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Abstract

Spices and herbs have been used in traditional medicine for centuries, with research starting to accumulate on their 
beneficial properties. Of these properties, the immune-enhancing and anti-inflammatory capabilities of many spices 
and herbs have led to promising results. The current review article aims to explore the current research of several 
spices and herbs as immune-enhancers and anti-inflammatory agents. The spices and herbs examined are African 
potato (Hypoxis hemerocallidea), allspice (Pimenta dioica), basil (Ocimum basilicum), black pepper (Piper nigrum), 
chili powders (Capsicum species), clove (Syzygium aromaticum), Devil’s claw (Harpagophytem procumbens), fenu-
greek (Trigonella foenum-graecum), ginger (Zingiber officinale), lavender (Lavandula angustifolia), oregano (Origa-
num vulgare), rooibos (Aspalathus linearis), rosemary/sage (Salvia rosmarinus/officinalis), saffron (Crocus sativus), 
South African geranium (Pelargonium sidoides), and turmeric (Curcuma longa). All the spices and herbs exhibited 
immune-enhancing or immunomodulatory and anti-inflammatory capabilities through various processes. Rooibos 
and oregano had the most contradictory results, with some studies finding pro-inflammatory properties, especially 
at high doses regarding oregano. Turmeric had the most extensive research with positive results.

Keywords: Anti-inflammatory; Immunity; Spice; Herb; Traditional medicine.

1. Introduction

Spices and herbs are hidden gems in the culinary world that may 
have a great impact outside of the kitchen, doing more than just 
pleasing tastebuds but also the body as a whole. Before we talk 
about spices and herbs, we must consider how we got here.

1.1. History

Spice and herb usage has a long history. Archaeological evidence 

dates their usage back to the Paleolithic period, about 60,000 years 
ago. For the following tens of thousands of years, humans con-
tinued to use herbs medicinally. Moving into ancient history, we 
gain further knowledge of herb usage with different cultures culti-
vating different spices and herbs. Written records indicate that the 
Sumerians in Mesopotamia wrote lists of hundreds of medicinal 
plants some 5,000 years ago (Sumner, 2000). Similarly, Ancient 
Egyptians, Indians, Chinese, Greeks, and Romans curated lists of 
medicinal plants. The choice of spice and herb was limited by lo-
cation and availability as it was hard to obtain spices and herbs 
that were not native to the lands inhibited. Although spices were 
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considered a luxury in some countries, people would travel far and 
wide to obtain them.

Trading has been a part of civilization since prehistoric times, 
and there is no exception for spices. Spice trade had a surge with 
the introduction of the Silk Road beginning around 210 BC. The 
Silk Road connected Asia with Persia, the Arabian Peninsula, East 
Africa, and Southern Europe, making trade more feasible. Spice 
trade continued for the following centuries and continues until to-
day but in a much different form. In the 17th century, spices began 
to lose much of their value as India and the Americas began to 
export ample spices due to colonization. Today, spices are seen 
less as a luxury due to their relatively newfound abundance and 
accessibility.

1.2. Traditional functions in society

Spices and herbs have long had a profound impact on many social 
factors, one of which being status. Before the 1600s in Europe, 
the scarcity of spices led to their possession being a status sym-
bol. Once spices became more abundant due to colonization, they 
lost their privilege as a status symbol, and the roles reversed. The 
wealthy stopped spicing their foods as the middle class could now 
afford to.

There are claims that spices were used traditionally as a food 
preservative, but these claims are unsound for several reasons. 
First, spices are ineffective at preservation as compared to salt-
ing, smoking, pickling, or drying food (Freedman, 2008). Second, 
spices were typically expensive and, therefore, it would be imprac-
tical to use them as a food preservative. Finally, old cookbooks do 
not mention using spices as preservatives and suggest they could 
increase spoilage (Krondl, 2008). Although, it has been found that 
some spices have antimicrobial properties (Shelef, 1984). Never-
theless, these reasons refute the idea of the traditional use of spices 
as preservatives. However, the use of spices in hot climates may 
contradict this view as lack of refrigeration in earlier times led to 
their inclusion in food for shelf-life extension.

Aside from their cooking usage, spices and herbs also have a 
rich history with medicinal uses, known as traditional medicine. 
One of the earliest forms of traditional medicine, Ayurveda, came 
from India around 3,000 BC. Ayurveda revolves around balancing 
diet, herbal treatment, disease prevention, and health promotion. 
Some examples of spices and herbs used in Ayurveda are turmeric 
as a treatment for jaundice, basil to protect the heart, mace to treat 
stomach infections, cinnamon to promote blood circulation, and 
ginger for a wide variety of treatments (Tapsell et al., 2006). An-
other early form of traditional medicine comes from China in the 
mid to late 2,000 BC. Spices and herbs served a dual purpose 
for flavouring food and promoting health. Examples of tradition-
al Chinese use of spices and herbs as medicine are ginseng for 
improving stamina and ginkgo biloba for cognitive performance 
(Tapsell et al., 2006). There are plenty of other examples of tra-
ditional medicinal use across cultures, such as ancient Egypt, an-
cient Greece, and Africa from 5,000 BC to the current day. The 
use of spices and herbs as medicine is becoming acknowledged 
in modern science.

1.3. Biological relevance

Spices and herbs differ based on the part of the plant they origi-
nate. A spice is a dried part of a plant, such as a seed, fruit, root, or 
bark, while an herb is a fresh part of a non-woody plant, such as the 
leaves, flowers, or stems.

For the plant, bioactive compounds present in spices can act 
as both an attractant and a deterrent to aid their proliferation. The 
desire for spices is not exclusive to humans. Bugs are commonly 
found in household spices, such as paprika and cayenne, and fish 
are attracted to allspice (Harada, 1990). Having organisms attract-
ed to the plant can help in seed distribution to continue the plant’s 
life cycle. Contrarily, spices also act to deter organisms through 
unpleasant flavors. An example of a deterring spice is capsaicin, 
found in chili peppers, which gives a burning sensation when eat-
en. The painful sensation from capsicum consumption is almost 
ubiquitously avoided by mammals, with the only known mammals 
seeking them out being humans and tree shrews (Han et al., 2018). 
While having fewer mammals aiding in seed distribution seems 
like an evolutionary mistake, there is a purpose. The reason is that 
mammals are worse seed distributors than birds, which unaffected 
by spices such as capsaicin (Norman et al., 1992). Having only 
birds consuming the spice, and consequently the seed, aids in the 
distribution and plant proliferation. Also, various spices have anti-
microbial properties that slow microorganism growth and reduce 
toxin production (Sherman and Flaxman, 2001). Microorganism 
reduction can help the plant to survive and grow, as well as being 
beneficial to the consumer of the plant.

The bioactive properties of spices and herbs are frequently as-
sociated with their most abundant bioactive compound(s) (Table 
1).

1.4. Immune system and enhancers

To talk about immune enhancers, we must first ask what the 
immune system is. The immune system is a network of cells, 
tissues, and organs that work together to stop bodily infections 
and diseases. There are two divisions of the immune system: 
innate immunity and adaptive immunity. Innate immunity in-
cludes aspects of the immune system that are indiscriminate in 
their foreign targets, such as physical barriers and macrophages. 
Adaptive immunity is parts of the immune system with specific 
targets, such as B and T lymphocytes. Together, the innate and 
adaptive immunities are complementary, interacting to neutralize 
potential threats.

Since the immune system has an instrumental role in health, be-
ing able to boost it could be useful in improving health. Some life-
style factors for enhancing the immune system include avoiding 
smoking, getting sufficient sleep, minimizing stress, and practicing 
hygiene. Aside from lifestyle changes, some supplements and rem-
edies boast the ability to enhance the immune system. While some 
supplements alter components related to immune system function, 
there is debate on if they are effective in protecting the consumer 
from infection and disease. Nevertheless, the immune system may 
benefit from supplement consumption that affects components of 
the immune system. Spices and herbs have grown in popularity as 
immune enhancers. A summary of immune-enhancing properties 
of select spices and herbs is seen in Table 2.

1.5. Inflammation

Inflammation is a natural response in reaction to injury and disease 
caused by the immune system. There is a healthy level of inflam-
mation necessary to combat and heal from injury or disease. Is-
sues arise when inflammation runs rampant, causing the immune 
system to hurt the body more than it heals. Inflammation occurs in 
the event of an injury where the damaged cells produce signaling 
chemicals, including histamine, bradykinin, and prostaglandins, 
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that serve three purposes. The first is vasodilation: where there are 
a few seconds of vasoconstriction followed by vasodilation, re-
sulting in increased blood flow to the affected area. The increased 
blood flow causes the slowing and inactivation of red blood cells 
involved in blood clotting. Another is increased vascular perme-
ability, which allows large proteins, such as serum albumins, to 
go through the blood vessels into the tissues. The last is that they 
attract immune cells, named neutrophils. These neutrophils loosely 
bind and then squeeze through endothelial gaps to migrate to the 
site of injury for phagocytosis, or destruction of, the damaged cell, 
effectively removing the threat. Macrophages then enter the tissue 
to dispose of the dead neutrophils and cellular debris (Aderem and 
Underhill, 1999).

The five classic signs of inflammation are redness, swelling, 
heat, pain, and loss of function. There are two kinds of inflamma-
tion, acute and chronic. Acute and chronic inflammation differ by 
severity and prolongation. Acute inflammation is typically short-
term in response to injury or illness and is usually more severe than 
chronic inflammation. Contrarily, chronic inflammation is a more 
prolonged and typically less severe form of inflammation that can 
occur without the stimulation of injury or illness and does not 
necessarily end once healed. Prolonged inflammation can lead to 
many health conditions, such as atherosclerosis, cancer, and heart 
disease (Libby et al., 2002, Coussens and Werb, 2002, Haught et 
al., 1996).

To combat these diseases, anti-inflammatory agents may prove 
useful. Anti-inflammatory agents inhibit the inflammatory re-
sponse. Examples of anti-inflammatory drugs are non-steroidal 
anti-inflammatory drugs (NSAIDs). NSAIDs lessen the inflamma-
tory response by blocking the production of prostaglandins by cy-
clooxygenase (COX) enzymes in the pathway (Weissmann, 1987). 
Similarly, aspirin is a drug that also blocks prostaglandin produc-
tion. Corticosteroid drugs, on the other hand, suppress genes asso-
ciated with inflammation (Barnes, 2006). While drugs effectively 
reduce inflammation, spices and herbs may be a natural alternative 
with similar effects. A summary of the anti-inflammatory activity 

of select spices and herbs is seen in Table 3.

1.6. Other considerations

The effects of spices and herbs can be diverse. It is important to 
consider negative properties, such as cytotoxicity and drug inter-
ference, so that spices and herbs can be properly administered. 
Contrarily, spices and herbs may have utility aside from promoting 
health themselves, such as bioenhancing. Some additional proper-
ties of select spices and herbs are seen in Table 4.

1.7. Scope of selection

The spice and herbs selected in this review have either culinary 
popularity or have significance in traditional African medicine (i.e., 
African potato, rooibos, Devil’s claw, and South African geranium).

1.8. Goals

Since the antioxidative properties of spices and herbs have al-
ready been established well, we aim to determine if spices and 
herbs also have a role as immune enhancers and as anti-inflam-
matory agents.

2. African potato (Hypoxis hemerocallidea)

2.1. Introduction and source

Hypoxis hemerocallidea is commonly known as African potato but 
has other names such as African star grass, star lily, magic muthi, 
and yellow stars. African potato is native to southern Africa, with 
its habitat ranging from South Africa to Mozambique and Zim-

Table 1.  Main bioactive compound of select spices and herbs

Spice/herb Main bioactive compound Reference

African potato (Hypoxis hemerocallidea) Hypoxoside and rooperol Zimudzi, 2014

Allspice (Pimenta dioica) Eugenol Zhang and Lokeshwar, 2012

Basil (Ocimum basilicum) Linalool Radulović et al., 2013

Black pepper (Piper nigrum) Piperine Lee et al., 2020

Chili powders (Capsicum species) Capsaicin Barceloux, 2009

Clove (Syzygium aromaticum) Eugenol Neveu et al., 2010

Devil’s claw (Harpagophytem procumbens) Harpagoside and harpagide Williams, 2013

Fenugreek (Trigonella foenum-graecum) Trigonelline and 4-hydroxyisoleucine Singh et al., 2020

Ginger (Zingiber officinale) Gingerols, shogaols, and paradols Mao et al., 2019

Lavender (Lavandula angustifolia) Linalyl acetate and linalool Chen et al.,, 2020

Oregano (Origanum vulgare) Thymol and carvacrol Singletary, 2010

Rooibos (Aspalathus linearis) Aspalathin Hoosen, 2019

Rosemary/sage (Salvia rosmarinus/officinalis) Carnosic acid, carnosol, and rosmarinic acid Kontogianni et al., 2013; Ali et al., 2019

Saffron (Crocus sativus) Crocin, picrocrocin, and safranal Khorasany and Hosseinzadeh, 2016

South African geranium (Pelargonium sidoides) Gallic acid Kayser et al., 2001

Turmeric (Curcuma longa) Curcumin Sahne et al., 2017
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Table 2.  Immune-enhance properties of select spices and herbs

Spice/herb Summary of research Model Reference

African potato 
(Hypoxis 
hemerocallidea)

No distinction between immune-
enhancing capabilities and anti-
inflammatory properties

N/A N/A

Allspice (Pimenta 
dioica)

Increased serum albumin, globulin, 
and myeloperoxidase levels

Mozambique tilapia Güllü et al., 2016; Yilmaz 
and Ergün, 2014

Decreased mortality

Increased leukocutes and hemoglobin Mouse Nayak and Abhilash, 2008

Basil (Ocimum 
basilicum)

Increased number of antibodies 
created against a bird disease 
and infectious bronchitis

Broiler chicken Jahejo et al., 2019; 
Mohammed et al., 2017

Decreased IL-4 and IgE concentrations Rat Eftekhar et al., 2019; Kaur et al., 
2018; El-Ashram et al., 2017Stabilized mast cells

Non-specific immune response

Black pepper 
(Piper nigrum)

Black pepper oil (no piperine) 
increased IgM and IgG levels

Rabbit Abdelnour et al., 2018

Piperine inhibited IgM secretion and 
antigen presentation B lymphocytes

Mouse Bernardo et al., 2015; 
Soutar et al., 2017

Chili powders 
(Capsicum species)

Increased the immune response 
and increased response to induced 
delayed-type hypersensitivity

Mouse Viveros-Paredes et al., 2021

Increased IFN-γ production and 
release from lymphocytes

Human cell 
line MG-63

Jin et al., 2016

Pre-treatment protective against 
experimental autoimmune neuritis

Rat Motte et al., 2018; Grüter et al., 2020

Clove (Syzygium 
aromaticum)

Reduced immune cell counts in response 
to immunostimulatory agents

Mouse Dibazar et al., 2014; Bereswill et 
al., 2021; Chniguir et al., 2019

Eugenol reduced B cell proliferation 
and inhibited an immune inhibitor

Saraphanchoiwitthayaet et 
al., 2019; Ding et al., 2018

Increased immune cells and Ig 
with bacterial or no challenge

Mouse and 
broiler chicken

Wael et al., 2018; Mahrous et al., 
2017; Al-Mufarrej et al., 2019

Devil’s claw 
(Harpagophytem 
procumbens)

Immunostimulant with decrease 
IL-21 and IL-23 secretion

Human cell line THP-1 Cholet et al., 2019

Increased leukocyte transmigration protein 
mRNA expression in inactivated cells

Schopohl  et al., 2016

Fenugreek (Trigonella 
foenum-graecum)

Increased IgM levels Fish Moustafa et al., 2020; Yu et al., 2019

Improved lysozyme activity, increased 
protease activity, and increased 
complement component 3 levels

Moustafa et al., 2020; Yu et al., 
2019; Guardiola et al., 2018

No effect on antibody titer Hen and broiler 
chicken

Samani et al., 2020; 
Laudadio et al., 2020

Ginger (Zingiber 
officinale)

Increased globulin, lysozyme, and Ig levels as 
well as erythrocyte and leukocyte numbers

Fish Talpur et al., 2013; Mohammadi 
et al., 2020; Kanani et al., 2014; 
Sukumaran et al., 2016

Increased bactericidal, phagocytic, and 
lysozyme activities but nonsignificant 
change in Ig and globulin

Hen and broiler 
chicken

Qorbanpour et al., 2018; Elmowalid 
et al., 2019; An et al., 2019

Decreased T-bet gene, increased 
erythrocytes, and IgM, and unaffected NF-κB

Clinical trial Aryaeian et al., 2019; Mahassni and 
Bukhari, 2019; Honarvar et al., 2019

(continued)
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babwe. While known as African potato, the plant is not related to 
the staple food root vegetable and is part of the lily family. The 
corms, an underground storage organ of the plant, are used for the 
African potato’s activities. Usage of the corms may lead to over-
harvesting. Crucially, the leaves are not a viable alternative as they 
lack phytochemicals and bioactive similarities, leading to the im-
portance of corm preservation (Katerere and Eloff, 2008). Nev-
ertheless, the African potato has been used in traditional African 
medicine for centuries to treat many ailments.

