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 4 

ABSTRACT 5 

  6 

Aim:To examine the antimicrobial properties of various spices commonly used in Indian cuisine and to 7 

check the nature of resistance in the bacteria exhibiting resistance. 8 

Study design:To demonstrate the antimicrobial properties in various household spices like 9 

Cinnamon(Cinnamomum zeylanicum), Clove(Syzygium aromaticum), Black Pepper(Piper nigram) and 10 

Turmeric(Curcuma longa) and to examine their effects on the pathogenic bacteria E.coli(Escherichia coli), 11 

B.subtili(Bacillus subtilis), K.pneumoniae(Klebsiella pneumonia), P.aeruginosa(Pseudomonas 12 

aeruginosa)and S.aureus(Staphylococcus aureus). 13 

Place and duration of study:Department of Microbiology, Osmania University, during the year 2013. 14 

 15 

Methodology: Antimicrobial assay was performed to determine the antimicrobial activity of these spices. 16 

Plasmids were isolated from bacteria showing resistance to these spices to confirm if the resistance to 17 

these spices was plasmid borne.  The isolated plasmids were used to transform E.coli DH5α which was 18 

previously observed to be sensitive to these spices. 19 

 20 

Results: On transformation with plasmids isolated from K.pneumoniae and P.aeruginosa ,E.coli 21 

DH5αcells were observed to be resistant to all the four spices tested in the original bacterial strains.  22 

Conclusion: The resistance to spices seems to be a plasmid borne feature which is easily transferred by 23 

transformation to sensitive bacterial strains. 24 

 25 

Keywords: Antimicrobial activity, Cinnamon, Pepper,Turmeric,Clove, plasmids, resistance. 26 

 27 

1. INTRODUCTION: 28 

Bacteria are ubiquitous and continuously adapting to newer and harsher environments. Even though 29 

antibiotics are effective in bacterial killing, microbesare continuously developing resistance to most 30 
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antibiotics.In the last two decades, antibiotic resistance has become an emerging problem worldwide 31 

[1,2]. Multi-drug resistant strains of E.coli are widely distributed in hospitals and newer and tougher  32 

strainsare being identified every year [3]. For instance, Methicillin-resistant S.aureus (MRSA), is one of 33 

the greatly feared strains which have become resistant to most antibiotics. MRSA strains are most often 34 

found associated with institutions such as hospitals, but are becoming increasingly prevalent in the 35 

environment. The emergence of MRSA is only a general aspect of drug resistance. Mycobacteria, the 36 

genus harbouring tuberculosis and leprosy strains, is a chronic menace in developing countries like India, 37 

where millions of patients acquire these infections every year. Mycobacterial infections are fastidious, in 38 

the sense that they require multiple drug therapy for a minimum of six months to two years[4,5]. Multiple 39 

drug resistance in Mycobacteria is prevalent worldwide and billions of dollars are spent every year to 40 

device effective treatment strategies against the pathogen. Due to the continuous evolution of bacterial 41 

resistance to currently available antibiotics it has become necessaryto search for novel and effective 42 

antimicrobial compounds. Globally, plant extracts are employed for their antibacterial, antifungal and 43 

antiviral activities. It is known that more than 400,000 species of tropical flowering plants have medicinal 44 

properties and this has made traditional medicine reliable and cost effective on par with modern 45 

medicine[6] 46 

Spices  are essential components of Indian cuisines since ancient times. These  are being used  47 

in minute  amounts  to  impart favour,  taste  and  aroma  in  food  preparation[7]. Many spices have 48 

potent antimicrobial properties [8].Cinnamon is used as a spice and an aromatic. The bark or oil has been 49 

used to combat microorganisms,as an antimicrobial substance.The essential oil is primarily composed of 50 

