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Abstract 

The aim of this study was to assess the impact of incorporating Ɣ-irradiated black pepper (Piper 

nigrum) at the maximum approved radiation dose of 10 kGy on the quality characteristics and 

shelf-life of sliced mortadella bologna-type sausage (IBP) stored at 4 ± 2 °C for 21 days in vacuum 

packaging. The sterility of the black pepper grains was confirmed using the standard 
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microbiological agar plate method, revealing < 0.01 log cfu/g microbial activity, a state 

maintained after the pepper's addition at 1.5% of the total sausage mass. This led to an extended 

lag phase in microbial growth within the IBP samples during storage, positively influencing 

various sensory and biochemical parameters. Statistically significant improvements (p ≤ 0.05) in 

hardness and color intensity were observed by the 14th day, enhancing overall appearance and 

resulting in lower TVB-N values due to decreased microbial activity. These findings suggest that 

Ɣ-irradiated black pepper can enhance the quality and extend the shelf-life of mortadella bologna-

type sausages during cold storage in normal atmosphere packaging.  

 

Keywords: Ɣ-irradiated black pepper, mortadella bologna type sausage, quality characteristics, 

cold storage shelf-life. 

 

INTRODUCTION 

 

Hot-cured sausages constitute a significant portion of the meat products in the European 

market, particularly in the Western Balkan countries. Among these, mortadella is recognized as a 

high-quality product. It is well established that during shelf life, changes occur in sensory, 

biochemical, and microbiological characteristics Fernandez-Lopez et al., (2003); (2005); 

Indzhelieva et al., (2015). Among chemical indicators, biogenic amines—particularly putrescine 

and cadaverine—have been proposed as markers for determining meat quality Ivanov et al., 

(2016). These processes of quality deterioration significantly reduce the nutritional value of 

sausages Dragoev et al., (2016). Additives used in the processing of meat products, such as nitrates 

and nitrites, can delay rancidity Rysha et al., (2021). 

The primary microorganisms present in raw meat and meat products include aerobic 

bacteria such as Pseudomonas spp., Bacillus spp., and facultative anaerobes like Escherichia spp., 

Brochothrix spp., Lactobacillus spp., Salmonella spp., and Staphylococcus spp. Viuda-Martos et 

al., (2010). The presence of these undesirable microorganisms can lead to serious foodborne 

illnesses, posing significant health risks to humans. Additionally, they can cause the production of 

ammonia, trimethylamine (TMA), and dimethylamine (DMA) in spoiled meat Cai et al., (2011). 

Lipid oxidation is one of the most critical issues affecting the chemical deterioration of 

meat during cold storage Choe & Min, (2009). It leads to a decline in quality characteristics, 

reviewed through a multistage system perspective, beginning with a decrease in nutritional 

properties, including the loss of essential fatty acids, which can negatively impact sensory 

characteristics and cause deterioration in flavor, texture, and color Pratt et al., (2011). 

In response to these challenges, the meat industry continuously works on developing 

effective additive combinations to ensure product safety while also striving to enhance the 

nutritional and quality characteristics of processed meat products Doménech-Asensi et al., (2013). 

Ɣ-ray irradiation of food is emerging as a potential solution for pre-treating additives in 

processed meat products Suhaj, (2006). The primary expectations from these pre-treatments 

include reducing microbial growth and extending the lag phase, which in turn can result in an 

extended shelf life of meat products. 

Irradiation is an effective form of food preservation that prolongs shelf life and reduces 

spoilage Saeideh et al., (2021). It can be achieved using low-dose, medium-dose, or high-dose 

levels of radiation. Low-dose irradiation (<2 kGy) is used to delay the aging of vegetables and 

fruits; medium-dose irradiation (between 1 and 10 kGy) is used to reduce the levels of pathogenic 

organisms, similar to pasteurization; and high-dose irradiation (>10 kGy) is used to achieve 
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sterility Morehouse & Komolprasert, (2004). 

The Directive 1999/3/EC states that foods and food ingredients from an established list 

(covering 25 countries) can be treated with Ɣ-rays with a maximum absorption of up to 10 kGy 

for dried aromatic herbs, spices, and vegetable seasonings. The FDA limit for culinary herbs, 

seeds, spices, vegetable seasonings, and blends of these aromatic vegetable substances is up to 30 

kGy Code of Federal Regulation, (2004). 

