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Abstract

Culinary spices and herbs have been used in food and beverages to enhance aroma, flavor, and color. They are rich 
in phytochemicals that provide significant antioxidant and anti-inflammatory effects. There is growing interest in 
identifying compounds from spices and herbs responsible for modulating oxidative and inflammatory stress to 
prevent diet-related diseases. This contribution will provide an overview of culinary spices and herbs, their clas-
sification, their sources or origins and more importantly, their chemical composition, antioxidant activity and their 
impacts on human health based on important and recent studies.
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1. Introduction

Plants are major sources of food bioactives. Spices and herbs are 
plant materials that provide a wide range of biologically active 
compounds. In addition to being used as sources of aroma, flavor, 
and color and as preservatives, spices and herbs have been used 
for medicinal purposes and for health and wellness for centuries. 
The term bioactive is derived from the phrase biologically active 
which indicates that the substance has a positive effect on liv-
ing organism, tissue or cell. Bioactive molecules are compounds 
that play an important role in human growth and development 
and have proven health benefits. They also amend disease risks 
by easing disease conditions. The National Institutes of Health 
(NIH) defines bioactive food components as "constituents in 
foods or dietary supplements, other than those needed to meet 
basic human nutritional needs, which are responsible for changes 
in health status." In the classical sense, bioactives are not nutri-
ents. They are not essential for life but likewise perform essential 
functions: (1) they influence physiological or cellular activities 
which result in beneficial health effects, (2) they amend disease 
risk, rather than preventing deficiency diseases, and (3) they act 
as inducers and inhibitors of enzymes, inhibitors of receptor ac-
tivity, and inducers and inhibitors of gene expression (Koe et 
al., 2014). In this respect, the absorption and bioavailability of 
bioactives present must also be considered (Shahidi and Peng, 
2018).

Probiotics, phytosterols, lutein, lycopene, fatty acids and pep-

tides are some examples of bioactive substances. Bioactives also 
include antioxidants such as polyphenols, carotenoids and non-
flavonoid phenolics. Antioxidants protect the human body from 
oxidation brought about by free radicals, superoxide and other 
oxygen radicals as well as other substances that trigger oxidation. 
Bioactives can be classified into several groups based on their 
function, molecular structure or source. Table 1 summarizes the 
different groups, examples from each group, food sources, their 
functions and related publications. Note the diverse health benefits 
derived from these bioactives, from blocking low-density lipopro-
teins and cholesterol, antioxidant activity, anticancer to improving 
cardiovascular, joint and digestive health and strengthening immu-
nity. Three out of seven different groups of bioactives are supplied 
by spices and herbs. Epidemiological studies indicate that cancer 
incidence in countries such as India where spices are consumed 
daily is much lower (94/100,000) than those where spices are not 
consumed such as United States (318/100,000) suggesting the po-
tential role of spices in cancer prevention (Kunnumakkara et al., 
2018). Food bioactives from top spices and herbs will be reviewed 
in this contribution paper based on significant scientific studies and 
recent findings.

2. Spices and herbs

The value and volume of spices being produced continue to in-
crease by about 5% annually (Fig. 1a). The total world imports 
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from spices and herbs producing countries increased significantly 
from 1999 to 2017 (Fig. 1b). This is due to the growing popularity 
of using spices and herbs as natural and clean label ingredients and 
sources of aroma, flavor and color. Their popularity is also increas-
ing due to the health benefits and therapeutic effects derived by 
including spices and herbs in personal diets. In fact, the Mediter-
ranean diet includes herbs and spices with the whole grains, fruits, 
vegetables, beans and healthy fats and oils (e.g., olive oil) (Mayo 
Clinic, 2019). This provides a well-recognized healthy diet that 
reduces the risk of heart disease and lowers the level of oxidized 
low-density lipoprotein (LDL) cholesterol. The Mediterranean diet 
is also associated with reduced incidence of cancer, Parkinson’s 
and Alzheimer’s diseases (Mayo Clinic, 2019). Table 2 shows the 
sources of the spices and herbs in the world and the plant parts 
where they come from. Asia and the Middle East dominate produc-

tion of most spices and herbs.

3. Different product forms of selected spices and herbs

Spices and herbs are commercially available to consumers in dif-
ferent forms (Table 3). Most spices and herbs when dried are avail-
able in ground or powder form. Some are freshly milled before 
use like whole black pepper when used in some dishes such as 
salads or soups as the aroma and flavor are retained better when not 
pre-milled. The white pepper comes from the black peppercorn in 
which the black pericarp or husk has been removed by soaking and 
fermenting the mature black pepper in water. This is to differenti-
ate the black pepper from the white pepper which is also a popular 
spice because of its unique flavor and pungency. Extracts of spices 

Figure 1. (a) Spices and herbs global market estimates and forecast (Varma, 2019); (b) World’s import of spices (Source: USDA, www.fas.usda.gov). 
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and herbs are also available for specific markets. Some parts of the 
world like Europe, the Mediterranean region and Asia use fresh 
herbs in their cuisine.

