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The purpose of this study was to evaluate the effect of caraway essential oil (CO) on the quality of pork cooked sausages. Pork cooked sausages with different concentrations of CO (1, 2.5 and 5.0 µl/g) and control (without CO) were prepared. PH, thiobarbituric acid-reactive substance (TBARS) values and sensory panel scores have been assessed. The addition of CO had no significantly (p>0.05) effect on pH values of pork cooked sausages. The addition of CO (all three concentrations) significantly (p<0.05) decreased TBARS values compared to control. The flavor of sausages produced with the addition of 1 µl/g CO were moderate/large difference (p<0.05) compared to control. This study shows the significant antioxidant activity of caraway essential oil, as well as potential of its utilization in production of pork cooked sausages to enhance quality. 
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INTRODUCTION

Cooked sausages represent the most popular type of meat products, making up even 50% of the total industrial production of meat in Serbia [1, 2].
Variability of raw materials (meat, spices and other ingredients), high temperatures in thermal treatment, as well as, different storage conditions, affect chemical [3, 4], microbiological [5] and sensory degradation [3] of cooked sausages.
One of the most common causes of chemical degradation is lipid oxidation [2, 6]. Lipid oxidation leads to negative changes in color, flavor, taste and texture, as well as to a decrease in the nutritional value of the product [3, 7]. 
Antioxidants are used in order to reduce the lipid oxidation. Due to potentially toxic and carcinogenic effects of synthetic antioxidants (BHT, BHA), numerous studies have been focused at research on natural antioxidants [2, 4, 8, 9, 10]. 
The most commonly used natural antioxidants in meat products are essential plant oils and herbal extracts. Numerous studies shown that essential oils, owing to different volatile, natural, aromatic compounds, beside antioxidant possess also, antimicrobial and anti-inflammatory properties [11, 12].
Caraway has been used in traditional medicine (for treatment of opportunistic infections), as a spice, in folk medicine and in the pharmacy and food industries. The major components in the composition of the caraway essential oil are oxygenated monoterpenes [13]. Caraway essential oil also contains other active components which exhibit antiradical activity against the DPPH radical and contribute to the reduction of the lipid peroxidation [13, 14].
Hence, the aim of this study was to assess the effects of different concentrations (1.0-5.0 µL/g) of caraway essential oil addition on antioxidant activity in pork cooked sausages. PH and sensory characteristics of color and flavor were also determined.


MATERIAL AND METHODS 

Preparation of cooked sausage
Cooked sausages were produced in local industrial plant. The main mixture consisted of meat from pork shoulder (14.0 kg), pork back fat (5 kg), pork skin emulsion (5 kg), ice water (4.5 kg), textured soy protein (0.6 kg), nitrite salt (0.54 kg) and spice mix (Lay Gewurze OHG, Germany) (0.25 kg). The minced meat was mixed with all other ingredients in a bowl chopper (Taifun 200, Nowicki, Poland) to obtain sausage batter. Caraway essential oil (CO) was purchased from Herba doo (Belgrade, Serbia).
CO was added to the sausage batters at concentration of 1.0 µL/g (CO1), 2.5 µL/g (CO2) and 5.0 µL/g (CO3). The sausage batter without caraway essential oil addition was used as control. All batches were stuffed into artificial cellulose casings (diameter of 40mm) and pasteurized (in steam at 75°C) until an internal temperature of 72°C was reached. Immediately after the heating process sausages were cooled and stored in cooling chamber (to 4°C) until analysis. 
Processing was repeated three times for each batch (control, CO1, CO2 and CO3).

PH determination
The pH of samples was measured using the portable pH meter Testo 205 (Testo AG, USA) equipped with a combined penetration tip with temperature probe. PH was measured on three samples from each batch in duplicate.

TBARS determination
TBARS (2-thiobarbituric acid reactive substances) test was performed according to the method of Bostoglou et al. [15], with modifications described in Šojić et al. [2]. TBARS values were expressed as milligrams of malondialdehyde per kilogram of sample (mg MDA/kg). TBARS test was performed on three samples from each batch in duplicate.

Difference-from-control test 
The difference-control-test was carried out by 7 trained assessors, who were able to discriminate samples in relation to the investigated attributes (color and flavor). The test consisted in the presentation of the control sample, followed by presentation of five coded samples with different concentrations of CO, in random order. Panelists were asked to evaluate the control sample first and then to determine how different the other coded samples were from the control one by rating this difference on a scale from 0 to 6, where 0 = no difference; 1 = very slight difference; 2 =slight/moderate difference; 3 = moderate difference; 4 = moderate/large difference; 5 = large difference; and 6 = very large difference [16].

Statistical analysis 
Statistical analysis was carried out using STATISTICA 12.0 (StatSoft, Inc., Tulsa, OK, USA). All data were presented as mean value with their standard deviation indicated (mean ± SD). Variance analysis (ANOVA) was performed, with a confidence interval of 95% (p< 0.05). 
Means were compared by Duncan’s multiple range test.




RESULTS AND DISCUSSION

The effect of caraway essential oil (CO) on the pH values of cooked sausages is shown in figure 1. 
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a Means with different superscript letters differ significantly (p<0.05)
Figure 1. Effect of different concentrations of caraway essential oil (CO) on pH value of pork cooked sausages

The addition of CO had no significantly (p>0.05) effect on pH values of cooked sausages. PH values ranged from 6.35 (control) to 6.37 (CO2; CO3). Obtained results are in agreement with literature data for this type of sausages [12, 17].
Lipid oxidation was evaluated by determining the levels of TBARS (mg malondialdehyde/kg) (figure 2).
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Figure 2. Effect of different concentrations of caraway essential oil (CO) on TBARS values (mg malondialdehyde/kg) of pork cooked sausages

The addition of CO (all three concentrations) significantly (p<0.05) decreased TBARS values compared to control. The reducing lipid oxidation in cooked sausages could be attributed to the presence of active phytochemicals in caraway essential oil [13, 14]. TBARS values were within a range of 0.16 (CO3) up to 0.30 mg MDA/kg (control). The obtained results very good corresponded with the literature data for similar products in the type of cooked sausages [2, 4]. 
Sensory panel results are shown in table 1. 

Table 1. Effect of different concentrations of caraway essential oil (CO) on sensory properties of pork cooked sausages 
	Batch
	Color
	Flavor

	Control
	0.14±0.38c
	0.43±0.53c

	CO1
	3.43±0.79a
	3.86±1.07b

	CO2
	3.29±0.95a
	5.14±0.38a

	CO3
	2.71±0.95ab
	5.86±0.39a


a–c Means ± SD with different superscript letters in the same column differ significantly (p<0.05). 

Sausages produced with the addition of CO were darker and redder compared to control. In this study, all three concentrations of CO significantly (p<0.05) influenced intensity of flavor. The addition of CO in concentrations of 1.0 affected to moderate/large differences of flavor. However, large difference to very large differences of flavor was observed for CO2 and CO3 comparing to control.


CONCLUSIONS

It can be concluded that the caraway essential oil, used in concentration of 1 µL/g (CO1) retarded lipid oxidation and improved color of cooked sausages, with moderate to large alteration of the original flavor of cooked sausages. Hence, caraway essential oil, such as natural plant material, could be successfully used as quality enhancer in pork cooked sausages.
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