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PREFACE
 

We are very much experienced that the disease COVID-19 which is originated 
from Wohan city of China in December, 2019, has spread all over the 

world and has made it pandemic. The COVID-19 pandemic has taken several 
lives, hampered academic system, disturbed the people’s way of income generation 
and declined the world economy. Besides it made huge pressure to the health 
systems. 

It has been reported that to protect against the spread of this disease some 
precautions may be taken - such as using mask, hand sanitizer, washing hand with 
soap frequently, not to go outside of home except any essential work etc. However, 
there is no particular treatment or medicine against this disease. It may be 
assumed that vaccination may be ultimate solution against this highly contagious 
disease. But, we have to keep in mind that the virus mutates, and may overcome 
the vaccine effect. Due to the RNA virus, the antigenic structure is altered 
frequently and that make difficult to develop a successful vaccine. 

On the other hand, it has been considered that physical exercise and healthy 
eating habit are two effective remedial ways to fight against this disease as both 
enhances the body immunity. The people who are weak in immunity are prone 
to attack COVID-19. Functional foods are those foods which have health beneficial 
role beyond its basic nutrition. In this direction, functional foods which can improve 
the immunity of the people, are helpful to combat COVID-19. In this book 
‘Immunity Boosting Functional Foods to Combat COVID-19’, several functional 
foods or food ingredients, their mechanism of immune enhancing properties and 
use in food products have been discussed through seventeen chapters written by 
eminent authors. 

There are several medicinal plants which have significant role for immunity 
boosting such as Ashwagandha, Tulsi, Shatavari, Giloy,  Aloe vera, Amla, Neem, 
licorice, garlic, ginger, turmeric, rosemary, black cumin, cinnamon, sage, thyme, 
fenugreek, peppermint, black pepper, clove etc. Angiotensin-converting enzyme 2 
(ACE2) protein acts as receptor for virus’s spike protein and gives provision for 
infection of our body.  The ingredients which contain ACE inhibitory peptides, 
protect to produce ACE2 in our body. COVID-19 has been shown to engage the 
host cell ACE2 through its spike protein. It was noticed that specific compound 
of different medicinal plants detaches the binding interface of ACE2. 



x 

Fruits like berries and Dragon fruit and vegetables such as mushroom, broccoli 
also enhance body immunity due to its immunity enhancing bioactive components. 
It has been reported that green tea has role in immune-modulation that is mediated 
both through innate and adaptive immune responses. Probiotic bacteria have also 
been identified to have immunomodulatory role. It play a positive role in host 
defense mechanisms, which may include regulation of invasive bacterial 
translocation and the production of specific and non-specific immune responses. 

Fermented milk products (as contain lactic acid bacteria and probiotic bacteria) 
and cheese (due to lactic acid bacteria and renneting) contain ACE inhibitory 
bioactive peptides. Due to this bioactive peptide, consuming cheese and fermented 
milk products may protect us from severe attack of corona virus. 

It has been noticed that whey protein of the milk and milk product also 
contains very active ACE inhibitory peptide. Besides, it comprises of different 
fractions such as β-lactoglobulin, α-lactalbumin, immunoglobulin etc. and they 
have effective role to immune modulating effects for human body with different 
mechanisms. In addition to, food components like some vitamins (D, E, C, B6, B9, 
B12), some minerals (Zn, Se, Mg) have immune enhancing role. 

We have to keep in mind that prevention is better than cure, even less 
expensive. In this direction functional foods may protect our life from the severity 
of this disease after attack. People have to aware about these functional foods. 
More researches have to be conducted on the effect of these functional foods 
against this disease. I hope the book will be helpful to common people and health 
professionals as well as scientists, teachers, scholars and students. 

Apurba Giri 
Editor 
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ABSTRACT 
The novel corona virus disease COVID-19 which is caused by Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) became a pandemic causing a huge loss to the 
lives of the people and to the global economic situation while imposing a significant 
pressure on the health structures of the nations worldwide. Immunocompromized people 
are more vulnerable to the infection and are at high risk of death. In the absence of an 
effective antiviral drug or a vaccine, alternative prophylactic and therapeutic solutions are 
essentially needed to be used to save the lives of the people from this disaster. The article 
highlighted the possibilities of utilizing medicinal plants rich in phytochemicals which are 
having proven immunomodulatory and antiviral activity in developing novel functional 
foods with acceptable consumer appeal to be used in reducing the risk of SARS CoV-2 
infection by strengthening the immune system of the individual and complement the 
therapeutic measures taken against the disease. Innovative functional foods made by 
fortification of medicinal plants have a great promise to improve the general health and 
immensely help the general public against the viral infections such as COVID-19. 
Nevertheless, more evidences are required through controlled clinical trials to support the 
safety and efficacy of the functional foods fortified with medicinal plants. 

Keywords:Antiviral, Coronavirus, Functional foods, Immune boosting, Medicinal 
plants, Phytochemicals 
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2 Immunity Boosting Functional Foods to Combat COVID-19 

INTRODUCTION 
Highly contagious novel corona virus disease, COVID-19 which was reported to 
be originated in the Wuhan city, Hubei Province of China during late 2019, has 
spread in an unprecedented manner all over the world within a short period of 
time causing a huge loss, not only to the lives of the people but also to the world 
economy creating a global crisis. It imposes a significant pressure on the health 
systems of the countries worldwide. COVID-19 is caused by a RNA virus and 
was named as Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV­
2) (Gorbalenya et al., 2020). As of 15th September 2020, a total of 2,95,28,057 
confirmed COVID-19 cases were reported while 9,34,230 were succumbed to 
death affecting 213 countries around the world (www.worldometer.info, 2020). 
However, actual number of infected people might be higher than the reported 
since, many in the population shows no symptoms. Radiating spread of this 
disease throughout the world is due mainly to the increased global travel of the 
people. 

In the absence of a known cure or a treatment, the best way is to find 
alternative solutions to control this pandemic while gradually getting into the 
normal life until an effective anti-viral therapy and/or preventive vaccine has 
successfully been developed. Nevertheless, it is essential to keep in mind that the 
viruses mutate, hampering and overcoming the drug effect, which is also the case 
of SARS-CoV-2, the novel coronavirus. It is reported that, SARS-CoV has very 
high mutation rate (Ahmad et al., 2020). Especially for the RNA viruses, the 
antigenic structure is altered frequently and hence, developing a successful vaccine 
is a difficult task. Even though a vaccine is successfully developed, it could be 
less or ineffective when there is a change to the antigenic structure in the existing 
virus (Mousa, 2017). 

Therefore, taking measures to control and prevent the risk of infection is 
important in managing the current problem of COVID-19. Among the several 
possible alternatives, taking healthy foods rich in functional ingredients to strengthen 
the immune system is one of the promising practices that could be recommended 
because a healthy immune system is vital to protect our body from the invading 
pathogens including viruses. Some plants especially the medicinal plants contain 
immunomodulatory phytochemicals which can be incorporated to develop functional 
foods. Some of the phytochemicals have exhibited broad spectrum antiviral activity 
for the viruses that shows resistance for the drugs. Those are due to the 
multifunctional components possess by these plants (Tolo et al., 2006). In this 
context the foods fortified with medicinal plants/their extracts/powders/essential 
oils which are having promising immunomodulatory and antiviral effects are of 

http://www.worldometer.info
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significant importance to fight against COVID-19. Chojnacka et al. (2020) reported 
that use of plant derived compounds and plant preparations in functional food 
development is relatively fast because the raw materials i.e. herbs and plants are 
of natural origin and are already approved for human consumption worldwide. 

With the above introduction, the objective of this paper is to compile the 
information on different medicinal plants with promising immunomodulatory and 
antiviral properties in general and on COVID-19 in particular, that are having 
potential applications in functional food developments with favourable consumer 
appeal. 

SARS-CoV-2 and COVID-19 
SARS-CoV-2 the virus responsible for the COVID-19 disease is a RNA virus of 
the family coronaviridae (sub family Coronavirinae) and its lineage is similar 
to the coronaviruses that causes SARS but genetically distinct (Dhama et al., 
2020). It has a spike like projections on its enveloped surface giving it a crown 
like appearance and hence the name coronavirus (Kumar et al., 2020; Singhal, 
2020). Zhou et al. (2020) reported that the virus binds via viral structural spike 
(S) protein with angiotensin-converting enzyme 2 (ACE 2) receptor and invade 
the host cell primarily through endocytosis. SARS-CoV-2 virus transmitted from 
person to person by multiple means such as aerosols, droplets and fomites (Wang 
and Du, 2020) by contacting with the eyes, nose and the mouth. Symptoms of 
COVID-19 include fever, cough, myalgia or fatigue and less frequently headache, 
hemoptysis and diarrhea (Huang et al., 2020). In a study carried out in UK, 
Menni et al. (2020) reported that loss of taste and smell is also a strong predictor 
of having been infected with COVID-19. However, the clinical features have a 
wide range from being no signs or asymptomatic to severe respiratory disorders 
that need intensive care under hospitalization. Tian (2020) reported that SARS­
CoV-2 has shown less severe pathogenesis compared to the SARS-CoV and 
MERS-CoV, but high transmission competence as evidence by the continuous 
increase in the confirmed cases worldwide. Further, SARS-CoV-2 has unique 
characteristics. One such character is around 80% of the affected people shows 
no symptoms (Day, 2020) and they act as silent carriers and spread the disease. 
Also there is no guarantee that the patients recovered from the disease are 
protected from the next time infection (WHO, 2020). Those are the reasons for 
the high transmission competence of this virus. To date no effective vaccine or 
antiviral drug is available to treat COVID-19. 
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Healthy Immune System to Fight Against Diseases 
Immune system is a complicated defense system and act to protect the host 
against invading harmful microorganisms such as bacteria, viruses, fungi, parasites 
etc. and malignant cells (Calder and Kew, 2002; Venkatalakshmi et al., 2016). 
Therefore, a healthy immune system is an important weapon to fight against 
pathogens including viruses such as SARS-CoV-2 that causes the COVID-19. 
However, it is well documented that the immune-competence of a person is 
affected by many factors such as age (Castelo-Branco and Soveral, 2014; 
Scepanovic et al., 2018), sex (Oertelt-Prigione, 2012), genetic variability 
(Scepanovic et al., 2018), stress (Pruett, 2003), alcohol/drug abuse (Friedman et 
al., 2003), malnutrition (França et al., 2009), environmental pollution 
(Venkatalakshmi et al., 2016), lifestyle (Venkatalakshmi et al., 2016) etc. With 
respect to the COVID-19 pandemic, Wu et al. (2020) reported that the older age 
patients had both Acute Respiratory Distress Syndrome (ARDS) and death than 
the others and one of the main reasons is less rigorous immune system that they 
possess. Therefore, enhancing immunity is definitely one of the ways medical 
practitioners all over the world have been using to treat this deadly disease 
(Balkrishna, 2020). Getting a healthy diet is one of the ways among many others 
such as having adequate quality sleep, stress management, doing regular physical 
activity and relaxation practices etc. which help to keep the immune system 
strong. Panyod et al. (2020) mentioned that since treating influenza with large 
amounts of vitamin C, which is known to boost immunity, has been practiced for 
decades; it might be an effective nutritional treatment for COVID-19 as well. It 
has already been reported that, high doses of vitamin C have been administered 
to the COVID-19 patients in China and some other places in the world and has 
shown promising results (Balkrishna, 2020). 

Medicinal Plants as a Mine of Phytochemicals 
Plants are considered as biosynthetic laboratory of phytochemicals (Venkatalakshmi 
et al., 2016) such as alkaloids, flavonoids, glycosides, steroids, polyphenols, 
polysaccharides, vitamins, tannins, coumarins, gums, terpenes, terpenoides etc. 
(Okwu, 2004; Mittal et al., 2014; Venkatalakshmi et al., 2016). Phytochemicals 
are secondary metabolites that do not essentially needed for the survival of the 
plant but produced as a response to external stimuli such as infection, changes in 
the nutrition, climate etc. and accumulated only in certain parts of the plant 
(Verpoorte et al., 1999). They serve as the natural defense system for the host 
plant (Venkatalakshmi et al., 2016). Medicinal plants which are rich in 
phytochemicals have been used from prehistoric times as natural medicines for 
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prophylactic and therapeutic purposes as a safer alternative (Lin et al., 2014; 
Mittal et al., 2014; Ahmad et al., 2020). Medicinal plants contain properties or 
compounds which can be used for therapeutic purposes or those that synthesize 
metabolites to produce useful drugs. Immune-modulatory and antimicrobial (including 
antiviral, antibacterial, antifungal, antiprotozoal, anthelmintic) activity are few of 
the potentials among many others such as anti-oxidant, anti-diabetic, memory 
enhancing, cholesterol lowering, anticancer, anti diarrheal, anti inflammatory, anti 
hypertensive, anti allergic, anti asthmatic, anti arthritic, adaptogenic, anti stress 
etc. possess by phytochemicals present in these plants (Goel et al., 2010; Pavaraj 
et al., 2011; Hemalatha et al., 2011; Venkatalakshmi et al., 2016; Vinaya et al., 
2017). 

Utilization of Medicinal Plants for the Fortification of 
Functional Foods 
Haslberger et al. (2020) in their mini review, referring to WHO expert report on 
clinical studies on combination treatments for SARS which has immerged earlier, 
mentioned that functional foods possess a huge possibility for avoiding the 
mechanisms of viral infection and altering immune responses. The functional food 
concept was initially introduced by Japanese scientists in 1984, and in Japan, those 
foods have been marketed as “Foods for Specified Health Use” (FOSHU). 
Roberfroid (2000) defined functional foods as the foods which are used to enhance 
certain physiological functions of the body in order to prevent or even to cure 
diseases. According to Hasler and Brown (2009), functional foods are defined as 
whole, fortified, enriched or enhanced foods that provide health benefits beyond 
the provision of essential nutrients, when consumed at efficacious levels as part 
of a varied diet on a regular basis. López-Varela et al. (2011) mentioned that even 
though natural foods have been considered as functional foods, only the foods 
which have undergone a methodology is preferred as functional foods. Therefore, 
the definition of functional food is a debatable issue. However, all the functional 
foods ultimately provide health benefits further to the basic nutrition that they 
provide. Even though functional foods are healthy, taste and pleasure are also 
important for them to be successful in the market, since the majority of the 
consumers’ leading food choice motive was identified as the taste (Narayana et 
al., 2020; Zezelj et al., 2012). Further, it is highlighted that functional foods are 
foods and not drugs and required to be consumed in normal amounts with the 
normal diet. 

Functional foods developed by incorporating phytochemicals rich medicinal 
plants, plant parts and extracts play a significant role in the market and are having 
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a huge demand and a potential in this era of COVID-19 than ever before. 
Addition of herbs and spices which are having medicinal and other functional 
value to foods are also not new and it has been practiced from ancient times. 
Nevertheless, novel products, for an example, novel dairy products fortified with 
such medicinal plants could be developed and they give more value for the money 
spends by health conscious consumers while helping to protect their lives. A 
variety of medicinal plants with immunomodulatory and potential antiviral activity 
have been identified by the scientific community (Agarwal et al., 1999; Cinatl et 
al., 2003; Goel et al., 2010; Balasubramani et al., 2011; Hemalatha et al., 2011; 
Mondal et al., 2011; Pavaraj et al., 2011; Jayati et al., 2013; Balkrishna, 2020;) 
which are having potential applications in the functional food industry. They could 
be recommended to reduce the risk of SARS CoV-2 infection by strengthening 
the immune system of an individual and complement the therapeutic measures 
taken against the disease. 

Medicinal Plants of Significance for Functional Food 
Development to Combat COVID-19 

Ashwagandha (Withania somnifera L.) 
Ashwagandha (Withania somnifera) has been utilized in traditional medicine for 
more than 3000 years and the bioactive compounds derived from this valuable 
plant are used in prevention and treatment of various diseases (Gill et al., 2019; 
Balkrishna, 2020). It has been stated that W. somnifera possess many beneficial 
health properties such as antioxidant (Chaurasia et al., 2000), antimicrobial including 
antiviral (Pant et al., 2012), immunomodulatory (El-Boshy et al., 2013), anti-
inflammatory (Chandra et al., 2012), anticancer (Wadhwa et al., 2013), 
adaptogenic, cardio protective (Dhuley, 2000) etc. Reported health benefits are 
due to the existence of many phytochemical compounds such as steroidal lactones 
(withanolides, withaferins), steroidal alkaloids, saponins, flavonoids, phenols, 
carbohydrates, glycosides, phytosterols, terpenoides etc. present in this valuable 
medicinal herb (Tiwari et al., 2014; Swaminathan and Santhi, 2019). Tiwari et al. 
(2014) reported that steroidal lactones and steroidal alkaloids present in this herb 
are mainly responsible for the health benefits that it possess. 

Pant et al. (2012) studied the antiviral activity of W. somnifera root extract 
against Infectious Bursal Disease (IBD) virus replication. They have used cytopathic 
effect reduction assay for the study and showed that W. somnifera has a promising 
effect against IBD virus. El-Boshy et al. (2013) carried out a study to find the 
effect of W. somnifera extract on immunological, hematological and biochemical 
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parameters in guinea pigs against E. coli attack. They have shown that W. 
somnifera has the ability to correct immunological, hematological and biochemical 
alterations caused as response of infection. Molecular docking simulations predicted 
the therapeutic significance of withanone, one of the active withanolides of W. 
somnifera, which is capable of binding to the substrate binding pockets of SARS-
CoV-2-Mpro, a highly conserved protein of SARS-CoV-2 (Kumar et al., 2020). 
Further, Balkrishna (2020) also showed that withanone docked well in the binding 
interface of ACE2-RBD (of SARS-CoV-2) complex and on simulation move 
slightly towards the center of the interface. Author proposed that such an interaction 
would block or weaken the COVID-19 entry as well as the infectivity. 

The possibilities of using W. somnifera in functional food applications have 
been reported. Anita et al. (2017) successfully optimized a cookie formulation 
with W. somnifera leaf powder using response surface methodology. Indu and 
Awasthi (2008) developed cereal-legume based biscuit fortified with W. somnifera 
root powder and concluded that up to 5% powder can be fortified without affecting 
organoleptic quality of the biscuit which have high mineral content. Gill et al. 
(2019) reported that a dose of 3-6 mg of leaves and/or roots of W. somnifera is 
recommended to be incorporated in functional food formulations in powder form 
or as it is. Dairy products also have been developed by incorporating W. somnifera 
(Viswaroopan et al., 2015; Singh et al., 2018). Still, great opportunities are available 
to develop innovative functional food products to get the advantage of this valuable 
herb in disease prevention in this era of COVID-19. 

Tulsi/holy basil (Ocimum sanctum L.) 
Tulsi (Ocimum sanctum L.) which is known in Ayurveda as “the queen of herbs” 
(Singh et al., 2010) has a wide array of health benefits (Cohen, 2014). Antimicrobial 
(including antiviral) (Jayati et al., 2013), antioxidant (Yadav and Shukla, 2014), 
anti-asthmatic (Vinaya et al., 2017), anti-carcinogenic (Karthikeyan et al., 1999), 
immunomodulatory (Goel et al., 2010; Pavaraj et al., 2011; Hemalatha et al., 
2011; Mondal et al., 2011) are few of the scientifically proven health benefits 
among many others ofO. sanctum. These benefits are attributable to the high 
amount of phenolic compounds and antioxidant properties present in the plant 
(Wangcharoen and Morasuk, 2007). Borah and Biswas (2018) reported that O. 
sanctum contains various phytochemicals including carbohydrate, tannin, flavonoids, 
saponins, glycosides, terpenoids, fatty acids and phenols in their leaf extract. In 
Ayurveda, O. sanctum is widely used to treat many health ailments such as 
infections, skin diseases, cold, cough, malaria fever, hepatic disorders etc. 
(Hemalatha et al., 2011). Daily consumption of this herb is known to prevent 
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diseases and to improve the general health. Further, broad spectrum of antimicrobial 
activity of O. sanctum is important for many applications including food preservation 
(Cohen, 2014). 

Pavaraj et al. (2011) used different concentrations of O. sanctum extract on 
common carp (Cyprinus carpio L.) fingerlings to study the immunity development 
against heat damaged bacterial pathogen Aeromonas hydrophila as an antigen 
and found that both specific as well as non-specific immunity was enhanced at 
10 ppm level of the extract. Further, the authors mentioned that low concentration 
of plant extract is sufficient to exhibit an immunostimulant effect and hence its 
use is cost effective. Goel et al. (2010) carried out a study to find out the effect 
of aqueous extract of O. sanctum leaves on interleukin-2 (IL-2) cytokine production 
in vitro and in vivo and on routine blood parameters and T& B lymphocytes in 
peripheral blood. They have shown that aqueous O. sanctum leaves extract have 
a stimulatory effect on T & B lymphocytes particularly on Th1 subset of 
lymphocytes as indicated by enhancement in IL-2 production confirming its use 
as a potent immunomodulator. Hemalatha et al. (2011) in their study to find out 
the immunomodulatory activity and Th1/Th2 cytokine response of O. sanctum 
using albino mice concluded that O. sanctum is a potential immunomodulator 
since it possess the ability to alter the NF-κB activity. Significant immunomodulatory 
role was reported by Mondal et al. (2011) who studied the effect of ethanolic 
extract of O. sanctum on healthy volunteer adults using double-blind randomized 
cross-over trial. 

Jayati et al. (2013) studied the in vitro anti-viral effect of O. sanctum leaf 
extract against the virus causing new castle disease (NCD) in poultry using 
chicken embryo fibroblast monolayer culture. They have reported that the leaf 
extract of O. sanctum showed a potent antiviral activity against the NCD due to 
the absence of cytopathic effects in monolayer and lower the haemagglutination 
assay (HA) titer. RNA dependent RNA polymerase (RDRP) without which 
viruses cannot survive was targeted using O. sanctum phytochemicals by 
Balkrishna (2020) in his in-silico study. Author reported that few phytochemical 
compounds present in O. sanctum hit the catalytic cleft of the RDRP and 
scutellarein is one of them. Accordingly, author suggested that phytochemicals in 
O. sanctum could inhibit the coronavirus replication and control its growth and 
spread. 

O. sanctum is used traditionally in many formssuchas herbal tea, dried powder, 
fresh leaf, or mixed with Honey and Ghee (Amarah et al., 2017). Further it has 
shown promising applications in other functional foods as well. Juntachote et al. 
(2006) studied the antioxidant potential of O. sanctum on cooked ground pork and 
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showed that dried powder can be used as a possible natural antioxidant in food 
preservation. Alam et al. (2013) developed fibre enriched herbal biscuits using O. 
sanctum leaves and concluded that organoleptically acceptable functional biscuit 
can be manufactured by incorporating leaves up to a level of 1%. O. sanctum 
fortified cookies and biscuits are already available in the market as well. Even 
though there is a controversy of using O. sanctum with milk, milk based functional 
foods such as ice cream (Kumar et al., 2013), ice lolly (Misra, 2016), yoghurt, 
milk drink etc. have been successfully developed using it and also commercially 
available. Enormous opportunity is ahead to develop different functional foods 
using this herb to satisfy the diversified consumer preferences especially to boost 
the immunity and to prevent from viral infections. 

Giloy (Tinospora cordifolia Miers.) 
T. cordifolia has been utilized in Ayurveda and traditional medicine since ancient 
times. The plant has variety of bioactive phytochemical compounds such as 
alkaloids, glycosides aliphatic compounds, diterpenoid lactones, steroids, 
polysaccharides, polyphenols etc. in various parts of the plant (Mittal et al., 2014; 
Khan et al., 2020). T. cordifolia is well recognized for its immunomodulatory 
effects. Among the bioactive phytochemicals, the compounds such as 11­
hydroxymuskatone, N-methyle-2-pyrrolidone, N-formylannonain, cordifolioside A, 
magnoflorine, tinocordioside and syringing showed promising results as having 
immunomodulatory effects (Sharma et al., 2012; Mittal et al., 2014). 

Immunomodulatory potential of T. cordifolia against IBD virus was investigated 
in chicken by Sachan et al. (2019). They showed that T. cordifolia significantly 
(p<0.05) increased the interferon gamma (IFN-γ), IL-2, IL-4, and IL-1 levels in 
the peripheral blood mononuclear cells of chicken following infection, which shows 
the potential of T. cordifolia to act as an immunomodulatory and antiviral agent 
due to the phytochemicals present. 

Balkrishna (2020) mentioned that out of the phytochemicals reported in T. 
cordifolia, tinocordiside docked well within the ACE-RBD (of the SARS-CoV­
2) complex in their in-silico study. Further, the author reported that in the simulated 
state, tinocordiside showed satisfactory binding poses within the interface of 
ACE2-RBD with several interacting sites. Hence the author claimed that T. 
cordifolia is a potent medicinal plant to be used for drug discovery against 
COVID-19 caused by SARS-CoV-2. In another in-silico study, Chowdhury (2020) 
reported that among the phytochemicals considered in T. cordifolia, berberine 
could regulate the function of viral 3CLpro or Mpro protein which is a key CoV 
enzyme, thus have the possibility to control viral replication. 
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Bioactive polyphenol profiling and in vitro antioxidant activity of T. cordifolia 
was studied by Khan et al. (2020) and they mentioned that this medicinal plant 
has an excellent potential to be used in functional food formulations. 

Licorice (Glycyrriza glabra L.) 
Licorice (Glycyrriza glabra) is an extensively used medicinal plant in Ayurveda 
and traditional medicine from the time immemorial. It is known as ‘the father of 
the herbal medicines’ (Foster et al., 2017). G. glabra is utilized in traditional 
medicine to treat a range of health complaints such as respiratory tract problems, 
digestive system related disorders, epilepsy, paralysis, rheumatism, cancer, malaria 
etc. (Batiha et al., 2020) and it has vast array of biological effects such as anti-
inflammatory, anti-allergic, anti-viral, antioxidant etc. (Sawant et al., 2016). Wang 
et al. (2015) reported that G. glabra contains more than 20 triterpenoides and 
nearly 300 flavounoides. It contains glycyrrhizin and many other phytochemicals 
such as flavonoids, saponins, glycosides, tannins, steroids etc. (Sawant et al., 
2016). 

Immunomodulatory activity of aqueous methanolic extract of G. glabra was 
studied by Hussain et al. (2017) against Eimeria species infection in broiler 
chickens. They have reported that the treated group showed significantly (P<0.05) 
higher dose dependent cell mediated and humoral response as compared to negative 
control. In the review on antiviral and antimicrobial activity of G. glabra, Wang 
et al. (2015) reported that among the phytochemicals identified glycyrrhizin and 
glycyrrhetinic acid have been reported to have potent antiviral effect. Reported 
phytochemicals interfere with the viral activity by many ways such as inhibition 
of viral gene expression and replication, reduction of adhesion force etc. 

Behrad et al. (2009) studied the effect of G. glabra incorporated yoghurt on 
probiotic fermentation and Helicobacter pylori growth in-vitro. They have found 
that the addition of G. glabra did not change the yoghurt fermentation but inhibit 
the H. pylori showing its antimicrobial ability and possibility of utilizing in fermented 
functional food preparations. G. glabra is used in both pharmaceutical and health 
food sector to flavor the food and beverages and also used in tobacco industry 
to flavor tobacco products (Sawant et al., 2016). Ishimi et al. (2019) reported that 
G. glabra is a highly used raw material in health foods in Japanese market. 

The safety and effectiveness of G. glabra in health foods available in Japanese 
market was evaluated by Ishimi et al. (2019). They have detected glabridine and 
small amount of glycyrrhizin in those products and have mentioned that even 
though there is a claim that licorice has a beneficial effect on bone health in post­
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menopausal women, overdose of the functional foods containing licorice should be 
avoided by young women because of the estrogenic activity that was identified 
in some of the related compounds and products. Further, Deutch et al. (2019) 
reported that too much consumption of G. glabra will increase the blood pressure 
and can cause life threatening complications especially in the patients suffering 
from cardiovascular diseases. Therefore, even though G. glabra has many health 
benefits, overconsumption should be avoided. 

Shatavari (Asparagus racemosus Willd.) 
Shatavari (Asparagus racemosus) is a popular vine widely used for its medicinal 
value. Both leaves and roots are utilized in Ayurveda and other food preparations. 
Leaves are frequently used in Sri Lanka to make porridge and it is having a 
pleasant characteristic flavor. Therefore, A. racemosus has a huge potential to be 
used in functional food applications with acceptable consumer appeal.Shevale et 
al. (2015) reported that A. racemosus contains many phytochemicals such as 
alkaloids, glycosides, phenolic compounds, tannins, saponins, steroids, flavonoids 
and carbohydrates. Thakur et al. (2012) reported that among many phytochemicals 
present in A. racemosus, fructooligosaccharides and other polysaccharides are 
responsible for the immunomodulatory properties that the plant possesses. Gautam 
et al. (2009) studied the effect of standardized A. racemosus root aqueous 
extract on systemic Th1/Th2 immunity of sheep blood cells sensitized mice. They 
suggested that A. racemosus root aqueous extract has cytoprotective, 
immunorestorative activities with mixed Th1/Th2 response and proposed to be 
used as vaccine or immunoadjuvant. In a study conducted by Veena et al. (2014) 
highlighted the immunomodulatory potential of A. racemosus root extract fortified 
milk due to the increased phagocytic activity of macrophages in vitro. 

