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1  |  INTRODUC TION

The human body possesses multiple defense mechanisms against 
pathogenic invasion, and one such mechanism is the immune 

system— a sophisticated network of cells, tissues, and organs that 
collaborate to shield the human body from potential harm. Immunity 
can be categorized into two types: innate or nonspecific immunity, 
and acquired or specific immunity (Singh et al., 2022). Humans are 
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Abstract
We are frequently exposed to potentially harmful microbes of various types on a daily 
basis. Our immune system is an amazing collection of unique organs and cells that 
defends us from hazardous germs as well as certain diseases. It plays a crucial role in 
protecting the body against external invaders, including bacteria, viruses, and para-
sites. Maintaining a healthy immune system requires consuming a balanced diet that 
provides a variety of macro-  and micronutrients. By consuming sufficient amounts of 
water, minerals such as zinc and magnesium, micronutrients, herbs, and foods rich in 
vitamins C, D, and E, and adopting a healthy lifestyle, one can enhance their health 
and immunity, and prevent infections. This article provides a comprehensive review 
of the scientific literature on common foods known for their potential to boost human 
immunity. The review begins by discussing the various components of the immune 
system and their functions. It then delves into the current understanding of how nu-
trition can influence immune response, highlighting the importance of a well- balanced 
diet in supporting optimal immune function. The article presents an extensive analy-
sis of a range of common foods that have been studied for their immune- boosting 
properties. These foods include fruits, vegetables, whole grains, and animal- based 
foods. Each food category is explored in terms of its specific nutrients and bioactive 
compounds that contribute to immune support. Foods such as milk, eggs, fruits, leafy 
greens, and spices like onion, garlic, and turmeric contain beneficial compounds that 
can enhance the immune system's function, activate and inhibit immune cells, and 
interfere with multiple pathways that eventually lead to improved immune responses 
and defense. The available literature on the issue was accessed via online resources 
and evaluated thoroughly as a methodology for preparing this manuscript.
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born with some protective mechanism against harmful agents, which 
are ready to protect the body at a very short notice, constituting 
innate immunity, whereas acquired immunity is obtained through in-
teraction with the invader and is peculiar to that invader. It is more 
specialized than innate immunity, and it complements and enhances 
innate immunity's protection (Coico & Sunshine, 2015). It is widely 
acknowledged that diet and nutrition have a significant impact on 
immune function. Our diet contains a variety of energy- giving nutri-
ents that serve as the foundation for building blocks, as well as non-
nutrients that, in conjunction with essential nutrients, have distinct 
roles in regulating metabolism and other critical processes in our 
bodies. These processes include immune signaling, highlighting the 
importance of diet in modulating immunity (Pahwa & Sharan, 2022). 
Consuming a diet that is abundant in nutrients with immunomodula-
tory properties can aid in strengthening the immune system. Several 
foods have ingredients that help to keep our innate immunity (mac-
rophages, NK cells, and neutrophils) as well as acquired immune 
system (T cells and B cells) in good working order (Vishwakarma 
et al., 2022). On the other hand, inadequate nutrition can impair im-
mune system development and lead to immune incompetence, ren-
dering the body more susceptible to infections (Cooper & Ma, 2017), 
allergies, and chronic inflammation (Albers et al., 2013). This under-
scores the importance of proper nutrition in maintaining optimal 
immune function. Dietary components have been demonstrated to 
prevent and treat a variety of diseases caused by immune system 
dysfunction, such as cancer and inflammatory conditions like ath-
erosclerosis, cystic fibrosis, rheumatoid arthritis, bronchial asthma, 
and fibromyalgia (Bubnov et al., 2015). This highlights the potential 
therapeutic benefits of including certain foods in our diet to support 
immune function and combat disease.

Immunological cells require enough energy, with macro-  and 
micronutrients acting as cofactors in the progress, articulation, 
and maintenance of the immune response. Protein- rich foods aid 
immunoglobulin synthesis and possess antiviral properties (Ng 
et al., 2015; Norman et al., 2008; Schuetz et al., 2019). Therefore, 
individuals should take vegetables, nuts, legumes whole grains, and 
animal- based meals as part of a normal diet. Certain foods, such 
as mushrooms, tomato, and chili pepper, and green vegetables like 
spinach and broccoli taken in regular meal help in building disease 
resistance in the body. Similarly, taking a low- fat plant- based diet 
may aid in strengthening the immune system (Mishra & Patel, 2020). 
Fiber can also help maintain a healthy body mass index (BMI), which 
is linked to better immunity (Rinninella et al., 2019). A plant- based 
diet rich in vegetables, whole grains, and fruits has also been shown 
to lower inflammatory biomarkers (Soldati et al., 2018). Vitamins 
A, C, E, carotenoids, and flavonoids, for example, are widely acces-
sible in the diet and act as antioxidants, scavenging oxidative free 
radicals (Waheed Janabi et al., 2020). Vitamin D supplementation 
was found to be safe in prevention of upper respiratory infections 
and influenza (Grant et al., 2020; Martineau et al., 2017). Naturally 
occurring functional food ingredients, such as carotenoids and fla-
vonoids, have been identified as effective anti- inflammatory agents 
and antioxidants that aid in the functioning of immune system (Kaur 

& Kapoor, 2001). Fruits and vegetables possess valuable health 
benefits that are associated with their anti- inflammatory and anti-
oxidant properties which are crucial in boosting the immune system 
and can be used as indicators for evaluating human health (Dangour 
et al., 2010).

The importance of a balanced diet in immune function has been 
well recognized (Maggini et al., 2008). Curcumin and ginger extract 
treatment resulted in faster healing in the skin of rats, which was 
discovered to be a unique way to improve the structure of the skin 
in rats. Curcumin reduces metastasis, invasion, cell proliferation, and 
angiogenesis in a variety of malignancies by inhibiting various pro-
tein signaling pathways (Bhagavathula et al., 2009). Iron deficiency 
anemia is treated with lemon and green leafy vegetables, which raise 
hemoglobin levels. It aids in the improvement of iron bioavailability 
in the blood (Shubham et al., 2020). Yogurt and banana, on the other 
hand, play an important role in the reciprocal advantages of probi-
otics and prebiotics. Prebiotics work as a fertilizer for good bacteria, 
whilst probiotics deliver good bacteria into the stomach (Natarajan 
et al., 2019).

Though the field of health and nutrition is most extensively stud-
ied one and several reviews have been published in this field, but 
most of them have focused on functional foods, and more impor-
tantly, almost all of the previous reviews have discussed nutrient 
components such as vitamins, minerals, etc. and their role in immu-
nomodulation. This manuscript explores the relationship between 
food and immunity from a different angle, i.e., individual food item 
has been studied and discussed how these food items help in fight-
ing illness and improving immunity with the perspective of common 
man while corroborating the facts with scientific evidence. Also, the 
field of nutrition and immune health is constantly evolving, with new 
studies and findings emerging regularly. A new review can provide 
updated information by incorporating the latest research and ad-
vancements in the field. It can offer a fresh perspective and ensure 
that readers have access to the most recent and relevant information 
on the subject. Considering the abovementioned facts, the present 
review has been designed with the objective to discuss the human 
immune system in brief and document the commonly available and 
easily accessible food items that help in maintaining healthy immune 
system and provide good resistance against diseases. This study will 
assist the general population in incorporating vital foods into their 
daily diets in order to strengthen and improve their immune system 
and overall health.

2  |  METHODOLOGY

This article aims to review common foods that have been reported 
to boost human immunity. The methodology involved conducting a 
comprehensive literature search to identify relevant studies and ar-
ticles that examined the immunomodulatory properties of various 
foods. The selected articles were then analyzed to summarize the 
findings and provide insights into the effectiveness of these foods in 
enhancing human immune function. The review covers a wide range 
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of foods, including fruits, vegetables, herbs, spices, and other dietary 
components. The findings presented in this article can serve as a 
valuable resource for individuals seeking to improve their immune 
systems through dietary choices. An extensive search of scientific 
databases (e.g., PubMed, Scopus, Web of Science, Google Scholar) 
using relevant keywords such as “immunity,” “immune system,” “im-
munomodulation,” “food,” and “nutrition” was done in order to find 
the relevant information. A wide range of studies published in peer- 
reviewed journals including research papers, systematic reviews, 
and meta- analyses that investigated the effects of specific foods on 
human immunity were reviewed.

3  |  IMMUNIT Y AND THE HUMAN 
IMMUNE SYSTEM

Immunity refers to the ability of the host to fight against pathogens, 
conferred by the immune system. Based on the immune response 
of the human body, immunity can be divided into two categories, 
viz., active immunity— in which the host's body itself produces the 
antibodies required for the immune response, and passive immu-
nity— in which required antibodies are externally supplied to the 
body (Gangwar & Yadav, 2021). Passive immunity is short lived and 
has lesser importance in fight against the pathogens, whereas it is 
the active immunity which is mainly responsible for the immune re-
sponses in humans (Baxter, 2007).

Active immunity is further divided into two categories, viz., in-
nate immunity and acquired immunity based on its origin. Humans 
are born with innate immunity which mainly consists of four types of 

barriers: (1) physical barriers— like skin, and mucous coating the ep-
ithelium lining of respiratory system; (2) physiological barriers— acid 
in stomach, saliva in mouth, and tear from eyes; (3) cellular barriers— 
certain types of leukocytes (WBCs) of our body like polymorphonu-
clear leukocytes (MPNL— neutrophils), monocytes, and natural killers 
in the blood as well as macrophages in tissues act as cellular barrier 
by phagocytosis; and (4) complement proteins— a set of roughly 30 
blood proteins that work together to protect the body against infec-
tion (Chaplin, 2010; Danilova, 2015; Marshall et al., 2018; Figure 1).

However, an individual develops the acquired immunity after birth, 
hence named. As one's body is exposed to pathogens or gets vacci-
nated, it develops a library of antibodies specific to each pathogen; this 
immunological memory remembers previous enemies and provides 
immunity against them in future attacks. As shown in Figure 1, the 
acquired immune responses are mainly governed by two types of lym-
phocytes, viz., B lymphocytes (B cells) and T lymphocytes (T cells). The 
role of B lymphocytes is the production of antibodies specific to each 
antigen produced by a pathogen. These antibodies, which come under 
the immunoglobulin family of substances has a multitude of functions 
in the immune system (Rich & Chaplin, 2019). The five main classes of 
immunoglobulins are IgA, IgD, IgE, IgG, and IgM. Each immunoglobulin 
class has unique chemical properties that allow it to perform specialized 
activities. IgA, for example, congregates in body fluids like tears and 
saliva, where it protects entry points; IgD is bound to B lymphocytes, 
helping them in initiating the immune response; IgE is responsible for 
allergies and protects against parasites; IgG works as a marker for the 
enemy and help the other cell in recognizing the enemy to deal with it; 
and IgM is specialized in killing bacteria (Schroeder & Cavacini, 2010). 
IgAs also aid in the management of commensal bacteria in mucosal 

F I G U R E  1  The human immune system (adopted from Jiang, 2019).
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regions and the protection of the body against infection (Hachimura 
et al., 2018). T lymphocytes are divided into three types: helper T cells, 
killer T cells, and suppressor T cells, each with its own purpose. Helper 
T cells are responsible for coordinating with other cells and stimulat-
ing B cells to generate additional antibodies. Killer T cells (also known 
as cytotoxic T lymphocytes) target other cells as their name implies. 
These aid in the detection and elimination of viruses by recognizing 
and targeting tiny fragments of viruses present on the surface of in-
fected cells. At last, suppressor T cells provide the information to stop 
work by other T cells and B cells whenever the enemy is completely 
destroyed from the body (Cano & Lopera, 2013).

