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INTRODUCTION 42

Turkey meat consumption has increased not only because of its sensory attributes, taste and 43 texture, but also because it contains moderate levels of total lipids, saturated fatty acids and 44 cholesterol, and large amounts of polyunsaturated fatty acids (Sárraga et al., 2006). However, 45 a high degree of polyunsaturation accelerates oxidative processes leading to deterioration in officinalis was attributed to the presence of 1,8-cineole, thujone and camphor (Sur et al., 75 1991) or 1,8-cineole, α/β thujone and borneol (Hayouni et. al., 2008). Delamare et al. (2007) 76 described the bacteriostatic and bactericidal activities of Salvia officinalis L. and Salvia 77 triloba L. against Bacillus cereus, Bacillus megatherium, Bacillus subtilis, Aeromonas 78 hydrophila, Aeromonas sobria and Klebsiella oxytoca. Viuda-Martos et al. (2008) 79 demonstrated an inhibitory effect of the essential oil from sage on 6 bacteria (Staphylococcus 80 xylosus, Staphylococcus carnosus, Enterobacter gergoviae, Enterobacter amnigenus, 81

Lactobacillus sakei, Lactobacillus curvatus) 82 Vacuum (VP) and modified atmosphere packaging (MAP) are technological 83 innovations in the second-level transformation of poultry meat and products, extending their 84 shelf-life and improving presentation, storage, distribution, selling and ease of use by 85 consumers [START_REF] Fraqueza | Spoilage of light (PSE-563 like) and dark turkey meat under aerobic or modified atmosphere package: microbial 564 indicators and their relationship with total volatile basic nitrogen[END_REF]. The elimination of O 2 from the package and the 86 introduction of different concentrations of CO 2 and N 2 , together with adequate refrigeration, 87 inhibit the growth of aerobic micro-organisms, proteolytic bacteria, yeasts and fungi (Murcia 88 et. al. 2003). Nitrogen is used to replace oxygen in MAP products to prevent rancidity and 89 inhibit the growth of aerobic organisms. Carbon dioxide is the major anti-microbial factor of 90 MAP. Generally the inhibitory effect is seen as an increase in the lag phase and generation 91 time during the logarithmic phase of microbial growth [START_REF] Phillips | Review: Modified atmosphere packaging and its effects on the 649 microbiological quality and safety of produce[END_REF]. Both packaging 92 methods have been investigated as technologies which enable to increase the shelf-life of 93 poultry meat and products by inhibiting the growth of both spoilage and pathogenic 94 microorganisms [START_REF] Ntzimani | Formation of biogenic amines and relation to microbial flora and sensory 633 changes in smoked turkey breast fillets stored under various packaging conditions at 634 4°C[END_REF]. However, the extended shelf-life of refrigerated 95 products stored under vacuum packaging/modified atmosphere packaging conditions has 96 increased concerns about the growth/survival of microaerophilic psychrotrophic pathogens 97 (Tsigarida et al., 2000). 98 The purpose of this work was to investigate the effectiveness of sage (Salvia 99 officinalis), sodium erythorbate, their mixture, and packaging method (vacuum and modified 100 atmosphere with a gas mixture of 80% N 2 and 20% CO 2 ) in delaying lipid oxidation, 101 preserving the colour and improving the shelf-life of cooked turkey meatballs. 102

MATERIALS AND METHODS 103

Materials 104

Thigh muscles of male British United Turkeys BIG-6 (Frednowy, Poland) were purchased 105 from the Indykpol Company (Olsztyn, Poland), sage powder was purchased from the 'Kawon-106 Hurt' Herbal Plant, and sodium erythorbate from the Parchn Group Company (Xingangshan 107 Town, Dexingxing City, Jiangxi Province, China). 108

Sample preparation 109

After cutting and chilling, 1-kg portions of turkey meat were packed in polyethylene bags and 110 deep-frozen at -25°C at the 'Indykpol' Poultry Processing Plant in Olsztyn. After 3 d, half of 111 the material was transported to the laboratory at the University of Warmia and Mazury and 112 placed in a refrigerator at 3°C, where it was defrosted over 20 h and assigned to the first 113 experiment (vacuum packaging). The remaining meat portions were transported to the 114 laboratory at the beginning of the second experiment (modified atmosphere packaging), after 115 14 d of storage. Defrosted meat was cut into 4-6 cm pieces and ground in a meat grinder, type 116 MMU-10Z (Nakło, Poland) with a 4-mm mesh. Ground turkey meat was divided into 4 117 groups. Following the addition of wheat flour roll soaked in water (13%), beaten eggs (5%), 118 potato flour (2%) and salt (1% in relation to total mass weight) to meat (80%), the mass was 119 mixed in a multifunctional food processor (Bauknecht, Warsaw Poland). Experimental 120 treatments were as follows: no additives (control), sodium erythorbate (SE) -0.04% of total 121 mass weight, sage (S) -0.3% and a mixture of SE and S (MIX) -0.02% and 0.15% 122 respectively. Sage was ground using a grinder (Type WZ-1, śnin, Poland) and it was mixed 123 with part of the meat mass before mixing with the total mass. Sodium erythorbate was 124 dissolved in water (20°C) in the amount of 15g/100 ml and slowly added to the meat mass 125 while mixing. While preparing a mixture of SE and S, the ingredients were added 126 individually. Next, the mass was formed into 90 g ± 1g meatballs (8-cm in diameter, 1 cm in 127 thickness). 128

Cooking 129

A total of 84 meatballs were randomly selected from each treatment and placed on the oven 130 tray (12 meatballs at a time) and cooked in a BECK FCV 4 EDS steam-convection oven 131 (BECK GmbH, Jagsthausen, Germany), with a measuring probe. Steam and hot air were used 132 for heat treatment (air temperature 180°C, steam saturation 30%). The treatment was 133 continued until a temperature of 82°C was reached inside the product. The patties analysed 134 after cooking were stored overnight at 0°C. 135

Storage study 136

Cooked turkey meatballs were vacuum packaged (VP) and modified atmosphere (a gas 137 mixture of 80% N 2 and 20% CO 2 ) packaged (MAP) with a MULTIVAC A 300 packaging 138 unit (Multivac, Wolfertschwenden Germany) into bags of a 5-layer PE-LD/adh/PA/ADH/PE-139 PD film (total thickness -0.08 mm, PA layer thickness -0.024 mm, oxygen permeability -40 140 cm 3 /m -2 24 h -1 bar -1 , water vapour permeability -10 g m -2 24 h -1 bar -1 ). The samples were stored 141 at 3°C ± 1°C for 5, 10, 15, 25 and 30 d. 142