Based on this, the objective of the study was to evaluate the effect of gamma-irradiated 

black pepper (10 kGy) on the quality characteristics and shelf life of mortadella under household 

cold storage conditions (4 ± 2 °C). 

 

MATERIALS AND METHODS 

 

Twelve Experimental design. Research work in this article was divided in two main pillars. 

First the irradiation of whole black pepper grains was made and then the microbial analyses for 

evaluation of black pepper sterility was made.  

The preparation of samples, precisely mortadella sausages was made in two groups. 

Control group (C) and experimental group (IBP) with total mass of 5 kg.   

Manufacturing process was done on traditional way known for mortadella with just whole 

grains of black pepper. 

Meat as percentage of 100%: contained 65% lean meat and 35% backfat; during 

emulsification meat never extended 2 °C, 15% water (ice w/w) was added and as Additives: 3% 

potato starch, 0.5% sodium ascorbate, 0.15% sodium nitrite, as Spices: commercial spices 1.5% 

and 15 grams (1.5%) whole black pepper grains. 

Fat cubes and black pepper were added after emulsification phase and the whole mix was 

just stirred on low speed. 

Mixture was filled in laminate polyethylene-polyvinyl dichloride sausage casings and 

thermally processed for 3 hours on 75–80 °C. 

Next step was cooling with running water for one hour and then transferred into refrigerator 

for 6 hours, while the temperature decreases to 1 °C on the surface. The whole sausages where 

sliced and packed in a minimal vacuum sealing pressure of 5 mbar. Tabletop vacuum machine 

model VA-400 from Jiangsu Tengtong Packing Machinery Co., Ltd was used.  

One difference between the control and experimental sample was the use of γ-irradiated 

black peeper in the experimental samples of mortadella. 

Mortadella sausages were manufactured at Andonov dooel Sveti Nikole, North Macedonia. 

Ɣ-irradiation and microbial analyses of black pepper grains. Irradiation is a non-thermal 

technique for decontamination.  

For this study, samples of black pepper were obtained from the food processing factory 

AD Vitaminka Prilep, North Macedonia.  

Samples were irradiated by 60Co γ-rays at absorbed dose of 10 kGy. The material was 

irradiated at the Vinča Institute of Nuclear Sciences, University of Belgrade (Belgrade, Republic 

of Serbia).  

The conventional agar plate method was used as a standard microbiological method, in 

order to evaluate the effect of irradiation on TVC at black pepper samples in the laboratory of Ss. 

Cyril and Methodius University, Faculty of Technology and Metallurgy, Skopje, North 

Macedonia. 

Sensory evaluation. Discriminative, or difference testing, methods were used to determine 
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differences in specific attributes like appearance, color intensity, shine, odor, acid taste, hardness 

and juiciness of mortadella using the Degree of Difference method with 5 points where 1 is very 

large difference from initial stage and 5 is no difference. This means that at the initial phase the 

grades were all 5 and during the storage they will decrease ASTM, (1986). 

Preparation of samples for physicochemical analysis. Average laboratory samples were 

prepared by homogenization. From every group average laboratory sample was taken and then, 

the quantity required was calibrated, as described in the appropriate methods for research. 

pH value was measured directly with the use of bevel needle pH electrode of digital pH 

meter BIOBASE Benchtop (PRC) pH/mV 210.  

Acid value was measured using free fatty acids as an indication of hydrolytic rancidity of 

extracted fat according to the Bligh & Dyer, (1959) modified by Gheisari (2011). FFA in the fat 

extracted from a mortadella sample was determined by titration with a solution of 0.1 N potassium 

hydroxide (KOH) and with phenolphthalein as an indicator. The acid value (or free fatty acid 

content) was determined by AOAC method 940.28 AOAC, (2012).  

