the nature of the condition, and you must choose a 
reliable product. From a solid company supported by certificates of organic agricul-
ture, nature, and good manufacturing.

4.7  Biological properties of spirulina components

Here I will highlight the biological effectiveness of the components of spirulina 
and the possibility of using it to balance immunity, self-heal from diseases, and live a 
healthy, upscale lifestyle.

Below is a summary of the biologically active properties of spirulina as approved 
by many studies, including [31]:

Bioactive properties of Spirulina:
Properties \ Activity

1. As food supplement (in cookies, ice cream, and soft cheese enriched with Spiru-
lina) Increases:

• The protein content

• The minerals

• The phycobiliproteins

• The fatty acids (myristic acid, palmitic acid, palmitoleic acid, oleic acid, 
gamma-linolenic acid)

• The diversity of amino acids

• The antioxidant activity

• The vitamins

• The shelf-life

2. Anti-nephrotoxicity - Induced by cisplatin, cyclophosphamide, cadmium, and 
chromium

• Anti-genotoxicity

• Elevates the DNA repair procedure

• Repairs process of cell nucleus enzymes

• Protective effects against cyclophosphamide, cisplatin, and urethane

• Decreases the percentage of DNA fragmentation
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3. Antiviral activity

• Inhibitory activity against viruses such as HIV-1, HSV-1, HSV-2, HCMV, and 
influenza type A

• Minimizes HIV-I replication

4. Anti-inflammatory property

• Lowers the extent of beta-glucuronidase

• Preserves against rheumatoid arthritis

• Raises the activity of antioxidant enzyme

5. Anti-obesity and Weight loss

• Inhibits NADPH oxidase

• Induces insulin resistance

• Suppresses adipocyte oxidative stress

6. Hypoglycemic and hypolipidemic properties

• Reduces the level of blood glucose

• Manages cholesterol and triglycerides

• Enhances insulin resistance

7. Neuroprotective property

• Decreases the level of ROS, nitric oxide, and lipid peroxidation

• Improves locomotor activity

8. Anticancer Effects

• Enhances cell nucleus enzyme activity

• Enhances DNA repair synthesis

• Inhibits the growth of human colon carcinoma cells

• Inhibits the hepatocellular carcinoma cells (HCC)

• Inhibits the growth of breast cancer cells
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• Anti-proliferative activity against the cancer cells

• Inhibits the growth of liver cancer cells, hepatoma cells, and lung cancer cells

• Activates apoptosis enzymes

9. Anti-anemic activity

• Increases the concentration of mean capsular hemoglobin (MCH)

• Increases the mean concentration of hemoglobin

• Increases mean corpuscular volume (MCV)

• Increases mean corpuscular hemoglobin (MCH)

• Increases mean corpuscular hemoglobin concentration (MCHC)

10. Probiotic property

• Enhances the growth of Lactobacillus

• Extension of vitamin B1

11. Spirulina for eyesight

• Increases the serum zeaxanthin level

• Inhibits the corneal neovascularization

12. Immunological Applications

• Improves anti-allergic effects

• Inhibits the release of histamine

5.  Conclusion

In our journey through the pages of this chapter, we can say with confidence that 
reishi mushrooms and spirulina algae represent natural treasures rich in nutrients and 
various health benefits because they are nature’s masterpieces in spices, nutrition, and 
human health.

Scientific studies have shown that reishi mushrooms and spirulina algae possess 
anti-inflammatory and antioxidant properties, making them effective in strengthen-
ing the immune system and protecting the body from various diseases. These two 
natural ingredients are also rich in essential vitamins and minerals, making them 
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essential for maintaining the body’s health and vital functions. In addition, reishi 
mushrooms and spirulina can be used to enhance the taste of food and increase its 
nutritional value, making them an ideal alternative to traditional spices.

In conclusion, we hope that this chapter has provided you with valuable informa-
tion about reishi mushrooms and spirulina, and encouraged you to include them 
in your diet to improve your health and well-being. Feel free to experiment with 
the recipes presented in this chapter, and explore your creativity in using these two 
wonderful ingredients. We wish you good health and a happy life!
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Chapter 4

The Possible Use of Herbs and 
Spices in the Food Processing  
and Food Safety
Melaku Tafese Awulachew

Abstract

Spices and herbs are utilised in many different cuisines and food items, but they are 
consumed in small amounts, making them a special market within the food industry. 
These plants are rich sources of valuable bioactive components that are utilised for a 
range of functions, such as flavouring, colouring, medicinal, and preservation. The 
food industry recognises the potential of plant extracts, and not just because of their 
nutritional benefits. Antimicrobials and antioxidants, such as various essential oils with 
antibacterial qualities, are mostly found in plants. Herbs and spices including rosemary, 
sage, basil, oregano, thyme, cardamom, and clove contain a variety of essential oils. To 
increase product value and shelf life, plant essential oils are also included as additives 
to edible or biodegradable films and coatings for active food packaging. However, it is 
important to consider and thoroughly research any potential harmful consequences of 
specific phyto-compounds. However, this chapter’s findings are more comprehensive, 
represent significant and timely advances towards potential applications in food sector as 
well as the food safety aspects of commodities containing spices and herbs by effectively 
protecting consumers from potential risks resulting from unintentional or intentional 
contamination of spices and herbs.

Keywords: herbs and spices, safety, potential use, food, nutrition, preservative effect, 
health effect

1. Introduction

One key factor in combating bacteria’ resistance to antibiotics is the antimicrobial 
activity of plant extracts. Because bacteria can genetically transfer and acquire drug 
resistance, the last three decades have seen a rapid expansion in the pharmaceutical 
industry, which has led to an increase in drug resistance among microorganisms. As a 
result, new illnesses have emerged that have led to a high death rate, particularly in indi-
viduals with impaired immune systems. Thus, limiting antibiotic use and researching the 
pathways of genetic resistance in bacteria to produce new medications, particularly those 
of natural origin, are critical to addressing this issue [1]. To learn more about the charac-
teristics of plant derivatives that prevent bacterial growth, it has also been demonstrated 
that spice and herb extracts have health-promoting qualities [2].
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Foodborne disease outbreaks caused by pathogenic microbes have been associated 
with fresh foods that have short shelf life, such as those from livestock, shellfish, and 
horticulture. Much work has been put into finding natural antimicrobials that can stop 
bacteria, viruses, and fungi from growing in food in recent years. The food industry 
has simultaneously tried to replace or enhance more recent, less intrusive methods like 
pulsed light, high-pressure, pulsed electric field, ultrasound, oscillating magnetic field, 
and UV treatments with more conventional methods like heat treatment, acidification, 
salting, drying, and chemical preservation [3, 4]. This is because some consumers choose 
meals that have been lightly processed over those that have been processed, preferring 
those that include less additives and/or natural components [3].

The use of food additives produced from plants has grown significantly in 
popularity in recent years. Synthetic antioxidants, such as butyl hydroxyl anisole or 
butyl hydroxytoluene, are frequently added to food products in an effort to block the 
processes that cause food quality to deteriorate (such as the breakdown of proteins, 
lipids, and carbohydrates). These antioxidants do, however, quickly degrade at high 
temperatures and are volatile. Moreover, it is still unknown if long-term use of these 
antioxidants poses any health hazards. Phenolic chemicals, which have been shown to 
have good antioxidant activity and can be employed as natural food preservatives, are 
abundant in many herbs and spices [2, 5].

Natural antimicrobials are defined as substances that develop naturally from 
biological systems without being altered or modified in a lab. Numerous living 
organisms, including fungi, bacteria, plants, and algae, can provide these. The fact 
that plant extracts have been consumed by humans for thousands of years is a plus. 
In addition to being used as antimicrobials, many plants are also used in functional 
foods, nutritional supplements, traditional medicine, and the creation of recombi-
nant proteins. Their ability to regulate natural deterioration processes (food preserva-
tion) and to prevent the growth of bacteria, particularly hazardous bacteria (food 
safety), gives them their position as antimicrobials [6].

As previously indicated, in response to consumer demand for safer and more natu-
ral foods as well as their rejection of synthetic antioxidants, which are being reevalu-
ated for the potential toxicity and carcinogenicity of the components formed during 
their degradation, food companies are becoming more and more interested in incor-
porating natural antioxidants and antimicrobials into food. The goal of this research 
is to provide an overview of existing understanding and recent advancements in the 
use of plant-derived compounds obtained from herbs and spices as food preservatives 
and additives, as well as their potential, limitations, and food safety aspect.

2. Nutritive value and possible side of herbs and spices

Effects of herbs and spices are essential components in many recipes. They enhance 
flavour, aroma, colour, texture, and even nutritional value. The common assumption 
about herbal medicines, on the other hand, is that “because they are natural and have 
fewer side effects than prescription drugs, they are safe.” Combinations of herbs are 
widely utilised because they are more effective and may have fewer adverse effects. 
However, additional research has found that they may have detrimental effects if taken 
seldom, excessively, or in conjunction with certain drugs [7]. Interactions between 
medicines and herbs can have unintended consequences. Table 1 shows the applications 
and negative effects of several herbs and spices that can be used safely.
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Herbs/
Spices

Botanical name/
Scientific name

Benefits Side effect

Parsley Petroselinum crispum Parsley can be used to treat urinary 
tract infections, kidney stones 
(nephrolithiasis), gastrointestinal 
disorders, constipation, jaundice, 
intestinal gas (flatulence), 
indigestion, colic, diabetes, cough, 
asthma, fluid retention
(oedema), osteoarthritis, “tired 
blood” (anaemia), high blood 
pressure, prostate problems and 
spleen problems. It is high in 
vitamin C, iron, and antioxidants, 
and it protects against rheumatoid 
arthritis.

Parsley can trigger allergic skin 
responses in certain people. 
It contains a lot of oxalic acid, 
1.70 mg per 100 g. Gouty 
arthritis, kidney stones, and 
mineral nutrient deficits may 
develop from consuming oxalate-
rich foods over an extended 
period of time.

Aloe vera Aloe barbadensis 
miller

Anti-inflammatory, 
antiproliferative, anti-ageing 
properties, wound healing, burn 
damage recovery, cell growth, and 
immunological modulation

Abdominal spasms, pain, allergic 
responses, cramping, and kidney 
damage are all symptoms of 
hepatotoxicity.

Dill Anethum graveolens Used to treat digestive ailments 
such as indigestion, flatulence, and 
liver difficulties. It is also used to 
treat urinary tract issues like kidney 
disease and painful or difficult 
urination. Treatment for fever 
and colds, cough, haemorrhoids, 
infections, nerve soreness, genital 
ulcers, and period cramps.

Some people may have skin 
sensitivity when exposed to dill. 
Fresh dill juice can also make your 
skin more sun sensitive.

Rosemary Rosmarinus
officinalis

Accepted as a highly effective 
antioxidant, anti-inflammatory, 
antiviral, and antibacterial agents. 
Carnosic acid in rosemary has 
also been demonstrated in studies 
to protect against damaging 
carcinogens and Alzheimer’s 
disease.

Undiluted oil is dangerous to 
consume; high amounts can 
result in vomiting, uterine 
bleeding, renal irritation, 
increased sun sensitivity, skin 
redness, and allergic responses.

Peppermint Mentha x piperita L
Lamiaceae

Colds, coughs, sinus infections, 
and respiratory infections are 
all treated with this medication. 
Additionally, it is used to treat 
digestive issues such as gas, 
upset stomach, diarrhoea, small 
intestine bacterial overgrowth, 
heartburn, nausea, vomiting, 
morning sickness, irritable bowel 
syndrome, and cramping in the 
upper gastrointestinal tract and 
bile ducts. Peppermint oil is used 
topically to treat headaches, muscle 
discomfort, nerve pain, toothaches, 
oral inflammation, joint issues, 
itching, allergic rash, bacterial and 
viral infections, and to relax the 
colon during barium enemas.

Peppermint can produce 
heartburn as well as allergic 
symptoms such as flushing, 
headache, and mouth sores. Large 
doses of peppermint oil may be 
harmful to the kidneys.
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Herbs/
Spices

Botanical name/
Scientific name

Benefits Side effect

Dandelion Taraxacumofficinale Fresh dandelion herb is one of 
the richest sources of vitamin 
A among culinary herbs, with 
10,161 IU per 100 g. Vitamin A is 
an antioxidant that is necessary 
for maintaining healthy mucus 
membranes and skin. A good 
source of minerals and vitamins, 
such as folic acid, riboflavin, 
pyridoxine, niacin, and vitamins 
E and C, all of which are necessary 
for optimal health. It is high in 
vitamin K, which helps to increase 
bone mass and has been shown to 
play a role in Alzheimer’s disease 
by reducing neuronal damage in 
the brain.

It may increase potassium toxicity 
in people receiving potassium 
sparing diuretic treatment. 
Dandelion plant can potentially 
cause allergic contact dermatitis 
in some people.

Celery Apium graveolens Celery is an adaptable vegetable. 
Flavonoids, which include 
antioxidant, cancer-preventive, 
and immune-boosting qualities, 
are abundant in the leaves of this 
plant. It also contains high levels 
of many essential vitamins, such 
as riboflavin, niacin, folic acid, 
vitamins A and C, which are 
needed for healthy metabolism, 
and vitamin K, which helps 
build strong bones and has been 
connected to a lower risk of 
Alzheimer’s disease by protecting 
brain neurons. It is used to alleviate 
anxiety, osteoarthritis, and gouty 
arthritis. It is also a rich source 
of important volatile oils and 
minerals.

It has a lot of soluble and 
insoluble fibre. Eating meals high 
in fibre may induce stomach pain, 
indigestion, and bloating, and it 
frequently worsens pre-existing 
constipation.

Cinnamon Cinnamomum 
zeylanicum

Cinnamon possesses anti-
inflammatory, anti-oxidant, 
anti-diabetic, warming, relaxing, 
and carminative qualities. It 
contains antibacterial essential 
oils such as eugenol, which 
is effective in tooth and gum 
care. The active ingredients in 
this spice may boost intestinal 
motility and digestive capacity 
by enhancing gastrointestinal 
enzyme secretions. Minerals, 
vitamin A, and flavonoid phenolic 
antioxidants such as carotenes are 
abundant.

Excessive use of the cinnamon 
stick may result in taste bud 
inflammation, gum swelling, 
and mouth ulcers. Excessive 
consumption might result in 
trouble breathing, dilation 
of blood vessels, tiredness, 
and sadness (Healthy herbal 
nutrition).
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Herbs/
Spices

Botanical name/
Scientific name

Benefits Side effect

Ginse Zingiber officinale Used to address issues with 
the heart and blood vessels. 
In addition, it is used to treat 
rheumatoid arthritis, diabetes, 
Alzheimer’s disease, attention 
deficit hyperactivity disorder, 
renal disease, colds, flu, chronic 
bronchitis, and tuberculosis. It is 
also used to relieve the side effects 
of cancer treatment.

Drowsiness, changes in heart rate, 
and muscle spasms can occur in 
certain patients. It may also result 
in skin rashes, asthma attacks, 
high blood pressure, diarrhoea, 
exhilaration, and anxiousness.

Thyme Thymus vulgaris Thyme is used to treat whooping 
cough, sore throat, colic, arthritis, 
upset stomach, stomach pain 
(gastritis), diarrhoea, intestinal 
gas (flatulence), parasitic worm 
infections, and skin conditions. It 
is also used to enhance urine flow 
(as a diuretic), disinfect urine, and 
stimulate hunger. Thyme essential 
oil contains 20–54% thymol, which 
has antibacterial and antifungal 
qualities and is utilised in a range of 
products, including the treatment 
of respiratory infections.

It has the potential to disturb 
the digestive system. Applying 
the oil to the skin can cause 
irritation in some persons. 
There is insufficient evidence to 
determine whether thyme oil is 
safe to ingest orally in medical 
doses.

Ginger Allium sativum L Useful for motion sickness, 
morning sickness, colic, upset 
stomach, gas, diarrhoea, 
cancer-related nausea, arthritis or 
muscular discomfort, menstruation 
pain, upper respiratory tract 
infections, cough and bronchitis, 
chest pain and stomach pain.

Heartburn, diarrhoea, and 
general stomach discomfort are 
some of the side effects.

Nutmeg Myristica
fragrans

Flavouring agent used in baked 
products, sweets, and some 
beverages. Used to treat rheumatoid 
arthritis and as a digestive aid. 
Diarrhoea, nausea, stomach spasms 
and pain, and intestinal gas are 
all treated with this medication. 
They are also used to treat cancer, 
kidney illness, and sleep disorders 
(insomnia).

Nausea, vomiting, difficulty 
urinating, dizziness, 
constipation, and dry mouth are 
some of the side effects. Seizures, 
hallucinations, and death are all 
possible side effects.

Cardamom Elettaria
cardamomum

Heartburn, intestinal spasms, 
irritable bowel syndrome, 
intestinal gas, constipation, liver 
and gallbladder complaints, and 
loss of appetite are all symptoms 
of this medication. It is also used 
to treat the common cold, cough, 
bronchitis, sore mouth and throat, 
and infection susceptibility.

Contact dermatitis caused by 
allergies. Cardamom seed can 
cause gallstone colic.
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3. Application herbs and spices in food and natural medicine

Herbs are derived from fresh or dried plant leaves or flowering parts, whereas 
spices are derived from other plant components such as roots, stems, bark, seeds, and 
bulbs [9, 10]. They are usually also dried before use. Herbs and spices may come from 
the same plant but from separate portions in some circumstances. Herbs and spices 
have long been used for both food and medicine (Table 2). They are used in cooking 
as preservatives (antioxidants or antimicrobials), flavour enhancers, colourants, and 
salt and sugar substitutes. Attempts to quantify dietary intake of spices and herbs are 
challenging since they are used in a variety of ways and are ingested in trace amounts 
alongside other foods.

3.1 Food application

3.1.1 Deodorising/masking effect of spices and herbs

Garlic and onions are commonly used in the preparation of meats [12]. These can 
mask or deodorise undesirable meat odours. In general, spices have three types of 
deodorising properties. Chemical deodorization is the process of converting odorous 
materials into odourless compounds through a chemical reaction with nonvolatile or 
other odourless molecules. A masking effect occurs when a strong flavour conceals 
a disagreeable aroma, or when two distinct odours combine to generate an odourless 
combination [12]. There is deodorization of locations where odorous molecules have 
been absorbed by porous materials. It is unusual to accomplish the latter with spices. 
The timing and method of adding a spice to food influence whether or not it will 
deodorise. Garlic has little value when added near the end of food preparation, but it 
has the desired effect when used right at the start.

3.1.2 Preservative effect

To preserve food, there is a rising interest in developing novel, safe, and effec-
tive natural antibacterial compounds, such as extracts from herbs and spices. 

Herbs/
Spices

Botanical name/
Scientific name

Benefits Side effect

Turmeric Curcuma longa Antibacterial, anticancer, 
antifungal, antioxidant, 
hypoglycemic, colourant, 
antiseptic, and wound healer are 
some of the properties of this plant.

Increase the risk of bleeding 
or the effects of warfarin 
medication.

Fennel Foeniculum
Vulgare

Aromatic, carminative, diuretic, 
and flavouring agent

Allergic responses, occupational 
rhinitis, asthma, conjunctivitis, 
and estrogenic activity are all 
possible side effects.

Cloves Eugenia aromaticum Used to treat diarrhoea, gas, 
bloating, intestinal spasms, nausea, 
and as an antioxidant and pain 
reliever in toothaches.

Pneumonia, bronchitis, 
hemoptysis, central nervous 
system depression, and 
occupational allergic contact 
dermatitis

Table 1. 
Benefits and possible side effects of some important herbs and spices [8].
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Spices/
Herbs

Scientific name Parts 
used

Food 
applications

Therapeutically properties

Saffron Crocus sativus Stigma Colourant Metabolic disorders, macular 
degeneration

Mustard 
Seed

Brassica nigra,
Brassica juncea, 
Brassica hirta

Seed Flavouring, 
Antimicrobial

Cancer, metabolic disorders

Turmeric Curcuma longa Rhizome Colourant, 
Antimicrobial L

Cancer, cardiovascular disease, 
neurodegenerative disorders, 
skin inflammation, osteoarthritis 
metabolic

Paprika Capsicum annum Fruit Flavouring, 
colourant

Cardiovascular disease, headache

Vanilla Vanilla
tahitensis

Flavouring —

Pepper, red Capsicum 
frutescens

Fruit Flavouring Metabolic disorders, osteoporosis

Star anise Illicium verum Fruit Antioxidant Metabolic disorders, 
neurodegenerative disordersb

Onion Allium cepa Bulb Flavouring Cardiovascular disease, 
metabolic disorders

Horseradish Armoracia
lapathifolia

Root Flavouring Metabolic disorders

Anise Pimpinella
anisum

Fruit Flavouring Metabolic disordersa

Ginger Zingiber
officinale

Rhizome Flavouring, 
Antioxidant

Cardiovascular disease, 
metabolic disorders, anxiety, 
psoriasis

Cinnamon Cinnamomum
zeylanicum

Bark Flavouring, 
antioxidant, 
antimicrobial

Cardiovascular diseasea, 
metabolic disorders, 
neurodegenerative disorders, 
dental caries

Garlic Allium sativum Bulb Flavouring Cancer, cardiovascular disease, 
metabolic disorders

Coriander Coriandrum
sativum

Fruit Flavouring, 
Antioxidant

Cardiovascular disease, 
metabolic Disorders

Pepper, 
black/white

Piper nigrum Fruit Flavouring, 
antioxidant

Cardiovascular disease, 
metabolic disorders

Celery Apium
graveolens

Fruit Flavouring Cardiovascular disease, 
Neurodegenerative disordersb

Cloves Eugenia
aromaticum

Flower
Bud

Flavouring, 
antioxidant, 
Antimicrobial

Cardiovascular disease, 
metabolic
disorders, cancer, dental caries

Cardamom Elettaria
cardamomum

Fruit Flavouring, 
antioxidant

Cancer, cardiovascular disease

Caraway Carum carvi Fruit Antioxidant Metabolic disorders, back pain

Cumin Cuminum 
cyminum

Fruit Flavouring, 
antioxidant,
antimicrobial

Metabolic disorders, fungal 
infection
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Spices/
Herbs

Scientific name Parts 
used

Food 
applications

Therapeutically properties

Fenugreek Trigonella 
Foenumgraecum

Fruit Flavouring Metabolic disorders, 
hypogonadism

Fennel Foeniculum
vulgare

Fruit Flavouring, 
antioxidant

Chronic constipation

Dill Anethum 
graveolens

Fruit Flavouring Cancer, kidney injury

Sage Salvia officinalis Leaves Flavouring, 
antioxidant, 
antimicrobial

Metabolic disorders, 
cardiovascular diseases

Basil Ocimum
basilicum L.

Leaves Flavouring, 
antimicrobial

Cancer, metabolic disorders

Tea Camellia sinensis 
L

Leaves Antioxidant, 
Beverage

Metabolic disorders, cancer, 
cardiovascular diseases, 
neurodegenerative diseases, 
urinary disorders

Thyme Thymus vulgaris Leaves Antioxidant, 
antimicrobial

Senna plant Cassia 
angustifolia

Leaves,
Flowers

Beverage Metabolic disorders, respiratory 
disorders

Bay Laurus nobilis Leaves Flavouring, 
colourant

Metabolic disorders

Borage Borago officinalis 
L.

Leaves Antioxidant Cardiovascular diseases, 
metabolic disorders

Calendula Calendula 
officinalis L

Flowers Flavouring, 
Colourant

Cardiovascular diseases, 
neurodegenerative disordersb

Chamomile Matricaria
chamomilla L.

Flowers Colourant Cardiovascular diseases

Lemon grass Cymbopogon
citratus

Leaves Flavouring, 
beverage

Cancer

Lemon 
verbena

Aloysia
citrodora

Leaves Beverage Neuromuscular diseases

Lemon Balm Melissa officinalis 
L.

Leaves Flavouring, 
Antioxidant

Neurodegenerative disorders, 
metabolic disorders, cancer, 
cardiovascular diseasesb

Lovage Levisticum
officinale

Leaves Beverage Urologic diseases

Feverfew Tanacetum
parthenium L.

Leaves Beverage Migraine

Linden Tilia americana
L.

Leaves Beverage Neurodegenerative disorders

Marjoram Origanum 
majorana

Leaves Flavouring, 
antioxidant

Respiratory disorders

Oregano Origanum vulgare Leaves Flavouring, 
antioxidant, 
Antimicrobial

Metabolic disorders, 
cardiovascular diseases, sleep 
disorders, respiratory disorders

Parsley Petroselinum
crispum

Leaves Flavouring Metabolic disorders, urinary 
disorders
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Furthermore, due to their antioxidative properties, herbs and spices stabilise lipids 
in diet [13]. Fat is a necessary ingredient in all cuisine. One of the reasons food 
deteriorates is the oxidation of fat in the food. Rancidity is caused when food lipids 
combine with airborne oxygen to form peroxides, which oxidise and break down into 
molecules of low molecular alcohol and aldehyde [12]. Synthetic antioxidants are 
routinely used to mitigate this. The majority of antioxidants found in spices work by 
interacting with free radicals produced during the autoxidation beginning stage or 
by building complexes with metal ions [14]. Table 3 lists some of the most common 
antioxidants found in herbs and spices. Because of their antibacterial and antioxidant 
actions, herbs and spices can be used effectively in the food business to extend the 
shelf life of food goods.

3.1.2.1 Antioxidants

Tea, borage, balm, marjoram, rosemary, oregano, sage, and thyme are a few 
herbaceous plants that naturally contain antioxidants and free radical scavengers [15]. 
Kumar et al. [18] looked into the use of herbs in meat and meat-based products. Pork 
batters were mixed with extracts of oregano and rosemary in order to determine the 
primary antioxidant components and their effect on colour and oxidation. The anti-
oxidant activity of rosemary extracts was shown to be higher than that of the phenol 
components separately. These extracts also had the highest antioxidant capacity, 
which could be attributed to the presence of large levels of carnosic acid and carnosol, 
among other chemicals.

However, ethanol oregano extracts strong in phenols, primarily rosmarinic acid, 
effectively prevented colour degradation [19]. Additionally, fermented sausages have 
been known to contain borage as an antioxidant [20], while pork products have been 
known to use balm [21]. Sage proved effective in lowering the prooxidant effects of 
salt, cooking, and storage in chicken flesh, as well as lipid and cholesterol oxidation 
[22]. Additionally, green tea extract was used instead of butylated hydroxytoluene 
(BHT) to prevent oxidation of Turkish dry-fermented sausage (sucuk) during the 
ripening process. Green tea extract has been found to be capable of scavenging oxygen 
radicals and chelating metal ions [23].

Rosemary extract (E-392) is the only herb commercially available for its use as 
an antioxidant and has been classified as a food additive in the EU and the US. The 
European Commission also uses and regulates carnosic acid and its derivative carno-
sol as major antioxidant components in rosemary extracts [24]. Rosemary leaf extract 
antioxidant can be extracted using a solvent (ethanol, acetone, or ethanol followed by 
hexane) or supercritical carbon dioxide extraction, which is then deodorised, deco-
loured, and standardised. Only deodorised rosemary extracts containing carnosic 
acid and carnosol are considered additives according to EU regulations. Food matrices 

Spices/
Herbs

Scientific name Parts 
used

Food 
applications

Therapeutically properties

Rosemary Rosmarinus 
officinalis

Leaves Flavouring, 
antioxidant,
Antimicrobial

Cancer, metabolic disorders, 
cardiovascular diseases, 
respiratory disorders, urinary 
disorders

Table 2. 
Food applications and therapeutically properties of the most consumed herbs [11].
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Spice/Herb Scientific name Antioxidant compounds Mode of action

Mustards Brassica nigra, 
alba, juncea

Carotenes, glucosinolates Free radical 
scavenger

Coriander Coriandrum 
sativum L 
apiaceae

p-hydroxy-benzoic acid, protocatechuic acid, 
quercetin, rhamnetin, rutin, scopoletin, tannin, 
terpinen-4-ol, trans-anethole, vanillic acid, 
beta-carotene, beta-sitosterol, camphene, 
gammaterpinene, isoquercitrin, myricene, and 
myristicin

Antioxidant of free 
radicals and metal 
chelator

Turmeric Curcuma 
domestica, 
Valeton,
Zingiberaceae

Ascorbic acid, carotenes, caffeic acid, 
curcumin, p-cumaric acid

Oxygen scavenger, 
metal chelator, 
and free radical 
scavenger

Laurel or 
bay leaf

Laurus nobilis L 
Lauraceae

Beta-carotene, tocopherols, ascorbic acid, 
methyl-eugenol, eudesmol, kaempferol, 
kaempferol-3-rhamnopyranoside, 
kaempferol-3, 7-dirhamnopyranoside, 
8-cineole, α-terpinyl acetate, terpinen-4-ol, 
catechin, and cinnamtannin B1 may be present.

oxygen and free 
radical scavengers

Onion Allium cepa L
Amaryllidaceae

Allicin, taxifolin, cyanidin glucosides, peonidin 
glucosides, quercetin, and kaempferol

Free radical 
scavenge

Oregano Origanum 
vulgaris L 
Lamiaceae

Protocatechuic acid, rosmarinic acid, 2-caff 
eoyloxy-3-[2-(4-hydroxybenzyl)-4,5-
dihydroxy], caffeic acid phenylpropionic 
acid; flavonoids: carvacrol, thymol, 
camphene, gamma-terpinene, terpinen-4-ol, 
myricene, linalyl-acetate; apigen, eriodictyol, 
dihydroquercetin, dihydrokaempherol

Free radical 
scavenger

Sage Salvia officinali 
L Lamiaceae

Methyl and ethyl esters of carnosol, rosmarinic 
acid, ascorbic acid, beta-carotene, beta-
sitosterol, camphene, gamma-terpinene, 
hispidulin, labiatic acid, oleanolic acid, 
terpinen-4-ol, ursolic acid, selenium, 
salvigenin, nevadensin, apigenin, cirsileol, and 
cirsimariti

Free radical 
scavenger

Rosemary Rosmarinus 
officinalis L
Lamiaceae

Diterpenes (epirosmanol, isorosmanol, 
rosmaridiphenol), rosmariquinone, rosmarinic 
acid, carnosol, carnosic acid, rosmanol, 
rosmadial, and

Scavenge 
superoxide 
radicals, lipid 
antioxidant, and 
metal chelator

Thyme Thymus vulgaris 
L Lamiaceae

Ascorbic acid, beta-carotene, isochlorogenic 
acid, labiatic acid, p-coumaric acid, rosmarinic 
acid, thymol, carvacrol, p-cumene-2,3-diol, 
phenolic acids (gallic acid, caffeic acid, 
rosmarinic acid), phenolic diterpenes, 
flavonoids

Free radical 
scavenger, oxygen 
scavenger

Ginger Allium sativum L 
Amaryllidaceae

Ascorbic acid, beta-carotene, camphene, 
gamma-terpinene, p-coumaric acid, gingerol, 
shogaol, zingerone, and caffeic acid

Oxygen and free 
radical scavengers

Turmeric Curcuma 
domestica 
Valeton
Zingiberaceae

Ascorbic acid, caffeic acid, curcumins, 
p-cumaric acid, carotenes, and 
4-hydroxycinnamoyl methane

Free radical 
scavenger, oxygen 
scavenger, free 
radical scavenger, 
metal chelator
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such as oils, animal fats, sauces, baked goods, and meat and fish items are among the 
application areas [24]. Rosemary is a superoxide dismutase. Rosemary is known to be 
a superoxide radical scavenger, lipid antioxidant, and metal chelator [15].

Coriander has been shown to be effective as an antioxidant in the inhibition of 
lipid oxidation in frozen white hake fish meatballs [25]. The effects of the Chinese 
five-spice ingredients—cinnamon, cloves, fennel, pepper, and star anise—both 
separately and in combination with cooked ground beef were examined by Dwivedi 
et al. [26]. The findings showed that every spice and combination decreased the 
flavour and odour of rancidity in cooked ground beef. However, the spices provided 
antioxidant effects rather than masking rotten off-flavours [26].

3.1.2.2 Antimicrobials

The antimicrobial qualities of herbs and the products made from them are gain-
ing popularity as a means of lowering food contamination from pathogenic micro-
organisms such as Salmonella typhimurium, Bacillus cereus, Listeria monocytogenes, 
Escherichia coli O157:H7, and Staphylococcus aureus. In addition to extending the 
shelf life of food, antimicrobial compounds and extracts can lessen microbial illnesses 

Spice/Herb Scientific name Antioxidant compounds Mode of action

Black 
pepper

Piper nigrum L 
Piperaceae

Ubiquinone, piperine, quercetin, eugenol, 
beta-carotene, camphene, carvacrol, methyl 
eugenol, kaempferol, ascorbic acid, rhamnetin, 
gamma-terpinene

Free radical 
scavenger

Chilli 
pepper

Capsicum 
frutescence L 
Solanaceae

Capsaicinol, capsaicin Free radical 
scavenger

Clove Eugenia 
caryophyllata
Thunb
Myrtaceae

Flavonol glucosides, phenolic acids (gallic acid), 
tannins, and phenolic volatile oils (eugenol, 
isoeugenol, and acetyl eugenol)

Metal chelator and 
scavenger of free 
radicals

Marjoram Majorana 
hortensis Moench 
Lamiaceae

Phenol, ursolic acid, beta-sitosterol, linalyl-
acetate plant, caffeic acid, tannin, myricene, 
beta-carotene, caffeic acid, carvacrol, 
hydroquinone, beta-carotene, trans-anethole, 
oleanolic acid, terpinen4-ol, myricene, 
rosmarinic acid, eugenol

Free radical 
scavenger

Cumin Cumimum 
cyminum L 
Apiaceae

Cuminaldehyde, apigenin, carotol, γ-terpinene, 
β-pinene, luteolin, 1-methyl-2-(1-methylethyl) 
benzene, linalool, pinocarveol, cuminic alcohol, 
and luteolin

Metal chelator, free 
radical scavenger

Garlic Allium sativum L 
Amaryllidaceae

Vanillic, allicin, p-hydroxybenzoic, p-coumaric 
acids, caffeic

Metal chelator, free 
radical scavenger

Peppermint Mentha x 
piperita L 
Lamiaceae

Luteolin 7-O-β-glucoside, menthoside, diosmin, 
hesperidin, luteolin 7-O-rutinoside, rosmarinic 
acid, caffeic acid, piperitoside, lithospermic 
acid, ascorbic acid, eriodictyol, narirutin, 
eriodictyol 7-O-β-eriocitrin, and beta-carotene

Free radical and 
oxygen scavenger

Table 3. 
Antioxidants isolated from herbs and spices (Source: Refs. [15–17]) and the botanical names of the plants were 
verified using the world flora online (http://www.worldfloraonline.org/)).
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and toxins [11]. However, these chemicals or their extracts operate as antimicrobials 
in vitro, and a higher concentration is required to produce the same effect in foods. 
There are now just a few commercially available food preservatives with antioxidant 
and antibacterial qualities that contain essential oils from rosemary, sage, thyme, 
oregano, and basil. They have been employed successfully either alone or in conjunc-
tion with other methods of preservation.

The antibacterial activity of rosemary hydroalcoholic extract was shown in 
all but one test against standard strains of Lactobacillus casei, Streptococcus mitis, 
Streptococcus sanguinis, Streptococcus mutans, and Streptococcus sobrinus [27]. When 
it comes to multiresistant bacteria (such as E. Coli, Listeria monocytogenes, Bacillus 
cereus, Staphylococcus aureus, Enterococcus faecalis, and Saccharomyces cerevisiae), Costa 
et al. [28] looked into the antibacterial activity of oregano essential oils. Although 
they were more effective against gram-positive bacteria, the essential oils of oregano, 
thyme, marjoram, and basil were similarly effective against strains of Salmonella 
enteritidis and Listeria monocytogenes in meat products [29].

Studies on the preservation properties of spices have been conducted on a range of 
foods, including rice, fruit, dairy products, meat, fish, and animal feeds. Spices have 
antimicrobial activity in two ways: they can hinder the growth of harmful microor-
ganisms (food safety) and stop the growth of rotting bacteria (food preservation) 
[30]. Because of the presence of significant quantities of phenolic chemicals, many 
spice extracts have antibacterial activity against a wide spectrum of bacteria, yeast, 
moulds, and viruses. Cumin and clove essential oils suppressed overall bacterial 
growth on meat samples for 15 days at 2 degrees Celsius [31].

Furthermore, treatment of raw chicken meat with extracts of clove, oregano, cin-
namon, and black mustard inhibited microbial development [32]. Turmeric extract 
(1.5%) added to entire gutted rainbow trout can also slow microbiological develop-
ment, postpone chemical changes, maintain sensory qualities (texture, odour, colour, 
and overall), and increase shelf life during refrigerated storage [33]. Although spices 
and their derivatives have been studied for antibacterial activity against a wide variety 
of microbes throughout the years, their mode of action is still unknown. In truth, 
spices and essential oils can contain a wide range of bioactive chemicals in varying 
concentrations.

Spices’ antibacterial effect is attributed to bioactive substances such as terpenes, 
terpenoids (thymol and carvacrol), and phenylpropenes (eugenol and cinnamal-
dehyde). Terpenes have less antibacterial action than other substances. Terpenoids’ 
antimicrobial activity is mediated by their functional groups (hydroxyl groups 
and delocalized electrons), which impair permeability or interrupt critical energy-
generating mechanisms, resulting in cell death. Eugenol’s antibacterial activity occurs 
at the membrane and protein levels, where it interacts and cross-links with DNA 
and proteins. Overall, the antibacterial action of spices is a synergistic impact of all 
the bioactive chemicals found in them [30]. The fundamental restriction of spices as 
antibacterial agents is the requirement for a large amount of natural components that 
make up the organoleptic profile of meals. As a result, combining spices or their pure 
natural constituents with other technologies is a possible alternative for reducing the 
amount of spices utilised and solving this problem.

3.1.3 Flavour

Herbs and spices include flavouring compounds that range in strength from 
moderate to intense [12], owing to the presence of volatile essential oils.
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A culinary herb is an edible plant that gives significant flavour and scent when 
taken in little amounts. Many different herbs (Table 1), either fresh or dried, are 
commonly used as a food element in salads, spaghetti, sausages, soups, marinades, 
meat, eggs, vinegar, and even sweets and biscuits, as well as in some alcoholic bever-
ages such as liqueurs and wine [10, 34]. Terpene- or phenolic-based aromatic chemi-
cals are found in herbs. Carvacrol, thymol (in oregano and thyme), and linalool (in 
sage and rosemary) are three key chemical components for herb flavouring [35].

One of the most prevalent applications for spices is to flavour meals. There is a 
traditional classification of spices depending on their level of flavour [35]: Spices that 
are hot include ginger, mustard, black, red, and white pepper; moderate spices are 
paprika and coriander. Aromatic spices include nutmeg, onion, garlic, fenugreek, dill, 
cardamom, celery, cinnamon, clove, cumin, and dill. Eugenol (allspice, cinnamon, 
and clove), piperine (black pepper), gingerol (ginger), myristicin (nutmeg), and 
turmerone (turmeric) are the most important flavour compounds found in culinary 
spices [35].

3.1.4 Pungency

Pungency is caused by essential oils stimulating taste senses. The concentration 
of essential oils in a spice gives it a sharper sting. Some spice components are highly 
aromatic even in little doses. The volatile components, according to Hirasa and 
Takemasa [36], are carbonyl, thioether, acid-amide, or isothiocyanate compounds. 
Table 4 outlines some of the toxic chemicals found in the species. The mucous mem-
branes of the oral cavity and nose are stimulated, and a burning sensation spreads 
throughout the mouth. Sharp sensations are generally perceived with volatile drugs, 
whereas hot sensations are mostly felt with nonvolatile compounds.

3.1.5 Herbs and spices as food colourants

Colourants are food additives that change or add colour to foods [37]. They are 
used to enhance the appearance of meals while also preserving their natural colour 

Spice Scientific 
name

Pungent compound Basic structure Sensation

Red pepper Capsicum 
frutescens

Capsaicin, Dihydrocapsaicin Acid amide 
group

Hot
Sharp

Ginger Allium sativum Zingerrol, Shogaol Carbonyl group

Onion Allium cepa L Diallyl sulfide Thioether group

Garlic Allium 
sativum L

Diallyl sulfide

Mustard Brassica 
carinata A.
Braun 
brassicaceae

Allyl isothiocyanate, 
Phydroxybenzyl isothiocyanate

Isothiocyanate 
group

Horseradish Armoracia 
lapathifolia

Allyl-isothiocyanate Isothiocyanate 
group

Table 4. 
Pungent compounds in spices [36].
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throughout preparation and storage [38]. Green chlorophylls, yellow-orange-red 
carotenoids, redblue-purple anthocyanins, and red betanin are the four families of 
plant-derived colours. Colourants derived from natural sources are becoming increas-
ingly popular, particularly in the food industry. Colour and freshness are the primary 
factors favoured by the social trend towards the use of natural products rather than 
manufactured ones due to their side effects, toxicity, and allergic reactions [39]. 
Flavonoids are the primary chemicals responsible for colour in herbs, ranging from 
mild yellow (isoflavones) to deep yellow (chalcones, flavones, flavonols, aurones), 
orange (aurones), and reds and blues (anthocyanins) [35].

Because of the presence of anthocyanins, bay leaf has been used as a food colou-
rant [40]. Calendula flower is commonly used as a culinary colourant to impart a yel-
low hue because of the presence of carotenoids. If the final goods are to be appealing 
and acceptable, the stability of these chemicals during commercial shelf life is critical 
[41]. Furthermore, essential oils extracted from fresh or dried chamomile flower 
heads have colouring capabilities [42]. Spices, on the other hand, are more widely 
employed as a source of natural colourants than herbs.

Paprika (E160c) and curcumin (E100) are two natural colourants derived from 
spices that are permitted as food additives in the EU and the United States [11].

The main colouring ingredients capsanthin and capsorubin are found in paprika 
extract (E160c), a naturally occurring dark red colour made by solvent extraction 
from crushed fruit pods of Capsicum annuum, with or without seeds [43]. Both the 
EU and the US have allowed the use of paprika extract (E 160c) in a quantum satis 
manner, meaning that no maximum level is set and that it must be used in compli-
ance with good manufacturing practices, at a level no higher than is necessary to 
achieve the intended purpose, and that the consumer is not misled [44]. However, the 
European Commission has set a limit of 10 mg/kg product for meat preparations and 
processed meat [45].

Curcumin (E100) is extracted from turmeric, which is the pulverised rhizomes of 
Curcuma longa. Curcumin, which accounts for around 2–8% of most turmeric prepa-
rations, is responsible for turmeric’s characteristic colour and flavour. Crystallisation 
produces a concentrated curcumin powder. Curcumins, the colouring ingredient 
(1,7-bis(4-hydroxy-3-methoxyphenyl)hepta 1,6-dien-3,5-dione), and its two desme-
thoxy derivatives are present in variable amounts in the orange-yellow powder [43]. 
The EU has defined a curcumin daily intake of 3 mg/kg; however, the United States 
limits the amount of turmeric used in foods by good manufacturing practices (GMP), 
which require producers to use only the amount of an addition required to achieve the 
desired outcome [45]. Table 5 shows common spice bio-colours found in herbs and 
spices, as well as their applications.

3.2 Cooking and roasting with herbs and spices

Spices have an essential role in the creation of food compositions in order to 
improve flavour and acceptance. As a result, spices can be added to food in a variety of 
ways, including slicing, roasting, grinding, frying, boiling, or heating, to release their 
characteristic aromatic components. Spices add flavour, aroma, texture, and colour to 
food and beverages while cooking. Furthermore, some herbs and spices operate as an 
antibacterial agent, extending the shelf life of packaged foods [52], while others act 
as an antioxidant, preventing the oxidation of lipids and fats [53]. When combined 
with food, many herbs and spices provide health advantages. The method of cooking, 
depending on the duration and temperature, is reported to help stabilise and improve 
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the quality of stored meals, maintaining the particular scent, flavour of the spice, 
texture, and nutritional content of the food [54].

Herbs and spices lose some of their flavouring or essential component as they 
cook. The material swells when it is submerged in water during cooking because 
the water permeates the herb’s or spice’s cell membrane from the outside in. This is 
followed by a rupture on the cell’s surface; ultimately, because of the concentration 
gradient, the essential component emerges as cell breakage takes place and gives 
the food a delicious flavour. A similar mechanism occurs during the extraction and 
distillation processes of herbs and spices to produce the essential component [55]. The 
active component of several spices is lost after cooking. Tur dal (split red gramme) 
was created in one study by adding a known amount of curry powder, turmeric 
powder, red pepper powder, and black pepper powder. The effect of cooking on the 
active principle component was investigated using the thin-layer chromatographic 
(TLC) method. Cooking time and pH were found to have a substantial effect on the 
active components of spices [56].

The objectives should be obvious while utilising spices in cookery. Four categories 
can be used to classify the main use of spices in cooking: flavour, pungency, colour-
ing, and masking/deodorising. The first three are the direct uses of spices, and any 
overlaps between deodorising and masking suggest more complex activities [57]. 
When certain foods, such as freshwater fish, have an unpleasant odour, spices play a 
significant role in disguising the odour during cooking. Ginger’s volatile compound 
and garlic’s sulphur-containing compound have a high capacity to minimise off-odour 
[58]. Combining caraway, cassia, clove, ginger, laurel, mace, nutmeg, onion, pepper, 
sage, and thyme helps mask the off flavour or odour of raw materials during cooking, 
according to numerous studies [59–61].

Vanilla is used to increase the sweetness of ice creams and pastries. In other words, 
adding a few drops of vanilla essence to the same amount of sugar boosts the sweet-
ness significantly. Similarly, adding cinnamon to cakes has the same effect. Consider 
the flavour of peppered ice cream. There are numerous applications for a single spice 
across different regions of the globe. Whereas exotic spices are more frequently 
utilised in Europe and the Americas, locally available spices are more frequently 
employed in Asia and Africa. Most of the time, using spices in cooking comes down 
to personal taste and cultural customs. Pepper and black pepper have equal heat and 
pungency levels. Furthermore, when spices are combined, they can have either sup-
pressive or synergistic effects [12].

3.3 Herbs and spices in natural medicine

3.3.1 Metabolic disorders

Several in vitro studies demonstrate that herbs and spices have anti-diabetic 
characteristics, but just a few clinical trials studying the effect of herbs and spices on 
metabolic disorders have been done. Cinnamon has the ability to reduce blood glucose 
levels in both animal models and humans. Several randomised controlled trials have 
been conducted to date to investigate the effect of cinnamon on T2DM in people. 
Cinnamon’s influence on glycosylated haemoglobin, fasting plasma glucose, total 
cholesterol, LDL cholesterol, and triglycerides has been studied [62]. The research’s 
brief duration is problematic, though, as the design makes it challenging to assess the 
information that is now available.
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The first randomised double-blind placebo-controlled scientific research assessing 
cinnamon’s potential advantages for individuals with type 2 diabetes was conducted in 
2003. Thirty men and thirty women with diabetes were given a placebo or one of three 
doses of cinnamon powder (1, 3, or 6 g/day, respectively) for a period of 40 days. 
Research has demonstrated that cinnamon reduces total cholesterol, LDL cholesterol, 
triglycerides, and fasting blood glucose [63]. Another clinical investigation found that 
cinnamon reduced glycosylated haemoglobin (HbA1c) in 109 T2DM patients [64].

Fenugreek seeds: Fenugreek seeds have been shown in various clinical trials over 
the last several years to reduce hyperglycaemia in both healthy and diabetic people 
[65]. Diabetic patients had considerably lower fasting blood glucose, 24-hour urinary 
sugar excretion, serum cholesterol, and triglyceride levels. Clinical symptoms such as 
polyuria, polyphagia, and polydipsia improved as well. The gum fibre in fenugreek 
seeds appears to be responsible for these effects. Incorporating 25–50 g of fenugreek 
into the daily diet can be a useful supportive medication in the control of diabetes. 
According to a long-term animal study [65], fenugreek is completely safe to consume.

Ginger supplementation may be an effective natural therapy for lowering triglyc-
erides and LDL cholesterol. The effect of 2 g of ginger per day on triglycerides and 
total cholesterol was larger [66]. At standard dosages, ginger is a safe, inexpensive, 
and widely available traditional treatment with negligible adverse effects. However, 
additional long-term research are required to corroborate these findings.

Turmeric: The roots, also known as rhizomes and bulbs, are utilised in both 
medicinal and culinary preparations. Turmeric is a popular spice that has been shown 
in a small number of clinical investigations to have favourable hypoglycemic effects 
and to increase glucose tolerance. Moreover, turmeric and metformin had a synergis-
tic effect on lowering fasting blood glucose in people with type 2 diabetes. Patients 
with type 2 diabetes who received turmeric in addition to metformin had significantly 
lower fasting blood glucose and HbA1c readings than those who received metformin 
alone [67]. In the treatment of type 2 diabetes, cumin supplementation was found to 
be more beneficial than glibenclamide. Cumin’s antihyperglycaemic impact could be 
attributed to its ability to protect surviving pancreatic cells, enhance insulin produc-
tion, and increase glycogen storage [68].

Clove extracts: In diabetics, clove extracts also improved insulin function and 
decreased glucose, LDL, triglycerides, and total cholesterol. Thirty-six type 2 diabetic 
individuals were given capsules containing 0, 1, 2, or 3 g of cloves daily for 30 days, 
after which there was a 10-day washout period. After 30 days, the diabetic patients 
who took a clove supplement showed a reduction in their serum levels of LDL, triglyc-
erides, total cholesterol, and glucose [69].

