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Abstract: Meatballs are known to be one of the foodstuffs most sensitive to microbiological deterioration due 

to their physical and chemical properties. Meat and meat products are known to be the leading sources of food-

related diseases. Nisin and natamycin are natural additives which are known for their activities in the inhibition 

of microorganisms. In this study, an evaluation was made of the effects of nisin and natamycin on the properties 

of meatballs and the possibilities for use of these natural antimicrobials in meatballs were investigated. 

Chemical, microbiological and sensory analyses to determine quality were applied to meatball samples which 

included these natural antimicrobials at different ratios. Moisture, crispness, fat content, pH, total aerobic 

mesophilic bacteria count and sensory values of the meatball samples which included 0, 2.5 and 5 g nisin/kg 

and 0, 2.5 and 5 g natamycin/kg were analysed at 0th, 5th, 10th and 15th days, and changes in the product structure 

were recorded. The sensory properties of the meatballs were moisture, crispness, strange taste and odour, colour, 

flavour and overall taste. Multi-criteria decision-making techniques, SAW and TOPSIS tests were performed 

for the sensory analysis. The results showed that the acceptable consumption period of meatballs which included 

these antimicrobials was increased. According to the sensory analyses the most preferred meatball sample was 

that which included 5 g nisin. 

Keywords: Nisin, natamycin, meatball, natural antimicrobial, sensory analyse, multi-criteria decision-making 

Köftenin Mikrobiyolojik, Kimyasal ve Duyusal Kalitesi Üzerine Nisin ve 

Natamisinin Etkileri 
 

Özet: Köfte, fiziksel ve kimyasal özelliklerinden dolayı mikrobiyolojik bozulmaya en duyarlı gıdalardan biri 

olarak bilinir. Gıda kaynaklı hastalıklar arasında et ve et ürünleri en büyük orana sahiptir. Nisin ve natamisin 

mikroorganizmaların inhibisyonu için faaliyetleriyle bilinen doğal katkı maddeleridir. Bu çalışmada, nisin ve 

natamisinin köfte kalitesi üzerine etkileri ve bu doğal antimikrobiyallerin köftede kullanım olasılıkları 

araştırılmıştır. Bu doğal antimikrobiyal maddeleri değişik oranlarda içeren köfte örneklerin kalitelerini 

belirlemek için kimyasal, mikrobiyolojik ve duyusal analizleri yapıldı. 0, 2.5 ve 5 g nisin/kg köfte ve 0, 2.5 ve 

5g natamisin/kg köfte içeren köfte örneklerinin depolamaya bağlı olarak 0, 5, 10 ve 15. günlerde nem, kül, yağ 

içeriği, pH, toplam aerobik mezofilik bakteri sayımı ve duyusal değerleri araştırıldı. Duyusal kriter olarak 

sululuk, gevreklik, farklı tat ve koku, renk, lezzet ve genel tat değerlendirildi. Çok kriterli karar verme 

tekniklerinden SAW ve TOPSIS testleri duyusal analizlere uygulandı. Sonuç olarak, bu antimikrobiyalleri 

içeren köftelerin kabul edilebilir tüketim süresinin arttırdığı bulunmuştur. Duyusal analizlere göre 5 g nisin 

içeren köfte örneği en sevilen örnek olmuştur. 

Anahtar Kelimeler: Nisin, natamisin, köfte, doğal antimikrobiyal, duyusal analiz, çok kriterli karar verme 
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1. INTRODUCTION 

Meat has an important role in human nutrition 

because of the nutritional value, and particular 

flavour and smell. Due to the physical and chemical 

properties of meatballs, they are known to be a 

highly sensitive food product in respect of 

microbiological spoilage. It is well known that 

meat and meat products are the leading cause of 

foodborne diseases. The most common spoilage 

bacteria in meat are Gram negative aerobic 

psychotropic Pseudomonas, Moraxella, 

Acinetobacter, Aeromonas and facultative 

anaerobic Alteromonasputra faciens, Gram 

positive Lactobacillus spp. and Brochotrix 

thermopsphacta.  

