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Abstract

Historically, herbs and spices have enjoyed a rich tradition of use for their flavor enhancement characteristics and for their medicinal
properties. The rising prevalence of chronic diseases worldwide and the corresponding rise in health care costs is propelling interest among
researchers and the public for multiple health benefits related to these food items, including a reduction in cancer risk and modification of
tumor behavior. A growing body of epidemiological and preclinical evidence points to culinary herbs and spices as minor dietary constituents
with multiple anticancer characteristics. This review focuses on the antimicrobial, antioxidant, and antitumorigenic properties of herbs and
spices; their ability to influence carcinogen bioactivation; and likely anticancer contributions. While culinary herbs and spices present
intriguing possibilities for health promotion, more complete information is needed about the actual exposures to dietary components that are
needed to bring about a response and the molecular target(s) for specific herbs and spices. Only after this information is obtained will it be
possible to define appropriate intervention strategies to achieve maximum benefits from herbs and spices without eliciting ill consequences.
Published by Elsevier Inc.
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1. Introduction

Archeologists discovered evidence that as early as
50,000 B.C., humans used the leaves of plants for flavoring
meats and around 2300 B.C. for wine making [1]. Alexander
the Great's campaigns in Central Asia around 330 B.C. are
often credited for the dissemination and adoption of herbs
and spices among many cultures because they introduced
Asian, Persian, Indian, and Greek cultures and ideas [2,3].
The spice trade is known to have flourished during the
second century A.D. along the trade routes known as the
“Silk Road,” which connected the East and the West [2].
Early records indicate that herbs and spices were used as
medicinals in ancient Egypt and Assyria and as food
preservatives in ancient Rome and Greece [4]. Herbs and
spices continued to be used during the Middle Ages for
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flavoring, food preservation, and/or medicinal purposes. By
the 1800s, new trade routes evolved, and spice production
and supplies increased, which made herbs and spices more
affordable and resulted in more widespread use among the
European population [5].

Today, many ethnic cuisines are recognized for their
reliance on “signature” herbs and spices. Turmeric in Indian
cuisine; basil, garlic, and oregano in Italian and Greek
cuisines; and lemongrass, ginger, cilantro, and chili peppers
in Thai food represent some of the cultural diversity in the
use of herbs and spices. Satia-Abouta et al. [6] report that the
cuisines of Asia, Southeast Asia, and the Mediterranean are
perceived by many to be healthier than the typical Western
diet. Although it is logical to assume that the use of spices
and herbs contributes to conflicts in scientific literature about
the precise role of diet and cancer prevention, more detailed
information is needed before firm conclusions can be drawn.
The meta-analyses by Riboli and Norat [7] indicated cancer
risk at various sites was associated with the intake of fruits
and vegetables (which included onions and garlic). While
herbs and spices were not specifically addressed in the
analyses, the authors concluded that other dietary protective
factors may exist and contribute to individual variations in
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risk. For sure, some evidence does point to herbs and spices
as a likely important variable.

Herbs and spices used to season and preserve food may
also contribute to eating behaviors. For instance, one of the
highest rates of gastric cancer mortality in Europe occurs in
Italy; yet, rates are recognized to vary markedly across
regions in the country [8]. Results from a case-control study
involving over 1200 gastric cancer patients and more than
1100 controls from seven areas grouped into high and low
risk areas pointed to several categories of foods associated
with gastric cancer risk [8]. Specifically, Buiatti et al. [8]
determined that individuals who consumed more meats,
salted fish, cold cuts and seasoned cheeses had the highest
risk for gastric cancer, while those consuming more fresh
fruit, raw vegetables, onion, garlic, and spices were
associated with lower risk. In Asian countries, the consump-
tion of curcumin, a component of curry powders, turmeric,
and mustard, along with low meat intake, have been reported
to be factors linked to a lower incidence of colon cancer [9].

Today, strategies to improve health are a driving factor for
market growth within the food and beverage industry [10].
Interestingly, it has been reported that about 77% of US
households claim they are trying to reduce their risk of heart
disease and cancer [11]. Americans between the ages of 36
and 55 years are increasingly interested in adopting healthy
eating behaviors and are gravitating towards ethnic cuisines,
such as Asian and Mediterranean, based on the perceived
health benefits associated with these types of cuisines [12].
Although some ethnic cuisines may be considered to be
Fig. 1. Changes in US herb and spice use between 1970 and 2005 based on data fro
includes basil, cardamom, capers, curry and curry powder products, dill, fenugreek
not individually reported by USDA.
healthier than others, overall food consumption patterns as
well as food preparation techniques are also likely to be
equally important. According to a 1995 report [13] from the
United States Department of Agriculture's (USDA) Eco-
nomic Research Service (ERS), rising domestic use of spices
reflects growing Hispanic and Asian populations within the
United States, as well as a trend toward the use of culinary
herbs and spices to compensate for less salt and lower fat
levels in foods and a general increase in the popularity of
ethnic foods from Asia and Latin America. Between 1970
and 2005, the overall per capita consumption of spices has
doubled, increasing from 1.6 to 3.3 lbs per year; however, in
the case of garlic, as depicted in Fig. 1, usage has increased
more than sixfold [14].

There are no clear distinctions between culinary herbs and
spices in much of the scientific and trade literature, with
some plants considered to be both. While the US Food and
Drug Administration (FDA) does not provide standards of
identity for spices [15], it does provide guidance concerning
acceptable terminology used for food labeling purposes.
FDA's general definition for a spice is an “aromatic
vegetable substance in the whole, broken, or ground form,
the significant function of which in food is seasoning rather
than nutrition” and from which “no portion of any volatile oil
or other flavoring principle has been removed” [15]. The US
National Arboretum offers an alternative definition and
describes spices as “flavorings (often of tropical origin) that
are dried and culinary herbs are fresh or dried leaves from
plants which can be used for flavoring purposes in food
m USDA Economic Research Service Data [14]. The “other spices” category
, origanum, parsley, rosemary, savory, thyme, mixed spices, and other spices



Table 1
Examples of bioactive food components in commonly used culinary herbs
and spices

Herb/spice Bioactive food components

Allspice Eugenol
Basil Eugenol, apigenin, limonene, ursolic acid,

methyl cinnamate, 1,8-cineole, α-terpinene,
anthocyanins, β-sitosterol, carvacrol,
cintronellol, farnesol, geraniol, kaempherol,
menthol, p-coumaric acid, quercetin,
rosmarinic acid, rutin, safrole,
tannin, catechin,

Cardamom Limonene, caffeic acid
Caraway Carvone, limonene, α-pinene, kaempferol
Cinnamon Cinnamic aldehyde, 2-

hydroxycinnamaldehyde, eugenol
Cloves Eugenol, isoeugenol, gallic acid
Coriander Quercetin, caffeic acid, cineole, geraniol,

borneol, 1,8-cineole, α-terpinene, β-carotene,
β-pinene, β-sitosterol, cinnamic acid, ferrulic
acid, γ-terpinene, kaempferol, limonene,
myrcene, p-coumaric acid, p-cymene,
quercetin, rutin, vanillic acid

