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Abstract 

Naturally available foods contain nutrients like vitamins (A, C, E, and D), zinc, calcium, magnesium, folate iron, omega 
fatty acids, selenium, and phytochemicals that have profound protective effects (boosting immunity) on human from 
diseases. The critical component of obtaining incredible health is to maintain proper diet with healthy food, proper 
sleep, and regular exercise. This review is drafted with an aim to lay out the importance of consuming immune boost-
ing foods, present various nutritional compounds available and their mechanism in maintaining immunity, and briefly 
discuss some of the exotic immunity building food sources, nutrients present, health benefits, and its utilization. Some 
of the immune-boosting foods like almonds, spinach, citrus fruits, avocado, red bell pepper, pomegranate, kiwi, garlic, 
ginger, and passion fruit are deliberated to have positive impact on ameliorating cancer, diabetics, heart disease, 
skin, eyesight, bone health, blood pressure, brain development, anti-stress, antimicrobial, antibacterial, antifungal, 
anti-aging, anti-allergenicity, antimalarial, anti-mutagenicity, and anti-inflammatory. This review on immune boosting 
foods further emphasizes on the need and proved the importance of consuming natural fruits, vegetables, nut, and 
meat products for strengthening the immune system. Thus, the consumption of immune boosting foods is manda-
tory for maintaining the health and protecting our body from harmful pathogen and degenerative diseases naturally.
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Exploring diet-health approach is very important in the domain of food for enhancing immune response and activa-
tion in humans. Natural food that has health and nutritional benefits has made a noteworthy influence on changing 
consumer’s lifestyles. The immune-strengthening foods with proper dietary recommendation play a significant role to 
increase the immunity of people.
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Graphical Abstract

Introduction
Consumer demands on food uptake have changed drasti-
cally these days; they started consuming food for health 
rather than taste. Specific intake of protein and anti-
oxidant rich diets are being preferred in combination 
with regular workouts for maintaining proper health 
(Aggett et  al. 1999; Richards & Rickard 2020). The rea-
son behind the consumption of healthy foods on main-
tain health correlates closely with the maintenance of an 
individual’s immune system. Immune system is a barrier 
network that acts as a first line of defence when encoun-
tered by harmful pathogens or oxidation; it comprises 
of an extensive network of cells and tissues in our body, 
which gives security against ailments. The food that 
we eat, the nature of our rest, and the level of stress are 
together important in order to charge our body’s immune 
function for healthy living. Among which the food that 
we eat becomes a major source for building our body’s 
immunity; thus, it is necessary for individuals to con-
sume immune-boosting foods. Naturally occurring fruits 
and vegetables like apple (Hyson 2011), raspberry (York 
et  al. 2002), blueberry (Smith et  al. 2000), blackberry 
(Dai et al. 2007), cranberry (Dinh et al. 2014), blackcur-
rant (Nyanhanda et al. 2014), cherry (Ferretti et al. 2010), 

cocoa (Sanbongi et  al. 1997), pomegranate (Zhao et  al. 
2016), grape (Percival 2009), avocado (Duarte et al. 2016), 
broccoli (Mukherjee & Mishra 2015), tomato (Blum et al. 
2005), carrot (Sharma & Karki 2012), spinach (Bergman 
et  al. 2001), sweet potato (Shih et  al. 2009), kiwi (Tyagi 
et  al. 2015), ginger (Srinivasan 2017), garlic (Tsai et  al. 
2012), turmeric (Singletary 2010b), mango (Sivakumar 
et al. 2011), onion (Suleria et al. 2015), lettuce (Kim et al. 
2016), beetroot (Clifford et  al. 2015), cabbage (Maria 
Alexandra et  al. 2013), cauliflower (Köksal & Gülçin 
2008), pineapple (Hossain et al. 2015), strawberry (Afrin 
et al. 2016), citrus fruits (Mohanapriya et al. 2013), pep-
per (Singletary 2010a), almonds (Kamil & Chen 2012) 
and Echinacea (Barrett 2003) are the most important 
immune boosting foods in which dietary antioxidants 
like Vitamin A, C, E, flavonoids and carotenoids are pre-
sent. These antioxidants that are obtained from diet are 
called exogenous antioxidants, whereas, the antioxidants 
that are produced from the body itself is called endoge-
nous antioxidants.

Vitamin A prevents damage to the immune cells by 
improving immune functions, neutralizing reactive 
oxygen species, and increasing resistance to infection 
(Meydani et  al. 2001). Vitamin C prevents and treats 
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various diseases and it also reduces the destruction 
of immune cells (by scavenging free radicals); it also 
aids the immune system by promoting anti-inflam-
mation, lymphocyte proliferation, and involvement 
in immune responses on delayed-type-hypersensitive 
skin tests, pulmonary function, and antibody produc-
tion in human body at the time of attack or infection 
(Lopez-Varela et  al. 2002). Vitamin E evades damage 
to immune cells by differentiating immature T cells 
in the thymus and modulating host immune func-
tions (Hughes 1999). Flavonoids are biologically active 
polyphenolic compounds that modulate the immunity 
power in humans with antioxidant and anti-inflamma-
tion properties (González-Gallego et  al. 2010). Carot-
enoids being antioxidant controls immune function by 
involving gene regulation and apoptosis (Chew & Park 
2004; Gouveia & Empis 2003). The other nutrients like 
protein, vitamin B6, B12, D, copper, zinc, magnesium, 
iron, omega-3, folate, probiotics, and selenium are also 
known to be immune-enhancing nutrient factors.

When the human body is lacking nutrients, viral con-
taminations can cause serious diseases by weakening 
the immune system (Peterhans 1997). Immunity, when 
raised by diet, can cure diseases, and if the infection does 
occur, it fight against the pathogen and can reduce the 
severity on the individual. Populations with the highest 
intake of vegetables have much lower rates of cancer. The 
longest living inhabitants throughout the history have 
been those with the more consumption of vegetables in 
the diet regularly (Robbins 2007). When immune-boost-
ing foods are taken as a part of the daily diet, nutrients 
will be supplied to human body; this nutrition increases 
biological defence mechanisms, prevents and recovers 
specific diseases, slows the aging process, and controls 
physical and mental disorders (Lopez-Varela et al. 2002). 
Numerous diseases and health concerns such as inflam-
mation can be prevented and treated by following the 
diet rich in immune boosting foods. The antioxidant, 
anti-inflammatory, antiviral and nutritious nature of the 
principal compounds present in the natural food mate-
rials is the reason for the prevention and treatment of 
diseases. The consumption can improve heart disorders 
(Olas 2020), vascular diseases (Wang et  al. 2011), anti-
inflammation (S. Li et al. 2014), anti-diabetes (Sun et al. 
2021), neurological issues (Albarracin et al. 2012), reduc-
tion of cancer risk (Afshari et  al. 2019), improvement 
of gastrointestinal health (Veenstra & Johnson 2019), 
lowering of menopause symptoms (Wattanathorn et  al. 
2019), reduction of osteoporosis (Marcucci et al. 2023), 
decrease of blood pressure (John et al. 2002), antibacte-
rial and antiviral properties (Qanash et  al. 2022). This 
review presents a systematic insight into the immune 
system, functional components of immune-boosting 

foods, and immunity-building nourishments with its 
health benefits.

Immune system
The invulnerable human immune system is a disease 
resistance tool comprised of tissues, immune cells, and 
organs that cooperate to protect the body from outside 
components, known as  antigens (Calder & Kew 2002). 
These remote elements are bacteria, viruses, fungi, and 
parasites, which infect the body causing one to feel sick. 
Compounds which infect humans can be increased if 
immunity power is less and transmitted to other peo-
ple by causing. illness, serious infection, and even death 
(Fritsche 2006). The immune system is divided into two 
components namely innate immunity (non-antigen spe-
cific) and adaptive immunity (antigen-specific) are indi-
cated in Fig.  1. Innate immunity is non-antigen specific 
because human body will have antibodies that will fight 
against all types of antigens immediately. The antibod-
ies involve in this type of immunity are dendritic cells, 
macrophages, neutrophils, basophils, eosinophils, and 
mast cells. This innate immunity is the foremost one 
that kicks in immediately when the host is encountered 
by the infection (from minutes to hours). Innate immu-
nity provides protection from germs without the need of 
preconditioning from the circumstances. Innate immu-
nity includes skin, mucosa, immune system cells (mac-
rophages, neutrophils, dendritic cells, and monocytes) 
present inside the human body are represented in Fig. 2. 
Macrophages are highly phagocytic and produces pow-
erful inflammatory cytokines. Neutrophils are special-
ized inflammatory cells of the immune system. Dendritic 
cells are phagocytic and antigen presenting cell activates 
acquired immunity (Pan et al. 2018). Monocytes are also 
phagocytes that circulate in the blood. When monocytes 
migrate into tissues, they develop into macrophages 
(McComb et  al. 2013). Innate immunity (Fig.  1) serves 
as the first line of defense and the antigen is activated as 
soon as it is encountered. Innate immunity has no immu-
nological memory. It means the immune power is not 
generated through vaccination.

However, numerous presences of pathogen can reduce 
the effect of innate immunity; in this case, adaptive 
immunity is activated. Adaptive immunity (Fig.  1) is 
like an extra privilege and a more sophisticated system 
of defence mechanism that comprises B cells (B Lym-
phocytes) and T cells (T Lymphocytes). The adaptive 
immune mechanism and lymphocytes in the system gets 
activated based on the recognition of the pathogen; adap-
tive immunity is antigen specific because it takes times to 
develop antibodies through vaccination in human body 
and it will invade only a particular antigen. Adaptive 
immunity has the immunological memory and this kind 
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of immunity is major for the defence in the future, if the 
individual is encountered with the same infection (Netea 
et al. 2019). Adaptive immunity is the basis of vaccination 
but can recognize and destroy specific substances like 
pathogen (immunologic memory is present—means anti-
bodies are developed through injection). Adaptive immu-
nity provides the second line of defence and is activated 
for the secondary exclusion of infectious agents (Marshall 
et  al. 2018). Lymphocytes are one of the five categories 
of white blood cells circulating in the blood of humans. 
Each of these T and B cells can precisely bind to a specific 
antigen or molecular structure. T cells are there to regu-
late or kill intracellular parasites or activate the immune 
cells. The killer cell is a sort of T cell whose reason for 
existing is to slaughter any cells that are infected with the 
antigens or cells that appear to be abnormal. B cells are 
responsible for activating the antibodies and it is a pro-
tein that destroys antigens in the bloodstream (Murphy 
& Weaver 2016).

Mechanism of the immune response
The two functional divisions of the immune system 
(acquired, and innate immunity) comprise cytokines, 
antibodies, and cells, collectively called leukocytes (white 
blood cells) (Weyh et al. 2020). Phagocytes, monocytes, 
and lymphocytes come under the leukocytes category 
(Calder & Kew 2002). Every cell in the immune system 
network initiates in the bone marrow and they are found 
circling in the bloodstream, structured into lymphoid 
organs like the spleen, thymus, lymphoid tissue, and 
lymph nodes or scattered in different areas around the 
body (McComb et al. 2013). The organs and certain lym-
phoid systems of the human immune system where the 
cells do their actual work of fighting off germs and for-
eign substances are presented in Fig. 2. When direct cell–
cell contact happens in the immune system (both innate 
and acquired), the involvement of adhesion molecules 
occurs by producing cytokines (chemical messengers), 
which are proteins.

Fig. 1 Innate and adaptive immunity in human body
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Every cytokine might have many activities on vari-
ous cells. These chemical messengers act by binding 
to particular receptors on the surface of the cell and 
subsequently instigate changes in the development, 
advancement, or action of the target cell. Initially, innate 
immunity responds quickly when an immunologi-
cal stimulus is encountered and acts directly to destroy 
pathogens (Calder & Kew 2002). Cytokines (interleu-
kin-1, interleukin-6, tumor necrosis factor-α) created by 
the cells associated with the innate reaction, particularly 
macrophages and monocytes, will regulate this response 
by eliminating germs. Then, cytokines act fundamentally 
on the liver to advance intense stage protein synthesis, 
on adipose tissue and skeletal muscle to endorse lipolysis 
and proteolysis, respectively (Ibrahim & El-Sayed 2016). 
And finally acts on the cerebrum to diminish appetite 
and prompt fever. Macrophages and monocytes (antigen-
presenting cells) will introduce antigens to T cells and B 
cells (Fig. 1) so that the reaction will be activated, and the 

production of antibodies occurs by destroying the patho-
gens (Calder & Kew 2002).

A healthy body is a disease-resistant immune system 
that can secure itself against antigens. The human body 
delivers typically white platelets, which aids a vital role 
in creating safe cells. Likewise, it also delivers synthetic 
substances (chemicals) and proteins that can assault and 
remove the antigens. The human defence system finds the 
antigens and kills it before having the options to recre-
ate and spread (Wentworth et al. 2000). Contingent upon 
the antigen’s load, the immune system reacts quickly by 
delivering the particular responders against the antigen 
in higher amounts. The adequacy of the immune sys-
tem is balanced by its capacity to perceive a vast num-
ber of antigens and creating specific resistant molecules 
to battle them. As the immune power can attack many 
antigens, it is necessary to build immunity in humans 
by taking proper nutrients in precise quantity (as per 
recommendation) to act violently against these immune 

Fig. 2 Representation of immune systems which includes skin, mucosa, immune system cells (macrophages, neutrophils, dendritic cells, and 
monocytes) present inside the human body
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destructing pathogens (Chowdhury et  al. 2020). If the 
nutrients externally supplied to the body is less, then it 
can affect the immune system’s function by reducing the 
antibody production (Iddir et al. 2020).

Immune system functions in good health depending 
on the nourishment we consume, good mood without 
stress, and proper sleep. Stress can also account for the 
proper function of immune system; as nervous, endo-
crine and immune systems are interconnected, stressful 
lifestyle and negative mood can lead to the dysfunction 
of the immune system by disorganizing the interplay of 
the three systems (Seiler et al. 2020). Deficiency of proper 
sleep and insomnia impacts the central nervous system, 
which could also impact the proper immune function 
(Kuna et  al. 2022). Immune-boosting foods like fruits 
and vegetables can boost the immune power in humans 
because it contains inflammation-fighting nutrients like 
vitamins, carotenoids, and phytochemicals (Venter et al. 
2020). Intake or utilization of particular food in exact 
amounts that give extra advantages to the human body is 
essential in order to boost the immune system.

Functional components of immunity‑boosting 
foods
Nutrition is a significant factor to build immunity in 
humans. The functional components of immunity-boost-
ing foods like antioxidants (carotene, vitamin C, vitamin 
E, folate, selenium, and phytochemicals), vitamin D, zinc, 
iron, dietary fiber, and omega -3 fatty acids are essential 
to maintain a healthy immune system. Supplementation 
of these nutrients from natural sources (fruits and veg-
etables) enhances the immunity power by diminishing 
viral infections, cancer, cardiovascular disease, blood 
pressure, memory loss, and neurological problems (Jaya-
wardena et al. 2020). The function of nutrients, its defi-
ciency, and supplementation in immune-boosting foods 
are represented in Table 1.

Antioxidants
Antioxidants are vitamins, minerals, and phytochemicals 
that aid the body in evacuating free radicals and control-
ling free-radical creation (McDowell et  al. 2007). These 
comprise vitamin C, vitamin E, selenium, folate, alpha-
carotene, beta-carotene, and various other phytochemi-
cals like allium compounds, anthocyanin, allyl sulfides, 
coumestans, betalains, indols, flavonoids, flavonols, 
glucosinolates, isoflavones, limonoids, lignans, pectins, 
organosulfides, phytosterols, phenolic compounds, ter-
penes, protein inhibitors, and tyrosol esters (Vázquez 
et al. 2014). The majority of antioxidants are made avail-
able in the body through consuming fruits, vegetables, 
and natural plants. Many antioxidants are present mostly 
in fruits, vegetables and nut (Zeb 2020). Animal products 

also contains important antioxidants such as zinc and 
iron, however, meat and meat products are devoid of 
phytochemicals and vitamins. To be specific there are 
studies which involves adding fruit and plant extract as 
an additive for meat and meat product (Domínguez et al. 
2021; Pateiro et al. 2021).

Oxidative damage occurs when free-radical activity in 
cell increases, and free radicals burst out of their cell seg-
ments to affect more extensive regions of the cell. Spe-
cific oxygen-derived free radicals comprise hydroperoxyl 
 (HOO−), superoxide  (O2

−), peroxyl  (ROO−), hydroxyl 
 (OH−), and others are peroxynitrite anion  (ONOO−) and 
the nitric oxide  (NO−) (Kaur & Kapoor 2001). Free radi-
cals are all not harmful but have a critical role in lesser 
amount. It is very well utilized by the immune cells and 
destroys the damaged one that could be a danger to 
humans if they are not deteriorated it will be potentially 
developed into cancer. When free radicals increase in 
amount, they begin to destroy healthy tissue and cells in 
the body. Hence, antioxidants are essential in removing 
and controlling free radicals. Some of the antioxidants 
like carotene, vitamin C, vitamin E, selenium, and phyto-
chemicals are elaborated.

Carotene
Consumption of green vegetables is the best way to find 
out the total antioxidant capacity of the diet as it is a 
synergetic method to keep our body free from diseases. 
Vitamin A deficiency affects immune function, particu-
larly the antibody response to T-cell-dependent antigens 
(Ross 2003). Vitamin A helps to increase the activity of 
natural killer cells that have antiviral defense. Vitamin A 
can be included in the diet by consuming its precursor 
Carotene. Carotenoids (provitamin A) are a large group 
of compounds with the basic skeleton of a polyisopre-
noid carbon chain with many conjugated double bonds 
(Chakraborty et al. 2009). Each molecule of carotenoids 
gets converted to two molecules of previtamin A (Reti-
nol) in the body; the enzyme beta-carotene 15,15′-dioxy-
genase (present in intestinal mucosal layer) cleaves the 
carotene in to two molecules of retinol. Carotenoids are 
classified into two categories as alpha and beta caro-
tene. The most common carotenoid that gets converted 
to Vitamin A is Beta-carotene (Alexander et  al. 1985). 
Beta-carotene (colour compound) served as a marker for 
those populations with high fruits and vegetable intake. 
It is available high in carrots and other orange vegeta-
bles. These carotenoids increase the population of lym-
phocytes and enhance macrophage for the production 
of cytokines. Cytokines are hormonal regulators pro-
duced through the body necessary for cell signalling. 
Cytokines rise in a vitamin A deficient situation helps the 
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inflammatory immune system. Beta-carotene supports 
the enzymatic defence systems by diminishing oxida-
tive damage. Beta-carotene is regarded as a safe, gainful 
antioxidant and even suggested as an anti-cancer vitamin 
by increasing the risk of lung cancer (Omenn et al. 1998) 
when directed as a supplement rather than ingested from 
food.

