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Abstract: Aqueous, methanolic and ethanolic extracts of Allium sativum (Lin), the popular bulbous spice plant was processed by different methods employing a combination of plant/solvent concentration, plant/solvent contact time and evaluated for antibacterial and phytochemicalpropeties and tested against standard sensitive strains of Staphylococcus aureus and Escherichia coli. The results obtained showed that pre-processed dried garlic samples were not active while freshly crushed samples showed better antibacterial activity on bacteria and that ethanol actually enhanced garlic’s antibacterial activity. Antibacterial activity of garlic decreased over time in ethanolic solvent but increased in methanol. The bulb was also seen to minimal quantities of saponins and flavonoids and a high level of hydrocyanides. The study suggests that garlic when used in its raw form has better antibacterial activity, either directly or as an adjuvant in a solvent. The significance of the stability of garlic as an antibiotic is discussed. [Enyi-Idoh* Kingsley Hovana, Utsalo Simon James, Epoke James, Eja Matthew Egbobor, Arikpo Giddings Egba, Oruche Adaobi Nwakaku and Offor Ubana Akpama. Antibacterial and Phytochemical Studies of Allium Sativum. New York Science Journal 2011;4(4):123-128]. (ISSN: 1554-0200). http://www.sciencepub.net/newyork. 
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1. Introduction

        Garlic (Allium sativum Linn.), an Alliaceae, is a perennial plant belonging to the genus Allium. It is an erect bulbous herb, 30–60 cm tall, strong smelling when crushed. The underground portion consists of a compound bulb with numerous fibrous rootlets. The bulb gives rise above ground to a number of narrow, keeled, grass like leaves. Garlic has been known to possess dietary and medicinal properties (Ross et al, 2001) and proven to have antimicrobial effects (Reuter et al, 1996; Lawson, 1998). The plant has also been shown to possess phytochemical constituents (Cavallito and Bailey, 1994; Ankri and Mirelman, 1999; Prados-Rosales et al., 2003). The antimicrobial properties of garlic were first described by Louis Pasteur in 1958, and since then, research had demonstrated its effectiveness against bacteria, protozoa, fungi and some viruses (Jaber and Al-Mossawi, 2007).
        In its pure form it has been found to exhibit antibacterial activity against a wide range of Gram-negative and Gram-positive bacteria, including multidrug-resistant enterotoxicogenic strains of Escherichia coli and also possesses antifungal activity, antiparasitic, and antiviral activity (Pai and Platt, 1992; Ross et al, 2001). The antimicrobial activity of garlic has been attributed to the presence of allicin (a thiosulfinate) whose removal completely renders garlic ineffective against microorganisms (Hughes and Lawson, 1991). 

        Allicin, the main active principle related to Allium sativum chemistry, is obtained by crushing or cutting garlic cloves. The odourless amino acid, alliin, present in the garlic cloves, is metabolized by the enzyme allinase (a cysteine sulfoxide lyase) to allicin and other thiosulfinates, which besides their antimicrobial effects, produce the characteristic odor of garlic (Block, 1985). Allicin is considered to be responsible for the bacteriostatic properties of garlic. Allium sativum extracts obtained with ethanol (ethanolic garlic extract, EGE) and acetone (acetonic garlic extract, AGE) extracted by drying at 60oC (Eja et al, 2007) and by sohxlet apparatus (El Mahmood, 2007)  was claimed to have direct implication in the inhibition of the in-vitro growth of gram positive, gram negative and diarrhoeagenic bacteria responsible for serious gastric diseases such as ulcers and even gastric cancer (Cañizares et al, 2004). The present study was to examine the antibacterial activity of freshly crushed, sun dried and shade dried pre-treated garlic extracted with different solvents on a Gram negative and Gram positive bacteria. 
2. Materials and Methods

2.1 Collection of Materials

        Garlic was bought from commercial spice sellers in the central Watt market in Calabar, Nigeria in April, 2010. Healthy garlic bulbs with no signs of external damage were used for ethanolic, methanolic and aqueous extractions and phytochemical analysis (Kučinskaitė et al, 2007). Fresh garlic bulbs were washed under running tap water, air dried and chopped to fine pieces that could be weighed, after peeling off the scaly external epidermis. The bulbs were chopped and quickly macerated in a blender to a fine paste and also squeezed in a juice extractor to obtain fresh juice extracts. The mashed paste was immediately suspended in solvents. Up to 15mls of extracts were obtained from squeezed garlic and also immediately measured out in appropriate proportions into solvents. 