The various kinds of white blood cells mentioned above are kept 
in lymphoid organs located in various parts of the body like bone 
marrow, spleen, thymus, and lymph nodes. The principal lymphoid 
organ is the bone marrow, which produces all blood cells, including 
lymphocytes (Nigam & Knight, 2020). Lymphocytes that are not yet 
fully developed exit the bone marrow and migrate to the thymus, 
where they undergo a process of maturation to become functional 
T lymphocytes. Located between the lungs and below the neck, the 
thymus gland serves as the site for this process. On the other hand, 
positioned in the upper left abdomen, the spleen has a specialized 
physical structure that enables it to filter blood for infections and 
abnormal cells. Additionally, the spleen facilitates the formation 
of rare connections between antigen- presenting cells (APCs) and 
matching lymphocytes (Lewis et al., 2019). Small glands known as 
lymph nodes are distributed throughout the body and play a crucial 
role in gathering and trapping germs and other foreign substances 
that enter the lymphatic and tissue fluids. Once antigens are trapped 
within the lymph nodes, they stimulate the lymphocytes present 
there, triggering an immune response (Liao & von der Weid, 2015; 
Mitra et al., 2022).

4  |  FOOD ITEMS A S IMMUNE BOOSTERS

Natural immune boosters are the products that we encounter in our 
daily activities. The first line of defense is always healthy lifestyle, 
which includes avoiding smoking, a diet rich in fruits and vegetables, 
exercise, regular sleep, and minimal stress (Monye & Adelowo, 2020). 
Humans have a long history of using natural immune boosters in 
their daily life, and it is gaining further momentum because of the 
increasing side effects of synthetic drugs (Tegegne & Kebede, 2022). 
Here, we discuss some of the commonly available food items and 
their role in immune system (Table 1).

4.1  |  Water

Drinking adequate water is important for a variety of reasons, one of 
them being reducing illness risk. Staying hydrated allows nutrients to 
reach all regions of the body and keep all bodily systems and organs 
functioning, potentially reducing the risk of illness (Rosinger, 2019). 
A sufficient quantity of water keeps the mucous membranes wet, 

reducing the risk of cold and flu. Drinking water aids in the oxy-
genation of cells, resulting in properly functioning systems. Well- 
oxygenated cells are better placed in fighting against germs and 
other infectious agents than the cells having low oxygen. In addition, 
when someone is sick, the body loses a lot of water in the form of 
mucus, which is how infection- causing microorganisms are removed 
from the body (Arshad et al., 2020; Moeller et al., 2013). Water plays 
a vital role in flushing out toxins from the body by carrying them 
through the kidneys and urinary tract. When the body is dehydrated, 
it can lead to a buildup of toxins in the bloodstream and other vital 
organs, which can lead to a weakened immune system. Drinking 
plenty of water throughout the day can help to prevent dehydration 
and promote the removal of toxins from the body. Staying hydrated 
is also critical for detoxification pathways, lymphatic drainage, and 
ensuring that foreign invaders and other waste items are flushed 
out. Muscle tension, headaches, decreased serotonin levels, and di-
gestive problems can all be caused by dehydration (Quinn, 2020). 
Drinking more water can provide health benefits both directly, by 
increasing urine flow or dilution, and indirectly, by reducing the 
levels of osmotically induced vasopressin (AVP). Elevated levels of 
circulating AVP are associated with metabolic disorders, autosomal 
dominant polycystic kidney disease, and chronic kidney disease. 
Conversely, increased urine flow resulting from drinking more water 
can help prevent the formation of kidney stones and reduce the re-
currence of urinary tract infections (Perrier et al., 2021).

5  |  PL ANT- BA SED FOODS

5.1  |  Citrus fruits (Citrus spp.)

Grapefruit, oranges, clementines, tangerines, lemons, and limes 
are the popular citrus fruits. Vitamin C is an important micronutri-
ent found in citrus fruits, which empowers the immune system by 
boosting both adaptive as well as innate immune cellular function-
ing. It helps the epithelial barrier function against infections (Boretti 
& Banik, 2020). Vitamin C may also boost the development of 
infection- fighting white blood cells called lymphocytes and phago-
cytes, especially the differentiation and proliferation of B and T cells, 
two of the most important immune system players. It can also help in 
prevention and cure of respiratory and systemic infections. Vitamin 
C is also known to function as an antioxidant, assisting in the battle 
against free radicals, which damage and impair the ability of immune 
system to operate effectively (Carr & Maggini, 2017). Because the 
human body cannot generate or retain vitamin C, it is critical to take 
high- quality vitamin C sources on a regular basis, especially while 
someone is unwell, as vitamin C levels may further get depleted. 
Apart from vitamin C, citrus fruits contain other compounds like 
carotenoids, folic acid, dietary fibers, potassium, selenium, and a va-
riety of phytochemicals making them an effective natural agent to 
fight against cancer (Sidana et al., 2013). The flavonoids present in 
citrus fruits act as anti- inflammatory and antioxidative agents that 
enhance the immune system by reducing inflammation and speedy 
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TA B L E  1  Common food items and their major bioactive compounds responsible for human immunity.

Common food items Bioactive compound Mechanism References

Water – Reflux of toxins in various forms Arshad et al. (2020) and Moeller 
et al. (2013)

Citrus fruits (Citrus spp.) Vitamin C Helps the epithelial barrier function, 
and boost the development of 
lymphocytes and phagocytes

Boretti and Banik (2020)

Naringin Anti- inflammatory Cheng et al. (2020)

Papaya (Carica papaya L.) β- carotene Antioxidant, precursor of vitamin A, 
promotes lymphocyte and T- cell 
proliferation

Farhan Aslam et al. (2017)

Mushrooms Selenium Antioxidant, anti- inflammatory Hoffmann and Berry (2008)

Vitamin B6 Communication between cytokines 
and chemokines

Kunisawa and Kiyono (2013)

β- d- glucan Helps in the functioning of NK cells, 
T cells, macrophages, and B cells

Guo et al. (2012) and Lull 
et al. (2005)

Almonds (Prunus amygdalus L.) Vitamin E Antioxidant, T- cell development Chen et al. (2006)

Kiwi (Actinidiaceae spp. L.) Vitamin C and polyphenols Anti- inflammatory Baranowska- Wójcik and 
Szwajgier (2019)

Aonla (Indian Gooseberry) 
(Phyllanthus emblica L.)

Vitamin C and Ellagic acid Antioxidant Kulkarni and Ghurghure (2018)

Pomegranate (Punica granatum 
L.)

Ellagitannins Inducing apoptosis and inhibiting 
cell proliferation

Heber (2011)

Punicalagin Nuclear factor activation in 
activated T lymphocytes

Li et al. (2015)

Tea (Camellia sinensis L.) Epigallocatechin gallate (EGCG) Boosts the synthesis of 
immunoregulatory cytokines

Sultan et al. (2014)

L- theanine Help in the generation of germ- 
fighting chemicals in T cells

Chowdhury and Barooah (2020)

Broccoli (Brassica oleracea var. 
italica)

Sulforaphane (SFN) Anti- inflammatory and anticancer 
activities

Bessler and Djaldetti (2018)

Ginger (Zingiber officinale L.) Gingerol Antioxidant, analgesic, and 
anti- inflammatory

Mashadi et al. (2013)

Garlic (Allium sativum L.) Sulfoxide alliin, diallyl sulfide 
(DAS)

Stimulates natural killer cells, 
macrophages, dendritic cells, and 
eosinophils

Jiang (2019)

Onion (Allium cepa L.) Diallyl sulfide, 146.2 Da; diallyl 
sulfoxide, 130.2 Da

Antioxidant, antibacterial, antiviral, 
antifungal, antimutagenic, 
anticarcinogenic antithrombotic, 
antihyperglycemic, 
prebiotic character, and 
immunosuppressive properties

Corzo- martínez and 
Villamiel (2012) and Marefati 
et al. (2021)

Turmeric (Curcuma longa L.) Curcumin Modulates the function of immune 
cells like B cells, macrophages, 
monocytes, dendritic cells, and 
neutrophils

Srivastava et al. (2011)

Milk Immunoglobulins IgA and IgG Antibody synthesis, lymphocyte 
proliferation, and regulation of 
cytokines

Park and Nam (2015)

α and β- casein Improve lymphocyte function Marcone et al. (2017)

Egg Phosvitin and ovotransferrin Prevent the oxidation of lipids by 
metal chelation and free radicals 
scavenging

Jung et al. (2012)

Source: Adopted from various research and review papers (Chowdhury & Barooah, 2020; Field et al., 2002; Hachimura et al., 2018) on individual food 
items as cited against each of them.
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recovery from disease. Naringin, a flavonoid found in citrus fruits, 
has been shown to have anti- inflammatory effects on cytokines 
that cause inflammation (Cheng et al., 2020). In addition to naringin, 
lemons contain D- Limonene which can help support the immune 
system. Furthermore, the antioxidant present in lemons can aid in 
protecting the eyes from age- related damage such as macular de-
generation, and prevention of several diseases such as cancer and 
cardiovascular ailments (Kandasamy & Shanmugapriya, 2015).

5.2  |  Papaya (Carica papaya L.)

Papaya is rich in retinol, thiamine, riboflavin, niacin, folic acid, 
iron, potassium, calcium, and fiber but low in calories (Deshpande 
et al., 2021). It contains carotenoids such as β- carotene and lyco-
pene, enzymes such as chymopapain and papain, and antioxidants 
like vitamin C, all of which have been shown to have health benefits 
in reducing the severity of illnesses such as rheumatoid arthritis, 
osteoarthritis, and asthma (Yogiraj et al., 2014). β- carotene, which 
can be converted into vitamin A, functions as an antioxidant and can 
further enhance the immune system's response. Vitamin A has been 
shown to improve the body's immune response and support growth, 
reproduction, and the production of blood cells. Additionally, reti-
noic acid, a derivative of Vitamin A has been found to promote the 
proliferation of lymphocytes and T- cells at the site of inflammation 
or infection in the stomach (Farhan Aslam et al., 2017). It is neces-
sary for effective innate immune response. Vitamin A deficiency has 
been linked to a decrease in the number and activity of killer cells 
and eosinophils, as well as a reduction in oxidative burst and phago-
cytic capacity of neutrophils and macrophages (Amimo et al., 2022).

5.3  |  Kiwi (Actinidia species L.)

There are three types of kiwi fruits that are commonly used for 
commercial purposes: kiwi (Actinidia deliciosa), golden kiwi (Actinidia 
chinensis), and hardy kiwi (Actinidia arguta) (Torkashvand et al., 2017). 
Kiwis, like papayas, are rich in important nutrients such as potassium, 
vitamin C, carotenoids, dietary fiber, vitamin K, and antioxidants. 
The high levels of vitamin C and polyphenols found in kiwis have 
anti- inflammatory effects that help to regulate the immune system 
and reduce the risk of flu (Baranowska- Wójcik & Szwajgier, 2019). 
In vitro studies have also shown that golden kiwi can impact the im-
mune system by regulating cells and cytokinesis (Fatima et al., 2020).

5.4  |  Pomegranate (Punica granatum L.)

