
271

Document heading            doi: 10.1016/S2222-1808(14)60782-9                         ©2015 by the Asian Pacific Journal of Tropical Disease. All rights reserved.

Garlic (Allium sativum): diet based therapy of 21st century–a review 

Hafiz Ansar Rasul Suleria1*, Masood Sadiq Butt2, Nauman Khalid3, Saira Sultan2, Ali Raza2, Muhammad Aleem4, Munawar Abbas5 
1School of Medicine, The University of Queensland, Australia

2National Institute of Food Science and Technology, University of Agriculture Faisalabad, Pakistan  

3Department of Global Agriculture, Graduate School of Agriculture and Life Sciences, University of Tokyo, Japan

4Faculty of Agriculture, Universitat Hohenheim, Stuttgart, Germany

5Department of Food Science, Government College University Faisalabad, Pakistan

Asian Pac J Trop Dis 2015; 5(4): 271-278

Asian Pacific Journal of Tropical Disease

journal homepage: www.elsevier.com/locate/apjtd

    *Corresponding author: Hafiz Ansar Rasul Suleria, RHD Fellow, School of 

Medicine, The University of Queensland, Brisbane QLD 4072, Australia.

      Tel: +61 470 439 670 

      E-mail: hafiz.suleria@uqconnect.edu.au 

1. Introduction

   Functional and nutraceutical foods are becoming popular all over 
the world owing to their health promoting perspectives. There are 
several traditional plants, used as a therapeutic carrier for different 
physiological threats. Investigation through diet based therapies, 
elucidate the significance of these traditional plants including garlic, 
onion, black cumin, green tea, ginger, peanut etc., however, several 
avenues are yet to be explored for researchers[1]. Pakistan being diverse 
in indigenous phphytocoenosium has such types of traditional plants 
that are contributing to health.

   Functional foods are significant in this milieu owing to easy 
accessibility, low price and allied health promoting perspectives. 
In this circumstance, many fruit and vegetables, cereals, nuts and 
pulses etc. are vital because they possess therapeutic potential due to 
certain arrangement of biologically active chemical substances known 
as phytochemicals. These are the biologically important chemical 
molecules in plant food that are mainly concerned with modulation of 
various metabolic pathways, like free radical scavenging, antimicrobial 
properties and providing protection against diseases[2]. 
   The diversity in human diet cannot be understood properly as 
socioeconomic and environmental factors lead to wide variations in the 
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dietary pattern of the global population. The abrupt increase in medical 
care costs and human’s desire for maintenance of one’s health result in 
greater attention for nutritionists and public health scientists to elucidate 
the diet-health linkages. Diet and health linkages are correlating as 
consumer thread is varied and now they are more conscious toward 
nutritional and functional attributes of food[3]. However, a number of 
strategies are needed, to explore nutrients dense sources, their potential 
utilization and applications, and especially their mode of actions[4]. 
Nevertheless, vegetables are one of the important segments of human 
diet since ancient times and hold unique position in all dietary guidance 
systems. The American Dietician Association recommended daily 4-5 
servings of vegetables to meet the requirements of desired nutrients.
   Vegetables are rich sources of bioactive molecules such as carotenoids, 
chlorophylls, anthocyanins and flavonoids[5]. These bioactive molecules 
have the ability to target at molecular level effectively by modulating 
enzyme kinetics, release of cytokines, and signal transduction[6]. Among 
the functional foods, use of garlic is mounting day by day because of its 
health promoting potential besides basic nutrition. The medicinal uses 
of various herbs have been proven experimentally as lifesaving entities, 
associated with health claims owing to their rich phytochemicals 
profile[7]. Health promoting aspects of garlic are mainly accredited to 
its sulfur containing compounds mainly allicin and S-allylcysteine ( 
(SAC). Among organosulfur compounds, thiosulfinates, ajoenes and 
allicin (diallyl thiosulphate) are the chief bioactive components in garlic 
responsible for curing various ailments.
   Links of crucial importance have been settled between dietetic 
components and human health safety[8]. There are lot of evidences that 
consumption of different vegetables are important for human health as 
they are very good sources of dietary fibers, antioxidants, carotenoids, 
sulfurcontaining compounds, vitamins, and minerals[9]. Epidemiological 
studies conducted worldwide have brought to light that liberal 
consumption of vegetables especially rich in nutraceuticals is associated 
with a guarantee of prevention and reduction of health related chronic 
disorders[10].

1.1. Garlic, an overview

   Garlic (Allium sativum L.) is one of the most commonly used plants 
utilized both for medicinal purposes and culinary practices as providing 
flavor and taste to the final product. It is believed to be originated from 
Central Asia over 6 000 years ago and has been extended towards 
West, South and East. However, intact garlic as well as its components/
fractions is used since long time ago in Chinese medicines even 3 000 
years while Egyptians fed garlic to pyramid crews to boost their 
immunity thereby render safe from various maladies and improve their 
performance[11].
   Garlic health promoting perspectives have been proven and it is 
recommended worldwide as a dietary supplement. It is also cultivated 
for its medicinal value owing to an increase in its consumption both 
in cooking and curing. Lately, a wide range of its cooking related and 
medicinal preparations show their availability in market. In many 
countries, health potentials of garlic and its various products have been 
recognized and are useable as dietary supplementation. Dehydrated 
garlic as well as its extracted oil is gaining popularity and are being sold 
as dietary supplements[12].
   Garlic is a rich source of sulfurous compounds, for example, diallyl 
sulfide, allicin (diallyl thiosulphate), -glutamyl-S-allyl-L-cysteines, 
and S-allyl-L-cysteine sulfoxides (alliin) and altogether they are called 
allium compounds. They are found efficacious in reduction of certain 

types of cancer as well as in management of cholesterol and eventually 
blood pressure[13,14]. The garlic organosulfur components are mainly 
responsible for its health promoting properties. Major research 
interventions have focused on its potency in prevention of ailments 
related to lifestyle related disorders for instance in case of sedentary 
lifestyle like hypercholesterolemia, dyslipidemia, and high blood 
pressure. 
   The nutritional composition of garlic bulb contains approximately 
65% water, 28% carbohydrates 2.3% organosulfur compounds, 2% 
protein, 1.2% free amino acids and 1.5% fiber. Briefly, raw garlic 
contains water, carbohydrate, and proteins in the amounts of 58.58, 
33.06, and 6.36 g/100 g, respectively. The consumption of 100 grams 
of garlic provides 149 kilocalories. Carbohydrates and proteins are the 
major components of garlic powder accounting for more than 80% 
while among vitamins, thiamin have special consideration with high 
bioavailability owing to some specific sulfur containing components. 
Regarding minerals, selenium needs special interest as its level is at least 
9 ppm higher than almost all other plants. Main pharmacological effects 
of garlic are due to its featured organo-sulphur compounds[15]. Allicin 
(diallyl thiosulphate), which is the most important bioactive component 
in garlic holds the responsibility for its distinctive pungent smell and 
other remedial properties[16].