Microorganisms are the most important factors 

related to food safety [1]. Rates of foodborne 

illnesses and poisonings are increasing, associated 

with various factors such as changes in lifestyle, an 

increase in sensitive consumer groups, the 

development of exports and imports, new 

developments in the production of animal origin 

food, new applications in food processing, 

increased travel, global warming, trends for natural 

nutrition, and a high demand for additive-free food 

[2]. 

The main principle of food preservation is the 

inactivation, delayed growth or prevention of 

microorganisms which are pathogens and cause 

food spoilage. Of the many food spoilage 

prevention techniques which are in use,  

antimicrobial chemicals and heating processes are 

the oldest and the most common methods [3]. 

However, the negative attitudes or prejudices of 

consumers towards synthetic food additives and 

increasing demands for food products which have 

undergone a minimum processing but have a long 

shelf life has led to research into alternative 

methods of food preservation. 

Although various antimicrobial additives are used 

for the elimination of pathogens in meat products, 

the use of these chemicals is restricted because of 

the negative effects on human health of adding 

antimicrobials such as nitride and nitrate over the 

permitted limit [4]. Consumer trends are for the use 

of natural antimicrobials rather than synthetic 

additives. Some of these natural antimicrobials are 

used in food preservation but some are still at the 

research stage. Lysozyme, ovotransferrin and 

avidin in eggs, lactoperoxidase and lactoferrin in 

milk, and transferrin in blood serum are examples 

of animal origin natural antimicrobials. Carvacrol, 

eugenol, thymol, cinnamicaldehyde and allicin are 

derived from herbs and spices, while essential oils 

and extracts are major herbal natural 

antimicrobials. Bacteriocins are antimicrobial 

polypeptides or proteins which are ribosomally 

produced by bacteria. The antimicrobial effect is 

related to the bacterium. These cationic molecules 

with 60 amino acid residue and resistance to heat 

[5] have a role in the inhibition of foodborne 

pathogens, the control of fermentation, shelf life 

extension and the provision of  microbiological 

safety[6, 7]. Bacteriocin is used in the food industry 

as a direct addition to the food formulation, by 

immersion of the food in a bacteriocin solution,  

and by inoculation of the food with strains which 

produce bacteriocin [8]. Bacteriocins of lactic acid 

bacteria are classified in 4 groups; lantibiotics, heat 

stable bacteriocin, not heat stable, complex 

bacteriocins [6]. There are also natural 

antimicrobial bacteriocins such as nisin and 

pediocin which are derived from microorganisms 

[3, 9, 10]. 

Lactococcus lactis is a bacterium used as a 

fermentation agent in many dairy products and 

through controlled fermentation, the natural, 

polycyclic antimicrobial peptide, nisin can be 

obtained. This bacteriocin is extensively used in the 

protection of a wide range of food products against 

spoilage bacteria, and is permitted for use in food 

processes due to the absence of toxicity and the 

impact on pathogens and spoilage microorganisms. 

Due to these properties, nisin has become the 

subject of research [11]. However, restrictions of 

use are that it has no effect on Gram negative 

bacteria, fungi and yeasts, or on all Gram positive 

bacteria.  

Food preservatives play important in meat 

preservation, role. According to the properties of 

the meat, nisin shows antimicrobial activity when 
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in contact with the meat matrix.  The use of nisin in 

meat processing is mainly dependent on the 

presence of glutathione, which can inactivate nisin 

through the catalyst of  glutathione S-transferase  

reaction [12]. In cooked meat, the glutathione 

inactivation is lower as free sulphydryl groups that 

act as the catalyst for the reaction between 

glutathione and proteins, are lost during the heating 

process [13]. The inactivation of nisin also occurs 

though proteolytic enzymes, which are generally 

found in fresh meat [12]. Furthermore, the 

antimicrobial efficacy of nisin can be reduced by 

interaction with the meat fats, in addition to 

glutathione and the presence of proteolytic 

enzymes.   