Analytical methods 143

Fat used for fatty acid determination was isolated as described by [START_REF] Folch | A simple method for the 560 isolation and purification of total lipid from animal tissue[END_REF]. The 144 content of fatty acid methyl esters was determined by the GC method after methylation with a 145 chloroform/methanol/sulphuric acid (100:100:1) mixture [START_REF] Peisker | A rapid semi-micro method for preparation of methyl esters from 640 triglycerides using chloroform, methanol, sulphuric acid[END_REF]. Analyses were 146 performed on an automated apparatus (HP 6890N, Agilent Technologies, Palo Alta, CA, 147 USA) equipped with a flame ionisation detector and a capillary column (30 m x 0.32 mm ID). 148 (TBA) method of [START_REF] Tarladgis | A distillation method for 687 the quantitative determination of malonaldehyde in rancid foods[END_REF] modified by Pikul et al. (1989), after 0, 5, 10, 15, 20, 156 25 and 30 d of storage at 4°C. TBARS values were calculated from a standard curve of 157 malondialdehyde and expressed as mg malondialdehyde kg -1 product. TBARS determination 158 was conducted in triplicate on each of 3 samples per treatment. 159

The acid value (AV) indicates how much free fatty acid has accumulated as a result of 160 lypolysis. It was determined in fat extracted from the products after 0, 5, 10, 15, 20, 25 and 30 161 d of storage at 4°C, in accordance with the Polish Standard PN-EN ISO 660 (Animal and 162 vegetable fats and oils, 2005). AV determination was conducted in triplicate on each of 3 163 samples per treatment. 164

For pH determination, 10 g samples of the products stored for 0, 5, 10, 15, 20, 25 and 165 30 d at 4°C and 90 mL of distilled water were homogenised in a blender (type MPW-302) for 166 60 s. The pH of the mixture was measured using a pH-meter; model ATC PICCOLO 2 167 (Woonsocket USA), standardised at pH 4 and pH 7 [START_REF] Pexara | Evaluation of shelf life 646 of cured, cooked, sliced turkey fillets and cooked pork sausages -"piroski" -stored 647 under vacuum and modified atmospheres at +4 and +10°C[END_REF]. pH was measured 168 directly after homogenisation and it was read after stabilisation. pH determination was 169 conducted in triplicate on each of 3 samples per treatment. 170

An adequate amount of ground sample was placed into a measuring container and 171 three measurements were performed for the products stored for 0, 5,10,15,20,[START_REF] Karpińska-Tymoszczyk | Effect of sage extract (Salvia Officinalis L.) and a 592 mixture of sage extract and sodium isoascorbate on the quality and shelf life of 593 vacuum-packed turkey meatballs[END_REF] Meatballs were subjected to a sensory evaluation by the flavour profile method (Meilgaard et 198 al., 1999). The sensory panel consisted of 5 panelists trained in accordance with the Polish 199 Standard ISO 11035 (Identification and Selection of Descriptors, 1999). All judges were 200 trained to be familiar with the flavour attributes to be measured (meaty, typical of poultry 201 meat, fatty, aromatic, typical of roasted meat, spicy-sage, sour, WOF). Standard samples with 202 a very strongly noticeable perception of WOF were prepared from poultry patties cooked in 203 boiling water until a temperature of 82°C was reached inside the product, cooled at room 204 temperature, packaged in polyethylene bags and stored at 4°C for 3 d. Using a standardised 205 lexicon of meat descriptors for WOF [START_REF] Love | Sensory analysis of warmed-over flavor in meat[END_REF], the judges described the standard sample 206 off-flavours with the terms 'boiled fish' or 'stale', and off-odours with the terms 'painty' or 207 'cardboardy'. The sensory assessment was performed after 0, 5, 10, 15, 20, 25 and 30 d of 208 storage at 4°C. Two sensory evaluation sessions were conducted per d. The 2nd session 209 consisted of replicates of the 1st session. The sessions were conducted at 1-h intervals. For 210 flavour evaluation, 2 meatballs per treatment were cut into approximately uniform pieces. 211 Samples were served in random order to each panelist on a white porcelain dish, coded with 212 random numbers. At the beginning of each session, the panel was presented with the reference 213 samples for the extremes of scales of the flavour attributes measured. The intensity of 214 particular attributes was determined on a 5-point scale: 0-lack of perception; 1-hardly 215 noticeable perception; 2 -slightly noticeable perception; 3 -moderately noticeable 216 perception; 4 -strongly noticeable perception; 5 -very strongly noticeable perception. 217

Statistical analysis 218

The results were processed statistically using STATISTICA 7.1 software (StatSoft, Inc. 219 2005). Data obtained for the initial characterisation of the tested additives and storage time 220 were subjected to a two-way analysis variance and Tukey′s test was applied to determine 221 significant differences between additives and time of storage. The level of significance was 222 The content of unsaturated (particularly polyunsaturated) fatty acids is important from the 228 nutritional perspective, but on the other hand food products containing large amounts of these 229 acids are more prone to oxidation. The oxidative breakdown of fatty acids produces a large 230 number of flavouring compounds. The threshold value for many of these compounds is often 231 relatively high, but due to their abundance they can still have an impact on ultimate flavour. 232

In addition, fatty acids can interact with Maillard reaction compounds (e.g. pyrazines, α-233 dicarbonyls and α-hydroxyketones) to form flavouring compounds that have a lower odour 234 threshold and therefore exert a potentially greater impact on flavour (Aaslyng and Schäfer, 235 2008). 236 Turkey meatballs were characterised by a similar content of fatty acids of particular 237 groups (data not shown): saturated and polyunsaturated . 240

The TBARS test is one of the most widely used tests for evaluating the extent of lipid 241 oxidation. In the progression of lipid peroxidation, the termination of the chain reactions 242 results in the production of aldehydes, ketones and other degradation components of oxidised 243 fatty acids. The concentration of the secondary products of lipid peroxidation is expressed as 244 the quantity of free MDA. These compounds, formed as a result of lipid oxidation, cause off-245 flavours in fatty foods [START_REF] Akarpat | Effect of hot-water extracts from 538 myrtle, rosemary, nettle and lemon balm leaves on lipid oxidation and color of beef 539 patties during frozen storage[END_REF]. The tested additives and storage time had a 246 statistically significant effect (P <0.01-VP, P <0.001-MAP) on the MDA content of turkey 247 The TBA values for samples (Table 1) with additives varied between 0.11-0.37 mg 250 MDA/kg (VP) and 0.17-0.51mg MDA/kg (MAP), indicating a very low degree of lipid 251 oxidation. All samples with additives were characterised by a lower MDA content than 252 control samples. This may suggest an antioxidant effect of sodium erythorbate, sage and their 253 mixture. Malondialdehyde content changed significantly during storage, but no unambiguous 254 tendency of change was observed. A lower quantity and a smaller change of MDA were 255 observed in vacuum-packaged turkey meatballs, compared with modified atmosphere 256 packaged ones. These results correspond with the findings of [START_REF] Lin | Physicochemical properties and microbial stability of 606 reduced-fat Chinese-style sausage stored under modified atmosphere systems[END_REF] The rate of lipid oxidation during storage was inhibited to a higher degree in products 262 containing sage and a mixture of sage and sodium erythorbate, as compared with those with 263 sodium erythorbate alone (Table 1), which may suggest higher antioxidant activity of sage 264 and a synergistic action of sage and sodium erythorbate. All additives inhibited lipid oxidation 265 to a higher degree in VP than in MAP samples, and this effect depended on storage time. 266

