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ABSTRACT 

In recent years, there has been a constant search for alternative and efficient agents for food preservation aiming a partial or 

total replacement of antimicrobial chemical additives.  A large number of herbal spices have been examined for their inhibitory 

action against the microorganisms responsible for food spoilage and foodborne illnesses.  It has been reported by several 

researchers that natural antimicrobial and antioxidant properties of herbal spices reduce the risk of bacteria and fungi in foods 

and play a key role for enhancing shelf-life of foods and controlling food pathogens.  Instead of these substantial findings, spices 

are still branded almost purely as flavoring agents.  Recent research on antimicrobial and antioxidant activities of spices forms 

the basis for its application in raw and processed food preservation.  It is now considered as a promising source of unique natural 

products to elucidate alternative food preservatives.  This review  gives a bird’s eye view mainly on the recent research on 

antimicrobial potential of herbal spices and their derivatives against some pathogenic and spoilage microorganisms in foods, their  

antioxidant activities along with possible adverse effects and  advocates for more research to elucidate their commercial 

utilization in food preservation. 

KEY WORDS:    Spices and derivatives; Antimicrobial activity; Antioxidant activity; Possible adverse effects; Alternative food 
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INTRODUCTION  

Attention of the scientific community worldwide is shifting 

towards spices and herbs to harness their antimicrobial 

properties for use as natural food preservatives. Food 

poisoning is still a concern for both consumers and the food 

industry despite the use of various preservation methods.  

Food processors, food safety researchers and regulatory 

agencies are continuously concerned with the high and 

growing number of illness outbreaks caused by some 

pathogenic and spoilage microorganisms in foods.  The 

increasing antibiotic resistance of some pathogens that are 

associated with food borne illness is another concern (1-4).  

There has been increasing concern of the consumers about 

foods free or with lower level of chemical preservatives 

because this could be toxic for humans (5). Concomitantly, 

consumers have also demanded for foods with long shelf-life 

and absence of risk of causing foodborne diseases.  This 

perspective has put pressure on the food industry for 

progressive removal of chemical preservatives and adoption 

of natural alternative from other sources to obtain its goal 

concerning microbial safety (6) and one of the possible 

strategies towards this objective is the rational localization of 

bioactive phytochemicals (7).  

 Herbal Spices have been added to foods since ancient times, 

not only as flavoring agents, but also as folk medicine and 

food preservatives (8-10).  In addition to imparting 

characteristic flavors, certain spices and herbs prolong the 

storage life of foods by preventing rancidity through their  

 

 

antioxidant activity or through bacteriostatic or bacteriocidal 

activity (11).  Herbal spices and their components are 

generally recognized as safe (GRAS), either because of their 

traditional use without any documented detrimental impact 

or because of dedicated toxicological studies (7).  The 

extracts of many spices and herbs have become popular in 

recent years for their antimicrobial and antioxidant 

properties and attempt to characterize their bioactive 

principles have gained momentum for varied pharmaceutical 

and food processing applications.  The antimicrobial activities 

of commonly used herbal spices  (Table 1) form the basis for 

many applications including raw and processed food 

preservation, pharmaceuticals, alternative medicines and 

natural therapies (12).  Spices have been defined as plant 

substances from indigenous or exotic origin, aromatic or with 

strong taste, used to enhance the taste of foods (13).   Spices 

include leaves (bay, mint, rosemary, coriander, oregano), 

flowers (clove), bulbs (garlic, onion), fruits (cumin, red chilli, 

black pepper), stems (coriander, cinnamon), rhizomes 

(ginger), and other plant parts (14).  Although herbal spices 

have been well known for their medicinal, preservative and 

antioxidant properties, they have been currently used with 

primary purpose of enhancing the flavor of foods rather than 

extending shelf-life (15, 16). 

Antimicrobial activity  

Several scientific reports describe the inhibitory effect of 

herbal spices on a variety of microorganisms (Table 2), 

although considerable variation for resistance of different 
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microorganisms to a given spice and herb and of the same 

organisms to different spices and herbs has been observed 

(17). Some of the important recent research on antimicrobial 

potential of herbal spices is cited here. 