Natamycin is a natural, macrolide polyene 

antifungal product, which is obtained through the 

fermentation of Streptomyces natalensis. As a food 

additive, it has a role in the control of yeast and 

mould growth, mainly on the surface of cheese, 

meat and sausages. Natamycin (INN) is a naturally 

occurring antifungal agent, also known as 

pimaricin, which is commonly found in soil. 

Natamycin is used in the food industry as a natural 

preservative, as a patented antibiotic against 

carcass decontamination and as an alternative to 

chemicals such as trisodium phosphate and 

chloride. The antifungal effect occurs through 

combining with sterol in the cell walls of yeasts and 

moulds. As bacteria have no cell wall sterol, 

natamycin is not effective against  bacteria [14, 15]. 

In the food industry, natamycin has been used for 

many years to inhibit fungal outgrowth in dairy 

products and other foods. The potential advantages 

for the use of natamycin could include the 

replacement of traditional chemical preservatives, 

as a neutral flavour impact, and that the efficacy is 

less dependent on pH, as is common with chemical 

preservatives. Natamycin can be applied to foods 

by various methods. These can be sprayed or 

immersed the aqueous solution into the product or 

powder form can be added into meat mixture. More 

specific uses of natamycin are the common use in 

products such as cottage cheese, sour cream, 

yogurt, shredded cheeses, cheese slices, and 

packaged salad mixes. One of the reasons for food 

manufacturers to use natamycin is to replace the 

artificial preservative sorbic acid. Natamycin has 

been approved for different applications at 

different levels throughout the world, and is 

approved in over 150 countries worldwide. 

Natamycin does not have acute toxicity. The EFSA 

has concluded that the use of natamycin as a food 

additive has no relevant risk for the development of 

resistant fungi.  

The aim of this study was to investigate the effects 

of nisin and natamycin on the microbiological, 

chemical and sensory properties of meatballs and 

to present these antimicrobial functions to the meat 

industry. 

2. MATERIALS AND METHODS 

2.1. Materials 

Meatball samples were prepared with the following 

ingredients: meat (Yıldız Et, Sivas, Turkey), nisin 

and natamycin (Maysa Gıda, Istanbul, Turkey), salt 

(Yılmazlar Tuz, Sivas, Turkey). The meatball 

samples were prepared in the manner of traditional 

butcher meatballs. The meat samples were minced 

and included 20g/kg granule salt and temperature 

was measured as 0-40C, were. Nisin (NS) and 

natamycin (NT) at different concentrations were 

added to the mixture. The control samples NS-0 

and NT-0 did not include any antimicrobials, 

samples NS-2.5, NS-5.0, NT-2.5 and NT-5.0 

included nisin 2.5 g/kg, nisin 5.0 g/kg, natamycin 

2.5 g/kg and natamycin 5.0 g/kg respectively. The 

meatball mixture was prepared by manual 

kneading then stored for 24h at 40C for marination. 

The mixture was homogenized again through a 

meat grinder and shaped by hand. The meatball 

samples were then stored at 40C in sealed polythene 

bags for 15 days. 

2.2. Methods 

2.2.1. Proximate Analyses 

Moisture and crispness [16], fat content [17] and 

pH values [18] of the 5 different meatball samples 

were determined using analytical methods. 

Moisture (g water/100 g sample) was determined 

by drying a 3g sample at 105 °C in a drying oven 

(Nüve, MF120, Turkey) for constant weight. 

Crispness analysis was applied at 550 °C for 12 h 

(g ash/100 g sample) in a furnace (Nüve, MF120, 

https://en.wikipedia.org/wiki/Acute_toxicity
https://en.wikipedia.org/wiki/Antibiotic_resistance
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Turkey). The fat content analysis was applied as the 

basic component using ether extraction methods. 