After 20-25 d of MA storage, all additives were characterised by the lowest antioxidant 267 activity, while after 25 d of vacuum storage they exhibited the highest antioxidant activity. 268 [START_REF] Lee | The effect of 603 antioxidant combinations on color and lipid oxidation in n-3 oil fortified ground beef 604 patties[END_REF] donate an electron to Fe 3+ to form the more pro-oxidant reduced ferrous species (Schaefer et 274 al. 1995). O 'Sullivan et al. (2004) reported that 0.10% addition of sage to chicken nuggets 275 made from control and vitamin-supplemented breast and thigh meat reduced lipid oxidation in 276 samples held under refrigerated display conditions for 9 d. Sage was found to protect minced 277 chicken breast processed with a hydrostatic pressure of up to 800 MPa for 10 min against 278 lipid oxidation during subsequent chilled storage for 2 weeks [START_REF] Mariutti | Effect of 612 sage and garlic on lipid oxidation in high-pressure processed chicken meat[END_REF]. 279 [START_REF] Karpińska-Tymoszczyk | The effect of sage extract and mixture of sage 588 extract and sodium isoascorbate on oxidative and hydrolytic processes as well as on 589 sensory quality of poultry meatballs[END_REF] demonstrated that sodium erythorbate added to poultry 280 meatballs together with a sage extract showed higher lipid oxidation inhibition than the 281 extract alone during refrigerated storage. [START_REF] Balev | A comparative study on the effect of some antioxidants on the lipid and 546 pigment oxidation in dry-fermented sausages[END_REF] showed that the addition of 282 sodium erythorbate effectively suppressed the accumulation of secondary derivatives of lipid 283 peroxidation in dry-fermented sausages and was more effective than rosemary. 284

According to [START_REF] Akarpat | Effect of hot-water extracts from 538 myrtle, rosemary, nettle and lemon balm leaves on lipid oxidation and color of beef 539 patties during frozen storage[END_REF], the antioxidant properties of sage are related to the 285 content of phenolic compounds. Phenolic antioxidants do not work as oxygen absorbers, 286 rather they prevent the formation of free radicals which react with or absorb oxygen in the 287 autooxidation process, thus delaying the onset of this process in fat. Pizzale et al. (2002) 288 described the antioxidant activity of sage (Salvia officinalis and S fruticosa) extract. Mielnik 289 et al. (2008) showed that sage decoction used in marinades for turkey thigh contained 290 antioxidants which restrained lipid oxidation and inhibited the development of rancid off-291 flavours in stored meat. 292

Acid values 293

Acid value in turkey meatballs was affected by the tested additives and storage time. An 294 interaction between these factors was also observed (data not shown). 295 During storage, hydrolytic changes took place in all vacuum-packaged turkey 299 meatballs as well as in control samples and in samples with sage packaged under modified 300 atmosphere (Table 2). The most intensive changes were noted in vacuum-packaged samples. 301

After 30 d of storage, samples with sodium erythorbate and with a mixture of sodium 302 erythorbate and sage were characterised by a lower acid value than control samples and 303 samples with sage. There were no differences between samples packaged under modified 304 atmosphere with respect to acid value. The obtained results indicate that the addition of 305 sodium erythorbate, alone or in combination with sage, slowed down hydrolytic changes in 306 turkey meatballs during refrigerated storage. Gas mixture (20% CO 2 + 80% N 2 ) was more 307 effective in preventing these changes than vacuum packaging. This is consistent with the 308 findings of [START_REF] Fernández-Fernández | Sensory characteristics of Galician chorizo sausage packed under vacuum 558 and under modified atmospheres[END_REF], who reported that the acid value in chorizo 309 sausages packaged under 100 CO 2 , 100% N 2, 50%:50% CO 2 /N 2 and vacuum increased 310 gradually with storage time, reaching the highest level in vacuum-packaged samples. 311

Lipophilic reactions took place also in samples packaged under modified atmosphere, but 312 more slowly than in vacuum-packaged ones. 313

According to [START_REF] Karpińska | The use of 586 natural antioxidants in ready-to-serve food[END_REF], the addition of sage to meatballs made from 314 mechanically deboned turkey meat inhibited hydrolytic and oxidative changes during 4 d of 315 chilled storage. [START_REF] Balev | A comparative study on the effect of some antioxidants on the lipid and 546 pigment oxidation in dry-fermented sausages[END_REF] observed that the addition of 1g kg -1 sodium erythorbate 316 slowed down, but did not prevent, lypolysis in dry-fermented sausages of the lukanka type. 317

Colour parameters of heated turkey meatballs during storage 318

An analysis of variance showed that the tested additives and storage time significantly 319 affected the colour parameters of turkey meatballs (data not shown). The effect of antioxidant 320 a* were reported for samples with sage, which was probably related to its colour. 328

In the present experiment b * values in vacuum-packaged turkey meatballs were lower 329 in samples with sage and in samples with a mixture of sage and sodium erythorbate than in 330 control samples and in samples with sodium erythorbate. Samples packaged under modified 331 atmosphere, containing additives, showed lower b* values than control samples. 332 L * and a* values showed significant differences over storage (Table 3) in samples 333 packaged by both methods, while yellowness changed only in turkey meatballs packaged 334 under modified atmosphere. Lightness and yellowness increased, while redness decreased 335 during storage, but not all of these changes were statistically significant. The drop in a* 336 values during storage was probably caused by the oxidation of myoglobin. 337