65% to 80% cinnamaldehyde and small amounts of other phenols and terpenes, including eugenol, trans-51 

cinnamic acid, hydroxycinnamaldehyde, o-methoxycinnamaldehyde, cinnamyl alcohol and its acetate, 52 

limonene, α-terpineol, tannins, mucilage, oligomericprocyanidins, and trace amounts of coumarin.Clove is 53 

a dried flower bud and essential oils are obtained from the buds, stems, and leaves.The principal 54 

constituent of distilled Clove bud oil (60% to 90%) is eugenol (4-allyl-2-methoxyphenol).Eugenol is used 55 

in medicine as a localantiseptic.The oil also contains about 10% acetyleugenol and small quantities of 56 

gallic acid, sesquiterpenes, furfural, vanillin, and methyl-n-amyl ketone.Essential oils contain very 57 

complex mixtures of compounds, varied from monoterpenes to sesquiterpenes [9].Black Pepper used 58 

globally asa spice and seasoning and gets its spiciness due to the chemical piperine.BlackPepper,either 59 

powdered or its decoction, is widely used in traditional Indian medicine and as a home remedy for relief 60 

from respiratory infections. Black Pepper contains between 4.6% and 9.7% piperine by mass, The aroma 61 

of Pepper is attributed to rotundone(3,4,5,6,7,8-Hexahydro-3α,8α-dimethyl-5α-(1-methylethenyl)azulene-62 

1(2H)-one).In case of Turmeric, its important chemical components are a group of compounds called 63 

curcuminoids, which include curcumin (diferuloylmethane), demethoxycurcumin, and 64 

bisdemethoxycurcumin. The best studied compound is curcumin, which constitutes 3.14% of powdered 65 

Turmeric. Curcumin is believed to have a wide range of biological effects including anti-inflammatory, 66 
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antioxidant, antitumour, antibacterial, and antiviral activities, which indicate potential in clinical medicine 67 

[10]. 68 

The present study was planned to check the antimicrobial activity of these spices on some commonly 69 

found normal flora which are frequently opportunistic pathogens. The purpose of the study was to check 70 

whether these spices have any antimicrobial activity to contribute to general well being. 71 

 72 

 73 
 74 

2. MATERIALS AND METHODS 75 

2.1 COLLECTION OF MATERIALS AND SAMPLES: 76 

2.1.1 Plant materials: 77 

All the spices used in the experiment were purchased from the local grocery store. 78 

2.1.2Bacterial cultures: 79 

Gram positive bacteria S. aureus and B. subtilis and Gram negative bacteria E.coli, P.aeruginosaandK. 80 

pneumoniae usedin the experiment were collected from the local hospital and IMViC tests were 81 

performed to isolate to isolate pure cultures of these strains. The purpose for selecting the above bacteria 82 

was because all of them are potential opportunistic pathogens commonly associated with bacterial 83 

infection. 84 

2.2 METHONAL EXTRACTION: 85 

About 10 g of powdered drug was extracted with a mixture of dichloromethane and methanol (1:1, 86 

v/v) (2×50 ml) under reflux for 30 min and filtered. The filtrates were combined and concentrated to 87 

dryness under reduced pressure at 450C with a rotary evaporator and were stored at 40C until further use. 88 

 89 

2.3 PREPARATION OF INOCULUM: 90 

All the cultures obtained were stored and maintained on nutrient agar slants until further use. 91 

Before performing agar well assay each of the cultures were inoculated onto nutrient broth and incubated 92 

overnight at 370C in order to obtain a rapidly growing culture. 93 

 94 

2.4 ANTIMICROBIAL ASSAY BY AGAR WELL DIFFUSION: 95 

Muller Hinton agar plates were prepared and wells of 7mm were cut. In few plates the wells were 96 

filled with 50µl of the concentrated extract. Extracts in different combinations are prepared in 1:1 ratio and 97 
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the wells are then added with 50µl of the combined extract in other plates and were incubated at 37oc for 98 

24hrs. 99 

2.5 PLASMID ISOLATION BY ALKALINE LYSIS METHOD: 100 

1.5 mL of overnight culture was taken in an Eppendorf tube and centrifuged at 13000 rpm for 101 

3min at 4°C. The supernatant was discardedand pelle t was resuspended in 150µl of ice-cold Alkaline 102 

Lysis Solution 1(50mM Glucose, 25mM TrisCl (pH 8.0), 10mM EDTA (ph 8.0)) and vortexed vigorously.  103 

250µl of Alkaline Lysis Solution 2(10N NaOH, 10% SDS) was added and mixed gently, followed by 104 

addition of 250µl of Alkaline Lysis Solution 3(5M Potassium Acetate, Glacial Acetic Acid) and 105 

centrifugedat 13000 rpm for 15min at 4°C. Supernata nt containing dsDNA was collected in a fresh tube 106 

without any traces of pellet.dsDNA was precipitated by adding 2x volumes of absolute ethanol and 107 

vortexed . The mixture was incubated at -20°C for 1  hour followed by centrifugation at 13000 rpm for 108 