With the view of utilizing in functional dairy product development, Veena et 
al. (2015) studied how A. racemosus root extract interacts with milk proteins and 
influences the physichochemical and functional properties of milk. They have 
mentioned that the addition of A. racemosus root extract interacted with milk 
proteins and had an influence on the colour, viscosity, heat stability and rennet 
coagulation time of fortified milk. The information generated by them is useful in 
developing A. racemosus fortified functional dairy products. Singh et al. (2014) 
optimized functional bread preparation with A. racemosus root powder using 
response surface methodology. They have reported that all the phytochemicals 
present in the original herb powder except flavounoides were found in the optimized 
bread which has a favourable consumer acceptance. Rani et al. (2020) developed 
functional biscuit fortified with A. racemosus root powder and they have concluded 
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that up to 10% powder can be successfully used without compromising the taste 
of the biscuits with increased shelf life. In Ayurveda A. racemosus has been 
described as a safe herb for long term use and it is recommended to be used even 
under pregnancy and lactation (Alok et al., 2013). 

Garlic (Allium sativum L.) 
Garlic (Allium sativum L.) has been used as a valuable medicinal plant for 
centuries in traditional medicine and in culinary preparations. It has a high reputation 
in many traditions as a prophylactic and as well as a therapeutic agent (Bayan 
et al., 2014). A. sativum contains organosulfur compounds along with saponins, 
phenolic compounds and polysaccharides with remarkable biological and 
pharmacological properties (Tapiero et al., 2004; Arreola et al., 2015; Shang et 
al., 2019). A. sativum possesses a wide array of health benefits such as anti­
cancer (Li et al., 2018), antibacterial (Strika et al., 2016), antiviral (Mehrbod et 
al., 2009), anti-diabetic (Eidi et al., 2006), anti-hypertensive (Ashraf et al., 2013), 
cardioprotective (Abdel-Baky and Abdel-Rahman, 2020), hepatoprotective (Ilyas 
et al., 2011), hypolipidemic (Murthy et al., 2014), antioxidant (Awan et al., 2018) 
as well as immunomodulatory (Keiss et al., 2003) Goêbiowska-Wawrzyniak et 
al., 2004) due primarily to the presence of organosulfur compounds. 

Keiss et al. (2003) studied the effect of A. sativum powder extract on 
cytokine expression in lipopolysaccharide activated human blood samples. They 
have shown that A. sativum can promote the anti-inflammatory environment by 
cytokine modulation in human blood that leads to an overall inhibition of NF-κB 
activity in surrounding tissues. Goêbiowska-Wawrzyniak et al. (2004) in a pilot 
investigation treated the children suffering from recurrent respiratory tract infections 
and mild cellular immunodeficiency with dry A. sativum tablets and shown that 
there was a significant improvement in T-lymphocyte function as well as the 
clinical conditions. Further, Donma and Donma (2020) reviewed the capability of 
the A. sativum to maintain the immunohomeostasis in an individual through different 
ways.Rouf et al. (2020) reported that garlic has antiviral activity not only against 
human and animal but also against plant viral infections. Mehrbod et al. (2009) 
investigated the antiviral activity of A. sativum extract against the influenza virus 
using Madin-Darbey Canine Kidney cell culture and showed the successful 
inhibitory effect of A. sativum extract on the virus penetration and proliferation. 

While A. sativum is used in many culinary preparations and considered itself 
as a functional food and also since the phytochemical substances in it have been 
proposed as promising candidates for immune homeostasis and as an antiviral 
agent, it could be used as a effective ingredient in functional food development 
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with high consumer appeal to be used in this era of COVID-19. In the current 
market, garlic fortified functional foods like bakery products such as bread, biscuits, 
and herbal teas, pickle, sauce etc. are already available and new ways and means 
in utilization of this valuable medicinal plant should be explored. 

Aloe vera 
Aloe vera has been utilized in traditional medicine for around 3000 years (Dagne 
et al., 2000). Luta and McAnalley (2005) reported that on dry matter basis A. 
vera gel consists of polysaccharides (55%), sugars (17%), minerals (16%), proteins 
(7%), lipids (4%) and phenolic compounds (1%). According to Kahramanoglu et 
al. (2019), A. vera contains nearly 110 potentially active constituents which 
belong to 6 different classes. Among them, chromone and anthraquinone and their 
glycoside derivatives are of significant importance. Immunomodulatory and antiviral 
potential of A. vera was examined and proven by previous studies (Keivan et al., 
2007; Halder et al., 2012). A. vera gel as well as the powder prepared from the 
gel is already extensively utilized in various health foods worldwide. Ahlawat and 
Khatkar (2011) reported that A. vera products are amongst the popular products 
in the functional foods and supplements market in USA. Even though A. vera gel 
is safe to use, aloin from the yellow exudates is reported to cause DNA damage 
and cancer (Lachenmeier et al. 2005) and therefore, A. vera products should be 
manufactured with utmost care. Apart from used in functional food applications, 
A. vera gel is used in the food applications as an edible coating to preserve fresh 
produce (Kahramanoglu et al., 2019). Postharvest quality of the fresh produce 
will be protected by application of A. vera due to the inhibition/reduction of 
respiration and transpiration by these fresh produce. 

Other Medicinal Plants Having Proven Immonomodulatory 
and Antiviral Activity with Potential Applications in 
Functional Foods 
Apart from the medicinal plants mentioned above there is a possibility of many 
others with proven antiviral and immunomodulatory properties such as Zingiber 
officinale (ginger), Curcuma longa (turmeric), Salvia rosmarinus (rosemary), 
Nigella sativa (black cumin), Cinnamomum verum (cinnamon), Salvia officinalis 
(sage), Thymus vulgaris (thyme), Houttuynia cordata,Trigonella foenum­
graecum (fenugreek), Mentha piperita (peppermint) etc. to be utilized in functional 
food applications. Some of them have already been utilized and some, experimented 
to be fortified in functional foods development. The health benefit of Zingiber 
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officinale was documented around 2000 years ago (Caroviæ-Stanko et al., 2016) 
and used in many food applications. Some others mentioned above are normally 
used in culinary preparations as spices. It has been documented that H. cordata 
which is widely used in some countries as a leafy vegetable and N. sativa which 
is widely used as a spice possess anti-SARS activity. Lau et al. (2008) studied 
the effect of aqueous extract of H. cordata on immunomodulatory and anti-
SARS activity in mouse model. They reported that H. cordata act against SARS 
in 2 different ways, i.e. by activating cell mediated immunity to prevent viral 
infection and if infected, by slowing down the viral replication. They also 
documented that H. cordata water extractis not toxic to laboratory animals after 
the oral administration of 16 g/kg. Since H. cordata has a fishy smell, there is 
a possibility to use extracts/powders of this plant with fish and meat based 
functional foods. Sommer et al. (2020) reported that due to the existence of 
thymoquinone, one of the main phytochemical compounds, N. sativa is an effective 
herb which can be utilized to treat SARS-CoV-2. Thymoquinone might be potent 
against SARS-CoV-2 by inhibiting viral proliferation, by killing the virus, by killing 
bacteria associated with pneumonia and by improving the immunity (Sommer et 
al., 2020). N. sativa and its essential oil have many functional food applications 
already (Ramadan, 2007). Since the above mentioned medicinal plants have proven 
antiviral and immunomodulatory activities, novel functional food products with 
higher consumer acceptability could be developed for the functional food market 
to be used by the health conscious consumers worldwide especially in this crisis 
situation of COVID-19 to improve their overall health and to protect from being 
infected. 

CONCLUSION 
Medicinal plants have been used since ancient times in traditional medicine as 
prophylactic and therapeutic agents for various health ailments. Bioactive 
phytochemicals derived from those plants have several different scientifically 
proven health benefits including immunomodulatory and antiviral properties. Optimal 
cultivation, harvesting, preservation and storage conditions are required to preserve 
the medicinal value of these medicinal plants. It is also crucial to guarantee the 
correct plant is used. Rigorous quality assurance measures are needed to be 
applied to the products not only in the functional food sector but also in any 
application to guarantee the product quality, safety and efficacy and thereby to 
ensure consumer health. Quality and quantity of bioactive phytochemicals present 
in the final functional food should be assured. For this, product claims are needed 
to be tested. The claims should be verified and certified by regulatory authorities 
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before delivered to the market. Phytochemicals in the medicinal plants when 
fortified can interact with the food matrix. Therefore, thousands of years of usage 
cannot be taken as evidence for safety and efficacy of medicinal plants when 
incorporated with foods. Hence, more evidence is required through controlled 
clinical trials to support the safety and efficacy of the functional foods fortified 
with medicinal plants. Studies should also be carried out using specific food 
substrates under storage and food processing conditions. Functional foods with 
better consumer appeal developed accordingly, could be utilized as an effective 
means for the prevention of diseases. They could enhance the immunohomeostasis 
and protect the body against COVID-19. Functional foods can be recommended 
to enhance the immunity of the group of people who are unexposed as well as 
exposed to COVID-19. 

REFERENCES 
Abdel-Baky ES, Abdel-Rahman ON (2020) Cardioprotective effects of the garlic 

(Allium sativum) in sodium fluoride-treated rats. The Journal of Basic and 
Applied Zoology 81:1-7. https://doi.org/10.1186/s41936-020-0140-0. 

Agarwal R, Diwanay S, Patki P, Patwardhan B (1999) Studies on 
immunomodulatory activity of Withania somnifera (Ashwa gandha) extracts 
in experimental immune inflammation. J Ethnopharmacol 67: 27–35. 

Ahlawat KS, Khatkar BS (2011) Processing, food applications and safety of Aloe 
vera products: a review. J Food Sci Technol 48(5): 525–533. 

Ahmad A, Rehman MU, Alkharfy KM (2020) An alternative approach to minimize 
the risk of coronavirus (Covid-19) and similar infections. Eur Rev Med 
Pharmacol Sci 24: 4030-4034. 

Alam MJ, Huq AKO, Prodhan UK, Talukder MU (2013) Development of Fiber 
Enriched Herbal Biscuits by Incorporating Tulsi Leaves on Wheat Flour: A 
Preliminary Study on Sensory Evaluation and Chemical Composition. Res Rev 
J Herb Sci 2(2): 1-5. 

Alok S, Jain SK, Verma A, Kumar M, Mahor A, Sabharwal M (2013) Plant 
profile, phytochemistry and pharmacology of Asparagus racemosus (Shatavari): 
A review. Asian Pac J Trop Dis 3(3): 242-251. 

Amarah U, Chatra L, Shenai P, Veena KM, Prabhu RV, Kumar V (2017) Miracle 
Plant- Tulsi. World J Pharm Pharm Sci 6(1): 1567-1581. 

Anita S, MonishaD, Sundararajan P, Narasimman S, Bharath G (2017) Formulation 
of Withania somnifera based herbal cookies using response surface 
methodology. Int Res J Pharm 8(6) DOI: 10.7897/2230-8407.086105. 

https://www.doi.org/10.1186/s41936-020-0140-0


 

 

16 Immunity Boosting Functional Foods to Combat COVID-19 

Arreola R, Quintero-Fabián S, López-Roa RI, Flores-Gutiérrez EO, Reyes-Grajeda 
JP, Carrera-Quintanar L, Ortuño-Sahagún D (2015) Immunomodulation and 
Anti-Inflammatory Effects of Garlic Compounds. J Immunol Reshttp:// 
dx.doi.org/10.1155/2015/401630. 

Ashraf R, Khan RA, Ashraf I, Qureshi AA (2013) Effects of Allium sativum 
(Garlic) on systolic and diastolic blood pressure in patients with essential 
hypertension. Pak J Pharm Sci 26(5): 859-863. 

Awan KA, Butt MS, Ul Haq I, Suleria HAR (2018) Investigating the Antioxidant 
Potential of Garlic (Allium sativum) Extracts through Different Extraction 
Modes. Curr Bioact Compd 14. DOI: 10.2174/1573407213666171024121712. 

Balasubramani SP, Venkatasubramanian P, Kukkupuni SK, Patwardhan B (2011) 
Plant-based Rasayana drugs from Ayurveda. Chin J Integr Med 17: 88–94. 

Balkrishna A (2020) Indian Traditional Ayurvedic Treatment Regime for Novel 
Coronavirus, COVID-19. Patanjali Research Institute. Patanjali Yogpeeth Trust 
Haridwar, Uttarakhand, India.https://www.patanjaliresearchinstitute.com/pdf/ 
covid-19/Patanjali_Proposal_to_Battle_COVID-19 1.pdf. 

Batiha GE, Beshbishy AM, El-Mleeh A, Abdel-Daim MM, Devkota HP (2020) 
Traditional Uses, Bioactive Chemical Constituents, and Pharmacological and 
Toxicological Activities of Glycyrrhiza glabra L. (Fabaceae). Biomolecules 
10 doi:10.3390/biom10030352. 

Bayan L, Koulivand PH, Gorji A (2014) Garlic: a review of potential therapeutic 
effects. Avicenna J Phytomed 4(1): 1-14. 

Behrad S, Yusof MY, Goh KL, Baba AS (2009) Manipulation of Probiotics 
Fermentation of Yogurt by Cinnamon and Licorice: Effects on Yogurt Formation 
and Inhibition of Helicobacter Pylori Growth in vitro.World Acad Sci Eng 
Technol 60:590-594. 

Borah R, Biswas SP (2018) Tulsi (Ocimum sanctum), excellent source of 
phytochemicals. Int J Environ Agric Biotech 3(5): 1732-1738. 

Calder PC, Kew S (2002) The immune system: a target for functional foods. Br 
J Nutr 88: S165-176. 

Caroviæ-Stanko K, Petek M, Grdiša M, Pintar J, Bedekoviæ D, Æustiæ MH, 
Satovic Z (2016) Medicinal Plants of the Family Lamiaceae as Functional 
Foods – a Review Czech J Food Sci 34(5): 377–390 

Castelo-Branco C, Soveral I (2014) The immune system and ageing: a review. 
Gynecol Endocrinol 30(1): 16-22. 

Chandra S, Chatterjee P, Dey P, Bhattacharya S (2012) Evaluation of Anti-
inflammatory Effect of Ashwagandha: A Preliminary Study in vitro. Phcog 
J 4(29): 47-49. 

Reshttp://www.dx.doi.org/10.1155/2015/401630
Reshttp://www.dx.doi.org/10.1155/2015/401630
https://www.patanjaliresearchinstitute.com
https://www.patanjaliresearchinstitute.com


 

Potential Applications of Immune Boosting Medicinal Plants in Functional Foods to ..... 17 

Chaurasia SS, Panda S, Kar A (2000) Withania somnifera root extract in the 
regulation of led induced oxidative damage in the male mouse. Pharmacol 
Res 41: 663-666. 

Chojnacka K, Witek-Krowiak A, Skrzypczak D, Mikula K, M³ynarz P (2020) 
Phytochemicals containing biologically active polyphenols as an effective agent 
against Covid-19-inducing coronavirus. J Funct Foods 73. https://doi.org/ 
10.1016 /j.jff.2020.104146. 

Chowdhury P (2020) In silico investigation of phytoconstituents from Indian medicinal 
herb Tinospora cordifolia (giloy) against SARS-CoV-2 (COVID-19) by 
molecular dynamics approach. J Biomol Struct DynDOI: 10.1080/ 
07391102.2020.1803968. 

Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H, Doerr HW (2003) 
Glycyrrhizin, an active component of liquorice roots, and replication of SARS-
associated coronavirus. Lancet 361: 2045–2046 

Cohen MM (2014) Tulsi-Ocimum sanctum: A herb for all reasons. J Ayurveda 
Integr Med 5 (4): 251-259. 

Dagne E, Bisrat D, Viljoen A, Van Wyk BE (2000) Chemistry of Aloe Species. 
Curr Org Chem 4: 1055–1078. 

Day M (2020) Covid-19: four fifths of cases are asymptomatic, China figures 
indicate. BMJ 2020; 369:m1375 doi: 10.1136/bmj.m1375. 

Dhama K, Sharun K, Tiwari R, Sircar S, Bhat S, Malik SY, Singh KP, Chaicumpa 
W, Bonilla-Aldana DK, Rodriguez-Morales AJ (2020) Coronavirus Disease 
2019 – COVID-19. doi:10.20944/preprints202003.0001. 2: 1-75. 

Dhuley JN (2000) Adaptogenic and cardioprotective action of Ashwagandha in 
rata and frogs. J Ethnopharmacol 70: 57-63. 

Donma MM, Donma O (2020) The effects of Allium sativum on immunity within 
the scope of COVID-19 infection. Med Hypotheses 144: 109934. https:// 
doi.org/10.1016/j.mehy.2020. 109934. 

Deutch MR, Grimm D, Wehland M, Infanger M, Krüger M (2019) Bioactive 
Candy: Effects of Licorice on the Cardiovascular System. Foods 8: 495 
doi:10.3390/foods8100495. 

Eidi A, Eidi M, Esmaeili E (2006) Antidiabetic effect of garlic (Allium sativum L.) 
in normal and streptozotocin-induced diabetic rats. Phytomedicine 13: 624– 
629. 

El-Boshy ME, Abdalla OM, Risha A, Moustafa F (2013) Effect of Withania 
somnifera Extracts on Some Selective Biochemical, Hematological, and 
Immunological Parameters in Guinea Pigs Experimental Infected with E. coli. 
ISRN Vet Sci  Article ID 153427, http://dx.doi.org/10.1155/2013/153427. 

https://www.doi.org/10.1016/j.jff.2020.104146
https://www.doi.org/10.1016/j.mehy.2020.109934
https://www.doi.org/10.1016/j.mehy.2020.109934
http://www.dx.doi.org/10.1155/2013/153427
https://www.doi.org/10.1016/j.jff.2020.104146


18 Immunity Boosting Functional Foods to Combat COVID-19 

Foster CA, Church KS, Poddar M, Van-Uum SH, Spaic T (2017) Licorice-
induced hypertension: A case of pseudohyperaldosteronism due to jelly bean 
ingestion. PostgradMed 129: 3293–3331. 

França TGD, Ishikawa LLW, Zorzella-Pezavento SFG, Chiuso-Minicucci F, da 
Cunha MLRS, Sartori A (2009) Impact of malnutrition on immunity and 
infection. J Venom Anim Toxins incl Trop Dis 15(3): 374-390. 

Friedman H, Newton C, Klein TW (2003) Microbial Infections, Immunomodulation, 
and Drugs of Abuse.Clin Microbiol Rev 16(2): 209–219. 

Gautam M, Saha S, Bani S, Kaul A, Mishra S, Patil D, Satti NK, Suri KA, Gairola 
S, Suresh K, Jadhav S, Qazi GN, Patwardhan B (2009) Immunomodulatory 
activity of Asparagus racemosus on systemic Th1/Th2 immunity: Implications 
for immunoadjuvant potential. J Ethnopharmacol 121: 241–247. 

Gill MK, Kumar S, Sharma M, Singh TP, Kumar K, Kaur R (2019) Role of 
Ashwagandha Incorporated Functional Foods for Betterment of Human Health: 
A Review. J Agric Eng Food Technol 6(2): 161-165. 

Goel A, Singh DK, Kumar S, Bhatia AK (2010) Immunomodulating property of 
Ocimum sanctum by regulating the IL-2 production and its mRNA expression 
using rat’s splenocytes. Asian Pac J Trop Med 3(1): 8-12. 

Goêbiowska-Wawrzyniak M, Markiewicz K, Kozar A, Wanda Karwowska W, 
Derentowicz P, Siwiñska-Goêbiowska H (2004) Does garlic (aliofil) influence 
the immune system of children?-A preliminary study. Pol J Food Nutr Sci 
13(SI 2): 29–32. 

Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA, 
Haagmans BL, Lauber C, Leontovich AM, Neuman BW, Penzar D, Perlman 
S, Poon LLM, Samborskiy D, Sidorov IA, Sola I, Ziebuhr J (2020) Severe 
acute respiratory syndrome-related coronavirus: the species and its viruses— 
a statement of the Coronavirus Study Group. bioRxiv, published online Feb 11. 
DOI:2020.02.07.937862 (preprint). 

Halder S, Mehta AK, Mediratta PK (2012) Augmented humoral immune response 
and decreased cell mediated immunity by Aloe vera in rats. 
Inflammopharmacology 20: 343 346. 

Haslberger AG, Jakob U, Hippe B, Karlic H (2020) Mechanisms of selected 
functional foods against viral infections with a view on COVID-19; Mini 
review. Func Food Health Dis 5(10): 195-209. 

Hasler CM, Brown AC (2009) Position of the American Dietetic Association: 
Functional Foods. J Am Diet Assoc 109(4): 735-746 DOI: 10.1016/j.jada.2009. 
02.023. 



   

  

 

 

 

Potential Applications of Immune Boosting Medicinal Plants in Functional Foods to ..... 19 

Hemalatha R, Babu KN, Karthik M, Ramesh R, Kumar BD, Kumar PU (2011) 
Immunomodulatory activity and Th1/Th2 cytokine response of Ocimum 
sanctum in myelosuppressed Swiss Albino mice. Trends Medical Res 6(1): 
23-31 DOI: 10.3923/tmr.2011.23.31. 

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, 
Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao 
H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B (2020) 
Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet 395: 497-506. 

Hussain K, Iqbal Z, Abbas R, Khan M, Kashif M (2017) Immunomodulatory 
Activity of Glycyrrhiza glabra Extract against Mixed Eimeria Infection in 
Chickens. Int J Agric Biol 19: 928-932. 

Ilyas N, Sadiq M, Jehangir A (2011) Hepatoprotective effect of garlic (Allium 
sativum) and milk thistle (Silymarin) in isoniazid induced hepatotoxicity in 
rats. Biomedica 27: 166-170. 

Indu PC, Awasthi P (2008) Development and Quality Evaluation of Cereal-Legume 
based Biscuits Enriched with Ashwagandha (Withania somnifera) Root 
Powder. Int J Appl Agric Sci 3(1): 89-97. 

Ishimi Y, Takebayashi J, Tousen Y, Yamauchi J, Fuchino H, Kawano T, Inui T, 
Yoshimatsu K, Kawahara N (2019)Quality evaluation of health foods containing 
licorice in the Japanese Market. Toxicol Rep  6: 904–913. 

Jayati, Bhatiya AK, Kumar A, Goel A, Gupta S, Rahal A (2013) In vitro antiviral 
potential of Ocimum sanctum leaves extract against New Castle Disease 
Virus of poultry. Int J of Microbiol and Immunol Res 2(7): 51-55. 

Juntachote T, Berghofer E, Siebenhandl S, Bauer F (2006) The antioxidative 
properties of Holy basil and Galangal in cooked ground pork. Meat Sci 72(3): 
446-456. 

Kahramanoglu I, Chen C, Chen J, Wan C (2019) Chemical Constituents, 
Antimicrobial Activity, and Food Preservative Characteristics of Aloe vera 
Gel. Agronomy 9(12): 831 doi:10.3390/agronomy9120831. 

Karthikeyan K, Gunasekaran P, Ramamurthy N, Govindasamy S (1999) Anticancer 
Activity of Ocimum sanctum. Pharm Biol 37(4): 285-290. 

Keiss H, Dirsch VM, Hartung T, Haffner T, Trueman L, Auger J, Kahane R, 
Vollmar AM (2003) Garlic (Allium sativum L.) Modulates Cytokine Expression 
in Lipopolysaccharide-Activated Human Blood Thereby Inhibiting NF-κB 
Activity. The Journal of Nutrition, 133(7): 2171-2175. 



20 Immunity Boosting Functional Foods to Combat COVID-19 

Keivan Z, Moloud AZ, Kohzad S, Zahra R (2007) Antiviral activity of Aloe vera 
against herpes simplex virus type 2: An in vitro study. Afr J Biotechnol 
6(15): 1770-1773. 

Khan TA, Ipshita AH, Mazumdar RM, Abdullah ATM, Islam GMR, Rahman MM 
(2020) Bioactive polyphenol profiling and in-vitro antioxidant activity of 
Tinospora cordifolia Miers ex Hook F and Thoms : A potential ingredient 
for functional food development. Bangladesh J Sci Ind Res 55(1): 23-34.

 Kumar S, Rai DC, Singh D (2013) The functional, rheological and sensory 
attributes of Tulsi (holy basil, Ocimum sanctum) extract based herbal ice 
cream. The Bioscan 8(1): 77-80. 

Kumar V, Dhanjal JK, Kaul SC, Wadhwa R, Sundar D (2020) Withanone and 
caffeic acid phenethyl ester are predicted to interact with main protease 
(Mpro) of SARS-CoV-2 and inhibit its activity. J Biomol Struct Dyn 1-13 
https://doi.org/10.1080/07391102. 2020.1772108. 

Lachenmeier K, Kuepper U, Musshoff F, MadeaB RH, Lachenmeier DW (2005) 
Quality control of aloe vera beverages. Electronic J Environ Agric Food 
Chem 4(4): 1033–1042. 

Lau K, Lee K, Koon C, Cheung CS, Lau C, Ho H, Lee MY, Au SW, Cheng CH, 
Lau CB, Tsui SK, Wan DC, Waye MM, Wong K, Wong C, Lam CW, Leung 
P, Fung K (2008) Immunomodulatory and anti-SARS activities of Houttuynia 
cordataJ Ethnopharmacol 118(1): 79–85. 

Li Z, Le W, Cui Z (2018) A novel therapeutic anticancer property of raw garlic 
extract via injection but not ingestion. Cell Death Discov  4:108. DOI 10.1038/ 
s41420-018-0122-x. 

Lin LT, Hsu WC, Lin CC (2014) Antiviral natural products and herbal medicines. 
J Tradit Complement Med 4: 24-35. 

López-Varela S, González-Gross M, Marcos A (2011) Functional foods and the 
immune system. Food Ingredients Brasil Nº 16 www.revista-fi.com22-25. 

Luta G, McAnalley BH (2005) Aloe vera: chemical composition and methods 
used to determine its presence in commercial products. GlycoSci Nutr 6(4): 
1–12. 

Mehrbod P, Amini E, Tavassoti-Kheiri M (2009) Antiviral Activity of Garlic Extract 
on Influenza Virus. Iran J Virol 3(1): 19-23 

Menni C, Valdes A, Freydin MB, Ganesh S, El-Sayed Moustafa J, Visconti A, 
Hysi P, Bowyer RCE, Mangino M, Falchi M, Wolf J, Steves C, Spector T 
(2020) Loss of smell and taste in combination with other symptoms is a strong 
predictor of COVID-19 infection. MedRxiv.doi:https://doi.org/10.1101/ 
2020.04.05.20048421. 

https://www.doi.org/10.1080/07391102.2020.1772108
http://www.revista-fi.com22-25
https://www.doi.org/10.1101/2020.04.05.20048421
https://www.doi.org/10.1101/2020.04.05.20048421


 

 

Potential Applications of Immune Boosting Medicinal Plants in Functional Foods to ..... 21 

Misra B (2016) Production & Quality assessment of herbal ice lolly with tulsi 
paste– A healthy and delicious dairy dish.Int J Appl Res 2(5): 716-719. 

Mittal J, Sharma MM, Batra M (2014) Tinospora cordifolia: a multipurpose medicinal 
plant- A review. J Med Plants Stud 2(2):32-47. 

Mondal S, Varma S, Bamola VD, Naik SN, Mirdha BR, Padhi MM, Mehta N, 
Mahapatra SC (2011) Double-blinded randomized controlled trial for 
immunomodulatory effects of Tulsi (Ocimum sanctum Linn.) leaf extract on 
healthy volunteers. J Ethnopharmacol 136: 452-456. 

Mousa HA (2017) Prevention and treatment of influenza, influenza-like illness, 
and common cold by herbal, complementary, and natural therapies. J Evid 
Based Complementary Altern Med 22(1): 166-174. 

Murthy S, Kanthaiah, Govindaswamy (2014) Hypolipidemic effects of garlic 
extracts in high fat high cholesterol diet fed rats. J Evol Med Dent Sci 3(6): 
1334-1338. 

Narayana NMNK, Fernando WSK, Samaraweera GC (2020) Awareness and 
Attitude towards Functional Dairy Products among consumers in Western 
Province of Sri Lanka.Turkish Journal of Agriculture-Food Science and 
Technology 8(6): 1308-1314. 

Oertelt-Prigione S (2012) The influence of sex and gender on the immune response. 
Autoimmun Rev 11: A479–A485. 

Okwu DE (2004) Phytochemicals and vitamin content of indigenous spices of 
South Eastern. Nig J Sust Agric Environ 6: 30-37. 