It was noted that during VP storage lightness and yellowness were positively 338 correlated (data not shown) with MDA content (r = 0.60, r = 0.62 respectively) and with 339 redness (r = 0.70, r = 0.81 respectively). In addition, a* was positively correlated with L* (r = 340 0.70) and with b* (r = 0.81). In MA-packaged turkey meatballs yellowness was positively 341 correlated with acid value (r = 0.56) and with MDA content (r = 0.82), and redness was 342 positively correlated with MDA content (r = 0.55), while a negative correlation was observed 343 between lightness and pH values (r = -0.57). 344 [START_REF] Lee | The effect of 603 antioxidant combinations on color and lipid oxidation in n-3 oil fortified ground beef 604 patties[END_REF] found that sodium erythorbate, applied alone and combined with 345 rosemary extract, appeared to be effective in slowing the decline of a* values. According to 346 [START_REF] Balev | A comparative study on the effect of some antioxidants on the lipid and 546 pigment oxidation in dry-fermented sausages[END_REF], the addition of 1 g kg -1 sodium erythorbate did not change the colour 347 properties of the cross-sectional surface of dry-fermented sausages. Suman et al. (2005) 348 reported that cooked beef patties with sodium erythorbate were characterised by higher a* 349 values than control samples and that this additive could be utilised to prevent premature 350 browning. O' Sullivan et al. (2004) demonstrated that chicken nuggets containing sage had 351 lower L* values and higher a* values than control samples. According to McCarthy et al. 352 (2001), sage was an effective ingredient of fresh pork patties in enhancing Hunter a* values, 353 whereas patties manufactured from previously frozen pork were characterised by lower 354

Hunter a* values than control samples on d 0, 3 and 6 of storage at 4°C. 355

pH and water activity of heated turkey meatballs during storage 356

The applied additives and storage time as well as an interaction between these factors had a 357 significant effect on pH values (data not shown). During storage pH values decreased 358 gradually in all MA-packaged samples (6.66-6.61-control, 6.65-6.53-SE, 6.64-6.58-S, 6.63-359 6.56-MIX) and in samples with sage (6.62-6.47) and with a mixture of sage and sodium 360 erythorbate (6.62-6.51) packaged under vacuum. The pH values in control vacuum packaged 361 samples did not change significantly (6.53-6.61) during storage. In samples with sodium 362 erythorbate pH values decreased statistically significantly only in the initial phase of storage, 363

i.e. after 5 d (from 6.61 to 6.54), and during further storage they remained at a similar level 364 (6.51-6.55). The most intense changes were observed in vacuum-packaged turkey meatballs 365 with the addition of sage, which could be caused by the bacteria contained in sage. 366

Differences in pH values between vacuum packaged samples were observed after 5, 367 10 and 30 d of storage, but no ambiguous relationships were found. MA packaged turkey 368 The Pearson's correlation revealed (data not shown) that in vacuum packaged samples 371 pH was correlated with water activity (r = 0.62) and with acid value (r = -0.56), while in MA-372 packaged samples it was correlated with L* (r = -0.57). 373 [START_REF] Pexara | Evaluation of shelf life 646 of cured, cooked, sliced turkey fillets and cooked pork sausages -"piroski" -stored 647 under vacuum and modified atmospheres at +4 and +10°C[END_REF] observed a decrease in the pH of cured and cooked turkey breast 374 fillets stored for 30 d in vacuum at 4°C, from the initial 6.2 to about 5.8 and 5.0 in fillets 375 stored for 20 d in vacuum at 10°C. This decrease in pH was linear during the first 15 d of 376 storage and occurred more rapidly in samples stored at 10°C. On the other hand, Smith and 377 Alvarez (1988) found that the pH of vacuum cooked-in-bag turkey breast rolls did not change 378 significantly during 87 d of refrigerated storage. According to [START_REF] Kumar | Storage quality and shelf life of vacuum-packed extended chicken patties[END_REF], a decrease 379 in pH of vacuum-packaged products during storage might be caused by the action of bacteria, 380 which brings about a breakdown of carbohydrates into organic acids, mainly lactic acid. 381

The classic food stability map proposed by [START_REF] Labuza | 600 Stability of intermediate moisture foods. 1. Lipid oxidation[END_REF] presents the rate of 382 chemical reactions and microbial growth as a function of water activity (a w ). Decreased a w 383 may inhibit the growth of microorganisms and slow down chemical reactions, including 384 deteriorative reactions such as lipid oxidation. 385

The water activity of turkey meatballs was affected by the additives and storage time. 386

There was also a correlation between these factors (data not shown). 387

It was found that water activity was positively correlated (data not shown) with pH (r 388 = 0.62) only in vacuum-packaged samples. 389

During storage, water activity changed significantly in all samples packaged under 390 vacuum (0.986-0.968-control, 0.980-0.967-SE, 0.980-0.963-S, 0.977-0.964-MIX), but the 391 changes were observed primarily at the final stage of storage (after 25 d in control, SE and S 392 samples). In samples with the addition of a mixture of sage and sodium erythorbate (MIX), a w 393 subsequent storage periods it remained at the same level (0.971-0.977). In the remaining MAP 396 samples water activity was in the range of ca. 0.970-0.983. The lowest water activity was 397 noted in samples with a mixture of sage and sodium erythorbate during vacuum storage. 398

These results partly correspond to those obtained by [START_REF] Karpińska-Tymoszczyk | Effect of sage extract (Salvia Officinalis L.) and a 592 mixture of sage extract and sodium isoascorbate on the quality and shelf life of 593 vacuum-packed turkey meatballs[END_REF] who 399 found that a mixture of sage extract and sodium isoascorbate added to turkey meatballs 400 reduced their water activity as compared with control samples. A gradual reduction of water 401 activity in vacuum-packaged meat products over storage was observed, among others, by Lin 402 and Lin (2002) and [START_REF] Kuo | Quality characteristic of Chinese sausage made from PSE 598 pork[END_REF]. 403