10min at 4°C. Supernatant was discarded and the pel let was rinsed with 70% ethanol and centrifuged at 109 

13000 rpm for 5min at 4°C. The pellet was air-dried  and resuspended in 50µl of sterile DEPC water and 110 

stored at -20°C. 111 

2.6 TRANSFORMATION: 112 

The competent cells were thawed on ice and ~ 5µl of DNA was added to 100µl of cells and 113 

mixedgently.The tubes were incubated on ice for about 30 min and subjected to heat shock at 42°C in a 114 

water bath for 90-120seconds. Tubes were replaced on ice for ~2min and 900µl of pre warmed LB (with 115 

no antibiotic added) was added and then incubated at 37°C with gentle agitation for 45min to 1hr.Then  116 

100.µl to 200µl of this culture was spread  on selective media (LB agar with vancomycin) and incubated at 117 

37°C overnight. 118 

3.Results and Discussion: 119 

(Table 1):  Antibiotic assay using disc diffusion: 120 

Antibiotic assay was performed on each of the cultures using antibiotic discs containing antibiotic at the 121 

concentrations of 10, 30 and 50µg/disc. 122 

Antibiotic 

(mcg/disc) 

E.coli B.subtilis K.pneumoniae P.aeruginosa S.aureus 

Bacitracin (10) -ve +ve -ve -ve +ve 

Chloramphenicol 

(30) 

+ve +ve +ve +ve +ve 

Gentamycin (50) +ve +ve +ve +ve +ve 
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Kanamycin (30) +ve +ve +ve +ve +ve 

Methicillin (10) -ve -ve -ve -ve +ve 

Streptomycin(10) +ve +ve +ve +ve +ve 

Tetracyclin(30) +ve +ve +ve +ve +ve 

Tobromycin (10) +ve +ve +ve +ve +ve 

Vancomycin(30) +ve +ve -ve -ve +ve 

*+ve indicates inhibition and –ve indicates no-inhibition. 123 

3.1 Antimicrobial activity of spices extracted in organic solvent: 124 

In E. coli, spice extracts of Clove, Turmeric and Cinnamon showed prominent zone of inhibition among 125 

which Clove showed higher inhibitory activity among other spices whereas, all the spices showed 126 

inhibitory activity against S.aureus but highest was expressed by Clove.  All the spice extracts showed 127 

prominent zones of inhibition with Cinnamon and Clove showing higher zone of inhibition against 128 

B.subtilis.  Clove extracts showed greater antimicrobial activity among other spice extracts against 129 

K.pneumoniae whereas none of the spices were found to be effective against P. aeruginosa. 130 

 131 

 132 
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 134 

                                          (c)                                                                             (d) 135 

 136 

(e) 137 

(Fig 1).Antimicrobial activity of Clove, Cinnamon, Pepper and Turmeric on (a)E.coli, 138 

(b)S.aureus, (c)B.subtilis, (d)K.pneumoniaeand (e)P.aeruginosa using organic extraction 139 

method with absolute ethanol as control. 140 

 141 

(Table 2):  Antimicrobial  activity of spice extracts of Cinnamon, Clove, Pepper and  142 

Turmeric by organic extraction method onthe pathogenic strains. 143 

 E.coli B.subtilis K.pneumoniae P.aeruginosa S.aureus 

Cinnamon +ve +ve -ve -ve +ve 

Clove +ve +ve +ve -ve +ve 

Pepper -ve +ve +ve -ve +ve 
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Turmeric +ve +ve +ve -ve +ve 

*+veindicatesinhibition and –veindicates no-inhibition. 144 

 145 

3.2 Antimicrobial activity of spices extracted in PBS: 146 

Spices extracts such as Cinnamon, Clove, Pepper and Turmeric were checked for their 147 

antimicrobial properties on the pathogenic strains of B.subtilis, E.coli, K.pneumoniae, P.aeruginosa, 148 

S.aureus by isolating them in PBS (phosphate buffered saline). The extracts of these spices were 149 

prepared using inorganic extraction method and then tested for anti-microbial activity on these pathogenic 150 

strains by well diffusion assay.  151 

In E.coli only Cinnamon showed a considerable amount of inhibition. Whereas both Cinnamon 152 

and Clove showed prominent zones of inhibition against B.subtilis, none of the spices were found to effect 153 

the growth in K.pneumoniae and P.aeruginosa, while Cinnamon showed less inhibition compared to 154 

