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Abstract
Coronavirus disease 2019 (COVID-19), caused by Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2), has resulted in an outbreak that 
is spreading globally. In the absence of a vaccine or effective treatment, 
improving the body's immune response to combat the virus, or, at least 
alleviate its health complications, becomes imperative.   Potential prophylactic 
and therapeutic food interventions using black seed, garlic, honey, wasabi 
and high vit C foods have been proposed in various studies on previous 
coronaviruses, SARS-CoV and Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV). Due to the high similarity in the three dimensional 
structure between SARS-CoV-2 and SARS-CoV, studies that reported antiviral 
action of certain foods against various viruses including SARS-CoV and 
MERS-CoV have been discussed in this short review.
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Introduction
Severe acute respiratory syndrome coronavirus  
2 (SARS-CoV-2) is a novel single-stranded positive-
sense RNA β-coronavirus. It is associated with 
a recent outbreak of coronavirus disease 2019 
(COVID-19), which was discovered to be highly 
contagious, and rapidly spreading, hence forcing 
the world health organization to declare a global 
health emergency.1,2 There are no registered 
medications or vaccines for COVID-19 so far. This 
raises the demand to seek alternative natural and 
safe solutions to prevent COVID-19 spread, or at 
least help to manage active cases. 

A recent review has suggested that optimal host 
nutritional status plays a vital role in the immune 
system function, and is essential in limiting the 
impact of emerging viral infections,3 indicating that 
this acquired through maintaining a balanced diet 
in addition to supplementations of vitamins and 
minerals. In particular, this review highlighted the 
importance of vitamins C and D, zinc and omega-3 
fatty acids in enhancing the immune defense.3 
Suboptimal status of micronutrients can impair 
the innate immune system through the impairment 
of phagocytosis, microbial killing and altering 
cytokines production.4 It also can affect the adaptive 



683ENANI, Curr. Res. Nutr Food Sci Jour., Vol. 8(3) 682-689 (2020)

immune system through decreasing the number of 
lymphocytes and reducing antibody responses.4

During the past 20 years, two other coronaviruses, 
severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle-East respiratory syndrome 
coronavirus (MERS-CoV) have caused deadly types 
of pneumonia.5,6 Some previous in-vivo, in-vitro and 
laboratory mechanistic studies discovered some 
foods that have pharmaceutical components which 
were found to be affective against these as well as 
other viruses. These foods might be proposed as 
prophylactic (which has an effect if administered 
before the disease onset) and therapeutic  (which 
has an effect if administered after the disease 
onset) nutrients against Covid-19 as there is a high 
similarity in the three dimensional genetic structure 
between SARS-CoV-2 and SARS-CoV.7 In this 
short review, we will summarize the most important 
previous findings regarding possible prophylactic 
and therapeutic nutrient options for the prevention 
and management of COVID-19, in particular black 
seed, garlic, honey, wasabi, and vitamin C rich foods.

Black Seed Nigella sativa
Black seed (Nigella sativa) has been used for 
decades for medical purposes. Its pharmacological 
effects are attributed to high content of quinines.8 

Quinine is widely known as an anti-malarial, anti-
inflammatory agent9 and as a potent antioxidant.10 
In animal studies, black seed oil has been shown 
to provide protective action against murine 
cytomegalovirus infection in mice through increasing 
number and activity of macrophages,  and interferon 
(IFN)-gamma production.11 Black seed oil also 
showed complete inhibition of virus titers in spleen 
and liver of mice on the third day of infection, while 
the titers remained unchanged in the control mice.11 

Furthermore, In a study on poultry birds, namely 
turkeys infected with influenza virus (H9N2), it was 
noted that feeding with black seeds has enhanced 
the immune response by increasing the production of 
IFN-gamma and hemagglutinin-inhibition (HI) titers,  
which significantly suppressed the pathogenicity 
and clinical signs of H9N2.12 Moreover, in laboratory 
studies, black seed at concentration of 35μM has 
shown good antiviral effects in Chicken Embryo 
Rough Cells (CER) infected with Laryngotrachietis 
Virus (ILTV).13

