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A B S T R A C T   

In the present study the four candidate microbes B. brevis, P. thailandensis, E. aerogenes and B. anthracis were isolated from soils samples and were 

identified through various biochemical tests. The PCR amplification and sequencing of 16s rRNA gene was also performed for accurate identification 

of candidate microbes and showed up amplicon size of 718bp ,453bp, 581bp & 499bp respectively on agarose gel electrophoresis and sequencing. The 

antimicrobial activities of five different extract of P. longum and P. nigrum fruits have been investigated on the candidate microbes. P. longum & P. 

nigrum showed maximum antimicrobial activity against E. aerogenes and B. brevis, respectively in methanolic and isopropanolic extracts form 

correspondingly. P. thailandensis and B. anthracis were highest inhibited by P. longum in methanolic & isopropanolic extract form respectively, while 

by P. nigrum in isopropanolic extract form. In general, Piper longum demonstrated highest antimicrobial activity in methanolic extract form while P. 

nigrum in isopropanolic extracts form. This study emphasize that Piper longum and P. nigrum are enormously vital as natural antimicrobial agent or as 

it adjuvant and in microbiologically secure foods 
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INTRODUCTION 
 

 In the last three decades, pharmacological industries have produced a large number of new antibiotics (Al-Juraifani, A.A., 

2011). Due to chaotic use of these antimicrobial drugs, rate of resistances in human pathogenic microorganisms has increased 

dramatically (Monroe and Polk, 2000; Parekh and Chanda, 2007; Cohen, M.L., 1992). Thus, especially in immunocompromised 

patients, the occurrence of high morbidity and mortality has been pragmatic with infection of these bacteria (Del Toro, M.D. , 

2006; Driscoll, J.A., S.L. Brody and M.H. Kollef, 2007). These limitations and high cost of the drugs available today, up thrust 

the call for new natural chemotherapeutic substitutes from medicinal plants to eradicate the infections caused by drug resistant 

microbes and to ease the damage caused by such synthetic antibiotic.(Bocanegra-Garcia, V. , 2009; Giamarellou, H., 2006). 

 Natural products from plants have been used from ancient time to promote healthier human life, especially with 

advancement in natural therapies in the last decade (Gislene , 2000; Turgis M , 2008). Antimicrobial properties of plant products 

has been deeply emphasized for a potential application in food industry in order to prevent microbial growth (Hatha , 2006; 

Agaoglu , 2007; Gutierrez J,  2008; Holley RA, Patel D.2005; Du W-X,  2009; Sandasi M,  2008). Spices are not only been used 

for aroma and flavor of the foods but also for their antimicrobial properties (Nanasombat ,2002; Du W-X ,2011; Kivanç  1991; 

http://www.jnasci./
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Jansen , 1987; Shelef , 1980; Aureli , 1992; Conner, 1993). Extensive research has investigated the potential food applications 

of spices, in food products and animal feeds, for natural antimicrobial agents against foodborne pathogens (Tajkarimi M, 2011; 

Srinivasan D ,2001; Du W-X, 2011; Dorman H, Deans S 2008; Burt S. 2004; Singh A, 2003; Aktug and Karapinar, 1986; 

Raybaudi-Massilia RM 2006; Nanasombat S, and Lohasupthawee P., 20005). Spices and their derivative products and extracts, 

extensively contributes in foods and beverages industries (Praveen and Nazia, 2006; Sakandamis , 2002; Outtara , 1997; Arora 

and Kaur 1999).  

 Thus an increasing interest, of the scientific communities, in finding natural antimicrobials for application in food products 

to prevent or inhibit microbial growth and extend shelf life have been noticed (Gutierrez J , 2008; Lopes-Lutz D,  2008; Angioni 

A,  2004; Fattouch S 2007; Lanciotti R 2004). 