Cumin α-Pinene, β-pinene, γ-terpinene, p-cymene,
cuminaldehyde, carvone, 1,8-cineole,
β-carotene, β-sitosterol, caffeic acid,
carvacrol, carvaol, geranial, kaempferol,
limonene, p-coumaric acid, quercetin, tannin,
thymol

Dill Carvone, limonene, isorhamnetin,
kaempferol, myricetin, quercetin, catechin

Fennel α-Pinene, β-carotene, limonene, quercetin,
benzoic acid, β-sitosterol, caffeic acid,
cinnamic acid, ferulic acid, fumaric acid,
kaempferol, myristicin, 1,8-cineole,
p-coumaric acid, quercetin, rutin,
vanillic acid, vanillin

Garlic Allicin, diallyl disulfide, allyl isothiocyanate
Ginger Zingiberone, zingiberene, ingerol, paradol,

curcumin, shagoal
Lemongrass Farnesol, geraniol
Licorice Glycyrrhizin
Marjoram Eugenol, limonene, ursolic acid, 1,8-cineole,

α-pinene, α-terpinene, carvacrol, farnesol,
geraniol, p-cymene, rosmarinic acid, sterols,
thymol, apigenin

Mustard Allyl isothiocyanate, β-carotene
Nutmeg Caffeic acid, catechin
Onion Quercetin, dipropyl disulfides
Oregano Apigenin, luteolin, myricetin, quercetin,

caffeic acid, p-coumaric acid,
rosmarinic acid, carvacrol, thymol

Paprika α-Tocopherol, capsaicin, dihydrocapsaicin,
lutein, β-carotene, ascorbic acid, vitamin E

Parsley Apigenin, luteolin, kaempferol, myricetin,
quercetin, caffeic acid

Pepper, black Piperidine, piperine, limonene, α-pinene,
β- pinene

Pepper, red (also known as
chili or cayenne pepper)

Capsaicin, α-tocopherol, lutein, β-carotene,
ascorbic acid, Vitamin E

Peppermint Limonene, menthol, eriodictyol, hesperitin,
apigenin, luteolin

Rosemary Carnasol, carnosic acid, cineole, geraniol,
α-pinene, β-carotene, apigenin, limonene,
naringin, luteolin, caffeic acid, rosmarinic
acid, rosmanol, vanillic acid

Table 1 (continued)

Herb/spice Bioactive food components

Saffron Crocetin, crocin, β-carotene, safranal,
all trans retinoic acid

Sage α-pinene, β-sitosterol, citral, farnesol,
ferulic acid, gallic acid, geraniol, limonene,
cineole, perillyl alcohol, β-carotene, catechin,
apigenin, luteolin, saponin, ursolic acid,
rosemarinic acid, carnosic acid, vanillic acid,
caffeic acid, thymol, eugenol

Tarragon Luteolin, isorhamnetin, kaempferol,
quercetin, caffeic acid

Tea, green (−)-Epigallocatechin gallate,
(−)-epigallocatechin,
(−)-(+)-catechin, theophylline, gallic acid,
theanine

Thyme Thymol, carvacrol, cineole, α-pinene;
apigenin, β-carotene, eugenol, limonene,
ursolic acid, luteolin, gallic acid,
caffeic acid, rosmarinic acid, carnosic acid,
hispidulin, cismaritin

Turmeric Curcumin, curcuminoids
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preparation” [16]. Despite established definitions by FDA
and the US National Arboretum, herbs and spices are not
only studied as intact products, but their active components
are also examined. The interpretation of research on
bioactive food components is often complicated by the fact
that these compounds frequently occur in multiple plants and
products besides herbs and spices (Table 1). The National
Cancer Institute (NCI) cancer Biomedical Informatics Grid,
an open-source, open-access information network which is
connecting the cancer research community and enabling the
sharing of data and tools, recently funded the development of
a nutrition ontology tool which integrates into the NCI
Thesaurus (http://gforge.nci.nih.gov/projects/nutrition/). The
NCI Thesaurus provides definitions, synonyms, and other
information on nearly 10,000 cancers and related diseases;
8000 single agents and combination therapies; and a wide
range of other topics related to cancer and biomedical
research. Standardized terminology is a key component of
data sharing, and the recent inclusion of a nutrition ontology
into the NCI Thesaurus will facilitate data sharing between
researchers from a variety of disciplines. Unfortunately, the
nutrition ontology in the NCI Thesaurus is currently limited
to foods and largely devoid of classically defined herbs and
spices. Regardless, Table 2 provides an example of a
classification framework for various phytochemicals found
in herbs and spices which could be included in future
versions of the nutrition ontologies.
2. Consumption and exposure assessment challenges

Efforts to assess dietary intake in general are complicated
by measurement issues, such as recall bias and difficulty
estimating portion size and frequency of intake [7].
Estimating typical herb and spice intake in subpopulations

http://gforge.nci.nih.gov/projects/nutrition/


Table 2
Classification framework for phytochemicals of interest in herbs and spices

Category Class Subclass Examples of compounds Examples of herbs and spices

Polyphenols Flavonoids Flavanols (−)-Epigallocatechin gallate Tea
Catechin Nutmeg

Flavanones Hesperitin Peppermint
Naringenin Rosemary
Eriodictyol Peppermint

Flavones Apigenin Parsley
Thyme

Luteolin Oregano
Parsley
Peppermint
Rosemary

Isoflavones Diadzein None
Genestein None

Flavonols Quercetin Basil
Coriander
Cumin
Fennel

Kaempferol Basil
Coriander
Cumin
Fennel

Isorhamnetin Dill
Parsley
Tarragon

Myrcetin Dill
Oregano
Parsley

Phenolic acids Hydroxy-benzoic acid derivatives Gallic acid Thyme
Vanillic acid Sage
Salicylic acid Cumin

Hydroxy-cinnamic acid derivatives Caffeic acid Fennel
p-Coumaric acid Cumin

Terpenes Monoterpenes Not applicable Limonene Cumin
Thyme
Rosemary
Caraway
Mint
Dill
Celery seed
Sage
Coriander
Fennel
Marjoram

Citral Thyme
Sage

Camphor Thyme
Sage
Rosemary
Marjoram
Fennel
Coriander/cilantro
Basil

Menthol Peppermint
Basil

Perillyl alcohol Spearmint
Sage

Sesquiterpenes Humulene, also known as caryophyllene Turmeric (essential oil)
Coriander

Diterpenes Retinoids Retinol Paprika
Red pepper
Chili powder
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Table 2 (continued)

Category Class Subclass Examples of compounds Examples of herbs and spices

Triterpenes Saponins Glycyrrhizin Licorice
Tetraterpenes Carotenoids Mustard

Fennel
Cumin
Coriander
Sage

Vanilloids Not applicable Not applicable Curcumin Turmeric
Ginger
Mustard

Gingerol Ginger
Paradol Ginger oleoresin
Capsaicin Paprika

Red pepper
Organosulfur compounds Disulfides Not applicable Diallyl disulfide Garlic

Thiosulfinates Not applicable Allicin Onion
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is even more problematic because they are generally
consumed in conjunction with other foods and in trace
amounts. Herbs and spices may not be a captured as a
primary ingredient in a compositional analyses of food
mixtures. Each year, the USDA ERS publishes average US
per capita food availability [14], which takes into considera-
tion a commodity's availability after subtraction of exports,
industrial, and farm uses, and which may be considered a
proxy for food intake, including spices. Some of the most
commonly used herbs and spices for culinary purposes, as
reported by the USDA, are presented in Fig. 1.