Pant M, Ambwani T, Umapathi V (2012) Antiviral activity of Ashwagandha 
extract on Infectious Bursal Disease Virus Replication. Indian J Sci Technol 
5(5): 2750-2751. 

Panyod S, Ho CT, Sheen LY (2020) Dietary therapy and herbal medicine for 
COVID-19 prevention: A review and perspective. J Tradit Complement Med 
doi: https://doi.org/10.1016/j.jtcme.2020.05.004. 

Pavaraj M, Balasubramanian V, Baskaran S, Ramasamy P (2011) Development 
of Immunity by extract of medicinal plant Ocimum sanctum on Common carp 
(Cyprinuscarpio L. Res J Immunol 4(1):12-18. 

Pruett SB (2003) Stress and the immune system-Review. Pathophysiology 9: 
133-153. 

Ramadan MF (2007) Nutritional value, functional properties and nutraceutical 
applications of black cumin (Nigella sativa L.): an overview. Int J Food Sci 
Tech 42: 1208–1218. 

https://www.doi.org/10.1016/j.jtcme.2020.05.004


Potential Applications of Immune
                 Boosting Medicinal Plants in Functional Foods to Combat
COVID-19 
Abdel-Baky E.S. , Abdel-Rahman O.N. (2020) Cardioprotective effects of the garlic (Allium
sativum) in sodium fluoride-treated rats. The Journal of Basic and Applied Zoology 81:1–7.
https://doi.org/10.1186/s41936-020-0140-0. 
Agarwal R. , Diwanay S. , Patki P. , Patwardhan B. (1999) Studies on immunomodulatory
activity of Withania somnifera (Ashwa gandha) extracts in experimental immune inflammation. J
Ethnopharmacol 67: 27–35. 
Ahlawat K.S. , Khatkar B.S. (2011) Processing, food applications and safety of Aloe vera
products: a review. J Food Sci Technol 48(5): 525–533. 
Ahmad A. , Rehman M.U. , Alkharfy K.M. (2020) An alternative approach to minimize the risk of
coronavirus (Covid-19) and similar infections. Eur Rev Med Pharmacol Sci 24: 4030–4034. 
Alam M.J. , Huq A.K.O. , Prodhan U.K. , Talukder M.U. (2013) Development of Fiber Enriched
Herbal Biscuits by Incorporating Tulsi Leaves on Wheat Flour: A Preliminary Study on Sensory
Evaluation and Chemical Composition. Res Rev J Herb Sci 2(2): 1–5. 
Alok S. , Jain S.K. , Verma A. , Kumar M. , Mahor A. , Sabharwal M. (2013) Plant profile,
phytochemistry and pharmacology of Asparagus racemosus (Shatavari): A review. Asian Pac J
Trop Dis 3(3): 242–251. 
Amarah U. , Chatra L. , Shenai P. , Veena K.M. , Prabhu R.V. , Kumar V. (2017) Miracle Plant-
Tulsi. World J Pharm Pharm Sci 6(1): 1567–1581. 
Anita S. , Monisha D. , Sundararajan P. , Narasimman S. , Bharath G. (2017) Formulation of
Withania somnifera based herbal cookies using response surface methodology. Int Res J
Pharm 8(6) DOI: 10.7897/2230-8407.086105. 
Arreola R. , Quintero-Fabián S. , López-Roa R.I. , Flores-Gutiérrez E.O. , Reyes-Grajeda J.P. ,
Carrera-Quintanar L. , Ortuño-Sahagún D. (2015) Immunomodulation and Anti-Inflammatory
Effects of Garlic Compounds. J Immunol Res http://dx.doi.org/10.1155/2015/401630. 
Ashraf R. , Khan R.A. , Ashraf I. , Qureshi A.A. (2013) Effects of Allium sativum (Garlic) on
systolic and diastolic blood pressure in patients with essential hypertension. Pak J Pharm Sci
26(5): 859–863. 
Awan K.A. , Butt M.S. , Ul Haq I. , Suleria H.A.R. (2018) Investigating the Antioxidant Potential
of Garlic (Allium sativum) Extracts through Different Extraction Modes. Curr Bioact Compd 14.
DOI: 10.2174/1573407213666171024121712. 
Balasubramani S.P. , Venkatasubramanian P. , Kukkupuni S.K. , Patwardhan B. (2011) Plant-
based Rasayana drugs from Ayurveda. Chin J Integr Med 17: 88–94. 
Balkrishna A. (2020) Indian Traditional Ayurvedic Treatment Regime for Novel Coronavirus,
COVID-19. Patanjali Research Institute. Patanjali Yogpeeth Trust Haridwar, Uttarakhand, India.
https://www.patanjaliresearchinstitute.com/pdf/covid-19/Patanjali_Proposal_to_Battle_COVID-
191.pdf. 
Batiha G.E. , Beshbishy A.M. , El-Mleeh A. , Abdel-Daim M.M. , Devkota H.P. (2020) Traditional
Uses, Bioactive Chemical Constituents, and Pharmacological and Toxicological Activities of
Glycyrrhiza glabra L. (Fabaceae). Biomolecules 10 doi:10.3390/biom10030352. 
Bayan L. , Koulivand P.H. , Gorji A. (2014) Garlic: a review of potential therapeutic effects.
Avicenna J Phytomed 4(1): 1–14. 
Behrad S. , Yusof M.Y. , Goh K.L. , Baba A.S. (2009) Manipulation of Probiotics Fermentation of
Yogurt by Cinnamon and Licorice: Effects on Yogurt Formation and Inhibition of Helicobacter
Pylori Growth in vitro. World Acad Sci Eng Technol 60:590–594. 
Borah R. , Biswas S.P. (2018) Tulsi (Ocimum sanctum), excellent source of phytochemicals. Int
J Environ Agric Biotech 3(5): 1732–1738. 
Calder P.C. , Kew S. (2002) The immune system: a target for functional foods. Br J Nutr 88:
S165–176. 
Caroviæ-Stanko K. , Petek M. , Grdiša M. , Pintar J. , Bedekoviæ D. , Æustiæ M.H. , Satovic Z.
(2016) Medicinal Plants of the Family Lamiaceae as Functional Foods – a Review Czech J
Food Sci 34(5): 377–390 
Castelo-Branco C. , Soveral I. (2014) The immune system and ageing: a review. Gynecol
Endocrinol 30(1): 16–22.



Chandra S. , Chatterjee P. , Dey P. , Bhattacharya S. (2012) Evaluation of Anti-inflammatory
Effect of Ashwagandha: A Preliminary Study in vitro. Phcog J 4(29): 47–49. 
Chaurasia S.S. , Panda S. , Kar A. (2000) Withania somnifera root extract in the regulation of
led induced oxidative damage in the male mouse. Pharmacol Res 41: 663–666. 
Chojnacka K. , Witek-Krowiak A. , Skrzypczak D. , Mikula K. , Mynarz P. (2020) Phytochemicals
containing biologically active polyphenols as an effective agent against Covid-19-inducing
coronavirus. J Funct Foods 73. https://doi.org/10.1016/j.jff.2020.104146. 
Chowdhury P. (2020) In silico investigation of phytoconstituents from Indian medicinal herb
Tinospora cordifolia (giloy) against SARS-CoV-2 (COVID-19) by molecular dynamics approach.
J Biomol Struct Dyn DOI: 10.1080/07391102.2020.1803968. 
Cinatl J. , Morgenstern B. , Bauer G. , Chandra P. , Rabenau H. , Doerr H.W. (2003)
Glycyrrhizin, an active component of liquorice roots, and replication of SARS-associated
coronavirus. Lancet 361: 2045–2046 
Cohen M.M. (2014) Tulsi-Ocimum sanctum: A herb for all reasons. J Ayurveda Integr Med 5 (4):
251–259. 
Dagne E. , Bisrat D. , Viljoen A. , Van Wyk B.E. (2000) Chemistry of Aloe Species. Curr Org
Chem 4: 1055–1078. 
Day M. (2020) Covid-19: four fifths of cases are asymptomatic, China figures indicate. Bmj
2020; 369:m1375 doi: 10.1136/bmj.m1375. 
Dhama K. , Sharun K. , Tiwari R. , Sircar S. , Bhat S. , Malik S.Y. , Singh K.P. , Chaicumpa W. ,
Bonilla-Aldana D.K. , Rodriguez-Morales A.J. (2020) Coronavirus Disease 2019 – COVID-19.
doi:10.20944/preprints202003.0001. 2: 1–75. 
Dhuley J.N. (2000) Adaptogenic and cardioprotective action of Ashwagandha in rata and frogs.
J Ethnopharmacol 70: 57–63. 
Donma M.M. , Donma O. (2020) The effects of Allium sativum on immunity within the scope of
COVID-19 infection. Med Hypotheses 144: 109934.
https://doi.org/10.1016/j.mehy.2020.109934. 
Deutch M.R. , Grimm D. , Wehland M. , Infanger M. , Krüger M. (2019) Bioactive Candy: Effects
of Licorice on the Cardiovascular System. Foods 8: 495 doi:10.3390/foods8100495. 
Eidi A. , Eidi M. , Esmaeili E. (2006) Antidiabetic effect of garlic (Allium sativum L.) in normal
and streptozotocin-induced diabetic rats. Phytomedicine 13: 624–629. 
El-Boshy M.E. , Abdalla O.M. , Risha A. , Moustafa F. (2013) Effect of Withania somnifera
Extracts on Some Selective Biochemical, Hematological, and Immunological Parameters in
Guinea Pigs Experimental Infected with E. coli. ISRN Vet Sci Article ID 153427,
http://dx.doi.org/10.1155/2013/153427. 
Foster C.A. , Church K.S. , Poddar M. , Van-Uum S.H. , Spaic T. (2017) Licorice-induced
hypertension: A case of pseudohyperaldosteronism due to jelly bean ingestion. PostgradMed
129: 3293–3331. 
França T.G.D. , Ishikawa L.L.W. , Zorzella-Pezavento S.F.G. , Chiuso-Minicucci F. , da Cunha
M.L.R.S. , Sartori A. (2009) Impact of malnutrition on immunity and infection. J Venom Anim
Toxins incl Trop Dis 15(3): 374–390. 
Friedman H. , Newton C. , Klein T.W. (2003) Microbial Infections, Immunomodulation, and
Drugs of Abuse. Clin Microbiol Rev 16(2): 209–219. 
Gautam M. , Saha S. , Bani S. , Kaul A. , Mishra S. , Patil D. , Satti N.K. , Suri K.A. , Gairola S. ,
Suresh K. , Jadhav S. , Qazi G.N. , Patwardhan B. (2009) Immunomodulatory activity of
Asparagus racemosus on systemic Th1/Th2 immunity: Implications for immunoadjuvant
potential. J Ethnopharmacol 121: 241–247. 
Gill M.K. , Kumar S. , Sharma M. , Singh T.P. , Kumar K. , Kaur R. (2019) Role of Ashwagandha
Incorporated Functional Foods for Betterment of Human Health: A Review. J Agric Eng Food
Technol 6(2): 161–165. 
Goel A. , Singh D.K. , Kumar S. , Bhatia A.K. (2010) Immunomodulating property of Ocimum
sanctum by regulating the IL-2 production and its mRNA expression using rat’s splenocytes.
Asian Pac J Trop Med 3(1): 8–12. 
Goêbiowska-Wawrzyniak M. , Markiewicz K. , Kozar A. , Wanda Karwowska W. , Derentowicz
P. , Siwiñska-Goêbiowska H. (2004) Does garlic (aliofil) influence the immune system of
children?-A preliminary study. Pol J Food Nutr Sci 13(SI 2): 29–32.



Gorbalenya A.E. , Baker S.C. , Baric R.S. , de Groot R.J. , Drosten C. , Gulyaeva A.A. ,
Haagmans B.L. , Lauber C. , Leontovich A.M. , Neuman B.W. , Penzar D. , Perlman S. , Poon
L.L.M. , Samborskiy D. , Sidorov I.A. , Sola I. , Ziebuhr J. (2020) Severe acute respiratory
syndrome-related coronavirus: the species and its viruses—a statement of the Coronavirus
Study Group. bioRxiv, published online Feb 11. DOI:2020.02.07.937862 (preprint). 
Halder S. , Mehta A.K. , Mediratta P.K. (2012) Augmented humoral immune response and
decreased cell mediated immunity by Aloe vera in rats. Inflammopharmacology 20: 343 346. 
Haslberger A.G. , Jakob U. , Hippe B. , Karlic H. (2020) Mechanisms of selected functional
foods against viral infections with a view on COVID-19; Mini review. Func Food Health Dis
5(10): 195–209. 
Hasler C.M. , Brown A.C. (2009) Position of the American Dietetic Association: Functional
Foods. J Am Diet Assoc 109(4): 735–746 DOI: 10.1016/j.jada.2009.02.023. 
Hemalatha R. , Babu K.N. , Karthik M. , Ramesh R. , Kumar B.D. , Kumar P.U. (2011)
Immunomodulatory activity and Th1/Th2 cytokine response of Ocimum sanctum in
myelosuppressed Swiss Albino mice. Trends Medical Res 6(1): 23–31 DOI:
10.3923/tmr.2011.23.31. 
Huang C. , Wang Y. , Li X. , Ren L. , Zhao J. , Hu Y. , Zhang L. , Fan G. , Xu J. , Gu X. , Cheng
Z. , Yu T. , Xia J. , Wei Y. , Wu W. , Xie X. , Yin W. , Li H. , Liu M. , Xiao Y. , Gao H. , Guo L. ,
Xie J. , Wang G. , Jiang R. , Gao Z. , Jin Q. , Wang J. , Cao B. (2020) Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 395: 497–506. 
Hussain K. , Iqbal Z. , Abbas R. , Khan M. , Kashif M. (2017) Immunomodulatory Activity of
Glycyrrhiza glabra Extract against Mixed Eimeria Infection in Chickens. Int J Agric Biol 19:
928–932. 
Ilyas N. , Sadiq M. , Jehangir A. (2011) Hepatoprotective effect of garlic (Allium sativum) and
milk thistle (Silymarin) in isoniazid induced hepatotoxicity in rats. Biomedica 27: 166–170. 
Indu P.C. , Awasthi P. (2008) Development and Quality Evaluation of Cereal-Legume based
Biscuits Enriched with Ashwagandha (Withania somnifera) Root Powder. Int J Appl Agric Sci
3(1): 89–97. 
Ishimi Y. , Takebayashi J. , Tousen Y. , Yamauchi J. , Fuchino H. , Kawano T. , Inui T. ,
Yoshimatsu K. , Kawahara N. (2019) Quality evaluation of health foods containing licorice in the
Japanese Market. Toxicol Rep 6: 904–913. 
Jayati, Bhatiya A.K. , Kumar A. , Goel A. , Gupta S. , Rahal A. (2013) In vitro antiviral potential
of Ocimum sanctum leaves extract against New Castle Disease Virus of poultry. Int J of
Microbiol and Immunol Res 2(7): 51–55. 
Juntachote T. , Berghofer E. , Siebenhandl S. , Bauer F. (2006) The antioxidative properties of
Holy basil and Galangal in cooked ground pork. Meat Sci 72(3): 446–456. 
Kahramanoglu I. , Chen C. , Chen J. , Wan C. (2019) Chemical Constituents, Antimicrobial
Activity, and Food Preservative Characteristics of Aloe vera Gel. Agronomy 9(12): 831
doi:10.3390/agronomy9120831. 
Karthikeyan K. , Gunasekaran P. , Ramamurthy N. , Govindasamy S. (1999) Anticancer Activity
of Ocimum sanctum. Pharm Biol 37(4): 285–290. 
Keiss H. , Dirsch V.M. , Hartung T. , Haffner T. , Trueman L. , Auger J. , Kahane R. , Vollmar
A.M. (2003) Garlic (Allium sativum L.) Modulates Cytokine Expression in Lipopolysaccharide-
Activated Human Blood Thereby Inhibiting NF-κB Activity. The Journal of Nutrition, 133(7):
2171–2175. 
Keivan Z. , Moloud A.Z. , Kohzad S. , Zahra R. (2007) Antiviral activity of Aloe vera against
herpes simplex virus type 2: An in vitro study. Afr J Biotechnol 6(15): 1770–1773. 
Khan T.A. , Ipshita A.H. , Mazumdar R.M. , Abdullah A.T.M. , Islam G.M.R. , Rahman M.M.
(2020) Bioactive polyphenol profiling and in-vitro antioxidant activity of Tinospora cordifolia
Miers ex Hook F and Thoms: A potential ingredient for functional food development.
Bangladesh J Sci Ind Res 55(1): 23–34. 
Kumar S. , Rai D.C. , Singh D. (2013) The functional, rheological and sensory attributes of Tulsi
(holy basil, Ocimum sanctum) extract based herbal ice cream. The Bioscan 8(1): 77–80. 
Kumar V. , Dhanjal J.K. , Kaul S.C. , Wadhwa R. , Sundar D. (2020) Withanone and caffeic acid
phenethyl ester are predicted to interact with main protease (Mpro) of SARS-CoV-2 and inhibit
its activity. J Biomol Struct Dyn 1–13 https://doi.org/10.1080/07391102.2020.1772108.



Lachenmeier K. , Kuepper U. , Musshoff F. , MadeaB R.H. , Lachenmeier D.W. (2005) Quality
control of aloe vera beverages. Electronic J Environ Agric Food Chem 4(4): 1033–1042. 
Lau K. , Lee K. , Koon C. , Cheung C.S. , Lau C. , Ho H. , Lee M.Y. , Au S.W. , Cheng C.H. ,
Lau C.B. , Tsui S.K. , Wan D.C. , Waye M.M. , Wong K. , Wong C. , Lam C.W. , Leung P. , Fung
K. (2008) Immunomodulatory and anti-SARS activities of Houttuynia cordata J Ethnopharmacol
118(1): 79–85. 
Li Z. , Le W. , Cui Z. (2018) A novel therapeutic anticancer property of raw garlic extract via
injection but not ingestion. Cell Death Discov 4:108. DOI 10.1038/s41420-018-0122-x. 
Lin L.T. , Hsu W.C. , Lin C.C. (2014) Antiviral natural products and herbal medicines. J Tradit
Complement Med 4: 24–35. 
López-Varela S. , González-Gross M. , Marcos A. (2011) Functional foods and the immune
system. Food Ingredients Brasil Nº 16 www.revista-fi.com22-25. 
Luta G. , McAnalley B.H. (2005) Aloe vera: chemical composition and methods used to
determine its presence in commercial products. GlycoSci Nutr 6(4): 1–12. 
Mehrbod P. , Amini E. , Tavassoti-Kheiri M. (2009) Antiviral Activity of Garlic Extract on
Influenza Virus. Iran J Virol 3(1): 19–23 
Menni C. , Valdes A. , Freydin M.B. , Ganesh S. , El-Sayed Moustafa J. , Visconti A. , Hysi P. ,
Bowyer R.C.E. , Mangino M. , Falchi M. , Wolf J. , Steves C. , Spector T. (2020) Loss of smell
and taste in combination with other symptoms is a strong predictor of COVID-19 infection.
MedRxiv. doi: https://doi.org/10.1101/2020.04.05.20048421. 
Misra B. (2016) Production & Quality assessment of herbal ice lolly with tulsi paste– A healthy
and delicious dairy dish. Int J Appl Res 2(5): 716–719. 
Mittal J. , Sharma M.M. , Batra M. (2014) Tinospora cordifolia: a multipurpose medicinal plant- A
review. J Med Plants Stud 2(2):32–47. 
Mondal S. , Varma S. , Bamola V.D. , Naik S.N. , Mirdha B.R. , Padhi M.M. , Mehta N. ,
Mahapatra S.C. (2011) Double-blinded randomized controlled trial for immunomodulatory
effects of Tulsi (Ocimum sanctum Linn.) leaf extract on healthy volunteers. J Ethnopharmacol
136: 452–456. 
Mousa H.A. (2017) Prevention and treatment of influenza, influenza-like illness, and common
cold by herbal, complementary, and natural therapies. J Evid Based Complementary Altern Med
22(1): 166–174. 
Murthy S. , Kanthaiah, Govindaswamy (2014) Hypolipidemic effects of garlic extracts in high fat
high cholesterol diet fed rats. J Evol Med Dent Sci 3(6): 1334–1338. 
Narayana N.M.N.K. , Fernando W.S.K. , Samaraweera G.C. (2020) Awareness and Attitude
towards Functional Dairy Products among consumers in Western Province of Sri Lanka. Turkish
Journal of Agriculture-Food Science and Technology 8(6): 1308–1314. 
Oertelt-Prigione S. (2012) The influence of sex and gender on the immune response.
Autoimmun Rev 11: A479–A485. 
Okwu D.E. (2004) Phytochemicals and vitamin content of indigenous spices of South Eastern.
Nig J Sust Agric Environ 6: 30–37. 
Pant M. , Ambwani T. , Umapathi V. (2012) Antiviral activity of Ashwagandha extract on
Infectious Bursal Disease Virus Replication. Indian J Sci Technol 5(5): 2750–2751. 
Panyod S. , Ho C.T. , Sheen L.Y. (2020) Dietary therapy and herbal medicine for COVID-19
prevention: A review and perspective. J Tradit Complement Med doi:
https://doi.org/10.1016/j.jtcme.2020.05.004. 
Pavaraj M. , Balasubramanian V. , Baskaran S. , Ramasamy P. (2011) Development of
Immunity by extract of medicinal plant Ocimum sanctum on Common carp (Cyprinuscarpio L.
Res J Immunol 4(1):12–18. 
Pruett S.B. (2003) Stress and the immune system-Review. Pathophysiology 9: 133–153. 
Ramadan M.F. (2007) Nutritional value, functional properties and nutraceutical applications of
black cumin (Nigella sativa L.): an overview. Int J Food Sci Tech 42: 1208–1218. 
Rani P. , Rani V. , Jandu R. , Lavanya A. , Reena, John J. (2020) Effect of Storage on Sensory
Acceptability and Oxidative Rancidity of Wheat Biscuits Fortified with Asparagus racemosus
Root Powder. Eur J Nutr Food Saf 12(6): 13–22. 
Roberfroid M.B. (2000) Prebiotics and probiotics: are they functional foods? Am J Clin Nutr 71:
S1682 – S1687.



Rouf R. , Uddin S.J. , Sarker D.K. , Islam M.T. , Ali E.S. , J.A. Shilpi , Nahar L. , Tiralongo E. ,
Sarker S.D. (2020) Antiviral potential of garlic (Allium sativum) and its organosulfur compounds:
A systematic update of pre-clinical and clinical data. Trends Food Sci Technol 104: 219–234. 
Sachan S. , Dhama K. , Latheef S.K. , Samad H.A. , Mariappan A.K. , Munuswamy P. , Singh
R. , Singh K.P. , Malik Y.S. , Singh R.K. (2019) Immunomodulatory Potential of Tinospora
cordifolia and CpG ODN (TLR21 Agonist) against the VeryVirulent, Infectious Bursal Disease
Virus in SPF Chicks Vaccines 7(106) doi:10.3390/vaccines7030106. 
Sawant B.S. , Alawe J.R. , Rasal K.V. (2016) Pharmacognostic study of Glycyrrhiza glabra Linn-
a review. Inter Ayurv Med J 4(10): 3188–3193. 
Scepanovic P. , Alanio C. , Hammer C. , Hodel F. , Bergstedt J. , Patin E. , Thorball C.W. ,
Chaturvedi N. , Charbit B. , Abel L. , Quintana-Murci L. , Duffy D. , Albert M.L. , Fellay J. (2018)
Human genetic variants and age are the strongest predictors of humoral immune responses to
common pathogens and vaccines. Genome Med 10:59 https://doi.org/10.1186/s 13073-018-
0568-8. 
Shang A. , Cao S. , Xu X. , Gan R. , Tang G. , Corke H. , Mavumengwana V. , Li H. (2019)
Bioactive Compounds and Biological Functions of Garlic (Allium sativum L.). Foods 8: 246–276. 
Sharma P. , Parmar J. , Sharma P. , Verma P. , Goyal P.K. (2012) Radiation- induced testicular
injury and its amelioration by T. cordifolia (An Indian Medicinal plant) extract. Evid Based Comp
Altern Med 643–647. doi:10.1155/2011/643847 
Shevale U.L. , Mundrawale A.S. , Yadav S.R. , Chavan J.J. , Jamdade C.B. , Patil D.B. (2015)
Phytochemical and antimicrobial studies on Asparagus racemosus. World J Pharm Res 4(9):
1805–1810. 
Singh A.K. , Rai D.C. , Singh U.P. , Kumar S. (2018) Effect of different variables on physico-
chemical properties of Ashwagandha enriched strawberry pulp ice cream. The Pharm Innov J
7(4): 440–443. 
Singh N. , Hoette Y. , Miller R. (2010) Tulsi: The Mother Medicine of Nature. 2nd ed. Lucknow:
International Institute of Herbal Medicine. 28 47. 
Singh N. , Jha A. , Chaudhary A. , Upadhyay A. (2014) Enhancement of the functionality of
bread by incorporation of Shatavari (Asparagus racemosus). J Food Sci Technol 51(9):
2038–2045 
Singhal, T. , 2020.A review of coronavirus Disease-2019 (COVID-19). Indian J. Pediatr. 87
(April), 281–286. 
Sommer A.P. , Forsterling H. , Naber K.G. (2020) Thymoquinone: shield and sword against
SARS-CoV-2. Precis Nanomed 3(3): 541–548. 
Strika I. , Bašiæ A. , Haliloviæ N. (2016) Antimicrobial effects of garlic (Allium sativum L.)
Glasnik hemièara i tehnologa Bosne i Hercegovina 47: 17–20. 
Swaminathan C. , Santhi M. (2019) Phytochemical analysis and antimicrobial activity of roots of
Withania somnifera (L.) Dunal. Int J Chemtech Res 12(2): 218–222. 
Tapiero H. , Townsend D.M. , Tew K.D. (2004) Organosulfur compounds from alliaceae in the
prevention of human pathologies. Biomed Pharmacother 58: 183–193. 
Thakur M. , Connellan P. , Deseo M.A. , Morris C. , Praznik W. , Loeppert R. , Dixit V.K. (2012)
Characterization and in vitro immunomodulatory screening of fructooligosaccharides of
Asparagus racemosus Willd. Int J Biol Macromol 50: 77–81. 
Tian H.Y. (2020) 2019-nCoV: new challenges from coronavirus. Zhonghua Yu Fang Yi
XueZaZhi 54(00): E001–E001. doi: 10.3760/cma.j.issn.0253-9624.2020.0001. 
Tiwari R. , Chakraborty S. , Saminathan M. , Dhama K. , Singh S.V. (2014). Ashwagandha
(Withania somnifera): Role in safeguarding health, immunomodulatory effect, combating
infections and therapeutic applications: A review. J Biol Sci 14(2): 77–94. 
Tolo F.M. , Rukunga G.M. , Muli F.W. , Njagi E.N. , Njue W. , Kumon K. , Kofi-Tsekpo M.W.
(2006) Anti-viral activity of the extracts of a Kenyan medicinal plant Carissa edulis against
herpes simplex virus. J Ethnopharmacol 104(1–2): 92–99. 
Veena N. , Arora S. , Singh R.R.B. , Katara A. , Rastogi S. , Rawat K.S. (2015) Effect of
Asparagus racemosus (shatavari) extract on physicochemical and functional properties of milk
and its interaction with milk proteins. J Food Sci Technol 52(2): 1176–1181. DOI
10.1007/s13197-013-1073-0. 
Veena N. , Arora S. , Kapila S. , Singh R.R.B. , Katara A. , Pandey M.M. , Rastogi S. , Raeat
K.S. (2014) Immunomodulatory and antioxidative potential of milk fortified with Asparagus



racemosus (Shatavari). J Med Plants Stud 2(6): 13–19. 
Venkatalakshmi P. , Vadivel V. , Brindha P. (2016) Role of phytochemicals as
immunomodulatory agents: A review. Int J Green Pharm 10(1): 1–17. 
Verpoorte R. , van der Heijden R. , Hoopen H. J. and Memelink J. (1999). Metabolic
engineering of plant secondary metabolite pathways for the production of fine chemicals.
Biotechnol Lett 21: 467–479 
Vinaya M. , Kudagi B.L. , Kamdod M.A. , Swamy M. (2017) Bronchodilator activity of Ocimum
sanctum Linn. (tulsi) in mild and moderate asthmatic patients in comparison with salbutamol: a
single blind cross-over study. Int J Basic Clin Pharmacol 6: 511–517. 
Viswaroopan D. , Arun-Raj G.R. , Shailaja U. , Maurya D. , Gawade S. , Shivanand P. , Jithesh-
Raj K.T. (2015) Preparation of Ashwagandha (Withania somnifera L.) Dunal) ghee – A practical
approach inspired by traditional knowledge. Pharm Innov J 4(4): 85–89. 
Wadhwa R. , Singh R. , Gao R. , Shah N. , Widodo N. , Nakamoto T. , Ishida Y. , Terao K. ,
Kaul S.C. (2013) Water Extract of Ashwagandha Leaves Has Anticancer Activity: Identification
of an Active Component and Its Mechanism of Action. PLoS ONE 8(10): e77189.
doi:10.1371/journal.pone.0077189. 
Wang J. , Du G. , (2020) COVID-19 may transmit through aerosol. Ir J Med Sci 1–2
https://doi.org/10.1007/s11845-020-02218-2. 
Wang L. , Yang R. , Yuan B. , Liun Y. , Liu C. (2015) The antiviral and antimicrobial activities of
licorice, a widely-used Chinese herb. Acta Pharm Sin B
http://dx.doi.org/10.1016/j.apsb.2015.05.005. 
Wangcharoen W. , Morasuk W. (2007) Antioxidant capacity and phenolic content of holy basil.
Songklanakarin J Sci Technol 29 : 1407 15. 
WHO (2020) “Immunity passports” in the context of COVID 19. Scientific brief,
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-thecontext-of-covid-
19 (Accessed on September 2nd 2020) 
Wu C. , Chen X. , Cai Y. , Xia J. , Zhou X. , Xu S. , Xia J. , Zhou X. , Xu S. , Huang H. , Zhang L.
, Zhou X. , Du C. , Zhang Y. , Song J. , Wang S. , Chao Y. , Yang Z. , Xu J. , Zhou X. , Chen D. ,
Xiong W. , Xu L. , Zhou F. , Jiang J. , Bai C. , Zheng J. , Song Y. , (2020) Risk factors
associated with acute respiratory distress syndrome and death in patients with coronavirus
disease 2019 pneumonia in Wuhan, China. JAMA Int Med
doi.org/10.1001/jamainternmed.2020.0994. 
WWW.Worldometers.info. (2020) COVID-19 coronavirus pandemic
https://www.Worldometers.info/coronavirus/ (Accessed on September 15th, 2020). 
Yadav K. , Shukla S. (2014) Antioxidant activity of green tea and tulsi yogurt. Trends in
Biosciences 7(21): 3465–3467. 
Zezelj I. , Milosevic J. , Stojanovic Z. , Ognjanov G. (2012) The motivational and informational
basis of attitudes toward foods with health claims. Appetite 59(3): 960–967. 
Zhou P. , Yang X. , Wang X. , Hu B. , Zhang L. , Zhang W. , Si H. , Zhu Y. , Li B. , Huang C. ,
Chen H. , Chen J. , Luo Y. , Guo H. , Jiang R. , Liu M. , Chen Y. , Shen X. , Wang X. , Zheng X.
, Zhao K. , Chen Q. , Deng F. , Liu L. , Yan B. , Zhan F. , Wang Y. , Xiao G. , Shi Z. (2020) A
pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature 579:
270–273. 