2.2. Current uses

Some of the medical conditions African potato is used to treat are 

urinary tract disorders, prostate problems, cancers, lung diseases, 
human immunodeficiency virus (HIV), and acquired immunode-
ficiency syndrome (AIDS). Of these, African potato is most used 
to treat HIV and AIDS, although there is little evidence supporting 
its effectiveness. The bioactive compounds in African potato affect 
cytochrome P450 activity, which is the same target as antiretro-
viral drugs, resulting in possible drug effectiveness interference 
(Mills et al., 2005).

2.3. Bioactive compounds

The bioactive compounds present in African potato are terpenoids, 
saponins, tannin, reducing sugars, phytoglycosides, and sterols 

Spice/herb Summary of research Model Reference

Lavender (Lavandula 
angustifolia)

Activated both the innate and adaptive 
response through the complement 
system, whole blood phagocytes, 
neutrophils, macrophages, and Peyer’s 
patches immunocompetent cells

Human cell lines 
and mouse

Georgiev et al., 2017a

Stimulated phagocytes, cytotoxic 
T-cells, and regulatory T-cells

Georgiev et al., 2017b

Increased TGF-β expression Rat Mori et al., 2016

Anticancer and antiproliferative activity 
through increased cancer cell death

Human cell lines Gezici, 2018

Oregano (Origanum 
vulgare)

Increased lysozyme, protease, 
and bactericidal activity

Fish Zhang et al., 2020; Beltrán et al., 2020; 
Espirito Espirito Santo et al., 2018; 
Mabrok and Wahdan, 2018; Shourbela 
et al., 2021; Rashidian et al., 2021

Increased specific Ig Broiler chicken Galal et al., 2016; 
Franciosini et al., 2016

Rooibos (Aspalathus 
linearis)

May increase pro-inflammatory 
cytokine IL-6 to stimulate hepatocytes, 
however no conclusion can be made

Mouse cell line RAW 
264.7 and human 
white blood cells

Hendricks and Pool, 2010; 
Hoosen and Pool, 2019

Rosemary/sage (Salvia 
rosmarinus/officinalis)

Conflicting results on if rosemary/
sage increases specific Ig

Mouse and 
broiler chicken

Rasouli et al., 2020; Rostami et 
al., 2018; Al Sheyab et al., 2012

Augmented innate immunity Goat Shokrollahi et al., 2015; Naiel et 
al., 2020; Yousef et al., 2020

Saffron (Crocus 
sativus)

Wide range of immunomodulatory 
effects including inhibited leukocyte 
infiltration, decreased serum IgM 
concentration, decreased microglia, 
and modulating Th1/Th2 balance

Mouse and human 
peripheral blood 
mononuclear cells

Feyzi et al., 2016; Fernández-Albarral 
et al., 2019; Boskabady et al., 2020

South African 
geranium 
(Pelargonium sidoides)

Activated macrophages Mouse cell line L929 Kayser et al., 2001

Increased IgG and IFN-γ Cow Seckin et al., 2018

Protective against acute bronchitis, 
as well as reducing symptom 
severity and disease duration

Mouse, rat, 
and human

Bao et al., 2015; Kamin et al., 2010

Increased neutrophil, Th17, and Th22 
cells through the MAPK pathway

Human monocytes Witte et al., 2015

Turmeric (Curcuma 
longa)

Immunomodulatory properties 
for a variety of diseases

Clinical trail Abdollahi et al., 2018; Bose et al., 2015

IFN, interferon; Ig, immunoglobulin; IL, interleukin; MAPK, mitogen-activated protein kinase; NF-κB, nuclear factor kappa-B; TGF-β, transforming growth factor-beta; Th1, T helper 
type 1; Th17, T helper type 17; Th2, T helper type 2

Table 2.  (continued)
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Table 3.  Anti-inflammatory activity of select spices and herbs

Spice/herb Summary of research Model Reference

African potato (Hypoxis 
hemerocallidea)

Improvement in allergic rhinitis Human Matyanga et al., 2020

Inhibited IL-6 and TNF secretion

Inhibited NO synthase 
and NF-κB activity

Human and mouse 
cell line RAW 264.7

Zulfiqar et al., 2020

Allspice (Pimenta 
dioica)

Inhibited COX-2 production 
and the NF-κB pathway

Mouse cell line RAW 
264.7 and human 
cell line HeLa

Zhang and Lokeshwar, 2012

Inhibited blood vessel proliferation Rat and mouse Al-Rehaily et al., 2002

Antitumor activity against 
breast cancer

Mouse Zhang et al., 2015

Basil (Ocimum 
basilicum)

Dose-dependent anti-
inflammatory IL-10 production

Human leukocytes Güez et al., 2017

Decreased phospholipase A2 
and serum total protein levels

Rat Eftekhar et al., 2019

Higher anti-inflammatory 
activity than aspirin

Egg albumen 
denaturation

Osei Akoto et al., 2020

Significantly reduced edema Mouse Rodrigues et al., 2016

Black pepper 
(Piper nigrum)

Reduced pro-inflammatory 
cytokines IL-1β, TNF-α, IL-
6, and prostaglandin E2

Mouse, BV2 microglia 
cells, mouse cell line 
ATDC5, and rat

Reynoso-Moreno et al., 2017; Wang-sheng et 
al., 2017; Ren and Liang, 2018; Pei et al., 2020; 
Mao et al., 2017; Viswanadha et al., 2020

Inhibited macrophage 
inflammation in pancreatic islets

Mouse Yuan et al., 2021

Treated allergic inflammatory 
through major T helper cell groups

Mouse Bui et al., 2017; Bui et al., 2019

Chili powders 
(Capsicum species)

High doses lowered the 
pro-inflammatory cytokines 
TNFα, IFN-γ, IL-1β, and IL-6

Rat, human colon 
carcinoma cell 
lines, and mouse

Motte et al., 2018; Bessler and 
Djaldetti, 2017; Xu et al., 2017; Kang 
et al., 2017; Zhang et al., 2019

Contradicting effects on anti-
inflammatory cytokine IL-10

Human cell lines 
and mouse

Bessler and Djaldetti, 2017; Kang et al., 2017

Increased anti-inflammatory 
cytokine IL-4

Rat Motte et al., 2018

Unclear if TRPV1 is the pathway 
used for anti-inflammatory 
properties, p38MAPK and colonic 
cannabinoid receptor type 1 
pathways were proposed

Rat and mouse Xu et al., 2017; Kang et al., 2017

Clove (Syzygium 
aromaticum)

Reduced paw edema Rat Marmouzi et al., 2019; Saeed et 
al., 2017; Humbal et al., 2019

Reduced pro-inflammatory 
markers CRP, COX-2, IL-
6, TNF-α, TGF-β, and 
epidermal growth factor

Jose et al., 2017; Abdelrahman et al., 2018

Eugenol reduced ear edema and 
proinflammatory cytokines

Mouse, rat, 
IPEC-J2 cell line

Tsai et al., 2017; de Araújo Lopes 
et al., 2018; Kumar et al., 2021; Ma 
et al., 2018; Hui et al., 2020

Devil’s claw 
(Harpagophytem 
procumbens)

Strong inhibition of COX-2 Human serum 
and mouse cell 
line RAW 264.7

Gyurkovska et al., 2011; Rahimi et 
al., 2016; Fiebich et al., 2012

(continued)
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Spice/herb Summary of research Model Reference

Reduced pro-inflammatory 
cytokines IL-1β, IL-6, and TNF-α

Mouse cell line 
RAW 264.7

Inaba et al., 2010

Inhibited IL-6 production Human serum and 
chondrocytes

Gyurkovska et al., 2011; Haseeb et al., 2017

Fenugreek (Trigonella 
foenum-graecum)

Reduced pro-inflammatory 
cytokines TNF-α, IL-1β, and IL-6

Mouse and rat Zhou et al., 2020Liu, 2019; Khound et al., 
2018; Piao et al., 2017; Sindhu et al., 2018; 
Nagamma et al., 2021; Yu et al., 2019

Reduced paw edema Cheurfa et al., 2021; Sindhu et al., 2018; 
Pournamdari et al., 2018; El-Taib et al., 2020

Increased anti-inflammatory 
cytokines IL-10, IFN-γ, and TGF-β

Mouse Liu, 2019; Piao et al., 2017

Ginger (Zingiber 
officinale)

Decreased pro-inflammatory 
cytokines TNF-α, IL-1β, IL-6

Clinical trial, rat, 
and mouse

Al Hroob et al., 2018; Çifci et al., 2018; 
Kim et al., 2018; Kim and Kim, 2018; 
He et al., 2019; Mozaffari-Khosravi 
et al., 2016; Askari et al., 2020

Broad anti-inflammatory response 
exhibited through reduced 
monocyte chemoattractant 
protein-1, CRP, NF-κB subunit 
p65, COX-2, and iNOS

Kim et al., 2018; He et al., 2019; Askari et al., 
2020; Hsiang et al., 2015; Hamza et al., 2021

Lavender (Lavandula 
angustifolia)

Decreased the expression of 
pro-inflammatory cytokines 
TNF-α and IL-1β

Common carp, 
rat, and mouse

Yousefi et al., 2020; Aboutaleb et al., 2019; 
Souri et al., 2019; Chen et al., 2020

Significantly increased the 
expression of the anti-
inflammatory cytokine IL-10

Reduced the pro-inflammatory 
expression of NF-κB and COX-2

Mouse Chen et al., 2020; Cardia et al., 2018

Increased anti-inflammatory 
cytokine TGF-β

Common carp Yousefi et al., 2020

Oregano (Origanum 
vulgare)

High doses have pro-inflammatory 
properties while lower doses have 
anti-inflammatory properties

Pig and rat Cappelli et al., 2021; Rivera-Gomis et 
al., 2020; Sharifi-Rigi et al., 2019

Rooibos (Aspalathus 
linearis)

Mixed results on whether 
rooibos is anti-inflammatory 
or pro-inflammatory

N/A N/A

Rosemary/sage (Salvia 
rosmarinus/officinalis)

Decreased pro-inflammatory 
cytokine production

Mouse Yousef et al., 2020; Farahpour et al., 2020

Limited recent research (<5 years) N/A N/A

Saffron (Crocus sativus) Clinical trials often show no 
anti-inflammatory effects

N/A N/A

South African geranium 
(Pelargonium sidoides)

Decreased pro-inflammatory 
molecules from fibroblasts, 
leukocytes, and macrophages

Human cell lines Jekabsone et al., 2019

Modulated chemokines Human Perić et al., 2020

Turmeric (Curcuma 
longa)

Extensive anti-inflammatory or 
neutral properties supported 
by many clinical trials

Clinical trail N/A

COX, cyclooxygenase; CRP, C-reactive protein; IFN, interferon; IL, interleukin; iNOS, inducible nitric oxide synthase; NF-κB, nuclear factor kappa-B; NO, nitric oxide; TGF-β, trans-
forming growth factor-beta; TNF, tumor necrosis factor; TRPV1, transient receptor potential vanilloid 1

Table 3.  (continued)
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(Zimudzi, 2014). One of the bioactive compounds attributed to Af-
rican potato’s medicinal activity is hypoxoside, a glycoside prod-
uct. Hypoxoside is a prodrug that is oxidized by β-glucosidase to 
form rooperol, an aglycone. The enzyme β-glucosidase is found 
in the gastrointestinal tract, released by cancer cells in tumor tis-
sues, and released by the activation of macrophages in inflamma-
tory sites (Albrecht, 1996). The phytosterols within African potato 
include β-sitosterol (BSS), β-sitosterol glucoside (BSSG), camp-
esterol, and stigmasterol, with BSS and BSSG being most studied 
(Bouic, 2001).

2.4. Immune-enhancing properties

The immune-enhancing capability of African potato is attributed to 
its anti-inflammatory activity, in which there is little distinction in 
the literature. Ling and Jones (1995) reported an improvement in 
allergic rhinitis and sinusitis after 12 weeks of BSS/BSSG admin-
istration, believed to be a result of cytokine profile changes. The 
cytokine changes caused by BSS and BSSG are inhibition of inter-
leukin (IL)-6 and tumor necrosis factor (TNF) secretion, leading to 
anti-inflammatory effects (Matyanga et al., 2020). BSS and BSSG 
have also been used in HIV treatment resulting in a favourable T 
helper type 1 (Th1) cell response (Bouic, 2001). Phytosterols as a 
class of molecules have been shown to have immune-modulating 

properties in vitro (Saeidnia et al., 2014).

2.5. Anti-inflammatory properties

Rooperol, one of the main bioactive compounds in African potato, 
has been shown to have potent anti-inflammatory abilities through 
reactive oxygen species (ROS) and nitric oxide (NO) production 
(Boukes and van de Venter, 2012). Contrarily, three hypoxhemero-
losides and one obtuside from African potato were shown to inhibit 
nitric oxide production in lipopolysaccharide (LPS)-stimulated 
macrophages (Zulfiqar et al., 2020). Nevertheless, these same 
glucosides in the ethyl acetate extract inhibited nitric oxide syn-
thase and nuclear factor kappa-B (NF-κB) activity (Zulfiqar et al., 
2020). The exact mechanisms behind the medicinal effects of Afri-
can potato compounds remain unknown.

2.6. Recent advancements

Gold nanoparticles are used as a catalyst for biological reactions 
and have gained much attention as a means as an anticancer and 
antibacterial material. The effects of gold nanoparticles have been 
combined with African potato extract and hypoxoside to enhance 
the protective effects. The four gold nanoparticle treatments syn-

Table 4.  Other important considerations for the listed spices and herbs

Spice/herb Property Reference

African potato (Hypoxis hemerocallidea) Possible HIV/AIDS drug interference Mills et al., 2005

Allspice (Pimenta dioica) N/A N/A

Basil (Ocimum basilicum) Dose-dependent cytotoxic effects 
against Hep-2 and HeLa cell lines

Kathirvel and Ravi, 2012

Black pepper (Piper nigrum) Application as a bioenhancer, increasing the 
bioavailability of other therapeutic agents

Tiwari et al., 2020

Chili powders (Capsicum species) Low doses of capsaicin may be responsible 
for cancer-promoting effects, whereas high 
doses are observed with cancer-inhibition

Lin et al., 2018; Chen et al., 2021; 
Xu et al., 2017; Guo et al., 2019

Clove (Syzygium aromaticum) N/A N/A

Devil’s claw (Harpagophytem procumbens) Harpagide observed to have a toxic 
effect at a concentration of 1 mg/mL

Gyurkovska et al., 2011

Fenugreek (Trigonella foenum-graecum) N/A N/A

Ginger (Zingiber officinale) Safe and effective for treating nausea Nikkhah Bodagh et al., 2018

Lavender (Lavandula angustifolia) Some irritative properties at 10% in topical 
treatments and cytotoxic at 30 and 90 ug/mL

Rai et al., 2020; Cardia et al., 2018

Oregano (Origanum vulgare) Pro-inflammatory at high doses Rivera-Gomis et al., 2020; 
Sharifi-Rigi et al., 2019

Rooibos (Aspalathus linearis) Contradictory results on immunomodulation 
abilities and inflammatory properties

N/A

Rosemary/sage (Salvia 
rosmarinus/officinalis)

N/A N/A

Saffron (Crocus sativus) Cytotoxic at very high doses Mehri et al., 2020

South African geranium 
(Pelargonium sidoides)

Risk of bias in some studies N/A

Turmeric (Curcuma longa) Low bioavailability of curcumin Kunnumakkara et al., 2019
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thesized showed the ability to lower macrophage pro-inflamma-
tory cytokine levels with the one synthesized with hypoxoside 
reducing cytokines in natural killer cells (Elbagory et al., 2019). 
These results highlight the potential of African potato and its bio-
active compounds in advancing emerging technologies.

3. Allspice (Pimenta dioica)

3.1. Introduction and source

Allspice, also known as Jamaica pepper, myrtle pepper, pimenta, 
and pimento, is the dried unripe berry of Pimenta diocia. Pimenta 
diocia is a mid-canopy tree native to the Greater Antilles, southern 
Mexico, and Central America. Allspice was introduced to Europe 
in the 16th century after Christopher Columbus discovered all-
spice while searching for other common spices. The name allspice 
comes from the spice having the combined aromatic flavours of 
cloves, pepper, cinnamon, and nutmeg. Today, allspice is cultivat-
ed in many warm climates.

3.2. Current uses

Allspice is used in a variety of dishes across many cultures. In 
Caribbean cuisine, allspice is an important ingredient in the popu-
lar jerk seasoning. In the Middle East, allspice is used to flavour 
stews, meat dishes, and tomato sauces. In northern Europe and 
North America, allspice is an ingredient in curry powders.