4. Classification of spices and herbs

Herbs come from leaves of a plant while spices come from differ-
ent parts of a plant other than the leaves (Table 4). Spices and herbs 
can be classified into various groups based on flavor/taste, taxon-
omy or part of the plant where they came from. Based on flavor or 
taste, spices and herbs can be classified into 4 groups: hot spices 
(black and white peppers, Cayenne pepper, mustard, chillies), mild 
flavor spices (paprika, coriander), aromatic spices (clove, cumin, 
dill fennel, nutmeg, mace, cinnamon) and aromatic herbs and veg-
etables (thyme, basil, bay leaf, marjoram, shallot, onion, garlic).

Based on taxonomic classification, spices and herbs fall under 
the class Angiospermae or the flowering plants. The taxonomic 
classification is illustrated in Table 5 and shows the taxonomic re-
lationship of the different spices and herbs. Spices and herbs have 

been used for medicinal purposes for centuries and are one of the 
best sources of food bioactives functioning as natural antioxidants 
because they contain potent compounds that have been shown to 
impart antioxidative effects when consumed and when added in 
foods prone to oxidation such as fats and oils.

5. Phytochemistry

Phytochemicals constitute a large group of bioactives derived from 
plants. This group consists of flavonoids, non-flavonoid phenolic 
compounds, carotenoids, plant sterols, glucosinolates and other 
sulphur-containing compounds. There are more than 6,000 dif-
ferent flavonoids that have been described and this continues to 
grow upon discovery of new compounds (Harborne and Williams, 
2000). Flavonoids are polyphenolic compounds that consist of 15 
carbons, with 2 aromatic rings connected by a 3-carbon bridge 
(Jaganath and Crozier, 2010). Figure 3 shows the basic molecular 
structures of flavonoids. Table 6 contains a summary of the differ-
ent classes within the spice and herb bioactives. Plants produce 

Table 2.  Major spices for world trade

Spices/herbs Scientific name Part of plant Top producer

Pepper Piper nigrum Berries Indonesia (whole pepper); 
India (crushed/ground pepper)

Capsicums Capsicum annuum var annuum; 
C. chinense; C. frutescen

Fruits China

Nutmeg/mace Myristica fragrans Kernel of the seed; Net-like crimson 
leathery outer growth or aril

Guatemala

Cardamon Elettaria cardamomum; 
E. major; E speciosa

Fruits Guatemala

Allspice/pimento Pimenta dioica Berries

Vanilla Vanilla planifolia (Mexican); V. pompona 
(West Indies); V. tahitensis (Tahitian)

Beans Madagascar

Cloves Syzygium aromaticun Buds Indonesia

Ginger Zingiber officinale Rhizome China

Cinnamon/cassia Cinnamomum verum (Sri Lanka); 
C. cassia (China); C. burmannii 
(Indonesia); C. loureirii (Vietnam)

Bark Sri Lanka (whole cinnamon); 
Indonesia (crushed/
ground cinnamon)

Turmeric Curcuma longa Rhizome India

Saffron Crocus sativus Stigma Iran

Coriander Coriandrum sativum Fruit Morocco, India

Cumin Cumimum cyminum Fruit India, Syria, Turkey

Mustard Sinapis alba (white mustard); 
Brassica juncea (Indian mustard)

Seeds Syria

Sesame seeds Sesamum indicum Seeds Nepal, Canada, Myanmar

Sage Salvia officinalis Leaf Turkey

Oregano Origanum vulgare Leaf Turkey

Thyme Thymus vulgaris Leaf Iran

Bay leaf Laaurus nobilis Leaf Iran

Mints Mentha arvensis; M. spicata; M. gracilis Leaf India, China

Tabulated based on information from UNIDO and FAO (2005).
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these substances to defend themselves against various agents in the 
environment for survival and adaptation. The roles of phenolics 
and flavonoids include structural roles supporting or protecting tis-
sues, involvement in defense strategies, as attractants for pollina-
tors and seed-dispersing animals, and as allelopathic agents, ultra 
violet (UV) protectants and signal molecules in the interactions be-
tween plants and their environment (Jaganath and Crozier, 2010). 
The anthocyanins protect chloroplasts from photodegradation by 
absorbing high-energy quanta, while scavenging free radicals and 
reactive oxygen species (ROS) (Gould, 2004). These phytochemi-
cals provide similar invaluable benefits to humans by modulating 
human metabolism in a manner favorable for the prevention or 
reduction in the risk of degenerative diseases such as cardiovascu-
lar diseases, diabetes, obesity and cancer (Anderson et al., 1999).