 
Tulsi-A Potential Immune
                 Boosting Functional Food Ingredient to Combat COVID-19 
Agrawal P. , Rai V. , Singh R.B. (1996) Randomized placebo-controlled, single blind trial of holy
basil leaves in patients with noninsulin-dependent diabetes mellitus. Int J Clin Pharm Th 34(9):
406–409. 
Patil A. , Kakde M. (2018) Medicinal plant as a natural immunity booster for COVID19-A review.
Indian J Integr Med 2(2): 187–194. 
Asha M.K. (2001) Anthelmintic activity of essential oil of Ocimum sanctum and eugenol.
Fitoterapia 72(6): 669–670.



Balakumar S. (2011) Antifungal activity of Ocimum sanctum Linn.(Lamiaceae) on clinically
isolated dermatophytic fungi. As Pa J Trop Med 4(8): 654–657. 
Bihari C.G. , Behera M. , Panda S.K. , Tripathy S.K. (2011) Phytochemical investigation &
evaluation for antidiabetic activity of leafy extracts of various Ocimum (Tulsi) species by alloxan
induced diabetic model. J Pharm Res 4(1): 28–29. 
Chattopadhyay R.R. (1993) Hypoglycemic effect of Ocimum sanctum leaf extract in normal and
streptozotocin diabetic rats. Indian J ExpBiol 31(11): 891–893. 
Gautam S. (2020) Immunity against COVID-19: Potential role of Ayush Kwath. J Aim doi:
10.1016/j.jaim.2020.08.003. 
Gupta S.K. , Prakash J. , Srivastava S. (2002) Validation of traditional claim of Tulsi, Ocimum
sanctum Linn.as a medicinal plant. Indian J Biotechnol 40(7): 765–773. 
Inbaneson S.J. , Sundaram R. , Suganthi P. (2012) In vitro antiplasmodial effect of ethanolic
extracts of traditional medicinal plant Ocimum species against Plasmodium falciparum. Asian
Pac J Trop Med 5(2): 103–106. 
Joshi R.K. , Setzer W.N. , Silva J.K. (2017) Phytoconstituents, traditional medicinal uses and
bioactivities of Tulsi (Ocimum sanctum Linn.): A review. Am J Essent Oil Nat Prod 5(1): 18–21. 
Jyoti S. , Satendra S. , Sushma S. , Anjana T. , Shashi S. (2007) Antistressor activity of
Ocimum sanctum (Tulsi) against experimentally induced oxidative stress in rabbits. Method Find
Exp Clin 29(6): 411–416. 
Khanal P. (2020) Network pharmacology of AYUSH recommended immuneboosting medicinal
plants against COVID-19: 1–12. Research Sqr doi:10.21203/rs.3.rs-31776/v1 
Khanal P. (2020) Network pharmacology of AYUSH recommended immuneboosting medicinal
plants against COVID-19: 1–12. Research Sqr doi:10.21203/rs.3.rs-31776/v1 
Kumar V. (2011) Pharmacological Review on Ocimum sanctum Linnaeus/: A Queen of herbs. J
Pharm Sci 4(2): 366–368. 
Kulkarni K.V. , Adavirao B.V. (2018) A review on: Indian traditional shrub Tulsi (Ocimum
sanctum): the unique medicinal plant. J Med Plant Stud 6(2): 106–110. 
Kushwah P. , Kayande N. , Mohite B. (2020) Corona virus (COVID-19): An Ayurvedic approach
(Possible role of Tulsi). Int J Pharmacogn Phytochem 9(2): 2361–2362. 
Madhuri S. , Pandey G. (2010) Effect of proimmu, a herbal drug on estrogen caused uterine and
ovarian cytotoxicity. Biomed 5(1): 57–62. 
Mishra P. , Mishra S. (2011) Study of Antibacterial Activity of Ocimum sanctum Extract Against
Gram Positive and Gram Negative Bacteria. Am J Food Technol 6: 336–341. 
Monga J. , Sharma M. , Tailor N. , Ganesh N. (2011) Antimelanoma and radioprotective activity
of alcoholic aqueous extract of different species of Ocimum in C(57)BL mice. Pharm Biol 49(4):
428–436. 
Mondal S. , Mirdha B.R. , Mahapatra S.C. (2009) The science behind sacredness of Tulsi
(Ocimum sanctumLinn.). J Physiol Pharmacol 53(4): 291–306. 
Pandey G. (2009) An overview on certain anticancer natural products. J Pharm Res 2(12):
1799–1803. 
Pandey G. , Madhuri S. (2010) Pharmacological activities of Ocimum sanctum (Tulsi): A review.
Int J Pharm Sci Rev Res 5(1): 61–66. 
Poonam M. , Sanjay M. (2011) Study of antibacterial activity of Ocimum sanctum extract against
gram positive and gram negative bacteria. Am J Food Technol 6: 336–341. 
Satuna R.K. , Negi A. , Satuna R. (2020) Intuitive Vision and Indigenous Immunity Boosting
approaches for COVID19: From the Literature of PanditShriram Sharma Acharya. Dev Sans
Interdiscip Int J 16: 01–15. 
Singh S. , Majumdar D.K. (1997) Evaluation of antiinflammatory activity of fatty acids of Ocimum
sanctum fixed oil. Indian J Exp Biol 35(4): 380–383. 
Singh S. , Rehan H.M. , Majumdar, D.K. (2001) Effect of Ocimum sanctum fixed oil on blood
pressure, blood clotting time and pentobarbitone-induced sleeping time. J Ethnopharmacol
78(2–3): 139—143. 
Upadhyay R.K. (2017) Tulsi: A holy plant with high medicinal and therapeutic value. Int J Green
Pharm 11(1): S1–S12. 
Venkatrao A.B. , Vilas K.K. (2018) A review on: Indian traditional shrub Tulsi (Ocimum
sanctum): The unique medicinal plant. J Med Plants Stud 6(2): 106–110.



Potential Use of Curcumin to
                 Combat COVID-19 
Basu P. , Dutta S. , Begum R. , Mittal S. , Dutta P.D. , Bharti A.C. , Panda C.K. , Biswas J. , Dey
B. , Talwar G.P. , Das B.C. (2013) Clearance of cervical human papillomavirus infection by
topical application of curcumin and curcumin containing polyherbal crea:m a phase II
randomized controlled study. Asian Pac J Cancer Prev 14(10): 5753–5759. 
Basu P. , Dutta S. , Begum R. , Mittal S. , Dutta P.D. , Bharti A.C. , Panda C.K. , Biswas J. , Dey
B. , Talwar G.P. , Das B.C. (2013) Clearance of cervical human papillomavirus infection by
topical application of curcumin and curcumin containing polyherbal crea:m a phase II
randomized controlled study. Asian Pac J Cancer Prev 14(10): 5753–5759. 
Buchman A.L. (2001) Side effects of corticosteroid therapy. J Clin Gastroenterol 33(4):
289–294. 
Channappanavar R. , Perlman S. (2017) Pathogenic human coronavirus infections: causes and
consequences of cytokine storm and immunopathology. Springer Berlin Heidelberg 39(5):
529–539. 
Chin S.F. , Iyer K.S. , Saunders M. , Pierre T.G. , Buckley C. , Paskevicius M. , Raston C.L.
(2009) Encapsulation and sustained release of curcumin using superparamagnetic silica
reservoirs. Chem 15: 5661–5665. 
Dai J. , Gu L. , Su Y. , Wang Q. , Zhao Y. , Chen X. , Deng H. , Li W. , Wang G. , Li K. (2018)
Inhibition of curcumin on influenza A virus infection and influenzal pneumonia via oxidative
stress, TLR2/4, p38/JNK MAPK and NF-κB pathways. Int Immunopharmacol 54:177–187. 
Das S. , Sarmah S. , Lyndem S. , Singha Roy A. (2020) An investigation into the identification of
potential inhibitors of SARS-CoV-2 main protease using molecular docking study. J Biomol
Struct Dyn 1-8. doi.org/10.1080/07391102.2020.1763201. 
Dinda A.K. , Prashant C.K. , Naqvi S.S. , Unnithan J. , Samim M. , Maitra A. (2012) Curcumin
loaded organically modified silica (ORMOSIL) nanoparticle; A novel agent for cancer therapy.
Int J Nanotechnol 9(10-12): 862–871. 
DiSilvestro R.A. , Joseph E. , Zhao S. , Bomser J. (2012) Diverse effects of a low dose
supplement of lipidated curcumin in healthy middle aged people. Nutr J 11(1): 79. 
Du T. , Shi Y. , Xiao S. , Li N. , Zhao Q. , Zhang A. , Nan Y. , Mu Y. , Sun Y. , Wu C. , Zhang H.
(2017) Curcumin is a promising inhibitor of genotype 2 porcine reproductive and respiratory
syndrome virus infection. BMC Vet Res 13(1):1–9. 
Gangwar R.K. , Tomar G.B. , Dhumale V.A. , Zinjarde S. , Sharma R.B. , Datar S. (2013)
Curcumin conjugated silica nanoparticles for improving bioavailability and its anticancer
applications. J Agric Food Chem 61(40): 9632–9637. 
Jean S.S. , Lee P.I. , Hsueh P.R. (2020) Treatment options for COVID-19: The reality and
challenges. J Microbiol Immuno 53(3):436–443. 
Jin D. , Lee J.H. , Seo M.L. , Jaworski J. , Jung J.H. (2012) Controlled drug delivery from
mesoporoussili causing a pH response release. New J Chem 36(8): 1616–1620. 
Jin D. , Park K.W. , Lee J.H. , Song K. , Kim J.G. , Seo M.L. , Jung J.H. (2011) The selective
immobilization of curcumin onto the internal surface of mesoporous hollow silica particles by
covalent bonding and its controlled release. J Mater Chem 21(11): 3641–3645. 
Kale S.N. , Datar S. (2012) Conjugation of curcumin with PVP capped gold nanoparticles for
improving bioavailability. Mater Sci Eng 32(8): 2659–2663. 
Kannan S. , Kolandaivel P. (2017) Antiviral potential of natural compounds against influenza
virus hemagglutinin. Comput Biol Chem 71: 207–218. 
Kunwar A. , Barik A. , Pandey R. , Priyadarsini K.I. (2006) Transport of liposomal and albumin
loadedcurcumin to living cells: An absorption and fluorescence spectroscopic study. BBA
1760(10): 1513–1520. 
Li L. , Braiteh F.S. , Kurzrock R. (2005) Liposome-encapsulated curcumin: in vitro and in vivo
effects on proliferation, apoptosis, signaling, and angiogenesis. Cancer Interdis Int J Am Cancer
Soc 104(6): 1322–1331. 
Ma’mani L. , Nikzad S. , Kheiri-Manjili H. , al-Musawi S. , Saeedi M. , Askarlou S. , Foroumadi
A. , Shafiee A (2014)Curcumin-loaded guanidine functionalized PEGylatedI3ad mesoporous
silica nanoparticles KIT-6:Practical strategy for the breast cancer therapy. Eur J Med Chem 83:
646–654.



Ou J.L. , Mizushina Y. , Wang S.Y. , Chuang D.Y. , Nadar M. , Hsu W.L. (2013) Structure–
activity relationship analysis of curcumin analogues on anti-influenza virus activity. FEBS J
280(22): 5829–5840. 
Pang X.F. , Zhang L.H. , Bai F. , Wang N.P. , Garner R.E. , McKallip R.J. , Zhao ZQ(2015)
Attenuation of myocardial fibrosis with curcumin is mediated by modulating expression of
angiotensin II AT1/AT2 receptors and ACE2 in rats. Drug Des Dev Ther 9: 6043–6054. 
Patra D. , Sleem F.F. (2013) A new method for pH triggered curcumin release by applying
poly(l-lysine) mediated nanoparticle-congregation. Anal Chim Acta 795: 60–68. 
Peiris J.S.M. , Guan Y. , Yuen K. (2004) Severe acute respiratory syndrome. Nat Med 10(12):
S88–S97. 
Praditya D. , Kirchhoff L. , Brüning J. , Rachmawati H. , Steinmann J. , Steinmann E. (2019)
Anti-infective properties of the golden spice curcumin. Front Microbiol 10: 912. 
Prasad S. , Tyagi A.K. , Aggarwal B.B. (2014) Recent developments in delivery, bioavailability,
absorption and metabolism of curcumin: The golden pigment from golden spice. Cancer Res
Treat 46(1): 2–18. 
Rachmawati H. , Soraya I.S. , Kurniati N.S. , Rahma A. (2016) In vitro study on antihypertensive
and antihypercholesterolemic effects of a curcumin nanoemulsion. Sci Phar. 84(1):131–140. 
Ravindra S. , Mulaba-Bafubiandi A.F. , Rajinikanth V. , Varaprasad K. , Reddy N.N. , Raju K.M.
(2012) Development and characterization of curcumin loaded silver nanoparticle hydrogels for
antibacterial and drug delivery applications. J Inorg Organomet Polym Mate 22(6): 1254–1262. 
Sindhu K. , Rajaram A. , Sreeram K.J. , Rajaram R. (2014) Curcumin conjugated gold
nanoparticle synthesis and its bioavailability. RSC Adv 4(4): 1808–1814. 
Singh D.K. , Jagannathan R. , Khandelwal P. , Abraham P.M. , Poddar P. (2013) In
situsynthesis and surface functionalization of gold nanoparticles with curcumin and their
antioxidant properties: An experimental and density functional theory investigation. Nanoscale
5(5): 1882–1893. 
Singh S.P. , Sharma M. , Gupta P.K. (2014) Enhancement of phototoxicity of curcumin in
human oral cancer cells using silica nanoparticles as delivery vehicle. Lasers Med Sci 29(2):
645–652. 
Sreelakshmi C. , Goel N. , Datta K.K. , Addlagatta A. , Ummanni R. , Reddy B.V. (2013) Green
synthesis of curcumin capped gold nanoparticles and evaluation of their cytotoxicity. Nanosci
Nanotechnol 5(12): 1258–1265. 
Thangapazham R.L. , Sharma A. , Maheshwari R.K. (2006) Multiple molecular targets in cancer
chemoprevention by curcumin. AAPS J 8(3): E443–E449. 
Wen C.C. , Kuo Y.H. , Jan J.T. , Liang P.H. , Wang S.Y. , Liu H.G. , Lee C.K. , Chang S.T. , Kuo
C.J. , Lee S.S. , Hou C.C. (2007) Specific plant terpenoids and lignoids possess potent antiviral
activities against severe acute respiratory syndrome coronavirus. J Med Chem 50(17):
4087–4095. 
Yan H. , Teh C. , Sreejith S. , Zhu L. , Kwok A. , Fang W. , Ma X. , Nguyen K.T. , Korzh V. ,
Zhao Y. (2012) Functional mesoporous silica nanoparticles for photothermalcontrolled drug
delivery. Angew Chem Int 51(33): 8373–8377. 
Yang X.X. , Li C.M. , Li Y.F. , Wang J. , Huang C.Z. (2017) Synergistic antiviral effect of
curcumin functionalized graphene oxide against respiratory syncytial virus infection. Nanoscale
9(41): 16086–16092. 
Zhang H. , Penninger J.M. , Li Y. , Zhong N. , Slutsky A.S. (2020) Angiotensin-converting
enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular mechanisms and potential therapeutic
target. Intensive Care Med 46(4): 586–590. 
Zhu L.N. , Mei X. , Zhang, Z.G. , Xie Y.P. , Lang, F. (2019) Curcumin intervention for cognitive
function in different types of people: a systematic review and metaanalysis. Phytother Res 33:
524–533. 

 



Use of Ashwagandha to Boost
                 Immunity to Combat COVID-19 
Alamgir A.N.M. (2018) Secondary Metabolites, In: Secondary Metabolic Products Consisting of
C and H; C, H, and O; N, S, and P Elements; and O/N Heterocycles, In: Therapeutic Use of
Medicinal Plants and their Extracts. Springer, Cham, Volume 2 (pp. 165–309). 
Gordon S. , Martinez F.O. (2010) Alternative activation of macrophages: mechanism and
functions. Immunity, 32(5): 593–604. 
Honda M. (2019) Reverse Heart Disease Naturally, In: Cures for high cholesterol, hypertension,
arteriosclerosis, blood clots, aneurysms, myocardial infarcts and more. Hatherleigh Press. 
Masanovic B. (2019) Comparative Study of Morphological Characteristics and Body
Composition between Different Team Players from Serbian Junior National League: Soccer,
Handball, Basketball and Volleyball. Int J Morphol 37(2). 
Owen M.A.G. (2011) The effect of dietary inclusion of category 3 animal by-product meals on
rainbow trout (O. mykissWalbaum) mineralised tissues and immune function. 
Pavic A. (2010) The control of poultry Salmonella colonisation by vaccination and prophylactic
treatment with anti-Salmonella antibodies. 
Pradeu T. (2011) The limits of the self: immunology and biological identity. Oxford University
Press. 
Saroj P. , Verma M. , Jha K.K. , Pal M. (2012) An overview on immunomodulation. J Adv Sci
Res 3(1): 7–12. 
Tizard I.R. (2017) Veterinary Immunology-E-Book. Elsevier Health Sciences. 
Whitaker E.D. (2017) The Trouble with Human Nature, In: Health, Conflict, and Difference in
Biocultural Perspective. Taylor & Francis. 
Yance D.R. (2013) Adaptogens in medical herbalism, In: Elite herbs and natural compounds for
mastering stress, aging, and chronic disease. Simon and Schuster. 

 
Boosting Immunity by Liquorice
                 (Yashtimadhu) in COVID-19 Pandemic Situation 
Anagha K. , Manasi D. , Priya L. , Meera M. (2012) comprehensive review on historical aspect
of yashtimadhu-glycyrrhiza glabra L. Global J Res Med Plants Indigen Med 1(12): 687. 
Anagha K. , Manasi D. , Priya L. , Meera M. (2014) Antimicrobial activity of Yashtimadhu
(Glycyrrhiza glabra L.)-A Review. Int J Curr Microbiol App Sci 3(1): 329–336. 
Anil K. , Jyotsna D. (2012) Review on Glycyrrhiza glabra (Liquorice). J Pharm Sci Innov 1(2):
1–4. 
Assudani D.P. , Horton R.B. , Mathieu M.G. , McArdle S.E. , Rees R.C. (2007) The role of CD4+
T cell help in cancer immunity and the formulation of novel cancer vaccines. Cancer Immunol
Immunother 56(1):70–80. 
Ayeka P.A. , Bian Y. , Mwitari P.G. , Chu X. , Zhang Y. , Uzayisenga R. , Otachi E.O. (2016)
Immunomodulatory and anticancer potential of Gan cao (Glycyrrhiza uralensis Fisch.)
polysaccharides by CT-26 colon carcinoma cell growth inhibition and cytokine IL-7 upregulation
in vitro. BMC Complement Altern Med 16(1): 206. 
Black Licorice: Trick or Treat? From US Food & Drug Administration, Consumer Updates, 25
Oct 2011. 
Bonam S.R. , Kaveri S.V. , Sakuntabhai A. , Gilardin L. , Bayry J. (2020) Adjunct
immunotherapies for the management of severely ill COVID-19 patients. Cell Rep Med, 100016. 
Chen H. , Du Q. (2020) Potential natural compounds for preventing SARS-CoV-2 (2019-nCoV)
infection. Preprints: 202001.0358.v32020010358. 
Cosmetic Ingredient Review Expert Panel (2007) Final report on the safety assessment of
Glycyrrhetinic Acid, Potassium Glycyrrhetinate, Disodium Succinoyl Glycyrrhetinate, Glyceryl
Glycyrrhetinate, Glycyrrhetinyl Stearate, Stearyl Glycyrrhetinate, Glycyrrhizic Acid, Ammonium
Glycyrrhizate, Dipotassium Glycyrrhizate, Disodium Glycyrrhizate, Trisodium Glycyrrhizate,
Methyl Glycyrrhizate, and Potassium Glycyrrhizinate Int J Toxicol 26: 79.



Fukuda S. , Horimai C. , Harada K. , Wakamatsu T. , Fukasawa H. , Muto S. , … Hayashi M.
(2011) Aldosterone-induced kidney injury is mediated by NFκB activation. Clin Exp Nephrol
15(1): 41–49. 
Gyobu H. , Tsuji T. , Suzuki Y. , Ohkuri T. , Chamoto K. , Kuroki M. , Miyoshi H. , Kawarada Y. ,
Katoh H. , Takeshima T. (2004) Generation and targeting of human tumor-specific Tc1 and Th1
cells transduced with a lentivirus containing a chimeric immunoglobulin T-cell receptor. Cancer
Res. 64(4): 1490–1495. 
Hegde D.P.L. , Harini D.A. (2014) A Textbook of Dravyaguna Vijnana. Isbrucker RA, Burdock
GA. (2006) Risk and safety assessment on the consumption of Licorice root (Glycyrrhiza sp.),
its extract and powder as a food ingredient, with emphasis on the pharmacology and toxicology
of glycyrrhizin. Regul Toxicol Pharmacol 46(3): 167–192. 
James M. , Marguerite L. , Tomasz Z. , James B. (2020) Pharmacologic treatments for
coronavirus disease 2019 (COVID 19). Jama 323(18): 1824–1836. 
Kalani K. , Chaturvedi V. , Alam S. , Khan F. , Kumar Srivastava S. (2015) Anti-tubercular
agents from Glycyrrhiza glabra. Curr Top Med Chem 15(11): 1043–1049. 
Keidar S. , Gamliel-Lazarovich A. , Kaplan M. , Pavlotzky E. , Hamoud S. , Hayek T. et al.
(2005) Mineralocorticoid receptor blocker increases angiotensin-converting enzyme 2 activity in
congestive heart failure patients. Circ Res 97: 946–953. 
Kokate C.K. , Purohit A.P. , Gokhale S.B. (2004) The Text book of Pharmacognosy, Nirali
Prakashan, 28th edition, Pune, Maharashtra, India, pp 212–215. 
M & F Worldwide Corp. , Annual Report on Form 10-K for the Year Ended December 31, 2010. 
Marzo A.L. , Kinnear B.F. , Lake R.A. , Frelinger J.J. , Collins E.J. , Robinson B.W. , Scott B.
(2000) Tumor-specific CD4+ T cells have a major “post-licensing” role in CTL mediated anti-
tumor immunity. J Immunol 165(11): 6047–6055. 
Perera C. , Efferth T. (2012) Antiviral medicinal herbs and phytochemicals. J Pharmacogn 3(1):
45–48. 
Yu J.Y. , Ha J.Y. , Kim K.M. , Jung Y.S. , Jung J.C. , Oh S. (2015) Anti-inflammatory activities of
licorice extract and its active compounds, glycyrrhizic acid, liquiritin and in BV2 cells and mice
liver. Molecules 13041–13054. 
Zhang H. , Penninger J.M. , Li Y. , Zhong N. , Slutsky A.S. (2020) Angiotensin-converting
enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular mechanisms and potential therapeutic
target. Inten care Med 46(4): 586–590. 

 
Role of Indian Herbs in
                 Boosting Immunity 
Arreola R. , Quintero-Fabián S. , López-Roa R.I. , Flores-Gutiérrez E.O. , Reyes-Grajeda J.P. ,
Carrera-Quintanar L. , Ortuño-Sahagûn D. (2015) Immunomodulation and Anti-Inflammatory
Effects ofGarlic Compounds. J Immunol Res, Special Issue. Volume 2015, Article ID 401630. 
Aryaeian N. , Tavakkoli H. (2015) Gingerand its effects on inflammatory diseases. Adv Food
Technol Nutr Sci Open 1(4): 97–101. 
Boroumand N. , Samarghandian S. , Hashemy S.I. (2018) Immunomodulatory, anti-
inflammatory, and antioxidant effects of curcumin. J Herbmed Pharmacol 7(4): 211–219. 
Butt M.S. , Pasha I. , Sultan M.T. , Randhawa M.A. , Saeed F. , Ahmed W. (2013) Black pepper
and health claims: a comprehensive treatise Crit Rev Food Sci Nutr 53(9): 875–886. 
Catanzaro M. , Corsini E. , Rosini M. , Racchi M. , Lanni C. (2018) Immunomodulators Inspired
by Nature: A Review on Curcumin and Echinacea. Molecules 23(11): 2778. 
Chaieb K. , Hajlaoui H. , Zamantar T. (2007) The chemical composition and biological activity of
clove essential oil, Eugenia caryophyllata (Syzugiumaromaticum L Myrtaceae): A short review.
Phytother Res 21: 501–506. 
Chandra R.K. (2003) Nutrient regulation of immune functions. Forum Nutr 56: 147–148. 
Chowdhury M.A. , Hossain N. , Kashem M.A. , Shahid M.A. , Alam A. (2020) Immune response
in COVID-19: A review. J Infect Public Health, https://doi.org/10.1016/j.jiph.2020.07.001.