Alpha-carotene is absent in many multivitamins and 
supplements, however, and it is an excellent marker of 
high-nutrient vegetable intake (green and orange veg-
etables). It is available in asparagus, cabbage, carrots, 
green pepper, red pepper, swiss chard, winter squash, 
broccoli, collards, and peas. The researchers have dis-
covered that increased alpha-carotene was related to 
a diminished danger of death. The humans with the 
highest alpha-carotene had a 39% decline in risk of 
death (Li et  al. 2011) from specific causes including 
cardiovascular disease, night blindness, neurodegen-
erative, age-related macular degeneration disease, and 
cancer, but other causes as well, remarkably infection 
(Chaudhary et al. 2020).

Vitamin C
Vitamin C is an essential antioxidant, reducing agent, 
water-soluble electron donor vitamin, and, thereby, 
neutralizes reactive oxygen species (Padayatty et  al. 
2003). It donates two electrons from C-2 and C-3 dou-
ble bond carbons to act as an antioxidant that results in 
the creation of an intermediate free radical, and semi-
dehydroascorbic acid E. These free radicals reduce to a 
neutral ascorbate molecule (Spears & Weiss 2008). Vita-
min C can protect bio membranes against lipid peroxida-
tion decay by eradicating peroxyl radicals in the aqueous 
phase before initiation of peroxidation occurs and aids 
in the relocation of leukocytes to the sites of infections 
(Carr & Maggini 2017). Vitamin C is situated in the aque-
ous stage of cells, contributing to radical scavenging 
(McDowell et al. 2007). Vitamin C (ascorbic acid) builds 
the production of antibodies and assists with separat-
ing lymphocytes (white platelets), enabling the body to 
figure out what sort of protection is required. The lack 
of vitamin C prompts scurvy. Consequently, vitamin C 
enriched nourishments such as orange, strawberries, 
grapes, papaya, berries, Brussel sprouts, cauliflower, kiwi, 
pepper, tomatoes, and sweet potatoes should be taken 
regularly (Zee et  al. 1991). Intake of vitamin C recom-
mendation is 150–200  mg per day for preventing and 
inhibiting cancer, coronary heart disease, and cataract 
(Doseděl et al. 2021; Weber et al. 1996); which is a general 
value range provided globally. As the vitamin C works on 
scavenging reactive species and prevention of DNA dam-
age which is one of an important forerunners for cancer 

transformation (Pawlowska et al. 2019). The quantities of 
RDA for Vitamin C vary with respect to different coun-
tries and their regulatory bodies. In United states, FDA 
recommended 90 mg/day for adult men and 75 mg/day 
for adult women. Whereas in European union, the rec-
ommendation varies; 110  mg/day for adult men and 
95 mg/day for adult women (Carr & Lykkesfeldt 2021).

Vitamin E
Vitamin E (α-tocopherol) is an effective lipid-soluble 
antioxidant and can regulate host immune functions 
by inhibiting free radicals. α-Tocopherol acts either by 
donating hydrogen radicals to remove the free lipid radi-
cal, or reacts with it to form non-radical products, or 
merely traps the lipid radical. Vitamin E contains four 
tocotrienols and four tocopherols (alpha, beta, gamma, 
and delta). Vitamin E prevents several oxidative reac-
tions and has a major role against lipid peroxidation by 
improving the activity of helper T lymphocyte. Vitamin E 
is rich in plant-based foods such as avocado, nuts, seeds, 
vegetable oil, chiku. canola oil, and turnip greens (Traber 
1955). It enhances immune function by protecting white 
blood cells and other components of the immune system 
(T cells and B cells). It helps the body defend against ill-
ness and disease (Yeomans et  al. 2005). Vitamin E defi-
ciency leads to infectious diseases like ataxia, respiratory 
tract problems, and the incidence of tumors (Jiang 2014). 
Supplementation with vitamin E substantially improves 
the cell-mediated and humoral immune functions in 
humans, particularly in aged ones (Moriguchi & Muraga 
2000). Vitamin E recommendation every day is 15–20 mg 
(Wooltorton 2003).

Selenium
Selenium is a cancer prevention agent, yet it plays a 
unique role in our body by building optimum immunity 
power (both innate and acquired) and finally oxidizes 
excessive free radicals produced in our body (Rayman 
2000). Selenium will improve the immune system (T 
cells and B cells) while decreasing inflammation (Arthur 
et al. 2003). Selenium is mostly present in the parts of the 
spleen, liver, and lymph nodes in our body and its defi-
ciency can reduce cell-mediated immunity and B cell 
function. Selenium rich foods include brazil nuts, sea-
food, eggs, yogurt, and meat products (Solomons 2000). 
The selenium recommendation is 55  mg a day for an 
adult (Godswill et al. 2020).

Folate
Folate is a member of the vitamin B family and is found 
generally in plant foods, mainly in green vegetables. 
Folate has been reported to have a major role in proper 
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development of mammalian cells during pregnancy; 
thus, during pregnancy it is recommended to con-
sume folic acid capsules. The mechanism with which 
folates aid in development of mammalian cells is DNA 
methylation. DNA methylation is a process of cova-
lent modification of DNA that in turn modifies gene 
expression and regulates DNA replication and cell 
division (Crider et  al. 2012). This primary role makes 
folate essential in foetal development and nerve tissue 
health, along with cancer initiation and progression. 
Folate is available broadly in asparagus, broccoli, len-
tils, chickpeas, brussels sprouts, and spinach. Greater 
consumption of levels of food-derived folates can be 
related to less breast and prostate cancer (Figueiredo 
et al. 2009). The folate recommendation is 0.4 mg a day 
for an adult (Ashokkumar et al. 2020).

Phytochemicals
Phytochemicals are non-nutritive naturally occurring 
secondary metabolites that have either defensive or 
disease-protective properties. The main role of these 
phytochemicals in plants is to protect and safeguard the 
plants from insects, animals and other microorganisms. 
Traditionally, these plant extracts are used for heal-
ing wounds and improve health in Ayurvedic medicine 
which is known as phytotherapy. Phytochemicals when 
ingested improve the immune cells destructive power, 
reduces tumour causing cells, induces detoxification 
enzymes, protects cell structures from damage by tox-
ins, controls the production of free radicals, impedes 
the replication of cells with DNA damage, fuels mecha-
nisms to repair damaged DNA sequences, inhibits the 
function of damaged or genetically altered DNA, deac-
tivates and detoxifies cancer-causing agents, induces 
beneficial antiviral, antifungal and antibacterial effects 
(Fuhrman 2011). One significant importance of using 
phytochemical is its effect on suppressing the cancer 
cell; in this case, the phytochemicals disturb the redox 
reaction of the tumour cells, inhibits proliferation of 
cells and ultimately apoptosis of the cells. This effect of 
phytochemicals reduces the tumour proliferation and 
suppresses its activity (Lee et  al. 2021). Based on the 
structure and chemical composition phytochemicals are 
divided into 7 categories, glycosides, alkaloids, polyphe-
nols, polysaccharides, lectins, saponins and terpenoids. 
Most phytochemicals deals with antimicrobial, anti-
tumour activity, stimulation of nervous and immune 
system (Behl et  al. 2021). A phytochemically deficient 
diet is largely liable for a powerless immune system. 
Phytochemical enriched foods are apricot, broccoli, 
apple, carrot, cabbage, cauliflower, legumes, sweet pota-
toes, garlic, red pepper, tomato, and soybean (Keservani 

& Sharma 2014). There is no recommended dietary 
allowance for phytochemicals (Liu 2003).

Vitamin D
Vitamin D is an important immunity increasing nutrient 
for individuals because of its function in the bone (Turner 
et al. 2012). Vitamin D is available in two forms Vitamin 
D2 and Vitamin D3; Vitamin D3 is produced naturally in 
skin and available in fish and fish oils, whereas Vitamin 
D2 is synthesised from ergosterol present in mushrooms 
and yeast upon exposure to sunlight. Upon consump-
tion of Vitamin D, it enters the kidney where it gets con-
verted into its active form, 1, 25-dihydroxy vitamin D 
(Christakos et  al. 2011). This active form is responsible 
for increasing the absorption of calcium in the intestine 
and calcium mobilization from bones (Charoenngam 
et al. 2019); thus aiding in the bone health.

The active form 1, 25-dihydroxy vitamin D is synthe-
sised locally at the site of infection by the macrophages 
which leads to the generation of antimicrobial peptides 
(Ismailova & White 2022). Vitamin D increases antimi-
crobial peptide synthesis in epithelial tissue (Gombart 
2009), prevents the proliferation of T cell, and the crea-
tion of cytokines by T helper 1 (Th1) lymphocyte. Vita-
min D exists in sources like liver, oily fish, eggs, and dairy 
products. The adverse effects due to low consumption of 
vitamin D include allergic asthma (Arihiro et  al. 2019), 
chronic obstructive pulmonary disease (Urashima et  al. 
2014), and pneumonia (Zhou et  al. 2019) in children. 
As these diseases are common during early stages, Vita-
min D intake is necessary for children. The deficiency of 
Vitamin D leads to hyperresponsiveness in the airway, 
reduced pulmonary function and resistance to medicine 
(steroids) (Sandhu & Casale 2010). The vitamin D recom-
mendation is 10–100 mg (400–4000 IU) a day (Patseadou 
& Haller 2020).

Zinc and iron
Zinc and iron are fundamental minerals that play a criti-
cal role in maintaining a healthy immune function. These 
trace minerals get attached to the proteins and enzymes 
for maintaining the biological functions. Zinc is a nutri-
ent that many people are in borderline deficient; it is a 
much-needed protein for the function of almost 300 pro-
teins and enzymes and is also forms a significant part in 
regulation of major genes in the human body. The daily 
recommendation of zinc in US and Canada are 11  mg 
for men and 8 mg for women (Age above 19) (McClung 
2019). Foods rich in zinc are oysters, sunflower seeds, 
beef, cashew nuts, kale, and broccoli. Zinc deficiency 
leads to dysfunction of both antibody-mediated and cell-
mediated immunity and thus increases susceptibility 
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to infection. It leads to loss in T helper cell, liable for 
spleen and thymus (Chowdhury 2020). Zinc supplements 
decrease the incidence of pneumonia, antibiotic use, 
duration of colds, infant infections, and child mortality 
(Meydani et al. 2007; Walker & Black 2004). The day by 
day intake recommendation of zinc is 11  mg (Godswill 
et al. 2020). Iron is a nutrient that is a part of haemoglo-
bin (protein) required for the transport of oxygen and 
carbon dioxide in the blood and also in dehydrogenase 
enzyme for proper electron transport in the respira-
tory cycle (McClung 2019). Iron in available in various 
oxidation states, the ferrous (Fe + 2: soluble form) and 
ferric (Fe + 3: Insoluble form), further these two are inter-
changeable (Zygiel et al. 2019). The Fe + 3 ion is stored in 
ferritin, an intracellular protein whereas the Fe + 2 binds 
to heme group of the haemoglobin. Iron obtained from 
meat and meat products are in the form of ferritin (Mur-
doch & Skaar 2022). Iron supplementation is manda-
tory for pregnant women for the gestational needs of the 
baby; thus 27 mg/day has been recommended. Also, the 
intake of iron in the menopause state is also important 
for proper health (18 mg/day). The intake recommenda-
tion of iron is 7 mg/day for a child i.e. 12–24 months old 
(Buzigi et  al. 2020). Iron enriched foods are meat, leg-
umes, fish, milk, apricots, spinach, pumpkin, broccoli, 
and nuts. Iron deficiency leads to anaemia because of the 
decrease in the number of red blood cells.

Dietary fibres
Dietary fibres play a vital role in immune response, and 
it includes hemicellulose, cellulose, gums, pectins, poly-
fructose, lignin, galactooligosaccharides, mucilages, and 
resistant starches. Dietary fibres are rich in food like 
peas, nuts, beans, berries, broccoli, oranges, watermelon, 
and seeds. The consumption of dietary fibres free from 
diseases like lowering of cholesterol, reduction in car-
diovascular diseases (Ötles & Ozgoz 2014), reduction in 
the risk of breast and colon cancer (McEligot et al. 2006; 
Wakai et  al. 2007), preventing diabetes (Hannan et  al. 
2007), avoiding obesity (Murakami et  al. 2007), irritable 
bowel syndrome (Malhotra et al. 2004) and constipation 
(Castillejo et  al. 2018). The recommended dietary fibre 
intake for adults is 25–38  g/day (Soliman 2019). Before 
dietary fibres were considered as indigestible part of fruit 
or vegetable which helps in the bowel movement. Yet, 
the real reason behind the effect of dietary fibre in bowel 
movement is that it improves the beneficial gut microbes 
which can aid in easy digestion (Cohen & Elinav 2023). 
When gut microbes ferment the dietary fibres, it pro-
duced short chain fatty acids and also in replicating the 
beneficial microbial load; these short chain fatty acids 
aids in reducing the inflammation and also in immu-
nomodulation (Yang et al. 2020).

Omega fatty acids
Omega fatty acids are essential fatty acids crucial to the 
body function and are introduced externally through 
the diet. Poly saturated fatty acids are classified into 
two types, mainly omega 3 (n-3) fatty acids and omega 
6 (n-6) fatty acids based on the position of the last dou-
ble bond. Omega-3 fatty acids mostly consist of eicosa-
pentaenoic acid (EPA), α-linolenic acid (ALA), and 
docosahexaenoic acid (DHA). α-linolenic acid is the 
precursor of eicosapentaenoic acid and docosahexaenoic 
acid. At the same time, Omega-6 fatty acids contain lin-
oleic acid (LA), arachidonic acid (ARA), and γ-linolenic 
acid (GLA). Linoleic acid is the parent fatty acid of this 
group. Eicosapentaenoic acid and docosahexaenoic acid 
are present in fatty fishes like salmon, trout, mackerel, 
and bluefin tuna (Ackman 2007). α-linolenic acid is 
found mainly in soybeans, canola, and flaxseed. Linoleic 
acid is improved in sources like vegetable oils (sunflower, 
soybean, corn, and safflower). Arachidonic acid is usu-
ally well-known in animal sources like meat, eggs, and 
poultry. The positive health effect of omega fatty acids 
include brain development, heart health, increasing 
metabolism, reduces blood pressure, immunomodula-
tory effect and elimination of plague from arteries (Wall 
et al. 2010). There is no recommended intake for omega 
fatty acids (Tessier & Chevalier 2018). One particular 
study on the assessment of omega 3 and omega 6 fatty 
acids on the regulation of immunity in the intestinal 
barrier of animals revealed that omega 3 fatty acid was 
effective in reducing the inflammation and maintaining 
the homeostasis of the intestine. The EPA and DHA of 
omega 3 fatty acids acts reduces intestinal inflamma-
tion and also scours the debris caused by inflammation; 
there by it maintains the homeostasis. However, in case 
of omega 6 fatty acid (ARA), it acts on the gut microbial 
composition and disrupts the homeostasis (Sundaram 
et  al. 2022). Thus, it was revealed that omega 3 fatty is 
more effective than omega 6 fatty acid; and each has its 
own merits and demerits.

Immune‑boosting foods with their health benefits
Immune-boosting foods like fruits and vegetables which 
are all-natural sources have shown health benefits like 
immunomodulatory, antioxidant, anti-bacterial, anti-
viral, anti-cancer, and anti-inflammatory effects (Blum 
et  al. 2005; Percival 2009). Each immune-boosting food 
possesses different nutrients like vitamins, minerals, and 
fats which is essential for good health. The most widely 
researched immune-boosting foods, along with their 
bioactive compounds and health benefits, are given 
in Table  2. Some of the immune building foods which 
have been studied widely for the past two decades like 
almonds, rambutan, durian, avocado, passion fruit, 
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ginger, broccoli, citrus fruits, pomegranate, elderberry, 
garlic, kiwi, red bell pepper, spinach, yogurt, meat, and 
egg products are elaborated below.

Almonds
Almonds are a kind of dry organic fruits that are con-
siderably consumed to prevent and cure colds associ-
ated with viral infections. Almonds are small in size and 
enclose a lot of nutrients beneficial to the body. The entire 
body pulp is made of vitamins, minerals, and healthy fats 
(Masihuzzaman et  al. 2020). Almond controls blood 
sugar, brings down blood pressure level, elevate consti-
pation, anaemia, respiratory disorders, regulate choles-
terol level, helps in nail strengthening, dental strength, 
hair repair, and growth (Alasalvar et  al. 2020). Vitamin 
C and E present in almonds are great immune boosters. 
It is rich in antioxidants that manage free radicals, pre-
venting infections, anti-inflammatory effects, immune-
boosting properties, and anti-hepatoxicity (Huang & 
Lapsley 2019). Almonds are reported to progress the 
movement of food through the colon, thereby preventing 
colon cancer (Davis & Iwahashi 2001). The composition 
of fatty acids (rich in unsaturated oleic acid) present in 
almond is the essential compound for the easy movement 
of food through colon; the almond oil plays a significant 
role in signalling the molecules which imparts effects on 
proliferation of colon carcinoma cells and tumour viabil-
ity metastasis (Mericli et al. 2017). Vitamin E in almonds 
also decreases the risk of heart diseases and combined 
with magnesium helps in inhibiting coronary failures.

Almond oil is a nutritive component giving good 
health and functioning of the nervous systems. As a 
dry natural fruit, it contains riboflavin and L-carnitine 
to enhance brain development and movement. Almond 
oil is generally given for children to help brain develop-
ment and decrease the danger of Alzheimer’s disease 
(Barreca et  al. 2020). Vitamin, minerals, and phospho-
rus have been connected to bone development and 
strengthening (Masihuzzaman et  al. 2020). Almond oil 
is applicable for massaging, improving skin appearance, 
and reversing the signs of aging. Almonds can be con-
sumed in various manners like making almond milk a 
nutritive refreshment superior to milk and utilized as a 
top-up in yogurt or oatmeal. The nuts are pounded to 
make powder that can be applied to prepare almond 
butter by including salt, sprinkling almond powder in 
vegetables, and servings of mixed greens. It can also 
be utilized as an embellishment in dishes and pizzas 
(Angelica Vazquez-Flores et al. 2018).

Rambutan
Rambutan (Nephelium lappaceum L.) is a succulent and 
delicious immune-boosting fruit (Shahrajabian et  al. 