Lemon balm leaf powder: The ingestion of 3 g of lemon balm leaf powder per day 
for 2 months was related to a substantial decrease in mean blood LDL cholesterol in a 
parallel randomised doubleblind clinical trial with 82 patients with borderline hyper-
lipidaemia [70]. Increased insulin sensitivity, increased insulin secretion, decreased 
absorption of carbohydrates, increased peripheral glucose uptake, inhibition of 
hepatic glycogenolysis, antioxidant effects, and potentiation of endogenous incretins 
are some of the anti-diabetic characteristics of these spices [71].

Bay leaf: In comparison with the placebo group, men and women over the age 
of 40 who consumed bay leaf for 30 days had lower fasting serum glucose, total 
cholesterol, LDL, and triglycerides [51]. Similarly, after consuming 3 g of bay leaf 
daily for 4 weeks, both male and female individuals over 40 with controlled type I 
diabetes showed greater serum HDL and decreased levels of total cholesterol, LDL, 
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triglycerides, and fasting glucose [72]. These findings imply that eating bay leaves 
may help manage hyperlipidaemia.

Oregano extract: Humans have also been tested for the potential hypolipidaemic 
impact of oregano extract consumption. Forty-five nonsmoking men were divided 
into three groups: placebo (mango-orange juice, n = 15); low phenolic (mango-orange 
juice enriched with oregano extract, n = 15); and high phenolic (mango-orange juice 
enriched with oregano extract, n = 15). The low phenolic group demonstrated a 
significant reduction in LDL oxidation after 90 minutes of juice drinking [73].

Sage: Sage extract is also advantageous to the human blood lipid profile. Patients 
with newly diagnosed primary hyperlipidaemia took a pill containing 500 mg of sage 
extract every 8 hours for 2 months in a randomised doubleblind placebo-controlled 
clinical research. Subjects had reduced serum total cholesterol, triglycerides, LDL, 
and VLDL and higher HDL at the end of the study compared to both the baseline and 
placebo groups [74]. Another study on healthy female individuals aged 40 to 50 found 
that drinking sage aqueous infusion twice a day for 2 weeks was related to reduced 
plasma LDL, total cholesterol, and higher plasma HDL [75]. In a double-blind, 
placebo-controlled study, 56 obese, hypertensive individuals were randomly assigned 
to receive 1 capsule daily containing either 379 mg of green tea extract or a compa-
rable placebo for 3 months. In individuals with obesity-related hypertension, daily 
supplementation with 379 mg of green tea extract improved blood pressure, insulin 
resistance, inflammation, oxidative stress, and lipid profile [76].

3.3.2 Cardiovascular diseases

A randomised crossover study discovered that by blocking the small intestine’s 
lipid-digesting enzymes, a culinary spice blend (black pepper, cinnamon, cloves, 
garlic, ginger, oregano, paprika, rosemary, and turmeric) decreased the post-meal tri-
glyceride response [77]. Triglycerides after meals are an important sign of cardiovas-
cular risk and a possible therapeutic target. These findings imply that including spices 
in the diet on a regular basis may assist to mitigate the effect of high fat loading on 
cardiovascular risk. Congestive heart failure, systolic hypertension, angina pectoris, 
atherosclerosis, cerebral insufficiency, venous insufficiency, and arrhythmia have all 
been treated with herbs [78]. Chamomile, rosemary, sage, and thyme have significant 
flavonoid concentrations and so play an essential role in dietary flavonoid consump-
tion; however, aside from few epidemiological researches, there is little evidence to 
support a direct cardiovascular health benefit from these herbs [10].

Green tea: According to research, green tea may help treat hypertension and 
hyperlipidaemia in both medication-treated patients and healthy individuals [79]. 
It may also lower blood pressure and cholesterol levels. A 12-week, double-blind, 
randomised, placebo-controlled study was carried out on patients with mild-to-mod-
erate hypercholesterolemia who were already following a low-fat diet. The capsules 
included 75 mg theaflavin, 150 mg green tea catechins, and 150 mg other tea polyphe-
nols. When compared to the placebo group, the extract decreased mean serum total 
cholesterol and LDL by 11.3 and 16.4%, respectively, in the treated people [80].

Lemon balm: In a 30-day study involving 55 radiology staff members, it was 
discovered that consuming an infusion of lemon balm twice a day enhanced the 
activity of guttation peroxidase (GPx), catalase (CAT), and superoxide dismutase 
(SOD), while decreasing the levels of lipid peroxidation (LPO), 8-hydroxy-2′-
deoxyguanosine (8-OHdG), and myeloperoxidase (MPO). Because oxidative stress 
is associated with cardiovascular diseases (CVDs), lemon balm may be useful in the 
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prevention or treatment of these conditions as a result of its reduction of radiation-
induced oxidative stress indicators [81].

Its phenolic components, including phenolic acids (rosmarinic acid, gallic acid, 
and ferulic acid), flavonoids (luteolin 7-O-glucoside, quercetin 3-rutinoside, and 
quercetin 3-O galactoside), and antioxidant capacity, may be responsible for the puta-
tive antioxidant properties of lemon balm infusion [82]. There was no control group 
in another clinical trial, but patients with hypercholesterolemia who took 140 mg of 
lemon grass oil daily observed a significant decrease in mean cholesterol concentra-
tions of up to 38 mg/dL [83].

Hawthorn: Hawthorn is a herb that is used to improve blood flow. Hawthorn 
leaves, fruit, and flowers are frequently used in Europe to improve heart pumping 
capacity and treat angina. Hawthorn’s main activity is assumed to be mediated via 
flavonoids. Patients with congestive heart failure (NY Heart Association class II) who 
received 600 mg/day of a hawthorn extract had significantly reduced heart rates, 
blood pressure, and dyspnoea during exercise as compared to non-hawthorn partici-
pants [84].

3.3.3 Anticancer effects

Garlic: Garlic has also been researched in a few clinical trials to look into its anti-
cancer properties. Several randomised clinical trials have been conducted to assess 
the effect of garlic consumption on the risk of stomach cancer. In one trial, patients 
who took garlic extract had a 33% lower risk of all tumours combined and a 52% 
lower risk of stomach cancer when compared to the placebo group [57]. However, a 
different randomised experiment involving individuals with precancerous stomach 
lesions found that taking a supplement containing 800 mg of garlic extract and 4 mg 
of steam-distilled garlic oil daily did not lower the incidence of gastric cancer or the 
prevalence of precancerous gastric lesions [85].

Many mechanisms, including as the suppression of mutagenesis, the stimulation 
of phase II detoxification enzymes, the inhibition of DNA adduct formation, the 
impact on the intrinsic pathway for apoptotic cell death, and the cell cycle machinery, 
can allow garlic compounds to exhibit anticancer activity [86]. Future study in the 
clinical evaluation of these substances for the prevention or treatment of cancer in 
humans is required.

Green tea is the only herb with clinical data confirming its anticancer properties 
[87]. Green tea catechins were found to be safe and beneficial for treating premalig-
nant prostate cancer in a double-blind placebo-controlled research [88]. However, 
several studies [89, 90] discovered that green tea has little therapeutic benefit in the 
fight against prostate cancer. It has been determined that the main active components 
of green tea, known as catechins (phenolic compounds), are mostly responsible for 
the biological activities of the tea.

Among the bioactive substances found in herbs with cancer-preventive qualities 
are terpenes (basil, marjoram, mint, rosemary, oregano, sage, and thyme), polyphe-
nols, mainly flavonoids (basil, marjoram, mint, rosemary, oregano, sage, parsley, and 
thyme), and epigallocatechin gallate and other catechins (green tea) [91, 92].

Turmeric: Turmeric is one of the most researched spices for its potential use in 
cancer treatment. Curcumin derived from turmeric has been shown in preclinical and 
clinical experiments to have antioxidant, anti-inflammatory, and anticancer effects. 
Antitumor action is thought to be caused via apoptosis activation and suppression of 
inflammation, angiogenesis, and metastasis in the tumour microenvironment [93]. 
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Numerous clinical trials are being conducted to confirm curcumin’s in vitro anticancer 
activity and usefulness as a therapeutic agent in many tumour types such as colon, 
gastric, cervical, endometrial, breast, pancreatic, prostate, lung, and lymphoma [93]. 
As a result, multiple patents for the administration and use of curcumin against vari-
ous forms of cancer have been generated.

3.3.4 Neurodegenerative disorders

Lemon balm: Lemon balm has traditionally been used to treat dementia and 
amnesia, two illnesses that are closely related to Alzheimer’s disease. A 16-week 
clinical trial of 42 patients revealed that a hydroalcoholic extract of lemon balm (60 
drops/day) standardised to contain 500 g citral/mL (terpenoid component) reduced 
agitation and improved cognitive and behavioural functioning [94, 95]. A possible 
mechanism for lemon balm’s memory-enhancing effects is the inhibition of acetylcho-
linesterase activity, stimulation of acetylcholine (nicotinic and muscarinic receptors), 
stimulation of -aminobutyric acid (GABAA) receptors, and inhibition of matrix 
metalloproteinase-2 (MMP-2).

Curcumin: The majority of the work on nutraceuticals derived from spices focuses 
on curcumin, which has the potential to fight neurodegenerative illnesses due to 
its powerful anti-inflammatory and antioxidant properties. Nevertheless, it is also 
necessary to look into the possibilities of numerous other spices. Therefore, to fully 
explore the potential of spice-derived nutraceuticals as neuroprotective agents, more 
preclinical and clinical research is desperately needed.

4. Food safety of spices and herbs along global food systems

4.1 Possible risks from herbs and spices

Spices and herbs are used and consumed in little amounts, but because they are 
added to so many different recipes, particularly ready-to-eat (RTE) foods, keeping 
track of one’s consumption has become more important. Spices’ physiological effects 
[36], health advantages [94–98], anti-inflammatory properties, and pharmaceutical 
applications [10, 11], including cancer therapies [99–101], are only a few of the many 
applications.

In fact, recent large-scale cohort studies have demonstrated a negative link 
between frequent consumption of spicy meals and overall mortality as well as major 
causes of death (cancer, ischemic heart disease, and respiratory disorders) [102]. 
Herbs and spices, on the other hand, have been linked to some illnesses or dysfunc-
tion syndromes, particularly in the digestive system [103], as well as food-borne 
infections [104]. While this is definitely a risk to human health in and of itself, the 
principal health concerns have been linked to a range of pollutants that periodically 
surface in spice goods owing to technical or other causes, rather than to the natural 
ingredients of spices. Through numerous flaws in the production and supply systems, 
microbiological and chemical agents can cause severe harm to people. Spices and 
herbs, despite being relatively insignificant as food additives, have a high potential to 
contaminate a wide range of foods due to their widespread use and distribution.

However, because outbreak investigations usually concentrate on the main food 
ingredients and the cause of infection in food-borne outbreaks is typically only 
proven in less than 20% of cases, contaminated spices and herbs would be challenging 
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to identify as the source of a foodborne infection or intoxication [105]. Furthermore, 
many commonly used detection methods are unsuitable for matrices containing a 
wide range of herbs and spices.

4.2 General considerations, sampling

Contaminants in spices and herbs must be evaluated in terms of the risk they 
cause to human (or environmental) health as well as the anticipated exposure to these 
substances. A risk matrix built from the severity of the adverse effects based on avail-
able toxicological reference levels and the probability of exposure based on historical 
data from available monitoring surveys and the frequency of notifications in the EU’s 
Rapid Alert System for Food and Feed (RASFF) allows for the risk ranking of chemi-
cal contaminants in spices [106]. The concept of traceability holds great importance 
in the realm of food safety. Nevertheless, the intricate manufacturing and trade 
chains of spices and food products containing them pose a challenge to traceability in 
the global networks of dried culinary herbs and spices. As previously indicated, in the 
field, adequate and standardised documentations, as well as harmonised information 
technology solutions, are vital. The selection of proper sample techniques is crucial to 
identifying contamination effectively [107]. Sample is recognised to have the biggest 
experimental random error in the analytical process, and stratified random sample 
designs may provide enhanced efficacy at higher predicted contaminated levels, and 
network analysis might help with spice contamination monitoring [107].

4.3 Chemical contamination

Three sources account for the majority of organic micro-contaminants detected 
in spices: chemicals used in food adulteration, pesticide residues, and phytopatho-
genic fungal mycotoxins. Mycotoxins are mainly created during harvesting and the 
storage that follows. They are a serious problem since these secondary metabolic 
chemicals have the potential to induce endocrine disruption or cancer in humans or 
other exposed species. Although numerous decontamination techniques for myco-
toxinogenic fungi are available, they are only effective if employed before mycotoxin 
contamination has occurred [107]. Pesticide residues are primarily the consequence 
of agrochemical treatments used to protect farmed spice plants from various weeds, 
fungi, or pest animals (mostly insects). Compliance with technology specifications 
in cultivation, harvesting, and storage is crucial to avoiding mycotoxin and pesticide 
contamination [108], and prudent pesticide use is required to avoid MRL violations 
[109, 110]. Unwanted substances such as polycyclic aromatic hydrocarbons (PAHs), 
anizoles, benzidines, unsubstituted, halogenated biphenyls, and other molecules 
may exist in addition to these two types of major chemical pollutants. In contrast to 
the aforementioned chemical contaminants, which are often present in spices due to 
accidental contamination, other chemicals may appear as deliberate contamination 
for financial reasons (spice adulteration) or other malicious purposes. As can be seen, 
the “from farm to fork” concept solidifies environmental safety as a component of 
food safety evaluation by including Environmental Risk evaluation (ERA).

Furthermore, as recently reported, pesticide toxicity is linked to a number of addi-
tives, including agricultural surfactants used, for example, in the formulation of plant 
protection products [109]. As a result, the probable presence of these co-formulates, 
which were previously assumed to be “inert”, is expected to be monitored in the 
future.
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4.4 Microbial contamination

When it comes to dried spices and herbs, microbial food safety is likely to be the 
most concerning [111, 112]. Spices and herbs are potential sources of foodborne 
disease outbreaks due to their low water activity, which allows microbial contamina-
tion to remain [104]. For example, the US Food and Drug Administration developed 
risk profiles for spices in order to assess and limit the risk associated with microbial 
concerns [113, 114].

Decontamination methods are widely accepted for reducing or eliminating micro-
bial contamination in spices [115]. Appropriate quality standards and indices have 
also been identified [36, 116]. Despite the fact that many dried spices and herbs can 
act as media or sources of microbial contamination, they have been connected to their 
own natural antibacterial effect. Numerous investigations have shown that spices 
have antibacterial effects [6, 36]. Some spices and spice combinations (such as clove, 
cinnamon, oregano, and rosemary) have been recommended as potential alternatives 
for standard food preservation additives due to their qualities [117, 118].

Given the importance of the issue, the majority of the pieces in this Special Issue 
focus on the microbiological safety of spices. Three studies have found and confirmed 
the presence of Salmonella spp., Bacillus cereus, and Staphylococcus aurous in dried 
spices and herbs. B. cereus species’ phylogenetic and toxicogenic properties have been 
identified [107]. Molecular biological approaches for the detection and quantification 
of microorganisms from spices were used to determine the potential origin of spice 
paprika samples and to detect hazardous bacteria in spices and herbs at high through-
put [107]. Among the nine condiments examined, oregano and cinnamon were found 
to have strong antibacterial action against a strain of Salmonella known as Lins. 
Various cleaning approaches, including steaming and radiation, microwave heating 
independently and in conjunction with rewetting, and radiofrequency heat treat-
ment, were tested for effectiveness and effects on the composition of spice paprika.

5. Conclusions and future outlook

For millennia, herbs and spices have been employed in culinary practices and 
traditional medicine. The controversy and uncertainty surrounding chemical addi-
tives have intensified the search for natural substitutes that are palatable to customers. 
Combining the fads of safe, unprocessed, nutritious eating, exercise, and health-
conscious eating, there is a growing push to reduce or eliminate food additive usage or 
swap them out with special natural additions. However, their contribution to main-
taining and/or raising standards for food quality justifies their usage in particular 
manufacturing and storage processes, and hence the search for creative and practical 
solutions.

Herbal medicine is a component of alternative treatment approaches that incorpo-
rates the use of various plants and their extracts because of their numerous benefits. 
Practitioners of conventional medicine are now acknowledging it as one of the safest 
and most effective therapy options. Conversely, herbal supplements may be advanta-
geous to users but can also have serious adverse effects and even be fatal. The FDA 
can do nothing to safeguard consumers from these health hazards under a regula-
tory environment. Food contamination, on the other hand, is a major public health 
issue that could be mitigated by the use of natural preservatives such as essential oils 
derived from spices. Numerous studies in recent years have demonstrated that many 
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essential oils have antibacterial action. The product and the species of bacteria or 
fungi that the essential oil is intended to combat dictate the type of essential oil and 
the optimal concentration. The use of naturally derived preservatives may alter food 
taste or exceed established flavour thresholds; hence, consideration must be given 
to the sensory impact if essential oils are to be widely employed as antibacterial and 
antifungal agents. To obtain efficient antibacterial action at adequately low doses, 
research in this area should focus on improving essential oil blends and applications. 
It could be inferred that consumers and physicians should be aware of the negative 
effects of herbal medicines as well as their interactions with other prescription drugs. 
Herbal treatments are known to have numerous benefits for people under conven-
tional therapy, which is true, but one should be completely aware of their adverse 
effects at normal and high doses.
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Chapter 5

Herbs and Spices-Based Value 
Addition for Nutritional and 
Healthy Living
Ogu Eneojo and Emeje Martins

Abstract

The demand for herbs and spices has been rising recently due to their application 
or use in human diet and medicine. The use of herbs and spices, their bi-products 
and value-added products as sources of food, medicine, wealth and great power has 
historical importance. Despite being inexpensive commodities, their value cannot 
be underestimated in the health and food industries, serving as therapeutic agents, 
fortifying food, adding flavour and colour, and acting as preservatives. Due to the 
abundance of nutritional and health benefits offered by herbs and spices, it is impera-
tive to ensure a sustainable supply through value addition. This process involves 
elevating the raw form or creating added value through processing, packaging, grad-
ing, branding and marketing. The advantages of value addition in herbs and spices 
include portability, reduced bacteria contamination, prolonged flavour, affordability 
and availability, among others. Forms of value addition in herbs and spices include 
powder, tea, juice, chocolate and sweets, essential oils, oleoresin functional foods, etc.

Keywords: natural, antioxidants, bioactive, free radicals, food

1. Introduction

Recently, there has been a growing demand for herbs and spices because of their 
widespread use in human diets and medicinal treatments. These natural ingredients 
have held historical significance in providing food, medicine and wealth with great 
power. As far back as 1555 BCE, thyme, juniper, garlic, coriander, fennel and cumin 
have been reported to have been used for cooking and treating diseases [1]. Despite 
being inexpensive commodities, their value cannot be underestimated in the health 
and food industries, serving as therapeutic agents, fortifying food, adding flavour and 
colour, and acting as preservatives [2]. Worthy of note, is the application of herbs and 
spices in the production of functional foods. Functional foods provide not just the basic 
nutrients but are capable of meeting health requirements in terms of providing bioactive 
compounds which are required to maintain normal bodily functions, prevent deficiency, 
support health and prevent abnormalities and susceptibility to diseases. Irrespective of 
the numerous advantages presented by herbs and spices, care must be taken to avoid 
excess use as well as adulterated products, as such excess and adulteration may result in 
undesirable side effects on the consumers.
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2. Herbs and spices

Different parts of plants produced herbs and spices. Herbs are obtained from the 
leaves of medicinal and aromatic plants while spices are obtained from parts of plants 
such as the flowers, seeds, buds, rhizomes, stigma, stem, bark, root, fruit, pods and 
bulb [2–4]. Herbs can be referred to as fresh or dried leaves of aromatic plants often 
used to add aroma, colour and flavour to foods [5]. Due to the presence of phyto-
chemicals in herbs, their application is not only limited to culinary use as condiments. 
They are also consumed as essential oils and beverages in the form of herbal infusion 
or tea to boost the immune system or as medicine to cure ailments. Nigeria, because 
of its rich biodiversity, is blessed with varieties of herbs which finds application as 
condiments, beverages or essential oils. Among the herbs that are used as condiments 
are moringa (which is an excellent source of vitamins A, C and E, mineral compounds 
and amino acids), bitter leaf (which adds taste and flavour to food, and an excellent 
source of vitamins and mineral compounds), Aloe vera, scent leaf (which add taste 
and flavour to food), wild lettuce, water leaf, thyme (a fragrant herb used for food 
seasoning), curry leaves (also fragrant herbs for food seasoning), clove, basil (which 
its fresh leaves are used in a variety of ways in a different part of Nigeria. Some parts 
like Delta region use it as an ingredient for pottages and pepper soups, in Kwara as a 
sauce for egusi while among the Igala’s in Kogi State, it serves as a vegetable), spring 
onions (like the common onion but lack a fully developed root bulb. It is a fragrant 
herb; the flavour is a cross between an onion and garlic but milder to taste. It is used 
as a vegetable, either raw or cooked), garlic chives (this have a slight garlic flavour and 
are delicious), roselle or sorrel (this herb is popular with the Hausas who use it to pre-
pare different kinds of soups including groundnut soup) [6]. Herbs that find appli-
cations in beverages (tea and infusion) include eucalyptus, tea plant, lemon grass, 
moringa, basil, bitter leaf, coriander, parsley, ginger and roselle, among others. Those 
with essential oils include basil, fennel, lemon grass, marjoram, oregano, peppermint, 
rosemary, sage, eucalyptus, thyme, camomile, etc. Herbs can be consumed fresh 
where there is a need to preserve their highly valued aromatic attributes; however, the 
herbs trade is basically on dried herbs. Thus, they are used in the food industries as 
natural colourants, flavouring and preservatives [3].

Spices on the other hand are “aromatic vegetable substances, in the whole, broken, 
or ground form, whose significant function in food is seasoning rather than nutri-
tion” and from which “no portion of any volatile oil or other flavouring principle has 
been removed” [3, 7]. They are regarded as natural plant products derived from whole 
or plant parts such as bud, flower, fruit, leaves, seed, root, stem, bark, berry, bulb, 
pod, latex and rhizome used to improve, alter or enhance the flavour, aroma, taste and 
colour of food products. Spices gotten from the different parts of the plant include 
bud (carper and clover), flower (marjoram and saffron), fruit (cardamom and chilli), 
leaf (curry leaves, bay leaves and mint), seed (coriander, anise, nutmeg, fennel, 
pepper, star anise, tamarind, cumin, cardamom, etc.) [8], root (horseradish and 
angelica), bark (cinnamon and cassia), bulb (onions and garlic), rhizome (ginger and 
turmeric), pod (tamarind and vanilla), berry (black pepper) and latex (hing spice) 
[3, 5, 9]. Spices like herbs also contain bioactive substances, which make them useful 
as nutritional and therapeutic agents. The introduction of spices in food has many 
beneficial effects such as stimulation of appetite, promotion of digestion, reduction 
of vomiting and nausea, prevention of cold and influenza, and change in the physical 
appearance and taste of food. Due to their preservative characteristics, spices found 
application in food industry, beverages, liquor and pharmaceuticals [7].
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3. Value addition in herbs and spices

Due to the nutritional and health importance of herbs and spices, their all-year-
round availability, affordability and accessibility are vital following the fact that some 
of these horticultural plants are seasonal. To ensure all-year-round availability, there 
is a need to create value addition in herbs and spices to ensure that humanity contin-
ues to derive the benefit attached to these natural products of importance.

Value addition refers to the process of transforming or changing a product from its 
raw or original form to a more valuable form or product. This process involves elevating 
the raw form or creating added value through processing, packaging, grading, branding 
and marketing. The advantages of value addition in herbs and spices include portabil-
ity, reduced bacteria contamination, prolonged flavour, affordability and availability, 
among others. Value addition in herbs and spices can be in any of the following forms.

a. Powders: This involves pulverising the dried herbs and spices, sieving using a fine 
mesh to remove the chaff. Examples include rose, garlic, turmeric, thyme, curry, 
ginger, mint, basil, vanilla powders, etc. These powders are in turn used in the food 
and beverages industry as condiments and for producing functional food products.

b. Teas: dried herbs and spices can be pulverised to a specific mesh size and packed 
in tea sachets or bags. Examples of such tea include lemongrass base tea, eucalyp-
tus base tea, etc.

c. Juice: herbs and spices can be transformed into juice and preserved to ensure 
their availability in the season. Leaves, seeds, fruits and flowers of some herbs 
and spices can be processed into juice such as zobo a local drink from rose 
consumed in Nigeria, garlic juice, ginger juice, turmeric juice, etc.

d. Chocolates and sweets: chocolate diets, sugar-free sweets, etc., can be gotten 
from herbs and spices like mint and rose.

e. Essential oils: herbs and spices contain essential oils which can be extracted 
from either the bark, leaf, stem, bud, etc., through steam distillation or hydro- 
distillation. Examples of such oil include ginger oil, garlic oil, eucalyptus oil, 
clove oil, cinnamon oil, etc.

f. Oleoresin: this is another value-added product from herbs and spices. The product 
is obtained through organic solvent extraction of buds or stems, which the solvent 
is then removed through evaporation to have concentrated products which con-
tain all the flavouring ingredients soluble in the solvent used for the extraction, 
such that it is much closer to the original herbs and spices odour and flavour.

g. Functional foods: these are value-added food products which perform physi-
ological functions beyond nutritional function. Examples include turmeric 
bread, diabetic flour, etc.

4. Nutritional benefits of herbs and spices value-added products

Herbs and spices used for food are found to be good sources of vital nutrients such 
as carbohydrates, protein and fat. They also play an important role as good source of 
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micro and macro-nutrients in nutrition. The authors [10] noted that the results of 
some Nigerian herbs and spices analysed showed to be fairly rich in nutrients. Many 
herbs and spices contribute vital mineral such as calcium, iron, magnesium, phos-
phorus, potassium, sodium and zinc to nutrition. They also contain vitamins such 
as thiamine, riboflavin, niacin, pantothenic acid, folate and vitamin C. Examples of 
herbs and spices with the above nutrients include garlic and ginger; others like cin-
namon are rich in fibres, clove contains vitamins A and C, cumin are rich in thiamine, 
vitamin E and niacin with manganese, African cardamon contains copper, amino 
acids, threonine, serine, valine, proline, glutamic acid, lysine, leucine and glycine 
while saffron are rich in selenium among others [7, 10].

4.1 Health benefits of herbs and spices value-added products

Herbs and spices are consumed as a whole or processed products in the form of 
powder, juice, oil and tea, among others. The presence of bioactive compounds in 
herbs and spices accounts for the strong connection between increased consumption 
of these natural products and human disease prevention. Nowadays, people are more 
concerned about herbs and spices due to their nutritive and therapeutic properties. 
Many herbs and spices are believed to possess therapeutic properties; thus, consum-
ing a diet rich in herbs and spices will provide an environment of bioactive substances 
and non-nutritive compounds in plants that have health and protective benefits. Diets 
rich in herbs and spices such as liquorice, cabbage, soybeans and garlic are said to 
have the highest anticancer activity [7]. The addition of herbs and spice in food, even 
in a little quantity could boost the body immune system, fight against cancer, and 
decrease the risk of high blood pressure and cardiovascular disease. Herbs and spices 
used in the food industry for food seasoning, colouring, flavouring and preservation 
contain a variety of phytochemicals and phytonutrients which contribute to human 
health and well-being.

The need for a more streamlined approach to nutrition has been created due to 
changes arising from an increasing desire for improvement or maintenance of healthy 
living by intake of natural products in combination with changing lifestyle. With the 
rise in interest and awareness of healthy foods among countries around the globe, the 
value of herbs and spices as medicinal plants has increased among today’s foods and 
has caused them to be among high-quality food products. Herbs and spices in food 
constitute a useful diet which has an impact on human health. The concept of medici-
nal foods entails food items that exercise a valuable effect on health and/or decrease 
the risk of chronic disease beyond just the dietetic functions. Herbs and spices like 
other medicinal plants, enter into the daily human food directly, such as turmeric, 
ginger, clove and garlic rich in mineral compounds and vitamins.

Many herbs and spices are used in the beverage industry for the preparation of 
daily drinks such as cocoa, coffee and tea [11]. Herbal teas have been in use in many 
countries of the world before drinks such as black tea and coffee started gaining 
wider acceptance today. Herbal teas are preferred because of their pleasing taste 
and their healing properties for some health challenges [12]. On this note, tea can be 
produced from many herbal materials such as sage, linden, mint, fennel, chamomile, 
coneflower, rosehip, apple, mountain tea, lemon balm, rosemary, cassia, thyme, 
nettle, tarragon, raspberry, basil and anise [13]. It is stated that herbal teas, whose 
composition can change with various factors, have antioxidant, anti-inflammatory, 
antimicrobial, anti-carcinogenic, anti-atherogenic, antiaging, cardio-protective and 
functional properties [14]. Herbal teas with this type of functional properties can 
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be used to relieve problems such as psychosomatic diseases, colds and congestion, 
gastrointestinal diseases, urinary system diseases, diarrhoea, constipation, local use 
as a mouthwash or, as a taste and odour corrector, menstrual complaints and physical 
and mental fatigue [14, 15].

4.2 Application of herbs and spices in the food industries

Herbs and spices present vital opportunities to food industries following the 
fact that there is a growing concern for natural food products of plant origin, which 
provide not only nutritional benefits but also contribute to human health. Food 
industries are faced with the prevailing challenges of preventing foods from physical, 
chemical and microbial spoilage [4]. Currently, there is rising consumer dissatisfac-
tion/rejection of food preserved with chemical/synthetic preservatives due to the 
possible negative health effects. Reports from studies [7] show that herbs and spices, 
either raw or processed (powder, essential oils, etc.), are natural products of plants. 
Applications in food have the tendency to extend its shelf life and improve aroma, fla-
vour, colour and quality, thereby making it generally acceptable without side effects. 
Thus, herbs and spices find their application in the food industry as.

4.2.1 Preservatives

The quality of food and its acceptability for consumption can be affected or 
compromised as a result of spoilage. Thus, food spoilage due to lipid oxidation, 
microbial growth and pathogenic organisms constitutes major challenges in food 
industry, thereby making the food industry use synthetic antioxidants such as propyl 
gallate (PG), tert-butyl hydroquinone (TBHQ ), butylated hydroxyanisole (BHA) and 
butylated hydroxytoluene to prevent spoilage [16, 17]. However, the safety of these 
synthetic antioxidants used as preservatives is in doubt. The literature revealed that 
there exists a relationship between the long-term intake of synthetic antioxidants and 
health-related issues, such as cases of increased risk of cancer, skin allergies, DNA 
damage, induced premature senescence, adverse effects and gastrointestinal tract 
[17]. The need for the replacement of these synthetic preservatives with natural ones 
by consumers is on the increase. Herbs and spices present potent tools for the food 
industry as preservatives due to the presence of bioactive compounds such as phenolic 
compounds, which have both antioxidant and antimicrobial properties.

Phenolic compounds constitute the most abundant groups of plant secondary 
metabolites, whose strong antioxidant properties are due to the possession of aro-
matic rings with a hydroxyl group. The antioxidant potential is due to the ability of 
the compounds to inhibit free radical formation as well as high radical scavenging 
activity in relation to the hydrogen-donating ability of phenolic compounds. Among 
the compound that exhibit antioxidant characteristics in herbs and spices are gallic 
acid, phenolic acid oleoresin, essential oils, eugenol, curcumin, gingerol, carvacrol, 
thymol, capsaicin, pimento, oleuropein, ligstroside, verbascosides, catechins, rosma-
rinic acid, caffeic acid, kaempferol etc. [18]. Among the most important herbs and 
spices with antioxidant possibilities are ginger, thyme, rosemary, sage, black pepper, 
clove, basil, red pepper, garlic, nutmeg which if added to food containing lipids has 
the ability to prevent oxidative rancidity by stabilising lipids in food products thereby, 
prevent food deterioration and extends the shelf life [19].

More so, herbs and spices not only possess antioxidant properties but also possess 
antimicrobial characteristics, which make them useful in the food industry as natural 
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preservatives for extending the shelf life of foodstuffs due to their capacity to inhibit 
the growth of food spoilage microorganisms and pathogenic bacteria. The authors 
[20] conducted a study on the use of neem and garlic dried powders for controlling 
some stored grain pests and found that dried powders of neem and garlic were effec-
tive in the control of storage insect pests of grains such as beans, rice and maize. The 
application of these herbs and spice in prolonging the shelf life of these food stuff 
provides cheap, safe and eco-friendly alternatives for the treatment of stored food 
products and reduce financial wastage thereby increase the profit that will be gener-
ated by the food industry.

Among the herbs and spices-based antimicrobial for inhibiting microorganisms 
and pathogenic bacteria and for increasing the overall quality of food products are 
lemon grass, cloves, garlic, rosemary, cinnamon, coriander and sage [3]. The most 
common chemical compounds that provide antimicrobial activity to herbs and spices 
are phenolic acids, caffeic acid, romarinic acid, gingerol, cinnamaldehyde, eugenol, 
glucosinolates, isothiocyanates, quercetin, cuminaldehyde, β-caryophyllene, aspiper-
ine, carnosic acid and coumarin [18].

4.2.2 Flavouring

There is a high demand for herbs and spices in the food industry due to their 
application in flavouring food. Herbs and spices are used as flavours either in whole 
or ground form or as extractives. Value-added herbs and spices in ground form or 
extractive release their flavours more readily because the cells containing the flavour 
have been broken during grinding. The presence of metabolites in herbs and spices 
enables them to impart flavour to food, thereby improving it characteristics such as 
fragrance, aroma and taste. Food industry needs ground herbs and spices in food 
processing in order to provide sensual appeal. The sensual qualities of each herbs 
and spices is as a result of the predominant chemical compounds it contains. These 
chemical compounds can contribute mild to strong flavours. The flavours are a result 
of certain families of chemicals such as phenol, monoterpenes and phenylpropanoids 
compound. The characteristics of the flavour profile are given by the balance of these 
chemical compounds [7, 10].

The flavouring potentials of herbs and spices are due to the presence of key volatile 
compounds such thymol and carvacrol (marjoram, thyme and oregano), α-pinene, 
rosmarinic acid, caryophyllene (rosemary), α-thujone, β-caryophyllene, viridiflorol 
(sage), safranal (saffron), aromatic-turmerone (turmeric), zingiberene, gingerol 
(ginger), anethole, estragole, fenchone (fennel), estragole, linalool (basil), cinnam-
aldehyde, cinnamyl alcohol, eugenol, coumarins and cinnamyl acetate (cinnamon), 
capsaicin (chilli peppers), myristicin, safrole, elemicin (nutmeg), sabinene (oregano), 
α-pinene (parsley) and santene (peppermint) [21, 22]. Depending on the region, dif-
ferent herbs and spices used for flavouring foods add distinguished flavour to each food 
style that even gives culinary identity. In Nigeria, unique flavours are added to food such 
as bread, cakes, zobo, kunu, etc., using herbs and spices like curry leaves, ginger, garlic, 
cloves and nutmegs.

4.2.3 As colourant

Certain herbs and spices such as turmeric, ginger and saffron can be utilised as 
colouring materials in some food. Value-added products of spices such as dehydrated 
or freeze-dried forms in canned or brine forms like white and green pepper are 
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sources of natural colourant in food. Natural colourants are considered safer than 
synthetic colourants. The natural colourants are components of the plant’s primary 
and secondary metabolites. The primary and secondary metabolites in herbs and 
spices responsible for the colouring of foods include chlorophylls (tea plants, fresh 
spinach, turkey berries and winter-sweet), carotenoids which are a derivative of 
tetraterpenes and are responsible for the yellow, red and orange colour (chilli, parsley, 
coriander, carrot, marjoram, sage, turmeric, pumpkin and ripe red bell peppers) and 
anthocyanins a derivative of flavonoids (blueberry, hibiscus, blackberry and blue 
barberry) [23]. Various processed products utilises spices such as dried chilli, red 
pepper oleoresin and paprika oleoresin.

4.2.4 Food supplement/functional foods

Another important area, where herbs and spices find its use in the food industry, 
is for the manufacturing of food supplement products/functional food. For any food 
product to be considered a “food supplement,” it must contain essential nutrients such 
as vitamins, mineral compounds, amino acids and one or more chemical substances 
in the plant, which must be purified. Products that have been standardised in this 
way and turned into tablets, capsules or syrups are considered food supplements [13]. 
Considering herbs and spices as supplements requires focusing on their function in 
the diet rather than their use as medicines.

Similarly, examining herbs and spices from the perspective of functional food 
involves the consideration of how herbs and spices are used in the diet rather than 
their role. Thus, for any food to be considered functional food, according to [13], it 
has to provide benefits beyond basic nutrition. This implies that besides the vitamins 
and minerals (nutrients) required for the maintenance of normal bodily functions, 
the food components have the ability to actively interact with the body to prevent 
abnormality and overt disease, thereby supporting healthy livelihood.

From the perspectives of function and use, herbs and spices are found to occupy 
an excellent position as raw materials in the food industry for the production of food 
supplements as well as a functional food in that they possess both nutritional and 
medicinal attributes required for the maintenance of normal bodily functions as well 
as boasting the human immunity, supply natural antioxidant which has the ability to 
scavenge free radicals and other reactive oxygen species capable of causing degenera-
tive diseases thereby ensures healthy living.

4.2.5 Edible coating or films for food packaging

Herbs and spices also find applications in the food industry for the production of 
protective active barriers. The protective active barriers are applied directly on food 
product’s surface as edible coating for food packaging purposes. The detrimental 
impacts of oxygen on food can be resolved using this new approach known as edible 
coating or active barriers [17]. Apart from the antimicrobial activity, most herbs and 
spices contain natural antioxidants, which serve as active barriers designed to extend 
food products’ shelf lives as they are effective against oxidation reactions such as oxi-
dative rancidity or enzymatic browning but also against the proliferation of microbes. 
The antioxidant effect of the bioactive compounds in herbs and spices is primarily 
due to their redox properties and is the effects of various practical chemical processes 
such as metal chelating conversion activity, singlet oxygen quenching capacity and 
free radical scavenging activity [24]. The incorporation of edible films and coatings 
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directly into bulk food presents important merits over the artificial antimicrobial 
or antioxidant agents, “the possibility of active compound diffusion control at the 
surface of the food and the reduction of the amount of preservatives added in the 
food” [17]. The use of natural biopolymers for the production of these active barri-
ers is gaining increasing attention as an alternative to non-biodegradable, synthetic 
plastic packaging.

The potential of extracts from agricultural by-products incorporated as edible 
films and coating in packaging materials in the food industry has shown promising 
results. The authors [17] reported that chitosan films prepared with ethanolic mango 
leaf extracts have antioxidant properties. The report revealed that 5% mango leaf 
extract film, when applied as packaging materials for cashew nuts storage, reduced 
fatty acid oxidation by 56% compared to synthetic commercial polyamide/polyethyl-
ene films. The application of edible coating has the tendency to reduce water vapour 
and gas exchange, especially in fruits and vegetables with the aim of increasing their 
shelf lives and ensuring that their firmness levels, sensory properties, antioxidant 
activities and colours are maintained. The use of edible coating helps to delay fruit 
ripening rate, control weight loss and reduce loss of ascorbic acid, polyphenols and 
titratable acidity.

4.3 Application of herbs and spices in human health

The use of herbs and spices by human for the treatment/management and preven-
tion of ailment is as ancient as man himself. Various parts of plants such as leaves, 
roots, bark, seeds and the whole plants have been used significantly in the indigenous 
healing arts following the fact that they exhibit medicinal properties. The presence of 
phytoconstituents in herbs and spices explained the strong association between the 
increased consumption of these natural products and human disease prevention. The 
health effects especially the suppression of active oxygen species of phytoconstituents 
in some herbs and spices have been studied [10]. Herbs and spices can offer protec-
tion from peroxidative damage owing to the presence of dietary antioxidants.

Dietary antioxidants are found to have several health benefits, among which is 
the maintenance of balance between the activity of free highly reactive compounds 
known as reactive oxygen species (ROS) and antioxidant potentials by regulating oxi-
dative stress. Oxidative stress occurs as an imbalance between the produced reactive 
oxygen species and defence systems, thus resulting in oxidative damage. Oxidative 
damage and free radicals constitute a significant cause of human disease [25]. There 
has been a correlation between oxidative damage and diseases such as arthritis, 
atherosclerosis, ocular diseases, diabetes and cancer.

Reactive oxygen species and other free radicals, which are responsible for several 
diseases, are products of metabolic processes in the human body as well as a result 
of exposure to industrial chemicals, ozone, radiation, air pollution, etc. [25, 26]. 
For healthy livelihood, a Recommended Dietary Allowance (RDA) for specific 
antioxidants is required. Herbs and spices constitute an excellent source of natural 
antioxidants, and their fresh consumption in the diet contributes to the daily antioxi-
dant intake. Examples of natural dietary antioxidants includes lipoic acid, vitamin C, 
vitamin E and beta-carotene found in rosemary, clove, garlic and ginger whose bio-
logical function is to protect against oxidative damage, hence preventing neurological 
diseases, delaying chronic health problems such as cataracts and glaucoma, carcino-
genetic and cardiovascular diseases [27]. Through direct scavenging, antioxidants 
can inhibit reactive oxygen species production, limit the propagation of oxidants, 
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and decrease the amount of oxidants within and around the cells, thereby preventing 
reactive oxygen species from reaching their target organs. Antioxidants perform other 
biological roles such as stabilising or deactivating free radicals before attacking cells.

Besides the consumption of herbs and spices in the diet, they are used as ingredi-
ents in local medicine for the treatments of diseases such as tonsils, inflammation of 
throat, tapeworms, post-partum pain, fever, dysentery, gastrointestinal troubles and 
as carminative such as Alligator pepper or grains of paradise. Value-added products 
of clove like clove oil are used during surgery as an antiseptic, nutmeg for cough and 
black pepper for promoting healing in small wounds. Spices like garlic have been 
established to possess diuretic and antipyretic properties [10].

5. Conclusion

Herbs and spices possess both nutritional and therapeutic properties. The nutri-
tional properties are due to the presence of vitamins and trace mineral compounds, 
whereas the therapeutic properties are due to the presence of phytochemicals or 
bioactive compounds in plants. They are commonly used in the food industry for 
the production of functional foods, food preservation, flavour addition, natural 
colourant as well as edible coating or films for food packaging. While in health, they 
are used in the treatment of some ailments and their consumption as condiments 
in food helps to build or boost human immunity against several diseases. Applying 
herbs and spices in food provides both nutritional and therapeutic benefits, thereby 
contributing to healthy living. Despite the numerous benefits presented by herbs and 
spices, care must be taken in their application in food as excess and/or irregular use or 
application is capable of producing negative side effects such as heartburn, abdominal 
spasms, vomiting, stomach pain and indigestion, among others.
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the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
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Abstract

In recent years, there has been a growing interest in the potential health benefits 
of phytoestrogens, a diverse group of naturally occurring compounds found in plants. 
These compounds, with structural similarities to estrogen, are found in foods such as 
soybeans, flaxseeds and sesame seeds, and are studied for their roles in modulating 
hormonal activity and antioxidant properties. Their estrogen-like functions make 
them particularly interesting in managing conditions exacerbated by hormonal 
imbalances, such as type 2 diabetes, obesity, cardiovascular diseases, and osteopo-
rosis. Phytoestrogens enhance insulin sensitivity and glucose metabolism, while 
their anti-oxidant properties neutralize free radicals and inhibit lipid peroxidation. 
They also influence fat metabolism and reduce adipogenesis, addressing oxidative 
stress and inflammation. Their estrogenic effects improve bone mineral density and 
reduce fracture risks, particularly in postmenopausal women, highlighting their 
broad potential in metabolic disease management. This growing body of research 
suggests that phytoestrogens, due to their unique properties and diverse mechanisms 
of action, could be a valuable addition to dietary and therapeutic strategies in the 
prevention and management of various metabolic diseases. This chapter delves into 
the multifaceted roles of phytoestrogens in metabolic disorders, with a special focus 
on their antioxidant properties.

Keywords: antioxidant potential, autophagy, mitophagy, cytotoxicity, natural 
compound

1. Introduction

The potential health benefits of phytoestrogens have grown exponentially. These 
naturally occurring compounds, abundant in plants (Table 1) like soybeans (Glycine 
max L.) rich in isoflavones such as genistein and daidzein, and flaxseeds (Linum usita-
tissimum L.) abundant in lignans, like secoisolariciresinol diglucoside, share structural 
similarities with the hormone estrogen [1]. Moreover, red clover’s (Trifolium pratense L.) 
isoflavones, including formononetin and biochanin A, black cohosh’s  
(Actaea racemosa L.) triterpene glycosides, like cimicifugoside and actein, these phy-
toestrogens have garnered attention for their potential therapeutic applications [2] and 
have spurred extensive research into their effects on various metabolic diseases.
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In this chapter, we explore the complex web of interactions orchestrated by 
phytoestrogens at an organismal level during metabolic diseases [3, 4]. Beyond their 
estrogenic properties, which hold the key to their potential therapeutic applications, 

Plant’s common name (scientific name) Compound’s nature (compound names)

Alfalfa (Medicago sativa L.): Coumestans (e.g., medicagol)

Apricots (Prunus armeniaca L.): Coumarins (e.g., bergapten)

Barley (Hordeum vulgare L.L.): Lignans (e.g., matairesinol)

Black Cohosh (Actaea racemosa L.): Triterpene glycosides (e.g., cimicifugoside and actein)

Buckwheat (Fagopyrum esculentum Moench): Lignans (e.g., secoisolariciresinol)

Cabbage (Brassica oleracea var. acephala var. 
capitata L.): Isoflavones (e.g., coumestrol)

Chickpeas (Cicer arietinum L.): Isoflavones (e.g., genistein and daidzein)

Coffee (Coffea arabica L.): Lignans (e.g., pinoresinol)

Dong Quai (Angelica sinensis (Oliv.) Diels.): Coumarins (e.g., ligustilide)

Fennel (Foeniculum vulgare Mill.): Coumarins (e.g., bergapten)

Flaxseeds (Linum usitatissimum L.):
Lignans (e.g., secoisolariciresinol diglucoside, and 
matairesinol)

Garbanzo Beans (Cicer arietinum L.): Isoflavones (e.g., kaempferol)

Green Beans (Phaseolus vulgaris L.): Isoflavones (e.g., pratensein)

Green Tea (Camellia sinensis (L.) Kuntze): Isoflavones (e.g., catechins)

Hops (Humulus lupulus L.): Flavonoids (e.g., xanthohumol)

Kale (Brassica oleracea var. acephala): Isoflavones (e.g., coumestrol)

Lentils (Lens culinaris Medik.): Isoflavones (e.g., biochanin A)

Licorice Root (Glycyrrhiza glabra L.): Isoflavans (e.g., glabridin)

Lima Beans (Phaseolus lunatus L.): Isoflavones (e.g., diosmetin)

Lupin Beans (Lupinus spp.): Isoflavones (e.g., lupinifolin)

Mung Beans (Vigna radiata (L.) R. Wilczek): Isoflavones (e.g., formononetin)

Oats (Avena sativa L.): Lignans (e.g., enterolactone)

Pueraria (Kudzu) (Pueraria lobata (Willd.) 
Ohwi): Isoflavones (e.g., puerarin and daidzein)

Pumpkin (Cucurbita pepo): Lignans (e.g., lariciresinol and medioresinol)

Red Clover (Trifolium pratense L.): Isoflavones (e.g., formononetin and biochanin A)

Red Wine Grape (Vitis vinifera L.): Lignans (e.g., pinoresinol)

Sage (Salvia officinalis L.): Flavonoids (e.g., apigenin and luteolin)

Sesame Seeds (Sesamum indicum L.): Lignans (e.g., sesamin and sesamolin)

Sesbania Flower (Sesbania grandiflora (L.) Poir.): Isoflavones (e.g., genistein and daidzein)

Soybeans (Glycine max L.): Isoflavones (e.g., genistein, daidzein, and glycitein)

Sunflower Seeds (Helianthus annuus L.): Lignans (e.g., lariciresinol)

Table 1. 
Common plants rich in phytoestrogens along with their corresponding compounds.
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we place a special emphasis on their often overlooked yet equally significant role as 
potent antioxidants [5, 6]. These dual capabilities of phytoestrogens not only show 
promise in addressing metabolic disorders but also hint at a broader potential for 
promoting overall health and well-being. Throughout this exploration, we uncover 
the possible mechanisms by which phytoestrogens interact with cellular receptors, 
shedding light on their potential to modulate hormonal responses. Additionally, we 
scrutinize accumulating evidence that supports their efficacy in mitigating metabolic 
diseases, ranging from type 2 diabetes to obesity and cardiovascular conditions. 
Alongside this, we illuminate their crucial role in buffering against oxidative stress, 
a cornerstone of many chronic health challenges. This chapter also aims to unravel 
the multifaceted roles of phytoestrogens, positioning them not merely as dietary 
components but as potential allies in the pursuit of metabolic health and longevity. By 
doing so, we hope to foster a deeper understanding of the profound impact that these 
natural compounds can have on our well-being and inspire further research into their 
therapeutic applications.

These plants (Table 1) contain varying concentrations of phytoestrogens, and 
their effects on the body can differ depending on factors such as dosage, individual 
physiology, and overall diet. It is important to note that while these compounds can 
exert estrogenic effects, they are much milder than the natural hormone estrogen, 
and their impact may vary from person to person.

2. Phytoestrogens: a brief overview

Phytoestrogens, a group of naturally occurring compounds derived from plants, 
have garnered significant interest for their potential health benefits and improve-
ments in overall metabolism [6, 7]. These compounds share structural similarities 
with the hormone estrogen (Figure 1) and have been the subject of extensive research 
regarding their impact on various aspects of human health [8, 9].