Since regions around the world often have distinct ethnic
cuisines, one can expect trends in spice and herb usage to
vary substantially worldwide. A study which identified the
most commonly used spices involving 36 countries found
overlap between the most commonly used spices in these
countries and in the United States, such as onions, garlic,
ginger, and some peppers [17]. However, dietary exposure
values by geographic region for the full range of herbs and
spices and their bioactive components, do not appear to exist
in the scientific literature. The difficulty in measuring herb
and spice consumption arises from their use in food
preparation in small amounts.

Concentrations of herbs and spices used in food
preparation often vary based on individual preference, but
frequently falls within the range of 0.5–1% [18]. A recent
attempt to evaluate human methyl eugenol exposure for the
National Toxicology Program (NTP), which coordinates
toxicology research and testing activities within the US
Department of Health and Human Services and in partner-
ship with the NCI, highlights many of the challenges
associated with exposure assessment for herbs and spices in
general. Methyl eugenol belongs to a family of chemicals
which includes several naturally occurring compounds
commonly found in the human diet, such as isoeugenol,
eugenol, estragole, and safrole, found in spices such as
nutmeg and allspice, herbs such as basil and tarragon, in
addition to fruits such as bananas and oranges [19]. As part
of the NTP assessment, the Centers for Disease Control and
Prevention measured methyl eugenol exposure in a non-
representative sample of adults in the United States as part of
the Third National Health and Nutrition Examination Survey
(NHANES; 1988–1994). According to Robison and Barr
[19], methyl eugenol has a relatively short half-life, so
exposure assessment needs to include data related to when
food was consumed relative to the collection of blood
samples. Multiple samples obtained over a relatively short
period of time may also be useful in the development of
accurate human pharmokinetic models, which, in turn, can
be compared to available toxicology data from rodent testing
[19]. Robison and Barr called for longer-term data collection
through the more nationally representative NHANES
samples which would allow for further analysis such as by
racial/ethnic subpopulations and gender. Similar analyses
would be needed for other key components in herbs and
spices, such as those listed in Table 1, in order to establish
robust research databases. Assessment of bioactive food
components in herbs and spices are further complicated by
known variations such as growing conditions and the
varietals studied [20,21].

The USDA National Nutrient Data Base for Standard
Reference (NNDB) serves as the one of the most commonly
used references for food composition data in the United
States. The NNDB is often linked to other nutrient databases
employed in large national surveys, such as NHANES. The
NNDB also links to several therapeutic and research
databases. Unfortunately, the inclusion of herbs, spices,
and their active ingredients are only now beginning to be
expanded in the NNDB and other USDA databases, such as
the USDA Database for the Flavonoid Content of Selected
Foods. The available information on herbs and spices is
limited in Release 19 of the USDA NNDB and Release 2 of
the USDA Flavonoid Database in terms of the variety of
products represented (e.g., fresh versus ground, commonly
used varietals, etc.) and in the sense that other phytochem-
icals besides flavonoids are of interest for disease prevention,
such as phenolic acids (e.g., salicylic acid and derivatives of
hydroxybenzoic acid and hydroxycinnamic acid), terpenes,
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vanilloids, and organosulfur compounds. Table 2 provides
examples of such compounds along with herbs and spices
which contain such compounds. Additionally, there is
evidence that the concentrations of bioactive components
can differ by varietal and/or be influenced by processing
[22–24]. Parsley is the only product in the USDA flavonoid
database for which data on both fresh and dried forms is
available, but the database does not indicate which variety or
varieties of parsley the data describes, e.g., Italian or “flat-
leaf” parsley vs. “curly” parsley, or a blend of both. Despite
its limitations, the NNDB Flavonoid Database is a promising
first step and provides some valuable information regarding
the chemical profile of several herbs and spices, especially
since many herbs and spices contain one or more flavonoids.

While not everyone considers onions to be an herb or a
spice, onions do provide flavoring and based on available
data, they are one of greatest contributors of dietary
flavonoids in the US, Japanese, Dutch, and Danish
populations [25–28]. Of the studies reviewed, only the
study of flavonoid intake conducted in Japan [27] identified
another herb or spice (parsley) as a significant contributor of
flavonoids. Arai et al. [27] reviewed 3-day food records and
found that onions contributed 45.9% of total daily flavonoid
intake and 83.6% of quercetin intake, whereas parsley
provided 2.4% of total daily flavonoid intake, primarily as
myricetin. How this contribution relates to an overall
phenotypic response remains to be established. Regardless,
there is concern that such food frequency questionnaires do
not adequately assess herb and spice intake and thus provides
an incomplete assessment of dietary exposures and their
ability to contribute to accurate exposure assessment for
flavonoids and other compounds of interest [29].
3. Safety and upper limits

Herbs and spices are “generally recognized as safe” by the
FDA, at least at concentrations commonly found in foods;
however, many herbs, spices, and their bioactive components
are being investigated for potential disease prevention and
treatment at concentrations which may exceed those
commonly used in food preparation. It is therefore imperative
to identify any potential safety concerns associated with the
use of various dosages which range from doses commonly
used for culinary purposes to those used for medicinal
purposes since there are often unclear boundaries between the
various uses of herbs and spices. The NCI/NTP has reviewed
several herbs and spices and their bioactive compounds
(http://ntp.niehs.nih.gov/index.cfm?objectid=070073B1-
B199-17BB-BCBF1BEEEA63AC7E) using the Ames
Salmonella/Mammalian-Microsome Mutagenicity assay
and/or the L5178Y TK+/− Mouse Lymphoma assay to
identify the lowest effective dose (LED) that resulted in a
positive increase in mutant frequency [30]. The mouse
lymphoma assay is one of the most sensitive assays (74%) but
is one of the least specific (b45%), while the Ames assay has
reasonable specificity (73.9%) and low sensitivity (54%)
[31]. Kirkland et al. [31] found that combinations of two to
three genotoxicity assays resulted in sensitivities ≥90%. It
should be noted that 75–95% of noncarcinogens gave
positive results in at least one test. Many of the spices and
herbs tested by the NCI/NTP had negative Ames test results,
with the exception of kaempferol (positive at 3.3 μg/plate)
and quercetin (positive at 33 μg/plate) [30]. There were no
mouse lymphoma genotoxocity test results for capsaicin,
curcumin, naringenin, or quercetin published by the NCI/
NTP. The mouse lymphoma results were inconclusive or
equivocal for saffron and cinnamic acid, and there were
findings for caffeic acid (LED for nonactivated cells was
307 μg/ml), cinnamaldehyde (LED for nonactivated cells was
0.005 μg/ml and 0.049 μg/ml in S-9–activated cells),
kaempferol (LED for nonactivated cells was 40 μg/ml),
perillyl alcohol (LED was 200 μg/ml in S-9–activated cells),
and sesamole (LED was 30 μg/ml in nonactivated cells and
26 μg/ml in S-9–activated cells). The NTP followed up with
2-year rodent carcinogenicity studies using some of these
compounds, including quercetin, cinnamaldehyde, and
turmeric. Although there was no evidence of carcinogenic
activity associated with cinnamaldehyde, there was equivocal
evidence of carcinogenic activity associated with turmeric in
some rodent models consuming 10,000 ppm (which equates
to approximately 1% of total diet) and some evidence of
carcinogenic activity in male rats receiving 40,000 ppm
quercetin (∼4% of total dietary intake) [32–34]. It is difficult
to translate the NTP's findings to humans since there was no
evaluation of serum concentrations following ingestion.
Despite this limitation, herbs, spices, and their bioactive
components have not been an area of great concern since few
studies have indicated potential safety concerns and, for those
that do, the dosage would typically be far greater than
amounts occurring in typical American diets.