2020). The Malay-Indonesian word rambut means hairy 
and it is bright red to maroon color (Mahmood et  al. 
2018). Rambutan is enriched with nutrients like vitamin 
B, calcium, potassium, magnesium fiber, and natural 
sugars. It comprises of immune-boosting properties like 
antibacterial, antihyperlipidemic, antioxidant, hepato-
protective, biosorbent, antidiabetic, antimalarial, antiadi-
pogenesis, and antiproliferative properties (Lestari et  al. 
2018; Mistriyani et  al. 2018). Health benefits of rambu-
tan include treating diarrhoea, viral infection, reducing 
unwanted fat from the body, helps in enriching skin, pro-
tects hair care, anticancer, and improves sperm quality. 
Humans can utilize rambutan as fresh fruit, juice, canned 
fruit jam, and jellies (Bhat 2020).

Durian
Durian (Durio zibethinus) is an exotic and tropical fruit 
with disease-resistant properties. In Southeast Asian 
countries, durian fruit is said to be the “King of the fruits” 
and the Maly word duri means the thorns of the fruit 
(Husin et  al. 2018). The reddish-orange durian fruit is 
comprised of nutrients like a vitamin (A, B, C, E), copper, 
magnesium, calcium, phosphorus, potassium, flavonoids, 
tannins, improve the production of white blood cells. 
Durian fruit retains numerous health benefits like anti-
oxidant, antiproliferative, antipyretic, reduce cholesterol, 
decrease blood pressure, diminish diarrhea, protect eye-
sight, stimulate proper digestion, treat menstrual prob-
lems by inducing insulin, inhibit metabolic syndrome, 
and enhance fertility in the polycystic ovary. Durian fruit 
can be potentially used for candies, jams, ice creams, tof-
fies, milkshakes, and cake (Ali et al. 2020).

Avocado
Avocado (Persea Americana), also called butter fruit or 
aguacate or cura or cuppandra is an exotic, nutritious, per-
ennial, and healthy fruit. It comprises of immunity build-
ing nutrients like carotenoids, phytosterols, folate, lutein, 
flavonoids, potassium, calcium, iron, magnesium, omega-
3-fatty acids, epicatechin, lipids, peptides, sodium, vitamin 
(B, E, C, K), and potassium (Selladurai & Awachare 2020). 
The entire avocado (pulp, peel, seed) is rich in extensive 
health benefits like antioxidant, antimicrobial, antidiabetic, 
anticancer, antifungal properties, cardiovascular health, 
healthy aging, and weight management (Jimenez et  al. 
2021). The pulp of avocado can be utilized as a natural 
source of guacamole or avocado puree, ice creams, packed 
slices, salads, bread toasts, sandwich fillings, dried avo-
cado, honey, oil, and milkshakes (Araújo et al. 2018).

Passion fruit
Passion fruit (Passiflora incarnate) is an export-ori-
ented immune modulator fruit. It is supplemented with 
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nutritional assets of dietary fiber, antioxidants, vitamins, 
and minerals like vitamin B, riboflavin, niacin, mag-
nesium, iron, phosphorus, vitamin C, flavonoids, beta 
carotene, and folate. The benefits of passion fruit in the 
human body encompasses a good bone structure, muscle, 
cartilage, anticancer, anti-stress, antidiabetic, antiobes-
ity, and anticarcinogenic. It enhances the activity of the 
brain, and blood vessels. It is proven to be anticholester-
olemic, hepatoprotective, and also prevents hyperlipi-
demia (Lourith & Kanlayavattanakul 2020; Padmapriya 
et al. 2020). The passion fruits are consumed raw or pro-
cessed into products such as squash, fruit salads, cool 
drinks, sherbets, jams, ice-cream, pies, cakes, and juices 
(Thokchom & Mandal 2017).

Ginger
Ginger (Zingeber Officinale Roscoe), the most important 
spices in the world, was first found by William Roscoe 
in the year 1807. It comprises of phytochemicals like 
phenols and flavonoids (Palatty et al. 2013). Ginger con-
tains gingerol, which helps to reduce chronic pain and 
cholesterol levels. It has several antioxidants, which are 
potent anti-inflammatory and immune-boosting ele-
ments. These impacts are assisted by the mechanisms 
inspired by the body during an infection. The human 
body releases free radicals causing oxidative stress. 
These free radicals join with the antioxidants delivered 
by ginger, causing the anti-inflammatory effect and the 
immune-boosting properties. The medicinal proper-
ties of ginger include anti-inflammatory (Li et al. 2012), 
antibacterial, antiviral, anticancer (Pereira et  al. 2011), 
antiemetic (Palatty et al. 2013), hypoglycemic (Lee et al. 
2015), weight control, inhibition of metabolic disorders 
(Tramontin et al. 2020) and antilipidemic (Brahma Naidu 
et al. 2016). Ginger is taken by humans in different man-
ners like including grated ginger in hot tea or chocolate, 
and grated ginger can likewise be added to pastries when 
cooking (for example muffins, cookies, cupcakes). It can 
be used to cook marinate meats, chicken, and vegetables. 
Ginger can also be taken along with honey and high-tem-
perature water (Vasala 2012).

Broccoli
Broccoli (Brassica oleracea L.) is a vegetable known as 
the “Crown Jewel of Nutrition” that is plentiful in vita-
mins, minerals, sulforaphane, polyphenols, flavonoids, 
carotenoids, and fiber (Dhiman et al. 2019). Broccoli con-
tains antioxidants like Vitamin A, C and, E. Broccoli is a 
good source of potassium, sodium, magnesium, copper, 
zinc, selenium and, chromium. The potential benefits 
include anticancer, anti-aging, antiobesity, antidiabetic, 
chemoprotective, decreasing the risk of heart problems, 
antimicrobial activity, inhibiting cholesterol, and allergic 

reactions to enhance bone health, skin, hair care, and 
ulcers (Vasanthi et al. 2009). To retain all nutrients from 
broccoli, cook it for a short time or eat it as raw. Broccoli 
is well consumed as salads, juices, broccoli pasta, broccoli 
muffins, roasted broccoli, and butternut squash broccoli 
curry (Mukherjee & Mishra 2015).

Citrus fruits
Citrus fruits are immune-boosting fruit that contains 
vitamin C and folate. It lifts the immune system by 
enhancing white blood cells, which are the significant 
components engaged in protecting and fighting infec-
tions in the body. These natural fruits include orange, 
lemon, grape, lime, clementine, and tangerine (Ahmed & 
Azmat 2019). Citrus fruits are excellent sources of high 
antioxidants, limonoids, coumarins, ascorbic acid (vita-
min C), potassium, riboflavin, vitamin B6, folate, carot-
enoids, flavonoids, and calcium (Yaqoob et  al. 2019). 
Citrus fruits have a beneficial impact in treating flu, car-
dio-vascular diseases (reduces cardio-pulmonary resus-
citation), antidiabetic, antimalarial, anti-mutagenicity, 
antifungal, antiviral, anti-aging activity, cancer preven-
tion, diminishing diabetes, and preventing osteoporosis 
(Miles & Calder 2021). Citrus fruits can be taken as a 
whole, or they can be squeezed into the meal while eating 
or as jams, and juices (Ma et al. 2020).

Pomegranate
Pomegranate (Punica granatum L.) is an ancient red 
fruit that is rich in antioxidants, vitamin C, potas-
sium, vitamin K, and folate. Because of the presence 
of polyphenol in the seeds of the pomegranate, the 
bright red color is attained. The antioxidant removes 
free radicals, which may cause cell damage and reduce 
inflammation (Oliveira et al. 2020). Pomegranate con-
tains vitamins, protein, minerals, pectin, polyphenols, 
sugars, and tannins (Vučić et  al. 2019). The probable 
health-promoting profits of pomegranate include anti-
oxidant, antibacterial, antidiabetic, anticarcinogenic, 
antitumoral, and antiviral activity. It includes inhibi-
tion of bacterial growth in the mouth, reduction in 
cholesterol level, improvements in blood flow, and 
diminishes ulcers. It cures dysentery, decline in the 
risk of cancers, ensure liver health, and improves oral 
health. It lessens the risk of infertility in women, rises 
the testosterone in men, slows down Alzheimer’s dis-
ease, and diminishes gut inflammation. It reduces 
insulin resistance by reducing blood sugar, enhanc-
ing digestion with ulcerative colitis, Crohn’s disease, 
and bowel disease (Pirzadeh et  al. 2021; Viuda-Mar-
tos et al. 2010). Flavonols present in the pomegranate 
fruit inhibits inflammation like osteoporosis arthritis 
and other joint pains. Pomegranate being an memory 
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booster, can be utilized and taken by blending juices, 
adding color to fruit salads, added to lemon juices, 
dairy products, food packaging films, coatings, meat, 
fish, cereal products, and making meat tasty (Kandylis 
& Kokkinomagoulos 2020).

Berries
Berries are filled with numerous phytochemicals; as 
discussed earlier phytochemicals are significant com-
pounds in building immunity for cancer and alter-
ing the beneficial compounds of gut microbes (Pan 
et  al. 2018). Based on the structure and composition 
there are various functions such as targeting can-
cer and immune cells and cytokines. The most com-
mon berries used for consumption are strawberries, 
blackberries, blueberries, cranberries, raspberries, 
gooseberries, and elderberries. Berries are mostly col-
oured fruits that are rich in phytochemicals; straw-
berry and blackcurrant are reported to contain more 
amounts of Vitamin C; also, they are rich in flavonoids 
and antioxidants which can aid in reducing heart prob-
lems such as reduction of cholesterol that clogs the 
arteries. Strawberry is a significant berry which has 
been observed to exhibit anti inflammatory impact 
on the macrophages treated with lipopolysaccha-
rides; it reduced the proliferation of pro-inflammatory 
cytokines which in turn reduced the occurrence of 
colon cancer (Han et  al. 2019). Consumption of blue-
berries were also found to increase the gastrointestinal 
migration and was observed to maintain the homeo-
stasis of the gut (Rathinasabapathy et al. 2022).

Among berries, honeyberry and blackberry contains 
more amounts of vitamins loaded in it (Gonçalves et al. 
2022). Honeyberry is also rich in minerals such as potas-
sium, calcium, magnesium, sodium, iron and aluminium 
(Nile & Park 2014). Anthocyanins are abundantly avail-
able in almost all berries which can be indicated by the 
color of the fruit (red, purple and blue). Cancer prevent-
ing catechins which are major components in tea leaves 
are also present in cane berries. Apart from which rasp-
berry contains Quercetin, which is a antioxidant that has 
been used in ayurvedic medicine for curing flu. Elder-
berries contain anthocyanin, vitamin C, fiber, tannins, 
phenolic acid, vitamin B, folic acid, biotin, carotene, 
pectin, potassium, glucose, phosphorus, fatty acids, and 
fructose (Ağalar 2018). Elderberries are present in syr-
ups, which are remedies for flu, and bacterial sinus infec-
tions (Ağalar 2018). Consumption of elderberry in daily 
intake reduces headache, constipation, fever, stress, kid-
ney problems, joint pain, and epilepsy (Silva et al. 2017). 
In general, berries are full of antioxidants that can scav-
enge free radical activity; the type of free radical scav-
enging varies based on the type and cultivar.

Garlic
Garlic (Allium sativum) is the most mainstream sup-
plement of the majority people’s diets because of 
its immunity power build-up. The immune-boost-
ing properties of garlic are because of the presence 
of major concentrations of sulfur-containing com-
pounds such as allicin (Batiha et  al. 2020). Garlic is a 
good source of calcium, potassium, protein, zinc, iron, 
magnesium, saponins, arginine, selenium, polyphe-
nols, vitamin A, vitamin B, vitamin C, and antioxidant 
(Singh et  al. 2019). The garlic bulbs are beneficial in 
antioxidants because of the presence of free radi-
cals that can support the treatment of cancers, Alz-
heimer’s, arthritis, fever, heart diseases, leprosy, and 
constipation. It cures diarrhoea, asthma, infertility, 
hypertension, loss of appetite, cholesterol, abdominal 
pain, edema, anemia, diabetes, and foot sprains. It sup-
presses mutagenesis, regulates enzymes, lessens blood 
pressure, and reduces the hardening of arteries (Ekşi 
et al. 2020; Zhang et al. 2020). Garlic can be consumed 
in various forms like pickle, added to salads, pizza, tea, 
honey, guacamole, and sandwich.

Kiwi
Kiwi (Actinidia arguta) is a nutrient-dense and one of 
the fruits due to its anti-inflammatory, antifungal, antivi-
ral, and antioxidant properties (Stonehouse et  al. 2013). 
It comprises several fundamental nutrients such as Vita-
min C, K, dietary fibre, folate, antioxidants, phytonutri-
ents, magnesium, calcium, carotenoids, lutein, copper, 
polyphenols, alkaloids, and potassium (Richardson et al. 
2018). Vitamin C enhances white blood cells to defeat 
infections. The other nutrients are basic for keeping up 
appropriate body functions, which are higher than apples 
and grapes. Some of the health benefits of the immu-
nity-boosting food kiwi include prevention of diabetes, 
anti-allergic, cardiovascular disease, antiatherosclerotic, 
neurodegenerative diseases, anti-edematous, promotes 
digestion, increases immunity power, platelet aggrega-
tion, and progresses metabolic health (Baranowska & 
Dominik 2019). It can be used as a raw fruit, jam, wine, 
juices, and jelly.

Red bell pepper
Red bell pepper (Capsicum annuum L) is a crucial 
immunity-boosting food that has twofold times of 
vitamin C content of citrus fruits. The red color is due 
to the occurrence of carotenoids and is incredibly per-
ishable. Red bell pepper comprises flavonoids, vita-
min A, vitamin C, phenolic acids, and minerals (Kaur 
et  al. 2020). Being anti-oxidative, anti-allergic, and 
anti-inflammatory, red bell pepper helps in protecting 
eyesight, skin, shields the stomach by enhancing the 
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digestive juice flow, blood purifier, healing wounds, 
arthritis, and protects from cancer (Nadeem et  al. 
2011; Zhang & Hamauzu 2003). It is available as a 
paste, powder, flavoring agent, red bell pepper powder 
enriched bread, salads, and the coloring agent (Ashok 
et al. 2020).

Spinach
Spinach is one of the dark leafy green vegetables and 
known as superfoods because of its richness in vitamin 
A, C, beta carotene, calcium, fibre, magnesium, phe-
nolic acids, iron, tannins, oxalic acid, flavonoids, and 
many antioxidants which are properties that increase the 
body’s immunity power to fight against infections (Berg-
man et al. 2001; Singh et al. 2018). The essential nutrients 
present in spinach mediates the cell division process and 
DNA repair. The alpha-lipoic antioxidant is present in 
spinach, which reduces glucose levels by enhancing insu-
lin sensitivity and inhibits the oxidative stress produced 
by the impact of diabetes. As spinach contains chloro-
phyll pigments, beta-carotene, iron, vitamin K, fibre, 
and vitamin A this can be used to treat cancer-causing 
impacts, diminish asthma, restrain bone defects, cures 
constipation, anaemia, and skin diseases (Roberts & 
Moreau 2016). Spinach can be applied in different ways 
as garlic sautéed spinach, spinach lasagne, cheese-stuffed 
pasta shells, spinach-artichoke dip, and creamed spinach.

Yogurt
Yogurt is the thick liquid nutritious product obtained 
from milk and effervesced dairy product with added 
sugar, probiotics, and bacteria. Lactic acid is formed 
during bacterial fermentation, making proteins in 
the milk to curdle, generating a single flavor and tex-
ture. Yogurt is flavored or unsweetened, but it builds 
immunity power in humans due to vitamin D, calcium, 
vitamin B, phosphorous, magnesium, proteins, and 
probiotics (Jørgensen et  al. 2018). Calcium is avail-
able in yogurt, which is required for the development 
of bones. Yogurt benefits include the risk of dan-
ger of heart disease, irritable bowel syndrome, blood 
pressure, osteoporosis, body metabolism, appetite, 
depression, and obesity (Sarkar 2019). Yogurt applica-
tions are lassi, skim milk, ice cream, raita, and powder 
(Meybodi et al. 2020).

Meat and egg products
Meat products include chicken, beef, and fish which 
is a rich source of essential protein in diet. Red meat 
is rich in the sources of protein, potassium, iron, sele-
nium, linoleic acid, vitamin B, zinc, and omega-3-
fatty acids. Meat products being immune-boosters are 
improved with vitamin B6 and zinc, which plays a vital 

role in the formation of red platelets. Meat (rich in 
amino acids) also acts as an antioxidant, antimicrobial, 
anticancer, antihypertensive, and essential for immu-
nity building power (Jiang & Xiong 2016). The amino 
acids present in meat aids in preventing diseases that 
wastes muscles, maintaining gut environment by the 
nucleotides present, maintain the homeostasis of 
blood pressure by the ACE inhibitory property of con-
necting tissues (Young et  al. 2013). Apart from these 
functions, the presence of antioxidants, linoleic acids, 
and phytanic acids which also aids in the maintenance 
of immunity. Aqua foods are enriched with polyun-
saturated fatty acids, iodine, vitamin D, selenium, and 
protein (Suraiya et  al. 2022). Fish is an anti-inflam-
matory, antithrombotic, anti-adipogenic, antioxidant, 
anticancer, antiarrhythmic, neuroprotective, and help-
ful in treating arthritis (Li et  al. 2020). Eggs are rich 
in protein and mainly have avidin, ovomucin, ovalbu-
min, lysozyme, phospholipids, lutein, and ovotransfer-
rin. Antibacterial and anti-inflammatory properties 
are present in the egg. Consumption of egg prevents 
wound, neurons, cardiovascular diseases, allergic reac-
tions, and anti-aging (Xiao et  al. 2020). It is utilized 
in the form of salads, curries, pizzas, and fried meat 
products.

Though the immune boosting foods have several essen-
tial nutrients in them, still only few clinal studies has 
been conduced to prove the fact that raw fruits and veg-
etables increase immunity. Table 3 is the compilation of 
clinical studies that has been conducted on natural foods 
for increasing immunity.