Clove on S.aureus. 155 

 156 

 157 
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 159 

                                               (c)                                                                                  (d) 160 

 161 

(e) 162 

(Fig 2):Antimicrobial properties of Clove, Cinnamon, Pepper and Turmeric on 163 

(a)B.subtilis, (b)E.coli, (c)K.pneumoniae, (d)P.aeruginosa and (e)S.aureusby aqueous 164 

extraction with PBS taken as control. 165 

 166 

(Table 3):  Antimicrobial activity of spice extracts of  Cinnamon,  Clove, Pepper and 167 

Turmeric  prepared by using aqueous extraction (PBS) on the pathogenic strains. 168 

 E.coli B.subtilis K.pneumoniae P.aeruginosa S.aureus 

Cinnamon +ve +ve -ve -ve +ve 

Clove -ve +ve -ve -ve +ve 

Pepper -ve -ve -ve -ve -ve 

Turmeric -ve -ve -ve -ve -ve 

*+ve indicates inhibition and –ve indicates no-inhibition. 169 



 

3.3 Antimicrobial activity by the combination of extracts in organic solvent: 170 

After checking for their individual activity a combination of spices was checked for their combined activity 171 

by mixing the extracts of two spices together and then performing well diffusion assay on the pathogenic 172 

strains of E. coli, B. subtilis, K. pneumoniae, P. aeruginosa and S. aureus .and the results were as 173 

follows. 174 

Combination of Cinnamon + Clove, Cinnamon + Turmeric and Cinnamon + Pepper showed very 175 

prominent zones of inhibition on B.subtilis. While Cinnamon+ Clove and Cinnamon+ Turmeric showed 176 

inhibition but Cinnamon + Pepper did not show any inhibition on E.coli and none of the three 177 

combinations of Cinnamon + Clove, Cinnamon + Turmeric and Cinnamon + Pepper were found to be 178 

inhibiting the growth of K.pneumoniae, P.aeruginosa and S.aureus. 179 

 180 

                                         (a)                                                                                     (b) 181 

 182 

                                       (c)                                                                                          (d) 183 
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 184 

(e) 185 

(Fig 3): Antimicrobial activity by the combination of spices  Cinnamon + Clove, Cinnamon 186 

+ Turmeric, Cinnamon + Pepper on (a) B.subtilis, (b)E.coli, (c)P.aeruginosa, (d)S.aureus 187 

and (e)K.pneumoniae. 188 

 189 

(Table 4): Antimicrobial activity by the combination of extracts  of  Cinnamon + Clove, 190 

Cinnamon +TurmericandCinnamon + Pepper in organic solvent . 191 

Combination E.coli B.subtilis K.pneumoniae P.aeruginosa S.aureus 

Cinnamon+Clove +ve +ve -ve -ve -ve 

Cinnamon+Turmeric +ve +ve -ve -ve -ve 

Cinnamon +Pepper -ve +ve -ve -ve -ve 

*+ve indicates inhibition and –ve indicates no-inhibition. 192 

3.4 Antimicrobial activity by the combination of extracts: 193 

Combination of Clove+ Turmeric, Clove + Pepper, Turmeric +Pepper were also checked for their 194 

inhibitory activity on pathogenic strains of B.subtilis, E.coli, K.pneumoniae, P.aeruginosaandS.aureusand 195 

the results were as follows. 196 

All the three combinations ofClove+ Turmeric, Clove + Pepper, Turmeric +Pepper were found to be 197 

equally effective against E.coli, whereas only Clove + Turmeric and Clove +Pepper were found to be 198 

inhibiting B.subtilis but Turmeric+Clove didn’t show any inhibition.  None of three combinations ofClove+ 199 

Turmeric, Clove + Pepper, Turmeric +Pepper were found to be inhibiting the growth in K.pneumoniae and 200 

P.aeruginosaand only combination of Turmeric+ Pepper was found to be inhibiting S.aureus. 201 
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                                              (a)                                                                                     (b) 203 

 204 

                                          (c)                                                                                         (d) 205 

 206 

(e) 207 

(Fig 4): Antimicrobial activity by the combination of spices Clove+ Turmeric, Clove + 208 

