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ABSTRACT 

Spices and herbs have been used as food additives, as flavouring agents and also 

as natural food preservatives. Spices are derived from different parts of the plants, such 

as cardamom from seed, bay leaf from leafs, clove from flower bud, pepper from fruit, 

cinnamon from bark or ginger from rhizome. The antimicrobial properties of spices are 

largely due to the presence of alkaloids, phenols, glycosides, steroids, essential oils, 

coumarins, tannins and volatile oils. The phytochemical analyses of various spices were 

examined. Precisely, Anise, Cinnamon, Ginger, Mustard, Fennel extracts were prepared 

using methanolic and ethanolic solvents and their antimicrobial activities were tested by 

agar well diffusion method against clinical and food borne pathogens (Lactobacillus sp., 

Pseudomonas sp., Klebsiella sp., Staphylococcus aureus, Salmonella sp., Candida sp., 

Aspergillus sp). Phytochemical screenings of spices were identified and compared with 

standards. The antioxidant activity, hormonal action, stimulation of enzymes was also 

determined. Among the extracts, Cinnamon extract was found to have very high 

antibacterial activity against all the strains. Combined spice extracts had a high 

antimicrobial activity against hospital and food spoilage pathogens. 
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INTRODUCTION 

Spices and herbs have been used as food 

additives, flavouring agents and also as natural 

food preservatives .Spices are derived from 

different parts of the plants, such as cardamom 

from seed, bay leaf from leafs, clove from 

flower bud, pepper from fruit, cinnamon from 

bark or ginger from rhizome. They can be 

classified by their flavor and color, i.e., hot 

(pepper), pungent (garlic), aromatic (cinnamon, 

clove), coloring (turmeric) and herbaceous 

(rosemary, sage), or according to their taste, 

such as sweet, spicy, sour, bitter and astringent. 
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Spices are used as substrates that 

increase the taste and variation of food (Ceylan, 

1997; Bulduk, 2004). For thousands of years, 

aromatic plant materials have been used in food 

preparation and preservation, as well as for 

embalming, in areas where the plants are 

native, such as Hindustan and the Spice Islands 

(Govindarajan, 1985; Dillon and Board, 1994). 

The inhibitory effects of spices are mostly due 

to the volatile oils present in their composition 

(Arora- Dlijit and Kaur, 1999). 

Spices and herbs have been used as food 

additives since ancient times, as flavouring 

agents but also as natural food preservatives. A 

number of spices show antimicrobial activity 

against different types of microorganisms. The 

antimicrobial activity depends on the type of 

spice or herb, type of food and microorganism, 

as well as on the chemical composition and 

content of extracts and essential oils.  

Spices, are derived from different parts 

of the plants, such as cardamom from seed, bay 

leaf from leafs, clove from flower bud, pepper 

from fruit, cinnamon from bark or ginger from 

rhizome. Furthermore, there is no a common 

method to classify spices. They can be 

classified by their flavor and color, i.e., hot 

(pepper), pungent (garlic), aromatic (cinnamon, 

clove), coloring (turmeric) and herbaceous 

(rosemary, sage), or according to their taste, 

such as sweet, spicy, sour, bitter and astringent 

(Ceylan and Fung, 2004). Numerous studies 

have been published on the antimicrobial 

activities of plant extracts against different 

types of microbes, including foodborne 

pathogens (Beuchat, 1994; Smith-Palmer et al.,, 

1998; Hara-Kudo et al., 2004). It has been 

reported that spices owe their antimicrobial 

properties mostly to the presence of alkaloids, 

phenols, glycosides, steroids, essential oils, 

coumarins and tannins (Ebana et al., 1991). 

(López-Malo et al., 2006), some of 

antimicrobial components that have been 

identified in spices and herbs are: eugenol from 

cloves, thymol from thyme and oregano, 

carvacrol from oregano, vanillin from vanilla, 

allicin from garlic, cinnamic aldehyde from 

cinnamon, allyl isothiocyanate from mustard, 

etc. Among these products, particular interest 

has been focused on essential oils (EOs) and 

their components (Elgayyar, 2001), because 

they are known to be active against a wide 

variety of microorganisms, including food-

borne pathogens and spoilage bacteria 

(Hammer et al., 1999; Dorman. et al., 2000).   