        Garlic bulbs were finely ground by pounding and dried under pressure in a metal plate on the dashboard of a closed automobile left in the sun during the heat of the day. The garlic dried completely in less than three hours and was beaten to a dry fine powdery substance and stored in an air tight container and used the same way as the fresh samples as described vide infra.  

2.2 Extraction

Aqueous, methanolic and ethanolic extraction

        Prepared ground fresh garlic extracts, raw fresh garlic juice, ground dried garlic materials were extracted in distilled water using 1:2 – 1:10 (logarithmic) garlic/solvent incremental ratios (to obtain 500, 200, 125 and 100mg/ml of crushed garlic) for 2 and 72 hours respectively. Sohxlet extracted ground dried garlic materials extracted with ethanol and methanol was also used. The materials were filtered through layers of muslin cloth and centrifuged at 5000 g for 15 min. The supernatant was collected. This procedure was repeated twice and after 2 and 72 hours the supernatant was collected and concentrated by evaporation to make the final volume one-fifth of the original volume. The procedure was repeated using fresh garlic samples without the sterilization. The procedure was also performed using 70% and 98% concentrations of methanol and ethanol respectively.
2.3 Antibacterial Testing

        Testing for the antibacterial effects of garlic extracts was done using the technique described by Kirby- Bauer (Prescott et al, 2005). Wells were cut with a cork borer in solid Mueller Hinton agar which had previously been prepared and inoculated with Staphylococcus aureus and Escherichia coli in McFarland’s concentration (NCCLS, 1996).. The wells (6mm in diameter) were seeded with approximately 3 drops (about 0.06ml) of garlic extracts and incubated at 37ºC for 24 hours. The antibiotics, ampicillin (AMP) and ciprofloxacin (CPX), were used as controls for comparison with the raw extract. The plates were observed for zones of inhibition after incubation followed by calculation of the mean zones of inhibition (mm).

2.4 MIC and MBC determination

        Minimum inhibitory concentration and Minimum bactericidal concentration of the garlic were determined by serial dilution to various concentrations according to the macro broth dilution technique described by Baron and Finegold (1990).
2.5 Phytochemical Screening

        The phytochemical composition of garlic was evaluated quantitatively by direct chemical estimation adopted by Krishnaiah et al, (2009).
3. Results

3.1 Antibacterial Activity
The antibacterial activity of garlic against test organisms are presented in tables 1 to 3. Table 1 shows antibacterial activities of freshly crushed and macerated A. sativum paste suspended in solvent by direct decoction on S. aureus and E. coli. The highest activity was seen in the 500mg/ml concentration of the 98% ethanolic extract at 2 hours (20mm) against E. coli and at 200mg/ml and 125mg/ml concentrations against the same organism (20mm) after 72 hours. Against S. aureus activity was observed to be as high as 27mm at 200mg/ml concentration after 2 hours of decoction. Aqueous extract had activity against E. coli (16mm) at 2 hours in both the 500mg/ml and 200mg.ml concentrations.

Minimal activity was observed in 70% methanolic and ethanolic extracts while aqueous extracts had activity against E. coli  as low as 100mg/ml concentration and at 200mg/ml against S. aureus.
Table 1: Antibacterial activity of freshly crushed A. sativum by direct decoction on S. aureus and E. coli

	Organism/Solvent Conc. (mg/ml)
	Aqueous 500  200  125 100 
	Methanol(70%)                                                     500  200  125 100      Zones           of 
	Methanol(98%)                                                              500   200 125 100                  

inhibition (mm)
	Ethanol(70%)                                                500  200  125 100
	Ethanol(98%)                                        500  200 125  100

	Staph  aureus      
2hrs   

72hrs
	        16
	8     8     8      8  
	   15    16
	  7        8
	18  27  12 7 14 16 10

	Escherichia coli 
2hrs      
72hrs
	    16    16
	         7  8                       10    10
	    17    16     8
	8 8 8   8     8    8
	20 19  14 20 20


Each value is mean of 3 replicates 

<10 = Resistant, 10 – 15 = moderately sensitive, >16 = Sensitive (Cheesebrough (1991)

Sohxlet 70 % and 98% methanolic extracts of garlic had activity only on Staph  aureus with 20mm and 18mm zone diameters. Activity was only observed against E. coli  when absolute ethanolic extracts was used recording diameters of up to 22mm and 18mm agaist S. aureus, as shown in table 2.