Pepper, Turmeric +Pepper on (a) B.subtilis, (b)E.coli, (c)P.aeruginosa, (d)S.aureus and (e) 209 

K.pneumoniae. 210 



 

(Table 5): Antimicrobial activitybythe combination ofspicesClove+ Turmeric,Clove + 211 

Pepper and Turmeric +Pepper. 212 

Combination E.coli B.subtilis K.pneumoniae P.aeruginosa S.aureus 

Clove+ Turmeric +ve +ve -ve -ve -ve 

Clove+Pepper +ve +ve -ve -ve -ve 

Turmeric+ Pepper +ve -ve -ve -ve +ve 

*+ve indicates inhibition and –ve indicates no-inhibition. 213 

3.5 Plasmid isolation: 214 

Plasmid isolation was performed using alkaline hydrolysis method and the plasmids were isolated from 215 

each culture and run on 1% agarose gel and checked under an Gel Documentation system(Bio-rad) and 216 

it was observed that the E.coli culture used did not contain any plasmid whereas B.subtilis and S.aureus 217 

had plasmids with a small copy number but K.pneumoniae and P.aeruginosa had a moderate copy 218 

number of their plasmid. 219 

(Fig5): Plasmid isolated from the 5 test organisms E.coli, B.subtilis, K.pneumoniae, 220 

P.aeruginosa and S.aureus. 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

*K.pneumoniae-Klebsiella pneumonia, P.aeruginosa – Pseudomonas aeruginosa. 230 

3.6Transformation: 231 

E.coli    B.subtilis   K.pneumoniae  P.aeruginosa       S.aureus 
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Transformation experiment was performed by using the plasmids isolated by alkaline lysis method  and 232 

the transformed culture was allowed to grow on media containing the antibiotic vancomycin as the 233 

selective media and the transformed colonies were selected randomly and were grown in flasks and their 234 

plasmids were isolated once again by alkaline lysis and were checked for the presence of the 235 

transformed plasmid.It was found that colonies 2 and 3 of K.pneumoniae and colonies 2,3 and 4 of 236 

P.aeruginosa were successfully transformed. 237 

(Fig 6): Plasmids isolated from transformed colonies of E.coli DH5-α transformed using 238 

plasmids obtained from K.pneumoniae and P.aeruginosa. 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

*Kleb indicates K. pneumoniae and Pseudo indicates P. aeruginosa. 249 

*The number indicates the colony number on the transformed plate 250 

3.8 Antimicrobial activity of spices on the transformed colonies: 251 

Antimicrobial activity of the spices were checked using well diffusion assay method and it was 252 

found to thatE.coli Dh5α which was initially sensitive toCinnamon became resistant to it. Whereas it was 253 

resistant to Clove before transformation but became sensitive to it after transformation. Resistance to 254 

Pepper and Turmeric remained the same before and after transformation. showed prominent zones of 255 

inhibition on the control culture. Whereas cultures transformed using P.aeruginosa plasmids were 256 

inhibited by Cinnamon, Clove and Turmeric. While cultures transformed using K.pneumoniae plasmid 257 

were inhibited by only Clove and Turmeric. 258 
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 259 

 260 

 261 

 262 

(Table5): Antimicrobial  activity of spices on the transformed colonies of  E.coli Dh5α 263 

where transformation  was  performed using plasmid isolated from P.aeruginosa and 264 

K.pneumoniae. 265 

 Control 
E.coli 
Dh5α 

Transformed 
colony1 

using 
P.aeruginosa 

plasmid 

Transformed 
colony 2 

using 
P.aeruginosa 

plasmid 

Transformed 
colony 2 

using 
K.pneumoniae 

plasmid 

Transformed 
colony 3 

Using 
K.pneumoniae 

plasmid 
Cinnamon +ve +ve -ve -ve +ve 

Clove -ve +ve +ve +ve +ve 

Pepper -ve -ve -ve -ve -ve 

Turmeric +ve +ve +ve +ve +ve 

*+ve indicatesinhibition and –ve indicates no-inhibition. 266 

*E.coli DH5α was used as control. 267 

Discussion: 268 

Spices have been one of the most commonly used natural antimicrobial agents in foods and have been 269 

used traditionally for thousands of years by many cultures for preserving foods and to enhance aroma 270 