Conclusion
Food is the only medicine to maintain good health. 
Consumption of immune-boosting foods like almonds, 
rambutan, durian, avocado, passion fruit, ginger, broc-
coli, citrus fruits, pomegranate, elderberry, garlic, 
kiwi, red bell pepper, spinach, yogurt, meat, and egg 
products at recommended levels helps in maintaining 
human body metabolism and immune system. These 
immunity-boosting foods are enriched with nutrients 
like vitamins, minerals, and antioxidants for a strong 
defence against diseases. Two types of immunity (innate 
and adaptive immunity) which are essential for the 
destruction of infected cells and the immune system of 
humans were explained in this review. The functional 
components of immune-building foods like antioxi-
dants (carotene, vitamin C, vitamin E folate, selenium, 
and phytochemicals), vitamin D, zinc, iron, dietary fiber, 
and omega -3 fatty acids were also discussed. Naturally 
obtained fruits and vegetables loaded with numerous 
antioxidants and meat products with essential amino 
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acids when ingested as a portion of a balanced diet, 
can maintain a proper immune function which in turn 
can act against diseases like cardiovascular disease, 
blood pressure, allergic reaction, constipation, anae-
mia, asthma, restrain bone defects, memory loss, night 
blindness, stress, kidney problems, joint pain, epilepsy, 
neurodegenerative, age-related macular degeneration 
disease, healing wounds, arthritis, irritable bowel syn-
drome, osteoporosis, appetite, depression, obesity, and 
cancer. Therefore, having a healthy diet in in our every-
day life is essential for healthy living.

Acknowledgements
Authors wishes to acknowledge the support extended by National Institute of 
Food Technology, Entrepreneurship, and Management, Thanjavur (NIFTEM-T), 
(formerly Indian Institute of Food Processing and Technology) Tamil Nadu, 
India for this review work.

Authors’ contributions
Jaspin Stephen and Mahendran Radhakrishnan conceived the concept 
and content of the Manuscript. Jaspin Stephen written the draft, Dharini 
Manoharan edited the manuscript. Mahendran Radhakrishnan reviewed and 
executed the corrections.

Funding
There is no specific funding for this work.

Availability of data and materials
This is part of first authors Ph. D work and all the required data are provided in 
the manuscript itself.

Declarations

Ethics approval and consent to participate
There is no ethical approval required for this manuscript.

Consent for publication
Not Applicable.

Competing interests
Authors do not have any conflict of interest to declare for this manuscript.

Author details
1 Centre of Excellence in Non-Thermal Processing, National Institute of Food 
Technology, Entrepreneurship, and Management, (formerly Indian Institute 
of Food Processing and Technology) Tamil Nadu, Thanjavur, India. 

Received: 7 November 2022   Accepted: 12 June 2023

References
Ackman, R. G. (2007). Fatty acids in fish and shellfish. In C.K. Chow (Ed.), Fatty 

Acids in Foods and their Health Implications, Third Edition (pp. 155–185). 
CRC Press. https:// doi. org/ 10. 1201/ 97814 20006 902. ch8

Afrin, S., Gasparrini, M., Forbes-hernandez, T. Y., Reboredo-rodriguez, P., Mez-
zetti, B., Varela-lo, A., Giampieri, F., Battino, M., & Politecnica, U. (2016). 
Promising Health Benefits of the Strawberry: A Focus on Clinical 
Studies. Journal of Agricultural and Food Chemistry, 64(22), 4435–4449. 
https:// doi. org/ 10. 1021/ acs. jafc. 6b008 57

Afshari, K., Haddadi, N. S., Haj-Mirzaian, A., Farzaei, M. H., Rohani, M. M., 
Akramian, F., Naseri, R., Sureda, A., Ghanaatian, N., & Abdolghaffari, A. H. 
(2019). Natural flavonoids for the prevention of colon cancer: A com-
prehensive review of preclinical and clinical studies. Journal of Cellular 
Physiology, 234(12), 21519–21546. https:// doi. org/ 10. 1002/ jcp. 28777

Ağalar, H. G. (2018). Elderberry (Sambucus nigra L.). In Nonvitamin and Nonmin-
eral Nutritional Supplements (pp. 211–215). Academic Press. https:// doi. 
org/ 10. 1016/ B978-0- 12- 812491- 8. 00030-8

Aggett, P. J., Ashwell, M., Bornet, F., Diplock, A. T., Fern, E. B., & Roberfroid, M. 
B. (1999). Scientific concepts of functional foods in Europe consensus 
document. British Journal of Nutrition, 81, S1-7.

Ahmad, T., Cawood, M., Iqbal, Q., Ariño, A., Batool, A., Tariq, R. M. S., Azam, M., 
& Akhtar, S. (2019). Phytochemicals in Daucus carota and Their Health 
Benefits. Foods, 8(9), 424. https:// doi. org/ 10. 3390/ foods 80904 24

Ahmed, W., & Azmat, R. (2019). Citrus: An Ancient Fruits of Promise for Health 
Benefits. In M. Sajid (Ed.), Citrus - Health Benefits and Production Technol-
ogy. IntechOpen. https:// doi. org/ 10. 5772/ intec hopen. 79686

Ajmera, P., Kalani, S., & Sharma, L. (2019). Parsley-benefits & side effects on 
health. International Journal of Physiology, 4(1), 1236–1242.

Alasalvar, C., Salvadó, J., & Ros, E. (2020). Bioactives and health benefits of nuts 
and dried fruits. Food Chemistry, 314, 126192. https:// doi. org/ 10. 1016/j. 
foodc hem. 2020. 126192

Albarracin, S. L., Stab, B., Casas, Z., Sutachan, J. J., Samudio, I., Gonzalez, J., Gon-
zalo, L., Capani, F., Morales, L., & Barreto, G. E. (2012). Effects of natural 
antioxidants in neurodegenerative disease. Nutritional Neuroscience, 
15(1), 1–9. https:// doi. org/ 10. 1179/ 14768 30511Y. 00000 00028

Alexander, M., Newmark, H., & Miller, R. G. (1985). Oral beta-carotene can 
increase the number of OKT4+ cells in human blood. Immunology Let-
ters, 9(4), 221–224. https:// doi. org/ 10. 1016/ 0165- 2478(85) 90036-7

Ali, M. M., Hashim, N., Aziz, S. A., & Lasekan, O. (2020). Exploring the chemical 
composition, emerging applications, potential uses, and health bene 
fi ts of durian : A review. Food Control, 113, 107189. https:// doi. org/ 10. 
1016/j. foodc ont. 2020. 107189

Amagloh, F. C., Yada, B., Tumuhimbise, G. A., Amagloh, F. K., & Kaaya, A. N. 
(2021). The potential of sweetpotato as a functional food in sub-
saharan Africa and its implications for health: a review. Molecules, 26(10), 
1–21. https:// doi. org/ 10. 3390/ molec ules2 61029 71

Angelica Vazquez-Flores, A., Alberto Núñez-Gastélum, J., Alvarez-Parrilla, E., 
Wall-Medrano, A., Rodrigo-Garcĺa, J., Fernando Ayala-Zavala, J., Adolfo 
González-Aguilar, G., & Alejandra De La Rosa, L. (2018). By-Products of 
the Nut and Peanut Agro-Industry as Sources of Phytochemicals Suit-
able for the Nutraceutical and Food Industries. Plant Food By-Products 
(pp. 201–220). https:// doi. org/ 10. 1201/ b22352-8

Araújo, R. G., Rodriguez-jasso, R. M., Ruiz, H. A., Pintado, M. M. E., & Noé, C. (2018). 
Avocado by-products: Nutritional and functional properties. Trends in Food 
Science & Technology, 80, 51–60. https:// doi. org/ 10. 1016/j. tifs. 2018. 07. 027

Arihiro, S., Nakashima, A., Matsuoka, M., Suto, S., Uchiyama, K., Kato, T., Mitobe, 
J., Komoike, N., Itagaki, M., Miyakawa, Y., Koido, S., Hokari, A., Saruta, M., 
Tajiri, H., Matsuura, T., & Urashima, M. (2019). Randomized trial of vitamin 
D supplementation to prevent seasonal influenza and upper respira-
tory infection in patients with inflammatory bowel disease. Inflamma-
tory Bowel Diseases, 25(6), 1088–1095.

Arthur, J. R., McKenzie, R. C., & Beckett, G. J. (2003). Selenium in the immune 
system. The Journal of Nutrition, 133(5), 1457S-1459S.

Ashok, A., Ravivarman, J., & Kayalvizhi, K. (2020). Nutraceutical value of salad 
vegetables to combat COVID 19. Journal of Pharmacognosy and Phyto-
chemistry, 9(3), 2144–2148. www. phyto journ al. com.

Ashokkumar, K., Govindaraj, M., Karthikeyan, A., Shobhana, V. G., & Warkentin, 
T. D. (2020). Genomics-Integrated Breeding for Carotenoids and Folates 
in Staple Cereal Grains to Reduce Malnutrition. Frontiers in Genetics, 11. 
https:// doi. org/ 10. 3389/ fgene. 2020. 00414

Baldissera, M. D., Souza, C. F., & Grando, T. H. (2017). ˜ oil ( Astrocaryum vulgare 
) in alloxan-induced The use of tucuma diabetic mice : Effects on 
behavior, oxidant / antioxidant status, and enzymes involved in brain 
neurotransmission. Molecular and Cellular Biochemistry. https:// doi. org/ 
10. 1007/ s11010- 017- 3087-9

Baranowska, E., & Dominik, W. (2019). Characteristics and pro - health proper-
ties of mini kiwi ( Actinidia arguta ). Horticulture, Environment, and Bio-
technology, 60(2), 217–225. https:// doi. org/ 10. 1007/ s13580- 018- 0107-y

Barreca, D., Nabavi, S. . M., Sureda, A., Rasekhian, M., Raciti, R., Silva, A. . S., Annun-
ziata, G., Arnone, A., Tenore, G. . C., Süntar, İ, & Mandalari, G. (2020). Almonds 
( Prunus Dulcis Mill . D. A. Webb ): A Source of Nutrients and Health-Promot-
ing Compounds. Nutrients, 12(3), 672. https:// doi. org/ 10. 3390/ nu120 30672

Barrett, B. (2003). Medicinal properties of Echinacea: a critical review. Phy-
tomedicine, 10(1), 66–86.

https://doi.org/10.1201/9781420006902.ch8
https://doi.org/10.1021/acs.jafc.6b00857
https://doi.org/10.1002/jcp.28777
https://doi.org/10.1016/B978-0-12-812491-8.00030-8
https://doi.org/10.1016/B978-0-12-812491-8.00030-8
https://doi.org/10.3390/foods8090424
https://doi.org/10.5772/intechopen.79686
https://doi.org/10.1016/j.foodchem.2020.126192
https://doi.org/10.1016/j.foodchem.2020.126192
https://doi.org/10.1179/1476830511Y.0000000028
https://doi.org/10.1016/0165-2478(85)90036-7
https://doi.org/10.1016/j.foodcont.2020.107189
https://doi.org/10.1016/j.foodcont.2020.107189
https://doi.org/10.3390/molecules26102971
https://doi.org/10.1201/b22352-8
https://doi.org/10.1016/j.tifs.2018.07.027
https://www.phytojournal.com
https://doi.org/10.3389/fgene.2020.00414
https://doi.org/10.1007/s11010-017-3087-9
https://doi.org/10.1007/s11010-017-3087-9
https://doi.org/10.1007/s13580-018-0107-y
https://doi.org/10.3390/nu12030672


Page 20 of 25Stephen et al. Food Production, Processing and Nutrition            (2023) 5:61 

Batiha, E.-S., Gaber, A. M., Beshbishy, L. G. W., Elewa, Y. H., Al-Sagan, A. A., 
El-Hack, A., Mohamed, E., Taha, A. E., Abd-Elhakim, Y. M., & Devkota, 
H. P. (2020). Chemical Constituents and Pharmacological. Nutrients, 
12(3), 872.

Behl, T., Kumar, K., Brisc, C., Rus, M., Nistor-Cseppento, D. C., Bustea, C., Aron, R. 
A. C., Pantis, C., Zengin, G., Sehgal, A., Kaur, R., Kumar, A., Arora, S., Setia, 
D., Chandel, D., & Bungau, S. (2021). Exploring the multifocal role of phy-
tochemicals as immunomodulators. Biomedicine and Pharmacotherapy, 
133, 110959. https:// doi. org/ 10. 1016/j. biopha. 2020. 110959

Bergman, M., Varshavsky, L., Gottlieb, H. E., & Grossman, S. (2001). The antioxi-
dant activity of aqueous spinach extract: Chemical identification of 
active fractions. Phytochemistry, 58(1), 143–152.

Beukema, M., Faas, M. M., & de Vos, P. (2020). The effects of different dietary 
fiber pectin structures on the gastrointestinal immune barrier: Impact 
via gut microbiota and direct effects on immune cells. Experimental 
and Molecular Medicine, 52(9), 1364–1376. https:// doi. org/ 10. 1038/ 
s12276- 020- 0449-2

Bhat, R. (2020). Bioactive Compounds of Rambutan (Nephelium lap-
paceum L.). In H. N. Murthy & V. A. Bapat (Eds.), Reference Series in 
Phytochemistry (pp. 145–156). Springer. https:// doi. org/ 10. 1007/ 
978-3- 030- 30182-8_4

Billah, M. M., Hosen, M. B., Khan, F., & Niaz, K. (2018). Echinacea. In Nonvitamin 
and Nonmineral Nutritional Supplements (pp. 205–210). Elsevier Inc. 
https:// doi. org/ 10. 1016/ B978-0- 12- 812491- 8. 00029-1

Blum, A., Monir, M., Wirsansky, I., & Ben-arzi, S. (2005). The beneficial effects of 
tomatoes. European Journal of Internal Medicine, 16(6), 402–404. https:// 
doi. org/ 10. 1016/j. ejim. 2005. 02. 017

Brahma Naidu, P., Uddandrao, V. V. S., Ravindar Naik, R., Suresh, P., Meriga, B., 
Begum, M. S., Pandiyan, R., & Saravanan, G. (2016). Ameliorative poten-
tial of gingerol: Promising modulation of inflammatory factors and lipid 
marker enzymes expressions in HFD induced obesity in rats. Molecular 
and Cellular Endocrinology, 419, 139–147. https:// doi. org/ 10. 1016/j. mce. 
2015. 10. 007

Buzigi, E., Pillay, K., & Siwela, M. (2020). Caregiver perceptions and acceptability 
of a provitamin a carotenoid, iron and zinc rich complementary food 
blend prepared from common bean and pumpkin in rural Uganda. 
Nutrients, 12(4). https:// doi. org/ 10. 3390/ nu120 40906

Calder, P., Prescott, S., & Kaplan, M. (2007). Scientific Review: The Role of Nutrients 
in Immune Function of Infants and Young Children Emerging Evidence for 
Long-Chain Polyunsaturated Fatty Acids. 

Calder, P. C., & Kew, S. (2002). The immune system: a target for functional foods. 
British Journal of Nutrition, 88(S2), S165–S176. https:// doi. org/ 10. 1079/ 
bjn20 02682

Carr, A. C., & Lykkesfeldt, J. (2021). Discrepancies in global vitamin C recom-
mendations: A review of RDA criteria and underlying health perspec-
tives. Critical Reviews in Food Science and Nutrition, 61(5), 742–755. 
https:// doi. org/ 10. 1080/ 10408 398. 2020. 17445 13

Carr, A. C., & Maggini, S. (2017). Vitamin C and immune function. Nutrients, 
9(11), 1211. https:// doi. org/ 10. 3390/ nu911 1211

Castillejo, G., Anguera, A., Escribano, J., & Salas-salvado, J. (2018). A controlled, 
randomized, double-blind trial to evaluate the effect of a supplement 
of cocoa husk that is rich in dietary fiber on colonic transit in consti-
pated pediatric patients. Pediatrics, 118(3), e641–e648. https:// doi. org/ 
10. 1542/ peds. 2006- 0090

Chakraborty, P., Kumar, S., Dutta, D., & Gupta, V. (2009). Role of Antioxidants in 
Common Health Diseases. Research Journal of Pharmacy and Technol-
ogy, 2(2), 238–244.

Charoenngam, N., Shirvani, A., & Holick, M. F. (2019). Vitamin D for skeletal 
and non-skeletal health: What we should know. Journal of Clinical 
Orthopaedics and Trauma, 10(6), 1082–1093. https:// doi. org/ 10. 1016/j. 
jcot. 2019. 07. 004

Chaudhary, B., Chaudhary, P., & Chauhan, A. (2020). Review on Importance of 
Carotenoids in health and medicine. International Medico-Legal Reporter 
Journal, 3(1), 78–82.

Chew, B. P., & Park, J. S. (2004). Carotenoid action on the immune response. 
Journal of Nutrition, 134(1), 257S-261S. https:// doi. org/ 10. 1093/ jn/ 134.1. 
257S

Choudhary, P., Chakdar, H., Singh, D., Selvaraj, C., Singh, S. K., Kumar, S., & Sax-
ena, A. K. (2020). Computational studies reveal piperine, the predomi-
nant oleoresin of black pepper (Piper nigrum) as a potential inhibitor of 

SARS-CoV-2 (COVID-19). Current Science, 119(8), 1333–1342. https:// doi. 
org/ 10. 18520/ cs/ v119/ i8/ 1333- 1342

Chowdhury, M. A., Hossain, N., Kashem, M. A., Shahid, M. A., & Alam, A. (2020). 
Immune response in COVID-19: A review. Journal of Infection and Public 
Health, 13(11), 1619–1629. https:// doi. org/ 10. 1016/j. jiph. 2020. 07. 001

Chowdhury, A. I. (2020). Role and Effects of Micronutrients Supplementation in 
Immune System and SARS-Cov-2(COVID-19). Asian Journal of Immunol-
ogy, 3(1), 269–277. https:// journ alaji. com/ index. php/ AJI/ artic le/ view/ 35

Christakos, S., Dhawan, P., Porta, A., Mady, L. J., & Seth, T. (2011). Vitamin D and 
intestinal calcium absorption. Molecular and Cellular Endocrinology, 
347(1–2), 25–29. https:// doi. org/ 10. 1016/j. mce. 2011. 05. 038

Clifford, T., Howatson, G., West, D. J., & Stevenson, E. J. (2015). The Potential Ben-
efits of Red Beetroot Supplementation in Health and Disease. Nutrients, 
7(4), 2801–2822. https:// doi. org/ 10. 3390/ nu704 2801

Cohen, Y., & Elinav, E. (2023). Dietary fibers & immunity—more than meets the 
eye. Cell Research, 2–3. https:// doi. org/ 10. 1038/ s41422- 022- 00770-3

Crider, K. S., Yang, T. P., Berry, R. J., & Bailey, L. B. (2012). Folate and DNA methyla-
tion: A review of molecular mechanisms and the evidence for Folate’s 
role. Advances in Nutrition, 3(1), 21–38. https:// doi. org/ 10. 3945/ an. 111. 
000992

Dai, J., Patel, J. D., & Mumper, R. J. (2007). Characterization of Blackberry Extract 
and Its Antiproliferative and Anti-Inflammatory Properties. Journal of 
Medicinal Food, 10(2), 258–265. https:// doi. org/ 10. 1089/ jmf. 2006. 238

Davis, P. A., & Iwahashi, C. K. (2001). Whole almonds and almond fractions reduce 
aberrant crypt foci in a rat model of colon carcinogenesis. Cancer Letters, 
165(1), 27–33. https:// doi. org/ 10. 1016/ S0304- 3835(01) 00425-6

Dhiman, A. K., Attri, S., & . H. (2019). Nutritional quality of organic and 
conventionally grown broccoli (<em>Brassica oleracea</em> L var. 
<em>italica</em>). The Pharma Innovation, 8(9), 160–162. https:// doi. 
org/ 10. 22271/ tpi. 2019. v8. i9c. 3977

Dinh, J., Angeloni, J. T., Pederson, D. B., Wang, X., Cao, M., & Dong, Y. (2014). 
Cranberry Extract Standardized for Proanthocyanidins Promotes 
the Immune Response of Caenorhabditis elegans to Vibrio cholerae 
through the p38 MAPK Pathway and HSF-1. PLoS One, 9(7), e103290. 
https:// doi. org/ 10. 1371/ journ al. pone. 01032 90

Domínguez, R., Pateiro, M., Munekata, P. E. S., McClements, D. J., & Lorenzo, J. 
M. (2021). Encapsulation of bioactive phytochemicals in plant-based 
matrices and application as additives in meat and meat products. 
Molecules, 26(13), 3984.

dos Tramontin, N. S., Luciano, T. F., deMarques, S. O., deSouza, C. T., & Muller, 
A. P. (2020). Ginger and avocado as nutraceuticals for obesity and its 
comorbidities. Phytotherapy Research, 34(6), 1282–1290. https:// doi. org/ 
10. 1002/ ptr. 6619

Doseděl, M., Jirkovský, E., Macáková, K., Krčmová, L. K., Javorská, L., Pourová, J., 
Mercolini, L., Remião, F., Nováková, L., & Mladěnka, P. (2021). Vitamin c—
sources, physiological role, kinetics, deficiency, use, toxicity, and deter-
mination. Nutrients, 13(2), 1–36. https:// doi. org/ 10. 3390/ nu130 20615

Duarte, P. F., Chaves, M. A., Borges, C. D., & Mendonça, C. R. B. (2016). Avocado: 
characteristics, health benefits and uses. Ciência Rural, 46(4), 747–754.