Jennifer Billing et al (18) found that 30 spices out of 43 

seasoning exhibited antimicrobial property.  Most effective 

seasoning inhibited 100 % to the bacterial species being 

tested.  These were garlic, onion, allspice, and oregano.  

Next on the list, several spices inhibiting more than 75% of 

the microbial species.  These were thyme, cinnamon, 

tarragon, cumin, cloves, lemongrass, bay leaf, capsicums and 

rosemary. Spices having inhibitory action less than 75% of  the 

microbial species were marjoram, mustard, caraway, mint, 

sage, fennel, coriander, dill, nutmeg, basil, parsley, 

cardamom, pepper (white & black), ginger, anise seed celery 

seed, lemon/lime.  

In a study garlic juice showed bacteriocidal activity against 

Escherichia coli, Listeria monocytogenes, Pseudomonas 

aeruginosa, Salmonella typhimurium, Shigella flexneri, 

Staphylococcus aureus, Streptococcus mutants,  which are 

food pathogenic bacteria ; and Lactobacillus brevis, 

Lactobacillus casei, Lactobacillus plantarum, Lactobacillus 

lactic which are lactic acid bacteria in all concentrations (0.1-

2.5% v/w) (19).   In another study, an aqueous extract of 

garlic and onion were also reported to be effective against 

Gram-positive organisms, Gram-negative organisms, and 

fungi.  A significant growth inhibition was shown by most of 

the organisms tested at random (20) . 

It has been shown that Gram-positive bacteria were more 

sensitive than Gram-negative bacteria and sage had the 

highest antibacterial activity followed closely by rosemary.  

Allspice was the least effective. A combination of sage and 

rosemary enhanced the antibacterial effect (21). 

Inhibitory effect of crude ethanolic extracts and essential oils 

of 14 spices including cardamom, cinnamon, cloves, 

coriander, cumin, garlic, ginger, holy basil, kaffir lime leaves 

and peels, lemongrass, mace, nutmeg, black and white 

pepper and turmeric against 20 serotypes of  Salmonella and 

five species of other enterobacteria was also documented.  

The degree of antibacterial property of spices tested can be 

put in the following order.  Cloves > Kaffir lime peels > cumin 

> cardamom > coriander > nutmeg > mace > ginger > garlic > 

holy basil > kaffir lime leaves (22).   

Zuglal et al (23) studied the effectiveness of nine essential 

oils of spices to control mycotoxins  producing moulds and 

noted that Aspergillus paraciticus and Fusarium moniliforme 

were inhibited by most of the spices used, while clove  

markedly reduced aflatoxin synthesis in infected grains.  

These findings could be useful for rural communities to 

prevent the synthesis of fungal toxins in contaminated grains 

by simple measures.   

Inhibitory effect of various concentrations of mint, sage, bay 

leaf,  anise and ground red pepper on the growth of 

Aspergillus parasiticus NRRL 2999 and its aflatoxin production 

was also analysed (24). In this study thyme presented 

significant delay in fungal growth up to 10 days at 2 % and up 

to 30 days at 4, 8 and 16 % . 

Basilico et al (25) studied the inhibitory effect of oregano, 

mint, basil,  sage and coriander on the mycellial growth of 

Aspergillus ochracus NRRL 3174 and its ochratoxin synthesis 

and  they demonstrated that oregano completely inhibited 

the fungal activity of ochratoxin A-synthesis up to 14 days at 

25oC.   Basil was effective to inhibit mycellial growth up to 7 

days.  

It has also been reported that basil, clove, garlic, marjoram, 

oregano, rosemary and thyme exhibited antibacterial 

activities against foodborne pathogen Vibrio 

parahaemoliticus.  The sensitivity of these herbal spices  was 

similar among different clinical serotypes including the 

emerging strain 03:K6  and suggested that the herbal spices 

can be practical for protecting seafood from the risk of  

contamination by  V. parahaemolyticus (26).  

In a study using 27 commonly used spices, garlic was shown to 

exert antimicrobial activity against Bacillus subtilis,  

Clostridium botulinum, Escherichia coli, Salmonella typhosa,  

and Scigella parasysenteria.  Onion, clove and nutmeg were 

effective against all except Bacillus subtilis.  Mace and 

Achiote (Annatto) have been shown to be especially effective 

against Clostridium botulinum.  Also effective as 

antimicrobials are oregano, marjoram, pine, sage, rosemary, 

caraway, wasabi, allspice, pepper and ginger (27). 