Human studies provided further evidence to the 
efficacy of black seed against viral infections. Results 
from a clinical trial indicated that the administration of 
450mg of black seed three times daily for 3 months 
decreased viral load and oxidative stress in patients 
infected with Hepatitis C virus (HCV), and that the 
dose was tolerable and safe.14 In addition, a case 
study on an HIV-positive patient reported that daily 
administration of 10mls two times daily of black 
seed concoction for 6 months resulted in both the 
disappearance of symptoms associated with HIV as 
measured by absolute count of CD4 cells, and viral 
load  as measured in (HIV-RNA) copies per ml in 
blood in a gradual, and duration dependent manner, 
thus resulting in the patient becoming sero-negative 
for HIV.14

 
Studies indicated that thymoquinone, found at a 
concentration of 3.5-8.7 mg/g in fixed oil, is one of 
the most active constituents in black seed oil.8,16 Very 
recent studies suggested that the modified forms 
of quinines, chloroquine, and hydroxychloroquine,  
a derivative of  thymoquinone, were potent inhibitors 
of SARS coronavirus infection at clinically admissible 
concentrations through interfering with angiotensin-
converting enzyme 2 (ACE2) receptor which is one 
of cell surface binding sites for S protein of SARS-
CoV that the virus uses for entry into human cells 
as revealed by docking simulation technique.17,18 
This interference was proposed to result in the 
elevation of vesicular pH, which in turn, inhibits 
the viral spreading of SARS-CoV to uninfected 
cells.17 Therefore, black seed might be a possible 
prophylactic and therapeutic option for COVID-19.  
However, its efficacy still needs to be confirmed by 
well-designed and controlled clinical trials.

Garlic
Garlic (Allium sativum L.) has been widely used in 
traditional alternative medicine prescriptions. Various 
healing, and health enhancing effects of garlic 
have also been reported in more recent reviews of  
in-vitro, in-vivo and clinical studies. Reported effects 
included: antioxidant, anti-bacterial, -microbial and 
–viral,  as well as anti-carcinogenic activities that 
were associated with improvement in respiration and 
digestion processes during infections, treatment of 
infectious diseases, and decrease of symptoms of 
non-communicable diseases.19,20
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Many of the biological effects of garlic are attributed 
to its organosulfur constitutes, with the strength of 
its biological activities depending on the number of 
sulfur atoms.21–24 Allyl disulfide and allyl trisulfide 
account for more than 50% in content of garlic 
essential oil.20

 
Garlic is considered one of the richest vegetable 
sources of total phenolic compounds that contribute 
to its antioxidant action.25,26 Previous reviews 
reported different antioxidant activities of garlic 
including radicals trapping, scavenging of hydroxyl 
radicals, interaction with thiol containing proteins, 
inhibition of superoxide and nitric oxide production 
and modification of SH-dependent activities.25–29 
This strong antioxidant action has been suggested 
to attribute to the therapeutic properties of garlic 
including antimicrobial, anti-carcinogenic and anti-
aging properties.30 Sulfer-containing compounds 
which are present in essential oil extracts of garlic 
have been reported to exert marked antimicrobial 
activities against wide range of bacteria and fungi 
which led to the suggestion of the use of garlic as 
natural antimicrobial additive in food products.26,31 
Garlic’s mechanism of antimicrobial action is 
suggested to be the ability to inhibit thiol-containing 
enzymes and other bacterial enzymes such as 
those involved in the acetyl-CoA-forming system 
which cause severe damage in the microorganism 
tissues.31

In-vitro laboratory studies reported that garlic 
showed antiviral activities against influenza A and 
B,32 cytomegalovirus,33,34 rhinovirus,35 HIV,35 herpes 
simplex virus 1 35 and 2,24 viral pneumonia, and 
rotavirus,35,36 and were suggested to be strong 
potent inhibitors of SARS-CoV-2 coronavirus.22 The 
anticoronavirus suggested mechanism was through 
the inhibition of ACE2 protein receptor, which leads 
to loss of the host receptor of the virus,  in addition 
to attacking the PDB6LU7 protein, which is a main 
protease of SARS-CoV-2 at the same time.22 These 
findings suggest that garlic has potential preventive 
and therapeutic properties against COVID-19, but 
this needs to be addressed further by clinical trials 
to obtain conclusive evidence.