3.3. Bioactive compounds

Allspice extract has been shown to have many flavonoids, alka-
loids, tannins, triterpenoids, and phytosterols (Nayak and Ab-
hilash, 2008). Additionally, allspice is particularly high in polyphe-
nols. Eugenol is the main bioactive compound, with other potent 
compounds being quercetin, gallic acid, and ericifolin (Zhang and 
Lokeshwar, 2012). Clove (Syzygium aromaticum) shares eugenol 
as the main bioactive compound and thus they may share physi-
ological properties as pertains to eugenol (see clove).

3.4. Immune-enhancing properties

To assess the immunological capabilities of allspice, Güllü et 
al. (2016) have looked at blood parameters in Mozambique tila-
pia (Oreochromis mossambicus) after oral administration. They 
found that serum albumin and globulin levels were increased in 
groups supplemented with 15 g of allspice per kg of fish feed, 
compared to the group with no supplementation and the 5 g kg−1 
group (Güllü et al., 2016). Increases in the serum albumin and 
globulin in fish are thought to be related to a better innate im-
mune response (Wiegertjes et al., 1996). Additionally, the activity 
of lysozyme (an enzyme that is a factor in immune defence) was 
found to increase in the allspice supplemented groups compared 
to the control group (Güllü et al., 2016). Another enzyme, myelop-
eroxidase, was increased in the supplemented groups compared 
to the control (Güllü et al., 2016). Myeloperoxidase is important 
for enhancing neutrophils and macrophages in fish (Güllü et al., 
2016). Nayak and Abhilash (2008) have looked at the effects of 
giving mice allspice orally. They found increased leukocytes and 
hemoglobin which may be attributed to the allspice leaves. Fur-

thermore, Yilmaz and Ergün (2014) have found decreased mortal-
ity in Mozambique tilapia after allspice supplementation in which 
immune system augmentation by allspice may be an important 
factor. These findings support the idea that allspice may prove an 
effective immune enhancer, although more research needs to be 
done, particularly in preclinical and clinical trials, as most ben-
efits are in fish models.

3.5. Anti-inflammatory properties

Eugenol, the major bioactive compound in allspice, is known for 
its anti-inflammatory activity (Kim et al., 2003). Eugenol has an 
inhibitory effect on COX-2 production and the NF-κB pathway 
in LPS-induced activated macrophages, both of which are charac-
teristic of inflammation (Zhang and Lokeshwar, 2012). Quercetin, 
another bioactive compound in allspice, is also anti-inflammatory 
with inhibition of the NF-κB pathway, of inflammatory cytokine 
expression, and by influencing inflammatory gene expression 
(Zhang and Lokeshwar, 2012). Allspice has also been shown to re-
duce inflammation in rats by inhibiting blood vessel proliferation, 
characteristic of inflammation (Al-Rehaily et al., 2002). Further-
more, allspice has been shown to have antitumor activity against 
breast cancer, with a major cause of cancer being inflammation 
through inhibiting mechanistic target of rapamycin (Zhang et al., 
2015). Nevertheless, the main bioactive compound of allspice is 
eugenol which likely inhibits inflammation through COX-2 inhibi-
tion, similar to some NSAIDs.

4. Basil (Ocimum basilicum)

4.1. Introduction and source

Ocimum basilicum, commonly known as basil or sweet basil, is an 
herb of the mint family Lamiaceae. It is native to tropical regions 
ranging from central Africa to Southeast Asia and is now culti-
vated worldwide (Simon, 1998). Today, basil is considered one of 
the most popular herbs in the world and is sometimes referred to as 
the “King of Herbs”. The name basil is shared with other varieties 
in the Ocimum genus as well as hybrids, including Thai basil (O. 
basilicum var. thysiflora), lemon basil (O. citriodorum), and holy 
basil (O. tenuiflorum). However, here basil will refer exclusively 
to O. basilicum.

4.2. Current uses

The main use of basil is as a fresh ingredient, adding a sweet fla-
vour to meals. Typically, basil is added at the end of recipes as 
cooking can destroy flavour. In addition, drying the herb can result 
in loss of flavour. Basil is a main ingredient in the Italian sauce 
pesto, added to salads and soups, and used as a garnish for many 
other dishes. Apart from cuisine, basil is used in the creation of 
some perfumes and it has a history as a therapeutic in Ayurveda 
(traditional Indian medicine) and traditional Chinese medicine.

4.3. Bioactive compounds

There are many compounds in basil which include linalool, es-
tragole, methyl eugenol 1,8-cineole, camphor, limonene, thymol, 
citral, α-linalool, β-linalool, chichoric acid, myrecene, borneol, 
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neral, and anthocyanins (Purushothaman et al., 2018). The major 
bioactive compounds of these are linalool, methyl eugenol, and 
1,8-cineol (Radulović et al., 2013). The anthocyanins are respon-
sible for the purple flower pigment, with 11 being cyanidin-based 
and 3 being peonidin-based (Phippen and Simon, 1998).

4.4. Immune-enhancing properties

The immune-enhancing effects of basil have been examined in 
various animal models. Jahejo et al. (2019) assessed the immu-
nomodulatory effects of basil supplementation in broiler chick-
ens. They found that basil seed supplementation at 5 g/kg of feed 
resulted in an increased number of antibodies created against a 
highly contagious bird disease (Newcastle disease) 12 days after 
vaccination of the chickens, as compared to a group without sup-
plementation (Jahejo et al., 2019). Additionally, they noted a lower 
rate of mortality in the basil-fed group which may be caused by 
increased immunity. These results are in agreement with a similar 
study by Mohammed et al. (2017) which fed broiler chickens basil 
seeds at 3 and 6 g/kg of feed. In this study, it was found that after 
42 days the two supplemented groups had an increased number 
of antibodies against Newcastle disease and infectious bronchitis 
(Mohammed et al., 2017).

In an in vivo rat model studying asthma, Eftekhar et al. (2019) 
found that treatment with basil extract at 0.75, 1.50, and 3.00 mg/
mL in drinking water resulted in decreased IL-4 and immuno-
globulin (Ig) type E concentrations as compared to no treatment. 
IL-4 is produced by Th2 cells which stimulates IgE production, 
both of which contribute to asthma, with higher levels consist-
ent with disease progression (Murdoch and Lloyd, 2010; Sandeep 
et al., 2010). Additionally, with an in vitro rat model it has been 
found that basil can stabilize mast cells, a cell type vital for im-
mune surveillance, in a dose-dependent manner (Kaur, Singh, and 
Shri, 2018). Finally, El-Ashram et al. (2017) showed enhanced 
non-specific immune response in Nile-tilapia after basil oil sup-
plementation at 0.25, 0.5, and 1% basil oil per kg diet for 42 days. 
Additionally, supplemented fish had a lower bacterial count in 
their muscle at the end of the 42 days and they had a decrease in 
mortality rates after infection (El-Ashram et al., 2017). Poultry 
and fish account for much of the benefits of basil, thus clinical 
trials are needed to confirm effects.

4.5. Anti-inflammatory properties

The anti-inflammatory properties of basil have also been evalu-
ated using several models. First, Güez et al. (2017) showed an 
increased production of the anti-inflammatory cytokine IL-10 
in human leukocyte cell cultures treated with basil extract. They 
found the correlation to be dose-dependent, with a higher extract 
concentration leading to a higher production of IL-10 (Güez et 
al., 2017). In the in vivo rat model seen earlier, Eftekhar et al. 
(2019) found a decrease in phospholipase A2 and serum total pro-
tein levels. Phospholipase A2 induces inflammation in the airway 
and serum proteins are known to be a sign of inflammation in 
asthma, therefore a reduction in these suggests anti-inflammatory 
action (Eftekhar et al., 2019). Using the egg albumen denaturation 
method, where anti-inflammatory activity is approximated with 
reduced thermal denaturation of protein, Osei Akoto et al., (2020) 
found that ethanol and hexane extracts of basil had significantly 
higher anti-inflammatory activity than aspirin. An in vivo mouse 
model study has shown that supplementation of basil essential oil 
significantly reduced edema (swelling caused by inflammation) 

in the first hour and up to five hours after inducing edema (Rod-
rigues et al., 2016).

The anti-inflammatory effects of basil may be able to be ex-
tended using cyclodextrins, a class of molecules used to extend 
molecule bioavailability, safety, and stability. Rodrigues et al. 
(2017) found that orally administering mice with basil essential oil 
complexed with β-cyclodextrin resulted in significant inhibition of 
arachidonic acid, a molecule associated with edema.

4.6. Cytotoxicity

Further clinical trials are needed to properly assess the efficacy of 
basil supplementation for immune-enhancing and anti-inflamma-
tory activities in humans. However, caution should be practiced as 
basil oil has been found to have a dose-dependent cytotoxic effect 
against HEp-2 and HeLa human cell lines (Kathirvel and Ravi, 
2012). It is possible that the cytotoxic activity of basil oil is only 
against these cell lines and, therefore, more studies should be done 
to make a conclusion. Nevertheless, basil has promising potential 
in immune-enhancing and anti-inflammatory activity.

5. Black pepper (Piper nigrum)

5.1. Introduction and source

Black pepper is the name for the spice derived from grinding the 
cooked and dried unripe fruit, known as a peppercorn, of the Piper 
nigrum flowering vine and the name for the plant itself. Herein, 
black pepper will refer to the spice rather than the plant. Similar to 
the black pepper, the uncooked dried unripe fruit of peppercorn is 
used to produce green pepper while the ripe fruit seeds are used to 
produce white pepper. As a spice, black pepper is the most com-
mon of the three and is one of the most commonly used spices 
in the world. Additionally, black pepper is the most traded spice 
globally, owing to its title as the “King of Spices”. Black pepper, 
commonly referred to as simply pepper, is native to India and is 
today extensively cultivated in many tropical regions. Black pep-
pers usage dating back to prehistoric times as one of the earliest 
known spices.

5.2. Current uses

Black pepper finds extensive usage in many cuisines around the 
world. It is added as a seasoning to many dishes, commonly paired 
with salt. The spicy flavour observed from consuming black pepper 
is from the compound piperine. Black pepper is also used in many 
traditional medicines for its proposed health benefits, ranging from 
treating indigestion, heart disorders, toothaches, and more.

5.3. Bioactive compounds

Black pepper contains phenols, flavonoids, alkaloids, and terpenes 
(Lee et al., 2020). The bioactive properties of black pepper are 
attributed to the phenols, flavonoids, and alkaloids, with a con-
sensus that piperine (an alkaloid) is the major bioactive compound 
in black pepper (Lee et al., 2020; Gorgani et al., 2017; Banerjee 
et al., 2021). It is important to note that black pepper oil does not 
contain piperine as it is a highly volatile compound (Bober et al., 
2018). The terpenes are responsible for the flavour of black pep-
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per and are primarily δ-3-carene (27.8%), DL-linonene (18.1%), 
2-β-pinene (16.9%), α-pinene (15.0%), 1-phellandrene (6.4%), 
and β-myrcene (5.4%) (Lee et al., 2020).

5.4. Immune-enhancing properties

Black pepper has been found to have some immunomodulatory 
effects. Abdelnour et al. (2018) found that supplementing rabbits 
with black pepper oil at 0.5, 1.0, and 1.5 g/kg of diet increased IgM 
and IgG levels as compared to the control group. This contrasts 
with a study by Bernardo et al. (2015) which found that piperine 
inhibited IgM secretion in mouse B lymphocytes. Similarly, Sou-
tar et al. (2017) found that piperine exhibited immunosuppressive 
qualities in mouse B lymphocytes through impairment of antigen 
presentation. Recalling that black pepper oil is absent of piperine, 
it can be inferred that another or a combination of bioactive com-
pounds in black pepper causes immunostimulation while piperine 
causes immunosuppression. More studies are needed to make con-
clusions about the immunomodulatory effects of black pepper and 
piperine as current research is limited. The immune-enhancing 
capabilities of black pepper are typically associated with the anti-
inflammatory properties, which have been examined.

5.5. Anti-inflammatory properties

Various alkaloids within black pepper have been shown to amelio-
rate LPS-induced inflammation in mouse models. Levels of LPS-
induced pro-inflammatory cytokines IL-1β, TNF-α, and IL-6 were 
reduced by guineensine (Reynoso-Moreno et al., 2017), piperine 
(Wang-sheng et al., 2017; Ren and Liang, 2018), and three alka-
loids of unknown identity (Pei et al., 2020). Additionally, piperine 
and the three unknown alkaloids were shown to inhibited LPS-
stimulated pro-inflammatory Prostaglandin E2 release (Wang-
sheng et al., 2017; Pei et al., 2020). Piperine was further found 
to inhibit macrophage inflammation in pancreatic islets. Yuan et 
al. (2021) found that mice fed a high-fat diet had shrunk, poorly 
stained islets with fibrosis (scarring), whereas the mice fed a high-
fat diet treated with piperine had regular islets with no fibrosis. 
They found that piperine inhibited the production of cytokines 
consistent with macrophages inside the islets (CD11c, Gal-3, and 
IL-1β), relieving inflammation (Yuan et al., 2021). Also, piperine 
was found to down-regulate miRNA-127 expression, which nor-
mally up-regulates myD88 expression, and expression of these to-
gether result in further inflammatory damage from LPS (Ren and 
Liang, 2018). These results highlight the anti-inflammatory role of 
several alkaloids in black pepper, particularly piperine, and more 
research should be conducted on these alkaloids.

Black pepper extract has been shown to treat allergic inflam-
mation. T helper type 2 (Th2) immune response plays an impor-
tant role in the progression of allergic responses, particularly when 
there are excess Th2 cells, creating an imbalance with Th1 cells 
(Berger, 2000). Bui et al. (2017) found that allergic inflammation 
induced mice treated with black pepper extract had decreased Th2 
cytokine production (i.e., IL-6, GATA3, and IL-4) and increased 
Th1 cytokine production (i.e., interferon (IFN)-γ in their bron-
choalveolar lavage fluid and lung tissues. They later confirmed 
and added to these findings with a study that showed that an iden-
tical treatment of mice led to (a) the same results in regard to Th2 
and Th1 cytokines and (b) a decrease in T helper type 17 (Th17) 
cytokine production (i.e., RORc and IL-17A) and an increase in 
regulatory T (Treg) cell cytokine production (IL-10) (Bui et al., 
2019). Th17 cells are responsible for pro-inflammatory cytokine 

production while Treg cells control the immune response. There-
fore, black pepper extract was effective in treating allergic inflam-
matory through major Th cell groups.

Black pepper may also find use in regulating inflammation 
disrupted iron homeostasis, inflammation related to epilepsy, and 
myocardial inflammation. Hepcidin is a protein that regulates iron 
homeostasis and is up regulated under inflammatory conditions, 
resulting in iron deficiency. Banerjee et al. (2021) found that black 
pepper extract, as well as piperine alone, were able to downregu-
late hepcidin expression caused by turpentine-induced inflam-
mation in mice. In an epileptic rat model, piperine treatment was 
shown to decrease neuronal levels of pro-inflammatory cytokines 
TNF-α and IL-1β, which at high levels may cause or worsen con-
vulsions (Mao et al., 2017). In myocardial tissue of rats faced with 
isoproterenol-induced inflammation, piperine pre-treatment re-
sulted in no changes in TNF-α, IL-6, and inducible nitric oxide 
synthase (iNOS), as compared to increased expression in the group 
without pre-treatment (Viswanadha et al., 2020). Thus, piperine 
pretreatment was effective in reducing isoproterenol-induced in-
flammation of the myocardial tissue. Taken together, black pepper 
has been shown to have a profound impact on reducing different 
forms of inflammation. It would be useful to perform clinical trials 
to further validate results.

5.6. Bioenhancing properties

It is worth mentioning that piperine has profound application as 
a bioenhancer, increasing the bioavailability of other therapeutic 
agents. It has successfully been used in conjunction with resvera-
trol (variety of pharmacological functions) (El-Ghazaly et al., 
2020), ginsenoside Rh2 (a bioactive compound in Panax ginseng) 
(Jin et al., 2016), Tagetes patula extract (antioxidant and antihy-
perlipidemic) (Nawale et al., 2018), raloxifene (a drug for osteo-
porosis and breast cancer) (Izgelov et al., 2018), and many more 
(Tiwari et al., 2020). Additionally, the oral bioavailability of pip-
erine has been shown to be able to be enhanced by 3.65-fold using 
nanosuspension (Zafar et al., 2019). Therefore, the bio-enhancing 
abilities of piperine may also be enhanced using emerging technol-
ogy, however, more studies are needed to make conclusions.