Table 1
Proximate analysis, vitamin contents and minerals present in 100 g of raw garlic 

(USDA).

Category Content  (per 100 g) Amino acid Content (mg/100 g)
Calorie 1109 KJ Tryptophan    58
Water 53.6 g Lysine   549
Protein 12.0 g Threonine   376
Lipid   5.1 g Valine 1 040
Saccharide 41.4 g Methionine   116
Dietary fibre   1.2 g Phenylalanine   534
Ash content   2.3 g Leucine   737
Sodium 53.9 mg Isoleucine   404
Calcium 13.0 mg Cystine   318
Iron   2.1 mg Tyrosine   592
Vitamin B2   0.1 mg Arginine 1 964
Vitamin B6 10.7 mg Histidine   318
Nicotinic acid 14.0 mg Alanine   722

Aspartate 1 560
Glutamate 2 456
Glycine   563
Proline   318
Serine   477

Table 2
Botanical classification of raw garlic

Kingdom Plantae
Clade Angiosperms
Clade Monocots
Order Asparagales
Family Amaryllidaceae
Subfamily Allioideae
Genus Allium
Species sativum

1.2. Chemistry of garlic 

   Garlic bioactive compounds are placed into categories as: sulfur-
containing and non-sulfur compounds. Sulphur is chiefly found as 
alkylcysteine sulphoxides and gamma-glutamyl peptides which in 
combination constitute more than 70% of the total sulphur content in 
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garlic. The degradation of alkyl cysteine sulphoxides, alliin, methiin, 
and isoalliin is brought about by alliinase enzyme and result in a release 
of powerful smelling volatiles, provide particular odor and flavor to the 
Allium species. Alliin is converted into allicin by crushing the garlic 
clove within seconds. Garlic remains odorless unless it is mashed. 
Cross-section investigation has exhibited that location of the substrate 
alliin and the enzyme alliinase are separate compartments. In garlic the 
flavor precursor showing dominant characteristic is alliin having less 
concentrations of isoalliin, methiin and trace amounts of propiin[17]. The 
therapeutic effects of garlic are mainly attributed to a sulfur-containing 
compound known as allicin[18]. The garlic clove lack allicin content but 
contains its precursor, the non-protein amino acid alliin. Garlic bulbs 
contain alliin and alliinase at about 1.7 and 2.8% of their dry weight, 
respectively. By the crushing of garlic bulbs variable amounts of allicin 
is produced ranging from 1.6-13.0% of their dry mass[19]. 
   The distinguishing flavor of fresh garlic is associated with 
thiosulfinates and various other volatile substances produced by alliinase 
(EC4.4.1.4) like S-alkyl-substituted cysteine sulfoxide derivatives, alkyl 
alkane thiosulfinates, pyruvic acid, and ammonia[20]. The enzyme action 
starts as soon as garlic tissues are disrupted. The major substrate in garlic 
is non protein amino acid alliin (S-allyl-L-cysteine sulfoxide). Allicin 
(diallylthiosulfinate) formed by enzymatic activity constitutes about 
60 to 80% of total garlic thiosulfinates. Gene coding for the enzyme 
alliinase has disclosed that it is constituted of 448 amino acids having 
a molecular mass of 51.45 kDa and carbohydrate amount  of 5.5–6.0% 
with 55 000 kDa. Alliinase enzyme contain 10 cysteine residues, all exist 
in S-S bridges which make the enzyme inactive by their reduction, or 
by removing pyridoxal coenzyme factor. Indeed, none other compound 
outside the thiosulfinates has been discovered to contribute for a fairly 
large portion of the pharmacological preparations of mashed garlic at 
similar levels. Allicin amount in fresh garlic varies to a large extent. 
According to British pharmacopoeia 1998, the minimum allicin content 
ensuring pharmaceutical and economic viability of garlic powder 
products is 4.5 mg/g. It is well observed that garlic allicin content varies 
with various geographical regions. Difference in allicin content among 
various ecotypes is directly related to genetic variations[19].

1.3. Characterization of garlic preparations

   Estimation of garlic flavor components is important to the food 
industry since the quality of garlic and garlic products affects overall 
food quality. Similarly, chromatographic methods have been utilized 
by the dietary supplements industry to investigate garlic volatiles that 
may affect the overall acceptability of supplements to the consumer. 
Several sulfur components were investigated including allyl methyl 
sulfide, allyl mercaptan, 3,3’-thiobis-1-propene and diallyl disulfide. 
The diallyl disulfide appeared to be the more prominent component for 
all garlic preparations. The biological potentials of different components 
of garlic for example lectins (abundantly found proteins in garlic), 
prostaglandins, pectin, adenosine, fructan, vitamins B1, B2, B6, C 
and E, biotin, nicotinic acid, glycolipids, phospholipids, fatty acids 
and essential amino acids, have been investigated for years. Recently, 
the importance of pharmacological activities, including antifungal, 
antitumor, antithrombotic and hypocholesterolemic attributes[21] of 
definite sapogenins and steroid saponins, such as beta-chlorogenin has 
been discovered[22].
   Some other distinctive chemical components include allicin and 
organo-selenium which show many biological influences, like 

lowering cholesterol level, preventing cancer etc. and most likely act 
synergistically. Flavonoids, abundant in many fruits especially onion, 
are almost not found in garlic, while a minimal quantity of non-volatile 
water-soluble sulphur containing compounds exist in garlic. These are 
SAC (enzyme induced transformation of gamma-glutamylcysteines 
during aqueous solution) which are also useful in the betterment of 
many health disorders[23]. The most important garlic preparations 
used as dietary supplements are the one containing the most safe and 
effective, high stability and odorless components. In accordance with 
various researches, aged garlic extract by dint of its extraction method, 
has more effectiveness and safety as compared to fresh garlic, garlic 
powder and related formulations[24].
   Garlic oil mainly contains diallyl disulphide, diallyl trisulphide, allyl 
propyl disulphide, and disulphide, also containing a small amount 
of diallyl polysulphide[25]. It is considered to be more effective 
than aqueous extracts and reveals a wide range of pharmacological 
effects including antidiabetic and anticarcinogenic[26]. Conversely, its 
application in the food industry is very restricted due to its strong flavor 
and odor, water insolubility, and low physicochemical stability.