Honey
For centuries, honey has been used in traditional 
medicine to treat many diseases. Its type varies 

depending on the bees species and the plants on 
which the bees feed on, which in turn influence its 
therapeutic value.37 Honey has been reported to 
possess anti-microbial and healing activities due to 
its phenolic and flavonoid constitutes.38 Furthermore, 
honey's effective wound healing activities were 
attributed to its antibacterial, anti-inflammatory 
and cell growth-stimulating properties, as well as 
immunomodulatory properties and immune-boosting 
capabilities.39 In an in-vitro study on monocytic 
cell line, MonoMac-6 (MM6), honey was found to 
stimulate the immune system through inducing the 
maximal release of monocyte cytokines.40 Some 
types of honey exhibit a very high antimicrobial 
activity and so far, bacteria has not been able to 
develop resistance to the antibacterial components 
in these types of honey.41 For example, tualang 
(Koompassia excelsa) honey possess strong 
antimicrobial properties against many different 
microorganisms that are stronger than manuka  
(L. scoparium) honey in some cases.41

In addition, anti-viral properties of honey in cell 
culture studies were reported against Rubella, 
Varicella Zoster and influenza viruses, as the 
incubation of low concentrations of honey with 
infected cell lines resulted in viral plaque reduction 
and decreased viability of infected cells.42–44 
Different types of honey including manuka, soba  
(F. esculentum; buckwheat), kanro (honeydew), 
acacia (R. pseudoacacia) and renge (A. sinicus) 
honey were reported to have antiviral activity against 
influenza virus in a dose dependent manner, with 
manuka honey showing  the most potent viral-
inhibitory activity.44 Indeed, Manuka honey also 
was reported to have a potential medicinal value in 
treating influenza due to its effective virucidal action 
against the virus at the pre-infection stage, as well as 
during and after infection by inhibiting viral replication 
and growth.44 Due to these antiviral mechanisms, 
honey may be proposed as a potential therapeutic 
agent against viral infections and their complications, 
including those caused by COVID-19. Indeed, the 
National Institute for Health and Care Excellence 
(NICE) guidelines suggest that honey can be used 
as a treatment for acute cough caused by upper 
respiratory tract infection which is currently a core 
symptom in COVID-19 disease.45 In the light of this, a 
current ongoing clinical trial has been established to 
investigate the efficacy of natural honey in treatment 
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of patients infected with COVID-19 compared with 
current standard care.46

Wasabi
Japanese wasabi (Wasabia japonica) is a unique 
traditional cruciferous Brassicaceae crop, that is 
close to the nasturtiums botanically and that grows on 
the wet banks of cool mountain streams and springs 
in Japan.47 Wasabi plant is rich in glucosinolates 
which become metabolized into isothiocyanates 
by the action of the myrosinase enzyme which is 
expressed in the cells of Brassicaceae plants.48 
Several bioactive compounds were isolated from 
the wasabi roots including lignan glycosides, 
wasabisides and phenolic compounds.49

Its extract have powerful pharmacological properties 
due to its isothioocyanate and sinigrin constitutes.50 
Phenethyl isothiocyanate has been shown to have 
immunomodulatory effects on both the innate and 

specific immune systems of mice.51 Japanese 
wasabi was reported to have potent anti-influenza 
activity as its ethanol extracts highly inhibited virus 
production of H1N1, H3N2 and B-Shamine influenza 
viral strains by more than 98%, regardless of the 
hemagglutinin antigen type in cell cultures.52 The 
same study reported that wasabi ethanol extract did 
not exhibit inhibitory effect on intracellular influenza 
virus synthesis or on the release of the virus from 
the cell surface as measured by the cytopathic effect 
of replicating infected cells. However, it suggested 
that the Japanese wasabi extract inhibited viral 
adsorption and entrance into cells which possibly 
occurs in the early phase of infection as measured by 
influenza virus titer and replication inhibition rate.52 
These antiviral effects of wasabi suggests that it 
could be an alternative preventive, or therapeutic 
option for COVID-19. However, further controlled 
studies are needed to confirm its therapeutic value. 