Another source of data on the safety and efficacy of herbs
and spices comes from the body of knowledge related to
herbal medicine. The German Commission E Monographs
[35] are probably the most widely known resource on herbal
medicines. Although the Commission E monographs are
based on a review of scientific and historical data, the
monographs do not include references used to assess safety
and efficacy. Despite this limitation, the Commission E
monographs are highly regarded and provide guidance to the
public, health professionals, and industry on herbal products.
There are two general categories of monographs. The first
category of monographs consists of those that are negative or
“unapproved” for products where “no plausible evidence of
efficacy” was available or when safety concerns outweighed
potential benefits associated with the product's use. Basil,
lemongrass, marjoram, nutmeg, and saffron were herbs and
spices included in the unapproved monographs based either
on documented and/or suspected risk or limited documenta-
tion of effectiveness for medicinal purposes. None of the
purported uses of the unapproved herbs and spices in the
Commission E monographs appears relevant to cancer

http://ntp.niehs.nih.gov/index.cfm?objectid=070073B1-B199-17BB-BCBF1BEEEA63AC7E
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Fig. 2. Herbs and spices can modify microbiota which can stimulate growth
within organisms that protect against cancer as well as within microrganisms
that may serve to increase cancer risk. Culinary herbs and spices generally
serve as antioxidants but may also serve as prooxidants at higher exposures.
Inflammation, tumorigenesis, and carcinogen bioactivation influence cancer
risk and tumor behavior, but interventions which inhibit these processes can
contribute to cancer prevention.
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prevention or treatment; however, they raise some poten-
tially relevant safety concerns. Although the Commission E
monographs [35] indicate basil is safe when used for
flavoring purposes in concentrations up to 5% of the total
preparation, one of the risks associated with basil is a
potentially mutagenic effect of estragole in the essential oil
of basil. Lemongrass and nutmeg were also considered safe
at doses used for flavoring purposes; however, safrole,
found in the essential oil of nutmeg, has been shown to
have mutagenic and carcinogenic effects, even though no
mutagenic effects have been seen with essential oil of
nutmeg [35]. Nutmeg taken in amounts exceeding those
typically obtained through diet alone has led to psychic
disturbances (5 g nutmeg) and an atropine-like effect (nine
teaspoons ground nutmeg per day). Hydroxyquinone in
marjoram has also been found to be carcinogenic so
marjoram is not recommended for extended usage; how-
ever, there is no discussion of dose–response issues for
marjoram in the English version of the Commission E
monographs [35].

Several herbs and spices of culinary origin were included
in the “approved”monographs, such as caraway oil and seed,
cardamom seed, cinnamon bark, cloves, coriander seed, dill
seed, fennel oil and seed, garlic, ginger root, licorice root, mint
oil, onion, paprika, parsley herb and root, peppermint leaf and
oil, rosemary, sage, thyme, turmeric root, and white mustard
seed. The majority of the uses for these herbs and spices relate
to dyspepsia and other gastrointestinal disturbances and do
not pertain directly to cancer prevention, but the monographs
do provide dosage guidelines, which can indirectly guide
researchers in establishing safe human dosages for herbs and
spices under investigation for cancer treatment and prevention
purposes. The recommendations for the various essential oils
range from three to six drops per day for caraway, and mint
oils, three to six drops per day, to 10–20 drops for rosemary
[35]. The recommended dose for seeds and other herbs and
spices range from 1.5 g/day for caraway and cardamom seeds
to 50 g/day of fresh onion or 20 g dried onion [35]. In several
instances the typical doses recommended in the German
Commission E monographs could be obtainable through diet
alone, this might be easier to achieve with commonly used
herbs and spices, such as garlic, onion, ginger, and parsley.
There is little evidence documenting whether or not smaller
amounts of a greater variety of herbs and spices, known to
have similar health effects would result in comparable health
benefits. However, it is an area deserving further study.

3.1. Health effects

To date, hundreds of compounds have been identified as
potential modifiers of cancer, several of which are active
ingredients in herbs and spices. Despite a rapidly growing
body of experimental evidence supporting the cancer
preventive properties of nonnutritive food components
such as herbs and spices, minimal data exist regarding
actual dietary intake levels of herbs and spices in the United
States and elsewhere. Consequently, researchers are limited
in their ability to compare the effective exposures of culinary
herbs, spices, and their bioactive components from experi-
mental studies, which are primarily animal studies, using
approximate human intake levels. Furthermore, information
on the uptake, distribution, and excretion of most nonnu-
tritive dietary components is sparse, and little data related to
human blood levels of these compounds have been published
in the scientific literature [36]. As seen in Fig. 2, despite
these limitations, research indicates that herbs and spices, or
their bioactive components, may act alone or in concert to
reduce cancer risk through their antimicrobial, antioxidant,
and antitumorigenic properties, as well as their direct
suppressive effect on carcinogen bioactivation. These
properties will be discussed in greater detail below.

3.1.1. Antimicrobial and antifungal activity
Historical records indicate that herbs and spices were used

for flavoring, food preservation, and medicinal purposes in
ancient times, yet it is uncertain how herbs and spices first
became incorporated into food preparation and how wide
spread their usage was in food and medicine until more
modern times. Issues pertaining to the prevention of food-
borne illness have long been an area of concern for scientists,
public health officials, and the public; however, a growing
number of researchers are investigating the links between the
antimicrobial and antifungal properties of various foods and
food components, such as culinary herbs and spices, and
their role(s) in reducing chronic disease risk. Bacterial, viral,
and parasitic mediated cancer deaths have been estimated to
range from 20% to 25% in developing countries and 7–10%
in industrialized countries [37]. How culinary herbs and
spices may influence the complications associated with these
bacterial, viral, and parasitic challenges remains unknown.
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Herbs and spices which possess antimicrobial activity
include those containing simple phenols and phenolic acids,
coumarins, terpenoids, and alkaloids [38,39]. A study in the
late 1990s set out to investigate the hypothesis that herbs and
spices, which have known antimicrobial properties, were
incorporated into food preparation for their antimicrobial
properties rather than for purely organoleptic purposes [17].
Billing and Sherman [17] found that countries with hot
climates use multiple spices on a regular basis (in N40% of
meat-based recipes) versus countries with cooler climates
(b5% of meat-based recipes).

