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Abbreviations

8-OHdG  8-hydroxy-2’-deoxyguanosine

BHT Butylated hydroxytoluene

CAT Catalase

CCSCH  Codex Committee on Spices and Culinary Herbs
CVDs Cardiovascular diseases

DSLD Dietary Supplement Label Database
EFSA European Food Safety Authority
EU European Union

FDA Food and Drug Administration
GABA, y-aminobutyric acid

GAE Gallic acid equivalent

GMP Good Manufacturing Practices
GPx Glutathione peroxidase

GT Green tea

HbAlc Glycosylated hemoglobin

HDL High-density lipoprotein

LDL Low-density lipoprotein
LPO Lipid peroxidation
MPO Myeloperoxidase

SOD Superoxide dismutase
T2DM Type 2 diabetes mellitus
[N United States

VLDL Very-low-density lipoprotein
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Key Points

e Herbs and spices have been widely used from ancient times for both food and medicinal
purposes.

e Some of the health claims for herbs and spices may not have been fully demonstrated, and
more regulations are needed to regulate these claims.

e Trial evidence for the use of herbs and spices has uniformly demonstrated safety, but the
efficacy data are limited by small subject size and short duration trials.

» Efficacy evidence is most robust for the herb green tea and the turmeric spice.

Introduction

Diet and nutrition are important elements in the promotion and maintenance of good health [96]. The
World Health Organization recommends regular consumption of fruits and vegetables, including
herbs and spices, because of their potential to decrease the incidence of several chronic diseases [98].
The Codex Committee on Spices and Culinary Herbs (CCSCH) is responsible for establishing
worldwide standards for spices and culinary herbs in their dried and dehydrated state in whole,
ground, and cracked or crushed form and consulting, as necessary, with other international
organizations in the standard development process to avoid duplication. According to CODEX [22],
herbs come from plant leaves or flowering parts either fresh or dried, and spices come from other parts
of the plant such as roots, stem, bark, seeds, and bulb [94]. They are also usually dried before used. In
some cases, herbs and spices may come from the same plant but from different parts. Herbs and spices
have been widely used for both food and medicinal purposes (Fig. 6.1). In culinary practices, they are
employed as preservatives (antioxidants or antimicrobials), flavor enhancers, colorants, and ingredient
substitution of salt and sugar. Efforts to assess dietary intake of spices and herbs are complicated
because their use is varied and they are consumed in trace amounts together with other foods.

Food applications Therapeutical properties
* Colorant * Cancer
* Flavoring * Cardiovascular diseases
* Preservative * Neurodegenerative disorders
v Antioxidant * Metabolic disorders

v" Antimicrobial

Fig. 6.1 Food applications and therapeutic uses of herbs and spices
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Concentrations of herbs and spices in finished foods frequently fall within the range of 0.5-1% [49].
In medicine, they are used to reduce the risk or treat noncommunicable chronic diseases associated
with oxidative stress and inflammation [76]. Herbs and spices are rich sources of bioactive
phytochemicals such as phenolic compounds, carotenoids, sterols, terpenes, alkaloids, glucosinolates,
and other sulfur-containing compounds, the majority of which have powerful antioxidant capacity.
These phytochemicals seem to be responsible for the therapeutic effect of herbs and spices, and they
provide a variety of health benefits [73] such as anticancer [49], anti-inflammatory [12], antibacterial
[87], antiviral [47], and antioxidant effects [94]. The above statement accounts for the increasing
interest in the health-promoting and protective properties of culinary herbs and spices.

The use of plant ingredients in food products is well established as vegetables and fruits, herbs and
spices, herbal teas and infusions, beverages, and plant food supplements and has steadily increased in
the last decade [17]. Health claims are increasingly appearing on our food, but the food industry is not
allowed to make medicinal claims about food. In the European Union (EU), the discrepancy between
the assessment of medical claims and health claims regarding the use of traditional data made the
Commission of the European Food Safety Authority (EFSA) in September 2010 decide not to con-
tinue with the assessment of health claims for plant and herbal substances, the so-called “botanical”
substances. The Scientific Committee decided alternatively to focus its work first on the safety assess-
ment of botanicals and botanical preparations used as ingredients in food supplements. Since the
Commission and member countries need more time to decide how to assess safety, evaluation of
health claims was deferred. However, there are a few authoritative recommendations regarding the
intake of herbs and spices in existing national dietary guidelines.

Research has begun to identify not only culinary uses but also other potential benefits of spices
and herbs in human health according to that described in Fig. 6.2. Authorized health claims in food
labeling are claims that have been reviewed by the Food and Drug Administration (FDA) or EFSA
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Fig. 6.2 Research steps for the approval of a health claim of herbs or spices
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and are allowed on food products or dietary supplements to show that a food or food component
may reduce the risk of a disease or a health-related condition. Health claims are truthful, clear, reli-
able, and useful to the consumer. Permitted health claims must provide scientific evidence on the
relationship existing between a food category, a food or one of its constituents, and health benefit.

In the past decade, the number of clinical trials involving spices and herbs has increased sixfold
[27]. Clinical trials aim to evaluate a medical intervention in human populations. Before the clini-
cal trial, in vitro laboratory tests and in vivo studies in animals to test potential therapy’s safety
and efficacy are performed. After the success of a clinical trial, the FDA or EFSA may approve the
drug for clinical use and continues to monitor its effects [70]. If a health claim is rejected, further
research and an appeal for resubmission should be conducted. In addition, if a cause-effect rela-
tionship cannot be demonstrated, in some cases a nutrition claim can be included in the label.
Nutrition claims state that a food has particular beneficial nutritional properties in terms of energy
amount, nutrients, or other substances, for instance, “reduced salt” or “high in fiber.” If neither a
health nor a nutrition claim is approved, the herb or spice can still be used as a food ingredient or
additive, but it would not have the corresponding claim indicated on its label. The declaration of
the ingredient on its food label will depend on the legislation in the country in which the product
will be commercialized.