6. Chili Powders (Capsicum species)

6.1. Introduction and source

Chili powder (also spelt chile and chilli) is primarily made from 
the dried and pulverized fruit of chili peppers from the genus Cap-
sicum. In the genus, there are five main species each with many 
cultivars: C. annuum which includes bell peppers, banana pepper, 
cayenne pepper, jalapeños, Thai peppers, chiltepin, and New Mex-
ico chile; C. frutescens which includes malgueta, tabasco, piri piri, 
and Malawian kambuzi; C. chinense which includes ghost pepper, 
habanero, datil, and scotch bonnet; C. pubescens which includes 
Rocoto and Manzano peppers; and C. baccatum which inclused 
South American aji peppers. Chili peppers are believed to originate 
from Mexico (Kraft et al., 2014) and subsequently spread globally 
in the 15th and 16th century with the Columbian Exchange, a wide-
spread transfer of products between the New World, Old World, 
and West Africa. Aside from the chilis, chili powder often includes 
other ingredients, such as cumin, onion, and garlic powder. One 
quality that all chili powders have in common is the presence of 
capsaicin, a compound unique to chili peppers.
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6.2. Current uses

Chili peppers and powders are used to add heat to dishes across 
many cultures, such as Mexican chiles rellenos, Indian curries, 
Bhutanese ema datshi, Thai som tam, and Italian arrabbiata sauce. 
Capsaicin is the compound responsible for the hot, burning sensa-
tion obtained from eating chili peppers and chili powder. A psy-
chological interpretation for humans’ preference for consuming 
capsaicin is that it represents a controlled risk, where the body’s 
warning system is alerted but there is no real threat (Rozin and 
Schiller, 1980). This can result in a euphoric feeling for the con-
sumer. Alternatively, capsaicin is used as a deterrent because of 
the same pain-inducing properties. Capsaicin is used as a chemical 
irritant in pepper sprays and some tear gases. Additionally, chili 
peppers are planted around crops in African and Asian countries 
to defend against elephants, which avoid the burning sensation 
like all other mammals except humans and tree shrews (Han et 
al., 2018). However, capsaicin is also used in treatments due to its 
activity. Capsaicin has been used in traditional medicines in many 
countries such as Mexico, Brazil, India, China, and Africa. Across 
these cultures, capsaicin is used to relieve fevers, combat indiges-
tion, stop flatulence, skin infections, and more (Dewitt, 2021). In 
addition, capsaicin is used as a topical analgesic to relieve pain of 
muscles and joints (Fattori et al., 2016).

6.3. Capsaicin receptor

Capsaicin acts through the transient receptor potential vanilloid 
1 (TRPV1), also known as the capsaicin receptor (Caterina et al., 
1997). TRPV1 functions to detect and regulate body temperature 
and give a heat and pain sensation. TRPV1 is found mostly in nocic-
eptive (pain) neurons of the peripheral nervous system, such as taste 
buds and the skin, but is also found in the central nervous system and 
on non-neuronal cells (Bujak et al., 2019). Capsaicin is also believed 
to act through pathways other than TRPV1 (Omari et al., 2016).

6.4. Bioactive compounds

Chili peppers have a variety of bioactive compounds, including 
vitamin C, carotenoids, capsaicinoids, and capsinoids (Montoya-
Ballesteros et al., 2014; Georgescu et al., 2017). The most abun-
dant capsaicinoid in chili peppers is capsaicin (69%), however, 
dihydrocapsaicin (22%), nordihydrocapsaicin (7%), homocap-
saicin (1%), and homodihydrocapsaicin (1%) are also present 
(Barceloux, 2009). The capsaicinoids, in particular capsaicin, and 
capsinoids are considered the main bioactive compounds of chili 
peppers. As capsaicin is found in chili peppers, capsaicin is found 
in any spice made from chili peppers including not only chili pow-
ders but also paprika and cayenne pepper.

6.5. Immune-enhancing properties

Capsaicin has gained a lot of interest for its therapeutic properties. 
Of note, are capsaicin’s immune-enhancing capabilities. Viveros-
Paredes et al. (2021) looked at the effect of capsaicin in modulating 
the immune system of mice under chronic stress. They found that 
capsaicin treatment increased the immune response, evidenced by 
increased spleen lymphocyte proliferation and increased response 
to induced delayed-type hypersensitivity (Viveros-Paredes et al., 
2021). Additionally, they found that spleen lymphocytes did not 
succumb to stress-induced apoptosis after capsaicin treatment 

(Viveros-Paredes et al., 2021). Furthermore, they found signifi-
cantly reduced corticosterone (stress hormone) production in cap-
saicin-treated groups (Viveros-Paredes et al., 2021).

An in vitro study by Jin et al. (2016) found that treatment of 
osteosarcoma (bone cancer) cells with 200 µM of capsaicin for 
24 hours induced surface translocation of calreticulin, a molecule 
that promotes immunogenic tumor cell death. Compared to treat-
ment with cisplatin, a chemotherapy medication, capsaicin treat-
ment resulted in increased IFN-γ production and release from 
lymphocytes (Jin et al., 2016). However, capsaicin may be more 
effective in prevention than in treatment. Motte et al. (2018) found 
that pre-treatment of rats with capsaicin was protective against ex-
perimental autoimmune neuritis, with the strongest effects at 50 
μg/d, whereas treatment started at the neuritis onset needed un-
physiologically high dosages of capsaicin to have a therapeutic 
effect. Grüter et al. (2020) similarly found capsaicin to have an 
immunomodulatory effect in rats with experimental autoimmune 
neuritis.

6.6. Anti-inflammatory properties

Capsaicin has popularity as an anti-inflammatory agent. Studies 
have found that capsaicin supplementation effectively lowers the 
pro-inflammatory cytokines TNF-α, IFN-γ, IL-1β, and IL-6 (Motte 
et al., 2018; Bessler and Djaldetti, 2017; Xu et al., 2017; Kang 
et al., 2017; Zhang et al., 2019). Of these, IL-6 was found to be 
decreased with 200 µM of capsaicin, whereas lower concentra-
tions of capsaicin led to increased production of pro-inflammatory 
cytokine IL-6 (Bessler and Djaldetti, 2017). Additionally, Bessler 
and Djaldetti (2017) found that capsaicin treatment of colon carci-
noma cell cultures between 10 and 200 µM resulted in decreased 
anti-inflammatory cytokine IL-10 production. Contrarily, Kang et 
al. (2017) found that capsaicin supplementation of mice at 0.01 
g/100 g of diet resulted in increased IL-10 production. The differ-
ence in IL-10 production could be due to the method of administra-
tion between the studies. In the colon carcinoma cell culture study 
capsaicin was used as a treatment on carcinogenic cells, whereas 
in the mouse study capsaicin was used as a preventative measure 
with chronic low-grade inflammation following. Alternatively, the 
difference could be between the type of study (in vitro and in vivo) 
or the models used (human cell line and mice). Further research is 
needed to determine if IL-10 production is increased or decreased 
by capsaicin or which factors could lead to increased production 
in one situation and decreased in another. Nevertheless, the anti-
inflammatory cytokine IL-4 was found to be increased with cap-
saicin supplementation of rats (Motte et al., 2018). Taken together 
with the previous results, capsaicin may help alleviate inflamma-
tion by reducing pro-inflammatory cytokines production and may-
be partially by increasing anti-inflammatory cytokine production, 
particularly IL-4.

Capsaicin pre-treatment has been shown effective against vari-
ous forms of inflammation, including experimental autoimmune 
neuritis (Motte et al., 2018), pulmonary arterial hypertension (Xu et 
al., 2017), systemic chronic low-grade inflammation (Kang et al., 
2017), concanavalin A-induced hepatitis (Zhang et al., 2019), and 
LPS-induced inflammation of myoblasts (Shang et al., 2017). It is 
unclear if TRPV1 had a major role in the first three studies listed, 
while the latter two have little mentioned of a proposed mecha-
nism. Motte et al. (2018) found that specific macrophage expres-
sion was inconsistent with increased TRPV1 expression and points 
to the p36 mitogen-activated protein kinase (MAPK) pathway as a 
potential means. Consistent with this idea, Xu et al. (2017) found 
that capsaicin pre-treatment inhibited the p38MAPK pathway. This 
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inhibition was believed to be responsible for the anti-inflammatory 
effects of capsaicin pre-treatment. Kang et al. (2017) found that 
capsaicin elevated butyrogenic bacterium and butyrate levels which 
inhibited colonic cannabinoid receptor type 1 and reduced LPS bio-
synthesis. It is likely that capsaicin functions through a variety of 
pathways and more research is needed to confirm this idea.

The anti-inflammatory effects of capsaicin may be enhanced 
when used in combination with other spices. One study showed 
that pre-treatment of mice with a combination of capsaicin and 
curcumin (the main active ingredient in turmeric) resulted in better 
protection against LPS-induced inflammation than capsaicin alone 
(Vasanthkumar et al., 2018). This result highlights the potential 
beneficial impact of combining spices. Chili powder often includes 
ingredients other than chili pepper and it would be interesting to 
see if the combination of spices in chili powder results in better 
effects than the dried, pulverized chili pepper alone.

6.7. Cancer progression

The effect of capsaicin on cancer progression is unclear. Capsaicin 
has been observed to have cancer-promoting effects on prostate 
cancer cells (Díaz-Laviada, 2010), colon cancer cells (Liu et al., 
2012), and skin cancer cells (Hwang et al., 2010). Additionally, a 
meta-analysis found a correlation between higher spicy food con-
sumption (including chili pepper) and increased cancer incidence 
(Chen et al., 2017). Low doses of capsaicin may be responsible for 
cancer-promoting effects, whereas high doses are observed with 
cancer-inhibition (Lin et al., 2018; Chen et al., 2021; Xu et al., 
2017; Guo et al., 2019). The effect of capsaicin on cancer should 
be further examined.

7. Clove (Syzygium aromaticum)

7.1. Introduction and source

The flowering buds of the clove tree (Syzygium aromaticum) 
are used to make the spice clove. The clove tree is native to the 
Maluku islands in eastern Indonesia, but it is grown in many differ-
ent countries including India, Jamacia, West Indies, Brazil, Suma-
tra, and other tropical climates. Clove is available year-round from 
those grown in different locations.

7.2. Current uses

Clove is used in a variety of foods. It is used to flavour curries, 
marinades, fruit, hot beverages, and baked goods. Clove is de-
scribed to have an intense, pungent warm flavour and aroma, lend-
ing to its use to bring warmth to baked goods such as gingerbread 
cookies. Additionally, its intense flavours lead to its frequent use in 
spice blends, such as pumpkin pie spice and speculoos spice. Aside 
from cuisine, clove finds use in an Indonesian cigarette, as an ant 
repellent, as an anaesthetic, and in traditional medicine. In tradi-
tional medicine, clove is used to treat vomiting, flatulence, nausea, 
liver problems, bowel and stomach disorders, and as a stimulant 
(Batiha et al., 2020).

7.3. Bioactive compounds

Eugenol is the main bioactive compound in clove as well as allspice 

(previously covered) (Neveu et al., 2010). Eugenol is believed to 
be responsible for much of clove’s physiological properties. Other 
compounds in clove include flavonoids,hydroxybenzoic acids, hy-
droxycinamic acids, and hydroxyphenylpropens (gallic, caffeic, 
ferulic, elagic, and salicylic acids), essential oils (eugenol acetate, 
β-cariofilenol, and α-humulen), and volatile compounds (β-pinene, 
limonene, farnesol, benzaldehyde, 2-heptanone, and ethyl hex-
anoate) (Cortés-Rojas et al., 2014).

7.4. Immune-enhancing properties

Clove has varying immunomodulatory properties. On mouse 
phytohemagglutinin-activated splenocytes, clove essential oil at 
100 and 1,000 μg/mL was found to reduce the induced splenocyte 
proliferation and suppress IFN-γ release from the immune cells 
(Dibazar  et al., 2014). Similarly, mice supplemented daily with 
clove essential oil at 100 mg/ kg of body weight were found to 
reduce increases in macrophages, monocytes, and T cells caused 
by acute campylobacteriosis (Bereswill et al., 2021). Furthermore, 
clove extract was found to decrease the number of mouse neu-
trophils challenged with LPS (Chniguir et al., 2019). These three 
studies showed clove as an immunosuppressive, reducing cellu-
lar damage when exposed to immunostimulatory agents. How-
ever, clove has also immunostimulatory properties. Salmonella 
typthimurium-infected mice supplemented with clove extract at 
150 mg/kg of body weight had increased numbers of lymphocytes 
and lymphoblasts (Wael et al., 2018). Additionally, broiler chick-
ens supplemented with up to 1.5 g of ground clove per kg of diet 
for five weeks had increased globulin, IgG, IgM, and IFN-γ (Mah-
rous et al., 2017). Another study with broiler chickens found clove 
supplementation at 4–6% of diet increased antibodies in unvac-
cinated birds, while antibodies in vaccinated birds were unaffected 
(Al-Mufarrej et al., 2019). These studies indicate that clove can 
augment the resting and infection-challenged immune system, al-
though not as effective as vaccination.

Eugenol-focused studies have shown similar results to those of 
clove supplementation. On mouse LPS- and pokeweed mitogen-
activated splenocytes, eugenol at 100 and 1,000 μg/mL was found 
to suppress IFN-γ activity and B cell proliferation through T cell-
dependent and independent pathways (Saraphanchoiwitthayaet et 
al., 2019). Contrarily, eugenol was found to inhibit myeloid-de-
rived suppressor cells (immune inhibitors) in spleen cells from tu-
mor-bearing mice, resulting in increased immune response (Ding 
et al., 2018). Additionally in mice with experimental visceral leish-
maniasis, eugenol oleate was found to activate the immune system 
to clear the parasite (Raja et al., 2020). Thus, clove and eugenol 
may be beneficial in modulating the immune system. More studies 
are needed to support these results.

7.5. Anti-inflammatory properties

Clove has been shown to have anti-inflammatory properties. An in 
vitro study using chronically inflamed human dermal fibroblasts 
found that clove essential oil significantly inhibited increases in 
the pro-inflammatory biomarkers vascular cell adhesion mole-
cule-1, interferon γ-induced protein 10, interferon-inducible T-cell 
α chemoattractant, and monokine induced by γ interferon (Han and 
Parker, 2017). Multiple studies have demonstrated clove essential 
oil supplementation to be effective in reducing carrageen-induced 
rat paw edema (swelling caused by inflammation) at 250 and 500 
mg/kg of body weight (Marmouzi et al., 2019; Saeed et al., 2017; 
Humbal et al., 2019). Additionally, in rats, clove extracts were 
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found to decrease pro-inflammatory markers (C-reactive protein 
(CRP), COX-2, IL-6, TNF-α, transforming growth factor (TGF)-β, 
and epidermal growth factor) (Jose et al., 2017; Adberlrahman et 
al., 2018). Supporting this, a clinical trial using Clovinol®, a clove 
extract supplement, significantly decreased CRP and IL-6 in the 
treated group as compared to the placebo (Mammen et al., 2018). 
It is important to note that four of the authors are affiliated with 
the company that produced Clovinol®, resulting in a possibility of 
bias. Similarly, the study by Jose et al. (2017) used Clovinol® in 
their experiments and disclosed a conflict of interest. Further, un-
biased, studies should be conducted to determine the anti-inflam-
matory properties of clove.

The anti-inflammatory properties of eugenol have also been 
examined. In mice, eugenol treatment decreased induced ear ede-
ma (Tsai et al., 2017; de Araújo Lopes et al., 2018). Furthermore, 
eugenol supplementation was found to reduce pro-inflammatory 
cytokines in mice (TNF-α, IL-1β, IL-6, and IL-8) (Tsai et al., 2017; 
de Araújo Lopes et al., 2018), in rats (TNF-α, IL-1β, and IL-6) 
(Kumar et al., 2021; Ma et al., 2018), and IPEC-J2 cell line (TNF-α 
and IL-8) (Hui et al., 2020). Like clove, further studies should be 
conducted using eugenol to confirm results.

8. Devil’s claw (Harpagophytum procumbens)

8.1. Introduction and source

Harpagophytum procumbens is an herb native to Southern Africa, 
including Namibia, Botswana, and South Africa. The plant has sev-
eral names, including grapple plant and wood spider, but it is most 
known as Devil’s claw. The popular name comes from its appear-
ance, having its fruit covered in tiny hooks. The name Devil’s claw 
is not exclusive to H. procumbens and is used for the other species 
in the genus, H. zeyheri, some species of the Proboscidea genus, 
which are native to the southern United States and Mexico, and 
some species of the Pisonia genus. The Southern Africa H. procum-
bens has been long used to relieve pain and to reduce inflammation.

8.2. Bioactive compounds

The bioactive compounds in H. procumbens include iridoid gly-
cosides, acetylated phenolic glycosides, and terpenoids (Williams, 
2013). The main bioactive compound in H. procumbens is har-
pagoside and, to a lesser extent, harpagide. There is disagree-
ment on what constitutes Devil’s claw. Some believe that only H. 
procumbens extracts should be regarded as Devil’s claw, while 
others believe that either H.procumbens or H. zeyheri extracts 
could be labelled Devil’s claw, depending on the concentration of 
harpagoside. In favour of the latter, it has been found that har-
pagoside is a main component in each species (Kondamudi et al., 
2016). Additionally, harpagoside content can fluctuate in either 
species depending on many environmental and harvesting condi-
tions, meaning that labelling H. procumbens extracts as Devil’s 
claw does not necessarily mean that harpagoside is present.