Classified into three main categories—isoflavones, lignans, and coumestans—
phytoestrogens are widely distributed in numerous plant-based foods [10]. These 
include soybeans, flaxseeds, legumes, and an array of fruits and vegetables. The 
diversity of their sources highlights the potential for incorporating phytoestrogens 
into a balanced diet (Table 1).

2.1 Classification, sources, and bioavailability of phytoestrogens

Phytoestrogens belong to the group of polyphenolic compounds and can be 
categorized into three main classes: isoflavones, lignans, and coumestans [9]. 
Prominent dietary sources of phytoestrogens include soybeans, flaxseeds, legumes, 
and various fruits and vegetables [6]. Phytoestrogens have potential health benefits 
due to their unique properties [7]. The most prominent phytoestrogens are as 
follows.

2.1.1 Isoflavones

These are perhaps the most well-known phytoestrogens and are commonly found 
in soy-based products such as soybeans and tofu. Isoflavones are characterized by 
their distinct arrangement of phenolic rings. Prominent isoflavones include genistein, 
daidzein, and glycitein. In addition to soy, isoflavones are present in various legumes 
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and some fruits. Isoflavones are known for their potent estrogenic effects and numer-
ous health benefits.

While isoflavones have health benefits, they may also have some potential side 
effects for certain individuals. These side effects include hormonal disruptions, 
gastrointestinal discomfort, rare allergic reactions, possible thyroid function inter-
ference, and reproductive effects, especially in supplement form. Isoflavones may 
interact with medications (levothyroxine, tamoxifen, anticoagulants, etc.), affecting 
hormone levels and raising concerns about breast tissue effects, although conclusive 
evidence is lacking. Consuming isoflavones in moderation within a balanced diet is 
recommended, as they offer potential health advantages, like reducing the risk of 
specific chronic diseases.

2.1.2 Lignans

Lignans, another class of phytoestrogens, are abundant in seeds and grains, 
with flaxseeds being one of the richest sources. Secoisolariciresinol diglucoside and 
matairesinol are notable lignans. Beyond flaxseeds, lignans are found in sesame seeds, 
whole grains, and certain vegetables. Lignans are prominent polyphenols recognized 
for their complex chemical structures, which often comprise multiple phenolic rings. 
Lignans exhibit remarkable antioxidant properties and have garnered attention for 
their potential impact on human health.

Lignans are generally considered safe and beneficial for health. However, while 
they exhibit mild estrogenic properties, the side effects of lignans are typically mini-
mal and less common compared to other phytoestrogens. Some individuals may expe-
rience temporary gastrointestinal discomfort like gas or bloating when consuming 
large amounts of lignan-rich foods, and rare allergic reactions are possible. Lignans 
may also interact with medications (antiplatelet and anticoagulant, Synthroid, etc.), 
necessitating consultation with a healthcare provider if one is on such medications. 
Overall, lignans are known for their antioxidant properties and potential contribu-
tions to heart health and disease prevention.

Figure 1. 
Structural similarity between naturally produced estrogen hormone (17beta-estradiol, E2) and phytoestrogens 
coumesterol (coumestans) genistein (isoflavones), and pinoresinol (lignan). The structures are from PubChem 
compounds (https://pubchem.ncbi.nlm.nih.gov).
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2.1.3 Coumestans

While less studied than isoflavones and lignans, coumestans are present in various 
plants, including clover, alfalfa, and bean sprouts. Formononetin and coumestrol are 
representative coumestans. These compounds contribute to the phytoestrogen con-
tent of leguminous plants. However, less studied compared to isoflavones and lignans, 
coumestans like coumestrol have shown promise in research for their potential health 
benefits.

While there is less research on their side effects than isoflavones and lignans, 
excessive consumption of coumestan-rich foods may lead to mild gastrointestinal 
discomfort. However, this is less common than other phytoestrogens, and rare allergic 
reactions are possible. Coumestans may also interact with medications affecting 
hormone levels, especially during hormone replacement therapy, necessitating 
consultation with healthcare providers for those on such medications. Further, 
coumestans with antioxidant supplements, such as vitamin C or vitamin E, may have 
a combinatorial effect. Despite limited research, coumestans like coumestrol have 
shown promise for their antioxidant properties and potential health contributions.

2.1.4 Daily recommended dosage of phytoestrogens

It is important to note that there is no specific recommended daily allowance 
(RDA) for phytoestrogens and intake recommendations may vary among health 
organizations and countries. Additionally, individual tolerance and response to isofla-
vones can vary. Some people may consume higher amounts without adverse effects, 
while others may be more sensitive.

The recommended daily dose of isoflavones and lignans can vary depending 
on factors such as age, gender, health status, and individual dietary preferences. 
Isoflavones and lignans are typically consumed through dietary sources rather than 
supplements, and their intake can vary widely among different populations, such 
as one to two servings of soy-based foods (tofu, soy milk, edamame, or tempeh), 
legumes, ground flaxseeds, or sesame seeds per day can provide a reasonable amount 
of isoflavones. A typical serving size is around 3 to 4 ounces (85 to 113 grams). 
Coumestans are generally not consumed in isolation, and they are not commonly 
available as supplements. Clover and Alfalfa Sprouts can be added to salads and 
sandwiches, while beans and legumes can be consumed to fulfill daily requirements 
for coumestans.

2.1.5 Improving digestibility and bioavailability of phytoestrogens

Phytoestrogens, lignans in particular, are recognized for their antioxidant proper-
ties, which may help protect cells from oxidative damage caused by free radicals. 
While they are strong antioxidants in vitro, the extent of their antioxidant activity in 
the human body can vary depending on factors such as food preparation and diges-
tion. The bioavailability of phytoestrogens can be limited because they are bound 
to dietary fiber and need to be released and absorbed in the digestive tract. In this 
regard, various strategies can be utilized to increase their bioavailability, such as 
grinding flaxseeds before consumption can break down the seed’s protective outer 
layer, making the lignans more accessible for absorption. Sprouting certain seeds, 
grains, or legumes can increase the bioavailability of phytoestrogens, including lig-
nans. Consuming lignan-rich foods with sources of healthy fats, such as nuts, seeds, 
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or avocados, may enhance the absorption of fat-soluble lignans. Fermentation can 
also increase the availability of phytoestrogens.

Beyond the aforementioned examples, various fruits, vegetables, nuts, and seeds 
also contribute to our dietary intake of phytoestrogens. This diverse range of sources 
highlights the prevalence of these compounds in our diets and focuses on the need for 
further research to understand their potential impact on human health. Next, we will 
explore the distinct properties and biological activities of these phytoestrogen classes, 
shedding light on their role in metabolic diseases and their antioxidant capabilities.

2.2 Estrogenic activity

Phytoestrogens closely resemble the structure of estrogen (Figure 1) and are cur-
rently a major focus of research in the field of metabolic health. These natural sub-
stances, which are present in a wide range of plants, interact with the body’s estrogen 
receptors, thereby influencing hormonal functions and physiological reactions. This 
characteristic forms the basis of their potential utility in managing metabolic diseases. 
Isoflavones, notably genistein and daidzein found in soybeans, are prime examples 
of phytoestrogens with significant estrogenic activity [2, 8]. Their ability to bind to 
estrogen receptors facilitates cellular responses similar to those triggered by natural 
estrogen. This interaction holds implications for various health aspects, ranging from 
bone density modulation to cholesterol level regulation [11].

Lignans, particularly abundant in flaxseeds, such as secoisolariciresinol and 
matairesinol, also exhibit estrogenic potential. Their interaction with estrogen recep-
tors can mimic estrogen’s actions, contributing to hormonal balance and potentially 
offering protection against conditions like osteoporosis [12]. Red clover, another key 
source, contains isoflavones like formononetin and biochanin A, which exhibit estro-
genic effects. Additionally, the presence of coumestrol, a coumestan found in various 
clover species, though less studied, indicates its potential role in hormonal health due 
to its affinity for estrogen receptors [13]. Hops, particularly rich in the flavonoid xan-
thohumol, expand the diversity of phytoestrogens in the diet [14]. These compounds 
interact with estrogen receptors, adding to the overall estrogenic activity observed in 
phytoestrogen-rich foods.

The unique interaction of phytoestrogens with estrogen receptors has sparked 
considerable scientific interest, especially regarding their potential therapeutic 
applications in metabolic diseases [3, 4, 11]. Research has been exploring how these 
compounds, through their estrogenic activity, may enhance insulin sensitivity, 
regulate glucose metabolism, and affect adipose tissue function [15]. Their role in 
cardiovascular health, particularly in regulating lipid profiles, blood pressure, and 
endothelial function, is also under investigation [16]. Moreover, the estrogen-like 
effects of phytoestrogens on bone health offer potential benefits in preventing 
osteoporosis [17].

The complex interplay between phytoestrogens and estrogen receptors demon-
strates a delicate balance within the body’s endocrine system. This relationship not 
only underlines the potential therapeutic applications of phytoestrogens but also 
highlights the importance of dietary sources rich in these compounds. Foods like 
soybeans, flaxseeds, clover, and hops are not just nutritionally valuable but also offer 
potential health benefits due to their phytoestrogen content. As research progresses, 
our understanding of the multifaceted effects of phytoestrogens is expected to 
deepen. This knowledge will be crucial for developing innovative strategies to lever-
age phytoestrogens in promoting health and well-being, particularly for individuals 
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dealing with metabolic disorders. The exploration of phytoestrogens thus represents 
a significant area of interest in nutritional science and therapeutic research, with the 
potential to impact public health positively.

3. Phytoestrogens and metabolic diseases

Phytoestrogens, natural compounds found in plants, have shown promise in 
influencing metabolic health [8]. Notably, isoflavones, prevalent in soybeans and 
legumes, exhibit potential in improving insulin sensitivity, holding promise for type 
2 diabetes management [15]. Additionally, phytoestrogens may play a role in regulat-
ing adipose tissue metabolism, suggesting their relevance in addressing obesity [4]. 
Their potential impact on cardiovascular health is also noteworthy, with evidence 
suggesting benefits in blood pressure regulation and cholesterol levels [18]. Moreover, 
lignans from sources like flaxseeds and sesame seeds show promise in supporting 
bone health, indicating potential adjunctive treatments for osteoporosis. This section 
illuminates the multifaceted contributions of phytoestrogens to various facets of 
metabolic well-being.

3.1 Type 2 diabetes mellitus

Type 2 diabetes mellitus (T2DM) represents a significant global health challenge 
characterized by insulin resistance and impaired glucose metabolism. In this context, 
phytoestrogens have emerged as a focal point of research, particularly regarding their 
potential to improve insulin sensitivity and glucose regulation. Among the diverse 
phytoestrogen sources, soybeans and flaxseeds have shown considerable promise in 
mitigating the complexities associated with T2DM [18].

Isoflavones, primarily found in soybeans (Glycine max L.), such as genistein and 
daidzein, have been the subject of extensive studies. These compounds have been 
observed to enhance insulin sensitivity and modulate glucose metabolism, acting 
as insulin sensitizers and potentially reducing insulin resistance. Flaxseeds (Linum 
usitatissimum L.), rich in lignans like secoisolariciresinol diglucoside and matairesinol, 
present an alternative phytoestrogen source with demonstrated efficacy in T2DM. 
Studies also indicate that lignan supplementation in T2DM patients led to improved 
glycemic control, highlighting their potential role in managing this metabolic disor-
der [19]. Expanding beyond soybeans and flaxseeds, red clover (Trifolium pratense 
L.), with its rich content of isoflavones like formononetin and biochanin A, has also 
shown potential in improving insulin resistance. This was evidenced in research by 
Liu et al. in 2013 (published in the American Journal of Clinical Nutrition), suggest-
ing that red clover isoflavones could offer additional benefits in T2DM treatment 
 strategies [20].

The inclusion of phytoestrogen-rich foods like soybeans, flaxseeds, and red clover 
in dietary regimes may provide comprehensive benefits in the management of T2DM. 
Furthermore, exploring other sources such as pumpkin seeds (Cucurbita pepo), 
known for their lignan content, and chia seeds (Salvia hispanica), rich in alpha-
linolenic acid and lignans, broadens the scope for personalized dietary approaches 
to metabolic health. This expanding research on phytoestrogens and their influence 
on metabolic disorders like T2DM highlights their potential as adjunctive therapeu-
tic agents [19]. As our understanding deepens, integrating these phytoestrogens 
into dietary and therapeutic strategies presents a promising frontier in the holistic 
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management of T2DM, potentially enhancing standard treatment protocols and 
improving patient outcomes.

Potential Contraindications: Some diabetes medications may interact with phy-
toestrogens in foods like soy and supplements. Sulfonylureas, such as glipizide and 
glyburide, stimulate insulin release and excessive phytoestrogen intake can affect 
blood sugar levels, potentially leading to hypoglycemia. Thiazolidinediones like 
pioglitazone and rosiglitazone improve insulin sensitivity, and phytoestrogens, 
particularly isoflavones, may have similar effects, potentially influencing medication 
efficacy. Alpha-glucosidase Inhibitors, such as acarbose and miglitol, slow carbo-
hydrate digestion, but excessive dietary fiber from sources like flaxseeds or whole 
grains can impact medication absorption. While DPP-4 inhibitors like sitagliptin and 
saxagliptin enhance insulin release, monitoring blood glucose levels is advisable if 
significant dietary changes involving phytoestrogens are made.

3.2 Obesity

Phytoestrogens, naturally occurring compounds found in various plants, have 
become a focal point in obesity research due to their potential role in modulating adi-
pose tissue metabolism and reducing fat accumulation. Their effects on lipid profiles 
and adipogenesis suggest they could be valuable in combating obesity.

Soybeans (Glycine max L.), known for their rich isoflavone content, including 
genistein and daidzein, have shown promise in regulating adipose tissue. Research 
has particularly highlighted genistein’s ability to modulate adipogenesis, which is the 
process of developing mature fat cells from precursor cells. By inhibiting adipocyte 
differentiation, genistein may help regulate fat accumulation, offering a potential 
pathway for managing obesity [21]. Flaxseeds (Linum usitatissimum L.) are another 
significant source of phytoestrogens, especially lignans like secoisolariciresinol diglu-
coside and matairesinol. Studies indicate that these lignans may positively influence 
body composition by reducing fat mass, suggesting their utility in weight manage-
ment strategies [22].

Red clover (Trifolium pratense L.), with its isoflavones formononetin and bio-
chanin A, also emerges as a noteworthy player in the obesity context. Research sug-
gests that these compounds may impact lipid metabolism, contributing to decreased 
fat accumulation [23]. Additionally, Pueraria (Kudzu) (Pueraria lobata (Willd.) 
Ohwi), rich in isoflavones like puerarin and daidzein, has attracted attention for its 
potential to improve lipid profiles. Studies demonstrate that puerarin might reduce 
total cholesterol and triglycerides, positioning it as a promising compound for obesity 
management [24].

The scope of phytoestrogens in tackling obesity extends further. Chia seeds (Salvia 
hispanica), known for their alpha-linolenic acid and lignan content, have been recog-
nized for their potential in weight management [25]. These seeds may aid in improving 
metabolic markers and reducing fat accumulation. Alfalfa (Medicago sativa L.), con-
taining coumestans such as medicagol, presents another interesting avenue in obesity 
research [26]. While coumestans are less studied than isoflavones and lignans, they 
offer a novel area of exploration in the context of metabolic health.

The growing body of evidence underscores the potential of a variety of phytoes-
trogen-rich plants in addressing obesity. As such, there is no specific recommended 
dose of phytoestrogens for managing obesity because individual responses can differ, 
and more research is needed to establish clear guidelines. In animal studies focused on 
obesity and diabetes, soy protein has demonstrated the ability to lower serum insulin 
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levels and improve insulin sensitivity. Human studies, both with and without diabe-
tes, have also indicated that soy protein can help regulate blood sugar levels, reduce 
body weight, lower elevated lipid levels, and decrease excessive insulin production. 
These findings suggest favorable effects of soy protein on both obesity and diabetes. 
However, it is important to note that most of these clinical trials were relatively 
short in duration and involved a limited number of participants. Furthermore, 
the specific components of soy protein and flaxseed responsible for these benefits 
remain uncertain. It is unclear whether isoflavones (such as daidzein and genistein), 
lignans (including matairesinol and secoisolariciresinol), or other compounds play 
the primary role. Isoflavones and lignans are thought to exert their effects through 
diverse mechanisms, including the modulation of insulin secretion in the pancreas 
and antioxidant actions. Each plant offers unique phytochemicals, contributing to a 
diverse spectrum of bioactive compounds that may aid in the management of obesity. 
This expanding field of research highlights the importance of phytoestrogens in 
developing comprehensive dietary and therapeutic strategies for obesity manage-
ment, enhancing our understanding of their role in metabolic health.

Potential contraindications: While there is generally no direct contraindication, 
individuals taking obesity medications such as orlistat, phentermine-topiramate, 
bupropion-naltrexone, or liraglutide should be cautious of potential interactions with 
phytoestrogen-containing products.

3.3 Cardiovascular diseases

The role of phytoestrogens in cardiovascular disease prevention is gaining increas-
ing attention due to their varied and significant effects on heart health. These natu-
rally occurring compounds, found in a variety of plants, have been linked to multiple 
benefits that collectively reduce the risk of cardiovascular diseases. Isoflavones from 
soybeans, particularly genistein and daidzein, have been extensively studied for their 
cardiovascular benefits. Genistein is known to improve endothelial function, which is 
crucial for maintaining the health and elasticity of blood vessels. This improvement 
in endothelial function can lead to better blood flow and reduced risk of arterial 
blockages. Genistein has also been observed to lower LDL cholesterol levels, which is 
essential in preventing the buildup of plaques in the arteries, a major risk factor for 
heart disease. Lignans found in flaxseeds are another group of phytoestrogens with 
cardiovascular benefits. These compounds have been linked to improved blood pres-
sure regulation and healthier lipid profiles. By influencing these factors, lignans can 
significantly reduce the risk of hypertension and atherosclerosis, both of which are 
key contributors to cardiovascular disease.

Genistein has been the subject of numerous investigations. Studies have indicated 
that genistein may improve endothelial function, a critical factor in maintaining 
healthy blood vessels [27]. This property of genistein, along with its potential to 
reduce LDL cholesterol levels, underscores its significance in cardiovascular health. 
Flaxseeds (Linum usitatissimum L.), a potent source of lignans, like secoisolarici-
resinol diglucoside and matairesinol, contribute to the multifaceted approach in 
mitigating cardiovascular risks [28]. Lignans from flaxseeds may contribute to blood 
pressure regulation. Additionally, lignans have been associated with favorable effects 
on lipid profiles, further solidifying their role in cardiovascular health [28]. Red clo-
ver (Trifolium pratense L.), known for its isoflavones formononetin and biochanin A, 
provides another avenue in the pursuit of cardiovascular wellness. Research demon-
strated that red clover isoflavones may lead to modest reductions in LDL cholesterol 
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levels, a pivotal factor in preventing atherosclerosis [29]. Hops (Humulus lupulus L.), 
a plant rich in the compound xanthohumol, shows promise in cardiovascular health. 
Studies suggest that xanthohumol may contribute to reducing LDL cholesterol oxida-
tion, an essential step in preventing atherosclerosis [30, 31]. Pomegranate (Punica 
granatum), known for its rich content of ellagitannins, offers potential benefits for 
cardiovascular health [32]. Research indicated that pomegranate polyphenols may 
contribute to the inhibition of LDL cholesterol oxidation, a crucial step in preventing 
plaque formation [33].

Additionally, Black cohosh (Actaea racemosa L.), containing triterpene glycosides, 
like cimicifugoside and actein, may also play a role in cardiovascular health [34]. 
Though less studied in this context, emerging research suggests that compounds 
within black cohosh may contribute to cardiovascular wellness through their diverse 
biological activities [35]. Alfalfa (Medicago sativa L.), a plant rich in coumestans, like 
medicagol, may contribute to cardiovascular health [36].

The diverse range of phytoestrogens, each with unique properties, collectively 
contribute to heart health. They work by improving endothelial function, lowering 
harmful cholesterol levels, reducing blood pressure, and preventing the oxidation 
of LDL cholesterol. Incorporating phytoestrogen-rich foods into the diet could be a 
valuable strategy for reducing the risk of cardiovascular diseases.

Potential Contraindications: Potential interactions and contraindications exist 
between certain cardiovascular medications and phytoestrogens. For instance, 
warfarin showed interaction with phytoestrogen-rich foods. Grapefruit juice, con-
taining phytoestrogens, can interact with statins like atorvastatin and simvastatin. 
Beta-blockers such as metoprolol and atenolol could be affected by the mild blood 
pressure-lowering effects of isoflavones in soy. While there are no direct contrain-
dications, individuals on antihypertensive medications like angiotensin-converting 
enzyme (ACE) inhibitors and calcium channel blockers need to be mindful of 
potential interactions when consuming phytoestrogen-rich foods, monitoring blood 
pressure as needed.

3.4 Osteoporosis

Osteoporosis is a prevalent bone disease characterized by reduced bone mass 
and deteriorating bone tissue, leading to increased fracture risk [37]. This condi-
tion is particularly common among postmenopausal women due to the decrease in 
estrogen levels, a hormone vital for bone health [38]. Phytoestrogens have shown 
potential in mitigating the risk and progression of osteoporosis, primarily due to 
their estrogen-like effects. The mechanism behind the beneficial effects of phy-
toestrogens on bone health is primarily linked to their ability to bind to estrogen 
receptors in the body. This binding can help compensate for the decreased estrogen 
levels in postmenopausal women, a key factor in the development of osteoporosis. 
Phytoestrogens can modulate the activity of osteoclasts (cells that break down 
bone tissue) and osteoblasts (cells that build new bone), helping to maintain a 
balance in bone remodeling. Moreover, phytoestrogens have antioxidant properties 
(explained in the later section of this chapter), which may help protect bone tissue 
from oxidative stress and inflammation, further contributing to their osteoprotec-
tive effects.

Isoflavones are the most studied phytoestrogens in the context of bone health. 
They have been shown to positively influence bone mineral density (BMD). Studies 
suggest that isoflavones like genistein and daidzein may help in preserving BMD in 
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postmenopausal women, potentially reducing the risk of osteoporotic fractures [39]. 
Lignans are abundant in flaxseeds, sesame seeds, and whole grains. They are con-
verted into enterolignans by intestinal bacteria, which then exert estrogenic effects. 
Research indicates that lignan intake is associated with improved bone turnover 
markers and could be beneficial in maintaining bone density, particularly in post-
menopausal women [40]. Coumestans, less common but present in foods like alfalfa 
and clover, also exhibit estrogenic properties and may play a role in bone health, 
although more research is needed in this area [41].

In addition to flaxseeds and sesame seeds, chia seeds (Salvia hispanica) represent 
another notable source of lignans. The presence of alpha-linolenic acid, an omega-3 
fatty acid, in chia seeds further complements their potential in supporting bone 
health. Omega-3 fatty acids have been associated with anti-inflammatory effects, 
which can contribute to a favorable bone environment [42]. Hops (Humulus lupulus 
L.) has also shown promise in bone health. Studies suggest that xanthohumol may 
have a protective effect on bone density, making it an intriguing subject for further 
investigation [43]. Red clover (Trifolium pratense L.) may have a positive impact on 
bone health in postmenopausal women [44].

It is important to note that while phytoestrogens, including lignans, present prom-
ising potential in supporting bone health, they are most effective when integrated 
into a comprehensive approach to osteoporosis management. This approach includes 
a balanced diet rich in essential nutrients for bone health, weight-bearing exercises, 
and, when necessary, conventional medical interventions. The diverse array of plants 
and their corresponding phytoestrogen compounds offer intriguing possibilities for 
the preservation of bone integrity. Lignans from flaxseeds, sesame seeds, and chia 
seeds, along with compounds from hops and red clover, exemplify nature’s potential 
contributions to the fight against osteoporosis.

Potential Contraindications: Potential interactions and contraindications may exist 
between certain osteoporosis medications and phytoestrogens. Bisphosphonates like 
alendronate and risedronate may be affected by excessive calcium intake from soy, 
potentially impacting medication absorption. Selective estrogen receptor modulators 
(SERMs) like raloxifene, which have estrogenic effects, may interact with phytoestro-
gens, possibly leading to additive estrogenic effects on bone health.

4. Antioxidant roles of phytoestrogens

Phytoestrogens, derived from plants, possess robust antioxidant properties. 
They excel in neutralizing harmful free radicals, inhibiting lipid peroxidation,  
and bolstering the body’s enzymatic and nonenzymatic antioxidant defenses.  
These actions collectively mitigate oxidative stress, a critical factor in metabolic 
diseases [5].

4.1 Mechanisms of antioxidant action

Phytoestrogens possess powerful antioxidant properties, which stem from their 
ability to scavenge free radicals, inhibit lipid peroxidation, and modulate enzymatic 
antioxidant defenses. These actions collectively contribute to a reduction in oxidative 
stress.

The antioxidant actions of phytoestrogens are multifaceted, involving several key 
mechanisms:
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4.1.1 Free radical scavenging

Phytoestrogens are adept at scavenging free radicals, highly reactive molecules 
that can cause cellular damage. By neutralizing these radicals, phytoestrogens help 
prevent the chain reactions that lead to oxidative stress.

4.1.2 Inhibition of lipid peroxidation

Lipid peroxidation is a destructive process where free radicals attack lipids in cell 
membranes, leading to cellular dysfunction. Phytoestrogens, through their chemical 
structure and reactivity, have the capacity to interrupt this chain of events, preserving 
cellular integrity.

4.1.3 Modulation of enzymatic antioxidant defenses

Phytoestrogens can influence the activity of enzymatic antioxidants within cells. 
These enzymes, such as superoxide dismutase and catalase, are crucial in neutralizing 
harmful reactive oxygen species (ROS). By enhancing their activity, phytoestrogens 
bolster the cell’s defense against oxidative damage.

4.1.4 Enhancement of nonenzymatic antioxidants

In addition to affecting enzymatic defenses, phytoestrogens can boost the levels of 
nonenzymatic antioxidants, such as glutathione and vitamins C and E. These mol-
ecules play pivotal roles in neutralizing ROS and preventing cellular harm.

Notably, different phytoestrogen compounds exhibit varying degrees of anti-
oxidant efficacy. For instance, isoflavones, prevalent in soybeans and legumes, are 
recognized for their potent antioxidant activity [45]. Genistein has been extensively 
studied for its ability to quench free radicals and protect cells from oxidative damage 
[46]. Lignans, found abundantly in flaxseeds, sesame seeds, and whole grains, also 
contribute significantly to antioxidant defenses [47]. Their structural attributes 
allow them to intercept free radicals and impede oxidative stress. Coumestans, 
present in various legumes and sprouts, possess antioxidant capabilities [48]. 
Compounds like coumestrol have demonstrated the capacity to mitigate oxidative 
damage by neutralizing free radicals [49]. Stilbenes, such as resveratrol found in 
red grapes, berries, and peanuts, are recognized for their potent antioxidant effects 
[50]. They are particularly adept at inhibiting lipid peroxidation and preserving 
cellular integrity.

Thus, the antioxidant roles of phytoestrogens represent a crucial aspect of their 
potential health benefits. Their ability to scavenge free radicals, inhibit lipid peroxida-
tion and modulate enzymatic and nonenzymatic antioxidant defenses collectively 
contribute to reducing oxidative stress. Understanding these mechanisms provides 
valuable insights into the potential applications of phytoestrogens in combating 
metabolic diseases and promoting overall health.

4.2 Roles of phytoestrogen’s antioxidant activity in metabolic diseases

The antioxidant capabilities of phytoestrogens extend their benefits beyond mere 
hormonal mimicry, playing a vital role in combating metabolic diseases where oxida-
tive stress is a key perpetrator [51, 52]. This stress, characterized by an overabundance 
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of reactive oxygen species (ROS), is a critical factor in diseases like type 2 diabetes, 
obesity, cardiovascular diseases, and osteoporosis.

In type 2 diabetes, phytoestrogens, especially isoflavones from soybeans, show 
promise in enhancing insulin sensitivity and improving glucose metabolism [53]. They 
achieve this by counteracting oxidative stress through the neutralization of free radicals 
and the inhibition of lipid peroxidation. Genistein, in particular, stands out for its effec-
tiveness in protecting pancreatic beta cells, which are crucial for insulin production [54].

In the realm of obesity, a condition deeply intertwined with oxidative stress, 
phytoestrogens demonstrate a capability to modulate fat metabolism and suppress 
adipogenesis [55]. This effect is particularly significant in maintaining the integrity 
of cells in adipose tissue. The antioxidant properties of compounds like isoflavones, 
lignans from sources like flaxseeds, and stilbenes from red grapes contribute to these 
protective effects [56].

Regarding cardiovascular diseases, oxidative stress is a well-known contributor. 
Phytoestrogens, through their antioxidant actions, scavenge free radicals, inhibit lipid 
peroxidation, and boost enzymatic antioxidant defenses, offering a multipronged 
shield against cardiovascular complications. Specific phytoestrogens like isoflavones 
from soybeans, resveratrol from red grapes, and epigallocatechin gallate (EGCG) 
from green tea have been shown to be particularly effective. These compounds aid in 
lowering blood pressure, reducing levels of harmful LDL cholesterol, and enhancing 
endothelial function, which is pivotal for vascular health [57, 58].

For osteoporosis, characterized by reduced bone density and increased fracture risk, 
phytoestrogens, particularly lignans found in flaxseeds and sesame seeds, are of great 
interest. They safeguard bone health by protecting bone cells against oxidative damage. 
Secoisolariciresinol, a prominent lignan, is notably effective in this regard [59, 60].

Overall, the antioxidant activity of phytoestrogens offers a comprehensive 
approach to mitigating oxidative stress, a central factor in various metabolic diseases. 
By neutralizing harmful free radicals, preventing lipid peroxidation, and enhanc-
ing the body’s own antioxidant defenses, phytoestrogens present a natural and 
multifaceted strategy to address oxidative damage. This highlights the potential of 
incorporating phytoestrogen-rich foods and supplements as valuable components in 
the prevention and management of these metabolic diseases.

5. Conclusion

Phytoestrogens, in the context of metabolic diseases, reveals a fascinating 
spectrum of natural compounds with significant health benefits. These substances, 
structurally similar to estrogen, exhibit both estrogenic and antioxidant activities, 
presenting themselves as potential therapeutic agents in various metabolic disorders. 
This chapter highlighted the roles of different phytoestrogens-isoflavones, lignans, 
and coumestans, in combating metabolic diseases. Their ability to mimic estrogenic 
activity and interact with estrogen receptors offers promising therapeutic avenues in 
conditions like type 2 diabetes, obesity, cardiovascular diseases, and osteoporosis. For 
instance, isoflavones in type 2 diabetes improve insulin sensitivity, while lignans in 
osteoporosis enhance bone mineral density.

The antioxidant capabilities of phytoestrogens further broaden their therapeutic 
scope. By scavenging free radicals, inhibiting lipid peroxidation, and bolstering 
enzymatic antioxidant defenses, they offer protection against oxidative stress, a 
common factor in many metabolic diseases. Beyond these, the exploration of a variety 
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of phytoestrogen-rich plants like grapes, berries, green tea, and alfalfa showcases 
the vast potential of these compounds in metabolic health. Thus, phytoestrogens 
represent a burgeoning field in the management of metabolic diseases. Their unique 
properties and diverse mechanisms of action open up new possibilities for integrating 
natural approaches with conventional medical treatments. As research advances, the 
role of phytoestrogens in metabolic health is set to become increasingly significant, 
offering a harmonious blend of nature and science in combating these conditions.
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Abstract

Medicinal plants have represented accessible and highly bioavailable remedies in 
traditional therapeutic and preventive practices of numerous populations worldwide. 
Veterinary treatments based on medicinal plants are also widespread, mainly target-
ing the control or prevention of parasitic diseases. Scientific support of the immune-
stimulating efficacy of plants or their extracts in animals is less documented. The 
immunological activity of alcoholic plant extracts was investigated in numerous ani-
mal classes, starting from Pisces, through Reptilia and Aves and reaching Mammalia, 
envisaging their effects on innate and adaptive cell-mediated immunity, which the 
authors mean to share in this chapter, also providing a comparison of variable reactiv-
ity within and between the classes.

Keywords: plant active principles, cell-mediated immunity, Pisces, Reptilia, Aves, 
Mammalia

1. Introduction

Medicinal plants have long served as readily available and highly bioavailable rem-
edies in the traditional therapeutic and preventive approaches of various global popu-
lations. For centuries, a plethora of natural phytochemical compounds derived from 
plants have demonstrated medicinal properties, aiding in healing and disease preven-
tion [1]. The application of phytotherapy in veterinary treatments is also widespread, 
primarily focused on managing or preventing parasitic and infectious diseases. There 
are multiple factors contributing to the growing interest in herbal medications within 
the field of veterinary medicine. One significant factor is the widely held belief in the 
population that medicinal plants are not only effective but also safer when compared 
to synthetic compounds. Additionally, a key driver is the economic aspect, given that 
herbal treatments often prove to be more cost-effective than traditional interven-
tions [2, 3]. Phytotherapeutic remedies offer a viable alternative for treating organic 
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livestock, eliminating the need for synthetic drugs. However, there is comparatively 
limited scientific documentation supporting the immune-stimulating effectiveness of 
plants or their extracts in animals.

Medicinal plants, rich in various bioactive components, have found widespread 
application in the development and synthesis of drugs, such as aspirin. The field of 
natural product chemistry has expanded globally, aiming to explore increasingly potent 
and cost-effective drugs with minimized side effects [4–6]. Medicinal plants have the 
capability to regulate the innate immune system by boosting the activity of protease 
inhibitors and lytic enzymes within immune cells and molecules, enabling them to 
respond effectively against invading pathogens [4, 7, 8]. The bioactive compounds com-
monly found in aromatic plants typically exist in mixtures, predominantly composed of 
phenolics and terpenes, which are chemically identified by their aromatic rings [9].

Phytogenics sourced from the Lamiaceae family, formerly called Labiatae [10] are 
widely used plant-based additives in livestock and aquaculture [11–14]. The Lamiaceae 
family, consisting of over 7000 species grouped into approximately 240 genera, is 
widely distributed around the globe, exhibiting diverse heights and habitats [10, 15]. 
Members of this botanical family display diverse morphological characteristics, 
appearing as herbs, herbaceous plants, shrubs, or tree species [16]. Within them, 
numerous aromatic and medicinal plants are found, widely utilized across traditional 
and modern medicine, the food industry, and cosmetics [17, 18]. Extracts prepared 
from these plants yield bioactive compounds utilized for their growth promotion, anti-
microbial, antioxidant, antitumoral, immunostimulant, anti-inflammatory, antiviral, 
antifungal, insecticidal, sedative, antiangiogenic, neuroprotective, and carminative 
potential [10, 12, 19, 20]. Phenolics and terpenes represent a category of volatile 
bioactive compounds derived from plants, possessing medicinal and biotechnological 
significance. Phenolic compounds, including monoterpenes such as carvacrol and its 
isomer thymol, have been subject to extensive study [12, 21, 22]. These compounds 
serve as the primary constituents in essential oils extracted from a variety of aromatic 
plants belonging to the Lamiaceae family. The most well-known members of this fam-
ily include a variety of aromatic spices like thyme, mint, oregano, basil, sage, savory, 
rosemary, self-heal, hyssop, lemon balm, and some others with more limited use [23]. 
Animal feeds can be enhanced by incorporating natural additives such as oregano 
(Origanum vulgare L) and thyme (Thymus vulgaris-L). These aromatic herbs, rich in 
bioactive compounds, not only contribute to the flavor profile of animal products 
but also offer potential health benefits. Research suggests that certain components in 
oregano and thyme, such as phenolics and terpenes, may have antimicrobial, anti-
oxidant, and immunomodulatory properties, making them valuable supplements in 
animal nutrition. Including these herbs in animal diets can be a holistic approach to 
promoting both palatability and potential health advantages in livestock and poultry.

Immunosuppressive diseases present a significant risk to the well-being and 
efficiency of livestock, including pigs and poultry, leading to financial losses for pro-
ducers. These diseases can be initiated by diverse factors, including viral, bacterial, 
and parasitic infections, as well as stressors related to the environment and manage-
ment, such as insufficient nutrition or overcrowding [1]. These illnesses can weaken 
the animal’s immune system, making it more vulnerable to secondary infections and 
reducing its ability to fight against pathogens [24].

Understanding the mechanisms of immune processes and improving the possibili-
ties for their control are particularly important [25]. The immune system comprises 
an intricate network of both innate and adaptive components, possessing an excep-
tional ability to adapt and respond to a wide array of challenges [26].
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The inherent physiological reactions of all living organisms against invading 
pathogens represent fundamental host responses. Prokaryotes, in particular, protect 
themselves through the utilization of restriction enzymes and clustered regularly 
interspaced palindromic repeats (CRISPRs), enabling the degradation of foreign 
pathogens attempting to invade [27].

The training and development of key components in the host’s innate and adap-
tive immune system are significantly influenced by the microbiome [26, 28–30]. The 
emergence of specific branches within the immune system, especially those linked to 
adaptive immunity [30], has occurred alongside the evolution of a complex microbi-
ota [26]. The close interplay between the microbiome and the immune system implies 
that enhancing the resident microbiome, whether through pre/probiotic supplements 
or appropriate interventions to prevent the disruption of microbial communities, can 
strengthen immune defenses [28, 31].

Some of the best known immunologically active plant extracts are the lectins, such 
as phytohemagglutinin M or P (American pokeweed, Fam. Phytolaccaceae, Genus 
Phytolacca) or concanavalin A obtained from Canavalia ensiformis (L.) DC. (jack-
bean, Fam. Fabaceae, Genus Canavalia), as a mitogen to prompt T-lymphocyte cell 
division, stimulating proliferation by causing an increase in cAMP [32].

Similarly, the nettle family, Urticaceae, include a numerous number of well-
known and useful plants, including the genus Urtica, Boehmeria, Pipturus, and 
Debregeasia (about 2625 species, 53 genera). Urtica dioica L., as one of the best-known 
representatives, contains numerous compounds, including phenols, sterols, fatty 
acids, alkaloids, flavonoids, lignans, and terpenoids. Ther plant is used for its antioxi-
dant, anti-inflammatory, antimicrobial, antiparasitic, protective for cardiovascular, 
nervous and digestive systems, antidiabetic and antiaging properties [33].

The immunological activity of alcoholic plant extracts was investigated in numer-
ous animal classes, starting from Pisces, through Reptilia and Aves and reaching 
Mammalia, envisaging their effects on both innate and adaptive immune system 
branches, which the authors mean to share in this chapter, also providing a compari-
son of variable reactivity within and between the classes.

2.  Plant active principles and innate cell-mediated immune response in fish

The immune system in fish, similar to higher vertebrates, includes both the innate 
and adaptive immune systems [5, 34]. The defense system of fish bears numerous 
similarities to the immune system of higher vertebrates, being well developed and 
integrated. In fish, the season and temperature changes are two factors that strongly 
influence both the immune response and antibody synthesis [35]. Although significant 
progress has been made in recent years regarding the immune system in fish, it is neces-
sary to expand research on characterizing defense cell populations and their mecha-
nisms of action. The thymus, spleen, kidneys, and the ontogenetic lymphoid process are 
the main lymphoid organs in fish [36]. Immunity in fish, like in other animal categories, 
represents their ability to cope with the attack of specific pathogens, whether they 
are viruses, bacteria, or parasites [37]. The environmental temperature significantly 
affects the immune response of fish, as they are among the most primitive organisms 
that possess an adaptive immune system consisting of lymphocytes, immunoglobulins, 
major histocompatibility complex (MHC), and, last but not least, T-cell receptors 
(TCR) [36]. According to studies, pathogens on the body surface or those that enter the 
immune organisms can be destroyed or only attenuated. On the other hand, it seems 
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that the state of immunity is what limits the possibility of attachment of ectoparasites or 
intestinal parasites [38]. Researchers believe that humoral factors are present in tissues, 
internal fluids, and the mucus layer, including lysozyme, alexin, interferon, and proper-
din. Fish produce lysozyme, lectins, complement, and acute-phase proteins (C-reactive 
proteins, amyloid A and P). The complement system intervenes against pathogens and 
inflammatory processes, playing a crucial role in both humoral and cellular immunity 
[39]. The presence of complement in the tegument mucus has been highlighted, provid-
ing it the ability to act as a primary defense barrier for the organism [40].

In several fish species, the use of monoclonal antibodies has allowed the identifica-
tion of the two types of lymphocytes, namely B lymphocytes and T lymphocytes [34]. 
According to studies by Scapigliati et al. [41], few recognize peripheral T cells, and 
a majority of these antibodies are directed against immunoglobulins and B cells that 
carry Ig on their surface.

Due to limited data on the ontogeny and differentiation of lymphoid cells in 
fish, researchers have employed monoclonal antibodies for the superior phenotypic 
characterization of these lymphocytes and various cellular subpopulations [42].

Knowledge of the degree of development of both the immune system and its 
functions play a crucial role. The organization and functioning of the immune system 
in all its complexity are directly influenced by the phylogenetic development of the 
organism [26]. The presence of suitable receptors and effectors is what determines 
both the functioning and accuracy of the immune response [43, 44].

Phagocytosis in fish represents one of the main innate immune mechanisms 
targeting immediate defense. The in vitro testing of phagocytosis can not only reveal 
the antimicrobial reactivity of Pisces but also help in identifying cellular responses to 
environmental compound, thus testing the effects of plant chemical compounds on 
fish phagocytes. Farmed fish (Onchorhyncus mykis) are exposed to farming technol-
ogy (housing, feeding, nests, grouping, anti-parasitic and other treatments, etc.) 
and temperature changes in the aquatic habitat due to microclimate changes, which 
will presumably induce stress and impaired leukocyte function. Under these circum-
stances, we hypothesized that an immune-modulating treatment should stimulate the 
innate cell-mediated immune response. Mint, present on the banks of the rivers where 
trout species naturally dwell, containing as biologically active ingredients volatile oils 
(comprising menthol, menthone, menthyl acetate, pinene, limonene, cineole, and 
flavonoids such as rutin and rosmarinic acid) could alleviate the immune suppression 
induced by thermal stress in farmed rainbow trout.

In an in vitro experiment using Mentha piperita L. (Order Lamiales, Fam. 
Lamiaceae, Genus Mentha) alcoholic extract prepared in concordance with the 
provision of the German Pharmacopeia in a carbon particle inclusion test [45], we 
demonstrated (Figure 1) that temperature of the season significantly influenced 
the leukocyte numbers and subpopulations; therefore, the immune cell-stimulating 
activity of the alcoholic mint due to its active principles proved to be a temperature-
boosted process, which probably stimulated both the monocytes and the heterophiles, 
more intensely during summer than during winter (p < 0.05) [46].

The mint alcoholic extract was used relying on no harmful effects reported in the 
literature and in dosages defined in previous in vitro studies, (unpublished data), in 
an amount of 20 μL/2 mL (v/v) [46].

Similarly, the in vitro lymphocyte blast transformation test offers valuable informa-
tion on how the adaptive immune system is ready to fight infections, by contact between 
the lymphoid cells and lectins, PHA and ConA. Testing the capacity of fish leukocytes 
to respond in an in vitro whole blood system (Figure 2) [45] to stimulation with lectins 
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indicated that there were no significant differences between the mitogens used (PHA, 
ConA, and bacterial lipopolysaccharide), but their efficacy in fish was poor.

3. Reptilia and their immune reactivity to plant extracts

The immune system of reptiles has been studied to a much-reduced extent  compared 
to that of mammals, birds, or even fish and amphibians, probably due to their reduced 
economic impact. Further, the possibility of working with a high number of these indi-
viduals is minimal, for reasons such as their conservation and protection, the difficulty 
of keeping them in captivity, and so on [47]. Still, several research have investigated 
the ability of the immune system of reptiles to respond to antigenic challenges indicat-
ing the presence of agglutinating and neutralizing antibodies to various bacteria and 
viruses; all responses appear to be T-lymphocyte dependent [48]. In snakes, the immune 

Figure 1. 
The phagocytic activity induced by the alcoholic mint extract in fish: There was a statistically significant increase 
(p < 0.05) in the carbon particle engulfment activity over the 0 to 30-minute in vitro testing period in summer 
(columns in orange) versus winter (blue columns), which indicated a potential stress-alleviating activity of the 
plant. Phagocytosis was measured during three periods of incubation 0 to 15 min and 15 to 30 min and overall 
activity from 0 to 30 min.

Figure 2. 
The in vitro cell-mediated response to plant and bacterial lectins in fish: PHA and ConA induce non-significantly 
lower activation of fish lymphocytes when compared to bacterial lectin LPS (when compared to control culture 
M, there was a 8.2% decrease in PHA-treated variant, while the lectins induced only a 2.9% - LPS and 5.6% - 
PHA decrease, respectively).
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response can vary depending on a number of extrinsic factors, such as nutritional 
status, environmental temperature, population density, season, and other ecological 
factors, while stress caused by capture or transport, various infections, and metabolic 
imbalances can also diminish immune processes [49]. It appears that the kinetics and 
amplitude of the humoral immune response correlated with the development of lym-
phoid tissues are affected by seasonal variations [50]. Secondary immune response has 
also been highlighted in some reptiles. Antibody-secreting cells have been demonstrated 
in the spleen, bone marrow, and peripheral blood but not in other lymphoid tissues such 
as the thymus or the cloacal complex [48]. Two classes of immunoglobulins IgM and a 
non-IgM (IgY)—the homolog of IgA found in mammals—have been described [51], the 
syntheses of which are temperature dependent [52–56]. Immunoglobulin classes of IgA, 
IgD, and IgE have not been identified in reptiles [57].

Cell-mediated immunity has been investigated by means of spleen cell transplan-
tation and skin allografts and xenografts [53, 54, 58]. It must be taken into account 
that the conditions encountered by snakes in laboratories are not similar to those in 
nature (in terms of temperature conditions, day-night cycles, microhabitat, food, 
etc.); these “immuno-ecological” considerations can profoundly affect the “perfor-
mance” of the immune system [47].

Testing the influence of lectins on two different species of turtles, Trachemys scripta 
elegans and Emys orbicularis (Figure 3), revealed a temperature-dependent response, 
with similar patterns in both species for the same season. Both lectins similarly increased 
the lymphocyte responses to the lectins when comparing the same season, while 
significant differences were observed due to the presence or absence of hibernation and 
between winter versus spring/summer (p < 0.001)(Köbölkuti, unpublished data).

In snakes (Vipera berus, Vipera amodytes), the PHA exerted a non-significantly 
different stimulation, still being useful to evaluate the response potential of the 
cell-mediated immunity [59]. No statistically significant differences were recorded 
between cultivation variants (Figure 4) or species, while the animals were hibernat-
ing, at an incubation temperature of 20°C, but there were differences between species 
(p = 0.002 in V. berus and p = 0.007 in V. ammodytes).

Figure 3. 
In vitro cell-mediated seasonal response to plant lectins in turtles: PHA and ConA induced comparable activation 
of turtle lymphocytes during spring and summer but significantly (p < 0.01) decreased in winter. The activation 
(%) values were compared to untreated controls © in all seasons (red frame = winter, purple frame = spring, green 
frame = summer). Tse = Trachemys scripta elegans, Eo = Emys orbicularis; the blue and orange squares next to Tse 
indicate the presence and absence of hibernation, respectively; the same applies for gray and yellow squares next to Eo.
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Thus, it was concluded that the lifecycle rather than the species/variety influences 
the immune response to plant lectins in Viperinae.

4.  Aves: a new evolutionary approach to improved immune responsiveness

In birds, in contrast to mammals, one of the primary lymphoid organs is the 
bursa of Fabricius, a gut-associated lymphoid tissue [60], characterized by 12–15 
folds containing follicles, an organ designed for the maturation of B lymphocytes, 
with lymph nodes being absent [61]. The medullary portion of the follicles develops 
between embryonic days 11 and 13, while the cortical region’s development begins 
around the time of hatching and concludes by the end of the second week of life. 
However, regarding the immune system, the differences between birds and mammals 
are not limited to this aspect [62]. Due to the lack of cross-reactivity for the three 
classes of immunoglobulins, namely IgA, IgM, and IgG, distinct names have been 
recommended, despite the immunoglobulin structures of birds being similar to those 
of mammals. Additionally, in birds, some immune-competent cells, such as T lym-
phocytes that lack receptors for erythrocytes, exhibit differences compared to those 
in mammals. Since the immune response in birds is conditioned by a set of factors 
different from those encountered in mammals, there is a need for organs, effectors, 
and regulatory mechanisms to ensure the appropriate amplitude of the immune 
response. Within the bursa of Fabricius, where B lymphocytes undergo differentia-
tion, researchers have established that the fundamental mechanism of the immune 
response in birds closely resembles that in mammals [63]. Bursa-dependent B cells 
exclusively handle antibody production in birds. The chicken bursa serves as a valu-
able animal model for exploring B cell differentiation and function due to its distinct 
role in B cell development and its convenient anatomical accessibility on specific days 
[61, 64]. Although there is currently a wealth of data regarding the complexity of 
effector immune mechanisms in birds, many aspects related to the mode of action, 
especially lymphocytic interaction, in assessing the exact role of bursa of Fabricius, 
and elucidating the evolution of the B lymphocyte, remain not fully understood [65]. 
It is possible that the unresolved aspects concerning the biology of avian lymphocytes 
may be due to the lack of suitable markers, such as the formation of E rosettes, which 
could serve as a basis for preparative procedures [66]. The antibodies found in birds, 
especially in chickens, do not activate the human complement system and do not react 

Figure 4. 
Stimulation indices recorded by the in vitro blast transformation test for Viperinae lymphocyte growth: no 
significant differences between the variants during hibernation (there was a slight increase of 12.12% in the PHA 
co-cultivated variant versus untreated control).
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with rheumatoid factor, nor with murine anti-IgG antibodies or human or bacterial Fc 
receptors, unlike those in mammals [66, 67]. Among the immune effectors found in 
birds are T lymphocytes, B lymphocytes, macrophages, natural killer cells (NK cells), 
cytotoxic T lymphocytes, and antigen-presenting cells (APC). Research has high-
lighted the presence of two functionally distinct cell types in birds, analogous to those 
in mice, namely TH (helper T cells) and TS (suppressor T cells). These cells can inter-
act with both T and B lymphocytes [61, 68]. In contrast to other organisms, in birds, 
activated B lymphocytes at the plasmocyte stage produce three types of antibodies: 
IgG/IgY (serum/yolk), IgM, and IgA [69]. In birds, antibody-dependent cellular 
cytotoxicity (ADCC) is the ability of an adherent cell with phagocytic capacity, non-T, 
non-B, equipped with Fc receptors, to exhibit activity against syngeneic or allogeneic 
erythrocytes. Antigen-presenting cells are activated under the influence of molecular 
factors and cytokines [70]. In the absence of antigenic stimulation, the transformation 
of the immune system appears to follow a well-established pattern [71].