In order to increase our understanding on the mechanisms of action of the potential health-
promoting properties, phytochemicals, their bioactivity, and impact in human health and disease, the
use of the term “phytochemomics” has been proposed as an advanced analytical approach. This mul-
tidisciplinary research field is essential for establishing a cause-effect relationship and authorizing or
rejecting nutrition and health claims made on foods, herbs, and botanicals enriched in phytochemicals
[15]. Therefore, the aim of the present chapter is to review the most significant findings related to the
food applications and therapeutic properties of herbs and spices, focusing on the beneficial effects
reported in clinical trials.

Herbs

Herbs may be defined as the dried leaves of aromatic plants used to impart flavor and odor to foods
with, sometimes, the addition of color [74]. Table 6.1 shows the information regarding the food appli-
cations and therapeutic properties of the 25 most commonly consumed herbs.

Herbs can be consumed in different forms as a condiment in cooking, as beverages, or as
essential oils due to their characteristic chemical composition. Beverages composed from herbs
can be separated into tea or herbal infusions. The common tea is made from leaves of the plant
Camellia sinensis, and four types are produced: white tea, green tea (both unfermented), Oolong
tea (semi-fermented), and black tea (fermented) [42]. Nevertheless, the term herbal infusion
usually refers to infusions made with other herbs, for instance, boldo, feverfew, linden, lemon
verbena, lovage, senna, St. John’s wort, hibiscus, and thyme. Other difference between these
beverages is the temperature of water; in the case of tea, it is usually prepared with boiling water,
while herbal infusions are made with hot water (without reaching boiling point). In general, herbal
beverages constitute an important part of the food culture in countries where traditional medicines
are widely used such as some Asian countries, although their interest and consumption have
increased exponentially in nontraditional regions, such as in many European countries. Due to the
potential beneficial health effects related to tea drinking, there are studies that have determined
and compared the chemical composition of different teas and herbal infusions [40]. Furthermore,
herbs can be used fresh, where their highly delicate aromatic character is best preserved, but the
vast majority of the trade is based on dried herbs. In this sense, herbs are used as natural
preservatives (antioxidant or antimicrobial), colorants, and flavorings in the food industry.
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Table 6.1 Food applications and therapeutic properties of the most consumed herbs
Registered
Food clinical
Herbs Scientific name | Family Tissue applications Therapeutic properties | trials (n)
Basil Ocimum Lamiaceae Leaves | Flavoring, Cancer?®, metabolic 2
basilicum L. antimicrobial | disorders®
Bay Laurus nobilis Lauraceae Leaves | Flavoring, Metabolic disorders®® | 1
colorant
Boldo Peumus boldus Monimiaceae Leaves | Beverage - 0
molina
Borage Borago Boraginaceae Leaves | Antioxidant Cardiovascular 10
officinalis L. diseases’, metabolic
disorders®
Calendula | Calendula Asteraceae Flowers | Flavoring, Cardiovascular 8
officinalis L. Colorant diseases®,
neurodegeneratives
disorders®
Chamomile | Matricaria Asteraceae Flowers | Colorant Cardiovascular 23
chamomilla L. diseases®
Chervil Anthriscus Apiaceae Leaves | Flavoring - 0
cerefolium
Chives Allium Amaryllidaceae | Leaves | Flavoring - 0
schoenosprasum
Feverfew Tanacetum Asteraceae Leaves | Beverage Migraine® 1
parthenium L.
Lemon Melissa Lamiaceae Leaves | Flavoring, Neurodegeneratives 2
balm officinalis L. Antioxidant disorders® ®, metabolic
disorders®®, cancer®,
cardiovascular
diseases®
Lemon Cymbopogon Poaceae Leaves | Flavoring, Cancer* 0
grass citratus beverage
Lemon Aloysia Verbenaceae Leaves | Beverage Neuromuscular 1
verbena citrodora diseases®
Linden Tilia americana | Malvaceae Leaves | Beverage Neurodegeneratives 1
L. disorders®
Lovage Levisticum Apiaceae Leaves | Beverage Urologic diseases® 1
officinale
Marjoram Origanum Lamiaceae Leaves | Flavoring, Respiratory disorders® | 1
majorana antioxidant
Oregano Origanum Lamiaceae Leaves | Flavoring, Metabolic disorders®®, |10
vulgare antioxidant, cardiovascular
antimicrobial | diseases®, sleep
desorders®, respiratory
disorders®
Parsley Petroselinum Apiaceae Leaves | Flavoring Metabolic disorders®, 5
crispum urinary disorders”
Pennyroyal | Mentha Lamiaceae Leaves | Flavoring, 0
pulegium L. beverage
Rosemary Rosmarinus Lamiaceae Leaves | Flavoring, Cancer?®, metobolic 26
officinalis antioxidant, disorders® ",
antimicrobial | cardiovascular

diseases®, respiratory
disorders®, urinary
disorders®

(continued)
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Table 6.1 (continued)

Registered
Food clinical
Herbs Scientific name | Family Tissue applications Therapeutic properties | trials (n)
Sage Salvia officinalis | Lamiaceae Leaves | Flavoring, Metabolic disorders™®, | 10
antioxidant, cardiovascular
antimicrobial | diseases®
Senna plant | Cassia Fabaceae Leaves, | Beverage 0
angustifolia flowers
St. John’s Hypericum Clusiaceae Flowers | Beverage Cancer®, metobolic 38
wort perforatum L. disorders®,
cardiovascular
diseases®, anxiety
disroders®
Tea Camellia Theaceae Leaves | Antioxidant, Metabolic disorders*®, | 396
sinensis L. beverage cancer®®,
cardiovascular
diseases®,
neurodegenerative
diseases®, urinary
disorders®
Thyme Thymus vulgaris | Lamiaceae Leaves | Antioxidant, Metabolic disorders®, 13
antimicrobial | respiratory disorders®

Number of clinical trials registered in ClinicalTrials.gov in November 2018
aPublished human studies of the therapeutic properties of herbs
*Currently ongoing clinical trials studying therapeutic properties herbs

Food Applications
Flavorings

A culinary herb is an edible plant that when consumed in small quantities, provides substantial flavor
and aroma. Fresh or dried leaves from different types of herbs (Table 6.1) can be often used as a food
ingredient in many dishes such as salads, pasta, sausages, soups, marinades, meat, egg, vinegar, even
in desserts, biscuits, and some alcoholic beverages such as liqueurs and wine [13, 94]. Aromatic com-
pounds in herbs are either phenolic or terpene-based compounds. Some important chemical com-
pounds for the flavoring potential of herbs are carvacrol, thymol (in oregano and thyme), and linalool
(in sage and rosemary) [74].