Essential oils are aromatic and volatile 

oily liquids of an aromatic plant’s secondary 

metabolism. They are normally formed in 

special cells or groups of cells, found in leaves 

and stems, and commonly concentrated in one 

particular region such as leaves, bark or fruit 

(Oussalah et al., 2006). Essential oils have long 

served as flavoring agents in food and 

beverages, but they are much more important 

because of their antimicrobial activity, which is 

assigned to a number of small molecules of 

terpenoids and phenolic compounds (thymol, 

carvacrol, eugenol). 
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Herbal medicines are increasingly used 

as dietary supplements for treatment against 

different human disorders. Spices can be 

defined as "any dried, fragrant, aromatic or 

pungent vegetables or plant substances in 

whole, broken or ground forms, that contribute 

flavor, whose primary function in food is 

seasoning rather than nutrition and that may 

contribute relish or piquancy of foods and 

beverages"(Sherman et al.,1998). Several 

spices particularly garlic, black pepper, clove, 

ginger, cumin, cardamom, cinnamon and 

caraway are used extensively in the Indian diet 

and in Indian medicine. Garlic with its 

antimicrobial properties is widely used for a 

number of infectious diseases. Eugenol, an 

active principle of clove is used as an antiseptic 

and possesses local anesthetic activity; it is 

therefore used for toothache (Suresh et al., 

1992). The uses of spices for medical benefits 

can be justified as these are easily absorbed by 

our body and generally do not have any adverse 

effects. 

Multi-drug resistant strains of 

Escherichia coli are widely distributed in 

hospitals and are increasingly being isolated 

from community (Akram et al., 2007). Thus, it 

is urgent need to find out new antimicrobial 

agents. However, new families of antimicrobial 

agents will have a short life expectancy (Coates 

et al., 2002). For this reason, researchers are 

increasingly turning their attention to herbal 

products, looking for new leads to develop 

better drugs against multidrug resistant microbe 

strains (Braga et al., 2005). 

Spice plants and essential oils extracted 

from them have become important due to their 

potential antimicrobial (Elgayyar et al., 2001; 

Singh et al., 2006; Valero et al., 2003) and 

stimulating effects in the animal digestive 

system. Spice plants have been used 

traditionally as coloring agents, flavoring 

agents, preservatives, food additives and as well 

as antiparasitic, antihelmintic, analgesic, 

expectorant, sedative, antiseptic and anti-

diabetic substances in many parts of the world 

(Lee et al., 2004).  In addition, they possess 

biological activities such as that of antioxidants 

(Miura et al., 2002)  and hypocholesterolemics 

(Craig, 1999). 

Spices and herbs have been used for 

thousands of centuries by many cultures to 

enhance the flavor and aroma of foods. Early 

cultures also recognized the value of using 

spices and herbs in preserving foods and for 

their medicinal value. Scientific experiments 

since the late 19th century have documented the 

antimicrobial properties of some spices, herbs, 

and their components (Shelef, 1983; Zaika, 

1988). Many herbs and spices are known to 

exert antioxidant activity and are useful for 

preventing lipid oxidation in living organisms 

as well as in foods. Medicinal plants have been 

used for a wide variety of purposes for many 

thousands of years in Turkey and all over the 

world. In particular, extracts and oils of these 

plants have formed the basis of many 

applications, including raw and processed food 

preservation, pharmaceutical, alternative 

medicine, and natural therapies.  
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Spices exhibit antibacterial and 

antifungal activity. Microbiologists and food-

product developers have conducted laboratory 

experiments that involve numerous challenging 

food-borne bacteria, fungi, and yeasts with 

phytochemicals extracted from spice plants. 

Multiple techniques have been used to 

investigate antimicrobial activity, and the 

primary data vary considerably in quality and 

quantity among different spices. Nevertheless, 

it is now clear that many spices have potent 

antimicrobial properties (Hargreaves et al., 

1975). The antimicrobial activity of ethanolic 

extracts and methanolic extracts from spices of 

aromatic plants collected and active against 

Gram-positive, Gram negative bacteria and 

fungi. Some spice plants previously screened 

for biological activity by other investigators 

were included in this study because different 

methods and microorganisms or strains were 

used in the study, which provided a comparison 

base. 

Antibiotic therapy in recent years has 

faced difficulties due to the rapid emergence of 

multidrug resistance among bacteria causing 

several life threatening infections, and this in 

turn, making the future management of 

infectious diseases. The increasing failure of 

chemotherapeutics and antibiotic resistance 

exhibited by pathogenic microbial infectious 

agents has led to the screening of several 

medicinal plants for potential antimicrobial 

activity, and the plant extracts were found to 

have potential against microorganisms (Mandal 

S. et al., 2010; Mandal S. et al., 2011). The 

spices that are generally used as food additives 

in order to provide taste, smell, and color also 

exhibited antibacterial activity (Agaoglu et al.. 