Urtica dioica (stinging nettle), a plant well known for the biological properties of its 
phenolic compounds, could be considered as a natural alternative source for possible 
applications in industrial areas, such as food/feed, cosmetics, and also phytomedicine. 
Its anti-oxidative capacity was considered the foundation of its biological activities, 
which still depends on the habitat and external factors that influence its composition.

In a study aiming to investigate the effect of pollution on the efficacy of the active 
compound of the stinging nettle [72], changes in body weight, total leukocyte num-
bers (TL), and delayed type hypersensitivity (DTH) were monitored in 28 day-old 
chickens (n = 12/group) injected subcutaneously twice (days 0 and 7), with 0.5 ml of 
alcoholic nettle extracts harvested from both unpolluted and polluted areas, against 
untreated and 700 alcohol-treated controls. No significant changes were recorded 
for the weight gain/period between groups from polluted and unpolluted areas. 
Nevertheless, the total leukocyte numbers decreased in the group from polluted areas, 
this change being reflected by the local hypersensitivity test (wattle test), the size of 
the infiltration being diminished by the extract from the unpolluted area.

Investigations of the in vitro effects of lectins in adult hens vaccinated against 
Newcastle disease (day 0, day 14) during a three-week experiment indicated that 
the reactivity of the birds increased gradually versus PHA and ConA toward the end 
of the experiment, with a more pronounced stimulation capacity of the Canavalia 
ensiformis (L.) DC. than that of Phytolacca americana L. (unpublished data, Table 1).

A comparison of reactivity in Pisces, Reptilia, and Aves to the lectins of Canavalia 
ensiformis (L.) DC. and Phytolacca americana L. indicated a gradual increase parallel-
ing the phylogenetic progress of the species.

Rec. Control PHA LPS Con

Day 0 69.27 ± 13.31 64.20 ± 81.90 68.66 ± 10.67 67.12 ± 12.79

Day 9 59.57 ± 11.20 52.99 ± 9.09 54.87 ± 11.1 56.21 ± 7.28

Day 21 67.37 ± 6.11 70.93 ± 12.73 77.23 ± 21.2 76.22 ± 12.23

Rec = sampling on days 0, 9, and 21; Control = untreated variant; PHA = phytohaemagglutinin M of Phytolacca 
americana L.; LPS = lipopolysaccharide of bacterial cell wall; Con = concanavaline A of Canavalia ensiformis (L.) 
DC. Values are expressed as arithmetic means ± standard error.

Table 1. 
Stimulation indices in hens subjected in vitro to antigenic stimulation: The increase in the LPS activity when 
compared to that of PHA and ConA indicated an increased activity of B lymphocytes.
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5. Mammalia: are they top responders?

In mammals, the initial defense mechanism consists of physical barriers such as the 
skin and mucosal membranes [73, 74]. The epithelial cells from respiratory, gastrointes-
tinal, and urogenital tracts not only create mechanical barriers but also release various 
antimicrobial factors, such as antimicrobial peptides and defensins, with a crucial role 
in the innate immune response [74, 75]. Other vital cellular components of the innate 
immune system in cattle include neutrophils, NK cells, dendritic cells (DC), gamma 
delta T cells, mucosa-associated invariant, macrophages, and granulocytes [74, 76].

The development of the immune system commences early in gestation across all 
mammalian species. As the fetus grows, the immune system undergoes a multitude of 
changes, with cells emerging and adopting specialized functions [77, 78]. The matu-
ration of the immune system in cattle coincides with embryonic development and 
subsequently progresses during fetal development, leading to an increasingly intricate 
immune response to antigenic stimulation. The development of the immune system 
in calves takes place early during the fetal period. Both sides of the immune response, 
cellular and humoral, develop in parallel [79].

Since 1973, Schultz and colleagues [80] demonstrated that fetal peripheral blood 
lymphocytes are present starting from day 45, while cells carrying IgM are detected 
from day 59, and those carrying IgG emerge from day 135. The stage at which the 
immune system matures is highly significant, allowing the developing organism to 
distinguish between self and non-self antigens. This differentiation helps prevent unde-
sired immune responses against its own components in the future. Therefore, from the 
age of 3 to 4 months of gestation onward, the fetus does not mount an immune response 
to either self or non-self antigens. This immunological tolerance is achieved through the 
T-mediated mechanism, avoiding immune reactions against self and non-self antigens 
that may mistakenly appear outside the first 3 months of gestation [80]. Through in vitro 
stimulation tests, we can assess cellular reactivity. By cultivating cells in the presence 
of polyclonal mitogens that specifically stimulate T lymphocytes, such as phytohemag-
glutinin (PHA) and concanavalin A, we can demonstrate both T lymphocyte reactivity 
and the integrity of intercellular cooperation pathways among antigen-presenting cells 
(APC), T lymphocytes, and B lymphocytes (APC-T-B). The cellular immune system of 
calves can respond to antigenic stimulation from birth. The immune system in calves 
matures progressively, evolving from conception to achieving full maturity around 
6 months after birth; the response varies with age and the structure of the antigen [81]. 
Cellular effectors, both specific and nonspecific, play a significant role in defending 
the organism against infections [25]. They participate in defense mechanisms through 
processes like phagocytosis and pinocytosis, releasing lytic enzymes that contribute to 
the destruction of microorganisms. Cells with the ability to capture, ingest, and digest 
pathogens are actively involved in the phagocytic process [82]. Studies have demon-
strated a notable increase in the blood concentration of γδ T lymphocytes, particularly 
in newborn calves, accounting for 25–30% of peripheral blood leukocytes. In contrast, 
adult cattle typically exhibit values ranging from 3 to 10% [83]. The epitheliocho-
rial type of placenta found in ruminants does not allow the transplacental passage of 
immunoglobulins, resulting in calves being born agammaglobulinemic [84, 85]. Studies 
have indicated that starting from the fourth month of gestation, the fetal response to 
antigenic stimulation in cattle is possible, although the antibodies are IgM, specific 
to a primary response, and they disappear rapidly. Newborns exhibit a lower level of 
immune competence compared to adults, as a consequence of the transient presence of a 
high titer of endogenous corticosteroids during the perinatal period [86].
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Similar to calves, piglets are agammaglobulinemic at birth. Their ability to survive 
is directly reliant on obtaining maternal immunity through the intake of colostrum 
and milk [87]. The protective function of maternal immunity involves various factors, 
particularly specific systemic humoral immunity.

The farmed subjects, representatives of the class as well as the complex structure 
and functionality of the mammalian immune system, trigger numerous studies 
targeting the value of alternative immune-stimulating therapies in those species.

In a study researching the adjuvant and immune cell-stimulating potential of 
certain plants from the perspective of farmed herbivores differing by their digestive 
physiology, alcoholic vegetal extracts were tested in vitro [88]. Romanian Spotted 
dairy cows, Angora goats, and Romanian draft horses were sampled for blood, and 
the samples were treated in vitro in the blast transformation test [45] with alcoholic 
extracts of Calendula officinalis L., Echinacea angustifolia L., and E. purpurea L. The 
growth indices were the lowest in goats (C. officinalis L.- 58.52 ± 10.02%, E. angustifolia 
L. - 50.06 ± 11.67%, E.purpurea L.-50.79 ± 10.98%) and higher in bovine (C. officinalis 
L.– 69.9 ± 2.65%, E.angustifolia L.- 74.9 ± 10.1%, p < 0.05) and increased toward E. 
angustifolia L. versus C. officinalis L.; further, the responses to C. officinalis L., E. 
angustifolia L. and E.purpurea L. were the most pronounced in horses. Thus, there were 
differences between the tested species, probably due to the differences in the anatomy 
as well as the physiology of their immunity.

It is well-known that the stress of various origins represents an important fac-
tor impeding on vaccination results in bovine. In a study aimed at investigating the 
anti-stress and immunological influence of the oral administration of a marigold 
tea (antioxidant activity 85.10 ± 5.21%) to adult bovine, vaccinated against multiple 
antigens with Cattle Master, it was shown that the stress levels constantly decreased in 
marigold tea-treated animals (1.09 ± 0.047 to 0.064 ± 0.02) and did not significantly 
vary in controls. The blast transformation test indicated lower SI% and a prolonged 
response to vaccination in the treated group (40.65 ± 14.91 to 79.82 ± 3.34 versus 
50.62 ± 5.93 and 81.31 ± 2.25%) by the end of the experiment. It could be concluded 
that the marigold tea exerted a stress-lowering effect but prolonged the response to 
vaccination when orally administered as an infusion to adult bovine.

As mentioned before, the outcome of the host-pathogen interaction microbial 
aggression highly depends on immunity, and medicinal plants, available on the 
pastures, could enhance and strengthen the resistance against diseases.

Research was carried out on Mangalitza pigs (suckling, weaned piglets and sows) 
raised for tasty lean meat mainly on low-input farms to monitor the effects of plants 
readily available from local resources such as Calendula officinalis L., Satureja hor-
tensis L., Allium sativum L., Coriandrum sativum L., and Cucurbita maxima L. An in 
vitro leukocyte blast transformation test was carried out by treating each 0.2 ml of 
the whole blood mixed with RPMI1640 culture medium (1:4 v/v) with 1.5 μL/0.2 mL 
of the selected alcoholic extracts (70°, v/v). The results indicated that statistically 
significant differences were present between the young age groups, suckling and 
weaned piglets (p = 0.017 to 0.000016) for all plants except marigold, for weaned 
piglets and sows (p = 0.0001–0.0359) for all plant extracts, while for suckling piglets/
sows p = 0.0035 and p = 0.0461 were recorded for thyme and garlic, respectively. 
No toxic effects were present for the tested alcoholic extracts of Calendula officinalis 
L., Satureja hortensis L., Allium sativum L., Coriandrum sativum L., and Cucurbita 
maxima L. (unpublished data). This experiment underlined that the plant extracts 
used, well-known for their biological effects, impacted animals based on the age of 
the pigs and plant family, proving their immune-stimulating capacity [89].
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6. Conclusions

Multiple beneficial biological effects of medicinal plants, underlined by millen-
nia of ethno-pharmaceutical practices, prove to still hide part of their constructive 
potential. In animal farming and veterinary medicine, a support for One Health, One 
Welfare for consumers, medicinal plants could provide help, strengthening the fight 
in preserving both.

Further, the differentiated effect of plant extracts on different classes of animals, 
based on their phylogeny, impacted on individuals grounded on their level of immune 
development as well as age and raising technology, proving their immune-stimulating 
capacity allocated to their own taxonomy.

Use of plants in preserving animal health and welfare by stimulating immune 
functions as shown in the case of mint, marigold, pumpkin, summer savory, and 
garlic seems encouraging within the One Health, One Welfare scheme.

Numerous investigations, such as those described at the level of laboratory tests 
in the present work, provided proof that the biological activity of plant extracts was 
both animal and plant species dependent. Tailored treatment and feed supplementa-
tion schemes founded on the laboratory results could be beneficial in farmed animals 
as well, providing basis for sustainability of the enterprises at lower costs.
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Chapter 8

Innovative Perspectives on the Use 
of Herbs and Spices as Illuminators 
of Health in the Context of Diseases
Jose Prakash Dharmian and Prakash Ramakrishnan

Abstract

This comprehensive article embarks on a global journey through the multifaceted 
landscape of herbs and spices in disease management. We explore the traditional 
wisdom and emerging scientific evidence behind the utilization of these botanical won-
ders. Incorporating detailed case studies from diverse regions, we unravel the nuanced 
interplay between cultural practices, natural remedies, and the pursuit of holistic 
well-being. The synthesis of traditional wisdom and modern research offers insights 
into the potential integration of herbs into global healthcare practices. This delves into 
the molecular-level chemical constituents of herbs and their potential applications in 
disease management across the globe. By combining insights from traditional knowl-
edge and cutting-edge scientific research, we aim to unravel the intricate chemistry of 
herbs and understand how these bioactive compounds contribute to therapeutic effects.

Keywords: herbal medicine, curcumin, ethnobotanical studies, flavonoids, terpenoids

1. Introduction

Herbal medicine, rooted in ancient traditions, weaves a narrative of healing through 
the ages. The profound connection between humans and plants has led to the explora-
tion of the chemical constituents within herbs, unveiling a treasure trove of therapeutic 
compounds [1]. It has played a pivotal role in healthcare practices across cultures for 
centuries. Spices and herbs have long been considered medicinal foods. The study of 
spices’ biological activity-transmission potential is making a slow comeback in the 
realm of human wellbeing. Seed spices are a vital category of agricultural commodities 
that make significant contributions to our nation’s economic success [2]. India has a 
long history of manufacturing spices. Rajasthan and Gujarat have contributed over 
80% of the country’s spice output. Spices create a diverse set of secondary metabolites 
known as phytonutrients. Plant-based chemicals are naturally occurring chemi-
cal substances with biological functions that occur in plants that serve as a natural 
defensive system. They have historically been employed as medicine, fragrances, 
scent compounds, dyes, and agrochemicals [3]. Chemoinformatics will help in the 
development of novel medicines by combining modern biology and computer sci-
ence technology. These metabolites remain a major source of new drugs today. Herbs 
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S. no Activity Important chemical constituents Dose in rat model References

1 Antidiabetic action Proanthocyanidins (type A 
epicatechin polymers)

50 mg/kg [7, 8]

Cinnamaldehyde 20 mg/kg [9]

Cinnamic acid 10 mg/kg [10]

1,8-cineole 500 mg/kg [11]

Alpha-terpinyl acetate 100 mg/kg [12]

Diosgenin 100 mg/kg [13]

Galactomannan 100 mg/kg [14]

Trigoneosides 50 mg/kg [15]

Hydroxyisoleucine 50 mg/kg [16]

Gallic acid 25 mg/kg [17]

2 Antiulcer action Gingerol 200 mg/kg [18, 19]

Shogaol 200 mg/kg [20]

3 Hypertension 1,8-cineole 10 mg/kg [21, 22]

Terpinyl acetate 30 mg/kg [23]

4 Immunomodulatory 
action

Curcumin 10 mg/kg [24, 25]

5 Cardiovascular 
diseases

Allicin, 7 mg/kg [26, 27]

6-shogaol 20 mg/kg [28]

Table 1. 
Chemical composition of herbs and spices according to diseases.

and spices are now permitted to be utilized to enhance both food appeal and health. 
According to World Health Organization data, 70–80% of the global population seeks 
primary healthcare from contemporary medicine, largely herbal and natural ones. 
Furthermore, as much as 60% of the world population and 80% of the population in 
developing nations utilize herbs and plants for medicinal purposes [4]. The antibacte-
rial properties of cinnamon oil contrary to Bacillus anthracisspores were established in 
the first scientific study on the role of spices as preservatives. Population demography, 
a focus on health rather than illness, the trend toward self-care and self-diagnosis, and 
growing consumer awareness of traditional remedies are the main factors propelling 
the worldwide phytochemical company’s growth. Throughout the world, people are 
using herbs and spices as food additives to enhance the organoleptic properties of 
food and prolong its shelf life by lowering or getting rid of foodborne bacteria. Several 
studies have suggested the use of dietary herbs and spices for their anti-inflammatory, 
immunological modulatory qualities, antimutagenic and antioxidative which have been 
shown to improve human health [5]. Herbs can be excellent providers of antioxidants 
and salt replacements, according to dietary recommendations. In today’s nutrition food 
chain, dairy items are a distinctive carrier that has been successfully used to carry phy-
tochemicals and other nutrients for health benefits. Furthermore, introducing spices, 
herbs, or extracts to specific dairy products makes them nutraceutical transmitters. 
As a result, the dairy business should develop innovative techniques for improving the 
capabilities of traditional dairy products, which might offer great value and have a good 
188 impact on users. These byproducts are currently a major source of new medicines. 
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Plant-derived chemicals have recently received a lot of interest because of their vast 
variety of applications. This chapter aims to delve into the multifaceted world of 
herbal interventions in disease management, taking a global perspective. As the world 
grapples with an increasing burden of chronic diseases, attention turns to traditional 
remedies embedded in diverse cultures. Across continents, traditional healing systems 
have long incorporated herbs and spices for their perceived therapeutic properties. 
From Ayurveda in India to Traditional Chinese Medicine, the global tapestry of healing 
reveals a shared recognition of nature’s pharmacy. At the heart of many traditional 
healing practices stands turmeric, renowned for its anti-inflammatory and antioxi-
dant properties. The case study explores the extensive use of turmeric in South Asian 
cuisines and traditional medicine, with a focus on its role in managing conditions like 
arthritis and digestive issues [6]. Recent scientific studies, including clinical trials and 
epidemiological observations, shed light on the mechanisms and efficacy of curcumin, 
the active compound in turmeric as shown in Table 1. As we traverse the world, we wit-
ness the integration of this golden spice into culinary practices and healing traditions. 
Venturing to the Mediterranean, we explore the enchanting world of oregano. Beyond 
its culinary allure, oregano boasts antimicrobial and anti-inflammatory properties [29]. 
This aromatic herb, with its rich history in traditional medicine, becomes a focal point 
for cognitive support and anti-inflammatory benefits. Exploring the global diaspora of 
Middle Eastern communities, we witness how sage transcends borders, adapting to new 
culinary landscapes while preserving its medicinal essence [30, 31]. Understanding the 
molecular constituents of herbs is crucial for elucidating their mechanisms of action 
and optimizing their therapeutic applications. This section emphasizes the importance 
of molecular-level analysis in uncovering the full potential of herbal medicine.

2. The molecular tapestry of herbal medicine

As the prevalence of chronic diseases continues to rise globally, the importance of 
exploring alternative and complementary approaches becomes increasingly evident. 
Herbs, with their diverse bioactive compounds, present a reservoir of potential thera-
peutic interventions that can address the complexities of modern health challenges. 
Ethnobotanical studies provide insights into the intricate relationships between 
indigenous communities and their herbal resources [32]. The challenges associated 
with standardization, regulation, and cross-cultural integration is explored, along 
with potential opportunities for a more holistic approach to healthcare. The chemical 
constituents within herbs are the building blocks of their therapeutic effects. These 
include alkaloids, flavonoids, terpenoids, essential oils, and phenolic compounds, 
among others. Each constituent contributes to the herb’s unique properties, offering 
a diverse array of compounds that interact with the human body in intricate ways. 
Turmeric, with its vibrant yellow pigment, owes its therapeutic prowess to curcumin. 
This polyphenol exhibits anti-inflammatory and antioxidant properties, making 
it a staple in traditional medicine for ailments ranging from joint pain to digestive 
issues. Ginkgo biloba, a revered herb in Chinese medicine, contains flavonoids and 
terpenoids. Its historical use for cognitive support has sparked modern research 
exploring its potential in conditions like Alzheimer’s disease. Garlic, celebrated for its 
culinary uses, also boasts allicin, a sulfur-containing compound with antimicrobial 
properties. Throughout history, garlic has been utilized for its cardiovascular benefits 
and immune-boosting properties. Herbs hold cultural significance, reflecting the 
unique traditions and practices of diverse communities. Traditional Chinese Medicine 
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emphasizes the balance of Qi through herbs like ginseng and astragalus [33, 34]. In 
Western herbalism, plants like chamomile and lavender are revered for their calming 
properties. The analysis of the aforementioned spices and herbs has revealed that 
they are all highly concentrated in antioxidants. Antioxidant substances are believed 
to shield cellular components from oxidative damage that arises during regular 
metabolic processes when ingested. Chronic illnesses, overly rigorous exercise, and 
exposure to pollutants in the environment can all lead to further oxidative dam-
age. Oxidative reactions generate unstable radicals called free radicals that, if left 
unchecked, can react with and possibly change the structure and functionality of 
cellular proteins, cell membranes, RNA, DNA, lipoproteins, and carbohydrates. The 
antioxidant chemicals work by giving free radicals the electrons, this is especially cru-
cial for long-term conditions like cardiovascular disease. In industrial cultures, car-
diovascular disease is a leading cause of death for many people under the age of fifty. 
Atherosclerosis is a disorder of the vessels where the innermost layer thickens due to 
accumulation of fat and fibrous connective tissue, resulting in a disorder referred to 
as tightening of the artery walls. Atherosclerosis is the first stage of the illness and can 
cause hypertension and heart attacks [35]. The first signs of atherosclerosis, known 
as fatty streaks, are patches of yellow discoloration on the inside of the artery that do 
not extend into the interior cavity or obstruct blood flow. The sub-endothelial buildup 
of big foam cells containing intracellular lipid is what distinguishes the streaks. 
Derived from soft tissue and macrophages as foam cells are most likely the progeni-
tors of fibrous plaques, which are raised lesions that’s pale gray in color and have the 
potential to protrude into the artery wall and decrease the flow of blood across the 
vessel. When the fibrous plaque ruptures, material is released into the bloodstream 
and a blood clot forms, whereas hardening of the plaque causes the artery to become 
hard and hypertensive. Myocardial infarctions or strokes may result from localized 
occlusion of the artery or from transfer to remote locations. The high concentrations 
of antioxidants found in herbs and spices add to their therapeutic efficacy. These 
substances are essential to plants because they shield them from the sun’s excessive 
energy intake during photosynthesis. The plant cell is shielded from oxidative damage 
and dangerous surplus energy is removed. Both oxygen species that react and reactive 
nitrogen compounds are generated during the oxidative phase of cellular metabolism. 
The radical hydroxyl (OH∙), that could oxidize—that is, take an electron from 
practically a single molecule and harm the structures of cells and compounds, is the 
most reactive of all the free radicals. It additionally happens to be the most oxidizing. 
The antioxidant system’s job is to make it easier for free radicals to donate electrons to 
one another, which lowers the chemical energy of hydroxyl radicals and other reac-
tive oxygen or reactive nitrogen species. After that, the antioxidant molecule must be 
gradually decreased until the organic molecule is eventually freed as carbon dioxide 
or oxygen. Several antioxidant chemicals found in significant quantities in plants, 
including glutathione, ascorbic acid, polyphenols, tocopherols, and carotenoids, can 
combine chemically or non-enzymatically with an oxygen donor such a free radical. 
These substances found in herbs and spices give animals and people the necessary 
antioxidant component in their diets. Apart from the antioxidant chemicals’ chemi-
cal non-enzymatic defense, an anti-oxidant mechanism made up of many enzymes 
known as the second stage enzymes is also present. These enzymes catalyze the trans-
formation of hazardous metabolites into substances that are readily eliminated while 
also eliminating reactive oxygen species. Enzymes such as glutathione peroxidase 
and catalases remove hydrogen peroxide and organic peroxides, whereas superoxide 
dismutase eliminates superoxide radicals. NAD(P)H:quinine reductase, g-glutamyl 
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cysteine synthetase, and additional members of the enzyme glutathione transferase 
family are also critical for antioxidant defense. The second stage of enzymes may also 
be induced by the breakdown byproducts of the sulfur-containing compounds found 
in Allium species. The second stage of enzymes can also be induced by the byproducts 
of breakdown of the compounds that contain sulfur from the Allium species, the 
anti-oxidant substances and the stage 2 enzymes function sequentially; antioxidant 
substances like quercetin can contribute an electron to a reactive oxygen compound 
or nitrogen species that reacts, and the free radical that results from this reaction may 
then stimulate the synthesis of the stage 2 enzymes’ genes as shown in Table 2.

3. Traditional Herbalism in various countries

The history of herbal medicine dates back millennia, with civilizations such as 
ancient China, Egypt, India, and Greece harnessing the power of plants for medicinal 
purposes. Research shows that phytochemicals found in the spices turmeric, ginger, 
allspice, garlic and cinnamon might play a role in cancer prevention as shown in Table 3. 

S. no Herbs and 
spices

Active 
constituents

Dose Cancers types References

1 Turmeric Curcuminoids A daily dose of 1.08 g 
of curcumin for from 
10 to 30 days enhanced 
the health of colorectal 
cancer patients by raising 
the expression of P53 
molecules in tumor cells

Colon cancer, 
lung cancer, 
breast cancer

[52–54]

2 Bay leaf 1,8-cineole 200 g of 1, 8-cineole has 
promise as a potent and 
secure colorectal cancer 
chemotherapy drug

Colorectal cancer [55, 56]

3 Garlic Diallyl 
trisulfide, 
allicin, allyl 
mercaptan 
diallyl disulfide, 
and diallyl 
sulphide, 
Garlicnin B1

Consuming 5–20 mg 
of allicin daily is linked 
to a lower risk of lung, 
myeloma, gastric cancer, 
and colorectal cancer

Cancers of blood, 
breast, prostate, 
ovarian, and 
gastrointestine

[57–60]

4 Saffron Crocin At 150 mg/kg, crocin 
can prevent colon 
tumor development and 
angiogenesis in rat model

Anti-leukemic 
effects

[61, 62]

5 Mustard Allyl 
isothiocyanate

Oral allyl isothiocyanate-
affluent mustard seed 
powder at 71.5 mg/
kg (with a sinigrin 
dosage of 9 μmol/kg) 
prevented bladder cancer 
development

Testicular cancer, 
ovarian cancer, 
cervical cancer

[63–66]

Table 3. 
Herbs and spices uses for anticancer.
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The Ebers Papyrus, an ancient Egyptian medical document, details the use of herbs like 
aloe vera and garlic. Similarly, Ayurveda in India emphasizes the holistic approach to 
health, highlighting the importance of herbs like turmeric and neem. During the Middle 
Ages, herbal knowledge persisted through monastic gardens and herbal manuscripts. 
Hildegard von Bingen, a medieval herbalist, documented the uses of various herbs. 
The Renaissance witnessed a revival of herbalism, with herbal gardens flourishing and 
explorers bringing back new plant specimens from around the world. The nineteenth 
and twentieth centuries marked a shift toward scientific exploration of herbal constitu-
ents. The isolation of morphine from opium and quinine from cinchona bark exempli-
fies this era. In recent decades, advancements in technology have allowed for a deeper 
understanding of the molecular intricacies of herbs and their constituents. Asia boasts 
a rich heritage of herbal medicine deeply embedded in traditional healing systems such 
as Ayurveda, Traditional Chinese Medicine (TCM), and Kampo. The integration of 
ancient wisdom with modern research findings sheds light on the potential mechanisms 
of action and therapeutic benefits of herbs. Case studies from countries like Italy, 
Greece, and Morocco delve into how herbs like oregano, rosemary, and thyme are 
deeply woven into both culinary and medicinal practices. Examining the Mediterranean 
diet, renowned for its health benefits, this section explores how herbs play a dual role 
as flavor enhancers and therapeutic agents. The focus is on their potential in prevent-
ing and managing cardiovascular diseases, among others. Indigenous communities in 
Africa and the Americas have preserved unique herbal traditions [67–69].

4. Adverse events associated with herbs and spices

Although curcumin has been demonstrated to be useful in a variety of human 
illnesses with low toxicity, some researchers have identified unwanted side effects. 
Curcumin at dosages that varied from 0.45 to 3.6 g/day for 1–4 months was related to 
nausea and diarrhea, as well as an elevation in lactate dehydrogenase levels and blood 
alkaline phosphatase in human subjects. Thus, further research is needed to assess the 
long-term toxicity of curcumin before it is allowed for human usage [70, 71]. Higher 
dosages (≥20 mg/kg/b.w.) have detrimental effects on the body. Garlic has been linked 
to a variety of adverse impacts, including smelly breath, ulcero-necrotic lesions, body 
odor, skin blisters, flatulence, anaphylaxis, esophageal and abdominal pain, urticaria, 
angioedema, myocardial infarction, small intestinal obstruction, bleeding, contact 
dermatitis, asthma, and rhinitis. Ginkgo biloba extract is a natural medication used 
to improve memory and brain function. The National Toxicology Program (2013) 
found that the herb ginkgo biloba powder can induce liver and thyroid gland tumors 
in males and females mice and rats. Notani and Jayant [72] investigated the impact of 
nutrition on upper aerodigestive tract malignancies in male patients with oral, pha-
ryngeal, esophageal, and laryngeal cancers. Red chili powder has been shown to may 
raise the incidence of aerodigestive track tumors by two to three times depending on 
the dose [72]. Some medical herbs and plants, including Cannabis sativa and Papaver 
somniferum cause hallucinations and contribute to neurotoxic syndromes [73].

5. Conclusion

As we conclude our exploration of herbs and spices in global disease manage-
ment, it becomes evident that these botanical treasures are not just ingredients in the 
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kitchen; they are bridges connecting diverse cultures, traditions, and the pursuit of 
health. Emphasizing the need for collaborative efforts between traditional healers, 
scientists, and healthcare professionals, the conclusion underscores the importance of 
incorporating herbal wisdom into mainstream healthcare practices. One goal has been 
to separate and identify specific compounds from specific spice-producing plants or 
spices so that the chemical may be sold as coming from a “natural” source. Studying 
the impact of individual plant-based components, however, has not shown the same 
positive results as using bulk extracts. It is far preferable to utilize herbs and spices for 
what they were meant to do, which was to improve the flavor of our meals and make 
sure that we had an enough intake of phytochemicals to be healthy. Future interven-
tion research should evaluate the bioavailability of herbs and spices. As most reported 
activities are in vitro, it’s important to examine aspects that may impede the clinical 
translation of spices. In-depth investigations are necessary to evaluate the efficacy 
and toxicity of spices, as well as their pharmacokinetic properties.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 9

Medicinal Herbs
Amrit Acharya, Gita Ghimire and Prabin Shakya

Abstract

This chapter explores the scientific research, supporting the multifaceted role of 
medicinal herbs and spices in our daily lives, focusing on their remarkable antimicrobial 
properties’ relevance in modern health and food industry. These natural wonders have 
been used for centuries in traditional medicine and culinary traditions. The bioactive 
compounds confer their antimicrobial abilities and the traditional practices that harness 
their potential for health and healing. Moreover, these herbs and spices not only enhance 
flavor but also serve as natural preservatives, safeguarding products from microbial 
contamination, and the future trends in this culinary field. Balancing the health and 
culinary facets, examine the impact of integrating these natural wonders into our diets, 
fostering not only well-being but also culinary delight, bridging the realms of human 
health and the food industry. This chapter also highlights challenges, opportunities, 
application, and modern prospective of herbs and spices in health and food industry.

Keywords: medicinal herbs and spices, antimicrobial properties, bioactive compounds, 
natural preservatives, culinary field, human health

1. Introduction

Herbs and spices have been an integral part of human history, playing multifaceted 
roles in both traditional medicine and culinary practices including in pharmacy, cos-
metology, to name a few. Ancient societies all across the world have been aware of and 
have made use of the therapeutic and flavor-enhancing capabilities of a wide variety of 
plants with the first documented evidence dating back to 1500 BC [1]. In the twenty-
first century, a wide range of bioactive or secondary compounds derived from medical 
herbs and spices are employed in numerous industrial sectors, including food produc-
tion to enhance flavor, supply vitamins and macro- and micro-nutrients, and prevent 
microbial food spoilage, medicine to treat a variety of illnesses, for cancer therapy and 
chemoprevention, and as a natural source of antimicrobials for treating infectious dis-
eases, pharmacology, and cosmetology in dietary supplements, and due to the demand 
for preservative-free cosmetics, to lower the risk of synthetic preservative chemicals 
allergies. This chapter explores the enormous relevance of therapeutic herbs and spices 
by studying their different cultural, historical, and practical elements. Research has 
shown that natural compounds derived from herbal medicines, particularly traditional 
Chinese and Persian remedies, have antiviral properties against influenza viruses [2].

Researchers are merging modern science and traditional knowledge to investigate 
the bioactive compounds contained in herbs and spices and uncover potential medical 
uses for them including in medical and food preservation. Evidence-based medicine 
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and traditional herbal wisdom together build a bridge between traditional medical 
practices and modern healthcare. In the food industry, enhancing the flavor and 
palatability of food with a blend of herbs and spices is a potential way to help custom-
ers lower their intake of salt, which in turn reduces their risk of hypertension and 
cardiovascular illnesses, as well as improve their acceptance of legumes [3].

Furthermore, in commercial food industry, several synthetic chemicals are used as 
food preservatives, and currently there is demand for natural components and chosen 
by consumers due to their health-associated benefits as preservatives in foods, includ-
ing the need to develop alternative antimicrobials, due to which interest in herbs and 
spices, which have been used for millennia, has increased [4]. For millennia, spices 
and herbs have been used to taste, smell fragrance, and color dishes. Furthermore, 
in terms of ethnobotanical significance, locals use spices and plants in traditional 
medicine. Various research have revealed therapeutic benefits of certain spices and 
herbs, such as antibacterial, antioxidant, antidiabetic, and anti-inflammatory actions, 
among others. Often utilized for their antibacterial qualities against germs, they are 
employed to regulate microbes in food products [5]. Due to the natural antibacterial 
qualities of herbs and spices, which outperform many synthetic antimicrobial com-
pounds used in the food business, the usage of natural preservatives has been rising 
steadily in recent years. According to earlier research [6], food products derived from 
plants, including extracts and essential oils, exhibit antimicrobial properties and can 
have their shelf life prolonged. For food preservation and product shelf life extension, 
researchers have been interested in herbs and spices for several decades. Spices and 
herbs may be utilized in some phases of food preparation. According to a number of 
studies [7], there is evidence that herbs and spices can be used in certain stages of 
food processing, such as maintaining and ensuring shelf life, preventing microbial 
degradation, and performing oxidation reactions. The food sector may find another 
use for the natural antibacterial chemicals found in herbs and spices, thanks to the 
development of some new technologies.

Herbs and spices are alchemists in the culinary arts, turning the ordinary materials 
into astounding gourmet experiences. These botanicals’ aromatic components, essential 
oils, and diverse tastes have made them vital in kitchens throughout the world. Each 
herb and spice, from the spicy warmth of ginger to the delicate freshness of cilantro, 
adds a distinct flavor to foods, elevating them from plain nourishment to sensory joys.

The culinary use of herbs and spices is an ever-evolving art, influenced by geogra-
phy, climate, and cultural preferences. In addition to enhancing taste, many of these 
botanicals also contribute to the preservation of food, historically crucial before the 
advent of modern refrigeration. Exploring the interplay between culinary traditions 
and the diverse array of herbs and spices offers a window into the dynamic evolution 
of global cuisine. In an organic living, traditional herbal remedies and prescriptions 
can be taken into consideration for the treatment and prevention of diseases.

Despite being a thriving subject of study from an economic and health perspective, 
it has received less attention. The need for natural and ethnic components for healthy 
living, along with shifting dietary preferences, has expanded the global market for 
traditional herbs, spices, and value-added goods. It’s amazing how much more crucial 
good eating and lifestyle choices have become in this pandemic era. The topic of health 
maintenance has garnered significant attention globally. The usage of spices and plants 
with antibacterial, anti-inflammatory, and antioxidant qualities has grown globally 
[8, 9]. Therefore, given the current state of affairs and the increased relevance of herbs 
and spices, a thorough investigation of their nutraceutical and medical value as well as 
their potential for application in the creation of various value-added products should be 



163

Medicinal Herbs
DOI: http://dx.doi.org/10.5772/intechopen.1004443

conducted. Therefore, this chapter studies about some of the common herbs and spices, 
their traditional use, bioactive chemical components, and pharmacological properties 
and their application in terms of medical and in commercial food industries.

2. Common herbs and spices

Herbs and spices are categorized into a number of factors, based on the botanical 
origin, flavor character, and culinary use. Herbs (often leaves) and spices (derived from 
other parts of the plant) are distinguished by one popular classification scheme that 
is based on the plant component utilized. Herbs parts such as: Leafy Herbs: include 
basil (Ocimum basilicum L.), cilantro (Coriandrum sativum), and parsley (Petroselinum 
crispum). Stem Herbs: include rosemary (Rosmarinus officinalis) and thyme (Thymus 
vulgaris). Seed Herbs: include dill (Anethum graveolens) and fennel (Foeniculum vulgare). 
Flower Herbs: include chamomile (Matricaria chamomilla) and lavender (Lavandula 
spp.). Similarly, Spices parts can also be categorized into Seed Spices: include cumin 
(Cuminum cyminum), coriander (Coriandrum sativum), and mustard (Brassica spp.), 
Fruit Spices: include black pepper (Piper nigrum), cardamom (Elettaria cardamomum), 
and allspice (Pimenta dioica), Root Spices: include ginger (Zingiber officinale), turmeric 
(Curcuma longa), and garlic (Allium sativum), and Bark Spices: include cinnamon 
(Cinnamomum verum) and cassia (Cinnamomum cassia) [10–13].

Common herbs and spices play a significant role in both the herbal medicinal and 
food industries, offering a myriad of flavors, aromas, and potential health benefits. 
The dual roles of common herbs and spices not only enhance the sensory experience 
of food but also contribute to health and well-being. The integration of these botani-
cals into both traditional herbal medicine and modern culinary practices reflects a 
holistic approach to overall wellness.

Turmeric (Curcuma longa), a vibrant yellow spice, is well known for its culinary 
use in Indian cuisine and is rich in curcumin, which exhibits anti-inflammatory and 
antioxidant properties and immune-boosting properties. It is used in formulations to 
address health concerns like respiratory infections and digestive issues [14].

Garlic (Allium sativum) is a plant with allicin and is known for its antimicrobial 
properties, affecting both Gram-positive and Gram-negative bacteria. It also has anti-
viral properties, potentially aiding in respiratory infections. Garlic is used in herbal 
medicine for immune function, cardiovascular health, and respiratory well-being. 
Garlic, a versatile herb, is not only a staple in many cuisines but is also recognized for 
its potential cardiovascular benefits and antimicrobial properties [15].

Rosemary (Rosmarinus officinalis) is a fragrant herb widely used in Mediterranean 
cuisine and has been studied for its potential cognitive benefits. Rosmarinic acid, 
found in rosemary, may have neuroprotective effects, enhancing memory and cogni-
tive function [13]. Its bioactive compounds, including rosmarinic acid and essential 
oils, have been proven effective against bacteria and fungi. Its therapeutic benefits 
extend to respiratory health, digestive issues, and skin conditions.

Bakul (Mimusops elengi) is known by its native name, Bakul, and this tiny to 
big tree may be found all throughout India. The plant has a significant role in the 
indigenous medical system, and different components of this plant are utilized to 
treat a range of systemic illnesses, including dental issues. It has demonstrated strong 
analgesic, antipyretic, and anti-inflammatory properties. For odontopathy, inflam-
mation, and bleeding gums, M. elengi bark is used as a gargle due to its astringent and 
harsh properties. Toothbrushes are made from the sensitive stems [13].
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Neem (Azadirachta indica) is possibly the most beneficial herb that is used in tra-
ditional medicine. Traditional medicine has employed every component of the tree as 
a home treatment for a variety of human illnesses. In India, the tree is still recognized 
as a “Village dispensary.” The majority of the plant’s components, including the seeds, 
fruits, leaves, bark, and roots, have been shown to contain substances with antibacte-
rial, antiviral, antipyretic, anti-inflammatory, antiulcer, and antifungal qualities [1].

Basil (Ocimum sanctum L.; Ocimum basilicum L.) is a traditional, excellent medici-
nal plant that has been utilized for ages in Ayurvedic therapy. It has made a significant 
contribution to culinary flavor, to be used in cosmetics, and to be added in traditional 
medicine to relieve aches, inflammations, and coughs. It also adds a fragrant taste 
to a variety of foods, especially Italian fare like salads, pizzas, and pasta sauces. O. 
basilicum L. leaves have strong tasting ingredients and the essential oil extracted from 
the flowering plants and several chemotypes, such as methyl chavicol (estragole), 
linalool, eugenol, carvacrol, ursolic acid, rosmarinic acid, flavonoids, citronellol, and 
β-caryophyllene. There have been reports of antibacterial, anti-inflammatory, 
analgesic, antipyretic, antiulcer, antidiabetic, antioxidant, and anticancer properties 
in various plant sections [9].

Gurjo (Tinospora cordifolia) grows huge deciduous climbing shrubs that are 
native to the Indian Subcontinent. The herb is known as guduchi, giloy, or amrita in 
Ayurveda. The plant’s extract is used as a treatment for a variety of illnesses, such 
as hepatitis and diabetes, throughout India and South Asia. The plant is particularly 
mentioned in many sections of the nation due to its usage in tribal or folk medicine. 
Numerous intriguing discoveries from in-depth phytochemical, pharmacological, and 
clinical studies on the medication have been reported [9].

Ginger (Zingiber officinale) is known for its distinctive flavor, and ginger has been 
used both culinarily and medicinally. Ginger is a common ingredient in both Asian 
and Indian cuisines because it gives the food a unique, cozy, and slightly spicy flavor. 
Its culinary adaptability includes both sweet and savory foods, such as gingerbread 
and ginger tea, as well as savory meals like stir-fries and curries. It contains bioactive 
ingredients, such as paradol, shogaol, and gingerol, which have anti-inflammatory 
and antioxidant properties [9].

Clove (Syzygium aromaticum) is among the most precious spices, having been 
used for numerous medical uses and as a food preservative for ages. This plant is one 
of the best sources of phenolic chemicals, including gallic acid, eugenol acetate, and 
eugenol, and it has a lot of potential uses in medicine, cosmetics, food, and agricul-
ture. Clove has greater levels of antioxidant and antibacterial activity than many other 
therapeutic herbs [16].

Cinnamon (Cinnamomum verum) is widely used in baking and cooking, 
Cinnamon is not only flavorful but also has potential health benefits. Numerous 
studies indicate that cinnamon has antibacterial property and potential to help 
control blood sugar. It is one of the beloved spices with a warm and sweet flavor, 
and possesses notable antimicrobial properties attributed to its active components, 
including cinnamaldehyde. Scientific studies have highlighted cinnamon’s effective-
ness against a spectrum of bacteria and fungi, showcasing its potential as a natural 
antimicrobial agent. In herbal medicine, cinnamon has been traditionally utilized for 
its anti-inflammatory and antioxidant properties. Its applications extend to formula-
tions aimed at addressing gastrointestinal issues, respiratory ailments, and even as an 
immune system booster. The synergistic combination of cinnamon with other herbs 
and spices enhances its therapeutic potential, contributing to its widespread use in 
traditional and holistic health practices. It is crucial to exercise caution and consult 
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healthcare professionals, particularly in the context of individual health conditions 
and potential interactions with medications [17].

Peppermint (Mentha piperita L.) is a versatile herb used in both sweet and savory 
dishes. It is also known for its refreshing aroma and cooling flavor. Medicinally, 
peppermint oil is known for its calming effects on the gastrointestinal tract and has 
been studied for its potential in managing irritable bowel syndrome (IBS) symptoms. 
Peppermint is also known for its antimicrobial properties due to menthol and other 
essential oils. It’s traditionally used in herbal medicine for digestive benefits, respira-
tory issues, and oral health. It’s also used in culinary dishes. Its therapeutic potential 
is enhanced by its synergistic combination with other herbs and spices. Peppermint’s 
versatility extends to culinary uses, where its invigorating flavor is often incorporated 
into teas, desserts, and savory dishes [18].

Oregano (Origanum vulgare), a flavorful herb commonly used in Mediterranean 
cuisine, possesses significant antimicrobial properties primarily attributed to its 
rich content of essential oils, including carvacrol and thymol. Scientific studies have 
demonstrated oregano’s efficacy against various bacteria and fungi, highlighting 
its potential as a natural antimicrobial agent. In herbal medicine, oregano has been 
traditionally utilized for its antimicrobial and anti-inflammatory effects, making it 
a popular choice for addressing respiratory issues and promoting overall immune 
health. Oregano’s versatile applications extend to culinary uses, where its robust flavor 
enhances a variety of dishes. The synergistic combination of oregano with other herbs 
and spices further amplifies its therapeutic potential, emphasizing its role in both 
traditional and holistic health practices [19].

Fenugreek (Trigonella foenum-graecum L.) is used both as a spice and as a medici-
nal herb. It is rich in fiber and has been studied for its potential benefits in blood sugar 
regulation and cholesterol management. Fenugreek is a maple-like herb with notable 
antimicrobial properties attributed to its bioactive compounds, like fenugreekine, 
diosgenin, and galactomannan. It has been traditionally used in herbal medicine for 
its digestive and anti-inflammatory properties and also in immune health formula-
tions. Fenugreek seeds are used in culinary preparations and synergistically combined 
with other herbs and spices may enhance its therapeutic potential. More research 
is needed to fully understand its antimicrobial effects, antifertility, anticancer, and 
antiparasitic properties [20]. These herbs and spices exemplify the diverse ways in 
which nature’s bounty contributes not only to the sensory pleasure of our meals but 
also to potential health and wellness benefits. Alkaloids, saponins, tannins, phenols, 
and several other secondary metabolites are medicinal benefits [9, 20].

Thyme (Thymus vulgaris), a fragrant herb with a robust flavor, is renowned for 
its potent antimicrobial properties, largely attributed to its essential oils, particularly 
thymol. Scientific studies have demonstrated thyme’s effectiveness against various 
bacteria and fungi, underscoring its role as a natural antimicrobial agent. In herbal 
medicine, thyme has been traditionally used for its antiseptic and expectorant 
properties, making it a valuable remedy for respiratory issues such as coughs and 
bronchitis. Thyme’s versatility extends to culinary applications, where it enhances the 
flavor of a variety of dishes. The synergistic combination of thyme with other herbs 
and spices enhances its therapeutic potential, emphasizing its role in both traditional 
and holistic health practices [9].

Coriander (Coriandrum sativum L.) is a fragrant plant that may be used in many 
ways. In cooking, both the leaves and the seeds are used. Traditional medical systems 
have investigated the possible health advantages of coriander for its benefits to the 
digestive system. Its antibacterial, antioxidant, and anti-inflammatory qualities have 
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also been explored [21, 22]. Its bioactive compounds, including linalool and cineole, 
have been proven effective against bacteria and fungi. Coriander’s aromatic qualities 
make it popular in culinary dishes worldwide [15]. The synergistic combination of 
coriander with other herbs and spices enhances its therapeutic potential, contributing 
to its role in traditional and holistic health practices [23].

Cardamom (Elettaria cardamomum) is widely used in Indian and Middle Eastern 
cuisines for its aromatic and a pleasant lemony flavor. Medicinally, cardamom has 
been investigated for its potential gastrointestinal benefits, including its carminative 
and anti-inflammatory effects [24]. Its high essential oil content, especially those of 
limonene, cineol, and terpinene, gives it significant antibacterial qualities [24, 25]. 
Cardamom’s effectiveness against a range of bacteria and fungi has been demon-
strated in scientific research, indicating its promise as a natural antibacterial agent. 
Cardamom has long been used in herbal medicine for its digestive properties and 
capacity to ease gastrointestinal problems. Cardamom has a wider range of uses in 
formulations meant to support digestive health because of its antibacterial qualities. 
Furthermore, because of its savory and aromatic nature, it is a widely used ingredient 
in food and drink preparations around the globe [24].

Sage (Salvia officinalis) is a fragrant herb with a distinct flavor and silvery-green 
leaves and is commonly used in Mediterranean cuisine. Medicinally, sage has been 
traditionally used for its cognitive-enhancing properties, and recent research suggests 
potential benefits in neurodegenerative conditions. It has antimicrobial properties 
due to its essential oils primarily thujone, camphor, and cineole. It’s used in herbal 
medicine for oral health, sore throats, respiratory conditions, and culinary tastes [26].

Fennel (Foeniculum vulgare), a mild anise-like herb, has a sweet, licorice-like 
flavor and is used both as a herb and as a spice. Medicinally, fennel has been studied 
for its digestive and anti-inflammatory properties, and its seeds are commonly used in 
traditional medicine. Fennel has antimicrobial properties due to bioactive compounds 
like anethole and fenchone. Its traditional use in herbal medicine and its use in diges-
tive and oral health formulations suggest potential benefits. Fennel’s aromatic seeds 
are used in culinary preparations [27].

Saffron (Crocus sativus) is the powerful plant recognized for its unique flavor, 
color, and therapeutic qualities, which is produced from the saffron crocus or autumn 
crocus flower. Safranal, together with crocin and picrocrocin, is the active ingredient 
that gives it its medicinal properties. These substances support the anti-inflammatory, 
antioxidant, and neuroprotective qualities of saffron. Saffron, a traditional medicine, 
has been used for mood enhancement, depression and anxiety relief, and managing 
conditions like premenstrual syndrome (PMS). Its compounds modulate neurotrans-
mitters like serotonin and may have anticancer properties. Moreover, saffron has 
demonstrated potential in the management of age-related macular degeneration 
(AMD), the main reason why older people have vision impairment. Saffron’s antioxi-
dant qualities might shield the retina from oxidative damage [20, 28].