Pomegranate juice has been found to suppress the development 
of dangerous germs such as E. coli O157:H7, Listeria, Shigella, 
Clostridium, Yersinia, Salmonella, and Staphylococcus aureus 
(Bialonska et al., 2009; Howell & D'Souza, 2013). It has also been 
demonstrated to have antiviral properties, making it useful in fighting 

against viruses like flu. Pomegranate juice also promotes the growth 
of healthy gut flora, such as Bifidobacterium and Lactobacillus, 
which can significantly boost the immune system (Li et al., 2015). 
Pomegranate consumption reduces platelet aggregation, which is a 
major risk factor for cardiovascular disease. It also aids in the promo-
tion of healthy digestion, bowel movement, weight loss, and body 
immunity (Kandasamy & Shanmugapriya, 2015).

5.5  |  Aonla (Indian gooseberry) 
(Phyllanthus emblica L.)

Aonla is a fruit that is abundant in vitamin C, flavonoids, and anti-
oxidants and has been found to have immunomodulatory and anti- 
inflammatory properties. Ellagic acid, which is present in aonla, is 
a potent antioxidant (Kulkarni & Ghurghure, 2018). Aonla has also 
been shown to promote natural killer cell activity and antibody- 
dependent cell cytotoxicity. These properties make aonla a prom-
ising candidate for the prevention and treatment of cancer, due to 
its potential chemomodulatory, neuromodulatory, free radical scav-
enging, chemo- preventive effects, antioxidant, antimutagenic, anti- 
inflammatory, and immunomodulatory properties (Chu et al., 2022; 
Siddique et al., 2021). Aonla is rich in vitamin C, flavonoids, and 
antioxidants and has shown immunomodulatory activities and anti- 
inflammation response. Ellagic acid found in aonla is a powerful anti-
oxidant (Dasaroju & Gottumukkala, 2014).

5.6  |  Almonds (Prunus amygdalus L.)

Almonds are a rich source of vitamin E, which is essential, along with 
vitamin C, for maintaining a strong immune system. Vitamin E is a 
potent antioxidant that plays a critical role in supporting healthy im-
mune function. In addition to vitamin E, almonds also contain mono-
unsaturated and polyunsaturated fats, flavonoids like kaempferol, 
catechin, epicatechin, and isorhamnetin, as well as plant sterols. 
These components are key factors in almonds' ability to impact immu-
nological and inflammatory processes (Burns et al., 2016). Almonds 
have an anti- inflammatory effect on cardiovascular diseases, and the 
presence of vitamin E in the body acts as an antioxidant. Vitamin E is 
vital for T- cell development as well (Chen et al., 2006).

5.7  |  Broccoli (Brassica oleracea var. italica)

Broccoli is a green vegetable with its fleshy stalk and large flowering 
head being consumed worldwide in various forms as cooked veg-
etable, salad, soup, etc. With its abundance of vitamins A, C, and E, 
fiber, and numerous antioxidants, broccoli is considered to be one of 
the healthiest vegetables available for consumption. Broccoli's ben-
eficial effects on human health are owing to its high quantity of min-
erals, vitamins, and isothiocyanates, the most significant of which is 
sulforaphane (SFN). Anti- inflammatory and anticancer activities have 



    |  6767SINGH et al.

been demonstrated for SFN (Bessler & Djaldetti, 2018). Consumption 
of least cooked or raw broccoli is advised to preserve its potential. 
Steaming is also one of the best ways to cook food items while keep-
ing their nutritional qualities intact (Yuan et al., 2009). The health 
benefits of broccoli go beyond its nutritional value, as it also con-
tains various phytochemicals such as polyphenols, glucosinolates, 
and their derivatives, including isorhamnetin, quercetin glucosides, 
and kaempferol. These compounds contribute to the vegetable's an-
tioxidant and anticancer properties, making it a favorite food among 
health- conscious individuals. In addition, numerous epidemiological 
studies have confirmed the dietary and therapeutic advantages of 
broccoli, including its ability to modulate immunity, support detoxi-
fication, promote eye and bone health, and exhibit antimicrobial and 
antioxidant properties (Nagraj et al., 2020).

5.8  |  Ginger (Zingiber officinale Roscoe)

Ginger (Zingiber officinale Roscoe) is a popular dietary condiment that 
is utilized in various cuisines across the globe. The rhizomes of ginger 
are the source of oleoresin, which contains several bioactive compo-
nents, including gingerol, the primary pungent ingredient believed to 
have remarkable pharmacological and physiological effects. Ginger 
is known for its ability to improve appetite, enhance digestion, act 
as an anticold agent, and provide analgesic and anti- inflammatory 
benefits (Fatima et al., 2020). Red ginger, which contains bioactive 
compounds that are more potent than those found in normal ginger, 
has demonstrated promising results as an immunomodulator in the 
treatment of psoriasis. Studies have shown that red ginger can impact 
the activity of T lymphocytes (Suciyati & Adnyana, 2017). In addition 
to its immunomodulatory properties, ginger has been shown to have 
potential benefits in reducing chronic pain and lowering cholesterol 
levels (Lakhan et al., 2015; Pourmasoumi et al., 2018). Excessive 
production of reactive oxygen species (ROS) or free radicals during 
metabolism exceeds a biological system's antioxidant capacity, re-
sulting in oxidative stress, which is implicated in heart disease, can-
cer, neurological illnesses, and the aging process. Gingers' bioactive 
compounds, including gingerols, have been found to have antioxi-
dant action in a variety of modules (Mashadi et al., 2013). Increased 
consumption of antioxidant- rich foods and beverages, such as ginger 
shots, may aid in the fight against inflammation and the maintenance 
of a healthy immune system (Renuka & Muralidharan, 2017).

5.9  |  Garlic (Allium sativum L.)

Garlic has been used as a popular herbal remedy in traditional 
medicine since time immemorial. A large number of biologically 
active sulfur- containing compounds, such as sulfoxides, proteins, 
and polyphenols in freshly crushed garlic have been found to pos-
sess antiviral properties and enhance the immune system (Anywar 
et al., 2020; Sahoo & Banik, 2018). Garlic has been shown to possess 
immunostimulatory properties that may be useful in therapeutic 

applications. It is able to stimulate both innate and specific cell immu-
nity through the activation of natural killer cells, lymphocytes, mac-
rophages, dendritic cells, and eosinophils. These immune cells are 
known to improve the functioning of the immune system, thereby 
potentially reducing the risk of certain diseases. Garlic contains sul-
foxide alliin, which is converted to allicin when crushed or chewed. 
Additionally, garlic's bioactive component diallyl sulfide (DAS) can 
block inflammatory factors such as reactive oxygen species (ROS), 
NF- kB (nuclear factor kappa- light- chain- enhancer of activated B 
cells), and cyclooxygenase- 2 expression via the NF- kB pathway 
(Elengoe, 2020). This pathway is crucial for cytokine synthesis and 
cell survival, and blocking it may help to reduce inflammation. Garlic 
has demonstrated antithrombotic action and reduced platelet aggre-
gation in humans in an in vitro study (Jiang, 2019). Its components 
have been demonstrated to have a range of immunomodulatory ef-
fects on leukocyte cytokine production (Arreola et al., 2015). Garlic 
consumption improves hematological characteristics, such as total 
white blood cell (WBC) count, as well as homeostatic parameters. 
Garlic consumption may further promote the generation and release 
of nitric oxide (NO), which is responsible for increased interferon- 
alpha release in humans, which is effective against viral and prolif-
erative illnesses (Sultan et al., 2014).

5.10  |  Onion (Allium cepa L.)

Onion (Allium cepa L.) is a commonly used ingredient in Indian cuisine 
and is one of the most widely cultivated and consumed vegetables 
around the world. Its use dates back to ancient Egypt, where it was 
valued for its antibacterial, anti- inflammatory, and other medicinal 
properties (Marefati et al., 2021). The health benefits of onions are 
attributed to their bioactive components, including organosulfur 
compounds such as diallyl sulfide (146.2 Da) and diallyl sulfoxide 
(130.2 Da), proteins, peptides, and flavonoids, particularly quercetin 
derivatives. These compounds give onions their antioxidant, antibac-
terial, antiviral, antifungal, anticarcinogenic, anti- inflammatory, and 
antimutagenic properties (Corzo- martínez & Villamiel, 2012). Onion 
fructooligosaccharides (FOS) have strong mitogenic and phagocytic 
activity, suggesting a possible role in therapeutic immunomodula-
tion (Kumar et al., 2015).

5.11  |  Turmeric (Curcuma longa L.)

Turmeric, a bright yellow and bitter spice commonly found in cur-
ries, has been used as an anti- inflammatory agent to treat osteo-
arthritis and rheumatoid arthritis. Its active ingredient, curcumin, 
has been found to help reduce exercise- induced muscle injury due 
to its high levels of yellow pigment (curcumin). Studies on animals 
have also shown that curcumin can boost immunity and possess 
antiviral properties (McFarlin et al., 2016). Curcumin, the active 
compound in turmeric, has been found to have a regulatory effect 
on various biological activities, signal transducers, transcription 
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factors, mitogen- activated protein kinase, cytokine release, and re-
ceptors on different immune cell types (Srivastava et al., 2011). It 
has been shown to modulate the function of immune cells such as B 
cells, dendritic cells, monocytes, macrophages, and neutrophils, ulti-
mately affecting innate and adaptive immunity in pathological condi-
tions. Curcumin is also known for its antioxidant properties, acting 
as a scavenger of oxygen free radicals, protecting hemoglobin from 
oxidation, and interfering with the replication of microbes and vi-
ruses (Catanzaro et al., 2018; Momtazi- Borojeni et al., 2018; Rathaur 
et al., 2012).

5.12  |  Tea (Camellia sinensis L.)

Flavonoids, a type of antioxidant, are abundant in both green and 
black teas. Green tea contains epigallocatechin gallate (EGCG), an 
antioxidant that improves immunological function. EGCG boosts the 
synthesis of immunoregulatory cytokines, lowers the risk of vari-
ous diseases, reduces inflammation, and protects cells from harm 
(Sultan et al., 2014). The fermentation process used to manufacture 
black tea removes a considerable percentage of the EGCG, whereas 
it is preserved in green teas as green tea, is steamed rather than 
fermented, which keeps the EGCG intact. Green tea is also rich in 
L- theanine, an amino acid, which may help in the creation of germ- 
fighting chemicals in T cells (Chowdhury & Barooah, 2020; Williams 
et al., 2020). Tea preparations possess antioxidant properties and 
contain phenolic compounds, such as Thearubigins and Theaflavins, 
which have been shown to have potential therapeutic effects against 
cancer, cardiovascular disease, and inflammation. These compounds 
have been recognized for their ability to act as antioxidants and pro-
vide various health benefits (Hayat et al., 2015). Unlike traditional 
tea made from Camellia sinensis leaves, herbal teas are a blend of 
various dried plant parts such as fruits, flowers, seeds, nuts, barks, 
and grasses, which may include chamomile, cinnamon, ginseng, gin-
ger root, cardamom, parsley, and cloves, among others. These ingre-
dients possess immune- enhancing properties that can be beneficial 
to our health, including anti- inflammatory, antiviral, antitumor, anti-
oxidant, and antibacterial properties (Poswal et al., 2019).