This finding is notable for two reasons: (1) prior to
refrigeration, foods in warmer climates were likely to spoil
more quickly than foods in cooler climates and (2) many
spices work synergistically and display increased antibacter-
ial capabilities when used in combination than when used
alone [17]. Use of chili peppers (also known as capsicums),
garlic, onion, anise, cinnamon, coriander, cumin, ginger,
lemongrass, and turmeric were positively correlated with
mean annual temperature [17]. There was also a significant
positive correlation between mean annual temperatures and
the proportion of meat-based recipes that incorporate spices
with a bacterial inhibition rate N75%, indicating that recipes
from hotter regions of the world tend to have higher
bactericidal potential [17].

A side-by-side comparison of the sensitivity of several
bacteria to eight common antibiotics and extracts of garlic and
clove found that the garlic extract displayed bactericidal
activity similar to antibiotics with several Gram-negative
bacteria [40]. Gram-negative bacteria, which have been
studied in relation to herbs and spices, include Escherichia
coli, Salmonella, and Vibrio cholerae. It is relatively well
known that some herbs and spices have antibacterial effects on
a wide range of species while others remain relatively specific
[41]. Liu and Nakano [41] assessed the growth inhibition of
S. aureus, E. coli, Salmonella, V. cholerae, and Bacillus using
three different concentrations (0.5%, 0.2%, and 0.1%) of five
herbs and 17 spices. Overall, herbs and spices tended to inhibit
Gram-positive bacteria more than Gram-negative bacteria
[41]. Based on these findings, further investigation of
potential synergistic effects of herbs and spices when used
in combination, as they are in meals, would be of interest.

The concentration of herbs and spices is important in
these types of studies, as is the varietal and form of the herb
and spice used, due to inherent differences in the types and
amounts of bioactive ingredients contained in the various
varietals and preparations. For instance, garlic did not show
much inhibitory activity in the study of Liu and Nakano [41]
despite extensive literature indicating otherwise [40,42]. Liu
and Nakano postulated that these differences may have been
related to use of dried garlic powder in their study compared
to other studies which relied on other forms of garlic [41].
Essential oils extracted from herbs and spices have displayed
varying bactericidal activity when compared to the known
antimicrobial activity of their primary constituents, which
indicates there may be unknown minor components in the
essential oils with antimicrobial activity, or there may be
synergistic or antagonistic effects between all the bioactive
compounds combined [39,43]. Yano et al. [44] measured the
inhibitory action of several herbs and spices on E. coli and V.
parahaemolyticus and found that Gram-positive bacteria,
which form spores, appear to be more sensitive to herbs and
spices. Yano et al. also found that the antibacterial activity of
spice extracts against Gram-positive species of Bacillus was
enhanced in some, but not all, cases in slightly acidic or salty
conditions [44].

In most cases, the mechanism(s) of action for the
antimicrobial actions of spices are not well understood
[38,45]. Potential mechanisms for the antibacterial action of
herbs and spices include interference with the phospholipid
bilayer of the bacterial membrane resulting in greater
permeability, loss of cellular components, impaired enzyme
systems needed for production of energy and structural
components, and inactivation or destruction of genetic
material [41]. Human studies investigating potential
mechanisms linking the antimicrobial nature of herbs and
spices to the cancer continuum are limited but continued
exploration is warranted since both Gram-positive and
Gram-negative bacteria appear to be affected by herbs and
spices.

Several strains of Helicobacter species (Helicobacter
pylori,H. cholecystus,H. pullorum,H. bilis, and H. hepaticus)
may facilitate the invasion and progression of cancer,
especially in the stomach, liver, gallbladder, and intestine
[37,46]. H. pylori is susceptible to several essential oils, of
which cinnamon bark oil and savory oil were the most
effective bactericial inhibitors, with the minimum bacter-
icidal concentration for each oil in a liquid medium equal
to1 g/L at 1 h and 0.04 g/L at 24 h [39]. Many of the
essential oils with positive bactericidal activity were
effective not only against the P1 strain, but other H. pylori
strains as well, including a strain resistant to the two drugs
which are part of current anti-H. pylori therapies [39]. Garlic
has been associated with low rates of peptic ulceration and
reduced risk for gastric cancer in epidemiological studies;
yet, when garlic oil capsules were given to patients with
dyspepsia related to H. pylori in a pilot test, the garlic oil at
the dose selected based on in vitro studies (4 mg garlic oil
capsule with a meal four times per day for 14 days) did not
eradicate or suppress H. pylori [47]. Consequently, questions
remain regarding the importance of dose–response relation-
ships and the degree of bacterial overgrowth.

3.1.2. Antioxidant actions
In the human body, oxidant–antioxidant balance is

critical because it maintains cell membrane integrity and
functionality, cell proteins, and nucleic acids [48]. In healthy
humans, free radicals, such as reactive oxygen species and
reactive nitrogen species levels are controlled; however, the
concept of oxidative stress hypothesizes that exposure to
adverse physiochemical, environmental, and pathological
agents disrupts the body's natural balance, and if excess free
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radicals are not eliminated by antioxidants, they may damage
crucial extracellular or cellular components. The utility of
antioxidants in disease prevention has been challenged by
negative consequences associated with antioxidant supple-
mentation (vitamin E and selenium) [49]. Examples of
potential damage caused by oxidant–antioxidant imbalance
include impaired cell functions, cell death, impaired
immunity, and DNA damage, which can cause mutations
and ultimately contribute towards the development of
chronic diseases, such as cancer [48,50–52].

Many herbs and spices are the subject of ongoing
scientific investigations related to antioxidant properties
and health. Epidemiological evidence indicates that there is a
correlation between increased dietary intake of antioxidants
and a lower incidence of morbidity and mortality [50]. A
population-based, case-control study in approximately 500
newly diagnosed gastric adenocarcinoma patients and
approximately 1100 control subjects in Sweden found that
the total antioxidant potential of several plant-based dietary
components was inversely associated with gastric cancer risk
[51]. The current body of scientific knowledge consists
primarily of studies which employ one of four different
analytical techniques to measure antioxidant capacity: the
total peroxyl radical trapping parameter assay, the Trolox
equivalent antioxidant capacity (TEAC) assay, the ferric
reducing ability of plasma (FRAP) assay, and the oxygen
radical absorbance capacity (ORAC) assay. The ORAC and
TEAC assays measure the inhibition of free radical action,
and the FRAP assay measures the ability of a sample to
reduce Fe3+ to Fe2+, which does not necessarily match its
antioxidant capacity against free radicals [53]. Cao and Prior
[53] found no correlation between serum ORAC and serum
TEAC or between FRAP and TEAC. Although Cao and
Prior found a weak but significant correlation between serum
ORAC and serum FRAP results, another limitation of the
FRAP assay is that it does not measure low molecular weight
compounds, such as antioxidants which contain thiol groups
(SH) [53]. Furthermore, Pellegrini et al. [54] demonstrated
that between-study comparisons of the antioxidant capacity
of various dietary components are complicated by the use of
multiple analytical methods.

