
Scientific research focused on medicinal herbs 

essential oils as natural sources of antimicrobial agents 

and antioxidants,due to the economic impact of spoiled 

foods and the growing consumer concern about the 

safety of foods containing synthetic antioxidants (7).

Nigella sativa L. seeds have been used for years as 

spices and food preservatives and have been added as 

spices to a variety of Persian foods, such as yogurt, pi-

ckles, sauces, and salads (5, 16). The seeds are widely 

used as spices, especially for bakery products and 

cheese (5). Essential oils are aromatic oily liquids re-

covered from parts of plants (e.g., flowers, buds, 

seeds, leaves, bark, herbs, fruits, and roots). Essential 

oils are characterized by a strong odour and are com-

posed of medicinal or aromatic plants as secondary 

metabolites (2).

The current research literature is generous with 

proposals for natural conservation methods, including 

Nigella sativa L. seed oil. Studies on meat, fish, milk, 

dairy products, vegetable, and fruits, have shown that 

the concentration of essential oils needed to achieve a 

significant antibacterial impact is about 20 μL/g in food 

Protecting meat products against degradation, 

especially through oxidation processes of microorga-

nisms, during processing and storage, is an important 

issue in the food industry. The food industry uses syn-

thetic additives, which slow down microbial growth 

and delay the oxidation of oxidizable materials. 

In our study, we investigated the effect of Nigella 

sativa L. (Black Cumin) oil at concentrations of 0.2%, 

0.5%, 1%, 1.5%, 2%, 2.5% and 3%, as a natural pre-

servative as well as its ability to increase the shelf life 

of sausages and its effects on the microbial, histologi-

cal, and sensory properties of smoked sausages du-

ring storage at 4 °C for 6 and 9 days.

Essential oils of Nigella sativa L. at different con-

centrations influence improving the sensory proper-

ties of sausages, acting as an antimicrobial agent. A 

higher oil concentration is more effective for the qua-

lity of the meat and for the shelf life than lower con-

centrations if used. Both the control sample and the 

sausage samples treated with different concentrations 

of oil at the periphery lose their morphological charac-

teristics due to hot smoking, a change that has nothing 

to do with the treatment of sausages with Nigella sati-

va L. oil.
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 Protejarea produselor din carne împotriva degra-

dării, mai ales prin procesele de oxidare sau prin acțiu-

nea microorganismelor, în timpul prelucrării și depozi-

tării, este o problemă importantă în industria alimen-

tară. Industria alimentară folosește aditivi sintetici, 

care încetinesc creșterea microbiană și întârzie oxida-

rea materialelor oxidabile. 

 În studiul nostru, am investigat efectul uleiului de 

chimen negru (Nigella Sativa L.) la concentrații de 

0,2%, 0,5%, 1%, 1,5%, 2%, 2,5% și 3%, ca și con-

servant natural precum și capacitatea lui de a crește 

durata de valabilitate a cârnaților și, de asemenea, 

efectele uleiului de chimen negru asupra analizei mi-

crobiene, histologice și a proprietăților senzoriale ale 

cârnaților afumați pe durata păstrării la 4°C timp de 6 

și 9 zile. Uleiurile esențiale de Nigella sativa L. la dife-

rite concentrații au efect asupra îmbunătățirii proprie-

tăților senzoriale ale cârnaților și acționează ca agent 

antimicrobian. Concentrația mai mare de ulei este mai 

eficientă pentru calitatea cărnii și pentru perioada de 

valabilitate decât concentrațiile mai mici utilizate. Atât 

proba martor cât și probele de cârnați tratate cu diferi-

te concentrații de ulei își pierd integritatea morfologică 

la periferie din cauza afumării la cald, modificare care 

nu are de-a face cu tratarea cârnaților cu ulei de Nige-

lla sativa L.
Cuvinte cheie: analiză microbiologică 

și histologică, ulei esențial Nigella 
sativa L., calitate cârnați
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and about 10 μL/mL in solutions for washing fruits and 

vegetables (8). Nigella sativa L. essential oil showed 

complete inhibition of the area against Bacillus cereus, 

Bacillus subtilis, S. aureus, and Pseudomonas aerugi-

nosa in 2000 and 3000 ppm. The oil exhibited inhibition 

zones against the B. subtilis and S. aureus at 1000 

ppm. The essential oil demonstrated antibacterial acti-

vities comparable to some standard antibiotics, such as 

ampicillin and cloxacillin (8, 15).