2007). 

The antibacterial activity of different 

spices including Cinnamomum zeylanicum, 

Syzygium aromaticum and Cuminum cyminum, 

in terms of the zone diameter of inhibition 

(ZDI), against gram-negative and gram-positive 

bacteria including Stapylococcus aureus 

(Agaoglu et al., 2007). The spices including C. 

zeylanicum and S. aromaticum can be used 

against multidrug resistant (MDR) microbes 

causing nosocomial and community acquired 

infections such as Staphylococcus aureus.  

Antibacterial activities of some 

medicinal plants such as Althaea officinalis, 

Mentha longifolia, Melissa officinalis and Rosa 

damascene against methicillin-resistant 

Staphylococcus aureus (MRSA) have been 

reported in terms of MICs. (Abu-Shanab et al., 

2007). But the bactericidal activity of C. 

zeylanicum, S. aromaticum and C. cyminum has 

not been documented against Staphylococcus 

aureus, which is implicated in diseases like 

wound infections, abscesses of the muscle, and 

urogenital tract infections. Moreover, the 

increasing emergence of nosocomial isolates of 

Staphylococcus aureus exhibiting resistance not 

only to methicillin but also to other anti-

Staphylococcus aureus antibiotics, (Schito, 

2006; Korakaki et al., 2007) led to therapeutic 

problems, and hence searching the source for 

new, safe and effective alternative treatment 
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regimen against MRSA infections is imperative 

in order to control its spread. 

Plants have been a valuable source of 

natural products for a long period of time to 

maintain human health, especially with more 

intensive studies in the last decade for natural 

therapies (Gislene et al., 2000). Spices have 

been used for not only flavor and aroma of the 

foods but also to provide antimicrobial 

properties (Nanasombat et al.,2002). Spices 

may contribute piquancy of foods and 

beverages (Praveen et al., 2006). In addition to 

these spices are some of the most commonly 

used natural antimicrobial agents in foods. 

Food safety is a fundamental concern 

for both consumers and producers alike. 

Despite the high degree of awareness of food 

preservation methods there is increasing 

occurrence of disease outbreaks caused some 

ready meal manufacturers which increase 

spoilage microorganisms in foods (Meng and 

Doyle, 1998). The uncontrolled use of chemical 

preservatives over the years has led to 

emergence of emergence of microbial 

resistance to classic antimicrobial agents which 

has become a major health concern (Kiessling 

et al., 2002). 

The usage of synthetic chemical 

additives may have some carcinogenic effects, 

has increased the demand for high-quality, 

minimally processed foods with extended shelf-

life, preferably free from or with a reduced 

level of added chemical antimicrobial agents 

(Zink, 2006). Recently there has also been an 

observed trend towards reducing salt levels in 

ready meals as a result of the proven 

association between excessive sodium intake, 

the development of hypertension and increased 

risk of cardiovascular disease (Desmond, 

2006). Therefore, there is growing interest in 

using natural antimicrobial compounds, 

including extracts of spices, as salt replacer or 

alternatives to synthetic compounds for food 

preservation (Smid and Gorris, 1999). 

Naturally occurring compounds in 

spices such as sulphur compounds, terpenes and 

terpene derivatives, phenols, ester, aldehydes, 

alcohols and glycosides have shown 

antimicrobial functions (Russel and Gold, 

1991). The main factors that the antimicrobial 

activity are the type and composition of the 

spice, amount used, type of microorganism, 

composition of the food, pH value, temperature 

of the environment, and proteins, lipids, salts, 

and phenolic substances present in food 

environment (Sagdic, 2003). 