Cohen M. (2014) Tulsi - Ocimum sanctum: A herb for all reasons. J Ayurveda Integr Med, 5 (4):
251–259. 
Davis L. , Kuttan G. (2000) Immunomodulatory activity of Withaniasomnifera. J Ethnopharmacol
71: 193–200. 
Dibazar S.P. , Fateh S. , Daneshmandi S. (2014) Clove (Syzygiumaromaticum) ingredients
affect lymphocyte subtypes expansion and cytokine profile responses: An in vitro evaluation. J
Food Anal 22: 448–454. 
Felsenstein S. , Herbert J.A. , McNamara P.S. , Hedrich C.M. (2020) COVID-19: Immunology
and treatment options. Clin Immunol 215 108448.doi.org/10.1016/j.clim.2020.108448 
Giri R.P. , Gangawane A.K. , Giri S.G. (2019) Neem the Wonder Herb: A Short Review. Int J
Trend Sci Res Dev 3(3): 962–967. 
Greiner T. (2011) Vitamins and minerals for women: recent programs and intervention trials.
Nutr Res Pract 5(1): 3–10. 
Grover H.S. , Deswal H. , Singh Y. , Bhardwaj A. (2015) Therapeutic effects of Amla in medicine
and dentistry: A review. J Oral Res Rev 7: 65–68. 
Gruenwald J. , Freder J. , Armbruester N. (2010) Cinnamon and Health. Crit Rev Food Sci Nutr
50: 822–834. 
Jagetia G.C. , Aggarwal B.B. (2007) “Spicing Up” of the Immune System by Curcumin. J Clin
Immunol 27(1):19–35. 
Jana S.N. , Madhu Charan S. (2018) Health Benefits and Medicinal Potency of
Withaniasomnifera: A Review. Int J Pharm Sci Rev Res 48(1): 22–29. 
Karacabey K. , Ozdemir N. (2012) The Effect of Nutritional Elements on the Immune System. J
Obes Wt Loss Ther 2(9): 1–6. 
Kussmann M. (2010) Nutrition and Immunity. In: RSC Food Analysis Monographs No. 9. Mass
Spectrometry and Nutrition Research. Edited by Laurent B. Fay and Martin Kussmann . The
Royal Society of Chemistry, UK, pp. 268-300. 
Madhuri S. , Pandey G. , Verma K.S. (2011) Antioxidant, immunomodulatory and anticancer
activities of Emblicaofficinalis: An Overview. Int Res J Pharm 2(8): 38–42. 
Mashhad N.S. , Ghiasvand R. , Askari G. , Hariri M. , Darvishi L. , Mofid M.R. (2013) Anti-
Oxidative and Anti-Inflammatory Effects of Ginger in Health and Physical Activity: Review of
Current Evidence. Int J Prev Med 4(Suppl 1): S36–S42. 
Ministry of AYUSH (2020). Ayurveda’s immunity boosting measures for self care during COVID
19 crisis. https://www.mohfw.gov.in/pdf/Immunity Boosting AYUSHA dvisory.pdf 
Ministry of Health and Family Welfare, GOI (2020). Detail Question and Answers on COVID-19
for Public. https://www.mohfw.gov.in/pdf/FAQ.pdf 
Momtazi-Borojeni A.A. , Haftcheshmeh S.M. , Esmaeili S.A. , Johnston T.P. , Abdollahi E. ,
Sahebkar A. (2018) Curcumin: A natural modulator of immune cells in systemic lupus
erythematosus. Autoimmun Rev 17:125–135. 
Mukherjee P.K. , Nema N.K. , Bhadra S. , Mukherjee D. , Braga F.C. , Matsabisa M.G. (2014)
Immunomodulatory leads from medicinal plants. Indian J Tradit Know 13(2): 235–256. 
National Health Portal, GOI (2020). Introduction and Importance of Medicinal Plants and Herbs.
https://www.nhp.gov.in/introduction-and-importance-ofmedicinal-plants-and-herbs_mtl. 
Nilashi M. , Sama S. , Shahmoadi L. , Ahmadi H. , Akbari E. , Rashid T.A. (2020) The COVID-
19 infection and the immune system: The role of complementaryand alternative medicines.
Biomed Res 31(2): 1–4. 
Panchabhai T.S. , Kulkarni U.P. , Rege N.N. (2008) Validation of therapeutic claims of
Tinosporacordifolia: a review. Phytother Res 22(4): 425–441. 
Rawat N. , Roushan R. (2018) Guduchi: A Potential Drug In: Ayurveda World J Pharm Res
7(12): 355–361. 
Reifen R. (2002) Vitamin A as an anti-inflammatory agent. Proceedings of the Nutrition Society
61: 397–400. 
Roussel A.M. , Hininger I. , Benaraba R. , Ziegenfuss T.N. , Anderson R.A. (2009) Antioxidant
effects of a cinnamon extract in people with impaired fasting glucose that are overweight or
obese. J Am Coll Nutr 28(1): 16–21. 
Sai Krishna G. , BhavaniRamesh T. , PremKumar P. (2014) “Tulsi”- the Wonder Herb
(PharmacologicalActivities of Ocimum Sanctum) Am J Ethno, 1(1): 089–095



Salman H. , Bergman M. , Bessler H. , Punsky I. , Djaldetti M. (1999) Effect ofa garlic derivative
(alliin) on peripheral blood cell immune responses. Int J Immunopharmacol 21(9): 589–597. 
Saxena C. , Rawat G. (2019) Tinosporacordifolia (Giloy) - Therapeutic Uses and Importance: A
review. Cur Res Pharm Sci 9(03): 42–45. 
Shang A. , Cao S. , Xu X.Y. , Gan R.Y. , Tang G.Y. , Corke H. , Mavumengwana V. , Li H.B.
(2019) Bioactive Compounds and Biological Functions of Garlic (Allium sativum L.). Foods 8(7):
246 
Singletary K.W. (2010) Black Pepper: Overview of Health Benefits. Nutr Today 45(1): 43–47. 
Srivasuki K.P. (2012) Nutritional and Health Care Benefits Of Amla. J Pharmacogn 3(2):
147–151. 
Upadhyay R.K. (2017) Tulsi: A holy plant with high medicinal andtherapeuticvalue. Int J Green
Pharm 11(1): S1–S12. 
Verma S.K. , Kumar A. (2011) Therapeutic uses of Withaniasomnifera (Ashwagandha) with a
note on withanolides and its pharmacological actions. Asian J Pharm Clin Res 4(Suppl 1): 1–4. 
World Health Organization (2020). Health topics/ Coronavirus/Overview.
https://www.who.int/health-topics/coronavirus#tab=tab_1 
Yadav D.K. , Bharitkar Y.P. , Chatterjee K. , Ghosh M. , Mondal N.B. , Swarnakar S. (2016)
Importance of Neem Leaf: An insight into its role in combating diseases. Indian J. Exp Biol
54(11): 708–718. 
Zheng W. , Wang S.Y. (2001) Antioxidant activity and phenolic compounds in selected herbs. J
Agric Food Chem. 49(5): 165–170. 

 
Potential Benefits of Berries
                 and Their Bioactive Compounds as Functional Food
Component and Immune Boosting
                 Food 
Adnan L. , Osman A. , Hamid A.A. (2011) Antioxidant activity of different extracts of red pitaya
(Hylocereus polyrhizus) seed. Int J Food Prop 14: 1171–1181. 
Basu A. , Rhone M. , Lyons T.J. (2010) Berries: Emerging impact on cardiovascular health. Nutr
Rev 68: 168–177. 
Bauman M.N. , Roy P. , Sinha N.K. , Sinha M. (2006) Vacuum puffed and expanded fruit. U.S.
Published Patent Application No: 0013925AI. 
Bermudez-Soto M.J. , Larrosa M. , Garcia-Cantalejo J.M. , Espin J.C. , Tomas-Barberan F.A. ,
Garcia-Conesa M.T. (2007) Up-regulation of tumor suppressor carcinoembryonic antigen
related cell adhesion molecule 1 in human colon cancer caco-2 cells fallowing repetitive
exposure to dietary levels of a polyphenol rich Chokeberry juice. J Nutr Biochem 18: 259–271. 
Bodet C. , Grenire D. , Chandad F. , Ofek I. , Steinberg D. , Weiss E. (2008) Potential oral
health benefits of cranberry. Crit Rev Food Sci Nutr 48: 672–680. 
Calò R. , Marabini L. (2014) Protective effect of Vaccinium myrtillus extract against UVA- and
UVB-induced damage in a human keratinocyte cell line (HaCaT cells). J Photochem Photobiol
Biol 132: 27–35. 
Giampieri F. , Forbes-Hernandez T.Y. , Gasparrini M. , Alvarez-Suarez J.M. , Afrin S. ,
Bompadre S. , Quiles J.L. , Mezzetti B. , Battino M. (2015) Strawberry as a health promoter: An
evidence based review. Food Funct 6: 1386–1398. 
Halvorsen B.L. , Carlsen M.H. , Phillips K.M. , Bohn S.K. , Holte K. , Jacobs D.R. (2006).
Content of redox-active compounds in foods consumed in the United State. Am J Clin Nutr 84:
95–135. 
Hannum S.M. (2004) Potential impact of strawberries on human health. Crit Rev Food Sci Nutr
44: 1–7. 
Heinonen I.M. , Meyer A.S. (2000) Antioxidant in fruits, berries and vegetable. In: Fruit and
vegetable processing improving quality, Ed. Jongen W. , Woodhead Publishing Ltd.,
Cambridge, pp 23–51.



Heinonon I.M. , Meyer A.S. , Frankel E.N. (1998) Antioxidant activity of berry phenolics on
cancer, low-density lipoprotein and liposome oxidation. J Agric Food Chem 46: 4107–4112. 
Herken E.N. , Guzel S. (2010) Total antioxidant capacity and total phenol contents of selected
commercial fruit juices. Croatian J Food Sci Tech 1: 9–17. 
Hertog M.G.L. , Hollman P.C.H. , Van de Putte B. (1993) Content of potentially anticarcinogenic
flavonoids of tea infusions, wines, and fruit juices. J Agric Food Chem 41(8): 1242–1246. 
Hollman P.C. and Arts I.C. (2005). Polyphenols and disease risk in epidemiologic studies. Am J
Clin Nutr 81: 317S–325S. 
Howell A.B. , Reed J.D. , Krueger C.G. , Winterbottom R. , Cunningham D.G. , Leahy M. (2005)
A type cranberry proanthocyanidins and uropathogenic bacterial antiadhesion activity. J
Phytochem 66: 2281–2291. 
Iwashita M. , Kobori M. , Yamaki K. , Tsushida T. (2000). Flavonoids inhibit cell growth and
induce apoptosis in B16 melanoma 4A5. Biosci Biotechnol Biochem 64: 1813–1820. 
Jiao H. , Wang S.Y. (2000) Correlation of antioxidant capacities to oxygen radical scavenging
enzyme activities in blackberry. J Agric Food Chem 48: 5672–5676. 
Joseph J.A. , Denisova N.A. , Arendash G. , Gordon M. , Diamond D. , Shukitt-Hale B. , Morgan
D. (2003) Blueberry supplementation enhancing signalling and prevents behavioural deficits in
an Alzheimer disease model. Nutr Neurosci 6: 153–162 
Katsube N. , Iwashita K. , Tsushida T. , Yamaki K. , Kobori M. (2003). Induction of apoptosis in
cancer cells by bilberry (Vaccinium myrtillus) and the anthocyanins. J Agric Food Chem 51:
68–75. 
Keli S.O. , Hertog M.G.L. , Feskens E.J.M. , Kromhout D. (1996) Dietary flavonoids, antioxidant
vitamins, and incidence of stroke: the Zutphen study. Arch Intern Med 156: 637–642. 
Knekt P. , Jarvinen R. , Seppanen R. , Hellovaara M. , Teppo L. , Pukkala E. , Aromaa A. (1997)
Dietary flavonoids and the risk of lung cancer and other malignant neoplasms. Am J Epidemiol
146: 223–230. 
Koca I. , Karadeniz B. (2009) Antioxidant properties of blackberry and blueberry fruits grown in
the Black Sea region of Turkey. Scientia Horticultural 121: 447–450. 
Kontiokari T. , Laitinen J. , Jrvi L. , Pokka T. , Sundqvist K. , Uhari M. (2003) Dietary factors
protecting women from urinary tract infections. Am J Clin Nutr 77: 600–604. 
Kowalska, K. , Olejnik A. , Szwajgier D. , Olkowicz M. (2017) Inhibitory activity of chokeberry,
bilberry, raspberry and cranberry polyphenol-rich extract towards adipogenesis and oxidative
stress in differentiated 3T3-L1 adipose cells. Plos One 12(11), 1–15. 
Kunts S. , Wenzel U. , Daniel H. (1999). Comparative analysis of the effects of flavonoids on
proliferation, cytotoxicity, and apoptosis in human colon cancer cell lines. Eur J Nutr 38:
133–142. 
Liu J. , Zhang W. , Jing H. , Popovich D.G. (2010) Bog bilberry (Vaccinium uliginosum L.)
extract reduces cultured Hep-G2, Caco-2, and 3T3-L1 cell viability, affects cell cycle
progression, and has variable effects on membrane permeability. J Food Sci 75: 103–107. 
Liu M. , Li X.Q. , Weber C. , Lee C.Y. , Brown J. , Liu R.H. (2002) Antioxidant and
antiproliferative activities of raspberries. J. Agric. Food Chem 50: 2926–2930. 
Liu Z. , Schwimer J. , Liu D. , Greenway F.L. , Anthony C.T. , Woltering E.A. (2005) Black
raspberry extract and fractions contain angiogenesis inhibitors. J Agric Food Chem 53:
3909–3915. 
Lopes da-Silva F. , Escribano-Bailon M.T. , Perez-Alonso J.J. , Rivas-Gonzalo J. , Santos-
Buelga C. , (2007) Anthocyanin pigments in strawberry. LWT Food Sci Technol 40: 374–382. 
Martineau L.C. , Couture A. , Spoor D. , Benhaddou-Andaloussi A. , Harris C. , Meddah B. ,
Leduca C. , Burtc A. , Vuonga T. , Le P.M. et al. (2006) Anti-diabetic properties of the Canadian
lowbush blueberry Vaccinium angustifolium Ait. Phytomed 13: 612–623. 
Mertens A. , Holvoet P. (2001) Oxidized LDL and HDL: Antagonists in atherothrombosis.
FASEB J 15: 2073–2084. 
Meyer A.S. , Heinonen M. , Frankel E.N. (1998) Antioxidant interactions of catechin cyaniding
caffeic acid quercetin and ellagic acid on human LDL oxidation. Food Chem 61: 71–75. 
Meyskens F.L. , Szabo E. (2005) Diet and cancer: the disconnect between epidemiology and
randomized clinical trials. Cancer Epidem Biomar Prev 14: 1366–1369. 
Moyer R.A. , Hummer K.M. , Finn C.E. , Frei B. , Wrolstad R.E. (2002) Anthocyanins, phenolics,
and antioxidant capacity in diverse small fruits: Vaccinium, Rubus, and Ribes. J Agric Food



Chem 50: 519–525. 
Mullen W. , Mc-Ginn J. , Lean M.E.J. , MacLean M.R. , Gardner P. , Duthie G.G. , Yokota T.
(2000) Ellagitannins, flavonoids and other phenolics in red raspberries and their contribution to
antioxidant capacity and vasorelaxation properties. J Agric Food Chem 50: 5191–5196. 
Oszmiañski J. , Wojdyo A. (2009) Comparative study of phenolic content and antioxidant activity
of strawberry puree, clear, and cloudy juices. Eur Food Res Technol 228: 623–631. 
Pantelidis G.E. , Vasilakakis M. , Manganaris G.A. , Diamantidis G. (2007) Antioxidant capacity,
phenol, anthocyanins and ascorbic acid contents in raspberries, blackberries, red currants,
gooseberries and cornelian cherries. Food Chem 102: 777–783. 
Pappas E. , Schaich M. (2009) Phytochemicals of cranberries and cranberry products
characterization potential health effects and processing stability. Crit Rev Food Sci Nutr 49:
741–781. 
Pinto Mda S. , de Carvalho J.E. , Lajolo F.M. , Genovese M.I. , Shetty K. (2010) Evaluation of
antiproliferative, anti-type 2 diabetes, and antihypertension potentials of ellagitannins from
strawberries (Fragaria ananassa Duch.) using in vitro models. J Med Food 13: 1–9. 
Prasath G.S. , Subramanian S.P. (2014) Antihyperlipidemic effect of fisetin, a bioflavonoid of
strawberries, studied in streptozotocin-induced diabetic rats. J Biochem Mol Toxicol 28:
442–449. 
Puupponen-Pimia R. , Nohynek L. , Hartmann-Schmidlin S. , Kahkonen M. , Heinonen M. ,
Maastta-Riihinen K. (2005). Berry phenolics selectively inhibit the growth of intestinal
pathogens. J Appl Microbiol 98: 991–1000. 
Ramadan M.F. , Sitohy M.Z. , Morsel J.T. (2008) Solvent and enzyme-aided aqueous extraction
of goldenberry (Physalis peruviana L) pomace oil impact of processing on composition and
quality of oil and meal. Eur J Food Res Technol 226: 1445–1448. 
Rapisarda P. , Tomaino A. , Lo Cascio R. , Bonina F. , De Pasquale A. , Saija A. (1999)
Antioxidant effectiveness as influenced by phenolic content of fresh orange juices. J Agric Food
Chem 47: 4718–4723. 
Reed J. (2002) Cranberry flavonoids, atherosclerosis and cardiovascular health. Crit Rev Food
Sci Nutr 42: 301–316. 
Rice-Evans C.A. , Miller N.J. (1998) Structure-antioxidant activity relationships of flavonoids and
isoflavonoids. In: Flavonoids in health and disease Rice-Evans CA, Packer C. , (ed.), Marcel
Dekker New York, pp. 199–219. 
Ross H.A. , McDougall G.J. , Stewart D. (2007) Antiproliferative activity is predominantly
associated with ellagitannins in raspberry extracts. Phytochem 68: 218–228. 
Sakakibara H. , Ashida H. , Kanazawa K. (2002) A novel method using 8-hydroperoxy-22 -
deoxyguanosine formation for evaluating antioxidative potency. Free Radic Res J 36: 307–316. 
Sasaki R. , Nishimura N. , Hoshino H. , Isa Y. , Kadowaki M. , Ichi T. , Tanaka A. , Nishiumi S. ,
Fukuda I. , Ashida H. , Horio F. , Tsuda T. (2007) Cyanidin 3-glucoside ameliorates
hyperglycemia and insulin sensitivity due to downregulation of retinol binding protein 4
expression in diabetic mice. J Biochem Pharmacol 74: 1619–1627. 
Schantz M. , Mohn C. , Baum M. , Richling E. (2010) Antioxidative efficiency of an anthocyanin
rich bilberry extract in the human colon tumor cell lines Caco-2 and HT-29. J Berry Res 1:
25–33. 
Schieber A. , Stintzing F.C. , and Carle R. (2001) By-products of plant food processing as a
source of functional compounds-recent developments. J Food Sci Technol 12: 401–413. 
Seeram N.P. (2006) Berries. In: Nutritional oncology. Heber D. , Blackburn G. , Go V.L.W. ,
Milner J. (ed), 2nd edn. London, UK, Academic Press pp. 615–625. 
Seeram P.N. (2008) Berry fruits: compositional elements, biochemical activities, and the impact
of their intake on human health, performance, and disease. J Agric Food Chem 56: 627–629. 
Seeram P.N. , Adams S.L. , Zhao Y. , Lee R. , Sand D. , Scheuller S.H. , Heber D. (2006)
Blackberry, black raspberry, blueberry, cranberry, red raspberry, and strawberry extracts inhibit
growth and stimulate apoptosis of human cancer cells in vitro. J Agric Food Chem 54:
9329–9339. 
Seifried H.E. , Anderson D.E. , Fisher E.I. , Milner J.A. (2007) A review of the interaction among
dietary antioxidants and reactive oxygen species. J Nutr Biochem 18: 567–579. 
Shen, C.L. , von Bergen V. , Chyu M.C. , Jenkins M.R. , Mo H. , Chen C-H. (2012) Kwun IS
fruits and dietary phytochemicals in bone protection. Nutr Res 32: 897–910.



Shin Y. , Liu R.H. , Nock J.F. , Holliday D. , Watkins C.B. (2007) Temperature and relative
effects on quality, total ascorbic acid, phenolics and flavonoids concentration and antioxidase
on strawberry. Postharvest Biol Technol 45: 349–357. 
Siriwoharn T. , Wrolstad R.E. , Durst R.W. (2006) Identification of ellagic acid in blackberry juice
sediment. J Food Sci 70: 189–197. 
Skrovankova S. , Sumczynski D. , Mlcek J. , Jurikova T. , Sochor J. (2015). Bioactive
compounds and antioxidant activity in different types of berries. Int J Mol Sci 16: 24673–24706. 
Srivastava A. , Akoh C.C. , Fischer J. , Krewer G. (2007) Effect of anthocyanin fractions from
selected cultivars of Georgia-grown blueberries on apoptosis and phase II enzymes. J Agric
Food Chem 55: 3180–3185. 
Surh Y.J. , Na H.K. , Lee J.Y. , Keum Y.S. (2001) Molecular mechanisms underlying antitumor
promoting activities of heat-processed Panax ginseng CA Meyer. J Korean Med Sci 16:
S38–41. 
Szajdek A. , Borowska J.E. (2008) Bioactive compounds and health-promoting properties of
berry fruits a review. Plant Foods Hum Nutr 63: 147–156. 
Tan L. , Yang H.P. , Pang W. , Lu H. , Hu Y.D. , Li J. , Lu S.J. , Zhang W.Q. , Jiang Y.G. (2014)
Cyanidin-3-O-galactoside and blueberry extracts supplementation improves spatial memory and
regulates hippocampal ERK expression in senescence-accelerated mice. Biomed Environ Sci
27(3): 186–196. 
Tsuda T. (2008) Regulation of adipocyte function by anthocyanins, possibility of preventing the
metabolic syndrome. J. Agric. Food Chem 56: 642–646. 
Wang I.K. , Lin-Shiau S.Y. , Lin J.K. (1999) Induction of apoptosis by apigenin and related
flavonoids through cytochrome c release and activation of caspase-9 and caspase-3 in
leukemia HL-60 cells. Eur J Cancer 35: 1517–1525. 
Wang J. , Mazza G. (2002) Inhibitory effects of anthocyanins and other phenolic compounds on
nitric oxide production in LPS/IFN-ç-activated RAW 264.7 macrophages. J Agric Food Chem
50: 850–857. 
Wang S. , Lin H.S. (2000) Antioxidant activity in fruits and leaves of blackberry, raspberry and
strawberry varieties with cultivar and developmental stage. J Agric Food Chem 18: 140–146. 
WHO (2002) The World Health Report Reducing risks and promoting healthy life. Geneva,
Switzerland: World Health Organization. 
Winston D. , Graff A. , Brinckman J. , Langer R. , Turner A. , Reich E. , Bieber A. , Howell A. ,
Romm A. (2002) Cranberry fruit, Vaccinium macrocarpon aiton. In: Standards of Analysis,
Quality Control, and Therapeutics ed. Upton R. , Graff A Santa Cruz CA: American Herbal
Pharmacopoeia and Therapeutic compendium, American Herbal Pharmacopoeia. 
Wu X. , Gu L. , Prior R.L. , McKay S. (2004). Characterization of anthocyanins and
proanthocyanidins in some cultivars of Ribers, Aronia and Sambucus and their antioxidant
capacity. J Agric Food Chem 52: 7846–7856. 
Xue H. , Aziz R.M. , Sun N. , Cassady J.M. , Kamendulis L.M. , Xu Y. (2002) Inhibition of
cellular transformation by berry extracts. Carcinog 22: 351–356. 
Yi W. , Fischer J. , Krewer G. , Akoh C.C. (2005) Phenolic compounds from blueberries can
inhibit colon cancer cell profiferation and induce apoptosis. J Agric Food Chem 53: 7320–7329. 
Zhang K. , Zuo Y. (2004) GC-MS determination of flavonoids and phenolic and benzoic acids in
human plasma after consumption of cranberry juice. J Agric Food Chem 52: 222–227. 

 
Effectiveness of Flax Seed, an
                 Immune Booster Functional Food during COVID-19
Pandemic Situation 
Abbas A.M. , Kamel M.M. (2020) Dietary habits in adults during quarantine in the context of
COVID-19 pandemic. Obes Med 19: 100254. 
Budhwar S. , Sethi K. , Chakraborty M. (2020) A Rapid Advice Guideline for the Prevention of
Novel Coronavirus through Nutritional Intervention. CurrNutr Rep. 9(3): 119–128.



Butler M. J. , Barrientos R.M. (2020) The impact of nutrition on COVID-19 susceptibility and
long-term consequences. Brain Behav Immun 87: 53–54. 
Calder P.C. (2020) Nutrition, immunity and COVID-19. BMJ nutr. prev. health doi:
10.1136/bmjnph-2020-000085. 
Caligiuri S.P.B. , Edel A.L. , Aliani M. et al (2014) Flaxseed for Hypertension: Implications for
Blood Pressure Regulation. Curr Hypertens Rep 16: 499. 
Cascella M. , Rajnik M. , Cuomo A. , Dulebohn S. C. , Di Napoli, R. (2020) Features, Evaluation
and Treatment Coronavirus (COVID-19). StatPearls. StatPearls Publishing. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK554776/ 
Centers for Disease Control and Prevention . Morbidity and Mortality Weekly Report (mmwr):
Preliminary Estimates of the Prevalence of Selected Underlying Health Conditions among
Patients with Coronavirus Disease. (accessed on March, 2020),
https://www.cdc.gov/mmwr/volumes/69/wr/mm6913e2.htm?s_cid=mm6913e2_w 
Chassaing B. , Kumar M. , Baker M. T. , Singh V. , Vijay-Kumar M. (2014) Mammalian gut
immunity. Biomed J 37(5): 246–258. 
Childs C.E. , Calder P.C. , Miles E.A. (2019) Diet and Immune Function. Nutrients 11(8): 1933. 
Corona G. , Kreimes A. , Barone M. et al. (2020) Impact of lignans in oilseed mix on gut
microbiome composition and enterolignan production in younger healthy and premenopausal
women: an in vitro pilot study. Microb Cell Fact 19(1): 82. 
Derbyshire E. , Delange J. (2020) COVID-19: is there a role for immunonutrition, particularly in
the over 65s? BMJ nutr. prev. health 3(1): bmjnph-2020-000071. 
Devarshi P.P. , Jangale N.M. , Ghule A.E. , Bodhankar S.L. , Harsulkar A.M. (2013) Beneficial
effects of flaxseed oil and fish oil diet are through modulation of different hepatic genes involved
in lipid metabolism in streptozotocin-nicotinamide induced diabetic rats. Genes Nutr 8(3):
329–342. 
Dhar D. , Mohanty A. (2020) Gut microbiota and Covid-19- possible link and implications. Virus
Res 285: 198018. 
Dzuvor C. , Taylor J.T. , Acquah C. , Pan S. , Agyei D. (2018) Bioprocessing of Functional
Ingredients from Flaxseed. Molecules (Basel, Switzerland) 23(10): 2444. 
Ejaz H. , Alsrhani A. , Zafar A. , Javed H. , Junaid K. , Abualgasim E. , Khalid O.A.A. , Zeeshan
A.A. , Younas S. (2020) COVID-19 and comorbidities: Deleterious impact on infected patients J
Infect Public Health https://doi.org/10.1016/j.jiph.2020.07.014. 
Farrah K.M. , Farid A.S. , Mohammed A.K. (2018) Antioxidant and anti-inflammatory effects of
flaxseed oil and fish oil in fipronil induced oxidative stress in rats. Bvmj 35(2): 44–56. 
Goyal A. , Sharma V. , Upadhyay N. , Gill S. , Sihag M. (2014) Flax and flaxseed oil: an ancient
medicine & modern functional food. J Food Sci Technol 51(9): 1633–1653. 
Granato D. , Barba F.J. , BursaæKovaèeviæ D. , Lorenzo J. M. , Cruz A.G. , Putnik P. (2020)
Functional Foods: Product Development, Technological Trends, Efficacy Testing, and Safety.
Annu Rev Food Sci Technol 11: 93–118. 
Guan W.J. , Liang W.H. , Zhao Y. , Liang H.R. , Chen Z.S. , Li Y.M. , Liu X.Q. , Chen R.C. ,
Tang C.L. , Wang T. , Ou C.Q. , Li L. , Chen P.Y. , Sang L. , Wang W. , Li J.F. , Li C.C. , Ou
L.M. , Cheng B. , Xiong S. (2020) Comorbidity and its impact on 1590 patients with COVID-19 in
China: a nationwide analysis. Eur Respir J 55(5): 2000547. 
Haghighatsiar N. , Askari G. , Saraf-Bank S. , Feizi A. , Keshmiri H. (2019) Effect of Flaxseed
Powder on Cardiovascular Risk Factor in Dyslipidemic and Hypertensive Patients. Int J Prev
Med 10: 218. 
Haidari F. , Banaei-Jahromi N. , Zakerkish M. et al. (2020) The effects of flaxseed
supplementation on metabolic status in women with polycystic ovary syndrome: a randomized
open-labeled controlled clinical trial. Nutr J 19(8). 10.1186/s12937-020-0524-5 
Hasaniani N. , Rahimlou M. , RamezaniAhmadi A. , MehdizadehKhalifani A. , Alizadeh M.
(2019) The Effect of Flaxseed Enriched Yogurt on the Glycemic Status and Cardiovascular Risk
Factors in Patients with Type 2 Diabetes Mellitus: Randomized, Open-labeled, Controlled
Study. ClinNutr Res 8(4): 284–295. 
He Y. , Wang J. , Li F. , Shi Y. (2020) Main Clinical Features of COVID-19 and Potential
Prognostic and Therapeutic Value of the Microbiota in SARS-CoV-2 Infections. Front. Microbiol
11: 1302.