It is believed that most of the antimicrobial activity 

in essential oils obtained from condiments and food spi-

ces derives from phenolic compounds. Nigella sativa L. 

essential oil contains large amounts of phenolic com-

pounds (i.e., p-cymene thymol and carvacrol), which 

could be the reason for the antimicrobial potential of 

Nigella sativa L. essential oil. The inhibitory power and 

broad spectrum of antimicrobial activity of Nigella sati-

va L. essential oil suggest that interactions between in-

dividual components have led to the general activity (8, 

11).

The objectives of this study were to evaluate the 

use of Nigella sativa L. oil in the manufacture of sausa-

ges and to study its effects on the microbial stability 

and the sensory properties during cold storage of sau-

sages.

MATERIALS AND METHODS

Eight kg of fresh pork trimmings (FPT) was used in 

the production of experimental sausages with different 

concentrations of essential oils:0.2% 0.5%, 1%, 1.5%, 

2%, 2.5%, and 3%. The sausages from our study were 

made at an artisanal butcher's shop in Hunedoara 

County.

Essential oils

The Nigella sativa L. seed essential oil, cold pressed 

for internal use (sold under the name Negriol / Nigella 

sativa L.) we used in this study in pure state, had been 

purchased from the Aghoras Invent Ltd (Bucharest, 

Romania). This oil was kept in the original packaging 

until needed for use.

Preparation of sausage samples

Eight kg of fresh pork trimmings were purchased 

and weighed immediately after slaughter. Spices pur-

chased from the commercial network were also used: 

salt (140 g/kg), dried thyme (8 g/kg), sugar (8 g/kg), 

pepper (12 g/kg), granulated garlic (40 g/kg), and 

drinking water (400 ml/kg). 

The sausage samples were made using a standard 

technological procedure which consists of the following 

steps: preparation and weighing of raw materials, grin-

ding, salting, mixing, filling in pig membranes, and mo-

delling. The smoking of the sausages (Fig. 1C) was 

done in a single stage for 4 hours, with dried beech 

wood in classic smoking cells at temperatures of 95-

140°C (hot smoking), until the sausages obtained the 

specific colour (light red), the last step was cooling and 

labelling. A total of 2 different batches were made.

 

Fig. 1. Preparation of sausage samples. 

A - Mincing of raw meat material in meat grinders; 

B - Sausage samples enriched with N.S oil; 

C - Arrangement of sausages for smoking 

in a classic smokehouse

Experimental batches of sausages

The sausage samples are divided into two batches 

of treated samples and untreated samples = control 

samples. The treated group was divided into 7 groups 

(1000 g each) which were mixed with Nigella sativa L. 

oil at concentrations of 0.2% (NSSO1),0.5% (NSSO2),  
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1% (NSSO3),1.5% (NSSO4),2% (NSSO5),2.5% (NS 

SO6), and 3% (NSSO7). All groups were stored at 4°C 

and examined periodically every 3 days from a microbi-

ological point of view at a private laboratory in Bucha-

rest. The monitoring of the total viable count (TVC) was 

done over a period of 9 days, and the monitoring of 

coliform bacteria was performed over a period of 6 

days. From a histological and sensory point of view, the 

samples were analysed on the third day of the experi-

ment.

Investigation methods

Microbiological analysis:

a) Determination of TVC was done in accordance 

with SR EN ISO 4833-1: 2014 - Microbiology of the 

food chain and livestock feed. Horizontal method for 

the enumeration of microorganisms. Part 1: Aerobic 

Plate Counts (APC) at 30 °C by casting plate technique;

b) Counting coliform bacteria was done in accor-

dance with SR ISO 4832: 2015 - Microbiology of food 

and feed. Horizontal method for enumerating coliform 

bacteria. Colony counting method.