MATERIALS AND METHODS 

Sample collection 

About five samples of spices namely, 

Cinnamomum zylancium (Cinnamon), Illicium 

verum (Star anise), Brassica nigra (Mustard 

seeds), Zingiber officinale (Ginger), 

Foeniculum vulgare (Fennel), were used in this 

study (Table 1). 
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Table 1. Collected samples 

S.NO  NAME OF                    

SPICES 

    FAMILY  BOTANICAL 

NAME 

PLANT PARTS 

USED 

1.    Cinnamon  Lauraceae  Cinnamomum 

zylancium  

     Seed 

2.     Fennel Umbelliferae Foeniculum vulgare       Seed 

3.     Star Anise Illiciaceae Illicium verum      Seed 

4.     Mustard Brassicaceae  Brassica nigra       Seed 

5.     Ginger Zingiberaceae  Zingiber officinale       Rhizomes 

Solvent extraction  

The plant materials were dried under 

shade and dried materials were crushed using 

mortar and pestle. Then five gram of crushed 

plant material was kept on rotary shaker along 

with 50 ml of different solvents like Ethanol, 

Methanol for 2 days. The extract was 

concentrated by solvent evaporation and used 

for checking antimicrobial activity. 

Phytochemical Analysis  

The phytochemical screening was done 

by procedure described by (Harbone 1998). The 

plant extracts were screened for the presence of 

Cardiac Glycosides, phenolic content, 

alkaloids, anthraquinones, terpenoids, 

flavonoids, tannins, lignin and Saponins. 

Test for Alkaloids (Mayer’s test): 

About 0.5 ml of extract was added with 

a drop or two of Mayer’s reagent by the side of 

test tube. The formation of white or creamy 

precipitate indicates positive test for alkaloids. 

Test for Flavonoids (Ammonia test): 

About one ml of the extract was taken in 

the test tube and ammonia solution was added 

(1:5) followed by the addition of conc. 

sulphuric acid. Appearance of yellow color and 

its disappearance on standing indicates the 

positive test for flavonoids. 

Test for Glycosides (Keller Kiliani test): 

About five ml of each extract was added 

with two ml of glacial acetic acid which was 

followed by the addition of few drops of ferric 

chloride solution and 1 ml of conc. sulphuric 

acid. The formation of brown ring at interface 

confirms the presence of glycosides. 

Test for Phenols (Ferric chloride test): 

About 0.5 ml of the extract was added 

with few drops of neutral ferric chloride (0.5%) 

solution. The formation of dark green color 

indicates the presence of the phenolic 

compounds. 

Test for Saponins (Froth test): 

About one ml of the extract was taken in 

a test tube and distilled water (two ml) was 

added to it. The test tube was then kept in 

boiling water bath for boiling and was shaken 

vigorously. Existence of froth formation during 

warming confirms the presence of saponins. 
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Test for Tannins (Ferric chloride test): 

About one ml of the extract was added 

with 5 ml of distilled water and kept for boiling 

in hot water bath. After boiling, sample was 

cooled down and to this 0.1% ferric chloride 

solution was added. Appearance of brownish 

green or blue black coloration confirms the 

presence of tannins. 

Test for Steroids: (Salkowski test): 

About five ml of extract was taken in a 

test tube and two ml of chloroform was added 

to it followed by the addition of three ml of 

conc. sulfuric acid. Formation of reddish brown 

layer at the junction of two solutions confirms 

the presence of terpenoids. 

Isolation of bacterial culture 

There are different types of media were 

used for bacterial isolation like Mac Conkey’s 

Agar (MAC), EMB agar, SS Agar (Salmonella 

Shigella Agar), Nutrient Agar, Nutrient Broth 

were used for the isolation and identification of 

some Gram- Positive and Gram -Negative 

bacteria.  

The Gram Staining:  

Gram staining is a common technique 

used to differentiate two large groups of 

bacteria based on their difference in their cell 

wall constituents. The Gram stain procedure 

distinguishes between Gram positive and Gram 

negative groups by coloring these cells red or 

violet.  Gram staining involves three processes 

of staining using crystal violet as a primary 

stain, ethyl alcohol as decolorization agent, 

safranin as counterstain. Gram positive bacteria 

appeared violet due to the presence of a thick 

layer of peptidoglycan in their cell walls, which 

retains the crystal violet. The Gram negative 

bacteria appeared red in colour due to thin 

peptidoglycan layer.  

A heat fixed bacteria smear was covered 

completely with a few drops of crystal violet 

solution. After 30- 60 sec the smear was rinsed 

with water by squirting the slide above the 

smear and letting the water wash over it until 

the water runs clear. Several drops of iodine 

(mordant) was applied to cover the smear and 

left for 60 sec then rinsed again. A few drops of 

Isopropanol-acetone mixture was added at a 

time until it become colorless, then the slide 

was rinsed again. Aqueous safranin was applied 

for 30- 60 sec followed by a rinsing. The smear 

was blotted to remove excess water, using 

absorbent paper. The slide was then air dried 

and observed under a microscope.  