Peroxide value POV was determined spectrophotometrically based on the oxidation of Fe2+ 

to Fe3+ in the presence of hydroperoxides and the formation of a colored complex between obtained 

Fe3+ and SCN  as described by Hornero-Méndez et al., (2001). The absorbance at 470 nm was 

measured against the water blank sample (correction of the spectrum baseline at 670 nm was 

performed). The absorbance was measured by spectrophotometer SPUV 1000 DLAB (DLAB 

Scientific Co., Ltd. Beijing Airport Economic Core Zone, Shunyi District, Beijing 101318, China). 

TBARS was determined using the method of (Botsoglou et al., 1994), following 

recommendations of Jebelli et al., (2012). A 2 g sample was transferred into a 25 mL centrifugated 

tube, and volumes of 5% aqueous TCA (8 cm3), and 0.8 mL BHT in hexane (5 cm3) were 

successively added. The content of the tube was Ulta-Turraxed for 30 s at high speed and 

centrifugated for 3 min at 3000 g, and the top hexane layer was discarded. The bottom aqueous 

layer was made to a 10 mL volume with a 5% TCA, and 2.5 cm3 aliquot was pipetted into a screw-

capped tube to which a volume (1.5 cm3) of 0.8% aqueous TCA was added. Following incubation 

for 30 min at 70°C, the tube was cooled under tap water, and reaction mixture was submitted to 

third-derivative spectrophotometry against blank reaction mixture. Aliquots of standard solutions 

were pipetted into screw-capped tubes and diluted to 2.5 cm3 volume with 5% TCA. A 1.5 cm3  

0.8% TCA was added in each tube and the reaction was carried out as prescribed. Calibration 

curves were constructing by plotting values of peak height at 521.5 nm were measured using single 

ray spectrophotometer SPUV 1000 DLAB (DLAB Scientific Co., Ltd. Beijing Airport Economic 

Core Zone, Shunyi District, Beijing 101318, China), as they are printed on the instrumental chart 

in arbitrary units, versus known concentration of MDA in the final reaction mixtures. MDA in 

samples was calculated using formula: 

𝑀𝐷𝐴 =
16 ∙ 𝐶 ∙ 𝑉

𝑊
𝜇𝑔/𝑘𝑔 

C is the MDA concentration (mg/cm3) in the sample extracts according to the calibration 

curve,  

V is a dilution factor of sample extract (cm3) if any, and 

W is the weight (kg) of the sample. 

The total volatile basic nitrogen TVB-N was determined according to the method described 

by Goulas & Kontominas, (2005). The 5 g to 10 g of laboratory samples was measured. They, 

were put in distillation flask with 200 cm3 of distillate water, to which were added litmus paper, 

10 cm3 of liquid paraffin, 2 g of magnesium oxide mixed with 25 cm3 to 30 cm3 of distillate water. 

The reaction needed an alkaline reaction (litmus paper supposed to be blue). The distillation 
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equipment which was used containing: steamer, distillation flask, Liebig condenser, and receiving 

flask. The 20 cm3 to 30cm3 of H2SO4 were put, and 3–5 drops of methyl rot as an indicator were 

added. After that the samples were titrated in the receiving flask with 0.1N NaOH until changing 

the color from red to yellow. 

Microbiological analysis. Decimal dilutions were performed and 1 mL was removed from 

each dilution and cultured by the pour plate technique on plate count agar for mesophilic and 

psychrotrophic counts in triplicate according to the method of Ercolini et al., (2009). The total 

mesophilic aerobic bacteria count was incubated 72 h at 28 ºC. Psychrotrophic count (PTC) was 

determined in a similar method to that for TVC, except, plates were incubated at 7 °C for 10 days.   

Statistical analysis. Obtained data was run in triplicate and results were reported as mean 

values ± standard deviation (SD). Data were subjected to analysis of variance (one-way ANOVA 

Excel 5.0). A p-value less than 0.05 (p ≤ 0.05) was considered statistically significant.   

 

    RESULTS 

 

Ɣ-irradiation of black pepper gave the expected results and at the microbial analyses 

sterility of black pepper grains was obtained. Similar results were obtained by Horvatova et al., 

(2007) who spotted significant differences in the antioxidant activity of black pepper grains 

irradiated with EU limit doses of 10 kGry.  