Inhibitory action of sage and rosemary is bacteriostatic at 

0.03%, whereas at 0.05% it is bactericidal.  This is attributed 

to terpene fraction, which is composed of borneole, anaeole, 

pinene, and camphor (28). Besides, antimicrobial activity of 

oregano and thyme has been attributed to their essential oils, 

which contain the terpenes, carvacrol, and thymol (29, 30).  

Shan et al (1) reported that out of 46 spices and herb 

extracts, 12 exhibited high antibacterial activities against the 

five foodborne bacteria (Bacillus cerelus,  Listeria 

monocytogenes, Staphylococcus aureus, Escherichia coli, 

Salmonella anatum).  Many herb and spice extracts contained 

high levels of phenolics and exhibited antibacterial activity 

against foodborne pathogens.   

It has also been shown that most of the foodborne bacterial 

pathogens examined were sensitive to extracts from plants 

such as cinnamon, cloves, garlic, mustard, onion and oregano 

and  antimicrobial compounds in these spices  are mostly in 

the essential oil fraction.  The extent of sensitivity varied 

with the strain and environmental conditions imposed.  

Certain spices have a direct effect on the rate of 

fermentation by stimulating acid production in starter 

cultures (31).  

It is well documented that the growth of both Gram-positive 

and Gram-negative foodborne bacteria, yeasts and moulds 

can be inhibited by garlic, onion, cinnamon, cloves, thyme 

and sage and other products.  The fat, protein, water and salt 

contents of food influence microbial resistance.  Thus, high 

levels of spices are necessary to inhibit growth of 

microorganisms in food than in culture media (14).  

Several studies (32-34) showed that cinnamon, clove, 

pimento, thyme, oregano and rosemary had strong and 

consistent inhibitory effect against several pathogen and 

spoiling bacteria. In a study (35), it had been shown that 

cinnamon, cloves and mustard had strong; allspice, bay leaf, 
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caraway, coriander, cumin, oregano, rosemary, sage and 

thyme had medium but black pepper, red pepper and ginger 

had weak antibacterial activity.    

Grohs and Kunz (36) observed that spices mixtures were able 

to inhibit the growth of various meat-spoiling microorganisms 

(Bacillus subtilis, Enterococcus sp., Staphylococcus sp., E. 

coli K12 and Pseudomonas fleuorescens) providing stabilizing 

effect on colour and smell of fresh portioned pork meat.   

It has also been reported that garlic and clove extracts were 

able to inhibit Candida acutus, Candida albicans, Candida 

apicola,  Candida catelumnata, Candida inconspicua, Candida 

tropicallis,  Rhodotorula rubra, Sachromyces cerevisae and 

Trignopsis variabilis and in some cases strong cidal effect was 

observed (37). 

Cinnamon and clove oils inhibit the growth of moulds, yeasts 

and  bacteria. Both cinnamon oil and clove oil added at 2% in 

potato dextrose agar (PDA) completely inhibited the growth  

of mycotoxigenic moulds (A. flavus,  A. parasiticus,  A. 

ocraceus,  Penicillium spp. M46, P. roqueforti, P. patulum 

and P. citrinum) for various types up to 21 days (38) and 

could also inhibit  the growth of yeasts (39,40).  Similarly 

reported that cinnamon oil and clove oil could separately 

inhibit many other microbes including Lactobacillus spp., 

Bacillus thermoacidurans, Salmonella spp., Corynebacterium 

michiganense, Pseudomonas striafaciens, Clostridium 

botulinum, Alternaria Spp., Aspergillus spp., Fusarium spp., 

Mucor spp., and Penicillium spp. (41).  

Chemical compounds 

The antimicrobial effectiveness of chemical compounds have 

also been investigated in order to improve the understanding 

about the cell targets of the molecules found in spices 

(42,43).  Qualitative phytochemical analysis of crude spice 

extracts revealed the occurrence of alkaloids, cumarins,, 

flavonoids, saponins, terpenes and tannins.  Turmeric, cloves 

and bay leaf showed the highest frequency of occurrence of 

these plant components.  Terpenes were present in 94.12% of 

the samples evaluated (44).    

