
 

Original Article 

A STUDY ON PHYTOCHEMICALS, FUNCTIONAL GROUPS AND MINERAL COMPOSITION OF 

ALLIUM SATIVUM (GARLIC) CLOVES 

 

B. J. DIVYA, B. SUMAN, M. VENKATASWAMY, K. THYAGARAJU# 

Department of Biochemistry, Sri Venkateswara University, Tirupathi 517502, Andhra Pradesh 

Email: thyagarajuk_1999@yahoo.com  

Received: 28 Dec 2016, Revised and Accepted: 20 Mar 2017 

ABSTRACT 

Objective: The present study on garlic cloves (Allium sativum) belongs to family Amaryllidaceae has been focused. This is a natural medicinal plant 

used for disease preventions against all kinds of internal infections. Preliminary screening of phytochemicals has found plenty of secondary 

metabolites which are present in garlic cloves. Their functional groups and mineral compositions, the potential of trace elements have been 

evaluated using FTIR and inductively coupled plasma optical emission spectrometry (ICPOES). 

Methods: The screening of phytochemicals, FTIR and ICPOES. All the methods were performed by standard protocols. 

Results: The phytochemical screening of plant extracts of hexane, ethyl acetate, methanol and water revealed the presence of steroids, saponin, 

alkaloids, flavonoids, glycosides, phenolic compounds, terpenoids and carbohydrates. The results of the methanolic extract of A. sativum analysis 

showed rich bioactive compounds. The FTIR spectroscopic studies revealed characteristic peak values from 3500-1000 cm-1 for various functional 

compounds like hydroxyl, carbonyl, carboxylic and organosulfur and aromatic compounds in the garlic methanolic extract. The elements present in 

the garlic play an important role in the treatment of various diseases described in the traditional medicinal system. The elemental analysis was 

carried out on garlic methanolic extract using the ICP-OES technique and it showed the order of abundance as K>P>Mg>Ca>Zn>Al that could 

enhance the curative process of ill health and the potentially toxic elements were not detected.  

Conclusion: Thus our data on garlic shows a great importance to understand the pharmacological actions and therapeutic efficacy possessed by 

majority of active compounds. 
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INTRODUCTION 

Medicinal plants are the richest bio-resource of drugs of traditional 

systems of medicine, modern medicines, nutraceuticals, food 

supplements, folk medicines, pharmaceutical intermediates and 

chemical entities for synthetic drugs [1]. The plants are rich to 

contain several active principles with specific therapeutic effects. 

They represent a source of chemical compounds such as tannins, 

flavonoids, saponins resins, alkaloids etc with curative properties 

[2]. Plants offer a large range of natural compounds belonging to 

different molecular families which have various useful properties to 

humans. The medicinal plants are useful for healing of human 

diseases because of the presence of active constituents [3]. 

Phytochemicals are occurring in whole plants, leaves, vegetables, 

roots and seeds. The plant products induce defence mechanism and 

protect the organisms from various diseases. Medicinal plants play a 

major role in meeting the medical and health needs of about 70% of 

populations in developed and developing countries, which serve as 

an important resource for the treatment of various diseases [4]. 

The present medicinal plant selected for the study is Allium sativum, 

commonly known as garlic, belongs to the family Amaryllidaceae. Garlic 

is probably one of the earliest known medicinal plants [5]. Garlic and its 

preparations have been used extensively in health benefits, resulting in 

numerous research reports over the last decade alone. Garlic is widely 

consumed spices in food, while also consumed in the form of drink [6]. A. 

sativum bulbs (cloves) had been used as a cure-all. In ancient Egypt, they 

are mentioned in the Ebers Papyrus, as one of the earliest treatises on 

medicinal plants. Garlic contains sulfur-containing compounds [7]. The 

fresh bulb contains an alliin, allicin and volatile oils when the garlic clove 

is crushed, the odourless compound alliin is converted to allicin via the 

enzyme allinase. Allicin gives garlic its characteristic pungent smell [8]. It 

contains vitamins, minerals and trace elements [9]. On the other hand, 

garlic is a herbal medicine which is used for prevention and treatment of 

many diseases such as, cold and flu symptoms through immune 

enhancement and exhibits anticancer, antioxidant, anti-inflammatory, 

antimicrobial, antithrombotic, hypocholesterolemic, hypoglycemic, and 

hypotensive activities. And it is used to treat diabetes, atherosclerosis, 

hyperlipidemia, thrombosis and hypertension. Also, it acts against 

stroke, gastrointestinal neoplasias, against blood clots (antiplatelet 

action) etc. 