Motility test: 

             The test was performed to check the 

production of gas and the motility of organisms 

by Stab and streak technique. The SIM medium 

contains sodium thiosulfate and Iron sulfate 

(this acts as an indicator) sulphur can be 

reduced to H2S (hydrogen sulphide) either by 

catabolism of the amino acid cysteine by the 

enzyme cysteine desulfurase or by reduction of 

thiosulphate in anaerobic respiration. If H2S 

was produced, it forms a black precipitate of 

ferrous sulfide which was visible in the deep. 

SIM agar medium was prepared, sterilized and 
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dispensed in sterile tubes. The samples were 

inoculated by stabbing the agar deeps. The test 

tubes were incubated at 37ºC for 24hours. The 

positive result indicates the growth of the 

organism which radiates from the stab mark 

and negative results indicates no growth 

radiation. 

Hanging drop method: 

Thin film of paraffin wax is placed near 

each corner of the cover glass. A loop ful of 

culture is placed in the center of the cover slip. 

Depression side of the cavity slide is pressed 

against paraffin wax on the cover glass. The 

slide is inverted and examined under oil 

immersion. 

Nutrient agar: 

 Nutrient agar supports a wide range of 

bacterial growth. The nutrient media contains 

all the elements required for the growth of the 

bacteria. The medium contains beef extract 

which contains mineral and carbohydrates, 

peptone a source of protein and nitrogen, 

sodium chloride an electrolyte, agar a 

solidifying agent and distilled water which 

maintains the pH 7. The media was sterilized 

by autoclaving at 121ºC for 15 minutes at 15 

lbs pressure; the media was then dispensed into 

sterile petri dishes so as to form a uniform 

depth of 4mm. 

Mac Conkey Medium: 

 MacConkey agar has been used to 

distinguish between lactose fermenting and non 

lactose fermenting bacteria. It contains bile 

salts and dye crystal violet, inhibits the growth 

of gram positive bacteria and carbohydrate 

lactose which allows differentiation of gram-

negative bacteria based on their ability to 

ferment lactose. Organisms which ferment 

lactose produce acidic end products which react 

with the pH indicator neutral red and produce 

pink colour. During fermentation of sugar, acid 

is formed and pH of the medium drops, 

changing the colour of pH indicator, neutral 

red. The media was prepared was sterilized by 

autoclaving at 121ºC for 15 minutes at 15 lbs 

pressure, the media was then dispensed into 

sterile petri dishes. The positive result indicates 

pink color colonies and a negative result 

indicates colorless colonies. 

Eosin Methylene Blue agar (EMB): 

EMB is a differential microbiological 

medium used for distinguishing pathogenic 

microbes. It inhibits the growth of Gram-

positive bacteria and provides a color indicator 

distinguishing between lactose fermenters and 

non lactose fermenters. During the lactose 

fermentation the organisms produces acids, and 

the positive results observed to be appearance 

of blue black colonies with green metallic 

sheen around the colonies and the negative 

results were indicated by colorless colonies 

(Levine, 1918).  

Biochemical tests 

Indole Production Test: 

            Some bacteria can produce indole from 

amino acid tryptophan using the enzyme 

tryptophanase. The production of indole was 
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detected using Kovac’s reagent. Indole reacts 

with the aldehyde group and red color was 

formed with the alcoholic layer which appeared 

as a ring at the top. The samples were 

inoculated in peptone water, which contains 

amino acid tryptophan and incubated at 37°C 

overnight. Following incubation few drops of 

Kovac’s reagent was added. Kovac’s reagent 

consists of para-dimethyl aminobenzaldehyde, 

isoamyl alcohol and concentrated hydrochloric 

acid. The positive result indicates formation of 

a cherry red colored ring as immiscible layer at 

the top. The negative result indicates the 

absence of cherry red ring. 

Methyl Red Test: 

The Methyl red test was performed to 

detect the ability of an organism to produce and 

maintain stable acid end products from glucose 

fermentation. The large amounts of acids from 

glucose fermentation that they overcome the 

buffering action of the system. Methyl Red is a 

pH indicator, which remains red in color at a 

pH of 4.4 or less. The samples were inoculated 

into MRVP broth, and incubated at 37°C for 48 

hours. Over the 48 hours the mixed-acid 

producing organism must produce sufficient 

acid to overcome the phosphate buffer and 

remain acidic. The pH of the medium was 

tested by the addition of five drops of 0.04% 

solution of methyl red reagent. The 

development of red color was taken as positive 

and yellow color as negative.  