The aromatic herbs in the mint family contain a significant 
amount of effective antioxidants (Table 7) together with the other 
herbs in the mint family. In fact, these herbs are used as antioxi-

dants in food to prevent development of rancidity and to improve 
the shelf life of oils and cosmetics. It is particularly effective in en-
hancing the stability of omega-3 rich oils. Table 8 summarizes the 
effectiveness of rosemary or rosemary-derived products in prevent-
ing oxidation in foods and production of deleterious compounds 
during high temperature cooking. This table also listed some of 
the recent findings on the health benefits of consuming rosemary 
and other spices and herbs. Since rosemary has been found to be a 
very effective antioxidant, a number of natural and clean label an-
tioxidants derived from rosemary are now commercially available. 
It is the main and significant raw material for the manufacture of 
antioxidants that are used in food and food products. Added ben-
efits of using rosemary or extracts from rosemary are: (1) product 
is natural or from a natural source (2) clean label (3) long history 
of safe usage (4) non-GMO and (5) the organic variety is generally 
available. All these qualities and added benefits from rosemary are 
what consumers are looking for in food ingredients.

Table 3.  Spices and herbs available to consumers

Spice/Herb Species Common name Description Forms available 
in the market

Black pepper Piper nigrum black pepper, pepper Black and round with rough surface 
about 2–3 mm in diameter

Whole, ground

White pepper Piper nigrum white pepper White or off white and round 
about 2–3 mm in diameter; this 
is actually the black peppercorn 
which have been fermented and the 
black pericarp has been removed

Whole, ground

Chili pepper Capsicum annuum chile, chile pepper, chilli 
pepper, or chilli

Elongated fruit green when 
immature and turns to red, yellow, 
deep purple, orange in color 
when ripe depending on variety 
and used in dishes to add heat

Whole, fresh or 
dry chili pepper, 
dried flakes, 
crushed, powder

Cinnamon Cinnamomum verum 
(C. zeylanicum); 
C. cassia Presl (C. 
aromaticaum); 
C. burmannii; C. 
loureirii Nees; C. 
tamala (Buch.-Ham.) 
Nees & Eberm

True or Ceylon cinnamon, 
Mexican cinnamon; 
Cassia, Chinese cinnamon; 
Indonesian cassia, Korintje 
cinnamon, Pandan cinnamon; 
Vietnamese cassia, Saigon 
cinnamon, Vietnamese 
cinnamon; Indian cassia

Very thin, light yellow brown 
smooth bark, less dense, more 
crumbly texture, highly fragrant 
aroma, more aromatic in flavor; 
Lower levels of coumarin (Figure 2); 
Much stronger and harsher flavor 
than Ceylon cinnamon, medium 
to light reddish brown, hard and 
woody, thicker bark (Figure 2)

Ground, stick, 
chips, extract

Fenugreek Trigonella foenum-
graecum

fenugreek Small green oblong leaves 
with maple syrup smell

Dry, powder

Garlic Allium sativum garlic Spear-shaped beige in color 
with pungent odor

Fresh, dry, powder, 
flakes, granules

Ginger Zingiber officinale ginger Yellow fragrant rhizome Fresh, dry, powder, 
flakes, granules

Rosemary Rosmarinus 
officinalis L

rosemary Fragrant needle-like green leaves 
from an evergreen plant

Fresh whole or 
dry leaf, crushed, 
powder, extract

Turmeric Curcuma longa turmeric Deep orange yellow rhizome with a 
warm, bitter, hot and earthy flavor

Fresh, dry, powder, 
flakes, granules

Vanilla Vanilla planifolia vanilla Long, greenish-yellow seed 
pods when harvested that turn 
to dark brown after curing

Vanilla beans, 
vanilla paste, vanilla 
extract, vanilla 
extract concentrate
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6. Biological activities

Figure 4 summarizes the significant effects and mechanism of ac-
tion of curcumin, a potent bioactive from turmeric. This also sums 
up and reflects some of the overall health benefits and positive ef-
fects of bioactive compounds from spices and herbs on the human 
body such as an antioxidant, an anti-inflammatory, an anti-amyloi-
dogenic, neuroprotective as well as enhancing effect on cognition 
(Shahidi and Hossain, 2018).