Essential oil extracted from spices and herbs are generally 

recognized as containing the active antimicrobial compounds 

(45).   The oils of cumin, cardamom and coriander were also 

highly inhibitory to the tested bacteria.  The major 

constituents of these oils are:  cuminaldehyde (20-72%) and 

monoterpene hydrocarbons (e.g.  β–pinene,  γ-terpinene, p-

cymene) in cumin oil ;  1,8-cineole (20-60%) and  α-terpinyl 

acetate (20-53%) in cardamom; linallol (74%) and other 

components (small amounts of   α-pinene,  γ-terpinene, 

geranyl acetate, camphor and geraniol) in coriander oil 

(46,47).  Mace and nutmeg oils moderately inhibited the 

tested bacteria.  Nutmeg oil contains monoterpene 

hydrocarbons (61-88%, e.g.   α–pinene, ,  β-pinene, sabinene), 

oxygenated monoterpenes (5-15%), and aromatic ethers (2-

18%), e.g. myristicin, elemicin,  saffrole)(46).  Whereas mace 

oil consists of monoterpenes (87.5%), monoterpene alcohols 

(5.5%), and other aromatics (7.0%).   The major antimicrobial 

compound in garlic is allicin and has been found to possess 

antibacterial activity against both Gram-positive and Gram-

negative bacteria (34).  The major pungent components of 

ginger are gingerone and gingerol which have strong inhibitory 

activity against pathogenic bacteria (48).  As most 

components of spice oils belong to the terpenoid family, 

there has been much speculation on the contribution of the 

terpene fraction of the oils to their antimicrobial activity 

(47).  Some researchers have demonstrated the antimicrobial 

activity of the most common terpene compounds, such as 

thymol,  carvacrol, linallol, eugenol,  α -pinene, ans  β- 

pinene in spices against several microbial strains (48-50). 

Eugenol, carvacrol, and thymol are phenol compounds and are 

found in cinnamon, cloves, sage and oregano.  The essential 

oil fraction is particularly high in cloves, and eugenol 

comprises 95% of the fraction.  The presence of these 

compounds in cinnamon and cloves, when added bakery 

items, function as mold inhibitors in addition to adding flavor 

and aroma to baked products .  Paster et al (51) have shown 

that essential oils of oregano and thyme (which contain 

carvacrol and thymol) are effective as  fumigants against 

fungi and stored grain.  These investigators have proposed 

using them as an alternative to chemicals for preserving 

stored grains.  The major antimicrobial components in cloves, 

cinnamon, and cassia have been reported to be eugenol and 

cinnamic acid (52).  According to Bullerman et al (53), 

cinnamon contains 0.5-1.0% volatile oil of which 75% is 

cinnamic aldehyde and 8% eugenol.  Clove contains 14-21% 

volatile oil, which is 95% eugenol.   Some of the isolated 

compounds of herbal spices are cited in Table 3. 

Antioxidant action 

Spices and some of their compounds (Table 4) have achieved 

commercial importance as antioxidants.  Beneficial influence 

of certain ground herbs and spices in fat stability has been 

known (54).  Spice extractives, such as oleoresin of rosemary, 

can provide inhibition of oxidative rancidity and retard the 

development of “warmed-over” flavor in some products.  

Thus, some spices not only provide flavor and aroma to food 

and retard microbial growth, but are also beneficial in 

prevention of some off-flavor development of snacks food and 

meat products (55). Many spices are known to possess 

antioxidant compounds and are useful for preventing lipid 

oxidation in living organisms as well as in foods.    Rosemary 

and sage were “remarkably effective” and by far the 

strongest antioxidants, with oregano, thyme, nutmeg, mace, 

and turmeric next in line.  When the spices were tested in an 

oil-in-water emulsion, clove was found to exert the strongest 

antioxidant activity, followed by turmeric, allspice, mace, 

rosemary, nutmeg, ginger, cassia, cinnamon, oregano, savory,  

sage, anise, basil, cardamom, marjoram, and black & white 

pepper (28).    

Ginger (Zingiber officinale) has been identified in several 

studies as a plant with a high antioxidant content (56,57).  

