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ABSTRACT 

Despite the significant expansion in health and nutrition research, resulting in a large number of academic publications, 

previous studies have primarily focused on functional foods. Furthermore, most published research has concentrated 

on micronutrients, such as vitamins and minerals, and their role in influencing the immune response. Consequently, 

the recent trend has led to increased demand for immune-boosting foods. The use of natural fruits as immune modifiers 

is quite common and simply requires concrete scientific evidence to prove its effectiveness. Numerous studies have 

shown that fruits are rich in bioactive compounds such as vitamins (A, C, E, etc.), minerals, and phytochemicals (such 

as beta-carotene, flavonoids, and phenols). These components have the potential to enhance our immunity by 

supporting lymphocyte proliferation, eliminating free radicals, reducing oxidative stress, improving the anti-

inflammatory mechanism and immune modulation, and supporting platelet aggregation. Therefore, adding an 

appropriate amount of fruit daily to the diet can support the body's natural defenses by strengthening our immune 

response. In this introduction, we attempt to summarize the important role that various phytochemicals and bioactive 

compounds in fruit play in boosting our immune system . 
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   : مقالة مراجعةالجهاز المناعي تعزيز في ودورها الفاكهة 
   3منار عبد فلحي حسن ،2نور يحيى منير ،1اشواق وادي مجيد

 العراق. بغداد،، بغدادجامعة  - كلية علوم الهندسة الزراعية وحدة النباتات الطبية والعطرية،1
 جامعة ابن سينا للعلوم الطبية والصيدلانية، بغداد، العراق2

 . قسم البستنة وهندسة الحدائق، كلية علوم الهندسة الزراعية، جامعة بغداد، بغداد، العراق3

 الملخص

  الدتاسععا  أن إلا الأكاديمي ،  المنشععوتا  من  كبير  عدد  عنه  نتج  والذي والتغذي ،  الصععح  أبحاث في الكبير التوسعع  من  الرغم  على

 مث   الدقية ،  المغذيا   على  المنشعوتة  الأبحاث معظم  تكز   ذلك،  على  علاوة.الوظيفي   الأغذي   على  تئيسعي  بشعك   تكز  السعابة 

 الأطعم   على الطلب  في  زيادة الأخير الوضعععع  شعععع د ولذلك،.  المناعي   الاسععععت اب   على  التأثير  في ودوتها والمعادن،  الفيتامينا 

  لإثبا    ملموسععع   علمي   أدل   إلى فةط  ويحتاج  للغاي ،  شعععائعًا أمرًا  للمناع   كمعدلّا   الطبيعي   الفواكه اسعععتمدا   يعُد.  للمناع  المعززة

  ،( إلخ  هععععع،  ج،  أ،  فيتامينا )  الفيتامينا   مث   بيولوجيًا النشط   بالمركبا  غني  الفواكه  أن  الدتاسا  من العديد أظ ر  وقد. فعاليته

 يعزيز على  بعالةعدتة  المكونعا   هعذ   يتمت (. إلخ  والفينولا ،  والفلافونويعدا   كعاتويين،  بيتعا  مثع )  النبعاييع   الكيميعائيع   والمواد والمععادن،

  مكعافحع  آليع   ويحسععععين التعأكسععععدي،  الإج عاد  ويةليع   الحرة، ال عذوت  من  والتملص الليمفعاويع ،  الملايعا  يكعاثر دعم  خلال  من  منعاعتنعا

 أن يمكن الغذائي النظا   إلى  يوميًا الفاك   من مناسب  كمي  إضاف   فإنّ   لذا،. الدموي   الصعفائ  يراكم ودعم  المناع ،  ويعدي   الالت ابا 

 ممتلف يلعبه  الذي ال ا   الدوت يلميص  نحاول  المةدم ، هذ  في.  المناعي   اسعععت ابتنا  يةوي  خلال من الطبيعي  ال سعععم  دفاعا  يدعم

    .المناعي  ج ازنا يعزيز في الفاك   في  بيولوجيًا النشط   والمركبا  النبايي   الكيميائي  المواد

  .الغذائي النظا  التغذي ، المناعي، ال  از ،الفاكهة  الكلمات المفتاحية:

INTRODUCTION 

Boosting the immune system is crucial and can be achieved through a diet rich in immune-

boosting foods. Fruits are rich in vitamins, minerals, and active compounds that are essential for 

enhancing the body's immune response. Moreover, ‘a person with suboptimal immune response is 

more prone to the infectious disease.’(Baidya and Sethy, 2020). On the other hand, nutrition, which 

is defined as a biological process whereby an organism assimilates food and uses it for growth, 
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maintenance and repair of tissues, is concerned with pivotal mechanisms. They include the synthesis 

and secretion of different substances for signaling purposes, the generation of free radicals, cell 

proliferation and immune-suppressive functions facilitate the understanding of the fact that the 

immune system of an individual can turn out to be far more productive if the immunity is adhered to 

(Percival, 2011).  

It is also crucial to focus on the fact that ‘nutritional deficiencies that give rise to specific 

diseases can impair immune status and render the human body more susceptible to infections. Overall, 

just like a balanced diet can keep a certain disease in check, it can also help the immune system 

perform all the necessary functions with optimal standards. ‘Increased fruit consumption has been 

associated with a reduced risk of chronic diseases in numerous observational studies.’. ‘Several 

biological mechanisms through which fruit consumption might protect against chronic diseases have 

been identified’. One of the reasons is that ‘fruits are rich in essential vitamins, including vitamins A, 

C and E, important minerals and phytochemicals.’. ‘A variety of plant chemicals have been identified 

in fruits that show potential health benefits’.: 

• Carotenoids, such as beta-carotene, are found in apricots and mangoes. 

• Flavonoids, such as quercetin found in berries; kaempferol found in apples and berries, and 

flavonoids found in general in citrus fruits and apples. 

• Phenolic acids, such as ellagic acid found in berries, strawberries, pomegranates, and thuja,  and 

phenols in apple and pear peels. 

• Catechins, found in berries, grapes, apples, pomegranates, and persimmons. 

• Specialized vitamins: such as ascorbic acid found in lemons and grapefruits, and folic      acid 

found in oranges and papaya. 

Thus, these compounds provide an opportunity to strengthen immunity due to the stimulation 

of lymphocyte proliferation and protection of the body from the damaging effects of reactive oxygen 

species. Second, these compounds allow for improved anti-inflammatory and immune-modulating 

mechanisms, as well as support platelet aggregation. Together, this information suggests that daily 

intake of fruit lets a person enhance the body’s natural protection, trigger an immune response, and 

resist infections(Maheshwari et al., 2021; Ding et al., 2018; Pangrazzi, 2019).  this review will present 

an overview of information to be learned and discovered surrounding the nutritional value and 

medicinal characteristics of fruits suitable for various regions of the globe. 

DIET AND NUTRITION: THEIR EFFECT ON IMMUNE FUNCTION 

Immunity is defined as the ability of an organism to resist a particular disease, particularly by 

preventing the development of pathogenic microorganisms or by diminishing the effects of their 

products. Fruit is the edible part of a plant that includes the seeds and the surrounding tissues. Fruits 

are vital sources of micronutrients and dietary fiber, and they play a crucial role in a healthy diet by 
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helping prevent serious diseases. Due to their health-promoting properties, they play an important 

role in nutritional guidance (Amao, 2018). 

Components and types of the immune system: Immunity can be classified into two main types: 

Innate immunity: Also known as nonspecific immunity. 

Adaptive immunity: Also known as specific immunity (Singh et al., 2022). 

The immune system comprises various anatomical and functional components, including the 

thymus, spleen, and lymph nodes, as well as specialized aggregates of lymphoid tissue, such as those 

in the gastrointestinal tract and bone marrow. It also encompasses a crucial group of cells, including 

phagocytes and lymphocytes—specifically B cells and T cells—as well as antibodies (Rakhi Sahu, 

2022). 

NUTRITION'S ROLE IN MODULATING IMMUNITY 

Nutrition plays a crucial role in building human immunity. Consuming a diet that is rich in 

nutrients with immune-boosting properties is essential for strengthening the immune system. Diet 

includes a variety of ingredients that not only provide energy and help synthesize compounds but also 

contain non-nutritive elements. These components, along with essential nutrients, help regulate 

metabolic processes and biological signaling, including immune signaling, highlighting the 

significant role of diet in modulating the immune system (Pahwa and Sharan, 2020; Vishwakarma et 

al., 2022). Studies have shown that a low-fat, plant-based diet may enhance immune system function 

(Mishra & Patel, 2020). Conversely, malnutrition can impede immune system development, resulting 

in immunodeficiency that makes the body more susceptible to infection (Cooper and Ma, 2017), 

allergies, and chronic inflammation (Albers et al., 2013), confirming the importance of proper 

nutrition for maintaining optimal immune function. 