Microbial quality of raw, heated and stored turkey meatballs 404

The initial contamination of turkey meatballs, with total mesophilic bacteria determined for 405 vacuum and modified atmosphere packaging, was 1.0 -1.7 x 10 5 cfu/g and 2.0-5.8 x 10 6 406 respectively (Table 5). Thermal processing caused a reduction in the counts of these bacteria 407 to 10 4 cfu/g in samples assigned to VP and to 10 3 -10 4 in samples assigned to MAP. After 15 d 408 of vacuum storage, all samples presented higher counts of aerobic mesophilic microorganisms 409 (10 6 cfu/g). However, MA-packaged samples with the addition of sodium erythorbate were 410 characterised by lower counts of mesophilic bacteria (8.9 x 10 3 cfu/g), while in samples with 411 sage and with a mixture of sage and sodium erythorbate their counts were similar as after 412 thermal processing (10 3 cfu/g). In MA-packaged control samples the counts of these 413 microorganisms increased to 10 4 cfu/g over this period. After 30 d of vacuum storage, the 414 counts of mesophilic bacteria increased only in control samples and in samples with sodium 415 erythorbate. This is indicative of the antimicrobial activity of sage and its mixture with 416 sodium erythorbate. After 30 d of MAP storage, the counts of mesophilic bacteria increased in 417 all turkey meatballs, but to a lesser degree in samples with sage and with a mixture of sage 418 Carbon dioxide-enriched atmospheres are able to suppress the growth of aerobic 421 spoilage microorganisms, which are responsible for the off-odours and off-flavours in poultry 422 meat [START_REF] Chouliara | 549 Combined effect of oregano essential oil and modified atmosphere packaging on shelf-550 life extension of fresh chicken breast meat, stored at 4°C[END_REF]. Raw and cooked meats stored aerobically at chill temperatures 423 tend to develop spoilage flora dominated by psychrotrophic Gram-negative bacteria. These 424 organisms are especially sensitive to carbon dioxide [START_REF] Penney | Extension of shelf-life of chilled 643 sliced roast beef by carbon dioxide packaging[END_REF], which is gradually 425 developed in the vacuum package following the consumption of residual oxygen by microbial 426 metabolism (Rodríquez-Pérez et. al., 2003). 427

The count of psychrotrophic bacteria per gram of raw meatballs was at a similar level 428 in all samples (10 3 ) except for samples with the addition of a mixture of sage and sodium 429 erythorbate (10 2 ). As a result of thermal processing the counts of psychrotrophic bacteria 430 decreased in samples with sage (10 2 ) and with a mixture of sage and sodium erythorbate 431 (10 1 ), while in control samples and in samples with sodium erythorbate they remained at the 432 same level as in raw turkey meatballs. During vacuum storage the population size of 433 psychrotrophic bacteria increased after 15 d to 10 4 in control, SE and S samples and to 10 2 in 434 MIX samples and it remained almost unchanged until d 30. During MAP storage (20% 435 CO 2 /80% N 2 ), the counts of psychrotrophic micro-organisms increased in control samples 436 after 15 d to 10 4 and they did not change in samples with additives. The addition of sage and 437 sage + sodium erythorbate to the products presumably prevented psychrotrophic bacteria from 438 growing to a higher degree under MA conditions. 439 Fungal contamination of raw meatballs reached 1.8 x 10 3 cfu/g in control samples and 440 1.3 -9.3 x 10 2 in samples with additives. Thermal processing enabled a complete elimination 441 of fungi. No fungal growth was noted over refrigerated MAP storage and fungal species were 442 The total count of coliforms in raw control meatballs and in raw meatballs with 445 additives was 10 3 and 10 2 cfu/g respectively. It is possible that the bacteria were transmitted 446 during the preparation of meatballs. They were completely destroyed during heat treatment. 447

During storage, coliforms grew (after 30 d) considerably only in vacuum-packaged control 448 samples (10 3 ). Their counts reached 70 cfu/g and 50 cfu/g in vacuum packaged samples with 449 sodium erythorbate and in MA-packaged control samples after 30 d of storage respectively. 450 Clostridium sp. colonies were not found in raw turkey meatballs and they were not present 451 during storage. 452 [START_REF] Karpińska-Tymoszczyk | Effect of sage extract (Salvia Officinalis L.) and a 592 mixture of sage extract and sodium isoascorbate on the quality and shelf life of 593 vacuum-packed turkey meatballs[END_REF] found that sage extract combined with sodium 453 isoascorbate (sodium erythorbate) reduced the counts of mesophilic bacteria and coliforms in 454 raw turkey meatballs more effectively than sage extract applied alone. During cold storage of 455 vacuum-packaged meatballs, both sage extract and a mixture of sage extract with sodium 456 isoascorbate inhibited the growth of coliforms and sulphate-reducing Clostridium sp. 457

According to [START_REF] Ismail | Effectiveness of immersion treatments with acids, trisodium phosphate, 579 and herb decoctions in reducing populations of Yarrowia lipolytica and naturally 580 occurring aerobic microorganisms on raw chicken[END_REF], the treatment of chicken wings with 100% sage decoctions 458 significantly reduced the populations of Yarrowia lipolytica -predominant yeasts in raw 459 poultry. [START_REF] Sağdiç | Effect of Turkish spice 663 extracts at various concentrations on the growth of Escherichia coli O157:H7[END_REF] showed that sage extract at a concentration of 0.5% had a 460 bacteriostatic effect on bacteria on the 5th, 6th and 7th d of storage, whereas the same 461 concentration of this extract had a stimulatory effect on the growth of E.coli O157:H7 on the 462 other days (2, 3, 4). In addition, 1%, 1.5% and 2% concentration of sage extract had a 463 bacteriostatic effect on E. coli O157:H7 on all days. According to the above authors, sage 464 extract might be a source of antibacterial activity against E. coli O157:H7. Hayouni et al. 465 (2008) conducted a study to evaluate the in vitro antimicrobial activity of the essential oils 466 (EOs) extracted from the aerial parts of cultivated Salvia officinalis L. and reported an 467 [START_REF] Santos | Microbiological and sensory changes in "Morcilla de Burgos" preserved in air, 667 vacuum and modified atmosphere packaging[END_REF] observed that in Morcilla de Burgos packaged under 30%, 50% 469 and 80% CO 2 the counts of total viable and lactic acid bacteria were lower than in vacuum-470 packaged products. According to Tsigarida et al. (2000), beef muscles stored under modified 471 atmosphere (MAP; 40% CO 2 /30% O 2 /30% N 2 ) were characterised by lower total viable 472 counts of Listeria monocytogenes, Pseudomonads, Lactic acid bacteria and Brochothrix 473 thermosphacta compared with vacuum-packaged samples. [START_REF] Nissen | Effects of vacuum, modified 629 atmospheres and storage temperature on the microbial flora of packed beef[END_REF] reported that 474 beef was characterised by similar total microbial counts and counts of lactic acid bacteria, 475

Pseudomonas spp. and coliforms after 5 and 10 weeks of storage under vacuum and modified 476 atmosphere (20% CO 2 /80% N 2 ) at -1°C and +2°C. 477