1.4. Life style related disorders 

   Poor dietary habits and changing lifestyle often lead to various 
physiological threats such as cardiovascular complications, immune 
dysfunctions and cancer[27-29]. It is estimated that 30-40% of different 
diseases are curable with a vigorous lifestyle and dietary modules[30-

32]. Disease prevention stratagem should include nutritional and exercise 
guidelines; particular targeted dietary components could be a part of 
this approach. Diet and healthy foods have a significant impact on the 
antioxidant potential of the body and combat deficiency of nutrients, 
like tocopherols, polyphenols that reduce the risk of various maladies 
like diabetes mellitus, and atherosclerosis. Plants rich in phytochemicals 
profile have the ability to scavenge free radicals and ameliorate oxidative 
stress[33]. Among these phytochemicals, phytosterols, antioxidants 
and flavonoids have shown hypoglycemic and hypocholesterolemic 
potential[13]. Functional foods and their bioactive moieties have shown 
therapeutic potential against various biological threats including 
antioxidant, anti-cancer and immunomodulation[34]. Free radicals 
being reactive in nature, damage to macromolecules. Imbalance of 
these reactive oxygen species result in oxidative stress on different cells 
and tissues. Oxidative stress is a disturbance between the production 
of reactive oxygen species and antioxidant defense, resulting in tissue 
injury. Oxidative stress also leads to DNA damaging, cardiovascular 
and neuropathy disorders and cancers[35]. It is urged to utilize herbal 
products having better efficiency and safety, as a substitute for chemical 
therapy. Various herbal products that may be comprised of one or blend 
of different antioxidants have been investigated to protect against hepatic 
injury, having immune modulatory or antiviral properties[36].

2. Health claims of garlic  

2.1. Diabetes mellitus 

   Diabetes is a metabolic syndrome that steadily affects different 
physiological systems of the human body. It is one of the leading 
causes of mortality worldwide and, if uncontrolled, can threat multi-
organ systems[37]. Uncontrollable blood glucose is known to be the 
core feature in the inception of diabetes difficulties of Type 1 as well 
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as Type 2 (American Association of Diabetes Educators, 2002). Most 
common type is Type 2 category, while Type-1 diabetes develops mostly 
in early childhood. Kidneys play a significant role and become the target 
for investigation in studies of diabetic complications as many  other 
factors involved in the development of diabetic nephropathy are the 
same as in other common diabetic complications, like retinopathy and 
microvascular diseases.
   There is an estimate that in 2030, 376 million peoples worldwide 
will be affected with diabetes[38]. It is mainly characterized by relative 
deficiency in insulin secretion or insulin action associated with 
hyperglycemia and malfunctioning in the metabolism of carbohydrate, 
lipid, and protein. Diabetes may also lead to various other complications 
like, cardiovascular disorders, oxidative stress and immune 
dysfunction[39]. Cardiovascular diseases are the main cause of illness 
and death all over the world. By increasing the level of cholesterol and 
low density lipoprotein (LDL) oxidation triggers events that initiate 
atherosclerosis[40]. As a result of various health disparities there is an 
onset of autoimmune disorders and immune dysfunction. According to 
Nogichi[41], 33% of all the diabetic patients take various medications 
that may be considered effective, among them garlic is one of the most 
frequently used. Garlic and its preparations have shown varied biological 
activities, including antidiabetic, antiatherosclerotic, anticarcinogenic 
and antithrombotic actions[42]. However, these biological activities are 
well famous, only certain complications, like cardiovascular diseases and 
tumor development, have been widely studied[43]. It is also predicted 
that the number of studies related to garlic hypoglycemic perspectives is 
limited and the outcomes are also inconsistent.
   It is investigated that the effect of garlic extract prepared with water 
or combination of other organic solvents are studied on normal as 
well as alloxan-induced diabetic rabbits. It is inferred that all those 
garlic preparations possess an intense hypoglycemia action, which was 
accomplished by employing ethyl ether extract with that of tolbutamide. 
Later on, the influence of garlic oil was studied on diabetic animals by 
Anwar[44], in order to verify the hypoglycemic perspectives of garlic. 
Lately, garlic juice was determined to cure hyperglycemia in diabetic 
rats, and it also eased out the oxidative pressure and harm in their liver 
and kidney. In addition to garlic extract and garlic oil, allyl sulfide, 
S-allyl-cysteine sulfoxide (alliin), was also found to be possessed with 
the same hypoglycemic effect as was in case of glibenclamide[45].
   Recently, it is accounted that the hypoglycemic action of garlic, garlic 
oil and its organosulfur constituents especially di-allyl-trisulfide, result in 
higher insulin secretion and insulin sensitivity in streptozotocin-induced 
diabetic rats. However, there was not an appropriate hypoglycemic 
activity of garlic powder in diabetic animals induced with streptozotocin. 
It is concluded that incoherent results are partly due to different garlic 
preparations used in the different experimental observations. The 
chemical profile of garlic products mainly depend upon the processing 
and working conditions, like temperature, preparation time, and the type 
of solvents used for extraction[46].

2.2. Cholesterol lowering potential

   Cardiovascular disorder is one of the leading causes of both mortality 
and morbidity all over the globe. Oxidation of cholesterol fractions, 
especially of LDLs, is playing a cardinal role in atherosclerosis 
development. Lipid peroxidation by toxic radicals increases the 
concentration of free radicals and causes certain diseases including 
atherosclerosis in humans. Management of plasma cholesterol level is 

a keystone element to protect cardiovascular disease disorders. Various 
medications have been applied in treatment but due to the long time 
therapy and their side effects, natural products may be considered as 
a suitable remedy. Garlic has been being used in traditional medicine 
to improve the lipid profile and its different supplementations hold 
remarkable effect on cholesterol level, LDL-cholesterol, and high 
density lipoprotein-cholesterol. Consumption of garlic and garlic 
preparations are very useful in regulating plasma lipid levels[47], plasma 
anticoagulant activity[48] and also contributed toward the prevention of 
the atherosclerosis process[49]. Garlic preparations have been reported 
owing to numerous remedial benefits, including decreasing plasma 
cholesterol levels and blood pressure, decreasing platelet aggregation, 
protecting LDL from oxidation. Various garlic preparations like garlic 
oil, garlic extract etc. are also effective in lowering blood pressure and 
oxidative stress in hypertensive persons. Ackermann et al.[50] estimated 
that garlic preparations have comparatively lower declines (1.2-17.3 and 
12.4-25.4 mg/dL) in total cholesterol level as compared to whole garlic 
after 1 and 3 months correspondingly. Effect of garlic on lipid profile 
was elaborated that garlic significantly reduced total cholesterol and 
triglycerides level[51]. 
   Aqueous garlic extracts has the ability to decrease cholesterol synthesis 
up to 75% without cellular toxicity mediated by sterol 4-alpha-methyl 
oxidase. It is also effective in reducing coronary calcium progression[52]. 
It was elaborated in one study that S-allyl cysteine sulfoxide decreased 
the activity of 3-hydroxy-3-methylglutaryl-CoA reductase enzyme 
while significantly increased the activity of lecithin acyl transferase 
in isoproterenol-induced myocardial ischaemia[49]. According to Yeh 
and Liu[52] observations, SAC, S-propylcysteine and S-ethylcysteine 
inhibited cholesterol synthesis up to 40-60% as compared to gamma-
glutamyl-S-methylcysteine, gamma-glutamyl-S-allylcysteine 
and gamma-glutamyl-S-propylcysteine that contributed 20-35%. 
Moreover, only SAC appears to decrease the activity of 3-hydroxy-
3-methylglutaryl-CoA reductase by enhancing sulfhydryl oxidation. 
There is no doubt that garlic and its various preparations possess 
anticoagulant perspectives[48], but still there is a lot of controversy with 
respect to the garlic lipid profile and its antioxidant status. As there is 
not an exact molecular mechanisms identified for garlic perspectives in 
the atherosclerosis, further establishment should be made to develop a 
relation among garlic extract, antioxidant status, and blood lipid profile. 