Hirayama D. , Iida T. , Nakase H. (2017) The Phagocytic Function of Macrophage-Enforcing
Innate Immunity and Tissue Homeostasis. Int J Mol Sci 19(1): 92. 
Horowitz R. , Freeman P.R. (2020) Three novel prevention, diagnostic, and treatment options
for COVID-19 urgently necessitating controlled randomized trials. Med Hypotheses 143:
109851–109851. 
Jamilian M. , Tabassi Z. , Reiner Z. , Panahandeh I. , Naderi F. , Aghadavod E. , Amirani E. ,
Taghizadeh M. , Shafabakhsh R. , Satari M. , Mansournia M.A. , Memarzadeh M.R. , Asemi Z.
(2020) The effects of n-3 fatty acids from flaxseed oil on genetic and metabolic profiles in
patients with gestational diabetes mellitus: a randomised, double-blind, placebo-controlled trial.
Br J Nutr 123(7): 792–799. 
Kajla P. , Sharma A. , Sood, D.R. (2015) Flaxseed-a potential functional food source. J Food
SciTechnol 52(4): 1857–1871. 
Katare C. , Saxena S. , Agrawal S. , Prasad G.B.K.S. , Bisen P.S. (2012) Flax Seed: A Potential
Medicinal Food. J Nutr Food Sci, 2:120. 
Khalesi S. , Irwin C. , Schubert M. (2015) Flaxseed consumption may reduce blood pressure: a
systematic review and meta-analysis of controlled trials. J Nutr 145(4): 758–765. 
Kumar V. (2020) Macrophages: The Potent Immunoregulatory Innate Immune Cells. Intech
Open Doi: 10.5772/intechopen.88013. 
Magro G. (2020) SARS-CoV-2 and COVID-19: is interleukin-6 (IL-6) the ‘culprit lesion’ of ARDS
onset? What is there besides Tocilizumab? Cytokine X 2(2): 100029. 
Marginã D. , Ungurianu A. , Purdel C. , Nitulescu G. M. , Tsoukalas D. , Sarandi E. , Thanasoula
M. , Burykina T.I. , Tekos F. , Buha A. , Nikitovic D. , Kouretas D. , Tsatsakis A.M. (2020)
Analysis of the intricate effects of polyunsaturated fatty acids and polyphenols on inflammatory
pathways in health and disease. Food Chem Toxicol 143: 111558. 
Messina G. , Polito R. , Monda V. , Cipolloni L. , Di Nunno N. , Di Mizio G. , Murabito P. ,
Carotenuto M. , Messina A. , Pisanelli D. , Valenzano A. , Cibelli G. , Scarinci A. , Monda M. ,
Sessa F. (2020) Functional Role of Dietary Intervention to Improve the Outcome of COVID-19:
A Hypothesis of Work. Int J Mol Sci 21(9): 3104. 
Mohamed S. , Abdelhamid M. , Abdel-Aziz M. , Montser A. (2019) The impact of flaxseed oil
active compounds in its native and nano forms on the rat gut microbiota. Curr Sci Int DOI:
10.36632/csi/2019.8.4.5. 
Mohammadi S.M. , Mazloom Z. , Raeisi-Dehkordi H. , BaratiBoldaji R. , Bellissimo N. , Totosy
De Z.J. (2017) The effect of flaxseed supplementation on body weight and body composition: A
systematic review and meta-analysis of 45 randomized placebo-controlled trials. Obes Rev DOI:
10.1111/obr.12550. 
Naja F. , Hamadeh R. (2020) Nutrition amid the COVID-19 pandemic: a multi-level framework
for action. Eur J ClinNutr 74(8): 1117–1121. 
Ndou S.P. , Tun H.M. , Kiarie E. et al. (2018) Dietary supplementation with flaxseed meal and
oat hulls modulates intestinal histomorphometric characteristics, digesta- and mucosa-
associated microbiota in pigs. Sci Rep 8: 5880. 
Nogueira-de-Almeida C.A. , Ciampo L. , Ferraz I.S. , Ciampo I. , Contini A.A. , Ued F. (2020)
COVID-19 and obesity in childhood and adolescence: a clinical review. J Pediatr (Rio J).
https://doi.org/10.1016/j.jpedp.2020.07.003. 
Parikh M. , Netticadan T. , Pierce G.N. (2018) Flaxseed: its bioactive components and their
cardiovascular benefits. Am J Physiol Heart CircPhysiol 314(2): 146–159. 
Ren G.Y. , Chen C.Y. , Chen G.C. , Chen W.G. , Pan A. , Pan C.W. , Zhang Y.H. , Qin L.Q. ,
Chen L.H. (2016) Effect of Flaxseed Intervention on Inflammatory Marker C-Reactive Protein: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Nutrients 8(3): 136. 
Rezaei S. , Sasani M.R. , Akhlaghi M. , Kohanmoo A. (2020) Flaxseed oil in the context of a
weight loss programme ameliorates fatty liver grade in patients with non-alcoholic fatty liver
disease: a randomised double-blind controlled trial. Br J Nutr 123(9): 994–1002. 
Rodriguez-Leyva D. , Dupasquier C.M. , McCullough R. , Pierce G.N. (2010) The cardiovascular
effects of flaxseed and its omega-3 fatty acid, alpha-linolenic acid. Can J Cardiol 26(9):
489–496. 
Rogero M. , Leão M. , Santana T. , Pimentel M. , Carlini G. , Silveira T. , Gonçalves R. , Castro
I. (2020) Potential benefits and risks of omega-3 fatty acids supplementation to patients with
COVID-19. Free Radic. Biol. Med DOI: 10.1016/j.freeradbiomed.2020.07.005.



Sanmartin C. , Taglieri I. , Venturi F. , Macaluso, M. , Zinnai, A. , Tavarini, S. , Botto, A. , Serra,
A. , Conte, G. , Flamini, G. , Angelini L.G. (2020) Flaxseed Cake as a Tool for the Improvement
of Nutraceutical and Sensorial Features of Sourdough Bread. Foods (Basel, Switzerland) 9(2):
204. 
Sanyaolu A. , Okorie C. , Marinkovic A. et al (2020) Comorbidity and its Impact on Patients with
COVID-19. SN Compr Clin Me 2: 1069–1076. 
Shakoor H. , Feehan J. , Al Dhaheri A.S. , Ali H.I. , Platat C. , Ismail L.C. , Apostolopoulos V. ,
Stojanovska L. (2021) Immune-boosting role of vitamins D, C, E, zinc, selenium and omega-3
fatty acids: Could they help against COVID-19? Maturitas 143: 1–9. 
Sherif S.M. , Mohamed A. , Mohamed A.A. , Ahmed M. (2019) The impact of flaxseed oil active
compounds in its native and nano forms on the rat gut microbiota. Curr Sci Int Doi:
10.36632/csi/2019.8.4.5 
Singhal T. (2020) A Review of Coronavirus Disease-2019 (COVID-19). Indian J Pediatr 87(4):
281–286 
Szabó, Z. , Marosvölgyi T. , Szabó É , Bai P. , Figler M. , Verzár Z. (2020) The Potential
Beneficial Effect of EPA and DHA Supplementation Managing Cytokine Storm in Coronavirus
Disease. Front Physiol 11: 752 
Thakur G. , Analava M. , Kunal P. , Derick R. (2009) Effect of flaxseed gum on reduction of
blood glucose & cholesterol in Type 2 diabetic patients. Int J Food Sci Nutr 60: 1–11. 
Ursoniu S. , Sahebkar A. , Andrica F. , Serban C. , Banach M. , Lipid and Blood Pressure Meta-
analysis Collaboration (LBPMC) Group (2016) Effects of flaxseed supplements on blood
pressure: A systematic review and meta-analysis of controlled clinical trial. ClinNutr 35(3):
615–625. 
Van der Lelie D. , Taghavi S. (2020) COVID-19 and the Gut Microbiome: More than a Gut
Feeling. mSystems 5(4). 10.1128/mSystems.00453-20 
World Health Organization . COVID-19 significantly impacts health services for
noncommunicable diseases. (accessed on 1st June, 2020), https://www.who.int/news-
room/detail/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-
diseases 
Wu D. , Lewis E.D. , Pae, M. , Meydani S.N. (2019) Nutritional Modulation of Immune Function:
Analysis of Evidence, Mechanisms, and Clinical Relevance. Front Immunol 9: 3160. 
Yang J. , Zheng Y. , Gou X. , Pu K. , Chen, Zhaofeng , Guo Q. , Ji R. , Wang H. , Wang Y. ,
Zhou Y. (2020) Prevalence of comorbidities and its effects in patients infected with SARS-CoV-
2: a systematic review and meta-analysis. Int J Infect Dis 94: 91–95. 
Zarepoor L. , Lu J.T. , Zhang C. , Wu W. , Lepp D. , Robinson L. , Wanasundara J. , Cui S. ,
Villeneuve S. , Fofana B. , Tsao R. , Wood G.A. , Power K.A. (2014) Dietary flaxseed intake
exacerbates acute colonic mucosal injury and inflammation induced by dextran sodium sulfate.
Am J Physiol Gastrointest Liver Physiol 306(12): 1042–1055. 
Zhang L. , Liu Y. (2020) Potential interventions for novel coronavirus in China: A systematic
review. J Med Virol 92(5): 479–490. 
Zhong J. , Tang J. , Ye C. , Dong L. (2020) The immunology of COVID-19: is immune
modulation an option for treatment? The Lancet Rheumatology 2(7): 428–436. 
Zhu L. , Sha L. , Li K. et al. (2020) Dietary flaxseed oil rich in omega-3 suppresses severity of
type 2 diabetes mellitus via anti-inflammation and modulating gut microbiota in rats. Lipids
Health Dis https://doi.org/10.1186/s12944-019-1167-4. 

 
Dragon Fruit: The New
                 Functional Food and Its Potential Use in Treating Co-Morbid
Diseases in the
                 COVID-19 Situation 
Aguirre R. , May J.M. (2008) Inflammation in the vascular bed: importance of vitamin C.
Pharmacol Therap 119(1): 96–103.



Angaji S.A. (2012) Antioxidants: a few key points. Ann Biol Res 3(8): 3968–3977. 
Bahorun T. , Soobrattee M.A. , Luximon-Ramma V. , Aruoma O.I. (2006) Free radicals and
antioxidants in cardiovascular health and disease. Int J Med Update 1(2): 25–41 
Barros A. , Gironés-Vilaplana A. , Texeira A. , Baenas N. , Domínguez-Perles R. (2015) Grape
stems as a source of bioactive compounds: application towards added-value commodities and
significance for human health. Phytochem Rev 14(6): 921–931. 
BCCDC (2020). COVID-19 vulnerable populations. British Columbia Centre for Disease Control.
Web. http://www.bccdc.ca/health-info/diseases-conditions/covid-19/vulnerable-populations
(accessed 18th April, 2020 ). 
Bellec F.L. , Vaillant F. , Imbert E. (2006) Pitahaya (Hylocereus spp.): a new fruit crop, a market
with a future. Fruits 61(4): 237–250. 
Butnariu M. , Samfira I. (2012) Free radicals and oxidative stress. J Bioequiv Availab 4(6): 4–6. 
Caramori G. , Papi A. (2004) Oxidants and asthma. Thorax 59(2): 170–173 
Carr A.C. , Maggini S (2017) Vitamin C and immune function. Nutr 9(11): 1211. 
Centers for Disease Control and Prevention (2020) Coronavirus (COVID-19): symptoms of
coronavirus Web. https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
(accessed 18th April, 2020 ). 
Ceriello A. (2008) Possible role of oxidative stress in the pathogenesis of hypertension.
Diabetes Care 31 (Suppl 2): S181–184. 
Chatterjee M. , Saluja R. , Kanneganti S. , Chinta S. , Dikshit M. (2007). Biochemical and
molecular evaluation of neutrophil NOS in spontaneously hypertensive rats. Cell Mol biol 53(1):
84–93. 
Chemah T.C. , Aminah A. , Noriham A. , Wan Aida W.M. (2010) Determination of pitaya seeds
as a natural antioxidant and source of essential fatty acids. Int Food Res J 17: 1003–1010. 
Choo J.C. , Koh R.Y. , Ling APK (2016). Medicinal properties of pitaya: a review. Spatula DD
6(2): 69–76. 
Consumer Research Supports Global Demand for Immunity Products Web.
https://www.naturalproductsinsider.com/business-resources/consumer-research-supports-
globaldemand-immunity-products-white-paper (accessed on 13th April 2020 ). 
Countries where Coronavirus has Spread—Worldometer Web.
https://www.worldometers.info/coronavirus/countries-where-coronavirus-has-spread/ (accessed
on 13th September 2020 ). 
Das L. , Bhaumik E. , Raychaudhuri U. , Chakraborty R. (2012) Role of nutraceuticals in human
health. J Food Sci Technol 49(2): 173–183. 
Droge W. (2002) Free radicals in the physiological control of cell function. Physiol Rev 82(1):
47–95. 
Duarte T.L. , Lunec J. (2005). When is an antioxidant not an antioxidant? A review of novel
actions and reactions of vitamin C. Free Rad Res 39(7): 671–686. 
Gey K.F. , Moser U.K. , Jordan P. , Stähelin H.B. , Eichholzer M. , Lüdin E. (1993). Increased
risk of cardiovascular disease at suboptimal plasma concentrations of essential antioxidants: an
epidemiological update with special attention to carotene and vitamin C. Am J Clin Nutr 57(5):
787S–797S. 
Gibson A. , Edgar J.D. , Neville C.E. , Gilchrist S.E.C.M. , McKinley M.C. , Patterson C.C. ,
Young I.S. , Woodside J.V. (2012) Effect of fruit and vegetable consumption on immune
function in older people: A randomized controlled trial. Am J Clin Nutr 96: 1429–1436. 
Guo R.F. , Ward P.A. (2007) Role of oxidants in lung injury during sepsis. Antioxid Redox Signal
9(11): 1991–2002. 
Hajer G.R. , van der Graaf Y. , Olijhoek J.K. , Edlinger M. , Visseren F.L. (2007) Low plasma
levels of adiponectin are associated with low risk for future cardiovascular events in patients
with clinical evident vascular disease. Am Heart J 154(4): 750-e1–750-e7. 
Hemilä H. (1997) Vitamin C intake and susceptibility to pneumonia. Pediatr Infect Dis J 16:
836–837. 
Hor S.Y. , Ahmed M. , Farsi E. , Yam M.F. , Hashim M.A. (2012) Safety Assessment of
Methanol Extract of Red Dragon Fruit (Hylocereus polyrhizus): Acute and Subchronic Toxicity
Studies. Regulatory Toxicol and Pharmacol 63(1): 106–114. 
Hoshino Y. , Mishima M. (2008) Antioxidants & redox signaling redox-based therapeutics for
lung diseases. Antioxid Redox Signal 10(4): 701–704.



Huang Z. , Liu Y. , Qi G. , Brand D. , Zheng S. (2018) Role of Vitamin A in the Immune System.
J Clin Med 7(9): 258. 
Huff A.G. , Beyeler W.E. , Kelley N.S. , McNitt J.A. (2015) How resilient is the United States’
food system to pandemics? J Environ Stud Sci 5: 337–347. 
Jaafar R.A. , Abdul Rahman A.R. , Che Mahmood N.Z. , Vasudevan R. (2009) Proximate
analysis of dragon fruit (Hylecereus polyrhizus). Am J Applied Sci 6(7): 1341–1346. 
Joshi M. , Prabhakar B. (2020) Phytoconstituents and pharmaco therapeutic benefits of pitaya:
A wonder fruit. J Food Biochem https://doi.org/10.1111/jfbc.13260. 
Karamac M. , Kosiñska A. , Pegg R.B. (2006) Content of gallic acid in selected plant extracts.
Polish J Food Nutri Sci 15(1): 55. 
Khalili M.A. , Norhayati A.H. , Rokiah M.Y. , Asmah R. , Siti Muskinah M. , Abdul Manaf A.
(2009) Hypocholestrolemia effects of red pitaya (Hylocereus sp.) on hypercholestrolemic-
induced rat. Int Food Res J 16(3): 431–440. 
Liaotrakoon W. , Clereq N.D. , Hoed V.V. , Walle D.V. , Lewille B. , Dewettinck K. (2013) Impact
of thermal treatment on physiochemical, antioxidant and rheological properties of white-flesh
and red flesh dragon fruit (Hylocereus spp.) purees. Food Bioprocess Technol 6(2): 416–430. 
Lim T.K. (2012) Edible medicinal and nonmedicinal plants. In: H. polyrhizus . 1st edition,
Springer, Dordrecht, pp 640–655. 
Lobo V. , Patil A. , Phatak A. , Chandra N. (2010) Free radicals, antioxidants and functional
foods: Impact on human health. Phcog Rev 4(8): 118. 
MacNee W. (2001) Oxidative stress and lung inflammation in airways disease. Eur J Pharmacol
429(1-3): 195–207. 
Naik S.R. , Thakare V.N. , Joshi F.P. (2010) Functional foods and herbs as potential immune
adjuvants and medicines in maintaining healthy immune system: A commentary. J Complement
Integr Med 7(1) https://doi.org/10.2202/1553-3840.1441 
Nurul S.R. , Asmah R. (2014) Variability in nutritional composition and phytochemicals
properties of red pitaya (Hylocereus polyrhizus) from Malaysia and Australia. Int Food Res J
21(4): 1689–1697. 
Opara E.C. (20020 Oxidative stress, micronutrients, diabetes mellitus and its complications. J R
Soc Promot Health 122(1):28–34. 
Pham-Huy L.A. , He H. , Pham-Huy C. (2008). Free radicals, antioxidants in disease and health.
Int J Biomed Sci 4(2): 89. 
Prabhakar P.K. , Doble M. (2008) A target based therapeutic approach towards diabetes
mellitus using medicinal plants. Curr Diabet Rev 4(4): 291–308. 
Rebecca OPS , Boyce A.N. , Chandran S. (2010) Pigment identification and antioxidant
properties of red dragon fruit. Afr J Biotechnol 9(10): 1450–1454. 
Salehi B. , Fokou PVT , Sharifi-Rad M. , Zucca P. , Pezzani R. , Martins N. , Sharifi-Rad J.
(2019) The therapeutic potential of naringenin: A review of clinical trials. Pharmaceuticals 12(1):
11. 
Salehi B. , Sharopov F. , Martorell M. , Rajkovic J. , Ademiluyi A.O. , Sharifi-Rad M. , Sharifi-
Rad J. (2018) Phytochemicals in Helicobacter pylori infections: What are we doing now? Int J
Mol Sci 19(8): 2361. 
Sharifi-Rad M. , Roberts T.H. , Matthews K.R. , Bezerra, C.F. , Morais-Braga MFB , Coutinho
HDM , Sharifi-Rad J. (2018a) Ethnobotany of the genus Taraxacum—Phytochemicals and
antimicrobial activity. Phytother Res 32(11): 2131–2145. 
Sharifi-Rad J. , Sharifi-Rad M. , Salehi B. , Iriti M. , Roointan A. , Mnayer D. , Afshari A. (2018b)
In vitro and in vivo assessment of free radical scavenging and antioxidant activities of Veronica
persica Poir. Cell Mol Biol 64(8): 57–64. 
Singh P.P. , Mahadi F. , Roy A. , Sharma P. (2009) Reactive nitrogen species and antioxidants
in etiopathogenesis of diabetes mellitus Type 2. Indian J Clin Biochem 24(4):324–342. 
Sinha R. , Jha M.K. , Karuna K. (2018) Dragon Fruit: A fruit for health benefits and nutritional
security. Int J Agric Sci Res 8(2): 97–100. 
Stintzing F.C. , Schieber A. , Carle R. (2002) Betacyanins in fruits from red-purple pitaya,
Hylocereus polyrhizus (Weber) Britton & Rose. Food Chem 77(1): 101–106. 
Sumino M. , Sekine T. , Ruangrungsi N. , Igarashi K. , Ikegami F. (2002) Ardisiphenols and
other antioxidant principles from the fruits of Ardisia colorata. Chem Pharm Bull 50(11):
1484–1487.



Tel-Zur N. , Abbo S. , Barozvi D. , Mizrahi Y. (2004) Genetic relationship among Hylocereus and
Selenicereus vine cacti (Cacracear): evidence from hybridisation and cytological studies. Ann
Bot 94(4): 527–534. 
Tenore G.C. , Novellino E. , Basile A. (2012) Nutraceutical potential and antioxidant benefits of
red pitaya (Hylocereus polyrhizus) extracts. J Funct Foods 4(1): 129–136. 
Tze N.L. , Han C.P. , Yusof Y.A. , Ling C.N. , Talib R.A. , Taip F.S. , Aziz M.G. (2012)
Physicochemical and nutritional properties of spray-dried pitaya fruit powder as natural colorant.
Food Sci Biotechnol 21(3): 675–682. 
Vaillant F. , Perez A. , Davila I. , Dornier M. , Reynes M. (2005) Colorant and antioxidant
properties of red-purple pitahaya. Fruits 60(1): 3–12. 
Vaiserman A.M. (2008) Life extension by anti-aging drugs: hormetic explanation. Am J
Pharmacol Toxicol 3: 14–18. 
Valentão P. , Fernandes E. , Carvalho F. , Andrade P.B. , Seabra R.M. , Bastos M.L. (2002)
Antioxidative properties of cardoon (Cynara cardunculus L.) infusion against superoxide radical,
hydroxyl radical, and hypochlorous acid. J Agri Food Chem 50(17): 4989–4993. 
Valko M. , Izakovic M. , Mazur M. , Rhodes C.J. , Telser J. (2004) Role of oxygen radicals in
DNA damage and cancer incidence. Mol Cell Biochem 266 (1-2): 37–56. 
Valko M. , Leibfritz D. , Moncol J. , Cronin M.T. , Mazur M. , Telser J. (2007) Free radicals and
antioxidants in normal physiological functions and human disease. Int J Biochem Cell Biol 39(1):
44–84. 
Valko M. , Rhodes C. , Moncol J. , Izakovic M.M. , Mazur M. (2006). Free radicals, metals and
antioxidants in oxidative stress-induced cancer. Chem Biol Interact 160(1): 1–40. 
Villacorta L. , Azzi A. , Zingg J.M. (2007) Regulatory role of vitamins E and C on extracellular
matrix components of the vascular system. Mol Aspects Med 28(5-6): 507–537. 
Wang L. , Wang Y. , Ye D. , Liu Q. (2020) A review of the 2019 Novel Coronavirus (COVID-19)
based on current evidence. Int J Antimicrob Agents
https://doi.org/10.1016/j.ijantimicag.2020.105948 
Willcox J.K. , Ash S.L. , Catignani G.L. (2004) Antioxidants and prevention of chronic disease.
Crit Rev Food Sci Nutr 44(4): 275–295. 
WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March
(2020) Web. https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-
at-the-mediabriefing-on-covid-19—11-march-2020 (accessed on 13th April 2020). 
Wong Y.M. , Siow L.F. (2015) Effects of heat, pH, antioxidant, agitation and light on betacyanin
stability using red-fleshed dragon fruit (Hylocereus polyrhizus) juice and concentrate as models.
J Food Sci Technol 52(5): 3086–3092. 
Wybraniec S. , Platzner I. , Geresh S. , Gottlieb H.E. , Haimberg M. , Mogilnitzki M. , Mizrahi Y.
(2001). Betacyanins from vine cactus Hylocereus polyrhizus. Phytochem 58(8): 1209–1212. 
Yeh G.Y. , Eisenberg D.M. , Kaptchuk T.J. , Phillips R.S. (2003) Systematic review of herbs and
dietary supplements for glycemic control in diabetes. Diabetes Care 26(4): 1277–1294. 
Young I. , Woodside J. (2001) Antioxidants in health and disease. J Clin Pathol 54(3): 176–186. 

 
Mushroom Exopolysaccharides:
                 Their Antioxidant and Antiviral Properties to Boost Immunity
Against
                 COVID-19 
Ajith T.A. , Janardhanan K.K. (2006) Cytotoxic and antitumor activities of a polypore macro
fungus, Phellinus rimosus (Berk) Pilat. J Ethnopharmacol 84:157–162. 
Awadh Ali N.A. , Mothana RAA , Lesnau A. , Pilgrim H. , Lindequist U. (2003) Antiviral activity of
Inonotus hispidus. Fitoterapia 74: 483–485. 
Cardozo F.T. , Camelini C.M. , Leal P.C. , Kratz J.M. , Nunes R.J. , Mendonca M.M. , Simoes
C.M. (2014) Antiherpetic mechanism of a sulfated derivative of Agaricus brasiliensis fruiting
bodies polysaccharide. Intervirology 57: 375–383.



Chang S.T. , Mshigeni K.E. (2004) Mushrooms and Human Health: Their growing significance
as potent dietary supplements. The University of Namibia, Windhoek, Namibia. 
Chimilovski J. , Sascha H. , Teixeira R. , Thomaz-Soccol V. , Noseda M. , Medeiros A. , Pandey
A. , Soccol C. (2011) Antitumour activity of Grifola frondosa exopolysaccharides produced by
submerged fermentation using sugar cane and soy molasses as carbon sources. Food Technol
Biotechnol 49: 359–363. 
Cho E. , Hwang J. , Kim S.W. , Oh J. , Yu B. , Choi J. , Song B. , Won Y.J. (2007) Hypoglycemic
effects of exopolysaccharides produced by mycelial cultures of two different mushrooms
Tremella fuciformis and Phellinus baumii in ob/ob mice. Appl Microbiol Biotechnol 75(6):
1257–1265. 
Ellan K. , Thayan R. , Raman J. , Hidari K.I.P.J. , Ismail N. , Sabaratnam V. (2019) Antiviral
activity of culinary and medicinal mushroom extracts against dengue virus serotype 2: an in-
vitro study. BMC Complement Alternative Med 19: 260. 
El-Zaher E.H.F.A. , Hala AAM , Shalaby E. , Attia WYF (2015) A comparative study on
endopolysaccharides and exopolysaccharides production from some basidiomycetes with
studying the antioxidant and antitumor effects of Pleurotus ostreatus mushroom. Egypt J Exp
Biol (Zool) 11(1): 1–14. 
Eo S.K. , Kim Y.S. , Lee C.K. , Han S.S. (2000) Possible mode of antiviral activity of acidic
protein bound polysaccharide isolated from Ganoderma lucidum on herpes simplex viruses. J
Ethnopharmacol 72: 475–481. 
Faccin L.C. , Benati F. , Rincão V.P. , Mantovani M.S. , Soares S.A. , Gonzaga M.L. , Nozawa
C. , Carvalho Linhares R.E. (2007) Antiviral activity of aqueous and ethanol extracts and of an
isolated polysaccharide from Agaricus brasiliensis against poliovirus type 1. Lett Appl Microbiol
45(1): 24–28. 
Fraga I. , Coutinho J. , Bezerra R.M. , Dias A.A. , Marques G. , Nunes F.M. (2014) Influence of
culture medium growth variables on Ganoderma lucidum exopolysaccharides structural
features. Carbohyd Pol 111: 936–946. 
Guo X.Y. , Wang J. , Wang N.L. , Kitanaka S. , Yao X.S. (2007) 9, 10-Dihydrophenanthrene
derivatives from Pholidota yunnanensis and scavenging activity on DPPH free radical J Asian
Nat Prod Res 9: 165–174. 
Hazuda D. , Blau C.U. , Felock P. , Hastings J. , Pramanik B. , Wolfe A. , Bushman F. , Farnet
C. , Goetz M. , Williams M. , Silverman K. , Lingham R. , Singh S. (1999). Isolation and
characterization of novel human immunodeficiency virus integrase inhibitors from fungal
metabolites. Antivir Chem Chemother 10: 63–70. 
Ichimura T. , Watanabe O. , Muruyama S. (1998) Inhibition of HIV-1 protease by water-soluble
lignin-like substance from an edible mushroom, Fuscoporia oblique. Biosci Biotechnol Biochem
62: 575–577. 
Keles A. , Koca I. , Gençcelep H. (2011) Antioxidant properties of wild edible mushrooms. J
Food Process Technol 2: 130. 
Kheni K. , Vyas T.K. (2017) Characterization of exopolysaccharide produced by Ganoderma sp
TV1 and its potential as antioxidant and anticancer agent. J Biologically Active Prod Nature 7:
72–80. 
Kozarski M. , Klaus A. , Jakovljevic D. , Todorovic N. , Vunduk J. , Petroviæ P. , Niksic M. ,
Vrvic M.M. , Van Griensven L. (2015) Antioxidants of edible mushrooms. Molecules 20(10):
19489–19525. 
Lima C.U.J.O. , Cordova COA , Nobrega O.T. , Funghetto S.S. , Karnikowski MGO (2011) Does
the Agaricus blazei Murill mushroom have properties that affect the immune system? An
Integrative Rev J Med Food 14(1–2): 2–8. 
Lindequist U. , Niedermeyer T. , Jülich W-D (2005) The pharmacological potential of
mushrooms. Evidence-based complementary and alternative medicine: eCAM.2.285-99.
10.1093/ecam/neh107. 
Liu J. , Yang F. , Ye L.B. , Yang X.J. , Timani K.A. , Zheng Y. , Wang Y.H. (2004) Possible
mode of action of antiherpetic activities of a proteoglycan isolated from the mycelia of
Ganoderma lucidum in vitro. J Ethnopharmacol 95: 265–272. 
Liu K. , Wang J. , Zhao L. , Wang Q. (2013) Anticancer, antioxidant and antibiotic activities of
mushroom Ramaria flava. Food and Chemical Toxicology : an International Journal Published
for the British Industrial Biological Research Association 58: 375–380.