8.3. Immune-enhancing properties

The immune-enhancing effects of Devil’s claw have been exam-
ined minimally in the literature. H. procumbens extracts have been 
found to decrease IL-21 and IL-23 secretion, associated with T 
helper type 17 (Th17) cells, and increase Th1 cell cytokines in 

mitogen-activated human leukemic monocytic cells (Cholet et al., 
2019). These results suggest that H. procumbens has an immu-
nostimulant effect. Harpagoside and harpagide have been found 
to decrease the TNF-α cytokine secretion in mitogen-activated hu-
man leukemic monocytic cells while inactivated cells are poorly 
affected (Schopohl et al., 2016). Interestingly, harpagoside and 
harpagide increased leukocyte transmigration protein mRNA ex-
pression in inactivated cells, potentially leading to increased cell 
migration (Schopohl et al., 2016).

8.4. Anti-inflammatory properties

Devil’s claw is used commonly for its anti-inflammatory proper-
ties. H. procumbens extracts have been shown to decrease nitric 
oxide accumulation and suppress IL-6 expression in LPS-stimulat-
ed macrophages (Gyurkovska et al., 2011). Additionally, there has 
been strong inhibition of COX-1 and COX-2 by H. procumbens 
extracts (Gyurkovska et al., 2011). Inhibition of COX-2 is asso-
ciated with the molecular docking of harpagoside and harpaside, 
with binding energies of –9.13 and –5.53 kcal/mol, respectively 
(Rahimi et al., 2016). H. procumbens extracts have also been found 
to inhibit COX-2 expression by reducing the activator protein 1 
transcription factor pathway at concentrations between 100 and 
200 μg/mL (Fiebich et al., 2012). Inhibition of COX-2 is a com-
mon pathway utilized by NSAIDs, indicating a potential use of 
Devil’s claw as an alternative for NSAIDs. Furthermore, it was 
found that harpagoside is not solely responsible for Devil’s claw 
anti-inflammatory properties, but there is a beneficial effect from 
other bioactive compounds (Hostanska et al., 2014). Importantly, 
harpagide has been observed to have a toxic effect at a concen-
tration of 1 mg/mL (Gyurkovska et al., 2011). Therefore, caution 
should be exercised when using Devil’s claw products as har-
pagide is a common component.

Devil’s claw has been examined in studies determining its effect 
on inflammatory-related diseases. Regarding rheumatoid arthritis, 
an in vitro study using LPS-induced mouse macrophages showed a 
reduction in pro-inflammatory cytokines, IL-1β, IL-6, and TNF-α 
(Inaba et al., 2010). In a study looking at osteoarthritis, harpago-
side inhibited IL-6 production in human osteoarthritis chondro-
cytes (Haseeb et al., 2017). For inflammatory bowel disease, H. 
procumbens extracts were shown to reduce inflammatory and oxi-
dative stress markers in LPS-induced rat colon specimens (Loca-
telli et al., 2017). These results suggest a potential use for Devil’s 
claw in the treatment of various inflammatory-related diseases.

9. Fenugreek (Trigonella foenum-graecum)

9.1. Introduction and source

Fenugreek (Trigonella foenum-graecum) is a plant whose leaves 
are used as an herb and seeds as a spice. However, fenugreek is 
mainly used as a spice. Fenugreek is native to southern Europe 
and the Mediterranean region. Today, fenugreek is cultivated in 
Europe, western Asia, India, and northern Africa.

9.2. Currents uses

The seeds of fenugreek are described to have a strong, sweet, and 
bitter taste and aroma, much like maple syrup. Fenugreek is used 
in cooking, especially in the Indian subcontinent where it is used 
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in vegetable dishes, dal, pastes, and spice mixes. Fenugreek seed 
is composed of 45.4% dietary fiber, resulting in a hypoglycemic 
effect and its use as a food stabilizer (Wani and Kumar, 2018). 
Other products fenugreek is added to are artificial maple syrup, 
beverages, ice cream, candies, tobacco, soaps, and cosmetics. In 
traditional medicine, fenugreek is used to aid digestion, treat gas-
trointestinal inflammation, and promote milk production in lactat-
ing women (Petruzzello, 2016). Fenugreek has been used for thou-
sands of years in cooking and traditional medicine, with evidence 
dating back to 4000 BC.

9.3. Bioactive compounds

Sapogenins, flavonoids, alkaloids, and steroids are the major class-
es of compounds in fenugreek (Singh et al., 2020). Two major bio-
active compounds in fenugreek are trigonelline (91.20 mg/g) and 
4-hydroxyisoleucine (90.10 mg/g) (Singh et al., 2020). Other bio-
active compounds include pinitol (45.80 mg/g), isovitexin (3.18 
mg/g), sarsasapogenin (1.35 mg/g), and isoorientin (1.12 mg/g) 
(Singh et al., 2020).

9.4. Immune-enhancing properties

Fenugreek supplementation has varying effects on the immune 
system; however, results are inconsistent and less impressive 
than other plants. IgM levels were increased in Nile tilapia (Oreo-
chromis niloticus) (Moustafa et al., 2020) and juvenile blunt snout 
bream (Megalobrama amblycephala) (Yu et al., 2019) supple-
mented fenugreek at 0.3 and 0.16% of diets, respectively. Contra-
rily, fenugreek supplemented gilthead seabream (Sparus aurata L.) 
at 1, 5, and 10% of diet had no change in IgM levels (Guardiola et 
al., 2018). Nevertheless, these studies found improved lysozyme 
activity (Moustafa et al., 2020), increased protease activity (Yu et 
al., 2019), and increased complement component 3 levels (Guar-
diola et al., 2018). Complement component 3 is a key protein in 
the complement system (Sahu and Lambris, 2001). Furthermore, 
Nile tilapia supplemented a diet with 2.5% crude fenugreeks seeds 
had increased total leukocytes after cadmium toxicity (Abbas et 
al., 2019). These results in fish show promising properties of fenu-
greek supplementation, however clinical trials are needed to con-
firm results.

Other animal models have had fewer promising results. Hens 
and broiler chickens supplemented with fenugreek had no change 
in antibody titer against sheep erythrocytes compared to the con-
trol groups (Samani et al., 2020; Laudadio et al., 2020). However, 
fenugreek was effective at augmenting the antibody titer of black 
cumin (Nigella sativa L.) (Laudadio et al., 2020). Additionally, 
fenugreek supplemented broiler chickens had little change in im-
mune response towards phytohemagglutinin-P-induced swelling 
(Al-Homidan et al., 2020). Compared to mung bean (Vigna radiata) 
and garden cress (Lepidium sativum), fenugreek gave the weakest 
response (Al-Homidan et al., 2020). Thus, fenugreek may be effec-
tive at enhancing innate immunity but not adaptive immunity, par-
ticularly in fish, although it may be less effective than other plants. 
Furthermore, fish and poultry are not optimal models for determin-
ing the applicability of fenugreek on human health, thus preclinical 
and clinical trials are needed to gain a better understanding.

9.5. Anti-inflammatory properties

The anti-inflammatory properties have been demonstrated us-

ing fenugreek. Multiple studies have shown fenugreek to lower 
pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-6, 
released in response to induced inflammation (Zhou et al., 2020; 
Liu, 2019; Khound et al., 2018; Piao et al., 2017; Sindhu et al., 
2018; Nagamma et al., 2021; Yu et al., 2019). Moreover, a clini-
cal trial found that 15 g/day supplementations of fenugreek seed 
powder decreased CRP (a general measure of inflammation) levels 
in type 2 diabetes patients, however, there was no effect on IL-6 
and TNF-α (Tavakoly et al., 2018). Anti-inflammatory cytokines 
were found to be increased with fenugreek supplementation, spe-
cifically IL-10, IFN-γ, and TGF-β (Liu, 2019; Piao et al., 2017). 
Fenugreek has been found to inhibit c-Jun N-terminal kinases and 
NF-κB activation (Zhou et al., 2020) as well as COX-1 and COX-
2 (El-Taib et al., 2020). Furthermore, fenugreek has been found 
effective at reducing carrageenan- and Mycobacterium tuberculo-
sis-induced paw edema (Cheurfa et al., 2021; Sindhu et al., 2018; 
Pournamdari et al., 2018; El-Taib et al., 2020). Thus, fenugreek 
has shown promising results in ameliorating inflammation. It is 
important to note that the clinical trial found no change in two 
major pro-inflammatory cytokines, inconsistent with many animal 
studies. More research should be conducted to confirm the effects 
of fenugreek on pro-inflammatory cytokines.

10. Ginger (Zingiber officinale)

10.1. Introduction and source

Ginger is a flowering plant with the taxonomic classification of 
Zingiber officinale. The rhizome (subterranean plant stem) of gin-
ger is used as a spice with the same name. Ginger originated in 
Maritime Southeast Asia and was first traded with the spice trade 
where it was used by ancient Greeks and Romans. Today, ginger 
is grown in many places across the world, although most ginger is 
grown in Asia.

10.2. Current uses

Ginger has many uses in cooking. In South Asian cuisine, ginger 
is a common ingredient in preparing seafood, meat, and vegetarian 
dishes. Examples include Indian lentil curries, Burmese gyin-thot, 
and Vietnamese shrimp-and-yam soup. Additionally, ginger is 
used for cooking in the Caribbean and Western cultures. In West-
ern cultures, dry powdered ginger is commonly used to produce 
products such as gingerbread, cookies, ginger ale, and ginger beer. 
Perhaps the most common use for ginger is to combat nausea and 
vomiting. In traditional medicine, ginger has also found use across 
several cultures. In traditional Chinese medicine, ginger is used to 
treat illnesses caused by cold weather (Moghaddasi and Kashani, 
2012). In Ayurveda, ginger is used extensively for purposes includ-
ing fighting heart disease, reducing cholesterol, and combating 
arthritis (Moghaddasi and Kashani, 2012). In Iranian traditional 
medicine, ginger has been used for improving kidney health, mem-
ory, and digestive system health (Khodaie and Sadeghpoor, 2015).

10.3. Bioactive compounds

The main groups of bioactive compounds in ginger are the phenol-
ic compounds gingerols, shogaols, and paradols (Mao et al., 2019). 
In particular, 6-gingerol and 6-shogaol are most often reported as 
the most common bioactive compounds (Sarip et al., 2014; Ma-
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nasa et al., 2013; da Silverira Vasconcelos et al., 2019). However, 
other gingerol, shogaol, and paradol isomers are commonly found 
within ginger (Manasa et al., 2013; da Silverira Vasconcelos et al., 
2019). These three phenolic compounds contribute to the pungent 
and pleasant aroma of ginger (McGee, 2007).

10.4. Immune-enhancing properties

The immune-enhancing properties of ginger have been studied 
across several models, including fish, birds, and humans. In fish, 
positive results have been found with ginger supplementation in 
different species. Ginger supplementation of up to 13 g/kg of feed 
has been found to increase the number of erythrocytes and leuco-
cytes in Asian sea bass (Lates calcarifer) and common carp (Cypri-
nus carpio) compared to controls (Talpur et al., 2013; Mohammadi 
et al., 2020). Both cell types contribute to immunity, as leucocytes 
are immune cells and erythrocytes are recently emerging as im-
portant modulators of the innate immune system (Anderson et al., 
2018). Furthermore, the Asian sea bass study found an increased 
serum bactericidal activity, consistent with an increased immune 
response (Talpur et al., 2013). In addition, the common carp study 
found increased serum globulin, lysozyme, and Ig (Mohammadi et 
al., 2020). Consistent with these findings, an increase in globulin 
has been found with ginger-supplemented beluga sturgeon (Huso 
huso) (Kanani et al., 2014), whereas increases in lysozyme and Ig 
have been found with ginger-supplemented Rohu (Labeo rohita) 
(Sukumaran et al., 2016). Globulin, lysozyme, and Ig are impor-
tant factors for the immune response.

The immune-enhancing properties of ginger supplementation 
have been less promising in birds. Qorbanpour et al. (2018) fed 
broiler chickens ginger powder at up to 0.25% of the diet for 42 
days and found increased IgM and IgG, produced against sheep 
erythrocytes, compared to the control. However, the increases were 
not significant. Elmowalid et al. (2019) fed broiler chickens 15 g 
of ginger extract per kg of diet for 21 days and found significantly 
increased bactericidal and phagocytic activity, consistent with an 
increased immune capability. Hens given diets with 0.1% ginger 
extract for 42 days had significantly increased serum lysozyme 
activity, while serum globulin was not affected (An et al., 2019). 
Perhaps ginger supplementation has a lesser effect on globulin and 
Ig in birds while maintaining other immunological activities.

Ginger supplementation has shown promising results in clini-
cal trials. Aryaeian et al. (2019) supplemented rheumatoid arthritis 
patients with 1,500 mg of ginger powder for 12 weeks and found 
a significantly decreased expression of the T-bet gene. T-bet is a 
transcription factor that inhibits Th2 differentiation and induces 
the proliferation of Th1 (Aryaeian et al., 2019). Thus, reduced T-
bet expression would result in a relatively increased Th2 concen-
tration. Additionally, they found an increased expression of FoxP3 
with ginger supplementation (Aryaeian et al., 2019). FoxP3 is a 
transcription factor that increases the function of Treg cells, a mod-
ulator of the immune system (Wing and Sakaguchi, 2010). Another 
study supplemented smokers and non-smokers with ginger extract 
for 21 days and found different results for each group. The smok-
ers had an increased number of erythrocytes while non-smokers 
had increased IgM levels, both consistent with better immunity 
albeit in different ways (Mahassni and Bukhari, 2019). Contrarily, 
diabetic patients supplemented with 2 g of ginger powder for 10 
weeks exhibited no significant difference in NF-κB subunit p65 
concentrations in lymphocytes and monocytes as compared to the 
control group (Honarvar et al., 2019). However, other immuno-
logical factors were not considered in this study, and ginger extract 
may have had other effects as several anthropometric measure-

ments were improved with ginger supplementation (Honarvar et 
al., 2019).

The immune-enhancing properties are promising for ginger, 
particularly regarding results from clinical trials, with many stud-
ies demonstrating positive results and fewer with no changes.

10.5. Anti-inflammatory properties

The anti-inflammatory properties of ginger have been extensively 
examined. In inflammation-induced models, ginger supplemen-
tation has been found to significantly decrease levels of pro-in-
flammatory cytokines TNF-α, IL-1β, IL-6 in rats (Al Hroob et al., 
2018; Çifci et al., 2018; Kim et al., 2018) and mice (Kim and Kim, 
2018; He et al., 2019). Similarly, a clinical trial using 500 mg daily 
ginger supplementation for osteoarthritis patients found decreased 
serum levels of TNF- α and IL-1β compared to the control group 
after 3 months (Mozaffari-Khosravi et al., 2016). Additionally, a 
meta-analysis of 14 clinical trials found ginger supplementation to 
significantly reduce TNF-α and IL-6 (Askari et al., 2020).

Additional inflammatory mediators have also been found to 
be modulated by ginger. Monocyte chemoattractant protein-1 
were reduced in ginger-supplemented rats (Kim et al., 2018) and 
mice (He et al., 2019). Monocyte chemoattractant protein-1 is a 
chemokine that regulates monocyte and macrophage infiltration 
(Deshmane et al., 2009). Less immune cell infiltration would re-
sult in less inflammation. The aforementioned meta-analysis found 
a decrease in CRP (a general measure of inflammation) with ginger 
supplementation (Askari et al., 2020). Furthermore, increased NF-
κB subunit p65 activities from induced inflammation have been 
found to be suppressed by ginger supplementation in mice (Hsiang 
et al., 2015) and rats (Hamza et al., 2021). These results contrast 
that of Honarvar et al. (2019) which found no difference in NF-
κB subunit p65. However, this study was limited to the concentra-
tion found within the lymphocytes and monocytes, while the other 
two studies considered all cells. Furthermore, COX-2 and iNOS 
(inflammatory mediators) levels have been found to be reduced 
in liver cancer-induced rats given ginger supplementation as com-
pared to those without supplementation (Hamza et al., 2021). Gene 
expression of angiotensin II, TGF-β1, and TGF-β3 has been found 
to be decreased in streptozotocin-induced diabetic rats with ginger 
supplementation (Abdi et al., 2021). These proteins have important 
roles in heart inflammation caused by diabetes (Abdi et al., 2021). 
Thus, preclinical and clinical trials have shown ginger to reduce 
inflammation.