The largest published study to date which tested the
antioxidant activity of foods from a nationally representative
sample evaluated the antioxidant activity in both water-
soluble and fat-soluble fractions of 1,113 food samples from
the USDA's National Food and Nutrient Analysis Program
(NFNAP) using the FRAPmethod [55]. This study found that
of the top 50 foods with antioxidants, the top five were dried
spices (ground cloves, dried oregano, ground ginger, ground
cinnamon, turmeric powder); however, compared to other
categories of food products within this study, herbs and spices
displayed the largest range in antioxidant capacity: 0.803–
125.549 mmol/100 g [55]. Another concern with these
findings is that Halvorsen et al. [55] reported the antioxidant
content as mmol/100 g, and even though data on the
population-level exposure to herbs and spices is lacking, it
would be much more unlikely that a person would consume
similar volumes of herbs and spices as they would other food
categories reported in this study, which were found to contain
lower antioxidant levels but which are generally consumed in
larger quantities on a regular basis, such as cereals and grains
or fruits and vegetables.

A previous study by Dragland et al. [21] also utilized the
FRAP method to assess the antioxidant capacity of 18 fresh
herbs and 38 commercially available dried spices in Norway.
Oregano, sage, peppermint, and thyme contained the greatest
antioxidant capacity for fresh herbs, while cloves, allspice,
and cinnamon contained the highest levels of antioxidant
activity among dried spices [21]. Dragland et al. considered
herbs or spices to be high in antioxidants if they contained
N75 mmol/100 g, whereas N10 mmol/100g was considered
to be a high antioxidant content in the study by Halvorsen et
al. [21,55]. In addition to using different criteria for “high
antioxidant content,” the two studies also demonstrated a
wide range of values for similar spices. For instance, the
measured antioxidant content for chili powder and ground
mustard seed were quite similar between the studies of
Halvorsen et al. [55] and Dragland et al. (10.5 mmol/100 g
and 10.4 mmol/100 g), while the values for ground cinnamon
were found to range from 17.7 mmol/100g in Halvorsen et
al.'s study to 53.0 mmol/100g and 98.4 mmol/100g in
Dragland et al.'s study [21,55]. Dragland et al. reported that
antioxidant content of plants can differ between related
varieties of plants, such as Mexican and Greek oregano, as
well as growing seasons, which may explain some of the
variations in antioxidant content between similar spices in
the two studies [21].

There are different versions of the ORAC assay, some of
which assess the antioxidant capacity in the hydrophilic
fractions of samples, while other versions evaluate both
hydrophilic and lipophilic fractions. Ninfali et al. [56]
measured the antioxidant activity in the hydrophilic fractions
of 15 fresh herbs along with six spices commonly consumed
in Central Italy using the ORAC method. Thyme, sage,
rosemary, and marjoram contained the greatest antioxidant
capacity among the herbs, and among the spices, cumin and
ginger had the highest ORAC scores. A previous study by
Zheng and Wang [57] evaluated the antioxidant activity in
the hydrophilic fractions of 39 fresh herbs (but not spices)
collected in September 2000 from the National Herb Garden
in Washington, DC, USA. The herbs with the highest
reported antioxidant capacity in Zheng and Whang's study
were for Mexican and Greek oregano, marjoram, and dill
[57]. Wu et al. [58] measured the antioxidant capacity of
hydrophilic and lipophilic fractions of 16 dried spices from
NFNAP samples. They found that the lipophilic ORAC
values for four spices (clove, ginger, black pepper, and
turmeric) were higher than the hydrophilic ORAC values,
which indicated the essential oils in these spices contained a
substantial amount of antioxidants [58]. In addition to
differences in antioxidative capacity attributable to hydro-
philic versus lipophilic fractions, Shan et al. [59] suggest that
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some of the variation in antioxidant capacity between studies
may be attributed to genotypic and environmental differ-
ences within species, parts of the plants studied, time of year
the samples were taken (especially for fresh products), and
analytical methods used [59].

Researchers have found a positive linear correlation
between phenolic compounds, primarily phenolic acids and
flavonoids, and the antioxidant capacity of herbs and spices
[57]. Since increases in plasma antioxidant capacity in humans
often greatly exceed the plasma concentrations of flavonoids
or plant phenols following consumption of flavonoid-rich
foods, which are usually in the nM to low μM range, the
significance of these findings is questionable [60]. Further-
more, plasma antioxidant capacity may be affected by other
dietary constituents, such as carbohydrates and fats, which
influence uptake, tissue mobilization, or metabolism. Because
of the limited characterization of the herbs and spices studied
in most cases, flavonoids may act synergistically with other
bioactive food compounds to influence antioxidative capacity
or may influence plasma concentrations of urate and
ascorbate, which are powerful antioxidants [60].

Much remains to be done to understand the mechanisms
of action for antioxidants, their impact on various types of
tumors, the degree to which antioxidants are absorbed from
foods, and what effective concentrations are needed in
humans to reduce oxidative stress at the tissue or cellular
level and how the antioxidant capacity of foods and food
components relates to physiologic events in humans. To
facilitate research in this area, there remains a need to collect
additional data on the antioxidant capacity of herbs, spices,
and their bioactive components from in vivo, in vitro, and
clinical studies and establish more detailed research
databases to serve as a repository for this data from a variety
of disciplines to promote transdisciplinary research and
ultimately aid in fostering new discoveries. Such a database
will become more robust as researchers learn more about the
variation attributed to varietals of similar plants, processing
(e.g., fresh vs. ground preparations, pre and post cooking),
seasonal variation and growing conditions, etc. Databases on
the physical properties of herbs and spices, along with data
on intake levels, would also expand the understanding of the
public health implications of herbs and spices at the
population level, such as the effects of short-term versus
long-term intake.

3.1.3. Inflammation
Since Virchow proposed a connection between inflamma-

tion and cancer in 1863, it has been estimated that
approximately 15% of all cancers are linked to inflammation,
including associations between cervical cancer and the human
papillomavirus; liver cancer and hepatitis B or C; Barrett's
esophagus and esophageal cancer; and chronic inflammatory
bowel disease and colorectal cancer [61]. Inflammation alone
will not cause cancer; mutations and epigenetic events from
environmental exposures or alterations in immunity are also
key contributors in the cancer process [37]. Several proin-
flammatory mediators, such as cytokines, chemokines,
prostaglandins (PGs), nitric oxide (NO), and leukotrienes
disrupt normal signaling cascades within cells which
contributes to the development of neoplasms [62]. In vitro
studies indicate several herbs and spices, or some of their
bioactive components, can inhibit and sometimes induce
several enzyme systems involved in pathways that regulate
the inflammatory and immune response [63].

A depression in inflammation-associated pathways,
especially cyclooxygenase (COX), has been associated
with a reduced risk for breast, colon, lung, pancreatic, and
head and neck cancers. The side effects of nonsteroidal anti-
inflammatory drugs (NSAIDs), such as the risk of cardio-
vascular events and gastrointestinal bleeding, make herbs
and spices potentially appealing alternatives [64]. Areas of
ongoing cancer research include the clarification of the
intracellular signaling mechanisms involved in nuclear
transcription factor κB (NF-κB) activation and the induction
of COX-2 and inducible NO synthase (iNOS), and how they
impact different cell lines and cell types, as well as other
factors within the cellular environment which influence
regulation of the various pathways that influence inflamma-
tion and the cancer process [65]. Cancer is generally
characterized by unusually high iNOS expression and NO
production; thus, the potential for elimination of NO by NO
scavengers and/or compounds which inactivate iNOS by
food components may be a viable prevention strategy.