Table 1: The top 5 foods highest in vitamin C

Food Vitamin C (mg/cup) Number of cups to obtain Number of cups to obtain
  200 mg of vitamin C 1g of vitamin C

Guavas 377 0.5 2.7
Bell peppers 190 1.1 5.3
Kiwi fruit 167 1.2 6.0
Strawberries 98 2.0 10.2
Oranges 96 2.1 10.4

Source64

Vitamin C Containing Food
Respiratory viruses including influenza, rhino and 
corona are usually the main cause of common cold 
which usually results in respiratory symptoms.53–55 
Various reviews reported that vitamin C deficiency 
increased the risk of severe respiratory infections 
such as pneumonia.56,57 A recent meta-analysis 
reported that administration of vitamin C lead to 
a significant reduction in the risk of pneumonia 
in individuals with low dietary intakes and that 
vitamin C reduced disease severity and risk of 
death in older patients with pneumonia especially in 
individuals with low plasma vitamin C level.58 A recent 
review concluded that vitamin C level is reduced 
in leukocytes and urine secretion during common 

cold episodes and that the administration of high 
doses of vitamin C during cold episodes reversed 
this reduction, suggesting that administration 
of high doses of vitamin C might accelerate the 
recovery process.56 Furthermore, various clinical 
trials reported that administration of high doses 
of vitamin C introduced orally or intravenously 
in hospitalized patients with acute respiratory 
infections resulted in returning of plasma vitamin C 
levels to normal, as well as decreased severity of 
the respiratory symptoms, and rapid clearance of 
chest in x-rays.59–61 Moreover, supplementation of 
Vitamin C has been shown to have both prophylactic 
and therapeutic values in reducing the duration and 
severity of upper respiratory tract infections.57,62  
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The prophylactic effect of vitamin C was reported 
to be more effective in people under enhanced 
physical stress.62 In addition, a clinical trial reported 
that vitamin C supplementation resulted in a greater 
reduction in “total days indoor” in individuals with 
low vitamin C dietary intake compared with higher 
intake suggesting that the therapeutic effect of 
vitamin C is more profound in individuals with low 
intake of vitamin C.63 A recent review recommended 
that healthy individuals need to increase their daily 
intake of vitamin C to 200mg during outbreaks 
such as COVID-19 to protect themselves from the 
disease, and that sick individuals needs 1–2 g/day to 
restore normal blood levels.3  These levels are above 
the Recommended Dietary Allowances (RDA) but 
still within the US tolerable upper limit for adults.3 

According to FoodData Central system of the United 
States Department of Agriculture, the top 5 foods 
highest in vitamin C are guavas, bell peppers, kiwi 
fruits, strawberries and oranges (Table 1).64

Since common cold is caused by viruses such as 
corona virus and vitamin C supplementation has 
been shown to decrease the duration and severity 
of common cold, it is worth investigating the 
prophylactic and therapeutic effects of vitamin C 
supplementation in the current Covid-19 outbreak.

The discussed prophylactic and therapeutic food 
intervention for COVID-19 was in accordance to 
studies on the previous coronaviruses, SARS-CoV 
and MERS-CoV, and studies that reported antiviral 
action of these food types. This approach was 
adopted partly due to the high similarity in the three 
dimensional structure between SARS-CoV-2 and 
SARS-CoV.7 The available evidence from previous 
studies that some components of the discussed 

food types may interfere with the binding sites of 
SARS-CoV-2 suggests that the consumption of 
these foods might protect from getting infected. 
However, more in-vitro studies that address the 
influence of discussed foods on all aspects of 
viral-host interaction, accompanied by longitudinal 
studies that evaluate the incidence rate of COVID-19 
according to the consumption of these food are 
needed to confirm their prophylactic effect. Clinical 
studies that investigate the effect on rate of recovery, 
severity and duration of the disease, duration of lung 
inflammation and mortality rate in COVID-19 patients 
are also needed to confirm the therapeutic value of 
these food types.  

Conclusion
Black seed, garlic, wasabi, honey, and vitamin 
C rich foods contain pharmacologically active 
components that make them possible prophylactic 
and therapeutic food interventions for COVID-19 
in the absence of clearly indicated medications, 
and vaccines for this disease. More laboratory, 
longitudinal and clinical studies are required to 
confirm these medicinal values.
 
Acknowledgements
Acknowledgement to Prof. Suhad Bahijri for her help 
in reviewing the work.

Funding
The author(s) received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of Interest
The author declares no conflict of interest.