The pH values were determined by blending 10 g 

sample with 50 mL deionized water for 2 min. The 

pH of the resultant suspension was measured with 

a pH meter (Hach, ABD).  

2.2.2. Microbiological Analyses 

For total aerobic mesophilic bacteria counting, a 

25g sample and 225 mL sterile 0.1% peptone water 

were homogenized for 2 min. Then, 0.5 mL of the 

mixture was inoculated onto plate count agar 

(PCA) and incubated for 48-72 h, at 32-350C. Data 

were expressed as “log10 cfu/g”.  

2.2.3. Sensory Analyses 

As sensory quality criteria, moisture, crispness, 

strange taste and odour, colour, flavour and overall 

taste were evaluated by 20 panellists (15 females, 

5 males, with an average age of 22.7±3.4 years) 

who were students in the Food Technology 

Department in Yıldızeli Vocational School, 

Cumhuriyet University, Sivas, Turkey. The 

panellists were currently in good health and 

volunteered for the testing. The sensory analysis 

was applied in a room at a controlled temperature. 

Before the analysis, the panellists were educated 

about the general properties related to hot 

meatballs. The panellists tasted a sample of each 

meatball labelled with a three-digit random 

number. Evaluation was made of consistency, 

flavour, colour, moisture, strange taste – odour and 

overall like using a 9-point hedonic scale 

(1=disliked extremely; 5=neither liked nor 

disliked; and 9=liked extremely). 

2.2.4. Application of SAW and TOPSIS Test 

The judgment diagram of the meatball selection is 

shown in Figure 1.  

 

 

Figure 1. Decision diagram of the meatball selection. 
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The SAW (simple additive weighting) test method 

used to compare the criteria separately. 

1. Create of pairwise comparison matrix (m x 

n) based on Saaty’s 1-9 scale.  

2. Selection of the important criteria for each 

comparison and scoring to illustrate how 

much more important it is. 

3. Create of a decision matrix with m 

alternative and n criteria. 

 

4. Composing of the weighted normalized 

matrix with the equation: 

𝐴𝑖 = ∑𝑤𝑖𝑥𝑖𝑗   (1) 

where xij is the score of the ith alternative 

with respect to the jth criteria, and wj is the 

weight of the criteria [19] 

5. Determining the total of the weighted 

normalized vectors to determine the 

ranking of the alternatives. 

TOPSIS (technique for order preference by 

similarity to ideal solution) is a method developed 

by [20] to be used as an alternative to ELECTRE. 

The selected alternative should have the shortest 

distance from the negative ideal solution in 

geometric media. The order of alternatives 

preferred is provided by comparing the Euclidean 

distances [21]. To simplify the process of locating 

the ideal and negative ideal solutions, the basic 

assumption of the method is that each attribute can 

only increase or decrease in a single direction  

1. Normalization of the decision matrix: 

Converting the various dimensional attributes 

to a non-dimensional version. The normalized 

decision matrix (rij) can be calculated as:  
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2. The decision maker decides on a set of 
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3. Performance data for n alternatives over k 

criteria are calculated. Raw measurements 

(rij) are standardized (ni) by the following 

formula:  

4. For each criterion, a set of importance weights 

(wk) are formed. Although the basis for the 

weights is generally ad hoc reflecting the 

relative importance of each criterion, it can be 

set as anything. When step 1 standardization 

is successful, there will be no problems in 

scaling.  

5. The determination of positive (A+) and 

negative (A-) ideal solutions 

 **

2

*

1

* ,...,, nvvvA 
   (Maximum values) 

   nvvvA ,...,, 21   (Minimum values) 

ѵ is the weighted normalised values. 