Rhodiola (Rhodiola rosea), a traditional herbal remedy from the Rhodiola rosea 
plant, is known for its adaptogenic properties. Its primary active compounds are 
rosavin, salidroside, and p-tyrosol, which help the body adapt to stressors and 
maintain balance. Rhodiola is used to combat fatigue, enhance mental performance, 
and improve resilience to stress. It modulates the body’s stress response by influenc-
ing stress hormone levels and supporting adrenal function, making it beneficial for 
individuals experiencing chronic stress or mental fatigue. Rhodiola also has potential 
benefits in improving mood and alleviating symptoms of mild to moderate depres-
sion. It also enhances physical performance and reduces exercise-induced fatigue, 
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benefiting athletes and those engaged in strenuous activities. However, it is advisable 
to consult a healthcare professional before using Rhodiola [28].

Paracress (Acmella oleracea L.) is a tropical herbaceous plant that is commonly 
used as a culinary flavoring, especially flower head, and as an antiaging component in 
cosmetics and as a remedy for toothache and fever. Its extract is also recognized for its 
antibacterial, antifungal, anti-inflammatory activities, aphrodisiac, antinociceptive, 
diuretic, analgesic, local anesthetic, antioxidant, vasorelaxant, immunomodula-
tory, etc. [29, 30]. Previous research has revealed that the presence of alkamides is 
responsible for A. oleracea’s bioactivity [30]. According to research, the major active 
alkamide of this plant is spilanthol including triterpenoids, phytosterols, limonene, 
β-caryophyllene, etc. [9].

Sweet flag (Acorus calamus L.) is a tall perennial Acoraceae monocot plant found 
in wetlands. Long used as medicine, sweet flag’s aromatic leaves and rhizomes have 
a spicy flavor. Dried and powdered rhizome is used to substitute nutmeg, ginger, 
and cinnamon in recipes. Rhizomes: Used to treat epilepsy, mental illnesses, chronic 
diarrhea, dysentery, abdominal discomfort, antimicrobial, antioxidant, insecticidal 
activities, anticonvulsant, and hypolipidemic properties, among other conditions; 
they also have antispasmodic, carminative, anthelmintic, aromatic, expectorant, 
nauseating, nervine, sedative, and stimulant effects. It has been stated that the plant 
contains glucoside, alkaloids, and essential oil that contains sesquiterpenes, cala-
men, clamenol, and calameon. Together with eugenol, pinene, and camphene, it also 
includes a bitter glycoside known as acorine [9, 31].

Jimbu (Allium hypsistum, A. przewalskianum) is indigenous to Nepal’s north-
central Himalayan areas. In Nepal, the aboveground components of these species are 
utilized as spices and remedies. Its dried leaves are used for flavoring and seasoning, 
as well as to treat coughs and colds, sore throats, stomach disorders, flues, and high 
altitude sickness. 1,2-bis(methylthio)ethene, 2,4-dimethyl thiophene, dimethyl 
disulfide and dimethyl trisulfide, phenolic compounds, flavonoids, and other phyto-
chemicals are abundant in this plant [9, 32].

Onion (Allium cepa L.) is among the most frequently grown and well-liked 
vegetable crops in the world. With its unique flavor, the onion bulb holds the third 
position as the most important horticultural spice, and its economic worth is substan-
tial. Several indigenous cultures have long used A. cepa for medicinal purposes, in 
addition to its culinary uses. Antibacterial, antioxidant, analgesic, anti-inflammatory, 
antidiabetic, hypolipidemic, antihypertensive, and immunoprotective properties are 
only a few of the many bioactive compounds and pharmacological activity found in 
A. cepa. Onions have flavonoids, organosulfur, phytosterols, and saponins among 
their major bioactive constituents [9].

Aloe (Aloe vera L.) is employed all throughout the world as a traditional medica-
tion. There are triangular, fleshy green leaves with white teeth on the margins of 
this succulent plant. Fresh leaf gel is employed in many formulations and cosmetic 
treatments, while aloe vera juice has long been used for its purgative qualities. Aloe 
vera’s medicinal benefits are attributed to hundreds of nutritional and bioactive 
compounds, such as vitamins, enzymes, minerals, sugars, lignin, anthraquinones, 
saponins, salicylic acid, and amino acids. In conventional medical systems, it is used 
to treat burn damage, eczema, fever, inflammation, and cosmetics. Its secondary 
metabolites also have immune-boosting, anticancer, antidiabetic, antiaging, and 
antibacterial properties [9, 33].

Black cardamom (Amomum subulatum Roxb.) is a fragrant and therapeutic spice 
originating from the Eastern Himalayas. It is used to flavor and preserve many types 
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of coffee, liquors, confections, and beverages. Large cardamom’s main aroma-giving 
ingredient is volatile oil, whereas its main active compound is 1,8-cineole. Black or 
large cardamom has been shown to have allopathic, analgesic, anti-inflammatory, 
antibacterial, antioxidant, antiulcer, cardio-adaptogenic, and hypolipidemic prop-
erties, in addition to its numerous culinary and medicinal applications [9, 34].

Hot pepper (Capsicum annuum) fruits, generally known as chili, have been 
utilized since ancient times as food veggies, flavoring components, natural colorants, 
and traditional medicines. Chili includes significant amounts of pigments (such as 
chlorophyll, anthocyanin, and lutein) that may have health advantages; it also con-
tains a variety of other exceptional health-promoting chemical substances, including 
vitamins, minerals, flavonoids, carotenoids, and capsaicinoids. And capsaicin, the 
primary active component responsible for these species’ spicy taste, has been shown 
to have a favorable impact on health. Consumption of dietary chili and capsaicinoids, 
particularly capsaicin, is engaged in body weight reduction and their potential 
antiobesity benefits, urinary problems, antioxidants, antibacterial, anticancer, and 
analgesic capacity [9, 34, 35].

Indian bay leaf (Cinnamomum tamala) is a perennial Indian plant which is also 
known as Tejpat, and it is an important traditional medicinal plant found through-
out South Asia. The plant has numerous synonyms and is known by various names 
depending on the location. Aromatic leaves are a key source of bioactive chemicals with 
extensive therapeutic, culinary, and medical applications. The plant contains a variety 
of bioactive chemicals, including saponins, phytosterols, fatty acids, monoterpenes, ses-
quiterpenes, geraniol, linolool, bornyl acetate, caryophyllene oxide, p-coumaric acid, 
vanillic acid, and others that have traditionally been used to treat skin rashes, bad breath, 
earaches, and arthritis. Indian bay leaves have antidiarrheic, antitumor, anti-inflamma-
tory, antiarthritic, antitumor, antioxidant, cancer chemopreventive, gastroprotective, 
antibacterial, antipyretic, and anxiolytic properties, among other things [9, 34, 35].

These herbs and spices not only contribute to the diverse and rich tapestry of 
global cuisines but also offer potential health benefits, as evidenced by research in 
both traditional and modern contexts.

3. Mechanism of action of herbal medicines

The mechanism of action of herbal medicines can vary widely, as these remedies 
often contain complex mixtures of compounds that can affect the body in different 
ways [34–36]. Unlike conventional pharmaceutical drugs that typically contain a 
single active ingredient, herbal medicines often consist of a combination of com-
pounds that may work synergistically. Some of the common mechanisms through 
which herbal medicines may exert their effects can be any one of the following;

i. Interact with cellular receptors to modulate signaling pathways and cellular 
responses.

ii. Affect the enzymes that participate in metabolic processes, including the metab-
olism of neurotransmitters or cellular respiration.

iii. Neutralize free radicals and protect cells from oxidative damage.

iv. Influence inflammation pathways.
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v. Direct cell cycle progression and apoptosis, particularly in cancer prevention and 
treatment.

vi. Engage with DNA, preventing DNA damage and mutations.

vii. Impact the brain’s neurotransmitter activity, which may have an impact on cogni-
tive function.

viii. Alter hormone synthesis or interact with hormone receptors to impact hormonal 
homeostasis.

Overall, herbal medicines have potential health-promoting effects.
The herbs and spices consist of phytochemicals which are bioactive molecules 

found such as alkaloids, flavonoids, terpenoids, and glycosides. These substances 
have a variety of physiological impacts on the organism and are also critical to the 
effectiveness of herbal medicines and major constituents for the therapeutic prop-
erties. Phytochemicals function in a variety of ways, including interactions at the 
molecular, cellular, and physiological levels. The effects may vary depending on the 
specific phytochemical, its concentration, and the individual’s health. Furthermore, 
synergistic interactions among numerous phytochemicals in a plant influence the 
cumulative therapeutic advantages of herbs and spices in human health and well-
being. Several research have been conducted to study the possible health advantages of 
bioactive chemicals found in herbs and spices, such as anti-inflammatory, antioxidant, 
antibacterial, chemopreventive, and antimutagenic properties, among others. Herbs 
and spices include a variety of bioactive substances, including polyphenols, quinines, 
organosulfur compounds, alkaloids, polypeptides, and their derivatives, some of 
which are briefly described below [37–39]:

Polyphenols are secondary metabolite molecules, which come in a range of 
structural forms in plants, and are molecules that are engaged in metabolic processes. 
The number of phenol rings and one or more aromatic rings attached to hydroxyl 
groups in the structure of these molecules determine their classification. Plants 
include phenolic acids, flavonoids, tannins, stilbenes, lignans, and coumarins as their 
main class of polyphenols. Foods originating from plants, such as spices and herbs, 
are rich in polyphenols, with dried forms having a greater concentration than fresh 
forms. Antioxidant activity is just one of the many pharmacological properties of 
polyphenols that are widely recognized. Additionally, they possess neuroprotective, 
anti-inflammatory, and metabolic anticancer qualities [39–41].

Terpenoids are a kind of important phytochemical that is present in spices and 
herbs and is divided into several categories according to the quantity of isoprene units 
it contains. They are the main components of essential oils that are present in plants 
and are used in traditional medicine because of their aromatic qualities. The essential 
oils of many different plants, including herbs and spices, comprise monoterpenes, a 
kind of terpene containing two isoprene units. Plants include a variety of monoter-
penes, such as borneol, camphor, citral, geraniol, lavandulol, thymol, α−terpineol, 
limonene, menthol, carvone, eucalyptol, and perillaldehyde. The anticancer, anti-
bacterial, antifungal, antiviral, antihyperglycemic, analgesic, anti-inflammatory, 
and antiparasitic properties of these bioactive substances are explored. Carvone in 
caraway, menthol in peppermint, thymol in thyme, linalool in coriander, citral in 
lemongrass, β-caryophyllene in clove, α−zingiberene in ginger, and capsaicin in chili 
pepper are among the terpenoids found in herbs and spices [42].
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Saponins are glycosides generated from plants that have diverse biological activi-
ties and surface-active or detergent qualities, as well as steroid and triterpene fea-
tures. Plant groups include Agavaceae, Amaryllidaceae, Asparagaceae, Bromeliaceae, 
Dioscoreaceae, Liliaceae, Palmae, and Scrophulariaceae and are rich in saponins [43]. 
These compounds have a range of pharmacological activities, such as immunomodu-
latory, hepatoprotective, anti-inflammatory, and anticancer effects [44].

Alkaloids are another type of phytochemical with a nitrogen atom in the ring 
structure. Pyrollidine, pyrrolizidine, pyridine, quinoline, isoquinoline, imidazole, 
and other alkaloids are grouped into numerous categories. Morphine has analgesic 
properties, while ephedrine is useful for asthma [45].

Herbal phytochemicals can interact with various cellular receptors, including 
receptors on the cell membrane or within the cell. By binding to these receptors, they 
can modulate signaling pathways and influence cellular responses. For example, cer-
tain flavonoids can interact with estrogen receptors or cell surface receptors involved 
in inflammation. Similarly, they may also modulate the activity of enzymes involved 
in metabolic pathways. This can lead to the inhibition or activation of specific bio-
chemical processes. Alkaloids, for instance, may interact with enzymes involved in 
neurotransmitter metabolism or cellular respiration. Many phytochemicals, such as 
flavonoids and polyphenols, exhibit antioxidant properties. They can neutralize free 
radicals and reactive oxygen species (ROS), protecting cells and tissues from oxida-
tive damage. This antioxidant activity contributes to the overall health-promoting 
effects of herbal medicines. Some phytochemicals have anti-inflammatory proper-
ties, influencing pathways involved in inflammation. Terpenoids, for example, may 
modulate the production of inflammatory mediators and cytokines. Phytochemicals 
can influence cell cycle progression and apoptosis (programmed cell death). This 
is particularly relevant in the context of cancer prevention and treatment. Certain 
compounds may induce apoptosis in cancer cells or inhibit the proliferation of 
abnormal cells. Some phytochemicals can interact with DNA, affecting processes 
such as replication and repair. This interaction may contribute to the prevention 
of DNA damage and mutations. Certain alkaloids and polyphenols have been 
studied for their potential DNA-protective effects. Phytochemicals found in herbs 
can influence neurotransmitter activity in the brain. For example, alkaloids such 
as those found in Ginkgo biloba may impact neurotransmitter release and receptor 
function, potentially affecting cognitive function. Phytochemicals can influence 
hormonal balance by interacting with hormone receptors or affecting hormone 
synthesis. Isoflavones, found in soy and red clover, for example, have estrogenic 
activity and may influence hormone levels in the body. Similarly, Saffron’s active 
components include saffron and crocin. They are crucial in regulating the brain’s 
many neurotransmitter systems that include norepinephrine, glutamate, serotonin, 
and dopamine. They have also been shown to lessen depression. It was found that the 
saffron dosage was equally effective as fluoxetine and imipramine, two antidepres-
sants, with no adverse effects [28, 34, 35].

4. Pharmacological activities of herbs and spices

The vast majority of spices and herbs used in culinary have medicinal properties. 
Pharmacological characteristics of many herbs and spices used in cooking include 
antibacterial, anti-inflammatory, antioxidant, antidiabetic, antihyperlipidemic, 
hepatoprotective, antipyretic, and digestive [9].
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4.1 Antimicrobial properties

Microbial infections can cause a variety of ailments. Antimicrobials are sub-
stances that either kill or prevent the development of bacteria, viruses, and fungus. 
Phytochemicals have been found to have antimicrobial activity by mechanisms, such 
as cell membrane damage, inhibition of enzyme and toxin activity, suppression of 
virulence factors, or production of bacterial biofilm [37]. Several herbs and spices 
used in cooking include very strong bioactive chemicals, such as flavonoids, alkaloids, 
tannins, glycosides, and saponins that work as a defensive mechanism against various 
microbes, insects, and herbivores. Antimicrobial components present include allicin 
in garlic, cinnamaldehyde in cinnamon, and allyl isothiocyanate in mustard [46]. It 
has been demonstrated that cumin possesses exceptional antibacterial action against 
Bacillus licheniformis, A. tumefaciens, B. subtilis, Pseudomonas oleovorans, Trichophyton 
rubrum, S. cerevisiae, and Saccharomyces pombe. Additionally, bacteria, such as 
Saccharomyces cerevisiae, Escherichia coli, and Bacillus subtilis, have been demonstrated 
to be inhibited by it [47, 48].

Research has demonstrated that the alcoholic extract of cumin inhibits a variety of 
bacteria, including Escherichia coli, Bacillus subtilis, Bacillus licheniformis, A. tume-
faciens, B. subtilis, Pseudomonas oleovorans, Trichophyton rubrum, S. cerevisiae, and 
Saccharomyces pombe [48]. Based on tests conducted on the aldehyde component of 
the oil containing the antimicrobial chemical compound cuminaldehyde, the entire 
cumin oil inhibits Aspergillus flavus and Aspergillus niger by over 90%, demonstrating 
the antifungal properties of cumin oil [49]. Cumin oil has been shown to have anti-
fungal characteristics in a recent study; Aspergillus flavus and Aspergillus niger were 
suppressed by over 90% when the aldehyde portion of the oil containing the anti-
bacterial chemical compound cuminaldehyde was analyzed [49]. The clove essential 
oil has a high concentration of eugenol and it has been proved to have diverse anti-
microbial activity against Listeria monocytogenes strains [50], Bacillus cereus [51], and 
five strains of Staphylococcus epidermidis [52]. Clove also possesses fungicidal activity, 
and its chemical components, such as carvacrol and eugenol, are known to have 
fungicidal properties against Candida albicans and Trichophyton mentagrophytes [53]. 
Cinnamon’s antimicrobial capacity has been evaluated against Staphylococcus aureus, 
attributed to the chemical component in cinnamon known as cinammaldehyde [54]. 
Cinnamaldehyde inhibition of bacterial growth can be caused via inhibition of cell 
wall synthesis, inhibition of cell membrane function, inhibition of protein synthesis, 
or inhibition of nucleic acid synthesis [54].

Six extracts of black pepper (Piper nigrum) and turmeric (C. longa) were found 
to be antibacterial against B. subtilis, Bacillus megaterium, Bacillus sphaericus, Bacillus 
polymyxa, S. aureus, E. coli, and 11 molds, including Aspergillus luchuensis, A. flavus, 
Penicillium oxalicum, Rhizopus stolonifer, Scopulariopsis sp., and Mucor sp. [55].

Similarly, Ajoene is a sulfur-containing chemical that is obtained from garlic 
and has broad-spectrum antibacterial action. It inhibits platelet aggregation and the 
growth of Gram-positive bacteria; Streptomyces griseus, Mycobacterium smegmatis, 
Bacillus cereus, and Bacillus subtilis. Since reduction by cysteine, which interacts 
with disulfide bonds, eliminated ajoene’s antimicrobial action, it indicates that the 
disulfide bond in ajoene is important for the compound’s antibacterial activity [21]. 
Basil oil has potential as an effective antibacterial agent to reduce Salmonella enter-
itidis in food. Similarly, the effectiveness of oregano essential oil (OEO) and two of 
its main constituents, thymol and carvacrol, against Pseudomonas aeruginosa and 
Staphylococcus aureus was studied [56].
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According to earlier research, a fresh extract of Nigella sativum (black cumin) and 
Allium sativum (garlic) combined exhibited greater antibacterial sensitivity against 
urinary tract infection isolates than either extract alone or with other medications like 
cefalexin, cotrimoxazole, and nalidixic acid [57].

4.2 Antioxidant properties

Antioxidant chemicals included in herbal medicines have the ability to neutral-
ize free radicals, stop oxidative damage to cellular structures, and boost the body’s 
defense mechanisms against free radicals. These substances have the ability to chelate 
metal ions that can lead to the production of free radicals, like copper and iron. 
Additionally, they have the ability to activate the body’s defense mechanisms against 
free radicals by upregulating key enzymes, including glutathione peroxidase (GPx), 
catalase (CAT), and superoxide dismutase (SOD). Certain herbal remedies have the 
ability to block the actions of enzymes including lipoxygenase, xanthine oxidase, 
and NADPH oxidase ((nicotinamide adenine dinucleotide phosphate) oxidase) that 
generate reactive oxygen species. They can fend off oxidative damage to cell mem-
branes, and vitamin E and other lipid-soluble antioxidants can help keep them stable. 
Moreover, they might have anti-inflammatory properties, shield mitochondria from 
oxidative stress, and improve nitric oxide’s bioavailability—a chemical that’s essential 
for vascular health [9, 36, 47].

Antioxidant qualities are a well-known characteristic of some herbal remedies. 
They might aid in removing dangerous free radicals from the body, which are linked 
to oxidative stress and a number of illnesses. The potential health benefits of herbal 
medicines are mostly attributed to their antioxidant activity. Reactive oxygen spe-
cies (ROS) and free radicals can have detrimental effects on the body that antioxi-
dants can counteract or lessen. As byproducts of regular metabolic activities, these 
reactive chemicals can harm DNA, proteins, and cells, which can lead to aging and a 
number of chronic diseases: Herbs rich in catechins (green tea), berries (anthocya-
nins), turmeric (curcumin), and garlic (allicin) are a few examples of those having 
antioxidant activity. It’s crucial to remember that many factors, like the particular 
chemicals present, their bioavailability, and individual metabolic differences, can 
affect how effective herbal antioxidants are. Cinnamon contains polyphenolic 
polymers, which may serve as antioxidants, increase the effects of insulin, and 
help manage diabetes and glucose intolerance [24]. Furthermore, even while foods 
and herbs high in antioxidants might improve general health, they should only be 
a small portion of a balanced diet and way of life that also includes other health-
promoting practices [9, 36, 47].

4.3 Anti-inflammatory properties

Herbal medicines can provide a variety of benefits, including suppressing 
pro-inflammatory mediators, such as cytokines, prostaglandins, and leukotrienes, 
regulating inflammatory enzymes, and demonstrating antioxidant action. Some 
anti-inflammatory herbs are also antioxidants, meaning they neutralize free radicals 
and reduce oxidative stress, which can aid with inflammation. Herbal medicines can 
also have an effect on the immune system, influencing the balance of pro- and anti-
inflammatory responses. Some herbal substances can disrupt inflammation-related 
signaling pathways, such as the mitogen-activated protein kinase (MAPK) pathway 
[22]. They can also inhibit the expression of adhesion molecules, decreasing the 



173

Medicinal Herbs
DOI: http://dx.doi.org/10.5772/intechopen.1004443

recruitment of inflammatory cells during inflammation. They can also help to main-
tain cell membranes and prevent the production of inflammatory mediators. Certain 
plant-based substances can be used to induce the synthesis of anti-inflammatory 
mediators, like interleukin-10 (IL-10), which can be used to reduce inflammation. 
All things considered, herbal remedies have a lot to offer in the way of reducing 
inflammation [58].

The pro-inflammatory substances such as hydrogen peroxide (H2O2) and tumor 
necrosis factor-α (TNF-α) were inhibited and protected by rosemary, sage, and 
thyme, which in turn prevented the release of interleukin-8 (IL-8) from peripheral 
blood lymphocytes (PBLs). The fact that these reductions were mostly only observed 
in PBLs exposed to H2O2 suggests that there may be more going on here than just the 
suppression of one pro-inflammatory mediator [58–60].

4.4 Food preservation and shelf life

Herbs and spices have been used for flavoring, coloring, scent, enhancing agents, 
and food preservation. As ancient as human civilization, food preservation uses a 
range of techniques to keep perishable foods safe and of high quality. Plants have 
traditionally been important for food preservation because they provide naturally 
occurring chemicals that stop oxidation and microbial development. Herbs and 
spices, such as basil, thyme, oregano, and rosemary, are powerful preservatives as 
well as gastronomic treats. They are extremely useful for pickling vegetables, flavor-
ing meats, and extending the shelf life of different foods such as fruits, vegetables, 
and beverages, because of their antibacterial qualities and extending their freshness 
and nutritional values [61].

The use of herbs and spices as natural preservatives and medicinal agents has 
been the subject of increased investigation and the effects of certain spices and 
herbs’ bioactive properties on health. Bioactive compounds found in herbs and 
spices have the power to lower or even completely prevent the risk of degenerative 
diseases, including diabetes, obesity, cancer, and heart disease. Herbs and spices have 
antibacterial properties that can be effectively utilized to prevent the formation of 
pathogenic microbes and the spoiling in food items [9].

These materials from plants provide a variety of bioactive substances that 
improve flavor, prevent spoiling, and prolong food shelf life [43]. For example, 
rosemary has the strong flavor and perfume, due to active ingredients like rosma-
rinic acid and carnosic acid and also has the ability to suppress bacterial and fungal 
development and impart a unique flavor to food. Rosemary’s antibacterial capa-
bilities make it a perfect addition to marinades for meats and poultry. Similarly, 
some well known for their fragrant application, thyme, oregano, and basil include 
chemicals like carvacrol and thymol that help repel microorganisms. These herbs 
provide their protective qualities to a wide range of culinary creations, guarantee-
ing taste and durability, from pickled veggies to savory sauces. Warm, earthy tones 
of cinnamon, enhanced with cinnamaldehyde, improve baked goods and help 
preserve fruits and spices by preventing the formation of dangerous germs. Using 
herbs and spices into different preservation methods not only enhances the flavor 
but also protects the quality and lifespan of our cooking, enhancing our culinary 
adventures and respecting the traditional knowledge of plant-based dishes. In sum-
mary, using plants to preserve food not only improves culinary experiences but also 
supports sustainability, health, and the preservation of cultural culinary traditions 
(Table 1) [13, 63].
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5. Challenges and opportunities

The challenges and opportunities in the exploration of herbs and spices in 
human health and the food industry underline the need for a holistic and collabora-
tive approach involving various stakeholders, including researchers, policymakers, 
industry professionals, and consumers. Embracing sustainability, quality control, 
and evidence-based practices will contribute to the responsible integration of herbs 
and spices into contemporary lifestyles. The use of herbal spices in human health 
has a number of challenges, including possible drug interactions, variability in the 
quantities of active compounds, and standardization problems. Variations in the 
content of herbal products, for instance, may impact their safety and effectiveness 
[59]. For instance, certain drugs may interact with St. John’s Wort, a popular herbal 

Herbs/spices Application(s) Preservative activity

Garlic Culinary (flavoring), Medicinal (antibacterial, 
antiviral)

Antimicrobial (against bacteria, 
viruses) Antioxidant

Turmeric Culinary (coloring, flavoring), Medicinal 
(anti-inflammatory)

Anti-inflammatory, Antioxidant, 
Antimicrobial

Cinnamon Culinary (flavoring), Medicinal 
(anti-inflammatory)

Antimicrobial (against bacteria, fungi), 
Antioxidant

Rosemary Culinary (flavoring), Medicinal (antioxidant) Antioxidant, Antimicrobial (against 
bacteria)

Thyme Culinary (flavoring), Medicinal (antibacterial) Antimicrobial (against bacteria), 
Antioxidant

Oregano Culinary (flavoring), Medicinal 
(antimicrobial)

Antimicrobial (against bacteria, fungi), 
Antioxidant

Basil ginger
Culinary (flavoring), Medicinal (anti-
inflammatory), Culinary (flavoring), 
Medicinal (antinausea, anti-inflammatory)

Antimicrobial (against bacteria), 
Antioxidant Antimicrobial (against 
bacteria), Anti-inflammatory

Cloves Culinary (flavoring), Medicinal 
(antimicrobial)

Antimicrobial (against bacteria, fungi), 
Antioxidant

Peppermint Culinary (flavoring), Medicinal (digestive aid) Antimicrobial (against bacteria, fungi), 
Antioxidant

Lemon balm Culinary (flavoring), Medicinal (calming) Antimicrobial (against bacteria, 
viruses), Antioxidant

Sage Culinary (flavoring), Medicinal (anti-
inflammatory, Memory enhancement)

Antimicrobial (inhibits microbial 
growth), Antioxidant, Flavor enhancer

Cilantro 
(Coriander)

Culinary (flavoring), Medicinal (anti-
inflammatory, detoxification, digestive aid)

Preservative (inhibits microbial 
growth), Flavor enhancer, Antioxidants

Chili pepper Culinary (heat and flavoring), Medicinal (pain 
relief, metabolism boost, anti-inflammatory)

Antimicrobial (against bacteria), adds 
heat and flavor enhancer, Antioxidants

Saffron Culinary (flavoring), Medicinal 
(Antidepressant)

Antimicrobial (against bacteria, fungi), 
Flavor enhancer, Antioxidant

Rhodiola Medicinal (adaptogen and Mood 
Enhancement, immune) Antimicrobial, Antioxidants

Table 1. 
Culinary and medicinal application and preservative activity of some herbs and spices [2, 9, 13, 28, 46, 62].
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cure, affecting its efficacy. Further supporting the need for caution are interactions 
between herbal spices such as St John’s Wort (Hypericum perforatum) and certain 
pharmaceuticals [60]. For the safe and successful integration of herbal spices into 
healthcare, it is imperative to solve two critical challenges: ensuring uniform quality 
and comprehending possible interactions between herbs and drugs. For example, 
achieving consistent therapeutic results is difficult due to the variety in ginger’s active 
ingredients. In order to guarantee the trustworthy and secure incorporation of herbal 
spices into medical procedures, it is imperative that these issues be resolved.

The exploration of herbs and spices in the realms of human health and the food 
industry presents both challenges and significant opportunities. One of the primary 
challenges is the necessity for rigorous scientific validation to substantiate health 
claims associated with these botanicals. The establishment of evidence-based guide-
lines for their safe and effective use requires well-designed clinical trials [59, 62]. 
Regulatory complexities, including issues related to labeling, health claims, and safety 
assessments, further pose challenges in integrating herbs and spices into mainstream 
healthcare and the food industry. Additionally, ensuring sustainable sourcing prac-
tices, consumer education, and addressing allergen considerations are vital aspects 
that require careful attention to balance the potential benefits with potential risks [59].

On the flip side, there are ample opportunities to harness the diverse properties 
of herbs and spices for innovative product development. The creation of functional 
foods, nutraceutical supplements, and natural preservatives using these botanicals 
opens up new avenues for the food industry. As the demand for natural and healthy 
alternatives rises, there is an opportunity to fortify foods with essential nutrients, 
promoting the development of products that align with modern nutritional trends. 
Furthermore, the global culinary diversity can be enriched by incorporating a wide 
array of herbs and spices, not only enhancing flavors but also contributing to a health-
ier and more varied diet [43, 64]. Collaborative research initiatives, personalized 
nutrition solutions, and the empowerment of local communities through sustainable 
cultivation practices underscore the potential for a holistic and integrative approach 
that benefits human health, the environment, and the economy. Finally, antibiotic 
resistance prompts a renewed effort to test medicinal herbs for potential antibacterial, 
antifungal, and antiparasitic properties [65].

6. Scope

The scope of herbs and spices in the context of new perspectives on human health 
and the food industry is extensive and continually growing. Herbs and spices offer 
opportunities for innovative product development, with the potential to create func-
tional foods, nutraceutical supplements, and natural preservatives [62]. These botani-
cals also play a role in fortifying foods with essential nutrients, aligning with modern 
nutritional trends and consumer preferences. Also, spices are becoming a major ingre-
dient in meals all across the world. Beyond only enhancing food’s color, flavor, and 
scent, spices are also used to assist people maintain their health and beauty when they 
are suffering from chronic illnesses [64]. Furthermore, the incorporation of diverse 
herbs and spices in global cuisines not only enhances flavors but also contributes to a 
healthier and more varied diet [65]. For example, cinnamon may have antioxidant and 
anti-inflammatory qualities, which may help it to be used to treat chronic illnesses [65]. 
In the future, new spices may be investigated for their medicinal uses and bioactive 
substances, hence increasing the contribution of herbal spices to the promotion of 
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human well-being. The scope extends to collaborative research initiatives, personalized 
nutrition solutions, and community empowerment through sustainable cultivation 
practices, highlighting the holistic and integrative potential of herbs and spices in 
benefiting human health, the environment, and local economies [66, 67].

7. Application

The application of herbs and spices in the context of new perspectives on human 
health and the food industry is multifaceted. Herbs and spices are utilized for innova-
tive product development, contributing to the creation of functional foods, nutra-
ceutical supplements, and natural preservatives [68, 69]. These botanicals also play a 
significant role in fortifying foods with essential nutrients, aligning with modern nutri-
tional trends and consumer preferences. Moreover, the incorporation of a diverse array 
of herbs and spices in global cuisines enhances flavors and contributes to a healthier 
and more varied diet [62]. These applications demonstrate the versatility and potential 
of herbs and spices in addressing contemporary health and culinary challenges.

The various studies have highlighted the antimicrobial efficacy of numerous herbs 
and spices against a spectrum of pathogens, including bacteria, fungi, and viruses 
[10]. For example, “bioactive constituents” and “biological activities” are present in 
coriander (Coriandrum sativum). The essential oils derived from coriander seeds and 
herbs possess antibacterial, antioxidant, hypoglycemic, hypolipidemic, anxiolytic, 
analgesic, anti-inflammatory, anticonvulsant, and anticancer effects, as demon-
strated by their innovative pharmacological and therapeutic uses [20, 21]. Similarly, 
garlic (Allium sativum) is renowned for its possible cardiovascular advantages, includ-
ing blood pressure-lowering and lipid profile improvement [34]. In addition, the 
active compounds in garlic, such as allicin, exhibit potent antibacterial and antifungal 
effects [15]. Garlic produces the sulfur-containing compound ajoene that inhibits 
platelet aggregation generated by all known agonists. Ajoene will be used as a phar-
maceutical to treat thrombosis and has demonstrated broad-spectrum antibacterial, 
antifungal, and antiprotozoal effect. The antibacterial activities of ajoene, which are 
efficient against Gram-positive and Gram-negative bacteria, such as Xanthomonas 
maltophilia, Escherichia coli, Lactobacillus plantarum, Mycobacterium smegmatis, 
Bacillus subtilis, and Streptomyces griseus, appear to be dependent on the disulfide 
link in the compound. Likewise, ajoene’s antifungal activity had been proven against 
Aspergillus niger, Candida albicans, Saccharomyces cerevisiae, and Paracoccidioides 
brasiliensis. Moreover, Ajoene exhibited antiprotozoal properties against Plasmodium 
berghei and Trypanosoma cruzi. Similarly, the polyphenols in oregano, thyme, and 
rosemary have demonstrated antimicrobial activity against foodborne pathogens 
[70]. Turmeric, containing curcumin, has exhibited antibacterial and antiviral 
properties, suggesting its potential in supporting immune function [67]. The anti-
inflammatory qualities of turmeric (Curcuma longa) make it a promising treatment 
for ailments including arthritis [71]. S. lavandulaefolia Vahl., known as Spanish Sage, 
have shown anticholinesterase, antioxidant, anti-inflammatory, estrogenic, and 
central nervous system (CNS)-depressive (sedative) properties for their potential to 
treat Alzheimer’s disease (AD) [26]. These examples show how using herbal spices 
may improve health by providing natural solutions for a range of well-being issues. 
These findings underscore the potential of incorporating herbs and spices into daily 
diets as a natural and flavorful approach to promoting human health by harnessing 
their antimicrobial properties.
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8. Human health impact and culinary benefits

The utilization of herbal medicine not only contributes to human health but 
also enhances culinary experiences by offering a plethora of flavors and nutritional 
benefits. Herbs have been an integral part of traditional medicine systems globally 
for centuries, and their potential positive impact on human health is supported by 
scientific research. For instance, rosemary, commonly used in Mediterranean cuisine, 
contains compounds with antioxidant properties, and studies suggest that it may have 
neuroprotective effects, potentially benefiting cognitive function [72]. Similarly, the 
culinary use of garlic has been associated with numerous health benefits, including 
cardiovascular protection and anti-inflammatory effects due to its sulfur-containing 
compounds [73]. Similarly, Clove spice is used to cure earaches, inflammation, pain, 
antipyretic, antifungal, antibacterial, and peptic ulcers. Moreover, it is said to have 
anti-inflammatory, antiviral, antimicrobial, anticancer, antidiabetic, and antiobesity 
properties. Analgesic, anticonvulsant, hepatoprotective, anthelmintic, memory 
recall, anti-stress, insecticidal, antimutagenic, and antiulcerogenic are some other 
uses. Including these herbs in regular meals improves general health, in addition to 
giving flavors more depth and richness [62].

The culinary benefits of herbal medicine extend beyond taste, as many herbs 
possess medicinal properties that can positively impact human health. For example, 
basil, a staple in Italian cuisine, has demonstrated antimicrobial and anti-inflamma-
tory properties [74]. These dual roles of herbs, both as sources of flavor enhancement 
and potential health-promoting agents, highlight the synergy between culinary arts 
and traditional medicine [75, 76], providing individuals with an opportunity to enjoy 
delicious meals while supporting their health and well-being.

9. Future modern prospect

In the modern health and food industry, there is a growing recognition of the valu-
able contributions of herbs and spices in promoting wellness and enhancing culinary 
experiences. Herbal medicine, with its roots deeply embedded in traditional practices, 
historical, cultural, and ecological regions, has gained renewed attention as consum-
ers seek natural and holistic approaches to health [66]. Herbs and spices are not only 
prized for their aromatic and flavorful qualities but are increasingly acknowledged 
for their potential health benefits [62]. Research has demonstrated the presence of 
bioactive compounds in various herbs and spices that possess antioxidant, anti-inflam-
matory, and antimicrobial properties, among others [16, 62]. For instance, turmeric, 
a spice commonly used in traditional Indian medicine, contains curcumin, recognized 
for its anti-inflammatory and antioxidant effects [75]. Similarly, the medicinal prop-
erties of herbs like cloves, ginger, and garlic are being explored for their potential 
cardiovascular and immune system benefits [62, 76, 77]. Recent evidence explore the 
tulsi (Ocimum sanctum), snakeroot (Polygala senega), licorice root (Glycyrrhiza glabra), 
clove (Syzygium aromaticum), slippery elm and marshmallow osha root (Ligusticum 
porteri), and sage leaf (Salvia officinalis) are the most significant expectorant herbs 
against flu and cold [2, 78]. Similarly, Astragalus membranaceus, Glycyrrhiza uralensis, 
Saposhnikoviae divaricata, Rhizoma Atractylodis macrocephalae, Rhizoma phragmi-
tis, Lonicerae japonicae flos, Forsythiae fructus, Atractylodis rhizoma, Platycodonis radix, 
Agastache rugosa, and Cyrtomium fortunei, Herba eupatorii, Ophiopogon japonicus, 
Scrophularia ningpoensis, Adeinophora stricta, and Dendrobium nobile have been 
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associated with the control of viral infection, immunological inflammatory responses, 
and hypoxic response, even during COVID-19 infection [2].

The incorporation of herbs and spices into both the culinary and wellness spheres 
reflects a paradigm shift in consumer preferences toward natural, plant-based 
solutions [13, 43]. As individuals become more health-conscious and seek preven-
tive measures, the demand for herbal supplements, teas, and functional foods has 
surged. The food industry has responded by incorporating these botanical ingredients 
into a diverse range of products, from herbal teas to spice-infused snacks, catering 
to the modern consumer’s desire for both flavor and functional health benefits [79]. 
This trend underscores the integration of traditional knowledge with contemporary 
science, paving the way for a harmonious synergy between herbal medicine and the 
health and food industry. Future investigations on the therapeutic qualities of herbs 
using various models, including as in vitro, in vivo, ex vivo, and clinical/human trials, 
should be the main emphasis and requirement of study [62].

10. Conclusions

In conclusion, there is strong evidence for the dual importance of herbs and 
spices in both human health and culinary applications due to their synergy, bioactive 
components, and antibacterial qualities, antioxidant, anti-inflammatory, and other 
attributes [13]. Using these bioactive-rich properties not only help preserve food but 
may also be used to treat microbial illnesses in people. Also, herbs and spices in food 
preparation not only improve the taste, aroma, color experience of meals but also 
recognize their possible health and nutritional advantages [63].

As regards the antibacterial and dietary qualities of these bioactive substances, 
polyphenol, flavonoids, terpenoids, saponins, coumarins, alkaloids, and tannins, 
more investigation is necessary to clarify their precise mechanisms of action and 
maximize their uses in the culinary and medical fields [13, 37–39]. Herbs and spices’ 
transformation from kitchen staples to bioactive compounds combines ancient 
wisdom with modern science, promoting healthier, diverse food experiences and 
promoting holistic well-being [63].
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Chapter 10

Harnessing Nature’s Bounty: 
Phytoinsecticides for a Healthier 
and Sustainable World
Thirunavukkarasu Selvamuthukumaran, 
Palanisamy Dhanapriya and Nusrat Iqbal

Abstract

Global warming fuels pest infestations, causing massive crop losses and economic 
damage. Chemical insecticides, though initially effective, come with a heavy toll: 
environmental harm, health risks, and resistance development. Their overuse creates 
a vicious cycle, leading to even more pesticide use and devastating consequences for 
beneficial insects, soil, water, and human health making our current agricultural 
practices unsustainable. Phyto-insecticides derived from plants are safer and more 
sustainable alternatives that boast a long history of use and diverse modes of action, 
making it harder for pests to develop resistance. They pose lower risks to human 
health and the environment and can be produced sustainably from renewable plant 
sources. While promising, phyto-insecticides face hurdles. Limited plant biomass, 
variable effectiveness, and unstable formulations hinder their commercialization. 
However, innovative solutions are emerging: (1) callus culture: this technique offers 
a sustainable way to mass-produce valuable secondary metabolites like Azadirachtin 
and Pyrethrin; (2) understanding insect interactions: Deciphering how these com-
pounds interact with insects paves the way for effective utilization and formulation 
design; (3) nanotechnology: nanoparticles enhance stability, bioavailability, and 
targeted delivery, boosting efficacy and reducing environmental impact. Excitingly, 
trace amounts of phyto-insecticide residues may offer additional benefits. Some 
compounds, like Azadirachtin, Piperine etc., possess potential nutraceutical proper-
ties, promoting bone health, managing diabetes, and even fighting cancer. This opens 
the door to “nutraresidiceuticals,” where food treated with phyto-insecticides might 
enhance consumer health. Phyto-insecticides hold immense potential as a sustain-
able and effective pest management strategy. By addressing challenges related to 
biomass, formulation, and understanding their modes of action, we can unlock their 
full potential for a healthier and more sustainable future. Additionally, exploring the 
potential “nutraresidiceutical” benefits opens up exciting new avenues for research 
and development.

Keywords: phyto-insecticides, sustainable agriculture, callus culture, nanotechnology, 
nutraceuticals, nutraresidiceuticals
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1. Introduction

Agriculture, the bedrock of human civilisation, faces a constant challenge: the 
relentless onslaught of pests. This battle for food security intensified as global warm-
ing resulted in insect pests’ increased geographic distribution, survival, and invasion, 
altered interspecific interaction, and converted diverse ecosystems into fertile breed-
ing grounds for these destructive insects [1]. While estimates suggest that less than 
0.5% of insects are classified as pests, their impact on crops, livestock, and human 
health cannot be understated. Studies reveal a staggering 20–40% crop loss due to 
pest damage, translating to an alarming 70 billion USD annually [2, 3].

As soaring populations and catastrophes caused by world wars necessitated 
increased food production, Agriculture was compelled to take more intense pest con-
trol tactics during the late 1940s and 1950s. The initial success of synthetic chemical 
insecticides though fuelled the Green Revolution through high-yielding crop variet-
ies, had unleashed a cascade of unforeseen consequences and had become one of the 
most controversial issues [4, 5].

The widespread and often indiscriminate use of these potent chemicals has wrought 
havoc on natural ecosystems and disrupted ecological balance. Pesticides, designed to 
eliminate specific insects, inadvertently select resistant individuals, leading to the rise 
of “superbugs” immune to their effects [6]. This phenomenon creates a vicious cycle 
of escalating pesticide use and ultimately exacerbates the problem. Furthermore, these 
chemicals wreak havoc on natural enemies and beneficial insects, leaving the door open 
for secondary pest outbreaks and further ecological damage [7–10]. The long-term 
consequences of this disruption are far-reaching, impacting soil health, biodiversity, 
and overall sustainability. The human cost of pesticide use is simply unacceptable, 
particularly for vulnerable populations in developing countries. Chemical residues on 
food crops pose a significant threat to consumers, with studies linking pesticide exposure 
to various health issues, including cancer, birth defects, and neurological disorders [11]. 
Finally, the environmental impact of chemical pesticides cannot be ignored. These toxic 
substances pollute water sources and contaminate air and soil [12, 13].

Several hundred pesticides of different chemical nature are currently used in 
agriculture all over the world [14]. The burgeoning global insecticide market, valued 
at 19.5 billion USD in 2022 and projected to reach 28.5 billion USD by 2027, highlights 
the increasing reliance on pest control measures, even now [15].

2. Exploring a sustainable alternative: botanical insecticides

2.1 A return to plant-based pest control: a long history and renewed interest

The long-term consequences for the planet are dire, jeopardizing the very founda-
tions of our food security and environmental well-being. In the face of these chal-
lenges, the need for a paradigm shift in pest management is undeniable. Moving away 
from this unsustainable reliance on chemical solutions and embracing a more holistic 
approach that prioritizes environmental sustainability and human health is a must.

Further, as the concept of pest management was radically revised towards advo-
cating the suppression of pest populations below levels capable of causing economic 
injury rather than total eradication, insecticides of plant origin which exerted coher-
ent management over insect pests for many centuries got re-attention.
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Secondary metabolites have been exploited longer for managing pests [16, 17]. 
Botanical insecticides have a long history; their use in India, China, and Egypt since 
thousands of years ago highlighted their efficiency in pest management. The avail-
ability of wider choices, a broader spectrum of action, and relative safety made them 
attractive alternatives for synthetic insecticides [18].

As most of the botanicals are relatively non-toxic to humans, animals, and 
natural enemies they readily fit into IPM protocol [19, 20]. They help in reducing 
pesticide usage, environmental contamination, and human and animal health 
hazards [21].

In recent years, attempts have been made to identify plants, including herbs and 
weeds and their novel phytochemicals, for their insecticidal property. Different types 
of plant preparations such as crude extracts, solvent extracts, and powders have been 
reported for their insecticidal activity. Numerous plant species have been identified 
as possessing pesticidal properties [22, 23]. They possess secondary metabolites 
like alkaloids, non-protein amino acids, steroids, phenols, flavonoids, glycosides, 
glucosinolates, quinones, tannins, and terpenoids, etc., which are responsible for the 
protective action against the insect pests [24].

Their diverse modes of action, repellence, feeding deterrence, insecticidal, and 
insect growth regulatory activities, could act additively or synergistically, making 
resistance development more difficult and a high degree of biodegradation makes 
them a preferred choice [25, 26].

2.2 Challenges hindering wider adoption: addressing the gaps

Although there is a rich source of plants that could be harnessed as insecticides, 
commercialization of botanicals has not gained ground. The market share of botani-
cals along with other biopesticides is a mere 2% [27]. While a few botanicals were 
commercially exploited like neem, rotenone, pyrethrum, and some essential oils [28], 
the non-availability of biomass and formulations, lack of standardization and quality 
control measures hinder their commercialization.

Furthermore, their sensitivity to environmental conditions like light, tem-
perature, humidity, substrate pH, etc. make them more unstable necessitating 
the need to formulate them as stable phyto-insecticide formulations. Improving 
phyto-insecticide formulations through new approaches like encapsulation, 
emulsification, or complexation, aiming to increase shelf life and enhance efficacy 
by optimizing their delivery and uptake by target insects, results in novel product 
development [25, 29–31].

Hence, research efforts are focused towards novel approaches like the use of 
nanotechnology to encapsulate active ingredients as nanoparticles for improved 
stability, control-release, and targeted delivery and utilizing biodegradable 
polymers to create environmentally friendly formulations with improved release 
profiles.

While formulation plays a crucial role, other aspects also contribute to the limited 
utilization of botanical insecticides. These include:

Seasonal and ecotype variability: the efficacy of phyto-insecticides can vary 
significantly depending on the season, and plant source. This makes it challenging to 
develop standardized and widely applicable products [32].

Synthesis difficulties: isolating and purifying specific active compounds from 
plants can be complex and expensive, hindering their commercialization.
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3.  Overcoming barriers to phyto-insecticide commercialization: tackling 
biomass, formulation, and standardization issues

3.1 Harnessing the power of callus culture: a promising solution

Hence, the synthesis of active ingredients to overcome the non-availability of biomass 
is not a reliable and economical alternative. However, it could be overcome through plant 
tissue culture-based in vitro secondary metabolite production, like callus culture sys-
tems, which offers tremendous scope as the said issues can be surmounted easily. They 
produce secondary metabolites at a rate similar to or superior to in vivo systems [33].

The use of in vitro callus culture for synthesizing various secondary metabolites, 
including Azadirachtin, Pyrethrin, and others and the bioefficacy of these metabo-
lites against insects highlights their prospective role in solving biomass, ecotype and 
seasonal variability-related issues.

The following examples of Successful Callus Culture for the development of 
Insecticidal Compounds highlight its scope.

3.1.1 Azadirachtin

Callus culture offers a consistent and controlled environment for the production 
of Azadirachtin content. Studies have shown that increased Azadirachtin production 
was achieved with bioreactors and cell retention techniques [34]. Some authors dem-
onstrated increased extracellular Azadirachtin with specific nitrate: ammonium ratios 
[35]. A literature reported higher Azadirachtin in zygotic embryo cultures compared 
to leaf and ovary cultures [36].

3.1.2 Pyrethrin

Production of pyrethrin an insecticidal compound naturally found in 
Chrysanthemums, have been enhanced through callus culture. Few authors opined higher 
Pyrethrin concentrations in callus extracts compared to intact plant extracts and observed 
positive effects of auxin, cytokinin, and other hormones on Pyrethrin production [37, 38].

3.1.3 Other secondary metabolites

Callus culture has been used to produce various other valuable compounds:
Podophyllotoxin was extracted from callus and plant root cultures of Podophyllum 

hexandrum Royle [39]. Lignan production in callus, regenerated shoots, and field-
grown plants of Phyllanthus amarus Schumach & Thonn, were compared and higher 
yields reported in regenerated shoots [40]. Various secondary metabolites (Alkaloids 
and other compounds) in callus cultures of Physalis peruviana L. were quantified [41]. 
Callus culture conditions were optimized for Ginkgo biloba L. to enhance flavonoid 
and terpene lactone synthesis [42]. A protocol for callus induction in Centella asiatica 
L. was developed and various secondary metabolites (Triterpenes and alkaloids) were 
identified in the callus extract [43].