 Long pepper (Piper longum Linn.) is found both wild as well as cultivated, throughout the hotter parts of India. Black pepper 

(Piper nigrum) is native to southern Thailand and Malaysia, its most important habitat is the tropical regions of India. Black 

pepper has many medicinal properties like it is used to treat vertigo, asthma, chronicindigrstion, colon, toxins, obesity, sinusitis, 

congestion, fever, paralytic, arthritic disorders and also advised in diarrhoea and cholera (Shashidhar NS 2002; Ravindran PN 

2000; Dorman HJ and Deans SG, 2000). 

 The present study was conducted to identify four pathogenic microbes from soil and to evaluate the antimicrobial activities 

of five different extracts of Long pepper Black pepper on the candidate isolated microbes. 

   

MATERIALS AND METHODS 

 

Collection of sample materials: 

 Long pepper and black pepper fruits were purchased from local fruits vendors for spice collection. After collection, the 

spices were shade dried at room temperature (32 - 35ºC) to constant weight over a period of 5 days. 400 g of each of the plant 

parts were powdered using an electric blender. The powder was transferred and stored in air tight closed containers. 

 

Preparation of extracts: 

 Extracts were prepared in order to study their antimicrobial activity. Aqueous, ethanolic, methanol, isopropanol and 

chloroform extract of each of the long pepper and black pepper of different spice fruits was prepared by soaking 50g of the 

material in various solvents for 72 h with constant stirring at an interval of 24 h. Finally, the extracts were filtered through 

Whatmann filter (paper no. 1) and the filtrate was collected and incubated in water bath to obtain the crude extract (Alade and 

Irobi, 1993). 

 

Identification Of Candidate Microbes: 

Isolation of Bacterial Strains: 

 Two soil samples were randomly collected from different areas of waste land area in Lucknow, U.P. (India) region. Such 

samples were placed in separate sterile polythene bags and stored in a refrigerator at 4 °C till use. 

 The Luria Bertani Agar (LBA) and Nutrient Agar media (NAM) were prepared following the manufacturer’s instructions 

for isolations. Using apposite isolation technique (Ali and Naseem, 2011; Beishir, 1991; Hampton, 1990), inoculation of bacteria 

was carried out under aseptic conditions. Inoculated petriplates were incubated at 37°C for 2-3 days. Different single colonies 

from two different plates were sub-cultured for purification. After 24 hours of incubation at 37°C, single colonies were streaked 

on four fresh media plates. 

 

Biochemical Tests  
 Following etiquette as per Bergey‘s Manual of Systematic Bacteriology (Buchanan and Gibbons, 1974; Holding and Colle, 

1971; Sneath, 1986; Taiwo and Oso, 2004) the four strains were isolated from different soils samples and were identified by 

various conventional biochemical tests. They are Gram reaction, Methyl-red test, Voges Proskauer tests, mannitol test, Catalase 

test and urease test. 

 

Identification of Isolated Bacteria by PCR Amplification & Sequencing of 16S rRNA Gene  

 The PCR amplification of the DNA coding for 16s rRNA is the most powerful tool to identify the unknown bacteria. The 

16s rRNA gene is amplified using the Polymerase Chain Reaction (Mullis, 1990), and the purified amplified product was 

outsourced for sequencing and the final sequence obtained was compared with the sequence obtained from the NCBI database. 

 

Genomic DNA Isolation  

 Genomic DNA was extracted from four different cultures according to the following method. In four flasks, 50 mL LB 

broth was prepared and inoculated with different single bacterial colony and grown until an OD600 of 0.5–1.5. Bacterial cells 

were collected by centrifugation for 10 min at 5000 rpm, at 4°C. Bacterial Genomic DNA isolation kit (Qiagen, USA) was used 
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to isolate genomic DNA from each bacterial sample. The quantity and quality of isolated genomic DNA is estimated using 

Nanodrop spectrophotometer and finally stored at -20°C for further use. 