6. The calculation of the distance from positive 

and negative ideal solutions of the 

alternatives.  
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vij,vj* and vj
− are the positive and negative ideal 

solutions as weighted normalized values. Di* and 

Di
− are the respective distances from the positive 

and negative ideal solutions. 

7. Finding out a ratio of R for each alternative is 

equal, which is fixed dividing the distance to the 

nadir by the total of the distance to the nadir and 

the distance to the ideal 

*

*

ii

i

i
DD

D
R








   (5) 

8. Ranking of the alternatives using the R values. 

The best alternative is the sample with the highest 

R value. 

2.2.5. Statistical Analysis 

All the analyses except sensory analyses were 

carried out in triplicate and data were emphasized 

as mean ± DF. Tukey was used to determine the 

effect of antimicrobial type and the concentration 

by SPSS 22.  

3. RESULTS  

3.1. Chemical Properties 

The dry matter content of the samples increased 

depending on the storage period for all samples as 

shown in Table 1. At the end of the 15th day, the 

sample including 5g/kg of nisin was the  

highest dry matter content. The moisture content 

changes of the meatball samples were not 

statistically significant according to antimicrobial 

addition. 

 

Table 1. Dry Matter Contents of Meatball Samples. 

% Dry Matter 

Samples 0th day 5th day 10th day 15th day 

Control 36.04±0.8 Aa 41.72±0.5 Aa 46.05±0.6 Ba 46.95±0.8 Ba 

NS-2.5 41.97±0.7 Ab 41.84±0.6 Aa 44.63±0.4 Aa 48.43±0.7 Ba 

NS-5 37.89±0.5 Aa 43.08±0.3 Ab 46.05±0.7 Aa 56.74±0.6 Bb 

NT-2.5 44.85±0.7 Ab 41.60±0.5 Aa 46.37±0.5 Aa 46.83±0.4 Ba 

NT-5 36.11±0.6 Aa 44.54±0.4 Ab 46.40±0.4 Aa 48.99±0.7 Ba 

On the table, the same letters in lines and columns express no difference statistically, different letters express a difference 

statistically. Capital letters were coded for lines; small letters were coded for columns. 

As seen in Table 2, the sample with the highest ash 

content was NS-5. Changes in ash content were not 

seen until the 5th day, and after the 10th day, the ash 

content of the samples increased depending on the 

storage time.  

The pH values and fat contents of meatball samples 

were not statistically significant (Table 3). The pH 

values of the control sample more decreased, 

depending on the storage period and the NT-5 

sample had the lowest pH value. The fat content of 

the meatball samples did not change with the effect 

of nisin and natamycin in comparison with the 

control group (Table 4). 
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Table 2. Ash Contents of Meatball Samples. 

% Ash Content 

Samples 0th day 5th day 10th day 15th day 

Control 2.03±0.5 Aa 2.37±0.5 Aa 2.56±0.6 Ba 2.60±0.9 Ca 

NS-2.5 2.08±0.3 Ab 2.56±0.6 Ab 2.70±0.8 Bb 2.97±0.5 Cb 

NS-5 2.23±0.5 Ac 2.68±0.5 Ac 3.09±0.4 Bc 3.16±0.7 Cc 

NT-2.5 2.06±0.4 Ad 2.40±0.3 Ad 2.65±0.2 Bd 2.70±0.7 Cd 

NT-5 2.41±0.2 Ae 2.53±0.1 Ae 2.61±0.4 Be 2.68±0.6 Ce 

On the table, the same letters in lines and columns express no difference statistically, different letters express a difference 

statistically. Capital letters were coded for lines; small letters were coded for columns. 