First and very important, results in sensory evaluation showed that irradiation did not have 

unpleasant impact on aromatic components of black pepper and it is impossible to sense without 

detection methods Bayram & Delincée, (2004). These findings are in accordance with the obtained 

results of Balamatsia et al., (2006) who examined the effect of low-dose radiation on 

microbiological, chemical, and sensory characteristics of chicken meat stored aerobically at 4 °C. 

At, first day the highest scores were adopted. During storage examined indicators in sensory 

evaluation showed decreasing trend and at the 21st day of storage they were unacceptable. 

Significant differences were detected at the 14th day (presented on Fig. 1 and Fig. 2 below) 

in favor of experimental sample for hardness and color intensity which led to significant score in 

overall appearance. We assume that significant differences in sensory parameters were caused due 

to higher presence of oxidation indicators like FFA and POV and we think that even bigger impact 

had higher TVB-N values and higher values of microbiological parameters that were obtained on 

the analyses of the 14th day of storage.      

 

 
Figure 1. Sensory score at the 7th day of storage at 

4 ± 2 °C    

Figure 2. Sensory score at the 14th day of storage 

at  4 ± 2 °C    
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Similar results, regarding significance of sensory score in favor of mortadella’s treated with 

different techniques for increasing antioxidant activity of ingredients and extending shelf life were 

reported by Thales Leandro et al., (2021); Lee et al., (2008); Kumar et al., (2015).   

 

In mortadella, pH values ranged from 6.42 (initially) to 7.29 and did not show any pattern of 

increase or decrease (Table 1). The pH values of such products can be expected to be relatively high, 

attributable to presence of sodium additives Dutra et al., (2017). Values of FFA (a measure of fat 

status and quality) showed steady increase level during storage and they increased 0.41 to 3.48 at the 

end of storage for control samples and from 0.78 to 3.37 at the end of storage for IBP samples. This 

pattern might suggest use of FFA percentage as an analytical indicator to judge the fat quality of 

mortadella. Al-Abdullah (2004) obtained approximate results for FFA levels of beef and sheep 

mortadella.  

Peroxide value showed increasing trend till the 14thday and reached 0.289 milliequivalents 

of active oxygen for control and 0.256 for experimental samples then decreased to 0.121 for control 

and 0.129 for experimental group at the end of cold storage on the 21st day. This variation in PV   

was due to Hydroperoxide formation is higher than decomposition; therefore, its accumulation in 

tissue, results with an increased peroxide value. When concentration is high following the breakdown 

into smaller molecules, the peroxide value decreases. 

Absence of significance between samples can be explained because irradiation process does 

not have antioxidative effect and cannot have effect on primary lipid oxidation processes. Similar 

results were obtained by Dutra et al., (2017), they examined combined effects of γ-radiation doses 

and sodium nitrite content on the lipid oxidation and color of mortadella.  

Malondialdehyde concentration showed steady increase throughout whole storage time in 

both samples without significant differences, reaching 0.88 and 0.94 mg/kg for control and irradiated 

samples respectively. TBARS results in our analyses differ compared to Abdel-Khalek, El-Aziz & 

Ibrahim (2022); Arshad et al. (2019); Islam et al. (2019); Ham et al. (2017); Li et al. (2017); Yan et 

al. (2024) who investigated lipid oxidative changes during storage of chicken and pork irradiated 

meat and detect significant changes in γ-irradiated samples. Our opinion is that γ-radiation of only 

the main spice black pepper it is not strong enough to cause undesirable changes of the lipid oxidation 

processes during cold storage of mortadella.  

For estimating meat freshness or shelf-life, TVB-N as a product of microbial decarboxylase 

activity was investigated. TVB-N values showed higher significant differences in control sample on 

the 14th day of storage, but were below the recommended value of 40 mg N/100 g. In our study, 

increase of the total viable count were followed by subsequent increases of TVB-N content and many 

authors stated a clear relationship between the microbiological quality and levels of TVB-N 

formation Cilla et al., (2006); Bekhit et al., (2021).    
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Table 1. Analyses of physico-chemical parameters of whole mortadella sausage cuts stored for three weeks 

at 4 ± 2 °C 

Examined 

Parameter 

Day 1 

Control 

sample 

Day 7 

Control 

sample 

Day 14 

Control 

sample 

Day 21 

Control 

sample 

Day 1  

IBP 

sample 

Day 7  

IBP 

sample 

Day 14   

IBP 

sample 

Day 21 

IBP 

sample 

pH  

value 

6.42a 

±0.04 

7.13b 

±0.03 

7.21c 

±0.05 

6.91b 

±0.03 

6.38a 

±0.05 

7.09b 

±0.02 

7.11b 

±0.04 

6.97b ±0.03 

FFA 

 (% oleic 

acid) 