Sensory quality of heated turkey meatballs during storage 478

The sensory characteristics of turkey meatballs are presented in Tables 4 and5. Before 479 packaging, turkey meatballs with sage and with a mixture of sage and sodium erythorbate 480 were characterised by a more intense aromatic flavour and a very strong and moderate sage 481 flavour, respectively, and by a less intense meaty and typical of poultry meat flavour. The 482 intensities of such flavours as fatty and typical of roasted meat were similar. The intensity of 483 the following flavours, meaty, typical of poultry meat, typical of roasted meat, aromatic and 484 sage, decreased during storage in most samples. However, more intensive changes were 485 observed in vacuum-packaged turkey meatballs than in those packaged under modified 486 atmosphere. According to [START_REF] Jayathilakan | 583 Antioxidant potential of synthetic and natural antioxidants and its effect on warmed-584 over-flavour in different species of meat[END_REF], the shelf-life and acceptability of 487 processed, ready-to-eat, uncured meats is limited because of the rapid onset of rancidity, 488 denoted as warmed-over flavour (WOF). This becomes evident during the refrigerated storage 489 of cooked meat products within a few days. In the present study the WOF appeared during 490 storage in all vacuum-packaged samples after different periods of time. WOF of slight 491 intensity was detected after 10 d of storage in control samples and in samples with sodium 492 There was a significant correlation between MDA content and panel scores for typical 499 of poultry meat, aromatic, spicy and WOF (r = 0.22, -0.28, -0.62 and 0.48 respectively) in 500 vacuum-packaged turkey meatballs, and for aromatic, spicy and warmed-over flavour (r = -501 0.73, -0.74 and 0.70 respectively) in samples packaged under modified atmosphere. There 502 was an inverse relationship between spicy and typical of poultry meat flavour (significant 503 only in VP samples), indicating that samples with the addition of sage did not retain a typical 504 of poultry meat flavour. Spicy flavour was positively correlated with aromatic flavour (r = 505 0.40 and 0.85 in VP and MAP samples respectively). Thus, samples with spices tended to lose 506 a typical of poultry meat and meaty flavour, but did not develop WOF and were marked by a 507 more intensive aromatic flavour. 508

According to [START_REF] Gray | Oxidative quality and shelf life of 567 meats[END_REF], the process of WOF development in meat products is 509 attributed to the auto-oxidation of meat lipids, which gives rise to hydroperoxides, which, via 510 many different pathways, decompose into a large number of volatile compounds. Santos et al. 511 (2005) reported that blood sausages packaged under 30% CO 2 /70% N 2 were characterised by 512 better sensory attributes, as compared to vacuum-packaged ones. According to these authors, 513 vacuum and modified atmosphere packaging led to a very sour odour on opening of the bags 514 and to a sour odour and taste of the samples. These effects were more intense in vacuum-515 packaged 'morcilla' than in MAP samples. However, [START_REF] Ntzimani | Formation of biogenic amines and relation to microbial flora and sensory 633 changes in smoked turkey breast fillets stored under various packaging conditions at 634 4°C[END_REF] atmosphere (30% CO 2 /70% N 2 , 50% CO 2 /70% N 2 ). 518 [START_REF] Karpińska-Tymoszczyk | The effect of sage extract and mixture of sage 588 extract and sodium isoascorbate on oxidative and hydrolytic processes as well as on 589 sensory quality of poultry meatballs[END_REF][START_REF] Karpińska-Tymoszczyk | Effect of sage extract (Salvia Officinalis L.) and a 592 mixture of sage extract and sodium isoascorbate on the quality and shelf life of 593 vacuum-packed turkey meatballs[END_REF] demonstrated that turkey meatballs with sage 519 extract and a mixture of sage extract and sodium isoascorbate were characterised by better 520 sensory quality than control samples 521

Conclusions 522

The results of the study indicate that the antioxidants contained in sage could be used to 523 prevent rancidity in stored heat-treated turkey meat products. The addition of sage imparted a 524 distinctive flavour to cooked turkey meatballs and sage extract had stronger antioxidant 525 properties than sodium erythorbate. Sage does not simply mask WOF, but also exerts an 526 antioxidant effect. It may be concluded that the addition of sage, sodium erythorbate and a 527 mixture of sage and sodium erythorbate significantly influenced spoilage flora. The results 528 concerning Salvia officinalis as a natural preservative encourage its use for the reduction 529 and/or elimination of the initial bacterial load. Colour was more stable in turkey meatballs 530 with sodium erythorbate, compared with samples containing sage and a mixture of sage and 531 sodium erythorbate. It was demonstrated that modified atmosphere packaging (20% CO 2 /80% 532 N 2 ) of cooked turkey meatballs was more effective than vacuum packaging. 533 1.0±1.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 0.7±0.6 a 1.0±0.0 a 1.0±00 a 1.0±0.0 a 1.3±0.6 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.3±0.6 a 0.7±0.6 a 1.0±0.0 a 1.0±0.0 a 0.7±0.6 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 0.7±0.6 ab 1.0±0.0 a 13.±0.6 a 1.0±0.0 a 0.7±0.6 a 1.3±0.6 a 1.3±0.6 a Aromatic Control SE 1 S 1 MIX 1 3.5±0.9 b 3.7±0.6 a 5.0±0.0 c 4.5±0.5 b 3.0±1.0 ab 3.7±0.6 a 4.0±0.0 bc 3.2±0.3 a 3.0±1.0 ab 3.8±0.8 a 4.0±0.5 bc 3.0±0.0 a 2.7±1.2 ab 3.0±0.0 a 3.7±0.3 ab 2.3±0.6 a 1.0±0.0 a 2.7±0.6 a 3.7±0.6 ab 2.3±0.3 a 1.0±0.0 a 2.7±0.6 a 2.8±0.6 a 2.3±0.6 a 1.0±0.0 a 2.5±0.5 a 3.0±0.5 ab 2.7±0.6 a Typical for roasted meat Control SE 1 S 1 MIX 1 4.0±1.0 c 4.3±0.6 b 4.0±0.0 a 4.3±0.6 b 3.7±1.2 bc 3.3±0.6 ab 3.0±0.0 a 3.0±0.0 a 3.3±0.6 abc 3.3±1.2 ab 3.0±1.0 a 2.7±0.6 a 3.0±0.0 abc 3.3±0.6 ab 3.3±0.8 a 2.5±0.5 a 3.3±0.6 abc 3.3±1.2 ab 3.0±0.0 a 2.5±0.9 a 2.0±0.0 ab 2.0±0.00 a 3.0±0.0 a 2.5±0.5 a 1.7±0.6 a 2.0±0.0 a 3.0±0.0 a 2.3±0. 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.6 a 1.0±0.0 a 1.0±00 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.0±0.0 a 1.3±0.6 a 1.3±0.6 a 1.3±0.6 a 

  -0.25 µm, was used as a liquid phase. The operating conditions were as 149 follows: injector temperature: 250°C, detector temperature: 250°C, helium flow: 1 ml/min). 150Fatty acid methyl esters were identified by a comparison with the retention times of authentic 151 standards (Applied Science Corporation). Results were expressed as a percentage (w/w) of the 152 total fatty acid methyl esters. Fatty acid determination was conducted in duplicate on each of 153 3 samples per treatment. 154Lipid oxidation was assessed in 10 g of turkey meatballs by the 2-thiobarbituric acid 155