References

1.  WHO. Naming the coronavirus disease 
(COVID-19) and the virus that causes it. 
World Heal Organ. 2020:1. https://www.
who.int/emergencies/diseases/novel-
coronavirus-2019/technical-guidance/
naming-the-coronavirus-disease-(covid-
2019)-and-the-virus-that-causes-it. Accessed 
April 27, 2020.

2.  Chen Y, Liu Q, Guo D. Emerging coronaviruses: 

Genome structure,  repl icat ion,  and 
pathogenesis. J Med Virol. 2020;92(4):418-
423. doi:10.1002/jmv.25681

3.  Calder PC, Carr AC, Gombart AF, Eggersdorfer 
M. Optimal Nutritional Status for a Well-
Functioning Immune System Is an Important 
Factor to Protect against Viral Infections. 
Nutrients. 2020;12(4):1181. doi:10.3390/
nu12041181



687ENANI, Curr. Res. Nutr Food Sci Jour., Vol. 8(3) 682-689 (2020)

4.  Gombart AF, Pierre A, Maggini S. A review 
of micronutrients and the immune system–
working in harmony to reduce the risk of 
infection. Nutrients. 2020;12(1). doi:10.3390/
nu12010236

5.  Drosten C,  Günther  S,  Pre iser  W,  
et al., Identification of a novel coronavirus 
in patients with severe acute respiratory 
syndrome. N Engl J Med. 2003;348(20):1967-
1976. doi:10.1056/NEJMoa030747

6.  Ksiazek TG, Erdman D, Goldsmith CS,  
et al., A novel coronavirus associated with 
severe acute respiratory syndrome. N Engl J 
Med. 2003;348(20):1953-1966. doi:10.1056/
NEJMoa030781

7.  Chan JF-W, Kok K-H, Zhu Z, et al., Genomic 
characterization of the 2019 novel human-
pathogenic coronavirus isolated from a patient 
with atypical pneumonia after visiting Wuhan. 
Emerg Microbes Infect. 2020;9(1):221-236. 
doi:10.1080/22221751.2020.1719902

8.  G u p t a  B ,  G h o s h  K K ,  G u p t a  R C . 
Thymoquinone. In: Nutraceuticals: Efficacy, 
Safety and Toxicity. Elsevier Inc.; 2016:541-
550. doi:10.1016/B978-0-12-802147-
7.00039-5

9.  F. Kuhlmann M, Fleckinstein JM. Infectious 
Diseases - Fourth Edition. Vol 2. 2nd ed. 
Elsevier Ltd; 2017. doi:10.1016/B978-0-7020-
6285-8.00157-X

10.  Krishnaveni M, Suresh K, Rajasekar M. 
Antioxidant and free radical scavenging 
activity of triphala determined by using 
different in vitro models. J Med Plants 
Res. 2013;7(39):2898-2905. doi:10.5897/
JMPR2013.5124

11.  Salem ML, Hossain MS. Protective effect 
of black seed oil from Nigella sativa against 
murine cytomegalovirus infection. Int J 
Immunopharmacol. 2000;22(9):729-740. 
doi:10.1016/S0192-0561(00)00036-9

12.  U m a r  S ,  M u n i r  M T,  S u b h a n  S ,  
et al.,WITHDRAWN: Protective and antiviral 
activities of Nigella sativa against avian 
influenza (H9N2) in turkeys. J Saudi Soc 
Agric Sci. September 2016. doi:10.1016/j.
jssas.2016.09.004

13.  Zaher  KS,  Ahmed W,  Zer izer  SN. 
Observations on the Biological Effects 
of Black Cumin Seed (Nigella sativa) 
and Green Tea (Camellia sinensis). Glob 

Vet. 2008;2(4):198-204. https://www.
researchgate.net/publication/239591320_
Observations_on_the_Biological_Effects_
of_Black_Cumin_Seed_Nigella_sativa_and_
Green_Tea_Camellia_sinensis. Accessed 
April 30, 2020.

14.  Barakat EMF, El Wakeel LM, Hagag RS. 
Effects of Nigella sativa on outcome of 
hepatitis C in Egypt. World J Gastroenterol. 
2013;19(16):2529-2536. doi:10.3748/wjg.
v19.i16.2529

15.  Onifade AA, Jewell AP, Adedeji WA. 
Nige l la  sa t i va  concoc t ion  induced 
sustained seroreversion in HIV patient. 
African J Tradit Complement Altern Med.  
2013;10(5):332-335.