7. Mechanism of action as an antioxidant

The free radicals such as R•, RO• (alkoxyl radical), ROO• (per-
oxyl radical), O2– (superoxide radical anion), H2O2 (hydrogen 
peroxide), OH− (hydroxyl radical), ROOH (organic hydroperox-
ide) are constantly being produced in the body due to normal met-
abolic processes and due to exposure to environmental stressors 
such as exposure to ozone, industrial chemicals, air pollutants, 
smoking, UV light and radiation, among others. A appropriate 
balance between free radicals and antioxidants is necessary for 
proper physiological function (Lobo et al., 2010). If there is ex-
cessive free radicals in the body, then lipids, proteins and DNA 
are adversely affected which can trigger a number of diseases 
such as diabetes, cancer, heart disease and neurodegenerative 
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Table 4.  Sources of spices and herbs

Part of the plant Spice/Herb

Leaves Basil, oregano, bay leaf, thyme, tarragon

Bark Cinnamon, cassia

Seed Fennel, fenugreek, dill mustard

Flower/bud, pistil Clove, saffron

Fruits/berries Clove, chilli, black pepper, allspice

Bulbs Onion, garlic, leek

Root Ginger, turmeric

Aril Mace

Figure 2. Left: Cinnamomum verum, right: C. burmannii—note the struc-
tural and color differences between these two species. 
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Figure 3. Structures of major phenolic compounds identified in spices and herbs. Reprinted with permission from Shan et al., (2005) American Chemical 
Society. 
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ailments such as Alzheimer’s disease. Spices and herbs contain 
antioxidants which can ameliorate conditions due to excessive 
free radicals in the body. An antioxidant is a compound that can 
donate an electron or a hydrogen atom to a free radical to neutral-
ize it and reduce or prevent cellular damage. There are two mech-
anisms of action proposed for antioxidants: (1) chain-breaking 
step by donating an electron to the free radical, and (2) removal 
of ROS/reactive nitrogen species which initiates the secondary 
antioxidants by quenching chain-initiating catalysts including 
electron donation, metal ion chelation, co-antioxidants, or by 
gene expression regulation (Rice-Evans and Diplock, 1993). Bio-
active molecules from spices and herbs act mostly as free radi-

cal scavengers and block free radicals by donating a hydrogen 
atom. Since these antioxidant compounds possess low activation 
energy, the antioxidant free radicals produced are stabilized by 
their electrons delocalization which thus would not readily re-
act to propagate additional free radicals. The mechanism of ac-
tion can be explained by the structures of antioxidant compounds 
from spices and herbs (Tables 6–8, Fig. 3) in which the presence 
of aromatic rings and the substituent groups provide for stabiliza-
tion of the structure even after donation of hydrogen atom. Most 
antioxidants in dietary plants are phenols, which act as chain-
breaking antioxidants because their −OH group scavenges reac-
tive radicals such as peroxyl radicals (ROO•). For example, car-

Table 6.  Classification of phytochemicals from spices and herbs

Structural classes Examples Color Spices and herbs

Flavanols Quercetin, quercetin-3-O-rutinoside, myricetin, 
kaempferol, isorhamnetin, gingerol

White to yellow Onions, ginger

Flavan-3-ols Catechin, epicatechin, epigallocatechin, 
epigallocatechin gallate, proanthocyanidins

Mint basil, rosemary, sage, dill

Flavones Apigenin, luteolin, nobiletin, scutellarein, 
sinensetin, tangeretin, isoorientin, orientin

Celery, parsley, lemon grass

Anthocyanidins and 
anthocyanins

Cyanidin, delphinidin, petunidin, 
peonidin, malvidin

Red, blue, purple, 
pink, mauve, violet

Red onions

Nonflavonoid phenolic compounds

Phenolic acids Gallic acid, p-hydroxybenzoic acid, procatechuic 
acid, vanillic acid, syringic acid, ellagic acid, 
gallagic acid, punicalagin, gentisic acid

Cinnamon, clove, anise, dill, 
fennel, caraway, parsley

Hydroxycinammic acids p-coumaric, caffeic, ferulic, chlorogenic 
acid, curcuminoids, curcumin

Yellow Ginger, cardamom, turmeric

Carotenoids β-Carotene, lycopene, lutein, zeaxanthin Yellow, orange, red Mustard greens, cayenne 
pepper, chili pepper

Organosulfides, 
indoles, glucosinolates/
sulfur compounds

Sulphoraphane, allyl methyl trisulfide, diallyl 
sulfide, indol-3-carbinol, sulforaphane, sinigrin, 
allicin, alliin, ally isothiocyanate, piperine

Garlic, onions, leeks, chives, 
shallots, mustard, black pepper, 
rutabaga, mustard green

Table 7.  Antioxidant compounds identified in rosemary and other aromatic herbs

Aromatic herbs in the 
mint family Lamiaceae Scientific name Antioxidant compounds

Rosemary Rosmarinus officinalis Carnosal, 12-O-methylcarnosic, rosmanol, caffeic acid, rosmarinic acid, 
caffeoyl derivatives, phenolic diterpenes (carnosic acid, carnosol, epirosmanol, 
flavonoids, camphor, caffeic acid, ursolic acid, betulinic acid, 1,8-cineole

Basil Ocimum basilicum Eugenol, citral, citronellol, linalool, myrcene, pinene, ocimene, terpineol, linalyl 
acetate, trans-ocimene, 1,8-cineole, camphor octanane, methyl eugenol, methyl  
chavicol, beta-caryophylenne