3.1.4 Bioefficacy of callus extracts

Several studies reported strong antifeedant and insecticidal activity of 
Azadirachtin extracted from callus cultures against various insects [44–48]. A 
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knockdown effect was demonstrated against Tribolium spp. using Pyrethrin extracted 
from Tagetes erecta L. callus culture [49]. The larvicidal activity was reported against 
Anopheles stephensi larvae using rotenoids extracted from Cassia tora L. callus culture 
[50]. Repellence and knockdown effects were observed against Tribolium sp. using 
callus extracts rich in pyrethrin from C. cinerariaefolium L. [51].

These studies highlight the potential of in vitro callus culture as a sustainable and 
efficient method for producing valuable secondary metabolites with insecticidal and 
antifeedant properties.

3.2  Understanding and optimizing the impact: deciphering the complex  
modes of action for effective utilization

Further, instead of mere screening for bio-efficacy isolation, identification and 
evaluation of the active components of the plant products will lead to commercial-
ization of the product if found effective. This may also lead to the synthesis of the 
components for commercial use if active components are economically and biologi-
cally very effective.

Botanicals generally possess dose-dependent varieties of action starting from 
repellency and leading even to the death of insects. However, large-scale utilization 
of botanicals in pest management is obstructed by non-availability of formulations. 
This constraint may be surrounded by conducting detailed studies on the active 
constituents of the effective plant fractions and their influence on various physiologi-
cal systems. In support of the above-mentioned point, the availability of plant-based 
insecticidal formulations derived from neem oil and pyrethrum, whose physiological 
influences are well studied is available worldwide [52].

Among all present-day living forms, insects are one of the most ancient creatures. 
These insects with a long evolutionary history and remarkable adaptability roamed 
the world for almost 350 million years, the reason behind being on top of the evolu-
tionary ladder [53]. Needless to explain one can understand their capacity to adapt. 
Such superior adaptability is mainly the product of complex and adaptable physi-
ological systems [54].

Hence, the strategic application of control strategies aiming at disrupting the 
adaptive capacity of the insects is thought over. Consequently, the use of plants, 
an organism that co-evolved along with insects with a diverse array of bioactive 
compounds with anti-herbivore properties is to be re-considered [55]. These natural 
products may be effective in reducing the capacity for adaptation of insects. Their 
interaction with dynamic physiological processes, if studied will necessarily throw 
light on the best possible use for efficient control of insect pests.

The interaction between secondary metabolites and insect physiology, and the 
specific physiological processes targeted, define the “mode of action” of these natural 
insecticides. Understanding the mode of action is crucial for effective pest manage-
ment as it reveals essential information about speed of action, target spectrum, 
and environmental safety. Furthermore, such studies guide formulation design and 
provide leads for developing novel insecticides.

However, the intricate nature of secondary metabolites, encompassing both their 
structure and function, presents a significant challenge compared to synthetic insec-
ticides. Specifically, the dose-dependent effects observed (e.g., Azadirachtin induc-
ing diverse morphogenetic defects and mortality based on applied concentration) 
complicate the determination of the precise mode of action. This challenge is further 
compounded by the lack of standardized experimental protocols for validation.
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The diverse modes of action employed by secondary metabolites against insects 
can be broadly categorized into:

1. Neurotoxic

2. Cytotoxic

3. Enzyme inhibitory

4. Metabolic disrupters

5. Interactions with biomolecules

Intriguingly, individual secondary metabolites can exhibit multiple modes of 
action depending on the dose and target site. This multifaceted nature, combined 
with the vast diversity of secondary metabolites, presents a significant challenge 
for deciphering their precise modes of action. The complexity is further amplified 
in plant extracts, where synergistic or antagonistic interactions between multiple 
compounds occur. Therefore, to effectively elucidate the mode of action of a plant 
extract’s anti-insect activity, it is crucial to isolate and purify the key bioactive mol-
ecules, and investigate the individual and combined actions of these purified com-
pounds on relevant targets using appropriate biochemical and physiological assays.

By adopting this stepwise approach, researchers can gain a deeper understanding 
of the complex mechanisms employed by secondary metabolites in their defense 
against insects. This knowledge can then be harnessed to develop more targeted and 
effective pest management strategies.

3.3 Developing stable and effective nanoformulations: key to unlocking potential

The term “nano” is derived from the Greek word meaning dwarf, representing 
sizes ranging from 1 to 100 nm. Nanotechnology, as termed by Norio Taniguchi, 
involves the manipulation of matter at the nanoscale to produce materials with 
unique properties. According to the International Organization for Standardization 
and the Organization for Economic Cooperation and Development, nanomaterials 
are defined as materials having external dimensions or internal structures at the 
nanoscale.

Agrochemical formulations incorporated as nanoparticles (NPs) or in nanoscale 
materials with diverse coatings offer a promising avenue for improving the solubility 
and permeability of active ingredients (AIs). This, in turn, can result in enhanced 
bioavailability, allowing for a reduction in the AI dosage. Moreover, these formula-
tions enable controlled release and targeted biodistribution of AIs, contributing to 
more efficient and environmentally friendly agricultural practices [56]. They also 
offer other advantages such as improved dispersion and wettability, biodegradability 
in both soil and the environment, non-toxic nature, and photogenerative properties 
[57, 58].

Various nanocarriers, such as nanocapsules, nanospheres, micelles, nano gels, 
nanoemulsions, nanodispersions, and inorganic materials, alter the properties of 
phyto-insecticide’s active ingredients and offer unique advantages like controlled 
release kinetics, improved solubility, lower dose-requirement, enhanced stability, and 
prolonged efficiency in pest control. Techniques like coacervation, nanoprecipitation, 
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and microemulsion are commonly used for encapsulating phytochemicals within 
nanoformulations. These methods help achieve uniform particle size distribution and 
enhance the overall efficacy.

3.3.1 Nano-formulations for sustainable development

Nano formulations offer multiple advantages. These include active ingredient 
degradation prevention and improved activity due to smaller particle size and 
larger surface area [59]. Notably, it is anticipated that the mechanism of action 
against target pests will be enhanced compared to bulk equivalents, given the 
increased interaction with target pests resulting from the small size of nanopar-
ticles [60]. Additionally, nanoparticles have demonstrated consistent leaf cover 
and plant penetration, supporting their potential in pest control and agriculture 
[61]. These findings indicated reduced insecticide usage that led to sustainable 
plant protection protocols.

3.3.2 Key aspects related to nanoformulations of phytochemicals

Improved bioavailability: nanoformulations can enhance the bioavailability of 
phytochemicals, ensuring that a greater proportion of the compound reaches its 
target site. This is particularly important for phytochemicals with low solubility or 
poor absorption.

Increased stability: phytochemicals are often sensitive to environmental factors, 
such as light, heat, and oxygen, which can lead to degradation. Nanoformulations 
provide a protective environment, increasing the stability of phytochemicals and 
prolonging their shelf life.

Targeted delivery: nanoformulations enable targeted delivery of phytochemicals to 
specific cells or tissues. This targeted approach can enhance efficacy while minimiz-
ing potential side effects on non-targeted cells.

Controlled release: controlled release is a key feature of nanoformulations. This 
allows for a sustained and controlled delivery of phytochemicals over time, ensuring a 
more consistent effect.

3.3.3 Challenges and safety considerations of nanoformulation

Nanoformulations, which involve manipulating materials at the nanoscale, hold 
great promise in various fields such as medicine, agriculture, and electronics due to 
their unique properties. However, as with any new technology, some challenges need 
to be addressed to ensure their successful implementation.

Production scale-up: transitioning from small-scale laboratory production to 
large-scale manufacturing can be complex. Processes that work well in the lab 
may not be easily scalable or cost-effective when producing nanoformulations on a 
commercial scale. Engineers and scientists must develop efficient and reproducible 
manufacturing processes to meet the demands of mass production.

Regulatory considerations: nanoformulations may fall under specific regulatory 
frameworks that govern the production, distribution, and use of nanomaterials. 
Regulatory agencies require comprehensive data on the safety, efficacy, and envi-
ronmental impact of these formulations before approving them for commercial use. 
Meeting regulatory requirements often involves extensive testing and documentation, 
which can be time-consuming and expensive.
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Safety evaluations: nanoformulations raise concerns about potential health and 
environmental risks associated with exposure to nanomaterials. Before these formula-
tions can be widely used, thorough safety evaluations are essential to understand 
their potential hazards and mitigate any associated risks. This includes assessing their 
toxicity, biodistribution, biodegradability, and long-term effects on living organisms 
and ecosystems.

Given the complexity and novelty of nanoformulations, ensuring their safety is 
crucial to gaining public acceptance and regulatory approval. By addressing these 
challenges and conducting rigorous safety evaluations, researchers and industries can 
harness the potential benefits of nanoformulations while minimizing potential risks 
to human health and the environment.

3.3.4 Types of nanoformulations

3.3.4.1 Nanoemulsions

Nanoemulsions (NEs) are small droplets of one liquid dispersed in another, 
stabilized by an amphiphilic surfactant, commonly water in oil (W/O) or oil in water 
(O/W) [62]. Very small oil/water emulsion nanoscale droplets with diameters less 
than 100 nm create nanoemulsions. The nanoemulsion is designed to improve pest 
management by increasing pesticide solubility, bioavailability, stability, and wettabil-
ity. With sizes around 100 nm, these NEs exhibit advantageous properties such as a 
large surface area, strong stability, clear appearance, and adjustable rheology [63].

3.3.4.1.1 Nanoemulsion preparation techniques

High-energy techniques like membrane emulsification, high-pressure homogeni-
zation, and sonication, as well as low-energy methods based on nonionic surfactant 
phase transitions or spontaneous emulsification, are employed for NE preparation. 
NEs possess unique characteristics, including a high elastic modulus, Laplace pres-
sure, surface area to volume ratio, and small droplet size, requiring specialized 
equipment like ultrasonic generators or high-pressure homogenizers due to the 
energy-intensive nature of the process. However, low-energy methods, like spon-
taneous emulsification, offer a simpler approach without the need for expensive 
equipment.

3.3.4.1.2 Applications

The incorporation of these natural ingredients aims to enhance bioavailability, 
reduce negative side effects, minimize non-specific absorption, and enable precise 
targeting to specific cells. Targeting ligands, such as folate, are introduced on the 
surface of NEs to further improve their performance in specific applications. This tar-
geted technology often involves nanocarrier functionalization, which can be achieved 
through surface modification [64, 65] and/or ligand grafting [66].

3.3.4.2 Nanoencapsulation

Nanoencapsulation involves enclosing pesticides within nano-sized materials, 
often polymers, to create nanocapsules that release the pesticide under specific envi-
ronmental conditions [67]. It is employed in crop protection chemical formulations 
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to achieve enhanced solubility, specificity, and stability at varying environmental 
conditions viz., pH and temperature [68]. Additionally, nanoencapsulation enables 
active substances’ control release and precise targeting [69].

3.3.4.2.1 Nanoencapsulation preparation techniques

Creating efficient polymeric nanocapsules with various synthesis protocols includ-
ing layer-by-layer deposition, double emulsification, emulsification-coacervation, 
solvent evaporation, nanoprecipitation, melt dispersion, emulsion polymerization, 
interfacial polymerization, interfacial deposition methods, solvent displacement 
technique, and emulsion-evaporation. These methods contribute to the utilization of 
this formulation technique in the development of chemically varying botanical AIs as 
phyto-insecticide formulations.

3.3.4.2.2 Applications

Their design enables them to withstand environmental processes such as leaching, 
evaporation, photolytic hydrolysis, and microbial destruction. Importantly, these 
formulations feature built-in switches for regulating the release and availability of 
pesticides over a specific duration, optimizing their efficiency. These facts highlight 
their utility in phyto-insecticide formulation development as their commercial suc-
cess entirely depends on these parameters.

3.3.4.3 Nanosuspension

Nanosuspension technology offers significant improvements in the solubility, 
wettability, and activity of poorly soluble substances, with uniform particle sizes 
below 100 nm. The key outcomes arise from the increased surface area, rapid dissolv-
ing rate, and excellent penetrability. Notably, the nanosuspension approach reduces 
the required amount of surfactants and eliminates the need for organic solvents, 
making it an environmentally friendly and efficient method for phyto-insecticide 
formulation.

3.3.4.3.1 Nanosuspension preparation techniques

In contrast to traditional methods like micronization, which involves milling 
coarse powders to create suspension concentrations (SC) resulting in particle sizes 
around 13 μm, nanosuspension technology takes the process from micrometer- to 
nanometer-sized particles. Phyto-insecticides often have low solubility, and microni-
zation may not achieve sufficient bioavailability. Nanosuspensions, typically in the 
size range of 200–500 nm, become the next step in enhancing the effectiveness of 
these poorly soluble AIs.

Two main methods for producing nanosuspensions are bottom-up (controlled 
precipitation/crystallization) and top-down technologies. In the bottom-up method, 
the AI is dissolved in an organic solvent and precipitated with an anti-solvent in the 
presence of a stabilizer, resulting in homogeneous particles with smaller sizes. This 
method may also generate amorphous nanoparticles with high dissolution rates. 
On the other hand, the top-down approach involves various methods such as media 
milling, high-pressure homogenization, and microfluidization to reduce particle size. 
Combination procedures that integrate pre-treatment with subsequent size-reduction 
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phases are commonly used for producing more homogeneous nanoparticles. Overall, 
nanosuspension technology presents a versatile and effective means of addressing 
solubility challenges and enhancing phyto-insecticide formulation performance.

3.3.4.3.2 Applications

Chrysanthemum coronarium L. and Azadirachta indica A. Juss nanosuspensions 
exhibit versatility in targeting a spectrum of pests, including Aedes aegypti, Culex 
quinquefasciatus, Myzus persicae, Plutella xylostella, Spodoptera litura, Tribolium 
castaneum, and Helicoverpa armigera [70]. Similarly, Rotenone nanosuspensions target 
Bursaphelenchus xylophilus [71].

3.3.5 Nanoformulation characterization

3.3.5.1 Particle size and its distribution

The characterization of particle size and distribution is pivotal for evaluating the 
efficacy and stability of nanoformulations. Small and uniform particle sizes contrib-
ute to an increased surface area, facilitating improved interactions with biological 
systems. Dynamic Light Scattering (DLS) is a widely employed technique for deter-
mining the size and distribution of nanoformulations. To achieve optimal efficiency, 
samples are diluted with deionized water before analysis to prevent multiple scat-
tering caused by aggregation via electrostatic interaction. During the measurement 
process, the polydispersity index (PDI) is a critical parameter, with a value less than 
0.5 considered acceptable for agricultural use, indicating good uniformity of particle 
diameter. Samples with higher PDI, signifying polydispersity, are deemed unsuitable 
for characterization using DLS [72].

The size of nanoemulsions is influenced by various factors, with surfactant con-
centration and packing parameters playing a significant role. Surfactant packing 
parameters, crucial for changes in surfactant curvature and finer nanoemulsion 
droplet formation, are highly affected by the ratio of hydrophobic and hydrophilic 
regions. The surfactant arrangement at the oil/water (O/W) boundary with low 
interfacial tension creates a bicontinuous microemulsion, resulting in smaller par-
ticles. Research studies consistently indicate that an increased ratio of surfactant 
to oil leads to smaller droplet sizes [73]. This scientific understanding contributes 
to the nuanced design and optimization of nanoemulsions for phyto-insecticide 
formulation development.

3.3.5.2 Viscosity, zeta and pH measurement

The electrophoretic properties, specifically the zeta potential, of nanoformula-
tions are commonly measured using Zetasizer. The zeta potential, influenced by the 
surface properties around the particles, is indicative of nanoformulation stability, 
with pH value playing a crucial role. A negative zeta potential generates repulsive 
forces that surpass the attractive forces among droplets, preventing coagulation and 
coalescence in the emulsion. The stability of nanoformulation tends to decrease with 
an increase in oil concentration in the system [74–76]. Utilizing an Ostwald viscom-
eter, viscosity values of nanoformulations influenced by the nature of surfactants, 
organic phase components, and oil viscosity can be measured. Phyto-insecticide 
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nanoformulations typically exhibit low viscosity, given their classification as O/W 
type with high water loading. However, surfactant concentration can be a variable 
influencing the viscosity of nanoformulations [77]. This scientific understanding 
contributes to the meticulous design and optimization of nanoformulations, espe-
cially in the context of phyto-insecticide delivery systems.

3.3.5.3 Morphology and stability study

The shape and morphology of nanoformulations are elucidated through advanced 
imaging techniques such as atomic force microscopy (AFM), transmission electron 
microscopy (TEM), and cryogenic-field emission scanning electron microscopy 
(Cryo-FESEM). Commonly observed shapes for nanoformulations include spherical 
or core-shell structures, attributed to the formation of nano micelle clusters during 
the preparation process.

To assess stability, rigorous tests involve varying storage time and temperatures, 
typically spanning 0, 5, 10 days, and even up to 12 months, with temperatures 
ranging from 4 to 54°C. Stability is determined by monitoring sample appearance 
and measuring physicochemical properties, such as zeta potential and particle size, 
at predetermined intervals. Stable systems exhibit no changes like phase separation, 
creaming, flocculation, coalescence, or sedimentation. The zeta potential and par-
ticle size are compared before and after storage, with maintained values indicating 
stability.

Temperature plays a critical role in stability, with higher temperatures potentially 
inducing instability through particle movement and emulsifier dissolution into water, 
leading to particle aggregation. Factors like Ostwald ripening, occurring in the initial 
5–10 days, contribute to stability challenges like flocculation and coalescence. The 
coarsening mechanism in nanoemulsions, influenced by factors like the oil phase 
fraction, emphasizes the role of appropriate surfactants and small droplet sizes in 
controlling stability. High curvature of nanoformulations prevents flocculation and 
coalescence due to Laplace pressure, but Ostwald ripening remains a concern for 
long-term storage. Strategies to counter Ostwald ripening involve increasing droplet 
elasticity and adding surfactants to reduce interfacial free energy, forming a protec-
tive barrier against coalescence [78–80].

3.3.5.4 Retention and contact angle measurement

Retention and contact angle measurements are crucial in understanding the inter-
action between nanoformulation and leaf surfaces. These metrics provide insights 
into the affinity of the phyto-insecticide liquid towards the leaves, impacting the 
efficiency of the nanoformulation. Increased adhesion of nanoformulations to leaves 
can enhance their effectiveness in pest control.

Retention is typically measured using methods like dipping and micro-weighing, 
providing a quantitative assessment of the amount of phyto-insecticide retained on 
the leaf surface. On the other hand, contact angle measurements involve using preci-
sion instruments equipped with a charged-coupled device (CCD) camera to evaluate 
the angle formed between the pesticide droplet and the leaf surface. A decreasing 
contact angle with an increasing agrochemical content indicates a lower interfacial 
tension of the active ingredient, facilitating effective pesticide diffusion on the plant 
surface [81].
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3.4  Beyond pest control: exploring the health benefits of phyto-insecticide  
treated foods

Azadirachtin A, a compound from the neem tree, shows promising health ben-
efits against bone health, cancer, and inflammation. In calvaria cells, it boosts bone 
formation (1–5 mg/kg BW) [82]. It also fights cervical cancer cells (135 μM) [83] 
and reduces tumor growth in buccal cancer (10–100 μg/kg BW) [84]. Additionally, 
Azadirachtin (120 mg/kg BW) reduces inflammation and pain in mice. This versatile 
compound holds the potential for diverse therapeutic applications [85].

Piperine, the active compound in black pepper, packs a punch in diverse areas. It 
inhibits HeLa cancer cell growth (20–100 μg/ml), tackles high blood sugar (20 mg/kg), 
and even fights obesity (40 mg/kg). Lower doses (1–10 mg/kg) bring down blood pres-
sure and protect the heart. Piperine enhances cognitive and motor function in Parkinson’s 
(10 mg/kg), combats seizures (10 mg/kg), and improves mobility in Alzheimer’s (2 mg/
kg). This spicy wonder holds promise for a range of health benefits [86].

The Pongamia tree, also known as Millettia pinnata L., boasts a treasure trove 
of health benefits. Its stem extract (10–40 mg/ml) packs an antibacterial punch, 
flower extracts (150 mg/kg) offer antioxidant protection against liver damage. Even 
leaves and bark possess antiplasmodial activity against malaria (IC50 9–43 μg/ml). 
Pongamia’s effects extend to inflammation (70% ethanolic extract, 300–1000 mg/
kg) and stomach ulcers (methanolic seed extract, 25 mg/kg). It even targets pancre-
atic cancer cells (leaf extract, 100 mg/ml) and helps manage blood sugar (aqueous 
extract, 300 mg/orally). This versatile tree truly stands as a testament to nature’s 
healing power [87].

From fighting microbes (100 μg/ml) to shielding cells from damage (25 mg/kg), 
Andrographis paniculata (Burm.f.) Nees a powerful medicinal plant, is a natural 
wellness warrior. Its extracts stifle colon cancer cell growth (10 μg/mL), curb diabetes 
(50 mg/kg), and even block blood vessel formation in tumors (10 μg/mL). This ver-
satile herb shines as a champion for diverse health concerns, offering nature’s healing 
touch in a single potent package.

Gloriosa superba L. hides remarkable medicinal talents. Its leafy extracts, potent 
at just—2.97 mg/ml, thinning the blood and preventing unwanted clots [88]. Deeper 
down, the root tubers hold an antimicrobial arsenal. Aqueous, methanol, and petro-
leum ether extracts, wielded at 500–1000 μg/ml, vanquish both Gram-positive and 
Gram-negative bacteria. Colchicine, offers a natural balm for pain, soothing inflam-
mation at a mere 2 mg/kg BW [89].

The versatile Vitex negundo L. offers a treasure trove of bioactivities. Leaf extracts 
exhibit promising effects against Mycobacterium tuberculosis (MIC ≤ 100 μg/ml), 
fungi (MIC 16–24 μg/ml), and inflammation (2.5–5.0 g/kg body weight). Ethanolic 
leaf extracts demonstrate pronounced analgesic activity (100–500 mg/kg) while 
alcoholic seed extracts protect the liver (250 mg/kg). Notably, V. negundo boasts 
remarkable anti-proliferative properties against diverse cancer cell lines, including 
hormone-dependent breast cancer (MCF-7), non-hormone-dependent breast cancer 
(MDA-MB-231), ovarian cancer (Caov-3), cervical cancer (HeLa), liver cancer 
(HepG2), and human foreskin fibroblast cells (Hs27) (IC50 65.38 μg/ml). These 
findings suggest V. negundo deserves further exploration for its potential therapeutic 
applications across various medical fields [90]

Cleistanthus collinus (Roxb.) Benth. ex Hook. f. unveils promising anti-cancer 
agents. Cleistanthus A, at 5 μg/ml, triggers lethal apoptosis and DNA strand breaks 
in cervical cancer cells (Si Ha), suggesting a potent cytotoxic effect. This effect 
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manifests through inhibited DNA synthesis and amplified damage [91]. Cleistanthus 
B, showcasing selectivity, exhibits lower GI50 values against 10 cancer cell lines 
compared to 5 normal lines. This selectivity, ranging from 1.6 × 10−6 to 4 × 10−5 M for 
tumor cells and 2 × 10−5 M to 4.7 × 10−4 M for normal cells, promises effective tumor 
suppression with minimal harm to healthy tissue [92]. Cleistanthus A and B both 
compounds holds their distinct potent cytotoxic and can be used in cancer therapy.

Eucalyptus oil, extracted from the leaves, reveals antimicrobial and anti-cancerous 
potential. At a potent concentration of 20 ml/L, it effectively inhibits the growth of 
common bacterial pathogens like Staphylococcus aureus, Salmonella typhi, Bacillus 
subtilis, and Escherichia coli [93]. Furthermore, its anti-cancerous activity shines 
against diverse cancer cell lines, demonstrated by its IC50 values (half-maximal inhibi-
tory concentration) of 4.75, 8.8, and 11.8 μg/mL against colorectal cancer (HCT-116), 
breast cancer (MCF-7), and liver cancer (HepG-2) cells, respectively [94].

Phyto insecticides render various insecticidal properties due to the presence of 
secondary metabolites such as steroids, tannins, alkaloids, terpenoids, flavonoids, 
coumarins, phenols etc., [95] also offer medicinal effects [96]. Synthetic insecticides 
become persistent pollutants (residues) and result in inevitable loss to human health 
and the environment [97, 98]. A pesticide residue is any specified substance in food, 
agricultural commodities, or animal feed resulting from the use of a pesticide [99]. 
In 2021, the European Food Safety Authority reported that 39.8% and 2.1% of food 
samples contain one or more residues in concentrations below or equal to permitted 
levels (MRLs) and the latter with residues exceeding the permitted levels [100].

Talukder et al. reported that, unlike conventional pesticides, botanical pesticides 
leave minimal or no residue, minimizing risks to human health, the environment, and 
ecosystems [101]. Whereas EPA exempt, botanical oils with a zero re-entry interval, 
zero pre- and post-harvest interval and maximum residue levels (MRLs) [102] and 
vulnerable to the degradation process [103].

3.5 Fate of phytoinsecticidal residues and potential for “nutraceuticalization”

What is the effect of residual phytoinsecticidal compounds present in treated 
produce? Recalling Paracelsus’s principle, “the dose makes the poison,” the low concen-
trations of active ingredients in these natural insecticides might paradoxically exhibit 
medicinal properties. This intriguing possibility suggests the potential transformation 
of treated food into “nutraresidiceuticals.”

As discussed in Section 3.4, trace amounts of phytoinsecticide residues remaining 
in treated food could function as pharmaceutics, similar to nutraceuticals, potentially 
enhancing consumer health. Consequently, phytoinsecticidal treatment might offer a 
unique and advantageous additional dimension to their application.

4. Conclusion

Developing effective and stable phyto-insecticide formulations is a multifaceted 
challenge. By addressing the sensitivity of these natural compounds through innova-
tive formulations and tackling biomass availability and variability difficulty in their 
synthesis through callus culture, we can unlock their potential for sustainable pest 
management. However further research is needed to optimize callus culture for 
various plants and scale production to decipher the intricate modes of action and to 
validate the potential health benefits of nutraresidueuticals through clinical trials.
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The future of phytoinsecticides lies in a confluence of cutting-edge technologies 
and strategic development approaches. Genomics, transcriptomics, and metabolo-
mics will unlock deeper knowledge of biosynthetic pathways and modes of action, 
paving the way for targeted optimization. Artificial intelligence and machine learning 
will accelerate the discovery of novel bioactive compounds through high-throughput 
screening of plant extracts. Synergistic effects and broader pest control can be 
achieved by developing combination formulations that integrate botanicals with 
other biocontrol agents. Exploring the potential of “nutraceuticalization” could offer 
additional health benefits from trace residues in treated food, opening exciting new 
research avenues.

By overcoming current challenges and harnessing these powerful tools, phyto-
insecticides have the potential to revolutionize pest management, contributing to a 
more sustainable and healthier food production system for all.
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Dietary Plant Flavone Cynaroside 
and Its Biological Significance
Sabina Gayibova, Eva Ivanisova and Ulugbek Gayibov

Abstract

Flavonoids, the most diverse group of natural polyphenolics, are secondary plant 
metabolites that play a crucial role in human health protection. Two main classes—
flavonols and flavones—comprise the main body of flavonoids with antioxidant prop-
erties and high biological activity, proven both in vitro and in vivo. Purified samples 
of flavones represent special interest. One of them, luteolin-7-glucoside (cynaroside), 
has attracted increasing attention as a potential agent possessing a number of biologi-
cal activities. The current understanding of cynaroside bioactivities is outlined in this 
chapter, along with research gaps and potential future directions for this flavonoid’s 
study.

Keywords: antioxidant, anticancer, cardio-protection, cynaroside, flavone, 
hepatoprotection

1.  Introduction

Flavonoids assigned as low molecular weight secondary metabolism phytochemi-
cals perform various biological properties both manifested in vitro and in vivo [1]. 
Extensive range of studies strongly suggest that long-term consumption of diets rich 
in plant flavonoids offers protection against development of cancers [2], cardiovas-
cular diseases [3], diabetes [4], neurodegenerative diseases [5], and so on. By now, 
the mechanisms of flavonoids action have been proposed that include the influence 
of signaling processes, flowing in living systems, due to the specific interaction with 
regulatory proteins [6], the modification of eicosanoid biosynthesis [7], the preven-
tion of platelet aggregation [8], the promotion of relaxation of cardiovascular smooth 
muscle cells [9], and so forth.

Flavones and flavone-derived compounds are a large group of flavonoids with 
a great number of properties and presented in vegetables, fruits, and aromatic 
plants [10]. The term “flavone” was used for the first time in 1895 by von Kostanecki 
and Tambor who were pioneers in the structural work of this particular class of 
flavonoids [11].

Cynaroside—which is 7-O-glucoside of luteolin (other names are luteolin-7-O-β-
D-glucopyranoside or luteolin-7-O-β- Dglucopyranoside-5,3′,4′-trihydroxyflavone, 
Luteoloside [12], luteolin-7-glucoside, nephrocizin [13])—is a natural flavone, 
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one of the bioactive compounds purified from various genuses of plant families: 
Apiaceae [14], Lamiaceae [15], Asteráceae [16], and so on (Figure 1 and Table 1).

The name “cynaroside” originates from the latin term Cynara denoting the name 
of the genus of artichokes where this flavone was firstly isolated in 1955 and defined 
to be glycoside in 1958 by Michaud (J.) and Masquelier (J.) correspondingly [56, 57]. 
Since that, interest to cynaroside has been growing considerably. For instance, due to 

Family Species

Apiaceae Pimpinella anisum L. [10], Daucus carota [17], Angelica keiskei [18], Anthriscus sylvestris (L.) 
Hoffm. [19], Dystaenia takeshimana [20], Ferula varia [21]

Asteraceae Cynara scolymus [22], Ixeris chinensis [22], Chrysanthemum morfolium Ramat [23], Glossogyne 
tenuifolia [24], Tanacetum parthenium [25], Taraxacum officinale [25], Scorzonera cana var. 
jacquiniana [26], Scorzonera cinerea [26], Scorzonera eriophora [26], Scorzonera incisa [26], 
Scorzonera parviflora [26], Dendranthema morifolium [27], Chrysanthemum indicum Linnén. 
[28], Chrysanthemum morifolium [28], Achillea millefolium L. [29], Artemisia rupestris [30], 
Carduus crispus [31], Bidens tripartite [32], Cirsium canum (L.) [32], Smallanthus 
sonchifolius [33]

Balsaminaceae Impatiens textori [33]

Caprifoliaceae Lonicera japonica [34], Lonicera maackii [35]

Fabaceae Leucaena leucocephala [36], Vicia pannonica var. purpurascens [37]

Juncaceae Juncus jerardi Lois., Luzula silvatica, Juncus ariculatus, Juncus conglameratus, Juncus filiformis, 
Juncus tenuis [38]

Lamiaceae Salvia officinalis [39], Scutellaria immaculata and Scutellaria ramosissima [39], Lycopus 
europaeus L. [40], Elsholtzia blanda (Benth.) Benth [41], Phlomis younghusbandii [42], 
Melittis melissophyllum L. [43]

Myrtaceae Pimenta racemosa [44]

Oleaceae Ligustrum lucidum Ait [45], Phillyrea latifolia [46], Ligustrum delavayanum and L. 
vulgare [47]

Polygonaceae Polygonum orientale [48], Rumex hastatus [15]

Pteridaceae Pteris multifida [49]

Rosaceae Crataegus monogyna [50], Agrimonia pilosa Ledeb [51], Prunus mume [52]

Rubiaceae Ophiorrhiza mungos Linn [52]

Salicaceae Salix matsudana [53]

Scrophulariaceae Verbascum densiflorum and V. Phlomoides [54], Verbascum nubicum [55]

Table 1. 
Natural sources of cynaroside.

Figure 1. 
Chemical structure of cynaroside.
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electronic database PubMed, search for the term “cynaroside, luteolin-7-O-glucoside, 
nephrocizin” shows growing trend in publications (Figure 2).

Several lines of evidence have emerged in recent years, suggesting that cynaroside, 
despite its nontoxic nature, can minimize hepatotoxicity [58]; repair the antioxidant 
system [59]; normalize energy, lipid, and carbohydrate metabolism; and enhance bile 
flow [60]. Therefore, scientific interest in flavones as therapeutic agents is rapidly 
increasing. The most interesting biological activities of cynaroside are summarized in 
Figure 3.

The purpose of this chapter was to provide an overview of the distribution and 
biological properties of cynaroside. In this paper, we concentrate our attention on the 
most common knowledge about the biological effects of plant flavone cynaroside in 
the context of relevance to influencing human physiology and therefore interesting 
from a general perspective of improving human well-being.

The electronic databases included PubMed, and Google Scholar was initially 
used to find articles (published as early as 1955 up to manuscript submission). More 
than 100 articles were found in applied databases and manually screened sources. 
Reported publications focus on the cynaroside identification in plants, isolation, its 
biological and pharmacological properties in vivo and in vitro, but any articles sum-
marizing or analyzing all this information were not observed. As was mentioned 
above, the search terms included “cynaroside” as well as “luteolin-7-glucoside” and 

Figure 2. 
Trend of research in the field of cynaroside represented by PubMed database.

Figure 3. 
Some biological activities of cynaroside.
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“nephrocizin” (the mostly used alternative terms for “cynaroside”). Firstly, the 
search was limited to English-Language articles. Citation lists of retrieved articles 
were screened manually to ensure sensitivity of the search strategy. References of the 
included papers were then hand searched to identify in potential relevant studies in 
other languages (only abstract was used in Russian, French, and Chinese articles). 
Only published articles were included. No protocol was developed for this review.

2.  Potential health benefits

Even though there is some data on LD50 of the plant extracts abundant on 
cynaroside [55], acute toxicity data on pure cynaroside are not available. In general, 
in vivo experiments carried on rats showed that the administration of cynaroside to 
six-week-old male Wistar rats for 1 week did not change animals’ food and beverage 
consumption, as well as animal body weights when compared to the control [1]. Thus, 
the rats treated with pure cynaroside up to a dose of 30 mg/kg did not demonstrate 
any signs of hepatotoxicity [61].

3.  Hepatoprotective effect

The proposed hepatoprotective effect of cynaroside was due to the great impor-
tance of Cynara (artischocke) abundant in the flavonoid in folk medicine against liver 
complaints.

In vivo carbon tetrachloride (CCl4)-induced toxicity model revealed that pretreat-
ment of experimental rats with cynaroside suppressed the elevation of alanine amino-
transferase (ALT, GPT, and glutamic-pyruvic transaminase), aspartate transaminase 
(AST, GOT, and glutamic oxaloacetic transaminase), malondialdehyde (MDA), and 
8-Oxo-2′-deoxyguanosine (8-OHdG) and inhibited the reduction of glutathione 
(GSH) in a dose-dependent manner [61]. In vitro experiments with fresh hepatocytes, 
primary hepatocyte cultures, and immortalized cell lines also showed the protective 
effect of cynaroside from cell damage induced by carbon tetrachloride (CCl4) [61], 
as well as brombenzene [62] and t-BHP [63]. Interestingly, Adzet et al. [64] observed 
specific GOT-recovering effect on isolated hepatocytes preincubated with cynaroside.

However, Quisheng et al. [60] in vivo demonstrated dose-dependent decline of 
both AST and ALT levels in blood serum. It is well accepted that increased enzyme 
levels are indicative of a tissue injury: the attenuated increase of serum AST and ALT 
indicates a direct protective role in hepatocytes; while AST is not specific to the liver, 
any elevation of the ALT is a direct indication of a liver injury. In the meanwhile, 
some authors mark that ALT and AST have relatively long half-lives (T½) (literature 
estimates approximately 17 and 47 hours, respectively) [65, 66] and thus do not 
reflect immediate changes in liver injury or recovery [67]. Therefore it could be worth 
considering that in the work of Adzet et al., the period of incubation of cynaroside 
with toxicated cells did not last more than 1 hour, while in the work of Quisheng et al. 
[60], all treated animals were sacrificed 24 hours after receiving the administration 
of the LUTG or hepatotoxin. Thus, it might be worth considering the preliminary 
incubation time as one important factor in cynaroside hepatoprotection.

Cynaroide in vitro also recovered significant (up to 81%) GSH level in tBHP-
induced HepG2 cells after 5 hours of incubation [63], which was even higher than by 
luteolin (53%) and twice higher than quercetin (40%), and in vivo cynaroside was 
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able to attenuate the CCl4-induced reduction of GSH in a dose-dependent manner 
[61, 63]. On the other hand, cynaroside did not have any effect on the recovery level 
of GST either on cell lines in vitro or on cells isolated from rats that were subjected to 
brombenzene in vivo [62]; the effect of cynaroside on its own in normal conditions 
was not shown by the authors.

It is known that GSH conjugates can be formed directly or be catalyzed by GST 
[68]. All the toxins mentioned above (CCl4, brombenzene, t-BHP) are known to 
initiate the formation of free reactive species. Thus, CCl4 intoxication metabolized by 
CYP2E1 is forced by the prevention of lipid peroxidation by decreasing the level of 
LPO and reducing the level of MDA. Wang et al. [69] found that cynaroside affected 
some isoforms of P450, namely, isoforms CYP2C9, 3A4, and 1A2; however, no effect 
was found on 2E1 isoform. That lets to propose that in the case of CCl4 intoxication, 
cynaroside does not have an effect of toxin metabolization, but protects the lipids 
through its antiradical properties against CCl3 metabolite.

The results of Park et al. [62] indicate a protective effect of cynaroside in reduc-
ing the degree of liver lipid peroxidation caused by the hepatotoxin bromobenzene 
in vivo in rats. Thus, cynaroside at a concentration of 10 mg/kg almost completely 
neutralized the process of lipid peroxidation caused by hepatoxin and restored the 
level of the enzyme epoxide hydrolase (an enzyme that deactivates bromobenzene). 
Bromobenzene is converted by P450 enzymes to its reactive, toxic metabolite bromo-
benzene 3,4-epoxide that is metabolized to a nontoxic bromobenzene 3,4-dihydrodiol 
by either epoxide hydrolase or glutathione S-transferase. Cynaroside even not effect-
ing GST was nevertheless shown to recover the level of epoxide hydrolase, suggest-
ing that cynaroside might improve the level of hydrolase and also act as a radical 
scavenger.

There are two pathways by which tBHP is metabolized; both of them induce oxida-
tive stress. The first, provided by cytochrome P450, leads to the production of peroxyl 
and alkoxyl radicals [70]. These radicals initiate lipoperoxidation of membrane phos-
pholipids with subsequent alterations to membrane fluidity and permeability. The 
other pathway employs glutathione peroxidase. tBHP is detoxified to tert-butanol, 
and GSH is depleted by oxidation to its disulfide form (GSSG) [71].

Results showed that cynaroside protects from AST and ALT leakage and also 
strongly suggest the ability of cynaroside in protecting hepatocyte against mem-
brane fragility. Recent findings have demonstrated that the carbon ring B is deeply 
immersed into lipid bilayer. A ring is adjusted toward the aqueous environment; the 
glycosylated form (in position 7) is dispersed over the lipid bilayer, thus providing the 
defense for double bonds from oxidation [72].

4.  Cardio-protective effect

It has been shown that cynaroside in pharmacological concentrations has a posi-
tive inotropic and vasodilator effect. On the models of isolated hearts of rabbits and 
guinea pigs, perfused using the Langendorff technique, it was shown that cynaroside 
increases pressure in the left ventricle, accelerates the process of blood ejection into 
the arterial system, and enhances the total and relative coronary blood flow and, 
consequently, the supply oxygen for nonischemic myocardial damage [73, 74].

Also, in the last decade, the processes of apoptosis in cardiovascular patholo-
gies have been intensively studied, and more and more researchers are assigning 
a leading role to apoptosis in the pathogenesis of various cardiovascular diseases. 
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Xiao Sun et al. [70] demonstrated that cynaroside exhibits cytoprotective properties 
in relation to the H9C2 cardiac myocyte cell line against H2O2-induced apoptosis. 
Cardiomyocyte cells exposed to H2O2 suffered severe damage accompanied by apop-
tosis. Preincubation of cells with cynaroside reduced the degree of ROS generation 
and inhibition of caspase activation both in the mitochondrial pathway and through 
the so-called death receptors by enhancing the endogenous antioxidant activity of 
superoxide dismutase, glutathione peroxidase, and catalase, thereby inhibiting the 
formation of intracellular ROS. In addition, cynaroside supported normal mitochon-
drial function by regulating the expression of Bcl-2 protein (B-cell lymphoma protein 
2, apoptosis regulator protein Bcl-2), as well as the expression of protein kinases JNK 
(c-Jun N-terminal kinase, mitogen-activated protein kinase) and p53 (cell cycle regu-
lating transcription factor). The results of microscopic studies showed that after incu-
bation with cynaroside, there was a dose-dependent restoration of the morphological 
structures of cardiomyocytes damaged by H2O2, such as a dense membrane packing 
compared to a loose membrane layer, normal physiological spindle shape versus cell 
swelling, round shape of the nucleus in comparison with vacuolar degeneration, and 
so forth. An analysis of generalized experimental data also indicates some possible 
mechanisms of the protective modulating action of cynaroside in certain pathological 
conditions of the heart, which indicates an urgent need for further in-depth study 
of the mechanisms of the action of cynaroside and also to consider it as the basis for 
the creation of potentially effective and safe cardioprotective agents that can make a 
significant contribution to the treatment and prevention of a number of cardiovascu-
lar diseases.

5.  Anticancer effect

Evidences are accumulating that pure cynaroside possesses antiproliferative and 
cytotoxic effects on the tested cancer cell lines with minimal toxicity toward the 
normal (VERO) cells, indicating cancer cell-specific cytotoxic (apoptotic) effect. 
Various researchers mentioned that cynaroside does not cause cytotoxicity in relation 
to normal cells (human neonatal epidermal keratinocytes (HEKn) [75], VERO [76], 
non-tumorigenic BEAS-2B [77], and Huh7 [78].

Luteolin-7-glucoside in more or less extent has been shown to inhibit a pro-
liferation of a series of human cancer cell lines: breast (MCF-7 [76, 77, 79, 80], 
MDA-MB-231 [80], A549 [76, 80], H292 [81], renal [77], colorectal (COLO 320 DM 
[76], gastric (AGS [76], liver (HepG-2 [78–80], Hep 3B [80, 82], LO2 [83], SNU-449 
[82], Huh-7 [82], SMMC-7721 [82], MHCCLM3 [82] and MHCC97-H [82], cervical 
(HeLa [79], melanoma (UACC-62 [77], and some others (mouse fibroblast cell line 
L929 [84]. No significant effect was observed on macrophage RAW264.7 cells, Ehrlich 
ascites carcinoma [36], and Rhabdomyosarcoma [12].

6.  Anti-inflammatory activity

Palombo et al. [75] in their study on a model of psoriasis showed the ability of 
luteolin-7-glucoside to regulate proliferative responses, as well as differentiation 
of cultured human keratinocytes treated with interleukin 22 (IL-22). It was found 
that local administration of cynaroside leads to a noticeable reduction in acanthosis. 
Thus, treatment with cynaroside led to a decrease in the expression of proliferation 
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markers, an increase in the production of differentiation markers, and, in general, to a 
phenotypic improvement.

Other in vivo tests have shown that luteolin-7-O-glucoside is responsible for 
wound healing activity. It has also been found to have significant anti-inflammatory, 
antioxidant, anti-hyaluronidase and anti-collagenase activities. Phases in the healing 
processes (inflammation, proliferation, and remodeling) were observed and recorded 
in the experimental groups to varying degrees. All tissues treated with cynaroside 
ointments showed good healing processes with the potential for faster reepitheli-
alization and high collagen concentrations compared to other groups tested. The 
anti-inflammatory activity of cynaroside was mainly demonstrated by the inhibition 
of nuclear factor-kappa B (NF-kappa B), cyclooxygenase-2 (COX-2), 5-lipoxygenase 
(5-LOX), and inducible NO synthase (iNOS) [85, 86].

7.  Radical scavenging activity

An analysis of the scientific literature has shown that cynaroside has significant 
antiradical (ARA) and antioxidant (AOA) properties in relation to free radicals and 
ROS molecules (superoxide anion (O2

•−) [80], hydroxyl radical (HO•) [87], peroxyl 
radicals (ROO−) [23], and nitric oxide (NO) [85]. ARA of cynaroside using the 
DPPH method is quite widely presented in various works [23, 88]. It has been shown 
that cynaroside has a fairly high efficiency in the reduction of DPPH molecules (IC50 
value varies in different studies: from 13.90 ± 1.46 μM to 277.3 ± 14.9 mmol/mol 
DPPH. In addition, it was found that cynaroside dose-dependently inhibits the for-
mation of superoxide anion induced by various stimuli, such as N-formylmethionyl-
leucyl-phenylalanine, human polymorphonuclear neutrophils and peripheral blood 
mononuclear cells, phorbol-12-myristate-13-acetate (PMA) and arachidonic acid 
(AA) in human neutrophils, superoxide anion produced by the xanthine/xanthine 
oxidase system, and so on [89]. Hsu et al. [80] showed that cynaroside prevents DNA 
dissociation caused by hydroxyl radical. Cynaroside at a maximum concentration 
of 1.8 μg/ml provided 64.0 (3.9%) and 83.1 (2.9%) protection of supercoiled DNA 
against nonspecific and site-specific oxidation caused by hydroxyl radical, respec-
tively. In comparison, 4 μg/ml Trolox (a water-soluble vitamin E analog) provided 
83.5 (0.5%) and 42.6 (2.5%) protection. Cynaroside also effectively slows down lipid 
peroxidation caused by peroxyl radical as well as reduces the concentration of nitric 
oxide (NO) free radicals produced by endothelial nitric oxide synthase (eNOS) under 
pathological conditions [85].

8.  Antibacterial activity

Isolated cynaroside also exhibits antimicrobial activity, especially against gram-
negative bacteria (Escherichia coli, Streptococcus pyogenes, and Micrococcus luteus 
with minimal inhibition zone of 0.5 mm), suppresses the formation of biofilm of 
gram-positive Pseudomonas aeruginosa and Staphylococcus aureus, and increases the 
frequency of mutations that reduce the resistance of Salmonella typhimurium to 
ciprofloxacin. Cynaroside also exhibits high activity against yeast fungi Candida 
albicans, Candida lusitaniae, Saccharomyces cerevisiae, and Saccharomyces carlsbergensis 
and molds Aspergillus niger, Penicillium oxalicum, Mucor mucedo, and Cladosporium 
cucumerinum [19].
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9.  Anti-coronavirus activity

The World Health Organization (WHO) welcomes the use of traditional medi-
cines, including against COVID-19, assuming they must undergo the same serious 
testing for effectiveness and safety as any other new medicines. Moezzi [90] proposed 
cynaroside as a promising agent against SARS-nCoV2 by docking the flavonoid on the 
active site of the main peptidase.

10.  Conclusion

The current chapter efforts to coordinate with current studies to identify more 
accurate biomarkers of the risks for nutrition-related diseases and should lead to 
dietary recommendations and the formulation of new food products. The food 
and nutritional supplement industry is very interested in the development and 
promotion of flavone-rich products as a result of the current evidence for flavones’ 
protective effects against diseases. An integration of the results of past and future 
experiments in various disciplines, including biochemistry, cell biology, physiology, 
pathophysiology, epidemiology, and food chemistry, will be needed to identify the 
most effective properties of cynaroside and to determine the optimal levels of intake 
for better health.
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Chapter 12

Improvement of Cognitive 
Function by Wasabi Component 
“Hexaraphane”
Isao Okunishi

Abstract

Hexaraphane (6-methylsulfinylhexyl isothiocyanate; 6-MSITC) is an isothiocya-
nate present in the rhizomes and roots of wasabi (Eutrema japonicum (Miq.) Kiudz.). 
It is known to induce detoxifying and antioxidant enzymes by activating the Keap1-
Nrf2 system, ameliorating oxidative damage in the body. Hexaraphane was shown to 
inhibit brain damage and improve dementia symptoms in Alzheimer’s model mice. 
Moreover, in two randomized controlled trials conducted on middle-aged and elderly 
subjects, the extract powder “Wasabi sulfinyl™” containing 0.8% hexaraphane 
improved memory, attention, and judgment. In a clinical study of fifteen patients 
with chronic fatigue syndrome, treatment with Wasabi sulfinyl ™ for 3 months 
improved brain fog and other symptoms.

Keywords: wasabi, hexaraphane, clinical study, brain function, dementia, brain fog

1.  Introduction

Wasabi (Eutrema japonicum (Miq.) Kiudz.) is a plant species belonging to the 
Cruciferae family, native to Japan. It is used primarily as a condiment for its distinc-
tive pungent and stimulating flavor. It is sometimes referred to as Wasabia japonicum, 
a synonym for Eutrema. E. yunnanense, also belonging to the genus Eutrema, grows in 
the wild in mainland China and is similar in form to E. japonicum, but lacks its char-
acteristic pungent flavor. Genetic analyses indicated its separation from its Japanese 
counterpart approximately 5 million years ago, and the Japanese plant subsequently 
acquired the distinctive pungent flavor [1].

Since ancient times, wasabi has grown in mountain streams throughout Japan and 
has been used as a medicinal herb for centuries because of its characteristic pungent 
flavor (Figures 1 and 2). The earliest written record is “Wasabi” written on a wooden 
strip unearthed from a ruin in the village of Asuka, Nara Prefecture, dating from the 
Aska period [2]. As the area was a medicinal herb garden, it is believed to have been 
used as a medicinal herb since ancient times.