and flavour [11]. Numerous studies have been published on the antimicrobial activities of plant extracts 271 

against different types of microbes, including foodborne pathogens [12,13,14]. It has been reported that 272 

spices owe their antimicrobial properties mostly to the presence of alkaloids, phenols, glycosides, 273 

steroids, essential oils, coumarins and tannins [15]. Besides, the use of synthetic compounds have 274 

significant drawbacks, such as increasing cost, handling hazards, concerns about residues on food and 275 

threat to human environment [16]. 276 

Extraction of spices with methanol and dichloromethane resulted in a product with greater 277 

antimicrobial activity than extraction with PBS, as aqueous extracts of all the spices displayed little or no 278 

antimicrobial activity against any of the bacteria tested. This is probably due to the fact that, though the 279 

solvents were removed from extracts by evaporation, different chemical compounds were extracted 280 

usingvarious solvents, and most of the components with antimicrobial properties are aromatic or 281 
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saturated organic compounds which are generally more soluble in solvents such as ethanol or methanol 282 

[17]. In a recent study on antimicrobial activity of Australian herbs, water, ethanol and hexane were used 283 

as the solvents for extraction, and it was observed that the aqueous extracts displayed little or no 284 

antimicrobial activity [18]. Many studies claim that phenolic substances present in spices may be 285 

responsible for antimicrobial activity [19]. Antibacterial activity of selected dietary spice was closely 286 

related to the concentration of phenolic compounds [20].In this study methanol and dichloromethane 287 

extracts of Cinnamon, Clove, Pepper and Turmeric proved to be more effective than the aqueous extracts 288 

of the same. 289 

 290 

 The term synergy implies that combination of compounds to create more profound microbial action 291 

may also be an important factor in using spices to kill bacteria. Though many different herbs and spices 292 

were tested for their antimicrobial properties, fewer investigations have been carried out to study the 293 

synergistic effect of such substances. Our study indicated that spices showed antimicrobial properties but 294 

greater antimicrobial activity was expressed by the combination of the spices.[21]. In general Gram 295 

negative bacteria possessing plasmid showed greater resistance to the spices used individually and 296 

those used in combination[22].  297 

. 298 

K.pneumoniae organisms are often resistant to multiple antibiotics. Current evidence implicates a 299 

plasmid as the sourceof the resistant genes. K.pneumoniae with the ability to produce extended-spectrum 300 

beta-lactamases ESBL are resistant to many classes of antibiotics. The most frequent resistances include 301 

resistance to aminoglycosides, fluoroquinolones, tetracyclines, chloramphenicol, and 302 

trimethoprim/sulfamethoxazole. P. aeruginosa is an opportunistic, nosocomial pathogen of immune 303 

compromised individuals P. aeruginosa is naturally resistant to a large range of antibiotics P. aeruginosa 304 

easily develops acquired resistance either by mutation in chromosomally encoded genes or by the 305 

horizontal gene transfer of antibiotic resistance determinants. Development of multidrug resistance by P. 306 

aeruginosa isolates requires several different genetic events, including acquisition of different mutations 307 

and/or horizontal transfer of antibiotic resistance genes. 308 

 309 

Resistance (R) plasmids, historically known as R-factors, contain genes that provide resistance 310 

against antibiotics or toxins. In the current study bacteria containing plasmid were identified by subjecting 311 

each of them to plasmid isolation and running on Agarose gel to observe the plasmid, It was observed 312 

that two of the cultures K.pneumoniae and P.aeruginosa showing resistance to most of the antibiotics and 313 

also to the spice extracts displayed a high copy number of their plasmids. The isolated plasmid was then 314 

transformed into E.coli Dh5α to check if the presence of the plasmid was responsible for their resistance 315 

to the extracts. Transformed colonies were picked based upon their growth in the presence of the 316 

antibiotic Vancomycin because in the initial study it was observed that E.coli Dh5α was sensitive to 317 
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Vancomycin where as K.pneumoniae and P.aeruginosa were found to be resistant so Vancomycin was 318 

used in the selection of the transformed colonies. 319 

 320 

CONCLUSION: 321 

 322 
Hence we conclude that spice extracts can be used as effective antimicrobial agents and resistance to 323 

not only the antibiotics but also to antimicrobial agents such as extracts of spices is also carried by 324 

plasmid. 325 

 326 
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