 

Amplification of the 16s rRNA Gene of candidate microbes  

 The PCR was set up in 25 µl reaction volume. Based on initial trial, the reaction mixture was optimized as follows, 60ng of 

purified DNA, 2.5 µl of 10 X Assay buffer (100 mM Tris- HC1, pH 9.0, 15 mM MgC12, 500mM KC1 and 0.1% gelatin), 10 

pm of forward and reverse primer, 0.20 mM of dNTP mix, 1U Taq DNA polymerase and autoclaved milliQ water to make up 

the volume. The primers used were designed by DNAStar software using sequences from NCBI database, Table 1. 

 
Organism 

 
Forward primer 5' – 3' Reserve primer 5' – 3' NCBI Accession No. 

S1 cgggaggcagcagtagggaatt  caaccatgcaccacctgtcacc AB101593 

S2 gtcgagcggagttgatggagg ggctttcttctcaggtaccgtca AB265205 
S3 ggcctaacacatgcaagtcgagc ccaggttgagcccggggatttc AJ251468 

S4 atgcaagtcgagcgaatggattaag ccacctacgtattaccgcggctgctg AY138376 

 

The cycling conditions contained an initial denaturation at 94 °C for 5 min followed by 35 cycles of 55 sec denaturation at 94 

°C, 55 sec annealing at 62 °C and 60 sec elongation at 72°C and final elongation for 7 min, for micorobe Brevibacillus brevis, 

whereas annealing condition for microbe Paenibacillus thailandensis, Enterobacter aerogenes and Bacillus anthracis 50 sec 

annealing at 60 °C, 55 sec annealing at 58 °C and 50 sec annealing at 63 °C respectively. After the reaction, tubes with PCR 

products were held at 4 °C until further analysis. The products of PCR amplification were confirmed on a 1.6% agarose gel 

containing ethidium bromide (0.5 μg/mL) in 1XTAE buffer (Tris–Acetate–EDTA buffer) and visualized by UV 

transillumination. The PCR product was gel purified and subjected for sequencing (outsourced). The nucleotide sequence so 

obtained was compared with available sequences from the NCBI database and the candidate bacterial sequence was finally 

confirmed. 

 

Evaluation of Antimicrobial activity 

 The candidate bacteria were grown in nutrient agar medium/broth. Antimicrobial activity of different extracts was measured 

using well diffusion method (Sawhney and Singh, 2000). For fresh culture, 25 ml of nutrient broth was taken in four sterilized 

test-tubes and inoculated with different candidate bacterium and incubator for 18-20 h. Milli Q water was used as negative 

control. 1ml of freshly prepared inoculums of different bacterial cultures was introduced in freshly prepared different sterilized 

molten medium plates. After media were solidified, the holes were made by cork borer (5 mm) and each well was filled with 50 

μl of plant extract of both Long pepper and black pepper fruits. Finally, the bacterial culture plates were incubated for 24 h at 

37°C to determine the zonal inhibition and measured in mm. 

 

RESULTS AND DISCUSSION 

 

 In the present investigation, various results reveal that the different extracts of candidate fruits has great potential 

antimicrobial activity against candidate microbes. 

 

Collection of fruit material: 

 The candidate fruits were purchased from local fruits market, and were shade dried at room temperature (32 - 35ºC) and 

coarsely powdered and stored in closed containers & in 4ºC temperature. 

 

Preparation of extracts: 

 The five extracts were prepared in order to study the antimicrobial activity, namely aqueous, ethanolic, methanolic, 

chloroform and isopropanol extract of each candidate fruits and stored for further use. 

 

Identification Of Candidate Microbes: 

Biochemical Tests  

 The four bacteria isolated from different soils samples were identified by various conventional biochemical tests. The result 

of these biochemical tests revealed the probability of following four microbes, B. brevis, P. thailandensis, E. aerogenes and B. 

anthracis. The results of biochemical test are summarized in Table 2. 
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Test Sample S1 Sample S2 Sample S3 Sample S4 

Gram reaction - + + + 
VP test + + + + 

Methyl red - + + + 

Catalase + + + + 
Urease activity + + + + 

Mannitol - - - - 

Probable identify B. brevis P. thailandensis E. aerogenes B. anthracis 

 

Identification of the Isolated Bacteria by PCR Amplification & Sequencing of 16S rRNA Gene  

 The genetic based identification of microbes through PCR based amplification and sequencing of 16s rRNA gene is most 

accurate, sensitive and potent tool for identification of microbes. The genomic DNA from four different pure cultures was 

isolated and visualized on 0.8 % agarose gel electrophoresis (Figure 1a). The good quality DNA was further used in PCR 

amplification reaction. 