 

Table 3. pH Values of Meatball Samples. 

pH Values 

Samples 0th day 5th day 10th day 15th day 

Control 5.75±0.4 Aa 5.65±0.6 Aa 5.44±0.4 Aa 5.22±0.5 Aa 

NS-2.5 5.74±0.3 Aa 5.78±0.5 Aa 5.84±0.3 Aa 5.93±0.5 Aa 

NS-5 5.42±0,4 Aa 5.47±0.3 Aa 5.50±0.3 Aa 5.52±0.7 Aa 

NT-2.5 5.53±0.2 Aa 5.53±0.8 Aa 5.52±0.5 Aa 5.51±0.6 Aa 

NT-5 5.37±0.1 Aa 5.33±0.7 Aa 5.27±0.7 Aa 5.21±0.5 Aa 

On the table, the same letters in lines and columns express no difference statistically, different letters express a difference 

statistically. Capital letters were coded for lines; small letters were coded for columns. 

 

Table 4. Fat Contents of Meatball Samples. 

% Fat Content 

Samples 0th day 5th day 10th day 15th day 

Control 19.78±0.6 Aa 19.98±0.5 Aa 20.13±0.6 Aa 20.13±0.7 Aa 

NS-2.5 19.49±0.7 Aa 19.66±0.6 Aa 19.98±0.8 Aa 19.98±0.4 Aa 

NS-5 20.03±0.4 Aa 19.98±0.6 Aa 20.11±0.4 Aa 20.09±0.2 Aa 

NT-2.5 19.85±0.6 Aa 19.83±0.4 Aa 19.89±0.7 Aa 19.88±0.5 Aa 

NT-5 19.96±0.6 Aa 19.97±0.5 Aa 19.96±0.3 Aa 19.98±0.4 Aa 

On the table, the same letters in lines and columns express no difference statistically, different letters express a difference 

statistically. Capital letters were coded for lines; small letters were coded for columns. 

 

3.2. Sensory Properties  

From the evaluation of the sensory scores, there 

was no statistically significant difference between 

the nisin added samples and the control group. 

Differences were observed between the natamycin  

added meatball samples and the nisin added 

samples and the control group. The meatballs with 

the highest scores were the nisin added meatball 

samples, as shown in the table.  

SAW method used for specifying the alternatives 

were directly used and normalized of the sensory 

scores. The normalized and weighted normalized 

values of the analyses results are shown in Table 5. 
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Using the SAW technique, the NS-5 sample had 

the highest value indicating that NS-5 was the best 

sample. 

 

Table 5. Sensory Property Results of Meatball Samples. 