10.6. Side effects and nausea treatment

There have been suggestions that ginger may negatively interact 
with anticoagulant medications, such as warfarin. However, stud-
ies have found ginger to have no interaction with warfarin (Jiang 
et al., 2005; Ali et al., 2008). Furthermore, the safety of ginger use 
in pregnancy has been well established as it is not associated with 
any increased risk of congenital malformations and it does not pose 
a risk for spontaneous abortions (Heitmann et al., 2013; Viljoen et 
al., 2014). Some side effects are possible, but rare, with ginger con-
sumption, including heartburn, belching, bruising, rash, and gastro-
intestinal discomfort (Nikkhah Bodagh et al., 2019). Nevertheless, 
ginger consumption is considered safe (Menon et al., 2021).

Ginger has been found effective in combating pregnancy-, 
chemotherapy-, drug-, and sport-induced nausea and vomiting as 
detailed in a systematic review of clinical trials (Nikkhah Bodagh 
et al., 2018).
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11. Lavender (Lavandula angustifolia)

11.1. Introduction and source

Lavender is the common name for the genus Lavandula as well as 
the species Lavandula angustifolia (formerly L. officinalis). Other 
names for L. angustifolia include true lavender, English lavender, 
garden lavender, common lavender, and narrow-leaved lavender. 
L. angustifolia is the most commonly cultivated species of the ge-
nus and is native to the Mediterranean. Popularity of L. angustifo-
lia comes from its pleasant fragrance and colourful flowers.

11.2. Current uses

L. angustifolia is commonly used for its fragrance, it is said to have 
the sweetest fragrance of the genus. Essential oil is made from 
the plant that is used to scent perfumes, balms, cosmetics, soaps, 
candles, and more. Additionally, the essential oil is used in aroma-
therapy where the fragrance is believed to promote calmness and 
wellness. In cooking, L. angustifolia is the most common lavender 
species used, adding a sweet floral flavour to dishes. Alternatively, 
L. angustifolia is used to deter clothing moths and in the produc-
tion of monofloral honey (honey made from the nectar of only one 
flower). L. angustifolia has also found use in traditional medicine 
dating back to the ancient Greeks and Romans.

11.3. Bioactive compounds

The main bioactive compounds in L. angustifolia are the terpe-
noids linalyl acetate (28.89%), linalool (24.30%), caryophyllene 
(7.89%), (E)-3,7-dimethylocta-1,3,6-triene (4.64%), 4-terpineol 
(4.04%), acetic acid lavandulyl ester (3.49%), borneol (2.60%) 
and eucalyptol (2.05%) as determined by gas chromatography with 
quadrupole time-of-flight mass spectrometry (Chen et al., 2020). 
However, these values can differ between flowers (Woronuk et al., 
2011; Prashar et al., 2004). Additionally, the primary phenolics 
of L. angustifolia were determined to be chlorogenic acid, gallic 
acid, umbelliferone, luteolin 7-O-glucoside, vitexin, and isoquer-
citroside by ultraviolet–visible spectrophotometry (Radulescu et 
al., 2017). Furthermore, L. angustifolia contains pectins, a soluble 
fiber found in most plants.

11.4. Immune-enhancing properties

L. angustifolia has shown promising immunomodulatory activi-
ties. Pectins from L. angustifolia were found to activate both the 
innate and adaptive response through the complement system, 
whole blood phagocytes, neutrophils, macrophages, and Peyer’s 
patches immunocompetent cells by measuring chemiluminescence 
in response to ROS (Georgiev et al., 2017a). L. angustifolia poly-
saccharide complexes, which are rich in pectins, were similarly 
shown to have immunomodulatory activity by stimulating CD8+ T 
cells (cytotoxic), CD25+ T cells (regulatory), and phagocytes us-
ing a concentration of 100 μg/ml on human leukocytes (Georgiev 
et al., 2017b). These studies contrast most studies which focus on 
the terpenoids as the bioactive compounds in L. angustifolia, high-
lighting the roles of under-considered compounds.

As a dietary supplement, Yousefi et al. (2020) found that feed-
ing common carp diets consisting of 1.0–1.5% L. angustifolia ex-
tract for 70 days significantly increased blood leukocytes, plasma 

globulin, alternative complement, and total Ig of the fish. As a topi-
cal treatment, Mori et al. (2016) found that applying L. angustifo-
lia oil to a wound on rats for 14 days significantly increased TGF-β 
expression. TGF-β is important in wound healing through influ-
encing fibroblast collagen synthesis and proliferation as well as 
production of granulation tissue (Clark et al., 1995). Accordingly, 
Mori et al. (2016) found an increased number of fibroblasts with 
L. angustifolia oil treatment. Using cancer cell lines, Gezici (2018) 
found that L. angustifolia essential oil had anticancer and antipro-
liferative activity through increased cancer cell death even at the 
lowest concentrations (5 µg/ml) tested. These studies highlight the 
potential variety in applications of L. angustifolia and the variety 
of methods it can be used, however, clinical trials are needed to 
confirm results.

11.5. Anti-inflammatory properties

Anti-inflammatory properties of L. angustifolia have been ex-
amined. Studies have found that L. angustifolia oil significantly 
decreased the expression of pro-inflammatory cytokines TNF-α 
and IL-1β in fish (Yousefi et al., 2020), rats (Aboutaleb et al., 
2019; Souri et al., 2019), and mice (Chen et al., 2020). Addition-
ally, Chen et al. (2020) found that L. angustifolia oil significantly 
reduced the pro-inflammatory expression of NF-κB and COX-2. 
Inhibition of COX-2 is the target of many NSAIDs which may 
suggest that L. angustifolia oil exerts anti-inflammatory as a COX 
antagonist. Supporting this idea, Cardia et al. (2018) found that L. 
angustifolia oil inhibited edema (inflammation) formation in mice 
in a similar manner to COX and COX-2 antagonists. Nevertheless, 
Chen et al. (2020) found that L. angustifolia oil had better anti-
inflammatory activity than ibuprofen (a common NSAID) at the 
same dosage. These results suggest that L. angustifolia’s may have 
potential as a natural replacement for NSAIDs.

Anti-inflammatory cytokine expression has also been examined 
with L. angustifolia oil usage. Previously mentioned studies have 
found that L. angustifolia oil significantly increased the expres-
sion of the anti-inflammatory cytokine IL-10 (Yousefi et al., 2020; 
Aboutaleb et al., 2019; Souri et al., 2019). Additionally, Yousefi et 
al. (2020) found that the anti-inflammatory cytokine TGF-β was 
similarly increased with dietary L. angustifolia oil supplementa-
tion of fish. Overall, L. angustifolia oil seems promising as an anti-
inflammatory agent with clinical trials needed to confirm results.

11.6. Cytotoxicity and irritative properties

Caution should be exercised when using L. angustifolia oil as some 
irritative properties have been found. Topical treatments of L. an-
gustifolia oil have been shown to be irritative to the skin of mice at 
10% in polyethylene glycol 200 (Rai et al., 2020) and at 2.5 mg/ear 
(Cardia et al., 2018). Furthermore, L. angustifolia oil concentra-
tions of 30 and 90 ug/mL have been shown to be cytotoxic, while 
lower concentrations were not (Cardia et al., 2018). More studies 
should be conducted to further determine the beneficial properties 
of L. angustifolia, especially at low doses.

12. Oregano (Origanum vulgare)

12.1. Introduction and source

Oregano (Origanum vulgare), also known as wild marjoram, is 
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an herb in the mint family Lamiaceae. Oregano is native to the 
Mediterranean area but can also be grown in all warm garden soils. 
There are several other plants which go by the name oregano, in-
cluding Coleus amboinicus (Cuban oregano), Lippia graveolens 
(Mexican oregano), and Hedeoma patens (small oregano).

12.2. Current uses

The most prominent use of oregano is in Italian cuisine where it is 
used in flavouring meat and vegetables. Most notably, oregano is 
used in many tomato sauces and olive oil dishes. Oregano is also 
widely used in Latin American and Mediterranean cuisines. It is 
described to have a bold, earthy, subtly sweet, and slightly bit-
ter taste. Aside from cuisine, oregano has been used in traditional 
medicine to treat ailments including cramps, flatulence, coughs, 
and menstrual problems (Oniga et al., 2018).

12.3. Bioactive compounds

Thymol and carvacrol are considered to be the main bioac-
tive compounds in oregano (Singletary, 2010). Several classes 
of compounds have been isolated from oregano, including es-
sential oil, polyphenols, triterpenoids, and sterols (Oniga et al., 
2018). Identified by HPLC-MS, four phenolic acids in oregano 
are gentisic acid, chlorogenic acid, p-coumeric acid, and ros-
marinic acid while six flavonoids are hyperoside, isoquercitrin, 
rutin, quercitrin, quercetin and luteolin (Oniga et al., 2018). Other 
phenolic compounds in oregano include 2,5-dihydroxybenzoic 
acid, 3,4-dihydroxybenzoic acid, origanoside, maltol 60-O-(5-O-
p-coumaroyl)-b-D-apiofuranosyl-b-D-glucopyranoside, E-caffeic 
acid, amburoside A, oresbiusin A, (+)-(R)-butyl rosmarinate, api-
genin, apigenin 7-O-b-D-glucoside, luteolin, 6,7,40-trihydroxyfla-
vone, 5,7,30,40-tetrahydroxy-8-C-p-hydroxybenzylflavone, and 
didymin (Alagawany et al., 2020).

12.4. Immune-enhancing properties

The immune-enhancing properties of oregano have been examined 
by mostly using fish models. Dry oregano leaf powder supplemen-
tation at 0.5 and 1% of diets resulted in increased IgM, skin mu-
cus bactericidal activity, serum protease activity, and kidney leu-
cocyte phagocytic activity in koi carp (Cyprinus carpio) (Zhang 
et al., 2020) and gilthead seabream (Sparus aurata L.) (Beltrán 
et al., 2020), thus providing evidence of improved humoral and 
cellular immunity. In Nile Tilapia (Oreochromis niloticus), dry 
oregano leaf powder supplementation at 0.075% of diet resulted 
in increased lysozyme and bactericidal activity (Espirito Santo et 
al., 2018). Similarly, fish supplemented with oregano essential oil 
showed immune-enhancing properties. Redbelly tilapia (Tilapia 
zillii) supplemented with oregano essential oil at 1 g/kg of diet 
had increased plasma proteases, lysozyme activity, and plasma 
bactericidal capacity (Mabrok and Wahdan, 2018). Moreover, Nile 
tilapia supplemented with oregano essential oil at 1 or 2 mL/kg 
of diet had increased lysosomal and phagocytic activities as well 
as rendering improvements in erythrocytes and leukocytes lev-
els (Shourbela et al., 2021). Oregano extract supplementation of 
zebrafish (Danio rerio) resulted in increased lysozyme and pro-
tease activity (Rashidian et al., 2021). However, increases were 
most significant with fish supplemented 1% extract per kg of diet, 
with less significant increases with 0.5 and 2% supplementation 
(Rashidian et al., 2021).

Broiler chickens vaccinated against Newcastle disease and 
avian influenza supplemented with oregano essential oil at 1 and 
2 mL/20 L drinking water (0.005 and 0.01%) had increased an-
tibodies and INF-α RNA levels (Galal et al., 2016). INF-α is a 
trigger for the immune system (Galal et al., 2016). Furthermore, 
broiler chickens supplemented with 2 g of oregano extract per kg 
of diet had increased IgG and lower Staphylococcus spp. popu-
lations compared to the control group (Franciosini et al., 2016). 
Bactericidal activity was also seen in vitro in human dendritic cells 
treated with oregano extract (De Santis et al., 2019). Thus, oregano 
in various forms shows potential as an immune enhancer. How-
ever, as most benefits are seen in fish and poultry, preclinical and 
clinical trials are needed to confirm the results.

12.5. Anti-inflammatory properties

Oregano has anti- and pro-inflammatory properties. Pigs fed a 
diet of 0.2% oregano essential oil had decreased expression of 
NF-κB and STAT3, transcription factors involved with inflam-
mation (Cappelli et al., 2021). On the other hand, pigs fed a diet 
of over 0.4% oregano essential oil had increased CRP, a general 
measure of inflammation, while those fed below 0.4% had no 
change in CRP (Rivera-Gomis et al., 2020). Additionally, rats fed 
200 and 400 mg of oregano extract per kg body weight per day 
had reduced pro-inflammatory TNF-α and liver lymphocyte in-
filtration (Sharifi-Rigi et al., 2019). However, rats fed 800 mg of 
oregano extract per kg body weight per day had increased TNF-α 
and liver lymphocyte infiltration (Sharifi-Rigi et al., 2019). As 
these studies suggest, high doses of oregano often lead to in-
creased inflammation while lower doses more often lead to re-
duced inflammation.

Several other studies have demonstrated the anti-inflammato-
ry properties of oregano. Mice with P. acnes-induced ear edema 
had reduced symptoms with oregano extract injections (Chuang 
et al., 2018). The same study found that the human THP-1 mono-
cytes cell line treated with oregano extract had decreased pro-in-
flammatory cytokines IL-8, IL-1β, and TNF-α as well as reduced 
inhibition of NF-κB translocation (Chuang et al., 2018). Further-
more, the human keratinocyte cell line NCTC 2544 treated with 
oregano had reduced pro-inflammatory mediators inter-cellular 
adhesion molecule-1, iNOS, and COX-2 (Avola et al., 2020). Mu-
rine RAW264.7 cells treated with oregano essential oil displayed 
inhibition of proinflammatory cytokines IL-1β, IL-6, and TNF-α 
as well as reduction of LPS-induced MAPK, protein kinase B, and 
NF-κB activation (Cheng et al., 2018). In short, oregano possesses 
promising anti-inflammatory properties, however, caution should 
be exercised in dosing as high levels lead to proinflammatory re-
sponses. Clinical trials are needed to confirm effects.

13. Rooibos (Aspalathus linearis)

13.1. Introduction and source

Rooibos is an herb native to the mountainous area in the Western 
Cape of South Africa. Rooibos is available unfermented as green 
rooibos or fermented as rooibos. The primary use of rooibos is 
making teas. These teas have the names rooibos, bush tea, red tea, 
and redbush tea. Plants, such as rooibos, have been used for centu-
ries in Africa as herbal medicine, and the recent popularity of these 
products has grown internationally. Rooibos gained much atten-
tion as an herbal medicine for its proposed anti-inflammatory and 
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immune-enhancing effects. The popularity of the plant has led to 
threats to other local species, and climate change threatens rooibos 
farming.

13.2. Bioactive compounds

The main bioactive compound of rooibos is aspalathin, a C–C 
linked dihydrochalcone glucoside (Hoosen, 2019). Rooibos con-
tains many other flavonoids, such as aspalalinin, nothofagin, iso-
orientin, isovitexin, hemiphlorin, quercetin, hyperoside, isoquer-
cetrin, and rutinamougst (Hoosen, 2019). Additionally, rooibos 
contains nonflavonoids such as lignans and phenolic acids (Hoos-
en, 2019). On the other hand, rooibos contains no caffeine and has 
low tannin levels (Nel et al., 2007).

13.3. Immune-enhancing properties

There has been no reported toxicity of rooibos tea in humans 
(Hoosen and Pool, 2019). Some studies have shown that rooibos 
has immune-modulating properties (McKay and Blumberg, 2007) 
while others find that it does not (Hendricks and Pool, 2010; Hoos-
en and Pool, 2019). To determine the immune-enhancing effects 
of rooibos, Hendricks and Pool (2010) measured IL-10 secretion 
in rooibos extract treated LPS-stimulated and unstimulated leuko-
cytes. IL-10 secretion was used as a biomarker for fluid immunity. 
They found that the unstimulated leukocytes had increased IL-10 
synthesis (immune suppressing), while the stimulated leukocytes 
had decreased IL-10 synthesis (immune enhancing) (Hendricks 
and Pool, 2010). These results are contrary to the expectation of 
rooibos enhancing the immune system as a preventative measure. 
Another study by Hendricks and Pool (2010) similarly concluded 
that rooibos does not affect nitric oxide or IL-6 synthesis, which 
are inflammatory markers, in LPS-stimulated macrophages. Also, 
IL-6 was increased in unstimulated macrophages, which is a pro-
inflammatory response (Hoosen and Pool 2019). They suggested 
that increased IL-6 may stimulate hepatocytes, thus enhancing im-
mune response while increasing inflammation, but this remains 
unconfirmed. The difference in results from other studies could be 
because other studies used ethanolic extracts of rooibos. The re-
search on rooibos is limited and more studies should be conducted 
to further determine the herb’s effects.