THERAPEUTIC BENEFITS AND NUTRITIONAL SUPPLEMENTS 

Immune-boosting nutrients and components, including antioxidants (carotenoids, vitamin C, 

vitamin E, folate, selenium, and phytochemicals), vitamin D, zinc, iron, dietary fiber, and omega-3 

fatty acids, are essential for maintaining a healthy immune system. 

Certain immune-boosting foods, including citrus fruits, avocados, kiwis, apples, berries, 

papayas, pineapples, and vanilla, are believed to positively impact overall health. These foods may 

benefit individuals with conditions such as cancer, diabetes, and heart disease, as well as support skin 

and vision health, bone health, blood pressure regulation, and brain development. Additionally, they 

possess various properties, including anti-stress, antimicrobial, antibacterial, antifungal, anti-aging, 

anti-allergy, antimalarial, antimutagenic, and anti-inflammatory effects (Bubnov et al., 2015; 

Jayewardena et al., 2020; Stephen et al., 2023). These influences emphasize the potential therapeutic 

benefits of incorporating specific foods into the diet to enhance immune function. For example, iron 

deficiency anemia can be addressed by consuming certain fruits that enhance the bioavailability of 
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iron in the blood (Shubham et al., 2020). In another instance, the combination of yogurt and bananas 

is important for supplying both probiotics and prebiotics. Prebiotics serve as food for beneficial 

bacteria, while probiotics introduce beneficial bacteria directly into the digestive tract (Natarajan et 

al., 2019). 

 

FRUITS AND THEIR ROLE IN IMPROVING THE IMMUNE SYSTEM 

Fruits are a rich source of essential compounds that significantly enhance the body's immune 

response, as demonstrated by the specific properties of the following fruits: 

1.Citrus fruits: Citrus spp.   

Some fruits in this category include lemons, oranges, tangerines, and pomelo. These fruits 

contain flavonoids, which are believed to possess anti-cancer properties (Facts, 2018). Flavonoids are 

antioxidants that can neutralize free radicals, protect against heart disease, and improve blood flow 

through the coronary arteries (Kozlowska et al., 2018). Citrus fruits are excellent sources of vitamin 

C, as well as folic acid and thiamine. Vitamin C protects the body from free radicals that can cause 

damage. It also aids in wound healing and is crucial for strengthening blood vessels, tendons, 

ligaments, and bones. Thiamine plays an important role in metabolism, while folic acid is essential 

for cell division (Slavin and Lloyd, 2012; del Río-Celestino and Font, 2020). Both of these nutrients 

are important for enhancing immune system function (Guimarães et al., 2009).  

The genus Citrus is known for its diverse range of antioxidant metabolites, nutritional 

components, and polyphenolic compounds. These substances not only help plants withstand 

challenging environmental conditions and improve their tolerance to both biotic and abiotic stresses, 

but they also offer numerous health benefits for humans, particularly by boosting immunity (Rakhi 

Sahu, 2022; Mazzoni et al., 2021). 
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2.Berries: 

Studies show that berries are rich in antioxidants. The polyphenols in strawberries and the 

flavonoids in blueberries help reduce cellular damage, thereby enhancing immune function. 

Furthermore, these fruits are excellent sources of vitamin C, vitamin A, potassium, manganese, and 

fiber (Anurag, 2020). One of the key components of berries is anthocyanin, a significant polyphenol 

compound that interacts with γδ T cells. These specialized immune cells play a role in both adaptive 

and innate immunity. They are primarily located in the digestive and respiratory systems, helping to 

protect the body from pathogens that enter through these routes (Percival, 2009; Lachowicz et al., 

2017).  