2.3. Cardiovascular complications

   Epidemiological studies have investigated various risk factors 
associated with atherosclerosis development such as elevation in serum 
lipid level (cholesterol and triglycerides), increase in plasma fibrinogen 
level, elevation in platelet activation, modification in metabolism 
of glucose and smoking[53]. One of the important cause in the 
atherosclerosis formation is oxidation of LDL[54]. It is revealed through 
various epidemiological studies that atherosclerosis-related conditions 
like coronary artery disease, ischemic stroke and peripheral artery 
disease increase with age. It usually happens in the muscular arteries 
such as aorta, coronary, carotid, femur, and ilium arteries. 
   Aging influences structural and functional attributes of the vessels 
that leads to various cardiovascular complications. By virtue of that the  
morbidity and mortality increase especially in hypertension conditions. 
Aging induces alleviation in endothelium-dependent, alteration 
in endothelial cells and vascular tone regulating, it also decreases 
endothelial synthesis and eventually releases nitric oxide. During aging 
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increased collagen-elastin ratio as well as sedimentation and sticking of 
calcium along with lipids inside the blood vessels leads to enhancement 
of the hardness of vascular wall[55]. In old age groups increase in 
oxidative pressure with respect to aging is significant factor in the 
occurrence of atherosclerosis. Both in vitro and in vivo studies exposed 
that an important stimulator of early atherosclerotic lesion is oxidative 
modification of LDL that contributes to continual rise in amount of 
LDL hydroxy fatty acids with the increasing age in healthy individuals. 
“Aging” may also occur in a condition when there is a delay in the 
removal of lipoprotein from the plasma, leads to a gradual “senescent” 
type of passing on lipoprotein that is particularly more exposed to 
oxidation as in oxygen radical-stimulated modification. Oxidized LDL 
have pro-atherogenic perspectives including increase in smooth muscle 
proliferation, smooth muscle cells and fibroblasts and cytotoxicity to 
vascular endothelial cells as well as the induction of apoptotic activity in 
vascular endothelial cells[56].
   Garlic and its various preparations have been used to assess and cure 
various cardiovascular disorders for a long time. Studies on both rats 
and rabbits have shown that garlic extract has been used to alleviate diet-
induced hypercholesterolemia[57]. It is clarified that garlic extract and 
aged garlic extract are efficacious in reduction of plasma cholesterol, 
triglyceride level and LDL-cholesterol in hyper-lipidemic persons 
however, no any effect in normolipidemic ones[49]. Preparations 
utilizing garlic powder have also been studied for reduction of plasma 
cholesterol levels in high cholesterol people[58], while a few objections 
have also been observed by Gardner et al[59]. It is clearly predicted that 
garlic and its various components have a potential to decrease plasma 
cholesterol and triglyceride level by inhabitation of important enzymes 
of cholesterol and fatty acid synthesis mechanism[52].
   Platelet aggregation and gradual thrombus formation is reduced 
competently by utilizing garlic and its components whilst firbrinolysis 
increases as a result of dissolution of clot and thrombi. Daily ingestion 
of 2.4 g of garlic supplemented with aged garlic extract has high 
threshold level of collagen, epinephrine-induced platelet assemblage as 
well as platelet adherence to fibrinogen among healthy subjects[60]. It 
is also observed in one case study that high intake of age garlic extract 
(7.2-8.0 g per day) enhanced threshold values of ADP-stimulated 
platelet accumulation, platelet adhesiveness to collagen as well as 
von Willebrand factor. In addition suppression of the ADP-stimulated 
platelet aggregation has been observed in normolipidemic individuals 
with dietary intervention of aged garlic extract at the rate of 5 mL per 
day (equivalent to 1.5 g per day)[49]. Aged garlic extract prohibited both 
percentage as well as staring rate of platelet congregation up to 10 mol/
L at concentrations of ADP. The Km value for ADP-induced platelet 
aggregation was nearly doubled after dietary modification with age 
garlic extract whilst the maximum rate of aggregation was unchanged.  
   Garlic oil is found to limit platelet accumulation particularly caused 
by adrenaline; arachidonic acid, collagen and calcium that alleviate the 
constitution of pro-aggregatory prostaglandin thromboxane-A2 known 
as thromboxane-B2 in heart patients. In animals, studies have revealed 
that fresh garlic extracts are effective against cyclooxygenase activity 
in cell culture[43]. In vitro studies have pointed out that use of aged 
garlic extract improved both blood properties and microcirculation 
controlling hemolysis in oxidized erythrocytes cells as well as 
lipid peroxidation rate[61]. This confirmation was made by another 
subsequent research in which chronic garlic powder ingestion inclines 
to rarefy aging in aortic hardness. This contributes in protecting the 
aorta elasticity in term of correlate to aging among humans. Studies 

