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Introduction 
 

Spices have, for centuries, been used in food 

preparation as flavouring agents, 

preservatives and colourant (Scully, 1995); 

their use have sometimes been linked to 

medicine, religion, tradition and even magic. 

 

 

 

 

 

 

 

 

 

 
They are normally obtained as dried seeds, 

fruits, roots or bark. The use of spices and 

its trade dates back to pre-historic times. 

Countries in Asia, particularly India and 

China are well noted for their regular use of 
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Spices are used all over the world in preparation of food and sometimes beverages. 
The principal reason for its use is to add flavour to the food. Additionally some 

spices are used for preservation purposes and sometimes to add colour. The aim of 

the present study is to investigate the potential antimicrobial properties of common 

spices (onion, ginger, garlic, nutmeg and pepper) used in the Ghanaian dish; 
employing the agar well diffusion and the micro-broth dilution methods. Garlic 

exhibited the most potent antimicrobial activity against the microbes used in the 

study namely; Staphylococcus aureus, Bacillus subtilis, Klebsiella pneumoniae 
Escherichia coli and Candida albicans. Ginger also showed a very good 

antimicrobial activity. The other spices also exhibited some amount activity. Garlic 

gave MIC of 0.25 – 0.5 mg/ml; and ginger 1 – 2 mg/ml. The minimum bactericidal 

concentrations (MBCs) of garlic ranged from 1 – 2 mg/ml indicating that garlic is 
likely to be bactericidal rather than bacteriostatic in nature. These spices with 

antimicrobial potency may act as prophylactic antimicrobials which may offer 

protection against some infections caused by the susceptible microbes. The study 
has shown that some spices used in preparation of the Ghanaian meals have potent 

in vitro antimicrobial activity. 
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spices in cuisine. In Ghana and many other 

African countries, spices are used in 

preparation of most of the household 

cookery and foods sold at restaurants and 

food joints. The most common spices used 

include onion, pepper, ginger, nutmeg and 

garlic.  

 

Plants have served therapeutic purposes to 

mankind and animals for centuries thereby 

making an invaluable contribution to the 

healthcare needs of man. Many plants 

serving medicinal purposes have been 

investigated for various pharmacological 

activities including anti-microbial. And in 

some cases the active compound(s) 

responsible for the activities has/have been 

isolated and the chemical structures, 

elucidated. Scientists continue to do bio-

prospecting on plants with the aim of getting 

lead compounds that can help ameliorate the 

sufferings of man. Different groups of plants 

are targeted by different researchers for 

different therapeutic purposes. Research into 

plants with potential antimicrobial activities 

are on the ascendency, possibly, as a result 

of development of resistant strains of 

various microbes against the existing 

antimicrobials. This is coupled with the fact 

that for some years now no new 

antimicrobial agents have been developed to 

help combat the resistant strains of 

microbes. Our continuous search for plants 

that can help mankind prevent or fight off 

infectious microbes has drawn our attention 

to some local spices employed in the 

Ghanaian meals. The aim is to investigate 

the potential antimicrobial activities of 

spices such as garlic, ginger, nutmeg, onion 

and pepper.  

 

Garlic, scientifically known as Allium 

sativum, belongs to the plant family 

Liliacea. It is found mostly among the 

people of China, North Africa (Egypt), 

Europe and Mexico; it is believed to have 

originated from Asia (Esminger, 1994). It 

contains sulphur compounds such as allicin 

(diallyl-dithiosulfinate), diallyl disulphide 

(DDS), S-allylcysteine (SAC) and diallyl 

trisulfide (DTS) (McRae, 2005; Lanzotti et 

al., 2012). The sulphur compounds and their 

break down products are responsible for the 

characteristic smell of garlic. Garlic is 

claimed to have several functional and 

pharmacologic activities. It is used in 

management of several microbial infections; 

as an antibacterial and antifungal (Ogita et 

al., 2006), antiviral and anti-parasitic (Ankri 

and Mirelman, 1999). Additionally the plant 

is claimed to have anti-hypertensive effect 

(Nwokocha et al., 2011).  

 

Ginger (Zingiber officinale) belonging to the 

family Zingiberaceae, is found growing in 

South-eastern Asia, China, Japan, Latin 

America, Africa and many other places 

(Hasan et al., 2012). The plant contains 

volatile oils, and non-volatile pungent 

components, oleoresin (Zick et al., 2008). 

Compounds identified in ginger include 

gingerol, shogaol, zingerone, paradol, 

gingerenone A, zerumbone, vallinoids, 

galanals A and B. Ginger is reputed to have 

antimicrobial activities (Bellik, 2014), anti-

inflammatory activity (Sharma et al., 1994), 

anti-tumour activity (Ling, 2010). 