Extracts of several commonly Indian spices also have been 

shown to inhibit lipid peroxidation. In one study , relative 

antioxidant activities from highest to lowest were found in 

cloves, cinnamon, pepper, ginger and garlic (58) and the 

antioxidant activity of the extract was retained even after 

boiling for 30 minutes, suggesting that, unlike many 

antioxidants, the antioxidants in these spices were heat 

stable.  In addition, synergistic antioxidant effects were  



Pharmacognosy Reviews 
Vol 1, Issue 2, Jul-Dec, 2007 

 

© 2007 Phcog.Net, All rights reserved.                                           242 

Available online: http://www.phcogrev.com                                                     

PHCOG REV. 
An official Publication of Phcog.Net 

Table 1.  List of commonly used herbal spices with their edible parts having antimicrobial activity 

Herbal spices Botanical Name Family Plant Parts Used 
Allspice Pimenta diocia Myrtaceae fruit 

Basil Ocimum basilicum  Labiatae Leaf 

Bay leaf Laurus nobilis L. Lauraceae  Leaf 

Caraway Carum carvi L. Apiaceae Fruit 

Cardamom Eletataria cardamomum Zingiberaceae Seed 

Cinnamon Cinnamomum cassia Presl Lauraceae Bark 

Cloves Eugeniacaryophylata Thunb Myrtaceae Bud 

Coriander Coriandrum sativum L. Apiaceae Whole plant 

Cumin Cuminum cyminum L. Apiaceae Seed 

Dill Anethum graveolens Apiaceae Seed 

Fennel Foeniculum vulgare Apiaceae Seed/leaf 

Fenugreek Trigonella foenum-graecum  Fabaceae Seed 

Garlic Allium sativum Alliaceae Bulb 

Ginger Zingiber officinale Zingiberaceae Rhyzome 

Kaffir lime Citrus hystrix DC Rutaceae Leaf/peel 

Lemongrass Cymbopogon citratus Poaceae Rhyzome 

Mace Myristica franrans  Myristicaceae Seed 

Marjoram Origanum majorana Lamiaceae Leaf 

Mint Mentha Canadensis L. Lamiaceae Leaf/branch 

Mustard Brassila alba Cruciferae Seed 

Nutmeg Myristica fragrans Houtt Myristicaceae Fruit 

Onion Allium cepa Alliaaceae Bulb 

Oregano Oreganum vulgare L. Lamiaceae Leaf 

Parsley Petroselinum crispum L. Apiaceae Leaf 

Pepper (Black & white) Piper nigrum L. Piperaceae Fruit 

Rosemary Rosemarinus officinalis L. Lamiaceae Leaf/branch 

Sage Salvia officinalis L. Lamiaceae Leaf/branch 

Tarragon Artemisia dracunculus Asteraceae Leaf 

Thyme Thymus vulgaris L. Lamiaceae Leaf/branch 

Turmeric Curcuma longa L. Zingiberaceae Rhyzome 
 

Table 2.    Herbal spices effective against some microorganisms 

    Herbal Spice                                 Microorganism 
Allspice Micotoxigenic Aspergillus, Fusarium spp., Alternaria spp., Cladosporium spp. 

Basil Aeromonas hydrophylla, Pseudomonas flourescens, Ascophaera apis, Staphylococcus aureus, 

Escherichia coli, Aspergillus niger 

Bay leaf Clostridium botulinum 

Caraway Agrobacterium tumefaciens, Ralstonia salanacearum, Erwinia carotovora 

Cinnamon Mycotoxigenic Aspergillus, Aspergillus paraciticus 

Cloves Mycotoxigenic Aspergillus 

Coriander Ascophaera apis, Alternaria alternata, Fusarium solani 

Cumin Penicillium notatum, Aspergillus niger, Aspergillus funigatus, Microsporum canis 

Fennel Staphylococcus aureus, Bacillus subtilis 

Fenugreek Bordetella bronchiseptica, Bacillus cereus, Bacillus pumilus, Bacillus subtilis, Micrococcus 

flavus, Staphylococcus aureus, Sarcina lutea, Escherichia coli, Proteus vulgaris 

Garlic Salmonella typhimurium, Escherichia coli, Staphylococcus aureus, Candida albicans, Bacillus 
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cereus, Bacillus subtilis, Mycotoxigenic Aspergillus 