on utilization of aqueous garlic extracts has confirmed that it not only 
assist in the constricting factor in pulmonary arteries as well as in 
producing and functioning of endothelial-derived relaxing factor (NO)
[62], but could also decrease blood pressure in high cholesterolemic 
individuals. Oxidative pressure was related to preservation of enzymatic 
activities like glutathione peroxidase and superoxide dismutase[63]. 
Animal modeling has been utilized to describe the influence of 
garlic oil preparation on rats with nicotine-caused lipid peroxidation. 
Supplementation of garlic oil removes lipid peroxidation activity 
in all major organs of the rodents like heart, lung, liver and kidney. 
This reducing of lipid peroxidation activity was related to a rising 
antioxidant property of enzymes (super oxide dismutase, catalase, and 
glutathione peroxidase) as well as higher level of glutathione. If garlic 
and its preparations are recommended as an antioxidant tools, it is very 
important to prove its effectiveness in human clinical trials. However, 
the data revealed that garlic consumption may reduce oxidative stress 
and aging related diseases[18]. 
   This was determined that the antioxidant condition in non-smoking 
people is twofold higher than smokers. Introduction of age garlic extract 
for nearly 14 days tend to reduce the plasma and urine concentration in 
non-smoking people by 29% and 37% respectively, whereas by 35 and 
48% in smokers respectively. After fortnight in both groups plasma and 
urine concentrations becomes nearly equal to values as before dietary 
supplementation of age garlic extract while changes other than these 
were not noticed in other bio-chemical parameters[64]. Garlic consists 
of a complicated concoction of pytochemicals outlook that act in a 
synergistic way in order to provide beneficial effects and particularly its 
antioxidant potential. Flavonoid is high potency antioxidants and their 
utilization causes significant reduction in LDL to lipid peroxidation[65]. 
Ingestion of phytochemical especially flavonoids, for instance apigenin, 
myricetin, quercetin, is related to mortality in an inverse ratio because of 
cardiovascular disorders[66].

2.4. Antioxidant activity

   Oxidation of DNA, lipid and protein by ROS plays an important role 
in wide range of diseases, including aging, cancer and cardiovascular 
disorders, inflammatory and neurodegenerative diseases. Research 
studies elucidated phytotherapy, potent source of antioxidant 
phytochemicals, like vitamins C and E, flavonoids, pigments and 
glutathione, protect against various cellular degradations[67]. Among 
garlic preparations, age garlic extracts have higher antioxidant potential 
than fresh garlic and commercial garlic supplementations. Water-soluble 
organo-sulphur compounds, such as SAC and S-allylmercaptocysteine 
(SAMC), have a great antioxidant potential[68]. The two constituents 
SAC and SAMC are the prime organo-sulphur constituents that are found 
in age garlic extract whereas some other components which possess an 
antioxidant potency include stable fat-soluble allyl sulphides as diallyl 
sulfide, diallyl disulfide, diallyl trisulfide and diallyl polisulphides[23]; 
some tetrahydro-b-carboline derivatives that formed during the natural 
aging process; flavonoids, saponins and some essential micronutrients 
like selenium and macronutrients, as lectins with antiperoxide 
perspectives are prominent in the kidney, liver and heart of rats. 
Phytochemical profile of age garlic extract may act as synergistically 
that exerts their antioxidant potential by scavenging ROS[69]. Age 
garlic extract owing to its antioxidant potential, reduces the risk of 
cardiovascular and cerebrovascular syndromes by preventing LDL 
oxidation as well as lipid peroxidation[47].
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2.5. Cancer perspectives

   Garlic is incepted to be utilized as an anticancer agent in 1950’s and the 
findings depicted that thiosulfinate constituents of garlic had a subduing 
effect on the growth of tumor cells[70]. Based on these findings, many 
corresponding epidemiological and laboratory scale researches were 
conducted to assure the presence of chemo-preventive or anti-cancer 
effects in garlic and its closely related allium species like garlic and 
onion[71]. These research trails have been confirmed that intake of both 
garlic and onion reduces carcinoma as well as sarcoma risk in different 
tissues and body organs, like bladder, colon, prostate, lungs, oesophagus, 
stomach, skin, brain and liver[72]. These effects are not fully understood 
and their mode of action is not yet completely known. It is stated that 
garlic and onion exhibit indirect way of anti-carcinogen action by 
different mechanisms that inhibit carcinogen metabolism, increase the 
detoxification and facilitate its excretion from the body. Garlic may also 
effect on cytochrome P450 and inhibit the procarcinogens’ activation, 
alter oxidative damage by their antioxidant action and further stop cell 
proliferation by inducing apoptosis that inhibit unnecessary cell division. 
It also helps in chromosomal abbreviation prevention (anticlastogenic 
effect)[73] and alteration of the cyclooxygenase as well as lipoxygenase 
activities (anti-inflammatory effects)[74].
   It is also investigated from modern research that both water and 
fat-soluble sulphur containing compounds from garlic supply anti-
carcinogenic advantages like diallyl sulfide, diallyl sulphoxide, diallyl 
disulfide, diallyl sulfone, diallyl trisulfide, and SAC. Other sulphur 
containing compounds, such as SAMC, methiin, ajoene, along with 
some diallyl disulfide and diallyl trisulfide, can change the mechanism 
of cell increase by stimulating apoptosis in various human cells like 
human leukaemic cells. Apart from some organo-sulphur containing 
compounds, eruboside-B is a crucial steroid saponin which is extracted 
from garlic bulb as well as some organo-Se containing compounds, 
and gives the anti-carcinogenic potency to garlic as well as onion. The 
pure Se containing compounds have been proved as superior anti-
cancer agents than S-analogues, like diallyl selenide that has activity of 
about 300 times more as compared to diallyl sulfide for the treatment of 
mammal cancer[13].
   The two major Se containing compounds having potential to cure 
cancer activity in garlic and onion are Se-methyl selenocysteine and 
g-glutamyl-Se-methyl selenocysteine, but Se-methyl selenocysteine 
and Se-allyl selenocysteine are the most promising chemo-
preventive[75]. For quantification of Se-containing compounds, new 
analytical techniques are required[76]. Advancement in analysis of 
gene expression along with various functional assays elaborates 
the significant information on anti-carcinogenic capabilities of all 
active components. Facts from cDNA array studies explicate the 
anti-proliferative perspectives of diallyl disulfide that may be due 
to variation in gene expression of aggrecan 1, cadherin 5, tenascin 
R and vitronectin[77]. Similarly, it is reported that garlic and its 
active components response mainly depends on the consumer’s 
genetic backgrounds (nutrigenetic effects), changes in cellular 
molecular weight within respect to dose (metabolomics effects), DNA 
methylation, and histone regulation (nutritional epigenetic effects). 
Identification biomarkers can also be used to determine the response 
of garlic or other allium foods on reducing cancer burden that is 
important to develop strategies for the functional food[78].
   In addition, in recent days researchers have focused on anti-mutagenic 
view of garlic, which is an estimate that particular suphur containing 
compounds like diallyl sulfide, have a positive impact on DNA repair 

mechanisms[73]. It is concluded that daily recommended intake of garlic 
and onion provides protection against cancer insurgence. The United 
States National Cancer Institute accounted garlic is a potential food 
because of its various functional and nutraceutical aspects with special 
reference to cancer prevention.