13.4. Anti-inflammatory properties

Like the immune-enhancing function, there are some inconsist-
ent results for the effect of rooibos in inflammation. Most stud-
ies report anti-inflammatory properties. One study by Baba et 
al. (2009) found increased serum superoxide dismutase and de-
creased 8-hydroxy-2′-deoxyguanosine concentration in urine, an 
antioxidant and a marker of DNA damage, respectively (Baba et 
al., 2009). They believe that the antioxidant activity is responsible 
for preventing inflammation in vivo (Baba et al., 2009). Another 
study by Mueller et al. (2010) found a reduction in IL-6 and IL-10 
in rooibos incubated stimulated macrophages, both of which lead 
to less inflammation. Green rooibos extract supplementation for 
six weeks was similarly found to lower inflammation in precon-
ditioned cardiovascular disease-compromised rat hearts (Smit et 
al., 2020). Additionally, rooibos extracts have been found to have 
anti-inflammatory effects on hepatic inflammation caused by die-
sel exhaust particles through intervention in the TNF-α/IkKB/IkB/
NFkB signalling pathway (Lawal and Elekofehinti, 2019).

13.5. Pro-inflammatory properties

The pro-inflammatory properties of rooibos have been reported in 
some studies. A study measuring nitric oxide production in human 
endothelial cells found a dose-dependent nitric oxide concentration 
increase while, in healthy volunteers, there was no effect on nitric 
oxide concentration (Persson et al., 2006). These results indicate that 
there may be a difference in the effects or active components of rooi-
bos in vitro and in vivo studies. In addition, as previously mentioned, 
IL-6 was increased in unstimulated macrophages (Hoosen and Pool, 
2019). Another reason for the differences in the results may be the 
variation in dosages used to study rooibos (Hoosen, 2019). Finally, 
the amounts of phytochemicals in the plant can differ depending on 
many factors, such as ground nutrients and time of harvest.

Overall, to fully understand the effects of rooibos as an immune 
enhancer and as an anti-inflammatory agent, more studies need 
to be conducted. These studies should consider the concentration 
of rooibos in its most common form of consumption, tea. With 
this concentration, in vitro studies should be standardized to keep 
results consistent. Another aspect to consider is the difference in 
phytochemicals expressed in ethanol extracted rooibos, frequently 
used for in vitro studies. Additionally, since results differ between 
in vitro and in vivo studies, there should be caution in extrapolating 
results from in vitro studies.

14. Rosemary/sage (Salvia rosmarinus/officinalis)

14.1. Introduction and source

Rosemary is the common name of the Salvia rosmarinus herb, sci-
entifically known as Rosmarinus officinalis until 2017. Rosemary 
is part of the mint family Lamiaceae and is closely related to com-
mon sage (Salvia officinalis), or more simply known as sage, both 
belonging to the sage family. Other plants which do not belong to 
the Salvia genus share the name sage, most of which belong to the 
Artemesia genus. Rosemary and sage are native to the Mediter-
ranean region but are now grown worldwide.

14.2. Current uses

Rosemary is a versatile herb in cuisine, especially in traditional 
Mediterranean cuisine. Described to have a woodsy and peppery 
taste, rosemary is used to flavour soups, bread, meats, and stew, 
among other dishes. Additionally, rosemary finds use as an herbal 
tea. Aside from cuisine, rosemary is used for its fragrance in per-
fumes and cleaning products. Furthermore, since ancient times, 
rosemary has been believed to improve memory and today is used 
in commemorating wars and the deceased. Finally, rosemary has 
long been used in traditional medicine to improve memory, as an 
antidepressant, anti-inflammatory agent, and more (Ribeiro-San-
tos et al., 2015).

Sage also finds use in many cuisines, such as Italian, Balkan, 
middle eastern, British, and American. Additionally, sage has been 
used in traditional medicine to treat mild indigestion, excessive 
sweating, and inflammation (Ghorbani and Esmaeilizadeh, 2017).

14.3. Bioactive compounds

The main bioactive compounds of rosemary are carnosic acid, car-
nosol, and rosmarinic acid (Kontogianni et al., 2013; Ali et al., 
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2019). Other bioactive compounds in rosemary include ursolic 
acid and betulinic acid, which are attributed to cytotoxic activity 
(Kontogianni et al., 2013), and 1,8-cineole, α-pinene, and cam-
phor, which are the major volatile compounds (Ali et al., 2019). 
Of these, carnosic acid is the most investigated compound, fol-
lowed by carnosol, rosmarinic acid, and ursolic acid (Andrade et 
al., 2018). Rosemary and sage have been shown to have a similar 
profile of phenolic compounds (Shahidi and Ambigaipalan, 2015; 
Kontogianni et al., 2013).

14.4. Immune-enhancing properties

Rosemary has shown promising immune-enhancing and immu-
nomodulatory capabilities in animal models. With mice, Yousef et 
al. (2020) found that rosemary extract treatment modulates aller-
gen-mediated mast cell activation. They demonstrated that mast 
cells treatment with up to 25 µg/mL rosemary extract inhibited 
mast cell degranulation (release of mediators such as cytokines) 
by 15% compared to the control. Additionally, rosemary extract 
treatment significantly impaired MAPK and NF-κB pathways ac-
tivation (Yousef et al., 2020), both of which are involved with in-
flammation (Moens et al., 2013; Liu et al., 2017). Al Sheyab et al. 
(2012) found that mice treated with 10, 50, and 100 mg rosemary 
extract per kg of body weight for 15 days had increased levels 
of IgM and IgG against membrane proteins of sheep erythrocytes 
compared to a control group. Similarly, broiler chickens given sage 
extract had increased levels of IgM and IgG against sheep erythro-
cytes in a dose-dependent manner (Rasouli et al., 2020).

Recent studies have investigated the usage of rosemary sup-
plementation in fish feed. Yousefi et al. (2019) have reported that 
common carp (Cyprinus carpio) fed diets containing 2 and 3% 
rosemary leaf powder for 65 days had increased leukocytes and 
total plasma Ig levels as compared to a control group. Similarly, 
Nile Tilapia (Oreochromis niloticus) fed diets containing up to 10 
g of rosemary leaf powder per kg of feed for 60 days results in im-
proved immune function (Naiel et al., 2020). In particular, the fish 
had increased complement activity as measured with ACH50, de-
creased ROS production as measured with nitroblue tetrazolium, 
and increased lysozyme activity (Naiel et al., 2020).

In a study that examined the effects of rosemary extract sup-
plementation in goat kid feed, Shokrollahi et al. (2015) found sig-
nificant changes in globulin and leukocyte levels. Interestingly, the 
highest globulin levels were obtained with 400 mg of rosemary 
extract per kg of body weight, while leukocyte levels were highest 
with 200 mg/kg supplementation (Shokrollahi et al., 2015). Addi-
tionally, they found no significant change in lymphocytes or neu-
trophils (Shokrollahi et al., 2015). This suggests that the increase 
in leukocytes is monocytes, basophils, or eosinophils, which per-
tain to the innate immune system. Consistent with this suggestion, 
Rostami et al. (2018) found no change in specific antibody titers 
in rosemary-supplemented broiler chickens vaccinated with avian 
influenza-, Newcastle disease-, and infectious bronchitis- inacti-
vated virus. However, they did find modulation of humoral im-
munity (Rostami et al., 2018).

Further research should be conducted to determine the role of 
rosemary supplementation in immunity. There are conflicting re-
ports of rosemary impacting adaptive immunity, however, this may 
be due to differences in models or supplementation details. It is 
important to note that poultry and fish models are not optimal for 
determining health effects in humans but can act as an initial point 
of research to be confirmed with preclinical and clinical trials. 
Nevertheless, rosemary appears to have a role in modulating the 
innate immune system and clinical studies would prove useful in 

determining practical applications of rosemary. Additionally, more 
research should be conducted using sage as it may have differ-
ent physiological effects than rosemary despite sharing a similar 
phenolic profile.

14.5. Anti-inflammatory properties

The anti-inflammatory properties of rosemary have been exam-
ined with animal models. With the decrease in mast cell degranula-
tion mentioned earlier, there was also a decrease in the production 
and release of pro-inflammatory mediators, such as IL-6, IL-13, 
TNF-α, CCL1, and CCL3, in the mice (Yousef et al., 2020). Simi-
larly, Rahbardar et al. (2017) found that rats supplemented with 
400 mg of rosemary extract per kg of body weight for 14 days after 
chronic injury of the sciatic nerve resulted in a significant decrease 
in spinal cord levels of pro-inflammatory markers COX-2, pros-
taglandin E2, and NO. Rosemary extract has also been found to 
be effective in reducing adjuvant-induced arthritis rat paw edema 
(swelling caused by inflammation) (de Almeida Gonçalves et al., 
2018). The rosemary extract treatment was at 150 mg/kg body 
weight from 5 days before adjuvant treatment until 18 days after 
(de Almeida Gonçalves et al., 2018). Reduced rat paw edema has 
also been found using rosemary essential oil. A single dose of 300 
mg of rosemary essential oil per kg of body weight was adminis-
tered 30 minutes before carrageenan injection (to induce edema), 
resulting in a 50% reduction in the maximum peak of the edema 
(Borges et al., 2018). Finally, an in vitro study with RAW 264.7 
murine macrophage cells found that 50 and 100 μg/mL concentra-
tions of rosemary extract significantly increased anti-inflammato-
ry activity, as measured by reduced nitrite and prostaglandin E2 
levels (Karadağ et al., 2019).

There is limited recent research (<5 years) regarding the anti-
inflammatory properties of rosemary despite the herb having con-
sistent promising results (Huang et al., 1994; Chan et al., 1995; 
Peng et al., 2007). Future research should be conducted to further 
knowledge on the anti-inflammatory properties of rosemary for 
potential clinical use.

Sage treatment has recently been shown effective at modulat-
ing inflammatory cytokines. In diet-induced obese mice, Khedher 
et al. (2018) found that five-week sage extract treatment at 100 
mg/kg of body weight resulted in increased plasma levels of anti-
inflammatory cytokines IL-2, IL-4, and IL-10 while there was a 
decrease in pro-inflammatory cytokines IL-12, and TNF-α. Topi-
cal treatment using sage essential oil of infected mice was also 
shown to decrease levels of pro-inflammatory cytokines IL-6, 
IL-1β, and TNF-α (Farahpour et al., 2020). Additionally, these 
three pro-inflammatory cytokines were reduced in vitro, with sage 
extract-treated RAW 264.7 murine macrophages (Brindisi et al., 
2021) and human subcutaneous mature adipocytes (Russo et al., 
2021). These results highlight the potential usage of sage as an 
anti-inflammatory agent, with consistent results across different 
models, one of which is a human cell line. Nevertheless, clinical 
trials are needed to confirm results.

15. Saffron (Crocus sativus)

15.1. Introduction and source

Saffron is a spice that is derived from the Crocus sativus flower, 
commonly known as saffron crocus or autumn crocus. Saffron is 
produced from the crimson stigma and styles of the flower, known 
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as threads. Each flower possesses just three threads which must be 
carefully hand-picked due to their fragility. Consequently, saffron 
is the most expensive spice by weight, sometimes costing over 10 
thousand USD/kg (Business Insider, 2021). Its high price contrib-
utes to its colloquial title of “red gold”. Iran is commonly believed 
to be a place of origin of saffron. Today, saffron is produced in a 
belt across Eurasia, from Spain on the west to Jammu and Kashmir 
on the East. However, saffron can grow in any temperate climate, 
with some production in North America. Nevertheless, Iran is the 
largest producer of saffron, producing over 90% of the global sup-
ply (Business Insider, 2021).

15.2. Current uses

Saffron’s main use is in cuisine across many different cultures. For 
example, saffron is used in Iranian khoresh, Italian Milanese risot-
to, Spanish paella, and French bouillabaisse. Saffron is described to 
have a hay-like and sweet taste. Additionally, saffron adds vibrant 
yellow-orange colour to foods. This colour allows saffron to find 
use as a fabric dye, while saffron’s bittersweet scent is harnessed 
in perfumes. Saffron is also used for Hindu, Buddhist, and Jewish 
religious purposes as well as for Islamic traditions. Finally, saffron 
has a long history in traditional medicine, used to treat ailments in 
inflammation, cardiovascular system, central nervous system, eye 
disease, gastrointestinal system, genitourinary system, infectious 
disease, respiratory system, skin disease, and more (Hosseinzadeh 
and Nassiri-Asl, 2013).

15.3. Bioactive compounds

The main bioactive compounds of saffron are crocin, picrocrocin, 
and safranal (Khorasany and Hosseinzadeh, 2016) which are re-
sponsible for colour, taste, and aroma, respectively (Garavand et 
al., 2019). Another compound of note is crocetin, which forms 
the central core of crocin. Additionally, saffron contains an esti-
mated 150 compounds (Bathaie and Mousavi, 2010), including 
small amounts of other pigments like anthocyanin, α-carotene, 
β-carotene, and zeaxanthin (Melnyk et al., 2010).

15.4. Immune-enhancing properties

The immune-enhancing properties of saffron and its compounds 
have been examined. In a study using a mouse model of glaucoma, 
Fernández-Albarral et al. (2019) treated laser-induced ocular hy-
pertension mice with 60 mg/kg of bodyweight of saffron extract 
for 15 days before laser induction and up to 7 days afterward. They 
found that saffron treatment decreased microglia (nervous sys-
tem macrophage) activation, resulting in a neuroprotective effect 
due to reduced production of neurotoxic molecules, such as NO, 
TNF-α, IL-1β, and ROS (Fernández-Albarral et al., 2019). Using 
human peripheral blood mononuclear cells, Feyzi et al. (2016) 
found that safranal modulated the Th1/Th2 balance after phyto-
hemagglutinin stimulation at concentrations of 0.1, 0.5, and 1.0 
mM. Crocetin has been similarly shown to modulate the immune 
system. In ovalbumin-induced asthma mice, Ding et al. (2015) 
found that 100 µmol/L daily intranasal administration of crocetin 
increased immunoregulatory protein Foxp3 and protein 8-like 2 
levels in Treg cells. Furthermore, crocin has also been found to 
be immune enhancing. In ovalbumin-challenged mice treated with 
100 mg of crocin per kg of bodyweight, Xiong et al. (2015) found 
the bronchoalveolar lavage fluid to have reduced mast-cell specific 

tryptase and eosinophil peroxidase. Additionally, they found re-
duced expression of p-JNP, p-ERK, and p-p38, which are involved 
in the MAPK pathway, reducing airway inflammation (Xiong et 
al., 2015). Another study found that osteoarthritis patients given 
a daily treatment of 15 mg crocin for four months had a reduc-
tion of pro-inflammatory Th17 cells and an increase in regulator T 
cells as compared to the starting point (Poursamimi et al., 2020). 
These studies highlight various immunological effects of saffron 
and its compounds. However, many more discovered effects are 
not listed, such as inhibited leukocyte infiltration, decreased serum 
IgM concentration, improved thrombosis, and beyond (Boskabady 
et al., 2020).

The crocus sativus petal may also exhibit beneficial immu-
nological effects. In a study where rats were given petal extract 
daily, it was found that using a concentration of 75 mg/kg of body 
weight increased IgG expression as compared to other concentra-
tions (Hosseini et al., 2018). As saffron quantity is inherently lim-
ited and often expensive, using the petals for similar effects would 
greatly increase the applicability of the plant in treatments.

15.5. Anti-inflammatory properties

There are conflicting results regarding the anti-inflammatory prop-
erties of saffron. Many studies have found saffron to have anti-
inflammatory properties, while others have found no effect. Gen-
erally, anti-inflammatory properties of saffron have been found in 
animal or in vitro studies, while fewer effects have been observed 
in clinical trials.

One study that found anti-inflammatory properties of saffron 
used a model of rats after chronic injury of the sciatic nerve (Amin 
et al., 2014). Amin et al. (2014) found that daily administration 
of 200 mg/kg of bodyweight saffron extracts reduced the concen-
tration of pro-inflammatory IL-1β, IL-6, and TNF-α cytokines. A 
study by Faridi et al. (2019) found that streptozocin-induced dia-
betic mice treated daily with 500 mg/kg of body weight for 3 weeks 
had decreased production of pro-inflammatory IL-17 cytokines 
and NO as well as increased levels of anti-inflammatory IL-10 and 
TGF-β cytokines in the pancreatic cells. An in vitro study using 
RAW 264.7 cells found that crocin has inhibitory activity on COX-
1 and COX-2, with inhibition of COX-2 being greater than the 
NSAID indomethacin (Xu et al., 2009).

While many clinical trials show no anti-inflammatory proper-
ties, some have shown anti-inflammatory properties. One such 
study found that asthma patients given 100 mg daily supplementa-
tion of saffron for 8 weeks had reduced levels of anti-heat-shock 
protein 70 (risk factor and related to severity of asthma) and CRP 
(a general measure of inflammation) (Hosseini et al., 2018). An-
other study found that type 2 diabetes patients given an identical 
treatment had decreased serum TNF-α levels as well as down-
regulated TNF-α and IL-6 mRNA levels as compared to a placebo 
group (Mobasseri et al., 2020).