5.13  |  Mushrooms

Mushrooms are edible fungi containing considerable quantities of 
selenium as well as B vitamins such as niacin and riboflavin, which 
play an important role in supporting the human immune system. 
Selenium, in particular, functions as an antioxidant and can help 
to reduce oxidative stress and inflammation, while also enhanc-
ing immune function (Hoffmann & Berry, 2008). Vitamin B6 aids 
in the communication between cytokines and chemokines, as well 
as improving immune response to increased antibody production 
(Kunisawa & Kiyono, 2013). A lack of vitamin B6 inhibits lympho-
cyte development and proliferation, antibody production, and T- cell 
function (Rail & Meydani, 1993). Mushrooms contain a variety of 

bioactive compounds that contribute to their immune- modulating 
properties, such as polysaccharides like β- d- glucan, polysaccharide– 
peptide/protein complexes, proteins, proteoglycans, and triterpe-
noids. Specifically, β- d- glucan extracted from mushrooms has been 
shown to stimulate the immune response of NK cells, B cells, T cells, 
and macrophages (Guo et al., 2012; Lull et al., 2005). They are also 
said to have anticholesterol, antiallergic, anticancer, and antitumor 
properties (Wani et al., 2010). Mushrooms have a variety of impacts, 
including the capacity to boost cytokine production, tiny, solu-
ble proteins that function as intracellular mediators (Guggenheim 
et al., 2014).

6  |  ANIMAL- SOURCED FOODS

Animal- sourced foods (ASF) are high in calories and a good source 
of high- quality, easily digested protein. The proteins in these foods 
are considered to be of the best quality and easily accessible by the 
body as they include a complete set of essential amino acids required 
for the human body. Animal- based meals are also a good source of 
micronutrients. Mild- to- moderate protein- energy malnutrition (PEM) 
is widespread in underdeveloped countries. Malnutrition is especially 
dangerous for children, as it relates to stunted growth, impaired men-
tal development, and disease. Furthermore, the synergistic associa-
tions between PEM, infection, and immunological function are well 
established (Neumann et al., 2002). Considering this, the inclusion of 
animal- based foods like milk, meat, eggs, and fish all contribute to a 
well- balanced human diet, particularly in terms of immunity.

6.1  |  Milk

Milk is a rich source of essential nutrients, such as vitamins, miner-
als, and specialized proteins, which are crucial for maintaining good 
health (Bhat & Bhat, 2011). Its immunological properties have been 
recognized for a long time; prolactin, a hormone present in milk, 
can enhance immune development by promoting the movement 
of lymphocytes and thymocytes. Milk also contains immunoglobu-
lins, such as IgA and IgG, that can modulate the humoral immune 
response. In addition, peptides and protein hydrolysates obtained 
from milk's caseins and major whey proteins have immunomodula-
tory effects, such as increasing lymphocyte proliferation, regulating 
cytokines, and stimulating antibody synthesis (Li et al., 2014; Park 
& Nam, 2015). Milk proteins (casein and whey) and milk fat consti-
tute the majority of bovine milk's immunomodulatory properties. 
Incorporating whey protein and α- lactalbumin into the diet improves 
lymphocyte function, while also improving the responsiveness of 
spleen- generated lymphocytes to T- cell mitogens. Similarly, lactofer-
rin (LF) and casenoglycopeptides (CGP) derived from K- casein have 
been proven to improve lymphocyte function. In vitro experiments 
have shown that peptides generated from the enzymatic cleavage 
of α and β- casein can also improve human lymphocyte activity (Ha 
et al., 2021; Marcone et al., 2017; Xue et al., 2023).
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Fukushima et al. (2007) found improved blood cell phagocytic 
activity in elderly people when fermented milk was added to their 
diet. In addition to altering lymphocyte activity, it has been proven 
that dietary milk proteins regulate antibody responses. It has been 
observed that the use of α- lactalbumin, α- lactalbumin hydrolysate, 
and whole whey protein concentrate increases antibody production 
against foreign antigens (Bounous et al., 1981). Golden milk, a milk- 
based drink (half a teaspoon of turmeric powder in 150- mL hot milk) 
is supposed to increase immunity when consumed once or twice a 
day. Curcumin, the main ingredient in turmeric (Curcuma longa L.), 
regulates the synthesis of cytokines, especially the interleukin- 1, 
interleukin- 6, and tumor necrosis factor- α (Sharifi- Rad et al., 2020).

β- Carotene, an antioxidant and precursor of vitamin A found in 
milk and can have several beneficial effects on the immune system. 
It can protect phagocytic cells from damage caused by oxidation, 
enhance the activity of effector T cells, and increase the ability of 
macrophages, cytotoxic T cells, and natural killer cells to eliminate 
cancerous cells. Vitamin A, which is derived from β- Carotene, can 
modify the function and integrity of epithelial tissues, lymphoid 
mass, and specific as well as nonspecific immunity, thereby poten-
tially reducing the risk of infections (Field et al., 2002).

6.2  |  Yogurt and curd

Yogurt is a product made from milk that undergoes fermenta-
tion by lactic acid bacteria (LAB) species which commonly include 
Lactobacillus bulgaricus and Streptococcus thermophilus. While both 
milk and yogurt have similar mineral compositions, certain miner-
als, such as calcium, are more easily absorbed from yogurt than 
milk. Additionally, yogurt contains less lactose and more lactic acid, 
peptides, galactose, free fatty acids, and free amino acids than milk 
(Meydani & Ha, 2000). Numerous studies have demonstrated that 
the therapeutic benefits of LAB and yogurt, such as their ability to 
boost the immune system, are largely attributable to alterations in 
the microecology of the gastrointestinal tract. The consumption of 
yogurt can increase the population of LAB in the intestines, which 
can help to suppress the growth of harmful bacteria, leading to a 
decrease in infections and an increase in anticarcinogenic effects 
(Ahmad & Ghosh, 2020). The extent to which LAB can stimulate the 
immune system also depends on their proximity to lymphoid tissues 
during their temporary colonization of the intestinal lumen (Meydani 
& Ha, 2000).

The consumption of curd has been shown to have a positive im-
pact on human health, particularly by enhancing the immune system. 
Curd can increase natural immunity by stimulating both mucosal and 
systemic host immunity. This occurs through the activation of mac-
rophages, elevation of immunoglobulin levels, and enhancement of 
natural killer cell activity and cytokine production within the body 
(Das et al., 2019). The regular consumption of yogurt can decrease 
the risk of cardiovascular diseases, chronic kidney diseases, and dia-
betes while simultaneously boosting the immune system of the host 
(Lisko et al., 2017).

6.3  |  Egg

Eggs obtained from domestic poultry birds are a cheap and widely 
accessible food in many regions of the world. These are rich sources 
of vitamins and minerals; however, there has been considerable de-
bate in the past regarding whether eggs are healthy or not, particu-
larly when it comes to cholesterol. Eggs are a good source of protein, 
which is crucial for maintaining and repairing muscles and other bod-
ily structures. Additionally, eggs contain vitamins and minerals that 
are essential for proper brain and neurological function. High levels 
of vitamin A, vitamin B- 12, and selenium in eggs help strengthen the 
immune system (Puglisi & Fernandez, 2022). Choline, found in eggs, 
can assist in breaking down homocysteine, an amino acid linked to 
heart disease. Finally, the antioxidants lutein and zeaxanthin in eggs 
help prevent age- related blindness caused by macular degeneration 
(Puglisi & Fernandez, 2022).

Eggs are an excellent source of antioxidants as well as high- 
quality proteins that are comparable to those found in breast milk. 
The antioxidants (phosvitin and ovotransferrin) present in eggs 
prevent the oxidation of lipids by metal chelation and arrest free 
radicals (Jung et al., 2012). Other vitamins included in eggs help to 
maintain strong vision. Ovomucin, ovotransferrin, ovalbumin, avi-
din, and lysozyme are the major bioactive components of egg white 
having antibacterial activity. These proteins have antibacterial and 
immunomodulatory effects through inflammatory pathways (Batiha 
et al., 2021). Therefore, including eggs in normal diet may be a wise 
option to have a nutritious and healthy diet, especially in underde-
veloped regions, where high value proteinaceous foods like pulses 
and milk are not accessible to common people.

7  |  CONCLUSION

With the COVID- 19 outbreak, Hippocrates' maxim “Let food be thy 
medicine, and medicine be thy food” becomes more vital than ever, 
as we need to find ways to enhance our immune system as much 
as possible. Making sure you eat a diet rich in immune- boosting 
foods is the simplest method to stay healthy and fit. Nutrients are 
more readily absorbed by the human body when they are obtained 
from whole food sources such as fruits and vegetables rather than 
processed foods or supplements. Including a range of these foods 
and nutrients in your daily diet is more important than focusing on 
just one or two in big quantities. Proper blending of fruits such as 
papaya, citrus, pomegranate, etc., vegetables, spices, and animal- 
based foods such as milk and eggs in the right proportions in daily 
diet has been shown to improve the functioning of the human im-
mune system. These commonly available food items besides sup-
plying carbohydrates, proteins, and energy to the body provide an 
array of bioactive compounds (Figure 2) which boost the immune 
system in various ways. We explored a range of foods rich in es-
sential nutrients, antioxidants, and bioactive compounds that have 
been scientifically proven to strengthen the immune system. These 
include citrus fruits, berries, leafy greens, garlic, ginger, yogurt, 
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nuts, and seeds, among others. Each of these foods offers unique 
benefits, from providing vitamin C and antioxidants to supporting 
gut health and reducing inflammation. It is important to note that 
a balanced and varied diet is crucial for overall health and immune 
system support. While incorporating immune- boosting foods into 
our meals, we should also focus on maintaining a healthy lifestyle, 
including regular exercise, adequate sleep, and stress management. 
Furthermore, it is essential to consult with healthcare professionals 
or registered dietitians for personalized advice, especially if you have 
any specific dietary requirements or underlying health conditions.

By understanding the power of nutrition and making conscious 
choices about the foods we consume, we can proactively strengthen 
our immune system and promote our overall well- being. Embracing a 
diet rich in immune- boosting foods can be a delicious and enjoyable 
way to support our body's defense mechanisms, leading to a health-
ier and more resilient life.

AUTHOR CONTRIBUTIONS
Deo Narayan Singh: Conceptualization (equal); data curation 
(equal); methodology (equal); writing –  original draft (equal). 
Jitendra Singh Bohra: Supervision (equal); writing –  review and ed-
iting (equal). Tej Pratap Dubey: Conceptualization (equal); formal 

analysis (equal); writing –  original draft (equal). Pushp Raj Shivahare: 
Conceptualization (equal); formal analysis (equal); investigation 
(equal); validation (equal); writing –  original draft (equal). Ram Kumar 
Singh: Resources (equal); visualization (equal); writing –  review and 
editing (equal). Tejbal Singh: Conceptualization (equal); methodol-
ogy (equal); writing –  original draft (equal). Deepak Kumar Jaiswal: 
Conceptualization (equal); data curation (equal); formal analysis 
(equal); methodology (equal); writing –  original draft (equal).

ACKNOWLEDG MENTS
The authors would like to extend their sincere appreciation and 
gratitude to Subham Kumar Singh and his friends for their invaluable 
contribution to the preparation of the graphical abstract for this arti-
cle. Their dedication, expertise, and creative skills have significantly 
enhanced the visual representation of our research.

FUNDING INFORMATION
The authors would like to declare that no external funding was re-
ceived for the research, development, or publication of this article. 
The work presented herein is the result of independent efforts by 
the authors, who have not received any financial support or grants 
from any organization, institution, or individual.