3. Conclusions

   Garlic (Allium sativum L.) is one of the most essential herbaceous 
vegetables that have been probed against various life sight related 
disorders. It is helpful in various biological functions due to array of 
phytochemicals. Garlic nutrition includes manganese, selenium, calcium, 
vitamins B1 and B6, tryptophan and protein. These components provide 
synergistic effect against various threats but still need further attention 
of the researchers. It is assumed that health promoting potential of garlic 
is mainly attributed to sulfur containing compounds like allicin, citral, 
geraniol, linalool, phellandrene, s-methyl-1-cysteine sulfoxide. However, 
pharmacological effectiveness is linked to organosulphur compounds, 
particularly cysteine sulfoxides and thiosulfinates. Globally, garlic and its 
various preparations like fresh garlic juice, garlic powder, garlic extract, 
and garlic oil are becoming popular against numerous physiological 
menaces. With their unique combination of bioactive moieties, allium 
vegetables should be in our diet on a regular basis. Both in vivo and 
in vitro studies have elucidated the potential of garlic against variety 
of metabolic syndromes. Garlic has wide applications as antioxidant, 
antifungal, antithrombotic, hypocholestrolemic and hypoglycemic agent. 
It reduces glucose metabolism in diabetics, slows the development of 
arteriosclerosis and lowers the risk of various cancers. Furthermore, it 
reduces the chance of heart attacks in myocardial infarct patients and 
could also improve the immune dysfunction.
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Comments 

Background
   Functional and nutraceutical foods are becoming popular in all 
over the world owing to their health promoting perspectives. There 
are various traditional plants that used as a therapeutic carrier for 
different physiological threats. Vegetables are enriched sources 
of these bioactive substances, such as carotenoids, chlorophylls, 
anthocyanins, and flavonoids. These bioactive molecules have the 
ability to target at molecular level effectively and their molecular 
aspects include enzyme kinetics, release of cytokines, and signal 
transduction. Among the functional foods, use of garlic is mounting 
day by day because of its health promoting potential besides basic 
nutrition. The medicinal uses of various herbs have been proven 
experimentally as lifesaving entities, associated with health claims 
owing to their rich phytochemicals profile. Health promoting aspects 
of garlic are mainly accredited to its sulfur containing compounds 
mainly allicin and SAC. Among organosulfur compounds, 
thiosulfinates, ajoenes and allicin (diallyl thiosulphate) are the chief 

bioactive components in garlic.

Applications
   This review is helpful for further researcher related to garlic and 

health perspectives.
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Peer review
   The present review explored the functional/nutraceutical role 
of garlic against various threats including dyslipidemia and 
hyperglycemia, cardiovascular disorders, antioxidant capacity and 

carcinogenic perspectives. It’s looking good and comprehensive.

References

[1]   �Akhtar S, Khalid N, Ahmed I, Shahzad A, Suleria HA. Physicochemical 

characteristics, functional properties, and nutritional benefits of peanut 

oil: a review. Crit Rev Food Sci Nutr 2014; 54: 1562-1575.

[2]   �Sultan MT, Butt MS, Ahmad RS, Batool R, Naz A, Suleria HAR. 

Supplementation of powdered black cumin (Nigella sativa) seeds 

reduces the risk of hypercholesterolemia. Func Foods Health Dis 2011; 

12: 516-524.

[3]   �Urala N, Lähteenmäki L. Consumers’ changing attitudes towards 

functional foods. Food Qual Prefer 2007; 18: 1-12.

[4]   �Butt MS, Sultan MT. Green tea: nature’s defense against malignancies. 

Crit Rev Food Sci Nutr 2009; 49: 463-473.

[5]   �Andersen QM, Jordheim M. The anthocyanins. In: Andersen ØM, 

Markham KR, editors. Flavonoids and chemistry, biochemistry and 

applications. Boca Raton: CRC Press; 2006, p. 471-553.

[6]   �Bárta I, Smerák P, Polívková Z, Sestáková H, Langová M, Turek B, et 

al. Current trends and perspectives in nutrition and cancer prevention.  

Neoplasm 2006; 53: 19-25.

[7]   �Tapsell LC, Hemphill I, Cobiac L, Patch CS, Sullivan DR, Fenech M, et 

al. Health benefits of herbs and spices: the past, the present, the future. 

Med J Aust 2006; 185(4 Suppl): S4-S24.

[8]   �Ares G, Giménez A, Gámbaro A. Consumer perceived healthiness and 

willingness to try functional milk desserts. Influence of ingredient, 

ingredient name and health claim. Food Qual Prefer 2009; 20(1): 50-56.

[9]   �Suleria HA, Butt MS, Anjum FM, Saeed F, Khalid N. Onion: nature 

protection against physiological threats. Crit Rev Food Sci Nutr 2015; 

55(1): 50-66.

[10] �Visioli F, Hagen TM. Nutritional strategies for healthy cardiovascular 

aging: focus on micronutrients. Pharmacol Res 2007; 55: 199-206.

[11] �Sultan MT, Butt MS, Qayyum MM, Suleria HA. Immunity: plants as 

effective mediators. Crit Rev Food Sci Nutr 2014; 54(10): 1298-1308. 

[12] �Raman P, Dewitt DL, Nair MG. Lipid peroxidation and cyclooxygenase 

enzyme inhibitory activities of acidic aqueous extracts of some dietary 

supplements. Phytother Res 2007; 22(2): 204-212.

[13] �Butt MS, Sultan MT, Butt MS, Iqbal J. Garlic: nature’s protection 

against physiological threats. Crit Rev Food Sci Nutr 2009; 49(6): 538-

551.

[14] �Singh BB, Vinjamury SP, Der-Martirosian C, Kubik E, Mishra LC, 

Shepard NP, et al. Ayurvedic and collateral herbal treatments for 

hyperlipidemia: a systematic review of randomized controlled trials and 

quasi-experimental designs. Altern Ther Health Med 2007; 13: 22-28.

[15] �Tapiero H, Townsend DM, Tew KD. Organosulfur compounds from 

alliaceae in the prevention of human pathologies. Biomed Pharmacother 

2004; 58: 183-193.

[16] �Macpherson LJ, Geierstanger BH, Viswanath V, Bandell M, Eid SR, 

Hwang S, et al. The pungency of garlic: activation of TRPA1 and 

TRPV1 in response to allicin. Curr Biol 2005; 15: 929-934.

[17] �Jones MG, Collin HA, Tregova A, Trueman L, Brown L, Cosstick R, et 

al. The biochemical and physiological genesis of alliin in garlic. Med 

Arom Plant Sci Biotechnol 2007; 1(1): 21-24.

[18] �Rasul Suleria HA, Sadiq Butt M, Muhammad Anjum F, Saeed F, Batool 

R, Nisar Ahmad A. Aqueous garlic extract and its phytochemical profile; 

special reference to antioxidant status. Int J Food Sci Nutr 2012; 63: 

431-439.  