Lavender Lavandula angustifolia Linalyl acetate, linalool, camphor, beta-ocimene, 1.8-cineole, borneol, 
hotrienol, hexyl butyrate, alpha-bisabolol, caryophyllene oxide

Marjoram Origanum marjorana Beta-carotene, beta-sitosterol, caffeic-acid, carvacrol, eugenol, hydroquinone, 
linalyl-acetate plant 3–17, myrcene, rosmarinic-acid, terpinen-4-ol

Oregano Origanum bulgare Caffeic acid, p-coumaric acid, rosmarinic acid, 
caffeoyl derivatives, cavacrol, flavonoids

Sage Salvia officinalis Rosmanol, epirosmanol, phenolic acids (rosmarinic acid), phenolic diterpenes  
(carnosic acid), flavonoids

Thyme Thymus vulgaris Phenolic acids (gallic acid, caffeic acid, rosmarinic acid), thymol, phenolic  
diterpenes, flavonoids
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Table 8.  Antioxidants isolated from herbs and spice*

Spice/herb Scientific name Antioxidant compounds Mode of action

Rosemary Rosemarinus officinalis Carnosol, carnosic acid, rosmanol, rosmadial, diterpenes 
(epirosmanol, isorosmanol, rosmaridipehnol, rosmariquinone,  
rosmarinic acid

Scavenge superoxide 
radicals, lipid antioxidant 
and metal chelator

Sage Salvia officinalis L Carnosol, carnosic acid, rosmanol, rosmadial, methyl and ethyl  
esters of carnosol, rosmarinic acid

Free radical scavenger

Oregano Origanum vulgaris Rosmarinic acid, caffeic acid, protocatechuic acid, 
2-caffeoyloxy-3-[2-(4-hydroxybenzyl)-4,5-dihydroxy] 
phenylpropionic acid; flavonoids—apigen, eriodictyol, 
dihydroquercetin, dihydrokaempherol; cavacrol, tymol

Free radical scavenger

Thyme Thymus vulgaris L Thymol, cavacrol, p-Cumene-2,3-diol, Phenolic acids (gallic acid, 
caffeic acid, rosmarinic acid), phenolic diterpenes, flavonoids

Free radical scavenger

Ginger Zingiber officinale Gingerol. shogaol, zingerone Free radical scavenger

Turmeric Curcuma domestica L Curcumins, 4-hydroxycinnamoyl methane Free radical scavenger

Black pepper Piper nigrum L Kaempherol, rhamnetin, quercetin Free radical scavenger

Chili pepper Capsicum frutescence L Capsaicin, capsaicinol Free radical scavenger

Clove Eugenia caryophyllata Phenolic acids (gallic acid), flavonol glucosides, phenolic 
volatile oils (eugenol, acetyl eugenol, isoeugenol), tannins

Free radical scavenger, 
metal chelator

Marjoram Majorana hortensis Beta-carotene, beta-sitosterol, caffeic-acid, carvacrol, eugenol, 
hydroquinone, linalyl-acetate plant 3–17, myrcene,  
rosmarinic-acid, terpinen-4-ol

Free radical scavenger

Cumin Cumimum cymimum Cuminal, γ-terpinene, pinocarveol, linalool, 
1-methyl-2-(1-methylethyl)benzene, carotol

Free radical scavenger, 
metal chelator

*From various sources

Figure 4. Curcumin reported mechanisms of action. BACE 1, β-APP-cleaving enzyme-1: Aβ, β amyloid; APP, amyloid precursor protein. Source: Gooze et 
al., 2016, Br. J. Nutr. 115, 455. Examining the potential clinical value of curcumin in the prevention and diagnosis of Alzheimer’s disease. DOI: https://doi.
org/10.1017/S0007114515004687.

https://doi.org/10.1017/S0007114515004687
https://doi.org/10.1017/S0007114515004687
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nosic acid—a phenolic diterpene is rosemary’s major oil-soluble 
antioxidant and rosmarinic acid—a caffeic acid dimer is its most 
powerful water-soluble antioxidant. Allicin, diallyl disulfide and 
diallyl trisulfide inhibit autoxidation by suppressing the hemo-
lytic decomposition of hydroperoxides (Kim et al., 1997). Ex-
tracts of black pepper, nutmeg, rosehip, cinnamon and oregano 
leaf showed radical-scavenging effects and chelating capacities 
against Fe2+ and Cu2+ (Su et al., 2007).