Colorants

Colorants are food additives that add or restore color in foods [71]. They are used to improve the
appearance of foods and to maintain their natural color during processing and storage [60]. Plant-
derived pigments are divided in four groups: green chlorophylls, yellow-orange-red carotenoids, red-
blue-purple anthocyanins, and red betanin. Nowadays, there is increasing interest in the development
of colorants from natural sources, especially in food industries. Color and freshness are the main cri-
teria favored essentially by the social trend toward the consumption of natural products instead of
synthetic ones because of their side effects, toxicity, and allergic reactions [85]. In herbs, the principal
compounds responsible for color are flavonoids which dye in colors from pale yellow (isoflavones)
through deep yellow (chalcones, flavones, flavonols, aurones), orange (aurones) to reds and blues
(anthocyanins) [74].
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Some herbs have been described as natural colorants. Bay leaf has been employed as a food
colorant due to the presence of anthocyanins [61]. The flower of Calendula is normally used as a food
colorant to bring a yellow color due to the presence of carotenoids. The stability of these compounds
during commercial shelf life is very important if the final products have to be attractive and acceptable
[82]. In addition, essential oils obtained from fresh or dried flower heads of chamomile have coloring
properties [28]. However, spices are more commonly used as a source of natural colorants than herbs.

Preservatives: Antioxidants

The Codex General Standard for Food Additives defines antioxidants as food additives that prolong
the shelf life of foods by protecting against deterioration caused by oxidation [35]. Several studies
have proven the excellent preservative capacity of different plant extracts in different food matrices.
Antioxidants, even in low amounts, significantly delay or prevent oxidation reactions of susceptible
ingredients such as lipids [34]. Many herbs are excellent sources of natural antioxidants, and their
antioxidant properties are associated to flavones, isoflavones, flavonoids, anthocyanins, coumarins,
lignans, catechins, and isocatechins [5].

Rosemary, oregano, sage, marjoram, thyme, borage, balm, and tea, among others, are natural
sources of antioxidants (Table 6.1) and are considered as free radical scavengers [30]. Kumar et al.
reviewed the use of herbs in meat and meat products [56]. In this sense, rosemary and oregano extracts
were used in raw pork batters to identify the main antioxidant compounds and their effect on color and
oxidation. Results showed that rosemary extracts had a high antioxidant activity, even more than the
phenol compounds separately. These extracts also showed the highest antioxidant capacity, possibly
due to the presence of high concentrations of carnosic acid and carnosol, among other compounds.
However, ethanol oregano extracts containing high concentrations of phenols, mainly rosmarinic acid,
efficiently prevented color deterioration [38]. Borage has also been added as an antioxidant in fer-
mented sausages [20] and balm in meat products [21]. Sage was effective in controlling lipid and
cholesterol oxidation, minimizing the prooxidant effects of salt, cooking, and storage in chicken meat
[63]. Green tea extract has also been used to protect Turkish dry-fermented sausage (sucuk) against
oxidation during the ripening periods, and it showed more effectiveness than butylated hydroxytolu-
ene (BHT). Green tea extract has shown capacity to scavenge oxygen radicals and to chelate metal
ions [14].

Rosemary extract (E-392) has been classified as a food additive in the EU and in the USA, and it is
the only herb commercially available for its use as an antioxidant. Carnosic acid and its derivative car-
nosol are also used and regulated as key antioxidant compounds in rosemary extracts by the European
Commission [10, 32]. Rosemary leaf extract antioxidant is prepared by solvent extraction (ethanol,
acetone, or ethanol followed by hexane) or supercritical carbon dioxide extraction, which are then
deodorized, decolorized, and standardized. According to the EU regulation, only deodorized rosemary
extracts containing carnosic acid and carnosol are considered additives. Application areas are food
matrices, including oils, animal fats, sauces, and bakery wares, and meat and fish products [10].
Rosemary is known to be a superoxide radical scavenger, lipid antioxidant, and metal chelator [30].

Preservatives: Antimicrobials

There is increasing interest in the antimicrobial properties of herbs and their products to reduce the
occurrence of microbial (bacteria, yeast, fungi) contamination in foods caused by undesirable patho-
genic microorganisms such as Listeria monocytogenes, Escherichia coli O157:H7, Salmonella
typhimurium, Bacillus cereus, and Staphylococcus aureus. Antimicrobial compounds and extracts



72 T. Herrera et al.

improve shelf life of foods and generally minimize pathogens and toxins produced by microorgan-
isms. However, these compounds or their extracts act as antimicrobials in vitro, and to achieve the
same effect in foods, a greater concentration is needed. Only a few food preservatives possessing
antioxidant and antimicrobial properties containing essential oils from rosemary, sage, thyme, oreg-
ano, and basil are already commercially available. They have been used successfully alone or in
combination with other preservation methods. Rosemary hydroalcoholic extract has been effective
against Streptococcus mitis, Streptococcus sanguinis, Streptococcus mutans, Streptococcus sobrinus,
and Lactobacillus casei standard strains, and its antimicrobial activity has been proved in all tests,
except against Streptococcus mitis [89]. Costa et al. [23] have studied the antibacterial activity of
essential oils from oregano against multiresistant bacteria (including Escherichia coli, Listeria mono-
cytogenes, Bacillus cereus, Staphylococcus aureus, Enterococcus faecalis, and Saccharomyces cere-
visiae) [23]. Essential oils from oregano, thyme, marjoram, and basil were also active against strains
of Listeria monocytogenes and Salmonella enteritidis in meat products but were more active against
gram-positive bacteria [90].