Reactive oxygen species (ROS) are produced in the body during immune cell activity in 

response to pathogens. Anthocyanins, naturally found in berries, enhance immune function while 

protecting tissues from oxidative damage caused by ROS through their antioxidant properties 

(McAnulty et al., 2017). Research has demonstrated that the high levels of anthocyanins in 

blueberries contribute to increased levels of anti-inflammatory cytokines and reduced oxidative stress 

(Ma et al., 2018), suggesting that consuming foods rich in antioxidants can mitigate the harmful 

effects of inflammation  

3.Apple: Malus domestica 

Apples are a commonly consumed fruit rich in numerous phytochemicals. Many studies have 

demonstrated that consuming apples provides health benefits, including a decreased risk of cancer, 

diabetes, cardiovascular disease, and asthma. Apples possess strong antioxidant properties; they 

inhibit cancer cell growth, reduce lipid oxidation, and help lower cholesterol levels (Boyer & Liu, 

2004). Apples are rich in polyphenols, a nutritional treasure that aids in the fight against chronic 

diseases. Specifically, phloretin, a compound within the polyphenol group, may inhibit the production 

of a specific protein that plays a role in the growth of cancer cells in some cancers, such as breast 

cancer (Boyer and Liu, 2004). Furthermore, quercetin, a major polyphenol in apples, has been shown 

to inhibit the growth and activity of human leukemia T cells during the G1 phase of the cell cycle 

(Lamson and Brignall, 2000). Research has demonstrated that consuming apples enhances the levels 

of antioxidant enzymes, such as superoxide dismutase (SOD) and glutathione peroxidase, within red 

blood cells and increases the overall antioxidant capacity of plasma. Higher levels of these enzymes 

indicate that regular apple consumption may help reduce oxidative stress. It is recommended that the 

average daily intake of apples should not exceed one apple (Hyson, 2011). Peeled apples have an 

antioxidant capacity comparable to 83 μmol of vitamin C, which means that the antioxidant capacity 

found in 100 grams of apples (about one apple) is roughly equivalent to 1500 mg of vitamin C. 

However, the vitamin C concentration in apples is only 5.7 mg/100 g (Eberhardt et al., 2000). 

4.Kiwi: actinidia deliciosa 
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Kiwifruit, formerly known as Chinese gooseberry, is a rich source of vitamin C, vitamin E, 

folate, potassium, and various phytochemicals, as well as enzymes, particularly actinidin (Richardson 

et al., 2018). Scientific research indicates that kiwifruit supplements can offer several health benefits, 

including enhancing immune, digestive, and cardiovascular function (Baranowska and Dominik, 

2019). Kiwifruit has shown immune-boosting properties; its consumption has been associated with 

reduced severity and duration of cold and flu symptoms in both older adults and children (Skinner, 

2012). Plasma vitamin C concentration was found to increase with decreased purine and pyrimidine 

oxidation after kiwifruit incorporation into the diet. Thus, the antioxidant property of kiwifruit does 

not depend solely on vitamin C; other components, such as carotenoids, tocopherols, and flavonoids, 

also contribute to this effect, albeit at relatively low concentrations (Collins et al., 2001). 

Kiwifruit is a rich source of vitamin C, as consuming one medium-sized fruit meets the daily 

requirement of this vitamin. Vitamin C plays a role in removing free radicals (ROS), including 

superoxide (O2.-), water, and hydroxyl radicals (HO·), thereby helping prevent cellular damage and 

oxidative stress (Cundra et al., 2020). A nutritional analysis revealed that the concentrations of certain 

nutrients vary among different kiwi varieties. Green kiwifruit contains high levels of vitamin C, 

vitamin E, and folic acid, with levels of 92.7 mg, 1.46 mg, and 0.025 mg/100 g, respectively. In 

contrast, golden kiwifruit boasts even higher concentrations of these vitamins, with values of 161.3 

mg, 1.51 mg, and 0.031 mg / 100 g, respectively (Richardson et al., 2018). Additionally, kiwifruit 

possesses distinct health benefits. One study referred that kiwifruit seed oil may help improve obesity-

related conditions by raising adipokine levels (Qu et al., 2019). 