  

 
Figure 1a. Genomic DNA extracted from four pure cultures of candidate microbes 

 

 The 16S rRNA gene specific for four candidate microbes was amplified using specific primers Table-1. In order to ensure 

the amplification of specific fragment with higher yield, the PCR protocol was optimized with respect to reaction conditions as 

well as cycle parameters as mentioned in the materials and methods. Following PCR, the amplicons were checked using agarose 

gel electrophoresis. As expected a single and specific band were amplified from the DNA of respective candidate microbe. The 

amplicon size were 718bp, 453bp, 581bp & 499bp for samples of S1 (Brevibacillus brevis ), S2 (Paenibacillus thailandensis ), 

S3 (Enterobacter aerogenes) & S4 (Bacillus anthracis) respectively (Figure 1b). 

 

 
Figure 1b. PCR amplified product 718bp, 453bp, 581bp & 499bp of 16s rRNA gene of S1(B. brevis), S2(P. thailandensis), S3(E. aerogenes) 

& S4(B. anthracis) respectively, M = 100bp ladder 
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 The four PCR products were gel purified and were sequenced (outsourced). The 5'-3' sequence of 16S rRNA gene of the 

respective microbes is shown in Figure 2. The sequences were BLASTED on NCBI website for sequence confirmation. The 

Sequencing confirmed the size of the amplified fragments to be 718bp ,453bp, 581bp & 499bp for samples of S1 (Brevibacillus 

brevis ), S2 (Paenibacillus thailandensis ), S3 (Enterobacter aerogenes) & S4 (Bacillus anthracis) respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Nucleotide sequence of 718bp, 453bp, 581bp & 499bp of  16s rRNA gene of  S1 (B. brevis ), S2 (P. thailandensis ), S3 (E. 

aerogenes) & S4 (B. anthracis) respectively. 

Antimicrobial activity 

 The Piper longum possessed maximum antimicrobial activity against B. brevis,  P. thailandensis, E. aerogenes in the 

methanolic extract form while maximum against B. anthracis in isopropanol extract form. While lowest antimicrobial against B. 

brevis,  P. thailandensis, E. aerogenes and B. anthracis was demonstrated by aqueous, ethanol, isopropanol and chloroform 

extract form respectively (Fig 3 and Table 3). 

 

B. brevis 718 bp 

Cgggaggcagcagtagggaattttccacaatggacgaaagtctgatggagcaacgccgcgtgaacgatgaaggtcttcggattgtaaagttctgttgttag

ggacgaataagtaccgttcgaatagggcggtaccttgacggtacctgacgagaaagccacggctaactacgtgccagcagccgcggtaatacgtaggtg

gcaagcgttgtccggatttattgggcgtaaagcgcgcgcaggcggctatgtaagtctggtgttaaagcccggggctcaaccccggttcgcatcggaaactg

tgtagcttgagtgcagaagaggaaagcggtattccacgtgtagcggtgaaatgcgtagagatgtggaggaacaccagtggcgaaggcggctttctggtctg

taactgacgctgaggcgcgaaagcgtggggagcaaacaggattagataccctggtagtccacgccgtaaacgatgagtgctaggtgttgggggtttcaata

ccctcagtgccgcagctaacgcaataagcactccgcctggggagtacgctcgcaagagtgaaactcaaaggaattgacgggggcccgcacaagcggtg

gagcatgtggtttaattcgaagcaacgcgaagaaccttaccaggtcttgacatcccgctgaccgctctggagacagagcttcccttcggggcagcggtgac