Therapeutic Properties

In order to overcome the difficulties of applying the pharmaceutical regulation to herbal medicinal
products in a uniform manner, specific provisions for traditional herbal medicinal products have been
introduced in the EU relating to medicinal products for human use (Directive 2001/83/EC).
Bibliographical or expert evidence to the effect that the medicinal product in question has been in
medicinal use throughout a period of at least 30 years preceding the date of the application, including
at least 15 years within the community, is required for assessing the safety of the medicinal product
[33]. The following section reviews all the clinical trials studying the health-promoting properties of
herbs in metabolic disorders, cardiovascular diseases, cancer, and neurodegenerative disorders.

Metabolic Disorders

Several in vitro studies show antidiabetic properties of herbs, but only a few clinical trials investigating
the effect of herbs on metabolic disorders have been conducted. In a parallel randomized double-blind
clinical trial with 82 patients with borderline hyperlipidemia, the consumption of 3 g of lemon balm
leaf powder per day for 2 months was associated with a significant decrease in mean serum LDL
cholesterol [46].

The effect of bay leaf ingestion for 30 days in men and women over the age of 40 showed reduced
fasting serum glucose, total cholesterol, LDL, and triglycerides compared to the placebo group [53].
Similarly, males and females over 40 years old with controlled type I diabetes consuming 3 g of bay
leaf per day for 4 weeks had reduced serum total cholesterol, LDL, triglycerides and fasting glucose
and had greater serum HDL compared to baseline [3]. These results suggest that bay leaf consumption
may help manage hyperlipidemia.

The potential hypolipidemic effect of consuming oregano extract has also been studied in
humans. Forty-five non-smoking men were divided in three groups: placebo group (mango-orange
juice, n = 15); low phenolic group (mango-orange juice enriched with oregano extract, in which
daily dosage of total phenolic compounds from the extract was 300 mg gallic acid equivalent
(GAE), n = 15); and high phenolic group (mango-orange juice enriched with oregano extract, in
which daily dosage of total phenolic compounds from the extract was 600 mg GAE, n = 15).
Results after 90 min of juice ingestion showed a significant reduction in LDL oxidation in the low
phenolic group [72].
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Sage extract also has beneficial effects on blood lipid profile in humans. In a randomized double-
blind placebo-controlled clinical study, newly diagnosed primary hyperlipidemia patients consumed
a capsule containing 500 mg of sage extract every 8 hours for 2 months. At the end of the study, sub-
jects had lower serum total cholesterol, triglycerides, LDL, and VLDL and increased HDL compared
to both baseline and placebo groups [54]. In another study on healthy female subjects between the
ages of 40 and 50, consumption of sage aqueous infusion twice a day for 2 weeks was associated with
lower plasma LDL, total cholesterol, and greater plasma HDL [83]. In a double-blind, placebo-
controlled trial, 56 obese, hypertensive subjects were randomized to receive a daily supplement of 1
capsule that contained either 379 mg of green tea extract or a matching placebo, for 3 months. Results
showed that a daily supplementation with 379 mg of green tea extract favorably influences blood pres-
sure, insulin resistance, inflammation, oxidative stress, and lipid profile in patients with obesity-
related hypertension [11].

Cardiovascular Diseases

Herbs have been used in patients with congestive heart failure, systolic hypertension, angina pectoris,
atherosclerosis, cerebral insufficiency, venous insufficiency, and arrhythmia [81]. A study regarding
the effect of lemon balm infusion drunk twice a day for 30 days in 55 radiology staff showed that the
activity of superoxide dismutase (SOD), catalase (CAT), and guttation peroxidase (GPx) increased
significantly, but the level of lipid peroxidation (LPO), 8-hydroxy-2’'-deoxyguanosine (8-OHdG), and
the activity of myeloperoxidase (MPO) significantly decreased. Hence, it decreases radiation-induced
oxidative stress biomarkers, and since oxidative stress is related to cardiovascular diseases (CVDs),
lemon balm may have potential in the prevention or treatment of these diseases [103]. The antioxidant
potential of lemon balm infusion may be due to its phenolic compounds, especially phenolic acids
(rosmarinic acid, gallic acid, and ferulic acid), flavonoids (luteolin 7-O-glucoside, quercetin
3-rutinoside, and quercetin 3-O galactoside), and their antioxidant capacity [55]. In another clinical
trial, participants with hypercholesterolemia who consumed 140 mg of lemon grass oil daily experi-
enced a significant drop in mean cholesterol concentrations up to 38 mg/dL, but this trial had no
control group [29]. Hawthorn is an herb used for improving blood flow. The leaves, fruit, and flowers
of hawthorn are widely used in Europe for improving the pumping capacity of the heart and for treat-
ing angina. The major activity of hawthorn is thought to be mediated by various flavonoids. Patients
with congestive heart failure (NY Heart Association class II) who were given 600 mg/day of a haw-
thorn extract had significantly lower blood pressure, heart rates, and less shortness of breath when
exercising compared with subjects not receiving hawthorn [86]. Studies have suggested that green tea
may lower blood cholesterol concentrations and blood pressure and may be effective for the treatment
of hypertension and hyperlipidemia in both patients on medications and healthy subjects [68]. A
double-blind, randomized, placebo-controlled, parallel-group trial studied the effect of daily intake of
a capsule containing 75 mg theaflavin, 150 mg of green tea catechins, and 150 mg of other tea poly-
phenols for 12 weeks on subjects with mild-to-moderate hypercholesterolemia already consuming a
low-fat diet. Results showed that the extract decreased mean serum total cholesterol and LDL by
11.3% and 16.4%, respectively, in treated volunteers compared to the placebo group [64]. Similar
results were recently described in a randomized, double-blind trial with 115 women with central obe-
sity. A high-dose of green tea extract with epigallocatechin gallate (EGCG) at a daily dosage of
856.8 mg resulted in significant weight loss, reduced waist circumference, and a consistent decrease
in total cholesterol and LDL plasma levels without any side effects [18].