 0th day 5th day 10th day 15th day 

Juiciness 

Control 6.87±0.3 Aa 5.35±0.5 Aa 5.29±0.5 Aa 5.00±0.4 Aa 

NS-2.5 6.88±0.4 Aa 6.78±0.7 Ab 6.56±0.5 Ab 6.46±0.3 Ab 

NS-5 7.50±0.5 Aa 7.01±0.6 Ab 6.79±0.7 Ab 6.66±0.7 Ab 

NT-2.5 7.77±0.6 Ba 7.68±0.6 Bb 7.00±0.6 Bb 6.89±0.6 Bb 

NT-5 6.41±0.4 Ca 6.35±0.6 Cb 5.67±0.6 Ca 5.45±0.6 Ca 

Crispness 

Control 6.00±0.6 Aa 6.00±0.6 Ab 5.98±0.4 Aa 5.87±0.6 Aa 

NS-2.5 6.04±0.5 Aa 6.00±0.7 Ab 5.97±0.7 Aa 5.80±0.4 Aa 

NS-5 6.13±0.3 Aa 6.00±0.5 Ab 5.98±0.6 Aa 5.89±0.4 Aa 

NT-2.5 6.12±0.2 Ba 6.10±0.6 Bb 6.09±0.7 Bb 6.00±0.7 Bb 

NT-5 5.50±0.8 Cb 5.45±0.4 Ca 5.00±0.6 Ca 4.86±0.5 Cc 

Colour 

KT 6.17±0.6 Aa 6.00±0.6 Ab 5.97±0.6 Aa 5.87±0.6 Aa 

NS-2.5 6.96±0.5 Aa 6.87±0.6 Ab 6.78±0.5 Ab 6.50±0.5 Ab 

NS-5 7.08±0.5 Aa 7.00±0.4 Ab 6.98±0.8 Ab 6.50±0.4 Ab 

NT-2.5 6.65±0.7 Ba 6.30±0.3 Bb 6.21±0.4 Bb 6.00±0.8 Bb 

NT-5 5.95±0.9 Cb 5.76±0.6 Ca 5.53±0.4 Ca 5.21±0.8 Ca 

Strange taste and Odour 

Control 6.52±0.5 Aa 6.32±0.7 Ab 6.00±0.6 Ab 5.98±0.7 Aa 

NS-2.5 6.68±0.4 Aa 6.56±0.8 Ab 6.45±0.8 Ab 6.56±0.5 Ab 

NS-5 7.42±0.3 Aa 7.40±0.9 Ab 7.34±0.5 Ab 7.00±0.6 Ad 

NT-2.5 7.12±0.2 Ba 7.00±0.6 Bb 6.78±0.7 Bb 6.50±0.6 Ba 

NT-5 5.18±0.7 Cb 5.09±0.7 Ca 4.99±0.3 Cc 4.87±0.6 Cc 

Flavour 

Control 6.65±0.5 Aa 6.34±0.4 Ab 6.12±0.2 Ab 6.00±0.5 Ab 

NS-2.5 7.08±0.6 Aa 7.00±0.6 Ab 6.87±0.4 Ab 6.56±0.7 Ab 

NS-5 7.50±0.4 Aa 7.45±0.7 Ab 7.00±0.5 Ab 6.98±0.7 Ab 

NT-2.5 6.65±0.5 Ba 6.45±0.8 Bb 6.30±0.4 Bb 6.00±0.9 Bb 

NT-5 4.55±0.5 Cc 4.34±0.4 Cc 4.00±0.6 Cc 3.99±0.6 Cc 

Overall taste 

Control 7.05±0.4 Aa 7.00±0.6 Ab 6.98±0.6 Ab 6.94±0.2 Ab 

NS-2.5 7.52±0.2 Aa 7.45±0.3 Ab 7.30±0.7 Ab 7.17±0.2 Ad 

NS-5 7.46±0.7 Aa 7.36±0.5 Ab 7.12±0.6 Ab 7.00±0.4 Ad 

NT-2.5 6.85±0.6 Ba 6.54±0.6 Bb 6.34±0.7 Bb 6.00±0.2 Bb 

NT-5 5.00±0.6 Cc 4.98±0.7 Cc 4.87±0.7 Cc 4.65±0.1 Cc 

On the table, the same letters in lines and columns express no difference statistically, different letters express a 

difference statistically. Capital letters were coded for lines; small letters were coded for columns. 
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Table 6. Pair wise comparison matrix of alternatives based on the criteria and overall score of the alternatives obtained from 

SAW. 

Normalized Comparison Matrix 

Sample Colour Juiciness Strange taste and odour Flavour Overall taste 

Control 0.45 0.53 0.45 0.41 0.39 

NS-2.5 0.44 0.39 0.41 0.41 0.45 

NS-5 0.51 0.49 0.55 0.62 0.59 

NT-2.5 0.41 0.41 0.41 0.38 0.38 

NT-5 0.41 0.40 0.39 0.36 0.39 

Weighted Normalized Matrix 

Sample Colour Juiciness Strange taste and odour Flavour Overall taste 

Control 0.076 0.030 0.050 0.115 0.153 

NS-2.5 0.074 0.021 0.046 0.115 0.177 

NS-5 0.085 0.027 0.062 0.173 0.228 

NT-2.5 0.068 0.023 0.046 0.105 0.148 

NT-5 0.068 0.022 0.043 0.099 0.151 

Table 7. Distance from positive (D+), negative (D−) and ratio 

values of each alternative for technique for order preference by 

similarity to ideal solution (TOPSIS) techniques. 