The reaction mechanism of lipid oxidation involves 3 stages: 

initiation, propagation and termination. During the initiation stage, 
the lipid (RH) molecule through the action of catalysts breaks 
down to produce free radicals which can react with lipids, proteins 
or DNA causing cellular damage. More free radicals are formed 
during the propagation phase resulting in rapid oxidation. These 
free radicals react with oxygen to produce more free radicals to 
quickly oxidize lipid or other molecules. To prevent, minimize 
or slow down the rate of oxidation, oxygen and metal catalysts 
must be removed, or sequestered to render them unreactive. The 

Figure 5. Molecular pathway of inflammation linked to chronic diseases. Source: Kunnumakkara et al., 2018, J. Transl. Med. 16:14. Chronic diseases, in-
flammation, and spices: how are they linked? BioMed Central. https://doi.org/10.1186/s12967-018-1381-2.  http://creativecommons.org/publicdomain/
zero/1.0/.

Figure 6. Different bioactive components of spices and their molecular mechanisms against chronic diseases. Source: Kunnumakkara, et al., 2018, J. Transl. 
Med. 16:14. Chronic diseases, inflammation, and spices: how are they linked? https://doi.org/10.1186/s12967-018-1381-2.  http://creativecommons.org/
publicdomain/zero/1.0/.

http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
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antioxidants from spices and herbs can minimize or stop oxidation 
through their free radical scavenging property at various stages of 
oxidation: (1) Initiation stage—oxygen scavengers and/or chelat-
ing agents; (2) Propagation stage—oxygen and/or free radical 
scavengers; and (3) Termination stage—free radical scavengers. 
Through these, the free radicals are neutralized and thus reducing 
their capacity to damage cellular tissues.

The effects of excessive free radicals in the body is termed as ox-
idative stress and in the absence of antioxidants to neutralize them 
are responsible for: (1) Inflammatory diseases—arthritis,vasculitis, 
glomerulonephritis, lupus erythematous, adult respiratory diseases 
syndrome; (2) Ischemic diseases—heart diseases, stroke, intestinal 
ischema; (3) neurological disorder—Alzheimer’s disease, Parkin-
son’s disease, muscular dystrophy and many other diseases (Lobo, 
2010; Shahidi and Ambigaipalan, 2015).

8. Anti-inflammatory effects of spices and herbs

When the human body is exposed to environmental stressors and 
pathogens, the response is inflammation. There are 2 stages that 
occur in response to these stimuli (Aggarwal et al., 2009): (1) acute 
inflammation that is initiated by the immune cells which occurs in 
a short time; but if the inflammation persists, (2) chronic inflam-
mation is initiated which brings about chronic diseases such as ar-
thritis, cancer, cardiovascular diseases, diabetes, and neurological 
diseases.

Figure 5 shows the molecular pathway of inflammation linked 
to chronic diseases (Kunnumakkara et al., 2018).

Based on this diagram, NF-κB and STAT3, inflammatory en-
zymes such as cyclooxygenase-2 (COX-2), matrix metalloprotein-
ase- 9 (MMP-9), and inflammatory cytokines such as tumor ne-
crosis factor alpha (TNF-α), interleukins (IL) such as IL-1, -6, -8, 
and chemokines are the main molecular mediators of the immune 
responses to infection, injury or environmental stressors (Kunnu-
makkara et al., 2018) . What occurs next is the translocation of 
subunits p50 and p65 into the nucleus which bind to the promoters 
regions of various genes and activate more than 400 genes that 
are involved in inflammation and other chronic diseases (Yadav 
et al., 2010). When NF-κB is activated, it is known to initiate can-
cel cell proliferation, survival, invasion, angiogenesis, metastasis, 
chemoresistance, and radiation resistance and it also regulates the 
expression of inflammatory mediators such as COX-2, inducible 
nitric oxide synthase (iNOS), TNF-α, and interleukins (Kawabata 
et al., 2010). Overexpression of the cytokine, TNF-α, the most po-
tent pro-inflammatory cytokine so far discovered, can lead to vari-
ous chronic diseases, including cancer, via the activation of NF-κB 
(Kunnumakkara et al., 2018). There are several potential strategies 
that can be used for the prevention and management of chronic dis-
eases: (1) Employ blockers of TNF-α, (2) Upregulation of COX-2, 
iNOS, and aberrant expression of TNF-α and IL-1, IL-6 and IL-8 
have been reported to play important roles in oxidative stress that 
leads to inflammation (Aggarwal 2009; Reuter et al., 2010; Sung et 
al., 2012; Pandurangan et al., 2015), and (3) Employ the mitogen-
activated protein kinase pathway (MPK) as a potential molecular 
target for the treatment of chronic inflammatory diseases (Liang 
et al., 2016).