[19] �Baghalian K, Ziai SA, Naghavi MR, Badi HN, Khalighi A. Evaluation 

of allicin content and botanical traits in Iranian garlic (Allium sativum 

L.) ecotypes. Sci Hortic (Amsterdam) 2005; 103: 155-166.

[20] �Krest I, Glodek J, Keusgen M. Cysteine sulfoxides and alliinase activity 

of some Allium species. J Agric Food Chem 2000; 48: 3753-3760.

[21] �Suleria HAR, Butt MS, Anjum FM, Sultan S, Khalid N. Aqueous garlic 

extract; natural remedy to improve haematological, renal and liver status. 

J Nutr Food Sci 2013; 4: 252.

[22] �Lanzotti V. The analysis of onion and garlic. J Chromatogr 2006; 

1112(1-2): 3-22.

[23] �Amagase A. Clarifying the real bioactive constituents of garlic. J Nutr 

2006; 136(3 Suppl): S716-S725.

[24] �Banerjee SK, Mukherjee PK, Maulik SK. Garlic as an antioxidant: the 

good, the bad and the ugly. Phytother Res 2003; 17: 97-106.

[25] �Pranoto Y, Salokhe VM, Rakshit SK. Physical and antibacterial 

properties of alginate based edible film incorporated with garlic oil. 

Food Res Int 2005; 38(3): 267-272.

[26] �Suleria HAR, Butt MS, Anjum FM, Ashraf M, Qayyum MMN, Khalid 

N, et al. Aqueous garlic extract attenuates hypercholesterolemic and 

hyperglycemic perspectives; rabbit experimental modeling. J Med Plants 

Res 2013; 7(23): 1709-1717.

[27] �Jenkins DJ, Kendall CW, Nguyen TH, Marchie A, Faulkner DA, Ireland 

C, et al. Effect of plant sterols in combination with other cholesterol-

lowering foods. Metabolism 2008; 57(1): 130-139.

[28] �Pernice R, Borriello G, Ferracane R, Borrelli RC, Cennamo F, Ritieni A, 

et al. Bergamot: a source of natural antioxidants for functionalized fruit 

juices. Food Chem 2009; 112: 545-550.

[29] �Yousaf S, Butt MS, Suleria HA, Iqbal MJ. The role of green tea extract 

and powder in mitigating metabolic syndromes with special reference to 

hyperglycemia and hypercholesterolemia. Food Funct 2014; 5: 545-556.

[30] �Verbeke W. Functional foods: consumer willingness to compromise on 

taste for health? Food Qual Prefer 2005; 17(1-2): 126-131.

[31] �Saeed F, Arshad MU, Pasha I, Suleria HAR, Arshad MS, Qamar A, et 

al. Effect of arabinoxylan and arabinogalactan on textural attributes of 

bread. J Food Process Pres 2014; doi: 10.1111/jfpp.12322.

[32] �Nies LK, Cymbala AA, Kasten SL, Lamprecht DG, Olson KL. 

Complementary and alternative therapies for the management of 

dyslipidemia. Anal Pharmacother 2006; 40: 1984-1992.

[33] �Perveen R, Suleria HA, Anjum FM, Butt MS, Pasha I, Ahmad S. 

Tomato (Solanum lycopersicum) carotenoids & lycopenes chemistry; 

metabolism, absorption, nutrition and allied health claims-a 

comprehensive review. Crit Rev Food Sci Nutr 2013; 55(7): 919-929.

[34] �Wong SP, Leong LP, William-Koh JH. Antioxidant activities of aqueous 

extracts of selected plants. Food Chem 2009; 99: 775-783.

[35] �Migliore L, Coppedè F. Environmental-induced oxidative stress in 

neurodegenerative disorders and aging. Mut Res 2009; 674(1-2): 73-84.

[36] �Sultan MT, Butt MS, Karim R, Ahmad AN, Suleria HAR, Saddique MS. 

Toxicological and safety evaluation of Nigella sativa lipid and volatile 

fractions in streptozotocin induced diabetes mellitus. Asian Pac J Trop 

Dis 2014; 4(Suppl 2): S693-S697.

[37] �Zakir S, Sarwar M, Allen JC, Butt MS, Nisa MU, Arshad U, et al. 

Impact of sweet potato cultivars on blood glucose level in diabetic and 

healthy participants. Int J Agric Biol 2008; 10: 316-320.

[38] �Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of 

diabetes. Diabetes Care 2004; 27(5): 1047-1053.



Hafiz Ansar Rasul Suleria et al./Asian Pac J Trop Dis 2015; 5(4): 271-278278

[39] �Rana JS, Nieuwdorp M, Jukema JW, Kastelein JJ. Cardiovascular 

metabolic syndrome-an interplay of, obesity, inflammation, diabetes and 

coronary heart disease. Diabetes Obes Metab 2007; 9: 218-232.

[40] �Matsuura E, Hughes GR, Khamashta MA. Oxidation of LDL and its 

clinical implication. Autoimmun Rev 2008; 7: 558-566.

[41] �Nogichi, H. Stem cells for the treatment of diabetes. Endocrine J 2007; 

54: 7-16.

[42] �Fawad SA, Khalid N, Asghar W, Suleria HAR. In vitro comparative 

study of Bougainvillea spectabilis “stand” leaves and Bougainvillea 

variegata leaves in terms of phytochemicals and antimicrobial activity 

with standard antibiotics. Chin J Nat Med 2012; 10(6): 441-447.

[43] �Thomson M, Mustafa T, Ali M. Thromboxane-B(2) levels in serum of 

rabbits receiving a single intravenous dose of aqueous extract of garlic 

and onion. Prostaglandins Leukot Essent Fatty Acids 2000; 63: 217-221.

[44] �Anwar MM, Meki AR. Oxidative stress in streptozotocin-induced 

diabetic rats: effects of garlic oil and melatonin. Comp Biochem Physiol 

A Mol Integr Physiol 2003; 135: 539-547.

[45] �El-Demerdash FM, Yousef MI, Abou NI, El-Naga. Biochemical study on 

the hypoglycemic effects of onion and garlic in alloxan-induced diabetic 

rats. Food Chem Toxicol 2005; 43: 57-63.

[46] �Stab EJ, Lash L, Staba JE. A commentary on the effects of garlic 

extraction and formulation on product composition. J Nutr 2001; 131: 

1118S-1119S.

[47] �Lau BH. Suppression of LDL oxidation by garlic compounds is a 

possible mechanism of cardiovascular health benefit. J Nutr 2006; 136: 

765S-768S.

[48] �Pierre S, Crosbie L, Duttaroy AK. Inhibitory effect of aqueous extracts 

of some herbs on human platelet aggregation in vitro. Platelets 2005; 6: 

469-473.