Voges proskauer test: 

  Voges proskauer test was performed to 

detect butylene glycol producers, Acetyl-

methyl carbinol (acetoin) is an intermediate in 

the production of butylene glycol. The two 

reagents,40% KOH and alpha-naphthol was 

added to test broth after incubation and exposed 

to atmospheric oxygen. If acetoin was present it 

was oxidized in the presence of air and KOH to 

diacetyl. Diacetyl then reacts with guanidine 

components of peptone, in the presence of 

alpha-naphthol to produce red color. Role of 

alpha-naphthol is a catalyst and a color 

intensifier. The samples were inoculated into 

glucose phosphate broth and incubated for at 

least 48 hours about 0.6 ml of alpha-naphthol 

was added to the test broth and shaken. About 

0.2 ml of 40% KOH is added to the broth and 

shaken. The tube was allowed to stand for 15 

minutes. The positive result indicates 

appearance of red color. The negative result 

indicates absence of red colour. 

Citrate Utilization test: 

           Citrate Utilization test was performed to 

detect  the ability of an organism to utilize 

citrate as the sole source of carbon and energy 

were inoculated on a medium containing 

sodium citrate and a pH indicator bromothymol 

blue. The medium also contains inorganic 

ammonium salts, used as sole nitrogen source. 

Utilization of citrate involves the enzyme 

citrase, which breaks down citrate to 

oxaloacetate and acetate. Oxaloacetate was 

further broken down to pyruvate and carbon 

dioxide. Production of sodium bicarbonate as 

well as ammonia from utilization of sodium 
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citrate and ammonium salt results in alkaline 

pH. This results in change of medium’s color 

from green to blue. The samples were 

inoculated into slope of Simmon’s citrate agar 

and incubated overnight at 37ºC. If the 

organism has the ability to utilize citrate, the 

medium changes its color from green to blue. 

This test depends on the ability of the 

organisms to utilize citrate as carbon source. 

Christensen’s Citrate agar medium was 

prepared and sterilized 121ºC for 15 minutes at 

15lbs pressure, it was dispensed into sterile test 

tubes and allowed to set as slants. The test 

samples were inoculated onto the agar slopes 

and incubated at 37ºC for 48 hours. The color 

change from green to Prussian blue color 

indicates a positive reaction and absence of 

color change indicates a negative reaction. 

Urease test: 

Urease broth was a differential medium 

that tests the ability of an organism to produce 

an exoenzyme, called urease that hydrolyzes 

urea to ammonia and carbon dioxide.  The 

broth contains two pH buffers, urea, a very 

small amount of nutrients for the bacteria, and 

the pH indicator phenol red.  Phenol red turns 

yellow in an acidic environment and pink in an 

alkaline environment.  If the urea in the broth is 

degraded and ammonia is produced, an alkaline 

environment is created, and the media turns 

pink. Christensen’s urea agar medium was 

prepared from dehydrated base, and sterilized 

121ºC for 15 minutes at 15lbs pressure, 

whereas urea was filter sterilized and poured 

into molten medium. It was dispensed into 

sterile test tubes and allowed to set as slants. 

The samples were inoculated onto the agar 

slopes and incubated at 37ºC for 48 hours. 

Following incubation, the tubes were observed 

for any colour change. A Positive reaction was 

indicated by the presence of pink colour. The 

absence of pink colour indicates a negative 

result. 

Catalase test: 

 Catalase test was performed to detect 

the organisms which are capable of producing 

the enzyme catalase, the conversion of 

hydrogen peroxide and superoxide into oxygen 

and water.  About one ml of 3% hydrogen 

peroxide solution was poured over a nutrient 

agar slope culture of the test organism and tube 

is held in a slanting position. A brisk 

effervescence with bubbling was considered as 

positive reaction, absence of bubble formation 

gives the negative reaction. . 

Carbohydrate fermentation test: 

 Three sets of tubes containing peptone 

water were prepared, each tube containing one 

of three sugars. The sugars were glucose, 

lactose and sucrose. The pH indicator 

bromophenol blue was used to detect the acid 

content. The broth was dispensed into test tubes 

where Durham’s tube was introduced to detect 

gas production, and incubated at 37ºC for 48 

hours. Following incubation, the tubes were 

observed for gas production by formation of 

gas bubbles and acid production was indicated 

by color change to yellow. 
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Oxidase test: 

 Oxidase test detects the presence of 

respiratory cytochrome oxidase,which catalyses 

the transport of electrons between donors. 

