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ABSTRACT 

 
In this study the antimicrobial activity of Carway (Carm carvi ) extracts was evaluated against three 

species of Gram negative bacteria (Pseudomonas putidi , Escherichia coli ,and Klebsiella pneumonia )and two 
species of Gram positive bacteria (  Bacillus subitilus and Staphylococcus aureus )and three species of molds ( 
Aspergillus flavus , Fusarium oxysporium , and Penicillium digitatum ). MIC, MBC and MFC of the extracts were 
determined at 37°. The aqueous and alcoholic extracts didn’t have antibacterial and antifungal activity , while 
the essential oil has antimicrobial effects . Among the tested Gram-positive bacteria Bacillus subitilus was the 
most sensitive strain among the tested Gram-negative bacteria Klebsiella pneumonia was the most sensitive 
strain and among all bacteria tested  in this study Staphylococcus aureus was the most resistible. The 
concentrations (2000 , 1000, 500 and 250 ppm) of  essential oil has antifungal activity  while the concentration 
125 ppm showed simple inhibition  activity on molds used and 60 ppm concentration has no antifungal   
activity on any of the fungi used in the study .The results obtained expanded the possibilities for application of 
studied oils not only as flavour enhancers, but even as natural antimicrobials in chilled meat products. 
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INTRODUCTION 
 

Constantly increasing requirements of people to consume natural and safety foods without 
additional chemical flavour enhancers and synthetic preservatives, influenced scientists and industrial 
producers to search for natural compounds with wide spectrum of antimicrobial activities. Among the natural 
substances essential oils from spices are the most appropriate and promising natural antimicrobials, because 
they manifest their antimicrobial activity even at low concentrations, do not cause microbial resistance and 
undesired changes in foods, also are GRAS and commonly accepted by consumers (4,8). In addition to 
antimicrobial properties, essential oils demonstrated antioxidant, antiviral, antimycotic, antitoxigenic, 
antiparasitic and insecticidal action (1,16). Psychrotrophic microorganisms associated with spoilage of chilled 
foods, especially meat and meat products, are one of the major problems of food industry. Microbial growth 
of spoilage and pathogenic psychrotrophic microorganisms and their metabolites caused undesired changes in 
organoleptic properties of foods and may be dangerous for human health (8).Antimicrobial activities of 
essential oils from spices such as Origanum vulgare, Thym vilgaris, Satureja montana, Pimenta dioica and 
other are widely studied, but usually they are tested in vitro at 30-35 °C, mainly against reference strains and 
by applying different antimicrobial testing procedures (4-6,8-14,18-22). On the other hand less or nothing is 
published about the antimicrobial action of essential oils from spices against food spoilage microorganisms at 
4 °C. The mentioned reasons make many of the published results to a certain extent incomparable and 
impracticable in real foods and real industrial conditions. The objectives of the present study were to evaluate 
the antimicrobial  activity  of Caraway (Carm carvi ) seeds essential oils and aqueous extracts against some 
species of bacteria and mold to use it as preservative to prolong the shelf life of ground meat. 
 

MATERIALS AND METHODS 
 
Collection of plant materials:  
 

Carway (Carm carvi ) seeds were randomly collected and stored in deep freeze at −20 ◦C until 
analysis. 
 
Chemicals, solvents, reagents 
 

All solvents ,chemicals  and reagents were purchased from Aldrich Co. and Sigma Chemical Co. and 
were of analytical grade. 
 

Preparation and extraction of the plant materials Plant materials were ground and macerated for 
extraction. Twenty grams of each prepared sample were weighed into 1 L Erlen-meyer flasks, and then 200 ml 
of solvents (ethanol and water) were added to the samples. Extraction was carried out by shaking at room 
temperature for 72 h. After filtration through filter paper (Whatman No. 4), the residue was re-extracted 
twice, and then the combined extracts of every sample were evaporated at room temperature and dried to a 
constant weight. The final residues were used to study their antimicrobial activities (18). 
 

Isolation of essential oil Portions (100 g) of each prepared plant material were hydro-distilled for 6 h 
in a Clevenger type apparatus to isolate the essential oil. The obtained essential oils were dried over 
anhydrous sodium sulphate. After filtration they were stored in dark glass bottles at −4 ◦C until used for 
further analyses. 
 