Ekşi, G., Gençler Özkan, A. M., & Koyuncu, M. (2020). Garlic and onions: an 
eastern tale. Journal of Ethnopharmacology, 253, 112675. https:// doi. org/ 
10. 1016/j. jep. 2020. 112675

Farran, B., Pavitra, E., Kasa, P., Peela, S., Rama Raju, G. S., & Nagaraju, G. P. (2019). 
Folate-targeted immunotherapies: passive and active strategies for 
cancer. Cytokine and Growth Factor Reviews, 45(February), 45–52. https:// 
doi. org/ 10. 1016/j. cytog fr. 2019. 02. 001

Ferretti, G., Bacchetti, T., Belleggia, A., & Neri, D. (2010). Cherry antioxidants: 
from farm to table. Molecules, 15(10), 6993–7005. https:// doi. org/ 10. 
3390/ molec ules1 51069 93

Figueiredo, J. C., Grau, M. V., Haile, R. W., Sandler, R. S., Summers, W., Bresalier, 
R. S., Burke, C. A., Mckeown-eyssen, G. E., & Baron, J. A. (2009). Folic acid 
and risk of prostate cancer : results from a randomized clinical trial. 
Journal of the National Cancer Institute, 101(6), 432–435. https:// doi. org/ 
10. 1093/ jnci/ djp019

Fritsche, K. (2006). Fatty acids as modulators of the immune response. Annual 
Review of Nutrition, 26(1), 45–73. https:// doi. org/ 10. 1146/ annur ev. nutr. 
25. 050304. 092610

Joel Fuhrman. (2011). SUPER IMMUNITY (Vol. 1). HarperCollins.
Gardner, C. D., Lawson, L. D., Block, E., Chatterjee, L. M., Kiazand, A., Balise, R. 

R., & Kraemer, H. C. (2007). Effect of raw garlic vs commercial garlic 

https://doi.org/10.1016/j.biopha.2020.110959
https://doi.org/10.1038/s12276-020-0449-2
https://doi.org/10.1038/s12276-020-0449-2
https://doi.org/10.1007/978-3-030-30182-8_4
https://doi.org/10.1007/978-3-030-30182-8_4
https://doi.org/10.1016/B978-0-12-812491-8.00029-1
https://doi.org/10.1016/j.ejim.2005.02.017
https://doi.org/10.1016/j.ejim.2005.02.017
https://doi.org/10.1016/j.mce.2015.10.007
https://doi.org/10.1016/j.mce.2015.10.007
https://doi.org/10.3390/nu12040906
https://doi.org/10.1079/bjn2002682
https://doi.org/10.1079/bjn2002682
https://doi.org/10.1080/10408398.2020.1744513
https://doi.org/10.3390/nu9111211
https://doi.org/10.1542/peds.2006-0090
https://doi.org/10.1542/peds.2006-0090
https://doi.org/10.1016/j.jcot.2019.07.004
https://doi.org/10.1016/j.jcot.2019.07.004
https://doi.org/10.1093/jn/134.1.257S
https://doi.org/10.1093/jn/134.1.257S
https://doi.org/10.18520/cs/v119/i8/1333-1342
https://doi.org/10.18520/cs/v119/i8/1333-1342
https://doi.org/10.1016/j.jiph.2020.07.001
https://journalaji.com/index.php/AJI/article/view/35
https://doi.org/10.1016/j.mce.2011.05.038
https://doi.org/10.3390/nu7042801
https://doi.org/10.1038/s41422-022-00770-3
https://doi.org/10.3945/an.111.000992
https://doi.org/10.3945/an.111.000992
https://doi.org/10.1089/jmf.2006.238
https://doi.org/10.1016/S0304-3835(01)00425-6
https://doi.org/10.22271/tpi.2019.v8.i9c.3977
https://doi.org/10.22271/tpi.2019.v8.i9c.3977
https://doi.org/10.1371/journal.pone.0103290
https://doi.org/10.1002/ptr.6619
https://doi.org/10.1002/ptr.6619
https://doi.org/10.3390/nu13020615
https://doi.org/10.1016/j.jep.2020.112675
https://doi.org/10.1016/j.jep.2020.112675
https://doi.org/10.1016/j.cytogfr.2019.02.001
https://doi.org/10.1016/j.cytogfr.2019.02.001
https://doi.org/10.3390/molecules15106993
https://doi.org/10.3390/molecules15106993
https://doi.org/10.1093/jnci/djp019
https://doi.org/10.1093/jnci/djp019
https://doi.org/10.1146/annurev.nutr.25.050304.092610
https://doi.org/10.1146/annurev.nutr.25.050304.092610


Page 21 of 25Stephen et al. Food Production, Processing and Nutrition            (2023) 5:61  

supplements on plasma lipid concentrations in adults with moderate 
hypercholesterolemia: a randomized clinical trial. Archives of Internal 
Medicine, 167(4), 346–353. https:// doi. org/ 10. 1001/ archi nte. 167.4. 346

Gil, I., Toma, F. A., Hess-pierce, B., Holcroft, D. M., & Kader, A. A. (2000). Antioxi-
dant activity of pomegranate juice and its relationship with phenolic 
composition and processing. Journal of Agricultural and Food Chemistry, 
48(10), 4581–4589. https:// doi. org/ 10. 1021/ jf000 404a

Godswill, A. G., Somtochukwu, I. V., Ikechukwu, A. O., & Kate, E. C. (2020). Health 
Benefits of micronutrients (Vitamins and Minerals) and their associated 
deficiency diseases: a systematic review. International Journal of Food 
Sciences, 3(1), 1–32. https:// doi. org/ 10. 47604/ ijf. 1024

Gombart, A. F. (2009). The vitamin D–antimicrobial peptide pathway and 
its role in protection against infection. Future Microbiology, 4(9), 
1151–1165.

Gonçalves, A. C., Nunes, A. R., Flores-Félix, J. D., Alves, G., & Silva, L. R. (2022). 
Cherries and blueberries-based beverages: functional foods with 
antidiabetic and immune booster properties. Molecules, 27(10), 1–44. 
https:// doi. org/ 10. 3390/ molec ules2 71032 94

González-Gallego, J., García-Mediavilla, M. V., Sánchez-Campos, S., & Tuñó, M. J. 
(2010). Fruit polyphenols, immunity and inflammation. British Journal of 
Nutrition, 104(SUPPL.3). https:// doi. org/ 10. 1017/ S0007 11451 00039 10

Gouveia, L., & Empis, J. (2003). Relative stabilities of microalgal carotenoids in 
microalgal extracts, biomass and fish feed: Effect of storage condi-
tions. Innovative Food Science and Emerging Technologies, 4(2), 227–233. 
https:// doi. org/ 10. 1016/ S1466- 8564(03) 00002-X

Gutiérrez, S., Svahn, S. L., & Johansson, M. E. (2019). Effects of omega-3 fatty 
acids on immune cells. International Journal of Molecular Sciences, 
20(20). https:// doi. org/ 10. 3390/ ijms2 02050 28

Han, Y., Song, M., Gu, M., Ren, D., Zhu, X., Cao, X., Li, F., Wang, W., Cai, X., Yuan, B., 
Goulette, T., Zhang, G., & Xiao, H. (2019). Dietary intake of whole straw-
berry inhibited colonic inflammation in dextran-sulfate-sodium-treated 
mice via restoring immune homeostasis and alleviating gut microbiota 
dysbiosis. Journal of Agricultural and Food Chemistry, 67(33), 9168–9177. 
https:// doi. org/ 10. 1021/ acs. jafc. 8b055 81

Hannan, J. M. A., Ali, L., Rokeya, B., Khaleque, J., Akhter, M., & Flatt, P. R. (2007). 
Soluble dietary fibre fraction of Trigonella foenum-graecum ( fenugreek 
) seed improves glucose homeostasis in animal models of type 1 and 
type 2 diabetes by delaying carbohydrate digestion and absorption, 
and enhancing insulin action. British Journal of Nutrition, 97(3), 514–521. 
https:// doi. org/ 10. 1017/ S0007 11450 76578 69

Hemilä, H. (2017). Vitamin C and infections. Nutrients, 9(4), 339.
Hemilä, H., & Chalker, E. (2013). Vitamin C for preventing and treating the com-

mon cold. Cochrane Database of Systematic Reviews, 1. 
Hossain, F., Akhtar, S., & Anwar, M. (2015). Nutritional Value and Medicinal Ben-

efits of Pineapple. International Journal of Nutrition and Food Sciences, 
4(1), 84–88. https:// doi. org/ 10. 11648/j. ijnfs. 20150 401. 22

Huang, F., Zhang, R., Liu, Y., Xiao, J., Liu, L., Wei, Z., & Yi, Y. (2016). International 
journal of biological macromolecules dietary litchi pulp polysaccha-
rides could enhance immunomodulatory and antioxidant effects in 
mice. International Journal of Biological Macromolecules, 92, 1067–1073. 
https:// doi. org/ 10. 1016/j. ijbio mac. 2016. 08. 021

Huang, G., & Lapsley, K. (2019). Almonds. In Integrated Processing Technologies 
for Food and Agricultural By-Products (pp. 373–390). Elsevier Inc. https:// 
doi. org/ 10. 1016/ B978-0- 12- 814138- 0. 00015-0

Hughes, D. A. (1999). Effects of dietary antioxidants on the immune function 
of middle-aged adults. Proceedings of the Nutrition Society, 58(1), 79–84. 
https:// doi. org/ 10. 1079/ pns19 990012

Husin, N. A., Rahman, S., Karunakaran, R., & Bhore, S. J. (2018). A review on the 
nutritional, medicinal, molecular and genome attributes of Durian (Durio 
zibethinus L.), the King of fruits in Malaysia. Bioinformation, 14(6), 265.

Hyson, D. A. (2011). A comprehensive review of apples and apple components 
and their relationship to human health. Advances in Nutrition, 1(3), 
408–420. https:// doi. org/ 10. 3945/ an. 111. 000513. 408

Hyun, T. K., & Jang, K. I. (2016). Apple as a source of dietary phytonutrients: an 
update on the potential health benefits of apple. EXCLI Journal, 15, 565.

Ibrahim, K. S., & El-Sayed, E. M. (2016). Potential role of nutrients on immunity. 
International Food Research Journal, 23(2), 464–474.

Iddir, M., Brito, A., Dingeo, G., Del Campo, S. S. F., Samouda, H., La Frano, M. R., 
& Bohn, T. (2020). Strengthening the immune system and reduc-
ing inflammation and oxidative stress through diet and nutrition: 

Considerations during the covid-19 crisis. Nutrients, 12(6), 1–39. https:// 
doi. org/ 10. 3390/ nu120 61562

Ismailova, A., & White, J. H. (2022). Vitamin D, infections and immunity. Reviews 
in Endocrine and Metabolic Disorders, 23(2), 265–277. https:// doi. org/ 10. 
1007/ s11154- 021- 09679-5

Jayawardena, R., Sooriyaarachchi, P., & Chourdakis, M. (2020). Enhancing 
immunity in viral infections, with special emphasis on COVID-19: a 
review. Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 14(4), 
367–382. https:// doi. org/ 10. 1016/j. dsx. 2020. 04. 015

Jiang, Q. (2014). Natural forms of vitamin E: metabolism, antioxidant, and 
anti-inflammatory activities and their role in disease prevention and 
therapy. Free Radical Biology and Medicine, 72, 76–90. https:// doi. org/ 10. 
1016/j. freer adbio med. 2014. 03. 035

Jiang, J., & Xiong, Y. L. (2016). Natural antioxidants as food and feed additives to 
promote health bene fi ts and quality of meat products : a review. Meat 
Science, 120, 107–117. https:// doi. org/ 10. 1016/j. meats ci. 2016. 04. 005

Jiménez-Aguilar, D. M., & Grusak, M. A. (2017). Minerals, vitamin C, phenolics, 
flavonoids and antioxidant activity of Amaranthus leafy vegetables. 
Journal of Food Composition and Analysis, 58, 33–39. https:// doi. org/ 10. 
1016/j. jfca. 2017. 01. 005

Jimenez, P., Garcia, P., Quitral, V., Vasquez, K., Parra-Ruiz, C., Reyes-Farias, M., 
Garcia-Diaz, D. F., Robert, P., Encina, C., & Soto-Covasich, J. (2021). Pulp, 
leaf, peel and seed of avocado fruit: a review of bioactive compounds 
and healthy benefits. Food Reviews International, 37(6), 619–655. https:// 
doi. org/ 10. 1080/ 87559 129. 2020. 17175 20

John, J. H., Ziebland, S., Yudkin, P., Roe, L. S., & Neil, H. A. W. (2002). Effects of fruit 
and vegetable consumption on plasma antioxidant concentrations 
and blood pressure: a randomised controlled trial. Lancet, 359(9322), 
1969–1974. https:// doi. org/ 10. 1016/ S0140- 6736(02) 98858-6

Jørgensen, C. E., Abrahamsen, R. K., Rukke, E., Kristian, T., Johansen, A., & 
Skeie, S. B. (2018). Processing of high-protein yoghurt–A review. 
International Dairy Journal, 88, 42–59. https:// doi. org/ 10. 1016/j. idair 
yj. 2018. 08. 002

Kamboh, A. A., Hang, S., Khan, M. A., & Zhu, W. (2016). In vivo immunomodu-
latory effects of plant fl avonoids in lipopolysaccharide-challenged 
broilers. Animal, the International Journal of Animal Biosciences, 10(10), 
1619–1625. https:// doi. org/ 10. 1017/ S1751 73111 60005 62

Kamil, A., & Chen, C. O. (2012). Health benefits of almonds beyond cholesterol 
reduction. Journal of Agricultural and Food Chemistry. https:// doi. org/ 10. 
1021/ jf204 4795

Kandylis, P., & Kokkinomagoulos, E. (2020). Food applications and potential 
health benefits of pomegranate and its derivatives. Foods, 9(2), 122. 
https:// doi. org/ 10. 3390/ foods 90201 22

Kaur, C., & Kapoor, H. C. (2001). Antioxidants in fruits and vegetables - The mil-
lennium’s health. International Journal of Food Science and Technology, 
36(7), 703–725. https:// doi. org/ 10. 1046/j. 1365- 2621. 2001. 00513.x

Kaur, S., Panghal, A., Garg, M. K., Mann, S., Khatkar, S. K., Sharma, P., & Chhikara, 
N. (2019). Functional and nutraceutical properties of pumpkin–a 
review. Nutrition & Food Science, 50(2), 384–401. https:// doi. org/ 10. 1108/ 
NFS- 05- 2019- 0143

Kaur, R., Kaur, R., Wagh, R. V., Kaur, A., & Aggarwal, P. (2020). Red bell pepper ( 
Capsicum annuum L .): optimization of drying conditions and prepara-
tion of functional bread. Journal of Food Science., 00. https:// doi. org/ 10. 
1111/ 1750- 3841. 15317

Keservani, R. K., & Sharma, A. K. (2014). Flavonoids: emerging trends and 
potential health benefits. Journal of Chinese Pharmaceutical Sciences, 
23(12), 815–822.