16.  Lutterodt H, Luther M, Slavin M, et al., 
Fatty acid profile, thymoquinone content, 
oxidative stability, and antioxidant properties 
of cold-pressed black cumin seed oils. LWT 
- Food Sci Technol. 2010;43(9):1409-1413. 
doi:10.1016/j.lwt.2010.04.009

17.  Vincent MJ, Bergeron E, Benjannet S, et al. 
Chloroquine is a potent inhibitor of SARS 
coronavirus infection and spread. Virol J. 
2005;2(1):69. doi:10.1186/1743-422X-2-69

18.  Omar S, Bouziane I, Bouslama Z, Djemel 
A. In-Silico Identification of Potent Inhibitors 
of COVID-19 Main Protease (Mpro) and 
Angiotensin Converting Enzyme 2 (ACE2) 
from Natural Products: Quercetin, Hispidulin, 
and Cirsimaritin Exhibited Better Potential 
Inhibition than Hydroxy-Chloroquine Against. 
doi:10.26434/CHEMRXIV.12181404.V1

19.  Al-Snafi AE. Pharmacological effects of Allium 
species grown in Iraq. An overview. Int J 
Pharm Heal care Res. 2013;1(4):132-155. 
www.ijphr.com. Accessed April 30, 2020.

20.  Bayan L, Koulivand PH, Gorji A. Garlic: 
a review of potential therapeutic effects. 
Avicenna J phytomedicine. 2014;4(1):1-14. 
doi:10.22038/ajp.2014.1741

21.  Dziri S, Casabianca H, Hanchi B, Hosni K. 
Composition of garlic essential oil ( Allium 
sativum L.) as influenced by drying method. 
J Essent Oil Res. 2014;26(2):91-96. doi:10.
1080/10412905.2013.868329

22.  Thuy BTP, My TTA, Hai NTT, et al. Investigation 
into SARS-CoV-2 Resistance of Compounds 
in Garlic Essential Oil. ACS Omega. March 
2020. doi:10.1021/acsomega.0c00772



688ENANI, Curr. Res. Nutr Food Sci Jour., Vol. 8(3) 682-689 (2020)

23.  Hughes B, Murray B, North J, Lawson 
L. Antiviral Constituents from All ium 
sativum. Planta Med. 1989;55(01):114-114. 
doi:10.1055/s-2006-961894

24.  Weber ND, Andersen DO, North JA, Murray 
BK, Lawson LD, Hughes BG. In vitro virucidal 
effects of Allium sativum (garlic) extract and 
compounds. Planta Med. 1992;58(5):417-
423. doi:10.1055/s-2006-961504

25.  Capasso A.  Ant iox idant  Act ion and 
Therapeutic Efficacy of Allium sativum L. 
Molecules. 2013;18(1):690-700. doi:10.3390/
molecules18010690

26.  Benkeblia N. Antimicrobial activity of essential 
oil extracts of various onions (Allium cepa) 
and garlic (Allium sativum). LWT - Food Sci 
Technol. 2004;37(2):263-268. doi:10.1016/j.
lwt.2003.09.001

27.  Borlinghaus J, Albrecht F, Gruhlke M, 
Nwachukwu I, Slusarenko A. Allicin: Chemistry 
and Biological Properties. Molecules. 
2014;19(8):12591-12618. doi:10.3390/
molecules190812591

28.  Martins N, Petropoulos S, Ferreira ICFR. 
Chemical composit ion and bioactive 
compounds of garlic (Allium sativum L.) as 
affected by pre- and post-harvest conditions: 
A review. Food Chem. 2016;211:41-50. 
doi:10.1016/j.foodchem.2016.05.029

29.  R a h m a n  M S .  A l l i c i n  a n d  O t h e r 
Functional Active Components in Garlic: 
Health Benef i ts and Bioavai labi l i ty. 
Int J Food Prop. 2007;10(2):245-268. 
doi:10.1080/10942910601113327

30.  Huang C-H, Hsu F-Y, Wu Y-H, et al. Analysis 
of lifespan-promoting effect of garlic extract 
by an integrated metabolo-proteomics 
approach. J Nutr Biochem. 2015;26(8):808-
817. doi:10.1016/j.jnutbio.2015.02.010