Microorganisms 
 

Three species of Gram negative bacteria (Pseudomonas putidi , Escherichia coli ,and Klebsiella 
pneumonia ) and two species of Gram positive bacteria (B. subitilus and Staphylococcus aureus and three 
species of mold (Aspergillus flavus , Fusarium oxysporium , and Penicillium digitatum) were used as indicator 
microorganisms for detection of the antimicrobial activity. All strains mentioned above were obtained from 
the Food sciences and biotechnology Dep., College of Agriculture, Baghdad University. 
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Chemical analysis of caraway seeds: 
 

Moisture content , ash , and lipid were determined according to AOAC (2). Protein content was 
determined using the Kjedhal method AOAC (2). 
 
Bioactive compound analyses in caraway extract 
 

Phytochemicals are chemicals derived from plants and the term is often used to describe the large 
number of secondary metabolic compounds found in plants. Phytochemical screening assay is a simple, quick, 
and inexpensive procedure that gives the researcher a quick answer to the various types of phytochemicals in 
a mixture and an important tool in bioactive compound analyses. 
 

Alkaloids determined using Wagner test (5)  , Cardiac glycosides according to Kellar  Kiliani test(17),  
flavoniods using Shinoda test (12) , phenols using Phenol test (9) , saponine according to Frothing test / Foam 
test,(17) , tannins usings Braemer's test(12); (17)  
 
Determination of antibacterial activity 
 
Disc diffusion method 
 

The disc diffusion method described by Parekh,J. et al. (17) was used for determination of 
antimicrobial activity of plant extracts and their essential oils, as follows: sterile nutrient agar medium (Merck) 
was prepared and distributed into Petri plates of 90 mm diameter. The disc diameter used was 6 mm 
(Whitman No. 1) paper. Different dilutions of the extracts and essential oils were made with ethanol. The 
microbial suspension was spread over the surface of the nutrient agar using a L-shaped glass rod. Under 
aseptic conditions, the discs were placed on the agar plates and then 200, 500, 1000, and 2000 ppm from each 
of the extracts and essential oil dilutions was put on the discs. A dilution solvent (ethanol) was added to the 
discs on the control plates. The plates were then incubated at optimum temperature 30 ◦C for bacteria) for 
24–48 h in order to get reliable microbial growth. Diameters of microbial inhibition zones (mm) were 
measured and recorded. 
 
Determination of antifungal activity 
 

Five millimeter disk of each tested fungi was transferred to the center of PDA dish supplemented 
with different concentrations (200 , 500 , 1000, 2000 ppm)of plant extracts and essential oil . The control 
treatment was inoculated in PDA dish without extract at the same conditions. Both experimental and control 
dishes were incubated at 25C and the fungal growth diameter was measured after the fungal growth in the 
control treatment had reached the edge of the petri dish (7). This test was repeated three times and the 
inhibition was calculated as the percentage reduction in colony diameter growth compared with the control 
for each species. 
 
Minimum inhibitory concentration (MIC) of plant extracts and essential oils 
 

A micro dilution broth susceptibility assay was used as recommended by Natural Committee for 
Clinical Laboratory Standard-NCCLS for the determination of the MIC. All tests were performed in nutrient 
broth for bacteria and in potato dextrose broth for fungi. Concentrations of 200, 500, 1000 and 2000 ppm of 
dry extract or essential oil were added to 1 ml nutrient broth tubes containing 105 CFU/ml of live 
microorganism’s cells. The tubes which contained 10 ml broth were incubated on an incubator shaker as to 
evenly disperse the extracts and essential oils throughout the broth in the tubes. The highest dilution (lowest 
concentration), showing no visible growth, was regarded as MIC. Cells from the tubes showing no growth 
were subcultured on nutrient agar plates to determine if the inhibition was reversible or permanent. 
 
Essential oil in ground meat preservation 
 

Fresh ground meat was purchased from the local grocery shop and the initial numbers of  the total 
aerobic bacterial count, psychrotrophic bacteria, coliform and yeasts and molds  were estimated. The ground 
meat was divided into four equal groups and one group for control. The essential oil was added  and to obtain 
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the final concentrations (200.500, 1000 , and 2000) mg / kg (weight / weight)  the essential oil distributed  by 
using sterile glass rod until homogeneity of essential oil with  ground meat . The ground meat was covered to  
prevent volatilization of essential oil and kept in the refrigerator at 4C. 
 

The total aerobic bacterial count , psychrotrophic bacteria , coliform , and yeasts and molds  were 
estimated  at a different time (1 , 4, 8, 12 , 22  days ) . 
 