F I G U R E  2  Bioactive compounds in various food items for boosting human immunity (Source: created by authors by taking inputs from 
Chowdhury & Barooah, 2020; Field et al., 2002; Hachimura et al., 2018; others as mentioned in Table 1).



    |  6771SINGH et al.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that they have no financial or personal conflicts 
of interest that could influence the content or findings presented 
in this work. This includes but is not limited to any financial inter-
ests, affiliations, or involvements with organizations that may have 
a direct or indirect interest in the subject matter discussed in the 
manuscript.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

E THIC S S TATEMENT
The preparation of this manuscript did not involve direct experimen-
tation on any animals, including humans. Instead, this study relied on 
existing data, literature reviews, theoretical analyses, or other non-
experimental methodologies. As no living subjects, whether human 
or animal, were involved in this research, no ethical approval was 
required.

ORCID
Deo Narayan Singh  https://orcid.org/0000-0001-7870-6722 

R E FE R E N C E S
Ahmad, S. R., & Ghosh, P. (2020). Probiotic potential of lactic acid to 

improve immunity during COVID- 19 pandemic (a mini review). 
Indian Journal of Pure & Applied Biosciences, 8(5), 66– 72. https://doi.
org/10.18782/ 2582- 2845.8346

Albers, R., Bourdet- Sicard, R., Braun, D., Calder, P. C., Herz, U., Lambert, 
C., Lenoir- Wijnkoop, I., Méheust, A., Ouwehand, A., Phothirath, 
P., Sako, T., Salminen, S., Siemensma, A., Van Loveren, H., & Sack, 
U. (2013). Monitoring immune modulation by nutrition in the gen-
eral population: Identifying and substantiating effects on human 
health. British Journal of Nutrition, 110(Suppl 2), S30. https://doi.
org/10.1017/S0007 11451 3001505

Amimo, J. O., Michael, H., Chepngeno, J., Raev, S. A., Saif, L. J., & 
Vlasova, A. N. (2022). Immune impairment associated with vita-
min a deficiency: Insights from clinical studies and animal model 
research. Nutrients, 14(23), 5038. https://doi.org/10.3390/nu142 
35038

Anywar, G., Kakudidi, E., Byamukama, R., Mukonzo, J., Schubert, A., & 
Oryem- Origa, H. (2020). Data on medicinal plants used by herb-
alists for boosting immunity in people living with HIV/AIDS in 
Uganda. Data in Brief, 29, 105097. https://doi.org/10.1016/j.
dib.2019.105097

Arreola, R., Quintero- Fabián, S., López- Roa, R., Flores- Gutiérrez, E., 
Reyes- Grajeda, J., Carrera- Quintanar, L., & Ortuño- Sahagún, D. 
(2015). Immunomodulation and anti- inflammatory effects of gar-
lic compounds: Discovery service for Endeavour college of natural 
health library. Journal of Immunology Research, 2015, 1– 13.

Arshad, M. S., Khan, U., Sadiq, A., Khalid, W., Hussain, M., Yasmeen, A., 
Asghar, Z., & Rehana, H. (2020). Coronavirus disease (COVID- 19) 
and immunity booster green foods: A mini review. Food Science 
and Nutrition, 8(8), 3971– 3976. https://doi.org/10.1002/
fsn3.1719

Baranowska- Wójcik, E., & Szwajgier, D. (2019). Characteristics and 
pro- health properties of mini kiwi (Actinidia arguta). Horticulture 
Environment and Biotechnology, 60(2), 217– 225. https://doi.
org/10.1007/s1358 0- 018- 0107- y

Batiha, G. E. S., Alqarni, M., Awad, D. A. B., Algammal, A. M., Nyamota, R., 
Wahed, M. I. I., Shah, M. A., Amin, M. N., Adetuyi, B. O., Hetta, H. F., 
Cruz- Martins, N., Koirala, N., Ghosh, A., Echeverría, J., Pagnossa, J. 
P., & Sabatier, J. M. (2021). Dairy- derived and egg white proteins in 
enhancing immune system against COVID- 19. Frontiers in Nutrition, 
8, 1– 13. https://doi.org/10.3389/fnut.2021.629440

Baxter, D. (2007). Active and passive immunity, vaccine types, excipients 
and licensing. Occupational Medicine, 57(8), 552– 556. https://doi.
org/10.1093/occme d/kqm110

Bessler, H., & Djaldetti, M. (2018). Broccoli and human health: 
Immunomodulatory effect of sulforaphane in a model of colon can-
cer. International Journal of Food Sciences and Nutrition, 69(8), 946– 
953. https://doi.org/10.1080/09637 486.2018.1439901

Bhagavathula, N., Warner, R. L., Dasilva, M., McClintock, S. D., 
Barron, A., Aslam, M. N., Johnson, K. J., & Varani, J. (2009). A 
combination of curcumin and ginger extract improves abra-
sion wound healing in corticosteroid- impaired hairless rat skin. 
Wound Repair and Regeneration, 17(3), 360– 366. https://doi.
org/10.1111/J.1524- 475X.2009.00483.X

Bhat, Z. F., & Bhat, H. (2011). Milk and dairy products as functional foods: 
A review. International Journal of Dairy Science, 6(1), 1– 12.

Bialonska, D., Kasimsetty, S. G., Schrader, K. K., & Ferreira, D. (2009). The 
effect of pomegranate (Punica granatum L.) byproducts and ellagi-
tannins on the growth of human gut bacteria. Journal of Agricultural 
and Food Chemistry, 57(18), 8344– 8349. https://doi.org/10.1021/
jf901 931b

Boretti, A., & Banik, B. K. (2020). Since January 2020 Elsevier has cre-
ated a COVID- 19 resource centre with free information in English and 
Mandarin on the novel coronavirus COVID- 19. The COVID- 19 resource 
centre is hosted on Elsevier Connect, the company's public news and 
information.

Bounous, G., Stevenson, M. M., & Kongshavn, P. A. L. (1981). Influence of 
dietary lactalbumin hydrolysate on the immune system of mice and 
resistance to salmonellosis. Journal of Infectious Diseases, 144(3), 
281. https://doi.org/10.1093/infdi s/144.3.281

Bubnov, R. V., Spivak, M. Y., Lazarenko, L. M., Bomba, A., & Boyko, N. V. 
(2015). Probiotics and immunity: Provisional role for personalized 
diets and disease prevention. EPMA Journal, 6(1), 14. https://doi.
org/10.1186/s1316 7- 015- 0036- 0

Burns, A. M., Zitt, M. A., Rowe, C. C., Langkamp- Henken, B., Mai, V., 
Nieves, C., Ukhanova, M., Christman, M. C., & Dahl, W. J. (2016). 
Diet quality improves for parents and children when almonds 
are incorporated into their daily diet: A randomized, crossover 
study. Nutrition Research, 36(1), 80– 89. https://doi.org/10.1016/j.
nutres.2015.11.004

Cano, R. L. E., & Lopera, H. D. E. (2013). Introduction to T and B lym-
phocytes. In J.- S. Franco, J. Amaya- Amaya, & J.- M. Anaya (Eds.), 
AUTOIMMUNITY from bench to bedside (pp. 77– 96). Universidad del 
Rosario, Escuela de Medicina y Ciencias de la Salud, CREA.

Carr, A. C., & Maggini, S. (2017). Vitamin C and immune function. 
Nutrients, 9(11), 1– 25. https://doi.org/10.3390/nu911 1211

Catanzaro, M., Corsini, E., Rosini, M., Racchi, M., & Lanni, C. (2018). 
Immunomodulators inspired by nature: A review on curcumin and 
Echinacea. Molecules, 23(11), 1– 17. https://doi.org/10.3390/molec 
ules2 3112778

Chaplin, D. D. (2010). Overview of the immune response. Journal of 
Allergy and Clinical Immunology, 125(Suppl 2), S3– S23. https://doi.
org/10.1016/j.jaci.2009.12.980

Chen, C.- Y., Lapsley, K., & Blumberg, J. (2006). Perspective a nutri-
tion and health perspective on almonds. Journal of the Science of 
Food and Agriculture, 86, 2245– 2250. https://doi.org/10.1002/
jsfa.2659

Cheng, L., Zheng, W., Li, M., Huang, J., & Bao, S. (2020). Citrus fruits 
are rich in flavonoids for immunoregulation and potential targeting 
ACE2. https://www.prepr ints.org/manus cript/ 202002.0313/v1

https://orcid.org/0000-0001-7870-6722
https://orcid.org/0000-0001-7870-6722
https://doi.org/10.18782/2582-2845.8346
https://doi.org/10.18782/2582-2845.8346
https://doi.org/10.1017/S0007114513001505
https://doi.org/10.1017/S0007114513001505
https://doi.org/10.3390/nu14235038
https://doi.org/10.3390/nu14235038
https://doi.org/10.1016/j.dib.2019.105097
https://doi.org/10.1016/j.dib.2019.105097
https://doi.org/10.1002/fsn3.1719
https://doi.org/10.1002/fsn3.1719
https://doi.org/10.1007/s13580-018-0107-y
https://doi.org/10.1007/s13580-018-0107-y
https://doi.org/10.3389/fnut.2021.629440
https://doi.org/10.1093/occmed/kqm110
https://doi.org/10.1093/occmed/kqm110
https://doi.org/10.1080/09637486.2018.1439901
https://doi.org/10.1111/J.1524-475X.2009.00483.X
https://doi.org/10.1111/J.1524-475X.2009.00483.X
https://doi.org/10.1021/jf901931b
https://doi.org/10.1021/jf901931b
https://doi.org/10.1093/infdis/144.3.281
https://doi.org/10.1186/s13167-015-0036-0
https://doi.org/10.1186/s13167-015-0036-0
https://doi.org/10.1016/j.nutres.2015.11.004
https://doi.org/10.1016/j.nutres.2015.11.004
https://doi.org/10.3390/nu9111211
https://doi.org/10.3390/molecules23112778
https://doi.org/10.3390/molecules23112778
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1002/jsfa.2659
https://doi.org/10.1002/jsfa.2659
https://www.preprints.org/manuscript/202002.0313/v1


6772  |    SINGH et al.

Chowdhury, P., & Barooah, A. K. (2020). Tea bioactive modulate in-
nate immunity: In perception to COVID- 19 pandemic. Frontiers in 
Immunology, 11, 1– 9. https://doi.org/10.3389/fimmu.2020.590716

Chu, J., Gao, F., Yan, M., Zhao, S., Yan, Z., Shi, B., & Liu, Y. (2022). Natural 
killer cells: A promising immunotherapy for cancer. Journal of 
Translational Medicine, 20(1), 1– 19. https://doi.org/10.1186/s1296 
7- 022- 03437 - 0

Coico, R., & Sunshine, G. (2015). Immunology a short course (Vol. 26). John 
Wiley & Sons, Ltd. https://doi.org/10.1016/s0307 - 4412(98)00101 
- 0

Cooper, E. L., & Ma, M. J. (2017). Understanding nutrition and im-
munity in disease management. Journal of Traditional and 
Complementary Medicine, 7(4), 386– 391. https://doi.org/10.1016/j.
jtcme.2016.12.002

Corzo- martínez, M., & Villamiel, M. (2012). An overview on bioactivity 
of onion. In C. B. Aguirre (Ed.), Onion consumption and health (pp. 
1– 48). Nova Science Publishers, Inc.