5.Papaya: Carica papaya 

Papaya is primarily grown in tropical regions and is clinically used to treat a variety of 

ailments, including inflammatory conditions (Pandey et al., 2016). Compared to other commercial 

fruits, papaya is a rich source of iron and calcium and contains the highest levels of vitamin C and 

vitamin A. These antioxidant nutrients play a vital role in enhancing the immune system (Santana et 

al., 2019). The antioxidant phytochemicals in papaya reduced the consumption of antioxidant 

enzymes. Its extract has also been found to increase the amount of immunoglobulin, ultimately 

enhancing humoral immunity (Sadek, 2012). Additionally, the carpaine and folate compounds in 

papaya help slow the heart rate and lower blood pressure. 

A study by Abdullah et al. (2011) demonstrated that papaya enhances human immunity 

through its many bioactive compounds, including alkaloids, carotenoids, phenols, flavonoids, 

saponins, and tannins. Papaya has the potential to reduce serious inflammation and its associated side 

effects by regulating the levels of harmful agents. Additionally, the proteolytic enzymes present in 

papaya, such as papain and chymopapain, exhibit anti-inflammatory and immunomodulatory 

properties (Mohr and Desser, 2013). 
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6.Pineapple:  Ananas comosus 

Pineapple is the third most important fruit in global production. It is a rich source of essential 

nutrients, providing the human body with valuable macronutrients and micronutrients, including 

calcium, carbohydrates, vitamins, minerals, fiber, enzymes, and bioactive compounds that aid 

digestion and promote overall health (Lalhruaitluangi and Mandal, 2022). Pineapple is often used as 

a nutritional supplement to support good health. One of its key components is the enzyme bromelain, 

which has been shown to possess anti-inflammatory, antibiotic, anticancer, and anticoagulant 

properties. Additionally, the antioxidants in pineapple help combat free radicals, reducing the risk of 

cancer and heart disease and lowering cholesterol levels (Hussein et al., 2015). Pineapple is rich in 

vitamin C, which plays a crucial role in supporting a strong immune system. Another important 

component found in pineapple is malic acid; this substance helps boost immunity and may also reduce 

the risk of toxic metal poisoning (Hendrickson, 2011). As one of the body's primary water-soluble 

antioxidants, vitamin C acts as a powerful defense against free radicals that can cause cell damage. 

Additionally, vitamin C is essential for the formation of collagen in bones, blood vessels, cartilage, 

and muscles, and it also enhances iron absorption. Furthermore, a higher intake of vitamin C has been 

associated with a reduced risk of certain cancers, including colon, esophageal, and stomach cancers 

(Debnath, 2012). 

7.Aonla: Emblica officinalis 

Indian gooseberry, also known as Aonla, is abundant in various bio-active compounds that 

provide it with immunomodulatory, anti-tumor, antioxidant, and hepatoprotective properties. These 

compounds include flavonoid, polyphony, alkaloids, and flavonoids, all of which are linked to 

numerous health benefits. They can help improve memory and reduce the risk of chronic diseases 

such as heart disease, diabetes, and cancer (Gupta, 2017). Vitamin C, a key component of Aonla, acts 

as an excellent antioxidant by neutralizing harmful reactive oxygen species (ROS) generated in cells 

associated with the immune system (Venkatalakshmi et al., 2016). The Aonla fruit is not only highly 

nutritious but also has significant medicinal uses. It is renowned as the richest source of vitamin C; 

its juice contains approximately 20 times the amount found in orange juice (Singh, 2004). 

Researchers have shown that vitamin C and several phytochemicals found in aonla fruit are 

effective antioxidants and provide immunomodulatory benefits (Hassan et al., 2016). According to 

Puranik et al. (2012), the vitamin C and total phenolic contents of aonla fruit are approximately 680 

mg per 100 g and 24.5 g per 100 g, respectively. Aonla fruit demonstrates the capacity to enhance 

immunomodulatory activity; it stimulates the activity and efficiency of granulocytes and natural killer 

(NK) cells while promoting the production of various effective molecules secreted by activated cells. 

Additionally, various polyphenolic compounds in aonla, such as ellagic acid, corilagin, pyrogallol, 

shikimic acid, gallic acid, and quercetin, are associated with anticancer properties (Zhao et al., 2015; 
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Jyothi et al., 2013). 

Table 1. Main nutritional and functional components of fruits and their immune-boosting properties: 

No. Fruits Nutrients Mechanism References 

1. 

Citrus 

fruits 

(Citrus 

spp.) 