 

Nutmeg (Myristica fragrans) is a member of 

the plant family Myristicaceae. It is believed 

to be a native of Banda Islands of Eastern 

Indonesia. It is used as a flavour in many 

dishes, usually in ground or grated form. It 

contains essential oils such as d-camphene, 

d-pinene, limonene, d-borned, l-terpineol, 

geraniol, sarfrol and myristicine (Maya et 

al., 2004). The oils are used in making 

toothpaste, cough syrups and other 

medicines to treat disorders related to the 

nervous and digestive systems. Nutmeg also 

contains phenolic anthocyanin pigment 

(Sonavane et al., 2004) found to exhibit 
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antioxidant and antimicrobial activities 

against some microorganisms (Gupta et al., 

2013). 

 

Onion (Allium cepa) belongs to the same 

plant family, Liliaceae, as garlic. They are 

cultivated and used around the world as food 

item which is served cooked as a vegetable 

or part of a prepared savoury dish but can 

also be eaten raw or used for other variety of 

dishes. The major compounds presented in 

onion include dipropyl disulfide and 

dipropyl trisulfide (Kim et al., 2004). 

 

Pepper (Capsicum spp) belongs to the 

family Solanaceae. It has variety of common 

names depending on where it comes from 

and the type. Capsaicin is an alkaloidal 

compound found in peppers which are 

responsible for their characteristic hot taste 

as well as it pungency. The level of hotness 

depends on the concentration of capsaicin in 

the fruit (Canton-Flick et al., 2008). Pepper 

is reported to have many therapeutic 

activities including anti-carcinogenic, anti-

oxidant, anti-mutagenic, immuno-

suppressive, hypocholesterolaemic, and 

bacterial growth inhibition effects (Grubben 

and El Tahir, 2004). Chili pepper is used to 

ease digestion, stimulate the gut, combat 

constipation, and relieve pain in the field of 

traditional Medicine (Patwardhan et al., 

2010). Peppers are also good sources of 

nutrients Vitamins A, B6, and K, calcium, 

iron, zinc, and fibre.  

 

Materials and Methods 

 

Spices Used 
 

Samples of the spices used in the study 

namely garlic (Allium sativa), ginger 

(Zingiber officinale), nutmeg (Myristica 

fragrans), onion (Allium cepa) and pepper 

(Capsicum annuum) commonly called 

Guinea spice or cayenne pepper, were 

purchase from the Asafo Market, a local 

market in Kumasi, Ghana. They were 

identified by experts. 

 

Extraction of Plant Materials 

 

The spices samples were each cleaned with 

water and sun-dried for three days. The 

outer covering of the garlic and onion were 

removed. All the samples were chopped into 

pieces and further dried in the sun for 

additional two days. Each was milled and 

extracted with 96% ethanol at room 

temperature using cold maceration method 

for 48 hours (h). Each sample was filtered 

through a sterile muslin cloth, and the 

solvent allowed to evaporate in each case. 

 

Micro-organisms Used 

 

Micro-organisms used in the study consisted 

of both Gram-positive and Gram-negative 

bacteria and a clinical isolate of the yeast-

like fungus Candida albicans. The Gram-

positives were Staphylococcus aureus 

(ATCC 25923), Bacillus subtilis (NCTC 

10073) and the Gram-negatives included 

Klebsiella pneumonia (ATCC 70063) and 

Escherichia coli (ATCC 25922). 

 

Antimicrobial Assay 
 

The agar well diffusion method (Osei-

Djarbeng et al., 2014) was used in the assay. 

Wells were punched on the surface of 

Nutrient agar plates seeded with 100 µl of 

an overnight broth suspension of micro-

organism (bacteria or fungi) containing 106 

cfu/ml of the organism. Different plates 

were prepared for each organism. Cork 

borer number three with a diameter of 6 mm 

was used to make ‘wells’ on the agar. One 

hundred microlitres (100 µl) each of the 

spice extract, at a concentration of 10 

mg/ml, was introduced into a corresponding 

labelled well in the agar. The negative 

control used was 10% methanol in sterile 

water which was used to reconstitute the 
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extracts; and the positive controls were 100 

µg/ml Gentamicin (G) and Tetracycline (T) 

[100 µg/ml] against the bacteria; and 100 

µg/ml Clotrimazole (C) against C. albicans. 

The plates were allowed to be on the 

laboratory bench for about an hour (h) 

before incubating at 37 ºC for 24 h. The 

antimicrobial activity was evaluated by 

taking measurements of the diameters of the 

zones of inhibition around each well.  
 

Determination of Minimum Inhibitory 

Concentration 
 

The Micro-broth dilution method using 96-

well plates (Eloff, 1999) which is suitable 

for determination of Minimum Inhibitory 

Concentration (MIC) was used to determine 

the MICs of the samples. Each sample was 

serially diluted two-fold with Nutrient broth 

to give a dilution range of 4000 µg/ml 

(4mg/ml) to approximately 8 µg/ml in 96 

well-plates. One hundred microlitres (100µl) 

of overnight broth culture of organisms 

containing 105 cfu/ml was added to each 

well, and incubated at 37 ºC for 18 h. 
 