Kovac’s method was used. A filter paper disc 

was soaked with 1% solution of paraphenylene 

diamine dihydrochloride reagent, and at once 

rubbed by a speck of culture on it. The dye 

reduced within 10 seconds to develop a purple 

colour, which is taken as a positive test. 

Gelatinase production: 

 Nutrient gelatin medium is a differential 

medium that are used to test the ability of the 

organism to produce an exoenzyme called 

gelatinase that hydrolyses gelatin. Gelatinase 

was used for breakdown of gelatin into smaller 

peptides, peptides and amino acids can cross 

the cell membrane and can be utilized by the 

organism. The medium was sterilized at 121
0
C 

for 15 minutes or 15lb/inch
2
 pressure and 

dispensed into sterile test tubes. The tubes were 

then inoculated with the culture and incubated 

at room temperature for 24 hours. They were 

then kept in a refrigerator at 4
0
C for 30 minutes. 

The positive result indicates zone of clearance 

around the colony. The incubated culture media 

that failed to solidify shows that the organisms 

has hydrolyzed gelatin.            

Antibiotic sensitivity test (CCLS)  

 The antimicrobial activity of methanol 

and ethanol extracts of spice samples were 

evaluated using well diffusion assay. 100 µl of 

the appropriate bacterial suspention was 

inoculated on Muller Hinton Agar using sterile 

swabs. 100 µl of the extract was added into the 

10 mm wells and the plates were allowed for 

pre-diffusion of the extract before incubation. 

The diameter of zone of inhibition mean of two 

replicates ± standard deviation as indicated by 

clear area which was devoid of growth of 

microbes was measured to determine 

antimicrobial activity. The experiment was 

replicated twice to confirm the reproducible 

results. 

 Muller Hinton agar was prepared, 

sterilized and dispensed into sterile petriplates. 

A lawn culture of test strains was made on the 

surface of the agar plates using a cotton swab. 

Selected antibiotics such as, ampicillin, 

gentamycin, chloramphenicol and amphotericin 

B, were used. The plates were then incubated at 

37ºc for overnight. After the incubation period, 

the plates were observed for the presence of 

zone of inhibition around the antibiotic well. 

The diameter of zone of inhibition was 

measured using a scale. The result was 

interpreted as sensitive, intermediate or 

resistant according to NCCLS criteria. 

RESULTS AND DISCUSSION 

Identification 

The hospital pathogens and food 

spoilage pathogens were identified by 

morphological characters, standard biochemical 

test protocols. The test organisms are 

Lactobacillus sp., Pseudomonas sp., Klebsiella 

sp., Staphylococcus aureus, Salmonella sp., 

Candida sp., Aspergillus sp were used. The 

morphological characterizations were done by 
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gram staining and were classified into gram 

positive and gram negative. The motility of the 

organisms was determined by hanging drop 

method. The biochemical characters were 

determined and confirmed for the gram 

negative organisms. 

Table 2. Gram Staining 

S.No ORGANISMS GRAM REACTION 

1 Klebsiella sp. Gram negative Rod 

2 Pseudomonas sp. Gram negative Rod 

3 Salmonella sp. Gram negative Rod 

4 Lactobacillus sp. Gram positive long rods 

5 Stapylococcus sp Gram positive cocci 

 

Table 3. Biochemical characteristics of gram negative organisms 

 

Plate 1. Biochemical test for Klebsiella sp. 

 
1.Indole   2.Indole control   3.Methyl Red 4. Methyl red control  5.Voges-Proskeuar 

6. VP control  7.Citrate     8.Citrate control      9. H₂S  10. H₂S control 

            

 

S. 

No 

ORGANISMS IN MR VP CIT URE H2S CAT OXI 
CARBOHYDRATE 

FERMENTATION 

GLU SUC MAL LAC 

1 Klebsiella  sp. - - + + + + + - AG AG AG AG 

2 Pseudomonas sp. - - - + - - + + A - - - 

3 Salmonella sp. - + -  - + + - A - A - 
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Plate 2. Biochemical test for Pseudomonas sp.
 