The antibiotic controls used were very active against the test organism at zones of inhibition above 20mm in culture. No antibacterial activity was detected with sohxlet extracted dried A. sativum against S. aureus and E. coli. Sohxlet extracted freshly crushed A. sativum showed activity in methanol and absolute ethanol against S. aureus but showed activity against E. coli only in the 98% ethanolic extract.

Table 2: Antibacterial activity of sohxlet extracted freshly crushed A. sativum on S. aureus and E. coli

	Organism/Solvent Conc. (mg/ml) 
	Aqueous                        
	Methanol(70%)                                                         Zones       of
	Methanol(98%)                                                              inhibition(mm)
	Ethanol(70%)                                                
	Ethanol(98%)

	Staph  aureus      

	ND+
	20
	18
	NAD*
	18

	Escherichia coli 
 
	ND
	NAD
	NAD
	NAD
	22


* = No activity detected, + = not done

Table 3: Antibacterial activity of freshly extracted A. sativum juice on S. aureus and E. coli
	Organism/Solvent conc. (mg/ml)
	Aqueous                        500  200  125 100
	Methanol(70%)                                                     500  200  125 100  Zones          of 
	Methanol(98%)                                                              500  200  125 100    inhibition(mm) 
	Ethanol(70%)                                                500  200  125 100
	Ethanol(98%)                                        500   200  125  100

	Staph  aureus      
2hrs   

72hrs
	        18
	
                                        
      8                                                                8         8        8            
	                                             

               18     20
	                            7      12     12
	                                         22      29     16     10    18      20     12

	Escherichia coli 
2hrs      
72hrs
	                          20    22
	                                   7        8                       10     10
	                                     

                       17      17     8
	                               12                               10       12
	                                          24      22             18   22      20


        In table 3, garlic antibacterial activities peaked at 29mm against S. aureus when freshly squeezed garlic juice was suspended in 98% ethanolic solvent at 200mg/ml concentration. Aqueous extract also showed a considerable level of activity against E. coli with 20mm and 22mm zone diameter at 500mg/ml and 200mg/ml concentrations respectively after 2 hours decoction. Even when fresh garlic juice was suspended in solvent, 70% methanol and ethanol proved to be relatively inactive against test bacteria.    Activity of garlic juice in absolute ethanol was more pronounced against test bacteria than in methanol.  In methanol, activity was observed only after 72 hours of contact between garlic juice and solvent showing 17mm each zone diameters at 500mg/ml and 200mg/ml concentrations respectively.      

        Table 4 presents the MIC and MBC of garlic while table 5 represents the quantitative phytochemical values for garlic. Alkaloids are not found in garlic as shown in table 5.

        MIC and MBC remained the same against S. aureus and E. coli at 156μg/ml and 312μg/ml respectively. Garlic showed a high occurrence of hydrocyanides and very little amounts of flavonoids, tannins and saponines.

Table 4: MIC and MBC of A. sativum extracts at 200mg/ml concentration on E. coli and S. aureus (μg/ml)

	Test organism/Plant
	MIC
	MBC

	Escherichia coli
	312
	312

	Staphylococcus aureus
	156
	156


Table 5: Quantitative phytochemical values for A. sativum (mg/g)

	Phytochemical(mg/gm)/ 
Plant sample 
	Allium sativum

	Saponins
	0.023

	Flavonoids
	0.137

	Alkaloids
	NAD±

	Tannins
	0.382

	Hydrocyanides
	3.298


± = no activity detected
4. Discussion

        Activity of Allium sativum was significant only when fresh crushed garlic cloves were used as shown in tables 1 and 3. In table 1, the fresh crushed cloves were decocted directly in solvent. Antibacterial activity tended to reduce with time in the ethanolic (98%) extract at all the concentrations used while activity petered out completely in the aqueous extract after 3 days of decoction. Garlic was also found to be more active against E. coli as shown by the results obtained, as has been shown in a previous study by Eja et al, 2007. The fresh sohxlet extracts were considerably more active than the direct decoction extracts. The antibacterial activity of garlic tended to also reduce with concentration. The 200mg/ml (1:5 w/v dilution) concentration of 98% ethanolic and methanolic extracts expressed more activity than the 500mg/ml (1:2 w/v dilution) on S. aureus activity of garlic in table 3 were more significant and better at all concentrations when extracted garlic juice was used. This may be because the freshly extracted juice was more concentrated in allicin than an equivalent weight of whole garlic marsh and allicin was still very potent considering the time it took to macerate garlic and weigh out.