Dangour, A. D., Lock, K., Hayter, A., Aikenhead, A., Allen, E., & Uauy, R. 
(2010). Nutrition- related health effects of organic foods: A system-
atic review. American Journal of Clinical Nutrition, 92(1), 203– 210. 
https://doi.org/10.3945/ajcn.2010.29269

Danilova, N. (2015). Evolution of the human immune system. ELS. Portico. 
https://doi.org/10.1002/97804 70015 902.a0020 781.pub2

Das, S. P., Patri, M., & Mohanty, P. K. (2019). Therapeutic uses of curd: 
A review. IOSR Journal of Environmental Science, 13(1), 1– 4. https://
doi.org/10.9790/2402- 13010 10104

Dasaroju, S., & Gottumukkala, K. M. (2014). Review article current trends 
in the research of. International Journal of Pharmaceutical Sciences 
Review and Research, 24(2), 150– 159.

Deshpande, M., Singh Parihar, P., Brahma, S., Shirole, A., Vahikar, E., & 
Agarwal, H. (2021). Benefits of papaya fruit and its leaves to treat 
malaria or dengue and various other uses for human health Meesha 
Deshpande (guide). International Research Journal of Engineering and 
Technology, 8(4), 3460– 3467.

Elengoe, A. (2020). Indian spices boost the immune system against 
COVID- 19. The Annals of the University Dunarea de Jos of Galati 
Fascicle VI –  Food Technology, 44(2), 189– 206. https://doi.
org/10.35219/ foodt echno logy.2020.2.12

Farhan Aslam, M., Majeed, S., Aslam, S., & Irfan, J. A. (2017). Vitamins: 
Key role players in boosting up immune response- a mini re-
view. Vitamins & Minerals, 6(1), 1– 8. https://doi.org/10.4172/237
6- 1318.1000153

Fatima, A., Chennupati, H., & Aduri, P. (2020). Food and nutrition as natu-
ral immune- boosters: An elaborative review. International Journal of 
Innovative Science Engineering & Technology, 7(6), 105– 120.

Field, C. J., Johnson, I. R., & Schley, P. D. (2002). Nutrients and their role 
in host resistance to infection. Journal of Leukocyte Biology, 71(1), 
16– 32. https://doi.org/10.1189/jlb.71.1.16

Fukushima, Y., Miyaguchi, S., Yamano, T., Kaburagi, T., Iino, H., Ushida, 
K., & Sato, K. (2007). Improvement of nutritional status and inci-
dence of infection in hospitalised, enterally fed elderly by feeding 
of fermented milk containing probiotic Lactobacillus johnsonii La1 
(NCC533). British Journal of Nutrition, 98(5), 969– 977. https://doi.
org/10.1017/S0007 11450 7764723

Gangwar, A., & Yadav, S. S. (2021). Concept of Yuktikruta Bala W.S.R. to 
acquired immunity viz passive. Immunity, 11, 125– 129.

Grant, W. B., Lahore, H., McDonnell, S. L., Baggerly, C. A., French, C. B., 
Aliano, J. L., & Bhattoa, H. P. (2020). Evidence that vitamin D sup-
plementation could reduce risk of influenza and COVID- 19 infec-
tions and deaths. Nutrients, 12(4), 1– 19. https://doi.org/10.3390/
nu120 40988

Guggenheim, A. G., Wright, K. M., & Zwickey, H. L. (2014). Immune mod-
ulation from five major mushrooms: Application to integrative on-
cology. Integrative Medicine (Boulder), 13(1), 32– 44.

Guo, C., Choi, M.- W., & Cheung, P. C.- K. (2012). Mushroom and immu-
nity. Current Topics in Nutraceutical Research, 10(1), 31– 42.

Ha, D. J., Kim, J., Kim, S., Go, G. W., & Whang, K. Y. (2021). Dietary whey 
protein supplementation increases immunoglobuling production 
by affecting helper T cell populations after antigen exposure. Food, 
10(1), 194. https://doi.org/10.3390/foods 10010194

Hachimura, S., Totsuka, M., & Hosono, A. (2018). Immunomodulation by 
food: Impact on gut immunity and immune cell function. Bioscience, 
Biotechnology and Biochemistry, 82(4), 584– 599. https://doi.
org/10.1080/09168 451.2018.1433017

Hayat, K., Iqbal, H., Malik, U., Bilal, U., & Mushtaq, S. (2015). Tea and 
its consumption: Benefits and risks. Critical Reviews in Food Science 
and Nutrition, 55(7), 939– 954. https://doi.org/10.1080/10408 
398.2012.678949

Heber, D. (2011). Pomegranate Ellagitannins. In S. Wachtel- Galor & I. F. F. 
Benzie (Eds.), Herbal medicine: Biomolecular and clinical aspects (2nd 
ed.). CRC Press/Taylor & Francis.

Hoffmann, P. R., & Berry, M. J. (2008). The influence of selenium on 
immune responses. Molecular Nutrition and Food Research, 52(11), 
1273– 1280. https://doi.org/10.1002/mnfr.20070 0330

Howell, A. B., & D'Souza, D. H. (2013). The pomegranate: Effects on 
bacteria and viruses that influence human health. Evidence- Based 
Complementary and Alternative Medicine, 2013, 1– 11. https://doi.
org/10.1155/2013/606212

Jiang, T. A. (2019). Health benefits of culinary herbs and spices. Journal 
of AOAC International, 102(2), 395– 411. https://doi.org/10.5740/
jaoac int.18- 0418

Jung, S., Kim, D. H., Son, J. H., Nam, K., Ahn, D. U., & Jo, C. (2012). The 
functional property of egg yolk phosvitin as a melanogenesis in-
hibitor. Food Chemistry, 135(3), 993– 998. https://doi.org/10.1016/j.
foodc hem.2012.05.113

Kandasamy, P., & Shanmugapriya, C. (2015). Medicinal and nutritional 
characteristics of fruits in human health. Journal of Medicinal Plants 
Studies, 124(44), 124– 131.

Kaur, C., & Kapoor, H. C. (2001). Antioxidants in fruits and veg-
etables –  The Millennium's health. International Journal of 
Food Science and Technology, 36(7), 703– 725. https://doi.
org/10.1046/j.1365- 2621.2001.00513.x

Kulkarni, K. V., & Ghurghure, S. M. (2018). Indian gooseberry (Emblica 
officinalis): Complete pharmacognosy review. International Journal 
of Chemistry Studies, 2(2), 5– 11.

Kumar, V. P., Prashanth, K. V. H., & Venkatesh, Y. P. (2015). Structural anal-
yses and immunomodulatory properties of fructo- oligosaccharides 
from onion (Allium cepa). Carbohydrate Polymers, 117, 115– 122. 
https://doi.org/10.1016/j.carbp ol.2014.09.039

Kunisawa, J., & Kiyono, H. (2013). Vitamin- mediated regulation of in-
testinal immunity. Frontiers in Immunology, 4, 1– 7. https://doi.
org/10.3389/fimmu.2013.00189

Lakhan, S. E., Ford, C. T., & Tepper, D. (2015). Zingiberaceae extracts 
for pain: A systematic review and meta- analysis. Nutrition Journal, 
14(1), 1– 10. https://doi.org/10.1186/s1293 7- 015- 0038- 8

Lewis, S. M., Williams, A., & Eisenbarth, S. C. (2019). Structure and func-
tion of the immune system in vertebrates. Science Immunology, 
4(33), 1– 12. https://doi.org/10.1007/978- 1- 59259 - 825- 0_1

Li, M., Monaco, M. H., Wang, M., Comstock, S. S., Kuhlenschmidt, T. B., 
Fahey, G. C., Miller, M. J., Kuhlenschmidt, M. S., & Donovan, S. M. 
(2014). Human milk oligosaccharides shorten rotavirus- induced 
diarrhea and modulate piglet mucosal immunity and colonic mi-
crobiota. ISME Journal, 8(8), 1609– 1620. https://doi.org/10.1038/
ismej.2014.10

Li, Z., Summanen, P. H., Komoriya, T., Henning, S. M., Lee, R. P., Carlson, 
E., Heber, D., & Finegold, S. M. (2015). Pomegranate ellagitannins 
stimulate growth of gut bacteria in vitro: Implications for prebi-
otic and metabolic effects. Anaerobe, 34, 164– 168. https://doi.
org/10.1016/j.anaer obe.2015.05.012

Liao, S., & von der Weid, P. Y. (2015). Lymphatic system: An active path-
way for immune protection. Seminars in Cell and Developmental 
Biology, 38, 83– 89. https://doi.org/10.1016/j.semcdb.2014.11.012

https://doi.org/10.3389/fimmu.2020.590716
https://doi.org/10.1186/s12967-022-03437-0
https://doi.org/10.1186/s12967-022-03437-0
https://doi.org/10.1016/s0307-4412(98)00101-0
https://doi.org/10.1016/s0307-4412(98)00101-0
https://doi.org/10.1016/j.jtcme.2016.12.002
https://doi.org/10.1016/j.jtcme.2016.12.002
https://doi.org/10.3945/ajcn.2010.29269
https://doi.org/10.1002/9780470015902.a0020781.pub2
https://doi.org/10.9790/2402-1301010104
https://doi.org/10.9790/2402-1301010104
https://doi.org/10.35219/foodtechnology.2020.2.12
https://doi.org/10.35219/foodtechnology.2020.2.12
https://doi.org/10.4172/2376-1318.1000153
https://doi.org/10.4172/2376-1318.1000153
https://doi.org/10.1189/jlb.71.1.16
https://doi.org/10.1017/S0007114507764723
https://doi.org/10.1017/S0007114507764723
https://doi.org/10.3390/nu12040988
https://doi.org/10.3390/nu12040988
https://doi.org/10.3390/foods10010194
https://doi.org/10.1080/09168451.2018.1433017
https://doi.org/10.1080/09168451.2018.1433017
https://doi.org/10.1080/10408398.2012.678949
https://doi.org/10.1080/10408398.2012.678949
https://doi.org/10.1002/mnfr.200700330
https://doi.org/10.1155/2013/606212
https://doi.org/10.1155/2013/606212
https://doi.org/10.5740/jaoacint.18-0418
https://doi.org/10.5740/jaoacint.18-0418
https://doi.org/10.1016/j.foodchem.2012.05.113
https://doi.org/10.1016/j.foodchem.2012.05.113
https://doi.org/10.1046/j.1365-2621.2001.00513.x
https://doi.org/10.1046/j.1365-2621.2001.00513.x
https://doi.org/10.1016/j.carbpol.2014.09.039
https://doi.org/10.3389/fimmu.2013.00189
https://doi.org/10.3389/fimmu.2013.00189
https://doi.org/10.1186/s12937-015-0038-8
https://doi.org/10.1007/978-1-59259-825-0_1
https://doi.org/10.1038/ismej.2014.10
https://doi.org/10.1038/ismej.2014.10
https://doi.org/10.1016/j.anaerobe.2015.05.012
https://doi.org/10.1016/j.anaerobe.2015.05.012
https://doi.org/10.1016/j.semcdb.2014.11.012


    |  6773SINGH et al.