Sensory evaluation:

The sensory analysis was performed by a group of 

10 evaluators with no previous experience with sensory 

protocol and sausage evaluation, to express the im-

pressions of regular consumers. The products served to 

the evaluators were cooked in the oven (180°C, 25 

min). During the sensory evaluation, a protocol with 

unstructured graphic scales was used, with one end of 

the scale representing a completely satisfactory state 

of the parameter in question, and the other end a com-

pletely unsatisfactory state for the given parameter. All 

individual attributes were scored according to the 9-

point hedonic scale (1 = dislike the most, 5 = neither 

liked, nor disliked, 9 = like the most), because it is ea-

sier to be used by untrained assessors (17). The evalu-

ators analysed the following parameters: appearance 

on the cut surface, texture, smell of black cumin, taste 

of black cumin, and overall impression. Emphasis was 

placed on the acceptability of the sensation for the cu-

min smell and cumin taste parameters.

The panellists were agreed on the use of data for 

sensory evaluation and their publication in scientific 

articles.

Histological analysis:

From the point of view of histological examination, 

the samples were subjected to the routine method by 

fixation in the neutral solution of 10% formaldehyde, 

inclusion in paraffin, the use of a histoprocessor, sec-

tioned and stained by conventional haematoxylin – 

eosin (HE) technique. The sections were examined with 

the BX41 Clinical Microscope (Olympus Deutschland 

GmbH, Hamburg, Germany) with an integrated com-

puter photographing system.

RESULTS AND DISCUSSIONS

The effect of different concentrations of NSSO 

(Nigella sativa L. seed oil) essential oils on micro-

bial growth in pork sausages during cold storage.

The data shown in Table 1 showed changes in the 

TVC, affected by different concentrations of Nigella 

sativa L. oil and of the cold storage of sausages. The re-

sults indicate that the TVC in the control sausages were 
3 5 4 31.1x10 , 2.4x10  and 2.8 x10 , 9.4x10  on day 1, day 3, 

day 6, and day 9 of storage, respectively. During cold 

storage, the control sample increased the total number 

of bacteria on day 3 and day 6, followed by a decrease, 
3contrary to all expectations, to a maximum of 9.4x10  

on day 9.

Using Nigella sativa L. oil, the total viable count on 
3 5the sausage sample plate was 1.7 x 10 , 1.8 x 10 , 1.4 

4 3x 10 , 1.8 x 10 , at a concentration of 2%; TVC values 
3 5 4 31.9 x 10 , 1.7 x 10 , 1.6 x 10 , 1.4 x 10 , at a concen-

tration of 2.5% on day 1, day 3, day 6, and day 9 res-

pectively, of storage.
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Nigella sativa L. oil-treated sausages contained fe-

wer bacteria than control sausages throughout the cold 

storage period. Also, the increase in the concentration 

of Nigella sativa L. oil led to a decrease in the TVC. The 

high concentration of Nigella sativa L. oil (2.5 and 3%) 

was more effective in decreasing the absolute values of 

bacteria in sausages.

These results were similar to those obtained by El-

Adawy et al. (1996) who noted that the antibacterial 

effect of black cumin oil in freshly chilled sausages re-

duces the number of microorganisms on the plate more 

than in the control sample (3). The decrease in the total 

viable count could be due to the inhibitory effect of Ni-

gella sativa L. oil. Abou Zeid and Mahmoud (1993) 

found that the addition of Nigella sativa L. oil in butter 

allowed a 3-fold increase of the shelf life of butter du-

ring storage at room temperature and in the refrigera-

tor, due to the effect of Nigella sativa L. oil on bacterial 

growth (1).

In the study "The inhibitory effect of Nigella sativa 

L. oil on Listeria monocytogenes and Salmonella enteri-

tidis inoculated into minced beef”, the researchers 

reported that in the control sample, the TVC (Total Via-

ble Count) and Listeria monocytogenes were not affec-

ted during cold storage and that the TVC and the pa-

thogen agent gradually increased in minced beef from 

5.7 and 4.8 to 8.8 and 6.9 log CFU/g (maximum 

increase: 3.1 and, respectively, 2.1 log CFU/g), whilst 

in the treated samples, Listeria. monocytogenes and S. 

enteritidis were significantly affected (p <0.05) by 

black cumin seed oil supplementation in which the pa-

thogen agents were decreased from 4.8 and 4.7 to 2.1 

and 2.3 log CFU/g (maximum decrease 2.7) with con-

centrations (6.08, 5.93, and 5.91 respectively). The 

same study indicated that minced beef supplemented 

with NSSO (black cumin seed oil) possesses an anti-

proliferative power against psychotropic microorga-

nisms during preservation (10).