Mint Aspergillus ochraceus 

Mustard Mycotoxigenic Aspergillus 

Onion Aspergillus flavis, Aspergillus paraciticus 

Oregano Mycotoxigenic Aspergillus, Salmonella spp., Listeria monocytogenes, Vibrio parahaemolyticus, 

Staphylococcus aureus, Aspergillus niger 

Parsley Staphylococcus aureus, Escherichia coli, Candida albicans, Aspergillus niger 

Rosemary Bacillus cereus, Staphylococcus aureus, Vibrioparahaelyticus 

Sage Bacillus cereus, Staphylococcus aureus, Vibrio parahaelyticus 

Thyme Vibrio parahaemolyticus, Streptococcus pneumoniae R36A 

Source : (i) Shelef, 1983 (14); (ii) www.indianspices.com/pdf/medi_prop.pdf 

 

Table 3. Chemical compounds isolated from some herbal spices 

Spice Chemical Compounds 
Allspice Eugenol 
Basil Linallol, Eugenol 
Bay leaf Linalool 
Caraway Carvone, Limonene 
Cardamom Cineol, Limonene 
Cinnamon Cinnamaldehyde, ugenol 
Cloves Eugenol,  β-caryophytine 
Coriander Linallol 
Cumin Phenolic acids, Flavonoids 
Dill Carvon, Linallol 
Fennel Phenolics, Flavonoids 
Fenugreek Steroids, Polyphenolic substances 
Garlic Allicin 
Ginger Sesquiterpenes, Di-allyl-di-sulphide 
Kaffir lime Citronellol 
Lemongrass Citronellol, Geraniol 
Mace Omega-chloroacetophenon, Phenacyl chloride 
Marjoram Monoterpenes 
Mint Methyl acetate, Menthol 
Mustard Allyl isothiocyanate 
Nutmeg Eugenol 
Onion Linolic acid, Palmitic acid 
Oregano Thymol, Carvacrol 
Parsley Ascorbic acid 
Pepper Lycopene,  β-carotene, Ascorbic acid (Vit. C) 
Rosemary Carnasol, Rosanol, Carnosic acid 
Sage Thymol, Carvacrol 
Tarragon Z-anaethole, methyl-eugenol 

Thyme Carvacrol, Thymol 

Turmeric Curcum 

 

Table 4.    Antioxidants isolated from some herbal spices 

Spice Antioxidants 
Rosemary Carsonic acid, Carnosol, Rosemarinic acid, Rosemanol 
Sage Carnosol, Carnosic acid, Rosemanol, Rosemarinic acid 
Oregano Derivatives of phenolic acids, Tocopherols 
Thyme Carvacrol, Thymol, p-cymene, Caryophyllene, Carvone, Borneol 
Marjoram Flavonoids 
Allspice Pimentol 
Source :  www.indianspices.com/pdf/medi_prop.pdf 
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Table 5.    Summary on the current research on antimicrobial potential of herbal spices 

Sl. 
No. 

Findings 

1. Microorganisms differ in their resistance to a given spice (17). 
2. A given microorganism differs in its resistance to various spices (17). 
3. The fat, protein, water and salt contents of food influence microbial resistance (32) 
4. Gram-negative bacteria are more resistant than Gram-positive bacteria (21) 
5. The effect of spice may be inhibitory or germicidal (28). 
6. Spices are less effective in foods than in cultured media (14). 
7. Amounts of spices added to foods are generally too low too prevent microbial contamination (14). 
8. Mixture of spices are more active antimicrobial agents than single one (21, 36, 65). 
9. Antimicrobial effectiveness of spices can be classified as strong, medium and weak (32-35). 
10. Spices harbour microbial contaminants (82-85). 
11. Essential oil extracted from spices are generally recognized as containing the active antimicrobial compounds (31, 45). 
12. Crude spice extracts revealed the occurance of alkaloids, flavonoids, saponins, terpenes and tannins (42). 
13. Most components of spice oil belongs to the terpenoid family (46). 
14. There is a high positive correlation between antimicrobial activity,  total phenolics content and antioxidant capacity in 

spices (62,64). 
15. Antioxidant potential of spices are useful for preventing lipid oxidation in living organisms as well as in food (28, 56). 
16. Antioxidants present in spices are heat stable ((58). 
17. The mode by which the microorganisms are inhibited by essential oils and their chemical compounds seems to involve 

different mechanisms (6, 55, 70-76). 
18. 
 