Liu X. , Zhou B. , Lin R. , Jia L. , Deng P. , Fan K. , Guoyi W. , Wang L. , Zhang J. (2010)
Extraction and antioxidant activities of intracellular polysaccharide from Pleurotus sp mycelium.
Int Jo Biological Macromol 47: 116–119. 
Mahapatra S. , Banerjee D. (2013) Fungal Exopolysaccharide: Production, Composition and
Applications. Microbiol Insights 6: 1–16. 
McClure M.O. , Moore J.P. , Blanco D.F. , Scotting P. , Cook G.M. , Keyner R.J. , Weber J.N. ,
Davies D. , Weiss R. , (1992) Investigations into the mechanism by which sulfated
polysaccharides inhibit HIV infection in vitro. AIDS Res Hum Retroviruses 8: 19–26. 
Minari M.C. , Rincão V.P. , Soares S.A. , Ricardo N.M. , Nozawa C. , Linhares R.E. (2011)
Antiviral properties of polysaccharides from Agaricus brasiliensis in the replication of bovine
herpesvirus 1. Acta Virol 55(3): 255–259. 
Mizuno T. , Wang G. , Zhang J. , Kawagishi H. , Nishitoba T. , Li J. (1995) Reishi, Ganoderma
lucidum and Ganoderma tsugae: Bioactive substances and medicinal effects. Food Reviews Int
11(1): 151–166. 
OsiNska-Jaroszuk M. , Jaszek M. , Mizerska-Dudka M. , Blachowicz A. , Rejczak T. , Janusz G.
, Wydrych J. , Polak J. , Jaro³sz-Wilkoazka A. , Kandefer-Szerszeñ M. (2014)
Exopolysaccharide from Ganoderma applanatum as a promising bioactive compound with
cytostatic and antibacterial properties. BioMed Res Int Article ID 743812. 
Pérez M. , Soler-Torronteras R. , Collado J.A. , Limones C.G. , Hellsten R. , Johansson M. ,
Sterner O. , Bjartell A. , Calzado M. , Muñoz E. (2014) The fungal metabolite galiellalactone
interferes with the nuclear import of NF-kB and inhibits HIVreplication. Chem Biol Interact 214:
69–75. 
Razumov I.A. , Kazachinskaia E.I. , Puchkova L.I. , Kosogorova T.A. , Gorbunova I.A. , Loktev
V.B. , Tepliakova T.V. (2013) Protective activity of aqueous extracts from higher mushrooms
against Herpes simplex virus type-2 on albino mice model. Antibiot Khimioter 58: 8–12. 
Rincão V.P. , Yamamoto K.A. , Ricardo N.M.P.S. , Soares S.A. , Meirelles LDP , Nozawa C. ,
Linhares R.E. (2012) Polysaccharide and extracts from Lentinula edodes: structural features
and antiviral activity. Virol J 9: 37–43. 
Seniuk O.F. , Gorovoj L.F. , Beketova G.V. , Savichuk H.O. , Rytik P.G. , Kucherov I.I. ,
Prilutskay A.B. , Prilutsky A.I. (2011) Anti-infective properties of the melaninglucan complex
obtained from medicinal tinder bracket mushroom, Fomes fomentarius (L.: Fr.) Fr.
(Aphyllophoromycetideae). Int J Med Mushrooms 13: 7–18 
Sood G. , Sharma S. , Kapoor S. , Khanna P.K. (2013) Optimization of extraction and
characterization of polysaccharides from medicinal mushroom Ganoderma lucidum using
response surface methodology. J Med Plants Res 7: 2323–2329. 
Sorimachi K. , Ikehara Y. , Maezato G. , Okubo A. , Yamazakki S. , Akimoto K. , Niwa A. (2001)
Inhibition by Agaricus blazei Murrill fractions of cytopathic effect induced by Western Equine
Encephalitis (WEE) Virus on VERO Cells in vitro. Biosci Biotechnol Biochem 65: 1645–1647. 
Su C.A. , Xu X.Y. , Liu D.Y. , Wu M. , Zeng F.Q. , Zeng M.Y. , Wei W. , Jiang N. , Luo X. (2013)
Isolation and characterization of exopolysaccharide with immunomodulatory activity from
fermentation broth of Morchella conica. DARU Pharm Sci 21: 1. 
Tsiapali E. , Whaley S. , Kalbfleisch J. , Ensley H.E. , Browder I.W. , Williams D.L. (2001)
Glucans exhibit weak antioxidant activity, but stimulate macrophage free radical activity. Free
Radic Biol Med 30: 393–402. 
Vadnerker P. (2017) Exploring exopolysaccharide from mushroom for their potential antioxidant
and antitumor activity. Navsari Agricultural University, Navsari. 
Vamanu E. (2012) Biological activities of the polysaccharides produced in submerged culture of
two edible Pleurotus ostreatus mushrooms. BioMed Res Int Article ID 565974 
Wang H.X. , Ng T.B. (2000) Isolation of a novel ubiquitin-like protein from Pleurotus ostreatus
mushroom with anti-human immunodeficiency virus, translation-inhibitory, and ribonuclease
activities. Biochem Biophys Res Commun 276: 587–593. 
Wasser S.P. (2002) Medicinal mushrooms as a source of antitumor and immuno-modulating
polysaccharides. Appl Microbiol Biotechnol 60: 258–274. 
Yamamoto K.A. , Galhardi LCF , Rincão V.P. , Soares S.D.A. , Vieira TGP , Ricardo N.M.P.S. ,
Nozawa C. , Linhares REC (2013) Antiherpetic activity of an Agaricus brasiliensis
polysaccharide, its sulfated derivative and fractions. Int J Biol Macromol 52: 9–13.



Yang L. , Zhang L-M (2009) Chemical structural and chain conformational characterization of
some bioactive polysaccharides isolated from natural sources. Carbohyd Polym 76(3): 349–361 
Zaidman, Ben-Zion & Yassin, Maged & Mahajna, Jamal & Wasser, Solomon . (2005). Medicinal
mushroom modulators of molecular targets as cancer therapeutics. Appl Microbiol Biotechnol
67: 453–468. 
Zhang L. , Fan C. , Liu S. , Zang Z. , Jiao L. , Zhang L. (2011) Chemical composition and
antitumor activity of polysaccharide from Inonotus obliquus. J Med Plants Res 5: 1251–1260. 
Zhang M. , Cheung PCK , Ooi VEC , Zhang L. (2004) Evaluation of sulfated fungal b-glucans
from the sclerotium of Pleurotus tuber-regium as a potential water-soluble anti-viral agent.
Carbohyd Res 339: 2297–2301. 
Zhang M. , Cui S.W. , Cheung PCK , Wang Q. (2007) Antitumor polysaccharides from
mushrooms: a review on their isolation process, structural characteristics and antitumor activity.
Trends Food Sci Technol 18: 4–19. 
Zhao C. , Gao L. , Wang C. , Liu B. , Jin Y. , Xing Z. (2016) Structural characterization and
antiviral activity of a novel heteropolysaccharide isolated from Grifola frondosa against
enterovirus 71. Carbohyd Pol 144: 382–389. 

 
Broccoli - As Immunity
                 Booster Against COVID-19 
Allingstrup M. , Afshari A. (2015) Selenium supplementation for critically ill adults. Cochrane 566
Emergency and Critical Care Group Cochrane Database Syst Revdoi: 567
10.1002/14651858.CD003703.pub3 
Aman F. , Masood S. (2020) How Nutrition can help to fight against COVID-19 Pandemic.
Pakistan J Med Sci 36 (COVID19-S4): COVID19-S121-S123. 
Arshad M.S. , Khan U. et al. (2020) Coronavirus disease (COVID 19) and immunity booster
green foods: A mini review Food Sci Nutr 8(8): 3971–3976 
Broman L.M. , Bernardson A. et al. (2020) Serum selenium in the critically ill: profile and
supplementation in a depleted region. Acta Anaesthesiol Scand 64(6): 803–809 
Clarke J.D. , Hsu A. , et al (2011) Bioavailability and inter-conversion of sulforaphane and erucin
in human subjects consuming broccoli sprouts or broccoli supplement in a cross-over study
design. Pharmacol Res 59(20):10955–10963 
Coronavirus : Loss of Smell and Taste may Be Hidden Symptom of COVID-19— Business
Insider. Available online: https://www.businessinsider.com/coronavirus-symptoms-loss-of-smell-
taste-covid-19-anosmia-hyposmia-2020-3 
Cui H. , Kong Y. , Zhang H. (2012) Oxidative Stress, Mitochondrial Dysfunction, and Aging. J
Signal Transduct doi: 10.1155/2012/646354 
De Figueiredo S.M. , Binda N.S. , et al. (2015) The antioxidant properties of organosulfur
compounds (Sulforaphane). Recent Pat EndocrMetab Immune Drug Discov 9(1): 24–39. 
Guo L. , Yang R. , Guo Q. , Gu Z. (2014) Glucoraphanin, sulforaphane and myrosinase activity
in germinating broccoli sprouts as affected by growth temperature and plant organs. J Funct
Foods 9: 70–77. 
Hemila H. (2017) Vitamin C and Infections. Nutrients 9(4): 339. 
Hiffler L. , Rakotoambinina B. (2020). Selenium and RNA virus interactions: Potential
implications for SARS-CoV-2 infection (COVID-19). Front Nutr 7:164 
How Coronavirus Spreads, CDC (2020); (https://www.cdc.gov/coronavirus/2019-ncov/prevent-
getting-sick/howcovidspreads.html?CDC_AA_refVal=https%3A
%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fprepare%2Ftransmission.html.) 
Ishida M. , Hara M. , et al. (2014) Glucosinolate metabolism, functionality and breeding for the
improvement of Brassicaceae vegetables. Breed Sci, 64(1): 48–59. 
Jahan I. , Mostafa M. et al. (2010) Chemical and Antioxidant Properties of Broccoli Growing in
Bangladesh. Dhaka Univ J Pharm Sci 9(1): 31–37. 
Kalantar-Zadeh K. , Moore L.W. (2020) Impact of Nutrition and Diet on COVID-19 Infection and
Implications for Kidney Health and Kidney Disease Management. J Ren Nutr 30(3): 179–181.



Khan S. , Faisal S. et al. (2020) COVID-19: A Brief Overview on the Role of Vitamins
Specifically Vitamin C as Im-mune Modulators and in Prevention and Treatment of SARS-Cov-2
Infections. Bi-omed J Sci Tech Res 28(3)-2020. 
Kim T.K. , Lim H.R. et al. (2020) Vitamin C supplementation reduces the odds of developing a
common cold in Republic of Korea Army recruits: randomised controlled trial. BMJ Mil Health,
doi:10.1136/bmjmilitary-2019-001384 
Liu K. , Chen Y et. al (2020) Clinical features of COVID-19 in elderly patients: A comparison
with young and middle-aged patients. J Infect doi: 10.1016/j.jinf.2020.03.005 
Ma L. , Liu G. et al. (2018) Dietary glucosinolates and risk of type 2 diabetes in 3 prospective
cohort studies. Am J Clin Nutr 107(4): 617–625. 
Mahn A. , Reyes A. (2012) An overview of health-promoting compounds of broccoli (Brassica
oleracea var. italica) and the effect of processing. Food Sci Technol Int 18(6): 503–514. 
Miller S. , Walker S.W. , et al. (2001) Selenite protects 465 human endothelial cells from
oxidative damage and induces thioredoxin reductase. Clin Sci Lond 466 Engl 100(5): 543 50. 
Mukherjee V. , Mishra P.K. (2012) Broccoli-an underexploited neutraceutical. Sci Res Repot
2(3): 291–294. 
Nikolich-Zugich J. , Knox K.S. et al. (2020) SARS-CoV-2 and COVID-19 in older adults: what
we may expect regarding pathogenesis, immune responses, and outcomes. Gero Sci 42(2):
505 14 
Owis A.I. (2015) Broccoli; The Green Beauty: A Review. J PharmSci Res 7(9): 696–703 
Ravikumar C. (2015) Therapeutic Potential of Brassica oleracea (Broccoli) - A Review. Int J
Drug Dev Res 7(2): 9–10. 
Rayman M.P. (2012) Selenium and human health. The Lancet, 379(9822):1256 68. 
Samec D. and Salopek-Sondi B. (2019) Cruciferous (Brassicaceae) vegetables. In: Non-vitamin
and Non-mineral Nutritional Supplements, NabaviSM(ed) and Silva AS(ed), Elsevier, in press,
pp. 195–202 
Samy R.P. , Gopalakrishnakone P. (2010) Therapeutic potential of plants as Anti-microbials for
drug discovery. Evid Based Complement Alternat Med 7: 283–294. 
Santos D.I. , Saraiva J.M.A. , et. al (2019) Methods for determining bioavailability and
bioaccessibility of bioactive compounds and nutrients. In Innovative Thermal and Non-Thermal
Processing, Bioaccessibility and Bioavailability of Nutrients and Bioactive Compounds.
Woodhead Publishing: Alpharetta, GA, USA, pp. 23–54 Shanghai Expert Panel, cited on Mar
23. http://mp.weixin. qq.com/s?__biz= MzA3Nzk5Mzc5MQ==&mid=2653620168&idx
=1&sn=2352823b79a3cc42e48229a0c38f65e0&chksm=84962598b
3e1ac8effb763e3ddb4858435dc 7aa947a8f41790e 8df2bca34c20e6f-fea64cd191#rd; 2020. 
USDA (2013), Agricultural Research Service, National Nutrient Database for Standard
Reference Release 27. 
Vale A.P. , Santosa J. , et al. (2015) Evaluating the impact of sprouting conditions on
glucosinolates content of Brassica oleracea sprouts. Phytochem, 115: 252–260. 
Wang D. , Hu B. , et al. (2020) Clinical characteristics of 138 hospitalized patients with 2019
novel coronavirus-infected pneumonia in Wuhan, China. JAMA 323(11): 1061–1069. 
WHO Director-General’s Opening Remarks at the Media Briefing on COVID-2020.
(https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-
briefing-on-covid-19—11-march-2020.) 
Wolf S. , Zikeli S. , Fleck M. et al. (2014) Building Organic Bridges 2: 427–430 
Yousafzai A.K. , Rasheed M.A. et al. (2013) Annual research review: improved nutrition–a
pathway to resilience. J Child Psychol Psychiatry 54(4): 367–377. 
Osman A.G. , Chittiboyina A.G. et al. (2016) Chapter Three - Cytoprotective Role of Dietary
Phytochemicals Against Cancer Development via Induction of Phase II and Antioxidant
Enzymes. Adv Mol Toxicol, 10: 99–137 

 



Perspective of Green Tea: Its
                 Immunomodulatory Action and Health Benefits 
Ashihara H. , Deng W.W. , Mullen W. , Crozier A. (2010) Distribution and biosynthesis of flavan-
3-ols in Camellia sinensis seedlings and expression of genes encoding biosynthetic enzymes.
Phytochem 71(5-6): 559–566. 
Atomssa T. , Cholap A.V. (2015) Characterization and determination of catechins in green tea
leaves using UV-visible spectrometer. J Eng Technol Res 7(1): 22–31. 
Bani S. , Gautam M. , Ahmad S.F. , Khan B. , Satti N.K. , Suri, K.A. , Qazi, G.N. , Patwardhan,
B. (2006) Selective Th1 up-regulating activity of Withaniasomnifera aqueous extract in an
experimental system using flow cytometry. J Ethnopharmacol 107(1):107–115. 
Belitz D.H. , Grosch W. (1997) Chemistry of foods. Zaragoza: Acribia 
Boschmann M. , Thielecke F. (2007) The effects of epigallocatechin-3-gallate on thermogenesis
and fat oxidation in obese men: a pilot study. J Am Coll Nutr 26(4): 389S–395S. 
Botten D. , Fugallo G. , Fraternali F. , Molteni C. (2015) Structural Properties of Green Tea
Catechins. J Phys Chem 119(40): 12860–12867. 
Cabrera C. , Artacho R. , Gimenez R(2006) Beneficial effects of green tea: a review. J Am Coll
Nutr 25: 79–99. 
Cao J. , Xu Y. , Chen J. , Klaunig JE (1996)Chemopreventive effects of green and black tea on
pulmonary and hepatic carcinogenesis. Fundam Appl Toxicol 29: 244–250. 
Dejima T. , Shibata K. , Yamada H. , Hara H. , Iwakura Y. , Naito S. , Yoshikai Y. (2011)
Protective role of naturally occurring interleukin-17A-producing T cells in the lung at the early
stage of systemic candidiasis in mice. Infect Immun 79(11): 4503–4510. 
Dona M. , Dell Aica I. , Calabrese F. , Benelli R. , Morini M. , Albini A. , Garbisa S. (2003)
Neutrophil restraint by green tea: inhibition of inflammation, associated angiogenesis, and
pulmonary fibrosis. J Immunol 170(8): 4335–4341. 
Etzioni A. (2011) Fungal infections: Blame the TH-17 cells. Isr Med Assoc J 13(9): 561–563. 
Fernandez P.L. , Pablos F. , Martin M.J. , Gonzalez A.G. (2002) Study of catechin and xanthine
profiles as geographical tracers. J Agric Food Chem 50:1833–1839. 
Fung K.F. , Zhang Z.Q. , Wong J.W.C. , Wong M.H. (2003) Aluminum andfluoride
concentrations of the three tea varieties growing at Lantau Island, Hong Kong. Environ
Geochem Health 25: 219–232. 
Graham H.N. (1992) Green tea composition, consumption, and polyphenol chemistry. Prev Med
21(3): 334–350. 
Gupta D.A. , Bhaskar D.J. , Gupta R.K. (2014) Greentea:areview on its natural antioxidant
therapy and cariostatic benefits. Biol Sci Pharm Res 2: 8–12. 
Hsu S.D. , Dickinson D.P. , Qin H. , Borke J. , Ogbureke K.U.E. , Winger J.N. , Camba A.M. ,
Bollag W.B. , Stöppler H.J. , Sharawy M.M. , et al. (2007) Green tea polyphenols reduce
autoimmune symptoms in a murine model for human Sjogren’s syndrome and protect human
salivary acinar cells from TNF-alpha-induced cytotoxicity. Autoimmun 40:138–147. 
Hu Y. , Le Leu R.K. , Nyskohu, L.S. , Winter J. , Young G.P. (2010) Combination of selenium
and green tea improves the efficacy of chemoprevention of selenium and green tea alone in a
rat colon cancer model. J Gastroenterol Hepatol 25: 73–74. 
Jigisha A. , Nishant R. , Navin K. , Gautam P. (2012) Greentea: a magical herb with miraculous
outcomes. Int Res J Pharm 3(5): 139–148. 
Jochmann N. , Baumann G. , Stangl V. (2008) Green tea and cardiovascular disease: from
molecular targets towards human health. Curr Opin Clin Nutr Metab Care 11(6): 758–765. 
Kao Y.H. , Chang H.H. , Lee M.J. , Chen C.L. (2006) Tea, obesity, and diabetes. Mol Nutr Food
Res 50(2): 188–210. 
Katiyar S.K. , Elmets C.A. (2001) Green tea polyphenolic antioxidants and skin photoprotection.
Int J Oncol 18(6): 1307–1313. 
Khan N. , Afaq F. , Saleem M. , Ahmad N. , Mukhtar H. (2006) Targeting Multiple Signalling
Pathways by Green Tea Polyphenol-Epigallo-catechin-3-Gallate. Cancer Res 66: 2500–2505. 
Klaus S. , Pultz S. , Thone-Reineke C. , Wolfram S. (2005). Epigallocatechingallate attenuates
diet-induced obesity in mice by decreasing energy absorption and increasing fat oxidation. Int J
Obes (Lond) 29: 615–623.



Landau J.M. , Wang Z.Y. , Yang G.Y. , Ding W. , Yang C.S. 1998 Inhibition of spontaneous
formation of lung tumors and rhabdomyosarcomas in A/J mice by black and green tea. Carcinog
19: 501–507. 
Lin Y.S. , Tsai Y.J. , Tsay J.S. , Lin J.K. (2003) Factors affecting the levels of tea polyphenols
and caffeine in tea leaves. J Agric Food Chem 51(7): 1864–1873. 
Mandal A. , Poddar M.K. (2008) Long-term caffeine consumption reverses tumorinduced
suppression of the innate immune response in adult mice. Plantamedica 74(15): 1779–1784. 
Masatomo H. , Kazuko T. (2014) Multiple effects of green tea catechin on the antifungal activity
of antimycotics against Candida albicans. J Antimicrob Chemother 53: 225–229. 
Min Z. , Peigen X. (1991) Quantitative analysis of the active constituents in green tea. Phytother
Res 5(5): 239–240. 
Na H.K. , Surh Y.J. (2006) Intracellular signaling network as a prime chemopreventive target of
(–)-epigallocatechingallate. Mol Nutr Food Res 50(2): 152–159. 
Nursten H.E. (1997) The flavor of milk and milk products (I): Milk of different kinds, milk powder,
butterand cream. Int J Dairy Technol 50(2): 48–56. 
Rahayu R.P. , Prasetyo R.A. , Purwanto D.A. , Kresnoadi U. , Iskandar R.P. , Rubianto M.
(2018) The immunomodulatory effect of green tea (Camellia sinensis) leaves extract on
immunocompromised Wistar rats infected by Candida albicans. Vet World 11(6): 765. 
Rains T.M. , Agarwal S. , Maki K.C. (2011) Antiobesity effects of green tea catechins: a
mechanistic review. J Nutr Biochem 22(1): 1–7. 
Roowi S. , Stalmach A. , Mullen W. , Lean M.E. , Edwards C.A. , Crozier A. (2010) Green tea
flavan-3-ols: colonic degradation and urinary excretion of catabolites by humans. J Agric Food
Chem 58(2): 1296–1304. 
Saito K. , Mori S. , Date F. , Hong G. (2015) Epigallocatechingallate stimulates the
neuroreactive salivary secretomotor system in autoimmune sialadenitis of MRLFas( lpr) mice
via activation of cAMP-dependent proteinkinase A and inactivation of nuclear factor B.
Autoimmun 48: 379–388. 
Stangl V. , Lorenz M. , Stangl K. (2006) The role of tea and tea flavanoids in cardiovascular
health. Mol Nutr Food Res 50: 218–228. 
Steinmann J. , Bauer J. , Pietschmann T. , Steinmann E. (2013) Anti-infective properties of
epigallocatechin-3-gallate (EGCG), a component of green tea. Br. J. Pharmacol 168:
1059–1073. 
Umemura T. , Kai S. , Hasegawa R. , Kanki K. , Kitamura Y. , Nishikawa A. , Hirose M. (2003)
Prevention of dual promoting effects of pentachlorophenol, an environmental pollutant, on
diethyl-nitrosamine- induced hepato- and cholangiocarcinogenesis in mice by green tea
infusion. Carcinog 24:1105–1109. 
Waltner-Law M.E. , Wang X.L. , Law B.K. , Hall R.K. , Nawano M. , Granner D.K. (2002)
Epigallocatecingallate, a constituent of green tea, represses hepatic glucose production. J Biol
Chem 277: 34933–34940. 
Xu J. , Zhu S.G. , Yang F.M. , Cheg L.C. , Hu Y. , Pan G.X. , Hu Q.H. (2003) The influence of
selenium on the antioxidant activity of green tea. J Sci Food Agric 83: 451–455. 
Xu Y. , Ho C.T. , Amin S.G. , Han C. , Chung F.L. (1992) Inhibition of tobacco-specific
nitrosamine-induced lung tumorigenesis in A/J mice by green tea and its major polyphenol as
antioxidants. Cancer Res. 52: 3875–3879. 
Zaveri N.T. (2006) Green tea and its polyphenolic catechins: medicinal uses in cancer and
noncancer applications. Life Sci 78(18): 2073–2080. 
Zheng G. , Sayama K. , okubo T. , Juneja L.R. , Oguni I. (2004) Anti-obesity effects of three
major components of green tea, catechins, caffeine and theanine, in mice. In vivo 18(1): 55–62. 

 



Application of Probiotics and
                 Fermented Foods in Immunostabilization 
Delcenserie V , Martel D , Lamoureux M , Amiot J , Boutin Y , Roy D , (2009)
Immunomodulatory Effects of Probiotics in the Intestinal Tract. Curr Issues Mol Biol 10: 37–54. 
Erickson KL , Hubbard NE (2000) Probiotic Immunomodulation in Health and Disease.
Symposium: Probiotic Bacteria: Implications for Human Health. J Nutri 130: 403S–409S, 
Galdeano M , De Moreno de LeBlanc M , Vinderola G , Bibas Bonet ME , Perdigo G , (2007)
Minireview: Proposed model: Mechanisms of immunomodulation induced by probiotic bacteria.
Clin Vaccine Immunol 14: 485–492 
Hogan S , Rosenberg H , Moqbel R , Phipps S , Foster PS , Lacy P , Kay AB , Rothenberg ME
(2008). Eosinophils: Biological Properties and Role in Health and Disease. Clin Exp Allergy
38(5): 709–750. 
Horiuchi T , Weller P (1997). Expression of vascular endothelial growth factor by human
eosinophils: upregulation by granulocyte macrophage colony-stimulating factor and interleukin-
5. Am J Respir Cell Mol Biol 17(1): 70–77. 
http://en.wikipedia.org/wiki/Dendritic_cell 
http://en.wikipedia.org/wiki/Eosinophil_granulocyte 
http://en.wikipedia.org/wiki/Neutrophil_granulocyte 
Isolauri E , Sütas Y , Kankaanpää P , Arvilommi H , Salminen S (2001) Probiotics: effects on
immunity. Am J Clin Nutr 73(suppl): 444S–450S. 
Kato Y , Fujisawa T , Nishimori H , Katsumata H , Atsuta J , Iguchi K , Kamiya H (2005).
Leukotriene D4 induces production of transforming growth factorbeta1 by eosinophils. Int Arch
Allergy Immunol 137 Suppl 1(1): 17–20. 
Kekkonen R (2008) Immunomodulatory Effects of Probiotic Bacteria in Healthy Adults.
Research and Development Helsinki, Finland 
Mrcp SC , Hart AL , Kamm MA , Stagg AJ , Knight SC (2009). Basic science review:
Mechanisms of Action of Probiotics: Recent Advances. Inflamm Bowel Dis 15 (2): 300–310 
Resta SC (2009). Effects of probiotics and commensals on intestinal epithelial physiology:
implications for nutrient handling. J Physiol 587: 4169–4174. 
Ruemmele FM , Bier E , Marteau P , Rechkemmer G , Walker WA , Goulet O (2009) Review on
Clinical evidence For Immunomodulatory Effects of Probiotic Bacteria. J Pediatr Gastroenterol
Nutr 48: 126–141. 

 
Immune-Boosting and
                 Nutraceutical Applications of Whey Protein: Current Trends
and Future
                 Scope 
Alfaifi M.S. , Stathopoulos C.E. (2010) Effect of egg yolk substitution by sweet whey protein
isolate on texture, stability and colour of Gelato style vanilla ice cream. Inter J Dairy Technol
63(4): 593–598. 
Gahr M. , Speer C.P. , Damerau B. , Sawatzki G. (1991) Influence of lactoferrin on the function
of human polymorphonuclear leukocytes and monocytes. J Leukoc Biol 49(5): 427–433. 
Gupta C. , Prakash D. (2017) Therapeutic potential of milk whey. Beverages 3(3): 31. 
Ibrahim K.S. , El-Sayed E.M. (2016) Potential role of nutrients on immunity. Inter Food Res J
23(2): 464–474. 
Kadam B. , Ambadkar R. , Rathod K. , Landge S. (2018) Health benefits of whey—a brief
review. Int J Livestock Res 8(5): 31–49. 
Kargi F. , Ozmihci S. (2006) Utilization of cheese whey powder (CWP) for ethanol fermentation:
effect of operating parameters. Enzyme Micro Technol 38(3): 711–718. 
Kato K. , Toba Y. , Matsuyama H. , Yamamura J.I. , Matsuoka Y. , Kawakami H. , Itanashi A. ,
Kumegawa M. , Aoe S. , Takada, Y. (2000) Milk basic protein enhances the bone strength in
ovariectomized rats. J Food Biochem 24(6): 467–476.