aggtggtgcatggttg 

P. thailandensis 453bp 

Gtcgagcggagttgatggaggtgcttgcacttctganggttagcggcggacgggtgagtaacacgtaggtaacctgcccataagaccgggataacattcg

gaaacggatgctaataccggatacgcaattctctcgcatgaggggattgggaaaggcggagcaatctgtcacttatggatggacctgcggcgcattagcta

gttggtgaggtaacggctcaccaaggcgacgatgcgtagccgacctgagagggtgatcggccacactgggactgagacacggcccagactcctacggg

aggcagcagtagggaatcttccgcaatgggcgaaagcctgacggagcaacgccgcgtgagtgatgaaggttttcggatcgtaaagctctgttgccaggga

agaacgcttgggagagtaactgctctcaaggtgacggtacctgagaagaaagcc 

E. aerogenes 581bp 

ggcctaacacatgcaagtcgagcggtarcacagagagcttgctctcgggtgacgagcggcggacgggtgagtaatgtctgggaaactgcctgatggagg

gggataactactggaaacggtagctaataccgcataacgtcgcaagaccaaagtgggggaccttcgggcctcatgccatcagatgtgcccagatgggatta

gctagtaggtggggtaatggctcacctaggcgacgatccctagctggtctgagaggatgaccagccacactggaactgagacacggtccagactcctacg

ggaggcagcagtggggaatattgcacaatgggcgcaagcctgatgcagccatgccgcgtgtatgaagaaggccttcgggttgtaaagtactttcagcgag

gaggaaggcgttaaggttaataaccttggcgattgacgttactcgcagaagaagcaccggctaactccgtgccagcagccgcggtaatacggagggtgca

agcgttaatcggaattactgggcgtaaagcgcacgcaggcggtctgtcaagtcggatgtgaaatccccgggctcaacctgg 

B.  anthracis 499 bp 

atgcaagtcgagcgaatggattaagagcttgctcttatgaagttagcggcggacgggtgagtaacacgtgggtaacctgcccataagactgggataactcc

gggaaaccggggctaataccggataacattttgaaccgcatggttcgaaattgaaaggcggcttcggctgtcacttatggatggacccgcgtcgcattagct

agttggtgaggtaacggctcaccaaggcaacgatgcgtagccgacctgagagggtgatcggccacactgggactgagacacggcccagactcctacgg

gaggcagcagtagggaatcttccgcaatggacgaaagtctgacggagcaacgccgcgtgagtgatgaaggctttcgggtcgtaaaactctgttgttaggga

agaacaagtgctagttgaataagctggcaccttgacggtacctaaccagaaagccacggctaactacgtgccagcagccgcggtaatacgtaggtgg 
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Figure 3. Zone of inhibition of different extracts of Piper longum against S1, S2, S3, & S4 micro-organism 

 
Table 3. Antimicrobial activity of Piper longum extracts against micro-organism of S1, S2, S3 and S4. Extract form: A= Methonol, B= 

Chloroform, C= Ethanol, D=Isopropanol, E=Aqueous and F= Water (control) 
 

Organism 

Piper longum: Diameter of zone of inhibition (mm) 

Extract 

A B C D E F 

S1 10 7 8 9 6 0 

S2 11 7 6 8 8 0 

S3 16 10 14 8 10 0 
S4 11 7 8 12 10 0 

 

 The Piper nigrum possessed maximum antimicrobial activity against B. brevis,  P. thailandensis, E. aerogenes and B. 

anthracis in the isopropanol extract form. While lowest antimicrobial against B. brevis, P. thailandensis and B. anthracis, was 

demonstrated by chloroform extract form and lowest against E. aerogenes aqueous extract form. (Fig 4 and Table 4). 

 

 
Figure 4. Zone of inhibition of different extracts of Piper nigrum against S1, S2, S3, & S4 micro-organism 
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Table 4. Antimicrobial activity of Piper nigrum extracts against micro-organism of S1, S2, S3 and S4. 