Spices mostly used as antimicrobials and antioxidants do not exhibit toxicity at levels consumed and are considered as 
GRAS (generally recognized as safe) substance (91-93). 

 

observed with combination of spices (59).  Linallol, a terpene 

tertiary alcohol and major phytochemical in coriander seeds, 

is an antioxidant with high concentrations (60).  Carcumin 

(diferuloyl methane), the active ingradient of the spice 

turmeric (Curcuma longa) is a strong antioxidant and reported 

several times more potent than Vitamin E as a free radical 

scavenger (61).  Many studies have reported that phenolic 

compounds in spices and herbs significantly contributed to 

their antioxidant and pharmaceutical properties (62-64).  

Some studies claim that the antioxidant phenolic compounds 

present in spices and herbs might also play a major role in 

their antimicrobial effects (65).  Besides, it has also been 

reported that phenolic phytochemicals are excellent sources 

of antioxidants and antimicrobials in the diet, which 

contribute positively to the management of oxidation-linked 

and infectious diseases.  Traditionally individual phenolics 

have been targated as antimicrobials with low efficacy.  

However, mixtures of phenolic phytochemicals in synergistic 

combination with lactic acid can strongly inhibit the growth of 

microorganisms.  Such a strategy can be used for enhancing 

food safety in food industry (66).  Numerous studies have also 

tested the antioxidant capacity of spices or their constituents 

in vivo.  The antioxidant capacity of ginger has been reported 

in relation to LDL cholesterol oxidation in apolipoprotein E-

defficient mice (67).  Coriander, cinnamon and cardamom 

have also been shown to have antioxidant effects in rodents, 

in part through activating antioxidant enzymes in various 

tissues (68). 

Relationship between antimicrobial activity, total 

phenolic content and antioxidant capacity 

Shan et al (62) found high correlation, based on the analysis 

of a large number of spice samples and the wide ranges in 

total phenolic content and antioxidant capacity.  They found 

a good linear relationship between antimicrobial activity and 

total phenolic content.  The R2 values were between 0.93 and 

0.73 and decreased in the following order :  S. aureus > B. 

cereus > E. coli > S. anatum > L. monocytogenes.  Their 

results emphasized the importance of phenolic compounds in 

antibacterial activity of spice extracts and also indicated that 

the phenolic compound significantly contributed to their 

antibacterial activity.  In addition, they reported that highly 

positive relationship also exits between antibacterial activity 

and antioxidant capacity of the extract.  The R2 values were 

between 0.84 and 0.70 and decreased in the following order : 

E. coli > S. aureus > B. cereus > S. anatum > L. 

monocytogenes.  It has also been  demonstrated that many of 

the spice extracts contained high levels of phenolics , 

possessed strong antibacterial activity and they could be a 

potential source for inhibitory substances against some 

foodborne pathogens as well as antioxidant agents (1). 

Possible mechanism of antimicrobial action  

(a) Against bacteria 

Though exact mechanism of antibacterial action of spices and 

derivatives is not yet clear (69), some hypothesis have been 

proposed for the possible mechanism of antimicrobial action 

of spices.  These are: 

• Hydrophobic and hydrogen bonding of phenolic 

compounds to membrane proteins followed by partition 

in a lipid bilayer (50).   

• Purturbation of membrane permeability consequent to 

its expansion and increase fluidity causing the inhibition 

of membrane embedded enzymes (70).   

• Membrane disruption (71). 

• Destruction of electron transport systems (72). 

• Cell wall purturbation (73). 

• Gram-negative bacteria are more resistant than Gram-

positive bacteria due to the presence of their cell wall 

lipopolysaccharide (74). This cell wall lipopolysaccharide 
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may prevent the essential oils active compounds reach 

the cytoplasmic membrane of Gram-negative bacteria 

(75). 