The antimicrobial activity of Nigella sativa L. seeds 

and oil has been reported by several researchers and 

has been proposed as an antibacterial solution for diffe-

rent types of goods, such as cheeses (4) and fresh fish 

(12).

Evaluation of coliform bacteria

Figure 2 clearly shows that the number of coliform 

bacteria in the control sausages gradually increased 

during cold storage from 100 CFU/g on day 3 to 3600 

CFU/g on the last day of the experiment. Thus, a re-

markable reduction in the number of coliform bacteria 

was observed in the sausages treated with Nigella 

sativa L. oil during cold storage. The increase in Nigella 

sativa L. oil concentrations led to a sufficient decrease 

in coliform bacteria (below 10 CFU/g). The decrease of 

coliform bacteria below 10 CFU/g was observed after 3 

days of cold storage for sausages treated with 2%, 

2.5%, and 3% oil.

A remarkable reduction in the number of coliform 

bacteria was observed by El-Adawy et al. (1996) as 

well, regarding sausages treated with higher concen-

trations of Nigella sativa L., during cold storage. Also, in 

the same study, the complete absence of coliform bac-

teria was observed after 21 days of cold storage for 

sausages treated with 2 and 3% oil, while lower con-
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centrations than these showed the complete absence 

of coliform bacteria after 28 days (3).

The results are in agreement with Salem et al. 

(2010), who stated that in minced beef preserved at 

4°C for a storage period of 6 days, the control sample 

had the highest number of coliforms when compared to 

minced beef treated with different concentrations of 

thyme essential oil (0.5%, 1%, 1.5%), the highest con-

centration of thyme essential oil (1.5%) being much 

more effective than the lower concentration (0.5%) in 

reducing the number of coliforms, particularly on the 

3rd and 6th day of storage (14).

Mahgoub et al. (2013) studied the impact of adding 

Nigella sativa L. oil at levels of 0.1 and 0.2% (G/G) to 

Domiati cheese supplemented with probiotic cultures, 

on the inhibition of food pathogens (Staphylococcus 

aureus, Escherichia coli, Listeria monocytogenes, and 

Salmonella enteritidis) which had been inoculated into 

the cheese. During storage, Nigella sativa L. oil showed 

antimicrobial effects where the concentration of 0.2% 

oil had the most effective antimicrobial potential on pa-

thogen agents when compared to the control sample. 

The shelf life of cheeses supplemented with oil extended 

in refrigerated conditions with low microbial loads. Also, 

Domiati cheese supplemented with oil has improved its 

physicochemical and sensory properties (10).

The effect of different concentrations of Nige-

lla sativa L. essential oils on sensory properties in 

sausages

When comparing the values of the appearance in 

section, colour and texture, sausages with low concen-

trations of oils (0.2, 0.5, 1 and 1.5%) presents a score 

similar to that of the test control sample upon heating. 

The concentration (2, 2.5, 3%) of Nigella sativa L. oil 

was reflected in a higher score compared to the control 

sample in terms of appearance parameters in section, 

colour, and texture, which were specific to the heat 

process they were subjected to (Fig. 3). Our results are 

similar to those reported by El-Adawy et al. (1996), 

who stated that the appearance, texture, and colour 

are not significantly different (P <0.05) in control sau-

sages and those treated with 0.1% and 0, 5% Nigella 

sativa L. oil (3). The score for other parameters was lo-

wer for sausages with low concentrations of Nigella sa-

tiva L. oil. We consider that our preliminary experiment 

should be repeated with a larger number of panellists to 

apply a relevant statistical calculation. High tempera-

tures during oven cooking had the most significant 

effect on odour, which was reflected in a low score 

assigned to this parameter and the existence of diffe-

rences for control sausages (NSSO 0% - 48 points) 

when compared to experimental sausages (NSSO 0, 

2% - 50 points: 0.5% - 52 points, 3% -54 points). 