RESULTS AND DISCUSSION 
 

Bioactive compound analyses in caraway extract as shown in Table 1 the fruits of caraway plant 
containd flavonoids, phenols, saponine and tannins. Flavoniods possess antifungal and antiviral properties                                          
 

Table 1: Chemical composition of Carway (Carm carvi ) seeds 
 

Protein         24.00 % 
Ash               3.50 % 
Oils               9.60 % 
Moisture       7.00 % 

 
Table 2: Bioactive compound in caraway extract 

 

Bioactive compound                   result 

Alkaloids                                     _ 
Cardiac glycosides                       _ 
flavoniods                                    + 
phenols                                        + 
saponine                                      + 
tannins                                         + 

 
Essential oil content 
 

The yield of hydrodistilled carway seeds essential oil was found to be 3.50%. The factors involved in 
the essential oil content and composition are: the characteristics and the tillage of soil, the annual 
precipitation and fertilization amount, breeding, the maturation, harvesting, drying and the extraction 
technologies (11), and even the microelement content (heavy metals) of the soil (1),(21) found that caraway 
fruits contain 1–9% of essential oils dependent on planting conditions . 
 
Antimicrobial activity of essential oils and plant extracts 
 

Estimation of antimicrobial activity of essential oils and plant extracts by disc diffusion method. Food 
poisoning originating from contaminated foods by both Gram-positive and Gram-negative bacteria causes 
concern to society and to industry. A major problem in antimicrobial chemotherapy is the increasing 
occurrence of resistance to antibiotics, which leads to the insufficiency of antimicrobial treatment (20). Spices 
and herbs have been safely since ancient times as food flavoring agents and also as herbal medicines and are 
now mainly considered “generally regarded as safe” (GRAS). Recently there have been considerable emphasis 
studies involving essential oils and extracts of spices and herbs on inhibiting the growth of microbes .Gianni et 
al. (9) reported that the essential oil and seed extracts of caraway could be a source of natural antimicrobial  
materials required for the preparations of new food preservatives. Therefore, this piece of work has been 
undertaken and used the disc diffusion technique to estimate the antimicrobial activity of essential oils and 
different extracts of caraway. The antimicrobial activity of the essential oils and plant extracts were examined 
in the disc diffusion assay against three species of Gram negative bacteria (Pseudomonas putidi , Escherichia 
coli ,and Klebsiella pneumonia )and two species of Gram positive bacteria (  Bacillus subitilus and 
Staphylococcus aureus )and three species of molds ( Aspergillus flavus , Fusarium oxysporium , and Penicillium 
digitatum ). The data expressed as diameter of growth inhibition zone (mm). The results are illustrated in 
Tables 3.  
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Table 3: Antimicrobial activity of plants extracts using disc diffusion assay (inhibition zone diameter in mm). 
 

Conc.  ppm/disk                                      Microorganisms                                          

                            E. coli      S. aureus       B. subitilus       P.putidia        K.pneumoniae  

200                        5.6             4.6                    5.2                   5                            5 
500                        15              4.7                    15                    14                          15 
1000                      21              12                     17                    16                          21 
2000                      22              18                     19                    19                          23 

 
The diameter (mm) of the inhibition zone is the mean of three independent experiments including 

the diameter of the paper disc (4 mm) . 
 

Variable zones of microbial growth inhibition were noted in essential oils. Zones of growth depend on 
the concentration of essential oil. The concentration activity, Caraway essential oil exhibited considerable 
antimicrobial activity against all the strains tested, particularly against Gram-negative bacteria. Eethanol 
extract and water extract were the 2000 ppm/disc was the best concentration as antimicrobial lower effect as 
antimicrobial activity than essential oil. 
 

Determination of antimicrobial activity of essential oils  by A micro dilution broth susceptibility assay  
method . (MIC) The minimal inhibitory concentration (MIC) of caraway  essential oil and their extracts were 
determined in order to assess their antimicrobial activity. The MIC values of caraway essential oil , (1000 
ppm), for Pseudomonas putidi , Escherichia coli ,and Klebsiella pneumonia , and B. subitilus  while S. typhi 
required higher concentration (2000 ppm) .In this study, the essential oil displays effective antimicrobial 
effects against food spoilage and food-borne pathogens and broad antimicrobial spectrum. 
 

Table 4: Antifungal activity of   caraway essential oil 
 

Conc.  ppm                                      molds growth diameter mm                                       

                    Aspergillus flavus      Fusarium oxysporium            Penicillium digitatum  

200            no antifungal activity   no antifungal activity           no antifungal activity 
500                        70                                  69                                              75 
1000                     30                                    23                                             44 
2000                      10                                    8                                             13 

 
As shown in 4 the caraway essential oil  exhibited  high antifungal activity  against all strains tested  at 

concentration 250 mg/kg .The mode of active of essential oils is a result of attack of oil on the cell wall and 
reaction of cytoplasm in the hyphae and ultimately death of the mycelium (22).  
 