Organism 

Piper nigrum: Diameter of zone of inhibition (mm) 

Extract 

A B C D E F 

S1 7 6 10 13 7 0 

S2 7 6 8 10 9 0 

S3 9 7 6 10 5 0 
S4 9 6 7 10 7 0 

 

 This study strongly evidence that the maximum antimicrobial activity against any specific microbes varies with the different 

solvent-extract form. A more comprehensive study need to be done to compile a data for all spices to identify the best 

antimicrobial extracts form as broad spectrum as well as individual microbes specific, so as to be used as potential food additives 

or as natural antimicrobial adjuvant to assure the microbiologically secure foods production. 

 

CONCLUSION 

 

 From this study, it can be concluded that the peel and pulp of candidate citrus fruits encourage a very high potential to be 

used as natural antimicrobial agents against studied microbes in comparison to gentamicin. Further research may also be done 

to study the antimicrobial properties of these citrus fruits against other microbes as well as in comparison to other synthetic 

antibiotics also. It can also be concluded that the peel and pulp of candidate citrus fruits are valuable for human consumption 

and health. Further, this study put forward a new insight towards formulation of new & effective antimicrobial drug and can be 

used as a powerful natural antimicrobial stabilizer for food products and as nutritional supplement. 

 

REFERENCES 
 

Agaoglu S, Dostbil N and Alemdar S. 2007. Antimicrobial activity of some spices used in the meat industry. Bulletin of the Veterinary Institute 

in Pulawy, 53-57. 

Aktug SE. and Karapinar M. 1986. Sensitivity of some common food-poising bacteria to thyme, mint and bay leaves. International Journal of 

Food Microbiology, 3, 349-354. 

Alade PI and Irobi ON. 1993. Antimicrobial activity of crude leaf extract of Acalypha wilkesiana. Journal Ethanopharmacol, 39: 170-174. 

Ali A and Naseem F. 2011. Isolation, cultivation, purification and identification of bacterial species from microfauna of soil. Italian Journal of 

Public Health, 8(1): 34–39. 

Al-Juraifani AA. 2011. Antimicrobial activity of some medicinal plants used in Saudi Arabia. Canadian journal of pure & applied sciences, 

5(2): 1509-1512. 

Angioni A, Barra A, Cereti E, Barile D, Coïsson JD and Arlorio M,  2004. Chemical composition, plant genetic differences, antimicrobial and 

antifungal activity investigation of the essential oil of Rosmarinus officinalis L. Journal of Agricultural and Food Chemistry 52:3530. 

Arora D and KaurnJ. 1999. Antimicrobial activity of spices. International Journal of Antimicrobial Agents, 12, 257-262 

Aureli P, Constantini A and Zoles S. 1992. Antibacterial activity of some plants essential oils against Listeria monocytogenes. Journal of Food 

Protection, 55, 344-348. 

Beishir L. 1991. Microbiology in Practice: A Self-Instructional Laboratory Course, Fifth Edition (Harper Collins: New York). 

Bocanegra-Garcia V, Camacho-Corona M, Ramirez-Cabrera M and Garza-Gonzatez GR. 2009. The bioactivity of plant extracts against 

representative bacterial pathogens of the lower respiratory tract. BMC Research Notes, 2: 95. 

Buchanan RE and Gibbons NE. 1974. In: Bergey‘s manual of determinative bacteriology. 8th. ed. Baltimore: Williams & Wilkins. P:1268. 

Burt S. 2004. Essential oils: their antibacterial properties and potential applications in foods—a review. International Journal of Food 

Microbiology 94:223. 

Cohen ML. 1992. Epidemiology of drug resistance: implications for a post-antimicrobial era. Science, 257(5073): 1050-1055. 

Conner DE. 1993. Naturally occurring compounds. In: Davidison, P. M. and Branen, A. L (Eds). Antimicrobials in foods. New York : Marcel 

Dekker. pp. 441-468. 