  P <0.05. Relationships between different properties were determined using 223 Pearson's correlation. Correlations between sensory attributes and MDA content were 224 performed using Spearman's non-parametric rank correlation test. 225 RESULTS AND DISCUSSION 226 Fatty acid composition and lipid stability of heated turkey meatballs during storage 227

  interaction between the additives and storage time was also observed with 248 respect to this parameter (data not shown). 249

  who 257 observed lower TBARS values in vacuum packaged reduced-fat Chinese sausages than in 258 modified atmosphere (20CO 2 /80N 2 ) packaged ones. 259 MDA content was positively correlated (data not shown) with colour attributes: L* (r 260 = 0.60) and b* (r = 0.62) for VP and a*(r = 0.55) and b* (r = 0.82) for MAP 261

  correlation (data not shown) between acid value and pH (r = -0.56) was 296 found in vacuum-packaged samples, while a positive correlation between acid value and b* (r 297 = 0.56) -in samples packaged under modified atmosphere. 298

  addition of sodium erythorbate and a mixture of this compound and sage 369 were characterised by lower pH values than control samples and samples with sage. 370

  storage. In MA-packaged turkey meatballs, water activity 394 decreased only after 5 d of storage in control samples (from 0.986 to 0.975) and during 395

  . Lower counts of total mesophilic bacteria were recorded in turkey 419 meatballs packaged under modified atmosphere than in vacuum-packaged ones. 420

  vacuum-packaged turkey meatballs (40 in control samples, 80 in samples 443 with sodium erythorbate). 444

  these EOs against two foodborne pathogens belonging to Salmonella 468 genus.

  20 d in turkey meatballs with sage and with a mixture of sage and 493 sodium erythorbate. WOF of hardly noticeable intensity was detected after 5 d of storage in 494 control MA-packaged samples and after 30 d of storage in samples with sodium erythrobate. 495 Sodium erythorbate, sage and a mixture of sage and sodium erythorbate were effective in 496 retarding WOF development. A sour flavour of low intensity was noted in control, S and MIX 497 samples packaged under vacuum after 15-30, 25-30 and 25-30 d of storage respectively. 498

F

  ., SKANDAMIS, P. & NYCHAS, G-J.E. (2000) Behaviour of Listeria 690 monocytogenes and autochthonous flora on meat stored under aerobic, vacuum and 691 modified atmosphere packaging conditions with or without the presence of oregano 692 essential oil at 5°C. Journal of Applied Microbiology, 89: 901-909. 693 VIUDA-MARTOS, M., RUIZ-NAVAJAS, Y., FERNÁNDEZ-LÓPEZ, J. & PÉREZ-694 ÁLVAREZ, J.A. (2008) Antibacterial activity of different essential oils obtained from 695 spices widely used in Mediterranean diet. International Journal of Food Science and 696 Technology, 43: 526-531. 697

  .0 a 1 SE = sodium erythorbate, S = sage, MIX = a mixture of sodium erythorbate and sage.

F

  

  sodium erythorbate, S = sage, MIX = a mixture of sodium erythorbate and sage. 2 NE-not estimated. a, b Mean values within the same row with the same letter are not statistically different at P <0.05.

  found that ground beef with sodium erythorbate (ERY) alone 269 demonstrated greater TBARS values than ERY combined with chelators (sodium 270 tripolyphosphate, sodium citrate). According to Halliwell and Gutteridge (as cited in Lee et 271 al. 2005), ascorbate can reduce metal ions and scavenge singlet oxygen. In contrast, the 272
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  ) on the colour components (L*, a*, b*) of turkey meatballs during 321 refrigerated storage is shown in Table3. Higher values of L * were obtained in control 322 meatballs and in meatballs with sodium erythorbate than in those containing sage or a mixture 323 of sodium erythorbate and sage. The highest values of a* were recorded in samples with 324 sodium erythorbate and the lowest values of this parameter were noted in turkey meatballs 325 with sage. These results suggest that the addition of sodium erythorbate could protect colour 326 by retarding the formation of metmyoglobin in stored turkey meatballs. The lowest values of 327
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Table 1 .

 1 Effect of sodium erythorbate, sage and mixture of sodium erythorbate and sage on malondialdehyde content of cooked turkey meatballs stored in vacuum and modified atmosphere at 4°C and lipid oxidation inhibition by this addition (mean ± SEM, n=9) 78±1.54 cB 70.16±3.22 bA 74.68±1.13 bcA 73.81±2.18 bcAB 62.46±1.58 aB 57.88±3.63 aA 70.25±0.86 bB 1 SE = sodium erythorbate, S = sage, MIX = a mixture of sodium erythorbate and sage. a, b, c, d mean values within the same row and A, B, C mean values within the same column with the same letters are not significantly different at P <0.05.

	30

Table 2 .

 2 Effect of sodium erythorbate, sage and mixture of sodium erythorbate and sage on acid value of cooked turkey meatballs stored under vacuum and modified atmosphere conditions at 4°C (mean ± SEM, n=9) 43±0.27 aA 4.63±0.13 aA 4.63±0.19 aA 4.40±0.31 aA 4.52±0.11 aA 1 SE = sodium erythorbate, S = sage, MIX = a mixture of sodium erythorbate and sage. a, b, c, d, e mean values within the same row and A, B, C mean values within the same column with the same letters are not significantly different at P <0.05.

	Time of storage (d)

Table 3 .

 3 Effect of sodium erythrobate, sage and mixture of sodium erythrobate and sage on the colorimetric values of cooked turkey meatballs stored in vacuum and modified atmosphere at 4°C (mean ± SEM, n=9) , b, c mean values within the same row and A, B, C mean values within the same column with the same letters are not significantly different at P <0.05.