Spices and herbs contain bioactives that can interact with mul-
tiple targets and alter dysregulated inflammatory pathways and 
mediators associated with chronic diseases (Kunnumakkara, et al., 
2018, Figure 6). A summary of these bioactives and their poten-
tial mechanisms for mitigating chronic diseases are summarized 
in Table 9.Bi
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9. Anticarcinogenic and chemopreventative activities associ-
ated with spices

DNA damage has been associated with aging and cancer. Pathways 
associated in the development of cancer includes oxidative DNA 
damage brought about by redox activity of endogenous and ex-
ogenous species such as caused by active oxygen species (ROS). 
Jebalan et al. (2015) reported 11 aqueous and non-aqueous extracts 
from anise (Pimpinella anisum), coriander (Coriandrum sativum 
var. vulgare), cumin (Cuminum cyminum), dill (Anethum graveo-
lens), fennel (Foeniculum vulgare var. vulgare), caraway (Carum 
carvi), celery (Apium graveolens) parsley (Petroselinum crispum), 
carrot seeds (Daucus carota), angelica (Angelica archangelica), 
and ajowan (Carum copticum) all from the Apiaceae family. Je-
balan et al. (2015) found that aqueous (5 mg/ml) and non-aqueous 
extracts (6 mg/ml) substantially inhibited (83–98%) formation of 
DNA adducts in the microsomal reaction but only aqueous extracts 
showed the inhibitory activity (83–96%) in non-microsomal reac-
tion. Adduct inhibition was also observed at 5-fold lower concen-
trations of aqueous extracts of cumin (60%) and caraway (90%), 
and 10-fold lower concentrations of carrot seeds (76%) and ajow-
an (90%) and these results suggests the presence of two groups 
of phytochemicals—polar compounds that have free radical-scav-
enging activity, and lipophilic compounds that selectively inhibit 
P450 activity associated with estrogen metabolism (Jebalan et al., 
2015). These are significant findings which demonstrate that these 

Apiaceae species may be potentially protective against estrogen-
mediated breast cancer.

In another study on the in vitro evaluation on prostate cells, 
Lackova et al. (2017) showed that the extracts from black pepper 
and caraway seed gave the strongest inhibitory effect on prostatic 
cells using the Cell-Line Proliferative Activity Testing (MTT As-
say). This is used to evaluate the cells’ metabolic activity and pro-
vide the cytotoxicity of the tested compounds. The activity of the 
black pepper extract was postulated to be due to 3,4-dihydroxy-
benzaldehyde and naringenin chalcone and from caraway seeds, 
neochlorogenic acid and apigenin. Lackova et al. (2017) identi-
fied naringenin chalcone to be the most potent growth inhibitor of 
prostate cell.

Vanilla is one of the most important spices and flavorings. Van-
illin which is responsible for the desirable aroma and flavor in va-
nilla extract has been shown to suppress metastasis in a mouse 
model (Jantaree et al., 2017) using the Transwell invasion assay 
but the homodimer of vanillin (divanillin, also a vanilla extract 
compound) exhibited a potency higher than vanillin and apocynin 
which was attributed to inhibiting phosphorylation of FAK and 
Akt and divanillin’s stronger binding to the Y397 pocket of the 
FAK FERM domain based on molecular docking studies.

A review on spices for prevention and treatment of cancers by 
Zheng et al. (2016) evaluated more than 250 scientific papers on the 
subject. They concluded that numerous studies have documented 
the antioxidant, anti-inflammatory and immunomodulatory effects 

Figure 7. Top diseases (Third level of MeSH hierarchy) ranked according to their total number of positive associations. Numbers shown against the 
bars indicate the ‘number of spices’ involved in the associations. Source: Rakhi et al., 2018, PLoS ONE 13(5): e0198030. Data-driven analysis of biomedi-
cal literature suggests broad-spectrum benefits of culinary herbs and spices. (MeSH—Medical Subject Headings is a controlled vocabulary of biomedical 
terms curated and developed by National Library of Medicine. It organizes terms hierarchically from general to more specific.). www.PLOS.org.  https://doi.
org/10.1371/journal.pone.0198030.

https://doi.org/10.1371/journal.pone.0198030
https://doi.org/10.1371/journal.pone.0198030
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of spices might be related to prevention and treatment of several 
cancers and that several spices are potential sources of bioactive 
compounds for these effects: Curcuma longa (tumeric), Nigella 
sativa (black cumin), Zingiber officinale (ginger), Allium sativum 
(garlic), Crocus sativus (saffron), Piper nigrum (black pepper) and 
Capsicum annum (chili pepper). These spices contain several im-
portant bioactive compounds, such as curcumin, thymoquinone, 
piperine and capsaicin the mechanisms of action include induc-
ing apoptosis, inhibiting proliferation, migration and invasion of 
tumors, and sensitizing tumors to radiotherapy and chemotherapy.