[49] �Rahman K, Billington D. Dietary supplementation with aged garlic 

extract inhibits ADP-induced platelet aggregation in humans. J Nutr 

2000; 130: 2262-2265.

[50] �Ackermann RT, Mulrow CD, Ramirez G, Gardner CD, Morbidoni L, 

Lawrence VA. Garlic shows promise for improving some cardiovascular 

risk factors. Arch Intern Med 2001; 161: 813-824.

[51] �Reinhart KM, Talati R, White CM, Coleman CI. The impact of garlic on 

lipid parameters: a systematic review and meta-analysis. Nutr Res Rev 

2009; 22(1): 39-48.

[52] �Yeh YY, Liu L. Cholesterol-lowering effect of garlic extracts and 

organosulfur compounds: human and animal studies. J Nutr 2001; 131: 

989S-993S.

[53] �Wood D, Joint European Societies Task Force. Established and emerging 

cardiovascular risk factors. Am Heart J 2001; 141: S49-S57.

[54] �Butt MS, Shahzadi N, Suleria HAR, Sultan T, Chohan MI. Effect of 

dietary fiber in lowering serum glucose and body weight in sprague 

dawley rats. J Func Foods Health Dis 2011; 8: 261-278.

[55] �Meyers MA, Chen PY, Lin AYM, Seki Y. Biological materials: Structure 

and mechanical properties. Prog Mater Sci 2008; 53(1): 1-206.

[56] �Napoli C, Quehenberger O, De Nigris F, Abete P, Glass CK, Palinski 

W. Mildly oxidised low density lipoprotein activates multiple apoptotic 

signaling pathways in human coronary cells. FASEB J 2000; 14: 1996-

2007.

[57] �Slowing K, Ganado P, Sanz M, Ruiz E, Tejerina T. Study of garlic 

extracts and fractions on cholesterol plasma levels and vascular reactivity 

in cholesterol-fed rats. J Nutr 2001; 131: 994S-999S.

[58] �Kannar D, Wattanapenpaiboon N, Savige GS, Wahlqvist ML. 

Hypocholesterolemic effect of an enteric-coated garlic supplement. J Am 

Coll Nutr 2001; 20: 225-231.

[59] �Gardner CD, Chatterjee LM, Carlson JJ. The effect of a garlic 

preparation on plasma lipid levels in moderately hypercholesterolemic 

adults. Atherosclerosis 2001; 154: 213-220.

[60] �Steiner M, Li W. Aged garlic extract a modulator of cardiovascular risk 

factors: a dose-finding study on the effects of AGE on platelet functions. 

J Nutr 2001; 131: 980S-984S.

[61] �Moriguchi T, Takasugi N, Itakura Y. The effects of aged garlic extract on 

lipid peroxidation and the deformability of erythrocytes. J Nutr 2001; 

131: 1016S-1019S.

[62] �Kim-Park S, Ku DD. Garlic elicits nitric oxide-dependent relaxation 

and inhibits hypoxic pulmonary vasoconstriction in rats. Clin Exp 

Pharmacol Physiol 2000; 27: 780-786.

[63] �Pedraza-Chaverri J, Maldonado PD, Medina-Campos ON, Olivares-

Corichi IM, Granados-Silvestre MA, Hernandez-Pando R, et al. Garlic 

ameliorates gentamicin nephrotixicity: relation toantioxidant enzymes. 

Free Radic Biol Med 2000; 29: 602-611.

[64] �Di l lon SA,  Lowe GM, Bi l l ington D,  Rahman K.  Dietary 

supplementation with aged garlic extract reduces plasma and urine 

concentrations of 8-iso prostaglandin F(2 alpha) in smoking and non-

smoking men and women. J Nutr 2002; 132: 168-171.

[65] �Avriam M, Dornfeld L, Rosenblat M, Volkova N, Kaplan M, Coleman 

R, et al. Pomegranate juice consumption reduces oxidative stress, 

atherogenic modifications to LDL and platelet aggregation: studies in 

humans and in atherosclerotic apolipoprotein E-deficient mice. Am J 

Clin Nutr 2000; 71: 1062-1076.

[66] �Miean KH, Mohamed S. Flavonoid (myricetin, quercetin, kaempferol, 

luteolin and apigenin) content of edible tropical plants. J Agric Food 

Chem 2001; 49: 3106-3112.

[67] �Dimitrios B. Sources of natural phenolic antioxidants. Trends Food Sci 

Technol 2006; 17(9): 505-512.

[68] �Ichikawa M, Yoshida J, Ide N, Sasaoka T, Yamaguchi H, Ono K. 

Tetrahydro-beta-carboline derivatives in aged garlic extract show 

antioxidant properties. J Nutr 2006; 136: 726S-731S.

[69] �Borek C. Antioxidant health effects of aged garlic extract. J Nutr 2001; 

131: 1010S-1015S.

[70] �Omar SH, Al-Wabel NA. Organosulfur compounds and possible 

mechanism of garlic in cancer. Saudi Pharmaceutical J 2010; 18: 51-

58.

[71] �Seki T, Tsuji K, Hayato Y, Moritomo T, Ariga T. Garlic and onion oils 

inhibit proliferation and induce differentiation of HL-60 cells. Cancer 

Lett 2000; 160: 29–35.

[72] �Chauhan NB. Multiplicity of garlic health effects and Alzheimer’s 

disease. J Nutr Health Aging 2005; 9(6): 421-432.

[73] �Le Marchand L, Murphy SP, Hankin JH, Wilkens LR, Kolonel LN. 

Intake of flavonoids and lung cancer. J Natl Cancer Inst 2000; 92: 154-

160.

[74]�Khanum F, Anilakumar KR, Viswanathan KR. Anticarcinogenic 

properties of garlic: a review. Crit Rev Food Sci Nutr 2004; 44(6): 479– 

488.

[75]�Rose P, Whiteman M, Moore PK, Zhu YZ. Bioactive S-alk(en)yl 

cysteine sulfoxide metabolites in the genus Allium: the chemistry of 

potential therapeutic agents. Nat Prod Rep 2005; 22: 351-368.

[76]�Block G, Jensen CD, Norkus EP, Dalvi TB, Wong LG, McManus JF, et 

al. Usage patterns, health, and nutritional status of long-term multiple 

dietary supplement users: a cross-sectional study. Nutr J 2007; 6: 30.

[77]�Arnault I, Auger J. Seleno-compounds in garlic and onion. J 

Chromatogr A 2006; 111: 23-30.

[78] �Knowles LM, Milner JA. Diallyl  disulphide induces ERK 

phosphorylation and alters gene expression profiles in human colon 

tumor cells. Nutr J 2003; 133: 2901-2906.