Differences between control samples (0%) and sam-

ples treated with different concentrations of Nigella 

sativa L. oil were also discovered in the taste para-

meter. The results of the sensory evaluation show that 

the scoring assigned to the individual parameters dif-

fers by a maximum of 4 points from the control group 

score. We appreciate the higher score obtained as a 

parameter agreed by the consumer, NS oil imprinting 

an odour associated with the composition of sausages. 

The method of cooking amplified these differences; fact 
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associated with the greater sensitivity of the human 

senses in the perception of specific chemicals, called 

"smell or taste", which are volatile in warm or hot sam-

ples. In general, meat and meat products processed at 

higher temperatures (for example, grilled) develop a 

more intense smell and taste, as these temperatures 

lead to a non-enzymatic reaction between reducing su-

gars (or products of their degradation) and amino acids 

(or proteins) and subsequently to the development of 

Maillard reaction compounds that affect aroma and 

taste (9, 13).

Sporadic differences were observed between sau-

sages with the highest concentration of Nigella sativa L. 

oil (3%), especially to the general impression para-

meter. This tendency was most evident for the para-

meters: general impression, taste, and smell. The re-

sults of the sensory properties indicated that the sau-

sages treated with Nigella sativa L. oil had a good qua-

lity and higher acceptability than the control sausages 

during the experiment. Furthermore, samples contai-

ning 2%, 2.5%. Nigella sativa L. oil showed the grea-

test improvement in sensory attributes, while samples 

treated with 1% and 0.5% Nigella sativa L. oils showed 

a smaller improvement.

Histological evaluation of sausages treated 

with different concentrations of essential oil

Regardless of the examined group, the basic histo-

logical structure of the examined samples did not un-

dergo deep tissue transformations (Fig. 4 – 11).

Fig. 4. Microscopic aspects of sausages - 

Control sample, HE stains (ob. 10X)

Histological monitoring reveals that the control 

sample shows very well engaged adipose tissue in 

muscle tissue with preservation of cell morphology in 

both types of tissue. Vegetable spices are evenly distri-

buted throughout the product section. At the control 

test all tissue components are well connected in the 

form of a single tissue conglomerate Fig. 4.

Sausage samples treated with lower concentrations 

of Nigella sativa L. oil show sections through the stria-

ted muscle tissue fragments, most cells have preserved 

histological morphology, and others are dilacerated by 

an empty optical space, have homogeneous sarco-

plasm and lysed nuclei. The muscle tissue is caught in 

an abundant amount of adipose tissue with preserva-

tion of cell contents and lysis of nuclei Fig. 5 – 7. 

Fig. 5. Sausages enriched with NSSO 

at a concentration of 0.2%, HE stains (ob. 4X)

Fig. 6. Sausages enriched with NSSO 

at a concentration of 0.5%, HE stains (ob. 4X)

Fig. 7. Sausages enriched with NSSO 

at a concentration of 1%, HE stains (ob. 4X)
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Throughout the thickness of the histological pre-

paration the presence of plant fragments and mineral 

salt aggregates is observed.

In the samples of sausages treated with high con-

centrations of Nigella sativa L. oil, the tissue compo-

nents are dispersed in section and do not appear as a 

compact conglomerate, Fig. 10, Fig. 11 as it is in the 

samples with low oil concentration. At the periphery, a 

limited area loses its morphological character in all 

groups of samples, and we attribute this aspect to the 

hot smoke treatment of the products.

CONCLUSIONS

This study indicates that the incorporation of Nigella 

sativa L.oil in sausages, at concentrations of 2%, 2.5%, 

and 3%, reduces microbial growth during cold storage. 

The results of the sensory properties indicated that the 

sausages treated with Nigella sativa L. oil were of good 

quality and had higher acceptability than the control 

sausages throughout the cold storage period. Histolo-

gically speaking, the samples containing more Nigella 

sativa L. oil show tissue components dispersed in sec-

tion, with preservation of the basic histological struc-

ture. Both the control sample and the samples of sau-

sages treated with different concentrations of oil at the 

periphery lose their morphological character due to hot 

smoking, a change that has nothing to do with the 

treatment of sausages with Nigella sativa L. oil.
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