Contrarily, some studies have shown no changes in inflamma-
tory markers. Ege et al. (2020) found that human osteosarcoma 
cells treated with saffron extracts at various concentrations had no 
significant alteration to the expression of IL-6 and IL-8. A meta-
analysis of eight clinical trials similarly concluded that saffron 
supplementation did not affect inflammatory cytokines (Asbaghi 
et al., 2021). Hamidi et al. (2020) treated rheumatoid arthritis pa-
tients with 100 mg of saffron daily for 12 weeks and found no 
significant difference in CRP, IFN-γ, TNF-α, and malondialdehyde 
between the treated and non-treated groups. However, beneficial 
outcomes were observed, such as a lower number of tender and 
swollen joints, lower pain intensity, and a lower disease activity 
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score (Hamidi et al., 2020).
While it is unclear if saffron positively affects inflammatory 

markers, this should not be reason to dismiss the use of saffron in 
treatments as it may exert positive effects through other mecha-
nisms. Consequently, further research should be conducted to de-
termine other mechanisms of saffron.

15.6. Cytotoxicity

Saffron has exhibited some cytotoxic properties. High doses of saf-
fron can induce organ toxicity, embryonic toxicity, and may lead 
to an increased miscarriage rate in pregnant females (Mehri et al., 
2020). However, doses used in clinical and experimental studies 
are not high enough to result in significant toxicity (Mehri et al., 
2020). Therefore, caution should be exercised in the consumption 
of saffron, particularly at high doses.

16. South African geranium (Pelargonium sidoides)

16.1. Introduction and source

Pelargonium sidoides is a South African herb used in traditional 
medicine native to the Eastern Cape in South Africa. Its names 
include South African geranium, black geranium, and Cape pel-
argonium. EPs 7630 is an extract of P. sidoides and is marketed 
under many different names, including Kaloba, Umckaloabo, Um-
ckalor, Umcka, Umquan, and Renikan, differing depending on the 
region. For example, in Canada, EPs 7630 is sold by Nature’s Way 
under the brand name Umcka. Extracts of P. sidoides were sold ex-
clusively by Dr. Willmar Schwabe GmbH and Co. KG (Schwabe 
Group) and its subsidiaries until a European Patent Office ruling 
resulted in withdrawal from their patents in 2010 (Herrmann and 
Thöle, 2010). Typically, the roots of the plant are used to produce 
the extracts, although, there is evidence supporting the use of the 
shoots and leaves as a substitute, with both having comparable 
properties to the roots (Lewu et al., 2006).

16.2. Bioactive compounds

Isolated active compounds of P. sidoides include scopoletin, umc-
kalin, 5,6,7-trimethoxycoumarin, 6,8-dihydroxy-5,7-dimethoxy-
coumarin, (+)-catechin, gallic acid, and its methyl ester (Kayser and 
Kolodziej, 1997). The main bioactive components in P. sidoides are 
believed to be gallic acid and its methyl ester (Kayser et al., 2001).

16.3. Immune-enhancing properties

The immune-enhancing capabilities of P. sidoides have been stud-
ied extensively, although much of the research is affiliated with 
the Schwabe Group. The following research has no declaration of 
affiliation with the Schwabe group. All the previously mentioned 
active compounds have shown antimicrobial activities, except for 
(+)-catechin (Kayser and Kolodziej, 1997). Some fungi inhib-
ited include Asperillus niger, Fusarium oxyporum, and Phizopus 
stolonifer (Mativandlela et al., 2006). The antibacterial activity has 
been associated with macrophage activation determined through 
TNF-α and inorganic nitric oxide in macrophage cultures (Kayser 
et al., 2001). Additionally, P. sidoides has been used in a tablet with 
Echinacea purpurae increasing IgG and IFN-γ, as well as certain 

cytokine gene expressions, modulating immune response (Seckin 
et al., 2018).

One study showed that EPs 7630 had antibacterial proper-
ties, increased TNF and interferon activities, and increased the 
synthesis of IFN-β, an interferon used to treat multiple sclerosis 
(Kolodziej et al., 2003). Another study showed that EPs 7630 was 
effective in combating various respiratory viruses, including sea-
sonal influenza A virus strains, respiratory syncytial virus, human 
coronavirus, parainfluenza virus, and coxsackievirus (Michaelis et 
al., 2011). In addition, EPs 7630 has been shown to be protective 
against acute bronchitis, as well as reducing symptom severity and 
disease duration (Bao et al., 2015; Kamin et al., 2010). Pre-treat-
ment with P. sidoides extracts has been shown to counteract LPS-
caused physiological issues and inhibit herpesviruses (Nöldner and 
Schötz, 2007; Schnitzler et al., 2008). Furthermore, EPs 7630 has 
been shown to increase neutrophil, Th17, and Th22 cells through 
the MAPK pathway (Witte et al., 2015).

16.4. Anti-inflammatory properties

The anti-inflammatory capabilities of P. sidoides have been stud-
ied without obvious affiliation with the Schwabe Group. A study 
found that P. sidoides extract and proanthocyanidin, from the ex-
tract, decreased various LPS-induced pro-inflammatory molecules 
from fibroblasts, leukocytes, and macrophages (Jekabsone et al., 
2019). Another study found that P. sidoides extract could modu-
late chemokines, affecting inflammatory response and activating 
immune response to the site of inflammation (Perić et al., 2020). 
P. sidoides has also been used in conjunction with Coptis chin-
ensis, a traditional Chinese medicine, to show anti-inflammatory, 
through the decrease of pro-inflammatory compounds, and antial-
lergic activities (Min et al., 2020; Park et al., 2018). Nevertheless, 
a systematic review found low quality of evidence relating Pelar-
gonium sidoides extracts to acute bronchitis, acute sinusitis, and 
the common cold and no reliable data on other acute respiratory 
tract infections (Timmer et al., 2013).

Caution should be exercised in interpreting results from studies 
regarding P. sidoides extracts due to financial interests and doubts 
on the quality of evidence. P. sidoides may have beneficial prop-
erties, but more unbiased studies with high-quality evidence are 
needed to make conclusions.

17. Turmeric (Curcuma longa)

17.1. Introduction and source

Turmeric (Curcuma longa) is a plant whose rhizome (subterrane-
an plant stem) is used as a spice. Turmeric is native to South and 
Southeast Asia where it continues to thrive today in warm climates 
and with ample rainfall.

17.2. Current uses

Described to have an earthy and bitter taste, turmeric is an ingredient 
in many Asian and Middle Eastern dishes. It is to flavour a variety of 
products such as curries, mustards, butters, and cheeses. Addition-
ally, turmeric is used in beverages like milk and teas. Turmeric adds 
a bright yellow colour to foods. This dyeing property is also used 
to bring a warm gold colour to fabrics. Furthermore, turmeric can 
be used as a chemical indicator for solutions between pH 7.4 and 
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9.2, turning from yellow in acidic and neural solutions to brown in 
alkaline media. Turmeric has long been used in religious ceremonies 
and traditional medicine. In Ayurvedic, turmeric is used to treat res-
piratory conditions, liver disorders, anorexia, rheumatism, diabetic 
wounds, runny nose, cough, and sinusitis (Prasad and Aggarwal, 
2011). In traditional Chinese medicine, turmeric is used to treat dis-
eases associated with abdominal pain (Prasad and Aggarwal, 2011).

17.3. Bioactive compounds

Curcumin is the main bioactive compound in turmeric and is 
believed to be responsible for most of turmeric’s physiological 
properties (Sahne et al., 2017). Accordingly, most of the research 
concerning turmeric focuses on curcumin. Turmeric contains other 
compounds, including peptides (turmerin), essential oils (d-a-
phellandrene, cineol, d-borneol, d-sabinene, and valeric acid), cur-
cuminioids (demethoxycurcumin, cyclocurcumin, and bisdemeth-
oxycurcumin), and volatile components (turmerone, atlantone, and 
zingiberene) (Mollazadeh et al., 2019).

17.4. Immune-enhancing properties

Curcumin has been studied extensively for its immune-modulating 
properties. Several recent reviews have highlighted curcumin′s po-
tential as a therapeutic. A review by Kahkhaie et al. (2019) deter-
mined that curcumin suppresses inflammatory cascades, resulting 
in inhibition of macrophage, dendritic cell, and T cell subset activa-
tion, maturation, and cytokine production. Thus, the inflammatory 
response was lowered through lower immune cell involvement. An-
other review by Momtazi-Borojeni et al. (2018) looking at systemic 
lupus erythematosus, determined that curcumin inhibited dendritic 
cell maturation and function through the reduced expression of 
major histocompatibility complex II, co-stimulatory molecules, 
and pro-inflammatory cytokines. Additionally, they determined 
that curcumin prevented contact between dendritic cells and T 
cells in the lymph node, lessening the immune response (Momtazi-
Borojeni et al., 2018). Furthermore, they determined that curcumin 
could increase the number and function of Treg cells, ameliorating 
the Th17/Treg ratio in systemic lupus erythematosus patients.

On the contrary, curcumin has been shown to inhibit Treg cell 
activities in cancer models (Shafabakhsh et al., 2019). This pre-
clinical work showed that curcumin inhibited Treg cell activities 
through prevention of cell-to-cell interactions, reduction of sup-
pressive cytokine secretion, and reduction of IL-2 capacity. It is 
important to note that IL-2 is responsible for limiting T cell re-
sponses (Nelson, 2004). Thus, curcumin was effective in augment-
ing the immune response in cancer models, while decreasing im-
mune response in lupus erythematosus, demonstrating curcumin’s 
role as an immunomodulator.

Curcumin has been described to have additional immunomodu-
latory mechanisms in cancer development. T cells, B cells, mac-
rophages, natural killer cells, and dendritic cells have all been 
shown to be impacted by curcumin (Bose et al., 2015). Additional-
ly, anti-tumor responses have been found using curcumin through 
a variety of mechanisms. These include increased CD4+ and CD8+ 
T cells, increased Th1 type cytokines, reduction of Treg cells, and 
reduction of T cell apoptosis (Bose et al., 2015). Thus, curcumin 
has been found to increase anti-tumor immunity. Other immune-
mediated diseases that curcumin has been shown to remedy in-
clude rheumatoid arthritis, immune-mediated liver injury, multiple 
sclerosis, Sjogren’s syndrome, type 1 diabetes, chronic serum sick-
ness, allergic inflammatory disease, and graft-versus-host-disease 

(Abdollahi et al., 2018). Therefore, curcumin has the potential as 
an immune modulator for use in a wide variety of diseases.

17.5. Anti-inflammatory properties

The anti-inflammatory properties of curcumin have been exten-
sively studied. There is an abundance of many recent reviews 
which summarize the current research. A review by Mollazadeh et 
al. (2019) considered the effect of curcumin on the anti-inflamma-
tory cytokine IL-10. They found that curcumin increased the ex-
pression and production of IL-10 in many different tissues, taking 
results from 36 studies. In parallel, pro-inflammatory cytokines 
(IL-1β, IL-4, IL-6, IL-10, IL-12, IL-18, TNF-α) and chemokines 
(macrophage inflammatory protein-1 alpha and monocyte chem-
oattractant protein-1) were found to be decreased by curcumin, as 
discussed in the literature (Ghosh, Banerjee, and Sil, 2015; Memar-
zia et al., 2021). Interestingly, Memarzia et al. (2021) highlighted 
curcumin’s role at both increasing and decreasing IL-10 levels. It 
appears as though IL-10 has contradicting roles as an anti- and 
pro-inflammatory cytokine, with some clinical trials finding a pro-
inflammatory effect (Mühl, 2013). Additionally, curcumin was 
found to suppress the inflammatory mediators, 5-lipoxygenase, 
COX-2, and iNOS (Mirzaei et al., 2017).

Curcumin functions through several anti-inflammatory path-
ways. These include the Keap1-Nrf2, AKT and ERK, MAPK, 
STAT, AP-1, and NF-κB pathways (He et al., 2015; Memarzia et 
al., 2021). Of these, NF-κB has been most discussed. In this con-
nection, interleukins were found to decrease through NF-κB (He et 
al., 2015) which was in turn inhibited through inhibition of toll-like 
receptor-4 and MyD88 (Memarzia et al., 2021). Furthermore, as an 
NF-κB suppressor, curcumin was found to prevent inflammation-
induced apoptosis of chondrocytes in osteoarthritis (Chin, 2016).

In addition to osteoarthritis, curcumin was shown to remedy in-
flammatory diseases including knee osteoarthritis, irritable bowel 
syndrome, intracerebral hemorrhage, chronic lung disease, peri-
odontal disease, obesity, obesity-induced inflammation, acute pan-
creatitis, experimental autoimmune encephalomyelitis, atheroscle-
rosis, heart failure, type 2 diabetes, and dementia (Abdollahi et al., 
2018; Shimizu et al., 2019). These findings are primarily based on 
animal studies. However, several clinical trials support the use of 
curcumin to treat inflammatory diseases such as rheumatoid arthri-
tis, osteoarthritis, type 2 diabetes, and metabolic diseases (Salehi 
et al., 2019).

Some clinical trials have shown inconsistent results of curcum-
in as an anti-inflammatory agent. Saraf-Bank et al. (2019) found 
that curcumin supplementation had a significant effect on CRP 
and IL-6 in obesity. Supporting these findings, Jazayeri-Tehrani 
et al. (2019) found that curcumin supplementation significantly 
decreased CRP, IL-6, and TNF-α in obesity. However, in a clinical 
trial of osteoarthritis, curcumin did not significantly change IL-6, 
TNF-α, or IL-1β but patient’s symptoms were improved (Gupte et 
al., 2019). Another clinical trial found that curcumin along with 
lifestyle modification decreased NF-κB in non-alcoholic fatty liver 
disease compared to baseline, however, there was no benefit com-
pared to lifestyle modification alone (Saadati et al., 2019).

Recent reviews and meta-analyses of clinical trials similarly 
report positive or neutral effects of curcumin on inflammation. 
Yang et al. (2019) examined 16 clinical trials and found significant 
improvement in 10 of the studies (8 on type 2 diabetes and 2 on 
ulcerative colitis), while the remaining 6 studies had inconclusive 
results (1 on ulcerative colitis, 1 on lupus nephritis, 2 on rheuma-
toid arthritis, and 2 on multiple sclerosis). A systematic review that 
included 11 clinical trials of curcumin supplementation on post-
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exercise inflammation found reduced levels of pro-inflammatory 
cytokines TNF-α, IL-6, and IL-8 with curcumin supplementation 
(Fernández-Lázaro et al., 2020). Several meta-analyses have also 
been conducted on clinical trial data. A meta-analysis of 15 clini-
cal trials found that curcumin-containing supplements significant-
ly decreased levels of pro-inflammatory CRP and IL-6, however, 
there was no significant change in TNF-α levels (Tabrizi et al., 
2019). Two other meta-analyses, each including 3 clinical trials, 
found that curcumin had no significant effects on irritable bowel 
syndrome (Ng et al., 2018) and ulcerative colitis (Grammatiko-
poulou et al., 2018). There are inconsistent results on the effective-
ness of curcumin as an anti-inflammatory agent in clinical trials. A 
possible limitation of curcumin is its limited bioavailability, but it 
appears that curcumin is more effective at treating some inflamma-
tory diseases than others. More clinical trials should be conducted 
using curcumin as it has shown strong potential in treating inflam-
mation with very few side effects.

17.6. Bioavailability

Curcumin is reported to have low bioavailability due to its low 
absorption and rapid systemic elimination. To circumvent low bio-
availability, several techniques have been implemented to increase 
bioavailability. These include nanoemulsion, liposomal encapsula-
tion, phospholipid curcumin complexes, and milk exosomes (Kun-
numakkara et al., 2019; Mirzaei et al., 2017). Additionally, formu-
lations such as Teracurmin® and Meriva® have been effective at 
low doses (Kunnumakkara et al., 2019). Another promising option 
is the use of adjuvants or other natural products, such as piperine, 
to increase the bioavailability of curcumin (Mirzaei et al., 2017). 
Thus, effective methods of administration are essential to elicit the 
beneficial properties of curcumin.

18. Conclusion

There is much interest in finding natural products that can act 
as immune-enhancers and anti-inflammatory agents to promote 
health. Spices and herbs that are used in traditional medicine are 
a great starting point to find such products, as they have been 
used for proposed medicinal properties for centuries. Current re-
search suggests that a variety of spices and herbs may function as 
immune-enhancers or modulators and anti-inflammatory agents. 
However, spices and herbs themselves may pose some risks of use 
themselves which should be considered before administration. 

Future work should focus on confirming the applicability of 
results in humans through clinical trials. Additionally, it may be 
useful to further study the effects of combining several spices and 
herbs, as combined consumption is common for culinary spices 
and herbs. Piperine from black pepper is a great example of a spice 
that may benefit from combined consumption as it has established 
its ability as a bioenhancer. Furthermore, the development of more 
effective techniques to isolate bioactive compounds or to increase 
bioactive compounds in final products will be useful in creating 
more potent effects, when desirable.
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