31.  Ankri S, Mirelman D. Antimicrobial properties 
of allicin from garlic. Microbes Infect. 
1999;1(2):125-129. doi:10.1016/S1286-
4579(99)80003-3

32.  Fenwick GR, Hanley AB. Allium species 
poisoning. Vet Rec.  1985;116(1):28. 
doi:10.1136/vr.116.1.28

33.  Meng Y, Lu D, Guo N, Zhang L, Zhou G. Anti-
HCMV effect of garlic components. Virol Sin. 
1993;8:147-150.

34.  Guo N, Lu D, Woods GL, et al. Demonstration 
of the anti-viral activity of garlic extract against 

human cytomegalovirus in vitro. Chin Med J 
(Engl). 1993;106(2):93-96.

35.  Tsai Y, Cole LL, Davis LE, Lockwood 
SJ,  Simmons V, Wi ld GC. Ant iv i ra l 
properties of garlic: in vitro effects on 
influenza B, herpes simplex and coxsackie 
viruses. Planta Med. 1985;51(5):460-461. 
doi:10.1055/s-2007-969553

36.  Nagai K. Experimental Studies on the 
Preventive Effect of Garlic Extract against 
Infection with Influenza Virus. J Japanese Assoc 
Infect Dis. 1973;47(9):321-325. doi:10.11150/
kansenshogakuzasshi1970.47.321

37.  Kek SP, Chin NL, Tan SW, Yusof YA, 
Chua LS. Molecular identif ication of 
honey entomological origin based on bee 
mitochondrial 16S rRNA and COI gene 
sequences. Food Control. 2017;78:150-159. 
doi:10.1016/j.foodcont.2017.02.025

38.  Mandal MD, Mandal S. Honey: Its medicinal 
property and antibacterial activity. Asian 
Pac J Trop Biomed. 2011;1(2):154-160. 
doi:10.1016/S2221-1691(11)60016-6

39.  Molan P. Why honey is effective as a 
medicine: 2. The scientific explanation of its 
effects. Bee World. 2001;82(1):22-40. doi:1
0.1080/0005772X.2001.11099498

40.  Tonks AJ, Cooper RA, Jones KP, Blair 
S, Parton J, Tonks A. Honey stimulates 
inflammatory cytokine production from 
monocytes. Cytokine. 2003;21(5):242-247. 
doi:10.1016/S1043-4666(03)00092-9

41.  Tan HT, Rahman RA, Gan SH, et al.,
 The antibacterial properties of Malaysian 

tualang honey against wound and enteric 
microorganisms in comparison to manuka 
honey. BMC Complement Altern Med. 
2009;9(1):34. doi:10.1186/1472-6882-9-34

42.  Zeina B, Othman O, Al-Assad S. Effect 
of honey versus thyme on Rubella virus 
survival in vitro. J Altern Complement 
Med. 1996;2(3):345-348. doi:10.1089/
acm.1996.2.345

43.  Shahzad A, Cohrs RJ. In vitro antiviral 
activity of honey against varicella zoster virus 
(VZV): A translational medicine study for 
potential remedy for shingles. Transl Biomed. 
2012;3(2):2. https://www.ncbi.nlm.nih.gov/
pubmed/22822475. Accessed May 3, 2020.

44.  Watanabe K, Rahmasari R, Matsunaga A, 
Haruyama T, Kobayashi N. Anti-influenza 



689ENANI, Curr. Res. Nutr Food Sci Jour., Vol. 8(3) 682-689 (2020)

Viral Effects of Honey In vitro: Potent 
High Activity of Manuka Honey. Arch Med 
Res. 2014;45(5):359-365. doi:10.1016/j.
arcmed.2014.05.006

45.  NICE. Cough (acute): antimicrobial prescribing 
NICE guideline [NG120]. NICE Guidel. 2019. 
https://www.nice.org.uk/guidance/ng120/
chapter/Summary-of-the-evidence. Accessed 
May 3, 2020.

46.  Efficacy of Natural Honey Treatment in 
Patients With Novel Coronavirus. https://
clinicaltrials.gov/ct2/show/NCT04323345. 
Published 2020. Accessed May 3, 2020.