“Wasabi” is also mentioned in “Honzo Wamyo,” Japan’s oldest encyclopedia of 
medicinal plants 1100 years ago. According to the dictionary of medicinal food 
published more than 300 years ago, “Gleanings from the Materia Medica,” it disperses 
depression, generates sweating, dispels wind (shallow evil poison as the cause of the 
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Figure 1. 
Wasabi cultivation. The wasabi fields in Izu City, Shizuoka Prefecture, Japan. The wasabi fields stretch from the 
upper reaches to the lower reaches, and the cold but abundant clear water nurtures the wasabi. Source: Kinjirushi 
Co., Ltd.

Figure 2. 
Wasabi. Wasabi grows slowly for more than a year until the rhizome reaches about 15 centimeters. It has a 
distinctive flavor, sweetness, and consistency when ground. Source: Kinjirushi Co., Ltd.
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disease), purges dampness (the first of the five tinctures as the cause of the disease), 
eliminates stagnation (pain-causing), and removes plumpness (plumpness, one of the 
five stagnations, refers to the spleen stagnation). It is the best of the seven flavors of 
colic herbs. It is also used to treat biofilms and is recognized as a medicinal plant [3]. 
In addition to its appetite-boosting properties, modern catalogs of medicinal plants 
state that the rhizomes of wasabi, when ground and thinly applied to a cloth and 
applied to the areas affected by rheumatism, neuralgia, and tonsillitis, can be effec-
tive in relieving pain and that the sap of the rhizomes is effective in preventing fish 
and horsemeat poisoning [4]. Finely chopped leaves can also be used as a moistur-
izing bath additive by placing them into a bathtub in bags [5].

Although wasabi has been used in Japan since ancient times, its medicinal proper-
ties have little scientific basis and have been regarded only folklore. Recent studies 
have elucidated the active ingredients in wasabi and explored their functions. These 
functional ingredients have been used to promote health and beauty. In particular, 
hexaraphane (6-methylsulfinylhexyl isothiocyanate, 6-MSITC) (Figure 3), which is 
relatively abundant in wasabi rhizomes and roots, has been reported to exhibit anti-
oxidant, anticarcinogenic, and detoxifying enzyme-inducing effects. Moreover, it was 
reported to inhibit platelet aggregation and ameliorate dementia. Here, I would like to 
focus on the clinical data on the effect of hexaraphane in improving brain function. I 
would also like to discuss some of the other functional ingredients in wasabi.

2.  Functional components of wasabi

The extracts of leaves, stems, and roots of wasabi were analyzed by MS chroma-
tography, and 42 major peaks were detected, including glucosinolates, phenylpro-
panoid glycosides, flavone glycosides, and hydroxycinnamic acids [6]. Some of these 
constituents had the strongest anti-inflammatory, antimicrobial, and cytotoxic effects 
compared to others.

Wasabi is known to contain many isothiocyanates, responsible for its characteris-
tic pungent flavor. In addition, its leaves contain many polyphenols, such as isosapo-
narin (4’-O-glucosyl-6-C-glucosyl apigenin) and isovitexin. In addition, several new 
components with various functional properties are being elucidated [7].

Wasabi contains at least 21 kinds of isothiocyanates [8, 9]. Among them, the most 
abundant isothiocyanate is allyl isothiocyanate (AITC), which is the main component 
responsible for the pungent flavor. Hexaraphane is another isothiocyanate that has 
recently attracted attention as a functional ingredient. It has been shown to induce 
detoxification of metabolic enzymes [10] and exhibit anticancer [11], anti-inflamma-
tory [12], antidiabetic [13], and antiallergenic/anti-atopic [14] effects. Recent studies 
have demonstrated its ability to activate hair papilla cells and improve dementia [15].

Figure 3. 
Hexaraphane. It is found in trace amounts in the rhizomes of wasabi. It is a nonvolatile amphipathic substance 
with a slightly astringent flavor, but no pungent taste. 6-methylsulfinylhexyl isothiocyanate; molecular weight: 
205.3, C8H15NOS2, CAS number: 4430-35-7. Source: Kinjirushi Co., Ltd.
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In addition, 6-methylthiohexyl isothiocyanate (6-MTITC) is a volatile component 
with the characteristic green note of wasabi. It is mainly used as a flavoring agent in 
processed food, but it has also been reported to have functional properties including 
antimicrobial and anticarcinogenic effects [16], detoxification and antioxidant effects 
[17], anticarcinogenic effects [18], and antiallergic effects [12].

To date, wasabi leaves have been partially used as food, but mostly discarded. 
However, studies have gradually identified the components of wasabi leaves and their 
functional properties, such as anti-influenza virus [19], anti-obesity [20, 21], and 
anticancer [22] effects.

Experimental and clinical studies have demonstrated the effects of wasabi leaves 
on the skin. For example, wasabi leaf extract was shown to decrease tyrosinase activ-
ity, melanin content, and formation of advanced glycation end products in vitro and 
to improve skin condition in a clinical trial [23].

Further research on the functional ingredients may enable more efficient use of 
wasabi leaves.

2.1  Allyl isothiocyanate (AITC)

Studies have reported the antimicrobial properties of AITC. Its pungent flavor 
is believed to have antimicrobial properties. It is a relatively volatile ingredient 
with a low molecular weight of 99.15 and a boiling point of 152°C. Its antimicrobial 
activity is also very effective in gas-phase exposures. Its minimum growth inhibi-
tory concentrations against bacteria, yeasts, and molds ranged between 16 and 
110 ng/mL [24]. Industrially, AITC-based antimicrobial products for lunch boxes 
and rice storage container and antimicrobial deodorizers for car air conditioners 
are available.

Due to its highly irritant nature, an acute toxicity LD50 of 310 mg/kg has been 
reported in mice [25]. Moreover, it causes irritation of skin and mucous membranes 
on contact [26]. In addition, there are reports of suspected mutagenicity and geno-
toxicity [27]. Therefore, due caution should be exercised when using it as a functional 
material.

2.2  Hexaraphane

Hexaraphane is a nonvolatile isothiocyanate, mainly found in the rhizome and 
root, but at low levels of 200–500 μg/g [28]. The dietary intake ranges from 2.5 to 
5.0 g per meal, with an estimated hexaraphane content of 0.5 to 2.5 mg per meal.

The LD50 values for hexaraphane in rats ranged from 338 to 451 mg/kg, but the 
LD50 values for the natural and synthetic extracts differed. Hexaraphane is detected 
in the blood 2 hours after ingestion, and approximately 50% of the ingested amount 
is excreted in the urine within 24 hours [29]. Animal studies have shown that sulfora-
phane (4-methylsulfinylbutyl isothiocyanate; 4-MSITC), an analog of hexaraphane, 
crosses the blood-brain barrier 15 minutes after ingestion [30].

Therefore, hexaraphane is considered to be an effective functional ingredi-
ent because it is also rapidly absorbed by the body. It is important to note that the 
most commonly used products are room temperature tubular ones. However, these 
processed products often contain no rhizomes or only a small amount of rhizomes 
and therefore very little hexaraphane [28]. Therefore, the consumption of ground 
rhizomes or the use of products or supplements primarily containing rhizomes is 
essential to utilize the benefits of hexaraphane.
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Hexaraphane acts on the transcription factor Nrf2 (NF-E2-related factor 2)/
Keap1 (Kelch-like ECH-associated protein 1) system and promotes the transcriptional 
expression of antioxidant response elements. It is known to increase the expression 
of phase 2 enzymes such as GST and NAD(P)H quinone reductase (NQO1), and its 
GST-inducing activity was reported to be the highest among 20 vegetables [31].

Hexaraphane has been reported to inhibit the production of reactive oxygen spe-
cies (ROS) by neutrophils stimulated with phorbol myristate acetate (PMA) [32]. A 
study suggested that hexaraphane does not directly eliminate the ROS produced by 
stimulation, but inhibits the ROS production by neutrophils by acting on the site of ROS 
production. Studies have shown that benzyl isothiocyanate (BITC), a typical papaya 
isothiocyanate, modifies cytochrome b558 [33] of the NADPH oxidase complex on leu-
kocyte membranes. Hexaraphane is also believed to have the same mechanism of action.

In a study, rat basophil-like cells RBL-2H3 were stimulated with specific IgE 
antibodies, and the released histamine and leukotrienes were measured by ELISA. 
The addition of hexaraphane [12] significantly inhibited the release of histamine and 
leukotrienes.

In addition, we investigated the effects of hexaraphane on dermal papilla cells 
(DPCs) and showed that hexaraphane activated hair papilla cells and upregulated 
vascular endothelial growth factor and adenosine receptors. This suggests that 
hexaraphane may promote the growth of hair [34].

It is important to note here that wasabi is primarily sold in tube form as processed, 
but horseradish is used as a substitute for it. In other words, many products are made 
by coloring dried horseradish powder, kneading it with water, and then putting it into 
tube form, which contains almost none of wasabi’s functional ingredients, including 
hexaraphane. Some wasabi products are made using the stems and leaves, but as the 
wasabi rhizomes and roots contain large amounts of hexaraphane, only processed 
products containing large amounts of these parts have these functional ingredients in 
adequate amounts.

2.3  Isosaponarin

Wasabi plants accumulate C-glucosyl flavones, including isosaponarin, in their 
leaves [7, 35]. Isosaponarin is one of the major flavonoids in wasabi and has been 
rarely reported from other species in the Plant Kingdom (Figure 4) [36].

Figure 4. 
Isosaponarin. It is a unique flavonoid with C-bond found in the leaves of wasabi and has the structure of apigenin 
with two sugars attached. An enzymatic reaction removes the sugar and converts it to isovitexin. Molecular 
weight: 594.5, C27H30O15, CAS number: 19416–87-6. Source: Kinjirushi Co., Ltd.
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Isosaponarin and other flavonoids in wasabi leaves were shown to promote col-
lagen production [37] and activate hair papilla cells.

Isosaponarin was found to increase collagen production in fibroblasts and enhance 
expression of transforming growth factor βII-type receptor (TβR-II) and prolyl 
4-hydroxylase (P4H). These results suggested that isosaponarin promotes collagen 
synthesis by increasing TβR-II and P4H [37].

We also reported the effect of isosaponarin on DPCs. This was tested by adding 
wasabi leaf extract and isosaponarin to the culture of DPCs and assessing the cellular 
activity by the water-soluble tetrazolium method. Minoxidil and adenosine, which 
are used as ingredients in hair growth products, were used as positive controls. The 
results showed activation of DPCs at a low concentration of 0.1 μM, as well as an 
increase in vascular endothelial growth factor and other substances (Figure 5) [38]. 
Although further validation is needed, it is conceivable that isosaponarin could be 
used as a material to promote hair regrowth and inhibit hair loss. Indeed, formula-
tions containing isosaponarin are now available as hair care materials.

3.  Cognitive function improvement by hexaraphane

3.1  Animal studies

Hexaraphane is known to express detoxification and antioxidant genes by activat-
ing the Keap1/Nrf2 system. Activation of Keap1/Nrf2 increases antioxidant enzymes 
such as HO-1, thereby inhibiting oxidative damage to neurons [39]. In the study by 
Morroni et al., the administration of hexaraphane to Parkinson’s disease model mice 
was found to improve symptoms [15].

Uruno et al. conducted animal studies on Alzheimer’s Disease model mice. The 
Keap1-Nrf2 system was shown to protect neurons in the hypothalamus against 
oxidative damage [40]. They also demonstrated that Nrf2 induction improved the 
impairment in AD model mice in the passive avoidance test (PAT) and suppressed 

Figure 5. 
Effect of isosaponarin on the proliferation of DPCs. The effect of isosaponarin on amounts and activity of 
mitochondria in DPCs. DPCs were cultured for 72 hours with the indicated concentrations of isosaponarin, solvent 
control (DMSO), and positive controls (adenosine and minoxidil). The amounts of mitochondria were measured 
by Mito Tracker staining and further divided by the number of nuclei obtained by Hoechist staining to evaluate 
the number per cell. The data represent mean ± SD of five replicates. * and ** indicates significant differences 
versus control (p < 0.05 and p < 0.01 respectively; t-test). Source: Author.
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the elevation of the oxidative stress marker 8-OHdG. Administration of hexaraphane 
improved the impaired cognition of AD model mice in the PAT [41].

These studies suggest that hexaraphane may inhibit oxidative damage in the brain, 
preventing the onset of dementia or alleviating symptoms.

3.2  Safety

The characteristic pungent component of wasabi is AITC, which is approximately 
five times more abundant than hexaraphane [28, 42]. Therefore, a wasabi extract 
prepared to obtain hexaraphane would contain large amounts of AITC and its original 
glycoside, sinigrin. Ingestion of this extract may cause abdominal pain due to their 
high stimulant properties. We developed a special manufacturing process to remove 
AITC and sinigrin and developed “Wasabi Sulfinyl™ (WS),” an extract containing 
0.8% hexaraphane and almost no AITC or sinigrin. Four-week overdose studies 
of WS confirmed the safety, with intake ranging from 500–2000 mg (containing 
4–16 mg of hexaraphane) [43, 44]. No adverse effects were observed in these over-
dose trials demonstrating the safety of WS.

3.3  Randomized controlled trial

Cognitive function is known to be influenced by diet [45–47] and lifestyle. Intake 
of vegetables, fruits, and spices was shown to improve cognitive function [48–51]. 
Hexaraphane has antioxidant and anti-inflammatory properties and has been shown 
to improve memory and other functions in a mouse model of dementia. Thus, hexara-
phane is expected to improve cognitive function. Below, we discuss several clinical 
trials on this subject.

3.3.1  Neurocognitive functions in cognitively intact middle-aged and older adults

Based on the antioxidant effects of hexaraphane and the results of animal studies, 
we conducted a randomized controlled trial for 8 weeks (UMIN000027407) [52]. 
Fifty cognitively intact elderly adults with memory complaints between the ages of 45 
and 69 years were enrolled in this randomized double-blind, placebo-controlled trial. 
Subjects were randomized to receive 100 mg WS or placebo daily for 8 weeks. The 
effect on neurocognitive functions was assessed using a battery of four neuropsycho-
logical tests at baseline and after 4 and 8 weeks of treatment.

All subjects completed the study although four were excluded from the efficacy 
analysis due to adverse events or protocol violations. Analysis of the fully evaluable 
population indicated no significant differences between WS and placebo groups on 
any outcome measure. Because of the relatively small sample size, the unexpectedly 
high scores in the placebo group, the fact that all subjects were cognitively intact, 
and the fact that the eight-week treatment period was too short, it may not have 
been sensitive enough to discern the relatively subtle differences between the two 
groups. However, there were trends favoring WS in almost all parameters of the 
Group version of the Stroop Color Word Test (G-SCWT), of which the magnitude of 
improvement in correct responses in the Stroop interference task and the interference 
rate reached near-significant levels (P = 0.083 and 0.091, respectively) at the end of 
8-week treatment.

Exercise has been suggested to contribute to improved cognitive function [53, 54]. 
Therefore, we performed a subgroup analysis stratified according to their exercise 
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habits or lack. A subset of nonexercisers exhibited significantly better performance in 
both the reverse-Stroop control task and the Stroop interference task of the G-SWCT, 
which assesses attention and judgment, at week 8. The Stroop test is divided into four 
levels of difficulty, and in this study, there was a significant difference between dif-
ficulty level 1 and difficulty level 4 (Figure 6). In difficulty level 1, an improvement 
in performance was observed after 8 weeks even with placebo, suggesting a learning 
effect; however, in difficulty level 4, there was no improvement in performance after 
a period of time with placebo, and only the WS intake group showed an improvement 
in performance. This suggests that the effect of WS is not just to maintain function by 
preventing impairment of brain function, but also to improve function. However, due 
to the small number of subjects and the stratified analysis of the results, more robust 
studies are required to obtain definitive evidence. Of note, no WS-induced side effects 
were observed in the study.

3.3.2  Memory functioning in healthy adults aged 60 years and older

Nouchi et al. assessed cognitive function in 72 healthy subjects (19 males, 53 
females; mean age: 65.4 years [range, 60–69 years]; mean MMSE score: 28.5) who 
received a capsule containing either 100 mg WS (0.8 mg hexaraphane/day) or a 
placebo for 12 weeks (UMIN000032694) [55].

A wide range of cognitive functions (e.g., executive function, episodic memory 
(immediate and delayed), processing speed, working memory, attention, reasoning, 
short-term memory, and visuospatial cognitive function) were assessed before and 
after the intervention.

There were no significant differences between the two groups baseline char-
acteristics with respect to age (WS; 65.9 ± 3.9 years, placebo; 64.9 ± 3.6 years), 
education (WS; 12.5 ± 0.8, placebo; 12.9 ± 1.1), Mini-Mental State examination 
(WS; 28.5 ± 1.5, placebo; 28.8 ± 1.6), Frontal Assessment Battery at bedside (WS; 
15.4 ± 1.9, placebo; 15.4 ± 1.9), Japanese Reading Ability Test (WS; 20.3 ± 3.9, 
placebo; 20.8 ± 3.6), and Geriatric Depression Scale (WS; 2.4 ± 1.4, placebo; 
2.1 ± 1.1). And, the duration of supplement intake also did not differ between the 
two groups.

The WS group showed a significant improvement in working memory, measured 
by digit span backward (p = 0.000), and in episodic memory performance, measured 
by logical memory (LM) immediately (p = 0.00), LM delayed (p = 0.03), and the face 
and second name test (p = 0.00) (Figure 7). However, they did not find significant 

Figure 6. 
The result of cognitive performance for the G-SCWT tasks 1 to 4 in the nonexercizer subgroup. Subjects who had 
a habit to perform exercise for 30 minutes or longer for more than twice a week were included in the exerciser 
subgroup, and the remaining subjects were included in the nonexercizer subgroup. Data presented as mean ± SD. 
Comparison of the mean change from baseline for independent samples. Source: Author.
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improvements in other cognitive functions, such as processing speed, Cd, short-term 
memory, attention, inhibition, rST, reasoning, and visuospatial performances.

There were no significant changes in the inhibition and processing speed perfor-
mances after hexaraphane intake in older adults. This is inconsistent with a previous 
study (3.3.1) which showed a beneficial effect of hexaraphane on inhibition perfor-
mance. However, they noted some differences in methods between this study and 
previous studies, such as the intervention period (12 weeks or 8 weeks), subjective 
cognitive complaints (healthy, subjective memory complaints, patients with chronic 
fatigue), psychological tests (trail making test, SS, or Cd), and participants’ age 
(older adults or middle-aged adults). Therefore, further studies are required to assess 
the effect of hexaraphane on inhibition and processing performances.

They further noted that antioxidant and anti-inflammatory effects are involved 
in the improvement of cognitive function [56, 57]. The hippocampus is involved 
in working and episodic memory [58], and the antioxidant and anti-inflammatory 
effects of hexaraphane on the hippocampus may improve cognitive functions. 
Antioxidant and anti-inflammatory effects are believed to be important in maintain-
ing brain function, but as hexaraphane is thought to have a variety of effects, further 
studies are required to elucidate the underlying mechanisms.

3.4  ME/CFS and brain fog improvement

The antioxidant and anti-inflammatory effects of hexaraphane may be beneficial 
in myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS).

ME/CFS is a disease with an unknown etiology and no known cure. However, 
chronic inflammation of the brain has been implicated in its causation [59, 60]. An 
estimated 17 million people worldwide suffer from the syndrome [61]. In addition to 
general malaise, low-grade fever, and muscle aches, patients also experience a loss of 
thinking ability, referred to as brain fog. Symptoms of brain fog include an inability to 
understand what others are saying, an inability to hold a conversation, an inability to 
read books and understand their meaning, and an inability to comprehend music.

Figure 7. 
Change in scores of cognitive functions in both groups. * indicates significant differences versus placebo for 
multiple comparisons using the Bonferroni method (p < 0.05). This figure was constructed from Ref. ([55], 
Table 4). Source: Author.
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Figure 8. 
Changes in neurocognitive symptoms and TMT-A test scores after Hexaraphane treatment. * indicates significant 
differences between pre- and post-treatment scores using a parametric paired Student’s t-test. (p < 0.05). This 
figure was constructed from Ref. ([62], Table 5). Source: Author.

In a 12-week study by Oka et al., 15 patients with ME/CFS (3 males and 12 females, 
mean age 37.5 years [range 20–58], mean duration of illness 5.1 years) were adminis-
tered 1.2 grams of WS (9.6 milligrams of hexaraphane per day). The results showed a 
significant improvement in the patients’ performance scores (PS), with six patients 
improving their scores (two patients improved their scores by 2 or more grades) 
(Table 1) [62].

These findings demonstrate the potential of hexaraphane, considering that 
none of the patients in this study had responded to standard treatment for at least 
3 months. Specifically, they showed improvement in headache frequency (4.1 to 
3.0 times/week, p = 0.001), myalgia frequency (4.1 to 2.4 times/week, p = 0.019), 

Performance status (PS) Pre (n) Post (n) P-value

0 0 0

1 0 0

2 0 2

3 2 0

4 0 1

5 0 0

6 1 1

7 7 8

8 4 2

9 1 1

average 6.8 ± 1.7 6.3 ± 2.1 *0.001

*indicates significant differences between pre- and post-treatment PS using Fisher’s exact test. A parametric paired 
Student’s t-test and nonparametric paired Wilcoxon signed rank tests yielded similar significant differences (p < 0.05). 
This table was adapted from Ref. ([62], Table 2). Source: Author.

Table 1. 
Change in PS after hexaraphane treatment.
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numerical rating scale brain fog scores (5.7 to 4.5, p = 0.011), difficulty in discover-
ing the right words (4.8 to 3.7, p = 0.015), photophobia (from 4.8 to 3.5, p = 0.008), 
and mood state vigor scores (from 46.9 to 50.0, p = 0.045), right occipital pressure 
pain threshold (from 17.3 to 21.3, p = 0,01), and trail making test-A (TMT-A) (from 
53.0 to 38.1, p = 0.007) (Figure 8). In particular, 14 out of 15 participants perceived 
improvement in brain fog and cognitive function, as well as significant improve-
ment in general health perception, vitality, and vigor. While the mechanisms of 
improvement remain to be elucidated and need to be validated in a larger sample, 
10 of the 15 patients continued to take WS at their own request after the completion 
of the study.

4.  Conclusion

Wasabi is a pungent vegetable that contains several active ingredients, including 
hexaraphane. As wasabi is mainly grown and consumed in Japan, there is a paucity 
of research on its therapeutic effects in other parts of the world. Our basic research 
and clinical trials have demonstrated its efficacy in improving brain function, even in 
healthy individuals. The results of studies conducted in mice model of dementia also 
suggest its potential protective effect on the brain. It may not only help maintain brain 
function in healthy individuals but also improve symptoms in patients with MCI and 
dementia.
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Abstract

This chapter comprehensively reviews numerous herbs and spices’ anticancer 
properties and mechanisms. Curcumin, derived from turmeric, exhibits cytotoxic, 
anti-proliferative, anti-invasive, and anti-metastatic effects against diverse can-
cer types by interacting with pathways controlling inflammation, survival, cell 
cycle, apoptosis, and angiogenesis. Ginger and its active compounds demonstrate 
antioxidant, anti-inflammatory, and anti-tumor activities in breast, skin, lung, 
and gastrointestinal cancer models, potentially through free radical scavenging, 
inhibiting inflammation, disrupting microtubules, and altering apoptotic gene 
expression. Garlic organosulfur compounds induce apoptosis, cell cycle arrest, 
and antioxidant activity in various malignancies by affecting signaling proteins 
like STAT3 and VEGF. Basil, caraway, cinnamon, clove, coriander, dill, cumin, 
rosemary, saffron, thyme, and oregano extracts restricted growth, prompted 
cell death and beneficially impacted proliferation, metastasis, and angiogenesis 
markers across numerous cancer cell lines. Black pepper, cayenne pepper, green 
tea, and milk thistle constituents displayed cytotoxic, immune-enhancing, and 
chemopreventive actions against diverse human cancer models through modulation 
of pathways connected to oxidative stress, chronic inflammation, detoxification, 
and malignant proliferation. The immunomodulatory herbs astragalus, ginseng, 
echinacea, St. John’s wort, and cat’s claw also exhibited direct anticancer effects 
in specific cellular and rodent experiments. Many dietary phytochemicals show 
promising anticancer potential, but more clinical trials are needed to substantiate 
therapeutic efficacy in humans.

Keywords: anticarcinogenic agents, phytochemistry, plant extracts, apoptosis, herbal 
medicine, curcumin, garlic, ginger, capsaicin

1. Introduction

The use of herbal medicine and natural products to treat disease has a long 
history in many cultures worldwide. There is a growing interest in the potential 
anticancer effects of compounds derived from herbs, spices, fruits, vegetables, 
and traditional medicinal plants. This introduction will provide background on 
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the historical use of botanicals in cancer treatment and discuss recent research 
on natural anticarcinogens derived from dietary sources. References to the use of 
herbs for cancer treatment date back to ancient Egyptian papyri from 1900 BC, 
which described using garlic, opium poppy, and “breast tumors” (likely breast 
cancer) [1]. Traditional Chinese medicine, Ayurvedic medicine from India, and 
traditional healing practices in the Americas, Europe, and Africa have long used 
various plant extracts for managing different disease states [2]. Throughout 
history, herbal preparations were among the primary forms of cancer treatment 
before modern medicine shifted towards synthetic drugs in the nineteenth and 
twentieth centuries [3].

A resurgence of interest in traditional herbal medicine for cancer began in the 
latter half of the twentieth century once conventional cancer therapies’ limita-
tions and side effects became better recognized [4]. There is now considerable 
research interest in the potential anticancer effects of phytochemicals, biologically 
active compounds derived from plants. Dietary phytochemicals under scientific 
investigation include flavonoids from fruits and vegetables, curcumin from tur-
meric, resveratrol from red wine, genistein from soy, diallyl sulfide from garlic, 
and allicin from garlic [5]. These natural anticarcinogens are thought to suppress 
tumor growth by acting on various hallmarks of cancer, such as resisting cell 
death, enabling replicative immortality, inducing angiogenesis, activating inva-
sion and metastasis, reprogramming energy metabolism, and evading immune 
destruction [6].

Numerous preclinical studies in cell culture and animal models have demonstrated 
the anticancer effects of herbal products and plant-derived compounds. For example, 
curcumin has anticancer properties in many types of cancer, including colorectal, 
pancreatic, breast, prostate, and lung cancers [7, 8]. Resveratrol exhibits anticancer 
effects in breast, stomach, and thyroid cancer models [9]. Many studies suggest that 
combinations of phytochemicals may have synergistic effects against cancer [10]. 
While the precise mechanisms of anticancer phytochemicals are still under investiga-
tion, they are thought to modulate molecular pathways and gene expression in cancer 
development and progression.

Despite promising preclinical data, there remains limited evidence from human 
clinical trials that definitively demonstrates the efficacy of many herbal medicines 
for cancer therapy [11]. Few clinical studies have shown the beneficial effects of some 
herbal preparations. For instance, combining herbal extracts decreased chemother-
apy-induced toxicity in lung cancer patients [12]. Curcumin combined with chemo-
therapy improved the quality of life in advanced breast cancer [13]. However, more 
extensive rigorous trials are still needed. Challenges in advancing herbal extracts 
to mainstream cancer care include inconsistencies in herbal preparations, limited 
bioavailability, lack of profit incentive for drug development, and inadequacies in 
regulations governing herbal medicines [14].

Natural anticarcinogens from traditional medicinal plants are a promising area of 
cancer research. Phytochemicals have the advantages of low toxicity, low cost, and 
ease of availability. Preclinical studies demonstrate that numerous dietary agents have 
cancer-preventive and therapeutic effects mediated by various anticancer mecha-
nisms. However, there remains a need for well-designed clinical studies to evaluate 
safety and efficacy in humans conclusively. Given the growing scientific basis sup-
porting their anticancer properties, further research should continue to investigate 
botanical natural products’ multifactorial mechanisms and clinical potential for 
managing cancer.
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2. Herbs and spices with potential anticancer properties

2.1 Curcumin (Curcuma longa L.)

Curcumin is a polyphenol derived from the spice turmeric. For centuries, cur-
cumin has been used in traditional Indian and Chinese medicine for its wide range 
of therapeutic effects [15]. In recent decades, extensive research has revealed that 
curcumin possesses potent anti-inflammatory and antioxidant properties that give it 
anti-cancer effects against numerous cancers [16]. Curcumin exhibits cytotoxic effects 
against multiple human cancer cell lines, including cancers of the skin, breast, lung, 
pancreas, prostate, bladder, kidney, cervix, liver, blood, and brain [17]. Treatment 
with curcumin hindered growth and proliferation while inducing apoptotic cell death 
through various signaling pathways depending on the cancer cell models studied 
[16]. Curcumin also beneficially impacted the invasion, metastasis, and angiogenesis 
behaviors of diverse malignancy types in preclinical analyses [18]. Oral curcumin 
administration suppressed tumor formation, restricted solid tumor growth, prevented 
metastasis development, and increased survival in chemically induced or xenograft 
models of skin, liver, lung, adrenal, bladder, intestinal, and hormone-related cancers 
[17, 19]. Despite poor bioavailability, a few human trials exhibit direct anticancer 
effects, as detailed in the next section. Curcumin displays broad pharmacological 
activity against myriad cancers; warranting continued translational research.

Curcumin is believed to modulate numerous molecular targets and signaling 
pathways pivotal in malignant progression. By interacting with transcription factors, 
enzymes, receptors, microRNAs, and additional upstream regulators, curcumin admin-
istration alters the expression or functioning of growth factors, inflammatory cytokines, 
adhesion molecules, angiogenic factors, and apoptosis-related proteins in diverse cancer 
cell lines and animal models [18, 20]. For example, curcumin disrupted nuclear factor 
kappa B (NF-kB), Wnt/β-catenin and STAT3 signaling to reduce proliferation, survival, 
invasion, metastasis, and inflammation markers in models of breast, pancreatic, pros-
tate, and blood cancers [20, 21]. Curcumin halts the cell cycle of cancer cells, preventing 
them from proliferating uncontrollably [22]. It also activates apoptotic pathways like p53, 
caspase-3, and Bcl-2 that trigger programmed cell death in cancers [23]. Chronic inflam-
mation perpetuates tumorigenesis, and curcumin can suppress pro-inflammatory cyto-
kines like NF-kB and COX-2 that promote cancer growth [24]. In addition, curcumin 
prevents the development of new blood vessels that allow tumors to receive nutrients 
and oxygen for expansion [25]. It also reduces the expression of matrix metallopro-
teinases and cell adhesion molecules, allowing cancer to invade tissue and metastasize 
[18]. Furthermore, curcumin can re-sensitize resistant cancers to chemotherapeutics by 
inhibiting survival mechanisms [26]. Through these myriad mechanisms, curcumin can 
prevent cancer initiation and halt the progression of existing tumors.

Curcumin has been extensively studied as a cancer therapy for nearly every 
primary form of the disease. Research indicates curcumin has protective effects 
against gastrointestinal, genitourinary, gynecological, hematological, pulmonary, 
thyroid, breast, and skin cancers. Curcumin’s efficacy is most potent against bowel, 
stomach, liver, and skin cancers [21]. Colorectal cancer is one of the cancer types 
most sensitive to curcumin [8]. Curcumin suppresses intestinal tumor formation 
in rodent models of colorectal cancer and inhibits the proliferation of human 
colorectal carcinoma cell lines [27]. In human clinical trials, doses between 0.45 g 
and 3.6 g daily reduced proliferation rates of colorectal cells and adenomatous 
polyp formation [28]. Analogously, curcumin demonstrates chemopreventive and 



Herbs and Spices – New Perspectives in Human Health and Food Industry

248

chemotherapeutic capacities against stomach cancer through similar anti-prolif-
erative and pro-apoptotic mechanisms [29]. Curcumin also exhibits protective 
effects against hepatocellular carcinoma (HCC), the most common form of liver 
cancer. Curcumin administration reduces HCC tumor volume and metastasis in 
murine models [30]. A dose-escalation trial found that doses up to 8 g per day were 
well-tolerated in HCC patients and produced downregulation of NF-kB and COX-2 
levels [31]. Additionally, curcumin is promising for preventing and treating skin 
cancers like melanoma and squamous cell carcinoma. Topical curcumin formula-
tions have been shown to reduce lesion size and tumor burden in skin cancer 
models via anti-proliferative and pro-apoptotic effects [32].

The preclinical evidence supporting curcumin’s anti-cancer properties has 
prompted growing interest in clinical evaluation. Over 100 clinical trials are underway 
to investigate curcumin’s therapeutic use in cancer patients [17]. Ongoing and upcom-
ing trials assess curcumin across nearly all cancer types as a standalone and adjuvant 
therapy. Several Phase I trials have recently studied escalating doses to evaluate safety 
and tolerability [33]. Doses up to 12 g per day did not produce dose-limiting toxicity, 
suggesting the feasibility of further clinical development. Phase II trials now employ 
more specific patient populations to gather efficacy data. For example, a current 
Phase II study tests curcumin with gemcitabine in pancreatic cancer. Researchers are 
also recruiting for Phase II gastric, brain, and breast cancer trials [34]. In addition to 
primary treatment, curcumin is being trialed as an adjuvant for boosting chemothera-
peutic efficacy and mitigating toxicity. Co-administration of curcumin with first-line 
therapy like FOLFOX or FOLFIRI is undergoing examination in colorectal cancer [35]. 
Using curcumin to reverse drug resistance is also being explored in refractory cancers. 
These clinical evaluations will help substantiate curcumin’s role in cancer management.

Alongside treatment implications, routinely incorporating curcumin into diets or 
as a daily supplement may also boost cancer prevention. According to epidemiological 
data, higher antioxidant and anti-inflammatory compound consumption is associ-
ated with reduced cancer incidence [36]. Curcumin exhibits both antioxidant activity 
directly and enhances endogenous antioxidant defenses, which could mitigate DNA 
damage, enabling tumor promotion. It also beneficially regulates phase I and phase 
II detoxification enzyme expression to prevent the activation of procarcinogens [37] 
potentially. Curcumin administration prevented carcinogen-induced preneoplastic 
lesions and tumor development in rodent models’ colon, liver, pancreas, stomach, and 
prostate, indicative of early-stage chemopreventative effects [37]. Low-dose curcumin 
intake favorably impacts multiple cancer-related mechanisms that may interrupt 
pathological processes before malignant transformations.

Here is the response in paragraph form:
While curcumin shows promising benefits for health and disease prevention, it is 

essential to note some potential risks and contraindications to consider when taking 
curcumin supplements. Curcumin may act as a blood thinner, so it could interact with 
medications like warfarin, which are also blood thinners. This may increase bleeding 
risk, so those on blood thinners should speak to their doctor before taking curcumin 
[38]. Curcumin may also decrease the body’s absorption of certain oral drugs like 
contraceptives, diabetes medications, and chemotherapies. For this reason, anyone 
taking prescription medications should discuss curcumin use with their healthcare 
provider. Large doses of over 8 grams per day have caused side effects in some people, 
like nausea, diarrhea, and heartburn. Curcumin could also lower blood sugar, so dia-
betics may need monitoring [39]. Pregnant and breastfeeding women are advised to 
avoid curcumin supplements unless approved by a doctor due to the lack of research 
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in these groups. In general, 400–600 mg per day is recommended for overall health, 
while 800–2000 mg daily divided into doses may benefit conditions like arthritis 
when taken under medical guidance. Doses over 2000 mg daily are not generally 
recommended without supervision from a health practitioner [40]. Most generally 
well-tolerated curcumin when taken as directed, but potential interactions and risks 
warrant caution, especially in those taking medications.

2.2 Ginger (Zingiber officinale roscoe)

Ginger (Zingiber officinale) is a plant used for culinary and medicinal purposes 
since ancient times. The underground rhizomes of ginger contain a complex array of 
nutrients, antioxidants, and bioactive compounds such as gingerols, shogaols, paradols, 
zingerone, and 6-gingerol, some of which have demonstrated anticancer activities 
[41]. Research over the past few decades indicates that ginger and its constituents can 
influence multiple mechanisms integral to cancer pathology, including proliferation, 
apoptosis, inflammation, angiogenesis, and oxidative stress. This suggests ginger may 
have therapeutic and preventative potential against malignancies [42]. A substantial 
body of in vitro research has demonstrated the potential anticancer properties of various 
crude extracts of ginger and specific compounds isolated from ginger. These studies 
have shown efficacy against a wide range of human cancer cell lines, including those 
from breast, ovarian, cervical, liver, skin, colorectal, pancreatic, bladder, prostate, and 
blood cancers. The mechanisms of action observed include direct cytotoxic effects and 
alterations in pathways related to apoptosis, cell cycle control, angiogenesis, invasion, 
metastasis, and inflammation [43]. The compound 6-shogaol has been noted to induce 
apoptosis via caspase-3 activation in breast tumor cells and ovarian cancer ascitic fluid 
samples [44]. Animal studies indicate that oral administration of gingerol or shogaol can 
inhibit the growth of tumors in the breast, skin, colon, pancreas, prostate, and lung in 
rodent xenograft models and lung cancer mouse models, without evident toxicity [45].

Laboratory models have revealed that ginger’s anti-tumoral effects are likely due to 
multiple mechanisms. Both crude ginger extracts and specific compounds within ginger 
have demonstrated the ability to neutralize free radicals and enhance the body’s antioxi-
dant defense systems, potentially reducing DNA damage, a critical factor in the initial 
stages of cancer [46]. Moreover, ginger’s compounds have anti-inflammatory properties, 
evidenced by their inhibition of enzymes like COX and reduction of specific cytokines 
that facilitate malignant growth. Other potential mechanisms include the disruption of 
tumor angiogenesis signaling, inhibition of metastasis-related enzymes, and alteration 
of cell cycle and apoptosis regulators, including proteins such as p53, NF-kB, and mem-
bers of the Bcl-2 family, as well as markers of cancer stem cells [47]. Ginger’s habitual 
consumption may offer protective effects against cancer development. Epidemiological 
evidence links higher dietary intake of antioxidant-rich plants to lower risks of various 
epithelial cancers. As a whole food, ginger contains vitamins, minerals, flavonoids, and 
phenolics that neutralize carcinogens and mitigate cellular damage [46]. Animal stud-
ies have shown that oral ginger can inhibit DNA damage and enhance detoxification 
enzymes in tissues exposed to carcinogens, suggesting a reduced risk of cancer-initiating 
mutations. Additionally, ginger has demonstrated the ability to suppress colon carcino-
genesis in rat models, indicating potential chemopreventive properties [48].

People taking blood thinners or diabetes medications should use ginger cautiously 
due to potential additive effects. Some people may also experience heartburn, diar-
rhea, irritation, or nausea with high ginger intake [49]. The recommended dosage 
of ginger supplements depends on the intended therapeutic use, with most studies 
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examining doses between 250 mg and 1 g per day of powdered ginger root. As a frame 
of reference, doses on the lower end of this range may provide antinausea effects. In 
contrast, anti-inflammatory effects are more commonly seen in studies using 1 g or 
more [50]. Ginger tea can be made by steeping 1–2 grams of fresh ginger in hot water 
and consumed 2–3 times daily.

2.3 Garlic (Allium sativum L.)

Garlic (Allium sativum), a member of the onion family, has been utilized in both 
culinary and medicinal contexts for millennia. Its essential bioactive compounds 
include organosulfur compounds (such as allicin and diallyl sulfides), flavonoids, 
saponins, and Maillard reaction products during cooking or processing [51]. Many in 
vitro studies have shown the anticancer potential of aged garlic extract and specific 
organosulfur compounds derived from garlic against various human cancer cell 
lines. These studies have demonstrated inhibited cell proliferation, disruption of cell 
cycle and proliferation signaling, induction of apoptotic cell death, and reduction 
in adhesion, invasion, angiogenesis, and metastasis in cancers such as lung, gastric, 
liver, pancreatic, breast, brain, bladder, cervical, bone, and blood cancers [52]. 
Specific compounds like diallyl trisulfide have been found to have dose-dependent 
antiproliferative effects in colorectal, lung, breast, and skin cancer cells, primarily 
by stimulating apoptosis [51]. Complementary in vivo studies using rodent models 
have confirmed these findings, with garlic administration leading to decreased tumor 
multiplicity, volume, weight, and progression and increased survival in gastric, 
colorectal, pulmonary, mammary, and hepatocellular carcinoma models [53].

The anticancer properties of garlic constituents are linked to their modulation of 
various cellular pathways critical to cancer proliferation and spread. Organosulfur 
compounds in garlic have shown potent abilities to neutralize free radicals and 
enhance cellular antioxidant defenses, thereby protecting against DNA damage 
that can lead to carcinogenesis. These compounds also affect tumor formation and 
angiogenesis through pathways like STAT 3 and receptor tyrosine kinase, potentially 
reducing tumor growth capacity [54]. Diallyl sulfides in garlic have been observed 
to influence cell cycle progression, stimulate immune cells, modulate arachidonic 
acid metabolism, and regulate histone activity, all contributing to inhibiting cancer-
promoting processes [55].

Garlic can also have some risks and contraindications. Garlic can increase bleeding 
risk, so people with bleeding disorders or taking anticoagulant medications should 
use caution with garlic supplements. Some people may also experience heartburn, 
nausea, vomiting, diarrhea, or other gastrointestinal discomfort. The recommended 
daily dosage of garlic supplements for adults is 400–1200 mg of standardized allicin 
potential, approximately equal to the consumption of 1–2 fresh garlic cloves [56]. 
Consumption through dietary sources is generally recognized as safe, but garlic 
supplements have a higher allicin yield and, therefore, possibly a higher risk of side 
effects [57].

2.4 Basil (Ocimum basilicum L.)

Basil (Ocimum basilicum) has been an aromatic herb for centuries for culinary 
and medicinal purposes. Over 150 compounds have been identified in basil, includ-
ing flavonoids, phenolic acids, terpenoids, and essential oils. In laboratory studies, 
Basil contains several bioactive compounds showing anti-inflammatory, antioxidant, 
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and anti-cancer effects [58]. Several laboratory studies have indicated the potential 
anticancer effects of basil extracts and isolated compounds from basil. Extracts from 
basil leaves have been found to inhibit the growth and spread of specific cancer cells, 
including oral, skin, breast, cervical, prostate, pancreatic, and colon cancers. Specific 
compounds identified in basil, such as eugenol, linalool, ursolic acid, β-sitosterol, 
and β-element, have exhibited anti-proliferative effects on cancer cells and prevented 
tumor formation and metastasis in animal models [59].

Different extracts and compounds from basil have been shown to influence mul-
tiple mechanisms involved in cancer progression, including cell cycle arrest, apoptosis 
induction, inhibition of cell proliferation, migration, and metastasis, restricting 
blood vessel growth, and reducing inflammation [60]. Alcohol extracts from basil 
leaves inhibited cell growth and induced cell death in the mouth, cervical, prostate, 
and skin cancer cell lines [59]. Ursolic acid from basil inhibited cell proliferation in 
skin cancer, slowed tumor growth in melanoma, and prevented lung metastasis of 
skin cancer in mice. These effects appear to result from basil compounds modulating 
gene expression and signaling pathways associated with cancer [61]. Certain com-
pounds in basil, such as rosmarinic acid, linalool, and eugenol, have demonstrated 
antioxidant activities that may help protect cells against DNA damage that can 
promote tumor growth. Inflammation plays a crucial role in cancer development, and 
basil extracts and isolates have reduced inflammatory signaling molecules like NF-kB 
in cancer cell lines [62].

Basil can also have some risks and contraindications. Due to its effects on blood 
clotting, people with bleeding disorders or taking anticoagulant medications should 
exercise caution when using basil supplements [63]. Basil essential oils or supple-
ments could interact with other medicines like sedatives or hypoglycemics. Some 
people may experience side effects like low blood pressure or liver damage [64]. There 
is no established recommended daily dosage for basil. Basil is generally recognized 
as safe when used in average culinary amounts. However, concentrated supplements 
or essential oils extracted from basil provide higher levels of active compounds and 
have a higher risk of side effects and interactions [65]. Using fresh or dried basil leaves 
from dietary sources is typically not a safety concern for healthy adults, but the risks 
increase when taking concentrated basil supplements.

2.5 Caraway (Carum carvi L.)

Caraway (Carum carvi) is a biennial plant from the Apiaceae family. The dried 
“seeds” of caraway are commonly used as a culinary spice and also have a long 
history of use in traditional medicine. Over 100 compounds have been isolated from 
caraway seeds, including essential oils like carvone, limonene, carveol, flavonoids, 
fatty acids, polysaccharides, proteins, and more [66]. Research indicates that caraway 
has cytotoxic effects on stomach, breast, colon, cervical, liver, and lung cancer cells. 
Specific compounds in caraway oil, including carveol, carvone, and limonene, have 
shown growth inhibitory effects in human colon cancer cell lines, and colon cancer 
growth was reduced in mice given oral carvone from caraway [67]. Caraway was 
shown to induce cell cycle arrest and apoptotic cell death in human colon cancer cells, 
indicating modulation of pathways that regulate tumor cell proliferation and survival. 
Flavonoids and carvone reduced inflammation by affecting inflammatory signaling 
molecules COX2, TNF-α, and NF-κB in colon cancer cells and models [68].

The use of caraway may pose risks, mainly when consumed in excessive amounts 
or by individuals with certain health conditions. Adverse effects of caraway are 
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generally rare, but it can interact with certain medications and health conditions. For 
instance, caraway oil’s emmenagogue properties may pose risks during pregnancy. 
Additionally, individuals with a history of gallstones should exercise caution, as 
certain compounds in caraway can stimulate gallbladder contractions [67]. Regarding 
dosage, the recommended daily intake of caraway varies based on the form and pur-
pose of use. In culinary uses, caraway seeds are generally considered safe when used 
in typical food amounts. Standardized extracts are often used for medicinal purposes, 
and dosages may vary. For example, in the form of an essential oil, a typical dose 
might range from 0.1 to 0.3 mL [69]. However, due to different product variations in 
strength and concentration, it’s crucial to follow specific manufacturer recommen-
dations or consult with a healthcare professional for appropriate dosing tailored to 
individual needs and health conditions.

2.6 Cinnamon (Cinnamomum cassia L.)

Cinnamon is a commonly used spice derived from the inner bark of trees from the 
Cinnamomum genus. The most widely used species are Cinnamomum verum J. Presl, 
Ceylon cinnamon or true cinnamon, and Cinnamomum cassia (L.) J. Presl is often 
referred to as Cassia or Chinese cinnamon. Over 100 bioactive phytochemicals have 
been found in cinnamon, including cinnamaldehyde, eugenol, linalool, camphor, and 
caffeic acid (1). Research over the past decade indicates that cinnamon and its com-
pounds exhibit antioxidant, anti-inflammatory, antiproliferative, and immunomodu-
latory influences, suggesting the potential for cancer applications [70]. In vitro studies 
report the anticancer effects of cinnamon extracts and isolates such as cinnamaldehyde 
against various human cancer cell lines. This includes inhibitory impact on the growth, 
proliferation, migration, invasion, and metastasis signaling pathways of cervical, ovar-
ian, prostate, liver, stomach, colorectal, breast, lung, and brain cancer cells [71].

Cinnamaldehyde altered microtubule functioning to block cell division and 
induce apoptotic cell death in human leukemia and lymphoma cells. It also exhibited 
immunomodulatory effects by enhancing natural killer cell activity against myeloma 
cells [72]. Animal studies further support cinnamon’s antitumor influences. Orally 
administered cinnamon extract reduced tumor cell proliferation markers, increased 
cancer cell death through disrupted angiogenesis and blood flow, and decreased 
growth of melanoma and lymphoma tumors in mice [73]. Lab experiments indicate 
that cinnamon alters signaling proteins that regulate cell proliferation, survival, 
angiogenesis, adhesion, migration, and apoptosis in different cancer cell types [74]. 
Particular compounds like cinnamaldehyde modulate tumor necrosis factor, vascular 
endothelial growth factor, matrix metalloproteinases, and interleukin secretion from 
cancer cells. The observed antioxidant capacities of cinnamon extracts may also con-
tribute by protecting against oxidative damage and suppressing chronic inflammation 
involved in malignant transformations [75].

Cinnamon, especially Cassia cinnamon, also contains coumarins, which can have 
risks and contraindications at high doses. High coumarin intake may negatively affect 
liver health, and caution people taking anticoagulant medications due to coumarin’s 
blood thinning effects [76]. Generally, Ceylon cinnamon has a lower coumarin con-
tent than Cassia cinnamon. The recommended daily dosage of cinnamon supplements 
for adults is approximately 120–360 mg of a cinnamon extract standardized to 5–6% 
flavonoids. This equals approximately 1–3 g of cinnamon powder [77]. Intake above 
this level increases the risk of liver toxicity and negative interactions. High levels 
of coumarin intake have been associated with liver toxicity and damage in sensitive 
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individuals [78]. Therefore, caution is advised, especially for those with pre-existing 
liver conditions or using medications that affect liver function.

2.7 Clove (Syzygium aromaticum L.)

Cloves are the aromatic flower buds of the Eugenia caryophyllata tree. Clove 
(Syzygium aromaticum (L.) Merr. & L.M. Perry) is an aromatic flower bud used as 
a spice and has a long history of traditional medicinal uses. They have been used as 
a culinary spice and traditional medicine for centuries. At least 30 compounds have 
been isolated from cloves, including flavonoids, terpenoids, and the phenolic com-
pound eugenol, which makes up 70–85% of clove essential oil [75]. Several preclinical 
studies demonstrate the anticancer effects of clove extracts or eugenol against various 
human cancer cell lines. For instance, in culture, clove extracts exhibited cytotoxic 
actions and triggered cell death pathways in skin, breast, cervical, prostate, colon, 
blood, and bone cancer cells [79]. Eugenol also inhibited growth, proliferation, and 
spread while promoting apoptosis in models of melanoma, leukemia, gastric, breast, 
and mast cell cancer cells. Beneficial effects have also been shown in rodent models. 
Oral eugenol administration suppressed colon cancer in rats and reduced solid tumor 
size while extending lifespan in mice studies [80, 81].