Khalid, W., Arshad, M. S., Aziz, A., Rahim, M. A., Qaisrani, T. B., Afzal, F., Ali, A., 
Ranjha, M. M. A. N., Khalid, M. Z., & Anjum, F. M. (2023). Chia seeds (Salvia 
hispanica L.): a therapeutic weapon in metabolic disorders. Food Science 
and Nutrition, 11(1), 3–16. https:// doi. org/ 10. 1002/ fsn3. 3035

Khalil, A., Tazeddinova, D., Aljoumaa, K., Kazhmukhanbetkyzy, Z. A., Orazov, A., 
& Toshev, A. D. (2021). Carotenoids: Therapeutic strategy in the battle 
against viral emerging diseases, COVID-19: an overview. Preventive 
Nutrition and Food Science, 26(3), 241–261. https:// doi. org/ 10. 3746/ PNF. 
2021. 26.3. 241

Kim, Jung, M., Moon, Y., Tou, J. C., Mou, B., & Waterland, N. L. (2016). Nutritional 
value, bioactive compounds and health benefits of lettuce (Lactuca 
sativa L.). Journal of Food Composition and Analysis, 49, 19–34. https:// 
doi. org/ 10. 1016/j. jfca. 2016. 03. 004

https://doi.org/10.1001/archinte.167.4.346
https://doi.org/10.1021/jf000404a
https://doi.org/10.47604/ijf.1024
https://doi.org/10.3390/molecules27103294
https://doi.org/10.1017/S0007114510003910
https://doi.org/10.1016/S1466-8564(03)00002-X
https://doi.org/10.3390/ijms20205028
https://doi.org/10.1021/acs.jafc.8b05581
https://doi.org/10.1017/S0007114507657869
https://doi.org/10.11648/j.ijnfs.20150401.22
https://doi.org/10.1016/j.ijbiomac.2016.08.021
https://doi.org/10.1016/B978-0-12-814138-0.00015-0
https://doi.org/10.1016/B978-0-12-814138-0.00015-0
https://doi.org/10.1079/pns19990012
https://doi.org/10.3945/an.111.000513.408
https://doi.org/10.3390/nu12061562
https://doi.org/10.3390/nu12061562
https://doi.org/10.1007/s11154-021-09679-5
https://doi.org/10.1007/s11154-021-09679-5
https://doi.org/10.1016/j.dsx.2020.04.015
https://doi.org/10.1016/j.freeradbiomed.2014.03.035
https://doi.org/10.1016/j.freeradbiomed.2014.03.035
https://doi.org/10.1016/j.meatsci.2016.04.005
https://doi.org/10.1016/j.jfca.2017.01.005
https://doi.org/10.1016/j.jfca.2017.01.005
https://doi.org/10.1080/87559129.2020.1717520
https://doi.org/10.1080/87559129.2020.1717520
https://doi.org/10.1016/S0140-6736(02)98858-6
https://doi.org/10.1016/j.idairyj.2018.08.002
https://doi.org/10.1016/j.idairyj.2018.08.002
https://doi.org/10.1017/S1751731116000562
https://doi.org/10.1021/jf2044795
https://doi.org/10.1021/jf2044795
https://doi.org/10.3390/foods9020122
https://doi.org/10.1046/j.1365-2621.2001.00513.x
https://doi.org/10.1108/NFS-05-2019-0143
https://doi.org/10.1108/NFS-05-2019-0143
https://doi.org/10.1111/1750-3841.15317
https://doi.org/10.1111/1750-3841.15317
https://doi.org/10.1002/fsn3.3035
https://doi.org/10.3746/PNF.2021.26.3.241
https://doi.org/10.3746/PNF.2021.26.3.241
https://doi.org/10.1016/j.jfca.2016.03.004
https://doi.org/10.1016/j.jfca.2016.03.004


Page 22 of 25Stephen et al. Food Production, Processing and Nutrition            (2023) 5:61 

Kim, J. H., Kim, K., & Kim, W. (2019). Cream Cheese-Derived Lactococcus chun-
gangensis CAU 28 Modulates the Gut Microbiota and Alleviates Atopic 
Dermatitis in BALB/c Mice. Scientific Reports, 9(1), 1–13. https:// doi. org/ 
10. 1038/ s41598- 018- 36864-5

Köksal, E., & Gülçin, I. (2008). Antioxidant activity of cauliflower (Brassica olera-
cea L.). Turkish Journal of Agriculture and Forestry, 32(1), 65–78. https:// 
doi. org/ 10. 3906/ tar- 0707- 46

Kuna, K., Szewczyk, K., Gabryelska, A., Białasiewicz, P., Ditmer, M., Strzelecki, D., & 
Sochal, M. (2022). Potential role of sleep deficiency in inducing immune 
dysfunction. Biomedicines, 10(9). https:// doi. org/ 10. 3390/ biome dicin 
es100 92159

Lee, J. O., Kim, N., Lee, H. J., Moon, J. W., Lee, S. K., Kim, S. J., Kim, J. K., Park, S. H., 
& Kim, H. S. (2015). [6]-Gingerol affects glucose metabolism by dual 
regulation via the AMPK2-mediated AS160-Rab5 pathway and AMPK-
mediated insulin sensitizing effects. Journal of Cellular Biochemistry, 116, 
1401–1410.

Lee, J. H., Min, D. S., Lee, C. W., Song, K. H., Kim, Y. S., & Kim, H. P. (2018). Gin-
senosides from Korean Red Ginseng ameliorate lung in flammatory 
responses: inhibition of the MAPKs / NF- k B / c-Fos pathways. Journal 
of Ginseng Research, 42(4), 476–484. https:// doi. org/ 10. 1016/j. jgr. 2017. 
05. 005

Lee, J., Han, Y., Wang, W., Jo, H., Kim, H., Kim, S., Yang, K. M., Kim, S. J., 
Dhanasekaran, D. N., & Song, Y. S. (2021). Phytochemicals in cancer 
immune checkpoint inhibitor therapy. Biomolecules, 11(8), 1–33. 
https:// doi. org/ 10. 3390/ biom1 10811 07

Lestari, S. R., Lestari, U., & Atto’illah, M. F. (2018). Rambutan peel extract 
increases leptin efficiency and decreases lipid peroxidation in a rat 
model of obesity. Medicinal Plants-International Journal of Phytomedi-
cines and Related Industries, 10(1), 23–28.

Li, C., Ford, E. S., Zhao, G., Balluz, L. S., Giles, W. H., & Liu, S. (2011). Serum 
α-carotene concentrations and risk of death among US adults: the 
third national health and nutrition examination survey follow-up 
study. Archives of Internal Medicine, 171(6), 507–515. https:// doi. org/ 
10. 1001/ archi ntern med. 2010. 440

Li, X., McGrath, K. C., Nammi, S., Heather, A. K., & Roufogalis, B. D. (2012). 
Attenuation of liver pro-inflammatory responses by Zingiber offici-
nale via inhibition of NF-kappa B activation in high-fat diet-fed rats. 
Basic & Clinical Pharmacology & ToxicologyBasic & Clinical Pharmacol-
ogy & Toxicology, 110, 238–244.

Li, S., Chen, G., Zhang, C., Wu, M., Wu, S., & Liu, Q. (2014). Research progress 
of natural antioxidants in foods for the treatment of diseases. Food 
Science and Human Wellness, 3(3–4), 110–116. https:// doi. org/ 10. 
1016/j. fshw. 2014. 11. 002

Li, N., Wu, X., Zhuang, W., Xia, L., Chen, Y., Wu, C., Rao, Z., Du, L., Zhao, R., Yi, 
M., Wan, Q., & Zhou, Y. (2020). Fish consumption and multiple health 
outcomes: umbrella review. Trends in Food Science & Technology. 
https:// doi. org/ 10. 1016/j. tifs. 2020. 02. 033

Liu, R. H. (2003). Health benefits of fruit and vegetables are from additive and 
synergistic combinations of phytochemicals. The American Journal of Clini-
cal Nutrition, 78(3), 517S-520S. https:// doi. org/ 10. 1093/ ajcn/ 78.3. 517s

Liu, W., Zheng, W., Cheng, L., Li, M., Huang, J., Bao, S., Xu, Q., & Ma, Z. (2022). 
Citrus fruits are rich in flavonoids for immunoregulation and poten-
tial targeting ACE2. Natural Products and Bioprospecting, 12(1). https:// 
doi. org/ 10. 1007/ s13659- 022- 00325-4

Lopez-Varela, S., González-Gross, M., & Marcos, A. (2002). Functional foods 
and the immune system: a review. European Journal of Clinical Nutri-
tion, 56(3), S29–S33.

Lourith, N., & Kanlayavattanakul, M. (2020). Passion fruit seed: Its antioxida-
tive extracts and potency in protection of skin aging. In Aging: Oxida-
tive Stress and Dietary Antioxidants (2nd ed., pp. 283–288). Elsevier Inc. 
https:// doi. org/ 10. 1016/ B978-0- 12- 818698- 5. 00028-6

Ma, G., Yang, W., Zhao, L., Pei, F., Fang, D., & Hu, Q. (2018). A critical review 
on the health promoting effects of mushrooms nutraceuticals. Food 
Science and Human Wellness, 7(2), 125–133. https:// doi. org/ 10. 1016/j. 
fshw. 2018. 05. 002

Ma, G., Zhang, L., Sugiura, M., & Kato, M. (2020). Citrus and health. Elsevier 
Inc. https:// doi. org/ 10. 1016/ b978-0- 12- 812163- 4. 00024-3

Mahmood, K., Kamilah, H., Karim, A., & Fazilah, A. (2018). Nutritional and 
therapeutic potentials of rambutan fruit ( Nephelium lappaceum 
L .) and the by-products : a review. Journal of Food Measurement 

and Characterization, 12(3), 1556–1571. https:// doi. org/ 10. 1007/ 
s11694- 018- 9771-y

Malhotra, S., Rana, S. V., Sinha, S. K., & Khurana, S. (2004). Dietary fiber assess-
ment of patients with irritable bowel syndrome from Northern India. 
Indian Journal of Gastroenterology, 23(6), 217–218.

Manzoni, A. G., Passos, D. F., Leitemperger, J. W., Storck, T. R., Doleski, P. 
H., Jantsch, M. H., Loro, V. L., & Leal, D. B. R. (2020). Hyperlipidemia-
induced lipotoxicity and immune activation in rats are prevented by 
curcumin and rutin. International Immunopharmacology, 81(2019), 
106217. https:// doi. org/ 10. 1016/j. intimp. 2020. 106217

Marcucci, G., Domazetovic, V., Nediani, C., Ruzzolini, J., Favre, C., & Brandi, M. 
L. (2023). Oxidative stress and natural antioxidants in osteoporosis: 
novel preventive and therapeutic approaches. Antioxidants, 12(2). 
https:// doi. org/ 10. 3390/ antio x1202 0373

Maria Alexandra, L., Aurica -Breica, B., Liana, A., & Despina-Maria, B. (2013). 
Red cabbage, millennium’s functional food. Forestry and Biotechnol-
ogy, 17(4), 52–55. www. journ al- hfb. usab- tm. ro

Marshall, J. S., Warrington, R., Watson, W., & Kim, H. L. (2018). An introduction to 
immunology and immunopathology. Allergy, Asthma and Clinical Immu-
nology, 14(S1), 1–8. https:// doi. org/ 10. 1186/ s13223- 018- 0278-1

Masihuzzaman, A. M., Iftikhar, M. Y., & Farheen, K. (2020). Badam shireen (Prunus 
dulcis Mill): a ghiza-e-dawaee and immunomodulator: a latest review. 
International Journal of Unani and Integrative Medicine, 4(2), 9–14.

McClung, J. P. (2019). Iron, zinc, and physical performance. Biological Trace Ele-
ment Research, 188, 135–139.

McComb, S., Thiriot, A., Krishnan, L., & Stark, F. (2013). Introduction to the 
immune system. Methods in Molecular Biology, 1061, 1–20. https:// doi. 
org/ 10. 1007/ 978-1- 62703- 589-7_1

McDowell, L., Wilkinson, N., Madison, R., & Felix, T. (2007). Vitamins and minerals 
functioning as antioxidants with supplementation considerations. 
Florida Ruminant Nutrition Symposium, 352, 1–17.

McEligot, A. J., Largent, J., Ziogas, A., Peel, D., & Anton-Culver, H. (2006). Dietary 
fat, fiber, vegetable, and micronutrients are associated with overall 
survival in postmenopausal women diagnosed with breast cancer. 
Nutrition and Cancer, 55(2), 132–140. https:// doi. org/ 10. 1207/ s1532 
7914n c5502_3

Medzhitov, R. (2001). Toll-like receptors and innate immunity. Nature Reviews 
Immunology, 1(2), 135–145. https:// doi. org/ 10. 1038/ 35100 529

Mehwish, H. M., Riaz Rajoka, M. S., Xiong, Y., Zheng, K., Xiao, H., Anjin, T., Liu, 
Z., Zhu, Q., & He, Z. (2022). Moringa oleifera–a functional food and its 
potential immunomodulatory effects. Food Reviews International, 38(7), 
1533–1552. https:// doi. org/ 10. 1080/ 87559 129. 2020. 18254 79

Mendez Utz, V. E., Perdigón, G., & de Moreno de LeBlanc, A. (2019). Oral admin-
istration of milk fermented by Lactobacillus casei CRL431 was able to 
decrease metastasis from breast cancer in a murine model by modulat-
ing immune response locally in the lungs. Journal of Functional Foods, 
54(January), 263–270. https:// doi. org/ 10. 1016/j. jff. 2019. 01. 026

Mericli, F., Becer, E., Kabadayi, H., Hanoglu, A., Hanoglu, D. Y., Yavuz, D. O., Ozek, 
T., & Vatansever, S. (2017). Fatty acid composition and anticancer activity 
in colon carcinoma cell lines of Prunus dulcis seed oil. Pharmaceuti-
cal Biology, 55(1), 1239–1248. https:// doi. org/ 10. 1080/ 13880 209. 2017. 
12960 03

Meybodi, N. M., Mortazavian, A. M., Arab, M., & Nematollahi, A. (2020). Probiotic 
viability in yoghurt: a review of influential factors. International Dairy 
Journal, 104793. https:// doi. org/ 10. 1016/j. idair yj. 2020. 104793

Meydani, S. N., Barklund, M. P., Liu, S., Meydani, M., Miller, R. A., Cannon, J. G., 
Morrow, F. D., Rocklin, R., & Blumberg, J. B. (1990). Vitamin E supplemen-
tation enhances cell-mediated immunity in healthy elderly subjects. 
The American Journal of Clinical Nutrition, 52(3), 557–563.

Meydani, S. N., Barnett, J. B., Dallal, G. E., Fine, B. C., Jacques, P. F., Leka, L. S., 
& Hamer, D. H. (2007). Serum zinc and pneumonia in nursing home 
elderly. American Journal of Clinical Nutrition, 86(4), 1167–1173. https:// 
doi. org/ 10. 1093/ ajcn/ 86.4. 1167

Meydani, S. N., Fawzi, W. W., &, & Han, S. N. (2001). The effect of vitamin 
deficiencies (E and A) and supplementation on infection and immune 
response. Nestle Nutrition Institute Workshop Series, 213–242.

Miles, E. A., & Calder, P. C. (2021). Effects of citrus fruit juices and their bioac-
tive components on inflammation and immunity: a narrative review. 
Frontiers in Immunology, 12(June), 1–18. https:// doi. org/ 10. 3389/ fimmu. 
2021. 712608

https://doi.org/10.1038/s41598-018-36864-5
https://doi.org/10.1038/s41598-018-36864-5
https://doi.org/10.3906/tar-0707-46
https://doi.org/10.3906/tar-0707-46
https://doi.org/10.3390/biomedicines10092159
https://doi.org/10.3390/biomedicines10092159
https://doi.org/10.1016/j.jgr.2017.05.005
https://doi.org/10.1016/j.jgr.2017.05.005
https://doi.org/10.3390/biom11081107
https://doi.org/10.1001/archinternmed.2010.440
https://doi.org/10.1001/archinternmed.2010.440
https://doi.org/10.1016/j.fshw.2014.11.002
https://doi.org/10.1016/j.fshw.2014.11.002
https://doi.org/10.1016/j.tifs.2020.02.033
https://doi.org/10.1093/ajcn/78.3.517s
https://doi.org/10.1007/s13659-022-00325-4
https://doi.org/10.1007/s13659-022-00325-4
https://doi.org/10.1016/B978-0-12-818698-5.00028-6
https://doi.org/10.1016/j.fshw.2018.05.002
https://doi.org/10.1016/j.fshw.2018.05.002
https://doi.org/10.1016/b978-0-12-812163-4.00024-3
https://doi.org/10.1007/s11694-018-9771-y
https://doi.org/10.1007/s11694-018-9771-y
https://doi.org/10.1016/j.intimp.2020.106217
https://doi.org/10.3390/antiox12020373
https://www.journal-hfb.usab-tm.ro
https://doi.org/10.1186/s13223-018-0278-1
https://doi.org/10.1007/978-1-62703-589-7_1
https://doi.org/10.1007/978-1-62703-589-7_1
https://doi.org/10.1207/s15327914nc5502_3
https://doi.org/10.1207/s15327914nc5502_3
https://doi.org/10.1038/35100529
https://doi.org/10.1080/87559129.2020.1825479
https://doi.org/10.1016/j.jff.2019.01.026
https://doi.org/10.1080/13880209.2017.1296003
https://doi.org/10.1080/13880209.2017.1296003
https://doi.org/10.1016/j.idairyj.2020.104793
https://doi.org/10.1093/ajcn/86.4.1167
https://doi.org/10.1093/ajcn/86.4.1167
https://doi.org/10.3389/fimmu.2021.712608
https://doi.org/10.3389/fimmu.2021.712608


Page 23 of 25Stephen et al. Food Production, Processing and Nutrition            (2023) 5:61  

Mistriyani, Riyanto, S., & Rohman, A. (2018). Antioxidant activities of rambutan 
(Nephelium lappaceum L) peel in vitro. Food Research, 2(1), 119–123. 
https:// doi. org/ 10. 26656/ fr. 2017. 2(1). 150

Mohanapriya, M., Ramaswamy, L., & Rajendran, R. (2013). Health and medicinal 
properties of lemon (Citrus Limonum). International Journal Of Ayurvedic And 
Herbal Medicine, , 1(3), 1095–1100. http:// inter scien ce. org. uk/ v3- i1/ 8ijahm. pdf

Moriguchi, S., & Muraga, M. (2000). Vitamin E and Immunity. Vitamins & Hor-
mones, 59, 305–336. https:// doi. org/ 10. 1016/ S0083- 6729(00) 59011-6

Mukherjee, V., & Mishra, P. K. (2015). Broccoli-An underexploited neutraceutical. 
Science Research Reporter, 2(3), 291–294.

Murakami, K., Sasaki, S., Okubo, H., Takahashi, Y., Hosoi, Y., & Itabashi, M. (2007). 
Dietary fiber intake, dietary glycemic index and load, and body mass 
index : a cross-sectional study of 3931 Japanese women aged 18–20 
years. European Journal of Clinical Nutrition, 61(8), 986–995. https:// doi. 
org/ 10. 1038/ sj. ejcn. 16026 10

Murdoch, C. C., & Skaar, E. P. (2022). Nutritional immunity: The battle for nutri-
ent metals at the host–pathogen interface. Nature Reviews Microbiology, 
20(11), 657–670. https:// doi. org/ 10. 1038/ s41579- 022- 00745-6

Murphy, K., & Weaver, C. (2016). An introduction to immunobiology and innate 
immunity. In Janeway’s immunobiology (pp. 1–77). Garland Science.