        Shade dried crushed garlic samples extracted with sohxlet and direct decoction showed absolutely no activity against test bacteria as also has been reported by Onyeagba et al (2004) and Eja et al (2006).

        Maceration of dried garlic was next to impossible and very difficult by both mortar and pestle and by blending. The hygroscopic and fibrous nature of garlic could not allow proper processing of shade dried garlic. Measurement (weighing) of the dried material was difficult due to stickiness. The dried powdered material retained the solvent when introduced into the Soxhlet apparatus. Dried garlic is not very miscible in alcoholic solvents. This did not agree however with work done by El-Mahmood (2009) who reported using soxhlet extraction for shade dried garlic cloves made into powder. Eja, et al, (2011) however reported activity of fresh garlic juice extract that was pre-weighed and dried in an oven to a constant weight.

        Allicin is volatile at a temperature of 50oC and may have been evaporated from the garlic powder. When the garlic bulb is crushed, minced, or otherwise processed, alliin is released from compartments and interacts with the enzyme alliinase in adjacent vacuoles. Hydrolysis and immediate condensation of the reactive intermediate (allylsulfenic acid) forms allicin (European pharmacopoeia, 1997). Allicin itself is an unstable product and will undergo additional reactions to form other derivatives e.g. products, depending on environmental and processing conditions (Reuter and Sendl, 1994). This accounts for the lack or absence of antibacterial activity of garlic when exposed for unnecessarily long periods and pretreatments of any kind before bacteria is challenged with it.

        Fujisawa et al (2008) demonstrated the instability of garlic ( Allium sativum L.)-derived allyl 2-propenylthiosulfinate (allicin) in various aqueous and ethanolic solutions as well as in vegetable oil through chemical and biological analyses performed simultaneously. Their study reported that crushed fresh garlic cloves generated antibacterial activity and chemically detectable allicin, a major antibacterial principle, and both declined on a daily basis in aqueous and ethanolic solutions at room temperature, showing biological and chemical half-lives of about 6 and 11 days, respectively. Allicin was more stable in 20% alcohol than in water. Allicin is considered to be the most potent antibacterial agent in crushed garlic extracts, but it can be unstable, breaking down within 16 h at 23°C (Hahn, 1996). However, the use of a water-based extract of allicin stabilizes the allicin molecule. This may be due to two factors: the hydrogen bonding of water to the reactive oxygen atom in allicin can reduce its instability; and/or there may be water-soluble components in crushed garlic that destabilize the molecule (Lawson, 1996). The disadvantage to this approach is that allicin can react with water to form diallyl disulphide, (Lawson and Wan, 1995) which does not exhibit the same level of antibacterial activity as allicin. The aim of this work was to study the efficacy of garlic given different approaches of pre treatment and solvent types viz a viz solvent concentration and contact time between solvent and garlic samples on bacteria.

        Allicin is one of the most active principles of freshly crushed garlic homogenates first discovered in 1944 by Cavallito and Bailey who noted its potent antimicrobial activity. It has a variety of antimicrobial and antifungal activities. However, no clinical trials have been performed with allicin and it was never developed into a drug or commercial product due to its instability, inability to be absorbed, and offensive odor. Allicin is considered to be of limited value inside the body and is presently regarded by the scientific community as just a transient compound which rapidly decomposes to other compounds. 
5. Conclusion

        Garlic is a well know spice consumed as food in many parts of the world either in the raw form or added to cooked food. It is acclaimed to have antihypertensive and other beneficial health properties. This study shows that the plant has ample antibacterial activity against Gram negative and Gram positive bacteria when extracted with alcoholic and aqueous solvent only as a fresh preparation. Garlic is not miscible with alcoholic solvents when dried and as such would not allow extraction of any active materials from it. Despite the low presence of phytochemical compounds in garlic, allicin remains the most prominent active antibacterial compound in the plant. 
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