Hibiscus tea has demonstrated antihypertensive properties in several clinical trials studies.
Anthocyanin compounds (delphinidin-3-sambubioside and cyanidin-3-sambubioside) were involved in
these effects [41]. Previous studies conducted in hypertensive patients used a higher dose of hibiscus tea
to compare its effects with that of either black tea, for instance, in a sequential randomized controlled
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clinical trial, 60 diabetic patients with mild hypertension were randomly allocated in 2 groups, hibiscus
tea and black tea. In each group, they consumed their corresponding infusion two times per day for one
month. Results showed a significant decrease from 134.4 to 112.7 mm Hg for hibiscus tea consumers
group, and so consuming hibiscus tea had positive effects on blood pressure in type 2 diabetic (T2DM)
patients with mild hypertension [69]. In addition, the first reported placebo-controlled clinical trial in
order to examine the effect of hibiscus tea on blood pressure was described by McKey et al. [66]. In a
randomized study, double-blind, placebo-controlled clinical trial, 65 pre- and mildly hypertensive adults
were distributed in 2 groups, hibiscus tea and placebo group. For 6 weeks, participants consumed daily
a bag of hibiscus tea or placebo (which contain artificial hibiscus flavor). Results showed at 6 weeks of
treatment, hibiscus tea lowered systolic (—7.2 + 11.4 mm Hg) and diastolic (—3.1 = 7.0 mm Hg) blood
pressure compared with placebo, although in the last case this change did not differ from placebo group.
Results suggest daily consumption of hibiscus tea, in an amount readily incorporated into the diet, low-
ers blood pressure in pre- and mildly hypertensive adults and may be an effective component of the
dietary changes recommended for people with these conditions [66].

Chamomile, rosemary, sage, and thyme have high flavonoid contents, and therefore they have an
important role in dietary flavonoid intake, but there is little evidence to support a direct cardiovascular
health benefit from these herbs apart from some epidemiological studies [94].

Cancer

Worldwide, more than 3000 plants have been reported to have anticancer properties. There are several
in vitro studies and rodent in vivo studies suggesting that certain herbs may have a chemopreventive
effect against the early initiating stages of cancer. Herbs containing known anticarcinogenic effects in
animal models of cancer include basil, rosemary, mint, and lemon grass [94]. Nevertheless, limited
data are available concerning the effectiveness of herbal extracts as anticarcinogenic agents in humans
[4]. Experimentally, several medicinal plants and herbal ingredients have been reported to have anti-
cancer effects. Herbs may be able to inhibit carcinogen bioactivation, decrease free radical formation,
suppress cell division, and promote apoptosis in cancerous cells [50].

Green tea is the only herb that has shown clinical evidence for supporting its anticancer effects
[43]. A double-blind placebo-controlled study showed that green tea catechins were safe and effective
for treating premalignant prostate cancer [8]. In contrast, other studies showed that green tea has mini-
mal clinical activity against prostate cancer [19, 48]. Catechins (phenolic compounds) have been
identified as the main active constituents responsible for most of the biological properties of green tea.

Bioactive compounds present in herbs with cancer-preventive properties include terpenes (basil,
marjoram, mint, rosemary, oregano, sage, and thyme), polyphenols, mainly flavonoids compounds
(basil, marjoram, mint, rosemary, oregano, sage, parsley and thyme), and epigallocatechin gallate and
other catechins (green tea) [7, 44, 100, 101].

Neurodegenerative Disorders

Lemon balm has been used traditionally for the treatment of dementia and amnesia, two disorders that
are closely associated with Alzheimer’s disease. A clinical trial of 42 patients during 16 weeks
demonstrated reduction of agitation and improvement in cognitive and behavioral functions after
administration of hydroalcoholic extract of lemon balm (60 drops/day) standardized to contain
500 pg citral/mL (terpenoid compound) [1]. Based on limited data, a proposed mechanism for the
memory-enhancing effects of lemon balm may be attributed to the inhibition of acetylcholinesterase
activity, the stimulation of acetylcholine (nicotinic and muscarinic receptors), and y-aminobutyric
acid (GABA,) receptors, as well as the inhibition of matrix metalloproteinase-2 (MMP-2).
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Spices

75

According to the FDA, spices are defined as “aromatic vegetable substances, in the whole, broken, or
ground form, whose significant function in food is seasoning rather than nutrition.” Table 6.2 shows
the food applications and therapeutic properties of the most consumed spices.

Table 6.2 Food applications and therapeutic properties of the most consumed spices

Registered
Food Therapeutical clinical
Spices Scientific name | Family Tissue applications properties trials (n)
Anise Pimpinella Apiaceae Fruit Flavoring Metabolic disorders*® | 6
anisum
Caraway Carum carvi Apiaceae Fruit Antioxidant Metabolic disorders®, 12
back pain®
Cardamom | Elettaria Zingiberaceae | Fruit Flavoring, Cancer®, cardiovascular | 5
cardamomum antioxidant disease®
Celery Apium Apiaceae Fruit Flavoring Cardiovascular 10
graveolens disease®,
neurodegenerative
disorders®
Cinnamon Cinnamomum Lauraceae Bark Flavoring, Cardiovascular disease® | 58
zeylanicum antioxidant, ® metabolic disorders®
antimicrobial | °, neurodegenerative
disorders®, dental
caries®
Cloves Eugenia Myrtaceae Flower Flavoring, Cardiovascular 15
aromaticum bud antioxidant, disease?, metabolic
antimicrobial | disorders?, cancer®,
dental caries®
Coriander Coriandrum Apiaceae Fruit Flavoring, Cardiovascular 7
sativum antioxidant disease’, metabolic
disorders®
Cumin Cuminum Apiaceae Fruit Flavoring, Metabolic disorders®®, |20
cyminum antioxidant, fungal infection®
antimicrobial
Dill Anethum Apiaceae Fruit Flavoring Cancer®, kidney injury® |16
graveolens
Fennel Foeniculum Apiaceae Fruit Flavoring, Chronic constipation® 4
vulgare antioxidant
Fenugreek Trigonella Fabaceae Fruit Flavoring Metabolic disorders®®, |19
foenum- hypogonadism®
graecum
Garlic Allium sativum | Liliaceae Bulb Flavoring Cancer®®, 54
cardiovascular disease™
b metabolic disorders® "
Ginger Zingiber Zingiberaceae | Rhizome | Flavoring, Cardiovascular 144
officinale antioxidant disease®, metabolic
disorders™®, anxiety®,
psoriasis®
Horseradish | Armoracia Brassicaceae | Root Flavoring Metabolic disorders® 10
lapathifolia