Musumeci, L., Maugeri, A., Cirmi, S., Lombardo, G. E., Russo, C., Gangemi, S., 
Calapai, G., & Navarra, M. (2020). Citrus fruits and their flavonoids in 
inflammatory bowel disease: an overview. Natural Product Research, 
34(1), 122–136. https:// doi. org/ 10. 1080/ 14786 419. 2019. 16011 96

Nadeem, M., Anjum, F. M., Khan, M. R., Saeed, M., & Riaz, A. (2011). Antioxidant 
Potential of Bell Pepper (Capsicum annum L.) - A Review. Pakistan 
Journal of Food Science, 21(1), 45–51.

Netea, M. G., Schlitzer, A., Placek, K., Joosten, L. A. B., & Schultze, J. L. (2019). 
Innate and adaptive immune memory: an evolutionary continuum in 
the host’s response to pathogens. Cell Host and Microbe, 25(1), 13–26. 
https:// doi. org/ 10. 1016/j. chom. 2018. 12. 006

Nile, S. H., & Park, S. W. (2014). Edible berries: bioactive components and their 
effect on human health. Nutrition, 30(2), 134–144. https:// doi. org/ 10. 
1016/j. nut. 2013. 04. 007

Nyanhanda, T., Gould, E. M., Mcghie, T., Shaw, O. M., Harper, J. L., & Hurst, R. D. 
(2014). Function blackcurrant cultivar polyphenolic extracts suppress 
CCL26 secretion from alveolar epithelial cells. Food & Function, 5(4), 
671–677. https:// doi. org/ 10. 1039/ c3fo6 0568j

Olas, B. (2020). Honey and its phenolic compounds as an effective natural 
medicine for cardiovascular diseases in humans? Nutrients, 12(2), 1–14. 
https:// doi. org/ 10. 3390/ nu120 20283

Oliveira, F. L., De Yanka, T., Arruda, P, P., Lima, S, S., Casarotti, S. N, S. N., & Mor-
zelle, M. C, M. C. (2020). Pomegranate as a natural source of phenolic 
antioxidants: a review. Journal of Food Bioactives, 9, 10–22. https:// doi. 
org/ 10. 31665/ JFB. 2020. 9214

Omenn, G. S., Goodman, G. E., Thornquist, M. D., Balmes, J., Cullen, M. R., Glass, 
A., & Barnhart, S. (1998). Effects of a combination of beta carotene and 
vitamin A on lung cancer and cardiovascular disease. New England 
Journal of Medicine, 334(18), 1150–1155.

Ötles, S., & Ozgoz, S. (2014). Health effects of dietary fiber. Acta Scientiarum 
Polonorum Technologia Alimentaria, 13(2), 191–202.

Padayatty, S. J., Katz, A., Wang, Y., Eck, P., Kwon, O., Lee, J.-H., Chen, S., Corpe, C., 
Dutta, A., Dutta, S. K., et al. (2003). Vitamin C as an antioxidant: Evalua-
tion of its role in disease prevention. Journal of the American College of 
Nutrition, 22(1), 18–35.

Padmapriya, S., Kavitha, M., & Sathiyamurthy, V. A. (2020). Underutilized Fruit 
Crops-A Potential Source of Nutraceutical Significance. In Biotica 
Research Today (Vol. 2, Issue 6, pp. 416–418).

Pala, D., Barbosa, P. O., Silva, C. T., De Souza, M. O., Freitas, F. R., Carolina, A., Volp, 
P., Maranhão, R. C., & De Freitas, R. N. (2018). Açai (Euterpe oleracea 
Mart.) dietary intake affects plasma lipids, apolipoproteins, cholesteryl 
ester transfer to high-density lipoprotein and redox metabolism: a 
prospective study in women. Clinical Nutrition, 37(2), 618–623. https:// 
doi. org/ 10. 1016/j. clnu. 2017. 02. 001

Palatty, P. L., Haniadka, R., Valder, B., Arora, R., & Baliga, M. S. (2013). Ginger in the 
prevention of nausea and vomiting: A review. Critical Reviews in Food 
Science and Nutrition, 53, 659–669.

Pan, P., Huang, Y. W., Oshima, K., Yearsley, M., Zhang, J., Yu, J., Arnold, M., & Wang, 
L. S. (2018). An immunological perspective for preventing cancer with 
berries. Journal of Berry Research, 8(3), 163–175. https:// doi. org/ 10. 3233/ 
JBR- 180305

Pateiro, M., Gómez-Salazar, J. A., Jaime-Patlán, M., Sosa-Morales, M. E., & Lor-
enzo, J. M. (2021). Plant extracts obtained with green solvents as natural 
antioxidants in fresh meat products. Antioxidants, 10(2), 1–21. https:// 
doi. org/ 10. 3390/ antio x1002 0181

Patseadou, M., & Haller, D. M. (2020). Vitamin D in adolescents: a systematic 
review and narrative synthesis of available recommendations. Journal of 
Adolescent Health, 66(4), 388–407. https:// doi. org/ 10. 1016/j. jadoh ealth. 
2019. 08. 025

Pawlowska, E., Szczepanska, J., & Blasiak, J. (2019). Pro- And antioxidant effects 
of Vitamin C in cancer in correspondence to its dietary and pharmaco-
logical concentrations. Oxidative Medicine and Cellular Longevity, 2019. 
https:// doi. org/ 10. 1155/ 2019/ 72867 37

Percival, S. S. (2009). Grape consumption supports immunity in animals and 
humans. The Journal of Nutrition, 139(9), 1801–1805. https:// doi. org/ 10. 
3945/ jn. 109. 108324. 1801S

Pereira, M. M., Haniadka, R., Chacko, P. P., Palatty, P. L., & Baliga, M. S. (2011). 
Zingiber officinale roscoe (ginger) as an adjuvant in cancer treatment: a 
review. Journal of BUON, 16, 414–424.

Peterhans, E. (1997). Oxidants and antioxidants in viral diseases: disease 
mechanisms and metabolic regulation. The Journal of Nutrition, 127(5), 
962S-965S.

Pirzadeh, M., Caporaso, N., Rauf, A., Shariati, M. A., Yessimbekov, Z., Khan, M. 
U., Imran, M., & Mubarak, M. S. (2021). Pomegranate as a source of 
bioactive constituents: a review on their characterization, properties 
and applications. Critical Reviews in Food Science and Nutrition, 61(6), 
982–999. https:// doi. org/ 10. 1080/ 10408 398. 2020. 17498 25

Prentice, S. (2017). They are what you eat: can nutritional factors during 
gestation and early infancy modulate the neonatal immune response? 
Frontiers in Immunology, 8, 1641.

Puneeth, H., & Sharath Chandra, S. (2020). A review on potential therapeutic 
properties of Pomegranate (Punica granatum L). Plant Science Today, 
7(1), 9–16. https:// doi. org/ 10. 14719/ pst. 2020.7. 1. 619

Qanash, H., Yahya, R., Bakri, M. M., Bazaid, A. S., Qanash, S., Shater, A. F., & Abdel-
ghany, T. M. (2022). Anticancer, antioxidant, antiviral and antimicrobial 
activities of Kei Apple (Dovyalis caffra) fruit. Scientific Reports, 12(1), 
1–15. https:// doi. org/ 10. 1038/ s41598- 022- 09993-1

Rathinasabapathy, T., Lomax, J., Srikanth, K., Esposito, D., Kay, C. D., & Komarny-
tsky, S. (2022). Effect of wild blueberry metabolites on biomarkers of 
gastrointestinal and immune health in vitro. Immuno, 2(2), 293–306. 
https:// doi. org/ 10. 3390/ immun o2020 019

Rauf, S., Ortiz, R., Shehzad, M., Haider, W., & Ahmed, I. (2020). The exploitation of 
sunflower (Helianthus annuus L.) seed and other parts for human nutri-
tion, medicine and the industry. Helia, 43(73), 167–184.

Rayman, M. P. (2000). The importance of selenium to human health. The Lancet, 
356(9225), 233–241.

Riaz, M., Rahman, N. U., Zia-Ul-Haq, M., Jaffar, H. Z. E., & Manea, R. (2019). Gin-
seng: a dietary supplement as immune-modulator in various diseases. 
Trends in Food Science and Technology, 83(September 2018), 12–30. 
https:// doi. org/ 10. 1016/j. tifs. 2018. 11. 008

Richards, T. J., & Rickard, B. (2020). COVID-19 impact on fruit and vegetable 
markets. Canadian Journal of Agricultural Economics, 68(2), 189–194. 
https:// doi. org/ 10. 1111/ cjag. 12231

Richardson, D. P., Ansell, J., & Drummond, L. N. (2018). The nutritional and 
health attributes of kiwifruit: a review. European Journal of Nutrition, 
57(8), 2659–2676. https:// doi. org/ 10. 1007/ s00394- 018- 1627-z

Robbins, J. (2007). Healthy at 100: The scientifically proven secrets of the world’s 
healthiest and longest-lived peoples. Ballantine books.

Roberts, J. L., & Moreau, R. (2016). Functional properties of spinach (Spinacia 
oleracea L.) phytochemicals and bioactives. Food & Function, 7(8), 
3337–3353. https:// doi. org/ 10. 1039/ C6FO0 0051G

Ross, A. C. (2003). Vitamin A status: relationship to immunity. Proceedings of the 
Society for Experimental Biology and Medicine, 200(3), 303–320.

Saeed, M., Naveed, M., Arif, M., Kakar, M. U., Manzoor, R., El-Hack, M. E. A., 
Alagawany, M., Tiwari, R., Khandia, R., Munjal, A., Karthik, K., Dhama, K., 
Iqbal, H. M. N., & Maryam Dadar, C. S. (2017). Green tea (Camellia sin-
ensis) and l-theanine: Medicinal values and beneficial applications in 
humans—A comprehensive review. Biomedicine & Pharmacotherapy, 
95, 1260–1275.

Sanbongi, C., Suzuki, N., & Sakane, T. (1997). Polyphenols in chocolate, which 
have antioxidant activity, modulate immune functions in humans 
in vitro. Cellular Immunology, 177(2), 129–136.

https://doi.org/10.26656/fr.2017.2(1).150
http://interscience.org.uk/v3-i1/8ijahm.pdf
https://doi.org/10.1016/S0083-6729(00)59011-6
https://doi.org/10.1038/sj.ejcn.1602610
https://doi.org/10.1038/sj.ejcn.1602610
https://doi.org/10.1038/s41579-022-00745-6
https://doi.org/10.1080/14786419.2019.1601196
https://doi.org/10.1016/j.chom.2018.12.006
https://doi.org/10.1016/j.nut.2013.04.007
https://doi.org/10.1016/j.nut.2013.04.007
https://doi.org/10.1039/c3fo60568j
https://doi.org/10.3390/nu12020283
https://doi.org/10.31665/JFB.2020.9214
https://doi.org/10.31665/JFB.2020.9214
https://doi.org/10.1016/j.clnu.2017.02.001
https://doi.org/10.1016/j.clnu.2017.02.001
https://doi.org/10.3233/JBR-180305
https://doi.org/10.3233/JBR-180305
https://doi.org/10.3390/antiox10020181
https://doi.org/10.3390/antiox10020181
https://doi.org/10.1016/j.jadohealth.2019.08.025
https://doi.org/10.1016/j.jadohealth.2019.08.025
https://doi.org/10.1155/2019/7286737
https://doi.org/10.3945/jn.109.108324.1801S
https://doi.org/10.3945/jn.109.108324.1801S
https://doi.org/10.1080/10408398.2020.1749825
https://doi.org/10.14719/pst.2020.7.1.619
https://doi.org/10.1038/s41598-022-09993-1
https://doi.org/10.3390/immuno2020019
https://doi.org/10.1016/j.tifs.2018.11.008
https://doi.org/10.1111/cjag.12231
https://doi.org/10.1007/s00394-018-1627-z
https://doi.org/10.1039/C6FO00051G


Page 24 of 25Stephen et al. Food Production, Processing and Nutrition            (2023) 5:61 

Sandhu, M. S., & Casale, T. B. (2010). The role of vitamin D in asthma. Annals of 
Allergy, Asthma and Immunology, 105(3), 191–199. https:// doi. org/ 10. 
1016/j. anai. 2010. 01. 013

Santamarina, A. B., de Souza Mesquita, L. M., Casagrande, B. P., Sertorio, M. N., 
Vitor de Souza, D., Mennitti, L. V, Ribeiro, D. A., Estadella, D., Ventura, S. P. 
M., de Rosso, V. V., & Pisani, L. P. (2022). Supplementation of carotenoids 
from peach palm waste (Bactris gasipaes) obtained with an ionic liquid 
mediated process displays kidney anti-inflammatory and antioxidant 
outcomes. Food Chemistry: X, 13(October 2021). https:// doi. org/ 10. 
1016/j. fochx. 2022. 100245

Sarkar, S. (2019). Potentiality of probiotic yoghurt as a functional food – a 
review. Nutrition and Food Science, 49(2), 182–202. https:// doi. org/ 10. 
1108/ NFS- 05- 2018- 0139

Seiler, A., Fagundes, C. P., & Christian, L. M. (2020). The impact of everyday 
stressors on the immune system and health. Stress Challenges and 
Immunity in Space: From Mechanisms to Monitoring and Preventive Strate-
gies (pp. 71–92)

Selladurai, R., & Awachare, C. M. (2020). Nutrient management for avocado 
(Persea americana miller ). Journal of Plant Nutrition, 43(1), 138–147. 
https:// doi. org/ 10. 1080/ 01904 167. 2019. 16593 22

Shahrajabian, M. H., Sun, W., Khoshkharam, M., & Cheng, Qi. (2020). Rambutan, 
a tropical plant with ethno-pharmaceutical properties. Agrocoencia, 
54(1), 121–128.

Sharma, K. D., & Karki, S. (2012). Chemical composition, functional properties 
and processing of carrot — a review. Journal of Food Science and Tech-
nology, 49(1), 22–32. https:// doi. org/ 10. 1007/ s13197- 011- 0310-7

Shih, M., Kuo, C., & Chiang, W. (2009). Effects of drying and extrusion on colour, 
chemical composition, antioxidant activities and mitogenic response of 
spleen lymphocytes of sweet potatoes. Food Chemistry, 117(1), 114–121. 
https:// doi. org/ 10. 1016/j. foodc hem. 2009. 03. 084

Silva, P., Ferreira, S., & Nunes, F. M. (2017). Elderberry (Sambucus nigra L.) 
by-products a source of anthocyanins and antioxidant polyphenols. 
Industrial Crops and Products, 95, 227–234. https:// doi. org/ 10. 1016/j. 
indcr op. 2016. 10. 018

Singh, R. N., Kumar, N., & Kumar, P. (2019). Garlic (Allium sativum): mankind’s health 
superstar. Interdisciplinary Journal of Contemporary Research, 6(6), 93–98.

Singh, J., Jayaprakasha, G. K., & Patil, B. S. (2018). Extraction, identification, 
and potential health benefits of spinach flavonoids: a review. In 
Advances in Plant Phenolics: From Chemistry to Human Health (Vol. 
1286, pp. 107–136). ACS Publications. https:// doi. org/ 10. 1021/ bk- 
2018- 1286. ch006

Singletary, K. (2010a). Black pepper. Nutrition Today, 45(1), 43–47.
Singletary, K. (2010b). Turmeric: an overview of potential health benefits. Nutri-

tion Today, 45(5), 216–225.
Singletary, K. (2019). Cinnamon. Nutrition Today, 54(1), 42–52. https:// doi. org/ 

10. 1097/ NT. 00000 00000 000319
Sivakumar, D., Jiang, Y., & Yahia, E. M. (2011). Maintaining mango ( Mangifera 

indica L ) fruit quality during the export chain. Food Research Interna-
tional, 44(5), 1254–1263. https:// doi. org/ 10. 1016/j. foodr es. 2010. 11. 022

Skenderidis, P., Mitsagga, C., Lampakis, D., Petrotos, K., & Giavasis, I. (2020). The 
effect of encapsulated powder of goji berry (Lycium barbarum) on 
growth and survival of probiotic bacteria. Microorganisms, 8(1), 1–14. 
https:// doi. org/ 10. 3390/ micro organ isms8 010057

Smith, M. A. L., Marley, K. A., Seigler, D., Singletary, K. W., & Meline, B. (2000). Bio-
active properties of wild blueberry fruits. Journal of Food Science, 65(2), 
352–356. https:// doi. org/ 10. 1111/j. 1365- 2621. 2000. tb160 06.x

Soliman, G. A. (2019). Dietary fiber, atherosclerosis, and cardiovascular disease. 
Nutrients, 11(5), 1155. https:// doi. org/ 10. 1016/ B978-1- 4377- 0398-6. 
00086-X

Solomons, N. W. (2000). Nutrition and Immunity in Man: ILSI Europe Concise 
Monograph Series, by Lillian Langseth, 1999, 25 pages, softcover, $12.50. ILSI 
Press. Washington, DC: Oxford University Press.

Spears, J. W., & Weiss, W. P. (2008). Role of antioxidants and trace elements in 
health and immunity of transition dairy cows. The Veterinary Journal, 
176(1), 70–76. https:// doi. org/ 10. 1016/j. tvjl. 2007. 12. 015

Srinivasan, K. (2017). Ginger rhizomes (Zingiber officinale): a spice with multi-
ple health beneficial potentials. PharmaNutrition, 5(1), 18–28. https:// 
doi. org/ 10. 1016/j. phanu. 2017. 01. 001

Stonehouse, W., Gammon, C. S., Beck, K. L., Conlon, C. A., Von Hurst, P. R., & 
Kruger, R. (2013). Kiwifruit: our daily prescription for health. Canadian 
Journal of Physiology and Pharmacology, 91(6), 442–447.

Suleria, H. A. R., Butt, M. S., Anjum, F. M., Saeed, F., & Khalid, N. (2015). Onion: 
nature protection against physiological threats. Critical Reviews in Food 
Science and Nutrition , 55(1), 50–66. https:// doi. org/ 10. 1080/ 10408 398. 
2011. 646364

Sun, C., Liu, Y., Zhan, L., Rayat, G. R., Xiao, J., Jiang, H., Li, X., & Chen, K. (2021). 
Anti-diabetic effects of natural antioxidants from fruits. Trends in Food 
Science and Technology, 117, 3–14. https:// doi. org/ 10. 1016/j. tifs. 2020. 
07. 024

Sundaram, T. S., Giromini, C., Rebucci, R., Pistl, J., Bhide, M., & Baldi, A. (2022). 
Role of omega-3 polyunsaturated fatty acids, citrus pectin, and 
milk-derived exosomes on intestinal barrier integrity and immunity in 
animals. Journal of Animal Science and Biotechnology, 13(1), 40.