Del Toro MD, Rodriguez-Bano J, Martinez-Martinez L, Pascual A, Perez-Canoa R, Perea EJ and Muniain MA. 2006. Epidemiology, clinical 

features and prognosis of infections due to Stenotrophomonas maltophilia. Enfermedades Infecciosas Microbiologia Clinica, 24: 4 

Dorman H and Deans S. 2008. Antimicrobial agents from plants: antibacterial activity of plant volatile oils. Journal of Applied Microbiology 

88:308. 

Dorman HJ and Deans SG. 2000. Antimicrobial agents from plants: antimicrobial activity of plant volatile oils, J Appl Microbiol, 88(2), 308-

316 

Driscoll JA, Brody SL and Kollef MH. 2007. The epidemiology, pathogenesis and treatment of  Pseudomonas aeruginosa infections. Drugs, 

67(3): 351-368. 

Du WX, Avena-Bustillos RJ, Hua SST and McHugh TH. 2011. Antimicrobial volatile essential oils in edible films for food safety. Science 

1124. 

Du W-X, Olsen CW, Avena-Bustillos RJ, McHugh TH, Levin CE, Mandrell R,  2009. Antibacterial effects of allspice, garlic, and oregano 

essential oils in tomato films determined by overlay and vapor-phase methods. Journal of Food Science 74:M390. 



 

J. Agri-Food & Appl. Sci., 3 (1): 14-21, 2015 

21 | P a g e  
 

Fattouch S, Caboni P, Coroneo V, Tuberoso CI, Angioni A and Dessi S. 2007. Antimicrobial activity of Tunisian quince (Cydonia oblonga 

Miller) pulp and peel polyphenolic extracts. Journal of Agricultural and Food Chemistry 55:963. 

Giamarellou H. 2006. Treatment options for multidrug-resistant bacteria. Expert Review of Antiinfective Therapy, 4(4): 601-618. 

Gislene GFN, Juliana L, Paulo CF and Giuliana LS. 2000. Antibacterial Activity of Plant Extracts and  Phytochemicals on Antibiotic Resistant 

Bacteria. Brazilian J. Microbiology 247-256. 

Gutierrez J, Barry-Ryan C and Bourke P. 2008. The antimicrobial efficacy of plant essential oil combinations and interactions with 

foodingredients. International Journal of Food Microbiology 124:91. 

Hampton R, Ball E and DeBoer S. 1990. Serological Methods for Detection and Identification of Viral and Bacterial Pathogens. A Laboratory 

Manual. American Phytopathological Society Press, Saint Paul, Minnesota, USA. 

Hatha AAM and Abirosh C. 2006. Antimicrobial Activity of Some of the South- Indian Spices Against Serotypes of Brazilian Journal of 

Microbiology 37:153-158. 

Holding AJ and Colle JG. 1971. In: Methods in Microbiology, (Norrs JR, Ribbons Eds). DW Acadamic press, London, 64:1-32. 

Holley RA and Patel D. 2005. Improvement in shelf-life and safety of perishable foods by plant essential oils and smoke antimicrobials. Food 

Microbiology 22:273. 

Jansen AM, Scheffer JJC and Svendsen B. 1987. Antimicrobial activities of essential oils. Literature review on possible application. Pharmacie, 

9, 193-197. 

Kivanç M, Akgul A and Dogan A. 1991. Inhibitory and stimulatory effects of cumin, oregano and their essential oils on growth and acid 

production of Lactobacillus plantarum and Leuconostoc mesenteroides. International Journal of Food Microbiology, 13, 81-86. 

Lanciotti R, Gianotti A, Patrignani N, Belleti N, Guerzoni ME and Gardini F. 2004. Use of natural aroma compounds to improve shelf-life of 

minimally processed fruits. Trends in Food Science & Technology, 15, 201-208. 

Lopes-Lutz D, Alviano DS, Alviano CS and Kolodziejczyk PP. 2008. Screening of chemical composition, antimicrobial and antioxidant 

activities of Artemisia essential oils. Phytochemistry 69:1732. 

Monroe S and Polk R. 2000. Antimicrobial use and bacterial resistance. Curr Opin Microbial 3: 496-501. 