	Colorimetric values	Samples	0	Time of storage (d) 10 20	30
			Vacuum packaging	
		Control	58.89±0.80 aB 59.01±1.43 aB 60.29±1.19 abB	60.88±0.96 bB
	L*	SE 1	58.43±1.70 aB 58.36±1.10 aB 59.54±1.80 abB	60.59±0.36 bB
		S 1	53.18±0.91 aA 53.94±0.66 aA 54.70±1.45 aA 55.06±2.29 aA
		MIX 1	54.07±0.97 aA 54.84±1.64 aA 55.43±1.25 aA 56.09±1.45 aA
		Control	3.37±0.22 aB 3.30±0.27 aC 3.29±0.29 aB 3.35±0.06 aB
		SE 1	3.36±0.33 aB 3.35±0.27 aC 3.35±0.27 aB 3.32±0.36 aB
	a*	S 1	2.73±0.48 bA 2.28±0.19 aA 2.24±0.20 aA 2.11±0.14 aA
		MIX 1	3.41±0.32 cB 2.90±0.28 bB 2.57±0.32 abA 2.36±0.36 aA
		control	16.23±1.17 aAB	16.78±3.52 aA 16.98±1.40 aA 16.81±2.04 aA
	b*	SE 1	16.97±1.88 aB 16.76±1.81 aA 16.08±1.10 aA 15.69±1.82 aA
		S 1	14.51±1.55 aA 14.18±2.38 aA 14.50±2.74 aA 14.13±2.01 aA
		MIX 1	14.76±1.93 aA 14.10±1.69 aA 14.56±2.53 aA 14.43±2.53 aA
		Modified atmosphere packaging (20% CO 2 /80% N 2 )
		Control	58.51±0.86 abA	58.48±1.24 aAB	59.08±1.08 abB	60.41±1.24 bB
	L*	SE 1 S 1	58.27±0.70 aA 58.88±1.74 aB 59.11±1.32 aB 60.34±1.38 aB 55.79±2.57 aA 56.15±1.80 aA 56.36±2.42 aA 58.83±1.29 aA
		MIX 1	56.77±1.04 aA 57.59±1.95 aAB	57.76±1.65 aAb	59.04±1.79 aB
		Control	3.84±0.31 aB 3.48±0.33 aB 3.58±0.44 aC 3.54 ±0.25 aC
		SE 1	3.83±0.71 aB 3.68±0.48 aB 3.42±0.27 aC 3.62±0.12 aC
	a*	S 1	2.39±0.12 bA 1.80±0.24 aA 1.57±0.21 aA 1.49±0.26 aA
		MIX 1	2.46±0.19 aA 2.19±0.12 aA 2.19±0.31 aB 2.18±0.48 aB
		Control	14.66±0.63 aA 16.16±1.75 aB 16.29±2.60 aA 16.32±2.04 aA
	b*	SE 1	12.66±1.59 aA 14.49±1.77 abAB	15.4±1.38 bA	13.75±1.39 abA
		S 1	13.10±1.82 aA 13.60±1.72 aA 13.96±1.13 aA 13.87±1.46 aA
		MIX 1	14.35±1.76 aA 13.63±1.88 aA 14.81±2.27 aA 14.80±1.52 aA
	1 SE = sodium erythorbate, S = sage, MIX = a mixture of sodium erythorbate and sage.
	erythorbate; S-with sage, MIX -with mixture of sodium erythorbate and sage.

a

Table 4 .

 4 The effect of the time storage and additive of sodium erythorbate, sage and mixture of sage and sodium erythorbate on sensory attributes of vacuum-packaged turkey

				meatballs (n=10)			
	Flavour/Sort			Time of storage (d)		
	of samples	0	5	10	15	20	25	30
	Meaty							
	Control SE 1 S 1 MIX 1	4.7±0.3 b 4.7±0.3 b 4.0±0.0 b 4.0±0.0 c	4.0±0.5 ab 4.0±0.0 ab 3.0±0.0 ab 4.0±0.0 c	4.3±1.15 ab 4.0±0.5 ab 3.0±0.0 ab 3.7±0.3 bc	3.3±0.8 ab 3.7±0.6 ab 3.3±0.6 ab 3.3±0.6 abc	3.7±0.6 ab 3.7±0.6 ab 3.3±0.6 ab 3.3±0.6 abc	2.7±0.3 a 3.0±0.0 a 3.0±0.0 ab 2.7±0.6 ab	2.8±0.3 a 3.0±0.0 a 2.7±0.6 a 2.3±0.6 a
	Typical for							
	poultry meat							
	Control SE 1 S 1 MIX 1	4.7±0.3 c 4.7±0.6 b 3.0±0.0 a 4.0±0.0 b	4.3±0.6 bc 4.0±0.0 ab 3.0±0.0 a 4.0±0.0 b	4.2±0.6 bc 4.2±0.3 b 3.0±0.0 a 3.8±0.3 ab	3.7±0.6 abc 3.7±0.6 ab 3.3±0.6 a 3.3±0.6 ab	3.5±0.5 abc 3.7±0.6 ab 3.2±0.3 a 3.3±0.6 ab	3.2±0.3 ab 3.0±0.0 a 3.2±0.3 a 3.0±0.0 a	2.8±0.3 a 3.0±0.0 a 3.2±0.3 a 3.0±0.0 a
	Fatty							
	Control							
	SE 1							
	S 1							
	MIX 1							

Table 5 .

 5 The effect of the time storage and additive of sodium erythorbate, sage and mixture of sage and sodium erythorbate on sensory attributes of modified atmospherepackaged (20% CO 2 /80% N 2 ) turkey meatballs (n=10)
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	Flavour/Sort			Time of storage (d)		
	of samples	0	5	10	15	20	25	30
	Meaty							
	Control SE 1 S 1 MIX 1	4.8±0.3 b 4.7±0.6 a 4.3±0.3 a 4.3±0.3 a	4.8±0.3 b 4.7±0.6 a 4.3±0.6 a 4.3±0.3 a	4.7±0.6 ab 4.7±0.6 a 3.8±0.3 a 4.3±0.6 a	3.8±0.3 ab 4.3±0.6 a 3.8±0.6 a 4.2±0.3 a	3.5±0.0 a 4.0±0.0 a 3.8±0.4 a 3.7±0.3 a	3.5±0.5 a 4.0±0.0 a 3.7±0.6 a 3.3±0.3 a	3.5±0.9 a 3.5±0.5 a 3.2±0.3 a 3.3±0.6 a
	Typical for							
	poultry meat							
	o r Control 4.8±0.3 a SE 1 4.8±0.3 b S 1 4.3±0.3 a MIX 1 4.3±0.3 A	4.8±0.3 a 4.7±0.6 ab 4.3±0.6 a 4.3±0.3 a	4.5±0.5 a 4.7±0.6 ab 3.8±0.3 a 4.3±0.6 a	4.0±0.0 a 4.0±0.0 ab 4.0±0.5 a 4.0±0.0 a	4.0±0.5 a 4.0±0.0 ab 3.8±0.4 a 3.8±0.3 a	3.7±0.6 a 3.8±0.3ab 3.7±0.6 a 3.8±0.3 a	3.5±0.9 a 3.7±0.6 a 3.2±0.3 a 3.7±0.6 a
	Fatty Control SE 1 S 1 MIX 1	P e r e					
			R				
			e				
				v i e			
				w			
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NE-not estimated. a, b, c Mean values within the same row with the same letter are not statistically different at P <0.05.