(continued)
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Table 6.2 (continued)
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Registered
Food Therapeutical clinical
Spices Scientific name | Family Tissue applications properties trials (n)
Mustard Brassica nigra, | Brassicaceae | Seed Flavoring, Cancer®, metabolic 5
seed Brassica antimicrobial | disorders®
Juncea,
Brassica hirta
Nutmeg Myristica Myristicaceae | Kernel of | Flavoring, - 0
fragrans the seed | antioxidant
Onion Allium cepa Liliaceae Bulb Flavoring Cardiovascular 29
disease®, metabolic
disorders®®
Paprika Capsicum Solanaceae Fruit Flavoring, Cardiovascular 2
annum colorant disease?, headache®
Pepper, Piper nigrum Piperaceae Fruit Flavoring, Cardiovascular disease® | 119
black/white antioxidant ® metabolic disorders®
Pepper, red | Capsicum Piperaceae Fruit Flavoring Metabolic disorders®, 41
[frutescens neurodegenerative
disorders®
Saffron Crocus sativus | Iridaceae Stigma Colorant Metabolic disorders®, 4
macular degeneration®
Star anise Hllicium verum | llliciaceae Fruit Antioxidant - 0
Turmeric Curcuma longa | Zingiberaceae |Rhizome | Colorant, Cancer™?®, 117
antimicrobial | cardiovascular disease®
b, neurodegenerative
disorders® ", metabolic
disorders*® skin
inflammation®,
osteoarthritis®
Vanilla Vanilla Orchidaceae | Fruit Flavoring Metabolic disorders®, 57
tahitensis osteoporosis®

Number of clinical trials registered in ClinicalTrials.gov in November 2018
“Published human studies of the therapeutic properties of spices
"Currently ongoing clinical trials studying therapeutic properties spices

Food Applications

Flavorings

Flavoring food is one of the most common uses of spices. There is a conventional classification of
spices based on the degree of taste [74]:

* Hot spices: Black, red, and white pepper, ginger, and mustard
e Mild spices: Paprika and coriander

* Aromatic spices: Allspice, cardamom, celery, cinnamon, clove, cumin, dill, fennel, fenugreek,
onion, garlic, and nutmeg

The most important flavor compounds found in culinary spices are eugenol (allspice, cinnamon,
and clove), piperine (black pepper), gingerol (ginger), myristicin (nutmeg), and turmerone
(turmeric) [74].
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Colorants

Paprika (E160c) and curcumin (E100) are the two natural colorants obtained from spices allowed as food
additives in the EU and in the USA [31, 58]. Paprika extract (E160c) is a natural dark red dye obtained by
solvent extraction from the ground fruit pods, with or without seeds, of Capsicum annuum, and it contains
capsanthin and capsorubin as the principle coloring compounds [32]. In both the EU and the USA, paprika
extract (E 160c) is permitted quantum satis, which means that no maximum numerical level is specified
and it shall be used in accordance with good manufacturing practice, at a level not higher than is necessary
to achieve the intended purpose and provided the consumer is not misled [31]. However, for meat prepara-
tions and processed meat, there is an established limit by the European Commission of 10 mg/kg product
[58]. Curcumin (E100) is obtained by solvent extraction of turmeric, the ground rhizomes of Curcuma
longa. Curcumin, which represents about 2—8% of most turmeric preparations, gives turmeric its distinct
color and flavor. A concentrated curcumin powder is obtained by crystallization. The orange-yellow pow-
der consists essentially of curcumins, the coloring principle (1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-
1,6-dien-3,5-dione), and its two desmethoxy derivatives in varying proportions [32]. The EU has
established an acceptable daily intake of curcumin of 3 mg/kg; however, the USA limits the amount of
turmeric used in foods by the good manufacturing practices (GMP) where manufacturers use only the
amount of an additive necessary to achieve the desired result [58].

Preservatives: Antioxidants

Different spices have been studied to preserve different food matrixes. For instance, coriander has
been proven to be efficient as an antioxidant in the control of lipid oxidation in white hake fish meat-
balls during frozen storage [84]. Dwivedi et al. [26] have studied Chinese five-spice ingredients
composed of cinnamon, cloves, fennel, pepper, and star anise alone and in combination in cooked
ground beef. Results showed that all spices and blends reduced rancid odor/flavor in cooked ground
beef. However, the spices did not mask rancid off-flavors but had antioxidant effects [26]. Cooked
ground beef has also been used as a food matrix to study the antioxidant effect and sensory attributes
of individual ingredients (black pepper, caraway, cardamom, chili powder, cinnamon, cloves,
coriander, cumin, fennel, ginger, nutmeg, salt, star anise) of an Indian spice blend (garam masala).
All individual spices of garam masala were effective in maintaining low rancidity levels in cooked
beef during refrigeration in addition to significant reduction of perception of rancid odor and rancid
flavor [97]. The antioxidant properties of spices are due to their chemical composition, especially to
phenolic compounds. In fact, there is a linear relationship between the phenolic and flavonoid content
and the antioxidant capacity of a spice [99]. Most of the antioxidants from spices act by reacting with
free radicals created during the initiation stage of autoxidation or by forming complexes with metal
ions [30].

Preservatives: Antimicrobials

The use of spices as preservatives has been assessed in multiple foods such as meat, fish, dairy
products, vegetables, rice, fruit, and animal food. Spices can exert antimicrobial activity in two
ways: by preventing the growth of spoilage microorganisms (food preservation) and by inhibiting the
growth of those pathogenic (food safety) [36]. Many extracts obtained from spices possess
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antimicrobial activity against a wide range of bacteria, yeast, molds, and viruses due to the presence
of high levels of phenolic compounds. Cumin and clove essential oils inhibited the growth of total
bacteria on meat samples for 15 days at 2 °C [39]. In addition, treatment of raw chicken meat with
extracts of clove, oregano, cinnamon, and black mustard was effective against microbial growth [78].
The addition of turmeric extract (1.5%) to whole gutted rainbow trout can also retard microbial
growth, delay the chemical changes, maintain sensory attributes (texture, odor, color, and overall
acceptance), and extend the shelf life during refrigerated storage [75]. Although the antimicrobial
effects of spices and their derivatives have been tested against a wide range of microorganisms over
the years, their mode of action is still not completely understood. In fact, spices and their essential
oils can contain many different bioactive compounds present in variable amounts.