 

Lemons , 

Limes 

Vitamin C, Folic 

Acid, Potassium, 

Pectin, Calcium, 

Magnesium, Anticancer and 

antioxidant, 

Helps the epithelial barrier 

function, and boost the 

development of 

lymphocytes and 

phagocytes 

(Sissons, 

2019) 

Boretti and 

Banik (2020) 

Oranges 

Oranges Fiber, 

Calcium, 

Magnesium, 

Potassium, 

Vitamin C 

Grapefruit 

Fiber, Calcium, 

Magnesium, 

Potassium, 

Vitamin C 
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2. 
Berries:(Morus alba) 

 

vitamin C, vitamin 

A, potassium, 

manganese, and 

fiber.polyphenol  

and flavonoids 

Antioxidants,Reduces cell 

damage,Prevents body 

tissues from oxidative 

damage γδ T, 

anthocyanins, the main 

polyphenol compound 

found in blueberries, 

interact with cells 

 

3. 
Apples ( Malus 

domestica) 

Vitamin C, 

Epicatechin, 

Phloridzin, 

Chlorogenic acid,  

Quercetin 

glycosides,  Rutin, 

Procyanidin B2, 

Catechin 

Antioxidant, ROS 

scavenger,  Protects cells 

from oxidative stress,  

improves quality of anti-

inflammatory response,  

inhibits activity of human 

leukemic T-cells during 

G1, regulate aggregation of 

platelets, radical chelator 

of transition metal ions, 

Boyer & Liu, 

2004,  Duda-

Chodak et al., 

2011, 

4. 
Kiwi (Actinidiaceae 

spp. L.) 

Vitamin C, 

Vitamin E, Folate, 

β-Carotene, Lutein 

+ zeaxanthin, γ-

Tocophero, β-

Cryptoxanthin. 

Anti-inflammatory, 

Antioxidant, scavenger of 

free radicals and other 

reactive oxygen species, 

reduces oxidative stress, 

Baranowska-

Wójcik and 

Szwajgier 

(2019) 

5. 
Papaya 

(Carica papaya L.) 

Vitamins A, B, 

And C, Carpaine, 

Folic Acid 

 

Antioxidant, precursor of 

vitamin A, promotes 

lymphocyte and T-cell 

proliferation 

(Aravind et al., 

2013), 

Farhan Aslam 

et al. (2017) 

 

6. 
Pineapple: (Ananas 

comosus) 

Vitamin C, Malic 

Acid, Bromelain 

anti-inflammatory, reduces 

the risk of toxic, reducing 

swelling in inflammatory 

conditions 

(Hendrickson, 

2011). 

(Hossain et al., 

2015) 
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7. 
Aonla (Emblica 

officinalis) 

Vitamin C, Gallic 

acid, Ellagic acid, 

Quercetin, Total 

phenolics, Total 

flavonoids. 

Antioxidant, 

immunomodulatory 

properties, free radical 

scavenging property,  

Anticancer, anti-allergic, 

and anti-inflammatory 

activity,  antimicrobial. 

Hasan et al., 

2016,  Kumari 

et al., 2019 

 

CONCLUSION 

An optimal diet is crucial for achieving good health. It is essential to emphasize the 

consumption of foods rich in various compounds that help build and strengthen the immune system. 

Fruits are vital sources of antioxidants, vitamins, and minerals, making it important to consume them 

in adequate amounts for a balanced diet. The findings suggest that individuals who consume the 

recommended amount of fruit can improve their resilience to health challenges, as optimal immunity 

is a valuable strategy for preventing diseases. The fruits studied, along with their bioactive 

components, demonstrated a clear positive effect on the human immune response. Thus, any 

deficiency of fruit in the diet may lead to immunosuppression, making the body more vulnerable to 

disease. 

RECOMMENDATIONS 

Despite encouraging data highlighting the significant role of bioactive compounds in 

modulating the immune system, there remains a notable lack of research exploring the specific 

molecular mechanisms behind their biological activities. Therefore, further in vivo studies are 

urgently needed to enhance our understanding of how various phytochemicals function and their 

precise effects on immune function. Additionally, it is important to recognize that other food 

sources—such as vegetables, mushrooms, dairy products, meat, and eggs—can also boost the 

immune system, warranting further investigation. 
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