10. Blood glucose control of spices and herbs

Bioactives from chili pepper, cinnamon, ginger, turmeric, fenu-
greek, rosemary, and garlic maybe beneficial in the control of 
glucose intolerance and diabetes (Srinivasan, 2005; Chase and 
McQueen, 2007; Magistrelli and Chezem, 2012; Bayan et al., 
2014; Upsani et.al., 2014; Heshmati and Namazi, 2015; Rashmi 
and Shilpy, 2016; Bi and Lim, 2017; Yasnin et al., 2017; Ge et 
al., 2017; Ranasinghe et al., 2017; Byrne et al., 2017 ). Figure 7 
shows that associated with spices, it was found that diabetes mel-
litus, inflammation and carcinogenesis have the highest number 
positive associations and that the spices have a preventive role in 
various cancers (Rakhi et al., 2018). Chili pepper was associated 
with a decrease in insulin levels and healthy insulin in human tri-
als while the doubly-linked phenol type-A polymers in cinnamon 
is the bioactive responsible for the control of glucose intolerance 
and potentiates insulin action. Ginger on the other hand can pre-
vent and/or inhibit protein glycation which has been implicated in 
diabetes. Turmeric has been shown to improve glucose indices and 
decrease glucose in serum. An extract of fenugreek seed improved 
insulin signaling and sensitivity and was comparable with metro-
formin, a drug used to treat high blood sugar. The soluble fiber in 
fenugreek helps maintain healthy glucose absorption. Rosemary 
activates PPARgamma leading to lower levels of glucose and in-
hibitor of α-glucosidase which may help reduce sugar absorption. 
Garlic powder tablets (Allicor) lowered fasting blood glucose.

There are other benefits of bioactives from spices and herbs 
such as enhancing nutrient bioavailability (piperine), weight man-
agement and satiety (chili pepper, ginger, fenugreek, piperine), 
gut health (chili pepper, turmeric), anti-bacterial and anti-fungal 
(eugenol and cinnamaldehyde from cinnamon), hepatoprotective 
effect against CCl4 (ethanol extract of cinnamon), neuroprotective 
(cinnamaldehyde from cinnamon), reduce nausea and vomiting 
during pregnancy or after chemotherapy (ginger), joint and muscle 
health (ginger), digestion aid (black pepper), lipid metabolism and 
vascular health (fenugreek, rosemary), chemopreventive and anti-
carcinogenic (rosemary), antithrombotic and anticoagulant (gar-
lic), and immunomodulatory activity (garlic). Prevalence of cardi-
ovascular disease (CVD) as correlated to diets in which spices play 
an important role was summarized by Tsui et al. (2018). Based 
on this review incidence of CVD increases when spices are not 
used in preparation of food as follows (1) Western diet (spice-free 
with salt and sugar): 11–15%, (2) Arabic diet (saffron, peppers, all-
spice, turmeric, garlic, cumin, cinnamon, parsley and coriander): 
7–12%, (3) Indian diet (cardamom, clove, cassis, peppers, cumin 
coriander, nutmeg, mustard seed, fenugreek, turmeric, saffron and 
garlic): 7–11% (4) Chinese diet (Cardamom, cinnamon, cumin, 
cloves, peppers, nutmeg, peppercorns, fennel, star anise, garlic, 
ginger and chili peppers): 5%, and (5) Mediterranean diet (Anise, 
basil, bay leaf, cardamom, cinnamon chervil, chilis, chives, cloves, 
cumin, coriander, dill, fennel, fenugreek, garlic, mace, marjoram, Sp
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mint, nutmeg, oregano, peppers, rosemary, saffron, sage, savory, 
sumac, tarragon and thyme): 1.5–3.2% (Tsui et al., 2018). Table 
10 provides the health benefits of spices and herbs in greater detail 
based on various studies including the referenced scientific publi-
cations.

11. Summary

For millennia, spices and herbs have been used to flavor food but 
are also sought after for their medicinal power. In fact, as early as 
the 1st through the 4th centuries, Arabian developed techniques to 
distill essential oils from aromatic plants and around the 9th cen-
tury, Arab physicians used spices and herbs to formulate syrup and 
flavoring extracts (Rosengarten, 1969) for homeopathic remedies. 
Today, there is a large volume of evidence that spices and herbs 
can help alleviate conditions linked with specific diseases as well 
as prevent or reduce risks associated with degenerative diseases 
such as cardiovascular diseases, diabetes, obesity and cancer. This 
is also supported by findings on meta-analysis of more than 1.5 
million healthy adults that following a Mediterranean diet which 
included spices and herbs was associated with a reduced risk of 
cardiovascular mortality as well as overall mortality (Mayo Clin-
ic, 2019). Scientific studies provided proof that spices and herbs 
from black pepper to vanilla contain phytochemicals that show 
strong antioxidant and anti-inflammatory activities both in vitro 
and in vivo and in clinical studies. Spices and herbs have shown 
therapeutic and protective potential against chronic disorders due 
to their anti-inflammatory, antiproliferative and pharmacological 
activities. There are still potential areas for future research that 
include concentration effects on treatment and acceptability, dif-
ferences in reaction of humans to different phytochemicals as well 
as employing nutrigenomics to understand how the compounds in 
the diet (e.g., from spices and herbs) affect health by altering the 
expression of genes and the structure of an individual’s gene at a 
molecular level.
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