Khan U.M. , Selamoglu Z. (2019) Nutritional and medical perspectives of whey protein: A
historical overview. J Pharm Care 7(4): 112–117. 
Li M. , Monaco M.H. , Wang M. , Comstock S.S. , Kuhlenschmidt T.B. , Fahey JrGC , Miller M.J.
, Kuhlenschmidt M.S. , Donovan S.M. (2014) Human milk 176 Immunity Boosting Functional
Foods to Combat COVID-19 oligosaccharides shorten rotavirus-induced diarrhea and modulate
piglet mucosal immunity and colonic microbiota. ISME J 8(8): 1609–1620. 
Lopez-Varela S. , Gonzalez-Gross M. , Marcos A. (2002) Functional foods and the immune
system: a review. Eur J Clin Nutr 56(3): S29–S33. 
Luhovyy B.L. , Akhavan T. , Anderson G.H. (2007) Whey proteins in the regulation of food
intake and satiety. J Am Coll Nutr 26(6): 704S–712S. 
Middleton N. , Reid J.R. , Coolbear T. , Jelen P. (2003) Proliferation and intracellular glutathione
in Jurkat T cells with concentrated whey protein products. Int Dairy J 13(7): 565–573. 
Patel S. (2015) Emerging trends in nutraceutical applications of whey protein and its derivatives.
J Food Sci Technol 52(11): 6847–6858. 
Sharma R. , Shah N. (2010) Health benefits of whey proteins. Nutr Foods 9(4): 39–45. 
Sheikholeslami V.D. , Ahmadi KGF (2012) Changes in antioxidant status and cardiovascular
risk factors of overweight young men after six weeks supplementation of whey protein isolate
and resistance training. Appetite 59(3): 673–678. 
Tseng Y.M. , Lin S.K. , Hsiao J.K. , Chen J. , Lee J.H. , Wu S.H. , Tsai L.Y. (2006) Whey protein
concentrate promotes the production of glutathione (GSH) by GSH reductase in the PC12 cell
line after acute ethanol exposure. Food Chem Toxicol 44(4): 574–578. 

 
Biofunctional Properties of
                 Traditional Indian Fermented Milk Foods for Immunity
Boosting 
Adak A. , Parua S. , Maity C. , Ghosh K. , Halder S.K. , Das Mohapatra P.K. , Mondal K.C.
(2013) A comparative study of its physico-chemical parameters with other marketed curds.
Indian J Exp Biol 51: 910–918 
Caggia C. , De Angelis M. , Pitino I. , Pino A. , Randazzo C.L. (2015) Probiotic features of
Lactobacillus strains isolated from Ragusano and Pecorino Siciliano cheeses. Food Microbiol
50:109–117. 
Chakrabarti S. , Guha S. , Majumder K. (2018) Food-derived bioactive peptides in human
health: Challenges and opportunities. Nutri 10(11): 1738. 
Contarini G. , Povolo M. (2013) Phospholipids in milk fat: composition, biological and
technological significance, and analytical strategies. Int J Mol Sci 14(2): 2808–2831. 
Conway V. , Gauthier S.F. , Pouliot Y. (2014) Buttermilk: much more than a source of milk
phospholipids. Anim Fron 4(2): 44–51. 
Crespo M.C. , Tomé-Carneiro J. , Gómez-Coronado D. , Burgos-Ramos E. , García-Serrano A.
et al. (2018) Modulation of miRNA expression in aged rat hippocampus by buttermilk and krill
oil. Scientific reports 8(1): 1–2. 
Dewan S. , Tamang J.P. (2006) Microbial and analytical characterization of Chhu-A traditional
fermented milk product of the Sikkim Himalayas. J Sci Ind Res 65: 747–752. 
Dewan S. , Tamang J.P. (2007) Dominant lactic acid bacteria and their technological properties
isolated from the Himalayan ethnic fermented milk products. Antonie van Leeuwenhoek 92(3):
343–352. 
Ghatani K. , Tamang B. (2017) Assessment of probiotic characteristics of lactic acid bacteria
isolated from fermented yak milk products of Sikkim, India: Chhurpi, Shyow, and Khachu. Food
Biotechnol 31(3): 210–232. 
Gortzi O. , Tsakali E. , Chatzilazarou A. , Galidi A. , Houhoula D. , Tsaknis J. , Sflomos C.
(2015) E-food science project: bio-functional foods. In: Proceedings of the 2nd International
Conference on Food and Biosystems Engineering, Mykonos Island, Greece, pp. 119–126. 
Haque E. , Chand R. , Kapila S. (2008) Biofunctional properties of bioactive peptides of milk
origin. Food Rev Int 25(1): 28–43.



Hati S. , Mishra B.K. (2015) Health benefits of milk derived biofunctional peptides–A review Int J
Bio-Res Env Agri Sci 1(2): 14–20. 
Korhonen H. , Pihlanto A. (2007) Technological options for the production of healthpromoting
proteins and peptides derived from milk and colostrum. Curr Pharm Des 13(8): 829–843. 
Kumar S. , Bhat Z.F. , Kumar P. (2011) Effect of apple pulp and Celosia argentea on the quality
characteristics of Shrikhand. Am J Food Technol 6(9):1–8. 
Kumar S. , Rasane P. , Nimmanapalli R. (2018) Optimisation of a process for production of
pomegranate pulp and flaxseed powder fortified probiotic Greek dahi. Int J Dairy Technol 71(3):
753–763. 
Linares D.M. , Gomez C. , Renes E. , Fresno J.M. , Tornadijo M.E. , Ross R.P. , Stanton C.
(2017) Lactic acid bacteria and bifidobacteria with potential to design natural biofunctional
health-promoting dairy foods. Front Microbiol 8:846. 
Mohanty D.P. , Mohapatra S. , Misra S. , Sahu P.S. (2016) Milk derived bioactive peptides and
their impact on human health–A review. Saudi J Bio Sci 23(5): 577–583. 
Mudgal S.P. , Prajapati J.B. (2017) Dahi—An Indian Naturally Fermented Yogurt. In: Yogurt in
Health and Disease Prevention. Nagendra P. Shah (ed), Elsevier, London, pp. 353–369. 
Mudgil D. , Barak S. (2019) Dairy-Based Functional Beverages. In: Milk-Based Beverages.
Alexandru M.G. &alina M.H (ed), Elsevier, Duxford, pp. 67–93. 
Mushtaq M. , Gani A. , Gani A. , Punoo H.A. , Masoodi F.A. (2018) Use of pomegranate peel
extract incorporated zein film with improved properties for prolonged shelf life of fresh
Himalayan cheese (Kalari/kradi). Innov Food Sci Emerg Technol 48: 25–32. 
Mushtaq M. , Gani A. , Masoodi F.A. (2019) Himalayan cheese (Kalari/Kradi) fermented with
different probiotic strains: In vitro investigation of nutraceutical properties. LWT-Food Science
Technol 104: 53–60. 
Mushtaq M. , Gani A. , Shetty P.H. , Masoodi F.A. , Ahmad M. (2015) Himalayan cheese
(Kalari/kradi): Effect of different storage temperatures on its physicochemical, microbiological
and antioxidant properties. LWT-Food Science Technol 63(2): 837–845. 
Nanda D.K. , Singh R. , Tomar S.K. , Dash S.K. , Jayakumar S. , Arora D.K. , Chaudhary R. ,
Kumar D. (2013) Indian Chilika curd–A potential dairy product for Geographical Indication
registration. Indian J Tradi Know 12(4): 707–713. 
Nirgude R. , Binorkar S.V. , Parlikar G.R. , Kirte M.C. , Savant D.P. (2013) Therapeutic and
nutritional values of takra (buttermilk). Int Res J Pharm 4(2): 29–31. 
Padghan P.V. , Mann B. , Sharma R. , Bajaj R. , Saini P. (2017) Production of angiotensin-I-
converting-enzyme-inhibitory peptides in fermented milks (Lassi) fermented by Lactobacillus
acidophillus with consideration of incubation period and simmering treatment. Int J Pept Res
Ther 23(1): 69–79. 
Padghan P.V. , Mann B. , Sharma R. , Kumar A. (2015) Studies on bio-functional activity of
traditional Lassi. Indian J Tradi Know 1(1): 124–131. 
Pophaly S.D. , Chauhan M. , Lule V. , Sarang P. , Tarak J. , Thakur K. , Tomar S.K. (2018)
Functional Starter Cultures for Fermented Dairy Products. In: Microbial Cultures and Enzymes
in Dairy Technology IGI Global, pp. 54–68. 
Punoo H.A. , Patil G.R. , Bijoy R.R. (2018) Textural and microstructural properties of Kradi
cheese (an indigenous cheese of Jammu and Kashmir, India). Int J Dairy Technol (2): 372–381. 
Rajpal S. , Kansal V.K. (2008) Buffalo milk probiotic Dahi containing Lactobacillus acidophilus,
Bifidobacteriumbifidum and Lactococcuslactis reduces gastrointestinal cancer induced by
dimethylhydrazinedihydrochloride in rats. Milchwissenschaft- Milk Sci Int J 63(2): 122–125. 
Rajpal S. , Kansal V.K. (2009) Probiotic Dahi containing Lactobacillus acidophilus and
Bifidobacteriumbifidum stimulates immune system in mice. Milchwissenschaft- Milk Sci Int J
64(3): 290–290. 
Saikia G. , Mishra B.K. (2017) Growth of Lactic Acid Bacteria in Milk for the Preparation of
Functional Frozen Misti Dahi (Sweet Curd). Int J Sci Res Sci Technol 3(8): 22–26. 
Sarkar S. (2008) Innovations in Indian fermented milk products: A review. Food Biotechnol 22:
78–97. 
Shangpliang H.N. , Rai R. , Keisam S. , Jeyaram K. , Tamang J.P. (2018) Bacterial community
in naturally fermented milk products of Arunachal Pradesh and Sikkim of India analysed by
high-throughput amplicon sequencing. Scientific Reports 8(1): 1532.



Srinivas J. , Suneetha J. , Maheswari K.U. , Kumari B.A. , Devi S.S. , Krishnaiah N. (2017)
Nutritional analysis of value added Shrikhand. Int J Pharmacogn Phytochem 6(5): 1438–1441. 
Tamang J.P. (2020) Ethnic Fermented Foods and Beverages of India: Science History and
Culture. Springer Nature. 
Tamang J.P. , Shin D.H. , Jung S.J. , Chae S.W. (2016) Functional properties of
microorganisms in fermented foods. Front Microbiol 7: 578. 
Yadav H. , Jain S. , Sinha P.R. (2008) Oral administration of dahi containing probiotic
Lactobacillus acidophilus and Lactobacillus casei delayed the progression of streptozotocin-
induced diabetes in rats. J Dairy Res 75(2): 189. 

 
Immune-Boosting Role of Zinc
                 against COVID-19 
Al-Fartusie F.S. , Mohssan S.N. (2017) Essential Trace Elements and Their Vital Roles in
Human Body. Indian J Adv Chem Sci 5(3): 127–136. 
Burjonrappa S.C. , Miller M. (2012) Role of trace elements in parenteral nutrition support of the
surgical neonate. J Pediatr Surg 47: 760–771. 
Dardenne M. (2002) Zinc and immune function. Eur J Clin Nutr 56: S20–S23. 
Das J.K. , Kumar R. , Salam R.A. , Bhutta Z.A. (2013 a) Systematic Review of Zinc Fortification
Trials. Ann Nutr Metab 62: 44–56. 
Das J.K. , Kumar R. , Salam R.A. , Bhutta Z.A. (2013b) Micronutrient fortification of food and its
impact on woman and child health: a systematic review. Syst Rev 2: 67–90. 
Finzi E. (2020) Treatment of SARS-CoV-2 with high dose oral zinc salts: a report on four
patients. Int J Infect Dis 99: 307–309. 
Grant W.B. , Lahore H. , McDonnell S.L. , Baggerly C.A. , French C.B. , Aliano J.L. , Bhattoa
H.P. (2020) Evidence that vitamin D supplementation could reduce risk of influenza and COVID-
19 infections and deaths. Nutrients 12(4): 988–1006. 
Haase H. , Rink L. (2014) Zinc signals and immune function. Biofactors 40: 27–40. 
Hemila H. , Petrus E.J. , Fitzgerald J.T. , Prasad A. (2016) Zinc acetate lozenges for treating the
common cold: an individual patient data meta-analysis. Br J Clin Pharmacol 82(5): 1393–1398. 
Hess S.Y. , Brown K.H. (2009) Impact of zinc fortification on zinc nutrition. Food Nutr Bull 30:
S79–107. 
Lassi Z.S. , Haider B.A. , Bhutta Z.A. (2010) Zinc supplementation for the prevention of
pneumonia in children aged 2 months to 59 months. Cochrane Database Syst Rev 12:
CD005978. 
Maretm W. , Sandstead H.H. (2006) Zinc requirements and the risks and benefits of zinc
supplementation. J Trace Elem Med Biol 20: 3–18. 
Maywald M. , Wessels I. , Rink L. (2017) Zinc Signals and Immunity. Int J Mol Sci 18:
2222–2255. 
Osredkar J. , Sustar N. (2011) Copper and zinc, biological role and significance of copper/zinc
imbalance. J Clin Toxicol S3: 1–18. 
Overbeck S. , Rink L. , Haase H. (2008) Modulating the immune response by oral zinc
supplementation: a single approach for multiple diseases. Arch Immunol Ther Exp 56: 15–30. 
Plum L. , Rink L. , Haase H. (2010) The essential toxin: Impact of zinc on human health. Int J
Environ Res Public Health 7 (4): 1342–1365. 
Prasad A.S. (2003) Zinc deficiency: Has been known of for 40 years but ignored by global
health organizations. Br Med J 326(7386): 409–410. 
Prasad A.S. (2007) Zinc: mechanisms of host defense. J Nutr 137: 1345–1349. 
Prasad A.S. (2008) Clinical, immunological, anti-inflammatory and antioxidant roles of zinc. Exp
Gerontol 43: 370–377. 
Prasad A.S. (2009) Zinc: role in immunity, oxidative stress and chronic inflammation. Curr Opin
Clin Nutr Metab Care 12: 646–652. 
Prasad A.S. (2013) Discovery of human zinc deficiency: its impact on human health and
disease. Adv Nutr 4: 176–190.



Prasad A.S. (2017) Discovery of Zinc for Human Health and Biomarkers of Zinc Deficiency. In:
Molecular, Genetic, and Nutritional Aspects of Major and Trace Minerals. Collins J.F. (ed).
Academic Press, Cambridge, pp. 241–260. 
Rahman M.T. , Idid S.Z. (2020) Can Zn Be a Critical Element in COVID-19 Treatment? Biol
Trace Elem Res 1–9. 
Razzaque M.S. (2020) COVID-19 Pandemic: Can Maintaining Optimal Zinc Balance Enhance
Host Resistance? Tohoku J Exp Med 251(3): 175–181. 
Rosado J.L. (2003) Zinc and Copper: Proposed Fortification Levels and Recommended Zinc
Compounds. J Nutr 133(9): 2985S–2989S. 
Sanstead H.H. , Frederickson C.J. , Penland J.G. (2000) Zinc nutriture as related to brain. J
Nutr 130: 140S–146S. 
Science M. , Johnstone J. , Roth D.E. , Guyatt G. , Loeb M. (2012) Zinc for the treatment of the
common cold: A systematic review and meta-analysis of randomized controlled trials. Can Med
Assoc J 184: E551–E561. 
Skalny A.V. , Rink L. , Ajsuvakova O.P. , Aschner M. , Gritsenko V.A. , Alekseenko S.I. ,
Svistunov A.A. , Petrakis D. , Spandidos D.A. , Aaseth J. (2020) Zinc and respiratory tract
infections: perspectives for COVID 19. Int J Mol Med 46 (1): 17–26. 
Turvey S.E. , Broide D.H. (2010) Innate immunity. J Allergy Clin Immunol 125: S24–32. 
Velthuis A.J.T. , Worm S.H.V. , Sims A.C. , Baric R.S. , Snijder E.J. , Hemert M.J.V. (2010)
Zn2+ inhibits coronavirus and arterivirus RNA polymerase activity in vitro and zinc ionophores
block the replication of these viruses in cell culture. PLoS Pathog 6 (11): e1001176. 
Veverka D.V. , Wilson C. , Martinez M.A. , Wenger R. , Tamosuinas A. (2009) Use of zinc
supplements to reduce upper respiratory infections in United States Air Force Academy Cadets.
Complement Ther Clin Pract 15: 91–95. 
Zhang L. , Liu Y. (2020) Potential interventions for novel coronavirus in China: A systematic
review. J Med Virol 92: 479–490. 

 
Vitamin D Supplementation to
                 Combat COVID-19: A Review 
Aihara K. , Azuma H. , Akaike M. , et al. (2004) Disruption of nuclear vitamin D receptor gene
causes enhanced thrombogenicity in mice. J Biol Chem 279(34):35798–35802. 
Akerström S. , Mousavi-Jazi M. , Klingström J. , Leijon M. , Lundkvist A. , Mirazimi A. (2005)
Nitric oxide inhibits the replication cycle of severe acute respiratory syndrome coronavirus. J
Virol 79(3): 1966–1969. 
Ali N. (2020) Role of vitamin D in preventing of COVID-19 infection, progression and severity. J
Infect Public Health S1876–10341 doi 10.1016/j.jiph.2020.06.021 
Alvarez N. , Aguilar-Jimenez W. , Rugeles M.T. (2019) The Potential Protective Role of Vitamin
D Supplementation on HIV-1 Infection. Front Immunol 10: 2291. 
Aparna P. , Muthathal S. , Nongkynrih B. , Gupta S.K. (2018) Vitamin D deficiency in India. J
Family Med Prim Care 7: 324–330. 
Arboleda J.F. , Urcuqui-Inchima S. (2020) Vitamin D Supplementation: A Potential Approach for
Coronavirus/COVID-19 Therapeutics? Front Immunol 11: 1523. 
Aygun H. (2020) Vitamin D can prevent COVID-19 infection-induced multiple organ damage.
Naunyn-Schmiedeberg’s Arch Pharmacol 393: 1157–1160. 
Biesalski H.K. (2020) Vitamin D deficiency and co-morbidities in COVID-19 patients – A fatal
relationship? Nfs Journal 20: 10–21. 
Bikle D.D. (2014) Vitamin D metabolism, mechanism of action, and clinical applications. Chem
Biol 21(3): 319–329. 
Burrell C. , Howard C. , Murphy F. (2016) Fenner and White’s Medical Virology (5th Edn).
Academic, USA. 
Cantorna M.T. , Snyder L. , Lin Y.D. , Yang L. (2015) Vitamin D and 1,25(OH)2D regulation of T
cells. Nutrients 7: 3011–3021.



Centers for Disease Control and Prevention (11 Sept, 2020) Coronavirus Disease 2019
(COVID-19): People with certain medical conditions. Web.
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-withmedical-
conditions.html 
Chen N. , Zhou M. , Dong X. , et al (2020) Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet
395(10223): 507–513 
Dancer R.C. , Parekh D. , Lax S. , et al (2015) Vitamin D deficiency contributes directly to the
acute respiratory distress syndrome (ARDS) Thorax 70(7): 617–624. 
Daneshkhah A. , Agrawal V. , Eshein A. , et al. (2020) The Possible Role of Vitamin D in
Suppressing Cytokine Storm and Associated Mortality in COVID-19 Patients. medRxiv. doi
10.1101/2020.04.08.20058578. 
DeDiego M.L. , Nieto Torres J.L. , Jiménez Guardeño J.M. , et al (2011) severe acute
respiratory syndrome coronavirus envelope protein regulates cell stress response and
apoptosis. PLoS Pathog. 7(10): e1002315. 
Di Rosa M. , Malaguarnera M. , Nicoletti F. , Malaguarnera L. (2011) Vitamin D3: a helpful
immuno-modulator. Immunology 134(2): 123–139. 
Forman J.P. , Williams J.S. , Fisher N.D. (2010) Plasma 25-hydroxyvitamin D and regulation of
the renin-angiotensin system in humans. Hypertension 55(5): 1283–1288. 
Graedel L. , Merker M. , Felder S. , Kutz A. , Haubitz S. , Faessler L. , Kaeslin M. , Huber A. ,
Mueller B. , Schuetz P. (2016) Vitamin D deficiency strongly predicts adverse medical outcome
across different medical inpatient populations: results from a prospective study. Medicine
95(19): e3533. 
Grant W.B. , Lahore H. , McDonnell S.L. , et al (2020) Evidence that Vitamin D Supplementation
Could Reduce Risk of Influenza and COVID-19 Infections and Deaths. Nutrients 12 (4): 988. 
Harapan H. , Itoh N. , Yufika A. , et al (2020) Coronavirus disease 2019 (COVID-19): A literature
review. J Infect Public Health 13 (5): 667–673. 
Hastie C.E. , Mackay D.F. , Ho F. , et al (2020) Vitamin D concentrations and COVID-19
infection in UK Biobank. Diabetes Metab Syndr 14 (4): 561–565 
Holick M.F. , Binkley N.C. , Bischoff-Ferrari H.A. , Gordon C.M. , Hanley D.A. , Heaney R.P. ,
Murad M.H. , Weaver C.M. (2011) Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 96(7):
1911–1930. 
Huang C. , Wang Y. , Li X. et al. (2020) Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 395(10223): 497–506. 
Hui D.S. , I Azhar E. , Madani T.A. , et al. (2020) The continuing 2019-nCoV epidemic threat of
novel coronaviruses to global health - The latest 2019 novel coronavirus outbreak in Wuhan,
China. Int J Infect Dis 91: 264–266. 
Imai Y. , Kuba K. , Rao S. , et al (2005) Angiotensin-converting enzyme 2 protects from severe
acute lung failure. Nature 436(7047): 112–116. 
Jiang J.S. , Chou H.C. , Chen C.M. (2020) Cathelicidin attenuates hyperoxia-induced lung injury
by inhibiting oxidative stress in newborn rats. Free Radic Biol Med 150: 23–29. 
Komolmit P. , Charoensuk K. , Thanapirom K. et al (2017) Correction of vitamin D deficiency
facilitated suppression of IP-10 and DPP IV levels in patients with chronic hepatitis C: A
randomised double-blinded, placebo-control trial. PLoS One 12(4): e0174608. 
Kreutz R. , Algharably E.A.E. , Azizi M. , et al (2020) Hypertension, the renin-angiotensin
system, and the risk of lower respiratory tract infections and lung injury: implications for COVID-
19. Cardiovasc Res 116(10): 1688–1699. 
Kunadian V. , Ford G.A. , Bawamia B. , Qiu W. , Manson J.E. (2014) Vitamin D deficiency and
coronary artery disease: a review of the evidence. Am Heart J 167(3): 283–291. 
Li F. (2015) Receptor recognition mechanisms of coronaviruses: a decade of structural studies.
J Virol. 89(4): 1954–1964. 
Li Y. , Li Q. , Zhang N. , Liu Z. (2020) Sunlight and vitamin D in the prevention of coronavirus
disease (COVID-19) infection and mortality in the United States. Research Square doi:
10.21203/rs.3.rs-32499/v1. 
Li Y.X. , Zhou L. (2015) Vitamin D deficiency, obesity and diabetes. Cell Mol Biol 61:35–38.



Liu P.T. , Stenger S. , Li H. , et al. (2006) Toll-like receptor triggering of a vitamin D-mediated
human antimicrobial response. Science 311(5768): 1770–1773. 
Lu R. , Zhao X. , Li J. , Niu P. , et al. (2020) Genomic characterisation and epidemiology of 2019
novel coronavirus: implications for virus origins and receptor binding. Lancet 395(10224):
565–574. 
Martineau A.R. , Forouhi N.G. (2020) Vitamin D for COVID-19: a case to answer? Lancet
Diabetes Endocrinol 8(9): 735–736. 
McCartney D.M. , Byrne D.G. (2020) Optimisation of Vitamin D Status for Enhanced Immuno-
protection Against Covid-19. Ir Med J 113(4): 58. 
Meyerholz D.K. , Lambertz A.M. , McCray P.B. (2016) Dipeptidyl Peptidase 4 Distribution in the
Human Respiratory Tract: Implications for the Middle East Respiratory Syndrome. Am J Pathol
186(1): 78–86. 
Palacios C. , Gonzalez L. (2014) Is vitamin D deficiency a major global public health problem? J
Steroid Biochem Mol Biol 144 Pt A: 138–145. 
Prietl B. , Treiber G. , Pieber T.R. , Amrein K. (2013) Vitamin D and Immune Function. Nutrients
5: 2502–2521. 
Quraishi S.A. , De Pascale G. , Needleman J.S. , et al (2015) Effect of Cholecalciferol
Supplementation on Vitamin D Status and Cathelicidin Levels in Sepsis: A Randomized,
Placebo-Controlled Trial. Crit Care Med 43 (9): 1928–1937. 
Richman D.D. , Whitley R.J. , Hayden F.G. (2016) Clinical Virology (4th Edn). ASM,
Washington. 
Sacco R.E. , Nonnecke B.J. , Palmer M.V. , Waters W.R. , Lippolis J.D. , Reinhardt T.A. (2012)
Differential expression of cytokines in response to respiratory syncytial virus infection of calves
with high or low circulating 25-hydroxyvitamin D3. PLoS One 7(3): e33074. 
Schwalfenberg G.K. (2011) A review of the critical role of vitamin D in the functioning of the
immune system and the clinical implications of vitamin D deficiency. Mol Nutr Food Res 55(1):
96–108. 
Singhal T. (2020) A review of coronavirus Disease-2019 (COVID-19). Indian J Pediatr 87:
281–286. 
Srilakshmi B. (2014) Nutrition Science (4th Edn). New Age International (P) limited, New Delhi. 
Suvarna V.R. , Mohan V. (2020) Vitamin D and its role in coronavirus disease 2019 (COVID-
19). J Diabetol 11(2): 71–80. 
Tan C.W. , Ho L.P. , Kalimuddin S. et al (2020) A cohort study to evaluate the effect of
combination Vitamin D, Magnesium and Vitamin B12 (DMB) on progression to severe outcome
in older COVID-19 patients. medRxiv doi:10.1101/2020.06.01.20112334 (Preprint) 
Teymoori-Rad M. , Marashi S.M. (2020) Vitamin D and Covid-19: From potential therapeutic
effects to unanswered questions. Rev Med Virol e2159. https://doi.org/10.1002/rmv.2159 
Trovas G. , Tournis S. (2020) Vitamin D and covid-19. Hormones (Athens) 14: 1–2 
Unhale S. , Bilal Q. , Sanap S. , Thakhre S. , Wadatkar S. , Bairagi R. , Sagrule S. , Biyani K.R.
(2020) A Review on Corona Virus (COVID-19). Int J Pharm Life Sci 6: 109–115. 
Valencia I. , Peiró C. , Lorenzo Ó , Sánchez-Ferrer C.F. , Eckel J. , Romacho T. (2020) DPP4
and ACE2 in Diabetes and COVID-19: Therapeutic Targets for Cardiovascular Complications?
Front Pharmacol 11: 1161. 
Vankadari N. , Wilce J.A. (2020) Emerging Wuhan (COVID-19) coronavirus: glycan shield and
structure prediction of spike glycoprotein and its interaction with human CD26. Emerg Microbes
Infect. 9(1): 601–604. 
Verdoia M. , De Luca G. (2020) Potential role of hypovitaminosis D and Vitamin D
supplementation during COVID-19 pandemic. QJM caa 234. doi:10.1093/qjmed/hcaa234 
Wang C. , Horby P.W. , Hayden F.G. , Gao G.F. (2020) A novel corona virus outbreak of global
health concern. Lancet 395(10223): 470–473. 
Wimalawansa S.J. (2020) Global epidemic of coronavirus—COVID-19: What we can do to
minimize risks. Eur. J. Biomed. Pharm. Sci 7: 432–438. 
World Health Organization (11 March, 2020) WHO Director-General’s opening remarks at the
media briefing on COVID-19. Web. https://www.who.int/dg/speeches/detail/who-director-
general-s-opening-remarks-at-the-media-briefingon-covid-19—11-march-2020 
World Health Organization (23 August, 2020) Corona Virus Disease (COVID-19). Web.
https://covid19.who.int/?gclid=Cj0KCQjwp4j6BRCRARIsAGq4yMG0fMwYZGx70qPloNArSAZ9e



EhzZc2b5lFJRSXeCNrz5r-g-xajhp0aAvKSEALw_wcB 
World Health Organization (23 August, 2020) Web.
https://covid19.who.int/region/searo/country/in 
Xu J. , Yang J. , Chen J. , Luo Q. , Zhang Q. , Zhang H. (2017) Vitamin D alleviates
lipopolysaccharide-induced acute lung injury via regulation of the reninangiotensin system. Mol
Med Rep 16: 7432–7438. 
Zheng Y. , Ma Y. , Zhang J. , et al (2020) COVID-19 and the cardiovascular system. Nat Rev
Cardiol 17: 259–260. 

 