Lisko, D. J., Johnston, G. P., & Johnston, C. G. (2017). Effects of dietary 
yogurt on the healthy human gastrointestinal (Gi) microbiome. 
Microorganisms, 5(1), 6. https://doi.org/10.3390/micro organ isms5 
010006

Lull, C., Wichers, H. J., & Savelkoul, H. F. J. (2005). Antiinflammatory and 
immunomodulating properties of fungal metabolites. Mediators of 
Inflammation, 2005(2), 63– 80. https://doi.org/10.1155/MI.2005.63

Maggini, S., Beveridge, S., Sorbara, P. J. P., & Senatore, G. (2008). Feeding 
the immune system: The role of micronutrients in restoring resis-
tance to infections. CAB Reviews, 3, 1– 21. https://doi.org/10.1079/
PAVSN NR200 83098

Marcone, S., Belton, O., & Fitzgerald, D. J. (2017). Milk- derived bioactive 
peptides and their health promoting effects: A potential role in ath-
erosclerosis. British Journal of Clinical Pharmacology, 83(1), 152– 162. 
https://doi.org/10.1111/bcp.13002

Marefati, N., Ghorani, V., Shakeri, F., Boskabady, M., Kianian, F., Rezaee, 
R., & Boskabady, M. H. (2021). A review of anti- inflammatory, an-
tioxidant, and immunomodulatory effects of Allium cepa and its 
main constituents. Pharmaceutical Biology, 59(1), 287– 302. https://
doi.org/10.1080/13880 209.2021.1874028

Marshall, J. S., Warrington, R., Watson, W., & Kim, H. L. (2018). An intro-
duction to immunology and immunopathology. Allergy, Asthma and 
Clinical Immunology, 14(s2), 1– 10. https://doi.org/10.1186/s1322 
3- 018- 0278- 1

Martineau, A. R., Jolliffe, D. A., Hooper, R. L., Greenberg, L., Aloia, J. F., 
Bergman, P., Dubnov- Raz, G., Esposito, S., Ganmaa, D., Ginde, A. 
A., Goodall, E. C., Grant, C. C., Griffiths, C. J., Janssens, W., Laaksi, 
I., Manaseki- Holland, S., Mauger, D., Murdoch, D. R., Neale, R., … 
Camargo, C. A. (2017). Vitamin D supplementation to prevent acute 
respiratory tract infections: Systematic review and meta- analysis 
of individual participant data. BMJ (Online), 356, i6583. https://doi.
org/10.1136/bmj.i6583

Mashadi, N. S., Ghiasvand, R., Gholamreza, A., Hariri, M., Darvishi, L., 
& Mofid, M. R. (2013). Anti- oxidative and anti- inflammatory ef-
fects of ginger in health and physical activity: Review of current 
evidence. International Journal of Preventive Medicine, 4(1), 36– 42.

McFarlin, B. K., Venable, A. S., Henning, A. L., Sampson, J. N. B., Pennel, 
K., Vingren, J. L., & Hill, D. W. (2016). Reduced inflammatory 
and muscle damage biomarkers following oral supplementation 
with bioavailable curcumin. BBA Clinical, 5, 72– 78. https://doi.
org/10.1016/j.bbacli.2016.02.003

Meydani, S. N., & Ha, W. K. (2000). Immunologic effects of yogurt. 
American Journal of Clinical Nutrition, 71(4), 861– 872. https://doi.
org/10.1093/ajcn/71.4.861

Mishra, S., & Patel, M. (2020). Role of nutrition on immune system during 
Covid- 19 pandemic. Journal of Food Nutrition and Health, 3(2), 1– 6.

Mitra, S., Paul, S., Roy, S., Sutradhar, H., Bin Emran, T., Nainu, F., 
Khandaker, M. U., Almalki, M., Wilairatana, P., & Mubarak, M. S. 
(2022). Exploring the immune- boosting functions of vitamins and 
minerals as nutritional food bioactive compounds: A comprehen-
sive review. Molecules, 27(2), 555. https://doi.org/10.3390/molec 
ules2 7020555

Moeller, K. T., Butler, M. W., & DeNardo, D. F. (2013). The effect 
of hydration state and energy balance on innate immunity 
of a desert reptile. Frontiers in Zoology, 10(1), 1. https://doi.
org/10.1186/1742- 9994- 10- 23

Momtazi- Borojeni, A. A., Haftcheshmeh, S. M., Esmaeili, S. A., Johnston, 
T. P., Abdollahi, E., & Sahebkar, A. (2018). Curcumin: A natural 
modulator of immune cells in systemic lupus erythematosus. In 
Autoimmunity reviews (Vol. 17, pp. 125– 135). Elsevier B.V. https://
doi.org/10.1016/j.autrev.2017.11.016

Monye, I., & Adelowo, A. B. (2020). Strengthening immunity through 
healthy lifestyle practices: Recommendations for lifestyle interven-
tions in the management of COVID- 19. Lifestyle Medicine, 1(1), 1– 11. 
https://doi.org/10.1002/lim2.7

Nagraj, G. S., Chouksey, A., Jaiswal, S., & Jaiswal, A. K. (2020). Broccoli. 
Nutritional Composition and Antioxidant Properties of Fruits and 
Vegetables (pp. 5– 17). Academic Press. https://doi.org/10.1016/
B978- 0- 12- 81278 0- 3.00001 - 5

Natarajan, T. D., Ramasamy, J. R., & Palanisamy, K. (2019). Nutraceutical 
potentials of synergic foods: A systematic review. Journal of Ethnic 
Foods, 6(1), 1– 7. https://doi.org/10.1186/s4277 9- 019- 0033- 3

Neumann, C., Harris, D. M., & Rogers, L. M. (2002). Contribution of ani-
mal source foods in improving diet quality and function in children 
in the developing world. Nutrition Research, 22(1– 2), 193– 220. 
https://doi.org/10.1016/S0271 - 5317(01)00374 - 8

Ng, T. B., Cheung, R. C. F., Wong, J. H., Wang, Y., Ip, D. T. M., Wan, D. 
C. C., & Xia, J. (2015). Antiviral activities of whey proteins. Applied 
Microbiology and Biotechnology, 99(17), 6997– 7008. https://doi.
org/10.1007/s0025 3- 015- 6818- 4

Nigam, Y., & Knight, J. (2020). The lymphatic system 2: Structure and 
function of the lymphoid organs. Nursing Times, 116, 44– 48.

Norman, K., Pichard, C., Lochs, H., & Pirlich, M. (2008). Prognostic im-
pact of disease- related malnutrition. Clinical Nutrition, 27(1), 5– 15. 
https://doi.org/10.1016/j.clnu.2007.10.007

Pahwa, H., & Sharan, K. (2022). Food and nutrition as modifiers of 
the immune system: A mechanistic overview. Trends in Food 
Science & Technology, 123, 393– 403. https://doi.org/10.1016/j.
tifs.2022.03.017

Park, Y. W., & Nam, M. S. (2015). Bioactive peptides in milk and dairy prod-
ucts: A review. Korean Journal for Food Science of Animal Resources, 
35(6), 831– 840. https://doi.org/10.5851/kosfa.2015.35.6.831

Perrier, E. T., Armstrong, L. E., Bottin, J. H., Clark, W. F., Dolci, A., Guelinckx, 
I., Iroz, A., Kavouras, S. A., Lang, F., Lieberman, H. R., Melander, O., 
Morin, C., Seksek, I., Stookey, J. D., Tack, I., Vanhaecke, T., Vecchio, 
M., & Péronnet, F. (2021). Hydration for health hypothesis: A nar-
rative review of supporting evidence. European Journal of Nutrition, 
60(3), 1167– 1180. https://doi.org/10.1007/s0039 4- 020- 02296 - z

Poswal, F. S., Russell, G., Mackonochie, M., MacLennan, E., Adukwu, E. 
C., & Rolfe, V. (2019). Herbal teas and their health benefits: A scop-
ing review. Plant Foods for Human Nutrition, 74(3), 266– 276. https://
doi.org/10.1007/s1113 0- 019- 00750 - w

Pourmasoumi, M., Hadi, A., Rafie, N., Najafgholizadeh, A., Mohammadi, 
H., & Rouhani, M. H. (2018). The effect of ginger supplementation 
on lipid profile: A systematic review and meta- analysis of clini-
cal trials. Phytomedicine, 43, 28– 36. https://doi.org/10.1016/j.
phymed.2018.03.043

Puglisi, M. J., & Fernandez, M. L. (2022). The health benefits of egg pro-
tein. Nutrients, 14(14), 2904. https://doi.org/10.3390/nu141 42904

Quinn, M. (2020). Hydration for immune system –  UCI. Susan Samueli 
Integrative Health Institute, University of California, Irvine's Blog.

Rail, L. C., & Meydani, S. N. (1993). Vitamin B6 and immune compe-
tence. Nutrition Reviews, 51(8), 217– 225. https://doi.org/10.1111/
j.1753- 4887.1993.tb031 09.x

Rathaur, P., Raja, W., Ramteke, P. W., & John, S. A. (2012). Turmeric –  The 
golden spice of life. International Journal of Pharmaceutical Sciences 
and Research, 3(7), 1987– 1994. https://doi.org/10.1201/97814 
20006 322- 7

Renuka, S., & Muralidharan, N. P. (2017). Comparison in benefits of 
herbal mouthwashes with chlorhexidine mouthwash: A review. 
Asian Journal of Pharmaceutical and Clinical Research, 10(2), 3– 7. 
https://doi.org/10.22159/ ajpcr.2017.v10i2.13304

Rich, R. R., & Chaplin, D. D. (2019). The human immune response. In R. 
R. Rich, T. A. Fleisher, W. T. Shearer, H. W. Schroeder, A. J. Frew, 
& C. M. Weyand (Eds.), Clinical immunology: Principles and prac-
tice (pp. 3– 17). Elsevier. https://doi.org/10.1016/B978- 0- 7020- 
6896- 6.00001 - 6

Rinninella, E., Cintoni, M., Raoul, P., Lopetuso, L. R., Scaldaferri, F., Pulcini, 
G., Miggiano, G. A. D., Gasbarrini, A., & Mele, M. C. (2019). Food 
components and dietary habits: Keys for a healthy gut microbiota 

https://doi.org/10.3390/microorganisms5010006
https://doi.org/10.3390/microorganisms5010006
https://doi.org/10.1155/MI.2005.63
https://doi.org/10.1079/PAVSNNR20083098
https://doi.org/10.1079/PAVSNNR20083098
https://doi.org/10.1111/bcp.13002
https://doi.org/10.1080/13880209.2021.1874028
https://doi.org/10.1080/13880209.2021.1874028
https://doi.org/10.1186/s13223-018-0278-1
https://doi.org/10.1186/s13223-018-0278-1
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1016/j.bbacli.2016.02.003
https://doi.org/10.1016/j.bbacli.2016.02.003
https://doi.org/10.1093/ajcn/71.4.861
https://doi.org/10.1093/ajcn/71.4.861
https://doi.org/10.3390/molecules27020555
https://doi.org/10.3390/molecules27020555
https://doi.org/10.1186/1742-9994-10-23
https://doi.org/10.1186/1742-9994-10-23
https://doi.org/10.1016/j.autrev.2017.11.016
https://doi.org/10.1016/j.autrev.2017.11.016
https://doi.org/10.1002/lim2.7
https://doi.org/10.1016/B978-0-12-812780-3.00001-5
https://doi.org/10.1016/B978-0-12-812780-3.00001-5
https://doi.org/10.1186/s42779-019-0033-3
https://doi.org/10.1016/S0271-5317(01)00374-8
https://doi.org/10.1007/s00253-015-6818-4
https://doi.org/10.1007/s00253-015-6818-4
https://doi.org/10.1016/j.clnu.2007.10.007
https://doi.org/10.1016/j.tifs.2022.03.017
https://doi.org/10.1016/j.tifs.2022.03.017
https://doi.org/10.5851/kosfa.2015.35.6.831
https://doi.org/10.1007/s00394-020-02296-z
https://doi.org/10.1007/s11130-019-00750-w
https://doi.org/10.1007/s11130-019-00750-w
https://doi.org/10.1016/j.phymed.2018.03.043
https://doi.org/10.1016/j.phymed.2018.03.043
https://doi.org/10.3390/nu14142904
https://doi.org/10.1111/j.1753-4887.1993.tb03109.x
https://doi.org/10.1111/j.1753-4887.1993.tb03109.x
https://doi.org/10.1201/9781420006322-7
https://doi.org/10.1201/9781420006322-7
https://doi.org/10.22159/ajpcr.2017.v10i2.13304
https://doi.org/10.1016/B978-0-7020-6896-6.00001-6
https://doi.org/10.1016/B978-0-7020-6896-6.00001-6


6774  |    SINGH et al.

composition. Nutrients, 11(10), 1– 23. https://doi.org/10.3390/
nu111 02393

Rosinger, A. Y. (2019). Biobehavioral variation in human water needs: 
How adaptations, early life environments, and the life course affect 
body water homeostasis. American Journal of Human Biology, 32(1), 
1– 14. https://doi.org/10.1002/ajhb.23338

Sahoo, B., & Banik, B. (2018). Medicinal plants: Source for immunosup-
pressive agents. Immunology: Current Research, 2(1), 1– 5.