Control wells did not contain the test 

extracts, and the vehicle control wells 

contained scalar dilutions of 10% methanol. 

Serial dilution each of Clotrimazole, 

Gentamicin and Tetracycline (from 1000 to 

approximately 1 μg/mL) were used as the 

positive control. The plates were examined 

for growth after 18h. The MIC values were 

confirmed by addition of 40μL of 0.2 

mg/mL concentration of ρ-iodo-

nitrotetrazolium (INT) violet to each well, 

incubated at 37°C for further 30min, and 

observed for colour change from purple to 

pale yellow. 
 

Determination of Minimum Bactericidal 

Concentration (MBC) 
 

The MBC or MFC (minimum fungicidal 

concentration) was determined by placing 

10 µl of the content of the wells from the 

afore-mentioned MIC plates onto a perfectly 

dried agar. This was done before addition of 

the INT to the wells for the MIC. The plates 

were then incubated at 37ºC for 18 – 24 h. 

The least concentration of the extract that 

gave no growth after incubation was taken 

to be the MBC. 

 

Statistical Analysis 

 

The experiments were run in triplicates; and 

the results were expressed as Mean ± SD 

(standard deviation) data using Microsoft 

Excel (Windows 2007). 

 

Results and Discussion 

 

Garlic extract showed the highest 

antimicrobial activity among the samples 

used in the study. This was followed by 

ginger. The other spices also showed some 

level of antimicrobial activity (Table 1). 

Previous studies have shown that garlic has 

a good antimicrobial activity against many 

microbes including Methicillin-resistance 

Staphylococcus aureus (Cutler and Wilson, 

2004).  

 

Ginger has also exhibited antimicrobial 

activity against both Gram-negative and 

Gram-positive bacteria in other studies (Park 

et al., 2008; Karuppiah and Rajaram, 2012). 

Similarly nutmeg has also shown 

antimicrobial potency in a previous study 

(Gupta et al., 2013). Onion, though belongs 

to the same family of plants as garlic, did 

not show the similar antimicrobial activity 

as garlic; it exhibited a lower antimicrobial 

activity relative to garlic. From Table 1, 

pepper showed a moderate antimicrobial 

activity against the organisms used in the 

study.  
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Table.1 Antimicrobial Activities of Some Spices (and Controls) Expressed As Diameter of 

Zones of Inhibition (N=3). 

 

  

 

Micro-organisms 

Average Diameter of Zones of Inhibition (mm) 

Spices Controls  

Gar Gin Nut Oni Pep G T C 

Staphylococcus 

aureus 

20±1 16±0.5 13±0.5 12±1 12±0.5 24±1 23±0.5 - 

 Bacillus subtilis 20±1 17±0.0 13±1 12±1 11±0.5 26±1 24±0.5 - 

Escherichia coli 21±0.

5 

15±0.5 11±0.5 10±1 11±0.5 23±0.5 22±0.5 - 

Klebsiella pneumonia 19±0.

5 

16±0.5 11±0.5 09±1 11±1 24±1 22± - 

Candida albicans 16±1 15±0.5 13±1.0 10±0.5 10±1 - - 23±1  

Key: Gar – garlic; Gin – ginger; Nut – nutmeg; Oni – onion; Pep – pepper.  G – Gentamycin; T – Tetracycline; C – 

Clotrimazole; - – Not tested. 

 

The bacteria used in the study are among the 

very pathogenic ones classified under the 

multi-drug resistant (MDR) bacteria. Some 

strains of these bacteria are resistant to most 

groups of antimicrobial agents including the 

penicillins, cephalosporins and 

aminoglycosides. For garlic and ginger to 

exert potent antimicrobial activity against 

these organisms is good news. These spices 

are consumed on regular basis by many 

people without the intention of using it for 

its antimicrobial purposes. These agents, 

inadvertently, may confer their antimicrobial 

activity on the consumer, and help prevent 

or combat infections caused by susceptible 

micro-organisms. Indiscriminate use of 

antimicrobial agents have contributed 

significantly to the failure of most 

antimicrobials to fight infections. However, 

in the case of the potential antimicrobial 

activities of spices, development of 

resistance may be remote in spite of their 

regular use. This is because the observed 

therapeutic activity of the species is not 

attributed to only one compound; several 

compounds present in the plants work 

together, perhaps synergistically, to give the 

activity. For example the antibacterial 

activity of garlic has been attributed to 

allicin, thiosulfinates and their 

transformational products, and other 

essential oils present in the plant (Kyung, 

2012; Benkablia, 2004). Antimicrobial 

activity of ginger has also been attributed to 

caryophyllene, zingiberene, gingerol, 

gingerone, dihydrogingerone, dehydro-

zingerone and dehydroshogoal (El-Baroty et 

al., 2010) all present in the plant. 