Table 5: The effects of Caraway essential oil  (200, 500, 1000, and 2000 mg/ kg) on psychrotrophic  bacteria  

on ground meat at 4oC by time (days) 
 

Caraway 
essential oil 
concentrations 
(mg/kg) 

Time (days) 

Microbial growth (cfu/g) on ground meat treated with 
caraway essential oil 

           1 4 8 12 22 

200 55 x10 60 x10 62 x10 22 x 
102 

33 x 102 

500 34 x10 41 x10 42 x10 13 x 10 83 x 10 

1000 52 x10 50 x10 50 x10 52 x10 36 x 10 

2000 50 50 60 61 22 x 10 

Cont rol 14 x 102 32 x 102 90 x 
102 

22 x 
103 

98 x106   
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 The original microbial load (mesophilic ) of minced meat was 5 x 103 cfu/g used as a control. The 
gram-negative psychrotrophic bacteria (PTC) are the major group of microorganisms that is responsible for 
aerobic spoilage of stored fish at chilled temperatures (4 ± 1C) (21) . At the end of storage time (22th day), PTC 
in control samples was the highest (98 x 106cfu/g)  and a lower count was detected in samples treated with 
2000 mg/kg the reason may be due to the strong antimicrobial activity of  Caraway essential oil . 
 

Table 6: The effects of Caraway essential oil  (250, 500, 1000, and 2000 mg/ kg) on coliform bacteria  on 
ground meat at 4oC by time (days) . 

 

Caraway essential 
oil concentrations 
(mg/kg) 

Time (days) 

Microbial growth (cfu/g) on ground meat treated with caraway 
essential oil 

1 4 8 12 22 

200 0 colonies 11x10 20x10 36 x 10 90 x 10 

500 12 colonies 16 
colonies 

16 
colonies 

15colo
nies 

13colonies 

1000 0 colonies 0 colonies 0 
colonies 

0 
colonie
s 

0 colonies 

2000 0 colonies 0 colonies 0 
colonies 

0 
colonie
s 

0 colonies 

Control 10 x 10 16 x 102 30 x 102 22 x 
103 

77 x 103 

     
As shown in table 6 coliform bacteria counts in control group at the end of storage time (22 days )  

was the highest (77 x 103)CFU.g-1. Followed by group treated with 250 mg/kg of caraway essential oil (90 x 10) 
CFU.g-1. Also, the growth of coliform bacteria were inhibited in groups treated with 500, 1000, and 2000 
mg/kg caraway essential oil. 
 

Generally, the essential oils present in plant matter have been attributed as principal sources of 
compounds exhibiting antimicrobial activity, which has been illustrated against bacteria and fungi (6) 
 

Table 7: The effects of Caraway essential oil  (200, 500, 1000, and 2000 mg/ kg) on molds and yeasts  on 
ground meat at 4oC by time (days). 

 

Caraway 
essential oil 
concentratio
ns (mg/kg) 

Time (days) 

Microbial growth (cfu/g) on ground meat treated with 
caraway essential oil 

1 4 8 12 22 

250 67 77 x10 89 x10 91 x10 95 x10 

500 70 80 82 90 93 

1000 44 49 55 56 60 

2000 23 32 34 45 45 

Control 12 x10 22 x102 80 x102 22 x 
103 

80 x 104 

 
The antimicrobial activity of Caraway essential oil exhibited a stronger growth inhibiting effect 

against fungi than bacteria Table 6. At lower concentrations (250 mg/kg) of Caraway essential oil the growth 
of molds and yeasts were inhibited. 
 

The fungicidal activity of the oil was observed at a concentration, that is Inouye and others (10) 
reported that hydrophobic compounds of essential oils are thought to be absorbed by highly lipophilic nature 
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of fungal mycelia. Also, it has been reported that essential oils revealed alterations in the morphology of the 
hyphae and in the sporulation process (11). The mode of active of essential oils is a result of attack of oil on 
the cell wall and reaction of cytoplasm in the hyphae and ultimately death of the mycelium (22).  
 

CONCLUSIONS 
 

The essential oils from caraway demonstrated antimicrobial activity against all of the tested 
microorganisms used in this study which expand the possibilities for application of this oil not only as flavour 
enhancers, but even as natural antimicrobials in chilled ground meat. 
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