The main aim of the present study was to screen the phytochemical 

constituents present in garlic cloves by different solvents like 

hexane, ethyl acetate, methanol and water and find the secondary 

metabolites with functional moieties which are present in cloves by 

FTIR and to identify the mineral composition by ICPOES. The 

attempt was made to study in detail for further research. 

MATERIALS AND METHODS 

Collection of plants and preparation of extracts 

The Allium sativum bulb cloves were identified and authenticated 

by plant Taxonomist, Department of Botany, Sri Venkateswara 

University, Tirupati, Andhra Pradesh and voucher specimen no 

SVUBH/1123 was stored. The fresh bulb cloves were purchased 

from the Local market of Tirupati, Chittoor district of Andhra 

Pradesh and were shade dried and peeled off. They were milled to 

a fine powder using a mechanical grinder. The powder was 

macerated with hexane, Ethyl acetate, methanol and water, 

separately. The extract was then filtered with filter paper 

(Whatman No. 1) and the filtrate under reduced pressure, using 

rota evaporator at 40 °C, was concentrated. The concentrate 

obtained was a dark molten mass then layered on aluminium foil 

and freeze-dried for further use. 

Phytochemical screening 

An alianof of the dry extracts of garlic were used for phytochemical 

examinations to detect the secondary metabolites such as Alkaloids, 
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saponins, carbohydrates, flavonoids, cardiac glycosides etc. by using 

standard procedures/methods with slight modifications [10, 11]. 

Inductively coupled plasma optical emission spectrometry (ICP-

OES) digestion 

The contents of metals present in the garlic were determined using 

ICP-OES after the digestion of the samples with concentrated HNO3 

and analyzed for Zn, Mg, Ca, P, Al and K in triplicate and the 

procedure as per method [12]. 

Fourier transform infrared spectrophotometer (FTIR) 

The infrared spectroscopy was used to detect the functional groups 
of biomolecules present in the mixture of the sample. The garlic 
methanol extract was mixed with potassium bromide salt, using 
mortar and pestle, and compressed into a thin pellet and sample was 
put into IR spectrometer. The results were recorded on a FTIR 
spectrometer between the range 3500-1000 cm-1. The wavelength 
of light absorbed is characteristic of the chemical bonds as can be 
seen in the annotated spectrum. 

RESULTS AND DISCUSSION 

Fresh garlic is a rich source of vitamins, minerals and trace elements, 

although most are found in only minute quantities. Our study has 

revealed the presence of phytochemicals considered as active 

medicinal chemical constituents of garlic extracts indicated the 

presence of phenolics, alkaloids, flavonoids, steroids, glycosides, and 

saponins etc (table 1). Among all the solvents methanol extract 

showed more number of constituents when compared to hexane-

ethyl acetate and water. Tannins are present in water and in 

remaining all extracts it is absent.  

The cardiac glycosides are present in hexane, ethyl acetate, 

methanol and water. Due to the secondary metabolites which are 

present in the garlic cloves, it is used in many parts of the world as a 

stimulant, carminative, antiseptic, antihelminthic (ascaris and 

oxyuris), diaphoretic, expectorant, diuretic, antiscorbutic 

aphrodisiac and antiasthmatic, in pulmonary diseases such as croup, 

whooping cough, tuberculosis, bronchoectasis and gangrene, many 

more ailments [13]. 

 

Table 1: Qualitative analysis of the phytochemicals of the garlic 

Secondary metabolites Hexane extract Ethyl acetate extract Methanol extract Aqueous (water) extract 

Alkaloids - + + - 

Saponins - - + + 

Steroids - - + + 

Carbohydrates - + + + 

Flavonoids - + + - 

Tannins + - - + 

Terpenoids  - + + + 

Anthraquinone  + + - - 

Phenolics + + + - 

Cardiac glycosides + + + + 

+indicates presence,-indicates absence 

 

The ICP-OES is one of the fastest analysis to simultaneously 

determine several minerals present in garlic extract. This technique 

is expensive but has good sensitivity and accuracy in determining 

minerals which we used in our study such as Zn, Mg, Ca, P, Al and K 

etc. The values of different metals present in the garlic cloves 

methanolic extract samples (ppm) are listed in table 2. The order of 

concentration of elements showed the following K>P>Mg>Ca>Zn>Al. 