One study provided 200 mg of an ethanolic clove extract containing 40% 
eugenol to 41 patients with oral submucous fibrosis, a premalignant lesion [82]. 
After up to 3 months of supplementation, patients taking clove extract had 
reduced burning sensations and increased mouth opening, and 71% demonstrated 
partial to complete clinical response, indicating anti-inflammatory benefits [83]. 
The abundance of eugenol in cloves has been found to influence gene expression 
of vascular endothelial growth factors, matrix metalloproteinases, and pro-
inflammatory cytokines like NF-kB and COX2 in various cancer cell models [84]. 
Eugenol arrested cell division, prompted cancer cell death through p53 activation, 
caspase, and PARP cleavage, and disrupted mitochondrial functioning in human 
melanoma cells. The antioxidant capacity exhibited by eugenol and clove extracts 
may provide additional cancer-preventative influences by reducing DNA damage 
from oxidative stress [80]. Cloves contain polyphenols, flavonoids, and vitamin C 
that mitigate cellular damage from oxidation and resulting inflammation tied to 
malignant growths [85].

Compounds found in clove, such as eugenol, have some risks and contrain-
dications, especially when taking clove essential oil. Clove may interfere with 
blood clotting and should be avoided by people with bleeding disorders or taking 
anticoagulant medications. Clove may also cause liver damage at high doses. Other 
side effects can include digestive upset [86]. The recommended daily dose of clove 
varies depending on the form of consumption and purpose of use. In a culinary 
context, clove is generally safe when used in average food amounts. As a supple-
ment or medicinal remedy, the dosage needs careful consideration. A standard 
therapeutic dose for clove oil might range from 0.15 to 0.3 mL [87]. However, due 
to its potent nature, it is often diluted or used in a compound formulation. For 
whole or ground cloves, dosages are less well-defined but are considerably lower 
than those of the essential oil. Given the potency and potential risks of clove, it is 
advisable to start with minimal amounts and consult a healthcare professional for 
guidance on appropriate dosing, especially for therapeutic use. This is particularly 
important for individuals with pre-existing health conditions, those who are 
pregnant or breastfeeding, and young children.
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2.8 Coriander (Coriandrum sativum L.) 

Coriander (Coriandrum sativum) is an annual herb belonging to the Apiaceae 
family. The leaves and seeds of coriander have a long history of use as a food flavoring 
agent and in traditional medical systems. Over 100 phytochemicals have been identi-
fied in coriander, including essential oils like linalool, flavonoids, phenolic acids, and 
terpenoids [88]. Compounds like linalool and chlorogenic acid inhibited cell growth 
and spread while prompting cancer cell death through several signaling pathways in 
models of colon, neuroblastoma, and hepatocellular carcinoma [89]. Some in vivo 
animal experiments further support coriander’s anti-tumor potential. Oral adminis-
tration of coriander leaf extract before tumor induction decreased tumor incidence 
and burden in skin cancer and hepatocarcinogenesis rodent models [90].

Multiple mechanisms likely contribute to coriander’s reported anticancer activi-
ties in laboratory models. Experiments indicate the modulation of essential signaling 
proteins connected to cancer cell proliferation, survival, inflammation, progression, 
and apoptosis after treatment with coriander extracts in various cancer cell lines [91]. 
Essential bioactive chemicals found abundantly in coriander seeds and leaves, includ-
ing linalool, quercetin, and chlorogenic acid, have antioxidant and anti-inflammatory 
properties that may underlie the observed antiproliferative influences [92]. Coriander 
leaf extracts boosted the activity of carcinogen detoxification enzymes like glutathi-
one-S-transferase and increased antioxidant status markers in liver cancer animal 
models, which could additionally block tumor promotion stages [93].

There are potential risks and contraindications associated with coriander use. 
Coriander can cause allergic reactions in some individuals, which may manifest as 
skin rashes, respiratory symptoms, or gastrointestinal upset. People with allergies to 
other members of the Apiaceae family, such as fennel or anise, may be more suscep-
tible to a coriander allergy [94]. Additionally, coriander seeds’ hypoglycemic effect 
might pose a risk for individuals with diabetes, especially when consumed in conjunc-
tion with diabetes medication, as it can potentially lead to hypoglycemia. The recom-
mended daily dose of coriander varies depending on its form (fresh herb, dried seeds, 
or oil) and the intended use. In culinary applications, coriander is generally safe in 
standard food preparation amounts. For medicinal purposes, there is no universally 
established dosage, but typical recommendations might include:

• Fresh coriander leaves 1.5 to 5 grams per day.

• Dried coriander seeds: 0.5 to 1 gram per day.

• Coriander seed oil: Because of its concentration, this form should be used spar-
ingly, and exact dosages should follow product-specific guidelines or healthcare 
professional advice.

Pregnant or breastfeeding women should exercise caution and seek medical advice 
before consuming coriander for medicinal purposes [95].

2.9 Dill (Anethum graveolens L.)

Anethum graveolens, commonly known as dill, is a perennial herb utilized histori-
cally for culinary and medicinal purposes. Its primary bioactive constituents include 
essential oils such as carvone, limonene, and apiol and flavonoids like kaempferol 
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and vicenin [96]. In vitro, research reveals the anticancer capabilities of dill extracts 
and their specific bioactive components against various human cancer cell lines. 
Treatments with these extracts have shown cytotoxic effects, inducing apoptosis 
in breast, cervical, oral, liver, and colon cancer cells. Specifically, the apiol com-
pound from dill impeded colon cancer cells’ growth and metastatic potential [97]. 
Additionally, the flavonoid vicenin in dill demonstrated anti-proliferative effects by 
disrupting microtubule formation in lung cancer cells [98]. The anticancer effects 
of dill extracts and compounds may be attributed to multiple mechanisms. Research 
suggests that dill treatment modulates proteins in cancer cell cycle regulation, 
survival, proliferation, and apoptosis. Additionally, dill extracts and their component 
apiol exhibit antioxidant and anti-inflammatory activities, potentially preventing 
conditions conducive to tumor growth [99]. The antimutagenic properties of aqueous 
dill extracts may also offer preventive benefits by protecting cells from DNA altera-
tions that can initiate cancer [100].

Due to potential effects on hormone and blood sugar levels, people with diabetes, 
endocrine disorders, or related medications should exercise caution with dill supple-
ments. Dill may also cause sensitivity reactions in some people [101]. Additionally, due 
to its antispasmodic properties, dill might interact with medications that affect the 
central nervous system. Individuals with low blood sugar levels or those on diabetes 
medication should also exercise caution, as dill can have hypoglycemic effects [101]. 
The recommended daily dose of dill varies based on the form and purpose of use:

• For culinary purposes, using fresh or dried dill leaves in cooking is generally safe 
in typical amounts.

• In a medicinal context, there are no well-established dosage guidelines for dill. 
However, when used as an herbal tea, a standard preparation might include 1 to 2 
teaspoons of dried dill per cup of hot water, steeped for 5 to 10 minutes.

• For dill oil, due to its concentrated nature, only a tiny amount (a few drops) is 
typically used, and it should be diluted if applied topically.

2.10 Cumin (Cuminum cyminum L.)

Cuminum cyminum, or cumin, is a flowering plant in the Apiaceae family, 
historically used in culinary and traditional medicinal contexts. Essential phyto-
chemicals in cumin seeds include phenolic compounds, flavonoids, and oils such 
as cuminaldehyde, cymene, and terpenoids [102]. Studies have demonstrated 
that cumin and its constituent thymoquinone can inhibit proliferation and induce 
apoptosis in various cancer cell types, including cervical, breast, oral, stomach, 
colon, blood, pancreatic, and liver cancers [103]. Furthermore, thymoquinone has 
been shown to enhance the efficacy of natural killer cells against pancreatic and 
blood cancer cells. Preliminary rodent studies corroborate these findings, with oral 
administration of thymoquinone inhibiting tumor growth in colon and pancreatic 
cancer models without toxicity [104]. Preclinical studies suggest that cumin treat-
ments inhibit cell proliferation and induce apoptosis by modulating cell division 
and survival signaling pathways [105]. These compounds exhibit anti-inflammatory 
properties by influencing molecules like NFκB and TNF-alpha, which are impli-
cated in cancer progression. Their antioxidant potential also plays a role in prevent-
ing tumor formation by safeguarding cells from DNA damage leading to mutations. 
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Identifying the essential chemicals and processes responsible for these anticancer 
activities is crucial for developing cumin-based therapeutics [106].

Despite these positive attributes, cumin has potential risks and contraindications. 
Overconsumption of cumin, especially in its concentrated oil form, can lead to diges-
tive upset, such as heartburn or stomach pain. It may also lower blood sugar levels, a 
concern for individuals with diabetes or those on medications that affect blood sugar 
[107]. No established recommended daily intake levels are specifically for culinary 
spices like cumin. Regular usage of cumin seeds or powder to season foods is gener-
ally considered safe by the U.S. Food and Drug Administration. As a spice, up to 1–3 
grams of cumin powder per day is commonly used.

2.11 Rosemary (Rosmarinus officinalis L.)

Rosemary (Rosmarinus officinalis), a perennial herb belonging to the Lamiaceae 
family, has been widely recognized in traditional medicine and culinary practices. 
Rosemary is rich in bioactive compounds, including phenolic acids, flavonoids, 
and essential oils. Among these, carnosic acid, rosmarinic acid, and ursolic acid are 
particularly notable for their biological activities [108]. Carnosic acid has been identi-
fied as a potent antioxidant, while rosmarinic acid exhibits anti-inflammatory and 
antioxidant properties. Ursolic acid, a pentacyclic triterpenoid, has been shown to 
possess antitumor activities [109, 110]. Oxidative stress, resulting from an imbalance 
between free radicals and antioxidants in the body, is a known contributor to cancer 
development. Antioxidants can neutralize free radicals, thereby reducing oxidative 
stress and potentially preventing the initiation and progression of cancer. Rosemary’s 
rich composition of antioxidants, particularly carnosic acid and rosmarinic acid, has 
been shown to protect against oxidative DNA damage, a precursor to cancer [68].

Rosemary’s bioactive compounds, especially ursolic acid, have been extensively 
studied for their antitumor properties. These compounds exhibit various anticancer 
effects, including the induction of apoptosis (programmed cell death) in cancer cells, 
cell proliferation inhibition, and metastasis prevention. For instance, ursolic acid 
has been shown to induce apoptosis in various cancer cell lines, including breast, 
prostate, and colon cancers [111]. Cancer cells often exhibit altered metabolism, 
which supports their rapid growth and survival. Compounds in rosemary have been 
found to interfere with these metabolic pathways, thereby exerting antiproliferative 
effects on cancer cells [111]. Rosemary extracts have been studied for their potential 
to enhance the efficacy of conventional chemotherapy drugs. This synergistic effect is 
particularly significant as it may lead to more effective cancer treatments with lower 
doses of chemotherapeutic agents, thereby reducing their side effects [111]. A study 
by Gonzalez-Vallinas et al. [110] demonstrated that rosemary extracts enhanced the 
efficacy of 5-fluorouracil, a standard chemotherapy drug, in colon cancer cells.

Rosemary supplements may interact with anticoagulant or antihypertensive 
medications. High doses of some rosemary essential oil components like camphor 
can cause nausea, vomiting, and muscle spasms [112]. High doses of rosemary oil can 
cause gastrointestinal irritation and kidney damage and may lead to seizures if con-
sumed in excessive amounts. Due to its potent effects, rosemary oil should be avoided 
by pregnant women and those with epilepsy or high blood pressure. Additionally, 
rosemary can affect iron absorption and should be used cautiously by individuals 
with iron deficiency. In culinary uses, rosemary is generally safe in standard season-
ing amounts [113]. For medicinal purposes, a typical dose might include 4–6 grams of 
dried rosemary leaves.
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2.12 Saffron crocus (Crocus sativus L.)

Saffron (Crocus sativus), a spice derived from the flower of the same name, has long 
been cherished for its culinary uses and medicinal properties. Saffron is known for its 
rich composition of bioactive compounds, including crocin, crocetin, safranal, and 
picrocrocin. These constituents are responsible for saffron’s characteristic color, flavor, 
and medicinal properties. Crocin and crocetin, carotenoids that give saffron its distinct 
red color, have been extensively studied for their antioxidant properties. Safranal, 
which contributes to saffron’s aroma, exhibits antioxidant and antitumor activities 
[114]. The antioxidants in saffron, particularly crocin, and crocetin, have demon-
strated protective effects against oxidative DNA damage, a precursor to cancer [115]. 
Saffron’s anti-inflammatory properties, primarily attributed to crocin and safranal, 
play a crucial role in its anticancer potential. By inhibiting vital inflammatory pathways 
and molecules like NF-kB and TNF-alpha, saffron can help prevent the inflammatory 
conditions that favor cancer development [116]. Saffron extracts can affect cancer 
cell metabolism, often altered to support rapid growth and survival of cancer cells. 
Compounds in saffron have been found to interfere with these metabolic pathways, 
exerting antiproliferative effects on cancer cells. Saffron extract could inhibit the criti-
cal enzyme activity in cancer cell metabolism, suppressing cancer cell growth [117]. 
Studies have shown that saffron extract can enhance the effectiveness of chemothera-
peutic agents like cisplatin and 5-fluorouracil in various cancer models [118].

Saffron supplements may interact with anticoagulant, antihypertensive, or anti-
depressant medications. High doses can cause nausea, dizziness, and vomiting [119]. 
Pregnant women should avoid saffron supplementation due to uterine stimulation 
effects. In culinary uses, saffron is typically safe when used in small quantities for fla-
voring and coloring, generally a few strands or less than 0.5 grams. For medicinal pur-
poses, studies often use dosages ranging from 15 to 30 milligrams per day. However, 
these dosages are specific to certain conditions and should not be generalized. Due 
to its potential influence on mood and the nervous system, individuals with mood 
disorders or those taking antidepressants should use saffron cautiously. Saffron may 
also lower blood pressure and should be used with care by individuals with hypoten-
sion or those on blood pressure medications.

2.13 Thyme (Thymus vulgaris L.)

Thyme (Thymus vulgaris) is an aromatic herb used for centuries as a culinary 
seasoning and traditional medicine. Over 300 compounds have been identified in 
thyme, including flavonoids, phenolic acids, tannins, terpenoids, and essential oils 
such as thymol, carvacrol, linalool, and geraniol (1). Emerging research reveals that 
thyme extracts and compounds demonstrate antioxidant, anti-inflammatory, antimu-
tagenic, and anticancer effects, highlighting potential applications against malignan-
cies [120]. Treatment with thyme preparations has displayed cytotoxic, apoptotic, 
anti-invasive, and anti-metastatic actions in models of oral, liver, breast, lung, skin, 
bladder, brain, bone, and blood cancers [121]. The phenolic monoterpene thymol 
inhibited cell proliferation and promoted cell death pathways in colorectal, liver, 
breast, cervical, and leukemia cancer cells [122]. Thyme honey mouthwash decreased 
the severity of mucositis and associated pain relative to saline solution, though direct 
antitumor impacts were not assessed [123].

Multiple mechanisms likely contribute to the observed anticancer effects of thyme 
extracts. Thyme polyphenols and essential oils have been found to interact with cell 
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signaling, controlling inflammation, proliferation, angiogenesis, invasion, and survival 
in diverse human cancer cell culture models. For instance, the compound thymol targets 
molecules like NF-kB, PARP, and Bcl-2 proteins to prompt apoptosis and restrict growth 
signaling in various cancer types [124]. Thyme extracts also activated cellular antioxidant 
defense mechanisms in experiments, which could prevent initial carcinogenic damage.

Thyme may also have risks and uncertainties at higher supplementary doses. Thyme 
compounds can increase bleeding risks, so those with bleeding disorders or taking anti-
coagulant medications should avoid concentrated thyme supplements [125]. Other side 
effects may include digestive upset, headache, and dizziness. The recommended daily 
dose of thyme varies depending on its form and intended use. In culinary applications, 
thyme is generally safe when used in typical cooking amounts. For medicinal purposes, 
a standard dosage is 1–2 teaspoons of dried or 2–3 teaspoons of fresh thyme, which can 
be steeped in hot water to make tea. This can be consumed 1–3 times a day [120].

2.14 Oregano (Origanum vulgare L.)

Oregano is an aromatic herb used for culinary and medicinal purposes. The most 
abundant phytochemicals identified in oregano include polyphenolic compounds like 
rosmarinic acid, flavonoids, and volatile oils such as thymol, carvacrol, limonene, 
linalyl acetate, linalool, and geranyl acetate [126]. Experiments indicate inhibited 
proliferation, cell cycle, and proliferation signaling disruption, apoptotic cell death 
induction, reduced adhesion, invasion, angiogenesis, and inflammation in colon, 
lung, breast, liver, bladder, cervical, blood, and thyroid cancer models. Carvacrol and 
rosmarinic acid compounds exhibited antiproliferative, cytotoxic, and anti-metastatic 
actions across ovarian, oral, prostate, and skin cancer cells [127]. The well-reported 
anticancer effects of oregano extracts in preclinical models have been attributed to 
the modulation of numerous cellular pathways integral to malignant proliferation. 
Oregano polyphenols and essential oils demonstrated potent free radical scavenging 
and cyclooxygenase enzyme inhibition, protecting against oxidative damage and 
inflammation and enabling carcinogenesis [128]. Additionally, oregano compounds 
affected cell cycle arrest, apoptosis induction, tumor suppressor genes, and cell 
proliferation/survival signaling in various cancer cell culture experiments [129].

Oregano due to its influence on blood clotting, those with bleeding disorders or 
taking anticoagulant medications should avoid concentrated oregano supplements. 
Other side effects can include gastrointestinal upset and irritation when applied to the 
skin. Oregano, particularly in its essential oil form, can irritate the skin and mucous 
membranes when used in high concentrations [56]. It may also interact with certain 
medications, such as anticoagulants, due to its potential to inhibit blood clotting. 
Individuals with bleeding disorders or those preparing for surgery should exercise 
caution. Additionally, the high phenol content in oregano may cause digestive dis-
comfort if consumed in large amounts [130]. The recommended daily dose of oregano 
depends on its form and intended use: In culinary applications, oregano is generally 
safe when used in typical seasoning amounts. There is no standard dosage for medici-
nal purposes, but a general guideline is 1–2 teaspoons of dried oregano, which can be 
used to make tea. This can be consumed up to three times daily.

2.15 Sage (Salvia officinalis L.)

Sage (Salvia officinalis) is an aromatic herb used culinary and medicinally for 
centuries. The main bioactive components identified in sage include phenolic acids 
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like rosmarinic acid, phenolic diterpenes such as carnosol and carnosic acid, and vola-
tile oils such as 1,8-cineole, camphor, and α/β-thujone [131]. Recent in vitro studies 
demonstrate promising anticancer effects of various crude sage extracts and specific 
isolates against diverse human cancer cell lines. Experiments indicate inhibited prolif-
eration, cell cycle, and proliferation signaling disruption, apoptotic cell death induc-
tion, reduced adhesion, invasion, angiogenesis, and inflammation in models of colon, 
melanoma, lymphoma, leukemia, liver, lung, prostate, cervical, and breast cancers. 
Both sage extracts, carnosol, and carnosic acid exhibited cytotoxic and antiprolifera-
tive actions across skin, head/neck, colon, leukemia, and brain cancer cells [132]. 
Oral carnosol administration restricted tumor weight and volume in prostate cancer 
xenografts and prevented DNA damage from carcinogens [133].

The anticancer effects of sage extracts in preclinical models have been attributed 
to the modulation of numerous cellular pathways integral to malignant proliferation. 
Sage polyphenols demonstrated potent free radical scavenging and anti-inflammatory 
activities, which protect against oxidative damage, enabling carcinogenesis [134]. 
Additionally, sage compounds exhibited regulatory effects on signaling proteins 
influencing cell cycle progression, apoptosis, nitrogen signaling species generation, 
and tumor invasion markers in various cancer cell culture experiments [135].

Sage may also have risks and contraindications, especially concerning components 
like α-thujone and β-thujone. The thujones may interact with medications due to influ-
ences on GABA and serotonin. High doses of thujones can potentially cause seizures, 
vomiting, and kidney damage [136]. Due to its potential estrogenic effects, sage is also 
advised to be used cautiously in individuals with hormone-sensitive conditions, such 
as certain types of breast cancer. Pregnant and breastfeeding women are typically 
advised to avoid high doses of sage due to the lack of safety data. Using sage in regular 
cooking is generally considered safe for culinary purposes. In a medicinal context, the 
appropriate dose can vary. As a general guideline, 4–6 grams of dried sage leaf or 1–2 
teaspoons of sage leaf infusion (tea) taken once or twice daily can be used [131].

2.16 Fennel (Foeniculum vulgare mill)

Fennel (Foeniculum vulgare) is a flowering plant used for culinary and medicinal 
applications since ancient times. The primary phytochemicals identified in fennel 
include the volatile oil constituents trans-anethole, estragole, fenchone, flavonoids, 
phenolic acids, and fatty acids [137]. Specific fennel compounds like trans-anethole 
and limonene also exhibited dose-dependent antiproliferative actions across breast, 
liver, stomach, and skin cancer cells [138]. Studies indicate that fennel contains com-
pounds that modulate signaling proteins connected to regulating cell cycle progres-
sion, proliferation, angiogenesis, and apoptosis in certain cancer cell types. Extracts 
and trans-anethole constituents also display antioxidant and anti-inflammatory 
properties, which can help prevent conditions that enable tumor promotion and 
growth [139]. The antimutagenic and free radical scavenging capacity exhibited by 
fennel components could provide additional protective influences by preventing DNA 
changes from triggering aberrant cell changes.

Fennel may also have some uncertainties and contraindications related to its 
effects and safety, especially in supplemental forms. One of the primary concerns 
with fennel, especially in its essential oil form, is the presence of estragole and 
anethole, which, in high doses, could be toxic and have been linked to potential carci-
nogenic effects. Due to its phytoestrogen content, fennel may interact with hormone-
sensitive conditions, such as certain types of breast cancer or endometriosis [140].  
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Pregnant women are often advised to avoid excessive use of fennel due to a lack of 
conclusive safety data. Additionally, individuals with allergies to carrots or celery, 
which are in the same family as fennel, might also be allergic to fennel. Fennel may 
also interact with medications changed by the liver. Side effects can include sun 
sensitivity, gastrointestinal issues, or allergic reactions [141]. The recommended 
daily dose of fennel varies depending on the form and intended use. In culinary uses, 
fennel seeds and bulbs are generally safe when consumed in typical food amounts. 
Medicinally, the typical dosage for fennel seeds is 5 to 7 grams per day, which can be 
taken as an infusion (tea), tincture, or in capsule form.

2.17 Black pepper (Piper nigrum L.)

Black pepper (Piper nigrum) is a flowering vine that produces peppercorns, which 
have been used as a pungent spice and herbal medicine for centuries. The main bioac-
tive components identified in black pepper include volatile oils like pinene, sabinene, 
limonene, and piperine alkaloids [142]. Recent in vitro studies reveal promising antican-
cer effects of various crude black pepper extracts and particular isolates against differ-
ent human cancer cell lines. For instance, treatment displayed cytotoxicity, induced 
apoptotic cell death, caused cell cycle arrest, impeded invasion, and reduced metastasis 
signaling proteins in models of colorectal, breast, prostate, liver, blood, brain, bone, 
and skin cancers [143]. Key compounds piperine, β-caryophyllene, and linalool isolated 
from peppercorns also dose-dependently inhibited proliferation across oral, lung, 
cervical, and ovarian cancer cells. Oral piperine administration significantly suppressed 
mouse lymphoma tumor growth [144]. Piperine has demonstrated the capacity to 
influence numerous pathways integral to malignant proliferation, including apoptosis, 
angiogenesis, metastasis, cell cycle regulation, detoxification, and inflammation [145].

Excessive consumption of black pepper can lead to gastrointestinal irritation, 
including dyspepsia and gastroesophageal reflux. Individuals with ulcers or digestive 
tract inflammation should use black pepper cautiously. Piperine may inhibit medica-
tion breakdown, leading to potential overdoses of certain drugs, leading to adverse 
reactions. Monitoring for adverse reactions is crucial, and medical advice should be 
sought in case of any adverse symptoms or concerns [146]. There are no established 
standardized recommended daily intake levels specifically for black pepper. Using 
black peppercorn or powder to season food in small culinary amounts is generally safe.

2.18 Cayenne pepper (Capsicum annuum var. annuum L.)

Cayenne pepper is a hot chili from the Capsicum family that has been used as a 
spice and herbal medicine for centuries. The main bioactive components identified in 
cayenne include capsaicin, capsanthin, luteolin, and piperine [147]. In particular, the 
capsaicin, capsanthin, and luteolin compounds prompted apoptosis and restricted 
growth signaling proteins across leukemia, melanoma, gastric, bladder, and glioma 
cancer cells. Though limited in number, some rodent experiments support the idea that 
oral capsaicin administration suppressed lung tumor incidence and growth in mice 
without apparent toxicity [148]. Experiments indicate compounds like capsaicin can 
alter nuclear factor-kB (NF-kB) and other inflammatory signaling pathways, enabling 
runaway malignant cell proliferation. Additional proposed pathways include selec-
tive cancer cell toxicity through increased oxidative stress, cell cycle, and apoptosis 
regulator modulation, disruption of microtubule assembly dynamics, and inhibition of 
angiogenesis, invasion, and metastasis enzymes [149]. Oral administration of capsaicin 
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and pepper extracts also prevented carcinogen-induced pulmonary and colon tumors 
in rodent models, indicative of protective influences during pathogenesis [150].

Ingesting cayenne can result in stomach pain, cramps, or diarrhea in sensitive 
individuals. When handling the peppers, skin irritation, and burns are also risks. It can 
also cause skin irritation when applied topically. Due to its potent nature, individuals 
with sensitive digestive systems, irritable bowel syndrome, or hemorrhoids should use 
cayenne pepper cautiously. Additionally, capsaicin can interact with certain medications, 
such as blood thinners and stomach acid reducers [151]. Currently, no standardized 
recommended daily intake levels are explicitly established for cayenne pepper. Using 
small culinary amounts of cayenne powder or flakes to add heat and flavor to dishes is 
generally considered safe for most healthy adults. For medicinal purposes, dosage rec-
ommendations can vary. A typical dosage for cayenne pepper supplements is between 30 
and 120 mg, taken up to three times daily. Topical applications of capsaicin-containing 
creams usually contain 0.025–0.1% capsaicin and are applied several times daily [152].

2.19 Green tea (Camellia sinensis L.)

Green tea is produced from the leaves of the Camellia sinensis plant and has been 
consumed for centuries for its health benefits. The major bioactive components in 
green tea include epigallocatechin-3-gallate (EGCG), epicatechin, epicatechin-3-gal-
late, and epigallocatechin [153]. In vitro studies demonstrate promising anticancer 
effects of green tea extracts and catechins against diverse human cancer cell lines. 
Treatment has displayed inhibited proliferation, prompted apoptotic cell death, and 
reduced angiogenesis, invasion, and metastasis behaviors in models of skin, lung, 
colon, pancreas, breast, bladder, prostate, and blood cancers. The green tea polyphe-
nol EGCG also reversed chemoresistance and impacted signaling pathways control-
ling tumor survival, proliferation, and apoptosis in leukemia, multiple myeloma, 
and glioblastoma cells. In vivo, rodent experiments lend further support as oral 
administration of green tea catechins restricted tumor growth and progression while 
increasing survival across the intestinal, prostate, breast, and colorectal cancer models 
[154]. Green tea catechins and extracts have been found to interact with multiple 
intracellular proteins and enzymes involved in the regulation of cancer cell prolifera-
tion, differentiation, apoptosis, angiogenesis, and metastasis. The abundant catechin 
EGCG potently deactivated proteins like VEGF, MMP, and telomerase are implicated 
in tumor survival and growth signaling across gastric, breast, and colorectal cancer 
models [155]. Additionally, green tea compounds enhanced the functioning of crucial 
tumor suppressors like p53 and preventative Phase II detoxification enzyme pathways.

High intake of green tea, especially in the form of supplements or concentrated 
extracts, can lead to liver toxicity and other adverse effects due to its high catechin 
content. Individuals with liver disorders should exercise caution or avoid high con-
centrations of green tea. Green tea also contains caffeine, which can cause insomnia, 
nervousness, irritability, and increased heart rate and blood pressure in sensitive indi-
viduals or when consumed in large amounts [156]. Additionally, the tannins in green 
tea can inhibit iron absorption, which concerns individuals at risk of iron deficiency. 
Green tea may also interact with certain medications, including blood thinners, 
stimulants, and certain chemotherapy drugs, due to its caffeine content and ability to 
affect drug metabolism. Pregnant and breastfeeding women are advised to limit their 
caffeine intake, including that from green tea [157]. Green tea beverages are safe for 
most when consumed reasonably, but extracts have more potential interactions and 
toxicity risks with inappropriate doses or sensitive individuals.
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2.20 Milk thistle (Silybum marianum L.)

Milk thistle (Silybum marianum) is a flowering plant used for centuries as a herbal 
medicine. The major bioactive compounds identified in milk thistle seeds are the 
flavonolignans, including silymarin, silibinin, isosilibinin, silydianin, and silychristin 
[158]. Emerging research over the past few decades indicates that milk thistle extracts 
and isolates exhibit antioxidant, anti-inflammatory, hepatoprotective, and antican-
cer effects in preliminary cellular and animal studies [159]. Experiments indicate 
inhibited proliferation, disrupted cell signaling pathways, and reduced viability and 
apoptotic cell death induction in prostate, cervical, bladder, and breast cancer models 
[160]. Silibin also suppressed tumor growth, prevented metastasis, and increased 
chemotherapeutic efficacy in rodent models of lung, skin, colorectal, and bladder 
cancer [161]. A case-control pilot study associated higher milk thistle exposure with 
reduced risk of invasive bladder cancer [162]. Several phase I toxicity trials using 
intravenous silibinin found doses up to 20 g per week well-tolerated and associated 
with stabilized disease for 3–12 months in advanced hepatocellular, prostate, and lung 
cancer patients [163].

Milk thistle oil provides high concentrations of active silymarin compounds 
through seed extraction and concentration. Milk thistle oil may be used in supple-
ment form and is often incorporated into dietary regimens for its potential benefits in 
supporting liver health, reducing inflammation, and providing antioxidant support 
[164]. This oil can be taken orally in capsules, similar to other extracts. However, 
research on these various milk thistle preparations’ efficacy, safety, and pharmacoki-
netics requires further robust investigation in humans.

The most common side effects include gastrointestinal upset, diarrhea, and bloat-
ing. Less common effects can include rash, headaches, and muscle pain. High doses 
may have a blood sugar-lowering effect, so those with diabetes or on anti-diabetic 
medications should use caution and monitor closely when taking milk thistle [165]. 
There is also a lack of safety research on milk thistle in pregnant or breastfeeding 
women, so supplementation should be avoided. There currently needs to be standard-
ized dosage recommendations for milk thistle due to insufficient evidence regarding 
efficacy and long-term safety in humans. Most studied doses range between 140 and 
800 milligrams of silymarin daily, but clinical outcomes vary widely in the existing 
literature. Standardized milk thistle extract, typically 70–80% silymarin, is com-
monly used in doses ranging from 140 to 210 mg taken 2 to 3 times daily [166]. For 
milk thistle tea, 1 to 2 teaspoons of crushed seeds steeped in hot water for 5 to 10 min-
utes is a standard preparation, which can be consumed up to three times daily.

2.21 Astragalus (Astragalus membranaceus (fisch.) bunge)

Astragalus membranaceus is a flowering plant within the legume family that 
has been used in traditional Chinese medicine for centuries. The major bioactive 
constituents found in the astragalus root include polysaccharides, saponins, and 
flavonoids. Emerging research over the past few decades indicates that astragalus 
extracts and isolates exhibit immunomodulating, anti-inflammatory, antioxidant, 
and possible anticancer effects based on preliminary cellular and animal studies 
[167]. Experiments indicate inhibited proliferation, prompted apoptotic cell death, 
cell cycle disruption, and reduced invasiveness in lung, breast, gastric, pancreatic, 
liver, and cervical cancer models. Astragalus saponins also mitigated multidrug 
resistance mechanisms in chemotherapy-resistant colon cancer lines [168]. Studies 
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demonstrated that oral astragalus extracts enhanced the efficacy of platinum-based 
chemotherapy against xenograft models of hepatocellular and gastric cancer [169].

A few trials investigated adjuvant use of astragalus injections alongside conven-
tional therapy, primarily in reducing chemotherapy toxicity [170]. Case series data also 
associates astragalus usage with symptom relief, improved immune responses, and 
possibly increased survival times as an adjunct in advanced cancer patients. However, 
placebo-controlled confirmation still needs to be improved [171]. Experiments indicate 
astragalus saponins and polysaccharide fractions modulate cytokine secretion, T cell 
activity, and other aspects of immune functioning vital to early cancer defense [172]. 
Extracts also exhibited direct inhibitory effects on growth, invasion, angiogenesis, pro-
liferation, survival, and apoptosis evasion pathways across multiple cancer cell models. 
The antioxidant capacity and activation of phase II detox enzymes noted with specific 
isolates like astragalosides may additionally prevent carcinogenic mutations [173]. As 
an adaptogenic herb, astragalus contains various polysaccharides and flavonoids that 
help counter oxidative damage, DNA mutations, and aberrant methylation patterns 
tied to carcinogenesis. Studies also reveal that specific isolates prevented chemical 
induction of preneoplastic liver lesions and reduced lung tumor incidence and severity 
when provided before and during carcinogen exposure in rodents [174, 175].

Astragalus may also have some risks and uncertainties with supplementation. It 
may interact with immunosuppressant medications due to possible immune-boosting 
effects. Also, it can interact with blood pressure medications due to potential diuretic 
effects [167]. There are currently no standardized dosing recommendations for 
astragalus supplements or extracts. Most studied doses for specific conditions range 
widely from 0.5–60 grams of root powder per day. As a standardized extract, dosages 
often range from 250 to 500 mg, taken three to four times daily [176].

2.22 Ginseng (Panax ginseng L.)

Ginseng refers to the roots of plants in the Panax genus, which have been used in 
traditional Chinese medicine for centuries. The most common bioactive constituents 
in ginseng include ginsenosides, polysaccharides, peptides, polyacetylene alcohols, 
and fatty acids. Considerable research in recent decades indicates that ginseng 
extracts and isolates exhibit immunomodulating, anti-inflammatory, antioxidant, 
and possible anticancer effects based on preliminary cellular and animal studies [177]. 
In vitro, studies reveal promising anticancer effects of various ginseng root extracts 
and specific isolates against different human cancer cell lines. Experiments indicate 
dose-dependent inhibition of growth and proliferation, cell cycle arrest, apoptosis 
induction, reduced viability, and prevention of multidrug resistance mechanisms in 
colon, liver, ovarian, breast, and prostate cancer models [178, 179]. Though limited in 
number and scope thus far, some rodent studies demonstrate that oral ginseng extracts 
enhance efficacy and reduce the side effects of chemotherapeutics against implanted 
hepatocellular and ovarian cancer cells [180]. A few trials explored ginseng’s ability to 
mitigate adverse events and hepatotoxicity associated with chemotherapy in gastroin-
testinal, nose, and lung cancer patients, though with mixed results [181, 182].

Experiments indicate that ginseng saponins exhibit direct antiproliferative, 
cytostatic, and cytotoxic effects in various cancer cell models. According to cell line 
data, extracts also beneficially modulated signaling pathways connected to apoptosis, 
cell cycle regulation, angiogenesis, invasion, inflammation, and multidrug resistance 
mechanisms [183]. The antioxidant effects demonstrated by some ginseng isolates like 
gintonin may provide additional preventative influences by reducing DNA damage 
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that can enable carcinogenesis [184]. As an herbal adaptogen, ginseng’s polysac-
charides, oligopeptides, phytosterols, and flavonoids help counter oxidative stress, 
inflammation, and hormonal dysregulation, enabling pathogenesis.

Ginseng may also have some risks, such as causing insomnia, nervousness, and 
hypertension in some people due to its stimulatory effects. Ginseng can interact with 
several medications, including blood thinners, antidepressants, antidiabetic drugs, 
and stimulants, potentially altering their effects. Due to its weak phytoestrogenic 
activity, individuals with hormone-sensitive conditions, such as breast, uterine, 
or ovarian cancers, should use ginseng cautiously. Ginseng’s immune-stimulating 
properties may interfere with immunosuppressive therapy; thus, it should be used 
cautiously by individuals undergoing such treatments [185]. There are currently no 
standardized dosing recommendations for ginseng supplements or extracts to guide 
consumers. Asian ginseng doses studied typically range from 1 to 10 grams daily 
of powdered root and 200–500 mg daily for ginseng extract standardized to 4–7% 
ginsenosides content.

2.23 Echinacea (Echinacea purpurea L.)

Echinacea is a genus of flowering plants used medicinally for centuries. The most 
studied species include E. purpurea, E. angustifolia, and E. pallida. Numerous bioac-
tive constituents have been identified in echinacea, including alkamides, caffeic acid 
derivatives, polysaccharides, and glycoproteins [186]. Over the past few decades, 
emerging research indicates that echinacea extracts and isolates exhibit immuno-
modulating, anti-inflammatory, and antioxidant effects. Experiments indicate dose-
dependent inhibition of growth, proliferation, and viability in leukemia, brain, colon, 
pancreatic, and ovarian cancer cell models [187, 188]. Echinacea phytocompounds 
also increased the efficacy of chemotherapeutic drugs like etoposide and cisplatin 
across lung, ovarian, and pancreatic cancer cells [189, 190].

Clinical data examining echinacea’s potential to impact cancer outcomes or devel-
opment remains scarce. A few small trials explored echinacea’s ability to alleviate com-
plications associated with conventional chemotherapy and radiation therapy in cancer 
patients. However, they provided limited evidence around efficacy for outcomes 
like leukopenia, nausea, fatigue, or other symptoms [191]. Experiments indicate 
that specific echinacea isolates inhibit activators of cancer-promoting inflammatory 
pathways involving NF-kB and cytokines. According to cancer cell line investigations, 
extracts also beneficially impacted proliferation, cell survival, and apoptosis eva-
sion pathways [192]. Some echinacea constituents’ antioxidant and possible immune 
modulation effects may provide additional preventative influences but require further 
elucidation. Characterizing primary bioactive and metabolic dynamics can strengthen 
translational development into practical pharmacological applications as adjuvants or 
standalone therapies (Manali. As an immunomodulatory herb, echinacea’s alkamides, 
polysaccharides, and flavonoids exhibit systemic anti-inflammatory influences that 
could defend against chronic inflammation, enabling pathogenesis [192].

Echinacea may cause allergic reactions in sensitive individuals—rashes, hives, 
facial swelling. It may interact with immunosuppressant medications or liver medica-
tions. Most studies use doses ranging from around 300–6000 mg of total echinacea 
daily, either in three to four divided doses using liquid extract or two divided doses 
using tablets or capsules. Prolonged use of Echinacea (beyond 8 to 10 weeks) is gener-
ally not recommended, as it may lead to reduced effectiveness and potential immune 
suppression [193].
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2.24 St. John’s wort (Hypericum perforatum L.)

St. John’s wort (Hypericum perforatum) is a flowering plant used for medicinal 
purposes since ancient times. The major bioactive constituents in the aerial parts of 
St. John’s wort include hypericin, hyperforin, flavonoids, phenolic acids, and tannins 
[194]. Emerging research over the past few decades indicates St. John’s wort extracts 
exhibit anti-inflammatory, antiviral, antidepressant, and possible anticancer effects 
based on preliminary cellular and animal studies. In vitro studies reveal promising 
anticancer effects from various St. John’s wort extracts and specific isolates against 
different human cancer cell lines. Experiments indicate dose-dependent inhibition 
of growth, proliferation, viability, and invasion signaling in models of prostate, 
glioblastoma, melanoma, and leukemia cancer cells [195, 196]. Hypericin disrupted 
survival pathways and increased chemotherapy efficacy in models of nasopharyngeal 
carcinoma and cholangiocarcinoma [197]. Though limited in number thus far, animal 
studies demonstrate that oral hypericin inhibited the growth of implanted glioma 
cells and increased bladder cancer chemotherapy effectiveness [198, 199]. Only a few 
preliminary human pilot studies with limited sample sizes have explored hypericin’s 
ability to inhibit the growth of glioblastoma cells or reduce gastrointestinal cancer 
markers when provided around surgery or before chemotherapy [200, 201].

Multiple mechanisms may contribute to the observed anticancer effects of St. John’s 
wort extracts in preclinical analyses. Experiments indicate that certain constituents like 
hypericin exhibit photosensitizing and photodynamic activities that prompt targeted 
apoptosis and necrosis of cancer cells when exposed to specific wavelengths and doses 
of light [202]. St. John’s wort extracts also impeded proliferation, angiogenesis, and cell 
signaling pathways related to growth and spread in cultured cancer cell investigations 
[203]. The monoamine oxidase and cytokine modulation effects of hyperforin and 
other components may provide additional immunomodulating influences, though the 
dynamics involved require further elucidation [204]. As an herb with demonstrated 
antidepressant effects in humans, St. John’s wort holds monoamine-modulating com-
pounds that may mitigate systemic inflammation, which can drive the pathogenesis of 
migraines, Alzheimer’s, and malignancies [205]. Compounds also beneficially regu-
lated detoxification enzymes and protected DNA from free radicals according to rodent 
and cell analyses, though human chemopreventive applications require significant 
further inquiry [206]. Nonetheless, the pleiotropic pharmacological profile supports 
its potential as a safe, affordable prophylactic supplement that future investigations 
could help substantiate. Routine usage could still plausibly aid primary and secondary 
prevention of certain inflammation-linked cancers over the years through multiple 
protective pathways that placebo-controlled trials can help substantiate.

St. John’s wort does have associated risks and contraindications, one of which is 
photosensitivity. Photosensitivity refers to increased sensitivity to sunlight, leading to 
a greater risk of sunburns or skin rashes when exposed to the sun. This reaction is pri-
marily due to hypericin, a constituent of St. John’s wort [207]. St. John’s wort is known 
to interact with a wide range of medications due to its influence on enzymes involved 
in drug metabolism. This can lead to decreased effectiveness of many drugs, including 
birth control pills, antidepressants, anticoagulants, and immunosuppressants, among 
others. It may interfere with the effectiveness of anesthetics and other medications 
used during and after surgery. Standardized dosing recommendations are difficult to 
firmly establish due to wide variability in St. John’s wort preparations and conflicting 
evidence in the literature. The most common doses studied range between 500 and 
1200 mg daily of St. John’s wort extracts standardized to hypericin content.
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2.25 Cat’s claw (Uncaria tomentosa (Willd. Ex Roem. & Schult.) DC)

Cat’s claw refers to a woody vine belonging to the Uncaria genus that has been 
used in traditional South American medicine for centuries. The most researched 
species is Uncaria tomentosa. Over 50 constituents have been identified in cat’s claw, 
including pentacyclic oxindole alkaloids, quinovic acid glycosides, polyphenols, 
plant sterols, and carotenoids [208]. Emerging research indicates that based on 
preliminary cell and animal studies, cat’s claw bark extracts exhibit immunostimu-
lating, anti-inflammatory, antiviral, antioxidant, and possible anticancer effects 
[209]. Studies reveal promising anticancer effects from various cat claw extracts and 
isolated compounds against different human cancer cell types. Experiments indicate 
inhibited proliferation, cell cycle disruption, and cell death induction in breast, 
lung, and brain cancer cell models [210]. Quinovic acid glycosides enhance the 
apoptotic effects of chemotherapeutics like paclitaxel across ovarian and pancreatic 
cancer cells [211]. Though currently limited in number and scope, one animal study 
reported that oral Uncaria tomentosa doses prevented increased blood vessel growth 
and spread to the lungs in a murine melanoma model [212, 213]. More pharmaco-
kinetic animal studies optimizing bioactive cat claw preparations and human trials 
are necessary to verify if it warrants inclusion as a complementary therapy against 
malignancies. Clinical research examining a cat’s claw’s potential to impact cancer 
outcomes or development risk beneficially remains exceptionally scarce. Only one 
small human pilot study has reported data so far where cat’s claw supplementa-
tion reduced DNA damage from chemotherapy drugs in leukemia patients [214]. 
However, rigorously controlled trials with larger sample sizes are still needed to 
demonstrate therapeutic efficacy or adequate dosing guidelines of standardized cat’s 
claw formulations against the progression, recurrence, or prevention of particular 
cancers in humans conclusively.

In preclinical analyses, multiple mechanisms may contribute to the observed anti-
cancer effects of specific cat’s claw extracts. Experiments indicate that certain alkaloid 
and quinovic acid fractions stimulate anti-tumor immune activity through increased 
lymphocyte proliferation, phagocytosis, and cytokine modulation, vital for early 
detection and defense [215]. Antiproliferative, pro-apoptotic, antiangiogenic, and 
antimetastatic activities have also been reported in various human cancer cell culture 
experiments [216, 217]. As an antioxidant-rich herb, cat’s claw compounds protect 
against DNA damage from oxidation, nitrous compounds, and inflammation tied to 
pathogenesis [218]. Using a cat’s claw as an herbal supplement may also aid the pre-
vention of particular cancers over the long term. Some surveys link cat’s claw usage to 
perceived improvements in immune markers, DNA repair, antioxidant capacity, and 
lower infection rates, which could mitigate associated inflammation and cancer risks. 
However, placebo-controlled studies have been limited in humans so far [214, 219]. 
As an immunostimulant herb, cat’s claw holds alkaloids and carboxyl alkyl esters that 
activate white blood cell functioning vital to clearing aberrant cells before malignancy 
develops. Quinovic acid glycosides prevented oxidative damage and cell death from 
toxin exposure in several cell assays, though human chemopreventive applications 
require more substantiation. The cellular and limited animal studies report anticancer 
mechanisms of specific Uncaria tomentosa extracts related to immunomodulation, 
antiproliferation, and preliminary metastasis and angiogenesis inhibition.

While Cat’s Claw is considered safe for most people when used in moderate 
amounts, there are some risks and contraindications associated with its use. Due to 
its immunostimulant effects, Cat’s Claw should be used cautiously by individuals 
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with autoimmune diseases like lupus, multiple sclerosis, or rheumatoid arthritis, as it 
might exacerbate these conditions. Cat’s claw may slow blood clotting, posing a risk 
for individuals with bleeding disorders or those on anticoagulant or antiplatelet medi-
cations. Due to its effects on blood clotting, it is advisable to discontinue the use of 
Cat’s claw at least 2 weeks before scheduled surgery to avoid excessive bleeding. There 
are no standardized dosing recommendations for cat claw supplements or extracts. 
The studied dosages vary widely from 20 to 3000 mg daily. If consumed as a tea, 
1000 to 4000 mg of the bark is boiled in 250 mL of water. Dosages for other forms, 
such as tinctures or capsules, should follow the manufacturer’s recommendations or a 
healthcare provider’s guidance.

3. Challenges and future directions

While preclinical evidence shows promise for plant-based cancer therapeutics, 
translating these to clinical practice faces hurdles like inconsistent quality/standard-
ization of extracts, limited knowledge of mechanisms, potential interactions with 
other drugs, negative perceptions among clinicians, and inadequate clinical trial data 
substantiating safety and efficacy. However, the future holds exciting possibilities 
for expanding plant medicines’ role in cancer care through innovations enhancing 
bioavailability via novel delivery systems, scaling production/purification of active 
compounds, developing synergistic phytochemical formulations, emergent technolo-
gies like nano-encapsulations, and increased adoption of traditional ethnopharmacol-
ogy knowledge into modern research. If challenges around conducting more rigorous 
human trials, identifying optimal therapeutic combinations/dosages, navigating 
regulatory systems, and changing clinical attitudes can be overcome, phytochemicals 
may find expanding niche applications as cheaper, safer adjuvants amplifying che-
motherapy/radiation efficacy and mitigating side effects, while boosting prevention 
through routine nutritional intake among high-risk groups.

4. Conclusion

This comprehensive review highlights the promising anticancer potential of 
numerous dietary phytochemicals derived from familiar herbs and spices. Extensive 
preclinical evidence demonstrates that bioactive compounds from plants such as 
curcumin, ginger, garlic, basil, and black pepper can influence multiple intracellular 
signaling pathways integral to the hallmarks of cancer, including resisting cell death, 
sustaining proliferation, enabling replicative immortality, inducing angiogenesis, 
and activating invasion and metastasis. By modulating key enzymes, transcription 
factors, cytokines, growth factors, and gene expression, these natural products 
exhibit cytotoxic, pro-apoptotic, anti-inflammatory, antioxidant, anti-angiogenic, 
and anti-metastatic effects across diverse cancer cell lines and animal models. While 
clinical research is still limited, early human trials support the safety, tolerability, 
and preliminary efficacy of specific herbal preparations against progression markers 
or chemotherapy side effects for various malignancies. As conventional treatment 
options become increasingly costly and toxic, botanical medicines may offer safer, 
affordable complementary approaches, amplifying therapeutic outcomes through 
multimodal mechanisms. Further pharmacokinetic, formulation, delivery, and clini-
cal research can pave the way for plant-derived anticarcinogens to realize their full 
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preventative and therapeutic potential. Integrating traditional ethnopharmacology 
wisdom with modern scientific rigor can usher in more holistic, patient-centered can-
cer care paradigms emphasizing natural products alongside conventional modalities.
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