Bioactive compounds of spices such as terpenes, terpenoids (thymol and carvacrol), and
phenylpropenes (eugenol and cinnamaldehyde) are responsible for their antimicrobial activity.
Terpenes possess lesser antimicrobial activity than the other compounds. Terpenoids exert their
antimicrobial activity by their functional groups (hydroxyl groups and delocalized electrons)
affecting the permeability or disrupting important energy-generating processes leading to cell
death. The antimicrobial activity of eugenol is performed at membrane and protein level and
reacts and cross-links with DNA and proteins. Overall, antimicrobial activity of spices is a syn-
ergistic effect of the combination of all the bioactive compounds present in them [36]. The main
limitation of spices as antimicrobial agents is the need of high amounts of natural compounds
that comprise the organoleptic profile of foods. Therefore, combinations of spices or their pure
natural compounds and additional technologies represent a promising alternative to reduce the
amount of spices used and solve this problem.

Therapeutic Properties

Numerous studies have shown that nutraceuticals derived from spices such as clove, coriander, garlic,
ginger, onion, pepper, and turmeric prevent various chronic diseases by targeting inflammatory path-
ways [57]. Nutraceuticals are natural, bioactive chemical compounds that have health-promoting,
disease-preventing, or general medicinal properties [16].

A recent cross-sectional study carried out in adults living in Midwestern USA concluded that the
majority of participants currently used one or more spices on a daily basis but were unaware of their
potential health benefits [45]. This study also concluded that most participants shared interest in learn-
ing about the health benefits of spices. Therefore, since limited clinical studies have examined the
therapeutic effects of spice-derived nutraceuticals in humans, the aim of this section is to gather and
review all the beneficial effects of spices on human health supported by clinical studies. Table 6.2
shows the most commonly used spices according to the FDA, their proved health-promoting proper-
ties (published clinical trials and currently on going), and the number of registered clinical trials [95].

Metabolic Disorders

Many spices have antioxidant and anti-inflammatory properties and could also have potential
therapeutic properties in diabetes [2]. Only few spices have demonstrated to reduce the glycemic
response in animals and human clinical trials. Cumin, cinnamon, garlic, ginger, onion, and turmeric
have shown antidiabetic properties in human studies [6]. The antidiabetic properties of these spices
involve improving insulin sensitivity, stimulating insulin secretion, decreasing carbohydrate
absorption, increasing peripheral glucose uptake, inhibiting hepatic glycogenolysis, exerting
antioxidant effects, inhibiting hepatic glycogenolysis, and potentiating endogenous incretins [6].
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Cinnamon has the potential to lower blood glucose in animal models and humans. To date, several
randomized controlled studies have studied the effect of cinnamon on T2DM in adults. These studies
have evaluated the effect of cinnamon on glycosylated hemoglobin, fasting plasma glucose, total
cholesterol, LDL cholesterol, and triglycerides [67]. However, the short duration of studies is flawed,;
design has made the available evidence difficult to interpret.

The first randomized double-blind placebo-controlled clinical trial to evaluate the effects of
cinnamon on individuals with T2DM was conducted in 2003. Sixty diabetic patients (30 men and 30
women) received either placebo or 3 different doses of cinnamon powder (1, 3, 6 g/day, respectively)
for 40 days. Cinnamon was found to reduce fasting blood glucose, triglycerides, LDL cholesterol, and
total cholesterol levels [52]. Other clinical study has reported that cinnamon decreased glycosylated
hemoglobin (HbAlc) in 109 patients with T2DM [24].

Fenugreek seeds have been found to diminish hyperglycemia in normal individuals and those with
diabetes in several different clinical trials carried out in the past few years [91]. Fasting blood glucose,
24-h urinary sugar excretion, serum cholesterol, and triglyceride levels were significantly reduced in dia-
betic patients. Clinical symptoms like polyuria, polyphagia, and polydipsia were also improved. These
effects of fenugreek seeds seem to be due to the gum fiber present in them. Inclusion of fenugreek in
amounts of 25-50 g in the daily diet can be an effective supportive therapy in the management of diabetes.
Fenugreek is reported to be absolutely safe for consumption based on a long-term animal study [91].

Ginger supplementation might be considered as a beneficial natural remedy for regulating triglycerides
and LDL cholesterol. The lowering effect of <2 g/day ginger was greater on triglycerides and total
cholesterol [77]. Ginger is a safe, non-expensive, and available traditional remedy with negligible side
effects at usual dosages. However, further long-term studies are needed to confirm these results.

Turmeric is another important spice claimed to possess beneficial hypoglycemic effects and to
improve glucose tolerance in a limited number of clinical studies. Moreover, it has been demonstrated
that turmeric had a synergistic effect with metformin in T2DM in lowering fasting blood glucose.
When T2DM patients received turmeric supplementation with metformin, both fasting blood glucose
and HbA1c levels were significantly reduced as compared to controls treated metformin alone [62].

Cumin supplementation has been found to be more effective than glibenclamide in the treatment
of T2DM. The antihyperglycemic effect of cumin may be due to the protection of surviving pancreatic
f-cells, the increase in insulin secretion, and glycogen storage [9].

The antidiabetic, hypolipidemic, and antioxidant properties of coriander and anise have been
assessed in vivo by the administration of coriander seed powder (5 g/day) to diabetic patients for
60 days. It was found that coriander and anise decreased blood sugar, decreased serum lipids and
lipoproteins, improved HDL, and controlled lipid peroxidation [80].

Clove extracts also improved the function of insulin and lower glucose, total cholesterol, LDL, and
triglycerides in people with diabetes. Thirty-six people with T2DM were given capsules containing 0,
1, 2, or 3 g of cloves per day for 30 days followed by a 10-day washout period. At the end of the
30 days, the diabetic patients who had been taking some level of clove supplementation showed a
decrease in serum glucose, triglycerides, serum total cholesterol, and LDL [51].