47.  Chadwick CI, Lumpkin TA, Elberson LR. 
The botany, uses and production ofWasabia 
japonica (Miq.) (Cruciferae) Matsum. Econ 
Bot. 1993;47(2):113-135. doi:10.1007/
BF02862015

48.  K im Y-J ,  Lee  D-H,  Ahn  J ,  e t  a l . , 
Pharmacokinetics, Tissue Distribution, and 
Anti-Lipogenic/Adipogenic Effects of Allyl-
Isothiocyanate Metabolites. Alisi A, ed. PLoS 
One. 2015;10(8):e0132151. doi:10.1371/
journal.pone.0132151

49.  Kim CS, Subedi L, Kwon OW, et al., 
Wasabisides A–E, Lignan Glycosides from 
the Roots of Wasabia japonica. J Nat Prod. 
2016;79(10):2652-2657. doi:10.1021/acs.
jnatprod.6b00582

50.  Depree JA, Howard TM, Savage GP. Flavour 
and pharmaceutical properties of the volatile 
sulphur compounds of Wasabi (Wasabia 
japonica). Food Res Int. 1998;31(5):329-337. 
doi:10.1016/S0963-9969(98)00105-7

51.  Tsou M-F, Tien N, Lu C-C, et al., Phenethyl 
isothiocyanate promotes immune responses 
in normal BALB/c mice, inhibits murine 
leukemia WEHI-3 cells, and stimulates 
immunomodulations in vivo. Environ Toxicol. 
2013;28(3):127-136. doi:10.1002/tox.20705

52.  Mochida K, Ogawa T. Anti-influenza virus 
activity of extract of Japanese wasabi 
leaves discarded in summer. J Sci Food 
Agric. 2008;88(10):1704-1708. doi:10.1002/
jsfa.3268

53.  Eccles R. Understanding the symptoms of 
the common cold and influenza. Lancet Infect 

Dis. 2005;5(11):718-725. doi:10.1016/S1473-
3099(05)70270-X

54.  Turner R. The common cold. In: Mandell 
G, Bennet J, Dolin R, eds. Principles 
and Practice of Infectious Diseases. 7th 
ed. Philidelphia: Churchill Livingstone;  
2010:809-814.

55.  Heikkinen T, Järvinen A. The common cold. 
Lancet. 2003;361(9351):51-59. doi:10.1016/
S0140-6736(03)12162-9

56.  Carr AC, Maggini S. Vitamin C and immune 
function. Nutrients. 2017;9(11):1211. 
doi:10.3390/nu9111211

57.  Hemilä H. Vitamin C and infections. Nutrients. 
2017;9(4). doi:10.3390/nu9040339

58.  Hemilä H, Louhiala P. Vitamin C for 
preventing and treat ing pneumonia. 
Cochrane Database Syst Rev. 2013;2013(8). 
doi:10.1002/14651858.CD005532.pub3

59.  Hunt C, Chakravorty NK, Annan G, 
Habibzadeh N, Schorah CJ. The Clinical 
Effects of Vitamin C Supplementation in 
Elderly Hospitalised Patients with Acute 
Respiratory Infections.

60.  Bharara A, Grossman C, Grinnan D,  
et al., Intravenous Vitamin C Administered 
as Adjunctive Therapy for Recurrent 
Acute Respiratory Distress Syndrome. 
Case Reports Crit Care. 2016;2016:1-4. 
doi:10.1155/2016/8560871

61.  F o w l e r  I I I  A A ,  K i m  C ,  L e p l e r  L ,  
et al., Intravenous vitamin C as adjunctive 
therapy for enterovirus/rhinovirus induced 
acute respiratory distress syndrome. World 
J Crit Care Med. 2017;6(1):85. doi:10.5492/
wjccm.v6.i1.85

62.  Hemilä H, Chalker E. Vitamin C for 
preventing and treating the common cold. 
Cochrane Database Syst Rev. 2013;2013(1). 
doi:10.1002/14651858.CD000980.pub4

63.  Anderson TW, Reid DB, Beaton GH. Vitamin 
C and the common cold: a double-blind trial. 
Can Med Assoc J. 1972;107(6):503-508.

64.  USDA. FoodData Central. US Department 
of Agriculture. https://fdc.nal.usda.gov/index.
html. Published 2019. Accessed May 6, 2020.