potassium (K) is one of the important elements for many regulatory 

systems in the body. The minimum daily intake of Potassium is 3.5g 

[14]. This mineral has many functions for human health, like 

transmission of nerve impulses, muscle contraction, regulation of 

blood pressure, maintenance of acid-base equilibrium and water-

electrolyte balance. Furthermore, some studies have supported that 

K is involved in skeleton health and in the prevention of Na-induced 

calciuria promoting reabsorption of Ca in the kidney and reducing 

urinary Ca excretion [15-17]. Calcium (Ca) is an important element 

because it plays a major role in bones, teeth, muscular system and 

heart functions. Calcium is necessary for the coagulation of blood, 

the proper functioning of the heart and nervous system and the 

normal contraction of muscles [18]. Daily Ca intake lower than the 

recommended one could have serious negative effects for human 

health, like the onset of osteoporosis, very common in menopausal 

women, hypertension, colon and breast cancer [19-20]. 

Phosphorus is essential for bone, skin, hair and teeth health, energy 
metabolism, fatty acids transport, phospholipid synthesis, amino acids 
metabolism and protein synthesis. This mineral is also a component of 
nucleic acids and consequently, it is involved in cellular metabolism 
and in buffer and enzyme systems [16]. Intracellular Magnesium 
deficiency is correlated with the impaired function of many enzymes 
utilizing high energy phosphate bonds, as in the case of glucose 
metabolism [18]. The recommended dietary intake of Mg is about 310-
320 mg per day for females and 400-420 mg per day for males. 
Magnesium is important for human health because it regulates many 
physiological processes, such as bone growth, blood pressure, protein 
and nucleic acids metabolism, neuromuscular trasmission and muscle 
contraction. Besides, Mg acts as a cofactor of many enzymes and has 
an important role in reducing asthma. Magnesium deficiency can 
increase the risk of osteoporosis, mainly in menopausal women, the 
risk of atherosclerosis and lead to oxidative stress [17]. Zinc is 
essential to all organisms and has an important role in metabolism, 
growth, development and general well-being. It is an essential co-
factor for a large number of enzymes in the body [18]. 

 

Table 2: Mineral compositions of garlic cloves methanol extract 

Minerals Values(PPM) 

Potassium 21,278±395.39 

Phosphorus 6003±54.744 

Magnesium 1046.15±25.618 

Calcium 353.61±0.02 

Zinc 28.42±1.32 

Aluminum 23.15±0.801 

 

From the FTIR of methanolic extract showed the presence of 

functional groups like hydroxyl, carbonyl, carboxylic and 

organosulfur compounds (from table 3 and fig. 1). The broad peak at 

3265 cm-1 is due to the O-H stretching of a hydroxyl group which 
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indicates the presence of polyhydroxy compounds such as 

flavonoids, non-flavonoids and saponins. The peak at 2926 cm-1 is 

due to the asymmetric stretching of C-H groups of aromatic 

compounds. The peak at 1619 cm-1 is corresponding to C=O 

stretching of peptide linkages/C=O stretching of carbonyl and 

carboxylic groups. The peak at 1395 cm-1 indicates the O-H bend of 

carboxylic acids [21] which in turn revealed the presence of 

flavonoids, tannins, saponins and glycosides. The peak at 1036 cm-1 

indicates the S=O group revealed the presence of organosulfur 

compounds including alliin, allicin and diallyl disulphide [22]. 

 

Table 3: FTIR peak values and functional groups of garlic methanolic extract 

Frequency cm-1 Bonds Functional groups 

3265 O-H Hydroxyl 

2926 C-H Aromatic compounds 

1619 C=O Carbonyl and carboxylic 

1395 O-H Carboxylic 

1036 S=O Organosulfur 

 

 

Fig. 1: FTIR spectra of garlic methanolic extract 

 

CONCLUSION 

Our study has revealed the presence of phytochemicals considered 
as active medicinal chemical constituents in garlic extracts indicated 
the presence of phenolics, alkaloids, flavonoids, steroids, glycosides, 
and saponins etc. In summary, methanol was found to be the best 
solvent for phytochemical screening from garlic cloves, it has 
showed the best activity among all solvents like hexane, ethyl 
acetate and water extracts. The values of different metals present in 
the garlic cloves methanolic extract, the order of concentration of 
elements is K>P>Mg>Ca>Zn>Al. This FTIR revealed the presence of 
specific functional groups in garlic methanolic extract and showed 
Hydroxyl, carbonyl, carboxylic and organo-sulfur compounds. Thus 
we hope that the important properties identified by our study in the 
garlic will be helpful for the treatment of different diseases. 
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