Schroeder, H. W., & Cavacini, L. (2010). Structure and function of immu-
noglobulins. Journal of Allergy and Clinical Immunology, 125(Suppl 2), 
S41– S52. https://doi.org/10.1016/j.jaci.2009.09.046

Schuetz, P., Fehr, R., Baechli, V., Geiser, M., Deiss, M., Gomes, F., Kutz, A., 
Tribolet, P., Bregenzer, T., Braun, N., Hoess, C., Pavlicek, V., Schmid, 
S., Bilz, S., Sigrist, S., Brändle, M., Benz, C., Henzen, C., Mattmann, 
S., … Mueller, B. (2019). Individualised nutritional support in med-
ical inpatients at nutritional risk: A randomised clinical trial. The 
Lancet, 393(10188), 2312– 2321. https://doi.org/10.1016/S0140 
- 6736(18)32776 - 4

Sharifi- Rad, J., El Rayess, Y., Rizk, A. A., Sadaka, C., Zgheib, R., Zam, 
W., Sestito, S., Rapposelli, S., Neffe- Skocińska, K., Zielińska, D., 
Salehi, B., Setzer, W. N., Dosoky, N. S., Taheri, Y., El Beyrouthy, 
M., Martorell, M., Ostrander, E. A., Suleria, H. A. R., Cho, W. C., 
… Martins, N. (2020). Turmeric and its major compound curcumin 
on health: Bioactive effects and safety profiles for food, pharma-
ceutical, biotechnological and medicinal applications. Frontiers in 
Pharmacology, 11, 1– 23. https://doi.org/10.3389/fphar.2020.01021

Shubham, K., Anukiruthika, T., Dutta, S., Kashyap, A. V., Moses, J. A., & 
Anandharamakrishnan, C. (2020). Iron deficiency anemia: A com-
prehensive review on iron absorption, bioavailability and emerging 
food fortification approaches. Trends in Food Science & Technology, 
99, 58– 75. https://doi.org/10.1016/j.tifs.2020.02.021

Sidana, J., Saini, V., Dahiya, S., Nain, P., & Bala, S. (2013). A review on 
citrus –  “The boon of nature”. International Journal of Pharmaceutical 
Sciences Review and Research, 18(2), 20– 27.

Siddique, A., Idrees, N., Kashif, M., Ahmad, R., Ali, A., Ali, A., Siddiqua, A., 
& Javied, M. (2021). Antibacterial and antioxidant activity of kiwi 
fruit. Biological and Clinical Sciences Research Journal, 2021(1), 1– 8. 
https://doi.org/10.54112/ bcsrj.v2021 i1.76

Singh, M. R., Yadav, K., Chaurasiya, N. D., & Singh, D. (2022). Plants 
and phytomolecules for immunomodulation. In N. S. Sangwan, 
M. A. Farag, & L. V. Modolo (Eds.), Plants and phytomole-
cules for immunomodulation (pp. 1– 31). Springer. https://doi.
org/10.1007/978- 981- 16- 8117- 2_1

Soldati, L., Di Renzo, L., Jirillo, E., Ascierto, P. A., Marincola, F. M., & De 
Lorenzo, A. (2018). The influence of diet on anti- cancer immune re-
sponsiveness. Journal of Translational Medicine, 16(1), 1– 18. https://
doi.org/10.1186/s1296 7- 018- 1448- 0

Srivastava, R. M., Singh, S., Dubey, S. K., Misra, K., & Khar, A. (2011). 
Immunomodulatory and therapeutic activity of curcumin. 
International Immunopharmacology, 11(3), 331– 341. https://doi.
org/10.1016/j.intimp.2010.08.014

Suciyati, S. W., & Adnyana, I. K. (2017). Red ginger (Zingiber officinale 
roscoe var rubrum): A review. Pharmacology, 2, 60– 65.

Sultan, M. T., Buttxs, M. S., Qayyum, M. M. N., & Suleria, H. A. R. 
(2014). Immunity: Plants as effective mediators. Critical Reviews 
in Food Science and Nutrition, 54(10), 1298– 1308. https://doi.
org/10.1080/10408 398.2011.633249

Tegegne, B. A., & Kebede, B. (2022). Probiotics, their prophylactic and 
therapeutic applications in human health development: A review 
of the literature. Heliyon, 8(6), e09725. https://doi.org/10.1016/j.
heliy on.2022.e09725

Torkashvand, A. M., Ahmadi, A., & Nikravesh, N. L. (2017). Prediction of 
kiwifruit firmness using fruit mineral nutrient concentration by ar-
tificial neural network (ANN) and multiple linear regressions (MLR). 
Journal of Integrative Agriculture, 16(7), 1634– 1644. https://doi.
org/10.1016/S2095 - 3119(16)61546 - 0

Vishwakarma, S., Panigrahi, C., Barua, S., Sahoo, M., & Mandliya, S. 
(2022). Food nutrients as inherent sources of immunomodulation 
during COVID- 19 pandemic. LWT –  Food Science and Technology, 
158, 113154. https://doi.org/10.1016/j.lwt.2022.113154

Waheed Janabi, A. H., Kamboh, A. A., Saeed, M., Xiaoyu, L., BiBi, J., 
Majeed, F., Naveed, M., Mughal, M. J., Korejo, N. A., Kamboh, R., 
Alagawany, M., & Lv, H. (2020). Flavonoid- rich foods (FRF): A prom-
ising nutraceutical approach against lifespan- shortening diseases. 
Iranian Journal of Basic Medical Sciences, 23(2), 140– 153. https://doi.
org/10.22038/ IJBMS.2019.35125.8353

Wani, B. A., Bodha, R. H., & Wani, A. H. (2010). Nutritional and medici-
nal importance of mushrooms. Journal of Medicinal Plants Research, 
4(24), 2598– 2604. https://doi.org/10.5897/jmpr09.565

Williams, J. L., Everett, J. M., D'Cunha, N. M., Sergi, D., Georgousopoulou, 
E. N., Keegan, R. J., McKune, A. J., Mellor, D. D., Anstice, N., & 
Naumovski, N. (2020). The effects of green tea amino acid L- 
Theanine consumption on the ability to manage stress and anxiety 
levels: A systematic review. Plant Foods for Human Nutrition, 75(1), 
12– 23. https://doi.org/10.1007/s1113 0- 019- 00771 - 5

Xue, H., Han, J., Ma, J., Song, H., He, B., Liu, X., Yi, M., & Zhang, L. (2023). 
Identification of immune- active peptides in casein hydrolysates 
and its transport mechanism on a Caco- 2 monolayer. Food, 12(2), 
373. https://doi.org/10.3390/foods 12020373

Yogiraj, V., Goyal, P. K., Chauhan, C. S., Goyal, A., & Vyas, B. (2014). Carica 
papaya Linn: An overview. International Journal of Herbal Medicine, 
2, 1– 8.

Yuan, G. F., Sun, B., Yuan, J., & Wang, Q. M. (2009). Effects of differ-
ent cooking methods on health- promoting compounds of broccoli. 
Journal of Zhejiang University: Science B, 10(8), 580– 588. https://doi.
org/10.1631/jzus.B0920051

How to cite this article: Singh, D. N., Bohra, J. S., Dubey, T. P., 
Shivahre, P. R., Singh, R. K., Singh, T., & Jaiswal, D. K. (2023). 
Common foods for boosting human immunity: A review. Food 
Science & Nutrition, 11, 6761–6774. https://doi.org/10.1002/
fsn3.3628

https://doi.org/10.3390/nu11102393
https://doi.org/10.3390/nu11102393
https://doi.org/10.1002/ajhb.23338
https://doi.org/10.1016/j.jaci.2009.09.046
https://doi.org/10.1016/S0140-6736(18)32776-4
https://doi.org/10.1016/S0140-6736(18)32776-4
https://doi.org/10.3389/fphar.2020.01021
https://doi.org/10.1016/j.tifs.2020.02.021
https://doi.org/10.54112/bcsrj.v2021i1.76
https://doi.org/10.1007/978-981-16-8117-2_1
https://doi.org/10.1007/978-981-16-8117-2_1
https://doi.org/10.1186/s12967-018-1448-0
https://doi.org/10.1186/s12967-018-1448-0
https://doi.org/10.1016/j.intimp.2010.08.014
https://doi.org/10.1016/j.intimp.2010.08.014
https://doi.org/10.1080/10408398.2011.633249
https://doi.org/10.1080/10408398.2011.633249
https://doi.org/10.1016/j.heliyon.2022.e09725
https://doi.org/10.1016/j.heliyon.2022.e09725
https://doi.org/10.1016/S2095-3119(16)61546-0
https://doi.org/10.1016/S2095-3119(16)61546-0
https://doi.org/10.1016/j.lwt.2022.113154
https://doi.org/10.22038/IJBMS.2019.35125.8353
https://doi.org/10.22038/IJBMS.2019.35125.8353
https://doi.org/10.5897/jmpr09.565
https://doi.org/10.1007/s11130-019-00771-5
https://doi.org/10.3390/foods12020373
https://doi.org/10.1631/jzus.B0920051
https://doi.org/10.1631/jzus.B0920051
https://doi.org/10.1002/fsn3.3628
https://doi.org/10.1002/fsn3.3628

	Common foods for boosting human immunity: A review
	Abstract
	1|INTRODUCTION
	2|METHODOLOGY
	3|IMMUNITY AND THE HUMAN IMMUNE SYSTEM
	4|FOOD ITEMS AS IMMUNE BOOSTERS
	4.1|Water

	5|PLANT-BASED FOODS
	5.1|Citrus fruits (Citrus spp.)
	5.2|Papaya (Carica papaya L.)
	5.3|Kiwi (Actinidia species L.)
	5.4|Pomegranate (Punica granatum L.)
	5.5|Aonla (Indian gooseberry) (Phyllanthus emblica L.)
	5.6|Almonds (Prunus amygdalus L.)
	5.7|Broccoli (Brassica oleracea var. italica)
	5.8|Ginger (Zingiber officinale Roscoe)
	5.9|Garlic (Allium sativum L.)
	5.10|Onion (Allium cepa L.)
	5.11|Turmeric (Curcuma longa L.)
	5.12|Tea (Camellia sinensis L.)
	5.13|Mushrooms

	6|ANIMAL-SOURCED FOODS
	6.1|Milk
	6.2|Yogurt and curd
	6.3|Egg

	7|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