(b)   Against fungus   

Mechanisms of antifungal action of spices and derivatives 

have not yet been fully established. Only a little information 

is available regarding fungstatic or fungicide effect of spices 

and derivatives.  It has been reported that the inhibitory 

action of natural products on mould involves (i) cytoplasm 

granulation, (ii) cytoplasmic membrane rupture and (iii) 

inactivation and /or inhibition of intercellular and extra 

cellular enzymes. These biological events would take place 

separately or concomitantly culminating with mycelium 

germination inhibition (76).  Also it is reported that plant lytic 

enzymes act in fungal cell wall causing breakage of ß-1,3 

glycan, ß-1,6 glycan and chitin polymers (6). 

Microbial contamination of spices 

Presence of pathogenic and spoiling microorganisms in spices 

could act as vehicles for microorganisms to enter in foods.  

Mousuymi and Sarkat (77) reported the presence of various 

microorganisms including total heterotrophus  Bacillus cereus, 

Clostridium perfringens, Escherichia coli, Salmonella and 

toxigenic moulds in spices.    Flannigan and Hui (78) reported 

that 1 out of 20 spices contained Aspergillus flavus and 4 out 

of these spices supported the growth of these mould and 

production of aflatoxin.  Spices may contain over 108 aerobic 

bacteria per gram (79).  Mean standard plate count of over 

106 per gram was obtained from black pepper, ginger and 

paprika (80). The International Commission of Microbiological 

Specifications for Foods (1974) has set up maximum limit of 

106, 104 and 103 cfu of total aerobic mesophilic bacteria 

(TAMB), fungi, coliforms and E. coli respectively, per gram 

spice (81).  In German legislation, standard limit value for 

TAMB, Bacillus cereus, and S. aureus is 105, 104 and 102 cfu 

per gram of spices, respectively (77).  Thus, there is a strong 

need to evaluate and control the microbial quality of spices 

including bacterial and mycological analyses and presence of 

microbial toxic metabolites (82-85). 

Possible adverse effects   : 

Some spices have inherent toxic substances and produce some 

allergic reactions which in large amounts are contraindicated 

as reported by Shibamoto and Bjedanes (86).  Spices which 

are toxic  to microbes and insects are also to some extent 

dangerous for people as well, but toxicity depends on dosage 

– the amount of toxic compounds per total body weight 

(87,58).  Some scientists think that pregnant women tend to 

reject spicy foods during early pregnancy (as part of the 

nausea and vomiting called morning sickness) to shield the 

embryo from compounds that might cause deformities or 

miscarriage.  Also there are a few data suggesting that some 

spices may increase cancer risk.  Several care-control studies 

in India have observed that gastrointestinal cancer was higher 

with consumption of spicy food and chili (88, 89).  The work 

of Jensen-Jarolim et al (90) suggests that spices may increase 

intestinal epithelial permeability through loosening cell 

contacts (e.g. paprika, chili pepper) or decrease permeability 

(e.g. black pepper, nutmeg) , possibly by self swelling. 

Generally, spices mostly used as antimicrobials and 

antioxidants do not exhibit toxicity at levels consumed and 

are considered as GRAS substance (7, 91-93).   

Conclusions and Recommendations 

The present review article demonstrated that many of the 

spice extracts contained high level of phenolics and possessed 

strong antimicrobial and antioxidant activities (Table 5) and 

could be a potential source for inhibitory substances against 

some foodborne pathogens as well as antioxidant agents.  Still 

little information is available emphasizing the preservative 

and antimicrobial role of spices in the prevention of foods of 

the microbial action. Most of these studies have been carried 

out in laboratory culture media but a few attempts have also 

been made to assess their antimicrobial potential in food 

systems. However, in general, these studies use high doses of 

pure compounds or spice extracts. Only a handful of spice and 

their constituents have been tested and nothing is known 

about the interaction and contribution of spice mixtures.  

Furthermore, the capacity of spices to inhibit food spoilage 

microorganisms within the context of culinary use has not 

been evaluated. Therefore, before including spices and/or 

their derivatives in food preservative systems, some 

evaluations about microbiological quality, economic 

feasibility, antimicrobial effect for a long time, compatibility, 

toxicity, interactions and contribution of spice mixtures,   as 

well as antagonistic or synergistic effects, if any, should be 

carried out.  Presently, spices are cheap and easily available 

even in countries where they do not grow.  It is evidently a 

group of plants, which has not been utilized in food 

technology despite its undisputed potential.  
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