Sample D+ D- R 

Control 0.0961 0.0214 0.1821 

NS-2.5 0.0801 0.0337 0.2961 

NS-5 0.0024 0.1121 0.9787 

NT-2.5 0.1076 0.0071 0.0618 

NT-5 0.1097 0.0037 0.0323 

The calculations of Eqs. 3, 4and 5 were made using 

the negative (D−), positive and (D+) ideal solution 

values of the alternatives as shown in Table 7. With 

the aim of arranging the alternatives, Eq. 5 was 

used to obtain the R value. When compared to the 

other methods, the best sample was seen to be NS-

5 (sample included 5g nisin). The results obtained 

using TOPSIS and SAW are presented in Table 8. 

Table 8. Scores of the meatball samples on the sensory 

alternatives with different multi-criteria decision techniques. 

Samples SAW TOPSİS 

Control 3 3 

NS-2.5 2 2 

NS-5 1 1 

NT-2.5 4 4 

NT-5 5 5 

 

 

3.3. Microbiological Properties 

 

The Total Aerobic Mesophilic Bacteria Count 

(TAMB) value must be under 5 log10 cfu/g, 

according to microbiological criteria of the Turkish 

Food Codex. Using this reference, the 

microbiological qualities of the meatball samples 

which included natural antimicrobials were 

determined during the storage period and the time, 

when the TAMB value of the samples reached 5 

log10 cfu/g. During the storage period, the TAMB 

of the meatball samples increased but this rise was 

less in samples including nisin and natamycin. The 

amount of antimicrobial increase and the decrease 

in number of microorganisms are shown in Figure 

2.  
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Figure 2. Total Aerobic Mesophilic Bacteria. 

4. CONCLUSION 

In this study, nisin and natamycin were added to 

meatball formulations and the effects were 

evaluated by physical, chemical, sensory and 

microbiological analyses. As a result of the 

analyses on 0th, 5th, 10th and 15th days, the samples 

were compared with control groups and statistical 

differences between the control groups and the 

samples were detected in respect of moisture, ash, 

fat content and pH values.  

The microbiological results showed less total 

aerobic mesophilic bacteria in samples including 

nisin and natamycin in comparison with the control 

groups and there was an inverse ratio of the amount 

of antimicrobial to the number of microorganisms. 

The samples including nisin and natamycin had 

similar sensory scores to the control groups but the 

most accepted one was the meatball sample with 5g 

nisin added. 

Many different enzymes and antimicrobials 

produced by microorganisms are used for the 

elimination of foodborne pathogens which threaten 

consumers and public health. The utilisation of 

antimicrobials such as nitrite, nitrate and sorbate 

over permitted limits to meat products has a 

negative effect on human health and this inhibits 

the use of these additives. Therefore, it has become 

more common to use enzymes and microbial 

products which have been determined to be safe by 

a series of studies and have been accepted by the 

United States Food and Drug Administration 

(FAO). In addition to antimicrobial activities, to be 

natural, colourless, and odourless are important for 

the properties of meat products. These additives 

have a protein and peptide structure and ae 

therefore affected by the gastric secretions and 

proteolytic pancreatic enzymes rendering them 

digestible by humans. 

The results of this study showed that the use of 

these antimicrobials is acceptable in meatballs and 

these antimicrobials can also prolong the shelf life 

of meatballs. As seen on results of analyses, no 

physical or chemical differences were identified 

between the samples, the sensory property values 

of the 5 g nisin added group were the best 

according to the panellists.  
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    0th day  5th day   10th day      15th day

Control 0 5,40 15,7 20,4

NS-2.5 0 3,7 10,6 13,9

NS-5 0 0 6,7 10,5

NT-2.5 0 3,9 6,9 9,5

NT-5 0 2,8 5,6 7,8
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