COX has a critical role in the inflammatory process and
has been shown to contribute to pain, swelling, and
stiffness [66,67]. Likewise, the lipoxygenase (LOX) path-
way produces leukotrienes which, like PGs, are potent
causal pain agents. Curcumin, inhibited COX-dependent
arachidonic acid metabolism by 23%, displayed the
strongest inhibitory effect on the peroxidase activity of
ovine COX-1 with a half maximal inhibitory concentration
(IC50) of approximately 50 μM), and significantly
decreased induced COX-2 expression (20 μM), although
the underlying mechanism remains poorly understood
[68,69]. Very low concentrations of salicylic acid found
in the blood following ingestion of aspirin (10–30-mg doses)
have been shown to suppress COX-2 transcription and are
thought to explain epidemiological observations which link
aspirin use with reduced risk for colon cancer [70]. Similar
serum concentrations of salicylic acid have been found
between people taking salicylate drugs and vegetarians not
taking salicylate drugs, but are lower for nonvegetarians
[71]. Paterson et al. [23] evaluated the salicylate content by
weight of several spices commonly used in Indian cooking
and found that chili powder, paprika, and turmeric contained
N0.1% salicylates, and cumin contained N1.5% salicylates;
they also found that cooked dishes containing these spices
contained pharmacological amounts of salicylic acid which
were biologically available as evidenced by ∼20-fold
increase in urinary metabolite excretion following test meals.

NO is an inflammatory mediator implicated in cancer
development, which has been shown to be inhibited by
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bioactive components within herbs and spices [72,73].
Examples of bioactive compounds in herbs and spices
which can suppress NO activity include carnasol, curcumin,
[6] gingerol, and quercetin [74–76]. The suppression of NO
likely reflects an activation of iNOS [72]. Kim et al. [73]
examined the inhibition of NO in extracts from 48 fresh
plants, several of which were herbs, and observed that
spearmint, basil, parsley, and portions of the garlic plant
exhibited strong total inhibitory activity, which was defined
as an inhibition≥70%. Clove was the only spice tested found
to be a poor candidate for further investigation due to a
cytotoxic effect which was more pronounced than its NO-
suppressing effect when the concentration exceeded 0.4%
[73]. Tsai et al. [72] reported rosemary was superior in
blocking NO formation, followed by decreasing efficacy with
tarragon, cinnamon, oregano, basil, marjoram, allspice, and
thyme. Of the spices tested by Tsai et al. [72], only cinnamon
displayed significant NO-scavenging ability; however, the
scavenging was less than hemoglobin, and thus, its
physiological significance is questionable. Overall, the
ability of herbs and spices to block NO formation appears
to be more physiologically relevant.

NO is closely linked to the NF-κB pathway, which is
often viewed as a “critical component to bridge inflammation
and cancer” [62,66,77]. NF-κB is a redox-regulated trans-
cription factor, normally found in the cytoplasm as part of an
inactive complex, but when it is activated by free radicals,
inflammatory stimuli, carcinogens, tumor promoters, endo-
toxins, and radiation, it moves from the cytoplasm to the
nucleus where it induces the expression of more than 200
genes. These genes not only affect inflammation; they also
are associated with apoptosis, proliferation, and metastasis
[66]. Many of the target genes activated by the NF-κB
pathway are key components for the establishment of many
aggressive cancers [77]. Quercetin has been shown to inhibit
the NF-κB pathway in vivo and in vitro [66,78]. Comolada et
al.[78] found discrepancies between in vivo and in vitro anti-
inflammatory effects in experimental models of rat colitis for
quercetin and its glycosylated form (quercitrin), which is the
form commonly found in the diet which may be due in part to
quercetin's rapid absorption in the upper gastrointestinal
tract before reaching effective concentrations at the target
site, which was the colon. Other inhibitors of the NF-κB
pathway include ursolic acid, gingerol, and curcumin at
concentrations of 100, 5, and 40–60 μmol, respectively
[77,79–81].

Peroxisome proliferator-activated receptors (PPARs) are
transcription factors which belong to the nuclear receptor
gene family. One PPAR subfamily, PPARγ, is thought to be
involved with immune response, specifically by activating
arachidonic acid metabolites [82]. PPARs serve as a link
between proinflammatory cytokines and gene transcription
factors and can influence cellular differentiation, apoptosis,
and inflammation [66]. Liang et al. [82] examined flavonoids
and found that flavones, flavonols, and isoflavones, but not
flavanones and flavan-3-ols, were able to activate PPARγ,
possibly because of the number and position of hydroxyl
residues. Apigenin (a flavone) and kaempferol (a flavanol) in
basil, coriander/cilantro, cumin, rosemary, and thyme
activate PPARγ to inhibit COX-2 expression in a dose-
dependent with a half maximal effective concentration
(EC50) of approximately 5 and 10 μM, respectively [82].
Liang et al. found that a higher concentration (IC50 was 50
μM) was needed to bind to a Gst-PPARγ in an in vitro
competitive binding assay, indicating that flavonoids might
not bind directly to PPARγ [82]. Liang et al. also found a
cytotoxic effect at 20 μM of apigenin in RAW264.7 cells and
a corresponding decrease in PPARγ activation [82].
Quercetin, a known LOX inhibitor, was found to block
keratinocyte differentiation and directly inhibit PPARs and
the expression of PPAR-regulated genes [83].

The NSAID activated gene-1 (NAG-1) protein, which
can be induced by several dietary compounds, also has a
broad range of activities related to inflammation, cancer, and
differentiation and its expression may reduce tumor necrosis
factor (TNF)-α secretion in macrophages and several cancer
cell lines [66]. Components of spices and herbs which
have been demonstrated to up-regulate NAG-1 expression
include capsaicin (10–100 μM), curcumin (0.01–0.1 μM),
and 6-gingerol (10–100 μM) [66].

Unfortunately, human studies using herbs, spices, or their
active components to reduce inflammatory diseases are
limited at this point. Additional information is needed about
the absorption, distribution, and metabolism of herbs and
spices in humans. Nevertheless, a recent pilot study provided
promising findings related to the ability of curcumin to
reduce inflammatory markers in five patients with proctitis,
ulcerative colitis, and Crohn's disease [84]. Holt et al. [84]
administered 360 mg of curcumin as a tablet three times a
day for 1 month, followed by 360 mg four times a day for 2
more months. On completion of treatment, all patients with
proctitis had a reduced number of stools and almost all were
able to decrease or eliminate the need for medications and all
of the participants with limited ulcerative colitis displayed
improvements in their Crohn's Disease Activity Index, C-
reactive protein levels, erythrocyte sedimentation rate, and
serologic indexes of inflammation [84].

3.1.4. Carcinogen bioactivation
Phase I enzymes have an important role in the activation

of procarcinogens; equally important in disease prevention
are the phase II enzymes which are involved in the body's
natural detoxification process and in drug metabolism and
excretion. Some phase I cytochrome P450 (CYP) enzymes
may activate procarcinogens to carcinogens, and some
CYPs may assist with carcinogen removal from the body.
CYP expression does vary between individuals, due in part
to genetic mutations and polymorphisms, along with the
influence of environmental factors, specifically the pre-
sence of inducers and inhibitors [85]. Likewise, poly-
morphisms in phase II enzymes and altered gene
expression patterns of these enzymes are related to the
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response to food components and may therefore influence
cancer risk [86,87].