Additionally, nutmeg contains myristic acid, 

trimyristin, and lignans (erythro-

austrobailignan-6, meso-dihydroguaiaretic 

acid and nectandrin-B) which have all 

shown antimicrobial activity (Cho et al., 

2007; Narasimhan and Dhake, 2006). 

Pepper and onion similarly contain many 

compounds that each has an antimicrobial 

activity. In a typical local Ghanaian dish, it 

is not uncommon to find at least two of the 

spices under study. The numerous 

antimicrobial compounds present in each 

may act together to offer protection against 

infection.   

 

The results for the minimum inhibitory 

concentrations (MICs), which refers to the 

least amount of the extract (antimicrobial 
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agent) required to inhibit the in vitro growth 

of bacteria or fungi as detected by the 

unaided eye, is shown in Table 2. Table 3 

also shows that for the minimum 

bactericidal concentrations (MBCs), which 

depicts the lowest amount of the 

antimicrobial agent required to destroy 

99.9% of the inoculum of the micro-

organisms (CLSI, 1998). Where the MBC 

value is more than four times that of the 

MIC for a particular antimicrobial agent, 

that agent is regarded as bacteriostatic. In 

other words, bacteriostatic activity can be 

expressed as a ratio of MBC to MIC greater 

than four (Pankey and Sabath, 2004). Garlic 

gave MIC of 0.5mg/ml against S. aureus 

(Table 2) and MBC of 1.0mg/ml against the 

same microbe (Table 3). The ratio of MBC 

to MIC of garlic for this organism is two, 

indicating that garlic is bactericidal against 

S. aureus.  

 

 

Table.2 MICs of the Spices and Controls 

 

 

 

Micro-organisms 

MIC 

Spices (mg/ml) Controls (µg/ml) 

Gar Gin Nut Oni Pep G T C 

Staphylococcus aureus 0.5 1 2 4 2 16 32 - 

 Bacillus subtilis 0.25 1 2 2 4 16 32 - 

Escherichia coli 0.5 2 4 2 2 32 32 - 

Klebsiella pneumonia 0.5 1 4 4 2 16 62 - 

Candida albicans 0.25 1 2 4 4 - - 32 
Key: As under Table 1. 

 

 

Table.3 MBCs (MFC) of the spices and controls 

 

 

 

Micro-organisms 

MBC 

Spices (mg/ml) Controls (µg/ml) 

Gar Gin Nut Oni Pep G T C 

Staphylococcus aureus 1 ɸ ɸ ɸ ɸ 64 250 - 

 Bacillus subtilis 1 2 ɸ ɸ ɸ 64 250 - 

Escherichia coli 2 ɸ ɸ ɸ ɸ 128 250 - 

Klebsiella pneumonia 2 ɸ ɸ ɸ ɸ 64 250 - 

Candida albicans 2 4 ɸ ɸ ɸ - - 128 
Key: As under Table 1; ɸ - MBC values greater than 4mg/ml 

 

In using the micro-broth dilution method for 

determination of MIC endpoint, the naked 

eye can help distinguish between wells in 

the micro-titre plates that are turbid and 

those that are clear. There are, however, 

many colourimetric methods centred on the 

use of dye reagents to help differentiate 

growth in the wells. There are also devices 

that can facilitate reading and recording of 

microdilution tests (Balouiri et al., 2016). In 

this study a tetrazolium dye, p-

Iodonitrotetrazolium Violet (INT) was used 

to confirm the MIC endpoint. The use of the 

INT is based on a colourimetric reaction 

involving the transfer of electrons from 

NADH. Bacteria and fungi produce 

threonine dehydrogenase (TDH), that 

catalyses the NAD-dependent oxidation of 
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threonine to form 2-amino-3-ketobutyrate 

and NADH. During active growth an 

electron is transferred from NADH (which is 

colourless) to INT resulting in formation of 

a purple coloured formazan dye (Masoko et 

al., 2007). Thus clear zones indicate growth 

inhibition whilst purple colouration indicates 

active growth. This reaction offered a simple 

test to verify the MIC results. 

 

In conclusion, Species are common in the 

meals of many people all over the world. 

Some of these spices that are commonly 

used may have therapeutic activities. The 

present study has shown that many of the 

local spices used in the Ghanaian meal have 

in vitro antimicrobial activity. If this in vitro 

activity has the same in vivo action in man 

then that would mean consumption of the 

spices used in the study, especially garlic 

and ginger, would offer antimicrobial 

prophylaxis when used. It has been shown 

that garlic, ginger, nutmeg, pepper and 

onion have antimicrobial activities against 

some microbes, and as such may help in 

preservation.  
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