Suraiya, S., Ahmmed, M. K., & Haq, M. (2022). Immunity boosting roles of bio-
functional compounds available in aquafoods: a review. Heliyon, 8(5), 
e09547. https:// doi. org/ 10. 1016/j. heliy on. 2022. e09547

Tessier, A. J., & Chevalier, S. (2018). An update on protein, leucine, omega-3 
fatty acids, and vitamin d in the prevention and treatment of sarco-
penia and functional decline. Nutrients, 10(8), 1–17. https:// doi. org/ 10. 
3390/ nu100 81099

Thokchom, R., & Mandal, G. (2017). Production Preference and Importance 
of Passion Fruit (Passiflora Edulis): A Review. Journal of Agricultural 
Engineering and Food Technology, 4(1), 27–30. https:// www. resea rchga 
te. net/ profi le/ Rocky- Thokc hom-2/ publi cation/ 34273 4984_ Produ ction_ 
Prefe rence_ and_ Impor tance_ of_ Passi on_ Fruit_ Passi flora_ Edulis_ A_ 
Review/ links/ 5f042 3bb29 9bf18 81607 ddee/ Produ ction- Prefe rence- and- 
Impor tance- of- Passi on- Fruit- Passi flora- Ed

Traber, M. . (1955). VITAMIN E. In B. A. B. Bowman & R. M. Russell (Eds.), The 
Lancet (Vol. 266, Issue 6892, p. 715). Pan American Health Org. https:// 
doi. org/ 10. 1016/ S0140- 6736(55) 92273-X

Tsai, C., Chen, H., Sheen, L., & Lii, C. (2012). Review article Garlic : Health benefits 
and actions. Biomedicine, 2(1), 17–29. https:// doi. org/ 10. 1016/j. biomed. 
2011. 12. 002

Turner, A. G., Anderson, P. H., & Morris, H. A. (2012). Vitamin D and bone health. 
Scandinavian Journal of Clinical and Laboratory Investigation, 72(SUPPL. 
243), 65–72. https:// doi. org/ 10. 3109/ 00365 513. 2012. 681963

Tyagi, S., Nanher, A., Sahay, S., Kumar, V., Bhamini, K., Kumar Nishad, S., & 
Ahmad, M. (2015). Kiwifruit Kiwifruit : Health benefits and medicinal 
importance. Rashtriya Krishi, 10(2), 98–100. https:// www. resea rchga te. 
net/ publi cation/ 31670 1273% 0Awww. resea rchjo urnal. co. in

Urashima, M., Mezawa, H., Noya, M., & Camargo, C. A. (2014). Effects of vitamin 
D supplements on influenza A illness during the 2009 H1N1 pandemic: 
A randomized controlled trial. Food & Function, 5(9), 2365–2370. https:// 
doi. org/ 10. 1039/ c4fo0 0371c

Vasala, P. A. (2012). Ginger. In Handbook of herbs and spices (pp. 319–335). 
Woodhead Publishing.

Vasanthi, H. R., Mukherjee, S., & Das, D. K. (2009). Potential Health Benefits of 
Broccoli- A Chemico-Biological Overview. Mini-Reviews in Medicinal 
Chemistry, 9(6), 749–759.

Vázquez, C. M. P., Netto, R. S. M., Barbosa, K. B. F., de Moura, T. R., de Almeida, R. 
P., Duthie, M. S., & de Jesus, A. R. (2014). Micronutrientes que influyen 
en la respuesta immune en la lepra. Nutricion Hospitalaria, 29(1), 26–36. 
https:// doi. org/ 10. 3305/ nh. 2014. 29.1. 6988

Veenstra, J. P., & Johnson, J. J. (2019). Oregano (Origanium Vulgare) Extract for 
Food Preservation and Improving Gastrointestinal Health. International 
Journal of Nutrition, 3(4), 43–52. https:// doi. org/ 10. 14302/ issn. 2379- 
7835. ijn- 19- 2703

Venter, C., Eyerich, S., Sarin, T., & Klatt, K. C. (2020). Nutrition and the immune 
system: a complicated tango. Nutrients, 12(3). https:// doi. org/ 10. 3390/ 
nu120 30818

Viuda-Martos, M., Fernández-López, J., & Pérez-Álvarez, J. A. (2010). Pomegran-
ate and its many functional components as related to human health : 
a review. Comprehensive Reviews in Food Science and Food Safety, 9(6), 
635–654. https:// doi. org/ 10. 1111/j. 1541- 4337. 2010. 00131.x

Vučić, V., Grabež, M., Trchounian, A., & Arsić, A. (2019). Composition and poten-
tial health benefits of pomegranate: a review. Current Pharmaceutical 
Design, 25(16), 1817–1827. https:// doi. org/ 10. 2174/ 13816 12825 66619 
07081 83941

Wakai, K., Date, C., Fukui, M., Tamakoshi, K., Watanabe, Y., Hayakawa, N., Kojima, 
M., Kawado, M., Suzuki, K., Hashimoto, S., Tokudome, S., Ozasa, K., Suzuki, 
S., Toyoshima, H., & Ito, Y. (2007). Dietary fiber and risk of colorectal 
cancer in the japan collaborative cohort study. Cancer Epidemiology and 

https://doi.org/10.1016/j.anai.2010.01.013
https://doi.org/10.1016/j.anai.2010.01.013
https://doi.org/10.1016/j.fochx.2022.100245
https://doi.org/10.1016/j.fochx.2022.100245
https://doi.org/10.1108/NFS-05-2018-0139
https://doi.org/10.1108/NFS-05-2018-0139
https://doi.org/10.1080/01904167.2019.1659322
https://doi.org/10.1007/s13197-011-0310-7
https://doi.org/10.1016/j.foodchem.2009.03.084
https://doi.org/10.1016/j.indcrop.2016.10.018
https://doi.org/10.1016/j.indcrop.2016.10.018
https://doi.org/10.1021/bk-2018-1286.ch006
https://doi.org/10.1021/bk-2018-1286.ch006
https://doi.org/10.1097/NT.0000000000000319
https://doi.org/10.1097/NT.0000000000000319
https://doi.org/10.1016/j.foodres.2010.11.022
https://doi.org/10.3390/microorganisms8010057
https://doi.org/10.1111/j.1365-2621.2000.tb16006.x
https://doi.org/10.1016/B978-1-4377-0398-6.00086-X
https://doi.org/10.1016/B978-1-4377-0398-6.00086-X
https://doi.org/10.1016/j.tvjl.2007.12.015
https://doi.org/10.1016/j.phanu.2017.01.001
https://doi.org/10.1016/j.phanu.2017.01.001
https://doi.org/10.1080/10408398.2011.646364
https://doi.org/10.1080/10408398.2011.646364
https://doi.org/10.1016/j.tifs.2020.07.024
https://doi.org/10.1016/j.tifs.2020.07.024
https://doi.org/10.1016/j.heliyon.2022.e09547
https://doi.org/10.3390/nu10081099
https://doi.org/10.3390/nu10081099
https://www.researchgate.net/profile/Rocky-Thokchom-2/publication/342734984_Production_Preference_and_Importance_of_Passion_Fruit_Passiflora_Edulis_A_Review/links/5f0423bb299bf1881607ddee/Production-Preference-and-Importance-of-Passion-Fruit-Passiflora-Ed
https://www.researchgate.net/profile/Rocky-Thokchom-2/publication/342734984_Production_Preference_and_Importance_of_Passion_Fruit_Passiflora_Edulis_A_Review/links/5f0423bb299bf1881607ddee/Production-Preference-and-Importance-of-Passion-Fruit-Passiflora-Ed
https://www.researchgate.net/profile/Rocky-Thokchom-2/publication/342734984_Production_Preference_and_Importance_of_Passion_Fruit_Passiflora_Edulis_A_Review/links/5f0423bb299bf1881607ddee/Production-Preference-and-Importance-of-Passion-Fruit-Passiflora-Ed
https://www.researchgate.net/profile/Rocky-Thokchom-2/publication/342734984_Production_Preference_and_Importance_of_Passion_Fruit_Passiflora_Edulis_A_Review/links/5f0423bb299bf1881607ddee/Production-Preference-and-Importance-of-Passion-Fruit-Passiflora-Ed
https://www.researchgate.net/profile/Rocky-Thokchom-2/publication/342734984_Production_Preference_and_Importance_of_Passion_Fruit_Passiflora_Edulis_A_Review/links/5f0423bb299bf1881607ddee/Production-Preference-and-Importance-of-Passion-Fruit-Passiflora-Ed
https://doi.org/10.1016/S0140-6736(55)92273-X
https://doi.org/10.1016/S0140-6736(55)92273-X
https://doi.org/10.1016/j.biomed.2011.12.002
https://doi.org/10.1016/j.biomed.2011.12.002
https://doi.org/10.3109/00365513.2012.681963
https://www.researchgate.net/publication/316701273%0Awww.researchjournal.co.in
https://www.researchgate.net/publication/316701273%0Awww.researchjournal.co.in
https://doi.org/10.1039/c4fo00371c
https://doi.org/10.1039/c4fo00371c
https://doi.org/10.3305/nh.2014.29.1.6988
https://doi.org/10.14302/issn.2379-7835.ijn-19-2703
https://doi.org/10.14302/issn.2379-7835.ijn-19-2703
https://doi.org/10.3390/nu12030818
https://doi.org/10.3390/nu12030818
https://doi.org/10.1111/j.1541-4337.2010.00131.x
https://doi.org/10.2174/1381612825666190708183941
https://doi.org/10.2174/1381612825666190708183941


Page 25 of 25Stephen et al. Food Production, Processing and Nutrition            (2023) 5:61  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Prevention Biomarkers, 16(4), 668–676. https:// doi. org/ 10. 1158/ 1055- 
9965. EPI- 06- 0664

Walker, C. F., & Black, R. E. (2004). Zinc and the risk for infectious disease. Annual 
Review of Nutrition, 24(1), 255–275.

Wall, R., Ross, R. P., Fitzgerald, G. F., & Stanton, C. (2010). Fatty acids from fish: 
the anti-inflammatory potential of long-chain omega-3 fatty acids. 
Nutrition Reviews, 68(5), 280–289. https:// doi. org/ 10. 1111/j. 1753- 4887. 
2010. 00287.x

Wang, S., Melnyk, J. P., Tsao, R., & Marcone, M. F. (2011). How natural dietary 
antioxidants in fruits, vegetables and legumes promote vascular health. 
Food Research International, 44(1), 14–22. https:// doi. org/ 10. 1016/j. foodr 
es. 2010. 09. 028

Wattanathorn, J., Kawvised, S., & Thukham-Mee, W. (2019). Encapsulated mul-
berry fruit extract alleviates changes in an animal model of menopause 
with metabolic syndrome. Oxidative Medicine and Cellular Longevity, 
2019, 16–18. https:// doi. org/ 10. 1155/ 2019/ 53605 60

Weber, P., Bendich, A., & Schalch, W. (1996). Vitamin C and human health-a 
review of recent data relevant to human requirements. International 
Journal for Vitamin and Nutrition Research, 66(1), 19–30.

Wentworth, A. D., Jones, L. H., Wentworth, P., Janda, K. D., & Lerner, R. A. (2000). 
Antibodies have the intrinsic capacity to destroy antigens. Proceed-
ings of the National Academy of Sciences of the United States of America, 
97(20), 10930–10935. https:// doi. org/ 10. 1073/ pnas. 97. 20. 10930

Weyh, C., Krüger, K., & Strasser, B. (2020). Physical activity and diet shape the 
immune system during aging. Nutrients, 12(3), 1–17. https:// doi. org/ 10. 
3390/ nu120 30622

Wooltorton, E. (2003). Too much of a good thing? Toxic effects of vitamin and 
mineral supplements. CMAJ, 169(1), 47–48.

Xiao, N., Zhao, Y., Yao, Y., Wu, N., Xu, M., Du, H., & Tu, Y. (2020). Biological activities 
of egg yolk lipids: a review. Journal of Agricultural and Food Chemistry, 68, 
1948–1957. https:// doi. org/ 10. 1021/ acs. jafc. 9b066 16

Yang, H., Sun, Y., Cai, R., Chen, Y., & Gu, B. (2020). The impact of dietary fiber and 
probiotics in infectious diseases. Microbial Pathogenesis, 140(September 
2019), 103931. https:// doi. org/ 10. 1016/j. micpa th. 2019. 103931

Yaqoob, M., Aggarwal, P., Aslam, R., & Rehal, J. (2019). Extraction of bioactives 
from citrus. In Green Sustainable Process for Chemical and Environmental 
Engineering and Science: Supercritical Carbon Dioxide as Green Solvent 
(pp. 357–377). Elsevier Inc. https:// doi. org/ 10. 1016/ B978-0- 12- 817388- 6. 
00015-5

Yeomans, V. C., Linseisen, J., & Wolfram, G. (2005). Interactive effects of poly-
phenols, tocopherol and ascorbic acid on the Cu 2 + -mediated oxida-
tive modification of human low density lipoproteins. European Journal 
of Nutrition, 44(7), 422–428. https:// doi. org/ 10. 1007/ s00394- 005- 0546-y

Yilmaz, E. (2019). Effects of dietary anthocyanin on innate immune param-
eters, gene expression responses, and ammonia resistance of Nile 
tilapia (Oreochromis niloticus). Fish and Shellfish Immunology, 93(May), 
694–701. https:// doi. org/ 10. 1016/j. fsi. 2019. 08. 033

York, N., Agricultural, S., & Station, E. (2002). Antioxidant and Antiproliferative 
Activities of Raspberries. Journal of Agricultural and Food Chemistry, 
50(10), 2926–2930.

Young, J. F., Therkildsen, M., Ekstrand, B., Che, B. N., Larsen, M. K., Oksbjerg, N., & 
Stagsted, J. (2013). Novel aspects of health promoting compounds in 
meat. Meat Science, 95(4), 904–911. https:// doi. org/ 10. 1016/j. meats ci. 
2013. 04. 036

Zeb, A. (2020). Concept, mechanism, and applications of phenolic antioxidants 
in foods. Journal of Food Biochemistry, 44(9), 1–22. https:// doi. org/ 10. 
1111/ jfbc. 13394

Zee, J. A., Carmichael, L., Cod, D., & Poirier, D. (1991). Effect of storage condi-
tions on the stability of vitamin c in various fruits and vegetables 
produced and consumed in Quebec. Journal of Food Composition and 
Analysis, 4(1), 77–86. https:// doi. org/ 10. 1016/ 0889- 1575(91) 90050-G

Zhang, D., & Hamauzu, Y. (2003). Phenolic compounds, ascorbic acid, carote-
noids and antioxidant properties of green, red and yellow bell peppers. 
Journal of Food, Agriculture and Environment, 1(2), 22–27. http:// world- 
food. net/ wfl/ downl oad/ journ als/ 2003- issue_2/ j2- food- 13. pdf.

Zhang, Y., Liu, X., Ruan, J., Zhuang, X., Zhang, X., & Li, Z. (2020). Biomedicine & 
Pharmacotherapy Phytochemicals of garlic : Promising candidates for 
cancer therapy. Biomedicine & Pharmacotherapy, 123, 109730. https:// 
doi. org/ 10. 1016/j. biopha. 2019. 109730

Zhao, F., Pang, W., Zhang, Z., Zhao, J., Wang, X., Liu, Y., Wang, X., Feng, Z., Zhang, 
Y., Sun, W., & Liu, J. (2016). Pomegranate extract and exercise provide 
additive benefits on improvement of immune function by inhibiting 
inflammation and oxidative stress in high-fat-diet-induced obesity in 
rats. The Journal of Nutritional Biochemistry, 32, 20–28. https:// doi. org/ 10. 
1016/j. jnutb io. 2016. 02. 003

Zhou, Y., Luo, B., & Qin, L. (2019). The association between vitamin D deficiency 
and community-acquired pneumonia. Medicine, 98(38), 1–7.

Zygiel, E. M., Nelson, C. E., Brewer, L. K., Oglesby-Sherrouse, A. G., & Nolan, E. M. 
(2019). The human innate immune protein calprotectin induces iron 
starvation responses in Pseudomonas aeruginosa. Journal of Biological 
Chemistry, 294(10), 3549–3562. https:// doi. org/ 10. 1074/ jbc. RA118. 
006819

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1158/1055-9965.EPI-06-0664
https://doi.org/10.1158/1055-9965.EPI-06-0664
https://doi.org/10.1111/j.1753-4887.2010.00287.x
https://doi.org/10.1111/j.1753-4887.2010.00287.x
https://doi.org/10.1016/j.foodres.2010.09.028
https://doi.org/10.1016/j.foodres.2010.09.028
https://doi.org/10.1155/2019/5360560
https://doi.org/10.1073/pnas.97.20.10930
https://doi.org/10.3390/nu12030622
https://doi.org/10.3390/nu12030622
https://doi.org/10.1021/acs.jafc.9b06616
https://doi.org/10.1016/j.micpath.2019.103931
https://doi.org/10.1016/B978-0-12-817388-6.00015-5
https://doi.org/10.1016/B978-0-12-817388-6.00015-5
https://doi.org/10.1007/s00394-005-0546-y
https://doi.org/10.1016/j.fsi.2019.08.033
https://doi.org/10.1016/j.meatsci.2013.04.036
https://doi.org/10.1016/j.meatsci.2013.04.036
https://doi.org/10.1111/jfbc.13394
https://doi.org/10.1111/jfbc.13394
https://doi.org/10.1016/0889-1575(91)90050-G
https://www.world-food.net/wfl/download/journals/2003-issue_2/j2-food-13.pdf
https://www.world-food.net/wfl/download/journals/2003-issue_2/j2-food-13.pdf
https://doi.org/10.1016/j.biopha.2019.109730
https://doi.org/10.1016/j.biopha.2019.109730
https://doi.org/10.1016/j.jnutbio.2016.02.003
https://doi.org/10.1016/j.jnutbio.2016.02.003
https://doi.org/10.1074/jbc.RA118.006819
https://doi.org/10.1074/jbc.RA118.006819

	Immune boosting functional components of natural foods and its health benefits
	Abstract 
	Introduction
	Immune system
	Mechanism of the immune response

	Functional components of immunity-boosting foods
	Antioxidants
	Carotene
	Vitamin C
	Vitamin E
	Selenium
	Folate
	Phytochemicals

	Vitamin D
	Zinc and iron
	Dietary fibres
	Omega fatty acids

	Immune-boosting foods with their health benefits
	Almonds
	Rambutan
	Durian
	Avocado
	Passion fruit
	Ginger
	Broccoli
	Citrus fruits
	Pomegranate
	Berries
	Garlic
	Kiwi
	Red bell pepper
	Spinach
	Yogurt
	Meat and egg products

	Conclusion
	Acknowledgements
	References