Compounds in garlic, pepper, rosemary, turmeric, and
cinnamon appear to influence phase I and phase II enzymes
[85,88–90]. Multiple compounds in garlic, such as diallyl
sulfide, diallyl sulfone, and diallyl sulfoxide may be
involved in directly inhibiting CYP2E1 activity [85].
Evidence from piperine, a component of black pepper,
indicates an in vitro and in vivo dose-dependent response in
some phase I enzymatic activity (CYP2B, CYP2C, CYP2E),
although this response does vary by species and route of
administration, in addition to the dose [85]. Debersac et al.
[89] found that water-soluble rosemary extract and essential
oil of rosemary, with a high content of 1,8-cineole (36.1%),
induced CYP2B1 and 2 and multiple phase II enzymes, such
as hepatic glutathione-S-transferases (GST), quinine reduc-
tase (QR), and UDP-glucuronosyl-transferase (UGT), espe-
cially UGT1A6, which are involved in critical detoxification
pathways. The cause of the strong induction of phase II
enzymes remains largely unknown; however, synergistic
effects of a combination of phenolic compounds are thought
to contribute to these findings [89]. Another example of the
widespread effects of herbs and spices comes from the
observations that curcumin inhibited reactions catalyzed by
CYP1A1, 1A2, and 2B1 in rat liver cells and induced phase
II enzymes, especially GSTand QR in the liver and kidney in
rats, human melanoma cells, and GSTP1-1 in K562 and
Jurkat leukemia cells [88]. Shen et al. [91] recently
demonstrated in vivo that curcumin (1000 mg/kg), along
with transporter proteins and oxidative stress genes, could
regulate phase I and II xenobiotic-metabolizing enzyme
genes in mouse liver and small intestine through nuclear
factor erythroid-2 (Nrf2) dependent pathways.

In vitro and preclinical studies using animal models
indicate that herbs and spices potentially affect carcinogen
bioactivation. It is premature to believe that these findings
will translate into strategies for reducing cancer in humans
[36,92]. Additionally, the regulation of phase I enzymes,
such as CYPs, by herbs, spices, and their bioactive
compounds varies significantly depending on the CYP and
the type of herb or spice studied, its dose, route of
administration, target organ, and interspecies variation
[85]. The combination of new in vitro models for mechan-
istic research with the continuing development of new
biomarkers and their increasing inclusion in epidemiological
studies offers the opportunity to determine whether disease
protection mechanisms may be realistic in humans.

3.1.5. Antitumorigenic mechanisms
One of the defining characteristics of cancer is the loss of

controlled growth regulation. Tumorigenesis can be acti-
vated by environmental carcinogens, inflammatory agents,
and tumor promoters which modulate transcription factors,
antiapoptotic proteins, proapoptotic proteins, protein
kinases, cell cycle proteins, cell adhesion molecules, COX-
2, and growth signaling pathways [77]. Some of the most
critical pathways include the NF-κB pathway, receptor
tyrosine kinase receptor (RTK) pathways, the mitogen-
activated protein kinase (MAPK) pathways, inhibition of
COX, and regulation of the cell cycle.

The NF-κB pathway has a central role in the antitumor
properties of many herbs and spices because of the
pathway's involvement in cell survival and proliferation in
many types of malignancies [68,77]. The NF-κB pathway
also promotes the expression of genes involved in angiogen-
esis and growth of invasive cancer cells [93]. Although
curcumin itself does not activate NF-κB, it is a very potent
inhibitor of TNF-induced activation of NF-κB regardless of
whether a low (0.1 nM) or high dose (10 nM) of TNF is
employed [81].

RTKs are involved in tumor pathogenesis when over-
expressed [93]. Turmeric has been identified as a spice that
decreases expression of RTKs such as epidermal growth
factor receptor and HER2 [77]. The activator protein-1
(AP-1) pathway is also linked to growth through regulation,
cell transformation, apoptosis, cellular proliferation, repres-
sion of tumor-suppressor genes, as well as involvement in
the stages of tumor metastasis [77]. Quercetin as well as
curcumin, and capsaicin have been shown to suppress AP-1
activation [77]. Additionally, the MAPK pathways con-
tribute to the development of several types of tumors by
providing proliferation signals to cells [94]. Coriander and
fennel have been found to decrease expression of both
MAPK and c-Jun N-terminal kinase, which is another
component of MAPK pathways [77].

In vitro studies indicate herbs, spices, and their bioactive
components can inhibit, and sometimes induce, pathways
that regulate cell division, cell proliferation, and detoxifica-
tion, in addition to the inflammatory and immune response
[63]. For instance, Shishodia et al. [80] demonstrated that
ursolic acid suppressed TNF-induced expression of genes
regulated by NF-κB (cyclin D1, COX-2, and MMP-9) which
are involved in tumor initiation, promotion, and metastasis.
Cyclin D1 overexpression has been linked with breast,
esophageal, head, neck, and prostate cancers [77]. There are
always concerns about how to interpret in vitro studies
because of issues related to physiologically relevant
concentrations and bioavailability [94,95].

Another study which evaluated the impact of cumin seed
as part of a diet fed to mice in varying concentrations (2.5%
and 5%) found that, compared to controls, those receiving
the low dose of cumin had 28.6% fewer forestomach tumors,
and those consuming the higher dose of cumin had a 35.7%
reduction in tumor incidence rate, although there was no
correlation between cumin intake and hyperplasia or
dysplasia used to calculate uterine cervix cancer incidence
[96]. Saffron, and some of its bioactive components, have
also been shown to possess antitumor activity, but as
observed in the research with cumin seeds, varied responses
to saffron and its bioactive components have been observed
in different types of cultured malignant cells [97]. There has
also been a differential response noted between male and
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female rats with colon adenocarcinomas to crocin (a
compound in saffron), which indicates the potential
involvement of hormonal factors in tumorigenesis [98].

Future research should focus on identifying the key
molecules in the cell signaling network, which are affected
by components of herbs and spices and elucidation of their
mechanisms of action. Clarification regarding which types
of cells respond to various herbs, spices, and their bioactive
components is also needed, as well as further exploration of
the potential for gender-based differences in response.
4. Conclusions

Several issues surface when trying to unravel the health
significance of herbs and spices. The lack of commonly
accepted terminology, lack of standardized spice and herb
extracts and/or preparations, a high degree of variability in the
description of herbal and spice products used in studies along
with inconsistent and/or limited information regarding the
chemical profiles or active ingredients, and the dearth of
clinical interventions raise significant concerns about what is
and is not known.Nevertheless, the evidence to datewith herbs
and spices is intriguing and warrants greater attention. More
attention to exposures needed to bring about a biological effect
and how susceptibility factors including nutrient–nutrient
interactions and genetics influence a response is indicated. The
identification of biomarkers of exposure, effect, and suscept-
ibility will be crucial in identifying those whowill benefit most
from herbs and spices.
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