 
1.Indole   2.Indole control   3.Methyl Red 4. Methyl red control  5.Voges-Proskeuar 

6. VP control  7.Citrate     8.Citrate control      9. TSI  10. TSI control 

            

Phytochemical Analysis: 

 Phytochemicals test were done and results are shown in table 4 and plate 3. 

 

Table 4. Phytochemical Test Results for Spices 

S.No Spices 

 A
lk

al
o
id

s 

F
la

v
o
n
o
id

s 

S
ap

o
n
in

s 

T
an

n
in

s 

P
h
en

o
ls

 

S
te

ro
id

s 

G
ly

co
si

d
es

 

1 Anise + + _ + + + + 

2 Cinnamon _ + _ + _ + + 

3 Mustard + + _ _ _ + _ 

4 Fennel _ + _ + + + + 

5 Ginger _ _ _ _ _ + + 
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Plate 3. Phytochemical screening 

 

 

 

 
1. FENNEL 2. ANISE   3. MUSTARD 

4. CINNAMON   5. GINGER  6. CONTROL. 

Antimicrobial Activity of Spices 

 The results for the antimicrobial activity 

of Anise, Cinnamon, Ginger, Fennel, Mustard 

spices ethanol and methanol extract against 

hospital pathogens and food spoilage pathogens 

were determined using Muller Hinton Agar 

well Diffusion Method. The zones of inhibition 

were measured .Comparatives study of spices 
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which gives the maximum zone of inhibition is 

shown in figures.  

The antibacterial activity of each 

methanolic and ethanolic extracts was studied 

by agar well diffusion method. The 

concentrations of extract and standard 

antibiotics were taken as 100µl.The ethanolic 

and methanolic extracts were found to have 

broad spectrum activity against all the 

pathogens. Among the extract, Cinnamon 

extract is found to have very high antibacterial 

activity against all the strains. 

Combined spice extract have a high 

antimicrobial activity against hospital and food 

spoilage pathogens. Salmonella sp., was 

resistant against all spice extracts and some 

have weak antimicrobial activity against 

Salmonella sp. This scientific study forms a 

basis to conform that the traditional belief of 

using plant extracts in therapy works positively 

only because these extracts have antibacterial 

activity. 

Plate 4. Antimicrobial activity of methanol extracts of combination of all five spices against 

hospital pathogens 

 

Plate 5. Antimicrobial activity of methanol extracts of combination of all five spices against 

hospital pathogens 
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Figure 1. The inhibitory effect of ethanolic extract of spices against hospital pathogens 

 

 

Figure 2. The inhibitory effect of methanolic extract of spices against hospital pathogens 
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Figure 3. The inhibitory effect of ethanolic extract of spices against food borne pathogens 

 

 

Figure  4. The inhibitory effect of methanolic extract of spices against food borne pathogens 

 

The spices like Anise, Cinnamon, 

Ginger, Mustard, and Fennel were extracted 

with different solvents like ethanol, methanol. 

The phytochemical analyses of various spices 

were examined. In this work, the antimicrobial 

activities of the spices were tested with the 

isolated hospital borne pathogens and food 

borne pathogens. The major findings of the 

study were summarized as follows, 

The extractions of the spices were 

performed using standard protocols. 

Phytochemical screenings of spices were 

identified and compared with standards. The 
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Phytochemicals have antimicrobial activity, 

antioxidant activity, hormonal action, 

stimulation of enzymes. 

The hospital pathogens and food 

spoilage pathogens were identified by 

morphological characters, standard biochemical 

test protocols. The test organisms are 

Lactobacillus sp., Pseudomonas sp., Klebsiella 

sp., Staphylococcus aureus, Salmonella sp., 

Candida sp., Aspergillus sp were used. 

The antibacterial activity of each 

methanolic and ethanolic extracts was studied 

by agar well diffusion method. The 

concentrations of extract and standard 

antibiotics were taken as 100µl.The ethanolic 

and methanolic extracts were found to have 

broad spectrum activity against all the 

pathogens. Among the extract, Cinnamon 

extract is found to have very high antibacterial 

activity against all the strains. 

Combined spice extract have a high 

antimicrobial activity against hospital and food 

spoilage pathogens. Salmonella sp., was 

resistant against all spice extracts and some 

have weak antimicrobial activity against 

Salmonella sp. This scientific study forms a 

basis to conform that the traditional belief of 

using plant extracts in therapy works positively 

only because these extracts have antibacterial 

activity. 
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