Cardiovascular Diseases

Although very few clinical studies regarding the use of spices and cardiovascular diseases have been
performed, Harvard Medical School recommends the use of spices instead of salt and butter in order
to prevent high blood pressure and heart disease. A salty diet may raise blood pressure, increasing
the risk of heart attack and stroke. It has been found that people who enjoy spicy foods (especially
chili peppers) eat less salt and have lower blood pressure than people who prefer less spicy foods.
These findings suggest that gradually adding small amounts of spice to your food may help reduce
use of salt and, therefore, lower blood pressure [37].
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A randomized crossover study has shown that the post meal triglyceride response can be reduced
by the inclusion of a culinary spice blend (black pepper, cinnamon, cloves, garlic, ginger, oregano,
paprika, rosemary, and turmeric) in a high-fat meal by the inhibition of enzymes responsible for lipid
digestion in the small intestine [65]. Post-meal triglycerides are an important indicator of cardiovas-
cular risk and a potential target for therapeutic intervention. These data suggest that the regular inclu-
sion of spices in the diet may help attenuate the effect of large fat loads on cardiovascular risk.

Cancer

There are several spices such as turmeric, garlic, ginger, and black cumin with proven anticarcinogenic
effects in animal models of cancer. These spices have shown chemopreventive effects against different
types of cancers — skin, stomach, pancreas, liver, colon, and oral — in experimental models. Zheng
et al. [104] have reviewed recent studies on some spices for the prevention and treatment of cancers
paying special attention to bioactive components and mechanisms of action. These authors suggest
the potential therapeutic strategy of using spices to prevent or treat cancers [104]. However, cancer-
preventive effects have not been conclusively proven in humans. Bioactive compounds composing
these spices reduce oxidative stress inhibit cell division, promote apoptosis in cancerous cells, and
regulate inflammation contributing to cancer prevention [92].

One of the most studied spices for the application in cancer treatment is turmeric. Curcumin
obtained from turmeric shows antioxidant, anti-inflammatory, and antitumor properties demonstrated
in preclinical and clinical trials. Antitumor activity is proposed to be due to the activation of apoptosis
and inhibition of inflammation, angiogenesis, and metastasis in the tumor microenvironment [25].
There are numerous clinical trials being carried out to allow corroborating the in vitro antitumor activ-
ity of curcumin and its effectiveness as a therapeutic agent in different types of tumors such as: colon,
gastric, cervical, endometrial, breast, pancreatic, prostate, lung, and lymphoma [25]. Consequently,
numerous patents have been developed in connection with the administration and use of curcumin
against different types of cancer.

Garlic has also been studied in a few clinical trials to examine its potential anticancer effects.
Different randomized clinical trials have evaluated the effect of garlic intake on gastric cancer risk. In
one study, patients who received garlic extract had a reduction of risk for all tumors combined by 33%
and the risk for stomach cancer by 52% in comparison with the placebo group [59]. In contrast, find-
ings from another randomized trial involving individuals with precancerous stomach lesions found that
garlic supplementation (800 mg garlic extract plus 4 mg steam-distilled garlic oil daily) did not improve
the prevalence of precancerous gastric lesions or reduced the incidence of gastric cancer [102]. A ran-
domized study in Japan compared the effects of daily high-dose and low-dose intakes of garlic extract
on individuals with colorectal adenomas, and after 12 months, 67% of the low-intake group developed
new adenomas compared with 47% in the high-intake group [93]. Diallyl disulfide and dially] trisulfide
may be the main contributors of the anticancer action of garlic. Garlic compounds may work by mul-
tiple mechanisms, including mutagenesis inhibition, induction of phase II detoxification enzymes, inhi-
bition of DNA adduct formation, affecting the intrinsic pathway for apoptotic cell death, and cell cycle
machinery that may cumulatively contribute to their anticancer activities [92]. Future research is needed
in the clinical assessment of these compounds for the prevention or treatment of cancers in humans.

Neurodegenerative Disorders
Recently, numerous spices, medicinal plants, fruits, and vegetables possessing high antioxidant activity

have received much attention as food supplements to slow the loss of cognitive function with aging and
to protect against Alzheimer’s disease. A 6-month trial examined curcumin’s safety and its effects on
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biochemical and cognitive measures on Alzheimer’s disease. Thirty-three patients were randomly
assigned to receive 1-4 g of curcumin as capsule or powder. A rise of amyloid f,, levels in serum and
a slower disease progression was observed in patients treated with curcumin. This finding indicated
that curcumin disaggregates amyloid f,, deposits in the brain, releasing amyloid By, for circulation and
disposal. In addition, this study found no side effects from curcumin [88]. Not all studies have
demonstrated benefits, although a 12-month randomized, placebo-controlled, double-blind study of
1500 mg/d BiocurcumaxTM showed that most of the benefit was attributed to a significant decline in
the placebo arm at 6 months as assessed by the Montreal Cognitive Assessment [79].

Most of the literature about nutraceuticals derived from spices discusses only curcumin, given that
this spice may have potential against neurodegenerative diseases, owing to its strong anti-inflammatory
and antioxidant properties. However, the potential of many other spices needs also to be explored.
Therefore, more preclinical and clinical studies are urgently needed to fully explore the potential of
spice-derived nutraceuticals as neuroprotective agents.

Conclusion

Herbs and spices have been traditionally used in culinary practices and in traditional medicine for
centuries. Among all the herbs reviewed in this chapter, green tea is the one with the most compelling
evidence for health benefits in humans. Turmeric is the spice with more scientific evidence from human
studies with potential health-promoting properties in cancer, cardiovascular diseases, neurodegenera-
tive disorders, and metabolic disorders. Despite the numerous studies regarding the health properties of
green tea and turmeric, they still have not received neither the FDA nor the EFSA approval to prevent
or treat disease. Daily intake of herbs and spices has the potential to contribute to a better health.
However, there is a need for an increase in research in the mechanism of action (“phytochemomics™)
and clinical trials, to improve the evidence-based regarding the efficacy of most herbs and spices.
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