Mullis KB. 1990. The Unusual origin of Polymerase Chain reaction. Sci. Am., 56-65. 

Nanasombat S and Lohasupthawee P. 2005. Antibacterial activity of crude ethanolic extracts and essential oils of spices against Salmonellae 

and other enterobacteria. KMITL Science and Technology Journal 5:527. 

Nanasombat S, Prasertsin V, Graisin K, Shain H and Thanaboripat B. 2002. Efficacy of New Enzyme- Linked Immunosorbent Assay for Rapid 

Detection of Salmonella in Foods. Government Pharmaceutical Organization Report, Bangkok. 

Outara B, Simard RE, Holley RA, Piette GJP and Bégin A. 1997. Antibacterial activity of selected fatty acids and essential oils against six 

meat spoilage organisms. International Journal of Food Microbiology, 37, 155-162. 

Parekh J and Chanda S. 2007. Antibacterial and phytochemical studies on twelve species of Indian medicinal plants. Afr J Biol Res. 10: 175-

181. 

Perveen T and Nazia MAC. 2006. Bactericidal Activity of Black Pepper, Aniseed and Coriander against Oral Isolates. Pakistan J. 

Pharmaceutical Sciences, (3): 214-218. 

Ravindran PN. 2000. Black pepper: piper nigrum series: Medicinal and Aromatic plants-Industrial profiles, Center for Medicinal Plant and 

Research Kerala, India. 

Raybaudi Massilia RM, Mosqueda Melgar J and Martin Belloso O. 2006. Antimicrobial activity of essential oils on Salmonella enteritidis, 

Escherichia coli, and Listeria innocua in fruit juices. Journal of Food Protection 69:1579. 

Sakandamis P, Tsigarida E and Nichas GJ. 2002. The effect of oregano essential oil on survival/death of Salmonella typhimurium in meat 

stored at 5°C 

Sandasi M, Leonard C and Viljoen A. 2008. The effect of five common essential oil components on Listeria monocytogenes biofilms. Food 

Control. 19:1070. 

Sawhney SK and Singh R. 2000. Estimation of Ascorbic acid in lemon juice. Introductory Practical Biochemistry. Narosa Publishing House, 

pp-104. ISBN: 81-7319-302-9 

Shashidhar NS. 2002. Studies on bioactive natural compounds for their antimicrobial and antioxidant properties, Ph.D thesis submitted to 

Osmania University Hyderabad, India. 

Shelef LA, Naglik OA and Bogen DW. 1980. Sensitivity of some common food-borne bacteria to the spices sage, rosemary and allspice. 

Journal of Food Science, 45, 1042-1044. 

Singh A, Singh R, Bhunia A and Singh N. 2003. Efficacy of plant essential oils as antimicrobial agents against Listeria monocytogenes in 

hotdogs. LWT-Food Science and Technology 36:787. 

Sneath PHA. 1986. Endospore-forming Gram-Positive Rods and Cocci. In: Bergey‘s manual of systematic bacteriology, (Murray RGE, 

Brenner DJ, Bryant MP et al Eds) 1st edn., Baltimore, Md., Williams and Wilkins, pp 1104–1207. 

Srinivasan D, Nathan S, Suresh T and Lakshmana Perumalsamy P. 2001. Antimicrobial activity of certain Indian medicinal plants used in 

folkloric medicine. Journal of Ethnopharmacology 74:217. 

Taiwo LB and Oso BA. 2004. Influence of Composting techniques on microbial succession, temperature and pH in a Composting municipal 

solid waste. African Journal of Biotechnology. 3: 239-243. 

Tajkarimi M, Ibrahim S and Cliver D. 2010. Antimicrobial herb and spice compounds in food. Food Control 21:1199. 

Turgis M, Borsa J, Millette M, Salmieri S and Lacroix M. 2008. Effect of selected plant essential oils or their constituents and modified 

atmosphere packaging on the radiosensitivity of Escherichia coli O157: H7 and Salmonella Typhi in ground beef. Journal of Food 

Protection71:516. 