0.81ab 

±0.01 

1.36ba 

±0.03 

2.97ca 

±0.02 

3.48d 

±0.04 

0.78ab 

±0.02 

1.23ba 

±0.04 

2.85ca 

±0.03 
3.37d ±0.03 

Peroxide 

value 

(mEq/O2  g 

lipid) 

0.027bc 

±0.01 

0.111cb

±0.01 

0.289ac 

±0.02 

0.121da 

±0.01 

0.031bc 

±0.01 

0.107cb 

±0.02 

0.256ac

±0.02 

0.129da 

±0.02 

TBARS, 

mg 

MDA/kg 

0.13c 

±0.02 

0.19ca 

±0.03 

0.37cb±0.

03 

0.88cd 

±0.04 

0.14c 

±0.02 

0.23ca 

±0.03 

0.41cb 

±0.03 

0.94cd 

±0.08 

TVB-N (mg 

N/100 g 

sample) 

12.32e 

±0.11 

18.68ea

±0.39 

37.24*de 

±0.67 

51.23eb 

±1.25 

11.24e 

±0.13 

16.79ea 

±0.35 

28.92*f

±0.61 

47.35eb 

±1.17 

Data were expressed as Mean of three readings for each replicate (n = 3) ± SD. a, b, c, d, e, f - different letters 

indicated that values of the means in the same rows and columns are significantly different (*p < 0.05)  

 

The initial values of total viable counts TVC for mesophilic and psychrophilic 

microorganisms (presented on the Fig. 3 and Fig 4. below) started with 2.4 log cfu/g and 2.2 log 

cfu/g for experimental sample. Until seventh day of storage bacterial growth was lagging. 

Exponential growth started at eight day of cold storage and on the 14thday significantly higher 

values of 5.5 log cfu/g for control sample were obtained. Similar results for microbial status were 

reported by Almeida et al., (2015), who examined effect of jabuticaba peel extract on microbial 

stability of Bologna-type sausages during refrigerated storage. Although critical value of 5.7 log 

cfu/g was not exceeded in all samples, which was not case on the last day of storage where samples 

showed amounts above 7 log cfu/g. TVC results were in agreement with the obtained PTC results 

showing significant (p ≤ 0.05) differences at the 14th day of storage. 

 
 

Figure 3. Total viable counts of mesophilic 

microorganisms                                                       

Figure 4. Total viable counts of psychrophilic 

microorganisms 
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TVB-N values were significantly lower at IBP samples, and this was in accordance with 

microbial status of mesophilic and psychrophilic counts which were significantly lower for IBP 

samples on the 14th day of storage. We assume that lower amounts of microorganisms are due to 

irradiation of black pepper and the smaller value from the initial stage so when exponential growth 

of microorganisms started the differences between values increased and become significant. 
 

CONCLUSION 

The overall quality of Bologna-type mortadella sausages showed decreasing trend and limited 

changes during short-term refrigerated storage. Flavor loss was evident at the beginning of storage 

while textural changes appeared mostly at the final stage of storage. Trained panelist spotted 

significant differences on the 14th day in favor of IBP samples for hardness and color intensity which 

led to significant score in overall appearance. In agreement with this, more examined parameters 

showed significant differences at the 14th day of storage in favor of IBP samples.   

In summary, it might be concluded that γ-irradiation of black pepper (Piper Nigrum)  gave 

the expected results and at the microbial analyses, sterility of black pepper grains was obtained. This 

led to significant changes in some sensory, bio-chemical and microbial examined parameters which 

can be considered as an improvement in quality characteristics and shelf life of Bologna-type 

mortadella sausages.    
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